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HAYYHO-OBPA3OBATEJIbHbIA LIEHTP
BHEAPEHUY BUOTEXHOJIOTNHU

A\ at
Pyroeodumenn HOI] enedperus
ouomexnonozuu B. I. Komocko

Ha 6ase BsTckoro rocymapcTBeHHOTO yHUT-
Bepcutera 1 uwoaa 2015 r. co3pan Hay4HO-
obpasoparenbablil eHTp (HOLI) BHEMpeHMs 61o-
TEXHOJIOTH, OCHOBHOM TIEJIBI0 KOTOPOTO ABJISAETCS
OPTaHHU3AIUA HAYIHO-IKCIIEPUMEHTAIHHOTO TIPO-
M3BOJICTBEHHOTO yYeOHOTO TEHTpPa 10 paspador-
Ke ¥ BHEJIPEHUIO OMOIpPernaparos, CO3aBAeMBIX
Ha OCHOBe HoBeiimux ouorexuosnoruii. Hayuno-
00pa3oBaTeILHEIIA IIEHTP 000PYI0BAH COBPEMEHHEI -
MU TpuGopaMu, 060PYIOBAHEM U YCTAHOBKAMIL.

B HOII aktuBmo meiicTByeT pAL HAYIHO-
MCCITETOBATEHCKIX JIA00PATOPIIL:

- MEKpOOHMOIOrmyecKas JgabopaTopus, OcHa-
HIEHHAS JIAMUHAPHBEIM GOKCOM, MUKPOCKOIIOM,
pH-MeTpoM, TepMoCTaToOM, OBITOBRIMI XOJIOIITh-
HUKaMH, TIefKep-NHKYO0ATOPOM, HU3KOTeMITepa-
TYPHBIM XOJIOMIIHHIKOM, BHICOKOCKOPOCTHOM IIeH-
TpUyTOIT;

- jaboparopus pa3pabOTKY TUIEBOTO 000PY-
[oBaHMs U OTPAbOTKY TEXHOJIOrUN mnepepaboTKu
MOJIOKa;

- 1aGopaTOpPHS OIEHKM KAYeCTBa BXOIHOTO ChI-
Pbs 1 TOTOBOI POy KITUT.

OGopy/ioBaH 1 BBEEH B DKCILTYATATAIO aTl-
HAPATHBIA 3aJI, ¢ YCTAHOBICHHBKIMU B HEM JIO-
(puibHON CYyNTUIIBHOM YCTAHOBKOWM, YJIETPA- M MU-
KPOUILTPAMMOHHON CHCTOMOM A KOHIIeH-
TPAPOBAHUA ¥ PasfelleHusA MIKPOOPTaHU3MOB
«CapToKoH-MIHIY, alIlIapaTaMy KyJIETHBATOPAMHE
«BUOP-0,25», «BIOP-0,1» ¢ raTumxami KOHTPO-
JIs1 Be[IeHMS TEXHOIOTITYECKOTO IIPOIIecCa, cemapa-
topom ACI'-3M. Kpome toro, umetorcs yuacrox pa-
COBKH U IIPATOTOBIEHMA TOTOBLIX )opM GHoIperna-
PaTOB; CKJIaJ] XpaHEeHNs PEaKTHBOB, IIUTATEILHBIX
Cpe[ 1 TOTOBOM PO KITHI; IIPEIAPATOPCKAS U [Py -
e BCIIOMOTATETHHBIC TIOMEITICHS.

HOI| eénedperus o1

Ha 6aze HOLI mpoBoguTcs paspaboTka sKcIIe-
PUMEHTAILHBIX MAJIO3aTPATHBIX TIONYIIPOMBIIIT-
JIEHHBIX TEXHOJOTHI Ha OCHOBE JIA0OPATOPHBIX
WCIIBITAHMI, 006CIIeYNBAOIINX IX MOCTICTYIOIIee
MaciuTabupoBaHye U BHIITYCK IIPOJLY KLY HA IIPE]I-
TIPUATHAAX MUKPOOHOTIOTIYECKOM TIPOMBIITIIOHHO-
cri. Oprarusyercs opopMIIeHre 00HLEKTOB MHTEJ-
JIEKTYaJIEHOM COOCTBEHHOCTY U INCCEPTAITMOHHBIX
PaboT aCTIPAHTOB, COMCKATENIEH, B TOM YHCJIE BhI-
IycKHUKOB pasnmaabx BY 308, a taxske ogopm-
JIeHVe 3a5BOK JIjIsl YYaCTUs B LIeJIeBBIX IIPOrPaM-
max. Hayunrivu corpymaukamu HOIT peamusy-
eTcs BBITYCK SKCITEPUMEHTALHBIX Ceprii GMoIo-
TMYeCKUX ITPeIapaToB M OKa3aHe KOHCYIIBTaTHB-
HBIX YCIYT TI0 MX TIPUMEHEHNT0, & TAKKe obectie-
IMBAETCA IOATOTOBKA PA3PEIIUTEIHLHOM IOKYMEH-
TALUK HA X UCIOJb30BAHME.

Baskwoii cocrapnsiomieit mesirembHOCTH HOIT
ABIIsIETCS 00y IeHMe U TIOINOTOBKA KBATMPHUITAPO-
BaHHBIX KaJ[POB [/ TIPEIIPHUATHI OMOIIOTIECKOM
mpombrmierrHocTr. Ha 6aze HOL ¢ ncmonms3osa-
HUeM J1a00paTOPHOTO U TeXHOJIOTIYECKOTO 000-
PYAOBAHUSL IPOBOJSATCS [IPAKTHYECKUE 3AHATHS
TI0 TIPOMBITITIEHHON MEKPOOUOIOTHY, GUOTEXHO-
JIOTWH, SKOJIOTHH, BHITTOJTHAIOTCA KypCcOBhIe, -
IIOMHBIE TTPOEKTHI, 00ecIeunBaeTcs HayIHasd 1
TTPOM3BOICTBEHHO-TEXHOIOTHIECKASA TTPAKTIKA
CTY/IEHTOB.

Hapsipy ¢ 5TM, KOJLIEKTUB LIEHTPA HALEIeH 1
Y4YacTBYeT B PeIIICHUH PETHOHATHHBIX HKOIOTIYe-
CKIPX TIpO0JIeM, B TOM YHCIIe TI0 OTPabOTKe HOBBIX
TIePCIEeKTUBHBIX TEXHOIOTUH JIMKBUIAITIN TEXHO-
TeHHBIX aBAPUIHBIX CHTYAITHI, TOTOB K COTPY/THY-
YeCTBY € yUeOHRIMY, HAyIHHIMU 1 IIPON3BOJCTBEH-
HBIMM OPraHU3ALUAMH.

610020, Poccus

+7(8332) 74



Teopemuueckas
U nPUKEAAOHA
DKOAOI'MA

No 3, 2020

http://envjournal.ru

YKypHan BKIto4éH B MepeyeHb BEAYLUMX PeLeH3NpYeMbIX

Hay4HbIX XYPHAJIOB W 3[aHNI, B KOTOPbIX JOJDKHbI 6bITb
0ny6NMKOBaHb1 0CHOBHbIE Hay4Hble Pe3yNbTaTbl AUCCEPTALMA Ha
COMCKaHME Y4EHBIX CTENEHEl JOKTOpa M KaHAWAATa HayK

(N2 2091 no coctosHuto 24.03.2020).

JKypHan BKNOYEH B KaTanor NepuoauHeckux N3faHui
Vnbpux (Ulrinch’s Periodicals Directory),

B Gubnmorpachuyeckue 6a3bi Scopus (SourcelD 21100828916),
Web of Science Core Collection,

RSCI Ha nnatchopme WoS, Google Scholar

1 Poccuickuii MHREKE Hay4Horo uutupoBaxus (PUHLY).

XypHan uspaétca ¢ 2007 ropa.

Yupeputenu xypHana: 000 U[] <KamepTon»,
®rb0Y BO «BATCKMiA rocyfapcTBeHHbIA YHUBEPCUTET.

InasHbii pegaktop T.5. Awmnxmuna,

A.T.H., NPOCYEccop, rMaBHbIA Hay4HbIN CO{P%(HMK,

3aB. naboparopuei NHctutyta 6uonorim Komn HLL YpO PAH
11 BATCKOro rocyiapcTBeHHOr0 YHUBEPCUTETA

3am. rnasHoro pegaktopa J1.A. lompayeBa,
[0.6.H., Npodheccop BSTCKOI rocyaapcTBeHHOM
CerbCKOX03AVICTBEHHOM aKazemmu

3am. rnaroro pegaxtopa C.B. [lérresa,

0.6.H., apekTop UHctutyTa 6ronorum Komu HLL YpO PAH
3am. rnasnoro pegakropa W.I. LLinpokux,

[1.0.H., 3aB. naboparopuen

®efepanbHOrQ arpapHOro Hay4HOro LieHTpa
Cesepo-Boctoka nm. H.B. PyaHuLkoro

3am. rnasHoro pegaktopa b.\. Kouypos,

[.IH., Npocheccop, BeayLLMiA HayHHbIN

COTPYAHUK ViHcTUTyTa reorpacpum PAH
OrsercTBeHHb I cexpeTapb CI. Ckyropesa,

K.0.H. IOLIEHT, HAy4HbI COTPYAHUK

WHcTuTyTa 6ronorum Komu HL YpO PAH
TexHnyeckme cexperapu:

T.N. KyTaiBUHa, K.0.H., CTApLUINIA HAY4YHBI COTPYAHMK
BATCKOro rocyaapcTBeHHOr0 YHUBEPCUTETA,

B.B. PyTmaH, nHxeHep

BATCKOro rocyaapcTBeHHOr0 YHUBEPCUTETA

Anpec pegakumu:
610000, Knposckasi 06macTb, r. Kupos, yn. Mockosckas, 36.
Ten. (8332) 37-02-77. E-mail: envjournal@vyatsu.ru

CraTbu peLieH3npytoTes. Mepeneyarka 6e3 paspeLLeHis pefakLm
3anpeLLeHa, CCbIIKM Ha XXyPHa Npy LMTUPOBAHUN 06SI3aTeNbHbI.
Pefakuus He HECET OTBETCTBEHHOCTY 32 JOCTOBEPHOCTb
MHGhOpMALIN, COAEPXKALLIEICS B PEKITAMHbIX 0ObABIEHUSX.

3paHue sapeructpuposaHo deaeparnbHoi Cyx60i no Haasopy

B Cchepe CBA3M, HEOPMALMOHHBIX TEXHONOMA N MACCOBbIX
KOMMYHWKaLWiA. PernctpaunoHHbIi Homep 1 4%aTa I'IEVIHFITI/IFI peLUeHms
0 pernctpauum: cepus M Ne ®C77-74434 ot 23 Hos6ps 2018 .
lMoarmcHble uHaexch 82027, 48482 B katanore AreHTCTBa «Pocriedarb».
3apy6exHas noanvcka opopmnseTcs Yepes Cgl/lprI—l'IapTHepbl

3A0 «MK-TEPNOLNKA» no ag ecg/: 129110, r. MockBa,

yn. [unaposckoro, 39, Ten.: (495) 281-91-37, 281-97-63.

E-mail: info@periodicals.ru; http://www. periodicals.ru

3parenscreo; 000 «0-Kpatkoe»

Anpec M3&laTEJ'IbCTBaZ 610000, KipoBckas 06ractb,

I. Knpos, )Z%Hamoscmm npoesg, 4, ocp. 101.
OpurnHarn-maker — TaTbsiHa KopLLyHoBa, haTo Ha 06NI0kKe —
Anexcanp LLinpokwx, nepesog — [puropuin Kaxtop,
QOMVHVCTPATOP CaiTa )XypHana — Bayecnias PymviaH
BbIMYCKaoLLWI pepakTop — Mapus 3efiaesa.

[npextop n3parenscrea «O-Kparkoe» Esrexuin [iporos
© Ochopmnenue. Vi3parenscreo «0-KpaTkoe»

[aTa Bbixoaa Bbinycka B caeT: 20.09.2020.

Tupax 250 3K3. 3akaa No 0689. LieHa cBoboaHas.

Tunorpadous: 000 «Kuposckas Lydpposast Turnorpacns»
Anpec unorpacoun: 610017, Kinposckast 0671acTb,
. Kupos, yn. Monogoii [Bapaum, 57 a

YJIEHbI PE[AKLMOHHOI KOJUTErUMK:

AM. Acxabos
TK.TonoBko

A.Tpoce
EB. [labax

MB. [lopoaHukos
.M. 3eHoBa

4. Kantop

BJ1. KoBanenko
E.10. KonGosekui
J.MN. Konomueun
J.B. KonpakoBa
B.A. Kotok

AB. KyunH

B.H. JlaxeHues
B.3. NNatbinoBa

v 10t

CT. JluTBuHen
B.A. Man1nHuKoB
AA. Mockanés

C.B.MectoB
B.C. MetpocsH

C.A. PybuoBa

B.I. CaBUHbIX

®. Ckanuuu
B.A. CbicyeB
B.A. TepexoBa
E.W. Tuxomuposa
TA. TpucpoHosa
b. H. XoitHuuku
B.M. Xonctos

MX. Xycei
B.T.HOuronton

A.T.-M.H., akanemuk PAH, Hay4HbIi pykosoauTenb Oefie-
parnbHOro McenenoBarenbckoro LieHTpa «Komm HLL YpO PAH»
1.6.H., IPOCPeccop, rMaBHbIA Hay4HbIA COTPYAHIK
WHctuTyTa 6ronorim Komn HLL YpO PAH

O.X.H., npocheccop Opxycckoro yHueepcuTeTa ([aHus)
K.0.H., CTapLLKA HAY4HbIiA COTPYOHMK

WHctuTyTa 6ronorim Komn HLL YpO PAH

K.C.-X. H., Hay4HblIIl COTPYIHUK YHIBEpCUTETA [ETTUHIEHA

m. Feopra Asrycra (fepmarms)

1.6.H., npodpeccop MoCKOBCKOro rocyapcTBeHHOr0
yHuBepcuTeTa um. M.B. JlomoHocosa

K.T.H., Hay4HbIIA COTPYAHUK VIHCTUTYTA Bronorin

Komu HLL YpO PAH

K.T.H., [IOLIEHT YKPAMHCKOTO rOCY[apCTBEHHOO XUMMKO-
TEXHOMOTM4ECKOr0 YHUBEPCUTETA

LT H., IPOcheccop, BeayLLWA Hay4HbI COTPyaHMK MIOCKOBCKOrO
rocyapCTBeHHOro yHuBepeuteTa um. M.B. JlomoHocosa
0.6.H., akanemuk HAH benapycu, aupekTop

WHctutyta Mukpoobuonorun HAH benapycu

0.6.H., npodpbeccop BATCKOro rocynapcTBeHHOro
YHUBEpCUTETA

K.T.H., JOLIEHT YKPaNHCKOro rocyAapCTBEHHO0 XMMMKO-
TEXHOMOTNYECKOr0 YHUBEPCUTETA

I.X.H, uneH-kopp. PAH, npodbeccop, 3aB. 0TAeNI0OM 1 3aB.
naboparopueii MHcTutyTa xumun Komu HL YpO PAH

AT H., akagemuk PAH, npocbeccop, coBeTHIK PAH

IL.X.H., 4neH-kopp. Akagemuu Hayk Pecnybnikm TatapcTaH,
npodeccop KazaHckoro doefiepanbHoro yHuBepeuTeTa
npodpeccop, aupektop ViHctutyTa mukonoruum LiaunnHs-
CKOr0 arpapHoro YH1BEPCUTETA, MHOCTPaHHbIA wieH PAH (KHP)
K.C.-X.H., POPEKTOP N0 HayKe 1 MHHOBALIAM

BATCKOr0 rocynapCTBEHHOMO YHUBEPCUTETA

I.T.H., npocpeccop MOCKOBCKOro rocynapCTBEHHOM0
YHUBEPCUTETA re0e3ni 1 KapTorpadoun

N.6.H, 4neH-kopp. PAH, 3aB. riaboparopueii

WHctuyTa 6ronorvn Komm HL| YpO PAH

K.0.H., [IOLIEHT BATCKOro rocy1apCTBEHHOI0 YHUBEPCUTETA
1.X.H., npodpeccop, 3aB. naboparopuein MoCKOBCKOro
rocyaapCTBEHHOr0 YHUBEPCUTETA

AXH., ampexTop VHctutyTta xummn Komu HL YpO PAH
N.TH., akagemuk PAH, npocheccop, npesnaeHT
MOCKOBCKOr0 roCy1apCTBEHHOI0 YHUBEPCUTETA FE0Ae3NN

11 kapTorpadoui, NETYMK-KOCMOHaBT, fBaxabl [epoii CCCP
0.6.H., npodpeccop YHusepcuteta dropeHumm (tanus)
N.TH., akanemuk PAH, Hay4HbIi pyKoBOAMTENb
®efiepanbHOro arpapHoOro Hay4HOro LieHTpa
CeBepo-Boctoka um. H.B. PynHuukoro

0.0.H., BEAYLLWIA HAYYHbIN COTPYAHNK HCTUTYTA
npo6nem akonoruy 1 asontounn um. A.H. Gesepuiosa PAH
0.6.H., npocheccop, 3aB. kadpeapoit CapaToBckoro
FOCYLAPCTBEHHOIO TEXHUYECKOr0 YHUBEPCUTETA

1.6.H., npodpeccop MoCKOBCKOro rocynapcTBeHHOr0
yHuBepcuTeTa um. M.B. JlomoHocosa

1.6.H., npodpeccop Mo3HaHbCKOro YHUBEPCUTETA

HayK 0 Xu3HU (MorbLua)

A.X.H., pykoBoauTens LeHTpa Orymn «focHNNOXT»
A.6.H., npodpeccop YHusepcuteta AcenyT (Ervner)

JL.W.H., ipodbeccop BATCKOro rocynapcTBeHHOro
YH/BEPCUTETA




Theoretical
and Applied

ECOLOGY
No. 3, 2020

The journal is included in the list of the leading peer-reviewed
journals and issues for publishing the main results
of research for PhD and doctoral dissertations.

The journal is included into Ulrich's Periodicals Directory,
hibliographic databases Scopus (SourcelD 21100828916),
Web of Science Core Collection, RSCI on WoS,

Google Scholar and Russian Science Citation Index (RSCI).

The journal is published since 2007.

The founders of the journal:
Publishing house “Kamerton”, Vyatka State University

Editor-in-Chief T.Ya. Ashikhmina,

Doctor in Technical Sciences, Professor, Chief Researcher,
Head of Laboratory of Vlyatka State University, Institute of Bio-
logy of the Komi Science Centre of the Ural Branch of RAS
Vice-Editor-in-Chief L.1. Domracheva,

Doctor in Biology, Professor of Viyatka State A%ricurtural Academy
Vice-Editor-in-Chief SV. Degteva,

Doctor in Biology, Director of the Institute of Biology

of the Komi Science Centre of the Ural Branch of RAS
Vice-Editor-in-Chief 1.G. Shirokikh,

Doctor in Biology, Federal Agricultural Research Center
of North-East named N.V. Rudnitsky
Vice-Editor-in-Chief B.l. Kochurov,

Doctor in Geography, Professor, Leading

Researcher of the Institute of Geography RAS
Executive Secretary S.G. Skugoreva,

PhD in Biology, Researcher of Institute of Biology

of the Komi Science Centre of the Ural Branch of RAS
Technical Secretaries:

T.1. Kutyavina, PhD in Biology,

Senior Researcher of Vyatka State University,

V.V. Rutman,

Engineer of Vyatka State University

The articles are reviewed. Reprint without permission of the publisher
is prohibited, links to the journal are ob!qatory when citing.

The editorial Board is not responsible for the accuracy

of the information contained in advertisements.

Editorial Address: 36 Moskovskaya St., Kirov, Kirov region, Russia, 610000
phone/fax: (8332) 37-02-77, e-mail: envjournal@vyatsu.ru

The edition is registered by Federal service for supervision

in the sphere of communication, information technology and mass
communications. Registration number and date of the decision on
registration: series Pl No. FS77-74434 on November 23, 2018.

Subscription index 82027, 43482
in the catalogue of Agency “Rospechat”.

To effect subscription it is necessary to address to one of the partners
of JSC “MK-Periodica” in your courm%;)rto JSC “MK-Periodica’ directly.

Address: 39 Gilyarovsky St., Moscow, Russia, 129110.
_Tel: (495) 281-91-37, 281-97-63, Fax: (495) 281-37-98
E-mail address: info@periodicals.ru. http://www. periodicals.ru

Publisher: the publishing house of “O-Kratkoe”

Publisher’s Address: of. 101, 4 Dynamoskiy 8roezd

Kirov region, Russia, Kirov, 610000

; _ Tel. +7 (8332) 32-28-39. E-mail: okrat@okrat.ru.
Designer — Tatiana Korshunova. Cover photo — Aleksandr Shirokikh.
Translation — Grigoriy Kantor. Administrator of Web site —

) Vlyacheslav Rutman. Mana mlg editor — Mariya Zelayeva
Director of the publishing house “O-Kratkoe™ Evgeniy Drogov

© Publishing house “0-Kratkoe”.

- Release date: 20 S%Jtember 2020.
Circulation 250 copies. Order No. 0689. Free price.
0 pographgl: “Kirov digital printing house”
Printing Address: 57 a Molodoy Gvardii St., Kirov,
Kirov region, Russia, 610017

THE EDITORIAL BOARD OF THE JOURNAL
“THEORETICAL AND APPLIED ECOLOGY”

AM. Askhabov

TK. Golovko

A Gross
EV. Dabakh

M.V. Dorodnikov
G.M. Zenova
G.Ya. Kantor
V.L Kovalenko
E.Yu. Kolbovsky
E.l. Kolomiyets
LV. Kondakova
V.A. Kotok

A\V. Kuchin

VN. Lazhentsev
V.Z. Latypova

Li Yu

SG. Litvinets
V.A. Malinnikov
AA. Moskalev
S.V. Pestov

\/.S. Petrosyan
S.AA. Rubtsova
V.P. Savinykh

F. Scapini

VA. Sysuev
V.A. Terekhova
E.l. Tikhomirova
T.A. Trifonova
V1. Kholstov

B.H. Chajnicki

MH. Hussein
V.T. Yungblud

Doctor in Geology and Mineralogy, Academician of RAS,
Scientific Director of the Federal Research Center

“Komi Science Center of the Ural Branch of RAS”

Doctor in Biology, Professor, Chief Researcher of Institute
of Biology of the Komi Science Centre of the Ural Branch of RAS
Doctor in Chemistry, Professor of Aarhus University (Denmark)
PhD in Biology, Senior Researcher of Institute of Biology

of the Komi Science Centre of the Ural Branch of RAS

PhD in Agricultural Sciences, Georg August University

of Gattingen (Germany)

Doctor in Biology, Professor of Lomonosov

Moscow State University

PhD in Technical Sciences, Researcher of the Institute

of Biology of the Komi Science Centre of the Ural Branch of RAS
PhD in Technical Sciences, Associate Professor of Ukrainian State
University of Chemical Technology

Doctor in Geography, Leading Researcher,

Professor of Lomonosov Moscow State University

Doctor in Biology, Corresponding Member of the National
Academy of Sciences of Belarus, Director of Institute of
Microbiology, National Academy of Sciences of Belarus
Doctor in Biology, Professor of Vlyatka State University

PhD in Technical Sciences, Associate Professor

of Ukrainian State University of Chemical Technology
Doctor in Chemistry, Corresponding Member of RAS,
Professor, Scientific Director of Institute of Chemistry of the Komi
Science Gentre of the Ural Branch of RAS

Doctor in Geography, Professor, RAS Advisor

Doctor in Agriculture, Corresponding Member of Tatarstan
Academy of Sciences, Professor of Kazan Federal University
Professor, Director of Mycology Institute of Jilin Agricultural
University, Foreign Associate of RAS (China)

PhD in Agricultural Sciences, Vice-Rector

for Science and Innovation of Viyatka State University
Doctor in Technical Sciences, Professor of Moscow
State University of Geodesy and Cartography

Doctor in Biology, Corresponding Member of RAS,

Chief of the Laboratory of Institute of Biology

of the Komi Science Centre of the Ural Branch of RAS

PhD in Biology, Associate Professor of Vyatka State University
Doctor in Chemistry, Professor, Head of Laboratory

of Moscow State University

Doctor in Chemistry, Director of the Institute of Chemistry

of the Komi Science Gentre of the Ural Branch of RAS
Doctor in Technical Sciences, Academician

of RAS, Professor, President of Moscow State University

of Geodesy and Cartography, Pilot-Cosmonaut,

twice Hero of the Soviet Union

Doctor in Biology, Professor of Florence University (ltaly)
Doctor in Technical Sciences, Academician of RAS,
Scientific Director Federal Agricultural Research Genter

of North-East named N.V. Rudnitsky

Doctor in Biology, Leading Researcher of A.N. Severtsov
Institute of Ecology and Evolution of RAS

Doctor in Biology, Professor, Head of Department

of Saratov State Technical University

Doctor in Biology, Professor

of Lomonosov Moscow State University

Doctor in Chemistry, Professor, Head of the Genter

of the Federal State Unitary Enterprise

“State Scientific Research Institute

of Organic Chemistry and Technology”

Doctor in Biology, Professor of Poznan University

of Life Sciences (Poland)

Doctor in Biology, Professor of University of Assiut University (Egypt)
Doctor in History, Professor of Viyatka State University




TEOPETUYECRUNE
ITPOBJIEMbI
JROJIOI'N

METO10J10T 1A

N METO/Ibl .
NCCJIETOBAHNIL.
MOJAEJIN N
ITPOT'HO3bI

XUMUA HTPUPOIHBIX
CPE/I 1 OB’ bERTOB

MOHUTOPUHT
IPUPOTHBIX I
AHTPOIIOI'EHHO
HAPYIIIEHHBIX
TEPPUTOPUI

HOITYJIALMOHHAA
IROJIOT' A

ATPOIROJIOI'UA

COJIEPSKAHUE

OB30PbI
T. H. Axcoeuna, C. I'. Ckyeopesa, A. A. K. Ano-Pammaxu,
H. B. Ihennas, M. A. Cazotkuna, U. C. Cazotkun Biusinne
HOJLTIOTAHTOB HA PACIIPOCTPAHCHIE FeHOB YCTONUMBOCTI

K QHTHOMOTIKAM B ORPYAKAIOTICH CPEIIC 1evvveversrsrsesrerssenessesesesesesesesssssssssssnnes 6

E. B. Ponanosa, E. U. Coromaitkurn OK0I0rMUeCKIe aCIIeKThI

OPTaHI3aLAI IMMYHHON CUCTEMBE PEIITHIII ©.vcveveveveverereresereseseseesesesesesenens 15
CTATbU

Y. A. Tunakova, S. V. Novikova, D. V. lvanov, A. R. Shagidullin,

V. S. Valiev, A. J. Morais Approaches for establishing threshold
concentrations of priority pollutants in urban ecosystem components ....23
1. Bica, M. Solomonovich A dynamical model of the coral-algae
competition in a coral reef eCOSYStEM .......c.oveveeiriririeieceeeeeeeee e 29
T. U. Kymseuna, B. B. Pymman, T. A. Awuxmuna [lncranimonabiii
MOHUTOPUHT 3apacTaHusd BbICILICH BOE[HOIUI PpacTuTebHOCTHIO aKBATOPUN
HBTPOPUPOBAHHOTO BOTOXPAHIIIIIIILA vvvveverererssvsrersessrrenssssssessssssnssssssnsesssans 36
E. A. Domnina, T. A. Adamovich, A. S. Timonov, T. Ya. Ashikhmina
Thematic interpretation of high-resolution satellite images

of vegetation based on field research data .........cccoeeeeveevieivicceeceeeeene 41
H. B. boeauesa, H. B. Ilosonomuna, H. 11. Casunvix, U. A. Konosa.iosa
OrpaboTKa METOJIUKI BbIIIEJICHUST 1 [TOJ[TOTOBKI

RYJIBTYPbI 0a3UI0MUTETOB JIJIsI MUKOPHBALMN HOUBBI «..eoceveeececeeerececeeenenes 46

A. B. liavdeopanm, JI. U. /lompauesa, B. A. Boipocmros,
U. C. Casvirun, E. M. Kydeesckasn, M. A. Casvikuna Brusinue
ITOBEePXHOCTHO-aKTUBHBIX BelllecTB Ha (I)O pMuUpoBaHue 6L1011.IléllKl/l

mrrammom Acinetobacter calcoaceticus BRIIM B-10353 ..., 02
A. F. Meysurova, A. A. Notov Metal and metalloid contents
in lichens from specially protected conservation areas .............coceceeeenenes o8

B. A. Kopwynosea, E. /. lodeteun, M. B. Yapvirosa, C. H. Yyros
CopOriroroe B3aMOJIEHCTRIIE MOHOB 307T0Ta 1 €10 HIIeMEHTOR-CITy THITKOR
¢ TYMIUHOBBIMI KUCTOTAMIT TOPDIHNCTO-TIOMBOTMCTHIX TTOUB .eeveeveeerrenenes 66

A. B. llyneun, K. B. Yaiira, I1. B. ®edypaes, H. B. Hurkoaaesa,

A. C. Kosomuey Orienra BIsTHIS TOPOJICKON CPEIbI Ha BII0BOE
pastoodpasue u PU3UOIOrO-ONOXUMITYCCKIIE OCOOCHHOCTH JIUITTANHITKOB .... 72
M. JI. Bypdyroecruii, 11. A. llepenearuna, U. B. Kuceaesa

JlmraMika pacTUTEILHOCTI 1 CBOWCTB TIOUB 3ATESKHBIX AKOCHCTEM ......... 78
9. b. /ledosa, B. U. Heanosa, I'. H. Konuesa Ixonormaeckuii
MOHUTOPUHT BOAOEMOB RyMO- MaHBIYCKON BIAIIHBI ....ceeverceeerececeeeenes 84
M. I'. /leopruros, B. B. lllupﬂee, . I1. Cmpeavhuros
MoHUTOPIHT TPUPOAHBIX 1 TIPHPOTHO-AHTPOTIOTCHHBIX 00 HLEKTOB

B poBuHIMN Bsitcko- KaMCKOT BO3BBIITIEHHOCTH ..ceceevneaeieececeeeccieeeenenes 91

B. I'. Tepewenro, @. M. lllaruposa, B. 3. /lamwinosa, H. I0. Cmena-

noea, 10. A. Cesepos, O. K. Anoxuna, A. P. laiicun, A. B. Ipanun,

P. P. Hypemouroe HoBblii OIX0J1 K OIEHKE COCTOSHIS 3aT1acOB

PBIO HA TIPHMEPE JTCTIIR vevveorveereerenrseerssnsesssssssssesssessssssssssesssssssssssssssssssssssassssnssssanses 97
T. I0. Bpacaascras, E. B. Tuxonosa, /]. B. Cyxosa, H. I. ¥Yranosa,

K. b. Ilonosa, O. B. Yepednuuenro Ixonornyeckast audppepeHimariyist
CHHTAKCOHOB JIGCHOI PACTUTeTLHOCTH SBeHuroporckoii ouoctamium MITY ....105
L. V. Teteryuk, Yu. A. Bobrov, B. Yu. Teteryuk, T. I. Marchenko-Vagapova,

Yu. V. Golubeva, V. A. Kanev, S. N. Plyusnin Lycopodiella inundata (1..)
Holub (Lycopodiaceae) in the Komi Republic (Russian Federation) ........... 1M
A. U. Doruna, C. I. Cryeopesa, /1. U. /lompaesa, A. JI. Kosuna
AHTaroHucTHYeCKas 1 COPOIIMOHHAS AKTUBHOCTH MOHO-, OUHAPHBIX

1 TPEXBUIIOBBIX OMOTITIEHOK MTOYBEHHBIX TINAHOOAKTEPII 1.vvvvvenrvenresrsesssnsennses 119
U. K. Escmueneesa, B. 11. Escmuenees, U. H. Tankosckas

AJibrorienossl obpacramst GeperoBoro THIpPOTeXHUYECKOTO COOPYFKeHIsT

B YCTTOBUSAX IIITOpMOBOit fiesimestbHocTH (Kpbiv, U8pHoe MOpe) ......vecveeene.e. 126

JI. B. boiwosa, K. I'. Moucees, B. H. [luwuk, E. I'. Sunuyr, 10. B. Xo-
msroe VccaemoBamie 1 9KOIOTITICCKAs OICHKA CJIOZKHOr0 Komiocra ... 133
JI. B. meoea, . H. Ill]lennurosa CpaBHMTeHbHaH OIleHKa

METOJIOB pacuéra ajlalTUBHBIX PEAKITI 36PHOBBIX KYJIBTYD .voveveereevenen. 140

Teopernueckas u npuriaagaas sxoaorusi. 2020. Ni 3 / Theoretical and Applied Ecology. 2020. No. 3




ATPO9ROJIOI'UA

IROTORCH-
ROJIOIr”s1

PEME/INATLINA
N PERYJILTI-

BAILIST

COIMAJILHAS
DKOJIOT S

THEORETICAL
PROBLEMS
OF ECOLOGY

METHODOLOGY
AND RESEARCH
METHODS.
MODELS AND
FORECASTS

CHEMISTRY

OF NATURAL
ENVIRONMENTS
AND OBJECTS

JI. M. Kosnoea, E. H. Hocrosa, @. A. Ilonoe Ournvusarus

HOJIEBBIX CEBOODOPOTOB, KAk (PAKTOP COXPAHEHUST [T0YBEHHOTO TLIIOfI0POJLUST

T DKOJTOTTIBATTVIN BEMITCIICIITIST «..vviveeveneesreseeseeseeseesensesseseeseeseesesensesseseesessensensensessesenns 147
B. U. Jlazapes, . H. Munuenro, A. . Bawuramog Arposrosoriniecroe
000CHOBAHIE TPUMEHEH ST MUKPODICMEHTHBIX YI0OpeHu it

TTPY BO3TCTBIBAHUI SIPOBOM TTIITEHUITTBT vvvevavevevererrsesnsesesesssssesesesesessesesessssssssesesesens 154
JI. B. Iluaun, B. A. Koseonun, H. B. Coipuuna, E. I1. Kotesamotx,

T. A. Awuxmuna Biusinme nofgrucie s HABO3HBIX CTOKOB

HA X MUKPOOMOTIOTIUCCKIC XAPAKTEPHCTIKI <vvvvvevevereresrarsesesesessssesesesssssssesesesens 161
E. M. Jlanmesa, 10. A. Bunozepadosa, C. U. Jlockymos, A. B. [lyxaiscruil,
E. M. llepmunosa, B. A. Kosaesa, H. T. Yebomapes Bnusinue opraHnyecknx
YI0OPeH NI Ha CTPYKTYPY 1 COCTAB TIOUBEHHBIX MIKPOOHBIX COODITIECTR

B arpotieHosax cpefueii raiiru (ua mpumepe Pecrryoimku KoMi) ... 168

B. A. Odopun, T. A. Awuxmuna IrcriepumentaibHoe 000CHOBAHNE

BO3MOYKHOCTH TIPMMEHEH s SPUTPOIUTOR B KAYECTBE MOJIETII 1TPU N3YYEeH U
MeMOPAHOTIOBPESKIAIOIETO ICHCTBUS HAHOTACTIILL «.vvevevrereresessssrsssssssssnsssesesesesesens 176
H. M. Aodyanaesa, I1. 111. [iumunosa, H. A. 3azuposa, 111. U. Yarabos
BuorecrupoBanue HEOHUKOTHHOU/A THAMETOKCAMA € UCHIOJIb30BAHIEM

COTOTICTOR CYPTITULS CATPIO vvveeeevveieeeeeeeeeeieeeeeeteeeeeiseeesserseeeeeseeeessseeeesssseeennes 182
H. I'. Paurosa, O. B. Packowa llocnencrsusi nocryriieHus ypaHa

u pajiusi-226 B Opranu3Mbl pacTeHUI 1 3RUBOTHBIX HA TEPPUTOPUL

CRIIJUPOBAHUS OTXOJOB PAITIEBOTO TIPOMBICIIA «.vevevereeeeerrsreessessessesssaseesseseesessssssenns 188

U. A. /leemsipesa, T. 10. Momuna, 9. B. batotnun, A. M. Focrkosa,
A. A. /lasremuuna IKOIOTO-TORCUKOIOTHIECKAS OIEHKA [TPOIecca
OuopeMeuaIit HePTe3ArPAZHEHHOI TIOUBDI w....vuevevriereeeesreesseseessesseasseseesssesessssssenns 196

. /1. /ledenas, I'. 10. Mopososa I'opopciie 0cobo oxpatsieMbie

HPUPOJIHBIE TEPPUTOPHH B 3eJIEHOIT MHEpacTpyKType ropojia XabapoBcKa .......... 203
E. M. Konyesa, U. IO. Ilonos, /]. IO. Baacos, E. B. llepuwuna, E. E. Andponos,

E. B. Abarymos Bnusinue yopanusaiuu Ha IpoIiecchl OHOIOTMYeCKUX NHBABUI

B Aprrike (Ha mpumepe fIMabCcKoro pernoma)
Y. M. Gordeeva Uncertainty and multifunctionality: legal challenges

and opportunities for “Green Infrastructure” ..........cccoeveeeevvseeeeesee e 217
M. A. Azsmoe Biusinie puasibiepona Ha mporece nHEQUIpoBaHUs

KIIETOYHBIX KYJIBTYP HEKOTOPBHIMU BUPYCAME .eveveaeaeaterereseneteeesesesenetesesesenesenssessenens 224

CONTENTS

REVIEWS
T. N. Azhogina, S. G. Skugoreva, A. A. K. Al-Rammahi,
N. V. Gnennaya, M. A. Sazykina, 1. S. Sazykin Influence of pollutants
on the spread of antibiotic resistance genes in the environment.................... 6
E. B. Romanova, E. I. Solomaykin Ecological aspects
of the immune system of repliles .......ccvevvieciieiiecieeieeeee e 15

ARTICLES

Y. A. Tunakova, S. V. Novikova, D. V. lvanov, A. R. Shagidullin,
V. S. Valiev, A. J. Morais ApFroaches for establishing threshold
concentrations of priority pollutants in urban ecosystem components ......23
1. Bica, M. Solomonovich A dynamical model of the coral-algae
competition in a coral reef COSYSIEIM ..icvviviieriiriicieciecie e 29
T. I. Kutyavina, V. V. Rutman, T. Ya. Ashikhmina Remote
monitoring of overgrowth of the eutrophied reservoir water area
%yhi her aquatic VeZelalion ........ccceecveereeriieeiieeriecteesiesreesreesresneesaeessneens 36

. A. Domnina, T. A. Adamovich, A. S. Timonov, T. Ya. Ashikhmina
Thematic interpretation of high-resolution satellite images
of vegetation based on field research data ..........cccceeevvevieriiieniiecieeieeiieenens 41
N. V. Bogacheva, N. V. Pozololina, N. P. Savinykh, I. A. Konovalova
Checkout of methods for isolation and preparation
of basidiomycete cultures for mycorrhization of soil ...................coooee. 46

A. V. Gildebrant, L. I. Domracheva, V. A. Vyrostkov, 1. S. Sazykin, E. M. Ku-
deevskaya, M. A. Sazykina The influence of surface-active substances on
biofilm formation by the Acinetobacter calcoaceticus VKPM B-10353 strain ..... 52
A. F. Meysurova, A. A. Notov Metal and metalloid contents in lichens

from specially protected conservation areas ............cccccevveveeeeniieeeennne. o8
V. A. I£rshunova, E. D. Lodygin, M. V. Charykova,

S. N. Chukov Sorption interaction of gold and its pathfinder

elements with humic acids of peat—po%zolic SOILS vt 66

Teopernueckas u npuraaHas srosrormst. 2020. Ne 3 / Theoretical and Applied Ecology. 2020. No. 3



MONITORING A. V. Pungin, Ch. V. Chaika, P. V. Feduraev, N. V. Nikolaeva, A. S. Ko-

OF ANTHROPO- lomiets Assessment of the influence of the urban environment on species
GENICALLY diversity and physiological and biochemical characteristics of lichens ....72
M. L. Burdukovskii, P. A. Perepelkina, I. V. Kiseleva Dynamics
DISTURBED of vegetation and soil properties of fallow ecosystems ..........ccccceveveneene. 78
AREAS E. B. Dedova, V. I. Ivanova, G. N. Konieva Environmental
monitoring of water reservoirs of Kumo-Manych depression ............... 84
M. G. Dvornikov, V. V. Shiryaev,|V. G. Safonot}, D. P. Strelnikov
Monitoring of natural and natural-anthropogenic objects
in the province of Vyatka-Kama Upland .........ccoovoinninnnnneee N
POPULATION V. G. Tereshchenko, I. M. Shakirova, V. Z. Latypova, N. Y. Stepa-
ECOLOGY nova, Yu. A. Severov, O. K. Anokhina, A. R. Gaisin, A. V. Granin,
R. R. Nuretdinov New approach (o assessing the state
of fish stocks on the example of bream ..o 97

T. Yu. Braslavskaya, E. V. Tikhonova, D. V. Sukhova,

N. G. Ulanova, K. B. Popova, O. V. Cherednichenko Ecological
differentiation of forest syntaxa at MSU’s Zvenigorod Biological Station ...105
L. V. Teteryuk, Yu. A. Bobrov, B. Yu. Teteryuk, T. I. Marchenko-
Vagapova, Yu. V. Golubeva, V. A. Kanev, S. N. Plyusnin

Lycopodiella inundata (1..) Holub (Lycopodiaceae?

in the Komi Republic (Russian Federation) .........ccccccevevevevevininevennnns 11
A. L. Fokina, S. G. Skugoreva, L. I. Domracheva, A. L. Kovina
Antagonistic and sor}f)tion activity of mono-, binary,

and three-species biofilms of soil cyanobacteria .........c.ccccovvevieivinnence 119
I. K. Evstigneeva, V. P. Evstigneev, I. N. Tankovskaya

Algocenoses of fouling of onshore hydraulic structures

under conditions of storm (Crimea, the Black Sea) .........ccccocoeeuvurennee. 126

AGROECOLOGY L. V. Boitsova, K. G. Moiseev, V. N. Pishchik, E. G. Zinchuk, Yu.V. Khomya-
kov Research and environmental assessment of complex yard compost ....... 133
L. V. Volkova, I. N. Shchennikova Comparative evaluation
of methods for calculating adaptive responses of cereals ...................... 140
L. M. Kozlova, E. N. Noskova, F. A. Popov Optimization of field crop rota-
tions as a factor of soil fertility preservation and greening of agriculture ..... 147
V. Il. Lazarev, J. N. Minchenko, A. Ya. Bashkatov Agroecological
justification for the use of complex micronutrient-enriched
fertilizers in the cultivation of spring soft wheat ..........ccccoeveeviriireennnns 154
L. V. Pilip, V. A. Kozvonin, N. V. Syrchina, E. P. Kolevatykh,

T. Ya. Ashikhmina Effects of acidi%ing manure effluent

on its microbiological characteristics ........c.oooieeevvvreeeereevreeiceeeeeens 161
E. M. Lapteva, Yu. A. Vinogradova, S. I. Loskutov, Ya. V. Puhalsky,

E. M. Perminova, V. A. Kovaleva, N. T. Chebotarev Influence

of organic fertilizers on the structure and composition of soil microbial
communities in agrocenoses of the middle taiga (on the example

of the Komi Republic) .......coouoioiiiee e 168
ECOTOXICOLOGY V. A. Oborin, T. Ya. Ashikhmina Experimental substantiation

of the possibility of using red blood cells as a model for studying

the membrane damaging effect of nanoparticles ........c.ccccoovvevieenncnce 176

N. M. Abdullaeva, P. S. Gilinova, N. A. Zagirova,

8. 1. Chalabov Biotesting of neonicotinoids

of thiamethoxam with the use of Cyprinus carpio .............coovveeuvenuncnce. 182
N. G. Rachkova, O. V. Raskosha Consequences of uranium

and radium-226 entering into the organisms of plants

and animals in territory of radioactive wastes storage ...........c.ccoeveueeee. 188
REMEDIATION 1. A. Degtyareva, T. Yu. Motina, E. V. Babynin, A. M. Ezhkova,
AND RECULTIVATION A. Ya. Davletshina Ecological and toxicological assessment
of bioremediation of oil-contaminated soil ........c.ccocoevirviniininiinnne. 196
IAL ECOLOGY 1. D. Debelaya, G. Yu. Morozova Urban protected areas
S0C ¢ G in green infrastructure of Khabarovsk Cily ......c..ccccccevvivieiiiieniennn. 203

E. M. Koptseva, 1. Yu. Popov, D. Yu. Vlasov, E. V. Pershina,
E. E. Andronov, E. V. Abakumov An influence
of urbanization on the processes of biological invasions

in Arctic (on example of Yamal Autonomous Region) .................... 210
Y. M. Gordeeva Uncertainty and multifunctionality:
legal challenges and opportunities for “Green Infrastructure” ....... 217

M. A. Aziamov Dialderon effect on cell cultures infection by some viruses ....224

Teopernueckas n npuriaagaas skojaorust. 2020. Ne 3 / Theoretical and Applied Ecology. 2020. No. 3




TEOPETNYECRUE ITPOBJIEMbI OROJIOTN

YIAR 579.26, 504.054 doi: 10.25750/1995-4301-2020-3-006-014

Bansanune no/umioraHToB HA pacnipocTpaHeHe TeHOB YCTOITYUBOCTH
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Passurne 6akrepnii, ycroiiunsbix k antubnornkam (AB), ABnsgerca oHoil 13 Hanbosee 3HAUNTENBHBLIX 1TPOOIEM
B COBPEMEHHOI MeJUIITHe 1 [PeJCTaBIseT cepbE3HyIo Yyrpo3y AJis 3[0POBbsI YeaoBeka. V3ydenne BausHus pasanaHbIxX
XUMIUYECKUX COeJINHEHNII Ha JiucceMnHalnio reHoB aurnonornkopesucrentnoctn (APTY) y 6akrepuii kpaiite BazKHO Jiisi
KOHTPOJISI PACTIPOCTPAHEH ST Pe3UCTEHTHOCTN KaK B RIMHIYECKIX YCIOBUSIX, TAK 1 IIPUPOJIHBIX MUKPOOHOMAaX. 3arps3Henie
OKPYJKAIOIIeil cpejibl PA3INYHBIME TTOJIJIIOTAHTAMU CIIOCOOCTBYET PacIipOCTPAHEHNI0 aHTUOMOTHKOPEe3UCTEHTHBIX DaKTe-
puit (APB) u API" B Mukpo6ibix coobimecTBax okpyskaiotieii cpesbl. B jammom 0630pe mpoanain3npoBamo cCoBpeMennoe
COCTOSTHUE WMCCIeIOBAHNI, OTEHMBAIONINX BJIMSHIE PA3TNYHBIX TOJIIOTAHTOB HA PACHPOCTPAHEHIE TeHOB aHTHONOTH-
KOYCTOIUMBOCTH B HPUPOJHBIX MUKPOOOIeHO3aX. AHTUOMOTHKI 1 TS3KEIbIe METAJLIIbI CIIOCOOCTBYIOT PACIIPOCTPAHEH U0
APT n cenernum mramMmMoB, 00J1aJlal0INX JeKaPCTBEHHON YCTOIYNBOCTRIO. B psjie padoT rmocaeHux jeT moKkazaHo, 4ro
nuccemmuanun AP u APB ciocoberByer rarkyke Mmacea ipyrux, B ToM drcie c1abo n3y4eHHbIX, HoamioranTos. [l raknx
3arpsisHITe e, KaK HOTUINKINYeCKIe ADOMATUYeCKIe YITIEBO0POJbI 11 IECTUIH/IbI B 0030pe PACCMATPUBAIOTCS BO3BMOKHbBIE
MeXaHU3MBbl, CTI0COOCTBYIOIIIE PACIIPOCTPAHEH IO PE3UCTEHTHOCTH K AHTHOMOTHKAM. BisiHne MUKPOTIIACTHRKA HCCIeI0BAHO
HEeJIOCTATOUHO, HO 32 CYET cOpOIMN PYTUX MOJLTIOTAHTOB OH, BEPOSITHO, MOsKeT criocobeTBoBaTh paciipocrpanennio AP

HRaruessie crosa: rennl aHTI/I6H()THH()p(—){}I’I(ZTQHTH()CTH; 6&HT(—}I)I/IH, pesucTeHTHbIe K HHTH6I/I()TI’IRHM; Jarpasasionine
BelecTsa; mNoJNINKJINYecKkue apoMmaTudecKkne yrjaeBo/lopo/ibl ; HPpUPoOJ/iHbIe MHKpOGVIOMBI; pacrpocTpanetnne pesmcTeHTHOCTU.

Influence of pollutants on the spread
of antibiotic resistance genes in the environment
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The development of antibiotic resistant bacteria (ARB) is one of the most significant problems in modern medicine
and poses a serious threat to human health. Understanding the ecology of resistance genes is extremely difficult, since
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genes can be carried by uncultivated bacteria. It has been shown that introduction of pollutants into the environment
contributes to the active selection of ARB and antibiotic-resistance genes (ARG). Antibiotics stimulate reproduction of
ARB and selection of ARG. Resistance to heavy metals and antibiotics is achieved by the same mechanisms, which leads
to the selection of ARG in environments contaminated with heavy metals. Bacteria can decompose polyaromatic hydro-
carbons (PAH) or use them as a source of nutrients. Bacteria that are unable to decompose PAHs to fewer toxic products
use various mechanisms to remove polyaromatic hydrocarbons from cells. Thus, with the help of efflux pumps, not only
PAHs can be removed from cells, but also antibiotics or heavy metals, which leads to the emergence of ARG. The factor
in the joint selection of ARG, resistance to heavy metals, and PAHs biotransformation genes is also their joint localiza-
tion on mobile genetic elements. Resistance genes to metals and ARG are often a part of the same plasmids. For genes of
hydrocarbon biodegradation pathways, transmission is shown using type [ integrons, which also often transmit multidrug
resistance. Resistance Lo pesticides occurs as the result of mutation. The mutated enzyme may be able to decompose not
only pesticides, but also antibiotics. Microplastics are hydrophobic and capable of adsorbing a variety of pollutants. Large
particles of microplastics promote the spread of antibiotic resistance genes. Multiple antibiotic resistance is an important
public health issue. Understanding the mechanisms of emergence and spread of ARG may help to solve this problem.

Keywords: antibiotic resistance genes, antibiotic resistant bacteria, pollutants, polyaromatic hydrocarbons, natural

microbiomes, resistance spread.

lenwr ycroitunBoctn kK antnomornkam (APIY)
paccMaTpUBAOTCS KAK HOBbII BUJL 3arpsi3HeHU s
U IIPUBJIEKAIOT BCE OOJIbIlIee BHUMAHIE B CBA3NU
¢ UX MIIUPOKUM HPUCYTCTBUEM B OKpPYIKAIONIei
cpepe. APT cranu Gosiee pactipocTpaHEéHHBIMT
He TOJBKO B Pe3yJibTare CUJIbHOTO CeJIeKTUBHOTO
nasienus antTnoOmotrnkros (ADB), mwo m pgpyrnx
(parropoB anrporiorenuoro Bosneicraus [1].

[TouBeHHBITT MIKPOOMOM SIBJISIETCS PE3EPBY-
apom njis1 muoskectsa APT, Briiouas emé e us-
yueHHble. B HEM TakyKe OCYIIECTBJISIIOTCS pas-
JUYHBIE TEHeTHYECKNe MeXaHM3Mbl Tepejadn
FeHOB YCTOMYNBOCTU. AHTPOTIOTEHHAS JIeATEh-
HOCTb TaKJKe MOKeT CI0cOOCTBOBATH MEPEHOCY
aHTndmornKopesucreHTHbIX Oarrepuii (APDB)
n API" B TOUBBI, OTHOBPEMEHHO OKA3BIBAS N30T -
paTesibHOe JlaBIeHne, KOTOPOe MOKET yBeJI -
BaTh KommuecTBo mouBenunix API. Kpowme toro,
(pusmdecKme KauyecTBa MOYBLI MOTYT OKA3bIBAThH
CYIIECTBEHHOE BIMSIHNE HA aKTUBHOCTH W CTa-
omapnocth kKak AB, tax m API' B mouBennnix ya-
crunax [2].

Panee 6bL10 yeranoBiaeHo, 4to Ha pacipo-
crpanenne AP siustior tsizkénbie Merasin (TM),
nesunumupyiotue cpencrsa u AB. Tlosanee
MOABUINCH PAOOTHI, TOCBAMEHHDBIC BAUSHUIO
Pa3AMUHBIX MOJTIOTAHTOB, TAKMX KaK HaHOUa-
CTUTIBI, TOKAPCTBEHHBIE TTPeraparsl, CPecTBa
JUYHON TUTHEHBI, MUKPOTLIACTIK, CTOYHBIC BOJIBI
" MOJUIUKINYeCKIe apoMaTniecKkne yrieBo-
mopoibl (ITAY), ma MukpoOHbBIe co00IIecTBA 1
pacmpocrpanenune API' B pasinunmunbix cpepax.
Ho mmetomascs nagopmanms oTHOCUTETHHO
B3alMOJICIICTBUS «HOBLIX» [3, 4| 1 maBHo uc-
Cle/lyeMbIX OPTAHUYECKUX TTOJII0TAHTOB (3a
nermiouennem ADB, GakTepuonuion), a TakKe
TM na nuuamury API Bechma orpanmvena,
u MupoBasi 6ubsmorpadusi HACUUTHIBAET BCETO
HECKOTBKO IECATKOB pador [d].

Werounmkamn remoB anTHOMOTHKOYCTOY -
BOCTH MOTYT SIBJISIThCSI: OPraHUYecKie BerecTBa

(crounbie Bojbl [6—8], HABO3, IPUMEHsAEMbIT
st ynoopennst mous |9, 10]), 6nonornueckne
arentol (Daxrepuodarnu [11]). Bozueiicrsue APB
n API, nocrynaioniux u3 okpysKaroiei cpejibl,
MOJKeT YCUJIUTh PACIPOCTPAHEH e [IeTePMUHAHT
YCTOWYMBOCTH B MUKpoOmome uenoBera [12].
Muorue reun yeroitunoctu kK AB, o6napy-
JKeHHbBIe B IIATOTeHHBIX OAKTEPUSX, MO ObITh
HPUBHECEHBI 13 TTPUPOIHBIX MUKPOOOIIEHO30B 1
Hperepresu JajibHeIyo 9BOI0IN0, YTO YKa-
3pIBaeT Ha Oe3oTaararebHyI0 HeoOXOMNMOCTh
oripejiesieHust pe3epByapon ycroiuupoctn kK AB
B oKkpysKaiomieii cpeme [13].

[Tpuobperénnas ycroitunocth K AB BO3-
HUKaeT, KOrjla BOCHPUUMYNBBIEe DaKkTepun
npuobperaioT reHbl, KOJUPYOIIe MeXaH3M
Pe3MCTeHTHOCTHU, MOCPEICTBOM MYTalluu WJIH,
Jaie, rmepelaun reHeTHYeckKoro MaTepuasa or
Gakrrepuii Toro ke uan gpyroro Bua. [lepepaua
MOJKeT MPOUCXO/UTh HECKOJIBLKIUMU CIIOCODAMM:
KOH'BIOTAIINS, TPAHCAYKITUS 1 Tpancdopmarius
[14]. A0 BCE pasanvHbie C11IOCOOB TOPUBOHTAb-
noro nepernoca reaos (II1T), koropwiii siBsercs
OCHOBHO JBMIKYIIEHN CUION PacnpocTpanernns
yeroitunocet kK AB 'y bakrepuii [15].

[Ipn KoHBIOTAMN TeHBI YCTOWUYMBOCTH K
HPOTUBOMUKPOOHBIM IIperapaTam IepeHocsT-
cs1 U3 OJ{HOI DaKTepHaNbHON KIETKU B JIPYTYIO
B COCTaBe TAKNX MOOMIHHBIX FeHETHYECKIX DJTe-
mMenToB (MI'9) Kar KoHbIOTaTUBHBIE TIJIA3MMU-
Jibl, KOH'BIOTATUBHBIE TPAHCIIO30HBI I TEHOMHbIE
ocrpoBa. [lpu Tpancaykium remernyeckuii Ma-
Tepua OT OHON GaKTepuu K JPyroil mepeHo-
csat bakrepuodaru. Kar npasuio, 310 ymepes-
Hble OakTepnodarm, cnocodHbIe BCTPAMBATHCS
B Oakrepuanbuyio xpomocomy. [Ipu Boipesanun
OHM CIIOCOOHBI MOOMIM30BATh (DPArMEHTHL XPO-
mMocombl. OcTasibHble, BecbMa PazHooOpasHble
MOOMIIbHBIE TeHeTHYeCKIIe DIeMEeHThI, epeMe-
HIAIOTCS MEK/Y KIeTKaMu JHUIb B cOCTaBe Iie-
peuncyernbix Boitie [16]. [1pu rpancdopmarnun
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(normomennn 6axkrepueit suexaerounoi [IHHK)
yuactue MI'9 un BoBce ne obsizaresibho, o APT,
MHTETPUPOBAHHBIE B MOOWIOM, BCTPAaNBAIOTCS
B DarkTepuaabHbIe PEIIMKOHBI Topasio s dex-
TuBHee. B peanibHOCTH pas3iinuHbie MeXaHU3Mbl
MOTYT COYeTaThCs — TaK, HAIPUMep, U3BeCTHbI
rubpuybl 6akrepuodaros u masmus [17].

Rpome Toro, xumuueckue coefjuHermst (Ha-
npumep, AbuTM) B pazmmaHbIX KOHITEHTPATIIX
MOTYT 00ecIednBaTh HOCTOSHHBIN CeTeKTNBHBII
0TOOP, CITOCOOCTBYST HBOJIOINN CYIECTBYIOIINX 1
MOSIBIEHNIO HOBBIX JIETEPMUHAHT YCTOWUYMBOCTI
[18]. Ho Biusinue mosiioTaHToOB Ha TIPUPOJHBIE
peaucrombl He orpanmunBaercs aumb AB n TM.
Nssectro, uro B auccemuuanun API' m APB
YUaCTBYIOT TAKKE APOMATIHYECKIE YTIIeBOIOPOIbI
[19], necturupst [20] u gpyrue opraHuyeckue
3arpsI3HUTEIN.

[lesibio manmoTO 0630pa ABJSETCS IPUBJIEYE-
HIe BHUMAHUS CIEIUaJINCTOB-IKOIOTOB K ITPO-
osieme pacupocrpanerust API oy Bo3peiicTBrem
MIPOKOTO CHEKTPA PA3INUHBIX OPraHNdecKNX
MOJITIOTAHTOB, & TAaKKe K ¢J1ad0il n3yueHHOCTH
MEeXaHM3MOB W CTeTIeHW BJIWSHWSA Pa3TNIHBIX
KJIACCOB COeIIMTHEHMIT HA ATOT TIPOIECC.

Bimsinne anTudnornkon
Ha pacrnpocrpanenue APT
B OKpY:Kaloleii cpeje

AB mpeficraBasior coboT KIACC BTOPUUHBIX
MeTaboNTOB, MIPOYIIMPYEMbIX MIKPOOPTraHn3-
MaMM, a TaKyKe XUMUYeCKN CUHTe3MPOBAHHBIX
AHAJOTHYHBIX COCJIMHEHUIT, KOTOPBIE CII0C00-
HBI MHTHOMPOBATH POCT U BBIXKMBAHUE JPYTHX
MUKpooprannsmoB. AB mcrnoib3yor B KiInHm-
YeCKON MpaKkTHKe, a TaksKe /s TPOPUIaKTHKA,
JeUeHUs U CTUMYJIAINKI pocra sKuBOTHBIX. AB
MPUCYTCTBYIOT B OKPY;RAOIIEil cpejie B 0CTaTOY-
HBIX KOJMYeCcTBax U ImomajaarloT Tylda I'JIaBHbIM
00pasom ¢ MOUOIi, 4eJI0BEUECKIUM KaJIOM 1 HABO-
30M JKUBOTHBIX, & TAK:Ke C TTPON3BOJICTBEHHbIMU
crounsiMu Bomamu. Ocratkn AB 3arpasusior
IIOYBY, HOBEPXHOCTHbLIC 1 ITOJA3eMHbIe BOJbI, 1 B
urore crocodcTByiorT pasmuoskenio APB u pac-
npocrpanennio API'. Ha ronmuecTso ocrarkos
ADB u nyn 6akrepuii, yeroiunbeix kK AB, n ux
TeHOB YCTOWUYMBOCTH B IPUPOJHBIX DKOCUCTE-
Max BJIUseT MHOKeCTBO (DaKTOpPOB: cOPOC Mpo-
MBIILICHHBIX 1 MYHUIUTIATBHBIX CTOYHBIX BOJI,
CTOKM ¢ YIOOPEeHHBIX CeJbCROX035ICTBEHHBIX
3emMesh, dPPEeRTUBHOCTH MIKPOOMOJOTITUECKOI
nerpagarun AB B 0UMCTHBIX COOPYREHUAX T
1. 1. [21]. B wactHocTH, BO BCEM MUpe OTHOCH-
TeJIbHO BBHICOK YpoBeHb 3arpsisHenusi AB Bopb
1 TOHHBIX OTJIOYRCHIUI. B ITOBEPXHOCTHBIX BOJ/laX

OH KOJIeOJIeTCsA OT HT/JI 10 MKT/JI, B TO BpeMsI KaK
B JIOHHBIX OTJIO}KEHUSIX W BOIHBIX OpraHm3Max
BapbHUpyeT OT HT/T 0 MKT/T (B mepecuére Ha
cyxoe BerecTso) [22].

Hecronbro API" yacro obuapyskuBaores Ha
OJTHOIT 1 TOII JKe TIa3Mu/e WK IPYTIX MOOUIIh-
HBIX TeHeTUYECKUX DJIeMEHTAaX, 4TO HPUBOUT
K KOPpeJsIIusM, 00HAPY/KeHHBIM ¢ Pe3UCTeHT-
Hocthio K pasianunbiMm AB [23]. B ppyrux wme-
CJIOBAHUAX OTMeYAIach cJaabas KOppessius
meskny AB u API unu eé orcyrersue [24, 25].
ITO MOKHO OOBSCHUTH TeM, UTO MUKPOOHBIE TT0-
MTYJISITIAT MOTYT COXPAHATD TeHbI YCTOMYHMBOCTH B
TeyeHe JTNTebHOTO BpeMeH ! 110cJjie X epBo-
HAYaJIbHOTO TIOSIBIEHUS, YTO MOKET MPUBECTN
K OTCYTCTBUIO TIPSAMOI Koppessiiuu meskiay AbB
u API' [26]. Kpome Toro, nosiBjienue B cpeje
ADB criocobeTBYeT MOSIBACHUIO YCTOWYNBOCTI
He TOJILKO K aToMy Kiaccy AB, Ho u K apyrum.
Tak, Hanpumep, 3HAYUTETIHHBIE TOJOKUTETbHBIE
Roppessin Meskay koaundecrsom API u coor-
BercrBylomumu AB nian gpyrum knaccom Ab
ObLII 0OHAPYIKEeHbI B arposkocucremax B Kurae
[27], Ropee [28], Bypruna ®aco n Kamepyne
[29]. Takske, KpoMe BOBHUKHOBEHUS HEITOCPE/] -
crennoi yeroitunsoetu kK AB, camu AB moryT
CTUMYJINPOBATh TOPU3OHTATBLHBIN I BEPTHKAb-
bl meperoc rernos [30].

Taxnm oopazom, AB He TOIBKO ¢TI0OCOOCTRY -
0T BOBHUKHOBEHUIO YCTONUYMBOCTH K HUM, HO
1 eé pacipocTpaHeHno MOCPeICTBOM TOPU30H-
TAJTLHOTO I BEPTURAIBHOTO HiepeHoca reros. Ho,
nockoyabKy API' coxpansiiores B cpepie froJibiie,
yeMm camu AB, npsaMyio ¢cBa3b MKy HUMU He
Becerjga Bo3mMoz;kHo obHapy:;kuthb. Heobxomumo
TaKsKe YINTHIBATH, 4TO PUPOILHBIE MUKPOOIO-
MBI SIBJISTIOTCS Pe3epByapoM, B KOTOPOM BO3HHK-
JIO ¥ TIOJIJle psKMBaeTcsi pazHoobpasie reHeTnye-
CKOT0 MaTepuaJa, CBA3aHHOTO ¢ YCTOMYNBOCThIO
K AB. Mukpoopranuambl npoaymnupyior AbB
B 1ipupojie 6osee 2 miupy jier. B reuenue Bcero
ATOr0 BpeMeHmn y OGarkTepuii pazBuBaJch Me-
XaHU3MBbI PE3UCTEHTHOCTH K UX TOKCHYECKOMY
peitctBuio [31].

Bimsinme TasKEIBIX MeTAIOB
Ha pacrnpocrpanenue API’
B OKpY:Kaloleii cpejie

OCHOBHBIMU MCTOYHUKAMU TOCTYILTCH IS
TM B mouBy, BOJLY U JJOHHBIE OTJIOKEHUs SIB-
JISIOTCS pas3JUUYHble BU LI aHTPOIMOTEHHOTO
BO3JlelicTBUSI, HAIIPUMEp, TPAHCIIOPT, MeTaJl-
JIyprudeckast, JaKOKpacouHas, XuMuuecras
ITPOMBIIIJIEHHOCTh, TOJIyYeH e TeIljia i SHePruu
[PU C3KUTAHUY NCKOIIAeMOro TOIINBA, MYHUI[I-
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MaJabHbIe U TPOMBIIIJIEHHbIE TBEPIIbIE U JKUTKIE
orxojibl |32, 33], cenbCROXO3AIICTREHHAS Jies-
TeabHOCTH [34] 1 Ap.

Mugrpobuora MosKReT OCTUY b YCTONYNBOCTI
K ADB nocpepictBoM caeyoIux MexXaHU3MOB:
CHIKEeHTA TTpoHnaeMoctin MeMOpamnsl s AbB,
nnakrusarun AB, akrusroro soisenennsa AB 3a
npegesibl Kiaetku (3 PaioKe), MyTarnm rena, Ko-
nupyiorero mutieHb AB, pory kit 6akrepueit
aJIbTePHATUBHBIX MUIIIeHEl 1 00pa3oBaHus DaK-
TepuasbHbIX OnoriéHok [39]. Crour orMeTuTh,
YTO PE3NCTEHTHOCTh K METAJIJIaM JIOCTUTAETCS 1Ty-
TEM TIPUMEHEHUS aHATOTUUHBIX cTparernii. Ha-
npumep, yeroitunocth K As, Mn, Co, Cu, Ag, Zn,
mumpodaorcarnuny, B-raxkramam, XJaopamgeHn-
KOJIY M TeTPAIUKIMHY [IOCTUTAETCS CHUKeHIeM
nporutaemMoctn Mmemopan [36]. Yceroitunpoctn
R As, Hg, xmopampennkony n B-raxramam jio-
cruraercst nnaktuBaiueit AB/meranion [37, 38].
Muorue mukpoopranuambl yeroirunsbl k Cu, Co,
As, 7Zn, Cd, rerpanukJInny, XaopamMm@eHnnrory
u B-rakramMam OJrarofapsi aKTHBHOMY BBIBEJIEHITO
merasuia win AbB 3a npepennt kierku [39]. He-
obxommMo Tare orMetuTh, yro Cu, HanpuMep,
obJieryaer KOHbIOTaTUBHBIN TTePEHOC TTa3MU bl
RP4 3a cuér apperra nospesenns KIieTok, Tem
CaMBbIM YCKOPsisi Tepefauy u nposandeparinio
APT [40].

B nceaemosanusax, npoBeiéHHbIX B padoTe
[41], mokazana onocpeloBaHHas Maa3MuaMu
YCTOWYMBOCTD OAKTEPUIT K TAMKETBIM MeTaIaM
(Hg?* u Cu*") u AB. Kpowme Toro, copmecrnoe
pacrpocTpaHeHne MIa3Muj-omocpejoBanHON
yeroituuBoctu kK TM nu AB nabaiopganocs y
E. coli, npucyrcrByioriieii B MUKPoOHOMe IOMAILL-
HUX JKUBOTHBIX [42].

Onraro, MOryT MMeTh MECTO 1 obpaTHbie
P @PeRThI. Su ¢ KoJaIeraMmm Uccae 0B BJIMsI-
HUE YeThIPEX TUTTNYHBIX HAHOUACTHUI] METAJIIOB
n oxeuptos mMerasnon (Cu, Zn, CuO n ZnO) ma
API'. Hannume nanodacTui yMeHbITATO pas-
noobpasue API, mpu oToM HAHOTACTHITHT OKCHITA
MeTaJlyia BEI3BIBAIN O0J1ee BhIpayReHHbIH a(herT
yMeHbIeHns: Kojanvectsa n pazunoodpasust APT
M0 CPaBHEHWIO ¢ PACTBOPUMBIMU (DOPMAMI.
B wrore kombunuposanubie d3PerTH KOpITy-
CKYJIAPHBIX W PACTBOPUMBIX (POPM METaLIOB
orrpesiesiAioT crererb pactipocrpanenus AP [3].

B nporecce peanmzanun tokcuueckux ad-
(pexroB Merasbl uan AB cTasiKnBaloTCs ¢ OJHI -
MU W TeMU 3Ke MUTITEeHSAMI, 4TO B pe3yJibraTe mpu-
BOJIUT K aIIOITO3Y WK PA3BUTIIO PE3NCTeHTHOCTI
® AB, BeizBanmoi mMerammamu (uyim, Ha0O60POT,
Pe3MCTeHTHOCTH K MeTajraMm, BhizBannoin AB),
a TaKKe CIIOCOOCTBYIOT KO-CeJeRINN COOTBET-
CTBYIOIIIX JITEPMUHAHT PE3UCTeHTHOCTH.

Biusinue ITAY na pacupocrpanenne APT’
B OKpY:Kaloleii cpeje

[Tonunuknnyeckne apoMarnyeckme yrieBo-
JIOPOJIbl TIOBCEMECTHO PaciipoCTPaHeHbl B pas-
JUYHBIX Cpelax, 1 MX KOHIeHTPAIMN BO3pac-
TAIOT B ¢JIydyae aHTPOINOTeHHOTO 3arpsA3HeHns
" TeXHOTeHHBIX aBapuii. B pesysibrare 3arpsizte-
vust [TAY 3naunrebHO n3MeHsIeTCs CTPYKTYpa
[MOYBEHHBIX OakTepuaibHbiXx coobiiects. Toue-
paurabie K [TAY OakrepuaibHble M30AATHL U3
CpeJIbl, CUJTLHO 3aTrPA3HEHHON YTIIeBOOPOIaM U,
YaCTO MPOSBJISIOT BLICOKYIO YCTOWUNBOCTH K Me-
rasam u AB [19]. Ronnenrparnuu I[TAY B nou-
BaX OTPeIeNSIIoTCs: DATaHCOM MEJKIY MX HaKO-
IJIeHNeM B pe3yJibrate arMocepHOTO OCaFKIIeHITs
u 1morepeii m3-3a jeryuectu, oOuojerpagainm,
doronuza [43].

Bakrepuu Moryr ncroib30Bath pasandHbie
cTpaTeruu MPOTUBOACUCTBUS TOKCHUYHOCTHU
ITAY. Onu ciocobnwt paznarats [TAY o menee
TOKCHYHBIX META0OJTNUTOB, UCTIONB3YS TPYIITY
BHYTPUKJICTOUHBIX (DEPMEHTOB, a TaKKe UC-
noab3oBath ITAY B KavecTBe muTaTENHHBIX
BEIeCTB IS MOJJIePKAaHNsA POCTa, KOrja OHI
SABJIAIOTCS eJIUHCTBEHHBIM UCTOYHUKOM yIJie-
ponia |44, 45]. Kpowme toro, faske te dakrepu-
aJlbHBIE TTOMYJISAINN, KOTOPbIle He CIHOCOOHBI
pasnararh [ITAY, Mmoryr ncmosib3oBarh pasimnu-
HBle CIOCOOLL IS TOTO, YTOOLL N30esKaTh TOK-
CUYECKOTO BO3JIEHCTBUS HTUX YTIE€BOTOPOIOB
[46]. Tar, apaiokcHbIe HACOCHI, CITOCOOHBIE
BBIBOJINTH TOKCHUYHBIE BENECTBA 3a TPeJesbl
RJIETOK, SBJSIOTCS IMMUPOKO PACTIPOCTPAHEH-
HBIM MEXaHU3MOM YCTOWUMBOCTH K PA3JTMUHBIM
nosrioranTam, Takum kKak AB, TM, ITAY [47].
[Tokazano, uro API', rogupyromnue nepenoc
ADB apomarmueckoro psijia uepes dParoKCHbIE
HACOCKI, PACIIPOCTPAHEHBI B TIOYBAX, TOJBEp-
swenubIx 3arpasuenuio [TAY [19].

YcraHoBieHa cuJibHasH MOJOMKUTEIbHAS
ROPPEITATIIA MEsKLY OBICTPO lecopompyioneics
dpariueit nmupena n copepskanunmem API [48].
Taxnm obpazom, 6MOTOCTYIHBIT TUPEH, a He
OOTINIT TIPeH, NTPaeT OCHOBHYIO POJIb B TIOJJIeP-
skaHny n usmenennu cogepskanus API' B mouse.
ITOMY MOKET CIOCOOCTBOBATH BOBHUKHOBEHIE
ORmcanTeIbHOTO cTpecca, SOS-oTBeTa, MyTare-
neza u I'I1T mpu perpaparum [TAY [49-51].

B uccaneposanun [1] mokaszano, uto B ipu-
OpesKHBIX MUKPOOHBIX COOOITECTBAX, TIOBEPT-
muxcs Bospeitctsuio [TAY, mpucyrcrsoBain
uHTerponsbl [ Kitacca, Hecytue rensl fadD u fadK,
csizannbie ¢ MuHepaausarueii [IAY [52]. O6bru-
HO KOJINYeCTBO MHTETPOHOR B /1100011 BOJHOI KO-
cucTeMe KOppesaupyer co CTeIeHbIO 3arps3HeHusI
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ABuTM [53]. Unrerporbl, 0cOGEHHO MHTETPOHBI
Kaacca I, ouenb 4acTo MoJOKRUTEILHO KOppe-
auposaiu ¢ kojmmaectBom APB u API' B perax
[54]. Hampumep, Gosbiiioe kommuectBo (40%)
MYJIBTUPE3UCTEHTHBIX DARTepuii, coepraiimx
WHTETPOHBI Kaacca |, O obHapys;keHbl B peke
Topca, Unpmsa. Bomee Toro, 6obimnee KOTMIECTBO
MYJIBTHPE3UCTEHTHBIX OAKTePHil TIOJOKNUTETHHO
KOPPEJMPOBATIO ¢ COJlePKaHNeM MHTErPOHOB B
MUKPOOMOMe, 4TO JJOKa3bIBaeT 3HAUYNTeIbHYIO
CBA3L MEKY MYJBTHPE3NCTeHTHOCTHIO W MHTe-
rponamu [33]. Bepositno, [TAY criocoberBoBann
pacmpocrpanennio reHoB fadD n fadK cpenn
PasIMYHBIX MUKPOOPrann3mMoB. O[HOBpeMeHHO,
BMmecrte ¢ numu, ITAY crocoberBoBanu copmect-
nomy otbopy AP, mocKOILRY 911 IBA THTIA TEHOB
MOTYT CYIIECTBOBATD B OJIHOM 11 TOM K€ MHTEeIPOHe
I knacca. ITo o3Havaer, YTO MEXaHU3M COBMECT-
HOTO 0TOOpa MOJKeT ObITh BOBJIEUEH B KOHbIOTA-
tuBHbIl iepenoc AP, wapymupoannbrii [TAY.

Bausinue necrurngmnos
Ha pacnpocrpanenue APT’
B OKpY;Kalolleii cpeje

[TpucyrerBue B okpyskatolieii cpeje mecTu-
IUIOB CITOCOOCTBYET HAPYIITEHIIO CJOKIBITUXCS
MUKPOOMOMOB I TIOSIBJIEHITIO U PACIIPOCTPAHEH U0
OGaKrepuii, pe3aNCTEHTHBIX K TIECTUTIU/IAM.

MurpoopraHu3mMpl-IeKCTPYKTOPHI TTECTH -
MHUI0B MOTYT 00JIaJIaTh YCTOWUYMBOCTHIO K aHTH-
MUKPOOHBIM BelliecTBaM, BRitouast AB, ns-3a cxo-
JKeCTH JIeMCTBISI 3TUX BerrecTB u nectuiosn [20].

[Tosigienue y GakrepuaibHOTO IMITAMMA
YCTOMUMBOCTH K IIECTUIUY HTOCPEJCTBOM IeHe-
TUYECKUX MYTAIMil, KOTOPBIE TIO3BOJISIOT IITAMMY
OJITHOBpEMEHHO 00J1a/laTh Pe3MCTEeHTHOCTHIO K
psany ADB, nasbiBaercst mepekpécTHOIl yeToium-
BOCTBIO. JIBOJIONWS TIyTell Jerpajanm mecTim-
MUI0B, HAPAY ¢ TeHEeTUYEeCKUMU MYTAIHAMU,
MPUBEJIA K TOBBIITEH IO YPOBHS MHOMKECTBEHHOT
JIeKAPCTBEHHOM YCTONYNBOCTI CPEJIN TOUBEHHbBIX
OaxTepuil 3-3a TOCTOSTHHOTO TTOCTYIIJICHWST TIe-
ctututoB [56, 57]. [lecTuriuab MOTYT TPOHUKATH
B OpPraHm3M 4eJTOBeKa 1 KUBOTHBIX ¢ TIUTIET, 4To
IPUBOANUT K MOSABICHUIO B MUKPOQJIOpe Opranns-
Ma DaKTepuil ¢ MHOKECTBEHHOI JIeKapCTBeHHOI
YCTOWYMBOCTHIO B Pe3yJabrare MepeRpeECTHON
pesucrenTHocTH. Takum o6paszom, TeCTUIH/BI
BJIUSIIOT HA MUKPOOPTaHU3MbI, CITIOCOOCTBYSI pas-
BUTHIO yeroitunBoctn K ADB.

Fenbl yeTOMumBOCTH K TECTUITHAM BCETTa
nepejaioTest B BUJie TeHHBIX KJIacTepoB, U 9TH
KJIacTepbl MOTYT HeCTH reHbl yerotiunBocT K ADB.
Kpowme toro, ijisi HEKOTOPHIX WHIYITHPOBAHHbBIX
MYTaIunii I3MeHEHHBIIT aKTUBHBIN CAIT IeJIeBOTO

depMeHTa MOKET PACHIENATH KaK TeCTHI -
nbl, Tak 1 AB, 4TOo NpUBOAUT K TIePeKRPECTHOI
pesucreHTHOCTH. B nurteparype BeTpevaioTes
co00IeHnsT 0 HaKTePUsIX, TeMOHCTPUPYIOTINX
YCTOMYNBOCTh K TECTUIII/IAM, & TAKIKE K IITHPOKO-
my criertpy AB [98]. B ogriom n3 ncenenosanmit
mraMMbl 0axkTepuii furoro tuna (Escherichia
colin Salmonella typhimurium) MOCTOSTHHO TIOJT -
Bepranch Bo3/ei cTBIIO cyOJIeTaThbHBIX KOHIIEH -
rpanuii repounugos (Kamba, Paynnamu 2,4-D).
Briocaenersum y HIX pasBuiaach yCTOMYMBOCTD
K TakuM ADB, Kak aMOUIIIINH, TeTPAIUKINH,
UIpo@aoKca i, KaHAMUIMH U XJ0paM-
dennron [59].Takum obpasom, 3arpsizHeHUe
OKPY;RAOIIEIl CPeJbl MTeCTUIIaMI TPUBOIUT K
POCTY KOJMYecTBA MHAYIIUPOBAHHLIX MyTaIlUii,
00ecIeunBaloONX Pe3UCTEHTHOCTD K IIeCTUITI/[aM
(1 AB), a Takyke pacipocTpaHeHUIO TMTAMMOB,
00IaMAToNIIX MePeRPECTHON YCTONUNBOCTHIO.
Kpowme roro, Biiusinme mecTuingoB MOKET yCIIN -
BaTh pactpocrparnerne APl 3a cuér Ko-cesmeripumn
PeHHBIX KJIACTePOB, HECYIUX J[eTePMUHAHTHI
Pe3UCTeHTHOCTH KaK K mecTuiuiam, tak n k AbB.

Binsinue 3arpsasnenns
MUKPOILIACTHKOM Ha PaclpocTpaHeHue
APT B okpy:kaloieii cpeje

MugrporaacTHKOM CYUTAIOTCS YACTUILBI T11a-
cTIKa pasMepom mMeriee O Mm [60], Rotopbie MoTyT
HakarmInBarhLes B Bosie [61], mouse [62], a tarske
B JKUBBIX opraHmamax [63], u B urore momnajarhb
B OpraHm3M desoBera ¢ rmuiieii. Murporiactni
criocoben apcopomposarh TM u ruppodobrbie
opranmyecKkne 3arpsa3HnTenn. Axcoporus op-
TaHMYeCKNX 3arpsA3HNTeTell MUKPOTIIACTHKOM
BRJII0YaeT TTOBEPXHOCTHYIO ajicopOImio n 3a-
MOJIHeHNE TTOP IMOJTUMePHBIX CTPYKTYp |64]. Tar
Kak MUKPOTIJIACTUK, RKAK 1 MHOT'TIe OpraHYecKie
3arpsi3HuTeNnn, odaamgaer Tugapo@oOHBIMU CBOTI-
CTBAMM, OH CITOCOOCH JIETKO ajcopOMPOBATHCS
YaCTUIAMI TIOYBbI M OPraHNYeCKIMU BeIecTBa-
mu [69].

CBoiicTBa, NCTOYHUK U BO3PACT MHUKPO-
maacTuKa BAWSET HA ero ajcopOImoHHYI0
crocobnocth [66]. B padore [64] nccaemonana
ajcopbimst Zn*" Ha MOBEPXHOCTH MUKPOTLIA-
CTUKA W 0OHApPY/KeHo, 4YTO B pe3ysabrarte dTOT0O
obseryaercs OMOJOCTYITHOCTh NOHOB IIMHKA.
[TpoBeneno mnceaenopanue [67], mokasbiBaio-
mee, 4To YacTUIhl MUKPOIIJIACTURA KPYIHBIX
pasMepoB cIocoOHBI acOpOUPOBaTH HOJIbITOE
rosnuecrso API' u TM, a rakse MoOMILHBIX
reHeTHYeCcKIX 3J1eMeHTOB, KOTOPbIe MOTYT CITO-
cOOCTBOBATH PACIIPOCTPAHEHUIO YCTONYNBOCTI
R ADB. Ponb cobcTBeHHO MUKPOCKOTTMYECKIX
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qacTull nuactuka B pacrnpocrpanenun AP
npaktTuuecku He ucenaenosana. Ho pesynabrars
OTyOJMKOBAHHBIX PabOT TMO3BOJISIOT YTBEPIK-
MATh, YTO YACTUILH MUKPOIIACTHRA, COPOMPYS
oprannueckue 3arpsizautesiu, TM u renernue-
CKUT MaTepuas, cofepsRamuil fleTepMuHaHTHI
PEe3MCTeHTHOCTH, CIIOCOOHBI CO3/[aBATh BHICOKIE
JORAJIIbLHBIC KOHI[EHTPATMN TOJTIoTaHToB. Hak
CTeJICTBITE, MUKPOTIIACTIK B MECTaX HAKOTLIe-
HUS CO31aéT YCJIOBUS, KpaliHe 0JIaronpusiTHbIe
nast pacupocrpanenust APT.

B miesiom RoppesisiiimoH Bl aHaI3 TTOKAa3aJl
00JIee CUTBLHYIO MOJOMKUTETLHYIO CBS3H MEIRILY
yncaennoctbio AP u copepskanuem Guogocryi-
HBIX OpPraHMYecKUX 3arps3HuTesieil, mo cpan-
HEHUIO ¢ OOIIUM KOJMYECTBOM OPraHUYecKuxX
3arpsisHuTesIeil. ITO CBU/ETE/IbCTBYET O TIPSMOM
BJINAHNN 6I/IOJIOCTyHHOCTI/I CMellaHHbIX 3arpAas-
nuresneii Ha pactipocrpanenue API'B mouse [68].

3araoueHue

[Hosisnenue Gaxrepuii, 00aaAIOMINX MHO-
JKeCTBeHHOW yeroitunBocthio K AD, mpuseso
K BO3BHUKHOBEHWIO BasKHOI MTPOOJEeMbI B 3Jipa-
BooXpaHeHUU. AHAIN3 UCCTEIOBAHNIT 110 JlaH-
HOIl TeMe MOKa3biBaeT 3HAUYNTEJIbHBI TTPobes
B 3HAHUAX O BAUSHUYM OOJBINMNHCTBA TTOJLIIO-
traHToB Ha pacrpocrpanernune AP B ipupogabix
mMukpoomomax. Mewmiouenne cocrasistior Ab,
oaxrepuoruanl 1 TM, poan Kotopsix B oT60pe
u pacripocrpanennu API' B snaunrtesbHoll cre-
nenn ncesenoana. Kpaitine masio umcsio pabor,
HApaBJeHbIX Ha MCCHeloBaHNe TOTO, KaKue
BeIecTBa W B KAKON cTeIeHn yY4acTBYIOT B Me-
xanuame copmectHoro orbopa API', ropuson-
TAJILHOTO MepeHoca reHeTHYecKOro Marepuasia
" AJIANTUBHON DBOJIIOTNE DAKTEPUIi.

O630p AUTEPATYPHBIX UCTOUYHUKOB, TI0-
CBANMEHHBIX BAWAHNIO 3arpsA3HeHNs HA pPac-
npocrpanenune API', nokassiBaer, uto mmpodjaema
pocTa pe3ncTeHTHOCTH ODaKTepuii He MOsKeT
OBITH perieHa Juiib 60pbOOIl ¢ MOCTYIIeHTeM
ADB B OKpysKaIOIYI0 CPejly U ¢ UX HEKOHTPOJII-
PYEMBIM WCITOTHL30BAHNEM B 3[IpaBOOXpPaHEHNN
1 ceJibCKOM Xo3siicTBe. [lJist posicHeHms 9T0OT0
BOIpoca HEOOXOMMO TIPOBEleHNe NCCe/0Ba-
HUIT, HATIPABAGHHBIX Ha MOJPOOHOE N3YUeHUE
MEeXaHWU3MOB BAUAHUSA PA3JIUYHBIX KJIACCOB
XUMHUUCCKUX COSJIMHEHUT HA BBITIIETIePEUNCTIeH-
HbIe TeHeTHYeCKIe TIPOIeCChl B DaKTepuaibHbIX
coobmecrsax. Heobxomnmo Takke nayvuenne
reHeTU4YecKuX MpoIeccoB B MUKPOOOIeHO3aX,
3arpsA3HEHHBIX CMECAMHI TTOJLTIOTAHTOB, IS BbI-
SICHEeHW ST CUHEePreTHYecKIX 1 MHTepdhepeHTIimon-
HBIX B3aNMOJICHCTBUH 3aTPsA3HAIONINX BEITEeCTB.
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JKOJIOTHYECKHE ACTIeKThI OPraHu3annu
WMMYHHOU CUCTEMbI PelITHINI

© 2020. E. b. Pomanosa, a. 6. H., mpogeccop,

E. U. Conomaiikun, acnupanr,

Huskeroponckuii rocypapersennsiii yausepceurer um. H. V. Jlobauesckoro
(HarmonanbHblii nccieoBaTeIbCKNii YHUBEPCUTET),

603950, Poccus, r. Huskunit Hosropop, np. Marapuna, ni. 23,

e-mail: romanova@ibbm.unn.ru

B o630pe cucremarn3upoBaHbl JaHHbIe JTUTEPATYPbl 10 GOPMUPOBAHIIO CTPATernii UMMYHHOI 3aIIUThl PEITUIIII
K [IaTOreHaM Cpejibl 00NTa s 1 TPUBE/IeH bl COOCTBEHHbIE NCCIe/0BAHIS NMMYHOTEMaTOJIOTHYeCKIIX ITOKa3aTesell SiJIoBUTHIX
7 HesAOBUTHIX 3Meil. Penmmimm — mepBble MOTHOCTHIO Ha3eMHbIe TTI03BOHOTHEIe IKTOTePMHBIe JKIUBOTHEIe. JImvdomamnasn
cucTeMa perTHanii BBICOKOOPraHn30BaHHAsA, TMMEPOMUETONIHBIIT KOMIIJIEKC XapaKTepU3yIOTCsA PeTepOreHHOCThIO. SaluTa
0T KCeHOOMOTIROB obeciiednBaercs: HecrenuduueckuM (BpOKIEHHBIM) 1 crieninuueckuM (afanTiuBHbIM, TPUOOPETEHHbBIM)
nMMyHUTeTOM. BposkaéHHas cucrema, 1o cpaBHeHNIO ¢ aJJalITHBHBIMI OTBETaM U, pearnpyer 6osee 6bicTpo 1 3 HEeRTHBHO.
Mormnas 3ammra npoTns nHQERIUI pecTaBieHa aHTUMITKPOOHBIMU HEeTITHaMIL: T30 uMaMu, flepeH3uMamI, C1cTeMOoit
KOMILJIeMeHTa, HabopoM HectiennduuecKX JeHKoInToB, hopMupoOBaHUEM BOCTIAINTETLHON peakiinn, HAbOPOM IIUTOKITH-
MOjIoOHBIX KOMIIOHEHTOB. MexaHusMbl alallTHBHOTO MMMYHNUTETA PeaTN3yIOTCs AeiicTBIeM KIETOUHBIX 1 TYMOPATbHBIX
Barropos. OrinuuTebHON 0COOEHHOCTHIO PEITUIII ABJIAETCA OcaabMeHHASA PeARIIA OTTOPKEH U YYKEPOJHOTO TPAHC-
manrara. ['ymopasbHbie HMMYHHBIE OTBETBI OCYILeCTBIsIIOTCs ocpesictBoM B-numdonuron. [lias pentunnii nzsecrio
KaKk MIHUMYM J[Ba RIacca MMMYHOTJIOOYIMHOB, 00CYyKAa0Test X crpoenne n GyHkimn. OrMedenbl 0COOEHHOCTH TTepe-
KJIOYEeHU S BHYTPUKIETOUHOTO CHHTE3a UMMYHOTVIOOY/IIMHOB ¢ OJ{HOTO M30THIIA HA IPYTOil; coMaTnieckas pekoMOnHaIus
reHOB UMMYHOTJI00YIMHOB. [ToKkazano, 4T0 cTparernst UMMYHHOI 3aI[UTHI ONPEEISeTCss KAK OHTOPeHETHYeCKIMI 0CO-
OeHHOCTAMU PENTUINI, TAK 1 IyTEM TTOCTYIIIEHS, BEJINYIMHON 1 JTTNTeIbHOCTHIO BO3JIENCTBISI aHTUTEHOB, IHATIA30HOM
BHEIIHEell TeMIleparyp, Ce30HHOCTbIO. BhIfABIeHbI 3aKOHOMEPHOCTH UMMYHHOTO PearnpoBaHus SA0BUTBHIX 1 HESAOBUTHIX
3Meil Ha RoMIteke hakTopoB ORpYyyKaioIei cpejibl. Briepsoie ncnoab3oBan MMMYHOTeMaTOIOTTYECKUIT TTO/[XO/ JIJIsT OIeH KU
COCTOSTHUS TOMYJIANNN y3opuaroro monosa Llaphe dione na 3amosepnoil reppuropun. B Mmexannsmax gopmMmpoBanms
QJIAIITUBHOI peaKIny PerTuInil Ha IOIY/IAIIMOHHOM YPOBHE YCTaHOBIEeHA ONOTOIINYECKAS I MeKBI0BASA N3MEHUYNBOCTb.

Harouesvle crosa: penTuanm, TMMYyHHas cucrtemMa, BpODKI_[éHHLII"I NUMMYHUTET, a}IaHTIIBHbIﬁ UMMYHUTET, UMMYHOTeMaTOJIOT 1.

Ecological aspects of the immune system of reptiles
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We systematized the literature data on reptiles” immune system and provided our own research on the immunohe-
matological characteristics of venomous and non-venomous snakes at that review.

The reptiles’ lymphomyeloid complex is characterized by heterogeneity. The protection against to a wide range of habitat
antligens is provided by two forms of immune response: innate and adaptive immunity. The innate immunity in comparison
with adaptive responses responds more quickly and effectively. Protection againstinfections is represented by antimicrobial
peptides, the complement system, a set of nonspecific leukocytes, and the formation of an inflammatory reaction, with a set
of cytokine-like components. The mechanisms of adaptive immunity are cellular and humoral factors actions. The reptiles
have a weakened reaction of transplant rejection. Humoral immune responses are carried out by B-lymphocytes. In this paper
there are discussed the structure and functions reptiles” immunoglobulins, as well as the switching features of intracellular
synthesis of immunoglobulins from one isotype to another. It was shown that the immune protection strategy is determined
notonly by the ontogenetic features of reptiles, but also by the input, size, and duration of exposure to antigens, by the range
of external temperatures, by seasonality. The patterns of the immune response of venomous and non-venomous snakes to
a complex of environmental factors were revealed. For the first time an immunohematological approach has been used to
assess the status of the population of Elaphe dione in nature reserve. Biotopic and interspecific variability was found in the
mechanisms of formation of the adaptive response at the population level.

Keywords: reptiles, immune system, innate immunity, adaptive immunity, immunohematological approach.
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Omuoil n3 rraBHBIX 337124 GaKTOPUATBHOM
DKOJOTHUN ABJSETCS MCCJeOBaHIe BIUAHMISA
abmoTnyecKnx haKkTOPOB HA JRUBbIE OPTAHN3MbI
B IIPUPOJHBIX YCJIOBUAX € [EJIHI0 YCTAHOBICHU S
MPeIeJIOB TOJTEPAHTHOCTI 1 OTIEHKY YCTONYNBO-
CTU BUJIOB K BHeITHUM BosjieiicTBusiM. Kioue-
BOM TOMEOCTATHUECKOW CHCTEMON OpTaHm3Ma,
obecredynBaloONeil ajanTaiio OpraHn3mMa K
MOCTOSTHHO U3MEHSIOMUMCS YCTOBUSAM CPEJibl,
ABJIAETCA MMMYHHas cucrtema. B macrostiee
BpeMs MHOTO€ U3BECTHO O (DYHKIITMOHUPOBAHUNT
NMMYHUTETA MJIEKOTUTAIONINX, TOPa3o MeHee
n3ydenbl Jpyrue TPyHibl MO3BOHOYHBIX, B TOM
yuesae mepBble HACTOsIINE HA3eMHble TT03BO-
HOUYHBIE — MPECMBIKAIONMECS WU PenTHInu
(Reptilia) [1-5]. CoBpementbie penTuginm
npejcraBienbl orpsjgamu: Kiawoporonosbie
(Rhynchocephalia), Kporkoguasr (Crocodilia)
n Yepermaxu (Chelonia). Bmecte ¢ mrurmavn
U MJICKOTMUTAOIUMNA PeNTHIANN (HOPMUPYIOT
TPYIITY AMHUOT — MTePBUYHO-HAZEMHBIX BBICIITIX
[MO3BOHOYHBIX, €JJHHCTBEHHBIX dKTOTEPMHBIX
JKIUBOTHBIX, He 1O/IBepralonuxcs meramopgosy.
Hecnenngunueckne nMMmyHHbBIE OTBETHI PeIITH-
JUIl BO MHOTHX CIYYasiX IMPOTEKAIOT cuiibiee,
4eM y MIeKOTTUTAIONUX, HO OTHOCUTETLHO MaJI0
nzydenbl. Peakium sxe ajlannTHBHOTO UMMYH-
TeTa, BKI0OYAA KIETOUHBI 1 T'YMOPaJbHBIN OT-
BeThI, IPAKTHYECKN He ncciefioBanbl. 3yuenne
crenuduyecknx GOPM 3aTUTHI OT YYHKEPO-
HBIX areHToB Y MpeJicTaBuTe/ell HTOTO Kaacca
KpaiiHe BasRHO JIJISI TO3HAHUS HBOJIOTMOHHOTO
CTAHOBJEHWS MMMYHUTETA W OTCIACKUBAHUS
[IPEeMCTBEHHON CBA3M € ITUILAMU 1 MJIEKOIIM-
TAIOMUMU, JIJIs KOTOPBIX XapaKTepeH BbICIUINA
YPOBEeHb UMMYHODBOJIONNN — WHTETPUPOBAH-
HBLIIA KJIeTOYHDBII U TyMOPaJdbHbIE UMMYHUTET.

[lenbio HacTos el pabOTHI SIBUJIACH CHCTE-
MaTU3aIus JaHHBIX JUTepaTypbl mo Qopmu-
POBaHMIO cTpaTernii UMMYHHOI 3aIUTHI pell-
TUJINI K COBOKYIHOCTH YY;KEpPOJIHbIX areHTOB
MHOEKRIMOHHOI 1 HeMH EeKIMOHHOT ITPUPOJIHI,
MOCTOSIHHO TTOCTYTIAOTINX B OPraHu3M U3 OKPY-
JRATOTIEH Cpefibl.

Jlnmdpommenonabie opranb
U TKAHU PenTHINii

Bamueiimas GyHRus nMMyHuTETa 3a-
RJ0Yaercsi B MOJJePRAHNN JIUHAMUYECKOTO
paBHOBeCHsI BHYTPeHHeIl cpe/ibl OpraHun3ma,
3amure OT MapasuToB U YYMKEePOJHBbIX areHTOB
(kcenoOMOTUROB). Perrmuanm — pBOJTIOIMOHHO
nepBas rpyria ;KUBOTHBIX, Y KOTOPOI HAYMHA-
eTCs PACXO0sK/IeHITe RIETOK 110 CAMOCTOSITeThHbIM
auM@aTnyecKnM 1 KPOBEHOCHBIM TIyTsM [0, 7].

Opraumszaruss UMMYHHOI CUCTeMBI PeIITHINI
nMeer MHOTO 00IIero, ¢ OJ{HOI CTOPOHbI, ¢ KPOBLIO
pbIo 1 amM@uUOMIl, ¢ PYTroil — TITUIL U MIACKOTTH -
ratorux [8—10].

JIum@pounHyo 1 KPOBETBOPHYIO cUCTEMY
penTtuanii 00beIUHSIOT B eIMHbII JuM{oMie-
JOUAHBIN KOMIIJERC, BRAIOUAIONNN XOPOIIO
OPTraHM30BAHHYTO BUJTOUYKOBYIO jKeJie3y (TumMyc),
cese3éHRy, TMMOONHYIO TKAHh KUTITEYHNKA,
auM@OnHbIe arperatbl B KJI0OaKe W KOCTHBIHT
mosr [1, 11]. B menrpaibublXx opraHax mm-
MYHHOW CHCTeMbl PenTujinii (KOCTHOM Mo3Te,
THMYCe) MPoucXoanT GopMUpoBaHme i co3pe-
BaHMe UMMYHOIUTOB. KOCTHBII MO3T perTuiuii
ABJAETCSA OCHOBHBIM MCTOUHUKOM CTBOJOBBIX
HIeMeHTOB KpoBeTBoperns [12], mectom cozpe-
Banus T-wiuerok [13] u HaurmHaer pazBuBaThes
Ha caMbIX paHHUX dTamax onrorenesa [14].
Y B3POCTLIX KUBOTHLIX B 3aBUCUMOCTU OT CH-
CTeMaTUYeCKOT ITPUHAICIKHOCTI HADTIOIAI0TCS
aHATOMIYECKIE BapmaIny THMYca Kak 1o Jio-
KaJM3aIne, Tak 1 110 YucTy ¢POpMUPOBAHHBIX
N0JIeIl.

Tumyc penTuanii ojBepKeH BO3PACTHOT
1 Ce30HHOI MHBOJIOINN, BRIPAsKAIOENCs B HII-
BEJIMPOBKE PA3NUUUIl MEKY KOPOU U MeJyJ-
JI0TH, 3BaMereHnneM JuM@OUHON Macchl opraHa
coemunTeNbHON TRaHbIO [15—17]. Mopdono-
rMYecKy TUMYC HauboJjiee BhIPasKeH OCeHbIO, B
3UMHUI TIeproJ| HabII0IaeTcsi eT0 MHBOJIOTMS
¢ TTOCTeMYTOTe peROHCTPYRIIei k Becte [18].

B nepudepuueckux opranax uMMYHHOI
crCcTeMbl (cese3éHKe, CROTTeHU N JTUM@OUTHON
TRaHW, TUMEQOY3Tax) MPOUCXOUT TPoIrpepa-
s u quddepeHImPoBRa 3PeTbIX TUMEOIITOB,
MPORYIUPYIOTCS aHTHTe A 1 H(PPHEKTOPHBIE JIIM-
dorurer. Cenesérka penTuinii mMeer 0J1b4aToe
crpoenue [19], xapakrepusyercs Hanuunem
TUCTONIOTUYECKHI PA3TNUAIONNXCSA YIACTRORB:
KpacHoii 1 6enoii mysbibl [20, 21]. Sapopbiiie-
BBIE T[EHTPHI B cene3énke He obpasyiores [22,
23|. Jlumparnaeckne y3anr penTuanii He nMeioT
(DOMTMKYJT UM eHTPOB pasMHOKeH U |24, 25].
CesonHbie n3MeHeHUsI B ITUMQOUHBIX OpraHax
PenTuaInii KOHTPOJAUPYIOTCS HEHPOIHOKPUH -
Hoi cucremoi |18, 26, 27].

Bposxkpénnplii ummynurer

CymiecTBeHHBIM TIPETATCTBUEM Ha TYTH
MPOHNKHOBEHNSI KCEHOOMOTUKOB B OPraHm3M
ABJSIOTCS BHenNIHUe MOKpoBbI [28]. Momnas
3aluTa npoTuB MHEEKIUN y penTuanii npej-
cTaBjeHa aHTUMHUKPOOHBIMU TEeNTUaMu: Ji-
30TUMaMM — THPOJTUTHYCCKUMI (DepMeHTaMu,
paspymaomuMi TenTHOTINKAHOBBINA ¢TI0
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RJIETOYHON cTeHKn Gakrepuii, n fedensnmamn
[33, 34]. Buepsbie B-nedensun, nuaBecTHbli
kak rerrruy, TBD-1, 661 BhIjtesien ns Jeikorm-
TOB eBpoleiicKoii 6010THOIT Yepenaxu (Emys
orbicularis) |35]. K nipyrum cemeiictBam aHTm-
MHUKPOOHBIX TENTHOB PEIITUINI OTHOCHUTCS
nejposarepun [36] n karenunuanae [37-39].

KitoueBbIM KOMIIOHEHTOM BPOMKIAEHHOTO
NMMYHUTETA SBJISETCS CUCTeMa KOMIIJIeMeH-
Ta — TPYIIa CLIBOPOTOYHBIX OETKOB, KOTOPHIE
nupryaupyior B miaasme kposu [40]. Nure-
pecHo, 4To cucTeMa KOMIIJIeMeHTa aMepruKaH-
croro ajuturaropa (Alligator mississippiensis)
6osee a(pherTHBHA B OTHOIIEHNN HECKOJIbRIX
IMTaMMOB TPaAMITOIOKUTETbHBIX OarTepnii [41],
Bupyca nmmynonedunura runa 1 (BUY-1),
BUpyca Juxopajaku 3amnajgHoro Huma, Bupyca
mpocToTo repreca [42] mo cpaBHEHWIO € CBbI-
BOPOTKOII KpoBmu vesnoBera. Hierounbie mexa-
HU3MbI Hecenn@uueckoil pe3sncTeHTHOCTH Y
PEeNTHINI TPeICTaBAeHbI HADOPOM JIeTTKOTNTOB:
MoHoruramu, 6azoduiramu, s03uHOPUIAMEI 1
rerepodpunamu [43]. Moromutel 0OpadaTbBAIOT
7 TTPeJICTaBIISIOT aHTUTEHBI, & TAKKe BEICBOOOIK-
AT IMUTOKNHBI — TYMOPAJTbHbIE PeTyJIsiTOPhI
MEJKKJIETOUHBIX B3aUMOJecTBUN |4, 44, 45].
@aronurapHas akTHBHOCTh ATHX KJIETOK CYIIie-
CTBEHHO 3aBUCUT OT TeMriepaTypsi [46]. Ietepo-
(punbl yuacTByoT B BOoCTIaJIUTEILHON peakinm
U TO/IaBJISIIOT BTOP;KEHNE MUKPOOPraHN3MOB
[47-49]. Do3unoduib urpaoT BaKHYIO POJib
B 3amuTe OT mapasurapHbix nHgernuii [4] n
pPasBUTHT BOCTTAJIMTETbHBIX peartuii [49]. Ak-
TUBAINA AHTUTEH-CIeNMMIIeCKIX PerenTopoB
Ha MmemOpame 6a30(pMITOB TPUBOJNT K JeTPany-
JAMUN KISTRW ¥ BBIOpocy rucramuua [00].

B orBer Ha BHYTPURJIETOUHBIE MATOTEHBI,
y penrtuianii 06pa3ylorcs TUCTHONUTAPHBIE
IpaHyJIEMbl ¢ yuacTeM Makpo@aros, KOTopbie
AKTUBHO MPOJYIUPYIOT IUTOKNHBI. Tak, y uepe-
nax (Testudo graeca) obuapyskeHa ¢crmocodHOCThH
cuHTe3npoBaTh MHTepdepoHbl MaKkpodaramMmmn
[51] m wrerkamn Mmumokapnma [22]. Ecrh crene-
HsT 00 uaeHTHUKAINNT XeMOKIHA, TOMOJIOTa
naTepieiiknna-8 (I11.-8) B mantupe Markoreroit
TpéxKkoroTHOol yepenaxu (Pelodiscus sinensis)
[53]; unrepieiikuna-2 B TUMOLUTAX AUALECMO-
Boro nono3sa (Spalerosophis diadema) [54, 53].
W aTencnBHOCTH pa3BUTHSA Yy PENITHIINT BOCIIAJI -
TeJILHOI PearIny OIpeessieTcs OnTHMaTbHOI
VISt BUJIA TeMIIepaTypoii ORPY;RAIONIel cpejibl
[56-58]. YcraHoBleH CJOOMKHBII XapakTep
B3aMMOCBSI3U aKTUBAINKU HeclelnduuecKknx
(harTOPOB PE3MCTEHTHOCTU PENTHINI, KAK DK-
TOT@PMHBIX KUBOTHBIX, C TEMITEPATYPOil CPeJibl
oburanus [d8].

AnantuBHbIil (HIPHOOPETEHHDII)
UMMYHHUTET

[Toyx aganTuBHbBIM (MIPUOOPETEHHBIM) MM-
MYHHBIM OTBETOM MOHUMAIOT crielu@uyecKuii
110 OTHOIIEHN O K AHTUTEeHY OTBET, OCYIIeCTB/Isie-
MBIl KIOHAMU UMMYHOKOMITETEHTHBIX KJIETOK,
UMEIOIINX COOTBETCTRYIOIIIE aHTUTEeHPACITO3-
natorue perenrtopsl [1]. Mexanusmbr ajarn-
THBHOTO MMMYHNUTETA PeaTn3yIoTcs feficTBuneM
KRJIETOYHBIX I TYMOPaTbHBIX (DAKTOPOB.

Raerounsie peaxkiun. T-mumdornurer sB-
JSI0TCST OCHOBHBIMU YYaCTHUKAMI RJIETOYHOI
(hopMBbI IMMYHHOTO pearnpoBaHusi 1 oOHapysKe-
HBI Yy [IpeJIcTaBUTe el BCOX OTPSIOB PeNTHIIi
[59]. [Tponudeparusuas criocodrocTsh T-KRiIeToR
nMeeT BbIPDasKEHHBIII Ce30HHbBII Xaparrep [d9,
60, 61]. Ilpu arom, y uepemax me oOHAPYKEHO
MOJIOBBIX PA3JMYNI B MHTEHCUBHOCTH KJIETOY-
HBIX peaknuii [61, 62]. Hanpotus, y mecuanbix
3Meil OHU 46TKO BBIpaskenbl [63]. Pearkmmsa
omacrrpancdopmarun T-mumdonnros y sie-
PUIL TPOTeKaeT aHAJOTHYHO PeaKINn y MIeRO-
nuramux [64, 65].

OramynrenbHO 0COOEHHOCTHIO PETITUINI
sBIsieTcst MeHee a(pheRTUBHOE OTTOPIKEHME aJl-
JIOTPAHCIIJTAHTATa 110 CPaBHEHWIO ¢ aMpudnsaMn
[66], mpu aTOM ycTamoBaeHa caadast BhIPasKeH-
HOCTh MH/UBUYATbHBIX PA3JINYNMIl 110 AHTUTE-
HaM THCTOCOBMecTUMOCT [67].

I'ymopanbusbie peakiun. 'ymopasibabie nm-
MYHHBIE OTBeTHI (1TocpesicTBoM B-nnm@onnTos)
Y PeNTUINil OCYIeCTBISIOTCS MeJlJIeHHee 110
cpaBHeHuio ¢ Mjaekonuraomumu [o5]. Han-
6osee aKRTUBHBIM OPTAHOM B HMPOJYKITNH aHTH-
rest siasiercs cenesérra (00% B-rierok). B
nepudepuueckoii kKposu obHapykeno 25%
B-kaerok; B koctHom mo3re — 20%; B Tumyce —
1%. B pannem onrorenese auddepeHnnpoBra
B-rnerox ocymecrsisiercs B neuenn [1]. Tlo-
nobuo B-rinerkam papyrux amumor B-wrierku
KpacHoyxoit uepenaxu (Trachemys scripta)
obstajiator u (parorurTapHoil crocodbHoCTHIO [68].

Perrruiny mpousBojisT He MeHee [IBYX KJac-
coB ummynornooysunos: IgM u IgY [69]. IgM
CUHTE3NPYeTCs MepBBIM B OTBET Ha NHQERIIO,
[gY nepepaérest ot maTepu K oMOpUOHY, UMeeT
JUINTeTLHBIN TepuoJ| moJaypaciiaaa, mTpon3Bo-
nures B 6osbiiem gonudectse [70]. Fenwr ms-
FKREJIOM Tenn MMMYHOTJIOOYJIMHOB COJlepsKaT Bbi-
COKMIT yPOBEHBb e HeTHYeCcKOTr0 pa3Ho00pasus n
PacIioJIOMKeHbBI B BUIE [IUHOT0 JIOKYCa ¢ MHOKe-
CTBOM IeHOB Bapuade/ibHOIl 00J1acTH B CTPYKTYpe
MoJieRybl [71], mosTOMy penTuinm Xapakre-
PU3YIOTCS TeTePOTeHHOCThIO 110 UMMYHOTI00Y -
aunam [72-76]. B pesyanrare pekoMOmHammm
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mesray [gM u IgY Bo3MOKHO BOBHUKHOBEHIE
IgA-tiono6ubIx mMmMyHOTIOOYAIUHOB [ 77, 78].
Penruinm rakyke MOryT pon3BoiuThL MMMYHO-
rnooynun [gD [76, 79, 80], pyurmus koroporo
noka He uzyuena. llocie ummyHnunsanum anture-
J1a 00HAPYKMBAIOTCS B [1J1a3Me KPOBU PeTITHII T
B Teduemnme MmecTu—BochMu mefens |3, 39, 71,
81-83]. [Ipu 1oBTOPHOM BO3/ICIICTBIN aHTUTEHA
ePIof] BEIPabOTKI aHTUTEN cCOKpataercs |3, 4,
84, 83]. OnHako, B OTJIMYIE OT MIACKOIUTAIOIINX,
He HPOMCXOAUT YBeJIUUeHMsI TUTPA aHTUTe |9 |
1 BHOBb cuHTe3upytorcs nepsuunbie [gM [4,
9]. Haubomee Bbicoke MMMYHHbBIE OTBETHI Ha-
OJIIOJIAIOTCS TTPU ONIPEJIeEHHON, ONTUMAILHOI
JIJIs KOHKPETHOTO BIU/Aa PENITU/INIT TeMIiepartype
[41, 46, 86, 87]. UccaemoBanus crparernii
MMMYHHOI 3aIIIUTHl PENTUJINI NMEIT BasKHOe
MpaKTuyecKoe 3HaUYeHUe B BeTepuHapUM s
OTEeHKHN KJIMHUYECKOTO COCTOSTHUS 1 JIeYeHU s
3apayKREHHBIX JKUBOTHBIX [88—-90].

SHaHMe MeXaHU3MOB PEryJIs I 3aIIUTHBIX
(pyHRIIIT Opranm3amMa HeoOXOUMO IS peTTeH s
MPAKTHYCCKUX TPUPOJIOOXPAHHBIX BOITPOCOB B
00JIACTI DKOJOTUYU OT/EJILHBIX BUOB. B aToit
CBSI3W OTMETUM PAOOTHI, TOCBATIEHHBIE OIEHKEe
BO3JIeNCTBUSI KOHKPETHBIX NOJII0TaHTOB |91,
92| 1 aHTPOIOTEeHHBIX 3arps3HUTEeN CPe/bl
[93, 94| ma umMMyHHBI cTaTyc OpraHmama
perTuinii, CpaBHUTEJIbLHOMY aHaJ M3y ajall-
TUBHBIX PEAKIINIl CUCTEMbl KPOBU SITOBUTHIX 1
HesaoBUTLIX 3Meit [95, 96], omernike cocroamns
HONYJANIN y30puaroro nososa [laphe dione na
0co00 oxpamsiemoii reppuropun [97].

3ariaouenue

[ToxBosist mTOT cUcTeMaTU3ANUN CBEJIEH I
0 CTPOCHUYU UMMYHHOU CUCTEMbI PETITUINI, OT-
MEeTUM rereporeHeHHOCTb JlMM(bOMMeJlOMIJ,HOFO
KoMILIeKkca 1 hakTuyecKoe ero COOTBETCTBUE
aumM@onHoll cucrTeMe BhICOKOOPTaHU30BaH-
HBIX ITO3BOHOYHBIX yKMBOTHbBIX. HBJIHHCB 9BO-
JIOTMMOHHO OoJiee TIPOJBUHYTON TPYIIION, 110
cpaBHeHUTO ¢ aMPuOMsAMM, pernTuanm 00J1aat0T
MUPOKNM CTIERTPOM afanTUBHBIX PeaKrInii,
CBeJIEHMS O KOTOPBIX Ha CEroHANIHUN TeHb
(pparmenTapHbl U MaJio u3ydeHbl. Bposuén-
Has cucTeMa MMMYHHTETa XapaKTepu3yeTcs
0oJsiee BLICOKUM pazButuem u 3QEOEKTUBHOIN
pearnmeil Ha MUPOKNIT CIIEKTP IMAaTOreHHBIX
AHTUTEHOB CPeJibl 0ONTAHNUS, IO CPABHEHWIO C
aJallTUBHBIMI OTBeTaMMU. I/IMMyHHaE[ cucremMa
PeNTUINI ABIACTCA KJIIOYEBOIl TOMeocTaTnye-
CKOTI CTPYKTYPOIl, YyBCTBUTEIbHBIM MapKepoOM
HecrenupuueckKux u crneru@uaecknx pearkimii
OopraHmaMa, 4To MMeeT HPaKTUIeCKYI0 3HaU -

MOCTh, CBSI3aHHYIO C OIeHKON KauecTBa CPeJibl
nyTéM OMOMHIM KA,

He menee akTyaibHbI 11 BOITPOCHI OIIpeJieie-
HUS XapaKTePUCTUK MOMYIAIMOHHOTO UMMYH-
HOTO roMeocTas’a, 00ecIeuynBaolero BLIKIBA-
HUEe W CYIeCTBOBAHNE PENTUININ B YCAOBHUAX
aHTPOTIOTEHHOTO cTpecca.
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Quality management of urban ecosystem components should be based on adequate determination of threshold values for
concentrations of priority pollutants, otherwise it is difficult to assess the severity of negative consequences of anthropogenic
activities. Currently, there is no officially approved or generally accepted method for setting concentration thresholds for urban
ecosystem components at the regional level in Russia. Setting such thresholds requires the use of effective indicators that
can reflect man-made multi-component and multi-factor effects. Quantitative characteristics of accumulating and dynamic
biosubstrates of sensitive representatives of the population can act as an informative marker of the response of biological
components of the urban ecosystem to anthropogenic impact. Territorial correspondence of sampling points of components
of the urban ecosystem and biosubstrates of the body will allow to establish relationships between their contents. The prior-
ity of the study of metals among the entire variety of pollutants subject to control is their stability in the components of the
urban ecosystem, their high ability to biogenic migration, and the danger of accumulation with the manifestation of toxic
effects, due to a long period of excretion from the human body. The use of modern neural network technologies and chemical
analysis of metals has allowed to define threshold concentrations of metals in depositing components of the urban ecosystem
al the upper limits of acceptable concentrations of their content in biological substrates of children and adolescents which
do not lead to an increase of regional reference values in blood and hair.
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ohuIraNIbHO yTBEPHKIAEHHOI W OOIIEITPUHATO METOMKI YCTAHOBJIEH IS TOPOTOBBIX 3HAUCH U T KOHIIEHTPAIIN I JITIST KOM-
MMOHEHTOB YPOOIKOCHCTEM HA PEIHOHATLHOM YPOBHE. ¥ CTaHOBJICHIE TAKUX TIOPOTOB TPeOyer NCmob30Banust 9(PQeRTuBHbBIX
WHINKATOPOB, CMOCOOHBIX OTPA3UTH TEXHOTEHHO0e MOJMKOMIIOHEeHTHOe MiorodaxToproe Bosjaeiictsue. Rommuecrsentinie
XapaKTePUCTUKI aKKYMYJIHPYOMIX U IMHAMUUYHBIX ONOCYOCTPATOB YYBCTBUTETbHBIX ITPEJICTABUTEICI HACETCHIS MOTYT
BBICTYIIATH MH(POPMATUBHBIM MapPKEePOM OTKJINKA OMOTOTHYCCKIX KOMIIOHEHTOB YPOOIKOCUCTEMBI Ha aHTPOIOTEHHOEe
BozfeiictBue. Teppuropuainioe cOOTBETCTBIE TOYEK TPOOOOTOOPA KOMIIOHEHTOB YPOOIKOCUCTEMBI 1 H1TOCYyOCTPaToB Op-
raHm3Ma IMo3BOJINT YCTAHOBUTH B3ANMOCBSA3M MEKLY UX cofiepsRanusamu. [[pnopurerHocTs mecieoBaHs METaII0B CPeJii
BCETO MHOTO0OPA3S HOJICKAIIIX KOHTPOJIIO 3arPA3HAION[AX BEIECTB, 00YCI0BICHA UX YCTONYHUBOCTHIO B KOMITOHEHTAX
YPOOIROCHCTEMBI, BHICOKOI CITOCOOHOCTHIO K OMOTeHHON MUTPATIIHN, OMTACHOCTHIO HAKOILIIEHNUS ¢ TIPOSIBICHITEM TOKCUYe-
CKOTO JICMCTBISA, BCJIGJCTBIE IVINTEILHOTO MTePUoJia BhIBEJIGHIS 13 OpraHn3Ma dessopeka. Vcmonb3oBaHme COBpeMeHHBIX
HeIPOCeTeBhIX TeXHOIOTUI, XIMIUKO-aHAJTUTHYeCKIX MCCIETOBAHII COMePsRAH METAJJIOB MTO3BOJIILIO OTPeeJTUTh 10-
POTOBbBIE KOHTIEHTPAIIII METAJIJIOB B ICTIOHUPYIONIX KOMIOHEHTAaX YPOOIKOCUCTEMBI 110 BePXHEH TPAHUIIE TPUeMIeMbIX
KOHTIEHTPAI[NIT X cojlepskansa B OnocybeTparax aereii-mojipocTROB, He PUBOJAIINX K IPEBBIITEHIIO X PETHOHATbHBIX

pedepeHCHBIX 3HAUEHWTT B KPOBH I BOJIOCAX.

Kaiouesole caosa: merajinl, 6uocyoeTparhl, AeHOHUPYIOINE CPejbl, IOPOrOBble KOHIEHTPAIIN, HeilpoceTeBoe

MoJleJinpoBaHue.

In the process of the formation of a large
urban agglomeration, the degradation of the
natural ecosystem and the formation of a new
anthropogenic ecosystem — the urban ecosys-
tem — are gradually taking place. Anthropogenic
flows of matter formed during the functioning
of urban ecosystems are extremely diverse and
contain high concentrations of a wide range of
chemical elements, including toxic ones. Being
included in natural migration cycles, anthropo-
genic flows lead to the rapid spread of pollutants
in the components of the urban ecosystem, where
their interaction with humans is inevitable. A
special role in this context is played by the migra-
tion flows of metals, which are not only the most
important pollutants, but also substances that
form their own biogeochemical cycles in urban
ecosystems [1, 2]. The dominant pathway for
the supply of metals to the territory of the urban
ecosyslem is the aerogenic pathway. Aerogenic
influx of metals with emissions from stationary
and mobile sources of pollution is the main input
part of their balance [2, 5, 8].

The influx of metals into the territory of
the urban ecosystem usually occurs over a long
period with low intensity, exerting a chronic
polymetallic load on organisms, especially sensi-
tive groups of the population [1-2].

It is known that metals with carcinogenic
potential have a negative effect on various organs
and systems of the human body. A high level of
input of Crand Pbis often found in the territory
of urban ecosystems of industrialized countries,
and chronic exposure to these metals is still a
serious problem [3—4].

Estimates show that the integral rather than
isolated intake of metals into the body most of-
ten occurs in the territory of urban ecosystems,
although the latter has been the subject of the
largest number of studies. Essays on assessing
the impact of the polyelement spectrum of metals

present in the components of urban ecosystems
at a level below hygienic standards are practi-
cally absent today [4—7]. The main role of the
transport of metals in the body belongs to the
blood due to binding metals by blood proleins.
The availability and simplicity of sample prepa-
ration determined the choice of blood serum as
one of the objects for investigation of the metal
conlent [6—11]. Various tissues, nails, hair, the
stratum corneum of the skin can be used as indi-
cators of chronic polymetallic exposure. Hair is
a particularly representative and easily obtained
object of research [3, 12].

The sensitivity of adolescent children to the
chronicintake of metals from their environment
differs significantly from that of young children
and adults for various reasons associated with
the physiological characteristics of metabolism
[1, 4].

Abroad, approaches based on the creation of
models and the development of scenarios for the
development of urban ecosystems are actively
practiced. Ecological and geochemical studies
based on the chemical analysis of samples of
various natural environments are traditional in
our country [8—10]. The combination of these
approaches seems to us promising for determin-
ing the threshold values of metal concentrations
in the components of urban ecosystems.

In the case of deficiency of systematic ob-
servations of the content of metalsin the surface
layer of the atmosphere, it is informative to de-
termine them in the snow cover and soils as the
depositing components of the urban ecosystem.
The advantages of studying the depositing com-
ponents of the urban ecosystem are the relative
cheapness, the characterization of the accumula-
tion of polluting components over a long period,
the ability to cover large areas by sampling, and
the accuracy of the results in terms of sensitivity
and reproducibility.
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Snow has a high sorption capacity for met-
als sedimented from the atmosphere in dissolved
and suspended forms. The composition of the
snow allows us to obtain information on the
spatial distribution of metals and the intensity
of the impact of emission sources for a certain
period — during one snowfall or for the entire
period of snow. Observations of the composition
of snow in the same territory allow us to identify
a general trend in the change in the levels of
polymetallic load, to find new foci of pollution
that are not detected by less dynamically react-
ing objects such as soils, and to quantitatively
calculate the influx of metals during a period
with a stable snow cover |2, 9].

The soil cover, being at the intersection of all
migration paths of metals, fixes the total effect of
long-term accumulation of atmospheric impuri-
ties, and is one of the most informative blocks in
the study of the urban ecosystem condition. At
the same time, the soil is a source of dust contain-
ing a certain pool of metals and forms secondary
air pollution in residential areas [2, 8].

Thus, the aim of the study was to determine
the threshold concentrations of metals in the
depositing media of the urboecosystem — soil
and snow cover, at which the content of the
same metals does not exceed regional reference
values in biosubstrates of adolescent children
(blood as dynamic medium and hair as accu-
mulating one).

Materials and research methods

To study the content of metals in the soil
and snow cover (essential Zn, Cu and toxic Pb,
Cr), 170 points of depositing media were selected
throughout the territory of Kazan city, which
are under the influence of stationary and mobile
sources of metal input. Metals of the studied
series are present in emissions of 154 out of 291
enterprisesin the consolidated database, and the
location of the sampling points was determined
after analyzing the structure of emissions and
calculating the fields of metal concentrations
with the determination of pollution epicenters
using the licensed software “Ecolog-Gorod” 4.5
with an additional module for calculating aver-
aged concentrations developed by Firma Integral
Litd, which is described in detail in [10]. Sam-
pling of snow cover was carried out according
to the recommendations [13] and was carried
out by the through-breakdown method. As a
result of the study the concentrations of metals
(wg/L) were obtained in soluble (water phase)
and suspended (solid phase) forms. At the same

time, the content of metals in the solid residue
(mg/kg dust) was calculated.

Under aerogenic pollution, the maximum
concentrations of metals are usually recorded
in the uppermost soil horizon. Down the profile,
their content usually decreases and reaches the
background level [2, 8].

At each point, one mixed sample was taken
from the surface horizon by the envelope method
from a depth of 0—20 c¢m.

Determination of the content of metals
in the obtained aqueous extracts was carried
out by atomic absorption spectrometry on the
Perkin Elmer AAnalyst 400 device. Statistical
processing of the obtained results of the study
was carried out using the “STATISTICA v.6.0”
package. The significance of the differences
in the means was determined by the standard
Student's t-test with Keuls' correction for small
samples, and using the Mann-Whitney U-test
for samples with pronounced asymmetry. The
frequency characteristics of the variational se-
ries were evaluated, with an assessment of the
normality of the distribution of samples, their
95% confidence intervals, medians and means
with standard deviations.

Results and discussion

As a result of evaluating the data series of
variations, a significant variability in the con-
tent of metals in the solid and liquid phases of
snow was established (coefficient of variation
47.4-123.5%). The distribution of gross and
mobile forms of metals in urban soils is also
subject to very large variability. The maximum
values are reached by the coefficients of variation
of mobile forms of zinc (216%), and, especially,
copper (732%). The high variability of the val-
ues, as well as the pronounced asymmetry of the
samples, indicate the presence of dynamic factors
that determine this variability. It should also be
noted that there are direct correlations between
the content of lead in hair and in the solid phase
of snow (r =0.28, p = 0.036); zinc in the blood
and in the water (r = 0.44; p = 0.005) and solid
(r=0.45; p = 0.004) phases of snow; chromium
in blood and its gross forms in soil (r = 0.33,
p=0.011). This circumstance allows us to make
an assumption about the presence of objective
prerequisites for the variability of the concentra-
tions of these metals in the body, depending on
the air route of intake, including dust.

The calculation of the threshold concentra-
tions of metals was carried out in such a way that
their content in the components of the external
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environment in the study area did not lead to
increasing regional reference values in the blood
and hair of adolescent children. The reference
values were determined statistically (as the
median of a ranked series of experimental mea-
surements) based on retrospective population
studies of the metal content in biosubstrates of
adolescent children (9—16 yearsold) in the cities
of the Republic of Tatarstan. The total sample
size was 342 people.

To calculate the threshold concentrations
of metals, it was necessary (o construct a model
capable of reflecting the relationship between
their content in human biosubstrates and de-
positing media. Input parameters of the model:
metal content in hair (r,) and in blood serum
(z,); output parameters: metal content in snow
cover (y,) and mobile forms in soils (y,).

It should be noted that the form of the re-
gression dependence is not obvious and is clearly
non-linear. At the same time, it is likely that the
content of one or another metal in the blood and
in human hair is interrelated. However, this re-
lationship has a significant time lag, determined
by the coefficients of biological accumulation of
certain metals and the rate of hair growth, which
makes it possible to identify it only with con-
stantly acting (chronic) factors of influence. Un-
der such conditions, artificial neural networks,
which are universal approximators capable of
reflecting an arbitrary implicit dependence of
any complexity with a given accuracy, are best
suited to the modeling task.

For regression tasks, the most suitable
paradigms of neural networks are multilayer
perceptrons (MLP networks) with linear (linear
MLP networks) and nonlinear neurons (neuron
activation functions). Thus, at the preliminary
stage of modeling, a team of neural network
experts is built. Under the conditions of the per-

manent influence of the factor that determines
the influx of metals into the environment, the
main calculation models should be built taking
into account the mutual influence of the inputs
during the formation of the output, that is, the
models should contain the values of the metal
content in both biosubstrates simultaneously.

To model the relationship between the con-
tent of metals in the snow and soil cover and
the content of metals in the hair and blood of
adolescent children in a given territory, MLP
type neural networks with two inputs and one
output were built. The internal structure of the
computational MLP model for each metal was
selected individually in the course of experiments
from the condition of minimizing the root mean
square error on the training set.

The simulation results are presented in the
Table. In this case, the learning error character-
izes the accuracy of the model on the training
data and is used to assess the adequacy of the
proposed neural network topology. The other
two parameters (the standard deviation and the
relative error) characterize the accuracy of the
model’s operation on data that is not involved
in direct training. The most informative is the
second of these parameters, since it gives an idea
of the deviations of the model data from the real
ones on a scale of measured values.

Thus, the models shown in the Table have
a sufficient degree of accuracy and, according
to the results of the analysis, are recognized as
adequate. Consequently, they can be used to de-
termine the threshold concentrations of metals
in soils and snow cover based on the condition
that the regional reference concentrations in the
hair and blood of adolescents are not exceeded.

For further calculations, pairs of input val-
ues were compiled, processed by sequentially
developed models 1-8 shown in the table. As a

Table

Indicators of relative errors and training errors of neural network models
for different depositing media

No. of Metal, depositing media Training error Standard deviation Relative error, %
model

1 SNow 0.21 26.37 7.82

2 Zn soil 0.19 15.87 37.65

3 . SNow 0.13 10.51 9.98

4 Cu soil 0.28 1.68 34.76

) , SNow 0.26 9.61 8.95

6 Pb soil 0.08 1.48 6.18

7 SNOW 0.06 1.06 2.30

8 Cr soil 0.12 0.16 3.98
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Regional reference concentration
in biosubstrates

Zn, hair — 135.0 mg/kg
Zn, blood — 0.91 pg/mL

Cu, hair — 11.3 mg/kg
Cu, blood — 0.96 pg/ml.

Pb, hair — 2.99 mg/kg
Pb, blood — 0.03 pg/mlL

Cr, hair - 0.51 mg/kg
Cr, blood — 0.03 pg/mL

Model Threshold concentrations
in depositing media
| Zn, snow — 21.16 pg/L
2 Zn, soil — 2.40 mg/kg
3 Cu, snow — 13.59 pg/L
4 Cu, soil — 2.56 mg/kg
5 Pb, snow — 4.99 ug/L
6 Pb, soil — 6.92 mg/kg
7 Cr, snow — 5.10 pg/L
8 Cr, soil — 0.32 mg/kg

Fig. Threshold metal concentrations in depositing media

result, the threshold concentrations of metals in
the depositing media were obtained, which are
shown in the diagram (Fig.).

Conclusion

In conditions of constant supply of met-
als into the environment, the main calculation
models should be built taking into account the
values of the metal content in dynamic (blood)
and accumulating (hair) biosubstrates simulta-
neously. To determine the threshold concentra-
tions of metals, artificial neural networks, which
are universal approximators, have shown a good
ability to reflect an arbitrary implicit dependence
of high complexity. A small relative error, tak-
ing into account the complexity of modeling
(2-38%), allows the developed models to be used
to determine the threshold concentrations of
metals in the soil and snow covers, based on the
condition that their regional reference concen-
trations in the hair and blood of the child popula-
tion do not exceed. Determination of threshold
concentrations in the depositing components
of the urban ecosystem (soil and snow cover)
is intended for the development of an emission

control system, ecological substantiation of
schemes for the development and placement of
production facilities, master plans of cities, etc.

This work was carried out with the financial
support of the Russian Foundation for Basic Re-
search and the Government of the Republic of Ta-
tarstan within the framework of the scientific project
No. 18-41-160020.
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in a coral reef ecosystem

© 2020. I. Bica M. Solomonovich ..o 0000 0002-3210.2004°
MacEwan University,
Building 7, 10700 — 104, Ave NW, Edmonton, Alberta, Canada, T5J 4S2,

e-mail: bicai@macewan.ca, solomonovichm@macewan.ca

ORCID: 0000-0003-0791-3016

A coral reef system is a biodiverse ecosystem in which coral is in mutual competitive partnership with algae. The
survival of coral in this competition with algae is vital for the well-being of any coral reef ecosystem. In ideal conditions,
the coral mass concentration and algae mass concentration are in a stable equilibrium. However, in practice, it is not
always the case due to numerous factors of natural and anthropogenic origin. It is not easy to take into account all these
factors when studying the question of survival of the reef ecosystem. We propose a dynamical system that describes the
competition between coral and algae and contains terms that describe two major features inherent in this competition.
The first one is the accelerated growth of algae when the amount of the turf algae exceeds a certain threshold, and it
transforms into macroalgae, which grows much faster and has a detrimental effect on the corals. The second feature
is associated with the grazing of the herbivory and other marine life on corals and algae. We apply both analytical and
numerical techniques to study the system to find out what kind of equilibria such a system may exhibit. The results of
our analysis show that although the boost in the growth of algae may devastate the corals, the latter may still survive if
the algae are also subject to sufficiently intense grazing.

Keywords: coral reef ecosystems, coral-algae interaction, equilibrium, dynamical systems, nullclines, competitive
ecosystem.
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J[IlnnamMmueckas Mojies b KOHKYPEHITMI ROPAJIIIOB 1 BOJIOpoceii
B 9KOCHCTEME KOPaIJIOBbIX pUPoB
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spanue 7, 10700 — 104, Asenio CeBepo-3amnaj,

InmomnTon, Annoepra, Ramasa, ToJ 452,

e-mail: bicai@macewan.ca, solomonovichm@macewan.ca

CueremMa Kopa/LloBbIX pudoB — 3T0 MHOPOKOMIIOHEHTHASI HKOCHCTEMA, B KOTOPOTI KOPaJJIbl HAXO/ATCS BO BBAUMHOM
KOHKYPEHTHOM MapTHEPCTBE ¢ BOAOPOCTAMI. BruRuBamime KoparioB B KOHKYPEHTINN ¢ BOJOPOCTAMI FKM3HCHHO BAKHO
agist 6aaromnosyuns J1o6oil srocucTeMbl KopasaoBuiX pudos. B npaeanbHbix yeaoBusx GnomMacca KopaaioB n onomacca
BOJIOPOCIel HAXOAATCS B yeToitunBoM pasrosecuu. OfHAKO HA HPAKTUKE HTO He BCEINA TAK U3-32 MHOKECTBA (PAKTOPOB
MPUPOHOTO T AHTPOTIOTEHHOTO XapaKkrepa. YUecTh Bce HTH (HAKTOPDI TIPH M3YUCHUI BOMPOCA O BHLRUBAHIT pruOBOTT
HKOCHCTEMBI HerpocTo. MbI mpejimaraeM IHHAMITYECKYIO MOJIEb 9KOCHCTEMBI, KOTOPAST OMICHIBACT KOHKYPEHIINTO MESKITY
KOpaJLJIaM# 1 BOJOPOCJISIME 1 BKIIOUaeT (DAKTOPbHI, OIUCHIBAIOIIIE JIBE OCHOBHBIE 0COOEHHOCTH, TPUCYIILIe 3TOI KOHKY-
perrum. [lepsast — 910 yCROPEHHBITT pOCT GEHTOCHBIX BOLOPOCIEHT, KOTIA NX KOJTUICCTBO ITPEBBITIIACT OTTPEIeIEHHBIIT MOPOT,
7 HAUITHAETCS MHTeHCHBHOE PABMHOKEHITe MAKPOBOOPOCIeiT, KOTOPbIe PACTYT HAMHOTO ObICTpee 1 'yOUTebHO JIeHiCTBYIOT
Ha KopaJsuibl. Bropast 0c06@HHOCTH cBsi3aHa ¢ HUTAHIEM PACTUTEJbHOSHBIX 1 PYIUX oburaresieil KOpajiJaoBbiX pugos.
Mot mprMenseM Kak aHATHTHYCCKITE, TAK 1 THCTCHHBIC MCTOMIBI [T M3YUCHUST CHCTEMBI, 4YTOOBI BLISTBUTL XaPAKTCPUCTIKIT
PABHOBECHOTO COCTOSTHIISI TAKOM HKOCHCTEMBI. Pe3yrbraTsl anainsa moKassIBaIoOT, 4T0, XOTS YCKOPEHe POCTA BOTOPOCIet
MOJKET PagpytiTh KOPAJLIbl, HOCTEHIE MOTYT BBIFKUTH, C/JU BOJOPOC/N TaKkyKe OY/IYT MOJBEPraThCst JIOCTATOUHO HHTEH-
CUBHOMY TIOTJIOTIEHTTO PACTATETHHOSIHBLIMI BUAMIT MOPCKIX sKIBOTHBIX, BXOSATIIX B 9KOCHCTEMY KOPALTOBBIX pHQOB.

Haroueswie caosa: >rocucreMbl KOPaJLJIOBbIX pH(I)OB, BBHIlMOILeﬁCTBHe ROpaJ//IoB 1 BOL[OpOCJIeI"I, paBHOBecue, JJnuHa-
MUuyecCcKmne CuCTeMbl, HyJjaeBble JUHNN, ROHKYPEHTHAadA oRocucTeMa.
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The world-wide endeavor to protect and
support coral reefs as an essential part of the
ocean’s ecosystem is becoming more and more
predominant and challenging tasks every year
while humankind has been facing new chal-
lenges such as climate change and increased
pollution [1-6].

Corals provide homes for many sorts of crea-
tures under the sea. Many species, both plant
and animal origin are associated with coral reef
ecosystems. This biodiversity, with all kinds of
interactions between the species, results in the
extreme complexity of coral reef ecosystems
[7-11].

The dynamics of growth and deterioration of
the corals are also affected by the climate distur-
bances and various anthropogenic factors [1, 2,
4, 6, 12] such as pollution, recreational fishing
[4, 12—14, 16], and even seemingly innocent
ones such as snorkeling [17].

In the present work, we want to bring
awareness of the importance of modeling the
dynamics of the coral reefs from a mathematical
perspective. Based on our evaluations, we iden-
tify the factors that play a decisive role in coral
reef survival. At the same time, we address the
parameters that influence the dynamics and how
to manage them to support coral reef survival.
Since the number of the variables of such a sys-
tem is enormous, the model must suggest which
ones are the most decisive, and concentrate on
those, while adding the others as higher-order
effects to the basic model.

Currently, despite some diversity of opin-
ions [18], the majority of researchers consider
coral-algae competition for light and oxygen
as the primary factor influencing the coral reef
survival.

The primary producer in the trophic struc-
ture of a coral reef is algae. The algae produce
their energy, and they consist of the following
types: zooxanthellae, coralline, and calcareous
algae, and turf algae (known as well as “algal
turfs”). The algal turfs are dense benthic algae,
composed of filamentous algae and phytoplank-
ton. Algae provide nutrients and oxygen, and
they are essential in the growth and maintenance
of coral reef ecosystems. Among algal functional
groups, the turf algae are integral to the healthy
function of a coral reef ecosystem. Turf algae
[19], have a high growth rate, and due to their
physical location within a reef system, they are
less susceptible to water turbulence and graz-
ing. The overgrow of algal turfs will force the
coral to react in defense, and depending on the
nature of the coral, fast or slow- growing, the

turf algae will be either a competitor or a preda-
tor within the coral reef ecosystem [20]. The
balance between algae and coral is essential for
both to sustain a healthy ecosystem; too little
algae will not offer the coral enough food and
oxygen, while too many algae will suffocate the
coral. The suffocation of the coral will result in
the decay of the living coral mass, and eventu-
ally, the coral dies out.

For example, decaying living coral mass
can manifest through coral bleaching, coral
dying from the base, or coral polyps expelling
their population of zooxanthella. Once the coral
dies out, the proliferation of algae will turn into
itself, and eventually, it will reach a saturation
point.

The present work focuses on the interac-
tion between coral and algae as competing
species, and il addresses the model proposed
in [21] by developing some ideas presented in
our recent paper [22]. We consider the pres-
ence of herbivory as well feeding on algae and
other marine life feeding on corals as well as
algae. Depending on the model parameters,
the dynamical model proposed may generate
various outcomes: the coral and the algae may
become “partners” that sustain a well-balanced
reef ecosystem, or they may turn against each
other, i. e., one of the species contributes to the
extinction of the other.

Coral-algae model

The model proposed below is a modification
of the classical Lotka-Volterra model of two com-
peting species. The changes reflect the intrinsic
features of the coral-algae competition in the
ecosphere of a coral reef.

The first modification includes the presence
of the so-called shift leading to non- linearity
in the competition, i. e., when the density of the
biomass of algae exceeds a certain threshold, the
composition of the algal community shifts from
turf algae to macro-algae [21, 23]. The latter
grows faster than the turf algae; also, it is less
amenable to the herbivory grazing, and it creates
a higher shading effect. This shift gives algae an
advantage in the competition with corals.

The second modification includes contribu-
tions from the herbivorous fish and other plant
and coral-eating marine life. These are mod-
eled by linear functions, which, of course, is a
simplification we assume in this basic version
of the model.

Thus, we propose the following autonomous
system of differential equations:
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X =rlx(]

erO—y) y+aﬁﬂyn}ﬁﬂ (2)

x and y represent the proportions of the pop-
ulation densities of coral and algae, respectively.
r, and r, represent the intrinsic growth rates of
coral and algae, respectively. K, and K, repre-
senl the carrying capacities of coral and algae,
respectively. ¢, is the effect of algae onto coral,
and c,, is the effect of coral onto algae. The term
associated with the Heaviside function [24]:

H(y—n)={°’y“” (3)
Lyzn

will play an “activation” role in the model;
when the density of the algae biomass exceeds
a certain threshold value 7, the shift occurs:
macroalgae starts dominating the composition
of the algal community, which increases the rate
of the algal growth. n € (0,1) is an a priori set up
monitoring threshold for the algae, y. If y < g
and B,= ,= 0, the model is simply a competitive
Lotka-Volterra model [25, 26]. Otherwise, the
model is a modified competitive Lotka-Volterra
model, where the behavior of the dynamical
system depends on the values of the parameters.
The parameter a € (0,1) is a “boosting” parameter
for coral; when y >#, the term ay will contribute
to the faster proliferation of algae. The small and
positive parameters g, and g, reflect the effect
of the herbivorous fish [27], and coral-eating
marine life 28], on coral and algae, respectively.
In the present study, we consider the effect of
the herbivorous fish as a linear function. In
reality, these functions are more sophisticated,
and the parameters g, and f, may depend upon
many factors, including even the coral reef’s
topography, which affects how herbivorous fish,
parrotfishes and surgeonfishes, graze [29]. Thus,
the dynamical system (1-2) takes into account
specific features of the coral-algae competition,
namely the more intrusive nature of macroalgae
as compared (o the turf algae, and the effect the
herbivorous fish and coral-eating animals have
on the coral and algae populations.

We start by considering the dynamical sys-
tem (1-2) in the area y < 5, where, as we show
below, it has an interior equilibrium point with:

K\Bycioti — Kyepotit, — KBy + K
nn(1=c,6y)

Kieyht — KoBok + Koynir, )
i1y (1=¢,565)

gt

- KBy —

where:

K,B,c,n — Kyepnn — KBy, + K, >0

K\Bicyr, — Kicynr = Ky Bor + Kyrizy >0 ()

Let us note:

Since ¢, € (0,1) and ¢,, € (0,1), then ob-
viously 1- cucz1>0

The dynamical system (1-2), under the
regime y <z, has another three non-internal
equilibrium points

x=0,y=0 (6)
r=0,y=K(r, ﬁ)/r
x=K (r,— ﬁ) =O

Since the effect produced by grazing is small
compared to the major phenomena associated
with the intrinsic growth of coral and algae, f,
and B, are assumed to be much smaller than r,
and r,, respectively. As a result of such an as-
sumptlon, all the equilibria (6) have positive z
and y-coordinates.

In the next step in our analysis, we will “ac
tivate” the Heaviside step-function by choosing
positive nonzero values of the boosting param-
eter a. As aresult, as soon as y exceeds 7, the rate
of growth of the concentration of algae mass will
receive a boost, and the latter will have a sub-
stantial effect on the location of the equilibria.

Nullelines and analysis

Thedirectional vectlor field for the dynamical
system (1-2) is

V=V, f+r(,7'1.7 (7)

where:

y = TiC¥ ﬁ_i_v_%)

' K \e, ¢ 7 Koy (8)
re,x (K, y ok B

I L 1 e S VR ) 2

? K, Yoy ey ey =m- rvfle)

In the regime y < 77 the equations (8) become:

y=1ar(K_x_, Bk)
' K, Ve, o Ry
y =Ky . BK 2)- 9)
! K, ‘¢, o, 1565y

From (9) we get the x-nullcline and the
y-nullcline, respectively:

ol . (10)
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Based on the nullclines (10), the interior
equilibrium point (4) is stable if the z-intercept
of the z-nullcline is less than the x-intercept of
the y-nullcline, i. e.,

(11)

Kl(-'] _.81) i KZ G‘Z i B‘_') .
rl rIC2l

Because (4) is an interior equilibrium point,
the condition (11) implies that the following
condition will be satisfied as well:

Kz(rz n Bz)( K —B).

L) Hepa

(12)

The condition (12) tells us that y-intercept
of they-nullcline is less than the y-intercept of
the z-nulleline.

Figure 1 shows the nullclines (10) of the
dynamical system (1-2). In both Figures 1a
& 1b, the nullclines intersect in the interior of
the first quadrant, and the interior equilibrium
points are stable either in case of no boosting
(e =0) orwhen the boosting term is sufficiently
small (&= 0.08). In Figure 1a there is no algae
boosting effect: « = 0, and in Figure 1b the al-
gae boosting effect has been added by assigning
o = 0.08. We notice that, as a result of increas-
ing a, the interior equilibrium points hifts in
the upper left direction of the nullclines-plane.
Further increase in the value of a results in the
motion of the nullclines intersection beyond the
first quadrant, which means the disappearance
of the interior equilibrium. We illustrated this
situation in Figure 1c¢, which corresponds to
a = 0.2. Thus, a sufficiently high value of the
boosting term results in the extinction of coral.

Ak 7 N

NN A N

- W / AN
//

02 / \ 5

The numerical values for the parameters
r, 1, K, K, c,and c, are taken from the
tables provided in [21]. In this article, for our
numerical simulations we used our own program
written in the MAPLE programming software.
In all the figures, we will use the same values for
the aforementioned parameters. The parameters
a, B,, and B, will play the decisive role in the
preservation or extinction of coral.

Figure 2 shows the directional field plot
(Fig. 2a) and the phase trajectories for 500 solu-
tions, with randomly selected initial conditions,
of the dynamical system (1-2) in presence of
grazing. Based on observations, we assumed
grazing on coral (8, =108,). As we can see from
Figure 2, such a system has a stable interior
equilibrium; thus, grazing in the above propor-
tion does help coral to survive and sustain a
well-balanced reef ecosystem.

Figure 3 shows the time plots of the behav-
ior of the dynamical system (1-2) for the same
set of parameters. In Figure 3a, we assume no
grazing, whereas, in Figure 3b, we assume graz-
ing occurs, and there is much more grazing on
algae than on corals. In either case, the system
has an interior equilibrium, and in the grazing
case, the biomass of corals stabilizes at a higher
level. Thus, we can conclude that grazing in the
proportion suggested does help corals to survive.

Figure 4 shows the time plot sin the presence
of the boosting term, i. e., for a > 0. We notice
that, even when a is very small, the boosting ef-
fect, a, affects the coral quite dramatically; when
a exceeds some (bifurcation) value between
0=0.04 and a = 0.08, the coral dies out. In case of
a=0.04 (Fig. 4b), the system still possesses an
interior equilibrium, whereas for a=0.08 (Fig. 4c),

0
0
0 0.1 020304 0506 07 08 09 " 02 04 06
x
x feoral)-nullcline in red & y (algae)-nullcline in green

(a) Stable interior equilibrium point

X
x-nullcline in red & y-nullcline in green

(b) Stable interior equilibrium point

0.8 1 1.2

licline in red & y

line in green

(¢) No longer interior equilibrium points

Fig. 1. Null clines showing stable interior equilibrium points (a) & (b), and no interior equilibrium

point (c¢), for the dynamical system (1-2), for r
c,=0.6,¢,, =038,

.= 0.2, r,=0.3029279759, K,= 0.7, K,= 0.8,
= 0.001,8,=0.01

Teopernueckast n npurnagnas sxoaorusi. 2020. No 3

/ Theoretical and Applied Ecology. 2020. No. 3



METO/10J10T U1 U METO/Ibl UCCJEOBAHMIA. MOJIEJIA W IIPOTI'HO3bI

0.8

MR R N
MARNRRAN
RS

R R R R R R
l\
\

0.6

AR N

L N N
x

\

\

N\

NN R R R R R R

L NN N N N N
\
.\
\
\
\

\
LY
\
\
\
\
\

Pl o o
Pl "

0.4

bA N R A R R R

o ey

— R R R R e e

W e e e

T T x ———
Rt S A
AL N N AL NG S A

0.2

MR R Y e

AAASR f R R
B B
B e R e ——

-
e e i T (e o T e
B e i S P
B S R L T e
B e e S
T S N

=)
e
b

0.4 0.6 08 1
x X

(a) Directional field (b) Solution curves

Fig. 2. Directional field plot (a), and 500 solution curves of the dynamical system
(1-2) for random initial values for x and y (b), forr, = 0.2, r, = 0.302928, K, = 0.7,
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Fig. 3. Coral-algae interaction for initial values 2(0) = 0.4 and y(0)

=0.3, forr, =0.2,
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even if the is still an interior equilibrium point,
1b, the coral is diminished to nearly its extinc-
tion.

Ifo=0.2, Figurelc, thereis nolonger an in-
terior equilibrium point and the coral is extinct.

Figure 9is another illustration of the boost-
ing effect: when a = 0 (Fig. 5a) both coral and
algae survive, whereas fora=0.3 (Fig. 5b), even
in the presence of grazing, coral gets extinct.

Conclusion

We have considered, both analytically and
numerically, the dynamics of the coral-algae
competition. We have based our analysis on
the dynamical system (1-2), which takes into
account specific features of the coral reef eco-
system. These features are:

The “boosting effect” of the algal accelerated
growth associated with the shift from the turf
algae into the macroalgae state.

The effect of grazing of the algae and the
corals by the herbivorous fish and other forms
of marine life associated with coral reefs.

The results obtained have shown that the
ecosystem may end up in a stable equilibrium,
where both corals and algae survive at some
levels, thus supporting the existence of the reef,
or it may come Lo the situation where the coral
getls extinct. This result eventually leads to the
extinction of the coral reef.

We showed that the boosting effect of algae
if it is sufficiently intense, it may result in the
extinction of the corals. At the same time, the
inclusion of the grazing effect, with the realistic

assumption that algae are subjected to grazing
more intensely than corals, may help corals (o
survive in this competition. The results of the
study may have some practical applications: an
endangered coral reef can be saved by encourag-
ing the presence in its neighborhood large num-
bers of such herbivory as parrotfish, which feeds
on algae and dead corals, thus helping corals to
compete and cleaning the reef, which results in
the healthy reef ecosystem.

References

1. Abelson A. Are we sacrificing the future of coral
reefs on the altar of the “climate change” narrative? //
ICES Journal of Marine Science. 2019. V.77 (1). P. 40-45.
doi: 10.1093/icesjms/fsz226

2. Chollett I., Mumby P.J. Reefs of last resort: Locating
and assessing thermal refugia in the wider Caribbean //
Biological Conservation. 2013. V. 167. P. 179-186. doi:
10.1016/j.biocon.2013.08.010

3. Knowlton N. The future of coral reefs // Proc.
Natl. Acad. Sci. USA. 2001 V. 98 (10). P. 5419-5425. doi:
10.1073/pnas.091092998

4. Richmond R.H., Tisthammer K.H., Spies N.P. The
effects of anthropogenic stressors on reproduction and re-
cruitment of corals and reef organisms // Front. Mar. Sci.
2018. V. 5. P. 226. doi: 10.3389/fmars.2018.00226

5. Roff G., Mumby P. J. Global disparity in the
resilience of coral reefs // Trends in Ecology and Evo-
lution. 2012. V. 27 (7). P. 404-413. doi: 10.1016/j.
tree.2012.04.007

6. Torda G., Donelson J.M., Aranda M., Barshis D.J.,
Bay L., Berumen M.L., Bourne D.G., Cantin N., Foret S.,
Matz M. Rapid adaptive responses to climate change in

Teoperuueckast u npurnagnas sroaorusi. 2020. Ne 3 / Theoretical and Applied Ecology. 2020. No. 3



METO/10J10T U1 U METO/Ibl UCCJEOBAHMIA. MOJIEJIA W IIPOTI'HO3bI

corals // Nat. Clim. Chang. 2017. V. 7. P. 627-636. doi:
10.1038/nclimate3374

7. Bouchet P. The magnitude of marine biodiversity //
The exploration of marine biodiversity / Ed. C.M. Duarte.
Fundacion BBVA: Bilbao, 2006. P. 31-64.

8. Cote I.M., Knowlton N. Coral reef ecosystems: a
decade of discovery // Marine community ecology and
conservation / Eds. M.D. Bertness, J.F. Bruno, B.R. Silli-
man, J.J. Stachowicz. MA: Sinauer Associates Inc., 2014.
P. 299-314.

9. Fisher R., O’Leary R.A., Low-Choy S., Mengersen K.
Knowlton N., Brainard R.E., Caley J.M. Species richness on
coral reefs and the pursuit of convergent global estimates //
Current Biology. 2015. V. 25. P. 500-505. doi: 10.1016/j.
cub.2014.12.022

10. Knowlton N., Brainard R.E., Fisher R., Moews M.,
Plaisance L., Caley M.J. Coral reef biodiversity // Life in the
World’s Oceans / Ed. A. D. McIntyre. Blackwell Publishing
Ltd, 2010. P. 65-77.

11. PandolfiJ.M., Bradbury R.H., Sala E., Hughes T.P.,
Bjorndal K.A., Cooke R.G., McArdle D., McClenachan L.,
Newman M.J.H., Paredes G., Warner R.R., Jackson J.B.C.
Global trajectories of the long-term decline of coral reef
ecosystems // Science. 2003. V. 301. P. 955-958. doi:
10.1126/science. 1085706

12. Brown C.J., Saunders M.I., Possingham H.P.,
Richardson A.J. Managing for interactions between local
and global stressors of ecosystems // PLoS ONE. 2013.
doi: 10.1371/journal.pone.0065765

13. Beddington J.R., Agnew D.J., Clark C.W. Current
problems in the management of marine fisheries // Sci-
ence. 2007. V. 316 (5832). P. 1713-1716. doi: 10.1126/
science.1137362

14. Hutchings L.A. Collapse and recovery of marine
fisheries // Nature. 2000. V. 406 (6798). P. 882—-885. doi:
10.1038/35022565

15. Pauly D., Christensen V., Walters C. Ecopath,
Ecosim, and Ecospace as tools for evaluating ecosystem
impact of fisheries // ICES Journal of Marine Science. 2000.
V. 57. P.697-706. doi: 10.1006/jmsc.2000.0726

16. Stroebel W.J., Wacker H. The economic so har-
vesting Predator-Prey systems // Journal of Economics.
1995. V.61 (1). P. 65-81.

17. Renfro B., Chadwick N.E. Benthic community
structure on coral reefs exposed to intensive recreational
snorkeling // PLoSONE. 2017. V. 12 (9). e0184175. doi:
10.1371/journal.pone.0184175

18. McCook L., Jompa J., Diaz-Pulido G. Competition
between corals and algae on coral reefs: a review of evidence
and mechanisms // Coral Reefs. 2001. V. 19. P. 400-417.
doi: 10.1007 /5003380000129

19. Connell S.D., Foster M.S., Airoldi L. What are
algal turfs? Towards a better description of turfs // Marine
Ecology Progress Series. 2014. V. 495. P. 299-307. doi:
10.3354/meps10513

20. Swierts T., Vermeij M.J. Competitive interactions
between corals and turf algae depend on coral colony
form // PeerJ. 2016. V. 4. 1984. doi: 10.7717 /peerj. 1984

21. Kramer D.B. Adaptive harvesting in a multiple-
species coral-reef food web // Ecology and Society. 2008.
V.13 (1). P.17.

22. Solomonovich M., Bica I., Gao L., Hailu A. Analy-
sis of Kramer’s coral-reef food web model // Theoretical and
Applied Ecology. 2018. V. 2. P. 16-25. doi: 10.25750/1995-
4301-2018-2-016-025

23. Done T.J. Phase shifts in coral reef communities
and their ecological significance // Hydrobiologia. 1992.
V. 247. P. 121-132. doi: 10.1007/BF00008211

24. Szekeres P.A. Course in Modern Mathematical Phys-
ics. Cambridge: Cambridge University Press, 2004. 600 p.

25. Allen L.J.S. An introduction to mathematical biol-
ogy. New Jersey: Prentice Hall, 2007. 348 p.

26. Lotka A.J. Elements of mathematical biology. New
York: Dover Publications, Inc, 1956. 465 p.

27. Cramer K.L., O'Dea A., Clark T.R., Jian-xin Z.,
Norris R.D. Prehistorical and historical declines in Carib-
bean coral reef accretion rates driven by loss of parrotfish //
Nature Communications. 2017. V. 8. 14160. doi:10.1038/
ncomms 14160

28. Done T.J. Effects of two Acanthaster outbreaks on
coral community structure-the meaning of devastation //
Proc. 5th Int. Coral Reef Symp. 1985. V. 5. P. 315-320.

29. Brandl S.J., Hoey A.S., Bellwood D.R. Micro-
topography mediates interactions between corals, algae,
and herbivorous fishes on coral reefs // Coral Reefs. 2014.
V. 33. P. 421-430. doi: 10.1007/s00338-013-1110-5

30

Teopernueckasi n npuriagnas sroaorust. 2020. Ne 3 / Theoretical and Applied Ecology. 2020. No. 3




METO/10JI0TYSI 1 METO/bI UCCJIEJOBAHIIL. MOJEJIN I IIPOTHO3bI

YR 504.064.37; 502.2.05 doi: 10.25750/1995-4301-2020-3-036-040

JlneranimonHbIii MOHUTOPUHT 3apacTaHus
BbICIIIEH BOJIHOM PacCTUTEJIbHOCTHIO
aKBaTOpPNH 3BTPOPUPOBAHHOTO BOJOXPAHUIHUIIA

© 2020. T. U. Ryrasuna', k. 6. 1., c. 0. c.,

B. B. Pyrman', nnskenep,

T. A. Aummxvuna’ 2, x. 1. 0., npodeccop, r. H. ¢., 3aB. JadopaTopuei,
'Bsirckmii rocymapeTBeHHBI YHUBEPCUTET,

610000, Poccust, r. Rupos, yiu. Mockoscrast, 1. 36,

2Uncruryr 6uomorun Komu nayunoro nenrpa Ypaiabckoro ornenenns PAH,
167982, Poccust, r. CoikruiBKap, yia. Rommynucruueckast, . 28,

e-mail: kutyavinati@gmail.com
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TLTOTA/IeT 3aPACcTaHis BLICITIMI BOJHBIMIT PACTCHUAMI BePX0Bbhs Bogoéma B mepmoy ¢ 2011 mo 2019 rr., uro BeposTrio,
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The paper presents information on the distribution of thickets of coastal aquatic and higher aquatic plants in the
water area of the Omutninsky reservoir, subject to eutrophication processes. During the route survey of the reservoir, 33
dominant species of aquatic and coastal aquatic plants were identified. Large thickets of Equisetum fluviatile L., Scirpus
lacustris L., Persicaria amphibia (L.) S.F. Gray, Potamogeton lucens L., P. perfoliatus .. were recorded in shallow areas
in the upper reaches and in the central part of the reservoir along the coastline. Interpretation of satellite images from
Landsat-5 and Sentinel-2 satellites was carried out, the normalized vegetation index (NDVI) was calculated for the
investigated water area. According to the results of the NDVI calculation, the areas of overgrowth of the water area of
the Omutninsky reservoir with emergent vegetation were calculated. The data were processed using the QGIS Desktop
3.14.1 with GRASS 7.8.3 program. A tendency was revealed for a decrease in the areas of overgrowth with higher aquatic
vegetation in the water area of the Omutninsky reservoir for the period 2011 to 2019, which is most likely associated with
the influence of the temperature factor.

Keywords: inland waters, eutrophication, higher aquatic plants, normalized vegetation index, remote sensing of
the Earth.
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Buicmas Bopnas pacrurennuocts (BBP)
uMeetr GOJbITOE 3HAYEHUE B Peryasiun Ono-
JOTHYECKNX TPOIECCOB B DKOCHUCTEME U B ca-
moounierun Bogoéma |1]. CoobrectBa makpo-
(uUTOB B 3HAUNTENILHOII CTEIIEHU TPEISTCTBYIOT
«IBETEHU0» BOJIbI [2], cayskar MmectoMm HepecTa
7 HaTyJa MHOTUX (puToUILHLIX pei0. Beicmine
BOJIHBIE PACTeHUsI NMeIOT 00JIbIOe 3HAYeH e
B IIPOTIecCax HAKOTIJICHUsT U MUTPAILIT XUMIYeC-
KX DJIEMEHTOB B BOMHBIX dROcucTeMax |3, 4].
Crernenp 3apactanus BOJOEMa MOJKeT CBIUJC-
TeJILCTBOBATH O TPOPUULCKOM cTaTyCe BOIHOTO
00beKTa, a AMHAMITKA N3MEeHEHS ITPOEKTUBHOTO
HOKPBITHS — O CKOPOCTH CYKIleCCHE Booéma [9].
Omenry 3apacranuss BBP Bojgoémon Tpajmiin-
OHHO ITPOBOJIAT ¢ MOMOIIBIO TIOJE€BBIX METO[0B
necaenoBanus [6—8], oHAKO B MOCTEHIE TOMIBI
YBEJNYIIOCH YNCI0 PAOOT 10 U3YUEHII0 0COOeH-
Hocreil 3apacranus Bojoémos BBP ¢ omoribio
AMCTaHIMOHHBIX MeTojioB [9—13].

[less paboThl — BBISIBUTH TEHIEHI[UE TTPO-
rmecca 3apacTanms BLICIIIEH BOIHON PacTATEIHHO-
crbio akBaTopun OMYTHUHCKOTO BOIOXPAH MU
3a nepuoj, 2011-2019 rr. Mmetogamm rpocTpan-
CTBEHHOTO aHa M3a KOCMUYECKNX CHUMKOB
1 HAa OCHOBAHWY JJAHHBIX MTOJEBBIX HAOMIOICHUI.

O0BbeKTBI 1 METOJbI HCCJIEI0BAHIS

Uccneposanus mpoBopmjinch Ha akBaTopun
OwmyTHmHeKOTO Bofoxpammmina Ruposckoit 00-
nactu. [lo monoskennio B reorpadgmyeckoii 3oue
JlAHHOE BOMOXPAHUJIUIINE SIBJISICTCS JIECHBIM, 110
MPUYPOUCHHOCTH K MaKkpopesbedy — paBHUH-
HBIM, TI0 TUTOTIA/M BOAHOTO 3eprasia (9,0 km?) —
HeBOJMbITNM, 110 00BEMY (32,5 MJIH M?) — MaJIBIM.
Cornmacuo wkiraccn@uKranMmm Kav4ecTBa BOJ 10
COJlepyRAHIIO PACTBOPEHHOTO KICIOPOJIA, O1OXI -
MUYEeCKOTO MoTpedJIeH st KUCA0poia, epMaHra-
HATHOU OKUCJISIEMOCTH, cojiepsKkaHuo hocaron,
Heopranunyeckux popm azora ('OCT 17.1.2.04-
77), OMyTHUHCKOE BOJOXPAHMINIIE ABIACTCS
B-Me30carmpobHbBIM, 4TO 110 TPOPUUECKOIT ITKATe
Kaaccu@uRanum BOLOEMOB COOTBETCTBYET HB-
TpoHomy knacey [14].

IKCTeUIIMOHHBIe NCCIeJOBAHNSI TTPOBO-
nueh Ha akBaTopun OMYTHHHCKOTO BOJOXpa-
numanina B gdernuit ceson B 2011, 2014, 2018 u
2019 rr. Bo BpeMsi MapiipyTHOro 00cae[0BaHUs
OCYILeCTBJSJIOCH BU3YyaJlbHOe HAOJIIO/IeHITe
aKBaTOPUN 1 OEPeroBoil IMHNK BOlOEMA ¢ (DUK-
CHUPOBAHUEM 3apOCyiell BHICIITNX BOIHBIX 1 TTPH-
OpeskHO-BOMHBIX pacrennii. [lo pesynabraram
MapIIpyTHOTO HAOIO/eHNsI B IPOTPAMMHOM
npoayrre Maplnfo Professional (Bepcust 8.5)
COCTABJISLIIN KAPThI-CXEMbI paciipejle/ieH s 3a-

pocJieii BBICITNX BOIHBIX 1 TPUOPEKHO-BOTHBIX
pacTeHuil 10 aKBATOPUU BOJIOEMA.

Y4acTku ¢ 3apocjisiMU BBICITNX PacTeHU
Ha BOJHOW MOBEPXHOCTH TAKIKe ONPEeIeIsiin 110
MAHHBIM JIUCTAHIMOHHOTO 30H/IPOBAHMS 3eMJIN
(/133). B rauectBe mcrounukra s geninpu-
poBanmsa mannnix /133 Oniim 3ameiicTBOBATILI
caumkn 2011, 2018 u 2019 rr. co cuyTHUKOB
Landsat-5 (¢ pazpemernem 30 M) n Sentinel-2A
(memornb3oBan Kanael ¢ pazperiernnem 10 m),
HaXOoJAMecs: B OTKPBITOM floctyte. [lis nemud-
pUpOBaHUs BHIOWPAIN Mamoo0IauHbie CHUMKN,
c/leJTaHHbIe B TIEPUOJL ¢ Mast 10 CeHTSAOPH, Korja
OOJIBLINMHCTBO BOJHBIX PAacTeHMiT HAXOJATCS B
crajuu Bereraiuu. B xome paborsl npoBoann
pacuér HOPMAJM30BAHHOTO BereTamunoHHOro
unzierca (NDVI) [15]. OcHoBHBIM 00bEKTOM 11K
riuaccuurarum cHuMKoB /133 Ob111 B3y 1ITHO-
BOJIHBIE pAacTeHUs, Y KOTOPBIX 4acTh 1M00Eron
HaXOJINTCS B BOJIE, & YACTh PACIIOJIATAETCS HaJl BO-
mHOT ToBepxXHOCTHIO. [TOJIHOCTHIO TOTPYREHHBIE
B BOJLY pacTenuns B mporiecce gemungpupoBanms
He BBItessnch. [Ltomans 3apacranmus akBaTo-
pun BBP onpepessiim BusyaibHO Ha OCHOBE pe-
3yabraToB Beruncygerus NDVI. 9ror nnperc 6w
paccuuTan Ha ocHOBe KaHanoB B4 n B8 ciryrHuka
Sentinel-2 o opmyie:

NIR — RED
NIR + RED |

Ha axBatopum ObIIW BBITETCHB YIACTRN,
Ha KOTOPHIX 3HAUEHNE MHAEKCA TMPeBBIIaeT
3HAYCHMEe BOJHON MOBEPXHOCTH W aHATOTHUHO
MoKaszaTesio pacturenabHocTn na cyiie. Ha ocrose
HOJIYYeHHBIX 0BJacTeil OB cO3/aH BeKTOPHBII
CJIOI, COCTOSATIMIT 13 TIOJTUTOHATBHBIX 00 HEKTOB.
[Tnomaam moJMroHoB OLLIM PacCYNTAHBI ABTO-
MaTUYeCKI BCTPOCHHON B reonH(GopMaIimoHHyio
cucremy QGIS gynrmmeit pacuéra riormasu, mo-
TOM TIPOCYMMUPOBAHBL. J1J1s1 00padboTKM TaHHbIX
ucnosbzosasu nporpammy QGIS Desktop 3.14.1
with GRASS 7.8.3.

NDVI=

Pesyabrarel n odcysknenne

[To pesyibratam sKCIEAUITMOHHBIX NCCTe-
JIOBAHMII, IIPOBEIEHHBIX COTPY/HUKAME HAYYHO-
HCCJeloBaTeIhCKOI jabopatopnn GIOMOHUTO-
punra Mucruryra 6uoornu Komu HI[ YpO PAH
n Bsitckoro rocymapcTBeHHOTO I'yMaHUTapHOTO
yHusepcutera B ntone—asrycre 2011 ., Ha pazubix
yuacTrax akparopun OMyTHUHCKOTO BOJIOXpaHN-
JIUIIA ObLTO BIIEJEHO 33 JIOMUHUPYIOTINX BU/IA
BOJIHBIX 1 TTPUOPE;RHO-BO/HBIX pacTeHnii. ['pyr-
bl BBICTITX PACTEH U ITPUBEIEHBI B COOTBETCTBUN
¢ knaccudurarueit A.I'. JTanuposa [16].
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Tadmmma / Table

[Tnomanb 3apacranus TpubPesKHO-BOJHBIMU 1 BHICIIIIMI BOJHBIMU PACTEHUSIMU BEPXOBbSI
OMYTHUHCKOTO BOJOXPAHUININA 110 cHUMKaM co ciryTHukoB Landsat-5% u Sentinel-2A
The area of coastal aquatic and higher aquatic plants in the upper reaches
of the Omutninsky reservoir according to images from the Landsat-5* and Sentinel-2A satellites

Tom ncenenoBanus
Research year

2011

2018 2019

[Tnotmab 3apacranust HaBOHOT
PACTUTENLHOCTLIO, KM?

Surface overgrown with emergent
vegetation, km?

0,320%*

0,087

Jlomst or Beeit aksatopun, %
Share of the total water area,%

3,37*

1,59 0,92

W3 nermino-BoHBIX pacTennii (TuipouTos)
ObLIIN OTMEUYEeHbBI TIOTPYFKEHHBIE TIJIABAOIIIE B TOJI-
e Bojibl: Ceratophyllum demersum L., Ulricularia
vulgaris 1.; TOrpysKEHHBIE YRKOPEHSIIONNECs WK
npurpensstonuecs: Elodea canadensis Michx.,
Myriophyllum verticillatum L., Potamogeton gra-
mineus L., P. perfoliatus L., P. lucens L., P. compres-
sus L., P. obtusifolius Mert. et Koch, P. pectinatus L.,
Sparganium (BopHast popma); YKOPEHSIONINECs ¢
TIaBaoNMuy Ha Bojie iuctbsimu: Nuphar lutea (1..)
Smith, Nymphaea candida J. Presl., Persicaria
amphibia (L.) S.F. Gray, Potamogeton natans L..;
U [JIaBatoIe Ha oBepxuoctu Bojibl: Hydrocharis
morsus-ranae L., Lemna trisulca L., L. minor L.,
Spirodela polyrhiza (1..) Schleid.

W3 mpubpesikno-BoaHbIX pacrennii (resodu-
ToB) ormedennl Typha latifolia 1., Sparganium
emersum Rehm. (S. simplex Huds.), S. erec-
tum 1. (S. ramosum Huds.), Alisma plantago-
aquatica L., Sagittaria sagittifolia 1., Butomus
umbellatus 1.. Cpepu pacrenuii-rugpouron
(TIepeyBIasKHEHHBIX MECTOOONUTAHNIT ), YACTHYUHO
BBI3BIBAIOIIIMX 3apacranue, obHapysKkeHbr: Jun-
cus compressus Jacq., J. filiformis L., Equisetum
fluviatile 1., Carex rhynchophysa C.A. Mey.,
C. rostrata Stores., C. disperma Dew., C. elonga-
ta L., C. acuta L.

Pacrpocrpanenne Bogubix pacrenmii B Omyr-
HUHCKOM BOJOXPaHUJINIIe Habo1aeTcst ¢ ryou-
1ol o7 0 1o 5—6 M., UTO ABIAETCS TUINIILIM IJI5T
pycaoBbIiX Bogoxpanunnil. Bugosoii cocras BBP
B uzyuaemom Bojtoéme B 2011 r. coorBercTBOBA
BUJIOBOMY COCTaBY, TUTTHYHOMY JIJisi ME30TPOd-
HBIX 11 ¢J1a009BTPO(PHBIX BOJ0éMOB. BusyanbHoe
n3ydeHune akBaTOpuUM BOJOEMA MOKA3aJo0, 4To
HaunbosbIee BU0Boe paznoodpasne BBP Owino
XapakTepHo st MecT Briajenus pek [lecuanka n
Owmyrrast (puc. 1, 2, cM. 11B. BRIAJIKY ). ITH y4aCTKI
OTJIMYAI0TCs HeOOMbITUME rryornHamMu (10 1-3 m).
Bomroe 3eprasio Ha HUX yncToe, IPoO3pavHOe, CBO-
0O/THOE OT B3BEIIIEHHBIX B TOJIIIE BOJIBI BOJIOPOCTIEI.

Hanbombmme o momajim 3apociiy oTMeye-
HbBI IS caeylonux Bufos: Equisetum fluviatile L.

(pme. 3, eMm. 1B, BRAANKY), Scirpus lacustris L.,
Persicaria amphibia (L.) S.F. Gray (puc. 4, cm.
1B. BRIANRY), Potamogeton lucens L., P. perfo-
liatus L. OcoOm MpakTHYeCKN BCEX BCTPEUEHHBIX
BU/IOB BOJIHBIX U IIPUOPEKHO-BOJHBIX PACTCHUT
HaXOJIMJINCH B XOPOTIEM KIU3HEHHOM COCTOSTHII.

Maccosoe passurue Lemna trisulca L.,
L. minor L., Spirodela polyrhiza (1..) Schleid. or-
MeYeHO Ha akBaTopuu BOJIM3H MTPOPUIaKkTOpus,
PacIoioReHHOTo Ha Oepery B IeHTPaIbHOI Ya-
cTi Bojloxpanusuiia. M3sectno, 4yro jokanibHoe
MHTEHCUBHOE pa3BUTHE PSACKOBBIX YKaszbiBaer
Ha MecTa IMOCTYIJeHUs OMOTeHHBIX BeIecTs
B Bojoémbl [17]. Jlo 2012 r. Ha yrazanuom
y4acTKe OCYIIECTBISICS BBIITYCK CTOYHBIX BOJI
npodmrakropusi B OMyTHUHCKOE BOTOXPAHU-
nute, B 2011 1. B Bojte 661710 3apuKCUPOBAHO
BBICOKOE COflepyRaHie aMMOHMUITHOTO azoTa (B
2 pasa Bblllle, YeM Ha ocTaabHol aksaTopuun) [18].

Cornacuo pacuéram NDVI, mmomans 3apac-
TAHUs AKBATOPUI HAJIBOIHON PACTUTEIHHOCTHIO B
Bepxosbe Bogoéma B 2011 1. cocrasistia 0,320 km?
(rabus.). B 3adpukcupoBaHHBIX HA KOCMOCHIM-
Kax sapocJysix mpeodyagann pacrenns Scirpus
lacustris L., Persicaria amphibia (L.) S.F. Gray
u Equisetum fluviatile L. (puc. 3, 4). Bo Bpems
MapIipyTHOTO 00CTeJ0BAHUS BOJOXPAHMIHIIIA
B €T'0 BePXOBbe TakyKe 3aPUKCHPOBAHBI OOJIBITIIE
1O TIJTOTIA/IN 3aPOCIH MOTPYKEHHBIX PAcTeHNTH
(B ocnosrOM Potamogeton perfoliatus 1..).

B xope sxcmepnmmonHbIX HCCTeTOBAH I
B 2014 1. HaMU OTMEUYEHO CORpalleHne KOJu-
qecTBa JOMUHUPYIONUX BUAOB B OMyTHUH-
croM Bostoxparuauiie ¢ 33 go 27. B 2014 r. rio-
cJle LIpeKpallleHus BbIIIYyCKAa CTOYHBIX BOJ| OT
npoduiaakTopusi B BOMOEM, HA IEHTPAIbHOM
YuyacTre BOAOXPaHU/IUIIA ITPAKTUYECKN OTCYT-
crBoBasin Elodea canadensis Michx., Nuphar lu-
tea (1..) Smith, Lemna trisulca L., L. minor L.,
Spirodela polyrhiza (1..) Schleid. ¥Ymenbinu-
Juch pasmepsl 3apociaeit BBP B cpepmeii ua-
CTH BOJOXPAaHUJMINA, B pailoHe BIajeHus
p. [lecuanku, a 3apocin B BepxoBbe 1pyja, Ha-
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Pue. 1. Kapra-cxema pacipeeserins 3apocieil BLICIITNX BOAHBIX PacTeH il
1o akBatropun OmyrHurnckoro sojgoxpanuauia 8 2011 1.
Fig. 1. Schematic map of the distribution of thickets of higher aquatic plants
in the water area of the Omutninsky reservoir in 2011
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Puc. 2. 3apocin Boicimx BofHbIX pacteHnii B BepxoBbe OMmyTHIHCKOTO Botoxpanusmima B 2011 u 2018 rr.
Fig. 2. Thickets of higher aquatic plants in the upper reaches of the Omutninsky reservoir in 2011 and 2018
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Puc. 3. ITpubpeskubie 3apocyii XBOIIA PEYHOTO Pue. 4. 'oprieBo-RaMbInoBas accorans
B OmyrHuHCcKOM Bofoxpanuuiie (2011 r.) B OmyrHuHCKOM Boftoxpanunuiie (2011 r.)
Fig. 3. Coastal thickets of Equisetum fluviatile 1. Fig. 4. Association of Persicaria amphibia (1..)
in the Omutninsky reservoir (2011) S.F. Gray and Scirpus lacustris L.

in the Omutninsky reservoir (2011)

Puc. 5. Acconmarnust Persicaria amphibia (1..) S.F. Gray B OmyraHuaCKOM Bofoxpanuuiie, 2019 r.
Fig. 5. Association of Persicaria amphibia (1..) S.F. Gray in the Omutninsky reservoir (2019)
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obopor, cranu odomupuee. I[lo Bcelt akBaro-
pUU pejKe CTAIUM BCTPEUYATHCs MPeJcTaBuTe-
an cemeiictBa Rypmmukosbie (Humdeiinbie).
B cBsizu ¢ orcyTeTBUEM TTPUTOHBIX JIJIST flennd-
pupoBanus cuumMrKoB B uiosie 2014 r., pacuér
NDVI B aror roj uccyieoBaHust He TIPOBOJIUIIN,
ITo BusyajibHbIM HaOJIOEHUSIM, OOIIAs I1J0-
Majib 3apacTaHns akBaTOPUU BOOXPAHUIUIIA
1o cpaprennio ¢ 2011 r. uamenumsiach HeaHaU M-
TEJNBHO.

Cremyiotmmee MapmpyTHoe oOcaeoBaHme
OMYTHUHCROTO BOJIOXPaHMINIIA OBLTO BBITIOTHE -
o B 2018 1. 1o cpasnenuio ¢ 2014 r., ormeueno
yMeHbIlleHue Trotaneil 3apocieit Lquiselum
Sfluviatile 1.. B6;in3u HGeperoB B 1eHTPATbHON
JacTi U B BepXoBbe Bojoéma. CormacHo pacuéry
NDVI, nnomans 3apacranus BBP B BepxoBbe
Owmyraurceroro Bogoxpannantia B 2018 r. crm-
3uyiach mo4TH B 2 pasa, 1mo cpasuennio ¢ 2011 r.
(Tabi.).

B 2019 r. mpn mapmipyTHOM 00caeoBaHMT
BO/IOEMA BBIABIEHA YETKAs TeHJEHINA YMeHb-
meHus maoimageil sapacranus BBP, B vacr-
HOCTHU, 3HAYNTEJTbHO YMEeHbIINJINCH Pa3Mephbl
acconmarnuii Persicaria amphibia (1..) S.F. Gray
B IEHTPAJILHOI YacTi (puc. 9) U B BEPXOBbe BO-
noxpanunuiia. B 2018-2019 rr. npoBopuiuchy
MEepOTPUATUS 10 YIIyOJeHNI0 1 OYNCTKe JTHA
MeJIKOBO/MIT HA TIEHTPAJIbHOM 1 PUIIJIOTUHHOM
yuactkaXx OMyTHIUHCKOTO BOMOXPAHUJINIIA, 4TO
MOTJIO OKa3aTh BAusHNe Ha passure BBP.

Pesynbratsr pacuéra NDVI noprsepsiaior
nosieBbie Haboenns (tab.). [lo cpaBnenuio
¢ TPeJBIAYIINMI TOaMi NCCaeJOBaHIsA pac-
TeHUsl BRIV Oosee yruerénno. VzBecrno,
4yTo Ha pa3Butne BBP okaswiBaer BimsHMe TEM-
neparypHbiit peskum cpefibl [19]. [lns cpaBuenmus,
B 2011 1. cpepHsisi TeMIiepatypa Bo3jyxa 3a Jier-
Huii cezon B r. Omyraunncke cocrassiia 17,1 °C,
B 2018 r. — 16,7 °C, a 8 2019 r. — 15,7 °C. Ko-
sppurueHT KOppessaIuu MeR/Ay pazMepom
niotazeit 3apacranusi B OMyTHUHCKOM BOJO-
XpaHUINIe W CPpefiHell TeMIIepaTypoil Bo3myxa
3a gerauii ceson cocrasui 0,88.

3ariaueHue

Bueicine Bopibie 1 puOpeskHO-BOHBIC
pacrenusi B OMYyTHHUHCKOM BOMOXPaHUJINIILE
PacIpoCTPaHsIOTCs HA MEJTKOBOIHBIX YUacTKaX
MPenMYyIecTBeHHO BA0Jb 0eperoBoil JNHI.
Rpyrmiabie 3apocii BRICITIX PACTEHIH OTMEUeH b
MPenMYIIeCTBeHHO B BEPXOBbe BOLOGMa, TJ1e JIJIs
HUX CKRIQNBIBAIOTCA Hanbosee OJIaTOTPUATHRIC
yenosus. JloMmunmpyroriee moTosReHme Cpen Boji-
HBIX pacreHuii 3anumator FKquisetum fluvialile L.,

Scirpus lacustris L., Persicaria amphibia (1..) S.F.
Gray, Potamogeton lucens L., P. perfoliatus 1.
[To BumoBOMY cocraBy BbicIINX pacrenunit OmyT-
HUHCKOE BOIOXPAaHUJNIIE SIBJAseTcs: cjabodB-
TpoHBIM BOMOEMOM. 3a Hepuoj HaOIIOeH NIl
¢ 2011 o 2019 rr. MeTojamMu JUCTAHIMOHHOIO
MOHUTOPUHIA B COUETAHWUN C ITOJEBBIMU HCCTIe-
JIOBAHUAMU BHISIBJICHA TeHICHIINST YMEHbITCHIS
TI0MIa el 3apacTannsa BOMOEMa, a TakyKe OT-
MeUueHO yMeHblieHue Bugosoro cocrapa BBP. B
YACTHOCTH, TTPAKTHYECKH TTePECTanil BCTPeYaThCs
FElodea canadensis Michx., Nuphar lutea (1..)
Smith, Lemna trisulca L., L. minor 1., Spirodela
polyrhiza (1..) Schleid, uto KocBeHHO MOKET CBM-
JIeTeJIbCTBOBATH 00 YAYUIIeHIHN KOOI TYeCKOTO
cocrosinst OMYTHUHCKOTO BOMOXpPaHUJINIIA,
YMEHBIeHUH ITOCTYIIJIeHUSI OMOTeHHBIX DJIeMeH -
TOB € BOIOCOOPA B BOLOEM TOCJIe MEPOTIPUATHUII 110
ouncrre Bopoxpanuania. [lnomanm sapacranms
BepxoBhs Bojoxpanmianiia BBP 3a mepuopn ¢
2011 110 2019 rr. coxparmics ¢ 0,320 o 0,087 kw2,

Paboma evinoanena npu noddepicke zpanma
Ilpesudenma Poccuiickoi @edepayuu das 2ocydap-
cmeennoll noddepiucku Moa00bLx YUEHbLX — Kandu-
damoe nayr (MK-86.2019.5).
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satellite images of vegetation based on field research data

© 2020. E. A. Domnina'-2
A. S. Timonov'-?

ORCID: 0000-0002-5063-86067 T' A' AdamOViChl
T' Ya' AShikhmina1’2 ORCID: 0000-0003-4919-0047°
Vyatka State University,

36, Moskovskaya St., Kirov, Russia, 610000,

2Institute of Biology of Komi Scientific Centre of the Ural Branch

of the Russian Academy of Sciences,

28, Kommunisticheskaya St., Syktyvkar, Komi Republic, Russia, 167982,
e-mail: ttjnadamvich@rambler.ru

ORCID: 0000-0002-8684-927X"
ORCID: 0000-0001-8560-30517

The article presents the results of studies on decoding vegetation using high and ultra-high resolution satellite im-
ages and ground-based observation data using direct decryption signs. Space images from the World View-2 apparatus
with a spatial resolution of 0.5—1.0 m were selected for the dates of late spring, summer, early autumn during the period
of a stable state of the deciduous vegetation cover. The work describes the communities of pine, spruce, mixed forests, as
well as overgrown with trees areas of meadows in the territory of the Orichevsky district of the Kirov region. An expla-
nation of the necessity of using images in a certain period of the year is given. Images taken in early spring (late april — early
may) and in mid-autumn (late september — early october) are the most acceptable for interpretation in order to map
forest tree communities.

In the work, we used such deciphering signs as tone, color, structure, texture, background. The image of forest stands
has a pronounced photographic drawing, which allows them to be distinguished in photographs from areas not covered with
forest. When decoding, first of all, a grainy pattern is visible. Differences in the shapes and sizes of tree crowns, as well as
in the outlines of their shadows in high- and ultra-high resolution images, make it possible to determine the composition
of plantations. An important feature of the image of woody vegetation in a satellite image is its tonality. Mostly spruce,
fir and pine forests in panchromatic black-and-white images are characterized by a darker tone than deciduous ones.
The data of interpretation of space images can be used as the basis for creating a map of vegetation of the studied area.

Keywords: interpretation, space images, direct interpretation signs, vegetation.

YR 528.72:004.93

JlemmgpupoBanue pacTUTeILHOCTH 0 KOCMUYECKUM CHUMKaM
BBICOKOTO pa3pelieHus ¢ UCI0Jb30BaHUeM
MTAHHBIX MOJEeBbHIX UCCIEeIOBAHUI
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B crarbe nipuBejieHbl pe3ysibraThl HCCAE0BAHNIT 110 e pPUPOBAHNIO PACTUTETLHOCTH 110 KOCMUYECKIM CHIUMKAM
BBICOKOTO 1 CBEPXBBICOKOTO Pasperien s 1 JaHHbIX Ha3eMHbIX HAOIOIeH NIl ¢ MCITONB30BAHNEM MTPAMBIX eIN{OPOBOYHBIX
npusHakoB. Kocmmueckne cunmin ¢ anmapara World View-2 ¢ mpocrpancrsentbiv pasperiennem 0,0—1,0 M ObLiit BbIGpaHbI
Ha JIaThl KOHILA BECHBI, JIeTa, HaYajia OCeHNU B [1ePIOJ] OJUCTBEHHOCTH jiepeBbeB. B pabore onucanbl coobIecTBa COCHOBBIX,
€JIOBBIX, CMEITAHHBIX JIECOB, & TAKKE 3aPACTAIONLNE [IePeBbAMI yYacTKI JIyroB repputopnn OpuueBckoro paitona Ruposeroit

Al
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obnacrtu. ObocHOBaHA HEOOXOMMMOCTD HCIIOJIL30BAHUS CHUMKOB B OIIpe/ieé HHBIN epuoj roga. Haubosee npuemiaempi-
MU JIS leupUpoOBAHIS ¢ EJAbI0 KAPTHPOBAHIS JICCHBIX IPEBECHBIX COOBIIECTB ABJIAIOTCA CHUMKH, C/leTaHHble paHHei
BECHOI (KOHeI[ arpesist — Hayajio Mast) W B cepejiiie ocenn (KoHer| CeHTssops — Hauano OKTsaops ).

B pa6ore ncrnomnbzopasiu rakue e poBouHbIe IPU3HAKY, KAK TOH, I[BET, CTPYKTYPa, TekeTypa, on. Mzobpaskenue
JPEBOCTOEB MMEET SIPKO BBHIPAKEHHBIN (DOTOPUCYHOK, TTO3BOJISIONIII BBIEIATH UX HA CHIMKAX OT HEMOKPLITHIX JIECOM
mromagei. [pn gemmudpuposanum mpesKie Beero BUAeH 3epHUCTHI prucyHoK. Pasnmums B ¢popmMax n pazmepax KpowH
JlePeBbeB, 8 TAKIKE B OUCPTAHUSAX MX TeHell Ha CHUMKAX BBICOKOTO U CBEPXBLICOKOIO pa3pelieHust M03BOJISAIOT O Pee/isTh
cocraB Hacaykpenuii. Baykupiv mpusmakoM n3o0paskeHus JPeBecHoil pacTuTe/IbHOCTH Ha KOCMOCHUMEKE sIBJISICTCS ero
TOHATLHOCTH. OOBIUHO Jleca M3 eJin, TUXTH 1 COCHBI HA TAHXPOMATHUECKNX Y8PHO-0eIBIX CHUMKAX XapaKkTepuayioTes
GoJiee TEMHBIM TOHOM, YeM JINCTBeHHbIe Jeca. [lanubie emndpupoBanins KOCMOCHIMKOB MOTYT ObITh I10JIO3KEHbBI B OCHOBY

CO3/laHUsA KapThbl PACTUTEJIbHOCTU 1/13y‘1aeMoﬂI TeppurTopun.

Karouesste croga: netmndpupoBaniie, KOCMudecKiue CHUMKH, IIPSMbIe Tein@pPoBOUHbIe TPU3HAKN, PACTHTEbHOCTh.

Earth remote sensing (ERS) methods are
based on obtaining information about the earth’s
surface by registering electromagnetic radiation
coming from it, reflected or its own, in vari-
ous parts of the spectral range. Analysis of the
spectral characteristics of objects, structural and
textural features of images allows you to obtain
information for their subsequent decoding and
interpretation [1]. The inherent properties of
terrestrial ecosystems are their hierarchical
structuredness and heterogeneity. These prop-
erties are clearly manifested in satellite images
of various spatial resolutions: from small-scale
(Modis) and medium-scale (Landsat, Aster,
Spot) to large-scale (Quick Bird).

The leading role in the formation of the im-
age of a satellite image is played by the vegeta-
tion cover, which forms a mixture of spectral
responses of different brightness on digital im-
ages, which, within the framework of automatic
processing of remote sensing data, does not
allow solving the problem by standard methods
of delimiting the analyzed area by classes of ho-
mogeneous fields represented by pixels with the
same spectra. The study of the vegetation cover
requires up-to-date and objective information
that can be obtained by processing space imagery
data [2]. Vegetation is the most informative ele-
ment of the ecosystem and is best displayed on
multispectral satellite images, reflecting various
characteristics of the state of the territory.

To use satellite images as a source of in-
formation about the vegetation growing in the
study area, it is necessary to use the features of
specific objects, by which they can be identified
on aerospace images |3]. The predominant plant
species or their groups and groups of plantation
composition are deciphered mainly by color,
microstructure and confinement to certain types
of forest growing conditions. Completeness and
age groups are determined (using high-resolu-
tion images) based on the microstructure of the
plantation canopy and their statistical charac-

teristics [4]. The use of narrow spectral intervals
makes it possible to decipher individual trees.
According to satellite images with a resolution
of 10 m and better, after determining the prevail-
ing and constituent species, the type of forest or
a group of forest types and the class of bonitet,
the group or age class of the prevailing species
is deciphered. In high-resolution satellite im-
ages (1-2 m), the height of the plantation can
be determined by measuring the length of the
shadows of the trees (especially when shooting
in the morning and evening hours). According
to the measured diameters of crown projec-
tions (areas of crown projections), the average
diameter of trees in stands at a height of 1.3 m,
as well as the height and closeness of the plan-
tation canopy, can be determined [4]. Satellite
images allow the use of morphological signs
when interpreting the composition of plantings,
growing conditions, measuring and determining
the taxation characteristics of plantations with
grealer accuracy [4—6].

The aim of the work was to develop ap-
proaches to the selection and interpretation of
high-resolution satellite images for drawing up
a detailed map of vegetation.

Research objects and methods

Field studies within the framework of this
work were carried out in the period 2004 to 2017
in the territory of the Orichevsky district of the
Kirov region. Communities of pine, spruce,
mixed forests, as well as overgrown areas of
meadows were described. Geobotanical descrip-
tions of plant communities were carried out in
layers. For interpretation, the indicators of the
tree layer are important, therefore, the main
attention was paid to the following character-
istics: height, age and state of the main forest-
forming species. The work shows an example of
deciphering two areas, which represent several
communities.
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For the recognition of plant objects on
the images, direct (general, basic) decoding
features were used. Direct deciphering signs
are the properties of an object that are directly
displayed on images, inherent in the objects
themselves. The properties of direct signs [4,
7-10] include geometric (shape, configuration,
size, volume, pattern of objects) or structural
(linear and volumetric), general (photogram-
metric) — phototone, color, relative position.
According to other data [4, 11], three groups of
features belong to direct deciphering features:
geometric (shape, shadow, size); luminance
(phototone, color, spectral image); structural
(texture, structure, pattern).

Deciphering of various lree species is car-
ried out on spectrozonal images, which do not
convey the actual colors of nature, but strongly
emphasize the difference in the color of objects
with a color contrast [12—18]. An additional
feature of the image of woody vegetation in the
satellite image is its tonality. Most of the forests
of spruce, firand pine in panchromatic black and
white images are characterized by a darker tone
than deciduous or larch trees.

Deciphering vegetation can be divided into
contour and taxation. Contour interpretation
consisls in the selection of various categories of
areas and taxation areas among the arrays which
are subsequently characterized by means of field
measurements. When deciphering stands, it
is necessary to consider carefully not only the
central parts of the image, but also the marginal
ones, where differences in the structure of the
crowns are better visible [16].

The work used ultra-high resolution space
images from the WorldView-2 spacecraft with a
spatial resolution of 0.5—1.0 m. The images were
obtained on the following dates: June 2, 2007;
May 8, 2011; September 12, 2014; September
10, 2018.

Satellite images were selected for dates (late
spring — summer — early autumn), providing
analysis of the time series during the period of a
steady state of the deciduous vegetation cover.
This time interval is interesting for research
with a fairly smooth change in spectral charac-
teristics.

Results and discussion

The image of forest stands has a pronounced
photographic drawing, which allows them to be
distinguished in photographs from areas not
covered with forest. When deciphering, first of
all, a grainy pattern is visible, created by the

alternation of rounded specks — projections of
tree crowns and gaps between them of differ-
ent outlines, partially or fully occupied by dark
shadows cast by trees. In stereoscopic viewing
of images, the height of the stands is perceived
quite clearly [12]. The density of the forest, the
size and structure of tree crowns in the area
have a major influence on the size and shape of
the “grains” of the forest images in the image.
These differences in the shapes and sizes of tree
crowns, as well as in the outlines of their shad-
ows in high- and ultra-high-resolution images,
make it possible to determine the composition of
plantations (Fig. 1, see color inset).

Monochrome images of pine forests have a
general gray tone. Light gray rounded crown
projections are almost the same in size, usually
located in area. The surface of the canopy of a
pine forest during stereoscopic viewing is visible
without the “dips” typical of spruce and fir forests.
In color images, pine forests are characterized by
a dark green color (Fig. 2, see color insert).

Their structure is characterized as coarse-
grained, the texture is arcuate-scalloped. The
shape of the crown projections is oval; there is
no sharp border and tone intensity of the crown
projections and darkened areas between them.
The shadows are elliptical in shape. In young trees
with small crowns, due to the high degree of close-
ness, their projections merge with each other.

Images of spruce forests (Fig. 1, 2, see color
insert) on the satellite image are characterized
by adark tone with light gray, with gray rounded
“orains” of crowns and almost round gaps be-
tween them. Spruce is shown in blue-green color
in spectrozonal aerial photographs.

Changes in the diameter of crowns in one
massif within a wide range (by a factor of 4-5) and
a significant difference in heights of trees within
a plantation of one type, which is significantly
higher than in stands of other species, are noted.

An important feature is elongated cone-
shaped and needle-shaped shadows (Fig. 3, 4,
see color insert). Falling shadows cast by trees
are clearly visible. They convey the shape of ob-
jects in a form close to the usual. By measuring
the length of the shadow, you can quickly and
accurately determine the height of an object.

Aspen forests in the satellite image dated
May 8 (Fig. 4, see color insert) have a light gray
tone, lighter than all other considered stands.
The lighter tone of the aspen allows it to be dis-
tinguished from other stands. In the photographs,
the shadows of aspens are shaped like those of
pines; when viewed stereoscopically, the crowns
seem to be torn off the ground. Aspens have a
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curtain or group arrangement of crowns. Aspen
grows together with coniferous and deciduous
trees, but it also forms pure aspen forests.

In color images, deciduous forests (aspen)
are characterized by a light green color. Their
structure is characlerized as coarse-grained,
homogeneous, dense, the texture is spotty-
granular, the grains are smeared (Fig. 4, see
color insert). On the pictures they are arranged
in the form of a closed canopy with dark gaps.
The projections of tree crowns are light, indis-
tinct. The shape of the crowns is rather round,
the crowns are arranged in groups, overlapping
with each other.

The image of solid thickets of shrubs is
characterized by a fine-grained photo-pattern
structure, a gray or dark gray tone, small fall-
ing shadows and a usually rounded shape of
the contours. The thickets of shrubs differ from
young shoots in a more even tone, due (o the
homogeneity of the composition. For reliable
recognition and differentiation of shrubs and
undergrowth, it is necessary to take into account
the peculiarities of the growth and placement of
certain species in the specific conditions of the
survey area. As a rule, shrubs are confined to the
floodplains of rivers, the bottoms of ravines, the
edges of steppe oak forests, etc., while the shoots
are found in overgrown clearings in forest areas.

The analysis of the images taken at different
times of the year, at different phenophases, has
a different color and structural pattern. So, in
the photo dated May 8 (Fig. 4, see the color in-
sert), areas with a green and gray phototone are
clearly distinguished, which reflect, respectively,
coniferous and mostly deciduous trees that have
not yet blossomed at this time. The pictures
taken in September (Fig. 2, 3, see color insert)
clearly show areas of different shades of green.
Arrays of conifers are denoted in dark green, and
lighter shades of green to yellow are inherent
in communities that are dominated by birches,
in which an autumn change in foliage color oc-
curs. Sometimes one can see separate pink and
purple spots (Fig. 3, see the color insert) of the
beginning of the color change of aspen leaves. In
the photographs taken after mid-May and until
mid-September, woody plants are practically not
deciphered by color. They can hardly be distin-
guished solely by the microtexture of the pattern.

The analysis of satellite images of other
forest areas of the Kirov region shows that in
different years the images taken at the same time
(spring or autumn) have different information
content, since phenophases rarely coincide in
different years [8].

Thus, forinterpretation, the images obtained
in different seasons of the year were selected and
analyzed taking into account data from field
studies. Based on the images, the boundaries of
plant communities were established and their
contours were outlined.

Figure 5 shows a fragment of a schematic
map based on decryption data. The constructed
map reflects the diversity of the vegetation
cover of the territory and can serve as an initial
geobotanical basis for studying the dynamics of
vegetation.

Conclusion

For greater reliability, interpretation of
plant communities should be carried out using
data from field studies conducted over several
years in the same territory.

The most suitable images for interpreta-
tion in order to map forest tree communities
are images taken in early spring, when the
snow has mostly melted, but the foliage on the
trees has not yet blossomed (late April — early
May) and in mid-autumn, when the leaves
acquire characteristic tree species shades of
color (late September — early October). Sat-
ellite images taken in summer are not very
informative for the purpose of mapping forest
plant communities.

The data of interpretation of satellite images
can be used as the basis for creating a map of
vegetation of the studied area.

This work was carried oul as part of the state
assignment of the Institute of Biology of the Komi
Scientific Center of the Ural Branch of the Russian
Academy of Sciences on the topic “Assessment and
Jorecast of delayed technogenic impact on natural
and transformed ecosystems of the southern taiga
subzone” No. Ne 0414-2018-0003.
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Fig. 1. Fragment of the image from the Fig. 2. Fragment of the image from
WorldView-2 spacecraft dated May 18, 2014. the WorldView-2 spacecraft dated
Resolution 1 m September 2, 2017. Resolution 1 m

Note for Figures 1 and 2: 1 — spruce-pine forest and pine forest, 2 — small pine forest, 3 — willow forest,
4 — deciduous forest (aspen, birch, willow), 5 — deciduous forest (birch, aspen, willow), 6 — deciduous
Jorest (birch, aspen), 7 — arable land overgrown with small pine forests, 8 — former arable land, overgrown
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Fig. 3. Fragment of the image from the World View-2 spacecraft dated September 10, 2018. Resolution 0.5 m

Note to Figures: 1 — young pine forest, 2 — spruce-pine forest with old-growth aspens, 3 — old-growth spruce forest
(cone-shaped and needle-shaped shadows), 4 — aspen-spruce forest, 5 — aspen-spruce old-growth forest (cone-
shaped and needle-shaped shadows), 6 — aspen forest with rare spruce and single pines, 7 — aspen forest with

rare old spruce, 8 — willow forest, 9 — arable land, 10 — arable land overgrown with pine forest
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Fig. 4. Fragment of the image from the WorldView-2 spacecraft
dated May 8, 2011. Resolution 1 m

Note to Figures 4, 5: 1 — young pine forest, 2 — spruce-pine forest with old-growth aspens,

3 — old-growth spruce forest (cone-shaped and needle-shaped shadows), 4 — aspen-spruce forest,
5 — aspen-spruce old-growth forest (cone-shaped and needle-shaped shadows), 6 — aspen forest
with rare spruce and single pines, 7 — aspen forest with rare old spruce, 8 — willow forest,

9 — arable land, 10 — arable land overgrown with pine forest

Fig. 5. Schematic map of vegetation of one of the sites
in the Orichevsky district of the Kirov region
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OrpaboTKa METOIM KU BbIJIeJI€HHs H IMOITOTOBKH KYJbTYPbI
0a3UIMOMHUIETOB [IJIsi MUKOPU3AINU TOYBBI
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Boipamunsanue cessHIIeB XBOMHBIX IEPEBLEB B MCKYCCTBEHHBIX YCIOBHUSX SIBJSICTCS TEPCITEKTHBHBIM HAIPABICHIEM
JUISE pertenitst 1poGaeMbl BOCHOJTHEH S JIeCHbIX MaccBOB. OJHIM 13 JIYUIIHX arpOTeXHIUYeCKUX HPUEMOB JIJIst ajlanTainm
pacTeHNil K MCKYCCTBEHHBIM YCIOBMAM CANTACTCS MITKOPHU3ATHS mouBbl. DopMuUpoBaime MUKOPU3bI, TPEICTABIIIONTET
CcIMOMO03 MUTE/Is TPI0a 1 KOPHET BHICIIIETO PACTEHS, TPIBOUT K YIYUITEHITO PU3N0T0T0-ONOXIMIYECKOTO COCTOSTHUS
pacreHiii, 4To cnocobCTBYET X MIPUKIBAEMOCTH 1 POCTY.

[lemn paboTsr — 0TpaboOTKA METOMMKIT BHIETCH IS I MTOATOTOBKN KYJILTYPHI a3 MIMOMUTIETOB JITST MITKOPU3AT[IT TOTBHI.

B mporecce paboThl TPoBesN BBIGACHUE I KYIBTYPATLHO-MOPPOTOTHICCKYIO OTCHRY MUTICTIS N3 OA3MMOMIIIETOB
Tricholoma equestre, Lactarius rufus, Suillus bovinus. Orpaborajin pe;KiMbl TOMOTEHE3aI[U N BBIJICJICHHOTO MUIEJIs TPUGOB,
KOTOPBIM TLTAMIPOBATOCH 00pabaTLIBATH TIOUBY TIPH BLIPATIIITBAHI CESTHTIER XBOMHLIX IEPEBHEB B MCKYCCTBEHHBIX YCIOBISX.
OnrumanbibiM okazancs peskum S000 06./MuH B TedeHne 2 MIUH, KOTOPBI MPUBOANI K JIOCTOBEPHOMY YBEJIMUYCHU IO
COJIePsKAHIS B CYCIT@H3WH JKU3HECTTOCOOHOTO TPUOHOTO MUTIe/ NI,

IKCTEPIMEHTATHHBIM TTYTEM OTPENeTIIN ONTHMATIBLHOE KOTMIecTBO (DPArMeHTOB MUTICINSA B eMHNIEe 00héMa
NCCTCMYeMBIX TPUOOB B MUBHOM cycaie iia Buecenns B mousy — or 10! no 10% sxnsnecnocobnnix npomarys ua 1 r noussr.

Kaouesoie cuosa: BblJleieHrne MUIeJanss, MUROPU3aluAa MOUYBLI, CeHIIbL XBOUHBIX aepeBbeB.
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Cultivation of coniferous seedlings in artificial conditions is a promising direction for solving the problem of refor-
estation. One of the best agrotechnical methods for adapting plants to artificial conditions is mycorrhization of the soil.
The formation of mycorrhiza, which is a symbiosis of the mycelium of the fungus and the roots of a higher plant, leads
to an improvement in the physiological and biochemical state of plants, which contributes to their survival and growth.

Objective of the work is working out methods of selection and preparation of culture of basidiomycetes for mycor-
rhization of soil.

In the process of work, isolation and cultural-morphological assessment of mycelium from Tricholoma equestre,
Lactarius rufus, Suillus bovinus basidiomycetes was performed .

The homogenization regimes of the isolated fungal mycelium were worked out, which planned to cultivate the soil
when growing seedlings of conifers in artificial conditions. The optimal mode was 8000 rpm for 2 min, which led to a
significant increase in the content of viable mushroom mycelium in the suspension.

The optimal range of content of mycelia suspensions of the studied fungi in beer wort for application to the soil was
determined experimentally as 10" to 10* of viable propagules per 1 g of soil.

Keywords: isolation of the mycelium, mycorrhization of soil, seedlings of coniferous trees.
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[To mepe pocra uncieHHOCTH HACEJTEHUS 1
Pa3BUTHS TPOMBITILIEHHOCTH TIPOMCXO/IUT YBe-
aunvyeHne o0’béMa BhIPYOOK XBOMHBIX JIECOB,
MPeCTaBIAIONIIMX HANOOABITYIO X035ICTBeH-
HYIO IIEHHOCTH, a TaKiKe 3apacTaHue JeCHbIX
MacCHBOB MATKOJUCTBEHHBIME TTopojamu [1].
Tar, B pe3yibraTe NHTEHCUBHOI JIECOIKCILTyaTa -
i B Kuposekoit obnacrti 3a mocaennue 10 jger
TLTOTIAN CITEIBIX W TTePEeCTONHBIX XBOMHBIX Ha-
casgmenuil ymennimanch ma 16,4%, a mx samac —
Ha 9,8%. B MATKOAMCTBEHHBIX e XO03CeKIIAX
MJIOMIAJLh CIEJBIX U [TePecTONHBIX JPEeBOCTOEB
yBeanumiach Ha 19,2%, a ux sanac — na 23,9%
[2]. Bcé oo cBuieTeibeTBYET 0 HEOOXOMMOCTH
BOCIIOJIHEHU Sl XBOITHBIX TTOPOJL /IePEBLEB B Jlecax
permona.

B nannoMm RoHTERcTE BeChMa MEePCIeKTUB-
HBIM ITOJIXO/IOM TIPEJICTaBJISETCS NCKYCCTBEOH-
HOe BBIpAIUBAHNe PACTEHWI ¢ TPOBeleHneM
MHUKOPUBATUN TTOUBBI JIJIsl JIyUTiieil agamnTanun
rnocajouHoro marepuana [3—8].

Mukopusza — cuMm0103 MuLieus rpuda 1 Kop-
Hell BBICIIETO pacTeHust, TP KOTOPOM Tu(bl
MUTEJ IS OTIIETAI0T KOPEHb I MOTYT TPOHUKATH
B Hero [9]. UsBecTbl fanmbie o CBA3AX ¢ Jipe-
BECHBIMU TIOPOJIaMU TAKIX MUKOPU3HBIX TPNOOB,
kax Amanita muscaria, Boletus edulis, Laccaria
laccata w np. [10].

B nonzemuoii cdepe y ipeBecHbIX pacTeH il
Gopmupyercst cumMbuoTHYeCcKas ajganTarus,
RoTOpast MOPPOTOTHIECKN TTPOSIBISETCS B 3a-
ceJieHUN KOpHeil jiepeBbeB rpubamu u Gop-
MHUPOBAHWN OCOOBIX TOTJIOMAIOIINX CTPYKTYP
(sxromuropu3za) [11]. Muropusnbie TpudLI 1Mo-
JY4atoT OT pacTeHU YIJIeBO/Ibl, & PACTeHUs 32
CUET MUTIEJIS YBEJNUUBAIOT TTOTJIOMATOTITYTO 110~
BEPXHOCTH KOPHEBBIX CHCTEM, UTO 0BJIerdaeT nm
noJijiepRafe BOJIHO-MUHEPAAbHOTO TTUTAHUS
[12]. ®opmupoBaHme 3KTOMUKOPU3 TIPUBOIUT
K yJIydllleHnto (puamnoaoro-6noXmuMmnaecKkoro
COCTOAHUS U POCTY PACTeHUU, YBEJIUUCHUIO
BCACKIBAIOIIEI ITOBEPXHOCTN ROPHET, (hopMmpo-
BAHUWIO Y PACTEeHWIT MMMYHUTETA K 3apaskeHUI0
MOTEHI[MAJbHBIMU TOYBEHHBIMU [Tapa3nuTamMmu
[13-16].

[Toaromy MUKOPUBATIIIO TIOYBHI JIJIsI CeSTHIEB
XBOWHBIX JIEPEBHEB MOYKHO WCIIOJIH30BATH KaK
OJITH 13 arpoTeXHNYeCKUX TPUEMOB JIJIST YIIyd-
MIeHUS a[anTaui, pa3BUTHS U POCTA CESTHIIEB
B UCKYCCTBEHHBIX YCJOBUAX nmuToMHMKa [17].

Bcé Buimeckazannoe o0bsACHSIOT aRTyalh-
HOCTH W T[eJAb PaboThl — 0TpaboTaTh METONUKY
BbIJIeJIEHNSI MUTIEJINATbHBIX KYJIbTYp 6asumamno-
MUIETOB U3 TIOOBBIX TeJT 'POOB 11 ATATIBI TIO]T-
TOTOBRU RYJIBTYPbI 0a3UMOMUIIETOB JIJIsI MUKO-
pPUBAINT TOYBBI.

O0BbeKTHI 1 METOJbI HCCIE[0OBAHS

B pabore ucmoabzoBanu munennii 6azu-
AUOMUTIETOB TPEX BUOB IPubOB, COOPAHHBIX
B Mensepckom 60opy B Hommnrcrkowm paitone
Ruposcrkoii obnactn ocenbio 2018 1. It rpu-
Obl 110 MOPQOJOTNYECKUM TIPU3HAKAM OBIIT
upenTuguiupoBansl Kax Tricholoma equestre
(semenymika), Lactarius rufus (TopbRyIIKA)
u Suillus bovinus (ro3nsk) [18, 19].

[lnomoBbie Tesia TPOMBLIN cHAaYada B 1IPO-
TOYHOI, & 3aTeM B CTepUJILHOI Bojie, 0Opaborain
95% HTUIOBBIM CIIMPTOM € TTOCEYIOTIIM (hram-
ouposanuem. ILiogoBoe Teso Kaskgoro rpuba
HaJ[pe3asin MPOKAJTEHHBIM CKaTbIleJieM B HUK-
Heil 4acT! HOKKU BJOJIb BOJIOKOH, IOCJE 4ero
pacIienisiyin B HallpaBJieHn pazpe3a BMecTe co
msKoil. V3 Mecra nepexojia HOMRKU B IIIATIKY
(HamboJsIee TOJICTOE U CTEPUIBHOE MECTO), Bhipe-
3aJ111 KyCOUeK BOJIOKOH TPba JINIMHOT HECKOJIbKO
MUJITUMETPOB ¥ TIOMEIIAIn Ha MJIOTHYIO TT1Ta-
TesibHYI0 cpeny. KyapruBupoBanme marepuasa
MPOBOJIIJIN HA CYCJIO-arape B TeUeHne 3—9 CyTOK
npu remieparype 20+1 °C.

RynbpruBupoBanme Mute st ONBITHBIX 1
KOHTPOJILHOTO 00pa3IioB POBOMMIIN HA YAITKAX
[Terpu ¢ cycmio-arapom, copepsRaium IMUBHOE
cycao B Konmenrparnuu 8 mo Bamiuury mpn
25+1 °C B reuenne 3—5 cyrok. B kauecrBe KoH-
TPOJIsI NCITOJIB30BAJIM MOTOBBIII IIperapar Muie-
nus 6enoro rpuba Boletus pinophilus («I'pubnoe
JYROIIKO», Pocenst).

Anajina RyJbTyp OCYIIECTBIISIN ITyTEM BU3Y -
JILHON OT[eHKN MOP(MOTOTHN KOJTOHUIA.

W3menbuenne KyCOUKOB MUTIGJINST OCYIIECT-
Baisiin Ha romorernsarope («Silent Crusher M»,
YrpaunHa).

MuKpOCKOTINIO TeJBHOTO 1 M3MeTbYEHHOTO
1ocJie romoredmn3aryym Mute/Jind 1npoBoJnJin B Ka-
mepe ['opsieBa, ncnosnb3ysi Mmukpockon «Muk-
Mmen-9» (Pocens) mom mmMepceuein mpu yBesu-
gernnn x1500. [lpw srom mias raxmoro odpasia
MMUIeJIMs TOTOBUIIM TPU IIperiapaTa 1 IpocMaTpu-
BaJIM 11O/ MUKPOCKOIIOM 9 TI0JIeTi 3peHus.

Yuér comepskanns GparMeHTOB MUTLETHS
MPOBOJIIJIN IO U TTOCJIe TOMOT@HU3ATNN B KaMepe
Fopsiea o popmyne (1):

= '. ‘n, (1)

e M — comep:canune parMeHTOB MUIe-
must B 1 em® (masee mo rexcry —mponaryi/cm?);
a — cpefHee 4ucyao GparMeHToB MUILCAUs B Ma-
noM kBajpare kamepsl lopsiea; 10 — koad-
¢unument mepesoma MM B cmM®; h — rarybuna
ramepnl, MM (0,1£0,004 mm); S — nnomanb

A7
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magioro kBajpara cerku, Mym? (0,025+0,004 mm?);
n — pasBejleHNe UCCITe/yeMOI CYCIIeH3 N,

Jlnst oneH KM KoJTMvIeCTBa JKUBHECTOCOOHBIX
7 HEKMBHECITOCOOHDBIX TH( UCITOTHL30BATN Kpa-
curesnb tpunanosslili cunnit («AppliChem»,
Fepmanmus).

Kpowme ororo, ¢ meanio omerki sKu3mecmocon-
HOCTH TTPOBOJIIJIN TIOCEB Tu() HA TOYBEHHBIN CYO-
crpar («I'pyHT urare s bHbBII JJ15I XBOWHBIX pacTe-
nnii», « Bytickuit xumnueckuii 3asoy», Pocens),
TEeM CAMBIM, TPUOIMIKAs DKCIIEPUMEHT K ecre-
CTBEHHBIM YCJIOBUSAM CPeJibl OOMTaHIST MU,
[Tepej roceBoM TPOBOMIN CTEPIINBATIIIO TPYH-
ta B cyxoskaposom mrady (HHICC-80m, Poccus).
Peskum crepunusamu — 60 mun pu 180 °C.

Pesyabrarel n 00cy:knenne

Ha mepBom srarie nccaeoBaHus OTYYMIN
MHUIeJUATbHbIe KYJIbTYPbl 0a3UINOMUIETOB,
ABJISTIOTIIECS TIePCIeKTUBHBIMI MUKOPU3000pa-
30BaTeJISAMI XBOIHBIX /IePEBHEB.

Ananu3 BEIPOCIINX KRYJIBTYP OCYIIeCTBISIN
ITyTEM BU3YaJbHOW OIeHKN MOPQOJIOTUN KO-
JOHMIT TI0 CJEAYIONMNM MPU3HAKAM: XapaKkTepy
pocTa (HaJIM4YMIoO pa3pacTaHus MUIEJINs BO-
KpYT IOCEBHOIO Marepuasa, Kpaw KOJOHMWII);
1o 1peodaaaHnio0 BO3IYIITHOTO MUTIEJUs HaJL
cyOCTpaTHBIM MUIEJUEM, €T0 IBETY, 0COOeH-
HOCTU CIIOPOHOIIEHUS; I[BETY CyOCTPATHOTO
munenans. [Ipemaparsl Mumenus ajas MUKPO-
CKOTIMU TOTOBUJIN MYTEM HAaHECEHUs Kalliu
BOJIBI HA 3apaHee MPUTOTOBJICHHOE MTPeJIMeTHOe
CTEeKJIO, TIOCJIe Yero B Heé MoMeIatn Kycouek
MUTIeJIS W HAKPBIBAJIN MpernapaT MOKPOBHBIM
crersiom. [Ipn Mukpockonnm oreHnBaIN HAJIN-

e MpsyKeK Kak MoKasaTelist MPuHaJIesKHOCTI
K basuamoMuIieraM.

Pesynbrarsl olleHKE KYJIbTYpasibHO-MOPEO-
JJOTMYECRUX IMPU3HAKOB MULE/JNd N3yYeHHbIX
BUI0B TPUOOB 1ipejcTasienbl B tradmauie 1 (cm.
1B, BRJIQJIRY).

Ha Bropom srarme niposesin oTpaboTKy pe-
JKUMOB TOJATOTOBKU BBIJIETEHHOTO MUILEJI S
HRTOMUKOPU3000pa3yOINX IpuboB, KOTOPHIM
IUIAHUPOBAIOCH 00padaTbiBaTh MOYBY P Bbi-
paluBaHly CesHIEB XBOWHBIX J[€PEBbEB B HC-
KYCCTBEHHBIX YCJTOBHSIX.

Jlist aroro Mutesnii Kaskaoro rpubda, Bbi-
pocInii Ha TUTaTeabHOI cpeje B yaike llerpun,
cmbiBasn 10 mMur pactBopa HaTpus xjopuja c
pH 7,2-74. Tlony4yennsie cycniensauu romore-
HUBUPOBAJIM, MCIIOJIb3YsI PA3JIUUHBIE PERUMBbIL:
5000, 8000 1 11000 06./muH B TeveHne 2 MuH.

ITporecc romorenusaruu odbecrieunBaer m3-
MeJbuYeHmne JJIMHHBIX HUTen MHUIeJInA 1 IroMmoraeT
OOUTHCST YBEJIMUCHUST KOJTNYECTBA JRUBHECTIO-
COOHBIX TIPOTATYJI, KaKAas M3 KOTOPHIX MOsKeT
llaTh HAYAJI0 HOBOMY MUIIEJIHIO.

Jlist paspenenns s KU3HECOCOOHBIX 1 He-
JKUBHECTOCOOHBIX (DParMeHToB MUIEJINS UX
okpamuaaun 0,50% pacTBopoM TPUIIAHOBOTO
CUHEero, CMeNinBas CyCIIeH3ui0 MUTeJINs ¢ pac-
tBopoM Kpacutens 1:1. B pesynbrare méprabie
(parMeHTH OKpamuBaJuch B CUHUIL I[BET,
a JKU3HeCIocoOHbIe 0CcTaBaINCh OCCIIBETHBIMU.
B pamkax fanHoTo nccaeoBaHusI MOJCUY UThIBAJII
TOJBLKO HEOKpAIIeHHbIe (DPaTMeHTHI.

Pesyibrarsl KoJmdecTBEHHON OIMEHKN CO-
MepRaHUs KU3HECTOCOOHBIX TTPOTATYJ /10
U 110CJIe TOMOTeHU3AT[NI MUTeJIVST TIPH Pasind-
HBIX PeRMMax IpejcraBieHbl B Tabsuie 2.

Tadauma 2 / Table 2

Copiepsranne R13HECTIOCOOHBIX parMeHTOB MUTEIUs B efinHuIe 00bEMa, yUTEHHOE
B kamepe [opsiesa 10 1 oc/ie roMoreHU3aMK 1P Pa3InUHbIX peskumax ( X+/,, n=3)
The content of viable mycelium fragments saccounted in the Goryaev chamber before
and after homogenization under different regimes ( X/, n = 3)

Mumenuii rpuba
The mycelium

Copepsranue susneciiocodbnnix nponarys (lg mp./cm?)
Content of viable propagules (lg pr./cm?)*

of the fungus 710 TOMOTEeHU3AI NI

before homogenization

10CJIe TOMOT@HUBAIUY [IPU PesRUME ... 00. / MUH
B reuenue 2 muH / after homogenization
at ... rpm. for 2 min

5000 8000 11000
Tricholoma equestre 6,6+0,01 6,6+0,01 6,9+0,01 6,3+0,01
Lactarius rufus 6,6+0,01 6,6+0,01 6,9+0,01 6,4+0,01
Suillus bovinus 7,9+0,01 7,9+0,03 8,0+0,02 8,0+0,02

IHpumevanus: lg np./c;n’ onpedeasaw, ucnoavays decamuunblic L02apu@m 0m paccuumanto2o co0epHaniLs
Ppaemenmos (wucao gpaemenmos muyeius ¢ 1 cm’ — nponaeys/cm?); n — koauuecmso nodcuémos nponazys Muyeius
6 kamepe I'opaesa, npu smon kaxcdwiii pas kamepa l'opsesa 3anoansaiacy 6108b aMoil Jce cycnensuetl epuoa.

Notes: lg pr./cm? was determined using a decimal logarithm from the calculated content of mycelium (the number of
mycelium fragments in 1 em?® — propagules/cm?); n — number of estimates of the hyphae in the Goryaev chamber, each time
the Goryaev chamber was filled again by the same mushroom suspension.
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«OTPaboTKa MeToguKM BbifesIeHUs v NOAroTOBKMU
KYJbTypbl 6a3MA0MULIETOB 11 MUKOPM3aLumM rno4Bbi». C. 46.

Tadauma 1 / Table 1
Rynsrypansmo-mopdomsornaeckie ¢BOMCTBA BLICTCHHBIX KYILTYP
Cultural and morphological properties of the selected cultures

Bup Mopdonorus Rynprypasbibie mpussHaku Mutieaus Hanuuaue
OaszuomMuIeTa MUTETHATBHBIX KYJIBTYD The culture characteristics of mycelium | npsizker
Basidiomycete Morphology The presence
species of mycelial cultures of buckles

Paspacranue mutiesinst BOKpyr
MOCeBHOTO MaTepuaia Hanbosee
BBIpasKeHo 110 repudepun KoJIoHNN,
Kpail KOJOHNUY POBHBIN, TIpeodIagaer
BOBJYIIHBII MUIEINIT 6e10T0 TBeTa,
cyOcTparblil MUl GeJIblil.

Tricholoma
equestre

Ila

The overgrowth of the mycelium around Vos

the seeding material is most pronounced
along the periphery of the colony, the
edge of the colony is smooth, the air
mycelium of white color prevails, the
substrate mycelium is white.

Paszpacranue murnenns BOKpyr
ITOCEBHOTO MaTepuasa IIprucyTeTBYeT,
Kpail KOJTOHNT POBHBII, BO3TYITHBIHN 1
cyOcTparHblil MuIeanii 6eJ0To 1Bera.

The overgrowth of the mycelium around
the seeding material is present, the Tla
edge of the colony is smooth, air and Yeos
substrate mycelium white.

Lactarius
rufus

Paspacranue mutiesust BOKpyT
ITOCEeBHOTO MaTepuaja MpUCcyTCTBYeT,
Kpail KOJIOHUY HEePOBHBIIl, BO3JIYIITHbII
Mute/ni 6esoro nBera, cyocTparTHblil
MUTeJi 3KENTOTO 1[BETa, BT 00PATHOI
CTOPOHBI KOJIOHUU JKeJITOBATO-0eIIbIil.

Suillus
bovinus

The overgrowth of the mycelium Jla
around the seeding material is present, Yes
the edge of the colony is uneven, the
air mycelium is white, the substrate
mycelium is yellow, the color of the
reverse side of the colony is yellowish-
white.

Ilpumenarnue: 1 —nocesnoii mamepua., 2 — paspacmaniie MULeEAUs 60KPY2 NOCEEHO20 MAMEPUAAL, 3 — KDPALL KOAOHUW, 4 — NPANCKL.
Note: 1 — seeding material, 2 — the overgrowth of the mycelium around the seeding material, 3 — the edge of the colony, 4 — buckle.
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Tadomuma 3 / Table 3

CopepsraHnie sKU3HECTIOCOOHBIX (DParMeHTOB MULIETUsI, YYTEHHOE [TyTEM BhICEBA
na vamkn [lerpu ¢ nousoii 1o 1 mocae rovorenusannmn ( X+/,., n = 3)
Content of viable mycelium fragments accounted by seeding on Petri

dishes with soil before and after homogenization ( X+/,., n=3)

95°

Munenuii rpuba
The mycelium

Copepsranue susneciocodbnbix gpparmenros munenus (1g np./cm?)
Content of viable mycelium fragments (lg pr./cm?)

of the fungus JT0 TOMOTEHI3ATINT

before homogenization

ocJie TOMOTeHU3ATII TTPU PeKITMe
8000 06./mun B Teuerne 2 MUH
after homogenization at

8000 rpm for 2 min
Tricholoma equestre 4,45+0,21 5,81+0,22
Lactarius rufus 3,63+0,32 4,49+0,20
Suillus bovinus 7,91+0,30 7,82+0,41

AHannsupyst gaHubie TabAUIbl 2, MOMKHO
C/IeTaTh BBIBOJL, YTO TOMOTeHUBATINS TTPH PEKITMe
8000 06./MuH B Teuerne 2 MUH MPUBOIUT K J10-
CTOBEPHOMY YBEJIMYCHUIO COJEPIRAHMS sKU3HE-
cIocoOHbBIX )parMeHToB MUIEJHS Y MITaMMOB
rpubos T. equestre u L. rufus. Pe;xum romorenu-
zaruu 0000 00./MuH B Teuenue 2 MuH He obe-
clieunBaeT J0CTOBEPHOTO yBejandeHus. Pesrum
11000 06./MuH B TeueHme 2 MITH, 110-BU/UMOMY,
OKazbIBaeT MoBpesRjaoliee aeiicTBue, 4ro mpi-
BOJIUT K YMEHBIEHUTIO COJIePIRAHNS FKUBHECIIO-
COOHBIX TIponarys B egunuie oobéma. Yucso
JKUBHECTTOCOOHBIX hparMeHToB MUIes rpuba
S. bovinus 1ocToBEpHO He OTIMYANACH 10 U TO-
cJie TOMOTeHM3ATNN TTPU Pa3JIMIHBIX PeRIMaXx.
Bosmoskio, 910 ¢BsI3aHO ¢ TeM, 4TO JAHHBII B
obpasyer 6OJIBIIOe KOJMYECTBO CITOP, KOTOPHIe
MPOM3BOJILHO PACIIPEJIeJISIIOTCS B CyCIieH31n 6e3
MOTOMHUTEBHOT 00pabOTKM.

Kpowme aroro, st oTieHKN 3KUBHECTTOCOOHO-
cTit hparMeHTOB MUTIIHS UCCIelyeMbIX TPUOOB
T. equestre, L. rufus, S. bovinus mpoBONIN BHICEB
B o0b6éMe 7,5 MJI Ha TIOYBEHHBIN cyOcTpar, 1mo-
Memnéuubiil B yamku [lerpu mo 25 1. [lnst atoro
BBIPOCIIINIT MU KajK10ro rpuba cMbIBaJI ¢
qamku [lerpu 10 ma nuBHOTO cycja B KOHIEH-
rparuu 8° mo bamnunry m nmogsepranan romore-
HUBAIAK TPU BHIOPAHHOM Ha IIPEeJIbITYIIeM dTalrie
padorsl pesgrme — 8000 06. /MuH B TeueHme 2 MIH.
B rauecTBe KOHTPOJISI HCITOTBL30BAJIN CYCITEH3UT
6e3 romorenuzanuu. [loceBbl mHKyOMpoBain
npu 25+1 °C B reuenne 3—9 cyrok. Copepsranme
JKUBHECTIOCOOHOTO (PparMeHToB MUIeJs Olle-
HUBAJIN BU3YATHHO MYTEM TTOCYETA OTIETBHBIX
OCTPOBKOB MUTIEJINSI, BRIPOCIITNX HA TTOYBE.

Pesynbrar omenkn copepsRanus sKu3He-
CIIOCOOHBIX IPUOHBIX IIPOIIATYJI IOCE BbICeBA
na vamku [lerpu ¢ mouBoii npescrasien B Tad-
auie 3.

AHanusupyst pe3yabTaThl TaOIUILBI 3, MOFKHO
c/lesIaTh BBIBOJ O TOM, YTO TOMOTeHU3AI[AS PN

peskume 8000 06./mMun B Teuenune 2 Mmun obde-
crieunBaer gocropepHoe yperanuenne (p < 0,09)
JKUBHECTTOCOOHBIX hparMeHTOB MUTIEJIHsSI TPUOOB
T. equestre, L. rufus npu BeipaliiuBaHnn Ha TIOYBe
" He BIUSET HA KOJMUYECTBO JKUBHECITTOCOOHBIX
nponarya S. bovinus.

[Tpu mecryccTBeHHOM BHECEHUU MUTIEJIS
MUKOPU3HBIX TPUOOB ¢ 1eJbI0 YIyUIlIeHus pas-
BUTHS I POCTA CEsSHIEB OYeHb BAYKHbBIM SIBJIsI-
eTcsi cojlepskane BHECEHHOro Ouorpenapara-
MUROPI3000pazoBaresisi, Tak Kak 00JbIIOe ero
KOJIMYECTBO MOKET OKa3bIBaTh MHTHOMPYIOIIee
BIIMSTHIE HA POCT W MPUIKUBAEMOCTH PACTEHMUII,
a CANTITKOM HUBKOe CHUKAeT BePOSATHOCTH 00-
pPazoBAHUA DKTOMUKOPHUBDI.

Ha caemyrorniem srane paborsl OMBITHBIM
nyTéM omnpejesisan Haubosee onNTUMaabHbIE
ROJIMYECTBA MUCCAE[yeMbIX TPHOOB, BHOCUMBIX
B 1ouBy. Jljis1 5TOr0 M3 MoyueHHBIX 710 U TTOCIe
rOMOTEeHU3ATNI CYCIIeH3W I TOTOBUIIN PIJL J1eCsI -
TUKPATHBIX pas3Befielnii na nusHoM cycae. Ve-
XOJ[HOE COJlepyRaHIe JKIBHEeCITOCOOHOTO MUTIII S
T. equestre cocrasisino (8,1+0,4) - 107; L. rufus —
(8,3+£0,2) - 107; S. bovinus — (1,3+0,2) - 10" po-
narys/cm®. Takum 06pazom, 6bLIO TPUTOTOBICHO
9 passepenuii — or 10" go 107, U3 passegenmii
101,103, 10, 107 1 10 npoBogmIn BLICeB 7, M
cycsia ¢ MutesimeM Ha 25 T 1I0UBbI, JI0OUBasICh eé
PaBHOMEPHOTO YBIAKHEHS,

Peaynbratsl lannoro mccjaegoBaHus mpe-
CTaBJICHBI B TAOJUIE 4.

Ananusupys jaHHbie Ta0JIMIbl 4, MOJK-
HO CJIeJIATh BBIBOJ, UTO HAMOOJIee ONTHMATLHBIe
3HAUEHMS COJIePsKAHNUS JKRUBHECTIOCOOHBIX (par-
MEHTOB MUTIEJIS JIJisi BHECEHUsI B TIOUYRBY U OT[eH-
KU BAUSHUSA DKTOMIKOPN3000pa30BAHIIS HA pas-
BUTHE CEeSTHIIEB MOTYT OBbIThH CJCIYIONUMU: JIJIs
T. equestre (8,1+0,4) - 10°—(8,1+0,4) - 10% ms
L. rufus — (8,3+0,2) - 101—(8,3+£0,2) - 10% aysa
S. bovines —(1,3+0,2) )+ 10'-(1,3+0,2) npona-
rya/cm?,
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Tadauna 4 / Table 4

OcobeHHOCTI pocTa MUTEest 6A3UIMOMUIIETOB, BHECEHHOTO B TIOUBY B PA3TUUYHBIX ROJNYECTBAX
Features of growth of basidiomycetes mycelium introduced into the soil in different quantities

Passepenne | Ucxopnoe comepsratue pparMmeHTon Romeunoe comepsrarie Ocobennoctu pocra
Dilution MUTIEIUs B CyCIIeH3un, BHocumMoit B | ¢parmenroB mureans B nouse | Growth features
HOUBY, 1p./cM> cycrieHsnu [OCJIe UX BHECEHUSI, TT]. /T TOUBBI
Initial content fragments of mycelium The final content fragments
in the suspension introduced into the of mycelium in the soil after
80il, pr./em? suspension application, pr./g of soil
Tricholoma equestre
10! (8,1£0,4)-10° (2,4%0,4)-10° CILTIONIHOI ra3oH
10 (8,1+0,4)-10° (2,4+0,4)-10" solid lawn
5 A . A 18 komonnit
10 (8,120,4)-10? (2,4%0,4)-10 18 colonies
7 c OTCYTCTBHE POCTA
10 (8,1+0,4) (2,4+0,4) 1o growth
Lactarius rufus
10! (8,3+0,2)-105 (2,5+0,3)-105 CILIONTHOI ra3o0H
10" (8,3+0,2)10" (2,5+0,3)-10" solid lawn
5 a9 DY) ’ : 15 Komoum
10 (8,3+0,2)-10% (2,5+0,3)-10% 15 colonies
7 a0 ¢ ‘ . OTCYTCTBIE POCTA
10 (8,3+0,2) (2,520,3) o growlth
Suillus bovinus
10! (1,3+0,2)-10° (3,9+0,2)-108
10° (1,3+0,2)-107 (3.9+0,2)-10° CILIONIHOT razon
107 (1,3+0,2)-10° (3,9+0,2)-10" solid lawn
107 (1,3+0,2)-10° (3,9+0,2)-10%
i AN . 30 Kosonmit
109 (1,3+0,2)-10! (1,3,0£0,2) 30 colonies
3arioueHue cycIeH3uu, IPUTroTOBJICHHON HA TUBHOM CYyCJIe,

Takum odbpasom, B pesyibrare paboThl BbIie-
JIeHBI MUTIETNATIBHBIE KYJIBTYPbI TPEX BUIOB Oa-
supmomuiieros — 1. equestre, L. rufus, S. bovinus,
OTMEUEHHBIX KaK MUKOPU3000pa3oBaTean XBoii-
HBIX fiepeBbeB. [lokazana posib roMoreHu3annm,
KaK OJ{HOTO M3 BAPUAHTOB TOJTOTOBKI MUIE-
nus: nexecoodbpasuas s T. equestre n L. rufus
n He meobxoaumMas 1A S. bovinus. IKCTepUMen-
TAJBHO YCTAHOBICH PEKUM TOATOTOBRI MUIIe-
TS TePCIeKTUBHBIX 0a3UAMOMUTICTOB MUKO-
pusoobpasosaresneii (8000 06./mMuH B Teuenune
2 MuH), o0ecrmednBaIoNuii 10CTOBEpHOE yBe-
NUYeHne Yncsia sRU3HECoCOOHBIX rud rpudos
T. equestre, L. rufus, uro obecrieunBaer aper-
TUBHYIO MUKOPH3ATIMIO TOYBBI TTPU MUHUMAJb-
HOM BBEJICHUU B HeE CyCIIeH3UN MUIETUs. ITO
ABJISACTCS BAKHBIM MOMEHTOM JIJTST TPOMBITILTICH-
HOTO TPOU3BOICTBA OMOTIPEITaPaTOB HA OCHOBE
MUTETNS MIKOPUBHBIX TPpubOOoB, obecreunBaio-
MAX JYYIAe Pa3BuTe W MPIKITBACMOCTh Ce-
ANTEB XBOUHLIX fepeBnen. Ompemenerno omnTm-
MaJbHOE COJlepyRaHNe KU3HeCIOCOOHBIX T B

ISt BHeceHus B 1ouBy. [lis BoisscHenus pon
MUKOPU3AINT B PAa3BUTUN CESHIIEB XBOMHBIX J[e-
PeBBHEB PEROMEHIOBAHO MCIIOAB30BAThH CYCIIEH-
sunm munenust 1. equestre, L. rufus n S. bovinus
¢ cogepsranmem (8,1+0,4) - 10— (8,1+0,4) - 107
(8,3+0,2) - 10— (8,3+0,2) - 10> u (1,3£0,2) )- 10!

(1,3+0,2) mpotarys/cm?® cOOTBETCTBEHHO.
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Binsinne moBepxXHOCTHO-AKTUBHBIX BellleCTB Ha (DOPMIPOBaHUE
onormnénku mrammoM Acinetobacter calcoaceticus BRIIM B-10353
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[ITnpokroe 6ITOBOE 1 TPOMBIIIIEHHOE TIPUMEHEH e TTOBePXHOCTHO-aRTUBHBIX Berects (ITAB) mpusoanT k nx snavn-
TeJIbHOMY CO/IePKAaHII0 B CTOYHBIX BOJAX 1, KAK CJIe/ICTBIE, K 3aIPA3HEHII0 OKPYKatolleil cpejbl. B janHoM neciegoBannm
paceMoTpeno BinAgnme nunBuyanbusix IIAB (rogennacynndar naTpus, TaypuiIcapRo3nHaT HaTpusA) U CHHTeTHYeCKIX
moromnux cpejcts (CMC) ma nx ocnose Ha mporece GopmupoBanus ouonaénku mrammom Acinetobacter calcoaceticus
BRIIM B-10353 B konnenrparusx 0,001-0,5%. Jlust onpepenennst nuareHcuBHocTn 06pasoBatust OHOIIEHKI UCITOJb-
30BaH METOJ, OKPAIIMBAMNIA KPUCTALINICCKIM (PIOTeTOBBIM. [l OIleHKI KOIMUecTBa JKIU3HeCIOCOOHBIX OaKkTepHil B cO-
craBe OMOIIEHKI NCIIOIB30BAH MeToj| OKpanmBanusa guryopeciient gunarnerarom. [lokasano, uro pagnnunsie [IAB n CMC
110-Pa3HOMY BIHAIOT Ha Ouoriénkoobpasosaunue. B 3asucumoctn or konnenrpanuu, [IAB criocofHbl KaK HOAABIATD, TAK
1 CTHMYJINPOBATL 0OpasoBanne OakTepHaibHLIX Onomiénok. llomydeninie fannpie MOKa3bIBAIOT, YTO CUHEPreTUICCKIE
nunrepdepennonbie B3anmoyeiictsus seex kKomrnonentos CMC, BepoATHO, MOTYT HTpaTh GOJIBITYIO POJIb, 1 10 ITICTBIIO
nujpusupyansusix ITAB, Bxopsmux B ero cocras, HEBO3MOMKHO CYAUTH 00 aHTHOAKTEPHANLHON 1 AHTHOHOIIEHOUHOIL
axtusnoctn CMC B 1iesom.

Haroueswie crosa: JIOILQHHJI(’/yJIL(baT HaTpusd, JIaypuacapro3suHaT HATPUA, CUHTeTUYeCKROoe Mololee cpejicTBO, UHTeH -
CUBHOCTb 6I’IOHJIéHE()()6paSOBaHH}I, AeTeprexrT, GHHT(-)I)I/IZUIBH()Q 06pa(;TaHHe.

The influence of surface-active substances on biofilm formation
by the Acinetobacter calcoaceticus VKPM B-10353 strain
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The vast majority of microorganisms exist in nature in the form of biofilms attached to a surface or located at an
interface. Bacterial cells in a biofilm are much better protected from the effects of adverse environmental factors, includ-
ing exposure to various chemical compounds. The widespread domestic and industrial use of surface-active substances
(detergents) leads to their significant concentration in wastewater and, as a consequence, environmental pollution. It is
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necessary o study such effects on microorganisms for a clearer understanding of anthropogenic effects on natural and
anthropogenically modified microbiomes.

The article considers the influence of both individual surface-active substances (detergents) — sodium dodecyl sul-
fate, sodium lauroyl sarcosinate, and synthetic washing agents based on them in the concentration range from 0.001%
t0 0.5% on the process of biofilm formation by Acinetobacter calcoaceticus VKPM B-10353 strain. The crystal violet
staining method was used to determine the intensity of biofilm formation. Fluorescein diacetate assay was used to assess
the number of viable bacteria in the biofilm.

It has been shown that various detergents and washing agents have different effects on biofilm formation. The
maximum inhibitory effect has been demonstrated for sodium dodecyl sulfate. At 0.05-0.5% concentrations of sodium
dodecyl sulfate complete inhibition of biofilms development by A. calcoaceticus VKPM B-10353 strain was revealed. At
concentrations of 0.005% and 0.01%, a stimulating effect was recorded, while no effect on the number of living cells was
detected. Stimulation of biofilm formation was detected in the concentration range of 0.01-0.5% for shampoo based on
sodium dodecyl sulfate. The maximum effect was recorded at the concentration of 0.05% — the intensity of biofilm forma-
tion was 785%, there was no significant effect on the number of living cells in the biofilm. A stimulating effect (243%)
on biofilm formation was shown for sodium lauroyl sarcosinate at the concentration of 0.05%. At this concentration, as
well as at the concentration of 0.5% an increase in the number of living cells was observed. The suppressing effect was
recorded at the concentrations of 0.001%, 0.005% and 0.1% — the intensity of biofilm formation was 21.7-60.8%. The
number of living cells when exposed to lauroyl sarcosinate decreased at the concentration of 0.1%. For children’s soap
based on sodium lauroyl sarcosinate inhibition of biofilm formation was recorded at all the studied concentrations, the
intensity of biofilm formation varied in the range 13.8-82.3%, while the number of living cells also decreased. Thus, it
was shown that depending on the concentration, detergents are able to both suppress and stimulate formation of bacterial
biofilms. A stimulating effect on biofilm formation, which can lead to fouling of sewer pipes and sewage treatment plants,
was recorded for low concentrations of detergents and synthetic detergents. It was determined that the change in biomass
of a bacterial biofilm does not always correlate with the change in the number of living cells. It is important to note that
antibacterial /antibiofilm activity of detergents should not be judged by the action of individual detergents included in
their composition, since synergetic and interference interactions of all components of the agent can play a large role.

Keywords: sodium dodecyl sulfate, sodium lauroyl sarcosinate, synthetic detergent, intensity of biofilm formation,

bacterial fouling.

[Tosepxnocrro-akTuBHbIe BetecTBa ([TAB) —
XUMWYEeCKIe COeJIMHeHNsI, ROTOpble, KOHIeH-
TPUPYSICh HA MTOBEPXHOCTH pasjesia TepMOJIN-
HamMuyecKux ¢as, yse mpu O4eHb MaJbIX KOH-
IeHTpaIusaX (JecsTbie JOJIN IIPOIEHTA) Tpu-
BOJISIT K PE3KOMY M3MEHEHUI0 MOBEePXHOCT-
noro narsykenuns. Moneryno I[TAB nmeror
B ¢BOEM cocTaBe rufpouabHBII TOJAPHBII
RoMToHeHT (PyHRImonanbubie rpynmsl -OH,
-COOH, -SOOOH, -0O-, -NO,, -NH,) u nemo-
JHspHBIT THAPOoOOHBIT dnemenT (ruapodoob-
Has yIJIeBOJOPOHAS TIelh, YIJIeBOLOPOHII
paguran) [1]. Cuaretrndeckne MoIOIIe CPeJ-
crea (CMC) copepskar B cBoeii ocunoBe 20—40%
ITAB; mo6aBkM, MOBBITIIAOTIIIE MOIOIIYIO CITO-
cOOHOCTH CPEeJICTBA; a TaKyKe apoMaTu3aTophl,
KoHcepBaHThl, Kpacuresan u fp. [1]. [Tourn Bech
006ném muposoit npoaykinun CMC nmomayaer
B CTOYHBIE BOJIbI, YTO TPUBOJUT K 3arpsi3He-
HITIO TIOBEPXHOCTHBIX BOJIOEMOB, TPYHTOBbBIX BOJ|
u nous [2].

[Mwporo nzyueno sausmne [TAB ma mukpo-
opranmuambl (MO). Tagr, nanpumep, I[TAB crio-
COOHBI CTUMYJIUPOBATH poct uuciaennoctu MO,
BIAUATH Ha MeTabO0IMdecKIe MPoTecehl B X KIer-
Kax, IMOJIaBJIsis IbIXaTebHYI0 aKTHBHOCTD. Tak-
e [IAB cmocoOHBI BBI3BIBATH TTePeCTPONKI
B JIMNUIHBIX MeMOpaHax 1 pa3pymniarth KiIeTod-
HYIO CTeHRY [3].

B macrosimiee Bpemsi cunTaior, 4To 60JbIIas
yacth MO B orpyskaoiieii cpeje cymecrByer

B popme omoriérok (BIT), a ne B nmanrronHoi
dopme. Buomnénka mpepcrasisier coboii co-
o6mecTBo MO, npuKpenJIéHHBIX K TOBEPXHOCTI
WM HAXOJAIIMXCA Ha TpaHuile pasmena ¢das
U TOTPYKEHHBIX B 9K30TIOJMMEPHbINT MAaTPUKC
[4]. Bakrepun B cocraBe BII myurie samnm-
IEeHbl OT BO3JIEICTBUS PA3HBIX HETATHUBHBIX
arropon [0]. B pasznnunbIX KOHIEHTPATASIX
ITAB criocoOHbI Kak K TOIaBAeHUIO PA3BUTHS
BIT [6], tak 1 K yBeJInueHUIO €€ MeXaHUuecKO
crabuabHocTu [7].

[lenbio manmoit paboThl ABISIOCH OTIEHNUTDH
Biusiane unetuiX [TAB: mogenmicynndara na-
tpusi («SERVA», l'epmanus), naypuicaprosu-
nara Harpus («VWR Life Science AMRESCO»,
CIITA); CMC: mamnyns Yucroren « Markmii»
nst meHKoB 1 KotAT (3AO «HITD «9kompom»,
Poccus); nerckoro kpem-mbina Ecolab «0 wme-
csanes +» (000 «IroJlaboparopusi», Poccust))
Ha nHTeHCUBHOCTL oOpaszoBanus BII mrammom
Acinetobacter calcoaceticus BRIIM B-10353.
Bribop CMC obycaosnen ITAB, Bxomsmniumn
B ux cocras. Tak, B cocras mamnyHs Yucrore
«MsATKRWiT» AT MEeHKOB W KOTAT BXOJUT J10-
penuiacynbdar HATPUSA, a B cOCTAB IETCKOTO
kpem-mbina Ecolab «0 mecsanes +» — maypui-
caprosunar narpus. [logermiacyibdar Harpus
n JaypuacapKo3mHaT HATPUsL SIBJISIOTCS TITPO-
Ko ucnonbzyembiMn annonusimu [TAB, Bxos-
MUMU B COCTAB MHOKECTBA MOIOIINX 1 KOCMe-
THYECKUX cpeacTs [8].
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Marepuaiibl 1 MeTOIbI UCCTETOBAHUSA

O0beKTOM MCCTeIOBAHMS CAYKIIA MOHO-
sunosast BII mrramma Acinetobacter calcoaceticus
BRIIM B-10353.

®opmuposanue BIl ocymiecrsasiioch B
JayHKax mogauctupososoro mianirera (« NUOVA
APTACA», Uranusa). Cycrnensnio cyrouHoi
Ryabprypbl A. calcoaceticus BRIIM B-10353
pasBoguau cpenoit LB [9] mo rturpa
1 - 10®% kaeror/mir. B myHku mianmera BHOCH-
180 MR moyueHHON DaKTepUaTbHON CyC-
nensun u gobasysaan 20 MK UCCTeyeMbIX Be-
IeCTB B pa3jinvyHoll Koutenrpanun. Yacrs my-
HOK MCTIOJIb30BAJIN B KAU€CTBE TI0J0KRNTEIBHOTO
ROHTPOJIA, B HUX 100aBIAIN 20 MK IUCTHIIIH -
poBaHHOIl BOjibl. B KauecTBe orpuitatesibHOr0O
KOHTPOJISI UCITOJIB30BAIN CTePUIbHBIN OYIbOH.
[Tnanmier HaKpBIBAIN KPBIITKOIL, 3aBOPAYNBAJII
mnénaroit Parafilm («Bemis Company», CIIIA)
n nakyouposann 24 1 npu 30 °C. [locae nn-
RYyOQIU¥ JIT KOJMYECTBEHHOTO OTIpesie/eHus
naTeHcuBHOCTH obpazoBanus BII nenonnizo-
BAJICS METOJl OKPAIIMBAHUSA KPUCTAJIMYECKIM
¢puosnerosbim [10]. [locne ypanenus copepsu-
MOTO M TIPOMBIBKHU BCEX JIYHOK, aJire3nPOBaAHHbIC
OaxrTepun prrcupoBasin u orparusasu. N36nrok
KpacuTesisi OTMbIBAJIN BOIOIIPOBOJHOI BOJOII.
Rpacurenn, cBsa3anHbIil ¢ ajire3MpOBAHHBIMU
KJIeTKaMMU, 3JI0NPOBaIN 3TaHoa0oM. Pe3yibraTs
YUUTBHIBAIN CHEKTPOPHOTOMETPUUYECKU C KC-
rnoab3oBanuem 1aniiernoro pujgepa FLUOslar
Omega («BMG LABTECH», T'epmanusi) mpu
pnute Bosanbl 970 uMm. KosuuecTBo copdoupo-
Bannoro BII kpucrannmueckoro guoseroBoro
MPSIMO TTPOTIOPIIMOHATLHO BEJIMUNHE OTITHYECKOI
mnornoctu. Unrencusnocrs oopazosanus BII
paccYnTHIBAJIY 110 CJeyIoneil (hopmyiie:

nurencusHocTh obpazosanusa BIT (%) =

= [(T=B)/(C-B)] - 100,

e C — 3mavernue ONMTHYCCKON TIOTHOCTIH
TMTOJIOKUTETLHOTO KOHTPOJis, B — 3mauenme omrm-
YeCKOM TIOTHOCTH OTPHUIATENBHOTO KOHTPOJISA,
T — 3Havenme oNTUUECKON MJIOTHOCTH OTIBITA
[11]. Bnauenus sroro nokasaresns nuske 100%
CBUJIETETILCTBYIOT O TIOABJISIONIEM, a 3HAYeH S,
npesbimaioniue 100% — o crumynupyiomniem
IeICTBUN CCTeOBAHHBIX BOITECTB HA MHTEHCHB-
HocTh oopasosanns BII.

Jloist onipeniesieHusi KOJIMYECTBA $KUBHECITO-
COOHBIX KJIETOK MCIT0JIb30BAJICS METOJ, OKpalili-
Banus guyopecien auamerarom (OJIA) [12].
Rpacurens («Sigma-Aldrich», CIITA) pactBo-
psiin B arerone B koutenTparun 10 mr/m u ne-

xofHbIil pactBop xpauuin npu -20 °C. Pabounit
pacrsop 1:100 (DOJIA/PBS) roroBumnu nepep
RaspiM dKerepumentoM. [locne ynanenus co-
[IePRUMOTO JIYHOK € TIOMOII[bI0 MHOTOKaHAJIBHOTO
n03aTopa u MPOMBIBKY JIYHOK 200 MKJI pacTBo-
pa narpuii-pocdarnoro oypepa (PBS («VWR
Life Science AMRESCO», CIITA)), B raskmyio
ayury pobasisiin 200 Mk pabouero pacrsopa
DJIA. Inammersl MHKYOHMPOBAJIK B TeMHOTE IIPH
30°C B revenue 4 u. [locne nukybarmum uamepsin
WHTeHCUBHOCTH (paryopeciieH inm (Aex =485 HM 1
Aem =520 HM) ¢ MCTIOJAb30BaHIEM IIJIAHITIETHOTO
pusepa FLUOstar Omega («BMG LABTECH »,
Fepmanus). MarencuBuocTb QiryopecieHiinm
(%) paccunThIBaIM 110 AHATOTUYHOT (hopMmy.ie,
Kar ¥ 1pu ornpejeseHnn NHTeHCUBHOCTH 00pa-
soanus BII (%).

Crarmernueckyio o6paboOTRY pPe3yabTaTon
UCCAelOBAHNS TIPOBOJMIIN ¢ TIOMOIIbIO CTAH-
JIAPTHBIX METOJIOB MAaTEeMATHYeCKOI CTAaTHCTHKIA.
Beaununubl oBepuTebHBIX WHTEPBAJIOB pac-
cunreiBann st p < 0,05. [lns onenku cratucru-
YeCKOI 3HAYMMOCTH Pa3INYNil UCITOTb30BATN
t-wpurepuii Crerofenta [13]. Pacuérer mponsso-
nuau ¢ momotibio nporpammbl Microsoft Office
Excel.

PGSYJIBTaTBI nccaeaoBanmsa

Jlammpie, monryuennubie TPW M3YUCHUN
Brustanst [TAB u CMC na dpopmupoBanme BIIT
mrammoM A. calcoaceticus BRIIM B-10353, mipep-
crasiensl B Tabaume 1.

JHlopenuncynbdar Harpuss okaszal cTuMy-
aupylolee AeiicTBUe Ha WHTEHCUBHOCTH 00Opa-
sosanus BII mrrammom A. calcoaceticus BRITM
B-10353 B kounenrpamnusax 0,005% u 0,01%.
B puanasone kounenrparuii or 0,05% mo 0,5%
BBIsIBJIeHO TIofiaBeHe obpasoanus Bl u cuu-
JREHUEe KOJMYeCTBA HUBBIX KJICTOK.

Beposrro, mpn BO3eicTBUN HU3KNX KOH-
menTpanuit gopenmacynbdara marpus (0,005%
n 0,01%) ysennuenune 6uomaccor BII saBasercs
nposigiienneM 3amuTHBIX Gyarmnii. Tak kar
KOJINYECTBO JKUBLIX KJICTOK IIPU DTOM OCTAéTCsI
Ha YPOBHE MOJIOKUTENBHOTO KOHTPOJIS, MOMK-
HO TPEATONIOKNTL, UTO yBeJudYeHmne ooIeil
OmomMacchl CBA3AHO ¢ yBeJIWUeHeM OMOMACCHI
sr3omoanmMepuoro marpukca BIl. OrcyrcrBue
e popmupoBanus BII B KoHIleHTpanusax or
0,05% mo 0,5%, BeposATHO, CBA3AHO ¢ BHICOKOI
MTPOTUBOMUKPOOHOIT AKTUBHOCTHIO OMCTIIICYITh-
(ara marpusi. CoryiacHO TUTEpPaTyPHBIM JJAHHBIM,
MUHIMATbLHAS THTHONPYIONias KOHIeHTPATII
popernuiicyabgara HaATPUS s TaMMoB Fsch-
erichia coli NCTC 10418, Bacillus subtilis NCTC
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Ta6auma 1 / Table 1

Brusinue nccsieoBaHHBIX ITOBEPXHOCTHO-AKTUBHBIX BEII[ECTB U CHTETHYECKIX MOIOTIIX CPEJICTB
na (popmuposanue ouoriéuku mrammom A. calcoaceticus BRITM B-10353
Influence of the investigated surface-active substances and synthetic detergents
on biofilm formation by the Acinetobacter calcoaceticus VKPM B-10353 strain

Bemecrso Rownmenrparus | Unrermcusnocts obpazoBanms WNurencusnoctn
Compound Concentration ouornérm (%) dbaryopectentm (%)
Intensity of biofilm formation (%) | Fluorescence intensity (%)
Jlopenuncynbdar narpus 0,001% 105,33 135,91
Sodium dodecyl sulfate 0,005% 387,57 69,71
0,01% 347,34% 117,86
0,05% 0,00* 0,00*
0,1% 0,00* 10,81*
0,5% 0,00* 2,00*
[Mammynnb 0,001% 134,83 06,66*
Yucroren « Msarkmii» 0,005% 139,33 54,07
Shampoo . 0,01% 311,24% 50,54
Chistotel “Myagkiy 0.05% 785.39% 60.75
0,1% 268,54* 99,85
0,5% 316,85% 101,10
Jlaypuiacaprosumar narpus 0,001% 60,84* 95,74
Sodium lauroyl sarcosinate 0,005% 52,80% 105,28
0,01% 79,37 103,48
0,05% 243,01* 177,37%
0,1% 21,68* 0,00*
0,5% 120,63 207,28*
RKpewm-mbiio Ecolab 0,001% 81,90* 60,44%*
Cream-soap Ecolab 0,005% 82,33% 52,25%
0,01% 81,47* 34,93%
0,05% 67,24%* 0,00*
0,1% 21,12%* 8,60*
0,5% 13,79* 23,85%

Ilpunewanue: * — pasauius cmamucmuiecku snawumvt npu p < 0,05.

Note: * — the differences are significant at p <0.05.

10400 n Staphylococcus aureus ATCC 9144
cocrasistaa 0,2%, nua mramma Pseudomonas
aeruginosa PAO1 — 1% [14]. UsBecrna tarsxe
AHTHONOTIGHOUHAS AaKTUBHOCTH AOMACIIIICYIh-
(¢ara nmarpnsa no ornomennio k bIl mramma
Staphylococcus aureus [15].

[Hammyas Ymeroresa « MATKIIT» 115 MIEHKOB
1 KOTAT — CHUHTETHYECKOE MOIOIIee CPeJICTBO Ha
ocuoge pofenmicynbdara narpus. [lannoe CMC
crumysupoBaio obpazopanue bBIl mrammom
A. calcoaceticus BRIIM B-10353 B puanasone
rkourenrpanuii 0,01-0,5%. ITpu srom anis B
rkourenrpanuu 0,001% ormeueno crarucruye-
CRIT 3HAUYNMOE CHUKEHNE TUCTeHHOCTN JKIBHIX
KJIETOK — MHTEHCUBHOCTH (PAyopecieHinm
HIKE 3HaYCHI TOMOKATEILHOTO KOHTPOII Ha
43,34%. MosKHO TPeIoN0KUTEL, YT0, Kak 1 B
caydae ¢ YHCTBIM TOIMICYIh(aToM HaTpus,

yBenmuerne 6momacent BII mpouexopur rarske
3a CUET yBeJMUYeHUsI CUHTe32 KOMIIOHEHTOB HK-
3onosiumMepHoro matpurca. [Tomumo aroro, rakoii
KOJIOCCAJIBHBII TTPIPOCT OIOMACCHI MOYKET OBITh
obyecaosyer Tem, 910 B cocraBe bIl maxommres
00JIBITIIOE YMCJIO0 MEPTBBIX DaKTepUaTbHbBIX KJe-
ToK. MEpTBBIE KAGTKU MIPAIOT BAYKHYIO POJIbH
B (popmupoBanum crpykTypHoii opranusarun BI1
n MeXaHu3MOB 3ammuThl [16].

Taroit aderT MoKeT TOCTUTATHCS 3a CUET
CUHEePTreTHYecKoro eiiCTBIS BceX KOMITOHEHTOR,
Bxozsux B cocras janHoro CMC. Tak, momumo
poperuacyibdara HaATPUsi, B COCTAB IMIAMITYHSI
BXOJISIT JIMHATPUIT KOKoaMmoalierar, qusTaHo-
JaMUJ KOKOCOBOTO MacJja, SKCTPAKT POMAIIIKH,
obmamaomnii AHTUMIKPOOHLIM TOTeHITHATOM
[17] m nuMoHHAasT KUCTOTA, CITOCOOHAS ITPOSIBJISITh
anTrOaRTepuaNTLHYIo akTuBHOCTH [ 18].
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YMenplnenne KoJM4ecTBa KNBLIX KJICTOK
B MUHUMAJTLHOI 13 CCAe0OBAHHBIX KOHIICHTPA-
it (0,001%) MOsKHO CpaBHUTH € JleiicTBIEM He-
KOTOPBIX aHTHOMOTHKOB, CITOCOOHBIX TTOABJIATD
popmuposanue BII npu HUBKKUX KOHIIEHTpAT|K-
AX, CTUMYJITPOBATH TTPU MOBBITIIEHIN KOHI[CH-
TpaTuy M CHOBA TOAABIATH TIPN AAaTbHEHITeM
yBeJaunueHnn Koumenrpamun [19].

Jlaypuicapkosumnar Hatpusi oKasasa CTH-
myaupyioriee feiictsue Ha gpopmuposanue BIIT
B koumenTparuu 0,05% (WHTEHCHUBHOCTL 00-
pazoBanust BIl cocrasuna 243,01%). B aroit
KOHTIeHTparnn, a rakske B kourenrparun 0,5%
HAOJI0/IAJIOCh YBEJIMUYEHNE KOJTNYECTBA JKUBbHIX
RJAGTOK M WHTEHCUBHOCTU (PJIIYOPECIEHITNN Ha
77,37% un 107,28% Bblire 3HAUEHUIT ITOJOMKI-
TeJTHLHOTO KOHTPOJIS, COOTBETCTBEHHO.

Wurubupytorniuii apert nmokazan B KOHIEH-
rpanusax 0,001%:;0,005% u 0,1%. Makcumanbaoe
MHTHOMPYIOTee BO3MeHCTBIE 3aPeTICTPIPOBATO
B koumenrparuu 0,1%, mpu Koropoit nHTEH-
cusrocTh oopasosanusa BIl cocrasmra 21,68%.
KosmuecTBO JKMBHIX KICTOK TAKKe CHIKAIOCH
[PU BO3JEICTBIN JIAYPUICAPKO3MHATA B KOHIICH-
rparun 0,1% — unrencuBHOCTL (DIyOpECIeH NN
He MMeeT CTaTHCTHYeCKN 3HAUYMMbIX Pa3JIndnii
CO BHAYEHUSAMU OTPUTIATEIHLHOTO KOHTPOJIS.
B nureparype coobGiaercsi 06 aHTUMUKPOOHOI
AKTHUBHOCTH CAPKO3MHATOB LPOTUB S. aureus,
E. coli, P. aeruginosa |20].

Jercroe kpem-mbuio Ecolab «0 mecsiiie +» —
CUHTETHYECKOE MOIOIIee CPecTBO HAa OCHOBE
gaypuicaprosunara Harpus. [lannoe CMC
OKa3aJio TofIaB/sIoniee qeiicTBie Ha NWHTeHCUB-
nocth oopasosanust BI1 Bo Becex ncciemoBanibIx
KOHI[CHTPATMAX, TPUUYEM MAaKCUMAaIbHBIT MH-
rubupyomunii ddexT mokazan B KOHIEHTpa-
muu 0,0% — wnrencusuocth oopaszosanus BII
cocrapmia 13,79%. Jlannoe KpemM-MbLIO TaKKe
CHUBUJIO0 KOJUYECTBO JKUBBIX KJieToK B BII BO
BCEX UCCTCIOBAHHBIX KOHI[@HTPATIHAX.

Pasnuma B feficTBum maypuicapro3muara
marpussi 1 CMC ma ero ocrnose, BeposTHO, 00y-
CJIOBJIEHA TIPUCYTCTBUEM B KpPeM-MbLjie JTOIMO0J-
HUTeILHBIX KOMITOHeHTOB. B cocras manmoro
cpefcTBA BXOAUT KOKAMUOTPOTHIOeTANH,
MaCJIO CJAJIKOT0 MUHIAJS, DKCTPAKT [[BETKOB
KaJIeHTYJ b, DKCTPAKT MaJibBbI, 00aaaiomnme
anTHOaKTePUATLHON aKTUBHOCTHIO [21]. Bee atn
BEIIECTBA B COBOKYITHOCTI MOTYT 0OYCJIOBINBATEH
GaxrepuIUIHbIN 3(POEKT TeTCKOro KpeM-Mblia.

Sariaouenue

Tawxmm oopasom, nceaenosanmnie [TAB 1 CMC
IoKasaJjm pasjimutoe sieiicrsue Ha paspurie BII,

ROTOpOE, B TOM YHCJIe, 3aBUCEJIO U OT BHOCUMBIX
KOHIIeHTpAINii TaHHbIX BerriecTs. | [pakrinuecku Bce
u3 uccaepoBanubix [TABu CMC (kpome mamiyHst
Yucroren « MATKmit» ) ¢1I1ocoOHBI TIOJIABIATH Pas-
sutre BIT MmuHuMyM B 0jiHOIT 13 MCCTeOBAHHBIX
KOHIIEHTPAIINII, 4TO SIBJSIETCS IIPEUMYIEeCTBOM
1pu MPpUMEHEeHUN UX 110 HaszHaveHmio. OqHaKko
Oojiee HU3KME MCCACIOBAHHbBIE KOHII@HTPAIIIT
obsiajiator crumyanpyionum spderrom (Kpome
mercroro kKpem-Mbiia Kcolab «0 mecsten +»),
4TO MOYKET MPUBOJNTH K O1oodpacTanmio KaHa-
JIU3ANMOHHBIX TPYO M OUNCTHBIX COOPYIKEHNIA.

Honenuncynwdar varpus sipasiercs ad-
(GeRTHBHBIM aHTUOMOTIIEHOUHBIM areHTOM —
B koutenTpanusax 0,05-0,5% on mosHOCTHIO 110-
nasysier pazsurue BIT mrammom A. calcoacelicus
BRIIM B-10353.

Onmaro me caemyer cyanTh 00 antnbarre-
pUaNbHOI/aHTUONOIIIEHOYHON aKTUBHOCTH
mo peiictBuio guinh oxmnoro ITAB, Bxomgsiero
B coctaB CMC, Tak Kar GOJABITYIO POJIL MOTYT
UTPaTh CHHEepreTHYecKkme n maTep@epeHmonubie
B3aNUMOJIeCTBYS BCEX KOMITOHEHTOR CPEJICTRA.

Hccaedosanue svinoaneno npu gunamncosoil
noddepicre Munucmepcmea Hayku u 8slcuLe2o oopa-
306anus PO ¢ pamkax zocydapcmeennozo 3adanus
6 ciiepe nayunoii deameavrocmu Ne 0852-2020-
0029 u epanma Ilpesudenma P® (epanm Ne HIII-
2511.2020.11).

Funding: Research was financially supported
by the Ministry of Science and Higher Education
of the Russian Federation in the framework of
State assignment No. 0852-2020-0029 in the field
of scienlific aclivily, and President of Russian
Federation (grant No. NSh-2511.2020.11).

References

1. Lange K.R. Surfactants: a practical Handbook.
Munich: Hanser Publishers, 1999. 237 p.

2. Kogawa A.C., Cernic B.G., do Couto L.G.D., Salga-
do H.R.N. Synthetic detergents: 100 years of his-
tory // Saudi Pharmaceutical Journal. 2017. V. 25. No. 6.
P. 934-938. doi: 10.1016/j.jsps.2017.02.006

3. Domracheva L.1., Simakova V.S. Reactions of pro-
and eukaryotic microorganisms to the action of synthetic
surfactants (review) // Theoretical and Applied Ecology.
2018. No. 1. P. 5—17 (in Russian). doi: 10.25750/1995-
4301-2018-1-005-017

4. Flemming H.C., Wuertz S. Bacteria and archaea on
Earth and their abundance in biofilms // Nature Reviews
Microbiology. 2019. V. 17. No. 4. P. 247-260. doi: 10.1038/
s41579-019-0158-9

5.Yin W. Yin W., Wang Y., Liu L., He J. Biofilms: the
microbial “protective clothing” in extreme environments //

Teoperuueckast u npurnagnas sroaorusi. 2020. Ne 3 / Theoretical and Applied Ecology. 2020. No. 3



XNUMUA IMMTPUPOHBIX CPE/L N1 OB'BERTOB

International Journal of Molecular Sciences. 2019. V. 20.
No. 14. P. 3423. doi: 10.3390/ijms20143423

6. Nillian E., Melinda S., Vincent M., Bilung L. Ef-
ficiency of detergents against microbial biofilm growth in
Kuching, Sarawak // Clinical Microbiology: Open Access.
2016. V. 5. P. 1-4. doi: 10.4172/2327-5073.1000263

7. Simoes M., Simoes L.C., Pereira M.O., Vieira M.J.
Sodium dodecyl sulfate allows the persistence and recovery
of biofilms of Pseudomonas fluorescens formed under differ-
ent hydrodynamic conditions // Biofouling. 2008. V. 24.
No. 1. P. 35-44. doi: 10.1080/08927010701730311

8. Surfactants in Cosmetics / Eds. M.M. Rieger,
L.D. Rhein. NY: Marcel Dekker Inc, 2017. 658 p.

9. Sambrook J., Fritsch E.F., Maniatis T. Molecular
cloning: a laboratory manual. NY: Cold Spring Habor
Laboratory Press, 1982. 479 p.

10. Gildebrant A.V., Kushnareva D.N., Kaplina A.V.,
Mozgovaya A.l., Sazykin [.S., Sazykina M.A. The Effect
of Pollutants on the Intensity of Biofilm Formation by the
Strain Vibrio aquamarinus VKPM B-11245 // lzvestiya of
Saratov University. New Series. Series: Chemistry. Biol-
ogy. Ecology.2019. V. 19. No. 1. P.103—111 (in Russian).
doi: 10.18500,/1816-9775-2019-19-1-103-111

11. Salari S., Seddighi N.S., Almani P.G.N. Evalu-
ation of biofilm formation ability in different Candida
strains and anti-biofilm effects of Fe,O,-NPs compared
with Fluconazole: an in vitro study // Journal de Mycolo-
gie Medicale. 2018. V. 28. No. 1. P. 23-28. doi: 10.1016/j.
mycmed.2018.02.007

12. Peeters E., Nelis H.J., Coenye T. Comparison of
multiple methods for quantification of microbial biofilms
grown in microtiter plates // Journal of Microbiological
Methods. 2008. V. 72. No. 2. P. 157-165. doi: 10.1016/j.
mimet.2007.11.010

13. Lakin G.F. Biometry. Moskva: Vysshaya Shkola,
1990. 351 p. (in Russian).

14. Diaz De Rienzo M.A., Stevenson P., Marchant R.,
Banat .M. Antibacterial properties of biosurfactants
against selected Gram-positive and-negative bacteria //
FEMS Microbiology Letters. 2016. V. 363. No. 2. P. fnv224.
doi: 10.1093 /femsle/fnv224

15. Shen Y., Li P., Chen X., Zou Y., Li H., Yuan G.,
Hu H. Activity of sodium lauryl sulfate, rhamnolipids, and
N-acetylcysteine against biofilms of five common patho-
gens // Microbial Drug Resistance. 2020. V. 26. No. 3.
P. 290-299. doi: 10.1089/mdr.2018.0385

16. Asally M., Kittisopikul M., Rué P., Du Y., Hu Z.,
Cagatay T., Robinson A.B., Lu H., Garcia-Ojalvo J.,
Stiel G.M. Localized cell death focuses mechanical forces
during 3D patterning in a biofilm // Proceedings of the
National Academy of Sciences. 2012. V. 109. No. 46.
P. 18891-18896. doi: 10.1073/pnas.1212429109

17. Abdalla R.M., Abdelgadir A.E. Antibacterial activ-
ity and phytochemical constituents of Cinnamomum verum
and Matricaria chamomilla from Sudan // Bio Bulletin.
2016. V. 2. No. 2. P.8-12.

18. In Y.W. Kim J.J., Kim H.J., Oh S.W. Antimicrobial
activities of acetic acid, citric acid and lactic acid against
Shigella species // Journal of Food Safety. 2013. V. 33.
No. 1. P. 79-85. doi: 10.1111/js.12025

19. Kaplan J.B. Antibiotic-induced biofilm forma-
tion // The International Journal of Artificial Organs.
2011.V.34. No. 9. P. 737-751. doi: 10.5301/ija0.5000027.

20. Yapar S., Ates M., Ozdemir G. Preparation and
characterization of sodium lauroyl sarcosinate adsorbed on
cetylpyridinium-montmorillonite as a possible antibacte-
rial agent // Applied Clay Science. 2017. V. 150. P. 16-22.
doi: 10.1016/j.clay.2017.08.025

21. Alizadeh F., Khodavandi A., Faraji F.S. Malva
sylvestris inhibits Candida albicans biofilm formation //
Journal of Herbmed Pharmacology. 2017. V. 6. No. 2.
P. 62-68.

7

Teopernueckasi n npuriagnas sroaorust. 2020. Ne 3 / Theoretical and Applied Ecology. 2020. No. 3




XuMuA nNMPNPOIHLIX CPE/I 1 OB'BERTOB

doi: 10.25750/1995-4301-2020-3-058-065

Metal and metalloid contents in lichens
from specially protected conservation areas

© 2020. A. F. Meysurova

A. A. Notov e, 0000-0001-7220-2611

Tver State University,
33, Zhelyabova St., Tver, Russia, 170100,
e-mail: alexandrauraz@mail.ru

ORCID: 0000-0002-3885-375X?

The aim of this work is to evaluate the heavy metal and metalloids contents in indicator lichens inside two nature
reserves situated within the Tver region that has a complex infrastructure and large number of industrial zones. Induc-
tively-coupled plasma atomic emission spectral analysis is used to test for the gross and average ratio of 17 metals and
metalloids (Al, As, Cd, Co, Cr, Cu, Ge, Fe, Mn, Mo, Ni, Pb, Sb, Sn, Ti, V, Zn) in Hypogymnia physodes lichen samples.
The average content of the most elements identified in samples from Zavidovo National Park (ZNP) is higher than in
the samples from Central Forest State Nature Biosphere Reserve (CFSNBR). There are such metals as titanium, cop-
per, arsenic, cobalt, molybdenum, and tin among them. Differences are the result of different levels and regimens of air
moisture saturation, localization of working production plants, degree of anthropogenic transformation of the territory.
Spatial distribution of areas with much higher metal concentrations on reserve territory is resulted apparently from
variation in air humidity to large extent. In ZNP addiction between qualitative and quantitative metal impact is defined
more clearly by level and character of artificial territory transformation. Moreover, in ZNP wide marshy and forest areas
in valley on the Lob’ river were identified, which have conservation importance as they are characterized by lack or very
low concentrations of many metals. So it would be useful to take advantage while zoning and correction of regimes.

Keywords: biomonitoring, heavy metals, epiphytic lichens, baseline monitoring, pollution, conservation area.
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Conepskanue MeTa/lJIOB 1 METAJJIOUIOB B JIMIIAITHNKAX Ha 0000
OXpaHseMbIX IIPUPOIHBIX TEPPUTOPHSIX (PeaepasbHOT0 3HAYCHIS
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[enb parnoit paboThl — OLEHKA COJlePsKAH IS METAJITIOB 1 METAIIIIONIOB B MH/MKATOPHBIX JIMIIATHIKAX B TIpejiesiaX JIBYX
HPUPOJIHBIX PE3ePBATOB, PACIIONOKEHHBIX Ha Teppuropnn TBepekoil obmacTit, ROTOpas NMeeT CIOKIYI0 NHPPACTPYRTYPY 1
60Jlbl_l_lOe YUCJ0 ITPOMBITIJICHHbIX 30H. C 1TOMOII IO ATOMHO-9MUCCUOHHOTO CIIEKTPAJILHOIO aHaJIn3a ¢ UHILYYRTUBHO CBSIBAHHOI
mwiazmoii (AJC-UCI-anamus) B obpasuax Hypogymnia physodes, codpanibix B Llenrpanbio-Jlecnom rocymaperserom mpu-
porrom 6uocdeprom sanosernre (LIJITTIB3) n mammonansiom mapre (HII) «3aBumoBo» 6bis1o otipeiesierio BaoBoe u cpejiiee
copepskanne 17 merannos u merasionjios (Al, As, Cd, Co, Cr, Cu, Ge, Fe, Mn, Mo, Ni, Ph, Sh, Sn, Ti, V, Zn). Cpepitee coiepsra-
Hue OOTBITUHCTBA BBISBICHHBIX siemenToB B ipodax n3 HII «3asumoso» Borie, uem B ipobax uz LIJIT'TIB3. Cpepn nux rakue
MeTAJI/IbI, KAK THTAH, MeJlb, MBIIIbAK, KOOAIIBT, MOJINOeH 11 0710B0. Pasunia B 3HaueHnsax KOHIeHTpaliiii 00ycaoBIeHa mpeskie
BCETo pasInyusiMu B JTaH/AIIAQTHOI CTPYKTYpe 1 yPOBHE aHTPOIIOreHHOTo Bosielictust. [ Ipocrpancrserntoe pacupeyenenie 300
¢ 60J1e€ BHICOKMMU KOHIIEHTPATISAMI METAII/IOB HA TEPPUTOPII BATTOBE/IHITKA 00YCJIOBIEHO, TI0-BUMMOMY, B O0JIbIIEN cTelleHn
pasIMunAMN B pe;RMax iraroodecrevennoct sosayxa. B HIT «3asujoBo» 6onee 46TRO BHIABIACTCA 3aBUCHMOCTS KQ4eCTBEH-
HOIro 1 ROJIMYECTBEHHOTO CoJIepraHnA MeTaJ/lJIOB OT YPOBHSA 1 XapaRrTepa aHTpOl[Ol‘eHHOﬂ TpaHCq)OpMaLLMM TeppuTropuun. HpOMe
toro, B HII «3aBujioBo» BhisiiieHbl 001TPHBIE HOTOTHBIE 1 JIECHBIE MACCHBBI B losinHe P. Jlobu, kKoropeie nmetor 6ydeproe n
HPUPOIOXPAHHOE 3HAUEHIIE, TTOCKOIBKY XapaKTepu3yIoiiecs OTCYTCTBIEM W 04eHb HU3KNMI KOHIIEHTPAIMAMI MHOTIX
MeTaJlJI0B. L[euecooGpa.?no X NCIHOJIb30BATH 1TPU 30HUPOBAHUN 1 KOPPEKTUPOBRE PEHHUMOB.

B nenom, mokasarenn cojiep;RaHus MeTalJIOB He TIPEBbIINIAI0T HOPMaTHBHBIE 1 BbISIB/IEHHbIE paHee B perioHe 3Haye-
HUA, 4TO TTO3BOJINIO YCTAHOBUTH NHTEPBATBI (POHOBOTO COJIEPIKAHIA METAIIIIOB I META/JION/IOB B TAJJIOMAX JTUIIAITHITKOB
nuist Teeperoit obacTi 1 PUTPaHUYHBIX TePPUTOPUIL.

Kawueeste caosa: GoOMOHUTOPIHT, TSKENbIE METAIIBI, 1IN UTHBIE TUITATHIKI, POHOBBIIT MOHUTOPUHT, 3arpsi3He-
HUe, 0c000 OXpaHseMble IPIPOJIHbIE TEPPUTOPIHT.
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Metals and metalloids are widespread pol-
lutants [1]. However, not for all elements of
this group the normative values of the content
in living objects were revealed. It is relevant to
assess the content of metals and metalloids in
epiphytic lichens, which are good indicators of
the state of the atmosphere [1-4]. To determine
the background values, mostly interesting are
the territories of protected areas al the federal
level, in which some toxicants may appear be-
cause of fires or cross-border transport. Tver
region is a convenient model region. It has a
complex economic infrastructure, but compared
with other regions of Central Russia, forests here
are better preserved.

The goal of the present work is to evaluate
the metal content in indicator lichens from the
Central Forest State Nature Biosphere Reserve
(CFSNBR) and Zavidovo National Park (ZNP)
using inductively-coupled plasma atomic emis-
sion spectral (ICP-AES) analysis. The aims of
the study included: 1) defining collection sites
(CS) in the conservation areas (CAs); 2) evalu-
ating metal concentration using the ICP-AES
method; 3) referencing data obtained to cartog-
raphy and geo-information systems; 4) identify-
ing baseline ranges for metals in the Tver region.

Materials and methods

Research was conducted in years 2015—
2016. The lichen Hypogymnia physodes (1..) Nyl.,
which is broadly distributed and moderately
tolerant to pollution, was used as the specimen.
Many researchers have noted that this lichen
species is an active metal accumulator. Speci-
mens were collected in CFSNBR and ZNP (see
Table 1). Both territories are quite large [1]. Old-
growth forest communities with characteristic
structures, compositions, and a complex of rare
and vulnerable biodiversity components were
preserved in the CFSNBR [1]. The reserve is
situated in the western part of the Tver region
and occupies three districts. ZNP is situated in
the Tver and Moscow regions, within the Upper
Volga lowlands. CFSNBR is very far from large
sources of pollution. Territories that are adjacent
to ZNP contain large industrial plants.

There were 17 collection sites (CS) on the
territories of both the investigated conservation
areas (CA): 10 in CFSNBR and 7 in ZNP (see
Table 1). Ten lichen specimens were collected
from each CS for a total of 170 specimens.

The collected lichen specimens were
analyzed by ICP-AES in the laboratory. Metal
contents were determined using an iCAP

6300 Duo spectrometer (Thermo Scientific,
USA). Results were processed statistically
according to statistics methods. The result-
ing metal concentrations were compared with
various regulatory values, because Maximum
Allowed Concentrations (MAC) values for
toxic elements in lichens are not available. The
world-average baseline element contents for
H. physodes are given only for a few metals.
Their absolute values typically vary widely [5—
6]. Results for lichens are sometimes compared
with the Approximate Allowed Concentrations
(AAC) and MAC for metals in the soil [1, 7,
8]. We compared our results with the existing
MAC and AAC values in the soil. The elemental
concentrations found for several elements were
compared with the gross concentrations in
lichens for ecologically clean areas if the AAC
(MAC) were unavailable [9].

Results and discussion

The 1CP-AES detected 17 metals in the
H. physodes specimens from the investigated CA —
Al, As, Cd, Co, Cr, Cu, Ge, Fe, Mn, Mo, Ni, Pb,
Sh, Sn, Ti, V, Zn. 14 metals were shared by both
of the investigated territories. Specimens from
CFSNBR (CS 1-10) contained 16 metals (Cr
being the exception), and ZNP specimens (CS
11-17) contained only 15, Ge and Sn being ab-
sent (Table 2). The concentrations of the metals
detecled in lichens varied over different ranges.
The metal contents were grouped depending on
their absolute contents in the specimens. The
groups identified were the following: elements
with increased concentrations (Al, Fe, Mn, Zn,
V); moderate concentrations (Cu, Ni, Ph, Ti);
low concentrations (As, Co, Cd, Sn, Mo); and
very low concentration (Ge, Sh, Cr).

Evenin high concentrations metals from the
firstgroup (Mn, Fe, Al, V, Zn) are not necessarily
toxic for lichens. Mn, Fe and Al were found in
specimens from all CS (1-17), V and Zn only
in specimens from CS 1-13 (Table 2, 3). The
analysis of metal concentrations from the first
group revealed that the average concentration
of most elements (Fe, Mn and V), except for Zn,
were below the AAC (Fig. 1, Table 2). Average
concentrations of Fe and Mn also do not exceed
world baseline values for H. physodes. The aver-
age concentration of Zn in specimens from the
investigated CA (CS 1-17) is equal to the AAC,
which is 110 mg/kg (Table 2). There are differ-
ences in the average concentrations of Zn in the
samples: CFSNBR has 105.3 mg/kg, ZNP has
125.7 mg/kg.

2Y
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Table 1

Characteristics of Hypogymnia physodes collection sites in CAs studied

No. ‘ CS location ‘

Plant type ‘ Additional characteristics

Central Forest State Nature Biosphere Reserve

1 | Quad. 38/56 (Severnoe)* T**

Old-growth black alder

Next to Katin Mokh swamp

2 | Quad. 38/39/56/57(Severnoe) T
3 | Quad. 26/27 (Severnoe) T Old-growth black alder, Next to Tyud’ma River
spruce
4 Old-growth aspen and spruce | Next to Tyud’ma River, within
5 the 1999 fire area [1]
6 | Quad. 28 (Severnoe) T Spruce
7 | Quad. 28/29 (Severnoe) T Spruce with maple within the 1999 fire area
8 | Quad. 28 (Severnoe) T
9 | Quad. 29 (Severnoe) T Old-growth spruce Next to Tyud’ma River,

10 | Quad. 30 (Severnoe) T

Old-growth spruce

within the 1999 fire area

Zavidovo National Park

11 | Quad. 18 (Sokol’skoe) T

Spruce with birch, signs of
damage by eight-dentated
bark beetle

Next to Kozlovo township,
highway Novozavidoskiy-
Kozlovo-Kuryanovo-
Turginovo and healing cut-
over area

12 | Quad. 200 (Sokol’skoe) T

Pines and birch

Next to the Dmitrovo and

13 | Quad. 181/182/199 (Sokol’skoe) T

Spruce with birch

Bortnitsy villages and healing
cul-over area

14 | Quad. 122
(Aleksandrovskoe) M

Damp, at times swamped
spruce forest with alder and
birch trees

Near the Sheverikha village,
there are large woodlands and
swamps

15 | Quad. 130 (Turginovskoe) T

Spruce with aspen and birch

Surrounded by large

16 | Quad. 8/22 (Osheykinskoe) M

17 | Quad. 21/22 (Osheykinskoe) M

Spruce with birch

woodlands and swamps, no
residential areas in the vicinity

Note: * — name of the forest district; ¥* T — Tver region; M — Moscow region.

The average concentration of Al in samples
from the CA was 398.5 mg/kg: CFSNBR —
394.4 mg/kg, ZNP — 404.27 mg/kg. The AAC
(or MAC) values for Al have not been defined.
Also, information on the world-average baseline
values for this lichen is lacking. We found in the
literature one mention of Al content in fruticose
lichens from Karelia as 120—-850 mg/kg with an
average of 243 mg/kg [9]. This data indicated
that the average Al content in lichens from CF-
SNBR and ZNP can be considered as baseline.

Gross concentrations of the analyzed ele-
ments (Al, Fe, Mn, Zn, V) in the lichen samples
from separate CS varied widely, especially in
lichen samples from CFSNBR. For example,
the gross concentration of Fe (from 62.4
to 1921.5 mg/kg) and Mn (from 136.8 to
1531.5 mg/kg) varies significantly. Further-
more, gross concentrations of Zn, Fe and Mn
from individual CS of investigated CA exceed
corresponding AAC values (see Table 2). Gross
concentrations of Zn most often exceeded AAC
values — CS 2,4, 8,9 (CFSNBR) and CS 11,13

(ZNP). Gross concentrations of Fe and Mn in the
samples exceeded the AAC in isolated instances
(for Fe — CS 7, for Mn — CS 2).

A definite correlation between the elemental
contents and the area of forest fires in the 1990s [1]
in CFSNBR or the vicinity of residential districts
in ZNP could not be found by comparing data
for the gross elemental concentrations in lichens
from the studied CS. Forexample, in CFSNBR the
maximum gross concentration of V was found for
CS 2, which was far removed from the area of forest
fires, whereas the minimum gross concentrations
of V were observed at CS 6 and 7, which lay in the
area completely burned by the fire.

The contents of the second group of metals
(Cu, Ni, Pb, Ti) in H. physodes from the CA
were significantly lower than those of the first
group of metals (Fig. 1, Table 2). The majority
of these elements are not seen in all samples.
For example, Cu was found in samples from all
CS, whereas the rest of the metals (Pb, Ti, Ni)
were found only in samples from CS 1-13 (in
CFSNBR -in CS1-10,in ZNP —in CS11-13).
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Fig. 1. Values of average element concentrations in the first (a)
and second (b) groups in samples of H. physodes from investigated CA
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Fig. 2. Average concentration values for elements of the
third group in samples of Hypogymnia physodes from studied CA

The average concentrations of Cu, Pb and
Ni in samples from investigated CA do not ex-
ceed AAC values or the known world-average
baseline values of these elements in H. physodes
(Table 2). However, it is worth keeping in mind
that the average concentrations of these metals
in lichens from ZNP are significantly higher
than in lichens from CFSNBR. In studied CA
the average concentration of Ti is 18.3 mg/kg:
16.1 mg/kg in CFSNBR and 25.8 mg/kg in
ZNP, which is 1.4 time higher. The AAC (or
MAC) values for Ti have not been determined.
However, the average content of Ti in H. phy-
sodes at the air baseline concentration is known
to be 20 mg/kg. Furthermore, there is published

information on the content of this element
in biota (0.2-80.00 mg/kg) [11]. Therefore,
the observed average Ti content in CFSNBR
lichens can be considered as the baseline.

The analysis of gross concentrations of
metals from the second group showed no corre-
lation between gross concentrations and points
of collection or localization of areas damaged by
fires in samples from CFSNBR [1]. However, in
samples from ZNP, high gross concentrations of
Cu were seen in CS (GS 11-14) that were in the
vicinity of residential areas. Pb, Ti and Ni were
found only in samples from CS 11-13.

The third group of metals is comprised of
toxic metals (As, Co, Cd, Sn, Mo, Sh, Cr, Ge)
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that have very low concentrations in lichens. The
normative values for these metals (AAC, MAC,
world-average baseline values) are also very low.
Metals from this group were found in samples
from very few CS. The most common metals
found were As, Cd, Sn, Co, Mo and Sb, while Cr
and Ge were found in isolated instances (Fig. 2,
Table 2). The general amounts of elements from
that group found in samples from both CA were
different. Whereas the majority of elements were
found in all CS from CFSNBR (Co, Sn, Sb, As,
Mo, Cd), samples from the majority of CS from
ZNP (CS 13-17) lack these elements. It should
be noted that CS 13—17 are far away from water
passages and large residential areas.

Average values of some metals from this
group in samples from CA were higher than the
known normative characteristics: in samples
from CFSNBR these metals are Cd, Sn and Sb;
in samples from ZNP itis the average value of As
(Table 2). Samples from ZNP contain 1.2 times
the average AAC (which is 5 mg/kg for As); in
samples from CFSNBR the average contents of
Cd are only insignificantly higher than the norm
(AAC for Cd is 1 mg/kg) — 1.0 mg/kg. If this
value is compared to the average world values
for Cd, which vary greatly in the range from 1 to
30 mg/kg, we may consider this concentration to
be baseline. There are no AAC values for Sn and
Sh, the average values for these elements were
compared to MAC values: the MAC was exceeded
by 1.5 times (6.4 mg/kg) for Sn and by 2 times
for Sb (8.9 mg/kg).

The average contents of other elements (Co,
Mo, Ge, Cr) in samples do not exceed normative
values. For example, the average concentrations
of Co, Mo and Cr were below MAC values. There
are few published materials about Ge concentra-
tions. The authors did not find world-average
baseline values nor the MAC values for this metal
in lichens. There is data on the MAC values of this
metal in the soil (it is equal to 2 mg/kg) [11].
As a result, it can be assumed that the average
concentration of Ge (0.4 mg/kg), which was
found only in samples from CFSNBR may be
considered as baseline.

Gross concentrations of Sn and Sb exceed
the known normative values in lichen samples
from all CSin CFSNBR. High gross concentra-
tions of these metals in lichens are the result of
the anthropogenic effect. Alloys of Sn, Sb and
some other metals are used as the foundation of
antifriction metals in transport. The machines
used in lumbering or when extinguishing fires
may be the source of increased gross concentra-
tions of these metals in lichen thalli. In samples

from two CS from ZNP (CS 11 and 12) the gross
concentration of Asis above the norm (Table 2).
It is well-known that arsenic (As,0,) is used in
the production of some types of glass for clarifi-
cation purposes [12]. In the Konakovo district
(a large section of which is part of ZNP) glass
production has been established along time ago
and defines the characteristics of this district
[13]. High gross concentrations of this element
in some CS in ZNP are likely to be the result of
transboundary transfer of the emissions of these
plants.

Gross concentrations of other metals do not
exceed normative characteristics found in litera-
ture. A comparison of maximum and minimum
values of gross concentrations did not yield a
correspondence with the localization of CS in
CFSNBR;in ZNP most of the metals were found
in samples from two CS (CS 11, 12) (Table 3).

The values of average metal concentrations
in lichens from CA in the Tver region are compa-
rable to similar values of other CA in the Central
Federal District. Similar studies were conducted
in a Federal Biosphere Natural Reserve “Bryan-
skiy Forest” [13]. Using the data analyzed the
authors were able to predict the possible ranges
(intervals) of baseline values (Table 3).

Thus, 17 elements (Al, As, Cd, Co, Cr, Cu,
Ge, Fe, Mn, Mo, Ni, Ph, Sh, Sn, Ti, V, Zn) were
detected in [. physodes specimens from Federal
CA using ICP-AES. The average concentrations
of the majority of found metals do not exceed the
known normative values (AAC, MAC or world-
average baseline values). Average concentra-
tions of many metals in the samples from ZNP
are higher than from samples from CFSNBR.
Differences between average concentration val-
ues of metals from the second and third group
(Ti, Cu, As, Co, Mo, Sb) were often revealed
(Table 2). In general, the territory of ZNP ap-
peared to be more heterogeneous in terms of the
anthropogenic transformation of ecosystems, the
landscaping and phytocoenotic characteristics.
Alongside areas that are more actively used there
are significant area of forests and swamps in the
Lob’ river valley that are characterized by a lack
of or very low concentrations of many metals.
Our data supports their significance as buffers
and nature preserves. Their localization should
be taking into account in zoning procedures
and in the correction of conditions of nature
management.

There was no clear dependency of metal
concentrations and forest fire localization in
CFSNBR. This connection was found only for
some aerial toxins [1]. The localization of zones
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Table 3

Possible ranges of baseline values for some metals taking into account
the obtained results and literature data

Metals|  Gross conc. of metals Average metal conc., World-average Possible ranges
in CA of the Tver region, mg/kg baseline values, of baseline values
mg/kg mg/kg [6] in Tver region,
min max CFSNBR, | Bryanskiy mg/kg
ZNP forest

Mn 136.8 1531.5 965.2 382,6 10-130 110-650

Fe 62.4 1921.5 9959.5 73191 50-1600 29—645

Al 160.5 634.8 398.5 - - 135-460

7n 72.0 166.0 110.0 89,9 20-500 60—-125

A\ 11.6 112.4 99.5 1.1 - 10-70

Ti 21 30.2 18.3 0,0 - 1,5-20

Pb 7.8 21.9 14.0 28,9 5-100 6,5-16

Cu 6.2 40.4 1.2 40,3 1-50 9,3—13

Ni 0.6 3.8 1.8 23,8 0-5 0-5

As 1.2 71 3.2 1.1 - 1-3,7

Co 0.4 2.5 1.4 0,0 - 0,3-1,6

Cd 0.3 2.0 1.0 - 1-30 0,3-11

Sn 4.5 7.8 6.4 - - 3,7-17,5

Mo 0.2 1.0 0.4 - - 0,1-0,5

Sh 1.8 14.9 7.8 - - 1,5-9

Cr 1.2 1.2 1.2 43,7 0-10 0,1-1,5

Ge 0.2 0.5 0.4 - - 0,2-0,5

Note: ““="" — no measurement dala.

with higher metal concentrations seems to be
the result of moisture saturation conditions of
the air. In ecotypes in the vicinity of flood basins
or large swamps the concentration of metals was
higher. In ZNP there was a clear connection
between the quantitative and qualitative metal
contents and the level of anthropogenic trans-
formation of the territories.

In general, the comparison of data on metal
concentrations in lichens obtained in this study
and literature data (Table 2, 3) allows the au-
thors to consider the revealed concentrations to
be the baseline for the Tver region. In the future,
it would be expedient to increase the array of
investigated metals in these CA and organize
monitoring observations.

Conclusion

Seventeen metals were detected using ICP-
ALES analysisin . physodes thalli from Federal
CA. Gross concentrations of many elements in
samples from ZNP are higher than in samples
from CFSNBR. Among them, there are ele-

ments such as iron, aluminum, zinc, vanadium,
titanium, lead, copper, nickel, arsenic, molyb-
denum. The largest excess of the average content
of elements in the compared territories was found
for molybdenum (3.3 times more), arsenic (2.4 ti-
mes more) and copper (2.2 times more). These
differences are the result of different levels and
regimens of air moisture saturation, localization
of working production plants, levels of anthropo-
genic transformation of the territory. However,
in general the average concentrations of most
of the metals are below the known normative
values, and as such can be considered as baseline
for the Tver region and adjacent territories.
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[lenbio paboThI SABISIETCST HKCIEPUMEHTATHHOE MOETNPOBAHIE B3AMMOJICHCTBIUS ¢ TYMITHOBBIMI KIICJTOTAMI NHOHOB
MBIIIbsIKA, MeJIU, CBUHIIA. AKTYaJIbHOCTD 11 BBIOOP OO'BEKTOB 1CCIe0BAHNS 00YCIOBIEHBI CJ1a001 N3YUeHHOCTHIO KIHETH -
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BO3JIEMCTBIIO, & ¢ JIPYTOIl CTOPOHBI — BJIEMEHTAMI-CITYTHIKAMU 30J10Ta, KOTOPbIE NCITOJIB3YIOTCS B KAUeCTBe NHMKATOPOB
30JI0TOTO OPY/ICHEH ST TIPI TEOXMMITCCKIX TTOMCKAX TI0 BTOPMYHBIM OPEOJTAM PACCESHIIS. IRCITePUMEHT MTPOBOJIICS B
nHTepBaIe KoHIenTpanuii pacrsopos or & ao 100 mkr/cm® n npu remmeparype 298 K. dkcniepuMenTanbHo MOTyYeHHbIE
U30TePMbI aJICOPOINN OIINCAHBI ¢ IOMOIIBIO AMIIPUUYecKoro ypapHenus MOpeiiHpinxa u MoJesn MOHOMOJIEKYJISIPHOIT
amcopormm Jlenrmiopa. IlpoBefién MOEALIBIN 9KCITEPIMEHT MO BAMWSHITIO MOHOB [Fe?' Ha copOIimio momoB 3070Ta, 4T0
AKTYATHHO PU OTIpeieeHnn (POPM HAXOFRACHIIS 30JI0TA B PBHIXIBIX OTIOKEHIAX B HPUCYTCTBUN OKCIJIOB 1 THAPOKCHIOB
srenesa. [lokasamo, 4To yBesmueHme KOHIEHTPALIH JKeJIe3a IPAKTUYCCKH He BT HA KOJIMIeCTBO COPOMPOBAHHLIX HOHOB
30J10Ta B MCCTEGIYEMOM MHTEPBATE KOHIEHTPATII.

Katoueswte caosa: copois, TyMUHOBBIC KUCTOTBI, MBIIBSAK, 30JI0T0, MeJ[b, CBUHEIL.
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The aim of research is experimental modeling of arsenic, copper, and lead ions interaction with humic acids (HAs).
Importance of that study and choice of study subjects is caused by poor knowledge of kinetic properties of heavy metals
and humic substances interaction. Those elements are, on the one hand, common pollutants accumulated in soils under
anthropogenic impact, and on the other hand — satellite elements for gold deposits, which are used as indicators of gold
mineralization in geochemical survey. The experiment was carried out in the range of heavy metals concentrations from
5 to 100 pg/cm? in solution and at temperature of 298 K. The equilibrium concentrations of the elements were determined
by inductively coupled plasma mass spectrometry. The experimental adsorption isotherms are described with the empirical
Freundlich equation and the Langmuir monomolecular adsorption model. It was shown that the Langmuir model adequately
describes the adsorption isotherms of Cu®>" and Pb*" cations in the used concentration range. The sorption equilibrium
constant and the limit adsorption were calculated for these elements. The sorption of arsenic is better described with the
Freundich equation. Apparently, itis characterized by complex character of sorption interactions associated with a possible
polymolecular adsorption mechanism, as well as with the change of form of arsenic in solution. A simulation experiment of
influence of Fe** ions onto the sorption of gold ions was conducted, which is important for determination of gold’s migration
forms in soils with presence of iron oxides and hydroxides. [t was shown that the increase of iron concentration had almost
no effect on the amount of sorbed gold ions in the studied concentration range.

Keywords: sorption, humic acids, arsenic, gold, copper, lead.
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AHTporioreHHast eATeNbHOCTh TPUBOJUT
K U3MEHEHUSM B CTPYKTYype U YHKIMSAX pas-
JUYHBIX TPUPOJTHBIX KOMILIEKCOB: I3MEHSIIOTCST
TEMIThl I HATIPABICHUA MUTPAITUN XUMIYECKUX
DJIEMEHTORB, ITePeMeIatoTcst 30Hbl X HAKOILIe-
Husi u Bbinoca [1-3]. Tssrénnie merananr (TM)
yIKe ceiluac 3aHNMAIOT BTOPOe MEeCTO 10 cTerie-
HU OTIACHOCTU, YCTYHask JUIb MeCTUIumgam un
3aMEeTHO OTIepesKasi TaKue IMIPOKO M3BECTHHIe
3arpsA3HUTENIN, KAK OKCHJIBI Cepbl 1 YIJIeposia.
Sarpsisuenue TM o0ycioBiieHO X MIUPOKUM
npuMeHeHNeM B CeJIbCKOM XO03SHcTBe W MPo-
MBIIJIEHHOM TTpou3BojicTBe. B ¢Bsi3n ¢ Heco-
BEPIIEHHBIMU CUCTEMaMU OUMCTKY TTPOMBITII-
JeHHBIX 0TX0/10B U BuiOpocos, TM momamaior B
OKPYJKAIONILYIO IPUPOJIHYIO CPeJLy, 3arpsi3Hsist u
orpanJsisi eé [4]. TM orHocsaTes K 00060 TOKCHY-
HBIM 3arPA3HAOINNM BellecTBam, HaOJI 0@ HIis
3a KOTOPBIMU 00A3aTeILHBI BO BCEX cpeax [d].
[To pasubiM MpuumHAM OKpY:KAIOIMAs cpeja
OKa3bIBACTCS TEPEeTPYKeHHON COeIIMHeHUIMI
TM. Beaenersue BBICOKOM OMOJIOTHUCCKON ak-
tuBHOCTH MoHoB TM, onu, momagas B mouRy,
BRJIIOUAIOTCS B Pa3HOIl crereHn B OMoJornye-
cruilt Kpyroopor [6]. K nHacrosiemy BpemMenu
HAKOTIJIEHO HEMAJIO JIAHHBIX 0 ¢Bsa3biBannu TM
rymuaoBbiME (I'K) 1 pynbBokucioramu (OK)
[7, 8]. CymectByiomue MOJeJN CBA3BIBAHUS
nounos TM ocHOBaHBI HA B3aUMOECHCTBUN C
O- u N-copepskanumu PyHKRIIMOHATbHBIMI
rpyniamMu, IpuypouYeHHbIMEI K aPOMaTHYECKUM
dparmenram [9, 10]. [Tpu arom Botipoc 06 ad-
(heRTUBHOCTH CBA3BIBAHWS TAKUX TTOJLTIOTAHTOB
ocraércest oTKpbIThiM. Cliabast n3y4yeHHOCTb Kii-
HETHYECKNX XapaKTePUCTUK B3aNMOJIEHCTRIS
nouos TM ¢ I'K obycaoBiupaer akTyaibHOCTD
TEeMbl 1 BBIOOP 00'bEKTOB MCCICOBAHNS.

Yuér n KoamuecTBeHHAS OIEHKA B3aMMO-
melicTBust MOHOB MeTasioB ¢ 'K HeoOxommmb
MpU PerieHn’ He TOJHKO DROTOTUUECKUX, HO
u 1eJIOTO psijia APYTruX 3ajav, CBSI3aHHBIX ¢
n3ydeHnemM Murparum u GopM HaAXOKIEH U X1 -
MUYECKUX DJIEMEHTOB B 00'beKTAX OKPY KAl
cpeabr [11,12].

[Tesnbio paboOTHI SIBJISIOCH TTOCTPOEHME 130-
TepM ajlcopdIm u ornpejie/ieHre Ha UX OCHOBE
COPOIMMOHHON 6MKOCTH T'YMUHOBBIX KUCJIOT TO
OTHOTIIEHUIO K MCCIELyeMbIM DJIEMEHTAM, a TaKiKe
OTeHKA Xapakrepa copOIMOHHBIX TPOTECCOB.

Marepuaibl u MeTOIbI NCCHEIOBAHIIT

Ixcerparnmio I'K nmpoBogmim n3 BO3AyIITHO-
cyxoro obOpasiia mo4yB MyTéM JIBYKpPaTHOI
srcerpakiuu pactsopom 0,1 mons/mv® NaOH
(coornomenne mousa pactsop 1 : 10). [lamee

MEJTOYHOMY DKCTPAKTY [00aBJISIIIN HACHITITeHHBII
pactsop Na,SO, (20% ot 06béma sKeTpaKTa) A1
KOAryJIsAIiy KOJJIOUHBIX YaCTHI] U TeHTPugy-
rupoBasn B Teuernne 1 u mpu 12000 06./mum.
'ymMuHOBBIE KUCAOTHI OCAKIAIN B OUUIIEHHOM
skerpakte gobasnenuem 10%-mnoro pacrBopa
H,S0,, nosoas pH pacrsopa no 2. Ouncrry I'K
MPOBOUIIN INAJIM30M, 3aT€M CYIITUIN [TPU TeM-
neparype 40 °C, pactupaiu B araToBoil CTyTIKe
u npoceuBann yepes curo ¢ d = 0,25 mm.

Jlnst mayuenust copbIium MOHOB 30J10TA,
MbITIbsAKA, Mean n cBunia Ha 'K roroBuin
MCXOMHBIe PACTBOPDI, COJIePIKATIIE MOHBI MeTaJ-
n0B, ¢ kounenrpanusamu: o, 10, 25, 35, 50, 75
n 100 MKr/cm® 13 pacTBOPOB TOCYIaPCTBEHHBIX
craumaprunix odpasios (I'CO), koropwie pas-
basnanu 1 mmonn/am® pacrsopom HNO,. Be-
auunaa pH npurotroBieHHBIX pacTBOPOB OBIIA
B penenax 3,0-3,1. Mexoamsre I'CO nomos Mean
u ceunta (I'CO 7836-2000 u 'CO 7877-2000)
HpUTOTOBJEHBI Ha ocHoBe pacTsopo HNO,,
a I'CO monos As** u Au?** (I'CO 7976-2001 u
I'CO 8429-2003) — na ocnose pacrsopos HCI.
Cepuio n3 cemn CTERJISHHBIX KOJO BMECTUMO-
crpio 100 em? ¢ mpunindoBaHHBIME TPOOKAMI
MOMeIaal B TePMOCTAT, B KajKAYI0 13 KOJIO
BHOCHJIV HABECKY BO3JIYITHO-CYXOTO TIpenapa-
ra 'K 50 mr, gobasisim o 25 ¢cM® pacTBOpoB
TM ¢ mapacramrtieii KOHTEHTPATIIEH OT O 10
100 mrr/cm®. PactBOpbl iepeMeninBaim B Te-
yenue 1 vac na mieiikepe. [locse yecranosnenms
aJicopOIMOHHOTO PABHOBECHUS OTMIEJISIIN B3Be-
MeHHbIe YaCTHTIB OT PACTBOPA TTYTéM (DIITHTPa-
nuu depes Mmemopanubiit puastp «Millipore» ¢
puamerpom rop 0,22 pm. JKcIiepuUMEeHT TPOBO-
aunu pu remmeparype 29 °C B TpéXKpaTHO
MMOBTOPHOCTH.

Onpepesiernne paBHOBECHBIX KOHIICHTPATHIT
nonoB TM B dunprpare npoBoNIN METOOM
MacC-CIEeKTPOMETPUN ¢ WHYKTUBHO CBA3AHHOI
nnasmoii Ha npudope ELAN 6100 DRC.

Yneannyio nadonirounyio ajgcopoiinio I'mboca
PacCUYMTHIBAJIN 110 YPABHEHUIO:

x _(6—¢)V
- )

m m

rjae x/m — KOJAMYecTBO cOPOMPOBAHHBIX
MOHOB MCCTEYEMbIX DJIeMEeHTOB HA eJMHIILY
maccsl 'K, Moatb/1; ¢ — paBHOBecHas MossIpHAsL
KOHIICHTPAIA MOHOB B PACTBOPE MOCJIe COPOIn,
mMoJb/am?; V — 00bém pactBopa, m®.

[Toryuenmbie m3oTepmMbl aIcOPOITIN TEOpe-
TUYECKI MOTYT ObITh ONMCAHBI HA OCHOBE JIBYX
YpaBHEHMIA:

1) smuupuueckoro ypapuenus Dpeiinj-
AMXa, KOTOPpoe OOBIUHO MCIOJb3YIOT JJIs
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HpeCcTaBJeHUsT CPeHeTO YUacTKa N30TePMbl
ajpcoponun [13]:

x/m K 1/n
nJI B JINHEeHo# hopme:
lg(x/m)=1gK, +1/n- lge,

rae K, — koncranta Opeiinjnnxa, Koropas
MpeJicTaBIIsieT co00I KOTMIecTBO aicopONPOBaH-
HOTO BeIecTBa TPy paBHOBECHOT KOHIIEHTpAInN,
paBHoOI equuuie; 1/n — KoHcTanTa, 3HaUeHNe
KOTOPOIi paBHO TIPaBMJIBHOIT IpoOH;

2) MOJeJbHOTO ypaBHEHWSI MOHOMOJIEKY-
JaspHoii ajicopdbrunu Jlenrmiopa, onnuceBaloniero
n30TepMy ajicopOoIn BO BCeM MHTEPBaJIe KOH-
merTparmit [9]:

r/m=Q,, (K, c)/(1+K  c)

NI B TUHEHHOHT dhopme:

¢ /x/m = 1/< sorb Qmax) + (1/Qmax) ’ cp’
rue K

oy, — KOHCTaHTA a,copOIuiL, AM’/MOJIb;
Q. .. — MakcumalabHas copOruoHHas MKOCT,
MOJIB/T.

Pesyabrarel n 00cy:knenme

B nacrosiiiee Bpemsi CyIIiecTBYIOT JiBa OCHOB-
HBIX ITOJIX0/1a K MCCJIe[OBAHIIO B3aNMO/IeCTBI I
nonos Meta/iiioB ¢ 'K B Bojgmoii cpene. [lepsoiii
BAKRITIOUACTCS B MCCJE/OBAHUN B3AUMOJICHCTBUS

MOHOB METAJIIOB ¢ iuciiepcusimu ipenaparos I'K
[8, 9], B cuiry nx KpaiiHe HU3KOI pacCTBOPUMOCTH
B BOJie, WJn ¢ HaTuBHBIM TOpdom [14], BTOpoit —
B MCCJIEIOBAHN T B3AUMOJIeIICTBYSI MOHOB MeTaJI-
JIOB ¢ PACTBOPEHHBIMI I'YMYCOBBIMU BelllecTBAM I
[15]. B mameit pabore mccnemoBanms copormm
MOHOB MeJiN, CBUHIA, MBIIIbsIKA U 30J0TA Ha
nperaparax 'K ObLim ocyrecTBienbl B paMKax
MmepBoToO TMojAXoKa. Pesyabrarsl mpecTaBieHbl
B rabane 1.

[Tpu mocrpoennn naorepm copoIUN NOHOB
TM (puc.) yeTraHoBJIeHO, 4TO U30TEPMbI He
BeIXOAAT Ha myaarto. llonyuennnie manmnbie
CBUJIETEJILCTBYIOT, 4TO KoHTIeHTparus nonos TM
Bakcnepumente (o 100 Mmxr/nm?) Hegocratouna
IS TPeIesILHOT COpOTINT.

Ha ocnose onpenenenuns KodPuimeHTon
JIMHEITHOIT perpeccun ObLIN PacCUNTAHbBI TAPAMeT-
pot ypasuenusi OpeiiHjanxa B auHeiiHoi Gop-
Me 1 TapameTpbl JTuHeliHoi (hOpMbI ypaBHEH WS
MOHOMOJIERYJIAPHOT afcopbiun Jlenrmiopa —
ROHCTAHTHI aicOPOINT MOHOB W UX TpefiesibHast
ajgcopbis B pacuére Ha epuHuny maccohl 'K
(rabs. 2). Bosee Boicokme ROaGUITMEHTH KOP-
PeSIATINI JITIST TTOCTAeIHUX YPABHEHU I TI03BOJISIOT
HaM YTBep/KIaTh, YTO MOJeJbHOE YpaBHEHUE
MOHOMOJIeRYJIsIpHOT amcopbiunm Jlenrmopa
aJIeKBATHO OIMICBHIBAET M30TEPMbl cOPOINN Ka-
tnonos Cu?* u Pb?>" Bo Bceil ob6nactu uceaeno-
BAHHBIX KOHIIEHTPAIIIII. ITOT BADUAHT OTIMCAH ST
M30TePMbI COPOIIT NMEeT ITPeNnMYITeCTBO Mepe/|
ypasuerunem OpeiiHjnxa, KOTopoe HPUMEHNMO
JUIST OPPAHNYEHHOTO MHTePBAIa KOHIeHTPATINI,
1, B HAIIIEM CJIydae, XapakTepu3yercss MeHbIIi -
MU 3HAYEHUSAMEI ROIPPUITHEHTOB KOPPEJIATIIN.

Ta6auma 1 / Table 1

Jamubie no copouuu nonos Cu?t, Ph* u As

Data on the sorption of ions Cu?*, Pb* and As
Pasrosecnas KoHIeHTpaius HoHOB, MMOJIL/iM? RonnuecrBo ajicopdmpoBaHHBIX HOHOB
Equilibrium concentration of ions, mmol/dm? Ha egmaAy Maccol 'K, Mmmons /1

The number of adsorbed ions

per unit mass of HAs, mmol/g
Cu* Pb2* As” Cu* Pb2* As”
0,985 0,387 1,148 0,284 0,583 0,093
0,609 0,273 0,879 0,277 0,527 0,061
0,297 0,164 0,565 0,246 0,431 0,051
0,141 0,098 0,431 0,206 0,330 0,018
0,063 0,058 0,300 0,167 0,237 0,017
0,002 0,014 0,124 0,078 0,075 0,006
0,001 0,004 0,055 0,037 0,024 0,005

Ipumenanue: * — npuso0amesn 3HLALEHUL CYMMAPHOL KOHYenmpayul Lornog As, gopmsl naxoircdenia Komopoeo 6 3a-
GUCUMOCIU OM JJCAOBULL JKCnepumerma mo2ym Obime pasiuuneimu (H,AsO, HAsO,, HAsO, udp.).
Note: * — values of the total concentration of As ions are given, the forms of which can be different depending on the ex-

perimental conditions (HAsO,, HAsO,, HAsO,, elc.).
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—
-=Pb”
-4 Ag

KonuuecTro copOupoBaHHEIX HOHOB Ha equHHLY Macchl I'K, Mmone/r
The number of adsorbed ions per unit mass of HAs, mmol/g

0,6 0.8 1 1,2

PaBHOBECHAA KOHLIEHTPAIIMA HOHOB, MMOJB/ M
Equilibrium concentration of ions, mmol/dm®

Pue. Nsorepmbl copouun nonos Cu®', Ph? u As na 'K
Fig. Sorption isotherms of Cu?*, Pb?* and As ions with HAs

Tadomuma 2 / Table 2

[Mapamerpot copbuuu nonos Cu?t, Ph* u As npenaparamu 'K u kosdppunmentsr koppessuu (r)
Sorption parameters of Cu**, Ph?* and As ions with HAs and correlation coefficients (r)

Non [Tapamerpor ypaBuenus Dpeiirjanxa [Tapamerpsr ypaBHeHUs JIerT™MIOpa
Ton Freundlich equation parameters Langmuir equation parameters
K, 1/n r npeseabHast yiaeabHas KOHCTaHTa r
ascopOIIIsT, MMOJTE /T COpPOIMOHHOTO
maximum specific paBHOBecust
adsorption, mmol /g sorption equilibrium
constant
Cu* | (2,140,10) - 10| 0,273£0,029 | 0,973 0,290+0,008 31000+11000 0,998
Pb* | (190+50) - 103 0,71+0,05 0,989 0,778+0,006 7650+90 0,999
As* (79+29) - 103 1,01+0,13 0,963 —HE - -

Hpumewarnue: * — npueodsames 3HAUCHUS CYMMAPHOU KOHYEHMPAYUL LOoH08 As, dopmbl Haxoimdenus KOMopoeo 6
sasucumocmu om ycaosull skcnepumenma moeym ooimo pasauuioinu (H,AsO,;, HAsO, HAsO, u dp.); ¥* — danneie
: : : 7 AsO,, HAsO,, HAsO, )y 7

omecymemsyrom.

Note: * — values of the total concentration of As ions are given, the forms of which can be different depending on the ex-
perimental conditions (HAsO;, HAsO,, HAsO,, elc.); ** — no dala available.

Rpowme toro, ypaBuenne Jlenrmiopa ciemgyer u3s
OTIPEIeIEHHONM MOJIeJIN ajicopOInn 1 B paMKax
aToil Mojesnn napamerpbl K wn Q  umeior
CTPOTHIT TEPMOMHAMUICCKITH CMBICT — KOHCTAH-
THI COPOTMOHHOTO PABHOBECUS W MTPEACTBHOMN
yrenwioit agcopormm. CopoTms MBITITHAKA XYiKe
OTMCHIBAETCS ¢ MOMOIILIO DTOTO ypaBHEHUS,
470, MO-BUJIMMOMY, YKa3bIBaeT Ha 00Jiee CI0K-
HBII XapakTep cOpOIMOHHBIX B3aUMOQICTBHIA,

CBSIBAHMHBIN ¢ BO3MOYKIBIM TTOJTITMOTCKYISAPHBIM
MeXaHM3MOM afcopOIMM, a TAKKe ¢ M3MeHeH -
eM (OpPMbI HAXOKIeHUs MBITIILAKA B PACTBOPE.
B srom ciryuae skcmepuMeHTanbHbIe JAHHBIE C
MEHBIIEH MOTPEITHOCTHIO OTINCHIBAIOTCS DMITH -
puuecknm ypasuennem Opeiinjanxa.

N3 rabaunsl 2 ciaepyer, 4to mpesesibHas
yieabHas ajcopomust monos Pb* cratucrnueckn
ocToBepHoO BhIte, yeM nonos Cu?*,
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Tadomuma 3 / Table 3

JlanHble 110 cOpOIMET MOHOB 30JI0TA U 3KeJie3a U3 CMEeIIaHHbIX PACTBOPOB
Data on the sorption of gold and iron ions from mixed solutions

PasroBecnast KoHI[eHTPATIIS HOHOB, MMOJIL/IM®
Equilibrium concentration of ions, mmol/dm?

Roamaecrso agcopOupoBaHHbBIX HOHOB
na epuauiy maceot I'K, Mmmosn/r
The number of adsorbed ions per unit
mass of HAs, mmol/g

Au3+ F03+ AU 3+ F03+
0,080 15,179 0,011 0,003
0,081 20,000 0,011 0,025
0,051 117,679 0,011 0,074
0,056 447,321 0,012 0,106

B npupoaHbIX yCIOBUAX CYIECTBEHHOE
BJIMsTHIE HA MUTIPAIMOHHbIE XapaKTepUuCTHKI
XUMUYECKUX DJ€MEHTOB 1 Ha X COPOIMOHHbBIE
CBOICTBA OKa3bIBAIOT KOHKYPUPYIOIE HOHBI.
ITOT ACIIEKT, B YaCTHOCTHU, BAJKEH JIJIsI M3YUeHUSI
COBMECTHOIT MUTPATN HTUX DJIEMEHTOB B PHIXJIBIX
OTJIOREHISIX TIPYU PA3PYyIIeHNN KOPEHHbBIX TOPOJT
¢ 00pa3oBaHeM BTOPUYHBIX OPEOJIOB PACCESTHIIS.

Hamu Gbit ipoBeiéH MOJICAbHBII DKCIIePHU-
MEHT 110 BIUAHII0 nonoB Fe?" Ha copOimio nonon
Au?, uro akryasbHo 1mpu onpegesennu Gopm
HaXOKICHUs 30JI0Ta B PHIXJIBIX OTJIOKCHUAX B
MPUCYTCTBUY OKCHUIOB U THPOKCUIIOB jKeje3a.
Tarske, Kar U B clryuyae MBIIIbSKA, 3]1€Ch CJI0K-
HO OJIHO3HAYHO YKazaTh (DOPMbl HAXOK/EHUS
XUMUYECKIX 3JIeMEHTOB B PACTBOPAXx, M03ITOMY B
TabJnIe MPUBeIeHbl CyMMapHbIe KOHIIeHTPAT[Un
Au?t u Fe*, Tlockonbry uexoguniit 'CO st
30J10Ta TIPUTOTOBJIEH HA OCHOBE CUITbHOKICJIOTO
pacrsopa HCI, nonsl 3010Ta, 04eBUIHO, TIPU-
CYTCTBYET IPENMYIIEeCTBeHHO B BUJIE XJIOPUHBIX
KOMILTEKCOB, OHAKO OTHOCHTEIHHO COCTaBa
rommiaexkcubx nonos — [AuCl,]-, [AuCL],
[AIICIXOHy]' — B JiATeparype cyIliecTBYIoT pas-
nuunabie MuEeHus [16—-18]. Uro racaercs mnpe-
obsnagaomux Gopm Haxos;kaenns e’ B pasno-
BecHbIX pacTBopax (ncxopnsiit 'CO 7835-2000),
TO ¥ 3]16Ch BOBMOYKHBI PA3JNYHbIe BAPUAHTHI —
B KIICJION CPejie ATO MOTYT OBITEH CBOOOHBIC OB
Fe* unn rupporcokomiiexcst [ FeOH|?* [18],aB
MPUCYTCTBUN COISTHON KUCJIOTHI, BXOJSTIEH B CO-
cras 'CO nonst Fe?', moryr o6pasoBarnes Tarske
XJOPHU/HBIC KOMIIJIEKCHI PAa3JIMYHOTO COCTaBa OT
[FeCl]** no [FeCl, .

Rax Bujiio 3 Tadbautipl 3, yBeandenme KoH-
mnenrpaiuu nonoB Fe?" mpakrunueckn He siuser
Ha KOJMYEeCTBO COPOMPOBAHHBIX MOHOB 30J10Ta
B UCCJIeJlyeMOM MHTepBaJie KOHIIEHTPAINIl, 4TO
CBUJIETEJILCTBYET O JIyulileil COpOIMOHHOIL CI10-
cOOHOCTI MOHOB 30J10Ta, KOTOPasi MOKeT ObITh
obycJioBieHa OOIBIINM NOHHBIM PaJIIyCcOM M,
Kak cjejcrsue, 0ojiee CUJIbHON MOJPU3ATN-
eil n crocoOHOCTHIO TTPUTATUBATHCS 3aPSKEH-

noit mosepxuoctnio Mmoserya 'K, Kpowme Toro,
nanpumep, copouus nonos [AuCl,]" na I'K mo-
JKET COMPOBOJKIATLCS peakrijineil BOCCTaHOBIIe-
nust noroB Au®". BeposTHOCTH TTpoTeKanus Ta-
KOl peakiiy Oyaer orpeesiTbCs COOTHONIeH -
eM OKHUCJHNTeTbHO-BOCCTAHOBUTEIBHBIX TTOTEH-
IUaJoB pearnpyonux seriects. CraHgapTHbIi
OKUCIUTETHHO-BOCCTAHOBUTEIbHbII TOTE€HI[HAJ
s cucrembl [AuCl, ]+ 3é <> Au + 4Cl cocras-
asier 0,99 B [19]. PactBopsr 'K nmetor pasdpoc
3HAYCHUN OKUCJAUTEIHHO-BOCCTAHOBUTEILHOTO
norernruana B npepeaax 0,0-0,7 B, uro o0y-
CJIOBJIEHO X Pa3JIMYHbIM COCTABOM, CTEIIEHBIO
rymnguranun 1 HajaunuaneMm npumeceii. Moskuo
creaars BuiBoj, uto I'K criocobubl Boccranas-
JUBATH OKUCJIEHHDBIe (OPMBI ORUCAUTETHHO-
BOCCTAHOBUTEILHBIX [1ap ¢ moreHiuaaom > 0,7 B.

3arjaoueHue

[TpoBepénnbie aKCTIEPUMEHTHI TO3BOJINIIN
MOCTPOUTH N30TEPMbI JICOPOITIN 1 KOJTNYeCTBEeH-
HO OIEHUTH IPeJIeIbHYI0 COPOIIMOHHYI0 EMKOCTh
IYMUHOBBIX KHUCJIOT 110 OTHOIEHNIO K MOHAM
MBITITbAKA, M 1 CBUHIIA. ITU DJIEMEHTHI SIB-
JISIIOTCST, ¢ OJHOT CTOPOHBI, PACITPOCTPAHEHHBIM I
TOKCWKAHTAMH, HARATITNBAIOIIMMICS B TIOUBAX,
MOJIBEPKEHHBIX AHTPOITOTeHHOMY BO3/IHCTBUIO,
a ¢ JIPYToii CTOPOHBI — dJIeMEHTAMM-CITYTHUKAM I
30J10Ta, KOTOPbHIEe MCITOJb3YIOTCH B KadecTBe
WHINKATOPORB 30JIOTOTO OPY/ICHEOHUS TIPU Teo-
XUMHUYECKUX METOJIAaX MOUCKOB 110 BTOPUUYHBIM
opeoJiaM paccesTHust B TOUBEHHBIX TOPUBOHTAX.
YeranoBaeHo, uTo yBeJandeHne KOHIeHTPaInn
nonos Fe* npakTuueckn He Banser Ha KoJande-
CTBO COPOMPOBAHHBIX NOHOB 30JI0TA B HCCEye-
MOM MHTepBaJie KOHIeHTPAIIIl, YTO CBUJIeTe I b-
CTBYeT O JIydIieil copOmmonHoil ¢rmocoOHoCTn
nonos 3oa0ta. [lokazano, uro I'K cnoco6ubI Boc-
CTaHABIMBATL OKMCICHHBIe (DOPMBI MOHOB Au®",

Paboma evinoanena npu gunamncosoit nod-
depocke PODU (epanm Ne 16-05-00866). Ilpu 6ot-
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ROAHEHUW PAbOmblL UCNOABIOBALOCH 000pYydosanue
Pecypcrozo yenmpa Cnol'y «l'eomodenvr.
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Onenka BAWSHIS TOPOJICKON cpejibl Ha BU0BOE Pa3HOOOpasme
1 PU3MOIOr0-0MOXNMIYECKHEe 0COOCHHOCT JINTIAITHIKOB
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B crarbe npuBeieHbl Pe3yaBTATE OMEHKN BAMSTHIA MUKPORINMATHICCKIX TAPAMETPOB MECTOOOUTAHMIT I OMICCHT
aMMIaKa Ha BIJI0BOe pazHoobpasiie 1 Pu3noaoro-6noxuMniecke ocobeHHocTn anmaiiHnkoB. MeciepoBanue mpoBojiu-
noch B 2018-2019 rr. ma 4 npobubix mromankax 8 Rarmnunrpaacekoit odmactu (Poccus) u ma 14 mpobubIx miommajKax,
pasMeIEHHBIX KaK B IeHTpanbHoil yactn 1. Raamuunrpazna, Tak n na okpante. BuisABieHo yBeqnueHne cpeHecyToqHoil
TeMIIepaTyphl U CHUKEH e BIQJKHOCTI BO3JIYXa 1 TeMIIEPATYPbl TOUKHI POCHI B MECTaX O0UTAHUS JINIITANHUKOB B IIEHTPAJ b-
moit yactn r. Kaamimrarpaia mo cpaBHer o ¢ OKPAMHON TOPOJIa, & TAKsKe TTPOOHBIMIT IMTOTIAIKAMI Ha TePPUTOPII PETTOHA.
Bepostro, ycranoBieHHbBIe PA3ANINs B MIKPORINMATHYCCKIX TTAPAMETPAX MECTOOOUTAHI JUIMTANHIKOB OTPAKAIOT
adpext ropojickoro ocrposa reria. Ha 18 npoOubix mioniajkax 66110 ooHapy:keHo 63 Bujga sitn@uTHBIX JTUITATHITKOB.
YeramoBierno, 4To yBeIMUenne coTepsRanms aMMIaka B arMoc(epHoM BO3IyXe TTPUBOANT K CHITFKEHITIO TaCTOTHI BCTpe-
YAEMOCTH TYBCTBUTEIBHBIX JKOJOTMICCKUX 1 PYHKITMOHAILHBIX PYII JUITARHIKOB, P HTOM HOBBITIIAETCS YacTOTa
BCTPEYAEMOCTH TOJIePAHTHBIX TPYIII. BhisiBJIeHBI CHIbHBIE TOJTOKUTETbHBIE KOPPEISINMOHHBIE CBA3H MEK/LY COJleprRaHeM
aMMmaKa B arMoc(heprHoM Boayxe 1 (pusmosoro-6rmoxnmMmaeckimMn mapamerpamu Parmelia sulcata, Takmmm kak comep-
skaHue azora, xaopoduiia a n xaopoduiia b. Tarkyke Obl1a MoOKazaHa ¢BsI3b pacIpoOCTPaAHeHU s OTETbHBIX BUIOB U TPYIII
¢ MUKPOKJIMMATHYECKIMI HapaMeTpaMi Mectoo0uTaHmii.

Kaouesste cioga: nuiaiiinikm, ropoji, MUKPOKJINMAT, KAYECTBO BO3IyXa, aMMUAK.
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The article presents the results of assessing the influence of microclimatic parameters of habitats and ammonia
emissions on the species diversity and physiological and biochemical characteristics of lichens. The study was conducted
in 2018-2019 at 4 sample areas in the Kaliningrad region (Russia) and at 14 sample areas located both in the central
part of Kaliningrad and on the outskirts. An increase in the average daily temperature and a decrease in air humidity
and dew point temperature were revealed in the habitats of lichens in the central part of Kaliningrad as compared to
the outskirts of the city, as well as sample areas in the region, which reflects the presence of the urban heat island in
Kaliningrad. 63 species of epiphytic lichens were found at 18 sample areas. To identify the impact of the studied factors
of the urban environment, the average frequency of occurrence of both individual species and taxonomic, ecological,
and functional groups of species was calculated. It was found that an increase in the ammonia content in atmospheric
air leads to a decrease in the frequency of occurrence of sensitive ecological and functional groups of lichens (Spearman
correlation coefficient r = -0.50; p <0.05), while the frequency of occurrence of tolerant groups increases (r, = 0.52;
p<0.05). Strong posmve correlation was found between the ammonia content in atmospheric air and the phyblologmdl
and biochemical parameters of Parmelia sulcata: with the content of chlorophyll a (r,= 0.84; p <£0.001), chlorophyll

b(r,= 0.77; p<0.001) and nitrogen (r =0.88; p<0.001). It was shown that the frequen(’y of occurrence of individual
groupb and species of lichens is associated not only with the impact of ammonia emissions, but also determined by
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microclimatic parameters. Thus, an analysis of data for 2018 showed a moderate positive relationship between the dew
point temperature of lichen habitats and the value of the diversity value of the reference species (FDW ) (r, = 0.68,
p <0.001), air temperature, and the diversity value of the indicators of eutrophication (FDW_ ) (r,=0.51, p<0.05) and
amoderate negative relationship between relative humidity and FDW _ (r =-0.54, p<0.05). An analysis of the data for
2019 showed a weak positive relationship between air temperature and FDW (1, =0.47,p<0.05). The frequency of
occurrence of Hypogymnia physodes has a strong negative relationship with an temperature (r,=-0.77, p<0.01), in
turn, species such as Melanohalea exasperatula, Xanthoria candelaria and X. polycarpa have a positive relationship
(r,=0.50, p <0.05). The results obtained significantly complement the understanding of the distribution process of

individual species and groups of lichen species and the acting limiting factors in urban areas.

Keywords: lichens, urban ecosystem, microclimate, air quality, ammonia.

WsBectHo, uro Ha ypOaHU3UPOBAHHBIX TEp-
puTopusx GOPMUPYIOTCS 0COOBIE KITMMATHIECKITe
YCIOBUS, ROTOPbIe CBAZAHBI ¢ M3MEHEHTEM pe-
nbeda, TPUCyTCTBUEM NCKYCCTBEHHBIX TTOTOKOB
TEIra, 3arpsA3HeHneM BO3/yXa, CHIUReHUEM 1e-
napenns, utTo gopmupyer 3pderT ropoacKoTo
ocTpoBa TelJa, Xapakrepusywoniniics 6osee
BBICOKOTI CpejiHel TeMIieparypoii, 6oaee HU3KOI
BJIQJKHOCTBIO BO3/LyXa 1 0oJiee Peikoil KOHJIeH-
caiueil Bjiaru, yeM Ha OKpauHe TOpojia 1 Ipu-
ngeraionnx Teppuropuit [1-3].

JlumaiitnuKu, 3acesstiolie ropojicKue paio-
HBI, YyTRO pearnpyior Ha n3MeHeHUsI Pa3InaHbIX
(parropos MmecroodbuTanmii [4—7]. SHaunTeILHOE
ROJIMYECTRBO NCCTEIOBAHII TTOCBSATIIACTCS OTIeHKe
CTETeHN BO3JIENCTBYUS DKOTOKCUKAHTOB Ha BU-
MOBOI cocTaB 1 QYHKIMOHUPOBAHIE 00HEKTOB
JUXEeHOOMOTHI, B TO BpeMsi KaKk padoT, HarpaB-
JIeHHBIX HA N3YYeHe POJIN RINMaTnieckuX gar-
TOPOB TOPOJICKOI CpeJibl (BIAMKHOCTH BO3/IYXa,
TeMIeparypa, WHCOJISAINS) HeOIPaBIaHHO MaJio
[4, 6]. CypoBbie yc/I0BUsI TOPOICKIX T€PPUTOPUi
MOTYT OBITh Ba}KHBIM OIPAHU YN BAIOIIIM (DAKTO-
POM JIJIsT pAcTIPOCTPAHEHUsT TOMKNIOTHIPUITHBIX
OPTANM3MOB — JUMTANHNKOB, Yeil MeTaboam3M
3aBUCHUT OT BOJIbI, TIOCTYTAOTIEH 13 ORPYIRATIO-
meit cpenbt [d, 6, 8]. Ilockonbry ycenoBust Ha
YpOAHUBUPOBAHHBIX TEPPUTOPUAX XapaKTePU-
3YIOTCsI MHOTO(PAKTOPHOCTHIO M COYETAHHOCTHIO
BOBJICNICTBUI BarpsI3HEH U BO3JLyXa 1 MUKPORI -
MaTUYecKIX MapaMeTpoB, IeJibio Haleil paboTh
SBJISIIOCH U3Y4YeHNe BO3[leiiCTBIS 3arpsi3HeH s
BO3/IyXa U MUKPORJIMMATHYECKNX MapaMeTpoB
ypOaHU3UPOBAHHBIX TEPPUTOPUIT HA BUOBOE
pasuoobpasue n GuanNoJI0T0-ONOXUMUYECKITE
0COOEHHOCTH TUTITANHIROB.

Marepuanbr m MeTOIBI

Ncenepopanue nposoguan na 18 mpod-
HBIX Momakax B Rajmumnunurpagckoii obaactu
(Poccus), ¢ akienrom na 1. Kanuaunrpaj, rie
13 TTpOOHBIX MIOMIAOK OBLIN PA3MEIeHbI B IEeHT-
pasibHOI yacTy ropojia n ofHa mirorara (Ne 10) —
Ha ero okpamHe (puc. 1). Tarmke ObLIN Ucce-

JIOBAHBI 110 J[Be TEPPUTOPHUN HA 3allajie pernoHa:
Ha OKpamHax MPUMOPCKIX TOPOJIOB-KYPOPTOB —
neconapkosas 3oua B 1. Ceernoropere (Ne 11)
u 3enenorpazcke (Ne 15) n Ha BocToke obacTi —
B okpectrHocTsX roc. [Tyraueso (Ne 17, 18). Bor-
60p TPOOTLIX TIOIIAMOK OB OCHOBAT Ha panee
[IPOBEACHHBIX HccaefoBanusx [9] u pekornociyu-
posourom obcaemoparuu 2018—-2019 rr.

Orenky BUIOBOTO pazHooOpasus Jniaii-
HUKOB, & TaKyKe OMOMHANKAIMOHHYIO OIeHKY
KavyecTBa BO3JyXa OCYIECTBIISIIN C TPUMEeHeH -
eM CTaHJapTU3NpPOBaHHON MeTonKu 8], ObLIN
paccunTaHbl 3HAYEHUsI pa3HOOOpa3usl JuIIaii-
HUKOB JIJIsI BUJOB-NHINKATOPOB 3BTPOPUKAIIT
(FDW, ) u nst pedpepentunix supos (FDW,, ),
orpeiesiéH nupere kavecrsa osayxa (LGI).

OneHKy MUKPORIMMATHYECKUX TTaPaMeTPOB
MeCT MPOM3PACTAHNS JUIMTATHIKOB, TAKIX KaK
oTHOCHUTeNbHAS BaaskHOCTh (RL), Temrepary-
pa Bozayxa (1) m Temrmeparypa TOUYKU POCHI
(Tp), ocymecTBAAIN HA KasRION TIOIAJKE
c npumenenuem garanka UNI-T UT330C USB.
[Tapamerpsl pUKCUPOBAIN KajKaAble D MUH
¢ 17 wrons mo 3 aBrycra 2018 . u ¢ 2 aBrycra 1mo
14 aBrycra 2019 r. [lapannenbHo ocyiecTBIsaN
cOop LaHHbIX no smuccnn ammnara (NH,) ¢ ipu-
MeHeHIeM aJicOpOIMOHHOT0 MeTO/[a TTACCUBHOTO
coopa ammmara (Radiello-RAD168). Usme-
HeHNA (PU3MOTOTHUECKNX MMOKa3aTeeil aHa-
JU3UPOBAIIN ITYTEM OMPEIeNeHNsT COlePRAHMS
(porocuHTETHUCCKIX TUTMEHTOB (XT0podhuiia a
n xjpopodumia b) m azora B ramnome Parmelia
sulcata Taylor (98 mpo6). Irerpariuio 99%
pacTBOPOM AMMETHJICYIb(POoKCcUga U pacuér
cojiepskarnss GOTOCHMHTOTNYCCKUX MHUTMEHTOB
npousBonuau no meronure bapmeca [11].
Onpenenernne o0IEro coepsKaHnsa a3zora B
npobax Beinonusan Ha CHNS-ananuzarope
«Elementar Vario EL cube».

Cratuctnaeckuii aHaina mpoBOJIIN € UCHO/Tb-
3oBanuem mporpammbl IBM SPSS Statistics 23
(ANOVA ¢ wpurepuem HSD, rosdpurmenr
roppensanun Coupmena (r) un Hupcona (r)).
Ranonwueckuii anannus coorsercrBuss (CCA)
OBLT BBITTOTHEH ¢ MCIIOAb30BAHIEeM TTPOrPaMMbl

73

Teopernueckasi n npuriagnas sxoaorust. 2020. Ne 3 / Theoretical and Applied Ecology. 2020. No. 3




MOHUTOPIHT TPMPOIHBIX 1 AHTPOIIOTEHHO HAPYINIEHHLIX TEPPUTOPIII

T4

Puec. 1. Pacnionosxkenne npobuwix mioiajok B Rannnnurpajckoit odnactu (a) n B ropopie Ranununrpaje ()
Fig. 1. Position of the sample areas in the Kaliningrad region (a) and in the Kaliningrad city ()

XLSTAT 2018.7. J1yis1 BLIsIBICHMS CBsI3CI MEKTY
JNXeHOOMOTOI I MIKPORJIMMATIYeCKUMI TTapa-
MeTpaMi MecTOOOMTaHWIT 1 HMUCCHell aMMIaKa
OBLITN TIPOM3BEIeHbI PACYETHI CPeJIHeil YacTOThI
BCTPEYAEMOCTH OT/eJIbHBIX BUIOB U (DYHKINO-
HaJIBHBIX TPYIIIT BUJIOB, KOTOPbIe MaKCUMaJIbHO
pacIrpocTpaHeHbl HA UCCIELYeMbIX TePPUTOPHSX
(MmuHUMYM 6 1poOHBIX TT0Mano0K). Ha ocHoBa-
HIUY paHee MPOBEAEHHBIX MCCaeoBanHmii |3, I,
12], 6b111 BBIJIeIEHBI CIIeIYIONT e TPYTITBI BUOB,
DRoOJIOTHYeCKNe M (PYHKIIMOHAIBHBIE TPYIITIHI
numaiinnkoB: rpymnna Candelariella reflexa (ref);
rpynma Phaeophyscia u Hyperphyscia (phhy);
HROJIOTHYECKIEe TPYIIbl — XO0JOJ0JI00NBbIe
(kiihl) m rennonodusbie (wdrm); cruo@uTh
(sci) m rennodpursl (hel); mesorurpodurs (hyg),
me30putel (mes), kcepodursl (xer); anumpo@uibt
(acid) nneitrpoduant (neut); onurorpodn (olig)
n HUTPOPUTHl (MHAMKATOPBI HBTPOPUKATIN )
(eutr); cymmapHuo HelTpoduibl 1 HUTPOPUTH
(NeEu), a rarske anupo@uabl w oJuroTpo@b
(AcOl); markunusie (Kru), ryctucrsie (Str) n
JNCTOBATBIe, KOTOPBIE Pa3/e/nan Ha MINPOKO-
nomactabie (grBl) m yakonomactuwie (scBl);
CYMMAapHO KYCTHCTBIe M KPYITHOJOMACTHLIE
(StBL); pyHRIMOHANBHBIE IPYIITTBI MHINKATOPOB
sprpodurarnuu (VDIlew) n pedepeHTHBIX BUOB
(VDlIref) [10]. Tarske OblIM paccunTanbl Takue
rnepeMeHHbIe, KaK 0011ee Yncao BUOB HA TTPOO-
HOU Tmotanke (sum_alle), cymMmma 4acTor Beex
numaiauRoB (mF _alle) mw vacrora BeTpedaemMo-
CTH SMMPUTHBIX TUTIAlHUKOB (mA_Ep).

Pesyabrarel n odcysrienne

B pesyabrare npoBegéHHBIX HCCISOBAHMIT
Ha BeeX MPOOHLIX IIOMIafKax ObLI0 00HAPYKEHO
63 Busta srrnuTHbIX Aumainnkos. Marcumannb-
HOe BUIOBOE pazHoobpasue — 28 BUJIOB, YCTaHORB-

JeHo Ha pooHoit mromaake No 3 (Llenrpanbubiii
napk). B ropose 6ombiias 4actb 00CaAe0BAHHBIX
mwrormaok (64% ) nmeer oueHb HI3KOE KA4eCTBO
Boznyxa (LGI 1.ES).

OrernKka MUKPORINMATIYECKIX TTAPaMeTpoB
mecr rpouspacramust auimainnkos B 20191 2018 rr.
nokasaya pasauuusi: B8 2018 1. ycranosiena
GoJiee BBHICOKAs CpeIHECYTOUHAs TeMIeparypa
BO3JyXa, TeMIieparypa TOYKI POChl 1 HECKOJIb-
KO MeHbIas BJIaxkHOCTh Bozayxa (p < 0,05)
[12] 1o cpaBuenuio ¢ 2019 r., uro, BeposiTHO,
CBsI3aHO ¢ OoJiee MPOXJAJHON U BIAMKHON T0-
rojoit [13]. 3a nBa ropa HabawOAeHNT HUKCH-
poBanuch jlocroBepubie paznanuus (p < 0,05)
B 3HAUEHUSAX MUKPOKJINMATHYCCKUX TTAPAMETPOB
MecToOOUTaHUI JUIIAHUKOB B ropoje Rasu-
HUHTpaje n Ha okpaute ropopa. Tax, B 2019 r.
OTMEYeHO MOBBIIeHNe CPelHeCYTOUHON TeM-
neparypbl 19,3+3,2 °C, cHuKeHne BAAKHOCTH
Bo3yxa 76,2+15,7% u remiiepatypbl TOUKI POCHI
14,6£2,1 °C B r. Kanununrpase, 1o cpaBHEHNIIO
¢ okpannoii ropoja (rpodbHas miromnagra Ne 10),
I7le Cpe/lHecyYTOUHasi TeMiieparypa cocTaBJsier
18,4+3,5 °C, Baamuocts Bosnyxa 81,9+10,9%
u Temiieparypa rouku pocbl 14,9+2.1 °C (puc. 2,
CM. T[B. BRJIQJIRY). 3aMeTHa Pa3HuIla MesRILy 1c-
CJIelyeMbIMU TTapaMeTpaMiu B ropojie, mpuMop-
CKUX paiioHax m Ha BocTOKe objactu (puc. 2),
I7ie yecTaHoBJieHa Hanmbosee HIU3Kas BIAYKHOCTD
Bosayxa (67,9+15,3%) m remmeparypa TOUKN
pocwt (12,1£3,4 °C), uro orpazkaer KOHTUHEH-
TAJbLHBI XapaKkTep KJAnMaTa BOCTOUHON 4acTu
perunona [14]. YceranoBiennbie pa3andus B
MUKPORJIMMATHYECKIX TTapaMerpax MecrooonTa-
HUH JUMTATHUKOB, BEPOsITHEE BCETO, OTPAKAIOT
P PErT TOPOICKOTO 0cTpoBa Teraa [2].

Roppensmmonsiit ananns ganabix 3a 2018 1.
MOKa3aJl YMePeHHYIO TOJOKUTeIbHYIO CBS3h
MesKJLy TeMIepaTypoii Toukn pockt m FDW,
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(r,=0,68, p <0,001); remneparypoii Bozgyxa u
FDW_ (r,=0,51,p<0,05) n ymepennyio orpu-
uaTeﬂbHyIO CBSA3b MEJK/TY OTHOCUTEJILHOT BIasK-
nocteio u FDW (r =-0,54, p <0,05). Ananus
NAaHHBIX 34 2019 I. MOKasaj Hajamdme caaboil
MOJIOYRUTEIBHOT CBSZM MEIKY TeMIeparypoit
sosnyxanu FDW_ (r = 0,47, p<0,00).
MakcumanibHas KOHIIEHTPATINSA aMMuaKa
B BO3JIyXe 3a JBa rojia HaOJOIeH Il yCTaHOBIeHA
Ha mpoonoit mromamke Ne 2 (8,78+0,04 Mmrr/m?),
muanmanbias — N 11 (0,420,095 mrr/m?).
B 2018 r. KoppeasmoHHbINT aHaJIN3 dDMUCCUT
NH, n FDW, | BbisgBII 3HQ4UTEIbHYIO OTPHILA-
Tesbuylo easb (r,=-0,92, p<0,001), neckonbko
HIZKe ¢ Temieparypoii Touku pockl (r, = -0,74,
p <0,001); cpepuss cpazp FDW, ¢ omuceneii
NH, (r,=-0,55, p<0,05) 06Hapy>}ceHa B2019T.
HpI/I MuHIMaIbHON Konmentparun NH, B jre-
conapkoBoii 3oHe B 1. CBeTsoropcke BbisiBIIe-
HO OoJiee HUBKOE cojiepyRanme Xaopoduina a
(1,03+0,13 mr/r), xnopodusna b (0,27+0,05 mr/r)
asora (0,94+0,08%) B P. sulcata. BuisBaennr cuib-
HBIE TTOJIOFKUTETHHBIC KOPPEJISITIAN MEeSKITY COflepsKa-
ruem NH, B 2018 r. 1 pusnonoro-6uoxummyecknmu
napamerpamu P. sulcata: ¢ copepskanueMm XJo-
podmina a (r = 0,84; p £0,001), xnmopodpusna b
(r =0,77; p<OOO1)  azora (r =0,88; p<0,001).
prTaHOBJIeHa CHBHAS TTOMO/KUTEABHAS CBA3D
MEJKILY COepsKanmeM azoTa 1 XJ0poduiaioM a
(r,= 0,93; p £0,001) u xnopoduom b (r,=0,77;
p <0 ,01). ITpu aToM copiepsraHme MUTMEHTOB 1 a30Ta
B P. sulcata koppeanpoBajio ¢ TeMIieparypoii TOUKK
POCBI 1 BIKHOCTHIO BO3LyXa (r <-0,52; p<0,05).
[Tosryuennpie nanubie corJIacyIOTuI ¢ TeM, 4TO C PO-
CTOM HAKOTIICH ST aMMOH S B TAJLIOME JINITATHIKI
AKTIBHO BKJIIOYATOT €10 B ITPOIIECC MeTabO TI3Ma JIIst
HeTpaausau HeGJIaronpusATHLIX [UTOTOKCHYe-
cKuX 3(PeKTOB, UTO TAKIKE CBSA3AHO C YBEJIITUEHIEM
orocmHTETNYECKOIT CITOCOOHOCTH 3a CUET TIOBbI-
MeHnsT KOHTIeHTparnn xiaopoduiios |6, 15, 16].
Ramonmueckmit amanns coorsercrsus (CCA)
npu ananuse ganubix 3a 2019 r. mokasas, uro
OO0JIbIIIAsT YACTH PACTIPEIEJCHIS DKOTOTHYCCKITX
IPYII U JKU3HEHHBIX (OPM JUMTANHUKOB Ha
MCCTeyeMbIX TePPUTOPHUSAX CBSI3aHa ¢ BO3Jeli-
CTBUEM aMMuaKa (puc. 3a, ¢M. I[B. BRIAJRY),
BEKTOP KOTOPOTO PACTIONOKIICA BILOJIH TePBOI
ocu (82,85%). Jliist srom0ormuecKux u PyHKImo-
HaJIBHBIX IPYII, PACIIOJOKEHHBIX TPOTUBOIO-
JIO3KHO BERTOPY BOBJIETICTBIISI HMUCCUT aMMUAKa,
YCTaHOBJIEHA CPEJIHSISI OTPUIATeIbHAST KOPPeJisi-
nuonnas cssshb (r,>-0,00; p<0,05), s opgHona-
MPaBJIEHHBIX — CPEJIHSs MOJORUTEIbHAs CBA3h
(r,>0,52; p<0,05). Koppensinuonnblii ananus
He MOKa3a/ 3HAYNMBbIX CBSI3€H DKOJOIMYEeCKIX
1 PYHKITMOHATLHBIX TPYIIT TUITTATHIKOB ¢ MUKPO-

RAnMatTnyeckumn parropamu. B To ke Bpems
Ha PUCYHKe 3a BUIHO, 4TO ITepBast 0Ch OTIeINIa
DKOJOTIUECKIE TPYIITIBI, TaKIe KaK KCepoMuTH,
reinouUTh, HeUTPOPUIABI, HUTPOPUTHI U Y3KO-
JIOTIaCTHBIE JIMCTOBATHIE JTUMTATHIKI, a TaKKe
(QYHRIIMOHATLHYIO TPYIITY BUIOB-WHNKATOPOB
aBTPOPMKANNYT, KOTOPbIEe PACIOIOMKIINCH B
MPaBoil OJMOKUTENIBHOI 30He. B anuoii 30He Ha
MePBYIO OCh NAJIAI0T, TOMIMO aMMHIAKA, TTPOEKINN
BEKTOPOB TeMIIepaTypbl BO3/yXa U TeMIlepaTypbl
TOUKN POCHI, &, CJEI0OBATETLHO, MOKHO TIPEIII0-
JIO}KUTh, YTO TaHHbIe (DAKTOPBI OKA3BIBAIOT BO3-
lleiicTBIe HA YKA3aHHbIE IPYIIbI 1 BUIBI JTUITAN-
HuKoB (puc. 3b, M. nB. BRaagky). [loxyuennas
crabas mostosruTenbHasn casash (r,=0,47,p<0,00)
MesRJLy TeMIIepaTypoii Bo3yXa i 3HaueHmeM pas-
HO0Opasus BUIOB-MHNRATOPOB ABTPOPUKATINN,
MOJTBepsK/IaeT Hate npenosiokenne. Comocra-
BIMBbIE Pe3yJIbTaThl ObLJIN TOJTYyYeHbl [TPU aHATN3e
nanubix 3a 2018 1. [12].

Pacrpenenenue BugoB JTUITAITHUKOB TaK-
JKe CBsI3aHO ¢ BO3JelicTBUeM amMMmuaka (puc.
3b). Yerawmosmenma orpunaresbuas CBA3D ¢
KOHIIeHTpaIneil aMMuaKka B Bosayxe s FKver-
nia prunastri (L.) Ach. (r, = -0,88; p <0,01),
Melanelixia subaurifera (Nyl ) O. Blanco & al.
(r,=-0,61;p <0,01) n Ramalina farinacea (1..) Ach.
(r,=-0,51; p <0,05). Hacrora BerpeyaemocTi
Hypogymnmphysodes (L.) Nyl. mmeer cubuyto
OTPUIATEIHLHYIO CBA3b C TEMIIEPATY POl BO3IyXa
(r,=-0,77;p<0,01), B cBo10 ouepenns Melanoha-
lea exasperatula (Nyl.) O. Blanco & al. (r = 0,63;
p £0,05) Xanthoria candelaria (1..) Th. Fr.
n X. polycarpa (Hoffm.) Th. Fr. ex Rieber
(r,=0,56; p < 0,05) umeloT Moa0KUTENLHYIO
cBs3b. CpeHAS KOPPeJANNOHHASA CBA3b BHI-
sgiena y Lepraria incana (L..) Ach. ¢ remme-
parypoii Toukn pockl (r, = 0,09; p <0,05). Ya-
crora Berpeuaemoctu Lecanora expallens Ach.
1 cInoUTHBIX BUJIOB, BePOsiTHEe BCero, CBsI3aHa
KaK CO CHUJKeHNEeM 3arps3HeHus BO3yXa aM-
MUAKOM, TaK I ¢ BRICOKOT BJAsKHOCTHIO BO3JIyXa,
XOTsI KOPPeJSIIUMOHHBIN aHAJIN3 He MTOJTBe P/
HaJInyme CBSI3M.

[Tonyuennbie pe3ysibrathl 0 BUIOBOM pas-
HOOOpasuu JuaiHuKOB, GU3N0a0ro-6m0-
XUMUYECKUM TapaMerpaMm 1 JIMXeHOWH/IMKa-
IIMOHHON OTeHKe YKa3bIBAIOT HA HaJaMUuMe 3a-
rpsi3HeHust atMOC(epHOro BO3yXa U BJIMSHUS
asorTcomepRanmux nomriorantoB. Coriacuo
opunmanbubiM ganubiM [14], B r. Ranunnn-
rpaje cpefn MOTIOTAHTOB MPeodIaIatoT OKCH/T
azora (cpemaerogoBas kourenrpanus 8 2018 1. —
6 Mmrr/m?), mrokenst azora (47 MKr/M?) n aMmMuaK
(11 mrr/M*), a TakKe B3BellleHHbIE BeIeCTBa
(130 mrr/m?). Hamu Obi710 1MOKa3aHo, 410 Ya-
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CTOTA BCTPEYAEMOCTH OTEJHHBIX BUIOB U TPYIIIT
JUIITANHUKOB CBA3AHA HE TOJIHKO ¢ BO3/ICIICTBIEM
HIMUCCUT aMMHAKa, HO TaKMKe M ¢ MUKPOKJIH-
MaTHYECKUMI TTapaMeTpaMu, KOTOphie B CBOIO
o4epe/ib, O PeIeIsIOT 0CTY THOCTH aTMOche pHOIt
BJIATH JIJIs1 JuiaitHuKoB. V3BecTHO, uTO poca
7 TyMamH UTPAIoT BayKHYIO POJD TS PA3BUTUA
OHIOJUTHBIX 1 STINJINTHBIX JII/IH.I&fIHI/IROB B yme-
pernom riaunmare [17]. B ropojckux yciaoBusix
¢ XapakTepHBIM OCTPOBOM TellJia W 3arpsi3He-
HueM atMocgepbl, MO-BUUMOMY, B BBIUTPBIIII-
HOW CUTyarMn OKas3bIBAIOTCS TOJEPAHTHBIE K
HBTPOPUKAINT ATMOC(HEPHOTO BO3YXA BUJLBI,
obsaiarotie MopghoJOTHYECKUMI 1 (DPUBNOJIOTH -
YECKUMT ITPUCTTOCOOTEeHUAMU [T DPEHEKTUBHOTO
noyuenus Biaarn u3 armocdepst [3]. B memom,
3arpsisHeHue arMocepHOro BO3JLyXa, sIBJSSACH
TOMUHUPYIOIUM OIPaHUYUBAIONINM (DARTOPOM
pacipocTpaHeH s JININAaHUKOB Ha yPOaHU3UPO-
BAHHBIX TEPPUTOPUAX, TACTO CKPBIBACT BITIAHITC
RJANMATHYeCKUX IapaMeTpoB [3].

3arjaueHue

3a iBa rojta HabJIIOIeH T TIOTYYeH bl JIaHHbIe
0 MUKPOKJIMMATHYCCKUX [TapaMeTpax Mectooomn-
TAHW JTUTIMATHITKOB M KOHTIEHTPAIINN aMMuaKa
B arMoc(pepHoOM BO3/LyXe Ha TePPUTOPUN TOPOJA
Ramnaunrpaga n Kaannnarpagexoit obnact.
Ananms JanubsIX mokasaa Haanmume sdderra
TOPOJICKOTO ocTpoBa Tera B T. Ragmnmmrpagme:
mabaogaeTcsa yBeandenne cpegHecyToOUHon
TeMIepaTyphl 1 CHIKeHNe BIAJKHOCTI BO3TyXa
7 TeMITepaTyphl TOUKI POCHLI B MecTaX OOMTAMIS
JUTIATHIKOB B I@HTPAIBHON YacTH TOPoia 1o
cpaBHEeHMIO ¢ OKpanHoil ropoa. Ha 18 npooHbix
mrotagRax oo ooHapyskeno 63 Buja su-
GUTHBIX JUITATHIKOB. AHAJIN3 4acTOTHl BCTpe-
YaeMOCTH OTHEJIbHBIX BUAOB, TAKCOHOMUYCCKUX,
HKOJOTUUCCKUX U (DYHRIMOHATBHBIX TPYIIT
BUJIOB IMMOKABAJ, UTO ¢ YBEITMUCHUEM COMCP;RAHIIA
aMMmaka B aTMOcepHOM BO3yXe TTPOUCXOUT
CHITKEH e BCTPEYAeMOCTI UYBCTBUTEIHHBIX K OB-
TpoMKAINI BUIOB U TPYIITT BUJIOB JTUIIATHUKOB,
TPX HTOM YacTOTa BCTPEUAEMOCTH TOJEPAHTHBIX
JUIIaiHUKOB Bo3pacTtaeT. BoisiBiaeHno Bosjeii-
CTBHE aMMUaKa Ha (DU3NOJI0T0-0MOXUMUYCCKUMI
rmapamMerpol JUTTANHIWKOB: YCTAHOBICHDI CHJIb-
HbIe TIOJIOKUTeTbHBIC KOPPEISAINOHHbIe CBA3N
(rp >0,75; p £0,001) mesxay copepsrannem NH,,
KOTOPOE B MCCJICIOBAHHBIX MECTOOOUTAHMAX Ba-
peuposaiio 0,42 o 8,78 MKr/m?, ¢ coprepsranmnem
azora, xyiopoduiiiia a u xjopoduiia b B rajijiome
mumainnka Parmelia sulcata. Ranonumyeckuit
AMas COOTBETCTBIS T KOPPETATIMONHLIN aHajins3
TOKA3AJIN, UTO TACTOTA BCTPEUACMOCTH OTHCABHBIX

IPYIIIT 1 BUIOB JTUIANHIKOB CBA3aHA ¢ MUKPOKJIN -
MATUUYECKUMU [TapaMeTpaMyu MECTOOOUTAHITIL: TeM -
repaTypoii, BIa#KHOCTHIO BO3/TyXa 1 TeMITepaTypoii
TOYKU POChl. MOMKHO 3aRIIOUNTD, UTO 3arpsi3HEHTe
arMoc(epHOro BO3JyXa sIBJISIETCS JIOMUHUPY LM
orpaHuunBaOUM HaKTOPOM PACTIPOCTPAHEHUS
JUTMANHNKOB Ha ypOaHn3npoBaHuBIX TePPUTO-
pusix. OnHAKO, He HCKJIOUEHO, YTO B FOPOJICKUX
paiioHax ¢ MOHUKeHHbIM YPOBHEM 3arpsi3HeHUsI
BO3/yXa JIOKAJIbHbIE KINMATHYeCKIEe YCJIOBIS MO-
IyT ObITH BA3KHOM JIBUAKYILEI CIIION pazHoodpasust
JITIAITHIKOB. [[aHHBIT BOITPOC B HACTOSITIIEe BpeMsi
TpedyeT MOMOMHUTETLHBIX HAYUHbBIX N3BICKAHUIA

Hccaedosanue gvinoanerno npu iunancosoil
noddepicre PODU ¢ pamkax nayunozo npoek-
ma Ne 18-34-00149.
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MOYB 3ATE;KHBIX IKOCHCTEM
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W3yuenbl Tpancopmalius cocTaBa pacTuTeIbHOr0 OKPOBA U M3MEHEeHe HEKOTOPBIX CBOICTB 10U B 3a/1€KHBIX [10JIeTl
ma reppuropun [Ipmmopceroro kpast. [lepsuivu mocemenamMin 113 IpeBECHBIX PACTEHNI Ha MCCACYEeMbIX TEPPUTOPHSX SB-
JSTIOTCST TIPEJICTaBUTENTH Pofia Saliz, OHM MPOM3PACTAIOT eIMHIIHO MK 00PA3yIOT MUKPOTPYIIHPOBKI. ¥ CTAHOBIEHO, 4TO
MOSIBJIEHIIE B TIO/[POCTE TIpejicTaBuTe st KOpeHHbIX JecoB Quercus mongolica Fisch. ex Turcz. npoucxopur uepes 15—-20 ner
TOCJIe BBIBOMIA TIOJIST 3 CEITBCKOXO3AMCTBEHIOTO 060poTa. MaKkCHMaTLHBIM BIUIOBLIM Pa3Ho00pasmeM XapaKTepuayioTest
cpeprenospactabie 3anesin (20—30 aer). CyBeanvennem Bo3pacra 3ajiesku BUjoBoe paznoodpasue cuuskaercs. B ycaoBusix
BO3JIEMCTBIS TUPOreHHOTO (arTopa 1 eduIuTa B HOYBe CeMsITH PACTeH NI, XapaKTePHBIX JJIs 3aJleKHbIX aKkocucrem [pu-
MOPCKOTO Kpast, Hamboee yCTOMIIMBHIMIT TOMIHAHTAMIT SIBISIOTCS BEHHMKOBO-3TaKOBBIE 1T TOTBIIbIe crimysnun. Ha srarme
AKTHBHOTO BO30OHOBIEHIIS IPEBECHBIX TTOPOJI YBEAMUNBACTCS KUCIOTHOCTD TTIOYB W YMEHBIIAETCS COfepsRaHme IyMyca,
MoABIKRHBIX hopM Kanus n focdopa.

Karouesvie crosa: Ianrasd, CyRieccud, sajaesRuble 3eMJI, arpoxXuMmnyecrasd XapakTepuctTura.
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Russia ranks first in the world in the area of land taken out of agricultural use. In some regions, fallow areas ac-
count for more than 50% of the total agricultural area. Currently, the main part of these areas is in the process of natural
ecosystem restoration, with significant changes in vegetation composition, soil formation, and soil properties.

Land withdrawal from the fallow state to arable land is becoming a worldwide trend and also significant in the far-
eastern region of Russia. Data on the vegetation cover transformation on the territory of Primorsky region depending
on the fallow period are considered. Studies were conducted on abandoned agricultural fields (15, 20, 30, 35 and 60 years
after abandonment). As a reference site, we used a cultivated field in the area and native forest samples. The experiment
included 2 soil types: Gleyic Cambisols and Dystric Fluvisol.

The study determined that members of the genus Salix are the first settlers of woody plant. They grow singly or form
microgroups. The undergrowth Quercus mongolica Fisch. ex Turcz., which is representative of the native forest appears
15-20 years after the taking the field out of agricultural use. Middle-age fallow fields (20—30 years after abandonment)
are characterized by the maximum species diversity. Fallow ecosystems of the Primorsky region are characterized by
plant seed shortage and frequent fires. Reedgrass-cereals and wormwood sinusias are the most stable dominants under
these conditions. An increase in soil acidity and reduction of humus content, mobile forms of potassium and phosphorus
occur at the stage of active renewal of tree species.

Keywords: arable land, succession, fallow lands, agrochemical characteristics.
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Ironommuecknii kpusnc 1990-x ropos B Poc-
cuI cIIocoOCTBOBAJ BBIBOJTY 13 060pOTa HOJIBIITNX
TIOTIAJe T CeNTbCROX03SICTBEHHBIX 3eMeTh. B Ha-
cTostITiee BpeMs B KayoM cyonexre Poceniickoi
Mepreparnyi He pacmaxnBaeTCs 1 He NCITOTb3YeT-
¢S B CTHLCKOXO3AMCTBEHHOM TTPOM3BOJICTRE TIPH -
mMepro 28,5% mrormanm maxorubix yrogmii [1].

BoiBiimne arpoienossi, TpaHc(oOpMupoBaH-
HbIE B TOCTArPOTeHHbIe (DUTOTIEHO3bI, OTITNYATOT-
C51 OT eCTECTBEHHBIX IEHO30B CTPYRTYPOIT pacTi-
TEJTBLHOCTH 1 e PIoPUCTHIYecKM coctaBoM [2].
EcrectBennoe pazsutie pacTuTeIbHOCTH 3aBUCHT
0T MHOTUX (PAKTOPOB: (PUBMKO-XUMHUUECKNX
CBOICTB MTOUBBI, UCTOPUU 3€MJIETIOJIL30BAH S HA
MAHHOW TePPUTOPUN, TIOUYBEHHOTO DAHKA CeMSIH,
HAJIMUMA 3aHECEHHBIX BUJIOB, aJIJIETOMATHYECKIX
B3auUMOJICHICTBUII, BpeMeHU HaXOJKIeHUs B 3a-
JIeIKHOM cocTosTHIM 1 ip. [3—6].

OcBoenme HOBLIX TEPPHUTOPUIT, KOTOPBIE
MOTYT OBITH HCTIONB30BAHI IS HYIK CeTHCKOTO
xXo3saticTBa, Tpedyer OONLIINX KATNTATbLHBIX
BJIOSKEHUIT W TPYAOBBIX pecypcoB. bBoiee sro-
HOMUYHBIM ¢TIOCOOOM SIBJISIETCS BO3BpaIeHmne
B CEITHCROXO3STCTBEHHBINT 000POT 3eMeJb, JIIN-
TEJILHOE BPEMs He MCIOJIb3YEeMbIX B arpapHoM
[POU3BOJICTRE, TeM DOJiee 4TO BOIIPOC CTOUT HE
00 0CBOEGHUN TIEJINHBI, & TOJHKO O TTPOBEJICHNN
MEJIMOPATHBHBIX MEPOTTPUATHI 1 BO3OOHOBICHUT

obpaborkm [7].

Ha reppuropun [lanbneBocrouroro pernona,
e Tosibko 3a mepuop ¢ 2010 o 2013 rr. riorab
3eMeJib CeJIbLCKOXO3SIMCTBeHHOTO Ha3HAYeHIS
COKpATUIACh Ha 9,3 MJIH ra, mpobema tpancgop-
MaInN 3aJeKHBIX TOYB TTPU MTOBTOPHOM BOBJIE-
YEHUN B CALCKOXO3SAMCTBOHHOE UCIIOIb30BAHIE
ocTaéres akTyasrbioit. Pabor, kacaommxces mame-
HEHUsI OCHOBHBIX CBOMCTB 1 YPOBHS TLIOTOPOIIS
OYB B XOJ[e TTocTarporenesa, mMpakTImIecK Her.
BzanmocBs3n, MesKIy AMHaMIKON PaCcTUTeNIHHO-
CTHU U MOUBEHHLIMI YCJIOBUAMI TAKKe 0CTASTCS
He M3YIeHHOI.

[lesb ganmoit paboThl — N3yUYeHme CTPYKTYpPhl
pPacTUTeTLHBIX COOOIECTB U HEKOTOPBIX arpoXI-
MUUYECKIX CBOTICTB MTOYB B XOJie TOCTaTPOTEHHOI
TpancopMaIly 3aJIesKHBIX dRocucTeM ora [Tpu-
MOPCKOTO Kpast.

Marepuasinbl 1 MeTObI

NeceremoBanusa mpoBoAnAN Ha OBIBITNX
MaxXOTHBIX 3eMJISIX Y CCYPUICKOTO TOPOJICKOTO
okpyra llpumopckoro Kpast B nioJjie—aBrycre
2017 r. N3yuaemble yuyacTku mpejcTaBIsan
coboit saxexu 15, 20, 30, 35 u 60-xermero
Bospacta (puc. 1). [lns cpapuenus ObLn npu-
BJIeUeHbI 00Pa3I[bl HEHAPYIIEHHOW MOYBBI, Pac-
MOJIOKEHHON B HEITOCPEICTBEHHON OJIM30CTH OT
3ajeskell M Pa3BUBAIOIICUCS O]l 30HATLHBIM

132°F 135°E
n
Eapedioean
as:iaam, ;”“ g,w
47°N T = '
‘s e R/\-r/(‘!
Mpemopriin /
45°N e /, .
] - 371-20/ZD-201
43°N iy .
400 KM
132°E 135°E 137°E

Pue. 1. Rapra-cxema paitona nuccaenosanuii: I1 — nosisi ceoobopora; 3-15 — cpepieBospacribie
15-neruue 3anemu; 3-20 — cpegueBospactubie 20-neraue; 3/1-20 — cperHeBo3pacTHbIe
20-sieTHre ¢ aKTUBHBIM BO300HOBIeHUEeM jipeBecHbIX 1opoj; 3/1-30 — cpepnesospacrubie 30-nernue
€ AKTUBHBIM BO30OHOBIEHUEM JIPEBECHBIX ITOPOJL; 3-3) — CpeJIHeBO3PACTHBIE MOJYTHpoMOpdHbIe
30-nernue; 3-60 — zpennbie 60-nernue; JI — Kopernoi 1yOOBbIil JeC
Fig. 1. Study area map: P — cultivated field; Z-15 — 15-years old fallow; Z-20 — 20-years old,;
7.D-20 — 20-years old with active renewal of tree species; Z-30 — 30-years old with active renewal
of tree species; Z-35 — semi hydromorphic 35-years old; Z-60 — 60-years old; L. — native forest
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TUTIOM PACTUTETHHOCTH, U TTAXOTHOW MOYBBI
¢ T10JI51, UCIIOJIb3YEMOTO 10, BO3/Ie/bIBAHIE COU
(KOHTPOJILHBINT BapUaHT JIJINTEILHOTO OTIhITa
110 UCIOJIb30BAHNIO YI0OpeHnii Ha TeppUTOpPUN
[Tpumopckoro Hay4YHO-MCCIE0BATETbCKOTO
WHCTHTYTA CeJIbCKOTO X035TCTBA ).

Jlsist BBIsIBIIEHUST OCHOBHBIX 3aKOHOMEPHO-
cTeil 3apacTaHius 3ajekeil Bee 1moJisi ObLin Kia-
CTePU30BAHBI HA TPYIIIbI, KasKAas N3 KOTOPBIX
BRJITOYAET 0 3 TOJIA.

Jlns uaydenust pacTuTeabHBIX COOOIECTR
NPUMEHSINCH CTaHapTHBIe TeoboTaHnuecKIe
Metosibl [8]. Onmcanns RasRIOro yuyacTra mpo-
BejeHbl Ha 2 motajakax pasamepom 20 x 20 m,
HaunboJIee MOJTHO XapaKTepU3yINX TPaBOCTOI.
Jloist onipeniesienist Bo3pacra iepeBbeB 1 ojipocTa
MPUMEHeHBI METOJIBI IeHpoXpoHogoTrn [9].

[TouBa Ha McceyeMbIX yuacTkax — TEMHO-
rymycosniit mogoen (Gleyic Cambisols), 3a nc-
rirouenuem 60-jeTHUX 3asiesKeil, e pacipo-
cTpaHeHa a/LTIOBNATbLHAS CePO-TYMYCOBAsT MOUBA
(Dystric Fluvisol). [Tousa samesxn 35-nmernero
Bo3pacra (3-35) oTHOCUTCS K MOJTyTUgpoMopd-
HOTI, 4TO MTpeJIoiaraer yeJaoBUs IOCTOSTHHOTO W
AJIUTETLHOTO TepeyBaakuenus. B nmousennom
npodusie IPUCYTCTBYIOT IPU3HAKN OTJICCHUS.

Ha rasgmom yuactre ObLTI 3a7103KeH pas3pe3
VISl YTOUHEHMsT RIaccuUKRAIMOHHON TPUHA/ -
nexkuocTu mousbl. OT6op 1pod npoBopUAN 13
BEPXHUX CJ0EB Mpoduiisi n TPEX MPUROTIOK Ha
rayonmax 0-20 n 20-30 cm. B emermanmnix
obpasiax orpesessyin KucaoTHocth mous (pH
cosieBoit BuITsIzRKN ) HA plH-Merpe Mettler Toledo
S220-Kit (HIseiiapus), comepsranme rymyca
Mmeroiom TioprHa, TOTIOMEHHBIE OCHOBAHWS —
no [Honnen6eprepy, moasuskabie GopmMbl doc-
(opa n kanus — no Kupcanony [10].

ITpn o6paboTke MaHHBIX MCIIOJIb30BAJIN
OOIIeNPUHSATHIE CTATHCTUYECKNEe METO/bl ¢ MC-
moThb30BaHmeM TporpaMmMbl Statistica v.13.

Pesyabrarel n o0cy:knenme

BosobHoBiieHne pacTurebHOTO IOKPOBA
Ha 3QJI€JKHBIX MMOJISIX 3aBUCHUT OT 9KOTOTTMYECKITX
YCJOBUI, 1, B MEPBYIO ouepe/b, OT (puToIeHo-
THYECKOTO OKPYKEHUS U PERIUMA YBIAFKHEHWS.
[Teproe obycoBAMBaeT MoOCTyIJIEHIE OTIpeJie-
JEHHOTO HADOPA CeMSsIH, & BTOPOe — UX YCIIeTTHYIO
npuzknBaeMocTh. Hamu BoIieIeHO HECKOIBKO
TUIIOB €CTEeCTBEHHOTO 3apacTaHus 3ajesRei
B 3aBUCUMOCTH OT BO3pacrta i ¢choOpMupOBaHHBIX
yesioBuii 9rorora. Bee onu oTHOCSATCS K crajinsim
onmyrosenus u 3anecenns [11].

B xone mcenegoBanmii ObIJI0 BBISIBIEHO,
YT0 MAKCHUMaJIbHBIM BUJOBBIM pazHoobpasmem

XapaKTepu3yIioTcsi CPelHeBO3PACTHBIE 3ATEeRN C
HayaJIbHBIM ATAIIOM BO30OHOBIEHNS JIPeBECHBIX
pacrennii (puc. 2). C yBenmueHmnemM Bo3pacra
3ajieskeil BUIOBOe pa3HooOpasume CHUKACTCS,
BBINAJIAI0T BU/bI aJIBEHTUBHOI (JIOpHI, yBeJi-
YUBAETCS ydacTHe JYTOBBIX TPaB, MOsBISIOTCS
abopureHHbBIe BU/bI JIECHBIX pacTeHmii, coxpa-
HAOIIEe pazHoodpasme ceMeincTs B chopMupo-
BAHHONW TPaBAHOW CTHY3NM.

Corracno amannsy ceMelcTBeHHBIX CHeK-
TPOB, ¢ yBeJIMUYeHIEM BO3PacTa 3aJIe;K1 TTPONC-
XOIUT W yBeJImueHme pasznooOpasns ceMeicTs.
Hanmvenbiree paznoobpasne XapakTepHO JIJis
cpeftHeBO3pacTHLIX 19-1eTHNX 3aseskeii (3-19).
JlomuaMpyonmM ceMeiicTBOM siBysiercst Astera-
ceae, CYIeCTBEHHO yuacTue cemeiictsa Fabaceae.
Ha spenbix 3aneskax yBejnuymBaeTcs yyacrue
B TpaBoctoe cemeiictBa Poaceae.

BozobHogBjeHue peBecHbIX pacTeHumii mpo-
UCXOAUT 0ueHb MeseHno. CormacHo mpoaHa-
JN3NPOBAHHBIM IPEBECHBIM KepHAM, YCTIeITHOe
3aKperienne eIITHNIHLIX 0c00eI TOIPOCcTa TPo-
uexoaut cirycerst 8—10 Jier mocsie BbIBOjIA TOJIsST 13
CeJhCKOX035I1ICTBeHHOTO 060opoTa. B Oonbmma-
CTBe CJIyUaeB MITOHEPAMIT CTAHOBSTCS ITPeJICTaBN -
tenn popa Salix. PactipocTpanenne ceMsiH BETpOM
Ha JlaJIbHIe PACCTOSHUS 1 COXPaHEeHIe BCXOsKe-
CTH JIayKe B YCJIOBUSX U30BITOUHOTO YBJIAsKHEHU S
Ha MPOTSKEHUY HECKOJIbKUX JIeT CIIOCOOCTBYIOT
3aKperieHnio nx B gurorenose. Buicokas To-
JIePAHTHOCTH MOJIPOCTA WBbI K YCJIOBUSAM CPEIbl
MIOMOTaeT MepeHOCHTh 3aTOIJIeHNe TePPUTOPUil
1 MHOTOUKCJIeHHBIE mokaphli. Bee 0bpasipl Kep-
HOB TIpeficTaBUTeNel 9TOTO POjia MMEIOT CJeibl

25

0
F-15MZ-15  3-20/2-20 3-207ZD-10 30-30/ZD-30 3-357Z-35 3-60/Z-60  JI/L
W1 ©E2 m3

Puc. 2. Ycpepnénnoe KoJM4ecTBO BUIOB I CEMEIICTB
pacTeHmii Ha PA3HOBO3PACTHBIX 3aJIEIRAX
7 B KOpernnoM jiecy (B 1miT.): 1 — BUIBI pacTenmii,
2 — npesecHbie, 3 — cemeiictpa, p < 0,05%
Fig. 2. Average number of plant species and plant
communities on fallow lands (number of pieces):
1 — plant species, 2 — trees species,
3 — plant communities, p < 0.05%
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Pue. 3. Arpoxumuntveckie ¢BONCTBA TEMHO-TYMYCOBOTO TO0ETA U AJLTIOBHAIBLHOI CepO-TyMYCOBOIT TTOUBBI
npu pasananom xozsiicrsentom ucnonabzosanun, ANOVA, Tukey recr, p < 0,05
Fig. 3. Agrochemical properties of Gleyic Cambisols and Dystric Fluvisol with different use
and managements, ANOVA, Tukey test, p < 0.05

MOBPEsReHNS MTOKapaMil B pa3HOM Bo3pacre.
B yecnoBusix ¢tabuibHOTO TUAPOTOTNYECKO-
rO pesRUMa M OTCYTCTBUS TI0KAPOB TOABIISETCS
noxppocer Betula platyphylla Sukaczev, Populus
tremula L. Heemorpst 1a 1o, 4t0 B OamsRaiimem
OKPYReHUY DTU BUJIBI [IePeBheB MOTYT U He TP -
CYTCTBOBATH, PN CHJIBHBIX BeTpax X ceMeHa
MOTYT YHOCHTHCST BETPOM Ha PACCTOSIHIE JI0 2 KM
n6onee. Ciryerst 15—20 Jier mocJie BLIBOA 11O 113
€eB0000POTA, B YCJOBUAX HE3HAUNTEIHLHOM ITIHPO-
rernoit Harpyskn (3/1-30) mosiByisiercst mogpoct
Quercus mongolica Fisch. ex Turcz. — spudura-
TOopa adOPUTeHHBIX JEeCHBIX CO00INecTB, HO ero
paciipocTpaHeHne OrpaHUYeHo 110 TePPUTOPUN
nosisi. OffHaKO, GOJTBITMHCTBO NCCJIEyeMbIX 3a-
JiesKelt TIoJBePsReHO MosKapaM U MeJJIeHHO PacTy -
AT TOIpoCT myba Ha HIX TpocTto cropaer. Men-
ruit noppoct Populus maximowiczii A. Henry
BCTpevaeTcsi Ha CPeHEeBO3PACTHBIX 3ajeskax
pasnoro peskuma ypaaskuenus (3J1-30, 3-39),
HO KPYTHBIN TOPOCT 3aPMKCTPOBAH TOTHKO HA
zamesrax mezodurnoro Tuna (3]1-30). Ha 3pe-
nbix 3asesrax (3-60) ormeuen nojpoct Fraxinus
mandshurica Rupr., Acer ginnala Maxim. Ceme-
Ha JIAaHHBIX BUJIOB PACITPOCTPAHSIOTCS BETPOM Ha

paccrostaue 20—90 merpos [12]. CoorBercTBeHHO,
UX BO30OHOBJIEHIE HA 3AJI63KaX BO3BMOJKHO TOJbKO
B YCJOBUAX HETIOCPEICTBEHHOTO HATMYNS TeHe-
PATUBHBIX J[EPEBLEB B OJIIKAIIIEM OKPY/KEHNU.

B ycaoBusx wactoro BO3JeiicTBUS MUPO-
reHHOTo (hakTOpa HA PACTUTETbHBIE COODIECTBA
BO300OHOBJICHIE IPEBECHBIX PACTeHUH CUIHLHO
sarpyjaHeHo. Pacturenbubie coodliecTBa Haum-
HAIOT Pa3BUBATHCS MMPAKTUYCCKY ¢ HYJIST W JKe
CUIBLHO TOPMO3AT B passutun. Ha mporsykenun
JUITATETLHOTO BPeMEeHH TOC/Ie Toskapa Ha TOJIsX
MpeodIaiaioT pa3JandHble BUBI TOJBIHI, 8 BIJIO-
Boe pazHoobpasue cHUKRAeTCss. AHATOTMYHAS CH-
ryarusi B [ [ppamypbe Ob11a onincana B padore [ 13].

Pesynbrar anasinsa B3anMOOTHOIIIEHU T aTpo-
XUMUYECKIX CBOMCTB II0YB 1 THIIA pacTuTesbHO-
CTU TIOKA3aJT NX TECHYIO KOPPEJISIIIMOHHYIO CBSI3b.

['ymycoBbIii TOpU30HT HANOOIEE 3aBUCHM OT
Tuna pacruresbHoro coobiecrsa [14]. Cambim
BBICOKIM COjiepsRanmeM rymyca (puc. 3a) xapag-
TePUIYIOTCA TTOYBBI A0OPUTEHHOTO JIECHOTO Mac-
cusa (JI) u momyrugpomopduoii 3anesku (3-39).
[TparTuueckn Bee uccaexyemMbie moJist JOCToBep-
HO OTJIMYAIOTCS OT JIGCHBIX MTOYB O0Jiee HU3KUM
ero cojiepsRaHmeM. YBeJlmueHne cojlepRaHms y-
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Myca B TIOBEPXHOCTHOM MOPUBOHTE TOJYTUIPO-
dopduoit 3anexu (3-35) Bo MHOTOM CBsI3aHO
€O 3HAYNUTEJHHBIM MTPUBHOCOM OpPraHMYecKOIro
BelllecTBa ¢ KOPHEBOIl Maccoil pacTeHuii. JTo-
MY CITOCODCTBYET OOMABHAS OCOKOBO-3TaKOBAS
pPacTUTeTbHOCTD (BePXHUII TOPU3OHT MOUBBI ObIJT
cuIIbHO 3ajieproBan). [Tpm sToM moBepxHOCTHOE
HepeyBIasKHeHNe [M0YB CJIePRIBACT ITPOIECCh
MUHEePAJTN3anum OPraHndaeckoro BelecTBa M-
KpoIopoil, 4T0 MPUBOJAUT K HAKOIJIEHUIO TY-
myca. [1ouBbl TOABIHHO-BEITHIKOBBIX 3aseKeit
¢ AKTUBHBIM BO30OHOBJIEHIEM BUIOB JIPEBECHBIX
pacrennit (3]1-30) xapaxkrepusyorcs caMmbi-
MU HUBKUMU 3HAYEHUSIMU COJlePKaHUs TYMYCa.

Bce nceseyempbie ouBBI 110 YPOBHIO KUC-
JIOTHOCTH OTHOCSATCS K CJIAO0OKUCJIBIM KPOMe ITOUYB
3aJIe3KHbIX 110J1ell ¢ MHTeHCUBHBIM BO30OHOBJIE-
HueM qipeBecHbix pacrernii (3/1-20, 3]1-30),
B KOTOPBIX PeARIUS CPeJbl CHJIbHOKICIAs U TP -
OJMsKeHa K 10YBaM KOPEHHBIX JIyOOBBIX JIECOB
(pme. 3b).

[Tpekparenne ceabCKOXO35HCTBEHHOTO G-
MOJIb30BAHUS TIPUBEJIO K CHUKEHUIO COJepsKa-
nust karnonos Ca®* m Mg* B nmouse (puc. 3e, f).
Yeenuuenne npoucxoaut ciycrs 30 ner. Ana-
JOTUYHBIE 3AKOHOMEPHOCTU OTMeYeHbl JIJIs
JIePHOBO-TIO/I30JIMCTBIX TTOYB, HO YBeJIMYeHMe cO-
fiepsRaHme KaTHOHOB ITPONCXOJIIIIO B HUX Ha 00-
Jlee paHHUX CPOKAX IOC/e Havaja 3a1eKHOr0
nporecca [15]. 1o copepskanuio karnonos Ca?",
0CODEHHO B MUHEPAJIHHOM TOPU3OHTE, U TOBUK-
HbIX popm Kasust u pocopa HanbOAbITNMI KOH-
MEHTPATISMI XapaKTePUBYIOTCST 3PeJIbie 3aTesKI
(3-60) (puc. 3¢, d, e). OHu gocroBepHO OTIANYA-
I0TCST OT JIECHBIX [TOYB 1 [T0YB CPeIHEBO3PACTHBIX
3aJleKeil ¢ AKTUBHBIM BO30OHOBJIEHNEM JIPeBec-
HbIX 110poj. Huskoe copepskanme moaBUsKHBIX
dopm Pochopa B TéMHO-TYyMYCcOBOM TT0/10€1€ T10
CPaBHEHUIO ¢ AJIIOBUATBHON Cepo-ryMycOBOii
MOYBOT 00YCJIOBICHO PETHOHAILHBIMI 0CODEH-
HOCTSIMU 1TOYBOOOPA30BaHUs, & UMEHHO, IPO-
1eccoM KoHKpernoopasoBanus [16], B pesyiib-
TaTe KOToporo hocdop mepexoanT B HeJIOCTYTHOE
(huKcMpoBaHHOE COCTOSIHIE B JKeJIe30MapraHiie-
BBI€ KOHKPEI[NT.

Bepositno, nogobnas kapruHa siBJIsieTcs
3aKOHOMEPHBIM HTAIlOM Pa3BUTHUS 3aJ€HKHbBIX
nous [IpuMopckoro Kpast 1 oTpaskaer n3MeHeHust
arpoXNMUYECKIX CBOICTR, KOTOPbIE TPOUCXO/AT
[P HPEeKpaIeHnn I CHUKeHIN YPOBHS aH-
TPOTIOTEHHOTO BO3JIENCTBUS.

3arioueHue

Haubosiee ycroitunBuIMU JOMUHAHTHBIMI B
3aIesKHBIX DRocucremax ora [lpumopceroro kpas

SABJISTIOTCST BEHHUKOBO-3/IAKOBbIE U TTOJIBIHHBIC
cunysun. Ha cpepneBospacTabix 3aeskax j1o-
MUHUPYIOIIIM CEMeiicTBOM siBjisieTcs Asteraceae,
cylecTBeHHO yuactue cemeiictBa Fabaceae. Ha
3peJIbIX 3aJIeKaX BBISIBIIEHO BHICOKOE ydacTie B
TpaBocroe cemerictBa Poaceae. MakcumaabHbIM
BUOBBIM Pa3HooOpas3meM XapaKkTepusyoTrcs
CPe/IHeBO3PACTHBIC 3aJIeKI ¢ BO30OHOBICHMEM
npeBecHbIX pacrernii. C yBesmdenmemM Bo3pacra
3aJIeR1 BUIOBOE PA3HOOOpasme CHUKACTCS.

[TepBbiMu oceTeHAMI U3 IPEBECHBIX Pac-
TEHWT HA UCCTEYEMbIX TEPPUTOPUSX SABIISIOTCS
npesfcraBuTesnn pojaa Salix, onu pou3pacTaioT
eIIMHUYHO WJIM 00Pa3yIOT MUKPOTPYITIPOBKU.
Vx yerernrHoe 3arpernsieHne mpoucXouT CIycrst
8—10 ster ocJie BLIBOIA I0JIA U3 CEALCKOXO035I-
crBeHHOTO oOopora. [losiBnenne npencrasuresns
ROPEHHBIX JecoB, mofpocta (). mongolica Fisch.
ex Turcz., npoucxoaur B Bozpacre 15—20 mer
U pUypoueHo K nepudepnin 3aaesku, rpannia-
el ¢ JIECHBIM MacCUBOM.

WNaydenne B3anMOOTHOIIIEHWIT arpoOXTUMI-
YeCKUX CBOUCTB MOYB W THIIA PACTUTETHHOCTH
BBISIBUJIO HECKOJIBKO 3aKOHOMEPHOCTET JIJIs pas-
HBIX DTATIOB TIPOIECCA eCTECTBEHHOTO 3apacTat s
teppuropuii. [locyie BoiBeieHus monei us cenb-
CROXO035IHICTBEHHOTO 000poTa n (HOPMUPOBAHNS
CpeHeBO3PACTHBIX 3aJIesKell B I0UBe CHUKALTCS
cojlepskanue noaBUKHBIX hopm Pocdopa, Ka-
tnonos Ca®* u Mg**. Ha Gosiee mosianx cpokax
3aJI€3KHOTO TIPOIECCa MPOUCXOUT YBeJTNYeHne
cofepsranms B mouse Katnouos Ca’*, moABUKHBIX
opm ramua n pocedopa. Ha srame akrmBHOTO
BO30OHOBJIEHWS JIPeBECHBIX BUOB pacTeHU Ha
3aJIesKaxX yBEJIMUNBACTCS KUCIOTHOCTD MMOYB 1
YMEHBIITAETCS COflePsRAHIe TYMYCa 1 TOJ[BURHBIX
bopm ramms.

Paboma evinoanena npu noddepicre Poccuii-
ckoeo Hayunozo @onda, npoekm N 17-76-10011
«Oyenka npodyrmueHocmu, az2podIKOA0LULECKO20 CO-
CMOAHUS U NEPCNEKMUBHL UCNOABI0BAHUS 3ANENCHBLY
nous /laibHesocmouno2o pecuonar.
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Bopoémbr Rymo-Manbrackoii BiajinHbl IMEIOT PeJIMKTOBOE IIPONCXOK/eHNe 1 (DYHKITMOHNPYIOT 3& CUET BbITIeIaunBaH IS
CJIATAIONNX BIAJIMHY MOPCKIUX OTJIOKEHNUIT TTOBEPXHOCTHBIMI 1 IPYHTOBBIMI BOjlaMil. B craTbe npuBOsTCs: pesyibraThbl
MHOTOJIETHET0 HKOJOTTUECKOT0 MOHUTOPHHTA BO06MOB ManbracKo rpy st 038p, 00J1a1aio X BHICOKOT MUHepaIn3ariieit,
470 criocoberByer hopMupoBanuio creruduueckoro duorenosa. Vayuenne srosorndeckinx ocodbeHHOCTell BOIOEMOB B
YCTOBUSX JUMUTHPYIOIIEr0 BIAMSHUSA COTBHOCTH MOKA3AJI0, YTO BBICOKasH crerieHbh MuHepaaunsamnun Bojabl (80—200 r/n)
c1rocoOCTBYeT aKTUBHOMY PadBUTHIO U pasMHoskeHnto Artemia salina L. B o3épax Bosbimoe Himanmuuckoe n [Ixrama.
OCHOBHBIM HCTOYHUKOM TTUTAHNUS TAPTEHOTeHETHYeCKOI TOMYISAIn apreMutt spistiorest Mukpodurel Dunaliella salina,
Nilzschia, Navicula, Surirella, obiajaioye BbICOKON MJIACTHYHOCTHIO U CIIOCOOHBIE BLIJCPIKNBATH PE3KIE Ieperajibl
MUHEePATN3aIii BOfibl. AHATN3 TOJYYEeHHBIX Pe3YJIBTaTOB MMOKA3A, YTO COCTAB, IMHAMIKA YNCJTEHHOCTH 1 TeHe3Ne ONOoThI
HOJIBEPIREHBI (DIYRTYAINN, 3aBUCAIIEIH OT COBOKYITHOTO JIeficTBUSA dKOoJOTHUecKIX hakTopos cpesbl. Hanbomee cunbnas
cTerieHb MIHepan3ai B 03épax MaHbIucKoii rpy bl hopMupyercst B JIeTHUIT [IePHOJ| PN 3HAYEHU U THPOTEPMIYECKOTO
roappurmenta 0,3-0,4. B 03épax ormeueHo pazsurie BYX-TpéX reHepaiiiii pauka Artemia salina L., cpejiHsis 4ncIeHHOCTH
PAZHOBO3PACTHOTO PAUKa 3a epuojt anpesb—asryct B ozepe boabimoe Amanrnnckoe — 23,07-61,14 toic. 9K3./M?, B 03epe
Jikama — 10,05-23,15 toic. 9K3./M%. YeranoBaeHHas 3aBUCHMOCTL MEKILY MUHEPATU3ATINCIT BOJBI () 1 cpejiHeli JTnHoi
rena paukos (V) annporcumupyercs ypapuennem s Y = 8,9118 + 0,0041 x (n = 60; r=0,38; p = 0,03; r*= 0,14).

Kuouesnbte crosa: munepanusanus Bopbl, Kymo-Manbruckas Briajiia, rureprajibie BOLOGMbI, apTeMust, BOIOPOCIII.
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The reservoirs of the Kumo-Manych depression are of relict origin and function due to leaching of the sea sediments
composing the depression by surface and ground waters. The article presents the results of long-term environmental moni-
toring of reservoirs of Manych group of lakes with high mineralization, which contributes to the formation of a specific
biocenosis. The study of ecological features of water bodies under the conditions of limiting influence of salinity showed
that a high degree of water salinity (80—200 g/L.) contributes to the active development and reproduction of Artemia salina L.
in lakes Bol’shoe Yashaltinskoe and Jama. The main source of nutrition of the parthenogenetic population of Artemia are
microphytes Dunaliella salina, Nitzschia, Navicula, Surirella, which have high plasticity and are able to withstand sud-
den changes in water mineralization. 24 species of diatoms and 1 species of green algae were found. The analysis of the
results showed that the composition, dynamics of abundance and genesis of biota are subject to fluctuations, depending
on the cumulative effect of environmental factors. The strongest degree of mineralization of surface waters in the lakes of
Manych group is formed during the summer period at the value of hydrothermal factor of 0.3-0.4. In the lakes, it is noted
the development of two or three generations of crustaceans Artemia salina, the average number of different age crus-
taceans for the period April-August in the lake Bol’shoe Yashaltinskoe is 23.07-61.14 thousand ind./m?, in the lake Jama —
10.05-23.15 thousand ind./m?. The dependence between the mineralization of water (x) and the average body length of
crustaceans (Y) is approximated by the equation of the form: ¥=8,9118 + 0,0041 x (n = 60; r = 0.38; p = 0.03; r*= 0.14).

Keywords: mineralization of water, Kumo-Manych depression, hyperhaline reservoirs, artemia, algae.
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Rymo-Mawnbruckas Brajuia pacroyioskena
B 103KHOI1 eBpOIIeMCKOM YaCTU apUHOTO KIUMAaTU -
yeckoro rosica Poceniickoit Mepreparin, kotopas
npecTaBasger coboil YHURaIbHOEe 00pazoBaHme
TeKTOHUYECKOTO TTPOUCXOKCHUSA ¢ TTNPUHON
20-30 ®m, a B MEHTPATHLHOT TACTH CYRACTCS 10
1-2 xm [1, 2]. B reosiorndeckom mporiiom 3/1ech
TPOXOMNIT MOPCKOW MPOJNUB, COCTUHATONIIA
Yepromopernii n Ractimitckmit 6acceinin.

Ananms aseoreorpamuecKX NCCIe0BA-
HUii mokasaJ, 4to Bofoémbl Kymo-Manbiuckoii
BHANHBI ¢DOPMUPOBATNCH KAK PEJUKTOBBIC
00'bEKTHI BO BPEeMsl XBATBIHCKOI TPaHCTPeccun,
CBSIBAHHON CO CMEHOW MOPCKOTO M PEYHOTO pe-
JKUMOB, B YCJOBUAX PE3KO KOHTHHEHTATHHOTO
3aCYNIJIMBOTO RJANMATA TTPU OCTPOM Jeuiiure
aTtMoC(epHBIX 0CAJIKOB, BBICOKOI CyMMe aK-
TUBHBIX TeMTIePATyp BO3JyXa W MHTCHCHBHBIX
cyxosesix. CaMbIM OOJIBITIM BOJIOEMOM SIBJISIOTCS
03epo Mawubru-I"yuio, Koropoe oxpaHsiercs co-
rmacto KomBeHimm o BOAHO-00TOTHEIX YTOIBSAX,
MMeIOLINX MesKayHaponoe snauenue. K cesepy
1 K I0r0-BOCTOKY OT HETO HAXOMSTCS JUMaHHBIE
o3épa, rakme rak l[logmanoxk, [Ixama, llapwik,

Bonbmioe n Manoe flmmantunackoe, I'pyscroe,
Jlebsizrbe u ip. [3—-6] (puc. 1).

N3yuenne pyHRIIMOHUPOBAHUS TIPUPOJL-
HBIX YHUKAABHBIX dKocucTeM BomoémoB Hy-
Mo-MaHbIUCKOT BIAJIMHBL SIBJASAETCSA aAKTYaJb-
HBIM HallpaBJIeHUEeM B 3KOJIOT UM,

[lems mammoit padoOTHI — MTPOBEEHIIE HKOTO-
IUYeCKOr0 MOHUTOPUHTA BOAHBIX 00bekToB Hy-
MO-MaHbBIYCKOI BIIaHbI, pa3zpaboTka peKoMeH-
AT KOMTIIEKCHOTO UCTIOB30BAHS 1 03/[0POB-
JICHUIST BOLOXO3SIMICTBOHION 00CTAIOBKI BOLOGMOB.

O0BbeKTHI 1 METOJbI NCCIE[0OBAHS

Marepuasiom fjist aHHOT PabOThI TIOCTYKM -
JIN Pe3yJbTaThl 9KOJOTNYECKOTO MOHUTOPUHTA
BomoémoB Hymo-Maubiuckoil BnajuHbl B Ie-
puom 2002—-2016 rr. KomnuecTBeHHBIT XUM-
YeCKUI aHAJIN3 BOJ TPOBOJIIIN B COOTBETCTBUN
¢ merognkamu [TH]L @ 14.1:2.98-97, [TH]| @
14.1:2:4.113-97, ITH]] @ 14.1:2:3.95-97, 11H]]
D 14.1:2.107-97, ITH][ ® 14.1:2.114-97, [TH]1
D 14.1:2:3:4.121-97, upenen morpeirHocTeii npu
Bepositroct P = 0,95 cocrasisier £9—-14%. Or6op
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O3epo Bosbimoe flmantnackroe
Lake Bol’shoe Yashaltinskoe

Ozepo [Israma
Lake Jama

Puc. 1. Pactionoskenne o3ép Kymo-ManbracKoil Briajjumbl
Fig. 1. Location of the lakes of the Kumo-Manych depression
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Ta6auma 1 / Table 1

JlrnamMmka xuMnueckoro cocrasa osepa bombiroe flmanruncroe
Dynamics of the chemical composition of the lake Bol’shoe Yashaltinskoe

Jlara Rounenrpanus nonos, r/m Cymwma coaeit, r/n | pH
orbopa lon concentration, g/L Amount of salts,
s]e)lzzii(())i CO,# | HCO, ar SO* Ca* Mg* Na* /L
2002 rop / 2002
2307 | - | 078 | 753 | 504 | 70 | 84 | 498 | 192 | 8.0
2003 rop / 2003
22.04 - 0,85 82,5 61,8 9,4 11,2 27,3 223 8,3
20.08 - 1,53 169,5 127,2 20,6 25,7 96,9 441 8,7
2004 ror; / 2004
10.04 - 0,51 33,1 18,6 0,80 9,2 20,0 78,3 7,9
26.07 - 0,60 33,8 18,9 0,84 D, 20,1 80,0 7,7
2007 ropg, / 2007
15.04 0,003 | 0,11 27,5 24,1 0,03 4,8 33,6 120,2 7,8
05.08 - 0,67 84,0 48,6 8,5 9,6 64,2 215,6 8,0
2010 rog, / 2010
10.05 - 0,62 23,8 26,0 2,9 7,8 35,9 130,0 7,6
22.08 - 1,23 143,6 12,2 18,0 24,8 106,4 406 8,2
2013 rop / 2013
04.05 - 0,31 81,6 16,4 4,6 1,3 63,1 167 7,8
25.08 - 0,97 130,0 81,5 16,7 7,2 88,0 324 8,0
2016 ron / 2016
20.04 0,003 | 0,98 67,4 47,6 7,4 9,6 26,4 190 7,7
27.07 — 1,11 72,4 64,9 10,1 16,9 71,9 237 8,2

Ipumewanue: npouepr obo3narwaem, 4mo KOLYEHMPAYUL UOHO8 HUNce npededa obnapyicerius memooa.
Note: A dash indicates that the ion concentration is below the detection limit of the method.

ruPOOHONIOrYeCKIUX 11PO0, 3MepeHust (PaKToOpoB
cpefibl, 00paboOTKY MaTepuasoB MPOBOMIIN 110
MeTOJIIKe N3yYeHUst OUOreOI|eHO30B BHYTPEHHITX
BOJIOEMOB, MaTeMaTu4yecky 00paboOTKY TaHHbIX
MIPOBOJINIII METOJIAMI CTATHCTIYECKOTO aHAII3a
¢ npumenenuem rporpammbl STATISTIKA 10.0
[7-10].

Pesyabrarel n 00cy:kaenmne

PesyabraThl sRcTIeNTIMOAHBIX WCCTET0BA-
Huit nmokaszasm, uro ozépa Kymo-Manbruckoii
BIIAJIUHBI UMEIOT YETKO BbIPpAjKEeHHBIE KPYThie
Oepera u TJIOCKOE JIHO ¢ COJEHOCHOW TAUHOM,
ROTOpast IOKPbIBAETCS KPUCTAJJIAMU COJIM TIPH
BBICBIXAaHUI 03¢ B cyxue rofibl. OcHOBHOE TTHTA-
HUe ITPOUCXOJUT 38 CUET aTMOCEEPHBIX 0CAJIKOB,
TAJIBIX U I'PYHTOBBIX BOJI.

Oszepo Boanbioe flimantuacroe sipisiercs
HaunboJsiee KpynubiM 13 MaHBIUCKON TPYIITIbI
03€ép ¢ TIOMALI0O BOJHON MOBEPXHOCTH B Me-
senb 41,0 km? Ilpu skerpeMasbHO BBICOKOM
HamosHeHnun o3. Mauwru-I'ynumno 1o ormeror
15,92—-15,50 M BO3MOKHO TIOCTYILJIEHIE YaCTH

ero croka B 03epo bosbioe flmanrtunckoe u 06-
pazoBaHue e[MHOTO BOJHOTO 3€pPKaJIa ¢ 03€POM
Masoe Hmantunckoe [11].

Osepo Jlsxama, kax n gpyrue ozépa Mamniu-
CKOII I'PYIIIIbI, UMEeT PeJIMKTOBOE TIPOUCXOFK]Ie-
HUe 1 DYHKIIMOHWPYeT 34 CUET BhITIeTauBAH IS
CJATAIONNX BIAJUHY MOPCKUX OTJIOKEHUIT 110~
BEpPXHOCTHBIMU U TPYHTOBLIMU BOJaMU, K KOHILY
JIeTa MOJKET MOJTHOCTHIO M YaCTUIHO TTePechl-
xarb. [Tpm oToM TI0TIaAL BOAHON TOBEPXHOCTI
ozepa Jlykama B BeCeHHUII Mepuoj| COCTABIIELT
COOTBETCTBEHHO O KM?, MITHePaJI3aIis BOIbI B
TOJIbI MCCTEIOBAHUIT B 3aBUCUMOCTI OT CE30HA
rosia Bapbuposasa or 108 no 426 r/a.

Pesynbratsr MHOTOJIETHETO MOHUTOPUHTA
MOKa3aJsu, 4To 001as MuHepaan3aius BoJbl B
03. Boabmoe flmantnunckoe MoKeT oCcTUTATh
441,3 r/n. Bmecrte ¢ Tem, nipu moavye B BOJO-
éMm mpecHoil Bogwel o kanany PP-4 (Pocros-
cruit pacupenenutennb) [IpaBo-Eropiasikeroit
OPOCHTENILHO-00BOHUTENIHLHON CUCTEMBI (UTO
umeso mecro B 2003-2005 rr.) Mmunepainsa-
nust MoskeT yMeHbIarbes a0 78,3—80,0 r/n

(rabm. 1).
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Mumepannszanmsa m XHUMIYECKIA COCTAB
036p 3HAUMTENHHO KOJEOIOTCA O TomaMm
W ce30HaM B 3aBUCHMOCTH OT KOJUYECTBA
OCEHHE-3UMHIX 0CAJIKOB, NCTIAPSEMOCTH W T10-
nauu npecHoit Bogbl. [lpn arom HammenbIas
ROHIIEHTPATNA COJIeIl OTMEYaeTCs B BECEHHUIT
nepuoj 1 HambonbIasg — B KOHIE Jera, Xu-
MHUYECKUI COCTAB M3MEHSeTcss OT cyabdaTHo-
XJIOPpUHOTO MaroneBO-HaTPUeBOro 10 XJIOPpu/i-
HOTO HaTpUueBO-MardmeBoro.

Bennunua mMuHepanuzamnum BOJOEMA
b. flmanrunckoe (¥, ,uV,, ) B saBucnmocTn
ot rugporepmmueckoro koddpdunuenrta (I'TKH)
(r) 3a mepuojbl ampesb—Mail 1 NIOHb—aBIyCT
OTIMCHIBAIOTCS YPABHEOHUSIMIU:

Yo =124,90 + 162,36x —140,072> (1)

v-v
Yo = 198,52 — 1352,962— 625,362* (2)

VI-VIIT

(n=30;r*=0,14; p = 0,04).

Permenne ypasuenuii nokaseiBaer, 4to Ham-
GoJiee cuIIbHAs cTereHb MITHepasu3aum Gopmiu-
pyercs B iernuii mepuoy ipu 3unavennn 'R (x)
0,3-0,4 (puc. 2).

Pesyabratel ncciegoBanmii morasanm, uto
03. bonbimoe flmantunckoe n [[srama mo cymme

MOHOB OTHOCSITCSI K THUIePraJImTHHBIM BOJIOEMaM
Masubiuckoii rpymib.

Hamwu BoIsiBIe O 25 BUIOB BOOPOCICIT, B TOM
vnese 24 suaa auatoMoBbix (Nitzschia sp., V. com-
pressa (Bailey) Boyer, V. constricta (Kiitz.) Ralfs
in Pritch., N. epithemoides Grun., N. hungarica
Grun., N. pellucida Grun., N. pusilla Grun.,
N. scalpeliformis Grun.; Surirella brebissonii
Krammer & Lange-Bertalot, S. hoefleri Hust.;
Navicula lundii Reinch., N. phyllepta Kiitz.,
N. salinarum Grun., Amphora coffeaeformis (Ag.)
Kiitz., Craticula halophila (Grun.) D.G. Mann,
Cylindrotheca gracilis (Bréb. ex Kiitz.) Grun.,
Entomoneis alata (Ehr.) Ehr., Fragilaria fas-
ciculate (Ag.) Lange-Bertalot, Gyrosigma acu-
minatum (Kitz.) Rabenh., Hanlzschia vivax
(W.Sm.) M. Peragallo, Rhopalodia gibberula
(Ehr.) O. Mill., Stauroneis anceps Ehr., Stepha-
nodiscus sp., Thalassiosira sp.) n 1 Bujj 3eJ16HbIX
(Dunaliella salina Teod.). IIpegcraBurenn
asbrodIIopPhl B YCIOBUAX BHICOKOIT MUHEPAIN-
3a1[M ¥ BOJIBI 00TAJIAI0OT BHICOKOT MJIACTUYHOCTHIO
1 CIIOCOOHBI BHIJIEPsKUBATL PE3KMe Tepernajibl
u mupokrue nipepesnl conénocru [12—14].

AT MUKPOMPUTHI CTYKAT OCHOBHBIM HCTOY-
HIKOM ITUTaHWs pavyKa MapTeHOreHeTnyecKoi
nomyssiny apremun. PesynbraTsl nccaenoBanmit

Tadanma 2 / Table 2

Mopgomornaeckas xapakTepucTIKa MOJ0BO3PETBIX 0cobelt pauka Artemia salina L.
B TurnepraJnHubix Bojoémax Kymo-MaHbIucRoIl BriainHbl
Morphological characteristics of mature crustaceans Artemia salina L.
in the hypergalin reservoirs of the Kumo-Manych depression

[Torazarenn Mecsiiy / Month
Indicator ampesib Mai UTOHD T0JTh aBTYCT
April May June July August
o3epo Bombimoe Hmaarunckoe / Bol'shoe Yashaltinskoe lake
Munepanuzamus
Bomwl, /i / Water 152,0+5,6 162,3+4,7 176,8+8,5 202,5+11,2 260,2+£15,4
mineralization, g/
flouiia rexa, it 9,25:0,19 | 10,50=0,11 | 9,13+0,25 | 10,25+0,20 | 10,75=0,26
Body length, mm
L 11,50+0,22 | 13,50+0,30 11,25+0,18 12,50+0,10 14,00+0,17
Lo 7,00+0,12 7,50+0,15 7,00+0,09 8,00+0,26 7,50+0,14
rnax: min 1;64 1,80 1,61 1,56 1,87
ozepo Jlrama / Jama lake
Mumnepasmusarst
Bojibl, T/ / Water 165,1+5,7 180,345, 208,4+9,1 276,2+£13,7 310,1£18,7
mineralization, g/L
fluiita reiia, s 9,130,18 | 9,88+0,25 | 9,00+0,12 9,75£0,27 | 10,00=0,18
Body length, mm
L 11,25£0,26 | 12,50+0,18 11,00+0,23 12,00+0,16 12,75+0,20
Lo 7,00+0,14 7,25+0,12 7,00+0,11 7,50+0,22 7,25+0,13
Ll 1,61 1,72 1,57 1,60 1,76
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Fig. 2. The degree of mineralization of water depending on the GTK

MOKA3aJI1, YTO BbICOKAS CTEIIeHb MIHepaJu3arun
BOJIbI B BOJIOEMAX CII0COOCTBYET Pa3BUTHIO 1 pa3-
MHOKeHUI0 pauka-skabponora Artemia salina L.
[15—-17]. Tax, ero nomyssinun ObLJIN OTMEYEHbI
B 03épax Bosbinoe flimantunckoe u [zrama, rje
MuHepaausamus Boabl cocrasisina 80—-400 v/,
B JIPYTHUX UCCTelyeMbIX o3épax Artemia salina L.
e obmapysxema.

Anamuz sdpderrnBrocTn Tarnx GaKkToOpos,
Kak Ouomacca apreMuii, MUHePAJIN3aIus BOJIbI
" YUCACHHOCTH (PUTOTIAHKTOHA, a TaKKe MX
COBMECTHOTO BJMSIHIS MOKAa3as cjaejylolee:
MaKCUMaJIbHbBIE [TOKA3aTeJ N OMOMACCHI pavuKa
npu MuHepanusanuu 78,3 r/a1 B 03. Boabinoe
fAmantunckoe cocrasuim 91,8 r/m?, B 03. [Iprama
npu murepanusanuu 148,2v/n—57,7v/m?. [lpn
YBeJIMUeHNN MUHEpaJn3aiui BOIbl B 03épax
Mamnbruckoii rpymnsr (229,8—246,1 r/n) npouc-
XOJUT CHUFKEeHIE YUCTeHHOCTH PUTOIIAHKTOHA
(6,6—-12,1 myu ®yi./n) mw GuomMacchl apremMuii
(20,7-57,6 v/m?). [1o pesyasraram MOHITOPUHTA
YCTAHOBJIEHO, UTO JIJIsI AKTUBHOT JRUBHE eI Te ] b-
Hoctn Artemia salina 1. omTuManbHBI TOPOT
conéroctu BojbI coctasisser 80—200 r/ .

Crieryer oTMeTHTh, UTO 1Ipu HeOGJATOT PUSAT-
HBIX YCJOBUSIX BHETITHEIT Cpejibl (MUHepasm3aris
Bojibt Oosiee 300 v/n) Artemia salina L. morubaer,
HO [IPU BTOM HTOTIYJISIIUN COXPAHSIIOTCS B IPYHTaX
036D B BUJIE IUCT, YNCIeHHOCTh KOTOPHIX COCTaB-
nster 49,1-252,3 Thic. 9K3./MP,

Ananus crpykrypbl nonyssinun Artemia sa-
lina L. morkasaj, uro B 03. Bb. flmantnuckoe
OHA COCTOSITAa B OCHOBHOM M3 caMOK (70
27,2 thic. 9K3./M?), caMI[bl IMeJNCh B e{IHITY-
HBIX 9K3eMILIAPAX, & YNCACHHOCTh HAYTIIINYCOB
Bapbuposasia or 15,0 mo 41,7 Teic. 5K3./M?, uTO
na 47—71% Goanbie, yvem B 03. [srama.

Nzyuenne mopdosornyecknx 0cooeHHOCTe
Artemia salina L. mokasayio, 4To MX mapaMmerpbl
3aBHCSAT OT TUAPOXUMUYECKOTO PesRiuMa o3epa.
Tar, B 03. /Ixkama 1npu MuHepaJu3aIluu BOJbI
165,1-310,1 r/n1 pa3amepHbiii cOCTaB MOJOBO3-
pesnix paukos apremnii Komebasies or 7,00 mo
12,75 mm, tipu cpepeii ayinae npumepro 9,00 M.
B 03. Boapmoe flmantnrnckoe npu MeHbIIeH
MUHEePATN3ATIT BOJBI JJIITHA TeJIa TI0JT0BO3PEThIX
ocobeil pauka na 2,22-9,80% Goablie, yeMm B
03. Jlsrama (tabu. 2).

3aBUCHMOCTD MEsKTY MUHEePATH3aIineil BOJbI
() m cpeHeil TTHOT Tes1a pavKoB (V) anmmporen-
mupyercst ypasaenuem suja: ¥ =8,9118 +0,0041 x
(n=60;r=0,38; p=0,03;r*=0,14). [liuna rena
HAYIJINYCOB B [I€PUOJ NCCJeI0BAHNIT BAPbUPO-
Basra B nipeenax 0,060—2,700 mwm, cocraBisia B
cpepnem 1,70+0,51 mm (0=0,880, C =51,65%).
[Tocnenyiomiue oBeHUAbHBIC CTAUI PA3BUTHS
padKa uMesn CpeHIolo IJanHy Tejga ot 3,750 no
6,500 My (5,17£0,65, 0 = 1,124, C_ = 21,76%).
Huamerp wucr Artemia salina L. cocrasisii or
0,250 o 0,400 mwMm.

3akiaodyenue

[TpoBenénubIii KOMIIIEKCHBIIT MOHUTOPUHT
Bo/0éMOB KymMo-MaHbiucKoil BiiajinHbl HOKa3al,
YT0 OHU 00JIAI0T TOBBIIITEHHON CTeTIeHbI0 M-
Hepan3aIi BOJbL. Y CTAHOBIEHO, YTO HANOO-
Jiee cUJIbHAST cTelleHb MUHePaJIn3aun moBepx-
HOCTHBIX BOJ| B 03épax Manbrackoii rpynis (pop-
Mupyercs B Jjernuii mepuop npu snadernun ['TH
0,3-0,4. Obunapyskeno 24 Buna guaroMoBbixX i 1
Byt 3esiéubIX (Dunaliella salina Teod.) Bomopoc-
Jeii. B o3épax orMeueHO pas3BUTHE JBYX—TPEX
renepanuii pauka Artemia salina 1., cpepuss
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YUCJCHHOCTh PA3HOBO3PACTHOTO pavKa 3a MePHOJ
arpesb—aBryct B 03. boabmioe flutanrunckoe —
3,07-61,14 teic. sK3./M?, B 03. [Israma — 10,05—
23,15 teic. 9K3./M?. YeraHOBIEGHHAS 3aBUCH-
MOCTH MEJKTY MIHEPAIN3aueit Boysl () m cpej-
Hell JTIMHOT Tesa paykoB (V) anmporcuMupy-
ercst ypasuernnem Buga: ¥ = 89118 + 0,0041 x
(n=60;r=0,38; p=0,03; r*=0,14).
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MouuTopuHT HPUPOTHBIX U TPUPOHO-AHTPOIIOTEHHBIX 00 bEKTOB
B mpoBuHIIN Bsarcko- Ramekoii Bo3BbIneHHOCTH

© 2020. M. T'. ]IBopaukos, i1. 6. H., B. H. C.,

B. B. lllupses, a. 6. H., B. H. C.,

|B. I. CadeOBL . 6. H., mpogeccop, wieHn-koppecnongaent PAH, r. u. c.,

/1. 1. CrpenbHuKOB, M. H. C.,

Beepoccuiicknii HayuHO-UCCIE0BATEIbCKIUI MHCTUTYT OXOTHUUBETO X0351icTBa
n 3BepoBojcTBa M. ipodpeccopa b. M. fHurrkosa PAH,
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B pabore 0606111eHbI pe3ysibTaThl TPUATHICTHUX CTAINOHAPHBIX HCCAC0BAHNIT 30HATLHBIX IPUPOJIHBIX 1 AHTPOIIO-
reHHO HapyieHHbIX Onoreotieno30B (BI'Ll) Ha ocHOBe ecTeCTBEHHBIX HKOCHCTEM I X KOMITOHEHTOB B TPOBUHINN BsTcko-
Rawmcroii Bossbinennoct. Coveranme B mepapxndeckoM psjry MPUPOHBIX, TPUPOHO-AaHTPOIOTEHHBIX 1 AHTPOTIOTeHHBIX
00BLEKTOB sIBJISIETCS XOPOJIOTIYECKOTT OCHOBOIT 9KROJIOTHYeckoro MonuTopunra. [ Iposefén anaimns cTpyRTypbl pernoHaIbHbIX
HKOCHCTEM 1 MCIOJMB30BAHUS OMOPECYPCOB B MBMEHSIIONINXCS TTPUPOJHO-KANMATHYECKIX 1 AHTPOITOTEHHBIX YCJOBUSIX.
Braropapsi BeIABIEHHBIM apaMeTpam CTpPYKTypHO-QyHKImoHanbHoii opranusarnun BI'LL n nx émMroctn yeranosinen
(B 1nOPOBBIX 3HAUCHUSX) TPEH]| TPEOOPA30BAHMIT TAITN B CMEeIIIAHHBIe 1 OMOJIOKeHHBIe JTeca. [Iporece npeobpasoBaHus
COIPOBOKIAETCS YBeJIMUeHeM KaJlbIMs B IPUPOJIHBIX 00'beKTaX U KOMIIOHEHTAX CPeJibl K I0TY PerioHa i HOJITBepsKiaer
n3MeHeHnst OMOTeOXNMIYECKOTO KPYTOBOPOTA TaKHOTO THIIA, BIEKYIIEro 3a co0OTl CHIKeHMe ¢riocoOHOCTN BOCCTAHAB-
JIMBATh U HOJJIeP/KIBATH €CTECTBEHHOE KOJMUeCTBO BOJBI Ha Bojochope Kamcroro Gacceiina u ero arperaritii, n Kiammara
B resoM. Bmecre ¢ Tem, amepprenTHOCTD, AnHaMnunoe gynkiunonnposanne BI'L[ m mpornos mx passnTtus oTkpwIBaer
MHHOBATINONHLIEC T MHBECTATIONHBIE TTIePCHeKTUBLI A 2P (eKTHBHOTO MPNPOOTOAL30BAHNS I PA3BUTHIA PETHOHA.

Harouessie crosa: HIpUpoHO-aHTPOIIOTeHHbIe O6’beKTLI, OmooTIIeCKas IPOAYRTUBHOCTL, HPOTHO3UPOBAHNE DKROJIO~
TMYeCKNX PUCKOB " 0e301acHOCTH.

Monitoring of natural and natural-anthropogenic objects
in the province of Vyatka-Kama Upland

© 2020. M. G. Dvornikov

V. V. Shiryaev

[V. G. Safonov]

D. P. Strelnikov ;. cii. 0000-0002-9814.631x7

Russian Research Institute of Game Management and Fur Farming of RAS,
79, Preobrazhenskaya St., Kirov, Russia, 610000,

e-mail: DvornikovoO@mail.ru

ORCID: 0000-0002-8261-5783"
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ORCID: 0000-0002-4827-42097

The review summarizes the results of thirty years stationary studies of zonal natural and anthropogenically disturbed
biogeocenoses (BGC) based on natural ecosystems and their components in the province of Vyatka-Kama Upland. The
combination in the hierarchical series of natural, natural-anthropogenic and anthropogenic objects is the chorological
basis of environmental monitoring. The analysis of the structure of regional ecosystems and the use of biological resources
in changing climatic and anthropogenic conditions is carried out. Due to the identified parameters of the structural and
functional organization of the BGC and their capacity, the trend for the conversion of taiga into mixed and rejuvenated
forests has been established (in numerical values). The conversion process is accompanied by an increase in calcium to
the south of the region and confirms changes in the biogeochemical cycle of the taiga type, which entails a decrease in the
ability to restore and maintain the natural amount of water in the Kama basin and its aggregations and the climate as a
whole. At the same time, the emergence, dynamic functioning of the BGC and the forecast for their development opens up
attractive innovative and investment prospects for effective environmental management and development of the region.

Keywords: natural and anthropogenic objects, biological productivity, forecasting of ecological risks and safety.
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OpHnM 13 rIaBHBIX IMOKa3aTeseil, XapakTe-
PUBYIONINX TOJJlepKaHNe UHAMURN yCTONYM-
BOTO (IMHAMWYHOTO) paBHOBecus OnocgepHbix
MPOIECCOB, TOJIBEPIKEHHBIM BAMSHIIO ITPaK-
TUYECKM BceX BUJOB M OPM XO35TCTBEHHOI
MesITeIbHOCTH YeJI0BeKa, a TAKKe SBIISIONIMCS
MHTeTPaJbHBIM TTOKAa3aTeJieM X03sHCTBOBAHNUS
U IPUPOIOTIOIb30BAHUS CIIYFRUT OMOJTOTHUECRAS
MPOAYKTHBHOCTE. DaKTOPHI, OT KOTOPHIX 3aBUCHUT
O6momornyeckas MPOAYKTHBHOCTH, 9TO AMHA-
MUYHOe BO300HOBIEHNE, 0e30TIacHOe COCTOSTHIE
pecypcoB m KadecTBa cpejibl, obecrednBao-
muecst B pe3yJbrare GYHKIIMOHUPOBAHMS OMOTHI
1 HERUBBIX KOMIIOHEHTOB KaK eJMHOTO IeJI0r0
B ITapaMeTpax BeIrecTBeHHOTO KPYroBOpoTa 1 1mo-
TORA SHEPIUU B KOHKPETHBIX ITPOCTPAHCTBEHHO-
TePPUTOPHUATHLHBIX 'PAHUIAX €CTECTBEHHbBIX KO-
JOTUYECKIX CUCTeM, aHTPOTIOTEHHBIX 00'beKTOB,
pa3BuTHEe KOTOPBIX MOYKHO MPOTHO3MPOBATH Ha
OCHOBE DKOJIOTHYEeCKOTo Monurtopunra. llpo-
rpaMMbl MOHUTOPUHTA, OT MEMKTOCY/[apPCTBEH -
HOTO /10 JOKAJABLHOTO YPOBHEil, BOCTPeOOBAHBI
¢ 1980-x rogos. Ilpu ucronb3oBanmm ganHbIX
MOHUTOPUHTA, ¢ OJTHON CTOPOHBI, BOBMOKHO
MPelOTBPATUThL YXY/IIIIeHNe COCTOSHMS OMOTHI,
KadecTBa OMOpPeCYpCcOB W TIPUPOJHON Cpebl,
¢ IPYTOii — MOJIYUYUTb HAUBBLICIINI X035 CTBEH-
ubiit adperr [1-4]. [logobHoro popga moaxos co
CTPOrO OPUEHTUPOBAHHBIM BEKTOPOM K ITPAKTIYe-
CKOMY ITPUMEHEHUIO 11 C TTPOTHO30M HOOC(epHOTO
pPa3BUTHsI 0CO3HAETCS MUPOBBIM COOOIECTBOM
KaK eIMHCTBeHHLIN CIT0C00 0E30IIacHOTO BLIKI-
BAHUS 4€JT0BEYECTBA B COBPEMEHHBIX YCIOBUSX.

[Hesnnio Hacrosiieii paborsl ObLIT 0030p pe-
3YJIBTATOB MCCAEOBAHNI B CpeHeTaéKRHbIX
n oskHOoTaéKHbIX Onoreorienosax (bBI'), naxo-
psmmuxces Ha Tepputopun Kmposekoit obmacrn,
C 11eJ1b10 BEIOOpA OCHOBHBIX MHMKATOPOB OIEHKN
HKOJOIMYECKOTO COCTOSIHIS 1 Pa3BUTHsI O1OTe0-
IEeHOTHYecKuX (6nocepHbIX) TPOIECCOB.

B sagaun uccnaeoBanuii BXOIMIO BbisIBIIe-
HIe INHAMIKI BeIeCTBeHHO-9HePreTnyecKkoro
noroka B BI'll m obocHoBanme Ha ocHose ero
MmoKasaTejieil BO3MOJKHOCTH U MEePCIHeKTUB UX
MCTIONB30BAHS: TP HKOJOTHUECKOT IRCTIePTI3e
npupoaubix (I10) u mpupopHo-aHTPOIOre HHbIX
ooberroB (ITAO), B IporHO3UPOBAHUN DKOJIOTO-
HKOHOMIYECKOTO0 pazBuTis RimpoBcekoit odracTn.

O0beKTBHI 1 METO/bI HCCJIEI0BAH IS

CrarimomapHbie HeCIeoBaHUs TTPOBOIIINCE
B 1989-2018 rr. 8 BI'l], Haxopsmmxcs B pa3HbIxX
peskuMax npupojonoab30BaHMs I OXPAHBI, pac-
MTOTOKEHHBIX B 0000 OXPAHAEMBIX TPITPOLHLIX
reppuropusax (OOIIT) u 3apeficTBOBAHHBIX XO-

3SCTBEHHOI IeATeTLHOCTHIO YeJ0BeKa yuacTKax
ITAO. B pabore mcmonb3oBainm KOMIJIEKCHBII
HAYUYHBII TTOJIXOT JIJIsT 000OTIEeHNS TTaTe0dR0JI0-
MHYeCKUX, apXe0JOrnIeCKNX, SKOJOTUIECKIX
n nHbIX Marepuasnos [1]. Odbexkramn nccaeno-
BaHmMii ObL 0codu, nomyasiiuu, rpynib BI'T,
sxomamume B ITAO. Ha crammomapax mo obie-
MPUHATHIM METOAMKAM ITPOBOMIIN TAKCATNIO
JIPEeBOCTOEB, OIpeJesieHne TPIPOCcTa 1 3a1macoB
(uromaccesl, pazmepa JINCTOBOTO OTIA/la 1 OTITA/A;
MPOCTEKUBATACH TTPOLYKTHUBHOCTD, YUNTHIBAIN
300MacCy Ha3eMHBIX TTO3BOHOUYHBIX I TOUYBEHHBIX
6eCI03BOHOYHDBIX JKUBOTHBIX; OCYIECTBIISICH
o1hop 1Ipoh OCAIKOB, sKUBOIT 300Macchl 1 HuUTO-
MAacChl, BETOTIIH, OMAJa, OACTUIKN i TTOUBBI [JI51
orpefiesieHust COJePsKaHUA B HUX XUMUIECKIX
a/ieMeHTOB. B cooTBeTcTBIT ¢ METOMKAM I KOJTH -
YEeCTBO MIOMIAJIOK, TTPO0, M3BMEePeH Uil 1 AaHATN30B
00ecIevnBasio CTaTuCTHYeCKy0 00padoTKy Mare-
PHUAJIOB, AHATIM3BI TPOBOJIINCH B ATTECTOBAHHBIX
naboparopusix [1]. TepMmunbl npuBemeHbl 10
Depepannpromy 3akomy ot 10.01.2002 r. D3 No-7
«00 oxpate OKpysKaloLLell cpefibl».

Pesyabrarsl u ob6cyskienne

Ha marepnasiax skusHenes e IbHOCTH PErmo-
HaJIbHOIT OMOTHI BBISABIEHO, KAK B KOHKPETHBIX
30HAJIbHBIX YCJIOBUAX OKRPYRAOIIEN CpeJbl
chopmupoBasnch GNOTEOXNMUYECKIE TTURJIbI
U BOCCTAHOBUTEIbHbBIE CYKIECCHOHHDBIE PSIJIbI,
obecnieunBatotniue crabuiabuocts BI'L[ u 6uo-
cbeprl B 1eJI0M 38 CYET BBICOKOTO OopazHoodpa-
3151 Ha PA3HBIX eT0 YPOBHAX (MOJIERYIAPHO-TeHe-
TUYECKOM, MTOMYJIANIOHHO-BII0OBOM, COOOIIECTB
n srocucrem) [1-5]. Ha permonanpnom mepap-
XINYeCKOM YPOBHEe BBIJIEJSIOTCS J[Ba THIA TeO-
MPOCTPAHCTB: MPUPOJHbIE 30HBI, TTPOBUHIINNT
n peunbie 6acceiinwl [1, 3, 6]. Ha ocnose nomy-
YeHHBIX Pe3yJbTaToOB NCCIeI0BAHNIT yCTaHOBIIE-
HO, 4TO eCTeCTBEHHbIE IKOJOTUYECKIE CUCTeMbl
(E9QC) pernona uccaenoanmii obiagaoT smep-
mrentHocTnio [3]. Ilpusmarm stux cmerem —
[EJIOCTHOCTh 1 HAJINYIe Y 37eMeHTOB 001ell 1e-
JIV — TIOJjIepyRaHe OMOreoeHOTHYeCKIX 1 BOJI0-
peryJmpyomnx mpoieccoB. B mpocrpancTse
(BTOM 4mcIIe B MepapXmiecKoM PSILY) 9TOT PeRIM
BOJTHOBOIT, a B cucTeMe, Ifie MOJIJIePsKNBaercs
YCTOWYMBOCTH — aBTOBOJHOBOIL. [Tpir aToM BaskHBI
He TOJIbKO COBpeMeHHbIe OT[eHKI COCTOSTHUSI, HO
" TPOINJibie BpeMeHHbBbIe dTalbl N3MeHeHU i
n npeodpasosannii BI'l, nunaMukn pazsurus
X03ACTBEHHOM JIeATeIbHOCTI 1 NCIIOJb30BaAH A
pecypcos B rogorene |[1]. dro mozBoanmio, Bo-
nepBbix, paccmarpuBarh pazauunbie [10, [TAO
(BRJIIOYasi ypOaHNU3MPOBAHHbBIC) U AHTPOTIOTEH-
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uble 00berThl (AQ) B BUjie NCTOPUYECKU YIIO-
PSAJIOYEHHBIX eJ[ITHCTB, BO-BTOPHIX, TEPPUTOPH-
aTbHO T epeHInPoOBaTh MPAKTHYeCKIe Mepo-
MPUATHS PUPOJIONIOJIb30BaTeell B KOHKPETHBIX
NPUPOJHBIX TepBUUHBIX stueiikax — BI'T]. Mmen-
HO 3TH TTPeJICTABIeHIS JIesKaT B OCHOBE Pa3BUTHSI
BI'l n monuropunra 6uopasunoodpasus. B csisn
¢ X035 CTBEHHO JIeATeJIbHOCTHIO I IIJIOTHOCTHIO
nocenennii uesopera Ha CeBepo-Bocroke Kmpos-
CKOIT 00J1acT B ToJIONeHe ObLIN U3YUeHbI {iHa-
MUKa IPUPOHOT cpefibl 1 MI3MeHeHNe COCTOSHIS
o6mopecypcoB. Ha ocHoBe ananmsa mocemaenmii
JIPeBHUX OXOTHMKOB 1 COCTAaBa MX MU BHISB-
JieHa 3aBUCHMOCTh cO0pa MUIEBOT MTPOYKITNH,
pocTa 6rmoMacehl JOMATTHUX 3 KUBOTHBIX OT TIJIOT-
HOCTU HACeJeHUs JKUTeIell 1 II0IMAaIn mocese-
Hus. ITor mpornece AunamuueH. K nmpumepy,
y Harosunuuckoro ropopuiia B 1374 r. ocHoBan
. Barra (merme 510 toic. wen.), 3mech B ecATRe
roponoB (Boszuukimnx B XV-XVII BB.) mposku-
Baer 74% sxureneit Kuposckoit obmactu. [lpn
CHITRATOIICIICS YMCIeIIHOCTH rHaceaenns B X X1 B.
(1a 30%) naoTHOCTH ero cocrasisier yike He 14,
a 11 wes. /km? Tak, ropogckmne AO, yrpaTusiime
npusnakn u cpoiictBa 11AQO, BosumkiIm n3 npe-
obpasoBanubix 110, u re, n npyrue nmer Kpu-
TePUN BBIJIEJIEHISI TEPPUTOPUT JIJIsI MX M€HTH -
(puramum, OMEHOK COCTOSTHISI, MOHUTOPUHTA I
cTparernyeckoro miaHupoanus. Bmecre ¢ rem
B nojytepskannm bnopasnoodpasus necubix BI']
BeJLYIAsi POJIb MPUHAIEKAT BOCCTAHOBUTEIh-
HBIM CYRIIECCUSAM, JKU3HEIesTeIbHOCTH Pac-
TeHUH-3AnPUKATOPOB, TOMUHUPYIOIUM B CO-
o01mIecTBaxX KMBOTHBIM, W aHTPOIOTEHHOT Jes-
TEJHHOCTH — TO TAKKE 00BEKTHI DROJIOTNUECKO-
ro morutopunra [1]. Cocrostnne 6Gunopaznoodbpa-
3151 B KIMMAKCOBBIX (DOPMAIMSAX 3aITOBEIHIKOB
(8 OOIIT Ruposckoii obnactn «J/leronmes mpu-
ponbr» Benércs ¢ 1990-x rr.) seraim B OCHOBY
CPaBHUTEIbHBIX OIIEHOK COCTOSIHIISI, MOHUTOPITH-
ra u 3pPeRTUBHOCTH TPUPOONOTH30BAHUS
B koukperuwuix [10. Ocobo Baskio, ecanm conps-
ménmo ¢ OOIIT pacmomokenbl X03AMCTBEHTO
OCBOEHHBIE YUACTKH C TUITOJIOTHYECKY OJIM3KUM I
BI'll, pasBuBaiomumucs moju BO3aeiicTBueM
MPUPOHO-AHTPOTIOTEHHBIX (DAKTOPOB. 3/IeCh
B CPABHUTEJIbHBIX NCCAEOBAHUAX (OTBIT-
KOHTPOJIb) W BBIABIsAETCA WHPOPMa-TMOHHO-
aHaInTHYecKast pojb MHAMKATOPA — ITATOHHBIX
BI'Ll. ITpuopurernoe nzyuenne rakux EIC, kak
MIPUPOJTHBIX ATAJIOHOB, OTMEYAeTCsI MIPOBBIM CO-
001IIeCTBOM, TIPUPOIOOXPAHHBIM 3aKOHO/ATe Ih-
CTBOM 1 DKROJIOrMYeckoli okTpuHoii Poccun. [Tpn
MO3HAHUW PErMOHATBLHOTO YPOBHS BhIJI@JTEHUS 1
yeranosiienust oobéma u rpannt] BI' yunrnisa-
nock, yto BI'[] mmeer reppuropuaibHyio 1mpo-

TSHREHHOCTD M OJIM30K K DJIIeMEeHTAapHOMY JIAH/I -
madry. B aToM cayuae nHTErpasibHO NCIONH3O-
BAaHO OJIHO M3 OCHOBHBIX X (PYHKITMOHATbHBIX
CBOICTB — THUII OOMeHa BeIecTBOM U MOTOK
DHEPTHUN. JTO CBOIICTBO BRIIOYAET COCTAB 1 nepap-
XU BCeX 3BeHbEB BelleCTBEHHO-3HEp-
reTYecKoro nmoroka. Posrbs Kaskoro n3 Hiux, B Tom
qucse 00béMa 1 CKOPOCTH TIPeBpaIeHnil Bele-
CTBA M HHEPTUN, HATIPABJIEHNUsI NX mpeodpas3oBa-
HU, ¥ TJIaBHOE, OTMEUeHHOI 3aKOHO/IaTeIbCTBOM
cOaTaHCcMpoOBaHHOCTN (PYHKIIMOHATBLHBIX MPO-
IeCCOB MeRTY TPOYRITIeN 1 IecTpyKIneii op-
ranmveckoro Bemiecrsa. [lo mpepcraBnenHbIM
Marepuaiam mpocsesReHbl (PYHKIIMOHNPOBAHIE
BI'll, coamancupoBaHHOCTh B3aMMOCBs3eI
B THIIEBOI TIeN: PACTUTETLHOCTh — TPABOSIIHbIE —
XUINHUKKI — PeJYIeHThl, i KaK [POsIBJISIOTCS
0COOEHHOCTI OMOJIOTMYECKOT0 KPYyTroBOopoTa Be-
mtects B pasunix BI'LL. C a10it 1Ies1h10 Beerfa BoI-
SBJISIIACH CTPYRTYPaA OMOMACChl OCHOBHBIX KOM-
MOHEHTOB MPUPOHBIX, N3MEHEHHBIX 1 TTPe0d-
pasosanubix BI'LL. ITogpobubie xapakrepucTukm
UX JIeCOHACAKIEHMI, TTapaMeTphl KPYTroBOpPOTa
30JTLHBIX BEITECTB, a30Ta 1 [PYTUX IITEMeHTOB,
MOTOKA dHEPTHH MpuBossATcs B padorax [1, 3].
Ha mpobubIX miotajikax, B IpUropojiHOil 30He
r. Kuposa (aberae OOIIT) mpocaeskensr xapakre-
PUCTURU JIPEBOCTOEB YPOAHM3MPOBAHHBIX TEPPI -
TOpuii, cOOpaHbl U B3BeIIeHbl AHTPOIIOTEHHbBIE
1peiMeThl. 3Jiech 3aMeTHBI OLITOBbIE OTXOJIbI, X
umeercsi 6osee 1-2 kr/ra. B mpupopusix BI'L]
HaOII0IaeTcst ipyras CTPYKTypa cooOIecTs.
Cpepnsisi OmomMacca 1Mo3BOHOYHBIX JKMBOTHBIX
spech B 1400 pas menblie cpejHero rogoBoro
npupocTra Haj3eMHOI (pruToMacewl, a B ypOanu-
supoBanHbix — B 1500—-1700 pas mennime. Cie-
JIOBaTeJNbHO, MeHbIIIe 3/[ech NX (DYHKITMOHATbHAS
posib u yeroitunsoctsh BI'L[. Ormeuennoe npo-
CJIeSRMBAETCS 1 110 HHEPTOIIOTOKRY, 3a MOCJeHIe
60 sier B KupoBcroii obmacti jeca OMOIOZKEHbI
(criesibix 28% ot mpeskaunx 43%) u cranu cme-
manubiMu [1]. B utore mHpeKkch oTHOMIEHUS
(puromacenr K TePBUYHON TPORYRIMH B CpeJHeil
n roxxuoi raitre — 0,015 u 0,025, 3Hauenusa KoTo-
PBIX OJMB3KU K BeTMYITHAM JINCTBEHHBIX 110 BEJIH-
4qiHe JUCTBeHHBIX 1 cMelnanubixX jgecos (0,028
0,033). KauectBo 1 cocTosiHme OKPYyKAOIIEil
CpeJibl XapakTepusyercs (PU3mdecKInMI, XUMI-
YeCKUMU 1 OMOJOTNYEeCKNMU MTOKAa3aTeJsiMu,
n (Mam) MX COBOKYIMHOCTHIO, OJHAKO B 4muCIIe
nopmaruboB B Poccuiickoit Mepepamnun (PD) mo
HACTOSAIIEro BpeMeH! He OIpeJieJieHbl TJIaBHbIe
(pyHKIMOHAIBHBIE [TOKA3ATeJIN TOMYJISIUI, CO-
00IIeCTB 1 HKOCUCTEM KaK OCHOBHBIX COCTABHBIX
qacTeil CTPYKTYPbI, COXpAHEHUs 1 UCIIOAb30Ba-
Hust Onopasuoobpasusi. OmeHKn COCTOSHUS,
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MCITOJIb30BAHNUS 1 MOHUTOPUHT Omopaznoodpa-
3151 0cOOEHHO HEOOXOIMMbI B OCHOBE COBPEMeH-
HBIX TTPOIHO30B M HKOJOTMYECKON DKCIepTH3e.
[Toka ske monynsANMOHHBIE CTPYKTYPbI OMOJIOTH-
YeCKUX KOMIIOHEHTOB Cpefibl 1 00'bEKTOB IpH-
POJIOTIONTL30BAHS B PETMOHE 3YUeHbl e[ITHITHO
[1,7, 8]. Meskmy Tem, HOpMATUBBI TOMYCTHMBIX
Harpy30K B Hpejesax KOHKPETHBIX TepPUTOPUIl
EIC nomsimbt obectieanBaTh cOOTIOJIEHIE YCTOT -
9UBOTO PYHKRITMOHNPOBAHNS 1 COXPAHEHNS BCeX
ypoBHeii buopasnoobpasus. Tax, B rpanumax
EéMKOCTH KPYTOBOPOTA PeATN3yIOTCs COBpeMeH-
Hble sBOJOMOHHbIe TTpotiecchl BI'L, pacmomo-
JKEHHBIX B TIPUPOJIHBIX 30HAX, 1 BO3MOKHOCTH X
CaMOBOCCTaHOBJIEHWS TI0C/Ie HETaTUBHBIX BO3-
meiicTBUIT. ITO obecrieunBaeTcs Ojarogaps He-
Pa3pLIBHOMY B3aUMOJCHCTBUIO BCeX YPOBHEN
61opa3Hoobpasuist, KOTOPOe IPOTILIO U TPOXOHUT
HBOJIIONMMOHHYIO «ITPUTHPRY» B KOHKPETHON W3-
Memrsiometics cpere obnranmsa KIC. Ilosromy
B IMPUPOIOOXPAHHOT (PKCITEPTHOT) JlesiTeTbHO-
CTH B 0003HaYeHNN HOPMBI I IMITAKTHOTO MOHT -
TOPUHTA, 0COOEHHO MTPOTHO3a YCTONYNBOTO pas-
sutus [1, 3], neobxonumbl pyHIaMEeHTATLHBIC
HayYHble CPAaBHUTEIHHBIE (MCXOHBIE) CBEJIeHTIS,
nonyuernbie Ha OOIIT u na reppuropun 1HAO
(permoHaNbHBIN YPOBEHHL MOHUTOPUHTA). Same-
TUM, 32II0BEJIHUKN Pa3MelleHbl 30HAJIBHO (Ipy-
IUX 9TATOHOB OMOTH M GMOpPasHOOOpasmsa Ha
manere Het). OfHAKO, 3BaTPSA3HSIONINE BellecTBa
u3 AO 1iepeHocsTCst BO3YITHBIMY WJTH BOJHBIMI
MOTOKAMU HA 3HAYNTE/IbHbIE PACCTOSTHUS, 1 He-
M3BECTHO, TJie W CKOJILKO MX BXOJUT B IPYTYIO
roukperuyio EIC. K mpumepy, 6unoreoxummue-
cKast MATpaIus OblJIa OTMeueHa 1Mo cojiepsRaHumio,
HaKOTIJIEHN O, TTepeMereHn o 1 pacipeeseHnio
30JIbHBIX BeIlecTB, a30Ta M JPYIUX 27eMeHTOB
(BRaIOuast Tsizkénbie Merasibl (TM) u pagnoak-
TUBHbBIE BeIecTBA) MO CTPYKTYPHBIM OJ0KaM
MPUPOJHBIX (30HATHLHBIX POHOBBIX) 1 OCBOEHHBIX
BI'T] n ucnionb3oBasach [jisi BLISABIEHUS OPEOJIOB,
dona u ganee — yriepogHoro nukia. B mecHbix
(1-5 6onurera) u xyrowix bI', naxomsammuxcs
BHE 30HBI TPOMBITIIJICHHBIX BO3/ICIICTBIIL, 3a1mac,
éMKOCTh, MHT@HCUBHOCTDH MTOTOKOB XUMUYECKITX
BeIeCTB 1 3a1acoB YIJIepojia COOTBECTBYIOT 30-
HAJIBHBIM 3HAUYEHUSM, OlHAKO B BECEHHNX Ha-
HOCAX, TPUBHECEHHBIX TOJOBOJIHEM, COflepsRaHe
TM n pagmoaKTHBHBIX BEIECTB 3aMETHO BBITITE.
[Toaromy paccunranHbIil e3KeTO/IHBII (0T BCXOI0B
JIO CTAJIN M OTIaJIa [PeBECHBI) U BEKOBOIT 060pOT
XUMUYECKIX DJIeMEHTOB, a TAKKe KIapKOBOe CO-
nep:ranue (B tom uncyae n TM), cormactno BbI-
SABAEHHOT ITPOTYKTUBHOCTU 1 CTPYKTYPbI (DUTO-
MAacChl, YKa3blBAIOT HA UX [IPEBHEE 1 COBPeMEeHHOe
npucyrcersue B BI'L [1]. 3gech mogcernika B

BepTuRaNbHOI cTpykType BI'T] — rmaBubIil reo-
XUMUYecKIii 6apbep (KOHTPOJMpPYeTcs perepa-
Mu, TadJOHAMI, CETOUHOW M30JATINe U T. 1T.),
MPOSIBJIEHIE I COJlepsKaHme OPeoJioB 3aBUCUT OT
TOUHOM (110 TTada0Hy) puKcarnn (Ha crarmoHa-
pax) ce30HHOI BETOIN U eKEerojJHOTO Oraja
7 oTnaza, reoMop@oaornieckKux u rupoornye-
ckux yeaosuii. B 6onorasix BI'L un3-3a Bropuu-
HOTO COPOIMOHHOTO HAROTIIEHUS COMepIRaHme
XIMIYECKNX HJeMeHTOB B OpeoJiaX BhIIe. JTH
Marepuasbl NCCAeOBAHNSA TTOKA3bIBAIOT YHI-
rasnpHOCTh KOHKpeTHBbIX [1O 1 ITAO n nator Bo3-
MOKHOCTh OTBETHUTH, KaKas 4acTh XNUMIIECKIX
9JIEMEHTOB €3KeTOTHO BOBJIEKAETCs B OnMoJiornye-
CKUII KPYTOBOPOT 1 KaKMe apaMerpbl ero MOTYT
UCIIOJb30BATHCS JIJIsi HOPMUPOBAHUS, 8 KaKas
110Jist Oe3BPEJIHO JIJIsl JKUBOTO YXOIUT B T€OJIOTH -
yecKuii KpyroBopot. Bmecre ¢ rem, nccsieoBanms
110 9KOCUCTeMHOMY YPOBHIO OMOpaszHooOpass
B pernoHe Tak;ke HemHorouucjgeHunt [1, 9—11].
Bosmoskno, ncceoBanms Ha 9KOCHCTEMHOM 1
MOTTYIATINONHOM YPOBHAX MHTEHCUOUITIPYIOTCS
BCJIENT 32 BO3HUKINEI TPoOJIeMOoil yTHIm3annn
orxonoB. [lina permonansueix [TAO, mpeodpaso-
BaHHBIX B ypOAHW3MPOBAHHBIE TEPPUTOPUT
¢ BTOPMYHBIMI JIECOHACAMKEHMSMI, XapaKrep-
HBI: BBICOKME ITOKa3aTe i hparMeHTnpoOBaHHOCTI
(o1 3 u Gosee yuactkos Ha opguH KmZ, ot 0,6%
u GoJiee JIOMIA/Ib JIOPOT U TPOII); BHAYNTEIHHOE
YUCJIO CUHAHTPOITHBIX BUJOB; JIECOTOKPbHITAS
maomans Menee 00%; na 15-30% menbine na-
ROTITIeHMe MOJCTIIIKY (13-3a TPOTI), OT1aJia, OT-
naja; camskena 10 45—60% npogLyKTUBHOCTE;
OTJIMTYALTCS CTPYKTYPA 11 61oMacca mo3BOHOYHBIX
JKUBOTHBIX. [lepeunciennbie mpusHarm ysxe moj-
TBEPIRIAIOT Havaao pa3dasaHCUpoOBaHHOCTH
JOKAJIBHBIX MTPOTIECCOB IECTPYRITNT 1 06pa3oBa-
HUS TIPOMYKIINY, a TaKKe CBUETeIbCTBYIOT
0 crieru@uKe CIOKUBIITETOCs BEOMCTBEHHOTIO
PecypeHOro IpupoJIoTIoJib3oBaHus1. BrisiBieHHbIe
TEHJIEHIINN U3MEeHEeHUs ITPU3HAKOB TaKKe yBe-
JUYNBAIOT BEPOATHOCTh PA3HOTO PoOjia yrpo3 —
MOBBITIIEHNE YHCJCHHOCTU KIeleil, BO3HUKHO-
BEHIE JIECHBIX TT0KaPOB, PACCeJIeHIe JIeCOCTell-
HBIX JKUBOTHBIX B ObLIyI0 Taiiry. K mpumepy,
OOBIYHBIMI CTAJIN BBICOKME TIOTHOCTH MBITITe-
BUJIHBIX I'PBIBYHOB, PA3JINYHBIX BIJIOB BPAHOBBIX
TITUTL, XUTHBIX 3Bepeil y ¢BaJOK OBITOBBIX OT-
XOJIOB 1 CaJIOBBIX yuacTROB. OOmmne CuHaHTPOTI-
HBIX BUIOB — 3TO CUT'HAJ BO3ZHUKHOBEHUS He
NPUPOJHBIX (AHTPOMOTEHHBIX) OMOTEHO30B
¢ ouaramm 0OJIe3Hell, epeIaoIuXcs YeT0BeKy
7 IOMATNTHIM KUBOTHBIM (OCIIIeHCTBO, KICTEeBOT
aHIeayuT, TYJAPEeMus, YyMa TJA0TOSHbBIX
nT.1.). YaurbiBas crieninury 3acTpoitKi, 13 pu-
TOPOJIHBIX TEPPUTOPUIT HEKOTOPHIE BUJIBI JMKIX
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JKUBOTHBIX (KpsikBa Anas platyrynchos L., Bo-
nstHast nonésra Arvicola amhibius L., ormaTpa
Ondatra zibethicus L., 606p Castor fiber 1., nu-
cuna Vulpes vulpes 1., amepuraHcKkast HOpKa
Neovison vison S.) TPOHMKATOT Ha CEINTEOHBIE
TePPUTOPUN 1 OOUTATOT B WHOT cpeme. Mmornmm
BBISIBJICHHBIMI TTAPAMETPAMU ITHX COOOIIECTB 1
MPOIECCOM NCTIONb30BAHNS OMOPECYPCOB HYIKHO
CBOEBPEMEHHO YIPaBIATh, & He NIHOPUPOBATDH
nX. AHQJTOMMYHbIE TeH/[@HTTN I TTOKA3BIBATOT JIAH-
HBIE TOJIMYHOTO MTPUPOCTA JIPEBECUHBI (JIpeBECHO-
ROJIBIEBOV WHIMKAI[N), TIO3BOJIAIONIIE UIeH-
TUUIUPOBATH TUPOJOTO-KINMATHUECCKUE
YCJOBHUS ¢ YU4ETOM TIPUPOIHBIX 0COOEHHOCTEI
KOHKPeTHOI TepPUTOPUE 1 AKBATOPUHU PeTHoHA
B MaciiTabe HeCKOJbKUX CTOJIeTHii. ITu Mare-
pUaJIbl HEOOXOMMBbI JIJIsl OIIEHKU HATPY30K 1 pa3-
paboTRM JaHAIITAQTHO-IKOJIOTUIECKOTO ITPOTHO-
za [1, 3, 11, 12], at0 BO3MOKIO TPHU GOIBITIEM
MPUBJIEYEHNN HAYYHOTO MOTEHINATA B 4aCTH
OTEHOK MPOJIYKTHBHOCTU, KPYTOBOPOTOB Be-
MEeCTB, MOTOKA DHEPTUYW U POJIM KOMIIOHEHTOB
B E9C. Tak, Ha ocHOBE O1IEHOK B3aNMOCBSI31 YTIPaB-
JISTIOTIKX CTPYKTYP Oropasnoodpasus [13] y kom-
MMOHEHTOB CPEJIb, IPU PEKOHCTPYKITUNU UCTOPUN
reHeTNYeCKIX N3MeHEeHWT, ol BIVsSTHIeM KJIu-
MAaTUYECKUX U AHTPOIOTeHHBIX BO3JeCTBUI
BBISIBJIEHBI KPUTHYECKUE MePUOJbl COCTOSHUS
MOTYJANNT aske ¥ MTUPOKO pacpocTpaHeHHON
B Espasun Lynx lynx L. [8]. Ilo coBorymmoi
nH@OpMAINT MOKHO CBOEBPEMEHHO BbISIBUTH
HKOJIOTIYECKYTO YIPO3Y U YIIPABJISTH PECypcaMu
[14], yrounuThb rpajaiium mosKapHoil OIacHoCTH
B ypbanusupoBanubix 1 oxpansembix BI'Ll; pe-
IyJAUpoBaTh HA YPOAHNUBUPOBAHHBIX TEPPUTOPH -
AX YUCTEHHOCTH JKUBOTHBIX — TEPEHOCUYMKOB
ONACHBIX DOJIe3HEH, TepPelaloNUXCs YeJ0BeKY,
4TO CTAJNO HbIHEe BechbMa akTyasbHbIM. [loguep-
KkuéM, uto 110 u [TAO, ux pacturenbhbie n K-
BOTHBIE KOMIIOHEHTbI, NCIIOJb3yeMble B peruoHe
YeJIOBEKOM He OJ[HO Thicsidesnerne, 1mo OMoaorn-
YeCKUM MoKasareasiMm Kavectsa [1] xapaxkrepu-
3YIOTCSI TTOKA XOPOIITUM COCTOSIHUEM U DKOJIOTH-
qeCKN OJATOMPUATHON OKPYIKATOMEN ¢pemoil.
Orerka cpefibl M0 KOMIIEKCHBIM TTORA3aTeIsIM
COCTOSTHU S ¥ MCTIOJIB3OBAHIST OMOpaznoobpasms
B 30HAJILHO-TEPPUTOPUATIHHBIX eJINHUTAX BeChMa
HEoOXO0/MMa, TTOATOMY TIPUOPHUTETHOE MECTO B
MPUPOIONIONBL30OBAHNY OyJleT BaHUMATh yKe He
pecypcHasi m BeJJOMCTBEHHas, a MINPOKO MPH-
MeHsdgeMas B cTpaHaX ¢ pPa3BUTON dIKOHOMUKOIA
HKOJIOTO-9KOHOMMYECKAsT COCTABJSIONIAs, pas-
pabaTbiBaeMasi peruoHaJbHBIM HAYYHO-00-
pasoBaTebHbIM 1eHTpoM. Tora paccMoTpeHHbII
HAYUHBII TIO/IXO0]] OTKPbIBAET IIPUBIEKATEIbHBIE
MHHOBAIMOHHbBIE U WHBECTUIMOHHbIE TTePCIIeK-

TUBH B 9@ eRTuBHOE MPUPOLOTOIL30OBAHNE
pernoHa — B 9KOJOTUYECKUIT Typu3M 1 obeciie-
yeHne 3aHATOCTH CeJIbCKOTO HacegeHus. bymner
paciimpATheA NpUMeHeHne HAYyKOEMRIX U HKO-
JOrn4ecKn 6€301MacHbIX TeXHOJIOTHI, B KOTOPbIX
B IIPOTIECCE IECTPYKITNT OTXO/[0B Y4aCcTBYeT O1oTa.

3ariaoueHue

Jlns mepexofia K yeTOHYMBOMY Pa3BUTHIIO
HEeOOXOIMMEL:

1) npentudguranus IHAO, BoisgBIenme
CTPYKTYPHO-PYHKIIMOHATBLHOTO COCTOSHIS
BI'll kak o6s3aTenbHOT0 MHOOPMAIMOHHO-
AHAJTNTHYECKOTO MHINKATOPA PETHOHATbHOTO
HKOJIOMMYECKOTO0 MOHUTOPUHTA, ¢ YUETOM TIpe]i-
CTaBJIeHIT 00 YIIyUIIeH NI KAYecTBA 3 KUBHEHHbIX
YCJIOBUI 1 TPUHITMIIOB CTPATErMYeCKOTO MJIAHY -
pOBaHMS B 4acT KOHKPETHBIX B3AaMMOCBSI3aH-
HBIX TJIAHOB, HKOJIOTO-DKOHOMUYECKIX OTEHOK
U IJIaBHOE — HAYYHBIX MTPOTHO30B PUCKOB 1 (-
(perRTIBHOCTN B3amMOCBA3ell PeTMOHATLHOTO
7 MYHUIATIATHHOTO YPOBHEIT;

2) hopMmpoBaHIe HKOIOTO-IKOHOMIIECKOTO
MUPOBO33PEHNUs CIEINaJINCTOR, 00yUaOIIIXCs
B yueOHBIX 3aBeJIeHMsIX, I YCUJIeHIe MacCOBOTO
HROJIOTMYECKOTO ITPOCBEIIEeH NS IPasKIaH PerimoHa;

3) meseycrpeMiaeHHOCTh 1 3P PeKTUBHOE
COTPY/IHUYECTBO PYKOBOJCTBA (hefepaibHbIX
U pETMOHATbHBIX OPTAHOB, HAYYHOIT 00IeCTBEH-
HOCTH 1 OM3Heca, Tak KaK Pe3yJibraThl CKOOP/IH-
HUPOBAHHOW 1 HAYYHO 0DOCHOBAHHOT JIeSITEh-
HOCTH OYIIYT MOBBIIIATH EHHOCTH TTOTPEOISTeMbIX
MPUPOAHBIX PECYPCOB, UTO ABIALTCS TIABHON
[eTBI0 PAINOHATLHOTO TPUPOOTOTH30BAHNS.
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[TpuBepén MoxXxoj K OIEHKEe COCTOSHUS PHIOHBIX PECYPCOB KAK MHOTOYPOBHEBON CHCTEMbl aHATN3a M3MEHEeHUI
CTPYKTYPHO-(DYHRIIMOHATBHBIX XapaKTepUCeTuK monyasiuii peid. PaccmarpupaeMplii mojixoy orpoboBaH Ha HpuMepe
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This paper substantiates a new approach to the protection of fish resources, based on the transition from the concept
of a calculated forecast of catches and quotas to a multilevel system for assessing the status of fish populations under
conditions of slow flow. The main levels of the fish population monitoring system are considered. A new approach based
an analysis of monitoring results of the main structural and functional population characteristics of fish, on data on the
dynamics of the population size and its generations, changes in the age structure, growth rate, abundance of individuals
with morphological anomalies. A new approach was tested on the example of a model species of bream (Abramis brama 1..)
in the Kuibyshev reservoir as a common inhabitant of different morpho-hydrological properties of reservoirs in Europe,
belonging to the LC group according to the [TUCN classification. An array of new scientific data has been obtained. Based
on the calculation of natural mortality by approximating the population curve, taking into account the age composition
of catches, it is shown that with a stable replenishment of the fishing herd, when high- and small-numbered generations
enter the fishery, depending on the spawning conditions, bream stocks are not expected to be undermined. The results of
the study can be used as a basis for assessing the state of fish populations, developing measures for the rational develop-
ment of their reserves in conditions of unstable hydrological regime of reservoirs and weakening of control over fishing

in the protection of fish resources.

Keywords: fish, population, dynamics, structure, monitoring of state.

JROCUCTEMbl BOJOXPAHUINII PYHKITNOHN -
PYIOT B YCJOBUSIX 3aMe[IJIEHHOTO BOJ00OMeHA
U MHTEHCUBHOTO PeTYJINPOBAHUS, HAIIPABICHHO-
ro Ha o0ecTieueH e 4eJT0BeKa BOJHBIME pecypca-
MI 1 3JeKTposHeprueii. B eBssn ¢ npobnemamu,
BO3HUKIIUMHI TIOCJE CO3/[aHUs BOTOXPAH NI
[1, 2], ocobyio poab nmpuobpeso paciinpeHne
ceTr MOHUTOPUHTA 38 COCTOSTHUEM UX BOJHBIX 1
BOJHBIX OMOJIOTHYCCKIX pecypcoB. OrcyTerBue
CHCTEMHOT0 OMOJOTUYECKOTO MOHUTOPUHTA
u peskoe ocyiabaeHne KOHTPOJISE HaJl ITPOMBICIOM
[3] Hanecm 3HAUNTEIBHBIT YIITepO pHIOHBIM pe-
cypcam. Bozuukiias curyarus tpedbyer HOBbIX
HAay4YHO 0O0CHOBAHHBIX IIPUHITUIIOB U TOJIXO/[0B
K MOHUTOPHUHTY COCTOSHUS TONMYJISAIUI PbIO
BOMLOXPAHMJIHII JI/IsI PAIIOHATBHOTO OCBOCHU S
X PHIOHBIX 3aT1ACOB.

[lens pmannoii paborsl — obocHOBaHME
n onpoOOBaHme MOAX0/a K OXpaHe PhIOHBIX
pecypcoB, OCHOBAHHOTO HA MHOTOYPOBHEBOT
cucreMe MOHUTOPUHTA COCTOSHUSA TTOMYISITIIT
pbhIO BOJOXPAHUJINII HA NTPUMepe MOJIeJbHOTI0
Busia — sera Abramis brama 1. 8 RyiiGbiien-
CKOM BOJIOXPaHUJIHIIE.

MQTOI_[OJIOI‘I/I}I, Marepua u MeTOJANRa

HoBwiit mojixo/ K parmoHaTbHOMY OCBOCHUTO
PBIOHBIX PECYPCOB B OTJIMYME OT TPAJUITHOHHOTO
Iporuosa yjiosos [3] basupyercs Ha omeHke co-
CTOSTHWST TTOMTYJSIII TI0 IAHHBIM MHOTOYPOBHE-
BOIT CMCTEMbI MOHUTOPUHTA ¢ AHAJIM30M U MHTe-
rparueil nHQOPMATINK KayRIOTO 13 MTPeIBbITY X
YPOBHEIT 1 TOMCKOM HAJIEKHBIX 11 DPPERTUBHBIX
UHANRKRATOPOB U3MEHEeHUA COCTOAHU A IIOIIy.TlHLll/l]Z
pbi6. MOHUTOPUHT COCTOSHUS TOMYSAIUIT PbIO
OCHOBAH Ha JIAHHBIX O COCTOSIHIY CPejibl 00uTa-
HUS, UXTHOJIOTHYECKOT0 aHa/In3a (BRII0YA0IIEero
MaTOJOT0AHATOMYECKITe HCCTeOBAHUS OT/eh-
HBIX 0CO0CI, MTHAMUKY YN CJTeHHOCTH TTOY/ISTITINT
7 €€ TeHePaIii, I3MeHEHS B BO3PACTHON CTPYK-
Type, CKOPOCTH POCTa, laHHbie 00 00uanm ocodei

¢ MopdosornyecKkuMu aHoManusaMu [4, 5]); Ha
OlleHKe BeJIMYNHBI CMEPTHOCTU U TOTIOJHEHUsI
MOMYJISITINN, B TOM YHCJe ¢ MpUMeHeHneM MO-
mu@URAIIT CTAHAAPTHOTO OMOCTATHCTIHYECKOTO
Merofia [d] m ananmsa cTPYRTYpPHOTO (aszoBoro
mopTpera peIOHON yacTu coodiectBa [6-8],
a Taryke Ha TporHo3upoBanun dPPeRTuBHOCTI
Hepecta pbid B 3aBUCUMOCTH OT BIMSIONMIX HA
HeTo PaKTOpPOB.

B rauectBe oOberTa MCCAEOBAHUS B3AT
MopeabHbll Bug — Jaewy Abramis brama L.
Ryiibpimesckoro Bogoxpannnniia. On sBis-
ercst OOLIYHBIM OOUTaTeIeM Pa3HbIX M0 MOP(O-
IUJIPOJIOTHYECKUM CBOICTBAM BOJIOEMOB [XBpOTILI
[8—=10] m o rraccmpurarinm MesaynapogHoro
€0103a OXPaHbI TPUPOJBI OTHOCHTCS K TpyTie LC,
T. €. He BbI3bIBAIONINII onacenue. buomarepuasn
miist ananmsa (Beero 36080, eskerompro — ot 950 110
7987 ok3. 0c0obeil phId) cOOMPATN COTSIMU ¢ TUCETT
36—90 mm B nepuop ¢ 2000 o 2018 rr. [3]. Ana-
JIN3 COCTOSTHUS TIOMYJISITINN TTPOBOININ Ha Dase
RAACCUYCCKUX TEOPETUYECKUX TTPEJICTaBICHUI
1 cOBpeMeHHBbIX pa3paboror [d, 11-19].

Pesyabrarel n o0cy:knenme

JluHaMuKa YMCITCHHOCTU TOMYISAIUN —
BasyRHeN il Kpurepuii eé cocrosinust. Yucyen-
HOCTb 0CO0ell 1 OTHOCHUTENIbHBIE TTOKa3aTelin,
OTHECEHHBIe K eNHUIe TA0IaAn, 00hEMYy
JKUBHEHHOTO MPOCTPAHCTBA WM BPeMEHU, pe-
IYJUPYIOTCS PABHOBECUEM MERLY OTeHITHATIOM
pocTa i OrpaHmYeHUSIMI, HAKJIabIBAeMbIMI Ha
ATOT POCT CPeIoil OOMTaHMsA B 3aBUCUMOCTH OT
RAMMara u Hajandus pecypcon [20].

C 2000 1o 2003 rr. obunme nema B Ryiiobi-
MIEeBCKOM BOJIOXPAHILIUIIE YMEHBITIATOCH (puc. 1a)
1pu OTPUIATETLHOI CKOPOCTH ero M3MeHeHus,
YTO XapaKTepPHO TIPU MTepexojie MomyJsiiiuu B ¢O-
CTOSTHTE ¢ MEHbBINel YncaentnocThio (puc. 1b).
C 2004 110 2008 rr. TpaeKkTOpusi cuCTeMbl cTaNa
MUKJINYECKOI, T. €. JIeTI HAXOMJICA B COCTOSTHIT
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Pue. 1. JlunamMuka oTHOCHTETLHON YHCJI@HHOCTH MOMYJsiiun jeia RyiobieBcKkoro Bofgoxpanuiniia (a)
n eé quHammdeckuii paszoserii moprper (b): 1 — nexonHbie lanabie; 2 — cryraskeHHbIe JAHHBIE;
3 — HAYAIbHOE COCTOSTHIE; 4 — HATIPABJICHIE TIePEMEIeHIST; D — COCTOSTHIE MOTTYJISTINT B TOT,
0003HaUeHHBIIT IU(POTl y KpuBOIi; 6 — ycroitunBoe coctostHue; 7 — KPUTHYECKAsE TOUKA
Fig. 1. Relative population dynamics of the bream of the Kuibyshev reservoir (a)
and its dynamic phase portrait (b): 1 — actual data on catches, 2 — smoothing data,
3 — initial population state, 4 — direction of system movement, 5 — population state
in the year indicated near the curve, 6 — steady-state condition, 7 — critical point
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Puc. 2. JTuneiinntii poct gema KyiiobiieBecKoro BooXpaHuanina B pa3ubie rojibi:
1-2000r. 1o [3]; 2 - 2018 ; 3 — 1960 r. o [19]
Fig. 2. Linear growth of bream of the Kuibyshev reservoir in different years
1 - 2000 under [3]; 2 — 2018; 3 — 1960 under [19]

Tadmuma 1 / Table 1

Anomasium n matosorun y jeia Yujpopekoro miéca Ryiiobiniescroro Bogoxpanuiuiia (n = 909 sx3.)
Anomalies and pathologies of the bream of Undorsky Reach of the Kuibyshev Reservoir (n = 909 spec.)

Bup anomanuii / Type of anomalies

Berpewaemocts / Incidence, %

Anomanuu srermuein mopdosornn / Anomalies of external morphology

Anomanun 6orosoii inuun / Side line anomalies 1,00
Wcrpusienne xsocrosoro credsisi / Curvature of the tail stem 0,33
ypOl:[.HI/IBOG pasBuTne CIIMHHOTO N aHAJIbHOTO IIJIaBHUKOB O 55
Ugly development of the dorsal and anal fins ’
[Tapasursi / Parasites

Ligula intestinalis w musisgn (Piscicola geometra) .

; . A - 0,33
Ligula inlestinalis and leeches(Piscicola geomeltra)

PaBHOBECHSI, TIPI HTOM CPEIHUI YIIOB COCTABJISII
0,25 sK3./ceth ¢ Bapuabeabrocerbio GV =17,6%.
[Tocne npoxoskaeHms: momyJsinueil KpUTHIeC-
koit Touku B 2007 r. ormMeuascs eé mepexos
B COCTOSIHIE PABHOBECUS CO CPEJHUM YJIOBOM
0,55 Kr/ceTh, XapakTepHBIM JIJIs TOTIYJIATN
Jera m B Hacrosiee Bpems. MeskrogoBas Ba-
puabesbHOCTh yJIOBA HE3HAUNUTEIbHO BO3POCTIa
(CV = 20%), 40, BEpOSAATHO, CBSABAHO ¢ MOSIB-
JIeHeM HeCKOJIbKIX YPOsKAITHBIX TTOKOJIEHUII.

Poer pui6. /s ananusa anneiinoro poc-
Ta pHIO MOCAEMHUX JIeT B Ka4ecTBe PernepHoro
B3AT TpeTnii aran GopMupoBanmsa NXTHOGAYHBI
(1960-1965 rr.) ¢ HAMIYUITTUMET TTOTTYJISITTHOH -
HBIMU TTOKa3aTeJsIMU Jiella B BOJOXPaHMJINTIe
[2, 21, 22].

JlanHbie 0 IMHEITHOM pocTe Jiela B Hepuo|
2000—2018 rr. B cpaBHEHWH € pEITEPHBIM DTAITOM
npuBejleHbl Ha pucyHke 2. OTMeuaercs TakiKe
AHAJOTHYHOE M3MEeHeHIe TeMIla POCTa MacCChl
resa gera |3, 19, 22| kak BaskHeHITNIT IpHUCITO-

CcOOMTELHBI MEXaHU3M OTBETA MOIMYJAINN Ha
n3MeHeHne 00ecIieyeHHOCTH MTHTIEN.
OrHocurenbHbBIT BRIAN 0codeii ¢ mopgo-
JOTHYECKUMYU AHOMAJIMAMY SIBJSETCS KPUTe-
pueM OTKJIOHEeHUs B pa3Butuu pbib. Pabors
2005-2006 rr. mokaszanu nusryio (< 1%)
BCTPeYaeMOCTh AHOMAJIMIT 1 TTATOJIOTUH Y JIela
Ryii6biesckoro Bopoxpanusuiia (t1adsm. 1) um or-
CYTCTBIE HapYIeHnii mosjoBoro mukiaa. Cieno-
BaTeJIbHO, JIell] B BOJOXPaHUJINIIE He TIOfiBePsKeH
cuiibHbIM abeppanusm. Bosbiie aHomasnii
o0HmapysKeno B BOJ0o6Me Y 4eXOH, TYyCTephl, bep-
a, Cylaka u OKYHsI, OJTHAKO X BCTPEYaeMOCTh
TakyKe HU3Ka 1 He npesbinraer 2%.
Bospacrras erpykrypa. B nacrosiiee Bpe-
MsI BO3PACTHO PsiJ| Jela coOCTaBIsIoT 0co0n
2—17 ner. Ananus YMCJCHHOCTH TOTYISAUN
Jeria BBISABUJ MEPUObl €6 HAXOMKeHUs B
PaBHOBECHBIX COCTOSTHUAX, YTO ITO3BOJISIET KOP-
PEKTHO O0BEIMHUTH JIAHHBIC BO3PACTHON CTPYK-
TYPHI B IePUOJT NCCJeloBaHmil. Y pbib B Bo3pacte
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9+—17+ ner cratneTNUYeCKI 3HAYNMBIX PA3JINI T
B BO3PACTHOII cTPyKType He ormeueno. [lo kpu-
reputo CrbiofileHTa peib B Bo3pacre 3+ m 4+ jer
on110 MoctoBepro bonbire 8 2000-xrr. (p=0,05 n
p=0,1, cooTBeTCTBEHHO), & IIIECTUIETOK 1 CeMU-
neror — B 2010-x rr. (p = 0,05). IpdexTuBHbIIT
HEepecT Jieta B HTU FOJibl OTIPele/IsIeTCsl YCAOBUsI-
MU cpejibl obuTanus (ONTUMATbHBIN yPOBEHHbII
PERUM BOMOXPAHUIWINA U OJaronmpusTHAS
HepecToBas TeMIlepaTypa B 1epuoj BeCeHHero
pasmuozkenus puid). MHuoroBospacrtaas cTpyKk-
Typa Jela TakKke XapakTepusyer 0J1aromnosyune
MOTIYJISATIIY JIeTa B BOTOXPAHMINIIE B 1[ETOM.

Onenka yncaeHHocT! noKoseHnii sremia. Ha
ocHOBe MHMOPMAIINI O PABHOBECHOIT BO3PACTHOT
cTpykrype nonyasmnun jgemnia KyiosimeBckoro
BOJIOXPAHUJIMINA U YCPEJHEHNUs BO3PACTHOI
CTPYKTYPBI ITOTYJISTIUN 32 TIePUOJ] NCCIeIOBAH ST
(2000—-2018 rr.) mpoBejieHa OIeHKa YNCJTEHHOCTI
MTOKOJIEHWIH JIela Ha 0CHOBE MO UITTPOBAHHOI
MeTOJNKI YObLTH OT JIoBa (puc. 3).

[To sKrcTIepuMeHTAILHBIM IAHHBIM [TPOBeJIe-
Ha aIPOKCHMAIINs OTHOCUTEIHbHON YNCIeHHO-
CTH YeThIPEX BO3PACTHBIX TPYIII Jera (puc. 3).

ANnporcuMaIuio OTHOCUTEIBHON YHCIeH-
HOCTH MJIQJIIITNX BO3pacTHBIX rpy1 (7= 2—6 ner)
OCYTIIeCTBJISIIN TOJITHOMOM BTOPOIi CTTIeH; JIJIsT
OIMCAHIS N3MEHEeHWs YnucaeHHocTn Oosee crap-
mux Bo3pactHeix rpyii (7'=6-17 jsier) Bociiosib-
30BAJINCh METOJIOM JIMHEIHOI aripoKCUMAIiiu.
[Toryuensr caepytonime anmpoKCUMUPYIOIe
mojenn (1)—(4):

T=2-6 ner:
InN=2,32297 + 0,22779- T - 0,03115 - T*
(R*=89,4) (1)

T=6—11ner:

InN=4,71415-0,35591 - T (R*=99,6) (2)

T=11-14 ner:

InN =9,58367 — 0,79686 - T' (R* = 99,6) (3)

T=14-17 ner:

InN=0,97301 - 0,18033 - T' (R*=99,6), (4)

rie In/V — narypanbabiii Jorapudm mporeHT-
HOTO COOTHOIEH NI BO3PACTHOI rpyTiel; T — BO3-
pacr, rojiel; R* —koadduitment gerepMuHATN.

Cormacro roaduimentam geTepMuHATAN
(%), mosryuennbie MOJIeJIH OTHChIBAIOT 0T 89,4 110
99,6% usmenenusi o6uIMsT 0COOEIT IPU OTHOCH -
TeJILHOIT TIOTPEITHOCTH MOJIeJIn, COCTaBJISIONIeil
0,2—-3,8%, uro ykas3biBaer Ha XOPOIIYIO Al POK-
CUMAaINio paBHOBECHON BO3PACTHON CTPYKTYPHI
nera. Pe3ysbraTbl MOl POBAHIS COIIACYIOTCS
C IAHHBIME OT[@HKN YUCJEHHOCTU MOJIOJM JIeIa
[23], a0 cBUETETHLCTBYET 00 a[IEKBATHOCTH TIPH-
MEHEGHHOTO MEeTo/ia.

Rospdumnment ecrecTBeHHOT cMePTHOCTHI
pui0 3aBucut ot Bozpacra [24]. [Tyrém anmpoken-
MaIny KPUBOI HACETEHS ¢ Y4ETOM BO3PACTHOTO
coctaBa yJIoBOB orpejenéH koapdurment (7))
CMEepPTHOCTH Jiellla B BOJOEMeE, COCTABISIONTITI
Bennuunny 7 = 0,38. CneloBate/ibHO, HAUNHAS ¢
7—8 JleTHEro BO3pacTa, CTajIo0 Jela e;kerojiHo co-
Kkpairaercs na 38%. YuureiBast, 4To LaHHbII 110-
KazaTeJib COCTOUT 13 JIBYX KoMiioHeHToB (M+F)
(ecTecTBEHHOW M MTPOMBICTOBON CMEPTHOCTH),
MOKHO CUHMTATh, YTO TP CTAOMIBHOM TIOTIOJTHE-
HIU [POMBICJIOBOTO CTaJla 1 MPOU3BOJUTEEH,
MOJIPBIB 3ATTACOB JIeTa He TPe{BU/IATCSI.

Onenka cocToAHMA MOMYJIANNA Jela.
ObbenHenne HEROTOPHIX M3 PA3HOPOIHBIX T10-
KasareJsieil cCOCTOSTHIS TOTYJSAINN, OCHOBAHHOE

— [
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Puec. 3. Yepenuéunas sozpacraas crpykrrypa rnomyasiun jerna 3a 2000-2018 rr. (1)
1 Al pPOKCUMUPYIOITast (PYHKINSA PABHOBECHOI BO3PACTHOI CTPYRTYPHI (2)
Fig. 3. The average age structure of the bream population in the periods 2000-2018 (1)
and approximating function of the equilibrium age structure (2)
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Ta6amma 2 / Table 2

IKCIIepTHAsE OIEHKA COCTOSHUS MOy A un Jema Ryi6obeBcKoro BOJOXPaH NI
Expert assessment of the Kuibyshev reservoir bream population status

[Torazarenu / Indicators 3nauenue noxkasares”

The value of the indicator *
Cpepuss giuna, cm ™/ Average length, cm™ 0
Cpepuss macca, r ™/ Average weight, g™ -1
Tewmm mumreiinoro pocra / The rate of linear growth +1
Tewmt pocra maccs tesia / The rate of weight growth +1
[Tpombicaosbie yiosbl / Commercial catches 0
Yaos ua yeusnne ™ / Effort cateh™ 0
Bospacruas crpykrypa/ Age structure +1
Yeaosus naryna / Feeding conditions 0
Kopwmosas 6aza / Feed base 0
Hanwnuwe mopdosornyecknx aHomasi 0
Presence of morphological abnormalities

Hpunewanue: * — norazameauw sviwe (+1), nuace (-1) uaw coomeememsyom (0) snavenusm npedvidyugeeo eoda;
** — ymenvwenue (-1), yseaunenue (+1) snavenuii nokasamenetl, npesvuuarougux 5%; (0) — usmenenue OAuHbL w MACCHL
ocobu menee, wenm na 5%; **¥* — oyenra arcnepma (no 4-xr 6arLbLHOLU WEALE) NO KOAULECMEY HCUPA HA KUULELHUKE U 1O

HAKOPMACHHOCTRU Pblo.

Note: * —indicalors higher (+1), lower (-1) or correspond to (0) values of the previous year; ** — decrease (-1), increase
(+1) values of indicators exceeding 5%; (0) — change in the length and mass of an individual less than 5%, **% — expert
assessment (on a 4-point scale) on the amount of fat on the intestines and on the feeding of fish.

Ha Tpéxbamnbnoil mrane (-1, 0, +1), mosBoaser
HPEJICTABUTH COCTOSTHIIE TIOMYJISAIIN B BUJIE TOUKH
B MHOTOMEPHOM MTPU3HAKOBOM ITPOCTPAHCTBE, 110~
JoskeHe KoTopoii B Hayase koopauHat (0) coor-
BETCTBYET HOPMaJIbHOMY COCTOSTHUIO TTOITYJISITIUH,
a OTKJIOHEHIIe OT Heé B IOJI0OsKUTeNIbHY0 (+1) nin
orpurartenbuyio (—1) cTopoHbl — yayunieHno
WM YXYAIIEHNI0 €6 COCTOSIHIIST, COOTBETCTBEHHO
(traba. 2).

O1eHKy COCTOSTHST TIOMYJISIIIT TTPOBOININ
TaKKe 110 HAJTNYII0/OTCYTCTBIIO MOPgOoIornye-
CKUX M3MEeHEeHUIl B CPaBHEHUN C UX BCTpevae-
MOCTbI0, IPUHATO 32 HOpMY. Ecsn akcreprayio
OIEHKY COCTOSTHUS MOMYJISINIT XUIHBIX PbIO
cJIelyeT MPOBOJIMTH 110 IAHHBIM HXTHOJOIIYe-
CKUX UCCTACMOBAHUIL, TO IPU DKCIIEPTHOI OI[eHKe
cocrostHus momynsamnun jgerma (taba. 2) ocoboe
BHUMAaHWe y/eJeHO OIeHKe 110 OM0JOTnYecKuM
MTOKA3ATeSIM.

3araoueHue

B pa6ore npusegén HOBbII TOAXO K OXpaHe
PBHIOHBIX PecypcoB, 6a3MPYIOTIUIICA He Ha Tpajii-
IUOHHOM IIPOTHO3e YJIOBOB, & Ha MOHUTOPUHIE
COCTOSTHUS TIOMYJIAINI PO KAK MHOTOYPOBHE-
BOTI crcTeMe, 01 poOOBAHHOIT HA TIPUMepe Jiera B
Ryii6nieBeKoM BOOXpAHUIHIIE TIO AHHBIM 32
nepros 2000—2018 rr. Anaans momyasiimoHHbIX
MmoKasaresieli  CTpyKTypHOTro hazoBoro moprpera
TOKA3AJI, UTO MOTyIATus terta Ryionimmescrkoro
BOJOXPAHIJIMINA HAXOMUTCS B PABHOBECHOM CO-

CTOSTHUU, XapaKTePHOM JIJIsl €10 TOYJISAINNT 1 B
HacTosiIee BpeMs.

JlanHble MOHUTOPUHTA O JWHEIHOM pocTe
ocobell pa3HOTO BO3pacTa, TeMIle MOBBIIEHUS
Macchl Tejia Jiela, Kak 1 MHOTOBO3pacTHas
CTPYKTYpa ero momyJisiin XxapakTepusyor oJia-
TOTIOJIyY e TIOMYJISTTNN UCCTeJOBAHHOTO MOJIE -
HOTO BUJA PBIO B TEIOM.

Ha ocroe pacuéra rosdpdurmenrta ecrect-
BEHHOW CMEpPTHOCTH MYTEM ammpoORCUMAINT
KPUBOIl HaceJeHNs ¢ YIETOM BO3PACTHOTO CO-
cTaBa yJIOBOB, MMOKA3aHO, 4TO TIPN CTAOMIBLHOM
MOMOJTHEHN T TTPOMBICTIOBOTO CTajla PN BCTY-
IIJIEHN N B ITPOMBICEJ BLICOKO- M MAJTOYMCJIeHHBIX
MTOKOJIEHUIT B 3aBUCUMOCTH OT YCJIOBUIT HepecTa
CHIYKEH U 3a11aCOB NCCII0BAHHOTO MOJIETHLHOTO
BHJIA PHIO HE MPEIBUJNTCSA.

PesynraThl MOTYT OBITH TTOJIOKEHBI B OCHOBY
OTIeHKI COCTOSTHUSI OIS PbI0, pazpadboTKku
MepOTPUATHTL 110 PATTMOHATLHOMY OCBOCHUIO
3armacoB pbI0 B YCJOBUSAX 3apeTyTnpoOBAHHOTO
THIPOPE;RNMA BOOXPAHTIIIHIIL.

HUccaedosanue ocyugecmeneno npu dunamnco-
6ot noddepiucke PODH u IlIpasumeavcmea Pecny-
oauru Tamapcman 6 pamkax nayurnozo npoekma
Ne 18-44-160023.
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IRonornueckas auddepeHnmanms CHHTAKCOHOB
JIeCHOM PAaCTHTETHbHOCTH SBEHNTOPOCKOI Onocraniun MY

©2020. T. 10. bpacnascras!, k. 6. 0., B. H. ¢., E. B. Tuxonosa!, k. 0. u., B. H. c.,
/1. B. CyxoBa?, Begymmit umrenep, H. I'. Yranosa?, 1. 6. u., mpogeccop,

K. B. llonosa?, acencrent, O. B. Yepenunuenko?, k. 0. H., T0IEHT,

'TlenTp o npoGaeMam DKOJIOIMN 1 IPOYKTUBHOCTH JIECOB

Poccuiickoii akajemMun HayK,

117997, Poccus, r. Mocksa, [Ipodcorosnas yiu., 1. 84/32, crp. 14,

Mockosekuii rocynapersennblii yausepeurer umenn M.B. Jlomonocosa,

119234, Poccust, r. Mocksa, Jlennnckue ropwr, 1. 1, crp. 12,

e-mail: t-braslavskaya@yandex.ru

C 1esb10 BBIABUTL B BOJHOMEHNKOBOM sanjnadre mentpa Pycckoil paBHUHBI 9KOJTOTHYECKIE PABTUUNA MEKILY
CHHTaKCOHAMU XBOWHBIX U CMENIAHHBIX JIeCOB, OTHOCAIINXCA K Kiaaccam Carpino—Fagetea n Vaccinio—Piceelea,
npoanain3npoBambl D36 reoborannueckux omucanuii, Buimosinenubix B 2004—2016 rr. B pesynbrare BuimosHenus 9K0J10T0-
(mopucrnyeckoit kiraccudurarm onucanuii (1o meroy bpayn-bBaarke) B recnom mokpose 3BeHUTOPOACKOT OMOCTAH TN
YCTAHOBJIEHBI O accomuanuii (BrIodast 2 cybaccoruariim, 3 BapuaHTa, B TOM Ic/Ie HOBbI keepome3oduTHbiii Bapuant Vac-
cinium vilis-idaea sonanwuoii cybace. Rhodobryo—Piceelum caricetosum pilosae v HoBbIII T10/ITaéRHbIIT BapuanT Asarum
europaeum osknoraékion cybace. Melico—Piceetum typicum) u 1 nepusariioe coobiiiectBo. Bouim mposesiens MuoroMepHast
OPJIMHAIINS ONUCAHUIT TI0 CXOJICTBY/ pasiamunio GIopucTuyeckoro coctana, GPuronHIIMKATIISA HKOJOTMYECKOTO PesKIMA TPI
MTOMOIIM HKOJIOTHYECKIX MTKas X. JsieHdepra n aHains NpuypoueHHOCTH (IIPU TOMOTIN TeOnHMOPMAIHOHHOI CHCTeM bl
Ha OCHOBE KPYIMHOMACIITAOHBIX KapT) ONMMUCAHNIT 13 Pa3HBIX CHHTAKCOHOB K HKOTOTIAM HA PA3HBIX MECTOTIONOMKEHNAX B
PEUHOII JIOJIIHE U ¢ PA3HBIMI XapaKkTepucTuramu mous. Pe3yibrarsl opHanm 1 GUTonHAMKAINN TPOJIeMOHCTPUPOBAIIH,
410 (AOPUCTHYECKIe PA3JINYNs JIeCOB HA YPOBHE KJIACCOB CONIACOBAHBI ¢ 3aAKNCIEHIEM TTOUBbI 1 COJlePKaHIeM B Heil
a30Ta, a Ha YpPOBHE accoIuaiiii B cocTaBe OJIHOTO M TOTO jKe Kaacca — ¢ Pe;RuMoM ysiaazknenns. Yacrorueiii ananns
paciipe/iesieHnst CHHTAKCOHOB 110 AKOTONAM BBISBIIL, UTO Jieca 30HAJIBHOTO cuHTakcoHa (cybace. Rhodobryo—Piceetum
caricetosum pilosae Bap. lypica) TAroT€IOT K XOPOIIO TYMYCHPOBAHHBIM 1104BaM 0e3 OTVIeeHMs, a jeca CUHTAKCOHA
¢ bosiee ceseprbiM apeanom (cybacc. Melico—Piceetum typicum Bap. Asarum europaeum) — ¥ OTJeeHHBIM MOYBAM.
Creruduueckass mpnypoueHHOCTh B CBSA3U ¢ TPAHYJIOMETPUYECKUM COCTABOM MOUYBbI JIISI MCCAE/JOBAHHBIX JIECOB He
BhisiBiIeHA. B o0cieoBaHHOM BOJIHOIETHUKOBOM Jtaniadre eHrpa Pycckoii paBHItHBI (110/[30Ha CMEIIAHHBIX JIECOB) Ha
MECTHOM BOJl0pasjiesie mpeodajiaior KeepoMesoPuTHbIe CMeIanbie Jeca, coYeTalonine MpU3HaKkl ABYX KIaCCOB, HO BCE
sKe 110 PIIOPHCTHYECKIM KPUTEPIAM OTHOCSIIIecs K HeMopanbHoMy Kkiuacey Carpino—Fagelea.

Kaouesnte ciosa: remubopearbibie ieca, srooro-guopnernueckas kiaccuduraius no bpaym-baarke, mimoromeprast
OPAMHAINS, pacipe/e/eHne B BOJHOICHIKOBOM Janmadre.

Ecological differentiation of forest syntaxa
at MSU’s Zvenigorod Biological Station
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In the fluvio-glacial woodland landscape of the Zvenigorod biological station (located within the mixed forest
subzone, in the center of the Russian Plain), in order to identify ecological differences between syntaxa of coniferous
and mixed forests referred to the classes Carpino—Fagetea and Vaccinio—Piceetea, 536 geobotanical relevés col-
lected in 2004—-2016 were analyzed. Resulting from ecological-floristic classification (according to the Braun-Blanquet
approach), 5 associations were established in this woodland (including 2 subassociations, 3 variants, particularly new
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xeromesophytic variant, named Vaccinium vitis-idaea, of zonal subass. Rhodobryo—Piceetum caricelosum pilosae and
new sub-taiga variant named Asarum europaeum of south-taiga subass. Melico—Piceetum typicum) and 1 derivative
community. Multidimensional ordination based on the similarity of floristic composition, phytoindication of the ecologi-
cal regime using rank scales of H. Ellenberg, and analysis of the syntaxa localization in ecotopes at different positions
in the river valley and with different soil characteristics (using a geographic information system based on large-scale
maps), were carried out. The results of ordination and phytoindication showed that floristic differences between forest
classes are consistent with soil reaction and nitrogen content, and at the level of associations in the same class — with a
moisture regime. Frequency analysis of the syntaxa distribution by ecotopes revealed that the forests of the zonal syntaxon
(subass. Rhodobryo—Piceetum caricetosum pilosae var. typica) have a tendency to grow on well-humified soils without
gleyzation, whereas the forest syntaxon of the more northern range (subass. Melico—Piceetum typicum var. Asarum
europaeum) do on gleyed soils. The specific accordance of forests studied to the granulometric soil composition has
not been revealed. In the surveyed fluvio-glacial woodland landscape, xeromesophytic mixed forests dominate at the
local watershed, those combine features of two classes, but basing on floristic criteria have to be referred to the nemoral

class Carpino—Fagetea.

Keywords: hemiboreal forests, Braun-Blanquet classification approach, multidimensional ordination, fluvio-glacial

landscape in the center of the Russian Plain.

[lentp Pyccroii paBHUHBI pacroyioken B
[1OJI30He CMeIllaHHbIX JIECOB; 30HAbHbIE JIECHBIE
coo00T1IIecTBa 371ech CPOPMUPOBAHBI €JIHIO T TITH-
POKOJNMCTBEHHBIMI BUAMU JIEPEBLEB, OTHAKO
B crienupuuecknx sapuuecknx yeaoBUiIX —
B BOJIHOJIETHUROBBIX JaHpmadrax ¢ OeiHbIM I
recuYaHbIMU [TOYBAMU — OTMEUEHO ITITPOKOe pac-
MpocTpaneHe XBOMHBIX JeCOB I0/RHOTACKHOTO
obmmka [1]. Maorme Bomrpochl Raaccuurammm
JIECOB DTOI TEPPUTOPUN BCE EIE OCTATOTCS Te-
MOIT iucKkycenii [2], pist pa3sBuTHs KOTOPBIX
HEOOXOJINM DKOJIOTUUECKUT aHAJIN3 JAHHBIX, 110-
JYYeHHBIX B PA3HOOOPAZHBIX TeoTpaPuueckuX
naupmadrTabix yeaosusx. lens natieii paborbr —
Ha TIpuMepe JIeCHOTO MAaCCBA SBEHUTOPOICKOI
onocrantnn (3BC) nmenu C.H. Crajgosckoro
BBISIBUTH OCHOBHBIC TCHICHI[NH DKOJOTTICCKOIN
muddepeHIIanm cMeaHHBIX 1 XBOITHBIX JIECOB
B BogHOMeHIKOBOM Tanamadre MockBoperko-
OKrCKOIl paBHUHBL. 3agaun PpadOThl BRIAIOYATIIN:
1) opauHaMO JTECHO PAaCTUTENBLHOCTH T10
CXOJICTBY/Pa3anduio (PIOpuCTUIECROTO COCTABA
co00111ecTB, 2) GUTOMHIMKATINIO YKOJIOTTYECKOTO
peskruMa B cOODIECTBAX Ha OCHOBE DROJOTMUCCKITX
MIRAJ, 3) DKOJIOrO-(PIOPUCTUUECKYIO KIaCCH -
RaIUio JIECHOW PACTUTETLHOCTH, 4) BHIABICHUE
CBsI3ell MesRJIy YCTaHOBJIEHHBIMU CUHTAKCOHAMU
1 XapaKkTepucTukaMu 9KOTOTIOB.

OO0 BEeKTHI 1 METOIbI MCCHeTOBAHS

Jlecanuecrso 3BC (715 ra) pacrnosnoskeno
B OpunioBekom paitone MockoBcroii obaacti.
Ranmar — yMepenHo-KOHTHHEHTATLHLIN ¢ IPO-
NOJIFKUTENbHON U XOJOJHON 3UMOIl U YMepPEeHHO
rémibim sterom. Teppuropus 3BC noppaspenser-
¢s1 HA TIaTo MecTHOTO Bostopaszena (oxkosio 600 ra;
no 192 m H. y. M., 10 596 M Haj[ ypOBHEM BOJIbI B
p. Mocxkge), citon fosmmabt p. Mocksst (okosio 80 ra,
BRJIIOUAeT 3 Teppachl) u noimy [3, 4]. Ha mecr-
HOM BOJIOPA3fese pacpoCcTPpaneHbl JOKATLHBIC

HeryboKue 6eccTouHbIe lerpeccu (TIoMajbio
He Oonee 0,5 ra) u pazBuTa HErNIyOOKas OBPasK-
Has cucrema. IlouBoobpasyrorias mopoga —
iroBUOTAAINANBHBIE OTJIOMKEHWSI: TTecuyaHble
7 TeCYano-TaIeTHIKOBbIE, & TARKE CYTITNHICTHIC
(moraoCcThI0 30-80 ¢M), TepeKphIBAIOIIE NX HA
Boctoke reppuropun. Ha rraro Bogopasena mpe-
00J1a/Iaf0T KICJIbIe e PHOBO-TT0/[30TUCTHIE 1 TIO]T-
30JTCTHIE TTOUBBI, & B ICTIPECCHUSIX I Ha yU4aCTKAX
¢ BOLOYTTOPHBIMU TTPOCTIOSME CYTTTHHKOB B TOJITIE
MeCKOB — OTJICCHHDBIC IEPHOBO-TIOI30JINCTHIC NN
ke TopPAHNCTO- 1 TOPPAHO-TICeBbIE TOUBHI.
Ha ckiome poqmHbl pasBuThl Oypbie JecHbie i
IepPHOBO-110/130/1CThIe TouBbI. Ha jHuiax oppa-
TOB, TPOPE3AIOINX CKIOH JIOJUHBI 1 MECTHBI BO-
[IOpasied, moJi BIAUSHIIEM Ce30HHOTO TIepeyBIasK-
HeHUst ¢chOPMUPOBAJIICH [TEPETHONHO-TJIeeBbIe
moussl [4, 9]. Ha niaro MmectHoro Bofopasjesia
U CKRJIOHE JOJUHBI (BRJIIOYAS MPUTEPPACHYIO
MOIMY) TIPOU3pacTaioT XBOWHBIE, CMEITaHHbIe
1 JucTBeHHbIe Jieca [3].

AnanusupyeMmblil MaTepuaj BRIIOYaer 036
reoboTaHMYeCKIX ONMMCAHNIT, KOTOPBIE ObLIH BbI-
nonrenbl B 2004—2016 rr. (n3 nux 351 — ¢ reo-
rpaduyeckoii npussskroii mo GPS-nasuraropy).
OllMCﬁHl/lH BbIIIOJIHEHBbI 110 Olly6JlMHOBaHHOl>l
merojuke [6] na mioragkax 100-900 w2, Kirac-
cuduRanusa onucanuii (BoieeHne CMHTAKCO-
HOB) MTPOBECHA METOIOM PYUHOU 00paboTKm
o01Ieit TabaMITHl oTMmcannii B mporpamme Juice
[7]. Kpurepuem 3HaumMOCTH Pasainumii MesRILy
BBIJICJICHHBIMI TPYIIIAMU OTMCAHUET CJYHKIIA
pasHMia B KOHCTAHTHOCTH KayKmIoro ns audde-
peHupyonmx Buaos He meree 40% B AByX cpas-
HuBaeMbix rpymmnax [6]. OppuHanusa onmcanuit
110 CXOJICTBY / Pasinaiio (PIOPMCTHYECKOTO COCTa-
Ba MPOBEJIeHA METO/IOM HEMETPUUYECKOTO MHOTO-
mepHoro mranuposanus (NMDS) na ocHose
mepbl paziauuust (measure of discordance, DC)
A. lopanu [8]. OuronHAMKATIA PKOTOTHICCKO-
0 peskuMa B cO00IIecTBaX POBe/eHa HA OCHOBE
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oreHoK orucanmnii B mranax X. dnnendepra [9];
BapbUPOBaHIe dTUX OIEHOK 0TOOPasKeHO Ha Jiia-
rpamme NMDS-oppunamun B popme BeKTOpoB
" IIPOAHAJM3NPOBAHO COBMECTHO C pe3yJibra-
TaMu OpjMHAINN. AHAJTOIUYHO OTOOPAKEHO B
(opme BeKTOpa Ha OPIMHAIMOHHOI JlTarpaMMe
U [POAaHAAN3MPOBAHO BMECTe ¢ pe3yJbrataMiu
OpIMHATINN BaphbUPOBaHIE MOKPBITUSI MOXOBO-
JUIMATHITKOBOTO SIPyca B IECHBIX COOOIIECTBAX.
Pacuérer koopamnar onmcanuii B 0csx GIopucTm-
YeCKOTO CXOJICTBA, OT[EHOK B ITKaIax JijaeHdepra
7 HaNpaBJeHNil BEKTOPOB Ha OPAMHATIMOHHOT
nuarpamme Boionnersl B cpeste R [10] mpu mmo-
MOIII TPOTPAMMHOTO TIakeTa vegan-2.4-6 [11].

Jlost BBISIBII€HYST CBSI3€1T MEFKITY BhIjle/IeHHbI-
MU CHHTAKCOHAMU U XapaKTepPUCTHKAMU HKOTO-
moB Ob1I0 TipoBesieHo B porpammve ArcGIS 9.3
IpocTpaHcTBeHHOE cBsi3biBaHue (overlay) reo-
rpaduuecknx koopauHat 351 reoboranmueckoro
ONMCAHUS ¢ TeONPUBSIZAHHBIMI BEKTOPHBIMUI
ca0sAMu reoMOPGOTOTHUCCKIX TTO/Pa3/IeTeHITI
peuHoil TOJMHBI W Pa3HocTell TOUYBEHHOTO TT0-

KPOBa, CO3JIaHHBIMI HA OCHOBE TOMOrpauuecKoit
raptbl MacmTaba 1:50 000 u onmybimKoBaHHOI
raprocxembl Teppuropun 3b5C [4] Takoro ske mac-
mraba. ITUM CHOCOOOM /151 OIMUCALNI KasKIL0ro
CUHTARCOHA OBIJIO YCTAHOBIEGHO COOTBETCTBUE
¢ XaparkTepucTUKaMy MOYB (TpajiaiusmMu rpa-
HYJOMETPUYEeCKOr0 cOCTaBa, OTJIeeHus, OIoj-
30JIMBAHUST, TYMYCOOOPa30BaHMs) 1 O3UIINI B
peuroii monanne. CTaTuCTUYECKYI0 3HAYMMOCTh
pas3NInunii MeKY CUHTAKCOHAMMU 110 YacTOTaM
AHAIM3NPYEMbIX XaPaKTePUCTUK OTIeHUBAJIN TIPU
oMoty rouroro trecra Ouiiepa (Fisher’s exact
test) [12]; pacuérbl BBITIOJTHEHDBI TIPU TTOMOTILT
BerpoenHoll pynkimu cpefbt R [10].

Pesyabsrarel n o6cy:knenue

Ha ocHoBe nipoBeiéHHOI KIaccuuranm B
necuoii pacturesnbroctn SBC ObLIN yeTaHOBIEHBI
caenyioniue cuarakcoubl: Rhodobryo—Piceetum
caricetosum pilosae var. typica (na pucyHke
un B rabnumax 1 n 2: 1), Rh.—Pic. caricetosum

06 4

0,5 4

0.4 1

OTIIT spyea D
Cover of layer D

® I

o

Puc. Ixonornueckas nuddepentmarnis secubix coobinects 36C mo peayiasraram NMDS-opaunarm.
Jlemenus RaILI Ha 00eMX OPAMHATIMOHHBIX OCSX — JOIN CTAMIAPTHOTO OTRIOHEHNS (G) TTapHbIxX
roadpduimenron gaopucrnyeckoro cxozcersa. Pacimn@posry yeaoBubix obo3nauennii cuarakconon (1-XIT)
CM. B TeKeTe. XapaKkTepucTuKu coo0IecTs (TPeHIbl YBeJINYeHIS 3HAUeHITT 0TOOPasKeHbl B BUJIe BEKTOPOB):
OI1IT sspyca D — ob1iiee mpoeRTHBHOE TOKPBITIE MOXOBO-JTHITATTHIKOBOTO fApyca; OTIeHKH MO0 MTKaTaM
X. dmrenbepra: M — BiraskaoCTh 104BbI, L — ocBerérHocTsh, N — 6oraTcTBO 110UBHI a30TOM, R — peariis mouBb
Fig. NMDS-diagram of ecological differentiation of forests communities at Zvenigorod biological station.
On both ordination axes scale is presented by fractions of standard deviation (o) of paired coefficients of
floristic similarity. See the text for denotations of syntaxa (I-XI). Community characteristics (increase
trends are presented as vectors): Cov. of layer D — total cover of moss-lichen layer; Ellenberg’s values
of relevés: M — soil moisture, L, — light, N — soil fertility, R — soil reaction
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Ta6auma 1 / Table 1

Yuesio reoboTaHMYECKUX OTTMCAHUIT TTPU PA3JMYHOM OIVIEEHU U TTOYBbI
The number of geobotanic relevés with various levels of gleyzation

Cunrakcon® Crenerin orsieenust / Levels of gleyzation pr*
Syntaxon* OTCYTCTBYET cnaboe cpejiHee I CHITbHOe
none weak moderate or strong
Bee / All 260 45 46
I 37 9 0 0,999
11 174 24 20 0,998
111 4 ) 0 0,996
I\ 21 3 13 0,998
4 0 3 0,837
VI 3 0 9 > 0,999
VII 15 4 0,627

Ilpunewanus: * — pacuugposky obosnaverutl cunmarconog (I-VII) cu. 6 mercme; ** — gepoammuocms necayiaiinozo
OMKAOHEHUA 8 PACRPEDCACHUL ONUCANULIL CUHMAKCOHA OM PACRPEDCACHIUA BCEX ONUCAHILIL.
Note: * — denotations of syntaxa (I-VII) see in the text; ** — probabilily of non-random deviation in distribution of the

syntaxon relevées from distribution of all relevées.

Tadauma 2 / Table 2

Yurero reoboTaHMueCKIX OMUCAHUI TIPH PA3JINTHOM IYMYCOOOPA3OBAHII B TOYBE
The number of geobotanic relevés with various levels of humification

Cunrarkcon® Crenenu rymMmycoo0OpasoBaHus prEEEE
Syntaxon* Levels of humification
OTCYTCTBYeT 1jin ciaadboe** cpejHee®** CUbHOE ¥ ¥ H ¥
none or weak**¥ moderate®** strong****
Bee / All 235 80 36

I 6 18 22 > 0,999
11 161 48 9 > 0,999

111 4 3 2 0,830

v 31 6 0 0,964

v 6 3 0 0,253

VI 11 1 0 0,666

VII 16 1 3 0,940

Hpumewanue: *, ¥¥*¥** _ cy npumevanus k mabauye 1; ¥* — nodzoast, a makice mopgdanucmo- u moppano-aieesvle
nougol; *** — deproso-nodzonucmole nousst, *¥¥* — Gypoie necrole, nepeernolino-aaeesole u 0ePHOBO-1Y206bLE NOUEGLL.
Note: *, ¥¥¥%% _ see explanations in Table 1; ¥* — podzols, pealy and bog gley soils; *** — soddy-podzolic soils; ¥¥*%* —

brown forest, humus gley and soddy-meadow soils.

pilosae var. Vaccinium vitis-idaea (11), Alnetum
incanae (111), Melico—Piceetum typicum var.
Asarum europaeum (1V), Oxalido—Pinetum,
(V), Sphagno—Piceetum (V1), nepuBartoe co-
obmectBo Veronica chamaedrys—Salix caprea
(VIT); T u IT — B cocrase coroza Querco—Tilion
(VIII) knacca Carpino—Fagetea, 111 — B cocrane
cotoza Alnion incanae (1X) Toro e knacca; IV,
VI u VII — B cocraBe cotosa Piceion excelsae
(X) wranacca Vaccinio—Piceetea, V — B cocrase
coioza Dicrano—Pinion (XI) Toro ke rmacca.
NMDS-opaunanus npogeMoHCTpUpPOBaia
(puc.) RoHTUHYAJILHOE BapbupoBanue @aopu-
CTHYECKOTO cOocTaBa JieCHbIX coobiects. [Tyrém

COTIOCTABJICHNUS PACIIOIOKEHNST OMMCAHUIT B
OPAMHAIIIOHHOM ITPOCTPAHCTBE € OI[eHKAMI DKO-
JOTMYECKOTO PERIUMA, MOJYYeHHBIMI HA OCHOBE
mrkas X. renbepra, MOKHO MPOCJIEITh B ATOM
BapbUPOBAHUM PsIJ| 3aKOHOMEPHOCTEIA.
HamuGonee pe3ro Bwipaskena auddepentin-
aInMA 110 PeakIny (3aKNCJICHNI0) TOYB: MAKCH-
MaJIbHYIO JITUHY B OPJIMHAIIMOHHOM TTPOCTPAH-
CTBE MMeeT BeRTOp OIeHOR 1o 1mKane R. Bmponb
ero HalpaBJIeHNs Pa3rpaHNYeHbl KIacC HeMO-
panbubix (Carpino-Fagetea Jakucs ex Passarge
1968: I-111 na pucynre) u Kaacc 60pearTbHBIX
(Vaccinio-Piceetea Br.-Bl. in Br.-Bl. et al. 1939:
[V-VII =a puc.) 1ecos, 410 03HAYAET COTIACO-
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BAHHOCTH MEKLY UX (DIOPUCTUUCCKUMU PaBJIN-
YUAMU U CTEIIEHBIO 3aAKUCTEHUS MOYBBI. XOPO-
110 cOTJIacOBaHa ¢ pasrpaHnvYeHneM dTUX Kiac-
cOB TaKyKe nudepeHImaIusa mo OOraTcTBy MovYB
azoroM (BeKTOP oTeHOK 1Mo TirKkajie N).

B cocraBe KaskI0T0 M3 KAACCOB JIOCTATOYHO
pesko nuddepeHnnpoBanb Me30(QUTHBIE U Me30-
rurpouTHbIe coodIecTBa. Tar, BIoJAb HATIPAB-
JIeHW ST BEKTOPA OTeHOK TTRaJIbl M (yBIaskuenus
MOYBHI) Pa3rpaHMueHbl B KIACCE HEMOPATbHBIX
neco — acconuanusi Rhodobryo—Piceetum
Korotkov 1986 (1 u I1) ¢ acc. Alnetum incanae
Lidi 1921 (I11), a B knacce bopeaibHBIX JECOB —
acc. Sphagno girgensohnii—Piceetum abielis
B. Pol. 1962 (VII) c acc. Melico nutantis—Picee-
tum abietis K.-Lund 1981 (1V) un acc. Oxalido
acetlosellae—Pinetum sylvestris Bulokhov et
Shapurko 2010 (V).

MenronucrBeHHbie Jeca epUBaATHOTO CO-
obmecrra Veronica chamaedrys—Salix caprea
(VII), memaBio chopmmpoBaBInecs Ha Mecre
BBIPYOOK MJIN COOOIECTB, MCIBITABIINX OCBET-
JeHue nocyae rubesn APeBoCTOs B pe3yJibra-
Te TopaskeHus KopoegoM-Tunorpagom, pas-
rpaHUYEHbl ¢ OCTATLHBIMU JIECHBIMU COODIIe-
CTBAMU BJIOJIb BEKTOPA OIEHOKR IIIKAJIbl OCBE-
ménnoctn L.

Cpean cBsi3ell CMHTAKCOHOB JIECHOT pac-
turenbrocTn 36C ¢ xapakrepucturaMu HKOTO-
OB HanboJiee MHTePeCHbI 3HAYNMbIe CBSI3H, BbI-
apaennsle g Mesoputueix gecos (I, [Tu IV B
taba. 1, 2). Tak, 3onanbubie B ieaTpe Pycckoit
PaBHUHBI €I0BO-TITNPOKOJTNCTBEHHBIE JIeca Cy-
bacconmaruu Rhodobryo—Piceetum caricelo-
sum pilosae var. typica [13] mposBisitor npmy-
POUYEHHOCTD BBITIE CAYIANHON K XOPOIIIO I'yMYyCH -
poBanHbIM ouBam 6e3 orsieenust (I Bradn. 1,2);
IIPY HTOM JIJIsl HIX He OOHapysKeHa CBsI3b ¢ TpaHy-
JIOMeTPUYECKNM COCTaBOM MOUBLI. B BomHOIE -
nuroBoM Janfmadre, riae naxopures 3bBC, atn
co00IIecTBa PacpoCTPAHEHbI IPEUMYIEeCTBeH-
HO Ha Teppacax cKJIoHa okl p. Mocksbel. Or
HuX aud@epeHupoBanbl B cocTaBe Toll jKe Cy-
Oaccornuannm cOCHOBO-€JI0OBbIE Jieca BapuaHTa
Vaccinium vitis-idaea, rotopsie 1mpeodaagaor
Ha TJIaTO BOJOPA3/esa u MPOsSBISIOT MOBBITIIEH-
HYIO IPUYPOUYEHHOCTH K ¢J1a00 TYMYCHPOBAHHBIM
(IT B Tadn. 1, 2) cynecuanbiM MouYBaM.

CocHoBO-eJiOBbIE 1 MEJTKOJUCTBEHHO-
eJloBbIe Jeca yrHoTaéxkHol acc. Melico nutan-
tis—Piceetum abietis (na reppuropun 35C — Ba-
puant Asarum europaeum) BHISIBIEHbBI TOJb-
KO Ha BOJlOpasjese, rje OHU MPOsIBISIOT 3HA-
YMMYIO ITOBBIIIEHHYIO IPUYPOUEHHOCTh K CPe/l-
ne- 1 cuibHoormeennsiM mouBam (IVsradan. 1, 2)
Pa3JIMYHOTO IPAHYJIOMETPUYECKOTO COCTaBa Ha

HIUZKHUX YaCTAX CKIOHOB B 0€CCTOUHBIE Jlenpec-
CUU 1 OBPArH.

Bropuunble MoJIOfIbie MEJIKOJNCTBEHHBIE
neca, B GOPMUPOBAHIY KOTOPLIX BEYIIYIO POJIb
Urpaj Pe;RUM OCBEIIEHHOCTH, He IeMOHCTPUPY-
10T 3HAYNMBIX CBA3€Il ¢ XapakTepUCTURaMu pe-
nbeda u mouB.

BriBobi

1. Beitesiennie B coctaBe JIECHOI pacTUTe ] b-
noctn 3HC cunTakcoHoOB 0 KpuTepusam Quopu-
CTUYECKOTO COCTABA MOJITREpsRIaercs nuddepen-
MUAUEN 110 IROJOTMUECKUM KPUTCPUSIM.

2. B BojHOJNETHUKOBOM JaH/madre, Tie
pacrionoskena reppuropus 3bC, coodniecrra cy-
oacc. Rhodobryo—Piceelum caricelosum pilosae
var. lypica (30HATHLHOTO CUHTAKCOHA B MOJ[30HE
CMEITaHHbBIX JIecOB MeHTpa PyccKoil paBHUHBI)
BHAYMMO TATOTEIOT K CUJIBHOTYMYCHPOBAHHBIM
MOYBAM 1 MPU HTOM TTPOU3PACTAIOT TPENMYIIe-
CTBEHHO Ha CKJOHE PeYHON JOJWHBI, & He Ha
BOjlOpasjele.

3. Jlnsa 6opeanbHbIX coobIecTs cybace.
Melico-Piceetum typicum var. Asarum euro-
paeum, He SIBISOIMNXCS 30HAIBHBIMI B O] -
30He CMeITaHHBIX JIeCOB, B BOIHOJIEJHUKOBOM
naujmadre BHISABIEHO 3HAYNMOE TATOTeHUEe K
cpeliHe- 1 CUJIBHOOTJIEeHHBIM [T0UBaM.

Hccaedosanue gvinoaneno 6 pamkax 2ocydap-
cmeennozo 3adanus I PAH (Ne AAAA-A1S-
118052400130-7) u MI'Y (Ne AAAA-A16-
116021660037-7).
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Lycopodiella inundata expands its areal on the European North-East of Russia. In the subzone of the middle taiga of the
Komi Republic in 2017-2018, four local populations of this species were found, associated with anthropogenic ecotopes, poor
and acidic sands, or peat, varying in moisture regime. Obligatory satellites of L. inundata in plant communities are Drosera
rotundifolia 1.. and Juncus filiformis L., mosses of the genera Sphagnum L. and Polytrichum Hedw. Its local populations are
small, beyond protection areas of the Komi Republic and so are endangered. The life-form of the Lycopodiella inundata
sporophyte is a spore variance of perennial plant with annual shoot system. This species prefers vegetative multiplication
through natural winter morphological disintegration. For determine the population in the beginning of shoots growth,
ramets are recommended to be counted. The paleo-geographic analysis makes it possible to exclude the relic nature of the
present locations of L. inundata in the Kuropean North and allows one to classify the species as an allochthonous element
of the flora. In view of the fact that the species is rare and tends to decrease its habitats worldwide, we included L. inundata
into new edition of the Red Data Book of the Komi Republic with protection status category 3 (Rare). All habitation places
of the species are out of specially protected areas of the republic and so are threatened. Limiting factors for this stenotopic
species in the Komi Republic are its narrow ecological amplitude, low competitiveness, instability to violations of the hy-
drological regime (bogging or draining) and overgrowth of biotopes due to natural succession processes.

Keywords: Lycopodiella inundata, North-East of the European part of Russia, the Komi Republic, flora, rare pro-
tected species.
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Ha Esporeiickom Cesepo-Bocrorke Pocenn nponcxonut pacimupenne apeasia Lycopodiella inundata (nnaynok 3a-
nuBaemblit). B nopzone cpepneii Taiirn Pecrybnnkn Komu B8 2017-2018 rogax BbIsIBJIEHBI YeThIpe MECTOHAXOKIIEHUS
Bupa. Jloranbuble nomnynsiun L. inundata npnypodeHbl K aHTPOIIOTeHHBIM 9KOTOTIAM, OEJIHBIM 1 KUCJIbIM TTeCHaHbIM N1
TopdsinbIM cybeTpaTaM, yeJaoBUsM repeMertoro yBiaskuenus. O0ssaresbHbIMI CIIYTHUKAMEU Bujia siBjsiiores Drosera
rotundifolia 1. w Juncus filiformis L., mxu us popos Sphagnum L. u Polytrichum Hedw. Ananus nameoreorpaduueckoit
HUCTOPUN BUJIA TO3BOJINI OTHECTH €r0 K a/NIOXTOHHOMY dsieMenTy dutopsi pernona. V3-3a peprocrn Lycopodiella inundata
B eBPOINEICKOIl YacTn apeasia, Mbl BRIIOYIIN ero B HoBoe usnanue Kpacnoit kuurn Pecriybnnkn Komu ¢ oxpanubim cra-
tycom Rateropun 3 (pepknii). Cnopodur L. inundata npejcrasisier co0oii ClIOPOBbIIi BAPUAHT MHOTOJIETHETO PACTEHUS ¢
OJtHOJIeTHEIT 1100eroBoii crucreMoii. PazMHoKaeTcst BUJL IPENMYIIECTBEHHO BereTaTn BHBIM ITYTEM ITOCPEICTBOM €CTeCTBeHHOI
3umHeit mopdosornyeckoii gesnnrerpanun. Bee mecrooburanus Bujia paciioioyKeHbl BHe cetn 0000 0XpaHseMbIX pi-
pojHbIX Teppurtopuii Pectrybankn Komu i Haxoasres mop yrposoii paspyinenust. Jlumurupyonmmu artopamu Jijist BIja
TaKIKe SIBJISIOTCS ero y3Kast 9KOJTOTHYeCKast aMIINTY/ I, HUBKas KOHKYPEHTOCIIOCOOHOCTh, HEYCTOMUYNBOCTD K HAPYIIIeHUSIM

I'MJIPOJIOTNYECKOT0 peskinMa.

Haroueswie crosa: Lycopodiella inundata, Esponeiickuii Cesepo-Bocrok Poccun, Pecirybnuka Romu, daopa, pekue

oxXpaHdAeMble BUIbI paCTOHMﬁ.

For the last decades, flora of spore plants
in the Komi Republic replenished new species.
One of them is Lycopodiella inundata (1..) Holub
(Lycopodiaceae). L. inundala areal covers Ku-
rope (except forits western and southern parts),
North America. In the main part of the areal
L. inundata is a plant of wet, bare, peaty or sandy
margins of lakes, streams and marshes. It can
rapidly colonize territories disturbed by peat
mining, recreation loads, winter flooding [1].
However, it is rare in some parts of its range and
is listed as a threatened species |2].

On the territory of Russia, L. inundata
sporadically inhabits in the European part, the
Urals Mountains, in West and East Siberia. In
most territory L. inundata is a rare species. But,
for the last decades there has been a tendency
to range expansion [3—13]. L. inundata mostly
inhabited disturbed places or secondary com-
munities (moderately moist sandy pits, peat
fields, mossy wastelands, wet sandy forest edges,
sandy or poorly-silt river coasts). Sometimes it
can be met along forest roads and electric energy
transmission lines, at cutting areas. The species
sharply decreases in number after moss cover
recovery, intensive growth of trees, shrubs and
dwarf shrubs, grassy plants. In spite of its an-
thropogenic preferences, more than 20 regions
of Russia have acknowledged L. inundata as
a protected plant, including the regions of the
North and the Urals [3, 5, 14—20]. The limit-
ing factors for the plant are its low competitive
ability, narrow ecological amplitude, disturbed
hydrological regime, natural succession pro-
cesses of vegetation, and forest fires.

On the territory of the Komi Republic,
L. inundata has been first identified in the
Kortkeros District [21]. In the present work
the aimed to specify the present distribution of
L. inundata within the Komi Republic, to iden-
tify its ecological and hebitat preferences, to

estimate the size of populations (taking into ac-
count biomorphological features of the species)
and as well as conservations prospects.

Materials and methods

The study region is situated in the North-
East of the European part of Russia, within
the Vychegda-Mezen plain, in the middle taiga
sub-zone of the Komi Republic. During the field
surveys of 2017-2018, the authors discovered
and investigated four local populations (LPs)
of L. inundata. 1LP 1 (N 61.8498°, E 51.6153°)
is an old re-vegetating sandy pit in pine forest
situated along the Kortkeros-Madzha auto-road
in the Kortkeros District. LP 2 (N 61.9590°,
E 50.6061°) is a re-vegetating sandy pit in the
oulskirts of the Yazel settlements in the Syktyv-
dinsky District. LP 3 (N 62.6796°, E 51.2948°)
is in the outskirts of the Trakt settlement in
the Knyazhpogost District. LP 4 (N 60.5557°,
E 50.9998°) is a roadside ditch on the skirts
of lichen pine forest near the Sedtydor settle-
ment on the left bank of the Sysola River in the
Koigorodsky District (Fig.).

Geobotanical description of plant communi-
ties with participation of the study species have
been made within their natural borders. The
bio-morphological features of L. inundata are
described using the comparative morphological
method. Observations on the development of in-
dividuals were carried out. The L. inundata life-
form is described by I.G. Serebryakov’s system
[22, 23]. For the identified local populations, the
area was measured and the number of individuals
was calculated. In LLP 1 there was laid a transect
with accounting area of 10 x 10 ¢m in size for
calculation of density of individuals. Latin names
for vascular plants were given according to “The
Plant List” [24]. L. inundata herbarium samples
are maintained in Herbarium of the Institute of
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Fig. Location of the local populations (LLP) of Lycopodiella inundata
in the Komi Republic: 1 - LP1,2 - LLP2,3 - LLP3, 4 — LP4

Biology, Komi Science Centre UB RAS (SYKO)
and that of the Pitirim Sorokin Syktyvkar State
University (SYKT).

For analysis of the paleogeographic history
of L. inundata, regional stratigraphic schemes
of the Pleistocene of European Russia and some
regions of Europe were used (according to [25],
with some corrections (Table)). The age of the
boundaries of the Holocene periods is indicated
in radiocarbon years ("*C years ago) according
to the stratigraphic scheme of Khotinsky [26].

Results and discussion

The new habitation areas of Lycopodiella
inundata located within the Vychegda-Mezen
plain, in the south districts of the Komi Republic:

LP 1. Owergrown the sand quarry in pine
forest. This local population of L. inundata is
situated at the bottom of south-west-facing slope
with an angle of 45°. The majority of population

inhabits the moist quarry slope bottom which
gels overgrown with alone-standing Alnus
incana (1..) Moench and Populus tremula 1.
representatives. The layer of grasses and dwarf
shrubs counts 11 species which includes solitary
(Sol. —solitariae) samples of Trichophorum alpi-
num (1.) Pers., Dactylorhiza maculata s.1., Dro-
sera rotundifolia L., Empetrum hermaphroditum
Hagerup, Equisetum arvense L., Juncus filifor-
mis L., Luzula pilosa (L.) Willd., Melampyrum
pratense L., Oxycoccus microcarpus Turcz. ex
Rupr., and Vaccinium uliginosum L. L. inundata
abundance is Sp. (sparsae). The layer of mosses
and lichens is formed of green mosses as Pleu-
rozium schreberi (Brid. ex Brid.) Mitt. (Sp.),
Polytrichum strictum Menzies ex Brid. (Sp.),
and P. commune Hedw. (Sp.). Population edges
partly cover the dry quarry slope bottom, as well
as cotton grass-sedge bog at the quarry bottom.

LP 2. Overgrown part of the sand quarry.
L. inundata inhabits shores of small lakes at the
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Table
Glaciations and interglacial periods for some glacial areas in Europe
(according to S.M. Shik [26], revised)
Divi- S}lb_ After [27] European . . North
. divi- |Stage| Age . . Belarus | Lithuania| Poland
sion . MIS | Russia Europe
sion (Ma)
Holo- 1
cene
Upper | 4-2 | 0.11 |2-5d |Valday |Poozerie | Nemunas| Vustulan Weichselian
1 0.127 | 5e |Mikulino |Murava Merkine Eemian Eemian
Middle 6 101860 6 Moscow | Pripat Medl_. Wartanian Wartanian
ninkai
5 0242 7 (Uorka Snaigu- | hawa Treene
pele ?
4 1 0.301 8 |Vologda ? Zemaitija | Odranian Drenthe
3 0.334 9 |Chekalin ) Zboinian Domnitz
2 | 0.364 | 10 |Kaluga ) Liwiecian Fuhne
1 0.427 | 11 Likhvin Ale()iillq{izan- Butenei | Mazovian Holsteinian
Neoplei- | Lower 8 0474 | 12 |Oka Berezina | Dainava Sanian2 Elsterian
y 9
stocene Ikor;ets. ) )
7 0.528 i Bel Ford Noorbergum
‘ elo- . erdynan-
Muchkap viezha Zhidin dovian |
6 | 0.568 Don Yaelda Dzykija Sanian 1 | & Glacial C
< < - o
) 0.621 Lfite Korchevo Bine Mdl(.)po < | Interglacial 111
[lyinka lonian g
4 0.659 Setun Narev Nalshya | Nidawian | & Glacial B
3 0.712 Ea.rly Kamenai § Interglacial 1
[lyinka &
] ? I Augo- .
2 0.760 Pokrov Kalviai Stovian Glacial A
! 0.787 ’ ’ o Interglacial I
Eoplei- |Upper Akulovo | Ruzhany e
stocene 1.800 Dau-
Varyazh | mantai Narevian Dorst
Lower 2.580

Note: a question mark (“?7) indicates that the time and name of the period are not defined. Empty cells in the first line

indicate that the Holocene is (implied) everywhere.

pit bottom, water-line mineral ground areas. The
plant prefers slopes with south-eastern, south-
ern, and south-western expositions. Populus
tremula and Salix myrsinifolia Salish., some-
times Salix acutifolia Willd. are popular tree
species. The layer of grasses and dwarf shrubs
is poor with total projective cover of 10%. Most
abundant (Cop. 1 — Cop. 2 — copiosae) are Cal-
luna vulgaris (1.) Hull., Carex acuta L., Drosera
rotundifolia, and Empetrum hermaphroditum.
The abundance value of Sp. is given to Anlenna-
ria dioica (1..) Gaertn., Equisetum fluviatile 1..,
Festuca ovina L., Juncus filiformis, and Lyco-
podiella inundata. Agrostis tenuis Sibth., Arcto-
staphylos uva-ursi (1..) Spreng., Luzula pilosa,

Vaccinium myrtillus L., V. vitis-idaea 1., and
Hieracium sp. have solitary representatives
(Sol.). The well-developed mossy-lichen layer is
dominated by Polytrichum commune (Cop. 2) and
Pohlia nutans (Hedw.) Lindb. (Cop. 1). There
are also Aulacomnium palustre (Hedw.) Schw gr.
(Sp.), Warnstorfia fluitans (Hedw.) Loeske in
Nitardy (Sp.) and Cladonia chlorophaea (F1 rke
ex Sommerf.) Spreng. s.str. (Sol.), Cladonia
coniocraea (Florke) Spreng. (Sol.).

LLP 3. Exclusion zone of the linear struc-
ture between the gas pipeline strings. The tree
layer includes alone-standing young trees of
Betula pubescens Ehrh., Populus tremula, Pinus
sylvestris, and Salix phylicifolia L. Total projec-
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tive cover of the grassy-dwarf shrub layer is
30-35%. The layer is dominated by L. inundata
(Cop. 2—Cop. 1) and Juncus filiformis (Cop. 1)
and hosts solitary individuals of Anthoxanthum
odoratum L., Agrostis lenuis, Anlennaria dioica,
Drosera rotundifolia, Carex juncella Th. Fries,
Chamaenerion angustifolium (1..) Scop, Dacty-
lorhiza maculata s.1., Euphrasia sp., Filaginella
uliginosa (1..) Opiz, Hieracium sp., Trifolium
pratense 1. (Sol.). Mosses are Polytrichum com-
mune (Cop. 3), Polytrichum juniperinum Hedw.
(Sp.), Polytrichum piliferum Hedw. (Sp.), and
Sphagnum russowii Warnst. (Cop. 1).

LP 4. Overgrown part wet of roadside belt at
the edge of lichen pine forest. Plant community
takes an area of 140 m? Spots of Lycopodiella
inundata of 0.5-0.7 m* cover mineral ground
parts. Tree species are Pinus sylvestris, Betula
pubescens, Salix phylicifolia, S. aurita L., and
S. myrsinifolia. Young growth reaches 2 m in
height. The layer of grasses and dwarf shrubs
counts 15 species with total projective cover of
20%. By abundance grades, Calluna vulgaris,
Juncus filiformis, Drosera rotundifolia are Cop. 1,
Lycopodium clavatum 1., Vaccinium myrtillus,
V. vitis-idaea, V. uliginosum L., Carex pauper-
cula Michx., C. nigra (1..) Reichard — Sp., and
Chamaenerion angustifolium, Melampyrum
pratense, Huperzia selago (1..) Bernh. ex Schrank
and G.Mart., Oxycoccus palustris Pers. — Sol. The
mossy-lichen layer is well-developed (total pro-
jective cover of 80%) and consists of Polytrichum
commune (Cop. 3) and Sphagnum magellanicum
(Cop. 2).

Morphology, growth and allocation of
counting units. Lycopodiella inundata is a
creeping perennial poly-spore plant with annual
shoot system. It develops two-type shoots. One
type is vegetative shoots with an ascending tip
and a lying base like plagiotropic shoots; they
form rhizoids. These shoots are thickly covered
with linear awl-shaped, smooth-margin sickle-
curved leaves with a slightly rounded tip. The
other type is spore-bearing orthotropic 2—10-cm
high shoots with relatively seldom and protrude
leaves. This type of shoots carries cylindrical
sporiferous spikelets. Any shoots are annual
and die towards the end of vegetation period
from proximal end. The tip of vegetative shoot
overwinters, starts formation of a new shoot sys-
tem in summer of the next year, and soon dies.
Vegetation proceeds in summer, starts relatively
late in contrast with other club-mosses; the plant
is summergreen. After several weeks of devel-
opment, shoot systems of different individuals
cover each other’s and form a continuous carpet.

We think that L. inundata is a spore variance of
a typical near-water seed perennial plant with
annual shoot system which is sometimes called
‘pseudoannual plant of vegetative origin’. The
species is vegelative-moving, i. e. il is capable
to vegetative multiplication through natural
winter morphological disintegration. Countable
unit in population studies changes during veg-
etation season. At the beginning of the growing
season, the unit of account is an individual of
vegetative origin (ramet). This approach was
used when we researched P 1in the beginning
of summer. Then, as shoot systems get branched,
by our opinion, to be better to count vegetative
shoot tips because every overwintered tip bears
a new individual (ramet). Today, the majority
of researchers evaluate the numerical strength
of L. inundata cenopopulation via area it takes.

Area and numerical strength of local
populations, conservation prospects. lL.o-
cal populations of L. inundata we identi-
fied take small areas: LP 1 — 6 m?, LP 2 —
6—7 m? (including seven localities), LP 3 — 150 m?,
LP 4 — 6-7 m? (nine localities 0.5 m? each). Our
data correspond with results obtained for Rus-
sia. By data regional red data books inform that
populations of L. inundata normally take an area
of 0.5-100 m?. Only the Republic of Udmurtia
marks through a high number of the species.

Number of L. inundata populations are often
evaluated using relative attributes “low/high”
and giving area they take [10, 28]. This situa-
tion exists because it is often difficult to decide
upon the countable unit. Examination of LP 1
was performed at the time of regrowth of over-
wintered tops of last year’s shoots. In this period,
the use of young individuals of vegetative origin
(ramet) as a unit of account was possible. Size
of LLP 1 was several thousand individuals with
density of 850-4000 units/m? The remaining
populations were examined later, in the second
half of summer, but they were also counted indi-
viduals of vegetative origin (ramet). Size of LLP
3 (several thousand ramets) is as large as LLP 1.
LLP 2 and LLP 4 are small populations (less than
1000 ramets).

In the Komi Republik habitation places of
L. inundata are well-warmed temporally moist-
ened southern or south-western slopes and
poor sands which fully agree with ecological
characteristics of species. In the study biotopes,
L. inundata is accompanied by 35 spore and seed
plants, 12 mosses and lichens. Its necessary
companions in every community are Drosera
rotundifolia and Juncus filiformis, mosses of the
genera Sphagnum and Polytrichum. Numerous
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companions of L. inundata in the Komi Republic
remain its companions behind the territory of the
republic [12-14, 28].

All habitats of L. inundata in the Komi Re-
public we identified as anthropogenic ones. In
Russia, this species naturally grows only in sev-
eral regions — on lake shores in the Arkhangelsk
Region [4], in dark-coniferous forests in the
Perm Krai [29], in wel peatland forests [30] and
ininterdunal valleys [12] in the Vologda Region,
at pine forests edges in the Kirov Region [31],
and in the Khanty-Mansi Autonomous District
[18]. In all other cases, the sites of growth of the
species are secondary community, which con-
firms the hypothesis of L. inundata resettlement
at the present time along the anthropogenically
disturbed sites [12-13].

The question of paleogeographic history of
L. inundata is interesting. For adjacenl areas,
in particular for Western Siberia, it has been
established that L. inundata is a relic of the
Tertiary Period [13]. However, analysis of the
palinological literature in the FEuropean North
shows that in the most of the studied spores-and-
pollen spectra, the L. inundata spores were not
detected. Their single grains were first found in
early Pleistocene sediments, 1800—-800 thou-
sand years ago (Eopleistocene), in the Middle
Pechora below the Kipievo Village (N 65.6577°,
E 54.5036%) [32]. To the north, in the Bolsheze-
melskaya Tundra (the Nalim-Yu River), a single
L. inundata spore was found in the Chekalin
Interstadial deposits (334—301 thousand years
ago) [32]. To the south, in the Vologda and
Arkhangelsk regions, L. inundata spores was
encountered very rarely in the Mikulino Inter-
glacial (127-71 thousand years ago) deposits
in pollen zones from the Pas'va and Shenkursk
sections sediments in the Vaga River valley
(N 61.5843°, E42.7158" N 62.1056", E 42.8996°)
and also in zone of the Mikulino Interglacial
(section in the Syuma and Pesa Rivers valley)
[33]. Holocene sediments (11 thousand years
ago — present) from the Chernaya Gorka palsa
section located on the Bol'shaya Paypudyna
River (N 67.0681°, E 65.3608°), in the Polar
Urals, contain single grains of L. inundata
spores [34]. Here the spores of L. inundata oc-
cur in deposits of the late Preboreal, Boreal and
early Atlantic periods (9500-8000 "C) and
disappears in overlying sedge peat. However,
this site is already located about 10 km east of
the boundary between Europe and Asia. Thus,
the analysis of the literature makes it possible to
exclude the relic nature of the present locations
of L. inundata in the European North and allows

one to classify the species as an allochthonous
element of the flora.

Conclusion

Thus, our studies allowed specifying distribu-
tion of a new spore-bearing species in flora of the
Komi Republic, L. inundata and identifying the
species as an allochthonic flora element. Spores
can be transported from neighboring territories
due to road building or via migrant wetland or
swimming birds. The identified habitats of L. in-
undata are located on poor and acid sands or peats
with temporal moisture conditions. Necessary
companions of the species in any communities are
Drosera rotundifolia and Juncus filiformis, mosses
of the genera Sphagnum and Polytrichum.

The life-form of the Lycopodiella inundata
sporophyte is a spore variance of perennial plant
with annual shoot system (‘annual plant of
vegetative origin’). This species prefers veg-
etative multiplication through natural winter
morphological disintegration. For determine the
population in the beginning of shoots growth,
ramets are recommended to be counted. And with
the full growth of shoot systems, the number of
vegetative tops of shoots is calculated, which
after overwintering give rise to new individuals.

In view of the fact that the species is rare
and tends to decrease its habitats worldwide,
we included L. inundata into new edition of the
Red Data Book of the Komi Republic [35] with
protection status category 3 (Rare). All habita-
tion places of the species are out of specially
protected areas of the republic and so are threat-
ened. Limiting factors for this stenotopic species
in the Komi Republic are its narrow ecological
amplitude, low competitiveness, instability to
violations of the hydrological regime (bogging
or draining) and overgrowth of biotopes due to
natural succession processes.

The work was done within the theme “Bio-geologi-
cal accidenls and stratigraphy of the Phanerozoic in
the sub-Arclic zone of the Barents Region, the Timan
Range, and the western Ural slope” R Ne AAAA-A17-
117121140081-7. The authors thank PhD D.A. Phi-
lippov (Papanin Institute for Biology of Inland Waters
RAS), A.B. Czhobadze (Vologda State University),
L.V. Onishchenko (ZAO Gold Minerals, Syktyvkar).
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AHTaroHHCTHYECKAst U COPOIMOHHAA AKTUBHOCTh MOHO-, OMHAPHBIX
U TPEXBUIOBBIX OMOILIEHOK IIOYBEHHBIX IHAHODAKTEPUIi

© 2020. A. 1. ®okuna', k. 6. u., gonenr, C. I'. Ckyropesa®, k. 0. ., H. c.,
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[lenbio panHoii padoThl OBIIO U3yYeHe MHTEHCUBHOCTH pasButus Fischerella muscicola B MOHO-, GUHAPHBIX
7 TPEXBUOBHIX TTHAHODAKRTEPUATHHBIX TUIGHKAX, a TaKKe onpejiesente eé anTiny3apno3noinl n copoOIMOHHON aAKTNB-
nocrn. Venonbsopasnu nnanodaxrepun (I1B) Fischerella muscicola (Thur.) Gom 300, Nostoc muscorum (Ag.) Elenk
21 u N. paludosum (Kiitz.) Elenk 18, a raxse murpomuuer Fusarium culmorum. MopjeJbHBIIl ONBIT 110 BBISIBIEHUIO
Xapakrepa B3anmojeiictBus pasiununbix Bugos LB gpyr ¢ gpyrom nposojguian B MUKpoKocMax ¢o cTepuiibHbIM KBapiie-
BbIM reckoM B yamrax [lerpu. [lokazano, uro [1B F. muscicola, kak B MOHORYJIBTYpE, TAK 1 B ACCOIUATUSX € IPYTUMHI
[1b umeer norennmuan 6ONPOTEKTOPA B YCITOBUSAX IMOBBIIIIEHHOTO COJEPIKAHIS B OKPYRAIOIILell cpejie coefilnHeHniT Me/in,
aTakske B ipucyreTsun gy3apuorokenHoB. MomiHbIM HPoTHBOQY3apnosHbIM fieiicTBreM 0baajiaeT TpoiiHast accoluarms
UaHo0AKTePHIl, UTO OTpasKaeTCs B MeHbIIeM KostimuecTse (B 3,7 pasa) nponarys u pianne mutesus (8 12,7 pasa) rpuda,
110 cpaBHEHMIIO ¢ KoHTpoaeM; ouomacca LB F. muscicola n 6uonnénok ¢ eé yuacruem obaaator BEICOKUM O10COpOIN-
OHHBIM TT0TeHIIaIoOM. MesRly cojlepRanieM TIIMKAHOB 1 IIUTOKMHIUHOB B cyOcTpare n 4MCJAeHHOCTHIO/JITNHO HuTel
I1B ycranoBiena BeicoKast mooskuTeNbHas Roppesinunontas cBa3b (r = 0,84-0,93), uro yrkaszsiBaeT Ha poJIb JaHHBIX
coelnHeH I B 11porteccax GopMupoBaHust GUOTIEHOK.

Karouesoie crosa: manodbakrepun, GuomiéHK, 6uocopoIns, aHTarOHN3M, PUTOTIATOTEHbI.

Antagonistic and sorption activity of mono-, binary,
and three-species biofilms of soil cyanobacteria
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The aim of this work was to study the intensity of development of Fischerella muscicola mono-, binary, and three-
species cyanobacterial films, as well as to determine its antifusarium and sorption activity. The cyanobacteria Fischerella
muscicola (Thur.) Gom 300, Nostoc muscorum (Ag.) Elenk 21 and N. paludosum (Kitz.) Elenk 18, as well as Fusarium
culmorum micromycetes were used. A model experiment to identify the nature of the interaction of various types of
cyanobacteria with each other was carried out in microcosms with sterile quartz sand in Petri dishes. It has been proved
that the F. muscicola CB, both in monoculture and in associations with other CBs, has a bioprotective potential under
conditions of high levels of copper and fusariotoxin compounds in the environment. A triple association of cyanobacteria
has a powerful antifusar effect, which is reflected in a smaller number (3.7 times) of propagules and the length of the
mycelium (12.7 times) of the fungus compared to the control; the biomass of the CB F. muscicola and biofilms with its
participation has a high biosorption potential; between the content of glycans and cytokinins in the substrate and the
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number/length of CB strands, a high positive correlation was established (r = 0.84-0.93), which indicates the role of

these compounds in the processes of biofilm formation.

Keywords: cyanobacleria, biofilms, biosorption, antagonism, phytopathogens.

[{nanobaxrepun (I15) — opranusmsl, sBo-
JIOTNOHHO TTPUCITOCOOIEHHbBIE K CYIIeCTBOBAH IO
B KOJIJIA0OPAIHSX ¢ IPYTUME TTPEICTaBUTEISIM I
MUKPOOMOTHI KaK carpoTpodHoro, Tak u Qoro-
tpoduoro dmokon [1]. [luanodbarrepuanbHbie
ononnénkn (I[BIT) w moBepxHOCTHBIE paspac-
ranus LB mocrosinio Berpedaiores B pa3indHbix
THUIIAX M0YB BO BCeX permoHax mjaners [2].
SHAYNTEJHHOE KOJTNIECTBO JTUTEPATYPHBIX HC-
TOYHUKOB MOCBAIIEHO MeXaHu3my gopmupona-
nust [IBIT [3], skonoruveckoit n MeuIinHCKOI
snaunmoctu [[B n ux skzomerabonuron [4],
a TaKsKe PAKTHYeCKOMY HCITOJIb30BAHMIO MOHO- 11
nosusuosbix L{BII B Guorexnosiornu [3], B 1ipo-
1eccax OMOMOHUTOPUHTA, peMeInai XuMmnye-
CKRI 1 OMOJIOMMYeCKI 3aTrPsI3HEHHOT 1TOUBHI [0, 7]
1 6nocopdIMOHHBIX HIpoleccax [2]. B nacrosiiee
Bpems LB pacemarpuBaiorest B kKauecrse moTeH-
MUATBHBIX aNeHTOB OMOKOHTPOJIS, TTOCKOJbKY OHI
MPOSIBJISIIOT AaHTATOHUCTUYECKOE eI CTBIE TPOTHB
MHOTUX (PUTOMATOTEHHBIX MUKPOOPTAHN3MOB
(MO). Autumurpobubie coequnenus 1B moryr
nofasisATh naroreaabie MO yepe3 paspyiienue
IUTOIJIA3MATIHYeCKOIl MeMOpaHbl, MHIMONpoBa-
HIe cuHTe3a OesKka, aKTUBHOCTH MUIPOJIUTHYE-
KX (DePMEHTOB M T. Ji. ITO, B YaCTHOCTH, 00e-
crieunBaercst crocobnoctbio [ Berernmposarh
B puszocdepe pu UX WHTPOAYKIUN B ITOUBY U
KOJIOHU3UPOBATh yacT pacrenuii [8].

B nocnennume roasl Bo3poc mHTEpec mc-
cineposareneiit kK LB Fischerella muscicola, nys
KOTOPOIi JIOKa3aHa MoBbIIIIeHHAsI CKOPOCTH POCTa
B KYJIBTY e, BHICOKAST aHTATOHNCTIYeCKAs aKTIB-
HOCTB 1 CTIOCOOHOCTD K CITHTE3Y Pa3zHO00pa3HbIX
O1MoJIOrnYecKkn akTUBHBIX BeltectB [9—11].

[lennio mamHoi paboTsl OBIIO U3yUYCHUE
nHTeHCuBHOCTH passutus Fischerella muscicola
B MOHO-, OMHAPHBIX U TPEXBUIOBBIX I[HAHOOAK-
TepUaTLHBIX JIEHKAX, a TAKIRE OIpefieIeHne eé
(dysapnosnoit u copoOTMOHHOI aKTUBHOCTH.

Marepuanbr m MeToIBI

O6mberTor neeaemoBanusi. B padore ne-
MOJTb30BAHBI ATHIOJTOTHUECKI UHCTHIE KYJIBTYPhI
U bB: Fischerella muscicola, Nostoc muscorum
n N. paludosum, a rarksxe mukpomutier Fusarium
culmorum, obIagaOMNI APKO BHIPAKEHHON
MaTOTeHHO AKTUBHOCTBIO 11O OTHOTIIEHUTO K 3J1a-
ROBBIM KyabTypam [12], BeIe e HHBIi 13 TTOUBBI
TpaHcopTHOT 30HBI T. Kposa.

Meroguka noctaHOBKY 1 IPOBEIEHNS OTIbI-
ta. Mojie/IbHbBIIT OIIBIT 110 BBISBIEHUIO XapaKkTepa
B3aMMoOjleficTBIA pazandubiXx BupoB 1B ppyr
C JIPYTOM ITPOBOJIAIN B MIKPOKOCMAX CO CTePUTh-
HBIM KBapIeBbIM eckom B yamirax [lerpu.

UccenepoBanne aHTaroHNCTHYECKOI AKTHB-
HOCTH IHAHOOAKTEPHIT 110 OTHOIIIEHIIO K MHKPO-
munery F. culmorum. AHTaTOHUCTHYECKYIO
ARTUBHOCTH TPOMHEBIX cMeceil LB mposepsan na
(puronarorennom rpude F. culmorum meropom
COBMECTHOTO BbIpAIMBaHNs B MUKPOKOCMAaX.
06 anraronncruyeckoit aktusuoctn LB cymmmm
10 CHUKEHUIO JUIMHBI MUIEJNs U KOJMYECTBY
npormnarys uzydaemoro rpuda. [lis nckycerpen-
roro cosgannsg BII ucnonb3oBanu romoreHm3m-
posanubie Ryaprypbl 11D, Bipaiientbie B Te-
genme 30 gmei B KUAKON MUTATETLHON cpefe
I'pomosa Ni 6 6e3 azora [13] ¢ Turpom (K. /cm?):
F. muscicola — (8,4x0,3) - 107; N. muscorum —
(1,8+0,2) - 107%; N. paludosum — (2,0+0,6) - 107
Rynsrusuposanue rpuba F. culmorum mposo-
auiu Ha arapusoBanuoil cpepe Yamera [13],
B TIECOK 3aceBaJM ero KOHUNM, MOTyYeHHbIe
CMBIBOM ¢ Ta3oHoB rpubda, ¢ turpom 10° konu-
it /em® — 10 em® na wamry. Jlanee Brocuian mo
30 em? suprocTu, copepskairei [1B: B Monokyirs-
Typax o0néMuoe cootHormenne cycnensnn 1B
u cpenbl 'pomosa Ne 6 6e3 azora 1:2; B Gunap-
HBIX Kyabrypax — 1:1:1; B rpoitasix — mo 10 cm?
cycrniensnu kazykmnoro sujaa 1 5.

Cxema onbira mo gopmupoBanuio BII
BRJIOUAJIa ciefayiolue sapuanrol: Fischerella
muscicola; F. muscicola + Nostoc muscorum;
F. muscicola + Nostoc paludosum; I'. muscicola +
N. muscorum + N. paludosum; Fusarium culmo-
rum; I. culmorum + tpoitnas accornuanus [1b
(F. muscicola + N. paludosum + N. muscorum).

B xope onbira vamkum Ilerpn arcrmonmpoBa-
an B rederme 30 ¢yT 10 MOCTHKEHNA B OJ{HOM 13
BapuantoB 100% mokpeiTusA Mecka mIGHKaAMI
IIB. B BIT onpenemnsiim uncaennocts kierok 1[5
U mpoTarys rpubda MeTojoM IPSMOTO cYéTa Ha
Maskax B 9-rparnoii mosropuoctn [14]. B stux
JKe BapuamnTax Olpeessn cocTaB 9K30MeTabo-
JUTOB B cyOCTparTe NX Mpon3pacTanms 1 crocod-
Hocth oopasoBasimuxcest Bl copdonpoBarh moHb
Cu?* 3 pacrBopa nurpara mepu (11).

Uzyuyenne knnernkn coponun nonos Cu**
onomsnénramu. llepes mpoBefenmnem sxcrepu-
menTa onomaccy BII uzpnerkanu ns vamer [ler-
pU, OTMBIBAJIN OT TIeCKa U MUTATeJbHOI Cpejibl
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AUCTUIIMPOBAHHON BOMOT, BRICYNINBAIY J10
MOCTOSIHHOI Macchl 1 naMesnbuaiu. Vamepenne
copepskatus Cu* B pacTBOpe MPOBOMILIIN TOTEH-
IIOMETPUYECKIM METOJIOM Ha MmoHOMepe «JKC-
nepr-001» ¢ MOHOCETEKTUBHBIM DJIEKTPO/IOM,
TYBCTBUTEJILHBIM K KOHIeHTparun nonos Cu*.
B xumnueckmnii crakan saocuan 90 cm? pacropa
aurpara menu (1l) ¢ konmenrparmeit 1 - 10M,
10 em® 1M KNO, (pacTBop ¢ BHICOKOIT MOHHOI
CUJI0il), ONMyCKaIN B PACTBOP MOHOCETEKTUB-
HbIll anekrpoy, pH-smekTpos n AByXKII0OUEBOI
BIIEKTPOJL CPABHEH NS, MATHUT 1 BHOCUJTY HABECKI
BuICYIIeHHbIX 1 uamenbuénunix BIT [15].

Jlst mpuéma n 06paboTKM MaHHBIX ¢ MOHO-
mepa «Irerepr-001» ncrnorb3oBaim mporpaMmy
EXP2PR (OO0 «9ROHUNKC-9RCITEPT»).
[Tpu onmcanunm copdbium mpumMensiyin Hanbosee
pacrpocTpaHéHHbIe MO KUHETHUKI: MOJIETh
MCeBIO-TIePBOTO U TCEBIO-BTOPOTO TOPSIKOB,
MOAUMUIUPOBAHHYIO MOJIeJIb BTOPOTO TOPSIIKA
u mojennb Enosuua [159—17]. 3nauenus napa-
METPOB KMHETUYECKUX Mofeseil copOIum ObLin
HailJ[eHbl METOJIOM HAUMEHBLIIUX KBaJ[PAaTOB
npu nomonn Hajgcrpoitku «[lonck perennsi»
nporpammuoro naxkera Microsoft Office Excel.
[Tpu mopBope Moesin KUHETUKK cOPOIUN pac-
CUNTBIBAIN KOAPOUITNEHT TeTepMUHATNT 1 110

bopmyie:

rae DD, — qucnepensi pazHoOCTH DKCIIEPUMEeH-
TalbHBIX 1 PACUETHBIX laHHbIX; [, — ucnepcns
DKCITePUMEHTATbHBIX TaHHBIX.

Ucenenosanue cocraBa 3K30MeTadOJIUTOB
MUKPOOPranu3mMoB B cyocrpare. [|ist onipejene-
HIST KAYeCTBEHHOTO 1 KOJIMYeCTBeHHOTO COCTaBa
skzomeradbonnro MO B cyberpare npounspac-
TAHUS TOTOBUJIN BOJIHBIE BHITSKKN 13 MecKa
ot Beipociiiumu 1B B maccoBoMm cooTHOIIeHU I
MecoK:Bojia, paBHOM 1:5. IRCTPAKITIIO OCYIIECT-
Basin B Tevenne 20 u, npu remmeparype 4 °C.

Jlasree mecor oresisiyin OT IKCTPAKTA MEeHTPH QY-
rupoBanmneM. B mentpudyrare MeTomoM BbICO-
RODPPERTUBHON FKNIKOCTHON Xpomarorpadun
OTIPeNeIsI/IN KaueCTBeHHDI 1 KOJTMYeCTBeHHBII
cocrtaB sK30MeTaboMUTOB HAa Xpomarorpade
Shimadzu LL.C-20 cepun Prominence ¢ guojio-
MaTpuaHbIM lerekropoM (fmonus). 3a pesyssrar
aHaansa Opajim cpejHee ABYX MapaiesJibHbIX
M3MepPeHii, pa3HIIa MeKIY KOTOPBIMI He Tpe-
Boimasza 9%.

Pe.?uyJII)TaTI)I n OﬁcyﬁmeHue

Awnraronucrnueckas akrusuocrb B o or-
HOTIEeHNI0 K Fusarium culmorum. llnanodbaxre-
pUn — MUKPOOPraHU3Mbl, 00JIa/IaI0IIIIe BHICOKOT
CKOPOCTbIO Pa3MHOKEH NI B OJ1aro pusiTHBIX YCJI0-
Busax. CoBMerierne B OJfHOM OPTaHu3Me cIocon-
HOCTH K OKCUTEHHOMY (hOTOCHHTE3Y U a30T(PUK-
CaIni IeJIaeT NX YHURAIbHbIMEI aBTOTPO(aMU 110
YIJIepoLy 1 a30Ty U MO3BOJISIET PABMHOKATHCS HA
OeHBIX TUTATETLHBIMI DJIeMeHTaMU cyOcTpaTax.
Buecenne sxupkux LB kynsryp B rakue cyberpa-
ThI, KK IT0OYBA 1 TIECOK, BCETTIA COTTPOBOKIAECTCS NX
MaCCOBBIM PA3BUTHEM HA TTOBEPXHOCTHU B BUJIE BU-
3yasibHO Pa3ImunMbIX HAJIETOB, Kopouek min BI1.
Rar npasuno, maTencnBHOCTh pasmuosrennst LB
Ha [IOBEPXHOCTH CyOCTpaTa MocJje NX MHORYJISIIT
3aBUCUT U OT MEPBOHAYAIBHOTO TUTPA KJIETOK
U BHENTHUX YCJIOBII (BAAQJKHOCT, TeMIIEPaTypa,
ocBerenne, KUCIOTHOCTD U T. JT.).

Pesynbrarsr skcriepumenTa mo opmMmupoBa-
nuio BIT Ha kBapiieBom recke mokasaJsu, 4To npu
CHATHUM OTBITa uncaeHnocTs 1B pasmumana npn
BHECEHU N MOHO-, OMHAPHBIX 1 TPOHHBIX KYJIBTY],
XOTS B JTIOOOM ¢JIyvae OCTUTAeT OUeHb BHICOKMX
rnokasareseil — B pesiesiax oT ecATROB MUJIJINO-
HOB 10 MuLnapios kierok LB na 1 cm? (tadu. 1).
OmHaRO MTPM 3TOM TIJIIOTHOCTH IIMAHOOAKTe PHaTh-
HBIX TOIYJISAINIT B OMHAPHBIX 1 TPOWHBIX acco-
[UAIKUsAX HAMHOIO BbIIE, YeM B MOHOBUJIOBOII
BII ¢pumepenns. Panee 66110 ycTanoBieHo,

Tadauma 1 / Table 1

OcobennocTtu pazBuTust uanobaKTepuil B ONOTIEHKAX
Features of the development of cyanobacteria in biofilms

Bapwuanr / Option Yucnennocrn, * 107 k. /cm? Jlnuna nureit, m/cm?
Number, * 107 cells/cm? Thread length, m/cm?

Fischerella muscicola 4,1+0,7 283,5+8,6

F. muscicola + Nostoc muscorum 18,3+1,5% 732,4+H8 4%

F. muscicola + N. paludosum 10,7+1,5 429,2+59,2

F. muscicola + N. muscorum + N. paludosum 16,3+4,0% 650,0£16,8%

. muscicola + N. muscorum + N. paludosum 16,7+0.6% 668,047, 2%

+ F. culmorum

Ipumewanue / Note: ¥ — narcumasvivie nokazamenu wuciennocmu kiemor LB /% — the maximum numbers of CB cells.
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Ta6amma 2 / Table 2

Bnustnne nmanobaxrepuii Ha passurtue Fusarium culmorum
The influence of cyanobacteria on the development of Fusarium culmorum

Bapuantr / Option Koaunuecrso npomarys/cm?, - 107 Jlmera mutiesust, M/cm?
The number of propagules/cm?, - 107 The length of the
mycelium, m/cm?
F. culmorum 0,41+0,04 787,2+99,0
F. culmorum + F. muscicola 0.11=0.01 62,0 <7.0
+ V. muscorum + N. paludosum

Tadauma 3 / Table 3

Rosdpunmentsl gerepmunanuu (r°) MesLy 9KCIIEPUMEHTAILHBIMI U PACUSTHLIMK JAHHBIM I
IS PasIMYHbIX Kunetundeckux mopesneit copomuu Cu?* / Determination coefficients (r?)
between experimental and calculated data for various kinetic models of Cu?* sorption

bromnnénka-copbent Cu?* Roadduiimentsr ferepmunarium fajist Mojiesiei
Biofilm-sorbent Cu** ICeB0-1IepPBOTO nceso-Broporo | mopuduiupoBantoit | Kiosuua
Hopsijika Hopsijika MOJIeJI BTOPOTO Elovich
pseudo- pseudo-second mopsika / second-
first order order order modified
F. muscicola 0,91 0,990% 0,991%* 0,92
F. culmorum 0,95 0,995% 0,998%* 0,989
F. muscicola + N. muscorum 0,96 0,98 0,985%* 0,994 %*
F. muscicola + N. paludosum 0,91 0,98 0,990%* 0,995%*
F. muscicola + N. paludosum 0,95 0,994* 0,998** 0,986
+ N. muscorum
F. culmorum + F. muscicola + 0,988 0,9987* 0,999%* 0,990
N. paludosum + N. muscorum

Hpu.MeleLue: * — gbicokue SHAYEeHUA, K MAKCUMAALHDLE SHALCHIL.

Note: * — high values, ** — maximum values.

4yro B niporecce gpopmupoBanus BII manbomnee
WHTeHCUBHOE pasMHoskenme I. muscicola ¢ mor-
HOCTBIO TIOMYJISAIMIA ¢BbIe D0 MIH KIeTOK/cM?
0TMEYaJIoch B BapUaHTe ¢ TPOMHOM accolualinen,
rjie maprHepaMu (UITTePESIIbl ObLI MUTIET AT b-
HBIe DYKAPUOTHBIN (MuKpomuiier F. avenaieum)
U POKapUOTHBIN (arkTuHOMUIET Streplomyces
wedmorensis) MO [3].

Wenonb3oBanme tpoiinoii accoruannu 1D ne
TOJIBKO IPUBOJUT K MHTeHCUPUKAIUN NX PA3BMHO-
JREHIS, HO 1 CJTYKUT MOTITHBIM TTPOTHBO(Y3apu-
03HbIM areHToM. [Ipu sToM KoMYecTBO Mponarya
(pysapuyma B BapuanTe ¢ TPOHOI accomuaruei
1B menbmie B 3,7 pasa, a cymmapHas JJInHa
mutiesus fannoro guronarorena — B 12,7 pasa,
1o cpasuenuio ¢ Bapuanrom 6e3 1B (rabu. 2).

XapakrepucTnkra copoIHOHHON CIIOCOOHO-
cru OMOIIIEHOK o otHonennio K nonam Cu?.
Jlsist yeraHOBJI€HMST MOJEJIN, ONTUMAJIbHO OIlH-
cuiBatorieii copormio Cu?* BII, cpaBauBaim Ko-
apuImeHTH leTepMITHAINT ¥, PACCUNTAHHDBIE
IS PA3HBIX KMHETHUECKNX Mofiesieit (tadu. 3).

Maxcumanbibie 1 BRICOKIE 3HAUeHUS (17 =
0,985-0,999) rosdpdunmenra gerepMmuHaIn
OBLIM OTpejie/IeHbl st MOAUMUIMPOBAHHON

mMojiesinm Broporo mopsijka. Panee [13] 6vli10
mokasaHno, 4yro KuHetury coporuu TM cyxum
muteauem I. culmorum Xopoiio onmuchiBaer
UMEHHO 3Ta MOJIeJIb.

MopudunupoBannasi Mojieib BTOPOTO T10-
PAZIKA TIPEJIIToIaraeT, 4uTo XUMUYecKas pearius
obMena TuMuUTHpyeT mpoiiece copbmum [17].
OcHoBHBIE TTapaMeTpbl JaHHOW MOJEIN — K-
Hernyecknii koopdunment (k,) m paBHOBecHas
yaenbnas macca copbara (a ). Yem oire kyma,
TeM BBIITIE CKOPOCTH COPOIINN 1 COPOIMOHHAsT 6M-
KOCTH COOTBETCTBEHHO.

MarkcnmanbHbIM 3HAUEHNEM KITHETHYeCKOTO
rod(puImenta, a 3HaAUNT, HANOOJIBIIIEH CROPO-
crbio copormm Cu®t, xapakrepuaoBajiach MOHOBH-
nosast BIT F. muscicola (puc.). Jlas duonaénrn
F. culmorum cxopocts copO1imm Obia B 3,7 pasa
HIKe, TT0 cpaBHeHnto ¢ I. muscicola. Ilpu nc-
MOTB30BAHUN IBYX- 1 TPEXKOMTIOHEHTHBIX BIT
CKOpoCTh copOIu Oblia Huske B 4,7—14,0 pas,
110 cCPaBHEHNTO ¢ OJTHOKOMITOHEHTHOW TIITEHKOI.

PasrnoBecnas yaesnbHas macca copbarta Ba-
peuposaia B pepenax or 1,99 o 5,76 mr Cu** /v
copbentTa (puc.). Beicokne snavenus a,, a 3ua-
YUT, ¥ COPOIIMOHHOIN EMKOCTH, OBLITI PACCUYMTAHBI
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nist BII Ha ocHoBe Mmukpomuriera F. culmorum
(5,76 mr/1). Copbrimonnast éMKocTh F. muscicola
(2,48 mr/r) 6bl1a B 2,3 pasa MeHbIle, yeM
F. culmorum. JIpyxkomnounentusie BII o6ma-
manm 6omee HU3KOM COPOTIMOHHONI 6MKOCTRIO TT0
cpasuennio ¢ F. muscicola (na 15-25%). Jlns
TpéxroMmoneHTHBIX BT 3HaueHns paBHOBECHbBIX
VIeTBHBIX Mace ObLIN BhIIIe Ha 23—42%, uem s
F. muscicola.

Taxum obpasom, cyxas buomacca LB
F. muscicola, obnamgast BBICOROW CKOPOCTHIO
copbiun 1o oraonrenuio kK nonam Cu®', mosker
OBITH BeCbMa MEPCIeKTHBHBIM COPOEHTOM JIJist
UX yJlaJIeHIsT 13 3arPs3HEHHBIX CTOUHBIX BOJL 1
nouB. Kpome Toro, nanmsrit sus L[ B mosker 6b1Th
HCIOJbL30BAH JIJIsI co3anus MHOTOBUTOBLIX BII,
obamaonxX OOABITON COPOITIMOHHOT EMKOCTHIO
K noram Cu®" 1 IpyruM moJLIi0TaHTaM.

Conepskanue 3K30MeTad0JINTOB MUKPOOP-
ranu3mMoB B cyocrpare. O6paszoBanne IByX- 1
rpéxsunosbix BII conipoBoskiaercs ypegmuernnem
ROJIMYECTBA TTNKAHOB B Cpefie MX MPON3PacTaHs
(Tabs. 4), 4TO OOBACHUMO ¢ TOUKW 3PEHUS yua-
CTUA TOCTEeHNX B MexaHuame GOpMUpOBAHUS
marpukea miaénok [18]. Buecenue B mecok mu-
KpPOMUIIeTa He BJIMSeT Ha KOJIMYeCTBO IIMKAHOB.

Ciemyer ormetutsh, uto popmuposanue BII,
COCTOAININX U3 HecKOJIbKUX Bunos I1B, npu-

BOJUT K CHUJKEHUIO DKCKPEINN TJIyTaTnoHa B
cpeny npouspacranus. [losgsnenue B cybcrpare
MuKpomuiiera Fusarium culmorum npuBoanuT K
BO3pacTaHUIO COlePsRAHMS TPUTIETITH/IA, BbIjie-
asemoro MO B cyberpar. Brionme BeposTHO, 4TO
BbIpabOTKA IJIyTaTHOHA — OTBETHAs peaKrIusl
IID na orkucIUTETLHBIH CTPece, BHI3BIBAEMBbII
TOKCUHAME MUKPOMUIIETA.

ObpasoBanne 6nnapubix n TpéxBu0BHIX BII
HPUBOJUT K MOBBIIIEHNIO B cyOCTPaTe KOJMYECTBA
rubOepeTnHOB (OOIIIX), TeTePOAYKCUHOB, TIUTO-
KIUHWHOB, 110 CPABHEH IO ¢ COTIePsRaHNeM JAHHbIX
Beriects B cyoerpare MoHoBu0BbIX BI1. Bosamosk-
HO, YTO CYIIECTBYET CBsI3h MRy HAKOTJIeHeM
BBIINIEYKAa3aHHBIX UTOTOPMOHOB B cyOcTpaTe n
MeXaHU3MaMi BO3JECTBISI TAPTHEPOB JIPYT Ha
npyra B npoiecce dpopmuposanus [[BI1. O6pa-
3oBanue abcimu30Boi KUCJI0Thl cHuskaercs. 00-
HapysKeHbl He3HAUNTEIbHBIE KOJIMYeCTBA CAKCH-
TOKCUHA B BapUaHTax, cofepsramniux V. muscorum.

Meskny comepskanmemM rNKaHOB W IIUTOKN -
HUHOB B cybcTpare M 4MCIeHHOCTHIO /IIMHOT
nureil 1B yeranosiaena mocratouno BbicOKast
RoppessitgmonHas cssa3b (r = 0,84-0,93), 1. e.
geM Gouibiiie kiaetok 1B, tem Gosbiiie onu BbI-
pabarpiBalOT fanHbIX BemecTB. [lus npyrux
HK30MeTaboJINTOB KOPPEJSIINOHHAs CBSI3b Oblya
cratucTuveckn me snaunmoit (mpu P =0,95).

(],05 05 ’J" \

Fo)
2,48

0,0137

0,0036

j ]

- 0,06

+ 0,04

+ 0,02

0,0093 (RS

0,0076

Kinetic adsorption coeffcient (k,), s™!

L 0,00

. T
F muscicola F culmorum  F muscicola
+ N. muscorum

Pasnosecnas ypennnas macca copbenta (a.), MT/1T
The equilibrium specific gravity of the sorbate (a.), mg/g
(2]

9

T T
F. muscicola F muscicola F muscicola
+ N. paludosum + N. paludosum + N. paludosum
+ N. muscorum + N. muscorum

+ F culmorum

~
Runernuecknii koapdunment agcopbunn (k,), ¢’

Buonnénka-copbent / Sorbent biofilm

Puc. [Tapamerpsr MoprdunmpoBanHoil MO BTOPOTO MOPSIKA
mast onmcanus copdumm Cu?' Guornénkamu-copbenramm
Fig. Parameters of the modified second-order model
to describe the sorption of Cu?* by biofilm sorbents
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Ta6amma 4 / Table 4

Konnenrpaiius HeKOTOPBIX BEIECTB B BOAHOI BHITAKKE U3 cybcTpara npouspactanis OUOmIGHOK, MKT/cM?
(n=3,P=0,95,06=25%) n KOdPPUIIEHTHT KOPPETATINN MEKTY KOHIIOHTPATINEeH BeIecTB
1 TIOKA3ATeJsIMI COCTOSTHUS TInanobakTepuanbHoii nonysiun (ynciaennocts LIB un pnnna nx nurein)
The concentration of some substances in the water extract from the biofilm growth substrate, pg/cm?
(n=3,P=0.9506=+5%) and the correlation coefficients between the concentration of substances and
indicators of the state of the cyanobacterial population (the number of CB and the length of their threads)

Coeqnuenmne Bapwuanr / Option r (a/b)

nin rpyiia Fom. |F.m.+ | F.m.A+N.m.| tpoiinas TpoitHast 4HICJIEHHOCTD JMHA

COCIMHEHNIT N.p. N. m. accoImals | accoruarus b5 nureit 1[[B

Compound or N. p. b b + the number CB
compound group triple F. culmorum of CB filament

association triple length
of CB association b
of CB +
F. culmorum
Fnnkans 2.69* 3.60%* % " % %
obmue Glycans 2,07 2,14 2,00 4,00 407 0,93 0.93
Cayrarnon y 0.10 0.07 . -
Glutathione 0,62 0,50 0,39 0,11 0,44 0,63 -0,96
[Muroxkunubl 0.18 0.72 . " %
Cytokinins 0,019 _’_0’09 _1_0,11 0,69 0,28 0,84 0,85
'u6o6epennmb 0.83 1.26 -
Gibberelins a 0,66 0,70 0,62 1,30 1,06 0,57 0,57
AbciusoBas X
KUCTI0Ta 1,40 061 1.04 1,08 1,20 -0,22 -0,10
S 0,89 1,00

Abscisic acid
Ferepoayrcun 51 0,31 0.19 . -
Heteroauxin 0,032 0,15 0,17 0,29 0.21 0,59 0,48
Carcirorein u/o | mjo 0,001 0,001 0,001 - -
Saxitoxin n/a n/a

Ipumeuwarnue: 6 uucaumene npusedernvt 3HaueHus KOHyenmpayuil sewjecms ¢ sapuarnmax ¢ F. m. (Fischerella muscicola);
6 snamenamene — 6es dannoii 1{B; N. p. — Nostoc paludosum; N. m. — Nostoc muscorum; 1/o — gewecmaeo ne o6rnapyaiceno,
Mak Kak e20 KOHYeHmpayus mernee npedesa oGHapyrcerus memoda; * — eoicokue snauwenus; r (a/b) — roafduyuernmot
Koppeasayuu mencdy ronyenmpayuell sewecms (@) u nOKA3AMEAAMU COCMOARUL YUuarobakmepuaLbrol nonyiayu (b —

yucaennocms I[B w dauna ux numeii).

Note: the numerator shows the concentrations of substances in variants with F. m. (Fischerella muscicola); in the de-
nominator — without this CB; N. p. — Nostoc paludosum; N. m. — Nostoc muscorum; n/a — the substance was not detected,
since its concentration is less than the detection limit of the method; * — high values; r (a/b) — correlation coefficients between
the concentration of substances (a) and indicators of the state of the cyanobacterial population (b — the number of CB and

the length of their threads).

BoiBojbl

1. llmanobarrepus F. muscicola kak B MOHO-
RYJIbTYpe, Tak U B acconuanusax ¢ apyrumu 115,
nMeer IoTeHIas OMOIPOTERTOPA B YCJIOBUSIX 3a-
IPsIBHEHU S OKPYIRAIOIIEI CPe/ibl COeJInHeHUSIM I
mefn n pysapuorokcuHamu. MoHbIM POTHBO-
(ysapuosubim sieiictBueM obnajaer TpoliHas
accormanust LD F. muscicola + N. paludosum +
N. muscorum, 9410 oTpaskaeTcs B MEHBINNX 3Ha-
YeHUsX ToKazareseil rojqndecTBa (B 3,7 pasa)
nponaryJs u aymHbl Mutenns (B 12,7 pasa) rpubda
110 CPAaBHEHUIO ¢ KOHTPOJIEM.

2. Hanbosb1ieit ckopocTbio cOpOIIT MOHOB
Cu?* xapakrepusosanach Mmorosuposas BIl na
ocuose I. muscicola. Beegenne B BII gpyrux I15

n ysapmyma yMeHbIIIaeT CKOPOCTh COPOIUM J10
14 pa3. Ognako 1o cpaBHenuto ¢ F. muscicola,
B TpéxkommonenTtuuix BIT yBenmunBaercs ra-
KOl BasRHEUTIINI mapaMeTp copormm, Kak edé
émrocth. Takmm obpasowm, cyxas 6momacca I1b
F. muscicola n BII ¢ eé yuactuem siBJISIOTCS
apderruBapiMu 6mocopberTamn nonos Cu?”,
XapaKkTepu3yOIIMICS BHICOKNUME 3HAYCHUSIMI
mapaMmerpoB COPOIII: CKOPOCTHIO M EMKOCTHIO.
3. ObpasoBanue uByx- u Tpéxsuposbix BII
COMPOBOKACTCS YBeJAUMUCHIEM KOJTMYecTBA
NIMKAHOB B cpejie X mpouspacranms. Meswmy
cojlepsKaHmeM TJINKAHOB U IUTOKUHUHOB B
cyberpare M UUCJIEHHOCTHIO/ITUHOT HUTEI
D ycranoBiena BblCOKasi MOJOKUTEIbLHAS
roppeastunonnas ¢ssasnb (r = 0,84-0,93). 06-
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pasosanue nuanodaxrepuanbubix Bl mpuso-
AUT K TOBBITIIEHNIO B cybeTpaTe KOJMYecTRa
rubbepennHoB (0OINX), TeTePOAYKCUHOB U 1T -
TOKUHUHOB.

Paboma evinoanena 6 pamrax zocydapcmeen-
Ho20 3adanus Uncmumyma ouonoeuw Komu HIJ
YpO PAH no meme «Oyenra u npozHo3 0mcpouen-
H020 mexno2enno2o 8o3deiicmaust Ha npPuPodnsle
u mpancgopmuposanmsie ILOCUCMeEMbL ROI30HbL
100cnotl maiieu» N 0414-2018-0003.
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AnbroreHo3sl oopacranus 6€peroBoro rujipoTeXHUYECKOT0 COOPY;KEHUs
B YCJOBHAX MITOPMOBOIi esiresbHOCTH (RKphiv, YépHoe mope)

© 2020. U. K. Eserurneena’, k. 6. n., ¢. H. c.,

B. Il. Escrurnees' 2, k. ¢p-m. H., B. H. ¢., . H. TankoBckas', m. H. c.,
"MuernTyT MOPCKIX OMOJTOTHYCCKIX HCCTMOBAHIIT

nmenn A. O. Kosasrescrkoro PAH,

299011, Poccus, r. Ceracrononn, p. Haxumona, 1. 2,
2CeBacTonoabCKIIl TOCYapCTBeHHBIN YHIBEPCHTET,

299053, Poccust, 1. CeBacronoib, yi. YHUBepcuteTcras, ji. 33,

e-mail: ikevstigneeva@gmail.com

B ofpacranuu 6eperoBoro rujipoTeXHUYeCKOro COOPYKReHs O OOHAPYKEHBI 38 BUIOB MAKPOBOJlOpOCIeil 23 po-
noB, 15 cemeiicts, 14 nopsikos, Tpéx oraenos (Chlorophyta, Ochrophyta, Rhodophyta), koropsie coorHocsTCst ipyT
¢ npyrom kax 2Ch : 10ch : 3Rh. Haunbomnmum uncsiom Bugos npepcrasiennt Ulva, Cladophora, Ceramium, Ulvaceae,
Cladophoraceae, Ceramiaceae, Ulvales, Cladophorales, Ceramiales. ¥ cranoBieHo, 4To 110 HallpaBJIeHNIO OT CYIITN K MOPIO
CHUKRAETCSI TaKCOHOMIYecKoe pazHooOpasne Rhodophyta u ero fosist B cocraBe anbroodpacranus, yMeHbIaeTCs CpejiHee
YICTO BUIOB T POJIOB B CEMEHCTBRE, a TAKKE OTHOCUTETLHOE TICT0 BUIOB B COMYTCTBYIOMIEH I OTMTOCATTPOOTOT IPyITmax.
B srom ke manpasnennn ysennunsaercsi cpefaee yncsao sujgos Chlorophyta u mosnst Ochrophyta, cpepusis puromacca
n eé npocrpancTBerHas Bapnadenbroetb y Rhodophyta, pasnooOpasue cofoMMHAHTHBIX, BEIYIIIX, PEJIKIX U CE30HHBIX
suoB. [locre mropma ma Beex yqacTrax im 0co6enno B KOPHEBO 1 TeHTPATLHON acTIX 6ePeroBOro THAPOTEXHITECKOTO
COOpPYysReHund yBeJInunBaeTcA KOJANYECTBO SKOTPYIIT ¢ HU3KUM BUJIOBBIM pa3H006p33meM. Bbl}{ BJIEHO, 4YTO BOSILeﬁC'FBD1lO
mropma Haubosee HojBePREHbI cpejin npu3Hakos — guromacca, cpefu ornenoB — Rhodophyta, cpepn yuacrros rujpo-
TeXHMIECKOTO COOPYSREH ST — BePXHMI TOPIBOMT, TIEHTPATbHAS YACTH T YIACTOK, KOHTAKTIPYIOTTII ¢ 6eperoBoil IMHmei.

Karouesote cnosa: Uépuoe mope, mITopM, rujipoTeXHNYECKOe COOPYIKEeHIE, MaAKpoaabroodbpacratie, 3K0JI0T0-
TAKCOMOMMUECKIUIT cocTaB, (priToMacca.

Algocenoses of Fouling of Onshore Hydraulic Structures
under Conditions of Storm (Crimea, the Black Sea)
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Ecological-taxonomic composition, occurrence, and abundance of algae in fouling of hydraulic structure jetty after
storm are presented. After storm, 38 species of macroalgae of 23 genus, 15 families, 14 orders, 3 divisions (Chlorophyta,
Ochrophyta, Rhodophyta) were discovered in the algae fouling. Species ratio of the divisions is presented as 2Ch : 1Och :
3Rh. The dominant Rhodophyta division accounts for 47% of the identified species, 57% of the algae families, and 43%
of the orders. Taxonomic proportion of flora is represented as 1 order: 1 family: 2 genus : 3 species. Among the divisions,
Ochrophyta has the most simplified ratio of 1:1:1:1. The proportion of orders and families is the same in all three divi-
sions (1:1). Ulva, Cladophora, Ceramium, Ulvaceae, Cladophoraceae, Ceramiaceae, Ulvales, Cladophorales, Ceramiales
are represented by the largest number of species. The coverage, species and ecological composition of algae at differ-
ent distances from the shore and the water surface are determined. In a seaward direction, the taxonomic diversity of
Rhodophyta and its fraction in the floristic composition of fouling of onshore hydraulic structures lessen, as well as the
average number of species and genus in family decreases, the relative number of species in associate and oligosaprobic
groups reduces. Meanwhile, the average number of Chlorophyta species and share of Ochrophyta, Rhodophyta average
phytomass and its variability, diversity of codominant, dominant, rare and seasonal species decrease in the same direc-
tion. The number of ecological groups with poor species diversity rises after the storm in all areas, particularly in the
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root and central part of the hydraulic structure. The negative effect of storm is mostly resulted in decreasing amount of
phytomass mostly near the water surface. Phytomass has been determined to be affected by storm to a greater extent
than other characteristics, Rhodophyta is the most vulnerable division, whereas the most affected by storm parts of the
hydraulic structure are upper sea level (0—0.5 m from the water surface), central part of the structure (20 meters from

the shore) and the sector touching the shore.

Keywords: the Black Sea, storm, hydraulic structures, macroalgae fouling, ecologo-taxonomic composition, biomass.

OpHuM M3 TPUHIUIIOB, OTIPEAESAIONINX
P PEeRTUBHOCTH OEPETOBBIX TUPOTEXHUUCCKIX
coopyskennii (I'TC), ssasiercst mX yHUBepcaib-
Hocth [1]. Ona nposiBisiercsi B TOM, 4TO HOMIMO
obeciieueHusi 3aIUThl OT BOJHOBOTO BO3JIeii-
CTBUSI, cCAMa MX KOHCTPYKIIUS CTAHOBUTCS MECTOM
pa3MHO;KeHUsT n PYHRIIMOHUPOBAHMS THPOO-
ouroB. Hayuno permamentupoBantoe cospatme
I'TC mosxer cmocobeTBOBATH CcTAOMAM3ATAN
OuopasHooOpasus, MOBLIIIEHIIO OMOTIPOYKTIB-
HOCTHU U YIIYUIIIEHU IO DKOJIOTHYECKON 00CTaHOBR I
NPUOPEIKHBIX BOJI.

Coob1rectBo obpacranus 1mpejcTaBiser co-
00i1 YITPOIIEHHYIO MOJIE]b IOHHBIX OUOTIEHO30B
[2, 3] u urpaer kI0OUEBYIO POsTh B Tpancdopma-
Uy BelgecTBa U sHepPruunm BOJHBIX 9KROCUCTEM.
FupporexHuvecke COOPYREHUsT CTAHOBSTCS
HOBBIM MECTOOOWTAHUEM JIJIsi MOPCKUX TIPH-
OpesRHBIX BUJOB, YTO SBJSETCS MOTEHI[HAb-
HBIM BRJIAJIOM B BOCCTAHOBJICHIE 1 COXPaHEHUe
Mopcroro 6mopasmoodpasns [4]. CoobmecTBa
oOpacrTaHusi MOI'yT cTaTh OMOMHIMKATOPAMIUI
IIPpU MOHUTOPUHTE OKpPY:Kailieil cpembl [0].
B Yéprom mope pacipocrpanénubiMi obpacrare-
JAMU Oepero3aruTHBIX KOHCTPYRITUI sABJISIOTCS
MaKpPOBOJIOPOCN ¢ BHICOKMMU TTPOJLYKITHOHHbI-
MU U pereHeparmoHHbIMU cBoiicTBaMu. Tem He
menee Makpodaopa oeperosnix I'TC B Uéprom
MOpEe 0CTAETCsI MaIOU3YUeHHON TAKKe, KAK U ¢Te-
MeHb €€ YCTOMUYMBOCTH MO IeTICTBUEM BHEITHIX
(haKkTOPOB, K KOTOPBIM, B YACTHOCTH, OTHOCSTCS
HITOPMOBBIe BOJIHBI. B MupoBoil rnpakruke mc-
cJeIOBAHUS BJUMHUS IMITOPMa Ha obpacraHme
B mpubdpeskuoil 30He HOCAT pparMeHTapHbIi
xapakrep, a s UépHOro Mopst OHU MMOYTH He
npoBomick |6, 7]. Orcrofia 1esibio padoThl cTano
NCCJeIOBAHNE CTPYRTYPHO-(YHKITNOHATHHBIX
0CODEHHOCTEN 1 TPOCTPAHCTBEHHOT N3MEHYNBO-
cti aimbroodopacranusi 'T'C B no- m nocaernrop-
MOBOII TIEPUOJIBI € OT[EHKOIT 10 Tpancdopmann
1oJ1 JleiicTBueM BeTpo-BOJIHOBOTO (parkTopa. [enn
paboThI ompe/es A 3ajiaui: U3yunTh HKOJIOT0-
TAKCOHOMUYECKUT cOCTaB, MPOMopiun QJIopsl
1 HKOJIOTHYECKUX TPYIII, BCTPEYaeMoCTh 1 001-
ane ambroodpacranmsa I'T'C B 6yxre Kpyrmas,
OTIEHHUTH €T0 COCTOSIHIE HA PA3HOM PACCTOSHUN
ot Oepera 1 TOBEPXHOCTH BOJbI. AHAIN3 TaHHBIX
B MEPHOJi OTHOCUTETLHO YCTOWUMBBIX TUPOME-

TEOPOJTOTUYECKUX YCJOBUIl (M0 mTopMa) OBl
npeficTaBaeH apropaMn panee |8].

Marepuasinbl 1 MeTOIbI

F'uppoborannyeckast ¢bEMKa TPOU3BOUIACH
na I'TC (6yna) B mpudpesikbe OJ{HOI 13 KPYITHBIX
CeBaCTOMONLCKIX OyXT — OyxThl Kpyrnas (puc.)
B nepuon 1-18 anpens 2011 r. M'upporexuunue-
CKOe COOPYJKeHUe PacCIoOsKeHO MepreHInKy-
JISIPHO Oepery i mpejcTaBisier codoi CIIOITHYTO
NpsAMOYToJabHYI0 ipu3my u3 oerona [9]. Ero
CTEHKN BePTHKAJIbHO OPUEHTUPOBAHBI, NMEOT
IIePOX0BATYI0 MOBEPXHOCTh 0€3 KPYIHBIX Tpe-
mma. Hanboawmas rmydouna mops y I'TC co-
crasJjster 2,0 M.

3a mepno CHEMKN OLIIN OTMEUEHDI J{Ba
MTOPMOBBIX coObITHsT — 8—10 u 15—17 anpesns.
B ot am o ganHbiM cTaHAapPTHBIX HAOTIO/IeH I
Ha OJm3Jeskalneil MOpCcKoil 6eperoBoil cTaHium
Pocrugpomera (MI" Xepconecckuii Masik) Bbi-
cora BoJiH jloctrrana 2,0—2,5 M 1 conpoBORIa-
Jach BETPOM co cpejreil ckopoctbio 8—10 m/c
n nopwiBamu 14-17 m/c. llpeobnapgaronmmn
HaIpaBJIeHUsAMI PACIIPOCTPAHEHUsI BOJH ObLIN
10 1 oro-3anaj. B oTnesbHbIX caydasx ObLin
3auKeUpoBaHbl BOJHBI BhicoTol 1,0—2,0 M,
repeMernasiiecs 1Mo Hanbosee BOTHOOTIACHBIM
nas gamnmoro 'T'C mampasgenumam — samaj n
ceBepo-3amnaj. [l 9Toro pernona BoJHbBI TAKON
rpajialiiy BHICOT He SIBJISIOTCS PEIROCTHIO B OTITH -
qie or APyrux yuacrkos KpbiMcKroro mobepeskbs
[10]. C 1954 1o 2017 rr. ux HOBTOPSIEMOCTD CO-
craBmia 8,6%), pM 9TOM UyTh MeHee TPeTH 13 HIX
MPUXOANIOCH HA 3aTaHOe U CeBepo-3amaiioe
HalpaBIeHus.

Or6op npob npoBopMIN ¢ GOKOBON I'paHM
OyHbl ckpebkoMm ¢ rmiaomaapio saxsara 0,1 M2
Cranruu orbopa 1mpod HAXOAUINCH HA PA3HOM
paccrostum ot Gepera (KOPHEeBO, TeHTPATHHbII,
mopuctbiii yauactku I'TC) m or moBepxuocTu
BOJIBI (BepXHUIT TOpU30HT BhicoTOiT 0T () 710 0,5 M,
amrani — or 0,9 o 1 m). Raskmerit ropu3onT
e Ha 21 miomaaKry. YuacTk BRIOYAJN 10
7 IOMIAMIOK ¢ KayKI0To ropusonTa (puc.).

B pabore mpumMeriena orevecTBeHHAS KIACCH-
¢urarnus ornenos Chlorophyta (Ch), Ochrophy-
ta (Och) m Rhodophyta (Rh) [11, 12] ¢ yuérom
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Puc. Paiton u oobert nccaeposanus: (a) yuactrork oyxrel Kpyrias ¢ OyHoii n namnpasienue
pacrpocrpanenus Bosin: (b) Buy I'TC (6yna), (¢) cxema pacrosioskenus craniii orbopa 1poo,
rie I — ropuzontst 0-0,5 m u 0,5—1,0 m; 11 — yuacriu I'TC; 1-21, 1*¥-21%* — nomepa craniuii
Fig. 1. Study area and object of research: (a) area of Kruglaya (“Round”) Bay with spur dike
and direction of wave propagation: (b) view of hydraulic structure (spur dike), (¢) layout of sample
drawing stations: I — 0—0.5 m and 0.5—1.0 m layers, Il — sections of hydraulic structure,
1-21, 1*-21* — numbers of the stations

HoMmeHKIarypubix nuamenennti [13]. [pu ananusze
CTPYKTYPbI &7Ibr000OpacTaHmst IPUMeHsIn Ko3d-
¢uunenrs obmnocrn suos Haxkapa (K, %)
n ux Berpedaemoctn (R, %), nnpexe [lennona
(H) [14, 15]. [lnst oneHKN TaKCOHOMUYECKOTT
CTPYKTYPBI Oipe/iesisiin (IopucTuieckie crek-
TphI U «iiponioptun ropei» [16, 17]. [o ceipoii
uromacce BUIOB BBIEJISAIN MAT03HAUYNMbBIC 1
BTOPOCTETIEHHbBIe BUJIBI, IOMUHAHTHI 1 COOMI-
nanTel [15]. Ha ocHoBe ranubIX 0 BeTpeyaeMocT
BUJIBI PACTIPEJIEJISAIN 110 TPYIIHAM MOCTOSHCTBA
[15]. [Tpu proTOTHUECKOM aHaM3e YUUTHIBATN
raaccuuranimio sogopocyieii A.A. Ramyrunoii-
Lyrauk [12].

Jlist onmcanust MBMEHUYMBOCTU XapaKkTepi-
CTUR OIPEeJIeJIsI/IN UX CPejiHee 3HAUeHIe U JI0BEePH -
TeJILHBIT MHTEPBAJ, a 10 Roa(pduimenty Bapna-
mun (C, %) m ma ocnose mxanst I.H. Saiinesa
OL@HMBAJIM TUII UBMEHYMBOCTH 1IpusHaKos [18].

Pesyabrarel n odcysknenne

Oomas xapakrepuctTuka arbro@aiopbl 00-
pacranus mocae mropma. Anbrodiopa mocie
mropma Obljia pejcTanieHa 38 BujgaMu Makpo-
Bostopocei 23 ponos, 15 cemeiicts, 14 mopsAIKOB
OT/IEJIOB, COOTHOCAIIUXCA IPYT ¢ APYTOM KaK
2Ch : 10ch : 3Rh. O6mas mpomopiius Takco-
HoB BuITTIAMena Kak 1 mopamor : 1 cemeiicTso :

2 popa : 3 Buga. B rabaune 1 npejcraBienb
JaHHbIEe O Be[lyIINX Ha/IBUIOBbIX TAKCOHAX 1 UX
paHroBbix Mecrax. IlepBoe mecTo 3aHsATO TpeMs
TAKCOHAMMU, JBA U3 KOTOPbIX oTHOCsATCs K Rh.

Ob6pacranme Braovano Bunsl 12 sromornm-
YecKuX rpyni u3 13 u3BecTHbIX 7151 4epHOMOp-
croro urobenrtoca [12]. [Tonosuna ux n 6oyee
OTHOCHJIACH K MOPCKUM, BELYIIIIM, OJTHOJETHIUM
BojopocssiM. B canpoOHoit yact CHHXPOHHO
MOMUHUPOBAJIN OJIUTO- 1 Me3ocarnpoduontel. Ch
ObLI TIpejicTaByier Bcemu rpynnamu, cpeian Och
He OBLTO PEIKUX U OFTHOJETHUX BUIOB, cpefin Rh —
COJIOHOBATOBOJIHbIX.

BonbmmmucTBo BUOB /10 U MTOCJe MITOpMa
OJTHOBPEMEHHO BCTpevaInch B obpacranuu 060-
X TOPUBOHTOB U TOJILKO Y€TBEPTh ITPOsIBIISIN
uzbuparesbuocth. CaydaitHbie Buibl ObLIN 60-
Jilee XapakTepHbI JIJIsI BEPXHETO TOPU30HTA, Ha
HUKHEM jKe OHW CUHXPOHHO JOMUHUPOBAJIN
¢ pobapounbiMu. [[00aBOUHBIX U CJOYyUYANHBIX
BUJIOB OBLIIO MHOTO B KOPHEBOI YacTH, MCKIIO-
YUTEJILHO CJAYYaHBIX — B I@eHTPATbHON, Beex
KaTeropuii 1 B paBHOU Mepe — B MOPUCTOI.

CpaBHeHme ¢ pesyabrataMu CbEMKU IO
HITOPpMAa He BbIABUJIO CYIIEeCTBEHHbIX N3MEeHeHU I
anbroobpacranusa. OBIMUIT TAKCOHOMUYECKITIT
COCTaB, KII0YEBbIe DKOTPYIIILL, TEHACHIIUN IIPO-
CTPAHCTBEHHBIX Bapualnil pAja moKaszaremiei
COXPAHSIOTCS, eMOHCTPUPYS YCTONUYMBOCTh
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obpacranusi K JeficTBUIO BOJH BBICOTON MeHee
2 M. Pesynbrarbl TaKCOHOMMUYECKOTO aHaIM3a
CBUJIETETLCTBYIOT 00 OJHOPOIHOCTI OOpacTaHmst
I'TC na pasubiX ropu3oHTax 1 HE3HAYNTETHHOM
HapylieHn” eé Ha yuyacTKaxX, HAXOATINXCA Ha
Pas3HOM paccToAHUN OT Oepera.

Tewm e Menee, TOTyIeHHBIC TAHHBIC TTO3BO-
JIATOT YCTAHOBUTH BIAUAHIE TITOPMA HA COCTAB 1
(uromaccy obpacrans Ha TOPU3OHTAX I PA3HBIX
yuactrax ['TC.

N3menennst anbroaopel odpacTranusi Ha ro-
pusonTax. [locye mropma obpacranie BepXHero
rOpU30HTA COCTOSIIO 13 33 BuUI0B Bofopocieii. [To
BHU/IOBOMY PasHo00pa3nio i BRIALY B CTPYKTYPY
1eH03a OTAebl pacipeesssanch B mopsiKe:
Rh—Ch—Och. Takcomomuueckas mpomopiius
Och 6bima camoil yHpormiéHHoil cpeiu oOTIen0B.
Buicokum unciiom Bugos orianuanucht Ulva,
Cladophora, Ceramium w cOOTBETCTBYIOITIE MM
HagpoaoBeie TakcoHbl. OOIee Ymea0 BUMOB Ha
BepxHeM ropmszonTe m y BxomAmmx B mero Ch
n Rh BappupoBaiio B mpejiesiax «BepxHeii» HOp-
MBI, I3MEHUYNBOCTE ske cocrasa Och Onl1a BoIMIe.
Cpemiee umcsio BUJOB B OT/iesiaX W €ro g0Jist
B 1eHo3e Bospacrasin B nampasiaennn Och — Ch —
Rh. Cocras obpacranusi HUKHEro ropu3oHTa BO
MHOTOM HAIIOMUHAJ TaKOBON BepxHero. OHako
371eCh OBIIA BBITIE BUIOBAS HACBITIIEHHOCTH BCEX
TAKCOHORB, BUETBEPO DOJbIIE T0OABOYHBIX BUJIOB,
MEHBITIE TTIOCTOAHHBIX W CTYUalHBIX.

[Tocme mropma mamMeneHuss B OOABLIIENH
Mepe KOCHYJCH BePXHETro TOPM30HTa, a CPen
ornesos — Rh. Bes usmenennii nan nourn 6es
nux ocrasanuch yncyao sugos Ch u Och, obuiee
YUCA0 BUOB HA HUKHEM TOPU3OHTE, CPEJHSS
Berpedaemocth BuioB Ch Ha Bcex ropmszonTax.
CxoperBo obpacranus (KJ) Ha CTAHITHSAX HUK-
HEro ropu30HTa OBLJIO BBITIIE 38 CUET OTCYTCTBUS
371eCh CYIIeCTBeHHBIX TTPeodpasoBaHmil.

Nsmenenus amxbrodaopsl odpacranus Ha
pasubix yuacrrax I'TC. B kopuesoii vactu ['TC
obHapysKeHbl 33 BUA, OOTBIMIMHCTBO KOTOPHIX
ornocunuch & Ulva, Cladophora, Ceramium
7 COOTBETCTBYIONMMM HAJPOAOBBIM TAKCOHAM.

Berpeuaemocts BujioB BapbupoBasa mmporo (7—
100%) ¢ makcumymonm y Gelidium crinale (Hare
ex Turner) Gaillon. 3nech oburanm Bujbl Bcex
TPYIII TTOCTOSHCTRA, CPEI KOTOPHIX TOCTIOICTBO-
Basiu fobaBouHas u cayuaiinas. Boausu Gepera
npeobaaan BeyIine, oHOJeTHIIe, MOPCKIE
BUJIBI, OJINTO- W ME30CATTPOOMONTHI.

Yucs0 BUAOB B EHTPAJbHON YacTu ObLIO
oumsKe, 4eM Ha Apyrux yuacrtrax. llpomoprins
OTeJIOB 3llech 1 BOJIM31 Oepera pasanvaliach,
BUIOBOT cocrtaB comaman auinb wHa 40%. B
nerTpanbHoil vactn Rh 0wl TakcoHOMMYECKN
OejiHee, XOTs €ro BUIOBOI COCTaB HATIOMUHAJ Ta-
KoBOI B KopHeBoii Ha 70%. Menbinmm oKazanoch
U cpejiHee YMe0 BUIOB, HO € TEM 3Ke TUIIOM 13-
MEeHUYMBOCTH. 3[lech 11’y Oepera 1peodsiaiasii OHI
U Te 3Ke DKOIPYIIIIbI, HO MECTO MOPCKOI I'PYHIIbI
3aHATO COJIOHOBATOBO/HO-MOPCKOIA.

Ha mopucrom yuactre I'T'C oburamm 26 Bumon
MaKpoBojtopoceii. Bugosast mporopiius oTesnon
coBIIaJiaJIa ¢ mo00HOI B KOPHEBOII 4acTH, YNCJI0
HagBUAOBLIX TakcoHoB y Ch ma Tpéx yuacrrax
ObLT0 paBHBIM. TakcoHOMMUYECKAs CTPYKTYpa
Och coxpansiyia ¢cBOIO yIPOIEHHOCTD, Y IPYTHUX
OT/IeJIOB OHA OblIa OffuHAKOBO cioskHee. CocTa
BEJIYIIUX TAKCOHOB U HTPOTIOPIIY (DJIOPHI HA BCEX
yuacTrax moutu cosnasanu. Obpacranme Mopu-
CTOTI M JIBYX IPYTUX YUACTKOB nMesto 6% obmmnx
Bu0B. OTMEUEHO paBHOMEpHOe paciipejiesieHne
BUIOB TIO TPYITIAM TTOCTOAHCTBA, HANOOJIBITTEe
cpenmee unego sumos Ch u Och, mpeobaaga-
Hue BeAYINX, OMHOICTHUX, ME30CATIPOOHBIX,
COJIOHOBATOBOJITHO-MOPCKIX, MOPCKUX BUJIOB.

B nesom, obpacranue Bcex yuacTKOB UMeJIO
CXOJIHBII TARCOHOMUYECKIT COCTAR, OJIITHAROBBIE
nporopriun (Gaopbl, 6A30BbIE TAKCOHBI W BRJIAI
Ch B BUjioBY10 CTPYKTYPY, HU3KOE BUIOBOE pPa3-
noobpasue Och, oTMmeueHo coBmaieHne MPOTIOP-
IMI TAKCOHOB 1 KAUYeCTBeHHAasI TOMKECTBEHHOCTh
0asoBnix n3 HuX y Rh, romunuposanme oHux n
TeX jKe IROTPYIIII.

Jlarmbie, moyuenHbie 10 W TIOCHTe TMTOPMA,
MO3BOJMJIN YCTAHOBUTEL XOJ M3MEHEeHNH 00-
pacTaHus Ha pasHoMm yjaneHun ot oepera. Taxk,

Ta6auma 1 / Table 1

DropueTNIeCKMil CIIEKTP BOAYITINX HAABUIOBLIX TAKCOHOB B aILr000OPAaCTaHNT THAPOTEXHITIECKOTO
coopyskenns / Floristic spectrum of leading superspecies taxa of algae fouling of hydraulic structure

Pomor / Genus Cewmeiictra / Family [MTopstarm / Order
nazsanue | N¥ en.| N, | panr HaszBaHue N,en.| N, | panr HazBaHuUe N, en.| N, | paur
name units | % | rank name units | % | rank name units | % |rank
Ulva 4 11 2 Ulvaceae 4 11 3 Ulvales 4 11 3
Cladophora ) 13 1 Cladophoraceae 8 21 2 Cladophorales 8 21 2
Ceramium 4 11 2 Ceramiaceae 1 |29 1 Ceramiales 11 |29 1

Ilpumewanue: N* — qucao 6udos (edunuyst u % obweeo uucia wdenmu@uyuposarnnvix 6udos).
Note: N* — number of species (units and % of general number of the species identified).
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MUHUMYMBI OOJTBITITHCTBA TTAPaMeTPOB TaKCO-
HOMUWYECKOI CTPYRTYPHI, BIUJOBOTO pazHoodpa-
3WsI MIPUXOJMINCH HA oOpacTaHne KOPHEBOTO 1
nerTpanbioro yuactkos ['TC, nenmbirhiBaonmx
HauboJbIIIee BO3/eiiCTBIE ITOPMOBOIl BOJIHBI.
OBBIUHO CKOPOCTDH ABMKEHIA BOJBI TP pas3on-
BAHUU BOJHBI BIBOE TPEBOCXOUT CKOPOCTH Oe3
Hero. B mTopMOBBIX yCJIOBUAX CKOPOCTH MOTYT
oTIMYaThCA Ha nopsanok (o 25 m/c) [19]. [lo
mTOpMa 00,1aCTHI0 MTHIMYMOB MHOTHX TTOKa3a-
TeJsieil ObITa MOPHCTast YaCTh.

[Toce mropma Bo3HMKAIOT pasamuns 6a3o-
BBIX DKOTPYIIIT MEKITY OT/IeJIaMu 1 Y OJTHOTO 1 TO-
ro ske M3 HKX, HO HA pasubix yactsax ['TC. Iro
obecrieuBaeT yCTOMYMBOCTh 00pacTaHmsl 38 CYET
«KOHTeHePUYeCKOTO TOMOTAKCICA», TI03BOJISTIONTe-
ro CHUCTeMe pearnpoBath Ha BO3MYIIEHUE ITyTEM
CMeHbBI O/THIX (PYHKITMOHATbHBIX eJIUNHUIL IPYTH-
MU, COXPaHsIs PN ATOM CBOIO cTadbmibHocTh [20].

N3menenusi B mpocTpaHCTBEHHOM pac-
npenenennn gpuromaccesl. Cpenmsas guromacca
oOpacranms BepXHero ropm3oHTa COCTABIATA

393118 r/m% Eé ocHoBHas 4acTh NPUXOIUIACE
Ha pomio Rh (raba. 2). Braag gpyrux ormenon
OBLT MaJT, BapnabebHOCTh X PUTOMACCHI STBJISI-
Jach OYeHb BBICOKOI. [JIAaBHBIM TIPOIYIIEHTOM
Ha BepxHeM ropusonrte Obl1 G. crinale, BTopoe
mecro 3anuman Ceramium secundatum lLyngh.
31ech OTCYTCTBOBAIN aDCOTIOTHBIE JIOMIHAHTHI
un copomunuposaiu Ceramium virgatum Roth
u Cystoseira crinita Duby.

HeratusHocth mropma vaiie mposiBIsIach
B CHIReHUN (uTomMacchl (1morepu uyTh HoJee
60%), ocobeHHO HAa BepXHEM TOPU3OHTE, UCITbI-
TBIBAIOIIEM OCHOBHYIO HATPY3KY Npu pazouBa-
Huu BosiH. [llTtopm maMeHns ToKammio KpanHux
3HAaYeHNIT abCOJIOTHON 1 OTHOCUTEIbHOI (u-
TOMACChI, YCUJINJT €€ M3MeHUNBOCTh. Besmunmna
nnnerca H (2,3-2,6) B6siu3u 6epera n Ha o6oux
rOpPU30HTAX YKa3bIBaJIa HA MOCIEIIITOPMOBYIO He-
omHopoHocTh obpactanus. [Ipu arom G. crinale
HEe yTpaunBaeT pojib OPTaHU3YIOIIEro JIeMeHTa
cOO00ITecTBA 1 COXPAHSIeT YPOBEHD BRJIA/IA B ITPO-
mykmio. Ero comomunantamu ocraiores C. virga-

Ta6amnma 2 / Table 2

Ouromacca (B, r/m?) n eé BapmabeaLHOCTL B 06pacTanuy mocae mTopMa
Phytomass (B, g/m?) and its variability in fouling after storm

[Torazaresnn F'opusontsr / Horizon Yuacrru / Section
Parameter BepXHUIA HUKHUT KOpHEeBOii HeHTPAJIbHbII MOPUCTBII
upper lower root central offshore

Chlorophyta

Obmmas cpemHss

B/mons (%) 6,0+5/1,5 9,5+7/5,2 2,9+1,7/1,1 12,3+12,1/4,8 7,8+4,9

Total mean T ’ = ’ J=1 , ,oxls, s ,8+4,

B/fraction (%)

C, obmeii B ‘

C, of total B 211 176 112 187 120
Ochrophyta

O6mas cpejisis

B/noxs (%) 31,1£56/7,9 | 25,042,4/13.7 | 76,9484,5/29.6 |  1,5+1,5/0,6 4,4+1,9

Total mean B/ T " VxS, ) ,JE0%,0/ 29, ,0%1,0/0, ES R

fraction (%)

C, obmeii B - .

C,of total B 415 205 210 196 83
Rhodophyta

O6mas cpejusis

B/noan (%) | o ) )

356,0+112/90,6 | 147,5£72/81,1 | 180,3+87/69,3/ | 243,0£139,6/94,6 | 430,5£116,1/97

Total mean

B/fraction (%)

C\,06Luef1 B -

C, of total B 7 13 92 110 52

@urorenos (Phytocenosis)

O6mas cpejmsis

B/C, 393,1+118/71 | 182,0£79/89 | 260,1 £120/89 | 256,8+144/107 | 442,7+117/50

Total mean

B/C,
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tum, C. secundatum u C. crinita. 1locne mropma
BO3PaCTaOT J10JIsI BTOPOCTETIEHHBIX BUIOB (10
12%) u pazuoobpasue nomuHanToB. Ha Husknem
ropu3oHTe 70/ CyOIOMIUHAHTOB YMEHbIIACTCS,
a IOMIHAHTOB YBEeJINYNBACTCA.

3araouenue

JKCTIePNMEeHTATBIO TOKA3AH0, UTO BeCeHHII
MITOPM He TPUBOJINT K PANKATHHBIM ITepecTpoii-
ram anbroobpacranus oeperosoro I'T'C. ¥Yposennb
HEKOTOPBIX IOKa3aresieil mocJse mropMa 0cTaéTes
NpeRHUM njan yBesjnuuBaercs. Pazpynienne
OJTHUX KOMIIJIEKCOB B3aMMOCBSI3aHHBIX BUIOB
3aMeIaeTcsl MosiBIeHNeM JIPYTUX, pu 3TOM Op-
raHU3YIOMUM DJIEeMEHTOM OCTaéTCsi OJMH U TOT
se Bugt (G. crinale). Rak nmpasuio, coxpansiores
TAKCOHOMUYECKUT COCTAB, MPOMOPIHT (JIOPI,
0a30BbIe TAKCOHBI 1 DKOTPYIIIIBI, & TAKKE TEH-
MeHINI TTPOCTPAHCTBEHHBIX N3MEHeHUIT Psifia
norasatresneii. Haubosee «ysi3BUMBIMI» B YCJIO-
BHSIX TITOPMAa OKA3BIBAIOTCS BOJOPOCIIT BEPXHETO
TOPM30OHTA, TeHTPATLHOI M KOPHEBOW vacTeil
I'TC, cpepn noraszareneit — puromacca. Yacrnb
YCTAHOBJIEHHBIX (DAKTOB CIYKUT WITIOCTPAIAei
€CTeCTBEHHOTO aJIalITHBHOTO OTKJIMKA 0OpacTaHmst
Ha He caMblil cuabHbIN mTopM. OUeBUIHO, UTO
aTO JielicTBUe OyzieT Hanbosiee sSipKo MPOSIBISTHCS
B YCJOBUSIX KOHKPETHOTO IITOPMA, 4TO Tpedyer
MOTIOJHUTEIbHBIX THAPOOOTAHIMYECKIX MCCTe0-
pannii. Ilomommenne 6a30BLIX JANHBIX TO3BOJINAT
B JIaJThHEIITIeM 00ecieunTh TpedoBa e COBPeMeH-
HOTO TTOJIX0/Ia K M3YIEeHI0 DKOJIOTUN COODITeCTB,
MPeJIIoIaraioiero NHTerpamnimio m COBMECTHYIO
006paboTry 6OMBITTNX MaccuBOB HaOoeHmi [21].

Paboma evinoanena 8 pamkax 2oczadanus
ouIl «UnbBIOM um. A.0. Kosareseckoeo PAH»
Ne AAAA-A18-118021350003-6, a makice npu nod-
depocke PODU u 2. Cesacmonons 8 pamkax npoekma
Ne 18-45-920072.
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[Tpencrasaensl pesyabTaTbl KOMILICKCHOI OIEHKI KauecTBa 1 6e3011aCHOCTH CII03KHOT0 KOMITOCTA Ha OCHOBE JINCTOBOTO
omajia u mouBorpyHTa. JImeroBoii omajy KOMIIOCTHPOBAICS OTHEAbHO (CIOMKHBIN KOMIIOCT), a TaKKe ¢ J00aBIeHIEM
MoYB0O0OPazyIoIeil Hopojsl — cyrecu, Topda n mecka (mouBorpyur). B kavecrBe KOHTpoJsi oToOpana HaTHBHAS TOYBA
(ypbanosém). KoHTPO/Ib TOKCHYHOCTI TPYHTOB OCYIIECTBISIIN XUMUUYECKUMI 1 GuoorndeckuMu (GMomHanKamn u 61mo-
TECTHPOBAHIS) METOlaM . Y CTAHOBJIEHO YBeJIMUeHIe KoJlnuecTBa rnpecrasureseit orpsipos Julida sp. n Geophilomorpha
B CJIOJKHOM KOMITOCTE, 110 CPABHEHUIO ¢ HATHBHOH mouBoil. OTMedero ymenbinenne uncia ocodeit Armadillidium vulgare
B CJIOKHOM KROMIIOCTE, 110 CPpaBHEHUIO C HATUBHO IIO‘{BOﬁ, UTO ABJIAETCA IIPU3HAKOM He6JIal‘OIlOJIy‘IHOI‘O XMN4YeCcroro
u hUBUYECKOr0 COCTOSTHIS KoMITocTa. B KadecTBe TecT-00beKTOB BRIOPAHbI pacTeHust: orypiibl (Cucumis salivus), ToMarhl
(Solanum lycopersicum), penuc (Raphanus sativus), kpecc-canar (Lepidium sativum). Ha naucrbsx orypia Hadiopancs
XJIOPO3, 4YTO MO?KQ'I‘GMT}) BbI3BAaHO 3HAYECHNEM pH ITOYBOIPYyHTA, llepel/I36thl(OM B HEM Meun 1 InHKa. BthBJleth 3036y1m'reJ||/1
durocnioposa (oomurtier — Phytophthora infestans (Mont.) de Bary) u pusokrnuunosa (Rhizoctonia solani (J.G. Kiihn))
romaros. Durorect Mokaszan MHrUONPOBAHNE IPOPACTAHNS CEMsTH PEJIIIca I KPece-calaTa B NCCIejlyeMbIX cybcTparax.

Copiepsramue ryMyca Bo BCEX H3y4eHHBIX 00BEKTAX OTHOCUTCS K BLICOKOMY YPOBHIO, O/{HAKO, 000TaIEHHOCTD IyMYyCa
asoToM Huskas. RoHmeHTpanms KaaMmus B nccaegoBanubix cyocrparax mpesbimaer OJJR B 7-10 pas, meqn n cBuHIta
B 2—4 pasa. Pryrs B janibix cyberparax ne oonapyskena. V3ydaenublil CI03HBIIT KOMIIOCT He PEKOMEHJIYETCSI HCTIOTb30BATH
JUISE BBIPAIIMBAHIS OBONIHBIX KYJIBTYD 03 1poBejleHnst MeporpusTiii 1o yMeHblleHno ob1eil Tokcnaroctn. Rommocr
U TIOYBOTPYHT MOTYT OBITh HCIIOJNIB30BAHBI B KauecTBe cybeTpara Jijisi ra3oHa 1 BhIPATIMBAHIS JeKOPATHBHBIX KYJIBTYP.

Kaouesote c08a: TOKCHYHOCTD, CITOFKHBII KOMIIOCT, TTOYBOTPYHT, OMOMHIMKATINs, OIOTCCTIPOBAHIE,
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The problem of environmentally safe disposal of a large amount of leaf litter generated every year in urban parks
and squares is relevant. In this regard, the toxicity of complex yard compost on the basis of leaf litter, as well as ground
with addition of yard compost, is assessed. In this paper, three types of substrates were studied: complex yard compost,
soil-ground and native soil. Yard compost by 50% consisted of leaf litter. The soil-ground consisted of 40% of compost-
ing products of yard compost, 25% of soil-forming rock (sandy loam), 20% of greenhouse recoil including peat, 15%
of building sand. The native soil (urban soil) was studied as a control. Soil toxicity control was carried out by chemi-
cal and biological methods (a bioindication, and a bioassay). The species diversity and abundance of the mesofauna in
the studied substrates was studied. An increase in the number of representatives of Julida sp. and Geophilomorpha in
complex compost, compared with native soil was found. The abundance of Eisenia fetida in the compost was 40 pieces
per m% in native soil this species was not found. The number of Eiseniella tetraedra is not large and amounted to 7—12
pieces per m?in compost, but exceeded their number in native soil by 3—4 times. Cucumis sativus, Solanum lycopersicum,
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Raphanus sativus, Lepidium sativum were selected as test objects. A phytotest was performed on seed germination of
Raphanus sativus and Lepidium sativum. The species diversity of pathogenic fungi has been analyzed. The inhibition
of seed germination in the studied substrates was noted. Chemical analysis showed that the concentration of Cd in the
studied substrates exceeds the permissible concentration approximately by 7—-10 times, Cu and Pb by 2—4 times. Hg
was not found in these substrates. The studied complex compost is not recommended to grow vegetables without taking
measures to reduce the overall toxicity. Compost and soil-ground on its basis can be used as a substrate for lawn and

cultivation of ornamental crops.

Keywords: toxicity, complex compost, soil, bioindication, bioassay.

[Tpobnema srogoTHYecKN He30mMaCHONM
YTUIU3AMIY GOJIBITOTO KOJNYECTBA JTUCTOBOTO
oT1aJla sIBJSIETCs aKTya bHOI B IMapKax m CKBe-
pax ropopoB. JIlucroBoii onay BKitoyaer B cedst
HEOOJTBITIOe ROJIMYeCTBO TBEP/BIX OTXOM0B ObITO-
BOTO M CTPOUTENLHOIO rponcxosuerus [1]. s
YTHJINBAIA N JTUCTOBOTO OT1a/[a MCIIOb3YIOT METO]I
armaspobHoro Kommoctuposanusa. Kommocer mo
CBOWM ITOJIE3HBIM CBOMCTBAM HUCKOJIBKO He YCTY-
rmaer HaBO3y, a MHOTJA 1 HpeBocxXoauT ero [2].
OnHaKo CITOMKHBIN KOMIIOCT MOKEeT COJ[epsKaTh
BBICOKOTOKCHYHBIE OPTaHNYecKIie coeiiTHeH s,
Halpumep, Orcujl sTujieHa, MHCeKTUI U XJI0PAaH
[3, 4], aBnsitbes puTnTORCHYHBIM [D], Beera
cofiepsRuT Tsiskéabie Metannbl (TM) B BhICOKMX
Rourenrparuax |6, 7]. Heobxomumo korTpoim-
posath copep:rarue TM B clnoskHOM KOMITOCTE,
KOTOPBII B TaTbHEHTIIEM TIAaHTPYEeTCs UCITOTb30-
BaTh B CEIHLCKOM X03s11icTBe. XMMUYCCRIIT AaHATI3
MO3BOJISIET KOJMYECTBEHHO OIEeHUTH BAJTOBOE
cofepskanue TM o HopMam OpHUEHTHPOBOYHO
norycrumbix koumenTparnuii (OJ1R). ITo 'OCT
17.4.1.02—-8 K cuIbHO OTIACHBIM TOKCUKAHTAM
ornocsitest As, Cd, Hg, Se, Pb, Zn, & ymepento
ontacubiM — Co, Ni, Mo, Cu, Sb, Cr. Crenienn 3a-
rpsisHenus nous TM (B manHnoii pabore KoGaabT
" XpoMm), J7isi KoTopbix He pazpadoranst O/[K,
OIEHMBAIOT 110 AMIUPUYECKOIN 3aBUCHMOCTIH:
OJIR = (3-5) x pon. OpHaro, PUTOTORCHYHOCTD
TM onpepiesisiercst He TOJILKO NX KOHIEHTPAIMeI
B cybcTpare, oHa SIBJISAETCS MHTErPaJbHBIM 110-
KasaTejeM pesyJbrata BJUSAHUs (PU3MIecKnx
n (PUBUKO-XUMUYECKIX MTapaMeTrpoB cpejbl |8,
9]. B wactHocTi, BRICOKas IMJIOTHOCTH CJIOMKE-
HIST KOMTIOCTa yeuanBaer a(pdherT oTpaBieHus
pacTeHMIl OKCHOM TUIeHa Ha (POHE BBHICOKOTO
copepskanus TM [10].

BHeceHnne KomMIocTa B IOYBY HPHU CEJIHCKO-
X03SAMCTBeHHOM MCIOJL30BAHNN yBeJanvymBaeT
YUCJIEHHOCTH 000l HEKOTOPBIX BUIOB Me30ogay-
HbI, TTIOABJIAIOTCA HOBBIE BUJIbI, & HATUBHBIE BUJIbI
Me3odayHbl ncue3art, MeHsIoTes Tpoduieckme
nernovuku. BupoBoii coctaB u KoJandecTBeHHBIC
n3MeHeH!st Me30(MayHbl sABISETCS NHINKATOPOM
HKOJIOTUUCCKOTO COCTOSTHIS CJIOZKHBIX KOMITOCTOR
nnoun [11].

[Tens nccnemoBanms cocrosiyia B omipejiene-
HUN TOKCHIHOCTH 1 PUTOTOKCMUYHOCTH CIOHKHOTO
ROMIIOCTa 1 TTOYBOTPYHTA HA €T0 OCHOBe.

OO0 bEeKTBI 1 METOJIbI

Ha reppuropun Arpodusunueckoro mHeTuTy-
ta (1. Cankr-IlerepOypr) Haxonaurcsi ckBep, Tn-
MUY HBLI JITI5T TOPOJICKOI YepThl. [|peBecHas pac-
TUTEJLHOCTh CKBEpa MpejicTaB/lieHa B OCHOBHOM
RIEHOM ocTponuctubiM (Acer platanoides), nme-
I0TCS He3HAUNTeTbHbBIe TOCAIKN TOTIOJST HeI0r0
u uépuoro (Populus alba, Populus nigra), nyba
yeperruaroro (Quercus robur), neKOpaTHBHBIX
RyCTapHUKOB, esint rory0oit (Picea pungens). Tpa-
BSIHWMCTAsT PACTUTEIbHOCTH COCTONT M3 37TAKOBBIX
(Gramineae) razonHbix Tpas. Jlucrosoii onas,
cOOPAHHBIIN ¢ TIIOMIAIN CKBEpa, MCIIOIb30BaTN
B KauecTBe OCHOBBI JIJISI TIOJYUYEHUS CJOKHOTO
romriocta. Cocras ciokuoro kommocra (CH) na
ocHOBe JucToBOTO omnajia u nousorpynra (I117)
Ha ero OCHOBe TIpejcTaBjieH Ha pucyHke. Jlu-
CTOBOII OTIaJl KOMITOCTUPOBAJICS OTJEIHHO U CO-
BMECTHO ¢ ITOYBOOOPA3YIONIEil Topoioil (BOJHO-
JeIHNKOBAsI CYIeCch) MO TeXHOJOTHN HU3KOTO
yposus [12]. B pesyibrare KoMIoCcTupOBaHMS
noayunan [T, koropweiii Braouan B ceds 40%
npoaykroB kommoctuposanus CK, 25% mouso-
obpasyiorttieii opoyibl, 20% TpyHT, HCIIOTB3YeMbIii
B Ternie Ha ocaoBe ropda, 15% crpourenbHoro
necka. Oroop npod CH, 1T n narusHoit mouBwHI
(HIT) (B rauecrBe ona) npoBepéH MeTo0M
rkousepra 1o 'OCT 17.4.4.02-84, B msaTnrpaTHoit
nosroproctn. Rommenrparmusa coegnuennit TM
OTIPEJIeNIATACH METOIOM ATOMHO-abcopOIMOHHTON
criexkrpomerpun o N'OCT 22001-87.

Ormpepenerie 001ero OPraHnyecKoro yrie-
poua (C, ) ocymectsiasnoch Merogom Tiopuna,
obmero azora (N, ) merogom Kbenbpans, -
TPATHOTO a30Ta TPH TTOMOIIN HOHOCEJTeRTHBHBIX
anertponoB [13]. Ilposenensr genonornueckne
HaOJOJIeH s 32 Pa3BUTHEM WHNKATOPHBIX Opra-
Hu3MOB. B padore ncionb3oBaim npsiMmyo OnomnH-
AMKAIMIO (46T ROJTMYecTBa 0c06eil O[HOTO BUJIA).

Onpenenenne Tokcnanoctn CH u T1TIN ipo-
BOJIIJIOCH TAKIKe MeTO/laMi (PUTOTeCTHPOBAH IS,
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5%

OOnap (nuctes) / Tree waste
B [lecok crpoutensHsli / Sand

e B [Touga / Soil (sandy)

B /lepero, onunku / Wood, trimmings

B Crpoutensusiii Mycop / Debris

W Koctu / Bones

B Tnactuk v pesuna/ Plastics and rubber
B Crekno / Glass

DO1Igernsie metamie / Wire

12%

Puc. Cocras coskHOTO KOMITOCTA
Fig. The composition of the composite compost

B rkauecrse tecT-00eKTOB BHIOPAHLI PACTCHUS:
orypunl (Cucumis sativus), romatsl (Solanum
lycopersicum), pepuc (Raphanus sativus), kpecc-
canar (Lepidium sativum). Orypiibl sIBISIOTCS
OONIeTTPUHATHIMU NHANKATOPHBIMI PACTEHUSIMI
[14], pearupytonmumm Ha TOT WM WHON 3arpsi3-
HUTEh XJ0PO30M JncTheB. ToMarel B KauecTBe
MHJIMKATOPHBIX pacTeHuii BhIOpaHbl n3-3a UX
pearIum Ha MpucyrcTBue GUTONATOTEeHHbBIX
rpubOB, BHI3BIBAIOIIIX TaKe 3a00IeBaHS, KAK
ROpHEBbIe THIIH, puTocnopos, gysapuos [15].
Mugpobuosormaeckoe cooBIIECTBO OTEHMBAIN
BBICEBOM Ha JIMATHOCTUYECKIE CPeJbl METOJ[0M
NMC (naunumnpoBaHHOTO MUKPOOHOTO COOOTIIE-
crea) [16].

RonauvectBo ocajikoB 3a mepuoy ampeab —
centsiopb 2016 1. cocraBuio 570 MM, cpegHeme-
csiuHasi reMiieparypa ernero nepuoja — 17,5 °C.

Pesyabrarel n o0cy:knenne

B rabaue 1 nmpmBegera 4ncaenmoCTh OT-
MeAbHBIX mpejpcTaButesneil Mmesodaynol Ha 1 m?
TJIOTIA/IN B MCCTETyeMbIX 00heKTax.

Crosrmprit kommioer (CH) n ero emecn siBis-
10TCSI KOPMOBOIL 0a30il 1 OJArOIPUATHON Cpefoil
obuTaHus JIIs ipesicrasuteneii orpsyos Julida sp.
u Geophilomorpha, 006 5TOM TOBOPUT, B CpejiHEM,
IMeCTUKPATHOE TTPeBbIITIeHNe X YN CTeHHOCTH, T10
CpaBHEHWIO ¢ HATNBHOIT ouBoil (Tads. 1). Yne-
neHnocTh lisenia felida, BHITYIIEHHBIX B KOMITOCT
B HavaJie Ce30Ha, 1P HOPMAJTbHBIX YCJIOBUSIX, ye-
pes Mecstr, gomkna cocraBiaaTh 120—160 ocobeit
na 1 m? [17]. B nccnenyemom CRH nx kommaectso
B 3—4 pasa MeHbliie, yncieHHOCTh Fiseniella
tetraedra Tarke He BesmKa. BeposrabivMu mipn-
YUHAMUI 9TOTO SABJIATOTCA: N30LITOYHOE 3aCOTeHTIe

Tadmuma 1 / Table 1

Copepsraniie B KOMIIOCTe U KOHTPOJIE TOYBEHHOI dayHbl (9K3./M?)
Content in compost and control of soil fauna (ex./m?)

[louBennas me3odayna (9K3./m?) CrtoskHBIIT KOMITOCT Rourposn
Soil mesofauna (ex./m?) Complex compost Control
Lithobius forficatus 26 1
Julida sp. 24-36 )
A
rihropoda Geophilomorpha 4-5 1
Armadillidium vulgare 1 7-10
Mollusca Helix aspersa 25 7-10
MOJCTHIIOYHBIE FEiseniella tetraedra 7-12 2-3
bedding worms Eisenia fetida 40 0
Annelida HOUBCIITIE Lumbricus terrestris Lin 3 2
soil worms
HHXUTPEH/IbI ; . as
Enchytracidae Enchytraeus albidus 34 0

Ilpumenwanue: * konmpoav — yuacmor 18 m? nod depesvamu.

Note: * a control — a plot of 18 m? under the trees.
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KOMIIOCTA TOJIONEMHBIMI peareHTaMu, CUIbHOe
sarpsisuenne TM, akTuBHOCTD TIpejicTaBuTesei
orpsiia Geophilomorpha, yHndTOMRAOMNX MO-
JIOJIBIX YepBeil.

[Tpepcrasuresnn pakoobpasubix — Armadil-
lidium vulgare npaktTuaeckn orcyrctsyior B CH
U, HAIIPOTURB, B OOJIBIIIOM KOJMNYECTBE KUBYT HA
KOHTPOJIbHOM yuacTke. MOKPUILbI, KaK Bce paKu,
YYBCTBUTENbHBI K HE3HAUNTEJIHHOMY 3arpsizHe-
Huio cpepbl oduranusi. [losromy mpesbinienne
yncsaennoct Mmokpuil B HII B 7 pas, o cpaste-
nuto ¢ CK, siByisiercst mokaszarenem HeOJIaromory-
HOTO XUMUYECKOTO, & BO3MOYKHO, 1 (DUBUIECKOTO
COCTOSTHUST KOMITOCTA.

Cpenit MUKpoMuUIeToB foMuapoBasn — Pe-
nicillium aurantiogriseum (Dierckx) u Aspergil-
lus ustus (Bainier, Thom), cpepu 6axrepuii
nomuuupoBanu Bacillus sp., Pseudomonas sp.
n Sarcina sp.

RauecTBO KOMITIOCTOB OI@HUBAIOT, UCITOJb-
3ys 3navennst pH, comepskanme opranmaeckoro
BerecTBa n HUTpaTHoro azora, ornomiernne C/N.
OnTrnManbHBIMU JIJIST KOMITOCTUPYEMBIX OpTaHM-
qecKkuX orxonoB asystiores: pH = 5,0-8,0 en.,
cofiepsRatie OPraHMvYecKOTO BEIeCTBA He MeHee
40-60%, ornomenne C/N — 20-40 [18]. Bsico-
Kue 3Hauenne pH ropojicknx nous, B JaHHOM corydae
HIT (rabm. 2), mo cpaBHeHUIO ¢ eCTeCTBEHHbBIMM,
CBSI3BIBAIOT C IIPUHOCOM BOJIHBIMU 1 BETPOBBIMU
MOTOKAMU TOJIOJIEIHBIX PEareHTOB — XJIOPU/OB
KaJibiust m Harpust. [IpuauHoOl BRICOKOI 1116/104-
HOCTH TI0YB MOJKET SIBJISITHCS BBHICBOOOKICHIE
KaJTBINS TIOJT IMCTBIEM KICIOTHBIX OCA/IKOB 113
M3BECTKOBBIX MATEPUATIOB, KOTOPBIE NCITOIB3YIOT
B ropopckom xossiicrse [19]. Bosee nuskue 3na-
yenne kucsgorHoctn y CRu 111N moskio o0bsacautnb
MEHBIITUM BpeMeHeM 1 00bEMOM BO3JIeHCTBIS Ha
HIX PeareHTOB aHTPOIIOTeHHOTO POUCXOFKICHUS,
CIIOCOOCTBYIONINX yBeTnueHnto 3navennii pH.

Cojptepskanue TyMyca BO BCeX M3YUCHHBIX
cybeTparax OTHOCHUTCSI K BBICOKOMY YPOBHIO, Of1-

HAaKO0, 000TaIEHHOCTh TYMYCa a30TOM OTHOCHUTCSI
K Huszkomy yposuio [20]. Bricokoe 3nauenne
C/N, BeposiTHO, CBI3aHO ¢ HAKOTIJIEHWEM He-
crennPUUecKnX OPraHmIeCKIX 3arPA3HUTEICH B
COCTaBe OPraHMyeCcKOTO BEITeCTBA TOYBbI, HI3KOE
N, B KOMIIOCTE TIPH BBICOKOM coftepsKammm C,
MOKHO OOBSICHUTH HEIOCTATKOM PACTUTENHbHBIX
ocratkoB ¢ yskum ornotennem C/N [21]. Us-
BectHo, uto nipu ornomenuu C/N Goabrre 20,
OarTepu, pasaaraiorie KOMIOCT, YCHJIeHHO 110~
TPeOISTIOT 30T, & BLICIITNE PACTeHUS NCIBITHIBAIOT
ero He0CTaTOK, YTO BUBYANBHO MTPOSBISAETCS
B xsiopose auctheB [22]. Conepsranue HuTpar-
woro azora B HII ouenn ausroe (tada. 2), 8 CH
BBICOKOE, 3/1eCh HE TPeOyeTcst 0TMOTHUTeIBHOTO
BHeCeHUsi MIUHepaibHoro azora, B I11" iipesbiiiaer
[TJIK B 2 ¢ numanm pasa.

Roumnenrpanust nmaka B CK nipessitaer O/IK
B 16 pas, B KouTpose B yeThipe pasza (rtadi. 3).
Roumnenrpanmsa kagMus B UCCaeOBAHHBIX
cyocrparax npesbimaer OJIK B 7—10 pas, mexqu
" CBUHIA B 2—4 pasa, mpuuéM KOHIeHTPATMs
mejn Boire 8 CH, a esunma 8 HII, aro rosopur
0 3arpA3HEHUN [TOYB TOPOJIA CBUHIIOM U3 IPYTHX
nerounnkoB. CopiepsRanme HUKES W MBITIThAKA
B nccaeoBanHbIX cyocrpaTax npesbimaer OJ1R
HEe3HAUYNTENHHO, 3arPA3HEHNEe PTYTHIO T XPOMOM
MOJIHOCTHIO oTcyTeTBYeT. B cyberparax, cofepska-
MUX OPTaHMYeCKUe BeIecTBa Uil T'yMyc, YPOH,
Hanocumbiii cpeie TM, MeHbIIe, ueM B BOJHOI
cpesie nian Bosayxe. Harpumep, cBuHery B mouse
MPAKTUYCCKI TTOJTHOCTHIO CBA3BIBACTCSI, 00pasyst
opraHoMuHepaibHble KOMILICKCH [23].

Pacrenus orypria mogBeprianch Xjaoposy,
MPOMCXONIIO CKPYUYNBAHIE JTNCTHEB 1 NX MI0eb.
B pammnom caydae OCHOBHBIMI MIPUYNHAMET BO3-
HUKHOBEHUSA HeMHEPEKIIMOHHOTO XJIOPO3a Jiv-
CTheB OTypIla MOJKeT ObITh BhICOKOe 3HaueHne pH
MOYBOTPYHTA, TEPEN3OBITOK B HEM MeJI 1 TITHKA
(tabu. 2, 3). TomaTsl B HAYAIIE WTOJIS TIOMBEPTIINCH
TOPAYKe IO TPUOKOBBHIME 3a00JeBATMAMN,

Tadnauma 2 / Table 2

XUMUUIeCcKIe mapaMerTpsl CI0sKHOTO KOMITOCTA, TIOUBOTPYHTA M HATHBHOW TMTOUBHI
Chemical parameters of complex compost, soil and native soil

[Tapamerp Rommoct [TouBorpynur Harnsnas nousa
Parameter Compost Soil Native soil
tatr 0 0,66 0,46 0,21
N-NO,, mr/kr / mg/kg 91,2 278,0 2,8
G %0 26,0 8,8 6.0
I'ymyce / Humus, % 44,8 15,3 10,3
C/N 39,5 19,3 28,5
pH, o 6,60 7,01 7,20
pHKcl 6,80 6,60 7,00
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Tadomuma 3 / Table 3

Rounenrparus TsRENIBIX METAIIOB (KICI0TOPacTBOPUMast (hOpMa) B CIOKHOM KOMIIOCTE,
nousorpynre u kourposie, Mr/kr / The concentration of heavy metals (acid-soluble form)
in complex compost, soil and control, mg/kg

Tsiséanrit meTan Rommnocr [TouBorpynur Rourposn
Heavy metal Complex compost Soil Control
Cu 69,0 121,6 81,1
Pb 66,8 103,6 124,6
Zn 414,4 885,4 269,4
Cd 3,49 4,82 4,67
Ni 23,4 28,6 26,9
Cr 19,6 29,4 25,0
Co 8,48 11,8 10,5
Ar 0,56 3,13 3,77

B OCHOBHOM (DUTOCIIOPO30M: BO3OYIUTENH — 00-
muter Phytophthora infestans (Mont.) de Bary,
" PUBOKTUHMO30M: BO3OyauTens — Rhizoctonia
solani (J.G. Kiithn) [24]. Hecmorpsi Ha 06paboTru
QyH/1a30710M 1 HOPIOCCKOT CMECHIO K OKOHYAH IO
MecsIia Habogatach X Maccosast rubesn. Ou-
TOTECTOM OTIPEIeIeHO WHTUOUPOBAHIE TTPOPAC-
rauus ceMsau peprca Ha 40% u Kpecc-canmara Ha
30%, o cpaBHenuio ¢ kKonrposuem. TokcnmaHbIMI
CUMTAIOTCS Te IMOYBOIPYHTHI, KOTOPBIe MHIION-
pYIOT IIpopacranue ceMsH WU pasBUTHe 1po-
poctroB n KopHeit Ha 30% 1 Gosee B cpaBHeHUT
¢ KOHTPOJIEM.
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CpaBHHTe ThHAA ONEHKA METOI0B Pacyéra
aJlalITUBHBIX PeaKINil 3ePHOBBIX KYJIbTYP

© 2020. J1. B. Boaxrosa, K. 0. H., 3aB. J1adopaTopuei,

. H. lllennurosa, 1. c.-x. H., wieH-kopp. PAH, 3aB. tadoparopueii,
Depepasibhblii arpapubiii Hayunbiil eHTp Cesepo-Bocroka

nmenu H. B. Pymaunroro,

610007, Poccus, . Rupos, ya. Jlenuna, 1. 166 a,

e-mail: volkovkirov@mail.ru

BosnenbrBarie afanTHBHBIX COPTOB 36 PHOBBIX KYJIBTYP ABISETCS OCHOBHBIM TP HITIIIOM 9KOJIOTHICCKI YMCTOTO 3€M -
Jiejiesingd, 1mo3BoJidd CHU3UTh BOBJleﬁC'I‘BMe HeraTuBHbIX aHTPOIIOIeHHbIX (balc'l‘opos Ha OKPYrRAIOLLYIO cpeiy 1 066(’/“8‘{ NUTb
HACETeHe YKOJOTHIeCKI He30TacHO TPofyKIneil. B pesyibsrate MHOTOTETHETO M3YUEHTISI COPTOB APOBOI MITCHUTIBI 1T
saMerst B yeaoBusnx Boaro-Bsarekoro permona BeisiBiena cremers Mogndnranmonnoil (39,2-59,1%) u remornmmaeckoit
(16,4—18,0%) mzmenunoctu yposkaiitnoctu. Copra s;uMeHst XapaKkTepusoBainch 6ojiee BHICOKOI CpejiHeil yposkaiiHo-
crpio (3,60-5,50 1/Ta) m peaxrmeit ma yeroBusa roga (koaddumment sapuarnun 25,2%), wem copra miienninr (2,62—
3,71 1/ra; 19,7%). B ressx pa3paboTku pernoHaIbHON CTPATETNN CeTEKITIIT HA HKOTOTHICCKYIO YCTONINBOCTD TPOBEIeHA
cpaBHUTEJIbHAaA OlleHKA HECKOJbKUX METOJ/I0B pacu é'l‘a A[lalITUBHBIX pearIin i . B pesyJibrare Han60J|ee n Hq)O pMaTUBHBI-
MU ORA3aJIMCh «TOKa3aTes b YpoBHsa u crabmiabioct copra» (I1YCC), «koadurmment saprmanum remoTuma na cpemy»
V, %), «inacriuanoctsby (b,), «penorunuyeckas crabuiabHOCTh> (S, %). YPoskailHOCT AUMEHA JIOCTOBEPHO HOTOAKNTETHHO
RoppeaupoBaia ¢ KpUurepuaAMml romeocTaTudyHoCTH, y IIHeHuIlbl — ¢ IorasaTeJdAMn 1IJ1aCTUuYHOCTU. CI/] CTeMHbI i ITOJIXO0/1
K aHAJIN3Y QIATMTHBHBIX PEARIIIIT TT03BOJIILI BHIETITL BLICOKOYPOIKATHBIE T 9KOJIOTHIECKI YCTOMUNBLIC COPTA TITITEHITIHI
(Y-80, T-79, 11-57, Harpama) u stamenst (Bbenropopckunit 100, 346-09, 52-12).

Kaouesnte ciosa: sipoBast MIeHNIA, STAMEHb, COPT, YPOIKANHOCTD, [AlITHBHOCTH, METOT, OT[EHKI.

Comparative evaluation of methods
for calculating adaptive responses of cereals
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The cultivation of adaptive varieties of grain crops is the main principle of organic agriculture, allowing to reduce the
impact of negative anthropogenic factors on the environment and provide the population with environmentally friendly
products. As a result of many years of study of spring wheat and barley varieties in the Volga-Vyatka region, the degree of
modification (39.2-55.1%) and genotypic (16.4—18.0%) yield variability was revealed. Barley varieties were characterized
by a higher average yields (3.60-5.50 ton/ha) and a reaction to the conditions of the year (coefficient of variation 25.2%)
than wheat cultivars (2.62-3.71 ton/ha; 19.7%). In order to develop a regional strategy of breeding for environmental
sustainability, a comparative assessment of several methods of calculating adaptive reactions was carried out. As a result,
the most informative were the “indicator of cultivar level and stability” (PUSS), as well as the widely used “genotype
variation coefficient on medium” (V, %), “plasticity” (b,), and “phenotypic stability” (S, %). Barley yield capacity was
significantly positively correlated with homeostasis; high productivity in wheat was associated with increased plasticity.
A systematic approach to the analysis of adaptive reactions has highlighted high-yield and environmentally sustainable
cultivars of wheat (U-80, T-79, P-57, Nagrada) and barley (Belgorodsky 100, 346-09, 52-12).

Keywords: spring wheat, barley, cultivar, yield capacity, adaptability, evaluation method.
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Nmeromnmecs mporuo3sl MBMeHeHUsT KIMMaTa
PECTaBIAIOT cOD0IT TTPOTUBOPEUNBYIO KAPTH-
ny. lloutn mostHOE cornacme JOCTUTHYTO TOJTHKO
B BOIIpOCE TJI00ATLHOTO MOTeIJIeH !SI, HO CIleHa-
pun OyIYIIEero COCTOSIHIS KIMMaTa 1 BO3MOKHOI
pearImm arpodROCUCTEM BechbMa HeOoIpee éH-
uol |1, 2]. B aroit cBsa3u oiHOIT 13 BaskHENITIX
3ajiau ceJeRINN sIBIeTCS CO3jlanne aaanTuB-
HBIX, T. €. CIIOCOOHBIX 00ecIednBaTh BHICOKYIO
W YCTOMUYNBYIO MTPOAYKTUBHOCTD B PA3TNUHBIX
YCIOBUSIX cpefibl, copToB [3—6]. Buenpenue ux
B CEJILCKOXO3SIICTBEHHOE TTPON3BOJICTBO TTO3BO-
T CcTAOUIN3NPOBATH YPOIKANHOCTD ITPU M3Me-
HEHUU TEIJOBBIX, CBETOBBIX, BOJHBIX PECYPCOB
7 TITOJIOPOJIMST TTOUBBI, @ TAKsKe PN BOBMOKHOT
W3MEHYHMBOCTH COCTABA BPEUTENCH, DOTesHeil,
COpHbIX pacrenuii |7, 8].

Cremyer paznuuarh ajanraiuio reorpadu-
YeCKYI0, KOTOPast MpeJioiaraeT mpuciocodeH-
HOCTB K 00JIbITIIEMY Pa3H000pasuio sauiecknx
YCJIOBWIT, HO YPOSKAWHOCTD TIPN 9TOM TUMUTHPO-
BaHa CPeIHUMU 3HAYCHUSAMM, U Ce30HHYIO, TIPN
ROTOPON dpaumyeckass ycTOUNUYNBOCTH MOKET
OBITH JIOCTATOYHO clielUUIHO, HO copra n
rUOPUIBI, TIPUCITOCOOTEHHBIE K KOHKPETHBIM
YCJOBUSAM, MOTYT 00€CTIeunBaTH MAKCHUMAIbHYIO
noTeHuaIbHyo yposkaitnocts |9, 10]. Cunra-
10T, 4TO OCOOBIIl IPUOPUTET JIOJKHA TOJYIUTh
CeJIeKIMS HA YCTONUYMBOCTH K KOHTPACTHLIM
[MOTOJIHBIM YCJOBUSAM ¢ YUETOM cleruduuecKkoi
MPUCITOCOOT@HHOCTI COPTOB K JIOMUHUPYIOTTUM
cTpeccoBbIM (haKkTOpaM KOHKPETHOTO PeTHOoHA.
Beé aro mpegornipesesnsier 0co0yio aKkTyaibHOCTD
pazpaboOTKM PernOHATbHBIX CeJTEKITNOHHBIX TTPO-
rpaMm DKoJIorndecKkoii Hampasiaennocru [11].

Hacrosimiee ncenepoBanme opueHTnpoBaHo
Ha U3ydeHme Ce30HHON ajjanTalu COPTOB SPO-
Boii mimenutbl (Triticum aestivum L..) u ssamens
(Hordeum vulgare 1..) B Bonro-Bsitrckom pernone
B KOHTPACTHBIE 1O THAPOTePMUYECKUM YCJIO0-
BusiM rofibl. OlleHKa ajlalTuBHOrO OTeHI[aa
COpPTOB OblJIa clieJlaHa HA OCHOBE MHOTOJIETHIX
MAHHBIX YPOMKATHOCTH TIO Py TTOKasaTeseit,
XapaKkTepusyoIux maacTuIHOCTh, CTa0MIbHOCTh
7 TOMeoCcTaTnuHOCTh. VemonbzoBane HECKOTb-
RIUX METOJIOB OIEHKM MO3BOJNIO BCECTOPOHHE
U3YUYUTH COPTA U BHIJIEANTH Hanboee nudopma-
TUBHBIE TTAPAMETPHI JIJISI NCITOTB30BAHUSA B paM-
RaX 9KOJIOTUYECKON CeJIeKIIY 36PHOBBLIX KYJIBTYP
B yceaosusx Bonro-Bsrekoro peruona.

[less mccnemoBanmiti — onpeennThb crereHb
M3MEHUYNBOCTU YPOKANHOCTH pailOHNPOBAHHBIX
U TepPCIeKTUBHBIX COPTOB SIPOBOM TIIIIEHUIIbI
U SYMEHS, BBIJIeJIUTh JKOJOTUYECKN YCTONY -
Bble cOpTa, HA OCHOBE CPABHUTETLHON OIMEHKN
MEeTOJI0OB pacuéra ajlaliTUBHBIX PeaKInil aTh

peromMeHalum K nc1oJab30BaHUIO nanboiiee
00 BbeKTUBHBIX InapaMeTpoB.

O0BeKThI 1 MEeTO/bI

Ncenemosanms mposopmnes B 2017-2019 rr.
B OI'BHY ®AHIL Cesepo-Bocrora (r. Kupos)
B paMKax KOHKYPCHOTO coprouciibitanms. B ka-
qecTBE Marepuasa s W3YYeHUs MCIOJIb30-
BaJIM COPTA M TePCIIeKTUBHBIE HOMepa cesek-
uuun MAHIL Cesepo-Bocroka sipoBoii Msrkoii
nmreHuIbl (13 TeHOTUIIOB) W APOBOTO SUMEHS
(17 renorumnos). [TouBa onbITHOrO yyacTtrka TH-
NUYHAs JIJIs peTnoHa (IepHOBO-TOI30IMCTas
cpeprecyrmunucras), pH = 4,8-5,2 ef.; conep-
sanme rymyca — 2,0%, dochopa — 190 mr/wr
nousbl, Raaust — 130 mr/kr, azora — 110 mr/kr.
[Toromabie yemoBust B TOfibl TIPOBEJIEHNST UCCIIe-
MOBAHUIT CYNIECTBEHHO Pa3JMuaanch M0 TeM-
MepaTypHOMY PEKUMY U KOJTUYECTBY OCAKOB.
Bereranmonnsiii nepuos 2017 1. xapaxkrepuso-
BaJicst M30LITOUHBIM yBJIaskHeHuem, 2018 r. —
OJIATONPUSATHBIM COUYETAHMEM Telljia U BJaru,
2019 1. — merocraTkoM d3PPEKTUBHBIX TeMITepa-
TYp 1 U30BITKOM OCAJIKOB.

Crarncrnyeckyio 00paboTRY JIAHHBIX TIPO-
BOJIMJIV ¢ MCITOJIb30BAHMEM KOPPEJSIMOHHOTO
u IByX(haKTOPHOTO JMCIIePCHOHHOI0 aHAIN30B
[12]. Braan ¢akropos B ¢opMupoBaHie ypo-
saiinocrn onpenesisian 1mo [13]. OrasiBunBOCTH
COPTOB HA U3MEHEeHNe BHOITHIX YCJIOBUI CPejibl
(koo unment perpeccun — b,) onpeaesAIn 1Mo
[14]. T'omeocTaTMIHOCTL OT[EHUBAN TIO TTapa-
Merpam «romeocrasz» (HOM), «cemermmonmas
HeHHocThb coprax (S) [19], mngexc crabunbHocTH
(NC) [16]. RommnekcHblii MokazaTeab YPOBHS
crabunbroctn copra (ITYCC) onpepensinn co-
rnacHo [17]. @enotTunmueckyo cTabUIbHOCTH
COPTOB OTTpefiessiin 1o RoadduimenTy Bapuarnm
srosanentos (W) [18] u orknonenuio or nunun
perpeccun (S%) [14]. Kospdpumment mynbrm-
nanrkarupHoctn (KM) Beranchasiim o [19].

Pesyabrarel n o6cys;rnenne

RonmuecrBernas orenka MHOTUX XapaKre-
PUCTHK alalTHBHOCTI 6a3MPYETCcst Ha CTaTHCTH -
YeCKOM aHan3e (PeHOTHITNYeCKO NBMEeHYIMBOCTI
YPOIKATHOCTH 1 SIBJISIETCS IIPABOMEPHOT TOJTHLKO
B TOM CJIy4ae, Korjia J0Ka3anbl 3HAYMMOCTD BJIMsI-
HUS DKOJTOTUYECKUX YCJTOBUI HA TTPOSBICHNE
rnpusHaKa. BiusHue Ha yposkaitHOCTh (DAKTOPOB
«TOJ», «T@HOTHUII», & TAKIKe X B3auUMOJielicTBue
OBLIIO [IOCTOBEPHBIM JIJIs 00eMX KYJIBTYD, ITPUYEM
Ooaburyo yacth nzmenuusoctn (39,2-55,1%)
00YCJTOBANBAIN METEOPOJOTUYCCKIE YCJIOBUS
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BeTeTarmoHHoOro Mmepruojia, MeHBITYI0 — BRJIA]
renoruna (16,4—18,0%).Cpentsist yposKaiiHOCTh
n3yyaeMoro Habopa COpTOB MIIEHNTILI B paspe-
3e «rofibl» BapbupoBasia B npepenax or 2,42 1o
3,49 1/ra, sumens — ot 3,86 10 5,76 1/ra, uTo xa-
paKTepusyeT ssaMeHb Kak KYJIbTYPY, MOTeHITHab-
o Gosree yposKaNmyto n Mernee TpeboBaTeTLHYTO
K YCJIOBHSIM TTPOM3PACTAHUS.

Hawnbosee mpocTbiM 1 IOCTYITHBIM TOKa3aTe-
JIeM, TI03BOJISTIOTIITM CY/IATH O TOTeHIIIAIe OHTOTe-
HeTHYeCKON aflanTani (HopMe peakitim), u npu
ATOM 00eCTIeUNBAIOIINM CPAaBHUMOCTH Pe3YJib-
TATOB Y Pa3HbIX BUIOB PACTEHWI, SIBJISETCS KO-
apunment Bapuarun. Roaduimenter Bapna-
un yposraitnocetn ( V), BeIYncaeHHbIE I KasK-
JIOr0 COpTa 110 JJAHHBIM 32 TPU TOJla, YKA3bIBAIOT
Ha PEHOTUITNYECKYIO N3MEHYNBOCTD ITPU3HAKA,
00YCJIOBIEHHYIO DKOJTOTUYeCKUMHU (DaKTOPaMIU.
Rak oqun m3 MeTomoB OIEeHKN afalTHBHBIX
pearmuii, koaddumnmenr Bapuanuu odgagaeT
KaK MOJOKUTeTbHBIMYU (He3aBUCHMast OleHKa
KayKIOTO TeHOTHIA), TAK W OTPUIATebHBIMI
(He obecrieunBaer nHMOpPMAIEl 0 Xapakrepe
oTBeTa Ha cpejy) croponamu. B memom nzyuae-
Mble HoOMepa STuMeHsi XapaKTepus3oBaanch ooJee
BBIPQsKEHHOI peakiiieil Ha yCJIOBUs rojia, yem
nmrennipl. Cornacuo mransl [12], copra pas-
menenbl Ha TpyIiel co cpenueit (V= 10-20%)
u 3HaunresbHoit (V > 20%) usmeHunBoCTHIO,
BBIJIeJIEHBI COPTA ¢ HANMEeHbIIell BapuadenbHO-
CThIO yposkaen (Tadi.).

Rosddunmenr Bapuammum ncnojib3oBajin
TaKIKe JIUIS ONpele/IeHnsT MeKCOPTOBOIl Bapua-
Oenproctn (V) maydaemMpIxX mapaMerpoB ajari-
TUBHOCTH sIPOBOY IIMEHUIbI 1 siuMens. Yem
Mrpe pasMax 3HaveHuii B JaHHOM Habope COPTOB,
TeM Bbiiie guddepeHupyonas ¢crnocodHocTh
MeTo/[a ¥ TeM TOUHee 0T00p HYKHBIX TeHOTHITOB.

Y ApoBoii nuieHnIbl mokaszaresab V. ypo-
JKANHOCTI B aHAJIM3UPYeMble TOJibl HAXO/UJICS
B npejesnax 8,2—16,3%, npu srom HabaoKaIaCH
TEHJeHIINS eT0 YBeJUYeHUs ¢ BO3pacTaHueM
o01ero yposHs yposkaiinoctu (Koagduiiment
perepmuHanum r2= 0,79), 1. e. reHOTUIINYCCKIE
pasinuus cujibHee MPOABISAINCH B JYUIINX
YCJOBUSAX BbIPAIUBAHUSA. Y sSTUMEHsI 3HaYeHIe
V usmensamnocs or 10,5 no 19,1%, 1o csasu co
CPeJIHIM YPOBHEM YPOKANHOCTH He BBISIBJICHO
(r*=0,18). MakcumanbHy CpemHiol ypo-
saitnocth 3a 2017-2019 rr. ¢ mocroBepHbIM
MpeBBINIIeHNeM HaJl cTaHAapToM (OpMUPOBATIN
CeJeRIMOHHbIe HoMepa miieHuisl ¥Y-80, sume-
s — 346-09. B nammnx ucciegoBannsax ormeyeHa
JIOCTaTOYHO CUJIbHAS aMIJIUTY/[a N3MEHYNBOCTI
RoaddpuImenta BapuInm yposRaiiHoCcTn, Claejio-
BaTeJIbHO, €r0 BhICOKast MHOOPMATHBHOCTb.

YpoBeHb U3MEHUMBOCTH WM MOAUMUILI-
pyeMocTu Ipu3HaKa, MO3BOJASIONII TeHOTH-
My MpuciocadInBaThcss K pasHbIM YCJIOBUAM
Cpe/ibl, MIPUHATO HA3LIBATH MJIACTUYHOCTHIO.
[Tpu ornenke naacTUYHOCTH MIMPOKOE PACIIPO-
crpanenue noayunya metof [ 14], paspesstormit
B3aMMOJIeICTBIIE «T@HOTHII—Cpeia» Ha JiBe 4ya-
CTH: JIMHEHHYIO PeAKIIIo COpTa HA CPeiLy (b,)
" HeJTUHEHHBIE OTKIOHEH ST OT TNHUH PerPeccun
(8%). K mnactnunpiv (b, > 1) oTHOCAT copra
MHTEHCUBHOTO THUIIA, XOPOIIO pearnpyorimne
Ha BbicOKMii arpodon. Ciaabbie u cuibHbBIE OT-
KJIOHEHUsI OT JIMHUU PEerpeccui, BbIpayKeHHbIe
gepes napamerp S%, cOOTBETCTBYIOT BHICOKOI 1
HU3KOI PeHOTUTTITYECKOIT CTAONIBHOCTI COPTOB.
K ocronncTBam laHHOTO METO/IA MOFKHO OTHECTH
YHUBEPCAIBHOCTh €10 MPUMEeHEeHUsI U BO3ZMOJK-
HOCTH OTIEHUBATh [IOCTOBEPHOCTh PA3JIUUMii Te-
HOTUTIOB 110 3HAYMMOCTH OTKJIOHEHUsI OT 00Iei
nuaun perpeccun. Hepocrarkamu siBisiiorces
TPYMOEMKOCTD, NIUTEILHOCTH NCCTSOBAHNI 1
HEoOXOAMMOCTL UMeTh 00JIbI0I Habop COPTOB
nast uzydenusi. Kpome toro, koapdpuimenr pe-
rpeccui 0Tpaskaer OT3bIBUNBOCTh HA CPeLy KOH-
KpPeTHOTo Habopa reHOTUIIOB, YTO 00YCJIOBINBAET
cJ1abY10 COMOCTaBUMOCTD Pe3YJILTATOB ¢ TaHHBIMU
JIPYTHX aBTOPOB 1 HEBO3MOJKHOCThH TTPOTHO3MPO-
BaTh YPOBEHb IJIACTUYHOCTN HA PAHHUX CTa/IHSX
ceqerinm |8, 20]. CymecTBeHHBIM HEOCTATKOM
JIAHHOTO METOJIa SIBJISIETCSI U €TI0 3aBUCUMOCTh OT
cpemHero 3Hadenus npusHarka [21], 1. e. 6onee
yposRaiinpie copra UMeioT u 00abiuii Kodddu-
nueHT perpeccnnn («d3P@erT MRranb» ).

B nammx mcciefoBaHusX, COTJIACHO METO-
nuke [14], K 9KCTeHCUBHBLIM reHOTHIIAM, 00J1a-
MAIOTINM JIOCTOBEPHO HU3KOU MJIaCTHYIHOCTHIO
(b,< 1), moskno ornectu nmenuny Harpana,
11-57 u T-79. Copros ¢ nokasarenem b, 3na-
YUMO TIPEBBINTAIONINM e[INHIITY, He BBISIBJIEHO.
OTHOCHTETIBHO BBHICOKOI OT3BIBUYUMBOCTHIO HA
YCJOBUSI Cpejibl CPeJin COPTOB TITeHMI[bl Xa-
pakrepmusoBanuch cramgaprt Maprapura, ¥V-80,
T-66 (b,= 1,26-1,80). [loctosepno BLICOKOIL
MJIACTHYHOCTHIO OTINYANICH TeHOTHIIBI STUMe-
Hs Jrosor, DopBap 1 CeNeKINOHHBIIT HOMep
168-12 (b, = 1,03-1,40).

B kauyecTBe Mepbl IJIACTUYHOCTH COPTA,
KpoMme Roa(dduimenTa perpeccun mpusaHaka
(b,), mpeparaercs ucnosb3oBarh Koddduunent
myabrutnankarusaoctn (KM) [19], nokasbi-
BAIOINII, BO CKOJILKO Pa3 B JlaHHOM WHTepBaJie
HKOJIOTUYECKOTO PsJIa BO3POC YPOBEHb ITPU3HAKA.
Onmaxo, o |22, 23], KM ot copra & copry nzme-
HseTCs ¢71ab0, UTo 3aTPY/HAET OIeHKY a/[alTuB-
HbIX pearnuii. Hamm pesynbrarsl mojaTsepauin
CIIpaBeUINBOCThL JaHHOTO yrBepskuenus: KM
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Taomuma / Table

[TapameTpbi 9KOJIOTUYECKOT YCTOMUNBOCTI COPTOB 36pHOBBIX KYJIbTYD, 2017-2019 1.
Environmental sustainability parameters for cereal varieties, 2017—-2019

[Torasarenn Rynwrypa | Jluanaszon 4 r IKOJIOTUYECKU YCTOMYMBbIE
Sign Crop 3HAYEHUI copra / Environmentally
Range sustainable varieties
of values
HIEHNA | o no B i an o
YposxaitHocTs (T/1a) wheat 2,62-3,71 10,8 ¥-80, T-66, T-79
Yield capacity (ton/ha) AUMCHD . 346-09, 52-12, Berropoackuii 100
barley 3,60-5,50 | 106 Belgorodskiy 100
Koagdumuent sapuarun | "W 12 296 | 202 | 063+ |07 Baapa, Harpana
W e o wheat Klara, Nagrada
Coefficient of variation o0 ' .
(V, %) AYMEHb 16.0-35.7 903 | -0.57% 346-09, 52-12, Bearropopcrmii 100
’ barley ’ ’ ’ ’ Belgorodsky 100
[Iractmuanocts THHCHIRA 0,43—1,80 39,1 0,82* ¥-80, T-66, .
Plasticit wheat Maprapura / Margarita
(b) y AYMEHb 013142 30.8 0.06 168-12, Ironor, Dopsaps
i barley ’ ’ ’ ’ Ecolog, Forward
Hooppunuent MWCHMLA |y 57 950 | 153 | 0.67% |3 o0 166,
MYJIBTUIINKATUBHOCTH wheat ’ ’ ’ ’ Maprapura / Margarita
(KM) T ‘
Coelficient of SAUMEHD 115-2.52 16,5 0.21 45-13, 168-12,
multiplicativity (CM) barley @opca / Forsazh
DeHoTHIITeCKAST HHEHINA 0 45 1727 | 71,2 -0,03 T-79, 11-57,
P — wheat Harpapna / Nagrada
LT 0 AYMEHD o o 0o |288-12,52-12,
Phenotypic stability (5%) barley 0,02-24,91 | 103,2 0,02 Mopsapn / Forward
MITIeHUTIA rE - i T-79, V-28,
droBasientsl 1o Wricke wheat 0,71-17,28 | 50,6 0,01 baskenra / Bazhenka
Wricke's ecovalents (W) | sumens - @®opsapy / Forward,
barley | 0973436 1 978 1014 150 0 g1y
HIEHIIA |y o o= o 97 7 L0.99 I1-57, T-79,
Fomeocratuunocts wheat : ’ , ’ Fonapa / Klara
Homeostaticity (HOM) AUMOID 346-09, ‘)2_1%7
barl 11,9-34,4 31,3 0,81* | Bearopopcruii 100
ariey Belgorodskiy 100
CeJleKIIMOHHAA [IeHHOCTh | HIIeHNIa 1.78-2.61 104 0.31 T-79, 11-57,
copra wheat Harpaga / Nagrada
Cultivar breeding value AYMEHb w | 346-09,52-12, Benropopcrnii 100
(S, barley 2,3-4,0 17,0 1 0,91 Belgorodskiy 100
YpoBeHb cTabNIBLHOCTI HIeHnIa B T-79, 11-57,
yposkaitnoctu (I1YCC) wheat 80174 26,4 0,09 Harpapna / Nagrada
Level of stability in yield | gumens . | 346-09, 52-12, Benropopcruit 100
capacity (PUSS) barley 33127 41,6 0,86 Belgorodskiy 100
Nupexc crabuibuocTu MO |9 5956 | 27,7 | -0,29 I1-57, T-79, i
(1C) wheat Knapa / Klara
Stability index SUMeHb 119-%4 | 313 | 0.81% %46_09’ ‘)2_12”’ 100
(IS) barley ,9-34, 31, , @JITOPOCKIIT

Belgorodskiy 100

Lpumewanue: V. — mexrccopmosas sapuabeibiocms cpeOHur mpexiemuur 3Havenill (4icao nabaodenuil 04 apoeoil
¢

nwernuyor n = 13, aumens n = 17); r —

u yposcaiinocmoio; ¥ — docmosepro npu P> 0,95.
Note: V. — inter-cultivar variability of average three-year values (number of observations for spring wheat n = 13, barley
n=17); r — coefficients of paired correlation between adaptive criteria and yield capacity; * — significantly at P> 0.95.

Koafipuyuenmol naproll Koppeaayul mexcdy rpumepuimi adanmunocmu
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Yy COPTOB BapbUpoOBaJ B HEDOJBINNX TIpejiesnax
B CpaBHeHUU ¢ HOKazare/em b..

Ha siposoii riienntie 6611 otMeuen «dd et
IITKAJIBD» JIJIS1 BCEX XaPaKTePUCTUK MJIaCTUYHOCTH,
0 46M CBUJIETEJILCTBYET JIOCTOBEPHOCTh IMapPHBIX
ROPpeJANUil (1) MesRIY CPeJIHUM YPOBHEM YpoO-
saitnoctn 1 nokasarensmu V, b u KM (raba.).
HeoOxoaumo orMeTTh 1 04€Hb BHICOKYIO CXO/1 -
MOCTh KPUTEPHEB MIACTUYHOCTH MEKY cO0O0i
Rak y MieHnTibl, Tak n'y samens (r=0,62-0,97;
nocrosepro tipu P> 0,95), us KoTophix, 10 Ha-
MM pacdéraM, Hamayurneii "HHOPMaTnBHOCTHIO
obsiajiaer mokasaresib b, IOCKOILKY UMeeT Hal-
OOJIBINYIO MEKCOPTOBYIO BapnabebHOCTh U BO3-
MOKHOCTh OIEHWBATH JOCTOBEPHOCTH Pa3IMUmil
TeHOTHIIOB.

JTocratouno nennyio nHGopmMaImio HeceT
rokasaresib PeHOTHITNYeCKOI CTabuILHOCTH COP-
ta (S%), KOTOPBIil, BO-MEPBHIX, HE 3aBUCET OT
YPOIKAMHOCTH Y 001X KYJIBTYP, BO-BTOPBIX, IMEJT
0YeHb BBICOKYTO M depeHmpyontyio crnocod-
nocth. Ilo [20], mannblii moKasarejb MOKeT
CTYSRUTDH JIJISI OTIEHRU MTPEJICKAa3yeMOCTH OTBEeTa
reroruma Ha cpeny. MoskHO Tipejiimonararh, 4ro
JIJIST COPTOB ¢ HUBKIM S% MPOrHO3 yposRailHOCTI
pu UBMEHEHU U MEeTeOyCJIOBIUI Uu pa3padboTKre
arpoTeXHMUYeCKNX MeponpusTuii oymer 6omsee
TOYHBIM, YTO 0COOEHHO aKTyaJbHO MU Tepe-
XO0Jle HA COBpeMeHHbIe (P POBbIE TEXHOJIOI MU B
CeNbCKOM XO03STICTRE.

Tepmun «oronormIecKas BaseHTHOCTH (W)
03HA4YaeT CIIOCOOHOCTH B PA3HBIX AKOJIOTUUECKITX
YCITOBUAX COXPAHATH ONPeleTEHHBINT YPOBEHD
npogykrusnocty [18]. Hem soinre nokaszarenn W,
(oJist guctepeny, KoTopast IPUXOUTCS HA COPT,
B 001 ICTIepe B3ANMOJIeCTBIST «TeHOTUTT—
cpejla»), TeM MeHbIIe DKOJOTUYeCKAs CTaOUIh-
HocTh copra. Snavenus W, paccumrannbie s
oTTpeieIEHHOT0 Habopa COPTOB B KOHKPETHBIX
YCJIOBUSX, CIYKAT CKOpee JIJisi X CPABHUTE -
HOIl XapaKTepUCTURM, 4eM JIJisi 00 beKTUBHOI
OIIeHKI, TOCKOJIBKY MOTYT ObITh HE COMTOCTABUMbI
C TAHHBIMHU, TOJIYYeHHBIMU B JIPYTUX YCJIOBUSIX.
B mamux mnccnemoBanmsax obOHapyskeHa OvYeHb
BRICOKAS COTJIACOBAHHOCTL oleHok S% u W,
(r=0,82-0,97, nocrosepro nipu P > 0,95). Uc-
XOJIsT 3 QHATN3a, BBIJIJIeHbl HOMepa ¢ BHICOKOI
dKoJI0rnYeckoii crabuabHocThIo (W, < 2,5; ouenn
caadbie oTkIOHEHUS OT perpeccnn): T-79 (mme-
nuta); Gopsapp, 52-12, 29-11 (sumenn).

Bosbmoil maTepec npemcTaBiasiioT MeTObI
OIlEHKU IOMeocTas3a Kak CII0COOHOCTH OpraHm3-
Ma cTabUIM3MPOBATH PEAKIUHU 1 TPOTUBOCTOSITh
crpeccam. Cormacto [15], reHOTHTIBI ¢ BRICOKIM
romeocrtazom (HOM) u BbicokuM morasaresnem
ceJIeRIMOHHOI 1enuocTn (S) ciabo pearnpyior

C

Ha yXyJllleHne YCJOBUIL 1 XOPOIIIO OT3bIBAIOTCA
Ha nx ynyunierne. Muaexe crabuibuocru (MC),
nmoanocteio npentnuen HOM, u Tecmo cpsizan
¢S, (r=20,78-0,99, nocrosepro npu P >0,95).

[Torkazaresb ypoBHS cTaOUIBHOCTH COPTA
(ITYCC) [17], xapakTepusyeT OfHOBPEMEHHO
YPOBEeHb 1 CTaOUILHOCTh YPOFKATHOCTH 110 OTHO-
HIEHWIO K CTAH/APTY, 4TO, Ha HAII B3TJISA]L, TAK/Ke
SIBJISIETCSI MEPOIT O1eHKN roMeocTasa. Bee Boitie-
nassanubie kpurepun (HOM, S, [TYCC) recuo
Roppeaunpyior Mesruy coboii (r = 0,92-0,99),
HO Oosee ymobeH B MCTIONB30BAHUHN TTOKA3ATE/b
[TYCC, rak kak oH mpegmosaraetT cpaBHEHME CO
craHnaproM u odaagaeT ooaee BHICOKOIT nHMOp-
MaTUBHOCTBHIO.

Jlist BesieH st 1iesieHATIPABICHHOM CRJTeKITNT
BayKHO 3HATH COMVIACOBAHHOCTH MEK/LY YPOBHEM
YPOKAIHOCTH W KPUTEPUSAME ajlaliTHBHOCTH.
[To Hammm JaHHbBIM, BBICOKOYPOKAITHBIE COP-
Ta SAUYMEHs MOTJIHU ObITh KaK BBICOKO, TaK U
HU3KO IJIACTUYHBIMU, HO XapaKTepu3oBalnch
BBICOKMMU TTOKasaTensimu romeocraza. Copram
MITeHUIb, (POPMUPYIOIIUM BBICOKYIO YpOsKaii-
HOCTb, COOTBETCTBOBAJI OOJIee BHICOKIII YPOBEHb
peakrIui Ha CPejy.

3ariaoueHue

3a 2017-2019 rr. nccneioBanmii B yCJI0BUsAX
Boaro-Bsrckoro pernona yposkaitHocTh sipOBOIi
nmenninl 1 sumens Ha 16,4—18,0% 6bLia o0y-
cJIOBJIeHA TeHOoTUuIoM, u Ha 39,2-55,1% — me-
TEOPOJIOIMYCCKIUMI YCJIOBUSMEI BEreTarinoHHOTO
Mepuoia, 4To MoiuéPRIBAET BaKHOCTD MCCIe10-
BaHUII HA DKOJIOTMYECKYIO0 YCTOWYMBOCTH HOBBIX
coproB. [lyisi coproB siumeHst Oblyia XapakrepHa
Oosee BBICOKAS CPeHssa ypoxkainHoceTh (3,60—
9,00 t/ra) u Gosiee BbIpajKeHHAasl PeaKIus Ha
yeaoBust rojia (koaddurnment Bapuarun 25,2%),
YeM JIJISI COPTOB TIIEHUIbI (COOTBETCTBEHHO
2,62-3,71 v/ra; 19,7%). [lnsa BoisBienns
ArpOHOMMUYECKN TIeHHBIX TeHOTUTIOB U3 MHOTHX
METO/[0OB OIEeHKN aalTUBHBIX peakInii Hau-
oosiee nagopmaruBubiMn orkazanuch [1YCC,
Koo PUIMeHT Bapuamum reHoTuIa Ha cpeay
(V), nokasaresiv IIacTUYHOCTH 1 CTAOMIBHOCTI
(b, m §%).Ypomaiinocts suMens Oblaa J0CTO-
BEPHO IMOJIOKUTETbHO CBSI3aHA ¢ KPUTEPUAMU
roMeocTasa, B OTJINYIe OT HINeHUIIbl, Y KOTOPOii
BBICOKAs MPOJYKTUBHOCTHL ObljIa CBsI3aHa ¢ 110-
BBIINIEHHON TJIACTUYHOCTHI0. BBhICOKO 0T3bIBUM-
Bble TeHOTUTIbI STUMEH, KaK MPaBUI0, MMen
HOHUKEHHYIO0 (DeHOTHITIUECKYIO ¢TaOUIHLHOCTD.
CucreMHBII TTOAXO K aHAJN3Y aJalTuBHOTO
MOTEHINATA MO3BOJUA BBICJUTH MeHOTHUIIbI
nmernib: T-79 (BbICOKOYPOsKANHBIN COPT € BbI-
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COKOIT (peHOTUTIMUECKOT cTadUAbHOCTHIO); Y -80
(BBICOKOYPOJKATIHBIIT MHTEHCUBHBII COPT ¢ HU3-
ROU (peHOTUTTUECKOT cTaduAbHOCTHIO); [1-57,
Harpayia (skcTeHCUBHBIE cCOpTA ¢ MUTHIMAJIBHBIM
OTKRJIMKOM Ha cpefy). Cpesir reHOTUIIOB STYMEH st
caexyer Buienuts bearopopcexuit 100, 346-09,
92-12, coueraioniue BHICOKYIO YPOKANHOCTD
1 BBICOKIE TTOKA3aTeJ I TOMEOCTa3a.
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OnrnMusanms MoJeBbIX CEBOOOOPOTOB, KaK (PaKTOP cOXpaHeHUsI
MOYBEHHOTO TLIOIOPOIUSA W IKOJTOTH3AIHN 3eMJIe/Ie s
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Depepasibhblii arpapubiii Hayunbiil entp Cesepo-Bocroka numenn H. B. Pynnuiikoro,
610007, Poccus, r. Rupos, yiu. Jlenuna, . 166a,

e-mail: zemledel niish@mail.ru

OtHO 13 MIABHBIX YCJIOBUIT 9KOJTOTHUCCKOTO 3eMIIe/IeIs — BHEPeHe OM0JI0TH3NPOBAHHBIX MOJEBBIX CEBOODOPOTOR.
B pamrensrom cranmonaprom onbite (1982—2017 rr.) 1o n3yueHnoo pasanuHbIX BUIOB MOJEBBIX C€BOOOOPOTOB B YCJI0-
susx Kuposekoil obactin necaeoBanbl OHOJTOTHYCCKAS AKTHBHOCTE TIOUBBI (METOIOM PA3JIOKEH S JIHLHAHBIX MOJTOTeH),
TOKCHYHOCTD TOYBBI (METOJIOM IIPOPOCTKOB), IIPOLYKTUBHOCTH CEBOOOOPOTOB. ¥ CTAHOBJIEHO, YTO HA JIEPHOBO- O30 UCTOI
CPeHeCY IMHICTOI TIOUBE IeATebHOCTD IeJ0JI030pasaaraionmx Mmukpooprannsmos (MO) saBucut oT KINMaTH4eCKIX
YCJIOBUI BereTarnonHoro mepuoyia, BIjaa ceBoodbopora, mpeiiiecTBYIoNneil KyIsTy phl, COJepsRaHiis OprannaecKkoro BeIecTsa
 arpou3MIeCKNX CBOMCTB OUBBI. B CIIeruain3npoBaHHbIX 36PHOBBIX CeBOOOOPOTAX JeATEIHHOCTD IEJIITI0I030Pa3Iarao-
mux MO Gblta ocrosepHo Huske, yeM B ceBooboporax ¢ 0% -HbIM HacheHneM 6000BLIMI KYJILTYPaMU, CHIePATIbHBIMNI
napamu, BHeCeHueM opranndecknx ypoopennii. Paszioskenne mesmonosbl o 6060BBIMI 1 TIPOMATITHBIMEI KYJIETYpaMit
OIEHUBAJIOCH TI0 MTKAJIE OT «CHIIHLHOT0» JI0 «0UeHb CUILHOT0». TOKCHYHOCTD TOUBBI MOBBIIATACH B 3¢PHOBBIX CEBOOOOPO-
Tax, 10 CPABHEHUIO ¢ 36PHOTPABAHBIMU 1 ILIOJ0OCMeHHBIME, npesbimas 20%. B 61o10rn3npoBanibix ceBooboporax npu
BHECEHIN Opraniuecknx yaooperuii mousa ooiia He rokcnyna (0—6%). CaMblii HUBKIIT MPOIEHT TOKCHUHOCTH OTMEYeH
B IIOYBE YHCTOTO U CHtepaibHOTro apos. [IpoykTuBHOCTE CeBOOOOPOTOR 3aBHCeIa OT CHCTeM YIOOPEHNIT I COCTaBa KYJIBTYD
1 B CPeJHEeM 110 ceBooboporam Oblja Ha BLICOKOM ypoBHE — 4,26—5,69 Thic. KOPMOBBIX eJIIHNII.

Kawuessie cuosa: ceBoobopoTsl, I0J0CMeH, OMOJOTHYECKAs aKTUBHOCTD, TOKCHYHOCTD 110UBbI, OpraHnyecKie
VIOOPEH s, CeIbCKOXO03SCTBEHHBIE KYJIBTYPHI.

Optimization of field crop rotations as a factor
of soil fertility preservation and greening of agriculture

© 2020. L. M. Kozlova
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166a, Lenina St., Kirov, Russia, 610007,
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One of the main conditions of ecological farming is the introduction of biologized field crop rotations. In a long-
term stationary experiment (1982-2017) on the study of various types of field crop rotations in the conditions of the
Kirov region, the biological activity of the soil (by the method of linen decomposition), soil toxicity (by the seedlings
method), productivity of crop rotations were studied. It has been found that on sod-podzolic middle loamy soil the activ-
ity of cellulose-decomposing microorganisms depends on the weather conditions of the growing season, the type of crop
rotation, the precursor, the content of organic matter, the agrophysical properties of the soil. Enhancement of biological
activity of soil and reduction of its phytotoxicity is possible due to reduction of doses of mineral fertilizers, application
of all types of organic fertilizers, ploughing of root and stubble residues of crops, grain straw, aftergrowth of perennial
legumes. In specialized grain crop rotations, the activity of cellulose-decomposing microorganisms was significantly
lower than in crop rotations with 50% saturation with leguminous crops, green-manure fallows, and application of or-
ganic fertilizers. Fiber degradation under legumes and tilled crops was evaluated on the scale as from ‘strong” to “very
strong”. In grain crop rotations soil toxicity increased in compare with grain-grass and field crop rotations, exceeding
20%. Soil was not toxic (0-6%) in biologized crop rotations when applying organic fertilizers. The lowest percentage
of toxicity was observed in the soil of pure and green-manure fallows. Crop rotation productivity depended on fertilizer
systems and crop composition and had a high level: 4.26—5.69 thousand fodder units.

Keywords: crop rotation, rotation cropping system, biological activity, soil toxicity, organic fertilizers, agricultural crops.
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B coorBercrBum co crparermeii HayuHo-
TexHojornyeckoro pasputusi Pocceniickoit Me-
feparnnun K arpapHoMy MpPOM3BOJICTBY MPEJhsIB-
JISTIOTCSI COBPEMEHHbIe TPeOOBaHMS, T1ie HapsLy
C pecypco- 1 sHeprocoepeskeHeM, yBeJanueHnem
MPOU3BOJUTEILHOCTH TPY/A, PEHTA0eJIbHOCTI
MTPOM3BOJICTBA CEIHLCKOXO3ANCTBEHHON TTPOTYK-
1, 60JIbIIIOe 3HAUYCHNE TPUIAETCS DKOJIOIYe-
CKoIl GezomacHoCTH arporexuosormii [1].

[Tpu pasBuTIHI OPraHNYeCcKOTO CRIHCKOTO X0-
3s1iicTBA OMOJIOTH AT 3eMJIe/Ieist Oyier mepe-
XOJTHBIM DTATIOM JIJIsT TTPOM3BOJICTBA OPTAHMIECKOI
MPOYKITNH 110 POCCHIICKUM 1 MKy HAPOHBIM
crangapram. OpranundecKoe ceJibCKoe X035 CTBO
OPMEHTUPOBAHO HA HAYYHO-000CHOBAHHOE UYepe-
JIOBaHMe KYJIBTYp KaKk OCHOBHOTO hakTopa 61o-
JOTU3AINY, Ha MIHUMU3AIIIO 00paboTKI T10Y-
Bbl I Ha CHUKEeHUe NCITOJb30BaHUA ITEeCTUIN10B
7 CUHTeTHYeCKNX yroopernit [2].

B nacrositiiee Bpemst cieryer mepecMorperhb
POIIE CTITMATT3NTPOBATHBIX CEBOOOOPOTOB, YTOU-
HUTD B CTPYKTYPe MOCeBHBIX MJIOTIA/ell Haanvme
YUCTHIX TTAPOB, MHOTOJIETHUX TPAB, TEXHUYECKIX
KyJbTYp. B yeaoBusx aantuBHOTO 3eMIIeie s
Espo-Cesepo-Bocrouroro pernona uyncrbie mapol
cJaejyer 3aMeHuTh cOOPHBIMU (3aHsATbHIC, CUjle-
pajibHbIe), HACKITIATH CEBOOOOPOTHI DODOBLIM I
TpaBaMmu, 3¢pHOO0OOBLIMI, KPECTOBETHBIMMI
Ryabrypamn |3].

Ha mouBenmoe Mmukpobmoe coobIecTBo
O0NBITOe BANAHIE OKA3LIBACT MPUMeEHeHme
OpraHmyecKuX M MUHEPANbHBIX Y 0OpeHUII.
Boawmoit maTepec B 9ToM TIaMe MTPEACTABISIIOT
pesyJIbTaThl MHOTOJIETHIX MCCIeOBAHNIT B -
TEJILHBIX CTAIMOHAPHBIX OIbBITAX, KOT/A BbISB-
nsieMbie DOeRTH AKKYMYJIUPYIOTCS BO BpeMeH 1
na gore nameHenus GaKTOPOB OKPYKATOIIEI
Cpejibl B KOHKPETHOI ITOYBEHHO-KJINMaTHYeCKOI
30He [4, D].

[lenn mcemeoBammii — cOBepIIEHCTBOBAHIIE
B COOTBETCTBUN € DKOJTOTHUCCKITMU TPUHITATIAM I
CUCTEM TTOJIeBBIX CeBOOOOPOTOB, TIPU MCTIONH30-
BaHUM PA3INYHBIX HAKTOPOB OMOJOTU3ATN,
CTIOCOOCTBYIOMMX COXPAHEHNIO W TTOBBITIE-
HII0 TIOTOPOANS NePHOBO-TIO30INCTHIX MOUB
Cesepo-Bocroka esporneiickoii uactu Poccun.

MaTepI/IaJII)I n METO/Abl

UccnepoBanust IpoBOAUINCH B IJIATEIHHOM
CTAIMOHAPHOM OTIBITE Ha JIEPHOBO-TTO30JIUCTOI
cpenmecyraunancroit mouse GI'BHY OAHI]
Cesepo-Bocrora. OnbIT 110 n3y4eH1I0 M0JIE€BbIX
ceB0060poToB 3anokeH B 1976 1. Bouio nzyueno
16 cxem mmecTumoanunix m 12 cxem BochMm-
MOJBLHBIX CeBOOOOPOTOB, HA PACCMOTPEHIE B3STO

mecth Hanbosee KOHTPACTHBIX CeBOOOOPOTOB
(cxeMbl cEBOODOPOTOB TPEJICTABIEHBI B TA0JIM-
ne). Miayuasnoch BiusiHme crienmaan3npoBaHHbIX
3epPHOBBIX CEBOOOOPOTOB, CEBOOOOPOTOR ¢ pas-
JUYHBIMIA BUAMU [AaPOB U PA3JINYHbIM HACHI-
meHneM 6000BBIMU KYJIBTYPaMu P OPraHOM-
HepasbHoN crueTeMe YIOOPeH il ¢ TpuMeHeHneM
OMOIOTUYECKUX CPEJICTB 3AIMUTHI PACTEHUIT HA
arpoduznyeckme, OMOJOTHYECKIE TORA3ATETN
MOYBEHHOTO MJIOMOPOANS, (pruTOCaHUTAPHOE
COCTOSTHIE TTOCEBOB U YPOYKAMHOCTH KYJIBTY.
XuMU4YecKne cpeicTBa 3aliiThl He TTPUMEeHSLINCh.

Nayuennnie ceoobopornr (1982—-2017 rr.)
pasmerreHbl Ha BCeX MOJIsSAX B IPOCTPAHCTBE U BO
Bpemenn. [TosropHocTsh yeThipéXKpaTHast B 1Po-
CTPAHCTBe, pa3MelieHne IeJsTHOR CUCTeMaTyec-
Koe, 001as mromanb geasankn 194 m2.

Brasmocts, MI0OTHOCTH MOYBHI, KOJMUE-
CTBO PACTUTEJNHHBIX OCTATKOB M OOIHII TyMYyC
onpepesin 1o meropuram [6]. [emnrosno3nyio
AKTUBHOCTD MMOYBBI OMPEIEJISIIN METOOM «afl-
MNKAIAT», 110 PA3JOKEHUIO B Hell JHHAHOTO
nonoraa [7]. Ilosyuennbie pesyabraTbl OLCHIN-
BaJn 1o mraje [8]: pasnomenne < 10% — ouenn
caabas axrusnocts, 10-30% — caabdas, 30-50% —
cpennsist, 00-80% — cunbnas, > 80% — ovenb
cusibHast. TORCHYHOCTL TOUBBI OTIPEIEIIAIN TIPU
MTOMOIIU PACTUTEIBHOTO TeCTa 10 «MeTOILY Ipo-
poctroB» [7].

Pesyabrarel n o6cysruenne

CeB0o0OOPOTHT T TIPEINIeCTBEHHITKI OKA3HI-
BAIOT MHOTOTPAHHOE BJIVMSTHIE HA CJOMKHbIe O10-
XUMUYECKIe [POIecChl, TPOTeKA0Ie B TIOUYBe,
Ha B3aMMOJENCTBIE PACTEHUI M MOYBEHHBIX
mukpoopranuzmon (MO) u ux gesarenbHOCTb.

Cunraercst, 4T0 OCTATOUYHO JOCTOBEPHYIO
RapTuHy 00111eil ONOJOrMYecKON akKTUBHOCTI 1104 -
BBI MMOKA3bIBACT WHTEHCUBHOCTH paciaja B Heil
RJeTyaTRU (1eJ1003Has aktuBHocTh). Ho, Tak
KaK aKTUBHOCTH IeJiToio30pasiarawmux MO
3aBYCUT OT OCTYITHBIX TTNTATENHHBIX 2JIeMEHTOB,
TO MOSKHO CUMTATE, UTO CTEITCHb PACTaa JIHHAHOM
TKAHI OTPAYKAET «HATIPSIKEHHOCTD X0/[a MUKPO-
OMoJIOTHYeCKIUX TIPOIeccoB BooOIe» [9].

[Ipu ompesesernnn 6GUONOTUYCCKOIT aKTUB-
HOCTHU B CIEIMAIN3MPOBAHHBIX ¢eBOOOOPOTAX
(I, II), re 3epHOBBIE BAHUMAIOT B CTPYKTYype
90,0 u 84,3%), ycranosjieHo, 4To JOCTOBEPHBIX
pazIMUmnii MeKTY ceBOOOOPOTAMU HE OTMEUATOCH
(tabs1.). Ho B pazpese 1o KyJbTypam caeryer or-
METUTH, YTO MHTeHCUBHOCTE PACTIAJIAa KICTUYATKI
B cioe 0—20 ¢m TojT pasubIMy KYJIBTYPaMi pas-
auvagach. I[Tox kiaesepamu II-ro r. m. akTuB-
HOCTH 1esoao3opasiaraoimux MO cHuskamtach
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(17,9-20,0%) 110 cpaBHEHWTO ¢ 36 PHOBBIMU KYJIh-
Typamu, 4T0 OObSCHSIETCS MCCYHIeHNeM TOUYBBI
u moBbINIeHneM eé miaornoctu. Pasiosenne
JbHSHON TKAHU TOJ] 03UMOIl POKBIO TIOCTIe JTyU-
MIeTo MpeJIecTBeHHITKA KIeBepa MOBBIIIaNI0ch
1o 40,0-58,9%, npuuém pacrajg TKaAHW WHTEH-
cuBHee e mocye Kiesepos 1-ro 1. 1., 3a cuér
6osiee OBICTPOTO PABJIOKEHUST MOJIOJIBIX KOpPHe-
crepreBbix ocratkoB (KRCO). ITpu pasmernennn
03UMOIl PRI 110CJe 3ePHOBOTO TPeIIecTBeHHN-
Ka (AYMeHD) OMoNormuecKas akTUBHOCTH ObLTa
3HAUNTEIbHO HInRe — 25,5-33,0% (HCP = 9,1).
HesitesqibHOCTh 1eJto030pasgarammux MO
YCMIIBAIACh T TTOJ TITTTeHUTIEN, TIOCeSHHON TTOCTTe
rkaesepa Il-ro r. m. — 47,0% wu Boime na 9,8—
18,1%, yem mpu pasmereHun eé mocjae 03uMOoil
pskn (HCP = 7,2). llog aAumeném pasnoskenne
JILHSHOTO I10JI0THA cHUKAJIoch Ha 17,6—18,6% B
ceBO0OOPOTAX ¢ BLICOKMM HachieHunem (84,3%)
36PHOBBIMI, HAMOOJbIITNIT ITPOTIEHT PABIOKEH ST
(44,1%) ormeuen B ceBo0OOPOTE, TIIE [IOJIs 3ePHO-
BBIX cHIzKanach 10 00% (HCP = 12,6).

Beenenue B mecrunosnbubiii (I11) ceBoo6o-
por 50% 6G06OBLIX KYILTYD (ABa MOJIA KiIeBepa,
BUKO-OBCSTHAsI cMech Ha 3epHodypask) u BHece-
HITe HABO3a YBEJIMYMBAJIO TPOTEHT Pa3I0KeH s
B0 TRanm 710 49,6% (B cpemeM 1Mo ceBo-
obopory). Pasnoskenne TRaHU TOJ 03UMOII
POSKBIO TMOBBIIIATOCH TIPU PAa3MEeINeHNN TOCIe
kiaesepa Il-ro 1. m. (mo 77,0%), oo BbIIIEe Ha
17,3%, uem 1ocJie mapa, 3aHATOTO BUKO-OBCSHOIM
cMechio, Ha 15,7% — yeM 110 cuiepaabHOMY apy
1 na 25,0% — yem o kaprogenio (HCP = 14,7).
Bricokast akTHBHOCTD 11€J1J11071030pas3Iaraomx
MO ormeuena moj BUKO-0BCOM Ha 3epHO — 59,6 %.

Perynuposarh nHTeHCUBHOCTH OMOJIOTHYE-
CKUX IPOIECCOB B MOUBE MOKHO Oosee ahder-
TUBHO B TJIOJJOCMEHHBIX (KYJIBTYPHI M3 Pa3HbIX
OmoJIoTHYeCKIX TPYTIT) ceBooboporax. [Toaromy
3epHorponaintioii cesoobopor (IV), Koropwrit
oTBEYaeT BCeM MPUHIMIIAM IJIOM0CMeHa Ipu
BHECEHUU opranuveckux yjpoopenuii (15 v/ra),
yaIydIiaeT yeJaoBus aspaiii B mouse, 6Jaropaps
HepHoIMYeCKITM MRy PAHBIM 00paboTRaM 101
Kaprodesem, n MOBBINTaeT OMOTeHHOCTD MTOYBHI.
MakcumanbHasi MHTEHCHUBHOCTh Pa3JIOKEeH s
MOJIOTeH ToJ] KapTodesieM 1o rojlam KoJiedbanach
ot 66,6 10 82,0%. VHTeHcnBHOCTD PasiosKeHus
MEJITION03bI OTEHUBAJIACH 110 TITRAJIE [8] OT «CUJTh-
HOW» T0 «OUeHD CUTBHO».

Brepenne B ceBooOOPOTHI 4MCTOTO TIAPA CIIO-
cOOCTBYET «03/I0POBJICHIIO TIOYBbI», YIYUITEHUIO
RU3HEHHOW cpefibl pactenuii. /s pazmomenns
PaACTUTEIHLHBIX OCTATKOB U JIETOKCHKAT[AN TTOUB DI
JOCTATOUYHO OJ{HOTO ITaPOBOIO TOJs B CEBOOOO-
pore. Opranmveckue ynoOpeHusi, BHECEHHbBIE

B YICTOM Hapy, SBJISIOTCS BaKHBIM (HAKTOPOM
BO3JIEIICTBUSA HA aKTUBHOCTH MouBeHHBIX MO
1 HAIPaBAEHHOCTH TTOYBEHHO-OMOJOTHYECKIX
nporeccon [10]. Buecenne HaBo3a B 4cToM napy
B ceBoobopore (V) 10JI0KUTEIBLHO CRA3AI0CH
Ha 03UMOIl pyKku. PasiioykeHne TbHAHON TKAHU
o110 BBITe Ha 8,0—20,0%, uem mpu pasmerern
03MMON PJKU IO 3aHATHIM TTapaM.

Pasnomenne TRaHW 3HAYNTENHLHO TMOBBI-
manoch B cesoobopore (VI) ¢ cuyepaibabim
apoM, IIPOTIANITHON KYJIBTYPOii 1 Kiaesepom 1-ro
r. 1. (36,8%). Ilo romam pacnaj TKaHU B 9TOM
ceBoobopore Obia Bhitie Ha 9,0—15,7%. Axrus-
HOCTH Teono30pasnaraomux MO Bospac-
Tasa Mmojl 03UMOIl POKBIO MOCIe CHEPATHHOTO
(BUKO-0BCsiHas cmech) mapa wa 11,2—26,6%,
110 CPABHEHUIO ¢ J[PYTUMU HPE/IIeCTBeHHIKA-
mu (HCP = 11,0). Crenens pacnasa nosoren
10/l 36PHOBBIMI KYJIBTYPaMU OMEHUBAIACH OT
«cmaboit» 10 «cpefHeii». Boicokyo cremenn
YOBILIN IBHSAHOTO TTOJIOTHA OTMEUAJII TAKKe MO
rkaproderem (39,1-59,7%), uro obbscHsETCS
OBICTPBIM PABJIOKEHNEM KOPHEBBIX OCTATKOB
ATOIl KYJBTYPBI MPU JYUIINX arpodusnaeckmnx
(HUBKOI IJIOTHOCTH, JIYUIIIeii BOJOTIPOHUI[AeMO-
CTH) YCJIOBUSIX, 00YCTOBICHHBIX MEJRTYPSTHBIMI
obpaborrkamn. B cpesnem 3a poranmio B ceBO-
060poTax, B CTPYRTYpe KOTOPHIX PA3THYHbIIT TPO-
IeHT 36 PHOBbIX, 0000BBIX 1 IIPOTATITHBIX KYJBTYP,
passoskeHme JbHAHOTO MOJOTHA OIEHNBATOCH
«cpefiHel cTeTrenboy.

Pasnoskenue 1ea1003b 3HAYUTETHHO
3aBUCEJIO W OT BIAUSHUS METEOPOJTOTNUCCKIX
yeaosuit. Ha nestionozonnrnyeckne mporecest
cllep;RuBaloNiee eiicTBue OKasbiBaIM MOHMU-
senne remmeparypsl (r = -0,70) u KommyecTBO
armocdepnnix ocajiros (r=-0,80). Bo Bnaskmbie
POJIBI MPH BHINAJEHUN OCAKOB B KOJUYECTBE
113-150% ot HOPMBI TIpU CyMMe CpeiHeMecs u-
HOU TeMIlepaTypbl BLHIIIE CpeHeMHOTOJeTHel
Ha 1,0-2,5 °C noj moceBaMu 6000BBIX KYJIBTYP
TRaHb pacmagaizach Ha 43,0—79,4, mog kaproge-
gem — 09,7-82,0, B unctom mapy — 27,6—49,3, ot
3epHoBbIMU — 4D,9-51,1%. B cyxue u xomnognbie
BETeTaIrMOHHBIC TePUOIBI TPOTIEHT PABTOKEH IS
rmosoraa oLt B 1,0—2,0 pasa nuske.

Hamwu wnceaepoBanmst morasanu, 4to Ha
JIePHOBO-TTOJI30JIMCTHIX TTOYBAX MPU BJIKHOCTI
nouBbl 11-14% pasnoskenue 1esI10103bI T1PO-
UCXOJIUT OUYeHb MeJjienHo. Bbicokas Koppess-
IMOHHAST 3aBUCIMOCTb IeJITI0I030Pa3Tarafonmnx
MPOIECCOB OT HAJIMY U BJIATH B II0UBE BBIsBIEHA
B 3epHOBBIX ceBooboporax (I, I1) B mepuop Bexo-
JIOB SIPOBBIX 3€PHOBBIX KYJIBTYD U B CepenHe
sereraruu r = 0,88 u 0,89. 3asucumoctsb ke
OT TJIOTHOCTH MOYBBI ObLIA TOJTBKO B Havase
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BereTanuu u nepey yooproit kynsryp —r=-0,70
n -0,61. K navany ybopKku 3epHOBBIX KYJIBTYD
nousa ymaorusercs po 1,45-1,47 r/em® n, nazke
MPM JIOCTATOYHOIT BIaKHOCTH, flesitesbHocTh MO
CHUZKAETCS.

B ceBooboporax, HACKIIEHHBIX HOOOBBLIMI
TpaBaMu, 3epHOOOOOBHIMU KYJIBTYPaAMU 1 Op-
rannmdeckumu ypoopenusimu (111, IV, V, VI),
OTMeYaercsi MeHbIast («caadas» u «CpejiHsisi»)
3aBUCUMOCTH CTETIEHN PA3JIOKeHUs MOJOTHA OT
BIAYKHOCTI 1 TTOTHOCTH TOUBHI (11pu D% ypoBHe
3HaumMocTi). B 1ouBy mocrymaer m1octatouHo
MHOTO OPraHNYecKOTO BEIeCTBa, 4TO YCUINBa-
er pabory MO n BiausiHue norogHbix Gakropon
MeHee CYIIeCTBeHHO.

[Tpu omrpesieneny TOKCUYHOCTH TTOUYBHI (110
JUITHE TIPOPOCTKOB) BO BCEX M3YYEHHBIX CEBO-
oboporax oTMeyasiu, YTo 10l 36PHOBBIMU KYJIb-
TypaMu TOKCHYHOCTH BO3pacTajia 1o cpaBHeHUT0
¢ 000OBBLIMT KYJIBTYPaMI, 0COOCHHO MO APOBOIT
nmennneit (20-33%), sumeném (20-30%),
o3uMoii poskbio (21-30%), To ecth mouBa B 3ep-
HOBBIX CIIEIUATN3UPOBAHHBIX CeBOOOOPOTAX
ObLIa TOKCUYHOI. TOKCHYHBIMI CUNTATOTCST IO -
BBI, €CJTU TUOEIb TTPOPOCTKOB cOoCTaBisieT Hoiee
20%. TosbKo 1O OBCOM, KOTOPBII obajaer
urocaHMTAPpHBIMI CBOMICTBAMM, DTOT IMOKAa3a-
tesib He mpesbiman 16—-17%. B ceBooboporax,
e 7Ba 1moJst Obiio 3aHsATo Kiepepamu (1), Tok-
cnunocth Obta nmske na 3,4% (HCP | = 2,74),
gem B ceoodopore (11) ¢ kaeBepom ororo TOA
ucio/ib3oBanus. Beefgenue y3rocuenuannam-
POBAHHBIX 36PHOBBIX CEBOOOOPOTOB SIBJISIOCH
MPUYIHOI YBEJIMUEHISI TOKCHYHOCTH TTOYBbI, KO-
TOPYIO MOJKHO YCTPAHUTH BBEJICHUEM B CTPYKTYPY
ceB000OOPOTOB HOOOBBIX KYJIBTYP Kark garTopa
CHUZKEH ST TIOYBOYTOMJICHUS.

Onpepesienie TOKCUYHOCTH TTOYBHI B CEBO-
0bopoTax ¢ 6000BBLIMU RYJILTYPAMI U BHECEHUEM
OopraHmyecKux yao0peHuil TOKa3aio, 4To mouBa
OblJIa He TOKCUYHA (B CpellHeM He IpeBbIliajia
6,0%). [Tos 6060BBIMI KYJILTYpaMul 1 03UMOI PO-
JKBIO, TIPEJIIITeCTBEHHIKAMI KOTOPOIl OHM ObLIH,
B OOJIBIITMHCTRE JieT THOeJIb 1 YTHeTeHe popocT-
KOB oTcyTcTBOBaN. B cpemrem 1mo cesooboporam
JIOCTOBEPHOE CHUFKeHIe TOKCHYHOCTH HADJIT0/a -
1 B ceBoobopote ¢ 606oBbIMu KybTypamu (111)
u B 3epronponantaom (1V) (HCP = 2,74).

B ceBooboporax ¢ uncteim (V) u cupepass-
weiM (V1) mapamm mousa OblJIa HE TOKCUUYHOI,
T.e. CHUJKCHIE BCXOYKECTH CeMSH W yrHeTeHue
npopoctkoB He npesbimano 20%. Cambrii Hu3-
Kuii npotert Tokcnuroct 6,0-6,7% ormeuasnn
B UMCTOM U CUJIEPATbHOM Iapax.

DuTOTOKCUYHOCTL KOPPeJINpoBaia ¢ yCao-
BUSIMI BeTreTarimoHHoro nepuoja. B cyxue royibt

MPOSIBJIEHIE TOKCUYHOCTH OBLIIO 60JIee CUITBHBIM,
npessbias gornycrumbie 20%. B 3epHoBBIX ce-
BOOOOpOTAX OTPUIATEIbHAS KOPPEJsInOHHAs
3aBUCHMOCTH TOKCUYHOCTH OT BJIQKHOCTH YCH-
nuBaercs K KoHIy Bereraruu r = -0,84, B nauase
U cepeJinHe BereTarnm 3aBUCUMOCTh «CPeJHsIs»
r=0,46—0,47. B 6monornanpoBanubIX ceBOOOO-
pOTax, HACKIIIEHHBIX OPTAHIYECKIM BEIIeCTBOM,
«cyiabasi» n «CpeJiHsis» 3aBUCUMOCTb OTMeYaiach
B pasHblie poTaluun B cepeanHe BeretTarinoHHoro
nepuoga u mepen yoopkoit (r = -0,17-0,54).
Crefryer oTMETHTH, YTO K KOHILY POTAI[Ui CeBO-
000pOTOB BUJIHA TEHJEHIUs YMEHbIIEeHNsT TOK-
CUYHOCTH TIOUBBI, HTO MOJITBEPK/ALT, 4TO HAYUHO
000CHOBAHHOE YepefloBaHIe KYJIbTYp YIydlliaer
OUMOJIOTHYECKIE TTPOIECChI B TIOUBE.

Ha mayuaeMbIX 1epHOBO-TIO/30TMCTHIX 1T0Y-
Bax He OBLJIO JIOCTOBEPHOI KOPPEJsIUOHHOI
3aBUCHMOCTH I1€JIJII0J1030pasaaraioimnx opra-
HU3MOB OT CO/iepRaHud B I1OUYBe PaCTUTEJbHbBIX
OCTATKOB 1 KoJinvyecTBa rymyca B rmouse [11], aro
00'BSCHACTCS TEM, YTO B I1POIECCE PABIOKEHUS
OPraHMYecKOTO BEIIeCTBA YYacTBYIOT U JpyTHe
rpyubt MO. Uccneposaresn [12, 13] yreepskia-
0T, YTO TeCHbIe KOPPEeJISIINOHHbBIE CBSA3Y BO3HN-
KAIOT MRy COJiepsKaHueM ryMyca i IHupoKuM
rpyrom MO.

Ha yposkaiiHocTh KyJIbTYpP U HPOAYKTHB-
HOCThH CeBOOOOPOTOB BN cicTeMa Y100 peH it
u depejoBaHue RyJabryp. Bbicokoe HacbileHme
3epHOBBIMU KyJbTypam (110 83,4%) moBbIIIAIO
HPOYKTUBHOCTH ¢€BOOOOPOTOB HA 4,0—7,2%
33 CUCT AUMEHH, caMOil YPORANHON KYJIbTYPBI
B Hamux ycaosusix. [lpn BBeenun B ceBoobo-
por 60060BbIX KyABTYP 10 00% 1 BHeceHUN He-
BuICORMX 103 ypoopenunii (I11) ne mpouexopur
CHUZKEHU S TTPOJIYKTUBHOCTI B CPaBHEHUN € T10-
JIOOHBIM YepeoBaHNeM TP BBICOKOT cTerieHn
ynoopennoctu (1). ILtogocmenubie ceBOoOOPOTHI
(I'V, VI) rak npu opranoMmunepanbHoi, Tak u
Npu MUHePaTbHON cucreMax ypoopeHus obe-
cIIeYUBAJIU BHICOKUIA BHIXO/l KOPMOBBIX €[IUHMUIIL,
KOTOpBIE BLIPAKAIOT OOIIYIO0 MUTATeJIHHYIO IeH-
HOCTH CeIbCKOXO03AMCTBeHHBIX KYJILTY]D U SABJIS-
I0TCA TJIABHBIM MTOKasartesnaeM d(p@eRTuBHOCTI
ceBOOOOPOTOB. 3aMeHa YMCTOrO TTapa 3aHATHIMI
U CUlepaTbHBIMI TTapaMu YBeJTMdnBasa mpoyK-
TUBHOCTH ceBooboporos Ha 10,6—43,7%. Pazme-
IeH e KYJIBTYP 10 JIYUTITNM HPeJiIecTBeHHUKaM
JOTIOMHUTETHHO 1a8T /10 30% KOPMOBBIX @JIITHIIII.

3axioyeHue
B pesynbrare uccieoBanmii, BbITOJTHEHHbBIX

B ITUTENHHOM CTAIMOHAPHOM OTIbITe (Oosee
30 JeT) Ha IepHOBO-TIOAB0INUCTON CPETHECYTIIN -

191
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HUCTOII TI0UBe, YCTAHOBAEHO, YTO HKOJTOTMYECKAS
cucTeMa BeJleHUs 3eMJIefieliisi OCHOBbIBAETCSI,
B IIEPBYI0 OUepe/lh, Ha BHEJIPEH U TLIT0[OCMEHHBIX
ceBO0OOPOTOB, B COCTaBe KOTOPHIX KYJIBTYPhI 13
pa3HbIX OMOJIOrMYECKUX TPYIII. YcuieHune 6uo-
JIOTMYECKON aKTUBHOCTH MOYBBLI U CHUKEHUE eé
(PUTOTOKCMYHOCTH BO3MOKHO 38 CUET CHIKEHUS
103 MUHEPaJbHBIX y00peH!ii, BHECEHUS BCEeX
BU/IOB OPTaHMYECKNX y00peHMil, 3aTIaXnBaAHM S
KOPHEBBIX U CTEPHEBBIX OCTATKOB KYJBTYD, CO-
JIOMBI 36PHOBBIX, OTaBbI MHOTOJIETHIX 00OOBBIX
TpaB. HTeHCUBHOCTD PasioKeHMsT JIbHAHBIX
MOJIOTeH YCUJIMBATACH TTOcse GOOOBBIX TIpejie-
CTBEHHUKOB. B ceBo06OpOTax ¢ BHICOKMM HAChI-
IIeHNeM 36PHOBBIMU JIeATeTbHOCTD 1eJITI0J1030-
paznaraomux MO Ob171a TOCTOBEPHO HITIKE, UeM
B ceBoobopoTax ¢ GOOOBBIME KYJIbTYypaMu 11pu
BHeceHnn 9—15 7/ra opraHnyecKkux yao0peHuii.
[Tpu BBemenun B ceBOOOOPOTHI CUEPATHLHBIX
U TPOMAIITHBIX KYJIbTYpP OM0JIOTHYeCKasi aKTHB-
HOCTD TOBBITIATach. CTernenb pas3jioKeH s 1eJ-
JTIOJI03BI TIOJ] KYJIBTYPaMU OTIeHNBAJIACH T10 IITKaJIe
[8] or «cuabHOIT» 10 «0ueHb cuabHOI». ToK-
CUYHOCTH TTOYBBI Bo3pacrtasna, rnpesbiimas 20%
¢ yBeJIMUeHUeM B ceBOOHOPOTAX J10JII 36PHOBBIX
KyJibTyp. Beicokoe HachbiieHmne ceBoobopoToB
6o6oBBIMU Kyabrypamu (o 90%), BBegenne
cujiepabHbBIX IAPOB 1 BHECEHNE HABO3a CII0C00-
CTBOBAJIM CHUYKEHUIO WK IOJTHOMY YCTPaHEeHU 0
TORCUYHOCTHU TTOYBBHI.

Taxum obdpaszowm, manbomaee TOCTOBEPHBIE
pesyJIbTaThl 110 BJIAUSHUIO PABIMYHBIX arpoTex-
HIYECKUX TPUEMOB (B TOM YHcjie CeBOOOOPOTOB)
HA TIOKA3aTeJ ! TJIOI0POIMS TIOUBBI 1 IIPOJLYKTIB-
HOCTH KYJIBTYP MOJKHO ITOJIY4HTh B MHOTOJETHUX
nccaepoBanusx (ne menee 20 ner). [loaromy Ha
ocHoBe chopMuUpOBaHHOI Gas3bl TAHHBIX HEOO-
XO/[UMO B JJAJTbHENIITNX UCCAeI0BAHUSX YeJUTh
BHIUMaHIe KaueCTBEHHBIM M KOJWYeCTBEHHBIM
MOKA3ATeJISIM B CHCTEME «II0UBA — PACTEHIE», 4TO
Oyer criocoOCTBOBATH MOJIePIRAH IO (PUTOCAHN -
TAPHOTO COCTOSIHUS TIOYBBI HA DKOJOTUYECKOM
YPOBHE, COXPAHEHWTO 1 TIOBBITIIEHIIO TLJIOI0OPOIHS
MTOYBBI.
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B pesyasrare nposenéumnix 8 2017-2019 rr. uccaemoBannii yeranoBiena BoIcOKast 9(PEKTUBHOCTD 1 HKOJTOTHUCCKAS
11eJ1ec000Pa3HOCTh TPUMEHEeH IS KOMIIJIEKCHBIX yi00peHnii ¢ mukposiementamn Axpagon—Mukpo, Mukpo®up Komnnerc
n Hosodepr Ha moceBax sipoBOii MSATKOI TIIIEHUIBI HA YepHO3EMHBIX ouBax Kypckoii oomacru. O6paborka ceMsH
KOMIIJIEKCHBIMI YIIOOPEHUSAMI ¢ MITKPOATIeMEeHTaM I B COUETAHIH C JIBYKPATHBIM OTIPBICKIBAHIEM OCEBOB B hase «KyIIeHne»
i haze «Havano BLIXO/AA B TPYOKY» MOBbBIIAIA yposKkaiiHocTh aposoil mmenuib na 0,57-0,75 v/ra, win 14,7-19,4%,
cojiepsRatme CLIpott KreiikoBuHbI B 3epre — Ha 1,8-2,0%), B cpaBrennu ¢ ROHTposeM. JIyuiime sKOHOMIYecKITe TTOKa3aTe i
1PN BO3JIeJIIBAHUN SPOBOIL IIITEHIIbI 00eCIIeuBaI0 IPUMEHeHe KOMIIIEKCHOTO YI0OPeHus ¢ MIUKPOdIeMeHTaM i
Axsagon—Murpo. O6padorka cemsir (2,0 71/1) n iByrparnas obpadorka nocesos B paze rytenus (2,051/ra) u paze nauana
BBIXOJIA B TPYOKY (2,0 /1/ra) yBesmunpaia cronMocTh BamoBoil mpoaykinn Ha 7500 py6./ra, BeIUUNHY YCJIOBHO YHCTOTO
moxoma wa 6170,0 py6./ra, yposenn pentaberbroctn — na 22,2%, cmocobeTBoBaIa CHIREHNIO cebectonmoctn | T 3epma
Ha 626,86 py6. dronomnueckas apPHeKTHBHOCTH KOMIIIEKCHBIX yoOpenuii ¢ Mukpoasemenramu Hosodepr n Mukpo®uyy
Romrieke npu aHaIOTHYHBIX ¢1I0c00aX BHECeHUsl Obl/a MPAKTHYECKN PABHON M HECKOIbKO HusKe 3(hPeRTuBHOCTI
MUKPO3JTeMeHTHOTO yao0penns AKBaJloH—MIKpO: cCTONMOCTH BATOBOI ITPOAYKIINN OT UX MCIOJIH30BAHNS TTOBbIIIATACH
ra 5700-5800 py6./ra, BesmunHa yCaoBHO 4rcTOrO0 jloxofa — Ha 4942—4770 py6./ra, ypoBeHb peHTabeJIbHOCTH — Ha
18,9-17,9%, npn cuuskenun cedecronmoctn 1 1 3epna ma 541,62-513,93 pyo6.

Karwuessie caosa: murposnemenrhbie yrooperns, Mukpo®uy Kommnere, Axksagon—Munrpo, Hosodepr, siposas
msrrast mrenuta (Triticum aestivum 1..), yposgaiinoctn, cofiepskaine KIeiKOBUHDL, DKOHOMUYecKas Hf(PeKTUBHOCTD.
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fertilizers in the cultivation of spring soft wheat

© 2020. V. 1. Lazarev

J. N. Minchenko

A. Ya. Bashkatov ..., 0000-0002-9310-06222

Kursk Federal Agrarian Scientific Center,
70, Karla Marksa St., Kursk, Russia, 305021,
e-mail: vla190353@yandex.ru

ORCID: 0000-0002-2931-85607
ORCID: 0000-0003-4352-6013"

194

According to the studies conducted in 2017-2019, the use of complex micronutrient-enriched fertilizers such as Aqua-
don—Micro, MicroFeed Complex and Novofert on spring soft wheat crops on chernozem soils of the Kursk region has been
proved to be highly effective and environmentally desirable. Seed treatment with complex micronutrient-enriched fertilizers
in combination with two-time spraying of crops during the “Tillering” phase and the “Beginning of Erect Growth” phase
has increased the yield of spring wheat by 0.57—-0.75 ton/ha, or 14.7-19.4%, and the content of crude gluten in the grain
by 1.8-2.0% compared with the control. The highest increase of economical indexes in cultivation of spring wheat has been
achieved through the effective use of complex fertilizer Aquadon—Micro. Seed treatment (2.0 L/ton) and two—time spraying
of crops during the “Tillering” phase (2.0 L/ha) and the “Beginning of Erect Growth” phase (2.0 LL/ha) has increased the
cost of gross output by 7500 rub/ha, the net income by 6170.0 rub/ha and the profitability by 22.2%. It has also helped to
reduce the cost price of 1 ton of grain by 626.86 rub. The economic efficiency of complex fertilizers Novofert and MicroFeed
Complex applied in the same way has been proved to be slightly lower than the effectiveness of the Aquadon—Micro fertil-
izer: the cost of gross output has enhanced by 5700—-5800 rub/ha, the net income by 4942-4770 rub/ha, the profitability
by 18.9-17.9%. The cost price reduction of 1 ton of grain was 541.62-513.93 rubles.

Keywords: micronutrient-enriched fertilizers, MicroFeed Complex, Aquadon—Micro, Novofert, spring soft wheat
(Triticum aestivum L..), crop yield, crop capacity, gluten content, economic efficiency.
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OnHuM 13 OCHOBHBIX HATIPABJIEHUI COBpE-
MEHHOTO arpapHoTO ITPON3BOJCTBA SIBJISIETCS TIe-
Pexoj Ha SKOJIOTHYecKi Oe301acHbie 1 AKOHOMI -
4eCcK1 000CHOBAHHBIE TEXHOJIOTU T BO3/Ie/IbIBAH ST
CeJIbCROXO03SIIICTBEHHBIX KYJIBTYD, 103BOJISIIOII e
MOBBICUTH YPOKANHOCTH U KAYECTBO MPOIYKITUT
1 OJTHOBPEMEHHO CHUBUTD 3arpsi3HeHe OKpyrKa-
foreit cpesibl [1—-3]. dro Tpedyer 3HaUNTEIbHbBIX
M3MeHeHTH MPUMeHIeMBIX TeXHOJOTHH B CTOPO-
HY OMOJOTH3ATNHT (9KOJOTU3AINN) U PEeCcypco-
cOepesKeHS, ¢ UCITOTB30BAHNEM OMOTOTTYECKITX
CPEJICTR 3AIUTHI PACTEHUI, PETYJISITOPOB POCTA 1
ROMILIEKCHBIX YI0OPEH NIl ¢ MUKPOdIeMeHTaM I B
xenarHol popme [4—6]. Basknyio posb B coBpe-
MEHHBIX TeXHOJIOTUSIX BO3/IEJIBIBAHS CEJIbCKOXO0-
3SIICTBEHHBIX KYJBTYD, HAPSALY ¢ Makpoyoope-
HusME (230THBIMU, (DOCHOPHBIMI, KATUITHBIMI ),
UTPATOT MIUKPOIIeMEeHTHBIC yIoOperns (6opHbie,
MOJIOIEHOBLIC, MeJIIbIe, IIIMHKOBLIC M p.) [7—9].
MugrposneMeHTH U3MEHAIOT OMOXUMUYECKYTO
HaIpaBAeHHOCTH 0OMeHa BEeIecTB B PACTeHMSX,
CBSIBAHHYIO ¢ aKTUBHOCTHIO (DEPMEHTOB, TTOBbI-
MIAI0T YCTOMYNBOCTH K OOJIE3HSM, YBEJIMYHBAIOT
YPOMKANHOCTH W YIIYUTIIAIOT KAUECTBO MTPOJTYKITAT
[10-12].

UcenepoBanusmu menoro psijia aBropos |13,
14] ycranoBneno, 4to eIt MUKpPO3JIeMeHTOB
B [IOYBE ITPeISTCTBYET MOTYUYeHNI0 MAKCHMaJlh-
Horo speKrTa OT IPUMEHEeHsI OCHOBHbBIX MUHE-
paTbHBIX Y0OpPEeHUIl, TPUBOJUT K HAPYIIEHUIO
BaYRHEMTIIX OMOJOTHYECKIX MTPOIeCCOB B opra-
HI3Me PacTeHus.

Ananus cojepRaimst OCHOBHBIX MUKPO3JIe-
MeHTOB B 1touBax Kypcroii obsiacTu mokasas, 4ro
OHI MMEIOT HUBKYI0 00eCIIeueHHOCTD TMOJIBUMK -
HBIMU hopMamu Hopa, MeJir, TIMHKA, MapranTia.
Hauwmeree obectieuen bl OABUAKHBIMEI MITKPOIJIE-
MEHTaMU Cepbie JeCHbIe MTOUYBBI BCEX MOJTUIIOB,
nMerolye JErknii rpaHyJIoMeTpnuecKiii cocTan
u HU3KOoe cofiepsranme rymyca. [lo janabiv arpo-
XUMUYECKOTO 00C/Ie/[OBAHUS TAXOTHBIE TOYBbI
xo3stiicTB 1-ro arporiouBerHoro paitona Kypcekoii
0bJacTN ¢ HU3KUM COJlePRAHMEM MOABUKHBIX
dopm Gopa cocrassisiior 38%), mepn — 58%, map-
raama — 87% m mmaka — 97% ot obeaeoBan-
noit namun [15]. O01ieil 3aK0HOMEPHOCTHIO B
pacipesieieHu MUKPODJIEMEHTOB B TOUBEHHOM
MMOKPOBE 00JIaCTH SIBISETCS TOBBIINIEHTE NX CO-
MepsRa’Hus OT MOYB CeBEPO-3aTaJHBIX PAlOHOB
K 1IOYBAM I0I0-BOCTOUHBIX PAOHOB.

B nacrosiiee Bpemsi paznnunbiMn pupma-
MU BBIITYCKAETCsI 1eJIbIi Psfl TAKUX Y00 peHuit
(Axsagor—Mwurpo, Hosopepr, Murpo®up
u Jip.), B COCTaB KOTOPHIX, TOMUMO OCHOBHBIX
MaKpO3JIeMeHTOB, BXOIAT MUKPOITEMEHTHI B
JeTRoycBosieMoil (xematHoit) gopme. OpHaro

MAHHBIX 110 d(PEOEKTUBHOCTH UX TIPUMEHEHUS B
KOHKPETHBIX TTOYBEHHO-RIANMATUYECKUX YCJIO0-
BUSIX W BJIUSHUIO HA DKOJOTUUCCKOE COCTOSIHIE
OKPYJKaIoIell cpejibl ABHO HEJIOCTaTOYHO.

B cBs3u ¢ pTEM, ocHOBHAs IieJab HACTOS-
IeT0 UCCAe0BAHUS 3aKJII0YAJIach B HAYYHOM
000CHOBAHNN W HKCTEPUMEHTATLHOM TOJI-
TBEePRIEH N 11eJ1eCO00Pa3HOCTU UCII0JIb30BAH IS
KOMIIIEKCHBIX YIOOPEHUIT ¢ MIKPOITeMeHTAMIT
IJIsT ONTUMU3AIMN TTPOAYKIMOHHOIO IIpolecca
arpoduTOIEHO30B SPOBOM MATKON TMIMTEHUITHI,
oTipejile/IeHN UX BIAUSHUS HA POCT W Pa3BUTHE
pacTeHuii, yposyRaHOCTh U Ka4yecTBO 3epHa B
YCJTOBUSAX UepHO3EMHBIX TT0uB Kypekoit obsiacti.

O0beKThI H METO/bI

UccnepoBanusi npoBOAMJINCH B CTAIMO-
HAaPHOM OTIbITe JTaOOPATOPUH TEXHOJOIMU BO3-
[eJIBIBAHUS TTOJIEBBIX KYJABTYP U 9KOJOTHYECKOI
omenkn sement OI'BHY «Kyperuit ®DAHIL»
B 2017-2019 rr.

Marepuanom st uccaeloBaHMil CaYRUIN
KOMIIJIEKCHBIe YI0OOpeHUs ¢ MUKPOITeMeHTaM I
Murpo®uy Rommnexre, Axsapon—Mukpo, Ho-
Bo(epT, KoTopbhie IPUMEHSLIN 1TyTéM 00paboTKI
CceMsIH U MOCEeBOB MATKOUW SPOBOU IITEHUIbI
copra [lapbs.

Murpo®uj- Romnieke — 310 yHUBepcasib-
HOe KOMIIJIEKCHOE JRUKOe MUKPOYI00peHue
C BBICOKUM COJlepKaHmeM TInIepuHa, KpeMHus
n mukpoaaementos (Mg, B, Cu, Mn, Zn) B no-
crymnHoi xeraTaoit popme. [Ipenapar Bocnonmser
HEeIOCTAIONINe B TTOYBE 1 PACTEHUSX HTeMEeHTHI
MUHepaabHOTO mutanus. Pekomenyercs s
JUCTOBBIX TIOKOPMOK B TedeHIe BCErO Berera-
IMOHHOTO MePUOJia, a TAKIKe JIJIs PEJITOCeBHOI
00pabOTKM CeMsTH. 3a CUET BBICOKOTO COflePIRAH S
TTUTEePIHA Iperapar 06/1a[aeT CTuMyJInpy oM
u 3amurHbIM 3dPperrom. [Ipoussonurens —
00O Arpunipou.

AxBamon—Mukpo npeacrasiasier coboi
BOJIHO-TIOJTNMEPHBIN BBICOKOMOJEORYIAPHBII
KOMILTEKC, COMePsRaIuil MUKPOITEeMEHThl —
JKeITe30, MOTMOIEH, 60p, KOOAIBT, MEIh, TIMHK 1
Mapramer| B xesaTHoi opme. AxBagorn—Murpo
coflepsRUT azoTuKcUpyomuii 1 GorocuHTe-
supytommmit komrmaexe: Mg?*, Mn?*, Mo*®, Zn?",
Cu?', Fe?*, Co*, B, a takse pernmpogyKTuBHO-
3anuTHBI daement — S, YViaobpenne umeer
BBICOKITI YPOBEHb DKOJIOTUECKOTI 6e3011acHOCTH.
Paspaborunk u mpoussopuress OO0 «Oprmosin-
mepcunre3 CIIB» (1. Cankr [lerepboypr).

Hosodepr — BolopacTBOprMoe ROMIIEKCHOE
(azorHO-(hocdopHO-KaMMitHoe) (pusnmosormyie-
CRI cOallaHCcuPoBaHHOE Y00 peHue, cojiepsraliee
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Me30- (MarHuii, RaJIbIii, cepa) 1 MUKPO3IeMeH-
ThI (Me]lb, JKeJie30, IUHK, MapraHel]) B XeJaTHO
dopme (xemarupytomuit arent JJ/[TA), a rarkxe
6op, monubien B MuHepaabHoii opme. Hoso-
depr sBAsIETCH MHIYKTOPOM MMMYHUTeTa pac-
TeHNI, 00Ja/iaeT ajanToreHHbIMI CBOICTBAMU,
CIIOCOOCTBYET aHTUCTPECCOBOI YCTONUMBOCTH
pacTeHuii K HeOJIarompusTHbIM YCIOBUSIM CPeJIbl
(3acyxa, 3aMOPO3KN U T. JT.), XapaKkTepu3yercs
BBICORON XUMUIECKON YMCTOTON 1 PACTBOPIMO-
CTbHIO, MOBBIIIAET YPOKANHOCTH U KAYeCTBO 1PO-
nykrun. [Tponssonurens — OO0 «Hosodeprs.

[TouBa OnMBITHOTO yyacTKa mpejcTaBieHa
4epPHO3EMOM TUITIYHbBIM MOII[HbBIM TSFKEJTOCY T
HucTeiM. CofrepsRanme ryMmyca B maXoTHOM CJI0e —
6,1%, nopBuskHOrO hocdopa (1o Ynpukrony) —
15,6 mr/100 r mousbi, 0OMeHHOTO Kajius (110
Macaosoit) — 11,3 mr/100 r noussl. Peaxius
MoYBeHHOM cpean nenrpannias (pH 6,0 efx.).
[To copepskanmio noaBuKHBIX Popm Oopa
(0,34 mr/xr), memi (0,30 mr/kr), nmaka (0,32 Mr/Kr),
maraus (4,00 mr-sks./100 1) mouBa ONBITHOTO
y4acTKa OTHOCUTCS K cpefiHeo0eciiede HHOI.

Mereoposornueckie ycJaoBusi B TOJ(bI T1PO-
BeJleHUsT DKCIEePUMeHTa ObLIN TUITHYHBIMU JIJIs1
Rypckoit obaacru. [Tepuopbl Bereraiiuu sipoBoii
nmrenntpl 2017 n 2018 rr. BuIjiames mpoxia b -
MU ¥ BJQKHBIMU: CPeJITHeCYTOYHAs TeMIIepaTypa
anpenas—utwous Ha 0,3-0,2 °C nuuzke cpepneit
MHOrosIeTHeil, mpu cymme ocaikos 110,7-126,5%
ot HopMbl. CpeHecyTouHas TeMiepaTypa arpe-
nasi—wuionist 2019 1. 6bma va 1,8 °C Boite cpejmeit
muoroaerrei (14,2 °C), a cymma ocajikoB cocra-
Busia 197,95 mwm, wim 91,9% ot mopmbr (215 Mm).

[Tonesbie paboThl HA ONBITHOM ydYacTKe
MPOBOJINIIN B JIyUIIllie arpoTeXHIYecKie CPoKH,
TEeXHOJOTHsI BO3JEJAbIBAHUS SIPOBOTI MIIEH-
bl — obmienpunsTas B Rypekoii obmacru. Cxema
OIThITA BRJITIOYAJIA B ce0sI CIIeyolie BAapuaHThI:
1) Kourponn (6e3 oopadoror); 2) Murpo®un
Rommieke, obpaborka cemsin (1,5 71/T) + onipbi-
CKUBaHUeE MOCEBOB B (pa3ax KyIeHUs 1 Ha4aI0
BBIXOMIa B TPYORY (1o 1,5 ji/ra); 3) ArBajoH—
Mugpo, obpaborka cemsia (271/T) + ONpPbICKIBA-
HITe TTOCEeBOB B (Dazax KYIIEeHWs 1 HAYaa0 BbIXO-
na B TpyoRy (1o 21/ra); 4) Hosodepr, oo6pabdor-
ka cemsii (100 r/T) + onpbicCKUBaHMIE TOCEBOB
B (paszax KyIeHus U HA4aJ0 BBIXOJIa B TPYOKY
(1o 3,0 kr/ra).

Y60pRYy HPOBOAMIN CAMOXOHBIM KOMOAIi-
HOoM «Cammio—500» mpsiMmbIM KOMOATTHUPOBAHT -
em. B obpasiiax 3epHa ompeiesisiiin cojepsranme
ceipoit kaeiikosuubl (FOCT 54478-2011), na-
typy 3epHa (FOCT 10840-2017), maccy 1000 3é-
per (I'OCT 10842-89). O6paborry sKciepu-
MEHTAJIbHbIX JJAHHBIX OCYIIECTBIISIN METOOM

AVCIIEPCUOHHOTO aHalM3a ¢ NCI0Jb30BaHNEM
nakera npuriaaHbIx nporpamm Microsoft Excel.

Pesyabsrarel n o0cy:knenme

[TpoBenénnbie uccaeoBaHms CBUIETEb-
CTBYIOT O TOM, 4TO UCITOJIH30BAHITE KOMILIEKCHBIX
MUHEPAIbHBIX Y00PEHU ¢ MIKPOdIeMeHTaM I
1151 00pabOTKM CeMsTH sIPOBOTI IIIIEHUT[bI CIIOCO0-
CTBOBAJIO aKTUBMU3ANNT OMOXNMHUYECKNX MPO-
I[eCCOB B 3epHe TP TPOPACTAHNT, YBeJINUNBATIO
oJIeBYI0 BexoskecTh ceMsH. [loncuér pacrennii
SPOBOT TITEHNUIILI TTOCJ€e TTOSABIEHNsT BCXOI0B
MoKasaJl, 4To B BapuaHTax ¢ 00padoTKoil ceMsTH
MuRpoaieMeHTHbIMI yao0perussmu Mukpo®uy
Rommnere, AkBagon—Mukpo u Hosodepr kosn-
YeCTBO B3OIIEIITNX PACTEHUI APOBON ITIITEHUIbI
Ha 1 M* B cpaBHEHUH ¢ KOHTPOJILHBIM BAPUAHTOM
nosbimanoch va 18, 16 u 14 mr. mpu HanMeHb-
ureit cymecrsennoii pasnoern HCP ., paBroii
3,9 1T, a moJIeBast BCXOYKECTh CeMSN COOTBETCT-
BernHo Ha 3,6; 3,2; 2,8% npu HCP, pasnoii 1,4%.

Rommtekcuble Munepaababie yI0OpeHUs ¢
MUKPOdJIeMeHTaM 1 00ecTIednBaIIN JTYUTITyI0 CTPYK-
TYPY YposKast spoBoii mimeHnibl. Tak, mpm odpa-
OOTKe ceMsiH 1 JIBYKpaTHOI 00paboTKe 10CeBOB
npernaparamu Hosodepr m Murpo®@up Rommnere
KOJIMYECTBO MPOAYKTUBHBIX cTedjieil Bo3pacTasio
1o 918-520 mr./m2, 03epHEHHOCTH KOJIOCA — 10
29,1-29,2 ., macca 1000 3éper —m0 31,3-31,6 .,
HaTypa 3epHa — 10 760—768 r/J1, 1ipy BeTnamHe 9TIX
MOKazare/ieil B KOHTPOILHOM BapuaHte — 490 1. /M2,
25,9 mr., 28,9 1 761 v/71 cOOTBETCTBEHHO.

Brmsanme KoMIIeKCHOTO MIHEPaIbHOTO Y0~
Openust ¢ MukposieMenramu AkBagon—Mukpo
NP aHATOTHYHBIX ¢IT0co0ax MpUMeHeHns Ha
DJIEMEHTHI CTPYKTYPBI YPOsKasi SPOBOI MATKOT
HImeHn bl 0610 00Jiee 3HAYNTETbHBIM: KOJIM-
4eCcTBO MPOYKTUBHBIX cTebJieil BO3pacTasao Jio
928 1. /M?, 03€pHEHHOCTH KoJI0ca — 10 29,0 1T,
macca 1000 3éper —o 31,7 r., Harypa 3epHa — o
770 r/n (Tabma. 1).

Bonee Boicokie mokasaresin CTPyKTypbI ypo-
JKast B BAPUAHTAX C UCITOJIb30BAHNEM KOMIIJICKC-
HBIX MUHEPATbHBIX YIOOPEHWTI ¢ MUKPOITeMeH-
TamMu obecreynyin moaydeHune 00jee BHICOKOM
YPOKAIHOCTN SIPOBOI TITEHUIIBI 1 KadecTBa
3epra (tadi. 2).

B cpemnem 3a roppr nccaenoBanmii apder-
TUBHOCTH 00PabOTKM CeMsIH U JIBYKPAaTHOI 00-
paboOTKM TTOCEBOB STPOBOTI TITeHNTILI B (hase Ry-
meHus u paze BHIX0/A B TPYOKY KOMILIEKCHBIMU
ynooperusamn ¢ Mukposnementamu Muxpo®u
Rommnexce n HoBodepr Ob11a ipumMepHo paBHOIi,
npubaBKy yposkas B CPaBHEHUN ¢ KOHTPOJEM
cocrauin 0,58-0,57 v/ra, COOTBETCTBEHHO.
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Tadauna 1 / Table 1

Bnustiue KOMIIEKCHBIX MIUHEPATbHBIX YIOOPEHUIT ¢ MUKPO3JIEMEHTAMI Ha 3JIeMEHThI CTPYRTYPhI
yposkast siposoii mienuibl (2017-2019 rr.) / The effect of complex mineral fertilizers with microelements
on the elements of the structure of the spring wheat crop (2017-2019)

Bapuanr Ronunuecrso, Ronuuecrso | Macca 1000 | Harypa
Variant IIPOJYKTUBHBIX 3épen B 3épemH, T 3epHa, T/
crebaeit na 1 M% | KoJstoce, 1IT. Mass of Grain
The number of | Numberof | 1000 grains, | unit, g/L
ears per 1 m? grains per g
ear, pcs.

1. Bes o6paboTku (KOHTPOJIb)
Without fertilizer application 495 25,9 28,9 761
(control sample)
2. Muxkpo®up Kommnexe (1,5 1/1) +
Mukpo®@up Komriuiere (1,5 1/ra) +
Mukpo®uy Komriuiere (1,5 1/ra) e .
MicroFeed Complex (1.5 L/ton) + 020 29,2 31,6 768
MicroFeed Complex (1.5 L/ha) +
MicroFeed Complex (1.5 L./ha)
3. Axsajgion—Muxrpo (2 1/t) +
Axsamon—Muxrpo (2 1/ra) +
Axsamon—Muwurpo (2 1/ra) 928 29,5 31,7 770
Aquadon Micro (2 L/ton) + Aquadon Micro
(2 L/ha) + Aquadon Micro (2 Li/ha)
4. Hosodepr (100 r/1) + Hosodepr (3 kr/ra) +
Howopepr (3 kr/ra) - -
Novofert (100 g/ton) + Novofert (3 kg/ha) + 018 29,1 31,3 765
Novofert (3 kg/ha)
HCP,, 10 . 1,5 mr. 09r 4,01/n

5 pes. pes. g g/L

Ta6amma 2 / Table 2

BnustHue KOMIIEKCHBIX MITHEPATBHBIX YIOOPEHUIT ¢ MUKPOJIeMEHTaMI HA YPOKATHOCTH
u KavectBo 3epHa sspoBoit mmenntipl (2017-2019 rr.) / The effect of complex micronutrient-enriched
fertilizers on the yield and grain quality of spring wheat (2017-2019)

Bapuanro Yposkanimoers / Yield | Comepskanme | [Ipubasra, %
Variant T/Ta npubaska, | KICHKOBUHBL, Increase,
ton/ha T/Ta % %
increase, Gluten
ton/ha content, %

1. Bes o6padorku (kourposn) / Without

o A 3,87 - 20,9 -
fertilizer application (control sample)
2. Murkpo®un Komrmurere (1,5 /1) +
Mukpo®un Romriere (1,5 1/Ta) +
Mukpo®@un Komrnere (1,5 1/Ta) 4,45 0,58 22,9 2,0
MicroFeed Complex (1.5 L/ton) + MicroFeed
Complex (1.5 L/ha) + MicroFeed Complex (1.5 L/ha)
3. Axksagon—Murpo (2 1/1) + AkBagon—Mukpo
(2 n/ra) + Axagon—Mukpo (2 1/Ta) . o
Aquadon Micro (2 L/ton) + Aquadon Micro 4,62 0,75 22,7 18
(2 L/ha) + Aquadon Micro (2 L/ha)
4. Hosogepr (100 /1) + Hosodepr (3 xr/ra) +
Hosogepr (3 &r/ra)
Novofert (100 g/ton) + Novofert (3 kg/ha) +| o744 0,57 22,8 1,9
Novofert (3 kg/ha)
HCP,, 0,22 t/ra / ton/ha 0,6%
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dpderruBHocTs mpenapara Axrsagon—Mukpo
MpU aHAJOTUYHBIX CTI0CO0AX MPUMeHeHMs Oblia
HecKoJbKO Bhite — 0,75 1/ra npu yposkaiinocTn
B KOHTPOJILHOM Bapuanre, paBHoii 3,87 1/ra.

O6padoTra ceMsaH KOMIIEKCHBIME yIoOpe-
HUSIMI ¢ MUKPO3JIeMeHTaM B COYeTaHU C JIBY-
KpaTHOil 00paboTKOI OCeBOB B (Dase KyIIeHUs
u (pase BbIXO/Ia B TPYOKY OKa3bIBasIa CyIEeCTBEH-
HOe BAMAHWE Ha COflepsKanme ChIPON KIeKOBM-
HBI B 3epHe sipoBoii mineHunIsl. B Bapnanrax ¢ nc-
nosab3opanueM npenapara Mukpo®un Komiuiexc
coflepsRaHme ChIPOil KICHKOBIHBI TOBBIIIAIOCH
na 2,0%, Axksagon—Mukpo nu Hosodepr — na
1,8 1 1,9% coorsercTBenno.

Ucnonb3oBanme KOMIIJIEKCHBIX y00peHTil
¢ MITKPO3JIeMeHTaMI Ha [T0CeBaX sIPOBOII IIITeH -
1Bl TOBBIIIAJIO €6 YPOKANHOCTh U KA4eCTBO 3ep-
HA, YBEJNYIBAJIO CTOUMOCTH BaJIOBOI TPOJLYKITU T
U, YYUTHIBAST HEBBICOKYIO CTOUMOCTh CAMHIX Y/10-
OpeHuit 1 MaJibie [03bl X BHECEHUs, ObLIO KO-
HOMWYECKH BBITOJIHO. ¥ CTAHOBIICHO, UTO JIYUTITIe
DKOHOMMYECKIE TORA3ATEN TIPU BO3/Ie/I bl BAH I
SIPOBOIL TIIIIEHUIBI 00eCcIIeunBaI0 PpUMeHeHne
KOMILTTEKCHOTO YI0OpeH sl ¢ MUKPOdJIeMeHTaM i’
Axrsaston—Mukpo. Obpadorra cemsin (2,0 /1)
1 IBYKpaTHas 00paboTKa 1moceBoB B haze RyIie-

nus (2,0 n/ra) u gasze Haua o BHIXOMA B TPYOKY
(2,0 1/ra) moBbImana yposkaliHOCTH SPOBOT
nireruibl Ha 0,75 T/Ta, yBennunBaia cronMocTh
BasoBoil npoxykiun ua 7000 pyo./ra, Bejanun-
HY ycJI0BHO uncroro foxoja Ha 6170,0 py6./ra,
ypoBenb penrtabesnnoctn — Ha 22,2%, cnoco6-
cTBOBasIa CHUKeHUIO cebecronmocTn 1 T 3epHa
Ha 626,86 py6. Ikonommueckast 5P HERTUBHOCTD
KOMILJIEKCHBIX YIOOPEHUI ¢ MIKPOdTIeMeHTaM I
Hosodepr u Murpo®up Kommieke nipu anano-
MUYHBIX CITOCOOAX BHECEHNUsI ObIJIa ITPAKTHYCCKI
PaBHOIT W HECROJbKO HUKe 3PPeRTUBHOCTH
MUKPOIIeMEeHTHOTO yoopernst AkBagon—Muk-
po. Tak, obpaborra cemsin 1 JByKpaTHas odpa-
6oTKa 1oceBoB B (pasze KyieHus n (asze Ha4ATIO
BBIXO/Ia B TPYOKY BTUMU YIOOPEHUSMU TTOBBI-
rajia CTONMOCTE BATOBOT mpoyKinn Ha 9700—
9800 py06./ra, BeInInHY yCJIOBHO YHCTOTO IOXO0/A
Ha 4942-4770 py6./ra, ypoBeHb peHTadbeabHOC-
™ — Ha 18,9-17,9%, cHuskana cebecTOMMOCTh
1 v 3epua Ha 541,62-513,93 py6. (radm. 3).

3ariaoueHue

Taxknm oOpas3om, pe3yabTaThl MPOBEEHHBIX
UCIBITAHUT CBUIETEJILCTBYIOT O BLICOKOI d(dheK-

Tadauma 3 / Table 3

IRoHOMIUecKast BPPERTHBHOCTD NCTIOTb30BAHNS KOMIIIEKCHBIX YIOOPeHMIT ¢ MIKPOdJIeMeHTaM 1 Ha
moceBax sipoBoit mimeHntinl (2017-2019 rr.) / Economic efficiency of complex micronutrient-enriched
fertilizers in spring wheat crops (2017-2019)

Bapuanr Yposraii-| Croumocts | [Ipoussop-| Cebecro- | Yuerstit Ypo-
Variant HOCTH, |IIPOMYKINH,| CTBEHHBIE | HMOCTb, IOXO]I, BeHb
T/ra pyo. 3aTparhl, pyo./T py6./ra | penrabesnn-
Yield, The cost pyo. Cosl price, Net nocru, %
ton/ha |of products,| Production| rub/ton income, Profita-
rub. expenses, rub. rub/ ha bility,%
1. Bes obpaborku (KoHTpOJIDL) /
Without fertilizer application 3,87 38700 21806,69 | 5634,80 | 16893,31 77,4
(control sample)
2. Mukpo®uy Romrmrere (1,571/1) +
Murpo®uy Kommmere (1,5 71/ra) +
Muxpo®un Kovmaexc (1,51/ra) |, o 44500 | 22664,69 | 5093,18 | 21835,31 96,3
MicroFeedComplex (1.5 L,/ton) + ’ ’ ’ ’ ’
MicroFeedComplex (1.5 L/ha) +
MicroFeedComplex (1.5 L/ha)
3. Axsamon—Muxpo (2 1/1) +
Axsamon—Murpo (2 71/ra) +
Axsamon—Murpo (2 71/ra) . . afan a = anne .
Aquadon Micro(2 I/ton) + 4,62 46200 23136,69 | 5007,94 | 23063,31 99,6
Aquadon Micro (2 L/ha) +
Aquadon Micro (2 L./ha)
4. Hosodepr (100 r/1) +
Hosogepr (3 kr/ra) +
Hosogepr (3 ®r/ra) 4,44 44400 22736,69 | 5120,87 | 21663,31 95,3
Novofert (100 g/ton) + Novofert
(3 kg/ha) + Novofert (3 kg/ha)

Teopernueckast u npurnamuas sroaorusi. 2020. Ne 3 / Theoretical and Applied Ecology. 2020. No. 3




ATPOIROJIOTI'UA

TUBHOCTH W HKOJOTHUYCCKOI 11eJ1ec000pasnocTn
MpUMEHeHUsT KOMILIEKCHBIX YHOOpeHuii ¢ M-
KPO3JIEMEHTAMU HA TT0CEBAX SPOBOIT TTITIEHUT[HI B
YCJIOBUSIX 4epHO3EMHBIX 110uB KypcKroii obsractn,
BCJICMICTBIIE BHICOKOT (DUBMOIOTHYECCKOI cOamam-
CUPOBAHHOCTU B HUX 3JIeMEHTOB MUHEepPaJIbHOTI'O
IINTaHUA, JIy‘IH.IefI NXYyCBOAEMOCTU 1 HEBLICOKMX
no3 BHecenns. Memonan3oBanme MUKPODICMEHT-
HbIX yroopennii Axsagon—Mukpo, Mukpo®u
Rowmmnerce n HoBogept ipu ob6padoTie ceMsia
MOCEeBOB B (hazax «KyIeHIe» U «HAYaT0 BBIXO/a
B TPYOKY» TMOBBIIIANO YPOKATHOCTH SAPOBOT
nmenutipl na 0,07—0,75 v/ra, wim 14,7-19,4%,
cojiepsKaHme Chipoil KICHKOBUHBI B 3epHe — Ha
1,8-2,0%. Jlyurme skoHOMUYecKIe moKasare i
1pU BO3JIEJIBIBAHUN sIPOBOI HITIEHUIILI 0Oectie-
YUBATIO TPUMEHEHE KOMIJIEKCHOTO YI00peHns
¢ MuKpoanementamMmu AxBagon—Mukpo.

Paboma evinoanena 8 pamrax zocydapcmeen-
Ho20 3adanus PI'BHY «Kypcruii hedeparvrbiit
azpapnolit nayunotic yenwmp» no meme Ne 0632-
2019-0010.
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CoBpeMentoe TTPOMBITIIIEHHOE JKITBOTHOBOJICTBO SIBISIETCS CEPBE3HBIM MCTOTHITKOM XIMIYECKOTO 1T OMOTOTHICCKOTO
3arpsi3HeHMst OKpysKatorieil cpejibl. OcoOyI0 HROTOIMUECKYIO OIIACHOCTD MPEJICTAB/ISIOT HABO3 JRIUBOTHBIX I HABO3HBIE CTOK
B HEPUOJL NX HAKOTIJIEHISI 1 XPAHEHWs 0 MOMeHTa YTUIN3aIii Win BHeceHus B mouBy. [Iporeccs Mukpobuosornueckoii
MECTPYKIAT HTUX OTXOMIOB MPUBOJIAT K 0OPA30BAHIIO MIMPOKOTO CITEKTPA 3aTPSI3HAIONINX BEIECTB, B TOM YNCIC TAPHITKOBBIX
razoB, aMMHUaKa, TOKCHYHBIX COeHEH NI cepbl 1 ip. Opaum 13 Hanbosiee pocTbiX CHOCOO0B CHIKeH U MUKPOOMOJIOrTYeCKON
AKTUBHOCTH SIBJISIETCS TIOJIKICTeHIe HABO3HBIX CTOKOB. B pesyibrate BBIIOJIHEHHBIX 9KCITEPUMEHTAIbHBIX HCCTEI0OBAHMIT
yeranoBsieHo, 4ro obpaborka HaBosubix ctokoB ceunodepm (pH > 6,3) pacrBopom orxomoit ceproit Kucaors 1o pH 5,3
IPUBOJINT K YMEHBIIEHIIO KOJMYECTBA MUKPOOPTAHI3MOB B COOTBETCTBYIOIIEM OTX0jie B 2,2 pas3a Ha 7-e cyTKi 1 B 7,8 pasza
Ha 14-e cyTKN BKCIIEPUMEHTa 110 CPABHEHNIO ¢ KOHTPOJIBHBIM (HenojKucaeHHbiM) BapuanTom. [logkucaenne npusoaur K
ncuesnoseio Staphylococcus aureus w Proteus spp., a TaroKe pe3RoOMy CHIDKCHITO Yncaennoct Peptostreptococcus sp.
Peploniphilus sp. B onbiTHBIX 00pasiax. Buegpenne rTexHogorum mojKucjaeHnss HAaBO3HbIX CTOKOB Ha KPYITHBIX CBIHOKOM-
IJTeKCAX MO3BOJINT YIYUITHTh CAHUTAPHO-3TTIEMIOTOTHYECKYIO 1 9KOJIOTMYeCKYI0 0OCTAaHOBKY B MeCTaxX MX Pa3MeIeHus.

Kaouesole crosa: cBnnoit HaB03, MUKPOOPTaHU3MbI, DKOJIOTHS }KMBOTHOBOJCTBA, 00paboTKa HABO3a, CepHas KUCJI0Ta.

Effects of acidifying manure effluent
on its microbiological characteristics

© 2020' L' V' Pilipl ORCID: 0000-0001-9695-7146 V' A' KOZVOHinZ’ ’ ORCID: 0000-0002-2447-6949
N. V. Syrchina* ORCID: 0000-0001-5049-6760° L2+ P~ KOlevatykh3 ORCID: 0000-0001-6147-3555°
T. Ya. Ashikhmina** ORCID: 0000-0003-4919-0047

'Vyatka State Agricultural Academy,

133, Oktyabrsky Prospekt, Kirov, Russia, 610017,

*Vyatka State University,

36, Moskovskaya St., Kirov, Russia, 610000,

3Kirov State Medical University,

112, Karla Marksa St., Kirov, Russia, 610000,

‘Institute of Biology of Komi Science Centre of the Ural Branch of RAS,
28, Kommunisticheskaya St., Syktyvkar, Russia, 167982,

e-mail: nvms1956@mail.ru, pilip_larisa@mail.ru, ecolab2@gmail.com

Modern industrial animal husbandry is a significant source of chemical and biological pollution of the environment.
Animal manure and slurry present a particular environmental danger during their accumulation and storage until their
disposal or application into the soil. The process of microbiological destruction of these wastes results in a wide range of

161

Teopernueckasi n npuriagnas sxoaorust. 2020. Ne 3 / Theoretical and Applied Ecology. 2020. No. 3




ATPOIROJIOT'UA

162

pollutants being formed, including greenhouse gases, ammonia, toxic sulfur compounds, and others. One of the easiest
ways to reduce microbiological activity is the acidification of manure effluent. As a result of experimental studies, it has
been found that the treatment of pig slurry with a solution of waste sulfuric acid with a pH of 6.4 to 5.3 leads to a decrease
in the number of microorganisms in the treated wastes by 2.2 times on the 7th day and by 7.8 times on the 14th day of
the experiment as compared to the control (non-acidified) samples. Acidification results in the elimination of Staphy-
lococcus aureus and Proteus sp., as well as a sharp decrease in the number of Peptostreptococcus sp. and Peptoniphilus sp.
in test samples. Implementing techniques for manure acidification on industrial pig farms will improve the sanitary,
epidemiological and environmental situation in their locations.

Keywords: pig manure, microorganisms, livestock ecology, manure processing, sulfuric acid.

CoBpemenHoe TTPOMBITIIIIEHHOE sKUBOTHOBOJI-
CTBO SIBJISAETCS OJJHUM 13 BeYIINX NCTOUHIKOB
HeTaTNBHOTO BO3MIENCTBIS Ha OKPYKATOTIYIO
cpeny (OC). K sromornuecknm mpodsiemam, ody-
CJOBJIEHHBIM (DYHKIIMOHNPOBAHMEM KPYIHBIX
FKITBOTHOBOJIYECKIX KOMTIJIEKCOB, ITPEJKIIe BCero,
OTHOCSITCS BBHIOPOC 3arpsi3HAIONINX BEIecTs,
CIIOCOOCTBYIONIMX M3MEHEHUIO Kiumara, obpa-
30BaHUe OTXOJIOB, IIPUBOJAIIIX K XUMITUECKOMY
1 OMOJIOTMYeCKOMY 3arpsisHeHno arMmocdepsl,
BOJIHBIX OO'HEKTOB 1 TIOUYBbI, & TAKKE CYIeCTBeH-
HOe YXYIIeHe KauyecTBa yKU3HN HaCeTeHNS,
MTPOKMBAIOIIETO HA TEPPUTOPHUAX, TTPHUIETATOTIX
K SKUBOTHOBOAYeCKUM upeptpustusam [1-3].
XuMuveckoe M OMOJOTHYECKOe 3arps3HeHme
HeIOCPe/ICTBeHHO CBSI3aHbI MesKLYy coOoii. HaBos
JKIBOTHBIX SIBJISIETCSI TUTATETLHON CPeioil JIJIst
pPa3BUTHs MHOTOUYNCIEHHBIX TPYIITT MUKpoopra-
HuamoB (MO), B Tom uncsie naroreHHbIX. AKTUB-
Hasi MEKPOOMOJIOTYecKast IeCTPYKIUSI OpTraH-
YeCKUX KOMITOHEHTOB ITPOUCXO/UT HA BCEM TTyTH
NIBUKEHNUsT HABO3HBIX CTOKOB OT MecT 0OpasoBa-
HIUST IO MECT MCIIOJb30BAHMS WJIH YTHIM3ATNN.
B nacrosiiiiee BpeMsi HaB0O3 yalie BCETO MCTIOJb-
3yercsi B KauecTBe OPTaHMIecKOTO YIoOpeHus.
B iouBennbIx cucreMax (Ipu yMepeHHBIX HOpMax
BHECEHMST COOTBETCTBYIOIETr0 YI0OPeHMs) mpo-
JYRTBI MUHEpAJIN3anii OpraHmIecKIX BeIecTs
yCBaMBAKOTCSA PACTEHUSIMU 1 TOYBEHHOIT O1OTOII,
Oaarofapst ueMy HeraTuBHOe BO3JeliCTBIIe OTXO0/a
na OC camkaercss. OCHOBHYIO DKOJOTHUCCKYIO
OIIACHOCTh HABO3HbBIE CTOKU IPEJICTABJISIIOT B 11e-
PO X HAKOTIJIEHUsI 1 XPAHEHHSs. ITOT Tepuoj
B JKU3HEHHOM I[NKJIe OTXO/Ia SABJIsIeTCs Hanboiee
MPOOKUTEIbHBIM. 3arpsi3HsAOIINe BEIecTBa,
00pasyioIumecst B pe3ysbrate MUKpoOnoJornye-
CKIX MPOTIECCOB PABJIOKEHNsA (aMMHUaK, cepo-
BOJIOPOJI, MePKAIITaHbl, YIJIEKICIBII Ta3, MeTaH,
JeTyure OpraHnyeckue KNCJIOThI, CITIMPTHI, (DeHo-
JIBL 1 JIP.), TTPAKTHYeCKN OecrpersiTCTBeHHO T10-
nagator B OC [4]. YMeHBIINTL HMUCCHUIO 3arPsi3-
HSAOIIX BEIeCTB B ATOT MePHOJl MOYKHO 32 CYET
peryJnpoBaHusi aKTUBHOCTI U BUIOBOTO COCTaBA
pazBuBawiuxcs B Hapoze MO-mecTpyKkTopos.
NccenemoBanmsa B fanimoM HATTPaBACHWN TPHOO-
peraoT B OCe/[HITe TOJIbl 0COOYI0 aKTYaIbHOCTh

7 TMPAKTHUYECKYI0 3HAUYNMOCTh [d—7]. Pesyib-
TATHl COOTBETCTBYIOMINX MCCIACOBAHNTI MMEIOT
00JIbIIIOe 3HAYEHIEe JIJIS ONTUMU3AIIY CUCTeM
YIpaBICHISA OMOTeHHBIMIT OTXOMAMIT 1T CHIFKCHTIS
HeTATMBHBIX DKOJOTHUCCKITX MOCTECTRIT, 00y-
CTOBICHHBIX JIEATEIHLHOCTHIO JRUBOTHOBOIUECKIX
TpeTpUATHI.

[Tens Hacrosieit padboThl cocTosIA B M3YyUe-
Huu tparc@opManum MUKPOOMOJTOTUYECKUX
XapakTePUCTUE HABO3HBIX CTOKOB CBUHOKOM-
MJIEKCOB TIPH TTOKNCTEHUN COOTBETCTBYIOIITETO
OTXO0JIa PACTBOPOM CePHOT KICJIOTHI.

O0'beKTHI 1 METOJBbI MCCICOBAHI

WecenepoBanms NpoBOAUANCH B HAYYHO-
nccaeoBaTenbckux gaboparopusax Bsarckoit
I'CXA, Ruposcroro I'MVY u na 6asze cBunoBojue-
CcKuX KoMiniekcoB Kuposcroii odsacri. Odbexra-
MU HCCJIIOBAHNSA SABUTNCH CBesRII (HATWBHBII )
HAaBO3 M HABO3HBIE CTOKU CBUHEN 2-MeCSUHOTO
Bospacrta. tRuBorHbie cojiepsRaNInCh HA 1EJIeBbIX
MJIACTUKOBBIX TT01ax 0e3 noxcruiarn. HaBosusie
CTOKU TIOCTYIAJIM B HABO3HBIE BAHHBI, PACITIOJIO-
JKeHHbIE B I1OJ[II0JIbHOM IIPOCTPAHCTBE TIOMelle-
mnit. Kasgeie 7—14 naeil BaHHbI 0CBOOOKIANIICE
MyTEéM OTKPBITUS 3aCTOHKN TTPOOKOBOTO THIIA
(camocITaBHAs cucTeMa yIaJaeHs HaB0O3a).

OO0pasiibl cBEs;KEro HaBO3a JJIs BHIITOJHEH IS
UCCTeOBAHUI OTOMPATN HEMOCPECTBEHHO
nocse akra jgederannn KUBOTHLIX. [IpobObr Ha-
BO3HBIX CTOKOB Opajn M3 HABO3HBLIX BAHH HA
4-i1 ieHb MOC]e UX YaCTUUHOTO OTIOPOIKHEHUS.
3amep TeMiiepaTypbl B HABO3HbIX BaHHAX IPO-
M3BOJMIIN HA TIIYOMHE O CM ¢ ITOMOTIBIO TeMIIe-
parypmoro garunka. Coop MaTepuasa ocyriecr-
BJISJIA B CTEPUIIbHBIE EMKOCTH.

Jlns nopkucaenuss npod MCroab3oBain
cepuyio kucaory (maccosas gons H,SO, 87%),
00pa3yoIiyocs B Ka4uecTBe 0TX0/a Hpous-
BOJICTBA XJIOPA AJIEKTPOXUMUYECKIM MeTO[0M
(000 «l'anolTommmep Kuposo-Yemnernks). Kpo-
Me CepHON KUCJIOTHI, B TOAKUCISIONIEM areHTe
cofepsrasicst csoboaubiit xaop (0,01% wmace.).
N3 nexommoit KMCETOTH METOJIOM pasdaBIeHMs
roToBIJIM paboumii pacTBOpP ¢ MAcCOBOIl 0Jeil
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H,S0O, 8,7%. Uccnenosanns ocymecTsismm mpu
remreparype 23,0+0,5 °C, 4o cooTBETCTBOBAJIO
TeMITePaTypHOMY PEsKUMY B HABO3HBIX BaHHAX.
[Mopruenernne mpod nposoguan go pH 5,3£0,1,
Tak Kak bosee nuskme sHavenns pH BrizbiBaior
KOPPO3MIO TeXHOTOTUUCCKOTO 000OPYTOBAHUS.
Macca kaskjoit U3 11pod HaBO3a U HABO3HBIX
CTOKOB, MCITOMB3YEMBIX JIJTs BBITTOTHEHIS 11C-
caeqosanmii, cocrasmaa 0,1 xkr. Braskmocern
HaBosza — 83+2%; HaBO3HBIX cTOKOB — 97+1%:;
pH obpasiioB cBeskero (HATUBHOIO) HaBO3A —
7,6+0,1; maBosuoIx ctokos — 6,4+0,1.

O KoJuYecTBEHHOM M KAYCCTBEHIIOM CO-
craBe MUKPOQIOPHI CYAUJIN 110 pe3yabraram
MUKPOOMOIOTHUeCKNX nccaenoBanmnii. OGpasigbl
OTXOJTOB IOCTABJIANNCH B MEKPOOMOJIOTHUCCKYTO
nabopartopuio B cTepuibHOI mocyme wa 1-i,
7-it m 14-it paun uccnenoanus. B maboparopun
TTPOBOJIIIIH P CePUHHBIX AECATHKPATHHIX Pas-
BEJICHWI 1T OCYITECTRJISIIN BBHICEB MCCIETYeMOTO
Marepmaia Ha cTaHgapTHLIe TUTATeIbHbIe CPeIbI
¢ nocaeyiomieit npertuduranueir MO. TTpoont

unryouposasu npu 37 °C B reuenne 24—72 yacos.
Jlns cosnanms anaspoOHBIX YCAOBUH MCTIONH30-
BaJI MUKPOAHA’POCTAT C IPUMEHeHeM razore-
HepaTOPHBIX AKETOB J/Is TOIIONIeHUsT KIUCJIO0-
poma m obpasoBannsa yraernesoro rasa. [ogcuér
Boipociinx koaouunit (ROE/mir) ocymecrsisiin
PAYyOMHHBIM, HIOBEPXHOCTHBIM, JIBYXCJONHBIM
W MOMPUTTNPOBAHHBIM aTaPOBBIM YaTIIEUHBIM
metojiom (ODC.1.7.2.0008.15 Onpepenenne
ROHIEHTpAIMN MUKPOOHBIX KJIeToK). M3 kasn-
MOTO pasBejleH s TTPOMBBOJINIIN TTOCEB HA HADOP
YaleK ¢ IJI0THOU TUTATeNbHOI CPeoil MeTOOM
napasiesbHbIX BhiceBOB. [lpn yuére pesynbra-
TOB OIPEJIeNIsIN CPejlHee KOJIMYeCTBO KOJTOHUII,
BBIPOCIIUX IPU TTOCEBe KaK0r0 pa3BeeHusl.
Jlnst ronyvueHust JIOCTOBEPHBIX Pe3yJIbTaToB OT-
Oupasm 4JarKu, rje 4Yncjao KOJOHUI OarkTepuii
Haxojuyioch B mpejesax ot 30 1o 300, a KosioHmi
rpudos — or 10 mo 100. [lns Gakrepuockonnyec-
KUX nccaegoBanmii 13 kogoumii MO rorosuim
(purcupoBanHble TIpeniapaThl HA MPEJMETHOM
cTerJe, ORparmmuBanm Mmerojom I'pama, npume-

Tadauma 1 / Table 1

Murpo6moTeH03 HABO3HBIX CTOKOB 1 ¢BUHOTO HaBo3a, KOE /mu
Microbiocenosis of pig manure and slurry, CFU/mL

No Murpoopranuambl CBeskuii HaBo3 Hagosubie croku
n/m Microorganisms Pig manure Pig slurry
Qarynvrarusabie aspodwt / Facultative aerobes

1. |Staphylococcus epidermidis (7£0,9) - 10° (7£0,4) - 10°

2. | Staphylococcus aureus (7+0,6) - 10° (5+0,7) - 10*

3. | Enterococcus sp. (8+0,9) - 10° (6+0,3) - 10°

4. | Escherichia coli (5+1,2) - 10° (5+0,4) - 10°

5. | Klebsiella sp. (6+0,7) - 10° (7+0,5) - 10°

6. | Proteus spp. (6+0,5) - 10° (6+0,9) - 10°

7. | Enterococcus spp. (7+0,9) - 10°

8. |Sarcina ventriculi (5+0,3) - 107 oreyrersyior /not found

Anaspobsi / Anaerobes

9. | Clostridium spp. (7£0,8) - 10° (7+0,2) - 10°

10. | Bacteroides fragilis (7+£0,6) - 10° (5+0,7) - 10°

11. | Fusobacterium nucleatum (7+0,3) - 10* (5+0,3) - 108

12. | Prevotella (P. bivia, P. intermedia) (8+0,7) - 10° (7+0,9) - 10°

13. |Alistipes pulredinis (A. putredinis) (7+0,6) - 10° (5+0,6) - 104

14. | Peptococcus sp. (P. niger) (5+0,3) - 10° orcyrereyer / not found
15. | Peplostreptococcus sp. (P. anaerobius) (7£0,8) - 10° (7+0,3) - 10°

16. | Peptoniphilus sp. (P. asaccharolylicus) (5+0,7) - 10? (5+0,9) - 10°

17. | Veillonella parvula (8+0,6) - 10?

18. |Acidaminococcus fermentans (7£0,3) - 10°

19. |Anaerococcus prevolii (7+0,9) - 10° orcyrersyior / not found
20. | Bifidobacterium spp. (6+0,2) - 10?

21. | Lactobacillus spp. (7+0,6) - 108

I'pubnt / Fungi

22. | Saccharomyces spp. (6+0,9) - 103 orcyrersyer / not found
23. | Candida sp. (8+0,3) - 10% (8+0,7) - 103
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HAJIN UMMEPCNOHHYIO CBETOBYIO MUKPOCKOIINIO.
SHCHepI/IMeHT 1IpoBOAUIN B 3-X ITOBTOPHOCTAX.
CraTucTnueckuii aHasns IKRCIIepUMEeHTaJdbHbIX
JaHHBIX BBITTOJIHAJMN B ITPOTPAMMHOM KOMILJIEKCEe

STATISTICA.
Pesyabrarel n o6cy;rnenne

JlarHbie MUKPOOMOTOTHYECKOTO aHATIN3a
0TOOpaHHbIX 00Pa30B HABO3a 1 HABO3HLIX CTO-
KOB HpusepeHbl B Tadsue 1.

CornacHo MOJYyYeHHBIM JIAHHBIM, BUIOBOI
cocraB MO cBesrero ¢cBIHOTO HaBO3a DoJIee pa3Ho-
obpaseH, ueM BUIOBOI COCTaB HABO3HBIX CTOKOB,
YTO, BO3MOYKHO, OOYCJTOBIEHO UCITOIB30BAHIEM
nesnH@EeKTanToB /i1 00PabOTKI HABO3HBIX BAHH
B MTEPUOJL NX TIOJTHOTO OMOPO;KHEHYS 1 HeOIaro-
TPUATHBIMYU YCIOBUAMMI JIJIS CYIIECTBOBAHMA
meroTopuix BIoB MO Bie JKIMBOTO OprammaMa.
Baskuyio ponb B pasnoskeHnn KOMIIOHEHTOB Ha-
BO3a T Ta3o00pasoBaHNM UTPAIOT amadpoOHbIe
nin haKkyJIbTaTHBHO aHAdPOOHBIe BULI DAKTE-
puii, 410 0OYCIOBIIEHO AHADPOOHBIMU YCJIOBUSIM I
TOJICTOTO KuleynnKa csuneit. s nuranms MO
UCTIONB3YIOT pasjinuHbie cybcTparThl, cofepsra-
e O6eJKM 1 HeKPaxXMaJibHbIC ITOJTHCAXAPU]bI
[8]. Tak, cormacHo HAIIUM HCCHEOBAHUSAM,
B CBEKEM CBUHOM HaBo3e Boiasieno 12 sunos 6ax-
repuii anaspobos n 10 BumgoB garyabraTnBHbBIX
aspobos ¢ mpeobranannem Bifidobacterium spp.,
Peptoniphilus asaccharolyticus n Lactobacil-
lus spp. IlonyueHHble pe3yJybraThl OTYACTHA CO-
IJIACYIOTCS ¢ IAHHBIMY JIPYTUX Hccjenopanuii [9],
B KOTOPBIX OTMeuYaercs, 4To Hanbosee JJOMUHNI-
PYIOIIUME POJIAMU B CBEsKeM CBUHOM HaBO3e SIB-
nsiiorest Clostridium, Turicibacter, Streptococcus,
Lactobacillus w Corynebacterium.

B pesynbrare namux uccaeqoBaHnii B Ha-
BO3HBIX CTOKAX BbIfleieHO 6 BUI0B aHadpobOB
n 7 BujoB (haKyJIbTaTUBHBIX a9PO0OB, IIPH 3TOM
CTOKU XapaKTepu3yoTcsi OTCYTCTBUEM aHaspoo-
HBIX KOKKOB Bifidobacterium spp., Peptococcus sp.,
Veillonella parvula, Acidaminococcus fermentans,
Anaerococcus prevolii n (paryJIbTaTuBHBIX a3Po0-
HBIX KOKKOB Enterococcus spp., Sarcina venticuli,
aTakske aHa’poOHbIX manouek Lactobacillus spp.
u rpubos Saccharomyces spp. Bmecre ¢ rem, B Ha-
BO3HBIX CTOKAX, TI0 CPABHEH IO ¢ HABO3OM, YBEJINUI-
Baercs uncaennocts rakux MO, kar Klebsiella sp.,
Fusobacterium nucleatum, Peptostreptococcus sp.
(P. anaerobius). Jlauabie MO moryr obnamnarh
MOBBIIEHHON YCTOMYMBOCTHIO K aHTUMHKPOO-
HBIM ITperaparam, 4To MOBBITIIAeT WX OMacHOCTh
B maane d6umomornueckoro sarpsasuenns OC.
B despasne 2017 r. BO3 npnuncania riedcuesst
(Klebsiella sp.) k Hanbosiee oracHbIM OAKTEPUSIM

B CBSI3U C PE3UCTEHTHOCTHIO K CYIIECTBYIOIIM
antnounornram [10].

B rauectBe (harkTopoB, orpaHMUNBAIONINX
MUKPOOMOIOTHYECKIE TIPOTECChl PABJIOKEHU S
HaBO3a, BHICTYIIAIOT TeMIilepaTtypa, Hajudue,/
orcyrcrBue Kucaopoja, pH, Hanuune cyberpara
mast nuranus [9, 11-13]. Cospnanne ycaoBuii,
OTPAHMYNBAIOIINX PAa3MHOKEHIEe JIAHHbIX OaK-
TepUil, MOKeT CIocoOCTBOBATH CHUYKEHWIO MH-
TeHcuBHOCTU Omosornueckoro sarpsisaenuss OC
" YMEHBIIEeHNIO BHIOPOCOB 3aTrPSA3HAIONINX Be-
mecTs B armocgepy [ 14, 15]. Hanbomee mpocthim
1 DKOHOMUYHBIM CITOCOOOM CHUKEHUS YNCTeH-
Hoctu MO B GMOreHHBIX OTXO0/axX M, CJeoBa-
TeJIbHO, MHTEHCHBHOCTH MTPOIIECCOB Pa3TI0KEeHS
opraHmyeckoro cyocrpara, siBIseTcs peryJsin-
posanue pH. Ilopgkucienne HaBo3a oKa3biBaeT
HeOIaroTpUsITHOE BO3JleliCTBIE HA aKTUBHOCTH
HEKUCJIOTOYCTOMUYMBHIX MUKPOOPTaHU3MOB,
B IIpoIiecce sKU3HEAeATebHOCTH KOTOPHIX 00-
pasyioTcs AypHOMaxXHYIne OpraHnyecKne Be-
IeCTBa, MapHUKOBbIE Ta3bl, aMMHAK.

Bhusinue nogrucaenns na odigee Koande-
ctBo MO B oOpasiax HaBO3HBIX CTOKOB TpeJi-
CTaBJIEHO HA PUCYHKE.

CorziacHo MoJIy4eHHBIM JIAHHBIM, B IIPOIECCe
XpaHeHsI HABO3HBIX CTOKOB OTMEYaeTcst CHITKe-
nue oburero kojanuecrsa MO kax B OLILITHOI, TAK
 KOHTPOJILHON TpyTiie oopasios. Ha 7-e cyrikn
neegeposannit ooiee koamyecrso MO cuusuioch
B OTIBITHOM 00pastie B 3,8 pasa, B KOHTPOILHOM —
B 1,8 pasa o cpaBaenuio ¢ 1-mu cyrramu. Ha 14-¢
CYTKU B OTIBITHOM 0Opasie pasHuiia crama bosee
cymiecrserioii, u cocrasmaa 0,99 - 10° ROE/mu,
yto B 12 pas Huke HavajbHOro yposus. B Komr-
poabHOM obOpasie koaumdectso MO gocrurio
7,76 - 10° KOE /M (8 1,6 pasa musxe ncxopno-
ro yposus). llogkuciaenne nagosa mpusesio
K ymeHbliennto koimnvecrsa MO B 2,2 pasa Ha
7-e cytkn un B 7,8 pasa Ha 14-e cyTku B OMBIT-
HOM 00pasiie 10 OTHOIIEHUIO K KOHTPOJIbHOMY.
B rabmute 2 mpuBeensl famHbie O BAWAHNAN TIOT-
KUCJIeHIST HA MIUKPOOMOIEHO3 HABO3HbBIX CTOKOB.

Orpenvubie Bugsl MO (Enterococcus sp.,
Klebsiella sp., P. bivia, P. intermedia, Alistipes
pulredinis), TPUCYTCTBYIONNE B CTOKAX M3HA-
JaJibHO, He obHapy:kuBaiorcs Ha 7-e u 14-e
CYTKM HU B OMbBITHON, HU B KOHTPOJBHHOI TPYTI-
nax. /lanmnoe aBienue Mosker ObITH CBA3AHO
¢ OTCYTCTBUEM COOTBETCTBYIONETO HMUIIEBOTO
cyocrpata myist ianabix BujoB MO 1 namenennem
(PUBURO-XUMUYECKUX TITapaMeTPOB Cpejibl 00 -
TaHUs BHE OpraHu3Ma ;KUBOTHBIX. KosmuecTBo
S. epidermidis Bo3pacTaerT He3HAUNTETHLHO T He
MMeeT 3HAYNMbIX OTJTUY I B IP0oOaX 13 OTBITHOT
1 KoHTpoJibHO rpyiii. [Tpu arom 6osiee oracHblii
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4,00
—<&— OnuiTieie npodsl / Experimental samples

2,004 12,01
10.00 ~—— KonrponeHsie npodsr / Control samples

8,00 \\ 7.76
6.00 \ 6,84 :

bl \\°-| Xt S
on ’ I |

l-e cytkn / 1th days 7-e cytkn / Tth days 14-e cytkn / 14th days

KonuuecTro MHKPOOPTAHHIMOR
10? KOE/mn / The number of
microorganisms, 10° CFU/mL

0,00

Cpoxu HaOmonenwii, cytkn / Research terms, days

Puc. Brusiiime mofrucarernns ma obimee konndectso Mukpooprammamon, 10 ROE /v
Fig. Effect of acidification on the total number of microorganisms, 10° CFU/mL

Ta6auna 2 / Table 2
Bnusinue noprucaenus na Mukpobuonenos HaBosubix crokon, RKOE/mn
The effect of acidification on the microbiocenosis of pig slurry, CFU/mL

No | Murpoopranusmbl | Mexopnoe uncio OmBITHBIE TTPOOBI Kourpomsabie Tpoobn
n/m | Microorganisms | MUKPOOPTAHU3MOB Test samples Control samples
Initial microbial
population
0-it menn 7-11 jeHnb 14-i1 nenn 7-1i nern 14-i1 nenn
Oth day 7th day 14th day 7th day 14th day
Garynprarusabie aspodw / Facultative aerobes

Staphylococcus e . LT s Ca06% | e 9y . 406 e
1. epidermidis (7£0,4) - 10 (6+0,8) - 107 (5+0,9) - 10%*| (6+0,3) - 10" | (7+0,4) - 10
. plaphylococeus (5:0.8) - 10° | oreyrersyer /not found | (5+0,6) - 10¢ | (8+0,3) - 10¢
3. |Enterococcus sp. (6+0,9) - 108 orcyrersyer / not found
4. |Escherichia coli (5+0,7) - 10° (5+0,2) - 10° ‘ (6=0,2) - 10™] (7£0,6) - 10™ |(8+0,5) - 109
d. |Klebsiella sp. (7+0,3) - 108 orcyrersyer / not found
6. |Proteus spp. (6+0,5) - 10° orcyrersyer / not found ‘ (6+0,8) - 10™ |(6+0,8) - 107

Anaspobni / Anaerobes

7. |Clostridium spp. (7£0,9) - 10° (6=0,7) - 10™(7£0,5) - 103 (7£0,9) - 10 (6+0,9) - 10°
8. |Bacteroides fragilis (5+0,3) - 10° (6+0,4) - 10%% | (7+0,6) - 10| (7+0,3) - 107 | (8+0,2) - 10™
g, [usobacterium (5+0,7) - 105 | (720,3) - 105 | (5+0,6) - 105*| (5=0,8) - 107 |(7+0,3) - 105

nucleatum

Prevotella (P. bivia, 2 . AN .
10. P. intermedia) (7+0,3) - 10 orcyrersyer / not found
11, (Mistipes putredinis | 5,0 4y g0 reyrersyer / not found

(A, putredinis) o oreyrersye oriot

Peptostreptococcus sp. 109 A0 A (Y e B\ L AT
12. (P. anacrobius) (7+0,6) - 10 (7+0,9) - 10% |(6+0,7) - 10| (8+0,3) - 107 |(6+0,5) - 10

Peptoniphilus sp. o . 409 Ay A e e O\ . A (G O . A (s
13. (P. asaccharolyticus) (5+0,9) - 10 (6+0,3) - 10°|(8+0,4) - 10| (5+0,2) - 105" |(7+0,9) - 10

I'pubsr / Fungi

14. |Candida sp. | (8+0,7) - 10°  [(8+0,5) - 10™](7£0,4) - 105 (6=0,5) - 107 | (7+0,6) -10°**

Ipumenwanue: *p < 0,05, p<0,01; " p < 0,001 — 6 cpasnenuu ¢ UCLOONOU YUCACHILOCTIBIO MUKEDOOPAHUSMOB.
Note: " p<0.05;" p<0.01;""p<0.001 as compared to initial microbial population. 165
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B AIUEMUOJIOTUYCCKOM OTHOIIEHUU S. aureus
MOJTHOCTHIO Mcye3aer B mopgKucaeHHbx 1o pH
9,3 obpasnax Ha 7-e n 14-e cyrku, maBas pocT
B KOHTPOJIbHLIX, C H€6OJI]3H_[I/IM yBeJqnueHnem B
CPaBHEHWU C MCXOJIHBIM YPOBHEM. AHAJIOTUYHAS
RapruHa ormeuena u s Proteus spp. Ilporen
paccMaTpuBaOT Kak MoKasaTesib (DeKrajTbHOTO
sarpsisaenust OC. Cpepu cpoiicts ganubix MO
nanboJjiee MHTEpecHa CIO0COOHOCTL CHHTE3NPO-
BaTh MHIOJIBI 1 (DEPMEHT ypeasy, KoTopasi, B CBOIO
ouepejib, paciieriser MOYeBIHY ¢ 00pazoBaHeM
ammuaka. Ilogkucaenme npuBOAUT K CHUKE-
HUIO KOJTMUYECTBA KOJOHUI, &, CJIe/I0BATENILHO,
" YMEHbBIIIEHN 0 Ta3000pa30BaHMS.

Pocr E. coli, Clostridium spp., B. fragilis,
F. nucleatum 6oyee uHTEHCUBEH B KOHTPOJIb-
HBIX 00pasiax, XoTs yMepeHHoe yBeJuvyeHue
KoJIm4ecTBa OaKTepuil B CpaBHEHNN ¢ MCXOIHBIM
ypoBHEeM (DUKCHUpPYeTCsi M B ONBITHOW TpyTIIie.
Baxrepun fanubIxX pojloB AaKRTUBHO TPOYITUPYIOT
JeTyure JKUPHbIe KUCTOTHI, aMMUAK 1 JIeTydie
aMUHBI, a TaK;Ke WH0AbI 1 perosbl. CHUKeHMIe
pH HaBO3HBIX CTOKOB cIOCOOCTBYET TMOaBJIe-
HII0 aKTUBHOCTH cooTBercTByiomunx MO u, co-
OTBETCTBEHHO, YMEHbIIEHUI0 00pasoBaHus ra-
3000pa3HBIX 3aTPSA3HSONNX BEIECTB B 11€JI0M.
Creryer oTMeTuTh pe3koe CHUKeHIe KOJIMYecTBa
Peptostreptococcus sp. n Peploniphilus sp. B 1oj-
RIUCJIeHHBIX 00pastax, ocodernno ma 14-e cyrknm
B CPaBHEHMUI ¢ NCXO/HBIM YpoBHeM. [lanHast TeH-
JeHIIsT HabAI0/[aeTcst U B IPyIIax KOHTPOJIS,
oJlHAKO MeHee Beipaskerna. HommuaecTBo rpnbon
poxpa Candida 3HauuTenbHO YBEJIUUMBACTCS
Ha 7-e CyTKM B ONBITHBIX 00pasiiax 1o cpabBHe-
HITO ¢ WCXOMHBIM YPOBHEM U ITPOGAMU IPYTITHI
KOHTPOJIS.

3arioueHue

Mugrpobuoaornueckoe pasnoobpasne Ha-
TUBHOTO CBMHOTO HABO3a 1 HABO3HBIX CTOKOB OT-
JIMYAETCS KaK B KOJIMYECTBEHHOM, TaK I BIHJIOBOM
cocrase. CBeskuii HaBo3 6oJiee pazHOOOpas3eH 1Mo
BIIOBOMY COCTaBY, B HEM OLITO BhIfemero 12 Buaon
anaspooubix 1 10 dparyabratnBHO aDpOOHBIX OAK-
repuil ¢ npeobnaganuem Bifidobacterium spp.,
Lactobacillus spp., Peptoniphilus sp. Mukpoomo-
1eH03 HABO3HBIX CTOKOB IpPeJicTaBIeH b6 Bugamm
aHappoboB 1 7 BujaMu (paKkyJIbTaTuBHBIX a9POOOB
npenmyitiectBsenno Peptostreptococcus sp. u Pep-
toniphilus sp. B ném orcyrcerBytor Bifidobacteri-
um spp., Lactobacillus spp., Peptococcus sp.,
Veillonella parvula, Acidaminococcus fermen-
tans, Anaerococcus prevolii, Enterococcus spp.
B HaBo3HBIX cTOKAX, 110 CPABHEHUIO ¢ HABO30OM,
yBesmunBaercst uncaennocts Klebsiella sp., Fu-

sobacterium nucleatum, Peptostreptococcus sp.
(P. anaerobius).

[Tpumenenne METOJMKI MTOJIKUCIEHUS CBU-
HBIX HABOBHBIX cTOKOB 1o pH 5,3 mocrosepno
ymenbIimaer obmee koamaectso MO B 2,2 pasa
ma 7-e cyrkn n B 7,8 pasa ma 14-e cyrru. 13 na-
BO3HBIX CTOKOB MOJTHOCTHIO NCUE3AI0T MMEIoIie
CAHUTAPHO-AMUIEMUOJOTHYECKOe 3BHAYCHTE
Staphylococcus aureus w Proteus spp., a Takske
yMeHbIaeTcs: kojmuectso Peplostreplococcus sp.,
Escherichia coli, Clostridium spp., B. fragilis,
Fusobacterium nucleatum, Peptoniphilus sp.

WemonbzoBanme TeXHOTOTHE TOKNUCTEHUS
HaBO3HBIX CTOKOB HA CBUHOBOIUECKIX TTPeJIITpusi-
TUAX TTO3BOJIUT CYIIECTBEHHO YMEHbIITUTH 9KOHO-
MHUYECKHE 3aTpaThl HA BEHTUJIUPOBAHUE U OTO-
TJIeH e TOMeTeH U JITS COflePrRaHm s JKITBOTHBIX
W YIAYUITUTH CAHUTAPHO-DIHIEMITOJOTTYeCKIe
MoKaszaresan OTX0/[0B CBUHOBOJICTBA, UTO B CBOIO
ouepejih CHU3UT dKoJIormueckyio Harpysky Ha OC.

Paboma evinoanena 6 pamrax zocydapcmaeer-
nozo 3adanus Uncmumyma ouonoeuu Komu HIJ
YpO PAH no meme «Oyenka u npozno3 omcpouen-
H020 MexXH02eHH020 803dellcmeust Ha nPuPodnsle
U mpanchopmuposannsle IKOCUCMmeMbl NOJ30HbL
100ichott madtieu» Ne 0414-2018-0003.
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Biusinue oprannyeckux yioopeHuii Ha CTPYKTYpy
M COCTaB MOYBEHHBIX MIKPOOHBIX COOOIIECTB B arpoIeHo3ax
cpenueii taiirn (Ha npumepe Pecnyoauxku Rovmn)
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B nonrospementom (60siee 40 srer) mosmeBom DKCIIepUMeHTe M3Yy4eHO rmocaefieiicTsie Buecennsi Byx 103 (40 u 80 t/ra)
’I‘Op(I)OHaBOSHOI‘O KOMIIOCTA (THH) B IIeCTUITOJIbHOM KOPMOBOM CeBOOGOpO'I‘e, HaCBIIIeHHOM OJITHOJIETHNMI 1 MHOTOJIETHNMI
tpaBamu. HoHtposem cayskuia rmousa 6es ypoOpeHmii. Y cTaHOBIEHO, UTO TPUMEHSeMbIil ceBOOOOPOT 1 MCIIOJIb3yeMble
no3bl THR 1103Bosist0T mojiiepsRuBarh ryMycHoe cOCTOsIHIEe [10YB B arpolieH03ax, HO He BOCIIOJMHSAIOT BBIHOC ¢ YPOsKaeM
DJIEMEHTOB ITUTaHNA (IQHJI HH) n He 068(’/“6‘{ NBalOT COXpaHeHne KUCJIO0THO-OCHOBHOTO cTaTyca. BHeceHme THH BJINAET Ha
COCTaB 1 CTPYRTYPY MUKPOOHBIX KoMIeKkcoB. [lop Bnustamem sipoiinoit o3et THH (80 1/ra) B mouBax Bospocia Beanunna
MurpobHOI Guomaccesl 10 635—683 MKr/T (B KouTposie 324—335 MKr/r) 3a c4éT aRTHBU3AIMNI POCTA MU TPUOOB.
Tal{COHOM MUYCCKUIT cOCTAB IIPORAPUOTHOIO KOMILJIEKCA B arpo/iepHOBO-110/I30JIMCTHIX ITOYBaX IIpeiacTraBJ/ieH 9 (1)MJIyMHM n:
Acidobacteria, Actinobacteria, Bacteroidetes, Chloroflexi, Firmicutes, Gemmatimonadetes, Planctomycetes, Proteobacteria
u Verrucomicrobia. Ha yuacrrax ¢ Buecennem THHR 8 mose 80 1/ra orcyrersyior npepcrasurenn gpuirymos Verrucomicro-
bia w Gemmatimonadeles, cunzkena post 6axrepuii us unymon Proteobacteria (52%) u Bacleroidetes (5%), B koHTpoie
coorBercTBerio 8% m 7%, ma yuactkax ¢ nnsknmu gozamn THR — 64% u 10%. Ha dore Brecenns opranmyeckix
yaobpentit orMedeHo Bozpacranne goan 6axrepuit puayma Actinobacteria (B kourpose 22%, mpn Buecernnn 40 1/Ta
THR - 23%, 80 v/ra THR - 29%) u Firmicules (coorsercrsenno 1,9; 0,5 1 5,8%).

Kaoueswie ciosa: arpoiepHoBo-MOA30INCTIC TOYBLI, OPTAHIYECKIe YI0OPEHsT, TOUBEHHBIe MITKPOOHBIC COOOITIeCTRA,
MuKpoOHast 61omMacca, MeTareHoMHbIiT aHAIN3.

Influence of organic fertilizers on the structure and composition
of soil microbial communities in agrocenoses of the middle taiga
(on the example of the Komi Republic)
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In a long-term (more than 40 years) field experiment, the effect of organic fertilizers on soils and soil microbial
complex (Komi Republic, subzone of the middle taiga) was investigated. We studied the aftereffect of introducing two
doses (40 and 80 ton/ha) of peat-manure compost (PMC) in a six-field forage crop rotation saturated with annual and
perennial grasses. The soil that did not receive fertilizers served as a control. It is shown that the applied crop rotation
and the used doses of PMCs allow maintaining the humus state of agro-soddy-podzolic soils, but do not replenish the
removal of nutrients (primarily potassium) with the harvest and do not ensure the preservation of the acid-base state of
soils at the initial level. It was found that the introduction of PMC promotes a change in the composition and structure
of microbial complexes. Under the influence of a double dose of PMC (80 ton/ha), the value of microbial biomass in soils
increases up to 6255—683 ug/g of soil (in the control 324-335 pg/g), which is primarily due to an increase in mycelium
of fungi. The taxonomic composition of the prokaryotic complex in agro-soddy-podzolic soils is represented by 9 phyla:
Acidobacteria, Actinobacteria, Bacteroidetes, Chloroflexi, Firmicules, Gemmatimonadetes, Planctomycetes, Proteobacteria,
and Verrucomicrobia. In the experimental plots with the introduction of PMC at a dose of 80 ton/ha, a decrease in the
proportion of bacteria from the phyla Proteobacteria (52%) and Bacteroidetes (5%) was observed relative to the control
plot (58% and 7%, respectively) and areas with low doses of PMC (64% and 10%), the absence of representatives of the
phyla Verrucomicrobia and Gemmatimonadetes in the structure of the soil bacterial complex. The introduction of organic
fertilizers contributes to a relative increase in the contribution of bacteria of the phylum Actinobacteria (respectively, in
the control 22%, at 40 ton/ha TNK — 23%, at 80 ton/ha TNK — 29%) and Firmicutes (respectively 1.9, 0.5 and 5.8%)

into the taxonomic structure of prokaryotes.

Keywords: agro-soddy-podzolic soils, organic fertilizers, soil microbial communities, microbial biomass, metage-

nomic analysis.

Bepy1iyio posib B Ofjie psKaHIK 11 BOCITPON3-
BOJICTBE TIOYBEHHOTO [JIOJIOPOJINST B ArPOTIeHO3aX
urpaeT BHeCeHIe ONTUMAJIbHBIX 1 cOATaHCUPO-
BaHHBIX J103 OPraHNYeCKUX I MUHEPAJIbHbIX Y10~
opennii [1]. Ocobenno apderTnBHO MpuMeHeHne
OpraHnyYecKnX yo0peHnii B ceBepPHBIX peTNOHAX,
rjie B CeJbCKOXO3SICTBEHHOE MPOM3BOCTBO
BRJIOUYEHBI T10/I30JINCThIe [I0YBbI ¢ HU3KIM YPOB-
HeM mipupoHoro mrogoponus |2, 3]. Ussectwo,
4T0 BHECeHUe yAo0peHnii OKa3biBaeT pasHoHa-
MpPaBJeHHOE BIMUSHIE HA KOMIIEKC ITOYBEHHOT
MUKPOOMOTHI KaK CTUMYJUPYS €ro pasBurue,
TaK M MOJABJISIS YUCIACHHOCTD U SKU3HE s Telb-
HocTh Mukpoopranusmos (MO), cocraB u pyHK-
IUOHAIBHAS AKTUBHOCTH KOTOPBIX OTIPEIeIsTIOT
«3710poBbe» (KauecTBO) nouBbl [4]. UMenno
MO3TOMY IIPU OIeHKe CIIOCOOO0B MOBBIIIEHM S
naofopoust mouB Kak B Poccun [5-7], rak u B
napyrux crpanax [8, 9] ocoboe BHUMaHme yiens-
eTcs M3YYeHN0 OTBETHON peaKInu 1O0YBeHHBIX
MO na BHeceHMe pa3imuHbBIX 103 U IPUMEHeHe
pasubix cucrem ynoopennii. B Pecriybmnke Romun
BOIIPOCAM OIEHKU OMOJIOTNYeCKOr0 COCTOSHUS
MaxXOTHBIX MMOYB, BBISABICHUIO 3aKOHOMEPHOCTE
N3MEHEHHs TOYBEeHHBIX MITKPOOHBIX COO0IIECTB
[P UCITOJIB30BAHNN PABTNYHBIX CHCTEM 3eMJIe-
fesust yiessiercs Hefloctrarounoe panmaniie [10].

[less manuoii paboThl — BHISABUTH 3aKOHO-
MEepPHOCTU M3MEeHEeHMUsI MOYBEHHBIX MUKPOOHBIX
COOOITECTB O]l BIMSHIIEM BHECEH NI 9ROJIOTIYe-
cK1 6e30IacHBIX J103 OPTAHNYECKUX YI00peHi
(TophoHABOZHOTO KOMITOCTA) B ArPOIKOCUCTEMAX
Pecrybonuku Komn.

Marepuasinl 1 METOJbI MCCIETOBAHS

UccnemoBanmst mpoBOANIN HA 3eMJAX
Mucruryra arpobuorexuosoruii um. A.B. Hy-

pasckoro Komu HIT ¥pO PAH, rue B ycioBusix
pauTenabHoro (6osiee 40 jer) cramuoHapHOTO
OTTHITA M3yYaercst BIAMSHIE PA3INIHBIX CHCTEM
yoOpeHuil (oprannyecKnX, MIHepaJIbHBIX 1 Op-
raHOMIHEPAJIBHBIX) Ha MPOJYKTUBHOCTH pacre-
HIT B KOPMOBOM C€BOODOPOTE 1 HA TLIOJOPOJIIe
arpoiepHOBO-TIO/I30JINCTHIX 110YB, chopMupo-
BaHHBIX HAa TOKPOBHBIX cyranHKax [3]. Oobekr
UCCAeOBAHNUS PACTIONOKEH B OKPECTHOCTAX
r. CeikreiBRapa (Pecnydnurka Komu, momsona
cpeprent taiirn). Ha MoMmeHT Hauajia srciepu-
menTa (1978 1.) mouBa ONMBITHOTO TOJIA Xapak-
TepU30BaNach HU3KNM COJlepsRafmeM IymMyca
(2,1-2,5%), cpepiie- 1 cIabOKMUCIO0I peaKrimein
cpepbl (pH, ., =4,8-5,6), nmena cpenimii i HoBbI-
IMeHHBII YPOBeHb 00ecIiedeHHOCTI 0OMEeHHbIMI
ocHoBanusmu (10,3-16,8 cmosb/Kr mouBHI),
BBICOKHIT — TOIBUKHBIME (popmamu docdopa
(P,0, = 180-240 mr/Kkr mousbr) 1 oOMeHHBIMY
dopmamu kanua (K,0 = 146-190 mr/kr nou-
Bbl). YepenoBanue RyJIbTyp B ceBoobopoTe:
KapTogesib; BUROOBCAHASI CMECh + MHOTOJIETHIE
TpaBbl; MHOTOJIeTHITE TpaBbl 1 rojia moab3oBanms
(T. 11.); MHOTOJIETHIIE TPABKI 2 T. TI.; BAKOOBCSHAS
cMmech; kaprodenb. B RagecTBe opranmyecknx
yrodpenwuii 2 pasa 3a poraiuio ceBoobopora (1moyt
Raprodesb) BHOCAT TOPHOHABOZHBIIT KOMIIOCT
(THR). Tlocnennee suecernme THR 6n110 ocy-
mecrsieno 8 2012 r.

(Cxewma orbita: KOHTpOJIL (0e3 ynoOpenwuii),
THH B nose 40 tv/ra (THR-40), THR B nose
801/ra (THR-80). IL1omams onbITHBIX IeJASTHOK
100 M (12,5 X 8 M), TTOBTOPHOCTH OTIHITA YeTHIPEX -
KkpatHast. O0pasiibl MOYB OTOMpPATN HA TIIYOUHY
rkopHeoduraemoro cyosi (0—-20 cm) B 2018 1. mepey
MOCeBOM (BecHa) 1 mociie yOopKu (0ceHb) OJHO-
JleTHuX RyJabryp (Avena sativa L. copr 'opusomr,
Vicia sativa 1. copr JIbroseras 22). [1poObr st
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MUKPOOMOIOTHIECKIX CCIeIOBAHNIT OTOMpaIn
¢ coOJIojleHNeM YCJIOBUIA, TTPeIsITCTBYIONIX X
KoHTaMuHanuu. CMermanHbie 0Opasibl MOYB
COCTABJIAIN U3 J MHAMBUAYAJIbHBIX TIPOD, 0TO-
OpaHHBIX METOIOM KOHBEPTA ¢ KaKOT OTTBITHOI
nensinku. J[lo Havana MUKpoOMOIOTHYECKIX MC-
cJIeloBaHMIT 00PA3IIbl [TOYB XPAHUIIN TPH TeMIIe-
parype -18—-20 °C. Yuursias rog orbopa 1mpoo,
B JIAHHOM MCCJICOBAHNY OIEHNBATN BINSHIE
nocaegeiicreust THR Ha mouBbl 1 1ouBeHHYIO
MHUKpOOHOTY.

Pu3nKo-XnMUUYecKne mMoKa3aTean MOYB
OTTPEJIeJIsIIN ¢ MCTIOAb30BaHIeM O0IIeNPUHATHIX
B 1mouyBoBejieHnn MerojoB ananuza [11]. Ilpn
MPOBEJIeHNIT MUKPOOMOJOTHYECKIX NCCJIe/I0Ba-
HUIT B TOYBAX OIEHUBAJIM YNCIEHHOCTH OaKTe Pl
u crop rpudoB, JJIUHY MUIIEJNNs METOOM Ipsi-
MOTO MUKPOCKOIMPOBAHUS ¢ MCIOJIb30BAHNEM
(bTyOpOXpPOMHBIX Kpacutesieil u mocaeyonnm
pacuéroM BeamunmHbl ux oOmomaccew [12]. Ilnsa
ofmoro obpasma rorosuan 12 mpemaparos. I1pe-
[aparsl st mojcuéra OaKrepuil u MU aK-
THHOMUIIETOB OKPATIINBAJIN PACTBOPOM aKpHUNHA
opanzkenoro (1:10000) B reuenne 2—3 MuH, st
YUéTa CIiop 1 MUTIeJINsI TPIO0B — KaIbKOPIyopoM
6enbiM B Teuenne 15 mun. [Ipocmorp mpenaparos
npoBopin Ha MUKpockote Zeis (Axiovert 200).

Jloist m3yveHnsi TaKCOHOMUYECKOTO COCTa-
Ba IIPOKAPUOT UCII0Jb30BAIM MOJERYJISAPHO-
reHeTHYecKie MeTofibl. Bhilesiene TotanibHOT
JIHK nipoBopuim n3 HaBeCKU MOYBHI MacCOI
0,2 r B coorBercreuu ¢ [13], ounmanu [[HK
or mpumeceii merojgom srexrrpodopesa B 1%
arapo3noMm rese. HoimuecTBennyio omenky co-
nepskanus renos 16S pPHR 6akrepuii u apxei
OCYTIECTBIISIIT METOIOM TIOJINMepa3Hoi TeMmHOT
pearkmunu (IT1[P) B peanbrnom Bpemenu (temie-
parypubiit npoduin: 95 °C — 30 ¢, 50 °C — 30 ¢,
72 °C — 30 c¢; Bcero 30 nurnon). B kavecrne
MaTPUILbI TTPY KOHCTPYUPOBAHWY U CEKBEHUPO-
BaHUU aMIIMKOHHBIX ONOJIMOTER NCITOJIB30BAIN
ountennbie npenaparel [IHR (10-15 ur) ¢ no-
baBrenneM moanmepasbl Encyclo («EBporemn»,
Poccusi) m mapsl yHuBepcaibHBIX TpaliMepos
K BaprabennbromMy yaacTry V4 rema 16S pPHR —
F515 (GTGCCAGCMGCCGCGGTAA) n R806
(GGACTACVSGGGTATCTAAT) [14]. Ananus
HYKJEOTHIHON ToceloBaTeabHOCTH V4 TeHa
16S pPHR mpoBopuu ¢ momotiibio cekBeHaTopa
MySeq («Illumina», CIIIA) na 6ase pecypcroro
nenrpa «l'enernueckne rexuomornm» CaHkT-
[Terepbyprckoro rocyaapcTBeHHOTO YHUBEP-
curera. TakcoHOMUYECKYO UeHTU UKAINIO
nocaenoBarenbuocteit [IHK u cpaBuurenbubiit
aHa/IN3 MITKPOOHBIX COODIIECTB BBITTOIH SN ¢ C-
OJIb30BAHMEM ITPOTPaMMHBIX TTakeToB Bioconda

[15], QIIME [16], PAST Paleo [17] u 6a3n
nanabix RDP (Ribosomal Database Project,
http://rdp.cme.msu.edu/). Maremarnueckyio
00pabOTKY TMOMYUCHHBIX TAHHBIX BLITIONHAIN ¢
ucionab3zoBanueMm narkera nporpamm Microsoft
Excel n Statistica.

Pesyabrarel n o6cys;rnenne

Bo Bcex Omoranmarmdecknx 3onax Pe-
cinyosukn Komm ocHOBHBIM (haKTOpPOM, YJIyu-
MAIOINM PEKUMbI U CTPYKTYPHOE COCTOSITHIE
MAXOTHBIX TI0YB, SIBJISIETCS BHEceHne OOBIINIX 103
opranmyeckux ypoopenuii — no 100-200 /ra [2].
[Tpu Hm3KOIT 0OECIIeueHHOCTN OPTaHMYeCKUM
BeIecTBOM BajkKHOe 3HauyeHUe mpuodperawr
ceBO0OOPOTHI ¢ BLICOKOIT HACKIIIEHHOCTHIO OJ[HO-
aeTHuMU n MHOToJMeTHUME TpaBamu [18]. [Ipu-
MeHeHIe Ha arpojiepHOBO-TIO/I30JNCTHIX TTOYBAX
cpejHell Tall T TaKOTO MIeCTUII0IBLHOTO CeBO00O-
pora 6e3 BHECEHUsI M3BECTKOBHIX MEJTNOPAHTOR
MPUBEJIO K BO3PACTAHUIO KUCAOTHOCTH MOYB
Rak B ROHTpOse, Tak 1 Ha dore BHecenuss THR
B mo3ax 40 u 80 v/ra (radn. 1). 3a 40-nernuit
MePUoJ PN OTCYTCTBUY 3HAYNMBIX M3MEHeHUI
B cOJlepsRaHm OOMEHHBIX OCHOBAHUIT BeJIMYITHA
00MeHHOI KucJaoTHOCTH n3Menmaach na 0,9-
1,1 ex. pH, rugponutnyeckas KuCIOTHOCTDH BO3-
pocaa B 1,0—1,9 pasa (raox. 1). Cymecrentoe
CHUZKeHUe TMOJBUKHBIX (DOPM KaJlisi B MOYBAX
(81,5-2,1 pasa), ocodenno npu saecernn THR
B mo3e 80 t/ra, cBsizaHo, 110 BCell BUMMOCTH,
€ AKTUBHBIM BEIHOCOM KaJINS ¢ YPOsKAeM KYJIBTYP.
B wacruocru, mo ganusiv 2018 r. yposkaiinoctnb
3eJIGHOI Macchl OJ{HOJIETHIX TPaB B BapuaHTax
¢ BHECEHMEM OpPraHmvyecKux ymobpenue cocra-
Busa 13,2—17,2 v/ra, 4to npeBbICUI0 KOHTPOD
na 41,9-84,9%.

Buecenne THR B nozax 40 u 80 v/ra ne
MPUBEJIO K CYIeCTBEHHOMY N3MEHeHU0 ryMyc-
HOTO COCTOSTHUSA MaxoTHHIX TouB (Tabm. 1). Kak
B KOHTpOJIe, Tak 1 B Bapuanrax ombita THHR-40
n THHR-80 cocras rymyca coxpamser TyMarHo-
dynbBaTHbIT XapakTep. OqHAKO BHECEHNE MaK-
cumanbubix 103 THHR (80 1/T7a) n Bo3pacranue
Ha 9ToM (oHe KOJIMYecTBA BO3BPATIATOIINXCS
B IIOUBY PACTUTEIbLHLIX OCTATKOB [ 3] crrocobeTBo-
BaJIO YBeJMUYEHNIO B TouBe rymyca B 1,3 pasa 1o
CPaBHEHUIO ¢ KOHTPOJIEM I BapHaHTaMu OTIbITa,
rie noza THR cocrasisina 40 t/ra. C yBennye-
HITeM 00IIero KoJnyecTBa MoYBeHHOTO OpPTaHM-
YeCKOTO BEIeCTBA COMPSIKeHO BO3pacTaHme B ero
cocTaBe OUOJOTMYECKH JIOCTYITHBIX KOMIIOHEHTOB,
OTleHMBAEMBIX 110 BeJIUYNHE yIJIepoja OpraHi-
YeCKUX COCIMHEHW, N3BICKAEMbIX BOJHBIMU
BuiTskEaMu [19], u urpamoniux BasKHYIO POJib
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Ta6auma 1 / Table 1

Bnustnue oprannveckux ypo0peHunii Ha (QU3NKO-XUMUUYeCKIe TOKa3aTe/1n arpojiepHOBO-10/[30IMCTOI
MTOYBBI B IOJITOBPEMEHHOM 9RCIIEPIMEHTe ¢ IPUMeHeHeM KOPMOBOTO ¢eB000OpoTa
The influence of organic fertilizers on the physico-chemical parameters of sod-podzolic soil
in a long-term experiment using forage crop rotation

Bapunawnr lop pH,, Hr! S? PO | R,0O* | Tymye | C:Cy.t Chon’
Variant Year Humus | C:C.* wsonr
CMOJIb /KT MI/KD % mr/gr | % or G |
cmol/kg mg/kg mg/kg | % of C
HOHTpOJI]) 1978 9,9 3.1 9,2 223 146 2.1 H/O6 H/O H/O
Control 2018 4,4 6 9,7 185 98 2,6 0,93 92 0,6
THR-40 1978 5,2 3,7 | 11,6 | 211 148 2,5 1/o 1/o u/o
PMC-40 2018 4,2 6 12,9 143 104 2,8 0,83 80 0,6
THR-80 1978 5,3 38 | 98 201 170 2,4 /o /o 1/o
PMC-80 2018 4,4 5,8 | 10,1 | 231 82 3,9 0,98 123 0,6

Tlpumenanue: "Hr — eudposumuuecran Kuciommocmuy; %S — cymma 00MeHnblx ocHosanuil, * — nodsuacnuvie opmwt ocgiopa

w kanus; 'CpeCy

— OmHOULeHUe Yenepoda 2YMUHOBLLE KUCAOM. K Yeaepody dyibeokruciom; C

v

wop — CoOepacaiue yeaepoda

8000pACMEOPUMBLL OpeAUMeCKUX seupecms; “1/o — ne onpedensiu.

Note: "Hr — hydrolytic acidity; *S — sum of exchangeable bases; * — mobile forms of phosphorus and potassium; *C
—content of water-soluble organic maltter carbon;

ratio of carbon of humic acids to carbon of fulvic acids; °C
determined.

B (DYHKIITMOHUPOBAHUI TOYBEHHBIX MUKPOOHBIX
KomITekcoB. OMHAKO, HECMOTPST Ha Pa3andns
B a0COJMIOTHBIX 3HAYCHNAX, OTHOCHTETLHOE CO-
nepsranme G, o B Bapuantax ¢ suecennem THR
UJEHTUYHO KOHTPOJbHOMY yuacTry (tads. 1).
Onenka uncsennoctu MO ¢ ucnonb3oBanum-
eM JIIOMUHECIIeHTHOIl MUKPOCKOIINK TT0KA3aJa,
410 OAKTEPUN 11 TPUOBI XapaKTePU3YIOTCA Pa3HOi
pearmmeir ma sruecenmne n mocaeneincrsrne THH.
B Becennuii iepnos MakcumMabHast 4UCJI€HHOCTD
oaxrepuit (0,83+0,73 mapn ki./r) sadpurcnpo-
BaHa B IMOYBE JIEJISAHOK, TJie BHOCUIACH IBOTHAS
noza THH — 80 t/ra (puc. 1A). Ilocae yboprn
OTHOJIETHNKOB Ha MePBOe MECTO M0 KOJTNIeCTBY
GaKTepuil BBIXOMWT MOYBA ICSTHOK, TJIe NCIIONB30-
Basmch Huskme 1036l THR (40 1/ra). B BapnanTax
onbita 6e3 BHecenuss THH u ¢ Buecennem THR
B 103e 80 T/ra uncaeHHOCTh GaKTEPUil B OCeHHMTT
nepuoj, Obiia B 2,4—2,5 pasza uuzke. [lpu npu-
Menenun asoiinoit 1o3el THR ormeuena ren-
MEeHIUsA K CHUKEeHUI0 YNCTeHHOCTH TTPOKAPUOT
B OCeHHMIT epuoj| (mocje yOOpRU yposRas), a
B BapmaHrtax ombiTa 6e3 yjoopeHnii (KOHTPOJIb)
n wa gone Buecennss THR B moze 40 v/ra —
R eé Bospacranuio (puc. 1A). Taras rapruna
B IMHAMITKE YNCJTeHHOCTH OAKTePIii, BO3MOKHO,
obycyoBiena crernu@uKoil OTBeTHON peakIjni
DYKapUOTHOIO KOMILJIEKCA Ha MPUMeHSIeMYIo
cucremy ynoopenuii. [loBbimennbie 10361 opra-
HUYECKUX YI0OPeHUTl CTUMYJINPYIOT POCT U pa3-
BUTHE PACTEHUTI 1 00YCIOBINBAIOT IIOCTYIIJIEHUE
B 1IOYBY 00Jiee 3HAUNTETLHOTO, YeM B KOHTPOJIe,
KOJIMYECTBA KOPHEBBIX M MOKHUBHBIX OCTATKOB
[20]. 910 He TOJILKO cI1OCODCTBYET aKTUBU3AIU I

wsom

:C,,—the

H/0 — nol

HA
b

SE

FRUBHEIEATeTHHOCTH TOYBEHHBIX MIKPOCKOIIITYe-
CKIX TPUOOB, 0 4EM CBUJIETETHCTBYIOT BO3pacTaHIe
JUIMHBI MUTIeNNs, 0cOOEHHO HA yYacTRax ¢ BHe-
cenuem nBoiiHoit o361 THR (80 1/ra) (puc. 1C),
U CHUZKeHNUe B TI0YBAaX KOJMYecTBa ¢Iiop rpudon
(puc. 1B), Ho  mpuUBOAUT K ONpeeéHHBIM
epecTpoiikaM B cTpyKrype sykapuor. Rak suj-
Ho (puc. 1C), B Bapuanre ombita THHR-80 BO BCe
CPOKM IIPUCYTCTBYIOT iBa TnIa rud — ¢ pazmepa-
M 2 n 3 MEM. B KOHTpOJIe 1 Tipu HUBKUX 103X
THH B o6pasnax mous 3adWKCUPOBAH MUTIETTI
TOJTBLKO OJIHOTO Pa3MepHoro psja — ¢ MINPUHON
rud 3 MEM. AKTUBU3AINSA KU3HEALATETbHO-
CTH MUKPOCKOTIMYECKNX TPUOOB PN BHECEHWN
THR, mo-Buammomy, conpsi;ReHa co CHIReHeM
YUCJIEHHOCTU MPOKAPUOT, KOTOPble HAXOJISTCS
¢ rpubamMu B KOHKYPEHTHBIX OTHOTIIEHUSIX 32 1C-
TOYHUKI DHEPTUL.

Paznuuusi B unciensoctu 6akrepuii, crop
rpubOB U JIJIHE WX MUIEIUsT HAILIN CBOE OT-
payKeHue B MIBMEHEHUN BeJIMYNHbBI U CTPYKTYPbhI
MUKPOOHOIT OMOMACCHI B TAXOTHBIX TOPU3OHTAX
MOYB OMBITHBIX JleJAHOK (Tads. 2). Buecenne
THR B ro3ax 40 u 80 r/ra croco6cTBOBaNIO BO3-
pacTanmio BeJINYMHBI MIKPOOHOIT 61OMacCh
o cpaBHennio ¢ kourponaem B 1,3 m 2,0 paza.
[Tpuuém, Bo Bce cporm HAbIIOeHITT cyMMapHast
MUKpoOHas Omomacca B KayRIOM KOHKPETHOM
BapuaHTe OIbITAa COXPAHSIACHL HA OTHOM W TOM
JKe YPOBHE, MEHAJIAch TOJILKO €6 CTPYKTypa.
B konrposie u npu nuskux nozax THR (40 t/ra)
B OCEHHUIT IePHOJ BO3PACTAJ BKJIAJ] IIPOKAPNOT
U CIIOP TPUOOB TIPU CHIZKEHUI POJIA MUTIe/TUS TPH-
oos. [Ipu Buecennn THR B nose 80 1/ra B nouse
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Puc. 1. Yucnennocrs 6axrepuii (A), criop rpubos (B) u Bemnumna myuasl mutienus (C)
¢ MupnHOM rud 2 1 3 MKM B ITOYBAX ONBITHBIX JIeJISTHOK Oe3 BHeceHus yoopenuii (Horrpomn)
7 ¢ PA3HBIMN Jl03aM1 BHeceHMst TopdoraBosroro kommocra — 40 (THR-40) u 80 v/ra (THK-80)
B BecerHnit iepuof, (1) u nocse yoopru yposxas (11) onnonernux rpas.
[Trankamm morpenTHOCTH MTOKAa3aHa BeJNUYIHA CTAHAAPTHOTO KBAJ[PATHYHOTO OTRIOHEH WS
Fig. 1. Number of bacteria (A), spores of fungi (B) and length of mycelium (C) with the sizes of hyphae
2 and 3 pm in the soils of experimental plots without fertilization (Control) and with the application of dif-
ferent doses of peat-manure compost — 40 (PMC-40) and 80 ton/ha (PMC-80) in the spring (I) and after
harvesting (I) annual grasses. The error bars show the value of the standard square deviation

OTIBITHBIX JIGJISTHOK B OCEHHMIT TIePUOJT CHUFKATACH
J10Jist GUOMACCHI TPOKAPUOT U BO3pAcTaIa — MU-
1eJInst TpOOB, B OCHOBHOM 3a CUéT pa3BuTHs THJ
rpuboB Hosiee KpyrHoro pazmepa (3 Mrm). Takum
obpasom, Baecenue apoiinoii 10361 THR (80 1/ra)
6oJTee 3HAYIMO MEHACT CTPYKTYPY MIKPOOHOTT 6110~
MAacchl B arpojiepHOBO-TIO[IBOTICTHIX TIOUBAX CPeJ-
neii taiiru, yem npumenenne THR B osze 40 1/ra.

CornacHo pesyibraTaM KOJMYeCTBEHHOT
[TILP, uncaennocTs pubocoMaabHBIX TeHOB OaK-

Tepuil B U3YUeHHBIX HAMU MMOYBAX Bapbupyer
Bupegenax 10°—10% wa 1 r cyxoii moussl. Binskue
rkonmvectBa konuii reros 16S pPHRK nonyuenst
1151 00PA3I[OB MaXOTHOTO TOPU3OHTA B KOHTPOJIE
1 B BapUAHTE OIbITA ¢ BHECEHEM ITOBBIIIEHHBIX
no3 THR (80 t/ra), coorBercrsenno 8 - 107 n
10 - 107, B Bapuanre ¢ nuskumu gozamu THR
(40 v/ra) KOMMYECTBO KO TEHOB HA MOPSIOK
ke — 14 - 108, [Tosryuennpie HaMu TaHibIe 0
YUCJY KO Ha TPU-IIECTh MOPSAIKOB HUFKE 110
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Ta6amma 2 / Table 2

Brusinue oprannveckux ynoOpeHuii Ha BeJTUUUHY 1 CTPYKTYPY MUKPOOHOT HOMACCHI B TIOUBAX OMBITHBIX
MeSTHOK: B HeanTesie — abCcOoMOTHRe 3HaueHns (MKT/T), B 3HaMeHaTene — ornocuresbune (%)
The influence of organic fertilizers on the size and structure of microbial biomass in the soils
of experimental plots: in the numerator — absolute values (ug/g), in the denominator — relative (%)

Bapuanr Cpox Buomacca / Biomass Cymma
Variant \OTGOPa OaKTepUN | CIIOPbHI SPOTeS muteanint / mycelium Sum
Sampling | pacteria of fungi 2 MEM 3 MEM
time ‘
2 um 3 um
Konrposn BecHa 9.1+0.2 217+3 0 112+159 335
(6e3 ymobpermin) spring 1,9 64,9 33,6 100
Control (without 0CeHb 11£7 261+4 0 02+4 324
fertilizers) autumn 3,3 80,6 16,0 100
BecHa 4,3+0.2 180+20 0 244+173 429
THEK-40 (40 v/ra) spring 1,0 42,1 56,9 100
PMC-40 (40 ton/ha) | ocenn 2745 244461 0 161+12 432
autumn 6,3 96, 37,3 100
BecHa 17+15 194.2+0.8 1724177 300125 683
THER-80 (80 1/ra) spring 2,4 28,4 29,2 43,9 100
PMC-80(80 ton/ha) |oceun 11.5+2.5 183+50 168+173 2924122 659
autumn 1,8 28,0 25,7 44,6 100
| | | | | | | =) O Proteobacteria
KonTpons /Control EE O Actinobacteria
| [ Acidobacteria
EBacteroidetes
THE-40 / PMC-40 § % B Firmicutes
FIChloroflexi
& EPlanctomycetes
THK-80 /PMC-80 @ 7 EEE; B Verrucomicrobia
| | | A0 pGemmatimonadetes
' ' ' ! LINot identified
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Puc. 2. Takconommueckas ctpykTypa (Ha ypoBHE (DUIYMOB) MPOKAPMOTHBIX KOMILTEKCOB
B TIAXOTHBIX TOPUBOHTAX arPO/ePHOBO-TIOJIB0IUCTHIX T0YB. BapuaHThl orbiTa Te jKe, 4T0 HA pucyHKe 1
Fig. 2. Taxonomic structure of microbiomes of arable horizons of agrosod-podzolic soils
at the phylum level. Variants of experimental plots are the same as in Figure 1

CpaBHEHUIO ¢ MOYBAMU 0OOJiee 0JKHBIX PEruo-
HOB — JIEPHOBO-ITOJIB0JTUCTBIMI, TEMHO-CEPbIMU,
yeprozémMamn u KamranosbiMu |21, 22]. 9ro
MO/ITBEPsKIaeT MPeCTaBIeHIs 0 boee HU3KOM
OMOTEHHOCTU CeBEPHBIX IMOYB.

Rowmmexce 6akrtepnii B MouBaxX OMBITHBIX
Y4acTKOB c(DOPMUPOBAH ITPEUMYIIIECTBEHHO MTPeJi-
crapurensmu fessitn Guiaymon: Acidobacleria,
Actinobacleria, Bacteroidetes, Chloroflexi,

Firmicutes, Gemmatimonadetes, Planctomycetes,
Proteobacteria n Verrucomicrobia (puc. 2). llpak-
TUYECKHN BO BCeX MUKPOOMOMAX JIOMUHUPYIOT
Proteobacteria, na 10110 KOTOPLIX MTPUXOAUTCS
90,6-63,8%. Bropoe mecro B coobiecTsax ma-
XOTHBIX TIOYB 3aHUMATOT TTPEICTaBUTEN (DIITyMa
Actinobacteria (21,9-28,9%). 9ru purymsr go-
MUHUPYIOT BO MHOTUX THTIAX IMOYB, B TOM YHCJIe
1 B JIEPHOBO-TIO/I30JIMCTHIX 1 TEMHO-CEPbHIX TTOY-
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Bax [21]. B comonmax m KamraHoBbIX MOYBAX
Actinobacleria 3anumMaior Bejyliiie MO3UIUN B
MOBEPXHOCTHBIX TOpU3oHTaxX, Proteobacteria —
B HUJKHUX TOPUBOHTAX MMOYBEHHBIX 1Tpoduieit
[22]. B kpuosiurosone mnpepcraBurein arux Qu-
JIYMOB IIPUYPOUYEHBI K CAMBIM BEPXHUM, HanboJiee
MPOTPEeBAEMBIM CJIOSIM TOPPAHBIX 1T0UB [22].

Ha tperbem mecte B 1mouBax ONbBITHBIX
yuacTkoB Haxoaurcs ¢unrym Bacteroideles
(5,1-9,7%), ero mpecTaBUTE N TAKKE TIITPOKO
pacrpocTpaneHbl B nmouBax. TunuanbiMu oou-
TATeJISIMU KHUCJIBIX TMOYB SABJSIOTCS OaKkTepun
punyma Acidobacteria [23], ognako B mouBax
KOPMOBOTO ¢eBO0OOOPOTA, HECMOTPS HAa MX 3HA-
anresbHyto kucaornoers (pH ., =4,2-4,4), nons
Haxrepuii aroro puryma nesbicoka — 0,4—3,0%.
Ha momio npepcrasureneii pumymon Chloroflexi
n Planctomycetes mpuxopurest okoso 1%. Yue-
JeHHOCTh MPOKAPUOT OCTATLHBIX (QUIYMOB
B coobmectax ne gocruraer 1%.

Brecernme B iouy ppoiinoit mosst THR (80 1/1a)
CII0COOCTBOBAJIO CHIKEHNIO B CTPYKTYpe Ipo-
Kapuor gosu reroB Proteobacteria (52%) n Bac-
teroidetes (5% ) OTHOCHTETBHO KOHTPOJBHOTO
yuactia (coorBercTBeHHO d8 1 7%) 1 y4acTKOB
¢ BHecenneM Hu3kux 103 THR (64 u 10%). Bue-
ceHme OpraHmyecKnX y00peHIil TPIBeJIo TakKe
K BO3pacTaHuIo 0JU IreHOB DarkTepuii guryma
Actinobacteria (coorBercrBerno 22% — B KOH-
tpoiie, 23% — npu roze THK 40 1/ra, 29% — npn
noze 80 1/ra THR) u Firmicutes (coorBercTBEHHO
1,9, 0,51 5,8%).

B Bapmantax ompita ¢ BHecenmem THR
B 1o3e 80 1/ra, HecMoTpsi Ha Dosiee BBLICORYIO (110
JIAHHBIM JIIOMIHECIIEHTHOI MUKPOCKOTINN) YNC-
JEHHOCTh MPOKAPUOT, TAKCOHOMMYECKOe pas-
HOoOOpasue Gakrepuii HIKE, YeM B KOHTPOJIe 1
Ha yyacTrax ¢ no3oit THR 40 rv/ra. B yactnocrn,
B 1mmouBeHHOM Mukpobmome yuactkoB THR-80
He 00HaApYsKeHbI KON reHOB DaKkTepuii n3 u-
aymoB Gemmatimonadetes w Verrucomicrobia,
npeicTaBIeHHOCTh KOTOPHIX (0COOEHHO, T10-
CJIE[THUX) IOCTATOYHO BBICOKA B TOUBAX I0HKHBIX
perunonos [20].

3arauyeHue

Takum 06pasom, BIepBbIe B aTPOIKOCUCTE-
max Pecry6nurn Komn mcciepoBano Biusitme
HACBIIIEHHOTO OJ{HOJIETHUMK U MHOTOJETHUMU
TpaBaMiu IMIECTUTIOTHLHOTO KOPMOBOTO ¢€BO00O-
pora n BHecenust AByX 103 (40 1 80 1/ra) Topdo-
HABO3HOTO KOMITOCTA HA CBOIICTBA arpojiepHOBO-
ITOA30JINCTHIX ITOYB 11 X MI/II(pO6HbIe KOMIIJIEKCHI.
[Torkazano, 9T0 HpUMEHsIeMast arpOTeXHIIeCKasT
crcTeMa MO3BOJISIET MOTYYaTh BHICOKIE YPOsKAN

OJTHOJIETHWX RYJIBTYD 03 yXY/IIeHIsI TyMyCHOTO
COCTOSTHUSI TIOYB, HO He TI03BOJIsIeT B OMOKINMAa-
TUYECKIX YCJIOBUSAX Cpe/lHell TailTn cTadnian3m-
pOBaTh KNCJIOTHO-OCHOBHOE COCTOSTHIE ITAXOTHBIX
mouB u obecrieunTh Ge3me@UIUTHBIN DaqaHc B
HIX 3JIEMEHTOB IUTAHUs (B MePBYIO oyepeib,
KaJust) 6e3 BHeCeHNsI M3BECTKOBBIX MEJTMOPAHTOR
n MuHepaibHbiX yaoopenuii. Buecenne THR B
nose 80 T/ra u ero mocseeicTBIe TPUBOIAT K
3HAYNMOI [TePecTPoiike MUKPOOHBIX KOMILIIEKCOB
B TIOYBAX arpodKOCHUCTEM, MPOSBIAIONIEICS B
BO3pacTaHmi a0COMOTHBIX 3HAYEHI MITKPOOHOTT
O6MoMacchl, AKTUBU3AINN FKI3HEeATeTbHOCTI
MOYBEHHBIX MUKPOCKOTINYECKNX TpubOB, CHII-
FREHU JI0JTU TTPOKAPUOT B CTPYKTYpe MUKPOOHOT
omomaccnl. Huzkue o3st THH (40 v/ra) crioco6-
CTBYIOT MOJJIEPKAHUIO YNCTEHHOCTU OT/eJIbHbIX
IPYIT TOYBEHHBIX MUKPOOHBIX COODIECTB Ha
YpPOBHE KOHTPOJHHOTO yuacTKa (0e3 BHeCeHIs
YHOOpeHuii), 3a NCKJII0YEeHEM OCEHHETo TIepno-
1ia, Korjia Ha (poHe MOCTYIIeH s B TOYBY KOPHeil
7 TIO}KHMBHBIX OCTATKOB OTMeYaeTcst Bo3pacTanie
YUCTEHHOCTN OAKRTePHil, COMPSIKEHHOE CO CHI-
JReHTIeM JIUTNHBI MUTIETNs TPIOOB.
MoserynsipHo-reHeTnuecKue McclaeaoBa-
HUsI BBISIBUJIM HU3KUI ypOBeHb OMOTEHHOCTN
MaxoTHHIX 1MoYB arposrocucreM Cesepa. B Hux
YUCJI0 KOTINIT pubOoCOMaTbHBIX T€HOB OaKTepuit
cocrasisier 10°—10% na 1 r cyxoii o4BBI, 4TO HA
3—6 TOPAMIKOB MEHBINE TT0 CPABHEHUIO ¢ MOY-
Bamu OoJsiee 103KHBIX pernoHoB. [Tokaszano, uro
TAKCOHOMUYECKIII COCTAB MPOKAPUOTHOTO KOM-
MeKca B TAXOTHBIX TOPU30HTAX NCCIEIOBAHHBIX
mouB nipefcrasiaen puaymamn: Acidobacteria,
Actlinobacleria, Bacteroidetes, Chloroflexi,
Firmicutes, Gemmaltimonadetes, Planctomycetes,
Proteobacteria w Verrucomicrobia. Oprannue-
CKue yao0peHusi HeoJ[HO3HAYHO BO3JIeliCTBYIOT
Ha pasHble TPYIMIbl NporapuoT. Buecenmne
THH B nose 80 1/ra mpuBOoguT K CHUMKEHWIO
TAKCOHOMUYECKOTO PazHooOpasus mpoKapuor
Ha ypoBHe (OUIYMOB OTHOCUTEIbHO KOHTPOJIb-
HOTO ydacTKa (0e3 opraHmyecKknx ymodpeHmii),
YMeHbITeHN0 oA 6akrepuii u3 GuIyMoB
Proteobacteria n Bacleroidetes, Bo3pacTannio
posin Actinobacleria m BbillafleHIIO 13 COCTaBa
OaKkTepMaJbHBIX KOMIIEKCOB TTpecTaBuTe el
purymon Verrucomicrobia w Gemmatimonadeles.

HUccaedosanue svinoaneno npu unancosoi
noddepucke POOU u Pecnyoauru Komu 6 pam-
kax nayunozo npoekma N 20-44-110009 p_a
«Bausanue uneaszuu oopuesura Cocnoecrozo
(Heracleum sosnowskyi) na naodopodue noug
U cocmae nROYBEHHbBLX MUKPOOHBLX COOOWecms 6
nocmazpozennvlx Ikocucmemax Feponeiickozo
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Cesepo-Bocmoka (na npumepe cpeduneii maiieu
Pecnybauru Komu) ».
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JKenmepuMeHTaaIbHOE 000CHOBAHNE BO3MOKHOCTH ITPUMEHEHIs
IPUTPOIUTOB B KAYeCTBE MOJIeJIU IIPU U3YyUYeHU U
MeMOPaHOMOBPE;KIAIOIIEro NeiiCTBIsI HAHOYACTHI]

© 2020. B. A. Odopun', g. m. H., ¢. H. c., Ipodeccop,

T. A. Aummxmuna’ 2, o. 1. 0., npodeccop, r. H. ¢., 3aB. JadopaTopuei,
'"Bsirckuii rocylapcTBeHHBIN YHUBEPCUTET,

610000, Poccus, . Rupos, yi1. MockoBerast, 1. 36,

“Uucrnryr 6Guonornn Komm nayunoro menrpa Ypaibekoro oraesnenus PAH,
167982, Poccus, 1. CoikroiBRap, ya. Rommynncrnuecras, ji. 28,
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Hawnomarepuasibl, HepeKko nMerIne yHNKaIbHbIe XapPaKTePUCTUKI, B TO sKe BPEMS COJ[ePyRAaT HAHOYACTHUIbI, 00JIa-
JAIOTIIe He TOJbKO BBICOKON MPOHMKATOIIEIT CITOCOOHOCTHIO, HO 1 B PSAJIE CYUAEB MOBBIIIEHHOI TOKCHIHOCTHIO, YTO MOFKET
MOBJIUSTH HA COCTOSTHIIE 3[[0POBBST JIUIT, MCIIOTH3YIOMNX TAKIE MATePUAIbl. JTO HEOOXOINMO YINTHIBATH KaK ITPH pHUMe-
HeHNN HOBLIX JOPM MaTepnasoB, coAepsRaINX HAHOUYACTUIBI 1 HAHOMATePUaJIbl, 0COOCHHO B MEIUI[NHE 1 KOCMETOJIOT T,
TaK U B TeXHOJIOTUYCCKOM IIPOIECCe HA BCEX HTaliax X MoTydeHust. BayKHbIM acTIeKTOM SIBJISITCST 9KOJIOTmYecKas npodaiema
B MeCTaxX PACTIONOREHT TPeITPUATHAI, TIie OCYIeCTBIAALTCA MOTydeHe HaHOYaCTUTL, ABAAIONNXCA COCTAaBHON YaCThIO
HOBBIX HaHOMaTepuasaoB. Takume MPon3BoOCTBA JIOMKHBI IMETh BHICOKUIT YPOBEHbB 3AIUTHI OT BO3MOJKHOTO TOTIAIAHTISA
HAHOYACTUIL B TIEPBYIO 0OY4ePe/Ib B BOAYIIHYIO cpey. B ciryuae HeKOHTPOIMPYEMBIX BO3MOYKHBIX BLIOPOCOB 1 ¢OPOCOB Ha-
HOYACTHUI] B OKPY/RAIOITYIO CPELY MOTYT BO3HUKHYTH CUTYAIIH, 3HATUTEILHO YXY/IIAIONIINE YKOTOTTICCKYI0 00CTAHOBKY
B MeCTaX HaXOKCHUS TAKUX TPEJIITPUsTIIL.

B crarbe npecrapiennl pesynsrarhl n3ydenus zaumoeiicTus nanovactuil okeusa amomunus (AlO,) n nano-
CTPYKTYPHUPOBAHHOTO yTIepoaHoro Mmarepuasia « Taymnur» ¢ spurporuraM KPoBH Yeq0BeKa, KOPOBLI, Hapana, MOPCKON
CBUHKI 1 6eJI0I KPBICHI B YCJIOBUAX in vitro. BuIsBIEHO, 4T0 HPUTPOIUTHI MJICKOIUTAIONNX, B TOM YHCJe U YeJOBeKa,
TOJ1 BO3/IEIICTBIEM MCCIelyeMbIX HAHOYACTHI], IIOJIBepraioTcs remoansy. [IpoBeneno comocrapiienme pe3yabTaTtoB OleHKI
TeMOJIN3NPYIONMIX CBOMCTB N3YUeHHBIX HAHOMATePWAIOB 1 YCTAHOBIEHO, UTO BHIPAKEHHOCTH TeMOJIN3a dPUTPOIITOB
3aBUCUT OT MPEJIBAPUTETHLHOTO BO3JENCTBUS YILTPA3BYKa HA CYCIIEH3UIO0 HAHOUACTUIL, UX KOHIEHTPAIUN U OT BUIOBOI
MPUHAMJIe;KHOCTH HPUTPOTUTOB. |lo/rydeHHbIE CBeJIeHIIST CBU/IETE/IBCTBYIOT O BO3MOYKHOCTI MCITOT30BAHIIS PUTPOIIUTOR
PN U3YIEHUN MeMOPAHOMOBPEs;KAAIONIET0 IeCTBIS PA3ITMYHBIX HAHOYACTHI] I HAHOMATePUAJIOB, KOTOPBIE B TIOCTEHIEe
POJIBI ITUPOKO TTPUMEHSIOTCS B PA3JIMYHBIX OTPACAX TTPOMBIIIIEHHOCTH, KOCMETOJOTUY 1 MeJINIHe.

Karuesoie crosa: HanomMarepumuaJsabl, HAHOYACTUILHI, MEMGPHHI’I, IROJOTUSA YeJIOBEeRa, DPUTPOITNTHI.

Experimental substantiation of the possibility
of using red blood cells as a model for studying
the membrane damaging effect of nanoparticles

© 2020. V. A. Oborin'

T' Ya' AShikhmina’l,z ORCID: 0000-0003-4919-0047°

'Vyatka State University,

36, Moskovskaya St., Kirov, Russia, 610000,

*Institute of Biology of Komi Scientific Center of the Ural Branch
of the Russian Academy of Sciences,

28, Kommunisticheskaya St., Syktyvkar, Russia, 167982,

e-mail: lazermkl@yandex.ru

ORCID: 0000-0002-6941-2201°

176

Nanomaterials, which often have unique characteristics, at the same time contain nanoparticles that have not only a
high penetrating power, but also in some cases increased toxicity, which can affect the health of people using such materials.
This should be taken into account when using new forms of materials containing nanoparticles and nanomaterials, espe-
cially in medicine and cosmetology, and in the technological process at all stages of their production. An important aspect
is the environmental problem in the locations of enterprises where the production of nanoparticles, which are part of the
new nanomaterials, is carried out. Such production facilities must have a high level of protection against possible ingress of
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nanoparticles primarily into the air. In the case of uncontrolled possible emissions and discharges of nanoparticles into the
environment, situations may arise that significantly worsen the environmental situation in the locations of such enterprises.

The paper presents the results of studying the interaction of alumina nanoparticles (Al,0,) and carbon nanostruc-
tured material “Taunit” with erythrocytes of human blood and blood of bovine, sheep, guinea pigs and white rats under
conditions in vitro. It was revealed that the red blood cells of mammals, including man, under the influence of the studied
nanoparticles undergo hemolysis. A comparison of the results of evaluation of hemolyzing properties of nanomaterials
studied shows that the intensity of hemolysis of erythrocytes depends on preliminary ultrasound exposure to the nanopar-
ticle suspension, their concentration, and species affiliation of erythrocytes. The findings indicate the possibility of the
use of red blood cells in the study of the membrane-damaging effect of different nanoparticles and nanomaterials, which
in recent years are widely used in various industries, cosmetics and medicine. This should be considered when addressing

environmental issues for persons employed in the production of nanoparticles and nanomaterials.

Keywords: nanomaterials, nanoparticles, membranes, human ecology, erythrocytes.

Hanouactuibt — cTpyKTypbl, IMEOIIe XOTs
Obl OJINH XapaKTepHBIN pazMep B AuamazoHe
1-100 1m, oOaaroT YHNRATILHBIMI CBOTICTBAMIT
TAKNMM, KaK BBICOKAs MMOBEPXHOCTHAS dHEPTHS,
ycroiiunBas coporusas OMOTOTNYeCKIMI MO-
JeRyJIaMi, HaTUYMe MarHuTHLIX cBoiicTB [1].
Bnarogaps cBoum pasmepam, cONOCTaBUMBIM
¢ pazmepamn riaetor (10-100 mkwm), Bupycos
(20—-450 um), 6enroB (9—50 HM), HAHOYACTHUI[HI
MOTYT TPUOIMKATHCA K 011000 HEKTY, B3ANMOJIeT -
CTBOBATh I CBA3LIBATHLCS ¢ HUM [2].

Ob6sacTh IpUMeHEeHUsI HAHOMATePUaI0B
paciiupsieTcs 1Mo Mepe BbITTOJHeHNsT (PyH/a-
MEHTAJbHBIX U TMPUKIAHBIX HCCACTOBAHNUII.
Meguinacrkoe 1 OMOJOTHUCCKOE MCIIOAL30BA-
Hre HaHoMaTepnajoB OTKPBIBAET MIpPoYATIIne
BO3MORHOCTH B 00JIACTH I[eJeBOIl JOCTaBRN
AKTUBHBIX JIEKAPCTBEHHBIX BEIECTB, CO3[aHNs
HOBENIITNX METOJIOB 1 CPeJICTB JIeUeH s Ha HaHO-
MEeTPOBOM YPOBHE, MeJIMIINHCKIX MMILJTAHTATOB,
IMArHOCTURY in vivo u in vitro [1, 2]. [lpnme-
HeHUe HAaHOYACTHI], KAK HOCUTEJell JeKapcTB,
MO3KeT 00JIerdnTh BCAChIBAHWE U TIPOXOJKIEHNE
ux uepes OMoAOTHYECKIIE MeMOPaHbI, 3AIUTUTh
oT MeTaboau3Ma, YIyIHinTh Hpouib TKaHeBO-
rO pacipejiejieHust U yCUJIUTh ITPOHUIAeMOCTh B
Kkiaetky. Benepersue 910ro cyiecTBeHHO MOBbI-
maercs 6e30TMacHOCTL MPUMeHeH s JTeKapeTs,
YMEHBIAIOTCA NX TOKCHYHOCTH W PUCK Pa3Bu-
st mobouHbIX dderron [3]. B To e Bpems,
MaTeprasbl Ha X OCHOBE He MOTYT He BBI3bIBaTh
OnaceHMil B OTHONIEHUN UX OMOJOTHYECKOT
COBMECTUMOCTI 1 BO3MOKHBIX HETaTHBHBIX 110-
CJIC[ICTBUI B3aUMO/ECIICTBUA ¢ OUOJOTUYCCKUMU
MOJIEKYJIAMU U KUBBIMI OPraHU3MaMU B 11€JI0M.
CriefioBaresibHO, TIepell TeM KaK PeKOMEeHI0BaTh
MpuMeHeHMe JTI00bIX HAHOMAaTepPHaIoB B KAKNX-
60 KOHKPETHBIX 00J1aCTAX (MIPOMBIIIIEHHOCTD,
ouorexnosorus, mapdromepus n, ocodbeHHO,
MeJMINHA), HeoOXOMNMO YETROe MOHNMaHue
MeXaHN3MOB TOBeJeHIS HAHOYACTUI] B OMOJIO-
IMYeCKNX cUeTeMax 1 leTaabHOe MecaeloBaHme
PasAMYHBIX ACMeKTOB WX BIMSHUSA Ha 3RUBOM
opranusm [4].

Buonornveckue cucreMbl 4pe3BbIYaiiHO
CJIOJKHBI U B3aUMOJEHCTBIE HAHOCTPYKTYP
€ KJICTKAMU B [1EJIOM U UX OT/IJTLHBIMY KOMITOHEH-
TaMu (MOJIEKYJIbI HYRJIEMHOBBIX KICJIOT, DEJITKOB),
MPUBOJIAT K UX YHUKAJTbHOMY paciipeiesieHno
B TRAHAX oprannama [d, 6], BOBMOKHOMY IMMYH-
HOMY oTBety [7] n usmenenusim B Mmetadosiname
[8]. B mureparype mmeioTess TpoTHBOpeUNBHIC
CBeJleHMsI 0 TOKCUYHOCTU OJIHOU M3 MOJIeKY-
nsapHbIX hopM yriaepojga — ¢ymrepernos [6-9].
B psiie pabor ycraHOBJIeHBI SIPKO BbIPasKeHHbIC
MUTO- W TeHOTOKCMUecKMe cBoiicTBa (hymmepe-
nos [10—12]. B pabore [13] BoisiBiien 10BOABHO
BBICOKMIT YPOBEHb IUTOTOKCUYHOCTH MHOTO-
CJOMHBIX HAHOTPYOOK — JAPYTOil alm0TPOIHOI
Mo UKATINNT YTIIepoia. Y CTaHOBIEHO, YTO TOK-
cuuecKkuit 3ppeKT, BbI3bIBAEMbIIl MeTaJIJINYeCKH-
MU 1 OKCUJTHBIMU HAHOYACTHUIIAMU, 3ABUCHUT OT X
pazmepoB: 60Jiee TOKCHYHbBI YaCTUILBI MEHbIIIEero
pasmepa. [lorkazano, aro momeryser [|HH B ker-
Ke pa3pyIiaTes mpu 00JIydeHnn CBeTOM B TTpH-
cyrersun nanovacrut, TiO, [14]. B paGore [13]
U3Y4YeHO BO3JIETCTRIIE HAHOYACTUIL OKCUIA THTA -
Ha Ha kiaerku BV2, BeipadbaTbiBaioline akTHBHbIE
(popmbl kucaopona. Buccneposanusx [14] 6v1n0
MPOBEJIEHO U3YUYEHUE IUTOTORCUYECKIX CBOICTB
HMIUPOKOTO KPyTra METAIOOKCH/THBIX HAHOUACTHUI]
(mmamerp 500-3000 M) o oTHOIIEHWIO K (M-
OpobsacraM (KJAETKM MHKYOMPOBAJIN B IIPUCYT-
CTBUY HAHOYACTUIL B TeuerHme 24 ),

Taxkum obOpazom, aHalm3 JaHHBIX JUTEpa-
TYpbI ITOKa3aJi, YT0 HAHOYACTUIH 00J1a/[al0T
BBIPAKEHHOIT T[UTO- I TeHOTOKCUYHOCTHIO B OT-
HOTIIEHWY PA3TNYHBIX 9YKAPUOTHICCKIX KIETOK.
Nmerorcst paboThl MO M3YYIEHIIO CTTOCOOHOCTIH
HAHOYACTUT], TPOHWKATH Yepe3 OMoIoTmiecKmne
MeMOpaHbl ¥ B3aUMOJIEICTBOBATH ¢ UX MAKPO-
mogneryiamu. [Ipu arom sperr BozelicTBus
HAHOYACTHUI] HA OMOTOTHYECKIe MeMOPaHbI OT(e-
HUBAJICA 110 TOKCHMYECKOMY NN OMOJOTHIeCKOMY
apderramM Ha pasnnuHble KJIECTKN B KYJIbTypax
tRanen |2, 4, 10, 11, 14].

[To namemy muenuio, Hanboaee MPUBIE-
KaTeabHOI MOJENbIO 1P MU3YYEeHUN BIUSHUSI
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HAHOYACTHI] HA MEeMOPAHBI KICTOK SIBJISAIOTCS
APUTPOIUTHI. ITO CBIZAHO ¢ HPOCTOTON UX BbI-
fleJIeHNsE 13 KPOBU 1 He TpeOyeT NCIoTb30BaAHMS
JIOPOTOCTOSITIEr0 060PYIOBAHNSI.

Mem6pana cocrasisier Bcero 1% or macchr
HPUTPOINTA, HO NMEHHO OHA OTIPeJieJIsieT TOMeo-
cra3 n QYHKIMOHATHHOE COCTOSTHIE RIOTKN 1,
B cayvae eé MMOBPEJKICHNsI, YaCTh TeMOTIO0MHA
BBIXOJIUT HAPY3KY, YTO ITPOSIBJISACTCS B U3MEHEHU I
[[BETa TJIa3Mbl KPOBI. 3PEJIBIN 9PUTPOTIHT TeIT0-
BeKa He COJePyRUT sj[pa M OPraHesJI, KOTOPbIe
oH yTpaumBaer B mporecce pazsurust. Cremosa-
TEJILHO, 9Ta KJIETKA KPOBU TepsieT ¢liocoOHOCTh
K pereHepariu B cjyuae eé HoBpesKIe s

[lenw Hacroseit paboThl — U3YUUTH BO3-
MOMHOCTH UCIIOJb30BaHUA IPUTPOUTOB B Ka-
YecTBe MOJIEJH JIJIsi M3YYeHUsT MeMOpPaHOIOB-
PESRJIAIOTIETO JIeTICTBIST PA3TIMYHBIX HAHOYACTHII.

Marepuasinl 1 MeTO/IbI MccIeIOBaHTIT

Hanouacrunpi. B xope nacrosieii padorol
MCIIOb30BAIN HAHOYACTU Il OKCH/IA QJTFOMUH ST
(ALO,), noxyuennsie B OO0 «Hanoropynmu»
(r. Capos Huskeropojickoii obnactun) ¢ pas-
mepamn yactuil 80—100 M n HaHOCTPYKTYpH-
pOBaHHBIN yriaepojublil Matepuan «Taynurs,
MPECTABAAIONTUI cODOI TepereTéHHbIe HUTH
nuamerpom 40—50 HM.

bBuomarepunan. Marepuaiom Jjist oydeHmst
APUTPOIUTOB CJAYFKIIA BEHO3HAS KPOBb KIMHI-
YeCKU 3JI0POBBIX JIOJeil 1 KUBOTHBIX. [TpoOb
KpoBU Jiojeil moayvanu B ['ocymapcrBeHnoM
yupesrieHun 3jipaBooxpanenusi « Kuposckas 00-
JACTHASI CTAHIIMS TIePeJIMBAHUS KPOBI», TPOOBI
KpPOBH JKUBOTHBIX — 3 BuBapus MenepaabHOTO
rOCYIAPCTBEHHOTO OI0/KETHOT0 00 Pa3oBaTe bHO-
O yupesR/eH s BbicIero oopasoBanis « Barckas
rocyIapcTBeHHAsT CeIbCKOX03sIICTBEHHAs aKa-
nemusi» (RopoBbI, bapamnr). B kavecrse anrtn-
KOaryJstHTOB nipuMensan 3,8%-Hblit pacTBop
aumonHokucaoro uvarpus (1:10) wian renmapun
(3,0 EJl/mn kpoBu).

B nceseoBanusix ncmosib30Basii SpuTpOoIin -
ThI KPOBU, KOTOPbIe XPAHUINCH He Dosiee OJHIX
cyrok. [I[purorosienne cycriensum 5purporuTon
ST OIEHKN MeMOPaHOIOBPEeRIAIOIIero jiefi-
CTBYSI HAHOYACTHI OCYIIECTBISIIN CAeYIONNM
obpasowm. [lepBoHauaibHO HPUTPOIUTHI TPUFK]IHI
OTMBIBAJIH [IECATUKPATHBIM 00'bEMOM CTEPUIIBHO-
ro 0,9% pacrBopa xmopuna varpus (pH 7,2 eg.)
nyrém reurpudyrupoanus mpu 1000 06./Mun
B TeUeHUe D MUH, & 3aTeM PecyCleHInpoBain B
ATOM 7K€ PacTBOPE JI0 TepBOHAYATLHOTO 00hEMA.

Ornpesiesienyie ONTUYECKOI TIIIOTHOCTI FKRIJ -
RocTel (CycnieH31il) 0cyIecTBIsIn Ha POTOdIEeR-

TPUUECKOM KOHI[EHTPAIMOHHOM KOJOPUMeTpe
ROK-2 npu gimne BOJTHBI TPOXOJIAIIETO CBETA
040 HM, TIHE OTITHYECKOTO YT KIOBETHI O MM
u pabouem 00BEME KIOBETHI 2,3 M.

Jlnsa mayvenust ¢cnocoOOHOCTH HAHOUYACTHI]
Al O, nospesarh MeMOpaHbl YPUTPOTUTOB HC-
TMTOTHL30BATIN METOMIMTICCKITH TPUEM, OCHOBATHBII
Ha BBIXO/e TeMOTJIOOMHA TP MTOBPESKICHIT MEM-
Opam HPUTPOINTOB B Pe3yaLTaTe NX COBMECTHOTO
HaxoKIenus ¢ nanovactuitamu. HabmaromaeMorit
OPNU DTOM TeMOJIN3 MOYKHO PErncTpupoOBaTh,
(buKCcHpys M3MeHeHne nBera HaoCaouHO K-
KOCTH TIOCJIe TPeJiBaPUTETLHOTO eHTPU Y Trpo-
BAHWS CYCIEH3UU DPUTPOIUTOR ¢ UBYUaEMbIMU
HAHOYACTUI[AMI.

Meroguka oeHKN BO3LCICTBUS HaHOYa-
CTUIL HA MeMOPaHBI DPUTPOINTOR 3aKII0UATACDH
B CHEAYIOMEeM: B MPOOMPRY, COAEPIRATITYIO
10,0 M 0,9% pacrBopa XIopuga HaTPUs, BHOCH -
qm 1,0 r mopomka nanowacrui ALO,, Tiarenbho
TepeMeITmBaIi W MOABePTaIN YILTPA3BYKOBOM
nesunrerpanuu B tredenne 30 Mmun. 3arem K
3,0 MI cycmeHs3uu 9PUTPOMUTOB PA3INUHON
rounenrparun godasyasan 20,0 MR cycrien3nn
nccseyeMpix Hanouacruil. Basech spurponurosn
W HAHOYACTUIL TIATEJNILHO IepeMeninBaim Ha
Bparnatiieiics naargopme B redenne 1 MuH npn
KOMHATHON TeMIeparype, mocie 4ero SpuTpo-
mutbl ocasgpanu mpu 1000 06./Mun B Teuerune
O MWH T U3MEPAIN MHTeHCHBHOCTH OKPACKI Ha-
J0CAJIOUHON JKUKOCTH.

Romrposem caysnuam mpoObl, B KOTOPBIX
K spurporram godasssn 20,0 mia 0,9% pac-
TBOpA XJOPHUIA HATPIIA.

CraTucruueckyio o0paboTKy pes3yJibraTtos
BBITIOJTHSIN PN TOMOTIH KOMITHIOTePHOI MpPo-
rpammbl «Biostat» Bepcun 4.03 ¢ Borauciennem
3HaveHUIl cpejHeii apudmernvecrkoii (M),
OIMMOKM cpejiHelt apudmerTnyeckoii (m), Koad-
(pummenTa ocTOBEPHOCTH (p) W KOPPEAATTHOH-
Hoii 3aBucumoctu (r). [locroBepHocTb pasziuinii
MEKITY TPYTITIAMIT OT[@HIBAJIN € MCITOTH30BAHTCM
t-wpurepnsa CroiofenTa.

Pesyabrarel n odcysrnenne

Ha mepBom srame ucciaegoBainii m3yumian
cocobnocth manovactuiy Al,O, nospeskmparh
MeMOpaHbl HpUTPOnuTOB. Pesynbrars uccieno-
BaHWI nipejicTaByieHbl B Taduie 1.

YeTaHoBIEHO, UTO TTPU UCTTOTH3YEMbIX KOH-
MEHTPATIAX IPUTPOIUTOR MHTEHCUBHOCTH OKPa-
CKU HAJIOCAIOTHON sKUIKOCTI B OTIBITHBIX TTPOOax
OCTOBEPHO TTPEBHITITATA TAKOBYTO KOHTPOJIBHBIX
1po6. Cremosarenbho, yactuibt Al,O, Bbi3biBa-
JIV YaCTUYHBIN BBIXOJ| 'eMOIVIOOMHA 13 KJIETOK B
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Ta6auma 1 / Table 1

OreHKa BAMSHIA HAHOYACTHIL OKCHIA ATIOMUHIS HA TeMOJIN3 DPUTPOIUTOB YeJI0BERA
Assessment of the effect of aluminum oxide nanoparticles on human redblood cell hemolysis

[Tpoba MureHcBHOCTE OKPACKN HAOCAOYHOM RUTKOCTI (B e[MHITIAX DKCTHHKIIN )
Sample PM KOHTEHTPATIIT HPUTPOITATOB ... * 108 1h1C. /M1 (MEm; n = 5)
The color intensity of the supernatant (in units of extinction)
at a concentration of red blood cells... - 105 thous./mL (M+m; n = 5)

4,0 2,0 1,0 0,5 0,25

Oupir 0,22£0,01% | 0,17+0,015% | 0,16+0,01% 0,095:0,02% 0,095=0,01%
Experiment
Romtpos 1 690,02 0,07+0,02 0,04+0,01 0,03+0,015 0,03+0,01
Control
IHpumewanue: ¥ — pazaunus cmamucmuuecku docmosepist no cpagienuio ¢ konmpoaen npu p < 0,05.
Note: * — differences are stalistically significant compared to control at p < 0.05.
Tadmuma 2 / Table2

Onenka BosjeiicTBus pasinuHbIX KonuenTpanuii nanovacrur AL O, na yposenn
remMosTI3a HpUTpPoIuToB uenosexa / Assessment of the impact of different concentrations
of aluminum oxide nanoparticles on the level of human erythrocyte hemolysis

[Ipoda MurencnBHOCTb OKPACKN HAZIOCATOUHOI KUJIKOCTH B 11p0OaXx (B e[iMHUIIAX IKCTUHKI[UN )
Sample ¢ KOHTIEHTPATINeNl HAHOUACTHT ... MKT/MI (M+m; n = 3)
The color intensity of the supernatant in the samples (in units of extinction)
with a concentration of nanoparticles ... pg/mL (Mtm; n = 5)
100,0 50,0 25,0 12,5 6,3
| Omo 0,20+0,01 0,20+0,02 0,16+0,01 0,09+0,01 0,04+0,02
Experiment
Ronrpou, 0,03£0,01 | 0,04+0,015 | 0,03+0,02 0,03+0,01 0,04+0,01
Control

cpey MHRYOAI[UM, 4TO CBU/ETENHCTBYET O I0-
BpesjleHn 1 MeMOpaH spuTporuToB. BeisiBieno,
4TO CTENeHb NeMOJIN3a 3aBUCHT OT ROJMYECTBA
spurpornToB. Hambosree BoIpaskeHHBIT reMOIN3
HaOIIO/IICA TIPN KOHTIEHTPAT[NN dPUTPOINTOB
1,0 - 10 rorc. /v, Ilpm srom B omibITHOIT TTPOGe
ONITIYeCcKast TIIOTHOCTH HAJ[OCA0OUHOT KIUIKROCTH
Obla B 4 pasa BbIIIle, 4eM B KOHTPOJIBHOIT TIpobe.
[Toaromy parHyt0 KOHIIEHTPAIIIIO SPUTPOINTOB
MCITOJIb30BAJIN B JIAJIbHETTITNX OTThITaXx.

B nocaeyiorem nusyumnin BosneiicTme pas-
JMYHBIX KOHIIEHTPAT[MIl HAHOYACTUIL HA MeMOpa-
HbI 9puTpoIuToB. /{751 s10r0 B IpOOGUPKM ¢ HpH-
TPOIUTAMI BHOCU/IN PA3/INYHbIe KOHIIEHTPAI[UN
nanouacrui, Al,O, nocie ux npegsapuTenbHoi
Ae3WHTerparny yasTpazBykom. Pesyrbrarnt a1ux
nccJeloBaHmii IPUBeleHbl B Tadauie 2.

N3 mammpix Tabamite 2 BUHO, 9TO TTOBPEsK-
mafotee AeicTBIe HA MeMOpaHbl DPUTPOITHTOR
HATIPAMYIO 3aBUCHT OT KOHTEHTPATNT HATOYa-
crutl okeusa amiomunusi. Haunbonee BuipaskeH-
HBIIT TOBpesRpaonuii ahderT HadIoaeTcs mpu
ROHT[EHTPAIINT HAHOYACTUT] B KOHIIEHTPATII N
100,0 mrr/Mi. TToaromy B caieyioninx skemepm-
MEHTaX MPOJIOJIKIIIN UCTIOIH30BAThH CYCIIEH3UIO
YACTHUI OKCUJIA ATIOMUHWS B 9TON KOHIIEHTPAT[.

Jlasee OblLIM MTpOBeleH Bl CPABHUTENbHBIE
IRCIEPUMEHTHI ¢ HaHouacTumamu « Tayanra»
1 Al O, nocsie ux npejgBapuTebHOI yIbTpasBy-
KOBOII fieauHTerparun (ombit) u 6e3 Heé (KOHT-
onb) (Tabm. 3).

Kak morasasn sKcrepuMeHT, reMoJuTHe-
ckuM s perrom obmaganu aunib yacruipl Al,O,
" yIaepojia, MofBepTHYThIe TpeiBAPUTEIHLHOI

Tadauma 3 / Table3

Cpasunrenbubie fanupie o sausannn Hanovactun AL O, n «Taynura» na remonus spurponnTon
Comparative data on the effect of nanoparticles aluminium “oxide and “Taunit” on hemolysis of erythrocytes

Bup namnouacrmig
Type of nanoparticles

W HTeHCMBHOCTL OKPACKN HATOCAIOTHOI FKUTKOCTH P00,
B epmuutax sketuHKInn (M+m; n =25) / The color intensity
of the supernatant samples, in units of extinction (M+m; n = 5)

otrbIT / experiment

KOHTpPOJIb / control

AIZOS

0,16+0,01

0,03+0,01

C 0,21+0,02

0,05+0,01
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Ta6amnma 4 / Table 4

Cpasuuresnbubie fanubie o saugnnn nanovactun AL O, n « Taynnra» na remosins spurponuTon
MJICKOTTHTAIONNX (OTMBITBIX W HAXOJSIIUXCA B KPOBH)
Comparative data on the effect of aluminum oxide and “Taunit” nanoparticles
on the hemolysis of mammalian red blood cells (washed and stored in the blood)

Apurporurbl | IHTEHCHBHOCTH OKPACKN HAJIOCAIOMHOI JKUIKOCTH B ITPO0AX, B eiMHUIAX dKCTHHRIY (MEm; n =5)
Erythrocyte | The color intensity of the supernatant in the samples, in units of extinction (M+m; n = )
HAHOYACTUIIHI OKCHIA ATTOMUHIS mamouacTniel Tayrnra
aluminum oxide Taunit
OTMBITBIC 9PUTPOIUTHI | OPUTPOIUTHI B KPOBU | OTMBITHIE SPUTPOITUTHI IPUTPOIUTHI B KPOBNI
washed red blood cells red blood cells washed red blood cells| red blood cells in the
in the blood blood
OIBIT | KOHTPOJIL |  OTIBIT KOHTPOJIh OTIBIT KOHTPOJIb OTIBIT KOHTPOJIb

experiment| control |experiment| control |experiment| control | experiment | control
Eil‘ifl“d 0,200,01/0,050,03 0,15=0,01| 0,1+0,03 | 0,2+0,01 | 0,05+0,03| 0,12+0,02 | 0,10+0,03
\]?\?E(i)‘?eligltﬂcm 0,23+0,03/0,09+0,02| 0,13+0,01] 0,12+0,01| 0,3+0,02 | 0,09+0,02| 0,18+0,01 |0,12+0,01
Mopcroii
CBUHEN 0,18+0,01]0,09+0,04| 0,16+0,02| 0,12+0,01| 0,22+0,02 | 0,09+0,04| 0,13+£0,01 |0,12+0,01
Guinea pig
Roposbt -
Cow 0,27+£0,01| 0,1£0,01 | 0,19+£0,01| 0,15+0,01| 0,25+0,01 | 0,10£0,01| 0,16+0,03 |0,15+0,01
Bapana . § . .
Sheep 0,20+0,01| 0,1+0,01 | 0,14+0,01| 0,12+0,01| 0,19+0,01 | 0,10+0,01| 0,12+0,01 |0,12+0,01
00paboTKe yJIBTPA3BYKOM. ITO, BEPOATHO, 00Y- 3axioueHue

CIIOBJICHO TEM, YTO YJABTPA3BYK OCYIECTBIISCT
Je3HTerpaImio HaHOYacTHI U TPUBOIAUT UX B
0oJiee AaKTIBHOE COCTOSIHIE,

Ha sarxmiounrennnom srate nceae0BaHmii
HaMU TIPOBeleHbl CPaBHUTENbLHBIE DKCIIePN-
MEHTHI IO M3YIeHUI0 BAMAHUS HATOUTACTHIL
ALO,n «Taynnra» Ha 9pUTPOLUTEL, TOMEIILEH -
Hble B PU3MOJTOTHUECKIIT pacTBOP XJOpHUja
HATPUS U DPUTPOIUTHI, HAXOANNECS Hero-
CPEeJICTBEHHO B KPOBU Pa3JIMUYHbIX MJICKOTIN-
ratronux (rabua. 4).

N3 pannnix, mpuBeféunubix B Tabauie 4,
caepyer, uro AL O, u «Tayunr» obnagaior mem-
OPAHOTIOBPEKIATOTIINM ICHCTBIEM B OTHOTITCH TN
DPUTPOIMTOB PABJINYHBIX MICKOTHTAIONIX.
[1pm 5TOM BBIABICHBI OTIMUS TOBPEKIATOIIETO
JeCTBYS DTUX YaCTUIL Ha DPUTPOIMTHI Pa3JInd-
HBIX BUIOB MieKkonuraioniunx. Haunbonee Boipa-
JREHHOBIM JeHCTBIeM M3YVUIeHHbIe HAHOUaACTUIIHI
00J1a/1at0T B OTHOIIEHUH PUTPOTIUTOB YeTOBEKA
1 MeHbIIIee JeNCTBIe OHI TPOSBJISIOT 110 OTHO-
MeHNIO K 9PUTpoImTaM KopoBbl 1 6apana. Kpome
TOTO, YCTAHOBJICHO, YTO dPUTPOINTHI, HAXO/ -
MIecss HeToCPeCTBEHHO B KPOBY, TPAKTHUECKN
He TIOBPEIKATIOTCA MBYUCHHBIMI HAHOYACTHTIAMI.
ITO MOKHO OOBACHUTEH TEM, 4TO Ha MeMOparme
DPUTPOIUTOB HAXOMUTCS OOJBITOE KOIMICCTBO
OCIIKOB, KOTOPDIE «IKPAHIPYIOT» ¢6 OT HeImocpey-
CTBEHHOTO BO3/ICHCTBUS HAHOYACTHII,

Takum obpaszom, HoKkazaHa HPUHIUIINAIb-
Hast BOBMOKHOCTD UCITOAB30BAHUS HPUTPOIUTOB
MJIEKOTUTAIONIX JIJIsT M3yUYeHUsT BO3/IelicTBIS
HaHouyacTui| Ha nx memoOpanbl. Ha ocHoBanun
MTPOBEIGHHBIX MCCACMOBAHUI MTPEITIOKeHA Me-
TOAMKA, B OCHOBY KOTOPOT 3aJI0KeH TTPUHITIIT
reMOJNTHYECKOTO IefCTBYUS MCIBITYeMbIX Ha-
HOYACTHUI[ Ha HPUTPONUTHL. B pesynbrarte sKc-
MepuMeHTOB TTOKA3aHO, YTO YPOBEHb MOBPEsK-
[IAOIero AefcTBIS HAHOYACTUIL HA MeMOpaHbl
HPUTPOIUTOB 3aBUCHUT OT TIPeJIBAPUTEIbHOIT 00-
paboOTKM CyCTIeH3MN HAHOYACTHIL YJIBTPA3BYKOM,
NX KOHIEHTPAINH, & TAKIKE OT PAa3HOBUHOCTI
nanovyactuil. [Ipegnaraemast MeToguKa MOKeT
MCTI0JIL30BATHCS JIJIST OTIEHKY BIAUSAHUSA Pas3jiny-
HBIX HAHOYACTHI] Ha MeMOPaHbl HPUTPOITINTOR
YeJIOBeKA W APYTUX BUIAOB MIEKOTUTAIOTINAX.
Meroguka mpocra B UCIOJHEHUN, He Tpedyer
JTOPOTOCTOATET0 000PYAOBAHNS, Pe3yIbTaThl
nceae0OBaHNI BO3/INCTBIA HAHOYACTUI] Ha
MeMOpaHbl 9PUTPOIUTOB OIMEHWBAIOTCS € T10-
MOTILIO TPUOOpPa, YTO 3HAYNTENHHO MTOBBIIITIAET
nx nadopmarnBioctsb. [Ipegnaraemas Mmetognka
MOKeT 6blTb ncCIoJib3oBaHa [IJid olipejael1eHund
MeMOpaHOIMOBPER/AIIEro NeiicTBUA Ha-
HOMaTepunaaoB, UCIIOJAb3yeMbIX B pPa3/JIMYHbIX
00J1aCTSIX MPOMBIIIJIEHHOCTH, KOCMETOJOTUH 1
MeJIUINHE, YTO MO3BOJHUT 00ECIeYnTh IKOJIO0-
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TUYeCRrYIO 0e3011acHoCTh JINIL, Y4aCTBYIOIIUX B
IIPpOU3BOACTBE HAHOYACTUILL U HAaHOMAaTepuaJloB.
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[TpumeHsieMble B CeJIbCKOM X03511CTBE 1 CMbIBA€MbI€ ¢ T10JIeIT eCTUIH/IbI TTOTIa/[AI0T B BOJ{HbIe 00'bEKTHI, 3arpsi3HeH e
KOTOPBIX TPUBOJIUT K OCTPBIM 1 XPOHIYECKIM TOKCHKO3aM M'JIpOOMOHTOB, 00uTal0NuX B HUX. BeseferBue a1oro 3Ha4nMocThb
N3ydyeHud BANAHNUA HeCTUINI0B Ha T‘V[I[pO6VIOHTOB He BbI3bIBACT COMHEHIA. 0006})]1} narepecy VICCJTOIIOBHTCJTOﬁ BbI3bIBACT
THAMETOKCAM, HOBBII MHCEKTHIII] U3 MPYIITHl HEOHUKOTHHOUA0B. O0BEKTOM HCCTE0BAHNUS TTOCTYRIIN CETOTeTKI Kapia
00bIKHOBEHHOTO. VccseoBanne poBOJAMIOCH B JIBYX CepUsiX dKCIIePUMeHTA: B 1IepBOil cepun ObIIO U3Yy4eHO BIUsHIE
20 npenennro porycrumbix routenrpannit (I1JJK) necrunmaa, a Bo sropoii — 50 [1JIR. Oxenosumnms puid B pactope 1e-
cTuIua mposojmIack B revente J, 15 u 30 cyr. Oxazanocs, uro 50 IIJ1K mecruruma okassisaer Gosee ryonteabHoe BIus-
HIUe Ha XPYITKOCTh MeMOPaH dPUTPOILITOB 1 liepepaciipefiesieHiie momyasiinOHHOTO COCTaBA HPUTPOIUTOB 110 CPABHEH IO
¢ 20 ITJIR. Tem ne menee, B 06enx cepusax sKCIIEPUMEHTA, 110 Mepe MPOJTOHTNPOBAHNA SKCIIO3NIINN PHIO B CpeJie ¢ 11ecTn-
IUJIOM OTMevasiach afanraus pbid K BAusHI0 THaMmerokcama, mpu geiictsun 20 [1J1K 6onee BeipaskeHHas 1o cpaBHEHUIO
¢ 50 /1K, npuuém, uem fosbiie poibbl IpedbIBAIIN B PACTBOPE € TECTUIIHIOM, TeM CHJIbHee Oblia BhIpaskena ajjanTarjus.
Takum 06pazom, MOKA3aHO, YTO PHIOLI CIIOCOOHBI AJIANITHPOBATLCSA K XPOHITYECKOMY BO3JIEIICTBIIO MAJIBIX 103 TOKCHKAHTA,
TOIJIa KaK K OOJIBIIIM JI03aM ajlaliTariust IPONCXOJIT JUITh YaCTHUHO.

Rawuesote caosa: ceronerkn Cyprinus carpio, KMCJIOTHAST PE3UCTEHTHOCTH, T@MOJIN3, IPUTPOIUTHI, MeMOpPaHbI,
DPUTPOTPAMMA, MTECTUIIHIBI, THAMETOKCAM.
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The significance of studying the effect of pesticides on living organisms in general is not in doubt. Of particular
interest to researchers is thiamethoxam, the intended effect of which on fish is not fully understood. The object of study
is the fingerlings of Cyprinus carpio. The studies were carried out in two series of experiments: in the first series, the
effect of 20 MPC of the pesticide was studied, and in the second, 50 MPC. Exposure of fish in the pesticide solution was
carried out for 5, 15 and 30 days. It turned out that 50 MPC of a pesticide has a more detrimental effect on the fragility
of erythrocyte membranes and the redistribution of the population composition of erythrocytes compared to 20 MPC.
However, in both series of the experiment, as the exposure of fish to the environment with the pesticide is prolonged,
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fish adapt to the effects of thiamethoxam. Under the action of 20 MPC, adaptation was more pronounced compared with
50 MPC, and, the longer the fish remained in the solution with the pesticide, the stronger the adaptation was pronounced.
Thus, it has been shown that fish are able to adapt to the chronic effects of low doses of a toxicant, whereas adaptation

to high doses is only partially.

Keywords: Cyprinus carpio, acid resistance, hemolysis, erythrocytes, membranes, erythrogram, pesticides, thia-

methoxam.

I'mobanbHoe TprMeHeH e ecTUIN0B B COB-
PEMEHHOM CeJIbCKOM XO0351iiCTBe MPUBOJUT K aK-
TUBHOMY 3arpsisaennto 6uocdepni. Vzsecrno,
410 Beero 0,1% npumensieMbIX MecTuuioB feii-
CTBYET 110 Ha3HAYEHUIO, TOITIA KaK OCTaJIbHAs X
JacTh PACCeMBAIOTCA B OKpyskaiorien cpene [ 1, 2].
CMbIBaeMbIe ¢ [OJIeT MeCTUIHIBI TIOAIatoT B BOJI-
HbIe 00'bEKTHI, 3BarPs3HEHNE KOTOPBIX ITPUBOUT K
OCTPBIM 1 XPOHWUECKUM TOKCHKO3aM THIPOOMOH -
toB [3]. Ilocrymast B opranusm poi0, MeCTULIIbL
pacipesiesisiioTes Mo BCeM OpraHaM W TKaHsM,
BCJIGJICTBIE YeTO BO3HUKAET HEKPOOIO3 KIETOK
MapeHXnMaTo3HbIX OPraHOB, HapyIIeHITe KOOP/I -
HAIMY JIBUKEHISI, CYIOPOTU 1 TPEMOP MYCKYJIa-
TYpBI, TI0TEpsi pepekcoB 1 rubesib phid 1 IPyTruxX
ruppoounonToB. Hakannusasich B opranuamax
rUPOOMOHTOB, TIECTUIU/IBI B AJTbHEIIIIEM MOTYT
nepeaBaThest Mo TpoUUecKIM 1erisiM 6oJiee Bbi-
COKUM 3BEHBSIM, 1 aKKYMYJINPYsICh B OPraHn3MaXx,
BBI3BIBAIOT PA3BUTHE MHTOKCUKATUN, TATOJIOTHH,
a, B KpaiiHeM ciydae, 1 rudenb [4].

OcoOwbrit mHTEpEC Y HCcaeoBaTes el Bbl-
3bIBAET TMAMETOKCAM — XJOPOPraHMueCKuii
CUCTEeMHBII MeCTUIN], BO3LEeUCTBYIONNN HA
aleTUJIX0JTMHOBbBIE PeIeNnTopbl HEPBHOI cucTe-
MbI HaceKoMbIX. HecMoTpst Ha TO, 4TO 1MOTEHIIN-
AJbHBII PUCK JIJIsI THIPOOMOHTOB ObLI TIPU3HAH
MUHUMATBHBIM [D], ecTh JaHHble JUTepaTyphl,
CBUJIETEJIbCTBYIONINE O TOM, 4TO THAMETOKCAM
MPUBOJIUT K 3aJ[epKKe TTOJIOBOTO CO3PeBaHNS,
MOp(OMeTpUYeCKIM N3MEePEeHUSIM, HaAPYITeHUTO
JUTIUHOTO U 9HEPTreTHYecKoro 0OMeHOB, pa3Bi-
THIO ORUCINUTETHHOTO CTPecca W TOBPEKIEHITO
JIHK, a B BbICOKUX [03aXx sIBJISICTCSI OCTPOTOK-
cuunbiM BerecTBoM [6—9]. U xorst ipoussosiu-
TEJIV YKA3bIBATOT, UTO THAMETOKCAM He BJIMSeT Ha
aIeTUIX0JTMHOBBIE PEIeNTOPhl PhI0, pe3yIbTaThl
UCCIelOBaHUIT TOKA3bIBAIOT, YTO O]l €10 BO3-
fieficTBIEeM aKTUBHOCTH alleTUIXOJNHICTePa3hl
Bcé ke cumkaercs [10].

VUureIBas BHIIECKA3AHHOE, EJTHI0 PAOOTHI
OBLTO MCCIelOBAHNE BIMSHUS THAMETOKCAMA Ha
(usmosoTNYECKOe COCTOSTHIE CeTOJeTOK Kapra
00bIKHOBEHHOTO (Cyprinus carpio).

O0'BbeKTBI 1 METObI

17151 GoJtee 1OJIHOI OLCHKI BO3QIICTBIS THA -
MeTOKCaMa Ha PbIO, MCCAEOBAHYS TTPOBOUINCH

MpH JIBYX KOHIEHTPAIMAX M HA TPOTIAKEHUN
TPUJIIIATH CYTOK.

Rapib Obuin BoOpamnbl B KauectBe 00beKTa
MCCII0OBAHUS, TIOTOMY YTO OHU SIBJISTIOTCS aKKY-
MYJIATHBHBIMI OMOMHIMKATOPAMI 3aTPSA3HEH S
XJIOPOPTraHMYECKUMU TTeCTUIIAMI BOJHBIX KO-
cucrem [11]. Ilpuuém nHanbosee 4wyBCTBUTEIHHBI
K TOKCHYECKNUM BO3JIEICTBUSAM PbIObI HA PAHHIX
pTarax OHTOTeHe3a, 0ATOMY JieficTBIe KCeHOOMOo-
THKOB IIPEJIIIOUTUTE/IbHEee n3ydarh Ha Moo [12].

Tak Kar remMarosornyecKkue MoKazarTesn
MAI0T NHMOPMATUBHYTIO KAPTUHY /TSI TOHUMAHS
U3MEHUYMBOCTH MOP(POPU3NOTOTHIECKIX TTapa-
merpoB [13], B KauecTBe OCHOBHOTO MeTOja MC-
CJIeIOBAHET HAMU OBLIT BHIOPAH METOJl KUCTOTHOM
Pe3UCTeHTHOCTI HPUTPOIUTOB, AATITHPOBAHH b
JUTST TIOMKIJIOTePMHBIX JKUBOTHBIX. Epmncreen-
Hast (GYHRIUSA DPUTPOIUTOB — TPAHCIIOPT KIC-
JIOpPOJia, 1 KaK CJIeJICTBUE, OHU OYeHb YA3BUMbI K
CTpeccoBbIM (pakTOpaM, Bce N3MEHEeHMs B opra-
HI3Me OTPAKAIOTCsI HA UX (DYHKIIMOHMPOBAHNUN.
Brnaropapst atomy fmaHHbIl METOJ 1103BOJIsIET
OBICTPO 1 TOYHO OIEHUThH (PUBMOTOTHIECKOE CO-
CTOSTHUE OPTaHM3Ma.

B skcnepumente yuacrsonasio 40 ceroserox
Kaplia Bo3pactoM 9—6 mecsiieB. JKCIepPUMeHT
MPOBOIIIN B 2 CEPUSX: NCCTCIOBAIY BIUSHIE
20 n 50 T1J1K necrumupa va cocrosinue poio.

Copepsrannch pbiObl B 4eTHIPEX akBapuyMax
110 O PhI0 B KAKIOM (KaK/bII aKBAPILYM 00'bEMOM
100 iuTpOB ¢ TOCTOSTHHOI adpareii u TemMiepa-
rypoit 21 °C). B 3 akBapuyma mpeaBapuresbHo
100ABJISIIN TORCUKAHT B (POPME ITPOMBITILIEHHOTO
npemnapara «Akrapa» (ToproBoe Ha3BaHMe THAME-
rorcama) (I1JIK =0,01 mr/mn) B KoHteHTpanmsx
0,2 u 0,5 mr/m, uro coorsercrayer 20 u 50 I1]IK
rpemnapara coorserctBeHHo. PoiObl, oburasiime
B aKkBapumyme 0e3 mecTutinia, OblaIn MPUHATH 38
KoHTPoJib. O1dop 1mpobd mposommin na d, 15 u
30 cyT prcno3utum peid B Cpejie ¢ MoJLTI0TaHTOM.

Kposb moayuann nz xBoctoBoii Benbl. [1po-
BOJIMJIN @HAJIN3 KUCJOTHON YCTOMYNBOCTH HPH-
tporutos [14]. lonyuennyio KpoBh pa3Bojuin
0,65% pacrBopom NaCl go onTuveckoi mior-
moctu 0,700. [Tocae 5Tor0 MOTYIEHHBINT PACTBOP
[leJIN Ha J[Be 4acTu, OJ{HY 4acTh 3aMeriasn
0,0041 HCI n rasgbie 15 cexyny purcuponain
3HAYEHUS OMTUYECKON MJIOTHOCTH TIPU JJTNHE
Bosibl 450 HM. Ilo moJiyueHHBIM 3HAYCHUAM
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CTPOMJIN HPUTPOTPAMMBI U BBICYNTHIBAJIN T10-
MYJISIITAN DPUTPOIUTOB. Pe3ynbrarhl mojBeprian
CTaTHCTUYeCKOT 06paboTKe METOIOM MaJIOi BhI-
OOPKM 1 CPAaBHUTEJILHOMY aHAJM3Y 110 OTHOIIIe-
HUIO K KOHTPOJILHO I'PYIIIIe.

Pesyabrarel n o6cy;rnenne

Roumentpammm mectuina, mpeBuimaonime
nopmy B 20 u 50 pas, BAUAIOT HA KICJIOTHYIO
YCTOMUYNBOCTH DPUTPOIUTOB B PA3HOI CTETeHN
(pue.).

[Tpu ocrpom konrarre ¢ 20 [1J1K tnamerorca-
Ma CYIIECTBEHHO COKPAIIIAETCs BPeMs reMOJIn3a,
OJTHAKO TI0 Mepe TTPOJIOHTUPOBAH M ST AKCTIO3U I
C TIECTUIUIOM CKOPOCTH TeMOJTN3a CHUKRAETCST 1 K
KOHITY DKCIIEPUMEHTa DPUTPOIUTHI PbIO B OTIbITE
paspylianch MeJiJieHHee, 4eM Y PbIO B KOHTPOJIe.
90 ITJ1K Tmomerokcama okazanm bomee 3aMeTHoe

BO3JlelicTBIE HA XPYIMKOCTL apuTponuTos. [lpn
0CTPOM KOHTAKTE CKOPOCTH TeMOJTI3a BO3PACTAET,
a 110 Mepe IPOJIOHTUPOBaHUsI IpedbiBaHusl Pui0 B
cpejie ¢ OJLTIOTAHTOM TaKsKe HaOTI0f[aeTcs ajiar-
TaIns pei0, OIHAKO BEIPayKeHa OHA 3HAYNTETHHO
cnabee o cpasuenuio ¢ 20 [TJ[K.

RosmuecTBo apuTponuToB, JM3MpoBaBIINX
K MOMEHTY HACTYIIGHUs MMIKA 9PUTPOTPAMM, Y
pPBIO, KOHTAKTHPOBABIINX C MAJILIMU KOHIIEHTpPA-
NUAMEI TEeCTUII/IA, 10 Mepe MPOJOHTUPOBAHMS
AKCIepUMeHTa MpuoImKRaeTcs: K KOHTPoJio. B o
JKe BpeMs Ha TTPOTSKeHNN BCEro SKCIIepuMenTa
pH BO3JIEHCTBUN OOJIBIITNX KOHITEHTPATINIT THA -
MeTOKCaMa K MOMEHTY ITIKa TeMOJIN3a DPUTPOTIN -
TOB Pa3pymansoch 60JIbIIe, 4eM Y KOHTPOJBHBIX
poIO.

Cremyer oOpatnTh BHUMaHIe HA HAaYalh-
HBIe YYaCTRI DPUTPOTPAMM KOHTPOJIbHBIX PHIO,
KOTOpbIe XapaKTepuayoT IMpereMoJn3Hbie
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2
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=@~ 5-¢ cyTkn / 5th day
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Puc. Baustaue 20 (a) n 50 (b) IIJIK nmecruiupa Tuamerorcama
HA KUCIOTHYIO YCTOMUMBOCTD HPUTPOIUTOB CETOTETOK Kapra 0ObLIKHOBEHHOTO
Fig. Influence of 20 (a) and 50 (b) MPCs of the pesticide thiamethoxam
on the acid resistance of erythrocyte of carp juvenile
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Taomuma / Table
[Momyastmon b1 cocTaB HPUTPOTIUTOR CEIOJETOR Kapa 0OBIKHOBEHHOIO
mpm korrakre ¢ 20 m 50 I1J1K mectummma Tmomeroxcam, %
Population composition of erythrocytes of carp ordinary juvenile
in contact with 20 and 50 MPCs of pesticide thiamethoxam, %
[Momymnsin Rourposn D CYyTRU 15 cyrrn 30 cyTru
HSPUTPOIUTOB Control o day 15" day 30" day
Red cell population
20 [1JIK / 20 MPC
Huskocroiikue 9,12+0,5 28,09+1,2 8,94+0,8 6,40+0,6
Low-resistant p<0,01 < 0,001 p<0,001
Cpepaecroiikue 86,18+1,7 71,35+1,6 87,71+1,1 74,20+1,5
Medium-resistant p<0,01 p<0,11 p<0,01
Bricokocroiikue 9,04+0,6 0,61+0,07 3,41+0,4 20,03+1,9
Highly resistant p < 0,001 p < 0,001 p<0,01
50 IJIK / 50 MPC

Husxkocroiikue 6,25+0,6 30,90+1,4 29,81+1,1 15,64+1,1
Low-resistant p < 0,001 p<0,01 p<01
CpepHecToiikme 83,62+1,6 68,94+1,2 73,96+1,9 80,94+1,8
Medium-resistant p<01 p<01 p<0,001
Bricokocroiikue 10,13+0,9 0 0,47+0,04 3,25+0,3
Highly resistant p<0,001 p<0,001

N3MEHEHUs B CBA3N C MIepexoyioM KJIeTOK B cdepn-
geckyto gopmy. [lpu octpom konrakre ¢ 20 [1/1K
THAMETOKCcaMa 3TH YU4aCTKI OTCYTCTBYIOT, OJHAKO,
YeM JI0JIbIlle CeroJieTKU HaXOATCS BO B3AMMO-
NeMCTBUN ¢ TeCTUTIAIOM, TeM CUJIbHee OHU BhIpa-
skerbl. Rorrarr ¢ 50 [TJIK npuBoput K nogHomy
OTCYTCTBUIO IIpeAreMOJInM3HbIX HSMQHGHI/II?I Ha
ppUTpPOrpaMMax.

OcTpbIil KOHTAKT ¢ THAMETOKCAMOM CMeTaeT
NUKN dpuTporpamm Biaeso. [lpun xponmueckom
B3aMMOJICHCTBUN ¢ MaJbIMU KOHI[@HTPAIUAMI
MeCTUTII/IA, TUKI TOCTETIeHHO CMeTatoTes BIpa-
BO, a DOJIbIIIe KOHIIEHTPAINK THaMeToKcamMa K
KOHILY DKCIIEPUMEHTA CMEIAioT KU dPUTPO-
rpaMM K KOHTPOJIbHBIM 3HaueHusiM. V3BecTHO,
410 HauboJee CTOMKIE MOJOJbIe HPUTPOIUTHI
3aHNMAIOT HA HPUTPOTPaAMMe [1PABOe ITOJI0ReH e,
[{uprynupys B pycie KpoBu, OHI CO3PEBAIOT,
cTaperoT, CTAHOBATCS 0oJiee XPYIMKUME, 4TO Ha
DPUTPOTPAMME OTPAIKAETCSI CMEIeHneM BJIeBO
[15].

W3 BBinIiecKkazamioro Cyaeyer, 4to CMeleHie
MITKOB HPUTPOTPAMM BJIEBO, N3MEHEHNEe UX Ha-
YaJbHBIX YUaCTKOB 1 YBeJNUYCHIEe KOJTNYecTBA
DPUTPOIMTOB, PACHABIINXCSA K MOMEHTY TIKa
reMoJI3a, YKa3biBaeT Ha JIeCTPYRIMIO MeMOpaH
U U3MEHEeHIe MOTY/IAIHOHHOTO COCTABA HPUTPO-
nuToB (Tabi.).

OI[HOﬂ n3 NMpUuYunH MoBblIIIeHnA OCMOTU-
YeCKOIl XPYITKOCTH DPUTPOIUTOB SBJISETCS 13-
MeHEeHIe CTPYKTYPbl MeMOpPaHHbIX JUIUILOB U
OEJIKOB BCJIEJCTBIE PA3BUTHS OKUCJIUTEIBHOTO
crpecca. [lokazano, 4ro Tmamerokcam mpuBOAT

K HAKOILUIEHNIO B ;ka0pax, medeHn n cese3éH-
Ke pbIi0 MaJoHOBOTO AMATBAETHUIa, OJ{HOTO M3
MPOTYKTOB MEePEKNCHOTO OKNCICHWS JTNTTHI/IOB.
OmHOBpEMEHHO ¢ ATHM TTPONCXOIUT CHUKEHIe
AKTUBHOCTH aHTUOKCUIAHTHBIX (DepMeHTOB [8].
[Tomumo TOTO, UTO TMAMETOKCAM CTUMYJIUPYET
pasBuTHE OKUCIUTEILHOTO CTpecca, OH IMPUBO-
[IUT K HAPYIIEHWSM dHEePTUYecKoro odMeHa, 4to
TaKyKe MHIYIIPYyeT oOpazoBaHme cBOOOIHBIX
PaJINRAJIOB, 1, KAK CJIeJICTBIE, eIé 60JbIIe CHI-
JRaeTess CTOMKOCTL MeMOpan sputpornton [9].
YVeyryOusiior cuTyanuio Hapy e st JUIUIHOTO
oOMeHa, BEI3BAHHBIEe OTPABICHIEM THOMETOKCA-
MoM. JImnmasr — KIT09eBoii KOMTIOHEeHT MeMOpaH,
7 HapyIIeHus nx ooMeHa, rem Oosee Ha home MH-
TEHCHBHOTO 00Pa30BaHNsT CBOOOTHBIX PAJINKATIOB
7 CIBUTOB B dHEPTETMYECKOM OalaHce KIETKN
KpaiiHe HeraTuBHO CKa3bIBAeTCsSI HA YCTOMYMBO-
CTH HPUTPOIUTOB [6].

Torkcnuecroe feiicTBMe THaMeTOKcaMa
n3yvdeHo n'y Mmiueronuraionux. Tak, B orcmepu-
MEHTaX ¢ caMIaMU KPbIC TP BBEJIEHUYT PA3HBIX
03 TMaMeToOKcaMa MPOMCXOANIN U3MeHeHWs
OMOXMMUYECKUX MOKazareseil KpOBI: TTOBLIIIe-
HITe TIIOKO3bI, aKTHBHOCTN aJTaHMHAMTHOTPAHC-
(epaspl m acmaprataMunorpancgepass, raMma-
rryramuiaTpancgepassl, merounon pocdarassr,
MOUYEBUHBl M KpeaTHWHMHA, MO CPaBHEHUIO
¢ koutposnem [17]. Mucronaronornueckne name-
HEHWS B TeX jKe NCCIeIOBAHMAX ObLITN OTMeYeH bl
B [IEYEHM, TTOYKAX U TOJIOBHOM MO3Te.

B o630pe 1o BAMSAHNIO HEOHUKOTUHOW/OB
Ha TpUpoaHbe BojoéMbl Ranamael orMeuaercs,
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4TO HECMOTPA Ha HUBKYIO UX KOHICHTPAINIO
B BOJle, OHM OOHAPYKUBAIOTCSA MOBCEMECTHO,
a MX OTHAJIEHHbIe TOCTeCTBIA UX ICICTBIA Ha
IUPOOMOHTOB PA3HbIX CUCTEMATHYECKIX TPYIII
OCTABJISIIOT €116 MHOTO BOIIPOCOB 0 0€301MacHOCTI
npunMeHeHnnd HeOHURKROTUHOUIOB, B TOM YucCJie
tnameTokcama [18], Roropbie mepegaoTes oT
OJIHUX OPraHNU3MOB K JIPYTUM I10 [TUIIEBbIM [IeIIsIM
N MOTYT HARAIIJINBATHCA B OITACHBIX ROJIMYeCTBaX
B KOHEUHbIX 3BeHbAX ITUX IeTeil, 0Ka3bIiBast TeM
caMbIM OTIAJEHHOe BO3CHCTBIIC Ha MOTYJ/IATINI
IAPOOMOHTOB M HKOCHCTEMBI B T[EJIOM.

3axioueHue

[Tpu ocTpom KOHTAKTE € IECTHTTUIOM (D CYT)
KapIibl MOJIBEPTatoTcst Hanboaee HeraTuBHOMY
BO3JICICTBUIO, 4TO MOJKHO CBSI3ATH ¢ TPOSIBICHI -
eM CTpecca, BHI3BAHHOTO JIeHCTBUEM THAMETOK-
cama. [Ipu 6osee gaurenbHOM 1TpeObIBaHIN PHIO
B cpejle ¢ TOKCHMKAHTOM HabJIoflaeTcst ajanTa-
IUsI, IPUYEM, YeM JI0JIbIle phida KOHTAKTHPYeT
C TIeCTUIUIOM, TeM OTUETIINBee BhlpayKeHa ajial-
Tarus.

Conepsranue poi6 B cpesie ¢ 00 [1J1R Tuame-
TOKCaMa BbI3bIBaeT Oosiee riyboKne n3aMeHeHust
B COCTOSTHUN MeMOpPaH dPUTPOIUTOB, MOBBITIIAS
UX XPYIKOCTh, 10 CPABHEHUIO ¢ HKCIO3UTIHETT
poid B cpepe, copepskareit 20 HJIK mectumnma.

Paboma evinoanena 6 pamrax l'oczadanusn
AAAA-A18-118012290371-3.
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IlocnencrBus mocrynienns ypana u pagus-226
B OPraHu3Mbl PAaCTeHUIl W ;KUBOTHBIX HA TEPPUTOPHT
CRJIAJINPOBAHNSA OTXO/IOB PAieBOTO TPOMBICIA

© 2020. H. I'. Paukosa, K. 0. H., 1. 0. 3aB. JJadDopaTopuei,

0. B. Packoma, k. 0. H., 1. 0. 3aB. Jadoparopueii,

WNuceruryr 6nonornn Romu HIT YpO PAH,

167982, Poccus, 1. CoikthiBRap, ya. Rommynncernuecras, ji. 28,
e-mail: rachkova@ib.komisc.ru

B crarbe npepicraBiernl pe3yabraThl SKOJIOTTYECKON OeHKE pagnoaktuBHbiX orxof08 (PAQO) GuiBirero pajimeBoro
IIPOMbICJIA KAK MCTOYHU KA ITOCTYILJICHUA pa;um—226 nypaHa B OpraHusMbl l‘M}[pO(i)l/l’l‘OB N MbITIEeBUJIHBIX I'PbI3YHOB. y(’/l‘a-
HOBJIEHO, UTO 110 BCeM MCCIeIOBAHHBIM [TOKa3aTe IsIM BOJIa 13 PeKN 1 py4ybés Teppuropun xpaneuus PAO coorsercrByer
HOPMATHBHBIM TPeOOBAHISIM, HO COlepP/RAHMe PATMOHYKINIOB B HEll KPATHO BLITIe permonanbroro gona. [ogsmxmocrs
PAANOHYRJINIOB B 9ROCHUCTEeMaX yBeJinueHa n3-3a BLICOKOI MU Hepainsalnunum BOJL TeppuUToOprun TeXHored HOT neATeJIbHOCTU
MEJTOYHBIMU U IIeJI0YHO3eMe/IbHBIMI dieMeHTaMu. [laHHbie 0 cofiepsRaHnm pajinoOHYKINIOB B OPrann3mMax rupo@uros
7 TOTEBOK-IKOHOMOK COTITACYIOTCS € TMPEICTABICHIIMNI 0 60JIee BBEICOKOT OMOTormaeckoii Joctynuoctn pafms. O0ycaos-
JIEHHAS 9THM MOII[HOCTH BHYTPEHHEro 00s1ydeHnst BOjHBIX pacrennii gocruraer 11,7 mxl'p /4, poist ypana — 0,2 mx'p/u. Eé
3HAYEHNsI, PACCYUTAHHBIE 110 TAHHBIM JIMTEPATYPBHI /ISl HA3eMHOIT PACTUTeTLHOCTH, TPUOJINKEHbBI K TOPOTOBOIT I030BOT
Harpyske. PagmanmonHo-nHynnpoBanipie HAPYIICHNS B OPTAHI3ME TOTCBOK-DKOHOMOK, JIITHTEIBHO OOMTAIONNX Ha
TePpUTOPpUN XpaHuJaniia PAO, IIPOABJIAIOTCA B (1)0p1\1e CHUKREeHNA q)yH KIIMOHAaJI bHOII aKTUBHOCTH IILIA'I‘OBI/I}LHOI'/)I yReJie3bl
U B IIUTOTEHETHYECKITX NBMEHEHUSIX THPOINTOB. JKOTOKCHKOIOTHYecKast OIeHKa BOJ TEPPUTOPII XPAH NI ¢ HCTIOJb-
soBarmem Daphnia magna Straus mne TOATBEPIIA OCTPOTO HETATUBHOTO BO3AEHCTBIST HA OPTAHII3M PATKOB.

HKatoueswie caosa: xpammimiie pauoakTuBHBIX OTXOIOB, ypam, paanii-226, rugpoduTsl, MBIITEBH/HbIE TPHI3YHDI,
KOMIIIEKCHAs DKOJOTHYECKas OTleHKa.

Consequences of uranium and radium-226 entering into the organisms
of plants and animals in territory of radioactive wastes storage

© 2020. N. G. Rachkova .11, o000 0002-7966.7945°
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Institute of Biology of Komi Scientific Centre of the Ural Branch of the RAS,
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The article presents the results of a comprehensive assessment of the radioactive waste (RW) of the former radium
mining from groundwater as a source of radium-226 and uranium to hydrophytes and organisms of mouse-like rodents.
It is established that for all the indicators studied, the water from the river and streams of the RW storage area meets
regulatory requirements, but the radionuclide content in it is multiply higher than the regional background. The mobility
of radionuclides in ecosystems is increased due to high mineralization of the waters of the territory of technogenic activity
by alkaline and alkaline-earth elements. Uranium migrates in the water-dissolved form, radium — in the solution and
slurries, which contributed to the formation of secondary foci of pollution and increased internal irradiation of organisms
on the lower terrace of the RW storage facility. Data on the content of radionuclides in hydrophytes and tundra voles are
consistent with the idea of higher availability of radium for plant and animal organisms. The internal irradiation power of
the hydrophytes of the storage area for this reason was 0.95—11.7 uGy/h, for uranium — up to 0.2 uGy/h. For terrestrial
vegetation, its values calculated according to literature data corresponded to a gradient of 0.1-150 pGy/h, which is close
to the threshold dose load. Radiation-induced disorders in the organism of the tundra voles that inhabit the territory of
the RW storage facility for a long time, appear in the form of a decrease in the functional activity of the thyroid gland
and in cytogenetic changes in thyrocytes. Ecotoxicological assessment of the waters of the storage area using Daphnia
magna Straus did not confirm their acute adverse effects on organisms of crustacea.

Keywords: radioactive wasles storage facility, uranium, radium-226, hydrophytes, mouse-like rodents, compre-
hensive ecological assessment.
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yRuBbIe opraHnn3Mbl, HaCeSIONINe PAJINOAK-
TUBHO 3aTPSI3HEHHBIE TEPPUTOPU N, NCITBITHIBAIOT
3HAYNTEJHHYIO TEXHOTeHHYI0 Harpysky. [raB-
HBIMU €€ (paRToOpamMu SIBJISIOTCS TTOBLITTEeHHbII
YPOBEHb BHEIITHEr0 u BHYTPEHHEro o0JyueHusl,
TOKCUYHOCTH KOMIIOHEHTOB 3arpsI3HEHMNs, NX
reoXnuMHUYeCKas MOJABUKHOCTh U OMOJOTHYe-
cKast ocTyImHoCTh. [Ipupopmbie n3orons: pajus
7 ypaHa sIBIAIOTCA XUMUUECKUMI aHaIoTamMn
MeT0YH03eMeNTbHBIX DJIeMEeHTOB MM TTOT00H b
UM 110 THTeHCUBHOCTI MUTPAINT B BOJHBIX Cpe-
fax. JT0 CXO/CTBO 00YCJIOBANBAET BRIOYEHE
PaIMOHYRINIOB B MPOIECCH pacupeeaeHns
MaKpO3JTeMEeHTOB B a0NOTHYECKIX KOMITOHEHTaX
TEXHOTeHHO HAPYIIeHHBIX HKOCUCTEM 1 B MeTa-
60J113M 3RUBBIX Oprann3moB. B kauectse pede-
PEHTHBIX JKUBOTHBIX CIIEI[UAJINCTHI PEKOMEH/TYIOT
MCIT0JIb30BATh MBITIIEBUIHBIX TPBI3YHOB [ 1], 1m0-
MyJISATNN KOTOPHIX XapakTepu3yoTcs BHICOKOT
YUCJIEHHOCTHIO, ObICTPOIl CMEHO MOKOJEeHNII,
TECHBIM KOHTAKTOM ¢ TOYBOT, & TAKKE HANMYTEM
TpoPUUECKNX CBSA3EI, CIIOCOOCTBYIOTINX Tepe-
pacipejieeHIo pagnoHyRIoB. [leanio paborst
OBl DROJOTHUECKAS OIeHKa PaJimOAKTIBHBIX
orxonos (PAQO) GbiBIIIeT0 pajimeBoro mpoMbicaa
KaK MCTOYHNKA TIOCTYTIIeH s pajusi-226 u ypana
B JKMBBIE OPTaHN3Mbl (Ha MpuMepe Tuapo@uToB
U MBITIIEBUIHBIX TPHI3YHOB).

O0'BeKTHI 1 METOJbI MCCIEIOBAHIIT

Xpanunniie PAO pagumeBoro npombicia,
3aBEPIINBINEr0 TPOMBITIIEHHYTO IeATeTbHOCT
B 1956 r., pacmoyoskeno Ha y4actie 1moiiMeHnHo-
TeppacoBoro THia (d ra) ¢ mepernajoM BhICOT
MRy PEUYHBIMU Teppacamu 10 7 M. Bepxuuii
pJIeMEHT JIAHTIaTa 1 ero CRIOH ¢(POPMUPOBAHBI
3a CUYET OTCHIITKY TTIOBEPXHOCTU PAIMOAKTUBHBIMU
marepunanamu. Ha HuUX ¢ 1eb0 CHUKREHWS
pajuannoHHoro goHa M OTPAHUYEHUS TTPSIMOTO
ROHTaKTa ¢ 3KUBbIMI oprarusmMamu B 1962 r. Obina
HaJOKeHa MecuyaHO-TrpaBUiiHAsT CMECh CJI0eM
okoso 00 cm. Huwuuit snement nangmadra,
3aHUMAIONNI OKOJIO Y2 IJIOIIAQM KOMILIeKCa,
3abomouen. Paccrosinie or p. YXTBI 10 TPAHUTHI
MTPOMBBOJICTBEHHOTO 00HEKTA COCTABISAET He
oomee 10 m.

Jlns xuMuueckoro ananansa mpupojHbIe
BOJIbI OTOMPATIN 13 MOBEPXHOCTHO TOJIIN BO-
JIOTOKA, OTHEJSIIN OT KPYITHOIT B3Becu ((uibrp
«beJrast 1eHTa» ) 1 B3BEIeHHbIX BerecTB ((uibT-
poi «Baagunop» @MAIL 0.45, pasmep vactuig
0,45-3,5 mrMm) [2]. YaenbHy0 aKTUBHOCTD
(YA) panusi-226 B sKUBBIX OPraHu3Max u B BOJe
13 BOJOEMOB T€PPUTOPUN XPAHUIUIIA U 30HbBI
ero BJIUSHUSA ONPeesan dMaHATMOHHBIM,

ypana (B pacuére ma **U) — JoMuHeCIeHTHBIM
merozramu |3, 4].

HeratuBHoe Bo3peiicTBIe MHKOPTIOPUPO-
BAHHBIX B PACTEHUSAX PAJMOHYKJIUOB OIEHI-
BaJIM 1IyTeM pac4yéra MOIIHOCTU BHYTPEHHEro
00JIlydyeHUsT 110 MeTOJINKe, TpejcTaBIeHHOT
B mybnnrarnuax [J, 6]. Omenky TokcnmamnocTn
BOJIBI M3 JIPEHAKHOI CUCTeMbl 00'bEKTA MCCJIe-
MTOBAHUS TTPOBOJIUJIN ¢ MCTIOJB30BAHIEM BETBU-
croycbix paurkoB Daphnia magna Straus. Tecru-
poBaHUe OCYIIECTBJSIIN B TPEX TOBTOPHOCTSIX
¢ cobmoeHneM TpeboBaHMil OTHOCHTEIbHO
TEeMIIepaTypbl U MPOAOFKUTETLHOCTH (DOTOTIE-
puoja [7], oleHOUHBIM TTOKa3aTeJIeM CJIYHKUIA
cMepTHOCTH paukoB 3a 96 wacon. B orer Ha
MOBBITIIEHHBIC COJlePKRAHNA ypaHa n pajusa-226
B cpejie oOuTaHus ObLIN M3Yy4YeHbl OUOJIOTN-
yeckue 3PpPertor y 195 1m01EBOK-3KOHOMOK
(Alexandromys oeconomus Pall.), npeobia-
MABINHUX [0 YUCICHHOCTH CPEJIU MBITIEeBUIHBIX
IPBI3YHOB HA TeppuTopnn criaaanposanns PAO
W Ha KOHTPOJABHOM yuacTKe ¢ y-dorom 10—
15 MrP /4. TlonéBor ornapimBain B UioJe—aB-
rycTe CTaHIaPTHBIMI KUBOJOBKAMI, PACCTABIICH -
HBIMU B JINHUK ¢ YYETOM C€30HA PA3MHOKEHUS
n dazel MonyIAInoHHOro MuKIa. [lo nekamnura-
I OTJIOBJIEHHBIX ITOJIEBOK COJIEPKAJIN B TeUEHITe
nByX Hefeab B BuBapuu Vucruryra Guosmornm
Romu HIL ¥pO PAH (http://www.ckp-rf.ru/
usu/471933/). MopodyHrimonaibHoe cocTosi-
HIe ITUTOBUIHOT JKeJIe3bl JKIUBOTHBIX OT[eHNBAJIN
¢ MOMOIIBI0O METO/IOB, TMOPOOHO ONMMCAHHBIX
B pabore [8]. [lurorenernmueckme m3MeHeHN ST
TUPOIUTOB aHAJIU3NPOBAJIN ¢ MPUMEHEHIeM
merona «/[IHHK-gomer» B memoumnoit Bepeun
(pH 13) [9], c mpeBapuTenbHOi (hepMeHTATUBHON
obpaborroil kierok rosarenasoii (Collagenase
type IA, Sigma, CIIIA). YpoBeub nmoBpesxuieHmit
omernBasu 1o npornenty [IHR B xBocre Komer
(% TDNA) ¢ npumenenuem nporpammbr «Comet
Score Pro» (TriTek Corp., CIITA) u Bugeocucre-
mbl «AxioCam» (Carl Zeiss, I'epmanmust).

Pesyabrarel n o6cys;rnenne

Yposenb y-pona Ha JHEBHON MOBEPXHO-
CTH XPAHUJINIA OTXO0B PANEBOr0 MPOMBICIA
(Peciybinka KHomm) ma MoMeHT mccaeso-
Banus pocturan 3000, B rmybune rpynrta —
7500 mkP /4 [10]. Makcumanbuas YA pamus-226
B oTX071ax cocranisaa okoiro 300 bi /T, ypana —
no 1400 Br/xr, uT0 1M03BOJATO KIaccu@uIimpo-
Barh nx Kark nmsroaxkrusanie PAO [11]. B 2002 1.
TOTLKO B 1-MeTpOBOM cJioe 3arpsi3HEHHBIX TPYH-
TOB 3amachl pajansa cocrasasan 320, ypama —
6,6 I'Bk [10]. Uccneposarensivmu [10, 12] 6110
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BBISIBJICHO TIepepacipesiesienne akTHBHOCTH TOJI-
JIOTAHTOB 10 TJIYOUHE TPYHTOB 1 MEFKJLY DJIeMeH-
TaMu JaHpimadra, cBA3aHHOoe ¢ MOOUIM3AT(eH
PAMOHYRIUOB B IMKJIAX OMOTeHHON MUTPATIN,
C JIeHY/IaIlMOHHBIMI TIpolleccaMu 1 BTOPUYHOI
copOIireil pajinoaKTUBHBIX BJIEMEHTOB TPYHTaAM U
HIGKHEN Teppachl.

CorylacHO 11OJIyYeHHBIM JIAHHBIM, TBEP/IbIE
OTXOJIbI IOOBIYN PAJINsl U3 YPaHCOAEPIRATINX
PY/HBIX MaTepuajioB COMepsRaIN 3HAYUTEb-
HbIe KOJIMYECTBA METAJJIOB HepPajgnoaKTUBHOMI
npupojbl. Yacts 13 HUX OTHOCHIACH K DCCEH-
MUATbHBIM MUKPOdJIeMeHTaM, HEKOTOpbie —
K TokcnunbiM. [laske nocae 50 jier ckaagupoa-
Hust PAO B ycsoBusix mpombiBaeMoro armocdep-
HbBIMU OCaJIRKaMU IIPUITOBEPXHOCTHOTIO XpaHU-
JIUIIA B KAKIOM KIJIOTpaMMe PYIHBIX OCTaTKOB
cojiepskasioch He Meree 1 1 coeluHeHUIT MeJil 1
0,7 r nukesns, OKOTO 3,5 T ¢BUHIA 1 2,D T Map-
ranna, 80 rxenesa, 20 r aJlOMUHNS, TPUMEPHO
1,5 rumuka, or 0,7 mo 0,9 r pryru, 0,2—-0,4 1 Ko-
Oanbra, KagMmus, Banajgus u crporis. [Tpume-
HEeHIe TeXHOJOTU I COOCAKIICHIST PAJIUS ¢ COCIH-
HEHUAMEI XUMIYECKIX aHATOTOB 00YCIOBIIIO BbI-
CORYIO KOHIIeHTPAIIIO Gapusi U APYIUX Mea0d-
HO3EMeJIbHBIX DJIEMEHTOB B PAJiHOaKTHBHBIX Ma-
tepuanax. Copepsranne bapus B HUX JOCTUTAIIO
16 r/Kr TIpM COOTBETCTBYIONEM YCPEIHEHHOM
sHaueHnn st mous mupa 0,5 r/kr [13].

HeCMOTpH Ha BbllIernepeync/aIeHHble (baI(TbI,
1o pesyJsbratam uccienoanmii mepuoga 2009—
2014 rr., BojgHbie 00pasiibl U3 UMIIAKTHOIO
yduactia p. YXThl U PyUbEB TeppPUTOPUT XpaHe-
nuss PAO o comepskanuio papusi-226, ypana
" HepagnoaKTUBHBIX KOMIIOHEHTOB OTBEYAJIH
HOPMAaTHBHBIM TPEOOBAHUM. 3arpsa3HeHns ped-
HOTl CeTH 1 MOBEPXHOCTHBIX BOJ[ AHTPOITOT@HHO
HapYIIeHHO TePPUTOPUN COCIMHEHUSIMI ITNHKA,
PTYTH, MBITITbSAKA, MeJ{M, CBUHIA U BaHAJUA He
IIPOCHEKUBAJIOCH, HECMOTPA HAa UX 3HAYUTE/IbHbIe
rounenrpariun B PAO. Tem we menee, BHIOOPKH,
XapaKTepusyolne NMIaKTHYI0 1 TeXHOTeHHYO
30HbI HAOTIOEH S, 110 TOKA3ATe/ISIM THIPOX M-
YeCKOTO COCTaBA CYIIECTBEHHO KOHTPACTHPOBAJII
Mesry coboit (tada. 1). Tar, ymenbHas snerTpo-
MPOBOHOCTH MTOBEPXHOCTHBIX BOJI TEPPUTOPHUN
XPaHWJININA B JIeTHIE TP0O00TOOPHI YBEININBa-
nach 710 3400 MrCM /M, 4TO MHOTOKPATHO DOJTBITIE
COOTBETCTBYIONIIX XapaKTePUCTUK IS P. Y XThI
B 30HE BJIMSTHUs OO'bEKTA M BBIIIE HeE 10 Teve-
auio pern (350-530 MmrCm/cm). IT0 compoBo-
JKTATOCH 000TaIeHneM MOBEPXHOCTHBIX BOJI
teppuropnu ckiaaguposarus PAO menouasiMn n
eJI0YHO36MeJIbHBIMI BJIEeMEeHTaMU ¢ KPATHOCTHIO
npesbiieHnsi QOHOBBIX MOKasaTeaeit ot 2,9 10
110 pas. [lmnammka BOJHOI MUTrpanuy pajus-226

13 30HbI TeXHOTeHe3a OblIa 0003HaYeHA TPEHIOM
K BO3PAacTaHUIO B CPABHEHUU ¢ COCTOSIHIEM Ha
1962 r. B rogoBom 1ukiae YA pagmoHyRIna
B BOJle MEJIKUX BOJIOTOKOB TEPPUTOPUY XPaHM-
auma PAO smrorayio npubamxanrach K HOP-
MatuBHBIM rpanntiam morasarens (0,49 br/m)
n npesocxonuia B 10 pa3 ¢oHoBbie 3HaUCHUS
[2]. Samernast nosst papus-226 murpuposania
13 ouara pajmoaKkTHBHOTO 3aTPSI3HEHNS B PERY
co B3Becsimu Kpynmee 0,40 MKM, 4TO SIBJISIETCS
CJCJICTBIEM BKJIIOYCHUST PAMOAKTUBHOTO dJe-
MeHTa B MPOIecChl OMOTeHHOI MUTPATNN U €10
MOCJIIYIOIIEro MOCTYIIeHUsT B Tuporpaduye-
CKYIO CeTh ¢ OCTATKAMU PACTUTETHLHOI OMOMACCHI,
[MCIIePrIPOBAHHOT BOHBIMI TOTOKaMu. B mione
2013 r. B Bojie py4ubEéB TEPPUTOPHUN CKJIAINPOBA-
nust PAO nosist YA pajiust Bo B3BeIlieHHOM Beltie-
crBe cocrapiisiia (65+1) %, ma nMnakTHO YacTn
pycaia p. YXTbl oHa yBesmansasiach 1o (86+17)%.
ITO 0O3HAUAET, YTO HA y4ACTKAX aKBATOPUH, ITie
MU3MEHSTIOTCS YCJIOBUS THAPOTeHHOI MUTPAINN,
BEPOSITHA «Pa3rpys3Ka» PeUHBIX BOJ OT B3BEIIIeH-
HBIX (DOPM MOJTIOTAHTA.

B orawume or pagms, monaromepuopHas
AMHAMUKA MOCTYIJICHWST B PEKY ypaHa Xapak-
TepusoBasiiach TenpeHIuell K yooisanuno. Mak-
CUMYMBI €10 COJIepPsRaHIs, 3aperncTpupoBaHHbBIe
IS BOJOTOKOB Tepputopun xpanuianiina PAO
B 2009-2014 rr., Ob1711 B 2 paza MeHbII1e T1Pejieib-
HBIX KOJIMYECTB, YIIOMUHABIINXCS B apXUBHBIX
ucrounnkax [2]. B to ske Bpems onn B 20 pas
MPEBBIIAJII TTOPOTOBbIE 3HAYCHUST, TIPI KOTOPHIX
BEPOATHOCTH OMOTOKCMUeCKNX a(hdeKToB yBe-
aunuupaercs [14]. B roguunom m MHOroJIeTHEM
muKaax YA ypaHa B BOax MEJKNX BOJOTOKOB
TePPUTOPUN XPAHUINIIA N3MeHstach ot 9 1o
1316 mBr/x, ut0 B Makcumyme MHOTO OOJIbIIIE
CPETHEMIPOBBIX 1 PErMOHAILHBIX HOKazareseit [19)].

ITo manubiM nuneiinoii perpeccun (p <0,09),
pPacTBOPEHUIO COIMHEHNI PaJiInOHYKINIOB
c10coOCTBOBAIA BHICOKASI MITHEpaJM3aIus 1o-
BEPXHOCTHBIX 1 TOYBEHHO-TPYHTOBBIX BOJI TEp-
purtopun. B ornmune or pajus ¢ BhIpasKeHHBIM
reTeporeHHbIM paciipejieieHneM, MPaKTuIecKn
BCE KOJTMYECTBO ypaHa MUTPUPOBATIO B COCTABE
BOJIOPACTBOPUMOT KOMITOHEHTHI TPUPOHBIX BOJT
reppuropun xpanenuss PAO u eé¢ ummnakTHoii
peunoit akBaTopun. Kpymnnoii B3Bechio mepeno-
CUJIOCH JIOTOTHUTEeIHHO He Oostee 20% BamoBoro
cojlepsKaHusl dieMenTa. B oTux ycaoBusX ero
HeratnpHoe BO3JieiicTBIe HA MaKpO(PUTOB Teppu-
TOPUU XPAHUJIUIIA COXPAHSIOCH Jlaske B caydae
«pasrpy3Kku» BOJ OT B3BeIllIeHHOIT (DpaKium.

[Tpu nmonajanmm BHYTPb }KUBOTO OPraH3Ma
pajinoHyRInIb Hanbosee onachbl. [lomyuennnie
HaMU JJaHHbIE 00 AKKYMYJISTINN PAJIOHYKJIU/I0B
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Ta6auma 1 / Table 1

XUMHUYECKITI COCTAB BOJIBI HA MMIIAKTHOM YYaCTKe P. YXThl U B pyubsix Teppuropun xpanenus PAO
(terrnue npoboordoper 2012—-2014 rr.) / Water chemical composition in impact zone of Uchta river
and in streams of the radioactive waste (RW) storage (summer sampling in 2012-2014)

Rommonenro TR TH Jlnanazon BapbupoBaHusi KOHIEHTPATNN
Components MPC GN Variation of concentration
pyubu reppuropun xpanuauiia PAO | MMNakTHBI y4acToOR p. ¥YXTbI
streams of the storage of RW impact zone of Uchta river
Hepapmoaxkrusubie kommonentsl, Mr/a / Inradioactive components, mg/L
Ca - 94-210 20111
Mg 50 22-125 1,4-12,3
Ba 0,7 0,08-0,6 0,01-0,016
Na 200 22-290 1,2-4,9
K - 7,8-17,4 0,2-0,9
Fe 0,3 0,007-0,095 0,01-0,32
Zn 1,0 0,003 0,002-0,004
Pb 0,01 /o / n/det 0,0001
Mo 0,07 0,0001-0,002 0,0004-0,0006
A% 0,1 n/o /n/det 0,00007
Hg 0,0005 0,007-0,04 0,00003
HCO, - 169-400 47-218
S0, 500 20-411 3,9-169
PO,* 3,9 0,03-0,9 0,02-0,12
Cl 350 103—-161 1,1-1,2
G/ Gy - 7,8-36 1,8-23
Papmoarkrusubie komnonentsl, br/n / Radioactive components, Bq/L
Ra-226 0,49 0,10-0,33 0,01-0,04
U 3 0,009-1,3 0,002-0,029

IHpumewarnue /' Note: «i/0» — obosnawaem «ne oonapyiceno» / “n/det” — means “not detected”.

B PACTEHUSIX COTIACYIOTCS ¢ TIPEICTABICHIUSIMIE O
OoJtee BRICOKOT OmoiocTyiHocTr pajins (Tadir. 2).
CpaBHewe 103bI BHYTPEHHET0 00TydeH s TH/PO-
duroB (hoHoOBOI aKBATOPUY U TEPPUTOPUN Xpa-
nusuia PAO ot pajpusi-226 csusereibecTBOBAIO
0 3HAYUTEJILHOM TEXHOTEHHOM TIpecce Ha Tpu-
poaHbIil KoMIIeke. Ha HusKkHell peuHoll Teppace
CUTYAIus yeyrydasaaach 3a00109€HHOCTBIO Tep-
PUTOPUN U €€ TIIIOTHOW 3aceéHHOCTHIO BOITHBIMHI
mxamn. Obamast BHICOROT YIeaAbHOM MOBePXHO-
CThIO, OHU CJAYKUIN COPOIMOHHBIM OapbepoM Ha
YT MUTPAIINY B3BEIIEHHOTO PAisa B PeKYy 1
CIIOCOOCTBOBAIN JIOKANM3ATNN PANOAKTIBHO-
ro zarpsisuenust [12]. [lpu cpepmeii mouHocTn
BHYTpeHHETro 00JyueHusi pjectoB (OHOBOTO
yuactika p. ¥Yxror 0,04 Mrl'p/u, Braay pajpmsa-226
B eé 3HavYeHne st BOJHBIX PACTeHUI TePPUTOPUN
xpanuauiia PAO omennBaics BeTuanHaMu OT
0,95 no 11,7 mxI'p/u B 3aBUCHMOCTH OT BpeMeH T
orbopa, Buma ruipoOMOHTOR, CIEMMPUKA MecTa
nx npomzpacranusA. [lo mammm gamubiM, BRITAS
M30TOIOB ypaHa B /03y BHYTPEHHET0 00 TydeH st

obL1 cymiecrsento Huzke (1o 0,2 mxl'p/a). Bee
OTH MU(PHI MHOTOKPATHO MEeHbIe 3HAUYeHs
(400 mxI'p/u), paccmarpnBaeMoro B RauecTBe
DROJIOTHYECKN 0€30TaCHOTO JIJIsI MOITYJIs i
pacrenuii [1]. B To ke Bpems olleHKa MOIIHO-
CTU JI03bI B OTHOIIIEHNY HAa3eMHBIX pacTeHMNIl,
¢ Y4ETOM BHeIITHero 00JIyu4eHIsi 1 COCTaBa pajiino-
HYRKJIUJIHOTO 3aTrPsI3HEH ST, TO3BOJISLIIA TIPeJIIIoJia-
raTh JI0JITOBPEMEHHOe HapYIIeHe 3TOTO YPOBHSI.
[Tpu VA papus-226 B 307e 3e16HOI Macchl OT
0,03 10 50 Br /1 [10], ero BKIa/1 B 103y BHYTpeH-
Hero odsryuenusi onenusaercst namu or 0,1 o
150 mxI'p /4, uro B cyriecTBeHHOIT Mepe TTpub.In-
JKEHO K CKPMHHIHTOBOI HaTPy3Ke.

[Tocrymas wepes opraHbl IBIXaHUS, FKeTy-
JIOYHO-KUIITEeYHBIIl TPAKT U KOMKY B OPTaHU3M
JKUBOTHBIX, Painii-226 B OCHOBHOM aKKYMYJIHPY -
eTcsi B MUHepabHOIl vacTn kocreit. CoeftmHeHmst
ypaHa BBICOKOTOKCHYHBI U XapaKTepu3yTcs
HOAUTPONHBIM JleiicTBuem. [lpu naurenbuom
MOCTYIIEHUH PAIMOHYKJIU/I0B B OPTaHMU3M K-
BOTHBIX Onostornyeckme 3pPerTsr 00yca0BIeHBI
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HE TOJILKO XUMUYECKUM I CBOHCTBAMU DJIEMEHTOB,
HO TaKKe, pajiualmoHHBIM JIeCTBUEM 3a CUET
a-usnyuerns [1]. [lpn ananuse paguannoHHbIx
HOCJIGJICTBI/IfI BaykKHO UMETb B BU/Y, YTO BbIHOC
PAIMOHYK/INI0B HA [IOBEPXHOCTD [I0YBLL B Pe3YJIb-
Tare poroIIei JIeATeIbHOCTH TTOJEBKI 3aBUCUT OT
NXYNCJICHHOCTH. PeSyJH:TaTBI pagnoxXxuMmiecroro
aHaJin3a 1oKa3aJii IoBbIIIeHHOe B 3,0—9,8 pa3s
cojiepsKanme pajusi-226 B 30Jie TyIIeK T0JEBOK,
OTJIOBJICHHBIX Ha TeppuTopun xpanminina PAQO,
110 CPABHEHUIO ¢ ROHTPOJTLHBIMU TOKA3ATEJISIMU, C
MaKCUMAJTbHBIMY 3HAYCHISIMU B TOJ] TTUKA YNCJICH -
HOCTH KUBOTHBIX (Tabut. 3). Rontentpais ypana
BTYIIKAX 3BePHKOB € 3arPs3HEHHON TEPPUTOPUT B
TOJI TIKA YNCIeHHOCTN OblTa 6oJiee yeM B JiBa pa-

3a BBIIIIE ROHTPOJBHBIX 3HAUYEHUI 1 COCTABIISIA
0,127 mkr/r 3omb1 (p <0,09).

[Tpn namenennu ycjaoBmii cpeyibl OOMTaHMS
JKUBOTHBIX BasyKHAsS PETyJIsTOPHAs POJb TPH-
HaJIJIesKUT OpraHaM dHJOKPUHHOI CUCTEeMBI,
CeKpeTopHas aKTUBHOCTh KOTOPLIX M3MEHATCH
B COOTBETCTBHU € IOTPEOHOCTAMI OpraHnsma.
ObGuranne 1MOAEBOK B TeueHNEe HECKOJIbKUX I10-
RoJieHmit Ha reppuropnn xpanuauiia PAO mpu-
BOJIIJIO, B ITEJIOM, K CHIZKeHTIO (DYHRITMOHATBHOT
ARTUBHOCTH IIUTOBUIHOI ReJIe3BI 110 CPABHEHNIO
¢ TAHHBIMI KOHTPOJBHBIX 0co0ell (Bo Bce pac-
cMaTpuBaemMblie asbl YNCIEHHOCTN ). JTO BhIpa-
FKAJIOCH B JTOCTOBEPHOM YMeHbITeHIN 00bEMHOTT
IJIOTHOCTN 1 BBICOTHI DOJTMKYJISIPHOTO DIINTE-

Ta6amnua 2 / Table 2

Copepsrkanue (YA) u koadduiments narorienust (Ku) pagnonyranos rugpoduramu
Activity concentration (AC) and concentrating coefficients (C)) of radionuclides by hydrophytes

o

Pacrenne, gara or6opa Papmit-226 / Radium-226 Ypan / Uranium
Plant, selection date VA, uBr/r* Foko* VA, MBr/r* | Ku#*
AC, mBq/g* C** AC, mBq/g* C ¥
NmmakrHas 30Ha, p. Yxra, / Impact zone of Uchta river
Potamogeton filiformis, 07.2012 38 325 13,1 803
Potamogeton filiformis, 07.2012 132 29204 11 66
Polamogelon filiformis, 07.2012 61 360 6,2 469
Potamogeton gramineus, 07.2012 68 380 7,8 260
Drepanocladus aduncus, 07.2013 314 4070 8,8 -
Polamogeton gramineus, 06.2013 97 9930 8 -
Drepanocladus aduncus, 06.2013 757 15400 64,6 -
Spirogyra sp., 06.2013 120 1790 7,1 2400
Potamogeton filiformis, 06.2013 77 630 3,9 2400
Potamogeton gramineus, 06.2013 200 2270 7,3 305
Teppuropus xpannanmia PAO / The storage of RW
Calliergon giganteum, 06.2012 3657 6380 2780 317
Calliergon giganteum, 06.2012 799 9710 4955 722
Calliergon giganteum, 06.2012 830 3100 289 a8
Lemna minor, 06.2013 918 660 13,6 BYRS
Drepanocladus aduncus, 06.2012 928 2490 251 483
Drepanocladus aduncus, 06.2012 893 780 1912 676

Ipunewanue: «*» — 6 pacuéme na 304y w «**» — na 8030yULHO-CYLOE BEUWECMBO; «—» OZHAUACIN «HEM OAHHBLLY.

Note: “*” — calculation in ach and “**” — dry malter;

17

means “not data”

Tadsuma 3 / Table 3

Copepsranue pagus-226 B rymkax moaéBok-skonomMok (102 1/r 30/1b1)
Radium-226 concentration in body of tundra voles (10""*g/g ash)

Y4UacTok OTI0Ba JKUBOTHBIX
Animal catching area

Da3za YNCJTEHHOCTI KUBOTHBIX
Phase of quantity population

mnK / maximum population

cmayn / decline in population

Ronrpomabusiii yuacrok / Control

4,8+0,5 (8)

4,3+1,0 (7)

Xpauunumie PAO / Storage of RW

27,8445 (5)

15,241,5 (8)

Hpumewanue: «*» — goauwecmso npob (6 3asucumocmu 0m Maccel Hqusomuslr 8 npobe oboedunerno om 2 do 4 ocobeil).
Note: “*7” — number of samples (2 to 4 individuals are united in the sample, depending on the weight of the animals).
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Ta6amma 4 / Table 4

Mopdomerpndeckinii ananmna NUTOBUHON yReJIe3bl TT0J0BO3PEIBIX TTOTEBOK-IKOHOMOR
¢ ROHTPOJTLHOTO yUacTKa 1 ¢ Teppuropun xpanminina PAO
Morphometric analysis of the thyroid gland of tundra voles from the control site and from the storage of RW

Yuaacrox ormoBa | [lom |  Beicora O6bémubie mornoctu (%) / Volume density (%)
RNBOTHBIX Sex | oumTenus, | KoJIous omnurynsipHbIi | cTpoma HKRCTPAONTNRYIISIPHBIE
Animal catching MEKM colloid DIIUTE I 1 COCY/Ib KJIeTKU
area Height of follicular stroma extraphollicular
epithelium, epithelium and cells
wm vessels

Rourposn J 8,0+0,1 38,9+1,0 94,6+0,9 3,0+£0,4 6,2+0,7
Control ? 6,2+0,6 | 48,8+1,4 45,8+1,1 2,6+0,3 3,8+0,4
Xpanuauige PAO 3 8,1+0,4 39,1+3,2 49,5+2.7 3,0+0,7 5,5+0,4
Storage of RW Q 6,1+0,2 45,8+1,9 47,7+2,5 3,2+1,2 6,2+0,7*
Rourposn 3 7,2+0,2 44,542 4 46,8+27 6,1+0,8 0,1+1,2
Control Q 6,2+0,2 42.7+2.5 46,6+2,7 5,9+0,9 2,9+0,7
Xpaunmme PAO | & 6,6+0,5 | 60,4+5,9% 33,8+4 2% 3,0+1,0% 4,7+2,7
Storage of RW Q 6,7£0,3 | 57,0+3,0% 34,0+2 8% 4,8+1,1 4,4+2.1

Hpumewanue: «*» — pasiudus cmamucmuiecku sHavumot meacdy konmponem u meppumopueis xpanuauuya PAOnpup<0,05.
Note: “*” — differences are statistically significant between the control and the storage of radioactive wastes when p <0.05.

JIUST, YBeJIMYEHN U KOJTMYecTBA KOJIION/IA, 8 TAK:Ke
B HAPYIIEHU U TOPMOHAILHOTO CTaTyCca — IIpenmMy-
mectserno yposus T, [8]. Buekoroprix ciyuasx
B TUPEOUHON TKAHU ;KUBOTHHIX PA3BUBAIOCH
paccTpoiicTBO KpoBOOOpaIleHusi, ¢BA3aAHHOE ¢
3aCTOWHBIM MMOJTHORPOBMEM KPYIHBIX COCY/OB,
UX pacmmpenneM, O4aTOBBIMU KPOBOUBJIUS-
nusvu. B dasy cnajia uncieHHocT y 3BephKOB
orMeuasn 6oJbIee pazHoodpasne CTPYKTYPHBIX
HapyHieHnii B mapeHxmnmMe IMUTOBUITHON FKeTe3bl
U OTKJIOHEHUI OT HOPMBI 110 KOHILEHTpaI U
TUPEONIHBIX TOPMOHOB. VI3mMeHeHusi B reHome
TUPOIUTOB Y MOJEBOK ¢ TEPPUTOPUU XPAHUTUITIA
PAO xaparrepuzoBaimen yBemaeHneM OfHOHI-
TeBBIX Pa3pPbIBOB U MIETOUHOTAOMIBHBIX CATOB
JIHR (% TIIHR mis 06y9éHHBIX JKUBOTHBIX —
22,9+1,2 yea. en., B kourpose — 17,3+1,4 yeu. e.;
p<0,05), aro 00yCAOBIEHO IBYXKPATHBIM TTOBBI-
MIeHUeM JI0JIM KJIETOK ¢ BBICOKO (DparMeHTupo-
sarnoit [IHK (8 quanazone 41-100% TDNA).
Ha saBeprmmarorem astarne mncciegoBaHus
n3yyajan OMOTOKCHYHOCTH BOJIbI, TIOCTYIIAIOITET
13 JIPEHAKHON CUCTeMbl TePPUTOPUN XPAHWIIN-
1A OTXOJIOB PaJijmeBOTO MPOMBICTA B P. YXTY.
Boiio yeranosiieno, uto orobpanubiii B 2019 1.
B II€PHOJL OCEHHETO0 MMO/IbEMa YPOBHS TPYHTOBBIX
BOJ 0Opaser; He OKa3bIBALT OCTPOIO TORCUYECKOTO
BoapeiictBust Ha Daphnia magna Straus. 'nbenn
PAuKOB B TECTHPYEMOIi Bojie He Oblna 3auKcu-
poBana. ITo BCTymaeT B TpoTHBOpeune ¢ omyosm-
KOBAHHDLIMK pesylibrataMu, mojaydeniniMu [16]
¢ MCIOJb30BAHNEM TECT-00beRTA PSACKU MAJION
(Lemna minor L..). [lpu coorBeTcTBUM HOPMATHB-
HBIM TPeOOBAHMSM TOBEPXHOCTHBIE BOJIBI TEPPH-
tropun xpanunuina PAO Bei3biBasin y pacrenus

COKpallleH e yieJabHOIl CKOPOCTU POCTA, BHICOKMUIT
YPOBEeHb XJIOPO30B U HeKpo30B. TorkcuunocThb
BOJIBI, TTO IAHHBIM aBTOPOB, OBLITa 00yCIOBIEHA
efCTBIeM TSREIBIX MeTAJIIOB (CTPOHTMS, TIH-
Ka, Dapusi) 1 HeJlOCTaTKOM KaJlusl.

3araueHue

[To pesynbraTamMm KOMIIJIEKCHOI OIEHKN pa-
JIMOAKTUBHBIX OTXO/IOB OBIBIIIET0 PajIneBOTro 1Po-
MBICTIA KAK NCTOUHNKA TOCTYTIIeHUS pajiusi-226
U ypaHa B jKUBbIe OPTAHN3MbBI YCTAHOBJIEHO, YTO
110 BCEM MCCIeIOBAHHBIM TTOKa3aTesisiM Bojia 13
pyubéB Teppurtopun xpanenusi PAO n umnaxr-
HOTO y4acTKa PeKN COOTBETCTBYET HOPMATUBHBIM
TpeOOBAHUAM, HO CO/ePIRAHNe PATNOHYRINIOB
B Heil KpaTHO BBIIIE peTMOHAJIbHOTO doHa.
[TopBKHOCTS PAIMOHYRINIOB B SKOCTCTEMAaX
yBeJWYeHa M3-3a BHICOKOI MUHepaam3anun
BOJI TEPPUTOPUN T€XHOTEHHOI JesTeJIbHOCTI.
Ypan Murpupyer B BojopacTBopénHoii gopwme,
pajmii — B coctaBe pactBopa u B3Beceil. [lannbie
0 COJlepKAHNM PAUOHYRINIOB B Tupodurax
" TYIIKaX MOJEBOK-9KOHOMOK, OOMTAIONINX Ha
reppuropun xpanuiuiia PAO, cornacyiores ¢
peicTaBAeHUSIME 0 00Jiee BLICOROT OMO0CTYTI-
Hoctn pajusi. OOycJOBIEHHAS ATUM MOIITHOCTh
BHYTPEHHEr0 00JIy4eHUsI BOJHBIX PACTeHUI CO-
crasisina 0,95-11,7 mrl'p/u, pas ypana — o
0,2 mx['p/u. Eé 3navenns, paccuntanubie 10 JaH-
HBIM JTUTEePATYPHI I HA3eMHOI PACTUTeIHLHOCTH,
coorsercrBoBaiu rpajuenty 0,1-150 mx[l'p/uq,
YTO MPUOIMREHO K TOPOTOBOI JI030BOIT HATPY3Ke.
Pagmarnmonno-wHayupoBaHHble HAPYIIeHMS
B OpraHuaMe IOJIEBOK IPOSIBISIIOTCS CHIKEHIeM
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GYHRIIMOHATLHON aKTHBHOCTH TIUTOBU/HOT
JKeJIe3bl U B BUJIE IIUTOTEHETHYECKNX N3MEHCH U I
TUPOIUTOB. BhimonHeHHAS DKOTOKCHKOIOTH -
YecKasl OIeHKa BOJ TePPUTOPUM XPAHUIUIIA
¢ ucrnonbzoBarnmem Daphnia magna Straus ne
noATBepAnJIa NX OCTPOTO HEeraTuBHOTO BO3I[eI>JI-
CTBUS Ha JKUBHIE OPTANW3MBI, OTIICATHOe pamnee
B JINTEpaType sl PCKU MaJIOl, 4TO yKas3biBaer
Ha Pa3indHy0 4yBCTBUTEIILHOCTH TECT-00beKTOR
K Tokcukantam. [IpoBenenne nccaegoBanmii Ha
PasHbIX YPOBHSIX CTPYKTYPHOI OpraHusarim 61o-
JOTUYECKIX 00BEKTOB SIBJISACTCS HEOOXOMIMMBIM
ycaoBueM 6osiee TOUHOTO MPOTHO3MPOBAHUS 1
OIICHKHU DKOJOTMYECKOTO COCTOSTHUS aHTPOTIOTEHHO
3aTpsIBHEHHBIX OMOTEOIEHO30B.

Hccaedosanus evtnoanenst 8 pamrax 2ocydap-
cmeennoz2o 3adanus Hnemumyma 6uonozuu Komu
HI[ YpO PAH Né 0414-2018-0002 ¢ wacmuunoii
noddepicroit epanma POOU u Ilpasumeavcmea
Pecnyoauru Komu Ne 16-45-110051 p_a.
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B ycaoBusix BererarinoHHOIO OIbITA TPOBEAGH MOHUTOPUHT CEPOIl JECHOI OYBbI, KOTOPYIO 3arpPsI3HsIN JIEBOHCKOI
medroio B Kommentparum O 1 10% or Macent moussl. Mcmombzosain Garapeio TecToB: OMPeieIsin coaepsRanme Hedrempo-
JIYKTOB, KOJIMYECTBO YTIEBOAOPOAOKMCISIONIINX MIKPOOPTAHN3MOB, (DUTOTOKCIYHOCTD. [lJsT peMemmannm mpuMersiIm mpi-
POJHbBIIT KOHCOPIMYM MUKpoopranuamos-aecrpykropos (KMJI), cocrosimuit us tpéx mrammon (Achromobacter insolitus
A-102 (RCAMO02108), A. xylosoxidans A-10 (RCAMO02109) u Pseudomonas stutzeri P-1026 (RCAMO02107)) ¢ turpom
(2,3-2,5) - 10" KOE/cwm?, a takske B kauectse copbenra Genronnt B8 narusuoil (6 m 12 v/ra) n mamopasmepnoit (0,6 u
1,2 v/ra) popmax. [Ipu cpaBHennn norasareneii copepsKaHus yraeBOJOPOOB B JIMHAMUKE YCTAHOBJIEHO, YTO BHICOKMIA
MPOTEHT UX YTHIM3AMIN OTMEUYCH Ha 40 ¢yT Ipn nernosab3osamnn mo oraeabuoctn KM w Genronnra. Ilpumernenne ma-
HOOEHTONNTA, a Takyke KoMIiexcHoe Brecerme KM]I ¢ copbernrtamn B HATHBHON 1 HAHOPA3MePHON (OPMAX YCKOPSIOT ATOT
niporiece Ha 15 cyr. Tenpennus, orMedentas pu 5% sarpsa3HeHnn HePTHIO, COXPAHACTCA U TIPU YBEINYCHUN 3aTPA3HEHIs
1o 10%. IKOIOTO-TORCHKOMOTHUCCKITT ananns Hedre3arpA3HEHHON MOYBLI Ha MOPHOMETPUICCKITEC TTOKAZATEII TeCT-
pacrenust (Zea mays) mMO3BOIMI BLICTPOUTD Psif dpdertusrocTn Bnocnmbix kommonenton: KMJ] > KMJ] + nanopasmepubiit
Gerrornt > KM/l + Genronnr. BentoHnT 1 HaHOGEHTOHUT He TOJILKO COPOUPYIOT YITIEBOJOPOJIBI, HO U SBJISIOTCS NCTOUHI-
KOM MUIHEPATHLHOTO MUTAHNS [ aBTOXTOHHON MUKPO(IOPLI, YIydIias cTpyKTypy mouBbl. HamoGentonur mpu MenbIei
B 10 pa3 mo3e BHeceHNsT CIOCOOCTBYET MOBLITITEHTTO 9 PEKTUBHOCTIT OUICTKI 3aTPS3HEHHOM TTOYBLI ITO CPABHEHTTO ¢ GEHTOHITOM.
BXO]LH]]U’IQ B COCTaB ROHCOPIMYMa MUKPOOPraHN3MbI-/IeCTPYRTOPbHI aKTUBHO BCTPANBAIOTCA B €CTeCTBeHHbIe ITOITYIATNN, aJlall-
TUPYIOTCS 1 HAUMHAOT 3P PERTUBHO pasjiaraTh yI1eBOJ0POJIbl, HCITOIbB3YsI X B KAUECTBe NCTOUHIKA ITnTanust u sHeprun. Mrak,
coBmecrroe pumerierie KM it copOerita B HATHBIHOT 1 HATOPa3MepHoit (hopMax MO3BOISIET 00LCTIEUNTEL CKOPOCTD TeCTPYRITIT
HeTSHOTO 3arpsisHe s Ha 50Jiee BBICOKOM YPOBHE 10 CPABHEHIIO ¢ HCITOTb30BAHIEM KayKk/I0T0 KOMIIOHEHTA 110 OTeIbHOCTH.

Kawuessie crosa: nousa, purorectnposaniie, HeTh, MUKPOOPTaHNU3MBI, COPOECHTHI.

Ecological and toxicological assessment
of bioremediation of oil-contaminated soil
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Under the conditions of the growing season, the monitoring of gray forest soil was carried out, which was polluted
with Devonian oil at a concentration of 5% and 10% by weight of the soil. The content of oil products, the amount of
hydrocarbon-oxidizing microorganisms, and phytotoxicity were determined. For remediation, a natural consortium
of microorganisms-destructors (CMD) was used, consisting of three strains (Achromobacter insolitus A-102 (RCAM02108),
A. xylosoxidans A-10 (RCAM02109) and Pseudomonas stutzeri P-1026 (RCAMO02107) with titer (2.3-2.5)- 10" CFU/cm?,
as well as bentonite in the native (6 and 12 ton/ha) and nanoscale (0.6 and 1.2 ton/ha) forms as a sorbent. When comparing
the indicators of hydrocarbon content in the dynamics, it was found that a high percentage of their utilization was noted
for 45 days when used separately CMD and bentonite. The use of nanobentonite, as well as the integrated application of
CMD with sorbents in native and nanoscale forms, accelerate this process by 15 days. The trend observed at 5% oil pol-
lution is maintained with an increase in pollution to 10%. Ecological and toxicological analysis of oil-contaminated soil
on the morphometric parameters of the test plant (Zea mays) allowed us to build a series of effectiveness of the introduced
components: CMD > CMD + nanobentonite > CMD + bentonite. Bentonite and nanobentonite, sorbing hydrocarbons, are
a source of mineral nutrition for autochthonous microflora. Nanobentonite at a dose less than 10 times contributes to an
increase in the efficiency of cleaning contaminated soil compared to bentonite. The combined use of CMD and sorbent
in native and nanoscale forms allows us to ensure the rate of destruction of oil pollution at a higher level compared to
using each component separately.

Keywords: soil, phytoassay, oil, microorganisms, sorbents.

3arpsizHenue moussl yriesojgopopamu (Y B)
HeTH OcTaércs cepbé3Hoil MpodIeMoil B 11po-
MBIIIJIEHHO Pa3BUTHIX CTPaHAX, TAK KaK BbI3bI-
BaeT HapylleHus AMHAMIYeCKOro paBHOBeCUs
B BKOCHCTEMe BCJIE[ICTBIE U3MEeHEHUs CTPYKTYPbl
MTOYBEHHOTO MMOKPOBA, TEOXUMWYECKUX CBOWCTB
MIOYB, & TAK/KE TOKCUIECKOTO JIeTICTBIA HA SKIBLIE
opranusmel [1-7]. Ha coBpemennom srarie pas-
BuTHA B Pocenn pazpadareiBaiorest  BHEPAIOTCS
B MIPOM3BOJICTBO HAYYHO-000CHOBAHHBIE T€XHO-
JIOTHY TIPUMEeHeHNsI arpOMIHePaToB B KauecTBe
cOpOEHTOB B peTMOHAX ¢ 3aTPA3HEHUSIMI TTPOTYK-
tTamu HedTernepepadaTHIBAIONNX 1 XUMITUYECKIX
npepnpusatuii. OcoOblii MHTEpec MpecTaBIsIOT
aBTOXTOHHbBIE MUKPOOPTAHU3MbI-JICTPYKTOPHI
U IPUPOJIHBIE MAaTepPUaJIbl ¢ BbIPAYKEHHOT copoIm-
OHHOI AKTUBHOCTBIO, IITMPOKO PACITPOCTPAHEHHbIE
B Pecniybnuke Tarapcran (PT) — Gentonutsi,
docdopurst, eouter u jip. [8]. [lepcnerruBrbiM
HAIPABJIEHNEM JIJIsl PeleH st OTOI IIPOOIeMbl sIB-
JiseTesA TpUMeHeH e MHHOBATIMOHHBIX TIPeTapaTos,
CO3/IAHHBIX HA OCHOBE HAHOTEeXHOIOTII, MMETOTTITX
BBICOKYTO COPOIIMOHHYTO aKTHBHOCTD B OTHOITEHIT
MITIPOKOTO cTieKTpa Y B 1 yMeHbIalonnx Tokemye-
croe sieiictue Hedru na mousy [9, 10]. Benencrsue
ATOr0 pazpabOTKa KOMILIEKCHbBIX METOJIOB OUHCTKI
mouBbI 0T ¥ B HedTu siBnsieTcs akTyanbHOI 1 TTpej-
craBiiseT co00I AaKTHBHO Pa3BUBAIOIIEECs HAIIPAB-
JieHue HROJIOTHH, O1O0- 1 HAHOTeXHOJIOT NN,

Ilenbto gannoii paboTsl ABAANACH HYKOIOTO-
TOKCHKOJIOTHYECKAsI OTIeHKA I1poIiecca bnopeme-
puarun Hedre3arpsi3HEHHON TTOUYBDI.

O0BeKTHI 1 METOJIbI MCCIE[OBAHNS

IPPeRTUBHBIIT KOHCOPIITYM YTJIEeBOOPOJL-
ORMCJAAIONMUX MUKRpoopranuzmon (YOM), y
KOTOPOTO M3YUYaau YrJaeBO0POOKUCISIONYIO
AKTUBHOCTD, CITOCOOHOCTH K JIECTPYKIMN pa3-
JTUUHBIX anudartnuyecKnXx U apoMaTudecKnX
Y B, coneycroitunBocTh, OB BbHIJIETEH 3
4epHO3EMHOI MOYBBl A3HAKaeBCKOTO paiioHa
Pectiybnuku Tarapcran [11]. Hltammbr Obiin
UAeHTUMUINPOBAHBI METOIOM YCTAHOBJIEH W5
HYRICOTHAHON mocaenosarenbioctn 16S pPHR
1 lernoHpoBaHbl B BeloMcTBeHHO KOJITI@KITN I
MOJIeBHBIX MUKPOOPTAHU3MOB CeJIbCROXO035Iii-
cTBeHHOro HasHaueHus: Achromobacter insolitus
A-102 (RCAMO2108); A. xylosoxidans A-10
(RCAMO2109) u Pseudomonas stutzeri P-1026
(RCAMO02107).

MenonbzoBanubiili B KavecTBe copOeHTa
oenronut Tapu-Bapceroro mecroposkaenus PT
nMeJt CJeYIONnil XUMuIecknii cocras, B %:
Si0, - 66,07; TiO, — 0,58; ALO, — 17,04; Fe,0, —
9,01; MnO - 0,03; CaO - 0,80; MgO — 1,5;
Na,0-0,2; K,0 - 2,57; P,O, - 0,09; SO, - 0,42;
opranmueckoe BermectBo — 9,11, Cymma obmer-
HBIX KaTHOHOB cocraBmiia 49,98 Mr-oks. na 100 r.
[Tokasarenns copbruu cocrasiser 08—62%.
Mumnepasbibiii coctaB B %: MOHTMOPULIOHUT —
80,0-82,0; ruppocaiona — 6,0-8,0; kaonuuuT —
6,0 n kBapi — 5,0-7,0. On umMeeT MOABUIKHYIO
JI@HTOYHO-CJIONCTYTO CTPYKTYPY € pazdoyxarorim-
mu nmakeramu. Hanopasmepubiit OeHTOHUT
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MOJTY4aJI METOIOM YJIbTPAa3BYKOBOTO BO3Jieli-
CTBUsI HA OEHTOHUTOBYIO TJIMHY, KOTOPYIO TIOJI-
Bepriin repmoodpabdoTie 10 BraskuocTi 0,0—7,0%
n Mexarnmueckomy namenbuernio 1o 0,035 mm,
1I00ABJISIN B [IEMOHU3UPOBAHHYIO BOILY B pacuére
25,0 v ma 100,0 mor Bojier. lomyuenne manopas-
MepHOTro O@HTOHUTA U UCCJE0BAHIE eT0 CTPYK-
TypbI ipoBojuan B Hayuno-uccienoBarenbckom
MHHOBAIMOHHO-TIPURIAHOM 1enTpe « Hanoma-
Tepuasibl m Hanorexuoaornm» . Razanm [10].
Cepas Jsiecnast mousa Obljia oToOpaHa Ha
(poroBOIT TeppuTOopuN AJTLMETHEBCKOTO paiioHa
PT n nmena caegyioniyio arpoXuMmnyeckyio xa-
pakrepuctury: rymye — 4,05%, pH__— 5,90 en.,
H - 1,23 mr-sks/100 r, cymma moraoménnbx
ocuopanuii — 20,4 mr-sks/100 r, N o - 0,23%,
P,0, - 130,0 mr/kr, K,0 — 118,5 mr/kr. Onpe-
menenme comepsranus Y B B mouBeHHBIX 00-
pasmax mposofnan B coorserctum ¢ [THJ[ @
16.1:2.2.22-98 [12]. Konuuecreo YOM yun-
ThIBaJan Ha cpejie Bopommiosoit n J[lnanoBoii
7 BEIPARAJIN B KOJTOHME0OPasyIomX eiImHnIax
(ROE) na 1 r mouBbl mocsie eé BuICYIIUBAHUS
npu remmeparype 105 °C [13]. @urorokcnanoctn
OTIEHMBAJIN TI0 BO3ECTBUIO BOJHBIX BBITSRER
(B cooTHOIIIeHNN (110 Macce) TouBa : Bofa = 1 : D)
MCCIIeLyeMOil TTOUBbI HA TIPOPOCTKI KYKYPY3bI CITY-
crst 7 cyr. [lpu purorectupoBaHum cpaBHUBAJIK
JUIMHBI KOPHEIl 1 1106eroB Ucc/ielyeMoii KyJIbTy-
pPbl B KOHTPOJIbHBIX 1 ONIBITHBIX BapuaHTax [14].
Bereranmonublii OMBIT 110 U3YYEHUIO BN -
nust koncoprmyma ¥ OM u copbenTa Ha ckopocTh
pasnoskenust ¥ B Ha cepoii jiecHoil mouBe 3aKJ/a-
BB 1Mo cxeme: 1) KOHTPOJH (He3arps3HéHHas
mousa); 2) mousa + Hedro (o1 10%); 3) mousa +
HeTh + KOHCOPIUYM MUKPOOPTAHM3MOB-

necrpykropos (KMJ1); 4) mousa + wmedrn +
o6entoHuT 6 T/Ta; O) 1MOYBA + HEPTH + OEHTOHUT
12 1/ra; 6) nmousa + wHedrb + KMl + 6enrornT
6 v/ra; 7) noua + nedrb + KM]I + Genronur
12 1/ra; 8) nousa + HedTh + HAHOOEHTOHUT
(HB) 0,6 7/ra; 9) mousa + nedpro + HB6 1,2 1v/ra;
10) mousa + wedprn + KM/l + HB 0,6 v/ra;
11) nousa + nedprs + KM/ + HB 1,2 1/ra. [louy
3arpsI3HAJIN JIeBOHCKOT He(MTHIO B KOHTIEHTpA-
mun 5% u 10% or maccnr moussl. Komcoprmym
MUKPOOPTaHU3MOB-/IeCTPYKTOPOB ¥ B BHOCHIN
n3 pacuéra 20 Ma Ha BereTarMOHHBII COCY/
¢ turpom (2,3-2,5) - 102 KOE/cm?; Gentonnt —
6 1 12 1/ra n nanodenronnt — 0,6 r/ram 1,2 1/ra.
BererarimoHHbBIi OMBIT TTPOBOAMIN B TEIJINIe
C eCTeCTBEHHBIM OCBeIlleHNeM B JIeTHUI 1Tepuo;y
B cocynax (6 kr). [IpoOwi oy ordéupasiu B quna-
muke ma 0, 30, 495, 60, 90 cyr n3 Bcex BapmanToB
ompiTa. CTaTneTmaeckyio 00paboTRy pe3yIbraTon
MPOBOJIMJIN ¢ TIOMOIIBIO 3JI@KTPOHHBIX TaDJIHIT
Excel n mporpammbr Origin 4.1. JlocroBepHocTs
PaBANYMIT TTOTYUeHHBIX PE3YJIBTaTOB OT[eHIBAJI N
¢ ucroyib3oBanmnem (-kpurepust CrbrojieHra.

Pesyabrarsl u ob6cyskienne

[Tpm onipenesiennu cofepskanus ¥ Bycranon-
JIEHO, UTO B 1T0uBe 1pu D% 3arpsasHeHnn HeTbio
ATOT IIOKa3aTe b K KOHITY arciiepumenta (90 cyr)
3a cU6T caMOOUNIIeH IS YyMeHbImics Ha 29,2%
(rabs. 1). [lpu Baecernnn B nouy KMJI ysxe na
45 cyr comepskanne Y B cansunoch wa 31,4%
7 0CTaBAJIOCH HA ATOM YpoBHe 10 60 cyT, 8 K KOHILY
pKemepuMenTta ymenbinmiaoch ma 40,9%. Cpas-
HeHue copOeHTOB B HATUBHOI 1 HAHOPA3MePHOIT
(opmax morasaso, 4To ¢ BHeCeHIeM OeHTOHUTA

Ta6auma 1 / Table 1

JluHaMuKa CHIZKEHES COJlepyKaHus YIJIEBOMOPOLOB B CePOil JIeCcHOII mouBe 1pu eé sarpsasuenun 5% nedru
Dynamics of reduction of hydrocarbons content in gray forest soil with 5% oil contamination
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Bapuanr / Option Cyrru / Day
15 30 45 60 90
Rourposn / Control 28 | 11,6 | 14,6 | 181 | 25,2
KM/1 + 5% wedrn / CMD + 5% oil 6,0 | 18,2 | 31,4 | 31,0 | 40,9
B 6 1/ra + 5% wedru / B 6 ton/ha + 5% oil 6,9 | 16,0 | 27,9 | 29,2 | 35,9
B 12 1/ra + 5% wedru / B 12 ton/ha + 5% oil 95 | 17,7 | 30,0 | 31,6 | 44,4
KM/l + B 6 v/ra + 5% uedprn / CMD + B 6 ton/ha + 5% oil 10,8 | 21,9 | 32,7 | 38,1 | 47,3
KMJl + B 12 v/ra + 5% nedru / CMD + B 12 ton/ha + 5% oil 10,5 | 26,9 | 34,3 | 42,8 | 53,1
HB 0,6 v/ra + 5% medpru / NB 0,6 ton/ha + 5% oil 87 | 250 | 31,0 | 30,5 | 39,0
HB 1,2 v/ra + 5% nedpru / NB 1,2 ton/ha + 5% oil 16,8 | 33,1 | 34,1 | 38,9 | 44,2
KMJl + HB 0,6 7/ra + 5% nmedru / CMD + NB 0,6 ton/ha + 5% oil 18,5 | 34,1 | 39,6 | 424 | 49,9
KM/l + HB 1,2 1/ra + 5% wegprn / CMD + NB 1,2 ton/ha + 5% oil 19,9 | 37,1 | 44,4 | 48,1 | 54,4

Hpumewanue: KMJ] — korncopyuymn nurpoopeanuzmos-decmpyrmopos; b — 6enmonum; HB — nanobernmonum.
Note: CMD — consortium of microorganisms-destructors; B — bentonite; NB — nanobentonile.
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Ta6auma 2 / Table 2

JlnHaMUKa CHUKEH S COflePARAHNST YITIeBOJOPOJIOB B cepoil ecHoii mouse ipu 10% sarpsisvennn
The dynamics of reducing the amount of hydrocarbons in the gray forest soil at 10% pollution

Bapuant / Option Cyrru / Day
15 | 30 49 60 | 90
Rourposn / Control 10,51 19,0 | 25,4 | 29,1 32,9
KMJL + 10% nedru / CMD + 10% oil 20,9 | 40,4 | 44,2 | 49,2 54,5
b6 1/ra + 10% nedpru / B 6 ton/ha + 10% oil 24,0 | 31,7 | 32,1 | 40,3 |41,6
b 12 1/ra + 10% nedrn / B 12 ton/ha + 10% oil 17,2 | 34,5 | 36,0 | 47,8 |152,6
KMJl+ 56 1/ra+ 10% nedpru / CMD + B 6 ton/ha + 10% oil 25,9 | 44,2 | 45,8 | 48,9 |51,6
KMJl + B 12 v/ra + 10% wedru / CMD + B 12 ton/ha + 10% oil 24,9 1 33,8 | 36,1 | 43,4 54,8
HB 0,6 v/ra + 10% mwedn / NB 0,6 ton/ha + 10% oil 23,6 | 35,1 | 37,6 | 41,0 153,2
HB 1,2 v/ra + 10% uedru / NB 1,2 ton/ha + 10% oil 22,8 139,11 47,8 | 51,1 54,1
KM/l + HB 0,6 v/ra + 10% medrn / CMD + NB 0,6 ton/ha + 10% oil 23,21 40,2 | 43,4 | 44,2 57,2
KMJL+ HBE 1,2 1/ra + 10% nedpru / CMD + NB 1,2 ton/ha + 10% oil 24,6 1 39,9 51,1 | 52,2 160,1

Hpumewanuwe: KMJ] — korcopyuym nurpoopeanuzmos-decmpyrmopos; b — 6enmonum; HB — nanobernmonum.
Note: CMD — consortium of microorganisms-destructors; B — bentonite; NB — nanobenlonite.

B 1o3e 12 1/ra u nanodbenronura B go3e 1,2 v/ra
copepskanue ¥YB na 90 cyr ymeHbIINIOCH TIpaK-
THYeCKN OfMHaKoBO (44,4 m 44,2% coorer-
crenno). Hamnbonee adpdextusmno copepsranme
Y B cuusunocn B Bapnanrax ¢ suecennem KMJn
oenrtonnta B oze 12 v/ra, a rarxske KMJ[ ¢ HB B
mose 1,21/ra —na 53,1 1 54,4% coorBercTBeHHO.

O 1om, uro 5%-noe HedresarpsazHenue
B MeHbIIell cTerneH NHIMONPyeT HEKOTOpbIe
(pusuosioro-6moxuMuUUECKIEe TTapaMeTpbl pacTe-
nuii P. arundinacea no cpasuenuio ¢ 10%-uwim,
oTMeUeno B meegepoBanmmax [19].

B nouse, mpu 10% sarpssnenun medrnio,
cojeps:Ranne ¥YB K KoHIy sKcllepuMeHTa 3a
CUET CaMOOUMIIEeHIsT YMeHbInI0ch Ha 32,9%
(trabu. 2). Ecan npu 5% 3arpsisHennn uerbio
yske Ha 30 cyT moJydeHbl BLICOKME MOKa3aTe/n
cHIDKeHus cojepskanus ¥ B, o mpu yBeianyve-
HUM KOHIIEHTPAINN BHOCUMOI HeTU TOIBKO
Ha 4d CyT B psijie BapUaHTOB HaOII0//]1 CyIIe-
creennoe camkerne Y B. Ha 30 cyr copepsranne
¥YB ymenbmuioch npu BHecennn B nousy Hb
B go3ax 0,6 u 1,2 v/ra. B nouse, mpu 10% 3a-
rpA3HeHNN HedThI0, HanboabIee CHIKEHIe
cofepskanust ¥B B puHaMuKe orMeueHo Ipu
copmectaom BHecenun HKMJL ¢ HB B pmose
1,2 v/ra, aro comocraBumo ¢ H% 3arps3HeHmeM.
[Tpumernenne aBTOXTOHHONW MUKPOMPIOPDI s
Ouopemenalnum MOYBeHHbBIX DKOCUCTEM BCTpe-
4aercs BoO MHOTHX nyosmkanusax [16—18].

Coreqrytonium sTarom MCCaeJoBaHMI cTana
OIleHKa COCTOSTHUSI TTIOYBEHHOTO MUKPOOMOIEeHO-
3a, JIJIs1 KOTOPOIl NCITOJIB30BAJIN TTOKA3aTeJh TP -
cyrerBuss YOM raw ogua n3 mandosee nH@oOp-
MATUBHBIX KPUTEPUEB COCTOSHUS 3aTPA3HEHHON
cpenibl. B KOHTPOJILHOIT He3arpsi3HEHHOT 1TOYBe
UX YUCJTEHHOCTh B T@UEHIE BCETO IKCITePUMEeHTA

naxopmaach B mpeenax (3,0-95,5) - 10° KOE/r
noubl. [Ipu 5% sarpssuenun nedroio Ha 15 cyr
romaectBo Y OM cocrasmio 10,0 - 10° KOE/T,
Ha 49 CyT — YBeJIUUIIOCH B 4,d pasa, a K KOHILY
pKerepumenTa ymenbimmioch 1o 30,0 - 10° KOE/r
nouBbl. [lpu BHeceHnn B 3arpsA3HEHHYIO TTOUBY
RMJI uncnennocts nayuaeMoii rpyribl MUKPO-
opranusmoB Ha 15 cyr Oblia B Ba pasa BbIlle
10 cpaBHEHUTO ¢ MOYBOIL, pn 0% 3arpsA3HeHun
medroio. K 49 ¢yr nX ROJIMYIECTBO YBEIAMUIIOCH
B 4,3 pasa, nocrurays 86,0 + 10° ROE/r noussr
7 3aTeM MPaARTHYeCKI He MeHSJIOCh /[0 KOHTIA DKC-
nepumenTa. [Ipu BHeceHun B mouBy OeHTOHHUTA
Bo3ax 6 u 12 1/ra uncaennocrs Y OM B aror 1e-
puop Obita nuske B 1,6 n 1,4 pasza coorBercTBeHHO
110 CPABHEHWIO ¢ BADUAHTOM, I7[e BHOCUITN TOJTHKO
KM/J1, vo Boitie B 1,2 n 1,4 pasa o cpaBHeH MO ¢
3arpsA3HEHHOIl TOYBOU, YTO, BEPOSATHO, CBA3AHO
¢ TeM, uTo DEHTOHUT He TOALKO copbupyer ¥ B
HedT, HO U ABJACTCA UCTOUHWUKOM ITUTAHUA [T
Mukpoopranuzmon. Ha 45 ¢yt ux uncienHocTh
cocrasuyia 100,0-10°u 121,0 - 10° KOE /v moussr,
YTO BBITIIE, €M B BAPUAHTE ¢ BHECCHIEM KOHCOP-
mmyma YOM B 1,2 n 1,4 pasa cooTBeTcTBEHHO.
OnHaro K KOHITY 9KCIIePUMEHTA UX KOJNYeCTBO
cansmaock 10 60,0 - 10° u 70,0 - 10° KOE/r nmou-
BBI, UTO HEMHOTO HIZKe TTOKa3aTesell B BapnanTe
¢ saecernunem KM]JI.

Heobxoumo orMeTnTh, 4T0 BO BCeX BapuaH-
Tax ¢ jodaBJeHNeM B MMOYBY OEHTOHUTA MAKCH-
ManbHasg yncaennoctn ¥ OM Obiia orMeuena Ha
49 cyr. Hanbosbiiiee yBennuenme 4ncjaeHHOCTI
MO CPABHEHUWIO ¢ KOHTPOJIHLHBIMIU BapuaHTaMm
ormeueno nipu Buecennn KMJI copmectho ¢ 6en-
trorurom 12 v/ra u cocrasuio 160,0 - 10° KOE/r
[MOYBHI, YTO B 9,3 pasa BbIllle 110 CPaBHEHUIO
¢ 15 cyr. Rronmy skcniepnmenra unciaennocts Y OM
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HeckosnbKo ymenbInach (112,010 KOE /r mou-
Bbl). IIpn Kommerkcuom ncnonb3opanun KM
n GeHTOHMTA B J103e 6 T/ra HAOMOMATN YMEHb-
MmeHNWe YNCJIEHHOCTH MUKPOOPTAaHU3MOB-
nectpykropos B 1,1-1,2 pasza, uro MeHbIIe 10
CpaBHEHMIO ¢ TaKOBBIM, The BHocusin HM]]
coBMecTHO ¢ Oentonutom B foze 12 v/ra. Nu-
HOBAIMOHHBII COPOCHT BIMS HA YNCIEHHOCTh
YOM crenyiommum obpasom. Ilpn BHecenun B
nousy HB B noszax 0,6 u 1,2 1/ra ynciennocrsb
ATOU TPYIITBI MUKPOOPTAaHN3MOB HA ITPOTSKEHU N
BCEro HKCIepuMeHTa Oblia HEMHOTO HUIKe 110
cpaBHeHUIO ¢ Bapuantamu ¢ Buecennem KMJI,
a tTarkske Oenrtonura B fo3ax 6 /ra m 12 t/ra.
Tonbro ipu Buecernnn HB (10361 0,6 n 1,2 1/1a)
OBLJIO OTMEUEHO Pe3K0e YBeJTMUeH!e YN CTeHHOCTI
K 40 cyr B 7,3 n 7,0 paza. B atux sxe BapnanTax
3apurcupoBann cHuzkeHune Koaudecrsa ¥ OM
& 90 cyT B 3,2 m 2,6 pasa coorBerctento. [Ipn
copMmecTHoM BHecenuu B mouy KMJI w HB
qncaentocth ¥ OM 6nima BEITIE 110 cpaBHEHNIIO
¢ BapmaHTaMu, Ijie TaHHble KOMIIOHEeHTHl BHOCH -
auck 1o orneabHoct. Hanbosbiee koanuecTBo
YOM ormeueno va 49 cyT B Bapuante KMJl + HB
1,2 /ra (120,0 - 10° KOE/r noussr). Ognako mo
cpaBHeHuo ¢ Bapuantamu, rae BHocuan KM]]
¢ OEHTOHUTOM, YHCJIEHHOCTh ObIJTa HUIKE B
1,3—1,5 pasza. 910, BepoATHO, CBA3AHO CO 3HA-
YUTEJILHO MEHBIIEI 0301 BHECCHU S HaHOOeH -
rounra. Takum obpasom, npu 5% sarpsa3HeHnn
HePTHIO TTPU KOMIIJIEKCHOM BHECEHWHU B IMOYBY
RM/I w HDB uncnernocTh MUKPOOPTaHU3MOB-
eCTPYKTOPOB ObLjIa BHIIIE TI0 CPABHEHUIO ¢ Ba-
pUaHTaMMU, TJIe JAHHBIe KOMIIOHEHThI BHOCUJINCH
110 OTJIeJAbHOCTH.

ITpu 10% s3arpsisaenun moUBeI HeTHIO YNC-
nenrocth Y OM na 15 cyr 6b1na Boite B 1,3 pasa
1o cpaBHeHnio ¢ 0% sarpsisHeHueM HedTbIO.
OmHako K 45 cyT X KOJIMYECTBO YBEJIMUNIOCH
roabko B 1,6 paza (o 20,0 - 103 KOE/r mou-
BbI) 1 ObLIO B 2,3 pasa HuzKe, yem npu 0% 3a-
rpsasaennn. K 90 cyr konnvyecrso ¥YOM pesko
yMmenbinmioch (B 9,7 paza). [Ipu Buecennn B
vedresarpaszuéunyio nousy KM/l nx kosmue-
ctBO Ha 15 cyr yBeaununnocs B 1,6 paza u 66110
COTMOCTABNMO ¢ TAaHHBIMI TTpu D% 3arpsi3HeHnn
mouBbl. {45 cyT ux uncaeHHOCTh YBeJINYNIach
B 1,5 pasa, a K KOHILY DKCIIepUMeHTa ynaJja
o 15,0 - 10° KOE/r noussl. Ilpu BHecenun B
nmouBy 6eHTonnTa B mo3ax 6 u 12 v/ra, kak n B
npeabIIyIeM cayuae, muk yuciaennoctn ¥ OM
OBLT OTMEYEeH Ha 4D CYT, OTHAKO DTU TTOKA3ATe 1
3HAYUTENbHO HUZKE TAKOBBIX 1P 0% 3arpsizHe-
Hun. B BapmanTax ¢ KOMIJIEKCHBIM BHECEHUEM
B nouBy KM/I ¢ 6enronurom Ha 15 cyr noxkasa-
TeJiM OBbLIM HEMHOTO BBIIIIE, YeM [PU OT/ebHOM

BHECEHWN RaKA0ro n3 KoMmoHeHToB. OpHakKo
Ha 49 CyT UX KOJMYeCTBO yBeanumyioch B 2,0—
2,4 pasa v IpeBbICUIIO TOKA3ATeTN Y CIeHHOCTH
npu otnebHoM BHeceHuu Oentonnrta m KMJI.
Bo Bcex Bapuanrtax ¢ BHecenuem HDB uucnen-
HocTh ¥YOM Obla MeHbIIle WM aHATOTHYHOT
BapuaHtam ¢ Baecenunem oenrornra. Ha 90 cyr
OTMEYEHO Pe3Koe CHIUZKeHNe X KOJMYecTBa B
3,4 paza s Bapuanrax H5 0,6 r/ran s 1,9 pasa —
HB 1,2 1/ra. MakcumanbHyio 4ncaeHHOCTh Ha-
omopann Ha 49 cyr B Bapuanre KM/l c HB 1,2 1/Ta
(45,0 - 10° KOE/r noussi), a k 90 cyr ormeuasiu
CHIReHMe nX KosmvyecTBa B 3 paza. CpaBHuBas
yncaenrnocts Y OM mpu pasanunoii crenenn
3arpsisHeHNs He(PTHIO MOKHO KOHCTATPOBATH,
4TO OOJIbIIIee X KOJMYECTBO HADJIIOaeTCsl TIPU
MeHbIIeM 3arpsiaHenun. Gpeju ncciefoBaHmii,
MOCBANEHHBIX MUKPOOMOIEHO3Y HAPYITI@HHBIX
mouB, orMeTuMm pabory [19], B kKoTopoit mpuBo-
ISATCS JIAHHbIE TTOYBEHHO-IKOJOTHYECKOTO CO-
CTOSTHIST 1 OMOJIOTHYECKIX MTapaMeTpoB TaKNX
3eMesb, M coo0IaeTcs, 4To B pe3yabTare 3a-
I'PA3HEHNS ITPONCXONT YITHeTeHITe MTKPOOHOTO
coobImecTsa.

B orerKke 9ROJIOTHYECKOTO COCTOSTHUS TIOYB
32 KOMIIJIEKCHBIII TTOKasaTesjb 3arps3HeHus
MOYBHI TPUHUMAT PUTOTOKCHYHOCTh, TO €CTh
€6 CBONCTBO IMOJABIATL IIpopacTaHne ceMsAH,
poct u pazsurtue Beicinux pacrenuii [20]. [lpu
n3ydeHnn GUTOTOKCUIHOCTH CepPOTT JIeCHOI TT0Y -
BoI ipu 0% u 10% 3arpssuennn Hedrbio OBIIO
YCTAHOBJIEHO MX pPa3Hoe JeliCTBUEe Ha Pa3BUTHe
RopHeil n moberos. Ctumynupyloriee BIUsSHIE
MOUYBEHHON BBITARKN TPH MCCIEOBATHBIX
YPOBHSX 3aTpsI3HEHNsI Ha Bce n3ydyaeMble TTORa-
3aresin OTMeYaJIi TOTHKO B BapraHTe ¢ BHeCeHeM
KM/I. Heckonbro MeHbIllee cTUMYJIHUPOBAHIE
nabmonanu B Bapuanre KM/l + HB 1,2 1/ra npn
9% sarpsisHernn. Bo Bcex ONMBITHBIX BapuaHTax
oT™Mevasn CTUMYJIUpYotuii 3 heKrT MouBeHHO T
BBITSIKKU HA MOp(OMeTpuiyecKkie moKkasarenin K
90 cyr nipn 5% sarpssnennu. [Ipn ysesmaenun
rkoutmenrparun 10 10% ycmmusancs Gurorok-
cuueckuii apderr. [Tpu srom cTumynupyrommii
aderr ObLT OTMEUEH TOTBKO B BApUAHTE ¢ BHE-
ceanem KMJ[ + HB 1,2 v/ra. MakcumanbHbiii
MOJORUTENILHBIN d(PPerT Ha OuoMaccy KopHeil
7 1M06eroB oT™Meva N B BapuaHTe ¢ COBMECTHBIM
npumenennem KM/l n 6enronnra B ose 12 v/ra
upu 0% sarpsizaenun Hedrbio. [logodHbIe ncce-
MIOBaHUsI O BANSAHIY HedTe3arpsisHEHHOM 1TOYBBI
Ha TecT-pacTeHus npuBeersl B padore [21], tie
HPeJICTaBIeH PsiJi TapaMeTPOB PACTeH Ui IITITeH -
Il 1 TOPOXA 10 CTENeHN X YYBCTBUTETbHOCTH:
JUIHA KOpHell > OnoMacca KopHeil > fuomacca
1106eroB > JUIMHAa 1100eros.
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3axiouyeHue

[Tpn cpaBHenun mokrasaTeseil cojepRaHms
¥YB B cepoii JiecHoil Hedpre3arpsa3HEHHON MoYBe
YCTQHOBJIEHO, YTO BHICOKMII TIPOIEHT UX YTUJIN-
31Uy OTMedYeH HA 49 CYT TTPU UCITOJTH30BAHNT 110
ornenbuoctn KM]| n 6enronura. [lpumenenne
HaHOCOPOEHTA, a TaKyKe KOMIIJIEKCHOe BHece-
Hme KOHCOPIMYyMa ¢ copOeHTaMm B HATHUBHOM
7 HamopasMepHoii popMax yCKopsieT aToT 1Mpo-
mecce "Ha 15 cyr. Tenpeniyust, orMedeHHas Ipu
2% sarpssHenun HedTH, COXPAHICTCS U PN
yBeaunuenunn 3arpssuenus 1o 10%. Ixomnoro-
TOKCHKOJIOTHYECKNIT aHann3 HedresarpssHén-
HOTI TOUBBI Ha MOp(oMeTpryecKne moKasarean
MO3BOJUI BBHICTPOUTH P d3PPerTuBHOCTH
BHOcuMbIX Komrionento: KM/ > KM/l + HB >
RM]I + 6enromnr.

Bentonur n HaHOOEHTOHUT He TOJHKO
copoupyor ¥YB, HO U SIBJISIOTCS MCTOYHUKOM
MUHEPAJTbHOTO TMHTAHUS JJIsI aBTOXTOHHOM
MUKPOMIOPHI, yayulnas ¢cTpyKkTypy mousbi. Ha-
nobenronut 1pu Menbiieii 8 10 pas gose Buece-
HIST CTTOCOOCTBYET MTOBBITITEHITO d(PERTIBHOCTI
OUYMCTRN 3aTpPSA3HEHHON MOYBHI IO CPABHEHUIO
¢ 6enronnrom. CoBmectroe npumenenne KM/
n copbeHTa B HATHBHON 1 HaHOpaszMepHoii hop-
Max [103BOJIsIeT 00eCIIeYnTh CKOPOCTh IeCTPYKITU T
HeTsSHOrO 3arpsisHeHus: Ha OoJiee BHICOKOM
YPOBHE 110 CPABHEHUIO ¢ UCITOJTH30BAHNEM KajK-
JIOT0 KOMIIOHEHTA 0 OT/[eJTbHOCTH.
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T'opopckune ocodo oxpansieMbie TPUPOTHBIC TEPPUTOPUT
B 3eJ1IEHOIT HHPpacTPpyKType ropojia XadapoBcka

© 2020. . ]1. [ledbenas, K. r. H., c. H. c., I'. 0. Mopo3sosa, K. 0. H., B. H. c.,
Wucernryr BopabIX 1 9Koa0ornvyecknx npoodiaem [[BO PAH,

680000, Poccust, . Xabaposck, yiu. Jlukononsiesa, . 56,

e-mail: debelaya@rambler.ru, morozova-ivep@mail.ru

Ocobo oxpamsiembie pupopabie reppuropun (OOLT) corysrar Baskubim sniemerrom 3esaéHoi urdpacrpykrypbi r. Xabapos-
cka. llennio paboroi sipasiercs uzyuenne npobdaem pynrimonuposanus OOIT r. Xabaposcka na ocrose reodoranmnieckoro,
JIeCOTaKCATIMOHHOT0 1 Kaprorpadumueckoro MeTof[oB nccjaeposanmsi. [IpoBegena omenka HeROTOPBIX YKOCUCTEMHBIX YCIYT
ropojickoro napka. Cucrema OOIIT r. Xabaposcka Britoyaer 29 00beKTOB pernoHaIbHOTO U MECTHOTO 3HaueHust, fudde-
PEHIMPOBAHHBIX HA 7 KATErOPMii: HAMATHUKN PUPOJIbI KPAEBOTO 11 MECTHOTO 3HAYEH NS, TAPKOBBIE B0HbI, pEKpealinoHHble
30HBI, OXpaHsieMble TPUPOJTHBIE 0ObEKThI, CKBEPHI 11 TPUPOJIHO-peKpealinontbie KoMiiekcsl. [Tnomaas OOIIT cocrasnsier
1,5% ot mromaan r. Xabaposcka. K ocobernnocrsam dynrrmmonnposanns OOIIT ropopa orrnocsates mebraromonrydnoe
HKOJIOTUUECKOE OKPYIKeH e, BLICOKIEe TPUPOJIHbIE 1 AHTPOIIOreHHbIe PUCKI 1 MHOTO(YHRIIMOHAIBLHOE NCIIOIb30BaHNIe.
[Ipo6aembr pazsurus cucremst ropopckunx OOIT BriouaoT HesHaunTeILHYIO OGITYIO IJIOTIAJh OXPAHAEMbIX 00HLEeKTOB;
HEPaBHOMEPHOCTH paciipeie/ieHusi UX B TOPOJCKOI YepTe; HUBKYIO MPeCTaBUTeIbHOCTb IIPUPOJIHBIX JaHiadros, He-
CMOTPSi Ha KOPOTKUIL 1ePHOJ| OCBOCHUA MOPOJCKOI TePPUTOPNN; YTPATY YCTOWUNBOCTH U CAMOPEryJIAINN; CORpallieHne
o6uopasnoobpasus. Jlesrenprocts OOIT ciabo naTerpupoBana B 9KOHOMURY . XabapoBCKa M3-3a OTCYTCTBUS /[HHOTO
opraHa ympasjaeHus, cTabuabHOro PUHAHCHPOBAHUS 1 IIJIAHOB WHBECTHIIMOHHOTO pasBuTus. [ljisa npuHsaTs yrnpasieH-
yeckux perreniii Heodoxopumbl pesusust OOLIT, neranusaims nx kiaccnuramm, ncnoib30Bane COBPeMeHHbIX HHEPOP-
MarmoHHbIX TexHooruil. [lepeniertupel pazpurnst cucrembl OOIT 1 pacimpenns ciiekTpa KaTeropuii BO3MOKHO 38 CUET
3apesepBUPOBAHHBIX POPOJCKIX 3eMelib. OB1acTh IPUMEHEeH IS Pe3YIBTaTOB: MyHUIMIIATbHOE YIPABIeHIe, DKOJTOTHYeCKOe
IJIAHUPOBAHIE TOPOJICKOIT TeppuTOpnn.

Kuouesste ciosa: ropojckiie 0cob0 oXpaHsieMble IIPUPOJIHbIE TEPPUTOPII, TOPOJICKOE TNIAHUPOBAHIIe, 3eJ16HAs UH-
(pacTpyKTypa, SKOCHUCTEMHbIE YCIYTH.

Urban protected areas in green infrastructure of Khabarovsk City

© 2020. I. D. Debelaya

G Yu. Morozova i, 6000-0003-1153-3430°

Institute for Water and Ecology Problems FEB RAS,
96, Dikopolzeva St., Khabarovsk, Russia, 680000,
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ORCID: 0000-0002-0191-2306"

Urban protected areas (PAs) are important elements of the city’s green infrastructure that are being formed to
support their sustainable development. The purpose of the work is to identify the main trends of the PAs functioning in
the city of Khabarovsk. Geobotanic, forest taxation, cartographic methods were used in this research. Using the example
of the oldest city park, Dynamo Park, some ecosystem services were evaluated. The total area of PAs occupies 1.5% of
the Khabarovsk territory. The system of Khabarovsk PAs includes 29 objects of regional and local importance, which
are differentiated into 7 categories: natural sanctuaries that are valuable on regional and local scale, parks, recreational
areas and complexes, city squares and protected natural objects. The development of PAs in Khabarovsk is influenced
by the rapid growth of urbanization, overall unfavorable environmental situation, high natural and anthropogenic risks,
residential demands and expectations to arrange the most comfortable urban environment. The problems of formation
of the urban PAs system are determined as lack of proper authorities, stable fundings and suitable investment plan-
ning; insignificant area for protected objects; uneven objects distribution within the city boundaries; the disparity of
protected objects; low representation of natural landscapes despite the short termed area development; loss of stability
and self-regulation as well as loss of biodiversity; multifunctional use of the protected objects territory. The perspec-
tives of developmental increasing for certain parts of specially protected natural areas and expanding the range of their
categories would be determined by reserving more of the urban lands. The results of the research could be applied to the
improvement of urban development planning, municipal management.

Keywords: protected areas in the cities, urban planning, green infrastructure, ecosystem services.
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OcHOBO yCTOWYNBOTO Pa3BUTHS TOPOJIOB
SBJISIETCS PAIMOHATbHAS POCTPAHCTBEHHAS
opranmsarnus reppuropun. ['opoackune ocodo
oxpansiembie npuposubie reppuropun (OOTIT),
KaK COXPaHUBIINECS «OCTPOBKU IIPUPOJBI»,
HAXOJATCA B TOJe 3penus poceniickux [1-3]
n 3apyOesKHbIX mecaepoBareseii [5—7]. Yucmo
OOIIT mecTHOTO YPOBHS HE3HAYUTETHLHO, OJ[HAKO
OTMEYeH PoCT UX IIolajaeit n Kareropuii [8].
MynunumanbHBI YPOBEHD YITPABACHWS CO3/[a6T
MPEITOChLTKN JIIsi pa3paboTku d3ddeRTUBHOIM
cUCTeMBl MEPOTIpUATHI, obecreunBaloNiei pa-
MUOHATLHOE TTPUPOJIOTIOTH30BAHIE U YCTOUNBOE
pasBuTe ypoanusupopantoi reppuropun [2].

Opupmuecknii craryc OOIIT samumiaer
TOPOJICKIE 3eMJIN, NMEIOTIIe TTPUPOI00XPaHHOE,
Jnauama@THO-apXUTEKTYPHOe, peKpearnoHHoe
3HaveHmne. OpraHam permoHaJIbHOTO 1 MECTHOTO
YIIpaBJIeHS 3aKOHOIATeTLHO ITPeIOCTABIISIOTCS
MTOJTHOMOY WS JIJIsI OPIraHMBAII I HOBBIX KaTeTOPHit
OXpaHAeMbIX 00BEKTOB ¢ YU6TOM MHIIMBUY A h-
HBIX ocobernmocTell moceaennii. Oxmako BLI-
neaenne paszinunbix kareropuii OOIIT cospaér
TPYAHOCTH, TPETATCTRYIONIIE HX COMTOCTABJIEHITIO
n ananusy pazsurtus B Poccun [8] u 3a pydeskom
[9]. Kpurepusimu nyist orHeceHusi 00bEKTOB
K OOIIT na denepanbrHoM n permoHaJsbHOM
YPOBHSAX YIIPABJIEHUS CJIYKAT X YHUKATbHOCTD,
PEeKOCTh UM TUIIMYHOCTh JIJIsi TEPPUTOPUH.
B ropomax «tunuuHoe» 4acTo mpeBpaiiaeTcs
B «YHUKAJIbHOE».

CrpemutrenbHbie TeMIIbl ypOaHU3AIUN YCU-
ausaior 3navenne OOIIT musa cradbunmzamnn
DROJOTTIECKON CUTYaTTN! 1 CO37aHmsT KOMQOPT-
HOII ropojickoit cpefibl. OcobeHHOCTN opranu3a-
nun, QYHKIMOHUPOBAHUSA W KaaccuuRrarnmm
OOIIT msyueHbl HELOCTATOUHO, UTO HETATHBHO
CKRa3bIBAeTCA HA TMPUHATUYN YIPaBJIeHUYECKNX
pellieHnii, HaITpaBJAeHHBIX Ha YCTOIYNBOE pa3-
BUTIE TOPOJIOB.

Ilenbio paborhl siBjisieTcsi u3ydeHue posu
OOIIT B 3esnénoit nudpacrpyrrype 1. Xabapos-
cKa. 3ajiaun UCCae[0BaHII BRIOYATIN OTIpesie-
nenue posn OOIIT B zenénoit nadpacrpyk-
Type ropojia; aHaJIN3 CTPYKTYPbI W TeH/eHIIN T
(PYHRIMOHATLHOTO UCITOTBL30BAHUSA PABTTUHBIX
rareropuii OOIIT, onpepenenue nepeekTuB nx
pasBuTHs.

Marepuaiibl 1 MeTO/IbI UCCHETOBAHTIT

B pabore ncrnonbzoBanbl MaTepuaibl Te0-
OOTAHMYCCKNX MCCJICOBAHUIT TOPOJICKOI pac-
TUTEJbHOCTN N pe3yJabTaThl MapIIPYTHBIX Ha-
OJITOJIEH NI, TAHHBIe MHBEHTAPU3ATIT TOPOJICKIX
nacasgnennit (2002—-2017 rr.), BoinosHeHHBIE

corpymHuKkamMn MHCTUTYTa BOXHBIX 1 DKOJIOTH-
qecKiX 1podsem [lanbHeBOCTOUHOTO OTIe/IeH s
Poccniicroii akagemun nayr (MBII1 JIBO PAH).
[TpoananuaupoBaHbl HOPMATUBHO-IIPABOBBIE
JIOKYMEHTHI, Toriorpaduyeckne u reMaTniecKie
KapThl, POHOBBIE MaTepuasbl YIPaBIEHIUS 110
oXpaHe OKpYJKalomiell cpejibl u MPUPOHBIX pe-
cypcoB ajmuHucrpaiuu 1. Xabaposcka, MBIl
JIBO PAH, Jlans HUWJIX. Merop «3aTpaThl —
BBITO/IBI» TTO3BOJNI OMEHNTH HPMERTUBHOCTH
MYHUTIITIAABHON MPOTPAMMBI IO YJIYUITEHIIO
KoM@OpTHOCTU TOpOjicKoil cpefbl. [IpoBenena
OTleHKa HEKOTOPBIX YKOCHCTEeMHBIX YCIYT HapRa:
pacuéT crocoOHOCTH TePPUTOPUH ITePeXBaThIBAThH
BOJIY B BHUJIe OCAJIKOB, TeéM CaMbIM OUMIIAs €€,
MPeIsITCTBYs MOYBEHHOI 9PO3UNU U PasTpyskas
nuBHeBYIo Kananusarmio [10]:

R =(AC -r)/S,

rje R — cTouMocTh BOJOOXpaHoil hyHKInu
nacazkaennii (py0.); AC, — o0bém «3ajepsan-
HOI» HACAKCHISMI BOJIBI (M?); I — CTOUMOCTH
1 M* Bopbl 11 TAHHOI H9KOHOMUYECKOI 30HBI
(py6./m%); S, — nmecucerocTh BOTOCHOPHOIT T1T0-
mazu (%).

Pesyabrarel n o0cy:knenue

Ocob0 oxpansieMbie TPUPOJIHBIE TEPPUTOPUT
SBJISTIOTCA YACTHIO 1N100ATBHOI CHCTeMbI TePPUTO-
pUaIbHOI OXPAaHBI IPUPOJILI, TPEOYIOTIel camMo-
CTOSATENIHHBIX TPABOBHIX periennii [8] n ocHoBoi
senénoit magpacrpyrrypsl (3U1) ropopos. B 31,
HpejicTaBIAToN el co00il CeTh yIpaBIsieMbIX PN -
POIHBIX 1 AHTPOTIOTeHHO N3MEHEHHBIX YIaCTKOB
¢ arosornyecknmMu ocodbennocrsamu [4—5], OOIIT
UTpaIOT KIYeBoe 3HaUYeHue JJis cradbuiansa-
MUY DKOJOTHYECKON CUTYAI[nN W TTOBBITIEHWS
RavecTBA KU3HM Hacenenus [7], coxpanenus
ounopasnoodbpasusi [11-14] u npemocrapiaenms
DKOCHCTeMHBIX yeayT [15].

Jlosst ropojickoro Hacesnenust B [lanbHeBo-
crounoMm (pepepanbrom okpyre ([IPO) cocrassi-
er 79,6%, uro npeBBIIIaeT cpeHuil moKasaTesihb
mo Poccuiickoit Mepepanun (PD) (74,1%).
Ananus pazsurus ropopos PO u [1DO mossosmi
BBIJIENTH (DAKTOPHI, oTIpefesstornie GyHKINOo-
nuposanue QOOIIT. ConnanbHo-sKoHOMUUECKIE
arropsr: nedunut GofKRETA, TEPPUTOPUATIBHBIE
orpaHMYeHIs, MHOTOOOpasue (hopM aHTPOTIOTeH -
HOTI JIeATebHOCTH, KOH(MIMKTHI MeRY 3eMJe-
110JIb30BATEJISIMU, BbICOKAsi CTOUMOCTh 3€MeJIb.
[Tpupopnbie n sKoTOrNYecKIe haKkTOPLI: HebIa-
TOTIOJIYUHBITT DKOJTOTUYeCKUil (DOH, HETOCTATOR
HPUPOHBIX JAHIITAPTOB, HU3KAs YCTONYNBOCTD
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1en030B. OpraHn3amoHHO-aIMIHACTPATH BHbIE
(baKkTOPHI: OTCYTCTBIE €IITHOTO OpTaHa yipasJe-
st OOIIT, 6onbimnume 3arpaTsl Ha MojIeprRAHIE
UX JeATeIbHOCTN; MHOTOPYHKIIMOHATbHOE WC-
10JIb30BaHMe, Pa3BUTHE KOPIOPATHUBHOTO BO-
JIOHTEPCTBA.

Fopon XabapoBck — KpymHelmmii MHOTO-
dyrrimonanbabii entp PO, [Tnomas ropopa —
388,73 wm, macemenme ma 01.01.2019 r. —
617465 uven. Jlokanmsanmsa 3eJ6HLIX MACCIBOB
ompesesseT JaHAMa@THO-TITAHNPOBOYHYIO
CTPYKTYpY ropoja. Mznavanpmo B r. XabapoBcke
pacTHTeNHLHOCTH OBIIA TpejicTaBieHa 0CTPOB-
HBIMU MEJKOJMCTBEHHBIMI JIECAMU, MapeBbIMUI
JMCTBEHHMYHWKAMNI 11 32007109eHHBIMU JTyTaM .
XBOITHO- I POKOJIMCTBEHHBIE JIeca pon3pacTa-
JIi HA TIOBBITIIEHHBIX hopMax pesnbeda B Ipejiro-
pbsx xpedra Bosbioit Xexiup, Ha Boponeskekix
BBICOTAX 1 Ha BRICOKUX Oeperax p. Amyp. Popmn-
poBanwue 3eéHor0 (porya r. XabapoBcKa mporiio
TPAIUIMOHHBII ITyTh OYPHO Pa3BUBAIOTITIXCS T10-
cenentit [0 — or TOBCEMECTHOTO YHITUTOKCHTIS
KOPEHHOTO TMOYBEHHO-PACTUTETHHOTO MTOKPOBa
10 coOXpaHeHust (PParMeHTOB TPUPOAHBIX JTAHT -
madron. B konme XIX — nauane XX BB. OblIn
OpraHm30BaHbl 00IECTBEHHbIE CAJlbl, CAI0BO-
npuycajieOHoe 1 yiamuHoe ozeneHenune. B cepe-
nure XX B. CO3IAHBI TTAPKU, CKBEPDI, OYIbBAPHI.
KR 1960 r. 65110 BBIicaskeno 1,7 MJIH TIT. IePeBHEB
n Kycrapaukos, 3acesno 100 ra razonos, nocr-
poerio 32 cksepa. | Liormans macasmernnii B8 1961 1.
obuta fosesena o 18 m?/uen. [3]. CoBpemennas
33U ropopa BRITOUaET crapeirine cajibl-IapKu
B TeHTpe TOpoJa; AeHpapuii; TapKu 1M POIIN
COBETCKOTO Mepuoja; MNTOMHIKNI; OyJIbBaphl;

CKBEPDBI; TAPKN YUPEsKICHIIT; 03e/ieHenie ooIe-
CTBEHHBIX TTPOCTPAHCTB M TPAHCIIOPTHBIX Mar-
cTpasieil; HaCaKACHWS CAHNTAPHO-3ANUTHBIX
30H; BHYTPUKBAPTAIHHOE O3e/IeHEHNEe N HACASK-
JeHUsI YaCTHON 3aCTPONKIU; OIMUaBIITE HACAKILE-
HUSA W PyAepaTbHbie COOOTIECTBA MEKCEOTeHHBIX
MTPOCTPATCTB, O3eJeHeHne TaYHbIX YIaCTKOB.
B 31 r. Xabaposcka OOIIT siasitorest Hanbosee
nenubiMn oobekramu. B cucremy OOIIT Britio-
genbl 29 ooberro — OOIIT kpaesoro (5 mir.)
u MecTHOTO 3HaueHust (24 .. [lnomas ropoj-
ckux OOIIT cocrasaser 567,8 ra, 3 nux OOIIT
rpaesoro auavenus — 210,7 ra; OOII'T mectrOTO
sHadenus — 397,1ra [15] (rada. 1), OOIIT dpepe-
pasibHOTO 3HAUEHUs oTeyTeTBYIOT. Ocob0 oxparsie-
MbIe TTPUPOJTHbIC TEPPUTOPHUN KPACBOTO 3HAYCHIIS —
MaMATHUKHA TPUPOSIHI, B OCHOBHOM TTPeHA3HA-
YeHBI I HAYUHO-MCCACOBATEILCKIX 1 0Opa-
30BaTeNibHbIX I1eseil: nuroMmuuk um. A.M. Jly-
ramona (162,2 ra), cap JlaabHeBOCTOUHOTO
HUWN cenbcroro xoasiiictBa (26,4 ra), /lenppa-
puti HUWM necnoro xozsiicrea (11,4 ra) n np.
Cpepnu OOIIT mecTHOrO 3HaYeHMsT HAUOOIBIIIYIO
MJI0Mah 3aHNMaeT HaMATHUK MPUPOBI —
MUTOMHUR JlekopatuBHBIX RyapTyp (117,0 ra),
a TAKIKE TPUPOJIHO-PERPEATTUOHHBIE KOMILIEKCbI
(114,7 ra) (rada. 1).

[Tromann OOIIT cocrasager aumn 1,5% ot
obrmeit motman ropoga. Heemorpst Ha KopoTkuit
MePMOJ] OCBOCHUS 1 3aCETCHI TePPUTOPUN —
160 ner, moas npupoHbIX AaHMIa@TOB B T. Xa-
baposcke kpaitne nuskas — 19,5% or mionaan
Beex OOIIT. Ilpoananusuposana mosst OOIIT
B 0011l IJIOIA/I HeKOTOPBIX Hoceae il Ypasa,
Cubupu u Jlanpuero Bocroka (rada. 2). OOIIT

Tadauma 1 / Table 1

Rareropuu oco6o oxpansiembix nipupojubix reppuropuii (OOIIT) ropopa Xabaposcra [16]
Categories of protected area (PAs) of Khabarovsk City [16]

No Rareropun OOIIT ropoja O6mmas mromman, ra/%
No. Categories of protected area (PAs) or oomeit maomtagu OOIIT
Total area, ha/% of total PAs area
L. | OOIIT kpaesoeo snauenus ; .
Regional specially protected natural area 210,7/37.1
1. | Hamsarauku npuposst / Nature sanctuaries 210,7 / 37,1
I1. | OOIIT mecmnoeo snavenus
Local specially protected natural area (SPNA) 357,1/62,9
1. | Mamstaukn npupomsl / Nature sanctuaries 117,0 / 20,6
2. | Ilaprosbie 3onbl / Park-area 79,5 /18,6
3. | Pexpearmonnast 3ona / Recreation area 1,4/0,3
4. | OxpaHsieMbie TPUPOIHBIE 00 BEKThI .
Protected natural objects 27,9/ 4,9
9. | Cxsepoi / Public gardens 16,7 /2,9
6. HpHpOﬂHO-pGKPG&HHOHHHG KOMILJIEKChI 14,7 /15,6
Natural recreation complexes
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Ta6amma 2 / Table 2
Cpasuurenphas xapakrepucruka OOIIT B ropogax Poccun (2018 1.) [16-21]
Comparative characteristic of PAs in Russian cities (2018) [16-21]

T'opon [Lnomans | Yucnennocrs | Obmias nironanb Ha'rerl(_)[%_um OOIIT peruo-
City ropopa, km® | nacenenus, | OOIIT, ra/OOILIT 00 HAJIBLHOIO
(ALI)(f area, ael. OT TLIOIIAJII pasHoro 1 MECTHOTO
m? Population, ropogpia, % YPOBHsI, IIIT. | YPOBHEI, TIIT.
people Total area of PAs, As Regional
ha / PAs from the | categories |and local levels
total city area, % | of different PAs, pieces
level,
pieces
Xabaposck / Khabarovsk 388,7 618150 063,13/1,4 7 28
Romcomonber-ma-Amype - -
Komsomolsk-na-Amure 325,0 248254 610/1.9 ! 1
Marajian / Magadan 295,0 92000 1924,6/ 6,5 3 10
Npryrew / Irkutsk 277,0 623869 197,5/0,7 3 4
[Tepmn / Perm 799,0 1051583 10875,6/13,6 ) 19
Exarepungypr 468,0 1468833 19 740,6/17,0 8 49
Ekaterinburg

r. Ekarepunbypra sanumaior 17,0% or miora-
nu ropopa [1]. B r. Ilepmu, rie riepuoj ocBoeHust
repputopun 0koso 300 ser, coxpaHeHbl YHUKA b-
HbIe TOPOJICKIIE JIeca — HTAJIOHbI TN POKOJINCTBEH -
HO-eJ0BO-TINXTOBBIX JecoB [lepmckoii obmnac-
. Jlonst OOIIT ot obmeit ruromayum 1. [lepym
B 2017 r. — 13,6%, ® 2019 . numanupyercs eé yBe-
anuenne 10 15,9%. Ipouenr kpynusix OOIT
¢ COXpaHeHUeM eCTeCTBeHHBIX JaH/ImadTon
cocrasua B 2017 1. 98,8% [17].
[Tpuponuo-ucropuveckue ocobeHHOCTH,
COBpPEMEHHOe I'pajloCTPOUTEILHOE OCBOEHIE
U DKOHOMUYECKAs CUTyAIUs ONpPeHessaior
cuerudury tnrnogorun OOIIT. Ananns nopma-
TUBHBIX IOKYMEHTOB ITOKAa3aJl MHOTO00OPa3e Bbl-
nesasiembix kareropuii OOIIT B pasubix ropojiax.
B ropopickyio uepry r. BnaguBocroka BRI0OUEHO
yerbipe OOIIT pepepanbroro snauenns [18].
B r. Exarepunbypre opranusosano 49 OOIIT pe-
IPUOHAJIBHOTO I MECTHOTO 3HAYEH ST, OTHOCSI I X -
cs1 &k 8 kareropusm [1]. B . Komcomonbere-na-
Awmype u3 péx OOIIT mectHoro 3Havenus (Jye-
comapkoBast 30Ha) [19] ocramach ogra. B . Xa-
OGapoBCKe 3aperucTpupoBaHbl C€Mb KaTeropuil
OOIIT — mamsATHURY TTPUPOJIHI KPAEBOTO 1 MeCT-
HOTO 3HAYEHIISI, TAPKOBbBIE 30HbI, pEKPeaIimOHHbIe
30HBI, OXpaHsieMble IIPUPOIHbIE 00EKThI, CKBEPbI
1 IPUPOJIHO-PeKpearnontbie komiekebl. CKBe-
pPbl BBIIOJHSIOT TPAH3UTHBIE, APXUTEKTYPHO-
JIeKOpaTUBHbBIE, PeKpealnoHHbie QYHKINN U B
MEeHbIIIel CTeNeHN — YIyUIIeHne MUKPOKINMATa
B/IOJTb aBToMarucrpaseil. OHu 1peHa3HAYEHbI
IS KPATROBPEMEHHOTO OTbIXA, MCIBITBIBAIOT
BBICOKIE TEXHOT@HHbIe HATPY3KU 11 He 00ecTiedeHbl
ocoboii oxpanoii. [IpaBuibHee cKBepB OTHECTH K
oxpanseMbIM npupoHbM Tepputopusim (OI1T).

[IpaBoBbIMU JOKYMEHTAMU OIIPeieieHbl
rpanuiel OOIIT r. Xabaposcka, pazpaboranbl
perJaMeHThl M HKOJOTHYECKNe OTPAHUYeHU S
[16]. Basknoii 3ajjaueii siBjisiercsi MHBeHTapu3a-
s, faoras nHGOPMAaIio 00 X COBPeMEeHHOM
cocrostiun. Kpynuaeie OOIIT (maproBbie 30HbBI
caHaropues) mpejcraBaenbl parMeHTaMmu Jie-
rpajiipoBaHHOI JiecHO# pacturtenbroctu. [lpn
BBICOKOM YPOBHE aHTPOTIOTEHHOTO BO3/EICTBI S
3/1eCh COXPAHMINCH (DUTOIEHO3bI ¢ MHOTOSIPYC-
HOW CTPYKTYPOI M paszmHoobpasmeM JECHBIX
BuioB. B 3esiéHoil 30He ToriorpapuuecKoro Tex-
nukryma, napre 00-meruss CCCP, naprooii 30He
canaropusi «bormanoBka» npouspacraer pac-
rerne Dioscorea nipponica Makino, 3anecénnoe
B Kpacnyio kuury Xabaposckoro kpas [22].

Ocob0 oxpaHsieMbie TPUPOJIHBIC TEPPUTOPUT
r. XabapoBcKa pacioyiosKeHbl HePaBHOMEPHO.
B nientpe maxopsaTes crapeiinine oxpaHsgembie
00BEKTHI — MaMSATHUKI TTPUPOJIBI KPaeBoro 3Ha-
YeHUs: JIeHpapuil ¢ borarteiiieil KoJJIeKIne
pacrenntii, nutromuuk um. II.T. [llypanosa c
KOJITeRIUsIMY PPYKTOBBIX JlepeBbeB, [lenTpasib-
HBIH mapk Kyabrypbl n otabixa; OOIIT mect-
HOTO 3HAYEHWsI — TMapKoBbie 30HbBI: «[[mHAMO»
un perckuii napk um. A. laiigapa. B ceBephoii
YaCTH TOPOJa PACTIONOKEHbI KPYITHbIE 110 TLT0-
magn OOIIT: maMsaTHUK TPUPOABI KPaeBoro
sHavenuss — nuromuuk um. A.M. Jlykamosa
¢ TIIAHTAIMeN TIOIOBBIX PACTEeHWI; MapKOBbIE
30HBI — 3eJIGHAs POIA TOMOrpauUecKoro Tex-
HIUKYyMa ¢ (hparmMeHTaMu siceHeBbIX JIeCOB, TAPK
90-1erust CCCP ¢ ecrecTBeHHOI 1 HICRYCCTBEHHOT
pPacTUTETLHOCTHIO; OXPaHsAeMble TTPUPOTHbIE 00h-
eKThl — MAPKOBBIE 30HbI ¢ BBIXOJOM K p. AMyp.
B nipombIniieHHOT 103KHOTT YaCTH HEe COXPAHEeHBI
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3€JIEHBIe MACCHBBI, TOITOMY 3/1eCh OPraHI30BaHbI
cKBepbl. B BocTOuHOIT yacTu ropojia paciosara-
I0TCS TAMSATHURY TTPUPOJbI KPAEBOTO 3HAYEHIIST —
MUTOMHUK JIeKOPATUBHBIX KYJIbTYp, caj [lanb-
HUUCX, a rarske CKBEPHI.

Bee OOIIT r. Xabaposceka o0benHeHBI
B CHCTEMY 3eJIEHBIMU KOPU0PAMHE, POJIH KOTOPHIX
BBITIOJIHsIET yanuHoe o3enenenne. Hecmorpst Ha
oompioit criertp kareropuit OOIIT, nx muOTO-
(GyHRIIMOHaNIBLHOE WCHOJb30BaHNe, Pa3Ho-
pasMepHOCTb M KavyecTBO, MPUPOOOXPaHHAS
pynrmus ocraéres npuopurerroit. OcTpoBHON
xaparrep pacipeaenenns OOIIT r. Xabaposcka
00YCJIOBJIEH HEJIOCTATKOM eCTeCTBEHHbBIX AKOCHC-
trem. Ha OOIIT npepcraBiensl HeycToYMBHIE
llerpajiupoBaHHbie PACTUTE/IbHbIE CO00IecTBa
C HU3KNM YPOBHEM pa3zHoobpasusi abopureHHbiX
pacrennii. Ypeanmuenne 61mopaznoodpasms mpo-
UCXOJIUT 38 CYET IPOHNKHOBEHUS PYIePaibHbIX
pacrenuii. B maproBbIX 30HaX 1 CKBepax BhICOKA
nodis uarpoaynenTos (Populus balsamifera L.,
Ulmus pumila L., Acer negundo L. ip.). Pacripo-
cTpaneHue pyfepaJbHbIX BIUJIOB — HTO CAEJICTBIE
X aJianTarnii, BEHICOKOTO PermpoyKTUBHOTO
MaBaeHUs 1 HU3KOI 3aMKHYTOCTI ypOoduTore-
HO30B. PyniepasibHble 11eH03bI paccMaTpuBaIOTCs
KaK NepBUYHAas CUHTeHeTnYecKas CYKIeccus
[23], mabaongaercss mHTErpaIus pypepaaon
B COBPEMEHHBIN TOpocKon marmmadr [24].
Ha OOIIT Bbicoka 10 MHBA3MOHHBIX BUIOB
(Hordeum jubatum L., Conyza canadensis (1..)
Crong. u 1ip.).

Passurne cucremur OOIIT 1. Xabaposcka
Tpebyer crabmibnoro punancuposanus. [ledu-
AT TOPOJICKOTO OIOJReTa He TI03BoJIsieT obectie-
YUTH B TIOTHOM 00bEMeE coflepRaHme OTHeTbHBIX
ooberroB. [luromunk um. [1.T. [llypanosa, map-
kn 90-nerust CCCP u cnimpraaBopia mpejicraBisiior
3abpormenubie Teppuropun. Tpedyercs secoxo-
3siicTBeHHBIN yXoi B nutoMmHuke num. A.M. Jly-
KaioBa u poie Tonorpaguueckoro TexHm-
kyma. Heobxonnmo naujpimadraoe odycTpoii-
CTBO TIPUPOHO-PEKPEATITMOHHBIX KOMILIEKCOB
«OpexoBast conika» n «lluénra». Jlesrennroctn
OOIIT cnabo mHTEerpupoBaHa B 3KOHOMUKY
ropoja. Muorue o0beKTHI He BBLIIIOJHSIOT pe-
KpeamnmonHbeie 1 oOpaszoBaTebHble OYHKIIN.
Heobxopuma pesusust OOIIT ¢ yuérom nipupo-
JTOOXPAHHOTO MOTEHINAJIA N X MHBECTUINOHHOT
npuieraresbHocTH. OTIBIX B TAPKAX — BHICOKO
olleHMBaeMas sRocucreMHas yeayra [3, 15]. Ha
OOIIT mecrroro 3nauenns mapra «J/lumamo»
MPOC/esReHA IMHAMUKA COKPAIIleHNsI 03eJIeHEH-
HOTI YacTu 1Mo OTHOIIEeHWIO K OOIell MIomajn,
rkortopas cuusuaach ¢ 78% B 2006 r. mo 63%
B 2016 1. 3a cuér paszBuTUA NapKrOBON MHEOPa-

CTPYKTYPbHI M BBLIBEJIEHUS YaCTU 3eMeJb U3 CO-
crapa napka. Aanua dp@erTuBHOCTH PadOTHI
OOIIT o MeTojy «3aTpaThl — BBITOJ[bI» TOKA3AJI,
4TO TIPU €KREr0/IHOM OIOJIKeTHOM (puHaHCUpPOBa-
aun 16,5 motH pyo. Ha coflepsRaHme MPeITPUATHS
(mammnie 2016 1.) MapK ORa3LIBAMN YCJYTH Ha
9 M py0. (63 yuéra moCTYIIOH I OT HaPysRHOT
peraambr). Onenka srocucreMubix yeayr [10]
B JIEHEIRHOM KBUBAJEHTE TOJTBKO MO OJHOMY
RPUTEPHUIO — BOJOOXPAHHAS CITOCOOHOCTH, TTO-
Rasajga, 4To mepexBaT OCaJIKOB ¢ ILJIOIaN
144776,42 M?%, Ipu CPeIHETOOBOM KOJIIMUeCTBE
0Ca/IKOB 673 MM, ¢ YUETOM JIECHCTOCTH BOJO-
cbopuoii roraan 48,3% u cronmoctn 1 M* Bopibt
o XabapoBckomy Kpaio B 38,95 pyb. (B 1menax
2016 1.) cocrasuma 782227297 py6. [3]. Oromo-
mMuveckast dPeKTuBHOCTb padOThl TAPKOB 1IPU
BRJIIOYEHUN B PACYET BHITO/[bI OT 3KOCUCTEMHBIX
YCJIYT BO3pactaeT MHOTOKPATHO.

OpueHranus Ha yCTOWYMBOE pazBUTHE
ropojia orpejenser HeoOXOMMMOCTh YBeJImde-
nust oomein naomtagu OOIIT u pacmupenus
CIIEKTPA WX KATeropuii. IT0 BO3MOJKHO 34 CUET
pe3epBUPOBAHUS 3eMeJih, TIepelaBaeMbiX B MYy-
HUIUTIATBHYIO COOCTBEHHOCTD, & TAKIKE OXPAHBI
MONMEHHBIX JaH/madToB HA POCCUIICKON YacTn
0. Bonbioit Yecypuiicknii 1 yuacTROB, TPUMBbI-
KaoIX K BOJIOOXPAHHBIM 30HAM MaJIbiX pPeK.
Baskno cosmasars kpymubie o miomniagm OOITT
(ecwbie, JTYTOBBIE, ODOJOTHBIC), COXPAHSIONIIE
naumadrHoe pazHoodpasue. 3arTaHuPoOBAHO
yBeJIMUeHNe [0 eCTeCTBeHHbBIX JaHIma(ToB
B cucreme OOIIT 3a cuér opranusanun «Ilapka
MIKOJIBL OJINMITHIICKOTO pesepsa» (123,5 ra)
n «Ceseproro mapka» (25,0 ra). Muposoii n
OTEYECTBEHHBIN OIMBIT CBUIETEHCTBYIOT O BO3-
moskuocTu cozpannss QOOIT myrém pronornue-
CKOIl pecTaBpaiy TeXHOIMCHHbBIX JAH/IIA(TOB.
B r. XabapoBcke TaknM TepcIieKTHBHBIM 00'b-
eKTOM CTaHeT CIIOPTUBHO-peKpealnoHHas 30Ha
«OpexoBast conika» B 0TpaboOTaHHOM Kapbhepe.

3araoueHue

MupoBbie TeHIeHITIH YCTOWYNBOTO PA3BUTHS
rOpPOJIOB CBUETEJILCTBYIOT O BHICOKOW 3HAYM-
moctu OOIIT. AxryanbHoll 3ajaueil siBJsieTCs
yBeauderne miaomaan ropoacknx OOIIT, wn-
TerpupoBanme X B 3eJEHYI0 WHPACTPYKTYPY
r. Xabaposcka. Dopmuposanue cucremb OOIT
r. XabapoBcKa MO3BOJINT COXPAHUTH ROJIOTIYE-
CKOe paBHOBecHe B Ipejesax ropojicKkoil reppu-
Topun 1 ¢hopMrpoOBaTH KOMPOPTHYIO TOPOJICKY IO
cpeny. Heobxonnmo cosepiiieHcTBoBaHMe Kiac-
cupuranmn ropogckux OOIIT ¢ geranuzamueit
RaTeropuii oXpanseMbXx 00 beKTOB W BHITIOJ -
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HaeMbIX nMu gyHRImui. Obmactb npuMeHeHNs
pe3yJbTaToB MCCJelOBAHUA: IJIAaHUPOBaHNe 1
pasBUTHE TOPOJICKOI TEPPUTOPUN € YUETOM POJIH
OOIIT B 3enénoit mHppacTpyKrType, MyHUI[I-
LaJlbHOe yllpaBJjleHue.
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YpbaHusznpoBaHHbie YKOCHCTEMBI APKTIYECKOTO MOSICA SIBASIOTCS BAKHETTIINM MPIMEPOM PACCeTeH ST MHBA3NBHBIX
BHJIOB JKUBBIX OPTaHU3MOB B MeCTOOOMTAHNS, paHee Jjisi HUX He cBOIicTBeHHbIe. B ¢Bsi3n ¢ atum ypOaHn3mpoBaHHbIe
APKTUIECKITE HKOCHCTEMbI M3YYeHbl B KOHTEKCTe OMOTOTMUCCKIX MHBASUH 1 Tpanc@OPMAIINT JOKATLHBIX TPUPOHBIX
COODIIECTB B aHTPOTIOreHHbIe. Y CTaHOBIeHO, yTO Tpancdopmariius (Giop u coodIecTB MUKPOMUIETOB POUCXOIUT BO
MHOTOM M3-32 CMEHBI MHJIPOTEPMHUYECKOTO pesknuMa 1npn Gu3nueckoM HapyHIeHUI OYBEHHOTO MTOKPOBA, YTO sIBJISIETCS
HEePeIKITM TTOCTIeICTBIEM YPOATI3aTN (CTPONTETHCTBO, TOOLITA MTOME3HBIX MCKOTTAeMBIX ). ¥YpOanorentnie haopsl ABIAIOTCS
JOCTATOYHO YCTOMYMBHIMU 1 KOHRypeHnrocrnocobubiMu. Mugerenr o- u B-pasnoobpasusi coobIecTB MIKPOOPTaHI3MOB
KOPEeHHbBIM 06pa3oM OTIMYAIOTCS B TEXHOTEHHBIX U TPUPOJIHBIX [IOUBAX, YTO BO MHOTOM CBSI3aHO ¢ HAJIMUNEM HHBA3UBHBIX
BuoB. Pazmoobpasme MITKPOOPranm3MoB B ypOaHM3MPOBAMHBIX 9KOCHCTEMAaX TAK/Ke BO3PACTACT B CBSI3M AHTPOITOTCHTBIM
7 OPHUTOTEHHBIM HEPEHOCOM, COODIECTBA OKA3BIBAIOTCS IOBOJILHO YCTOMUYMBBIMI I HEPEKO HECYT B cebe CaHmTapHo-
MUTHEHNYeCKIe PUCKH, CBSI3aHHbBIE ¢ HaToreHHOCThi0. VHTeHCHB KA TypusMa, TpaHCIIOPTHONH aKTUBHOCTH U POCT
ypOAHU3ATII TPUBOAT K CIILHON TpancdopMaIinm JOKATLHLIX (ayn. 3a cuéT ypoanm3npoBamHBIX TePPUTOPUIT ST
BUJIOB PACITHPUIN apeast BIIOTEH [0 CeBEPHBIX TPAHUI] cymn EBpasuu, 4ro urpaer BayRHEMRIyio poib B (DOPMUPOBAHIII
TpoUUECKIX Tie11eil 1 CII0COOCTBYeT N3MEHEHN IO HKOCHCTEM B I[EJIOM.
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Urbanized ecosystems of the Arctic environment are considered as the most important example of invasive species
redistribution into habitats which are not typical for them. In this context, urbanized ecosystems has been investigated
in terms of biological invasions and local natural communities transformation into anthropogenic ones. It is shown,
that transformation of the flora and microfungi is caused mainly by transformation of hydrothermic regime under the
change of soil cover surface, which is considered as frequent consequence of the urbanization (construction, mining).
Urbanogenic floras are considered as relatively stable and competitive. Indexes of a- and B-biodiversity of microorganisms
are very different in soils of technogenic and mature landscapes, which is caused by the presence of the invasive species.
The diversity of microorganisms shows tend to increase due to anthropogenic and ornitogenic translocation. Newly
formed communities become comparatively stable and results in sanitary-hygienic risks related to the pathogenesis. An
intensification of the tourism, transport activity, and increase of urbanization result in intensive transformation of the
local faunas. Increment and expansion of urbanized territories results in extending of the area to the northern margin of
terrestrial borders of Eurasia, this also has an effect in formation of the food chains and holistic changes in ecosystems.

Keywords: Arclic, invasions, flora, fauna, microorganisms.
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ApKTHUKA ABJSAETCS YHUKATLHOW MCCIeN0-
BaTeJabCKOI Jaboparopueii yeroseuecrna [1],
TEPPUTOPUEIT OTKPHITHS, ITONCKA 1 MOJIeJINPOBa-
nust. [Ipupopsbiii kKapkac ApRTHKE YHUKAJIEH 110
[PeJICTaBIeHHOCTU PA3/INYHbIX THIIOB 9KOCUCTEM
n nanpmadros. Kpuorennsie skocucremMbr xa-
parTepHbI He TOJBKO JIJIsI OOMINPHBIX TTPUPOJL-
HBIX JaHgmadToB KpnoauTozonsl Poceniickoi
Oepeparnuu (PD), HO u [AjisT MHOTOUNCI@HHBIX
TOPOJICKUX W YACTHUYHO YpOAHM3WPOBAHHBIX
reppuropuii. B ¢Bsizu ¢ pazpaborkoil HOBOII 3a-
RoHoparenboit crpareruun PO o otHOmeHM10
R AprTuKke (8 ONOPHBIX PErnoHOB), BHUMAHUE
YUEHBIX K APKTUYECKOI 30HEe CTAHOBUTCS BCE
Oosiee npucranbHbIM. XOTs HacejqeHme ApKTH-
YeCKOTO Mosica COCTaBJsieT HEMHOTUM MeHee
2,5 MuH desoBek, 0osee 85% or sTOoro unenaa
MPOJKIBAET HA YPOAHMBUPOBAHHBIX TEPPUTOPUSIX
[1-2]. ¥YpbanusupoBanubie TeppUTOPUN TIPEJ-
CTaBJIeHbI KaK HEOOJIBITNMI TOPOJIAMHE ¢ Hace/e-
rmem 0koJ10 20—50 ThIc. YeToBeK, Tak 1 MoCceIRa -
mu. [ LrotnocTs Hacerenms Ha ypOaHu3MPOBAHHBIX
reppuropusix CeBepa BbICOKA, YTO BbI3bIBAET
ROPEHHYIO TpaHC(HOPMATIITO PACTUTEIHHOTO 1 T10-
YBEHHOTO TIOKPOBA, PAYHUCTHIECKUX KOMITICKCOR
" DKOCHCTEM B 1eJI0M. YpOaHU3UPOBAHHbIE Tep-
PUTOPUI CTAHOBSITCS OYATaMU PACITPOCTPAHEH S
AIBEHTUBHBIX I MHBA3UBHBIX BUOB.

Kpuorennsie srocucrembr CeBepa uciibi-
TBIBAIOT KOJOCCAIBHOE JIaBJIeHe MHBA3MITHBIX
BU10B MuKpoopranusmos (MO) u pacrennii, rmo-
nagaonux Ha Cesep 1Mo pa3HooOPa3HBIM TPAHC-
MOPTHBIM aPTEPUSM, B CBSI3U € ATHM aKTyaTbHO
SIBJISICTCS OTIEHRA DKOJIOTIYECKOTO PABHOBECHS 1
MOHUTOPHUHT O1opasHoodpasus sKocucrem. Bask-
HBIM (DAKTOPOM BJUSAHUSA SIBJISETCS TOTATHHOE
MexaHmdeckoe npeodpasoBaHme MecToo0nTaHmii
HOTUT] 1 MJIEKOTTUTAIONIX B MECTaX BO3BEJEHUS
TOPOJIOB, MOCTOAHHBIX W BAXTOBBIX MOCEIKOB,
JMHEITHBIX 00beKTOB NHPPACTPYKTYPHI, & TAKIKEe
pe3Koe yBeJHnuYeHUe peKpearMoOHHbIX HArpy-
30K n arropa HecmokroitcTBa. CyIiecTBeHHON
mpobJieMoil SBJIseTCs MOsBJIeHUe OOJBIITOTO
YUCAa CHHAHTPOTHBIX XUIMTHUKOB (OMaIIHIX
u OpojsTUnX cobaK), a TakKe POCT YNCTEHHOCTI
MECIIOB BOKPYT HOBBIX YEJIOBEUECKUX TTOCETEHIA.
Oco0oii npobsieMmoil siBjsieTcst peadbujinraims
HKOCHCTEM, HAPYITEHHBIX TeXHOTeHHBIM BO3-
efcTBUEM, TTOCKOJLKY pereHeparmoH bl 110-
TEHINAJ DKOCUCTEM B YCJIOBUSAX KOPOTKOTO JieTa
" HU3KUX TeMIIepaTyp sSIBJIsIeTCs KpaiitHe HU3KIM.
CoBpementoe pa3BuTHe TOPOTOB POCCUITCKON
Apkruru Tpedbyer KOMIJIEKCHBIX pelleHuni
HKOJOTMYECKUX 1 OPTaHU3AIMOHHBIX 1TPo0IeM
3enéroro xossaucTsa |3, 4|. B macrosmniee Bpems
ypOodioporenes HaxXoquTCsi B ¢Ta iU U3yde-

HUST U KOJMYECTBEHHOTO HAKOIJICHUS JAHHBIX.
B ¢Bsi3u ¢ BhITIIeCKa3aHHBIM, 1ETHI0 HACTOSAIETO
HCCIAeIOBAHMNS CTAJ0 MCCTeOBAHNE BJIMSTHUSI
ypOaHu3aum Ha nporecchl G1OJTOTUYECKUX NH-
Basmii B Apkrinueckom nosice PO,

Marepuasibl 1 MeTOJIbI

Nayuanu Tpanchopmariuio Gaopsi, payHb
u MUKOOMOTHI YPOAHUBMPOBAHHBIX DKOCUCTEM
B CPaBHEHUU C IIPUPOHBIMU (DOHOBBIMU TTPUPO]I-
HbIME Onoreotiernozami. B ocHoBy nccienoBanmii
MTOJIO}KEHbI IAHHbIE TTOJIeBBIX NCCASIOBAHMIL, OCY-
MeCTBJAEHHBIX B paMKax BreicokormmporHoii ap-
krmueckoil sxenegumun B 2010—-2016 rr. m oxeme-
nunun «HAmam» 2012, 2013, 2015, 2016, 2017 rr.
B ocHoBy n3yuenms yuacTist MHBa3WBHBIX BUJIOB
B @HTPOIIOTeHHBIX PACTUTETLHBIX COOOIeCTBAX
nosnosken ananua 130 reoborannueckux ornmca-
HUI, BBITIOJTHEHHBIX Ha 1D KaphepHo-0TBaIbHBIX
KOMILIEKCAX T1eCcUYaHO-TPaBUITHBIX cMeceil B OK-
pectHocTsix T. I'yOKuHCcKuii (ceBepHas raiira,
AHAOQO, necorynspa, Tymapa, momyoetpon HAwmair)
U B IPUPOJHBIX dKocucreMax. BerpeuaeMocTh
u cpepHee nipoertnBHoe okpwite (IT1T) pByx
MHBA3MBHBIX BUJIOB PACCYNTAHBI JITIsT PUTOIEHO-
30B KapbepoB PasanIHON TTPOOKITENLHOCTH
camozapacranns. [y MUKpoOMOIOTHYeCKOTO
7 METareHOMHOTO MCCTeTOBAHMS OBIIN NCITONh-
30BaHbBI MOYBLI (JIMTO36MBbI), c(OOPMUPOBAHHBIE
Ha TTOBEPXHOCTU OTBAJOB PYJHUKA 110 100BIYE
XPOMOBBIX pyiI B Toc. Xapt, 1. Yépuas (necuano-
rpaBuilHbIe OTJIOMKEHNs) 1 HA OTBAJIaX KAPhepoB
10 00bIYe CTPOUTEILHBIX MaTepPUAIOB B Jieco-
TYH/IPOBOI (p-H 1. YépHas) u TyHAPOBOIl 30HE
(OTBaJIBI TMIMHICTOTO, TECYAHOTO M KAMEHUCTOTO
cocraBa). B kauecTBe KOHTPOJISI BHICTYTIANA KPUO-
reHHas TJieeBas MovYBa B pailoHe moc. AKcapka.
Oobpasipl 18 MUKPOOMOJIOTHYECKIX NCCJIel0-
BAHWIl MMOCJe OCTaBKM B JadopaTopuio OLLIN
szamoposkenbl. Beienenne [IHR mpoussogmim
COTJIACHO CITeTNaTbHO pa3paboTaHHOIl METOJNKe
[5,6]. CekBennpoBanie n nepBuIHY0 00padOTKY
manHbIX ocyiectsisin Ha npudope ILLUMINA
MiSeq. O6paboTKy ceKBeHMPOBAHHBIX TTOCTE[0-
BaresbHocreil rera 16S pPHHR npoussogunn ¢
nenonbzoBanmeM maretoB 1O «Trimmomatic»
n «QIIME» [7]. a-pasmoobpasme omennBaim ¢
UCITOJIb30BAHNEM NH/EKCOB BUOBOIO OOratcTBa
(uncsio OTU B oOpasie, nuperc Chaol, mo-
Kazareab QUIOTeHeTNYecKOTO pazmoo0dpasms
Deiira) n nngerca Hlennona. Mukomornueckue
nceaeJOBaHNs TTPOBOJININ € T[eJbI0 OTeHKN
CaHNTAaPHO-TUTHEeHIYeCKOTO COCTOSTHNI S ypOa -
3MPOBaHHBIX MecTooOUTaHMil. VI3yuenne cocraBa
A9POMUKOTHI (COJlepsRaHe MUKPOCKOITITYECKIX
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rpudOB B BO3JIYIITHOI ¢cpejie) TTPOBOUIN B Paiio-
HAaX apKTUYeCKUX MOCeJIeHNI B IPUOpeKHOI
3one Rapckoro n bapentiesa mopeii. Ot6op 1mpo6
BO3JIYIITHOW cpefibl IPOBONIN B JKUJIBIX U pa-
OouMX OMEIIEeHISIX, BO BHEIIIHEel cpejie Ha Tep-
PUTOPUN TTOCEJIeHIT, 8 TaKKe HA KOHTPOJbHBIX
ydacrrax, yIaaeHHbIX OT MECT, TO/[BePrafonXcs
MHTEHCUBHOMY aHTPOIIOTeHHOMY BO3JICHCTBUIO.
[TpoObr OBIIM B3ATH B TPEXKPATHOI TOBTOP-
HOCTU ¢ Mciojb3oBanueM acruparopa 11V-15,
qepes KOTOPBIN MPOKAYNBAJIN BO3LYX B 00BhEME
250—-1000 1, ocaskmas MO B wamku Ilerpn na
arapusoBaHHyIo nuTatenbHyio cpeny Yamera.
Brigenerne MO u3 1o u rpyHTOB [IPOBOJIUIIN
CTAHJAPTHBIMI MUKPOOMOTOTHYECKIMI MeTO-
JlaMi TI0ceBa 4acTHI| TPYHTA HAa MUTaTeJIbHbIe
Cpejibl 1 MEeTOJ/IOM [TI0YBEHHbIX pas3Besenuii. Yuc-
J€HHOCTh KOJIOHMEeOOPa3yIOTIX e{nHUI] MUKPO-
muieroB B 1 rpaMMe MOUYBBI MOACUUTHIBATIN Ha
cpene Yarnera. Unentnduraimio MUKPOMUIIETOB
MPOBOJIIIIH 110 MOP(OJTIOTHUECKIM ITPU3HAKAM ¢
MCIOTHL30BAHIEM OTEUeCTBEHHBIX 1 3aPY0esKHbIX
onpesenuresneii. Habmoennst 3a ”HBa3NBHBIMI
BUJIAMU TO3BOHOUYHBIX JKIBOTHBIX TPOBOJIIIN BO
BpeMsI Psifia DKCTIESIU I MOPCKOTO Da3MPOBAHMS,
C UCITOJIb30OBAHNEM COBPEMEHHBIX METOJIOB YUETa,
a Tarske (OTOTOBYIIIER 1 OMHOKJIEI.

Pesyabrarel n o0cy:knenne

Pacnpocrpanenne nHBa3uiiHbIX BUJOB
pacTeHmii CBsI3aHO, PRI BCEro, ¢ POCTOM
TIJIOTIA/Ie Nl HAPYITeHHBIX 3eMeJb B aPKTHYeCKITX
nammadrax. [lanabie «HapymeHns» 0T Im9Iaion-
CsI OTHOCHUTETLHOM MOJIOJIOCTBIO, W HPOTECC Ha-
TYpaJTU3aIm aJIBEHTUBHBIX BUJIOB HA ceBepe He
nMeer B HACTOATIIMI MOMEHT CTOJb TJI00ATBHOTO
Xapagkrepa 1o CpaBHEHU IO ¢ I0AKHBIMI PErOHAMI.
CeBepHble (hUTONEHO3BI N HKOCHCTEMBI TTOTEH-
UaJIHHO 0COOEHHO YSI3BUMbBI B OTHOIIIEHUN WH-
Ba3MBHBIX BUJIOB. ITO CBSI3AHO ¢ OTHOCUTEIbHOTI
«HEHACBHITIEHHOCTHIO» MCTOPHYECKI MOJIOBIX
ceBepHBIX (JIOp W OCIabJIeHHOT MeyKBUTOBOI
KOHKYPeHIMeil B coodIecTBax.

BosmoskubiM Mexanuzmom oborarieHuns
(b1op HROTOHHBIX OOJACTE TYHJPHI W JIECOTYH-
Apbl QJIBEHTUBHBIMEU BHAMU 13 00Jee 10/KHbIX
paiioHoB siBasercsa nux «bopeanmzarusi». [las
TYHJIPOBBIX U JIECOTYH/IPOBBLIX o0JiacTeit 3araj-
noii Cubupn siienust G6opeasusaruu Qaop Tex-
HOTEHHBIX MECTOOONTAHNIT He OBbLIIO YCTAHOBIEHO
[8], mpu aTOM aBTOPHI HE YUNTHIBAIN TOPOJCKIE
HKOTOIIbI, KOTOpPbIe B OOJIbIIEIl CTEIIeHM CJIYKAT
MPOBOHMKAMI a/[BEHTUBHBIX 1 MWHBA3UBHBIX
BUIOB. B 1mesoM jke MPOIEHT ajiBEHTUKOB BO
(dropax ceBepHbIX obsiacteil MO3KeT ObITH 10-

€TaTouHO BHICOK n pocturarh 7—17%. Jlns xa-
PAKTePUCTUKY MHBA3MOHHOTO KOMIIOHEHTA
ropsI TTpeIoKeHa YeThIpEXOaJIbHAS TTKAJA,
MOCTPOEHHAS HA OIeHKe YPOBHS arpecCuBHOCTI
MHBA3MOHHBIX BUOB 1 0COOEHHOCTEI NX paciipo-
crpanenns. [l cerepa Sananmoit Cubupnu nnpa-
3UBHBIMU MO3KHO cuutath Hordeum jubatum L.,
Tripleurospermum inodorum (lL..) Sch. Bip.,
Chenopodium album L. B neppyio ouepejb Bce-
JeHTIBI OYTYT BBHITECHATH aDOPUTeHHBIEe BUJBI —
armouThl ¢ HapyIIeHHbIX MecTooOnTanmii. Tak,
Tripleurospermum inodorum w Chenopodium
album 3aperucTpupoBaHbl HAMU B Ka4ecTBe 1(e-
HO3000OpazoBaresiell pacTUTENbHBIX COODIECTR
Ha TePPUTOPUAX KaphbepPHO-OTBATbHBIX KOM-
njaercoB 0siu3 1. I'yORuHCKuMiIT (ceBepHas Taiira,
AHAO). Ha nporsirennn nepsbix 15-20 ner
JlAaHHBIE BUJIBI JOMUHUPYIOT U MMEIOT BbICOKYIO
BCTPEUAEMOCTh B AKOTOTIAX Pa3JINYHON BJIaro-
obecrieueHnocTu. JlaHHbie BU/bI JIOBOJBHO [[0JITO
COXPAHSIOTCA B MOCTTEXHOTEHHBIX HKOCUCTEMaX
3apacraionux rapbepoB. OnHako B mporecce
nepBuUYHON cyKieccun Berpedaemoctsh u [T11
MAHHBIX MHBA3WBHBIX BUJOB CHUKACTCS.

B dopmupoBannm Mukpobuoma TyHPOBBIX
AHTPOTIOTeHHO-HAPYIICHHbBIX TIOUB CYIECTBEH-
HYIO POJib nrpaer rpancdopmariyst GuandecKkoro
1 BOJiHOTO peskuMa rnouB. Ha kapwepax u pyjpuu-
KaX IOMUHUPYIOT TUTO3EMBI U TIETPO3EMBbI, KOTO-
pbie OTJIMYAIOTCST OT 30HATLHBIX MTOUB OOJIbITIET
CTeNeHbIO aspalnuu U BOJOIPOHUIAEMOCTHIO.
B ¢Bsasm ¢ oTuiM, Ha oTBANIAX MOCEJISCTCS TadsK-
Hasl TPABSHUCTAS PACTUTENIHHOCTh, & B IMMOYBAX
bopMupyercsa BeIpaKeHHBINT CEPOTYMYCOBBIT
ropusonT. IlouBbl Xapakrepusyiorcsa HelTpaib-
HOI Wn cIabOKMCENION peariueil cpejibl, 0ueHb
HUBKUM COJlepyKaHueM TymMyca U aszora, 1mo-
BBIIIEHHBIMU BEJIUUMHAMU METabOJINYEeCKOTr0
KodpunmenHrTa, 4To cBUILETENHLCTBYET O He-
cOaTaHCHMPOBAHHOCTU MPOIECCOB HAKOTLIEHU S
U MUHepajn3aum opraHuyeckoro BelecTsa.
@DoHOBbBIE TIOYBBI PETUOHA CUJBHO OTJIHYAIOTCS
OT TeXHOTeHHO-HAPYIIEHHBIX U MOCTTeXHOTeH-
HBIX. 3a CYET MPOXOKICHIS MKIOB KPHOTeHe3a
OCHOBHAsT Macca OPraHmuecKoro BeIecTBa HaKa-
MIJINBAETCS He TOJIBKO B oBepXHocTHoM (0—2 eMm),
o n HagmepaaorHoM (30-80 cm) crnosax. Crakum
pacrpesieieHneM OpraHmYecKoro BerecTBa Kop-
PeNUPYIOT BHAYCHUS YNCIEHHOCTH OCHOBHBIX
rpynn MO (6akrepuun, Tpubsb, apxen), a TakxKe
nmokasaresn o-pazuoobpasus. [las TyHapoBoit
30HBI B I1€JIOM XapaKTepHbl OeHble OpraHuye-
CKUM BeIleCTBOM, IlepeyBJIayKHeHHbIe 1 [1J10X0a9-
pupyembie ouBbl. COTHM CBsI3aHA OTHOCUTEIHHO
HUBKas YUCA@HHOCTh MUKPOOHOTO cO00IIeCcTBa,
HanboIee TyCTOHACETGHHbBIE TIOYBeHHbBIE 00pa3Iibl
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B JIAHHOM CJIydae cornoctaBuMbl ¢ ropusontamu C.
Boipaskennoe Biausinue na duciaernocts MO
B TI0YBaX TYHJ[POBOIl 30HBI OKa3bIBAIOT PERYJIh-
TUBAIMOHHBIE MEPONPUATUs (BHeCeHUe T1JI0-
JIOPOJIHOTO CJIOSI TTOYBBI, BbICAJKA pPaCTeHMII),
MOBBIIIAOIIEe 00Nl YPOBEHB COJlePIRAHUS
opraHmveckoro BeiecrtBa. B m3ydueHHbIX mpo-
0ax peryJILTUBUPOBAHHBIX TIOYB B paiioHe 10c.
Axcapka HaOMO1AJOCH TOBBIIIEHNE YICJIeH-
nocru bakrepuii B 1,8, rpubos — B 1,2 u apxeii —
B 24 pasa, 1o cpaBHEHWIO ¢ (DOHOBOW MOYBOIL.
OnHako peRyJIbTHBUPOBAHHBIN TEXHO36M, MO
CPABHEHWIO ¢ CAMO3aPacTAIONINMI TeXHO3EMaMn
n (HOHOBOIT 1MOUBOIT, MMes DoJlee HU3KME TOKA-
3aTesin o-pazHooOpasus (B TOM Yucse MHIeKca
(punorenernueckoro pazmoodbpasus Deiita n
unjerca [llennona), uro cBujeTe ILCTBYET O HOP-
MUPOBAHUN B [TaHHOM CJIydyae 11epexo/iHOro Tuila
€000IeCcTBA ¢ BBICOKOI J[0J1eil KOTMOTPOMHBIX
rpynn MO. [Tpu ananuse B-paznoodpasust mous
mabomaercss 060cobIeHIe KIacTepoB 1Mo caiTaM
or0bopa Mpod — TeXHOTeHHbIE TI0UBLI 000CO0JISIOT-
51 0T (DOHOBBIX 1 TAKIKE 110 TOPUBOHTAM — MEKJLY
c000¥i CMITLHO PA3TNYATOTCS TOPU3OHTH (POHOBBIX
mous. B Mukpo6mome 1exX1no36MOB JJOMIUHUPYIOT
6axrepun u3 gpua Acidobacteria (cem. Koribacte-
raceae, mop. RB41), Actinobacteria (cewm. Intra-
sporangiaceae, Gaiellaceae), Chloroflexi (k. Kl-
1in6529), Gemmatimonadetes (op. N1423WL)
n Verrucomicrobia (cem. Chthoniobacteriaceae).
Wx moss npeswitmaer 60%. Mukpobuom peryib-
TUBHUPYEMOT TOUBHI (110¢. AKcapKa) cuibHO 000-
co0JIeH OT JIPYTUX TIOYB, & TPU PACCMOTPEHUT €10
TAKCOHOMMYECKOTO COCTaBa OOHAPYRUBAIOTCS
APKO BBIPasKeHHbIC TOMUHUPYIOTINE TPYIIIHI
OGakrepuii, Ha JJOJTI0 KOTOPBIX MIPUXONTCS Hosiee
90% Bcex omepanmoOHHBIX TAKCOHOMUYECKNX
epunnt (OTE) — anupodbakrepun ns cem. Kori-
bacteraceae, arumobarrepun u3 nop. Ellin6513,
nporeobarrepun n3 cem. Syntrophobacteraceae
n 6akrepuu cem. Thermogemmatisporaceae.
BepositHo, B laHHOM ciTydae B KauecTBe KOINO-
TpoOB BHICTYTATOT AITUI00AKTEPUN — JIOMIHN-
pyfoliast 1 pazHooOpasHasi B MeTabOINIecKOM
OTHOIIIEHUN TPYTIa OaKkrtepuii, OnoTornyecKmne
CBOIICTBA KOTOPOII ITOKa MaJio uaydennl. 3 jgure-
paTypPHBIX IAHHBIX H3BECTHO, YTO aI{ul00aKTe pIi
ABJSTIOTCS «9KOJOTHUECKIMI» aHAJOTaMu 11Po-
TeobaKkTepHil 1 PeodIaaioT B HOYBAX ¢ HU3KIMI
suavennsmu pH [9].

Ocoboe 3Hauenme B MOCACHIE TOJBI TTPHOD-
peraoT NCCIeI0BaHNS AHTPOTIOTeHHOI NHBA3UT
MO B aprruyeckue srocucrembl. OTmMevaercs,
YTO MUKPOCKOITYeCKIe TPuObl (MUKPOMUIIETHI )
7 OaKkTepunm B pamoHax MOJAPHLIX MOCeTeHit
opmupyior cBoeobpasHbie cOOOINECTBA, OCHOBY

KOTOPBIX COCTABJISIIOT KOCMOTIOJUTHBIE BUIHI,
XOPOIIO aJanTupoBaHHbIe K CYNeCTBOBAHWIO
B anrtpornorenuoi cpege [10, 11]. Oun momu-
HUPYIOT B TI0OYBAX, Ha Pa3JMYHBIX MTPUPOHBIX
U aHTPOINOTEHHBIX cybcTparax, a Takske 1peood-
JIAJIAI0T B COCTaBe adPOMUKOTHI (MUKOOMOTA BO3-
AyuiHON cpeibl). Bbuopasnoobpasue u BuaoBoil
cocTaB TpuOOB, OOHAPYKEHHBIX B BO3JYITHON
cpefie B paifoHaxX apRTUYECRUX TTOCeTe NI, pac-
moroskeHubIX 1Mo CeBepHOMY MOPCKOMY ITYTH,
MOKa3aJl, 4TO 3HAYNTETbHYIO YaCTh a9 POMIKOTHI
COCTABMJIN M3BeCTHHIe OMOMECTPYRTOPHI pas-
JUWYHBIX MaTepuaaoB U yCJTOBHBIE TATOTEHBI
vyesoBeKa. O4eBMIHO, YTO NX NPOHMKHOBEHNE 1
HaKoIJIeHNe B dRocHucTeMax APKTUKI CBS3aHbBI
¢ TIOTaJ[aHNeM Ty/la Pa3JnyHbIX MaTepuaaoB u
MPOJYKTOB MUTAHUS, KOTOPbIE MOTYT CJIYKUTh
UCTOUHWKOM TTUTAHUS JIJIs1 OPTaHOTPO(PHBIX MUK-
pobos. Hambomee meranbio Oblra mecaeoBana
aspoMmKora B paiione noc. Turcn (mobepesne
Mopst JlanreBbix), Te 66110 BuisiBIeH0 00 BUI0B
murpomuieros [10]. 3HauuTebHY0 4acTh a3PO-
MUKOTBI COCTABUIN M3BECTHBIE OMOECTPYKTOPHI
Pa3JIMIHBIX MaTeprasoB M YCJOBHBIE TTATOT€HBI
yesoBeRa. OTMeueHHBIe TeHIEHIINI MOTYT Hera-
TUBHO CKa3bIBaThCsI Ha 3[0POBbE TOJSIPHUKOB,
paboTarIIX B CYPOBBIX RINMATHYECKIX YCJIO-
Busax Apkruku. OcHoBHBIM pesdepByapom MO
B IPUPOJHBIX YCJIOBUSX siBasiercs nousa [11].
B paiionax moJspHBIX CTAHIWIT B pe3yibrare
X03SICTBEHHOIT IesiTeIbHOCTH TT0YBA 4acTo 3a-
IPA3HSETCSI, YTO CIIOCOOCTBYET HAKOIIJICHWIO B
Heil GakTepwil 1 MIKPOMUTICTOB. ¥ CTATOBICHBI
CYIIeCTBeHHBIe PA3INUYNsa B BUTOBOM COCTaBe
7 YMCJEHHOCTH MIUKPOCKOIMYECKNX IprboB Ha
APRTHYECKNX TePPUTOPUAX, Pa3IMIATOTINXCST
10 CTeIeHN aHTPOITOTeHHOTO0 3arpsi3Henns. Tax,
MoKasaTeJl YNCJIeHHOCTH B aHTPOIIOTEHHO 3a-
IPA3HEHHBIX TIOYBAX 1 IPYHTAX B pailoHaX OT-
JIeJIbHBIX TIOCeJTeHNIT OB 3HAYNTETbHO BBIIIIe
(Ha TTOPSZIOK), 110 CPABHEHUIO C eCTeCTBEHHbIMU
mecrooburanusiMu. OUeBUHO, 4TO TAKAS KapTH-
Ha CBs3aHa ¢ AaHTPOIIOTeHHOI NHBa3MeN MITKPO-
muieroB. [logrBepskpennemM ToMmy sIBJISIOTCS
HaXOJ[KM Psijia BUJOB MUKPOMUIIETOB TOJBKO B
paiiomax MOJAPHBIX MOCeTeHN Ha aHTPOIo-
reHHBIX cyOcTparax. R mx umenry, mpeskie Beero,
MOKHO OTHecTH BUJBI pona Aspergillus: A. ni-
dulans (Eidam) G. Winter, A. ustus (Bainier)
Thom & Church, A. versicolor (Vuill.) Tirab.,
a Tarkke Stachybotrys chartarum (Ehrenb.) S.
Hughes. OueBujiio, ato MUKPOMUTIETHI JIOBOJTHLHO
OBICTPO AJIANITUPYIOTCS K MECTHBIM YCJIOBUSIM, TAK
KaK BO MHOTHUX CJIy4asiX BU/IbI, BbIsSIBJIEHHbIE Ha
AHTPOIOTEHHBIX CyOCTPaTax, 4aCTO BCTPEUAIOTCS
n B mouBeHHbIX Tipodax [11]. Ilpesme Bcero,
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91O oTHOCUTCS K Bujgam popos Cladosporium
n Penicillium. B xoyie obcieioBanmii TeppuTOpuii
apRTUYECKUX ToceseHnil B paiione bapeniieBa
n Kapckoro mopeii B aHTPOIIOT€HHO 3arpsi3HEH-
HBIX TTOYBAX OBLTO OTMEUEHO 76 BUOB MITKPOCKO-
nuyecknx rpuoos, 3 uux 41 sup (53,9%) Obia
BBISIBJICH B [IOMEIIEHISIX CTAHIINIT 1 HA aHTPOIIO-
reHHBIX MaTepuanax. K »1um Bujgam oTHOCATCS
npepcrasurTenan popos Alternaria, Aspergillus,
Aureobasidium, Chaetomium, Cladosporium,
Ezxophiala, Geomyces, Humicola, Penicillium,
Mucor, Phoma, Rhodotorula, Trichoderma
u Ulocladium. IlonyueHHble faHnHbie CBHUJE-
TEJTHLCTBYIOT O 3HAYNTEIHHOM CXOJICTBE BIIOBOTO
cocTaBa 3arpsi3HEHHBIX TIOYB M aHTPOIOTEHHbBIX
cyberpartos (puc.).

Cremtyer mo6aBuTh, 4To OfHUM U3 PAKTOPOB
nuBazun MO B monsipHble peruoHbl ABIASETCS UX
nepenoc nrunamu [10]. Cromennst nTut 4acro
(purcupyrorest BOJIM3N TOJAPHBIX MTOCETCHNTI.
B tarom ciayuae B cocraBe MUKpPOOHBLIX COOOIIECTB
MORHO BCTPETUTH BUJLBI, ITOMAIAIONe B APKTHI-
RY Kak OPHUTOTEHHBIM, TAK W aHTPOIMOTeHHBIM
nyrém. [louBbl B MecTax crorienus (KOJTOHUIA)

HTHIL XapaKTepU3yIoTest 60Jiee BLICOKUM BUIOBBIM
paszHoobpasmeM u YiCAeHHOCTLIO MUKPOMEIIETOB
u GaKTepuii B CPAaBHEHUN ¢ KOHTPOJIbHbBIM Y4acT-
kamu. Cpefn BBISABIEHHBIX BUOB ¢ HTUIAMUI
4acTo cBsi3aHbl rpudbl popa Aspergillus. ObbraHo
TS TTPeJiCTaBUTE e HTOTO pofta Hosree Baarompn-
ATHBIME CIUTAIOTCA OTHOCHTETHHO TEILTBIe YCII0-
Bust. OHAaKO, Bee Yare BUJbI 9TOTO POJIA, TAKIE
Kak A. niger, MOKHO BCTPETHTH B AHTPOTIOTeHHBIX
1 OPHUTOTEHHBIX MECTOOONTAHNUSIX B APKTHKE.

B 1iesiom, nipuBesiéHHbIE JaHHbBIE YKA3bIBAIOT
Ha CYIECTBeHHOe BANsHIE OMOTOTnYecKIX MH-
Basuii Ha (hopMupoBaHne MUKPOOHBIX COOOIIECTR
B APKTUYECKUX IKOCHCTEMAX.

Ypbaunszamus ApRTURN TIpUBesa K pocTy
UHTEHCUBHOCTH TPAHCIIOPTA, YTO CO3MAET J10-
MOJTHUTEeIbHbBIE YCIOBUS [Jist wHBasuii. B arom or-
HOIITEHUT WHTEPECHBI TIePeMereH s JKITBOTHBIX
Ha JIeJIOK0JIaX WK ¢ uX momorrpio. Meakue -
BOTHBIE MHOT/IA HAXOMSAT Ha JIEIOKOJIe YOesRuIie
1 aKTUBHO myTerniecTByor. Kpome Toro, Mopckie
ITHIBI 4ACTO B GOJIBIIIOM YHCJIe COMPOBOKIAIOT
JIeJIOKOJI, M B X CKOILTIEHMSIX MHOTTIA OOHAPY KN -
BAIOTCSI «11ocTOpoHHMe» BU/bl. Habmonenms aTnx
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0% ] |
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Fig. Distribution of micromycetes in contaminated soils and anthropogenic substrates
in vicinities of arctic settlements investigated

Teopernueckast u npurnamuas sroaorusi. 2020. Ne 3 / Theoretical and Applied Ecology. 2020. No. 3



COIMAJBHAA OROJIOT A

SABJIEHUT OBLIM BBITIOJIHEHBI B XOJle JIBUMKEHUS
JIeJIOKOIOB OT . ApxaHrenbeka K Semie Opania
Nocuda. Bonuau r. Apxanrenbcka Ha JIeOKOe
«I1oceJInJIncb» BOpO6bI/IHbIe TN bl HECKOJbKUX
BU0B. bBosbias yacth BoBpeMsi BepHyJiach 00-
paTHO, HO HECKOJIBKO 0C00€iT JIOCTUTIIO KOHEYHOTO
MYHKTa — 0cTpoBa 3eMisa Alekcanaps! (Kpacmo-
300bIi1 KOHEK, poraTeiii skaBopoHoK). [Ipn sTOM
Ha OCTPOBE BEJIETCA CTPOMTENHCTBO TOCENTKA,
YTO TPUBOUT K MBMEHEHWSM CPeJibl, B KOTOPOIi,
BO3MOKHO, BCEJICHIBI HANTYT TOJIXOJISATIEe MeC-
ToobuTanme. B unciie compoBOMKIAIONINX JIe/0-
ROJI TITUTI TARKE OOHAPYIKUICH OTHOCUTEIHLHO
10sku b1 Bus — kayma. Ha ocrpoBax apxurnenara
OH He oOHapysKuUBajcs. BriosHe BeposiTHO, 4TO
TakuM 00pa3oM JIJIsi BU/A MPOJIOKEH yTh JIJisi
nanbHeiinero paccesienus. CpaBHUTETbHO He-
JIABHO HA OCTPOBAX OOHApY/KeHA YTKA KPSAKBA
[12] — Bu, KOTOPBINl B TAKOM DKCTPEMabHO
XOJIOJITHOM KJMMare panee He Berpeuasics. He
MCKII0YEHO, YTO JIeATeIHHOCTH YeJOBeKa ITOMY
KOCBEHHBIM 00pasoM mociocobcTBoBaga. YTRA
HabJioganach Ha 3aCTPOCHHON TEPPUTOPUH.
Pocr wncnennoctn nacenerusi 060opaumBaeTcs
eré OffHUM MCTOUHNKOM MHBA3UI — HAMEpPeH-
HBIM BBITTYCKOM UYKEPOJHBIX BUJOB JIIOOUTE-
asmu. B xope HabaoneHnii mogoOHbIX ciyvyaen
CJIOMMJIOCH MHeHUe, YTO yeJlaHnue BBIITYCTUTDb
KaKoe-To HOBOE JKIBOTHOE (Harpumep, HeoObIv-
HYT0 pbI0Y) — MHCTHUHKT, KOTOPBIT MCXOMUT 13
rIyouH meuxosornn denopexka. B wacrosiee
BpeMsA TOTOOHBIM 00pa3oM OLICTPO PacCemsIeTcs
poiba poran. Pe3ynbrathb 91010 mporecca BILTIOT-
HYIO HPUOAUBUANCH K TpaHuimaM APKTUKH.
Peunbie paku rakum odpazom gocturiaun 69 ma-
pasiIenu, T. e. yyKe MOUTH MMOJSAPHOTO Kpyra.
Panee na J/latpaem BocToke mpum cXOaHBIX
00CTOATEILCTBAX MOABUINCH BOPOOBLU, U CEli-
4ac OHUM PaCcCeNsIIoTCs 10 ypOaHN3MPOBAHHBIM
reppuropusm, gocruras Aprruru. [Tomumo
CTUMYJIa HAMEPEHHbIX BbIITYCKOB JIIO6I/ITQJIHMI/I,
ypOaHuzaius crnocodbcTByeT MPOHNKHOBEHUTO
YY;RePOHBIX BUIOB B APDKTHKY TeM, 4TO CO3/1aéT
YCJIOBUSI JIJIsI PACCeJIeHUsT HAa ceBep psiia BUIOB
JKUBOTHBIX., JTOT TPOIECC XOPOIIO TTPOCTesKI-
BaeTcs B cliydae [THIL. 3a cuér ypOaHu3mpoBaH-
HBIX TEPPUTOPUI PsIJl BUOB PACIIIUPUIIT apeat
BILJIOTH IO CeBEPHBIX rpanut] cymu Kspaznun.
R num ornocsres: cuswiii Tonyob, cepas BOpo-
Ha, JlepeBeHCKas JIaCTOYKA, BOPOHOK, TOJIEBOIT
JKABOPOHOK, OOBIKHOBEHHBITI CKBOPEI], COPOKa,
rpau, cepas BOPOHA, APO3-PAOMHHNK, Oemo-
oposuk [13—17]. Obnapyskenue dTuX BUOB
B ApKTHKe 00BIYHO POUCXOIUT B HACETEHHBIX
IIYHRKTAX, UX OKpanHaX NJIN Ha KaKNX-TO NHBIX
obbeKTax anTpornorenHon npupoust [18, 19].

3axiroueHue

B nacrosiiiiee Bpemsi B ¢Bsi3um ¢ ypbaHusarmeit
HECKOJBKO JIECATKOB UY;KEPOIHBIX BUIOB pac-
rernii, MO 1 JKWBOTHBIX TIPOHNKIIO B APKTUKY
AN BIUIOTHYIO HPUOJUBUINCH K €€ TPaHUIaM.
Ha snaunrenbHOll TeppuTOpUN apRTUYECKITe
MPUPOJHBIE ROMILIEKCHI ITPeodpasyioTes U Beé
60JIbITIe HATIOMUHAIOT T€, KOTOPhIe XapaKTepPHbI
nJist GoJiee 103KHbIX TeppuTopuii. Maciiradbl 510ro
SIBJIGHUST OCTAIOTCS CTa0ON3YUeHHBIMU.

[TporpeccuBHOE corparieHne yuacTus nH-
BA3UBHBIX BUJIOB pACcTEeHIIl B XOJ[€ BOCCTAHOBM -
TEJTBLHON CYKIECCUU CBUJETENILCTBYET B MOJb3Y
TeRyIIel yCTONUYMBOCTH HEeHAPYIIeHHBIX (u-
TOIEHO30B CeBEPOTAEKHON 30HbBI K BHEPEHUIO
YY3KEePOJHbIX BUIOB, KOTOPbIE HATYPATU3YIOTCS
JIATITH B CHJIBHO HAPYTIIEHHBIX DKOTOmaxX. OHARO
Ha cJeMYyIONeM drare aanTaiiui 4y;KepoHbIX
BUJIOB O]l YTPO30I MOTYT ORAa3aThCs €CTECTBEH-
HO HapyliaeMbie MECTOOOUTAHUS, TaKne Kak,
BHYTPUKOHTUHEHTATLHBIE MeCUaHbie Pa3yBhl
WK JIOJUHHBIE KOMIIJIEKCH PACTUTETHHBIX CO-
00IIICCTB.

B xone anrtponorennoro Bo3jeicTBus
Tpancopmupyercss Mukpoouom nous. Texwo-
reHHbIe TTOYBbI XapaKTepU3yITCs WHIeKCaMI
a- 1 B-pazHoodpasus, OTTHUHBIMI OT (POHOBHIX
rmous. IIpu 3TOM MecTHBIII pecypc pereHeparuu
MUKPOOHOTO cO00IIecTBA B OCTTEXHOTEHHBIX
cMeHax sajieficTBoBaH MuHuManabHO. B paiio-
HaX apKTUYeCKUX mocesjeHnii ynciaenunocts MO
(B TOM umcse yCTOBHO MATOT@HHBIX) 3aMETHO
BO3pacTaeT B CPaBHEHNUN ¢ ROHTPOJILHBIMU (OT-
HOCHUTEJIbHO «IUCTHIMI» ) TEPPUTOPUSIMU, YTO BO
MHOTOM CBSI3aHO ¢ @HTPOINOTEHHOW MHBa3Mel
(c MaTepuasaMu, ITPOAYKTAMYU TTUTAHUS, TPAHC-
noprom). [lpesne Beero, 910 oTHOCUTCS K adpo-
murore. CamMble BBICOKIE ITOKa3aTen cojieprra-
HISI MUKPOCKOIIMYECKNX TPUOOB B BO3JLYITHOT
cpefie ObLII OTMEYEHbBI B IIOMEIeHUsIX, I7e 3Ha-
UUTEJbHYIO 1010 BhIABJICHHBIX BUTOB COCTABUJIN
YCTOBHBIE TTATOTeHBI yesoBera. [Tpu srom cocran
MUKPOMUIETOB B BO3YIITHOI cpejie U Ha pasind-
HBIX Marepuasaax ¢ mpu3HakaMu OMOTOBPesKe-
HIH B 31AQUNTEILION CTeIIeH N COBITAAIOT. 3eCh
TOMUHHPYIOT KOCMOIIOJTUTHBIE BUJIBI, ROTOPBIE,
BEPOSATHO, YCIIEITHO a[alITUPYIOTCS K YCIOBUAM
obuTaHUSA B aPpKTUYECKUX DKOCUCTEMAX. ITO
B IIOJIHOUM Mepe OTHOCUTCA U K COODINEeCTBAM 110U~
BEHHBIX MUKpOMHITIETOB B Apkrunke. Hamm orme-
YeHO 3HAYUTE]bHOEe CXOICTBO BUIOBOIO COCTaBA
3arpsiI3HEHHBIX [10YB 1 AHTPOIIOTEHHbIX cyDcTpa-
TOB, UTO, TT0 BCEH BUMMOCTH, CBUFIETETHLCTBYET 00
MHBA3SUBHOM IIPOUCXORACHNN pAdA BUIOB U NX
rnepexosie K CyIiecTBOBAHUIO B TIOUBAX.
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Ypbauuzanusa crnocobeTBYeT MPOHNKHOBE-
HIIO Y4YKePOMHBIX BUIOB B APKTUKY TeM, 4TO
cosaér ycaoBus st paccesienus Ha Cerepe psijia
BUJIOB JKIBOTHDBIX. JTOT TIPOTIECC XOPOIITO TPOCIe-
JKUBACTCSA B CJIydae MTHIl. 3a cuét ypdbanmnsmpo-
BaHHBIX TEPPUTOPUT PAJL BUFOB PaCIIMPUIN ape-
aJl BILTOTH J10 CeBePHBIX rpanuni cymu Espasun,
4TO UIpaeT BARHEHN Y0 posib B (QOPMUPOBAHUT
TPOIICCKIX TIeTIeil I CTI0COOCTBYET M3MEeHeHWTO
IKOCHCTEM B TIEJIOM.

Paboma evtnoanena npu noddepicke zpanma
CIIoTY «Ypoanusupogannwie skocucmemvt Apkmu-
yeckoeo nosca Poccuiickoit @edepayuu: dunamnu-
K@, cocmosanue u ycmoiiuugoe passumue» (no.egvle
padomuot) u epanma POOU-Anar N 19-416-890002
(memazenommnoe cexkgenupoganue).
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Nature and its vital contributions to people, which together embody biodiversity and ecosystem functions and ser-
vices, are deteriorating from the changes in land and sea use, overexploitation of animals, plants and other organisms,
pollution and climate change. The anthropogenic changes in ecological systems have been so profound that scientists
even warn that we have now entered a new geological period — “anthropocene”. As we continue degrading our natural
environment in order to gain ecological, economic and social benefits, the utilization of “nature-based solutions (NBS)”
remains an underutilized option. “Green Infrastructure” (GI) concept and the implementation of Gl emerges as a policy
response to address and reverse the current rather counterproductive practice. The European Commission defines Gl as a
“strategically planned network of natural and semi-natural areas with other environmental features, designed and man-
aged to deliver a wide range of ecosystem services ...”. Yet, designing and implementing GI policy has proved challenging:
e.g. how to safeguard sound and effective decision-making in managing complex systems with multiple stakeholders at
various temporal/spatial scales, under conditions of uncertainty, with multiple conflicting interests? These and other
questions in relation to GI design and implementation were discussed in April, 2020 during the “Woodnet” project (co-
funded by the European Commission through Biodiversa) international interdisciplinary webinar “Uncertainty and
Multifunctionality: Legal Challenges and Opportunities for GI” (administered by the Catholic University of Louvain
(UCLouvain), Louvain-la-Neuve, Belgium). In the advent of a collective handbook and an international conference
on the legal issues of GI design and implementation to be held in 2021, the present article contributes to the on-going
discussions on uncertainty and multifunctionality and the associated legal challenges and opportunities in the context
of GI design and implementation by discussing the relevant questions, raised during the recent webinar.

Keywords: Green Infrastructure, uncertainty, multifunctionality, connectivity conservation, precautionary principle,
adaptive management, evidence-based approach, environmental law.
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[Tpupoya n eé ;kM3HEHHO BayKHBII BKJIA/] B PA3BUTHE YeI0BEUECTBA NCTOMAIOTCA 13-32 M3MEHEHWI B MCITO0Tb30BaAHIH
3eMeJIbHBIX T MOPCKIX PECYPCOB, Upe3MepHOIl IKCILTyaTallii ;KUBOTHBIX, PACTEHUT I IPYTUX OPTAaHN3MOB, 3arPsI3HEHU S
OKPYSRAIOIIET CPeibl M N3MEeHeHN I RImMaTa. AHTPOTIOTeHHbIe N3MEHeH NI B AKOTOTHYeCKIX CICTeMaX HACTOIHKO BeITNKH,
4TO YUGHBIE TIPEIYPEKIAIOT, MbI BXO/IIM B HOBBII T€OJIOTHUECKIT TePHOJi — «aHTPOIOIeH». B To BpeMst Kak MbI TPOJ0JI-
JKAeM HCTOIATH OKPYIRAIOIILYIO CPeJly B 9KOHOMIUUYECKUX MHTepecax 1/ min pajiit ColuaibHOro poIBeTaHusl, TPUPOJIHbIE
PEIIeHTIsT OCTAIOTCS MAJIo NCHOAb30BaHnbIMI. Rontentiust «3eséHoi mHQPaACTPYRTYPhI» 1 €6 MMILTIeMeHTAT[US TTPIXOJIST
Ha BBIPYUKY, KaK IMOJNTHYECKOEe I TPABOBOE pellieHie, ¢ciiocoOHoe N3MEeHUTh 3TY IyOUTeNbHYI0 pakTury. KBponeiickas
Homuccust onpepesnsier, uro «3enénas nH@pacTtpykTypa» — 9T0 «CTPATEIHYECKY CIIAHMPOBAHHAS CETh MPUPOHBIX
7 TTOJIYIPUPOIHBIX TePPUTOPUI ¢ MWHBIMU HKOJOTHICCKIMIT 0OCODHHOCTAME, pazpadboTantast i yrpasiseMas Tak, 9To0bI
MPe0CTABIATH MINPOKUIT HAOOP HKOJOTHUECKUX YCIYT...». OmHAKRO B TIporiecce pa3padOTKI M MMIIJIEMEHTAINN TIpaBa 1
MOJIUTURY B 001acTu «3e/16H0T HHPACTPYKTYPBl» BOZHUKAET MHOKECTBO BOIIPOCOB, HA KOTOPBIE I0PHCTAM e1rlé Mpe[CTOUT
naiitn orBernl. Hampuvep, takuMu Borpocamn SIBISIIOTCST: 9TO TAKOE HEOTPEIeIEHHOCTh B TPABOBOM IT0JIE U ¢ TTOMOIIHIO
KaKNX IOPUAMYeCKIX HHCTPYMEHTOB MOYKHO YITPABIATH HEOTPEeTEHHOCTHIO? ITU 1 IPYTHe BOIPOCHl PACCMATPUBATIICH
B arpesie 2020 1. B paMKax MeFKYHAPOHOTO Me;KuCIuInHapioro sedunapa « Heorrpepenéumocrs 1 MEOTOQYHKITIOHAIb-
HOCTD: TIPABOBBIE BOTIPOCHT 1 MEPCIIEKTUBBI «3eAEH0i nHPPACTPYKTYPLI» (QIMIHUCTPATHBHOE OOCTyKIBaHe BedmHapa
ocymiecrsieno Raronnueckum ynusepcurerom Jlioseiina, Jlioseiin-msi- Hes, Beabrus, npoexr « Byauer»). B npepsepun
MPOBEJCHUST ME;K/Ty HAPOIHON KoH(EePEeHINN 10 IPaBOBLIM BoipocaM B obstacrtu «3esiénoit undpacrpyrrypoi» 8 2021 1.
7 B TPEJJ{BEPIH M3IAHST KOJITeRTHBHON MOHOTPA U, HACTOSIIIAS CTAThS AHAIN3NPYET AKTYAIBIBIE BOTPOCKI I ITpefijraraer
TUTIOJIOTU IO HEOTIPeIeEHHOCTE T 1 TPY I0PUANUeCKIX WHCTPYMEHTA, TPUMeHeHe KOTOPHIX TO3BOJIUT YIIPABJIATH PA3HBIM I

TUTIAME HEOMPeIeIEHHOCTel B IPABOBOM TI0JIe B 00acT «3e6HON HH PACTPYKTY PbI».

Karouessie crosa: 3enénast nHGpPacTpyrTypa, HEONPeAeIEHHOCTh, MYJIBTHQYHKIIMOHATBHOCTE, COXPAHEHIe DKOJI0-
IUYECKUX CBsI3el, NPUHINIT ITPEJIOCTOPOKHOCTH, aJIalITUBHOE YIIPpaBJIeHNe, DKOJOIMYecKoe 11paso.

The idea of “utilizing the benefits of nature”,
inter alia, through linking natural areas and
parks is not a new idea and the roots of “Green
Infrastructure” (GI) can be traced back to the
early 20th century (e.g. projects such as the
“Boston Fenways” by F.L. Olmsted in the USA).
Yet, the term “GI” is relatively new and flexible
with no single definition. In general terms, Gl
is a network of green and blue areas (e.g. parks,
green corridors, stepping stones, etc.), which can
help societies address a variety of environmental,
social and economic challenges in sustainable
ways. Gl is often contrasted to “grey infrastruc-
ture”, i. e. human engineered infrastructures
(e.g. a dam as a substitute for natural solutions
to problems such as flood prevention), which
provide for the same or even less durable services
that nature can provide societies for free. GI is
emerging as a solution to reverse the current
rather counterproductive practice of utilizing
expensive “grey infrastructures” and degrading
our natural environment [1-3]. The challenge
is, however, to design an enabling GI policy and
implement it widely.

Research aims and research questions

Uncertainty, (e.g. uncertain science, lin-
guistic uncertainty, social uncertainty, etc.)
behind GI is one among other obstacles to the
elaboration of a robust framework on GI and
its implementation. “Uncertainty” refers to
situations and/or outcomes, for which we lack
information that we’d like to have. Uncertainty
is not only about what we do not know, but also
about what we do not know well, and what can

evolve without us knowing how or when. As-
suming that GI design and implementation will
always be based on less than complete knowl-
edge and uncertain science, reducing both our
ability to make accurate predictions, regarding
responses of species and ecological processes or/
and to other changes across Gl areas, including
climate change, as well as our ability to perform
all steps from design to implementation of GI
(e.g. how to enforce a protection if habitats are
not mapped? Or how to enforce a protection if
a term in legislation is difficult to interpret?),
this article, aims to contribute to the discussion
on the highly complex question: how to manage
uncertainty in GI design and implementation?

In particular, the article contributes to the
discussions on the legal challenges and oppor-
tunities associated with “multifunctionality” in
the context of GI design and implementation.
Initially, GIs were designed and implemented
for a single purpose. For instance, this is the
case with the core of the EU GI — the “Natura
2000” network, which was initially designed and
implemented for the pure nature-conservation
purpose. Yet, today, a multifunctional GI seeks
to combine different ecological, social, and eco-
nomic functions. Contemporary GI design and
implementation practices show greater diversity
in GI concepts and objectives pursued, including
biodiversity conservation and other ecosystem
services provision, (e.g. “Grow green” proj-
ecl in Spain, which aims, inter alia, to deliver
improvements in social, environmental, and
economic performances of several cities). Yet,
as of now there is no agreement of what an “eco-
system service” is. In general terms, the concept
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may be defined as “benefits that people obtain
from ecosystems, or their direct and indirect
contributions to human well-being” (e.g. the
provisioning services, such as food and water,
regulating services, such as flood and disease
control, cultural services, such as spiritual,
recreational and cultural benefits, etc.). The
ambiguilies associated with the definition of
“ecosystem services” make it challenging to ap-
ply the concept in a normative way — e.g. when
valuing or managing a wide range of ecosystem
services. In the context of GI design and imple-
mentation the important questions are: What
does “multifunctionality” mean? What may the
consequences for the shift of the focus from a
“single purpose” to “multifunctionality” be for
Gl design and implementation? And, moreover,
how to frame the trade-offs between biodiver-
sily conservation and other ecosystem services
provision into GI policy and law (e.g. biodiver-
sity conservation and other ecosystem services
provision sometimes conflict)? These questions,
inter alia, were considered during the Woodnet
Biodiversa project [5] Webinar “Uncertainty
and Multifunctionality: Legal Challenges and
Opportunities for GI”, which took place on the
28th of April, 2020 (online, administered by the
Catholic University of Louvain, Louvain-la-
Neuve, Belgium) [6].

What is GI?

Alix Vollet, a PhD candidate from the Rennes
University in France, deliberates on the chal-
lenges associated with defining the term “GI”:
“Whatis GI?” Although the question might seem
easy, in practice no single definition of GI has
been widely recognized. Even though there are
common features between many of the existing
definitions (e.g. connectivity, multifunctional-
ity, smart conservation, aim (o either protect or
develop such projects, ete.), defining GI remains
a great source of uncertainty. In 2013 the Euro-
pean Commission (the executive branch of the
European Union, responsible for proposing leg-
islation, implementing decisions, upholding the
EU treaties and managing the day-to-day busi-
nessof the EU) suggested a working definition of
Gl as a strategically planned network of natural
and semi-natural areas with other environmental
features designed and managed to deliver a wide
range of ecosystem services ...” [4]. Yet, the defi-
nition is too broad and Member States (MSs) find
that the definition is “challenging to capture”.

In May 2019, a Commission staff working
document was published as a Guidance on the

strategic framework for further supporting
the deployment of EU-level green and blue in-
frastructure. The document aims at clarifying
the definition and, inter alia, provides a very
important precision that “the EU GI concept
is a services-oriented one” [7]. Insofar as
biodiversity conservation and provision of
ecosystem services are not always compatible
goals, and even sometimes conflicting ones,
this precision is not trivial, especially since
Gl first emerged in the EU Biodiversity Strat-
egy for 2020. GI can therefore be built with
funding and effort dedicated to biodiversity
conservation whereas it might not be the best
way to reach that goal: in this context, GI
would act as an “ecological trap” [8]. Finally,
this definition is one of the reasons behind the
report that MSs have not yet implemented GI
to the extent needed.

Uncertainty: typology
and possible legal responses

Dr Yelena M. Gordeeva, a post-doctoral
researcher from the UCLouvain in Belgium
deliberates on the “Types of Uncertainties and
Possible Legal Responses”. First, Dr Gordeeva
discusses the knowledge needs in GI design and
implementation (e.g. when the space is consid-
ered to be included into a Gl meaning; when
the ecosystem services are being valued; when
connectivity conservation is being measured
[9], ete.). Second, Dr Gordeeva suggests the
typology of uncertainties in GI context, based on
the typology by Gregory et al. [10]. Thus, in the
context of Gl design and implementation “Epis-
temic uncertainties” are particularly significant.
These are uncertainties resulting from the lack
of knowledge; these uncertainties reflect the
limits of using scientific data to understand eco-
logical processes and other parameters relevant
for Gl and its management (e.g. “Measurement
Error”, “Aleatory Uncertainties”, “Parametric
Uncertainties”, etc.). “Linguistic Uncertain-
ties” is the second major type of uncertainties,
which can be encountered in the context of GI
design and implementation. Uncertainties can
be “Reducible” and “Irreducible”. Uncertainties,
depending on their type, may pose challenges
and inspire resorting to the available legal tools
for managing uncertainty in the process of Gl
design and implementation. Finally, the pre-
sentation suggested three possible alternatives
for dealing with uncertainties in GI context,
namely: the “Precautionary approach” [11, 12],
the “Evidence-based approach” and the “Adap-
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tive management” [13]. Further research may
include such questions as compatibility of the
three approaches and the compatibility of the
three approaches and legal principles (e.g. the
principle of legal certainty).

US GI policy

Professor dr J.B. Ruhl from the Vanderbilt
University, Nashville, Tennessee, USA, in his
presentation “Beyond Stormwater: Moving US
GI Policy to the Ecosystem Services Frame-
work”, illustrates that the approaches the US
and EU have taken to urban GI have differed in
important respects, but face many of the same
challenges. The United States and European
Union have both pursued policies to promote
urban GI. Cities rely on GI outside their urban
boundaries to provide important regulating eco-
system services such as groundwaler recharge,
sediment control, and water purification, as
well as provision of and access to provisioning
services (e.g., food) and cultural services (e.g.,
recreation). Cities also can promote GI within
their urban boundaries to deliver a broad array
of ecosystem services, including local services
such as temperature regulation and air purifica-
tion. In the US, the primary focus of urban GI
policies has been on provision of GI to manage
stormwater. By contrast, the EU’s 2013 policy
on GI embraced a more multifunctional vi-
sion of the ecosystem services GI can provide
[13]. Consequently, research on urban GI has
increased impressively in the EU, including at
scales relevant to local policy making.

Professor dr J.B. Ruhl describes the back-
ground of urban GI, the US and EU policy em-
phases, and the questions and challenges that
continue to require further research and delib-
eration. There is a need to continue to “down-
scale” biophysical and social science research to
assist local decision makers. Regulating services
such in particular present difficult challenges
given their public good nature (lack of markets).
Cities are dynamic systems requiring adaptive
polices. And the goals, costs, and distribution of
Gl services and disservices must be established.

Adaptive management in Canadian
natural resources law and policy:
lessons for EU GI policy and
implementation

“Adaptive Management in Canadian Natu-
ral Resources Law and Policy: Lessons for EU
GI Policy and Implementation”, a presentation

by Associate Professor dr M. Olszynski (Calgary
University, Canada) shares the Canadian expe-
rience with adaptive management [18] with a
view towards identifying the opportunities and
challenges for its incorporation in European
Union (EU) GI policy and implementation.
Much has been written in both Canada and the
United States about adaptive management in
the past two decades. Broadly understood as an
iterative approach to environmental problems
wherein management actions are designed as
experiments with a view towards learning, adap-
tive management’s implementation in Canada,
as elsewhere, has been described predominantly
as lacking in rigour — what leading U.S. schol-
ars have termed “adaptive management lite”.
A recent review of the Canadian forestry and
energy resource sectors confirms long-standing
concerns: varying conceptions, including as a
routine strategy thalt guarantees positive en-
vironmental outcomes; insufficient attention
being paid to experimental design; and no or
incomplete implementation. Adaptlive manage-
ment is also often misused to circumvent related
regulatory requirements.

If adaptive management is to play a role
in EU GI policy and implementation, serious
consideration should first be given to the de-
velopment of an adequate regulatory and policy
framework. Examples of such frameworks have
been proposed in both Canada and the United
States and should provide a useful starting point
for the discussion.

Forest ecosystems as a key element
of EU GI: policy implementation and
effectiveness

“Natura 2000 [16] and Forests in EU-28:
Policy Implementation and Effectiveness”, a
presentation by an Associate Professor dr Metodi
Sotirov (University of Freiburg, Germany),
shows that forest ecosystems represent a key ele-
ment of Natura 2000 network of protected areas
based on the EU Habitats and Birds Directives
and serving as one of the main instrument of
Gl in the EU [17, 18]. This is as 50% of Natura
2000 is designed in and/or depend on forest
ecosystems. An integrated approach towards
nature conservation and land use (e.g., forestry,
agriculture) is expected to restore habitats and
species and/or to keep them at a favourable
conservation status.

However, the scientific and experts knowl-
edge about Natura 2000 effectiveness shows that
the majority of habitats/species are in unfavor-
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able conservation status, and that effective man-
agement plans and measures are lacking. Yet,
some best practices of Natura 2000 conservation
in forests do exist. The effective forest habitats
and species conservation under Natura 2000
depends on appropriate implementation across
the EU-28 and has to consider also climate
change, nitrogen emissions and forestry opera-
tions. Despite legal provisions about ecological
connectivity, the Natura 2000 still needs to be
further developed and managed as a connecled,
flexible network that can cope with climate and
land use changes.

In order to make further progress, three key
challenges need to be tackled. First, ideological
and information challenges have to be addressed
by improving communication between authori-
ties and between them and stakeholders, and
spelling out both win-win situations for and
actively managing trade-offs between nature
conservation and forest management practices.
Second, economic interest-based challenges
are to be tackled by encouraging co-funding
from all administrative levels, and from nature
conservation and agriculture/forestry sectors
geared towards the effective provision and use of
compensation payments to support conservation
objectives, and sustainable forest use where ap-
propriate and compatible with nature conserva-
tion. Last but not least, institutional challenges
in Natura 2000 implementation in forests have
to be tackled by improving the cross-sectoral
policy integration and by strengthening coordi-
nation between the nature conservation and the
forestry/land-use sectors.The positive effects
of Natura 2000 in forests can be improved with
appropriate application of Natura 2000 policy,
integrated /adaptable site management and (re-)
designation to allow species and habitats to re-
main despite changes, and creating safeguards
towards meeting conservation objectives. This
needs to go hand in hand with the involvement
of forest managers/owners and nature conser-
vationists in setting conservation objectives and
assessing conservation status and understand-
ing and managing the trade-offs between forest
ecosystem goods and services and Natura 2000
management objectives.

Gl in EU policy

“Working with Nature, rather than against
it: Glin EU Policy”, a presentation by Mrs Karin
Zaunberger (Directorate General Environment,
European Commission) discusses several con-
cepls, which aspire to work with nature rather

than againstit. All are based on the principle that
ecosystems in healthy condition deliver multiple
benefits and services for human well-being and
can thereby address economic, social and envi-
ronmental goals simultaneously. Depending on
their context, these activities are framed as Green
Infrastructure (GI), Ecosystem-based Adaptation
(EbA), Ecosystem-based Disaster Risk Reduc-
tion (EcoDRR), or Natural Water Retention
Measures (NWRM). The term nature-based
solutions (NbS) is used as an umbrella term.

Over the last decade EU has adopted several
policy instruments and guidance documents rel-
evant for GI. These include a dedicated Strategy
on Green Infrastructure [4], and the follow-up
documents such as the recent EU Guidance
document on a strategic framework for further
supporting the deployment of EU-level green
and blue infrastructure [7], which encourages
a more strategic and integrated approach to
scaling-up investments in EU-level GI projects.
The European Green Deal [19] covers a range
of initiatives for which the deployment of GI
is important: EU Biodiversity Strategy 2030
[20], Farm to Fork Strategy [21], Climate Law
[22], elc.

Concluding remarks

To sum everything up, “GI” is a policy solu-
tion, which can help societies address a variety of
environmental, social and economic challenges
in sustainable ways. Yet, it is challenging, to
design an enabling GI policy and implement it.
Among otherlegal challenges and opportunities
for Gl design and implementation are the uncer-
tainty behind Gl and its multifunctionality. The
article suggests the different types of uncertain-
ties, which may be encountered in the process of
GI design and implementation. Acknowledg-
ing that uncertainties exist — is the first step
towards managing uncertainty in the context
of GI design and implementation. The second
step is —identifying the type of uncertainty. The
present article suggests that the two major types
of uncertainties in GI design and implementa-
tion context may be: “Epistemic Uncertainties”
and “Linguistic Uncertainties”. I[dentifying the
types of uncertainties is important as it allows
selecting an approach to manage it. The article
suggests that the possible legal approaches to
uncertainty management in the context of GI
design and implementation may be: the pre-
cautionary principle, the adaptive management
(e.g. Canadian experience), and the evidence-
based approach.
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To conclude, the article contributes only
to the beginning of providing answers to such
complex questions as: what is GI? What are
the types of uncertainties in the context of GI
design and implementation and how to manage
the uncertainties with the available legal tools?
What is “multifunctionality” and what may the
consequences be for the shift of the focus from a
“single purpose” to “multifunctionality” in the
context of GI design and implementation? And,
moreover, how to frame the trade-offs between
biodiversity conservation and ecosystem services
provision into GI policy and law (e.g. biodiver-
sity conservation and other ecosystem services
provision sometimes conflict)? The research on
the questions continues, including, inter alia,
the agreement of the “Woodnet” webinar partici-
pants on the need to issue a collective handbook
and to hold an international conference on the
legal aspects of GI design and implementation
in December, 2021 [24].
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Bausmue nmanpaepona na npomece mHEUIMPOBAHNT
KJICTOYHBIX KYJAbTYP HEKOTOPBIMU BUPYCaAMU

© 2020. M. A. AzsamoB, K. B. H., B. H. C.,

Depepanbhblii arpapHbiii Hayunbiii enTp Cesepo-Bocroka
nmenu H. B. Pypauikroro,

610007, Poccus, r. Rupos, yu. Jlenuna, . 166a,

e-mail: lazermikl@yandex.ru

AmnTporiorentoe Bo3jieiicTBIE HA HKOJIOIMYECKYIO0 00CTAHOBKY MOKET HPUBOJNTL K M3MEHEHNIO reHoMa O11M3KOPOJ-
CTBEHHBIX BIPYCOB JKUBOTHBIX I UejoBeKa. Taras curyaiius cos/iaér yrpo3y BOBHUKHOBEHU ST HEKOHTPOJIMPYEMbIX HITH/Ie-
MUYECKIX 1 HITNB00THYECKIX [TPOIECCOB.

[TpumeHeHNe XUMUYECKN CHHTE3UPOBAHHBIX HPOTHBOBIUPYCHBIX IIPEIAPATOB BHI3bIBACT MMOSIBJICHIE PE3UCTEHTHBIX
MYTaHTHBIX TUIIOB BUPYCOB repiieca n ajieHoBupycoB. Kpome Toro, Xummdeckue mperapaThl BbI3bIBAIOT CUCTEMHBIE 0CJI03K-
HEeHUs IPY Tepalni ajleHOBIUPO30B U repliecHbIX 3a00/IeBAHMIT YeJTOBEKA U KIBOTHbIX.

C nesabio moncka Ge3BPEHBIX MPOTUBOBUPYCHBIX TIPENApPaTOB ObIJIO M3YUEHO BJIUSHUE [INATblepoHa
(meRarnPOKCUIIPOTITHA-2-/[eTIeHOTHIPON30X THOIMHA ITMeTHIAMIHOITAHOJIA ThOYMITHATA ) Ha IIPOIece MHDUIMPOBAH IS
RyJabrypbl KiIeTok MDBK (kysibrypa KiIeTok nmodek sMOpHoHa KOPOBbI) aJleHOBUPYCOM 3 THIIA KPYITHOTO POTaToro CKOTa
1 Ryasrypbl IR (mouku sm6puona kopossr) Bupycom reprieca | tuna (Bos3dymureseM nn@eKImoHHOro puHoTpaxenra).
YeranosieHo, 4to auanibaepos B gose 1000 Mkr/mia He obaan iurorokendecknm jeiicreuem na kietkn MDBK u TT9R.
Jlnanbaepon B ose 100 Mrr/mit He oOs1ajiast MpsAAMbIM BUPYINIUHBIM JeIiCTBIEM Ha aJleHOBUPYC 3 TUIIA HA KYJIBTYpe Kiie-
tork MDBK, B0 sie Bpemsi B Teuenvie 48 4 nHrinOMpPoBas perimKkaiiuio BUpyca ¢ MHQUIUpyomei akTmBHOCTbIO 2,2 IgTI[IIWm
(TRaHeBast UTOLATOTEHHAS /{034, BRI3bIBatoIas rubens H0% rierok MoHocH051). B rederne 96 1 mpenapar CHIKAI KOJII-
TeCTBO MHPUIIPOBAHHBIX KIeTOK /10 76,2+0,15% 1o cpasuernnio ¢ 99,8+0,11% (B xomTpose).

Wcenepyemblii perapar moJHOCTHI0 MHTMOMPOBAJ peruinKkainio Bupyca reprieca 1 tuna wa vyasrype wierok [TOR
W BBI3BIBAT cHUsKeHne TuTpa supyca na 3,45 IgTIL, . Jluanbaepon B reuenue 96 4 cHUKAT KOTMUECTBO NHOUIIPO-
Banubix Kiaetor [TOK ¢ 98,4+0,15% (B konTpose) po 9,éi0, 12% (B omeite). [pemapar mpegoTBparmarr 3akICIeHme Cpejibl,
IOHUKAJ Y POBEHH MAJIOHOBOTO JINAJIBETH/A 1 BbI3bIBAJI AKTHBATIIIO BHIPAOOTKH 0-nHTepdepona B Kyabrype kierok [TIR.

Kuouessie cosa: nnainbiepot, aleHOBUPYChI, BUPYCHI repiieca, MHEUINPOBaHIe, KYJIBTYPbI KIETOK.

Dialderon effect on cell cultures infection by some viruses
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Anthropogenic effects on the ecological situation can change the genome of closely related animal and human viruses.
This situation threatens the emergence of uncontrolled epidemic and epizootic processes.

The use of chemically synthesized antiviral drugs causes the appearance of resistant mutant types of herpes viruses
and adenoviruses. Then chemical drugs cause systemic complications in the therapy of adenovirosis and herpes diseases
of humans and animals.

The virucidal effect of dialderon (decahydroxyproline-2-decenohydroisoquinoline dimethylaminoethanol albumi-
nate) on the cell infection of MDBK (Madin-Darby bull kidney) cell culture with cattle type 3 adenovirus and herpes
virus on the KEC (kidney embryo cow) culture was studied in order to search for harmless antiviral drugs. It was found
that dialderone in a dose of 1000 pg/mL did not have cytotoxic effect on MDBK and KEC cells. The dialderone in a dose
of 100 pg/mL had no direct virucidal effect on type 3 adenovirus on MDBK cell culture, while inhibit virus replication
with infection activity of 2.2 lgTCIDWdeuring 48 hours. The drug reduced the number of infected cells to 76.2+0.15%
compared (0 99.8+0.11% in the control after 96 hours.

The test drug inhibit completely the growth of herpes type 1 virus on the culture of KEC cells and reduced in the
virus titer by 3.45 lgTCIDW,"L. Dialderon reduced the number of infected KEC cells from 98.4+0.15% (in control) to
9.6+0.12% (in the test) during 96 hours. The drug prevented acidification of the medium, lowered the level of malondi-
aldehyde and caused the activation of a-interferon production in the culture of KEC cells.

Keywords: dialderon, adenoviruses, herpes viruses, infection, cell culture.
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B coBpemennoii Meguiinie sruugeMmnyie-
CKUIl 1TPOIecC paccMaTpuBaeTcs Kak CJAOyKHas
CONMAIHLHO-IKOJOTHYECKasl clicTeMa, B KOTOPOil
B3aUMOJIEICTBYIOT IOITYJIAINN X035iMHA (4es0Be-
Ka, }KIMBOTHOTO) 1 rapasura (Bupyca, baKrepui)
B MBMEHSIONUXCH MPUPOHBIX U COIMMATbHBIX
yeaoBusx [1, 2]. 3arpsisnenue armocepbl KO-
TOKCHKAHTAMI (TeITUIIOM, IHOKCHHAME, OeH3|a |-
MUPEHOM, KCUJIOJIAMU 1 IPYTUME ), ITAPHUKOBBII
adderT, BHIpyOKa JIecoB, BBICOKAs YHCIEHHOCTD
JIOJICIT U CeJTbCKOXO3SIICTBEHHBIX KUBOTHBIX B OT'-
PAaHWYEHHBIX TPOCTPAHCTBAX M3MEHSIOT TeHOM
60J1e3HeTBOPHBIX BUPYCOB, YCUINBAIOT NX ITACCATK
n KOHTArmo3HocTh (CIMOCOOHOCTD Mepefgayn or
OOJIBHBIX K 3[[0POBBIM), TIOBBIIIAIOT BUPYJIEHT-
HOCTH (cTereHnb H60Je3HeTBOPHOCTH), UTO MOJKET
HPUBOMUTH K CMEHE BUAOCHEIUPUUHOCTH BU-
pyca. Harmsubiii mpumep stoMy — nasjeMusi
pasanmuHbIx THIOB Kopomasupyca SARS-COV
(COVID-19), nepenaBiiuxcs 4eJ0BeRY OT JIeTY-
YUX MBITTEH (Kak TPUPOIHOTO pe3epByapa) u mpo-
ME;KYTOUHBIX X0351eB — BepOJIIofloB 1 1uBetT [3].

Kpome roponasupyca SARS-COV 3na-
YUTEJIHLHOE BHUMAHE BUPYCOJOTOB Y/EIAeTCs
BUpYycaM repieca u ajeHoBUpycam 4deaoBeKa
u sRUBOTHBIX [4—6]. Bupycsl reprneca n ajeHo-
BUPYChI OTHOCATCS K ITAHTPOITHBIM [TATOT€HAM, TO
€CThb ITOPAKAIOT JIbIXaTeJIbHbIe ITYTH, KeTYI0UHO-
KUIIEeYHY0, MOUYETIOJIOBYIO 1 3DUTEJbHYI0 CUCTe-
MbI OPTaHOB, JUMMOUHYIO U HEPBHYIO TKaHMU,
a TaAKyKe MOTYT BbI3BIBATh OHKOJIOIMYECKIEe 3a-
OoseBaHMst. ITH BUPYCHI CTPOTO BUocerndma-
HbBI, HO TeHOM HEKOTOPBIX TUIIOB a/[eHOBUPYCOB
KpynHoro poratoro ckora Ha 92-94% cxopen
¢ TeHOMOM ajieHoBupYyca desnoseka [7, 8]. Takoe
AHTUTEHHOE CXOJ[CTBO MOJKEeT MPUBECTH K He-
MPeCKasyeMbIM pesyabrataM IoJ| JeiicTBueM
Pa3IMYHBIX 9KOJOTUYCCKIX BO3JCIICTBUIA.

Bupychr reprieca obsafaioT BeICOROIT J1aTeH-
el — MOKM3HEeHHBIM COXpPaHEeHIeM BUpYyca
B HEPBHBIX KJIETKAX PErHOHAPHBIX TaHTJINER
TYBCTBUTEILHBIX HEPBOB, UTO BEJIET K YTHETEHITO
IyMOPaJIbHOTO 1 KJIETOYHOTO UMMYHUTETA 11 BO3-
HUKHOBEHNIO BTOPUUYHBIX UWMMYHOIePUITHTOB.
[uramanas perimKaius Bupyca repreca B mMH-
(UIPOBAHHBIX KJIETKAX TPOITHBIX TKAHEI CO3/1aéT
Yrpo3y 000CTpeHUsT U BOSHUKHOBEHUSI DITACM -
YECKOTO WJIN HTTI300THYECKOTO TTPOTIECCOB.

AnenoBupycsl, B cuay csoero guaore-
HeTUYECKOTO pasBuTUs, 00J1aail0T BHICOKOII
YCTONUMBOCTHIO K XUMUYECKUM JleTepreHTam
n yaerpaguoseropomy odaydernio. OHu BbICO-
KOYCTOIYMBbI 1 COXPAHSIOTCS B BOJie 6acceiiHOB
U OTKPBITHIX BOJIOEMOB JI0 TPEX MECAIEB, B BOJIO-
MPOBOJIHOIT BOJIe — HECKOJIBKO Hefesb. CooTBer-
CTBEHHO, Y HIUX, KPOMe BO3JIYIIHO-KaIeJbHOTO

7 ROHTAKTHOTO TTYTH 3aPayReHMSsI, CYIeCTBYIOT
emné eraTbHO-OpPaJIbHBIN 1 BOJHBIN TIyTH |9,
10]. Iro mpUBOANT K YXYAIIEHWIO DITUIEMUO-
JOTHYECKOI M 9KOJOTUYECKON CUTyalnu 1mpu
MOTPEOJICHN T TAKON BOJIHI.

Kpowme Toro, amenoBupycsl ¢mocoOHsl 00-
pPa3oBBIBATH BHYTPUSIIEPHBIE BRIIOUEHUSI B BU/IE
arJoMepaToB KpUCTaLIool00HOT0 CTPOEHMSI,
YTO 3HAUNTETHHO MOJKET MTOBBIIIATH X YCTONY -
BOCTB K BO3/IEHCTBIIO (DMBMUECKIX M XTMITIECKITX
(arropos.

CoBpemMeHnHBIe MCCaEOBATETN CUNTAIOT
npejicTaBmuTes el HEKOTOPHIX TUTIOB aJIeHOBUPY-
COB 1 BUPYCOB repiieca «He[00leHEHHOU YTPo30i
YeJI0BEUECTBY», YTO PeasbHO TOJTBEPIKIATCS
BBICOKIMM ITPOTIeHTaM 1 3a00J1€BaeMOCTH JIIOJIei
U JKMBOTHBIX IIPU MOHUTOPUHIe BUPYCHBIX 3a-
oosneBanmii [11, 12].

B TepaneBtnuecroM acrexTe reprecBupyc-
HBIX 11 QJICHOBUPYCHBIX MHOEKITNIT TAKRe CyIIe-
CTBYIOT HKOJOTHYECKIe MTPOodaeMbl. XUMUUYECKN
CUHTe3MPOBAHHLIE JJeKaPCTBEHHbIe TTperaparhl,
TaKkme Kak nponsBojiabie mupodocdara, aMmnuo-
ajlaMaHTana, alnKJIOTyaHO3MHA, a TaKKe pi-
oasupun, nugodosup, xumepuc (CMX001),
IMUPOKO MCIIOTb3yeMble B Jle4eOHOI ITpaKTuKe,
BBI3BIBATOT MTOSIBJIEHIE PE3MCTEHTHBIX MYTAHTHbBIX
(op™ BupycoB, 00YCJOBIEHHBIX MYTaIUAMUI
rumuanHruHasel n [|HR-nonumepasst nopaskén-
HbIX Bupycamu kiertok [13, 14]. Hexkoropwie my-
TAHTHBIE THIIBI AIEHOBUPYCOB I BUPYCOB reprieca
TaKKe MProOdpeTaioT yeToiumBocTh K mHTepde-
poHAM BCJIEJICTBIE TTOLABICHNST TIPOTHBOBUPYC-
Horo kackaja peaxiuii [15, 16]. Bosabinacrso
MPOTHUBOBUPYCHBIX MPeapaToB, HECMOTPS Ha
JTOCTATOYHO BBICOKYIO TepameBTHYECKYIO d(-
(erTuBHOCTH, 007aaI0T HEPPOTOKCMIHOCTHIO,
rernaToTOKCHMYHOCTHIO M KapANOBaCKYJISPHOI
TorcnyHoOCThIO [17, 18].

B cBsizu ¢ 91MM BechbMa akTyaJ I bHBIMU SIBJIS-
10TCs1 pazpaboTKa 1 M3yueHie HOBbIX IPOTHUBOBY-
PYCHBIX ITperapaToB ¢ MUHUMAJIbHBIM TT0O0UHBIM
JeiicTBIeM Ha MAKPOOPTAHT3M.

[Tenn Hammx mcciefoBaHNIl 3aRA0YATACH
B M3YYEHUU MPOTUBOBUPYCHOTO JICHCTBISA TIpe-
mapara quaibepoH (IeRaruipoRCuIpoTnua-2-
MeTeHOTUAPON30XNHOANHA JUMeTHIaMITHOITa -
HOJIA TLOYMIHATA) B OTHOIIIEHU N BO3OYIMTE el
3abosieBaHMIT KPYIMHOTO POTATOr0 CKOTA — ajie-
HOBUpYyca 3 THHa u Bupyca repreca 1 tuma Ha
KYJIBTYpax KJIeTOK.

MarepuaJibl 1 METOIbI HCCACTOBAHUS

JleiictBre puanbaepona Ha mporece nHQm-
IITPOBAHNA KICTOUHON KYJIBTYPHI aeHOBIPYCOM
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3 Tuna nzydyasnm "Ha ryjaprype kiaerok MDBK
(Madin Darby Bull Kidney). AnenoBupyc 3 tuna
OBIJ BBIJIETIEH M3 IRCCYy/laTa HOCOBOW TOJOCTI
60JILHOTO TeJIEHKA.

Rynwrusuposanue kieroxk MDBK ocytiecr-
Basnan ma cpeme Ne 199 [19] ¢ mobasnernnem
10% nHakTHBUPOBAHHOI HArpeBaHIEeM dDMOPIO-
HaJIBHOM Tesssubell ceiBopoTku (Gibeo), 2 mmL
rayramuaa (Sigma) n antuonornkos: 100 EJ1/va
nenunuaanna, 100 Mrr/ma crpenrtomuimna
n 100 mrr/mn aucratnna va 1 Mt cpejib.

OreHRy IUTOCTATIYECKOTO TeTCTBIISA INab-
llepoHa Ha HeMHEUINPOBAHHBIE KIETKN TPOBO-
JIAJIA TIPY BBEJIeH U JINAJIbIePOHA B KOJINYEeCTBe
1000 mrr/ma B coctae cpensr Ne 199, koropoit
MOKPBIBAJIN CJIOH KJIeTOK Kyjabryphi. Vcmomnb-
30BaJIM TECT afcopoIunm — cloCOOHOCTb FRUBBIX
KJIETOK TIOTJIONAaTh 1 HAKATLINBATHL KPACUTE]h
HelTpaJbHBIN KPACHBIN B J30coMax 6Jjaro-
faps sJieKTpocTatnyecKomy rnputsyrennio. Ilo-
BPEKJCHIS JTN30COMHBIX MeMOpaH TPUBOIIIO
K CHIPKeHNIO HAKOIIJIeHN ST KPACUTeJs, TOATOMY
OKpaminBanme COOTBETCTBOBAJIO KOJMYECTBY
FRI3HECTIOCOOHBIX KTeToR. Rysnbrypanbabre dora-
ROHBI MHKYOUpoBaau B reuerne 96 u. [leiictraue
npernapaToB OIEHNUBAJIN €3KeJlTHeBHO MeTO/[OM
CBETOBOI MUKPOCKOTINI T10 N3MEHEHWIO KIeToY-
HOTO MOHOCJIOSI.

[Tepen nuunupopanuem rkierku MDBK
BHIPAIINBAJIN B KYJbTYpPaJbHBIX (plaKkoHAX
(Orange Scientific, Beabrust) mo oopazoBanus
monocsost ipu 37 “C Bo BaaskHoil armocgdepe,
copiepsrateit 5% CO,, mocye yero KIeTKH 3apa-
AN aJIeHOBUPYCOM 3 THTA ¢ MHEOERITNOHHOM
aKkTuBHOCTHIO 2,2 lg T]_[I[So/m.

Bansanaune puanbaepona Ha mporece nHOM-
IITPOBAHMS KJIETOK OIeHNBAJN, BBOJS B KYJIb-
TYPY CTepPUbHBIN PacTBOp IuasibjlepoHa B j03e
100 mrr/mit. Pe3ynbraTsl 3apaykEHHOCTH KIETOR
U JiereHeparui MOHOCJIOS OT[eHIBAJI BU3YaJlb-
HO 11pu 80-KpaTHOM yBeJMYeHU MUKPOCKOTIA
yepes 24, 48, 72 n 96 u. llepsuunniit mopdoo-
MUYeCKUI aHaJN3 CBOAUICSH K OOHAPYIKeHUIO
U3MEHEHUIT B CTPYKTYpPe OJIHOPOJHOTO KJIeTOY-
Horo caost uccaenyembix Kyasryp MDBK n yera-
HOBJIEHUWIO TUTOTTaTNndeckoro aderra B HNAX.
RosmuectBo muuimpoBaHHbIX aleHOBIPYCOM
rrerok MDBK, oxpamennsix 0,01% pacrtso-
POM aKpPUAMHOBOTO OPAaHKeBOTO (Sigma), BbI-
ABIsAIN yepes 24—96 4 urodroopeciieHTHBIM
METOJIOM TTOJT YJIBTPaoJIeTOBbIM N3TyYeHIEM.
Jlnst onpepesieHnsi KOJINYECTBEHHBIX OIEHOK
UHPERIMOHHON aKTUBHOCTH MCIIOJIb30BaIN
MeToJl TuTpoBaHusa Bupyca no Puny n Menuy
¢ pacuérom TL[I[:)O/val (lg TkaHeBOIl TUTONATO-
renHoil 1oswr) [20].

BupyautiuaHoe fgeiicTBre ualibiepoHa B 10-
3e 100 MKr/mi Ha NHPERIMOHHYI0 aKTUBHOCTh
BHUpPYCa 1 MHTeHCU(PURATINIO 3aRUCTCHUS CPeJibl
B Kysabrypax riaerok 19K (moukwm smOpuona
KOPOB) OIEHUBAJIN [IPU 3apPasKeHUN BUPYCOM
reprieca 1 tunia — Bo3oyauresem NPT (nnperim-
OHHOTO PpUHOTPAXenTa KPYIHOrO pOraToro ¢KOTa )
mrammoMm « Pymbia» (13 romteriun @I'BOY BO
MI'ABMub — MBA umenn K.M. Crpsiouna).

Rynprusuposanue wierox I[TIK ocymect-
Bastin va cpege Noe 199 ¢ gobasienuem 10%
deTasbHOIT CHIBOPOTKU KPYITHOTO POTATOTO CKO-
Ta. AHTUOMOTUKN TTeHUTTUIINH, CTPENTOMUITNH
" HUCTATHH I00aBIsm B cpey u3 pacuéra 100 K]
na 1 Mt cpejibl.

[Tepen madunuposannem riaerku [IIK Bbipa-
IIUBAJIN B KYJIBTYPATbHBIX (DrakoHax (70 cm?), 1o
10 TITyR — Ha KOHTPOJIH 1 OTTBIT, 10 00pa3oBaHMsA
MOHOCJIOSI, TIOCJIe Yero KIeTKN 3apajkajii BUpYy-
com repreca 1 Tima ¢ nHQERIMOHHON AKTHBHO-
cThI0 6 lgTHﬂSO/M.

Bausinue puanpaepona na nporece nHn-
U POBAHIS KYJIBTYPbI KIETOK OTIEHIBAJIH, BBOJIS
B KYJBTYPY 3apaskeHusi PacTBOP AMATbIepOHa
B kostmuecTe 100 Mir/mir. Pe3yibrarsl 3apaskén-
HOCTH KJIETOK U JlereHepalini KyJbTypbl OlleH -
BasIM BU3YyasibHO TIpn 80-KpaTHOM yBeJIMYeHUN
MUKpOCKoTa yepe3 24, 48, 72, 96 u. IlepBuunbiit
MOPQOJIOrTYECKIIT aHAIN3 CBOJIMIICS K 00OHAPY-
JKEHUI0 N3MEHEeHUIT B CTPYKTYpe OJ{HOPOTHOTO
RICTOUHOTO ¢JIOS mecaenyeMuix Kyaoryp [IOR
W YCTAHOBJIEHUIO IUTOMATHYCCKOTO dPherTa
B HX. RommdyecTBo mHPUIMPOBAHHBIX BUPYCOM
repmeca 1 tuma rierox, oxparmennnix 0,01% pac-
TBOPOM aKPUAMHOBOTO OPAHIKEBOTO, BBISBISAIN
gepes 24 4 uToQA00PECIeHTHBIM MEeTO[OM TIO/]]
YIABTPADUOTETOBBIM UBTYUEHITEM.

UurerncuBrocTs MHOUIMPOBAHUS MOHO-
CJIOST OTIPEJIeJISIIIN TAKKe 110 3aKNCJTEHUIO CPeJibl
1 U3MEHEeHUIO 1BeTa Kpacureys (peHoOT0BOTO
KpacHoro), pearupytoigero Ha cuasuru pH,
00yCJIOBJIEHHBIE METa0OTNYeCKITME TTPOIeccamMu
B KaeTkax. [ljis onpeneserns KOanvyecTBeHHbIX
OTEHOK 110 MHMEKITNOHHOIT aKTUBHOCTH BUPYCa
MCIOJIL30BATN METO/l THTPOBAHUS BUPYCA 1O
Pupgy mw Menuy ¢ pacuérom IgTTI]L an

KonunyectBO MaioHOBOTO Jinalbaeruja
(MJIA) onpenensiin mHa crerrpodoromerpe
«Spekol 1300» ('epmarmst).

Yposenb anbha-nnrepdepona orpenessin
MeTo/I0M MMMYHOPEePMeHTHOTO aHamn3a jina-
raocTukymamu «Cusabio Biotech Co» (Ruraii)
Ha nmMmyHogepmenTHom anasnuzarope Zenyth
340 (Anthos).

Cratnctinaeckyio 0opabOTRY JAHHbBIX [TPOBOJTIII
cucriosibzoBanreM rporpamm STATISTICA [21].
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Pesyabrarsl u 006cyskienne

[Ipu nccnemoBary MUTOTORCUYECKOTO JIeTi-
CTBUS HA KYJIBTYPBI KIETOR 03 BUPYyca yCTaHOBILIH,
uto fuasibaepor B konieHtparuu 1000 mrr/mir ve
BBI3BBIBAJT MUKPOCKOTIMICCKIX M3MEHEHIH MOHO-
cost kyanryp. o manmsiv Tecra agecopoIimm meit-
TPATBHOTO KPACHOTO MPOTCHT JKU3HECITOCOOHBIX
RJIETOK He OTIIIMUATICS OT ToKasaTesel B KOHTpoJIe.

Yepes 24 u nociie 3apaskeHust KJITOK
aJeHOBUPYCOM 3 TuIia B Turpe 2,2 lgT]_[Jl(.)O/m
B KOHTPOJIE OTMeUaJIn Mpotiece nHEUInpPoBa st
raerok MDBK, o obpasoBanuio B HIX O{HOTO
BRJIIOUECHIST, XapaKTepHOTO LIS aJleHOBIPYCa
3 muna. KonnuectBo mHQUIMPOBAHHBIX KICTOK
cocrasuiio 50,2+0,12% (ra6a. 1). Yepes 48 u
B KOHTPOJIE OTMEUAJN JIeTeHePaIinio MOHOCIO,
TTOPAKEHHBIC KITCTKIT ORPYTVIAICH, YRPYITHATICH,
B TIUTOIIIA3ME TIOSIBIISITIACH 3ePHUCTOCTD, RICTRI
CRAIIMBAMCH TPYITIIAMI B Buje Kucreit. [lere-
HepaIus MOHOCJIOS HAYMHAJIACH ¢ TIepudepui.

RonwuectBo mHEQUIIMPOBAHHBIX KJIETOK B
KOHTPOJIBHBIX KYJIBTYPaTbHBIX (pakonax K 96 u
nabaonenus cocrasuio 99,8+0,11% ¢ noanoit
Jlererepariieil MOHOCI0s1, a NHEPEKIMOHHAS aK-
TUBHOCTh afieHoBHUpYyca 3 Tuta ¢ 24 10 96 4 mo-
BeiciIach ¢ 3,24+0,05 o 5,28+0,06 1gTL[I[50/m.
Yposerub MJIA B KyabTypaibHOIi cpefie KOHTPOJIs
MoBbBIIIIAJCH, cooTBeTcTBeHHO, ¢ 6,4%+0,02 10
7,6+0,05 nir/ma. B nporecce muduimpoBanus
BUPYCAMMU KIETOK, B IX MeMOPAHHLIX CTPYKTYypax
CO3/1aBANCH YCJTOBUS JIJIsi MHTeHCU UKAT[IT
saxucienus cpenpl (pH = 3,5) B KynbType Kie-
Tok. IIpomece 3akmesrenna BANAT Ha YCHIeHe
MHEUIIPOBAHNS KJICTOK BUPYCAMU, YCUINBAsI
fereHepanmnio KIeTounoil KyJabrypbl. Anbga-
nuarep@epon Moy eiicTBueM ajeHoBUpyca
3 tunia na MDBK nociie 48 wacos nabmopenus
He obpaszoBwiBascs (Tabm. 1).

B ombite meiicTBue gumanbaepora mpeoT-
Bparmano nHUIMPOBaAHNE KICTOK B Tede-
Hue 48 4 B pesyanrare JOCTATOYHO BBHICOKOTO
ATTHOKCUTATTHOTO ICHCTBUA MCCTYEMOTO
mpermapara, uTo MOATBEePIKIACTCS OTCYTCTBI-
em 3arkucnenus cpeasl 1 MJIA. ObpasoBanue
anbda-mnrepdepora ObLTO BHIABICHO B OUCHD
HU3KOM KOJIMUCCTBE I He MOTJIO IPeOTBPATUTD
nHOUIIPOBAHTE KIETOK.

C 72 10 96 u nabsofieH s KOMMYecTBO NHQM-
NUPOBAHHBIX KJIETOK TOBbIIaM0Ch ¢ 36,0+£0,09
no 76,2+0,15%, a wndermonnas akTuBHOCTD
azrenopupyca ¢ 3,82+0,07 no 5,22+0,02 IgTTI/L -
TaKkyKe MmoBbiasncs n ypopeub MJIA, yeunuas
paszpyiieHue MoHocs0s1 Kietok (tadm. 1). [le-
reHeparmio MOHOCIOSI KIeTOK ormMedann ¢ 96 4
HabIIoneHmIA.

UccaenoBanns mokasaim, 4To JuaiblepoH
He 06J1a/1a)l MPSAMBIM TTPOTUBOBUPYCHBIM Jleii-
CTBUEM Ha aJIeHOBUPYC 3 THTIA.

Creryer yuectb, 4To MPSAMBIM BUPYJIUIII]L-
HBIM JleiicTBIeM o0JiajiaeT ,0CTaTouHo HeboIbIoe
KOJIMYECTBO MPeraparoB, B OCHOBHOM, XUMUYe-
CKUe COeJINHeHIS ¢ TOBBITIEHHOI TUTOTOKCUY-
HOCTBIO. [lasbiepon He 00s1a/1a TOKCHYeCKUM I
cBotictBamu [22].

ITpu zapasenun vyavrypsl [IOK Bupycom
reprieca 1 Tuma ¢ MHOEKINMOHHOIT aKTUBHOCTHIO
6 lgTL[I[SWMJ yepes 24 4 B KOHTPOJIe OTMeUaJIn
nporecc gerenepainun kietok. /leremeparus
3apasKEHHBIX KIETOK HAYMHANACH ¢ repudepnn
KJIETOYHOTO TITacTa, OPaskEHHbIe KIeTKN TTPH-
HUMAJIW 3Be31000pasuyio GopMy n K 72 u Ha-
OstofieHust POPMUPOBAJIN [IJIOCKKUE CUHIIUTUIM,
copepsramue mo 10-25 sapep. Ha yerBéproie
CYTKU JeTeHePUPOBAHHBIN KJIETOUHBIN TIIACT
OTCJIANBAJICA B BUJIe KPYIHBIX XJ101heB. K atomy
Bpement 98,4% wieror [IOK 6uiim madummpo-
BaHbl BUpycoM (1abdi. 2).

Huanbnepon B Kounnenrpanuu 100 mrr
BBI3BIBAJ PE3KOe 3aMejijieHie jereHepannn
ryqabrypbl [IOK, cuuskas npoment nudu-
NUPOBAHHOCTH KJIeTOK K 96 u HabaogeHus
1o 9,6+0,12% no cpasuennio ¢ 98,4+0,15%
B KoHTpoOJe (Tada. 2).

N3 mannasix Tabanisl 2 cleayer, 4to yeuie-
nne naduuposantoctn kierok 1IOK B kon-
TpoJie BRI3BIBAJT TIPOAYKT ormeaenus — MJIA,
HAKATIIMBATOTINIICA B KYJIBTYPaabHON cpeie 1
CTTOCOOCTBYIONINI Pa3pyIiennio 060JI0TeK KiTe-
10K, 4yepe3 96 4 B kourpose 1o 6,8+0,06 nr/ v
1o cpasHenuio ¢ onbitoM — 2,8+0,04 rir/mn. Can-
srene MJIA yraswpiBano na sammurnoe meMmopa-
HOTPOITHOE JIeHCTBIE INAIbiepoHa B KYJILType.

Kpome nogasnenus odbpaszoBanus MJIA,
[Maab/lepOH BbI3bIBAJ yCUJEHWE BbIleJTeHN s
anbda-unrepdepona waerkamu IR [23]
¢ 0,12£0,008 (B kouTpose) 1o 2,48+0,002 rir/mn
(B ompITE), UTO TMOATBEPIKAAIO TPOTUBOBUPYC-
moe meitctBue vepes 96 u mabmogenusa. Mn-
(ermmonHas akTUBHOCTH Bupyca repieca 1 Tu-
ma 1moji JIeilcTBIeM NajiblepoHa CHU3MIAch Ha
3,49 lgTL[IISO/M”, 4TO CBUJIETEJLCTBOBAJIO O Pes-
KOM 3aMe//IeHIN PeIIMKAINI BUPYCa B KJIeTKAX
(rabum. 2). [Ipn nanbueiimem HabaoeHnN, Yepes
96 4, nrdermonHas aKTHBHOCTH BUPYCa IIPOJL0JI-
rana camsRaThes 10 2,00+0,04 1g T

50w’

3arioueHue

B pesysbrare BHITIOJTHEHHBIX HCCTOBAHTI
YCTAHOBJIEHO, YTO AMAJbepPOH He BbI3bIBAJ
MUKPOCKOIINUYECKNX U3MEHEHUIl B MOHOCJI0€

227

Teopernueckasi n npuriagnas sxoaorust. 2020. Ne 3 / Theoretical and Applied Ecology. 2020. No. 3




COIMAJIBHAA 9ROJIOTUA

OUOJOP[RIP PIPPR [JIM STLITA [}IM SOIN)[ND
DAY petoeju] / eHOdoYIIrRNY WONHAI'aRQOT
o wooAdnd srgnH¥edRE VT MdATTIrAY]
0] = U ‘Teyuswittadxsy / O] = ¢ ‘LMII()

STLITA ) Y)IM P)99jul Se.anyno
DY / Wookdmd eraHHe¥RdRE Ve[ MdALarAy]
0] = u ‘Tonuon) / o] = u ‘arodiHoy|

rpw/Sd ‘wnipaw aanjno Ut [9A9] uodojiojul eydpy

200°0F8%°C | Y00'0FCYC | 900°0F8%1 | 800°0FSE T | 800°0FZ1 0 | Z00°0FEI'0 | €00°0FS0°0 | #00°0F90°0 1w /an “ortodo nondired LuaiAy |

enodopdornn-edare auagodg

qu/8d ‘wnrpaw 8an) N9 UT [9A] OPAYSP[RIPUOTRIA

Y0°0F8C | 20°0F8T | 20°0¥FCT 0 90°078'9 | Y0°0FC9 | 80°0FLC | GO0OFVC 1w/ ‘ortedd yondredAuariy

€ RIMIANIIRUY OI0G0HOI'RIW TH0d

L L o L L L . o T T LST ‘SUIA JO KJTAT)OR SNOT09jU]

70°0+6CC | €00FC€9¢ | 11'0FE8C | ¢l 0FCc € | €1 0F9¢°9 | 80 0F¢E9 | Y0 0FC¢¥9 | 800FECH O AT LS “eokdue daLoonaIN e BeHHOMINO(H]]

210796 | v10TCL 0 0 |CI0TOYS6 | VI0TIT6 | SOTE6L | CI0TESY " ,zoss.wvamwmm%wmwmmwMwwmm%mmww
moy 96 moy gy, moy gy moy 1y Inoy 96 moy g, moy gy moy 1y

h 96 hgl h gy h g h 96 hgl h 8 h g

ST IR\
NIOLRERHO] |

snaia sadaoy | odA) y)im sse00.ad DT Y 8INYND [[99 UOIID8 UL UO 199]J0 UOIP[RIP B[,
ennl | evdndar wookdud e Morory mdArdrAy suredodmnn@un ooonodr eH eHOdOYIIreNY OMHBUIL

2 °lqel, / g Bmrge,
qu/Sd ‘wnrpaur on) N9 UL [9Ad] UOIB)Io UL eyd]y
0 0 ¥00°0F17°0 | 900°0FCT°0 0 0 0 0 i/ ‘ortodo nonairedKiawAy g
enHododdornn-eddare auogod £
w/3d ‘wnipow 4Ny N Ul [0Ad] 9pAYSP[RIPUO[RIA
LO'0OFS'9 | Y00F9C 0 0 C0'079°L 80°0FY'L | CO0FTL 20°0FY9 i/ ‘ortodo nondired KAy
RIMIDIGIRUY 0OI0HOHOLRIN 9Hod0d £
D O S e rorie | anasroie | anier el N IS s Jo £1anoe snorooju
¢00F7¢c ¢ | LO0FE8E | Y00FCI'E | ¢00F0cc | ¥00F8¢C | 900F%CC | 8O0OFICY | CO0OFYEE 0% L8] “eokd g 9L00HE ML R BRHHOMINAMH]]
N GO0 N B (ot (NG % 98D pajovgul oY) Jo Kjrjueng)
C10FG 9L | 60°0F¢9€ 0 0 FIOF866 | 9007796 | V1 07618 | €1 0F¢0 0¢ 04 “MoTOI XIaHIREOd I 09100 HTF0N]
ANoY 96 anoy g, Inoy Q¥ Inoy ¥g INoYy 96 anoy g/, Inoy gy anoy ¥z
h 96 hgl h 8% h¥g h 96 hgl h 8% h¥e
OUOJOP[RIP PIPPR [JIM SILIIA [}IM SOIN)[ND
SN poroeyu / eHodadrent NomHa L dRQOY STLITA 91} Y}IM POJI_JUL SoINI N0 M IN
o wooAdnd orgHHNRdRE YN 19dA1arAy] wooAdng oraHHRKedRE SN 9dATarAY] ST IR\
07 = U ‘Teyuswitradxry / (0] = ¢ ‘LIII() 07 = u ‘Tonuon) / 0] = u ‘9arodiHo} NIQLRERMO |

1 9IqR], / | enmroe,

stsodtAouope ourAoq ¢ odA) ym ss9004d YN 24N ND [[99 UOTJOJUT U0 J99JJd UOIOP[RIP 9],

eIl ¢ erodo ororerod orounAdy ecodngonere wookdma YN Horory [MdArarAy suHegodutmdun vo9modn en enoderqrent ondLona|]

Teopernueckast u npurnamuas sroaorusi. 2020. Ne 3 / Theoretical and Applied Ecology. 2020. No. 3

228




COIMMAJBHAS OROJIOTUA

u He obJaaT MUTOTOKCHYeCKNM JIeHCTBIeM Ha
RyJIbTYpbl KIeToK. [Ipernapar 6aokupoBas Bbi-
paborky MJIA n npegorBparan mHduimpoBaxe
rkiaerok MDBK apenoBupycom 3 tuma B rederune
48 wacos. Jlnanpaepon He obamaT TPAMBIM BH-
PYJAUIUHBIM JIeHICTBIEM Ha aJleHOBUPYC 3 THIIA
m gepes 96 wacoB mpomexonIa geremepannsa
nH@UIIPOBAHHOTO MOHOCT0A KiaeTtok MDBK.

Hunanbnepon B 2,4 pasa cHUKAJN yPOBEeHbD
MJIA B rynbrype riaerok 19K, uro mogrsepsi-
[IAJI0 ero 3aluTHOe MeMOPaHOTPOIIHOE U aHTH-
OKCHJIAHTHOE JlelicTBIe.

Ha ocnoBanmm mojiydeHHBIX Pe3yJabraToB
ObIJIO OllpejeseHO, YTO Hpermapar 3amMe/Jisl
nporiece jerenepanum KyJaprypol kietok [T9R
Bupycom repreca 1 tuna n cumzkan na 89% wnmu-
(unupoanue Kiaerok. [[nanpepoH akTUBUPO-
BaJl BBIPAbOTRY asib(a-mHrepdepoHa, moaansi
perinkaruio Bupyca repreca 1 tuma na 119K
U CHIZKAA ero MHMEeKITMOHHYI0 aKTUBHOCTh Ha

3,40 ]gTHI[SO/M.
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HporpaMMa BRJIIOYACT IpoBeJ/ienne:

M3BOJICTBA 1 TOTPEOICHIST».

Harapeer, TpaHcHOPMATOPOB

JIe PTYThCOePHAINX OTXO0B

OcHOBHBIC TeMBI RpYyrJoro croJa:

TpebHa/B3opa.
U3BOJCTBA U IOTPEOJICHIA B PETHOHAX.

n3BOJACTBa 1 HOTpe6JIeHI/I}I Ha npearnpuATusIxX.

O

POCATOM

®30

VB Komw HL|
¥pO PAH

YBaskaembie Kostern!

[Tpurnamaem Bac npunsits yuactue 8 padore 11 Beepocceniickoii Hayuno-npakTnueckoii KonepeHum
«yTI/IJII/IBaI_[I/Iﬂ OTXO/10B ITPON3BO/ICTBA 1 HOTpeﬁJIeHI/Iﬂ: MHHOBAIIMOHHbIE ITO/IXO0/Ibl 1 TEXHOJOTUMN», KOTO-
past Oyzer ipoBojtuthest B 1. Kupose 16—18 mosops 2020 r.

1. IT Beepoceniickoit HayqHO-TIPARTHYECKON KOHMePeHINN « YTUIN3aI[1si OTX0/I0B ITPON3BOJICTBA 1 110-
TpebJeHN s MHHOBAIIMOHHBIE ITOJ[XO/[bI 1 TEXHOJIOTHI».
2. Kpyraoro crona « Rommuiekenast cucreMa KOHTPOJIST I MOHHTOPITHTA 110 0OPATIEHUIO ¢ OTXOIaMU TIPO-

3. XVIII Beepoccuiickoit HayuHO-TIPAKTUYECKOT KOH(DePEHINN ¢ MesRyHAPOIHBIM yuacTreM « buoyii-
ATHOCTIKA COCTOSTHIIST TTPUPOHBIX I TPUPOIHO-TeXHOTEHHBIX CHCTEM».

4. 1T BeepocceniicRoro MoJiojié;kHOT0 KOHRYPCa Hay4HO-NCCAeI0BATeILCKIX TTPOEeKTOB « Pazpaborka me-
TOJLOB M TEXHOJIOTHIT 00pallleH s ¢ OTXOJAMU TTPOUBBOJICTBA 1 TOTPEOIeHIS».

9. MnrennexkryaabHoil urpsl st cTyieHToB « bpeiit-punrs.

Wudopmarus o koudepenun, perncTpaniontas (popMa yUacTHURA I IPABUIIA
odopmiennsi Mmatepuanos pazmeniennl Ha caiire http://forum othody kirov.tilda.ws
Ronrakret opreomurera: e-mail: confbioeco@gmail.com, Tex. (8332)37-02-77

IT Beepocceniickasi HayuyHo-1IpaKkTHYecKast KOH(PepeHIus «YTUan3amnus oTxXo/i0B IPOu3BoCTBa
¥ OTPeOIeHIs: MHHOBAIMOHHBIE TTOIX0/bI i TexHoaorun» (17 nosops 2020 r.)
Roundepentus 6yaer npoBogurhes B popMe MICHAPHOTO 3aceaiiss i paboThl CeRITIIL:
Ceryus 1. Texnomornn yruinsamun Opranudeckux OTX0M0B U NPULICAIINX B HETOJHOCTb IIeCTHIIIOB
Ceryus 2. MeTo[bl 1 TeXHOJIOTUN YTUTUBAMUE U PEIKINHTAa Maces 1 HedTe3arpsa3HéHHbIX [LJIAMOB
Ceryus 3. YTuausarusa u peruKkJINHT 0TXO0B KICIOTHO-IETOYHOT0 TPOU3BOJICTBA, AKKYMYJISTOPOB,

C@HL;ZL.FL 4. Texuonaorum yruansanu u peuRrJINHT OTXO0/10B, CoJ/ieprallnx TAREIDIe MeTaJlJlbl, B TOM Y11C-

Ceryus 5. BHOTeXHOTOTHI YTHIM3AINN 1 003BPe;KIBAHIIS OTXO/I0B TTPON3BOJICTBA U MTOTPEOIeHIIS
Ceryus 6. Merompl KOHTPOJIS 1 HKOJOTHYECKOTO MOHIUTOPUHIA B PailoHe HPEAIPUATUN YTHIN3AINT
1 00e3BPEsKUBAHIISI OTXO0B TIPON3BOJCTBA U MOTPEOICHITS
Rpyrstii erosr « RomiiekeHast cmereMa KOHTPOJISI 1 MOHATOPHHTA TI0 00PATIeHITO
¢ 0OTXO0JIaMu Pou3BoicTBa u norpedaenus» (18 noadpsa 2020 r.).

SaKoHOMATeAbLHBIC OCHOBLI OPraHu3alui CHCTeMbl KOHTPOJIS 1 MOHUTOPUHTA 110 00PAIIeHIIo ¢ OTX0/a-
MU POUBBOJICTBA 1 TOTPEOJCHUS: TPOOJIeMBI, ITYTH PelieHus.

JlefictByTotias cmeTeMa KOHTPOJIST I MOHUTOPMHTA TT0 OOPATIEHNIO ¢ OTXOMaMU TTPOM3BOLICTRA T TIOTpe-
OJienus Ha NpefpuATHAX — BuICTyIIeHne npejgcrasureneil Pocpupopnansopa, Pocrexmassopa, Pocro-

W3 omita paGOT])I 11O opraHm3anuuum CuCTeMbl KOHTPOJA U MOHUTOPUHTA 110 06paH_[eHI/IIO C OTXO/JaMm 11PO-

3 onwita pa6OTLI 1O opraHmn3anuu CUCTeMbl KOHTPOJA U MOHUTOPUHTA 110 O6paH_[eHI/IIO C OTXO/JaMmu 11PO-
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Popwncst I'puropnit Axosmesny 14 wiots
1955 . B . Kupogse. B 1972 r. mocne ororuanms
cpejTHe MROITHI Ne O3 TIOCTY I Ha PM3MIeCKITi
parysrer ToMCKOTO TOCYTAPCTBEHHOTO YHWBED-
curera mm. B.B. Ryiiosrmesa. C1977 . mo 19791
paboTas yauresieM (UMK 1 aCTPOHOMIH B CPE]T-
He TKonie 1. ¥Yerh-Thim Hapracokckoro paiio-
Ha Tomcroit obmacTm.

B nepuog ¢ 1979 . mo 1982 r. I'puropuit
flxoBaesuu paboran unmmenepom HVC Ku-
POBCKOTO HOJUTEXHWYECKOTO MHCTUTYTA. B
1982 r. oH OCTYIII B OYHYIO0 ACHUPAHTYPY
Ousuxo-rexamaeckoro uacturyta AH CCCP .
A.®. Uodde mo cermuanmsrocta «Actpodusu-
Kay». C 1989 . mo 2006 . padoran B KupoBckom
TOCYJAPCTBEHHOM IEarOTHIECKOM MHCTUTYTE
M. B.. Jlerna Ha mOMKHOCTSIX CTAPIIETO Ha-
yusoro corpyaauxa HVC u crapmero npemona-
BaTeJis1 Kadesprl NHEOPMATIKY.

B 2005 r. 8 MocKoBCKOM TOCYIapCTBOHHOM
yHUBepcureTe reopiesnu u Kaprorpagun I'puro-
puii fKOBIEBIY YCIIEIITHO 3aIUTIAI KAHIIIAT-
CKYIO INCCEPTAIHIO 0 TeMe «Pa3paborka crpyx-
Typb HEQOPMAIMOHHO-aHATNTIIECKOT0 00ectie-
9EHUS CUCTEMbI KOMILIEKCHOTO SKOJIOTIIECKO-
T'0 MOHHTOPHUHTA B PafioHe pa3MemieHusI 00BeK-
TOB II0 XPAHEHHIO 1 YHUYTOKEHITIO XUMIIECKO-
IO OPY>KEsI» TO crenuanbHocTH «['eosromorms».

(2000 r. u mo Hacrosmee BpeMs 'puropuit
flkoBneBry paboraer HAyYHBIM COTPYAHUKOM B
aaboparopuu 6uomonuropunra Vucruryra 6uo-
soruu Komu HIT VpO PAH v BsirT'Y. Mt riesum
I'puropusi fIkoBneBnya Kak rIybOKOro mMCcie-
J0BaTeJIs M AaKTUBHOTO Y4éHOro. OfHa U3 0CHOB-
HBIX c(hep HayyHBIX MHTEpecoB | puropus Akos-
JieBuya — 00pabOTKA JAHHBIX SKCIIEPUMEHTOB 1
HaOJIIOIEHNI, B TOM YUCJIe C UCIIOIb30BAHUEM
I'MC-rexHoJ0r1i, METOLOB TUCTAHIONHOIO
30H/IMPOBAHUA 36MJIM 1 MATEMATUYECKOM CTa-
TACTUKY, Pa3pabOTKa KOMIIbIOTEPHBIX IIPOrPaMM
ny1st 00paboTKu auHbx. ['puropuii AxosieBuy
AKTHBHO y4acTBYeT B paboTax 110 roCyJapCTBeH-
HOMY 3ayianuio HcTuryra Grosorum, a TaksKe B
LIPOEKTHRIX paborax Jaboparopuu GMOMOHKUTO-
PUHTa — B TIOJIEBHIX ¥ J1Ia0OPATOPHEIX WCCIIEN0-
BAHUAX, B IOJTOTOBKE 7 0)OPMIICHIM HAYIHBIX
F TeXHWIECKIX OTYETOB.

I'puropusa HAxoBmeBmya oTIMIaer He TOMb-
KO OCTDHIN U He3ayPANHHIA YM, HO U «30JI0-
Thie» PyKU. UTO ORI HU CIYYMIOCH: BHIITEN 13
CTPOSA KOMITBIOTED WU CIIOKHEINA aHATUTHYE-
ckuit mpubop — I'puropmit fAKkoBIeBuY Bcerma
IOMO3KeT, MCITPABUT, OTPEMOHTHPYET, YCOBep-
IIIEHCTBYeT, celaer Jydie. Biarogapsa yme-

asM pyram ['puropms fikosmesmaa, st mpose-
JICHWSA TMOJIEBBIX 1 JIAOOPATOPHBIX PAOOT U3 TIO/-
PYYHBIX MATEPUAIIOB CO3/IAHBI TIPHOOPHI U MPH-
crrocoOseH s (HampruMep, 6aToMeTp Wi KiInMa-
TUYIECKAS KaMepa), KOTOPHIE TI0 CBOVM DKCILTY-
ATAIMOHHABIM KAYecTBAM HE YCTYIAloT IOPOTO-
CTOSITITAM TTPOMBITITIEHHBIM o6pastam. Orwd-
HO BIIJIes I36IKAMM TPOrpaMMupoBaams, I'pu-
ropuii fIKOBIEBIY CO3/1aT MHOKECTBO KOMITBIO-
TEPHBIX IIPOTPAMM 110 00pabOTKE MACCIBOB DKC-
IMEePUMEHTAJbHBIX TAHHBIX, CATHAJIOB C ©U3MEpPH-
TEJIHHBIX U AHAJIUTAYECKUX MPHOOPOB.

I'puropwmit fkoBIeBIY HA TPOTAKREHNT MHO-
TUIX JIET SBJISIETCS WIEHOM PEIROJIIETTH HKYPHA-
aa «Teopermaeckast v IPUKIATHAS SKOIOTHSY.
Xoporiee 3HAHNE AHTIINIICKOTO S3KIKA OY€Hb I0-
Moraer paboTe PeTaKITiui, i BO MHOTOM 0J1arofia-
DS €T0 YUIACTIIO JKYPHAJI BOIIIENT B MEJKyHAPOH-
HEIE HAYKOMeTpuIecKre 0a3bl JAHHBIX SCOPUS 1
Web of Science Core Collection. I'puropuii fxos-
JIEBITY AKTHBHO IIPIHIMAET YIaCTHe B PETAKTHAPO-
BAHUY 1 PEIIEH3NPOBAHU CTATEI HA 000UX A3BI-
KaX, KOHCYJBIZPYeT APYIUX WIEHOB PEIROILIE-
TV JKYPHAJIA.

I'puropmit AroBieBMY — HAMERHBIN APYT,
FCTUHHBIA COPATHUK B HAYYHBIX MCCIEOBAHMU-
AIX, YMHBIN ¥ IeJIMKATHRIN 96I0BeK. Kro orymiram-
TeJILHEIE YePTHI — BEICOKAs SPYAMIS, OTPOMHOE
JI9HOE 00asTHIE, TIOCTOSTHHAS TOTOBHOCTH IOMO-
raTh Kojuieram 1 yueHrKam. buiarogapst nomorimy
u noaaepskre ['puropus fAkoBieBnya yemenrno
3AIUTIINA KAHIUIATCKIE IUCCePTALUN 110 Me-
TOJIaM JUCTAHIMOHHOIO 30H/IMPOBAHUSA 3eMJII
¥ DKOJIOTMYECKOr0 KaprorpadupoBaHus MOJIO-
Ibie corpyaHuKu BATCKOro rocyqapcrBeHHOrO
ynusepcurera A.C. OnbkoBa, T.A. AgamoBuy,
E.A. Knexoskuna, T.W. Kyrasuna. B nacros-
wiee Bpems I'.f1. Kaurop siBisiercss HayuHbIM py-
KRoBoguresteM actimpanra B.B. Pyrmana. I'puro-
puii KOBJIEBUY COCTOSICA B JRU3HK HE TOJILKO
KaK y4€HbIN 1 1300peraresib, HO M KaK Lpe/iaH-
HBII MY?K 1 JIIOOSIIII OTel.

Mki or Beeit mymu nosnpanisieM Bac, I'pu-
ropuii fIkosiesuy, ¢ [{uém Posknenus, ¢ FOou-
aeeM! 1HesraeM Kperrkoro 3/[0pOBBSI, ONTIMU3MA,
NAIHHEHIINIX YCIIeXO0B U BIOXHOBEHUS B BCEX Jie-
JIaX, HOBBIX UJeH U WX BOILIOIIEHUS, GOJIBITION0
c4acThA 1 6maronoryuns Bam n Barmeit cembe!

Kouuexmue pedroanezuu
a «Teopemuuecrkasn u npukiadHas
U 1abopamopui 6LLOMOHUMOPUHRA
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