Hayunsrit )xypHan ISSN 2410-8553

Usmaercs ¢ 2015 1.

[epronmanocTs BeIX0aa KypHaia ¢ 2021 roga 2 HoMepa B ro
(mo 2021 rona >xypHan BeIXoawa 1 pa3 B roxn).

B xypHaie «AHTponoreHHass TpancopManusi NPUPOAHOI cpeabl» MPEICTABICHH OPUTHHAIBHEIE U 0030pHBIE
CTaThH, KPaTKHE COOOILEHHUS 110 ['€03KOJIOTHYECKUM MPOOieMaM, HayqHbIe Pe3yNbTaThl CCIEI0BaHUH B3aUMOJCHCTBUS
4eJI0BEeKa U MPUPOJIbl, COOTBETCTBYIOIINE ABYM TeMaTHUECKUM pa3/ieiaM:

— Coxpanenue npupoanoii cpeast 11JI11 Nature and Landscape Conservation (1o xnaccupukanuu Scopus)

— Tpauncpopmanus npupoanoii cpeasl 1JIU Pollution (mo xraccudukammm Scopus).

[Ipennourenue oTmaeTcsi CTaThsIM Ha T€OIKOJIOTHIECKOM, Teorpaduaeckoii, OMOTeoneHOTHIEeCKOH, OnoreoXnMmde-
CKOIi, OMOJIOTHYECKOI OCHOBE.

XKypHan npesicTaBisieT MHTEpEC IS UCCIEI0BATEIbCKUX HHCTUTYTOB; Y4€OHBIX 3aBE/ICHHH, TAIOIUX BBICIIEE MPO-
(eccruoHanapHOE 00pa3oBaHUE M OCYLIECTBIIIOIINX HAYYHYIO JISSITENBHOCTD; HAYYHBIX OMOJIMOTEK M y4eHbIX, paboTa-

OIUX B obJyactu T'€O03KOJIOTUH, IKOJIOTHHU, COXPAHCHHA U BOCCTAHOBJICHUA MPUPO/JIbI.

7KypHaJa uHaeKkcupyercs B cHCTeMAax:
Poccuiickuii ”HAEKC HAYYHOTO UTHPOBAHUS

I'JIABBIA PEJJAKTOP
Cepreii AnekceeBuy
by3makoB

3aB. Kaepoil GHOTeONECHOIOT N U OXPaHBI IPUPOIBI [IepMCKOro rocyJapcTBEHHOTO HAIIMOHAIBHOTO
nccienoBaTenbckoro yausepeurera (Poccust), mpodeccop, JOKTOp reorpaduuecKix HayK

PEJAKIHHMOHHAS KOJIJIETI' U

Banentuna CepreeBHa
ApTamoHOBa

CnasBomup baxup

Anexcannp HukonaeBuu
bapmun

Hapes OnerosHa
Eroposa

Xanc-Xoznrep Jlucre

ITaBen IOpreBuy
CaHHHKOB

Anppe#t Bragumuposuu
CopoMoTHH

IOpuit AnexcanapoBud
®denopos
Anpuano ®uopyquu

Awnppeit HukonaeBuu
[uxoB

Jlrogmuna CepreeBHa
IymunoBckux

BEAYIINI HAYYHBIA coTpyaHHK MHCTHTyTa mouBoBenenus u arpoxumun CO PAH (Poccus), mokrop
OHMOJIOTHUECKHUX HAYK;

JeKaH (akyinpTeTa JISCHOTO X03sicTBa BellocTOKCKOro TexHosornyeckoro yHusepcurera (Ilospiua),
JOKTOP TEXHHYECKHX HaYK;

JeKaH reosoro-reorpaduueckoro axynbrera; 3aB. Kadexpol 3KOJIOTHH, NPHPOJIONOIb30BAHUS,
3eMJIEYyCTPOHCTBA M O€30IaCHOCTH  JKU3HEICATENBbHOCTH  ACTPaxaHCKOIO TOCYAapCTBEHHOTO
yauBepcutera (Poccust), mpogeccop, mokTop reorpaguaeckux HayK;

CTapmuii Hay4IHBI COTPYIHUK J1a0OPaTOPHH MOJEKYISIPHOH MHKPOOHOJIOTHH M OHOTEXHOJIOTUH
WucTuTyTa SKONMOTMM M TeHeTWKH MukpoopranmsmoB YpO PAH (Poccusi), momeHT, KaHAMOAT
OHMOJIOTHUECKHX HAYK;

HayuHblil coTpynHuk HWHuctutyr um. lOmmyca Krona, ®enepanbHblil uccnenoBaTenbcKuil LIEHTp
KYJbTYpHBIX pacTeHuid (I'epMaHus), TOKTOpP CENbCKOX031HCTBEHHBIX HAYK;

JOIEHT Kadeapbl OHOTEOLEHOJOTMH M OXpaHbl NPHPOABl [lepMCKOro rocynapCTBEHHOTO
HaI[MOHAIFHOTO MCCIIeI0BAaTENbCKOTo yHUBepcuTeTa (Poccus), kaHauaaT reorpagaecKux HayK;
JUPEKTOp HAyYHO-HCCIENOBATENICKOT0 WHCTUTYTa 3KOJOTMH M PAalMOHATBHOTO HCHOJB30BAHMS
MPUPOAHBIX pecypcoB NpH TIOMEHCKOM TocyAapcTBeHHOM YyHuBepcutere (Poccus), mpodeccop,
JIOKTOpP OMOJIOTHYECKHX HayK;

3aB. kadenpoit ¢usnueckoil reorpaduu, SKONOTHMHM U OXpaHBI NPHUPOnbl, MHCTUTYT Hayk o 3emie,
TOxHs1 dhenepanprbiii yaHBEpCuTeT (Poccus), mpodeccop, ToKTop reorpaguyeckux HayK;
npodeccop Kadpeapsl OKpyKaromeH Cpefsl, 3eMIETONb30BAHUS W HHXEHEPHOH HHQPPACTPYKTYPHI
Tommrexamueckoro yanBepcutera r. Typun (Mrtaimus), JOKTOp reoIoro-MIHEPaTOrHIeCcKUX HayK;
noueHT kadenpsl kaprorpapuu u reonHdopmaTuku [1epMCKOro rocyaapCTBEHHOTO HAIMOHATIBHOTO
HCCIIeIOBATENbCKOT0 yHHBepcHuTeTa (Poccus), kananaaT reorpaduueckux Hayk;

HAay4YHBIH COTPYIHUK KadeIpbl NaJMHONOTHUA W JIMHAMHKH KiMMaTa [ €TTHHI€HCKOro YHHUBEpPCHUTETa
uM. ['eopra-Asrycra (I'epmanus), KaHIUIAT OHOIOTMIECKUX HAYK.

Yupeautean: DexepanbHOe rocy1apcTBEHHOE aBTOHOMHOE 00pa30BaTENbHOE YUPEKASHUE BBICIIETO 00pa30BaHuUs
«ITepmckuii rocy1apCcTBEHHBI HAlIMOHAJIBHBIN HCCIIEI0BATENbCKUI YHUBEPCUTET

Anpec yupegurensi: 614990, r. Ilepms, yn. bBykupesa, 15

Anpec penakuun: 614990, r. [lepms, yn. Bykupesa, 15, reorpaduueckuii pakynbrer,

Kagepa OMOreoneHOIIOTHH U OXPaHBbI IIPUPO/IBI

© IlepMmckuil rocy1apCTBEHHBIH HAIIMOHAIBHBIN
HCCIIeIOBATEIbCKII YHUBEpCHTET, 2021

(ec) TR



Scientific journal
Published since 2015

ISSN 2410-8553

The frequency of the journal's publication from 2021 is 2 issues per year
(until 2021 the journal was published once a year).

The journal «Anthropogenic Transformation of Nature» presents original papers, review papers and short com-
munications articles addressed to geoecological problems, scientific questions of interaction of Man and Nature. All
material in the Journal should correspond to two thematic sections:

—Nature and Landscape Conservation (Scopus classification)

— Pollution (Scopus classification).

Articles on a geoecological, geographical, ecosystem, biogeochemical, biological basis are preferred.

The journal is of interest to research institutes; educational institutions providing higher professional education and
carrying out scientific activities; scientific libraries and scientists working in the field of geoecology, ecology, conserva-
tion and restoration of nature.

The journal is indexed in systems:
Russian Science Citation Index

EDITOR-IN-CHIEF
Sergei A. Buzmakov

EDITORIAL BOARD
Valentina S.
Artamonova

Slawomir Bakier

Alexander N. Barmin

Darya O. Egorova

Hans-Holger Liste
Pavel Yu. Sannikov
Andrey V. Soromotin
Yuri A. Fedorov
Adriano Fiorucci
Andrey N. Shikhov

Lyudmila S.
Shumilovskikh

Chair of Department of Biogeocenology and Nature Protection in Perm State University (Russia), Doctor
of Sciences in Geography.

Leading Scientific Researcher, Institute of Soil Science and Agrochemistry (Siberian Branch of Russian
Academy of Sciences — Russia), Doctor of Sciences in Biology.

Dean of the Faculty of Forestry, Bialystok University of Technology (Poland), Doctor of Sciences in
Technology.

Dean of the Faculty of Geology & Geography; Chair of Ecology, Nature & Land Management & Safe
Vital Activities Department, Astrakhan State University (Russia), Doctor of Sciences in Geography.

Senior Scientific Researcher of Laboratory of Molecular Microbiology and Biotechnology, Institute of
Ecology and Genetics of Microorganisms (Ural Branch of Russian Academy of Sciences — Russia), PhD in
Biology.

Research Scientist of Julius Kithn-Institut, Federal Research Centre for Cultivated Plants (Germany), Doc-
tor of Sciences in Agriculture.

Associate Professor, Department of Biogeocenology and Nature Protection in Perm State University (Rus-
sia), PhD in Geography.

Director of the Research Institute of Ecology and Natural Resource Management of the University of
Tyumen, Doctor of Sciences in Biology.

Chair of Department of Physical Geography, Ecology and Nature Conservation, Institute of Earth Scienc-
es, Southern Federal University (Russia), Doctor of Sciences in Geography.

Professor, Department of Environment, Land and Infrastructure Engineering, Polytechnic of Turin (Italy),
Doctor of Sciences in Geology.

Associate Professor, Department of Cartography and Geoinformatics in Perm State University (Russia),
PhD in Geography.

Scientific Researcher of Department of Palynology and Climate Dynamics in Georg-August-University of
Gottingen (Germany), PhD in Biology.

Founder: Perm State University
Founder address: 15, Bukireva st., Perm, 614990, Russia
Editorial office address: 15, Bukireva st., Perm, 614990, Russia,

Faculty of Geography, Department of Biogeocenology and Nature Protection

© Perm State University, 2021
[


https://www.elibrary.ru/title_about_new.asp?id=55150

2021 Anmponoeennas mpanc@opmayus npupooHoll cpeobl T. 7, No2

COJEPKXAHUE

PA3JIEJI 1. COXPAHEHUE ITIPUPOTHOM CPE/JIbI

Boponos I'. A., Ucakos 1. C., ’Kykoa M. B. HazemHFBIe T03BOHOYHBIE KUBOTHEIE B JOJIMHAX pek [Janummxa

1 ETOIIAXA TOPOAA TIEPMU ....oooniiiiiiiiiiiiiiii ettt ettt et sttt et e bt st e bt e sabeeebeesateeeneeeane

AbdaynamanoBa . ®. MecToHaX0XXICHHE PEAKIX BUIOB pacTeHuit cemeiictBa Orchidaceae B TaitHCKOM paiioHe

(ITepmckwmii kpaii, Poccust), mepcriekTHBHOE AJIsl IPUCBOSHMUS CTaTyca 0C000 0XpaHsIeMOW IPUPOJHON TEPPUTOPHH ...

PA3JIE] 2. TPAHC®OPMALUSI IIPUPOIHOI CPE/IbI

Jduappa b. MonennpoBanue BOAHOM 3po3u mouyB B npoBHHIMAX Cukacco u Koymikopo (Pecrybnuka Mamm) ........

Awnnpees /1. H., By3amakoB C. A. AHTponioreHHasi TpancopManys JIECHBIX IKOCHCTEM MO TEOXUMHYECKUM

u (I)OTOCI/IHTGTI/I‘ICCKI/IM TIAPAMETPAM .euiuininiintntsiststststststsesesesesesesesesesesesesesesesesesesesesesesesesesesesesesesesessssssssssssssssssssssssssssses

ITopo3oBa A. C., Cannnkos II. FO. Ouenka BIUsSHUS CKUTaHUS MOITYTHOTO ra3a HA paAuaIbHbIN IPUPOCT

Pinus Sylvestris (O3épaoe MecTopoxaeHne HepTr, [TepMCKHit Kpar, POCCHS) ....ocvveviiiieiiiiieiieeeeec e

24



2021 Anthropogenic Transformation of Nature Vol. 7. No. 2

CONTENTS

SECTION 1. NATURE AND LANDSCAPE CONSERVATION

Voronov G. A., Isakov D. S., Zhukova M. V. Terrestrial vertebrates in the valleys of the Danilikha and Yegoshikha
FIVELS 10 the CILY OF PEITI c..eiiiiiiiiiieiece ettt ettt e st e s aeesseesseesseenseesseesaensaenseenseansesssesanennes 6

Abdulmanova 1. F. Location of rare Orchids in the Gainsky district (Perm krai, Russia), prospective for assigning

the status of specially protected NAtULAL LEITIEOTY .......eovieiieiieieeieeeeete ettt et et st e e ba et e ensesnaessaesaaesseenseenseans 24
SECTION 2. POLLUTION
Diarra B. Modeling of soil erosion by water in the provinces of Sikasso and Koulikoro (Republic of Mali)................. 36

Andreev D. N., Buzmakov S. A. Anthropogenic transformation of forest ecosystems by geochemical
ANd PhOLOSYNENETIC PATAIMELETS. ... .cvieiieeiieieetiesteesteeteetestesteesteeseesseesteessesseesseesseessesssesssessaesseesseasseessesssenssenseensesssenssenses 49

Porozova A. S., Sannikov P. Yu. Assessment of the impact of associated gas flaring on the radial growth
of Pinus Sylvestris (Ozernoe oil field, Perm region, RUSSIA) ........cccvervieiiiiciiiiiiiieiieiteie ettt eve et sae e e ne s e 58



2021 Anmponoeennas mpanc@opmayus npupooHoll cpeobl T. 7, No2

Ipornwna 26-1 koupepenius OOH mo xiuMaTy, MOJMUTHYCCKUE MPEACTABUTEIN CTPAH CMOTIIH JIHIIE TOATBEPAUTH
CBOIO [IPHBEPIKCHHOCTD «3EJICHOMY IyTH»: OTKa3y OT «TPA3HOTO Yriish» (Mepexo/y Ha «YUCTHIN»), PALHOHATBHOMY HC-
MOJIb30BAHUIO [OTEHIHAIA JIeca W IPYTHMX BO3MOXKHOCTEH I CHIDKEHHUS BBIOPOCOB MAPHHKOBBIX Ta30B. DKOJIOTHYC-
cKasi OOIIECTBEHHOCTh KOHCTATHPYET KaTaCTPOPHUICCKYIO HECIOCOOHOCTh MOJUTHKOB M YMHOBHHUKOB COBMECTHO pe-
marth rI00aibHbIe TPOOIEMBI: YCIICIIHO MIPOIODKAIOTCS TOJIBKO IIPEIUPATEIbCTBA, B3AaHMHBIC OOBHHCHHS U CAHKIIUH.
DKOHOMHKA 110 HHEPLHH IIPOJOJDKAET IBUTATHCS II0 CTAPOM TPACKTOPHH, 3eJICHasE SJHEPreTHKA POXKAACTCS B MyKax (u-
HAHCOBBLIX U OHEPIre€TUYCCKUX KPU3UCOB B OTACIIbHBIX pETHOHAX MHUpaA.

Bce a10 mpoucxonut Ha GoHe BeIHKoi 00pbObI ¢ mannemueil. [lannemus 1 6oppda ¢ maHaeMuei pa3pymaeT couu-
aJIbHYIO OpraHu3aluio obiecTsa, oopazoBanue, OU3HeC, 3M0poBbe JitoAei. [Ipr TOM HE3aMETHO YMEHBIICHHE 3arpsi3-
HEHHMIT OT BEIOPOCOB 1 cOPOCOB, a KOJIMYECTBO OTXOAOB HEYKIIOHHO BO3pacTaeT. Y pOaHu3alHs NpoJoibKaeTcest B popma-
Te MHOTOJTAXEK M arjoMepaldii, KOTopble He TOJbKO MODPAIBHO YCTapesid, HO M OMACHBI B AI0XY COBPEMEHHBIX H
O)KUIAEMBIX BUPYCHBIX HH(EKIIUA.

Hayunble wuccienoBanus, Te0IKOIOTHYECKOe O0eCIedeHrne pa3pelieHds MpoOieM B3auMOICHCTBUS YeloBeKa M
MPUPOJIBI CTAHOBUTCS KAK HUKOT/IA aKTyaJbHBIM. B HacTOsIIIeM HOMEpE MPEIIOKEHBI HCCIEA0BaHIS OT OropasHoobpa-
3UsI I0 YCTOWYMBOCTH JieCa K aHTPOMOIECHHBIM 3arpsi3HCHUSM. BBIIBICHBI HOBBIE MECTOOOHTAHHS PEIKOTO PACTCHUS,
YTO MO3BOJISET NPEAMPUHSITH MEPHI 10 COXPAHEHHIO €0 YHUKaIbHOro reHodoHna. CoxpaHeHHe )KUBOTHOTO MHpa Yepe3
cozaanme OOIIT B ycrmoBusx ypOaHHU3aIWK, B EHTPE MIJUTHOHHOTO TOPO/ia MOKA3bIBAET JOCTHKUMOCTH CaMbIX aMOH-
IHUO3HBIX 3KOJIOTUYCCKHUX ITJIAHOB. 3aHa}IHoa¢)pI/IKaHCKI/Ie HCCIICA0BaHUA ACTpalallid MOYBCHHOT'O ITOKpPOBAa JAKOT MpHU-
Mep HCIOJIb30BaHMUSI INI00ATbHOM HHPOPMAIINH U IPAKTHIECKOM 3HAYUMOCTH. [IHarHOCTUKA COCTOSIHHS JICCHBIX DKOCH-
cTeM 1o 3amMepaM (OTOCHHTE3a U PaAUaIbHOMY HPHPOCTY JIEPEBbEB OTKPHIBAET HOBOE IMOHMMAHHE B BO3MOJKHOCTSIX
H3y4YeHHs] KpyroBOpOTa yriepoja M MapHUKOBBIX ra3oB. Kpome Toro, B mpeapaymmeM HOMEpe eCTh BEIMKOJICIHBINH 00-
30p METOJOB U METO/IHK 110 H3yYECHHIO TAPHUKOBBIX ra30B B PA3IIMYHBIX IPHUPOJHBIX KOMILICKCAX.

I'naBnslit penakrop C. A. by3smakos
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PA3JIEJT 1. COXPAHEHUE ITPMPOJTHON CPEJIbI

OpurnHanbHas HaydHas (MCCIIEIOBATEIbCKAs) CTAThS
YK 597/599
https://doi.org/10.17072/2410-8553-2021-2-6-23

HazemMHble 103BOHOYHbIE )KMBOTHBbIE B J01MHAX pek Janunuxa u Erommxa ropoaa Ilepmu

Boponos 'eopruii Anatonbesnu', lennc Cepreesny Ucaxos?, Mapus Baaauciaasosna ’ykosa’
13 Tlepmckuii rocyiapcTBEHHBIH HAMOHALHBIH HCCIIEI0BaTeNbCKMit yHuBEpcuTeT, [lepmb, Poccns

! voronov-professor@mail.ru, https://orcid.org/0000-0002-1243-2164

* mv.zhukova@bk.ru, https://orcid.org/0000-0002-4163-2050

2 YnpaBieHue 1o SKOJIOTHH M IIPHPOIONIONB30BAHMI0 aMAHKCTparuy ropoaa Ilepmu, [lepmb, Poccns,
isakovdenis@inbox.ru, https://orcid.org/0000-0003-1363-8022

AnHoTanus. B cTatee paccmaTpuBaroTCs BOIPOCH OHOpa3HOOOpa3us Ha3eMHOW MO3BOHOYHON (payHBI B JOIHHAX
ManbIx pek ropona Ilepmu — Jannnuxu u Erommxu. YdeT mpoBomuiicss BO BpeMsl YIeOHBIX IKCKYpPCHI Ha MPAaKTHKAX
0 300JI0THH, Ouoreorpaduu U OUOTEOICHONOTHH. Takxke ObUT MpOAHAIM3UPOBAH HAYYHBIH MaTepuall Mo paHee (QUK-
CHUPOBAHHBIM NPEACTABUTEIAM (hayHbl Ha TeppuTopuu ropona [lepmu. Yuer opHutodayHbl MPOBOIUICS METOIOM JIH-
HEWHBIX MapUIPYTOB, YUET MEJKHX MJIEKOMUTAIOUIUX MPOBOIMICS C MOMOIIBIO YCTAHOBKH JaBUJIOK M KallKaHOB, MPO-
YKe MpeacTaBUTeNs (GpayHbl ObLIH 3a(UKCHPOBAHBI BO BPEMs BU3YalbHBIX OCMOTPOB BBINICYKa3aHHBIX Tepputopuii. Ha
OCHOBAHHH MPOBEICHHBIX YUCTOB COCTABJICHO (payHHUCTUUECKOE OMUCAaHUE A0JIMH pek Jlanwinxu u Erommxu, 3xKooro-
(dayHuCTHYECCKHE TPYIIIBI OpHUTO(AYHBI TOJUH pek. B monuue peku Januwnuxu 3adukcupoBaHo: 4 Buga ampuoduid, 1
BHJ penTWiINiA, 17 BHAOB MiekonuTaomux u 59 BunoB nrull. B monmae Eromuxu 3adukcupoBano 4 Buna ampuouii, 5
BHOB PENTHIINHA, 25 BUIOB MIICKOIHUTAIOMNX U 65 BHIOB NTHIl. BRISBICHO HAIMYHME HAa YKa3aHHBIX TEPPUTOPUIX BH-
II0B, 3aHeceHHBIX B KpacHyto kauTy [lepMckoro kpas. Y CTaHOBIEHO, YTO 3a()UKCHPOBAaHHBIC PEIKHUE BUABI, OCTAHABIIH-
BalOTCS B JOJIMHAX PEK B IMEPHOJ €XKETOJHBIX MUTpaluii M KOYeBOK. brnopa3zHooOpasme HCCIIeTyeMBIX TepPHTOPUit
HAXOJIWTCS Ha JOCTATOYHO BBHICOKOM YpPOBHE, BCJIEICTBHE YETO PEKOMEHIYeTCs MpUAaHWE NOMUHAM pek JaHWinxu u
Erommxu cratyca OXpaHsIeMbIX TEPPUTOPHIA C IIETBI0 COXPAHCHUS UX OHOPa3HOOOpa3usl.

KuioueBble cjioBa: [103BOHOYHBIE KUBOTHBIE, 300JI0TUsA, OpHUTONOTHSI, KpacHas kuura [lepMckoro kpasi, JOJHMHBI
peK, 0cobo oxpaHsieMble TPUPOTHBIE TEPPUTOPUH

Jdasi umtupoBanusi: Boponos I'. A., Hcaxos J]. C., Kykosa M. B. HazeMHbIe I03BOHOYHBIE KUBOTHBIE B JIOJIMHAX
pek Janwnuxa u Erommmxa ropoma Ilepmu // AnTtpomorenHast Tpanchopmanus npupoaHoi cpeast. 2021, T. 7. Ne 2.
C. 6-23. https://doi.org/10.17072/2410-8553-2021-2-6-23

SECTION 1. NATURE AND LANDSCAPE CONSERVATION
Original paper
Terrestrial vertebrates in the valleys of the Danilikha and Yegoshikha rivers in the city of Perm

Georgi A. Voronov', Denis S. Isakov?, Maria V. Zhukova®

! voronov-professor@mail.ru , https://orcid.org/0000-0002-1243-2164

3 mv.zhukova@bk.ru, https://orcid.org/0000-0002-4163-2050

2 Department of ecology and nature management of the Perm city administration, Perm, Russia,
isakovdenis@inbox.ru, https://orcid.org/0000-0003-1363-8022

Abstract. The article deals with the issues of biodiversity of terrestrial vertebrate fauna in the valleys of the
Danilikha and Yegoshikha rivers of the city of Perm. The recording was carried out during educational excursions and
practices in zoology, biogeography and biogeocenology, with the usage of the scientific material on the previously rec-
orded representatives of the fauna in the city of Perm. The recording of avifauna was carried out by the method of linear
routes, the recording of small mammals was carried out using the installation of crushers and traps, other representatives
of the fauna were recorded during visual examinations of the area. Based on the surveys carried out, the faunistic de-
scription of the Danilikha and Yegoshikha river valleys and the ecological-faunistic groups of the avifauna of the river
valleys were compiled. In the valley of the Danilikha River 4 species of amphibians, 1 species of reptiles, 17 species of
mammals and 59 species of birds were recorded. In the Yegoshikha valley 4 species of amphibians, 5 species of rep-
tiles, 25 species of mammals and 65 species of birds were recorded. The presence of species included in the Red List of

© BoponoB I'. A., Hcakos /1. C., Kykosa M. B., 2021
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the Perm region in the indicated territory was revealed. It has been established that the recorded rare species included in
the Red List of the Perm region stay in river valleys during the period of annual migrations. The biodiversity of the
studied territories is at a sufficiently high level, as a result of which it is recommended that the valleys of the Danilikha
and Yegoshikha rivers be given the status of protected areas in order to preserve their biodiversity.

Key words: Vertebrates, zoology, ornithology, the Red List of the Perm region, river valleys, specially protected

natural areas

For citation: Voronov, G., Isakov, D., Zhukova, M., 2021. Terrestrial vertebrates in the valleys of the Danilikha
and Yegoshikha rivers in the city of Perm. Anthropogenic Transformation of Nature, 7(2). pp.6-23.

https://doi.org/10.17072/2410-8553-2021-2-6-23 (in Russian)

BBenenue

B HacTosmee Bpemsi Ha TeppuTopuu ropona Ilepmu
pacmonoxxeHsl 22 0co00 OxpaHseMble MPHUPOIHBIE Tep-
putopun MecTHoro 3HadeHmsa (masee — OOIIT) [11].
B nenTpanbHOl yacTu ropoja HaXoOSATCsS IBE U3 HUX —
OOIIT «Erommxunckoe xmamoume» m OOIIT «Cag
uM. A. M. 'opskoro». JlaHHBIE TEpPUTOPUH OKa3bIBAIOT
pa3Hble aHTPONOTreHHbIE HAIPY3KU U yPOBHH OMOpa3HO-
oOpasusi. TeppuTopuu XOpOIO MU3y4eHBl B paMKax IIpo-
BEJICHUS HMCCIICIOBATEILCKUX PabOT MO M3YYCHUIO (PII0-
psl 1 daynsl crynenrtamu [ITHUY u III'TITY, a Taxke B
pamkax Monutoputra OOIIT ropona Ilepmu, npoBoau-
moro [IC'HUY [12]. OgHako ¢ ¢ayHUCTHIECKOH TOUKH
3peHusl B IEHTPAIbHON dYacTu ropona [lepmu mponon-
KAIOT CYIIECTBOBATh MAJION3YyUCHHBIE TEPPHUTOPHH, 00-
JIaJJAfOIIHe BBICOKAM MOTEHIHAIOM B BBIIBICHHOM OMO-
pasHooOpa3un BHIOB — HoiuHBI pek Jaxnwmuxu u Ero-
HIAXH.

IIpoTekas uepe3 HEHTpaIbHYIO 9acTh Topona Ilepmu
1 3aKaThle NMPAKTHYECKH Ha BCEM INPOTSHKEHUH 30HAMHU
JKWJION 3aCTPOMKHU, 3TU TEPPUTOPUU MHTEPECHBI C TOUKHU
3peHHs BIMSHUS aHTPOTIOTEHHBIX HArpy30K Ha MPUPOA-
HbIe 00BEKTHI U UX OHOpa3HOOOpa3ue.

Llens Hamied pa®OTBHI y4eT Ha3eMHBIX MMO3BOHOYHBIX
XKHMBOTHBIX B oMHaxX pek Janunmxa n Erommxa ropona
Ilepmu, Kak Ipymmbl )KUBBIX OPraHU3MOB, OCTPO pearu-
PYIOIIMX Ha M3MEHEHHUS Cpe/ibl, B KOTOPOW OHM HpeObI-
BAaIOT, @ TAK)KE BBUIBJICHNWE HA HUX PEIKHX BHUIOB M BH-
JIOB, 3aHECEHHBIX B KpacHyI0 KHHTY, C LIEJIbI0 YCTaHOB-
JICHUA MPUPOJOO0XPAHHON IIEHHOCTU MAAaHHBIX TEPPHUTO-
pU 1 IPUIAHUS UM COOTBETCTBYIOIIETO CTAaTycCa.

ITo uToram HamKX y94ETOB B IOCIEAYIOIIEM BO3MOXK-
HO TNPOBEICHNHE MOHHTOPHUHTA COCTOSIHUS JOJIUH peK U
BIIMSIHASA Ha HUX aQHTPOIIOTEHHBIX, B TOM YHUCIE peKpea-
IHOHHBIX, HATPY30K 110 H3MEHEHHUIO BHUIOBOTO U KOJINYE-
CTBEHHOT'O cOCTaBa (ayHsbl.

Marepuaj 4 MeTOIMKA

MarepuanamMu JIsl JaHHOTO HCCICIOBAHUS IMOCTY-
HKILTH

1. Habmromenuss Bo BpeMs Y4eOHBIX ASKCKYpCHH Ha
MPaKTUKax MO 300JI0THH, OHMoreorpaguu u OHOTEOICHO-
JIOTHH.

2. Jlutepatrypa TO >XHBOTHOMY Mupy r. Ilepmu u
IIepmckoro kpast.

3. [IpenBapuTENbHBIN CIUCOK BUJIOB, MPEIOCTABIICH-
HBIA Kadeapoil OMOTEONECHOIOTHH W OXPaHBl MPHPOJIBI
(manee BOIT) [ITHUY.

VYuer opHUTOhAYHBI MPOBOAMWICS METOIOM JIUHEH-
HBIX MapIIPyTOB C UCIOJb30BaHHEM OWHOKIS U (oToar-
mapaTypbl. YUUTHIBAIHCh BCE BHIBI NTHUI], 3a(UKCHPO-
BaHHBIC HaOmoarenreM B 50 MeTpoBoit mojioce (25 mer-

POB cieBa U crpaBa OT HaOmromaTens). Bunsl ¢pukcupo-
BaJIMCh KaK BU3yaJIbHO, TaK U 10 rojocy [1,8].

C nenbio (GUKCAIH MEIKIX MIICKOIHTAIONINX B XOJIE
MPaKTHK WHOTJA BBICTaBIUINCH JMHUU JaBUIOK WU
KanKaHbel Ha 3-5 9acoB BO BpEMS IPOBEICHUS COOTBET-
cTByrOmIeH dKkckypenu [8]. AMpubmm u pentmwmn Quk-
CHUPOBAJIUCH BO BpeMsl BU3YalIbHBIX OCMOTPOB HCCIEIye-
MOH TeppuTtopuM. II0CKONBKY IOJyYEeHHBIE MaTEpHUAJIb
HeNlb3sd TEpPecYUTaTh Ha OTHOCUTEIbHYIO YHCICHHOCTH
(aucno xuBOTHEIX Ha 100 JOBYIIEK-CYTOK) M OHHU He-
CPaBHUMBI C pe3yIbTaTaMy y4éTa NTHI[ 110 MOJ0caM Ipu
MIPOBEICHUM YacTO OJHOKPATHBIX MAapHIPyTOB, OLIEHKU
YHCIEHHOCTH NPHUBOAATCS B Oayutax. IIpuHATHI ciexyio-
IIMe Ipajlalliy JUTs BUIOB BCEX KIIACCOB:

1. Ouensb penkuii — 0.p.;
2. Penkue — p;
3. OOBIYHEIE — O;

4. MHOTOUYHCICHHEIE — M;

5. O4eHb MHOTOUUCIIEHHBIE — O.M.

B cnmcok nTuip kpoMe TOro BBEJEHA Ipafalus «Xa-
pakTep NHpeObIBaHMA», KOTOpas BKIIOYACT CIEAYIOIIHe
OTIMCAHHUS:

1. Ocemblii — oC.;

2. IlepenetHsblil — nep.;
3. IIponeTHslii — mp.;
4. 'He3Auics — I'H.;
5. 3umyromui — 3UM.;
6. Kouyromuit — kou.

A.Il. Ky3sxkua (1962) 00bequHMIT )KUBOTHBIX OOBIY-
HBIX, MHOTOYHCJICHHBIX M OYEeHb MHOT'OYHCIICHHBIX B
rpymniry (OHOBBIX BHJIOB [5].

Crnenyer OTMETHTh, YTO B CIHCKaxX BHJOB B rpade
«BHOTOMBI» BKIIIOYEHBI JIUIIb T€ YKOCHUCTEMBI, KOTOPHIE
BUBI MIPEAIOYUTAIOT, XOTS CHJIbHAs MO3aWYHOCTH OHO-
TOTIOB, XapaKTepHas Ui JOJIMH TOPOACKHUX pPeK, MPHUBO-
JUT K TOMY, 4YTO MHOTHME BHJbl 3aCENSIOT U HE CBOIl-
CTBEHHBIE MM INPHUPOJHBIE KOMIUIEKCHI, OJHAKO MAaKCH-
MaJIbHOTO OOWJIMS BHJBI JIOCTHT'AIOT B M3JIOOJCHHBIX U
XapaKTepHBIX IPUPOIHBIX KOMILIEKCaX.

Cotpynuukamu kadenpsl bOII B nonnHe pexu BbIsSB-
JICHBI HIXKecoAeprKaine ONOTObI:

JlaHnnmxa — OCHOBHBIE: TPYIHOIPOXOAUMBINA MOJIO-
JIOM MEJKOJUCTBEHHBIN Jiec (KepAHSAK) M 3apOCiH Ky-
CTApHUKA; CPEIHEBO3PACTHBIM MEJIKOJUCTBEHHBIN Jiec
(Gepesa, TOMOJb); CTAPOBO3PACTHBIM JTUCTBEHHBIN Jiec
(Gepesa, Tomoisb, Jnma, BA3) — amiess MUHIOBCKOTO,
JieficTByONMEe M 3a0pOIICHHBIE CaJ0Bble W JadHbIe
YUYacTKH; NpeoOpa3oBaHHbIE yYacTKH (rapakd, CBaJKH,
ABTOCTOSIHKH, HACBIMHBIE TPYHTHI, INPOMBIIIJICHHBIE
IJIOILAJIKH ).

Janmnmxa — npyrue (HeOoabInMe MO MJIOMAAN U Ya-
CTOTE€ BCTPEYAEMOCTH): 3a00JIOYCHHBIC YYaCTKH, IpH-
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OpeXHO-BOJHAS PACTUTEIHLHOCTh, HEOOJbIINE TISATHA
JYTOBBIX COOOIIIECTB.

Erommxa — OCHOBHBIE: TPYIHOIPOXOIUMBIH MOJO-
JOW MEJKOJMCTBEHHBIN Jiec (KEpOHSK) M 3apOCiH Ky-
CTapHHKA; CPEAHEBO3PACTHBIM MEIKOJMCTBEHHBIN JieC
(Oepesa, ToOmONB); MPeOOpPA3OBAHHBIC YYACTKH (Tapaxkw,
CBAJIKM, aBTOCTOSIHKM, HACHIIHBIE T'PYHTBI, CIIOPTHBHBIC
00BEKTHI, TPOMBIIUICHHBIE IIOMIAAKH).

Erommxa — npyrue (HeGonplune MO IUTOMATU M 4a-
CTOTE BCTPEYAECMOCTH): TEMHOXBOMHBIN Jiec (B BEPXOBb-
SIX); CMEIIaHHBIA TEMHOXBOWHO-JIMCTBEHHEIH Jiec (B Bep-
XOBBSIX); CTapOBO3PACTHBII MEJIKOIMCTBEHHBIH Jec (Oe-
pe3a, TONOJb); UCIOJIb3yEMBIE JaYHBIC U CaJ0BBIE yJacT-
Ki; 3a0pOIICHHBIC CaJlOBbIE YYACTKU C pa3BaIMHaMU 130
U capaeB; HEOOJBIINE IISITHA TYTOBBIX Y9aCTKOB.

Pe3yabTaThl M 00Cy:KAeHHe

Manunuxa. Ampubuu B nonuHe peku JaHwmuxu
npeacTaBiacHbl 4 Bumamu. Bee Bumbl am¢uduii 61arona-
P pa3sMHOXKEHHUIO B BOJIE OTHOCITCA K OKOJIOBOJHOM
9KO0JIOTO-(hayHUCTHYECKON rpymme. Bcero mis ropona
IIepmu onucaHo 7 BUIOB 3TOTO Kjacca.

Pentunumii B qonuHe peku BeisiBIEH 1 BUA U3 8, Omu-
canHbIX B Ilepmu. B nonune pexu JaHWIUXU BCTpEeUYEH

OIVH BWJ — JIECHAsl XHUBOpOIsIIas smepuua (Zootoca
vivipara).

[Itrue. B nonuae [larnnimxu oOHapyKeHO 59 BHIOB.
[Tpu ananmm3e 3K010T0-PayHHCTHIECKOTO cOCTaBa (ayHBI
nTHL ObUTA BBIJENICHA IPYyINNa «KyCTapHUKOBBIE)», B KO-
TOPYIO BOLUIM NTHUIBI-O0UTATEIH KYCTapHUKOBBIX 3apo-
cieit mo Geperam pek U 1oz mojiorom Jieca. Kpome toro,
2 BUJA NTHL OTHECEHBI K 3BPHUTOIHBIM, TaK Kak MOTYT
3acelsITh caMble pazHble ouoromsl. K 3T0it rpynme oTHO-
catcst: psounnuk (Turdus pilaris), nenarooume rHe3Ia Ha
JIEpEeBHAX, KyCTApHUKAX U MHX; Oombinas cuauna (Parus
major), oburatomias Bo Bcex Omoromax Ilepmu (OT *Wu-
JIBIX BBICOTHBIX JOMOB /10 KYCTapPHHKOB BJIOJIb PEK).

B ¢dayne monmHHBIX NTHI IPEOOIagarOT JECHBIC BU-
Ibl — 57,6%, 3aTeM KycTapHHKOBBIE popMbl — 15,3%. U3
JIPYTHX 3KOJIOTO-(payHUCTHYECKHX 3JEMEHTOB MOXHO
OTMETUTh CHHAHTPOIOB, COCTaBIISIOIINX B AonuHe [la-
Huxu — 10,2% (tabmuma 1 / table 1).

Mrnexkonuraroniie B JOJIWHE PEKH IPEACTaBIICHBI
17 Bunamu u3 52 usBecTHbIX A [lepmu. Jlond jmecHbIX
¢dopm B nonune Janunuxu — 8 Bunos (47,1%), Ha BTO-
POM MecTe JyroBble BHJIBI, COOTBETCTBEHHO, 17,6%. Cu-
HAHTPONHBIX ~ MJICKONHTAIOIIMX BBISIBICHO 3  BHIA
(17,6%) (Tabmuma 2 / table 2).

Tabmuma 1

IK0JI0ro-payHuCTHYECKHE IPYNIbI NTHL A0JMHBI peku JaHuimxu

Table 1

Ecological and faunal groups of bird in valley Danilikha river

No DKonoro-hayHuCTHYECKHUE IPYIIb // Janmmxa // Danilikha
- Ecological and faunal groups UYucno Bunos // Number of species Homns, % // Share, %
1 Jlecusie // Forestly 34 57,6
2 | Kycrapaukossie // Shrubs 9 15,3
3 | JIyrossie / Meadow 2 3.4
4 Jlecononsueie // Woodland 4 6,8
5 | OxomnoBognsie // Aquatic 2 3.4
6 | Cunanrpomnsie // Synanthropic 6 10,2
7 | OBputonnsle // Eurytopic 2 34
Bcero // Total 59 100
Ta6muma 2
IK0JIOr0-(payHUCTHYECKHE TPYNIbI MJIEKOMUTAIIUX T0JUH peku JaHuianxu
Table 2
Ecological and faunal groups of mammals in valley Danilikha river
No DKkonoro-payHUCTHYECKUE TPYIIIBI // Jannnuxa // Danilikha
- Ecological and faunal groups Yucio Bumos / Number of species | Jlomst, % // Share, %
1 Jlecusie // Forestly 8 47,1
2 Jlecononsubie // Woodland 1 5,9
3 Jlyrosslie // Meadow 3 17,6
4 OxosioBoiHbIe // Aquatic 1 5,9
5 Cunanrponnsie // Synanthropic 3 17,6
6 Opputonnsle // Eurytopic 1 5,9
Bceero // Total 17 100

Cpenu >KMBOTHBIX, 3aHECEHHBIX B KpacHyro KHHTY
IIepmckoro kpast, BCTpEUEHBI:

1. Boponaras HesiceITh (Strix nebulosa), 111 karero-
pus penxoctu (3adurcupoBana Ha Tepputopun Ceped-
psHckoro mapka B.I1. KaszakosiM 18.03.2019, coobmre-
Hue B myOnnuHoi cetn MHTEpHET);

2. Ay6posuuk (Emberiza aureola), 11 xateropus pen-
KOCTH.

K >XuBOTHBIM, TpeOyromMM 0c000TO BHUMAaHHUS U
nomenieHHbIM B [lpunoxenne k Kpacuoi kuure Ilepm-
CKOTO Kpasi, OTHOCUTCS OypbIit yman (Plecotus auritus).

Cunexsoctka (Tarsinger cyanurus). Bun He BkiIoueH
B Kpacuyro xuury P® u Kpacnyro xuury Ilepmckoro
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Kkpas. TeM He MeHee, ero MOXHO CUHTATh PEAKHM IUIS
nomunbl Jlanwnuxu. J[aHHBIA BUII paclpoCTpaHEH B Ta-
e©KHBIX paiioHax JampHero Bocroka m Cubmpm [8].
B Hacrosiee BpeMsi B THE310BOM NEpUOA NTHULIA BCTpe-
4aeTcsi B CEBEPHBIX M CEBEPO-BOCTOUHBIX paiioHaX
Iepmckoro kpas [9]. CuHEXBOCTKa OOHApYXKEHA B XOJI€
OPHUTOJIOTUYECKOI MPOTYIKH coodIecTBoM «bepauHr B

ITepmu» 05.10.2019 B CepeOpssHCKOM Tapke, pacrioio-
’KEHHOM B JI0JIUHE peKH JlaHuIuXu.

MecTa BCTped € PEKMMH W HCUYE3AMOUIMMHU BUAAMH
OTHI] B paMKaX AaHHOTO HCCIICJIOBAHUSI MPEICTABICHBI
Ha pucyHke 1 / figure 1.

B tabmumax 3—4 / tables 3—4 npeacTaBieHbl CIIUCKH
BBISIBIICHHBIX B JOJIMHE peku JlaHWmxu BUIOB aM(pHOuii,
MJICKOITUTAIOIINX W TITHII.

YesoBusbie odosnavenust/Symbols

E [poextupyemas OOIIT/The protected
area (projected boundary)

Penxne paast nTun/Rare bird species
. boponaras HesichITh (Strix nebulosa)

@ Hy6poenuk (Emberiza aureola)

2 £
Q‘/ Cunexpoctka (Tarsinger cyanurus)

Puc. 1. Mecra BcTped ¢ pelKMMM BHAAMU ITUL B 10JMHe pekH Janunuxu
(B TOoM ymucie, 3aHeceHHbIMM B Kpacnylo kuury Ilepmckoro kpast)

Fig. 1. Locations of encounters with rare bird species in valley Danilikha river.
Including those listed in the Red list of the Perm region

Tabmuma 3
HaszemHble 03BOHOYHbBIE 10JIMHBI pekH Janunauxu
Table 3

Terrestrial vertebrates of valley Danilikha river

Janunuxa — Danilikha

Bun — Species

O6unue, 6amib —
Abundance, points

Buoton — Biotope

Kitacc amdpubmii — Class Amphibians — Amphidia

1 Ortpsin 6ecxBocThie — Order Frogs and Toads — Anura
CewmeiictBo xabs1 — Family True Toads — Bufonidae
Cepast xaba — European Toad — Bufo bufo L., 1758

O. p. — very rare

BecHoil B BepxHEeM TEUYE€HUU pEKH, B
Boje — In the spring in the upper reach-
es of the river, in the water

CewmeiictBo Hacrosmme narymku — Family Typical
Frogs — Ranidae

TpaBsinas narymka — European Common Frog —
Rana temporaria L., 1758

O — common

To xe — In the spring in the upper
reaches of the river, in the water

3 OcrpomopaHast nsarymka — Moor Frog — Rana arva-
lis, Nilsson, 1842

P —rare

To xe — In the spring in the upper
reaches of the river, in the water

Kuacc pentuii — Class Reptiles — Reptilia

Otpsan uemyituatsie — Order Snakes and Lizards —
Squamata

4 CemeiictBo Hacrosmume smepunsl — Family Wall
Lizards — Lacertidae

XKuBoponsmas smepuna — Viviparous Lizard — Zo-
otoca vivipara, Jacquin 1787

O — common

PasHooOpasubie 6moTombl — Different
biotopes
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Janmmmxa — Danilikha
Neo Bun — Species O6unue, 6amibsl — Enoton — Biotope
Abundance, points P
Knacc miekonumraromue — Class Mammals —
Mammalia n
o _ POTAJIMHBI U TIOJISTHBI B CMEILIAHHBIX
Tpsia Hacekomosinabie — Order Shrews, Moles, JleCaX. TAUHBIC H CATOBEIC VIACTKI
Hedgehogs, and Allies — Insectivora » . YIACTKH,
5 Cenoit . O — common cyxue y4actku j1yroB — Glades in
emeiictBo kporoBele — Family Moles and Desmans ixed T den plots. d
_ Talpidae n}lxe dorests, garden plots, dry areas
Kpor eBpomneiickuit — European Mole — Talpa euro- ol meadows
paea L., 1758
CewmeiictBo 3emiepoiiku — Family Shrews —
6 Soricidae O — common JlecHble y4acTKH, 3apOCIU KyCTapHH-
OOsIkHOBeHHast Oypo3yoka — Common Shrew — xoB — Forest areas, bushes
Sorex araneus L., 1758
7 Cpennsist 6ypo3ybka — Laxmann's Shrew — Sorex P rare CMeraHHbIe Jieca, 3apOCian KyCTapHH-
caecutiens L., 1766 koB — Mixed forests, bushes
8 Manast 6ypo3yoka — Eurasian Pygmy Shrew — Sorex P rare CMeraHHbIe Jieca, 3apOCiy KyCTapHH-
minutus L., 1866 koB — Mixed forests, bushes
Otpsn pykokpsuibie — Order Bats — Chiroptera
CeMmeiicTBO OOBIKHOBEHHBIE JIeTy4re MbIIH — Family CMelaHHbe Teca: Hax pexoii — Mixed
9 Evening Bats — Vespertilionidae P —rare forests: above a ri\’/er als
Hounnna Bpannra — Brandt's Bat — Myotis brandtii ’
Eversmann, 1845
JonHa peku, jieca pa3HOro THIA
10 VYuran 6yperit — Brown Big-eared Bat — Plecotus O — common (IperMyIIECTBEHHO CIIETbIC, CTaphie) —
auritus L., 1758 River valley, forests of various types
(mostly mature, old)
Otpsg xumsbx — Order Carnivorans — Carnivora IIpommmomanky, rapaxu, Ta4HbIe
11 Cewmeiicto nicoBsie — Family Canids — Canidae O — common YUYaCTKH y KWJIBIX cTpoeHni — Indus-
Cobaka nomamnsist — Domestic Dog — Canis familiar- trial sites, garages, garden plots near
is L., 1758 residential buildings
Ortpsix rpei3yHsl — Order Rodents — Rodentia
CewmeiictBo 6enmnubu — Family Squirrels — Sciuridae .
12 2 - - O. p. — very rare Cwmemannsie Jieca — Mixed forests
Jletsira oOpIkHOBeHHAs — Siberian Flying Squirrel —
Pteromys volans L., 1758
13 benka oOsikHOBeHHast — Eurasian Red Squirrel — O — common Jleca pasubix tunoB — Forests of dif-
Sciurus vulgaris L., 1758 ferent types
CewmeiictBo Meimnbie — Family Old World Mice and
14 Rats — Muridae O — common Kunble, canoBble, Ja4yHbIE TOCTPONHKU
Meib nomoBas — House Mouse — Mus musculus L., — Residential, garden plots
1758
15 x;;‘;;iﬂefggg — Herb Field Mouse — Apodemus ura- | p _ o Jlecubie yuactku — Forest plots
. Kune€ n mocTpoiiku yenoBeka, B T.u.
16 ]?:r?}?gulip%cgg_ Brown Rat — Rattus norvegicus Ber- | \r_ omerous naunsle — Residential buildings, hous-
’ es, cottages
JIyroBble y4acTKH, KyCTApPHHKOBbIC
CewmeiictBo xoMsikoBbie — Family Hamsters, Voles, 3apOCIH, C CEPEMHBI JIETa HAUMHAET
17 Lemmings and Allies — Cricetidae P _ rare MePEMEIIaThCs B CaJbl B OTOPOIBI —
Bonsnas mosneska — European Water Vole — Arvicola Meadow plots, bushes, from the middle
amphibius L., 1758 of summer begins to move to garden
plots
18 TToneBka prikast — Bank Vole — Myodes glareolus O — common Jleca pa3ubix TumnoB — Forests of dif-
Schreber, 1780 ferent types
INoneska o6bikHOBeHHass — Common Vole — Microtus Jyrosble yuacTkH, NpOrauKE! B ae-
19 arvalis Pallas. 1778 M — numerous cax, 1auHble yyactku — Meadow plots,
> clearings in forests, garden plots
Temnuas nosneska — Field Vole — Microtus agrestis L., OTHoCHTEIIbHO CyXHE, PaspiLKCHHbIC
20 1766 P —rare neca, qayHble yuacTku — Relatively
dry, sparse forests, garden plots
VBiaXHEHHBIE JIECHbIE, KYCTAPHUKO-
21 [ToneBka-skoHoMKa — Tundra Vole — Microtus O wmn p — common | Bble OHOTOIBI, peXKe JaUHbIe YIaCTKU —
oeconomus Pallas, 1778 or rare Moistened forest, shrub biotopes, less
often garden plots

10
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Tabnmma 4
IITuns! noaunsl pexku Jannauxu
Table 4
Birds of valley Danilikha river
Hanumuxa — Danilikha
o _ : Obunue, 6amutel | Xapaxtep mpeObIBaHUS
Ne Butx — Species — Abundance, — Character of the pres- Buoromn — Biotope
points ence
Otpsin ryceoOpasubie — Order Waterfowl —
Anseriformes Oc.. 4acTh T1eD. —
1 CewmetictBo yrunble — Family Ducks, Geese, o- Nonmiarat P ctiall Pexa — Ri
and Swans — Anatidae common pnmtlgra ory, partially exa — River
KpsikBa — Mallard — Anas platyrhynchos L., migratory
1758
Otpsin coxonoobpasusie — Order Falkons —
Falconiformes
5 CewmetictBo sictpedunsle — Family Hawks, O — common i miep. — Nestin Paznble Tunsl neca — For-
Eagles and Kites — Accipitridae - 11ep. & ests of different types
Uepnsnii kopiryH — Black Kite — Milvus mi-
grans Bodd, 1783
N Eurasian S hawk Oc., yacTsb nep., T't. — PenxocToitnble Maio-
30y CPCMCIIATHIK = Lurasian Sparrow hawk — P —rare Nonmigratory, partially | cTBosbHBIE JIeca — Sparse
ccipiter nisus L., 1758 : /
migratory, nesting forests
Sctpebd terepeBsaTHUK — Northern Goshawk — . PenxocToiiabie neca —
4 Ac?i)pter genlt)ilis L., 1758 P —rare Oc. — Nonmigratory Sparse forests
Otpsin pxxankooOpasneie — Order Shore birds
and Allies — Charadriformes
5 CemeiicTBo 6ekacoBbie — Family Sand pipers P _ rare I'n., mep — Nesting, CwMmermannele eca — For-
and Allies — Scolopadicidae migratory ests of different types
Banpgmaen — Eurasian Woodcock — Scolopax
rusticola L., 1758
CewmeiicTBo vaiikoBbie — Family Gulls, Terns,
6 and Skimmers — Laridae P _ rare Ilep., ra. — Nesting, Han pexoii — Above a
Osepnas yaiika — Black-headed Gull — Larus migratory river
ridibundus L., 1766
Ortpsin romy6eoOpasusie — Order Pigeons and
Doves — Columbiformes Tsroreer k nocTpoiikam
7 CemeiicTBo ronyounnsie — Family Pigeons and o I'u., oc. — Nesting, P
Doves — Columbidae — common nonmigrato uestopexa — Human dwell-
gratory
Cu3slit ronryos — Rock Pigeon — Columba mnes
livia Gmelin, 1789
Otpsin coBooOpaszHbie — Order Owls —
Strigiformes
] CemeiictBo coBuHbie — Family Typical Owls P rare I'n.oc. — Nesting, non- Jleca pa3HbIX TUITOB —
— Strigidae migratory Forests of different types
JmuaHOXBOCTas HeschiTh — Ural Owl — Strix
uralensis Pall, 1771
Boponaras nesceite — Great Gray Owl — Strix S Pazpexennsie neca —
? nel?ulosa !Forster, 1772 Y O.p.—veryrare | 3um. - Wintering SpaIr)se forests
Otpsin crpmkeobpasnbie — Order Swifts —
Apodiformes TsaroTeer kK KAMEHHBIM
10 CewmeticTBo cTpmxunblie — Family Swifts — o- ['n., mep. — Nesting, 2 B
; common . MOCTPOKaM YesoBeKa
Apodidae migratory Human dwellines
UYepnstii ctpmx — Common Swift — Apus apus &
L., 1758
Otpsin astiaobpasuaeie — Order Woodpeckers,
Barbets, and Allies — Piciformes K
11 Cewmeticto asatinosie — Family Woodpeckers p I'a., mep. — Nesting, YCTAPHUKOBLIC 3apOc/in
= Picidae — rare migratory y pexu — Bushes by the
Beprumetika — Eurasian Wryneck — Jynx nver
torquilla L.,1758
KycrapHukoBble 3apociu
12 Maubrit nectpsriit asren — Lesser Spotted O.p. — very rare ['H., 3um. — Nesting, B JIOJIHE PEKH C OT/ACIb-
Woodpecker — Dendrocopos minor L. 1758 P 4 wintering HBIMH JiepeBbsiMU — Bush-
es by the river
13 Bombmioit nectpsiif asaren — Great Spotted O — common I'n., 3um. — Nesting, CMenraHHEIe cTapble Jieca
Woodpecker — Dendrocopos major L., 1758 wintering — Mixed old forests
14 Cepnoii nsaten — Grey-headed Woodpecker — O.p. — very rare ['H., 3um. — Nesting, CMelaHHbIe cTapble jieca
Picus canus Gmelin, 1788 P Yy wintering — Mixed old forests
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Jannnmuxa — Danilikha
No Bun — Speci O6bwunue, 6amnsl | XapakTep npeObIBaHUS '
WA = Dpectes — Abundance, — Character of the pres- Buoton — Biotope
points ence
Otpsin BopoObuHOO0Opasusie — Order Perching
Birds — Passeriformes CoueraHue JIECOB C OT-
CewmeticTBo Tpsicory3koBsle — Family Wag- I'n., nep. — Nesting,

15 : . O P —rare . KPBITBIMH OMOTOTIAMH —
tails and Pipits — Motacillidae migratory Woodlands
Jlecnoii xonek — Tree Pipit — Anthus trivialis
L., 1758

T a4 . B . [IpeanouunTaer Gepera

16 Benas tpsicoryzka — White Wagtail — Motacil- O — common I'n., mep. — Nesting, Bo10éMoB — The shores of
la alba L., 1758 migratory LESEIVOIrS
CewmetictBo cBupucreneBsle — Family Wax-
wings — Bombycilidae _  Wintar Jleca, mapku — Forests,

17 Caupucrens — Bohemian Waxwing — Bomby- O~ common 3. — Wintering parks
cilla garrulus L., 1758
CewmeiictBo Kpannuukossie — Family Wrens v .

! . BIIQKHEHHBIC U CIICTIbIC
— Troglodytidae I'n., nep. — Nesting,

18 . O.P. —very rare . cMenIaHHbIe neca — Wet
Kpanusuuk — Eurasian Wren — Troglodytes migratory d ixed f
troglodytes L., 1758 and mature mixed forests
CewmeiictBo JIpoznoBeie — Family Thrushes — DBDHTONCH. THE3IA Tea-

19 Turdidae M I'a., 3uM. — Nesting, P ’ Aa L

. I — numerous L eT 00BIYHO Ha JICPEBBSIX —
Pabunnuk — Fieldfare — Turdus pilaris L., wintering Eurytopen
1758
UYepnsriii apo3n — Common Blackbird — Tur- _ I'n., mep. — Nesting, CMellIaHHbBIE JIeca —

20 dus merula L., 1758 O.p. —very rare migratory Mixed forests

11 Benobposuk — Redwing — Turdus iliacus L., O — common I'n., mep. — Nesting, Jleca — Forests
1758 migratory
[eBunit npo3x — Song Thrush — Turdus phil- I'a., mep. — Nesting, CMelaHHbIEe Jieca —

22 | Gmelos Brehm., 1831 O — common migratory Mixed forests

Ony1IKy JIECOB, MapKH,
OObIKHOBEHHas ropuxBocTka — Common I'n., mep. — Nesting, CKBEPEL OOA3aTEILHO
23 ; . M — numerous . HaJlP4ue Qynen, JyIums-
Redstart — Phoenicurus phoenicurus L., 1758 migratory
Hok — Forest edges, parks,
gardens
B s o I'n., nep., nHorna 3suM. | Jleca, mapku, KycTapHUKH
24 137':51}411}2(; F 7u Srgpean Robin — Erithacus ru- O — common — Nesting, migratory, B noiime — Forests, parks,
” sometimes wintering shrubs in the floodplain

25 OO6pIxkHOBeHHBIN conoseld — Thrush Nightin- O — common I'a., mep. — Nesting, Kycrapuuku B oiime —
gale — Luscinia luscinia L., 1758 migratory Bushes in the floodplain
CemeiicTBO MyxonoBkoBbe — Family Old

26 World Flycatchers and Chats — Muscicapidae O — common I'a., mep. — Nesting, CMeraHHbIe Jieca, TapKu
Cepas myxonoBka — Spotted Flycatcher — migratory — Mixed forests, parks
Muscicapa striata Pall., 1764

. . CMelaHHbIe U JIMCTBEH-

27 MyxosoBka TECTPYIIKA — European Pied P rare I'm., mep. — Nesting, Hbe eca — Mixed and

Flycatcher — Ficedula hypoleuca Pall., 1764 migratory .

deciduous forests
CewmeiictBo CnaBkoBble — Family Warblers — KVCTaDHIKH 110 Geperam
Sylviidae I'n., nep. — Nesting, yerap D

28 , O — common . pexu — Bushes on the
CanoBas kambleBka — Blyth's Reed-warbler migratory banks of river
— Acrocephalus dumetorum Beyth., 1849

29 [lenouka-Becanuka — Willow Warbler — Phyl- O — common I'a., mep. — Nesting, Menkonechbe, KOJIKH Jieca
loscopus trochilus L., 1758 migratory — Small forest

30 [Nenouxa-renpkoBka — Common Chiffchaff — O — common I'n., mep. — Nesting, Jleca, neconapku — For-
Phylloscopus collybita Vieel., 1817 migratory ests, forest parks

31 3erenas neHouka — Greenish Warbler — Phyl- M — numerous ['n., mep. — Nesting, Jleca, necomapku — For-
loscopus trochiloides L., 1758 migratory ests, forest parks

JIyra ¢ KycTapHUKaMH B

30 CanoBas cnaBka — Garden Warbler — Sylvia O — common I'n., mep. — Nesting, noiiMe pekn — Meadows

borin Bodd., 1783 migratory with bushes in the river
floodplain
Cepas cnaBka — Common Whitethroat — Syl- I'n., mep. — Nesting, Jlyra, KycTapHuKu, nap-

33 . ; O — common - KU, ycThipu — Meadows,
via communis Lath., 1787 migratory bushes, parks, vacant lofs
CeMelCTBO JUTMHHOXBOCTBIC CHHUIBI — Fami- o T TS —— CMelaHHbIe Jieca, Ky-
ly Long-tailed Tits — Aegithalidae » 0CClL yiom CTapHHKH y pekn — Mixed

34 - . P —rare — Nesting, nonmigrato-

JnunHoxBocTas cuauna — Long-tailed Tit — and nomadic forests, bushes by the
Aegithalos caudatus L., 1758 v river
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Janwmmuxa — Danilikha
No Bun — Species O6wuinue, 6amnsl | XapakTep NpeObIBaHUS '
A= 5P — Abundance, — Character of the pres- Buoton — Biotope
points ence
CewmeiictBo cunuienbie — Family Tits, Chick- IH.. 0cemIOKoY it
adees, and Titmice — Paridae - 0cell yiom Jleca Bcex tunoB — For-
35 | Byporomnosas ranuka — Willow Tit — Parus O~ common — Nesting, nonmigrato- | o\ ol types
m}cf)rr)ztanus Baldenst., 1827 ry and nomadic P
I's., oceqnoxkouyrommii
36 | Mockoska — Coal Tit — Parus ater L., 1758 O — common — Nesting, nonmigrato- Jleca ¢ npeobnananuem
. e — Spruce forests
ry and nomadic
OO0sIkHOBeHHas J1a3opeBka — Blue Tit — Parus I's., oceqnoxouyrommii z;zﬂlﬁ?;}l:ﬁgﬁjﬁg% {%;t
37 | caerulus L., 1758 O — common — Nesting, nonmigrato- P .
. forests, bushes in the
ry and nomadic .
floodplain
I'n., ocemiokouyomuin
Bonpmas cunnua — Great Tit — Parus major — Nesting, nonmigrato-
38 L. 1758 M — numerous ry and nomadic in win- OppuroneH — Eurytopen
ter
CemeiicTBo nomnoisHeBbie — Family Nuthatch-

39 | €~ Sittidae O — common I'n., 3um. — Nesting, Jleca pa3HBIX TUIIOB —
OOBIKHOBEHHBIN Tonom3eHs — Eurasian Nut- mm wintering Forests of different types
hatch — Sitta europaea L., 1758
CemeiicTBOo numIyxoBsie — Family

40 Treecreepers — Certhiidae O.p. — very rare I'n., 3uM. — Nesting, Crenbie CMENIaHHBIE JIeca
OObIkHOBeHHas nHIyxa — Eurasian P Ty wintering — Mature mixed forests
Treecreeper — Certhia familiaris L., 1758

[IpennounTaer coueranue
CewmeiicTBo BpaHoBbie — Family Crows, Jays, 3apociieil KyCTapHUKOB,

41 and Magpies — Corvidae O — common I'a., oc. — Nesting, PEIKOCTOMHBIX JIECOB C
Copoxka — Common Magpie — Pica pica L., nonmigratory JIyraMH, MOJITHAMH —
1758 Bushes, sparse forests

with meadows, glades
Jleca, mapku ¢ gymiu-
lanka — Eurasian Jackdaw — Corvus monedu- I'n., 3um. — Nesting, CTBIMM JICDEBBAMH, AU

42 laL. 1758 O — common winterin nele mocTpoiiku — Forests,

N g parks with hollow trees,
residential buildings
Cepas Bopona — Hooded Crow — Corvus I'n., oc. — Nesting, Hepesba B Gmisu noctpo-
43 cornix L. 1758 O — common nonmierato ek JenoBeka — Trees near
” gratory human dwellings

44 Bopon — Common Raven — Corvus corax L., P rare I'a., oc. — Nesting, Jleca, necomapku — For-
1758 nonmigratory ests, forest parks
CewmetictBo BopoOsuHBIe — Family Old World OBPUTOIIEH, IIPEINOUnTa-

45 Sparrows — Passeridae M — numerous I'u., oc. — Nesting, €T JKHIIbE YeJIOBEKa —
JHomoBoii Bopobeit — House Sparrow — Passer nonmigratory Eurytopen, prefers human
domesticus L., 1758 dwellings

Bce OnoTomsl, T1€ €CTh

46 IMonesoit Bopobeit — Eurasian Tree Sparrow — M — numerous I'n., oc. — Nesting, ﬁggﬂgggiﬁ gggggzzanfn

Passer montanus L., 1758 nonmigratory All biotopes with hollow
trees or human dwellings
CemeiicTBo BeIOpKOBBIE — Family Finches, AT ———

47 Euphonias, and Allies — Fringillidae M — numerous B N’esﬁg’ mi J;[ato : Jleca, mapku, amnen —
3st6;muk — Chaffinch — Fringilla coelebs L., ng, migratory, Forests, parks
1758 sometimes wintering

. L e . EJbHUKY ¥ CMELTaHHBIC

48 Zbllf)p(])%%Bramblmg — Fringilla montifringil- P _ rare rl;ll?pr.;1 trol-;. — Nesting, neca — Spruce forests and

” g Y mixed forests
Umx — Eurasian Siskin — Spinus spinus L., [ep., ra. — Nesting, [NolimMeHHBIE 3apOCTH —
49 | 1758 O~ common migratory Floodplain thickets
['H., mep., YaCTU4HO OINVIIKH TECOB. TADKH

50 OObIKHOBEHHas 3enenyIika — European O — common 3um. — Nesting, migra- aq}:fw Hocan f%or,est

Greenfinch — Chloris chloris L., 1758 tory, sometimes winter- A d X -
ing edges, parks
I'H., ep., 4aCTHYHO Jleca, 3apociH B MOJISIHAX,
51 Yepuoronosiit meroi — European Goldfinch O — common 3um. — Nesting, migra- caibl, MapK, CKBEPbI —
— Carduelis carduelis L., 1758 tory, sometimes winter- | Forests, gardens, parks,
ing gardens
OnyIKkH, KyCTapHHKOBBIE
Konomisaka — Common Linnet — Acanthis [lep., yacTuaHO 3uM. — 3apOCIIH, MTAPKH, CajIbl —

52 . O — common Migratory, sometimes

cannabina L., 1758 winterin Forest edges, shrubs,
g parks, gardens
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3apocnu KyCTapHUKOB U
53 Vparyc — Long-tailed Rosefinch — Uragus Op. — I'H., 3um. — Nesting, COPHSIKOB B MOAME —
sibiricus Pall., 1773 -p. —very rare wintering Bushes and weeds in the
river floodplain
Ilo¥imBbI, METKOIECHE,
54 OO6bIkHOBeHHAs yeueBnna — Common Rose- O — common I'a., mep. — Nesting, kycrapuuku — Flood-
finch — Carpodacus erythrinus Pall., 1770 migratory plains, small forests,
bushes
55 OO0bIKHOBEHHBIN cHerupbh — Common Bull- O — common I'a., 3uM. — Nesting, Jleca, mapku, canpl — For-
finch — Pyrrhula pyrrhula L., 1758 wintering ests, parks, gardens
56 Oo6bIxkHOBeHHBIN 1yOoHOC — Hawfinch — Coc- P rare ;i;tﬁlHOZ%ﬁ;?ggs Onymku JtecoB — Forest
cothraustes coccothraustes L., 1758 . g, edges
wintering
CewmeiicTBo oBcstHKOBBIe — Family Old World I'H., TIep., YaCTUYHO
57 Buntings — Emberizidae O — common 3uM. — Nesting, migra- Onymku JiecoB — Forest
OObBIKHOBEHHAs OBCsiHKA — Y ellowhammer — tory, sometimes winter- | edges
Emberiza citrinela L., 1758 ing
VBIaXHEHHBIC YIACTKH
58 KawmpimoBas ocsinka — Reed Bunting — Em- P rare I'a., mep. — Nesting, o Geperam, KyCTapHUKA
beriza schoeniclus L., 1758 migratory — Wet areas along the
banks, bushes
[loiima pexu ¢ oTIEIb-
59 Hy6poBauk — Yellow-breasted Bunting — O.p. — verv rare I'n., nep. — Nesting, HBIMH JIepeBbsMH — River
Ocyris aureoles ? Pall., 1773 p-mvery migratory floodplain with individual
trees

Ipumeuanus — Note

! Kpacnas knuea Ilepmckozo kpas, 11l kamezopus — ! Included in the Red list of the Perm region, III category.
2 Kpacnas xknuea Ilepmckozo kpas, Il kamezopus — 2 Included in the Red list of the Perm region, I category.

Ezowuxa. Ampubun B nonune pexu Eromrnxu mnpen-
craBieHsl 4 Bumamu. Bce Bumbl amduOmit Omaromaps
Pa3MHOXCHHUIO B BOJIE OTHOCSTCS K OKOJIOBOJHOM KOJIO-
ro-paynuctuieckoil rpymme. Beero mis ropona Ilepmu
OIMMCaHO 7 BHIOB DTOr0 Kjacca.

B momae Erommxu o6utaeT 5 BUAOB penTiuii, 4 u3
KOTOPBIX JIECHBIE, | BUJ] OKOJIOBOHBI — OOBIKHOBEHHBIH
yxk (Natrix natrix).

[Itury B peuHoii jonuHE BBIABIEHO 65 BUIOB. [lpu
aHaJM3e JKOJIOro-PayHHCTHYECKOTO COCTaBa (ayHbI
NTHIl ObUIA BBIJCICHA TPYIIA «KYCTAPHHUKOBBIC», B KO-
TOPYIO BOIIJIM NTHIBI — OOUTATENN KYCTapHUKOBBIX 3a-
pocieii mo Oeperam pek W IOA TONoroMm Jeca. Kpome
TOTO, 2 BHJA IITUI] OTHECCHBI K IBPUTOITHBIM, TaK KaK MO-
TYT 3acelsTh camble pasHele OmoTombl. K 3To# rpymme

otHocaTCs: pssounuuk (Turdus pilaris), nenarouyi THe3Aa
Ha JEpeBbAX, KYCTAPHUKAX M MHIX; OOJNbIIas CHHUIIA
(Parus major), oburaromas Bo Bcex Ouotomnax Ilepmu (ot
JKIJIBIX BBICOTHBIX JIOMOB JI0 KYCTapHHKOB BJIOJb PEK).

B ¢dayne monwHHBIX nTHI peoOIagarOT JECHBIE BH-
nsl: 61,5%, 3atem kycrapHukoBble (opmbl: 13,8%. U3
JIPYTUX SKOJOro-(hayHUCTHYECKUX DIIEMEHTOB MOXKHO
OTMETHUTh CHHAHTPOIIOB, COCTaBISAIOMUX B AoiuHe Ero-
HIMXH Beero yuib 4,6% (tabnuma 5 / table 5).

B nonune peku Eromuxu BBISBICHO 25 BUAOB MIle-
konmraromux. Jlomnst necHsrx Gopm B nonure Erommxu —
10 BunoB (48,0 %), BTOpoe MeCTO B JOJMHE 3aHUMAIOT
JyroBble BUIbI, COOTBETCTBEHHO 20,0%. JIeconoabHbIX U
CHHAHTPOIHBIX MJICKOMUTAMONINX BBLIBICHO 3 BUIA
(12,0%) (Tabmuma 6 / table 6).

Tabnuma 5
IK0JI0ro-(hayHHCTHUCCKHE IPYIIBI ITHI J0TUHBI pekd Erommxu
Table 5
Ecological and faunal groups of bird in valley Yegoshikha river
No OKO0I0T0-(PayHHUCTHIECKUE TPYIIIHI — Erommxa — Yegoshikha
h Ecological and faunal groups Yucno BunoB — Number of species Homns, % — Share, %
1 Jlecuble — Forestly 40 61,5
2 Kycrapuukossie — Shrubs 9 13,8
3 JlyroBeie — Meadow 3 4,6
4 Jlecononsusie — Woodland 4 6,2
5 OxoJ10BOIHBIE — Aquatic 4 6,2
6 Cunanrponnsie — Synanthropic 3 4,6
7 Ospuronssie — Eurytopic 2 3,1
Bceero — Total 65 100
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Tabnmma 6
JKoJI0ro-(payHuCTUYECKHE TPYNIILI MJIEKONMUTAIOIIMX JT0JUHBbI peku Erommxu
Table 6
Ecological and faunal groups of mammals in valley Yegoshikha river
No DKoJ0T0-(hayHUCTHIECKUE TPYIIITHI — Erommxa — Yegoshikha
B Ecological and faunal groups Uucno BunoB — Number of species | Hous, % — Share, %
1 Jlecusie — Forestly 12 48,0
2 Jlecononpnbie — Woodland 3 12,0
3 JIyroseie — Meadow 5 20,0
4 OxkoIoBoiHBIC — Aquatic 1 4,0
5 Cunanrponssle — Synanthropic 3 12,0
6 Opuronssie — Eurytopic 1 4,0
Bcero — Total 25 100
B pamkax Hamrero mcciieoBaHus B goymHe Erommxu paiionax Ilepmckoro xkpas [10]. 3aduxcuponana

ObUTH  3a()MKCHPOBAHbI PEIKHE W HAXOAAIMIMECS MOJ
YTpo30ii HCUE3HOBEHHS OOBEKTHI JKUBOTHOT'O MHPA:

1. depbuuk (Falco columbarius).

Penkuii nposeTHbIi, NEPUOANYECKH 3UMYIOLIUI BUI.
3adukcupoBaH B goyiMHe pekr Erommxu Hemonaneky ot
HOxnoii Jlam6s1 31.03.2020. 3anecen B KpacHyto kHUry
IlepmMckoro kpas, 2 KaTeropus peJKoCTH.

2. boponaras HesicwiTh (Strix nebulosa). 3 xareropus
Kpacnoit xumrum Ilepmckoro kpas. 3adukcupoBaHa
27.02.2021 Ha TEpPUTOPUM CMEXHOH C TOJMHON pEKHU
Erommxu, BOmm3u ByneBapa [Narapuna 18, r. [lepmb.

3. Topnas tpsicoryska (Motacilla cinerea).

Hewmuorouncnennsiii nponerssiit Bug [10]. 3adukcu-
poBaHa Ha npousete, Ha p. Ctukc 01.05.2016. ITpunoxe-
nue k KpacHoii kaure [lepmckoro kpas [4].

4. Cunexsoctka (Tarsiger cyanurus).

HemHorouncneHHsIi MponeTHBIN BU. DTOT BUA pac-
MPOCTPAHEH B TaeXHbIX pailonHax JlanbHero Bocroka u
Cubupu [9]. B Hacrosiiiiee Bpemsi B THE3IOBOW MEPHO
NITHIa BCTPEYaeTCs B CEBEPHBIX M CEBEPO-BOCTOYHBIX

11.10.2020 Ha Teppuropun FOkHOTO KiTagdwima ropoaa
ITepmu Hemoaneky oT JonuHs! p. Erommxw.

5. opuxBocTtka-uepHymka (Phoenicurus ochruros).

Hemnorouncnennsiit Bun s [lepmu. Bo3moxHo,
rae3manmics. [lepBolil (akT rHE3M0BaHHS Ha TEPPHUTO-
pun Ilepmckoro kpas 3adukcupoBaH B Mae-utoHe 2005
roga [5]. Cpeau BUAOBOTO cmucKka mtuil ropoja [lepmu
He 3Hauntcs [10]. 3adukcupoBana B monune peku Ero-
muxu 11.08.2020 Hepanexko ot poaHuka Ha yi. Hapono-
BoJIbuecKas B T. [Iepmb.

Kpome Toro, x >KMBOTHBIM, TpeOYyIOUIMX 0CO00TO
BHMMaHUs U noMeuleHHbIX B [lpunoxenue k Kpacnoit
kaure IlepMckoro kpas, OTHOcHUTCS Oypblii yIIaH
(Plecotus auritus) [4].

Mecta BcTpeu ¢ peIKUMM M HCUE3AIOUIMMU BHIAMHU
NTHUIl B JONHMHE peku Erommxum B paMkax JaHHOTO HC-
ClIe/IOBaHUs MIPEACTaBIIeHbI Ha pucyHke 2 / figure 2.

B Tabnunax 7-8 / table 7-8 mpeacTaBieHbl CIHUCKH
BCEX BBIABJICHHBIX B JOJMUHE peku Erommxu BUIOB aM-
¢ubuit, MIEKOMUTAIONTNX U IITHII.

Yeaosubie odosnavennsn/Symbols

D Ipoextupyemas OOITT/The protected
area (projected boundary)

Penxmne Buasl nTan/Rare bird species

= . Bopozaras nesacwts (Strix nebulosa)
N -
®

@ I'opnas Tpacoryika (Motacilla cinirea)

lopuxsocTKa-yepHymka (Phoenicurus
ochruros)

. Jlep6unx (Falco columbaris)
@ Jly6posauk (Emberiza aureola)

= S
A/ Cunexpocrxa (Tarsinger cyanurus)

|

N ¥ B K I

Puc. 2. Mecrta BcTped ¢ peIKMMH BUAAMU NTHI] B 10J1MHe pekn Eromuxu
(B TOM 4HcJe, 3aHeceHHbIMH B KpacHyro kHury Ilepmckoro kpasi)

Fig. 2. Location of encounters with rare bird species in valley Yegoshikha river.
Including those listed in the Red list of the Perm region
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Tabnwma 7
HaszemHble I03BOHOYHBIE 10JIMHBI peku Eromuxu
Table 7
Terrestrial vertebrates of valley Yegoshikha river
Erommxa — Yegoshikha
Ne Bupn — Species O6wunue, 6aybl — :
> buotomn — Biotope
Abundance, points
Knacc ampuduit — Class Amphibians — Amphidia
Ortpsin xBocTaTele ampuobuu — Order Salamanders —
caudate BecHoii B BepXHEM TCUCHHHU PEKH, B BOJIE
1 CewmetictBo canamanapossie Family Newts — Sala- O. p. — very rare — In the spring in the upper reaches of the
mandridae river, in the water
OObIKHOBEHHBIN TPUTOH — Smooth Newt — Lissotriton
vulgaris L., 1758
Ortpsin 6ecxBoctrie — Order Frogs and Toads — Anura BecHoil B BepxHEM TEUEHUH PEKH, B BOZE
2 CemeiicTBo xa0b1 — Family True Toads — Bufonidae P —rare — In the spring in the upper reaches of the
Cepas xaba — European Toad — Bufo bufo L., 1758 river, in the water
gﬁgﬂfﬁnﬁgomm aaryuiiar - Family Typical BecHoil B BepxHEM T€UEHUH PEKHU, B BOZE
3 Tpamsmas narymxa — European Common Frog — Rana O — common — In the spring in the upper reaches of the
. river, in the water
temporaria L., 1758
. BecHoii B BepXHEM TEUCHHH PEKH, B BOJIE
4 OctpomopaHas naryma — Moor Frog — Rana arvalis, | p _ rare — In the spring in the upper reaches of the
Nilsson, 1842 . .
river, in the water
Knacc pentunuii — Class Reptiles — Reptilia
Ortpsin yemyituateie — Order Snakes and Lizards —
Squamata CMelIaHHbIe HE CITUIIKOM COMKHYTHIC
5 CemeiicTBo BepeTeHuiieBbie — Family Glass and Alli- O. p. — very rare neca — Mixed not too closed canopy for-
gator Lizards — Anguidae ests
Beperennna nomkast — Common Slowworm — Anguis
fragilis, L., 1758
CemeiicTBO HacTosmme smepunsl — Family Wall Liz- N
; OBCEMECTHO, KPOME COCHOBBIX Y4aCTKOB
ards — Lacertidae . .
6 % . . O — common xBOIHOTO Nleca — Everywhere except pine
MUBOpO/Isias sepuiia — Viviparous Lizard — Zo- forests
otoca vivipara, Jacquin 1787
CewmetictBo yxxoBble — Family Colubrid Snakes — Col- B Bepxuem TedcHun pex, MONIObIE cme-
: LIAHHBIE JIeca, JTYTOBbIe YUacTKH, 3apOCIIH
ubridae
7 06 . . . P —rare kyctapHuka — In the upper reaches of the
BIKHOBEHHBIN YK — Grass Snake — Natrix natrix L., - ixed f d
1758 lr)lve}z, young mixed forest, meadows,
ushes
CemeiicTo ragrokoBeie — Family Vipers — Viperidae CMemaHHbI TEeMHOXBOHHO-TIMCTBEHHBIN
8 Oo0bIkHOBeHHAs rajatoka — Adder — Vipera berus L., O. p. — very rare nec (B BepxoBbsix) — Mixed dark
1758 coniferous and deciduous forest
Kiacc mnexonmratomue — Class Mammals —
Mammalia
Otpsin Hacekomosiaubie — Order Shrews, Moles, C
Hedoch d Allics — Insecti aI0BbIE yUaCTKH, JIyra, IPOrajuHbl B
edgehogs, an ies — Insectivora
9 Conoii . O — common cMemanHoM Jecy — Glades in mixed for-
emeiicTBO KpoToBble — Family Moles and Desmans — den plots. d £ d
Talpidae ests, garden plots, dry areas of meadows
Kpot eBpomnetickuit — European Mole — Talpa euro-
paea L., 1758
CewmetictBo 3emiepoiiku — Family Shrews — Soricidae T
10 | OBpxHOBeHHAs 6 6Ka . C Shrew — S o- €CHbIE YYaCTKH, 3apOCIU KyCTAPHHKOB —
ypo3ybka — Common Shrew — Sorex common
Forest areas, bushes
araneus L., 1758
11 Cpennsist 6ypo3ybka — Laxmann's Shrew — Sorex cae- P rare CMelIaHHBIE JIeca, 3apOCIN KyCTapHUKOB
cutiens L., 1766 — Mixed forests, bushes
Pa3pshkeHHbIe CMelaHHbIe Jieca, 3apOCin
1o | Manas Oypo3ybka — Eurasian Pygmy Shrew — Sorex O. p. — very rare KyCTapHHUKOB, BEICOKOTPaBbe (0COOCHHO B
minutus L., 1866 P y BepxoBbe pekn) — Sparse mixed forest,
bushes, tall grass by the river
Ortpsin pykokpeuisie — Order Bats — Chiroptera
CeMelcTBO 0OBIKHOBEHHbIE JieTyune Mbly — Family . N .
. e CMemnaHHEIe Jieca; Hall pexoil — Mixed
13 | Evening Bats — Vespertilionidae P —rare forests: above a river
Hounwnna Bpannra — Brandt's Bat — Myotis brandtii >
Eversmann, 1845
14 Hounwnna BoasiHas — Daubenton's Bat — Myotis P — rare OrMmeueH B noauHe, 1eca — Marked in the
daubentonii, Kuhl, 1817 valley, forests
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No Bupn — Species Oowue, 6amsr — :
. buoton — Biotope
Abundance, points
VYman Oyperit — Brown Big-eared Bat — Plecotus HonuHa peku, CMelIaHHbIC ¥ TEMHOXBOJi-
15 . O — common Hble neca — River floodplains, mixed and
auritus L., 1758 ;
dark coniferous forest
Otpsin xuiabix — Order Carnivorans — Carnivora [Ipommiomanku, Tapaxu, Ja4HbIe y4acT-
CemeiictBo nicoBsiec — Family Canids — Canidae KH y )KWIbIX cTpoeHuit — Industrial sites,
16 . . . .| O—common : .
Cobaxa romantasist — Domestic Dog — Canis familiaris garages, garden plots near residential
L., 1758 buildings
Cewmeiicteo Kynuiebie — Family Mustelids — Mus- 1
relida o €CHBIC YYacTKH, KyCTapI;I/IKOBBIe 3(211poc-
17 Topuocraii — Eurasian Stoat — Mustela erminae L., - p. —very rare gl’l (1;3 B%px?bﬂ.x pexu) — Forests an
1758 ushes by the river
[Toutu Bce GHOTOIBI, KPOME rapaxet,
18 | Jlacka — Least Weasel — Mustela nivalis L., 1758 P —rare npoMutomaaky u 1.11. — All biotopes ex-
cept garages and industrial areas
Kynnna necnas — Eurasian Pine Marten — Martes YaCTKH TEMHOXBOHHBIX 1 CTAPBIX CMC-
19 O. p. — very rare maHHbIX JiecoB — Dark coniferous and old
martes L., 1758 .
mixed forests
Ortpsin 3aitiieodpaszubie — Order Lagomorphs — Lago-
morpha JlecHbIe M KyCTapHHKOBEIE 3apOCITH B BEp-
20 | CewmeiicTBo 3aiiueBsie — Family Hares and Rabbits — P —rare X0BBsIX peku — Forests and bushes by the
Leporidae river
3asn-0ensik — Mountain Hare — Lepus timidus L., 1758
Ortpsin rpe3yHsl — Order Rodents — Rodentia
CewmetictBo Oemmubn — Family Squirrels — Sciuridae .
21 a7 . . O. p. — very rare Cwmemannsble Jieca — Mixed forests
Jletsara oOrikHOBeHHAs — Siberian Flying Squirrel —
Pteromys volans L., 1758
Benka oOsikHOBeHHas — Eurasian Red Squirrel — Sciu- Jleca pa3ubix o — Forests of different
22 . O — common
rus vulgaris L., 1758 types
CewmeiictBo Mpimmnbie — Family Old World Mice and
23 Rats — Muridae O — common JlauHble U Caj0BbIC TOMUKH, XKUIIBIC CTPO-
Mpis gomoBast — House Mouse — Mus musculus L., enns — Residential, garden plots
1758
24 MLII.!.IL necHast — Herb Field Mouse — Apodemus ura- P rare Tecusie yuaactin — Forest plots
lensis L., 1758
. ITocTpoiiky 1 XKHUIBE JIIOJIEH, B T.4. 1ad-
25 Cepas xpeica — Brown Rat — Rattus norvegicus Ber- M — numerous ueie — Residential buildings, houses, cot-
kenhout, 1769 tages
CewmeiicTBo X0MsKoBbIe — Family Hamsters, Voles, o
: . L TKPBITHIC YYACTKH, CaJlbl, MOJISHbI, OT0-
Lemmings, and Allies — Cricetidae
26 o - . O. p. — very rare pobl, canoBbie yuactku — Meadow plots,
Xomsik 00sikHOBeHHBIH — Eurasian Hamster — Cricetus P
; clearings in forests, garden plots
cricetus L., 1758
CewmeiictBo xoOMskoBbIie — Family Hamsters, Voles, JIyroBble y4acTku, KyCTapHUKOBBIE 3a-
Lemmings and Allies — Cricetidae POCIH, C CEPEIHHBI JIeTa HAYMHACT Mepe-
27 | Bonanas noneBka — European Water Vole — Arvicola P —rare MeIaThCs B caabl U oropoasl — Meadow
amphibius L., 1758 plots, bushes, from the middle of summer
begins to move to garden plots
IToneska pebxast — Bank Vole — Myodes glareolus Jleca pasubix TunoB — Forests of different
28 O — common
Schreber, 1780 types
29 [ToneBka kpacHast — Northern Red-backed Vole — My- O. b. — very rare Y4acTkr TeMHOXBOWHBIX JiecoB — Dark
odesr rutilus Pallas, 1779 -P- Ty coniferous forest
[ToneBka o6bikHOBeHHast — Common Vole — Microtus JIyrOBbIC yHaCTICH, POTAITMHEI B JIECaX,
30 ; M — numerous nagHble yaacTku — Meadow plots, clear-
arvalis Pallas, 1778 . .
ings in forests, garden plots
Temnuas noneska — Field Vole — Microtus agrestis L., He yB1aHEHHbIE YUaCTKH PASPIKEHHBIX
31 1766 P —rare JecoB, AavHble yqacTku — Relatively dry,
sparse forests, garden plots
3aHUMaeT YBIa)XXHEHHBIC YYaCTKH JICCOB,
35 | Tloneska-skoHOMKa — Tundra Vole — Microtus O un p — com- pexe qavyHble YU4acTKH, 3apOCUINE KycTap-
oeconomus Pallas, 1778 mon / rare HukoM — Moistened forest, shrub biotopes,
less often garden plots
OceHbIo — B IIEpUO/] TOHA, U TI03XKE — B
CE30H OTKPBITHS OXOTHI €AUHUYHBIE 0COOU
Ortpsin mapHOKonbITHEIE — Order Cloven-footed — MOTYT BCTPEUaThCS B CI1a00 IOCeIaeMbIX
33 Artiodactyla P _ rare JIFOJIBMH y4acTKax Jieca — In autumn —
Cewmeticto onenbu — Family Deer — Cervidae during the rutting period, and later — dur-
Jlocs — Moose — Alces alces L., 1758 ing the opening of hunting season, single
individuals can be found in areas of the
forest that are poorly visited by people.
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HTuusb nonunsl peku Erommxu
Table 8

Birds of valley Yegoshikha river

Erommuxa — Yegoshikha
B . O6wunme, 6amnsl| Xapakrep IpeObIBa-
Ne Bun — Species — Abundance, |Hus — Character of the Broron — Biotope
points presence
Otpsin ryceobpasneie — Order Waterfowl
— Anseriformes o
Contoii _ Family Duck C., 4acTk Tep. — )
1 emelicTBo yrunsle — Family Ducks, o N g B
: common onmigratory, par Pexka — River
Geese, and Swans — Anatidae tially maerator
Kpsika — Mallard — Anas platyrhynchos y mig M
L. 1758
Ortpsix cokonoobpasusie — Order Falkons
— Falconiformes
5 | Cemeiictso sictpebumbie — Family O — common | Tw.. mep. — Nestin Pasusble Tunbl eca — Forests of dif-
Hawks, Eagles and Kites — Accipitridae > 11ep. g ferent types
UYepHnslii kopuyH — Black Kite — Milvus
migrans Bodd, 1783
Oc., 9actp nep., TH. —
Ilepenensatauk — Eurasian Sparrowhawk Nonmigratory, par- PenxocToitHbie MaIOCTBOIBEHBIE
3 L . P —rare . >
— Accipiter nisus L., 1758 tially migratory, neca — Sparse forests
nesting
Scrpebd TerepeBstHK — Northern Gos- - o
4 hawk — Accipter gentilis L., 1758 P —rare Oc. — Nonmigratory | Pexnkocroiinsie neca — Sparse forests
5 Jlepbuux — Merlin — Falco columbarius ! P _ rare EgééiﬁHoggﬁnzlgiﬁﬁ; He6onpiue yuactku Jieca — Small
L., 1758 1SSINg, parts of forest
wintering
Yernok — Eurasian Hobby — Falco sub- I'n., mep. — Nesting, COCHSIKOBBIE pa3peKCHHBIC Jeca —
6 P —rare . .
buteo L., 1758 migratory Pine sparse forest
OTpsn pxxankooOpasusie — Order Shore-
birds and Allies — Charadriformes
CewmeiicTBo OexacoBsie — Family Sandpi- I'n., mep — Nesting, Cwmemannsble eca — Forests of dif-
7 - - P —rare .
pers and Allies — Scolopadicidae migratory ferent types
Banpmmnen — Eurasian Woodcock —
Scolopax rusticola L., 1758
IMepeBo3unk — Common Sandpiper — I'n., mep. — Nesting, [MpubpexHas monoca pexu — River
8 L O — common .
Actitis hypoleucos, L, 1758 migratory shores
CewmeiicTBo vaiikoBbie — Family Gulls,
9 Terns, and Skimmers — Laridae P rare [ep., ra. — Nesting, Hau pekoii — Above a river
Osepnas yaiika — Black-headed Gull — migratory AP
Larus ridibundus L., 1766
Ortpsix roy6eobpasusie — Order Pigeons
and Doves — Columbiformes
CewmeiicTBo ronyonnsie — Family Pigeons I'n., oc. — Nesting, Tsaroreer kK HOCTpOHKaM 4eJIOBEKa —
10 ; O — common . :
and Doves — Columbidae nonmigratory Human dwellings
Cusslit ronyos — Rock Pigeon — Columba
livia Gmelin, 1789
OTpsa kykyiikooOpasusie — Order
Cuckoos — Cuculiformes
11 CewmeiicTBO KyKymKkoBbie — Family P — rare I'n., mep. — Nesting, Jleca pasubix Trmos — Forests of
Cuckoos — Cuculidae migratory different types
OOBIKHOBEHHas KyKymika — Common
Cuckoo — Cuculus canorus L., 1758
Otpsin coBoobpazHbie — Order Owls —
Strigiformes
CewmeiictBo coBunble — Family Typical I'n.oc. — Nesting, Jleca pasubix Tamos — Forests of
12 L P —rare : -
Owls — Strigidae nonmigratory different types
JlmuarOoXBOCTast HesichbITh — Ural Owl —
Strix uralensis Pall, 1771
Boponaras nesiceits — Great Gray Owl — | O.p. — very s
13 Strix nebulosa ? Forster, 1772 rare 3um. — Wintering Paspesxennble jieca — Sparse forests
Otpsin ko30m0eo0pasubie — Order Night-
jars — Caprimulgiformes OueHb peKOCTOHHBIE JIeca, BRIPYO-
14 CewmeiictBo ko3o10eBbie — Family Night- | O.p. — very I'n., mep. — Nesting, KH, rapu — Sparse forests, places
jars — Caprimulgidae rare migratory where trees have been cut and wild-
Kozonoii — Eurasian Nightjar — Caprim- fires taken place
ulgus europaes L., 1758
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o _ . Obunue, 6amuipl| XapakTtep npeObiBa-
Ne Bux — Species — Abundance, |uust — Character of the Buoton — Biotope
points presence
Otpsn nsariaoopazneie — Order Wood-
peckers, Barbets, and Allies — Piciformes
CewmeiictBo agrnoBsie — Family Wood- I'n., mep. — Nesting, KycrapHukoBbie 3apocin y peKku —
15 . P —rare . -
peckers — Picidae migratory Bushes by the river
Beprtumeiika — Eurasian Wryneck — Jynx
torquilla 1..,1758
Maubnii mectpsbiii raten — Lesser Spotted Op. —ve .. 3. — Nestin KycrapHukoBble 3apociii B 10JIUHE
16 | Woodpecker — Dendrocopos minor L., ra.r% Ty wintering & PEKH C OT/HEIBLHBIMH JIEePEBBSIMH —
1758 g Bushes by the river
Bonbmroit mectpsrit asaren — Great Spot- _ . RV
17 | ted Woodpecker — Dendrocopos major O — common T, 3mm. — Nesting, Cllxéetgu auHbie crapeie sieca — Mixed
L. 1758 wintering old torests
Otpsin BopoObsrHOOOpasHble — Order
Perching Birds — Passeriformes
18 CemelicTBO Tpsicory3koBbie — Family P rare I'n., mep. — Nesting, CoueTaHue J1ecOB € OTKPHITBIMU
Wagtails and Pipits — Motacillidae migratory onotonamu — Woodlands
Jlecnoii xonek — Tree Pipit — Anthus
trivialis L., 1758
T'opuas tpsicoryska — Grey Wagtail — O.p. — very _ . Y .
19 Motacilla cinirea L., 1758 rare [Ip. — Passing Jonuna pexn — River floodplain
20 Benas tpsicoryska — White Wagtail — O — common I'n., mep. — Nesting, [IpeamounTaer Gepera BOTOEMOB —
Motacilla alba L., 1758 migratory The shores of reservoirs
CemeiicTBo cBupHcTeneBbie — Family
Waxwings — Bombycilidae L
21 Crupucrens — Bohemian Waxwing — O —common | 3um. — Wintering Jleca, mapku — Forests, parks
Bombycilla garrulus L., 1758
CewmeiictBo JIpo3znoBsie — Family
2 Thrushes — Turdidae M — numer- I'n., 3um. — Nesting, DBpHTOIIEH, THE3 A eTaeT 0OBIYHO
Psa6unnuk — Fieldfare — Turdus pilaris ous wintering Ha JiepeBbsix — Eurytopen
L., 1758
23 Een;)?gé)BHK — Redwing — Turdus iliacus O — common ., mep. — Nesting, Tleca — Forests
5 ¢ migratory i
24 | Meunid aposn — Song Thrush — Turdus O - common | L™ 1ep. —Nesting, Cwmemnrannbie eca — Mixed forests
philomelos Brehm., 1831 migratory
OObIKHOBEHHAs ropuxBocTka — Common M — numer- I, mep. — Nestin OnyIKH JIECOB, MApKH, CKBEPHI.
25 | Redstart — Phoenicurus phoenicurus L., ous mi',rat(?. & O0s3aTebHO HAJTMYHE JYTIeN, TyTI-
1758 gratory nsiHoK — Forest edges, parks, gardens
. ['n., mep., HOTAa Jleca, mapku, KyCTapHHUKH B 1oiimMe —
26 3apsuka — European Robin — Erithacus O — common | 3™~ Nesting, mi- Foreéts ark’s shrubs in the flood-
rubecula L., 1758 gratory, sometimes lain » PATKs,
wintering P
27 OO0bIkHOBeHHBIH conoseld — Thrush O — common I'n., mep. — Nesting, Kycrapuuku B noitme — Bushes in
Nightingale — Luscinia luscinia L., 1758 migratory the floodplain
Crmexpocrxa — Northern Red-flanked O.p. — very . TemuoxBoitHbIe neca — Dark conif-
28 | Bluetail — Tarsinger cyanurus, Pall., N Ipos. — Passing f
1773 rare erous forests
CemeiicTBO MyxonoBKoBbIe — Family Old
World Flycatchers and Chats — Musci- r . .
. H., iep. — Nesting, CMmermaHHbIe Jeca, mapku — Mixed
29 | capidae 0O — common migratory forests, parks
Cepas myxonoBka — Spotted Flycatcher — >
Muscicapa striata Pall., 1764
MyxonoBka nectpymka — European Pied _ . _
30 | Flycatcher — Ficedula hypoleuca Pall., P —rare I'n., mep. —Nesting, &MeuéaHH(;’lg “.QMCTBe;IHHe fleca
1764 migratory ixed and deciduous forests
Manas myxosnoBka — Red-breasted Fly- O.p. — very I'n., mep. — Nesting, .
31 catcher — Ficedula parva Bechs., 1792 rare migratory Cwvemannpie neca — Mixed forests
CewmeiictBo CnaBkoBble — Family War-
blers — Sylviidae .
32 | CanmoBas kambimieBka — Blyth's Reed- O — common I'n., mep. — Nesting, KycTapruki nio GeperaM.peKI/l B
migratory Bushes on the banks of river
warbler — Acrocephalus dumetorum
Beyth., 1849
33 [Tenouka-pecunuka — Willow Warbler — O — common I'n., mep. — Nesting, Mernkosechbe, KOJIKH Jieca — Small
Phylloscopus trochilus L., 1758 migratory forest
Tenouka-renpkobia — Common Chiff- 'n., nep. — Nestin Jleca, neconapku — Forests, forest
34 | chaff— Phylloscopus collybita Vieel., O — common 1 TCP- & ks P ?
1817 migratory parks
35 3enenas neHouka — Greenish Warbler — M — numer- I'n., mep. — Nesting, Jleca, necomapku — Forests, forest
Phylloscopus trochiloides L., 1758 ous migratory parks
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. Obunue, 6amiel| XapakTtep npeObiBa-
Ne Bux — Species — Abundance, |uust — Character of the Buoton — Biotope
points presence
JIMCTBEHHBIC U CMELIaHHBIC JIeca C
36 CuraBka-yepHorosioBka — Blackcap — O.p. — very I'n., mep. — Nesting, XOPOUIKUM NOJIECKOM B IIOMME peKH
Sylvia atricapilla, L., 1758 rare migratory — Mixed and deciduous forests with
undergrowth near the floodplain
. JIyra ¢ KycTapHUKaMH B IIOMIME PEKU
37 Canosas crasxa Garden Warbler O — common I'n., mep. — Nesting, — Meadows with bushes in the river
Sylvia borin Bodd., 1783 migratory .
floodplain
Cepas cnaBka — Common Whitethroat — I'n., mep. — Nesting, Jlyra, KycTapHHKH, HapKH, IyCTHIpH
38 . . O — common . — Meadows, bushes, parks, vacant
Sylvia communis Lath., 1787 migratory lots
CewmeiicTBo KOposbKkoBbIe — Family
39 Kinglets — Regulidae O.p. — very I'n., 3um. — Nesting, Y4acTK1 TEeMHOXBOIHBIX JIECOB —
JKenroromnossrit koponek — Goldcrest — rare wintering Dark coniferous forests
Regulus regulus L., 1758
CeMelCTBO JUTMHHOXBOCTBIC CHHHIIBI — I'n., ocennokouyro- CMIIAHHBIE 16Ca. KYCTADHHKIL
Family Long-tailed Tits — Aegithalidae it — Nesting, - » Kyerap Y
40 . P —rare . peku — Mixed forests, bushes by the
JmmaHOoXBOCTas cuHMIa — Long-tailed nonmigratory and river
Tit — Aegithalos caudatus L., 1758 nomadic
CewmeiictBo cunuiieBbie — Family Tits, I'u., ocemiokouyto-
Chickadees, and Titmice — Paridae it — Nesting, non- Jleca Bcex Tunos — Forests of all
41 . - O — common .
Byporonosas ranuka — Willow Tit — migratory and no- types
Parus montanus Baldenst., 1827 madic
I'u., ocennoxouyro-
4 Mockoska — Coal Tit — Parus ater L., O — common i — Nesting, Jleca ¢ mpeoGnaganueM e —
1758 nonmigratory and Spruce forests
nomadic
I'u., ocennoxouyro- v
. 2 . BIIQKHCHHBIC JIeca, KyCTapHUKH B
OO0bikHOBeHHAs Ja3opeBka — Blue Tit — it — Nesting, ” .
43 O — common . noiime — Wet forests, bushes in the
Parus caerulus L., 1758 nonmigratory and .
: floodplain
nomadic
I'u., ocemiokouyto-
bonpmras cunnna — Great Tit — Parus M — numer- muit — Nesting,
a4 major L., 1758 ous nonmigratory and Ospuronen — Eurytopen
nomadic in winter
CewmeiicTBo nono3HeBsie — Family Nut-
hatches — Sittidae I'H., 3uM. — Nesting, Jleca pasubix Tumnos — Forests of
45 o . O — common L0 .
OOBIKHOBEHHBIH MOTON3eHs — Eurasian wintering different types
Nuthatch — Sitta europaea L., 1758
CewmeiicTBo nnuryxoBbie — Family
46 Treecreepers — Certhiidae O.p. — very I'n., 3um. — Nesting, Crieneie cMelIaHHEIE Jeca — Mature
OObIkHOBeHHAs nuiyxa — Eurasian rare wintering mixed forests
Treecreeper — Certhia familiaris L., 1758
CewmeiictBo BpaHoBble — Family Crows, [IpeanouuTaer coueraHue 3apociei
Jays, and Magpies — Corvidae I'n., oc. — Nesting KYCTapHUKOB, PEIKOCTOWHBIX JIECOB
47 . . . O — common .
Copoxa — Common Magpie — Pica pica nonmigratory ¢ IIyraMu, moiistHamu — Bushes,
L., 1758 sparse forests with meadows, glades
Jleca, mapku ¢ QyIUIMCTBIMH JA€PEBb-
48 I'anka — Eurasian Jackdaw — Corvus O — common I'H., 3uM. — Nesting, SIMH, KHJIbIC TOCTPOiiku — Forests,
monedula L., 1758 wintering parks with hollow trees, residential
buildings
49 Cepast Bopona — Hooded Crow — Corvus O — common I'n., oc. — Nesting, JlepeBbst B OIIHM3H TOCTPOEK YeTIOBE-
cornix L., 1758 nonmigratory ka — Trees near human dwellings
50 Bopon — Common Raven — Corvus corax P — rare I'n., oc. — Nesting, Jleca, necomapku — Forests, forest
L., 1758 nonmigratory parks
CewmeiictBo BopoObuHbIe — Family Old BDHTONCH. IDEIIOTHTACT KIIEE
World Sparrows — Passeridae M — numer- I'H., oc. — Nesting, P » 1pen
51 < o . yenoBeka — Eurytopen, prefers hu-
JlomoBoii BopoGeit — House Sparrow — ous nonmigratory man dwellings
Passer domesticus L., 1758 g
Bce 6HOTOMBI, I/Ie €CTh TYIUTUCTHIE
50 [ToneBoii BopoGeii — Eurasian Tree Spar- | M — numer- I'H., oc. — Nesting, JIepeBbsI WM TIOCTPONKH YeoBeKa —
row — Passer montanus ous nonmigratory All biotopes with hollow trees or
human dwellings
CewmeiicTo BbIOpKOBEIE — Family Finch- I'n., nep, uHOTHA
53| s Euphonias, and Allies — Fringillidae M- 3uM. — Nesting, mi- Tleca. mapki. ammen — Forests. parks
3s6mmk — Chaffinch — Fringilla coelebs numerous gratory, sometimes » Tapii, - P
L., 1758 wintering
54 Beropok — Brambling — Fringilla monti- P _ rare [ep., ru. — Nesting, EnbHUKH U CMEIIaHHBIE Jieca —
fringilla L., 1758 migratory Spruce forests and mixed forests
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Ne Bux — Species — Abundance, |uust — Character of the Buoton — Biotope
points presence
55 Umx — Eurasian Siskin — Spinus spinus O — common Hep., ra. — Nesting, HoiimenHbIe 3apociu — Floodplain
L., 1758 migratory thickets
I'ua., mep., yacTuyHO
36 OObIKHOBEHHAs 3elieHylIka — European O— common | 3™~ Nesting, mi- OnyIKHY JIECOB, MAPKH, Ta4HbIC
Greenfinch — Chloris chloris L., 1758 gratory, sometimes mocayku — Forest edges, parks
wintering
I'u., mep., yacTuyHO
q . B B - . Jleca, 3apocau B mosisiHax, cajsl,
epHoroJoBsiit meroi — European Gold- 3uM. — Nesting, mi-
57 . X O — common > napkH, ckBepsl — Forests, gardens,
finch — Carduelis carduelis L., 1758 gratory, sometimes
N parks, gardens
wintering
KoHomsiaka — Common Linnet — Acan- Ilep., yacTH4HO 3uM. | OMYILIKH, KyCTAPHUKOBBIC 3aPOCII,
58 . : O —common | — Migratory, some- napkw, cazael — Forest edges, shrubs,
this cannabina L., 1758 . . .
times wintering parks, gardens
_ . B B B . 3apociti KyCTapHUKOB M COPHSKOB B
59 Vparyc — Long-tailed Rosefinch — Ura- O.p. — very I'n., 3um. — Nesting, Hoiive — Bushes and weeds in the

gus sibiricus Pall., 1773 rare

wintering river floodplain

OObIKHOBEHHAs YeueBuiia — Common
60 | Rosefinch — Carpodacus erythrinus Pall.,
1770

O — common

I'n., mep. — Nesting,
migratory

[Toiimbl, MenKoONEChE, KYCTAPHUKHU —
Floodplains, small forests, bushes

61 Knecr-enoBuxk — Parrot Crossbill — Loxia

curvirostra L., 1758 O — common

I'n., 3um. — Nest-

. S XBoiinblie teca — Coniferous forests
Ing,wintering

62 OOBIKHOBEHHBIH cHerupb — Common

Bullfinch — Pyrrhula pyrrhula L., 1758 O — common

I'n., 3um. — Nesting,
wintering

Jleca, mapku, cagel — Forests, parks,
gardens

CewmeiicTBo oBcsiHKOBBIE — Family Old
63 World Buntings — Emberizidae
OObIKHOBEHHAs OBCsiHKA — Y ellowham-
mer — Emberiza citrinela L., 1758

O — common

I'u., mep., yacTuyHO
3uM. — Nesting, mi-
gratory, sometimes

wintering

Onymku stecoB — Forest edges

64 Kawmpimosas oBcsinka — Reed Bunting —

. VBnaxxHEHHBIE YIaCTKH 10 Oeperam.
I'n., mep. — Nesting, Y P >

Ocyris aureoles 3 Pall., 1773 rare

Emberiza schoeniclus L., 1758 P = rare migratory kycTapHuKd — Wet areas along the
banks, bushes
65 | Ayoposmuk — Yellow-breasted Bunting — | O.p. - very I'n., mep. — Nesting, TofimMa pekn ¢ OTEIBHBIMH ACPCBb-

smu — River floodplain with individ-

migratory ual trees

Ipumeyanus — Note

! Brniouen ¢ kpacuyio knuzy Ilepmckozo xpas, I kamezopusi — ' Included in the Red list of the Perm region, II category

2 Bxmiouen 6 kpacnyio knuzy Iepmckozo xpas, I kamezopus — * Included in the Red list of the Perm region, III category

3 Bniouen 6 kpacuyio knuzy Ilepmckozo kpas, Il kamezopus — 3 Included in the Red list of the Perm region, Il category

*[pumeuanue. [locne nanucanus oannoi cmamou J1.C. Hcaxosvim 6 oonune pexu Ecowuxu 6 dononnenue K blUeyKaA3aHHbIM
OvLIU 3auKcUpoansl credyrouue udbl: yuacmas coga (Asio otus), uepnvid cmpuoic (Apus apus), uepuwiil 0po30 (Turdus merula),

sapakywka (Luscinia svecica).

*Note. After writing this article, D.S. Isakov in the valley of the Egoshihi River, in addition to the above, the following species
were recorded: long-eared owl (Asio otus), black swift (Apus apus), blackbird (Turdus merula), varakushka (Luscinia svecica).

3akJi0uenue

B mommuax pex Janmnmxu u Eromuxu oOHapy)eHBI
(3 oburero ymciaa BHIOB, OOMTAIONINX HAa TEPPUTOPUHU
ropoza [lepmu o coctostauro Ha 2014 rog):

— amubnm (13 7 BunoB): 4 Buaa — [lanmnnxa; 4 Buna
— Eromuxa.

— pentwinn (13 8 BuaoB): 1 Bux — Jlanmmmxa; 5 BH-
noB — Erommxa.

— mutekonmTaromue (u3 52 BunoB): 17 Bunos — Jlanu-
nmxa; 25 BunoB — Eromuxa.

—nTtunel (u3 257 BumoB): 59 BumoB — JlaHWIMXa;
65 BugoB — Erommxa.

ITo pe3ynbTaram NpoBEEHHOTO ydyeTa Ha3eMHOU IO-
3BOHOYHON (ayHbl nonmuH pek Janmnmmxa u Erommxa
ropoa [lepmMu MOXKHO clienarth CiaeyIOIe BbIBOIBIL:

—TI0 COCTaBy Ha3eMHBIX MTO3BOHOYHBIX UyTh Oojee
Oorata Bumamu noimHa Erommxu. DTo 00BIACHICTCS
TE€M, YTO B JOJHHE COXPAHHIUCH HEOOJBIINE yYACTKU
TEMHOXBOMHOTO Jieca, B OTIMYME OT IOJNMHBI JlaHumu-
xu. [Ipum MozamgHOCTH 3KOCHCTeM (B pe3yibTaTe aH-
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TPOIIOTEHHOTO BO3ACWCTBHS) 3TO YBEIWYMBACT UYHUCIO
MECTOOOWTaHUH, HCIIONB3YIOIMUXCS IS THE3TOBaHHI
WM ISl KOPMEXKH. Tak ke oTMedaeTcsi MeHbIIas 3a-
IPSI3HEHHOCTh BOJBI B BEpXOBbsAX Erommxu no cpaBHe-
HutO ¢ JlaHmmxowu;

— MPaKTHYECKH BCE pEIAKHEe U KPACHOKHIDKHBIE
MpeICTaBUTeNIn  OpHUTO(AayHBI 3a()UKCHPOBAHBI BO
BpeMsI CE30HHBIX KOYEBOK, T. €. HUCIOJb3YIOT JOJUHBI
PeK B KadyecTBE BPEMEHHOTO MpeObIBAaHUS HA TEPUOJ
OT/bIXA;

— KOJIMYECTBEHHBIH COCTaB MPEJCTABUTENECH OPHUTO-
(dayHBI TOJIMH PEeK HAXOIUTCS B MPHUMEPHO PABHBIX KO-
JUYECTBEHHBIX TIOKa3aTelsaX ¢ aBU(ayHOU OJHOU u3
LEHTPaJbHBIX MPUPOAHBIX TeppUTOpUit ropoaa Ilepmu —
OOIIT «Erommxunackoe kiagouiiey [12], 9To roBopuT o
JIOCTaTOYHO BBICOKOM YpOBHE OMOpasHooOpa3ust wmcclie-
JIyeMON TEPPUTOPUU U BO3MO>KHOM YCTAHOBJICHUH TpPHU-
POIOOXPAaHHOTO CcTaTyca JojiuHam pek Janunuxa u
Erommxa c 1enpr0 coxpaHeHUs: OMOpazHOOOpas3ws JaH-
HBIX TEPPUTOPHUH.



2021

Anthropogenic Transformation of Nature

Vol. 7. No. 2

CaeneHust 00 aBTOPCKOM BKJIaJe

I'. A. BopoHOB — omnrcaHue Ha3eMHBIX IMO3BOHOYHBIX
JIOJIMH PeK, UX oOmnne U OUOTOIBI; OCYIIECTBICHHUE I10-
WCKa; TIepBHYHAI 00paboTKa JIHUTEPaTypPHBIX HCTOYHH-
KOB; pa3palbOTKa CTPYKTYpBl CTaTbU; COCTaBJICHUE CIIHC-
Ka opHUTO(AyH JOJMH PeK; ONHcaHue OOMIIUs, XapaKTe-
pa npeObIBaHMS U OMOTOIIOB; BEIYUTKA U KOPPEKTHPOBKA
(bMHANTBEHOTO BapHaHTa ITyOIHKaIHH.

. C. UcakoB — pa3pabOTKa CTPYKTYpBI CTaThbH; CO-
CTaBJICHUE CIMCKa OpPHHUTO(AyH AOJUH DPEK; OIHCaHHE
obunus, XxapakTepa npeObIBaHUS M OMOTOIIOB; IPOBEIE-
HHUE TIOJIEBBIX O0CJIENOBaHMM; KamepaibHas oOpaboTKa
MIOJIEBBIX JAHHBIX OPHUTO(AYHBI; HANMCAHUE BHIBOAOB U
pe3ynbTaToB paboThI; MEpeBOJ TEKCTa CTAaTbU Ha aH-
TJIMACKUH S3bIK; BBIYUTKA U KOPPEKTUPOBKA (PMHAIEHOTO
BapuaHTa ITyOJIMKaLny.

M. B. XKykoBa — pa3paboTka o0meif KOHIEIIIH CTa-
ThH, pa3paboTka KapTorpaduuecKux MaTepHajoB; MOJ-
TOTOBKa MEPBOTO BapuUaHTa PYKOIKCH; BBIYUTKA U KOP-
PEKTHPOBKa (PMHAIBHOTO BapHAHTA ITyOIMKAIHH.
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G. A. Voronov — description of terrestrial vertebrate
river valleys, their abundance and biotopes; search; pri-
mary processing of literary sources; formulation of the
structure of the paper; compilation of a list of ornithofau-
na of river valleys; description of abundance, nature of
stay and biotopes; proofreading and correcting the final
version of the paper.

D. S. Isakov — formulation of the structure of the arti-
cle; making a list of the ornithofauna of river valleys;
description of abundance, the nature of the stay and bio-
topes; carrying field works; processing the ornithofauna
of field data; writing of the results of research; the trans-
lation of the paper into English; proofreading and cor-
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PA3JIEJT 1. COXPAHEHUE ITPUPOJTHOIM CPEJIbI

OpuruHaabHas HayIHas (UCCIIEIOBATENbCKAs) CTAThS
YJK 502.75
https://doi.org/10.17072/2410-8553-2021-2-24-35

MecToHaxo:KIeHHe PeAIKHX BUOB pacTenuii cemelictBa Orchidaceae B I'aiinckoM paiione
(ITepMmckuii kpaii, Poccnst), nepcneKTUBHOE 1S IPUCBOEHUS CTATyCa
0c000 OXpaHsIeMOii MPUPOAHOIT TEPPUTOPHHT

Hpuna ®upraroBHa A0ayIMaHOBa
[lepmckuii rocy1apcTBEHHBIN HaLlMOHAJIBHBIN HCCIe10BaTENbCKUM YHUBEPCUTET, [lepMmb, Poccus,
a.ir-flora@mail.ru, https://orcid.org/0000-0001-6058-5176

Annoranusi. OgauM u3 Haunbosee 3((EKTUBHBIX METOJIOB COXpaHEHUs] OMOpa3HOOOpas3Hs, B TOM YHCIIE PEIKUX U
MCYE3aIOUINX BHOB OPTaHU3MOB, SIBISETCS Pa3BUTHE CUCTEMBI 0CO00 OXpaHsAeMbIX IPUPOIHBIX Tepputopuid. B 2020 u
2021 rr. npoBeAeHO PEKOTHOCIMPOBOYHOE 00CIEI0BAHUE JIECOMOKPHITOTO Y4acTKa ¢ HEOONBIIUM OTKPBITBIM OOJIOTOM
BOnM3u noc. ["aitnbl [lepMckoro kpas ¢ LeNibl0 OLIEHKH MEPCIEKTUBHOCTU MPUIAHUs €My CTaTyca 0co00 OXpaHseMOi
MPUPOJTHOI TEPPUTOPHUHU. YHACTOK XapaKTepH3yeTCsi BBICOKUM pa3HooOpa3ueM W OOMIMEM MPOU3PACTAIOIINX Ha HEM
npeacTaBuTenel cemeiictBa Orchidaceae, IBNAIOIUXCS OHAM U3 HaHOOJIEe YSI3BUMBIX KOMIIOHEHTOB PacTHTEILHOCTH.
B pesynbraTte o0cnenoBaHus OIMMCAHO pa3HOOOpas3He pPacTUTEIBHBIX COOOIIECTB ydacTKka u 3adukcuposansl 11 mpen-
craBuTenel cemeiictBa Orchidaceae. Bce OHM BHECEHBI B OXpaHHBIE CIIMCKH PasIMIHOro ypoBH:S. Kpome Toro, Ha pac-
cMmatpuBaeMoii Tepputopun B 2015 T. xurenem moc. ["aitaer FO. A. CaBenbeBbIM ObLT 3aUKCHPOBaH COKPAINAIOIIHIACS
B YHCIICHHOCTH Ha Tepputopun PO Epipogium aphyllum Sw., He BCTpE4EeHHBIH B X0A€ PEKOTHOCIIMPOBOYHOTO 0OCie-
JIOBaHMA. B cTaThe mpencTaBiIeHb! HEKOTOPEIE OCOOCHHOCTH PACIPOCTPAHEHHS, ONOJIOTHH M OXPAHbl BCEX OTMEUEHHBIX
Ha JAHHOU TEPPUTOPUM OpPXUIHBIX. 1IOCKOIBKY OCHOBHOM NPUYMHON COKpalICHUS YHUCICHHOCTH OPXMIHBIX, KaK U
MHOTUX APYIHX BUJOB OPraHU3MOB, SBJISIETCS HapyIICHHE UX MECTOOOMTaHMH, a 3KOJIOr0-OHOJOrnyecKue 0coOeHHO-
CTH OPXUJIHBIX YCHJIMBAIOT 3P QEeKT HeOIaronpusTHbIX BO3JCUCTBUM, HA CETOAHSIIHNUN I€Hb HEIIOCPEICTBEHHOE COXpa-
HEHHE MecT OOMTaHMs OPXHJIeH paccMaTpuBaeTcs, Kak Haubosuee 3(h(HeKTUBHBIM METOA MX OXpaHbl. Mcxoas u3 aroro,
3aKJII0YEHO, YTO OOCIEAOBAaHHOMY Y4acTKy B OKpEeCTHOCTSX II. ['aiinbl IlepMckoro xpas 1enecoo0OpasHO HNPHCBOCHHE
cTaryca 0co00 OXpaHseMO IPUPOIHON TEPPUTOPHUH.

KaioueBbie ciioBa: 0co00 oxpaHseMasl NpUPOJHAS TEPPUTOPHS, PACTUTEIBHOCTD, PEAKHE BUIBI PACTEHUH, OpXUA-
Hele, Orchidaceae

Baaronapuocru: asrop npusHareneH 0. A. CaBenbeBy 3a HHQOPMAIMIO O MECTE PacIIOI0KEHHS Y4acTKa IpOn3-
pacTaHusl OpXHAHBIX, TIOMOIIb B IIPOBEJCHUH MOJIEBBIX Pa0dOT M MpeocTaBiIeHle (oToMarepuanoB. ABTOp BeIpaXKaeT
omaromaprocth E. I'. EpumMuk 3a paboty, nposeneHHyto ¢ matepuanamu repbapus [IT'HNUY (PERM) u xoHCYIbTaIIUN B
X07Ie MOATOTOBKH ImyOnukanuy, a Takxke [1. FO. CarankoBy n W. A. KyBmImHCKOMY 3a MOITOTOBKY KapTorpaduaeckoro
Marepuana.

Jas murupoBanms: A60yamanoea Y. @. MecToHaXOXKICHUE PEIKUX BHIOB pacTeHuii cemeiicta Orchidaceae B
Iaitackom paiione (Ilepmckuii kpaii, Poccus), nmepcreKTHBHOE Al IPHCBOCHMS CTaTyca 0co00 OXpaHsIeMoil mpupos-
HOH TeppuTopuu // AwHTponoreHHas TpaHcdopmauus npupomHod cpeapl. 2021. T.7, Ne2. C.24-35.
https://doi.org/10.17072/2410-8553-2021-2-24-35

SECTION 1. NATURE AND LANDSCAPE CONSERVATION

Original Paper

Location of rare Orchids in the Gainsky district (Perm krai, Russia),
prospective for assigning the status of specially protected natural territory

Irina F. Abdulmanova
Perm State University, Perm, Russia,
a.ir-flora@mail.ru, https://orcid.org/0000-0001-6058-5176

Abstract. The task of preserving biodiversity is closely related to the protection of rare and endangered species of
organisms and the development of a system of specially protected natural areas. In 2020 and 2021, a reconnaissance

© Aonmymmanosa 1. @., 2021
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survey of a site with a small open swamp near the village of Gayny (Perm Krai) was carried out in order to assess the
prospects for giving it the status of a specially protected natural area. The site is characterized by a high diversity and
abundance of orchids growing on it, which are one of the most vulnerable components of vegetation. The diversity of
plant communities of the site was described and 11 orchids were recorded. All of them are included in the security lists
of various levels. In addition, in the territory under consideration in 2015, a resident of the village of Gaina,
Yu. A. Savelyev, recorded Epipogium aphyllum Sw., which was not encountered during a reconnaissance survey. The
article presents some features of the distribution, biology and protection of all orchids noted on this territory. The main
reason for the reduction in the number of orchids, as well as many other species of organisms, is the violation of habi-
tats. Ecological and biological features of orchids enhance the effect of adverse factors. Therefore, today the conserva-
tion of orchid habitats is considered as the most effective method of their protection. Based on this, it is concluded that
it is advisable to assign the status of a specially protected natural area to the surveyed site in the vicinity of the village of
Gainy, Perm Krai.
Key words: specially protected natural territory, vegetation, rare plant species, Orchidaceae
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ing area, assistance in field work and the provision of photographic materials. The author expresses gratitude to
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Beenenue cpean HHUX Bce BHAbBI moxacemeiictBa Cypripedioideae, x
I'mobanmbHast 3amada COXpaHEHWS OHMOJIOTHYECKOTO KOTOPOMY OTHOCSITCS npeacTaButTenu pona Cypripedium,
pa3HOOOpa3msl TECHO CBS3aHA C OXPAaHOH PEAKHX W HCUe- npouspacraronye Ha Teppuropun Poccun u Ilepmckoro
3aI0IIUX BUIOB OPTaHM3MOB M Pa3BUTHEM CHCTEMBI 0C000 Kpas [27, 28]. Bce mpencraBuTenu ceMeucTBa, MPOU3-
OXpaHsAEMBIX MPUPOIHBIX TeppuTopui [3, 15, 26]. B co- pactatomne Ha teppuropun Poccuu, BkimtodeHsl B [lpu-
BPEMEHHOW (PUTOCO30JIOTHUCSCKON TpaKTHKEe HanboIee noxxenue Il KoHBeHLMH O MEXIyHApOAHOH TOpro.ie
s dexTrBHOI cTpaTerreil OXpaHbl peIKHX BHIOB CUHMTA- BUJIaMH JUKOHW (ayHbl U (DIOPBI, HAXOMSIIUMHMCS IOJ
eTcst 0XpaHa ux mecroooutanwmii [10, 12, 31]. yrpo3oit ucueznoBenusi (CUTEC) [6, 7]. Oxono 60%
[To nanmmaTuBe sxurens noc. ['aitusl FOpus AHaTomb- opxueH, mpouspacraroiux B Poccuu, BHECEHBI B (ere-
esnua CasenneBa B 2020 u 2021 rT. mpoBeieHO PeKOTHOC- paneHyto KpacHyro kaury [11], Bce BHIBI ceMeWCTBa,
LIUPOBOYHOE 00CIe0BaHNe y4acTKa BOIM3H 1oc. ["aifHbI ¢ BcTpevarontecs B [lepMckoM Kkpae, HOIJIEXKAT OXpaHe
LEJNbI0 ONpeAENeHUs IEPCIEeKTUBHOCTH MNPUAAHUS €My [13], u3 Hux 16 BUAOB BKIIIOUEHBI B OCHOBHOI CIIHCOK
cTaryca 0co00 OXpaHseMol TMPUPOIHOW TeppUTOpHUH (H1a- peruoHanbHOM KpacHo#t kuuru [21].
nee OOIIT). O6cienoBaHHBI YY9aCTOK XapaKTEPU3yeTCs OmHO¥M W3 HAYYHBIX TpoOIeM, JIeKalluX B OCHOBE
BBICOKMM pPa3HOOOpa3ueM M OOWIIMEM HPOM3PaCTAIOIINX MEpOIIPUATHH 110 OXpaHe W BOCCTAHOBJICHHUIO YHCIICHHO-
Ha HeOOJBIION IIIOoNMa Iy peacTaBuTeNel cemelicta Or- CTH PEAKHUX BHIOB, SIBIISIETCS ONPE/IEICHHE ANHAMUKI UX
chidaceae, Bkmo4eHHBIX B criickd KpacHbix kaur PO n YHCIEHHOCTH, OCYIIECTBISIEMOE ITyTeM KapTHPOBaHUS
Ilepmckoro kpas, a Taxke B [lepedeHp BHIOB, HYXIaro- BHJIOB Ha OCHOBE MaKCHMAaJIbHOTO KOJMYECTBA JaHHBIX,
IMXcad B 0cOOOM BHHUMAaHHM K MX COCTOSHHUIO B OKpY’Ka- MOYEPITHYTHIX U3 TepOapHBIX KOJICKIMH, JTUTEPaTypHl,
omeit cpene Ha tepputopun Ilepmckoro kpas [21, 22]. AKCIIEAUIIMOHHBIX uccienoBanuii [11, 23]. Tak, Gmaro-
FO.A. CaBenbeB cOOOIIMI O MIMPOKOM PACIPOCTPAHEHUN Jlapsi TOYEYHOMY KapTHPOBAaHWIO B CeBEpO-3amagHON
Ha 3aMHTepecoBaBlIeM ero ydactke Cypripedium calceo- Poccun ymanock BBIABUTH TEHACHIIMIO K COKPAIIEHUIO
lus L., a Taxke o npomspactanuu Epipactis palustris (L.) gucnenHoctu Coeloglossum viride (L.) C. Hartm., Coral-
Crantz, Epipogium aphyllum Sw., Platanthera bifolia (L.) lorhiza trifida Chatel. u np., I KOTOPBHIX TIPEXKIE ITA
Rich, Epipactis helleborine (L.) Crantz, Listera ovata (L.) TeHJeHIMs He oTMevanach [11].
R. Br, Dactylorhiza fuchsii (Druce) Soo. B xozme npose- B Hacrosmed myOiaMKanuyu NPUBOASTCS CBEICHUS O
JICHHOTO PEKOTHOCHIMPOBOYHOTO OOCIIe/IOBaHUS  OBLIH MECTOHAXOXJICHU! NpejacTaBuTenei cemeiicrsa Orchi-
BBISIBJICHBI W JIpyTWe mpejcraBuTenn cemeicrtBa Orchi- daceae B OKpecTHOCTSIX Ioc. I'alfHBI, a TakKe paccMmar-
daceae. pUBaeTcs 11eJ1eco00pa3HOCTh MpUIAHUS cTaTyca 0cobo
CewmeiictBo Orchidaceae — OgHO U3 CaMBIX KPYITHBIX OXpaHSAEMOH TPUPOJHOW TEPPUTOPHH  YKA3AaHHOMY
CEMEMCTB I[BETKOBBIX PACTEHHH, BKIFOYAIONINX MOPSIKA YYacTKy.
28 000 BumoB, 00pa3yrImMUX 0K0JIO 8% BHIOBOTO pa3HO-
00pasus MOKPHITOCEMEHHBIX [28]. OpXuaHble MpencTaB- MarepuaJj u MeToaAMKA
JISTIOT cOOOW OAHY M3 BEPIIWH DBOJIIOIHMH OJHOJOIBHBIX OO0ciieToBaHHBIN y4aCTOK HAXOJUTCS Ha BOCTOYHOMN
[11], HO B cmily CBOHMX SKOJIOTO-OMOJIOTHIECKHX OCOOCH- okpanHe Pycckoll paBHMHBI B Hpelenax HPHUPOJHOTO
HOCTEH SIBIISIFOTCSL OJHMM M3 HauOolee YS3BUMBIX KOM- pailoHa cpeaHell Taliru B ceBepo-3anaaHoil yactu Ilepm-
MIOHEHTOB PAaCTUTENBHOIO NMOKpOBa [6, 14, 24]. ckoro kpas (puc. 1/ fig. 1) [4]. Teppuropus pacmonoxe-
Ha ceroansmnuuii ness okono 1000 BugoB opxunei Ha B 3alafHON 4yacTU CeBepHOM KOTIOBUHBI Kamckoi
BKIIOUeHbl B [JoGanbHbI KpacHblid crmcok MCOII, JIeNpeccuH, I ITOM 4acTU paiioHa cpenHell Talru xa-
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pakTepeH MOIIHBIM HYeTBEPTUYHBIA 4YeXO0J, 00pa30BaH-
HBII aIIIOBHANBHBIME, TOP(SHO-O0JIOTHBIMH, JETHUKO-
BBIMHU ¥ ()TIOBHO-TILSINMATBHBIMA OTJIOXKEHUSIMH. JlocTa-
TOYHO MIMPOKO Pa3BHUT MOKPOB MECUAHBIX U CyNECUaHbIX
MI0YB, ONPENENAIOMHUI IMUPOKOE PACHPOCTPAHEHHUE COC-

) ;

1200 km |

800 3

HOBBIX JiecoB. M3-3a cmaboro apeHaka M M30BITOYHOTO
yBrnaxkHeHus: KaMmckasi enpeccust U HaxOZsIIascs K 3a-
naay ot Hee BecisHCKas HU3MEHHOCTh CHIIBHO 3a00J10-
4geHbl. 31eck cocpenoToueHsl 10 70% 6omot [lepmckoro
Kpas [2].

‘-' n: TeKamck

Puc. 1. Mecromnosoxenue 00cieJ0BaHHOI0 yuyacTka Ha TeppuTtopun EBponsl u Ilepmckoro kpas

Fig. 1. Location of the study site in Europe and Perm Krai

B ruzpporpaduueckoM OTHOIIEHHH TEPPUTOPHUS pac-
MOJIOKEHa B BepXHeM Oacceiine p. Kambl.

CornacHo 60TaHMKO-TeorpapuIeckoMy paroHUpPOBa-
Huto [lepMckoro kpas oOclieoBaHHAsE TEPPUTOPHS OT-
HOCUTCS K padOHy CpEIHETAC)KHBIX IMHUXTOBO-EIOBBIX
JecoB, TojapaioHy c mpeoOmamannem CeBepoeBporiei-
CKHX COCHOBBIX U €JIOBBIX JiecoB. Jleca 3/1ech XapakTepu-
3YIOTCSl TIPOCTBIM CTPOEHHEM JAPEBOCTOS, cllabo pa3BH-
TBIM KyCTapHHMKOBBIM SPYCOM, CJa0O#l IpeicTaBlIeHHO-
CTBIO HEMOPAJIbHBIX 3JIEMEHTOB [19].

BonpmmHCTBO cpenHeTaexkHbIX naHamadToB Komu-
ITepmsiiikoro okpyra mojBep>KeHbl HU3KOW aHTPOIIOT€H-
HOM Harpy3ke W XapaKTepHU3yKTCsS HU3KOU 3arpsa3HEHHO-
CTBIO aTMOC(EpBI, YTO TOBOPHT O ECTECTBEHHON WIH
OJIM3KOM K €CTECTBEHHOW CTPYKType JaHmmadToB [8§,
16]. OcHOBHBIE DKOJOTHYECKHE MPOOJIEMBI CBSI3aHBI C
HapacTalolMM pa3BUTHEM B OCHOBHOM JICCOIPOMBIIII-
JIGHHOTO TexHoreHesa [16].

OnuchIBaeMbIl Y4acTOK, IUIONIAb KOTOPOTO COCTaB-
JA€T NPUMEPHO 9 KM2, PaCIONIOKEH KOTO-3amajiHee ToC.
laitaer (puc. 2 / fig. 2). Y4acToK MOKPHIT BTOPUYHBIMHU
CMEIIaHHBIMHY JIECAMH M COCHSKAaMH Pa3IMYHOTO BO3pac-
Ta. Ha manHOMW TeppuTOpUN HaXOTUTCs CharHOBOE 0OII0-
TO OBAIBHON (POPMEI, MPAUMEPHEIHA pa3mep KoToporo 70 M
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x 100 M. EcTh HE601B11101 BOJOTOK. YUaCTOK MepeceueH
JIMHUEH 3JIeKTponepe auH.

B 1980-1990-¢ rr. ¢uopa IaiiHcKOro paiioHa J0BOJIb-
HO TMOAPOOHO U3y4alach CTYyAEHTAMU OHOJIOTUYECKOTO
(akynpreTa [lepMcCKOTO TOCYIapCTBEHHOTO YHHBEPCHU-
TeTa, HeIHE [IepMCKOTO TOCyIapCTBEHHOTO HAllMOHAIb-
HOrO WuccienoBarensekoro yausepcurera (IITHUY).
B rep6apuu I[II'HNY (PERM) umMerorcst obpasipl cie-
JIYIOUIMX BHAOB OPXHIHBIX, IIPEANOJIOXKHUTENBHO CO-
OpaHHBIX ¢ OOCIIEIOBaHHOW TEPPUTOPHH MM ONVDKa-
mux ee okpectHocreit: Cypripedium calceolus L., Epi-
pactis palustris (L.) Crantz, Calipso bulbosa (L.) Oak-
es, Goodyera repens (L.) R. Br., Epipactis helleborine
(L.) Crantz, Gymnadenia conopsea (L.) R. Br., Platan-
thera bifolia (L.) Rich., Coeloglossum viride (L.) C.
Hartm., Listera ovata (L.) R. Br., Dactylorhiza fuchsii
(Druce) Soo.

OOcneoBaHNE PacTUTENHHOCTH MPOBOIMIOCH Maplil-
pyTHBIM MeTofoM B utoHe 2020 u 2021 rr. [1, 20]. Buno-
BOW COCTaB pacTeHWH ONpeAeNsICsS B MOJEBBIX U Kame-
paNbHBIX YCIOBUSX 10 «MIuTIOCTpUpOBaHHOMY OIpese-
muteno...» [13]. ®ortorpadum pacTeHwid, NMPUBEICHHBIE
B crathe, mpenoctaBieHbl FO.A. CaBenbeBBIM, COIPO-
BOXKIABIIUM aBTOpa B X0Je 00CIeJ0BaHuS.
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Fig. 2. Location of the study site relative to the Gains

Pe3yabTaThl H UX 00CyKIeHUE

Ha o0cie1oBaHHOM TePPUTOPHH OBLTO BBISIBICHO HE-
CKOJIBKO THUIIOB COOOIIECTB: CPEIW HHUX CBETIOXBOWHBIE
(cocHOBBIC) U CMeEIIaHHbIE Jieca, NepexoJHoe carHoBoe
60J10TO.

CBeTJIOXBOITHBIE COOOIIECTBa, 3aHUMAOIINE HanOO-
Jlee CyXHe y4acTKH, IPEJICTaBICHBI COCHSKAaMH TpaBs-
HBIMH U 3€JICHOMOIITHBIMH.

JpeBecHbI sipyc COCHSKOB TpaBsHBIX 00paszyeT Pi-
nus sylvestris L. V3penka B HEM TakXe BCTPEYArOTCS
Picea obovata Ledeb. u Betula pendula Roth. Pa3noBo3-
pacTHBI, TOCTATOYHO OOWIIBHBIA MOAPOCT (OpMUpPYET
Picea obovata. KycTapHUKOBBIH SpYC CHIIBHO Pa3perkeH.
W3 xycrapuukoB otmeueHsl Lonicera xylosteum L.,
Frangula alnus Mill., Sorbus aucuparia L., Padus avium
Mill., Daphne mezereum L., Rosa acicularis Lindl. B
TpaBSHO-KYCTapHUYKOBOM sipyce IpeoOiagaer darie
Bcero Rubus saxatilis L. MoXOBBIIf TTOKPOB U3 3€JICHBIX
JIECHBIX MXOB CJIa00 Pa3BHUT.

B npesecHOM spyce COCHSKOB 3€JI€HOMOIIHBIX IO-
MUMO Pinus sylvestris Tak ke BCTpedaeTcsi, Kak MpaBuiIo,
HebombIas npumecsk Picea obovata n Betula pendula.
IMoapoct dhopmupyet Picea obovata. 3 KycTapHUKOB
OTMEYEHBI eJIMHHYHbIE 0co0u Spiraea media Frantz
Schmidt, Rosa acicularis, Daphne mezereum. B cnabo
pa3BUTOM TPaBSHOM IMOKpPOBe mpeobianaer Rubus sax-
atilis.
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W3 cMmemaHHBIX JIECOB BCTpedaroTcs 0Oepe3oBo-
€JIOBbIE 3€JICHOMOIIHBIE, 0epe30BO-0CHHOBO-ITUXTOBO-
€JIOBbIE TpaBsiHbIE M OEpe30BO-COCHOBO-EIIOBBIE TPaBs-
HbIE COOOIIECTBA.

B nmpeBocToe 0epe30BO-eTOBBIX 3€JICHOMOIIHBIX Jie-
coB NOMUHHPYWOT Picea obovata, Betula pendula.
Ha Oonee BiaXHBIX ydacTKax MpOU3pacTaeT Takxke Betu-
la alba L., enuanano Betpevaercs Pinus sylvestris. Pas-
HOBO3PACTHBIN HE OYeHb OOMIIEHBIN OAPOCT (hopMUpYET
Picea obovata. ¢ enuHUYHBIM ydacTueM Abies sibirica
Ledeb. KyctapHUKOBBIii pyC C MPOEKTUBHBIM MMOKPBITH-
em 20-30% obpasyrwot Sorbus aucuparia, Padus avium,
Frangula alnus. B Hem Ttakke oTMedeHBl Juniperus
communis L., Spiraea media, Rosa acicularis. B tpaBs-
HOM TIOKpOBE, XapaKTepu3ylouiemcsi MpeodiagaHrueM
OOpeaNbHBIX BUJIOB, JOMUHUPYIOT Rubus saxatilis, Vac-
cinium vitis-idaea L., Oxalis acetosella L. TIpoexTnHOE
MMOKPBITHE MOXOBO-JIHIIAHHUKOBOTO sipyca 70—90%.

JpeBecHblil sipyc 0Gepe30BO-OCHHOBO-TIMXTOBO-EJI0-
BBIX JiecoB GopmupytoT Picea obovata, Abies sibirica,
Populus tremula L., Betula pendula. Pa3HOBO3pacTHBIH
o0mbHBIN TonpocT Gopmupyet Picea obovata ¢ enu-
HUYHBIM ydacTueMm Abies sibirica. KycTapHUKOBBINA
SApyC HE BBIpaXEH. B TpaBsSHO-KYCTapHHUYKOBOM spyce
oTMeueHbsl Rubus saxatilis, Ranunculus subborealis
Tzvel., Gymnocarpium dryopteris (L.) Newm., Atra-
gene sibirica L., Oxalis acetosella, Lathyrus vernus (L.)
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Bernh., Melica nutans L., Asarum europaeum L., Pru-
nella vulgaris L. n gp.

Hambonee BmakHBIE y4YacTKH 3aHHMAeT Oepe30BO-
COCHOBO-EJIOBBIA TpaBsiHOM Jiec. [IpeBecHbIil sipyc cio-
xeH Picea obovata, Pinus sylvestris, Betula pendula,
Betula alba. Pa3noBo3pacTHbIi moapocT (opmupyer
Picea obovata. B KycTapHHKOBOM spyce BBIIEIJISIOTCS
nBa moabspyca. [lepswiii obOpasyer Sorbus aucuparia,
BTOpOW — Spiraea media, Ribes spicatum Robson s.l.,
Ribes nigrum L. TpaBsHoW mokpoB oOpasywoT Cirsium
heterophyllum (L.) Hill, Filipendula ulmaria (L.) Max-
im. s.1., Cortusa matthioli L., Deschampsia cespitosa (L.)
Beauv. s.I. u ap.

Ha neOGonpmoMm 00510Te, SBIAIOMIEMCS MECTOOOMTA-
aueM Epipactis palustris, 3aneceHHoro B KpacHyio KHU-
ry IlepmMckoro kpas, JOMUHAHTAMH CILIOIIHOTO MOXOBO-
T'O TIOKPOBA SIBJISIOTCSI pa3jiMuHble BUIBI poja Sphagnum.

Paspexxennsiii apeBocToit o0pa3yeT yrHeteHHas Pinus
sylvestris. Tlpomspactaror takxe Betula alba, Salix ros-
marinifolia L., u3 tpaB — Eriophorum latifolium Hoppe,
Carex rostrata Stokes, Drosera rotundifolia L., Equise-
tum palustre L., a Taxxe myroBeie BUabl Polygonum bis-
torta L., Filipendula ulmaria, Galium boreale L., Pru-
nella vulgaris, Lathyrus pratensis L.

B ommcanHBIX cooOiiecTBax B Xoje 00cCieqoBaHUs
3auKkcupoBaHbI OXpaHsieMble BHJIbI pacTeHUi. Bee oHM
OTHOCATCS K ceMmelictBy Orchidaceae: Cypripedium
calceolus, Epipactis palustris, Calipso bulbosa, Neottia
nidus-avis (L.) Rich., Goodyera repens, Epipactis hel-
leborine, Gymnadenia conopsea, Platanthera bifolia,

Coeloglossum viride., Listera ovata, Dactylorhiza
fuchsii.
Cypripedium calceolus L. — Benepun O6ammadox

Hacrosmuii (puc. 3 / fig. 3).

Puc. 3. Cypripedium calceolus L. — BeHepun 0ammMa4yok HACTOS LM

Fig. 3. Cypripedium calceolus L.

Bun srirouen B Kpacubiii cimcok MCOII (Bun c
noHwkeHHoi ys3BumocThio (Least Concern)) [32], B
Kpacuyto kaury P® (111 xareropus peakoctu) [22], B
Kpacnuyro kaury Ilepmckoro kpas (III xareropus pen-
koctn) [21].

EBpormelicko-cuonpcko-BOCTOYHOA3UATCKUN BU/]I
[13]. PacnpocTpaneH mo Bceit lecHOM 30He Ypana U co-
MpeeIbHBIX TEPPUTOPHIA, B HACTOSAIICE BpeMs Ha Ypaie
€llle CUUTAETCS MIUPOKO PaCIpOCTPAHEHHBIM BUIOM [18].
B TlepmckoM kpae BcTpedaeTcsl CHOPaIUYecKH IO BCE
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TEPPUTOPUH, HO OOJBIIMHCTBO OOCIECIOBAHHBIX MOITYJIs-
IUH MaJIOYHCTICHHBIE U HecTaOmiIbHbIe [17].

Ha o6cnemoBaHHOM ydacTKe BH IPOHM3pPACTaET B
COCHSIKaX TPaBSHBIX, B O€pE30BO-EIOBBIX 3€JIEHOMOIIHH-
Kax W 0epe30BO-COCHOBO-EJIOBBIX TPAaBSHBIX COOOIIIe-
ctBax. [lomyssiys MHOTOYHCIIEHHAs,, COCTOUT U3 pacTe-
HAW pa3IU4HBIX BO3PACTHBIX COCTOSIHUM, SIBIISETCA
YCTOWYUBOM.

Epipactis palustris (L.) Crantz — [Ipemauk 60i0T-
Hbl1 (puc. 4 / fig. 4).
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Puc. 4. Epipactis palustris (L.) Crantz — /IpeMiiux 00J10THbIA

Fig. 4. Epipactis palustris (L.) Crantz

Bun Brirouen B Kpacusiit ciucok MCOII (Bup ¢ mo-
HuxeHHon ys3BuMocThio (Least Concern)) [30], BKIIO-
yeH B Kpacuyto kuury Ilepmckoro xpas (III xareropus
penkoctn) [21].

EBporneiicko-3anaHOCHOMPCKO-aTae-CassHCKO-
IpeBHecpean3eMHoMopckuid Bux [13]. B TaexHoil 30He
VYpana u conpenenbHbIX TEPPUTOPHUN OYEHb PEIOK, Ha
ceBepe nocturaer Bepxosuit Kamsr [18]. B Ilepmckom
Kpae BCTpedaeTcs m3peika Ha OoJblIel 4acTh TeppHUTO-

pun. U3BeCTHBIC JTOKAIbHBIC MOMYISIIMH MATOYHUCICHHBL.
Heobxonumo obecrieueHre HEMPUKOCHOBEHHOCTH U CO-
XPaHHOCTH PAaCTEeHUs Ha BCEH IUIOIIAAU €ro apeasa, co-
3/1aHKe 3aKa3HUKOB [17].

Ha oOcnenoBaHHOM y4YacTKe MpoOHM3pacTaeT Ha He-
OonbiioM cdarnoBom 6Gosote. Pa3mep oBajbpHOrO 1O
¢opme Gosora cocrasisier npumepHo 70 x 100 M.

Calipso bulbosa (L.) Oakes — Kammrmco xiryOHEeBas
(puc. 5/ fig. 5).

Puc. 5. Calipso bulbosa (L.) Oakes — Kajunco kinyoHeBast
Fig. 5. Calipso bulbosa (L.) Oakes
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Bun Buecen B Kpacuyro kaury PO (III xateropus
penkoctn) [22], B3aT mox oxpany B IlepMckom kpae
(III xareropus peaxoctw) [21].

CeBepoeBponeicKo-a3uaTCKO-CeBEPOaMEPIKAHCKUN
Bua [13]. OcHoBHBIE MecTOHaxXOXXACHHS B llepMckoM
Kpae — B IOJ30HE HOKHOW TailirM; B IOJ30HE CpenHei
Talr¥ peoK; eMMHUYHBIE MECTOHAaX0oXaeHus B KyHryp-
CKOIl OCTPOBHOM J€cOoCTeny; MPaKTHUECKU IOJHOCTBIO
OTCYTCTBYET B II0JIOCE IIMPOKOINCTBEHHO-XBOHHBIX JIe-
coB. HecMoTpst Ha TO, YTO M3BECTHO JOCTATOYHO OOJb-
IIO€ YHCJIO MECTOHAXOKACHWH, YHCICHHOCTh BHAA B
KaXXJIOM W3 HUX OYeHb HU3Ka — 00brdHO 10-20 ocobei.

Jns monmepkaHUsl CTaOMIBHON YHCIEHHOCTH HE00Xo-
IuMa opraHmzanms B Mecrax npomspactanus OOIIT,
00eCreunBaOIIMX COXPAHCHNUE pPACTUTEIBHOCTH, I10-
CKOJIbKY BH/I TIOJTHOCTHIO BBIMHPAET, JIa)Ke CIIU BBIpyOKa
HaxonuTcs psagom [17].

Ha tepputopuu obcnenoBanus BuI HUKCHPOBAICS B
COCHSIKaX TPaBSIHBIX W 3eJeHOMOIIHbIX. B 2021 r. oTme-
4yeHo Oosee 50 ocoOell B reHEpaTUBHOM COCTOSIHUH, Be-
reTUpyoIre 0codou 0ojiee MHOTOYHCIICHHEL.

Neottia nidus-avis (L.) Rich. — 'ne3noBka HacTosmas
(puc. 6/ fig. 6).

Puc. 6 Neottia nidus-avis (L.) Rich. — 'ne3n0BKka HacTosias
Fig. 6 Neottia nidus-avis (L.) Rich.

Bun srmrouen B Kpacuseiii cimcok MCOII (Bux c
noHmkeHHoW ya3BuMocThio (Least Concern)) [33],
B Kpacnyro kuury Ilepmckoro kpas (Il xareropus pea-
KocTH) [21].

EBporeiicko-3ama HocHOUpCKO-CpeIn3eMHOMOPCKU I
[13] memopanbHbIl Bua. Cropaaddeckud BCTpedyaeTcsl B
LIEHTpaJIbHON U 10KHOM uacTsax [lepmckoro kpas. Ywuc-
JIEHHOCTh BO BCEX MECTOOOHMTaHUAX HU3Kas [17].

B xome mapripyroB B 2020 r. 3ad)uKCHpOBaHO IBE
ocobu B 0epe30BO-OCHHOBO-IUXTOBO-EIOBOM TPaBSHOM
u B 0epe30BO-COCHOBO-EJIOBOM TpaBsHOM Jiecy. B 2021 .
BUJI OOHApYKEH HE OBUI, 4YTO BO3BMOXHO OOBSCHHUTH OCO-
OEHHOCTAMH OMOJIOTHH: PACTEHUE LBETET OOBIYHO pa3 B
JKU3HH, pexe 2—3. PasBuBaeTcs U3 ceMsH MeIIeHHO (8—
10 net), KOpHEBBIMH OTIIpBICKamMu — 2—3 rona [17].

Goodyera repens (L.) R. Br. — I'ynaiiepa monsydgas.

Brecena B Ipunoxxenue k Kpacnoit kaure Ilepmcko-
ro Kpasi, Kak BUJI, Hy>KZAIONIHIcI B 0cOO0M BHUMAaHUH B
pupoaHOH cpexe [21].
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Tonmapkruueckuit Buz [13]. IIpouspacraer Ha Gomnbiieit
(xpome 1oro-3amajsiHoil) YacTH TEPPUTOPUH Kpasi, HO YHC-
JIEHHOCTh COKpAIaeTcs B CBS3H ¢ BhIpyOKamu Jiecos [17].

B xozxe npoBeneHHbBIX 00cae10BaHNH (UKCHPOBATIACH
00a rojia B COCHsIKaxX TPaBSHOM M 3€JIEHOMOIIHOM.

Epipactis helleborine (L.) Crantz — JIpemiuk mupo-
KOJIMCTHBIH.

Buecen B [Ipunoxenue k Kpacuoit kaure [lepmckoro
Kpas, KaK BHJ, HYXIAIOIIUICSI B 0COOOM BHHIMAaHHHU B
npupoaHOi cpexe [21].

EBpomneiicko-cpeaHecnoMpcKo-BOCTOYHOA3UATCKO-
JpeBHecpeau3eMHoMopckuil Buj [13]. Berpewaercs He-
penko Bo MHOTHX paiionax Ilepmckoro kpas (kpome rop-
HOM YacTH), HO B PE3yJIbTaTe aHTPOIIOTEHHOTO BO3JEH-
CTBHSI OTMEUYECHA TCHJIEHIMSA K COKPAILCHUIO YHCIIA 0CO-
6eii [17].

Ha ob6cnenoBanHOM TeppUTOPUH OBLIO OTMEYEHO HE-
CKOJIBKO 0co0eli B 0Oepe30BO-€JI0BOM  3€JICHOMOIITHOM
jecy.
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Gymnadenia conopsea (L.) R. Br. — Koxymank
JIITUHHOPOTUH.

Buecen B [Ipunoxenne k Kpacnoit kaure Ilepmckoro
Kpasi, KaK BHJ, HYXTAIOIIHUHCSI B 0COOOM BHUMAaHHU B
mpupoaHoii cpene [21].

[Taneapkruuyeckuit Bug [13]. Berpeuaercss Ha Bceit
TEPPUTOPUH Kpasi, HO YUCIEHHOCTh 0CO0Oeil BO BCEX M3-
BECTHBIX MeCTaX 0OUTaHHUS HeBBICOKA [17].

3adukcupoBaHa oiHa 0co0Ob Ha charHOBOM OoJioTe.

Platanthera bifolia (L.) Rich. — JIroOka nBymucTHas.

Buecen B [Ipunoxenne k Kpacnoit kaure I[lepmckoro
Kpasi, KaK BHJ, HYXTAIOIIHUHCSI B 0COOOM BHUMAaHHU B
mpupoaHOii cpene [21].

EBpomneiicko-cpenHeCHONPCKO-CPeTN3eMHOMOPCKII
Bup [13]. Berpewaercs Ha Bcell TeppHTOpHH Kpas, HO
YHCIICHHOCTh 0CO0EH BO BCEX M3BECTHBIX MECTaX OOWTa-
HUS HEBBICOKa [17].

Ha oOcnenoBaHHON TeppUTOPUHN BCTpEHaeTCs B COC-
HSKaX TPaBsHBIX, COCHSKE 3EJICHOMOIIHOM, Oepe30BO-
€JI0BOM 3€JICHOMOIIIHUKE.

Coeloglossum viride (L.) C. Hartm. — [Tononenect-
HUK 3€JICHBIN.

Buecen B [Ipunoxenue k Kpacnoit kaure Ilepmckoro
Kpas, KaKk BHJ, HYXTAIOIIUHCI B 0COOOM BHUMAaHHU B
npupoaHoil cpeae [21].

lonapxruueckuit Bua [13]. [Ipouspacraer B cesep-
Hoii monouHE [lepMcKoro Kpasi, 9yBCTBUTENCH K aHTPO-
oreHHomy Bo3zeiicteuio [17]. B ceBepo-3anaaHoil ya-
cti Poccuu BBISIBIIGHA TEHJCHIUSI K COKpAILEHHIO YHC-
neHHocTH Buaa [11].

B 2020 r. 3adukcupoBaHO HECKOJIBLKO 0CO0EiH B Oepe-
30B0-€JI0BOM 3€JICHOMOIITHOM JIECY.

Listera ovata (L.) R. Br. — TaliHuk si1ieBUIHBIN.

Buecen B [Ipunoxenne k Kpacnoit kaure Ilepmckoro
Kpas, KaKk BHJ, HYXTAIOIIUHCSI B 0COOOM BHIMAaHHHU B
npupoaHoii cpene [21].

EBporneiicko-cpeanecuoupcko-
npeBHecpeanzemHomopckuil Bua [13]. [Ipouspacraet mo
BCEH TeppuTOpuM Kpas. YHCIo M3BECTHBIX MECTOOOHTA-
HHUH JOBOJBHO BEJIHMKO, HO YHCIICHHOCTh OCOOEd Besne
HeOompmmasg. OTMedeHa TCHIACHIWS K WX COKPAIICHUIO
[17].

OuKcHpoBajcs Ha TPAHUIE COCHAKOB U JICCHBIX TO-
por.

Dactylorhiza fuchsii (Druce) Soo — IlampuaToko-
penHuK Oykca.

Buecen B [Ipunoxenue x Kpacnoii kaure Ilepmckoro
Kpasi, KaK BUJ, HYXIAIOIIUHCSI B 0COOOM BHHMAaHHHU B
npupoaHoii cpexe [21].

EBponeiicko-3amagHocuOupcKo-anTae-cassHCKO-BOC-
ToyHoasuatckuit Bun [13]. Ha teppuropmu Ilepmckoro
Kpasi M3BECTHO OOJIBIIOE KOJIMYECTBO MECTOHAXOMKICHUM,
B TOM YHCIIE C BBICOKOH unclieHHOCThI0. Criemyer oTMme-
TUTh, YTO yMEpPEHHAS aHTPOIIOTCHHAs HAarpy3ka croco0-
CTByeT HEOONBIIOMY YBEIHMUYCHHIO YHCICHHOCTH pacTe-
Huil. PeaibHON yrpo3sl AJIs CYIIECTBOBAHUS BHIA HET.

Ha oOcienoBaHHOM ydYacTKe BCTpedascs Ha JIECHBIX
JIOporax.

Epipogium aphyllum Sw. — HanbopoaHuk 0e3/ucT-
Hblit (puc. 7/ fig. 7).

Puc. 7 Epipogium aphyllum Sw. — Hanoopoanuk 6e31ucTHbI

Fig. 7 Epipogium aphyllum Sw.

Brecen B Kpacusie kaurn PO (II xateropus peako-
ctu) [22] u llepmckoro kpas (II xareropus penko-
cty) [21].

EBpa3naTcko-BOCTOYHOA3HATCKO-UPAHO-TYPaHCKUI
Bun [13]. B TlepMckoM kpae pacmpocTpaHEH paccesHHO,

31

Ha OosbIneii yacTu Tepputopun. Bunx mo ceouM 6nosoro-
9KOJIOTUYECKUM OCOOCHHOCTSIM He 00pa3yeT MHOTOYHC-
JICHHBIC JIOKAJIbHBIC NOMYJIALNN, ITIOOTOMY B IICJIOM BECbMa
MmanouucieHeH. LlenecooOpa3Ho npugaHue MEeCTOHAXO0XK-
JICHUSIM BHa IPHPOIOOXpaHHoro craryca [17].
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bein 3adukcupoan 18 wurons 2015 1. B Oepe3oBo-
enoBoM Jecy BOmm3m HeOompmoro Oomora FO. A. Ca-
BeibeBEIM (¢oto (puc. 7 / fig. 7) coemaHo WMEHHO TO-
rma). bonpme MECTHBIMH KHTEIIMH HE OTMEYasCs.
B xo1e peKkorHOCIMPOBOYHOTO 0OCIEOBaHUS B HIOHE
2020 u 2021 r. Tak:ke BBISBJIEH HE OLLI, YTO CBSI3aHO CO
BpPEMEHEM NPOBEACHUs 00CIeI0BaHNs U 0COOCHHOCTSIMU
Ouosnoruu Buaa: HaAOOPOJHUK Pa3BUBACTCS IOA3EMHO B

Teuenne 10 u Ooree JeT U MOSABIACTCS HaJ 3eMJICH OIWH
pa3 B 5—7 JIET TONBKO BO BpPEMs LIBETEHUS B UIOJIE — aB-
rycre.

Takum oOpa3oMm, Ha 0OCIEITOBAaHHONW TEPPUTOPHUH
3adukcupoBaHsl 12 mpencraButeneii cemeiictBa Orchi-
daceae, BHECEHHBIX B CIIMUCKH PAa3JIMYHOTO YpPOBHS
oxpansbl (Tabnuua / table), oT peruoHalIbHOTO JI0 MEX-
JTyHapOJIHOTO.

Tabmuma
OxpansieMble BUBI pacTeHuii ceMmeiictBa Orchidaceae mecTtonaxoxaeHusi Boym3u 1. Iaiinel (IlepMmcekmii kpaii)
Table
Protected Orchids of a locality near the village of Gainy (Perm Region)
VYposuu oxpanbl // Plant species
N IIpunoxenue
Kpachsrit Kpachas xaura o
) CITHCOK Kpacnas xaura Tlepmicxoro k KpacHoii kuure
Ne Bup // Plant species CUTEC /| P® // Red List . .| Tlepmckoro kpas //
MCOIT// . kpas // Red List .
CITES | of the Russian Appendix to the Red
TUCN Red . of the Perm .
. Federation . List of the Perm
List Region .
Region
1 | Calipso bulbosa (L.) Oakes + + +
2 | Coeloglossum viride (L.) C. Hartm. + +
3 | Cypripedium calceolus L. + + + +
4 | Dactylorhiza fuchsii (Druce) Soo + +
5 | Epipactis helleborine (L.) Crantz + +
6 | Epipactis palustris (L.) Crantz + + +
7 | Epipogium aphyllum Sw. + + +
8 | Goodyera repens (L.) R. Br. + +
9 | Gymnadenia conopsea (L.) R. Br. + +
10 | Listera ovata (L.) R. Br. + +
11 | Neottia nidus-avis (L.) Rich. + + +
12 | Platanthera bifolia (L.) Rich. + +
Jduckyccus HHE MeCT OOHWTaHUS IOJDKHO pacCMaTpUBAThCA Kak

OcHOBHasl TIPUYMHA COKPALICHUS YHCIEHHOCTH H
BBIMHPAHMS OPXUIHBIX Ta JK€, YTO M JUII MHOTUX IPYTHX
TPYII PacTeHUH — HapylIIeHHe MECTOOOMTaHUH MIPSIMBIM
aHTPOIIONE€HHBbIM BO3JelcTBUEM. Heckonbko pexe mnpu-
YHHAMH HMX MCYE3HOBEHMS CTAHOBSTCA cOOp pacTeHHMH
JIOABMH WM KIUMaTHYecKHe u3MeHeHus. llpu 3Tom
9KOJIOr0-OMOJIOTMYECKUE OCOOEHHOCTH OPXMIHBIX YCH-
muBatoT 3(Q(deKT HeONAroNpUsSTHBIX BO3AEUCTBUH, Ompe-
Jiensas 0COOEHHO BBICOKUI MPOLIEHT BEIMUPAIOIINX BHIOB
WMEHHO B 3TOM cemelictse [11, 28].

Tak, JUIMTETbHBI OHTOTE€HE3 HE IMO3BOJIAET IIOIYJIsi-
LUSIM OPXHUITHBIX OBICTPO aJanTHPOBATHCS K U3MEHEHMSIM
cpensl. Kpome Toro, MHOrue OpXujaHbIE, B YaCTHOCTU
He(OTOCHHTE3NPYIONINE IPENCTaBUTeNM poaoB Epipo-
gium R. Br., Neottia Guett., SBISIOTCS OOJUTaTHBIMU
MHKOPH3000pa30BaTeIsIMH, CJIEOBAaTENbHO, HX CyIIe-
CTBOBaHHWE B 3HAYUTEIHHOI CTENCHH 3aBUCHT U OT HAJH-
YWl YCJIOBHH, ONArOMPHUATHBIX UII MHUKOPH3000pa3yro-
IIUX TPUOOB, UTO CY)KaeT IKOJOTHUYECKYIO HHUIITY, OIXO-
JUIIIYIO JUTSE 9THX pacteHuit [11].

W3-3a CIIOKHOTO KU3HEHHOTO IUKJIA OPXUAHBIE CUH-
TAIOTCSl OCOOEHHO YS3BUMBIMHM K IIOCIEICTBUSIM IJIO-
OaNbHBIX M3MEHEHHH okpyxaromei cpenbl [28]. Cymie-
CTBYIOT TPEAINOJIOKEHHS O CMELIEHWU apeana HEKOTO-
puIx opxuaHbIX (B yactHoct Calipso bulbosa) x ceBepy
B CBsi3U ¢ oOmmM moreruienuem [11, 29]. Ho moka u3me-
HEHHe KJIMMaTa He JeTaeT yCIOBHA Ul MPOU3PACTAHHSA
OopXuzeil HENPHUrOAHBIMH, HEMOCPEACTBEHHOE COXpaHe-
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HauBbICIIUHN npuopureT [28].

[Ipupoanblii paiion cpegHel Talirm B mpenenax
[MepMckoro xpast xopomro obecriedeH 0cob0 OxpaHse-
MBIMH TPUPOJHBIMU TEPPUTOPHSIMHU, 3aHUMAIOIINMU
10,5% mnnomanu paiiona [25]. HecMoTpst Ha 3T0 oTMeua-
eTCsl TIepCNeKTUBHOCTh co3fnanust HoBbIXx OOIIT B nmaH-
HOM paiioHe W HEOOXOIUMOCTh PACIINPEHHUS CETH PErH-
oHanbHEIX OOIIT mpu 10CTOBEpHOM BBIIBICHHH MECTO-
oOuTaHuit BUIOB, 3aHECEHHBIX B KpacHble KHMTM U HX
npuioxenus [3].

[lo MHEHHIO creUaTUCTOB OOTAaHMKOB IS BCEX
npencraButeneit cemerictBa Orchidaceae Ha Ypane u
COIIPE/IENIBHBIX TEPPUTOPHUSIX HEOOXOJMMa OpraHU3alus
OXpaHbl UX momynauuil. Jlake OTHOCUTEIBHO YacTo
BCTpevaromecss Buabl, Takue kak Cypripedium
calceolus, Platanthera bifolia, B cuy cBoero nuddy3Ho-
IO pacmpoCTpaHEHHUS M HEOOJBIION YHCICHHOCTH SBIIS-
10TCsl ysA3BUMBIMH [18]. Ys3BHMOCTH OJHON W3 camoi
IIMPOKO PACHpPOCTPAaHEHHOH OPXHAEH Ha TEPPUTOPHU
IMepmckoro kpast Platanthera bifolia monTeepxaeHa
TaKXKe B HMCCIEJOBAHUAX MOMYJALUN B H0XKHO-TACXKHOM
3oHe KnpoBckoii o0macty, riie 00JIbIIMHCTBO MOIYJIISIMN
BHJa HA MOMEHT HCCIEI0BAHUS HAXOJUIUCH B COCTOS-
HHH, OJIN3KOM K yrpoxaemomy [9].

Ha teppurtopuu IlepMckoro kpasi pekoMeHayeTcs op-
raauzamus OOIIT mis mommepskaHus CTaOMIBHOM YHC-
JIGHHOCTH CJIENYIOIIMX BUJIOB opxuiei: Epipactis
palustris, Calipso bulbosa, Epipogium aphyllum [17].
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Hcxozast U3 BCeTo BBINIECKA3aHHOTO, CICIYET 3aKIIIO-
YHUTh, YTO OOCIIEZOBAHHOMY y4YacTKy B OKPECTHOCTSX II.
laitabr [lepmckoro kpasi, XapakTepU3yIOLIEMYCS BBICO-
KM pa3HOoOOpa3zneM W OOMIHEM IIPOW3PACTAIONINX Ha
HEM TpexacraButeneit cemeiictBa Orchidaceae, 1ieneco-
00pa3Ho mpHIaHue cTaTyca 0co00 OXpaHsIeMoW MPHUPOJ-
HOU TEPPUTOPUHU.

BriBoabI

Pa3Butne cucrembl 0c000 OXpaHsAEMBIX MPHPOIHBIX
TEPPUTOPHI SBISCTCS OTHUM M3 HamoOoiee 3P ¢eKTHB-
HBIX METOJIOB COXpaHeHWs OmopasHooOpaswms. [lo wHu-
nuatuBe xutens moc. [aitaer FO.A. CaBenpeBa B 2020 u
2021 Tr. mpoBemeHO PEKOTHOCHHPOBOYHOE OO0CIerIoBa-
HHE ydacTKa BONM3m moc. ['aifHBI ¢ MebI0 OIpeaecHUs
eJIeco00pa3sHOCTH MPUAAHUS €My CTaTtyca 0co00 oxpa-
HAEMOW NPUPOIHON TEPPUTOPHUH.

VYyacTok pacnojyiokeH B pailoHe cpefHel Tailrh Ha
tepputopun Ilepmckoro kpasi. B xome o0OciemoBanus B
€ro mpejenax BBIIBICHO HECKOJIBKO THUIIOB COOOIIECTB:
COCHSIKM TpaBsSHBIE U 3€JI€HOMOIIIHBIE, OEpe30BO-EIIOBbIC
3€JICHOMOIIHBIE,  0epe30BO-0CHHOBO-EJIIOBO-ITUXTOBBIE
TpaBsiHBIE U 0epe30BO-COCHOBO-CIIOBEIC TPABSIHEIC Jeca,
ctaraoBoe 00I0TO.

Ha o6cnenoBannoM yuactke 3adukcupoBano 11 oxpa-
HSEMBIX BHIIOB PACTCHHH, OTHOCSIIUXCS K CEMEHCTBY
Orchidaceae: ~ Cypripedium  calceolus,  Epipactis
palustris, Calipso bulbosa, Neottia nidus-avis, Goodyera
repens, Epipactis helleborine, Gymnadenia conopsea,
Platanthera bifolia, Coeloglossum viride, Listera ovata,
Dactylorhiza fuchsii.

Epipogium aphyllum 6v1 3aduxcupoBan B 2015 1. B
6epesoBo-enoBoM Jecy FO.A. CaBenbeBbiM. [lo3mHee BUg
HUKEM HE OTMEUaJcs.

OcHOBHas TPUYMHA COKPANICHUS YHCICHHOCTH U
BEIMHPAHHS OPXUIHBIX — HapyIIEHHE MECTOOOMTAHMIHA
IoJl BO3IEHCTBHEM aHTPONOTeHHBIX (akTtopoB. [lpm
9TOM 3KOJIOTO-OHOJIOTUIECKHAE OCOOCHHOCTH OPXHIHBIX
ycmmuBaroT 3¢ ekt HeOIaronpusTHEIX Bo3eicTBuil. Ha
CeTOAHAIIHMN [JeHb HEMOCPEACTBEHHOE COXpaHEHHE
MeCT OOMTaHHS paccMaTpuBaeTcsi Hambolyiee NEHWCTBEH-
HBIIl METOJT OXPaHbl OPXHTHBIX.

CreranuctaMi IPUPOJOOXPAHBl OTMEYaeTCsl mep-
CIeKTUBHOCTH co3nanue HoBeix OOIIT B paiione cpen-
HEll Talird U HeOOXOAMMOCTh PACIIUPEHHS CETH PErHo-
HanbHbIX OOIIT mpu AOCTOBEPHOM BBISBIEHUU MECTO-
HaXOKJICHUU OXPaHSIEMBIX BHJOB, CIICIIAIUCTaMHU OOTa-
HuKamu pexkoMmenayetca opranusanust OOIIT Ha Teppu-
topun [lepmckoro kpas Juis moJyiep>aHusi CTaOMIbHON
YHCIEHHOCTU CIEIYIOIUX IMpencTaBUTENeld ceMelcTBa
Orchidaceae: Epipactis palustris, Calipso bulbosa, Epi-
pogium aphyllum.

Takum oOpa3om, cieayeT 3aKIOYUTh, YTO 00CIe0-
BAaHHOMY YYacTKy B OKpecTHOcTsX II. ["aiinbl [lepmckoro
Kpas 1e1eco00pa3Ho MPUCBOUTEL CTaTyC 0c000 OXpaHsie-
MOU MPUPOTHOIN TEPPUTOPHH.
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Modeling of soil erosion by water in the provinces of Sikasso and Koulikoro (Republic of Mali)
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Abstract. Soil along water is arguably the most precious resource on the planet. In addition to its economic benefits,
soil provides critical biological services [7]. Despite its pillar functions for society, soil is often overlooked and thus is
subjected to degradation and erosion. Soil erosion represents a serious global threat to land, freshwater, and oceans [3].
In Western Africa, erosion is perceived as a critical threat to the livelihoods of millions of people. This study attempts
to assess and map the potential annual soil loss in the provinces of Sikasso and Koulikoro (republic of Mali). Spatial
modeling of soil loss by rainfall for the year 2018 was provided using rainfall data derived from the European Joint Re-
search Center, the Soil Map of the World (FAO), digital elevation model (SRTM), vegetation activity (MODIS / Terra).
Methods of calculation were based on the Remote Sensing and the Revised Universal Soil Loss Equation (RUSLE).
The Geoinformation processing of the RUSLE subcomponents involved the use of the LS-factor algorithm of the Sys-
tem for Automated Geoscientific Analyses (SAGA) and the Raster calculator of the ArcGIS tool box. The potential soil
loss within the area ranged from 0.02 ton/ha/year to 98.87 tons/ha/year with a mean of 1.63 ton/ha/year. The spatial
pattern of the erosion showed a rate of 0.02 to 1 ton/ha/year for 39% of the territory, 1 to 3 tons/ha/year for 47.58%,
while 0.01% experienced a rate of more than 50 tons/ha/year. This study despite its match with the result of the global
soil loss by water established by Borreli et al (2020) [3], needs to be verified by direct measurements.

Key words: Soil Erosion, Soil Loss by Water, Revised Universal Soil Loss Equation (RUSLE), Geoinformation
Processing, Remote Sensing, Raster Calculation
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PA3JIEJT 2. TPAHC®OPMAILTMS [TPUPOJTHOM CPE/IbI
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MopaeanpoBaHue BOIHOI 3po3un noyB B npoBuHmusax Cukacco u Koyankopo (Pecnydiauka Manu)

JAunappa Bypema
Ilepmckuil rocynapCTBEHHBIN HallMOHAJIBHBIM HCCIIe10BaTeNbCKUN yHUBEpCUTeT, Ilepms, Poccus,
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AnHoTanus. [louBa BMecTe ¢ BOJIOM, BOBMOKHO, SIBJIIIOTCS CAMBIMH LIEHHBIMHU pecypcamu Ha ruiaHere. [lomumo
9KOHOMHYECKUX BBITOJI, TOYBA 00SCIIEYNBACT KU3HCHHO BaXKHBIC OMONOTHYECKHE YCIIyrd. HecMoTps Ha To, 4TO HO4Ba
SIBIISICTCS. OCHOBHOM IS OOIIECTBA, €f 9acTO HE YACISIOT TOHDKHOTO BHUMAHWS, ¥ TIO3TOMY OHa TMOABEPIKEHA Jerpaja-
MW ¥ DPO3HUU. DPO3Us TIOYBHI MPEACTABISET COO0H Cephe3HYIO II00aNbHYIO YTPO3Yy HE TOJIBKO CYIIe, HO M JUIS Mpec-
HOBOJIHBIX 9KOCHCTEM, a TaKKe JJIs1 OKeaHa. B mpoBuHIMSIX 3anagHol AQPHUKH SPO3Hs CUMTAETCS CEPhE3HON yrpo30id
JUTS1 )KM3HU MIJUITMOHOB JIIo/Ied. B 3TOM HccnenoBaHuU AeNaeTcsl MOMbITKa OUEHUTh U COCTAaBUTh KapTy MOTEHIUAIbHOM
©XETOHON moTepu MouBhl B mpoBUHIMIX Crkacco u Kymukopo (pecmyonnka Mamm). [IpocTpaHCTBEHHOE MOJIEIHPO-
BaHHE MHTEHCUBHOCTH 3PO3UH TOYBHI, BEI3BaHHOM J0xkaeM 3a 2018 ro mpoBeaeHO MpH MOMOIIU JaHHBIX O JINBHEBBIX
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ocaJikax, MOJy4eHHBIX U3 EBpoIelickoro meHTpa COBMECTHBIX HCCIEIOBAaHUH, II00ambHOW MmouBeHHOH KapThl (DAO),
OTKPBITBIX NaHHBIX 0 penbede (SRTM) Bereranmonnoi aktuBHOoCcTH pactureabHocTd (MODIS / Terra). Bee pacdersr
IIPOBEJICHBI Ha OCHOBE IMEPECMOTPEHHOTO YHUBEpCaabHOTO ypaBHeHUs rnoteps nousbl (RUSLE). 'eonnpopmannonHas
obpabotka monkommoHerToB RUSLE Brimouana ncrnonp3oBanue anroputMa LS-dakropa, ciucreMbl aBTOMaTH3UPOBAH-
Horo reopmsndeckoro anammza (SAGA) m KanpKymsTopa pactpa u3 Habopa mHCTpyMeHTOB ArcGIS. IloTennnansHas
MoTepsi TIOUBBI Ha TeppuTopuu kKonebnercs ot 0,02 Tonn/ra/rox 10 98,87 ToHH/Ta/ToA, a cpeiHee 3HAUSHNE COCTABIISET
1,63 TonH/ra/roa. lns Ooipliel 4acTH H3ydyaeMol TEPPUTOPUH XapaKTepHA CPAaBHUTEIHHO HEBBICOKAsk HHTEHCHBHOCTD
spo3un. Tak, yposenb noteps noussl ot 0,02 mo 1 ToHH/TA/TON
xapakreped s 39% tepputopun; ot 1 mo 3 ToHu/ra/rox mns 47,58%. MakcumanbHble TemIsl 3po3un (6onee 50
TOHH/Ta/To) oT™MeueHs! suib it 0,01% wusydaemoit Teppuropun. Hamre nccnenoBaHue, B LENOM, COBHAgaeT C pe-
3yIbTaTaMU IJIO0ATBHOTO MOJEIMPOBAHUS MTOTEPh IOYBBI, OOYCIOBICHHBIX BOJHOH 3po3uel, ycTaHoBIeHHBIM Borreli
et al (2020) [3]. Ognrako, 1A MPUMEHEHHUS HA TPAKTHKE, pe3yIbTaThl Halled paboTel HEOOXOANMO BEPHUPHUINPOBATH
NPSIMBIMH HATYPHBIMU HU3MEPEHHUSIMH.

KaioueBble cioBa: BoJHAs 5pO3Usl MOYBBI, NOTEPH MOYBBI, IEPECMOTPEHHOE YHHBEPCAILHOE YpaBHEHHE MOTEPH
mouBsl (RUSLE), reonadopmarmonHast 00padoTka JaHHBIX, JUCTAHIIMOHHOE 30HANPOBAHUE, PACTPOBBIC BHIYUCICHUS

Baaronapuocru: aBrop xorten Obl moGnaroxapuTh noueHTta IlepMckoro rocyaapcTBeHHOro yHusepcurtera [lasia
CaHHHKOBA 32 PyKOBOJICTBO 3THM HCCJICJIOBAHUEM U OOLIME KOHCYJIBTAllMK B Mpoliecce MOATOTOBKHU HcciienoBanus. OH
Takoke OmarogapeH OOBEIMHEHHOMY HCCIIEAOBATENECKOMY IEHTPY EBporeiickoil KOMHCCHM 3a NMPEAOCTABICHUE MYy
JTAaHHBIX O TTI00aTBbHON 3PO3UH 0CAAKOB, KOTOPBIE MTO3BOJIMIIN pacCUUTaTh Ko duiueHt R.

s nurupoBanus: bypema J]. MopenupoBaHue BOAHOHN 3po3uM mouB B npoBuHNUAX Cukacco u Koymukopo
(Pecrryonmmka Manm) //  AlTpomoreHHas TpaHchopMmanus npupomHoit cpemsl. 2021, T.7, Ne2. C.36-48.
https://doi.org/10.17072/2410-8553-2021-2-36-48

Introduction Where: A is the annual soil loss in ton/ha’'yr!, R is

Erosion remains one of the most important factors the Erosivity factor in Mj. Mm/ (ha.hr. yr), K is the erod-
that has shaped the Earth’s surface since it emerged. And ibility factor (t ha h ha' Mj' mm?), LS is the slope
for more than 7,000 years, humans have been fighting steepness and slope length factor (unitless), C is the land
erosion to protect their land from the aggressiveness of cover management factor (unitless) and P is the conser-
rain and runoff [18]. Erosion corresponds to the acceler- vation practice management factor (unitless).
ated removal of topsoil and can occur in many forms as a Erosion modelling in developing countries such as
result of several causes. Anything that moves, including Mali is difficult because of the lack of data regarding
water, wind, glaciers, animals, and vehicles can be ero- soils, rainfall and management practices. It is difficult to
sive [20]. Amongst different transporting agents, water obtain the key parameters of soil prediction models from
remains however, one of the most serious threat. Water direct measure. To remedy to this situation, indirect
erosion has been recognized as the most severe hazard methods are applied to estimate them and make the study
threatening the protection of soil as it reduces soil feasible.
productivity by removing the most fertile topsoil [17]. Since Bennet (1939) father of soils’ conservation,

Given its negative effects on soil productivity, nutri- studies have been trying to assess soil loss at different

ent loss, siltation in water bodies, and degradation of level. First begun in the USA in the late 1930’s with the
water quality, scientists, since 1960’s have been trying U.S Soil Conservation Service (SCS), soil loss prediction

to understand the driving forces behind soil erosion. models have been continuously refining [20]. At conti-
They have developed a variety of models to assist in nental level, Van der Knijff et al. have quantified rill and
identifying critical components and interactions within inter-rill erosion in Europe in 2000 using the USLE [21].
the soil erosion system. Amongst different erosion At global scale, Borreli et al. in 2020 predicted the poten-
models, the Universal Soil Loss Equation (USLE) and tial soil erosion by water from 2015 to 2070 [3]. In Trop-
its family of models: Revised Universal Soil Loss Equa- ical Africa however, studies on soil erosion remain

tion (RUSLE), the Revised Universal Soil Loss Equa- sparse. If in 1950, the Institute of Rural Development
tion version 2 (RUSLE2), and the Modified Universal (IRD) directed the first researches on soil erosion in
Soil Loss Equation (MUSLE), remain the most widely Tropical Africa, these were particularly aiming at estab-
used [1]. lishing classical hydrological parameters (flood hydro-

First released by US Department of Agriculture — Ag- graph, runoff coefficient) and did not include any par-
ricultural Research Service /USDA-ARS/ in 1992 with ticular erosion measures [5]. In the Republic of Mali,

the aim to overcome the shortcomings of the USLE mod- researches directed on soil erosion by water measurement
el, the RUSLE kept on the basis of the USLE and remain limited on the literature. Only Bishop, J. and Al-
measures soil loss per unit area at an annual timescale lan, J., in their study of on-site costs of soil erosion in
[20]. It uses a simple equation as followed: Mali, provided a comprehensive investigation at the re-

A=R*K*LS*C *P (Equation 1) [1]. gional level [2]. Nowadays, in the Republic of Mali,

there is some evidence of land resources degradation and
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thus the need for understanding the rate of this degrada-
tion and raising public awareness on the importance of
the issue.

The present study attempts to estimate and map the
potential soil loss for 2018 in the provinces of Sikasso
and Koulikoro using remote sensing and Revised Univer-
sal Soil Loss Equation (RUSLE). This attempt is not only
driven by scientific motive but also by economics one. In
the Republic of Mali, natural resources at large and soil
in particular represent a core mean of subsistence for
most families. Across the country, rural populations de-
pend on soil functions for the provision of their food,
fodder for their animals, fuel for cooking, crops for mar-
ket. In 2014, agriculture occupied more than 80% of the
country’s population and contributed 40% of the Gross
Domestic Product [12]. To most rural people, land deg-
radation is widely perceived as a critical threat to the
economic development in a country where about 44% of
the population lived less than $ 1 a day in 2010[13].

Materials and methods

Geographical settings. The study area covers
161 thousand km? and lies within the Sudanese and Sahe-
lian zones between 10° 8 and 15° 30’ north altitude and
4° 24’ and 9° 7’ west longitude.

The relief of the region is dominated by plains with
an average altitude of about 300 — 400 m (fig.1. A /
puc. 1. A). The plateaus Manding (with 808 m in Kati)
and of Sikasso (with 591 m in Sikasso) remain the high-
est elevation in the area [9].

The climate of the provinces is largely dominated by
the Sahelian domain which is marked in its northern limit
by 200 mm isohyet while the rest belongs to the Suda-
nese zone limited by about 1300 mm isohyet [8]. The
precipitation regime of the region is unimodal and con-
trolled by the west African monsoon. The continentality
of the region reinforces the seasonal contrast between a
tropical rainy season lasting 3 to 5 months and a long
absolute dry season of 9 to 7 months. The rains that re-
sult from isolated convective thunderstorms, occur dur-
ing the boreal summer, starting between May and July
and ending between September and October with a max-
imum in August. The annual rainfall fluctuates between
200 and 500 mm in the north (Sahelian zone) and 600 to
1300 mm in the south (Sudanese domain) [8]. The annual
mean temperature regime in the region is influenced by
the general atmospheric circulation and thus remains
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high (28 — 30° C) with a maximum in May (42° C) and
the minimum in January (22° C) [28].

The landscapes of the provinces are characterized by
interfluves whose soils and their organization in land-
form and pedogenetic processes vary according to the
climatic zones [4]. In the Sahelian zone, the influence of
the shallow granito — gneissic substrate and the very low
drainage index results in the formation of sodic and alka-
line soils. Rich in swelling clays and very poorly perme-
able, they are very susceptible to erosion. Concerning the
Sudanese domain, it presents soils rich in kaolinite and
alterites, but modest in mineral. Soils in this zone, are
subjected to serious risks of acidification and aluminium
toxicity. Based on the FAO’s Digital Soil Map of the
World, fourteen soil Units: Ferric Acrisols (Af), Plinthic
Acrisols (Ap), Eutric Cambisols (Be), Vertic Cambisols
(Bv), Gleysols (G), Lithosols (I), Fluvisols (J), Ferric
Luvisols (Lf), Gleyic Luvisols (Lg), Dystric Nitosols
(Nd), Eutric Nitosols (Ne), Luvic Arenosols (Q1), Eutric
Regosols (Re) and Chromic Vertisols (Vc) were found
within the study area (fig.1. B / puc. 1. B) [24].

Hydrographically, our two provinces are crossed by
the Niger river and its tributaries. With 4200 km (1780
km in Mali), the Niger begins its Malian journey in Kan-
gaba then receives near Mopti, on its right side, its largest
tributary in Mali: the Bani which is formed by the water
of Baoulé, Banifing and Bago¢ in the region of Sikasso.
Sangarani remains another river in the region. The prov-
inces are also home to several lakes and ponds (Wegnan,
Ngoroma, Selingue, etc.).

The floristic composition of the region is dominated
by savannas. Term designating a heterogeneous group of
formations, the savanna according to the phytogeograph-
ic congress of Yangambi (1956) is a: "Grassy formation
comprising a carpet of large grasses measuring, at the
end of the growing season, at least 80 cm in height, with
flat leaves at the base or on stubble, smaller grasses and
herbaceous plants. These herbs are usually burnt every
year; on this grassy carpet, trees and shrubs are generally
found, which form a wooded savanna (trees and shrubs
forming a clear cover allowing the light to pass through),
a shrub savanna (shrubs only, on the grass carpet), a
grassy savanna (trees and shrubs absent, only grass car-
pet)” [22]. Species such as: Andropogoneae, Combretum
spp, Butyrospermum p, Detarium senegalense, Daniellia
oliveri, etc. remain endemic in the region [10].
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Fig. 1. Terrain and Soil Cover of the study area
A) Altitude B) Soil Units (FAO)
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Agriculture and breeding constitute the main activi-
ties of the region. Concentrating about 85% of the popu-
lation, agriculture in the two provinces is the rain-fed
type and produces primarily dry cereals, peanuts, sesame,
cotton, etc. [11]. The farming system of the area is fre-
quently simplified by resorting to plough for carrying out
large-scale works. This practice, while stimulating the
mineralization of humus by completely stumping culti-
vated plots, has many negative consequences. The min-
eral elements thus released are frequently washed away
and can no longer be recycled on the surface. Concerning
the breeding, it represents an important source of wealth
around which rural people organize their lives. The in-
crease national herd size since the 1992, has resulted in
overgrazing, especially in the Sikasso region, which con-
stitutes a transit area for Sahelian herders to the wetlands
of Cote d'Ivoire and Guinea [11]. In addition to these
threats, bushfires frequently used by both farmers and
breeders as tool for managing their space, present serious
consequences. By partially or totally destroying the
woody and herbaceous vegetation, they expose the soils
to the first storms of the rainy season.

Materials. To determine the soil loss within the study
area, 26 bands of Shuttle Radar Topography Mission
(SRTM 30m) [25], 5 NDVI 250 m MODIS/Terra Vege-
tation (MOD13Q1) covering the period from May 9th
2018 to September 14th 2018 [24], the annual Global
Rainfall Erosivity dataset (30 arc seconds) [14] and the
Digital Soil Map of the World [23] were used.

Methods. The different components of the RUSLE
were computed using the ArcGIS toolbox and the System
for Automated Geoscientific Analyses (SAGA) [26].

Rainfall Erosivity (R)

The R factor represents the effect that rainfall has on
soil erosion and was included after observing sediment
deposits after an intense storm [20]. The annual R factor
is a function of the mean annual EI30 that is calculated
from detailed and long-term records of storm kinetic en-
ergy (E) and maximum 30 min intensity (I30) [1]. The
original Equation used to calculate R factor is:

i .
R = w (equation 2) [1].
EI30 = E * 130

E =916 + 331 x logl0 !

Where: R is the rainfall and runoff factor — the rain-
fall erosion index plus a factor for any significant runoff’
from snowmelt (100 ft. ton. acre”'yr *!); I is the intensity
(in h™'); EI30i: EI30 for storm i; j is the number of
storms in an N — year period.

This original method of computing R value requires
extended pluviographic records over a period of 20 years
at least, with temporal resolution less than or equal to 30
minutes [20]. Given the impossibility to obtain this, we
used the annual Global Rainfall Erosivity dataset (30
arcsec) established by Panagos et al. (2017) to extract the
R factor of the area. The annual global Rainfall Erosivity
which derived from 3,625 stations covering 63 countries,
was computed using the Rainfall Intensity Summariza-
tion Tool (RIST) software developed by the United
States Department of Agriculture (USDA) [15].
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Soil erodibility (K)

The K factor essentially represents the soil loss that
would occur on the (R)USLE unit plot, which is a plot
that is 22.1 m long, 1.83 m wide, and has a slope of 9%
[1]. Higher K value indicates the soil’s higher suscepti-
bility to erosion. The original equation developed to

compute K factor is expressed as followed:
K= [2.1 x M1 x (107*) x (12-a)]+[3.25 x (b—2)] +[2.5 x (C—3)]

100
(equation 3) [1].

Where: K is the Soil Erodibility factor (t ha h ha' MJ
"mm™); M is the particle-size parameter; a is the organ-
ic matter (%); b is the soil structure code used in soil
classification and c is the profile permeability class.

Similar to R factor, studies have developed alterna-
tive methods to compute K factor. The K value of the
study area was computed by applying the equation of
Williams and Renard (1983) as cited in Benavidez. R et
al. (2018) (equation 4) based on soil physical properties
(texture and carbon content). This has been done by us-
ing the World Digital Soil Map of the FAO which is
composed with the GIS shapefile and an attribute data-
base that provides information about the composition of
each soil mapping unit and standardized soil parameters
for top and subsoil.

K =02+ 03 exp(0.0256  Sa* (1 —--) *
0.25*C

(cfsl-)% «(10- m) * (10—

0.7« SN ‘
SN+exP(_5_51+22_95N)), (Equation 4) [1].

Where: Sa = sand (%), Si = silt (%), Cl = clay (%),
C = organic carbon, SN = 1 — (Sa/100). C = organic
carbon.

NB: K value from (equation 4) is converted into SI
units of metric ton hours per megajoules per millimeter
by multiplying it by 0.1317.

Topographic factor (LS)

The LS factor represents the effect of the slope’s
length and steepness on sheet, rill, and inter-rill erosion
by water, and it is the ratio of expected soil loss from a
field slope relative to the original Universal Soil Loss
Equation (USLE) unit plot [1]. The original method
(equation 5) for estimating LS factor was applied at the
unit plot and field scale, and the RUSLE extended this to
the one-dimensional hill slope scale [1].

LS = ( A )m * [(65.41 * sin®@) + (4.56 * sin®) +

72.6

0.065](equation 5) [1].

Where: LS is the ratio of soil loss under a given slope
steepness and slope length; A is the slope length (ft), O is
the angle of slope, and m dependent on the slope (m =
0.2 to 0.5).

Further research extends the LS factor to topograph-
ically complex units using a method that incorporates
contributing area and flow accumulation [16]. The LS
factor of the area was estimated using one of the hydrol-
ogy modules available in SAGA (the LS — factor) which
contains the algorithm of the equation 6, proposed by
Desmet and Govers (1983) as cited in Panagos et al.
(2015) [27]. The input data to SAGA included the slope
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in gradient and the catchment of the area derived from
the SRTM 30 m.

LS=(m+1) (%) m (S;r;ﬁ) n (equation 6) [1].

Where: LS is the slope length and slope steepness; U
is the flow accumulation * cell size; L0 is the length of
the unit plot (22.1); SO is the slope of unit plot (0.09); p
is the slope; m (sheet) and n (¥ill) depend on the prevail-
ing type of erosion (m = 0.4 to 0.6) and n (1.0 to 1.3).

Cover management factor (C)

The C factor represents the ratio of soil loss under a
given crop to that from bare soil [1]. The original method
of computing C value which combines impacts of previ-
ous management, canopy cover, surface cover and
roughness, requires extensive knowledge of the study
area [6]. Further researches in Europe and Brazil com-
puted C factor through the normalized difference vegeta-
tion index (NDVI) (equation 7). C value for the study
area was estimated using (equation 8).

NDVI
B-NDVI

C=exp (—a * ) (equation 7) [21]
Where: C is the Cover management factor; NDVI is
the Normalized Difference Vegetation Index; o. = I and

=2.
NDVI+1

Cr = (_f) (equation 8) [6].

Where: Cr is the rescaled C factor for tropical cli-
mate.

Practice management factor (P)

The P factor is defined as the ratio of soil loss under
a specific soil conservation practice (e.g. contouring,
terracing) to that of a field with upslope and downslope
tillage [1]. P value ranges from 1 (no erosion control
solution) to 0 (effective conservation practice). The P
factor of the study area was estimated following the
approach proposed by Shin et al. (1999) as cited in
Sheikh and Alam (2011) which is based on the slope
inclination [19].

Table 1

Cultivation method and slope classification, Shin (1999) as cited in [19]

Tabmuma 1

JPpO3MOHHASI OLIECHKA METO/A0B Ce/JIbCKOX0351iiCTBeHHOI 00padoTKM 3eMellb
NP pa3HbIX YKJIOHAX MecTHOCTH, Shin (1999) [19]

Practice management (P factor) estimation // OueHka celbCKOX03HCTBEHHBIX MPAKTUK
(P ¢axrop)
Slope % // Yxnon KOHT(;/;I;z)ﬂu(r)lgSa{éoma Strip cropping // IIpsimble Terracing //
% KOHEYHBIE T10JI0CHI TeppacupoBanune
HOYBBI

0.0-7.0 0.55 0.27 0.10
7.0-11.3 0.60 0.30 0.12
11.3-17.6 0.80 0.40 0.16
17.6 —26.8 0.90 0.45 0.18
26.8 > 1 0.50 0.20

The annual soil loss (4)

In the ArcGIS toolbox, the annual soil loss was esti-
mated using the raster layer of different sub components
of the equation.

Results

Rainfall erosivity (R)

The R factor derived from the Global Rainfall Ero-
sivity dataset varies between 1408 and 5084 MJ mm ha™!
h! year™! and shows a net decrease from south to north
(fig. 2. A/ puc. 2. A).

Soil Erodibility Factor (K)

The results also indicate that the soil erodibility factor
(K) in the study area ranges from 0.04 to 0.1 t ha™ MJ™!
mm!. The results presented in table 2 / Tabnuma 2 show
that the highest k value 0.10 is found in the clay-loam
and loamy-sand whereas the smallest one (0.04) is found
in the sandy soil. Also, 50.53% of the area belonging to
sandy-loam have a k value of 0.08.

Topographic factor (LS)

The application of the method proposed by Desmet
and Govers in the SAGA environment has resulted in the
computation of the LS factor of the study area which
varies between 0.03 and 21.26. About 94.11% of the area
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have a LS value comprised between 0.03 and 1. The
highest LS value which ranges from 10 to 21.16 repre-
sents about 0.01% of the study area and are primarily
found in the western part of the area (Kati) (fig. 2. B /
puc. 2. B).

Cover management factor (C)

The C value of the study area was estimated using
(the equation 8) and the NDVI 250 m MODIS acquired
between May 9th and September 14th 2018. The estimat-
ed C value for the area ranges from 0.006 to 0.059 (fig 2.
C / puc. 2. C). C value closer to 0 represents a denser
vegetation coverage. About 86.6% of the area have a C
value between 0.006 and 0.03. The highest C value 0.04
to 0.059 represents about 0.23% of the area of interest
and are mainly located in the extreme northern part of the
region (Nara).

Practique management factor (P)

Due to sparse information on specific land-use types
and farming systems in the area, P value has been com-
puted based on the slope inclination. This ranges from
0.55 to 1. It’s important to note that about 89% of the
territory have a P value of 0.55 (slope 0 to 7 %) whereas
only 0.67% have a P value of 1 (slope greater than
26.8%).
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Table 2
Soil types and soil erodibility in the study area
Tabnuma 2
Tunsl N0YB U XapaKTepHble CKOPOCTH 3PO3HHU B paiioHe ucc/ieJ0BaAHUA
Soil erodibility (K factor) / 9poznonnocts moussl (K daxrop)
- - . =
' . USDA Soil Textural Organic Matter K Eictor E} hah ha Area thha (%) /
Soil Units (FAO) // TTou- class // Knacc mexa- content (%) // Co- MJ P mm™) // K dak-
1 IInomank, TEIC. Ta
BeHHBIe euHUIBI (DAO) HUYECKOTO COCTaBa NiepyKaHre Oprannde- | Top (TOHH Ta yac ra %)
USDA ckux Beutects (%) Mk ! mm ) °
Ferric Acrisols (Af) Sandy-clay-loam // 0.91 0.09 521.6 (3.21)
Cymnecu-CyrinHKH
Plinthic Acrisols (Ap) Loam // CyrmuHOK 1.09 0.08 177.5 (1.09)
Eutric Cambisols (Be) Clay-loam // Luian- 1.07 0.10 85.9 (0.52)
CTBIN CYTJIHHOK
Vertic Cambisols (Bv) Clay // Tnuna 1.1 0.08 40.2 (0.24)
Gleysols (G) Loam // CyrauHok 2.02 0.07 175.7 (1.08)
Lithosols (I) Loam // CyrauHok 0.97 0.09 1850.8 (11.40)
Fluvisols (J) Loam // CyrnuHOK 1.32 0.09 123.8 (0.76)
Ferric Luvisols (Lf) Sandy-loam // Cynec- 0.39 0.08 8202.1 (50.53)
YaHbIi
Gleyic Luvisols (Lg) Clay // T'nuna 0.73 0.09 409.7 (2.52)
Dystric Nitosols (Nd) Loam // CyrauHok 1.57 0.07 802.2 (4.94)
Eutric Nitosols (Ne) Clay // T'nuna 0.6 0.08 1315.3 (8.10)
Luvic Arenosols (Q1) Sand / Cynecs 0.2 0.04 1776.1 (10.94)
Eutric Regosols (Re) Loamy-sand // Cy- 0.5 0.10 684.9 (4.21)
MEeCYAHBIH
Chromic Vertisols (Vc) Clay // Tnuna 0.69 0.09 63.9 (0.39)
A R factor B
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Fig. 2. Results of geoinformation processing of the RUSLE subcomponents
A) R factor B) LS factor C) C factor
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Puc. 2. PesyabTarsl reonHGpopManHoOHHBIX pacyeToB cyOkomnonenTtos RUSLE
A) R dakrop B) LS dakrop C) C paxrop

Potential annual soil loss (A)

To estimate the potential annual soil loss for the
study area, we used the product of RUSLE’s compo-
nents (R, K, LS, C and P). In the ArcGIS toolbox (Spa-
tial analyst), we run the RUSLE model by using the
raster layers of different sub-factors. The potential soil
loss in the region ranges from 0.02 to 98.86
tons/ha/year with an average of 1.63 tons/ha/year.

The classification of this result into seven groups
showed that 39% of the area has an erosion rate ranging
from 0.02 to 1 ton/ha/year, 47.58% from 1 to 3
tons/ha/year and about 0.01% more than 50 tons/ha/year
(table 3 / Tabnuma 3). The spatial pattern of the poten-
tial soil erosion map indicated that the area with large
erosion risk were located in the steeper slopes (fig. 3.
A, B/puc. 3. A, B).

Table 3
Estimated soil loss for 2018 in the study area
Tabmuna 3
PaccuutanHasi CKOpOCTh 3pO3HH NOYB Ha U3y4aemoii Teppuropnu (2018 r.)
A factor (The potential soil loss), tons/ha/year //
A dakTop (CKOpPOCTh MOTSHIMAIBHBIX NOTEPh MOYBBI), TOHH/TA/TOL
0.02-1 1-3 3-5 5-10 10-20 20-50 >50
Area (th. ha) // 6285.33 7665.12 1550.95 431.48 137.93 35.95 2.03
IInomanse, THIC. Ta
0,
Area, % // lons 39 47.58 9.62 2.67 0.85 0.22 0.01
iomaznu, %
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Fig. 3. Results of RUSLE subcomponents and RUSLE calculation
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Discussion

Regarding the validity of our estimates, they matched
with the global soil loss map established by Borreli et al.,
which attributed in 2015, an erosion rate of 0 to 50
tons/ha/year to our study area [3]. It is however, useful to
note that the use of the RUSLE under tropical climate has
always been questioned. This is due to the fact that under
this climate, the rainfall regime is more intense and the
region subjects to gully erosion which is not taken into
account by RUSLE.

The indirect estimation of the K value using the soil
units derived from the small-scale global soil map of the
world is due to the lack of detailed data on the texture
and organic carbon content of soils in West Africa.
A regional detailed data on soils will make this calcula-
tion much more detailed in the future. In addition to this,
low resolution initial data precipitation (30 arc seconds)
and NDVI (250 m) remain other limitations. Regarding
the precipitation, any new data is likely to be expected in
the near future due to the low rate of development of the
representativeness and frequency of meteorological ob-
servations in Mali. For the calculation of the NDVI,
much more detailed sources are available in the public
domain. For example, Landsat 8 data is 30 m. However,
their use is difficult due to the small width of the survey
swath (185 km), which is not enough to fully cover all
survey areas in one-day series of scenes.

These primary results are estimated at the annual
timescale. Future researches will be focused on the dif-
ferent seasons of the year in order to understand the con-
tribution of vegetation cover to seasonal soil loss and
identify critical periods within the year when soil erosion
is a risk.

Conclusion

The advance of Remote Sensing (RS) technology and
GIS are making soil loss prediction much handy, cost
effective, comprehensive and robust. This will be of par-
ticular importance for countries such as Mali where data
regarding to soil, rainfall, management practices are
sparse. Materials used for the present indirect measure-
ment of potential soil loss in the provinces of Sikasso and
Koulikoro included the Global Rainfall Erosivity Dataset
(30 arc seconds), the Digital Soil Map of the World (1:5
000 000 scale), the SRTM (30m) and the NDVI MODIS
(250 m).

The estimated components of the RUSLE equation
range from 1408 to 5084 MJ mm ha™! h™! year! for R
factor, 0.10 to 0.04 t ha h ha™! MJ™' mm™! for the erodi-
bility factor (K), 0.03 to 21.26 for the topographic factor
(LS), 0.006 to 0.05 for the cover management factor (C)
and 0.55 to 1 for the practice management factor (P). The
estimates potential soil loss for 2018 vary between 0.02
and 98.86 tons/ha/year with an average of 1.63
tons/ha/year. About 0.01% of the area experienced severe
erosion rate (more than 50 tons/ha/year).

The estimation of the rainfall erosivity and the erod-
ibility factors constituted the main limitation of this
study. Like most of the meteorological patterns, rainfall
regime is not static and varies widely from one season
to another and thus its direct computation will be more
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accurate. Also, soil properties such as organic matter
are subject to continually evolution and its data needs to
be updated.

The rapid demographic growth of the Malian popula-
tion will increase pressure on natural resources at large
and on soil in particular. Since soils remain the core asset
for most of the population, there is an urgent need of
improving the accuracy and scale of their degradation. In
this regard, establishing datasets relating to the rainfall,
the soil property at the national level will make the fore-
casts of soil erosion by water more precise.
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Abstract. Geochemical and physiological indices gained at the background area and at the area under anthropogenic
impact were compared. The study sites comprise 30 sample areas each. Overall, 600 samples of pine needles were des-
ignated for the delayed chlorophyll fluorescence measurement as well as 60 samples of soil and pine needle correspond-
ingly were selected to perform the geochemical analysis. The biological uptake of the pine urban ecosystems is repre-
sented in the range: Mn (10,16) > P (7,19) > Ag (2,78) > Ba (2,76) > Cu (2,31) > Sr (1,85) > Ni (1,80) > Zn (1,75) > Pb
(0,86) > Co (0,48) > Cr (0,40) > Zr (0,37) > V (0,36) > Ga (0,33) > Ti (0,21). In comparison with the background site
data the biological uptake is increased in regard to V, Ti, Ni, Cu, Cr. The methodology implies the method of recording
the relative index of delayed fluorescence with the help of fluorimeter “Photon 10”. The data accumulated in the course
of the geochemical analysis allowed to distinguish common geochemical features of the study sites and revealed differ-
ences in soil and needle qualities. The value of relative index of delayed fluorescence (RIDF) under the impact of con-
siderable anthropogenic impact is lower by 25% and more related to the background site. This deviation testifies that
the human impact is present even on the early stage of ecosystem degradation.

Key words: forest ecosystems, anthropogenic influence, delayed fluorescence, geochemical indices, stage of degra-
dation
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AnHoTanms. CpaBHHBAINCH TEOXUMHIECKUE U (DU3HOIOTHYECKHE TTIOKA3aTelH, OTy9IeHHbIe Ha (HOHOBOI TEppUTOPHUN
1 Ha TEPPUTOPUH, ITOBEPraIOIeHCs aHTPOIIOTeHHOW Harpy3ke. Mccnemyemple yqacTKi cocTosT u3 30 mpoOHBIX MmIioIma-
JIOK KX, B 1esom, st uamepeHust GiryopecieHINy 3aMeJIeHHOro Xyopodunia Osu1o otoopaHo 600 o6pasioB coc-
HOBOM XBOH, a Takke 60 00pa3I0B MOYBEI I COCHOBOM XBOM COOTBETCTBEHHO JUISI IPOBEACHUS TEOXUMHYECKOTO aHAIIN3A.
bronorndeckoe MorionieHne pecypcoB TOPOICKAX SKOCHCTEM MPENICTaBleHo B psaae: Mn (10,16) > P (7,19) > Ag (2,78) >
Ba (2,76) > Cu (2,31) > Sr (1,85) > Ni (1,80) > Zn (1,75) > Pb (0,86) > Co (0,48) > Cr (0,40) > Zr (0,37) > V (0,36) > Ga
(0,33) > Ti (0,21). o cpaBHEHHIO ¢ JaHHBIMU (POHOBOTO y4YacTKa OMOJIOTHYECKOE MOTJIONIEHNE YBEIHYNBAETCS B OTHO-
mennn V, Ti, Ni, Cu, Cr. Meroanka noapazyMeBaeT METO/l PETHCTPAIMH OTHOCHTEIBHOTO NMOKa3aTelsl 3aMe/IJIeHHON
¢uryopectieHunu ¢ nomolinsio Giayopumerpa “Photon 10”. /laHHbIe, HAKOIUICHHBIE B XO/I€ TEOXUMHYECKOTO aHAJIN3a, 1103~
BOJIMJIN BBIICJIUTH OOIIHE TeOXUMHUUECKHE 0COOEHHOCTH MCCIIEYEMBIX YYaCTKOB M BBISIBUTH Pa3iiMyMs B KaU€CTBE MOYBBI
1 XBOM. 3Ha4YeHHE OTHOCHTEJILHOTO MHAEKca 3ameyieHHo# ¢umyopecnenimu (RIDF) nox BoznelcTBHEM 3HAUMTENHLHOTO
AHTPOTIOTEHHOTO BO3/IEHCTBUS HIDKE Ha 25% 1 Ooee mo OTHOIIEHHUIO K (JOHOBOMY YYacTKy. DTO OTKJIOHEHHE CBUICTEIb-
CTBYET O TOM, YTO aHTPOIIOTEHHOE BO3JCHCTBHE MPUCYTCTBYET a)ke HA PAHHEH CTaINH eTPafallii SKOCHCTEM.

KiroueBble cjIoBa: JECHBIE HKOCHCTEMBI, aHTPOIIOTEHHOE BO3/ICHCTBHE, 3aMeJICHHAs (IIyOpPECEHINs, T€OXUMHU-
YeCKHE MOKa3aTelH, CTaaus Jerpafain
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Introduction

Nowadays the anthropogenic impact on the environ-
ment has reached its critical level due to the highly de-
veloped industrial production. Large quantities of pollu-
tants are emitted into the urban air basins on a daily basis
and their cumulative effect is hard to forecast and inhibit.
The qualitative characteristics of the atmospheric air ex-
ert a direct influence on health and reproductive potential
of the population, expenses for healthcare, etc.

Ecosystems degraded as a result of anthropogenic ac-
tivity represent an urgent issue which is especially ag-
gravated in urban areas exposed to integrated environ-
mental effects [9]. Atmosphere contamination is caused
by transport and plants/factories emissions, which are
regarded as the major factors of modern anthropogenic
transformation affecting urban forest ecosystems [16,].
Anthropogenic impact results in the alteration of the ini-
tial geochemical system [12]. It is known that technogen-
esis leads to gradual changes of average concentrations
of elements in soil. The ecological situation of ecosys-
tems is adequately estimated on the basis of geochemical
features of soil and vegetation condition [1].

The major indicator of sustainable development is
eventually the quality of the habitat. Environmental qual-
ity indices are specified by a wide range of ecological
indicators, the majority of which are represented by bio-
logical ones [10; 13].

Bioindication is a detection and determination of eco-
logically significant natural and anthropogenic impacts in
terms of the reactions to them of living forms in their
immediate habitat. Biological indicators possess the fea-
tures, proper for a system or a process, on the basis of
which such issues as qualitative or quantitative assess-
ment of trends, determination or evaluative classification
of ecological systems conditions, processes and events
are accomplished [8].

Accumulation and circulation of pollutants in various
land ecosystems differ enormously due to the fact that
contaminating elements act differently in various envi-
ronmental conditions. Ecological monitoring should be
held separately for every ecosystem (forest), for every
element and type of an indicator plant [6]. Ecosystems of
pine forests can serve as an example since. The Pinus
sylvestris intercepts the major portion of atmospheric
trace elements in forest ecosystems of the north hemi-
sphere [24]. Special methods of sampling were elabo-
rated for the Pinus sylvestris and other species and con-
siderable data were received concerning the concentra-
tion of chemical elements in their needle [7; 17; 18].

At present there is a variety of methods for the indica-
tion of anthropogenic transformation of environment;
however, the majority of them are unable to detect early
stress responses of an ecosystem [14]. The most signifi-
cant information is about the impact of chemical ele-
ments concentration in the ecosystem on biological ob-
jects [20].

Methods aimed at measuring parameters of photosyn-
thetic apparatus of plants have been extensively exploited
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in ecological studies [22]. One of these methods implies
detecting different parameters of chlorophyll fluores-
cence in a variety of plants (chloroplasts, water plants,
needle and leaves of plants, lichens) [4; 21].

Materials and methods

Geochemical and physiological indices gained at the
background area (protected area (PA) “Osinskaya lesna-
ya dacha”) as well as the area under anthropogenic im-
pact (PA “Chernyaevsky les”) were compared.

Protected area “Chernyaevsky les” (685,97 ha area)
represents a forest area of local significance which is
situated near the centre of the city Perm and surrounded
by residential areas. Protected areca of regional relevance
“Osinskaya lesnaya dacha” (12 168 ha area) situated as
far as almost 100 km to the south-west of Perm city was
chosen as a background study site.

Pine types of forest located in the study sites and be-
longing to the green moss group were preliminarily se-
lected for the experiment, further they were field-
specified. The study sites comprise 30 sample areas
(then — SA) each. Overall, 600 samples of pine needle
were designated for the delayed chlorophyll fluorescence
measurement as well as 60 samples of soil and pine nee-
dle correspondingly were selected to perform the geo-
chemical analysis.

The geochemical sampling of soil and pine needle
was accomplished according to the standard practice and
environmental regulations [2,19].

Soil was sampled according to the method of “enve-
lope” by mixing increment samples into a composite
sample. The samples were extracted at the depth of 0—
20 cm (excluding forest litter) whereas the weight of a
composite sample amounted to not less than 1 kilogram.
Sampling was performed with auger Edelman. Needle
samples were gathered from the south facing Pinus syl-
vestris undergrowth at the height of 1.3 m subsequently,
and then they were mixed. The selected branches were
freed from year-long needle.

The soil samples were dried and representative ex-
tracts were selected for the analysis. The portions under-
went sifting through a soil sieve (1,0 mm) followed by
grinding in an agate mortar. Biogeochemical sample
points such as needle and wood cores were dried and
then combusted in a laboratory.

The prepared samples were put into a special labora-
tory for the measurement of their microelements concen-
tration. The atomic absorption analysis was conducted
with the diffraction spectrograph STE-1 using the meth-
od of evaporation from the crater. Every sample was
scrutinized for the concentration of 34 chemical ele-
ments: Ni, Co, Cr, Mn, V, Ti, Sc, P, Ge, Cu, Zn, Pb, Ag,
As, Sb, Bi, Mo, Ba, Sr, W, Sn, Be, Zr, Ga, Y, Yb, Nb, Li,
Tl, Ce, Ta, In, Au, Hg.

All manipulations with the compiled data were done
in Microsoft Excel office software. For the elements with
the concentration exceeding 70 % the partition law was
determined, background and anomalous content values as
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well as sampling variance and average quadratic devia-
tion which serve to measure dispersion related to the
average concentration value were performed in every
representative extract.

The results of the analysis allowed to determine the
following indicators: indicator of a chemical element con-
centration [15], cumulative indicator of contamination (Zc)
[19], indicators of absolute (IAA) and relative accumula-
tion (IRA) and indicator of biological uptake [2].

During the investigations of soils in the study area of
1 km2 the difference was determined between the back-
ground content before the start of these processes and
after their completion: IAA = C1 — C2. If after the end of
the processes the content decreased (i.e. the loss of ele-
ments occurred), the TAA value was negative [2].

The determination of the average density of soils al-
lowed to assume after accounts that the increase (de-
crease) in the concentration of chemical elements in soils
by an amount equal to 1 * 10-3 %, within the upper 30
cm layer corresponds to an increase (decrease) of their
weight by 6 tons on an area of 1 km?.

IRA value was estimated the following way [2]:

IRA=IAA/C1

The research in question applies the method of re-
cording the relative index of delayed fluorescence

(RIDF). The phenomenon of delayed fluorescence is
characterized by a light excitation in photosynthesizing
cells followed by a subtle and continuously fading emit-
tance produced by chlorophyll [22]. This emittance re-
sults from the elimination of the quick fluorescence due
to the energy released during light-independent reactions
of initial photosynthetic products in reactive centers [14].

Among the forest forming species, Pinus sylvestris is
one of the most widely spread indicator species [15]. Pinus
sylvestris is distinctive of high sensitivity to increased con-
centrations of toxic substances in environment.

The methodology of identifying the level of environ-
mental pollution according to photosynthetic indices of
vegetation on the basis of pine ecosystem surveys was
developed by the Department of biogeocenology and
environmental protection in Perm State University [14].
This methodology allows to perform researches aimed at
determination of physiological conditions of vegetation
in differently polluted areas of atmospheric air.

The methodology implies the method of recording the
relative index of delayed fluorescence with the help of
fluorimeter “Photon 10” (fig. 1 / puc. 1). The measure-
ment of a sample’s emittance is designed for two previ-
ously set light and time regimes, conventionally named
as «high light mode» and «low light mode» [14].

Fig. 1. Fluorimeter «Photon 10»

Puc. 1. ®ayopumerp «Poton 10»

The methodology in question consists of the follow-
ing units:

e The specifics of sample selection for analysis.

e The specifics of sample analysis with the help of
“Photon 10”.

e “Photon 10” adjustment when dealing with pine
needle.

o Interpretation of measurement results.

The rate of photosynthesis is correlated with a plenty
of different natural factors such as temperature and air
humidity, time of day and others [23]. Consequently, for
further objective interpretation of data, received with the
help of fluorimeter “Photon 10 in 2011, studies are de-
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signed for the elaboration of the bioindication concept of
air pollution. Indices of chlorophyll fluorescence of pine
needle foliage were recorded at the identical study sites;
however, a different methodology of sample selection was
conducted. Beyond that it is recommended to perform 24-
hour measurement with the interval of 1 hour.

Results and discussion

The data accumulated in the course of the geochemi-
cal analysis allowed to distinguish common geochemical
features of the study sites (table 1 / Tabmuma 1; fig. 2, 3 /
puc. 2, 3). Concentration of Zn, Cu, P, Co in the soil
nearly doubles the Clarke number characteristic for the
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world soils [25]. Concentration of Ni within the Clarke Sr, Y and Sn. Ga and Mn concentrations exceed the
number is indistinctive for the soils with light mechanical Clarke number [11] in the pine needle. Low concentra-
composition. Relatively low concentration was detected tions of such elements as V, Cr, Ba, Ti, Pb, Co, Zn, Cu
for a number of elements such as Ti, Cr, Sc, Zr, Ba, Ga, [3] were identified.

Table 1

Concentrations of microelements in pine forest ecosystems
Tabmnmma 1

Coaepﬂcalme MHKPO3JEMECHTOB B COCHOBBIX JKOCHUCTEMAX

ConeprkaHue MEKpoa1eMeHToB, Mr/kr // Concentrations of microelements, mg/kg
Ni| Co| & [ Mn| V] Ti [ P [Cu]| Zn | Pb ]| Ag [ Ba | zr

Teppuropus // Study area

ITousa // Soil

“lepusiencicnii sec // 41,6| 14,0 | 122 | 1010 | 120 | 3725 | 1417 | 45,5 | 133 | 30,7 | 0,16 | 218 | 132
Chernyaevsky les

Torpewocts / Error 41 07 | 8 79 | 4 [ 123 [ 107 | 28 | 10 | 3,4 | 002] 15 7
Ocunckas gecnas paua // |6 ol 133 | o1 | 818 | 112 | 2629 | 1568 | 38.4 | 105 | 16,5 | 0,08 | 119 | 69
Osinskaya lesnaya dacha

Tlorpemnocts // Error 1,1 0,3 3 44 4 116 72 1,5 4 0,6 |0,001 5 4
Knapx // Clarke [25] 40 | 8 | 200 | 850 | 100 | 4600 | 800 | 20 | 50 | 10 — [ 500 | 300
Pon nozsomicTOR 301K // 322| 84 | 180 | 715 | 63,5 | 4045 | 400 | 153 | 41,3 | 11,5 ] 01 | — | -
Background of podzolic zone [1]

XBos // Needle

epuucncimid nec // 1,9 02 | 1,2 | 266 | 1,1 | 202 | 264 | 2,7 | 6,0 | 0,7 | 001 | 156 | 1,3
Chernyaevsky les

Torpeurnocts // Error 0,11 002 | 08 13 0,1 33 8 0,3 0,5 | 0,07 {0,001 | 1,1 0,1

OcuHckas JiecHasi 1a4a //

Osinskaya lesnaya dacha 14| 0,1 0,6 | 257 | 0,6 7,9 254 | 1,5 6,8 0,6 | 0,01 | 13,0 | 1,0

Iorpemsocts // Error 0,1] 0,01 | 04 7 0,1 0,9 8 0,1 0,7 | 0,07 10,001 | 1,2 | 0,05
Knapxk // Clarke [11] 2 | 05 1,8 | 205 | 1,5 | 32,5 - 8 30 | 1,25 | 0,6 | 225 | 7,5
.
=83 b
BE | R
M S
g S
B = e ——
200
Pb Zn Cu P Co V Mn Ni Ti Cr Sc Zr Ba Ga S Y &n
----- Yepraer cratii mec —— OcurcEas TecHad oadga
Chernyaevsky les Osinskaya lesnaya dacha
Fig. 2. Clarke numbers of microelements in soil
Puc. 2. Kiapku KOHIEHTpanMii 3J1eMeHTOB B MO4YBe
25

[ ]

[y
i

(=]
(I

=

Knapx konmentparu ff
Clarke of concentration

Ga Mn Ni v Cr Ba Ti Pb Co Cu Zn

= == Tepuaepckuii mec = (JcHHCEAA JecHad Ja9a
Chernvasvsky les Osinskaya lesnaya dacha

Fig. 3. Clarke numbers of microelements in needle of Pinus sylvestris
Puc. 3. Kinapku KOHUIEHTpanuii 3JieMeHTOB B XBoe Pinus sylvestris
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The results obtained through the geochemical studies
revealed differences in soil and needle qualities in
“Chernyaevsky les” and “Osinskaya lesnaya dacha”. Soils
of light mechanical composition in “Chernyaevsky les”
contain an increased concentration of some microelements.
The most considerable discrepancies are found in concentra-
tions of Pb, Ag, Zr, Ba, Sn, Sc, Ti, Cr, Zn.

Great accumulations of Ti, V, Cr, Cu, Ni, Co, Zr, Ga
were established in the pine needle in “Chernyaevsky
les” related to the contents determined in the background
study site.

The cumulative estimation of the soil contamination
[19] in “Chernyaevsky les” revealed a dangerous level of
pollution at two sample areas and a relatively dangerous

level at eight areas (fig. 4 / puc. 4). By contrast, the level
of soil contamination determined at all the sample areas
in background study site “Osinskaya lesnaya dacha” is
considered permissible.

The measurements of IAA, IRA and the indicator of
biological uptake [2] were conducted to determine the
geochemical properties of the study sites.

By contrast with the background study site, the soils
in “Chernyaevsky les” are characterized by significant-
ly higher contents of such elements as Ti (650 t/km?),
Mn (115 t/km?), Cr (18 t/km?), Zn (17 t/km?). However,
with the consideration of the background content Pb
and Ag accumulations are more crucial (table 2 / Ta6-
nuna 2).

W‘J' -7.“‘ —

| YenogHble oBosnavenus // Legend

j I:|OOI'IT "YepHasckuii nec” // PA "Chernyaevskiy
| les"

NecHble kBapTansl // Forest compartments
L~ lcocHosblit nec // Pine forest

| Kareropms sarpasHeHus nous // Soil poluttion
| class

ponyctumas // permissible (Zc < 16)

> > 5 -ymepenho onacHas // moderately dangerous
A\ @0 200 400 800 Merpu || (26 16-32)
£ 5&’9’/ 1 | Il onachas // dangerous (Zc > 32)

Fig. 4. Cumulative estimation of soil contamination in “Chernyaevsky les”

Puc. 4. CymmapHblii noka3aTenb 3arpsi3HeHHs N04B YepHAeBCKOro Jieca

Table 2

Accumulation of microelements in soils of Chernyaevsky les

Tabnuma 2

Haxonenue MHUKPOIJIEMEHTOB B MOYBax qepHﬂCBCKOFO Jeca

Onemenr // Element Cr | Mn \ Ti Cu Zn Pb Ag Sr | Sn
[Tokasatenp abcomorHoro HakoruieHus [TAH (t/km?) //

Indicator of absolute accumulation IAA (t/km?) 18,21 1147\ 49 16578 42 | 17,2 | 85 10,05 | 88 10,6
[MTokasatenp oTHOCHTENbHOTO HakomieHus [TOH // Indi- 020 014 | 004 | 025|011 | 016|052 | 0.60 |0.09 |032

cator of relative accumulation IRA (t/km?)

The biological uptake distinctive of the pine ecosys-
tems in “Chernyaevsky les” is in the range: Mn (10,16) >
P (7,19) > Ag (2,78) > Ba (2,76) > Cu (2,31) > Sr (1,85)
> Ni (1,80) > Zn (1,75) > Pb (0,86) > Co (0,48) > Cr
(0,40) > Zr (0,37) > V (0,36) > Ga (0,33) > Ti (0,21).

Rows of these eclements for the pine ecosystems of
“Osinskaya lesnaya dacha” are as follows: Mn (12,11) >
P (6,24) > Ag (4,82) > Ba (4,21) > Sr (3,78) > Zn (2,52)
> Cu (1,49) > Pb (1,37) > Ni (1,12) > Zr (0,56) > Co
(0,37) > Ga (0,29) > Cr (0,27) > V (0,19) > Ti (0,12).
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The analysis of biological uptake rows allowed to re-
veal the substantial absorption of Mn, P, Ag, Ba, Cu, Sr,
Zn, Ni by pine needle in both study sites.

The other elements are only seized as incoming ele-
ments are fixated and are able to be kept in soils thus
blocking the way to plants. Also, concentrations of heavy
metals in soil can be caused by protective mechanisms
which monitor their appearance into an organism.

The index of biological uptake is increased with re-
gard to V, Ti, Ni, Cu, Cr in “Chernyaevsky les”. It testi-
fies that needle possesses high concentrations of these
elements related to soil. The index of biological uptake is
increased regarding Sr, Ag, Pb, Ba, Zn in “Osinskaya
lesnaya dacha”. It can be primarily explained by lower
concentrations of these elements in the soil of the back-
ground study site related to “Chernyaevsky les”.

Anthropogenic impact is observed in high concentra-
tions of microelements in soil and in assimilation organs
of vegetation in terms of geochemical influence. In pine
ecosystems human activity leads to Pb and Zn accumula-
tions in soil more than two times exceeding the Clarke
number. Considerable impact exerted by anthropogenic

Temneparypa anem 30-35°C, BnaxkHocTs 35-50%
Temperature at daytime 30-35°C, humidity 35-50%

OIT3® // RPDF

——

T e s e
- I o i = P

9 10 11 12 13 14 15 16 17 18 19 20 21
Bpewms cytok // Time of the day

=== YepHseBcKkuii nec

Chemyayevsky Forest

factor can be extrapolated from the high concentrations
of Cu, Mn, Ba, Sn, Zr and Ag.

Anthropogenic impact results in the remarkable in-
crease of Ni, Cr, V, Ti, Cu and Ga concentrations in the
needle of Pinus sylvestris.

The performed experiments allowed to reveal that
such factors as temperature and water humidity (fig. 5 /
puc. 5), dark and water regimes of sampling, sampling
point on a shoot, needle age as well as the phase of phys-
iological activity are of importance.

During the daytime photosynthetic activity decay oc-
curring at hot and dry weather RIDF is lowered to 2 and
to 4 at the modelling sites in “Chernyaevsky les” and
“Osinskaya lesnaya dacha” correspondingly. Morning
and evening times are distinctive of some differences. At
low temperatures and high humidity considerable varia-
tions are observed from 10 a.m. to 3 p.m.

Diurnal fluctuations of the chlorophyll fluorescence
at study site “Osinskaya lesnaya dacha” are regarded as
background data when assessing photosynthetic activity
of assimilation organs at study areas of both PA (table 3 /
Tabmura 3).

Temneparypa auem 20-25°C, snasxkuocts 50-80%
Temperature at daytime 20-25°C, humidity 50-80%

10
X H_/——
4 \'\ o e =
o~ 6 '\s\ ,.;-"
& e
B 4

2

0 |

@ 1011 12 13 14 15 16 17 18 19 20 21
Bpemsi cytok // Time of the day

= OcuHCKas JecHas Aaya
Osinskaya lesnaya dacha

Fig. 5 Diurnal fluctuations of the delayed fluorescence relative index at different weather conditions

Puc. 5. /lHeBHOe N3MeHEeHHEe OTHOCUTEJILHOIO NOKa3aTeJisi puryopecueHIMH XJIOpopuLia
MPH Pa3HBIX MOTOAHBIX YCIOBUSAX

Table 3
Values of relative index of chlorophyll fluorescence, background site shares
Tabiuma 3
3HauyeHHs OTHOCUTEJIbHOIO NOKa3aTe sl GuryopecueHunu XJopopusiia, 1oau Gpona
Yepnsiesckuii siec / Chernyaevsky les OcwuHckas secHas nada // Osinskaya lesnaya dacha

NeTIIT//| OMB® //| NeTIIT// | OI3D // | NeIIIT//| OIBD// | NeIIIT// | OTI3D // | NeTIIT// | ONI3D // | Ne IIIT// | OII3D
No SA RIDF No SA RIDF No SA RIDF No SA RIDF No SA RIDF Ne SA | //RIDF

1 0,90 11 1,03 21 0,77 1 1,19 11 1,15 21 0,85

2 0,94 12 1,02 22 0,98 2 1,35 12 1,12 22 0,83

3 0,60 13 0,63 23 0,76 3 1,25 13 0,93 23 0,54

4 0,65 14 0,74 24 0,92 4 1,30 14 0,89 24 1,00

5 0,59 15 0,52 25 0,89 5 0,98 15 0,98 25 0,89

6 0,44 16 0,76 26 0,82 6 1,20 16 0,97 26 0,72

7 0,57 17 0,79 27 0,84 7 0,97 17 0,48 27 0,87

8 0,57 18 0,66 28 0,89 8 1,02 18 0,49 28 0,80

9 0,64 19 0,75 29 0,64 9 0,91 19 0,63 29 0,86

10 0,92 20 0,70 30 0,61 10 0,82 20 0,69 30 0,78

Cpennee OII3® // Average RIDF 0,75 +0,3 Cpennee OII3® // Average RIDF 0,92 +0.4
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On average the value of RIDF at study areas in
“Osinskaya lesnaya dacha” is lower by 8% (£ 4%) from
the background site. On average the value of RIDF at
study areas in “Chernyaevsky les” is lower by 25% (+
3%) from the background site.

The value of RIDF under the impact of considerable
anthropogenic impact is lower by 25 % and more related
to the background site. This deviation testifies that the
human impact is present even on the early stage of eco-
system degradation.

The delayed chlorophyll fluorescence is substantially
decreased when assimilation organs of Pinus sylvestris
undergo anthropogenic influence.

Conclusions

1. The developed methodology according to geo-
chemical and physiological indices was applied in order
to estimate the forest ecosystems conditions under the
influence of anthropogenic impact. Comparative analysis
of the background site and the urbanely exposed forest
ecosystem elucidated the effects of geochemical and
physiological changes in the Pinus sylvestris.

2. Increased concentrations of Pb, Ag, Zr, Ba, Sn, Sc,
Ti, Cr, Zn lead to the appearance of technogenic geo-
chemical fields in sand soils of urban forest ecosystems.
Pinus sylvestris needle comprises remarkable amounts of
Ti, V, Cr, Cu, Ni.

3. The background site is distinctive of the permissi-
ble level of pollution. The cumulative index of soil con-
tamination demonstrates dangerous and relatively dan-
gerous levels of pollution in the urban areas.

4. The measurement of IAA revealed the highest ac-
cumulations of such elements as Ti, Mn, Cr, Zn. Howev-
er, with the consideration of the background content Pb
and Ag accumulations are more crucial. Thus, IRA corre-
lates with values of concentration index and gives addi-
tional data about soil pollution.

5. The biological uptake of the pine urban ecosystems
is represented in the range: Mn (10,16) > P (7,19) > Ag
(2,78) > Ba (2,76) > Cu (2,31) > Sr (1,85) > Ni (1,80) >
Zn (1,75) > Pb (0,86) > Co (0,48) > Cr (0,40) > Zr (0,37)
>V (0,36) > Ga (0,33) > Ti (0,21). In comparison with
the background site data the biological uptake is in-
creased in regard to V, Ti, Ni, Cu, Cr.

6. The value of RIDF under the impact of considera-
ble anthropogenic impact is lower by 25% and more re-
lated to the background site. This deviation testifies that
the human impact is present even on the early stage of
ecosystem degradation (at the absence of morphological
discrepancies).

7. The increased anthropogenic impact as a result of
urbanization changes the quality of environment. Pine
ecosystems are adversely affected. At an early stage of
degradation such processes as accumulation of some
elements in soil and needle in Pinus sylvestris, decreases
in photosynthesis rate and productivity of woody plants
occur.
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OueHka BIUSHUSA CKMTAHHMS MOMYTHOTO ra3a Ha paauaJbHbIil npupoct Pinus sylvestris
(O3épHoe MecTopoxaenne HedpTH, [lepmckuii kpaii, Poccust)

Auéna Crenanosna Ilopososal, Ilasen FOpresny Cannukos?
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AnHOTammsi. B pabote paccMOTpeH BONPOC BIMSHUS CXKUTAHUs MOMYTHOTO ra3a Ha PaJualibHBIN mpupocT Pinus
sylvestris. UccnenoBanue nposeneHo Ha O3EpHOM HeTssHOM MecTopokaeHun KpacHoBuiepckoro paiiona Ilepmckoro
kpas (Poccust). OCHOBHO#M MeTON HCCTIEOBaHMS — JCHIPOXPOHOIIOTHYECKIH aHau3. J[peBecHbIe KepHBI COCHBI OOBIKHO-
BEHHOI 0ToOpans! letoM 2020 1. mpu oMot Oypasa [Ipeccnepa mo cranmapTHOH Metoanke. KepHBI 0TOOpaHEI C JBYX
wromanok: ocHoBHOH (B 100 M ot dakena) u ¢poHOBoH (B 11 kM oT akena) mromanok. [Togcyer n n3MepeHne MUPHHBI
pamuaIbHOTO MPUPOCTa MPOBEACHBI HA YCTaHOBKE JJS m3MepeHus romugHbix koier; LINTAB 6. [ns obenx rmiomamox
TIOJTY4YeHBI pa3MepHBIC MOKa3aTeH MPHUPOCTa NpeBecHHBl. CpelHee 3HAYEHHE MPUPOCTa MPEBECHHBI HA OCHOBHOW ILIO-
manke 1,426 mM/ron; Ha GoHOBOI twtomiaake — 1,808 mm/rom. [yt OCHOBHO# IUIOIIAAKK OTHOCUTEILHOS CHIYKCHHE 3HA-
YeHUil cpemHero mpupocta 3a 20 JieT 10 U mocie Hadasia padoThl ¢dakena B 1,45 pa3 Briiie, yeM Ha (JOHOBOM ILIOIIAJIKE.
B teuenue 20 net ¢ Hayasia CKUTaHUs MOMYTHOTO ra3a paJualibHbINA TPUPOCT TIAHOMEPHO CHUXKAETCs Ha 00erX IIioma-
KaX, HO TeMITbl CHIKEHUS B 1,52—1,67 pa3a Bbliie BOMN3U CoKkuranus rasa. TpeHna [4,8] Ha BOCCTaHOBJICHHE, YBEINUCHHE
3Ha4YeHHH mpupocTa, cinycts 10-20 ner nocne Havasa paboThl (akena, He BBISBICHO. TakuM 00pa3oM, OTMEUEHO BbIpa-
YKEHHOE HETaTUBHOE BIMSIHUE CXKUTaHUS MOIMYTHOTO Ta3a Ha paJualibHBIA MPUPOCT JAEPEBHEB HA MPUIICTAIONINX YUaCTKaX.
MaxkcumanbHbIe 3HAaYCHUS TPUPOCTa Ha OCHOBHOW IDIOINANKE HAOMIONANCH IJI Bo3pacTa mpeBoctos 055 jer, 9to He
MOATBEPKIaeT HaOmroneHuit [7,37] o Hanboee MHTEHCHBHOM Tiepuone pocta Pinus sylvestris no 30-35 ner. BrisBieHHBIC
[37] BBICOKHE YPOBHH XHMHYECKOTO H IMBIJICBOTO 3arps3HEHUS aTMOC(EpBI, CHIDKAOIIIE IIPUPOCT IPEBECHHBL, BEPOATHO,
HE MOTYT OBITh JOCTUTHYTHI 33 CUET NEATEIFHOCTH OMMHOYHOTO (hakena. [lomoxwurensHoe (ymoOpstomiee) BIMSHUE BbI-
opocos coequnennit Ca, K, Na, Mg, Mn [29,30] takxe He oTMeueHO. OCHOBHBIM HETAaTUBHBIM (DAaKTOPOM, JUIS TUIOIIAIKA
BONM3H (hakena, CIeqyeT CUUTATh TepMIYeCKHil. V3ydeHne pOCTPaHCTBEHHBIX, KIIMMATHYECKIX ACIIEKTOB, a TAKXKe BITUS-
HUSl 00beMa, HHTEHCUBHOCTH C)KUTAHUS Ta3a Ha COCTOSHHUE JAPEBOCTOS COCTABIIAET MEPCIIEKTUBHBIC HAIPABJICHUS Pa3BU-
TS HACTOSIIIETO MCCIEOBAHUS.

KutioueBble ci10oBa: JeHIPOXPOHOJIOTHS, CKOPOCTh IPUPOCTA APEBECHHBI, 10ObIYa He(PTH, aKes CKUTAHHSI MOIMYT-
HOTO ra3a, TEXHOTeHHOE BO3/ICHCTBHE, TEPMUIECKOE BO3ACHCTBUE

BaaronapuocTn: Pabora BeimonHeHa npu ¢puHaHCOBOH noanepxke PODU (mpoekt Ne 20-45-596018). 3a Bo3MOk-
HOCTb HCITIOJIb30BAaHUS JIECOTAKCAIIMOHHBIX JaHHBIX 1Mo HikHe-f3pBHHCKOMY M BepxHe-SI3bBHHCKOMY y4acTKOBBIM
necHuuecTBaM KpacHOBHIIEPCKOTO JECHUYECTBA aBTOPHI OJIaroapHbl 3aMECTHTENIO AUPEKTOpa 10 JIECHBIM BOIPOCaM
000 «MUII LIKTuY» A.B. Kenposy.

Hdas uurupoBanus: Ilopozosa A. C., Cannukog I1. }O. OueHka BIUSHUSI C)KMTaHUS MOIMYTHOIO Ira3a Ha pajualib-
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SECTION 2. POLLUTION

Original Paper

Assessment of the impact of associated gas flaring on the radial growth of Pinus Sylvestris
(Ozernoe oil field, Perm region, Russia)

Alena S. Porozova!, Pavel Yu. Sannikov?

12 Perm State University, Perm, Russia

! porozova_alena@mail.ru, https://orcid.org/0000-0002-7889-4679
25011430@gmail.com, https://orcid.org/0000-0001-7973-301X

Abstract. The paper discusses the question of influence of associated gas flaring on radial growth of Pinus syl-
vestris. The studied area is Ozernoye oil field of Krasnovishersky district of Perm region (Russia). The main research
method is dendrochronological analysis. The wood cores of Pinus sylvestris were selected in the summer of 2020 using
a Pressler increment borer according to the standard methodology. Cores were taken from two plots. The main plot is
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100 m from the associated gas flaring torch and background plot is 11 km from the torch. The calculation and measure-
ment of the width of the radial growth of wood were made on the machine for measuring tree rings — LINTAB 6. Nu-
merical parameters of wood growth obtained for both plots. The average value growth of wood at the main plot is
1.426 mm/year; at the background plot — 1.808 mm/year. The relative decrease of average growth of wood over 20
years before and after the start of associated gas flaring at the main plot 1.45 times higher than at the background plot.
The radial growth decreases systematically at both plots for 20 years since the beginning of associated gas flaring. But
the rates of decrease are 1.52—1.67 times higher near the torch. The trend for recovery, as well as increase in the growth
values, 10-20 years after the start of associated gas flaring, was not revealed. Therefore, the explicit negative impact of
associated gas combustion on the radial growth of wood in nearest forest were noted. Maximum growth rates at the
main plot were noted for trees ages 0-55 years. It is not supporting the conclusions of some researches [7,37] that Pinus
sylvestris has the most intense growth during 30-35 years old. Revealed [37] high levels of chemical and dust atmospheric
contamination, reducing growth of wood, most likely cannot be achieved by the associated gas flaring by the single torch.
Positive (fertilizing) influence of Ca, K, Na, Mg, Mn [29,30] compounds emissions is not marked as well. We guess that
thermal — is the main negative factor for the plot near associated gas flaring. Our research could be continued to the study-
ing of the influence of spatial, climatic aspects, volume and intensity of gas flaring process on the state of forest stand.

Key words: dendrochronology, growth rate of wood, oil mining, associated gas flaring torch, technogenic impact,
thermal impact
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BBenenue YM U MPONOJDKUTEIBHAS HMCTOPUS OCBOCHUSA HE(QTSIHOTO

JoObya HeTH — OHA M3 OCHOBHBIX OTpaciell Xo- MECTOPOXKJIEHHS, B TOM UYHUCIIE CHKUTAHHS MOITYTHOTO
3siictBa B Ilepmckom kpae. MIHTEHCHMBHOCTH BIUSHUS He(TAHOrO Ta3a; TPAHCIOPTHAS JOCTYITHOCTh; HATUYUC
HE(PTETIPOMBICTIOBOH JESTETHHOCTH HA COCTOSHHE OKpY- OTHOCHUTENBFHO HEHAPYIICHHBIX SKOCHCTEM COCHOBBIX JIe-
JKaromed cpenpl 3HAYUTENbHA, a CIEKTP BHIOB BO3ICH- coB. BeiOpaHHEIM mTapaMeTpaMm moncka otBedaet O3EpHoe
CTBHS BecbMa pazHooOpa3zeH. bonbmas gacts [lepmckoro MECTOPOXKIICHHE, pacrojioxkeHHoe B KpacHoBuiepckoM
Kpasi TOKpbITa jecaMi. COOTBETCTBEHHO, 9acTO OOBEK- paitfone [lepMckoro kpas. 9To OHO U3 KPYIMHEHIINX KC-
TOM BO3JCHCTBUS HE(PTEIIPOMBICIOB CTaHOBSTCS Jeca H, TUTyaTHPYEMBIX MECTOpPOXIeHHH HedTH B peruoHe [1].
B YaCTHOCTH, JPEBOCTOH. J[peBecHas pacTUTENHHOCTh — 3meck IMeeTcsl YCTaHOBKA 0 COKUTAHUIO TIOMYTHOTO Ta3a,
9TO BaXXHBIH KOMIIOHEHT YKOCHUCTEM, KOTOPBIA CIIOCOOEH WCIIOJIb3yeMasi Ha NPOTSKEHUM ABYX JecATuieTuid. Me-
3aMEeTHO pearupoBaTh Ha HEKOTOPHIE U3MEHEHHUS B cpe- CTOPOKACHHE OTIMYAETCSI XOpOIIeH TPaHCHOPTHOH mo-
Je. DKocucTeMbl BOMM3M Haubosee MpeoOpa3oBaHHBIX CTYITHOCTBIO. B TpaHmIIax TOpHOTO OTBOJA MECTOPOXKJIe-
yacTeil He(TIHOrO MECTOPOXKIACHUS HCIBITHIBAIOT 3HA- HUS M HAa COMPEACIbHBIX TEPPUTOPHSIX IMHUPOKO PaCIpo-
YUTEIBHOE BIMSHUE TEXHOTCHHOTO (haKTOpa, BBIPAKCH- CTpaHEHBI Pa3IMYHbBIE TUITBI COCHOBBIX JIECOB.
HOE, B TOM YHCIIE, B (pU3NIECKOM (TEIJIOBOM) M XUMHYE- OO6cnenoBaHre NPOBOAMIIOCH Ha JIBYX IUIONIAJKAX
CKOM (BBIOPOCHI 3arps3HSAIONINX BEIISCTB) BO3ACHCTBHH (puc. 1, 2 / fig. 1, 2): ocHOBHOI (BOMU3U YCTAaHOBKH IO
OT CKATAHUS TOMYTHOTO Ta3a. MIHCTpyMeHTallbHBIC YHC- C)KHTaHHIO TIOMyTHOTO HE(PTIHOTO Tra3za) u (HOHOBOWM
JICHHBIE M3MEPCHUS TaKUX BO3ACHCTBHIA WMEIOT OOIb- (MIEHTHYHOHN MO THUIy Jieca W BO3PACTy APEBOCTOS, HO
I0H HayYHO-TIPAKTHYeCKUH MHTEepec. OHU MOTYT CTaTh HaXOJAIEHCs BHE 30HBI BIHMSHUS HE()TEIPOMBICIOBBIX
OCHOBaHHMEM [UIS pacdera ymepba, TPHIHHIEMOTO 00BEKTOB).
HE(PTETIPOMBICTIOBOH JESTEIBHOCTEIO JICCHBIM HACaXKIC- OCHOBHOW IIIOMIAMKOW 0TOOpa TpoO OBUT BHIOpaH
HUSIM WIN CTaTh OCHOBOMW /ISl YCTAHOBJIEHUSI HOPM, IIpa- Y4acTOK BOJIHM3HM JO)KMUMHO-HACOCHOH cTaHiuu O3EpHOTro
BWJI pa3MeIIeHHsl TOJJOOHBIX 00BEKTOB B OyIyLIEeM. HedTsiHOro Mecropoxienus. [Tockonbky aken cxura-

enr uccneaoBanns — U3yd4eHUE BIUSHUS COKUTAHUS HUS TIOTYTHOTO Ta3a SBJSIETCS] HU3KUM UCTOYHUKOM BBI-
MOMYTHOTO Ta3a Ha paJuajbHBIA MPUPOCT COCHBI OOBIK- 6pocoB (BeicoTa 10 50 M). K ygacTky Hambosiee WHTEH-
HOBEHHOW. JlJI1 JOCTMIKEHHS UEIHM ObUIM IOCTAaBJICHBI CUBHOTO BO3AeicTBHA oTHOcUTCS 30Ha B 100-200 m ¢
3a7auu: HaBETPEHHOW CTOPOHbI. B naHHOM ciiyyae — B ceBepo-

— CpPaBHMUTh IIOKa3aTeNM €XXErOJHOr0 IMpUpOCTa Jpe- BOCTOYHOM HampaBiicHuu oT ¢akena [20]. KoopaumHaTs
BECHUHBI JIO U TIOCJIE BKIIOUCHUS (pakena; momaaku — 60,15893 c.ur.; 56,87874 B.1.

— [IPOAHAIU3UPOBATh Pa3iUuus B AUHAMUKE MPHUPO- Kpurepusimu Be160pa (oHOBOI MIIOMIa KK OBLIO 3HA-
CTa IPEBECHUHBI Ha IIOMIAJKE BOIU3U (baKeHa 10 C)KHUra- YUTCJIBHOC YyJaJICHUC OT HC(bTCHpOMBICHOBBIX 00BEKTOB
HHIO IIOIyTHOI'O HC(bTHHOFO rasa M Ha aHaJIOTMYHOU yaa- N CXOXKECTh JICCHOI'O COOﬁH.IeCTBa. HpI/I BBI60pe (i)OHOBOﬁ
JeHHoM ((hOHOBOH) TIJIOIIAIKE; IUIOUIA/IKM TaKXe YYUThIBAJaCh TPAHCIOPTHAs TOCTYII-

— CpPaBHUTH TOJIyYEHHbIE PE3YJIbTaThl C OIBITOM aHa- Hoctb. Tlopxomsmast mromanka (puc. 2 / fig. 2) Gbira
JIOTUIHBIX MU OJM3KUX MCCIIEI0OBaHUM. Haiiziena B 11 kM K foro-samany ot ¢akema (60,09418

ca.; 57,00719 B.11.).

Marepuas u MeTObI CornacHo MaTepuanaM JjecoycTpoiictBa [6] Hmxnae-

Bb160p paiiona u NI0WAOOK nOJ1e6020 00C1e008a- SI3pBUHCKOTO U BepxHe-S3bBHHCKOrO Y4acTKOBBIX JIEC-
Hus. JIns BeIOOpa MOIEIBHOW TEPPUTOPHH YUHUTHIBATIACH HuuecTB KpacHOBHIIEpCKOTo JeCHHYECTBa, Ha 00enx
rpynna (GpakTopoB: OTHOCHTENHEHO OOJIBIION 00BeM J00bI- BBIOPAHHBIX ILIOMAAKAX C(HOPMHUPOBAICA COCHSK Opyc-

59


https://doi.org/10.17072/2410-8553-2021-2-58-74

2021 Anthropogenic Transformation of Nature Vol. 7. No. 2

HHUYHUK. CpenHuii BO3pacT JpeB

120

OCTOSA —
3 i

v

okoso 60— 70 mer.

]

Puc. 1. O0mmuii Bua ocHoBHOI (A) u (onosBoii (B) miomagox

Fig. 1. General view of the main (A) and background (B) plots
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Puc. 2. Mecra 0T60pa APE€BECHBIX KEPHOB 1J1H JCHAPOXPOHOJOTHYE€CKOIro aHaJIu3a

(Po3a éempos nocmpoena Ha 0cHoge uHpopMayuy MHO20IENMHe20 apxXusa no2odsl no memeocmanyuu 4epovinb,
docmynnou Ha hitps://rpS.ru/Apxue_nozodvl_6_Yepowvinu)

Fig. 2. Wood core sampling plots for dendrochronological analysis
(According to the data of long-term weather archive of the Cherdyn meteorological station, accessed on
https://rp5.ru/Apxue_noeoodwvl_e_Uepowvinu the wind rose was built)
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Memoowvl uccnedosanusn. Jns NpoBeIeHUs UCCIENO-
BaHWSA HCIOJNB30BaH JICHAPOXPOHOJIOTHIECKHUI METO[
[30]. OH ocHOBaH Ha M3MEpPEHHUH IIUPHUHBI €KETOIHOTO
NpUpoCTa JpeBeCHHBl (TOIUYHBIX KoJiell fepeBa). B ot1-
JUYHE OT APYTHX, CPaBHHUTENBHO Y3KOHANpPaBICHHBIX
METO/0B (AMCTAHIMOHHBIN aHAN3 BETCTAllMOHHBIX HH-
nekcoB) [18], omenka mopdosornyeckux mapameTpoB
mumek [5] u xBou [26], pacueT MHIEKCa CAaHUTAPHOTO
cocrostHUsL peBoctost [11]), mpeBecHO-KOIBIEBON aHa-
JIM3 MMEET JIOCTaTOYHO IIMPOKUH CIIEKTP NPUMEHEHHUS.
Hampumep, B KIMMAaTOJOTMM M METEOPOJIOTHH — ISt
OTIpEieTICHUs] KIMMAaTHYECKUX YCJIOBHH M IPOTHO3UPO-
BaHMsI, B apXEOJIOTUH — ISl BOCCTAHOBJICHHS 9KOJIOTHYe-
CKOW 00CTaHOBKH U KJIMMaTa IpoILIOoro BpeMeHu. Taroke
METOJbI JACHIPOXPOHOJIOTHN HCIONB3YIOTCS Ul U3yde-
HUSI BO3PACTHOM CTPYKTYpHI JI€ca, BO3MOXHOCTH BO3-
HUKHOBEHUS JIECHBIX MOXKapoB, ONPEICICHUS BIIUSIHUS
KIMMaTH4eCKOH 00CTaHOBKM Ha BOAHBIE CHCTEMBI H T. JI.
B momoOHBIX HCCIenOBaHMAX, B KadECTBE MOJCIBHBIX
00BEKTOB, MPEANOYTEHHE OTNAETCS BO3PACTHBIM XBOW-
HBIM JiepeBbsaM [9,10]. DTo BbI3BaHO TeM, YTO Y XBOHHBIX
MOPOJ KOJIBIIA IIPUPOCTA BBIPAXKEHBI JIyUIe, YeM Y JIUCT-
BeHHBIX BHJIOB [21]. Kpome Toro, cocHa 0OBIKHOBEHHAs
LIMPOKO pacrnpocTpaHeHa B Ilepmckom kpae [23].

MonensHBIM 00BEKTOM IUTS HACTOSIIeH paboThl Obliia
cocHa oObikHOBeHHast (Pinus sylvestris L.). MHorue uc-
cnenoBanust [28-30,33-35,37,38] moaTBepKOAOT HalU-
YHe BBIPAKCHHOW KOPPEISIIUU MEXKTy MOKa3aTeIeM IIH-
PHHBI TOXWYHOTO paJuadbHOTO MPHUPOCTa COCHBI H
BHEITHUMH (B TOM YHCIIE, aHTPONOI€HHO OOYCIIOBIICH-
HBIMH) YCIIOBHSIMH Cpelpl. DTO MOKa3aHO M B psze pa-
00T, BBHINOJHEHHBIX B TIpaHMIax MernoHckoro u
Hedreroranckoro necxosa [4,11], a taxxe TanbHHKOBO-
ro u CeBepo-/laHUIOBCKOTO MECTOPOXKICHUN He(TH B

XaHTbl-MaHCUHCKOM aBTOHOMHOM OKpyre (naiee —
XMAO) [8]. IIpu stom, mrs ot6opa 0Opa3OB HCIOIb-
3YIOTCSl TOJBKO JepeBbsl, (OPMHUpYIOMIHE IIOJOT Jeca
(epBbIid sIpyC APEBOCTOSI), MO BO3MOXKHOCTH, IMJIMH-
IpudecKkoil (hOpMBI, 3T0pOBBIE, 03 3HAYUTENBHBIX II0-
BpEXKIECHUH.

OT00p KepHOB (00pa3IOB JAPEBECHHBI) JJIS aHAIH3a
npoBoauTca Ha BbicoTe rpyau 1,1-1,3 M. D10 cpaBHU-
TENBHO TpocTasi U OBICTpas MpoLeaypa, He TpeOyromas
YHHKaJIBHOH W Joporoi ammapartypsl. Jlis otdopa ape-
BECHBIX KEpPHOB Hcmnonb3oBaics OypaB Ilpeccnepa. He-
MPUTOTHBIM [UISl aHAIN3a CUYUTACTCS KEPH, KOTOPBIHA (0T
KOpBI JI0 IIEHTpa CTBOJIa) ciomalcs Oomnee 2 pa3 [10,26].
B srom ciiydae oTOOp KepHa NPOBOJMICS IOBTOPHO.
Ha xaxno#t mommaake 66110 orodpano mo 15 o6pa3mos.

[Tpu momomu mopraruBHOTO BRIcOTOMepa SUUNTO
PM-5/1520 PC MexaHHYECKOTO THMA Y KaxJIOro oocie-
JIyeMOTO JIepeBa ONpeeIIsIach BEICOTA.

Kaxnprif kepH yIaKoBEIBAJICS B IUIOTHBIA OyMaXKHBII
KOHBEPT, C yKa3aHHEM MOpPSJKOBOro Homepa oOpasia,
JMaMeTpa U BBICOTHI JiepeBa. [[nd coxpaHeHHs IeNocT-
HOCTH OTOOpaHHBIE 00pa3Ibl YKJIAIbIBAINCh B HEOOIb-
IO MPOAOATOBAaTHIM OTCEK IJIACTUKOBOTO suka. J{is
co3/1aHus] He0OXOIMMOH! MIIOTHOCTH KOHBEPTHI TOTIOJIHH-
TEJILHO OOKJIaIbIBAIIICE TKAHBIO.

O0paboTKa JpeBEeCHBIX KEPHOB MPOXOJAWIAa Ha ycTa-
HOBKE JIJIsl 3MepeHus roauunbix kosell LINTAB 6 [15]
Ha Kadenpe OMOTEONEHONIOTHM W OXpPaHBl HPHPOIBI
ITepMckOro TOCYIapCTBEHHOTO HAIMOHAIBHOTO HCCIe-
JIOBAaTEJILCKOTO YHUBEPCUTETA.

[Tonyuennsle naHHbIE (UKCHpOBAIUCH B (hopmare
MS Excel. lanee cocTaBisutUch TaOMUIBI M TpaduKd
pafuaJIBHOTO TIPHPOCTA, TPOBOIWICS HX CTaTUCTHYE-
CKHI aHaM3.

Tabmuma 1

XapaKTepuCTUKH 00C/1eI0BAHHBIX 1epeBbeB HA OCHOBHOI 1 (OHOBOI1 Mo IKe

Table 1

Characteristics of the surveyed trees on the main and background plots

OcHoBHas miomaka (100 M oT ¢akena c)XUraHusi MOMyTHOTO ®donosas miomanka (B 11 kM K I0ro-BOCTOKY OT (hakena
raza Ozépaoro mectopoxxaenus) // The main plot (100 m ckuTaHus mormyTtHoro rasa) // Background plot (11 km
from the associated gas flaring torch of the Ozernoye oil field) southeast of the associated gas flaring torch)
Ne Auametp, cm // | Bbicora,m// | Bo3spacr, jer N Juamerp, c™m // Bwicora, m // | Bo3pacr, jet //
B Diameter, cm Height, m /| Age, years 3 Diameter, cm Height, m Age, years

1 29 27 72 1 23 21 58

2 31 25 65 2 27 25 62

3 27 25 62 3 32 26 64

4 29 26 69 4 28 25 60

5 24 25 64 5 3] 27 71

6 23 20 76 6 24 22 53

7 25 21 73 7 22 20 70

8 24 23 64 8 27 24 69

9 26 22 72 9 25 23 61

10 26 20 72 10 27 24 56

11 28 23 69 11 36 27 69

12 23 19 66 12 24 19 54

13 22 21 75 13 24 21 64

14 27 25 79 14 28 26 67

15 41 27 89 15 31 28 72
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Xapaxkmepucmuka mamepuana ucciedoeanusn. Bee
mpo6s1 otoOpansl 29-30 aBrycra 2020 r. Ha xaxmoii
Ionaake oTodpaHo mo 15 kepHOB. XapaKTepUCTUKU
ZIepeBbEB, U3 KOTOPBIX OBUIM OTOOPaHBI KEPHBI, OTpaXKe-
Hel B TaOmuue 1 / table 1.

T'eozpacpuueckan xapaxmepucmuka yyacmka uc-
cneooganuii. O3EpHOE MECTOPOIKICHUE PACIIOI0XKEHO Ha
ceBepe [lepmckoro kpas, B roro-zanagHoi yactu Kpac-
HOBHIIEPCKOr0 TOPOACKOTro Ookpyra. Paccrosnue no ro-
pona Ilepmu — okosno 300 kM. Juctanuus or KpacHoBu-
mepcka 10 O3EpHOTO MECTOPOXKACHUS — OKoIo 50 KM B
I0)KHOM HampasleHUH. BOIM3M MecTOpoXaeHHs Hace-
JICHHBIE ITyHKTHI OTCYTCTBYIOT [3].

B reonormueckoM OTHOIICHHWH yYacTOK HCCIIEHOBA-
HUS pacrionaraercs B ceBepHOM yacTu COIMKaMCKOH
nenpeccun. Ha Bcell e€ TeppuTopun IHUPOKO Pa3BUTHI
pUQOBEIE TOCTPONHKH, MECTOIIOJIOKEHHE KOTOPBIX KOH-
TPONMPYETCS pPAa3JIMYHBIMH TEKTOHWYECKHMH OJoKa-
Mmu [2].

B TtexTonmueckoMm oTHomeHMH O3epHas CTpPyKTypa
MIPEACTABISIET COOOW KyINOJ TEKTOHO-CEIMMEHTAIlMOH-
HOTO TIPOMCXOXJICHUSI U XapaKTepU3yeTcs HEeCOOTBET-
CTBHEM CTPYKTYPHBIX IUIAaHOB MO MapKUPYIOIIUM TOPH-
30HTaM TEPPHUICHHOTO IEBOHA, KaMEHHOYTOJBHBIX OT-
JIOXKEHUH M apTHHCKOTO fpyca, BCIICACTBUE Pa3BUTHA
MOCTIEICBOHCKOTO M PAHHENEPMCKOTO OPraHOTEHHBIX
COOpYXKEeHUH [2].

Penped paiiona mccmemoBaHuUil mpencTaBisgeT coOoit
MECTaMHU BCXOJIMJICHHYIO PaBHUHY, C 3aMETHBIM IIOHU-
KCHHEM penbeda B 3amaJHOM HampamieHuu oT 205 mo
133 ™M (BBIcOTa ype3a Boasl B 03. Hioxtn) [3].

l'ocroncTBYeT KOHTUHEHTANBHBIM KIMMAT C XOJOJX-
HOHN HPOJOIDKUTENILHOM 3UMOH 1 TETIIBIM, CPAaBHUTEIIHLHO
KOPOTKHMM JIETOM. SIHBapb — caMblii XOJIOAHBIA MecHll,
cpenHsas Temmeparypa Bo3ayxa -16,6°C [16]. Cambim
TEIUTBIM MECSAIEM SIBIACTCS UIONIb, CPEIHSS TeMIlepaTypa
+17,1°C. IIpoomKUTeTFHOCTS 0€3MOPO3HOTO TIEPHOA B
cpenHeM coctaBisieT 84 nHA. ['omoBas cymma 0caakoB
okouio 670 MM [13].

MakcumanbHas BBICOTa CHEXXHOTO ITOKpOBa Ha OT-
KpBITOM yuacTke cocTtaBisier 103 cMm, MuHUManbHas — 64

cm. Ilpeobnanaromee HanpaBiIeHHE BETPa B T€UYEHHUE T'O-
na — roxHoe [3].

I'unponorudeckas cetb O3EPHOTO MECTOPOKACHUS
Oorara m pasHooOpasHa. B mentpe O3zéprHOro mecro-
poXIeHUS HaxoauTcs o3epo HioxTH, KoTopoe panee
MMEJIO CTaTyC THUAPOTeOJOrMYecKOro MaMsTHHKA IpH-
pojsl [3]. C ceBepo-BOCTOKA yUacTOK I'PaHUUHT C PEKOM
I'myxoil BunbBoii, a ¢ 105HOU cTOpoHBI pexoil Kosbin-
Boil. bonbmasg yacte O3E€pHOr0 MECTOPOXKACHHS CUITBHO
3abosioueHa. HemocpencreenHo ozepo Hioxtu okpyxa-
et 6omoro Joprim. MakcumanbsHast TiryOnHa 03epa OKo-
70 2,5 M. JIHO TIocKoe, MUTaHue aTMOC(hEpHOEe, BCKPHI-
BaeTCs 03e€po B Hayaje-cepeHe Masi U BHOBb 3aMep3a-
€T B KOHIIE OKTAOps-Hawane HOsOps. bepera o3zepa mo
Ooxpmieii crenenn 3abonoueHsl. U3 o3epa Hioxtu 6epér
cBOE Hayaso HeboubIas pexa VMcTok — npaBblid MPUTOK
pexu Konpraser [14]. [TpuOpexkHBIC pacTHTENBHBIE CO-
o0mecTBa 03epa B OCHOBHOM COCTOSIT M3 KyBIIMHOK —
yucTo Oenoii u xénroii [14]. duronenossl Hioxtu yHu-
KaJbHBbl U TPEACTABISIOT COOOW LIEHHBIE COOOIIECTBA
ceBepo-BocToka [Ipukames [12].

B paiione uccienoBaHus, TOMUMO TOP(SHBIX 00-
JIOTHBIX BEPXOBBIX MOYB, PAaCHPOCTPAHEHBI MOI30JIbI
WUTIOBHAJIBHO-KENIE3UCTBIE. DTOMY CHOCOOCTBOBAIIO
npeoOyiailaHie XBOMHBIX MOPOJ U M30BITOYHBIH Xapak-
Tep yBIaxHeHU [2].

Yyactkn oTOopa mpod HAXOAATCS Ha TEPPUTOPHH
«HwmxHeBHIIEpCKOTo» OXpaHsieMoro JaHmmadTa, KoTo-
prrit Bxoaut B [Ipuxamckuit okpyr Kamcko-Ilegepckoii-
3anaHOYpaJIbCKOW TMOANPOBUHLMM Y pano-3amnajgHo-
cuOnpcKoit TaékHOW MPOBHHIMH EBpoasmarckoit Taéx-
HOM (xBoitHONecHOH) obmacTtu [12]. YuacTok uccieno-
BaHMS OTHOCHUTCSI K IOJOCE CPEJHETaEXHBIX JIECOB, C
npeoOIagaHreM COCHOBEIX JiecoB [25].

PesyabTaThl. O6paboTka COOpaHHBIX MaTepHaoB
MO3BOJIMJIA BBISIBUTH TOUYHBIH BO3pAcT, AUAMETP U BBICO-
THI fiepeBbeB. MIx cpenHee 3HaueHue cocrasisier 71 rox,
27,0 cm, 23,3 M Ha OCHOBHOH TuIONIaAKe; 63 roxa, 27,3
cM, 23,9 M Ha ()OHOBOH IUIOIIAIKE, COOTBETCTBEHHO.

B tabnmmax 2, 3 / table 2, 3 mokazaHBI pe3yibTaTHI
M3MEpEeHN OCpEeTHEHHBIE 10 MATHIICTHUM HEPHOIaM.

Tab6muua 2

CpenHnue (M0 NATHJIETHUM NePUOAAM) 3HAYEHHMS IPUPOCTA APeBeCHHbI HA OCHOBHOM IJI0IIAKe
(BOJIM3M hakesia CXKMTAHUSI MOMYTHOTO ra3a)

Table 2
Average (for five-year periods) values of wood growth at the main plot
(near the associated gas flaring torch)
[Istunerane Howmepa o6cnenoBannbx nepeBbes / Numbers of surveyed trees
nepuoabl, IT.
Fivecgear || 2| 3| a]s]e] 7] s8] o] n]n]ni]u]is
periods, yy [Ipupoct npesecunsl, MMm/rog // Wood growth, mm/year
1930-1935 | - - - - - - - - - - - - - — 1223
1935-1940 | - - - - - - - - - - - - - — ] 2,02
1940-1945 | — - - - — 194 | - - - - - - — | 1,86 | 1,79
1945-1950 | 2,04 | — - - — | 204|188 | — | 241|194 | - — | 1,86 | 1,87 | 1,84
1950-1955 | 1,47 | 082 | — | 229 | — | 196|207 | - | 1,8 ] 1,9 | 211 | - | 1,74 | 1,79 | 1,64
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[Isruneraue Howmepa o6cnenoBannbix gepeBbeB / Numbers of surveyed trees
i Fivoyear || 2| 3|4 s e 7 [ s]o]Jwo|n]ln]B]u]is
periods, yy TIpupoct npeecunsr, mm/ron // Wood growth, mm/year
1955-1965 1,95 | 1,09 | 3,89 | 2,25 | 2,44 | 1,84 | 1,80 | 2,07 | 1,61 | 1,84 | 1,56 | 2,02 | 1,95 | 1,33 | 1,86
1960-1965 1,65 1 0,94 | 2,09 | 1,70 | 1,57 | 1,88 | 1,64 | 2,08 | 1,72 | 2,03 | 1,72 | 2,01 | 2,01 | 1,63 | 1,88
1965-1970 | 1,10 | 0,83 | 1,75 | 1,86 | 1,80 | 1,62 | 2,04 | 1,87 | 1,84 | 1,82 | 1,82 | 1,55 | 2,10 | 1,87 | 2,37
1970-1975 1,08 | 0,79 | 1,55 | 1,45 | 1,71 | 2,13 | 1,77 | 1,72 | 1,93 | 1,83 | 1,79 | 1,83 | 1,77 | 1,77 | 1,79
1975-1980 | 0,98 | 0,65 | 1,64 | 1,75 | 1,97 | 1,85 | 1,79 | 1,73 | 1,74 | 1,92 | 1,45 | 1,60 | 1,83 | 1,76 | 1,66
1980-1985 1,00 | 0,64 | 1,82 | 1,42 | 1,58 | 1,47 | 1,80 | 1,68 | 1,71 | 1,86 | 1,66 | 1,59 | 1,73 | 1,47 | 1,70
1985-1990 | 0,84 | 0,88 | 1,69 | 1,44 | 1,25 | 1,46 | 1,72 | 1,76 | 1,66 | 1,83 | 1,56 | 1,76 | 1,63 | 1,68 | 1,74
1990-1995 | 0,77 | 0,82 | 1,41 | 1,17 | 1,10 | 1,41 | 1,56 | 1,66 | 1,55 | 1,44 | 1,20 | 0,86 | 0,98 | 1,47 | 1,77
1995-2000 | 0,60 | 0,78 | 1,39 | 0,96 | 1,03 | 1,30 | 1,11 | 1,50 | 0,73 | 0,78 | 1,12 | 0,76 | 0,99 | 1,35 | 1,47
20002005 | 0,58 | 0,58 | 1,30 | 1,07 | 1,00 | 0,91 | 0,70 | 1,44 | 0,97 | 0,70 | 1,00 | 1,05 | 0,93 | 1,03 | 1,27
2005-2010 | 0,78 | 1,42 | 1,33 | 1,13 | 1,03 | 1,00 | 0,82 | 1,15 | 1,12 | 0,69 | 0,98 | 0,80 | 0,84 | 1,10 | 1,04
2010-2015 | 0,87 | 1,40 | 1,32 | 0,95 | 1,10 | 0,95 | 0,79 | 0,92 | 0,94 | 0,87 | 0,79 | 0,82 | 0,78 | 0,85 | 0,98
2015-2020 | 0,77 | 1,25 | 1,12 | 1,08 | 1,05 | 0,84 | 0,71 | 0,84 | 1,05 | 0,77 | 0,73 | 0,99 | 0,80 | 0,76 | 0,80
Tabmuuna 3
CpenHee 3HaUYeHHe IPHPOCTA IpeBeCHHBI HA (POHOBOH TIOIATKe
Table 3
Average value of wood growth on the background plot
IIaTunernue Howmepa o6cnenoBannbix aepeBbeB // Numbers of surveyed trees
W bveryenr | | 2 [ 3] 4] s e |78 ]ofwo]|n|n]n|u]is
periods, yy [pupoct apesecunnl, Mm/rog // Wood growth, mm/year
1945-1950 - - - - 3,75 - 2,93 - - - - - - - 3,54
1951-1955 - - - - 2,79 - 2,86 | 2,02 - - 1,98 - - 2,6 2,21
1956-1960 - 3,39 | 1,67 | 5,97 | 4,14 - 340 | 1,92 | 1,84 - 1,81 - 2,12 | 298 | 1,95
1961-1965 | 2,15 1,93 1,99 | 4,52 | 4,43 - 2,52 |1 1,91 | 1,65 | 2,04 | 1,72 - 2,17 | 2,30 | 2,22
1966-1970 | 1,21 1,81 | 229 | 2,86 | 3,77 | 297 | 1,85 | 1,94 | 1,53 | 1,78 | 1,78 | 1,86 | 1,74 | 1,75 | 1,78
1971-1975 | 1,90 | 1,94 | 2,56 | 2,48 | 2,15 | 3,29 | 1,94 | 1,79 | 1,65 | 1,74 | 1,36 | 1,58 | 1,49 | 1,41 1,72
1976-1980 | 2,34 | 2,06 | 2,25 | 1,94 | 1,44 | 2,36 | 2,06 | 1,70 | 1,94 | 1,86 | 1,53 | 1,87 | 1,85 | 1,51 1,57
1981-1985 1,97 | 1,85 | 2,50 | 2,11 | 1,64 | 2,21 | 1,98 | 1,69 | 1,95 | 1,75 | 1,44 | 1,77 | 1,99 | 1,61 1,33
19861990 1,69 1,59 1,97 | 1,74 | 1,27 | 1,96 | 2,13 | 1,91 | 1,74 | 1,82 | 1,54 | 1,64 | 1,71 | 1,88 1,62
1991-1995 | 1,87 | 1,41 1,77 | 1,50 | 1,02 | 2,11 | 2,04 | 1,20 | 1,72 | 1,61 | 1,65 | 1,94 | 1,55 | 1,77 | 1,64
19962000 | 2,07 | 1,32 | 1,56 | 1,22 | 0,91 | 2,23 | 1,64 | 1,72 | 1,54 | 1,66 | 1,81 | 1,83 | 1,48 | 1,77 | 1,72
2001-2005 | 1,41 | 1,09 | 1,81 | 1,01 | 1,26 | 1,76 | 2,25 | 1,56 | 1,78 | 1,55 | 1,52 | 1,31 | 1,16 | 1,67 | 1,65
20062010 | 1,52 | 0,89 | 1,36 | 0,95 | 1,07 | 1,47 | 1,60 | 1,61 | 1,86 | 1,49 | 1,45 | 1,63 | 1,14 | 1,60 | 1,96
20112015 | 1,44 | 0,68 | 1,22 | 1,01 | 0,87 | 1,41 | 1,54 | 1,57 | 1,68 | 1,38 | 1,46 | 1,34 | 1,72 | 1,83 | 1,69
20162020 | 1,21 | 0,66 | 1,17 | 1,48 | 1,29 | 1,48 | 1,72 | 1,57 | 1,75 | 1,39 | 1,65 | 1,51 | 1,66 | 1,74 | 1,60

CpenHee 3HAa4YCHHWE MPUPOCTA APEBECHHBI COCHBI
OOBIKHOBEHHOW Ha OCHOBHOM ILIOIIAJKE COCTaBIISICT
1,426 mm/ron. Ha ¢onoBoit miomanke — 1,808 mm/rog.
Ha o0eux rmiomagkax WHIUBUIYadbHBIC M CPEAHUC KPU-
BBIE CKOpPOCTH MpHpocTa apeBecuHbl (puc.3 / fig. 3)
HUMCIOT BBIPOXKECHHYIO TCHICHIIMIO K CHIDKCHUIO C Teue-
HHEM BpeMeHu. [[ns ruronanky BOm3n ¢dakena koapdu-
[MEHT HaKJIOHA OCPeTHEHHOHN KpuBoOii cocTasiseT -0,07,
Toraa Kak Juist (oHOBOM muromanku -0,11.

HauOomnpIimass TIOTHOCTE MHIUBUAYAIBHBIX KPUBBIX
MIPUPOCTa JCPEBbEB OCHOBHOU TUIOMIANKH COCPEAOTOUE-
Ha B quanazone 1,4-2,0 mm/roa. Jlns GoHOBOM TUTOIIAT-
KM 3TOT Auana3on — 1,7-2,2 mm/ro.

63

AxtuBHast pa3paboTka O3EPHOTO MECTOPOKACHUS
Havanack B niepuoa 1990-2000 rr. daken CoxUraHusl mMo-
IyTHOTo HedTsHOTO Trasa 66wt 3amymeH B 2000 r. B Teue-
HUE JIBaJIIATH JIET IO 3TOTO CPENHsIsl CKOPOCTh MPUPOCTa
Ha OCHOBHOM IIIOIIaJKe cocraBisia 1,623 mm/rond, a Ha
¢donoBoii — 2,021 mm/roa. B mepuon 2001-2020 rr. cpen-
HSIl CKOPOCTb MIPUPOCTA Ha OCHOBHOM IJIOLIA/IKE YCTaHO-
BHUJach Ha ypoBHe 0,961 MM/Toa (CHMKEHHE OTHOCUTEIh-
HO npexapnymero nepwona Ha 40,80%). Ha donoBOM
IUIOINA/IKE CPEIHASA CKOPOCTh PalHallbHOTO MPHPOCTA HA
otpeske 2001-2020 rr. cocraBuna 1,452 mwm/rom, dTo
HIDKE aHAJIOTHYHOTO MOKAa3aTessl MPenbIayIero mepruoaa
Ha 28,16%.
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NAaTuneTHue nepuoabl // Five-year periods

Puc. 3. Ilpupoct npeBecunsl Pinus sylvestris Ha 0cHOBHOIi M (OHOBOI MIOIAAKAX

Ipumeuanue: Kpusvie cepoco ygema — CKOPOCMb NPUPOCA OPEBECUHbl HA (POHOBOU NAOWAOKe; YEPHAS NYHKMUPHAS
Kpuedas — OCpeOHEéHHOe 3HAYeHUs Osi Npupocma OpesecuHvl HA (OHOBOU NIOWAOKe, KpUBble PO308bl20 YGemd —
npupocm Opegecunvl HA OCHOBHOU NIOWaAoKe, KPACHAS NYHKMUPHAS KPUBAS — OCPEOHEHHOe 3HaueHus npupocma

OpesecuHbl Ha OCHOBHOU NIouaoKe.

Fig. 3. Growth of Pinus sylvestris wood on the main and background plots

Note: gray curves — growth of wood on the background plot; the black dashed curve — average value for the growth of
wood on the background plot; pink curves — growth of wood in the main plot; the red dashed curve — average value of

the growth of wood for the main plot.

Jduckycceus

Boccmanosnenue cxopocmeii _paduanbnozo _npupo-
cma, cnycma 10—15 nem pabomei gakena. B mybmmka-
IUSAX, OIHUCHIBAIOIINX AHAJIOTHYHBIE HCCIENIOBaHHUI B
JIPYTHX PETrHOHAaX, OTMEYEHO CHIDKEHHE MPUPOCTa Jpe-
BECHHBI IIOCIIE Hayaja aHTPOIOTE€HHOTO BO3JCHCTBHS.
Tak, B Meruonckom u Hedretoranckom necxozax
XMAO [4] npupocT ApeBecHHBI y COCHbI OOBIKHOBEH-
HOHM, 10 Hayana paboTel (hakena, BO3pacTan WIN OCTa-
Bajcs CTaOWIbHBIM — B cpemHem 2,04 mm/ron. IMocie
BKIIIOYCHHS (haKeda NPHUPOCT YMEHBIIMICS, 3HAYCHHE
OIYCTHJIOCH 0 YpOBHs okoino 1,9-2.0 mm/ron (mpouso-
IIJIO CHWKEHHE npupocTa Ha 6,9%). Oxnako 10 set ciy-
CTSl, ©XEroAHBIM TPHUPOCT yBeNWuMics a0 2,5—
3,0 mm/ron (yBenmmueHnue mpupocta Ha 22,5%) [4].
B HexoTopeix ciydasx [8], mocie 20 ner pabotel da-
KETbHON YCTAHOBKW, 3HAUEHWS IPHUPOCTA JIPEBECHHBI
MEPECTalOT CHUXKATHCSH, CTAOMIM3UPYIOTCS WJIH CTaHO-
BATCS Jake OoJble, 4eM ObLIO 70 BKIIOYEHUs Qakerna.
ITo MHEHHMIO aBTOPOB TaKWUX HCCIENOBaHMA [24], 3aMeT-
HO€ yBEJIMYEHHE CKOpocTH mpupocta mocie 10-20 mer
paboTsl hakesna MOXKeT OOBSICHATHCS ABYMsI IPUUUHAMH.
Bo-nepBbIX, yBeIMYeHHEM IPUTOKA TEIJa B YCIOBUSIX
€ro HejgocTaTtka. Bo-BTOpBIX, (hr3nomOrHUecKoi amamnTa-
el CoCHbl OOBIKHOBEHHOM, NPUBOJIAIICH K CHIDKEHUIO
MOTJIOLIEHUS 3arps3HAIOIIMX BEIIECTB U3 Bo3yXa [8].

B namem cnydae (tabmuma 2—4 / table 2—4) mono6-
HOM TEHICHIMM HE BBIABICHO. Tak, B TeUCHHE NMEPBBIX
JiecsITh JIeT ¢ Hayana pabotel dakena Ha O3EpHOM Me-
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cropoxxaernu (2000-2010 rr.), cpegHuit mpUpocT ape-
BECHHBl Ha Onusnexameil TEeppUTOPUH COCTABUI
0,992 mM/Ton  (CHIDKEHHE CKOPOCTH MpPHPOCTa Ha
15,07% otaocurensHo 1990-2000 rr.). B Teuenne 2010—
2020-rr. cpenuuii npupoct cocraBui 0,930 mMm/ron —
JlanbHellee CHUXKEHUE npupocta Ha 6,28%, oTHOCH-
TEeJNbHO TepBoro necstuierus. Ha ¢poHoBo# miomnianke
npupocT B 2000-2010 rr. 6601 1,480 MM/Ton1 (CHMXKEHUE
ckopoctd mnpupocta Ha 9,92% otHocurensHO 1990—
2000 rr.). B 2010-2020 rr. 3aduxcupoBaH HPUPOCT
1,424 mm/ron — cHkeHne Ha 3,76% MO OTHOLIEHUIO K
HpenpIayIei nexane.

Hammm naHHBIE TOKa3bIBAIOT, YTO €XETOAHBIN IpH-
POCT ApeBeCHHBI HAa OCHOBHOM IIIOIIAKE IMOC/IE Hayana
9KCIUTyaTaIiu (akesia He YBEIWIHBACTCS U HE CTAOMIH-
3UpyeTcsl, a IpoJoJKaeT CHUXKaThes. IIpu 3TOM Temmbl
najeHust IpupocTa, cmycts 10 meT mocie Hadaga paboTh
(akena, 3ameTHO cHI3WIHCH (¢ 15,07% mo 6,28%).

Ha ¢onoBoii miomanake, rne HEPTEHPOMBICIOBOE
BIIMSIHAE OTCYTCTBYET, IIMPHHA PaTUalbHOTO HMPHUPOCTa
3a TOT e TEepHOJ], B LIEJIOM, CHIXKAETCS, XOTh U C CyIIe-
cTBeHHO MeHbIMME (B 1,52-1,67 pasa) temmnamu. Bos-
MOJKHO, OTCYTCTBHME 3Tala BOCCTAaHOBJICHUS WU JaXe
yBEMUEHUsT IpupocTa, oTMedeHHoro B XMAO [4,8,24],
0OBsCHSIETCSI CPaBHUTEIBHO OoJee TEIUIbIM KIMMAaTOM
cesepa Ilepmckoro Ipukambs.

UucneHHass XapaKTEpUCTUKA H3MEHEHUH CKOpOCTU
MPHUPOCTa TO JeKagaM Ha OOCIETOBAHHBIX IUIOIIAAKAaX
naHa B Tabiuie 4 / table 4.
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Tabnuna 4
JluHaMUKa MPUPOCTA JpeBEeCUHBI 110 IeKaaM HA OCHOBHOW U ()OHOBOM MIOIIAKAX
Table 4
Dynamics of wood growth by decades on the main and background plots
Kanennapusie nexazpt // Calendar decades
1941- | 1951- | 1961— | 1971— | 1981— | 1991- | 2001- | 2011-
1950 1960 1970 1980 1990 2000 2010 2020
Ocnognas niowadka edausu (100 m) ghakena cocueanus nonymuoeo 2aza //
The main plot near (100 m) the associated gas flaring torch
Bo3spacrusie nekazpl, et // Age decades, years 6-15 | 16-25 | 26-35 | 36-45 | 46-55 | 56-65 | 66-75 | 76-85
Cpepie ckopocT IPHPOCTa APEBECHHLL (MMTON) | g57 | 995 | 1760 | 1641 | 1,534 | 1,168 | 0,992 | 0,930
// Average wood growth rates (mm/year)
CHIKEHHE CPETHEro MPUPOCTa OTHOCHTEIIBHO
npenpaymen gexkansl, % // Decrease of average - 2,91 7,14 6,74 6,50 23,88 15,07 6,28
wood growth relatively previous decade, %
Donosas nrowadka (8 11 kv K 020—80CmOKY om gakena cocueanus nonymuozo 2aza) //
Background plot (11 km southeast of the associated gas flaring torch)
Bospacrrsie nexanpl, et / Age decades, years - 6-15 16-25 | 26-35 | 3645 | 46-55 | 56-65 | 66-75
CpenHre cKopoCcTH IPUpPOCTa APEBECHHBI (MM/TOM) 3 2685 | 2.231 1,909 1,800 1,643 1,480 1,424
// Average wood growth rates (mm/year)
CHIKEHHE CPETHEro IPUPOCTa OTHOCHUTEIIBHO
npeapLIyme aekannl, % // Decrease of average - - 16,92 14,42 5,73 8,74 9,92 3,76
wood growth relatively previous decade, %

B 1mesnom ke, CymiecTBEHHO 00Jice BBICOKHE TEMITbI
najieHus] MPUPOCTa JAPEBECUHBI HA OCHOBHOM IJIOMIAIKE
(B cpaBHEHHUH ¢ (POHOBOI) CBUACTEIHCTBYIOT O HAUYUAU
BBIPQYKEHHOTO HETAaTHBHOTO BIIMSHUS CKUTAHHS ITOITYT-
HOTO ra3za Ha pOCT JIPEBOCTOSl HA OJIM3NIEKAIIUX y4acT-
kax. bonee cuinpHOE MaeHe MPUPOCTA IO CPABHEHHIO C
nmaHHBIME 3anagHoit CHOUpH, BEpOATHO, CIEIyeT 0OBsiC-
HUTH 00Jiee 3aMETHBIM MapajuieIbHBIM BIMSHHEM €CTe-
CTBCHHBIX TPUYXH (CTApEHUSI JPEBOCTOS).

Boszpacmuou _nepuod makcumaibHblx _cKopocmell
npupocma_opesecunvl y Pinus sylvestris. CoriaacHo -
TepaTypHBIM HaHHBIM [7,37], pamuanbHBIA MPHUPOCT Yy
COCHBI OOBIKHOBEHHOH, B HOPMAJIBHBIX YCIOBHUSX, TOCTH-
raeT MakCMMAaJbHBIX 3Ha4YeHWid B mepuoxa ao 30-35 mer.
[Tocne, cTabuIM3UpPyeTCs WK MOCTENEHHO CHUYKAETCSI.

CpenHsisi CKOpOCTh MPHUPOCTa APEBECHHEI 32 IIEPBEHIC
35 neT Ha OCHOBHOM HCCJE1yeMON IIIOIAKE COCTaBUIA
1,852 mm/ron (tabmumna 2,4 / table 2,4); Ha ¢oHOBOI
wromanke — 2,252 mm/ron (tabnmma 3,4 / table 3,4).
3a nocnenyromme 20 ger (Bo3pact apeBocTtos 35—
55 ner), cpenHU TPUPOCT HA OCHOBHOM IIJIOMIAJIKE CO-
cramn 1,588 Mm/ron (yMeHBIIEHHE TMPHpPOCTa Ha
14,27%); na ¢onosoii 1,721 Mm/rox (CHMKEHHE TPUPO-
cra Ha 23,55%).

CpaBHEHHE CKOpPOCTEH MPHUPOCTA JIPEBECHHBI B BO3-
pactax 0—35 u 36-55 meT Ha 0OCIIeIOBaHHBIX ILIOIIA]-
Kax Tokaszajio ciemyromiee. [1o abCoMOTHBIM 3HAYEHUSIM
(cpemHue CKOpPOCTH MPHUPOCTA) IOKazaredn (OHOBOM
IUTOINAAKU 3aMETHO IMPEBOCXOMSAT AHAIIOTUYHBIC 3HAYE-
HUS TUTOMAnKu BONMM3M (akena 1o oOOMM MEepUOaM.
B 10 ke Bpems, OTHOCHTEIHHOE CHW)KEHHE CKOPOCTH
IpUpocTa ApEeBECHHBI 10 U mocne 35 ser, uMeer Gosee

BBICOKHE 3HaueHMsi Ha GoHOBOM momanke — 23,55% u
14,27%, cOOTBETCTBEHHO.

JluHaMyKa OTHOCHUTENFHOTO CHIKEHHS IPHPOCTa
JIpEBECHHBI TI0 BCEM BO3pacTaM IOBOPHUT O TOM, YTO MaK-
cumanbhbie (1,55-1,95 Mm/roj) ckopocTH 11t OCHOBHOM
TUTOIIATKY OBUTH XapakTepHbl 10 55 yet. Torna cpennss
CKOPOCTb TIaJIeHUs OT JeKaJbl K JeKaJe COCTaBIsia OT
2,9% no 7,1%. B mocnemyroniue aBa ACCSITHIETHS
HaOJI01aJI0Ch pe3Koe MajieHHe CKOPOCTel MpHpocTa 10
ypoBHs 1,15-0,99 mm/ron. [To-BuanMomy, 3T0O YaCTHIHO
00yCIIOBJICHO €CTECTBCHHBIMHM NPHUYMHAMHU, a YAaCTHYHO
HayvajoM CKMI'aHMA MOIYTHOTo ra3a. B mocnexnee necs-
titete (2011-2020 rr.) TeMOBl CHIDKEHHS CKOPOCTH
MIPUPOCTa CYIIECTBEHHO CHU3MIUCH (10 6,28%) 1 BHOBB
CTaJli COOTBETCTBOBATH IOKa3zarensaM Imepuona 1961—
1990 rr.

Jns (hOHOBOM TIIOMIAAKA MAaKCHMAJIbHBIE CKOPOCTH
npupocTa apesecuss! (ot 2,68 go 1,91 MM / rox) 6summ
XapakTepHbl 10 35-nmerHero Bo3pacTa. OTMETHM, 4TO,
JUIL 9TOM IUTOMaJKH 3a(MKCHPOBAaHO CpPaBHHUTEIHHO
IUTaBHOE, TTOCTEIICHHOE MMaJIeHue CKOPOCTH MpUpocTa 6e3
3HAYUMBIX CKAa4yKOB: OT NHUKOBBIX 14,4-169% B 16—
35 neTr mo mocTaToyHO HHU3KUX 5,7-9,9% B 3665 ner.
Hammensmmee (3,76%) cHmWXEHHE MPUPOCTa OTMEUYCHO B
mocJeaHee AeCATHICTHE.

Takum 00pa3zoM, Te3UC O 3aKOHOMEPHOM €CTECTBEH-
HOM CHWXEHHM CKOpOCTedl mpupocta Pinus sylvestris
nocnie 30-35 netr moaTBepaMIICs NIl (POHOBOM TUTOIIAN-
KU, HO HE TIOATBEPAMIICS /I OCHOBHOH IIIOIIAIKH.

Ipupoodusie u_anmponozenuvle haxmopul, 6ausI0-
wue Ha pocm Opegecunvl. HamMy TpoaHaTU3MPOBAH
P MaTEepHaoB, B KOTOPBHIX ONMHUCAHbl (aKTOPbI, BIHS-
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IOLIMe Ha NPUPOCT APEBECHHBI M MOp(dosiornieckue
XapaKTepUCTHKH AepeBa. B tabmume 5 / table 5 0606-
IIEHBl OCHOBHBIC DPE3YJbTATHI,

Ty OJIMKALHSIX.

B Tabnmme 6 / table 6 mokazaHo POSIBICHHE CKATA-
HUSI TOMYTHOrO HE(TSHOro raza Ha COCTOSIHHUE XBOH,

HMIMIIEK, KPOHBI, HEKOTOPBIX JAPYIHX BEreTalloH-
HBIX IPU3HAKOB JIEPEBBEB M COCTOSHHE MOYBCHHOTO
W3T0XKEHHBIE B JTHX MOKPOBA.

BnusiHue HEKOTOPBIX IPYTHX MPUPOIHBIX M AHTPO-
MOTeHHBIX (PAKTOPOB HA pajHajibHbIA MPUPOCT IpeBe-
CHHBI OTpaXkeHo B Tabmmie 7 / table 7.

Tabmuua 5

O0630p ucciieq0BaHUI BJIAUSHHS CKUTAHUS MOMYTHOr0 HedTSIHOTO raza
Ha paJMaJbHbII NPHPOCT APeBECHHBI METO0M JACHIPOXPOHOUHIUKANMHA

Table 5

Review of researches of the influence of flaring associated gas
on the radial growth of wood by the dendrochronoindication method

Pation u peruon //

VI3MEHEeHUs eXEroJHOr0 NPUPOCTa JPEBECHHBI Ha PAa3HBIX
sTamnax skcruryaranuu ¢akena // Changes in annual growth
of wood at different stages of torch exploitation

Kak BnusieT paccrosiHue
oT dakena Ha OKa3aTeIH

District and Region

Hauaino cxxuranus

B Teuenue skcruryartammu //

npupocta? // How does the
distance from the torch impact

forest districts (Khanty—
Mansiysk Autonomous
Region, Russia) [4]

of wood increases
south of the torch

//(ief%;?f:;g During exploitation to growth rate values?
Meruonckuii 1 Hedre-
FOTaQHCKHUIT JIECXO03bI VBennueHue ITonoKuTeNbHOE BIUSHUE OCTIa-
(XMAO, Poccus) [4] // IIPUPOCTa K0XKHEE Oesaer o mMepe yznanenus ¢ 200
Megion and Nefteyugansk | daxena // Growth Her nannbix / No data 10 500 m // The positive impact

decreases with distance from 200
to 500 m

[Ipuobckoe HedTIHOE Me-
cropoxkaenue (XMAO,
Poccus) [7] // Priobskoye
oil field (Khanty—Mansiysk
Autonomous Region, Rus-
sia) [7]

Cumxenue //

Decrease

Cuamxkenne // Decrease

CHmxeHHs IpupocTa Golee Bee-
ro BelpaxkeHo B 30He 400700 m
ot ¢axena // The decrease in
growth is most noted in 400—
700 m zone from the torch

TamsauKOBOE 1 CeBepo—
JaHnoBckoe HePTSIHOE
mecropoxaeHne (XMAO,
Poccus) [8] // Talnikovoye
and Severo—Danilovskoye
oil field (Khanty—Mansiysk
Autonomous Region, Rus-
sia) [8]

Cumxenue //

Decrease

0-10 siet paboTh! akena — CHUKEHHUE.
10-20 sieT — BocCTaHOBJIEHHE /10 UCXOTHOTO
YPOBHS WJIH TOBBIIICHUE 10 YPOBHS BBIIIE
HCXOTHOTO //

0-10 years of torch operation — decrease.
10-20 years — recovery to the initial level or
increase to a level higher than the initial

CHWXeHHe Wi cTaOWIn3anus
npupocTta B 30He 10 200 M.
VBenuueHne mpupocTa mpu yaa-
nernu 6oaee 200 m. //

Decrease or stabilization of
growth in the zone up to 200 m.
Increase of growth at distances
more than 200 m

O3épHOE MECTOPOXKICHUE

(ITepmckwmii kpaii, Poccus)
// Ozernoye oil field (Perm
region, Russia)

Cumxkenue //

Decrease

0-10 net paboThI (hakena — CHIIKEHHE.
10-20 et paboTsI pakena — CHIDKEHUE //
0-10 years of torch operation — decrease.
10-20 years of torch operation — decrease

Her panunsix // No data

Tabmnuma 6

Buiusinue CKMTaHHS MOMYTHOT0 HETSHOrO ra3a Ha HEKOTOpbIe
MopdoJioruueckue nNapaMeTpsl 1epeBbEB M COCTOSTHHUE TOYB: 0030p JIMTEPaTypbI

Table 6

Influence of associated gas flaring on some morphological features of trees and soil state:
a literature review

Paiion u peruon (IToka3zarenu) /
District and Region (Parameters)

Kak NoBIHsIIO HAYAJIO CKUTAHUS
rasa Ha apeBocrtoit? / What
influence of flaring associated gas
start had on the forest stand?

Kak BIMseT JUCTAHIMS ¥ HATIPABJICHHE
OTHOCHTEJIBHO (haKelia Ha COCTOSIHUE JAPEBOCTOS U
nous? // How do distance and direction from the
torch influence to the state of forest stand and soils?

ITypoBckuii paiton, SIHAO,
Poccus [5] (Mopdonornueckue
napametpsl) // Purovsky District,
Yamalo-Nenets Autonomous
Region, Russia [5] (Morphologi-
cal parameters)

CHIDKeHHe pa3Mepa U Macchl IH-
ek // Decrease size and weight of
cones

CHMXEHHE pa3Mepa U MacChl IIHIIIEK 0 Mepe MpH-
6mmxeHus K pakenbHON yctanoBke // Decrease size
and weight of cones around the torch
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Paiion u pernon (Ilokazarenn) //
District and Region (Parameters)

Kak moBiusiyio Ha4yajao COKUraHus
rasza Ha npeBocroi? // What
influence of flaring associated gas
start had on the forest stand?

Kax BisieT IUCTaHIHS U HATIPABIICHHE
OTHOCHTEJIBHO (haKesia Ha COCTOSIHUE JPEBOCTOS U
nous? // How do distance and direction from the
torch influence to the state of forest stand and soils?

Mernonckuit 1 Hedreroranckuii
necxo3bl, XMAO, Poccus [4]
(JIecorakcannoHHbIE TOKa3aTe-
JIM, COCTOSTHHE XBOU H MTOYB) //
Megion and Nefteyugansk forest
districts Khanty-Mansiysk Au-
tonomous, Region, Russia [4]
(Forest management parameters,
State of needles and soils)

CHMKeHHE IUIOTHOCTH HOJIOTa Jpe-
BOCTOS H IPOJOJDKHTEIEHOCTH
JKU3HU XBOH.

VBenuueHue nopaxxEHHOM HEKpo-
30M XBOH, JI0JIM OCHHBI B TIOJIPOCTE
/I

Decrease in tree canopy density and
life expectancy of needles.

Increase of needles affected by
necrosis, share of aspen in under-
story.

30-50 m ot dakena. Jlerpaganusi BEpXHETO CI0s
MOYB J10 OECCTPYKTYPHOTO CyOcTparta.

100 M ot ¢akena. [TpogomKUTENTLHOCTD KU3HU XBOU
— 5,4 roza. [lopasxenue xBou HeKpo30M — 68,8%.
HakorieHne B oUBe psiia TOKCHYHBIX 3JIEMEHTOB.
250 M ot ¢axena. [IpoJOIKATETEHOCTD KH3HU XBOH
— 6,5 net. [lopaxxeHue XBou HeKpo3oM — 36,3% //
30-50 m from torch. Degradation of topsoil to a
structureless substrate.

100 m from torch. Life expectancy of needles —

5.4 years. The damage of needles by necrosis —
68.8%. Accumulation of some toxic elements in soil.
250 m from torch. Life expectancy of needles — 6.5
years. The damage of needles by necrosis — 36.3%

Merunoncknii 1 Hedreroranckuit
necxo3el, XMAO, Poccus [11]
(CanurapHoe cocrosiaue) //
Megion and Nefteyugansk forest
districts, Khanty-Mansiysk Au-
tonomous, Region, Russia [11]
(Sanitary state of forest stand)

VYXyanieHne caHUTapHOTO COCTOS-
Hus. Haubornee ycroiunBsl — Gepé-
3a u kenp. Haumenee ycToH4uuBBI —
exs 1 ocuHa // Decline sanitary
state of forest stand. The most re-
sistant are birch and siberian pine.
The least resistant are spruce and
aspen.

ViydiieHre CaHUTApHOTO COCTOSHUSL APEBOCTOSI IO
Mepe ynaneHus oT (akeIbHOH yctaHoBKH // Decrease
of sanitary state of forest stand around the torch

TansaukoBoe u Cesepo-Zlanu-
JIOBCKOE MECTOPOIXKICHUE
Hedtr, XMAO, Poccus [8] (ITo-
BPEXKICHHE U YChIXaHUE XBON) //
Talnikovoye and Severo-
Danilovskoye oil field, Khanty-
Mansiysk Autonomous, Region,
Russia [8] (Damage and drying
of needles)

VBenuueHne oM XBOH C MOBpe-
JKICHHBIM KOHYUKOM, HAYaIbHOTO
(1/3) ycpIxaHHA XBOMHOK, CHIIBHO
(90%) ycbixanus XBOMHOK // In-
crease the share of needles with a
damaged tip, initial drying (1/3) of
needles, severe drying (90%) of
needles

100 M ot ¢axkena. [Ipeobnananue (59%) xBou ¢
HaYyaJbHBIM yCBIXaHUEM, JIOJIS CHIIBHO YCOXIIEH XBOU
-2,5%

200 M oT (hakena. XBOsI ¢ HAYATBHBIM YCBIXaHHEM —
32,6%, nons cunbHO ycoxieit xBon — 2,0%

500 M ot ¢axena. XBOsI C HAYAIFHBIM YCHIXaHHEM —
17%, nons cunbHO ycoxiiei xBou — 0,65% //

100 m from torch. The predominance (59%) of nee-
dles with initial drying, the share of severe drying
needles is 2.5%.

200 m from torch. The share of initial drying needles
is 32.6%; severe drying needles is 2.0%.

500 m from torch. The share of initial drying needles
— 17%, severe drying needles is 0.65%

ITpuoGckoe MecTopokaeHue,
XMAO, Poccus [17] (Crenens
nedonranuy KpoHbL, MacChl U
IuiHEI XBon) // Priobskoe oil
field, Khanty-Mansiysk Auton-
omous, Region, Russia [17]
(Degree of crown defoliation,
weight and length of needles)

VBennueHue creneHu gedoauanun
KPOH; YMEHBIIIEHUE MACChI U JUTHHBI
XBOM TIPH yJalleHuH oT (pakena //
Increase of degree of crown defolia-
tion; decrease in weight and length
of needles around the torch

B paauyce 3 km ot pakena 0TMEUEHO yBeIUUCHHUE
cTeneHu Ae(onanuy KpoH, a TakkKe CHIKEHHE Mac-
ChI ¥ JTIMHBI XBOH 110 Mepe NPHOIMKEHHUS K HCTOY-
HUKY Bo3nerictBus / Within 3 km around the torch
the degree of crown defoliation increases; the weight
and length of needles decrease nearby the torch

ITpuoGckoe MecTopokaeHue,
XMAO, Poccus [18] (Berera-
nroHHbIH nHAeKC NDVI, canu-
TapHOE COCTOSHHE JIPeBOCTO) //
Priobskoe oil field, Khanty-
Mansiysk Autonomous, Region,
Russia [18] (NDVI, sanitary
state of forest stand)

3HauyuTenpHoe cHIbKeHrne NDVI

B 30HE 1 KM OT (pakena B mepuos
HMHTEHCHBHOTO CXKHUTaHHMS ra3a //
Significant decrease in NDVI with-
in 1 km from torch during the peri-
od of intense gas flaring

VYXyAlIeHHe CAHUTAPHOTO COCTOSHHUS IPEBOCTOS TI0
Mepe npuOImkeHns K ¢akeny (B paxuyce 1 km) //
Degradation of sanitary state of forest stand within
1 km zone
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Tabmuma 7

BinsiHMe KJIMMATHYeCKHX M HEKOTOPBIX AHTPOINOTeHHBIX ()aKTOPOB HAa PaMATbHbII NPUPOCT ApeBecCHHbI

Table 7

Influence of climatic and some anthropogenic factors on the radial growth of wood

Crpana, peruon (Dakrop) //
Country, region (Factor)

BrusiHKe Ha paguanbHbINA IPUPOCT APEBECHHBI //
Influence on radial growth of wood

CIIA, IItar ApuzoHa, . Tycon [27] (Kiuma-
tuueckuii) // USA, Arizona, Tucson [27] (Cli-
matic)

KomiuiekcHoe BIMsSHME KIMMaTa Ha INMPUHY FOANYHBIX Konell. Kak npaswuio,
BO BJI&XKHBIE M TEIJIbIC T'OJIbI IIMPHHA IPUPOCTA NOBbILIACTCA. BiusHIE Takxke
OKa3bIBaeT KOMITIEKC OHOTONMYECKUX (IPEXKIE BCETO, YBIAKHEHHOCTb) YCIIO-
BUit U BbIcOTa Haj ypoBHeM Mops. // The complex influence of climate on the
width of tree rings. As a rule, the width of growth increases in wet and warm
years. Also, a complex of biotopic (primarily wetness) conditions and altitude
above sea level influence

OCTOHUSI, CeBEpO-BOCTOYHASI 9acTh, B T. Hap-
BCKuil (pa3pe3 BuiiBuKoHHa) ClaHLIEBBIN Kapb-
ep — KpyIMHEHIHH MPOMBIIIIIEHHO SKCILTyaTH-
pyeMblit paiioH JOOBIYH FOPIOYETO CIIAHIA B
Ocronnn [32] (Knmumatmueckuit) // Estonia,
northeast, Narva oil shale quarry (Vijvikonna
open-cut mining) is the largest industrially
exploited oil shale mining area in Estonia [32]
(Climatic)

YBenuueHne NpupocTa B TOABI ¢ OOIBIION CyMMOW OCaIKOB.
CHmKeHHe TPUPOCTa IPH HOBBILIEHNE CPEIHEMECSTYHBIX TEMIIEPATYP.
YBenuueHne NpupocTa B TOABI C TEIUTBIMU 3UMaMH //

Increase in growth rate in years with large annual precipitation.
Decrease in growth rate with increasing average monthly temperatures.
Increase in growth rate in years with warm winters

HUcnanus, 6acceiin Cpemnero D0po U 10KHBIN

(Tepyaib) Aparon [36] (Knumaruueckuii (da-

ctelie 3acyxn)) // Spain, Middle Ebro basin and
south (Teruel) Aragon [36] (Climatic (frequent
droughts))

CHmKeHHe paJuantbHOTO IPUPOCTa B Hepro sl 3acyx // Decline in radial
growth rate during droughts

Pymeaus, Kpussie KaprnaTs! (kpymHbIi y4ya-
CTOK 3eMeJIb, IeTPaAUPYIOIINX B YCIOBUIX
sKcTeHcuBHOTO ¢/X) [38] (IIpopexuBanue
(pyOxu yxona), kmumatuaeckuii) / Romania,
Curve Carpathians (large area of land degraded
under extensive agriculture) [38] (cleaning
cutting, climatic)

VBen4yeHne NpupocTa TOANYHBIX KOJIEL] ITOCIe TPOPEKUBAHMS IPEBOCTOS B
JOXKIIMBBIE TOABL. [10JI0KUTEIPHOE BIMSIHUE BIQXKHBIX TOJ0OB POCIICKHBACT-
cs1 B TeueHnH 1-4 ner. OTCyTCTBHE 3HAUMMOTO BIMSHHS IPOPEKUBAHUS Ha
mpupocT B 3acynuuBele Toabl. // The increase in the growth of tree rings after
cleaning cutting in rainy years. Positive influence of wet years is tracked dur-
ing 1-4 years. There is no important influence of cleaning cutting on the
growth in dry years

Ounmstaus [28] (3arps3HeHne Bo3ayxa (BbI-
OpOCHI OT IPOU3BOICTBA XUMHYECKUX yI00pe-
nuit)) // Finland [28] (Air contamination (emis-
sions from chemical fertilizer production))

BBIOpOCH! MBUTH 1 COEAMHEHNH (TOpa IPUBOIAT K CHIDKEHHIO TIPHPOCTA, a
TaKXke K pasIMYHbIM MTOBPEKICHHS TOJIOBBIX KoJiell. Bo3zaeiicTBue 6oee 3a-
METHO BBIpaXKeHO y JiepeBbeB 10 50 net. / Emissions of dust and fluorine
compounds lead to decreased growth and various damage to tree rings. The
impact is more marked in trees younger than 50 years old

JIutea, neHTpanbHas dactb, r. Monas [29-30]
(3arpsi3HeHue Bo3ayxa (BEIOPOCH! OT HPOU3-
BOJICTBa a30THBIX yaoOpennit)) // Lithuania,
centre, lonav [29-30] (Air contamination (emis-
sions from nitrogen fertilizer production))

YBeanueHne MpupocTa Npyu HeOOIBIIOM 3arpsi3HeHnH (G GEKT ynoopeHus)
CHmKeHHe PUPOCTA TPH SKCTPEMaIbHBIX YPOBHSX 3arps3HEHUS
BoccTaHOBIIEHHE NCXOIHBIX BEJIMYMH MPUPOCTA IIPH TTOYTHU ITOJTHOM OTCYT-
CTBHH BBIOPOCOB //

Increased growth at low contamination levels (fertilizing effect).

Decrease in growth at extreme levels of contamination.

Recovery of initial values of growth with almost no emissions

OcToHus, ceBepo-BocToqHast 9acTs [33] (3a-
IpsI3HEHKE BO3yXa (BBIOPOCHI JIETyueH cliaH-
neBoi 30761)) / Estonia, northeast [33] (Air
contamination (fly oil shale ash emissions))

IMonoxuTenbHOE BIMSHUE HA TOAOBOH MPUPOCT JPEBECHHBI BEIOPOCOB ClIaHIIe-
BOI1 JIeTydell 30JIbI: YBEIMUEHHE IPUPOCTA IPEBECHHBI Y MOobIX (20-30 net)
JIEpEBbEB COCHBI B TeueHHe 3-4 yiet, y crapmux (70 u 6oiee jeT) ocobeit B
teueHune 5-6 net // Positive influence of fly oil shale ash emissions on tree
growth of wood: increased growth of wood in young (20-30 years old) pine
trees during 3-4 years, in older (70 or more years old) individuals during 5-6
years

Ocronus [34-35] (ITsuteBoe 3arpsi3aenue) //
Estonia [34-35] (Dust contamination)

3aMeTHOE CHIDKEHHE MPUPOCTA TIPH HHTEHCHBHOM 3arps3Henun // Marked
decrease in growth with intense contamination

DCTOHMS, CEBEPO-BOCTOYHAS YacTh, 130 KM OT
n. Kose [37] (3arps3Henune Bo3ayxa (BHIOPOCHI
netydeil cianmeBoit 30b1)) // Estonia, north-
east, 130 km from Kose [37] (Air contamina-
tion (fly oil shale ash emissions))

VBennueHne MpupocTa 3a CYET MPUBHECEHHUS TOMOIHUTEIbHBIX TOPLHIA HEKO-
TOPBIX IMUTATENBHEIX A1eMeHToB: Ca, K, Na, Mg, Mn. // Increased growth by
additional portions of some nutrients: Ca, K, Na, Mg, Mn
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Crpana, peruon (Daxrop) //
Country, region (Factor)

BrnmsiHue Ha paguanbHBINA IPUPOCT JPEBECHHBI //

Influence on radial growth of wood

[Monpma, ceBepo-BocTounas yacth [31] (Pekpe-
Al[MOHHBIA (MHTCHCHBHOC BBITANTHIBAHHUE)) //
Poland, north-east [31] (Recreational (intensive
poaching damage)

B oromeHHBIX KOpPHEBBIX OTPOCTKAaX OTMEYEHO CYIIECTBEHHOE YBEINYCHHE
IIMPHHBI TOJUYHBIX KOJICLl U KOJIMYeCTBa pyOLOB, OBpEXACHNH. B yacTuyHO
OTOJIEHHBIX ¥ TOJIHOCTBIO MOTPEOEHHBIX KOPHEBBIX OTPOCTKAX YacCTh TOIMY-
HBIX KOJIell He pa3BuTa (B cpexHeM Ha 20-25 HIDKe, 4eM B CTBOJIE). YTHETECHHE
BOJONPOBOSAIICH 1 muTaroniell GpyHKiuu KopHeit / A considerable increase in
the width of tree rings and the number of scars and damages was observed in
denudated roots. Part of the tree rings is not developed (on average, 20-25 low-
er than in the trunk) in partially denuded and completely buried roots. Suppres-
sion of water-conducting and feeding functions of roots

B Hexotophix ucrounukax [29-30] ormeueHa ymo0-
psAIoImas poiik BEIOPOCOB, KOTOpasi 3aKIIFOYAaeTCs B IPH-
BHECCHHU JOTIOJTHUTENBHBIX TTOPUUI psga MATATEIHHBIX
anementoB (Ca, K, Na, Mg, Mn) mis cocusl [37]. [dns
HCCJICTOBAHHONM OCHOBHOM INIOIIAAKH, HEJB3S OIHO-
3HAYHO YTBEPKIATh O HAIMYWU A OTCYTCTBHH TaKOTO
s¢dekTa, MOCKOIBKY OH MOT' OBITh MOJHOCTHEO HHUBEIH-
poBaH 0oJice 3HAYUMBIM WHTHOHPYIONUM BO3ICHCTBUEM
TePMHUYIECKOTO (pakTopa.

B npyroii pabote [37] ompenencHbl YpOBHH 3arpsi3-
HEHUS BO3JyXa MbUIbI0, IEMEHTHOM MBLUTbIO, caxkel, SO»,
IPU KOTOPBIX (PUKCHPYETCS OTYCTIIMBOC BIUSHHUE Ha
cocrostaue JiecoB. [1o-BraIMOMY, BEIOPOCH! OIHHOYHOTO
(hakena CHKUTaHUs MOMYTHOTO HE()TIHOTO Tra3a HE MOTYT
MIPUBECTH K CTOJIb CYIICCTBEHHBIM KOHIICHTpAIHSIM 3a-
TPS3HSIONINX BEIIECTB, YCTOHYMBO COXPAHSIOUINMCS B
BO3IyX€ OKpPY)KaIOLIeH TEpPUTOPUU MPOJOKUTEIBHOE
BpeMsi. BeposTHO, OCHOBHBIM JICHCTBYIOIUM (DakTOpOM,
B ciydae (pakenma CKMTaHHS TOIYTHOTO Tasa, CIEAyeT
CUHTATh TEPMUICCKUH.

Ilepcnexmusvl passumus_ucciedoganus. OTHUM U3
MEPCIICKTUBHBIX HAMPABICHUHA NanbHEHImell padoTsI
ClelyeT CYHTATh BBIABICHHE MPOCTPAHCTBEHHBIX 3aKO-
HOMEPHOCTEH BIUSHUS TEIUIOBOTO U XMMHUYECKOTO 3a-
Ips3HEHHUs] BONM3KM  (haKEIIOB CXKHUTAHHS IMOMYTHOTO
HepTsHOTO Taza. {1 3TOro HEOOXOOUMO 3aKIaJbIBaTh
CepHI0 IJIOMAJ0K HAa PA3HBIX PACCTOSIHHUSX M B Pa3HBIX
HAarpaBJIeHUsX OT (dakena.

Takxe MepcreKTUBHBIM MPECTABIACTCS COIOCTaB-
JICHHE CKOPOCTH TIPHPOCTA IPEBECHHBI C OCHOBHBIMH
KIIMMaTHYECKUMH  XapaKTEepPUCTUKaMH (TEMIIEpaTypoH,
KOJIMYECTBOM OCAJKOB B Pa3HBIC IEPHOAHBI rona). Takoe
CpaBHEHHE IMO3BOIUT OoJice TOYHO OMPEICTHUTH CTETICHB
BIIMSTHUSI TEXHOTEHHOTO (pakTopa, 0e3 ydera MOTrperrHo-
CTel, BBI3BAHHBIX €XETOJHBIMU KIMMATHYCCKHUMH KOJIe-
OaHUSIMH.

C 2012 r. [19] B P® ycraHOBNEHa HOpMA O MpEJEIb-
HO JIOTTYCTUMOM JI0Jie COKUTAHMsI TMOIYTHOTO Tra3a Ha ¢a-
KEJbHBIX YCTAHOBKaX — He 0oJiee 5 MPOICHTOB OT 00IIe-
ro o0beMa raza. B CBsSI3M C MOCTENECHHBIM IEPEXOJIOM
He(TenOOBIBAIOIINX KOMIIAHUHA K TPEABIBISIEMBIM Tpe-
OOBaHUSM, CIICyeT OKUIATh CHIDKEHUS MHTEHCUBHOCTH
JKCIUTyaTanuu (hakeIoB CXKHUTaHHs TMOMYyTHOTO Tasa, W,
KaK CJIEJICTBUE, CHIPKCHUE WHTEHCUBHOCTH TEXHOT'CHHO-
IO BO3JIEHCTBUS HA JPEBOCTOM MPUIIETAIOLIUX YYaCTKOB.
B 3TuX yCNOBHSAX, aKTyaJIbHBIM HAIpPaBJICHUEM IPOJOI-
KCHHS TEKyIIeH paboThl CIEAYyeT CUYUTATh H3YyYCHUE
CKOPOCTH DPagHajbHOTO HPUPOCTa B 3aBHCHMOCTH OT
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00bEMOB W HMHTCHCHBHOCTH CXXMI'aHHUS IIOIyTHOT'O
HeTsIHOTO Ta3a. 7 mpoBeneHNs TakuX padoT, TOMUMO
JCHAPOXPOHOJIOTHYECKOTO aHalM3a, HEOOX0OUMO HaIU-
Yyue MoApOOHOHM M JOCTOBEPHOW MH(POPMAIMK O peaib-
HBIX 00BbeMaxX W pPeXUMax JIKCIUTyaTalmu (hakeia 3a Bce
BpeMsI SKCIUTyaTaluH.

3ak/roueHHe

HccnenoBanye BIHUSAHHSA COKUTaHHUs MOIYTHOTO Ta3a
Ha paauaibHBIA TpUpPOCT Pinus sylvestris, IpoBeIeHO
Ha O38pHoM HepTsIHOM MecTopoxaeHun KpacHoBu-
mepckoro paiiona IlepMmckoro kpas. 3ITO OIHO
13 KPYMHEHIINX HE(QTSIHBIX MECTOPOKACHUH pErHoHa,
Hayajio pa3paboTKU KOTOPOTO OTHOCHUTCS K TOCIEAHEMY
nmecsatmietnio XX B. Hawano pabotel daxema mo cxu-
TaHWIO MOIyTHOTO Ta3a mpuxoautcs Ha 2000 r. [Ipeod-

nanamomas  JecooOpasymomas 1opoja Ha  TeppHU-
Topuu O3EPHOTO MECTOPOXKIAEHUSI — COCHAa OOBIKHO-
BEHHas.

JpeBecHble KepHBI OTOOpaHBI HA OCHOBHOH (BOJH3U
(akena cxuraHus MOMYTHOTO ra3a) u (HoHOBOW (aHaO-
THYHOH OCHOBHOH IO THITY Jieca U OJM3KOH 0 BO3PACTY
U COCTaBY JPEBOCTOS, HO HAXOJSIICHCS BHE 30HBI BIIHSI-
HUSL HE(TEMPOMBICIIOB) IUTONmaaAKax. JJsi uccaenoBanus
WCIIOJIb30BaH METOM JeHAPOoXpoHoiorud. OH MO3BOJISIET
OTIpEeNIeIIUTh TOYHBIA BO3pAcT JepeBa M €XKETOTHBIN pa-
JUaNBHBIN NPHUpOCT IpeBecuHbl. CpexHuil Bo3pact, aua-
METp M BBICOTa APEBOCTOs cocTamisier 71 roxd, 27,0 cwM,
23,3 M, u 63 roga, 27,3 cM, 23,9 M Ha OCHOBHOIl M Ha
(OHOBO¥ IITOMIAIKE, COOTBETCTBEHHO.

B nepuon 1981-2000 rr. cpemHsisi CKOPOCTh MPUPOCTa
IPeBECUHBI HAa OCHOBHOH IUIOMIaJKE COCTaBIIsUIA
1,623 MmmM/roz, a Ha ¢oHOBOH wIomanke u 2,021 mm/ro.
B 2001-2020 rr. cpeaHsisi CKOPOCTh MPHUPOCTa JAPEBECH-
HBI Ha OCHOBHOH muiomaake cHusmiach 10 0,961 mm/rox
(manenne Ha 40,80%), a Ha (DOHOBOW IUIOIAAKE IO
1,452 mm/ron (cHkeHune Ha 28,16%).

[Tocie Hawama skcruTyaTanuu ¢akeaa eXeroaHbIH
MPHUPOCT JPEBECHHBI HA IPIJICTAIONIEM YYacTKe CyIIe-
CTBCHHO COKpAaTWICA. B TPOTHBONOIOXHOCTE ITaHHBIM
psina uccnenoanuii [4,8,24], aTa TeHASHIMS HE MEHSET-
cs u 10-20 net cmycts. XOTsl TEMITbI TQJACHHS IPUPOCTA,
coycts 10 ner mociie Havajga COKUTaHUS MOIYTHOTO Tasa,
3aMETHO Cokpatwinch. Ha ¢GoHOBO# muromaake, rme
He(TENPOMBICIIOBOE BIHUSHHUE OTCYTCTBYET, WHTEHCHB-
HOCTBh PaJUaIbHOTO MPHPOCTA 32 TOT XKE MEPHOM, B Iie-
JIOM, TOXK€ CHUXKAETCs, HO 3aMETHO MeHbIIMMH (B 1,52—
1,67 pa3a) Temmamu.
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JuHamuka najeHusi TeMIOB IPUPOCTa TPEBECHHBI Ha
IUIOINAAKe BONM3M (pakena, a TaKKe CPAaBHCHHE 3THX
AHHBIX C (POHOBOM IUIOIIAAKOMN, IMOATBEPKIAAIOT MHTH-
OMPYIOIIYIO POJb CXKUTAHUsS MOMYTHOTO ra3a Ha paju-
aJbHBIA MPHUPOCT COCHBI OOBIKHOBEHHOW Ha TMpHUIeraro-
LIUX y4acTKax.

B psnme pabot [7,37] 000CHOBBIBaETCS TE3UC O TOM,
YTO MaKCHMaJbHasi CKOPOCTh MPUPOCTa IPEBECUHBI Pi-
nus sylvestris XapakTepHa 10 JOCTIKeHHs Bo3pacrta 30-
35 mer. Tlocne dero oTMmedaeTcs 3aMETHOE CHIKCHHE
CKOpOCTEH MPUPOCTa. ITO MOJIOKEHUE MOATBEPIUIOCH B
oTHOIIeHNH (HOHOBOH IoIaaku. OHAKO, Ha OCHOBHOM
IJIOLIaIKE MAaKCUMAJIbHbIE CKOPOCTH MPUPOCTA JPEBECU-
HbI OTMEYEHBI 10 Bo3pacTa 55 JIET, IOCIIE YETO BBISBICHO
pe3Koe MajieHne NIUPUHBI €KETOAHOT0 MPUPOCTA.

BoraTblii OnBIT AEHAPOXPOHOJIOTMUECKUX HCCIIEA0BA-
HUH yOeINTeNbHO IMOKA3bIBACT, YTO BEIMYMHA MPUPOCTa
JIPEBECHHBI OMpeNesieTcs Kak BHYTPEHHUMH >KU3HEH-
HBIMHU TIpOLIECCAMM CaMoro jepeBa (BO3pacToM H COCTO-
SIHAEM), TaK ¥ BHEIIHUMH YCJIOBUSAMH (TIpEXKIE BCETO
KIIMMaTHYECKUMH) OKPYXKAIoLIel cpenpl. 3HAUYUTENbHOE
BIIMSIHAC MOTYT OKa3bIBaTh M aHTPOIOTICHHBIC (HaKTOPHI:
TEPMUUECKOE, XMUMHYECKOE, adPO30JbHOE 3arpsi3HEHUE
aTMoc(epbl, PEeKyIbTHUBAIMA HAPYIICHHBIX YYacTKOB,
9KCTEHCUBHOE CEJIbCKOE XO35UCTBO, pekpeanus. B 3aBu-
CHMOCTH OT UHTEHCUBHOCTH U MPHUPOIBI aHTPOMOTEHHBIX
(haKTOPOB MX BIMSIHHAEC MOXKET OBITH KaK OTPUIIATEIEHBIM,
TaK U MOJIOKUTEIHHBIM.

KoHneHTpanun 3arpsA3HAOMINX BEIIECTB, UMEIOIINE
BEIpQ)KEHHOE MHTHOMpYIOIIee BIHMSHUE HAa paJHANbHBINA
pUpOCT epeBbeB [37], BecbMa BBICOKU, U €1Ba JIU JO-
CTHDKMMBI 32 CYET BBHIOPOCOB OJUHOYHOTO (hakesia CiKH-
TaHWs TOITyTHOTO Ta3a. BeposTHO, TepMudeckuil paxTop,
MPU W3YYCHUHW BIHMSHUS MOJOOHOTO POAA CIMHUIHBIX
YCTAaHOBOK Ha COCTOSIHUE JIPEBOCTOS, CIENyeT CUHMTATh
OCHOBHBIM.

Y nobpsitomast poiib BEIOPOCOB (32 CYET MPUBHECCHUS
JIOTIOJTHUTENBHBIX dJeMeHToB nutanus: Ca, K, Na, Mg,
Mn) Ha UCCIIeIOBaHHBIX TUIONIA/IKaX HE BbIsiBIeHA. OI-
HAKO, ATOT MOJIOKUTEIBHEIHN 3(h(HEeKT MOT OBITH MTEPEKPHIT
Ooyiee 3HAYUTENBFHBIM OTPHULATCIHHBIM BIIHSHUEM TEp-
MHYECKOTo (pakTopa.

Hamnbonee o4eBHIHBIII M TEPCHEKTHBHBIA CIOCOO
MPEeIOTBPALLEHUS] HEraTUBHOIO BIMSHUA OT CXKUTAHHS
MOTYTHOTO Ta3a Ha TeppuTopuu IlepMckoro kpas — 3T0O
MIPEKpaIIEeHNUEe XOJIOCTOTO COKUTaHHS, B MOJIb3Y Iepepa-
OOTKM raza Ha COOTBETCTBYIOIINX YHEPTOTCHEPHUPYIOIIHX
ycTaHoBKax. Ha ceropHsiiHuil AeHb Takas TEXHOJOTHUS
yKe BHEJPEHa Ha JIBYX Ta30TypOMHHBIX AJIEKTPOCTAHIIN-
sax (mamee — ['TOC). Tak B 2016 r. u B 2020 1., OAO
WIYKOMJI-TIEPMb» mnoctpoenst I'TAC  «Anbuués-
ckasiy u I'TOC «YamkuHoy». s reHepanuu 3JeKTPO-
SHEPTHH OHHM WCIONB3YIOT MOMYyTHBIN HETSIHOH ra3 ¢
mecropoxxkaenuit LIAHI-10 u IAHI-12, cooTBeTCTBEH-
HO [22].

[TepCIeKTUBHBIMU ~ HAIIPABJICHUSMH  TPOJIOJDKEHUS
HACTOSILEr0 MCCIEA0BaHUs CIEAYeT CUUTATh IMPOCTpPaH-
CTBCHHBIH (pacCTOSHHS U HAlPaBICHUS OT (akena) aHa-
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JIM3 HCTATUBHOI'O BJIMAHUA CKUTaHUA TOMYTHOT'O rasa,
COIIOCTABJICHUC CKOPOCTU NPHUPOCTa C KIMMATUYCCKUMHU
JaHHBIMH, a TaKXXC N3MCHCHHWC HMHTCHCHUBHOCTHU BOBHCﬁ—
CTBHUS B CBSI3M CO 3HAYMTCIBHBIM CHIDKEHHEM OO0BEMOB
CXKUraeMoro rasa B moCjaCcaJHUC roJbl.
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