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[Ipesupent BsArcKoii TOProBo-1IPOMBIIIICHHOI 11aJIaThI
Huromnait Muxaitnosuy JInmmarnukos,

K. 9. H., uneH-koppecrnoupent PAEH,
[Houéruniit rpazknannn Kuposcroii odnactn

Bsirckast toproBo-tnipombliiyieHHas ma-
nara (TIIIT) na cucremHuoit ocHOBe paccma-
TPUBAET BOTIPOCHI, CBSI3aHHbBIE ¢ IKOJIOT eI
pernona. CerofHs sTa TeMa sIBJSIETCS 0CO-
OEHHO aKTyaJIbHOII, TIOCKOJIBKY KacaeTcs
obecrieueHmsI 3[I0POBOTO 0Opasa JKMU3HU,
COXpaHeHUs CPeJibl, B KOTOPOU KUBET
KayKJIbIIl 13 HAC. YMeJioe coueTanme rmoTpeo-
HOCTell YeJIoBeKa ¢ OKpYsKaloleil cpejoi,
C Pa3yMHBIM BeJleH1eM X03511i1CTBeHHO Jiesi-
TeJLHOCTH B PA3JTMYHBIX OTPACISIX — 3aj[aua
J000T0 pernoHa Harreii CTpaHbl.

Bsarcroit TII mocrossnao nipoBojsiT-
cs1 KoH(epeHInn 1 KPYTJIble CTOJbI, TIOCBSI-
MEHHbBIEe BOTPOCAM DKOJIOTTYECKOTO TIPef-
MPUHUMATETHCTBA, pobaeMam GopMupo-
BaHNs 0000 OXPaHSIeMbBIX TTPUPOHBIX Tep-
PUTOPUIL, DKOJTOTUYECKON KYJIbType Hace-
JIeH ST, TIpodJieMaM BOIOCHAOKeHUs 1 Ka-
YyecTBa MUTHEBOI BOJIbI 00JIACTHOTO TIeHTPA,
a TaKyKe BOTIPOcaM, CBSA3AHHBIM ¢ JIECOBOC-
CTaHOBJIEHIEM, 00ecIieyeHneM COOJTIOfIeH ST
JIECHOTO 3aKOHOATeNILCTBA, YTUIN3aliuei

OTXO/0B JIeCOIINJeHIA.

B nessx peanmsanum sKROIOTHUECKIX
sajau nipu Barekoii TI T cosnana Accorna-
1nus mepepadboTIMKOB OTXO/ 0B, OIHUM
13 HaIpaBJIeHUil B paboTe KOTOPOIl cTaj
npoekt «Co3manme cucteMbl yrpaBieHUst
OTXO0JaMu HOTpe6JIeHI/IH " BTOPUYHBIMN
MaTepuaJbHLIMU pecypcaMi Ha TeppuTo-
puI pernoHar.

RupoBcras obmactb obnamaer npu-
POJIHBIMU pecypcamMu, KOTOPbIe TT03BO-
JSIOT YCIeNTHO pa3BuBaTh 0a30BBIE OT-
pacau skoHomMukm. [Tpu atom yeroitunpoe
COMMATbHO-IKOHOMUYECKOE Pa3BUTIE
pernoHa BO3MOKHO TOJIBKO TIPU YCJIOBUNT
d(PPERTUBHOTO NCITOJIH30BAHNA TTPUPOIHO-
pecypcHOTO TOTeHI[aaa 1 odecriedyeHms
HKOJIOTHYECKOI 0e30MacHOCTH permoHa.
OnHuM 13 KII04eBbIX (DAKTOPOB JJIST HTOTO
SIBJISIETCST HeOOXOMMOCTh (hopMupoBaHMsI
HKOJIOTMYECKOI KYJIBTYPhl HACeTeHUs JIJIs
BBIPAOOTKI TPAMOTHOTO, 9KOJOTHYECKI-
OTBETCTBEHHOT'O TIOBEJIeHNsT Ha TTPOM3BO]I -
cTBe 1 B OBITOBOTI chepe.




Teopemuueckas
U nPUKEAAOHAS
DKOAOI'MA

Ne 1, 2019

http://envjournal.ru

YKypHan BKIto4éH B MepeyeHb BEAYLUMX PeLeH3NpYeMbIX

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

(N2 1959 no cocrosimto Ha 30.11.2018).

JKypHan BKINIOYEH B KaTanor nepuoguyecknx n3naHuii
Ynbpux (Ulrinch’s Periodicals Directory),

B Gubnmorpachuyeckue 6a3bi Scopus (SourcelD 21100828916),
RSCI Ha nnatchopme WoS, Google Scholar

1 Poccuickuii MHREKE Hay4Horo uuTtuposaxus (PUHLY).

Xypnan uspaétca ¢ 2007 ropa.

Yupeputenu xypHana: 000 U3patennckuit Jom <KamepToH»,
®I60Y BO «BATCKMIA rocyfapcTBeHHbIA YHUBEPCUTET.

InasHbii pegaktop T.5. AluLMXMUHA,

A.T.H., POCPECCOp, 3aB. TA00PATOPYEIA BATCKOrO
rOCYAAapCTBEHHOO YHUBEPCUTETA, 3aB. flabopaTopuei
VHcturyTa 6uonorun Komu HL YpO PAH

3am. rnasHoro pegaxtopa J1.A. [lompayesa,
1.6.H., npodbeccop BATCKOW rocy1apCcTBeHHON
CembCKOX03AVICTBEHHOM aKanemum

3am. rnasHoro pegaxtopa C.B. [lérteBa,
0.6.H., MHcTuryT 6ronorim Komm HL YpO PAH

3am. rnasHoro pegaxropa W.I. lnpokux,
1.6.H., 3aB. naboparopuen

(depnepanbHOro arpapHoOro Hay4Horo LieHTpa
CeBepo-Boctoka um. H.B. PygHuukoro

3am. rnasroro pegaktopa b.A. Kouypos,
LI H., pogheccop, BeayLLMiA HayHHbIN
COTPYAHMK ViHcTUTyTa reorpacpum PAH

OrsercrBenHbii cexpetapb CI. Ckyropesa,
K.6.H, Hay4HbI COTPYLHUK
WHcTtutyTa 6ronorm Komun HL| YpO PAH

TexHn4yeckne cexperapu

T.. KytaBuHa, K.6.H., CTapLUNii HAY4HbIA COTPYAHNK
BsiTckoro rocyaapCTBEHHOMO YHUBEPCUTETA,

A.C. TUMOHOB, Hay4HbIi COTPYAHMK

WHctutyTta 6monorum Komu HL, YpO PAH

[No BoNpocam nybnmKaLn crateii 06paLLarses:
610000, r. Knpos, yn. MockoBsckas, 36.
Ten. (8332) 37-02-77. E-mail: envjournal@vyatsu.ru

Cratby peueHaupytoTes. Mepeneyarka 6e3 paspeLLeHist peakLinm
3anpeLLieHa, CCbIKI Ha XypHa Npy LUTMPOBAHIN 0653aTeNbHb.
Penakums He HECET OTBETCTBEHHOCTI 3@ AIOCTOBEPHOCTL
VHEpOpMALIAN, COAEPIKALLIEACS B PEKITaMHbIX OObABNEHMSAX.

113panne 3apernctpupoBaHo MeaepansHoi cnyx60oi no Hag3opy

B C(hepe CBA3N, MHGOPMALMOHHbBIX TEXHONOMUIA 1 MACCOBbIX
KOMMYHUKALWIA. PerncTpaunoHHbIi HOMEp 1 iata NpUHATIAS PeLLeHms
0 peructpauwu: cepus M Ne ©C77-74434 ot 23 HoA6ps 2018 1.
[MoamvcHble nexcb! 82027, 48482 B katarnore AreHTcTsa «Pocriedarb».
3apy6exxHas noanmcka 0hopMseTcs Yepe3 qZ)Mprl-napTHepbl

3A0 «MK-NEPVONKA» no agpecy: 129110, r. Mocksa,

yn. [unaposckoro, 39, Ter.: (49 z 261-91-37, 281-97-63.

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

[NogroTorneH K neyam B n3garenbctee 000 «0-Kpatkoe»
610000, r. Kupos, yHamoBckuii npoesg, 4, oh. 101.
OpvrvHan-maxet — TatbsiHa KopLuyHOBa, (hoTo Ha 06N0MKe —
Anexcanp LLinpokux, nepeson —puropuii KaHtop,
QAMVHICTPATOP CaifTa ypHarna — Bayecnas Pymvan
BbIMyCKatoLLWiA peaakTop — Mapus 3enaesa.

[upextop uaparenscrea «0-Kparkoe» EBrenmil [iporos

© Ochopmnenme. /3parensemso «0-Kparkoe»

[Moanmcano B neyars 08.04.2019. Tupax 1150 3k3. 3akas No 344.

Omneyaraqo 8 000 «KupoBckas Lyichposas Tunorpacus
610017, r. Kupos, yn. Monogoi Bapamn, 57 a

YJIEHbI PEAAKLMOHHOI KOJUTErUMK:

B.A. Anekcees
AM. Acxabos
TK.TonoBko

A I'pocc
MB. [lopoaHukos

W.E. ly6oBuk
r.1N. Qyaun

IA. EspjokumoBa
M. 3eHoBa

4. Kantop

BJ1. Kosanetko
E.H0. Kon6osckuit
3.M. Konomuey
N.B. Konpakosa
B.A. Kotok

AB. Kyunu

B.H. JlaxeHues
B.3. NatbinoBa

Jiv HOR

C.I. llutBuHey
B.A. ManuHHukoB

AA. Mockanés

C.B. MectoB
B.C. MetpocsH

C.A. Py6uoBa
B.I. CaBUHbIX

®. CkanuHu
B.A. CbicyeB

B.A. Tepexosa
TA Tpuchorosa
b. H. XoiHuuku

B.A. XoncToB

M.X. Xycei

A.T.H., npodheccop VPKeBcKOoro rocyaapcTBeHHOro
YHUBEpCUTETA

A.I.-M.H., akagemuk PAH, Hay4HbI pyKOBOAUTEb
Mpesunanyma Komu HL, YpO PAH

[.0.H., Npodheccop, MasHbIii Hay4HbIA COTPYHUK
WHcTuryTa 6ronorvm Komn HL, YpO PAH

L.X.H., npocheccop Opxycckoro yHusepeuTeTa ([aHus)

K.C.-X. H., Hay4HbIiA COTPYOHVMK YHUBEpCUTETa [ETTVHreHa

um. eopra Asrycra (fepmaHus)

4.6.H., npodpeccop batukupekoro

roCyZapCTBEHHOO YHUBEPCUTETA

24.0.H., pocpeccop, 3aB. kadheapoii Barckoin
rOCYIAPCTBEHHOW CeMbCKOX03ANCTBEHHOM aKazemum

1.6.H., npodpeccop, 3amecTuTeNb AupekTopa VHcTuTyTa npo6-
1emM NpoMmbILLeHHoi 3kororin Cesepa Konbekoro HL PAH
1.6.H., npodpeccop MoCKOBCKOro rocynapcTBeHHOr0
yHueepcuTeta um. M.B. JlomoHocosa

K.T.H., Hay4HbIii COTPYOHUK VIHCTUTYTA Bronorum

Komu HLL YpO PAH

K.T.H., [JOLIeHT YKPaMHCKOrO roCY[apCTBEHHOO XUMMKO-
TEXHOMOTMHECKOr0 YHUBEPCUTETA

.., MPOCheccop, BELYLLMA Hay4HbIA COTPYAHVK VIoCKOBCKOro
rocyaapcTBeHHoro yHueepeuteta um. M.B. JlomoHocoBa
0.0.H., akanemuk HAH benapycu, aupekTop

VHcturyTa mukpo6uonorumn HAH benapycu

0.6.H., npodhbeccop BATCKOro rocynapcTBeHHOro
yHUBEpCUTETA

K.T.H., JOLIEHT YKPaNHCKOro rocyAapCTBEHHOr0 XMMMKO-
TEXHOMOTN4ECKOr0 YHUBEpPCUTETA

J.X.H, 4reH-kopp. PAH, npodbeccop, 3as. OTAENOM 1 3aB.
naooparopueii MHctutyTa xumun Komu HL YpO PAH

LI H., akanemuk PAH, npocbeccop, coBetHIK PAH

O.X.H., 4neH-Kopp. Akagiemun Hayk Pecny6nukm Tatapcran,
npodpeccop KaszaHcKoro gefiepanbHOro yHBepeuTeTa
npocbeccop, anpektop VHctutyta Mukonorum LzunmnHb-
CKOr0 arpapHoro YH1BEPCUTETA, MHOCTPaHHbIA wieH PAH (KHP)
K.C.-X.H., npopekTop BatY

I.T.H., npocpeccop MOCKOBCKOro rocynapCTBEHHOM0
YHUBEPCUTETA reofesni 1 kaptorpaduu

0.6.H, uneH-kopp. PAH, 3aB. niaboparopuei

WHctvryTa 6uonorn Komm HL YpO PAH

K.0.H., [JOLIEHT BSATCKOr0 rocyapCTBEHHOr0 YHUBEPCUTETA
O.X.H., npodpeccop, 3as. naéoparopuert MoCcKOBCKOro
rocyaapCTBEHHOr0 YHUBEPCUTETA

AXH., anpexTop VHctutyta xummn Komu HL, YpO PAH
A.T.H., 4nex-kopp. PAH, npodpeccop, npesngeHT
MockoBCKOro rocyapCTBeHHOr0 YHUBEPCUTETA re0fe3nm

11 KapTorpacoui, NETYMK-KOCMOHABT, fAsaxap! lepoii CCCP
[0.0.H., npodheccop Yausepcutera GnopeHumn (Vranus)
O.T.H., akanemuk PAH, Hay4HbIA pyKOBOZWTENb
®efiepanbHOr0 arpapHOro Hay4HOro LieHTpa
Ceepo-Boctoka um. H.B. PyaHuukoro

0.6.H., BEAYLLWIA HAy4HbIV COTPYAHUK VHCTUTYTa Npo6nem
akonoruu n asontoummn um. A.H. Cesepuosa PAH

0.6.H., npodpeccop MoCKOBCKOr0 rocyaapCcTBEHHOMO
yHuBepcuTeTa um. M.B. JlomoHocosa

[0.0.H., npodpeccop Mo3HaHbCKOro yHMBepcuTeTa

HayK 0 Xu3HU (MosbLua)

O.X.H., DYyKOBOAMUTESb LIEHTPA aHANIUTUYECKNX
uccnenoBaHmnii no KOHBEHLMAM 0 3anpeLleHnn
xummuyeckoro opyxus OrYM «rocHUNOXT»

4.6.H., npodpeccop YHusepcuTeta AcenyT (Ervner)




Theoretical
and applied

ECOLOGY
No. 1, 2019

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

(No. 1959 on November 30, 2018).

The journal is included into Ulrich's Periodicals Directory,
hibliographic databases Scopus (SourcelD 21100828916), 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, Vyatka State
University, Institute of Biology of the

Komi Science Centre of the Ural Branch of RAS
Vice-Editor-in-Chief L.l. Domracheva,

Doctor in Biology, Professor of Vyatka State Agricuftural Academy

Vice-Editor-in-Chief S\. Degteva,
Doctor in Biology, 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, the 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.l. Kutyavina, PhD in Biology,

senior researcher of Vyatka State University,

AS. Timonov, researcher of Institute of Biology of the
Komi Science Centre of the Ural Branch of RAS

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

The editorial Board is not responsiblefor the accuracy

of the information contained in advertisements.

Address: 36 Moskovskaya St., Kirov, 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, 48482
in the catalogue of Agency «Rospechat».

To effect subscription it is necessary to address to one of the partners
of JSC «MK-Periadica» in your country or to JSC «MK-Periodica» directly.
Address: 39 Gilyarovsky St., Moscow, Russia,129110.

_ Tel: (495) 281-91-37, 281-97-63, Fax: (495) 281-37-93

E-mail address: |nfo@per|od|cals.ru. http://www. periodicals.ru
Prepared for publication by the publishing house of «O-Kratkoe»
of. 101, 4 Dgnamoskly roezd, Kirov, 610000

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

acheslav Rutman. Managinlg editor — Mariya Zelayeva

Director of the publishing house «0-Kratkoe» Evgeniy Drogov
© Publishing house «0-Kratkoe»

Printed in «Kirov digital printing house»
57 a Molodoy Gvardii St., Kirov, 610017

THE EDITORIAL BOARD OF THE JOURNAL
«THEORETICAL AND APPLIED ECOLOGY»

V.A. Alexeev
AM. Askhabov

TK. Golovko
A Gross

M.V. Dorodnikov

L.E. Dubovik
G.P. Dudin

G.A. Evdokimova

G.M. Zenova
G.Ya. Kantor
VL Kovalenko
E.Yu. Kolbovsky
E.l. Kolomiyets
LV. Kondakova
VA Kotok

A\V. Kuchin

VN. Lazhentsev
V.Z Latypova
LiYu

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

\.S. Petrosyan
S.A Rubtsova
V\.P. Savinykh

F. Scapini

VA. Sysuev
VA. Terekhova
TA. Trifonova
VI. Kholstov

B.H. Chojnicki

MH. Hussein

Doctor in Technical Sciences, Professor of Udmurt

State University

Doctor in Geology and Mineralogy, Academician of RAS,
scientific director of the Komi Science Gentre

of the Ural Branch of RAS

Doctor in Biology, Professor, the 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 Agricultural Sciences, Georg August University

of Gattingen (Germany)

Doctor in Biology, Professor of Bashkir State University
Doctor in Biology, Professor of Vyatka

State Agricultural Academy

Doctor in Biology, Professor, Vice-Director of Research
Institute of the North Industrial Ecology, Kola SC of RAS
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, the 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 Institute of Chemistry of the Komi
Science Centre 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 Vyatka 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

in Moscow State University

Doctor in Chemistry, Director of the Institute

of Chemistry the Komi Science Gentre of the Ural Branch of RAS
Doctor in Technical Sciences, corresponding member

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

of Lomonosov Moscow State University

Doctor in Chemistry, Professor, Head of the Center for
Analytical Studies on the Conventions on the Prohibition
of Chemical Weapons 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)




COJIEPSKAHUE

OB30PbI
TEOPETUYECKUE B. K. lllumuxos, T. /I. Sunuenro MuoromepHbiii
IPOBJIEMBI CTATHCTHYCCKIUIT AHAIN3 YKOTOTIUECKIX COOOIIECTB (0030D) ............ )
YKOJOTUN E. S. Izmest’ev , S. A. Rubtsova, A. V. Kutchin Environmental
aspects of sulfate turpentine refining (review) .......ccoccoveeeeieeeennns 12
CTATbU
MOHNTOPUHI JI. B. Kondarosa, K. A. Besdenencnoix, T. A. Awuuxmuna
AHTPOITIOTEHHO AJTBrOJIOTIYCCKITI AHAIN3 COCTOTHIS TIOYB B PaiioHe
HAPYIIIEHHBIX o0beKTa <<MapaILLIHOBCHHI71>> ImocJie mperpalieHnd
€10 PYHKITTOHUPOBAHTIST «..veuveeeeereereeeeeeteeeeesessessessensessessessessessessensens 23

TEPPITOPIN A. 1. Kykaun, I'. I]. lloetoexmumosa Copiepsraniie TOKCHYHBIX

HJIEMEHTOB B BOJIE 11 MAKPOBOJIOPOCISAX B BOJIHBIX 00BEKTAX
Oaccerina TpancrpannaHoil pexkn Apryab (Pocenst) i, 30

XM ITPUPOTHBIX E. G. Riabova Content of heavy metals

in urban surface water Dodies ......c..ooeovveveeieeeeeeeeeeeeeeeeeeeeeeeeeenn 36
GO BERTRITL, E. H. Topouna, A. A. 3a06un, E. A. Mapmuncor, C. I' Tumeurey

ITexTnHoBbIC noJimcaxapujibl RaJaJ1yCHON TRAHU credist

oopmesnra Cocrosekoro (Heracleum sosnowskyi Manden.) ......... 41
HOIIYJIAITMOHHAA . A. Cneeun, A. C. Bapxamoe Mopdorenerimueckast CTpyRTypa
HKOJIOTUA nonyJisiiuii o3épuoit Jsiryiku Pelophylax ridibundus

(Amphibia, Anura) B ycJ0BUsIX TOPOICKOT CPEIBI «.evevvveverearenenens 47

JI. II. Kaneavkuna, T. E. Tenaarosa Ocobo oxpamsembie

BUJIbI COCY/ICTBIX PACTEHUIT B OXPAHHOII 30He HeTerpoBojioB
APOCTABCROI ODTACTIT ...vevivievieieeieeteete ettt ettt sve e srenens 4
n. H. I0panésa, B. I. 3aiinyasun [lnnamMmmka sneMeHTon
MTPUCTIOCOOJIEHHOCTH DKCIIEPUMEHTAIbHBIX TTOITYJISITIIT Po30gu-

JIbI B YCJOBHSIX XPOHUYECROTO HUBKOMHTEHCUBHOTO 00 IydeHus ... 60
0. 10. Munees, 10. H. Munees, C. . Kouanog Pactipocrpane-

H1e, YNCIeHHOCTD T 0Xpara cokomoodbpasunix nruil (Falconifor-

mes) B HeHeImKoM aBTOHOMHOM OKPYTE ..ccveeveeveereeeeseeereeseneesiensenseeens 65
IROJIOTNSATIUA E. I. Tikhomirova, O. A. Plotnikova, O. V. Atamanova,
IIPON3BO/ICTBA M. V. Istrashkina, A. V. Koshelev, A. L. Podolsky The use

of multicomponent adsorption filters in water purification

systems and luminescent control of ecotoxicant content ................ 73

JI. A. Heanosa, B. A. Masun, M. B. Kopueiirosa, H. B. @oxuna,

B. B. Pedvruna, I'. A. Eedokumosa PazpadoTka un OIITHMU3ALIIS
c1ocoda GMOTOTHYECKON OUNCTKI CTOUHBIX KaPbePHbBIX BOJ

OT MUHEPAJbHbBIX COCJIMHEHNI a30Ta B YCJOBUAX APRTUKH ............ 82
U. A. 3vipanos, A. I1. Ilozoromun, A. I'. Bydun, E. B. Kanmop
Bo3moskHOCTH CHUKEH ST TOKCUYHOCTH Ta3000pa3HbIX BLIOPOCOB
HHEPTeTHYECKNX YCTAHOBOK BO3JICHICTBIEM DJICKTPOCTATHYCCKOTO
TOJISI HA 30HY TOPEHUST OPTAHIMYECKOTO TOTIIIBA ..evveverveneveneeneveneanes 88

ATPOIROJIOIMsA JI. 1. Jlompauesa, /. B. Kosviibaesa, A. JI. Kosuna,
JI. B. Tpegpunosa, 10. H. 3virosa, M. H. Ipunacs, B. A. U3omosa
OnruMusaniss MUKPOOMOIOTIYeCKOTo cocTaBa Grorpernapara
1pu BeIpatiuBanun jsijiseiia poraroro (Lotus corniculatus 1..) .... 94
H. E. 3asvanosa, U. I. llluporux, A. U. Kocoranosa,
A. A. Hluporux Mukpobuas tparcdopmariis
OPraHmvIeCKOTO BOIIECTRA IePHOBOTIOBOIICTON TOUBbI
[Iperypasibst ipu pasanaHoOM HCIOTH30BAHNI

7 BHECOHTTT MITHEPATHHBIX YIOOPCHTI ..evvveeveeveeveevrereereereeeeeenerenes 102
COLIUAJIBHAA 1. Yu. Trushkova, T. Ya. Ashikhmina, L. V. Kondakova
HKOJIOTUA Ethnoecology of the Slavic World: application significance

on the Kurasian SPace ........cceceeveeieierieieieieeeeeceeee e 1M1

M. A. Kostenko, O. V. Popova, M. Lutovac “Smart” state regulation

in the sphere of environmental protection and nature .................. 116

U. A. Ipebnes [1podaeMbl roCyIapCTBEHHOTO PETYINPOBAHNS

OpraHm3aIiii 30H OXPAHBI OXOTHUUBUX PECYPCOB wvveveereereervenrennes 122

Teopernueckas n npuriaagaas skoaorust. 2019. Ne 1 / Theoretical and Applied Ecology. 2019. No. 1




THEORETICAL
PROBLEMS
OF ECOLOGY

MONITORING
OF ANTHROPO-
GENICALLY
DISTURBED
AREAS

CHEMISTRY

OF NATURAL
ENVIRONMENTS
AND OBJECTS

POPULATION
ECOLOGY

GREENING
OF PRODUCTION

AGROECOLOGY

SOCIAL ECOLOGY

CONTENTS

REVIEWS
V. K. Shitikov, T. D. Zinchenko Multivariale statistical analysis
of ecological communities (TEVIEW) ......ccccoevieiiriieiinere e )
E. S. Izmest’ev , S. A. Rubtsova, A. V. Kulchin Environmental
aspects of sulfate turpentine refining (review) .......cocceevveveerveceereenenne. 12

ARTICLES
L. V. Kondakova, K. A. Bezdenezhnykh, T. Ya. Ashikhmina
Algological analysis of soil state in the vicinity of the
plant “Maradykovskiy” after it finished functioning ..........c.cccoee.... 23
A. P. Kuklin, G. Ts. Tsybekmitova Content of toxic elements
in water and macroalgae of the Argun River (Russia)
basin Waler COUTSES .......coviiiiieieieieieieceeeeeeeeeeeeeeeeeeeeee e S0

E. G. Riabova Content of heavy metals in urban

surface water Dodies ..o 36
E. N. Gordina, A. A. Zlobin, E. A. Martinson, S. G. Litvinets

Pectic polysaccharides of callus tissue of the stem

of Heracleum sosnowskyi Manden. ..........cccceoeveveieieieieieeeeeene 41

E. A. Snegin, A. S. Barkhatov Morphogenetic structure
of marsh frog populations of Pelophylax ridibundus

(Amphibia, Anura) under conditions of urban environment .............. 47
L. P. Kapelkina, T. E. Teplyakova Red Book of vascular
plants along oil pipelines in Yaroslavl Region .........cccccccoeevieiiinieennnann, 24

1. N. Yuraneva, V. G. Zainullin The dynamics of the elements

of fitness of experimental populations of Drosophila

under conditions of chronic low-intensity exposure ...........ccccoevveenenne. 60
0. Y. Mineev, Y. N. Mineev, S. K. Kochanov Distribution,

number and protection of the Falconiformes in Nenets

AULonOmMOUS AISUIICL tvviviiiiiieeiiiiie ettt e ve v 65

E. I. Tikhomirova, O. A. Plotnikova, O. V. Atamanova,

M. V. Istrashkina, A. V. Koshelev, A. L. Podolsky

The use of multicomponent adsorption filters in water

purification systems and luminescent control of ecotoxicant content ........ 73
L. A. Ivanova, V. A. Myazin, M. V. Korneykova, N. V. Fokina,

V. V. Redkina, G. A. Evdokimova Development and optimization

of biological treatment of quarry waters from mineral nitrogen

TN ENE ATCUIC ettt 82
1. A. Zyryanov, A. P. Pozolotin, A. G. Budin, E. V. Kantor

The possibility of reducing the toxicity of gaseous emissions

of power plants by the effect of an electrostatic field

on the organic fuel combuslion zone..........cccceeevvevieeiiieiiecieceeeeeie, 88

L. I. Domracheva, D. V. Kozylbayeva, A. L. Kovina,

L. V. Trefilova, Yu. N. Zykova, M. N. Gripas, V. A. Izotova
Optimization of the microbiological composition of the biological
product for cultivation of Lotus corniculatuus ............cc..ceeeevvneninnn... 94
N. E. Zavyalova, 1. G. Shirokikh, A. 1. Kosolapov, A. A. Shirokikh
Microbial transformation of organic matter of sod-podzolic

soils in the Pre-Urals under conditions of different use

and application of mineral fertilizers .........cccocevieviiiiiieiieiiecieeien, 102

1. Yu. Trushkova, T. Ya. Ashikhmina, L. V. Kondakova

Ethnoecology of the Slavic World: application significance

on the EUrasian SPaCe .......cccevveeiieieniieiesieeese et 111
M. A. Kostenko, O. V. Popova, M. Lutovac

“Smart” state regulation in the sphere

of environmental protection and nature management....................... 116
1. A. Grebnev Problems of state regulation
of the organization of protection zones for hunting resources .......... 122

Teopernueckas n npukaanas srosrorus. 2019. Ne 1 / Theoretical and Applied Ecology. 2019. No. 1



TEOPETNYECRUE ITPOBJIEMbI OROJIOTN

YR 574.587+578.087(282.247.431.2) doi: 10.25750/1995-4301-2019-1-005-011

MuoromepHbIii cTaTHCTHYECKUIT AaHATNS3 DKOJIOTNYECKUX COODIIEeCTB
(0030p)

© 2019. B. K. llurukos, x. 6. H., ¢. H. c.,

T. Jl. 3unuenko, a. 0. H., mpodeccop, 3as. 1adoparopueii,
Uncrnryr sronornn Bosskekoro dacceiina PAH,
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CoBpeMeHHBIIT MOJX0/] K U3YUYEHNIO HKOJOTUN COOOIECTB MpejogaraeT NHTerpainio u COBMeCTHYI0 00paboTRy
GosibinX MaccuBoB HabmoeHuil. [Ipn 91oM 0OBIYHO MPUBIEKAIOTCS pazHOOOpasHbie moKasareyan (MOmyJsiiinoOHHbIe,
(beHoTHIIITUECKITE, TEHETHYECKITE, XUMITYECKIE, JTaH A THO-TeoTpadmuecKie), KOTOPbie XapaKTepHayITCst BHAYNTeIbHOI
BPeMEeHHOIT 1 HPOCTPAHCTBEHHOI N3MEHYNBOCTHIO. []e1b10 ITPOBOINMOro CTaTHCTIHYECKOTO AHATN3A SIBJISeTCS BhIsBIEeHUE
BHAUMMBIX CBA3EH TAKCOHOMUUYECKOI CTPYKTYPBI ¢ XapakTepucTukamu 61orornoB un gakropaMm OKpysRaoOIeil Cpejbl.
B ero ocroBe 00bIYHO Jie;KAT MHOTOMEPHbBIE METOJIbI, T03BOJISION{NE BbITOJTHATH ONTHMATLHOE MPOLIINPOBAHNIE JJAHHbBIX
¢ OOJIBIINM YHCIOM [TePeMEeHHBIX B IIPOCTPAHCTBAX ¢ MAJION PA3MEPHOCTHIO.

B crarbe moppo6Ho paceMaTpuBaeTes 9BOJIONNS AATOPUTMOB MHOTOMEPHOTO AHAII3A, HAYIHAS ¢ KIACCHICCKOT
HeIpsIMOil opjinHaInm Ha ocHoBe TaBHBIX KoMIoHeHT (PCA) 10 coBpeMeHHBIX HHTErpHPOBAHHBIX CUMMeTPHYHbBIX
METOJI0B, HAIIE/IINX IPUMEHEHUEe B 0Mics-TeXHOJIOTIAX. Boijiesiercs Kiace airopuTMoB, OCHOBAHHBIX HA BbIYICIEHII
MaTpuiL ancraninii, Takux kak merpuieckoe (PCoA) n nemerpuueckoe (NMDS) muoromeproe nkanupoBanie, a rakke
paccMaTpuBaTCs JOCTOMHCTBA U HEJOCTATKI UX ncnosnbioBanusa. O6cyaercs 3aBUCUMOCTh Pe3yIbTaTOB aHa/ln3a
uzbbrrounocrn (RDA) n kanonmueckoro anannsa coorsercrsuii (CCA) or xapakrepa pacipeeaeHus NCXOMHBIX JaHHbIX
1 JIAI0TCS PEKOMEH/IAIINN 110 UX [TpeiBapUTeJIbHOT Tpancdopmarnm.

[TokaszaHa posib TAKNX CUMMETPHYHBIX METOJIOB, KaK JIBYXOJOUHBIIT a/ITOPUTM YaCTHBIX HAMMEHBIITNX KBaJPaToB
(2B-PLS) u ananus cosmecruoit waepuun (CIA), koropbie myTéM pasioyKeHUs MO OCSIM MHOTOMEPHON KOBapuarun
MO3BOJISIIOT YCTAHOBUTH, KAKNE BU/Ibl U3 PA3HBIX KOMILIEKCOB HAOMIO/eHII B HANGOJbIIei Mepe accolnnpoBaHbl IPYT ¢
apyrom. Hporpycros ananns (PCIA) mmpoko ncrnosbayercst jist BbIsIBJIEHIST U3MeHeHT BIJI0BOTO cOCTaBa M3y4aeMoro
permoHa o 1 1mocjae HeKOToporo coObITus (HalpuMep, aHTPOIOreHHOTo BosjeiicTBus). O006IEHHbBIE aJITOPUTMbI
npokpycrosa 1 kanonmnuyeckoro ananuza (GPA, RGCCA, DIABLO) pa6orator ¢ 60bImm 4ncgaom 1abjnil u mo3BoJsioT
HCC/IESIOBATH ITHAMITKY CTPYKTYPbI COOOIIECTB 38 HECKOJIBKO MOCJIe/[0BATE/IbHBIX IEPUOJIOB BPEMEHH, a TAKIKe HANTY UM
obpaszom chopMIpPOBATH KOHCEHCYCHYI0 KOHPUTYPATLIIO.

JlaHbl CCBITKI HA MHOTOUNCIIGHHbBIE TTPUMEPbhI NCIIOJTB30BAHNST METOJIOB OPJMHATINN B OTEUECTBEHHOIT 1 3apy0OeskHOI
nureparype. [lokazanbl OCHOBHBIE IEPCHEKTHUBBI PA3BUTHS MHOTOMEPHBIX METOJIOB B 9KOJOTHHI COOOIIECTB.

Rarwuesote crosa: MHOTOMepHasd opjinHalnd, aHaJns3 IJIaBHbIX KOMIIOHEHT, aHaJIn3 COOTH(}TCTBMﬁ, HemMerpuiyecroe
HIRaJanpoBatnue, KaHOHWYECKIIT aHaJ/lns, L[ByX6JIO‘IHBIQ AJTOPUTMBI, ITPORPYCTOB aHaJIN3, aHAJIN3 COBMECTHOI nuHeprun.

Multivariate statistical analysis of ecological communities (review)

© 2019. V. K. Shitikov

T. D. Zinchenko ;. .0, 0000-0002-3508-4700°

Institute of Ecology of the Volga River Basin of the Russian Academy of Sciences,
10, Komzina St., Togliatti, Samara Region, Russia, 445003,

e-mail: stok1946@gmail.com

ORCID: 0000-0002-8385-1913°

The modern approach to the study of communities’ ecology involves the integration and joint processing of large
arrays of observations. This usually involves a variety of indicators (population, phenotypic, genetic, environmental,
chemical, landscape and geographical) which are characterized by significant temporal and spatial variability. The pur-
pose of the analysis is to identify significant statistical relationships of the taxonomic structure with the characteristics
of biotopes and environmental factors. It is based on multivariate methods that allow optimal projection of data with a
large number of variables into low-dimensional spaces.

The article focuses on the evolution of algorithms for multivariate analysis, starting with the classic unconstrained
ordination based on principal components (PCA) up to modern integrated symmetric methods used in omics technologies.
A class of algorithms, such as metric (PCoA) and non-metric (NMDS) multidimensional scaling, based on the calculation
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of distance matrices, is distinguished and the advantages and disadvantages of their use are considered. The dependence
of the results of redundancy analysis (RDA) and canonical correspondence analysis (CCA) on the distribution law of the
empirical data is discussed and recommendations for their preliminary transformation are given.

[t is shown the role of such symmetric methods as the two-block algorithm of partial least squares (2B-PLS) and
the co-inertia analysis (CIA), which allow to establish by decomposition on axes of multidimensional covariations what
species from different complexes of observations are most associated among themselves. Procrustean analysis (PCIA)
can be widely used to identify changes in the species composition of the study region before and after some event (e.g.,
anthropogenicimpact). Generalized Procrustean algorithms and canonical analysis (GPA, RGCCA, DIABLO) allow you
to work with a large number of tables and explore the dynamics of community structure for several sequential periods of
time or to form a consensus configuration by the best way.

References to numerous examples of the use of ordination methods in domestic and foreign literature are given. The
main prospects and directions of development of multidimensional methods in relation to the ecology of communities

are shown.

Keywords: multivariate ordination, principal component analysis, correspondence analysis, non-metric scaling,
canonical analysis, two-block algorithms, Procrustean analysis, co-inertia analysis.

CoBpeMeHHBIIT TTOAXO/ K M3YYeHUIO IKO-
CHCTEM OCHOBAH Ha CTaTUCTUYECKOM aHaJn3e
MHOJKeCTBAa Pa3zHooOpasHbiX (pakTopoB (mormy-
JANUOHHBIX, PEHOTHITNYECKNX, TeHeTHYeCKNX,
XIUMNUYeCKnX, Janamadrao-reorpaduueckux),
ROTOPBIe XapaKTepU3yIOTess 3HAUYNTeTbHOI Bpe-
MEHHON W TMPOCTPAHCTBEHHON M3MEHUYNBOCTHIO,
00YCJIOBJICHHOT Ce30HHBIME, RANMATHYCCKIUMU,
AHTPOMOTEHHBIMU WJIW WHBIMU MPUYHHAMMA.
OcHoBHBIMI 3ajlavaM¥l aHAJIM3a HROJOTUH CO-
OOIIeCTB ABJAIOTCS OIEHKA 3HAYNMOCTH MEFKBY -
JIOBBIX CBsI3ell BHYTPU accolMalnil B3auMo/ieli-
CTBYIOIIX OPTaHU3MOB W BHISBICHIE MEXaHN3-
MOB BO3JI€IICTBUS BCEIT COBOKYITHOCTY BHEITHIX
(arTOopoB Ha CTPYKTYPHO-PYHKRIIMOHAIbHBIE
ocobeHHOCTH M3yuyaeMbiX Ouorenos3on [1].
Rouneunas 1enb ncciepoBanmsi — MpoTHO3 -
HAMUKW Pa3BUTHS JKOCHCTEM (C TOURW 3PEHMUS
MTOBBITIIEH U TPOYKTUBHOCTU 1 PAa3HO00Pasist)
P Pa3INIHbBIX CIleHAPUSX TPUPOSOOXPAHHOI
MeATeTbHOCTH.

Ananus rnaBHbIX KoMIoHeHT [2]| u quckpu-
MUHAHTHBI aHATN3 [3] MOJTOMKUAN HAYAIO TIT1-
POROMY TTPUMEHEHN IO MHOTOMEPHBIX CTATUCTIHYE-
CRUX MCCJeIOBAaHIIT B pa3INYHBIX chepax HAyKN
urexuniu. C70-xrogos XX BeKa HAYAJICHA AKTUB-
HBII POCT apceHasia STX MeToJI0B 1 yCIerTHast X
amanTanmsa K 00paboTKe SROJTOTHICCKIX TaHHBIX
[4, 5]. IIpu proM BaskHOE MECTO B 9ROJIOTUU CO-
OOIIeCTB 3aHs/Ia OPAMHAIMA — COBOKYITHOCTD
MeTOJIOB paciio3HaBaHmsi 00Pa3oB JIJIsl aHAIN3a
yrnopsirouenuoctu (Hem. Ordnung) maydaeMbIx
00'BEKTORB ITYTEM WX OTITUMAJIBHOTO ITPOLIITPOBa -
HHs B IPOCTPAHCTBO MaJIoil pasmeproctu [6, 7].

B XXI Beke chepa mpumeHeHMST aITOPUTMOB
MHOTOMEPHOTO aHAIN3a MOCTOSAHHO PACIINpPs-
ercs. Pematorcs Bcé Gosee ciosKHbBIe MPOOIEMbI
KOJIMYeCTBEHHOI OIeHKN COOTBETCTBUS OJIHO-
BPEMEHHO HECKOJIbKIX MHOTOMEPHBIX MacCHBOB
TAHHBIX, 4 TAKKe BRI B3AUMOICMCTBUI MESKITY
(harropamu B COBOKYIIHYIO JIMCTIEPCUIO B YCTOBH -

AX MYJBTUROJJIMHEAPHOCTH TTepeMeHHBIX. JTO
00YCJIOBIJIO TOSIBJIEHIE IPYIIIThl HOBBIX METOJIOB,
OCHOBAHHBIX HA CMMeTPIYHOM aHaJIN3e KoBapua-
uuii (covariance-based melhods), TPOKPYCTOBOM
aHaan3e, KAHOHNYECKNUX KOPPEeJsIUsAX u T. JI.
[8]. BypHoe pazsurtue omic-ucciaepoBaHmil mo-
TpeboBaio pazpaboTKU MOIIHBIX aJTOPUTMOB
BBIJIeJICHUST OMOMapKepoB ¢ MCHOJIb30BAHUEM
JIATeHTHBIX cTPYRTYP [9].

[lebio Hacrosiiei cratbi ABUJIACH CUCTE-
MaTH3anus MPAKTUICeCKIX PEKOMEH/AIMI 110
MPOBECHNI0O MHOTOMEPHOTO CTATHCTHYECKOTO
aHaaM3a JaHHBIX B DKOJOTUHU COOOIECTB, YTO
anasornyHo pabore [8]| B obracTn XuMnyecKoi
srosornn. I'TaBHOI 3ajjaueit OBLTO O0CYHKEHTTE
KJAI0UEeBBbIX KOHIIEII[NIl OTHeJbHBIX METOJI0B,
cep UX MPUMEHEeH s, BbIsIBICHHBIX JJOCTONHCTR
7 HEJTIOCTATKOB, a TAKKe 0CODEHHOCTeIT MHTepIIpe-
TAIUN TIOJY4aeMbIX Pe3Y/IbTaToOB.

Bcee npejicraBienibie HAaMU METOJIbI peaJin-
30BaHbI B TPOrpaMMHOM ObecIievdeHnn ¢BoOOIHO
pacrmpocTpanseMoil CTaTUCTHICCKON CPeJibl
R [10]. [Ipumepsl CRPUINITOB, MO3BOJSIONINX
CcaMOCTOSITJILHO BHITOJHNUTH OCHOBHBIE TTIPO-
Ielypbl MHOTOMEPHOT'0 aHAJI3a, MOKHO HANTN
B paborax |8, 11], a merasbHOe onucaHme mc-
M0JIb3yeMOTO MaTeMaTn4ecKoro ammnapara —
B MmoHorpaduu [12].

Raacenduramus MmeTonos opauHammnm
U MHTepIIpeTalys pe3yJabTaToB

Bee Merojipl MEOTOMEPHOT OPJIMHATINT CBO-
IATCS K CUHTe3Y HeKOM ONTUMaibHOI mHdopMa-
LUOHHOI CTPYKTYPbI, COCTOSAIIEN U3 OCell HOBBIX
JATEHTHBIX TePEMEeHHBIX, KOTOPbIe HAUTYUTITIM
00pazoM «0OBACHAIOT» OOIIYIO BapUaInio Ha-
oopa panuabix. [lockonbky 2—3 rmaBHbIX ocu
KOHIIEHTPUPYIOT OCHOBHYIO JIOJ0 JINCTIEPCU I
U SIBJISIIOTCSI OPTOTOHAJILHBIME, TO IOSIBJISIETCS
BO3MOJKHOCTh BU3yaJIu3alil MHOIOMEPHOTIO
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obJllaka Touer, oToOpaskas uxX, Harmpumep, Ha
MJIOCKOCTH ¢ MUHUMAJbHBIMU MCKAKEHUSAMNI
MpU PO MPOBAHNT.

B ob61iem coryuae opauHaIus BHITOIHSETCS C
UCII0JIb30BAHIEM OJTHOI NJIN HECKOJIbKUX TaO I
€ OJIMHAKOBBIM Y CJIOM CTPOK, TIPEJICTABIISATONINX
00BeRTBI, HA KOTOPBIX TTPOBOMINCH HADIOIe-
Hust (MectoobuTaHusi, OUOTOIILI, CTBOPHI PeK,
BpeMeHHbIe TTepnojibl n mpoyd.). OcHOBHOI sIB-
JseTcst TabJIUIA, KOTOpasi OMMMCHIBAET H3YIaeMoe
DKOJOTUUYECKOE COODIIEeCTBO 1 B CBOMX CTOJIOIAX
COMIEPKRUT 3HAUCH WS TOTTYJISITIMOHHON JIOTHOCTH
TOTO WJIK MHOTO BUJIA, 0OHAPYKEHHOTO B KAK/[OM
mecrooburannu (marpuna Y). [l kaskmoii mapbt
CTPOK MaTpuilhl HabgoaeHit Y MOTYT OBIThH
paccumnTaHbl PACCTOSTHUS B MHOTOMEPHOM I1PO-
CTPAHCTBE BU/I0B, KOTOPbIE COCTABJISIOT MATPUILY
muerannuiit D. Hakoner, 1uis Kayso0ro Mmectooom-
TAHUSI MOTYT OBITH OTTPeJIeIeHbl BHAUEHST ITapai-
JIeJTbHO M3MepsieMbIX BHOITHUX a0MOTHYeCKNX
paxropos (marpuria X). OcHoBHOE pazimune
MEIKTY OTHEeJHLHBIMI MHOTOMEPHBIMI METOIaM
3AKRITIOUACTCS B TOM, CKOJTBKO 1 KaKMe MaTPUIbl
MCXOJHBIX JIAHHBIX HCTIONB3YIOTCS B aHAJIM3E.

Henpsavas nnn «neobbsacHEHHAST» OPJIMHA-
nus (unconstrained ordination) BBIITOJHSETCS
¢ WCIOJTb30BAHNEM TOJbKO OXHON Marpuiihl Y
«BUJIBI — MECTOOOUTAHUS» U CTABUT CBOEI 1EJThI0
MOJIYUTh OTOOpaskeHe B OPTOrOHAIbHOII cucTe-
Me KOOPJIMHAT CTPYKTYPHBIX 3aKOHOMEpPHOCTEl
n3y4aeMoro cood1ecTBa B (popme rpadmueckmx
MPOEKITNIT PACIIPe/IeJIeHIS TOTTYJISIIII 110 O1OTO-
naM. Pesyibratom opamHaimm oObITHO SBISETCS
COBMEIIEHHAs iarpaMMa BUIOB 1 /I MeCT00-
OUTAHWI B ROOPJIMHATAX JIBYX IVIABHBIX 0CEIT, HA
ROTOPOT 0OBIUHO JIETKO BBIJIEJTUTH KJIACTePhI TUX
00'bEKTOB, OTIEHUTH XOPOIITO MHTEPIPeTHpYeMble
3aKOHOMEPHOCTU B3aMMOCBs3eil MeK/y Bbijie-
JEeHHBIMU TPYTIIAaMI WJIN CPABHUTH OPIMHATIN-
OHHBIe rpadUKM 3a pasdHble Iepuojibl BpeMeHH.

[Tpsamas nnum obbsacuéunas (constrained)
OpIMHAIINS CTaBUT CBOEIT 11eJIbI0 CBSI3aTh BHY-
TPEHHIOK M3MEHYNBOCTH BUOBOIl CTPYKTYPBI
coobmecTBa Y ¢ TeMU WM WHBIMU (DaKTOpPamMmn
BHelmrHuX Bo3zfeicTeuii X. RoHrenryaibHo ara
(popma MHOTOMEPHOTO aHa M3a, Ha3biBaeMas
KanoHnmueckoi [13], paccmarpuBaercs Kak pac-
mupenne ujeil perpeccioHHOTO aHajanu3a Jis
MoJieNInpoBaHus MHOroMepHOro oTkanKa Y = f(X)
1pU OJITHOBPEMEHHOM MCIT0JIb30BAHUN aJITOPUT-
MOB PeYKIINN IaHHBIX. BbiomHenne mpsamoit
OpIMHAINY JIJIsI WHTepPIpeTanu Beerga dosee
MPEJIIOYTUTETHHO, HO TpedyeT cbopa HeoOXO MO
ucxonnoit magopmarmu. Craenyer yTOuHUTh, 4TO
HempsiMasi OPANHATINS BCETTA SIBJISAETCS OHUM
13 DTANIOB TIPSIMOTO aHAIM3A, TTOITOMY WX HEJTh3sT

MTPOTUBOTIOCTABIISATE HIT B METOITYCCKOM, HIT B BbI-
YUCJUTETTHHOM acIieKre.

Pesynbratom npsMoit opauHaIum siBAsSeTcs
MpOBeJleHNe HAa OPJIMHAIIMOHHOI inarpaMmme Jio-
MOJTHUTETbHBIX 0CeIl («CTPeJIOK» ): KasK/ast 13 HIUX
COOTBETCTBYET OJTHOMY 13 BHENIHUX (PAaKTOPOB
cpejibl 13 MaTpuilbl X, a €6 JJInHa 0Tpaskaer ypo-
BEHb BO3JICHCTBIUSI HA CTPYKTYPY 9KOJOTTYECKOTO
coobrecrtBa. Murepriperaiiis opaumHammoOHHbIX
[arpaMM OCHOBAHA Ha TIOHATHN KOPPEAAYUOHHO20
Kpyea: yroJi MesKILy IByMsi cTpesikamu (hakropoB
(MM MERJLY CTPEJNIKOW W OChI0 TJIABHBIX KOOP-
AUHAT) YKa3biBaeT Ha BeJWYUHY KOPPeJSAun
MeSR]LY 9TUMU JIBYMs TepeMeHHbIMU. AHATOTY-
HYIO OTIEHKY KOPPeJISIINil MOFKHO BBITTOJTHUTH JIJTsT
KaykRJI0T0 BU/IA JIN MECTOOONTAHS, €CJIN MBICJI€H-
HO COEJINHUTH CTPEJIKOI COOTBETCTBYIOILYIO TOUKY
¢ HAYaJIOM KooppmHar. Yem Omusre pyr K pyTy
KOHIIbI CPABHUBAEMBIX CTPEJIOK, TeM TeCHee CBSI3b
MEJKIY COOTBETCTBYIOMINMI OObheKTaMu u/Wjin
rnepementbivu [14].

Ecoan nipamast opmnanus sBasercst acum-
METPUUYHBIM aHaJAn30M (T. €. BBITIOJHICTCS 110-
nck 3asucumoctn Y or X, HO He HA0OOPOT), TO
paspaboranbl MeTOJbl aHaJIN3a, COBEPITeHHO
PABHOIPABHOTO 110 OTHOIIEH IO K 0601M Habopam
MAHHBIX, 1 ¢ 9TON TOUKYN 3PEHISA HA3BAHHOTO CUM-
mempuunsim. Kenm Ha BXOL aIropuT™a mojiatorest
nBe MaTpuIbl THa Y «BUIBI — MECTOOOMTAHMS»,
TO UX MOJKHO COITOCTABUTH MEJKITY c000Ii, OTIeHNB
cTereHb PaCXOKAeHII OHUX U TeX ke TOUeK,
u 0T0OpPa3nTh TN U3MEHEHUsI Ha CIeIUaabHON
OpAMHAIIMOHHO fuarpamme. Takum obpasoM,
B 4ACTHOCTH, MOKHO OIEHUTH MOANQPUKAIIIO
BUIOBOTO COCTaBa OJHOTO W TOTO 3Ke pPermoHa
IO 1 ToCJie HeKOTOPOTO COOBITHs (HatmpuMep,
AHTPOIOTeHHOTO Bo3feiicTBIs). O60OIEHHbIE
AJTOPUTMBI ITPOKPYCTOBA 1 KAHOHUYECKOTO aHa-
JIM3a MO3BOJAIT padoTaTh ¢ OOJBITNM YNCIOM
TabINIL U UCCae0BATH IMHAMUKY CTPYKTYPBI
COODIIECTB 32 HECKOJILKO MOCAeI0BATeIbHBIX
MepUOJIOB BPEMEeHN.

B rabaute mpuBemena cpofka mandoyiee m3-
BECTHBIX MHOTOMEPHbIX METO/[OB CTATHCTIHYECKOTO
aHam3a, MUPOKO MCIOJb3YEeMbIX B 9KOJIOTH,
redeture n oumoxumun. Ilonnocrbio dubamorpa-
(praeckme ormcaHs IPUBEJIEHbBI B HCTOUHIKE [S].

Henpsamas u npamas opauHamum

Koraccmueckimmm MeTojiaMu HerpsiMoil Opjin-
HAIMK ABJIAIOTCA aNaIN3 TIAABHLIX KOMIIOHEHT
" aHaJIn3 COOTBQTCTBHﬁ, I/ICHOJIB3yIOH_[I/Ie Hello-
CPEICTBEHHO TabIUTIBI OOMINS BUMOB Y, & TAKIKE
[IBA AJTOPUTMA MHOTOMEPHOTO IITKAJINPOBAHIISA,
OCHOBAHHBIEC HaA HpC,[[BapI/ITCJIBHO paCC‘{I/ITBIBaC-
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Taomuma / Table

0030p MHOTOMEPHBIX METOJIOB CTATHCTHYECKOTO aHATI3A
Overview of multivariate statistical methods of analyses

Jlau- Abope-
Tur anannsa Hble | BHUaTypa HammenoBanme Meroia, aBToOpbI, TOJI
Type of analyses Data Abbre- Name of method, authors, year
sets viations
PCA Amnayms rmasasix KommonerT / Principal Component Analysis —
Goodall, 1954 [15]
Y CA Anasus coorercrsuii / Correspondence Analysis — Hill, 1973 [16]
Henpsmas DCA Amnanus coorBerctBuii ¢ ypanéunoii «aproit» / Detrended Cor-
oppunaius / respondence Analysis — Hill, Gauch, 1979 [17]
Unconstrained \ Ananus raaBHBIX KooppauHaT = MeTpuueckoe MHOTOMepHOe
T PCoA O \ . . .
ordination (MDS) mkamupoBanne / Principal Coordinate Analysis = Metric
D Multidimensional Scaling — Gower, 1971 [18]
NMDS Hewmerpuueckoe muoromepHoe miranuposanue / Non-metric
Multidimensional Scaling — Anderson, 1971 [19]
CCA Ramomnmueckmit amanns coorBercrsmit / Canonical Correspon-
X,Y dence Analysis — ter Braak, 1986 [20]
RDA Amnanus usbeirounocrn / Redundancy Analysis — Rao, 1964 [21]
[Tpsimas oppunarus / " .
Constrained X.D | db-RDA Ananmns m30bITOYHOCTH, OCHOBAHHBIIT Ha JICTAHIIIX / Distance-
ordination ’ based Redundancy Analysis — Legendre, Anderson, 1999 [22]
XY O06001EHHBIIT KAHOHNYECKUIT ROPPEJISITIINOHHbBIN aHaIn3 ¢ pe-
>" RGCCA  |rymspusarnmeinn / Regularized Generalized Canonical Cor-
relation Analysis — Tenenhaus, Tenenhaus, 2011 [23]
LDA JIuHeliHbll (KAaHOHUYECKNIT) JUCKPUMWHAHTHBI aHanns /
Linear (Canonical) Discriminant Analysis — Fisher, 1936 [3]
Perpeccust ¢ nemonb3oBaneM 4acTHBIX HAMMEHBIITNX KB/[PATOB
PLS = npoerupoBanust iatenTHbIX cTpyKryp / Partial Least Squares =
JluCKpUMIHAHTHDIT XY Projection to Latent Structures — Wold et al., 1983 [24]
anasuz u PLS- ’ JInCKpUMWHAHTHBIA OPTOTOHATLHBIN ananns meronom PLS /
perpeccus / OPLS-DA |Orthogonal Partial Least Squares Discriminant Analysis —
Discriminant Bylesjo et al., 2006 [25]
Analysis and PLS- JIByO/IOUHbBIIT METOJ| YaCTHBIX HAMMEHbITNX KBajpatos / Two-
regression 2B-PLS Block Partial Least Square — Sampson et al., 1989 [26]
MurterpupoBanHblil aHaAN3 JaHHBIX ¢ HCIOTb30BAHUEM Jia-
X,Y treHTHBIX cTPYKTYp / Data Integration Analysis for Biomarker
. DIABLO | . : : . .
> discovery using a Latent component for Omics studies — Singh
et al., 2016 [27]
MHuoromepHbBIii  MeTOJ JINCIIEPCHOHHOTO —aHajn3a ¢  WC-
. ANOVA- -
Jlucriepcnonnblit PCA nonab3oBannem raaBHbix KommouentT / ANOVA-Principal
aHaans X, Y Component Analysis — Harrington et al., 2005 [28]
ANOVA "MANOVA Muoromepuniit ANOVA ¢ perymsapusarnmeii / Regularized
Multivariate ANOVA — Engel et al., 2015 [29]
Amnasnus copmecrroit nnepiuu / Co-inertia Analysis — Dolédec,
CIA
XY Chessel, 1994 [30]
. ’ [Tpoxkpycroseiit amanus coBmectroii uneprnuu / Procrustean
Ananns coBMecTHON PCIA Co-inerti I ‘
o-inertia Analysis — Dray et al., 2003 [21]
CO—IE::;LI:;WX:]QI sis MCIA MuoskecrBenHbIl ananmmn3 copmectroin waeprmn / Multiple Co-
YRR Y inertia Analysis — Chessel, Hanafi, 1996 [32]
>2 GPA O60061mennbtii iporpycrosbiit ananus / Generalized Procrustes

analysis — Gower, 1975 [33]

IHpunewanue: Y — mabauya nonyasyuonnoi naommocmu sudos; D —mampuya ducmanyuii, X — mabauya garmopos cpedvt.
Note: Y — data set of abundance values of species; D — distance maltrix, X — data set of environmental variables.
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moii marpuiie pucraniuii D. Bee oHu BBITIOJIHSIIOT
MPUMEPHO OTHY 1 TY sKe 3aauy: chopMupoBaTh
B MHOTOMEPHOM HPOCTPAHCTBE MCXOHBIX JlaH-
HBIX HOBbBIE OCH ONTHUMATbLHOTO MTPOCIPOBAH IS
n npepcrTaBuTh 06001MEHHYI0 nHGOPMATIHIO
0 BUJIOBOIT CTPYKTYpPe cOOOIIecTBA B MAKCHMAJIb-
HO KOMITAKTHOW M YIOOHOU JIIsi BU3YyaJn3arun
opme. BIOOp ROHKPETHOTO METOJIA 3aBUCHUT, KaK
MIPaBUJIO, OT XapaKTepa peraeMoii OnoaornaecKoi
1po0OJIeMbl U CTATUCTHYECKIX 0COOEHHOCTell pac-
npesiesieH st JAHHBIX B MaTpuiie Y.

Anaaus eaasnvix romnonenm PCA |2, 15]
paboraer KOPPEKTHO, eCJIN MOKA3aTean 00N
BU/IOB UMEIOT IPUOIN3UTETbHO HOPMaIbHOE (110
Rpaiifeil Mepe, CHMMeTPUYHOE) pacipesenerne
U CBSIBAHBI ME3K/TY COOOT IMHETHBIMU OTHOIICH -
AMU. BoJbIioe KoJmaecTBO HYJIeBbIX 3HAUYCHII,
XapaxkTepHoe Jjisi MHOTOBHU/IOBBIX aCCOIMAIIII,
CHJIBbHO BPEJUT JIOCTOBEPHOCTHU Pe3yJIbTaToB
aHanmnaa.

darropuanbublit anaius coomsememsuii CA
[8, 16] paboraer ¢ TadaUIaAMU COTTPSAIKEHHOCTH,
KasK/as KIeTKa KOTOPHIX COMEePsKUT HecTaHIap-
TU30BAHHBIE YACTOTHI (YNCIIO0 DK3EMILISIPOB KajK-
JIOrO BUJIA) WJIH METKU IIPUCYTCTBUSI-OTCYTCTBIS
Buja 0/1. Ilpu Gonbiiom dmcsie BUmOB, Xapak-
TEPHOM JIJIsT MHOTTX 9KOJOTHYECKIX COOOTIeCTB,
PaCCTOSTHUS MEJK/y TOUKaMi B IPOCTPAHCTRE,
obpazyemom ocsimu coorBeretBrst CA, MOTYT OBITH
Cephes3Ho MCKaKeHbl 110 CPaBHEHUIO ¢ hakTnye-
CKUMU PACCTOSHUSIMI MeRILY 0ObeKTaMu B 1cC-
XO/IHOI Tabantie JanHbIX. Pa3zpadboranbl MeTOIbI
KOMITeHCAIINI TAKNX MCKAsKeHWIl, HAIpuMep,
«apderra apru» [17], HO OHU TIOITYTHO MOTYT
«CITIAKMBaTH» U PeajibHO CYIeCTBYIOIe 3a-
BUCUMOCTH.

Metronpr PCA n CA HeniocpeicTBeHHO OCHOBA-
HbI Ha OMINPUYECKIX Ta0INTaX oMY IAINOHHON
IJIOTHOCTH U WUCITOJIB3YIOTCST JIJIST CPaBHUTETIHHO
OTEHKN 3HAYNMOCTH OTHAEJbHBIX BUm0OB. OfHa-
KO, ecJii 3ajiava orpaHndeHa oreHKoil ob1ero
BUJOBOTO CXOJICTBA, HpeHebperas mpu 3TOM
POJIBIO OTJIeTbHBIX TAKCOHOB, TO 1€J1ec000pa3HO
MCITI0JIb30BATh METOJIbI, OCHOBAHHbIE HA MATPHUILE
paccrosinuii D. Onun He TpeOyIOT ABHBIX TIPEJITO-
JIO3KEHNUIT O XapakTepe paciipejie/ieHus: JaHHbIX
u (popmMupytor crabuabHbIe, XOPOIIO WHTepIpe-
THPYeMble IHarpaMMBbl.

OnpeesiéHHOT TIPOOJAEMOIT NCIIOJIL30BAH IS
TAKNX METOJIOB KaK AHAAUS 2AA6HBLL KOOPOUHAM.
(PCoA) [12, 18] u nemempuueckoeo mrozomep-
noeo wrasuposanus (NMDS) [19] asnsercsa
OTCYTCTBYE OOMIENPUHATON METOANKN BHIOOPa
dGopmynnl s onenkn paccrosumii. ITo pe-
3yJabrataM nposenéHHoro anasnusa |14, 34| mpu
opMuUpoBaHUM MATPUILLl UCTAHIINIT MOKHO

MOPEKOMEH/IOBAT /TSI KOJTMYECTBEHHBIX TaHHbIX
mepy cxofcrBa Bpesi— Répruca nian eé «ounHap-
el anangors — koaddunuent Coépencena s
KauyeCTBEHHbIX J[JTaHHbIX.

Takue MeTOJbI ITPSMOI OPIUHATIIY RAK AHA-
auz udbvimournocmu (RDA) [13] n kanonuuecrui
ananruz coomgeememauii (CCA) [20] popmupyior
MOJIeJIb 3aBUCUMOCTH MHOTOMEPHOTO OTRJINKA
Y or nabopa KoJMYIECTBEHHBIX HE3aBUCUMBIX
nepemerHbix X. Buavase muoromeprast usme-
YUBOCTH JIAHHBIX BUIOBOT CTPYKTYpB Y passia-
raeTcs Ha JiBe cocTaBisioniie: (a) 00bACHIeMYIO
BapUAINIO, BHI3LIBACMYIO BJIMSHIEM BHEITHIX
nepeMeHHbIX, 1 () OCTATOUHYIO UM HeoObsic-
HeHHYIO Jcniepcnio. [lanee peanusyiorest aBa
OTJIeTbHBIX aHATN3a, (POPMUPYIONINX OCH JTATEHT-
HBIX KOOPJIMHAT B HATIPABJIEHIN MaKCUMyMa obe-
nx orerok gucnepenii: PCA B eryaae RDA nnn
CA B cayuae CCA. Ecim maccns obnnmst BU0B
He OTBeYaeT MPeIIIOI0KeHISM, TOCTYINPYEeMbIM
JUISI DTHX METOJIOB, TO €T0 PeKOMEHTYeTcst TTpeod-
pasoBarh B Mmatpuity D u ncrnonb3oBars anaius
U3OBLMOUHOCU HA OCHOBE MAMPULLL PACCTNOL-
nuit (db-RDA) [22].

Juckpumunanmuslii anaius ¢ NCIoJib30Ba-
HIeM perpeccuy Ha OCHOBE YA CMHbLY HAUMEHb-
wux keadpamos PLS-DA [24] Beinonusercs,
ecjim MaccuB X COCTOUT M3 OJHON KayecTBeH-
HOII TlepeMeHHON (rpynnupyoiiero gaxropa).
B ornnuume or KiaaccuuecKkoro AMCKPUMIHAHT-
HOTO amaim3a, aJToOPUTM MO3BOJIsAET 06pabaThi-
BaTh OOJILITTIOE KOJTUIECTBO KOPPEJMPOBAHHBIX
nmepeMeHHbIX (00JIbIlle, 4eM YHCT0 00HLEeKTOB).
[Toryuennasi Mojiesib MOYKET BBITIOJIHATH TPO-
IPHO3UPOBAHIE, T. €. PACCUNTHIBATH BEPOSATHOCTI
OTHECeHUS MPON3BOJIHLHOTO 00BheKTa K KasK/0M
n3 TPYIIIL.

CuMMeTpHYHBIi aHATUS IBYX
WM HECKOJAbKUX MaTpuI|

Ipokrpycmossiit anaius coemecmmoll uHepyuu
PCIA [31] cpaBumBaer iBe MATPUILH COOOTIECTR
¢ TIPOM3BOJILHBIM COCTABOM BHJIOB, HO ¢ Oj{lHa-
KOBBIM HAabOpPoOM MecrooOuTaHuii, Jubdo gaBe op-
AUHAIN, BBITIOJHEHHBIE OTIEIHHO TI0 KayRIOM
rabsnie. Ha cpopmupoBannoii parropuanbuoii
IJIOCKOCTHU, COCTOSIIIEN U3 IBYX OCeil, KaKk/bii
00BEKT OTOOPaKAETCS JIBYMSI TOUKAMM, COCJIN-
HEHHBIMI CTPEJTKOM, 0003HAYAIOINIEH TTepexo;l
OMOTOTIA 3 HAYATLHOTO COCTOSAHUS B KOHEUHOE.
Yem KOpoUe CTPENIKY HA ITATpaMme, TeM O0JThITTe
HTO YKa3bIBaeT Ha COBIAjleHNe CTPYKTYPhl CO-
0OTIeCTB, OMMMCANTBIX IBYMsI TaOJIMITaMI.

0606w énnutii nporpycmosoili anasud GPA
[33] obpabarbiBaeT HECKOIBKO MATPUIL CO-
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00IIeCTB ¢ MPOUBBOJBHBIM COCTABOM BU/OB, HO
¢ OlMHAKOBBIM Habopom mecrooburanuii. [lenn
aHaJIM3a COCTOUT B TOM, YTOOBI HAMJIYYIITUM 00-
pazom chopMUPOBATH KOHCEHCYCHYIO KORPuYpa -
Yuio, T. €. «CPeIHIO» U3 YACTHBIX OPAMHAINI,
COOTBETCTBYIOIINX KayKI0il TabuIe.

JeyxOa0unstit memoo uacmuvle HAUMEeHbULLL
readpamos 2B-PLS [26] n arasus coemecmroi
unepyuw CIA [30] ncnonb3yiorest s aHajimsa
COOTBETCTBUS MEKIY JABYMS MaTpUIlaMu co-
00IIECTB ¢ TTPON3BOJILHBIM COCTABOM BUJIOB, HO €
OIMHAKOBBIM HaOOpoM Mectooburanmii. MeTobt
dbopmupyior nrndOpMaMOHHYIO CTPYKRTYPY (T. €.
HabOp JIATEHTHBIX Oceil), KoTopas ONTUMAJIbLHO
OPUEHTHPOBAHA OTHOCUTEJIbHO MHOTOMEPHOT
KOBapUaIy MeK/Y JIBYMs TaOJIUIaMId.

0606ué1nblil KAHOHULCCKRUTL KOPPeAAYUOH -
notit anaaus ¢ peeyaapusayueic RGCCA [23] mun-
meepuposannbvlic AHAAU3 OAHHBLE ¢ UCIIOTH30BA-
nueM JgareHTHbIX ctpykTyp DIABLO [ 27, 32]
npuMeHsieTcs s 0000enns nugopManim n3
HECKOJIbKO MATPUIL COOOIIECTB € TPOM3BOTbLHBIM
COCTAaBOM BH/IOB, HO OJINHAKOBBHIM HAOOPOM Me-
crooburanmii. [lens amannaa gare Bcero cocront
BTOM, 4TO0BI OTTPEJIeJINTh, KAKIe BUJBI 13 PA3HBIX
TabaunI B HAUOOJIbIEeH Mepe accorunpOBaAHbI
MesRILY cOOOTi.

3arioueHue

MHuoromepHbie MeTOJbI OPJINHAIIIH, OTINCAH-
HbIE BbITIIE, 00ectieunBaioT 3h(heRTUBHOE pereHne
TPEX BaKHEWTITNX 33/1a4 B DKOJOTHHN COODIECTR:
(a) nmeHTHURATINIO DKOJIOTHYECKIX TPAITEeHTOR
TV OMOJIOTNYeCKI BHAYNMBIX KIIACTEPOB, 00he/1-
HSIOTIIX MeCTOOONTAHTISI 1 TAKCOHBI OPTaHIT3MOB,
COCTABJISAIONNX U3ydaeMoe coo0IecTro; (6) BbI-
JieJieHe OCHOBHBIX BHEIITHIX (DAKTOPOB, OTIpejie-
JSTIONIIX M3MEHUYNBOCTH CTPYKTYPhI COOOIIECTB;
(B) corocraBeHme IBYX M HECKOJTbKIX MacCH-
BOB JIAHHBIX, COJIEPKAIINX OTINCAHUS N3ydaeMOoi
AKOCHCTEeMbI, C/IeJIAHHBIX B pa3HOe BpeMs WJin
¢ UCIOJTb30BAHNEM Pa3HbIX TAKCOHOMUYECKIX
IPYIII, € OIMEHKOIl CTaTHCTHYeCKOT 3HAYNMOCTH
UMEIOTIIXCST CTPYKTYPHBIX N3MEHEeHWI.

OnHaro 00JbIIOe KOJTNUeCTBO IIPeCTaBIeH-
HBIX BBITIIE CTATHCTHYECKNX METOJOB CO3AfoT
3HAYNTEJbHYIO HEOTPeIeJéHHOCTh B BHIOODE
OTITUMAJIBHOI CTPATerny aHAJIN3a, YeMy CII0c00-
CTBYIOT «BBOJISIIIINE B 3a0/ysR/IeHIIe peKOMeH 1 -
UK 1 oMMOouHBIe 0000TIEHNsI OTHOCUTETbHOT
3P PeRTUBHOCTH] IOCTYITHBIX MHOTOMEPHBIX METO-
noB...» [7]. Hanpumep, He Bceryia oripaBjiaHo He-
raTuBHOE OTHOIIIeHEe HEKOTOPHIX aBTOPOB K He-
MEeTPUYecKOMY MHOTOMEPHOMY IITKaJIMPOBAHNIO
(NMDS), koropblii, Kak 1HokasbiBaer ombit [14],

SAIBJISIETCS HANOOJIee YCTOMUNBLIM U MHTEPIIPeTH -
PYEMbIM METO/IOM OP/IMHAIMN B UCCJIEOBAHUSX
110 HROJIOTUH PEYHBIX COOOIECTB. 3a Mmoce/Hee
BpeMs pazBUBAETCS CHCTeMa COBPEMEHHDBIX CTa-
TUCTUYECKUX TECTOB, ITI0O3BOJIAIOIINX BBIIIOJHATH
ROJIMYECTBEHHYIO MTPOBEPKY IOCTOBEPHOCTH T10-
CTPOEHHBIX MOIeTIeH ¢ TTOCTeYIONTeil ceeRIein
nyurnx u3 Hux. Menomnzosanme merooB MonTe-
Rapno, pangoMu3annm m Kpocc-mpoOBEpK,
ROTOPBIE OCTAJIMCH 32 pAMKaMU HATIIeTo 0030pa,
MO3BOJAIOT TMPUAATH CAMOMY MOHATHIO «3a-
Oy RIeHe» DoJiee KOPPEKTHBI TORA3ATEThHBII
cmbica [11, 35].

CoBpemMeHHbBIE TIAHBI DKCITIEPUMEHTAJIb-
HBIX U ITPUPOJHBIX MCCACMOBAHNIT BCE DOJBITE
puodpeTaroT MesRIMCIUIIMHAPHbIN XapaKkTep
1 TTPEJIITIONATAI0T TeCHOE B3aNMOJIEICTBIE DKOJIOTOB,
TeHeTUKOB, XUMUNUKOB 1 6I/IOCTaTI/ICTI/IKOB. B 9TUX
YCTOBUSIX POJTH MHOTOMEPHBIX METOJIOB, ITO3BOJISI-
01X BecTn 00paboTKy MaccuBOB nH@OPMATNT
¢ OOJTBIITIM YMCJIOM PA3HOPOIHBIX TTePeMEeHHbIX
CTAHOBUTCS OUeBUIHON 1T TPMOPATETHOT.
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The burning of sulfate turpentine, formed as a by-product of pulp and paper mills during the kraft pulping process,
causes irreparable environmental damage, as it contains a large number of toxic sulfur-containing compounds generat-
ing sulfur dioxide when being combusted. It is for this reason that the search for methods of removing sulfur compounds
from the sulfate turpentine, which can make the purified product a valuable source of terpene compounds suitable for
industrial processing, is being actively pursued. The problem of complex refinement and rational utilization of turpentine
is mainly to establish a waste-free use of feedstock for obtaining useful products. However, the lack of selectivity in the
conversion of terpenes which are the main components of turpentine, and the complexity of their separation hinder the
development of effective methods for refining turpentine. In this regard, the refined turpentine is used mainly as a solvent
for varnishes and paints. At the same time, it is a valuable biofuel, capable, with proper approach, of partially replacing
fuels produced from mineral oil. Terpenes from turpentine and their derivatives are widely used in the organic synthesis
of biologically active substances, antioxidants, pesticides, herbicides, in the perfume industry for producing fragrances
(linalool, geraniol, nerol, citronellol), and also for obtaining compounds with a pronounced insecticidal , repellent,
antimicrobial, anti-inflammatory, hypoglycemic and other types of biological activity. Sulfur-containing compounds
can achieve widespread use in organic synthesis to manufacture solvents, ion-exchange resins, dyes, in the synthesis of
detergents and reagents for the chemical industry (sulfochlorides, thiosulfonates, sulfoxides).

Keywords: sulfate turpentine, a- and B-pinenes, sulfur compounds, terpenes, terpenoids.

YR 547-305.1+ 630.86:676.085.4

JKOJIOTHYECKHE aCTIeKThI OYNCTKH CYJIb(PATHOrO CKUMuaapa

© 2019. E. C. Usmecrbes, K. X. H., H. C.,

C. A. Pyonosa, 11. X. H., €. H. €., BPpHO JHPEKTOPA,

A. B. Ryuun, a. x. H., wi.-kopp. PAH,

Uncruryr xumnn OerepaibHOTO NCCTE0BATEILCKOTO TEHTPA
«Romu HaydHBIT TIEHTP YPaTbCKOTO OT/IeTeH S

Poccuiickoii akageMmun Hayk»,

167000, Poccust, r. CoikrbiBRap, yi. lleppomaiickas, 48,
e-mail: evgeniyizmestev@rambler.ru

12

Cyxuranue cyabMarHoro cKummjgapa, 00pasyoierocs B KauectTse mob0YHOr0 IPOJYKTA HEJH0JI03H0-0yMasKHbIX
KOMOMHATOB B X0Jie CYIb(DATHON BAPKY I[EII0I03bI, HAHOCHT HETIOMPABIMbBII DKOJIOTHICCKUIT BPEJ] OKPYIKAIOINIe cpejie,
TaK KaK OH COJIePIKUT B COCTaBe DOJIBINTOE KOJMUECTBO TOKCHUHBIX CEPOCOAEPIKATINX COSJIMHEHI, 00pasyIOuXcs mpu
ropeHnn pguorcujga cepsl. [loaromy akTuBHO BefyTest MONCKN METOJOB YAAIEHNs CEPHUCTHIX COCAMHEHNII 3 cocTaBa
cyab(aTHOrO CKUTIIAPA, CIIOCOOHBIX C/leJIaTh OUNIIEHHBII TPOJLYKT MPUTOHBIM K IIPOMBITIITIEHHOMY HCIOTb30BaAHIIO.

[Ipobaema KoMIIIeKCHOT TTepepaboTKI 1 PAIIOHAIBHOTO MCITOIL30BAHIIS CKUTINIAPA 3aKII0YAETCs IIABHBIM 00pa3oM
B HAIKUBAHUK GE30TXO/HOTO UCIOIb30BAHNUS ChIPbs C I1EJIbI0 MOJYUYeHIs 10J1e3HbIX MPopyKToB. OfiHaKo oTcyTeTBIe
CEeNeKTUBHOCTNI TPEBPATIeH IS TePIEHOBLIX COCINHEH NI, ABAATONNXCS OCHOBHBIMI KOMITOHEHTAMI CKATIIIAPA, 1 CITOKHOCTD
WX pasjiesieHis MpersTeTBYIoT pazpaborke s3(DMeRTUBHBIX METOIOB TTepepaboTKi CKUTHapa. B ¢BsA31 ¢ 9TUM OunIeHH bl
CRUNIJAP IPUMEHSIeTCsI B OCHOBHOM B Ka4ecTBe PACTBOPHUTEJIS JIJIsI TAKOB 1 KPacoK. Tepriensl i X Hpon3BoJiHbIe HAXO/AT
HIIPOKOE ITPUMEHEH e B OPraHuecKoM CiHTe3e O1O0JOTHYeCKN AKTIBHBIX BEIIECTB, AHTHOKCUAHTOB, IIECTUIIIOB, TepOUIIIIOB,
B 1apIOMepHOil TTPOMBIIIICHHOCTI JIJIsT TIOTYYeHUST YITNCTHIX BeIecTs (JMHAT00, TepAHIIoJ, HepoJ, INTPOHEIIION ), s
CUHTe3a COCIMHEH NI, 00IaIaioIIX Bl PAFKEHHOI HHCeKTUIUIHON, PeIIIeICHTHOIT, aHTUMUKPOOHOII, IPOTHBOBOCHAJINTEIHHOI,
TUITONTHKeMIYeCKOI U IPYTUMI BUAAMI ONOJOTNYeCKOIl aKTHUBHOCTH, & CePOCOIepsKalIiie COeJITHeH ST MOTYT PUMEeHSThCS
B OPraHmyecKoM CUHTe3e JJisi TOJyUeH sl PacTBOPUTesel, MOHOOOMEHHbBIX CMOJI, KpacuTesieil, B CHHTe3e MOIOIIIX CPejiCTB
U peareHToB sl XMMUUECKOIl ITPOMBIIIEHHOCTH (CYIbMOXI0PUI0B, THOJICYIBPOHATOB, CYIL(OKCHIOR).

Karouessie caosa: cynnparuniii ckumngap, o- n B-muHeH, cepocoiepsKaliine COeIHeHNsT, TePIeHbl, TePIeHO/IbI.
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Solving the problems of complex process-
ing and rational use of plant raw materials is
especially relevant at the present time. Mass
forest cutting and transforming it into wood
pulp, in addition to the desired product, lead to
anumber of environmental problems associated
with the formation of a significant amount of
the by-product of the pulp and paper industry,
sulfate turpentine, most of which is not recycled
but simply burned. Sulfur compounds from the
sulfate turpentine during combustion generate
sulfur dioxide, one of the main pollutants being
emitted into the atmosphere, which leads to the
formation of acid rains and have a negative im-
pact on the environment. The average content of
sulfur-containing components in sulfate turpen-
tine in terms of atomic sulfur is 0.03 mass%, but
in some cases it can reach 2-6% [1].

The global production of crude sulfate
turpentine increased from 165,970 in 2012 to
191,224 million tons in 2016. The global crude
sulfate turpentine marketis led by North Ameri-
ca, capturing about 60.64% of sulfate turpentine
production. Europe is the second largest market
with 30.04% global production share. In 2023,
the production of crude sulfate turpentine is
estimated to be 241,724 million tons [2].

Turpentine is a mixture of organic com-
pounds which possess high toxicity (TC, inhala-
tion, human =175 ppm) [3]. When taken orally
in an amount of 15-150 mL, turpentine can
cause death [4]. The lethal dose depends mainly
on the organosulfur compounds content. When
in contact with the skin, it causes dermatitis
[5]. Systemic toxicity of turpentine leads to the
gastrointestinal tract irritation and the central
nervous system depression up to the brain and
spinal cord atrophy, anemia, reversible kidney
failure, tachycardia, behavioral changes, and as
well as causes various cancers of such systems
as lung, bone marrow, blood (Hodgkin’s disease,
leukemia, lymphosarcoma), the digestive sys-
tem. Additionally, a pattern of neuroblastoma
development in children whose parents (more
often fathers) were exposed to chemicals of tur-
pentine production was found [4].

The yield of refined sulfate turpentine is ap-
proximately 10 kg per ton of pulp and depends
primarily on the location and date of the wood
harvest as well as the length of the storage period
before processing [6]. Significant production of
sulfate turpentine and the possibility of remov-
ing sulfur compounds allow us to consider it
as a large source of terpenes which are a useful
feedstock for organic synthesis. But due to the
complexity of the composition and the difficulty

of separating the main components of turpentine,
many pulp mills still prefer burning it.

The present review is a coverage of the works
devoted to the refining sulfate turpentine and the
isolation of components that are useful for the
preparation of substances with valuable properties.

Chemical composition
of sulfate turpentine

Depending on the habitat of conifers and
their species, the content of the main turpentine
components varies greatly. The average content
of a-pinene in turpentine isolated from the pine
Pinus silvestris growing on the territory of Russia
ranges between 55—70%. The share of 3-carene
is 15-30%, the amounts of B-pinene (2-7%),
dipentene (3-6%), and camphene (= 1%) are
insignificant [7].

Among other terpenic hydrocarbons found
in small quantities in sulfate turpentine, it is
worth noting such as tricyclene, B-myrcene,
a-terpinene (Fig. 1) [8].

Some compounds isolated from sulfate tur-
pentine, for example, 3-carene and B-pinene,
have a high optical purity. The optical purity of
a-pinene and dipentene varies greatly depending
on the source of turpentine. Camphene and tri-
cyclene are always extracted as racemates [7].

The chemical composition of sulfate turpen-
tine is extremely complex but is mainly repre-
sented by monoterpenes. When processing some
other species of conifers, depending on their
species and habitat, sesquiterpenes, for example,
cadinene and caryophyllene, may occur, but their
amount is usually insignificant [9].

The turpentine refining
and processing

In the process of sulfate cooking, by-prod-
ucts, which are volatile organosulfur compounds
(methyl mercaptan and dimethyl sulfide) with a
sharp unpleasant odor, are formed by eliminat-
ing the methoxy groups of lignin and their reac-
tion with sodium sulfide. Their amount usually
reaches 0.03% (in terms of sulfur). These com-
pounds are highly toxic: MPCof CH,SH in the air
is 0.006 mg/m? [10], MPC of (CH,),Sis 0.08 mg/m*
[11]. During processing, methyl mercaptan is
partly dimerized by contact with air oxygen,
forming dimethyl disulfide. The presence of sul-
fur-containing compounds in turpentine limits
the areas of its synthetic application due to the
poisoning of catalysts used in the transformation
of terpenic hydrocarbons [1, 6].
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Fig. 1. The main terpenes of sulfate turpentine
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Fig. 2. Oxidation of sulfur compounds from turpentine with chlorine dioxide

To use sulfate turpentine, it is necessary to
purify it from sulfur so that its residual content
does not exceed 0.005 mass% (TC 13-0281078-
36-89). For this purpose, purification methods
based on chemical, physical and physicochemi-
cal processes are proposed, including rectifica-
tion (industrial purification method), extraction,
application of adsorbents, chemical interaction
[12], and distillation with water vapor [13]. Oxi-
dizers such as air oxygen [14—16] and inorganic
peroxides [17], treatment with aqueous alkali
solutions [18, 19] and other methods are used
as chemicals to purify sulfate turpentine from
sulfur-containing impurities. A method for re-
fining sulfate turpentine with sodium hypochlo-
rite solution in an acidic medium (pH 3.5-5.0)
at a temperature of 10—-40 °C for 20—60 min,
followed by neutralization with an alkali solution
[20], is known. To oxidize sulfur compounds, it
has been proposed a way to react them with an
aqueous solution of sodium hypochlorite with
preliminary removal of the highly volatile sulfur
compounds by aninert gas current (for example,
nitrogen) at a temperature of 10-50 °C [21].
However, this method was unsuitable for refin-
ing turpentine with a high sulfur content. There
were also attempts to desulfurize turpentine on
nickel-palladium [22] and cobalt-molybdenum
[23] catalysts. It should be noted that these
methods are either ineffective and do not allow

to reduce the total sulfur content below 0.005
mass % or require additional production costs
for obtaining reagents.

The Institute of Chemistry of the Komi Sci-
entific Center of the Ural Branch of the RAS has
developed a highly effective method for purifying
sulfate turpentine in which chlorine dioxide CIO,
that is a large-capacity product applied in pulp
and paper production for bleaching cellulose is
used as an oxidizer [24, 25]. As a result of react-
ing methyl mercaptan and dimethyl disulfide
with ClO,, methane sulfonyl chloride [26] or
thiosulfonate [27] is formed. Oxidation of di-
methyl sulfide leads to the formation of dimethyl
sulfoxide and dimethyl sulfone (Fig. 2) |28, 29].

The sulfur compounds of sulfate turpentine
isolated in pure form can be used as odorants of
natural and liquefied gas. The products formed
during their oxidation find application in organic
synthesis. Sulfonyl chlorides are widely used in
the synthesis of detergents, ion-exchange resins,
elastomers, drugs, dyes, herbicides; thiosulfo-
nates possess bactericidal and fungicidal activi-
ties. Dimethyl sulfoxide is a universal organic
solvent, forms the basis of the medicine “Dimex-
ide” which exhibits an anti-inflammatory effect
[30]. Dimethyl sulfone is a part of various dietary
supplements for the prevention of osteoarthritis.
Its activity against cancer cells was investigated,
however, these studies were completed with a
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negative result, dimethyl sulfone do not show
toxicity, and is almost not metabolized in the
human body [31].

After removing sulfur compounds, the com-
position of sulfate turpentine becomes approxi-
mate to the composition of gum turpentine and
usable. The turpentine is currently used mainly
as a solvent for varnishes and paints [32], and
also there are data of using it as an extragent,
for example, of gutta-percha from Eucommia
ulmoides barks [33].

Terpenes and terpenoids find application as
high-value chemicals across the food, cosmetic,
fragrance, pharmaceutical and biotechnology
industries [34—-36].

The presence of double bonds and strained
cyclesin the structure of terpenic hydrocarbons
makes them extremely reactive and enables to
use in the addition, alkylation, isomerization,
and polymerization reactions [8] which are the
main directions of turpentine processing.

It is known that in the presence of acid
catalysts, a-pinene and other monoterpene
hydrocarbons, which are part of turpentine, un-
dergo significantisomerization transformations.
The composition of the isomerization products
strongly depends on conditions under which
the process is performed. Therefore, changing
the conditions can direct the same reaction in
different pathways [7].

The isomerization of terpenes can also occur
in the absence of catalysts. When sulfate turpen-
tineis heated (933—-693 K) at a pressure (40—-280
altm.), its isomerization takes place to form a
mixture with variable composition which mainly

depends on the temperature. As the temperature
in the mixture increases, the amount of a-pinene
decreases until it disappears completely. At
the same time, the content of dipentene, a- and
B-pyronenes, alloocymenes increases.

Among the other thermolysis products,
there found volatile compounds such as di- and
monoalkylbenzenes (methyl, ethyl, isopropyl,
isopropenyl), trimethylcycloheptadienes and
trimethylcycloheptatrienes, p- and m-mentha-
dienes (terpinenes, terpinolene, fellandrenes),
dimethyloctadienes, turpentine monoterpenes
(camphene, fenchen, tricyclene), dimeric prod-
ucts (C17-C20) [37] (Fig. 3).

The menthadienes, in contrast to turpentine,
have a better solvent power. They are oxidized by
air oxygen to form colorless products and for this
reason are more promising as solvents for paint
and varnish materials. In addition, conjugated
menthadienes can relatively easy reaclt with
various dienophiles to form Diels-Alder products
which are used effectively to improve the quality
of some sealants and rubbers [38].

In industry, most of a-pinene is isomerized on
Ti0, at 100 °C to form a mixture of products with
a total yield of 75-80% in which the main compo-
nents are limonene and camphene [39]. Camphene
is a widely employed fragrance in perfumery, a
precursor to camphor, and an additive in the formu-
lation of insect repellents, explosives and plastics
[40—42]. Limonene finds large scale application
in the perfume and pharmaceutical industries as a
flavoring and antimicrobial agent [42, 43].

Titanium catalysts for the isomerization
of turpentine, however, do not exhibit a high
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I - Dipentene (limonene), II - y-Terpinene, III - a-Phellandrene, IV - Sylvestrene, V - m-Mentha-
1(6),4-diene, VI - m-Mentha-1(6),3-diene, VII - a-Pyronene, VIII - B-Pyronene, IX - Alloocimenes,
X -2,5,5-Trimethylcyclohepta-1,3-diene, XI - 1,5,5-Trimethylcyclohepta-1,3-diene

Fig. 3. Major products of turpentine thermolysis
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selectivity. Therefore, alternative catalysts such
as clays, zeolites, sulfated zirconia, heteropoly-
acids, which are able to increase the selectivity
of isomerization and the conversion of a-pinene,
were proposed [39].

A very effective direction of processing tur-
pentine is the production of polylerpene resins,
both liquid and solid. The liquid polyterpene
resins are used as lubricants for fiberglass and
added into fat-liquoring agents for treating
natural leather products. In addition, they are
a part of film-forming compositions for manu-
facturing dielectrical and varnish-and-paint
materials [44].

The main producer of solid polyterpene res-
insisthe USA turpentine enriched with B-pinene
as a raw malerial. Russian turpentine consists
mainly of a-pinene, the polymerization of which
is difficult due to the peculiarities of the spatial
structure. Therefore, the production of high-
melting polyterpene resins based upon a-pinene
remains a pressing challenge. The polymeriza-
tion of a-pinene in the presence of Friedel-Crafts
catalysts (AICL,—SbCl,), heteropolyacids (H,P-
W,,0,,and H,SiMo ,0, ) and Me,SiCl additives
was studied in [45]. It should be noted that the
production of high-melting polyterpene resins
is greatly facilitated when dipentene obtained by
a-pinene isomerization is used as a raw malterial
for the polymerization [46].

Another effective direction of processing
turpentine is the acid-catalytic interaction of
monoterpenoids, which are part of its compo-
sition, with water, alcohols and organic acids.
The a-pinene hydration reaction forms the basis
for the production of terpineol which possesses
effective flotation properties it is also used for
the extraction of non-ferrous metals as well as a
component of paint-and-varnish compositions
[47,48]. As aresult of a-pinene hydration terpin
hydrate can also be obtained with a high yield
[49], which is used as a substance for the manu-
facture of medicines and is a starting compound
to perfume terpineol [50]. a-Terpineol and its
acetate have a pleasant floral odor and possess
bactericidal properties, so they find application
as soap perfumes, detergents and disinfectants.
Terpineol is also used in metallurgy to extract
metals from their ores [51]. The preparation of
terpineol was studied in [52]. When the hydra-
tation of sulfate turpentine in the absence of
catalysts at a temperature of 80—85 °C with the
addition of a small amount of acetone occurs,
terpineol is formed with a yield of 67—-77%.

Much attention is paid to the production
of turpentine-based fuel, since the reduction of

unsaturated compounds and the opening of rings
in terpene molecules leads to the formation of
branched hydrocarbons having a structure close
to isooctane [53, 54|. The mixture of turpen-
tine and ethanol prior to the beginning of the
19th century was used as a fuel for lighting and
was the preferred source of power for internal
combustion engines. The attempts to use crude
sulfate turpentine as motor fuels after a simple
filtration were unsuccessful, leading to fast
contamination of the motor oil with metal sul-
fides and severe corrosion of engine parts [99].
Turpentine has not been used as fuel for almost
two centuries because of the limited production
and the difficulties caused by its application.
However, taking into account the natural advan-
tages of these hydrocarbons, the development of
methods for both production and use of terpenes
as fuel on an appropriate scale is very convincing.

An approach to produce the fuel materials
based on a-pinene, limonene, and camphene,
which consists in obtaining unsaturated dimeric
molecules and their reduction, was proposed
in [56, 57]. There found an effective catalyst to
synthesize dimeric products with yields up to 90%
thatis Nafion (fluorine-containing sulfated poly-
mer), whereas acid catalysts, for example, H,SO,,
lead to the formation of polymer products [57].

Monoaromatic compounds produced from
terpenes are valuable for petrochemical industry
[58, 59]. Of these, p-cymene is of particular im-
portance as it has potential use in the synthesis
of terephthalic acid [40, 41, 60] which is applied
in polyester (PET) producing. p-Cymene is also
used for the synthesis of p-cresol [61] and its
derivative, 2,6-di-tert-butyl-p-cresol (BHT),
that is a light-resistant antioxidant with a wide
range of applications [62]. It comes into use in
producing the corresponding hydroperoxide by
oxidation with air oxygen, which is an effective
initiator for the emulsion copolymerization of
butadiene with styrene in the production of
appropriate rubbers along with cumene hydro-
peroxide. p-Cymene is also used as a solvent for
dyes and varnishes, and as an intermediate for
the production of pesticides, fungicides, flavors,
and pharmaceuticals [63].

On a large scale, the preparation of p-
cymene from mono- and bicyclic terpenes has
been proposed on metal catalysts such as Pd/C,
Pd/ALQO, [64], Pd/Si[65-67], Pt/C, Cu/Cr,0,
and Zn0,/Cr,0, [68]. In [69], zeolites were
used to dehydrogenate the terpenes of turpen-
tine, but, as a result of this process, a mixture
of 0-, m-, and p-cymenes with a total content
of up to 25% in the mixture was formed. The
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hydrogen released during the dehydrogenation
process is able to simultaneously reduce un-
saturated compounds represented by limonene,
terpinolene, a- and y-terpinene, menthadiene,
and menthene to menthane. At 380 °C, the
share of menthane in the reaction mixture
reaches 20% (Fig. 4).

The dehydrogenation process, as noted by
the authors of the same paper [69], can be used
for removing sulfur compounds to avoid the ad-
ditional treatment of sulfate turpentine in the
case of achieving selective formation of cymene.
The organic sulfur compounds can also act as
hydrogen acceptors as they can undergo hydro-
genolysis, disproportionation, and reduction.

CH,SH + H, — CH, + H,S
(hydrogenolysis)

2CH,SH — (CH,),S + H,S
(disproportionation)

(CH,),S + 2H, — 2CH, + H,S
(reduction)

By binding the resulting hydrogen, the
sulfur compounds, as believed, can increase the
selectivity of cymene formation.

Terpenes and terpenoids are widespread
in nature and important for maintaining the
ecological balance in interspecies relationships.
These compounds act as a means of communica-
tion between plants, plant communities, plants
and insects, affect the intraspecies structure of
insect populations (primarily social ones: ants,

bees, and termites) [70-72], participate in the
formation of protective systems against enemies,
competitors or invasive species [73].

Some terpenic compounds, for example,
limonene, terpinolene and a-pinene are natural
pheromones of numerous termites. However,
the physiological response of insects to other
terpenic compounds is possible. For example,
the ants Acanthomyops claviger respond Lo cit-
ronellol, citronellal and citral, and the mixture
of exo-brevicomin with B-myrcene attracts Den-
droctonus brevikomis beetles [74] (Fig. 5). The
oxidized with SeO, turpentine mainly composed
of (=)-borneol and a mixture of (+)-, (—)-1-ter-
pineols, terpinen-4-ol showed a high activity
against ticks (lxodes ricinus) [73].

The most complete information on insect
pheromones is presented in the review [76].

The use of terpenic compounds in perfumery
is associated with having pleasant aromas of
most of them. Many of fragrant substances are
acyclic monoterpenoids which can be obtained
from the cyclic components of sulfate turpentine.
One such compound is B-myrcene. The content of
B-myrcene in sulfate turpentine is insignificant,
but technically, it is easy accessible by short-
term heating of turpentine to 400—700 "C. Under
such conditions, the selectivity of B-myrcene for-
mation reaches 95%. On the basis of B-myrcene,
the fragrances such as linalool, (R)-cytronellol,
geraniol, and nerol are synthesized (Iig. 3).
Their annual production is estimated to be from
4 1o 12 thousand tons a year [77].

Acid catalyzed isomerization

o FEH-0

~
_H2, /

:

p-Cymene

\Hz

2

Menthene Menthane

Fig. 4. Usage of dipentenes in p-cymene and menthane production
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Citronellol Citronellal

Myrcene exo-Brevicomin

Fig. 5. Some natural pheromones of insects

o

Linalool Geraniol

s

Nerol (R)-Citronellol

Fig. 6. Fragrances derived from B-myrcene

In summary, sulfate turpentine is the source
of many useful substances which are applicable
in various fields of industry, agriculture, per-
fumery and household. The products obtained
on the basis of sulfate turpentine are cheaper
than synthetically obtained, they require less
production costs. The use of natural or semisyn-
thetic products of the terpene series has the main
advantage over the synthetic ones — the ability
to be involved in the metabolism of bacteria, in-
secls, and plants. This means that thereis a high
probability that products derived from sulfate
turpentine, for example, insecticides, pesticides,
will not accumulate in nature.

Biological activity of the main
components of turpentine

Turpentine is able to be oxidized by air
oxygen, forming a set of oxygen-containing
products. The oxidized turpentine exhibits anti-
inflammatory activity [78], and its peroxidized
form is thought to show a good anti-radical
activity [79, 80].

The physiological activity of turpentine,
however, is very different from the activity of its
individual components, which is associated with
the manifestation of a synergistic effect [81].

Studies of pure a-pinene showed the presence
of a broad spectrum of biological activity against

various bacteria and fungi. a-Pinene shows
aclivity against the gram-negative bacteria Ac-
tinobacillus actinomycelemcomitans, Prevotella
intermedia, Porphylomonas gingivalis, Fusobac-
terium nucleatum [82], Yersinia enterocolitica
[83], Salmonella typhi |83], Proteus vulgaris |83,
84|, and Acetobacter spp. [83]; as well as against
the fungi and yeast Candida tropicalis, Candida
glabrata, Aspergillus spp. [83], Penicillium nota-
tum [83], and others. It also exhibits insecticidal
activity [85], activity against Pediculus humanis
capitis [86] and the bark beetles of the species
Pityogenes bidentatus [87].

a-Pinene is a non-toxic compound used in
medicine to increase the absorption of various
chemicals, for example, neuroleptics. It also
possesses lipophilic, pesticidal, anticarcino-
genic, diuretic, immunostimulating, sedative,
anti-inflammatory, hypoglycemic, and other
activities [88].

B-Pinene, in contrast to a-pinene, shows a
narrower spectrum of biological activity, but it
is synthetically more desirable due to its greater
reactivity which allows to obtain based on it a
larger set of useful products. It exhibits antifun-
gal properties [89], especially against Candida
spp. [83]. When acling on yeast, B-pinene in-
hibits mitochondrial respiration, proton pump
activity and K* transport and also increases
membrane fluidity [90]. It possesses moderate
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antimicrobial activity, is capable of antiseptic
effect on the oral bacterial flora [82]and active
against Staphylococcus aureus as well as some
other gram-positive and gram-negative bacteria
[84, 89].

In [91], the antimicrobial activity of the
individual enantiomers of both pinenes was stud-
ied, and (+) enantiomers were found to be more
active. Thus, (+)-a- and (+)-B-pinene are highly
active against the fungi Cryplococcus neoformans,
Candida albicans, and Rhizopus oryzae, whereas
(—)-enantiomers do not possess the correspond-
ing activity against them.

Both pinenes are readily absorbed through
the pulmonary system, skin, and intestines, their
lethal dose are ranged from 0.5 to 5 g/kg body
weight [5]. The primary metabolism of a- and
B-pinenesin the mammals is well studied. When
ingested, hydroxylation of pinenes occurs with
the formation of terpenic pinane and menthane
alcohols [92].

Turpentine, as shown in [93], increases the
permeability of the skin. This proper can be used
to facilitate the penetration of drugs through
the cell membranes, what demonstrated by the
example of the delivery of fluconazole through
the membranes of liposomes and ethosomes.

The biological activity of caranes has been
studied worse. 3-Carene is known to be the most
toxic terpene contained in turpentine. This
hydrocarbon causes the strongest dermatitis,
induces bronchoconstriction, stimulates the
development of asthma [94].

In summary, having considered the range
of useful properties and biological activities of
the major components of turpentine, we can
conclude that a waste from the pulp and paper
production has broad prospects for obtaining
new physiologically active substances based on
them. The study of the chemistry of semisyn-
thetic functional derivatives of the terpene series
in this connection is topical.

Conclusions

The development of effective methods for
processing the major components of turpentine,
including sulfur compounds, allows to solve a
number of environmental problems associated
with the release of sulfur dioxide into atmo-
sphere, pollution of water bodies and soils with
sewage from turpentine production. This is of
paramountimportance not only for the develop-
ment of the wood chemical industry, but also for
the forest complex as a whole, as it contributes
significantly to the solution of the problem of

rational use of forest resources and the environ-
mental protection.

Prospects for the sulfate turpentine process-
ing mainly depend on the selectivity of the reac-
tions underlying it. The terpenes represented in
turpentine have in most cases a related composi-
tion of G10 and a structure, so their separation
is often difficult. This problem can be partially
solved by rectification distillation, but even it
does not allow to isolate terpenes with a high
purity. Therefore, the search for ways to separate
terpenes, and methods for increasing the selec-
tivity of sulfate turpentine processing should be
of a high priority.

Terpenes are able to participate in the me-
tabolism of living organisms, this allows them
to be used for producing medicines. However,
to date, the use of sulfate turpentine for medical
purposes is prohibited, as methods for the quan-
titative removal of sulfur from its composition
have not been developed yet. The production
of gum turpentine has its drawbacks due to the
difficulty of extracting it on an industrial scale,
so at a costitis more expensive than sulfate one.
In addition, the industrial gum turpentine pro-
duction in Russia is not carried out any longer.

Studying these issues can bring turpentine
production to a new level, during which both the
problem of harmful emissions into the environ-
ment and the problem of using turpentine com-
ponents for creating new biologically active com-
pounds, flavoring agents, pesticides, herbicides,
surfactants, antioxidants, etc. will be solved.

This work was financially supported by the Com-
prehensive Program of the Ural Branch of the Russian
Academy of Sciences (project No. 18-3-3-17).
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HpOBe}_LéH aHaJIN3 Pe3yJ/abTaToB MOHUTOPUHIOBbLIX MCCJle}.LOBaHI/lﬁ IOYBEHHOI aJ[bl‘O(i)JlOpbl JIECHBIX M JIYTOBbBIX 9ROCHUCTEM
B paiioHe o0beKrTa « Mapa/ibIKOBCKIIT» 32 EPUOJL 10 HaYaJla ero JesTeJIbHOCTH 1 [OcJie TTpeKpatieHnst GyHKIMOHUPOBAHS.
Bunosoe pasznootpasue aibroaopnt JeCHBIX IKOCHCTEM, OTMeYeHHoe /10 Havaia IesTebHOCTH 00beKTa, cocransiio 71 Buj,
ocJie npexpaiiers ero padborel ormedeHo 60 Bu0B. B IyroBbix skocucreMax cOOTBETCTBEHHO BhisiBIeHO 123 Bujia 1o Hauaia
dyHKIMoOHNpoBaHus obbekra 1 99 Buos mocie. Ynciennoct MUKpodoToTpodoB Bapbupyer B JIECHBIX KOCHCTEMAX OT
99,3 1o 280,5 Teicstu kietor na 1 r Bosmyrno-cyxoii mouser. [lo unenennocrn npeobragaior 3enénbie Bogopocan (or 41,3
pile) 263,3 ThIC. K.Jl./l‘ l[O‘{Bbl). Ha yyacTRaX MOHUTOPUHTA JIYFTOBbIX dKROCUCTEM KOJNYECTBEHHbIE ITOKRasaTe/ 1 EUlbl‘O(i)JlOpbl
BapbupyIior B rpejesax or 71,6 1o 447,1 Teic. Ki1./r MOYBBI ¢ JOMUHIPOBAHIEM 3eJI6HbIX Bojopocieii. Takconomumueckast
cTpyrTypa asbrodaopn npescrasiena otnerami Chlorophyta, Bacillariophyta, Ochrophyta. Cyanobacteria npencrasieris B
XBOMHBIX JIECHBIX DKOCUCTEMAX HE3HAUNTEIbHBIM YMCIOM BUJIOB, BJIYI'OBbIX DROCHUCTEMAaX OHU COCTABJIAIOT J1O 29% BUI0OBOTO
pazHoobpasusi. OTMeueHO HEROTOPOe YMeHbIIeHNe BUI0OBOIO pazHo00pasust alibroaopsl KEIT03eMEHBIX BOJOPOCTIeil 1
[1B 3a nepuop ressrennbHOCTH 0OLEKTA 1 HAMETHBIIIEECH YBJMUEHNe YNcIa BUIOB TTOCJe TPERPATIEeH NS ero JIeATeTLHOCTH.

Haroueswle crosa: aJILI‘O(b.H()pa, ITOYBEHHbIe BOAOPOC/IN, LIHHH()68KT(—)I)I’IH, HKU3HEeHHbIe (1)()prI ITOYBEHHBIX B();[()I)()(I.TI(—)ﬁ,
YUCJIEHHOCTH RJIIETOK, 6HOMOIIHTOpI/IIII‘.

Algological analysis of soil state in the vicinity of the plant
“Maradykovskiy” after it finished functioning
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The article presents the analysis of monitoring research of soil algoflora of forest and meadow ecosystems in the vicinity
of the plant “Maradykovskiy” for the period before the start of its operating and till after stopping its functioning. Specious
diversity of forest phytocoenoses algoflora before the start of its functioning accounted for 71 species. After the plant stopped
functioning there were found out just 60 species. In meadow phytocoenoses the number is 123 and 95 species accordingly.
The number of microphototrophs varies in forest ecosystems from 59.3 to 280.5 thousand cells per 1 g of air-dry soil. Green
algae prevail in number (41.3 to 263.3 thousand cells per 1 g of soil). At the monitoring sites of meadow phytocoenoses the
index of algoflora varies from 71.6 to 447.1 thousand cells per 1 g, green algae prevailing. The structure of algoflora of the
monitoring sites is presented by the soil algae groups Chlorophyta, Bacillariophyta, Ochrophyta, as for species diversity,
green algae prevail. Cyanobacteria (CB) are represented in coniferous forest ecosystems by a small number of species, they
are rare there, and in meadow ecosystems they account for 29% species. Specious diversity of yellow-green algae and CB
also decreased during the period of the plant’s functioning, still it is likely to increase after the plant stopped functioning.

Keywords: algoflora, soil algae, cyanobacteria, soil algae life forms, number of cells, biomonitoring.
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B nacrositiiee Bpemst B mectu pernonax Poc-
CHI, TJIe XPAHUJIOCH 1 YHUUTOKATIOCH XUMUYECKOe
opyskne (XO), mpoBoasTCs MIaHOBBIE pabOTHI 110
JUKBUAINN TTOcaecTBUl fesitebHocTn. Co3-
JIAIOTCS TIOJIUTOHBI JIJIsl XPAHEHUST 1 3aXOPOHEeHMSI
HAKOTLJIEHHBIX OTXOJIOB, BHITIOJHSIOTCSI pabOThI 10
peaduIuTAINN TePPUTOPUIT B TTPOMBITILICHHBIX
30HAX, Ije yHuuTosKaunch 3amackl XO. Rasrblii
O0O'BEKT TOTOBUTCST K AKOJIOTMTYCKOMY ayINTY, T10 pe-
3yJIBTaTaM KOTOPOTO JIOJIKHA ObITH C/Ie/aHa OIeHKa
HPUTOHOCTH NCITIOTb30BAH ST JIAHHBIX TEPPUTOPUILT
U TIPOMBITIITIEHHOI MHMPAKCTPYKTYPbI 00BEKTOB B
mupHbIX Tessx. G nepBoro faus peanusarmn De-
JIepaTLHOI 1eJIeBOII TPOTPAMMBI « YHUUTOKEHIe
3aracoB xummdeckoro opyskusi B Poccuiickoit Me-
nepanum» 1 B pamkax peanusanuu DefepaabHoro
3aroHa «O0 yHIUTOKEHNT XUMITUCCKOTO OPYIKIAS»
obparmanoch ocoboe BHIMaHme odecmedennio Hes-
OIACHOCTH BCEX OCYIIECTBISEMBIX MPOIECCOB Ha
o0berTe. Bou pazpadoTanbl He TOJTBKO BHICOKOI(-
(heRTUBHBIE OTEUECTBEHHBIE TeXHOJIOTIN, KOTOPbIe
MO3BOJINIIN 0OECIIeYNTh 0e30TTIACHOe YHUUTOKEH e
XUMUYECKUX OOLTIPUTIACOB ¢ COOIIOIEHNEM CaMbIX
FRECTKIX DROJTOTHYECKUX CTAHIAPTOB 1 TpeboBa-
HUII, HO 1 CO3/[aHa YHUKAJIbHAS KOMILIEKCHAS CH-
cTeMa HKOJOTHYECKOT0 KOHTPOJISI I MOHUTOPUHTA,
BRJTIOUAOIIAs HA CHCTEMHON OCHOBE IPOM3BOJI-
CTBEHHBIII KOHTPOJIb, TOCYaPCTBEHHBII HKOJIOIM-
YeCKNil MOHUTOPUHT U COIUATbHO-TUTEHIYeC-
kit mormropunr [1]. Tarkmm obpaszom obecrieun-
BaJICsI KOHTPOJIb 3 TIPOM3BOJICTBEHHBIM ITPOIECCOM
1 9KOJOTUYCCKIET MOHUTOPUHT COCTOSTHUST OKPY-
FRATOITIEIT CPeJTbl 1 3[I0POBHST HACETCH NI,

BaskHbIMI KOMIIOHEHTaM¥U KOMIIJIEKCHOTO
HKOJIOTMYECKOTO MOHUTOPUHIA SIBJISIIITUCH TTPH-
pojiHbIe 00BEKTHI, TIPOBe/eHNe OIOMOHUTOPIH-
FOBBIX HCCAE0OBAHII — OUOMHUKAINK 11 G1OoTe-
crupoBanust. OCHOBHOIT 3a1aueii GHOMOHUTOPUH-
ra Ha TeppPUTOPHSAX CAHUTAPHO-3ATUTHON 30HbBI
(C33) m 3onubl 3amuTHbIX Mepornpustuii (33M)
00beKTa 110 XpaHeHN n yHuuroskenno X0
SBJISIACH OI@HKA COCTOSIHUSI U BbISBJIEHUE OT-
KJIMKA, TeHIeHI[NiT n3MeHeHusi 610JI0TIHYeCKOro
KOMITOHEHTA OKPY;KAIOIIEel cpejibl Ha TeXHOTeH-
Hoe BozjieiictBue B Xofie yHunuroskerus X0 [2].

Ha obmberre yunuroskennss XO «Mapapbi-
rRoBeRui» (KupoBckas obiacTs) K IpoBeIeHNTO
HKOJOTHYECKOTO MOHUTOPUHTA OKPYRAIOIIE
HPUPOHOI cpe/ibl ObIJIN HPUBIEYEHBI BEYIIIe
CHENUaTnCThl — HKOJOTU, YUEéHbIe HAYUHOI
naboparopun 6momonuTopuura Barl'y [2].
Ocoboe BHUMAaHIE Y/Ies10Ch OMOMOHUTOPUHTY
MPUPOJHBIX Cpefi 1 00BEKTOB, B 0COOCHHOCTH,
MOYBBI — OCHOBHOTO HAKOTINTE/IsT 3arPsI3HATONIX
BerecTs. [TouBa siBisiercs cpenoit oduranms fjist
MHOTHX OpraHu3MoB. VIamenenue cocrosiHust 1moy-

BEHHOI Cpejibl TTPU TeXHOTEHHOM BO3JIEHICTBIN
HeNn30eKHO ORA3BIBACT BIMAHIE HA T1EJI00MOHTOB.

B xopie 61ronornueckoro MOHUTOPUHTA TOYB
B paiioHe 00'beKTa 110 XPaHEHN IO 1 YHIUTOREH U0
xummaeckoro opyskusa (OXYXO0) «Mapajgpikos-
CRUIT» NCCAeOBAINCH (DepMeHTATUBHAS aKTUB-
HOCTH TIOUB |3, 4], ROMIIEKCHI MUKPOMUIIETOB
[5, 6] u aktuHomuneror [7, 8], npoBoxMINCH
MUKoJIOrnYecKue uccaepoanus [4, 6]. [luporo
MPUMEHSIIICH aJTBTOJIOTHYECKIE METOIBI OT[eHKI
COCTOSIHUS IIOYBEHHOI cpefbl [9—14], rak Kak
pearIus MOYBEHHBIX BOIOPOCJIE CXOTHA ¢ peak-
el BHICIITNX PACTeH I, OHU OBICTPO Pearnpyior
Ha rmouBeHHoe 3arpsizuenue [15-17].

Brino yeranosiero, 4To B mMouBax B paiio-
He obbexta «MapagbIKOBCKITI» B MEPUOJ| €T0
AKCIIyaTaluu NPOU30NIaN HepecTPoilku B
CTPYKTYpe aKTUHOMUIIETHBIX KOMIIJIEKCOB, BbI-
SBJICHO YBeJIMUeHe I0JIV [TPeficTaBuTe el poaa
Streptomyces, aAKTHHOMUTIETHBIE KOMILICKCHI TIPU-
obpesn XapakTepHyIo [JIA MOUB TaéKHON 30HBI
CTPYRTYPY, 4T0 He OTMEYAJIOCh paHee TPyl CTPOM -
rejberBe o0bekra [8]. MepmenrarnBHas aKTUB-
HOCTB MTOYB COXPaHsIa ¢TabuibHOe COCTOSTHIE
[4]. Ormeueno BAMsiHIE TEXHOT@HHO HATPY3KI
Ha aJIbro-1NaHOOAKTePUATbHBII KOMIIJICEKC TTOUB,
MposIBJIsIIOIIeecs: B TpaHc@opMalinm BOIopoce-
BBIX I'PYIITIPOBOR, 00€IHEHIT BUIOBOTO COCTABA
aIbrodUIoOphl, CHIKEHN N KOJIMYeCTBEHHbBIX T0Ka -
sareneil. [losydennbie anHble 110 UATHOCTHKE
COCTOSTHUS TTOYB U JIMHAMUKe e6 N3MeHeH s 0CO-
OEHHO IeHHbI Ha HTaIle BhIBOJA U3 DKCILTyaTarun
0o0'beKTa 1 TTPoBeieHNn paboT 1Mo peaduanTannm
TEPPUTOPUN B paiiore dKCILTyaTupyemMmoro 9 mer
OXYXO «MapaublKoBCKIIT».

[lenb pannoit paboThl — MPOBECTH CPABHU-
TEJTBLHYIO aJIbrOJIOTUYECKYIO OIEHKY COCTOSHUS
ouB B paiione oboberra « MapajiblKOBCKIIT» 110-
cJie TIpeKpaleHus ero YHKITMOHMPOBAHNUS JIJIs
BBISIBJIEHUSI OTCPOYEHHOTO JIeTiCTBS.

O0BeKTBI 1 MEeTOJBI

Jlist anbrosormaecKnx mccaeoBaHmil me-
MOTb30BAHBI IOYBEHHBIE 00PA3IHI, OTOOpPAHHBIE
B 2015—-2018 rr. Ha yyacTKax MOHUTOPUHIA JIY-
TOBBIX 1 JIECHBIX (DUTOTIEHO30B, PACIIOI0KEHHBIX
na pazuom ynanennn ot OXY X0 «Mapajbikon-
cKuii». OTdop MPoo MPOBOJMIIY B JIETHE-OCOHH U I
nepuoj ¢ rayouasr 0—5 cm, oonémom 125 cm?.
Cpeanuii obpasery cocTaBIsAIN U3 D WHIUBUY-
AJBHBIX 1TPOD.

Bupogoii cocras anbroiopsl nayuasiu nocra-
HOBKOIT YaIlieqHbIX KYJIBTYP €O CTERIaMu obpacra-
nwst [18]. KonmmuecrBentbie mokasaresin anbroo-
PBI OTIPEJIeJISLIII TIPSIMBIM MUKPOCKOTIN POBAHITEM
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na masrax [19]. YRusuennnie popmbr (6romop-
(b1) TOUBEHHBIX BOflOpOCIelt TipuBefiensl 1o [18].

Pesyabsrarel n o0cy:knenme

Pamee B mecunIx sKOCTCTEMAX YIACTKOB
MOHUTOPWHTA B paiione o0herTa «Mapaani-
KOBCKUII» ObL BoisiBJieH 71 Buj Bojgopociein u
nunanobarrepuii (11B), B myroBeix skocncremax
ObL710 orMederno 123 Bujga mMoYBeHHBIX MUKPO-
(ororpodos [9, 10].

[To pesynbraram nccieoBaHmil, TPOBEJIEH-
HBIX ITOCJIe TIPpeRpatieH st PYyHKITMOHUPOBAH IS
00bEKTA, B TIOUBAX JIECHBIX DKOCUCTEM YUACTKOB
MOHUTOPUHTA BHIsABIeHO 60 BUTOB MOUYBEHHBIX
Bojopocaein n I[B, B mouBax JnyroBuix uro-
meHo30B — 95 Bujon. [lois oOmux BUMOB s
JEeCHBIX W JYTOBBIX Y4acTKOB (PUTOIEHO30B
cocrasasier 36%. TakconoMmuecknit cocrasn
aabro(Iophbl y4acTKOB MOHUTOPUHTA 10 HaYaIa
GYHRIMOHMPOBaHWST 00bEKTaA U TTIOCTIe ero Tmpe-
Kpalenus npejcrasjier B radbauie 1.

B mouBax jiecHbIX U JYTOBBIX DKOCUCTEM
Y4aCTKOB MOHUTOPHUHTA J{0 HaYa a (PyHKIMOHN-
poBanus 00beKTa OTMeUeHo Doiee Horatoe BUIO-
Boe pazHoobpasue. [locie nperparenns GyHK-
MITOHNPOBAHUA 00HEKTA B IAHHBIX AKOCHCTEMAX
orMmeueHo MeHbIe BuoB 1B u skénrosenéHbix
BOJIOPOCTEIl, YyBCTBUTEIHHBIX K TeXHOT€HHOT
marpyske. Ilo BumoBomy pasmoobpasnio mpe-
obstagator Bogopocan us ormena Chlorophyta.
Homurnpyrorme Bujibl MURPoGoToTpodoB mpe-
CcTaBJICHLI B TAOIMIIIE 2.

IKOJIOTHYCCKII aHaIN3 aabro(Iopsl Jec-
HBIX DKOCHCTEeM TIpejicTaBieH Ha pucynke 1.

Dopmyia sK06OMOpQ 15t COCHOBBIX (PUTO-
nenoszos — G, .Ch, X, H.B hydr,P,, nis enosbix —
Ch,X.B.C,H,P,hydr, (puc. 1).

Cpepmn criekTpa sKU3HEHHBIX (opM TIpeod-
JIQJIatoT TOJIePAHTHBIE K TeXHOTeHHOW HarpysKe
Bujbl C- n Ch-opmbl, TeHEeBBIHOCTMBBIE BUJIHI
X-popmsr.

IKOTOTHUECKITH aHATI3 JTbrO(IOPHI JIyTOBBIX
pROCTCTeM TIpefcTanien Ha pucynke 2. Mopmyna

Tadauma 1 / Table 1

TakcoHOMUUIECKasT CTPYKTYPA aTbrOMIOPHI HA YIACTKAX MOHUTOPUHTA B pAilOHe
o0bekra « MapajiblkOBCKIIT» J10 1 TIOCTIe IPeKpaleHust ero (PYHKIMOHUPOBAH NS
Taxonomic structure of algoflora at the monitoring sites in the vicinity
of the plant “Maradykovskiy” before and after the stop of its functioning

@urorenos / Phytocoenosis
pyrims JIeCHBIE BROCUCTEM bl JIYTOBBIE KOCUCTEM b
MUKPOHOTOTPOhOB forest ecosystems meadow ecosystems
Microphototrophic | konuuecrso Bumon / nporent % KOJINYeCTBO BUJIOB / mporent %
groups number of species percentage % number of species percentage %
1% 2%% 1 2 1 2 1 2
Cyanobacteria 16 4 22, 16,7 36 28 29,3 29,5
Chlorophyta 32 36 45,1 60,0 47 42 38,2 44,2
Ochrophyta 15 12 211 20,0 27 16 21,9 16,8
Bacillariophyta 8 8 11,3 13,3 12 9 9,8 9,5
Euglenophyta — — — — 1 — 0,8 —
Bceero/ Total 71 60 100 100 123 95 100 100
Hpumewanue: * dannvie 2004—2006 ee.[10], ** dannwvie 20162017 2e. [12], «—» — 6ud ne svisasien.
Note: * data for 2004-2006 [10], ** dala for 2016-2017 [12], “~” — species nol identified.
Ta6auma 2 / Table 2

JlomuHmIpyommii ROMIIeKe MUKpo@oToTpoOB JIECHBIX 1 JTYTOBLIX (PUTOIEHO30B
o0berTa « MapagbIKOBCKIIT» TTOCIE TPERPATIEHUsT er0 PYHKITMOHITPOBAH LS
Dominating complex of microphototrophs of forest and meadow coenoses

of the plant “Maradykovskiy” after the stop of its functioning

Jlomuuupytormme Bujisl / Dominating species

B necupix ¢puronenosax
In forest phytocoenoses

Coccomyxa solorinae, Pseudococcomyxa simplex, Chlamydomonas
gloeogama, Chlorella vulgaris, Chlorococcum infusionum, Klebsormidium
Jlaccidum, Pleurochloris commulata, Vischeria helvetica

B myroBeix dpuronenosax
In meadow phytocoenoses

Chlamydomonas gloeogama, Chlorococcum infusionum, Phormidium
jadinianum, Ph. formosum Cylindrospermum michailovscoense, Nostoc
linckia, Leptolyngbya angustissima, Characiopsis minima , Pleurochloris
commutata, Hantzschia amphioxys, Pinnularia borealis, Nitzschia palea.
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Pue. 1. Crierrp skus3HennbIx (Gopm MOYBEHHBIX BOJOPOCIIEil JTeCHBIX (DUTOTEHO30RB:
a) cocHoBBIE Jieca; b) enoBbie seca
Fig. 1. The range of soil algae life forms in forest phytocoenoses:
a) pine forests; b) spruce forests

amph

hydr 0
M 3% X PF
PF 8% H
5%
C
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B
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Puc. 2. Criekrp sku3HeHHBIX (POPM ITOYBEHHBIX BOJOPOCTEH JTYTOBBIX DKOCHCTEM:
a) cyxoptosbubie iyra; b) noiimenubie gyra
Fig. 2. The range of soil algae life forms in meadow phytocoenoses:
a) dry meadows; b) flood plain meadows

HROOMOMOP( YIACTKOB MOHUTOPUHTA CYXOJIOTBHBIX
ayros: X, .G, (CF,)Ch P Bhydr,H amph,PF M,
npeodranaior npepcrasuresn X-, G-, Ch-, P- popm
(TeHeBBIHOCTNBBIC, YCTOWUNBBIE K BBHICHIXAHUIO,
TOJIEPAHTHBIE K HATPY3Ke BU/IbI), TOMTMEHHBIX JTy-
ros: — B,Ch P .H X C,(CF,)amph M. B noiimen-
HBIX JIyrax goMuHupytor mnpepcrasurenn B-, Ch-
u P-popm (BriarosiiobuBbie, yeToNMunBbIe K HANPY3Ke,
Pa3BUBAIOIIIECS HA TOBEPXHOCTH ITOYBbI BUJIHI ).
RosmvecTBenHbIe TTOKa3aTean mMoYBeHHOI
JLro(IOPHI TECHBIX 1 JIYTOBBIX DKOCUCTEM HTPe/i-
CTaBJIEHBI HA PUCYHKAX 3 1 4.

Ha yuactrax MoHHTOpUHTA JIeCHBIX (PUTO-
1eHo30B (puc. 3) o0Ias YncJIeHHOCTh TOUBEH-
uwix Bostopocsieit u I[B B 2016 r. BaphupoBasna
ot 99,3 110 243,1 ThIC. K. /T TOUYBHI.

HawMenbinas 4yncieHHOCTh BOJOPOCTEi
Oblla OTMeYeHa Ha yyacTKe COCHOBOTO Jeca
Ne 18 — 59,3 Thic. K./T MOYBBI, KOTOPBII pac-
MOJIO}KEH B HETIOCPEICTBEHHOT /1131 0T 00he K-
ta, Ha paccrosaun 1,5 kM. Bomxee Boico-
Kasl 4MCJeHHOCTh BOMOPOCIel oTMedeHa Ha
ROHTpOJIbHBIX yuacTrax (No 112 mw No 157):
224,2—243,1 ThIc. KJI. /T TOYBBI COOTBETCTBEHHO.
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B 2017-2018 rr. mauboanias 4MCICHHOCTD
BoOjlopociell Takyke OblIa OTMEUEeHA Ha yduyacT-
ke Ne 112: 280,5-296,0 Thic. KJ./T MOUBHI.
B necubix ¢purornenoszax mo 4ucJAeHHOCTHU
RJICTOR Mpeodaasaan 3eJ6HBIC BOTJOPOCTH.
B emoBwix Jecax, mo cpaBHEHNIO ¢ COCHOBBIMM,
YUCACHHOCTL MATOMOBBIX BOLOPOCTIeH Oblaa
Boie (14,50-67,2 toic. Ki./T HOYBBI IIPOTHB
7,7-26,5 toic. ®kia./r noussl B 2017 u 25,0—
31,5 meic. ®a. m 9,0-22.1 toic. ®a. B 2018 1.).
Ywucmernocers L[ b B mouBax cocHOBBIX (huTo1ieHO-
30B COCTARBJISLIA JI0 24,3 THIC. KJI. /T, B €JTOBBIX — JIO

8,8 Teic. ka./T. B 1esiom, Ha 0JIOBUHE YUaCTKOB
MOHUTOPUHTA JIECHBIX (DUTOIEHO30B YHMCJICH-
HOCTH MTOUBEHHBIX Bojlopoceii B 2017-2018 rr.
Bo3pocaa B cpaBuenun ¢ 2016 1. [Ipu srom
Ha psAJe YUACTKOB, ¢ AaKTUBHBIM Pa3BUTHEM
TPABOCTOS, OTMEYEHO CHUKeHUe 001ei qymnc-
jsennoctu Bogopocseit u I[B, uro, BoamoskHO,
CBA3AHO ¢ U3BMCHCHUSME CBETOBOTO 1 BOJHOTO
pesmmMa.

B mouBax JyToBLIX yUaCTKOB MOHUTOPMHTA
B paiiome obberra «MapagbIikoBeKIiT» 00TIas
YICIEHHOCTh MOUYBEHHLIX Bomopocaeir u 1B

—_— e DN DN
[ )
[ )
] |

per 1 g. of soil )
)
S

Ut
o O
[

Twic. ka./r mouss ( thousand cells

cocHoBEIe Jeca (pine forests )

S 2016
2017
B 2018

eJI0BLIE JTeca
(spruceforests )

Puc. 3. Yncnennocts Bojopoceii n inanobarTepuii JecHbIX (PUTOIEHO30B B pailoHe 00hbeKTa XpaHeH NI
7 YHUUTOREHI ST XUMIUCCKOTO OPYRIs « MapaibikOBCKMIT», THIC. KJI. /T TTOUBHI
Fig. 3. The number of algae and cyanobacteria of forest phytocoenoses in the vicinity of chemical
weapons storage and decommission plant “Maradykovskiy”, thousand cells per 1 g of soil

600

Tsic. ®ka./ r mouss (tousand cells
per 1 g. of soil

cyxofonbHbIe Jyra (dry meadows)

N 2016
2017
o 2018

MOVMeHHEIe
Jyra

(flood plain

meadows)

Puc. 4. Yncnennocts Bogopoceil n inanobakTepuii JyroBbIX (PUTOIEHO30B B palioHe 00heKTa XpaHEeHs
U YHUYTOKEHUS XUMUYECKOTo opyskust « MapablKOBCKUIT», THIC. KJI./T OUBBI
Fig. 4. The number of algae and cyanobacteria of meadow phytocoenoses in the vicinity of chemical
weapons storage and destruction plant “Maradykovskiy”, thousand cells per 1 g of soil
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B 2016 . BapbupoBana B mpesenax or 233,4 1o
38,0 ThIC. KIETOK/T TOUBBI (pHC. 4).
HawnmenbItee yncjio KJIeTOK BOJOPOCTIEiT OT-
MeUeHO Ha yYacTKe MoiMenHoro yyra No 66; nan-
OOJIBIIIIM KOJNYEeCTBEHHBIM [T0KAa3aTe/IeM Xapak-
TePU30BAJICS YUacTOK roiiMmenuoro jayra No 79.
Rak B cyXo/0/bHBIX, TAK U B TIOIMEHHBIX JIyrax
npeobaaganu 3enéupie Bogopocan (or 133,3
no 210,9 teic. ka./r nmouss). Yncaennocrnb
AMATOMOBBIX BOMOpOCTeil cocraBisiia 47,8—
156,8 roic. ®ia./r noussr; LB — 1,9-56,4 Thic.
RJI./rouBwl. B 2017 1. ob1mas uncienHocTh Kie-
TOK MIUKPO(HoTOTPohOB Kosedatach B HIMPOKIX
npenenax: or 71,6 1o 447,1 Thic. KJI./T HOYBHI.
HanGonbimas yncieHHOCTh OTMeUYeHa JIJIsT y4acT-
KOB notimeHHbIX JiyroB (NeNe 66 u 79) — 447,1
n 427,6 ThiC. KJI./T TTOYBBI COOTBETCTBEHHO.
B 2017 r. wnenenmocts Boopocneit n 1B B 60516-
MMUHCTBE JIYTOBBIX YYaCTKOB CHU3UIACH. ITO,
BO3MOKHO, CBSI3aHO ¢ 00Jiee MOIHBIM PAa3BUTH-
eM TPaBOCTOsI HA JIyrax B JIETHWI 1epuoj; 6oee
Baaskioro 2017 r., 4To oKasasno BAMsSHIE Ha pas-
BuTre Mukpodororpodon. B 2018 1. morazarenn
ymciieHHOCTH Bofopocaeii n [[B Bo3pocan mo
CPaBHEHUIO C TIPEJIbIYIIIMI TOJIaMU.

BoiBojb1

B anbrodaope u3dydeHHbIX (PUTOIEHO30B
BoisiBsieHo 119 mukpodororpodos, B Tom umncie:
B COCHOBBIX JIeCax D9 BUJOB, B €JIOBLIX — 33 BUJLA,
B CYXOMOJbHBIX Jyrax — 92, B HOMMEHHBIX —
39 Bunos. Ilo BugoBOMY cocTaBy 1 UMCIEHHOCTH
BO BceX (puToIeno3ax JOMUHUPYIOT 3eT6HbIe
BOJIOPOCJIN.

O61mas yncJIeHHOCTH BOJIOPOCTEl 1 IuaHo-
OarTepmii 3a N3y4YeHHbII TePUoJ| B JIECHBIX (PUTO-
nenoszax roaebdbanach ot 99,3 1o 296,0 Tic. K. /T
MTOYBHI, BJIYTOBBIX KOJTMUYECTBEHHBIE TTOKA3ATE TN
Bapuuposayu ot 71,6 10 513,6 Thic. K. /T TOUYBHL.

BoipaskenHOro HeraTMBHOTO BIAWAHUSA OT
dyurmmonnposanus OXYXO «MapagbikoB-
CKUII» Ha TIOYBEHHYIO aJIbrO(IOPYy JTECHBIX 1 JIy-
rOBBIX (PUTOTIEHO30B He BbisiBIeH0. OHAKO clie-
YeT OTMETUTEL HeKOTOPOe YMeHLITeHTe BUT0BOTO
pazfnoodpasms ambro@Iopsl — KETTO3ETEHBIX BO-
nopocieii u LB B iepuop gesireibHocT 00beKTA
B cpaBHEHNN ¢ POHOBBHIMU MTOKA3ATEJISIMI 11 HAME-
TUBIIIEECS YBEJIMYCHIE YNCIa BUIOB MUKPOQOTO-
TPOOB TOCe IIPERPATIEHUS €T IeATeTLHOCTH.

Pabdoma svinoanena 8 pamkax 2ocydapcmeenno-
20 3adanus Bamckozo 2ocydapcmeennozo ynusepcu-
mema no meme «Mexanusmot adanmayuu u ycmoti-
YUBOCIMU NOUGEHHOU MUKPOOUOMbL K NEXHOZEHHOMY
3aepasnenuior Ne 5.4962.2017/64.
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YR 550.4:556+550.47 doi: 10.25750/1995-4301-2019-1-030-035

Copepskanne TOKCHYHBIX 3JIEMEHTOB B BOJie 1 MAKPOBOIOPOCIISIX B BOJHBIX
o0beKTax dacceiina TpancrpanuyHoii pekun Apryus (Pocens)

© 2019. A. II. Ryxsmn, K. 0. H., H. c., I'. Il. Ilpi0ekmuroBa, k. 6. H., c. H. C.,
MucruryT npupojaabix pecypcon, skojornu 1 kpuojgornun CO PAH,

672014, Poccust, r. Hura, yn. Hegopesosa, 16 a,

e-mail: kap0@mail.ru, gazhit@bk.ru

Pera Aprymb, Kak mpurpannyHbii BOMOTOK Meskny Pocemeit m Kuraem, sBisercs ¢cBoeoOPasHBIM HHIIMKATOPOM
3arps3HeHus Ha eé Bojgocboproil reppurtopnn. [Iposenénnas onenka comepskanus 12 TOKCMYHBIX 3JIEMEHTOB B BOJIe 1 B
MaKpPOBOJIOPOCISIX BOCKMU ITPUTOKOB POCCUIICKOI yacTn OacceiiHa p. ApryHb 1 B peke ApryHb (ceMb CTBOPOB), IOKazasta
nanbombinee 3arpssuenne o pexn Cpemwsis Bopss. Copepskanme TOKCHIHBIX dreMenToB B Bofie pexu Cpefusis Bopss,
HIZKE YYACTKOB IIPOMBIBKI 301074, cocrasuio (Mkr/nam?): Mn — 171, Fe — 4994, Cu — 66, Zn — 102, As — 7, Mo - 3, Hg —
0,02, Pb — 13, uro B Heckoabko pas npesbimiaer [IJIK panubix Merannos st ppiooXo3siicTBEHHBIX BO0EMOB. Bricokoe
copepsranme Fe m Mn B perkax 6acceiiiia CBA3aHO ¢ 0COGEHHOCTSMI TOPHBIX TOPOIT HCCAeLyeMoii tepputopun. OTMedeHbe
TOKCUYHBIC 3JIeMEHTbI MOTYT IIePEeHOCUTHCA € TBéleth CTOKOM Ha 6OJIBIIIMO paccrodaHnusd, ocelaTb B JJOHHBLIX OTJIOYKEHUAX,
TeM CaMbIM TOJIBEPraTh BOJOTOKHN BTOPUYHOMY 3arpsisHeHnio. [l GOJbIINHCTBA BOJIOTOKOB BhISIBIEHO MPEBBIIICHIE
qucaa Tokcnaubix dsneMmentoB B Cladophora fracta n3 6acceitna p. Apryib otHOCHTeNIHHO (OHOBLIX KOHIICHTPATIUIL,
XaparTepHbIX JIJIst BOoéMoB 3abaiikaniberoro kpas. Haubonbinme orinuns 3apernctpupoBanbl B ipobax Bogopocieit
u3 pesepBHOro Bojjoxpanminina r. Kpacnokamencka (Zn, As, Ni), B p. Cpegusisi Bopss (Mo, Cd, Pb), B p. Ranra (Mn,
Co, Mo). B Bogoxpamminiie 1. Kpacmokamencka B 3uMHee BPeMsI TPOMBBOMANTCS 3aKATKA BOJBI M3 P. APTYHB, HMEIOTIAs
CaMyIO BbICORYIO MUHepaJnu3alunio B 9TOT IepPpuol. nOlell(‘,HthC pesyJabraTbl MOTYT 6thb NCITOJIb3OBAHbI B MOHUTOPUHTE
3arpsI3HEHIST BOJIHOI CPeJ{bl TOKCHYHBIMI AJIEMEHTAMI U JIJIsI IPUHSATHS YIIPABIeHUECKIUX PelleH .

Kaouesote caosa: 3arpssnennue, moBepxuocribie Bojbl, Monuropunr, Cladophora fracta.

Content of toxic elements in water and macroalgae
of the Argun River (Russia) basin water courses

©2019. A. P. Kuklin 1 6000-0002-0225-65520 G+ TS Tsybekmitova o i o000.0001-6034-520x7
Institute of Natural Resources, Ecology and Cryology SB RAS,

16 a, Nedorezova St., Chita, Russia, 672014,

e-mail: kap0@mail.ru, gazhit@bk.ru
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The Argun River, as a transhoundary stream flow between Russia and China, is an indicator of the existing pol-
lution in its catchment area. The estimated content of 12 toxic elements in water and in macro-algae of eight tributar-
ies of the Russian part of the basin of the Argun and in the Argun (seven sections), showed the greatest pollution of
the waters of the river Srednyaya Borzya. The content of toxic elements in the water of the Srednyaya Borzya, below
the gold washing areas, is (mkg/dm?): Mn — 171, Fe — 4994, Cu — 66, Zn — 102, As — 7, Mo — 3, Hg — 0.02, Pb — 13,
which is several times higher than maximum permissible concentration of these metals. The high content of Fe and
Mn among heavy metals in the rivers of the basin is connected with the specific features of the rocks in the study area.
The marked toxic elements can be transported with solid runoff over long distances, settle in bottom sediments, thereby
subjecting stream flows to secondary pollution. For most of the stream flows, it was exceeded the number of toxic
elements in Cladophora fracta from the basin of the river Argun, relative to the background concentrations, typical
for the water bodies of Zabaikalsky Krai. The greatest differences were recorded in samples of algae from the reserve
reservoir of Krasnokamensk (Zn, As, Ni), in the river Srednyaya Borzya (Mo, Cd, Pb), in the river Kalga (Mn, Co,
Mo). In the reservoir of Krasnokamensk in wintertime, water is pumped from the river Argun, which has the highest
mineralization in this period. The obtained results can be used in monitoring of water pollution by toxic elements and
for making managerial decisions.

Keywords: minerals, pollution, surface water, monitoring, Cladophora fracta.
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Pera ApryHb ot 1ncTokoB 1o rpanuiist ¢ Poc-
cuiicroit Pepepanueii (PP) mporekaer o Tep-
puropun Ruraiickoit Hapopuoii Pecrrybnmnkn
(KHP) n nasniBaercsa Xaiimap. /lanee pera o
yeThs sABAsgeTcs morpanmaroin me;rmy PO n KHP.
B Gacceiine p. ApryHb pasBefiaHbl MECTOPOIK]Ie-
HIAMY OTe3nnIx nekonaeMorx [1, 2]. TTosromy
OCTPO CTOUT IIPOOJIeMA 3arPSIBHEHUSI TORCUYHBIM I
anementamu (T9) kar B Pocenn [3], tak u 8 KHP
[4]. Paccmorpenue Boiipoca o TpaHcrpaHuuHOM
HepeHoce 3arpsisHeH it 1o p. ApryHb HEBO3ZMOKHO
0e3 0O0beRTUBHOI MHPOPMATINT 00 DKOTOKCHKO-
JOTUYECKOM COCTOSIHIN BOJIHBIX O0BEKTOB BCETO
bacceiina. B crathe obcysRualoTcs pesynbraThl,
MOJTyYeHHbIe B TPaHUIAX 3a0ailRaabCcKOTo Kpast
P®. Lennio nammux nceaegqoBannii ObLIa OLEHKA
cofepskanusi T B Bojile 1 B MAKPOBOOPOCIISIX
KaK MHNKATOPAX COCTOSTHUS CPEJIbl B BOJOTOKAX
poccuiickoii wactu bacceiitta p. ApryHb.

OO0 BEeKTBI 1 METOJIbI

B crarbe npuBejieHbl pesybTaThl HCCIeI0Ba-
HUi B Gacceline p. Aprydb, poBeiéHHbBIX ¢ 15
o 28 uiosist 2013 1. Goop 1ipob mpoBoMIM HA
15 crannumsax 10 pex 6acceiina p. Aprynsb (tadu. 1).
B oroopanst 10 mpod Bops! 1 cobpansr 17 mpod
MakpoBojopocieil. Pu3nKo-xuMuvecKkue ma-
pamerpbl Bojibl (pH, Munepanuszanus, remie-
paTypa, cojiepsRaHne KUcJ0pojia) OIpesessan

na npubope «<AQWA-merp» (I'epmanus), cogep-
skanue azora u goedopa — Ha criekrpodoTome-
mpe DR-2800 (l'epmanus) (taba. 1). Boxy mus
otpesiesienusi T cpasy mporryckasin yepes Mmem-
OpaHHbIil (QUIBTP B MHEPTHBIE [IJIACTUKOBBIE T1PO-
OmprM 00BEMOM 15 M, TOFKUCITAIT PUIBTPAT IO
pH wmenee 2 (Nitric acid 65% Suprapur, Merck).
Meropnka mpodooiroToBKI BOJOPOCIEi K aHa-
a3y manoskena B [9]. Ananus copepsranus T
B BOJIe W BOJIOPOCJIAX TTPOBEIEH METOJJOM Mace-
CHEKTPOMETPU N ¢ MHAYKTHBHO-CBS3aHHOI T171a3-
moii (mpudop ICP-MS Elan DRC 11 Perkin Elmer
(CIITA). YyBerBuTe IbHOCTH METOJIA COCTABIISAIA
107 mr/kr. OneHKa 9KOJIOTUUECKOTO COCTOSIHIS
BOJIOTOKOB ITPOM3BOJINJIACH 110 OTHOIIEHNTO K
H]Z[pr (TIpesiesIbHO MOTTyCTUMAasE KOHIeHTPaIius
B BOJIe BOJHBIX O0'bEKTOB, UCIIOJAb3YEMbIX [IJIsI
PHIOOX03ANMCTBEHHBIX TTeeit) [6].

[Tpu otmenke cocrosiHmst cpejibl HAMU TIPU-
HATO, YTO JIBOWHOE TPeBBITIIeHNe Hajl pacyer-
HBIMU (DOHOBBIMU COJIePRAHUAMI 00YCIOBIEHO
pPernoHaTbLHBIMI 0COOCHHOCTAMI TePPUTOPH,
HpeBbINIeHne CBhINIe 2 pa3 — paccMaTpuBaeTcs
Kak 3arpssHenne. boabimme pa3amans B cofep-
JKAHUM XuMuueckux anementoB B Cladophora
Jracta w3 pazupix Mect 3abailKaabCKOrO Kpas
00yCJIOBIMBAIOT BHICOKOE CTaHJapTHOE OT-
KJIOHEeHUe, CPABHUMOE JIJIsi Psifia DIIeMEeHTOB CO
cpepaumu 3navenusmu. [pu pacuére ponoBbIx
KOHIIEHTPAIINIT 3JIEMEHTOB JIJII MAKPOBOIOPOCTIE

Ta6auma 1 / Table 1

Dusuko-xuMnyeckas xapakrepucruka oy 6acceiina p. Apryun (P®) B uone 2013 1.
Physico-chemical characteristics of the waters of the basin of the river Argun (RF) in July 2013

[Torasarenu / Indicators

[Hupora 0JIroTa MYTHOCTh 3

N LatIi)tude/ Eongitud{e r(iwy6vma/ tl}lfrbidity,/ t,°C| pH 0. ‘ oot o e (r()m o 1D
epth, m EM®/FTU mr/am? / mg/dm?

11]49°32,233" | 117°52,136' 0,5 21,4 22,9 7,14| 6,5 0,18 0,10 0,34 | 102
21 49°32,265 | 117°48,987 2,0 0 22.917,46| 5,7 0,18 0,10 0,34 | 112
3 149°32,881" [117°50,3262 3,0 0 23,4|7,34| 6,3 0,18 0,13 0,37 | 113
4 150°21,3979'1119°11,9621" 2,9 4,2 19,5]7,26|10,8| 0,14 0,03 0,14 | 57
5 190°09,7147'1119°18,8753' 2,6 41,4 22,817,221 44| 0,16 0,06 0,19 | 104
6 151°21,8713"1119°56,0923' 1,5 2,7 21,117,34) 8,1 0,01 0,05 0,12 | 72
71 50°24,414 | 118°39,136° 1.1 0 22617,90[13,5| 0,16 0,04 0,40 | 555
8 150°20,5745"| 119°06,045' 1,2 0 28,018,501 — 0,24 0,04 0,14 | 408
9 151°03,3167" | 118°49,1421" 0,7 2,0 9,3 |7,51112,2] 0,14 - 0,09 | 30
10150°58,0698'|119°22,5051" 0,5 223,0 21,5]7,92] 8,3 0,23 0,12 0,24 | 121
11151°23,4677" | 119°37,4024 1,0 0,1 13,7176 1103] 0,23 - - 130
12151°26,9432'| 119°03,3061 1,5 0 14,817,39| 8,4 | 0,10 0,01 0,06 | 78
13151°19,0583" | 118°10,7928' 1,6 0 19,417,35| 8,2 0,01 0,02 0,07 | 77
141 49°59,128" | 118°12,457 7,0 - 21,918,31] 8,5 0,15 0,03 0,08 | 185
15| 50°55,435" | 118°53,771 0,2 - 171 - | — - - - -

Hpumewarnue: «—» nem usmepenuii, TDS — obuyasn munepaiudayus

Note: “—""no measurements, TDS — lotal dissolved solids.
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Ta6amnma 2 / Table 2

Copepskanie TOKCHYHBIX DJIeMEHTOB (MKI/IM?) B Bojie p. APryHb u eé 1puToKkon
The content of toxic elements (ug/dm?) in the water of the Argun river and its tributaries

No Mn Fe Co Ni Cu 7Zn As Sr Mo | Cd Hg Pb
2 ND 374 | 0,36 | 0,39 | 0,97 7,85 | 4,00 | 163,42 | 1,09 | 0,15 | 0,013 | 0,78
3 40,50 | 551 | 0,19 | 0,01 | 2,96 | 17,11 | 4,40 | 172,84 | 1,10 | 0,27 | 0,012 | 0,23
) 192,84 | 307 | 0,19 ND 0,76 | 17,20 | 3,90 | 206,98 | 0,93 | 0,01 | 0,014 | 0,32
6 34,00 | 321 | 0,20 ND ND ND | 2,67 | 173,56 | 0,79 | 0,03 | 0,011 | ND
8 20,34 | 319 | 0,20 | 0,56 ND 2,505 | 6,81 ] 739,44 | 1,67 | 0,03 | 0,010 | ND
9 31,26 | 293 | 0,18 ND 1,33 9,50 | 0,51 ] 99,48 | 0,78 | 0,01 | 0,005 | 3,38
10 170,99 | 4994 | 3,66 | 15,65 | 65,81 | 101,72 | 7,28 | 331,62 | 3,36 | 0,25 | 0,019 | 13,07
12 44,72 | 346 | 0,16 | 0,26 | 5,96 | 17,79 | 0,98 | 239,45 | 0,55 | 0,07 | 0,010 | 0,10
13 02,33 | 282 | 0,16 | 0,37 ND ND | 1,51 | 241,04 | 0,85 ] 0,02 | 0,011 | ND
14 434,64 | 202 | 0,17 ND 0,39 9,68 | 2,75 | 263,93 | 2,97 | 0,01 | 0,004 | ND
Hﬁi{f/ 10,00 | 100 | 10,00 | 10,00 | 1,00 | 10,00 | 5,00 | 400,00 | 1,00 | 5,00 | 0,01 | 6,00
CCC - 1000 - 52,00 | 9,00 | 120,00 | 150 - - 10,25 0,77 2,5

[Ipumevanue: «—» nem dannoix; ND — nuace nopoea onpedenenus memoda; IJ[K [6]; CCC[11].
Note: “="" no data; ND — is below the delection threshold of the method; MAC [é]; ceeliay.

MPUHUMAETCA CPEIHSAS BeJTMUNHA ¢ Y46TOM TPEX
CTaHJAPTHBIX OTKIOHEHUIT [7].

Pesyabrarel n o0cy:kneHue

Perynsipabie HaOm0/1eHISA 3 THAPOXUMITYE-
CKUM COCTOsIHIEM p. APryHb OCYIIECTBISIOTCS
Mofpasie e HusAMI 3abail KaaTbCKOTO YITPABICH IS
rOCYLapCTBEHHON MEeTeopPOJOTUYeCKON CJIysRObI
(3a6YI'MC), na BomHbIX 0o0bekTax Gacceiina
p. Apryub MOHUTOPHUHT He TTpoBojtuTest. Kpytibie
BOJIOTIOJTL30BATEIN PE3YIBTAThl HaOMIOeH I He
HPEIOCTABIISATIOT B e/IMHYI0 0a3y IaHHbIX 1 JIOCTY T
K HUM 3aTPY/HEH.

Munepanusarus Bojbl p. Apryas ¢ 2000 1o
2010 rr. o panaeiv 3a6YI'MC [8] usmensnach
or 165 mo 424 mr/nm?® ¢ muaumymom (111-
283 mr/nm?) B BeceHHee M OCEHHEe MOJOBOJbe
(arpesb-uioHb, aBrycT-ceHTs0ph). B mopaénnbrit
MepPNoOJ MUHEPATU3ATINS IOCTUTACT B OTHEIbHBIX
caydaax 950 mr/am? (pespans 2003 1., cramrms 3).
B Bomororkax 6acceiina p. ApryHb 110 JaHHBIM 38
uiosib 2013 1. MuHepanu3amnus Bojibl BApbUpPY-
er or 30 mr/nm? (p. Cpemusst Bopss, cr. 9) no
099 mr/am? (p. ¥Ypyaouryii, cr. 7) (tabu. 1). Be-
auunna pH usmensutach ot 7,2 110 8,0, cofepsrarne
0, — o1 5,7 mr/nv* (11p. MyTnas) o 10,3 mr/nm’
(p. Cepebpsnka), npouent nacoiienus O, — or
71 po 110%, uro coorsercrsyer IIJIK . Orno-
menue P /P . B Bone p. Aprynb cocraBmio
B cpepHem 0,31, uro nokaspiBaer Ha 1peodJia-
mamnme B BOe Popl‘. Huskas xonnenrpannsa P
B BOJIe MOKeT ObITh 00y cIoBaeHa pucyTerBuem Fe,
KoTopoe ocaskiaer P B Buje HepacTBOPUMBIX

MuH

coepuuennii [9]. [lo nammum panusiv (Tadm. 2),
ronnuecrso Fe o B Bojte p. ApryHb BbICOKOE,
rpesbIaoree B 3—6 pas HI[HDX (crantium 2—6).
BeriectBamu, cpefiHerojoBasi KOHIL@HTPAT[MsI
KOTOPBIX B Bojie p. Aprynn npesbimiaer TR
siBaisitorest TpyaHookucasembie (XITK) u ner-
rookncnsembie (BITK;) oprannueckne seniecrsa,
Fe . Cu(1,6-2,91JIK ), Mn (1,2- 228 pas),
vedrenpoayrrel (1,0—4,7 pas). B cpepmem Teue-
HUU PeKN HanboJbIlIee B HITE HA KA4eCTBO BOJ|
oxkaspiaoT TO (Femm, 7n, Mn, Cu).

Pera Cpennsisi Bopas Huske yuacTkoB 1po-
MbIBRHI 30710Ta (c1. 10) He cooTBeTcTBYET H]alx
o Mn, Fe, Ni, Cu, Zn, As, Mo, Hg, Pb, Brinie
yuactka — Tosibko 1o Cu m Mn. Ussectro [10],
yto OoabIIas vacTh 19 Tpancmoprupyercs
Ha CYCIHEHMPOBAHHBIX TBEP/BIX YACTUIIAX, A
4acTh — B pacTBOpéHHOM Buje. Tak, Ha yuacTre
oT BepxHero 1o HukHero revenus p. Cpenmsis
Bopss, myrnocts Bombl Bo3pocna B 111 pas,
rourenrpaiust Cu — 8 50, Cd — B 25, Co — B 20,
Fe — 817, As — 814, 7Zn — 8 10, Pb — B 4 pasa,
4TO TIPUBEJIO K ITPEBBLITIIEHUIO HI[Hpx o psAmxy
pyieMeHTOB (puc. 3a).

Jlast oneHKM GUOTOTUYECKOTO HAKOILIe-
Hust T HaMm paccMOTpeHbl MAKPOBOIOPOCIIT,
SBJSTIONINECS OOBIYHBIMU OOUTATEISIMU BOJO-
TOKOB 1 BojoémoB Oacceiina [12]. Jlanusie
0 COJlepKaHUT TOKCUYHBIX 3J€MEHTOB B BO-
mopocasax dacceiina p. ApryHb MPUBOIATCS
Buepsbie (1absa. 3). B menom, monyuenunie
MaHHbIe YRKIAIBIBAIOTCS B M3BECTHBIE IS TIpe-
CHOBOJIHBIX DKOCHCTEM IPeJiesibl COJlePRAHUS
paeMeHToB | 3].
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Comocrapyierine oJyq4eHHBIX HAMU Pe3Y/ib-
TaToB € H,[[pr (puc., a) MOKa3aJo0 MpeBbIlIeHe
3HaveHunii mo Mn n Fe Bo Bcex mccienoBaHHBIX
BOJIOTOKAX, UTO SIBJSIETCS TMPUPOHBIM (HOHOM
nJist Bojt 6acceiina p. Aprymb. Otyact aTo cripa-
BepgmBo u st Cu, Zn, As n Ph, konmentpars
KOTOPBIX HA OT/IJIbHBIX YYaCTKAX PeK TaKyKe Ha-
XOJUTCS B JIMAIIa30He OJHOIO WK JIBYX HI[HM.
[TpoBenerne mpoMbIBKI 30710Ta He3 COOMOeH ST
HOPMAaTHBOB ITPUBOJINAT K CYTIECTBEHHOMY 3aTPsi3-
HEHIIO BOIHOII cpefbl, B ToM uncye u 19 [13].

Ha ocroBannm pesynbraToB, MoaydeHHbIX
pamee, HAMI PACCUYNTAHBI CPEIHIE COJlePRAHUSA
TO B Bofopocasx 3abaiikanbekoro kpas [14].
ITH pacyéTHbIE JAHHBIe TPUHUMAIOTCS HAMY KaK
(porosure. Hanbosee npepcraButeibHbIe TaHHBIC
nosiyueHsl jiiisi MakpodurHoii Bogopocau Cla-
dophora fracta w3 p. Apryus. Uucjio ajieMeHTOB,
MPEeBBINANIX (DOH, HEBEJKO, & TPeBbIITeH U
He3HauureJbHbl (puc., b). Tak, Konmenrpa-
st MoanbieHa mpesbiiaer GoHOBYIO B 2,0—
3,0 pasa. Ha yuacrrke pexu Mosnoranka-IIpuap-
IYHCK perucrpupyercs cogepskanue Hg, B 1,7 pa-
3a npesbimmaomniee gou. Copepsxkanue TI
B C. fracta B BogHbIX 00berTax Oacceiina
p. ApryHb 110 psIjly DJIeMEeHTOB 3HAUYNTEJIbHO
oramyaercsi oT GOHOBBIX JIJisi 3abaliKaIbCKOTO
Kkpast. Haubonpbime ornimuns 3aperuncrpupona-
HbI B 11po6ax BOIOPOC/ell 13 pe3aepBHOTO BOJIO-

xpanuinia 1. Kpacuokamencka (7Zn, As, Ni),
B p. Cpennuss Bopsst na cr. 10 (Mo, Cd, Pb), B
p. Ranra na cr. 15 (Mn, Co, Mo) (puc., b). Cpas-
HeHIe Pe3yJIbTaToB COJlepsRaHUs B BOJIE C H]Z[pr
B Bojie 1 DOHOM IOKAZAJO JJis1 OOJTBIINHCTBA
CTAHIMII CTIMCOK BJIEMEHTOB, TIPEBBIMTAIOINX
cpepnuii GOHOBLIN YpOBEeHDL KOHIEHTPAINNT
B C. fracla mupe, 4eM CIIUCOK 3JIEMEHTOB IIpu
OIleHKe COJlepsKaHms HJIH,,X- B 10 ke Bpems
npeBbiennss POHOBLIX 3HAUCHUT HE3HAUN -
TeJbHBI 1 00YCTOBICHBI FeOXNUMUYECKOIT 00cTa-
HOBKOU Teppurtopnn. Tar Kar KOHIeHTPATUSA
T B Boiopocasax He MEHSETCA B TeUEHIE MPO-
[IOJFKUTEIbHOTO BPEMEeH !, TO OHI OKa3bIBAIOTCS
MHOOPMATUBHBIME JIJIST OIEHKN 3arpsi3HeHUsI
BOJIBI.

3araoueHue

ABropamu mpoBejieHa OIeHKA MPOCTPaH-
CTBEHHBIX M3MEHCHUN MUHepaan3anmmum m co-
nepskanust 12 TOKCUYHBIX DJIEMEHTOB B BOJL
7 MaKPOCKOIIMYeCKNX Bojopocisax. Munepamu-
3a1Tist BOJIBI p. APTyHbB 3a IeCATUIETHII TTepuoJ
uamensaach ot 165 o 424 mr/n, ¢ MuHUIMYMOM
B BeCeHHee 11 OCeHHee TT0JI0BO/he, MAKCUMYMOM —
3uMoii. Brisio oOHapyskeHo, uTo B pekax dacceli-
Ha cpen TSHREIBIX MeTasnoB mpeobagaior Fe
n Mn. Pexa Cpeguss Bopss nmke yuacTroB

Taommma 3 / Table 3

Copiepskanie TOKCUUYHBIX 2JTEMEHTOB B MAKPOBOJIOPOCIIsiX Dacceiina p. Apryun
(mrr/r cyxoro Beca, Mn u Fe B Mmr/r) / The content of toxic elements in the macroalgae
of the Argun River basin (pg/g, dry weight, Mn and Fe in mg/g)

Ne | Takcon /Taxon | Mn | Fe | Co | Ni | Cu Zn As Sr Mo | Cd | Hg Pb
| Cladophora fracta 03 1,2 05 |26 20 24,9 3,9 93,7 126 1]0,7| 0,009 | 28
Spirogyra sp, 39 108 23 [24] 6,9 | 2473 | 7,3 64,0 | 1,2 | 1,4] 0,025 | 3,3
C. fracta 04 [ 1,0] 0,5 |34] 28 | 137 4,3 78,9 |1 2,3102] 0,008 | 1,5
Spirogyra sp, 14,9 10,3 17,1 | 29| 7,4 97,4 4,4 72,0 10,8104 0,005 | 1,7
3 |Spirogyra sp, 20 109 24 120 45 | 65,8 7,9 45,1 10,6 10,3] 0,019 | 3,2
[ydrodictyon 07 109 1,7 /33| 90 | 66,2 | 104 | 437 | 04|04 | 0,004 | 2,6
reticulatum
4 |C. fracta 04 |14 0,9 |3,7]265]| 26,3 6,3 | 100,8 | 2,0 | 0,3 | 0,002 | 3,4
5 |C. fracla 02 [1,3] 0,3 129] 55 | 209 1,9 | 2918 | 2,7 10,2 ] 0,006 | 4,3
6 |C. fracta 1,9 121] 3,3 |42 13,5 | 419 2,7 11238 123103 ND | 24
C. fracta 08 |47 3,3 |45] 23 | 71,7 | 29,5 | 3343 | 0,8 10,5 | 0,002 | 4,4
! Spirogyra sp, 02 |05 11,9 8 | 6,7 | 281,4 | 188 | 160,9 | 0,6 | 0,7 | 0,003 | 1,3
C. fracla 1,0 125 1,1 |47 39 | 437 8,1 | 2254 10,310,2] 0,001 | 3,2
5 Spirogyra sp, 2,7 10,81 23 |48 6,7 | 256,5 | 48 | 196,0 | 0,9 |0,3| 0,003 | 2,4
10 |C. fracta 1,3 12,50] 22 |5,5] 13,3 | 47,0 8,8 | 2126 | 5,4 | 1,0 ] 0,005 | 13,3
11 |C. fracta 04 |27 06 |33] 46 | 221 6,0 | 1223 10,5/0,1| ND | 21
14 |C. fracta 1,0 |14 20 |51] 3,8 | 205 | 24,7 | 2725 | 1,1 10,2 ] 0,010 | 4,3
15 |C. fracta 8,6 |40 82 |47]196 | 552 | 11,7 | 197,0 | 5,2 0,3 | 0,005 | 5,5

Ipumewanue: ND — nuace nopoea onpedesenus memooa.
Note: ND — is below the detection threshold of the method.
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Fig. Assessment of water pollution (N times) in the basin of the Argun River:
a— MAC [9], b — background in C. fracta

MPOMBIBKH 30JI0Ta SIBJISIETCS CAMOM 3arps3HéH-
HOU TOKCUUYHBIMI BJIEMEHTaM I PeKOT B bacceiiHne
p. ApryHb. 3jiech nipeBbIllieHNe B BOJie 10 H]:[pr
ompesenenn st Mn, Fe, Ni, Cu, Zn, As, Mo, Hg
n Pb. Cambie BEICOKTE KOHTI@HTPATINN TOKCHY-
HbIX ByieMeHTOB B C. fracla BbIsIB/IeHbBI B pe3epB-
HOM Bojloxpanuaniie T. KpacnokaMeHncka, Kyja
B 3UMHEe BpeMsl [POM3BOJUTCS 3aKauKa BOJbI
u3 p. Apryub. [l GosbiimHCTBA CTAHIUI Bbi-
SIBJIEHO TIPEBBITIIEH e TN CTA TAKEIBIX DJIeMEHTOB
B C. fracta n3 bacceiina p. ApryHb OTHOCUTEIbHO
cpeftHnX (DOHOBBIX KOHTIEHTPATINIT B BOJOEMax

3abalikanbCKOro Kpask HaJ[ YMCIOM MeTasI0B
B BOJle, IIPeBbIIIAIONINX H]:[pr.

Paboma evtnoanena no npoepamme OHU (npo-
ekm IX.137.1).
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Today urban territories became the main habitat for people, but together with the rising level of economic and social
advantages, they also have some ecological problems. And one of them is the pollution of urban water bodies with different
toxicants, such as heavy metals. In this study, the analysis of surface water bodies carried out to containing of some heavy
metals, such as: Pb, Fe, Mn, Sr, Zn, Cd and Cu, as well as comparison of obtained results with the results of previous research
in 2006. During the research it was found that the main heavy metal contaminating town water bodies is cadmium (Cd),
which average concentration is thirtyfold higher then allowed statutory level of contaminants for water bodies to amenity
needs. Maximal concentration of Cd is 37 MPC_ (maximum permissible concentration in water bodies to amenity needs)
was evidenced in the pond inside the industrial area. The other heavy metals found in water bodies and benthic sediments
in concentrations 2-5 MPC, were Pb, Fe and Mn. The results were compared with the previous research data in 2006, and
it should be noticed, that during the eleven years concentrations of Ph and Mn lowered a bit, but they are still higher than
MPC, . At the same time, concentrations of Fe and Cd have slightly increased. In regards to heavy metals’ concentrations
in sediments, their dynamics changed a little. Basing to the obtained data, the specific combinatorial water pollution index
(SCWPI) was calculated. This index characterizes water pollution rate, and for water bodies in Dzerzhinsky town SCWPI
was 11 points, which indicates that surface waters in the town could be classified as “strongly polluted waters”.

Keywords: surface water bodies, heavy metals, benthic sediments, specific combinatorial water pollution index,
Dzerzhinsky town.
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B panHoii pabore ObL1 POBE/IBH aHAJII3 BOJbI 11 JIOHHBIX OTJIOKEHIIT 13 TTOBEPXHOCTHBIX BOJOEMOB T. [|3epsRiHCKIiT
Mocroseroit obractu Ha coepsranue psga sizrénnix meramnios (TM): Pb, Fe, Mn, Sr, Zn, Cd u Cu, a raxske cpaBuerine mo-
JYYEHHBIX Pe3yJIbraToB ¢ JaHHbIMI ncesaegonanus, mposopnsinerocs B 2006 r. B pesynbrare nccnepoBais ObII0 yeTamoB-
JIeHO, 4To 0cHOBHBIM TM, OKasbIBAIOIIM HeraTuBHOE BIMAHIE HA TOPOJCKUE BOIHBIC 00BEKTHI, ABJISACTCS KaJMUIL, CPeJHsIsA
KOHIeHTpaIust KoToporo B Bojie Haxofurest Ha yposre 30 I1JIRk-6 (npepesibHo fonmyctnmas KOHILeHTPAIs Jjisi BOJOEMOB
RYJBTYPHO-OBITOBOTO Ha3HaueHns ), a Makcumanbuas — gocruraer 37 [1J{Hk-6 st Bomoéma B poMbITIIIIeHHOT 30Te TOPOJa.
Ilpyrumu TM, naxopsiumucs B Bojie U JIOHHBIX OTJIOKeHUsAX B KoHIeHrpanusax 2—9 IIJIKk-6, apisores cBunert, skeie3o
n Mapraxei. Ha ocHoBaHUU 11OJIydeHHBIX JJAHHBIX ObLJI PACCYNTAH YIeJIbHbBIIT KOMOMHATOPHBII MHIEKC 3arpsI3HEHNS BOJIbI
(YRU3B), xaparrepusyiomuii crernenn 3arpsisHEHHOCTH TOBEPXHOCTHBIX BOHBIX 00HeKTOB B T. [[3epsrutckuii, cocraBuBiimit
11 6a/ioB, 13 4ero CJejLyer, Yto MOBePXHOCTHBIE BOJIbI POPOJIA OTHOCATCS K 4 Riaccy, paspsij «[» — «oueHb rpsisHbie BOJIbI».

Kaouesste ciosa: noBepXuocTibie BOTOEMDI, TAKEIbIE METAIILI, JOHHBIC OTIOMKEHUS, YARIHHBIHT KOMOMHATOPHBII
WHJIEKC 3arpsi3HeH s BOJIbI, I. [3epskuHCKmIi.

Nowadays water pollution with heavy me- World Health Organization (WHO) intro-
tals (HM) is one of the most serious problems duced standards of drinking water quality [1]
forall urban territories. Heavy metals are highly including heavy metals content, which is similar
toxic substances, which are able to accumulate to Russian maximum permissible concentration
in living organisms and transfer to food chain, (MPC) standards.
influence negatively both on the environment Nevertheless, annual researches indicate
and human health. the presence of heavy metals in water and ben-
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thic sediments all over the world, but HM in
dangerous concentrations mainly pointed in
water bodies of the developing countries, like
Vietnam [2], Bangladesh [3], Argentina [4]
and also China [5-7]. In Europe strong con-
centrations of HM in sediments are pointed for
countries of the East and Central Europe, for
example, in Poland (the Upper Silesian region)
[8], but also there are some works, dedicated
HM water pollution in the West Europe, such
as in Great Britain |9, 10].

In Russia, the problem of water bodies” pol-
lution with heavy metals is also well-known for a
long time, but, according to number of researches,
it’s still actual one. So, in annual report “Surface
water quality in Russian Federation” with an-
nexfor 2016 [11] there is pointed, that the high-
est pollution level of surface water hodies was
for manganese, cuprum, iron, zinc, cadmium,
and hexavalent chromium Cr (VI) compounds.
Concentrations of these heavy metals exceed-
maximum permissible concentration in water
bodies to amenity needs (MPC,_ )up to 10-50
times. Exceeding MPC_ level for lead is average
10 times. Data from annual report is equal with
results of the other independent researches of
surface water bodies in Russia [12, 13].

For Moscow region as a high-urbanized
territory, the estimation of the environmental
conditions, including water hodies, is one of the
high-priority task necessary for creating and
maintaining safe and healthy environment. This
is right to Dzerzhinsky town as well. Being a
satellite town of Moscow city, Dzerzhinskyhas
a serious anthropogenic pressure on landscapes
and water bodies from Moscow industries, like
Kurianovskyie wastewater treatment facilities
or Moscow Refinery plant, and from its own in-
dustrial objects, like Central Heating and Power
plant No. 22 (CHPP-22) and so on.

Besides that, another possible source of
anthropogenic influence could be a farming
company “NIVA” situated near CHPP-22, and
its fertilizes, mainly phosphates, could pollute
the river with heavy metals with flush water [15].

According to this, the actual task of this re-
search is to analyze water and sediments to define
their HM pollution level according to standard of
MPC, .And the research objective is to analyze
HM concentrations in the water and sediments
in 2017 and comparing them with the data of
previous research in 2006. To achieve this the
following tasksit was done:

— to collect samples of water and sediments
and analyze them to heavy metals concentra-
tions;

— to compare the results with the data of
previous research in 2006;

— to count the specific combinatorial water
pollution index (SCWPI) of surface water bodies
in Dzerzhinsky.

Subjects and methods of research

Water and sediments’ samples were taken
from all the town surface water bodies at the
beginning of October 2017. There are nine
points: the Moskva river (points T1 and T9); the
pond in the territory of the Ugreshsky Monas-
tery of St. Nicholas (the Monastery pond) — point
T2; the Upper pond (point T3) in the Victory
public garden; two depleted sand pits — the Little
sand pit (points T4 and TH) and the Large sand
pit (points T7 and T8), and one pond in the in-
dustrial area (point T6). All sampling points are
shown at Figure 1.

All the samples were analyzes with atomic
absorption spectrophotometer “Shimadzu AA-
62007 to the next heavy metals: Zn,Sr, Cd, Cu,
Pb, Fe and Mn. Water samples were prepared
according to mass concentration of HM in water
definition method. Accomplish this 100 ml of
analyzed water was taken into the 250 ml bea-
ker and acidified with concentrated nitric acid
(HNO,) to pH = 1-2. Then, 50 ml of prepared
water sample was placed into 50 ml flask and
analyzed to seven heavy metals with atomic
absorption spectrophotometer (AAS).

Sediments’ samples were prepared accord-
ing to definition methods of total HM and mobile
forms of HM in soils and dust. Accomplish this
sediments’ samples were placed to the 250 ml
beaker and dried a few days at room temperature.
Then, 1 g of sediments was triturated, weighted
with the analytical balances, placed into 50 ml
heat-resistantbeaker and acidified with 20 ml
1'n. HNO, for total HM and with 20 m10.1 n. HCI
formobile forms of HM. After that sample was
brought to boil on sand bath, then cooled down
and infiltrated through ashless paper filter into
25 ml flask then made up to volume with distilled
water. After that, prepared samples analyzed
with atomic absorption spectrophotometer.

Then, according to HM data, SCWPI [16]
was calculated for all urban surface water bodies.
SCWPIis arelatival integrated index, which es-
timates a complex water pollution from different
pollutants in different combination, and the con-
tribution of each pollutantin the total water object
pollution [17]. The specific combinatorial water
pollution index was counted in Microsoft Excel
for all seven HM, the total value for all pollut-
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Fig. 1. Points of water sampling from Dzerzhinsky surface water bodies

antsin the water body equals eleven (SCWPI=11),

which indicates that in accordance with “K”
Annex of RD 52.24.643-2002 [17] surface wa-
ters in Dzerzhinsky town could be classified as
“strongly polluted waters”.

Results and discussion

The result of this research was, that all
surface water bodies in Dzerzhinsky town were
strongly polluted with cadmium (Cd = 37
MPC, ) as well as Pb, Fe and Mn heavy metals

(2-5MPC, ). Obtained results were compared
with the results of previous research in 2006
[14], as demonstrated at Figure 2 (see color
insert). The results for all water bodies in mg/L
and their MPC, [18] are shown in Table 1.

It should be noticed, that cadmium pollution
level has been increased for most water bodies in
2017 in comparison with 2006 (Fig. 2) Besides
that, asit was told before, practically in all urban
water bodies the IM concentrations are higher
than MPC,_ . It's 2-5 MPC,_ for Pb, 2-3 MPC_
for Mn and nearly 2-2.5MPC_ for Fe (Fig. 2).

Concentrations of heavy metalsin surface water bodies in Dzerzhinsky town (mg/L) in 2017 yergilble !
HM in water samples in 2017 (mg/L)
Water body
Zn Pb Cu Sr Fe Mn Cd

Point T1 0.05 0.020 0.068 0.7 0.777 0.258 0.030
Point T2 0.09 0.028 0.078 2.76 0.633 0.318 0.035
Point T3 0.01 0.017 0.034 3.12 0.611 0.364 0.028
Points T4-T5 0.12 0.031 0.049 9.95 0.259 0.068 0.028
Point T6 1.00 0.049 0.058 4.61 0.683 0.122 0.037
Points T7-T8 0.04 0.033 0.427 6.02 0.270 0.273 0.017
Point T9 0.25 0.021 0.082 0.17 0.734 0.246 0.035
MPC, [18] 1 0.01 1 7 0.3 0.1 0.001
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A3EPKMHCKI_f
DZERZHINSKY L

2006 2017 2006 2017 2006 2017 2006 2017

Fig. 2. HM content above MPC,_ in urban water bodies in 2006 and 2017. Left to right: Pb, Fe, Mn, Cd.
MPC,  2006/2017:C, =1.2-142 MPC_ /C,=1.6-48 MPC ;C, =0.4-2.4MPC /C, =0.8-2.6 MPC_;

an’

C,, =4.6-21.7 MPC_ /C,, = 1.223.6 MPC_; C_, = 22.0-28.0 MPC_ / C_, = 16.8-36.8 MPC,,

Pb Cu Mn Cd

2006 2017 2006 2017 2006 2017 2006 2017

Fig. 3. HM content in benthic sediments (Cfact/chackground) in 2006-2017. Left to right: Pb, Cu, Mn, Cd.
Exceeding of background concentrations in 2006/2017: C,, = 0.2-2.9 / C,, = 0.6-1.0;
C,=02-16/C, =0.4-09;C, =02-1.7/C, =04-1.9;C,,=0.4-10.7 /C ,=3.9-5.8
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Table 2

Concentrations of heavy metals (total and mobile forms)
in benthic sediments of Dzerzhinsky town(mg/kg) in 2017 year

HM in sediments, total (t) and mobile (m) forms (mg/kg)

Waterbody | Zn | Zn | Pb | Pb| Cu | Cu
(t) | (m) | (t) [(m)| (t) |(m)

Sr Fe Fe Mn Mn Cd | Cd
(m) | () | (m)] (b) (m) | (t) | (m)

Point T1 48.58]13.69]17.92]1.98/21.19|1.41|4.54| 7.30 [178.71|7.33 | 356.06 | 346.67 | 1.41| 1.07
Point T2 |51.43|3.57 [19.842.32/15.51|0.34|2.83| 5.03 | 63.28 |0.93| 657.57 | 430.30 |1.69| 0.48
Point T3 19.64 1.86 [16.54|2.65|13.57/0.36|4.26| 5.46 | 50.41 | 1.00 | 422.73 | 351.52 |1.16| 0.75
Points T4-T5 |16.26 1.64 |24.392.32/12.05/0.49|5.14| 4.36 | 49.53 | 1.94| 228.80 | 245.10 | 1.36| 0.81

Point T6

54.50| 7.97 |28.82|1.74]25.26|2.38 |4.18| 5.31 | 138.08|0.76 | 1189.39 | 490.15 |1.76| 1.82

Points T7-T8|16.00| 1.61 |126.04|2.27|12.10/0.60|4.68| 4.36

69.25 |3.05| 331.82 | 254.55 | 1.41| 0.77

Point T9  |51.12/13.50]18.541.98/27.68/2.04/2.06| 6.73 |171.95/4.91 | 373.12 | 309.19 {1.49| 1.09
C’i‘i‘}%"ﬂc“;;d/ 90% 1 23 1 29 /6.0 30 |3.0 10%** 6500%* | — 635 |500%*** 0.5*%| 0.5
Note:

* for Zn (1) and Cd(l) the MPC are given, C are taken from [19];

background

** qcecording to [21];
#HK hy [29]

wxEE MPC for mobile form of Mn extracting from soddy-podzolic soils with 0.1 n H,SO, solution with pH > 6 [20].

Concentrations of Zn, Cu and Sr changed insig-
nificantly, and their content in water bodies was
under MPC,

Sediments’ samples were analyzed for total
HM and mobile forms of heavy metals. Received
data of total amount of HM compared with such
data from previous research in 2006 are shown at
Figure 3 (see colorinsert). Results of the analy-
sis are shown in Table 2. According to received
data, all benthic sediments in Dzerzhinsky town
are characterized with MPC exceeding both for
total and mobile form of Cd.

Also, according to resulting data, SCWPI
was counted in accordance with method of Direc-
tive document RD 52.24.643-2002 [16, 17], and
it has been discovered that for water bodies in
Dzerzhinsky town SCWPI was 11 points, which
indicates that surface waters could be classified
as “strongly polluted waters”.

Conclusions

In this study the estimation of surface water
bodies in Dzerzhinsky town has been made. As a
result of this work it was discovered, that all urban
water bodies suffered from anthropogenic impact,
including strongly heavy metals’ pollution. HM
concentrations are higher than maximum permis-
sible concentration in water bodies Lo amenily
needs. It's 2-5 MPC, for Pb, Mn and and Fe, and
nearly 37 MPC, for Cd. All sediments are also
characterized with concentration of Cd = 2-3.5
MPC, .

Comparing these results with the research in
2006, it should be noticed, that during the previous
eleven years concentrations of Pband Mn lowered
a bit, but they are still higher than MPCM. At
the same time, concentrations of Fe and Cd have
slightly increased. In regards to HM concentra-
tions in sediments, their dynamics changed a little.

After counting SCWPI, it was discovered,
that urban surface waters could be classified as
“strongly polluted waters”. The critical aspect of
this is that both Cd and Pb are toxicants of the
first class of hazard, and their concentrations in
water bodies should be minimalized.

All aforementioned data have an essential
importance because of most part of urban water
bodies used as the recreation zones. And if the
Monastery pond (T2) and the Upper pond (T3)
used only for visual recreation, without swim-
ming (though there were some cases of fishing
at the Upper pond), but the Little (T 4-5) and
the Large (T 7-8) sand pits used as the full-scale
recreation zones with organized beaches and
swimming possibility.

In accordance with this fact, it’s necessary
to pay the close attention at those two sand pits,
including their regular cleaning and control of
the pollution level under the MPC, standards.
Annual monitoring of their condition is also
needed. In regard (o the Monastery pond and the
Upper pond it’s also necessary to take integrated
rehabilitation actions, including unwatering with
the next bottomcleaning, as well as regular moni-
toring of the pollution level in these water bodies.
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IlekTnHOBBIE O CAXAPU]IBI KAJLTYCHOI TKAHH CTE0JIsI
oopmeBukra Cocuoscroro (Heracleum sosnowskyi Manden.)

© 2019. E. H. I'opauna, accucrenrt, A. A. 3100uH, K. X. H., JOI[EHT,
E. A. Mapruncon, K. T. H., IUPEKTOP HHCTUTYTA,

C. I'. JIurBunen, K. ¢.-X. H., IPOPEKTOP,

Bsirekuii rocylapeTBeHHbBIN YHUBEPCUTET,

610000, Poccus, . Kupos, yi1. MockoBerast, 36,

e-mail: I-e-n-o-k@bk.ru, biotech.vgu@gmail.com, litvinets@list.ru

Hewronrpomumpyemoe pacripocrpanenie Gopriesuka Cocroseroro (Heracleum sosnowskyi Manden.) B cpepieit mosoce
Poccniickoit Mepeparun sBistercss akTyaabHOIl POBIEMOil, TaKk KaK IIOMIA/H, 3aHATHIe pacTeHIueM, ¢ KasbIM TOJlOM 3Ha-
YUTETHHO YBEJIMUNBAIOTCS.

[Tpumensiembie MmeTosibt 60pHOLI ¢ GOPIIEBUKOM (BBHIKATITIBATE, 00PadOTKA TePOUTIHIAMI, NCIOTH30BAHNE TeOTeKCTILIST
1 T. JI.) HefocTaTouHo HPOERTUBHBI, TAK KaK r0 CeMEeHa COXPAHSIIOT BCXOZKECTh POJIORUTETLHOE BPeMsi, 8 KOPHU TITyOOKO
MPOHUKAIOT B 110uBY. [lamibie MeToibl He mpejnoiaraior MCioab30Baine OoMacehl DOPIIEBUKA, KOTOPAs MOYKET CJIYKUTD
UCTOYHUKOM (PUBMOTOTHUCCKN AKTHBHBIX BEIECTB, B TOM YHCJIe MEeKTHHOBBIX MOJUCAXAPUIOB, COJEPIRANITE KOTOPHIX
B pacrennn cocrasaser 10—17%. Kpowme Toro, erpoenue i ¢BolicTBa BOIOPACTBOPUMBIX MKaHoB bopinesnka COCHOBCKOTO
U3YUCHBI HEIOCTATOYHO MTOJIHO.

Jlytst mosryueninst BOMOPACTBOPUMBIX OJTNCAXAPUOB NCTOTH30BAIN KALTYCHYTO TRAHDb c1ebist foprieBika CocHOBCKO-
ro, TaK Kak RYJBTYPbI RIETOK 1 TRaHell pacTeHIil ABJSIOTCS MOJeAbHBIM 00BeKTOM JIJIst ciHTe3a durtoroancaxapuaos. [ls
U3YUCHIST COCTABA M CTPOCHIS BOJOPACTBOPUMBIX ITOJIICAXAPUIOB KAJLTYCHOT TKaH! GOPITEBUKA UCIIOIH30BAJN YaCTUUHBII
KUCJIOTHBIN 1 (DEPMEHTATHBHBIN THPOIIIS, YIBTPAMIILTPATIINIO, HOHOOOMEHITYI0 XpOMATOrpadumio, a TAKKe METILINPOBAHTIE.

Brio mokasano, uTo BOIOPACTBOPUMbBIE IMINMKAHBI KAJTyca O0PIeBIKA ITPeJICTaBIeHbI Pe3ePBHBIME TOTNcaXapPUaMil —
apabmHanami, raakTaHaMi 11/ apadmHOTATAKTAHAMIE ¢ COTePKATIEM YPOHOBBIX KICTOT 10 24%), 8 TaKsKe MEeKTHHOBBIMI
MOJNCAXAPUAMI — JITHEeHHBIM TOMOTATAKTYPOHAHOM (PAMHOTATAKTYPOHAHOM ) I pAMHOTATAKTypoHaHoM- |, ¢ conepsranmem
raJlakTypoHOBOIl Kuesorbl 70,5—73,9%.

Pesynnrarsl MermimpoBaust O3BOJISIIOT TIPEJIIONOKATE, YTO YIJICBOHBIC MEIN Pe3epPBHBIX MOJNcaXapuoB 06paso-
Bambl 1,5-cBssanmpivn ocrarkamu L-apabunodypanosnr, 1,6- n 1,3,6-cBssamnnbivm ocratkamn D-rasakronupanosst, 1,4- n
1,4,6-cBsisannbivu octarkamu D-riokonupanossl n 1,3,6-cBssannbiMu ocrarkamMn D-MaHHONMPaHO3BI, a Ha HepemLyIm-
PYIOIIIX KOHIAX UX YIVIEBOJHBIX I[EIeIl JIOKAIN30BAHbI TePMUHATbIHBIC ocTaTku D-Kenmonupanossl n D-riiioKonupanosnl.
B cocras 60K0BBIX yrieBofHBIX TeTell MeKTHHOBBIX moJancaxapumos sxouat 1,5-css3amnmnie ocratkn Li-apadunodypamossr,
1,6- n 1,3,6-cBssannbie ocrarkn D-ragmakronupanossl, 1,4-cBsisannbie ocratku D-rimokonupamnosst, 1,4-cBs3amibie ocrar-
Kk D-rewnonupanosst, 1,3,6-cBsisanibie ocrarku D-mamnonupanosst, a rakske 1-csssannbie ocratku D-riioKonmpanoss
n D-remmonmpamosn.

Karoueswvte crosa: Heracleum sosnowskyi Manden., kamiycHass TKaHb, BOJLOPACTBOPUMbIE MOJUCAXAPUIbI,
MeKTHHOBBIE MTOJINcaXapu/ibl, MOHOCAXaPU/HbIe OCTATKI, HOHOOOMeHHast XpoMarorpadusi, XpoMaTo-Macc-CreKTpOMeTps,
MeTHJINpOBaHIe.

Pectic polysaccharides of callus tissue
of the stem of Heracleum sosnowskyi Manden.

© 2019. E. N. Gordina orcip: 0000-0002-7490-91325 A« A Z1obin grein: 0000-0002-2129-89995
E. A. Martinson ogcip: 0000-0002-0364-4106s S+ G Litvinets orcin: 0000-0001-8383-5274
Vyatka State Universily,

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

e-mail: I-e-n-o-k@bk.ru, biotech.vgu@gmail.com, litvinels@list.ru

The uncontrolled growth of Sosnovsky’s hogweed (Heracleum sosnowskyi Manden.) in the central regions of the
Russian Federation is a pressing problem, because areas occupied by this plant significantly increase each year.

The methods used for the destruction of Sosnovsky’s hogweed (mowing, the use of herbicides, the use of geotextile,
etc.) are not effective enough, because the hogweed seeds remain viable for a long time, and its roots penetrate deep into
the soil. These methods do not involve the use of Sosnovsky’s hogweed biomass, which can serve as a source of physi-
ologically active substances, including pectin polysaccharides, whose content in the plantis 10 to 17%. In addition, the
structure and properties of water-soluble glycans of the Sosnovsky’s hogweed are not fully understood.

Al
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Cultures of plant cells and tissues are a model object for the synthesis of phytopolysaccharides, therefore we used
the callus tissue of the Sosnovsky’s hogweed stem to obtain water-soluble polysaccharides. We used partial acid and
enzymatic hydrolysis, ultrafiltration, ion-exchange chromatography, and methylation, in order to study the composition
and structure of water-soluble polysaccharides of the Sosnovsky’s hogweed callus tissue.

We have found that water-soluble glycans from Sosnovsky’s hogweed callus are reserve polysaccharides — arabi-
nans, galactans and/or arabinogalactans content of uronic acids with up to 24%, and pectic polysaccharides — linear
gomogalakturonan (ramnogalakturonan) and ramnogalakturonan-I, with a galacturonic acid content of 70.5-73.9%.

We obtained the results of methylation which suggest that the carbohydrate chains of the reserve polysaccharides are
formed by 1,5-linked L-arabinofuranose residues 1,6-and 1,3,6-linked D-galactopyranose residues, 1,4- and 1,4,6-linked
residues of D-glucopyranose and 1,3,6-linked residues of D-mannopyranose, and terminal residues of D-xylopyranose
and D-glucopyranose are located at the non-reducing ends of their carbohydrate chains. The carbohydrate side chains of
pectin polysaccharides include 1,5-linked L-arabinofuranose residues, 1,6-and 1,3,6-linked D-galactopyranose residues,
1,4-linked D-glucopyranose residues, 1,4- linked D-xylopyranose residues, 1,3,6-linked D-mannopyranose residues, as

well as 1-linked D-glucopyranose and D-xylopyranose residues.

Keywords: Heracleum sosnowskyi Manden., callus tissue, water-soluble polysaccharides, pectin polysaccharides,
monosaccharide residues, ion exchange chromatography, chromato-mass spectrometry, methylation.

HecmoTpsa na arTyaibHOCTH TPOOJIEMBI He-
KOHTPOJIMPYEMOTO PACIIPOCTPAHECH IS DOPITEBUKA
CocnoBcroro (Heracleum sosnowskyi Manden.) B
cpepneii monoce Pocenn, sdhheRTMBHBIX METOI0B
60pbOBI ¢ HUM He pazpaboTaHo.

B 1o ke Bpemsa Omomaccey 60pIieBIKa MOKHO
HCITO0JIb30BATh KAK MCTOYHUK OMOJIOTHYeCKN aK-
TUBHBIX BEIECTB, BRIIOUast nekturbl. Hecmorps
Ha BBICOKOE coptepskanme (o 17%) mexkrtnmos B
OOpITeBUKe, NX CTPOCHNE M CBOWCTBA M3YUEHBI
negocrarouno nojano [1-3]. Ryabrypsl Kie-
TOK W TKaHEeH PasJuaHbIX PACTEHUT SBISAIOTCS
YIOOHBIM 00BEKTOM JIISI U3YUYeHUs OMOCHHTEe3a
MIMKAHOB, & TaKkyKe HapaboTKu uroroancaxa-
PUIOB ¢ OTHOCUTEJIHLHO TTOCTOSIHHBIM COCTaBOM
U CTPOEHUEM JIJIsl ONpeeJIeHUsi CTPYRTYPHOT
AeTepMUHUPOBAHHOCTH UX (PU3UOTOTUYCCKOT
aRTUBHOCTH [4—T7].

[lenbio nanuoil paboThl ABASAETCS XUMIU-
JecKash XapaKTepuCTuRa MeKTUHOBBIX MOJICA-
Xapu0B KAJTYCHON TRaH! cTebJisi 6OpIeBrKa
CocHoBcroro.

OO0 BEeKTBI 1 METOIbI NCCIIeOBAHNS

Rannycnyto Tkanb credis 6opmiesuka Coc-
HOBCKOTO KYJIBTUBUPOBAJN B TeMHOTE TIpn 26 °C
na nurarenabroi cpege Mypacure-Cryra (MS) ¢
nobasiennem arapa — 7 v/a, caxaposnl — 30 /1,
rannuHa — 2 mr/n, mwo-nuosnrta — 100 mr/n,
BuTaMHOB 110 niporcu Crada n GuroropMoHoB
2,4-nnx10pdheHOKCUYKCYCHOI KIUCI0ThI (2,4-]1) —
2,0 mr/n1 m 6-6ensunamunonypuna (6-BAIl) —
0,1 mr/s. Macca skcmrantoB — 50—60 mr. Jlim-
TeJAbHOCTh KyJIbTUBUpOBaHUst — 21 cyT.

RonuuectBenHoe cojiepskanme 0CTaTKOB
raJaKkTypPOHOBON KHUCJIOTHI B MOJUCAXapuigax
OIIPeJIesISIIN pearijuein ¢ 3,5-1uMerTuadeHoa0M
[8], 6enra — o merony Jloypu [9] ¢ mcnonnzo-
BaHMeM OBIYbETO CHIBOPOTOUHOTO aTbOyMUHA,

cojiepskaHme MeTORCUIBHBIX IPYIIIT — 110 METOLY
[10]. Criekrpodoromerpuyeckue orpeseseHns
npopoauan Ha crerkTpodgoromerpe Shimadzu
UV-mini 1240 (Amonus).

Npentuduraiuio MoHOCAXapUHbIX OCTAT-
KOB ITPOBOJU/IN METOJIOM Ias30o-3KUJKOCTHOI
xpomarorpaduu ¢ Macc-cleKTPOMeTpuYecKuM
nerekropom (I'YRX-MC) B Buse rpumernicu-
amrsHbIX (TMC) adupoB mocmae KuEaoTHOTO
rujiponnsa gparnuii monncaxapuaos 2M pac-
TBOpoM TpudropyreycHoit kucaorsl (TOY) mpu
100 °C B reuenme 5 u. Ronmmuecrsenuoe ompejie-
JeHe MOHOCAXapUHBIX OCTATKOB TTPOBOININ
¢ nomorbio 'tHKX-MC nocae rupgponunsza 06-
pasioB 2M pacrBopom TDY, comepsrarieit
B KauecTBe BHYTPEHHEro CTaHapTa Mio-NHO3UT
(0,1 mr/ma), npu 100 °C B Teuenue 4 u, ¢ 1o-
CJIeJIYIOTIINM BOCCTAHOBJIEHNEM MOHOCAXaPU/OB
ooprumpuom Hatpusi B 2M pactBope rujiporcu-
Jla aMMOHWUS B TeYeHne 4 9 1 aleTuJInpPOBaHIs
MOJIMOJIOB YKCYCHBIM anruapugom [11].

Jlnsg MetunmpoBannsa MeKTHHOBBIX TO-
JAMcaxapuioB Kaluyca MCIOTb30BATIN METO]T
Xarkamopn [12]. 'maposima MeTHINPOBAHHBIX
nosimcaxapuios posojuan 2M pacrsopom TOY
npu 100 °C B reuenne 5 4. Merunosbie aupb
MOHOCAXapH/0B ITePeBOJININ B COOTBETCTBYOIIIE
areraTbl MOJMOJIOB 1 aHAJTN3UPOBAJIN METOIOM
X-MC.

''RX-MC TMC-a¢pupos Monocaxapumos,
mepameTaTon MoJMOJOB U YACTUYHO METUJIN-
POBAHHBIX AIETATOB MOJNOJOB TTPOBOAUIN HA
razoBom xpomarorpade G2589A (Agilent Tech.,
CHIA) ¢ macc-ceeRTUBHBIM leTeKTopoM 0973
INERT (Agilent Tech., CIITA) na kanuinsproi
romorke HP-5MS (0,25 mm x 30 M, Hewlett-
Packard, CIITA). RonnuectBo BBOmMOTi IpoObI —
1 mra. Temmeparypa ncnapuresns — 260 °C.
TemmeparypHbiil pe;RUM TepMOCTaTa KOJTOHKI —
175 — 250 °C (rpagment — 3 °C/mun) s TMC-
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aupos u mepareraton noanoynos; 130 — 250 °C
(rpajment — 5 °C/MUH) JJIsSi METUITMPOBAHHBIX
areTaToB TOJINOJIOB.

Nonoobmenuyio xpomarorpaduio nexru-
HOBBIX TI0JIMCAXaPU/IOB ITPOBOJIIIN HA KOJOHKE
(37cm x 1,5 em) ¢ DEAE-menmionosoit (Fluka,
Fepmanust) B Cl° -hopme crymeHvuaThiM dJIIOHPO-
Banuem 0,01;0,1;0,21u 0,3 M pacrBopamu NaCl co
CKOPOCTHIO MToToKa pactBopuresst 30 mi /4. Brixon
(parmmii monmcaxapuoB 13 KOJTOHKN KOHTPOIIT -
poBaJI KauecTBeHHOI peakiiueii 1o metony [13].
Dpakiym, COOTBETCTBYIOTIIE OT/eTIHHBIM TITKAM,
MUAT30BATH 1 JIMOQUIBLHO BHICYTBAJII.

Yasrpaduiasrpariio pacTBOPOB IEKTHHOBBIX
MOJICAXaPU/0B TTPOBOJIIIIN € TOMOIIBIO STYe KN
rourenrparopa Vivacell 250 (Bragucapr, Poc-
cust) u memOpan Vivacell 250, 119C (Bnagucapr,
Poccust) ¢ orcekaemMbiMu cpejiHEMACCOBbIM U
moseryasgpupiMn maccamu — 10, 30 m 100 /la.
[Toryuennbie pparium moancaxapupoB ynapu-
BaJIM JIO MUHUMAJIBHOTO 00bEMa TI0JT BAKYYMOM
7 MO UIHHO BHICYITHBAJII.

YacTuuublil KUCTOTHBINA TUAPOIN3 TEKTH-
HOBBIX TTosicaxapuyos rposojuan 0,05 M pac-
tBopoM TDY 1ipu 100 °C B reuenne 8 u. Ocajok
OTJIeJISIIN 1eHTPUMYrupoBaHnemM u ano@uibHO
BhICyIIMBaN. K cynepHaranty mpuimBaim 4-x
KpaTHbIil 006EéM 96%-1or0 dramoaa, oTme s
0CaJIOK MeHTpudyrupoBaHmeM, MPpoOMbIBaIN
ATUJIOBBIM CITUPTOM, PACTBOPSJIN B JIMCTHILIIN-
poBauHoii Bosie, nosoauau pH mosydenuoro
pacrtBopa 70 4,9—9,0 ¢ 1momoIbio pazdaBiieH-
noro (1:1) pacrsopa NH,OH, nuannsopann
n nouabHo BeicytnBain. K Bogro-cnuproso-
My cynepHarauTy npuausain 10-tu KpaTHblil
00béM 96%-Horo sTanona n obpabaTeiBaIN Oca-
IOK MOJIncaxapuyioB KakK OTMCAHO BLIIIIe, a CyTep-
HaTaH yrnapuBasiy ocyxa 1 ujieHTuuimpoBain
cBobostHbIe Monocaxapujbl B Busie TMC-adpupos
merogom 'HHX-MC.

DepMeHTATUBHBIN MUAPOJIN3 TTEKTUHO-
BBIX TOJIMCAXAPUIOB ITPOBOMIN € TTOMOIIHIO
o-1,4-sndo-tomurarakryponassl Rhizopus sp.
(Sigma, CIITA). JlimrenbHocTh hepMEeHTOTN3A
KOHTPOJIMPOBAJIN ¢ ToMOIbi0 Meroza [14] mo
MpeKpareHns yBeJUIeH sl KOHIeHTPAInn B
(epmenToIM3aTe BOCCTAHABINBAIOIIIX CAXapoB.
®epment naartusupoBasn mpu 100 °C B reverne
10 mun. JlenarypupoBanHbiil OEJTOK OTEAIN
HeHTpudyrupoBaHueM U MOCTe0BATETbHO
OCAFKIANN TPOAYRTHI hepmenTonnsa 4-x u 10-tn
KparabiMu oobémamu 96% sranona. [lomyuen-
HbIe OCAJIKM PAaCTBOPSIN B JIMCTULINPOBAHHOI
BOJIE, JINAJIM30BAJIN 1 TMOMPUIHLHO BHICYITHBAJIN.

Jlnst BoijlesieHist BOMOPACTBOPUMBIX 110-
nucaxapunos (BPIIC) rammycnyio Tkanb pas-

pyIIaau OJHOKPATHBIM 3aMOpPayKuBaHueM-
orranBanuem, obpabarsiBasu 0,4%-ubim
pactBopom popmasunua nipu o0 °C st nHAKTH -
Banuu (pepMeHTOB, a 3aTeM IOCJe0BATeLHO
ARCTPATUPOBAIN TRAHb JUCTUIIINPOBAHHOM
Bojoit ipu 68 °C (BojlopacTBOpUMbIe TTOJMcaxa-
pujbl — HScl ) m0,7%-1biM BOgHBIM pacTBOPOM
orcasnara ammonus npn 68 °C (meKTHHOBLHIE
nmoancaxapuasl — HScll) mocae obpaborkm
pacrureabHoro marepuana upu o0 °C pas-
oasyennbiM pactBopom HCIl npu pH 3,8-4,0
[15]. [MonroTy aKCTpaKIIMY MOJMCAXAPUIHBIX
paruii 13 KaATyCHON TKAHW KOHTPOJHMPO-
BaJIM KavuecTBeHHOT peakiueii mo merony [13].

JKCTPAKTH yHapuBaJiu, AUaTn30Baan 1
OCARITANIH TTOTNCAXAPHUJIBI 4-X KPATHBIM 00HEMOM
96% oramosa, pacTBOPSIIN B U CTUILINPOBAHHO
BOjIe 1 TNOMUIBHO BHICYITIBAIN.

Bce BojiHbie pacTBopbI, a TakKe MPOOLI st
I''RX-MC-ananusa ynapuBajin 1oji BAKYyMOM
npu 40-50 °C na poropuom mcnapurene [KA
HB 10 basic (l'epmanus). [lenrpudgyrmposanme
pacTBOpPOB MPoBOAMIN Ha TeHtpudyre Sigma
2-16 PK (I'epmanus) B reuerne 10—15 mun ipu
3000-9000 06./mun. TepmocraTupoBanue mpood
nposojusin Ha BojstHol Oane LLB-200 (Poccust)
n B cyxoBoanynrHom repmocrare Binder (I'epma-
nust). Jlnanms pactBOpoB MpOBOJMIN € TTOMOIIHIO
maénok s puasnsa (Cellu-Sep H1, Bensrus) co
CPeHUMIT OTCEeKAeMbIMI MOJIERYJISIDHBIMU Mac-
camu d—8 r/la. Jlast BeIcyIIMBaHUs PACTBOPOR
00pasIoB UCIOIB30OBAIN IMOPUITLHYIO CYTITIITKY
ALPHA 2-4L.D plus (I'epmanus).

Pesyabrarel n o6cysknenune

Cymmapuoe copmepskanne BPIIC HScl
n nertnHoBBIX HScll monncaxapupos kasmryca
oopmesnra CocHoBekoro cocraBmio 8,8%. Xa-
paKTepUCTIKA TOJy4eHHbIX (DPaRIUil TPUBeIeHa
B rabaune 1.

U3 raukypouoBwix Kuciaor B Bujge TMC-
npoussonubix B cocraBe BPIIC rammyca HScl
uaeHTHUIIPOBAHBI OCTaTKI D-TamakTypoHOBOI
KHUCJIOTHI U CJeJ0OBbIe KOJMUYECTBA OCTATKORB
D-riiokyponosoii kucaorsl, a B HScll — Tonbko
ocratkn D-ramakryponoBoii Kucaorel. [Ipmaém
Ppparnusa nerrnrOBHIX noancaxapugos HScll
XapakTepusyercst BBICOKUM UX COflepsRaHmeM
(70,0-73,9%) 11pu HUBKOM KOJIMYECTBE OCTATKOB
L-pamuossr (0,3-0,7%).

W3 HeiiTpasibHBIX MOHOCAXAPUIIOB B COCTaBe
BofopacTBopuMbixX rinkanos HScl npeobnapator
ocratkm D-ramaxrossr, L-apaduosnr, D-Tmioko36t
n D-wemmossr, a 8 HScll — L-apabumosn
n D-ramakross.
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CocraB ININKAHOB KAJLTYCHOI TKAHU GOPIIEBIKA
Composition of glycans of the hogweed callus tissue

Ta6auma 1 / Table 1

Copepsranme / Content, %
Oparius Brixopn, MeO. % 5
Fraction | Yield, %% "7 GalA | Ara | Gal | Rha | Xyl | Man | Gle CIOK
protein
HScl 4,2 1,9 24,1 9,7 19,6 0,2 3,1 0,4 2,0 18,0
HScll 4,6 2,7 70,0 10,9 3,8 0,7 0,4 0,3 0,9 9,4

[pumewanus: * — @ nepecuéme na cyroe sewecmso karaycrnot mranu; MeO — memorcurvnovie epynnot; GalA —
D-eanarkmyponosas kucaoma; Ara — L-apabunosa; Gal — D-eanarmosa; Rha — L-pannosa; Xyl — D-kcunosa; Man —

D-mannosa; Gle — D-earorosa.

Notes: * — calculated on the dry substance of the callus tissue; MeO — metaxylene group; GalA-D — galacturonic acid;
Ara-L — arabinose; Gal-D — galactose; Rha-L — rhamnose; Xyl-D — xylose; Man-D — mannose; GLS-d-glucose.

Tadauma 2 / Table 2
Cocras ppariuii mekrnuosbix moancaxapugaos HScll-u nocae ynsrpadgunsrpainn
The composition of the pectin polysaccharides” Hell-u fractions after ultrafiltration

(DpaRI:[I/I}I OTC;};iiraifao;Iegifig%Haﬂ B;I;zza MeO. Copepsranue / Content, % o
Fraction molecu,lal‘ weight, kDa 0" "I % | GalA | Ara | Gal | Rha | Xyl |Man| Gle protein
HScll-1u > 100 90,8 | 3,0 | 68,2 |35 | 1,8 |04 EJFE 0,106 11,5
HScll-2u 10-30 0,8 2,0 | 344 16,410,408 1391 0,5 123] 14,5
HSell-3u <10 4,3 1,3 1250 |31 431022206 |6,9]| 10,6

lpumnewarue: Ca. — caedogole koiuvecmsa.
Note: Tr. — trace quantities.

Jlnst pasbHelinero uayueHmus Oblia BbIOpaHa
pparnusa nerrunHOBHIX nonauncaxapupos HScll
Kamryca oopresuka. [lpn yrasrpaduabrpammn
HScll uepes memOpanbl ¢ 0TceKaeMbIMU MOJIe-
ryasspubiMu Mmaccamu 10, 30 u 100 x/la Obln
MoJIy4eHbl PPaKIII, COCTAB KOTOPBIX MPUBEEH
B Tabsaure 2.

Rax ciemyer us mojyueHHBIX Pe3yabTaToB,
nexkTuHOBRIe TTomcaxapusl HScll mpemcran-
JIeHbl BBICOKOMOJIERYJISIPHBIMU TJIMKaHAMU
7 ABJIATOTCS TOCTATOYHO TOMOTCHHBIMI — BHIXOI
rnasuoit pparmun HScll-1u, moayuenHoii ¢ mo-
MOTIHI0 MeMOpPaHbI ¢ INATTa30HOM OTCeKAeMbIX
MosieRyJsipHbIX Mace bosiee 100 k/la, cocrasisier
90,8%.

Moskio orMeTnTh, 4T0 MUHOPHBIE (paKIun
HSclII-2uun HScll-3u, Bxopsmue B cOCTAB IIEKTH-
nos HScll, xapaxrepusyrorcs oTHOCHTETEHO HI3-
RUM cojflepRaHineM ocTaTkoB D-rajakTypoHoBoii
Kucaorel (34,4 n 25,0% coorBeTcTBeHHO) U 110-
BBITIIEHHBIM KOJTMUECTBOM OCTATKOB D-TITIOKO03HI,
D-ranaxrossl u D-apabuHo3ssi.

[Tpu nonoodmennoii xpomarorpadgpun HScll-
1u na DEAE-neanwomose 0,01; 0,1; 0,21 0,3 M
pactBopamn NaCl Obim momyuennsr pariun
MEeKTHHOBBIX MOJNCAXAPUIOB ¢ COePKAHIEM
octatkoB D-rasakryponoBoil KucaoTel ot 41,6
110 70,5% u merokcuabubX rpyin ot 0,9 1o 4,5%
(rabm. 3).

[Tpu monoodmenwoit xpomarorpadun HScll
MOJIYUeH COCTaB HEeNTPAJIbHBIX MOHOCAXAPU/IOB.
On npepcrasnen gpaxnusmu: HScll-1u-1d,
HScll-1u-2d, HScll-1u-3d u HScll-1u-4d.

Oparnus HScIl-1u-4d, saoupyemas us Ko-
noukn 0,3 M pacrBopom NaCl ¢ Beixomom 47,1%,
copepskut 70,0% ocrarkos D-ramakryponoBoit
KUCJIOThI, HE3HAUYNTEIbHOE KOJNYECTBO OCTAT-
koB L-pamuossr (0,3%), a rakske L-apabunossr,
D-ranaxrossl, D-kennossl u D-riaoKkossr. 9ro
YKa3blBaeT HA TO, YTO OHA [PeJ[CTaBIeHA JIIMHEell -
HBIM TOMOTQJIAKTYPOHAHOM (paMHOTATAKTypOHA-
HoM) 1 pamHoranakryponanom-1 [16].

B pesyibrare actTuuHOTO KUCJIOTHOTO
rugpoamza HScll-1u 0,050 M pacrsopom TOY
(100°C, 8 u) Obia MosryueHa MUHOPHAS (PparIUs
HScll-1u-1h (aepacrBopumbiii B TAY ocrarok
mocJie THPOJIN3a), a TakyKe raaBHas Qparius
HScll-1u-2h n ¢pparmua HScll-1u-3h (mocie-
noBareabHOl 00paboTKON rujpoansaTa 4-x u
10-1u kpatabIME 00BeMam it 96%-HOTo HTHIOBOTO
crupra coorBerctBenno). Cocras dparipuii mpu-
BejéH B rabaurie 4.

Cocras gpparnun HScll-1u-1h cBugerens-
CTBYET O TOM, YTO OHA ITPeJICTaBIeHa rOMOorajiaKk-
TYPOHAHOM, COJIeP/RAIIUM MUHOPHbIE KOJMYe-
c¢TBa ocTatkoB D-rasmakrossr 1 D-timiorossr. Mx
Ha/lMde yKasbiBaer Ha TO, YTO OHU YYaCTBYIOT
B IIPUCOIMHEHNN OOKOBBIX YIJICBOJHBIX TieTiei
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pamHoTanakTyporana-I K Kopy MoJeRyJIbl TIeK-
TuHOBBIX monaucaxapugoB HScll-1u ranmyca
OOpITEeBUKA.

CocTaB 1IpoOLyRTOB McUepIbiBaoIero gep-
menTatTuHnoro ruaposunza HScll-1u ando-
rnmoJimrajgakryponasoit Rhizopus sp. npuseyén
B Tabdsaue d.

Cpenau nmpopykToB pepMEHTATUBHOTO
ruppoansa B Buge TMC-1pon3BogHbIX UjeH-
THOUITPOBAHBI ocTaTKN D-ramakTypoHoBoOii
KHCJOTHI, YTO CBUJETETHCTBYET O ITPUCYTCTBUNT
B YIVIEBOJHBIX IETAX MOJncaxapujaoB ydacT-
KoB a-1,4-D-ramakryponana, a cyInecTBeH-
HOe CHIKeHIe OCTAaTKOB D-rajakTypoHOBOI
kucaorel B HScll-1u-f mo cpaBuenuio ¢
HSclII-1u roBoput 0 TOM, 4TO OHM JIOCTATOYHO
MPOTAKEHHBIE.

Pesynbrarsl MeTuanpoBatus meKTHHOBLIX
nonucaxapunos HScll-1u-f, monyuennpix
B Xojie PepMEHTATUBHOTO THPOJIN3A, 110 XaKa-
MOPH YKa3bIBAIOT HA TO, YTO B COCTAB MX yTJe-
BOJHBIX Itereil Bxoaar 1,d-cBg3anubie ocTaTKku
L-apabunodypamossi, 1,6- u 1,3,6-cBsa3anmbie
ocratkm D-ramaxronmpanossi, 1,4-cBA3ammnie
ocratkn D-rmoronupanosnl, 1,4-cBa3anmnie
ocrarkn D-keusionupanosst, 1,3,6-cBsizanHbie
ocraTkm D-manHONMpaHo3bl, a rakske 1-cBsizan-
noie D-raokonupanossl 1 D-keunonmnpanosol.
[loxyuenmnsie gamubie CBUAETEILCTBYIOT O M-
POKOM CITEKTPe YIJIeBOHOTO COCTaBa KAJITYCHOT
TRaHu credns dopriesruka CoCHOBCKOTO, 4TO MO-
sKeT OLITh ICII0JIL30BAHO0 B OLOTeXHOJIOTUYCCKOI
MPOMBITIITIEHHOCTH TIPU TTOJTYUYCHUN PA3TNUHON

MTPOYKITUN.

Tadmuma 3 / Table 3

Cocras gparnmii nekTuHOBBIX osmncaxapugos HScll-ul, momyuenHbIxX npun noHoodMeHHOI Xpomarorpadui/
Composition of the pectin polysaccharides’ fractions HS-11-u1 obtained by ion-exchange chromatography

o B Copepsranue / Content, %
pam,mﬂ . bIXOA . | MeO,% 0eIo0K
Fraction Yield, % GalA Ara Gal Rha Xyl Man Gle .
protein
HScIl-1u-1d
9 ¢ . . _— .
(0.01 M NaCl) 1,0 2,9 48,3 10,6 2,6 0,6 0,3 0,3 0,5 9,8
HScll-1u-2d . Co. -
(0,1 M NaCl) 12,9 0,9 41,6 7,0 6,8 0,5 . 0,2 0,1 7,6
HScll-1u-3d - \ - - C.
(0.2 M NaCl) 4,9 4,5 62,8 4,1 2,5 0,5 0,1 Te. 1,1 3,7
HScll-1u-4d . - . . ; Co. ;
(0.3 M NaCl) 471 2,4 70,5 2,9 1,9 0,6 0,3 Tr. 0,3 1,7
Hpumewanue: Ca. — caedogole kKoauwecmasa.
Note: Tr. — trace quandtities.
Tadomuma 4 / Table 4

CocraB MPOYRTOB MEKTHHOBBIX TTOTCAXAPUIIOB TTOCJE YACTHYHOTO KUCJIOTHOTO THIPOJIN3a
The composition of the of pectin polysaccharides’ products after partial acid hydrolysis

® Brixop Copepsranme / Content, %
parnus .
. Yiel MeO,?
Fraction (1)/9*(1’ €0,% GalA Ara Gal | Rha | Xyl | Man Gle 6eHO.K
(i protein
H.o. Cur. -
HScll-1u-1h 1,0 86,9 - 0,9 p - - 0,2 7,9
N.d. I'r.
HScll-1u-2h 10,0 0,5 76,5 - 1,0 (,f: - - 0,5 10,4
HScll-1u-3h 4,6 0,3 99,2 0,6 1,8 0,2 2,9 0,1 2,6 15,6
Hpumelmﬂue: H.o. —ne Onp@o@./Lﬂ./L()Cb, Ca. — caedosvle Koauwecmsa.
Note: N.d. — not been determined, Tr. — trace quantities.
Tadmuma 5 / Table 5
Cocras pakiinm MeKTHHOBBIX MMOJICAXAPUIOB TT0CTe PePMEHTOTI3A
Composition of pectin polysaccharides’ fraction after fermentolysis
Oparnust | Bwixon Copepsranue / Content, %
Fracti i 9
racton Y};ﬁd’ MO T GalA | Ara | Gal | Rha | Xyl | Man | Gle | 0%1°F
0 protein
HScll-1u-f| 73,1 3,6 27,9 8,6 6,0 1,0 2,1 0,4 1,6 6,4
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BoiBojb1

1. U3 ranmycHoii Tkaum ctediist 6oprieBuKa
CocHOBCKOTO ¢ cyMMapHbIM BEIX0O[[0M 8,8% BbIjie-
JIeHBI (PPAKIIT BOOPACTBOPUMBIX MTOJIMCAXAPI-
noB HScl n mexkrnnoBbix nosucaxapupos HSell.

2. Tlosyuyennoie gannple yKasbBaOT Ha TO,
470 BoflopacTBOpuMbIie iosmcaxapunbt HScl kas-
Jyca rpeJicTaBIeHbl apabnHaHAMM, ralaKTaHAM I
(apabuHoramarTanammn).

3. llokaszano, 4T0 BBICOKOMOJICKYJISPHbIE
MEeKTHHOBBIE MTOJIIcaXapy/bl TPOTOMEKTHHOBOTO
KOMIIJIEKCA KJIETOYHBIX CTeHOK KAJTYCHO TKAHI
crebist GOPIEeBNKA OTJIMYAIOTCS BHICOKUM COflep-
JKAHMEM 0CTaTKOB D-rajlakTypoOHOBOT KHCIOTHI
U HU3KUM cOflepRaHmeM 0cTaTKoB |-paMHO3HI,
T. €. COJlePIKAT POTSKEHHBIE YUACTKU JINHEIHO-
ro TOMOTAJaKTypOHAaHA/paMHOTATaKTypOHAHA
U pa3BeTBIGHHBIE 00JaCTH, ITPecTaBIeHHbIe
paMHorajakrypoHaHom-I.

4. C momMoIbio MeToma MeTUJINPOBAH s
MOKa3aHno, 4T0 OOKOBBIE YIJeBOJHBIE IeIn
pamuoranakrypornana-l obpasosannl 1,d5-cBsi-
3aHHBIMU ocTarkamn L-apabunodypanossr,
1,6- u 1,3,6-cBasanuniMu ocrarkamMu D-ra-
JaKTOnMpanosnl, 1,4-cBA3aHHBIMU OCTaTKAMI
D-rmokonupanossr, 1,4-cBA3aHHBIMI OCTATKAMMN
D-xcunonmpanossr, 1,3,6-cBsa3annbiMu ocraTkaMn
D-mannonupasosbl i TepMUHAILHBIMI OCTATKAMI
D-rmokonmpanosst n D-Kenmommpamossl.
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Ha ociose mopdomerpuueckux, geHeTHdeCKIX 1 MOJTCKYISIPHO-TeHOTHYCCKIX METOJIOB M3Y4eHA HOIYJ/ISIINOHHAS
crpykrypa o3épuoit asaryniku (Pelophylax ridibundus), oburaiomieii B yeaoBusix ypdanusuposannoii cpejibl r. bearopoa
u ero okpecriocreit (Poccust). [lomyuennbie pesyibrarsl TOATBEPUIN patee BHICKA3AHHbIC TTPEIIIOI0KEHIIS, COTIACHO
KOTOPBIM B YCJIOBHSIX aHTPOMOIeHHON HATPY3KH HOMUHUPYeT 1BetoBas mopda «striata» (goss ocobeil Ha MMHIAKTHBIX
reppuropusix cocrasuia or 70 go 93%). B orHocurennHo wnerbix 6uoronax mpeobiajana mopda «maculatar (58—
67%). Ilo mopdomerprmuecKuM MpuU3HAKAM OBLT BLIABICH BRICOKNIT ypoBewhb auddepenuarnun momwyasmnuii. 1o
60BN HCTBY MOP(HOMETPUUCCKUX MHICKCOB IUCIEPCUOHHBIN AHAIN3 TOKA3AJ JOCTOBEPHBIC PABITHMYNS MEFKLY TPYIAMu
(p<0,05), 40, BepoOATHO, SIBJISIETCSI CACJCTBIEM HEOHOPOHOCTI MOPOJICKOII CPejibl, 0COOCHHO 110 CTelieHn 3arpsi3HeH sl
n KopmoodOecredennocti. I[lpu srom nujpeke renernveckoit guddepennnanun Fsi 1m0 aaio3nMHBIM JOKYCaM COCTaBII
B cperem 0,264, a yposenb motoka renoB mesay momyssiusamu (Nm) komedascs or 0,107 go 32 ocobeit 3a moroaenue.
ITO CBUIETETHLCTBYET O ABHOI MaHMuKenn cpefan rnonynsiuii P. ridibundus B paiione nccnegosanus. B psjge cayuaen
oTMeUeHbl Hecreru(puaeckie aI03NMHBIE IOKYCHI, YKa3bIBAIOIIIE HAa THOPUJIHOE TPONCXOsK/CHIe 0c00eil (THGPU/bI My
P. ridibundus n P. lessonae). Boicokue morasarenn remermaeckoro paznoobdpasus (He = 0,394+0,061, 1 = 0,629+0,100)
M HU3KKE 3HaueHns nnopupnnra s nonynsauusax (/,=-0,112+0,075) cunerenbeTBYIOT 0 IHOBbIIEHHOT 3RI3HECIIOCOOHOCTH
nccaeyeMbix rpyii am@uonii B paitoHe HCCTel0BaHNS, UTO SIBIISETCS CJIe[ICTBIeM ajanraiuii nonyasiuit P. ridibundus
K 0OUTAHUIO B TOPOACKUX YCIOBUSX.

Karouessie crosa: OBéPHElH JIATYHIRA, MHOIYJaAIuA, yp6aHHSHpOBaHHaH cpeja.

Morphogenetic structure of marsh frog populations of Pelophylax
ridibundus (Amphibia, Anura) under conditions of urban environment
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On the basis of morphometric, phenetic and molecular genetic methods, the population structure of the Pelophylax
ridibundus inhabiting the urbanized environment of Belgorod and its environs (Russia) was studied. The obtained re-
sults confirmed the previously stated assumptions, according to which under the conditions of anthropogenic load the
color morph “striata” dominates (the proportion of individuals on impact territories was 70 to 93%). In relatively pure
biotopes, the color morph “maculate” prevailed (58—67%). The morphometric characteristics revealed a significant dif-
ferentiation of populations, caused by heterogeneity in the urban environment. For most morphometric indices, ANOVA
showed significant differences between groups (p < 0.05), which is probably a consequence of the heterogeneity of the
urban environment, especially in terms of contamination and food supply. But the index of genetic differentiation (Fst)
at allozyme loci averaged 0.264, and the level of gene flow between populations (Nm) ranged from 0.107 to 32 individuals
per generation. This indicates an obvious panmixia among the populations of P. ridibundus in the study area. Occasionally
nonspecific allozyme loci were noted, indicating the hybrid origin of the individuals (hybrids between P. ridibundus and
P. lessonae). The high of genetic diversity indices (He = 0.394+0.061, / = 0.629+0.100) and the low inbreeding values in
populations (/,=-0.112+0.075) indicate an increased viability of the amphibian groups studied in the study area, which
is a consequence of the adaptations of populations of P. ridibundus to inhabitation in urban conditions.

Keywords: marsh frog, population, urban environment.
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NsBecTio, uto anTpomorentoe BAWsSHUE
HA OKPYJKAIOIIYIO CPeJly BbI3bIBAET caMble pas-
HOOOpas3Hble peakiun y sKuBoTHBIX. [Ipu sTom
Hanbosee CUJIBLHO OT BO3JIEICTBUS YeJoBeKa
CTPAJIAIOT IIPeJicTaBUTe N THIpocdepbl, KaKk Hau-
6osree MoOmTHHOIT yacTn 6nocdepst. Cenberoxo-
3AMCTBEHHLIC U OLITOBLIC CTOKH, & TAKIKE OTXO/LLI
POMBIIIJIEHHBIX ITPOU3BOJCTB, IMOCTYIAIOINX
B BOJLOEMBI, TIPUBOJIAT K TTYOOKUM M3MEHEHUSIM
YCJIOBUIT OOUTAHUST OTHETbHBIX JKITBOTHBIX 1 OMO-
TBI B I[EJIOM.

3eMHOBOJIHBIE SIBJISIOTCS BaYKHBIM KOMIIO-
HentoMm srocucreM. OHE ABISIOTCA KIOYEBHIMI
3BEHBSIMI TATIEBHIX IeTell, peryanpyior 4icaeH-
HOCTh HACEKOMBIX U IPYTUX OECIIO3BOHOUHBIX, &
TaKyKe SIBJISIIOTCS TPOMEKYTOUHBIME X035ieBaMu
passiimuHbix napazutoB. Kpome toro, ampudun
O0YeHb YYBCTBUTEbHBI K N3MeHEeHUAM (PaKkTOpoOB
CPeJIbI, UTo esraeT nX yAoOHBIMI OMOMHTKATO-
pamu [1-4].

Ilnst 6oee 0ObEKTUBHON OIEHKU OTBETHOT
pearIuu HOMyJIsAIIT Ha N3BMEHeHUS B OKPYsKalo-
et cperie (OC), peKOMEH/TYeTCst HCTIONb30BAH e
KOMIIJIeKCa MPU3HAKOB, KOTOPBIN BKJIOYAET
B cebst pKoJoTHYecKe 1 MOpdoreHeTnIecKne
rmokasareJsiu, yyBcTBuTe/IbHbIC K n3menenuio OC.

[lenb fantoii paboThl 3aRII0YATACH B AHAII -
3e MOpQOTeHeTHUECRON CTPYKTYPBI TOMYJIAINN
ozépnoit jisiryiiku (Pelophylax ridibundus Pallas,
1771) nust omieHKM eé YPOBHA sKM3HECTTOCOOHO-
CTH B YCJOBHAX YpOAHU3MPOBAHHOTO JaH/adra
1. Besiropopia n ero okpecrrocrei.

Marepuasbl 1 METOJIbI MCCIEIOBAHSA

COop sKUBOTHBIX TIPOBOJIMJIN B JIETHWIT T10-
aesoil ceson 2016 r. Beero 6bLi10 mecaenosato
78 ocobeit u3 6 myukros (puc. 1). Ilyakrer or-
JUYAJINCH 110 IPAJIeHTy aHTPOTIOTEHHOTO ITPecca,
B YaCTHOCTH 110 CTeTIeH Y 3arpsi3HeHsT BOJ[bI Opra-
nuyeckumu orxopamu: 1) «Cesepckuii [loneryy,
MeHTpanbHbI MK Topona bemropona, p. Ce-
Bepckuii [loner, Habdmogaercst cuabHoe 3arpsi3-
HeHne Bojibl ObiToBbIME OTXOaMu (50°35'31,5"N,
36°36'35,6"E); 2) «Pasymnas-1», Benropon-
ckmii paiton, noc. Paszymuoe, p. Pasymuas,
MECTHOCTH OOJIOTHCTAsI, MECTAMU OTMEUYAIOTCs
HJIEMEHTHI OPraHMYecKOr0 3arpsA3HeHnsT CTOKAa-
MU, PACIIOJIOMKEHHOTO BOJIM3N CBUHOKOMIIIEKCA
(50°32'48,8"N, 36°41'26,6"E); 3) «Pazymuas-2» —
Benropoacknii paiion. p. Pagymuas, cuinpHoe
3arpsA3HeHNe BOJBI TBEPABIMI OBITOBLIMU OTXO-
namu. Bopa nMeer XxapakTepHbIil HETIPUATHBI
zanax (00°31'48,0"'N, 36°38'59,5"E); 4) «Ces-
poroBO», Benropojckuii pailoH, OKPeCTHOCTH
c. CeBprokoBo, p. Pazymuas, auctoiii 6moror, te-
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Puc. 1. [lyuxrsr coopa Pelophylax ridibundus
(onucanme gaéres B radauie 1)
Fig. 1. Points of collection of Pelophylax ridibundus
(the description is given in Table 1)

yerne ObicTpoe, Bojia mpozpaunas (00°36'59,3" N,
36°46'21,9"E); 5) «JlyboBoe», Benropoacruii
paiion, moc. /lyboBoe, iecorapkoBasi 30Ha OT/[bI-
Xa, YUCThII OMOTOII, HA TEPPUTOPUH PACTIOTOKEHA
IEePKOBHAsI KYIIEIb ¢ IPO3PAYHOIl POJHUKOBOT
Bosioii (50°32'00,3"N, 36°34'59,8"E); 6) «Besé-
Ka», . Bearopon, p. Besénra, reuenue cpejiee,
BOJIa CUJILHO 3arpsi3HeHa, Ha Mecte cbopa ObLIn
BeTpedyeHbl TPYbl puib 1 yTor (90°35'52,8"N,
36°33'37,1"E).

Jlyist oleHKM OKpacKM M pUCYHKa Tejia #iu-
BOTHBIX (pororpaupoBanu. ¥ 036pHOIT JIATYIII-
KU M3BECTHHI JIBe I[BeTOBble MOP(PbI «striatar
¢ IOPCOMEeImanbHOM TTo0coi n «maculata» — 6e3
mosiochl (puc. 2).

anee ocytiecTBasn MOpQhoMeTpuIecKmi
aHAIN3, THe Kaykiaoe KUBOTHOE M3MEPSIN 10
OOIIeNPIHATON 7T 6@CXBOCTHIX 36MHOBOIHEIX
cxeme [0]: L. — paccrosiiue or KOHUMKA MOPJIbI
J10 TIeHTPa KIoaKkaJIbHoro orseperus, Lt. ¢. — mak-
CUMaJIbHAS MNPUHA TOJTOBBI Y OCHOBAHST HIK-
nnx vemocrei, F. — pinna Gepa or Kaoakasib-
HOTO OTBEPCTHS JI0 HAPYKHOIO Kpas coujieHe-
uus, T. — giomna ronenn, D. p. — pimHa mepBoro
naJbIla 3a/{Heil HOI'M OT ANCTaIbHOTO OCHOBAH S
BHYTPEHHETO0 HATOYHOr0 OYrpa /0 KOHIA [aJjib-
na, C. int. — HaubosbIIas JINHA BHYTPEHHETrO
HATOYHOTO Oyrpa B ero ocHoBanuu. Kpome
TOTO, Y KUBOTHOTO OTIPEICJIAIN Bec Teja (m,) u
BHYTPEHHIX OPTaHOB: cepina (m ), mouek (m )
nevenn(m,). [lamee BEIYMCIAIT OTHOIIEH NS DTHX
moKaszareJyieil (MHICKCHI ), KOTOPbIE SABJISIIOTCS XO-
porumMu MOpHoPN3NOTOTHICCKIMI HHIITKATO-
pamu, Mo3BOJSAIONUMI CYIUTH O COCTOSHIN KaK
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OTJIEJTLHO B3ATHIX OPTAHU3MOB, TAK U TIOYJISTIN
B 1esiom [6].

Ananns reHeTnYecKoOl CTPYKTYpPbI MOIY-
JATWH TPOBOJIMIINA ¢ MCITOTHL30BAHNEM JIOKYCOB
Hecneruduuecknx screpas. GepmMeHTsl HKeTpa-
THPOBAJIN U3 MBITITETHON TRAHW ITYTEM 3aMOPO3KI
U MeXaHUUYeCKUM U3MeJTbueHneM Te(IoHOBbIM
romorexusaropom B 40% pacrBope caxaposbl.

dnerrpodopes ocytrectsisin B kamepe VE-20
(Helicon, Poccust) B BepTUKaJIBHBIX MIJIACTIHHRAX
10% nommakpunamugroro resst (ITAAT) [7].
B rauectne anmexTposnoro 6ydepa ncmoan30Baii
tpuc-raunnuHoBwiil Oydep (pH 8,3).

[TpopommurenbrocTs 3merTpodopesa
cocrapisia 3—4 4 npu nanpssrennn 200 B n
remieparype +4 °C. Jljs okpammuBanus Ha me-
crieruUIecKme HETepashl reJib BBIEPKUBAIN
B pactBope OOPHOI KUCIOTH B Teuerne 15 muH,
3arem B pactBope 0,1 M 6ydepa Tris-HCI pH 7,8
¢ robaBaeHeM a-Hadruaanerara  KpacuTess
npounoro kpacroro (Fast Red TR). [Tonyuen-
HbIe pe3yJibraThl 00pabaThiBaIN CTAHIAPTHBIM U
MeTo/laM BapuallmoHHO cratucturu 8], mpu
ATOM PACCUNTBLIBAJIN CPEJIHION0 apu(PMeTHIeCKYI0
BeJIMUNHY MeTpruecKux moxkasaresieii (M) u eé
omuORYy (M), OCYIMECTBISIIN OHODARTOPHBII
nuctepcnonnbiii ananunsd (ANOVA) n wna-
crepHbI anains BoiOOpoKk. CraTucTuvaecKkyio
00paboOTRY MPOBOJINIIY TIPU TTOMOTII TPOTPaMM
MS Excel, u Staistica 6.0. [lus ananusa reme-
TUYECKUX JIAHHBIX MCITOTB30BAIN TIPOrPaAMMY
GenAlEx [9].

Y P. ridibundus wamu Ob11 HArHOCTIPOBA-
HBI JIBA JIOKyca Hecreruuueckux screpas LST1
n ESTZ ¢ tpems anensaMu Kaskybiil, HacaeyeMbIX
1o KojoMuHauTHOMY Tuity (puc. 3). panuiis
JIOKYCOB OTIPEJIeJISIITN ITYyTéM COMOCTABICHIST DM-
HUPUYECKUX YACTOT MOJYYCHHBIX KOMOMHAIIIT
€ TROPETHYCCKI O3KIIAeMBIMI YaCTOTAMI, PACCUN-
TaHHBIMHU 110 3aKOHY Xapuu-Baiinoepra.

[Tpu sTOoM y psiga ocobeii ObLIKM BbISIBICHI
Jérkme hparImm dcrepas, OTCYTCTBYIOMNIE Y 60JIb-
MINHCTBA N3YYeHHBIX JIsATYIIeK. [IprnMeuarenbo,
YTO 110 HEKOTOPHIM TAKCOHOMUYECKUM MPU3HA-
KaM 9TuX ocobeil Hesib3st ObII0 OTHeCTH He K P. ri-
dibundus, ne ® popcrsennomy Bupy Pelophylax
lessonae Camerano, 1882 (nipynoBas JsArymniKa),
TaK;ke o0MTAIOIEro B pailoHe MCCAelOBAHNS.
Bepositho, nanubie 0coOu SIBIASIOTCA MEKBU-
MOBBIMU THOPUAAMU, KOTOPBIE TPagUI[IOHHO
MPUCYTCTBYIOT B MeCTaX KOHTAKTA TTOTTYJIAIIII
ATUX IBYX BU0B. B amanmse nx ne yauToiBaIm.
BoamoskHO, 4TO 110 HATWYUIO YKAZAHHBIX JIET-
KuX hpariuii screpas B OyIyIeM MOKHO Oyier
JMATHOCTHPOBATH CJYUYAN THOPUMBATIY MEFKTY
YKa3aHHBIMU BUAMU.

Pesyabrarsl u 0b6cyskienne

Ha niepBom srane nccnepoBanuii Hamu ObLI
OCYIIECTBJAEH aHAJIN3 YaCTOT BCTPEUAaeMOCTHI
B HONYJANUAX 036PHON JATYIIKHU IBETOBBIX
BapHaHTOB, 0003HAUYaeMbIX Kak Mopda «striata»
n «maculata»: 1) N = 15, «striata»/ «maculata»
tupe 86,6%/13,4%; 2) N = 15, 80%/20%;
3) N=14,928%/7,2%;4) N=12,41,6%/58,4;
2) N =5,33,3%/66,7%; 6) N =10; 70%/30%.

Hauboabmee yncao ocobeil, nMeOMNX
OPCOMEINATBHYIO ITOJI0CY 1 0003HaYaeMbIX RaK
mopda «striata», ormeueno B mynkrax «Pasy-
mHas-2», «Cesepcknii [loner» n «Pagymuas-1».
W3 nurepaTypHBIX HCTOYHUKOB M3BECTHO, YTO
mMopda «striata» TOMUHUPYET B HOMYJAIUAX
03GPHOI JIATYIIKI, 0OUTAIONNX B D0JIee 3arpss-
HEHHBIX OMOTONIAX YPOAHU3UPOBAHHBIX TEPPUTO-
puii [10, 11], K KaTeropun KOTOPBIX, BEPOSITHO,
OTHOCSITCST YKa3aHHbIe TyHKTHI. MakcumanbpHoe
KOJIMYECTBO 0CO0EI, Y KOTOPBIX TOPCOME A h-
Has mojoca orcyrersyer (Mopgda «maculatas)
oTMedeHo B Oosee 4neThIX pationax « CeBpIoKOBO»
1 «J/lyboBoe».

Pesyabrarel MopdomeTprueckoro aHaansa
npusefenb B Tabaute 1. Beumy toro, uro mis
MopdoMeTpryecKoro aHaansa Meioab30BaINCh
M0JI0BO3Pesibie, HO PAa3HOBO3PaCTHBIE 0CO0M,
MbI COUJIN HEOOXOMMbIM TIPOBECTU CPABHEHUE
MOMYJISATNIT He 110 a0COMIOTHBIM TTOKa3aTelsM,
a 10 BBIYNCJIEHHBIM WH/eKcaM Tesia. Pesyiibra-
Thl OJJHOPAKTOPHOTO UCIIEPCHOHHOIO aHAIN3a
BBISIBILJIN JIOCTOBEPHOE OTJINYME N3YUeHHbBIX 10~
MYJISIIUIA 110 CACAYIOMUM ITporopuusam (Tad.
2): L./Lt.c., L./F., L./T., L./D.p., L./C.int.,
F./T, uaro ceuperenberByer o MOPHOTOTnYecKOM
muddepeHTIIANT M3Y4eHHBIX MOMYJIAINAN 110
YKa3aHHBIM ITPI3HAKAM, BHI3BAHHOII, BEPOSITHO,
HEOTHOPOJHOCTHIO TOPOJICKOIT CPeJIbI.

W3BectHo, 4TO JOCTOBEPHBIE OTIUYUS 110
UHJEKCAM BHYTPEHHUX OPraHOB, 110 KOTOPbIM
MOKHO OIEHUTh (PU3MOJIOTNUECKOe COCTOSTHIE
OpraHu3Ma 3eMHOBOJIHBIX, T03BOJISIIOT KOCBEHHO
CY/ITh O CTETIeHU 3arps3HEHHOCTH OMOTOIOB
1 Kopmoobectieuennoctu [6]. Tak, mo nupexcy
neuenu (m /m, ) Biensiercs rpynia «Cesepckuii
Jloner», ato cBUmeTEILCTBYET O €€ Xoporiei
KOPMOBOIT Oa3e, TaK KaK 3allacHble TTnTaTeIbHbIe
BeIecTBa IeIMOHNPYIOTCS Y JIATYIEK B 3TOM Op-
raue. [lo ungexcy cepaua (m /m, ) HaumMenbiue
moKaszarejn OTMeuYeHbl B TyHKTe « Besérkar, uto
TOBOPUT O MOHMKEHHOM YPOBHE MeTabosm3ma
B flannoii rpynne. [To nngexcy noyex (m /m, ),
KOTOPBITI TaKyKe CBUIETEIbCTBYET 00 ypOBHE
mMeraboanaMa, TOCTOBEPHBIX OTAMYMIl MY
IpyHiamM He OTMEYeHO.
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Ta6auna 1 / Table 1
VHnerebl MeTpudyecknX mokasareseii 1 BHyTpeHHUX opranoB P. ridibundus (M+m)*
Indices of metric indices and internal organs P. ridibundus (M + m)*

[Tyukrsr / Points
Ipusaar/ «CeBepcruit
Sign Jloner» «Pagymnasi-1» | «Pazymnasn-2» | «J/lyboBoe» | «CespiokoBo» | «Besénka»
“Seversky | “Razumnaya-1" | “Razumnaya-2” | “Dubovoe” | “Sevryukovo” | “Vezelka”
Donets”
L./Lt.c. 2,87+0,23 3,25+0,63 3,17+0,41 3,11+0,2 2,99+0,26 2,52+0,66
L./F. 2,1+£0,36 2,23+0,22 2,32+0,28 2,24+0,21 2,23+0,17 1,86+0,61
L./T. 2,01£0,34 2,07+0,28 1,91+0,21 2,02+0,18 1,89+0,13 1,67+0,46
L./D.p. 7,34+2,05 7,85+1,79 8,06+1,51 8,45£169 7,25+1,27 9,95+1,69
L./C.int. 21,47+3 14 21,61+3,32 20,89+3,31 21,64+2,93 20,04+2,8 21,12+3,10
F./T. 0,96+0,14 0,94+0,15 0,83+0,06 0,91+0,05 0,85+0,06 0,92+0,11
T./C.int 10,97+2,33 10,59+2,11 11,03+2,04 10,71£1,43 10,65£2,0 10,80+1,98
D.p./C.int | 3,12+0,94 2,88+0,79 2,65+0,52 2,65+0,6 2,87+0,79 2,81+0,71
m,/m, 0,040+0,002 | 0,025£3-10% | 0,021+3-10* | 0,022+£0,003 | 0,023£0,004 | 0,017+0,001
m /m, 0,004+2-10" | 0,004+3-10" | 0,004£3-10" | 0,004£2-10 | 0,004+3-10% | 0,003+2-10"
m /m, 0,004£3-10% | 0,004£4-10% | 0,004+6-10* | 0,003£2-10% | 0,003£2-10" | 0,004+£3 -10
Hpunewanue: M — cpednee snavwenue, m — cmandapmmuas owubka cpedmezo.
Note: M is the average value; m is the standard error of the average.
Ta6amnma 2 / Table 2

Pesynbrarer opHodakroproro aucnepcunonHoro ananunza (ANOVA)
mopdomerpuueckux nnnexcos P. ridibundus / The results of a single-factor analysis
of variance (ANOVA) of morphometric indices of P. ridibundus

WNanere / | L./ L./ L./ L./ L./ F./, | T./ | D.p./ " "
Index | Ltc* | F* | T# | Dp#| Cint. | T4 | Gint| Cint | ™/™5 | m/m* fm,/m,
F 421 | 268 | 284 | 287 | 0,59 | 3,08 | 0,13 092 | 592 18,9 0,35
P 0,002 10,028 0,021 | 0,02 | 0,67 |0,014| 0,97 | 0,45 | 0,0001 | 6,65x10"2 | 0,88

IHpumewanue: F' — garmuueckue snavenus kpumepus Quwepa, P — eeposmmuocms kpumepus Quwepa, * p < 0,05.
Note: F'is the value of the Fisher criterion, P is the probability of the Fisher test, * p < 0.05.

[TonyuenHuble aHHbIe 110 JOKYCAM 5CTPas
NeMOHCTPUPYIOT IMOBBIIIIEHHOE MeHeTuYeCcKoe
pasHoobpasue B MOMYJIS X 036 PHOT JISATY KM,
00MTATONINX B OTHOCHTENHHO YHCTHIX OMOTOMaX
(myukrbl «[lyboBoe» n «CeBpiokoBo») (radu. 3,
4). B octanbHBIX Ipyrmax oTMevyaeTcst TeHieH-

s K CHUKeHUIO aJIebHOTO pa3Hoodpasus
1 Iepexo;i psijia Jo0KycoB B MoHoMopdHoe (roMo-
3UTOTHOE) cocTosiHme (Harmpumep, MyHRToI 1 1 2).
A 570, B ¢BOTO 0UYepe/ib, MOKET CHUBUTH JKU3HE-
CIIOCOOHOCTD ATUX IPYIIIL, TAK KaK O pele e HH b
YPOBEHH TeHETUUECKOT M3MEHUNBOCTH, OYIyun

Tadnauma 3 / Table 3

Yacrorer ansesneii B nonyssinusix P. ridibundus /' The frequencies of alleles in populations of P. ridibundus

Howmep
myHKTa / -
Number of 1 2 3 4 0 6
point
JILO(‘)‘C{ fs/ EST1 | EST2| ESTI |EST2| ESTI | EST? | EST1 | EST2 | EST1 | EST2 | EST1 | EST?2
110,429 0133 | 0 | 0,214 | 0143 | 0,25 | 0,417 | 0,083 | 0,542 | 0.25 | 0,5
Aﬁei‘ﬂ 0571 0 | 0,767 | 1 | 0,607 | 0,857 | 0,542 | 0,542 | 0,667 | 0,375 | 0,75 | 0,5
ele
0 0 0,1 0 0179 0 0208|0042 025 | 0,083 0 0
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Ta6amma 4 / Table 4
[Tokasarenu renernueckoro pazuoodbpasust nonyusiuii P. ridibundus
Indicators of the genetic diversity of populations of P. ridibundus

[Tynrrsr / Point N Na Ne 1 Ho He I,
1. «CeBepcruii [lonerny / “Seversky Donets” 14 1,5 1,480 | 0,341 | 0,286 0,245 | -0,167
2. «Pazymnas-1» / “Razumnaya-1” 15 2,0 1,312 | 0,351 | 0,167 0,192 | 0,133
3. «Pasymnasn-2» / “Razumnaya-2” 14 2,5 1,782 1 0,675 | 0,321 0,399 | 0,094
4. «CespiokoBo» / “Sevryukovo” 12 3,0 2,319 1 0,917 | 0,750 0,566 | -0,330
9. «Jlyboroe» / “Dubovoe” 12 3,0 2,107 | 0,865 | 0,625 0,523 | -0,207
6. «Besénka» / “Vezelka” 10 2,0 1,800 | 0,628 | 0,550 0,438 | -0,200
Cpegee / The average 2,33 1,80r 0,629 0,459 0,394 -0,11%
+0,25 | +0,15 | +0,100| +0,092 | +0,061 | +0,075

Ipumewanue: N — uucao ocobeil 6 svibopre; Na — cpednee wucao arneneii; Ne — afighermusioe wucio araeneti; I —
underc Hlennona; Ho — nabaodaenasn semeposuzomiocmo; He — oncudaemasn eemeposueommnocme; I, — undekc gurcayuu
(roagipuyuenm unbpudunea).

Note: N — the number of individuals in the sample; Na — the average number of alleles; Ne — the effective number of al-
leles; I — the Shannon index; Ho — observed helerozygosily; He — the expectled heterozygosity; I, — fixation index (coefficient
of inbreeding).

Tadauma 5 / Table 5
Pesynprarsr ananmsa MoseRyJsipHoii guctepenn st nonyasiiuii P. ridibundus
The results of the analysis of molecular dispersion for the populations of P. ridibundus

Werounmk mamenunBocetn / Source of variation | df | SS | MS | Est. Var. | % Fst Fis Fit
Mesgmy momrymsiiimsivn / Among Population 5 19,9 13,98| 0,142 25

Mesrmy ocobsivu / Among Individuals 771 33,0 10,42 0,429 75 | 0,264 |-0,085| 0,202
O6mas / Total 821529 0,570 | 100

Hpumewanue: Fit — roagifuyuenm unbpudunea ocobu ommocumesvrno 6orvwoi nonyasyuw (p = 0,004), Fis —
koagihuyuenm unbpudunea ocoou omrocumenvio cyononyaayui (p=0,870), Fst — koadhuyuerm unbpudunea cybnonyisyuu
ommnocumenvio Goavuoil nonyaayuu (p = 0,001).

Note: Fit — the inbreeding coefficient of a relatively large population (p = 0.004), Fis — the inbreeding coefficient of the
individual relative to the subpopulation (p = 0.870), Fst — the inbreeding coefficient of the subpopulation relative to the large
population (p=0.001).

0.25 020 0.15 0.10 0.05 0.00

Puc. 4. Jleniporpamma renernveckux paccrosinii, nocrpoentast merogom UPGMA,
mesry nonyasinusivu P. ridibundus no norycam nzoepmMmeHTon
Fig. 4. Dendrogram of genetic distances by Nei, constructed by UPGMA,
between populations of P. ridibundus at loci of isoenzymes
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J2

«MOOUIMBAIMOHHBIM Pe3epBOM», obecIeunBaer
YCTOMUYMBOCTD MOMYJIATNN Kak cucrembl [12].
JKCIepUMeHTaTbHO JIOKAa3aHo, HATlpuMep, 4To
YBEJMUeHNe TOMO3UTOTHOCTH B MOTTYJISTNAX He-
Koropbix BuoB Ha 10% npuBoguT K CHUMKEHNIO
UX PerpoyKTUBHOII CIIOCOOHOCTI He MeHee, 4eM
na 20% [13]. Tem He Menee, HU3KNe 3HAYCHIS
Rod(ppunmenrta nHOPUAMHTA, OTMEUYEHHBIE BO
BCeX MBYYEeHHBIX nomynasanusax P. ridibundus
CBUJIETETHCTBYIOT O CTAOWIHLHOM COCTOSTHUN WX
reHO(OH/TOB.

Amnanmua moJieRysipHoT fucriepenn (T1abi. )
MOKa3aJ, YTo B M3YYEHHBIX TPYNHIax 1mpeood-
JnajiaeT BHYTPUIONYJISIMOHHAS NeHeTHYecKast
nuddepeHUAUA HAJT MERITOMYJIATIMOHHOI.
ITpu sToM B cpepnem unpeke auddepeniima-
nun Fst cocrasun 0,264, a ypoBeHb MOTOKA
renoB MesRay nonynaruamn (Nm) romebamcs
or 0,107 o 32 ocobeii 3a moxosenne. Coraacuo
«TEOPUN IBOJIONUE CO CMEIAINIMCS PaBHO-
BecueM» [14], nisa momjiepsRanmsas MTaHMURCUN
B Meranomnyasamnuun rpedyercsi motok remos 1—
2 ocobn 3a norosienne. [lomydennbie 3naveHns
Nm cBujerebCTBYET O TOM, 4TO, HECMOTPS Ha
YCJIOBHSA ypOAHU3AINH, CTIOCOOCTBYIOIIEN N30J151-
Y KOJIOH U, DOJIBINTITHCTBO UCCAEYEMbIX TPYIITT
P. ridibundus siBnstiorcst, BEpOsSITHO, YeHAMU
OJIHOI TTAHMUKTUYECKON Moy, Boabiryto
FeHeTHYeCKYI0 0JIN30CTh MRy OOJIbINIMHCTBOM
U3y4aeMbIX TPYIIl JATYIIEeK MOATBePAI Ka-
CTEePHBII aHA3 BHIDOPOK HA OCHOBE BHIUNCJIeH-
HBIX TeHeTHIecKIM Auctantinii mo Hem meromom
ommraiiero csaspiBanus (UPGMA) (puc. 4).
Tonbro rpynma «Ceseperuii [lomery (Ne 1) muce-
TAHIUPOBAIACH OT OCTAILHBIX TPYIIIL.

3axioyeHue

Tarum ob6paszom, aHaAN3 MOMYJAAINMOHHON
cTpyKrypbl P. ridibundus B paiione mccieno-
BaHUs MPOJEMOHCTPUPOBAJ Ol pejle/iEHHbIe
TpeHAbl MOPHOTEHETUUECKOI COCTABJIAIONIOH
B 3aBUCHMOCTH OT CTeTIeHU 3arps3HeHus Omo-
TONOB 1 KopMoobeciieveHHoctn. Tem He Menee,
OTHOCHUTENILHO BEICORTE 3HAUCHN ST TeHeTHYECKOI
N3MeHYNBOCTI, HN3KIe TTOKa3aTeIn NHOPUNH-
ra 1 BbICOKAs [0Js HAHMUKCUU YKa3biBAIOT Ha
cbasraHcmpoBaHHOe cOCTOsTHIE TeHOMOH 1A 1 TT0-
BBINIIEHHBIN YPOBEHb KN3HECITOCOOHOCTH aHa-
JIM3UPYEMbIX IPYIIIT 036 PHOI JIATYIIIKI B pailoHe
nccyaenoBanus. [lanablit hakT, BEPOSITHO, CBUJIE-
TeJTLCTBYET 0 MUKPOIBOJIOTIMOHHBIX TIPOTIeccax,
MPOTEKAIOINX B MOMTYJSANMAX N3Y4aeMOTO0 BUJIA,
HANpaBIEHHBIX HA UX aIalTaI[uio K YCJIOBUSAM
ypbanusupoBanHoii cpejbl. Bmecre ¢ tem, cront
OTMETUThH, YTO TTPOOJIFKATONIEECs 3arpsi3HeHIe

BOJIOEMOB PeTHOHA MOYKET ITPEBLICUTD JIMATTA30H
TOJEPAHTHOCTH 03EPHON JATYIIRY, CICACTBUEM
Yero MOKeT ObITh COKpaIeHne YucJeHHOCTH W
MOJIHOE MCYE3HOBEHNUE ITOTO KIAI0UEBOTO BUA
B BOJTHBIX 11 TPUOPEIKHBIX OMOTIEHO3aX.
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3. A. CHETMH, A. C. BAPXATOB MOP®OTrEHETU4ECKAS CTPYKTYPA NONYNAILUA
O3EPHOW NArYLWKU PELOPHYLAX RIDIBUNDUS (AMPHIBIA, ANURA)
B YCJIOBUSIX FTOPOACKOM CPEAbI , C. 47

Puc. 2. Mopdut Pelophylax ridibundus: a — mopga «striata»; b — mopda «maculata»
Fig. 2. Morphs of Pelophylax ridibundus: a — morpha “striata”; b — morpha “maculata”

Jaerkne GpakuuH 1
light fractions
ESTI 13 23 33 33 33 rubpun 33
EST2 11 11 11 13 12 hybrid 11

Puc. 3. ®parment snerrpodoperpaMmbl HecTeum@uuecKnx screpas
Pelophylazx ridibundus ¢ yrazanuem reHOTHTIOB (OTINCAHEe B TEKCTE)
Fig. 3. Fragment of electrophoregram of nonspecific esterases
Pelophylazx ridibundus with the indication of genotypes (description in the text)
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Oco00 oxpansieMble BUJIBI COCY/THCTBIX PaCTEeHNUI
B OXpPaHHOI1 30He HeTenpoBooB ApociaBckoii 00macTu

© 2019. JI. 1I. Raneapkuna, x. 6. 1., ©JI. H. C.,

T. E. Temwsakosa, K. 0. H., ¢. H. C.,

Cangr-IlerepOyprekuit HaAyYHO-UCCTEOBATEIBCKITH IIEHTP DKOJIOTUYECKOI H6€3011acHOCTH
Poccuiickoii akajieMmun HayK,

197110, Poccus, Cankr-Ilerepoypr, yu. Roprycnas, 18,

e-mail: kapelkina@mail.ru, tteplyakova@gmail.com

IKeITyaTanus TpyooIpPOBOI0B IS TPAHCIIOPTHPOBAH ST HeTH HeM30eKHO CBA3aHA ¢ BO3/ICIICTBIEM HA TPIPOIHDIC
ouoronsl. [Ipu mapuipyraom obcseloBaHnn TeXHOTEHHO TPaHCOOPMIUPOBAHHBIX OMOTOIIOB B OXPAHHBIX 30HAX
nporsrénroctsio 30 kM Boisieiaeno 11 ua 173 Bugos cocyauernix pacrenuit Kpacwoit kaurn flpocaasckoit obaacru:
ocora secuas (Carex sylvatica Huds.), nanpuaroropennur 6anruitckuit (Dactylorhiza baltica (Klinge) Orlova),
nanpuaroropenHnrk Myrca (D. fuchsii (Druce) Sod), nanbuatrokopeHHnK Msacorpacubiit (D. incarnata (1..) So0),
nanbuarokopenuuk narauctoiii (D. maculata (L..) Sod), mamuuk nuroscknuii (Glyceria lithuanica (Gorski) Gorski),
railHuk stiiesuanbiii (Listera ovata (L.) R. Br.), ruesgoska oosiknosennas (Neottia nidus-avis (L.) Rich.), ysoBunk
obpiknosennbiii (Ophioglossum vulgatum 1..), vemepuna Jlodens (Veratrum lobelianum Bernh.), mobka aByancraas
(Platanthera bifolia (L.) Rich.), npmuém manpuarokopenunr Oanruitckuit (D. baltica) suecén B Kpacnyio xnury
Poccniickoit Mepepamnuu. Ilpusoasres cBegents o cratyce, KATeTOPUH OXPAHBI, MECTOHAXOKICHUN M YNCICHHOCTIH
aTuX BUO0B. [IpejiiioskeHbl MEPOTIPUATHS 110 UX COXPAHEHII0, YKazaHa He0OXOMMOCTh ePUOIYECKOr0 MOHUTOPUHTA.
Orenpinie MEHOMOTYIATNN OTANIATOTCS MATONH THCIEHTOCTHIO W BCTPEUYCHBI B eMHCTBEHIOM HK3eMTIIIsIpe.
B oxpanmnoii 3one npeobsajaior pacrenusi poja nanbuatroropenunr (Dactylorhiza) senencrsue copMupoBaBIINXCs
VIS UX TTPOU3pacTaHust 6J1arolnpusTHBIX YCIOBHI, OCBEINEeHIs U YBIAKHEHUS JIYTOBBIX 1 00JIOTHO-JIYTOBbIX OUOTOIOB,
00pa3yIoNuXcs MPH BRIPYOKE PEBECHO-KYCTapHIKOBOTO Tosrora. COCTOsIIITe GOMBITITHCTBA TIeHOMOMY IATIHIT OXPAHHBIX
30H Y/IOBJIETBOPUTEIHHOE.

Kaiouegoie crosa: cocynuctoie pacrennst, Kpacnas Kunra, reXHorenmbie 610TOILL, 6HOPA3HO0Opasiie, OXpaHHasT 30HA
HeTerpoBooB.

Red Book of vascular plants along oil pipelines in Yaroslavl Region

© 2019' L' P' Kapelkina ORCID: 0000-0001-6782-65857

T. E. Teplyakova ;i 4000-0002-0621-5695°

Saint-Petersburg Research Centre of Ecological Safety of Russian Academy of Sciences,
18, Korpusnaya St., St.-Petersburg, Russia, 197110,

e-mail: kapelkina@mail.ru, tteplyakova@gmail.com

o4

Oil-pipe line exploiting is connected inevitably with an influence upon natural biotopes. The route of our investigation
of technogenic biotopes passed along 30 km of oil-pipeline protection zone. There were found 11 vascular plant species from
173 of Yaroslavl Region Red Book: Carez sylvatica Huds., Dactylorhiza baltica (Klinge) Orlova, Dactylorhiza fuchsii (Druce)
S00, D. incarnata (1..) Sod, D. maculata (L..) Sod, Glyceria lithuanica (Gorski) Gorski, Listera ovata (1..) R.Br., Neotlia
nidus-avis (L.) Rich., Ophioglossum vulgatum L., Veratrum lobelianum Bernh., Platanthera bifolia (L..) Rich, in addition
Dactylorhiza baltica also is the species of Russian Federation Red Book. The important information including status of Red
Book plant species, category of protection, biotopes and living state is given in the article together with the indispensable
protective measures fol its preservation and the necessity of periodical plant monitoring. Some Red Book plant populations
are scanty or even found in a single number. The most of them are corresponding with satisfactory living states. Species of
Dactylorhiza are more prevailing in pipeline protection zone than other Red Book plants. This phenomenon is connected
with auspicious conditions of lighting and moistening in meadow and marsh-meadow biotopes that are formed after felling
trees and shrubs. Within protection zone with Red Book plants felling is expedient in autumnal period after ripening and
seeds fall. During reconstruction of oil-pipeline transplantation of Red Book plants is higly recommended to the nearest
appropriate biotope not included in the area of reconstructive work, but optimally to the protected areas.

Keywords: vascular plants, Red Book, technogenic biotopes, biodiversity, oil-pipeline safe-zone.

Teoperuueckast u npurnamuas sroaorust. 2019. Ne 1 / Theoretical and Applied Ecology. 2019. No. 1



MOIYJIAIMOHHA S 9OROJIOTUSA

[Tpornanka HedTerpoBOIOB OCYIIECTRISIOT-
Cs1 TOBCEMECTHO, 3aTparuBasi B OT/IeJbHbBIX CJIyda-
SIX TPUPOJIHBIE YYACTKY ¢ BUJIAMU PACTeH NI, BHE-
cénnpiMu B KpacHbie KHUTU COOTBETCTBYIOTIETO
pernona u Poccuiickoii Mepreparyn B mesnom |1,
2]. B cucreme Mep 1o oxpame TPUPOJLI coOXpa-
HeHe ONOJOTHYeCKOT0 PA3HOOOPABS SABJIACTCS
BaKHOI 3aj1aveii He TOJIHKO B HAIIIEH cTpaHe, HO I
3a pyoesrom [3—6]. B coorsercrum ¢ Memepann-
HeiM 3akorHoM No 7 «O6 oxpame OKpysKalolei
cpeJibl» B IeJIAX COXpPaHeHWsT BUOBOTO pasHo-
00pasns GIopsl OCYIECTBIAIOTCA MEPOTIPUATIS
1o coxpaneHmnio buopaznoodbpasus, pazpabdbarbi-
BAIOTCS pas3JinyHble METOJ[bl HAOTIOeH ST, COXpa-
HEeHs, Tepecajiki 1 peadbuanTarum ocobo oxpa-
HseMbIX BujioB pacrenuii [7—11]. MccnenoBanus
110 UBYYEHUIO PEJIKMX, YSI3BUMbIX U NCYE3AI0TIIX
BUJIOB PACTeHUIT MPOBOJISATCS TPAKTUUYECKU BO
Beex pernonax Poceun u, mpeskiie Bcero, Ha 0co6o
oxpansieMbIX ipupoubix reppuropusax (OOIIT)
[12—14]. B 1o ke Bpems paboT M0 M3y4eHWIO
0c000 OXpansAgeMBbIX BII0OB pacTeHNii, BCTpevaio-
MIXCSA HAa aHTPOITOTEHHO TPaHCcHOPMIPOBAHHBIX
TePPUTOPUAX, cpaBHUTETHLHO HeMHOTO [15, 16].
B aroii ¢Bs31 OTleHKa COCTOSTHIS PACTUTETLHOCTH
BIIOJIb TPACChl MAarNCTPATbHBIX TPYOOITPOBOIOB
SBISETCA BaRHON COCTABISAIONIEN MTPUPOI00X-
pPaHHOI JIeATeJHbHOCTH TTPOMBIIIJIEHHBIX MPe]l-
MpUATHI, PelyCMOTPEHHON TIPOU3BOJICTBEH -
HBIM pROsTormaecknM konrposem (119K) msromo-
rigeckum MmoHuropuarom (119M), uro orpaskeno
B HPUHATHIX TOCYJaPCTBEHHBIX CTaHapTaX:
FOCT P 56959-2014 u 'OCT P 56062-2014.

[Mean padborwl cocrosijia B o0caegoBaHum
YYaCTKOB OXPAHHON 30HBI MATHCTPATHHBIX TPY-
GOTIPOBOJIOB, TIOTIAJIAIOTITNX B 30HY TTPEICTOATITNX
PEMOHTHBIX 1 CTPOUTETHLHBIX paboT, BhISBIEHTE
BUJIOB pacTeHnii, BHecEHHbIX B KpacHble KHurn
fApocnascroii obnactn n Pocceniickoit MDejre-
paruu u pa3paboTKa MPaKTHYECKUX Mep [0 1X
COXPaHEeHMUIO.

OO0 BeKTHI 1 MeTOIbI

O0berTOM WCCTeoBAHNSA ABJSICS PACTHU-
TeJbLHBIN TOKPOB OXPAHHBIX 30H HETEITPOBOJIOB,
npoxopsmux 1o fpocnasckoii obaactu. Oomas
npoTsREHHOCTH Tpaceh cocrasisier 30 km. [lo-
nesoe (paopuernyeckoe obcae0oBaHme TPaCe
TpyOOIIPOBOIOB HA Pa3HBIX YYaCTKAX OCYIIECT-
BJISLTIOCH MAPIIPYTHBIM METO/IOM B MOCJe/Heil
ferajie WIoHs, TIPU HTOM OblLjIa cOCTaBIeHa KpaT-
Kasg XapakTePUCTURKA MECTOOOUTAHMIT, KOTOPBIC
chopmupoBanuch B oxpanmoir 3ome. Ocoboe
BHUMAHTE YICIAI0CH 00CIeNOBATNIO JTYTOBLIX
7 GOJOTHO-JTYTOBLIX OMOTOTIOR, MOTEHTINATHLHO

MPUTOHBIX I 00UTAHUA BUMOB, BHECEHHBIX
B Kpacnyio kaury Poccuiickoit Mepeparnun
(Rpacuyio kuury P®) [1] u Kpacuyio kuury
Apocrascroit obmactn [2, 17]. Jlarumckme massa-
HUA pAaCTeHWH 1 X aBTOPHI TPUBEIEHBI B COOTBET-
crBum ¢ ocaegnnm nspanmem «Dmopsl cpepHeit
10JI0CHI eBpoteiickoi uact Poccun» [18].

Pe3yJI])TaTI)I n ux 06cym;1eHHe

Buoronsl B oxpanHoii 30He TpyOOIIPOBOIOB
copMUPOBaHBI HA yYacTKaX, MPENMYIIeCTBEHHO
nepeyBiIaKHEHHBIX. Ha 1moBbIeHHbIX yyacTRax
npeodsajain rnecyaHble U cyrnecyaHbie OUYBHI,
B TIOHWKEHUSIX — TOP(sIHbIe HU3UHHbBIE U CYTTTTHH -
CTBIE TIOYBDI, HA OTJIEJIbHBIX YUYACTKAX — IITHICTHIE.

Ha oGcnepyeMbix yuyacTkax Tpacchl Haii-
nen 1 Buj coCyaucTbIX pacTeHuii, BHECEHHbBII
B Kpacmyio knury PO [1] — maarbuaTokopenunk
oamnruiickuii (Dactylorhiza baltica), a B obIeit
caoskuocTn obHapyskerno 11 BumoB oxpansemMbIx
pacrennii (taba. 1), suecénnnix B Kpacuyio
kuury flpociasckoii obmactu [2]. O6miee Ko-
JIMYEeCTBO BCTPEUEHHBIX HAMU OXPAHSIEMBbIX BU-
JIOB pacTeHUIl COCTABJISIET COTHU DK3EMILISPOB.
[Tpeobiapatonumu 13 HUX HA y4acTKaxX Tpace
TPYOOIIPOBOJIOB SIBJISIIOTCS TTPEJICTABUTEIIN CeMeli-
CTBA OPXUIHBIX, B YaCTHOCTH A Ih4aTOKOPEHHUK
Dyrca (D. fuchsii), kotopbiit MecTamu oOpasyer
MHOTOUHCIeHHbIe oy stinun (10 90 mBerynmx
ocobell) M MaTbYaTOROPEHHUK MSICOKPACHBII
(D. incarnata), OMyAsIAT KOTOPOTO MPEJICTAB-
JeHBI HeOOJBITUM dncJioM ocodeit (1-3, makcn-
MyM ). BosrbIioe Kom4ecTBo Mpon3pacTaronimx
Ha Tpacce TPyOOTIPOBOIOB ATbYaTOKOPEHHIKOB
00YyCJIOBJIEHO OJIATOTIPUATHBIMI JIJIST WX TTPOU3-
pacraHus yCJIOBUAMU OCBEITEH NS 1 YBIaKHEH S
JIYTOBBIX 11 GOJIOTHO-JIYTOBBIX OMOTOIIOB, KOTOPbIE
Gopmupyiorcs 1mpu BhIpyOKe JiepeBbeB n Ky-
CcTapHUKOB. Psji oXpaHseMbIX BUIOB Haii/[@HbI
namu B 1-3 mecrooburanusix (tabj.): B OjHOM —
rae3oBra oobikHoBeHHast (Neottia nidus-avis),
B IBYX — HaJbhuyaTOKOPEHHUK OAaJTHINCKUII
(D. baltica) n B Tpéx — nodka peyucraas (Plat-
anthera bifolia).

3a ocHOBY craryca BujoB Rpacuoii kuurn
fIlpocnaBckroii obnactu [2] B3sTHI KaTeropui,
peromenryembie Kpacuoit kauroii PO [1]. O6na-
pysKeHHbIe HaMU B XOJIe TI0JIeBbIX HCCIeIOBAHIIT
11 oxpaHsgeMbIX BUIOB IMEIOT CTATYC YETHIPEX Ka-
reropuii. Rareropus 1 — Haxopsinimecs moy yrpo-
3011 MCUE3HOBEHUS; HTOT CTATYC NMEET Ha TPacce
yemepuna Jlobens (Veratrum lobelianum). Ka-
Teropust 2 — COKpANIAONecs B YNCICHHOCTH
NN yS3BUMBIE; DTOT CTATyC MMeIOT Y;KOBHUKR
obbrkHOBeHHBIH (Ophioglossum vulgatum), modka
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nByaucrhas (Platanthera bifolia) n ocoka necuas
(Carex sylvatica). Rareropusi 3 — pepikue; sToT
CTaTyC MMEOT BUJIbI: MAHHUK JInToBCKuUiil ((Glyceria
lithuanica), nanb4aTOKOPEHHUK MsICOKPACHBII
(Dactylorhiza incarnata), najib4aTOKOPEHHUK
nsaraucTeiil (D. maculala), naabuaTtoROPEHHUK
Oyrca (D. fuchsii) n raitnuk siinesuaabiii (Lis-
tera ovata). Rareropus 4 — Mamon3ydeHHbie NN
HeoTpeieIEHHBIe TI0 CTATYCY; ATOT CTATyC NMEIOT
HaiileHHble HAMW T'He3JJ0BKa OOBIKHOBEeHHAs
(Neotlia nidus-avis) n naJab4aTOROPEHHUK OaJI-
ruitcknit (D. baltica).

Cornacuo Hpacuoit kuure flpociaBcroii
obylacTn JIJisi OXpaHseMblX BUJOB pacTeHu
YCTaHOBJIEHBI PAHTH OXpaHbl B pernone. Paur
rOCYIapCTBEHHBIN — JIJIsI BUIOB, BRAIOUCHHBIX B
Rpacmyro kanry P®. V3 naiinenuuix HaMn BATOB
ATOT PAHT OXPAHbBI IMeeT MaJTb4aTOKOPEeHHIK OaJI-
ruiicknit (D. baltica). Panr MesRmyHapoHbIT —
JUISE BUJIOB, PEKOMEH/IOBAHHBIX JIJIsI OXPAHbBI B [10-
rymenTax Meskaynapoaubix KouBeruuii [4, 19,
20]. MesayHapoatblii painr oXpaHbl [LOSIBUJI-
csl mocJie OImyOJMKOBAHUSA ITUX JJOKYMEHTOB:
B 2015 ., on npumenén B Kpacuoii kuure fpoc-
JaBCcKoOI obsacTt, B 10 BpeMsi Kak B HpacHoii
kuure P®, uznannoii panee, o orcyreryer. V3
HallJIeHHBIX HAMU OXPaHAEMbIX BUJIOB MEJKIY-
HapPOJHbIIl PAHT OXPAHbI UMEIOT BCE OPXUIEN —
BUIHI cemeiicTBa opxunmanie (Orchidaceae Juss.),
B WX YHCIe THe3moBka oonikmosentas (Neottia
nidus-avis), moora nynucraas (Platanthera bifo-
lia), nanpbuarokopeHHnK danruiicknii (1. ballica),
MaIbYaTOROPEHHNK MaAcoKkpacHblil (D. incarnala),
najib4aToOROPeHHUK TATHUCTRI (D. maculata),
n nagbuatroropenank Myrca (D. fuchsii), Taii-
HUR sineBupnblil (Listera ovata). Panr perno-
HaJIBHBIN (MECTHBIN) — JIJIsI BUIOB, BRAIOYEHHbBIX
TobKko B Kpacuyio kaury flpociasckoit obnac-
TH — HMeIOT YKOBHUK 0ObIKHOBeHHBIN (Ophio-
glossum vulgatum), manaug aurosckuint (Glyce-
ria lithuanica), ocora necuasi (Carex sylvatica)
n yemepuinia Jlodenst (Veratrum lobelianum).

[IpoBenérnbie 0OCTCMOBAHMS TTOKA3AJI, YTO
ocytecTBieHne padboT Mo BeIpyOKe JpeBecHO-
KYCTapHIKOBO PACTUTEIHHOCTH B OXPAHHBIX 30-
HaxX TpyOOIIPOBOIOB OKa3bIBaeT ciaboe BIMTHIE
Ha HaliJleHHbIe OXpaHsieMble BUIbI COCY/IMCTHIX
pacrenmuii. Tem He MeHee, Ha yyacTKax Tpacc, Ha
KOTOPBIX 3aMKCUPOBAHBI OXpaHsieMble BUJbI
pacTeHmii, BLIpPYORY JIpeBeCHO-KYyCTapHUKOBOI
pacTUTeIbHOCTU 1eJec000pa3HO MPOBOAUTH
B OCEHHUII TIePHOJl, TIPEJIOCTABIB BO3MOKHOCTh
JUISI CO3PEBAHUS 1 OCHITIAHUS CeMSIH.

[Tpu BO3MOKHOM MOJHOM YHUUTOMKEHUN
OMOTOIOB ITPU MPOBEJIeHUN HEOOXOMNMBIX JIJIST
obcayRuBanmsa TpyooTTpoBOI0B paboT caemyer

MPeIBAPUTENIHHO OPTraH30BATh TEPECAJIKY OXPa-
HSAEGMBIX BUJIOB B OJIMKATIIITNE TIOJXOATIIE Me-
crooburanms, ontuMaabio — Ha OOIIT wiam 611~
JRAUTITTE YIACTKY CO CXOIHBIMU OMOTOTIAMM, He
MOTIAJIAIONIIE B 30HY Ipeicrosaninx pador. Kpome
TOTO, PACTEHUS, MMEIOTIe cTaTyc oxpans 1 m 2:
qemepuiny Jlobeas, yKOBHUK OOLIKITOBEHHBIH
1 JIIOOKY IBYJIMCTHYIO, @ TAKIKE M1aJIh4aTOKOPeH-
HUK OaMTUHCRIT, MMEIOTNI TOCy/lapCTBeHHbBII
paHT OXpaHbl, MeJecoodpa3Ho mepearTh B KO-
nernuio OOIIT (3akasnuka, npupoHOTO TAPKRA
WM 3aTTOBETHUKA) JI/IS TOCAJIKN HA YYACTKH CO
CXOJTHBIMU MECTOOOUTAHUSIMIU.

[Tpu mpoBepennu padboT 1O OUUCTKE OXPaH-
HBIX 30H TPYOOINPOBOOB OT IMPOU3PACTATOTIEI
APEeBEeCHO-KYCTAPHUKOBOH PACTUTEIHLHOCTH
HeOOXO/MMO 0003HAYUTH TPAHUIIBI MECT TTPOU3-
pactanuA HaWIeHHBIX MOMYIATNT TaTb4aToOKO-
peHHIKa 0aJTHIICKOTO ¢ TTOMOTILI0 YCTAHOBKI
3arpaskjieHus (CTOMOMKOB) ¢ MCIIOJIb30BAHUEM
CUTHATHLHON JTIEATHI MW CUTHATLHON TIACTIKO-
BOIT ceTkm 110 Tiepumerpy. Jlist mogTBepRIeHns
YCIIEITHOTO ¢caMOBO30OHOBICHUS OXPAHSIEMbIX
BUJIOB HEOOXOJIMMO TPOBEJleHNe MTOBTOPHOTO
OOTAHMYECKOT0 00CIeIOBAHNS.

3arioueHue

Ha oGcnesioBaHHbIX yuacTKaX OXPaHHOI 30HbI
HeTerpoBoIoB 0OHapyskeH 1 BUj — majibuaToKo-
pennur 6anrtuiicknii (Dactylorhiza baltica) — n3
YHesIa OXpPaHsIeMbIX pacTeHn i, BHecEHHBIX B [Npac-
nyio kaury P@, oprako B flpociasckoii obractn
HTOT BUJL IMEeT 4-Ii CTaTyC — KaK MaJOM3y4eHHbII
TN ¢ HeOTPeIeIEHHBIM CTaTyCOM.

B obmueit caoskHocTn Ha 00CTEOBAHHBIX
y4acTRaX OXpaHHOI 30HBI TPYOOTIPOBOIOB OTMe-
yero 11 BU0B oXpaHsieMbIX pacTeHnii, BHECEH-
HbIX B Kpacuyio kaury flpociascroii obmacti.

[TpoBenenne onepesraiero oo6cae0OBaHMs
Tpace HeTeNpoBOJOB HA ydyacTKaxX MPecTOs -
mux paboT 1o peMOHTY 1 PEROHCTPYKINN Hed-
TEIPOBOMIOB ABIAETCA BAKHON COCTABIAIONIEH
MPOM3BOJICTBEHHOTO HKOJOTMUECKOTO KOHTPOJIST
7 HATIPaBIEHO HA COXpaHeHe BUIOB PACTeHNIA,
BHec6HHBIX B Rpachbie KHUTH.
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One of the main issues of radiobiology is the study not only of the sensitivity of cellular structures and individual
systems of the body under chronic irradiation, but also the study of genetic variability of populations. Chronic exposure
increases mutations in the population and stabilizes the number of mutations after several generations. It is shown that
as a result of low-dose exposure to natural populations, the genetic load has been growing for many generations until
the level of mutation load stabilizes.

The study of the dynamics of genetic variability of populations, which is characterized by indicators of adaptation
of individuals (fertility, viability) to environmental conditions and mutation load (dominant lethal mutations) allows
not only to assess the sensitivity of populations to the effects of adverse factors, but also to determine the mechanisms
of maintaining homeosis populations in changing conditions. The effects of low-dose chronic radiation on experimental
populations of Drosophila derived from wild-type lines that differ in the content of mobile genetic elements are studied.
It is shown that chronic irradiation (0.25 mGy/h, Ra-226) for 30 generations leads to destabilization of the genome,
manifested in changes in the indicators of adaptability and mutability of populations, namely, in a significant increase
in the level of embryonic mortality, reducing the level of viability, increasing the frequency of dominant lethals, reduc-
ing fertility in irradiated populations.

Keywords: Drosophila melanogaster, experimental populations, chronic low irradiation.
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Pazpaborra koHIenmm 3amuThbl TpPUPOJILI
OT PaJIMAIIMOHHBIX BO3JIEHCTBII, 00ecTieunBaio-
1meil OJTHOBPEMEHHO OXPaHY 3/10POBbsI YeJIOBEKa,
crabuapHoe QYHRIIMOHUPOBAHNE DKOCUCTEM
U 1peJoTBpalileHe CHIKeH s O10JI0TMYeCKOro
pazHooOpassi, sIBJISIeTCs HA COBPEMEHHOM dTarie
OJIHOI M3 OCHOBHBIX 3a/1a4 COBPEeMEHHOM pajino-
srosiorun [1]. [lonyuennast Ha ceromHst MH-
opmarusi 0 MOCHCACTBUAX «PAUATTITOHHBIX»
aBapuii, MpuBesia K 0CO3HAHNTIO HEOOXOIMMOCTI
Pa3BUTHUST CHUCTEMBI OTEHKU DKOJOTHUCCKOTO
prucka paguanmnoHubx Bozjeiicteuii. [Ipuno-
JKEHBI 3HAYNTENbHbBIe YCUJIUs K 000CHOBAHUIO
(pyHaMeHTANbHBIX ITPUHITUIIOB PAiuaTinOHHOI
0es3omacHoOCTH OKpYysKalomei cpeanl [2—4].
OmHoBpeMeHHO 0O0JIBITIOE BHUMAHWE YIeJs1eTCs
Pa3BUTHIO METOJIOJIOTUN OTIEHKH DKOJIOTMYeCKO-
ro pucKa pajinalnmoHHbIX Bo3JelicTBuil. Bolin
IMoJIyueHbl ImepBble KOJMYeCTBeHHbIe OIleHKN
YPOBHEN pagnammnoHHOT0 BO3AEHCTBYS, TTPEBHI-
HIeHne KOTOPhIX MOKRET ITPUBECTU K HeraTuBHLIM
aperram B arocucremax [d]. B aroil cBsazu
RpaiiHe HeOOXOMUMBIM SIBJISIOTCS U3yYeHWe 1M0-
CJIEJICTBUI XPOHWYECKOTO OOJTYUeH ST HU3ROW MH-
TEHCUBHOCTH JIIA TIOTTY AL, Y00HOI MOJIENBIO
B TAKMX MCCJIEIOBAHUAX SIBJISETCS JIPo30oduia
(Drosophila melanogaster).

MarepuaJibl 1 METO/IbI HCCACTOBAHUS

B sxcmepumente memosrn30Banm mepeRpohi-
BAIOMIMECS MOMYJANNN JUHUA AUKOTO THIIA
D. melanogaster, pa3anuuaioniuxcs mo ruToTuIy.
Oregon-R xapaxkrepusyercsi HaJu4dnmeM KOIIMIi
rnojaHopasmMeproro hobo snemenra, auuus Can-
ton-S nmeer B renome [-anement [6]. Vcxommbie
«IEePeKPHIBAIOTINECT» MOJEIbLHBIC MOMYJISI[IN
Canton-S n Oregon-R 6b111 1TOJIy4eHbI OT TIAPbI
ocobeit cooTBeTeTBYOTINX JuHil Ha 20 moRoe-
nun (oo nokosenne 14 pweir). Ha 20 mokomne-
HUW TOTYJIATINNA PA3IeJCHBI HA «KOHTPOJHHBIO»
7 «00JydaeMpie» MO TPU KayKIOTO BapmamTa.
Pasmep rasmoro momyasImonmoro AMMKa co-
crasisier 25 x 21 x 21 ecm (V = 11025 em?). Iln-
rarejbHas cpeia Haxoxuaach B 15 crakanunmrax
BueJist, o0muit 00 6M cpejibl COCTaBISII 0KOJIO
200 Mu1; KasKzble TPY [IHS MeHSIIACh IIUTaTe/IbHast
cpejia ¢ TpeMs CTaKaHuYMKaMIUI.

Rourponbubie 1 OnbITHBIE TIOTYJIATIUN JIPO-
30(DUIIBI TTOJJIEPIRUBATIH B OIMHAKOBBIX YCJIOBUSIX
npu Temreparype 25,0+0,1 °C u 12-yacoBom
pesRMMe OCBEIeHNsT Ha JIPOYKIKEBON M3IOMHOI
cperie. AHAIM3 TIOMOBUTOCTH, JKU3HECITOCO0-
HOCTH, YPOBHA CMEPTHOCTH Ha HMOPUOHATHLHON
cragun (IC), Ha cTaguAX JUINHKI T KYKOJIK,
YUET JIOMUHAHTHBIX JetaibHbiX MyTatuii (J1JTM)

MPOBOJMIN B TIEHUIMTITHOBBIX (DIaKOHIMKAX
(06BéM TMTATENHHON CPEbl — 4 MJI) O CTamH-
HapTHBIM MeTopuKam [7].

OrnbITHBIE TIOMTYJISIIAN TOJ{BEPTATNCH XPOH -
YeCKOMY raMMa-M3/TydeHnio oT nerounnka 2°Ra
(5,6 ¢'p/u) pu MONTHOCTH DKCITO3UTMOHHOI
mo3bl 0,25 MI'p/u Ha npoTsiskeHUN BCEro HKC-
nepumenTa. Peskum o0ryuenus Ob11 onpeyienén
namu pamee [8]. lormommennas mo3a 3a ofHO
norosenne cocrasuna 8 cl'p. B padore ncmomnzo-
BaJIV CTAHTAPTHBIE METOMIHI CTATHCTIKI 11 00paba-
TBIBAJIN C UCITOJIb30OBaHMe maKkera Statistica v.8.

Pesyabrarel n o6cysknenne

[Tpn xpornmvyeckom 06ydeHITN TTPONCXOTUT
yBeJqnvYeHNe YPOBHS MYTAIWil B TOMYJIAIIN
7 4epe3 HeCKOJIbKO TTOKOJEHWI YICI0 MyTarit
crabuimsupyercsi. Takum obpaszom, B pe3yiib-
TaTe 0OJIyUeHUsI B MaJIbIX 103aX HA TPUPOJIHBIe
MOy HADJIOAeTCsI POCT TeHeTUYecKOoro
«rpysa» Ha IPOTSAKEHUN MHOTUX TOKOJIEHNII J10
TeX 1op, MOKA YPOBEHb MYTAIMOHHOTO «T'py3a»
e crabunmsupyercs [9-17].

W3 nureparypbl H3BECTHO, YTO CIIOHTAHHbBII
yposenb IC piist aunanmii guroro tuna D. melano-
gaster we peswimaer 15% [8, 18]. Hammu mokasa-
HO, 9T0 ypoBeHb JC B ROHTPOTHHBIX MOTTYJISATINAX
Canton-S n Oregon-R co BTOpOTO 10 ce/ibMoe
noroJenue, namensicsa B mpegenax 14,3-36,1
n12,8-19,8% coorsercreento (tada. 1). Bapbupo-
Banwne yposus [IJIM ormeueno B reuenme nepBbIx
JecATN TTOKROJEeHNI B KOHTPOJILHOM MOMYIAINN
Canton-Swn 15-tu — Oregon-R (puc. 1). Urax, cra-
OUNIM3aIUs MUTHAMIKI U3MEHYNBOCTI Te€HOTHTIA
ATUX MOIYJIAIIIH 110 ToKazare/110 G mponcxouT
onnoBpemenno. Torpa kar mo yposuio JIJIM mo-
nynsiust Canton-S BoccranaBanBaeTcst ObicTpee.

[Tpu xpornueckom 00yueHnM 28-M1 TOKO-
nennii nomyssnnn Canton-S 0oTMe4eHO TOCTOBEP-
noe pesbiterne vactorsl G (Tabn. 1) nyposus
JIJIM (puc. 1) 10 BOCHMOTO TTOKOJIEHUS U CHIRE-
HIe BeJIMYITH 9TUX [TOKa3aresieil ;1o KOHTPOTbHbIX
3HAYEHUI B TIOCTEYIONNX MoKoTeHnsxX. Vuas
IMHAMIKA TTPOCJIeKIBAETCsI B 00 IydyaeMoii 1mo-
nyasiuu Oregon-R: joctoBepHoe yBesinyeHue va-
c1orel IC B CPaBHEHUN ¢ KOHTPOTHLHBIM YPOBHEM
BBISIBJIEHO HA BTOPOM MTOKOJIEHU N U COXPAHSETCS
B reuerue 28-mu (tads. 1); mpesbliiieHne ypoBHsi
JIJIM mokaszamo Ha HPOTSKEHUE BCETO Mepuojia
obamyuernusi (puc. 1). MokHO 3aRIIOYUTE, 4TO
nonyasiuuu Canton-S n Oregon-R, pasinunuaio-
muecst 0 TeHOTHITY, MO-Pa3HOMY pearnpyror
Ha JelficTBIe XPOHMYECKOTO TaMMa-M13ydeHn s
110 ITOKa3aTelsIM «dDMOPUOHAIbHASI CMEPTHOCTh»
1 «IOMUHAHTHBIE JIETAT».
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Ta6auma 1 / Table 1

JluHamura yactoThl sMOpHoOHAIBHOI cMepTHOCTH Drosophila melanogaster

B ycaoBusix xpornndeckoro obayuenns (%) / The dynamics of the frequency of embryo mortality

of Drosophila melanogaster under conditions of chronic irradiation (%)

Canton-S Oregon-R
[Toxkonenue

Generations KOHTPOJIb obsryuenue KOHTPOJIb obsryuenue
control irradiation control irradiation

1 10,7+1,0 18,1+1,8% 12,2+1,2 13,3+1,2

2 23,921 44.9+3,6% 16,020 24,942 7*

3 19,8+2,6 28,0+2 5% 18,3+2,2 28,1+3,0%*

4 36,1+£2,6 99,2+3,0%* 13,5+1,6 54, 7+2 6%

5} 18,2+1,9 24.5+2 0* 16,3+1,8 24,0+2 3%

6 14,3+1,9 33,4+2 7% 12,8+1,7 22,4+ 2%

7 17,1+£2,2 20,7+2,5% 19,8421 29,4+2 8*

8 9,9+1,6 18,4+2 5% 11,2+1,7 22,6+2 4%
9 13,3+2,0 15,2+1,9 13,4+2,2 24,9+2 2%
10 11,221 14,8+2.0 13,0+£2.5 29,0+2 5%
15 11,1+1,8 9,1+1,5 9,6+1,4 18,12 1%

20 7,4+1,7 9,4+1,5 8,1+1,8 6,1+1,4
21 8,9+1,2 9,9+1,4 11,5+1,6 17,6+1,8%
23 8,2+1,3 14,2+1,9% 8,2+1,4 16,4+1,7%
20 10,7+1,4 7,8+1,2 7,4+1,2 16,9+1,7%*
28 9,2+0,8 6,6+1,0 7,611 14,7+1,4%

Hpumewanue: ¥ — dannoie docmosepro omaudaiomes om konmpoas npu p < 0,05.

Note: * — the data are significantly different from the control at p <0.05.

%

40
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1 2 3 4 5 6 7 8 9 10 15 20 21 23 25 28
nokoneHua/generations
CSKOH/coNntr seeseee CSo06n/irr = == ORKOH/cONtr ====QOR 06/irr

Pue. 1. [lunaMuka 4actorbl JOMUHAHTHBIX JIeTaJIel B 9KCIEPUMEHTATbHBIX HOMYJIANUAX Apo30duibt (%):

CS ron, OR roun — kourpoabubie nomyssiuu; CS 06, OR 061 — obiryuaembie momnyJisium

Fig. 1. Dynamics of frequency of dominant letals in experimental populations of Drosophila (%):
CS contr, OR contr — control populations; CS irr, OR irr — irradiated populations

B niepBom mokosenun B KOHTPOJIe YPOBEHb
JKUBHECITOCOOHOCTH MMAaro JJIst MOIYJIsIin
Canton-S cocrasasier 82,7%, a nus Oregon-R —
76,2% (rabu. 2). [lpu obayuennn momysasimii
Canton-S B IepBOM MOKOJEHUN TOCTE 3aKIA -
KU TOTYJIANIT HAOJOa N JocToBepHoe (p <
0,05) cHusKkeHme ypoBHsI JKU3HECITOCOOHOCTN
nmaro (72,6%), B 1o BpeMs Kak 9TOT MOKa3areJrb
B omystnn Oregon-R ne namensuies (77,5%).

C 20-ro o 30-e mokoseHns 00Iy4eHNsI YPOBEHb
sKu3Hecocoonoctn B nonynasiusx Canton-S
un Oregon-R nwwe (p < 0,05), vem B ROHTpOIE
(rabu. 2). [Ipu m3yveHnm sKCIePUMEHTATHHBIX
OIS TPO30(QUIIBI B YCJOBUSAX [TTUTETbHO-
IO PEHTIeHOBCKOTO 00 TyueH sl (B TOKOJTEHNUSX)
OBIJIO TTOKA3aHO, YTO YPOBEHbB JKU3HECIOC00-
HocTH uMaro K 30-My MOKOJEHUIO OCTaBaCs
MOBBINEHHBIM, IO CPABHEHNIO ¢ YPOBHEM

Teoperuueckast u npurnamuas sroaorust. 2019. Ne 1 / Theoretical and Applied Ecology. 2019. No. 1



MOIYJIAIMOHHA S 9OROJIOTUSA

FKUBHECITOCOOHOCTI KOHTPOJILHBIX TTOMYJIAIIIIT
[19-21], 4TO HECKOJILKRO MPOTUBOPEYUT IOJY-
YeHHBIM HaMU pe3yJbraTtaM.

W3BecTHO, 4TO TP CHUKEH NI FJKIU3HECTIOCO0-
HOCTU YUCJEHHOCTh OIS YMEHbIIIAeTCs 1
B 9TOT MOMEHT HamO0JIee BLITOHO aallTuBHO
cTparerueii OyjeT yBeandeHune qoam caMor [22].

CooTHotmIeHMe 110 MOJY HE3HAYUTEIbHO
CMeIaI0ch B CTOPOHY YBEJUUYEHUS J[OJU Bbi-
JIeTeBINX CAMOK B OOJYUEHHBIX MOMYJIAIIAX
Canton-Su Oregon-R ¢ 20-ro 110 30-¢ mokosenue.
MakcumanbHoe yBeJmuene 01 BhIIeTeBITIX
CcaMOK TIocjIe 00JyuYerHus 3a(UKCUpPoOBaHO B 110~
nyasiuu Canton-S na 23-m (52,0%, F, = 2.5),
B nonyssiuu Oregon-R wa 20-m (53,0%, o 3,0)
n 23-m (52,6%, F(b: 3,0) moxosenusx. RTS()—My
MOKOJIEHU O JI0JI5I BBIJIETEBIINX CAMOK B JJAHHBIX
MOTYJIANMAX BOCCTAHABINBACTCS 10 KOHTPOJIb-
HBIX 3HAYCHU.

[InorHocTs Hacemenust B 00y4aeMbiX 1M0-
nynsinusax Canton-S n Oregon-R nouukena
n cocrasisierT B cpepHeM 10 296 n 302 myx/
MOTYJIANMOHHOE TTOKOJIeHIe, TOIT[a KAk B KOH-
TPOJBHBIX TONYJSAIUI paBHA COOTBETCTBEHHO
312 n 352 myx/nonynasnnonHoe MOKOJeHMe.
B ontumanbHBIX yCJOBUAX IJIOTHOCTD TOITYJISI-
U1 TOJIJIePARIBAETCST HA BHICOKOM YPOBHE 3a CUéT
0O0JIbIIIeT YMCJIeHHOCTH caMIloB B omyJisiiiun [9],
a 1pu 0OJyYeHNH IJIOTHOCTh CHUFKAETCS 38 CUET
YMeHbIIeHUST 101 caMioB [23].

B obnyuwaembix monynsnuuax Canton-S
u Oregon-R 3a iepuop ¢ 20-to 1o 30-e nmoxonemnmne
BBISIBJIEHA TEHEHINs K CHUKEHUIO TJI0J[0BM-
TOCTH OOJy4eHHBIX caMOK Ha 20-M TOKOJIeHNN
¢ 17 no 7 simi/na camry m ¢ 15 1o 7 simiy/Ha caMmry
coorBercTBerHo (Tabm. 3). K 30-my morkosernio
MJ0JIOBUTOCTh B JIAHHBIX MOMYJSAIUAX BOCCTA-
HaBJIMBAETCS 10 HOPMBI.

Tadnauma 2 / Table 2

Jlumamuka sguzaecmocobmoetn (%) 0cobeii KOHTPOTLHBIX I XPOHTTCCKN OOTYIAeMBIX TTOTTY TSI
Canton-Su Oregon-R / Dynamics of viability (%) individuals of the control and chronically irradiated
populations of Canton-S and Oregon-R

Canton-S Oregon-R
[Toronenune
. KOHTPOJIb obsyuenue KOHTPOJIb obyuenme
Generations . . . ..
control irradiation control irradiation
1 82,7+2.7 72,6+3,1% 76,2+2.8 77,529
20 88,5+0,6 81,0+1,0% 88,1+0,7 88,7+0,8
21 83,0+0,4 71,8+0,9% 83,8+0,4 72,2+0,8%
23 84,0+0,7 58,0+0,9% 89,6+0,7 59,5+0,9%
25 85,6+0,9 70,0£1,0% 86,1+0,6 75,1+£0,9%
28 85,1+1,3 68,1+1,2% 87,4+1,0 T4,8+1,2%
30 87,9+1,2 75,8+0,6% 86,1+1,2 78,3+0,6%

IHpumewanue: * — dannwvie docmosepio omaunaromes om konmpoas npu p < 0,05.
Note: * — the data are significantly different from the control at p <0.05.

Taoauua 3 / Table 3

[LromoBmTOCTS (UMETO AN HA OHY CAMKY B /IeHb) MYX 13 KOHTPOJILHBIX 1T 00TyIAaeMBIX TTOTTY TSI
nunann Canton-S u Oregon-R / Fertility (number of eggs per female per day) flies from the control
and irradiated populations of Canton-S and Oregon-R

Canton-S Oregon-R
[Toromenne
Generations KOHTPOJTH obaryuenue KOHTPOJTH obsryuenue
control irradiation control irradiation
0 17,0+6,9 15,0+6,4 6,0+2,4 6,0£2,6
1 17,0+7,0 20,0+8,3 9,0+2,3 11,0+4,7
3 18,0+7,8 19,0+£8,5 18,0+8,6 14,0+£5,7
) 17,0+6,9 15,0+6,4 8,0+3,1 8,0+3,1
10 13,0£5,6 15,071 10,0+3,9 11,0+4,7
20 16,0+6,9 15,0+6,4 7,028 6,0£2,7
21 17,0+£6,9 20,0+8,3 13,0+6,0 15,0+£7,0
23 18,0+7.8 19,0+£8,5 17,07 4 19,0+7,9
29 13,0+5,6 15,0+£5,5 14,0+£5,7 13,0+5,1
28 6,0£2.5 5,0+1,9 6,0£2,5 4,0+1,7
30 10,0+4,1 12,0+£5,1 13,0+6,5 13,0+5,9
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Takum oOpasom, cTerieHb TPOsIBJICHUsI T'eHe-
THYeCKON HecTabmanHocTn momyssamuii . mela-
nogaster B OTBeT Ha XPOHUYECKOE 00JIyUeHIe 3a-
BucuT or renorutia. Ha sro ykassiBaer Gonbiinas
YYBCTBUTEJIHHOCTH K OOJYUEHUIO TTOMYJISIUN
Oregon-R, y koropoit mocroseproe (p < 0,05)
npessitenne yactorsl [[JIM 1 9C ormeveno na
MPOTSIFKEHIN BCETo repuosia obaydenus (28 rmo-
Romneruit), a B momyssiun Canton-S — 10 BOCHMOTO
MOKOJICH 5.

Hamu nmorkaszano, uTo XpoHu4ueckoe 00-
Jgydenue nonynsinuii D. melanogaster B MaJibix
103aX MPUBOJUT K IeCTA0MIIM3ATIIT TeHOMA, TTPO-
ABJATONIENCSA B M3MEHeHNN TToKa3aTejeil mpn-
CITOCOOTEHHOCTH 1 MYTaOUIBHOCTH TTOTTYJISITIIA,
a UMEHHO, B JIOCTOBEPHOM IMOBBITIIEHUT YPOBHS
AC 1 cMepPTHOCTI HA CTAINN KYKOTKI, CHUFKEHU T
YPOBHS JKUBHECTIOCOOHOCTH, TIOBBITIIEHU Y YaCTO-
o1 JIJIM, monusKkeHU M IJI0THOCTH B 0OJTy4aeMbIX
nonynsnusax. [lockonbRy n3ydaembie mOIyJisi-
Y COJIePIRAIN OJ[HOBPEMEHHO I B OJ[ITHAKOBBIX
YCJIOBUSAX, a inHaMuKa yactorel JC, ypoBHeil
smusrecocodrnoern, [IJIM B momyaarmusax auwamit
Canton-Su Oregon-R B yCTOBUAX XPOHTICCKOTO
00JIyUeH s OKa3aaach pa3IndHoO, MOKHO TTPe]i-
MOJOKNTE, 9TO B OCHOBe AnPdepentnaabuoi
YYBCTBUTEJIHHOCTH K PAJUATINN JieskaT 0co0eH-
HOCTH caMuXx Juauii D. melanogaster, a uMeHHO
UX Pa3JIMuust B TeHOTHUIIE U TUTOTHTIE.
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Pacnipocrpanenne, 4ncIeHHOCTh H OXPaHa COKOJI000PA3HBIX IITHII
(Falconiformes) B Henerngrom aBronoMHOM OKpyTe

© 2019. O. 10. Munees, k. 0. H., H. C.,

10. H. Munees, a. 0. 1., r’1. H. C.,

C. K. Kouanos, k. 0. H., ¢. H. C.,

WNucruryr 6monornu Komun nayuroro menrpa Ypanbckoro oraenenns PAH,
167982, Poccus, Pecriyonmka Homu, Coikreisrap, yiu. Rommynuernueckas, 28,
e-mail: mineev@ib.komisc.ru, kochanov@ib.komisc.ru

B pesyaprare ananusa gannbix, coopanubix ¢ 1973 no 2017 rr., u jgureparypubiX HCTOUYHUKOB MPUBOJSITCS
CBEJIEHUS 0 YNCJIeHHOCTI, YCJIOBUAX 00uTaHust n pactipocrpanenus 18 BUJOB XUITHBIX IITHIL OTPSIJIA COKOJT000PAZHBIX
ma reppuropnn Hemerroro asromnommoro okpyra. [loctosepio ompesenerio riespgosanne 9 BU0B, PEAMOTOKITETHHTO
THE3JATCS 3 BUMA, IPYTHE BU/LI 3aJI€TAIOT B TYHPOBYIO 30HY PETYIsApHO mian cayvaiino. [Ipegmoskernsr Meponpusitus
110 OXpaHe COKOJ000PA3HBIX U YAYUIIEHUI0 MECTOOOUTAHNIT, NCITOJIb3YEeMbIX JIIst pasMHosKeHsi. OCHOBOIT cTparernu
OXpaHBl XUTHBIX TITAT] B PETHOHE SABITETCS 0XPaHa NX MECTOOOMTAHNII B COTETANNN ¢ 3aKOMOMATEILHON OXPATOi
CAMUX HTHIL, CO3[AHME [ HIX HEOOXOMMBIX YCJIOBUI BO BCE TEPUOJBI TOTOBOTO IIKIA. BasKHBIM 9TaIIOM SABIISICTCS
peasusaius MpoeKTa 1Mo OPraHM3alnu CeTH OXPAHAEMbIX KIIOUYEBbIX TEPPUTOPUIL [T XUIHBIX ITHI KAK OCHOBbI
OXpambl, MOHUTOPUHTA W m3ydernus. [ coxpamenns ecTecTBeHHLIX MeCTOOOUTANNIT XUIIHBIX TTUI] TPEIT0KETBI
TEPPUTOPUT, HMEIOMNX OOJNBITOE 3HAYCHIE JJIsT OOUTAHNS I MACCOBOTO PA3MHOKECHIIS XUIIHBIX ITHII.

HKaruesoie caosa: (5()}(0.TI()()6I)33HLI(—), H(—)H(—)HI\'Hfl aBTOHOMHBIIT ORPYT, pacupocTpanenne, YncJeHHOCTh, OXpaHa.

Distribution, number and protection of the Falconiformes
in Nenets Autonomous district

© 2019. 0. Y. Mineev orcin: 0000-0002-6587-86535

Y. N. Mineevorcip: 0000-0002-3215-2258

S. K. Kochanov orcin: 0000-0002-5810-64525

Institute of Biology of the Komi Science Centre of the Ural Branch of RAS,
28, Kommunisticheskaya St., Syktyvkar, Russia, 167982,

e-mail: mineev@ib.komisc.ru, kochanov@ib.komisc.ru

The study on biodiversity and territorial distribution of order Falconiformes was conducted from 1973 to 2018 in
tundra of Nenets Autonomous district. There are analyzing data on distribution and abundance of 18 species of birds
of prey. On the surveyed area it is collected an information about type of staying of such genuses as: Pandion (1 spe-
cies), Pernis (1 species), Circus (4 species), Accipiter (2 species), Buteo (2 species), Aquila (1 species), Haliaeetus (1
species), and Falco (6 species). It is determined authentic breeding of 11 species: Osprey, Northern Goshawk, Pallid
Harrier, Hen Harrier, Rough-legged Buzzard, Golden Eagle, White-tailed Eagle, Gyrfalcon, Peregrine Falcon, Merlin
and Common Kestrel. Hypothetically 3 species are breeding too. The category of passage birds is presented by Honey
Buzzard, Pallid Harrier, Monatgu’s Harrier, Marsh harrier, Sparrow Hawk and Eurasian Hobby. To preserve natural
habitats it is proposed a number of areas of high importance for habitats and mass reproduction of bhirds of prey. The
most perspective are basisn of the rivers Belaya, Velt, Neruta, Bolshaya Rogovaya, Bolshaya Oyu, Sojma, Sula, and
the lakes Urduizskie, Indigskie and Vasutkini.

Keywords: falconiformes, Nenets authonomous district, distribution, number, conservation.
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XHUIHBIE ITHTTHI ABJISTIOTCSA BAYKHBIM 1 HEOTHEM -
JeMbIM KOMITOHEHTOM dKocucteM. Haxopsich na
BepIHe MUIeBOI MeToYKl, OHI MOTYT CJIy-
JKUTh TIPEKPACHBIM MWHIANKATOPOM COCTOSTHUS
OKpysRawiieil cpebl. B eBsizu ¢ TpyHO0CTYII-
HOCTHIO Tepputopun HeHnerkoro aBToHOMHOTO
okpyra (HAQO), ocobermocTaMm 9KOTOTUN, TTO-
BEJICHIISI M MAJIOUHCCHHOCTH IITUI] ATOI IPYIITIbI,
cO0Op MaHHBIX IO HIM 3aTpyAHéH. B pesynbrare
CBEJIEHNS 0 COROJIOOOPA3HBIX TITUIAX PErMOHa
pa3po3HeHHBl U HeMHOToUncJeHHBl. OcoObIil
nrarepec ¥k Tyagpam HAO obycnosnen, moMmumo
UX MaJION UBYYEHHOCTH, U TeM, 4TO, HECMOTPS Ha
HEKOTOPBIE YIKe MPOUCIIEIINe AHTPOTIOTEHHbIE
N3MeHeHMs, PACIPOCTPaHeHNe XUIHBIX MTHI]
Ha 3HAYUTEJBHON 4acTH 3TOU TePPUTOPUU eIllé
ocraércs OJM3KUM K eCTeCTBEHHOMY.

OCHOBHOIT 11€JIBI0 HACTOSIIIEr0 MCCIe0Ba-
HUs OBIJIO TIPOBECTH N3yUYeHIe BUOBOTO COCTARA,
OIEHUTH YHCJCHHOCTh U XapaKkTep pacipocrpa-
HEHWS [THEBHBIX XUTIHBIX TITHI] HTOTO KPYITHOTO
pernona. /[lanmoe nccnemoBamnme co3aaér parTm-
YECRYI0 OCHOBY JUISI UBYUYEHUsT DKOJOTHYECKOI
POJIN XUTITHBIX TITUIL B TYH/[POBBIX AKOCHCTEMAX,
IJIST TPUHATUSA 000CHOBAHHBIX aJMUHUCTPATIB-
HBIX pelieHnii NCIOIb30BAHUS U OXPAHBI TITHII.
[TosryuenHbIe cBeJleHUST MOTYT CJIYKUTH «TOYROT
orcuérar st OyYIMX MCCJeJOBAaHIII B X0/
HellpeKpalaIeiicss aHTPOIOTeHHOI TpaHC-
bopmarnum nanpmadra n pays, u cTaTh OCHOBOI
JUIsI OpTraHu3aIuu OMOJIOTUIECKOTO MOHUTOPITHTA
u pazpaborku 3(PPEeKTUBHOI cTpaTeTnit OXPaHbl
IITUI] B PerioHe.

Ha snaunrenbHoil yacTi BOCTOUHOEBPOIIeTi-
CKRUX TYHJIP B HACTOSIIIEE BPEMSI OCYIIeCTBIISIeTCS
pazpadboTka u lo06bIYa YIIeBOLOPOHOTO ChIPhs
W pasBuUTHE COOTBETCTBYIONEH MHQPACTPYKTY-
pbi. CrpeMuTenbHBIN POCT AOOBIYN IPUPOIHBIX
pecypcoB B pernoHe MmpuBés K BOSHUKHOBEHNIO
OOJTBITTOTO KOJTMYECTBA DKOTOTHUCCKITX TTPOOJIEM,
Cpei KOTOPHIX Ha TePBBIl 1IJIAH BbIJIBUHYIACH
HEOOXOMMOCTH CTTACCHT S OMOPECYPCOB TYHIPO-
Boii 30HbI 1 Bapennesa mopsi. He B mocsenuion
odepejib HTO KAacaeTcsi W MTUTL, COCTABISIONIX
APO TYHIPOBOI Ha3eMHOI (payHBbI.

Meroabl 1 paiioHbl UCCIe0BaAHUS

Coop mosieBoro Marepmasia mo KoJam4ecTBer-
HOMY YU6TY XUIIHBIX IITHIL, UX 'HE3]L M BHIBOJIKOB,
pacrpejeeHnio o MecTO00UTaHAM, TIOICYETY
MJIOTHOCTH THE30BAHUSA OCYIECTBIEH Ha cTa-
[IoHapax, BO BPeMs JIOJOUYHBIX, Be3eXOHbIX
7 aBMaBM3YaJIbHBIX MAPITPYTOB B Mae—OKTAOPe
1973-2018 rr. UccregoBamnsa mpoBefens M0
craHgapTHbiM MeToukam [1-2].

Coop marepmana nmpoBoOJUIICH: Ha 3axa-
pounom Gepery Ilevopckoii ry6nr (1977, 1988 -
1996); mobepesrbe n ocrpoBax KopoBuHCKOI
ryont (1993-1996, 2000, 2002); B paitore 03. ¥Yp-
mioskeroe (1979, 1982, 1986, 2018); mennre
[Tewopwr (1977-1979, 1991-1996, 2000); na
Cenretickom riposinse (1978); na Xaiimyablperoii
(1976-1978, 1980), Rapcroit (1982, 1983),
Romoronrosoit (1999, 2002, 2003) n Rysner-
roti rybax (2005); B Hacceiinax per: bBosbimas
Porosasi (1973, 1975), Mope-10 (1974, 1978),
JIsimbamasaxa (1981, 1983, 1984), Boawmas Ot
(1981, 1987), Nupura (1998), Hepyra (1999),
Ypepbsixa-YUépuas (1979, 2006), [lanruna
(1992), Beawr (2001, 2004), Yépuas (Mamo3ze-
mesibekast Tynjpa) (2004), Censiito- Roporanxa
(2008), Bonwmas Ceernas (2014), Coitma u Cya
(2018); B paiione Bamryrkuubix (2007), Iagn-
meiickux (2009) n Carreiickux (2012-2014)
03ép; Memaypeube Bacwhaxa-flarapeit (2010);
B moc. Bapanpmeii (2016).

Jlnst mosyuenus cBefleHnii 0 YNCAEHHOCTI
COKOJIOOOPA3HBIX NTUI[, UX pazMeIeHuu mo
teppuropunt HAO B mione—cenrsiope 1973-1977,
1979, 1983, 1985, 1987, 1991-1996, 1999 rr. na
MOCTOSTHHBIX TPAHCEKTAX 1IPOBe/eHbl HabI0/e-
Hust ¢ 6opra camosiéra AH-2, Beprosiérop MU-2,
MU-4 u MU-8.

O61mas fymHa menexXoHbIX MapIrpyToRB co-
crauiaa 6652 kM, JogounblX — 7747kMm. O6Ias
MPOTSREHHOCTh aBUAMapIIPyTOB COCTaBUIIA
okoso 40000 kM, B cpeprem obcaegosano 3%
TEPPUTOPUN PETHOHA.

[Tpn ompenesennn KOOPANHAT KIAIOYEBHIX
MeCT Pa3MHOMKEeHUsI XUIIHBIX HTHI] NCIO0JIb30-
BaJIMCh: CITYTHUKOBBIN HaBurarop (Garmin)
n KoMmubiotepuas nporpamma Google Earth.
Buibl ntuiy pacionoskeHbl COMNIACHO KaTaiory
JI. C. Crennansna [3].

Pesyabrarel n o0cy:knenme

Hamu 66111 00001Te b pesyanraTh coOCTBeT -
HBIX UCCJICOBAHIET 1 OIyOJITMKOBAHHBIC J[AHHBIO
10 YNCJEHHOCTH 1 TePPUTOPUATHHOMY paciipe-
nesernio 18 Bupos xuniaeix nrui, HAO [4—15].

Crona (Pandion haliaetus) pacripoctpanena
B ITOJ[30HE KpaliHe ceBepHOII TaliTH, JTeCOTYHTPOBOI
30He, MOIMax PeK, Pyuben, 03¢ pHbLIX KOTJIOBUHAX,
en0B0-0epE3oBbIX pejikosechsax. 'HesoBanme
cKorbl 3aperncrpuposano Hamu 9 mions 2018 1. B
UBHSTKOBBIX Jlecax Hu30BbeB p. Cyiia, B paiioHe Biia-
nenust B Heé nipotor [Teuopsr (Xapbsaxcruii [Tlap
n 3axpederusiii [lap) (puc. 1, cM. 11B. BRIAIKY).

O6wbikHOBeHHBIIT ocoen (Pernis aprivorus)
pacmpocTpaHéH B MOA30HEe CEeBePHON TaWrH,
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JIeCOTYHJIPOBOII 30HE, €JI0BO-0ePE30BBIX PEJIKO-
nechbsix. OTMedeHbl eITHNYHbIe 3aJI6ThI B 00J1aCTh
OCTPOBHBIX JiecOoB 1 Ha nobepeskbe BapeHniiena
Mopsi. B Téribie rojibl BEpOSTHBI MaccoBbie 3a-
nérsl (puc. 1).

[Tomesoit mywn (Circus cyaneus) Berpedaercs
B TIOJI30HEe CeBepHON Talrm, JeCOTYHPOBON 1
TYHJIPOBOIT 30He /10 Tobepeskbs BapentieBa mops,
Ha ocTpoBax He orMeuern. OTMeueH B moiimMax
PeK, pyubeB, epHITKOBO-PA3HOTPABHBIX, MOXOBO-
JUIMAITHIKOBBIX TYH/IPaX, KOMIJIEKCHBIX 00JI0-
Tax, eJI0BO-0epE30BHIX pefroaechax. OObIUHbBIN,
raespgsuiics suy (puc. 1). [lnoraocts nacene-
nust B cpepaem pasua 0,2 ocobeit ma 1 km>.

Crentnoii nyub (Circus macrourus) pacrpo-
CTPaHEH B IOJI30HE CeBePHON Taliru, 1eCOTYHPO-
BOII 1 TyHIpoBOIl 30Hax. Berpeuaercst B obiump-
HBIX MBHSKOBBIX 3aPOC/sX HA CKIOHAX YBAJIOB,
noiiMax pek, pyubén. OrMeueHbl, B OCHOBHOM,
efuHIYHbIe BeTpeun. ['He3oBaHme 3aperucrpu-
poBamo Ha rosryocrpose Rannn B 6acceiine p. Rust
(prc. 2, cM. T[B. BRIAJIRY).

Jlyrosoit myns (Circus pygargus) pacipocrpa-
HEH B TIO/I30He CeBePHOI TaiiT, JecoTyHPOBOI
n TYHJPOBOI 30He. Berpeuaercss B XOJAMHCTOT
KYCTapHUKOBOI TYHJIpe ¢ 03épaMu 1 IPOTOKaM,
Oeperax 03ép ¢ rycThiMu mBHsAKaMu. OTMeuYeHbI
eIMHIYHBIE 3aJIETHI B TYHIIPOBYIO 30HY (puc. 2).

Bonorustit myus (Circus aeruginosus) pac-
MTPOCTPAHEH B TIOJ/[30HE CeBEPHOT TaliT!, JIeCOTYH-
JIPOBOI, TYHIIPOBOII 30He. Berpeuaercs: B e/10BO-
0epE3oBbIX PEJKOJIEChSX, HA KOMILIEKCHBIX 00-
norax. OTMevyeHbl eIUHIYHBIC 3AETHI B CPeIHeM
revennn p. Mugura u B paitone KosoKogakoBoI
ryobl (puc. 2).

Terepessatuur (Accipiter gentilis) pactpo-
CTpPaHEH B [IOJI30He CeBePHON Tallr, J1eCOTYHPO-
BOII 1 TYHJIPOBOII 30He 10 mobepeskbs bapeniiena
mopst (puc. 2). Berpeaercst B moiiMeHHBIX JIeH-
TOUHBIX JIecax, MPUO3EPHBIX UBHSIKAX, B KycTap-
HUKOBOII TYHJIP€ € CeThI0 036p 1 ITPOTOK, B TIOIMax
pex 1 pyubéB. Oceimmo-Kouyonnii BU, BEPOATHO
rae3ures. OrMeveHbl 3a/16Thl B TYH/IPOBYIO 30HY.
I'HesnuTest B JIeCOTYHIIPOBOI 30HE, B IOMIMEHHBIX
JIEHTOYHBIX Jecax M TMOI30He KpailHe ceBepHoi
TanTH.

[Tepenensitnmk (Accipiter nisus) pactpocrpa-
HEH B TTO/I30HE CeBePHOT Taliry, JecoTyH/POBOII,
TYHIPOBOI 30He. Berpeuaercst B moliMeHHBIX
JEHTOUHBIX Jlecax, Mpno3épHbIX nBHsAKax. OTme-
YeHbl eJINHUYHbIE 3aJI6Thl B TYHJIPOBYIO 1 JIeCO-
TYHJIPOBYIO 30HbI (puc. 2). BepositHo, rHe3pures
B JIECOTYHJIPOBOIi 30HE, TIONMEHHbBIX JIEHTOYHBIX
Jlecax u TOJI30HE CeBePHON TalTH.

Sumusik (Buteo lagopus) pactipoctpenén B
JIECOTYHJIPOBOI 1 TYHJIPOBO¥ 30He. Paiionbl Mac-

COBOTO PAa3MHOMKEHNST OTMEUeHbBl Ha PUCYHKE 3
(cm. 11B. BRIAJRY). Pacripoctpanén rnoscemectHo,
THe3JIITCS 110 DeperaM peK, py4beén, MPOTOK, Ha
0BPArax, yerynax n KpyThIX CKIOHAX, B XOJIMUCTHIX
TyHjipax. I'Hé3na yerpanBaer 1o o6pbiBaM pek, Ha
KPYITHBIX KOUKAX B TYH/[P€, Ha JIePeBbsIX, HA reojie-
3UYECKUX 3HAKAX 1 OPOTIIeHHBIX OYPOBBIX BHITITKAX.
HJIOTHOCTL HaceJieHUuA B pa3JnvHbIe TO/Ibl B 3aB1-
CUMOCTI OT YHCICHHOCTH MEJTKNX MJIeROIHITAI0-
mnx cocrasister ot 0,05 mo 0,8 ocobeit ma 1 x>

OobbikHOBeHHBIN KaHIOR (Buteo buteo) pac-
MPOCTPaHEH B MOJI30HE CEBEPHOI TaWTH, Jieco-
TYHJIPOBOY 1 TYHJIPOBOTI BoHE /10 HoOepesikbsa ba-
penieBa Mmopst, u B fienibre llewopnl. Berepeuaeres
B €JI0BO-0€pE3OBBIX PEJIROJIEChAX, JEHTOUHBIX
HOMMEHHBIX Jiecax. OTMe‘IeHbI eJJMUHUYHbIe 3a-
JEThI B TYHJIPOBYIO 30HY, BO3MOKHO, THE3/[UTCS
B enwre [lewopnr (puce. 3).

Bepryr (Aguila chrysaetus) pacripocTpanén
B TO/I30HE CeBEePHOU TAWTH, JECOTYHAPOBON
u TYHIPOBOT 30He 10 modepeskbsi Bapeniesa
Mopsi. Berpeuaercst B JIEHTOYHBIX W OCTPOBHBIX
Jlecax y pex m 03ép, peikoaechsix, JoJnHAX pPeK,
B KPYITHOOYTPHCTHIX 036PHBIX TYH/Ipax. ['He30-
BaHue oTMeueHo B paitone moc. Hecw u B paiione
r. Haposan-Map. Bosmoskno, ruesgurcst B Jje-
COTYHJIPOBOI1 30He U MOJI30He CeBepHOil Taiiru
(puc. 4, cM. 1B. BRAAARY). [lnorHocTh Hacese-
nust B cpeprem pasaa 0,003 ocoou na 1 kM

Opmamn-6emoxsoct (Haliaeetus albicilla)
pacmpocTpeHéH B MOM30He CeBEePHON Talru,
B JICCOTYHPOBOI T TYHPOBOI 301e 10 obepe-
Kb BapenieBa Mopst (puc. 9, CM. T[B. BRIAKY).
Berpeuaercst n raesguTest MoBCEMECTHO B TIOMMAaX
1 YCThSIX PEK, OCTPOBAX, MOPCKOM MMO0OEpeskbe
B TYH/I[pe C KPYIMHBIMHU O36PHBIMU CUCTEMaMMU.
'uésna ycrpauBaer na Gepésax, qpeBOBUIHBIX
MBaX, XOJIMAX, TeOJIe3NIECKIX 3HARAX, OPOITIeH-
HBIX OypoBHIX BhIMKax. [lmorHocT Hacenenms
B cpefrem pasua 0,012 ocobeit Ha 1 k>,

Rpeuer (Falco rusticolus) pacrnpoctpanén
B TO/I30HE CeBEPHOU Tairu, JeCOTYHAPOBOIA
U TYHJIPOBOII 30He 10 TIobepeskbst BapetiieBa Mmopst
(puc. 6, cM. 1B. BRIAJIRY) . Berpeuaercs B mofimax
pPeK, JeHTOUHBIX JiecaX, XOJIMHUCTOI TyH/ipe U B
TYHAPaxX ¢ PasBUTON 036PHO-PEUHON CUCTEMOI,
Ha MopckoMm mobepeskbe. Permcrpupyercs na
oombineit yactu reppuropun HAO. Peprnii raes-
IATIUICS, OCeTo-KouyIomuii Bujt. ['ne3anres na
CRaJIaX, JIePEeBbAX, JIPEBOBHUIHBIX MBAX, 00PHIBAX
PeK, reojie3MuecKNX 3HaKax n OPOIeHHBIX Oypo-
BBIX BBITITKAX. SAHUMAET IHE3IA BOPOHA, BUMHS-
Ka, nepoHuka. [lnornocts Hacenenus B cpejiHem
pasna 0,002 ocobeit na 1 kKM

Camcamn (Falco peregrinus) pacmpocTpamnén
B TO/I30HE CeBEPHOU TaWTH, JECOTYHAPOBON
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u TYHJPOBOI 30He 10 nodepeskbs Bapeniesa
mopst (puc. 7, cM. 1[B. BRJIagKRY). Berpeuaercs
B JIOJIMHAX PeK, PyubEéB, oBparax, Ha KpyI-
HBIX 03épax, MOpcKoOM 1obepeskbe. I'He3quT-
csi HA Ooabineit yactu treppuropuun HAO,
Ha oOpBIBax 1Mo Oeperam per, 036p, Ha Jpe-
BOBUIHBIX MBAaX, HA TeO/[e3NYECKNX 3HAKAX
7 OPOTIeHHBIX OYPOBHIX BHIMKAX. [lmornoeTs ma-
cesienust B cpeprem pasua 0,01 ocobeit na 1 kv,

Yernor (Falco subbuteo) pacmpocrpanén
B IMMO/I30HE CeBEPHON TaWrn, B JTECOTYHIPOBOM
30He, B JIOJINHAX PEeK M PYUYbEB, B 3aPOCIAX
UBHAKOB ¢ JIPeBOBUAHBIMU nBaMu. OrMedernn
eflMHNYHbBIe 3a16Thl HA Tepputopuio HAO B
cpemrneM Teuenun p. Vupanra m B paiione o3.
Ypuioskeroe (puc. 7).

Jleponur (Falco columbarius) pacripoctpa-
HEH B TOI30HE CeBEPHON TAIITH, TIECOTYHIPOBOM
u TYHIPOBOII 30He /10 mobepeskbsi Bapeniesa
mopsi. Berpeuaercsi B ieHTOUHBIX Jecax, B J10-
JIMHAX PEK 1 PYUbEB, B 3aPOCIX HBHIKORB C Jipe-
BOBH/IHBIMU NBHSKAMU, B OBparax, Ha MOPCKOM
nobepesknbe, cpejin 03EPHBIX crucTeM (puc. 8, CM.
1B. BRJIAAKY). ['Hesgurcsa na GoapIieil yactn
reppuropun HAO, na obpsiBax 1mo 6eperam pex,
036p, Ha JIPEBOBUIHBIX MBAX, eJsX, Oepéaax,
reojie3MYecKNX 3HAKaX 1 OPOITeHHBIX OYPOBBIX
BhinKax. [lmoTHoCcTh HaceeHNs B cpefiHeM paBHa
0,1 ocobeit na 1 km>.

Robunw (Falco vespertinus) pacmpoctpa-
HEH B MOI30HE CeBEPHON TalTh, TeCOTYH/IPOBOI
U TYHJIPOBOII 30He, B JIGHTOYHBIX Jiecax, B 101~
HaX PeK M PyubeB, B 3apOC/AX UBHIAKOB C Jipe-
BOBUJIHBIMU UBHSIKAMI, CPEIN 036PHBIX CHCTEM.
OrMeveHbl eIMHIYHBIC 3aJI6THI B TYH/[POBYIO 30HY
B cpejiHeM redernn p. VIHanra u HuyKHeM TedeHnn
p. Benbr (puc. 8).

Ob6wikHOBeHHAsT TycTenbra (Falco tinnuncu-
lus) pacipocTpaHeHa B Moj[30He ceBepHOIT Taiiry,
BJIECOTYHJIPOBOTI 1 TYH/IPOBOI 30He. Mosker BeTpe-
4aThCsl B TYH/POBBIX PEJIKOJIECHSIX, MONMEHHbIX
J@HTOUYHBIX JiecaxX, KPYIMHOEPHUKOBOI TYHJIpe.
INU30MYecKoe rHe3/[0BaHNe OTMEYEHO B paiioHe
yerbs p. flsrma (momyocrpos KRanun) (puc. 8).
Bosmosikno, rhespurest B paiione noc. Bapaneii.

Poab anTponoreHHbIX U PUPOTHBIX
(pakTopoB B IMHAMHKE YUCIEHHOCTH
" NI3BMEHEHUN MeCTOOOUTAHNII BUI0B
XHUITHBIX ITHIY
Henenroro aBroHoMHOT0 OKpyTa

AHTpPOTIOTeHHbIe U3MEHECHNS Beerjga obef-
HAOT ayHy 1 J1eJai0T YsA3BUMbIMU COXPAHUB-
muecst Buibl u nomyssiun. CHukenne 6mo-
pasmoobpasns MPONCXOANT, B TIEPBYIO OUCPED,

3a cuér yrparsl pefKkux Bupon. Yncaennocrsb
MHOTIUX BUIOB XUIITHBIX [ITUT] [10 PSAY TPUYNH B
MoCJIeJIHIE JIeCSATUIETHSI CORPAIAeTcs. JTo Mpo-
MCXOINT BCJCICTBIE XO3ATCTBOHHOTO OCBOCHS,
COKpAIIeHIs TIOTIalell 1 YXY/IIeHIs] KauecTBa
Yrojinii MHOTHUX, eIé HeJlTaBHO HeTPOHYTHIX Tep-
PUTOPWT, TIIe TITUIIHI N3MaBHA THe3MINCH.

HemanoBaskHyo poJsib B COKpalieHunn
YNCIEHHOCTH XUMHBIX MTAT] NTPATOT He3aKOH-
Hble OTCTpesl W pazopeHne THE3M, cOOp AU 1
HNTEHIOB JIJIA TocJaeyioneil mpogasku, artop
OeCIOROTICTRA, & TAKIKE JIPYTHe e1Mlé He BhISICHEeH -
uble parTopbl. OTCTPEs XUIIHBIX [ITHI] HEPEIKO
npousBojAT ojieHeBojbl. Haubonee vacro onn
MPECTeYIOT U OTCTPEJUBAIOT KPYMHBIX XUIIL-
HUKOB, TAKNX KaK OEPRYT 1M opJaaH-0em0XBOCT.
ITH BUBI YHUUTOKAIOTCSA OJCHEBOMAMN KaK
BpeIHbIe XUMHUKN, OMACHBIC I CTeTbHBIX
BayReHOK 1 TesisAT. OJieHeBOIaMu TaksKe TTPAKTIH -
KYeTCst N3BATHE SAUI] 13 THE3] MPAKTIUCCKN BCeX
BUJIOB IITHII, BRJIOYASI XUTITHUKOB (HE3aBUCIMO
OT ¢TI HACVKUBAHNSA ), VIS UCITOJIH30BAH S
B riuty. MHOTHX XUITTHUKROB OTCTPEJIUBAIOT JIJIST
WBTOTOBJCHUS Uydes W TOTOTHEHWsT YaCTHBIX
rosuteriuit. G 1eabio mpoaskn BO3pocaa posib
HE3AKOHHOTO OTJIOBA, U3 BATUS STUI| U ITEHILOB 13
THE3JT TAKNX TTPECTUKRHBIX JJOBUNX BUJIOB TITHIL,
KaK TeTepeBsTHNUK, OEPKYT, KpeueT U carcaH
[16]. BoipybKa ocTpOBHBIX JIECOB M YMEHBIITCHIE
KOJMMYECTBA EPEBAHHBIX TEOe3MICCKNX BhI-
IMeK B TYHJPOBOI 30HEe COKpaIiaeT KoJm4ecTBO
MOTeHIINANBLHBIX MECT THE3TOBAHISI MHOTUX
BUJIOB XUTIHIUKOB (CKOTIA, TETEPEBATHNK, OPJIaH-
0esioxBOCT, OEPKYT, Kpeuer, calcaHl, 4erjok,
NepoHuK).

B rauecTBe MONOKUTETHHOTO TIpUMepa aH-
TPOIOTEHHOTO BO3JIEHCTBUSA HA Cpefly oOuTanus
XUIHBIX TTUI[ MOYKHO [IPUBECTH YCTAHOBIEHUE
B TYHJIPOBOTI 30He reojie3nvyecknx snakos. Panee
OHU M3TOTABJUBAINCH U3 JIEPEBa, ¢ TLIOMAIKOIN
IS IBMEPeH T, KoTopast ObLIa OueHb YIoOHOM Ji/Ist
yerpoieTBa THE3 XUTIHBIX TTHI]. OcoBeHHo Takme
TTOTIAIKY HeOOXOAMMBI BUY, HAUMHATONEMY
paHo rHe3uThest — Kpeuery. B ampese, korja Best
TYHJIpAa TOJ| CHETOM, TOTHKO TaKIe BHITITKI MOTYT
MpelocTaBuTh y00HOE JIJIST THE3[OBAHWS MeCTo.
B nacrositiiee Bpemst MHOTHE IePEBSTHHBIC TEOI€3 1 -
YecKie BBITTRI CTHUJN, HA UX MECTO TOCTaBIEHbI
cTasbHble, 63 COOTBETCTBYIOMINX YIOOHBIX JIJIs
raespoBanus I0MAanRoK. Caeyonmm moaoKm-
TeJILHBIM MOMEHTOM JIJIsI THE3/IOBAH IS XUTITHIKOB
SBJISIOTCSA HAaJIM4Ye OPOIIeHHbIX OYPOBbBIX BBITIIER
reosoropassepiku [17]. B memom, s10 siBienme
ABJIACTCA HETTPUEMJICMBIM ¢ TOUKI 3PEHIS oXpa-
B ORPYSKATOIIEN CPefbl, MO0 Ha XUITHIKOB OHO
OKa3bIBALT TOJIOKUTEIbHOE BO3/eICTRIIE.
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K ocnoBubiM npupopbiM (hakropam, OKasbl-
BAIOIINM BJIUSIHUE HA JUHAMUKY YHCJICHHOCTH
XUIHBIX TITUI[, MOKHO OTHECTH CJIeyToTne:

1. Usmenenne cocTosHUSA KOPMOBOIT 6asbl
(payrryarmu yncaeHHocT BUnoB-keprs). Hau-
OosTee BOURHBIMI 00HeKTaM” (0CODCHHO I He-
MePenETHLIX BUOB) ABIAIOTCS — MBITIIEBIHBIC
IPHI3YHBI (MUK 3—4 roja), 3asai-0easak (1uK
10—11 ner), 6enas kyponarra (TuKa 6-7 jer).
Boponnasaiorie 1 BOpoObUHBIE ITHIIHI NMEIOT
OTHOCUTEIHHO CTAOIIBHYIO YHCICHHOCTE, TI0ITO-
MY He OKa3BIBAIOT TAKOTO CIJIHLHOTO BO3ECTBIIS
[18, 19].

2. Cokpairerue ynoOHbIX JIJIsI THe3I0BaAHUS
MecT (paspylieHne reojle3anuecknX BHITIEK, 00-
pyltierne yaloOHbBIX I THe30BaHusA 6eperos
pex u ckai) [20].

3. Hebmaronpustubie s THe30BaAHNSA
MOTOIHBIC YCTOBUA (TIO3MIAA XOTOAHAA BeCHa,
CUJIbHBIE, IITOPMOBBIE BETPA, MABOIKIM).

4. ANMMB300TNN XUIHLIX BUOB T, Boms-
Hie 9Toro (HaKkTOpa Ha YNCICHHOCTH XHUITHBIX
BUJIOB IITHULL €111 HepocTaTouHo usydeno [21, 22].

IlorennmanbHas onacHOCTH
X035 CTBeHHOU esATeIbHOCTH
JIA TrHe310BaHUA XUIITHbIX IITUIL

HeobxopumocTh 0XpaHbl YHUKATLHOI TEPPU-
ropun Esporneiickoro Cesepo-Bocroka Poccun
oueBUIHA. CJIe]IyeT IMIPUHATH BO BHUMaHNe PUCK
OT BO3MOKHBIX HAPYIIEHUII 1 3arPSI3HEH ST OKPY -
FRATOMIEIT CPeJbl, CBA3AHHBIX ¢ I0ObIYeil HedTn,
rasa m CTPOMTEJIHbCTBOM COOTBETCTBYIOIIEN MH-
(bpacTpyKTYpHI B KITIOUEBBIX MecTaxX I'He3/[0Ba s
XUTTHBIX TTHII.

Cocrosinme TYHIPOBBIX MeCTOOOMTAHMI
7 aKBaTOPUil IpuOpesRHbIX MeJaKRoBoini Bapen-
nesa mopsi HAO B Hacrosiiee BpeMsi BbI3bIBaer
onacenust. HedrerazomnpombicjioBoe 0CBOeHIE
TEPPUTOPUN 1 CO3JIaHIe TPAHCIIOPTHON nH@pa-
CTPYKTYpPHI 00eJIHsIeT BUIOBOE pazHooOpasue
MTUT, U BeIET, B KOHeUHOM CYE€Te, K Jlerpaja-
U TYHAPOBBIX aKocucereM [23]. CIOMKHOCTD
MPUPOHBIX YCJTOBUI 1 BHICOKAST YSA3BUMOCTH
srocucrem HAO B yciaoBHsX aHTPOIOTEHHOI
TpancdopMaIn ABISETCS OCHOBHBIM (DAKTOPOM
B JleTpajlanuy 6MoTOTHIeCKIX KOMITOHEHTORB
MPUPOIHON CPeJbl, KOTOPask CAYKUT jKNU3HEH-
HOIl apeHoll XUIIHBIM nTumaMm. P meHHbIX
MeCTOOOUTAaHWIT BOCTOUHOEBPOTIECKUX TYH/IP
yTpaunBaOT 3HaUEHNEe KaK MeCTa MacCOBOTO pas-
MHOMEHUA MTULL, KaK BUJOB-KEPTB, TAK 1 XUIIL-
HukoB. Haubosbiime n3amMeneHust B TyHIPOBBIX
pROCUCTEMAax oTMedeHbl B Bosbiesemenberoii
TyHJIpe: Ha rnoayocTpoBe Meapinckuii 3aBopor,

B Dacceiinax pex Ypepbsaxa, Uépuas, Konsa,
[ITarrkna, Mope-10 n Ha mo6epesxbe bapeniiesa
Mopsi. AKTUBHOE OcBOeHNe HedTera3oBhbiX 3a-
macoB Hauasnoch 1 B MasozeMenbcKoll TyH/Ipe.
Wurencuduranus nodbiun HedTH TPUBOUT
K MacIITabHOMY 3arps3HEHNIO BOJIHBIX 1 Ha3eM-
HBIX MeCTOOOUTAHUII, PN HTOM JIOTOJHUTEHHO
3HAYNTETHHO yenanBaeTcst (hakrop 6ecrioroiicTsa.

AHaIN3 CyIIeCTBYIONIEN CHCTeMbI
OOIIT pernonaibHOT0 3HAYECHWUS
Hewnenroro aBronoMHOTO OKpYyra
Ha IpeIMeT OXPaHbl PeIKNX 1 BUI0B
XUIIHBIX TTHIL

[Tpobiema coxpaneHusi NPUPOIHBIX KOM-
IJIEKCOB TYH/IPOBOI 30HbI B CUJIY TPUPOJHO-
HKOHOMUUCCKIX 0CODCHHOCTEH MMeeT DOTBITYIO
OCTPOTY 110 CPABHEHUIO ¢ JIPYTUMU paiioHaMu
[23]. Ilocnenmee 06yCTOBICHO TEM, UTO TYHAPO-
BBITT OTIOM XapaKkTepu3yerTcss coobITecTBaMI, KO-
TOPBIM B ODIIIX CYPOBBIX YCIOBUSX CBOTCTBEHHBI
HUBKas MeHOTHYeCKAs aKTUBHOCTH M MaJias
DKCTIAHCHUS, UTO, B KOHEUHOM CUéTe, 00YCIOBIIN-
BaeT UX MOBBINIEHHYIO YA3BUMOCTH U HUBKYIO
YCTOHUYNBOCTH K AHTPOTIOTEHHBIM BO3JICIICTBUSIM.

O6miast crparTernsi OXpaHbl BUIOB JIOJI3KHA
3aKJII0YATHCS B COXPAHEHNU BO3MOKHO OOJIBIIEro
YUCJIA eCTeCTBEHHBIX MeCTOOOUTAHUI, & TaKKe
CO3JIAaHUN YCJOBUI JIJIs 3aceJeHus X paHee
oOuTaBNINMI, HO ncye3HyBImumMu Bugamu. [lo
reppuropun HAO xutninabie ITUTH paciipe/e-
JIeHBI IOCTATOYHO PABHOMEPHO, ¢ OTHOCUTEIHHO
00JIbIIIeI YMCJIEHHOCTHIO B PailoHax ¢ BBICOKOI
ROHT[eHTpaInell KOPMOBBIX 0OBEKTOB U MECT,
NPUTOJHBIX [ padmuoskenus. [lopasnsioniee
OOJBLINTMHCTBO EHHBIX JIJISA XUIHBIX [ITHI] TYH-
JPOBBIX MECTOOOUTAHUIT TTOKA HE OXPAHSIOTCS.

OcHoBOTI cTpaTernu OXpaHbl XUIHBIX TTTHI
Ha COBPEMEHHOM dTalie [0JI3KHA ObITh OXpaHa 1X
MecToOONTaHMII B COYETAHIH ¢ 3aKOHO/ATe/IbHOT
OXpaHOll caMUX NTHUIl, CO3[aHNe JIJis HUX He-
00XOINMBIX YCJIOBUIT BO BCE MEPUOJIbI TOJ0OBOTO
KA. BajkHbIM 9TanIOM SIBJISIOTCS peasin3arus
MPoOeKTa 1Mo OPraHmM3aIn CeTH OXPaHSIeMbIX
RII0YEBBIX TEPPUTOPUIL JIJIST XUTIHBIX TTHT] KaK
OCHOBBI OXPaHbl, MOHUTOPUHTA W W3YUYCHUS.
B ary ceth MOTYyT BXOUTE CHEYIONITE PAOHBI:
bacceitnbl pek — Besast, Coiima, Bonbias Oro,
paiionbl 03ép Ypuioskcroe, Mupurckue, Banryr-
KIHBI, BepXHee TeveHne pek Beawr m Hepyra,
cpennee teuenne p. boabmas Porosas [24, 25].
B nepryto ouepejib HEOOXOMMO COXPAaHUTh
BOJIHO-DO0JOTHBIE YTObSA, TMEIOTIIe 0c0boe 3Ha-
YeHme B Ka4ecTBe MecT 00UTaHUAX BOOI/IABAI0-
IIUX [ITUI], TPUOPUTETHAST POJTh KOTOPBIX OTIpe/ie-
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nena Pamcapckoii konseniueii. [lepeuncientbie
BBIIIIE TEPPUTOPUU COOTBETCTBYIOT KPUTEPUSIM
KJII0YeBBIX OPHUTOJOTNYECKUX TePPUTOPUI
BCEMUPHOTO 1 00IeeBPOTeIiCKOTO 3HAYEHNS.
B kauecrtBe [momosiHNUTE/IBHBIX Mep 110 cOXpaHe-
HUTO MECTOOOUTAHITI HA TEPPUTOPUT TTOTYOCTPO-
Ba Pyccruit 3asopor, KopoButckoii (teppuropust
Henerroro rocymapersernoro sanopeyianka) u [Ko-
JIOKOJIKOBOIT TY0 [ 24, 25| siBJisieTcst opranusariusi
Ha WX ocHOBe OMOchePHOTO 3aTTOBEIHIKA.

3araoueHue

Ha reppuropun HAO ormeueno 18 Bunos
NTUI, TPUHALJIERKAMNX K OTPAY COKOJIO-
obpasubix Falconiformes. Cobpansl cBefienus
o xaparrepe npebsiBarus poaos Pandion (1),
Pernis (1), Circus (4), Accipiter (2), Buteo (2),
Aquila (1), Haliaeetus (1) u Falco (6 Bunos).
YeranoBieHo jocroBepHoe rHesopatue 11 pu-
JIOB W TIPEJTOJOKUTEIHHOe — 3 BUOB, IPYyTHe
XUIMHUKN PeryJsipHO WK IN30/UYeCKN 3a-
JeTaloT B TYHApoBYyio 3ouy. B Kpacuyio kuury
Poccnn n Kpacuyio kaury HAO 3aneceno 6 Bu-
JIOB: CKOIMA, CTENHOI JYyHb, O6PKYT, OpJaH-
0eJIOXBOCT, Kpeuer, u carcan [26, 27].

B nesnsx crabuansaium i HOBBITEHUsT YIC-
JEHHOCTHU THEe3JSAIIIXCS BUOB JTHEBHBIX XUII-
HBIX [TUI[ HEOOXOMUMO PETyJsipHO TPOBOJUTH
CJIeYTOTIIIe MePOTIPUSATHS:

1. Yeranosnenne HCKYCCTBEHHBIX TIOTIAIOK
JUIS THE3/IOBAHUS B KIIOYEBbIX PAilOHAX PABMHO-
JReHUS B TYHJIPOBOI 30He [28].

2. llpoBepenne pasbsacHUTENLHON PadOTHI
CpeJiit 0OJIEHEeBO/IOB B OTHOIIEHUN YHUYTOKEH U
XUIIHBIX BUJIOB IITUIL, B 0COOEHHOCTH TAKNX, KAK
OepKryT 1 opJan-6eJ0XBOCT. Y CTaHOBIEHNE BbI-
IJ1aT MaTePUATHHON KOMIIEHCAI[NN OJIEHEBOJIaM B
cJrydae moTeph MOJIOHAKA PU HATIAJ[eHI T XUTI]-
HBIX BUIOB OTHIL (110 IPUMEPY CTPaH 3anajiHoil
Epotibt u CesepHoii Amepukn).

3. CHmrenne arropa 6ecroKoiicTBa co
CTOPOHBI XO3SMCTBYOIUX CyOBeKTOB. ¥YcTa-
HOBJIEHUE CTPOTOTO KOHTPOJISI HAJL TIOCeIeHneM
MepPCOHATOM TePPUTOPHIL, e BXOIATINX B COCTAB
HRCILTYaTHPYEeMOTO MeCTOPOKICH NS, B TOM YK C/Ie
HpejoTBpalieHe caydaeB OpakoHbepeTBa. 3a-
nperieHne Bhesjia Ha TePPUTOPII0 MECTOPOsK/IE-
HUS ¢ OPY/IUAME JIOBA 1 OTCTpeJIa.

4. llpeorBpaiienue ciyiaeB HE3aKOHHOTO
U3BATUS SUT, NTEHIOB U OTCTPeSa XHUIHBIX
nrut; Ha reppuropun HAO nocpencrsom ycu-
JICHUST TATPYJUPOBAHUSA B KIIOUYEBBIX MECTaX
Pa3MHOKEHUS] XUIIHUKOB, a TaKyKe yCUJIeHNe
TAMOYKEHHOTO ROHTPOJsA nipu BeiBo3e u3 HAO
00'HEKTOB JKITBOTHOTO MIPA.

9. Perynsiproe mnpoBepierne mccieoBanmit
CIeNMAINCTaMI 110 BBISIBIEHUIO BRHBIX MECT
pPa3MHOKEeHNUsT XUIHBIX MITHII.

6. Cospanme MUTOMHUKA JIJIS Pa3BeleHus
1 TIOCJIE/IYIONIero BhIIIYyCKa B JIMKYIO ITPUPOJLY
PEeIKIX 1 HAXOJATINUXCS MO YTPO30T MCUe3HO-
BEHWST BU{OB XUIIHBIX IITHII.

7. Opranusanus ceTn 0OXpaHseMbIX KItoue-
BBIX T€PPUTOPUTI JIJTST XUTITHBIX TITHI KAK OCHOBBI
OXPAaHBl, MOHNTOPIHTA 1 M3YUEH TS B CJIETYTOTIINX
paiionax: bacceiinbl pex — benas, Coiima, Cyna
n boawias Oto, pationsr 03ép Yppioskckoe, M-
murckme 1 BanryTkuHbl, BepXHee TeueHme per
Beabr n Hepyra, cpepnee teuenne p. bonbinas
Porosas. llepeunciennbie Bbiliie TeppuTOpPUM
COOTBETCTBYIOT KPUTEPUSIM KJIIOYEBbIX OPHUTO-
JOTUYECKUX TePPUTOPUil 0O1eeBpOIeiicKoro
1 BCeMUPHOTO 3HAYCHS.

Hayuno-uccaedosamensvckue padbomot 86tno-
aenensvt no meme «Pacnpocmpanenue, cucmena-
MUKQ W RPOCMPARCIMEEHILA OP2AHUAYUL HayHbl
U HACeACHUSL HAZEMHBLE U 80OHBLE JHCUBOMHBLY
MaéncHolx w MYHAPOBLLY IKOCUCINEM e6PONEILCK020
cegepo-eocmokra Poccuur. Né 2oc. pecucmpayuu
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The paper presents the results of innovative design development for multicomponent adsorption filters with sliding
cartridges or with a metal-graphite electrode system. The proposed filters allow providing water purification by 98-99%
simultaneously from various polluting organic substances, including polycyclic aromatic hydrocarbons. The filtering media
of these filters include bentonite modified by various methods. To study the effectiveness of adsorption filters as a rapid
method, qualitative spot test analysis (sensu Feigl) was used. To control the content of polycyclic aromatic hydrocarbons
in aqueous media and to ensure effective sewage treatment of natural contaminated waters, a luminescent solid-substrate
method was applied. This method permits combining the preceding sorption concentration of substances on a cellulose
matrix, modified with a surfactant, and analyzing directly in the solid phase of the sorbent. Optimal characteristics of
luminescent control of ecotoxicant content before and after water purification were determined. Laboratory studies on
water treatment efficiency using multicomponent adsorption filter with retractable cartridges of a model solution includ-
ing a complex of polluting organic substances (pyrene, chrysene, benzpyrene, resorcinol) allowed identifying optimal
filtering media represented by activated silica gel; bentonite, modified with carbon nanotubes and glycerol after heat
treatment at 650 °C; bentonite after heat treatment at 650 °C; bentonite, modified with carbon nanotubes after heat treatment
at 500 °C. Laboratory studies of water purification efficiency by multicomponent adsorption filter with metallographic
electrode system of a model solution, including pyrene, chrysene, benzpyrene, resorcinol, m-aminophenol, o-toluidine,
permitted to identify the most efficient filtering media comprising of synthetic zeolite; bentonite modified with carbon
nanotubes and glycerol after heat treatment at 550 °C with a gradual temperature increase; organobentonite; bentonite
modified with carbon nanotubes and glycerol after heat treatment at 550 °C; activated silica gel; bentonite after heat treat-
ment at 800 °C. The proposed effective sorption water purification systems based on a multicomponent filtering media
with luminescent control of ecotoxicant content in resulting solution can be recommended for successful introduction at
industrial enterprises, producing wastewaters, as well as at water treatment plants.

Keywords: water quality control, water treatment, luminescent analysis, solid-substrate luminescence, adsorption
filter, filtering media.
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T4

B pabore ripeficraBiierbl pe3ysibrarhbl pazpaboToKk MHHOBAIIMOHHBIX KOHCTPYRIIIT MHOTOKOMIOHEHTHBIX a/ICOPOIIMOHHBIX
(bMIIBTPOB: ¢ BRIIBIRHBIME KacCeTaMi; ¢ MeTaIorpaduTHOI 2IeKTpoHoi cicreMoii. [ Ipemoskennbie GrasTphl MO3BOMIAIOT
obectreanTh 0UICTRY BOfBI Ha 98—99% ofHOBPEMENHOo OT PABINTHBIX 3arPA3HAIONNX OPTATITICCKITX BEITIECTB, B TOM UTICITe
MOTUINKINIECKIX aPOMAaTHYeCKIX YIIIeBO0pofioB. B cocraB uabTpyonux 3arpy3ok aTux (puiabrpoB BXOAUT OEHTOHMNT,
MopuduImpoBaHHblii pasubiMu criocodamu. O6ocHoBaH BbIOOp Hanbosee d3QhOeRTUBHBIX (UIBTPYIONINX 3arPy30K st
paspadoTaHHbIX aacopoInoHHBIX GuabTpoB. s onenkn sdhekTnBHOCTN AICOPOIIMOHHBIX PUIBTPOB B KAYECTBE HKCITPECC-
MeTojla NCIIOJIb30BAIN KauecTBeHHBIe RamesbHbie peakiun 1o Daiiriio.

Jliist KOHTPOJISE COflepsRAHMS TTOJUIMKINYECKIIX apOMaTHYeCKIX YIJIEBOJIOPOJIOB B BOJHBIX cpejlaxX 1 obeciiedeHms
3(PPEeRTNBHON OUMCTRI CTOUHBIX WM MPUPOAHBIX 3aTPA3HEHHBIX BOJI MCITOTL30BAIN JIOMITHECTIEHTHBII TBEPAOPAZHBIT
MEeTOj1, KOTOPBII II03BOJISIET COYeTATh ITPeJIBAPUTEILHOE COPOIIMOHHOe KOHIIEHTPIPOBAHIE BEIeCTB Ha MOANMUIINPOBAHHOTI
MTOBEPXHOCTHO-AKTHBHBIM BEIIECTBOM IEJII0JI03HOI MaTpuile N aHAIN3 HEIOCPeJCTBeHHO B TBEP/OIl dhase copbeHrTa.
Orrpejiesienbl ONTHMAIBHBIE XapAKTEPUCTHKI JTIOMIHECIEHTHOTO KOHTPOJIA COJePKAHNS H9KOTOKCUKAHTOB JIO U TOCTe
OUYNCTKY BOJI.

[Tpepnosennbie sahderTIBHBIE CHCTEMbI COPOIIMOHHOIT OYMCTKI BOJIbI HA OCHOBE MHOPOKOMITOHEHTHBIX (DUITBTPYIOIINX
3arpy30K ¢ JTIOMITHECTIEHTHBIM KOHTPOJIEM COJIePKAHNA 9KOTORCITKAHTOB B BOJIe MOTYT OBITh PEKOMEH/IOBAHBI [T BHEJIPEHI S
Ha MPOMBINIIEHHBIX HPEAIPUATUAX, SABIASAIONUXCA NCTOUHNKOM 00pPa30BaHUs CTOYHBIX BOJ, & TaKyKe HA CTAHI[MIX

BOJIOIIO/ITOTOBKU 1 OUNCTKU BOJIbL OT RKOMILJIEKCA OpPpraHn4YeCckunx SanHSHHTe.Heii.

Karouesbie cio6a: ROHTPOJIb KAUECTBA BOJIBI, BOJIOOUNCTKA, TIIOMUHECIIEHTHBII aHAIN3, TBEP0QasHAs TIOMIHECIEHTIIS,

aJlcopOIMOHHbBIIT PUIBTP, PUIBTPYIOIIAs 3arpysKa.

At the present stage of implementing the
Federal Target Program “Development of the
Water Management Complex in the Russian
Federation during 2012-2020", the main
strategic tool is aimed to ensure sustainable
development and environmentally safe opera-
tion of the water sector. The Government of
the Russian Federation assigns o the priority
tasks of water sector development the con-
struction and reconstruction of sewage treat-
ment plants complexes in many cities, includ-
ing Moscow, St. Petersburg, Rostov-on-Don,
Yekaterinburg, Ufa, Lipetsk, Petrozavodsk,
Nizhny Novgorod, and others. In August
2017, within the framework of the Russian
Federation Strategic Development Direction
“Ecology”, the priority project “Preservation
and Pollution Prevention of the Volga River”
was launched. In this regard, ensuring quality
water purification in both water supply and
sanitation systems is one of the most urgent
tasks of our time [1]. However, the solution of
this problem is impossible without the estab-
lishment of permissible impact on water bodies
[2]. Control and management of water quality
in water bodies plays an important role due to
exceptional importance of water in persistence
of both aquatic and terrestrial ecosystems |[3].

Providing the required quality of drinking
water as well as water for residential use, and
compliance with sanitary and environmental
quality standards for wastewaters requires moni-
toring and quality control of water both in water
supply sources and al waslewater treatment
facilities. Increasing the monitoring quality of
water bodies for maintaining proper levels of
public health is facilitated by creating new ef-
fective technologies for water qualily control.

The article is devoted to the problems of
water purification and to development of novel
technologies for water quality control.

Pollution adversely affects the natural
sources of fresh water, which in turn has a
negative impact on human health. Water supply
presumes mandatory additional water treat-
ment, which can be conducted both at municipal
wastewaler treatment plants and in residential
water treatment systems. Implementation of
sewage treatment at various enterprises before
discharging wastewaters into sewers or natural
walter bodies is no less important [1].

Contemporary industrial enterprises do not
always provide high-quality cleaning of their
wastewaters. Chemical and coke plants; fuel,
energy, automotive and other industrial enter-
prises are potential sources of toxic liquid waste.
Particular attention should be paid to aromatic
compounds with carcinogenic properties in
sewage waters of such enterprises (benzene, its
homologs and derivatives, phenols, etc.). For
example, there are many phenolic compounds
in the effluent of coke plants. Groundwater and
surface waters are often contaminated with
polycyclic aromatic hydrocarbons (PAHs) due
to sewage sludge. Phenolic compounds in ge-
neral represent a large group of xenobiotics of
anthropogenic origin.

Complex composition wastewater treat-
ment is particularly problematic, because
number of pollutants is large enough, and it
is necessary to provide comprehensive water
purification from numerous chemical com-
pounds. It is crucial to identify the composition
of all pollutants in the water body, which is not
possible without using innovative methods for
waler quality monitoring.
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Currently, there are many methods used for
cleaning sewage and contaminated surface wa-
ters. All of those have their own characteristics
and, depending on the stage of implementation,
refer to mechanical, physicochemical, biological,
or disinfection methods of waters to be treated.

In connection with circulating water
systems, we should note the increases in us-
ing physical and chemical methods of sewage
treatment, represented by flotation, adsorption,
centrifugation, ion exchange and electrochemi-
cal treatment, along with hyper filtration, neu-
tralization, extraction, reduction, evaporation,
and crystallization.

Adsorption methods have a number of
advantages over other existing methods of water
purification [2]. The main advantages of these
methods include simplicity of technological
design, ability to extract heavy metals, PAHs,
aromatics and other organic ingredients,
including biologically stable substances, which
cannol be removed by other methods from
polluted waters. Another significant advantage
of adsorption techniques is the absence of
secondary contaminants.

However, the choice of cleaning method and
water quality control requires conducting water
analyses. The required stage of water analysis
includes determination concentrations of par-
ticularly dangerous highly toxic substances,
which can polentially cause considerable damage
to human health. PAHs occupy one of the leading
positionsin the list of priority pollutants. Control
of PAHs content in various environmental ob-
jectsis mandatory. Most PAHs are carcinogenic
and mutagenic substances that can accumulate
in the organisms and pose a hazard even at
trace concentrations in the environment |3, 4].
Standard procedures for determination of PAHs
in environmental objects are based mainly on
chromatographic methods with various detectors
[5, 6]. Although the analytical effectiveness of
these methods is widely recognized, the PATIs
analysis in this case is characterized as labori-
ous, relatively expensive and time-consuming
process. For these reasons, it is of great interest
to develop simpler and more sensitive methods
for the detection and determination of PAHs.
Luminescent methods are especially prospective
for these purposes [7].

The goal of this study involved determining
the optimum characteristics of a luminescent
solid-substrate method for monitoring PAHs
content in aqueous media to ensure effective
purification and quality control of wastewaters
and natural waters, as well as development of

new technologies for adsorption water treatment
from complex composition based on the use of
modified bentonites.

Research Methods
Methods for Water Quality Control

We selected the luminescenl assay as priority
pollution control technique for ecotoxicantsin the
water. Luminescent methods have a number of
advantages for determining the PAHs in aqueous
media. First, many of the PAHs representatives
are capable of fluorescing, and therefore the use
of luminescent methods allows obtaining the
best results of the analysis. Secondly, it is well
known that these methods are among the most
sensitive methods of analysis, which is especially
important for identifying trace concentrations
of substances in environmental objects.

However, it should be taken into account
that the luminescence spectra of the solutions
of most organic substances are represented by
broad, blurry bands. It is possible to simplify
the identification of pollutants via significant
narrowing of the spectrum bands, which can
be achieved either by significant decrease in
temperatures [8] or by using water-micellar
solutions [9].

Another effective method for improving
the characteristics of radiative processes in
molecules is immobilization of a luminophore
on a solid substrate [10-13]. This pheno-
menon is based on the method of solid-substrate
luminescence (SSL), which enables combining
preceding sorption concentrating and analysis of
substances directly in the sorbent phase. Sorp-
tion of luminophores is carried out on various lu-
minescent matrices, the most common of which
is cellulose matrix [14, 15]. It is well known
that signal intensity of SSL. luminophores on
the cellulose matrix is dependent on the pres-
ence of various substances: alkalis, salts, and
surfactants. They can significantly reduce or
increase the intensity of luminescence. On the
basis of luminescent methods, the development
of sensors and screening systems for water qual-
ity control is conducted [12, 16—-18].

Hence, we used the SSL method with ana-
lytical signal registration on modified cellulose
matrix as the basis for original effective and
highly sensitive technique of determining the
PAHs.

We took Fluka-manufactured Purum
brand pyrene, the least toxic PAHs, as a model
compound for our experimental study. The
fluorescence spectrum of pyrene was observed
in the wavelength range 360-400 nm. As the
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matrix modifying agent, a cationic surfactant,
cetyltrimethylammonium bromide (CTAB)
was used. We used cellulose matrix of Red Tape
brand for sorption concentrating (solid phase
extraction) and applied luminescence research.
Sorption of PAHs was carried out dynamically.
With this goal in mind, the solution was filtered
for 30 min through a sorbent layer in a plastic
cartridge. Then the sorbent was dried for 15 min-
utes at a temperature of 80 °C. PAHs lumines-
cence spectra were recorded on a Perkin-Elmer
fluorescence spectrometer LS 55.

Methods for Studying the Effectiveness
of Adsorption Systems for Water Purification

Use of various adsorption filters is at the
heart of proposed new technologies for sewage
and contaminated water treatment.

To investigate the effectiveness of adsorp-
tion filters as a rapid method, we used spol test
analysis, represented by qualitative chemical
reactions. Regarding organic substances, this
group of analytical methods was described in
detail and systematized by the Austrian chem-
ist F. Feigl [19]. The general principle of spot
test reactions is the mixing of a test solution
droplet with a drop of a reagent, or several
reagents.

In our study we filtered the contaminated
solution of a predetermined concentration
through the sorbent layer. We sampled the fil-
trate in small identical portions and conducted
the qualitative reactions for the substance in the
filtrate until the break point. As a break point, we
considered the lower limit of the technique sen-
sitivity, i.e. the amount of polluting substance,
at which the reaction turned out to be positive.
The most effective was the variant of a sorbent
filter loading, at which the break point occurred
at the largest volume of the treated solution.

We investigated the efficiencies of the fol-
lowing sorbents:

—No. 1: organobentonite TU 952752-2000),
a product of the interaction of montmorillonite
clays with quaternary ammonium salts;

— No. 2: bentonite, modified by heat treat-
ment at 650 °C;

— No. 3: bentonite, modified by heat treat-
ment at 800 °C;

— No. 4: bentonite, modified with car-
bon nanotubes, glycerol and acuteheat treatment
at 650 °C;

— No. 35: bentonite, modified with car-
bon nanotubes, glycerol and gradualheat treat-
ment at 650 °C;

— No. 6: bentonite, modified with glycerol
and heat treatment at 650 °C;

— No. 7: bentonite, modified with car-
bon nanotubes, glycerol andacute heal treatment
at 650 °C;

— No. 8: bentonite, modified with heat treat-
ment at 550 °C;

— No. 9: bentonite, modified with car-
bon nanotubes and heat treatment at 550 °C;

— No. 10: bentonite, modified with car-
bon nanotubes, glycerol and gradual heat treat-
ment at 550 °C;

— No. 11: bentonite, modified with carbon nano-
tubes, glycerol andacuteheat treatment at 550 °C;

— No. 12: bentonite, modified with car-
bon nanotubes, glycerol and heat treatment at
600 °C;

— No. 13: activated silica gel (ASKG);

— No. 14: synthetic zeolite;

— No. 15: peal.

The above sorbents were chosen as the
filter loading variants of tested sorption filters
(Table).

Findings
Results of Studies on Luminescent Method
of Water Quality Control
In the course of our experimental studies on
the development of an effective method of water

Table
Characteristics of a complex sorbent
filter ll(j;(ii(;igaoption Top-down sequence of components included in the filter loading option

1 No. 14,1,2,6

2 No. 15,14, 1,2,6

3 No. 13,4, 2,9

4 No. 3,4,8,6

) No.9,4,8,6

6 No. 14,10, 1, 11,13, 3

7 No.8,12,2,5
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Fig. 1. Multicomponent adsorption filter with retractable cartridges: 1 — cartridges; 2 — sorbents;
3 and 12 —short pipes; 4 — filter housing; o — guides; 6 — walls; 7 — tubes; 8 — upper cartridge; 9 — holes;
10 — mesh; 11 — switchgear; 13 — gutter; 14 — screws

quality control for the content of ecotoxicants,
we selected optimal characteristics of the lumi-
nescent determination of PAHs on a cellulose
matrix.

We established that fluorescence intensity
of pyrene, the PAHs representative, on the ma-
trix is higher than in the aqueous solution, from
which its sorption was conducted. We explain
this finding by mobility loss of pyrene mol-
ecules during the sorption and by increase in the
probability of radiative luminescent transitions
(fluorescence) from the first singlet excited state
to the ground state.

However, we discovered that an efficiency of
sorption by a hydrophilic matrix of hydrophobic
PAHs is not high enough. It can be increased
by modifying the surface of the matrix with
surfactants. Itis known that water-micellar solu-
tions in luminescent assay are widely used [9].
However, there are only a few studies, in which
surfactants were used to observe luminescence
on solid matrices [17]. We have experimentally
confirmed that pyrene sorption from water-mi-
cellar solutions of surfactants, contributed to
concentrating of PAHs in the surface layer of the
sorbent. Such modification of the matrix surface
allows improving analytical characteristics of
the method.

The fluorescence spectra of pyrene on a
surfactant- modified cellulose matrix were ana-
lyzed. Linear dependences of pyrene fluorescence
intensity on surfactant concentrations in the

solution were constructed. It was found that
maximum fluorescence signal of pyrene on a
solid matrix was observed at concentrations of
the cationic surfactant CTAB near the critical
concentration of micelle formation (9.5 - 10" M).
Limit of pyrene fluorescent detection on the
modified cellulose matrix is 4.9 ng/ml.

Novel technologies of waler purification
and their efficiencies

We developed the design of multicomponent
adsorption filter with retractable cartridges for
purification of natural polluted waters along
with wastewaters with complex contamination
(Fig. 1) [20]. The technological process of water
treatment is as follows. Water to be treated enters
evenly through the holes 9 in the tubes into the
upper cartridge, which ensures full operation of
the sorbents over the entire area of the cartridges.
Passing through the sorbent layer in the upper
cartridge, water flows through the mesh at the
bottom of the upper cartridge and then through
the short pipes 12 of the switchgear into the
lower cartridge (Fig. 1). After passing succes-
sively through all layers of sorbents placed in
the cartridges, purified water is fed to the gutter,
and then is supplied to consumers. In the course
of filter operation, cartridges with sorbents are
inserted all the way into the housing and tightly
fastened with screws, which minimizes losses
of treated water and increases reliability of the
structure.
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Fig. 2. Multicomponent adsorption filter with metal-graphite electrode system: 1 — filter housing;
2 — cover; 3, 4, 9 — short pipes; 6 — sorbent; 7 — metal-graphite electrode; 8 — steel electrode; 9 — cathode;
10 — anode; 11-16 — layers of a filter loading

Each filter cartridge contains a specific
sorbent designed for some particular pollutant,
which ensures high quality treatment of natural
contaminated and sewage waters of complex
composition, including various chemical com-
pounds, such as PAHs.

To improve the adsorption effect, we devel-
oped another design of multicomponent adsorp-
tion filter, the principal feature of which was the
impact of direct electric current system on the
sorption (Fig. 2) [21]. The technology of water
purification with a multicomponent adsorption
filter is as follows.

Water under treatment enters through the
auxiliary short pipe 3 into the housing to filter
loading and is filtered top to bottom towards short
pipe 4. The sorbent located in the electric field be-
tween electrodes 7 and 8 is polarized, resulting in
polarization of colloidal particles of contaminated
water to be filtered. Mutual polarization of the
sorbent granules and colloidal particles contrib-
utes to high effective adsorption of pollutant ions
on the surface of the sorbent granules. Sorbent
regeneration is provided by reverse water cur-
rent. At that time, the voltage on the electrodes is
switched off, the auxiliary short pipe 4 is closed,
while the auxiliary short pipe 5 is open, and then
clean water is fed through the short pipe 3.

Effectiveness of multicomponent adsorption
filter with four retractable cartridges was tested
on the model solution containing a complex of
polluting organic substances (pyrene, chrysene,
benzopyrene and resorcinol), allowed identify-
ing the most effective filter loading, providing
98.9% extraction of the pollutants from water.
Based on the results of our study, we constructed
a diagram presented at Figure 3. It reflects
comparison of the efficiencies in five variants of
a filter loading.

The adsorption filter, which showed itself
most effectively for the model solution, included
the loading comprising of ASKG silica gel;
bentonite modified with carbon nanotubes and
glycerol and heat treatment at 650 °C; bentonite
modified with heat treatment at 650 °C; bentonite
modified with carbon nanotubes and heat treat-
ment at 550 °C.

Effectiveness of multicomponent adsorption
filter with metal-graphite electrode system was
tested on the model solution containing a com-
plex of polluting organic substances (pyrene,
chrysene, benzopyrene, resorcinol, m-amino-
phenol and o-toluidine), allowed identifying the
most effective filter loading, providing 98.7%
extraction of the pollutants from water. Based
on the results of our study, we constructed a dia-
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gram presented at Figure 4. It reflects compari-
son of the efficiencies in seven variants of a filter
loading. The adsorption filter, which showed
itself most effectively for the model solution,
included the loading comprising of synthetic zeo-
lite; bentonite modified with carbon nanotubes,
glycerol and gradual heat treatment at 550 °C;
organobentonite TU 952752-2000; bentonite
modified with carbon nanotubes, glycerol and
heat treatment at 550 °C; ASKG silica gel; and
bentonite modified with heat treatment at 800 °C.

Conclusion
Sorption concentrating in combination with

the measurement of an analytical signal on the
surface of a sorbent allows reducing the detection

limit of polluting components by several orders
of magnitude. Using the sorbent modified with
the surfactant allows increasing the effective-
ness of concentrating the pollutants on the sor-
bent and sensitivity of the method. It has been
experimentally established that the sorption of
luminophores on a cellulose matrix modified by
micellar nanosystems causes a significant in-
crease in fluorescence signal intensity. Optimal
characteristics of a luminescent solid-substrate
method for controlling PAHs content in aqueous
media are optimally chosen to ensure purifica-
tion and quality control of sewage or natural
walers.

However, it should be noted that it is neces-
sary to take into account possible composition of
analyzed waters while using our original highly
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Fig. 3. Efficiencies of multicomponent adsorption filter with
retractable cartridges towards the model solution
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Fig. 4. Efficiencies of multicomponent adsorption filter
with metal-graphite electrode system towards the model solution
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sensitive luminescent assay, because presence of
interfering components (for example, heavy met-
als) may affect the results of luminescence analysis.
In some cases of analyzing highly contaminated
water, it is recommended to conduct a routine
stage of sample preparation, including prelimi-
nary separation of the components and cleaning
of the sample. Our future study will be devoted to
the development of a solid-substrate luminescent
method for determination of heavy metals and their
concentrations in polluted aqueous media.

We developed innovative designs of mul-
ticomponent adsorption filters for water puri-
fication from complex organic [20, 21], allow-
ing to provide a comprehensive treatment of
wastewater contaminated with complex organic
compounds.

The expediency of using the proposed mul-
ticomponent adsorption filters is confirmed by
the results of our laboratory studies on their ad-
sorption efficiency towards a complex of organic
compounds.

Adsorption efficiency of a multicomponent
adsorption filter with retractable cartridges
towards a model solution of organic compounds
(pyrene, chrysene, benzopyrene and resorcinol)
was 98.9% in the case of a complex filter loading
comprising of ASKG silica gel; bentonite modi-
fied with carbon nanotubes, glycerol and heat
treatment at 650 °C; bentonite modified with
heat treatment at 650 °C; bentonite modified with
carbon nanotubes and heat treatment at 550 °C.

Adsorption efficiency of a multicomponent
adsorption filter with metal-graphite electrode
system towards the model solution containing
pyrene, chrysene, benzopyrene, resorcinol, m-
aminophenol, o-toluidine was 98.7% in the case of
an integrated filter media comprised of synthetic
zeolite; bentonite modified with carbon nano-
tubes, glycerol and gradual heat treatment at 550 °C;

organobentonite TU 952752-2000; bentonite
modified with carbon nanotubes, glycerol and
heat treatment at 550 °C; ASKG silica gel; and
bentonite modified with heat treatment at 800 °C.

Therefore, we can conclude that our pro-
posed original effective sorption system for water
treatment, based on a multicomponent filter
loading with luminescent control of ecotoxicant
water content can be success fully recommended
for implementation at industrial plants produc-
ing wastewaters, as well as at water treatment
and purification stations.

The results were oblained in the framework of
implementing Federal grant No. 5.3922.2017/64 of
the Russian Ministry of Educalion.
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[TpesicraBiena HOBast KOHIEINs GUOpeMeINAaliiil aHTPOITOTEHHBIX BOJIHBIX OOBEKTOB, & TAKKE OYMCTKI CTOYHBIX
KapbepHBIX BOJL METOOM (DUTODKCTPAKINY 1 (prToTpaHc@OPMATIN B APKTHYECKIX YCIOBHAX, OCHOBAHHAS HA TEXHOJIOTHI
TPeodPAZOBAHIIS TEXHOTCHHBIX BOOEMOB B TPIPOIOTONOOIBIE GOTOTHBIC 9KOCHCTeMbL. TeXHOTOTTST 6a3mpPyeTcst Ha Co3amm
(uromMarToB, MO3BOJISAIONNX B YCKOPEHHOM pesRiMe (QOPMIPOBATH pACTUTEIbHbBIe BJIOKI TPEX Pa3HBIX THITOR: JIJIS 3ajlePHEH s
[eCYaHO-I'PABUIHBIX YUYACTKOB (OTKOCHI (DUIBTPAIMOHHBIX JaM0 1 JIp.), /IS CO3/IaHIs PACTUTENIbHBIX COOOIIECTB Ha
METROBOHBIX YUACTRAX BOMOEMOB ¥ /75T CO3JATMST COOOIIECTB HA TTYOOKOBOIHLIX yuacTkax. [Ipm hopmmposarmm prromaton
HCITONB3YIOTCS [IBA CYOCTPATa-TI0UBO3AMEHUTE IS H PeTHOHATBHO-0NTHMU3UPOBAHHBIIT ACCOPTIUMEHT U3 24 BUJIOB PACTEH NI,
OrnpefiesieHne cojlepskaHis HUTPAT-NOHOB B HEKOTOPKIX pacreHusnx ouoriaro (Comarum palustre L., Eryophorum angus-
tifolium Honck., Salixz phylicifolia 1..) moraszano ux npenmyiecrsennoe naromernne B kKopusx. [Ipegmaraemorit moaxop
K (hopMUpPOBaHIIO TPUPOIOTIONOOHBIX GOTOTHBIX HKOCUCTEM JIIsI OUMCTKI CTOYHBIX KAPhePHBIX BOJ] BIIEPBBIE OCYIECTRIEH
B IPaKTHKe JefCTBYONIIX TOPHOPY/HBIX IIPeJIPUsATHI B SKcTpeMaibHbIX yeaoBuax Cybapkruku. Baenpenue fannoii
TEXHOTOTH TO3BOJII0 Ha 22% MOBBICHTE 9(PMOEKTHBHOCTL OYMCTRI CTOYHBIX KAPHLEPHBIX BOJ OT MIHEPATHIBIX COCJITHCH T
azora, He TPeOYS MPI HTOM 3aTpPaT SHEPIII, XUMUKATOB 1 IeUINTHBIX B PETHOHE MOYBEHHBIX PECYPCOB.

Karouessie crosa: huropemMennalus, cToUHbIe KAPbePHble BOABL, DY/ -OTCTONHIK, MIHEPAIbIbIe COCMHCHIS a30Ta,
urorenos, uromarsi.
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The new concept of bioremediation of anthropogenic water bodies and quarry wastewaters treatment by phyto-
extraction and phytotransformation in the Arctic conditions is presented. This technology is based on transformating
the man-caused water reservoirs into nature-like marsh ecosystems. At the first stage, a new patented method for
advanced waste treatment using floating bioplato was developed and implemented. After implementing the bioplato,
the concentration of ammonium ions in water decreased by 53—-90%, nitrate nitrogen reduced by 15-20%. At the
second stage, the floating bioplato technology was modified into the highly efficient purificating marsh ecosystem,
which allowed to cover the waterbody territory to the greatest possible extent. The technology is based on the cre-
ation of phytomats enabling in the accelerated mode to form plant blocks of three different types. They are aimed
both at local grassing down, and at swamping deep and shallow areas of sediment ponds. In forming phytomats,
two soil substitutional substrates (thermovermiculite, wood sawdust) and regionally-optimized assortment of 24
plant species are used. The proposed technology does not require energy, chemicals and soil components which
are scarce in the region. The predominance of natural ecosystem processes in the formed phytocenoses allows to
achieve maximum efficiency, and the use of available materials contributes to minimizing the costs of creating and
maintaining the system. The introduction of this technology and formation of the artificial phytocenosis with the
area of about 30% of the man-caused reservoirs territory made it possible to increase the efficiency of wastewater

treating from mineral nitrogen compounds by 22%.

Keywords: phytoremediation, sewage quarry, sediment pond, mineral nitrogen compounds, phytocenosis, phytomats.

B nmacrositiee Bpemsi paitons Kpaiinero
CeBepa 1HpuBJIeKAIOT BHUMaHKIE 0OJILIINM pe-
CYPCHBIM TOTEHIIATIOM. ITO TIPUBOJIUT K POCTY
AKOJOTUUECKUX MTPODBJIEeM, CBABAHHBIX ¢ YA3BH-
MOCTHIO CEBEPHOT TIPUPOJIBI, U HEOOXOUMOCTI
pereHust Of{HOI 13 BayKHEWITNX 33/1a4 — OUMCTRE
MPOMBITIIIIEHHBIX CTOKOB TOPHOM00BIBAIOTIINX
peIpuATnii.

Ha ceropusiiiiauii jienb, Hapsity ¢ U3UKO-
XUMUYECKIMEI 1 MUKPOOMOJIOTTYeCKUMU CITOCO-
6aMu OYMCTKU KapbepHbIX BOJL OT COGIMHEHUIT
asora [1-4], nepcleRTUBHBIMU MIPU3HAKOTCS
MeTO/{bl, OCHOBAHHbIE HA MCIOJb30BAHUNT
€CTECTBEHHBIX TIPOIECCOB, MPOUCXOMSININX B
nanpmadTHRIX W BOJHBIX dROocHcreMax [0—8].
Jlns peanmsanmum JaHHBIX METOJOB OUMCTKI
COBJIAIOTCST UCKYCCTBEHHDBIE DOJIOTHBIE DROCH-
crembl (constructed wetlands). Onn criocodHbI
K CAMOTIOJIJIePsRAHIIO TTPOTEKAIOINX B HUX 1TPO-
1eccoB, Haléskubl 1 3PeKTuBHbI, He TPeOYIOT
3aTpar sHeprum 1 XMMUKATOB, He OKa3bIBAIOT
MOTIOJIHUTEIbHOTO HeraTuBHOTO BO3/IeIICTBIS Ha
okpysraomyio cpeay [9—-13].

OnbitT npumenenust aroro merosia B [lBernmu,
Oumrsaugnn, Hopsernn, Ramage m Pocenn mo-
KasbIBaeT, 4TO NCKYCCTBEHHO co3/ilaBaeMbie 3a00-
JIOUEHHbBIE TEPPUTOPUT B KAYECTBE COOPYHKEHU T
MOOUHNCTKI CTOKOB ABIAAOTCA d3PPEOKTUBHBIMI
naske npu HU3KUX Temueparypax [14—16]. He-
CMOTPsI Ha 3TO, co3jlanue U PYHRIMOHNUPOBA-
HUe MCKYCCTBEHHBIX (DUTOOYMCTHBIX CUCTEM
B YCJIOBUSX CeBepa COIMPSKEHO ¢ TPYHOCTSMNI
n Tpedyer MHAMBUIYAIbHOTO TTOJIXO0/IA.

[lennio manmoit paboTl cTaja paspadoTKa
1 ONTUMUBATNSA OMOTEeXHOJOTUN JOOUNCTKY
CTOYHBIX KaPhePHBIX BOJ OT COEIMHEHMIT a30Ta
¢ UCIOJIb30BAHIEM ITPOIECCOB (UTOPEKYIBTI -
BAIMN B TIPUPOJIHO-RINMATUUECKUX YCJIOBUSIX
Mypwmanckoii odbsacTu.

O0beKThI 1 MeETO/AbI NCCJAeJOBaAHNA

WNcenemoBanms npoBojiuan Ha MPyLy-oT-
CTOIHIKe, cOOMPAIOIeM CTOYHbIe BOJIbI ¢ 00-
MUPHON TEPPUTOPUN JIeICTBYIOIIETr0 Kee30-
PYIHOTO Kapbepa, pacioyioskenuoro B Mypman-
croit obmactu. OTCTONHUK MpeficTaBisier coboi
KOTAHBIN TPV, COCTOANMUN U3 ABYX CEKITUII,
pasme éHHbIX HACHLITTHOW [aMO0i 13 mecuano-
IPaBMilHO-KaMEeHICTOTO TPYHTA.

'pynToBbIe U TaNbie BOMBI, a TAKMKE 0CAJKI
MOCTYTIAIOT B y3eJl ¢cO0pa CTOKOB Ha JiHe Kaphepa,
OTKYJIa ¢ TIOMOIIILI0O HACOCOB TI0 cucTteMe Tpyo
HANPaBJISAIOTCS B TIPY/A-oTcTolHUK. B ¢Bsizn
€ CTTIOJIb30BAHMEM B3PHIBUATHIX BEIECTB B TTPY/I-
OTCTOMHMK ¢ KapbepPHBIMU BOJAMU €3KeMeCsTIHO
nocrynaer 0000-6000 kr aurparos, 30—50 Kr
HutputoB n 60-80 Kr aMmmMoHuUITHOTO azora.
B nepBoii cexkium npyja mponcxoauT MexaHu-
yecKast ouncTKa cToroB. [loouncerka KapbepHbIX
BOJI OT MUHEPAJIHHBIX COSIMTHEHNIT a30Ta METOJIOM
(puropemenmay TPONCXOAUT BO BTOPOIT CERITNT
npyna-orcroiinnra. O umeer riyouny He doJee
2 M W XapakTepmu3yercs 4acTo MeHSIONIMCS
ypoBHeM Bojibl. VI3 Hero ountnennas Bojia uepes
ROJUIGKTOP TIOCTYNAET B IIPUPOHBIN BOJOTOK —
pyueii.

Pacrurenbrocts Ha npubpeskHOil T0JI0CE
BOKPYT BOJI06Ma 3aHNMaeT KpailHe He3HAYNTe T h-
HYIO 4acTh TOBepXHOCTH. B 1pyy-orcToitHnke
pacTUTeIbHOCTh TIPeCcTaBieHa, B OCHOBHOM,
puOpPesRHO-BOHBIME cOO0IIIecTBaMU reiodu-
TOB, ¢ HE3HAUYUTEJIbHbBIM pasBUTUEM IIPUKPe-
MJICHHDBIX 1 CBO60}IHOHJIaBaIO]lII/IX MOHOBUTOBBIX
TUTPOPUTHBIX COOOTECTB, TOTPYREHHO-BOJHBIC
MaKpOQUTLI OTCYTCTBYTOT.

Ananmutmueckast pabora BHITIOJIHEHA B CIe-
NUAaTU3NPOBAHHBIX AKKPEUTOBAHHBIX J1a00-
paropusix Mucruryra nmpobieM mpoMbITIIEHHOIN
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srosiorun Cesepa (DI'BYH UTITIOC KHIT PAH,
r. Anarurel) 1 AO «Onron» (1. OneHeropck).
[Torazarenn kayecTBa BOJbI aHAJIN3UPOBAINCH
B COOTBETCTBUM € JleHCTBYIOIEl HOPMAaTUBHO-
TeXHUUYECKOU IOKyMeHTAIUCI.

Pesyabrarel n o6cys;rnenne

3a nepuoy ¢ 2012 o 2017 rr. BeIOAHEHA
cepust 1abopaTOPHBIX W TOJEBHIX OMBITHO-
MPOMBITIIEHHBIX DKCITEPUMEHTOB 110 pa3paboTke
(purocucTeMbl JITIS TOOUNCTKI CTOYHBIX Kaphep-
HBIX BOJI OT MUHEPAJIbHBIX COCJIMHEHUI a30Ta.
WecnemoBanus mpoBoiljiuch B JIBA DTalIA.

I'aran. Ha srom arare 6611 pazpaboran i BHe-
MPEH HOBBIN 3aITATEHTOBAHHBIN CTIOCO0 JIOOUNCT-
KU CTOYHBIX KAPbePHBIX BOJL C TIOMOIIIbIO T1JIaBAI0-
mtero 6norraro [17]. Ono nipepcrasisier codoit
MIJIABAIOIINE KIACTEPBI 13 COCMHEHHBIX MEsRIY
c00011 KapKacoB ¢ OMOJOTHYECKON 3arpy3KOil.
B pesyinibraTe ncmosib30BaHus MJIaBATOIIETO OMO-
mirato OblJIa TORa3aHa WX JKNU3HECITOCOOHOCTD
1 BO3MOKHOCTH MOMIOMIEHWS COeJIUHEHNT a30-
Ta — B OOJIBITIEH CTeITeH aMMOHWITHBIX U HUTPUT-
HBIX, B MEHbIIeH — HuTpatubix popm (tads. 1).

CHuskeHume cojlepyKaHmus MOHOB aMMOHU S
B BoJie I1-0oM cexkuu OTCTOMHMUKA A0 Havaaa mc-
caegosanmii cocrasisno 15%. Ilocae Buempe-
HUsE OUOIJIATO UX COJlePsKAHNEe YMEHbIINIOCh
na 03-90%. Roumenrpamus HUTPaTHOTO azora
B Bojie cHmzKanach na 1,4%, a mocse gopmupo-
Banus ouorsatro — na 15-20%.

IT sram. Ilesbio fanHoTo Hrama craja MoJu-
(puramms TeXHOTOTHN TJIABATOIIET0 OUOTLIATO
B 0os1ee aPPeRTUBHYIO PUTOOUNCTHYIO ODOTOTHYIO
srocucteMmy. B ocHOBY pa3paboTKu Jiersia TeXHOJI0-
rUst co3tanus YUTOMaTOR, UTO TO3BOJIsIET POpMU-
poBaTh pacTUTENIbHbIE COODINECTBA PAZHOTO TUIIA.

@uromar npescTaBiser coboil MIACTHKO-
BRI ceTuaTniii Mermok pasmepom 0,4 x 0,7 m,

samosHennbit 12,5 gm* oprano-mmnepasbHo-
pacTUTEILHON CMECH, COCTOAIEI U3 IPeBECHBIX
OTMJIOK M TePMOBEPMURYJINTA, B3SITHIX B COOT-
Homrernn 4:1 (mo oobémy), u 50 r TpaBocMecH.
B cocras TpaBocMecu BXojiumiiu ceMeHa Tpas,
MHTEHCUBHO pacTymnux B ycjaopusx Mypman-
CROTI 00JIACTH: ITBIPeIT CUBBIH, TTBIPeTt TIOJI3Y Ui,
OBCSIHUIIA KpacHast, TuModeeBKa Jyropas,
BOJIOCHEIT Tlecuambiii, roper; Belipuxa, 3MeeBur
muBopopsanii. Jlannasgs MHOTOKOMTIOHEHTHAS
cMech 1103BoJIsteT POPMUPOBATH PUTOMATHI BBICO-
tot1 1o 10 eM n mromabo okoro 0,3 M? KasK b,
XPaHUTH TOTOBBIE UBJIEJNS B CYXOM COCTOSHUN
B TeUEHUE JIJTUTEILHOTO BPEMEHU U TPAHCIIOPTH -
poBaTh Ha JTIOOBIE PACCTOSTHUS.

Jlns cospanust uToMaToB MPUMEHSIIN JIBA
BuUa cybcTpaToB-1I04BO3aMeHUTe el — MeJi-
KO(PPaRIMOHMPOBAHHBII TEPMOBEPMUKYJINUT
KOBJIOPCKOTO MECTOPOIKIEHUS, TOTydaeMblii
METOJIOM DJIEKTPooORMTa, Mapku Burnon-2 [18]
7 JIpeBeCHBIE OMJTKY (CBesKIe 1 TIOJICTHIIOUHBIE).
nasnoe nasnavenue gpuromaron — gopmupo-
BaHUE BBICOKOKAYECTBOHHBIX MCKYCCTBEHHBIX
(puTOTEHO30B, MM PACTUTETHLHBIX OJOKOB TPEX
TUTIOB:

— pacmumeasvnsie 6.ioku I muna — pus
3aJlepHEHN ST MeCYaHO-TPaBUIHBIX YYACTKOB
n TpancopManuum ux B (puTO3arpaUTENHHBIC
oapnepsl. [locme Toro, kKak GUTOMATHI TTOCTEICHBI,
UX YBIKHSIOT U3 pacuéra o J Boubi/1 em. mis
3amycka mnporecca npopacranus cemsan. Ha-
YaJbHOE TPOPACTAHNE CEMSIH B OTKPBITOM IPYHTE
ITPOUCXOMUT HA d—7-i JleHb, & MACCOBOe — Ha
10-13-11 memn;

— pacmumenvivie oa0ku Il muna — st cos-
MAHUS PACTHTENHLHBIX COOOIECTB HA YyYacTRAX
BojloéMOB ¢ Tayounoit meree 0,5 m. [oroBnie
(puroMaThl pacKIABIBAIOT TPYIIIIAMU, TOTPYFKAS
MX B BOJLY YACTUYHO WJIH TIOJTHOCTRIO. [pn 61aro-
NPUSATHOI TeMIleparype TMOsiBJIeHne MacCOBBIX

Tadmuma 1 / Table 1

Copiepsranue MUHepaJIbHbIX COCIMHEHIIT a30Ta B Bofie npyja-orcroitninka B 2013-2016 rr., mr/n
The content of mineral nitrogen compounds in the settling pond water in 2013-2016, mg /L

Tlara NH,* NO, NO,”
Date I cexipus ROJLIEKTOP I cerpus KOJLJIEKTOP I cexipus KOJLJIEKTOP
I section collector I section collector I section collector
27.06.2013 1,29 1,10 155,3 153,1 0,73 0,17
09.10.2013 3,30 2,04 107,9 95,0 0,91 0,80
09.07.2014 1,91 0,38 138, 127,3 0,63 0,07
02.10.2014 1,50 0,35 128,6 109,7 0,36 0,14
01.07.2015 4,20 0,45 168,2 1574 0,67 0,95
09.10.2015 2,81 0,63 241,1 230,1 0,71 0,40
29.06.2016 10,47 6,87 145,1 161,2 0,81 0,69
19.09.2016 9,30 6,90 214,6 165,4 1,00 1,10

Teoperuueckast u npurnauas sroaorust. 2019. Ne 1 / Theoretical and Applied Ecology. 2019. No. 1



IROJIOTUSAINA ITPON3BOACTBA

Ta6amma 2 / Table 2

CopiepsraHie HUTPATOB B CTOYHOI KapbhepHoil Boge (2017 1.), mr/n
Nitrate content in waste water in 2017, mg/L

Mecro orBopa npod 01.06 | 2006 | 06.07 | 1407 | 0408 | 30.08 | 26.09
Place of sampling
I cexmus / 1 section 90,51 112,5 100,3 100,7 1241 1121 125,5
IT cexmms / 11 section 11,57 95,8 93,07 90,2 120 103,18 11,5
Komrexrop / Collector 12,18 84,025 89,33 80,55 116 106,95 108,5
Hpuporubtii BopoToK 16,5 315 | 4256 | 4546 | 6816 | 5925 | 706
Natural stream
Tadoauma 3 / Table 3
Copepsranme HuTparoB B KOpHsax pacrennii, mr/kr / Nitrate content in plant roots, mg/kg
Copepskanme HUTPATOB B KOPHAX PacTeHI
Bup pacrenus Nitrate content in plant roots
Plant species eCTeCTBeHHBIe OMOIeHO3bI 6uoraro
natural wetlands constructed wetlands
Comarum palustre L. 6712 19625
Eryophorum angustifolium Honck 80+19 15421
Salix phylicifolia 1. 78+11 9514

BCXOJIOB OTMEYaercsi Ha 7-ii ieHb ¢ Havyajaa pa-
60T, 110CJIe Yero MOKHO MPUCTYIIATh K MOCAJIKe
pPa3JIMYHBIX BUOB TUTPO(PUTOB U rupoPUTOB.
B rakux ycaoBusix nmojcaykeHHbIe PacTeHUsT TPI-
JKUBAIOTCSI B TeUeHMe 3— [iHeil 1 ObICTPO Ipopac-
TATOT B TPYHTOBYIO OCHOBY BOJIOEMA;

— pacmumedavrvie oaoru I muna — nas
(opmMupoBaHus cOOOIMECTB HA TITYOOKOBOIHBIX
(6omee 0,5 M) yuacTkax BogoéMoB. B mannom
ciryuae GUTOMATHl Pa3MeIaloTCsI Ha MJ1aBATOTIIX
KOHCTPYRITUAX, 00ecTieynBaoIuX X yjiepsraHme
7 TOJIHOe WJIW YacTUYHOe MOTPY/ReHIe B BOJLY.
[Tpumepom Takoit KOHCTPYRITUU MOJRET CIYRUThH
njaasatoiee OMOIIATO, UCIIOJAb30BAHHOE paHee
B padore.

JPPeRTUBHOCTH JOOUYMCTKN KapbepPHbIX
BOJI B 3HAYUTEJILHOI CTEIIeHN 3aBUCUT OT IIpa-
BUJILHOTO BHIOOPA BUOBOIO cOCTaBa pacTeHumii,
NCRIITOYAIOIIEeTO NX MeKBIUIOBYI0 KOHKYPEHIIIO.

B rauectBe 11eH03006paszoBaresieii NCmoab3o-
BN 24 BUIA COCYMCTHIX PACTEHMIT: POTO3 T -
poronucrubtit (Typha latifolia 1..), ocoxn (Carex
sp.), mymnna ysrosaucraas (Eryophorum angusti-
Jolium Honck), mymmumna [lleiixmepa (Eriophorum
scheuchzeri 1..), Baxra rpéxnucruas (Menyanthes
trifoliata 1..), cabenpunk 6omotabIil (Comarum
palustre 1..), oerorpuinbank 6omotaniit (Calla
palustris 1..), vanysguuna 6onornas (Caltha
palustris 1..), xsoug ronsnoit (Kquisetum fluviati-
le L..), xBomy 6onoruwiit (Equisetum palustre 1..),
nBa pumuronucruas (Salix phylicifolia 1..), nBa
Ro3bs1 (Salix caprea 1..), charnym (Sphagnum sp.),
psicka manas (Lemna minor 1..), XBOCTHUR, NN
Bopsinast cocenra (Hippuris vulgaris 1..), mornk

nonsyunit (Ranunculus repens 1..), nibipeit cn-
3uiit (Agropyron intermedium (Host.) Beauv.),
neipeit nonsyunii (Elytrigia repens (L.) Desv.
ex Nevski), oBessnuna kpacuas (Festuca rub-
ra L.), Tumodeenra syrosasi (Phleum praten-
se L..), Bonocuer mecuanbiii (Leymus arenarius L.
Hochst.), roper, Beiipuxa (Polygonum weyrichii
Fr. Schmidt), mars-u-mavexa (Tussilago farfa-
ra 1..), roper skuopopsiuii (Bistorta vivipa-
ra (L..) Delarbre).
Oyenka agigekmuenocmu
npedaazaemoil mexnoro2ul

B xopie MoHuTOpIHTA COflepARAHIISI MITHEPAJTb-
HBIX DOPM a30Ta B BOJIE MPY/Ia-0TCTOMHNKA ITOCTIe
BHEJIPEHUs [Tpe/laraeMoil TeXHOJIOTUN ObIIN 110~
JIYUeHBI cJIefLyIole pe3yabrarol (1adm. 2).

B nepmoji mHTEHCUBHOTO CHETOTAasHUS Ha-
OJITOJIATIOCH CHUKeH e KOHTIEHTPAT[IT HUTPATOB
B BOJIe B pesyJibTare pazdoasienus. B janbueiinem
CHUKEeHNEe KOHIEHTPAINN HUTPAT-NOHOB OBLIO
He ¢ToJIb 3HAYNTeNbHBIM 1 cocTasio 10—-25%
OT UCXOJIHOTO YPOBHS. B 1pupopHoM BooTOKe
KOHTIEHTPAINs HUTPATOB B MIOHE-NI0JIe YMeHb-
majgach /0 3HaUYEeHNIl, He MPeBBIIAIINX UIN
paBubix [IJIK (45 mr/n), a B aBrycre u ceHtsiope
npeswimana [IJTK #a 30-50%.

B cpennem 3a epnoj HabtoieHIS KOHTIEH-
Tpanus HuTparoB B Bojie I cermum cocrasisiia
8515 M1/, 4TO TIpeBHINITIaeT YCTaHOBICHHOE
snavenue I1/IK B 2 paza. Konmenrpaiuu nonos
aMMOHUS W HUTPUT-UOHOB B Bofie Il ceriun
npypa-orcroitnnka ouin auzke suavenni [1]1K.

Wzyuenue copepsranust HUTPAT-NOHOB B pac-
TEHUSIX BBISIBIIIO TEHIEHIINIO K X HAKOIIJIEHUTO
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B KOPHSIX pacTeHmii, Mpon3pacraonmux Ha 6mo-
maro (tabdu. 3).

B niesiom 3a Bech mepnojt mpoBeieHA nece-
noBaumnii 9P@HERTUBHOCTH OUNCTKE KapbePHBIX
BOJ| yBestmunaach Ha 22%.

3araoueHue

B pesyabrare uccaegoBannii pazpadorana
HAy4YHO-000CHOBAHHAA Mago3aTpaTHas Tex-
HOJOTUS TpaHCHOPMUPOBAHNS TeXHOTEHHBIX
BOJIOEMORB B TIPUPOIOTIONOOHYIO DOTOTHYIO DKO-
cucTeMy J7IsI TOOYNCTKI CTOYHBIX KapbhepPHBIX BOJI
0T MIUHEPAJIbHBIX COeJIMHEHNTI a30Ta.

B ocHoBe Texnosornn 3anoxero GopMupo-
BaHue PUTOMATOB, MTO3BOJSIONNX B YCKOPEHHOM
peskuMe (OPMUPOBATH pPasHbie KOMOMHAT[N
pacTUTETLHBIX OJIOKOB, AHATOTHUHBIX TTPUPO-
HoMy JaupmadTy Ajis JTOKAIHLHOTO 3aJTYsKeH s
NpUOpPeKHBIX TePPUTOPUil 1 3ab0auMBaAHUS
BOJTOEMOB.

3a Bech Iepuoji poBeleHNs MCCTeIOBAHMI
apperTHBHOCTL OUMCTRE KaphepHBIX BOJ yBe-
amamach Ha 22% 1pu maomann neKyceTBeHHO
copmuposarnnoro gurorenosa okosao 30% or
IJIOMIA/I TEXHOTEHHOTO BOJIOEMA.

[Tpepraraembrii mojixo K (popMupoBaHUIO
NPUPOAOTIOOOHBIX OOTOTHBIX DKOCHCTEM JIJIs
OYUCTKU CTOYHBIX KAPbePHBIX BOJ BIIEPBbIE OCY-
MEeCTBIEH B ITPAKTHKe e CTBYIONNX TOPHOPY/I-
HBIX TPEJIPUATHI B SKCTPEMAJIbHBIX YCIOBUSX
Aprrmueckoit 3ousr Pocenitckoit Memeparmim.

Paboma evinoanena npu gunancogoii u mex-
nuueckoit noddepicke AO «Oaron» (Oaenezopcruil
I'OK), 2. Oaenezopck 6 pamkax dozosopa N 27-3-
2012 om «01» okmsaops 2012.
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Bo3Mo3KHOCTD CHUKEHHsI TOKCUYHOCTHI ra3000Pa3HbIX BLIOPOCOB
JHEPreTHYeCKUX YCTAaHOBOK BO3/I€MCTBUEM JIEKTPOCTATNYECKOTO OIS
Ha 30HY N'OPeHUs1 OPraHNu4eCKOro ToNJInuBa

© 2019. U. A. 3pipsinos, K. T. H., noreHt, A. Il. Illozonorun, k. r. H., go1eHT,
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Bsitekuii rocylapeTBeHHbBII YHUBEPCHUTET,

610000, Poccusi, r. Rupos, yi. Mockosekas, 36,

e-mail: b185@mail.ru

TerosnekrposHepreTnKa siBJASETCS OHUM N3 HanOosee KPYITHBIX HCTOYHIKOB 3aTPsA3HeH s aTMOCepHOTO BO3IyXa
TOKCUYHBIMI BelllecTBaMI, BRJIOYasA IlpO}LyI(TbI HEeITOJITHOTO cropaH ns Opl‘aH NMYecKoro TorrJimBa. J:[JIH CHUKeHU A HeraTuBHOro
BO3JIEICTBYS DHEPTeTHYeCKNX YCTAHOBOR Ha OKPYKAMOIIYIO CPey MCIOAb3YIOTCS Pa3IndHbie MeTOIbl ONTHUMU3ATNT
PesRUMOB TOPEHTIsI TOTINBA 1 OYHCTKU BEIOPOCOB TIPOLYKTOB ropentsi B armocdepy. OnHum n3 mepernekTuBHLIX CII0COO0B
pel‘le n pOBaH nsl pemm MOB CRUTAaHUA TOIJINMBA C IeJIbIO CHUYKEeHNA TOKCMYHOCTI B hl6pOCOB ABJIAETCA BO3Jle VICTBMQ
3IIERTPOCTATIYECKOTO TIOJIsI Ha 30HY ropeH™st. B JaHHOI cTaThe TPUBeIeHBI Pe3yJIbTaThl 9RCTIePIMEeHTATbHBIX MCCIeIOBAHII,
B KOTOPBIX U3Y4YAJIOCh BINsHNIE DIEKTPOCTATHUECKOTO TIOJsI HA FOPeHne Pa3jimyHbIX BH0B ra3000pa3Horo, yKugKoro
n 'FBép)LOI‘O Opl‘aH NYeCcKoro TorJjinBa B pale NYHBIX BapmaH'rax KOH(I)H |‘ypa|m n 1 Hall paBJIeH ns 3J|e|<'rpn YeCKOTro I10Ji.
ITorazamo, 410 B BO3/1eTicTBIE 3TEKTPUUECKOTO TIOJISI HAa 30HY TOPEHNSI MOKeT KaK CHIKATh, TAR 1 TIOBBITIIATH TeMIIepaTypy
MJIAMEH U, YTO MOSKET ObITh UCITOIH30BAHO JIJIsT OTITUMUBAIITH PEKITMOB FOPEHTIS C T[eJIHI0 KaK MOBLIIIEH IS 9 HePreTHYeCKOI
> PeRTUBHOCTH, TAK N CHUYREHUsI HETATUBHOTO BO3JICICTBIS HA OKPYIRAIONTYIO CPEJLy.

Karouesvle crosa: snepretnra, oprannyeckoe TOIINBO, TOPEHNE, HIEKTPUUYECKOE T10JIe, TOKCHYHOCTH ITPOJYKTOB
ropeHus.

The possibility of reducing the toxicity of gaseous emissions
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Electric power generation based on combustion of organic fuel is one of the largest sources of air pollution by toxic
substances, including products of incomplete combustion. To reduce the negative impact of power plants on the envi-
ronment, various methods are used to optimize the regimes for burning fuel and cleaning the emissions of combustion
products into the atmosphere. One of the promising ways to regulate the combustion of fuels in order to reduce emissions
is the effect of the electrostatic field on the combustion zone. This article presents the results of experimental studies in
which the influence of the electrostatic field on the combustion of various types of gaseous, liquid and solid organic fuels
in various configurations and directions of the electric field was studied. The change in temperature and completeness
of combustion in a diffusion flame can be explained as follows: the electric field causes a shift of active charged particles
to those torch regions where their presence was previously impossible. The field directed along the flow of fuel leads to
a slight increase in the length of the reaction zone, and also causes the displacement of charged particles to the flame
front, where they are oxidized. This leads to a change in the mechanism of chemical reactions, which in turn increases
the temperature and completeness of fuel combustion. The field directed against the flow of fuel reduces the length of the
reaction zone, with the result that the fuel does not have time to react completely. This leads to a decrease in temperature
and combustion. So, it is shown that the influence of the electric field on the combustion zone can both reduce and raise
the temperature of the flame, which can be used to optimize the combustion regimes with the aim of both improving
energy efficiency and reducing the negative impact on the environment.

Keywords: energy, organic fuel, combustion, electric field, toxicity of combustion products.

Teoperuueckast u npurnauas sroaorust. 2019. Ne 1 / Theoretical and Applied Ecology. 2019. No. 1



IROJIOTUSAINA ITPON3BOACTBA

[Tpobiema 3arpsasneHuss oORpysRaAIONIEl
cpesibl TIPOYKTaMI TOPEHUS SIBJSETCS OHOM
3 Hambosee akTyaabHBIX HKOJOTHYCCKIX TTPO-
6JieM cOBpeMeHHOCTH. B ¢Bsi3M ¢ 9TUM BayKHYIO
HAYYHO-TeXHUYECKYIO 3a/[a4y MPeJICTaB/Iser Mo-
MCK METOJIOB MOBBIIIEHNS DKOJOTHYeCKOi 6e30-
[ACHOCTH TEIIJIOBbIX DHEPTETUUECKUX YCTAHOBOK,
OCHOBHBIM MCTOUHMKOM SHEPIMU B KOTOPHIX Ha
JAHHBIIT MOMEHT SIBJISIETCS ITPOIECC MOPeHUs.
CiietoBatesibHO, JIJisl CHUMKEHUST OTPUIATEIBHOTO
BO3JIEMCTBUSA CUCTEM TPOM3BOACTBA TEIIOBOT
DPHEPTUY HA OKPY/RAIONMI MUP HEOOXOMMbI
9 PeRTUBHBIC METO/LI ONTUMU3AINN PERITMA
CRUTAHUA TOIIJIB.

Cremenh DROJOTHUECKON 6€30MACHOCTH
Hporecca TOPeHusi OIMPeeaseTcs MOJTHOTON
CTOPAaHMs TOTINBA, KOTOPast 3aBUCUT OT MHOTHX
napamerpoB: Koo duimenra n3dbITka OKUCIITe-
JIst, TeMIIepaTypPbl FOPeHUst, (PU3NKO-XUMUUECKIX
cBoticTB TorinBa [1]. OnHako He Beeryia HKOHO-
MUYEeCKH 1eeco00pa3Ho MPOBOANTL MOJIePHI-
3aIMI0 YCTAHOBOK KJIACCUYECKUMU METO/aMu.
TpynuocTn 3arawualTcs B moncke dananca
MesR/TY 3a/IaHHOI MOTITHOCTHIO HHEPTOYCTAHOBK,
CTOMMOCTBIO 1 BOBMOYKHOCTSMI MOJIePHU3ATIIN,
a raryke MHOTUME Jipyrumu parropamu. Cyte-
CTBYIOT aJIbTePHATHBHBIE CIIOCOOBI M3MEHeHU S
napaMeTpoB ropeHusi, KOTOpPbie 3aKJII0YAI0TCS
B BO3JIeHCTBUN (PU3NYECKUMU TIOJAMI (QKyCTH-
YeCKUMU, MATHUTHBIMU, DJIeKTPHYCCKIMU 1 T. I.)
Ha TOIINBO 1 30HY TOPEHUs.

OmHnM 13 Takmx crnocobOB SBJSETCS HAJO-
JKeHVE BHEIITHer0 3JIeKTPOCTaTHYeCKOTo 0I5 Ha
30HY TOpPeHIsI yIJIeBOJ0poiHOTO TorinBa. Tak, B
pabore [2] aBTOPHI BO3IETCTBIEM DJTEKTPIUCCKO-
O TI0JIsI HAa KNHEeTHYecKoe TiaMsi MeTaHa ¢ BO3-
myxom mobmanch cumxenns siopocos NO n CO
ra 40 m 60% coorBercreento. Asropamn 3] mpn
MOJICTMPOBAHIN TOPEHUS TPOTIAH-BO3TYIITHBIX
cMeceil TOJyYeHO CHIKeHIe KOHI[eHTpaIun
MOHOOKCH/Ia a30Ta B MPOJYKTaX CroOpaHms Ha
6%. B pabore [4] obHapysKeHO CHUKEHUE Bbi-
OpPOCOB MOHOOKCHUJIOB a30Ta 1 yrJaepoja JJisi Ja-
MuHapHOTO And@y3nOHHOTO TIJIAMEHI ra30BOil
TOpeJIKU, TPUYEM n3MeHeHne IapaMeTpoB rope-
HUA 3aBUCUT OT HallpaBJEHUA HaHpHH‘(éHHOCTI/I
DIIERTPUYECKOTO 110151, ABTOpamu [d] mist mpu-
POHOTO ra3a Ha ropesike byHsena mpu ropeHun
B arMocdepe Bo3ayxa oOHAPYREHO CHUMKEHUE
Bui6pocoB NO n CO B 3aBUCHMOCTH OT BEJIMYN-
HBI TTPUJIOKEHHOTO HATIPSYKeH NS, 3aBUCHMOCTI
nmeior sxerpemymbl. [pu ncnonb3oBannn nepe-
MEHHBIX 9JIeKTPUYECKIX M0/l Ha 1abopaTopHoil
YCTaHOBKE JIJIsI CAKUTAHWS CMeCH Mporian-0yran
OblJI0 3a(PUKCUPOBAHO CHUMKEHUE BHIOPOCOB
NO u CO [6]. C gpyroii croponbl, aBTopamn [ 7]

MOKa3aHo, 4YTO NP CHUKeHUN 00pa3oBaHust
yrapHoro raza HaoJsroaercs yBejandeHne obpa-
30BaHMs MOHOOKcHa azora. Ciaeyer oTMeTUTh,
4TO BCE MCCJe0BAHUS TTPOU3BOJSATCA JIJIsI ITepe-
MelIaHHbIX IIJIAMEH, 8 FOPeHIe B 9KCIIepUMeHTax
KIHeTH4YecKoe.
BospeiictBue aekTpuvaeckoro moJisi IpuBo-
IUT K CHIKEHNTO BRIOpocoB caskm [8]. Tar ps
mnddysmonHOTO TITaMeHN areTnaera HadIroma-
erTcs cHuzKenue Buiopoca cazkm na 90% mnpu na-
npssréanoct mos 200 kB /M, ganwbiii addert
3aBUCHT OT MOJISIPHOCTH DJIEKTPOIOB 1 00YCIOB-
JIeH OKHUCJIeHIeM CasKi ¢ POCTOM TeMIIepaTypbl
darena. Tarke nzyvanoch BIMsSHIE TTOJS Ha
caskeobpasosanue [9]. B pabore nmoxkasano, uto
BHeIITHee 110Jie MOKeT d(PPEKTUBHO YIIPABJIATH
UHTEHCHBHOCTHIO 00Pa30BaHMS CAKIL B IJIAMEHU.
ABtopbl pabor [2—9] yraswiBaT Ha M3-
MeHeHune GOpPMbI IJIaMeHN U He3aBUCUMOCTh
aderra cHUMKEHWsT BBIOPOCOB OT MOJSAPHOCTI
DJIIEKTPOJIOB, &, 3HAYNT, OT HANPABICHUS BeK-
TOpa HAMPSIKEHHOCTH HICKTPUUECKOTO MOJIS.
NecnepoBanus [10—12] mokasbiBaIOT CAOMKHBLIA
XapaxTep BAMAHWSA MMOJIST HA TOPeHue: dTo Jiefi-
CTBUE MACCOBBIX CUJI HA 3apsyKeHHBIe YaCTUIIHI
B IJIaMeHU, BAUsHIe Ha (Aa30BBIil Mepexoy Ha
rpannte «koHpeHcupoBantas (asza (k-dasza) —
miamMsi», qucreprupoBanme K-asbl TOMINBA,
KOHKYPEHIIsI JIeiiCTBISI MACCOBBIX CUJI 1 KITHE-
Tuky xumuueckux peariuii. [lluporuii criekrp
nposiBaenust GU3NIECKNX SIBJICHUI, COPOBO-
JRIAIONIIX eHCTBIE DIeKTPUUECKOTO MOJs Ha
ropeHue yrjieBoOPO/HBIX TOTJINB B PA3TNUHBIX
arperatHbIX COCTOSTHUAX, 3aTPY/IHACT BHEeIPeH e
DJIEKTPOTIOJIEBOTO cllocoba yrpaBaeHUs 1MPo-
1eCCOM TOPEHWUS ¢ MeJbI0 CHUKeHUs BPeIHBIX
BBIOPOCOB B peasibHbie DHeProyCTaHOBKI.
Takum obpasom, Js perieHust Bompoca
0 BHEJIPEHWN 3JIEKTPOITOJIeBOTO CITOCOOA JIJIs 110~
BBITIIEH ST HKOJIOTUYEeCKOIT 6€3011aCHOCTH MTPOIIEC-
ca TOPeHs B BHEProyCTaHOBRAX, pabOoTaloIInX Ha
KOHJIEHCHPOBAHHBIX TOTINBAX, pa3paborTynKkam
HEOOXO/MMbBI ITaHHbIEe KOMILIEKCHBIX HCCJIe/0-
BAHUII JIJISI BEIECTB B PA3JIMUYHBIX arperaTHbiX
COCTOSTHUSX U JJISI PA3JTMYHBIX PESKITMOB TOPEHTISI.
O1eHuTh MOJHOTY CrOPAHUS TOTLIIB MOJKHO
10 MakcuMa bHOU Temreparype miaamenn. Co-
rmacuo [1], mosHora cropanus B pHEproycra-
HOBKe B IMPUOJMKEHHOM cliydae MOKeT ObITh
onpesenena o gopmyne (1):

peai
T!

T, . (1)

T,z

Tpean
e 1, — TeMIepaTrypa IpoJyKTOB TO-
peHmns, maMepeHHas B XOJe 9KCIEePUMEHTOB,
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T,— remiueparypa, 1ojyyenHas B pesyjbrare
pacuéros.

Ilennbio Hacrosieii paboThI SABJISIETCS OIEH-
Ka BIAWAHUA DJIEKTPOCTATUUECKOTO IMOJA Ha
TeMIepaTypy njaMeHu M TOJHOTY CropaHus
PasIMUYHBIX BUJIOB OPraHMYeCcKOTO TOTIJINBA, UYTO
B TIEPCIIEKTHBE TTO3BOJIUT HCTI0JIH30BATE DIEKTPO-
MOJIEBOT CTIOCO0 YITPABJICHUS PEKITMOM TOPEH ST
IJIST CHUSREH TS TORCHYHOCTH Ta3000PA3HBIX BhI-
OPOCOB DHEPTETHUECKUX YCTAHOBOK.

MaTepI/IaJII)I N MeTO/ibl

UccremoBanus ropeHns BemecTs B pas-
JWYHBIX arperaTHhIX COCTOAHMAX TPOBEIEHBI
HA DKCIIEPUMEHTAIbHBIX CTeH/AX, ONMUCAHHBIX
B [10, 12, 13].

Inuddysnonnoe ropenne razoB (mpomnam) u
JRUJIKOCTEN (JleKaH, YHIeKaH, OJleKaH, TeTpa-
JIeKaH) MCCTeI0BATOCH HA KOAKCHATbHBIX TI'0O-
penrax. ['opesnka npepcrasiisier co00i iBe KOaK-
CUATbHO PACTOJIOsKEeHHbIE KBAPIEBbIE TPYOKI:
Py 3TOM 110 BHYTpeHHEN TpyOKe (mamMerpom
14 MM st sRUIKOCTeI 1 8 MM JIJISI Ta30B) MO/IaéT-
csiropiouee, 10 BHEITHEH (luaMeTpoM 48 MM JiJist
sruKRocTelt m 20 MM ISt Ta30B) — ORUCJIUTEb.
Pacxojbl ra3oB KOHTPOJIMPOBAINCH poTaMeTpa-
MU, & PACXO/| }KUIKOCTU OIPEJeJISLIICS 110 MeTO-
nure, onmcantoi B [10].

Crenpt mjist uccaenoanusi 1uy3noHHOTO
TOPeHUsT TBEPJIBIX BEIeCTB MPeJCTaBsIeT coO0i
MOJICTaBKY CO CTOJTMKOM JIJIsT 00pasiia, moMereH-
nyio Ha Bechl. [logcraBka ¢ 0dpasiom rmomerieHa
B cervarblii KOjKyX puamerpom 200 MM st uc-
RIIOYEHWS BIUAHIS BHEIITHOTO MTOTOKA BO3JyXa
na ropenmne. Vamepenue ckopoctu ropenust 00-
pasiia 1mpousBOJUTCS METOJIOM HEIPEePbIBHOTO
BapermuBanus [12].

['openne TBEPABIX BEIECTB B BLICOKOAHTAIb-
MUITHOM ITOTOKE UCCIe/[0BATOCH HA DKCIIePUMeH-
TATLHOM CTeH/e, onncanHoM B [13] (B nanHoii
paboTe 10Ji TEPMIUHOM «BBICOKODHTAJbITUITHBII
MOTOK» TOJPa3yMeBaeTcsi BHICOKOCKOPOCTHOT
BBICOKOTEMTIePATYPHBII TTOTOK ¢ TIPOTEKAH-
eM XuMuueckux peariuii). Padounii yuacror
mpejcranisier co00 HOJUMEPHBII OJOK AJIMHO
250 MM ¢ BBICBEPJICHHBIM 110 TIEHTPY KaHAJTOM Ha-
yasibHoTo firamerpa 20 MM, 1o KOTOPOMY TTPOJLY-
BAaETCSA OKUCANTETh — ra3000pasHblil KUCIOPO/L.
l'openne npoucxopur BHyTpn KaHama. Pacxon
OKUCJIUTE]ISI KOHTPOJUPYETCs COOTBETCTBYIOIUM
MATYNKOM, & U3MepeHIe MacCOBOI CKOPOCTH I0-
peHUst IPOM3BOUTCS 110 METONKe, OMMCAHHOT
B [13].

Jlast yRazaHHBIX DKCIEPUMEHTAbHbBIX
CTEHJIOB B KAa4eCcTBE TOIMJINB MCIOJIb3YIOTCS

raspl (Mpoman); sKUAKOCTH (JleKaH, YHeKaH,
MOJleKaH, TPUJEKAH, TeTPajieKaH); TBEpbIe Be-
mecrBa — moaumeruamerarpuiaar ([TMMA),
CUHTOTHUYECKUT THC-OyTameHOBbIT KayuyK
CKJ1-2, 6yragmeHCTHPONBHBINT MaCIOHATION-
mennulit kKayauyk CHMC-30, cunrernaecknit
TpoitHoil ATmaeHTpornieHoBbii Kayayk CHRITIT,
oyranuen-nurpuababiii kKayuyrk CHH-26;
JUIST cJiydasi BBICOKOAHTANBIIINHOTO MOTOKA —
ITMMA. Onpepenene reMieparypbl B ijiaMeHu
MPOBOJUIOCH ITO MUKPOTEPMOTIAPHOT METOJTIKE ¢
MCITOTB30BAHIEM TePMOTTaAPHl XPOMETh-aJTf0OMesTb
(XA) nmamerpom 60 MEM.

ANEKTPOCTATUUECKOE T10JIe B 30HE TOPEHMUS
CO3MIAETCS ¢ TOMOIIBIO CHCTEMBI DJIEKTPOIOB 1
BBICOKOBOJIBTHOTO ncTournKa Hanpsrenws HCP
30-35000 (rommanus FuG Elektronik, I'epma-
nust). Uceneposanus nudy3snoHHOrO ropeHns
rasoB, JKUKOCTET 1 MOJMMePOB IPOBEIeHbI TPU
ROHPUTYpAIMU HIIEKTPOJIOB, PUBEGHHOII Ha
puc. 1 am b (cMm. mBernyio Braaary). [Tpn nc-
CTeIOBAHUN TOPEHNSA B BBICOKODHTAIBITIIHOM
MOTOKE MCTIOJIB3YeTCs KOHMUTYPATHs DIeKTPO-
OB 10 cXeMe KOaKCUATHHOTO KOHjleHcaTopa (BHY-
TPEHHUIT DJICKTPOJ, — CTEPIKEHD, BHEITHUN — CETKA
BOKPYT TBEpAOTOIINBHOTO O10Ka) — puc. 1 ¢).

Jliist Toro, 4TOOKI 1OJTe 0CTaBATOCH DIIERTPO-
CTaTUYeCKNM, B IKCIIEPUMEHTAaX KOHTPOJIUPYeTCs
OTCYTCTBUE TOKA B 1eru sierTpojpoB. Hamnpas-
JieHUe BEeKTOpa HAIIPSIKEHHOCTH 3JIeKTPUYeCKO-
To ToJsA 0003HATACTCA CICIYIONIM 00PaszoM:
1oJie, HAIPaBACHHOE OT TOBEPXHOCTH FOPIYEro
(BepXHUIl DTEKTPOJL OTPHUIIATEICH) HO TOTOKY
IPOSIYKTOB cropamms, obosmauaerca kax E T,
[Tosne, nanpaBaenHoe K MOBEPXHOCTH TOILIMBA
(BepXHUIT BICKTPOJ] MOJORUTENIHHBIN) TTPOTHR
MOTOKA ITPOJIYKTOB cropanus 0603HauaeTcs Kak
E T . Ha rpagurax ganee E T coorsercrsyer
OTPUTIATETLHBIM 3HAYEHUSAM HAINPIKEHHOCTH,
E T — nonomurensubim.

Pesyabrarel n o0cy:kuenme

MukporepmoniapHoe 30HMPOBAHIE TIAMEH
YIVIEBOIOPOIOB Psijla aJikaHOB, KaKk razoodpas-
HBIX, TAK W JKUJKUX, TTORA3aT0, 9YTO pacipe-
AeJeHUsT TeMIlepaTypbl B MJIaMEeHU BO BCeX
caydasx kavecTBeHHo noxoxku. Ha pucynke 2
(cM. TIBETHYIO BRJIQJIKY) IMOKAa3aH Xapakrep pac-
npesiesieHss TeMIlepaTyp B IJaaMeH! JoJieKaHa
¢ HAHECEHHBIMI M30TepPMaMm, 110 BePTUKAIN
1 TOPUBOHTAIIN OTJIOREHO PACCTOSTHIE B MU -
MeTpax. Makcumym remiiepaTypbl pacioiaraercs
B BepxHeii yactu ninamenn. Hamosenne sierrpo-
CTATUYECKOTO TOJA TPUBOANT K W3MEeHEeHUIO
reOMeTpun IJIaMeHU JIJIsi BCeX MCCAelOBAHHBIX
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Puc. 1. CxeMbI pacmonosKeH s dIeKTPOIOB (a4 — MoTepevHoe
moJe, b — mpogosbHoe MOTTE, ¢ — pajuaIbLHOe 110JIe)
Fig. 1. Electrodes arrangement (a — transverse field,
b — longitudal field, ¢ — radial field)
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Fig. 3. Maximum temperature in the flame of alkanes
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Fig. 4. Flame temperature change for polymers
burning in electric field
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Puc. 2. TenioBast crpyKTypa rjaaMeHun HojiekaHa
C,,H,, remneparypa B rpagycax Keabsuna
Fig. 2. "The thermal structure of the dodecane
C,,H,; flame, temperature in Kelvin degrees
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Puc. 5. Temneparypa ninamenn [IMMA,
FOPSIIIEro B BBICOKOAHTAIBITIITHOM [IOTOKE
Fig. 5. Polymethyl methacrylate (PMMA)

burning in high-enthalpy flow flame temperature
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roprounx. [lose, HarrpaBienHoe K cpesy ropesikm,
MPUFKITMAeT TJ1aMsl, a 1oJie 00paTHOro HalpaBJie-
HUSI HE3HAYNTEIbHO BBITATHBAET (hares FOpeHTs.

W3mepenus remiieparyp B IiaMeH aJTKaHOB
[P HAJOYKEHUH DIEKTPUYECKOTO TOJIsI TaKKe
MOKAa3aJ/I, YTO MBMEHEeHUe He 3aBUCHT OT BI/IA TO-
minBa. 'padnk nusmenenus reMnepaTypsb mpe-
CTaBJIeH HA PUCYHKe 3 (CM. IIBETHYIO BKJIAJIKY).

Hanoskenne snerrpuveckoro nonasi E
NPUBOANT K YBeJINUEHNIO TeMIIepaTyphl a-
venn Ha 150 K npu sHavennn Haups;KEHHOCTH
80 kB/m. Ilone obpaTtHoro HanpaBieHus: mpu-
BOJINT K CHIREHWIO TeMIIepaTyphl MJIaMeH!n Ha
00 K npu nanpsirénnoctn 80 kB/m. 11pu arom B
moJie, HaIpaBJIeHHOM TTPOTUB MTOTOKA rOPI0Yero,
MPOMCXO/UT CYIECTBEHHOE CHUKEHIE BhICOTHI
IIJIAMEH, & B 110J1e TPOTUBOIIOJIOKHOTO HATIpaB-
JIeHUST — He3HAUNTEIHbHOe YBeJueHe.

[Tpnm HamokeHUM DIEKTPOCTATUYELCKOTO
[OJIs 110 cXeMe, NpuBeAéHHON Ha pucyHKe 1 a,
JUIS CITydasi TOPeHUST TTOJMMEePOB MaKCHMaTbHAS
TeMIeparypa miaaMeHny Mpu HaTPAKEHHOCTN
150 kB/m paa I[IMMA, CR/[-2, CRKMC-30,
CHOIIT, CKH-26 ysenmmuuaercs na 80 K, 120 K,
100 K, 60 K, 100 K coorBerctBento (puc. 4 a).
Hapsny ¢ yBenmuennem remieparypbi, GpoHT
ropenus aeopMupyercs, MaccoBas CKOPOCTh
ropeHus yBesanuupaercs [8].

INEeKTPOCTaTHUCCKOE 1101€, TOKAT30BaHHOe
B obmactn maamenn (puc. 1 6) npu E T yse-
amduBaer remmeparypy miamenn s [TMMA
na 130 K, post CR/1-2 na 60 K, puss CRKMC-30
ma 70 K, gma CHROIIT ma 100 K, gaoa CHKH-26
na 120 K npu manpsprénnocrsax mo 150 kB/m
(puc. 4 b, cm. upernyio BKiajky). llpu obpatnom
Harnpasaenun nossi E TV remiieparypa njiaMeHn
ymenbimnaercs Ha 150 K s [TIMMA, 120 K s
CHOIIT npu anajmormyHbIX MOIYJISAX HAIPSs-
séuuocT. V3-3a HecralmoHapHOCTH TTPOIecca
roperns s CRJ-2, CHH-26, CKMC-30 u3-
MepeHue TemMIepaTypbl He pou3BoAnI0ch. [ls
BLIOpAHHON KOHMUTYpAIUU 3TeKTPOILOB 11PN
E ™ MaccoBasg CKOPOCTb FOPeHUA yBeJINYNBa-
JIach, HAOJIOATIOCH YCKOPEHE TOTOKA TOPeH s
6es mepopmanmn darera. [pu E N cropocts
ropenust st [IMMA, CRIIIT ymenbinaercs, a
IS OCTAJIBHBIX ITOJTMMEPOB yBeandnBaercs. Pe-
ructpupyercs gedpopmaris pporrta ropenus | 8.

'openne B BHICORODHTAJIBINIIHOM ITOTOKE
TaK;Ke NMeeT OTRJIMK Ha BO3JIeICTBIE DJIEKTPOCTa-
TUYECKOTO TOJIsT: CKOPOCTh YOBIJIN MaCChl TBEPIO-
ro BerecTBa Bozpacraer. [Ipu ropenun B kanase
3aBUCHMOCTH CKOPOCTH CTOPAHUS OT TJIOTHOCTH
MOTOKA OKMCJIMUTE]ISI MOMKET ObITh alllPOKCUMI-
poBana ypasuenuem Buza: U = A + (pv)’ [14],
rie U —nuHeiiHast CKOPOCTh TOPEHHST TOJINMepa,

A ¥ v —KOHCTAHTHI, OTpasKkaloIme 0coOeHHOCTN
TOTIJINB M YCJOBUI TOPEHYST, P 1V — TIIOTHOCTh 1
CKOPOCTh MOTOKA ORUCJIUTEJISI COOTBETCTBEHHO.
B pesynbrate skcriepuMeHTaNbHBIX HCCAEI0BA-
Huil, nopooHo onncauubix B [13], pass [IMMA,
TOPSAIIEro B MOTOKe ra3000pasHoro KuCI0poJia,
MOJIYUeHbBI CJIYIOTIIe 3aBUCHMOCTH:

— 6es nosst: U = 0,029 (pv)"7;

— [IPY Pa3HOCTU TTOTEHTINATIOB MEKTY DIeK-
tpoamu 3 kB: U= 0,033 (pv)"*.

— [PV PA3HOCTU TTOTEHTINAJIOB MEK/TY DIeK-
tpogamu D kB: U= 0,038 (pv)**

Pacuér remrmieparyphbl miaMeHu pu ropeHnn
[TMMA B BBICOKODHTATHTUIHOM MOTOKE OBLT
MPOBEMIEH 1O METOINKe, oTimcannoi B [ 15], ¢ uc-
110JIb30BAHUEM DKCIIEPUMEHTAJILHO MOJIY4eHHBIX
3aBUCHMOCTEIl COOTHOIIEHISI TOPI0Yero u OKMe-
JIuTeNs, faBaenus B Kanane ropenns. 'padpur
3aBUCUMOCTHU TeMIIePaTypbl B 30HE TOPEHMUs OT
RodPuImenTa n30HITKA OKMCIUTEIST TPUBEEH
Ha pucyHRe 9 (eM. TBETHYT0 BRIAAMKY). Rak Buj-
HO T10 TIpejicTaBIeHHOMY I'pa UKy, TeMIepaTypa
ropeHus Bo3pacraer B cpejrnem na 6% mpu mHa-
npskennn 5 KB.

[Tonyuenubie pe3yibraThl OKA3LIBAIOT, UTO
HIIEKTPIYECKOE TT0JIe CTIOCOOHO KaK YBeJIMYnBaTh,
TaK M CHUKATh MAKCUMaJbHYIO TeMIepaTypy
nnavenn. OmeHKy n3MeHeHus! MMOJTHOThHL Cropa-
HUSI TIPU BO3JETICTBUN DJIEKTPUUYECKOTO TTOJIS JIIsT
g y3noHHOTO rOpeHmsI TPOBEIEM, UCITONbIY S
coorHotienue (1), mpejcraBiernoe BoIlIe.

Brupy neomnopomgHocT pacrpepesenns
TeMIepaTypbl Mo o0bLEMY (akena ropeHus
OT[eHKY OYy/IeM TTPOU3BOUTH 10 MAKCUMAJIHHOI
remmeparype rmiaamenn. Ha pucynke 6 (cm.
IBETHYIO BRJIAJKY) HpuBepén rpagui OTHO-
CHUTEJIbHOTO N3MEHeHUs TTOJHOTH CrOpaHU s

n.
B = , e 77« 7z — IMOJHOTA CTOPAaHMsA B I1OJI€

u 6e3 10Jisi COOTBETCTBEHHO.

Raxr Bupno no mpejcraBieHnomy rpagury
B [10JIe, HATIPABACHHOM T10 TOTOKY Topiodero (or-
puIaTeabHble 3HAYCHN S HATIPSREHHOCTH, cXeMa
Ha puc. 1 6) mojiHOTA CrOpaHust BO3pacTaer, moJe
ke 00PATHOTO HATIPABIEHWS CHUMKAET KAYecTBO
cropanust ToranBa. IPE@eRT BIAUAHISA DICRTPU-
YeCKOTO 1MoJst Ha (haKeJ IIaMeHu B JINTepaType
o0BscHAETCS TpeMs MeXaHW3MaMu: WOHHBII
BeTep, BANsHIE HA KUHETUKY XUMIYeCKIX peak-
Uil 1 IPAMOI [epexoj| YHepruu MmoJs B Terso-
Ty (jyROyaeBo Tenno). Ilocaepnmii Mexanusm
B HAIIEM ¢cJiydae He MOKeT UMeTh MeCTO B BUJLY
OTCYTCTBUSI TOKA B IEIIN DJICKTPOJIOB.

OcHOBBIBasich Ha M3BECTHBIX MeXaHM3Max,
W3MeHeHue TeMIepaTyphbl W MOJTHOTH CTOPAHWS
B udPy3nmoHHOM TJIAMEHN MOMKHO OOBSICHUTDH
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CJeIYIONUM 00paszoM: dIERTPUUeCKOe MMoJe
BBI3BIBAET CMEIEHIEe aKTUBHBIX 3aPAKEHHBIX
yacTuil B Te obsactn garena, rjie paHee mx
npucyrcTBie ObLT0 HeBO3MOKHbIM. [lose, Ha-
IpaBjieHHOe 110 MOTOKY TOpYero, mpuBOAUT
K He3HAUYNTEJIbHOMY YBEeJMUEHWIO JTTUHbBI peak-
IIMOHHOI 30HBI, & TAK/Ke BbI3bIBAET CMelleHne
3apsKeHHBIX YacTuil K GPOHTY TJIaMeHu, I7e
OHU OKUCJISIOTCS. ITO MPUBOAUT K M3MEHEHU IO
MeXaHm3Ma XUMUYECKNX Peariuii, 4T0 B CBOIO
ouepe/ib MOBBIIITACT TEMIIEPATYPY U TOJHOTY
cropanusi rornusa. [losre, Hanpasiennoe mpotTns
MTOTOKA TOPIOYEro, CHUKAST JITTNHY PeaKIMOHHOI
30HbBI, B pe3y/JbTaTe 4ero TOIIMBO He yCIeBaer
npopearnpoBaTh MOJHOCTHIO. JTO MTPUBOANUT
K CHIREHU IO TeMIIePaTyphl U TOJTHOThI CTOPAHSI.

O1eHKY MOJHOTBI CrOPAHUS ISl CUTYaI[1
TOpPeHNsI B BHICOKODHTAJIBIINITHOM MTOTOKE T1PO-
BeJleM Ha OCHOBAHWN pacuéra 10 MeToinkKe,
npusepénnoi B [15]. Beugy toro, uro ropenue
MPOMCXOUT TTPU M3OBITKE OKUCIUTENSI, B Pac-
uére npopykramu cropanusa asasores GO,
H, 0, CO. Pacuér npojtyKToB OKMCICHNS a30Ta He
MPOU3BOJINTCS, TIOCKOTLKY HII B ORUCTUTENE, HI
B ropiouem januoro serecrsa Her. Ha pucynre 7
(cM. IBETHYIO BRIAJKY) npejcraBien rpa@ur
3aucumMoctn oraoniernnss kourenrpanun CO
K cymmapuoii kounenrpanuu CO, u H,O B npo-
JAYKTax cropaHus (g).

PesynbraTel pacuéra mokasbiBaioT, 4yTo 1npu
Bcex 3HaveHnsAxX Koauimenra n3dbITKA OKNC-
JnTe st HaOJIIOaeTCs CHUMKeH e OTHOCUTEIbHOI
routmenrpanun CO B cpeprem na 5—10%. Iope-
HIe B BBICOKOYHTATBITIUITHOM TIOTORE TTPOUCXOTUT
B uddysnonro-knnernyeckom peskume. Hamro-
JREHME DJIIEKTPUUYECKOTO OIS Oy/IeT ITPUBOJIUTH K
BO3HUKHOBEHIIO MOHHOTO BETPA B 30HE FOPEH S,
4TO OYJIET BHI3LIBATH MEPEMEITNBAHIE PEARIIN-
OHHOIT cMecH 1 c1iocoOCTBOBATH O0Jiee TIOJTHOMY
MpoTeRaHM0 XuMmnueckux pearnuii. G apyroi
CTOPOHBI, HJIEKTPUUYLCKOE 110JIe MOKET BhI3bIBATh
[UCIepTUPOBaHIe TTOBEPXHOCTH KOHIEHCUPO-
BAHHOIO KOMITOHEHTA TOTJINBA, YTO TAKKe CTUMY -
JIMPYeT IepeMernBaHe TOMINBA U OKUCTUTEJIS.
Takum obpazom, HokazaHa 1neperekTuBHOCTD 1C-
MTOJTE30BAHUS AJIEKTPOITOJIEBOTO METO/A BIVSTHU S
Ha TOPEHUE B IEJsIX MOBBITIEHU S DKOJTOTHYHOCTH
IHETOYCTAHOBOK.

3arioueHue

B pabote mpejicraBieHbl pe3yibTaThl dKCIIe-
PUMEHTAJILHOTO MCCIE0OBAHUA BINAHUA dJICK-
TPOCTATHUECKOTO TOJIA HA TeMIIepaTypy B 30He
mndEPy3noHHOTO TOPEHUA KOHAEHCUPOBAHHBIX
BEIIleCTB 1 TOPEHHS TOJINMEePOB B BBICOKOIHTAIb-

nuitnom rnoroke. ITokazano, uro MaKkcuMaabHast
remieparypa aud@y3noHHOTO NJIaMeHN Tpn
BO3JICIICTBIN HJIEKTPUUECKOTO MOJA MOYKET KAk
YBEJIMUNBATHCH, TAK M CHUIKATHCA. JTO B CBOIO
ovepe/ib 103BOJAET KAK ITOBLIIATh, TAK 1 CHU-
JRaTh oJIHOTY cropanus. /s yeaosuii ropenns
B BBICOKOHTAJBITMIHOM MTOTOKe HA OCHOBAHUNI
pacyéToB IMOKA3aHO, YTO [TOJHOTA CTOPAHMS BO3-
pacraer pu BO3JIeilCTBUN 3JTEKTPUYECKOTO TTOJIS.
Jlano oobsicnenne moaydeHubIX 3PHerToB Ha
OCHOBAHUM MeXaHU3Ma MOHHOTO BeTpa.

Jlureparypa

1. 'y6epros A.M. IIporeccn B TuOPUAHBIX PAKETHBIX
nsurarensx / [ox. pep. A.C. Roporaesa. M.: Hayrka. 2008.
405 c.

2. Altendorfner F., Sakhrieh A., Beyrau F., Leipertz A.,
Dinkelacker F., Lins G., Hammer T., Branston D.W.
Electric field effects on emissions and flame stability with
optimized electric field geometry // Third European com-
bustion meeting KCM. 2007. P. 1-6.

3. Soleimani A., Moghaddam H.M. Numerical
analysis of the induced electric field effects on combustion
parameters and reducing emissions of swirling flame of
hydrocarbon fuels // Journal of environmentally friendly
processes. 2016. V. 4. No. 2. P. 4-24.

4. Vatazhin A.B., Likhter V.A., Sepp V.A., Shul’-
gin V.I. Effect of an electric field on the nitrogen oxide
emission and structure of a laminar propane diffusion fla-
me // Fluid dynamics. 1995. V. 30. No. 2. P. 166-174.

5. Rouea M.A., Cysopos /[.B. Okcnepumenranbnoe
neesefopanne cHuzkenus speubx spiopocos CO u NO|
PN HAJOMKEHNU HJIEKTPUYECKOr0 MO OTPUIATe I bHOT
nHanpszréanocTn Ha ares mramenn // OynpaMenranibubie
nceaegosanus. 2017. Ne 10. Y. 2. C. 233-238.

6. I'pomres C.A., I'pommues A.C., [Typman M.fl. Be-
MoJbHAs MHTeHCU(URATMA TOPEHNUS TOMINBA B TOIKe
rertooro anmapara // Haywwbtit skypuanr HUY NTMO.
Cepust «IIporecesl 1 anmaparsl MUIIEBBIX [TPOU3BOJCTBY.
2014. Ne. 1. C.96-1027.

7. Krickis O., Jaundalders S. Impact of electric field in
the stabilized premixed flame on NO_and CO emissions //
IEEE 58th International Scientific Conference on Power
and Electrical Engineering of Riga Technical University
(RTUCON). Riga, 2017. P. 1-5.

8. Won S.H., Ryu S., Kim M.K., Chung S.H., Cha M.S.
Effect of electric fields on the propagation speed of tribra-
chial flames in coflow jets // Combustion and Flame. 2008.
V. 152. No. 4. P. 496-506.

9. Gillon P., Gilard V., Idir M., Sarh B. Electric field
influence on the stability and the soot particles emission
of a laminar diffusion flame // Combustion Science and
Technology. 2018. P. 1-14.

10. Pemernuros C.M., 3vipsnos U.A. Bausnue
AIEKTPOCTATHYECKOTO OIS HA MAKPOKUHETUKY TOPEHUS

Teoperuueckast u npurnauas sroaorust. 2019. Ne 1 / Theoretical and Applied Ecology. 2019. No. 1



IROJIOTUSAINA ITPON3BOACTBA

a’akaHoB 1 kKepocnHa // Becrnur KasaHckoro rexsosorn-
yeckoro yuusepenrera. 2011. Ne 1. C. 120-128.

11. Reshetnikov S.M., Bobrov A.S., Zyryanov [.A.
Electric field effect on the diffusion flame structure at dif-
ferent oxidizer excess coefficients // Russian Aeronautics
(IzVUZ). 2010. V. 53. No. 2. P. 206—-211.

12. Pemeranros C.M., [Tosomorun A.11., Suipsmos 1.A.
loperine monmmmepos B arekTpocTaTaeckoM moie // Becr-
k. CaMaperoro ToCyAapeTBeHHOTO adPOKOCMITECKOTO
yuusepcurera um. akagemnka C.I1. Koposnésa (nammonain-
HOTO nceyefioBare/bckoro yuusepenrera). 2013, No 3—1
(41). C. 222-229.

13. Reshetnikov S.M., Zyryanov I., Budin A.G.,
Reshetnikov I.S. Hybrid rocket Eengine control by the
electrostatic field // Journal of Engineering Science and
Technology Review. 2018. V. 11. No. 1. P. 146-150.

14. 'orosros JI.I'. 'mbpujinie pakeTHbie BUTATEIN.
M.: Boenwuspar, 1976. 168 c.

15. Anemacos B.E., [Iperamun A.®., Tummun A.11. Teopust
parersbIx siBuraresneii. M.: Mamurocrpoenne, 1989. 464 c.

References

1. Gubertov A.M. Processes in hybrid rocket engines /
Ed. A.S. Korotaev. Moskva: Nauka. 2008. 405 p. (in Russian).

2. Altendorfner IF., Sakhrieh A., Beyrau I., Leipertz A.,
Dinkelacker F., Lins G., Hammer T., Branston D.W.
Electric field effects on emissions and flame stability with
optimized electric field geometry // Third European com-
bustion meeting KCM. 2007. P. 1-6.

3. Soleimani A., Moghaddam H.M. Numerical
analysis of the induced electric field effects on combustion
parameters and reducing emissions of swirling flame of
hydrocarbon fuels // Journal of Environmentally Friendly
Processes. 2016. V. 4. No. 2. P. 4-24.

4. Vatazhin A.B., Likhter V.A., Sepp V.A., Shul’-
gin V.I. Effect of an electric field on the nitrogen oxide
emission and structure of a laminar propane diffusion fla-
me // Fluid dynamics. 1995. V. 30. No. 2. P. 166—-174.

5. Kocheva M.A., Suvorov D.V. Experimental study
of the reduction of harmful emissions of CO and NO_
when an electric field of negative intensity is applied
to the flame // Fundamentalnyye issledovaniya. 2017.
No. 10. Part 2. P. 233-238 (in Russian).

6. Gromtsev S.A., Gromtsev A.S., Purmal M.Ya.
Vepol intensification of fuel combustion in the furnace of
a heat apparatus // Nauchnyy zhurnal NIU ITMO. Seriya
Protsessyiapparaty pishchevykh proizvodstv. 2014. No. 1.
P.96-102 (in Russian).

7. Krickis O., Jaundalders S. Impact of electric field in
the stabilized premixed flame on NO_and CO emissions //
IEEE 58th International Scientific Conference on Power
and Electrical Engineering of Riga Technical University
(RTUCON). Riga, 2017. P. 1-5.

8. Won S.H., Ryu S., Kim M.K., Chung S.H., Cha M.S.
Effect of electric fields on the propagation speed of tribra-
chial flames in coflow jets // Combustion and Flame. 2008.
V. 152. No. 4. P. 496-506. doi: 10.1016/J.COMBUST-
FLAME.2007.11.008.

9. Gillon P., Gilard V., Idir M., Sarh B. Electric field
influence on the stability and the soot particles emission
of a laminar diffusion flame // Combustion Science and
Technology. 2018. P. 1-14. https://doi.org/10.1080/001
02202.2018.1467404/.

10. Reshetnikov S.M., Zyryanov L.A. Effect of elec-
trostatic field on the macrokinetics of alkane and kerosene
combustion // Vestnik Kazanskogo tekhnologicheskogo
universiteta. 2011. No. 1. P. 120—128 (in Russian).

11. Reshetnikov S.M., Bobrov A.S., Zyryanov [.A.
Electric field effect on the diffusion flame structure at dif-
ferent oxidizer excess coefficients // Russian Aeronautics
(IzZVUZ). 2010. V. 53. No. 2. P. 206-211.

12. Reshetnikov S.M., Pozolotin A.P., Zyryanov [.A.
Polymer burning in an electrostatic field // Vestnik Samar-
skogo gosudarstvennogo aerokosmicheskogo universiteta
im. akademika S.P. Koroleva (natsionalnogo issledova-
telskogo universiteta). 2013. No. 3—1 (41). P. 222-229
(in Russian).

13. Reshetnikov S.M., Zyryanov ., Budin A.G.,
Reshetnikov I.S. Hybrid rocket engine control by the
electrostatic field // Journal of Engineering Science and
Technology Review. 2018. V. 11. No. 1. P. 146—150. doi:
10.25103/jestr.111.17.

14. Golovkov L.G. Hybrid rocket engines. Moskva:
Voenizdat, 1976. 168 p. (in Russian).

15. Alemasov V.E., Dregalin A.F., Tishin A.P. Theory
of rocket engines. Moskva: Mashinostroyeniye, 1989. 464 p.
(in Russian).

93

Teopernueckasi n npuriaagnas sxoaorms. 2019. Ne 1 / Theoretical and Applied Ecology. 2019. No. 1




ATPOIROJIOT A

YR 5736:579.844 doi: 10.25750/1995-4301-2019-1-094-101

OnruMusanus MUKpPOONOJIOrHYECKOro cOCTaBa Ouonpenapara mpu
BhIpammBannu JsijiBeHna poraroro (Lotus corniculatus 1..)
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Weeneposann shheRTHBHOCTD MIpeoceBHOI 00paboTKN ceMsiH JsiiBenIia poraroro (Lotus corniculatus 1..) mono- un
MOJIMKOMIIOHEHTHBIME aCCOIUATINAME Ha ocHOBe KIybeHbroBuIX Oaxrepuit (KB) Rhizobium loti 1801, nmanobakrepun
(I1B) Fischerella muscicola 300 n arrunobarrepuu (AB) Streptomyces hygroscopicus A4. Ilpu onenke apdperruBrnocTu
MHORYJISIIAN TPOBOJINIIN OTIPejieIeH e KCepoMacehl HAJI3eMHOI 4acTi pacTeHU i, NHTEHCHBHOCTh 00Pa3oBaHusl KIYOeHbKOB
Ha KOPHAX (CTeTeHb HOMYIANNN) U cocrostane pusocdeproit Murpodaopsr. [Torazano, uro mamboree mepemeRTHBHBIMIT
OUOJIOTMYECKIMI areHTAMI JIJISI CO3/[aHIsT KOMIJIEKCHOTO Mperapara, HpejiHasHaueHHOTO JIJIs1 YBEJTMUEHUsT YPOKANHOCTH
JSIIBEHIIA POTATOTO, ABJsA0TCsS OuHaphble acconuaruu Rh. loti 1801+ F. muscicola 300, Rh. loti + S. hygroscopicus A4
u tpoitnas Rh. loti 1801+ F. muscicola 300 + S. hygroscopicus A4. B stux ke BapmaHTax oTMeYaeTcs MaKCHMAIbHOe
KOJIMYECTBO RIYOEHHKOB HA KOPHSX. Y CTAHOBJICHO, YTO MHTPOLYKITHSI MUKPOOPTraHU3MOB, HOTIAJIAIOIINX B TOUYBY ¢ CEMEHAMI
JSIBEHIIA, CTUMY/INPOBasa pa3BuTie aMMOHUMUIMPYOIIX OaKkTepuii.

Karouesste caosa: nistiBeHel poraThiii, MUKPOOHBIE aCCOIMAIII, MHORYJIAINS ceMsiH, puzocdepHas Murpodiiopa.

Optimization of the microbiological composition
of the biological product for cultivation of Lotus corniculatus
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In a field experiment the effectiveness of presowing treatment of seeds of Lotus corniculatus by mono- and mul-
ticomponent microbial associations has been investigated. The associations were based on the nodule bacteria (NB)
of Rhizobium loti, cyanobacteria (CB) Fischerella muscicola and actinobacteria (AB) Streptomyces hygroscopicus A4.
Evaluation of effectiveness was carried out by the analysis of morphometric parameters of the aerial part and the plants
biomass, as well as the intensity of the tubercles formation. The results obtained during two years of studying the effect
of different microbes-introducents on the formation of the crop of Lotus corniculatus undoubtedly showed that the most
effective option was the treatment of seeds with a three-component association based on KB, CB and AB. The biomass
yield in this variant, both in the first year and in the second year of vegetation, was higher by 80.0% compared with the
control, while the nodulation intensity was also higher by 37.6% in the variant with three-component bacterization of
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seeds. The results of quantitative accounting of microorganisms showed that certain changes occur in the composition
of microbial complexes. Thus, in some variants, sharp fluctuations in the number of ammonifiers and actinomycetes
are noted. Least of all microbial introduction affected the number of nitrogen fixers. All these changes can be caused by
the influence of introduced microbes on the native microflora, and are probably associated with the volumes of isolated
root exometaholites, which, in turn, are affected by the species composition of inoculant microbes. It is shown that the
introduction of microorganisms into the soil with seeds stimulates the development of agronomically useful native soil
microbiota. CB and AB can be attributed to the set of promising biological agents for the creation of a complex prepara-
tion designed to increase the productivity and yield of Lotus corniculatus.

Keywords: Lotus corniculatus, microbial associations, seed inoculation, rhizosphere microflora.

Wcnonb3oBanne GuonipernapatoB Ha OCHOBE
MUKPOOPTaHU3MOB Pa3INYHBIX CUCTeMATHYeCKUX
TPYI, B TOW WJINW WHON CTeTeHn BIAMAIONNX Ha
HJI0/IOPOJiNe TIOYBBI U YPOKAWTHOCTH KYJIBTYP,
CTAJI0 HeOTHeMJIeMOIl 4acThio COBPEMEeHHOTO
ceJqbCcROro Xo3siicTBa. OnHako mpumenenne 6mo-
npenaparoB nMeeT psji OTPAaHNMYeHNIl, CBA3aH-
HBIX, HAIIPUMep, ¢ OTCYTCTBUEM PermoHaJbHBIX
IMTaMMOB, KOHRYPEHTOCTIOCOOHOCTBIO TIITaMMOB,
OTCYTCTBUEM IOXOJISIIEro HOCUTe s, 4acTo BO3-
HUKAIOIIUMI MYTaI[USIMU, 8 TAKIKE PeITPeCCHBHBIM
neiicreuem abuornueckux garropon [1]. Ocuos-
Hast OMOTeXHOJIOTIMYeCKas cXeMa oIy YeH st O1o-
HperapaToB MpeJoaaraerT HoMCK 1 BbIleTeHne
113 ORPYKAIOINIEI Cpefibl MUKPOOHBIX TTOIYJISINI
¢ ompefeIéHHBIMI (DYHKITMOHATLHBIMY XapaK-
TePUCTHKAMMY, BRII0OUASA a30TPUKCAINIO, CIHTE3
uroropmonos, mogasrenne GUTONATOTEHOB 1
Bpepuresieit [2]. OnTnMu3amuoHHbI TOAXON K
MCIT0JIb30BAHNIO OMOTIperiapaToB Mpejmosaraer
1epexoy; 0T UCTI0Tb30BAHMST MOHOKYJIBTYD K CO3-
[IAHNI0 KOMILIEKCHBIX MUKPOOHBIX yiobpenuii. B
YACTHOCTH, 3TO KACAETCS 1 KIACCHYecKoro aKre-
pUaTLHOTO YI00peHUs HA OCHOBE RIYOeHbKOBBIX
oaxrepuit (KB) p. Rhizobium, npeinaznauennoro
IJIsT TIOBBITIIEH ST YPOBHS CUMOMOTHYECKON a30T-
(urcarun 6060BbIX KyabTyp. [lpn sTom BaskHo
3HATh, KAKON OyJIeT peariiis MOYBeHHBIX PU30-
mukpo6os (Growth Promoting Rhizobacteria) na
BHOCHMBIE B TIOYBY MITKPOOPTAHM3MbI, TOCKOJIBRY
MMEeHHO MIUKPOOPTaHN3MbI pru3ocdepbl BO MHOTOM
obecrieynBaIOT UMMYHUTET 1 TTPOAYKTHBHOCTh
BhICcIIero pacrenus [3—9]. B ugeanbuom ciyuae
MUKPOOBI-MHTPOYIIEHTHI MOTYT 1 JIOJIFKHbBI TIOBbI-
marh MPUPOHBIN PYHKITMOHATbHBII TTOTEHIIAI
MPUPOTHBIX c000IecTB MuKpooprannamos (MO).

B crywae nemmonzoBamnus baxrepnii p. Rhizo-
bium panee namMu okazana 3(PeKTUBHOCTD HC-
MOJIb30BAHUST JIBYXKOMITOHEHTHBIX aCCOTNATIIIT
Ha ociose KB n nnanobaxrepuii (11B) past 06-
paborku cemsit 0000BLIX. B0 00HAPYsKEHO, UYTO
IIOJI BJIUsIHIEM aHoDaKTepuaibHoil 00padboTKu
YBeJMYNBAeTCs ROJIMIECTBO KIYOEHHKOB Ha
KOpHSAX, 3pperRTuBHOCTH a30TUKCATUT W CTHU-
MYyJIIpyeTcs poct pacrennii. [lokazano, uro npn
MUKPOOHOIT MHTPOJYKITNN B ITOUBE TIPOUCXOJIAT
orpejie/IEHHbIe N3MEHEeH NI KOJIMYeCTBeHHBIX 110~

Ra3aTesei m CTPYKTYPHl MUKPOOHBIX KOMIIJIEKCOB
[6—9]. CymecTByior n gpyrue mpuMepsl Oosee
YCIeITHOTO BBIKUBAHYS 1 PYHKITMOHNPOBAHIIS
OMHAPHBIX MMOMYJATNN pu3odmyMa ¢ APyTuMn
rerepoTpoHBIMU GAKTEPUSMU 110 CPABHEHUIO
€ ero BBI;KUBAEMOCTHIO B MOHOKYIbTYype [10].

[Tosromy ojtHIM 13 TIEPCHIEKTHBHBIX HATIPAB-
JeHunil B pazpaborie a(pderTnBHBIX Onornpenapa-
TOB SIBJISIETCS CO3JIAHNE UCKYCCTBEHHBIX MITKPOO-
HBIX accolmaruii, 06J1aarInx 3K0J0rnYecKoi
MOJTUBATIEHTHOCTHIO.

[leas manmol padOTHI — BHIABICHUE OTITH-
MaJabHOTO COCTaABA MIUKPOOHBIX accoImanmii,
TPeAHAa3HAYCHIBIX TS WHOKYJIATNN CeMAH PN
BBIPATIMBAHII JISBEHIIA POTATOTO.

O0BbeKTHI 1 MEeTOJbI

OObEKTOM HCCITEOBAHNST CIIYHKII JIsIIBEHEI]
porariii (Lotus corniculatus 1..) copra ConHbIio
[11]. st onTumMusamm MuKpoOmoIoTnYeckoro
cocraBa Guonpernapara « Puzosepm», Ha ocHOBe
RB Rhizobium loti Jarvis et al., . 1801, koropwiit
MTUPOKO NCITOTB3YETCS TP 00paboTRe ceMsH 00-
0oBbIX B Poccun, TOMOMHNTEILHO HCITOIL30BATN
nBa Buga MO: [1B n aktunobaxrepun (AB). Azor-
purcupyomas Fischerella muscicola (Thur.)
Gom. 1ir. 300 BbijiesieHa 13 [ePHOBO-TIO/30IUCTOI
nmouBbl B KupoBcKoii obsactu, mOJieps;KuBaeTcst
B QJIbTOJIOTUYECKN YICTOM BHUJie B KOJJIEKITNN
(pororpodHBIX MUKPOOPTAHU3MOB Kadeipbl O10-
JOTUU PACTEHUI, CeJIeRIMU 1 CeMEeHOBOJCTRA,
MUKpPOOosorny BATCKOIT roCyIapeTBeHHOI CeTh-
CKOXO3s1iicTBeHHOT akagemun. RyabruBuposanie
(utrepesibl ITOKA3asio0, 4To 1Mo CpaBHEHUIO C [Py -
rumu Bugamu azorgpurcupytomiux LB, umerornu-
MUCST B KOJJIEKITNN Kaeipbl 1 UCII0JIb3yeMbIMU
B OMOTEXHOJOIMYECKUX TeJISX, HTOT BUI MMeer
6oJiee BHICOKYIO CTeTleHb HapacTaHus O1OMacChl
¢ JVINTeTbHBIM HAXO0KCHNEM B aKTHBHOM CO-
crostinu. [IpoBeiénnbie TecTOBbBIE NCIIBITAHUS
F. muscicola na kynsrypax puronaToreHHbIX Tpu-
608 pofia Fusarium BbIsSIBIUIN BBICOKYIO CTETIeHb eé
AHTaTOHUCTHYECKOT akTuBHocTH [12].

Rynvrypa AB Streptomyces hygroscopicus
A4 u3 paboueit Kommekiuu Jaboparopun 6mo-
TeXHOJOTUYU PacTeHUil 1 MUKPOOPTAHU3MOB
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DeprepaibHOTO ATPAPHOTO HAYYHOTO TEHTPA
Cesepo-Bocrora nm. H. B. Pypautikoro mo6esno
npepocrasiena M. I'. Hlupornx. Ilo nurepa-
TYPHBIM J@aHHBIM, 3T0T iTaMM ADB mpossiser
AHTArOHUCTUYECKYI0 aKTUBHOCTb B OTHOIIIEHUU
BO30OyMTE el HaNbOoIee BPelOHOCHBIX TPUOHBIX
3a00eBaNNH 3epHOBHIX KYABTYD [13].

B noneBom omnbiTe moceB crapu@uimpo-
BAHHBIX MHOKYJIMPOBAHHBIX CeMSH JIS/[BEHTIA
MPOBOJMIICSA HA MUKPOMEJTHKN TAOTIAbI0
1 m? B 3-x kparnoii mosropuoctu B 2017 . [Tou-
Ba JIEPHOBO-TIOJI30IUCTAS, CPEIHECYTTIMHUCTAS,
pH, . 4,3-4,4; P,O, 169-179 mr/kr; K,0 144—
154 mr/kr; rymyce 2,27% |7, 14].

Pasmernenme onbITHBIX 1 KOHTPOJIBHBIX J€-
JSTHOK peHjioMu3npoBanHoe. BapuauTsl ombira:
1) KoHTpOAHL — 03 MHOKYJIAINN, B OMBITHBIX
BapuaHTax MPeJoCeBHYI0 NHOKYISAINIO CeMsTH
MPOBOJINIH CIEYIOIUMU KYJIBTYPaMU 1 X acCO-
nuanusmu MO: 2) Rhizobium loli; 3) Fischerella
muscicola; 4) Streptomyces hygroscopicus A4;
9) F. muscicola + S. hygroscopicus A4;6) Rh. loti +
F. muscicola; 7) Rh. loti + S. hygroscopicus A4;
8) Rh. loti + F. muscicola + S. hygroscopicus A4.

[TpuBeennl pe3ynbraThl YPOsKAMHBIX JlaH-
HBIX JISJIBEHIA U COCTOSHIS MUKPOOHBIX KOM-
MIJIEKCOB ITOUBBI BTOPOTO IOJIa 0 Th30BaHus. /st
XapaKTePUCTUKN COCTOSTHIS BO3JIeJbIBaeMOI
KYJbTYPbl B TeUueHUe BereTamnoHHOT0 Ce30Ha
2018 r. mpoBoanan aBa yroca. Onpemenenne
CYXOil Macewl HajzeMuoil yactu ¢ 1m? n oonéma

KOPHEBOIT CHCTeMBI TTPOBOJIIIIN 110 OOTIeTPUHSI-
ThIM MeTofiKaM [ 15], Kpome TOro, mojicunThIBaIN
KOJIMYEeCTBO KITyOEHbKOB HA KOPHSIX JIECATH pac-
TEHUI BO BCeX BapUaHTaX ONbITA.

B riepBwiii 1 BTOPOIi roji BereTarium JisijiBeHIa
orbupasin o6pasibl pusoc@epHoil MOUBBI /s
MUKPOOMOJIOTTYeCKOro aHAII3a COTTIACHO MeTO-
mure [16]. RomnvectBenubiii yuér pusocdepHoii
Mukpodaopsl MO mpoBOIIT METOIOM pasBe-
JIeHIISI ¢ TaTBHEIIIIM TT0CeBOM Ha CeJIeKTUBHBIe
nuTare/bHble Cpejibl: DaKTepun-aMMOHNIKATO-
poi — Ha Msicortenitonubil arap (MITA), azordur-
caTopbl — Ha cpeje IOU, MUKPOMUIETH — Ha
cpene Yanexa.

Cratncrnueckyo o6paboTRy pes3yibraToB
MPOBOJMN € MCIOJb30BAHUEM TPOTPaMM bl
STATISTICA.

Pesyabrarel n o6cys;rienne

[TepBbrit yKROC JIsI7IBEHTIA BTOPOTO TOJIA TIOJIH30-
BaHUsA TPOBEIEH B (hazy MBETEH ST, BTOPOT YROC —
B (hazy cospesanus cemsn. Ilpu onpenenennn
KCepoMacehl HAJI3eMHOT 4acTH JISIIIBEHTIA TIePBOTO
YKOCa, YCTAHOBJICHO, YTO HTOT MOKA3aTesh ObLI
BBIIIIE BO BCEX OIBITHBIX BAPUAHTAX, 110 CpaBHe-
HIIO ¢ KOHTposieM. MakcuMaabHOIl BeJIMYHbI
MOCTUTALT YPOsKAIT CYXOIl MAacChl Ipn 0O6padboTKe
ceMsAH BOMHBIMU accoruanuavu (Rh. loti+
F. muscicola) — na 83,3%; (Rh. loti + S. hyg-
roscopicus A4) — ma 60% u TpoiiHOI cMechio

200~

180"
1601
140+
120
100
801
60—
401
20~

% & KOHTPOIIO / % to control

B [lepssiii yroce / The first hay crop

Bropoii yroc / The second hay crop

Bapuanrst / Options

Puc. 1. Biusinue npejioceBnoii 6aktepusaium ceMsH Ha YPOsKail cyXoil MacChl JSIBEHIIA POTATOTO BTOPOTO
rojia moss3oBanmst. Bapumawuter omreita: 1) kouTpons — 6e3 baxrepusamnun; 2) Rhizobium loti; 3) Fischerella
muscicola; 4) Streptomyces hygroscopicus A4; 5) F. muscicola + S. hygroscopicus A4; 6) Rh. loti + F. musci-

cola; 7) Rh. loti + S. hygroscopicus A4; 8) Rh. loti + F. muscicola + S. hygroscopicus A4
Fig. 1. Influence of presowing bacterization of seeds on the yield of dry weight of Lotus corniculatus

on the second year of use. The variants of the experiment: 1) control — without bacterization; 2) Rhizobium

loti; 3) Fischerella muscicola; 4) Streptomyces hygroscopicus A4; 5) F. muscicola + S. hygroscopicus A4;

6) Rh. loti + F. muscicola; 7) Rh. loli + S. hygroscopicus A4; 8) Rh. loli + F. muscicola + S. hygroscopicus A4
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Puc. 2. Brusinue nipefnoceBHOT GaKkTepu3aiii ceMsTH Ha KOJTMYeCTBO KIYOeHbKOB Ha KOPHSIX
1 00bEM KOPHEBOI CUCTeMbI JISIIBEHIA poratoro. BapmaHTel orrbiTa Takme ke, KaKk Ha pucynke 1
Fig. 2. Influence of presowing bacterization of seeds on the number of nodules on the roots
and the volume of the root system of the Lotus corniculatus. Experience options same, as in figure 1
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Pue. 3. Bausinue nipeiiocesnoii 0akrepusaium ceMsiH Ha YNCJICHHOCTH aMMOHHMIKATOPOB
B pusocepe JsiBeHIIA poratoro. BapuaHTh! ObITa TaKWe jKe, Kak Ha pucyHke 1
Fig. 3. Influence of presowing seeds bacterization on the number of ammonifiers in the rhizosphere
of Lotus corniculalus. Experience options same, as in figure 1

(Rh. loti + F. muscicola + S. hudroscopicus A4) —
ra 80,0%. [Norasarenn nagzemuoit mromacest
BTOPOTO YKOCA TaKyKe OBbLIN BBITIIE KOHTPOJISI BO
Becex Bapuanrax (puc. 1).

[To pesyabraTam MByX YKOCOB MAKCUMaJh-
Has ypoykaiiHOCTHh ObIJIA B BapuaHTax, rjie
Rh. loti ncionb3oBan B OMHAPHBIX U TPOIi-
Hoit accormanusax (puc. 1; Bapuantol 6, 7, 8),
B KOTOPBIX 3HAYEH IS YPORATHOCTY TTPEBbITIIATN
KOHTposbHBIE HA 99,3; 86,0 1 117,0% coorser-
CTBEHHO.

Ha dopmupoBanme najgzemuoii uactu 60-
OOBBIX pacTeHuil, HECOMHEHHO, OKa3biBaer
BINSAHIE 00HEM KOPHEBOM CCTEMBI, KOJTMUECTBO
7 JKMBHECIOCO0TOCTh KIYOeHbLKOB, TTOITOMY
B CTQJINN TIBETEHNS JIAABEHIIA OTIPelesIsIan NH-
TeHCUBHOCTH HOAYJIANNT BO BCeX BapmaHTax
(puc. 2).

WNenonb3oBanue JBOWHBIX W TPOWHON OaK-
TepuaNTbHBIX CMeceil TTPY MPeJIIToceBHOI MHORY -
JISIIN CeMSTH ITPUBOJIUT K MOBBLITIIEH IO TOKa3a-
TeJieil 00 bEMa KOPHEBOI CUCTEMBI 1 KOJIMYeCTBA
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KIYyOeHBKOB B cpejiieM Ha ojnH KopeHb Ha 64,0%
u 81,5% coorsercrBenno. Camoii appeKkTuBHOI
Cpelin BcexX M3ydaeMbIX MHOKYJISIHTOB OKa3aaach
tpoitnas cmech (RhA. loti + F. muscicola + S. hy-
groscopicus A4). B pTom BapumanTe KOJUIECTBO
KIYOeHBKOB 11 00'bEM KOPHEBOTI CHCTEMBI ITPeBbI-
IIAJTN COOTBETCTBYIONIIE TOKA3aTeJ I B KOHTPOJIe
na 281,5 n 164,5% coorsercTBeHHO.

Pesysbrarsl KosmmdecTBeHHOTO yuéTa pusoc-
(peproit MuKpodIOPHI TOKa3LIBAOT, 4TO B 2018 T
CTUMYJIUPYIOTee BAUSHIE WHTPOAYICEHTOB Ha
GarkTepum-aMMOHNEPUKATOPHI CYNECTBEHHO
nuske, uem B 2017 1. (puc. 3).

B 710 ske Bpemsi, 110 cpaBHEHUIO ¢ KOHTPOJIEM
YUCJTEeHHOCTH ATON rpynibl MO B HeCRONIBRIX
BapuaHTax MpeBbIlIaeT KOHTPOJbHBIE MOKA-

sareqin (F. muscicola + S. hygroscopicus A4,
Rh. loti + F. muscicola n Rh. loti + F. muscicola +
S. hygroscopicus A4). Ilpu a10M nparTHyeckn
OJIMHAKOBbIE TTOKA3AaTe 1 B TeUeHMe [IBYX JIeT Ha -
OJofiani B BapuaHTax ¢ o06paboTKoil OuHapHOI
(F. muscicola + 8. hygroscopicus A4) n Tpoirmnon
accormanusimu (Rh. loti + F. muscicola + S. hy-
groscopicus A4).

Crumymupytoruii ahertT MUKPOOHOT M-
TPOAYKIINN HA YMCJIEHHOCTh a30T(OUKCATOPOB
B 2017 1. parTHUECKN TIPOSABUIICS TOJHKO B OJTHOM
Bapuante Rh. loti+ S. hygroscopicus A4, rie aToT
nmokasaresib ObI B 1,4 pasa Bhillie 110 CpaBHEHN IO
¢ kourposem. B 2018 1. Bo Bcex BapmaHTax orme-
YeHO CHUJKEeHUE YMCJIeHHOCTH a30TdUKCATOPOB
(puc. 4).
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Puec. 4. Biusnue npemmmoceBnoit 6akTepusanui ceMsH Ha YHCIACHHOCTD a30TQPUKCATOPOB
B pusocdepe ssijiBera poraroro. BapuanTel ombiTa Takue e, Kak Ha pucynie 1
Fig. 4. Influence of presowing seeds bacterization on the number of nitrogen fixers
in the rhizosphere of Lotus corniculatus. Experience options same, as in Figure 1
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Puc. 5. Brusinue nipefinoceBHOI DakTepu3aium ceMsiH Ha YUCJIeHHOCTh TPOOB
B pusocdepe Jis/iBeHTIa poratoro. BapuaHThl ObITa TaKIe jKe, Kak Ha pucynke |
Fig. 5. Influence of presowing seeds baclerization on the number of nitrogen fixers
in the rhizosphere of Lotus corniculatus. Experience options are the same as in Figure 1
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Ta6auma 1 / Table 1

O01mas 4ncaAeHHOCTh, MUKPOOPIraHU3MOB B prusocepHoil ouBe
Total number of microorganisms in rhizosphere soil

YucieHHOCTh MUKPOOPTAaHU3MOB
Number of microorganisms
Bapuanr
Option ROE/r-103 +/- IO OTHOIICHNIO K
Colony-forming KOHTPOIIO, %
units/g<10? +/- relative to control, %
1. Ronrpoun — 6e3 6axrepusamun
Controlp— without bactelﬁzation 140,3+22,8 100,0
2. Rhizobium loti 125,1£10,3 -10,8
3. Fischerella muscicola 201,9+17,7 +43,9
4. Streplomyces hygroscopicus 188,5+13,7 +34,3
9. F. muscicola + S. hygroscopicus 362,3+33,2 +158,2
6. Rh. loti + F. muscicola 362,3+38,5 +158,2
7. Rh. loti + S. hygroscopicus 221,1+23,5 +57,9
8. Rh. loti + F. muscicola + S. hygroscopicus 396,7+43,8 +154,2
Tadauma 2 / Table 2
Crpykrypa MukpoOHbIX KoMILTekcoB (%) / Structure of microbial complexes (%)
Bapuanr AmMoHnGuKaTopb Azordgurcaropnl Ipubnt
Option Ammonifiers Nitrogen fixers Fungi

1. Kourpouan — 6e3 6axrepusammnmn
Controlpf without bactelﬂzation 60,3 26,6 13,1
2. Rhizobium loti 82,2 11,2 6,6
3. Fischerella muscicola 61,6 26,1 12,3
4. Streplomyces hygroscopicus 61,2 23,7 15,1
9. F. muscicola +S. hygroscopicus 92,0 33,7 15,9
6. Rh. loti + F. muscicola 99,6 28,3 16,1
7. Rh. loti + S. hygroscopicus 61,4 28,0 10,6
8. Rh. loli + F. muscicola + S. hygroscopicus 61,2 26,3 12,5

DarTdecroe CHUKeHIE YHCJTeHHOCTH IP-
060B 3a)UKCUPOBAHO TTOUTH BO BCeX BapuaHTax
BO BTOPOIT TOJT TTOCTe MUTKPOOHOI MHTPOTYKITIN
B ouBY (puc. d).

[Tomumo uncaennocT OTHEIBHBIX PU3NO-
normueckux rpynn MO, s xapakrepuceTukn
OMOJIOTUYeCKOIl aKTUBHOCTU TMOYBBI MHOTJIA
UCIIOJB3YIOT TTOKa3are/ib 001eil YMcJIeHHOCTN
mukpoopranuzmon (OUM). [lononuurenbuoe
nocryimyienue pazindaHbix rpymnn MO B mouBy,
CBSI3AHHOE ¢ MHORYJISIINEN ceMsiH, Jlaske BO
BTOPON TOJ MOJH30BAHUA B OTIPEEIEHHON
CTeIeHU CTUMYJIPYET PA3MHOKeH e M3y4aeMbIX
rpynn pusochepunix MO. Makcumanbubie
nokazarean OUM xapakrepHbl [Jisi BapUaHTOB
¢ ounapubiMu cmecsamu F. muscicola + S. hygro-
scopicus A4, Rh. loti + F.muscicola n B Bapnanre
¢ TpoitHoit accoriuarineti Rh. loti + F. muscicola +
S. hygroscopicus A4, B ROTOPHIX JJAHHBIN TTORa-
3aTesib MPeBbIIIAeT KOHTPOJIbHYIO BeJINUNHY HA

158,2; 158,2; 154,2% coorsercrBenno (tabi. 1).

AHaIN3 CTPYKTYPBI HCCICAYEeMBIX MUKPOO-
HBIX KOMIIJICKCOB HOKa3bIBAeT, UTO IOMIHUPYIO-
M KOMIOHEHTOM BO BCeX BAPUAHTAX ABJSIOTCS
aMMOHUMUKATOPBI, 1051 KOTOPBIX KOJIeOIeTCS OT
92,0 o 82,2% (rabi. 2).

Bropoil 110 3HaunMOoCcTH rpynnoii MUKpoO-
OPraHm3MOB SIBJAIOTCA a30TQUKCATOPDI, A0/
KOTOPBIX B CTPYKTYpe MUKPOOHBIX KOMILJIEKCOB
roseosnercss or 11,2 o 33,7%. B kauecrBe MmuHop-
HOT'O KOMIIOHEHTA BO BCeX BapI/IaHTaX BBICTyHaIOT
MUKPOMHUIICTBI, Y KOTOPBIX 1051 yYACTUsI B BAPU-
ante ¢ Rh. loti Beero mumr 6,6%.

3araoueHue

Taxknm oOpazom, pe3ysrbraThl HCCAEOBAHIT
110 BJAUSAHWIO OJ{MHAPHBIX, OMHAPHBIX 1 TPOIHOT
accormarmii MuKpoOOB-MHTPOYTIEHTOB Ha (pop-
MUpOBaHUe yposKkas JAJBeHIla poratoro Heco-
MHEHHO [TOKa3bIBAIOT, YTO HaboJIee eperieKTuB-
HBIMU OMOJTOTMYEeCKUMU areHTaM U JIJisi CO3/IaH s

0
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ROMILJIEKCHOTO TIperapara, mpejiHazHaueHHoro
IJIS1 YBEJIMUCHUS YPOFKANHOCTH JISIIBEHIA poTa-
TOTO, ABJIATOTCS OMHapHBIe accoruanuu Rh. loti +
F. muscicola, Rh. loti + S. hygroscopicus A4
u tpoitaas Rh. loti + F. muscicola +S. hygroscopicus
A4. B atux ke BapuaHTax OTMeYaeTcss MaKCH-
MaJbHOE KOJIMYeCTBO KIYOeHBKOB HA KOPHSIX.

[TpenoceBHast THORYJISITINST CEMSTH IIITAMMA -
MU MUKPOOPTAaHN3MOB, N3HAYATHHO BBIJIETeHHBIX
u3 mouB Kuposckoii obnacru, S. hygroscopicus
A4 u F. muscicola, npu BHeceHUU UX B IIOYBY
(parTHUeCKN ABIAETCA He WHTPORYKIMEH, a pe-
WHTPOJYKIMEN 1 He WHIHOUpPYyeT pasBUTHe 1M0-
JIe3HOI aOOPUTeHHOI MUKPO(IOPHI.

Pabdoma evinoanena 6 pamkax eocydapcmaeen-
noeo 3adanus Unecmumyma ouonoeuw Komu HIJ
YpO PAH no meme «Oyenra w npo2no3 omcpouen-
1020 mexnozenno2o 8o3deiicmeust Ha npupodnsle
u mpancgopmuposanmsie ILOCUCMeEMbL ROI30HbL
100icnotl maiieu» N 0414-2018-0003.
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V[CCJIO}LO BaHbI M1 I(p06l’l oJlornyeckue ImorasaTe/inm nu Xxaparrep TpaHCCI)O pManmum rymycoBbIX BelecTB 1epHOBO-
MOJI30JMCTON TIOUBBI 110 OKOHYAHWH AT POTAIIIT BOCBMUIIONBHOTO CEBOOOOPOTA B JITTNTEILHOM CTATIHOHAPHOM MOJEBOM
ompite (1978-2017 rr.). Onpepenera HATIPABACHHOCTL MITKPOOMOIOTHUYECKUX ITPOTIECCOB, 00YCIOBICHHAS BO3/ICHCTBUEM
JUITATEIHHOTO BHECEHUsI MUHepalbHbIX yjo0penuii 8 Bozpacraomiux pozax — or (NPK)30 po (NPK)150 kr j.8./ra.
[TpoBefiero cpaBHe e TAXOTHOI OUBHI ¢ €€ IeTMTHHBIMI AHAJIOTaAM I Ol HETIOCPEJICTBEHHO ITPUMBIKAIOIIIMI K OTIBITHOMY
TOJTI0 CMEITAHHBIM JIECOM T €CTeCTBEHHBIM 3TaKOBO-PA3HOTPABHBIM JYTOM, & TAK/Ke ¢ TOYBOI TTOJ] CESHBIM TPABOCTOCM
Ko3JsiTHIKA Boctounoro (Galegae orientalis 1..). Yeranosieno, 4to pazandHoe NCoib30BaHue JIePHOBO-TI0/[30JINCTON TOUYBbI
MPUBEJIO K M3MEeHEH N0 HallPABIeHHOCTH TI0UBEHHBIX MUKPOOHBIX TTPoIieccoB. PacriaxnBaHue moYBbl CHUBNUIIO COJIePRAHIE
00IIero TyMyca 1 yBeJIIMIMI0 ROTNIECTBO M PA3HO0Opasne akTHHOMUTICTOB, MPIUHIMATIONIX YIACTIE B MITHEPATM3AT[IIT
MOy PA3A0KUBINNXCS PACTUTENBHBIX OCTATKOB — jeTpura. B Bapmantax ¢ BHeceHneM MUHEPATLHBIX Y00peHuii moj
36PHOBBIE KYJIBTYPBI ceBooOopoTa B to3ax (NPK) 90 —150 kr 8. /ra Haboa1m coXpaHeH e HCXOHOTO COfIePRAHUS TyMyca
7 CHIBREHNE WHIEKCOB TeT0TPO(GHOCTI IO CPABHEHMIO ¢ TIETMHHBLIMI AHATOTAMI 1 TAXOTHON MOYBOT 663 yIoOpeH il mim
HoJTydaBineil ynooperus B HU3KuX po3ax. [lpu gyuresboM Bo3jesbiBaHnm MHOTOJIeTHeT 6000BOT KYJILTYPhl KO3JIATHUKA
BOCTOYHOTO Oe3 BHeCeHsI yI0OpeH NI B TOYBe CO3/1al0TCs O1aropusTHbIe YCI0BUS [7ist POPMUPOBAHIS MUKPOOHOTO 11€H03a,
0 KOTMIECTBEHHBIM 1T KATCCTBEHHBIM TTOKA3ATEIM OJM3KOTO K MIKPOOOTIEHO3Y MEMNHHO MOUBHI, CTAOMIN3UPYeTCsT eé
IYMYCHOE COCTOSIHIIE.

Harouesvie caosa: sronoro-rpoduaeckie rpynib, MUKPOOPTaHU3MbI, ceBoobopoT, mennna, Galegae orientalis L.,
MUHEPATBHbBIC YIO0OPEHUST, TYMYC.
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Microbiological parameters and character of transformation of humic substances of sod-podzolic soil at the end
of five rotations of eight-full crop rotation in long-term stationary field experiment (1978-2017) are investigated.
The direction of microbiological processes due to the effect of long-term application of mineral fertilizers in increasing
doses — 30 to 150 kg /ha of NPK was determined. A comparison of the arable soil with its virgin analogs (mixed forest
and natural meadow) as well as with the planting of goatling (Galegae orientalis 1..). It was found that the different use
of sod-podzolic soil led to a change in the direction of soil microbial processes. Plowing the soil reduced the content of
total humus and increased the number and variety of actinomycetes involved in the mineralization of semi-decomposed
plant residues, i. e. detritus. In the variants with application of mineral fertilizers for cereal crops in doses 90-150 kg/
ha of NPK it was observed the preservation of the original content of humus and a decrease of the index of pedotrophy
compared to virgin counterparts and arable soil without fertilizers or treated with fertilizer in low doses. With the
long-term cultivation of perennial leguminous culture without applying fertilizers, a microbial community is formed
in the soil which is close in terms of quantitative and qualitative indicators to the microbial community of virgin soil

analogs and its humus state is stabilized.

Keywords: ecological and trophic groups, microorganisms, crop rotation, virgin soil analogs, Galegae orientalis L.,

mineral fertilizers, humus.

Oprannueckoe BemiecTBO MOUYBLI — HTO CO-
BORYITHOCTD $KUBOIT O11OMACCHI I OPraHMYeCKUX
OCTATKOB PACTEH I, JKIWBOTHBIX I MUKPOOPTAHN3-
MOB, TTPOYKTOB X MeTabOoIM3Ma ¥ criernduue-
CKUX HOBOOOPA3OBAHHBIX OPTaHMYCCKITX BOIT[ECCTB
mouBEl — Tymyca. Cofepsramme TyMmyca i 3amachl
OPrammIecKOTO BeIIeCTBA ABIATOTCS TPATIIINO -
HBIMU ITOKA3ATeISIMU ILTOJOPOJIUS 1 HROJIOTHYe-
ckoit yeroitunBocTu moussl [1]. Kormenrpupys
u mepepacipesiesisisi DHepruio CoTHIa, Oprami-
YecKoe BeIecTBO 00eciednBaeT s KIU3HeesTe h-
HOCTDH MTOYBEHHBIX OPTAHI3MOB, BHITTOJIHATONIX
3HAUNTETLHYI0O MEXaHUYECKYIO paboTy, a TakyKke
OMOXMMUYECKNE U XUMUYECKUE PEARINN, CO-
CTABJAIONITE OCHOBY TTOUuBOOOpazoBanwms. 'ymyc
ABJIACTCS OTHOBPEMEHHO AKKYMYJIATOPOM T MC-
TOUHWKOM DHEPTHUN I MTPOTEKAIONNX B TIOUBE
MTPOTECCOB, TMOMEPKIBAT HOPMATHLHBITT 0OMeH
7T KPYTOBOPOT DHEPTUH 1 BEIeCTBA B arpoTan-
madre [2].

Comepskanme ryMyCOBBIX BeIleCTB B TIOUBe
3aBUCUT OT KOJMYECTBA M COCTAaBa MOCTYHAIO-
MUX OPraHmYecKuX 0CTATKOB, CKOPOCTH UX TY-
Muduranun n Munepaausanuu. [lpuxognas
4acTh TYMYCOBOTO Dajiafca B arposkocuereMax
CKJIAJ[BIBACTCS B OCHOBHOM 3a CUET rymMu@u-
KAl PACTUTENHHBIX 0CTATKOB (MOYKHUBHBIX
7 KOPHEBBIX) U BHECEHMS OPTAHMYCCKUX YIIO-
opennii. [locrymamomniee B MoUBy oprannueckoe
BeIIecTBO mepepadaTbiBaeTcsi B TPoOPUUecKnx
MeTaX, KOHeUHBIM AeCTPYKTUBHLIM 3BEHOM
KOTOPBIX SIBJISIOTCA MUKPOCKOITIYECKIE IPUObI
n Gaxrepun. OHM OCYIIECTBAAIOT MUHEPAJI-
3aIMI0 OPraHMYecKUX BEIecTB ¢ BO3BPATOM
YIJICKICJIOTO Tada B arMmocdepy.

OnHOBpPEMEHHO ¢ IeCTPYKITIeit MIKpoopra-
HUBMBI YUACTBYIOT B TIpoTieccax ryMuduKammn:
CUHTE3UPYIOT COCIMHEHNS, KOTOPhIE CHAYKAT
CTPYRTYPHBIMU KOMTIOHEHTAMU MOJIEKYJT TyMy-
COBBIX BEIECTRB, a TAKIKEe TTPONBBOAT (PEHOTOK-
CUJA3bl, KOTOPbIe ORUCISIOT OJU(EHObI 10

XIHOHOB € ITOCJIeIYI0TIIeil ROHJIeH caT[nell B TyMYC
[3, 4]. Pymudpuranus, o B. V. Bepuajcromy,
npeJicTaBsier co00il OJNH 13 BajKHEH X 6mo-
chepHBIX MIPOIECCOB, MOCKOJIbKY MO3BOJsIET
COXPaHUTh OajaHC MeyK/y MUHepasansaimei
" ROHCepBalmeil OpraHnvyecKknx OCTaTKOB, He-
00XOMMBIX JIJISI CTAOMJIBLHOTO CYIIeCTBOBAHIS
Ouorhl, obeciieunBasi eJUHCTBO «KUBOIO U I'y-
myca» [d].

B nocnepame necsiruserus st OOTLITIHCTBA
MOYB CEITHLCKOXOBAMCTBEHHBIX YTO/UI GOJIBITOE
3HAUeHMe prnodpesa mpobieMa, CBI3aHHAS C yBe-
JUYeHIeM MHTeHCUBHOCTI PA3JI0KeHUs OpraHm-
4eCKOTO BeIecTBa [0YB U PA3BUTUEM ITPOTIECCOB
nerymuduraruu. OcHOBHAs IPUYMHA leryMugu-
KAl OKYJAbTYPEHHbIX TI0YB — IIPUMeHeHe Cli-
CTeM 3eMJIeJIeJIsI, KOTOPbie He MOTYT 00ecIieunTh
MOJIORUTENBHBIT NN G6e3euinTHbIl Oamanc
MUTaTebHBIX BelecTs u rymyca. Orpumnaresinb-
HBIII TOJOBOII DajlaHc TyMyca KpaliHe OlaceH
B OKOJOTHYECKOM OTHOTIIEHUW, TTOCKOJbKY TYy-
MYC — OJ[IIH 13 TJIABHBIX AaRKYMYJIATOPOB COTTHEY -
HOIl DHEePruK HA TTOBEPXHOCTH SeMJIN 1 TapaHT
MPOYKTUBHOCTH, 00€CIIEUNBAIOIINIT DKOTOTH -
YeCcKYI0 yCTOIYnBoCTh Onocdepsl B 1iesom 2, 6].

B Poccun npobiiemy nerymmnduranim nous
CBSA3BIBAIOT CO CHUKEHNEM YPOBHsI arpoTexHI-
KU B 11epUOJ| DKOHOMIYECKOI [ecTaduan3ariunm
U OTCYTCTBHEM KOHTPOJIsI 32 OMOJOTUYECKUMUI
1 OMOXMMIYECKIMI TIpoTieccamu B rouse. B ciry-
qae HempUHATHS He0OXOUMbIX MTPEBeHTNBHBIX
Mep B Oauzkaiiiiem OyAyILeM [OTepu rymyca
MOTYT CTaTh DROJOTHUECKUM OefcrBuem. [lns
paspaboTkm Mep, MPEnATCTBYIONNX PAa3BUTHIO
ATON HEraTUuBHOM TEHJEHINN, HEOOXOUMbI UC-
ClIelOBAHU S, HATIPABJEHHbIC HA BbIsABIEHUE
CBsI3el MeRJy HalpaBJIeHHOCTHIO TPOIECCOB
TpaHcdopMaInit OPraHnYeckoro BeIecTBa 1moy-
BBI 11 €€ MUKPOOMOJOTHYECKIMY TOKa3aTesIM .

JleiicTBUe pasIMYHBIX OMOMTOTHUCCKIX
u arporexHuvyeckux GakropoB Ha IJIOILOPOIUeE
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MOYBBI U TTPOJYKTUBHOCTH PACTEHUIT CTAHOBUTCS
OYeBMJIHBIM, KaK IIPABUJIO, JUITb 110 NCTEYeHNN
necsaTroB get [7-9]. Iloaromy ocobyto 1ieHHOCTD
npeacTaBiadioT nccaeoBanusd, BbIIIOJHEHHDbIC
B iinTesibHbIX (Oosee 20 jieT) 1monaeBbIx cTanmo-
Hapax. B ycaoBusx piurenbHOro craimoHapa
fleficTBIe M3y4aeMoro (pakTopa akKyMyJaIupyer-
¢s1 BO BpeMenu Ha goHe udMeHeHus (ParTopon
OKPY’RAIOIIeil cpefibl, 4TO MO3BOJSAET periaTh
crierudraecke mpodIeMbl 3e M 1 HKOTIO0-
PUH JIJI5I KOHKPETHOI II0UBEHHO- KJINMATHYeCKOT
30HBI.

[lennb ranuoit paboThl — HOJyUYEHNE 1 COIO-
craBieHne nHEOOPMAINN O COCTOSTHIUY MUKPOO-
HBIX TIeHO30B 1 I'yMYyca B IeJIMHHBIX 1 TTaXOTHBIX
JIePHOBO-TIO/30NCTHIX TTouBax llpemypainbs,
B TOM 4ucJie IIpn BHeCeHU MUHepaJlbHbIX Y0-
OpeHMil.

OO0 BEeKTHI 1 MeTOJIbI

N3zyuenme npoieccon tpancdopmarun
OPraHnvYecKoro BeIecTBa U KOJMYeCTBEHHOTO
cocTaBa AKOJOTO-TPOPUUECKUX TPYIITT MUKPO-
OPranm3MOB ITPOBOMJIN B MOYBE JJINTETHLHOTO
CTAIMOHAPHOTO OIbITa, 3asoierHHoro B 1978 r.
Ha TSHREJIOCYTIIMHICTON JIePHOBO-TIOI30JIMCTOT
nouBe onuiTHOTO T0Js1 [lepmeroro Deeparnn-
HOro mccsegoBaTesibckoro nenrpa YpO PAH.
(Cxema orbiTa BRJIOYAJIA CJEIYOTIIe BAPUAHTHI
JUIUTEeILHOTO TIPUMEHEeHUsT BO3PAacTAIONINX /103
MOJIHOTO MIHEPAJILHOTO Y00 penust (Kri.B./ra):
1. Bes ynoopennii (kourponas); 2. (NPK)30;
3. (NPR)60; 4. (NPK)90; 5. (NPK)120;
6. (NPR)150. Pasamerrenne BapuanToB peHoMu-
suposannoe. O6mas mwromas feasarn 120 m2,
yuérnast — 76,4 Mm% B kauecrse ymoGpenuii nc-
[0JTb30BAJIN AMMUAYHYIO CEJTUTPY WM MOYEBUHY,
npoctoii cynepdocdar n XJTOPUCTLIT KaTuii.

O6pasiipl mouBbl orOMpanu Ha rayonne 0—
20 cM 110 OKOHYAHUM TATU POTAIMI BOCHMI-
MOJILHOTO CeBOOOOPOTA, HA JIBYX HE CMEeKHBIX
MOBTOPEHUSIX MOCTe YOOPRU MOCTeIHEel KyJib-
Typhl ceBoobopora — osca (Avena satliva l..)
copra Craiiep.

[TaxoTrHbie TTOYBHI CPABHUBAJIN ¢ EANHHOIN
JIePHOBO-TIO30JUCTON MOYBOI HA HEIOCPE]-
CTBEHHO TPUMBIKAIOTINX K OMBITHOMY TTOJIO
MHCTUTYTA CTAIMOHAPHBIX Y4acTKaX IO cMe-
[IAHHBIM JIECOM, 3/ITAKOBO-PA3HOTPABHBIM JIYTOM,
a Takke ¢ 0eCCMEHHBIM TTOCeBOM MHOTOJIETHeT
0000BOTI KYJIBTYPHI — KOBJIATHUKA BOCTOYHOTO
(Galegae orientalis 1..) copra I'aze. IloceB ko3-
maranka ¢ 1988 1. we ymoOpsiercst, HO UCITOTh-
syercs st moayuenusi cemsia. Cosoma rmocse
yoopru cemsiH oruyskaaercsi. O0pasibl MOYBbI

Ha HTUX yYacTKax OTOMpasy Ha Ty jKe TIyOuHy
1 B Te 3Ke CPOKU (B IIePBOIi JleKkajie CeHTs0pst ), 4To
7 Ha JleJISTHKaX 10JIeBOr0 ceBooOopoTa.

Jlyist oreHKM HaTIpaBJIEHHOCT N MHTEHCUB-
HOCTH TPOIeccOB TpancopMalium opraHmyie-
CKOTO BellecTBa B 00pasiiax MmouB MpoBOIIN
omnpejeneHne KoMmiekca Hanbonee nudop-
MATUBHBIX MMOKa3aTejeil COCTOSHUS ITOYBbI
B COOTBETCTBUNU ¢ OOTIETIPUHATHIMI METO[aMU:
rymyc — 1o meroay Tiopnna B Mopuduramnmn
HMNHAO, ob6muii azor — no Kbeabpadio, tpyn-
HO- U JIeTKOTuipon3yemblii azor — 1o lIkonje
u KoposieBoii, HUTpaTHbII — HOTEHIIMOMETPUYec-
KU, aMMHUaYHbIil — POTOMETPUYECKH 110 METO/LY
[INHAO, ¢pparimoHHO-TpyNnnoBOil cocTas
rymyca — o merony Tiopuna B Mmogudukranmn
[Tonomapésoii-IL10THUROBOI.

Jlisi xapakrepucTuKy MOYBEHHBIX MUKPO-
OOTIEHO30B O PEIe/IsIIN YHCTeHHOCTD PA3JINYHbIX
AKOJIOTO-TPOPUUECKUX TPYIIIT MUKPOOPraHu3-
MOB. ¥YcBaupaorine opranndeckmne QOpMbI a30-
Ta (AaMMOHUPUIIPYIONITE) MIKPOOPTAHN3MBI
YUnUTHIBAJIN HA Msico-mientonHoM arape (MITA),
ycBauBaole MIHepaJibHble MCTOUHUKN a30-
Ta — Ha Kpaxmajngo-ammuaunom arape (HAA),
IeJII0J030JINTUKN — Ha arape 'erumHcoHa
¢ puabTpoBaIbHO OyMaroii, ourorpoHbIe —Ha
nousenrom arape (ITA), akrmHoMUIIeTH — HA
razenmn-rauiepnaosom arape (KI'A), Mmukpocko-
naeckme rpudn — Ha arape Yamexa (YA) [10].
Jliist XapakTepucTUKI U3BMEHEHUI B CTPYKTYpe
MOYBEHHOIO MUKPOOHOTO COODIIecTBA paccy-
ThiBaIN KO3 urments Munepannsarun (KAA/
MITA) u negorpodpuoctu (ITA/MITA) [11].

B kauecTBe MOJEJIBHOI I'PYIIIBI MEKPOOP-
PaHU3MOB JIJIsl BHISIBIEHUSI CTPYRTYPHBIX Tiepe-
CTPOEK MUKPOOHOTO COOOIIeCTBA UCTIOTB30BAIN
artTuHomuIieTbl. Omnpesesnene BUmIOBOI CTPYK-
TYPbl KOMIIJIEKCOB aKTMHOMUIETOB ITPOBOJUIIN
npu Boitesennn va KA, ¢ yuérom vacTors
BeTpedaemoctu 1 oousust BuaoB. [luddepenim-
POBAJIN M YIUTHIBAJIN KOJTMYECTBEHHO BCE T[BETO-
BbI€ TPYIITTbI AKTHHOMUIETOB (CEKITIU 1 CePUN)
[12]. Mopdomnoruio KJIeTOK u3ydann Ha JKUBBIX
rpernaparax nmpu MUKpOCKOTTNPOBAHNT — 00'beK-
tusbl 20 u 40, okyisip 10, mukpockon Leica DM
2500 (I'epmanmst).

Cratuctnueckyio o6pabOTRY pe3yabTaTon
HPOBOJIUIN CTAHIAPTHBIMU METOAaMU C UC-

MOJIb30BAHMEM BCTPOEHHOIO MaKeTa MporpaMmm
EXCEL.

Pesyabrarel n o0cy:knenne

HHXOTHLIG AePpHOBO-TIOA30JMUCTHIE TTOUYBLI
110 CBOEI MpUpojie XapaKkTepus3yoTess MHOTO-

Teoperuueckast u npurnauas sroaorust. 2019. Ne 1 / Theoretical and Applied Ecology. 2019. No. 1



ATPOIROJIOT A

YUCACHHBIMU CBOMCTBAMMU, YHACTEOBAHHBIMI
OT MCXOJHBIX TEJNHHBIX 1, YaCTHYHO, MPH0oo-
PeTEéHHBLIMU I10]| BJUSHUEM XO3SAMCTBEHHON
nesrenbHOCTH YesoBera. [louBnl cMermannoro
XBOUHO-TINPOKOJMCTBEHHOTO Jieca M 3JaKOBO-
pasmorpasroro gyra B ciioe 0—20 cm xapakrepm-
30BaJINCh MOBBIIEeHHO KueaoTHocThio (pH (3,8
1 4,8 cOOTBETCTBEHHO) U HU3KUM COJIepRaHIEeM
rymyca (2,70 m 2,15% coorBercTBenmo), 4T0
XapaKkTepHo I IePHOBO-TIO/[30JIMCTHIX MOYB.
Pacnamka u gyiurenbHoe mpuMeHeHne moJHOro
munaepanbaoro ypoopennsi (NPK) npusenn ne
TOJBKO K M3MEHEHHIO HAYATbHBIX arpoOXnMmude-
CKUX HapaMeTpoB JePHOBO-TTO/30JUCTON TsIsKe-
JOCYPJIMHUCTON TOYBBI, HO M COTIPOBOIKIATNCH
yBeJimueHnueM YnCcJaeHHOCTN BCeX YUUThIBaeMbIX
DKOJIOTO-TPOPUUCCKIX TPYTITT MUKPOOPTAHI3MOB
MO CPABHEHUTO ¢ TEJNHHBIMI anajgoraMi, Kak
TTOJ CMETIamHbIM JIeCOM, TaK 1 TOJ 3JaKOBO-
pasuorpaBHbIM Jyrom (tabs. 1). Oboramién-
HOCTH naXOTHOﬁ ITOYBBI aMMOHT/I(bVHIV[pyFOHU/IMV[
u 0MUTOTPOPHBIMI MUKPOOPTAHU3MAMU, B CO-
OTBETCTBUM ¢ OlleHOYHON miKamoin [11], paske
6e3 BHeceHUs yA0OpeHMil, JOCTUTIA TPaaIiin
«CPeJHsIsI», @ B OTHOMICHIN MUKPOOPTaHI3MOB,
yCBamMBaIoOMuUX MuHepaabHbie (OPMbI a3ora,
MPOJI0JIzKAIA COOTBETCTBOBATH Tpajarini «oej-
Had». HpI/I AJANTeJIbHOM BHeceHUUN ITOJTHOT'O M-
HEePaILHOTO YA0OPEHUS B BO3PACTATOIINX 032X
yBeaniueHnue YyncJieHHOCTn aMMOHI/ICbI/IL[I/IpyIOH_[I/IX
7 TIEJITTOO30NTHICCKITX MITKPOOPTAHN3MOB, aK-
THHOMUTETOB, MUKPOCKOTIMICCKIX IPIOOB TIPO-
cnesxmBasioch B fuamnasone o3 ot (NPK) 30 no
(NPK) 120 kr zi.8./ra. [loBbiienne 1036l TYKOB
or (NPK) 120 o (NPK) 150, natpotus, conpo-
BOJRIATIOCH CHUFKEHITeM YNCJTeHHOCTH OCHOBHBIX
pKoJI0TO-Tpodpruecknx rpyrir. [Tpu arom crerens
000ram@EHHoCTH MOYBbI MUKPOOPTaHU3MaMi CO-
OTBETCTBOBAJIA TPpajiaIini «OejHas», XapaKTepHOT
IJIA HeJNHHBIX IePHOBO-IIO/A30/INCTHIX 1TOYB.
Comepsramme rymyca B maxoTHo# mouse 6e3
yroopenwuii (1,80%) 3a coporanerHuii mepuo
MCTOMB30BAHNA B CEBOOOOPOTAX YMEHBIMIIOCH
na 18,9% or ucxopnoro (2,22%). Ilorepu op-
TaHMIecKOTO BeIecTBa 00YCIOBICHLI MHTEH-
CUBHOI MuUHepaamaamueil Tpanc@opMupyeMbixX
AKTHUBHBIX KOMIOHEHTOB IyMyca HpPH MajaoM
KOJIMYECTBE CBEJKEr0 OPraHmvyeckoro BerecTna,
MOCTYHAIOIIETO B TIOYBY TIPH BO3MIETBIBAHIN COJTh-
CKOXO3sIICTBeHHBIX KYJIBTYp 6e3 opropmikn. Ha-
CBITIeH e TOYBBI MITHEPATHHBIMI Y00 PeH UM I
B fo3ax ot (NPK)60 no (NPK)150 %r n1.8./Ta
CITOCOOCTBOBAIO COXPAHEHUTO MCXOTHOTO COIeP-
JKaHMs TymMyca B mouse Ha yposue 2,06—2,16%.
[To mmenmio psaga ncexemonarenein [13, 14],
TIPOTECCH MIHEPATN3AIIIN T'YMYCOBBIX BEIIICCTB

00yCJIOBIEHBI OMOXNMUYECKON JeATeTbHOCTHIO
crieruuyecKoii aBTOXTOHHOT MUKPOQIOPHI,
Beipacratomieii Ha [TA. ABroXToHHBIE MUKpPO-
OpraHmu3Mbl 00J1a71a10T CIIOCOOHOCTHIO paciie-
IJISITh YIJIeBOJbI HAaNO0J/ee CTONKIX ITUKIANYeCKIX
u reTeporuKInyecknx cpszeit. Mesrny uncien-
HOCTHI0O MUKPOOPTaHU3MOB, YUTEHHBIX Ha [TA,
U COfiepsRaHmeM ryMyca BbisiBJIeHa Hanboiee Tec-
Hasi B OllbITe oTpuIiatenbHast koppessius (r=-0,89;
p < 0,001). JIpyrue uceienoBaresin BO3parKkaior
MPOTHB CHeNMaTN3anuin MUKPOOPTaHM3MOB
B PA3JIOsKEHNT IyMYca 1 CBSI3BIBATOT OTH ITPOTIECCH
¢ JIesITeJIbHOCTHIO MMIPOKOTO Kpyra MUKpPOOp-
ranu3moB [15]. B noab3y satux mpepcraBienmit
TOBOPAT OTpUIlaTe/IbHbIe 3HaUeHMsT Koapduim-
€HTOB KOPPEJISIII MEKITY COflepsRaHIeM B T0YBe
rymyca i YucJeHHOCThI0 aMMOHUMUITUPYIONIX
(r =-0,69; p < 0,04) n ycamBaromnx Mume-
panbubie opmbr azora (r = -0,83; p < 0,005)
muKpoopranusmos (puc. 1). Panee ormeuasocs,
4TO 1PN Aeduiinre MUHEPATbLHOTO a30Ta Y¥C-
JeHHOCTH aMMOHUMUIUPYIONEd MURPODIOPHI
7 CKOPOCTH MUKPOOHOTO PA3JIOKEHNsT OPTaHi-
YeCKOTO BelllecTBa B ToYBe yBeanunpaiores |16,
17]. Jlnst usBaeuenus azora n3 TpyHOLOCTY THBIX
COJINHEH T MUKPOOPTaHN3MbI AKTUBHO UCTIONb-
3ytoT 6orartbie sHeprueil cyboeTparhl, HapuMep,
nabunpunie Gparmnun yraepoga. Memxny co-
JiepsKaHueM B [04YBe BOJOPACTBOPUMOTO Opra-
HUYECKOTO BeIecTBa (CHZO) " YMCIEHHOCTHIO
ammouundguiupytomux (r=-0,75; p < 0,02),
a TAKKe MMMOOMJIMBYIONUX MUHEePAJIbHBII a30T
(r="-0,85; p < 0,003) 6arrepuii B nuccaepyemoi
MIePHOBO-TIO/[30JTMCTON TTOUBE YCTAHOBICHA TeC-
Hast obparHas ¢Bsi3b. B gocroBepuoii obparHoii
3aBUCHMOCTHI OT CO/lepsKaHms B TTOUBe M3BJe-
kaeMbIX meaoubio (Cy 1 v.on) ¥ Iupodocdarom
narpust (G <, p,o.) Ppariuii tabunbaoro opra-
HIYECKOTO BeIecTBa HaXOUTCs TaKKe YNCTeH-
HOCTh OarTepuii, Beipacraonux Ha KAA n [TA.

Rosdpdpunuenr munepanuszanun (KAA/
MIIA), orpaskatorninii *HTEHCUBHOCTH MOOMJIN -
3aI(y a30Ta, B IaXOTHOIT TouBe 0e3 yroopeHnii
(0,91) yBesmumnics 110 cpaBHEHMIO ¢ [IOYBOI 1101
necom (0,75), a Mo cpaBHEHWIO ¢ MTOUYBON O]
3JIaROBO-pasnoTpaBHbiM gyrom (1,29), nanpo-
TUB, CTaJ CyIecTBeHHO HuKe (Tadn. 2). Ana-
JOTMYHBIe M3MeHEeHWsT TP paciainike MOYBbI
MPOUBOIILIN 1 ¢ nHeKkcoM rieforpodpuoctu ([TA/
MIIA), xapakrepusyomnumM pa3Butie B 10YBe
ABTOXTOHHON MUKPOQMIOPHI nian «MuKpodo-
PBL paccesHus», clocoOHOI T0BOJIBCTBOBATHCA
HE3HAUYUTETbHBIM KOJNUYECTBOM MHUTATEIbHBIX
BerecTB. UncjaennocTs Buipacraomux Ha ITA
MHUKPOOPTAaHU3MOB OTPHUILATEJLHO KOPPeJn-
poBajia ¢ cojepyraHueM B 1ouBe 00Iero a3ora
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Ta6amma 2 / Table 2

[Torasarenu, xaparTepusywiue HaPaBIEHHOCTh MUKPOOUOJIOTHIECKOT
TpamcOPMATIIIT OPTAaHMICCKOTO BETTECTBA TTOUBEI
Indicators characterizing the direction of microbiological transformation of soil organic matter

Rosppunment iexe
B MW}?ZTH&S]E}XV{W ne}{o’rpo(bnoc"rv[ I[OJTH AKTMHOMMUIIETOB B (y
\Zs'?;:: (Coefﬁéient 01)’ (IIA/MIIA) T]l:[e)OpRré(l)I;))z:‘:iZ(r)lNz)?Zrt?ssrnc;‘/c’etls
. - Pedotrophic Index . . o
n(];{nAef/li\j[ng))n (PA/MPA) in the prokaryotic complex, %
Jlec/ Forest 0,75 0,99 16,8
Jlyr/ Meadow 1,29 2,02 8,5
[Tamus: /Arable:
(NPK) 0 0,91 1,38 14,5
(NPK) 30 0,81 1,27 20,2
(NPK) 60 0,92 1,18 24,0
(NPK) 90 1,05 0,87 28,5
(NPK) 120 0,65 0,79 25,8
(NPK) 150 0,82 0,69 24,0
Koszmsrank BocTounbIil/ 1,11 0,88 16,9
Galegae orientalis L.

(r =-0,82; p < 0,006) u rymyca (r = -0,89;
p<0,001) (puc. 1, cm. iB. BRAAAKY). B ceB0060O-
poTHOI TTouBe 6e3 ynodpeHunit HabIoKa N CHI-
JKeHTe 3Hauenns nujexca megorpodroctn (1,38)
10 cpaBHeHuo ¢ 1mouBoii oy gayrom (2,02), o
TTOBBITITCHTE TI0 CPABHEHNTO ¢ TIOYBOM IO IECOM
(0,99) (rada. 2).

Cpeniu X0351iICTBEHHO OCBOGHHBIX [TOYB HaM-
6osiee BRICOKUM K0P UIMeHTOM MITHepan3a-
num (1,11), npm yMmepeHHOM 3HAUYCHU N NH/ERCA
negorpoduoctr (0,88), oranuancs Bapuant ¢
6eCcCMeHHBIM TTOCeBOM KO3JIATHUKA BOCTOYHOTO.
OueBujio, buosornvyeckass azoT@uKcaIs Mo
MHOTOJIeTHEI 6000BOI KyJIBTYpPOi 00ycJIOBUIA
MOCTATOYHO BRICOKYIO 00CCTICUeHHOCTh ITOUBLI M-
MUAYHBIM a30TOM. 3a CUGT TOKHNBHO-KOPHEBHIX
OCTATKOB C BBICOKIM COJIePKaHIeM a30Ta 1 30J1b-
HBIX BJIEMEHTORB B X COCTABe COflePyRaAHIe TyMyca
B OTOM BapuaHnTe moBbicuaoch or 2,23% mnpn 3a-
KaajKe ombita 10 2,49%. Ilpu srom Kucaornocrs
MOYBHI 38 TIEPUOJ BO3CIBIBAHIS KO3IATHIKA
ocranach Ha ucxopnom yposue (pH . 4,9), rorga
KRaK B ¢ceBOOOOPOTHOIT 1TOUBe 6e3 yodpeHuii Bbi-
sIBJIEHA TeHIeH T K nojikucaenmio (Ha 0,5 exn-
nun pH, ), a B Bapuante ¢ Buecennem (NPR) 150
pearius cpefibl B MaXOTHOM CJI0€ N3MEHUJIACh
¢ pHRCI 5,6 npu 3armaake omsita mo pH 4,5
PY OKOHYAHWHN TATON POTAINN BOCHMUTIOND-
HOro ceBoobopora. /lyinresibHOe BO3JleJibIBaAHIE
KOBJIATHIKA BOCTOUHOTO 0€3 MCIoJab30BaAHUS
MUHEPaTbHBIX YIHOOpeHuii, Takum odpasom,
MpuOIMKAeT TTOYBY K YCTOMYNBOMY COCTOSTHUIO
MPUPOTHBIX DKOCUCTEM.

Posib 0CHOBHBIX JIeCTPYKTOPOB pacTuUTeNh-
HOTO Omajia MPUHAJIEKUT B [I0YBE MUKPOCKO-
nuvyecknM rpubam. B nureparype ormeuaercs,
YTO MUKPOMUIIETHI OOJIee YyBCTBUTEIBHBI K 13-
MEHEeHUsIM B 36 MJIeTI0/Ib30BaHIN, YeM ODaKTepuu,
B pe3yJibTare 4yero ux faoJisi B MUKPoOOHOM coodIe-
CTBE OKYJIBTYPEHHBIX [MOYB 3HAYNTENHHO HUIKE,
4yeM B UX HeJanHHbIX aHasiorax [18]. Yuciaennocrsb
IPPUOHBIX MPOTIATYJT B MCCACAYEeMbIX MeTMHHBIX
1 CeBOOOOPOTHBIX TOYBAX M3MEHsIACh B TIpefie-
nax necatkoB teicssy KOE/r u juimb B Bapuan-
te ¢ BHecenneM (NPK)120 6b11a BeITIIE HA TOPSA-
nok (tadsa. 1). YeranopjieHa gocTaTouHo TecHast
(r=0,68; p<0,04) nonosuresbHas CBI3b MERILY
YICJIEHHOCTBI0 MUKPOCKOTINYeCKIX TPUOOB 1 CO-
JlepsRaHIeM B T0UBe 'yMUHOBBIX KucioT (puc. 1).
OueBuHO, 9TO CBSI3AHO C T€M, YTO CUHTE3Upye-
Mble MUKPOMUIETAMU IURIANYHBIE MOJEKYJIbI
MEJAHUHOB CJIYKAT OCHOBOU JIJIsI TIOCTPOCHUS
nepu@epuaecKnx KOMIOHEHTOB I'yMYCOBBIX
coeguuennii [16]. Kpome Toro, unciennocrs
rpUOHBIX TPONAryJ/ B JIePHOBO-TIO30NCTOIH
MOYBE TOJOKUTEIHHO KOPPEJTNPOBaia ¢ TaKIUMI
arpoXnMUYECKNMI TTOKA3aTeJsAMI Kak cojiep-
Janne Munepaibuoro azora (r=0,68; p <0,04),
a TakyKe coJlepsKaHme TPYHLHOTUIPOIU3YEMOit
(r=0,87; p < 0,002) u merkorugpoazyemMoin
(r=0,79; p < 0,011) ppaxmumit azora.

['pubHble rpynnupoOBKN MPECTABICHBI B
MOYBe PA3JIUYHBIMI POIAMU J[eHTePOMUTIeTOR
n ObicTpopacrynumMn Bugamu mopsira Muco-
rales, ocHOBY muTaHusi KOTOPBIX COCTABJSET
JeTROTHIpon3yemMast opranmika. B momyssmmsx
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MUKPOMUIETOB EJMHHBIX TTOYB IOMIUHUPOBAIH,
cocTaBssiss 0OCHOBHOW (hoH, BUibl poja Acremo-
nium, TOTIa KAK B TIOUYBE TIOJT JIYTOM BCTPEUATNChH
TaKyKe MeHU UL 1 TTPeJIcTaBuTe NN poja Stem-
philium (puc. 2, cm. 1B, BRIaARY). B mouse moj
RO3JISATHUKOM BOCTOUHBIM, HAPSILY ¢ Acremonium,
MOMUHUPOBAJIN pasjandHble BUbl poja Penicil-
lium, wacro Berpeyaanch Myroposbie rpubbl. [Tpu
pacnaiike paznoobdpasue rpudoB 110 CpaBHEHUTO
¢ TEeANHHBIMI TTOYBAMI YBEJIMYMBATIOCH 32 CUET
HOsIBJICH ST BUOB 13 popoB Aspergillum, Penicil-
lium, Stemphilium, Trichoderma, Cladosporium,
TUMUYHBIX IS JIePHOBO-TIO30JUCTBIX TTOYB
MAHHOW TPUPOJHO-KINMaTHYecKoii 30HbI. [Ipn
AJAUTEHLHOM BHECOHUN TTOJTHOTO MUHEPaTbHO-
ro yjo0peHus B BO3pacTaoiinx go3ax Ha J0-
MUHWPYIONHE MO3UINN BHIXOAAT IPUOLI poja
Trichoderma, a npencrasurenu poga Mucor
BCTPEUAIOTCS JINIITH B KAYeCTBE MUTHOPHOTO KOM-
MOHEHTA 'PUOHOTO KOMILIeKCA.

Hapsity ¢ rpubamu B Munepaansammm opra-
HUYECKUX OCTATKOB aKTUBHO YYACTBYIOT MUTIE-
JraabHble MPORAPUOTH — arTuHOMuUIeTh. 1o
CTETIeHN MX Pa3BUTUsA B IMOYBE MOKHO CYJUTh,
HAa KaKOU cTajiuy MUHEPAJU3ATNT HAXOAUTCH
nouBenublit fetrput [14]. llenunubie mouBkl mop
CMeITaHHbIM JIECOM U 3JaKOBO-Pa3HOTPABHBIM
JIYTOM 3HAYNTE/IBHO PA3INYaInch MEKIY cO00i
10 CTPYKTYpe aKTMHOMMIETHBIX KOMILJIEKCOB,
00YCJOBJIEHHOIT KOJNYECTBOM 1 Ka4ecTBOM I10-
CTYTIATONIEro B TOUBY PACTUTEILHOTO oniazia. [eian
B TIOUBE TIOJ] IECOM OTMEYEeHbBI TIPeJICTAaBUTe N
MecTN Pa3JINYHBIX TBETOBBIX CERINIT 1 cepuil
pona Streptomyces 1 MUKPOMOHOCIIOPOBBIE BUbI,
TO ARTHHOMUIETHBIIT KOMTIIEKC TTOUBBI TTOJ] JIYTOM
BRJIIOUAJ CTPENTOMUILETHI JINTITh TPEX COKITUIT
" cepuil, a MUKPOMOHOCIIOPHI B TTOUBE JTyTa BCTPe-
4aJIch KaK TUINYHbBIE peJikue BUbl (Tadi. 3).
[1pu iepexofie OT MENMHHBIX K TOYBAM TTAXOTHBIM
TPOMBOII0 paciiupeHne BUAOBOTO CIIEKTPa
CTPENTOMUIIETOB JI0 MISATH CeKITUI U cepuii B Ba-
puanTe 6e3 ymoOpeHunii, v o ceM¥ — B BapmaHTax
¢ BHECEHNEeM TI0;THOTO MUHePAJIbHOTO YI0OpeHust
B BO3pACTAIONINX J103ax. B rmouse oy KO3asATHI -
ROM BOCTOUHBIM, JITUTEJILHO He TIOJTyYaBIei yio-
OpeHus, ARTHHOMHUTIETHBIT KOMILIERC OTTMIATICS
oTcyTeTBHEeM BUoB 13 ceriuii u cepuii Cinereus
Chromogenes, Cinereus Violaceus u cerijun
Helvolus, uro cO6ausmaer ero ¢ KOMIJICKCOM
HEJIMHHON TTOYBBI MOJ 371AKOBO-Pa3HOTPABHBIM
ayroMm. [lns 06enx mouB XapakTepHO TaKKe OT-
CYTCTBUE BBIPA}KEHHBIX JJOMUHAHTOB. B 10 sxe
BpeMs I0YBa 1O KO3JATHUKOM OTINYAIaCh
OT TeJNHHOT 00Jiee BBICOKUM BUOBBIM pas-
Hoobpasuem akrunomuieros. NMupere Ilenno-
na (H), orpaskaiomuii He TOJIHRO KOJUUYECTBO

BBIJIEJISIeMBIX TAKCOHOB, HO 1 O0WJIe KasKk/0To,
B nouBe noj kozasaTHuroMm (H = 2,121) numrb
He3HaunTeJbHO yerynan 3navenunsm H B mouse
ynoopennbix BapuanToB (H =2,208-2,823), B to
BpeMsi Kak BUjIOBOe pa3zHooOpasue B IeJUHHOI
MOUBe 3JIAKOBO-Pa3HOTPABHOTO JIyra COCTABUIIO
Bcero H = 1,570. K unenry BuoB-nHgnKkaropon
00ecIieueHHOCTN JIePHOBO-TIO/[30JUCTOI TTOYBbBI
MUHEPATbHBIMI 3JIeMeHTaM U TUTAHIS, TAKUM 00-
pasoM, MOYRHO OTHECTH TTPeICTaBUTEIeH CeRITITI
u cepuii Cinereus Violaceus u cexuuu Helvolus,
BCTPEUAIOINXCS TOJHKO B BAPMAHTAX ¢ BHECCHT -
eM MIHePaJTbHBIX Y0OPeH il 1 OTCYTCTBYIOTINX,
OO0 PeIKMX B IOYBAX IEJMHHBIX aHAJIOTOB.
JloneBoe yuyactie akRTHHOMUIIETOB B KOM-
mjieKce ODAKTepuil MEeJNHHBIX MTOYB IOJ JIeCOM
(16,8%) u ayrom (8,0%), a Takske MaxXoTHOI
nouBel 6e3 ynoopennii (14,0% ) 1 OUBbI 10]] KO3-
JATHUKOM BocTOUHBIM (16,9%) Huske, yem B 1ma-
XOTHOTI /I PHOBO-TIO/I30JIUCTOT TIOUBE, [IJTUTEIHHO
MOJIyHaloNiell MoJiHoe MIuHepaibHoe yrodpeHne
(20,2-28,5% B 3aBucumocTn ot 10361) (Tabir. 2).
[TpocneskuBaercs moa0KNUTEIbHAS KOPPEJISIITHST
MEKIY T0JIeil CTPenTOMUIETOB B ITPOKAPUOT-
HOM KOMILJIEKCe U COflepsKaHieM B IIOUBe I'yMyca
(r=0,77; p < 0,01). YUncnenuocrh cTpenToMm-
IeTOB TECHO CBsI3aHA C COJlePRAHIeM MITHe PaJlb-
noro azora (r = 0,83; p < 0,005), a ux Bumosoe
pasmooopasue (wumexc lllenmona) maxogures
B IIPSIMOIT 3aBUCUMOCTH OT COJIePsKaHUs B 110Y-
Be azora tpyaHoruaponauzyemoro (r = 0,68;
p < 0,04) (puc. 1). Cpenum akTUHOMUIIETOB
MIPOKO paclpocTpaneHa crmocoOHOCThL MPO-
AYIIPOBATH BHEKJETOUHBIE (DEPMEHTHI — DK-
30THJIPOJIA3HI, KOTOPbIe 00eceunBaioT UM BO3-
MOKHOCTH NCITOIB30BATH JIJIST TIOJYUeHU ST a30Ta
TPYAHOTH/POJIU3YeMble COeIMHEeHUs yIIepoyia.
Takum ob6pasom, 3HAYNTENHLHOE TPUCYTCTBUE
B MUKPOOHBIX KOMIIJIEKCAX AaKTHHOMUIETOB YKa-
3bIBAaeT HA OTHOCUTEJILHO TIO3/IHIEe CTajiun Jie-
CTPYRIMU OPraHMYecKOro BeIecTBa, 00y
00eCIeYeHHOCTh TTOYBBI MUHEPATbHBIM a30TOM
U, B 11€JIOM, BBICOKYIO CTeIleHb TPaHCcOOpMupo-
BAHHOCTU OPraHMYeCKOTO BEIEeCTBA MOYBHI.

3ariaoueHue

B pesysibrare BHITOJIHEHHBIX HCCICIOBAHMIT
JUTS TSZKETIOCY DIIMHUCTOT e PHOBO-TOI30NCTOI
nousbl [Ipenypasbs, ucnonbzyemoii Ha 1porsi-
JKEHWN COPOKa JieT B ceBO0OOpPOTe ¢ BHECEHNeM
MOJIHOTO MUHEPAJIbHOTO yA00OpeHUsi, BbIsABICH
TPEHJI K YBEJIMUYEHUIO [0/ DAKTepuil B COOTHO-
ImeHnn rpudoB 1 HaKkTepuii B cocTaBe MOYBEHHOTO
MuKpobIoro coobrecrsa. C memosnzoBanmeM
ARTHHOMUIETOB B KAYECTBE MOJCIHHON TPYIIITHI
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MHUKPOOPTraHM3MOB BHISABICHBI M3MEHEHUs B
cocraBe camMoro GakTepuaibHOTO cO0bIecTBa.
ComnocraBiienne pe3yabTaToB OTpeeneHns
TyMYCcHOCTH, DPAKIIMOHHOTO aHAIN3a OPraH-
YECKOTO BEIECTBA 1 OT[EHKI COCTOSTHIS MUKPOO-
HOTO COODIIeCTBA TTO3BOJMIO YCTAHOBUTE, UTO
B YCIOBUAX MOCTATOUHON 00€CTIeUCHHOCTIT DJTe-
MEHTaAMI MUHEPATHHOTO MIUTAH COXPATHOCTh
OPTAHNYECKOTO BEIeCTBA MOUBHI MOBHITITACTCS,
MOCKOIBKY TTPOTECCH MUKPOOHOTO Pa3I0sKeH S
CTOMKNX COCMHEHUIT yriaepojia molaBaeHbl.
006 pToM cBHETEILCTBYCT HADIIOaeMast B [1JI1-
TEJABHOM CTAI[MOHAPHOM OIBITE COXPAHHOCTD
MCXOHOTO COJlePIKAHIs ryMyca B MO4YBe Ha
yposte 2,06—2,16%. Takum o6pazom, BHeceHme
B MOYBY TOJHOTO MUHEPAJIHLHOTO yIoOpeHus
B IOJITOCPOUYHON MEPCIEeKTURE CITOCOOCTRYET
3aMeJIITeH IO TeMTIOB PA3JIOMKeH I TyMyca 1 yBe-
JMYEHUIO B €70 COCTAaBe TPYAHOTHIPOIN3YEMbIX
pparmuii.

[Toryuenmnbie pe3yabTaThl CBUICTEIHLCTBYIOT
0 HEOOXOMMOCTU COCPEIOTOUNTLCS B JlalbHel-
MNX UCCAEM0BAHUAX Ha (PakTopax, KOHTPOJIH-
pyomux (opMupoBaHne MOYBEHHOTO MUKPOO-
HOTO cO00IecTBa (TUIT TOYBBI, PACTUTEHHOCTD,
yo0peHust, arpoTexHnKa u 1p.), 4To MO3BOJUT
pacimpsTh HaTIe TOHUMaHe MUKPOOHOTO BRIA-
[la B ITYJI OPTAHMYECKOTO BEIEeCTBA MTOYBHI, TIPH-
0JIN3UTHCS K IIOHUMAaHUIO [1POIEccoB (POpMUPO-
BAHWA 1 CTAOMIN3ATINT 3aTTACOB OPTAHNICCKOTO
BeImecTBa B TTOURBE.

Paboma evtnoanena npu ghunarcogoit noddepoic-
ke POOU, epanm Ne 17-45-590166 p-a «Teopemu-
yeckue u npukaadnvle acnekmot mpancgopmayuu
0p2anU1ecK020 geuyecmea U a3oma naxommusblx
deprogo-nodszoaucmulx nous Ilpedypasvsr».
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MUKPOBHAS TPAHCPOPMALIUS OPTAHUYECKOIO BELLLECTBA AEPHOBO-

NoA30JINCTON NOYBLI MPEAYPAJbA NMPU PA3JINMHOM UCNOJIb3OBAHUU
M BHECEHUM MUHEPAJIbHbIX YAOBPEHUMA, C. 102

MIIA KAA A Tpu6t . . 5, KOEAr
MPA SAA SEA Fungi S,% S, CFU/g
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C Con CoimNaip20r  TK T'ymyc N o6bm. N mr N ar Ntr N mw
H:0 NaOH GA Pl N total Nng Nlg Nhg N mineral

Puc. 1. KospurmeHTsl KOPPesAmy MesRLY IIOKa3aTeIsIMI, XapaAKTePU3YIOINMI COCTOSTHIE
OPraHMYecKOro BelecTBa i MUKPOOOIeHO3 IePHOBO-TIOAB0JINCTON TTOUBBIL:
H — waperc [Mennona, S — crpenromutiersl, 'K — rymMunoBbie Kuciorbt
Fig. 1. Correlation coefficients between indicators characterizing the state
of organic matter and the microbiocenosis of sod-podzolic soil:
H — the Shannon index, S — Streptomyces, GA — humic acids

F -

Pue. 2. Mukpockomist JOMIHIPYOMIIX MUKPOMUIIETOB B IEPHOBO-TIOA30IUCTOM TouBe: 1 — ROHUIIeHOCI bl
Penicillium sp., 2 — Rouuanenocb Acremonium sp., 3 — Mmutniennit u kouwgnn Fusarium culmorum,
4 — wouupuu Stemphylium sp. Cpepa Yanera, 28 °C
Fig. 2. Microscopy of dominant micromycetes in the sod-podzolic soil: 1 — The conidiophores
of Penicillium sp., 2 — conidiophores of Acremonium sp., 3 — mycelium and conidias Fusarium culmorum,
4 — conidias Stemphylium sp. Chapek media, 28 °C
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IKOIOTHUS — HAYKA O B3ANMOOTHOIIEHHSIX OPTAHN3MOB € OKPYIKATOTIEN CPeIoil, MeXaHn3MaXx MOJIePIRAHIIST TAPMOHITIT
B OKPY/RAOIIEM MUPE. IKOJOTHUECKIIT TIOJIXO]T OTTPEeJIeSIsIeT OTHOIIEHIE JIIOfIel K MIPY, COCTABISIeT OCHOBY NX MUPOBO33PEHNS,
MOBEICHUS U KYJALTYPbI. JKOJOIHYeCKI OPUEHTHPOBAHHBIE X035 CTBOBAHIE U TIOBEICHIe JIIOJ[eHl COOTBETCTBYIOT TOBOPOTY
YeJIOBEUECTBA K OXPAHEe IMIPUPOILI, MOJIePKAHIIO 30POBOI cpefibl oburanus. Vemonb3oBamne HSTHOKYILTYPHOTO OIBITA
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qeJIOBeYeCTBA TIOMOraeT coepeub Hemalibie PUHAHCOBbBIE, JIOICKIE U TPUPOJIHBIE PeCyPChl HA YCTpaHEHIe HerarnBHBIX
HKOJIOTMUECKIX MTOCTEJICTBHUIL, CIIOCOOCTBYET 9KOJIOTU3AINI TPOMBIIIJIEHHOTO U arpapHOTro MPOU3BOJICTBA, BhipabaTbiBaer
JOJIFKHYIO 9KOJTOTNYeCKYIO KYJIBTYPY HacesneHnst. BeIsABIeHO, 4TO STHOKYJIBTYPHOE HACTe/iie CTaBIHCKOTO MITPa COflePRUT
Cepuio X035iCTBEHHBIX U OBITOBBIX MPABIJ B3ANMOOTHONIEHNSI ¢ HPUPOOil. «IKOTOTHUecKass BIMCAHHOCTEY JTIOJell
B IIPUPOJIHOE OKPYsKeHUe crocobeTBOBaIa MPOQUIAKTHKE CTPECCOB, EePerpy3oK, KOHQINKTOB B 001ecTBe 1 00IIecTBa
¢ TMPUPOOIT. ITHOIROTOTUYECKHUIT OTIBIT CTABIHCTBA MMOJIE3€H B HKOJOTU3AINN arpapHoro mpon3BoJCTBa, ObITa 1 MOKeT
IIITPOKO MCITOTH30BATLCS B PA3BUTHI HKOJIOIMYECKOT0 00pa30BAHIS U ITPOCBEIeH ST HACeTeH I,

Karouesoie crosa: ITHORYJBTYpa CAaBAHCKUX HAPOJOB, pariionaJIbHOe TPUPOIOIOAb30BaHMe, JKOJOTUA HUJINIIA,
IKOJIOTUA KROCTIOMA, apT-Tepalind, 9THOYKOJOTrnYeckoe BocInTaHune.

Many scientists from all over the world men-
tion the discrepancy between the development of
the society and the relations of the society and
nature during the Industrial and Post-Industrial
Age [1]. A new look on nature and people rela-
tions, on relations of biology and spiritual life is
being developed now. “The sources of biological
revolution of the second half of the 20" century
are numerous. The greatest discoveries were
made in molecular biology and biochemistry;
DNA structure discovery caused development of
aspecial industry which deals with gene modifi-
cation... Human culture is most likely to reflect
general social needs, which have rather biologi-
cal than cultural roots” [2]. The 21" century is
supposed to be the time to develop different sci-
ences dealing with human being in many ways,
while the 20" century is viewed as the time of
developing nuclear physics and chemistry, and
other branches of these sciences. In anthropo-
logical studies they specially mention human
contact with the environment [3]. The research
in the ecological sphere is topical, as there are
many issues of contemporary humans’ dealing
with the nature.

On this account they pay more and more
attention to historical and ethnic experience of
the developed agricultural cultures resistant to
impacl from the outside, including Slav cultures.
Now they see special value not only in the eco-
logical programs for industry and agriculture,
but also in historical ethnocultural experience
of nature management, which had been worked
out in the past by different peoples and let keep
the ecological balance in many parts of the world.
The applied value of ecology could be enriched by
the research results of ethnoecology as a branch
of ecology. In many cases following the tradi-
tions could help to keep the natural resources
and finance and it could contribute to developing
ecological culture of the population. That’s why
learning and understanding ecological experi-
ence is getting more and more topical in different
spheres of life and industry nowadays.

The aim of the article is to find out and
analyze the ecological techniques and norms in

Slav ethnic cultures, and to estimate their role
in contemporary life support systems, industry,
and ecological education. Thus the tasks are: 1)
to find the territories for life and industry, the
rules of building and utilizing houses, the ways
of everyday life, as well as the ways of making
and wearing clothing, producing and keeping
natural food, food preparing, which would be
characterized with the lowest expense to the
nature; 2) to state the conformity to the natural
laws of special celebrations, traditions, rites, as
well as in religion and mentality (“ecology of
the soul”), which determine this conformity in
different Slav ethnocultures, as they are quite
well-adjusted systems in the field of environ-
mental interaction.

Methodology and methods

Contemporary science tends to multi- and
transdisciplinarity. In the field of sciences and
arls cooperatlion a special attention is paid to
the time-tested contacts, still new transformed
effective approaches are needed. Nowadays
interdisciplinatry contacts between ecology
and ethnography are not only possible, but
necessary from the point of view of finding new
approaches which are more effective and which
contribute to applicability of the both ecology
and ethnography. A new look upon the content
and methods of ecology and ethnography leads
to discovering characteristic features of a new-
created sphere of knowledge, which is called
ethnoecology.

Field research takes a special place in the
sel of ecology methods [4]. Field expedition
research is also a “classical” method in ethnog-
raphy. It is well-known that the main method
of science research is observation, “Observa-
tion is deliberate purposeful intaking in order
to find out the essential features of the object
observed” [5]. “Overt observation” in ethnology
can be viewed as something analogous and as an
experiment which contributes to understanding
not just ordinary information but also feelings,
worldview, small, micro-details. Both in eco-
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logy and ethnography a long-term observation
is made through monitoring.

Ecology studies formation, structure, and
functioning of biological systems on all the lev-
els, from a separate organism to the biosphere,
and their relations with the environment.
Ethnography and ethnology study ethnic com-
munity (cultural) systems as maximally produc-
tive ones, with a well-developed system of life
sustaining and survival techniques, as living
organisms with a sufficient vitality resource.
A system approach which is well-spread in ecol-
ogy and ethnology makes it possible to study
populations, biocoenoses, and ethnic communi-
ties different in scale. It is interesting to state
functional connections of living organisms both
between each other, and with the environment
[6]. The research in contact zones of ecology and
ethnology are topical in the contemporary world
and in due to crises, which often take place nowa-
days. Methods of observing and experiment,
system and expedition contribute to innovative
and more effective research commonly made in
the spheres of ecology and ethnology.

Results and Discussion

Using the above-mentioned methods in
ecology and ethnology helped to acquire a
definite view of ecological, well-balanced nature
management characteristic of Slavs. The Slav
world supposes tight and comparatively early
formed agricultural traditions. Such cultures
have special ways of coming in contact with
the nature and other cultures. Not only soil
and climate are of the greatest importance to
them, but also such natural objects and phe-
nomena as the sun, wind, and rain. That’s why
Slav ethnoecology includes the works on their
contemplative worldview, which supposes spar-
ing soil treatment, ecology of housing, natural
protective amulets and decoration inside their
houses, ecology of folk garments decorated
with numerous ornaments, so-called “songs in
cloth”: plant, zoomorphic, ornitomorphic, and
anthropomorphic ones. The cooking utensils
and the food system are notable for their confor-
mity to the laws of the nature and environment
friendliness [7]. A new look on the issues of
scientific works being made on the borderline
of ecology and ethnology causes certain “reno-
vation” of the conception of providing life and
ethnoecology of Eastern Slavs. It is based on
eco-friendly systems of consuming natural
resources, on total economizing, on “ecology/
purity of soul”, etc.

Russians, Ukrainians, Belarusians had
detailed, well thought over, well-adopted agri-
culture, a system of tools and ways of soil culti-
vation, they were carefully taking into account
climatic peculiarities. It was carefully considered
before [8]. Western Slavs also had collective,
environment-friendly ways of making canals
and dikes, of protection against fire, of vineyard
protecting, etc. [9].

Settlements and houses of Slavs are a con-
stant source of ethnoecological information.
Ethnocultural Slavic inheritance in Western
Poland demonstrates a set of useful rules and
ways of organizing a place of living. They include
conforming to the natural environment, water,
soil, air, etc. [10]. Environmental friendliness
is seen in the ways of building houses, in solar
symbols on the doors, in wooden pails, spoons,
in wicker baskets and cups. Ethnographic ob-
serving and research in the Russian North, in
Poland, Bulgaria, and Slovakia indicate many
variants of culture techniques in everyday life
which are of low cost from the point of view of
using both natural resources (soil, wood, etc.)
and human power.

The cutout of Russian garments, as well as
of those of other Slavs, is very saving [11]. En-
vironmental friendliness of clothes consists in
saving the cloth, in using natural kinds of cloth.
Slavs ate healthy food, due to their ecologically-
friendly agriculture. Many facts from Slavic eth-
nography indicate the ways of production which
are the least costly for man and nature, a high
degree of adaptation to the territory lived on, the
ways of building and keeping houses, keeping a
household, of making and wearing clothes, as
well as sets of utensils for safe-keeping natural
food and for cooking food.

The material objects of the traditional cul-
tures reflect spiritual beliefs. In Middle Age in
Christian Slavic Europe household items were
decorated with plant, solar, zoo- and ornitomor-
phic ornaments [12]. In the Russian tricolor
white symbolizes air and waler, red means fire,
the sun, and blood, black is the colour of “Mother
Earth” which gives life and takes everything in
back [13]. As for other Slavs, Macedonian gar-
ments for women are decorated with solar and
plant ornaments; on the head drapery of the bride
square white and red ornaments symbolize four
parts, four cardinal directions of the world, the
sleeves of the white garment and the “covers”
of the bride are richly embroidered with red
plant ornaments, the apron is embroidered with
sun-, tree-, and bush-shaped ornaments and
with symbolizing the triadic nature of the world
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[14]. Thus, Slavic ornaments look as maps and
tests on understanding the nature. In Slovakian
traditional embroidery they use numerous plant
ornaments in a white-red-black colour scheme
(Azurkové vzory, krizikové vzory, hladkované
vzory, vy$ilké na perlicke, vyrezové vzory) [15].
Old jewelry of Slovaks is decorated with solar
ornaments [16].

Bright ethnoecological ornaments are char-
acteristic of the north-west of the Slavic world.
“Aspects of pre-Christian paganism have sur-
vived among several ethnic groups, including
the Abkhaz of Georgia and some of the Finno-
Ugric people of European Russia, where there
had been a continuing tradition of paganism”,
“Mari paganism includes rites directed towards
the spirits of the forest and fields...” [17]. Mental,
spiritual symbols are also characteristic of the
ethnic environment of the Slavs, such as animal
style, compositions including dragons, red horses
on a stone monument in Scandinavia [18].

Ecological character of Slavic spiritual cul-
ture is seen in the complex of beliefs concerning
keeping healthy. A set of rules could have sur-
vived due to living quite separately, for example,
in the Tatras, in the natural environment, sur-
rounded with a special atmosphere, coloures, the
sky, the horizon line, etc. [19]. Similar ethnocul-
tural environmentally friendly themes are also
found in Yugoslavian folklore [20].

Spiritual culture of Slavs included art-thera-
py as a part of “ecology of the soul”. According to
the data of different ethnographic expeditions, on
all the territories inherited by the Slavs one can
find a similar rhythm of celebrations and rites,
colourful garments, it is typical for a person to
take part in some joint activities. Rites and cel-
ebrations helped to keep tradition in everyday life.
Apotheosis of wise organization of life rhythm
is seen in agricultural rites and time of the year
celebrations [21]. Viewing spiritual culture of
the Slavs through “ecological glasses” lets see
the laws and conformity to the natural cycles in
the system of celebrations, customs, rites, in the
religion containing many pagan elements, in
mentality, and in traditional folk medicine.

Nowadays ethnoecological education rep-
resents application of this especially well. In
Sweden it starts as early as in kindergartens
[22]. Ethnoecological knowledge is to be ac-
quired and ethnoecological research is being
carried out in higher school, at the faculties of
ethnography, anthropology, phylosophy. At the
moment in Slavic countries ethnographic educa-
tion includes knowledge on ethnomedicine, folk
magic, agroethnology, etc. [23].

Ethnographic open-air museums play a
great educational and enlightenment role in
the sphere of ethnoecology. They demonstrate
achievements in building and arrangement of
houses at the minimal expense, as for the natu-
ral resources, and with the maximal degree of
life and health ergonomics. For example, in
Russia such open-air museums can be found
in almost every region: the Architecture-
ethnographic museum in the Twer region,
village Vasilyevo; the museum of Wooden Ar-
chitecture “Malye Korely” in the Arkhangelsk
region; the town of Suzdal “Pyatyorochka” in
the Vladimir region; “Tatar Chelny” in the
Republic of Tatarstan; “Ludorvay” in the Re-
public of Udmurtia, etc. There is an open-air
museum in Slovakia, it had been made from
1972 till 1991 [24]. In 1922 the ethnographic
museum of Slovenia was founded. Develop-
ment of ethnoecological education and enlight-
enment is really necessary nowadays.

On the whole, ethnocultural inheritance of
the Slavic world reveals a set of topics and trends
in the way of sparing, effective rules of dealing
with the nature, with water, soil, the sky, flora,
and fauna. “Ecological” inclusion of people in
the natural environment contributed to psychic
health, to avoiding stresses, strains, to avoiding
conflicts both between people and between people
and the nature.

Conclusion

Interdisciplinary research is characteristic
of the tendency to ecologization of industry and
agriculture, of developing nature-preserving
and health-preserving techniques, of spreading
ecological culture among the population. Us-
ing joint techniques and methods reveals new
resources and trends in developing industry and
keeping healthy. All the best ethnoecological in-
heritance and experience of “culture techniques”
is to be launched in production. Forms and
methods of ethnology/anthropology correlate
with the formula “Small Places, Large Issues”:
“Anthropology is a discipline based upon in-
depth ethnographic works that deal with wider
theoretical issues in the context of particular,
local conditions — to paraphrase an important
volume from the series: large issues explored in
small places...” [25]. The term “issues” can be
understood and translated in Russian differently.
It has such meanings as “a problem”, “an argu-
able subject”, “a magazine/newspaper published
at a particular time”, “an estuary”, “output”,
“result”, and even “a child of someone” [26].
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Thus ethnographic research of certain territories
can contribute to focusing on something new,
some issue, some new result, some new product
(a baby?). This approach appears to be topical
nowadays, researching in this direction is quite
promising. Ethnoecology contributes to sustain-
able development of regions, to the work “in
advance”, to their positive image, to making life
there comfortable for people, to including there
the above-mentioned “large Issues”.
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The main purpose of spreading the concept of “smart” state regulation to the environment area is natural protection
for future generations. A special place in the solution of problems of environmental sustainability, environmental protection
and nature management belongs to legal means, and norm-setting in this area should be outstripping in nature.

Important legal acts have already been adopted to address environmental problems, the central one being the develop-
ment of the list of “best available technologies”, and their implementation will make a significant step in achieving sanitary
standards of harmful environmental impact indicators. At the same time, the change of Russia’s main environmental indexes
show an increase in the negative impact on the environment and this growth will continue in parallel with the development
of the economy, which requires the development of new measures of influence based on the ideas of the concept of “smart”
state regulation.

The concept of “smart” state regulation in the sphere of environmental protection and nature management is aimed at
the introduction of integrated assessment procedures of decisions and allows purposeful influencing the economic activities
of legal entities and individual entrepreneurs, to build as a matter of fact the individual trajectory of legal regulation of their
activities in this area. Authors are encouraged to use the Assessment of the Negative Environmental Impact (ANEI) and
the Regulatory Impact Assessment (RIA) in preparing regulatory and law enforcement decisions. This allows “flexibly” to
influence environmental decisions, more rational use of legal means and synchronize legal regulation with tasks in the field
of environmental protection and nature management. It also helps to form an eco-consciousness in the business community.

Keywords: policy of “smart” state regulation, legislation, best available techniques, assessment of the negative
environmental impact, regulatory impact assessment, eco-consciousness.
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ImaBHOI 11€Tb10 TOMUTHKI «yMHOTO» rocyjiapetBa B cepe 0XpaHbl OKPY:KAIOIeil cpejibl 1 MPUPO0I0Ib30BaAHNA
sBJIsieTcs cOepeskeHne OKPYsKAIOIIel cpejibl st OyAynnux mokojaennii. KoHmenus «yMHOrO» rocylapcTBeHHOTO
PeryampoBaHus MpejroaraeT IpUHATIE TPABOTBOPYECKNX peleHnil, 00be/INHSIONNX B eJUHYI0 CICTEMY HECKOJIBKO
(haKTOPOB, ONPEEJAIONNX PE3YJIbTAThl OIEHKN HEraTUBHOTO M JONYCTHMOTO BO3JEHCTBUA HA OKPYIKAIOILYIO
cpeny. llpumenenne nporneaypsl ONeHKN PeryInpyioniero Bo3jeiictBus B cepe oXpanbl ORpyyRalonieil cpejbl 1
TIPUPOJIOTIONB30BAHMS OY/IET CITOCODOCTBOBATH BHIOOPY d(D(PEKTUBHBIX CPEJICTB BO3/IICTBIS HA XO35111CTBEHHYIO JIesTe/IbHOCTh
I0PWIMYECKIX JINIL 1 MHNBULYAIbHBIX HPEJIIPUHIMATE Ieil. ITO TI03BOJIUT OIeHUTh IT0O3UTHBHBIE 1 HETATHBHBIE TOCJIe/ICTBIA
YTBEPJKICHIS HOPMATHUBHBIX JIOKYMEHTOB. ABTOPBI ITPeJTaraioT KOMIICKCHBII ITOJ[X0/] K OI[eHKe HeraTnBHOTO BO3/eliCTBIIS
Ha OKPYKAIOTIYIO CPeJIy U BHeJ[PeHIe OIeHKI FOCY/laPCTBEHHOTO PEryJinpoBanusi (OMEeHKI PeryInpyIoniero BO3eiicTBus).

Karoueesie croea: nonutnka «YMHOTO» TOCYJIapCTBEHHOTO peryjnpoBatnsd, 3aKOHO/[aTe/IbCTBO, HAWJIy4vIllne JOCTyITHbIe
TEeXHOJIOTUI, HeraTuBHOe BOBﬁ[eﬁCTBI{e Ha OKPYRAIOLLYIO Cpey, OlleHKa peryanpyolmero BOBI[P,I"‘ICTBI/IH, JROCO3HaHUIe.
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The main condition for the sustainable
development of a modern state is the existence
of an effective public administration system.
The current system of public administration in
Russia, as in any other state, facing challenges
of a global nature, often demonstrates “confu-
sion” and delay in responding to them, which
undermines the principles of the system stabil-
ity. One of the key domains of public life, where
this problem is particularly acute, is ensuring of
environmental sustainability.

Environmental development of territories
as well as rational use of natural resources on
the basis of modern scientific and technologi-
cal achievements and the formation of “smart”
public regulation system aimed at protection of
the constitutional rights and freedoms of citi-
zens and preserving the environment for future
generations shall be the policy directions of the
“smart” state in the sphere of environmental
protection and management. An innovative
system of public administration aimed at solving
environmental problems should be based on the
active involvement of innovative technologies in
practical activities.

Review of research studies on “smart” state
policy shows that a significant amount of scien-
tific papers is devoted to improvement of regu-
lation in the service sector and service security
[1-3], improvement of electric power system
and reduction of energy losses [4, 5], conversion
of the existing electricity infrastructure into so-
called intellectual networks [4—10]. The authors
[2] offer the “Intelligenter” method “based on
the innovative idea of collaborative discovery in
urban systems” and draw attention to the fact
that, first of all, policy and regulation are made
smart through qualitative and quantitative
cooperation of all stakeholders in sustainable
development. Publications [7—10] give an idea
of Smart Grid technology for operating electric
grids in order to improve their efficiency, reli-
ability and safety and to reduce the demand and
costof electricity. In the context of environmen-
tal policy, the term “smart regulation” was first
developed to describe the post-command and
control of implementation style, which is ex-
pected to be able to cope with increasingly tech-
nologically and politically complex management
issues [11]. “Smart” regulation is a compromise
solution for those who support strong state
regulation of business and those who are against
such regulation [12—14]. The analysis of the
relationships between tools to achieve goals in
environmental policy and political success [15]
shows that Flemish interventionist approach,

which focuses on traditional instruments, is not
as effective compared to the Dutch stimulating
approach, as the latter uses a wide range of social
and economic instruments, including many new
environmental policy tools. Itis noteworthy that
the government remains the most important
regulator in all cases, although the importance
of additional regulators is growing [15].

A special place in solving problems in the
field of environmental safety, environmental
protection and natural management belongs to
the statutory regulation, which should be pro-
active and not catching up. Despite significant
positive changes in Russian environmental
legislation and significant integration of the
national statutory framework with the Euro-
pean legislative system, which can be seen in
the example of article [16], it worth mentioning
thatin the Russian Federation there are no legal
technologies that allow to introduce a reliable
mechanism of long-term regulation, which is
the most important factor in the formation of
“smart” regulation in the field of environmental
and natural management.

The article presents an analysis of regula-
tory legal documents in the field of natural
management and protection, the effectiveness of
integrated application of environmental impact
assessment and regulatory impact as an impor-
tant way to implement the policy of “smart” state
regulation.

Formation of “smart”
State Regulation Policy

The policy of the “smart” state is realized
through establishment of theoretical, practical
and technological principles of “smart” state
regulation system, which objectives are struc-
turing of administrative relations to solve the
mostimportant problems of society. This should
be supported by a scientifically based assess-
ment of the consequences of the introduction
of regulatory norms, their non-redundancy and
sufficiency and impact on relations in the field
of environmental management and protection.

However, the analysis of the dynamics of the
main environmental indicators in Russia shows
an increase in the impact of negative factors on
the environment, which requires measures to
transition to the policy of “smart” State regula-
tion. A striking example of “smart regulation” is
the solution to the problem of e-waste utilization
in China. In particular, the law of the People’s
Republic of China “On protection of environ-
ment” in article 25 provides that the fabricator
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should manufacture products on the basis of the
principle of small use of resources using a high
degree of purification from pollutants formed
in the production process. Regulatory impact
should be flexible and complex, which presumes
a combination of state regulation and other new
forms of regulation — self-regulation, co-regula-
tion, quasi-regulation [17], and is determined by
the balance of international and national levels
of regulation, strategic planning and effective
law enforcement.

Regulation of indicators of negative impact
on the environment at the national level is an
important indicator of the policy of “smart” state
regulation and it allows to assess the effective-
ness of management decisions. The documents of
strategic planning in the field of environmental
protection and natural management are the na-
tional security Strategy of the Russian Federa-
tion until 2020 (Strategy—2020) and the Concept
of long-term socio-economic development of the
Russian Federation for the period up to 2020,
which contain, among others, tasks in the envi-
ronmental sphere. The environmental burden on
the Russian economy is still significantly lower
than in developed countries. Regulatory legal
acts establishing mandatory rules and require-
ments in the field of environmental protection
and natural management are an effective tool
in the implementation of strategic objectives.

Statutory regulation in the field
of environmental protection and
transition to the concept of permissible
environmental impact and necessary
regulatory impact

The basis of normative regulation of envi-
ronmental protection and natural management
is the Federal law of 10.01.2002 No. 7-FZ “On
Protection of Environment” [18], which in the
preamble refers to the constitutional and legal
norm on the right to a favorable environment
and the obligation of everyone Lo preserve na-
ture and the environment, to take care of natu-
ral resources. This Law is aimed at regulating
relations in the sphere of interaction between
society and nature in the process of economic
and other activities and is the basis of sustain-
able development of the Russian Federation. A
comprehensive analysis of the current legislation
in this area requires consideration of a number
of normative legal acts [19-21].

In general, the legal regulation of activities
related to the impact on the natural environment
al the present stage is based on the stimulation

of legal entities and self-employed entrepreneurs
engaged in economic and (or) other activities
to carry out measures to reduce the negative
impact on the environment and the introduction
of Best Available Techniques” (BAT). However,
economic instruments can be used and be quite
effective up to a certain point, namely during
the period of monitoring of the actions of an
economic entity to confirm the achievement
of a stimulating effect, when legal entities and
self-employed entreprenecurs take measures o
reduce the negative impact on the environment,
and from 1 January 2020 — supplemented by the
introduction of BAT. In case of the absence of
activities expected from the state in the actions
of the economic entity, it is necessary to move
from regulation exclusively with the help of eco-
nomic instruments of influence to legal means of
restrictive and prohibitive nature. This requires
the development of assessment tools and the in-
troduction of special legal regimes that provide
flexible legal regulation for specific legal entities
and self-employed entreprencurs engaged in
economic and (or) other activities.

The creation of such a mechanism isimportant
in the light of the forthcoming significant changes
in the legislation on environmental protection on
January 1, 2019 which determine the rules of regu-
lation in the field of environmental protection and
establish fundamentally new approaches to point
regulation in relation to a particular legal entity
and individual entrepreneur, which will ensure the
focus of regulatory impact and serve the purposes
of “smart” state regulation, when the fee for nega-
tive impact on the environment (more — NIOE) in
the presence of certain indicators of activity of the
economic entity does not meet the interests of the
state and society.

It seems promising during the gradual tran-
sition to the concept of “smart” state regulation
to use techniques that allow in taking legislative
decisions, to combine into a single system several
factors — the results of the assessment of the
negalive impact and the permissible impact on
the environment, as well as the current state of
implementation of the best available techniques
al a certain production area. In our opinion, the
application of the regulatory impact assess-
ment procedure (hereinafter-RIA) will help in
the selection of effective means of impact on the
economic activities of legal entities and self-
employed entrepreneurs [22].

RIA procedure allows you to set the problem
to be solved, as well as the goals of regulation and
possible ways o achieve the desired result. Based
on this, it is planned to draft a legal act that is
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designed taking into account the optimal model
of duties, prohibitions and restrictions in rela-
tion to individuals and legal entities in the field
of entrepreneurial and other economic activities
or contribute to their introduction [23]. This is
especially important in order to form a cutting-
edge legislation in the field of environmental
protection and natural management within
the concept of “smart” state regulation, which
provides for the selection of the most effective
version of the proposed legal regulation.

The mechanism of RIA procedure involves
the assessment and comparison of qualitative
and quantitative parameters of all possible
consequences of the introduction of each of the
possible ways of legal regulation of the relevant
sphere of public relations in comparison with the
existing one. This requires a comprehensive as-
sessment of qualitative and quantitative param-
elers affecting the limits of permissible negative
impacts on the environment, which justify the
need to change the legal means of impact on re-
lations in the field of environmental protection
and environmental management.

Measures for complex assessment
of negative impact on the environment
and implementation of the best available
techniques

The approach proposed for a comprehensive
assessment of the negative impact on the envi-
ronment is to combine indicators established by
the current legislation into a single system. New
indicators in the future can be implemented in
this model. The first indicator of the system are
the objects that have NIOE, which according to
[18] and Resolution of the Government the Rus-
sian Federation of September 28, 2015 No. 1029
“On approval of criteria for classifying objects that
have a negative impact on the environment, to
objects I, I, [1Tand 'V categories” are divided into
four categories. Thus, the categorical character-
istic of the object establishes their differentiation
depending on the degree of negative impact on the
environment (significant, moderate, minor, and
minimum) (Indicator 1 in the table).

The next indicator of a complex assessment
is the hazard classes of waste established by the
Federal law “On Production and Consumption
Wastes” [19] and the Order of the Ministry of
Natural Resources of Russia dated 04.12.2014
No. 536 “On approval of criteria for classifying
waste to I — V hazard classes according to the
degree of negative impact on the environment”,
which allow not only quantitatively but qualita-

tively assess the degree of negative impact on the
environment (Indicator 2 in the table). In this
aspect, a research, representing the scientific ba-
sis for the development of methods for assessing
the cost of waste disposal, and especially waste
high-tech industries become relevant.

The third indicator has a stimulating charac-
ter — the coefficient for NIOE for legal entities and
individual entrepreneurs engaged in economic
and (or) other activities, which thus encourage
the implementation of measures to reduce the
negative impact on the environment and the in-
troduction of Best Available Techniques (BAT).
The coefficient for NIOE will come into effect
from 1 January 2020 and will determine the rate
of payment for the negative impact on the envi-
ronment depending on the amount of emissions
of pollutants, discharges of pollutants, production
and consumption waste (Indicator 3 in the table).

In the table, the normative indicators are
located with increase of the impact risk and are
designed to apply three levels of possible regula-
tory impact: the upper level (green zone) — the
priority of economic means of impact; the middle
level (yellow zone) — the strengthening of eco-
nomic means of impact and control measures;
the low level (red zone) — the transition from
exclusively economic to statutory means of im-
pactin the form of restrictions and prohibitions.

Thus, state regulation for reducing the
negative impact on the environment is aimed at
stimulating the introduction of BAT. Despite
the logic and reasonableness of the provisions
of the guidelines for the definition of technology
as BAT in accordance with GOST R 56828.1-
2015, the economic evaluation criterion in this
case is considered on a par with the environ-
mental, which is conceptually incorrect. The
environmental criterion should have priority,
and economic entities entering the red zone (see
Table) must be recognized as environmentally
hazardous, and must be subject to a special legal
regime. This issue has not yet been fully resolved
and requires a complex assessment. It is neces-
sary to legally establish the principles of intro-
ducing special regimes in relation to economic
and other activities carried oul by legal entities,
individual entrepreneurs and citizens, “entered”
in the red zone, as well as differentiate the types
of state environmental supervision, depending
on the level of environmental hazard of objects.

Conclusion

Improving the efficiency of state regulation in
the field of environmental protection and natural
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Table

Complex assessment of the negative impact of objects on the environment

Indicator 1

Indicator 2

Indicator 3

Categories of objects [18,
art. 4.2]

Waste hazard
classes [19, art. 4.1]

Coefficient for the negative impact on the environment [18,
art. 16.3] (paragraph 5 comes into force on January 1, 2020)

Green Zone

IV — having a minimum
negative impact on the
environment;

IIT — having a negligible
negative impact on the
environment

V — practically
non-hazardous
waste;

IV — low haz-
ardous waste

0 — for the volume or mass of emissions of pollutants, dis-
charges of pollutants within the limits of technological stan-
dards after the introduction of the best available technologies
at the site that has a negative impact on the environment;

0 — for the volume or mass of production and consumption
waste that are subject to accumulation and actually used
from the moment of establishment in own production in ac-
cordance with the technological regulations or transferred
for use within the period provided for by the legislation of
the Russian Federation in the field of waste management;

1 — for the volume or mass of emissions of pollutants, dis-
charges of pollutants within the limits of permissible emis-
sions standards, standards for permissible discharges;

1 — for the volume or mass of production and consumption
wastes placed within the limits for their placement, as well
as in accordance with the reporting on the formation, use,
disposal and disposal of production and consumption waste
submitted in accordance with the legislation of the Russian
Federation in the field of handling waste;

Yellow Zone

IT — have a moderate
negative impact on the
environment;

I — having a significant
negative impact on the
environment and relevant
to the areas of applica-
tion of the best available
techniques

111 —moder-
ately hazardous
waste;

IT — highly haz-
ardous waste

25 — for the volume or mass of emissions of pollutants, dis-
charges of pollutants within the limits of temporarily per-
mitted emissions, temporarily permitted discharges;

25 — for the volume or mass of production and consumption
waste placed beyond the established limits for their place-
ment or specified in the declaration on environmental im-
pact, as well as in reporting on the formation, use, disposal
and disposal of production and consumption wastes in ac-
cordance with the legislation of the Russian Federation in
the field of waste management;

Red Zone

I — having a significant
negative impact on the
environment and relevant
to the areas of applica-
tion of the best available

techniques

IT — highly haz-
ardous waste;
I — extremely
hazardous waste

100 — for the volume or mass of emissions of pollutants, dis-
charges of contaminants exceeding the volume or mass spec-
ified for Category I objects, and also exceeding or exceeding
the volume or mass specified in the declaration on environ-
mental impact for Category Il facilities

well as the formation of advanced legislation in

management should be based on the use of different
types of impact tools — technical, technological,
economic, legal. The policy of “smart” state regula-
tion requires parallel development of science and
production technologies, stimulation of scientific
activity in those areas where the deficit is most
acute. We can say that there is virtually no large-
scale research, uniting the efforts of scientists in
various branches of science, so far. Connection of
mechanisms of assessment of NIOE and BAT is
a promising task for the formation of “flexible”
impact on public relations in the field of environ-
mental protection and natural management, as

this area. A concomitant, but no less significant
result of the application of the concept of “smart”
state regulation can be the progressive formation
and establishment in the business community of
the saving eco-consciousness.
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IIpoGaembl rocy1apeTBEHHOTO peryJIimpoBaHus
OpraHu3anumn 30H OXpaHbl OXOTHUYbUX PECypCcoB
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PaccmarpuBarorest oprannsamonHo-IPaBOBLIE ACTIEKTH CO3TAHMST 30H OXPAHBI OXOTHIILITX PECYPCOB. ABTOP MPUXOINT
K BbIBOJlaM 06 OTCYTCTBUU B cbeu,epa,n bHOM 3aROHO/laTe/IbCTBE Ollpe/ieJieHA 30H OXPaHbl OXOTHNYbUX PECypPCcoB, UX 11epevHsd,
0 HOPMATHBHOI HEOINPeeEHHOCTI NX MIPABOBOTO CTATYyCA, a TaAK:Ke 0 HAJINYNHN CYIeCTBEHHBIX e)eKTOB B MeXaHN3Me
opranusaruu fanueix reppuropuii. Ha yposue cyonexros Poccuiickoit Meepariin cyiecTsyer pazHoodpastasi mpakTuKa
opraHusanuun 1npupoaHO-TePpPUTOPUAJTBLHBIX KOMIIJIEKCOB, BbITTOJIHAIOIINX CI)yH KIMN 30H OXpPaHbl OXOTHUYbUX pecypcosB,
CaMOCTOSITeILHOTO OTIPeJIeIeH sl pETHOHAMI HX [TPABOBOTO PEKMMA, YTO He BCerja COOTBETCTBYET HopMam (hefiepasibHOTO
3aKOHOIATEIbCTBA T He MMeeT B CBOGIH OCHOBE eMHOI HAYIHO 000CHOBAHHON MapagnrMbl. BoisBiennbie mederTot
(hayHMCTHYECKOTO 3aKOHOJIATENIBCTBA HE CIIOCOOCTBYIOT 0GecIieueH o yCTOMYIMBOrO CYIECTBOBAHNUS U PAILMOHATBLHOTO
UCTIOTH30BAHMS OXOTHUYBIX PECYPCOB, UTO SIBJISIETCSI HAPYITEHIeM TyOJIMYHBIX HKOJIOMMYeCKIX HHTepecoB. Briipuraores
TTPEJTTOKEHTIS TT0 COBEPIIEHCTBOBAHMIO TOCYIAPCTBEHHOTO PETYINPOBAHIS B ¢chepe TeppuTopuaTbHOil OXPaHbl OXOTHHIBIX
pecypcos.

Hatouesste caosa: 301a 0Xpanbl OXOTHUYLUX PECYPCOB, DNOTeXHIUECKITIE MEPOIIPUSATIS, 0XOTa, OXOTHIYbe X035111CTRO,
O1oJIOrYecKOe PazHOOOpasue.

Problems of state regulation of the organization
of protection zones for hunting resources
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The subject of the research is the legislation regulating the organization of zones of protection of hunting resources.
On the basis of theoretical assumptions, analysis of normative-legal acts, the author identifies areas and proposes
concrete measures to improve legislation and law enforcement practice in the field of territorial protection of hunting
resources (wild animals being objects of hunting). Work was carried out on the basis of a systematic approach using
formal-logical and comparative legal research methods. The author comes to the conclusion about the absence of Federal
legislation defining zones of protection of hunting resources, their inventory, and regulatory uncertainty of their legal
status. Therefore, at the level of constituent entities of the Russian Federation there is a wide practice of organization of
natural-territorial complexes as zones of protection of hunting resources, self-determination of the regions of their legal
regime that does not always meet the requirements of Federal law and is based on a single evidence-based paradigm.
The study identified a conflict of norms of the Federal faunistic legislation, the effect of having a different understanding
of the order of creation of such territories. In particular, it is shown on concrete examples that the zone of protection of
hunting resources can be established by decisions of the Supreme officials of constituent entities of the Russian Federa-
tion, higher Executive bodies of state power of subjects of the Russian Federation, competent Executive authorities of
special competence of the constituent entities of the Russian Federation, long-term hunting users (business entities,
which hunting resources made available for a period of 20 to 49 years). Based on the analysis of legal acts in the field of
protection and use of objects of the animal world, it is concluded that only decisions on the organization of these territories
accepted by the Federal executive bodies or the highest executive bodies of subjects of the Russian Federation are valid.
Defects of legal matter do not contribute to ensuring the sustainability and rational use of hunting resources, which is
a violation of public environmental interests in order to improve legal regulation in this field. It is offered to define the
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list of protection zones of hunting resources in the branch normative-legal acts, their legal status, fix the organization
of zones of protection of hunting resources as suggested in the article, as well as the form and content requirements to
the submission on the establishment of zones of protection of hunting resources.

Keywords: zone of protection of hunting resources, biotechnical measures, hunting, biological diversity.

Ironornveckas groxrpuna Poccuiickoit Pe-
nepaiuu, onodperHas pacropsizkenuem [Ipasu-
rerserBa Pocemiickoit Mepeparum or 31.08.2002
No 1225-p, nocrynupyer, uro opMupoBaHiie
npupoano-3anosegnoro gouna Poccnn, cos-
JIaBaeMOr0 Ha OCHOBE 0C000 OXPaHSIEeMbIX TIPU-
popubix teppuropuii (OOIIT) n npyrux rep-
PUTOPUIL ¢ TIpeodIalaHeM ecTeCTBeHHbIX 1TPOo-
IeCCOB PA3HOTO YPOBHS U PesKIMA, ABJISIOTCS He-
OTHEMJIEMBIM KOMITOHEHTOM Pa3BUTHS PEIrMOHOB
U CTPAHBI B I[EJIOM.

B oxornmubem xossiictBe Poccun cospa-
HIe TePPUTOPUI ¢ 0COOBIM PEIKIMMOM OXPaHbI
OXOTHUYbUX pecypcoB 1 cpejibl nx O6I/IT8HI/IH
TPAJUIINOHHO SIBJISIETCS] OJIHUM 13 OCHOBHBIX U
2P PeRTUBHBIX MeXaHN3MOB COXpaHeHUs O1o-
JIOTHYECKOTO Pa3HO0OPa3 sl 1 CO3/IaHIS YCIOBUI
JUIST YCTOMYMBOTO CYIIECTBOBAHWS U MCIIOTH30-
Batus pecypcos ;xuBoraoro mupa [1-4]. Cospe-
MEHHOEe OXOTHIUYbe 3aKOHOJ[ATEILCTBO B KAUECTBE
MHCTPYMEHTA TePPUTOPUATHHON OXPAH bl OXOTHH-
YLUX PECYPCOB MPeycMaTpuBaeT Opranmsarnio
30H OXpaHbl OXOTHNYBKX pecypcoB (300P).

Yacroio 1 crathm 51 Defepanbroro 3akoHa
or 24.07.2009 Ne 209-D3 «O6 oxore un o co-
XpaHeHUHn OXOTHUYbUX pecypcoB, 1 O BHeCceHnu
N3MEeHEeHUIl B OT/leJbHbIe 3aKOHO/aTebHbIe
axtel Poccniickoit Mepeparun» (O3 06 oxore)
MPeLyCMAaTPUBALTCsI, YTO B HEJIsIX COXPAHEHUS
OXOTHUYBIX PECYPCOB CO3MAIOTC 0COHO 3aTuT-
Hbie yuactiu jecoB u apyrue 3OOP, B koropbix
UX MCIIOJIb30BAHIE OTPAHNYNBACTCSI.

B zapybeskmoii mpakTnke HaM He N3BECTHBI
caydan CO3[atns aHaJOTUIHBIX TePPUTOPHMIil.
Bwmecre ¢ tem, o rinaccuduranun MesxpyHa-
pojiHOTO coto3a oxpaHbl mpupobl SOOP yenoHo
MORHO oTHecTn K VI Kateropuu — oxpaHseMmbie
TEePPUTOPUU ¢ YCTOUUUBBLIM UCIIOJIb30BAHUEM
HPUPOHBIX PECypcoB [D].

CoBpemenHasi Me;RyHAPOAHAS JOKTPIHA
paccMaTpuBaeT yeToiunBoe mpupoonoib3oba-
HIe B KavecTBe aeMeHTa COXpaHeHWsT OmoJio-
rudeckoro pasnoodpasus [6—8]. 3apybesxibie
MCCTIeIOBATE/I OTMEYAIOT, YTO 3BAKPHITHE OXOTHI
MOBBITIIAET 3aTPATHI HA MOHUTOPUHT 1 PETyJIpPO-
BaHMe YNCICHHOCTH OIS JIUKIX JKUBOT-
HBIX, & TaKsKe ITPUBOJINT K YBeJNUYeHU0 yiepoa,
npuanHgeMoro nmu [9—14].

B naieii crpane yuénbie puiepRUBaIOTC
cxomubIxX B3TsAnoB [15—17]. Tar, oqus n3 ocHo-

BOTOJIOKHUKOB OTEYECTBEHHOTO OXOTOBEICHUS
B.M. Kurkos ormeuad, uro «OXoTHHYbE X031~
CTBO CTPEMUTCSA B KOHEUHOM WTOTE TOTUNHUTD
MOOLIUY 3Beps M MTHTHI TPUHIIATTY HempephiB-
HOTO TTOJIH30BAMS, T. €. ITPABIILHOTO 1 TOJHOTO
MePUONIECKOTO BOCCTAHOBICHIS TOTEPH, KOTO-
pble HAHOCATCSA OCHOBHOMY KalluTaly TeKYIIM
pombiciaom» [18].

B macrosinee Bpemst nmpaktudecKas jes-
TeJbHOCTL 1o opranuzanuun SOOP zarpyj-
HSAETCS HECOBEPHIEHCTBOM CYIECTBYIOIIETO
OPTaHM3ATMOHHO-TTPABOBOTO MeXaHU3Ma CO3-
MAHUA TAKUX TeppuTopuii. VI3 naydeHnnix Hamn
44 HOPMATUBHO-IIPABOBBIX aKTOB CYO'beKTOB
Poccuiickoit @eneparuu B fanuoii cepe 27
He COOTBETCTBOBAIN (eepajibHOMY 3aKOHO/IA-
TeTLCTRY. B mayumoit mureparype oTCyTCTBYIOT
06CcTOATETLHBIC MCCTCTOBAHNIA IO M3YICHUTO
HOPMATUBHOTO 00eCTIeYeHUsT OpraHnsannm n
pynrnmonuposanus 30O0P.

[less HacTosIero NCCaeMOBAHMS 3aKII0Ya-
Jach B M3YyYeHUN OPraHu3armoHHO-TTPABOBBIX
acriektos cosnanust 30O0P, poisiByienun fleekTonB
MPaBOBOI MaTePUN 1 BHIPADOTKE MPAKTHUCCKIX
MPeJTOZREH U TI0 COBEPIITEHCTBOBAHIIO TOCY/IAp-
CTBEHHOTO PeryJnpoBaHus paccMaTpuBaemMoil
cepnr obmecTBeHHBIX oTHOMeHNT. Pabora
MPOBOJIMIACH HA OCHOBE CHCTEMHOTO TOJX0Ma
¢ MCIoJib3oBanmeM GopMaibHO-JIOTHYECKOTO 1
CPaBHUTEHHO-TIPABOBOTO METOJIOB MCCJIeI0Ba-
HIIA.

Hopmarusnoe peryinposanue
oprauusarun 3O00P

Crarbsa 51 ®3 O6 oxore JauIb JleRIapUPYyeET
BoaMoskHOCTH cosfanusa SOOP u yxkaswviBaer,
410 0O03HAUYEHNE HA MECTHOCTH UX TPAHMUIL
OCYIECTRISIETCST B MOPSI/IKe YCTAHOBJIEHHOM
YIOJTHOMOUYEHHBIM (hefiepaibHbIM OPraHOM K-
rnoaHuTebHoM Biactu. CoryiacHo cratbe 33 yKa-
3aQHHOTO 3aK0OMa OPTaHI3aI[A W OCYITeCTBICHITe
COXPAHeHUs i MCIIOTb30BAHNS OXOTHUUYLIX pe-
CYPCOB ¥ ¢pejibl X OOUTAHMS, 38 MCKIIOYeHIeM
OXOTHUYBIX pecypcoB, naxojsmuxces ga OOIT
degepaabHOTO 3HAYCHUS, SABISETCS TOJTHOMO-
unem Poccuiickoii Mepepanuu, mepegantbiM
st ucnonnenns cyorexram Poccuiickont Me-
nepanuu. VIHBIX 3aKOHOIIOJIOMKEHUIT B paccMa-
TPUBAEMOM MTPABOBOM aKTe O TMOHATHYU W BUAX
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MAHHBIX TEPPUTOPHIL, X TPABOBOM CTATyCe, 110-
PAKE OPraHu3aium, KOMIIETCHIUAX YYACTHIKOB
MpaBOOTHOIIIEeHIT He coftepsuTest. Hammame 060-
3HAYEHHBIX MTPOOEJTIOB ABJAETCS TPUYNHON He-
Y/LIOBJIETBOPUTEILHOIO HOPMATUBHO-IIPABOBOTO
obecrieueHsi COOTBETCTBYIOIET0 HATPaBIEHU S
MPUPOIOOXPAHHOI [IEATETHHOCTH B OXOTHUYBEM
xo3stiicTBe. Rak Oymer nmokasaHo jajee, BOC-
MoJIHeHMe JJAHHBIX TPOOeTOB TMOI3aKOHHBIMI
MPABOBBIMI aKTAMU I HOPMATHBHO-TTPABOBLIMU
akramu cyobekToB Poccuiickoii Mepepanun
MOSKeT MPUBONTH K KOJUTU3HUSM B IPABOBOM pe-
IYJIMPOBAHIM, U He IMeeT B CBOeIl 0CHOBe eJIInHOT
HAay4YHO 000CHOBAHHOI HAPaNTIMBbl.
OsHarOMJIeHWE CO CIOKUBINENCS B 0XOT-
HUUYLEM XO35CTBe Hallleil CTPaHbl MPAKTUKOI
opraHusay noa00HbIX TEPPUTOPUIL T03BOJISIET
3aKJIIOUNTD, YTO BayKHEIIITNM 3JIeMEeHTOM TIPaBO-
Boro peryauposanus opranusanuu SOOP mnomsk-
HO sIBJISIETCSI OTPAHUYEHUEe OT/eJbHbIX BUIOB
MOJIb30BAHST JKUBOTHBIM MUPOM, & TAKIKE M0JTh-
30BAHUS OMPEIeIEHHBIMI 00BeKTaMU KIBOTHOTO
mupa. B ¢Bsasu ¢ yem, nmopsmok opranusaiun
300P (no kpaiineit mepe, B COBpeMeHHBIX pea-
JIMSAX [IPABOBOTO PEryINPOBAHUS 0003HAYCHHBIX
MPaBOOTHOIIEHWIT) JIOJKEH COOTBETCTBOBATH
MOPSJIKY YCTAHOBJIEHWST OTPAaHWYeHITT 1 3arpe-
TOB Ha MCIOJb30BaHNE 00bEKTOB JKMBOTHOTO
mupa. Taroit mopsagor yeranosnen crarbeit 21
Mepepannioro sakona ot 24.04.1995 Ne 52-D3
«O sguBornom mupe» (O3 O skuBOTHOM MITpE).
PaccmarpuBas Mexanusam opranusaruu
300P, meobxonmmMo 00paTUTL BHUMANNE Ha
TO, 4TO B cooTBeTcTBUM cO crarbell 21 @3 O
JKITBOTHOM MUpe perierne 00 mxX co3/aium mpi-
HIMAeTCS 10 TPeJICTaBICHUIO YITOJTHOMOYEHHOTO
rocymaperBentoro oprama. Opuako TpeboBanmit
K hopMe 1 cofiepIRAHIIO TAKOTO TPeICTaBICH IS
lelicTBYIOIIee 3aKOHOIATEe/IbCTBO He COJIePsKUT,
TaK ke KaKk U KpuTepueB NPUHATUS TOJOKI-
TEJIBHOTO UJM OTPUIATETbHOTO perieHus ge-
MepasbHbBIM OPTaHOM MCIOTHUTETLHOW BIACTH
WJIM BBICIIUM HCIIOJHUTEIbHBIM OPraHOM TO-
CyIapeTBeHHON BAacTn cyoberta Pocenitckoit
Depnepalinit 0 CO3AHNN B KayKOM KOHKPETHOM
cJIydae 30Hbl OXPaHbl OXOTHIHYHUX PECYPCOB.
Pasperiias Borpoc o cymHocTi 1 poJin Has-
BAHHOTO MPeJICTaBICHUS FOCYIaPCTBEHHOTO OP-
rama, HeoOXoAnMO UMeTh BBULY TO, YTO TTPUHI-
MaeMble perieHns, CBA3aHHbIe ¢ BO3/eiICTBIEM
Ha OKPY;RAIOITYIO CPeJLY, I0J3KRHBI OCHOBBIBATHCS
Ha [PUHIIIIE HAYYHO 000CHOBAHHOTO COUeTAH NS
HKOJIOTMYECKUX, DKOHOMIUYECKUX 1 COIUATIbHBIX
MHTePecOB YesoBeKa, 001ecTBa U rocyiapersa
B I[eJISIX 00ecIieueHus YCTOMYMBOTO PA3BUTHS 1
0JIaTOIPUATHOI OKPY;KRAIOIILell ¢cpejibl, IPOBO3-

rarnennoro cratheit 3 MerepasbHOro 3aK0HA OT
10.01.2002 N 7-D3 «O6 oxpane okpysRaoiei
cpenibi». Peanmmsarus ykazanuoro mpuHiinna B
paMKax paccMaTpuBaeMbIX OTHOTIIEHUH, KAK MBI
cUmTaeM, TPeIogaraet mofgroTOBKY HAYUYHOTO
000CHOBAHNA YCTAHABINBACMBIX OTPAHNYCH I
MOJABH30BATNA OXOTHUYLUMI pecypcaMu ma
CTAJINT, TPENTCCTBYIONCH MTPIHATHAIO YITOTHO-
MOUECHHLIM TOCYAAPCTBeHHBIM OPTamoM perre-
Hust 00 OrpaHNYeHIN [T0JIH30BAHUS JKUBOTHBIM
mupom. Ilosmaraem, 4To OCHOBHBIC T1OJOMKCH IS
TAKOTO HAYYHOTO 000CHOBAHUS JOJKHLI CO-
nepsrarhest B ipescrasaernn o cospannn SOOP,
HAIPABJISAEMOM CIEIUATBHO YITOJTHOMOYCHHBIM
OPTaHOM UCITOJTHUTETLHON BJIacTi B chepe oxpa-
HBI, elepasbHOro TOCYaPCTBeHHOTO HAI30pa
W PeryaupoBaHUsA MCIIOJTb30BAHUA 00HEKTOB
JKMBOTHOTO MUPA T CPEJIbI X OOMTAHNA B Opran
UCITOTHUTETIHLHON BIACTH, YITOJTHOMOUYEHHBIT Ha
TPUHATHE PEIeHn 0 CO3MAaHNT 30T OXPaHBI
OXOTHMYLNX pecypcoB. Ha mamm B3rmam, raxoe
npejcTaBIenme JOJRHO cofeparh nHdopma-
LU0 0 TOCYHapPCTBEHHOM OpraHe, OAT0OTOBUB-
meM TpejicTaBieHne, CBeJIeHNA 0 TlapaMerpax
TePPUTOPUN, HA KOTOPOT MPEJIIoIaraeTcst co3-
nanne 3O0OP (rpanuiipl, miomajgh, Kateropus
OXOTHUYBLUX YTOJINIiT, CBOTICTBA MECTOOOMTAHMIT
OXOTHUUYBUX PECYPCOB, UMEIOTITIE 3HAUCHUE [T
COBJIAHNS TAKOW 30HBI, CBECHIS 00 OCYIIECT-
BJIEHUN HA ITAHHOW TepPUTOPUN XO3ACTBEHHOM
1 WHOM AeATeJLHOCTH, MMeIOIe 3HaueHIe 1JIs
CO3JIaHUsI TAKOW 30HBI), OCHOBAHUS CO3JIAHSI
300P, B rom unese, BRIOUATOIEE HAYIHO 060C-
HOBAHHDBIE HPEJOKeHN 0 CO3JaHu TaKoii
Teppuropun, 1eyab 1 3agaun cospanus SOOP,
cpok, Ha koropslii cozpaercs SOOP, ceeprenust 00
YBEJIOMJICHU I JIOJITOCPOUHOTO OXOTIIOJIL30BATE-
JIS1 0 CO3JIAHUM TAKOT TEPPUTOPUN, €TO TO3UIIU I
OTHOCUTEJHHO T[eJIecO00pa3HOCT MPUHATUSA
pemtenus o cozpanun 3OOP (B cayuae, ecoin
300P cosmaéress B rpaHnIiax 3aKperié HHBIX
oXOTHWYLNX yronuit). Kpurepmamn npuusartns
TOTOKUTETHHOTO WIN OTPUIATENHIOTO Perre-
Hust o co3panuu 30O0OP B RasKI0M KOHKPETHOM
caydae MOJKHBI CYRATH HATNUNE I OTCYT-
CTBHUE B IIPeACTAaBICHUN BbIIIe 0003HAUCHHBIX
CBEJICHMIT, X JIOCTATOYHOCTH M CTEIIeHb JOCTH-
JREHMST Pa3yMHOT0 OajlaHca MesRly MHTepecamin
BCEX 3aMHTEPECOBAHHBIX CTOPOH.

Basknoit 0cobeHHOCTHIO COBPEMEHHOTO
MPaBOBOTO PETYJIMPOBAHUS ABIAETCA OTHECEHIE
co3jianusi B oXoTHNYbuX yrofibsix SOOP k mepam
O TTPEOTBPATIEHNI0 THOeINT OXOTHHUBUX pe-
CYPCOB, BRIATOUEHHBIX B COCTAB OMOTEXHIUECKITX
MEePOTIPUATHI, COTIACHO BUAM W COCTABY OMO-
TeXHIMYCCKIX MEPOITPUATII, a TaK/Ke MOPANKY
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X TPOBEeHNs B MEJAX COXpPaHeHUs OXOTHH-
YLUX PECYPCOB, YTBEPIKACHHBIX pukazom Mu-
HICTEPCTBA IMTPUPOIHBIX PECYPCOB 1 IKOJOTHN
Poccuiickoit @epepanun or 24.12.2010 Ne 560
(IMpuraz No 560). Henbss ve obparuth BHUMA-
nme, uro [lpnkazom Ne 560 onpenesnsiercs i me-
XaHU3M OpPTaHU3AINN U TTPOBEIeHNsT OMOTeXHII-
YeCKIX MePOTIPUATII, KOTOPHIIA TPUMEHNTEIHHO
& 3O0P 3aruouaercst B ToM, 4T0 HEOOXOUMOCTD
CO3JIaHUs TaAKUX 30H, UX KOJMYECTBEHHBIO
U Ka4eCTBEHHBIE IMapaMeTpbl OMPeeIsioTcs
OKYMEHTOM BHYTPUXO3SCTBEHHOTO OXOTY-
CTPOTICTBA, & BO3MOKHOCTH IIPUHATHAS PEIleH it
0 CO3JaHNK JAHHBIX TEPPUTOPUIl OTaéTCsa Ha
YCMOTpeHUe 1 BRJIIOYAETCS B MPABOMOYMS XO-
3ATCTBYIONINX CYO'bEKTOB, OCYIIECTBIISIONIX
JIOJITOCPOUYHOE 110JIb30BAHNE 3 KUBOTHBIM MUPOM.
C marmeit TOUKKM 3peHNsi, Takas MpaBoBas KOH-
CTPYKIIUS TIPOTUBOPEYUT MPABOBBIM HOPMaM
®3 O jKUBOTHOM MUPE U ITPUBOUT K OMINOKAM
B MPaBONPUMEHEHNN, TPUMEPbl KOTOPHIX TP -
BOJIATCS HIKE.

BBujty cyiecrByionero npoTuBoped st HopMm
(deepasbHOTO 3aKOHOMATEILCTBA, & TAKIKe HOP-
MaTUBHOU HEOIMPeeJeHHOCTH YCJAOBUI U KpU-
repues opranusanun 3OOP, npaBoBoro pesknma
MAHHBIX TeppuTopuii Ha ¢ereparbHOM YPOBHE
B cydonerrax Poccuiickoit Depreparinm ocyriecr-
BJIsIeTCsi COOCTBEHHOE 11PABOBOE PeryJimpoBaHme
JTaHHBIX OTHOIIEHUI, XapaKTepuayiolieecs cy-
MEeCTBeHHBIM Pa3fHoodpasmem.

Tax, pemenust o cozgannu SOOP npunuma-
I0TCS HA PA3HBIX YPOBHSX:

— BBICITUMH JIOJKHOCTHBIMI JIHTIAMU CYOBeK -
toB Poccuiickoit Mepepanunm (Hampumep, mocra-
Howsenne rybepuaropa Besroposckoit obmactn
or 04.05.2010 Ne 33 «O 30onax oxpaHbl OXOTHU-
YbIUX PECYPCOB»);

— BBICIIMMU MCHOJHUTEIbLHBIMU OpTa-
HaMM TOCY/IaPCTBEHHON BjacTu cyObeKTOB
Poccniickoit @epepanun (Hampumep, mocra-
Hopjaenme agMuancrparnn Kypekoi obmactn
or 07.08.2015 Ni 498-1TA «O 30nax oxpaHbl
OXOTHUYBUX pecypcoB Ha Teppuropun Kyperoit
obsactu», mocranonaenne llpasurennbcrsa
Camapcroii oonactu ot 03.10.2014 Ne 620 «O0
yreepspennn [lonoskenns o 30Hax oxpambl
OXOTHUYBNX pecypcoB Ha Teppuropun Camap-
CKOTI 00J1acTH W TIepPeyu st M OMUCAHIS TPAHIL
30H OXpaHbl OXOTHUYHBUX PECYPCOB HA Teppu-
ropuu Camapcroii obmacTin»);

— VIIOJTHOMOYEHHBIME OpraHaM# UCITOJTHNI-
TeJbHON BJACTHU CIIEIUAJbHOI KOMIIETeHIIUN
cyonerron Poceniicroit Mepepariu (Hampumep,
MPUKa3 MUHICTEPCTBA MTPUPOJHBIX PECYPCOB 1
arostioruu Omcroii obsactu or 23.03.2017 Ne 20

«O cozmanun [TepBorapoBCKOIl 30HLI OXpPaHDI
OXOTHUYBIX PECYPCOB»);

— JIOJATOCPOYHBIMU OXOTIIOJIb30BATEJISIMI
(HampuMep, NPUKa3bl peruoHaJbHON 00IIe-
CTBEHHOI opraHusaium «Accoruaiius OXOTHIM-
KoB 11 peibosoBoB Pecriybnukn Bamkoprocramn»
or 12.12.2012 No 210-0O «O cospanuum 30HLI
OXpaHbl OXOTHUYHUX PECYPCOB B OXOTYTObIX
Buarosapckoro ornenenusi» [19], or 08.04.2013
No 062-0 «O cosparmu 30HbI OXPAHbI OXOTHUYbBIX
PecypcoB B OXOTYTOMIBSIX YUAINHCKOTO OT/Iese-
nus» [20]).

Hannuawne croib pazmoobpasioil HpakTuKN
B paccMarpuBaeMoii cdepe BbI3BAHO PA3INUHBIM
TOJTKOBAHMEM TTOJOKeHNI (eflepaTbHOTO 3aKO-
nopareasersa. Pemenusa o cospanuu SOOP na
tepputopun cyonekra Poceniickoit @epeparinm
(3a mewmmiouermem OOIIT demepanbroro 3maue-
HUST) B CUJTY HOPMATUBHBIX TIPEIINCAHII CTATHI
21 @3 O xuporHoM MUWpe BIIpaBe TPUHIMATD
TOJTLKO BBICITINE NCTTOJHUTETbHbBIE OPTaHbI CYy0h-
exroB Poccniickoit Mepeparuu. [loarocpounnie
OXOTIIOJIH30BATEJIN B CHJIY 3aKOHOIOJIOKEHII
crarbn 40 D3 O skBOTHOM MUpE, OTIPENIeNAIONTei
npasa u 005S3aHHOCTU MOJTb30BaTe e JKIUBOT-
HbIM MUPOM, HHBIMI 3aKOHOIOM0KeHusiMu D3
O skuBorHOM mMupe, @3 06 oxore nmpaBamu Ha
cospanme 300P u onpepenenun nx mMpaBoBOTO
pesRIMa Ha 3aKPeIJIEHHbBIX 32 HUMU TePPUTOPUSIX
He Hajsieenbl. [Toaromy, cunraem raxsie onmmbou-
HBIMU TTOJIOKEHIST HEKOTOPBIX TTPABOBHIX aKTOB
cyonexToB Poceniickoit Memeparimm, ompeessiio-
mux, uro rnpasoroii peskum 3OO0P, cozpaBaembix
B IPAHUIAX 3aKPEIJIEHHBIX OXOTHIYBIX YTONIA,
MOJIZREH OTIPeIeIAThCS TOKYMEHTOM BHYTPUXO-
3ACTBEHHOTO OXOTYCTpOcTBa (HaripuMep, YKas
Fnasur Yamypreroit Pecriyonuknm or 25.04.2016
Ne 82 «O6 yrBepsknennn CxemMbl pazmernieHus,
MCITOJIb30BAHNUS I OXPaHbI OXOTHUYBUX YTOMI
Ha TeppuTopun Yumyprcroii Pecrybankm» ).

Copepsranue IpuHUMAEMbIX PeIIeHII 0 CO3-
nauunm 300P opramamm rocygapcTBeHHOI
Bractu cyonerToB Poccuiickoit Memeparmn
TAKKe PA3JIUIHO W MOJKET 3aKJII0UYATHCS JIUITb
B YTBEPJKICHNN TPAHUI] TAKUX Tepputopuii 6e3
YTBEePIKICHWS OJOKEHIS WU JIPYTHUX TTPABOBBIX
HOPM, OTIPEJIeJISTIONNX PEKUM JTaHHBIX TePPUTO-
puii (Hanpumep, mocranoBaeHne AIMUHICTPA-
nun Ryperoit odmactn or 07.08.2015 No 498-
ITA «O 3oHax oXpaHbl OXOTHUYLUX PECYPCOB
Ha Teppuropun Rypckoii obnactu»), Tak n B
YTBEPsRA@HUE IPAHUIL U TOJOMKEHUS O JAHHBIX
tTepputopusx (Hampumep, nocranonienue [Ipa-
Butennersa Camaperoit odomactn ot 03.10.2014
No 620 «O06 yrBepsrmernun [lomosernns o 3omax
OXpaHbl OXOTHUYHUX PECYPCOB HA TEPPUTOPUN
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Camapckoii obgacTit n mepevynss m Onucanms
IpaHuIl 30H OXpPaHbl OXOTHUYBUX PECYPCOB Ha
reppuropun Camapcroii 001acTm» ).

Comepsranue mosmoskernit 0 3OOP rawske
pasiMyHO U CBOJAUTCS B OCHOBHOM K oOecrie-
YeHUWIO Pa3JMUYHBIMU ITPABOBBIMU CPEJCTBAMU
COXPaHeHUs 1 BOCIPOU3BOJCTBA OXOTHHYbLUX
PecypcoB u cpejibl X OOUTAHNUsI HA lAHHBIX Tep-
puropusix. OqHaKko B psajie TIPUHATHIX CyOheK-
ramu Poccuitckoit Degepannm momomennii
obparmaior Ha ceOst BHUMAaHIE OTe]bHbIe de-
MEHTHI 3aKPeTIsieMOro mopsiika Opranu3ariinm
300P. Tag, mynkrom 1.3 [lonoskenus o 3onax
OXpaHbl OXOTHUYBUX PECYPCOB HA TEPPUTOPUN
Camapcroii o6macTi, yrBepsRIEHHOTO TTOCTaHOB-
neunem [Ipasurenncrea Camapcroii obnactu
or 03.10.2014 Ne 620, onpefiesieHo, 4T0 «30HBI
OXpaHbl OXOTHUYBUX PECYPCOB CO3MAIOTCS pe-
menuem [Ipasurenncrsa Camaperoii obmacti:

— Ha TePPUTOPUN OOIIEOCTYITHBIX OXOT-
Hnubnx yroauii Camapckoii obaacTin —1mo nHm-
IUaTHBe lerapTraMenTa OXoThl U PhIO0TOBCTBA
Camapckoii od0aacru;

— Ha TePPUTOPUN BaKPEIIEHHBIX OXOTH -
ypux yroguit Camapckoii obactt — M0 MHU-
[IaTUBE OXOTIOJB30BaTEel 10 COrTacOBAHIIO
C letrapTaMeHToOM».

[TpencraBienublii crocod opranmsanuu
300P saBisiercss THIMUHBIM [ PAla CYOBEK-
toB Poccuiickoit Mepeparun. On mpemgycma-
TPUBAET, ITO OPTAHMBATINA TAKWX TEPPUTOPIT B
TpaHNIlaX 3aKPETICHHLIX OXOTHUYLUX YTOAIH
BO3MOJKHA TOJBKO MO WHUIMATHBE JLOJTO-
CpPOUYHBIX OXoTnoab3oBareseii. [lomaraem, aro
OTCYTCTBHUE Y CHEIUATLHO YHOJHOMOYEHHbBIX
rOCYapCTBeHHBIX OPTaHOB MCIOJHUTETHHON
BjacTu B chepe oxpambl, egepasbHoOro ro-
CYIapCTBEHHOTO HAJ30pa W PeryJupoBaHus
MCTIONB30BAHUA 00HEKTOB JKIBOTHOTO MUpa 1
cpesibl UX OOMTAHUA MTOJHOMOYNH 110 WHU I -
POBAHUIO CO3IAHNSI B TPAHUIAX 3aKPETIEHHBIX
oxorHnubux yroauiit 300P He coorBercrByer
nonoskernam craten 21 M3 O skuBoTIHOM MUpe.
[Tpuanmas Bo BHUMAHMIE, YTO KUBOTHBIT MUP
B Pocceniickoit Megepanum ABIsSETCA TOCY-
MapCTBEHHOI cOOCTBEHHOCTHIO, & COXpaHeHme
OMOJOTIYECKOTO PA3HOOOpa3 s u odbecredeHne
YCTOMUYMBOTO CYNECTBOBAHUS M MCIOJIb30BA-
HUS JKUBOTHOTO MUPA SABJISIOTCS MYOTMYHBIMI
DKOJOTHYCCKUMI WHTepecaMu, HeoOX0o MO
ROHCTATUPOBATH, YTO UMEHHO TOCY/IaPCTBEHHBIE
oprannl 00A3aHBl TPUHNMATH HEOOXOMMBIE 1
CBOEBpPEMEeHHbIe Mepbl JIJIsI OXPaHbl OXOTHUYbUX
pPecypcoB, MO3TOMY JIOJKHBI 00Ja/1aTh TTPaBO-
MOYMAMNI TT0 AN poBanuio cospamnms SOOP
B COOTBETCTBUU C pasdTpaHUUYEHHUEM IMOJHO-

MOYNIl, YCTAHOBICHHBIM craThsamu 0—6.1 O3
O sgkmBoTHOM Mupe, crarhsimMu 32-34 O3
06 oxoTe, B TOM umcJje U B TPaHUIAX 3aKpe-
MA6HHBIX OXOTHUYBUX YTOIUIA.

Neccenenoras neiicteytoliee payHucruuec-
KOe 3aKOHO/IaTelbCTBO, CJOKUBIIYIOCH aJ-
MUHUCTPATUBHYIO MPAKTURY, HIPUHUMAs BO
BHUMaHIE HEOOXO[MMOCTb COOJIO/IeHUs TIpaB
7 3aKOHHBIX WHTEPECOB J[OJITOCPOUHBIX OXOT-
MOJTb30BaTe e, CUNTaeM, 4To AeATeTbHOCTD 110
opranmuzanuu 3OOP poiskna BKRIOUYaTh B ce-
051 cITeIYIOTYT0 TOCTeIOBATeTbHOCTH aJIMITH -
CTPATUBHBIX TPOTETYP:

1) Maunuuposanue cospanus SOOP nomnro-
CPOYHBIM OXOTITOJb30BaTeJeM WM YIIOJHO-
MOYEHHBIM OPTaHOM WCIOJHUTEIbHON BJIACTI
B cepe OXOThl M COXPAHEHUS] OXOTHUYbUX
pecypcos. 2) Hayunoe obocHoBamme co3panns
300P, obecrmeunBaemMoe yImoaImOMOUEHHBIM
OpraHoM HMCIOJHUTENLHOI BaacTu B cdepe
OXOTHI M COXPAaHEHWsT OXOTHUUYBLUX PECYPCOB
B COOTBETCTBUU ¢ pasTpammveHmeM IMOJHO-
MOUMIi, YCTaHOBJAGHHBIM cTarbsamu 0—6.1 M3
O skuBoTrHOM Mupe, crathsamu 32—34 O3 06
oxoTe. 3) YBemoMieHNe JIOJATOCPOYHOTO OXOT-
mosb3oBaress o cosganun 300P, BoigcHenme
ero TO3NTNI OTHOCHUTETLHO 11e71ec000pasHOCTI
HNPUHATHAS PelieHusl 0 CO3[aHNMl TaKON 30HbI
(B cayuae, ecaiu 300P cosnaercsi B rpanuiiax
3aKPETNJIEHHBIX OXOTHUYbUX yrofuii). 4) Ilom-
roroBra mpejcrasiaerus o cozganun 3O0P,
OCYIIeCTBIsIeMasi YIIOJHOMOYEHHBIM Opra-
HOM MCIIOJTHUTEIBHON BJacTn B cepe 0XOThi
7 cOXpameHns OXOTHMYBNX PeCypCcoB 1 HaIpaB-
JsieMoe B pefiepasbHbIN OpraH NCIIOTHUTeTbHOT
BJIACTH WJIW BBICIIIUIN WCTTOJHUTENBHBIN OpTaH
cydonerra Pocceniickoit Megepanuu. d) Co-
rJiacoBaHme MpPoeKTa HOPMaTUBHO-TIPABOBOTO
akra o cozmanun 3OOP ¢ reppuropuanbHbIM
nojipasie/ieHieM YIoJTHOMOYeHHOTO (efiepaib-
HOTO OpraHa MCIIOJHUTEIbHOI BiacT B cdhepe
OXOThI 1 COXPAHEHUsI OXOTHUYBUX PECYPCOB 10
cyonerry Poceniicrkoit Memeparum (B caydae,
ecim 3O0P cospaéres we B rpanumax OOIIT
denepanbroro snavenus). 6) [lpunsarue gene-
PaTBHBIM OPTAHOM MCIIOTHUTEIBHON BIACTH MJIH
BBICIIIM MCIIOAHUTETBHBIM OPTAHOM CYOheKTa
Poccuiickoit Mepepannm permeHnst o co3pannm
300P B cooTBETCTBIM ¢ pa3rpaHUYeHIEM T10JI-
HOMOYMII, YCTAHOBJIEHHBIM cTaThsiMu 0-6.1 O3
O sgmBoTHOM MHIpe, cTaThsiMu 32-34 D3 06 oxo-
Te. 7) BHecenue cOOTBETCTBYIONINX N3MeHOHN I
B CXEeMY pasMeleHusl, HCIoJb30BaAHMS 1 OXPaHbl
OXOTHHYBUX pecypcoB cyoberta Poccuiickoit
Depeparunm, a TakKe cXeMy HCIOTb30BAHIS
1 OXPaHbl OXOTHUYBETO YTOJbSI.
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3axiroyeHue

Takum obpazom, M3yuuB JeiicTByIOIee
HOPMATHBHO-TIPABOBOE PeryJupoBaHue OT-
vomternii mo oprannsanun 3O0P, moskem 3a-
KJTI0UNTh, YTO OXOTHUYHE 3aKOHOIATEIbCTBO He
peraaMeHTUpyeT ujin HeyTOBJIETBOPUTETHHO
perjgiameHTupyer Borpochl o Bugax 3O0P, nx
MPaBOBOM cTATyce, MOPsIAKe OPTaHM3aInm,
KOMITETeHI[HAX CYObeKTOB MPaBOOTHOTIIEHMII.
B cBsizu ¢ orcyrerBueM OFKHOTO HOPMATHB-
HOTO peryanmpoBanus Ha gegepasbHoM ypoBie,
Hna yposue cyonexros Poccuiickoit Mepeparn
1 JIOKAJTbHOM YPOBHE OCYITECTBIISICTCS ITPABOBast
perjaaMeHTaI s OTHOMEHUI M0 OpraHu3anun
300P, xapaxkrepusyiomascs pasiudHbIM M0-
HUMaHUEM pesRIuMa TaKIX TepPUTOPUIL, OPsIIKa
n yCJIOBI/IIL/'I nx opranmsanumm, KoOMieTeHImnm
cyO'beKTOB IIPABOOTHOIIIEHUIT, YTO MOZKET IPUBO-
AUTHL K HAPYIIEHWIO OOINX MPWHITHITOB YIIPaB-
JIeHUST TIPUPOIOTIOJIH30BAHIEM, HeCOOTIOIeHITO
HopMm QeepalbHbIX 3aKOHOB. YKazaHHbie 00-
CTOSITEJILCTBA HE CIOCOOCTBYIOT JOCTUKEH IO
OCHOBHBIX I1eJIeiT TOCYapCTBEHHOTO YITPaBICH IS
B chepe OXpaHbl M MCIIOJIb30BAHUA 00HEKTOB
JKIBOTHOTO MUPa — COXPaHeHUs OMOJOTNIeCKO-
ro paznooOpasus, obecrmeveHnss yeTOMInBOro
CyHieCTBOBaHUA 1 YCTOIL/'ILII/IBOI‘O NCITOJIb30BaHUA
00'bEKTOB }KUBOTHOTO MIPA, COOJIIO/IEHISI [1PaB 1
3aKOHHBIX MHTEpPecOoB TpayijilaH, IOpunvYeCrux
JIAT] M MHAVMBUAYATLHBIX TTPeiITTpUHIMATeTeN.

C 1esbio yerpaHeHus: CyIeCTBYIONUX Jie-
(heKTOB TTPABOBOTO PETYIMPOBAHIS HAMU pas3pa-
OOTAHBI TIPEJJIOKEHIIST TI0 COBEPIITeHCTBOBAHNIO
MeCTBYIONIEr0 3aKOHOIATEeIHLCTBA B paccMa-
TpUBaeMoOi cepe 0OIIECTBEHHBIX OTHOTIIEHN.
[Tosraraem tmesecoobpasmbim:

1. PazpaGorarh n onpeje/guTh mepevdeHb
300P, ux mpaBoBoii craryce. Peanusars janioro
MPeJITIOsKeHNsT BOBMOYKHA PA3HBIMU CIIOCODAMMU:
uian 3akpersieHnem fanHeix ceepernii B M3 06
0XO0Te; WJIN TIOCPeJICTBOM TIPUHSTHS TPABOBOTO
aKra 00 0CODEHHOCTAX OXPATMBI, BOCTIPOM3BOLL-
CTBa U UCIIOJb30BaHUA OXOTHNYHBUX PEeCcypcoB B
300P; uan nocpencTBOM HPUHATUS TUIIOBOTO
i rpumeproro noJozkenust o SOOP. ITpu srom,
HEe NCKJII0YAeTcs BO3MOMKHOCTh OJIHOBPEMEHHOT
peaym3arnm HeCKOIbKIX CIT0CO00B.

2. Buectu 8 @3 O6 oxore m3Menenus, Ka-
CAIOIIECs ONPeieJeHIS MOPAKA OpraHn3aiun
300P. Cunraem 1enecoodbpasHbIM MTPUHATH
MOPSIIOK, ONMCAHHBII B HacTosIei crarbe. [To-
JlaraeM, 4To J[0JIFTOCPOUYHbBIE OXOTIIOAb30BATEN
MOMKHBI OBITHL HAeMeHBl TPABOM MHUITNNPOBA-
nus coznanust 300P B rpanuniiax, 3akpenyié HHbIX
38 HUMW OXOTHHYBUX yrojuii. Opranbl HCTIOTHE-

TebHOI BaIacTu cyobexTa Poceuiickoit Merepa-
K B chepe OXOThl i COXPAHEHUsT OXOTHUYbIX
pPecypcoB JOJKHBI OBITH HaeJeHBl MTPABOM
nannunposanus cozpannsa SOOP, kak B rpanu-
11ax 3aKPeNIEHHBIX OXOTHUUBUX YTO/IUI, TAK U B
IPaHNTaX 00T OCTYTHBIX OXOTHUYBIX YTOMIIA.

3. Paszpaborarh u yrBepanTh HOPMaTUBHO-
MPABOBBIM AKTOM YITOJHOMOYEHHOTO (pejiepasib-
HOTO OpraHa MCIOJHUTeTHLHON BIacTH B cdhepe
OXOTBI 1 COXPAHEHIST OXOTHIHYBIX pecypcoB op-
MY 1 TPeOOBAHIS K COCPARAHMIIO TTPeCTaBICHIIS
o cozpanun SOOP. Ilomaraem, uro npegcrasie-
HITe OJIKHO COIePIKATh CBEIeH NS, M3JI0KeHHbIe
HAMU B HACTOSAIIEI cTaThe.

4. Buecrn B Ilpukas Ne 560 namenenns,
HEOOXOMMBbIe [T YCTPAHEHWST TIPOTUBOPEUHIT
¢ M3 0 KMBOTHOM MUpe B YaCTH, Kacaloneics
ompesienenns mopsaka oprammzamnun SOOP,
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K ro6uneto J1. B. KoHgakoBoi

Jliobosb Baagumuposna Kongakosa— goxrop
OUOJIOTHUECKIX HAYR, TTPO(eccop, MHOTOIeTHIH YjieH
PE/IKOJITIeTN I HATIIeTO JKYPHAJIA B arpese oTMedaer
CBOTI 100MIEI.

Ona popyiach B ceMbe CIIYKAIEero, YIacTHIKA
Bennrkoit OredecTBenHOi BOWHBI U yUUTEJsA Ha-
qaJbHBIX KiaaccoB. G paHHEro jercTBa oHa BUjeNA,
Kak caMOOTBEP:KEHHO paboTaer B ITKOJIE MaMa, Kak
yBayRAOT €6 pojuTenn, Kar Jgroosat yaenuru. [loaro-
my st JIoo6oBu BrajumupoBHbI He OBIIO HHOTO
MyTH: CHAaYaja Mmelarornyeckoe yUujJniie, morom
ecrecTBeHHO-Teorpaduieckuii parkyiabrer Kupos-
CKOTO FOCY/IAPCTBEHHOTO MeJ[ATOTNMYeCKOTO MHCTUTYTA
uMm. B. U. Jlenuna, 3arem pabora B ceIbCKOIl MTKOJIE,
I7ie OHA 1 BCTPETUJIA CBOETO MYFKA, TOKE BBITTYCKHIKA
MeITHCTUTYTA. A TIOTOM $KU3HB ITOBEPHYJIACH TAK, YTO
OHA BEPHYJACh B CBOWl MWHCTUTYT MPEIOaBaTeieM,
1 BCKOPE COCTOSIACH BCTPeUa, ONpPeeTUBINas BCHO
nanpHelinyo cynsoy Jlo6oss Bragumuposrbsr. Ona
MOCTYIIIA B aCIUPAHTYPY Ha Kadeapy borannku Ku-
POBCROTO CeITHCKOXO3ANCTBEHHOTO MHCTUTYTA K BhI-
MAIOIEeMYCsI COBETCKOMY YUEHOMY, O[HOMY 13 CO3/1a-
TeJiell TOYBEHHON anbroJorun IOMuann AjpuaHoBHe
[Mrunoit. U ¢ Tex 1mop paBHO3HAYHO JOMUHUPYIO-
IUMHI CTaJIN JIJisi Heé JIBa HATpaBjIeHus B pabore —
Melarornveckast 1 HayqHas JesTeibHOCTh. JI1000Bb
BragnmupoBHa MHOTO cjiesana [jist pa3BUTHSI CBOETO
MHCTUTYTA, BHOCaecTBUN Barckoro rocymaperBeH-
HOTO TYMaHUTapHOTO YHUBEPCHUTETA: BO3TJIABJISANA
Raepy METOIMKN HAYATLHOTO 00YUeH s HA (DaKy/Ib-
TeTe HAYAJbHBIX KJIACCOB, YUacTBOBAJIA B CO3JAHU
XuMmuueckoro axysabrera, Ha koropom ¢ 2000 mo
2005 rr. 6bLIa leRaHOM, cosjiaia Kadeapy SKoIoTnm,
roropyto Bozraasisia ¢ 1998 o 2016 rr. muOTO JTET.
W radenpa, n parynprer ObLIN OHUMN U3 JTYUITAX
B yHuBepcurere. OMHOBPEMEHHO ¢ a/[IMUHUCTPATHBHOI
MesITeJIbHOCTRIO OHA YCIIEITHO COBMEIana Tpy/l mpe-
nogasaresisi. CorHM €€ ObIBITNX CTYIEHTOB YCIIEITHO
paboTaioT B mKojax 06J1acT, B By3ax, B 9KOJIOTHYEC-
KUX OpraHu3aiusx.

W npyrast crpacth e6 sKIU3HN — HAYKa, TOUBEHHAS
anproyiorust. Beo sku3Hb BeIUYANIUM IPUMEPOM B
JKMBHU, HAYKE, OTHOIICHUN K JIOJAM ObLT €6 BeJTMKMil
yanrenb — 9. A. Hltuna. Cpeinr MHOTOUMCTIEHHBIX
yueHnKoB Omuann AfipuanoBubl JI1000Bbs Bragnmu-
poOBHA — ObLIA OIHOT U3 caMbIX JIOONMBIX. OHEI 006 —
NPUPOKIEHHBIE (IOPUCTDI, OTIPEIeisis U u3ydas
MOYBEHHBIE BOJOPOC/N, MNAHOOAKTEPUN, MOTJIN
MHOTHE Yachl HE BCTaBaTh M3-3a MUKpocKoma. OHn
JeTaTIbHO ONUCHIBAIN KasK/blil HOBBIIl BCTPEUEHHBII
B/, CO3/IaBast CBOEOOPABHYIO JIETOMHCH ATbrOIOPHI
nous Kuposckoit obaactu. Jlio6osb Bragumuposta
PN HTOM CO3/1aJIa YHUKAJIbHBIN a/1b0OM TOYBEHHbBIX

BOJLOPOCJIeli, COCTABACHHDBII U3 €& PUCYHKOB. ITH pU-
CYHRU TAKOTO KAUeCTBA, 4TO CHJNAT OBl 4eCTh TI000MY
OTIPEJIeTUTEITIO BOJOPOCIIeIi.

ABTop coren crareil n HeCKOJILKUX MOHOTpadmii,
JI106oBh BriagmMupoBra BHecIa 3SHAUNTETHHBIN BRI
B pasBuUTHe TOYBeHHOI asbrosorun B Poccum. 16 ok-
TOpCKast iuccepraius « AJbro-muanodakrepuanbHas
drropa 1 0coOEHHOCTH €€ Pa3BUTHS B AaHTPOITOTEHHO
HapyIIeHHBIX TTOYBaX (Ha MpuMepe TMOYB MOJ30HBI
1oskHoi Taiirn KBpomneiickoit yactu Poccun)» Obina
MOCBSTIEHA N3YYEHUIO POJIH 3THX MUKPO(oTOTPOdhoB
B CeIIbCKOXO035THICTBEHHBIX, TEXHOTEHHBIX 11 YPOAHWU3M -
POBAHHBIX TTOYBAX.

CBOTI OTIBIT TIPEBOCXOHOTO (DJIOPUCTA, HABBIKI
BBIJIeJIeHN s, OTIPe/leJIeHIsT W MCIOJIh30BAHMS 110U~
BEHHBIX BOJOPOCJIeil 1 InaHobaRTepnii OHa repe/a-
€T CBOMM YyUeHMKaM — OarajaBpaM, MarmcTpaHTaM,
acIMpPaHTaM.

Jliob6oBb Brajmmuposra — HajiRHbIIT JIPYT, HCTUH-
HBIIi COPATHIK B HAYYHBIX NCCAOIOBAHIAX, JIeTIMRATHBIT,
TOHKIUI, YMHBII, TOHIMATOTITIT 1 COTIePe;RIBATOTIII Ue-
noBer. OHa cocrosiiach B KI3HI He TOTHRO KaK MTPero-
[IaBaTelh, MCCIEI0BATE Th, A[IMITHUCTPATOD, HO 1 KaK ITpe-
JAHHAS FKeHa, OO MaTh, HesHAas Da0yIITKa.

Mur nosppasasiem Jlioboss Bragumuposuy c
obuneem. lemaem eil onTUMI3Ma, 3[0POBHS, JAJb-
Helmx ycrnexon Bo Beém. Eii, kak Hukomy ipyromy,
nojxosr cruxu Pobepra Poskiecrsenckoro:

«Coepemennas ienwyuna, cospemennas Jcenuunal
Cyemoro 3amomana, no, kak npexicde, 6oyicecmeenna!
Ilycmo nemnozo ycmaaas, o, Kak npeicde, npespacras!
o konya nenonsmnas, nurkomy ne noderacmuas!

He 6axeaaumces cunoro, Ho na neit, mem ne memnee,

U 3a60met cayocednovre, u 3abomut cemetinvre!

Bcé na ceeme nosnaswas, éce neg3zodot npouteduras,
Ocmaémes 3aeadkoio cospemennasn sienwunal»

Or penronnernn sryprana « Teopermueckas u mpuRIaHAS DKOJTOTHS»

1 ROJUIEKTUBA JabopaTopruu OMOMOHUTOPUHTA
T. 4. Amuxmunua
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