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AHann3 oobLeMoB NPMMEeHEeHUs NPON3BOAHbIX TUpaMa
B pacTeHueBoa4Yeckom komninekce Kypckon o6nactum

B.A. KopoJes, O.A. MeaBeneBa, B.A. PagnoBa*,
C.A. Jlocenok, E.C. Hukutuna, U.B. KopoJsieB

Kypckuii 2ocyoapcmeennviii MeOuyuHcKull yusepcument,
Poccuiickas @edepayus, 305041, Kypck, yn. Kapra Mapxca, 3
*veraan8@ya.ru

AnHoTamust. Bosnetictere Ha 6mochepy aHTpONOTeHHBIX (PaKTOPOB — 3TO Cephe3Hast IKOJI0-
rrdeckas podnema. CeromHs OHIM M3 BOKHBIX XUMHUYECKUX (haKTOPOB, KOTOPBIE BBI3BIBAIOT He-
OnaronpusITHbIC U3MEHEHHUS OKPYXKAIOIEH Cpeibl, CTAHOBATCS IECTUIIM/IBL. B opraHusM uenoBeka
TIECTUIIM/IHBIC TTPENapaThl MOMaIal0T Yepe3 3arpsi3HEHHY0 rupocdepy, atMocdepy U IPOAYKTHI
nutanust. COBpEMEHHBII YeNIOBEK He CIIOCOOSH BBIPACTUTH M COXPAHUThH YpOXKai 0e3 MpUMEHEHHS
nectuiuAoB. [IpoHrKas B OpraHusM 4yesioBeka, OHW KyMYJIUPYIOTCS, TEM CaMbIM CIIOCOOCTBYsI CO-
3[aHUIO YTPOXKAIOLIUX CUTYali 310pOBbIO. TeM He MeHee COBpEeMEHHas YeNioBeyecKas [IMBUIN3a-
s 00OUTHCH 6€3 HUX He MOXKeT. Llernbio paboThl IBUIOCH M3y4eHHEe 0OOBEMOB LIUPKYIISLIMH TPOH3-
BOJHBIX TUPAMOBOTO PAZa, TAKUX KaK BUTAIOH, BUTABAKC, BUTacul, Butapoc, Tup 1 TMT/] (Tetpa-
METUITHYPaMINCYJIh(HIT) B arporpoMbIuiecHHOM KoMiuiekce Kypckoit odnactu 3a neprion 2007—
2016 rr. JJannble, nonydeHHble Kypckoid 00acTHOW CTaHITMEH 3alUThl PACTCHUI W CTAHITHMCH ar-
poxuMuYeckoi 3anmThl «Kypckas, MoaBeprajich CTAaTHCTUYECKONH 00paboTKe MPH TOMOIIIH TIPH-
KJIajHOM TiporpamMbl Statistica 6.0. M3ydeHsl 00beMbl IIMPKYISIMN TPOU3BOAHBIX THpama B AITK
Kypckoii obnactu 3a pecsteTHui iepuo. VcemenoBan yaensHbIA Bec PyHTUIMIO0B THPAMOBOTO
psna ¢ BBIACICHHEM JIOMHUHUPYIOIIMX arpOXMMHUKATOB B CTPYKTYpE TEXHOJIOTUH BO3/ICITBIBAHHS
CEeMEHHBIX KyJbTyp. [IpoBeneHo HccieoBaHue CTPYKTYphl MOCEBHBIX TUIOMIICH C BBIIENICHHEM
MPHOPHUTETHBIX KYIBTYP, BRIPAIIMBAEMBIX B PETHOHE, CYMMAPHOE KOJIMYECTBO KOTOPBIX COCTABHIIO
80,76 %. BpIMonHEeHO pamXUPOBaHUE PETMOHA IO 00beMaM BHECEHHS MPOU3BOAHBIX THpama. M3y-
yaeMble (PyHTHLUAHBIE MTpenapaThl TPYIIbl THPaMa aKTUBHO HCTIONB3YIOTCS JJIS BhIpALIMBAHHUS
arpokyneTyp B Kypckoit o0nactu. BeisiBieHHbIE paiioHbI ¢ MAKCUMAIBHBIM KOJIMYECTBOM BHECEHUS
IIpenaparoB JaHHOW IPYIIIbI arpOXUMHUKATOB B IIOUBY PAcCMaTPHUBAIOTCA KaK 30HBI C BHICOKOM aH-
TPOIOreHHOH HAarpy3KOH M TPeOYIOT pa3paboOTKH MPHPOIOOXPAHHBIX MeponprsTHiA. OOBbEeMBI IIHp-
KYJISILIMKA U3Y4aeMOM T'PYIIIbI IECTULMIOB MOTYT SIBJISITHCS OMACHBIMHU ISl YEJIOBEKa U KMBOTHBIX,
BIIVSITH HA (POPMUPOBAHNE COMATOIIATOJIOTHH YETIOBEKA.

KiarwueBble ciioBa: NECTULUABI, ITPOU3BOAHBIC THPaMa, 3arpA3HEHNUE ITOYBBL

BeBeneHue

OnHOM W3 BaXKHBIX MPOOJIEM SKOJOTHU YEJIOBEKA SIBIISICTCS 3arpsA3HEHHE
OKPY’KalolIel MPUPOTHOM CPEIbl, CBA3aHHOE C JTUTEIBHOMN ITUPKYIISIIACH MOITIO-
TAaHTOB B 00bekTax omocdepst [1].
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B MupoBOoM crucke aHTPONOIE€HHBIX 3arps3HUTENEH BaKHOE MECTO 3aHH-
MaroT nectuiuabl. OObeMbl UCIIOIB30BAaHUS arPOXUMHUKATOB Ha Teppuropun Poc-
cuiickoit denepanuyl B MOCaeIHUE TO/Ibl 3HAUUTENBHO YBEIUYUIUCH, YTO B HEMA-
JIOM CTENeHN 0OYCIIOBIIEHO TIOJIMTHUKON MMIIOPTO3aMEIIEHHsI CeTbCKOXO03SHCTBEH-
HOW MPOIYKIMH, BCIEICTBUE YEro YBEINYMBACTCS KOJOTHYECKas HampsKeH-
HOCTb PETMOHOB, CBSI3aHHAsl C MECTHUIMIHON Harpy3koi Ha OMOOOBEKTHI OKpYXKa-
routei cpenast [2; 3]. IIpu 3TOM NPOUCXOAUT MONKUBEKTOPHAS LUPKYJIISALMS TOKCHU-
YECKUX BEUIECTB B O0OBEKTAX OKPYXkKArOIIeH Cpelibl, MUTPALMs 110 3BEHbSIM IMHILE-
BBIX IIeTIel C BO3MOKHOCTBIO MOMAJaHMsl ¢ MPOAYKTaMH MMUTAHHsI B OPraHU3M KU-
BOTHBIX U uenoBeka [4; 5]. [lectunuasl ABISIOTCS €AMHCTBEHHBIM 3arpsi3HUTENIEM,
KOTOPBII OCO3HAHHO BHOCHUTCS YEJIOBEKOM B OKpY KarolIyto cpeny [6].

B Hacrosiee BpemMs B CBSI3M MHTEHCU(UKAILIMEH arpapHOro MpoM3BOJCTBA
pacumpsieTcsi HCIOIb30BaHUE NECTULIMIHBIX TEXHOJIOTHH U YBEIMYMBACTCS TPUME-
HEHHE BBICOKOA((EKTUBHBIX MECTUIIMIOB HOBOTO MOKOJICHHS Uit OOPBOBI C Bpe-
JIUTENIIMU arpokyssTyp [7-9]. IIpuMeHeHne XUMHYECKUX CPEACTB 3alUThl pacTe-
Huil npegoTBpamaer 10 30 % norepu yposkallHOCTH arpoKyJbTyp, KOTOpbIE CBsI3a-
HBI C BpeIUTENSAMH U 3a00JIeBaHUSIMH PACTeHUi, a Takke copHsikamu [10; 11].

Ha ceronnsunuii nenp, HanOosiee pacIpOCTPaHEHHBIMH arpocpeicTBaMU
CTany (YHTMLUAHBIE BEILIECTBA, CIOCOOHBIE MOJIHOCTHIO MM YAaCTMYHO MOJaB-
JSATh pa3BUTHE BO30yauTenel OonesHeil pactenuit [12; 13]. Otu BemiectBa mo-
BCEMECTHO HCIIOJIb3YIOTCS Ha CEeNIbX03yro/lbsX, OHU ACUCTBYIOT arpeCcCUBHO B OT-
HOIIEHUH OOJIE3HETBOPHBIX (PUTOMATOTEHOB, MTOAABIs HX pazButue [14; 15].

Cpenu 6ombIIOro pasHooOpazus (YHIMUUAHBIX MPENapaToB B 3HAUUTEINb-
HbIX 00BbEMax B arpONpPOMBILIUIEHHOM MPOU3BOACTBE Poccuu nmpumeHsoTcs npo-
U3BOJIHBIE THpaMa, K KOTopbIM oTHOcsTes: TMT/I (TeTpameruntuypaMaucyinbhun),
THP, BUTAPOC, BUTACHII, BUTABaKC, BUTAJIOH [15]. JlaHHBIE TIpenapaThl UCIIONIb3Y-
0T IPU MPOTPABIMBAHUH CEMSH SIPOBBIX U O3UMBIX 3€PHOBBIX KYJIbTYP, TAKHX KaK
MIIEHUIIA, SYMEHb, POXKb, KYKypy3a, I UX 3aLIUThl OT KOMIUIEKCA I'PUOKOBBIX
0ose3Hel, BKIIOYast BUAbI TOJIOBHU, KOPHEBbIE THUJIH. J[efiCTBHE KOMIIOHEHTOB
arpOXMMHUKATOB 00ECTICUNBAET JTUTEIBHYIO U HAACKHYIO 3aiuTy [16].

L]env uccnedosanus — n3y4nTh 00BEMBI HUPKYIALUU TPOU3BOIHBIX THpamMa
B KypckoMm arponpoMsbIlIeHHOM 00JaCTHOM KOMILJIEKCE 32 BPEMEHHOM MHTEepBaj
2007-2016 rr.

MaTepuansi n MeToAbl UCCNIef0BaHUS

UccnenoBanuck pe3ynbrathl, nomy4yeHHble Kypckoil 0061acTHON cTraHuuei 3a-
LIUTHl PACTEHUM U CTaHIMEN arpoXxuMHUYecKor 3amuThl «Kypckas» 1Mo KOJIMYecTBY
MpernapaToB, COJACPKAIINX TUPaM, BHECCHHBIX B TIOYBY 3€MeNb CEJIbXO3HA3HAUCHHUS
Kypckoit o6nactu. OueHuBanack oy aKTUBHOTO BEIIECTBA, @ HE BHECEHHOT'O Ipe-
apaTa B IEJIOM.

JlanHble 00paboTaHbl IPY MMOMOIIM NMPHKIIAJAHON porpammsl Statistica 6.0.

Pe3yﬂbTaTbl n ux 06cy)|(p,eHv|e

ITepBBIM 3TanoOM CTao MCCIIENOBaHUE CTPYKTYpbI MOCEBHBIX Iutomanen Kypce-
KO 00JIaCTH C BBIJIEJICHUEM JOMUHHMPYIOIIHUX KYJIbTYpP, Ha MMOCEBHBIX IUIOMIAIAX
KOTOPBIX HMCHOJIB3YIOTCSI HAaHOOJIbIINE 00beMbl MECTULMIHBIX MpenaparoB. K uuciy

104 INDUSTRIAL ECOLOGY



Kopones B.A. u op. Becrauk PYJIH. Cepust: Dxonorus u 6e30nacHocTs xusHenestensaocti. 2020. T. 28. Ne 2. C. 103-111

TaKUX KyJbTYp OTHECEHbI 03UMasl MIIEHNLIA, SYMEHb, OJTHOJIETHUE U MHOTOJICTHHE
TpaBhl, KyKypy3a, caxapHasi CBekJa, B cymme coctasJsitomue 80,76 % (puc. 1).

B Kypckoit obnactu 3a gecarunernuit nepuoa 2007-2016 rr. yaenbHbI Bec
JUTSL POU3BOJIHBIX TUpama coctaBmwt: TMT] — 39,7 %, sutapoc — 13,9 %, Bura-
noH — 13 %, ButaBakc — 12,5 %, sutacun — 10,6 % u tup — 10,3 % (puc. 2).

Pesynbrate! mccnenoBanus TMHAMUKA 00BEMOB BHECEHUS TTPOM3BOAHBIX TH-
pama B CcelIbCKOXO03sIcTBEHHBIX paiioHax Kypckoit obimacTu 3a n3ydyaeMblid mepH-
OJ1 TIpeICTaBJICHBI HA PUC. 3.
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N
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Puc. 1. CTpykTypa noceBHbIX njoLiagen arpokynsTyp Kypckon obnactu
[Figure 1. The structure of the agriculture’s acreage of Kursk region]

13%

12,50%
B TMTL

B Butacun
m Butapoc
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M Butasakc
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[v)
13,90% 10,60%

Puc. 2. YaenbHbIli BEC NMPOM3BOAHbLIX TUPama no 06beMy BHECEHMS
[Figure 2. The proportion of thiram's derivatives by the amount of application]
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Puc. 3. lnHamuka 06beMOB UCM0Nb30BaHMS NPOn3BOAHbIX Tpama B AMK Kypckown obnactu, T
[Figure 3. The dynamic of using the amount of thiram's derivatives applications in AIC Kursk region, tons]

IIpu 5TOM MakCUMaJIbHOE UCIIOJIB30BaHKE MPOU3BOJHBIX TUpaMa B Kypckoit
obnactu mpuxonutcs Ha 2012 1. u cocTtaBnsger 86,54 T, a MUHUMAIbHOE KOJINYE-
ctBo Ha 2007 r. — 66 T.

Creyronmm 3TanoM UCCiIeI0BaHMsl IBUJIOCH paHXXKUpoBaHue paiioHoB Kyp-
CKOM 00JIaCTH IO CTETICHH 3arpsi3HEHUS IT0YB TPOU3BOAHBIMH TUpaMa (puc. 4).

NoubIpoBeKMin

Topuiewencrmin

Mensenckm

BenoBckuil

makcumaneHoe ucnonbzoeanne I
cpepHee ucnonbsoeavue | |

MUHMMansHoe ucnonbzosanne [

Puc. 4. O6bem BHECEHMS NPON3BOAHbLIX TMpama B Kypckon obnactu, T
[Figure 4. The amount of thiram's derivatives applications in Kursk region]
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K paitonam ¢ MakcUMaJIbHbIM MCIOJIb30BAaHUEM MPOU3BOJHBIX THpama OT-
HocsT Takue, kak ComnHneBckuit — 39,82 1, Kacropenckuii — 37,42 T, Kypckuit —
35,29 1, Coerckuii — 30,35 1, Konsimeckuii — 30,31 1, Cymxkanckuii — 30,23 T.
MuHuMallbHOE MCTIONIb30BaHUE IMpernapaToB oTMedeHo B datexxckom — 20,18 T,
O6osinckoM — 21,14 T, Peuibckom — 22,72 1, OkTs0pbekoM — 22,9 1, ['mymikos-
ckoM — 23,4 1, KypuaroBckom — 23,8 T pailioHaX, OCTaJIbHbIE XapaKT€pU30BAINCH
CPEIHMM HCIOJb30BaHUEM IIPOU3BOJAHBIX THPAMA.

OO0t 00beM HUPKYISIIMK POU3BOAHBIX THpama Ha Teppuropun Kypckoit
obnactu coctaBinsieT 76,4 T B rO/I, 4YTO TOBOPUT O BBHICOKOM YpPOBHE 3arps3HEHUS
MoYB 00JIACTH JAaHHBIMH TpernapaTaMu U BO3MOXKHOU SKOJOTUYECKOW OMACHOCTH
JUISL 9eIOBEKa.

3aknyeHue

[TpenapaTs! rpynisl THpaMa MIMPOKO MUCIOJIB3YIOTCS B PaCTEHHEBOJYECKOM
koMmiuiekce Kypcekoit obmactu. Hanbombirie 00beMbl IPUMEHEHUST OTMEUCHBI TSI
npenapara TMT/ (39,7 1/T), 4TO TOBOPUT O HEOOXOIUMOCTH HPOBEIEHUS IKOJIO-
TMYECKOr0 MOHUTOPUHIAa OHOTpaHCc(OpMAaLIUK TaHHOTO KCEHOOMOTHKA B OKpYXKa-
IolIel cpesie ¢ OLIEHKOM HKOJOrMYECKOro pUCKa U3MEHEHHs COCTOSIHUS OMOLIEHO-
30B U IIOKa3aTesel 310pOBbsl HACEJICHUS.

JluHaMuKa MCIOJb30BaHMs MPOU3BOJHBIX THpaMa JOCTaTOYHO CTaOMIIbHA C
MakcuMyMoM BHeceHus B 2012 r., mocie dero HaOIr0gaeTcsi HEKOTOPOE YMEHb-
meHne ux ucnonszoBanus. [Ipu atom B 2015 u 2016 rr. HaOMIOHa€TCA TEHACHITHS
YBEJIMUEHHS UX IPUMEHEHHUS], YTO, MO-BUJUMOMY, CBSI3aHO C KOHLIENIIUEH UMIIOpPTO-
3aMEILEHUS CEJIbCKOXO35MCTBEHHON NPOMYKUUH U PACIIMPEHHs arpOIPOMBIIUIEH-
HBIX IPOU3BO/ICTB.

PaiioHbl ¢ BBHICOKMMH 00ObEMaMU BHECEHHUS MPOM3BOIHBIX THpaMa MOKHO
paccMaTpuBaTh Kak 30HBI C BBICOKOM aHTPOIOI€HHOM HAarpy3KOM M MCIOJIb30BaTh
B KaueCTBE 3KOJOIMYECKMX MOJIeNel I OLEHKH HKOJIOTHYECKOro pucka Gopmu-
pOBaHMsI cOMATONAToJOrui vesnoBeka. [Ipu 3ToM BakHOE 3HAYEHUE MMEIOT IOCEB-
HbIE TUIOLIAIN CENTbCKOXO3SIMCTBEHHBIX PAaHOHOB 00JIACTH, T/1€ BBIPAILMBAIOTCS SIPOBbIE
KyJbTYpBbl, BETE€TAlIMOHHBIA MEPUOJI KOTOPHIX HE MO3BOJISIET MOYBEHHBIM MHKPO-
opraHuzMaM M (epMEHTATUBHBIM CHCTEMaM arpoKyJbTyp OCYLIECTBUTH MOJIHBIN
LUKJI pa3JI0KeHNUs KCEeHOOMOTUKOB TUPAMOBOTO ps/a.

[Tony4yeHHble AaHHBIE SBISAIOTCS 0A30BBIMHU JUIS MPOBENEHUS JalbHEHIINX
HCCIIEIOBAaHUM 1O OLIEHKE PKOJIOIMUYECKOro prcka (POpMHUPOBAHUS COMATOINATOJIO-
I'MH YEJIOBEKA B 30HAX MHTEHCUBHOTO MPUMEHEHUs (DYHTULIUIHBIX TEXHOIOTHH.
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Analysis of thiram derivatives use
in plant complex of the Kursk region
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Sergey A. Losenok, Ekaterina S. Nikitina, Ivan V. Korolev

Kursk State Medical University,
3 Karla Marksa St, Kursk, 305041, Russian Federation
*veraan8@ya.ru

Abstract. The impact on the biosphere of anthropogenic factors is a serious environ-
mental problem. Today, pesticides are becoming one of the important chemical factors that
cause adverse environmental changes. Pesticides enter the human body through a contamina-
ted hydrosphere, atmosphere, and food. Modern man is not able to grow and maintain crops
without the use of pesticides. Penetrating into the human body, they cumulate, thereby con-
tributing to the creation of threatening health situations. Despite this, modern human civiliza-
tion cannot do without them. The purpose of the review was to study the circulation volume
of derivatives of thiram, such as vitalon, vitavaks, vitasil, vitaros, tir and TMTD (Tetramethyl-
thiuram Disulfide) in the agricultural complex of the Kursk region for the period 2007-2016.
The data obtained at the Kursk Regional Plant Protection Station, as well as agrochemical
protection station “Kurskaya”, were subjected to statistical analysis using the application
“Statistica 6.0”. Circulating volumes of thiram's derivatives were examined in agro-industrial
complex of Kursk area over a 10-year period. The proportion of fungicides of thiram's series
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with the release of agrochemicals dominant in the structure of seed crops cultivation technologies
was investigated. A study of the structure of sown areas with the allocation of priority crops
grown in the region was conducted, the total number of which amounted 80.76%. The ranking
of the region by thiram’s derivatives was made. All studied fungicidal products of thiram are
widely used for the cultivation of crops in the Kursk region. Identified regions with the big-
gest amount of making this group of agrochemicals in the soil are treated as high anthropo-
genic load zone and require the development of environmental protection. The volume of cir-
culation of the studying group of pesticides can be dangerous to humans and animals, influ-
ence the formation of peoples’ somatic pathologies.

Keywords: pesticides, thyram derivatives, soil pollution
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AnHOTanusA. PaccMOTpeHBI XapaKTEpPUCTUKU OMACHOCTH 3arps3HEHHS TOPOJICKUX OB
MOJIMIUKIMYECKUMH apoMaTHdecKuMu yriesogopofamu (Hadramun (Naph), antpanen (An),
¢enantpen (Phen), mupen (Py), dayopanten (Flu), xpusen (Chr), 6ens(a)antpanen (BaA),
6en3(a)nupen (BaP), 6ens(b)dnyopanten (BbFlu), 6ens(k)dpayopanten (BkFlu), nudens(ah)-
antapien (Dba), 6en3(ghi)nepunen (Bghi), naaeno(1,2,3-cd)nupen). Ha mpumepe naHHBIX
MoHuTOpuHTa Tepputopun kammnyca PYJIH w mpuneratomero FOro-3amamHoro necomapka
JIEMOHCTPUPYIOTCSI COBPEMEHHBIE TIOAXOIBI K OIICHKE OITACHOCTH YPOBHEH 3arps3HCHHOCTH H
9KOJIOTHYECKOTO PUCKA 3arpsi3HEHUS TT0YB (MOKa3aTenu RO, cyMMapHas OTHOCHTEIBHAS TOK-
CHYHOCTH 10 BaP, kaH1ieporeHHbIN pUCK, penpe3eHTatuBHbIe IIAY). Ha ocHOBE KpUTHYECKO-
r0 aHaJIN3a MOKa3aTelNei 3arpsI3SHEHHOCTH NPEIaraloTCsl ONTHMANIBHBIC MTOJXO/BI K OLICHKAM
OMMAaCHOCTH TPUCYTCTBUS TOJIMAPEHOB B MOYBAX TOPOJCKUX TeppuTopuid. Mnentudunrposa-
HBI BEIyIIHUEC MCTOYHHUKU 3arpsi3HeHus. ONMUCHIBAIOTCS Pa3IMYHBIC YPOBHH JKOJIOTHYECKOM
OTACHOCTH 3arpsI3HCHUI MMOYB MOJIHAPEHAMU B Pa3MUYHBIX (DYHKIIMOHANBHBIX 30HAX aHAJH-
3upyeMoil Tepputopur. OOOCHOBBIBAETCS HEOOXOAUMOCTh Pa3pabOTKU 3KOCUCTEMHBIX HOP-
MaTHBOB IUIS TOPOJICKUX MPUPOIHBIX KOMIDICKCOB C YUETOM HHANBUAYATBHBIX 0COOCHHOCTEH
MIOYB, POJIM MTOYBCHHOW MHKPOOHOTEI, CTICHI(HUKH HCIOIb30BAHHUS TEPPUTOPUH U 0COOECHHO-
CTell HICTOYHUKOB 3arps3HCHHUS.

KiroueBble cj10Ba: 3K0JIOTMYECKUNH PUCK, MOYBBI, 3arpsi3HEHUE, TOJULUKINYECKIE
apoMaTUYEeCKHUE YTIEBOJOPOIbI

BeepgeHue

Kom@opTHOCTE TOpoJICKOM cpebl MpeanoaaraeT ypoBeHb 3arpsi3HEHHOCTH,
KaK MMHUMYM HE YIpOXarolni 300pOBbI0. KOHTPOIIb COCTOSIHUSA TOPOJICKOTO aT-
Moc(epHOro Bo3ayxa, BOJHBIX OOBEKTOB, MOYB, PACTUTEIBLHOCTH, OCYIIECTBIIsIE-
MBIH CJ'Iy>K6aMI/I MOHHUTOPHHTA, — OAVH U3 MHCTPYMCHTOB YIIPABJICHHUA Ka4YCCTBOM
OKpyXkaromen cpenbl. OLEHKH PUCKa 3J0POBBIO0 HACEJIEHUS B CBS3H C MOBBILICH-
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HBIMM YPOBHSIMH 3arpsiI3HEHUS] — OCHOBA JJISl IPUHATHS PELIEHUN O BO3MOXKHOCTH
HCIIOJIb30BaHUs TEPPUTOPUI IO ONpPENEIEHHOMY Ha3zHaueHUto. B 3apyOexxHoit
MIPAKTHUKE SKOJOTMYECKOr0 HOPMUPOBAHUS yxe Oosiee 25 neT nmpumMensiercs aug-
(hepeHIMPOBAHHBIN MOAXO K YCTAHOBIICHHUIO TIOKa3aTellel KauecTBa TCPPUTOPHIA
Pa3IMYHOTO Ha3HA4eHMs. B 4acTHOCTH, IMPOKO M3BECTHBI HUAEPIIAHICKHE HOP-
MaTHBBI KauecTBa 1mous, nuddepennnposannsie [1JIK ans mous Utamuum u ap.

B nenTpe BHUMaHMS JAHHOW CTaTbU — INOJULUKIMYECKHE apOMaTHYECKHE
YTIEBOIOPOAbl KaK 3arpsi3HUTENN TOPOACKUX IMOYB. JTO MapKepHbIE BEIIECTBA;
UX HAJIMYME YKa3blBa€T HAa UCTOYHMK 3arpsA3HEHMS] — ONPEICIICHHBIM TEXHOJIOTH-
YECKUM WK TMPUPOIHBINA mporiecc [1]. PaznuyaroT uCTOUHUKK MUPOTeHHBIE (CBS-
3aHHBIE C TOPEHUEM YIJIEPOACOAEPKAIINX MAaTEepPHUajoB), METPOreHHbIe (A HUX
HE CBOMCTBEHHO BBICOKOTEMIIEPATypHOE TOPEHHE) U OUOTeHHbIE (POAYKTHI XKH3-
HE/eATENIbHOCTH OpraHu3MoB. Tak, JUIs MCTOYHMKOB, HauOojiee 4acTo MPUCYT-
CTBYIOIIMX B TOPOJCKOM cpejie, Haubosee 3HaYMMbIMU MapKepaMH SIBJISIIOTCS MH-
peH, Oen3(b)dnyopanren, unneno(1,2,3-cd)nupen, 6ens(a)npeH (KOTOpbIit cunTa-
eTcsi HauOoJjee MpencTaBUTeNbHBIM M3 Becel rpynmbl [TAY, xapakTepHbIM Uis
IpoleccoB cropanus marepuano). HecmoTps Ha To, uro BaP TpagunmonHo cum-
TaeTCsl MPEICTaBUTENbHBIM (IIPOSBISAIOLIMM B IIEJIOM T€ K€ CBOMCTBA, YTO U IpO-
yne [TAY), ero noseneHne gajneko He BCETla aHAJIOTMYHO MOBEICHHUIO OCTATIbHBIX
MOJINAPEHOB. B CBA3M ¢ 3TUM MpH aHaAIM3€ 3arpsA3HEHHOCTH MPHUPOIHBIX Cpe
JAHHOUW I'PYINIION BEILECTB Yallle pacCMaTPUBAIOT MX KOMIUIEKC, @ COOTHOLICHUS
KoHLeHTpauui [TAY sBIAIOTCA MHAMKATOPHBIMUA M IO3BOJISIIOT YCTAHOBUTH MC-
TOYHMK 3arps3HEHHUs: OIpeesieHHass KOMOWHAIMs KOHIIEHTpaluil 3arpsa3HuTenei
XapakTepHa JiIsl TOro WK HHOTO UCTOYHHUKA.

Ji1s MOCKBBI OCHOBHBIM MCTOYHHKOM 3arpsi3HEeHH atMoc(epHOro Bo3ayxa
(a BMecTe C HUM — TI0YB, Onaroapst aTMOc(epHBIM BBITIATCHUSIM) SIBISIETCS] TPAHCIIOPT.
Cpenu OCHOBHBIX KOMIIOHEHTOB BBIOPOCOB — MPOJIYKTBI CTOPaHUS TOIUIMBA, BbI-
Opockl, 00yCIIOBIEHHBIE J00aBKaMH K OCH3UHY (BKITIOYAs! TSHKEIBIE METAIDIBI), IIHPO-
KU CHEKTp OpraHMYeCKUX COeIMHEHUH, a TakKe TBep/Ible YacTULbI (Pe3ysbTaT UCTH-
paHus ILUH, pa3pyLLIeHUs TOPOKHOTO TMOJIOTHA U YacTullbl rpyHTa). [IpakTiuecku Bce
KOMITOHEHTBI BEIOPOCOB B TOW MJIM MHOW CTETICHU OMACHBI ISl COCTOSIHUS 3J0POBbSI.

B npennaraemoil cratbe NEMOHCTPHUPYETCS OLICHKA COCTOSIHMS MOYBEHHO-
PacTUTENIBHOIO NOKpOBa Ha Teppuropuu kamnyca PY/IH m B mpuieraromem
IOro-3anannom neconapke. Tepputopusi pacrnonoxeHa Ha 0ro-3amnajae MOCKBBI,
B OTHOCHUTEJIBHO KOM(OpPTHON yacTu ropoga. OJHaKo, HECMOTPSL HA OTCYTCTBHUE
KpYHHOM MPOMBIIIJIEHHOCTH, COCTOSTHUE IPUPOIHBIX KOMIIJIEKCOB HAXOAUTCS MO/
yIpO301 MO NPUYMHE BBICOKON TPaHCIIOPTHOM akTHMBHOCTU. PaccmarpuBaemas
TEPPUTOPHUS OKPY>KEHA aBTOJIOPOTaMH C BHICOKOW MHTEHCUBHOCTBIO JIBUKEHUS:
JICHMHCKMI MPOCIEKT, 3arpy’KEHHBIM €XEIHEBHO NMPAKTUYECKH KPYTJIOCYTOYHO;
yiuua Mukiyxo-Makinas, coeuHsIoIas JB€ CTaHIIMU METPO PaJUaJIbHBIX BETOK
(bensieBo u Oro-3amannas); ymunsl Axkagemuka AnoxuHa u Camopsl Maimena.
B cBA3U ¢ 5TUM NpPEICTaBISAIOT HE TOJIBKO HAYy4YHBIN, HO U IIPAKTUYECKUM UHTEPEC
OLICHKHM TPAaHCIIOPTHON Harpy3KH, IOCTPOCHHBIE HA METOJOJOTUU OLEHKU 3KOJIO-
TMYECKUX pUCKOB. [Ipy 3TOM Ha MpaKTUKE UCHOJIb3YIOTCS PA3IUYHbBIE MOAXOJbI
K OLIEHKaM, B TOI WJIM MHOM CTENEHU JeTaJbHO YYHTHIBAIOLINE CHELU(UKY 3a-
IPA3HEHMUSL.
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OO0beKTbl nccneaoBaHUS

OOBbeKT uccaen0BaHusl — MOYBEHHO-PACTUTENBHBIN OKPOB Ha TEPPUTOPUN
kammyca PY/IH n npuneraroniero IOro-3anannoro neconapka. Mcnonb30BaHHbIE
MaTepHasbl MOIYYEHbl B XOJ€ MPOEKTa MO 3KOJOTMYECKOMY MOHUTOPUHIY JaH-
HoW Teppuropuun. HaGmonenus Hayatsl B 2017 r. npu nojaepikke pyKoBOJCTBa
yHuBepcuTeTa [2—-5]. 3amepbl KOHLUEHTpalUui 3arps3HAIOIINX BELIECTB, YPOBHEH
IyMa, 3JI€KTPOMArHUTHBIX U3IyYeHUH, paualliOHHOTO (pOHA, OLIEHKH COCTOSIHUS
PacCTUTENBHOCTH, 3arpsI3HEHHOCTU MOYB U CHEXXHOI'O MOKPOBA U JPYyrHe U3Mepe-
HUS NIPOBOAATCS HA TPUILIATH TPEX TOUKAX PEryJIIpHON ceTh MoHuTOopHHra. K Hacro-
seMy BpemeHu mnoiydeno 6osee 3500 mawubix. [IpoexT mo3Bommi chopmupo-
BaTh MOJIEJIM PacIpOCTPaHEHHs BBIOPOCOB B/IOJIb aBTOMOOMIIBHBIX JI0POT, BBIIBUTH
30HBI BIMSHUS TPAHCHOPTA, OLEHUTH MOCJIEICTBUS 3arpsi3HEHUN AJi1 PacTUTENb-
HOCTH. 3aKOHOMEPHBIN CIEAYIOLIUI ATall OLEHKH — BBISIBIEHUE PUCKOB JJIsl Hace-
JIEHUSI B CBSI3U CO CJIOKMBILIMMCSI COCTOSIHUEM OKpPY’Kalolled Cpenbl U BEeIyIIHUX
(aKkTOPOB N3MEHEHHS HKOJIOTHYECKON 00CTaHOBKH.

CocrosiHre aTMOC(EpHOTO BO3yXa aHATU3UPOBAIOCH IO HAJTMYHUIO BHIOPO-
COB OCHOBHBIX KOMIIOHEHTOB 3arpsI3HEHUS: OKCH/BI a30Ta, OKCHJIBI yIJIepoaa, yr-
neBosiopoabl npenenbubie (YB), a Taxke TBepAbix yactull. B urore Obuin ompe-
JienieHbl Hanbosiee onacHsle I (POPMUPOBAaHHS aTMOC(HEPHBIX 3arps3HEHUI ycio-
BUsl. OLIEHKH SKOJIOTMYECKOTO PUCKA Ul HEOIAaronpHusITHBIX METEOCUTYAIUil 1o-
Ka3aJIHd, 4YTO UMEETCS BEPOSATHOCTH INPEBBIIIEHUI MPEEIBbHO-I0IYCTUMBIX KOH-
LIEHTpaIMi psifia 3arpA3HSAIONINX BEIEeCTB [6].

VY4uThIBas, YTO UMEHHO aTMOC(EpHbIE BBIMAJCHUS SBISIOTCS BEIYIUM HC-
TOYHUKOM MOCTYIUIEHHUS 3arpsi3HEHUI B IOUBBI M PaCTUTENIbHbIE OPTaHU3MBbI, OYe-
BUJHO, CJIEIyET 0’KU/IATh NOBBIIEHHOM Harpy3KH Ha SKOCHCTEMY Kamiryca. B naHHOI
CTaTh€ OLIEHHWBAIOTCSI PUCKH 3arpsi3HEHUS [TOYB Ha TEPPUTOPUM Kamiryca. B kaue-
CTBE MCXOJHBIX JaHHBIX IJISl OLEHKM B3AThl KoHUeHTpauuu ITAY B nouBax Ha
TPUJLATH TPEX TOUYKAX MOHUTOPHUHTa TeppuTopuu. IlomyueHHsle Moaenu pacrmpe-
neneHust KoHueHTparuii ITAY B mouBax BepuHUIMPOBATUCH OLEHKAMH COCTOS-
HUS PaCTUTENILHOCTHU U OlleHKaMu TToTokoB CO2 Ha paccMaTpuBaEMON TEPPUTOPHH.

MeToabl

Konuenmpayuu IIAY onpenensivch 1Mo pe3yjbTaTaM aHajlu3a COCTOSHUS
MOYBEHHOr0 MOoKpoBa. [IpoObl oTOMpanich M aHATU3UPOBATIMCH COTNIACHO JICHCTBY-
IOIIMM METOAMKAaM, aHAJIOTHYHO paboTaM, MpeaCcTaBlIeHHBIM B [7]. AHanu3 mpo-
BoJmIIcs B laboparopun MucturyTa 6nonorun Komu HIL YpO PAH [8].

Konnentpanun CO2 xak mokazaTenu AbIXaHMS [OYB ONPENENSIIUCH C IO-
MOILBIO TOPTAaTUBHOTO razoananusaropa 'AHK-4.

Jlna uoenmuukayuu ucmoYHUKO8 3a2pAa3HeHus VCIOIb30BaHbl NHINKA-
TopHble oTHoeHHs [TAY (Tabn. 1). CooTHomeHus: mo3BoNAIOT oTHeCTH [TAY Kk
METPOreHHBIM (HE MOABEPraBUIMMCS BBICOKOTEMIIEPATYpHBIM MPeoOpa30BaHUIM)
A100 MUPOTEHHBIM, ONPEAEIUTh MPEIIOI0KUTEIbHBIN UCTOUHUK, y1aJeHHOCTh
HMCTOYHMKA OT LEHTPAJIbHBIX TOPOJCKUX PallOHOB (C BBICOKOW MHTEHCHUBHOCTBIO
JIBUKEHUS) U JP.

[IpakTuka npuMeHeHUs] UHAMKATOPHBIX COOTHOLLEHUN MOKAa3bIBAET, YTO JaH-
HBbIE BEJIMYMHBI C ONPEIEICHHON CTENEHBbIO JOCTOBEPHOCTH MO3BOJIAIOT UIECHTH-
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(GuIMpoBaTh UCTOYHUKH MOCTYIUIEHUS HEe Toibko [TAY, HO U 3arps3HuUTENEH, KO-
TOpBIE OHU «COTPOBOXIAIOT» B MOTOKE. HecMOTpsi Ha BO3MOXKHBIE OIIMOKH OIpe-
neneHui [1], ucrnonb3oBaHUe KOMNIEKCa NHOUKATOPHBIX COOTHOIIEHUH MO3BOJIS-
€T 00eCIeunTh YJOBJIETBOPUTENIBHYIO IOCTOBEPHOCTh MJICHTU(PHUKALIMY HCTOUHUKA.
Yposenw 3azpaznennocmu noue IIAY onpenensncs B COOTBETCTBUH C I'pa-
AWMU, TIPEAJIOKEHHBIME B padoTe b. Manumescku-Kopasidax [9]:
—npu ZITAY <200 MKI/KT TOYBBI CYMTAIOTCS HE3arps3HEHHBIMU;
—npu Z[TAY = 200—600 MKI/KT IOYBBI IPH3HAIOTCS CPEIAHE 3arPsI3HECHHBIMU,
—npu ZITAY > 1000 MKI/KT mo4Ba NpU3HAETCS CUIIBHO 3arpsiI3HEHHOM.

Tabnuuya 1
UHnaukaTopHbie cooTHoweHus MAY [10-14]

3HauyeHune ang neTporeHHbix MAY 3HaueHune Ang nuporeHHbix NMNAY

®deHaHTpeH/aHTpaueH (Ph/An)

Ph/An > 10.0 Ph/An < 10,0.
Ph/A = 3,0 npu ropeHnn gepesa u yrnsa

AHTpaueH/(cymma nsomepos maccown 178), An/(Ph + An) nnn An/178

An/(Ph + An) > 0,10 = gmsenbHoe macno, | An/(Ph + An) < 0,10 = nurHuT, BeIGPOCHI AM3ENBHOrO TOrM-
CNaHLLEeBOE Macio, yrojb 1 HEKOTopble 06- | nnBa 1 masyTta
pasupl Cblpon HehTH

®dnyopaHTeH/nupeH, Flu/Py

Flu/Py > 1,0 [15]. Flu/Py < 1 © nMporeHHbl€ NCTOYHUKN.
Flu/Py < 0,4 [16-18] Flu/Py < 1,4 cxxuraHue yrns.

Flu/Py <1,0 cxxunraHme opeBecuHbl.
Flu/Py > 0,4 cxuranune

dnyopaHTeH/(dnyopaHTeH + nupeH), FI/(FI + Py)

Flu/(Flu + Py) < 0,50 = 6onbwunHcTBo HIM | Flu/(Flu + Py) > 0,50 = cxuraHue kepocuHa 1 Tpasbl, 601b-
1 NPOAYKTOB X CropaHust LWMHCTBA Yrien u ApeBecuHbl; KPeo3oT

BeHs(a)aHTpaLeH/(6eH3(a)aHTpaLeH + xpu3eH (TpudeHnneH)), BaA/228

BaA/228 < 0,20 BaA/228 > 0,50 MAY — npoaykT CXuraHus.
BaA/228 > 0.35

BeHs(a/nnpeH/6eH3(g,h,i)nepuneH

BaP/Bghi > 0,6 TpaHnopTHbIe BbIGPOCHI

MHpeno(1,2,3-cd)nuper/mHaeHo (1,2,3-cd)nupeH + 6enH3(ghi)nepuneH, IP/(IP + Bghi)

IP/(IP + Bghi) <= 0,20 IP/IP + Bghi > 0,5 cxuraHue TpaBbl, PEBECHOM Caxu, ope-
BECWHbI N YIS, KYCTapPHUKOBbIE NOXapbl.

IP/IP + Bghi < 0,5 noxapbl B caBaHHe; NPOAYKTbl CrOPaHNs
HedTENPOAYKTOB N CbIPO HEDTU

Cymma nupeHa n dnyopaHTeHa k cymme xpudeHa u deHaHTpena (Py + Flu)/(Chr + Ph)

<0,5 ‘ >0,5

CoOTHOLLEHME KOHUEHTPAaLMIA HU3KoMonekynsipHeix (HM) n BeicokomonekynspHbix (BM) MAY

HM/BM > 1,0 ‘ HM/BM < 1,0

MeTtundeHaHTpeH n peHaHTpeH (MP/P) ‘

MP/P > 4,0 — MOTOpHOE Macno ~ 1,0 Nnpo6bl YNINYHOM 1 rOPOACKON Nbinu;
2 ... 6 (cXuMraHme UCKONaemoro TOnavBa, TEXHONOrns Nps-
MOrO BMNpbICKa)

Cymma metundnyopaHteHa n metunnepuneHa k dnyopanteny (Mflu + MPy)/Flu ‘

(MFI + MPy)/FI > 1 (MFI + MPy)/FI < 1
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Table 1
PAHs indicators ratios [10-14]

Values for the petrogenic PAHs Values for the pyrogenic PAHs

Phenantrene/anthracene (Ph/An)
Ph/An > 10 Ph/An < 10.
Ph/A = 3 wood and coal burning
Anthracene/(sum of isomers of the molecular weight 178), An/(Ph + An) or An/178
An/(Ph + An) > 0,10 = diesel oil, shale oil, | An/(Ph + An) < 0,10 = lignite, the emissions of diesel fuel
coal, some samples of the crude oil and fuel oil
Fluoranthene/pyrene, Flu/Py

FI/Py > 1[15]. FI/Py < 1 = pyrogenic sources.
Fl/Py < 0,4 [16-18] Fl/Py < 1,4 coal burning.

Fl/Py <1,0 wood combustion.
Fl/Py > 0,4 combustion

Fluoranthene/(fluoranthene + pyrene), Fl/(Fl + Py)
FI/(FI + Py) < 0,50 = most oil products and | FI/(FI + Py) > 0,50 = burning of kerosene and herbs, most

products of their combustion coal and wood; creosote
Benzo(a)anthracene/(benzo(a)anthracene + chrysene (triphenilene)), BaA/228
BaA/228 < 0,20 BaA/228 > 0,50 NAY - combustion products.

BaA/228 > 0,35
Benz(a/pyrene/Benz(g,h,i)perylene

BaP/Bghi > 0.6 transport emissions

Indeno(1,2,3-cd)pyrene/Indeno(1,2,3-cd)pyrene + benzo(ghi)perilen, IP/(IP + Bghi)

IP/(IP + Bghi) <= 0,20 IP/IP + Bghi > 0,5 burning of grass, wood soot, creosote,
wood and coal, bushfires.

IP/IP + Bghi < 0,5 savannah burning; combustion of petro-
leum products and crude oil

Sum of pyrene and fluorantene/sume of chrysene and phenantrene (Py + Flu)/(Chr + Ph)

<0,5 ‘ >0,5
The concentration ratio of low molecular weight (LMW) and high molecular weight (HMW) PAH
LMW/HMW > 1 ‘ LMW/HMW < 1

Metilfenantren and phenanthrene (MP/P)

MP/P > 4,0 — motor oil ~ 1,0 streets and urban dust samples;
2 ... 6 (burning of fossil fuels, direct injection technology)

Sum of metilfluoranthene and metilperilen to fluoranten (Mflu + MPy)/Flu
(MFI + MPy)/FI > 1 ‘ (MFI + MPy)/FI < 1

OTmeTHM, OJIHAKO, YTO YKa3aHHBIE YPOBHU 3arps3HEHHs] aBTOPOM pPabOThI
Mpe1arajgoch UCHOJIb30BaTh ISl 3€MENb CEIbCKOXO03WCTBEHHOTO HAa3HAYEHMS,
MOATOMY JIJIsl TAPKOBBIX TEPPUTOPHUIN JaHHAS IIKaTa MOXKET IPUMEHSATHCS JIUIIb C
OOJIBIIION JT0JIEH YCITOBHOCTH.

Ouyenku 3IKon02uvecKux puckog, oO0yCIOBICHHBIX 3arpsS3HEHHEM KOMIIO-
HEHTOB OKPY’KaloIlIe cpeibl, BO3MOXHBI Ha OCHOBE HECKOJIbKUX MOJIX0JI0B, pa3-
JUYAIOIIUXCS IO PEIUIUEHTY pUcKa (MMOTEHIIMATBHOM KEePTBE 3arpsi3HEHHs): Op-
TraHU3M YEJIOBEKa, COCTOSTHUE YKOCUCTEMBI. PaccMaTpuBaroTCs prCK BO3ZHUKHOBE-
HUS OTPEJENICHHBIX HeXeNnaTeNbHbIX d(PekToB y 00bekTa BO3ACHCTBUS (HAMpH-
Mep, KaHIIEPOT€HHBIM PUCK), PUCK PAaCHpOCTpPaHEHUs 3arps3HEHUN B COMpeeib-
HBIE CPEJIbl, PUCK DKOHOMHUYECKHUX MOTEPh B CBSA3U C 3arpsI3HEHUE U .

B Hamem ciydae anmpoOUpoBaH MOJIXO/A K OIEHKE PUCKA 3arps3HEHHS M0 Me-
TOJIMKE, AETaIbHO MPEACTaBIeHHOM B [15; 16]. Puck nmpeaioxeHo olieHuBaTh Ha Oc-
HOBe Kod(durmeHTa pucka RQ ¢ yueToM (akTOpOB SIKBUBAICHTHONW TOKCHYHOCTH:
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RQ = Cnay /Coy,

rae Cnay — KoHUeHTpauus uHausuayanbHoro ITAY B mouax; Cor — cCOOTBeET-
CTBYIOLIIEE KPUTHUECKOE 3HaUeHHE KauecTBa MOYB: 3T0 MOTyT ObITh NC (He3Hauu-
TEJIbHBIC KOHILIEHTPALNU, HUKE KOTOPBIX BO3HUKHOBEHHE MOOOYHBIX dPPEKTOB
B OKPY’KaIOIEH CpEeNe CUMTAETCS HE3HAYMTENIBHBIM) U IPEIEIbHO-10yCTUMbIE
KOHIIeHTpauuy, pu 3ToM NC npuaumaetcs o [19] xax TT1JIK/800.

Takum oOpazom, 11t komIuiekca u3 mectHaauatu [IAY (Bxmrouennbix EPA
B IIMPOKO UCHOJIb3yEMbIH CIHMCOK MPUOPUTETHBIX ISl KOHTpOJs BemecTB [20])
OLIEHKa MPOBOAUTCS 1O hopMyiam

RQsnayive) = Xi21 RQivey, ROive) == 1;
R = Y% RQ; RO => 1
Qznay(ak) i=1 RQimaxy, ROimmo == 1.

Benuanaer ROwvey 1 RQviec) otaenbHbix [TAY, koTopsie Obtn HE MeHee 1,
CYMMHUpYIOTCS UTsl pacueta RQOspanwe) U RQOspanik) Uit Bcero komruiekca [TAY.
Knaccudukanms 2x010rndeckoro pucka npuseeHa B 1adm. 1. RQwe) < 1,0 ykasbl-
BAeT, YTO 3HAYMMOCThH (OMACHOCTH 3arpsi3HEHMsI) OTAENbHBIX [IAY MoxeT ObITh
He3HauuTeNnbHOU; ROmak) > 1,0 — 3arpsi3Henne nHauBuayanbHbIX [TAY npeacras-
Js1eT cepbe3Hbli puck; ROwo) > 1,0 m RQaix) < 1,0 — 3arps3sHeHre MHIUBULyallb-
HbiMU [TAY npencraBisieT yMEpeHHBIA PUCK.

Tabnuua 2
Knaccudukauusa ypoBHe 3K0OI0rm4eckoro pucka nHguenayanbHbix MAY
n cymmbl MAY no nokasatenam RQ [16]
UnpgueupyanbHbie MAY INAY
Puck RQnc, RQpn Puck RQsnayne RQsnavinan
Puck otcytcTByeT 0 - Puck otcytcTtByeTt =0 -
Huskunin puck >1; <800 =0
YMepeHHbIN puck >1 <1 YMepeHHbIn puck 1 >800 =0
YMepPEHHbIN pUCK 2 <800 >1
Bbicokuii puck - >1 Bbicokui pnck >800 >1
Table 2
Classification of the ecological risk levels of individual PAHs
and XPAHs based on the RQ indicators [16]
Individual PAHs XPAH
Risk RQwe, RQe Risk RQspanne, RQseanqurc)
No risk 0 - No risk =0
Low risk >1; <800 =0
Moderate >1 <1 Moderate 1 >800 =0
Moderate 2 <800 >1
High risk >1 High risk >800 >1

TakuM 00pa3oM, B JaHHOM Cllydae PUCK MPEICTABISIET COOOM HE BEPOSIT-
HOCTh HACTYIUICHHsI COOBITHSI HEKOTOPOTro Macintada (oOHapy>KeHHsI KOHIIEHTpa-
LMY, TIPEBBIIAIOIIECH ITPEAEIBHO JOIMYCTUMY WIH MaKCUMaJIbHYI0 HE3HAYAIlyIo
BEJIMYUHY), 8 KOJIMYECTBEHHYIO OIIEHKY OMACHOCTH CYIIECTBYIOIIETO 3arps3HEHUS
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oTHocuTenbHO «kpuTHueckux ypoBHei» (ITIK n NC). OueBuano, 310 u odycio-
BUJIO BBeneHHe ypoBHS RO = 0 (OTCyTCTBHME pUCKA): C yUYE€TOM TOTaJIbHOW pac-
npoctpaHeHHOCTH [IAY B mpupone npus3HaTh UX MOJHOE OTCYTCTBUE B TOW MIIHU
MHOU cpene Bpsia jau fomyctumo. CTporo roBopsi, MOXKHO YTBEp)KJIaTh HE 00 OT-
CYTCTBHHM, @ O HEBO3MOKHOCTU OOHapy>kKeHHs! (KOHLIEHTpALlUU HIKE YPOBHS Jie-
TekTupoBaHusd). IloaTBepkaeHNe 3TOMY — BEpOSITHOCTh 3HAUUTEIbHBIX aHAJIUTH-
YeCKMX MNOrpemHocTedl U omMOOK Ipu 0TOOpe, XpaHEHHHM U IMOJArOTOBKE Mpod
(BIJIOTH 10 HEBO3MOXKHOCTH 0OHapyxeHus [IAY B nmpobe).

Eme onnH u3 MoaxoI0B K ONPEAEICHUIO KOJOTHYECKOT0 PUCKA B CBSA3H C
3arpsI3HEHUEM ITOYB — OLIEHKM KaHLIEPOT€HHOIro pucka. [Ipu 3Tom nmpuHUMaroTcs
BO BHUMAaHHUE pa3IUYHbIE IyTU MOCTYIUIEHUS KAHLEPOI€HOB B OPraHU3M: C BJbI-
XaeMBbIM BO3YXOM, IIUILIEBBIMU IIPOAYKTAMH, YE€PE3 KOXKHBIN ITOKPOB.

]LCRSIngestion =CS- (CSFIngestion : (BW/70)1/3  IRsoil * EF - ED) / (BW - AT - Cf),
ILCRSpermat = CS + (CSFpermal - (BW/70)'° SA - AF - ABS - EF - ED) / (BW - AT - ¢f),
ILCRSinhatation = CS - (CSF Inhalation (B VV/70)1/3 IR - EF - ED) / (B W - AT - PEF - Cf),

rrae CS konnentparms [TAY B mouBax (MI/Kr), MolydeHHas! MepecyeToM KOHILIEHTPa-
uui [TAY ¢ y4eToM SKBUBAJIEHTHON TOKCHMYHOCTH OoTHOcutenbHO BaP [21]; CSF —
(akTOp KaHLEPOreHHOCTH (M KI/CYT), OCHOBaHHBIM Ha KaHIeporeHHoctu BaP:
CSFingestion, CSFDermal 1 CSFnhalation JU1s BaP mpunuMmarorcs paBHbiMu 7,3, 25 u
3,85 mr-kr/cyT cooTBeTcTBeHHO [22]; BW — Bec Tena, KT, paBHBIA yclioBHO 70 KT
AT — cpenHsas NpOAOIKUTENBHOCTD JKU3HH, yClIoBHO 70 net; EF — yacToTa BO3IeH-
cTBUS, THEH/To; ED — MpOIOIDKATELHOCTh BO3ICUCTBYS, JIET; [Rsoil — JIOJIST TIOCTYTLIC-
HUS C MOTVIOIIEHHUEM, KI/NeHb; [Rair — JI0IS MHTANSLMOHHOTO IOCTYILIEHHS, M/JIeHb;
SA — TOBEpXHOCTHOE BO3JIEHCTBHE HA KOXY, CM>/TIeHb; cf — TlepecyeTHbIH Kod(hu-
uuent, 10% AF — dakrop aaresun koxu, npunumaercs 0,00001 kr/cm?; ABS — an-
copbupyemas kosxkei ppaxuus [23; 24], 1,326109 m>/kr.

CyMMapHBIN pUCK OIIEHUBAETCS CYMMHUPOBAHUEM TPEX MEPEUUCICHHBIX CO-
CTaBJISIFOIINX.

OnHako, y4uThIBasi THIT pacCMaTPUBAEMOM TeppUTOpUH (ITapKOBasi TEPPUTOPUS,
a/IMUHUCTPATUBHASL U KWJIasi 30HBI), BPSAJ JI1 TAKUE OLEHKH MPEJICTABIISIFOTCS LIEJIECO-
00pa3HbIMU: TOCTYIUICHHUE C MHUIIEBBIMH MPOIYKTaMH, BBIPAIIEHHBIMUA Ha TEPPUTO-
UM, UCKITIOYEHO TIOJTHOCTBIO; BPEMsI BIIBIXaHUSI OTPAaHUYMBAETCS BpEMEHEM TpeObIBa-
HUSI HEMOCPEJICTBEHHO HA PaccMaTpUBAEMON TEPPUTOPHHU, TIPH YCIOBUH OTCYTCTBUS
CHETOBOTO TIOKPOBA (TO €CTh B CPETHEM 3a TO/T) 3TO BpeMsi OY/IET COCTaBIISAThH B TFOOOM
ciydae He 6oniee 1 w/cyT, uto oTpazutcs B BenuunHe ED 1 Ha BeJIMYKMHE IEPKYTAaHHOTO
noctymyeHus.. TakuM o0pa3oM, OllEHKa, OCHOBAHHAs Ha MPEICTaBJICHHOM IOJXOJE,
BpSII T CIIOCOOHA OTPAa3UTh pPealbHbIC TIOCICICTBUS 3arps3HEHUS TI0YB, TeM Oolee
YTO «OOBEKT PHCKA» TP pacuere Mo JaHHBIM (popMyliaM — HE OCHOBHOM TONTy4aTelb
HEeXeaTeIbHBIX A((EKTOB: YEIIOBEK MPUCYTCTBYET HA 3arpsS3HEHHON TCPPUTOPUHU
TOJILKO HE3HAUUTENTbHYIO YaCTh BPEMEHHU Ha MPOTSHKEHUH CYTOK.
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Takum 00pazoM, ¢ TOUKK 3pEHUS] COXPAHHOCTH TOPOJCKUX 3KOCHUCTEM TOpasio
OOJBIIMIT MHTEPEC NPECTABIISUIN Obl OLICHKH PUCKA, B IIEHTPE BHUMAHHs KOTOPBIX —
CaMM TOPOJICKHE SKOCHCTEMBI (PacTUTEIILHOCTH, MOYBBI C MUKPOOHOTON U 1p.).
Ho B 3TOM citydae Bo3HHKaeT rpobieMa BbIOOpa KPUTHUYECKUX (JIOIyCTUMBIX) YPOB-
Hel Harpysok: 11JIK, npuMensemble B IPAKTUKE YKOJIOTMYECKOr0 HOPMUPOBAHMUS, SIB-
JISIFOTCS. CAHUTAPHO-TUTMEHNYECKUMH U OPHEHTUPOBAHBI, PEK/E BCETO, HA COCTOSTHUE
310poBbs YenoBeka. [1/IK 3arps3Hsonmx BEeIEeCTB, YUUTHIBAIOIINE COCTOSIHUE PacTH-
TENLHOCTH, pa3pabaThIBAIMCh W BHEAPSUUCH B 1990-X IT. WL B TIOPSAKE SKCIEPH-
MeHTa. DT0 ObUIM HOPMATHBBI KOHILIEHTpAIMH HauOoJiee pacpOCTPaHEHHBIX 3arpsi3-
wsttorux BerecTs (He [TAVY!) mis HanOoee pactpocTpaHEHHBIX PACTUTELHBIX BUIOB
ITK-AJT [25]. Omgnako maxke HeOOMbIas TOPOJICKas SKOCHCTEMA — 3TO MHOMECTBO
B3aMMOCBSI3aHHBIX BUJIOB OPIraHU3MOB, JUISl K&KIOTO U3 KOTOPBIX HEBO3MOXHO YCTaHO-
BUTH oTAenbHy0 [1JIK kaxmoro u3z Oojee Tpex MUIUTMOHOB 3arpsi3HUTENEH, CyIile-
CTBYIOLIIMX B IpHpoze. B CBsI3M ¢ 3TUM yke HECKOJIBKO JECATUIICTUH 00CyKaaeTcs
npo0eMa 3KOCHCTEMHOTO HOPMHUPOBAHHMS, KOT/Ia B IEHTPEe BHUMAHUS — COCTOSTHHE
117101 KOCUCTEMBI [26].

B pesynbrare sl OLEHKHM OMAcHOCTH 3arps3HEHMs] MOYBEHHOI'O IMOKPOBa
roJinapeHaMu ObuT BBIOpaH MOJX0J Ha ocHOBE BenuuuH RQ. OqHako onpesesneH-
HBIE 3aTpyIHEHHUs BbI3Bal nouck 111K monmmapeHoB st moys.

B cBsi3u ¢ mpaktudecku noiaHbM otcytetBueM I1/IK ITAY B mouBax B Poc-
cun (3a uckmouennem [1J]IK6en3(a)mupena, 11 KOTOPOTO YCTAaHOBJIGHA KOHIICH-
tpauus [1/IK, equnast qyist Bceil TeppUTOpPUM CTPaHbl, BHE 3aBUCUMOCTH OT THIa
MOYB U BHUJA 3eMJIETIOIH30BaHUS) B KaUeCTBE OpUEHTUPOB ObUIH B3ATH [IJIK mst
TEPPUTOpPUN MapKoB, npuHATele B Utanmun u Hunepnanmax [19; 27]. Ormerum,
YTO, HECMOTPS Ha JETAlM3alUI0 BUAOB 3€MIICTIONH30BAHM (B JAHHOM CIy4yae —
BBIJICJICHUE B OT/IENbHYIO KaTETOPUIO MAPKOBBIX TEPPUTOPUI), peub UAET O TUTH-
€HHMYECKOM HOPMHPOBAHUH, YCTAHOBIIEHUH O€30MacHBIX YPOBHEH BO3IECHCTBUS C
y4eTOM creuu(UKU BOCIIPUATHUS OPraHU3MOM YeJIOBEKa.

[TomuepkneMm, yTo ucnonb3oBaHHble HaMu 3HadyeHus [[JIK aBistoTcs canu-
TapHO-TUTHEHUYECKUMHU ToKa3aTesssMu. VX pa3paboTka mpenrosiaraeT ycTaHOB-
JIeHHe KPUTUYECKUX YPOBHEW peaklMu Ha BO3JEHCTBUS, KOTOpbIEe Oy IyT Oe3omac-
HBI IIPEXKJE BCEro Il OpraHu3Ma 4YejioBeKa. B kauecTBe neranpHOrO mpumepa
ycranoiieHus [TJIK nomuapeHOB B moYBax MOXKHO MPUBECTH METONUKY [19]: onpene-
JICHWE HOpPMAaTHBAa HAYMHAETCS C MOJIENIMPOBaHMs Ha ocHoBe moaxona QSAR (ycra-
HOBJIEHHE B3aMOCBSI3U CTPYKTYPBI BEIIECTBA U €r0 CBOICTB) — OMpeaeNnseTcs mo-
TEHLUAJIbHAs OMACHOCTh BEIIECTBA B BOJHOM Cpele, a 3aTeM CIIEIYIOT MOATBEP-
KJICHHUS HA OCHOBE SKOTOKCHKOJIOTMYECKUX IKCIIEPUMEHTOB M pa3paboTka HOp-
MatuBoB [1JIK mous u [1JIK B IOHHBIX OTJIOKEHHSX.

[TonmyuyeHHbIE OLIEHKM YPOBHEH pHCKa COMOCTABILUINCH C KiIacCU(pHUKAIEH
mo tabum. 1.

Ilpocmpancmeennoe pacnpedenenue geauyun pucka 3arpsi3HEHUs NIOYB BU-
3yanmsupoBaiock ¢ nomomsto ['MC-makera Surfer 15 (MeTonbr — 00paTHBIX B3Be-
LIEHHBIX PacCTOSHUM, KpUTHUHT). JlaHHBIE METO/IbI IIMPOKO UCIIONB3YIOTCS B MPAKTH-
K€ U MpeACTaBIIEHBI B CIICIIUAIBHON U yueOHOM TuTepaType.

Ilonyuennvie oyenku epuguyuposaiucy COIOCTaBICHUEM C MOJEIbHBIMU U
HaTypHBIMH JTaHHBIMHA O CyMMapHOM AHTPONOT€HHOM JABJIEHWU HAa TEPPUTOPHUIO
KaMITyca Mpu 3arpsi3HEHUH aTMOC(EPHI.
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PesynbTaThl M 006CyXaeHue

Ananu3 koHuentpauuii I[TAY Ha TpuauaTi Tpex TOUKaX MOHUTOPUHTIA M03-
BOJIWJI BBISIBUTH JIB€ TOUKU C aHOMAJIBHO BBICOKMMH 3HadeHUsIMU cyMM [TAY (1. 9
¢ ZITAY = 23,936 mkr/kr u T. 28 ¢ ZITAY = 2,542 mxr/kr). Ha npounx Toukax
koHueHTpauuu [TAY BapsupoBanu B npeaenax ot 0,039 mo 0,817 mxr/kr. Takum
obpa3zom, cienys kiaccupukanuu b. ManmumieBckoit-Kapapioax, mpakTHaecky Ha
BCEH TEPpUTOpPUM KamIryca 3arpssHeHue nouys I[IAY BO3MOXXHO OTHeCTH K KaTe-
ropun HezaepazHeHuvix. OIHAKO, KaK YK€ YKa3bIBAJIOCh, JaHHAs Kiaccupukanms
HE NpeJHa3Ha4YeHa JJI OLIEHOK COCTOSHUS FOPOJACKHMX IIOYB WM NOYB MApKOBBIX
30H, IOATOMY OLIEHKY MOYKHO pacCMaTpUBaTh KaK MPeIBAPUTEIBHYIO.

[IpocTpancTBeHHoe pacnpenenenue XI1AY Ha TeppuTopun Kammyca (B e1u-
HUIAX HI/KT CYXOro Beca) MpeCTaBIIeHO Ha puc. 1.
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Puc. 1. lNpocTpaHCTBEHHOE pacnpeneneHne KoHueHTpaumn LAY
[Figure 1. Spatial distribution of ZPAHSs]

Kak BUIIHO 13 cXE€MBI, MAKCUMAaJIbHBIE YPOBHHU 3arps3HEHUI «IIPUYpPOUYEHBD K
OKpauHHBIM TOYKaM HCCIENyeMOU TeppuTopuu. [Ipy 3TOM TOUkH, HaXOAAIIMECS HA
TEPPUTOPUU JIECONIApKa, XapaKTEPU3YIOTC] MUHUMAIbHBIMUA YPOBHSIMU 3arpsi3He-
HUsI, @ THTEHCUBHOCTbD 3arps3HEHMs SIBHO YOBIBAET IO Mepe YAAJICHUS OT OCHOBHO-
ro ucroyHuka — Jleaunckoro mpocrnekra. JlaHHOe pacrpeneneHue — KOCBEHHOE,
HO BECOMOE MOATBEPXKICHUE BKJIaJa UMEHHO aBTOTPaHCIIOPTa B (JOPMUPOBAHUE 3a-
rpsi3HeHus Teppuropuu I[TAY. D10 He TONBKO HEmOCpeACTBEHHO BBIOpochH! [TAY
C BBIXJIOIIHBEIMM Ta3aMH aBToMoOuieH, Ho u ITAY, ocenaromnye Ha yacTUIAX IIHH,
HCTUPAIOIIUXCS PU ABM>KEHHU. OTMETUM, YTO aHAJOTMYHbIE KapTHHBI paclpo-
CTpaHEHHUs 3arpsiI3HEHUI NpH HEOJIArONpPUATHBIX METEOYCIOBUSAX ObUIN MOJIyYeHbI
IIPY MOJEIMPOBAHUMN PACCESIHMS Ta30BbIX INpUMeced M TBepabIX yactul PMio,
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PM2s ot aBToMaructpanu. OLeHKH, TpOBEAEHHbIE B [2; 6], MpaKTUYECKH COBIAja-
0T C IPOCTPAHCTBEHHBIMU BapualusiMu cojiepkanuii [IAY B mouBeHHOM MOKpOBE.

Eme ogHuMM NOATBEPKIEHUEM TPAHCIOPTHOIO HMCTOYHHMKA MOCTYIUICHUS
[TAY B nouBbI cTaaM 3HAYE€HUSI HHANKATOPHBIX COOTHOIIEHUH [TAY:

— cootHomenue Flu/(Flu + Py) miis 90 % Touek cBUAETENBCTBYET O MUPO-
T€HHOM XapaKTepe 3arpsi3HEeHUs], YTO COOTBETCTBYET TPAHCIIOPTHBIM BbIOpOCaM;

— cootHomenne BaA/BaA + Chr moaTBepkaaeT NUporeHHOE MPOUCXOXK/Ie-
nue [TAY mias 82 % Touek;

— 1o cooTHoueHuto Phen/An Ha 61 % Touek HabIIOJAIOCH MTUPOTEHHOE 3a-
IpA3HEHMUE;

— cooTHouleHne BaP/Bghi (uHaukaTop TpaHCIIOPTHOTO BO3AEHUCTBHS) OITBEP-
JTAJIO BBIXJIOIIBI IBUTATEIIEH KaK OCHOBHOM MCTOYHMK 3arpsisHeHui st 54 % Touek.

Eme ogHO 10Ka3aTenbCTBO TEXHONEHHOTO npoucxoxaeHus IIAY B nousen-
HOM IOKpPOBE — paclpeesieHue 10JIel HHANBUAYaIbHbBIX MonnapeHoB B XITAY Ha
Toukax HabmoneHuil. TpaaunnoHHo B coctaBe accormanuii [TAY B cioyuae Tex-
HOTEHHOTO 3arps3HEHUsI Pe00IIaJat0T BEICOKOMOJIEKYIISIPHBIE TIOJTHapeHs! (5—6 apo-
MaTrueckux kousen). C 3Toil TOUKM 3peHHUsl TOKa3aTelbHbl pa3InyMsl cOCTaBa ac-
commanuii [TAY Ha Hamboyee «ecTecTBeHHOW» T. 14 (IieHTpadbHAs Y9acTh JIeCo-
MapKOBOM 30HBI) U Ha T. 29 (MakcuManbHO OnHM3Ka K JICHUHCKOMY MPOCHEKTY).
Huarpammsl pacnpenenenus [TAY (puc. 2) 1eMOHCTpUPYIOT 3HAUUTEIbHBIE Pa3-
JTUYHS B PEKUMAaX UX HAKOTUICHHUS.

CocraB accounauuu NAY, %, Ha 1. 14 Cocras accounauum MNAY, %, Ha T. 29
Composition of PAHs association, %, point 14 Composition of PAHs association, %, point 29
Bghi P Naph Ip
5% 0% gy Fluorene 0% Naph
1% 12%

BaP (9%

Fluorene

Phen 1%

16% Phen

Bghi 8%
37%
An

/ 1%
Flu
7%

An

Flu
22%

Dba_
0% BaP BaA

3% BkFlu 3%
2% Chr

Py BbFlu 5%
15% 13%

Puc. 2. CocTas accoumaumii MAY Ha 3arpsi3BHEHHON 1 OTHOCUTENBHO YNCTON TEPPUTOPUSIX
[Figure 2. Composition of PAHs association on the polluted and relatively clear territories]

Tak, qyis T. 29 oyeBuaHO Npeobnananue 5—6-konbueBbix [IAY. Cpenn HUX
cootHomenue noineit BbFlu u BkFu momHOCTBIO COOTBETCTBYET yCIOBHSM pac-
npoctpanenust [IAY oT TpaHCIOPTHBIX MCTOYHUKOB MPH HUX MUTPALMU B BO3-
nyurHoi cpene. Tak, B padore [28] onenena murpanus [IAY Ha MbUIEBBIX YacTH-
[1ax: Ha TEPPUTOPHH C TPAHCIIOPTHON HArpy3Koi koHIeHTparuu BbFlu 6onee vem
B JBa pasa mpeblmnanu koHneHtparuu BkFlu, amcopOupoBanHBIX Ha YacTHIlax
PM2.5 u PM10; Ta xe kapTuHa Obl1a XapakTepHa 111 (OHOBBIX TEPPUTOPHUH.
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Onnako npeobnagarorum [TAY B 30He TpaHcriopTHOI Harpy3ku ctan Bghi: 37 %
Bkiaaa B XITAY. McrouHnkoM 3TOro nosjmapeHa sSBIsieTCsl B HAIlleM CITydae, OYeBUIHO,
NeATeLHOCTh aBToTpancnopta [29]. Ipupoanas reneparwmst Bghi mouBamu (BMecTe ¢
Act, Py, Dba, Naph) nokassiBanace, Harpumep, B [30; 31]. OmgHako ajst 3Toro Heo0xo-
JIMMbI BOCCTAHOBHUTEJILHBIE YCJIOBUSI M HAJIMUKE CUIIBHOM OOBOJHEHHOCTH TIOUBEHHBIX
ropr30HTOB. [10CKOJIbKY TAKMX TEOXMMHUYECKHX 00CTAHOBOK HA M3y4aeMOW TEPPUTOPUN
HET, €IMHCTBEHHBIM UCTOYHMKOM OCTaeTcs aBroTpaHciopt (Beixionsl [IBC).

[lepeunciennsle «Tsxensie» [TAY BXOIAT B CHMCOK KaHLIEPOTE€HHBIX, XOTS
Y HE MPEBBIIAIOT MO CBOEH onacHOCTH BaP, TpaguIIMOHHO SABISIOMIUNCS «3TAJO-
HOM TOKCUYHOCTH.

3nauenus XI1AY u pa3nuuHbie KOMOMHALIMY MTOJTMAPEHOB BHYTPHU acCOIlHa-
MU HA KOKIOW TOYKE OOYCIOBIMBAIOT Pa3IMYHBbIC YPOBHU PHCKOB, OIpeaense-
MBIX 110 RQOnjik (Tabd. 2).

OLIeHKH PUCKOB 3arpsi3HEHUs! OYB MHAMBUIyabHbIMU [TAY mokazanu Ha-
anure ROk > 1 Ha YeThIpex TouKax:

—T. 1: ROBbFu = RQOsnavauyx) = 2,63;

-T. 9: RQNaph = 1,16, RQPhen = 2,36, RQAn = 3,05, RQFlu = 1,55,
RQOBaA = 8,98; RQOsbriu = 27,67; RO = 9,81; ROpBa = 1,24; RQwr = 19,15;
RQOsnavaix) = 75;

—T. 10: ROBbFIu = ROsnayaix) = 1,13;

—T. 28: ROsvru = 3,92; ROBar = 1,68; RO = 3,05; ROsnavayx) = 8,606.

[epeuncienHple TOYKA MPHYPOYCHBI K 00BEKTaM TIO OOCITY)KUBAHHIO TPaHC-
MOPTHBIX CPEJCTB, MECTAM PACHOJIOKEHHS MAPKOBOK. /[ HUX ypOBEHb pHUCKa,
paccuntaHHblii 1o otHoweHuto K ITJIK, onpenensercs kak «Bblcokui». Cymmap-
HBIE OIICHKH 3arpsA3HEHHOCTH MOYB HA 3THX TOYKAX TAK)XE CBHUJETEIBCTBYIOT O
BBICOKOM YpPOBHE 3arpsi3HEHUSI.

OnHako 5TO JUIIH YETHIPE TOYKU M3 TPHUALIATH TPEX, MPUYEM IO OTHOIIIE-
HUIO K OCTaJIbHbIM ITyHKTaM MOHHUTOPHUHTA T. 9 U 28 BBITTIAIAT IBHO AHOMAJIbHBI-
Mu. OLEHUTH «II0JIe PHCKa» HAa pacCMaTpUBAEMOW TEPPUTOPHUM BCETO JIUIIb IO
YETBIPEM TOYKaM CTAaHOBUTCS 3aTpyAHHUTENbHBIM. [l03TOMYy oOlLleHKa mpocTpas-
CTBEHHOT'O paclpeiiesieHus okaszarenss RO Ha TEppUTOPUM KamIlyca Jajee IMpo-
BEJICHa C HEKOTOPHIM OTCTYIUICHHEM OT OpPUTHHAIBHOW MeTomuku [16]: ObLm
IIPOCYMMHPOBaHBI 3HaueHUS RONAY(IIK) 111 BCEX PACCMOTPEHHBIX YEThIPHAILIA-
1 [TAY (a He TonbKo It TeX, rae Ha0moaanoch ROmnay > 1), To €CTh MOTyUYeHbI
olleHKU RQsnAv(iik) A BCeX TPUALATH TPeX ToueK mo Bcemy crektpy I[IAY,
HE3aBUCHUMO OT UX TeHe3uca (puc. 3).

MuHrManbHbIE 3HAYEHUS XapaKTEPUCTUKN CYMMapHOTr0 pUCKa 3arpsi3HEHMS
nouB ITAY xapaktepHbl JUIs MapkoBoil 30HBL. TOYKHM, pacrooXeHHbIE BOJIU3U
JICHHHCKOTO TIPOCIIEKTa, XapaKTEePU3yIOTCs 00Jiee BEICOKMMH 3HAUCHUSMHU PHCKA
(paznuuust — 10 BOCBMH pa3 Jaxe ¢ YYETOM CTIKHUBAHUS MPU allPOKCUMAIIUH).
OpnHako cymmHpoBaHUe 3HaueHUN RO He MO3BOJISIET MOAYEPKHYTh TEXHOTE€HHBIN
XapakTep 3arps3HeHHs (BbLACTUTh TEXHOTEHHYIO COCTABIISIIOIIYIO B CyMMapHOI
BenuunHe R(Q) Omaromapsi yuery Bcero cmekTtpa ITAY. [Moatomy Hamu BeIOpaH
apkuii peactaBuTeNb [IAY TeXHOTE€HHOTO reHe3nca, CBA3aHHbIA C AKTUBHOCTHIO
Tpancnopta, — BbFlu. O6pamasce k puc. 2, MO)KHO OTMETHTb, UTO COOTHOLICHHE
BbFlu u BkFlu B paznuuHbIX 30HaX KamIiryca OJM3KO K paclpe/ieiCeHUsIM, BBISB-
neHHsIM B [32]. BbFlu npeacraBnser Takke nHTepec M caM Mo cebe, Kak BbIpa-
YKEHHBII KaHLIEPOTeH U TeOXMMUYECKHI Mapkep (puc. 4).
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Puc. 3. PacnpepeneHne CyMMapHOro nokasatessi onacHOCTM 3arpsisHeHunst NoyB R Qsnayna
[Figure 3. Distribution of the total indicator of hazard of soil pollution RQseanwecy]
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[Figure 4. Spatial distribution of the risk indicator for soil contamination by benzo[b]fluoranthene]
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Ha cxeme BuziHa 30Ha, rine xapakrepuctika RO < 1: 910 OOnbIIast yacThb Jie-
COMAPKOBOM 30HBI U TEPPUTOPUH Kamiryca. Takas KoH(UTrypamus mosist KOHIIEHTpa-
LU TakXke TMOATBEP)KAAeT BEAYyLIyl0 poib atMocdepHoro nepeHoca I[TAY ot aBTo-
MAarucTpaseil: OCHOBHBIM HCTOYHHUKOM SBJIACTCS JICHUHCKMI MPOCHEKT, a C YYETOM
npeobiaJaHus MOTOKOB BO3IYIIHBIX MAacc C CEBEPO-BOCTOKA Ha IOr0-3ama]] BIIOJHE
00BSICHUMO CMEUIEHUE 30HbI 3arpsA3HEHNUS 110 HAMPaBJICHHUIO K 0Ty OT Y. MUKITyXO-
Makast ¥ K BOCTOKY OT JIeHMHCKOro npocrnekra. MoKHO OTMETHTb, YTO MPOCTPAH-
CTBEHHBIE pacipeencHns KoneHTparwii BbFlu n Bemmaunabt ROsnAy(111K) CXOTHBILL

OueHka cyMMapHOM OTHOCHUTEIBHON TOKCMYHOCTH Bcero komiuiekca [TIAY
JUIS TIOYB pacCMaTpUBAaEMOM TEpPUTOPUU (HA OCHOBE YKa3aHHOW TOKCUYHOCTH IO
BaP) npuBenena Ha puc. 5. [Ipu pacdere UTOroBOro moka3aTelsis YYTeHbl KOHIEH-
TpalMK BCEX YEThIPHAAATH PACCMOTPEHHBIX MOJIUAPEHOB.

R o I00E INNE TRUE STRTE
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Puc. 5. PacnpegeneHve xapakTepnucTukm CyMMapHOM TOKCUYHOCTH (B SKBMBaneHTax k BaP)
[Figure 5. Distribution of characteristics of total toxicity (in equivalents to BaP)]

Kak BunmHO U3 puc. 5, HeCMOTps Ha pa3iuuHble cooTHomeHus [TAY Ha Tou-
Kax HabOmomeHu#t (puc. 2 — mpeobsaganue MOJUapeHoB, Oojiee MM MEHee TOK-
CHYHBIX 10 CpaBHeHHMIO ¢ BaP), B nenom kapTuHa pacnpeneneHus MmokasaTess
TOKCHUYHOCTH BHOBb COOTBETCTBYET IPOCTPAHCTBEHHOMY PAaCIPEIEICHUIO OCHOB-
HBIX [TOTOKOB DMHUCCHUH 3arps3HAIONINX BEIIECTB OT TPAaHCIOPTHBIX MCTOYHHKOB,
a TaKKe OLIEHKaM Ha ocHoBe RQ.

[TomuepkHeM, YTO MOMYYEHHBIE OLICHKH IMPOCTPAHCTBEHHOIO pacIpenesec-
Hus [TAY B mOYBEeHHOM MOKPOBE TPEOYIOT JaNbHEHITNX HAOIIOICHUA.

B wactHOCTH, IpY IPOTHO3MPOBAHUM CTETIEHN ONACHOCTH 3arps3HEHHI HEO00XO0-
JIMMO TIPUHAMATh BO BHUMaHHE KOMILIEKC (pakTopoB HakoruteHus [TAY u mpomueccs
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CAMOOUMILIEHUS MT0YB. 3HAYNUTEJbHAsI POJb NPU TOM JOJDKHA OTBOAMTBCS OLICHKaM
COCTOSIHUSI IOYBEHHON MHUKPOOHOTBI, BKIIIOYAsl €€ CIIOCOOHOCTh K JAErpajalluy Mojva-
PEHOB U, COOTBETCTBEHHO, PETYJIMPOBAHUIO COCTOSTHUS KOCUCTEM B LiesioM [17; 18].

OtnenpHasg npoOiiemMa CBsI3aHA ¢ OTCYTCTBHEM aJEKBATHBIX OTEUECTBEHHBIX
HOpM cocTostHust mouBeHHoro nokposa (ITIK ITAY). Hecmotpst Ha TO uTO 3apy-
Oe’kHasi IPaKTHKa HOPMUPOBAHUSI OPUEHTHPOBAaHA HA «MHIUBUAYAJIbHBIA IOAX0)
(ycranosinenue I1JIK ans otnenshbix [TAY, 11 pa3sHbIX THIIOB IOYB U Pa3HBIX TH-
OB 3€MJIENIOIb30BAHMUS ), B OTE€YECTBEHHON MTPAKTUKE HauboJIee 4acTo MPUMEHSIOT-
cs mumpb [IJIK Gens(a)mupeHa Kak «pernpe3eHTaTUBHOIO MPECTaBUTEINs» BCeEil
rpynnsl [TAY. Ucnonbs3oBanHbie HaMu B aHHOM padote Hopmatusbl [1JIK paspa-
OaThIBaUCH Ui TeppuTopuii mapkos (Mranus) u HaceneHHbIX MecT (Katamonus).
Be3ycnoBHO, U1 TOPOJCKMX TEPPUTOPHIA HEOOXOAMMO CO3AaHUE CIEIUATU3UPO-
BaHHBIX HOPMATHBOB, a ONTHMAJIBHBIM pEIICHHEM (XOTS M BECbMa TPYAOEMKHUM)
craima Obl pa3padOTKa YKOCHCTEMHBIX HOPM C YUETOM CIEIH(DUKN PEIUIUEHTOB
3arpsi3HEHUS — MOYB U OMOTHI B COCTaBe rOPOACKUX 3KocucTeM. OHAKO JUIsl 3TOrO
HEOOXOMMO ONPEIEIATh MapKEPHBIE COSTMHEHUSI-3arPS3HUTENHN, PEIPE3CHTATHB-
Hble MHJUKATOPHBIE BHU[bI, aHAIM3UPOBATH COYETaHHE (PAKTOPOB, OKA3BIBAFOLIMX
BIMSIHUE HA YCTOMYMBOCTb MHAMBUIYAIbHBIX SKOCHCTEM, U COOCTBEHHBIE MeXa-
HU3MBI UX YCTOMYMBOCTHU (BEPOSITHOCTh CAMOOYHILIEHNSI KOMIIOHEHTOB).

Cnenyet Takke MNOJYEPKHYTh, YTO TOYHOCTh OLIEHOK PUCKOB OOYCIIOBJIEHA
BO3MOXHBIMH OLIMOKaMHU UX aHAJUTUYECKUX OIpe/leIeHUl, HapylIeHHeM MeTo-
UK 0TOOpa M XpaHEeHUsI TPo0 MOYB.

B cBs13u ¢ 3TUM nOSTydeHHBIE PE3YyJIBTaThl MOKHO PacCMaTpUBATh KAK «OT-
MpaBHOW MYHKT» JUIsl pa3pabOTKU METOJIMKH OLIEHKH PHUCKOB 3arpsi3HEHHS MOYB
Ha TOPOACKUX TEPPUTOPHUSIX.

3aknyeHue

IIpoBeeHHBIE OLIEHKU PUCKOB 3arpsi3HEHHOCTU TeppuTopun Kammyca PYIH
U MIPUJIETAOLIETO JIECONapKa B paMKax MPOEKTa MO 3KOJIOITMYECKOMY MOHUTOPHH-
Iy O3BOJIAIOT CAENATH CIIEIYIOIINE BHIBOBI.

OCHOBHBIM MCTOYHHMKOM 3arpsi3HEHUS [10YB HA pacCMaTPUBAEMOMN TEPPUTO-
pHUH SBJISIETCS aBTOMOOMIIBHBIN TPaHCHIOPT — UCTOYHHUK ra3000pa3HbIX BEIOPOCOB,
a TaKXXe MBUIEBBIX YaCTHIl, HA KOTOPBIX TpaHcnopTupywTcs [TAY. Oto noarsep-
K/1aeTCsl NHAMKATOPHBIMU COOTHOLICHUSIMU TIOJIMAPEHOB, a TaKkKe MpeoliajaHu-
eM B acconuauuu [IAY nUpoOreHHbIX COEIMHEHHMU M HENOCPEACTBEHHO «aBTO-
TpaHCHOPTHBIX» Mapkepos (Bghi, BbFlu).

Benymmm dakropom tpancmopra ITAY siBisiercss aTMOC(EpHBI MEpeHoc
(B HamieM cily4ae — Ha OTHOCUTENBHO HebOousblie paccTosHus). ConocraBieHue
pe3ynbTaToB MoJenupoBaHus pacupoctpanenus [IAY B mouBax u mMozenei pac-
cenBaHusi BbIOpocoB (NO2, SOz, TBep/ible YacTUIIbl) IPU HEOIATOMIPUATHBIX YCIIO-
BHSIX ITOKA3bIBAET XOPOIIEE COBIAJCHUE ITPOCTPAHCTBEHHOW BAapHallMM KOHIICH-
TpaLMi TUX BELIECTB.

MuHuManbHbIE 3HAYEHNSI PUCKOB 3arpsi3HEHUS IOYB UHANBUAYaTbHbIMU [TAY
XapaKTepHBbI Ul JIECONIAPKOBOM 30HBI; OKpPaWHHBIE 30HBI PACCMOTPEHHON TEPPH-
TOPUHU XapaKTEPU3YIOTCS 3HAUYUTEIBHO MEHbIIMMHU 3HaueHusMu RQ. [loctoun-
CTBO JAHHOIO I0Ka3aTelsl — Yy4eT OTHOCUTEIBHOW OIMACHOCTH MHAMBHIYaJIbHBIX
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nojiapeHoB Ojaronapst cooTHeceHHto KoHueHTpauuu ¢ IIJIK. Onnako 3Haum-
TEJIbHBIEC CIIO)KHOCTH BBI3BaHBI OTCYTCTBHEM crieruduueckux 3Ha4eHUH [1/]Knous
WH/IMBUYaIbHBIX MOJIMAPEHOB, KOTOPbIE YUYUTHIBAIN OBl THII MIOYB U Mpeodaaa-
IOIIUH BUJ 3€MJIENIOJIL30BAHMUS.

BrlsiBieHHBIE aHOMAJIBHO BBICOKHME 3HAY€HUs NoKaszaTessd RO moaTBepKaa-
10T BBIBOJIBI O MPEUMYILECTBEHHO TPAHCIOPTHOM HMCTOYHHUKE 3arpsi3HEHHUS IOYB:
T. 1, 9, 10, 28 cBsi3aHbl ¢ TPaHCTIOPTHON MHPPACTPYKTYPOU. 3/1€Ch PACTIONOKEHBI
cepBHUCHblE 00BEKTHI (T. 9, 28), rapax (1. 1), mapkoBka (1. 10). OnHako ans
OCTAJIHON TEPPUTOPUHU BEINYUHBI PUCKOB MOKHO OLEHUTH KaK JIOIyCTHMBbIE
MIPaKTUYECKH 10 BceMy KoMmIuiekcy [TAY.

B nenom panpHeilinee pa3BUTHE CUCTEMbl HAOMIONEHUH 3a 3KOJIOrMYECKON
CUTyalluell Ha TeppUTOpUU KamIiyca U npuiieratomiero FOro-3anannoro jgecomnap-
Ka TpeOyeT JIeTaqu3aliy cXeMbl HaOIIOIeHUH. Y UUThIBasi a3pOreHHOe MOCTYILIe-
Hue ITAY B OYBBI U pa3sNUYHBIN «PEXKUMY 3arPs3HEHMS B Pa3HBIX 30HAX KaMITy-
ca, BBIJICJICHHBIX paHee B [2; 6], HEOOXOAMMO IOTMOJIHUTEIbHOE OOOCHOBaHUE
HopMm IIJIK niis oneHkm kayecTBa OYB.

W HakoHen, KpallHE Ba)KHBIM JTaIllOM JAJBHEMIINX HMCCICAOBAHUN OJDKHA
CTaTh OLIEHKA PUCKOB Ul PACTUTEILHOCTU Ha TEPPUTOPUU KaMITyca B CBSA3H C BIIH-
STHUEM TPAHCIIOPTHOM Harpys3ku. PacTUTENbHBIE OpraHU3MBbI ITOIBEPTAOTCS 1aBIe-
HUIO KaK CO CTOPOHBI 3arpsiI3HEHHBIX 10YB, TaK U 32 CYET MOTOKOB 3arpsi3HEHUN U3
atMoc(epsl. B cBs13u ¢ 3TUM HeoOXxoanMMa OlleHKAa MHTEHCUBHOCTH MOTOKOB [TAY
MEX1y 3TUMHU KOMIIOHEHTaMH, a TaK)K€ yCTaHOBJIEHME O€30MacHbIX JUIsl pacTu-
TENIBHOCTH YPOBHEH 3arps3HeHus 1ouyB U atMocdepsl. iTorom 3Tux nccnenoBaHuit
JIOJDKHA CTaTh pa3padOTKa SKOCHCTEMHBIX HOPMATHUBOB 3arpsi3HEHHOCTH IS JIO-
KaJbHOW TEPPUTOPHM C YUETOM KOMILIEKCa (PaKTOPOB MOCTYIIEHUS MOJIHMAPEHOB B
PacCMOTPEHHYIO PKOCHUCTEMY M MEXaHHM3MOB €€ caMooudMileHHs. Bo BHHMMaHue
JIOJKHBI OBITh IPUHSTHI, B YaCTHOCTH, 0COOEHHOCTH HakoruieHus [TAY B cHe:xHOM
MTOKPOBE, TIPOIIeCChl necTpyKiuu [TAY MUKpOOHOTOH | IO BIUSHUEM a0HOTHYC-
cKkuX (pakTopoB (poTonus u Ap.), crnenuduka MoBeaeHus: ONOJIOrMYECKUX BUIOB Ha
M3y9aeMOU TepPUTOPUH (HAKOIIICHHE TIOTMAPSHOB, «OyhepHas poib pu3ocheps).
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Abstract. The characteristics of the hazard of urban soils pollution by polycyclic aro-
matic hydrocarbons (PAHs) are considered: naphthalene (Naph), anthracene (An), phenan-
threne (Phen), pyrene (Py), fluoranthene (Flu), chrysene (Chr), benzo(a)anthracene (BaA),
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benzo[a]pyrene (BaP), benzo[b]fluoranthene (BbFlu), benzo[k]fluoranthene (BkFlu), diben-
zo[ah]antracene (DBa), benzo[ghi]perylene (Bghi), indeno[1,2,3-c,d]pyrene). On the example
of monitoring data on the RUDN University campus and the adjacent South-West Forest
Park, modern approaches to assessing the hazard of pollution levels and the environmental
risk of soil pollution are demonstrated: RQ indicators, total relative toxicity in comparison to
BaP, carcinogenic risk, behavior of the representative PAHs. On the basis of a critical analysis
of the pollution indicators, the optimal approaches to assessing the danger of the presence of
polyarenes in the soils of urban areas are demonstrated. The leading sources of pollution (in-
fluence of vehicles) were identified. Different levels of environmental hazard of polyarene
soil contamination in different functional zones of the analyzed territory are demonstrated:
relatively clear territory in the middle zone of the park and a specific configuration of the pol-
lution field on the rest of the territory. The necessity of developing ecosystem standards for
urban natural complexes is justified, taking into account the individual characteristics of soils,
the role of soil microbiota, the specificity of the use of the territory and the characteristics of
pollution sources.
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U3yuyeHne cocTaBa u CBOMCTB
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AHHoTammsi. PaccMOTpeHO aHTpONOreHHOE BO3ACHCTBHE HAa OKPY)KAIOLIYIO Cpemy 30J10-
nuiakoBbiX 0TX00B TALI-1 u TOII-2 (1. Yursr) u TOL] [TAO «IlpuapryHckoe mpou3BOACTBEHHOE
TOpHO-XMMHUYECKoe oObeuHeHne» (r. KpacHokameHck). [laHHBIE OTXObI HAHOCAT HETONpPaBH-
MBI yIepO OKpysKarollei cpeze, 3aHMMAaloT 3HAYNTENIbHBIE TUIOMIA M, IPHBOIAT K yXYAIICHHIO
SKOJIOTHYECKOH 0OCTAHOBKHM Ha MPIIICTAIONINX TePPUTOPHSIX. JIMKBIIAINS TaKIX 0O0BEKTOB HAKOII-
JICHHOTO BpeJa OKpY KaroIel cpesie sSBIseTcsl BaKHEHIeH rocy JapcTBeHHOH 3aadueii B chepax
HaLMOHAJILHOW SKOHOMUKH U OXpaHbl OKpY>Karollel cperpl. beicTpas yTuin3aius 305101LIaKOBbIX
OTXOZIOB BO3MOKHA B JIOPO’KHOM CTPOUTENBCTBE (OCHOBHOM MaTepHalioOeMKON OTpaciyu HapOJHOTO
XO3SICTBA) 32 CUET KPYIMHOTOHHAXKHOTO MPSMOr0 MCIIOb30BaHHUs. 3TO MO3BOJUT 3P(HEKTUBHO CHU-
3UTh QHTPOTIOICHHOE BO3JEHCTBUE HA OKPYIKAIOILYI0 CPE/ly, 3HAUMTEILHO COKPAaTUTh UCIIONIb30BaHUE
MIEPBHYHOTO MIUHEPATHLHOTO CHIpbs. O0OCHOBAHA MPHHIMITHAIBHAS BO3MOYKHOCTD HCTIONB30BAHHS 3001
YHOCA B KQUeCTBE BTOPUYHOTO MUHEPAILHOTO CHIPhSI B COCTaBaX JOPOXKHBIX LIEMEHTOTPYHTOB. Me-
TOZIAMH aTOMHO-3MHCCHOHHOHN CIIEKTPOMETPUH ¢ MHIYyKTHBHO-CBSI3aHHON ILIa3MOH, auddeperim-
ATFHOM CKaHUPYIOIIEH KaJIOPUMETPUEN 1 TEPMOTPaBIMETPHEH N3yUeH COCTaB M CBOWCTBA 30J1 YHO-
ca TOLI, koTopble ABISAIOTCS MUHEPAIBHBIM CBIPHEM IIEPBOTO Kiacca MO yAeIbHOH 3(h(heKTHBHOM
AKTUBHOCTH €CTECTBEHHBIX PaIMOHYKINAOB (226Ra, 232Th, 40K), 4To mMo3BOJISIET MX UCTIONB30BaTh
B CTPOMTENIFHON MHIYCTPUU O€3 OrpaHHYCHUH. Y CTaHOBIICHO, YTO 30JIbI YHOCA SIBJISIOTCS HEITyqH-
HECTBIMY, TIO TUIPABITNYCSCKAM CBOWCTBAM OTHOCSTCS K CKPBITO-aKTHBHBIM U MOTYT OBITh BBEICHBI
B COCTaBbI JJOPOXKHBIX [IEMEHTOTPYHTOB, MOITU(PUIIMPOBAHHBIX JOOABKAMU Pa3IMYHOM TPUPOIBL.

KaoueBble ciioBa: AHTPOIIOTCHHOC BOSZ[GI‘/JICTBI/IG, 00BEKTHI HAKOIJIEHHOTO Bpcaa OKpy-
JKaroIen Cpeac, 30JI0IUIAKOBBIC OTXO0/bI, 30JIa YHOCA, 30JI00TBAJI, IlOpO)KHBIﬁ HEMEHTOTI'PYHT

BeBepneHue

Baxwneiimeil skosiornueckoil npoOaeMoil B HACTOsIIEE BpeMs ABIAETCS
Oe3omacHoe oOpalleHre ¢ 0TXoamMH Mpou3BozAcTBa [1-3]. B cBsi3u ¢ 3TUM BO BceM
MHpE OTMEUEHA TEHJECHIMS CHUKEHMSI KOJIMYECTBA OTXOJ0B U BHEIPEHUE TEXHO-
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joruil ux OeszomnacHoit yrunuzauuu [4-6]. Jo 90 % oTx0q0B, MPOU3BOAUMBIX
POCCHUICKON YTOJIBHOW JHEPreTHKOM, CKIAIUPYIOTCA B 30JI00TBAJIAX, 4 YPOBEHb
ux yrwimsanuu cocrasisger aumb 10 % [7; 8]. OrpomHOl Harpyskoi aist OKpy-
JKalole cpenbl SIBISIETCS IMbUIEHUE 30JI00TBAJIOB, MPHUBOJAIIEE K 3arps3HEHUIO
I'PYHTOB, IOBEPXHOCTHBIX BOJI, CHE)KHOTO MOKPOBA, U3MEHEHUIO T'€OXUMMH JIaH/I-
madToB, (HOPMUPOBAHHIO TEXHOTCHHOTO TOPH30HTAa TPYHTOBBIX BOJl M JIeTpajaa-
nuu nous [9-14]. ToHkogucnepcHas JieTydas 30J1a SIBJISIETCS OCHOBHBIM HCTOY-
HUKOM 3arps3HEHMsI OKpYKaloUeil cpebl paJuoHyKINIaMHU, a pal0aKTUBHOCTb
BO3/yXa M MoyYB, npuierapimux Kk TOC TeppuTopHii, MOKET B HECKOJIBKO pa3
MPEBHIIAThH MPEENIbHO TOIMyCTHMbIe 3HaueHus [15; 16]. B pesynprare Habmoma-
eTcs yXyALIeHHE CaHUTAPHOTO COCTOSHUS TEPPUTOPUH M OTMEYAETCs CHIXKEHUE
MPOJIYKTUBHOCTU CEJIbCKOXO03sICTBEHHBIX yroaui. Otxoasl TOC oka3bIBalOT
HEraTUBHOE BO3JIEHCTBHE Ha 3J0POBbE HACEJICHHUs, IPU ITOM Ha IEPBOM MECTE
OpOHXUT, OpOHXHANIbHAS acTMa M JIpyrHe 3a00JeBaHUS BEPXHUX JBIXATEIBHBIX
nyte#t [17; 18]. B aroii cBs3u, B 3abaiikanbCKoM Kpae pa3paboTaHbl perHOHaNb-
HBIE TIPOEKTHI, YTBEpP)KAECHHbIe PacniopsbkeHrem rydepHaTopa 3a0aifkaibCKoro Kpas
Ne 497-p ot 14.12.2018 r., HampaBlIeHHbIE HAa JUKBUIAIMIO0 HauOolee OMacHBIX
00BEKTOB HAKOIUICHHOTO SKOJIOTrHYecKoro Bpena. [lpn m3ydeHnn mpobiem yrpasiie-
HUS DKOJIOTHUECKUMHU yIiepOoaMu 0COOEHHO aKTyaJbHBIM SIBJISIETCS OLIEHKA HKOJIO-
TMYECKON CUTyallMM Ha O0BEKTaX HAKOIUJIEHUS KPYNMHOTOHHAXKHBIX OTXOJIOB 3a-
0aliKaJIbCKOro Kpasl.

IIo coctaBy M CBOMCTBaM 30JIONUIAKOBBIE OTXOJBI CIEAYET OTHECTH K BTO-
PUUHBIM pecypcam, 4TO pacUIMpsieT BOZMOKHOCTH MX NMPUMEHEHUs B PAa3IMYHbIX
oTpaciiIX HapoJHOro xo3siicta [19]. MHoro4ncieHHble Uccaea0BaTeau mpeia-
raloT pa3jinyHble MyTH YTUIM3ALUHU 30J0LUIAKOBBIX OTXOJOB, OJHAKO OOJbILas
UX 9acTh BOCTpeOOBaHa B CTPOUTENbHON HHIyCcTpuu [20].

Ilenp HacToAwIeH pabOTHI 3aK/II0YaNach B IPOBEICHUH aHAU3a SKOJIOTHYe-
CKOI 0OCTaHOBKM Ha TEPPUTOPHUSAX HAKOIUIEHHUS 30JI0ILIAKOBBIX OTXO/AO0B B I. Hure
u KpacHokameHcke, a Takke B M3y4YeHHH COCTaBa U CBOMCTB 3011 yHoca TOL ans
000CHOBaHHUS criocoda UX yTUIM3ALIH.

MaTtepuanbl n meToabl

TorumBHO-3HEPreTHUECKU KOMIUIEKC 3a0aliKaIbCKOro Kpasi 00bEeTUHSIET Psi
KPYMHBIX TETUIOAIEKTPOCTAHIIUN U MaJIbIX MPOU3BOJACTBEHHBIX KOTENBHBIX, pabo-
TAIOUIMX Ha OypbIX yrisx XapaHopckoro, TaraypoBckoro u Ypryiickoro mecro-
poxkneHuit 3abaiikanbCcKoro Kpas. 30Jbl yHOCA, 00pa3yroluecs MpU CKUTAHUU
VYpryiickux yriueut, otoupanu Ha TOL-1 u TOL-2 (r. Yura) u TOL] ITAO «IIpu-
apryHCKoe MPOU3BOJCTBEHHOE TOpHO-XxuMHueckoe oOwbenunenue» (IIIII'XO,
r. Kpacnokamenck). Yurtunckas TIIl-1 skcrmyatupyercs ¢ 1965 r. 3omooTBan
pacnonoxeH B 3 kM 3anaanee miomanku TOLl-1 u B 3 kM ceBepo-3anagHee o3epa
Kenon (puc. 1).

CymiecTByronuii B HaCTOSIIEE BpeMs THIPO30JI00TBAN IKCILTyaTUPYETCs C
MOMEHTA BbIXOJIa U3 CTPOsI MPEIBIAYILEro BCIASACTBHE AETPaJallii KPUOIUTO30HbBI
paspymienus 1am6. Ozepo KeHoH, IPOTSKEHHOCTBIO 5,7 KM U IIIOmMaAbio 16 kM2,
SIBJIIETCS BOJIOEMOM-OXJIaIUTENEM, a TaK)Ke UCIOJb3yeTcs Uil 3a00pa BOJbI IPU
pabote cucreMsl ruaposonoynanenus. C 3amana B o3epo BmagaeT pyueit Kanma-
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JIMHKA, JIMHAa KOTOPOTO COCTaBIseT 27 KM. YPOBEHb BOJbI B 03€pe MOAJIEPKUBA-
eTcsl mojKauko Boael W3 peku Muroma. 3omoorBan TOILI-1 3anumaeT miomanb
1150 ThIc. M%. OOBEM THAPO30JI00TBANA COCTaBNsAeT 8,5 MiH M>. TIpoTHBOGUIL-
TPALMOHHBIA YKpPaH Ha 30JI00TBaJIE OTCYTCTBYET.

Puc. 1. O6wwuii Bug T3LL-1 v 3onooTeana
[Figure 1. General view of CHP-1 and ash dump]

3onootBan TOII-2 pacnonoxxeH Ha npaBoM Oepery peku MHrona Ha 10xKHOU
okpause T. Yutsl (puc. 2, a). Teno 1amObI MpecTaBIeHO aHTPOTIOTEHHBIMU TPYH-
TaMH (CYTJIMHKaMHM, CylecsiMH, IpaBUeM, 30JI0i yHOCA, IIJJAKOM), @ TaKXKe CTPOU-
TENbHBIM U OBITOBBIM MyCOpPOM. I1omanp 307100TBaa, EMKOCTBIO 366 690 M,
cocrapysieT 59 270 m?. TDII-2 3anmylieHa B SKCILTyaTaluio B okTsaope 1936 T.

Puc. 2. O6wuii Bug TOLL 1 30n00TBaN0OB:
a-T3U-2 (Yura); 6 — TOLL MAO MNIrXO (KpacHokameHck)
[Figure 2. General view of CHP-1 and ash dumps:

a - CHP-2 (Chita); 6 - CHP (Krasnokamensk)]

T3L [TAO III'XO siBrisieTcst ICTOYHUKOM HNOKPBITHS TEIUIOBBIX U AJIEKTPU-
YEeCKUX Harpy30K NPOMBIIUIEHHBIX MPEINPUATHH U JKUIHIIHO-KOMMYHAJIbHOIO
cekropa (puc. 2, 6). [y TeXHHYECKOro BOOCHA0KEHHS HCIIONIB3yeTCs peKa ApryHb.
[Tpombimnennsie ctoku TOL mogatores B cuctemy YMbIKeHckux o3ep. [Lnomanp
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30JI00TBaJIa, BBEACHHOTO B IKCIUTyaTanuio B 1972 r. U K HacTosIieMy BpeMEHU
Hakonusiero 2 912 020 T 0TX010B, cocTanseT 4 325 544 m?, ryouna — 8,4 M.

MynbpTHAJI€MEHTHBINA aHAIHU3 30J1 YHOCA BBIMOIHSIIM METOAOM aTOMHO-IMUC-
CHUOHHOH CHEKTPOMETPUHN ¢ UHAYKTUBHO-CBsi3aHHOM miaszmoit (MICIT-ADC) ¢ mpu-
MEHEHHEM SMHUCCHOHHOTO criekTpomeTpa (Optima 5300DV, 167-403 uwm, PerkinElmer,
CIIA). TepMudeckyro yCTOHYUBOCTH 00Pa3LIOB U3yYaH C MOMOIIBIO CHHXPOHHOTO
tepmoananuzatopa (STA 449F1, NETZSCH, I'epmanust) ¢ npumenenueM audde-
penmanbHol ckaHupyromei kamopumerpun (JICK) u tepmorpaBumerpun (TT).
Harpesanue o0pa3ioB ot 30 g0 998 °C ocyiecTBIsIM B IUIATUHOBBIX THUTJISAX B
atMocdepe aprona (ckopocts 10 °C/mun). cxoansie ¢aiiisl TepMorpamMm 3aru-
ChIBAIM C TIOTHOCTHIO 100 Todek B MUHYTY W 00pabaThIBaau C MOMOIIBIO MPO-
rpammHoro obecniedenuss NETZSCH Proteus Analysis (v 5.2.1).

BnaxxnocTs u 3epHOBOM cocTaB 3011 yHOca onpeaesnsum mo 'OCT 8735-88,
YACIBbHYIO TMOBEPXHOCTh YacTull — Ha npubdope Tosapora T-3 meTomom BO31yXO-
MIPOHUIIAEMOCTH, CTETIeHb ITyYNHUCTOCTH OTX0/10B — Ha nipubope YIII-MI'4 «I'pyHT»
o I'OCT 28622-2012, ynenbHyt0 3((GEeKTUBHYIO aKTUBHOCTb €CTECTBEHHBIX PaMo-
HYKJIUJ0B B 00pasmax — B coorBeTcTBUU ¢ HPB-99/2009 (CanlluH 2.6.1.2523-09)
u 'OCT 30108-94.

PesynbTaTbl 1 00CyXaeHue

[To ganHBIM rocygapcTBeHHOTo qokiana «O cocTOoSHUU U 00 OXpaHe OKpy-
xatoten cpeasl Poccuiickoit denepamyu B 2018 romy» KOIMUYECTBO 3arps3HSIOMINX
BelIecTB B atMoc(hepHOM Bo3ayxe 3abaiikanbCcKoro Kpast coctaBuiio 627,3 ThIC. T.
[IpeBsilIeHb! KOHIIEHTPAIIUU B3BEIICHHBIX BELIECTB, JUOKCHIA a30Ta, OKCHIA YT-
Jepoja, IUOKCUIa cepbl, OeH3(a)mupeHa ¢ KpaTHocThio mpesbimenus [1/1K 1.4,
0,8, 0,3, 0,3, 10,5, coorBeTcTBeHHO. {0151 TPOO BOJBI, HE COOTBETCTBYIOIIMUX TH-
TMEHUYECKUM HOpMaTHUBaM Ha mpwieraromux k TOL[ teppuropusix, coctaBuia:
r. Yura — 27,2 %; r. KpacHokameHck — 28,6 %.

DKOJIOTHYECKUE PUCKUA OT HAKOILICHUS 30JI0IUIAKOBBIX OTXOJIOB MOYKHO CBE-
CTH K CJIEIYIOLIIM:

— IIBUJICHHUE OTBaJja, MbIJIEBOE 3arPsI3HEHNUE B pE3yJIbTaTe BETPOBOM 3PO3UH;

— 3arpsi3HEHUE B3BEIICHHBIMU YaCTHIIAMH, U3MEHEHUE THUAPOJIOTHUECKOTO pe-
kuMa pexk Muroga, Uutunka, Apryss, o3ep KeHoH u YMbikelickux, pyubsa Kana-
JIMHKA, YXyAUIEHHE Ka4eCTBA MUTHEBOU BOJIbI, UBMEHEHHE YPOBHS I'PYHTOBBIX BOJI;

— Jerpaianys 3eMelb, U3bITHE 3eMeJb JISCHOTO (poHTa, M3MEeHEeHNe JTaHamad-
Ta, pa3pylIeHHe TOYBEHHOT'0 CJI0s, yXY/leHre OUOMPOTYKTUBHOCTH TEPPUTOPUH;

— U3MEHEHHEe BUJOBOTO COCTaBa, YHUUTOXKeHUE (GIOpsl U (ayHbl, U3MEHe-
HUE cpebl OOUTAHMSI, MUTPAIUS dKUBOTHBIX.

Orenka pucka Juist 310pOBbs JroeH (1o TaHHBIM MUHHCTEPCTBA 3IpaBOOXpa-
HeHus 3a0aiKkaabCKOTo Kpasi) MO3BOIMIIA BEISIBUTH MHTEHCUBHBINA POCT OOJIe3HEH Op-
raHoB apixanus — ¢ 357 teic. B 2011 1. 10 422 Thic. uenoBek kK Havary 2019 r.

Takum o0pazom, pelieHre MpoOJieM JUKBUIAIMA OOBEKTOB HAKOILICHHOTO
BpeZla BO3MOXKHO TOJIBKO TPH YCIOBHU COXPAHEHUs SKOJIOTHUECKOTO MOTEHIHaa
HeZp, KOTOPOE 3aKITF0YAETCs B CIIOCOOHOCTH TIOIEP>KUBATH B IMPOLIECCE UX OCBOCHUS
YCTOMUMBOCTH OnochepHbIX mporieccoB. [103ToMy Ha TIEpBBI MJIaH BBIXOAT BOIIPO-

134 ENVIRONMENTAL DEFENCE



Iankos I111. u op. Bectuuk PYJIH. Cepusi: Dxonorus u 6e30macHOCTb xku3HeaesTenbHocTd. 2020. T. 28. Ne 2. C. 131-141

CbI BBEJICHNSI KPYITHOTOHHAKHBIX OTXOJIOB B TEXHOJIOTMYECKUE LIETIOYKHU B Ka4eCTBE
HETPaJUIIMOHHOTO CBIPbS C LEJIBIO MOJTyYEHUSI HOBBIX BUI0B Pa3IMUHON MPOTYKLIUH.

Crnenyer OTMETUTB, YTO BHEIPEHNUE KOMIUIEKCHBIX TEXHOJIOTUN yTUIH3ALNAN
OTXOJIOB perjameHTupyercs tpeOoBanusiMu DenepanbHoro 3akoHa Ne 458-D3
«O BHecennu m3MeHeHud B DenepanbHbli 3akoH “O0 0TX0Aax MPOW3BOACTBA U
notpednerus”» ot 29.12.2014 r., B KOTOPOM YKa3aHO O 3alpere 3aXOPOHEHUs OT-
XOJIOB, B COCTaB KOTOPBIX BXOIAT LICHHBIE KOMIIOHEHTHI, IOJUIEKAIUE yTHIN3a-
uun. B Poccun neficTByIOT cTaHIapThl, ONpeelisionye TpeOoBaHus K 30JI01IUIAKO-
BBIM OTXOJaM JJIsl MX YTWIN3alUU B Pa3IM4YHBIX CEKTOpax JKOHOMHUKHU. AHAIWTH-
YeCKUi 0030p Hay4HBIX MyOJHKAalWi MO COBPEMEHHOMY COCTOSIHUIO HPOOJIEMBI
YTHIM3ALMH 30JI0IIIAKOBBIX OTXOZOB IOKAa3all, 4To K cepeauHe XX B. HAYYHBIMHU
HIKOJIaMH pa3paboTaHbl METObI TIOIYUYEHHS JOPOKHO-CTPOUTENIBHBIX MaTepPHAIOB
Ha OCHOBE IPyHTA C pa3IMYHbIMU BSOKYILMMH MaTepragaMu. PaboTsl 0 UCTIONb30-
BaHUIO 30JI0IIJIAKOBBIX OTXO0B B JOPOKHOM CTPOUTENbCTBE B Poccun Havamucs ¢
1970 r., mpexae BCEro B PerHOHAax, MCIBITHIBAIOINX AePHUIMT 1IeOHs, TIecKa, I1e-
MeHTa. Hanbonee 3¢ GeKTUBHBIM SBISIETCS UCIIOJIB30BAHME aKTHBHBIX 30J1 YHOCA B
KauecTBE CaMOCTOATEILHOTO MeieHHoTBepAetomiero (90—360 cyT) MUHEpaTLHOTO
BsKy1Iero. OTHaKO MPaKTUYECKU OTCYTCTBYIOT JaHHBIE 110 IPUMEHEHNIO HEAKTUB-
HBIX 30J1 YHOCA JUIs ITOJIy4EHHs] JOPOKHO-CTPOUTEIIBHBIX MaTEPHAIOB.

[IpurogHoCTh 30J10IIIAKOBBIX OTXOA0B KaK OCHOBHOI'O CBIPbsl IPU IPOU3BO/I-
CTBE JIOPOKHO-CTPOUTEIIBHBIX MaTEPHAIOB OINPEAEISIETCS B MEPBYIO OYEpENb Orpa-
HUYEHHBIM COJEPYKaHHEM B HUX KOMIIOHEHTOB, YXYIIAIONIMX (PH3UKO-MEXaHUYECKHE
XapaKTEPUCTUKHU IOTYYaE€MbIX KOMIIO3UTOB, CHUKAIOIUX UX DKCIUTYyaTallHOHHO-
TEXHUYECKHE CBOWCTBA U 3aTPYIHSIOLUIUX TEXHOJOTMYECKHE MPOLECCHl POU3-
BOJICTBA.

Kpusbie npocenBaHus u3y4yaembIx 3011 yHoca (3Y) ¥ BEIMUUHBI yIeIbHON
AKTHBHOCTH €CTECTBEHHBIX paiuoHykmunoB (*°Ra, 2*’Th, “°K) mpusenens Ha
puc. 3. Bennunna ynenbHOR 3(()eKTUBHONW aKTUBHOCTU €CTECTBEHHBIX paano-
aykauaos (2?°Ra, 2*2Th, 4°K) 301 ynoca coctasnser 248-321 Bk/kr, M0o3TOMy X
MO’KHO IPUMEHSTh B CTPOUTEIBHON HHAYCTpUU 0€3 OrpaHUYEHU.

Bricokas Brnaxxknocts 3Y TOLI-1 orpannunBaeT BO3MOKHOCTh €€ MPUMEHE-
HUS, TaK Kak IOCJIe CYIIKH OHAa CIIPECCOBBIBAETCS B IUIOTHBIE KOMKH, ApoOJIeHne
KOTOPBIX DKOHOMHYECKH HerenecooopasHo. B manpHeimux uccienoBanusx 3V
TOII-1 He npuMeHsIH.

VaenbHas NoBepxHOCTh yacTull 3Y coctaBuia 460 M%/kr (Ipu HOpMeE He
menee 150 m?/xr) (T IIIIT'XO) u 276 M*/xr (TDLI-2). Beispieno, uro 3V TOLI-2
u TOIL ITII'XO sSBASAIOTCS HEMYYUHUCTBIMU U IO TPYIIE aKTUBHOCTH OTHOCSITCS
K CKPBITO-aKTUBHBIM.

ITo pesynpratam ADC-UCTI, xumuueckuit coctas 3061 TOL] [TAO IITT'XO,
o, mac. %: 36,1 SiO2, 10,2 Al2Os3, 7,8 Fe20s, 1,4 MgO, 0,6 Nax0O, 1,2 K20,
0,4 TiO2, 0,6 SO3, 9,4 CaO, 0,4 CaOce. Uccnenyemas 3oma yHoca TOII-2 mpen-
CTaBJISIET COOOM CBETIIO-CEPHIN MOPOMIOK U UMEET AITFOMOCUIIMKATHBIA COCTAB:
o, Mac. %: 53,0 SiO2, 20,6 ALO3, 8,5 Fe20s3, 1,4 MgO, 0,2 Na20, 1,4 K20,
1,2 Ti02, 0,7 SO3, 9,2 Ca0, 0,4 CaOcs.

Pesynbratsl uccnenosanuii, nomydennsie meronamu JICK u TI' (puc. 4), no-
Ka3aJii pa3IndHoe coAepxkanue yriauctoro Bemectsa B 3Y TOLI-2 u TIOLI ITIIT'XO.
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310 OoTpaxkaeTcs Ha TepMorpaMmax HajarmuueM 3k303¢pdexto npu 494 °C ¢ 1,89 %
notepeid macchl i 646 °C ¢ 32,18 % moTepeit Macchl COOTBETCTBEHHO. DHI03(PPEeKT
npu 708 °C, conpoBoxaaemslii MaccoBor noreper B 0,79 %, ykaspIBaeT Ha Npu-
cyrctBue B 3Y TOI III"XO xapOoHATOB IIEI0YHO3EMETBHBIX METAILIOB.
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Puc. 3. KpuBble npocenBaHus 301 yHoca 3abalikanbckux TAC (a):
P — nonHble ocTaTkm Ha cutax, %; r— pasamepbl OTBEPCTUIN CUT, MM;
BEIMYMHBI YENbHOM aKTUBHOCTW €CTECTBEHHbIX PaaMoHYKnnaos “*Ra, **Th, “°K (6)

[Figure 3. Screening curves of fly ash of Transbaikal TPPs (a):

P — full residues on sieves, %; r — sizes of sieve holes, mm;

values of the specific activity of natural radionuclides **Ra, **Th, “K (6)]

LTE /(%/Mun)

Tr % ACK K(mBTimr)

494 °C T 3K30
tos
|
i

PPNy At B | 11
AN f L \j

189 % !

ot

0.2

100 200 300 400 500 600 700 800 900

ACK /(mBTimar)

e e

i 5
M
i\

4

Puc. 4. Tepmorpammebl 301 yHOCa B aTMOChepe BO3ayxa:

a-T3U-2 (Yura); 6 — TOL, NMNIXO (KpacHokaMeHcK)
[Figure 4. Thermograms of fly ash in air:
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CUHXpOHHBIA TEPMUYECKHI aHAIM3 MUHEPAIBHOTO CHIPbs MO3BOJIAET CHE-
JaTh CIIEAYIONINE BBIBOMIBI:

— nanmuue B 3Y TOL TITIT'XO Gosblioro KoiM4yecTBa HECTOPEBIIETO Opra-
HHUYECKOr0 OCTaTKa B KonnuecTBe Oosiee 32 %, 4TO MPEBBIIAET AOMYCTUMBIE CO-
JiepKaHus B ILIECTh pas;

— s Yutunacekoit TOLI-2 konm4yecTBO HECTOPEBLIETO OCTaTKa HaXOJUTCS B
npeJesiax HOpMbl U COCTaBIIsIET 0KoJo 2 %.

Takum 00pa3oM, CKpPBITO-aKTUBHBIE 30161 yHOCa TOL] 3abaiikanbckoro kpas,
HE TMPOSBIISIONINE CBOMCTB CAMOCTOSTEIBHOTO MEJICHHOTBEPACIOIIETO BSIKYIETO,
MOTYT OBITh YTHJIM3UPOBAHBI B KAYECTBE HATIOJHHUTENS B COCTABAX JOPOYKHBIX IIEMEHTO-
IPYHTOB, MOJIM(ULIMPOBAHHBIX CTAOMIN3UPYIOIIMMU J00aBKaMH PA3TUYHON PUPOIBL.

KpynHoronHaxkHoe npsiMoe ucnonb3oBaHue 30 yHoca TOL 3abaiikanbcko-
ro Kpasi B IOPO’KHOM CTPOUTENIbCTBE MO3BOJIUT CHU3UTH YIIEPOBl OT 3arps3HEHUs
OKpY’KalomIel cpeasl OTBABHBIMU MaccHBaMU. BenmnunHa mpeaoTBpaIieHHOTO B
pe3yJbTaTe NPUPOIOOXPAHHOM NEeSATEIBbHOCTH ylepOa oT Jerpajaliy no4B U 3e-
MeJb Ha TEPPUTOPHH PA3MELICHHUS 30JI00TBATOB COCTABHUT (Y mpx THIC. py0./Tom):
2482 (T2L-2), 179 089 (TOLI ITAO TIIT'XO). DneMeHTHbII aHaIKU3 3076l YHOCA
TOL ITAO IIII'XO moka3an NpeBbIIEHHE KOHLUEHTPALMU MBILIbSIKA U XpoMma.
Benmunza npefoTBpaliieHHOro yuiep0a OT 3arpsi3HEHUs 3eMellb XUMUYECKUMH Bellie-
crBamu coctaBut 214 907 Thic. py0./ron. BenmnuuHa mnpepoTBpameHHoro yiepoa
OT YXyALICHUS M Pa3pyLIeHHUs MOYB U 3eMeib cocTaBUT (Y" mp, THIC. py0./ToN):
9928 (TBLI-2), 1 074 170 (TOLL ITAO I XO).

3aknyeHue

3onootBansl TOLI-1, TOI-2, TOL ITAO IIIII'XO (3abaiikanbCkuil Kpaii)
SBJISIOTCSL 00BEKTAMU HAKOIJIEHHOT'O BpeJla OKpPY’KaloLIel cpelie, BhI3bIBAIOIIUMU
THAPOJIOTHYECKUE (YXYAIICHHE Ka4eCTBa BOJI, HHYKEHEPHO-TEOJIOTHUECKAX CBOWCTB
TPYHTOB U UX BOJHOTO PEXUMA), XUMUYECKUE (M3MEHEHHE COCTaBa M CBOICTB BO3-
IyXa, 3arps3HeHHE BOJ, 3aCOJIEHUE MOYB) U TepMHUUECKHEe (YXyALIEHUE KauecTBa
BO3/1yXa, U3MEHEHHE OMOXMMHUYECKHUX MPOLIECCOB B AKOCUCTEMAX ) HAPYILIEHHUSL.

N3ydeHHBIE 301161 YHOCA OTHOCATCSI K MUHEPAIBHOMY CBHIPBIO TIEPBOTO KJIAc-
ca mo y/enbHO# 3(QEKTUBHON aKTUBHOCTU €CTECTBEHHBIX PaJMOHYKIHI0B (*°Ra,
232Th, °K), uTo MO3BOJISET MX MCIIOJIL30BATh B CTPOUTENLHON MHIyCTpUH O3
OTpaHUYCHUM.

VY CTaHOBJIEHO, YTO HEIyYWHHCTBIE 30716 YHOCA IO THIPABIMYECKAM CBOM-
CTBaM OTHOCSTCSI K CKPBITO-aKTHBHBIM U MOTYT YTHJIM3UPOBAThCS B COCTaBax J0-
POXKHBIX IIEMEHTOTPYHTOB, MOAN(MHUIIMPOBAHHBIX T0OaBKAMHU PA3TMIHON MPUPOIBL.
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Scientific article

Research of composition and properties of ash and slag waste
from the Thermal Power Plant of Trans-Baikal region
for decrease of anthropogenic impact on environment

Pavel P. Pankov, Nataliya A. Konovalova*, Dmitry V. Bespolitov

Trans-Baikal Institute of Railway Transport,
11 Magistralnaya St, Chita, 672040, Russian Federation
*zabizht_engineering@mail.ru

Abstract. The anthropogenic impact on environment of ash and slag waste of CHP 1 and
CHP 2 (Chita) and CHP “Priargunsky Industrial Mining and Chemical Union” (Krasnokamensk) is
considered. These wastes cause irreparable damage to the environment, occupy a significant area,
lead to a deterioration of the environmental situation in the surrounding areas. Liquidation of
such objects of accumulated harm to the environment is the most important state task in the areas of
national economy and environmental protection. Rapid recycling of ash and slag waste is possible
in road construction (the main material-intensive sector of the national economy) due to large-
capacity direct use. This will effectively reduce the anthropogenic impact on the environment
and significantly reduce the use of mineral raw. The principal possibility of using of fly ash as
a secondary mineral raw material in compositions of road soil concrete is substantiated. The methods
of atomic emission spectrometry with inductively coupled plasma, differential scanning calorime-
try and thermogravimetry were used to study the composition and properties of fly ash of CHP,
which is a first-class mineral raw based on the specific effective activity of natural radionuclides
(**°Ra, 2*2Th, “°K), which allows their use in the construction industry without restrictions. It has
been established that fly ash is non-porous, its hydraulic properties are classified as latent-active
and can be added to road cement soils modified with additives of different nature.

Keywords: anthropogenic impact, objects of accumulated environmental harm, ash
and slag waste, fly ash, ash dump, road soil concrete
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HayuyHas ctaTtbs

OueHka )XU3HEHHOIro COCTOSSHUS! COCHbl OObIKHOBEHHOM
B palioHe pacnoJI0XXEeHUs NOJINroHa
TBepAbiX KOMMYHaJbHbIX OTXOA0B «)KMPOLUKUHO»

I0.1. Baesal, K.P. KamanerannoBa?*

YPoccuiickuil ynugepcumem opyacool Hapooos,

Poccutickas @edepayus, 117198, Mocksa, yn. Muxnyxo-Maxnas, 6
2Poccutickuii 20cy0apcmeenHblil COYUanbHbLLL YHUBEPCUMent,
Poccuiickas @edepayus, 129226, Mocksa, yar. Bunveenvma Iluka, 0. 4, cmp. 1
*camilja@mail.ru

AnHoTanms. B pabote ¢ momolpio MeTo1a OMOMHIMKAIIMN NIPOBEIeHa OlIEHKa 00IIe-
r'0 JKU3HEHHOT'O COCTOSHUSI XBOWHBIX (DUTOLIEHO30B, MPOU3PACTAIOIINX HA PAa3IMYHOM yJalie-
uuu (0,25, 0,75, 1,4, 2,4 kM) OT MOJIUTOHA TBEPJBIX KOMMYHaIbHBIX 0TX0JI0B (TKO) «Ku-
pouikuHO» (MockoBckas obnactb, JlomoaenoBckuii paiioH). OOBEKT UCCIIEIOBAHUS — COCHA
oObIkHOBeHHas (Pinus sylvestris L.) kak HanboJiee YyBCTBUTENLHBINA K JEHCTBUIO TIOJUTIOTAH-
TOB W YacTO MCHONb3yeMblil Ha Tepputopru Poccuu putonHankarop. B xadectBe nuarHocTiye-
CKHMX TIOKa3aTesell BRIOpaHbl COCTOSHHE TeHEPATUBHBIX OPTraHOB (KOJIMYECTBO CTApPBIX M HO-
BBIX IIMIIEK, TPUPOCT modera), kiaace aedoaranuyd U JSMUTMEHTAIUY; OTpe/ielieHa KaTero-
pYs KU3HEHHOTO COCTOSIHHSI I PACCUMTAH WHJEKC COCTOSHUS APEBOCTOS. Y CTAHOBIICHO, YTO
3aKpBITBIE OOBEKTHI 3aXOPOHEHUST OTXOJIOB IPOM3BOJICTBA W MOTPEOJICHHS OKa3bIBAIOT Hera-
THBHOE BO3JCHCTBHE HA JAPEBOCTON COCHBI OOBIKHOBEHHOH. Tak, epeBbs, MPOU3PACTAIOIINE
Ha paccrostHuH 250 M OT MOJIMTOHA B TIpe/ieNiaX ero CAaHUTaPHO-3aIIUTHON 30HbI, IO UHIEKCY
COCTOSIHHSL JIPEBOCTOSI OXapaKTepHU30BaHbl KaK «CHJIBHO ociabieHHbIe». [Ipu yaaneHuHn OT
o0bexTa 3axoponenuss TKO 3adukcupoBaHa TEHICHLUS YBEJIMYEHUSI KOJIUYECTBA 3/I0POBBIX
JIEpEeBbEB B CTPYKTYpe (PUTOIICHO30B, a UX KU3HEHHOE COCTOSHHUE OLEHEHO KaK «OciadJieH-
HBII JpeBOCTON». MHAEKC COCTOSIHMS JPEBOCTOsS, KIACChI Jeosinalud U JACIUTrMEHTAIUH,
KOJIMYECTBO TEHEPATUBHBIX OPTaHOB JIOCTHTIIA KOHTPOJIbHBIX 3HaueHnH (Ky3pMHUHCKHI Teco-
napk, MpeodIaaaias KaTeropus «ociIa0eHHbIC IEPEBbs») Ha PacCTOSIHAN 2,4 KM OT MOJH-
roHa TKO. Onnako, 3Ha4uCHUSI JaHHBIX TIOKa3aTeNel 3HAuUMTeNbHO Hibke (hoHOBBIX (IIprokcko-
TeppacHbIi 3aNIOBETHUK, MPEOOIaIaomas KaTeropus «3JI0pOBBIC EPEBbs») I BCEX H3Y-
YEHHBIX XBOWHBIX (PUTOIEHO30B. CrenaH BHIBOJ O BO3MOXXHOCTH ITPUMEHEHHS MeTo/a OHo-
WHJMKAIMA C UCTIOJIh30BaHUEM MOPQOJIOTHUSCKUX MPU3HAKOB COCHBI OOBIKHOBEHHO!W B Kaue-
CTBE JKCIIPECC-METO/Ia OIEHKH HEraTHBHOTO BO3ACHUCTBUS 00BeKTOB 3axopoHeHus TKO Ha
OKPYXKAIOIIYIO CPey.

KaroueBble cjioBa: cocHa 06LIKHOB€HH3$I, OLCHKA )XNU3HCHHOI'O COCTOSAHUS, MOp(bOJ'IO—
TUYCCKHNE MOKA3aTeJIH, NOJIUTOH TBEPAbIX KOMMYHAJIbHbIX OTXOJ0B, GI/IOI/IHI[I/IKaHI/IS[
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BeBeneHue

[TpobGiema oOpamieHns ¢ OTXOAaMHU MMPOU3BOJICTBA U MOTPEOJICHUS — OJTHA U3
HanOoJjiee akTyalbHBIX YKOJOIMYECKUX MpobieM coBpeMeHHOM Poccun. ExxeronHo
Ha Tepputopun Poccuiickoit @enepannn oOpasyercst mopsinka 55—60 MIIH T TBEp-
neix kKoMMyHanbHbIX 0TX0A0B (TKO), B MockBe — 5,5 MiH T, a B MOCKOBCKO
obnactu — okoJo 5 MuH T. [Ipu 3TOM 0cHOBHBIM criocoOom ux yruu3zaiuu (90 %)
SBIISIETCSI pa3MeEIIeHUe U 3aXOpPOHEHHE Ha IMOJHUIOHaxX, B Kapbepax, Ha CaHKIHO-
HUPOBAHHBIX U CTUXUNHBIX cBasiKax [1-3].

OOBeKThl pa3MelIeHUs] OTXO/I0B, AaK€ HE HCIOJb3yeMble B T€UEHUE JUIH-
TEJIBHOI'O BPEMEHHU, SIBJISIOTCS MOTEHLUAIbHBIMU HCTOYHUKAMU HETaTUBHOTO BO3-
JecTBUSL HA KOMIIOHEHTHI OKpY»Karoliei mpupoaHoi cpebl. OCHOBHBIM 3arpsiz-
HUTEJIEM aTMOC(epHOro BO3/yXa U MOYBEHHOI'O MOKPOBAa BOJIM3M IOJIUTOHOB U
CBAJIOK SIBJISIETCS] CBAJIOYHBIH Ta3 (6Mora3s), KOTOPbI 00pa3yeTcst U3 OpraHuyecKoi
9acTH OTXOJOB B aHAYPOOHBIX YCIOBHUSAX B PE3yJIbTATE KU3HEACATEIIEHOCTH METa-
HOTEHHBIX OakTepuil. ITo cMech Oojiee YyeM MATUAECATH ra30BbIX KOMIIOHEHTOB,
OCHOBHBIMH M3 KOTOPBIX SBJISTIOTCSI MeTaH (46—66 %), muokcun yriaepoaa (35-55 %),
aMMMaK, OKCHJIbI a30Ta U cepoBojopof [4]. IIpu 3ToM nmoTeHuManbHas ra3omnpo-
JlyKTUBHOCTh MYCOPHBIX Macc cocTapisger 280-300 m> Ha Tonny TKO, a apean
paccesiHusI KOMIIOHEHTOB CBAJIOYHOTO ra3a ¢ MOJUroHa AocTuraer 2,5 kum [5; 6].

Crnenyer yuyuThIBaTh TaKXkKe, YTO Pa3sOKEHUE OTXOJO0B COMPOBOXKAACTCS
BBIJICJIEHUEM TeIUIa. A 3TO Hapsy ¢ TEIUIOBBIM 3arpsi3HEHUEM OKpYyXKarollei cpe-
IIbl MOXET MPUBOAUTH K CAMOBO3TOPaHHUIO MycOopa, KOTOPOE IMPOSBIIAETCS KakK B
BUJI€ TIOBEPXHOCTHBIX MOXKAPOB, TaK U B BUJE CKPHITOIO FOPEHUs B TIyOOKHX TO-
pHU30HTaX cBajOYHOrO Tena. [lpu Takom ropeHun B aTMOcChepy BBIIEISETCS Iie-
JBI KOMIUIEKC TOKCHYHBIX BEIIECTB, B TOM YMCJI€ TaKue CTOMKHE OpraHu4ecKue
3arpsI3HUTENN, KaK TUOKCUHBI U TOJIUXJIOPUPOBaHHbIe OudeHmsl [7; 8].

3arpsi3HEHUE MMOYBEHHOI'O MOKPOBA B 30HE BIUSHHS O0BEKTOB pa3MeIIeHUs
OTXOZI0B OOYCJIOBJICHO Tak)Ke 0Opa3oBaHHEM (HIbTpaTa, KOTOPBIH COAEPKHUT B
ce0e pacTBOPEHHbIE U B3BELICHHBIE TOKCUYHBIE OPIraHUYECKHUE U HEOPraHUYECKHUE
BEIIECTBA — XJIOPUIBI, Cylnb(arel, HUTpaTHl, [IAB, HeQTEenpOXyKTHI, TSKENbIE ME-
TaJUIbl U UX IPOU3BOJHBIE [9].

JlesaTenbHOCTh 10 pa3MELEHNI0, XPAHEHUIO U 3aXOPOHEHUIO OTXOJIOB MPOU3-
BOJICTBA U NMOTPEOIEHUs HETraTUBHO CKa3bIBAE€TCS U HA COCTOSHMM OMOIIeH030B. Tak,
OKCHJI YTJIepO/ia, OKCH/IBI a30Ta U CEPhI B COCTABE CBAIOYHOTO Ta3a CIIOCOOHBI BBI3bI-
BaTh HEOOpaTUMbIEe M3MEHEHHUS B KJIETKaX M TKaHSAX PAaCTEHHi, KOTOpbIE BHEIIHE MPO-
SIBJISIIOTCSL B BUJIE XJI0po3a (MOOJIeTHEHUS JIMCTHEB U XBOM BCIIEACTBUE PA3pYLICHUS
xJopoduia), HeKpo3a (OTMUpaHUE TKaHEH JIMCTOBOM IJIACTHHBI M €€ MOoOYypeHHe),
nedonuanuy, yroeTeHus: pocta u pa3Butust pacrenus [ 10-16]. I[ToBbiieHHOE conep-
KaHUE THKENTbIX METAIJIOB B TIOUBE U IPYHTOBBIX BOJIAX TAKKE OKa3bIBAIOT yTHETa-
folIIee JICHCTBIE HA JKU3HEACATEIBHOCTD PACTEHHM, IIPUBOIUT K HCOATAHCY KOMIIO-
HEHTOB INMUTAHMsS, HAPYILIEHUIO CHUHTE3a M (YHKIMH MHOTMX OMOJOIMYECKH aKTUB-
HBIX COEIMHEHHIA: ()epPMEHTOB, BUTAMHHOB, TOPMOHOB [17]. duTOTOKCHYECKHIA (-
(eKT OKa3bIBAIOT U MPOIYKTHI TOPEHUS CBAJIOYHOrO Tena. Tak MoNMXI0pUpOBaHHbIE
OudeHmTpl Jaxke Ipu UX COJACPKAHUM B MOYBAX B KOHLEHTPALMSAX HAMHOTO HMXKE
ITJK cHmXaOT SHEPrui0 NPOpaCcTaHHs CEMSH, COKpPAILAOT AJIMHY Ha3eMHOM 4acTu
1, COOTBETCTBEHHO, OMOMACCY paCcTeHHH, CHIDKAIOT PENPOIyKTHBHBIHN MoTeHman [ 18].
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[lenpto HacTosIIEH PabOTHI SIBUIIACH OIIEHKA COCTOSIHUS OKPYXArloIIe cpe-
16l B 30HE BIUsHUS 3aKkpbiToro nogurona TKO «Kupomkuao» [JomonenoBckoro
paitona MOCKOBCKO#1 007aCTH 1O KU3HEHHOMY COCTOSHUIO IEPEBHEB HA IPUMEPE
COCHBI 00BbIKHOBEHHOM (Pinus sylvestris L.).

OGbeEKTbI N MeToAbl uccnegoeaHusda

OreHka cocTosiHUS IEpeBbeB Pinus sylvestris TpoOBOAMIACH HA YETHIPEX MPo0-
HBIX IUIOINAJKAX, 3J0KEHHBIX Ha pa3InyHOM yzaaneHuu ot noiaurona TKO «Ku-
POLLIKHMHO», C YYETOM CPEIHEr0/0BOi po3bl BETpoB MoOCKBbI 1 MOCKOBCKOM 00-
nactu: 250, 750, 1400 u 2400 m. B kauecTBe KOHTPOJIIBHON TEPPUTOPHH, HA KOTO-
PO HCKITIOUEHO HEeraTUBHOE BIUsHUE 00bekTa 3axopoHeHus: TKO, HO coxpaHeHbI
BCE OCTaJIbHBIE MMOTEHIMAbHbIE UCTOUHUKH 3arps3HeHus, Obu1 BbIOpaH Ky3pMuH-
CKuli neconapk. B xadecTBe (pOHOBOI, TO €CTh «YCIOBHO YUCTOW», TEPPUTOPUU
BeicTynul [Iprokcko-TeppacHblil 3a10BEJHUK B CHUITY CBOEH YAAJIEHHOCTHU OT IIO-
TEHIMATBHBIX HCTOYHUKOB aTMochepHoro 3arpsizHeHus. CoriacHo kiaccuduka-
1 MexayHaponHoro cotosda oxpansl npupoasl (MCOII, IUCN) nanHbIf 3armo-
BEJITHUK OTHOCUTCS K Karteropuu IA. Strict nature reserve — CTporuil NpUpOIHBII
pe3epBar (rocyAapCTBEHHBIN NMPUPOIHBINA 3alI0BEIHUK), U €T0 TEPPUTOPHSL COXpa-
HSIETCSI B KA4eCTBE JTajoHa MpHUpPoAbl okHOro IlogmockoBbs. [Ipu stom Gnm-
kaimue K 3anoBenHuky nosuronsl TKO «Jlecnas», «CpaHoBO» n «KepHOBKa»
pacmnosokeHbl Ha paccTossHUM nopsaaka 10-20 kM, 4yTO UCKIIOYAET MX Kak Mps-
MoO€, TaK ¥ KOCBEHHOE€ BO3/ieiicTBHE Ha OMOLIEHO3bI 0CO00 OXpaHsAEeMON MpPUpPOA-
Hout Tepputopun [19]. Ha kaxxnoit mpoOHO# TutomagKke riomaasio 1 ra ciyyai-
HBIM 00pa30oM ObLIO BEIOPAHO MO J1BAJATh YETHIPE JepeBa.

Tabnuuya 1

Knaccbl noBpexaeHus cocHbl 00bIKHOBEHHOM (Pinus sylvestris)
no creneHu pedonnaumm n AenNUrMeHTauum KpoH, KoJIMYecTBY LUMLLEK U NPUPOCTY NnoGeros

Knacc CreneHb CteneHb KonuyecTtBO MpupocT
noBpexaeHns aedonmaumm, % AenurMmeHtTauun, % LIMLIEeK, WT nob6eroe, cm
0 knacc 0-10 0-10 0O4eHb MHOTO 6onee 15
1 knacc 10-25 10-25 MHOrO 10-15
2 knacc 25-60 25-60 HECKOJIbKO 5-10
3 knacc 6onee 60 6onee 60 HeT MeHee 5
Table 1

Damage classes of Pinus sylvestris by the degree of defoliation and depigmentation of crowns,
number of cones and growth of shoots

Damage class Degree of Degree of Number of The growth of
defoliation, % depigmentation, % cones, pieces shoots, cm
The O class 0-10 0-10 very many more than 15
The 1% class 10-25 10-25 many 10-15
The 2" class 25-60 25-60 afew 5-10
The 3 class more than 60 more than 60 no less than 5

O6mee xu3nenHoe cocrosinue (OXKC) nepeBbeB ONMpeAesiioch B COOTBET-
CTBUU C METOJIMKON OpraHU3allid U MpPOBeAEHUS padOT MO MOHUTOPHUHIY JIECOB
eBpomneiickoit yactu Poccun no nporpamme ICP-Forest (metonuka ESK OOH) no
CJIEYIOIIMM ITOKa3aTessM: Kiacchl Ae(onranuy U MOXKEeITeHNs KPOHbI, KOJnYe-
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CTBO IIMIIEK ¥ IpUpocT moderoB (Tabdin. 1) [16]. KaTeropus >kM3HEHHOTO COCTOSI-
HUS COCHBI OOBIKHOBCHHOMW MPUCBAWBAJIach MO METOJIUKE M3YyYCHHUsS JIECHBIX CO-
obmectB B.A. Anekceesa (1989) (Tabm. 2).

WHaeke cocTosTHUS IPEBOCTOS PACCUUTHIBAJICS 11O (hopMyJIe

nl1+40,7n2+0,4n3+0,1n4
Iv = ,

n

rae /v — MHAEKC )KU3HEHHOTO COCTOSIHUS IpeBocToA; nl, n2, n3, n4 — KOIMYECTBO
300POBbIX, OCHaGHeHHLIX, CUJIBHO OCJIa6JIeHHBIX U OTMHpAOmuUX ACPCBLEB, 11 —
o0111ee 4rcIio AepeBhEB.

Tabnuya 2
KaTeropumn >xu3aHeHHOro CoOCTOSiHMSl AePEBbLEB
Bann Kateropus MpusHakn noBpexaeHus
OXC XXN3HEHHOI0 COCTOSAHUS

He nopBepXeHO HMKakMM W3MEHEHVSIM KPOHbI U CTBOJA; KPOHA
0 3dopoesoe depeso ryctasi, 3eneHasi XBosi, IPUPOCT HOPMasibHbIA OJ19 TeKyLIero roaa;
JILLIAIHKIK HA CTBOJIAX XOPOLLIO Pa3BuT, Ge3 Crie10B MOBPEXAEHNS

3aMeTHO CHMXeHne rycToTbl KpoHbl (30-40 %); xBos nospe-
XOeHa HacekombiMu (6onee 6 %), KpoHa CBETIO-3€/IEHOro
LBETA; NMPUPOCT YMEHbLLEH MEHbLLIE, YEM HaMONOBUHY

lNospexdeHHoe
(ocnabneHHoe) depeso

CurbHo rospexoeHHoe CHmKeHMe rycTtoTbl KpoHbl 0 70 %; XBOMHKN NOPaXeHbl Hace-

2 (cunbHo ocrabneHHoe) KOMbIMW; NPU3HAKM HEKPO3a M XJ10p03a; PE3KO CHWXEH pasMep
depeso npupocTa

CHUXeHne ryctoTbl KpoHbl 40 20 % 1 MeHbLUEe; BEPXHUE BETBU

3 Ycbixaroujee depego Cyxme W ycCbIXalolime; XBOWHKU CBETIO-3E/IEHOr0, XeNToro,

OpaHXeBOro LBETA; MPUCYTCTBYIOT HEKPO3bI

JepeBo, nornbliee B TeYEHWE NOCNeOHEro roaa; Ha KPoHe He
4 Ceexuli cyxocmoli onaBLUME Cyxne XBOMHKM; YaCTUYHO 3aceneHo AepeBooKpalln-
BaIOLLMMUN rpubamu 1 BpeanTensiMu CTBOJIOB

JepeBo, nornbliee B TeYeHME MPOLUNbIX JET; BETBM U Kopa
5 Cmapesiti cyxocmol yTpayeHbl; MOIHOCTLIO 3aCeNIEHO AePEBOOKPALLNBAIOLLVMN FPU-
6amMu 1 BpeauTensiMm CTBOIOB

Table 2
Tree life status categories

Class of Life status Signs of damage
the vital state categories

Not subject to any changes in the crown and trunk; dense crown,
(0] Healthy tree green needles, normal growth for the current year; the lichen
on the trunks is well developed, with no signs of damage

Markedly reduced crown density (30-40%); the needles are
damaged by insects (more than 6%), the crown is light green in
color; growth reduced by less than half

1 Damaged
(weakened) tree

Badly damaged Reducing crown density to 70%; needles struck by insects;
2 (heavily weakened)  signs of necrosis and chlorosis; growth rate sharply reduced
tree
3 Drying tree Reducing crown density to 20% or less; the upper branches are dry

and drying out; needles of light green, yellow, orange; necrosis present

A tree that has died in the last year; on the crown are not fallen dry
needles; partially populated by wood-staining fungi and pests of trunks

A tree that has died during the past years; branches and bark
5 Old dead wood are lost; completely inhabited by wood-coloring mushrooms
and pests of the trunks

4 Fresh dead wood

[Ipu Iv, paBHom 1,7-0,8, cocTosiHME APEBOCTOSI OLIEHUBAJIOCH KaK 3/10pPOBOE;
mpu Iv = 0,79-0,5 — ocmabnennoe (moBpexaeHHoe); npu v = 0,49-0,2 — cubHO
ocnallieHHOe (CHIIbHO ToBpexieHHoe); pu [v = 0,19—0 — paspy1iieHHoe (OTHOCTHIO
nerpaaupoBanHnoe) [17].
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CraTtuctudeckas 00paboTKa TaHHBIX MPOBOAMIIACH C TOMOIIBIO MPOTPAMMBI
Microsoft Excel.

PeSVHbTaTbI nccnenoBaHNd u ux o6cy)|(n.eHV|e

Pe3ynbraThl mpoBeeHHBIX HCCIe0BaHMM TToKa3ar, 4To oauron TKO «Ku-
POIIKHMHO» OKa3bIBAa€T HEraTUBHOE BO3JEUCTBUE HAa COCTOSIHUE (PUTOLIEHO30B, Mpe.-
CTaBJICHHBIX COCHOW OOBIKHOBEHHOM (Pinus sylvestris). Kiaccel nedonmmanmm u nenmr-
MEHTAIlMU JEePEBbEB B 30HE BIMSHHS MOJMTOHA JOCTOBEpHO BbIe (1-2 Kiacc) mo
cpaBHEHHIO ¢ KOHTpobHOH (01 Kimacc) u hoHoBO# Tepputoprsmi (0 kimacc) (puc. 1).

VY nepeBbeB, npouspacTaBux psoM ¢ noimuronoM TKO, cHmxeHo oOriee
KOJIMYECTBO T€HEPATUBHBIX OPTraHOB (IIWIIEK) IO CPAaBHEHHWIO C KOHTPOJIHHOW U
¢donoBo# mnomaakamu. [Ipu 3ToM Takke oTMeuYeHa TEHACHIUS YBEIUYCHHS UX
KOJIMYECTBA MIPH YJAJICHUH OT MOJIMToHa (puc. 2).

Kpome toro, y cocen BOMM3M monuroHa Ha (poHe CHIKEHUS OOIIero KOJH-
YecTBa IIUIICK M0 CPABHEHUIO C KOHTPOJIHHOW M (POHOBOI IIIOIIaKaMu HAOIO-
JaJIOCh MpeodIajaHne «CTapbix» (PACKPBIBIIMXCS) MIMIIEK HAJl «HOBBIMIY (HE pac-
KPBIBIIUMUCST), YTO TAK)KE CBUIECTEIILCTBOBAJIIO 00 X YTHETEHHOM COCTOSHUH.

2.5

2,
15

1

3 i - L mm

250 m ot noamroHa TKO 750 m ot nonmrora TKO 1400 m ot nosmroHa TKO 2400 m ot nonvroa TKO KoHTponbHas ®oHOBaA TEPPUTOPUA
(250 m from landfill MSW) (750 m from landfill MSW) (1400 m from landfill MSW) (2400 m from landfill MSW)

Knacc (Class)

TEePPUTOPUA (Background area)
(Control area)

i 2 3 4 5 6

Ne nnowagku uccnegosanmna (Ne of study site)

W Knacc gedonmauum (Defoliation class ) B Knacc genurmenTtauuu (Depigmentation class)

Puc. 1. Onpepnenexuve knacca gedonvaumm n AenmrMmeHTaumm KpoH AepeBbEB
Ha uccnenyembix niowaakax (p < 0,05)
[Figure1. Determination of the class of defoliation and depigmentation of tree crowns
at the study sites (p < 0,05)]

Baer 0011ero JKU3HEHHOTO COCTOSIHUS APEBOCTOSI, OTIPE/ICTICHHBIE 110 KOM-
OMHALIUU KJIACCOB Aedonnanuy U JeMUrMeHTAIlMH KPOH JAEPEBbEB, a TAKXKeE IO CO-
CTOAHHUIO T'CHCPATUBHBIX OPTraHOB ITOKAa3aHbBI Ha PHC. 3. Kak BUJHO M3 PHCYHKA,
Ha BCEX MCCIEAYEMBIX MPOOHBIX IMIIOMIAAKAX MPUCYTCTBOBAIH JIEPEBBS C Pa3HbI-
mu 6amtamu OXKC. OgHako uX COOTHOIIEHHE Pa3InYalioCh U HAMIPSIMYIO 3aBHCEIIO
OT pPacCTOSIHUA [0 TOJHMIOHa 3aXOpPOHEHUs: 0TX0A0B. Tak, Ha paccrosHUH 250 M
OTMEUEHO TPeodIaJaHNe «yChIXaImux» AepeBbeB ¢ Oammiom OXC, paBHOM 3,
a TaK)KE HAIMYUE «CBEXKETO CYXOCTOs» MPU MOIHOM OTCYTCTBHH «30POBBIX» Je-
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PEBLCB. ITo MEpE YAAJICHUA OT UCTOYHUKA 3arpsA3HCHUA Ha6J'IIOI[aJ'IOCB CHHIXXCHHC
KOJIMYCCTBA YCBIXAKOIHUX ACPCBLEB W YBCIIMYCHUC OOJIU 0C/1a0JIEHHBIX U 300pO-
BBIX ICPCBLCB.

3,00
2,50
2,00
E
o
2
5 1,50
2
3
1,00
) I I
- ER
250 m ot nonmroHa TKO 750 m ot nonmroHa TKO 1400 m ot nosmroqa TKO 2400 m ot nomrora TKO KoHTponbHas PoHoBas TeppUTOpPUA
(250 m from landffill MSW) (750 m from landfill MSW) (1400 m from landfill MSW) (2400 m from landfill MSW) TEeppPUTOPHA (Background area)
(Control area)
1 2 3 4 5 6
Ne nnowaaku uccnegosarmua (Ne of study site)
B KonuyecTso HoBbix wiwek 8 6annax (The number of new cones in points)
m Konuuyectso cTapbix Wwiwek 8 6annax (The number of old cones in points)
Puc. 2. OueHka COCTOSIHMS reHePaTUBHbBIX OPraHOB COCHbI 0ObIKHOBEHHOA
Ha uccnepyembix nnowaakax (p < 0,05)
[Figure 2. Evaluation of the state of the generative organs of Pinus sylvestris
at the studied sites (p < 0,05)]
[IOMOAEAOBCKUI paFioH MpHOoKCKo-TeppacHbli Bann OHC
i 3an0BeHUK (Class of the vital
(Demodedovo district) Mapk KysbMuHKA (Prioksko-Terrasny i
i (Park Kuzminki) Reserve)
100
B35 - crapbii cyxocToit
30 +—| (an old dead tree)
80 +— " -
ma - CBEMMI CYXOCTOU
(a newly-dead tree)
70 +—
60—
M3 - ycbiXalouue
% 50 Aepessa (a drying
tree)
40 +—
oz - CUNIbHO

ocnabnexHbie

0 pepesna (a heavily

weakened tree)

20 +—

@1 - ocnabneHubie

10 AepesoA (a
- weakened tree)
o

1 2 3 4 5 6 B0 -3poposble gepesba
250 m ot nosmroHa TKO 750motnoamroHa TKO . 1400 m ot nosamroHa TKO 2400 m ot nomroHa TKO KouTponbHas POHOBaR {a healthy tree)
(250 m from landfil MSW) (750 m from landfill MSW) (1400 m from landfill MSW) (2400 m from landfill MSW)  Tepputopis TeppuTopuA
(Control area) (Background area)

Ne n10WagKn HCLIEA0BaHNA
(Na of study site)

Puc. 3. ObLee xun3HeHHoe cocTosiHue Pinus sylvestris Ha nccnenyembix nioLaakax
[Figure 3. General vitality of Pinus sylvestris at the study sites]

Ha xonTponsHOit iiomaake B Ky3bMUHCKOM Jieconapke KOJTUYECTBO JAEPEBb-
eB, obmamaromumx 2-M knaccom OXKC (cumbHO ocabieHHBIC IEPEBHs), MPEBHIIIATIO
aQHAJIOTMYHBIC 3HAYCHUS HA TPOOHOM 1iomaake Ne 4, 4To, Mo-BUANMOMY, 00YCIIOB-
nieHo Oosiee MHTEHCHUBHOW pEKpeallMoOHHON Harpy3koi Ha Tepputopuu mapka. Po-
HOBasi TEPPUTOPHSI OTIMYATIACH TIPE0OIalaHleM «3I0pOBBIX» epeBbeB (91,7 %).
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PesynbraThl pacdyera MHAEKCA XU3HEHHOTO COCTOSHUS APEBOCTOEB Mpea-
CTaBJICHBI Ha puc. 4. JlepeBbs, Npou3pacTarIine Ha paccTossHu 250 M OT mojiu-
TOHA B IIpeJieax ero CaHUTAPHO-3aIUTHON 30HBI, [0 UHAEKCY COCTOSIHHS APEBO-
CTOSI XapaKTEPU30BAINCH KaK CHIIbHO ociabiieHHsle. [lpu yianeHun ot monuroxa
TKO Ha0nronanocs NOCTENEHHOE YBEIMUYEHHE JaHHOTO MOKa3aTelsl, 4TO CBHJE-
TEJIbCTBOBAJIO 00 YBEIMYEHHH B CTPYKType OMOLIEHO30B KOJIMYECTBA 3JOPOBBIX
JiepeBbeB. 3HaUEHUsl MHJEKCa COCTOSHUS JPEBOCTOs, Kiacca aedoiualuu U Jie-
MIUTMEHTALMH, KOJIMYECTBA T€HEPATUBHBIX OPraHOB JOCTUral KOHTPOJIbHBIX (Ky3b-
MHUHCKUM Jleconapk) npu ynaneHun ot nomuroHa TKO Ha pacctosHue 2,4 KM.
OpHako JaHHBIE TOKA3aTe N 3HAYUTENbHO HIDKE (POHOBBIX 3HaueHu# (IIprokcko-
TeppacHblii 3a110BETHUK) HA BCEX M3YUYEHHBIX IJIOLIAIKAX.

1 0,98

0,8 0,78 0.76

M cunbHo ocnabnenHoe

0,61 (severely weakened)
o 0,53

O ocnabnenxoe

Mupekc (Index)

04 (weakened)

0,29

@ 3noposoe

02 (healthy)

1 2 3 a4 5 6
250 Mot no/mroHa TKO 750mornonmroHaTKO 1400 m ot nosmroHa TKO - 2400 m ot nosmroa TKO HKoHTpONbHaA GoHoEaA
(250 m from landfill MSW) (750 m from landfill MSW) (1400 m from landfill MSW) (2400 m from landfill MSW) TEppPHUTORHA TEpPUTOPHA
(Control area) (Background area)

Ne NNOWaAKRH UCCASA0BAHHA
(Ne of study site)

Puc. 4. Hpekc cocTosHMS APEeBOCTON HA UCCneayeMblx naoLaakax
[Figure 4. Tree state index on the investigated sites]

[TonyuenHble B X0J€ MCCIEIOBAHUSI PE3YJIbTAThl MOJHOCTHIO MTOATBEPIKIA-
IOTCS JINTepaTypHBIMU JaHHBIMH. Tak, B padote M.M. Kombaposa u E.B. I'paueBa
(2013) ycraHoBneHa «HYyJeBas» BbDKMBAEMOCTh PACTCHHH, PEKOMEHIYEMBIX IS
OHMOJIOTMYECKOro 3Tarna PeKyJIbTUBALIUY, B YCIOBUSIX BO3ACHCTBUS KHUAKON (Ppak-
uuu nonurona THO. P.X. MamamkanoBbim (2016) BbISIBIEHO, YTO PACTEHUSI, IPOU3-
pacraromye BOJIM3U CIIeIUATIBHOTO COOPYKEHHUS, PETHA3HAYEHHOTO JUTS N3OSN
u obe3BpexkuBanusi ThO, okazanuch caMbIMU YyBCTBUTEILHBIMU K 3arpsSi3HEHUIO,
U 110 MEpe OTIAJIEHUS OT HETO COCTOSTHUE PACTUTENBHOCTH yiryutaercs [18; 19].

3aknyeHue

OOBbeKThl pa3MeIIeHNs 0TXO0/I0B MPOU3BOACTBA U MOTPEOJICHNST OKA3bIBAIOT
HETaTHUBHOE BO3JCHCTBUE HAa OKPYKAIOLIYI0 CPEly Ha NPOTSIKEHUU BCETO JKU3-
HEHHOTro 1uKIa. [IpakTuyeckn Bce KOMIOHEHTHI KOCUCTEM (KaK aOMOTHYECKUE,
TaK H 6I/IOTI/I‘-IGCKI/IG) CYHICCTBYIOIIHEC B6JII/I3I/I WM BOKPYI CBAJIOK U IOJIMTOHOB
TKO, B TOM WM WHOW Mepe MOABEPTaroTCs JAeTrpajaliuy Jaxke Mocie mpeKpalie-
HUS IpUeMa OTXO0A0B 00BEKTaMHU UX 3axopoHeHus. [Ipu sToM B kauecTBe Hanbo-
Jie€ YyBCTBUTEJIBHBIX U PENPE3CHTATUBHBIX MHIMKATOPOB COCTOSIHUS «HApPyLIECH-
HOI» cpeqbl 00UTaHUs BHICTYNAIOT PacTEHUSI.
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K unciy npeBecHbIX MOpoJ, Hanbosee YacTo UCTIOIb3yEMbIX B LIENISIX OMOMOHU-
TOPUHTa, OTHOCUTCS COCHA OObIKHOBEeHHas (Pinus sylvestris L.). @UTOMHIUKALMOHHBI-
MH TOKa3aTeJIsIMA B COCHOBBIX JPEBOCTOSIX, KK MPABHJIO, CIy’KaT MPOLEHTHOE COOT-
HOUIEHNE HEKPO3HO U XJIOPO3HOM XBOH, €€ MPEXKIEBPEMEHHOE YBSIaHHUE U OIaJICHUE,
COCTOSTHHE T€HEePATUBHBIX OPIaHOB M POCTOBBIX MOUYEK HA 1Moderax. A cTeneHb aHTpo-
TIOTEHHOTO BIIMSTHHSI OLIEHUBAETCS TI0 OOIIEMY KU3HEHHOMY COCTOSTHHIO (DUTOIICHO3A.

B pesynbrare npoBeeHHBIX MCCIIEI0BAHUNA YCTAHOBJIEHO JOCTOBEPHOE YITyd-
LIEHUE KU3HEHHOI'O COCTOSIHMSI APEBOCTOS COCHBI OOBIKHOBEHHOH IO Mepe yja-
nenus ot nonurona TKO «Kupomkuno». Tak, «CHIBHO MOBPEXAECHHBIE» Jlepe-
Bbsl, IPOM3PACTAIOIIME B 30HE HEMOCPEACTBEHHOIO BiIUAHUA noaurona (0,25 km),
C YBEJIMYEHUEM PACCTOSHUS OT MECTa 3aXOPOHEHUs] OTXOJJ0B CMEHMWINCH «O0cal-
JEHHBIM» JApeBocToeM. [Ipu 3TOM KOJIMUECTBO 30POBBIX JEPEBHEB B CTPYKTYpE
(uUTOIIEHO3a JOCTUIIIO KOHTPOJIBHBIX 3HAUEHHUH Ha pacCTOSIHUU 2,4 KM.

Taxum 00pa3om, METO/IbI OMOVMH/IMKAIIMN, OCHOBAHHBIE Ha N3Y4eHUH MOP(OIIo-
T'MYECKUX MPU3HAKOB COCHBI OOBIKHOBEHHOM, MO3BOJISIOT ONEPATUBHO OLIEHUTh MHTEH-
CHBHOCTh M MAacITaObl HETATUBHOTO BO3JCUCTBHS OOBEKTOB 3axopoHeHus: TKO Ha
OKpy>Karoltyto cpery. Kpome toro, Graropapsi mpoJo/DKUTEIbHOMY CYILIECTBOBAHUIO
ACCHMIJISIIMOHHBIX OPTaHOB COOOIIIECTBA XBOMHBIX ITOPOJT IEPEBHEB HAJISIKHO Xapak-
TEPU3YIOT U3MEHEHUSI CpeJibl OOUTaHUsI 3a JIUTENbHbIE IEPHO/Ibl BPEMEHH.
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in the area of location
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Abstract. The bioindication method is used to assess the general vital condition of conife-
rous phytocoenoses growing at different distances (0.25, 0.75, 1.4, 2.4 km) from municipal solid
waste landfill “Zhiroshkino” (Moscow region, Domodedovo district). The object of study is ordi-
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nary pine (Pinus sylvestris L.), as the most sensitive to the action of pollutants and often used in
Russia phytoindicator. The state of generative organs (number of old and new cones, increase of
shoots), defoliation and depigmentation class were selected as diagnostic indicators; the category
of vital condition was determined and the stand state index was calculated. It was found out that
closed objects of production and consumption waste disposal have a negative impact on the stand
of an ordinary pine tree. Thus, trees growing at a distance of 250 m from the landfill within its
sanitary-protective zone, according to the stand status index are characterized as “strongly
weakened”. At the distance from the waste landfill the tendency of increasing the number of
healthy trees in the structure of phytocoenosis was recorded, and their vital condition was as-
sessed as “weakened by the growing stock”. The index of stand condition, classes of defoliation
and depigmentation, the number of generative organs have reached the control values (Kuzmin-
sky Forest Park, the prevailing category of “weakened trees™) at the distance of 2.4 km from
the disposal site. However, the values of these indicators are much lower than the background
ones (Prioksko-Terrasny Reserve, the prevailing category “healthy trees”) for all studied coni-
ferous phytocoenoses. The conclusion is made about the possibility of bioindication method
using morphological features of ordinary pine as an express method of assessment of negative
impact of waste disposal objects on the environment.

Keywords: Scotch pine, life condition assessment, morphological indicators, munici-
pal solid waste landfill, bioindication
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BnuvaHue yenoBseka
Ha nonysisauMIo rmmanamckoro cypka B Henane

A.A. Huxkoancknii, E.A. Banucosa*
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AnnoTtamus. O0cyxaaeTcs BO3/ICHCTBUE YellOBEKa Ha MOIYJISIHI0 THMAIaHCKOTro CypKa
B Henane. Brime BepxHei rpaHUIEI Jieca YETIOBEK Pa3IeisieT ¢ CypKaMH OJHHU U T€ e MecTa
o0uTaHMA HA ATIOBHAIBHBIX Teppacax pedHbIX A0NMH. [1oCcTpoiiku YenoBeka U CelbCKOXO-
3STUCTBEHHBIC YTOZbSl IPUBOAAT K ()parMEHTAIMU TOMYJIALUN CypKOB, a NEPEBBITAc CKOTa —
K TAaCTOMIIHOW TUTPECCHH, YXYIIIAIOMEH KOPpMOBYIO 0a3y 3THX TPhI3yHOB. OTHOBPEMEHHO C
STHM JIFOJIM PETYIIIPHO JIOBAT CYpPKOB TETIISIMHU, B TO BPEMsI KaK, B COOTBETCTBHHU C KPHTEPHIMH
Kpacnoro criucka MCOII, nomynsiiuio ruManaidckoro cypka B Hemane nenecoodpasHo oTHe-
ctu k kareropun Endangered (EN) — oueHb BRICOKHI pUCK BEIMUPAHUS B JUKOH TPUPOJIC.

KiroueBble cinoBa: rumanaiickuii cypok, ['umanau, Henan, antpornoreHHsie (pakTopsl,
Kpacusrit crmcok MCOIT

I'umanaiickuit cypok (Marmota himalayana Hodgson, 1841) — oaun u3 Han6o-
Jiee BBICOKOTOPHBIX BUIOB MIIeKOTUTatoNMX. OCHOBHAs 00JIaCTh PacipoCTpaHEHHUs
ruMasiaiickoro cypka Haxonutcs B Llunxaii-TuOerckom Haropbe B Kurae [1; 2].
B I'mmanasix mpoxXoJauT 10KHasi TpaHULa €ro pacpOCTPAHEHUS U F0)KHAs TpaHHIia
pacnpoctpanenus pona Marmota [3]. IlpoHMKHOBEHHE BUIa JAJIEKO Ha IOT CTAJIO
BO3MOJKHBIM OJ1arofiapsi BRICOKOMY MOAHATHIO [ MManaeB, B pe3ysibTaTte KOTOPOTro
MeXJy BepxHell rpanuneil jieca (okosno 3500 M HaJ ypoBHEM MOpsi) U CHETOBOM
muHueln (oxoso 5500 M Hax ypoBHEM MoOpsi) 00pa30BaJIoOCh OTPOMHOE MPOCTPaH-
CTBO, PUTOIHOE JIs1 OOMTAHUS CYPKOB.

IMaMaaiickuii CypoK SIBIISIETCS OJTHAM U3 TJIABHBIX CPEIO0OPa3yIoNux (aKTo-
POB BBICOKOTOpHBIX 3KocucTeM. Kak M apyrue BHIBI CypKOB, TMMAlalCKUI CYpOK
OKa3bIBaE€T MOIIHOE BO3JEHCTBUE Ha JaHAmAdT Oarogaps YHUKaIbHOM POIOIICH
NeATeabHOCTH. [ 3uMHEH CIsTuKy, KoTopast JUIUTCs 0oJiee MOTyroAa, 3TH IPhI3yHbI
POIOT IIyOOKHE HOPBI B MENTKO3EME, IIMPOKO PACIIPOCTPAHEHHOM B ropax.

B I'mmanasix u3-3a CJI0’KHOTO BBICOKOTOPHOIO JaHAIadTa CypKH pacripocTpa-
HEHbI KpaliHe HepaBHOMEPHO, B OCHOBHOM B LlenTpansHom Henane. OgHo u3 no-
CEJICHNI TMMaJIaliCKOro CypKa HaXOAMTCA B AOJIMHAX FOPHOro MaccuBa Manaciy.
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311eCh MIMPOKO paCHpOCTPAHEHBI AJUTFOBHAIBHBIE TEPPACHI, C MOIIHBIM CJIOEM MEJIKO-
3eMa M XOpOoIIo COPMHUPOBAHHBIMHU TIOYBAMH, YTO CO3JACT OJIArONPHUATHBIC YCIOBUS
KaK Ui OOMTaHUS YeOBeKa, TaK U Ui KU3HH CYpKOB [4]. B 3TUX OTHOCHUTENHHO
OJIarONPUATHBIX YCIOBUSIX JIFOJH 3aHUMAIOTCS CKOTOBOJICTBOM, BBIPAIIUBAIOT S4-
MeHb U KapTodenb. Vcnonp3oBaHue oOIIEro MPOCTPAHCTBA BHIIIE BEpXHEH Tpa-
HUILIBI IPUBOJUT K TOMY, YTO JIFOJAHM HE TOJIBKO BBITECHSIOT CYpKOB, PACIIUPSIs XO-
3SIUCTBEHHYIO JIEATEIBHOCTh, HO U @KTUBHO MPECIEAYIOT UX, YTO CTaBUT MOJ YTPO3y
caMo CYIIIECTBOBaHME CYpKOB B [ mmamnasx.

B onHOM M3 Takux MOCENeHUi, B OKpPECTHOCTAX AepeBHH Cama, BECHOU
2004 r. ObUTH MPOBEICHBI MOJIEBbIC HAOIIOCHUS HAJ YKOJIOTHEH THMMAaJaiCKOro
cypka. OgHa U3 3a/1a4 COCTOSUIa B TOM, YTOOBI BBISIBUTH OCHOBHBIE (JOPMBI BO3-
JEUCTBUSI Y€JIOBEKA Ha TOIMYJISALMI0 CYPKOB, TIOCEIEHHUE KOTOPhIX HAXOAUTCS B J0-
nmuHe pexu Jlapke, Ha BbicoTe 0K0JI0 3500 M Haj ypoBHEM MOps, Y BEpPXHEH Irpa-
HMITEI JIeca.

Kak nokazano Ha puc. 1, moceneHne CypkoB CHIBHO (parMEHTUPOBAHO CEIlb-
CKOXO3STUCTBEHHBIMH YTO/bSIMU UelioBeKa. JIFOIM MOCTENEeHHO BHITECHSIOT CYPKOB
C UX TPAAMIIMOHHBIX MeCT oOuTaHus. B pe3ynpTaTe pacmamiku MpOUCXOIUT YHH-
YTOXKEHHE MECT OOMTaHUsI CypkoB W (pparmeHranus ux mocenenus. [lociennee,
HapyIias MOTOK T€HOB, HEU30EKHO MPHUBOAUT K COKPAILICHUIO TEHETHUECKOTO Pa3-
HOOOpa3us MECTHOW MOIMYJISILIUH.

Ry

Puc. 1. ®parmeHTaumsa noceneHmsa u yHUHTOXEHne MecT 06MTaHNS rMMananckoro cypka
nop, BNvsiHieM YenoBeka. Bce pacnaxaHHble y4acTku B NPOLLIOM Bblniv HaceneHbl cypkamu.
OkpecTHocTu aepeBHn Cama B gonuHe peku Jlapke. FopHbii Maccus MaHacny, Henan
[Figure 1. Fragmentation of colonies and destruction of habitat of the Himalayan marmot
under the human influence. All plowed territories were inhabited by marmots in the past.
The surroundings of the Sama village in the Larke river valley. The Manaslu massif, Nepal]

BripoBHEHHBIE YUACTKHU aJUTFOBHANIBHBIX TEppac, HACETICHHbIE CypKaMu, JTFOAH
HE TOJIBKO PacmaxuBalOT, HO M MCIIOJIL3YIOT Mo/ macToumia. PesynbraToM Heyme-
PEHHOTO BBINAca JTOMAIIHET0 CKOTa (B OCHOBHOM SIKOB U JIOMIAJCH) CTAHOBUTCS
MacTOUIITHAS TUTPECCHSI, CHIIBHO TTOAPHIBAOIIAasi KOPMOBYIO 0a3y CypkoB (puc. 2).
Cypku v TOMAITHUHM CKOT MACyTCs HA OJJHUX U TeX ke ydacTKax.
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Puc. 2. HeymepeHHbIli BbINac ckoTa NpMBOAUT K NACTOMLLHOM AUrpeccum Tepputopum,
HaCEeNEeHHOW rMmanancknmMm cypkamu. Nimananckmnin Cypok cpeam MHOrOYMCIEHHOMO MOMeTa,
OCTaBJIEHHOro AgoMalwHMM CKOTOM
[Figure 2. Excessive grazing leads to pasture digression of the territory inhabited by Himalayan marmots.
Himalayan marmot is among a lot of excrements left by livestock]

YenoBek BO3/IEHCTBYET Ha CYpKOB HE TOJIBKO KOCBEHHO, Yepe3 X03sHiCTBEH-
HYIO JI€ATeIbHOCTh, HO M OXOTSCh Ha HUX. HeoXnaaHHBIMU OKa3alnuch CBEICHUS
0 TOM, YTO OYJJHUCTHI, MOHACTHIPH KOTOPHIX PACIoOIOKEH B AepeBHe Cama, JTOBST
CYPKOB U, 110 paccKka3zaM MECTHOT'O )KUTEJIsl, UCTIONIB3YIOT UX B MHIILLY.

IMamanaiickuii Cypok, BEpOSITHO, TaBHO BXOAWT B KYJIBTYPHYIO TPAIUIUIO
Tubeta u cocennux pailoHoB ['mManaes, rae pacnpocTtpanen Oyaau3m. Ha pein-
kax Hemana MOXHO YBHIIETh METAJUTMUECKUE (PUTYPKH THMAIACKOTO CypKa, Io-
TOOHO TOMY KaK B HEKOTOPBIX cTpaHaxX EBpOmbI 0OBIYHBI UTPYIIKH, H300pakaro-
M€ €BPOMEHCKOro CypKa, ¥ peIKo — ero MeTajnueckue Gurypku (puc. 3).

Puc. 3. MeTtannuuyeckune Gpurypkn CypkoB: crrega — eBponeickuin cypok (JInoH, ®@paHums);
crpasa — rumanainckuii cypok (Katmanay, Henan). Beicota ¢purypok — 5 1 3,5 cM cOOTBETCTBEHHO
[Figure 3. Metal figures of marmots: left — the European marmot (Lyon, France);
right - Himalayan marmot (Kathmandu, Nepal). The height of the figures — 5 and 3.5 cm respectively]
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MecTHbIe KHUTENTU PEryIspHO JIOBAT CYpKOB MeTnisMH. Ha 3TO yka3biBaeT
MHOYKECTBO CJIEJIOB, OCTABJICHHBIX JIOBIIaMH. B okpecTHOCTsIX nepeBHn Cama ciie-
Il OXOTHI Ha CYpKOB OOBIYHBI: BBIXOJBI U3 HOP OTPAHUYEHBI YETOBEKOM TaKHUM
00pa3om, 4TO CypKH HEM30EKHO MOMAA0T B METII0, BCIOAY BUIAHBI CIIEABI OT JIO-
MaThl, KOTOPO JTI0AM 00pabaThIBAOT Kpasi HOPOBOTO OTBEPCTHS, MpUCTIOcAOIHBas
WX JUIsl yCTAaHOBKHU TETeNlb. Y BXOJla B HOPY ObLIa OOHApy’>KeHa METJIS CO CIIOXK-
HBIM COOPYKEHHEM, OTPAHUYUBAIOIIUM TPACKTOPHUIO JBIMKEHHUS CYpKa, BBIXOIS-
IIEr0 Ha TOBEPXHOCTH (puc. 4).

Puc. 4. lNeTnsa, nocTaBneHHas Ha BbIXOAE U3 HOPbI NMManamnckoro cypka,
1 COOPYXeEHMEe, HanpaBnsioLLee TPAEKTOPUIO ABMXKEHMS CYPKOB B NETIIO
[Figure 4. Loop set at the exit of Himalayan marmot’s burrow
and the structure guiding the trajectory of movement of marmots into the loop]

B 2006 r. ObL10 MOJTyY€HO MOATBEPHKACHUE TOMY, UTO BO3/IEHCTBHE UeJIOBE-
Ka Ha MOMYJISILUI0 CYPKOB MOXKET NMPUBECTH K UX MOJHOMY YHUUTOXEHMIO, KaK
9TO NMPOU30LLIO K 3amaxy oT maccuBa Manaciny — B Huxaem MycTanre, B 1011HeE
pexku Kanu ['anmaku. B mponuioM MHOrOYHCIEHHOE MOCENIEHHUE CYPKOB, IIPOCTHU-
paBiueecst Ha ceBep B Bepxuuit MycTaHr, B HacTosiiee BpeMs aOCOIIOTHO Oe3KH3-
HEHHO, OCTAJIMCh JIMIIb MHOTOYHCIICHHBIE CJI€/Ibl HEJABHETO NMPEObIBAHUS CYPKOB.
B 1o ke BpeMsa B cocenHeM BepxHem MycTtaHre Cypku COXpaHMINCh U MECTaMU
MHOTOYHMCJICHHBI Ha MacTOMINaxX JOMaIIHero ckota [5].

B Hwxnem Mycranre nanamadrt 3aMeTHO IpeoOpa3oBaH CypKaMmM, HO KH-
JIBIe HOPBI HE OOHapY>KeHBI. 311eCh, Kak U B AosinHe Jlapke, BCTpedaroTcsi HOPHI CO
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clelaMU OXOThI Ha CypKOB. HekoTopble U3 HHUX TUIOTHO 3a0UTHI TPYHTOM H KaM-
HSMU. DTO JIeTIaeTCsl WM C [eIbIo 0oJiee YCIENTHON TOObIYH, WK, 4TOOBI 00€30-
MACUTh MACYIIUNCS CKOT, KOTOPBIH, MPOBAIMBASCH B HOPY, MOXKET MOBPEIUTH HOTH.
Kaxk u B nonune Jlapke, B Huxxaem MycTaHre MHOTOYMCIICHHBIN CKOT IIACETCS HA
y4acTKax, paHee HacelIeHHBIX CypKaMH, YTO TaKKe MPUBOAMUT K MACTOUIIHON Tu-
rpeccud (puc. 5).

Puc. 5. CkjioH co cnegamMm nacTouLLHOM aurpeccumn
Y HEXWIIBIX HOP M’MManamnckoro cypka (ceetnble naTHa). HuxHuin MycTadr, Henan
[Figure 5. Slope with traces of pasture digression
and uninhabited burrows of the Himalayan marmot (light spots). Lower Mustang, Nepal]

Uccnenoanust B nonune Jlapke mposoaunuce B 2004 r., B Hikaem My-
cranre — B 2006 r. B kakoM COCTOSIHUM HaXOIUTCS MOMYJISIUS CYpPKOB B HACTOSI-
11ee BpeMsi, HeM3BECTHO, HO CyAs 1Mo nocTynatoniei u3 Henana undopmarnyu, ak-
TUBHOCTb JIIOJICH, )KUBYIIUX PSIAOM C CypKaMH, OCTA€TCs TAKOU K€ BBICOKOM.

Cynpb6a yHUKaJIBHOM, CaMOil BBICOKOTOPHOH MOIYJISIIIMKA TUMAJIAiiCKOro Cyp-
ka B Hemane BbI3bIBaeT OecrokoiictBo. OHa ysi3BUMa B CHIIy €CTECTBEHHBIX MPH-
YUH: HA3KAs YUCICHHOCTh OOBIYHA JUIS TePU(PEPUICCKUX MOMYJISIUNA, OTOPBAHHBIX
OT OCHOBHOT'O apeasa, Kak U ¢parMeHTaIus MOmyJsIsIlUK BCIEICTBHE CUIIBHOTO pac-
ynieHeHus penbeda mectHocTH. Ho erie 6onee cuibHOE, 4eM ecTeCTBEHHbIE (pakTo-
pBI, OTpULIATEIPHOE BIUSHUE Ha TOIMYJIALNAI0 TUMATACKOTO CypKa OKa3bIBAET 4e-
noBeK. JItoau He TOJNBKO HCIMONIB3YIOT TEPPUTOPHIO, 3aHATYIO CypKamH, MOJ CBOH
XO3SIUCTBEHHBIC HYXbl, HO aKTUBHO MPECIIECIYIOT CYpPKOB, PETYJISIPHO BBIJIABIMBAs
HX B OKPECTHOCTSIX CBOUX IOCEJIECHUH.

Henanbckas nomysisiiust ruMaiaiickoro cypka Hykaaercsi B oxpane. Ee uene-
coo0pa3Ho BKIOYNUTH B KpacHslii criicok MexxayHapoJHOTO COI03a OXpaHbl MIPUPO-
ne1. CocTostHME TIOMYJISIK Hanbosee cooTBeTcTByeT kareropun Endangered (EN) —
OUYEHb BEJIMK PHUCK, YTO OHA UCUE3HET U3 JUKON MPUPOIHI [6].
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Abstract. Anthropogenic impact on the Himalayan marmot population in Nepal is dis-
cussed. Above the upper border of the forest, human shares the same habitats with marmots
on the alluvial terraces of river valleys. Human buildings and farmland lead to fragmentation
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of the marmot population, and overgrazing leads to pasture digression, worsening the food
supply of these rodents. At the same time, people regularly catch marmots with loops, while,
in accordance with the criteria of the IUCN Red List, the population of the Himalayan
marmot in Nepal should be classified as Endangered (EN) — a very high risk of extinction in
the wild.
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Mcnonb3oBaHue akTUBMPOBAHHOIoO Topda
ANg peKybTUBaLN FPYHTOB,
3arpa3HeHHbIX HepTenpoayKTaMmm

E.A. Aneabdunckasn'*, B.A. Ms3un?

'Hayuonanvnwiii uccneoosamenvckuii ynusepcumem MTMO,

Poccuiickas @edepayus, 197101, Canxm-Ilemepbype, Kponseprxckuii np-km, 0. 49, ium. A
2Uncmumym npobnem npomviuinennoil sxonoeuu Cesepa — obocobnennoe noopazoenenie
Deoepanvrozo ucciedosamenvcko2o yenmpa «Konvckuil nayynolil yenmp PAHy,
Poccuiickas @edepayus, 184209, Anamumol, mxp. Akademeopoook, 144
*adelfinskayakate19@gmail.com

AnHoranms. Haubomnee cepbe3Hoit skomorudeckoit npodnaemoi Kpaitnero Cesepa P®
SIBIISICTCS 3aTPSISHEHUE TEPPUTOPHH HEPTHIO U HePTEIpOayKTaMH. DKOCUCTEMBI 3TOTO PETHO-
Ha SBIBIIOTCS KpaiHe YSI3BUMBIMH, X BOCCTAHOBJICHHE ITOCIEC OKA3aHHOTO aHTPOIIOTEHHOTO
BO3/ICHCTBHUS, CBA3aHHOTO C PA3IMBOM TOpPIOYE-CMA30YHBIX MAaTEPHAJIOB, MOKET ITUTHCS Jie-
CATKH JIeT. DTO 00yCIIaBIMBaeT HEOOXOAUMOCTh pa3paboTKH 3()(HEKTHUBHBIX METOIOB OYNCTKH
1 BOCCTAHOBJICHUS HeTe3arps3sHEHHBIX 3eMelb. B pesynbraTe mpoBeaeHHOTo 1a00paTopHO-
r0 MCCIIeJIOBaHUS OblIa MOKa3aHa BO3MOXKHOCTh OMOPEKYJIbTUBALMU TPYHTA, 3arps3HEHHOTO
HeTEeNPOyKTaMH, C UCIOJIb30BaHUEM aKTUBUPOBAHHOTO Top(da B KadecTBe coOpOeHTa U Op-
TraHU4ecKoro ynoOpeHus. Uepes aBe HEAenH IOCiIC A0OABICHHSI aKTHBHPOBAHHOTO Topda
cojiepkaHre He(TSHBIX YIIEBOJIOPOOB B TPYHTE CHU3MIIOCH Ha 22—47 % 3a cuer pa3danie-
HUS 3arPsI3HCHUS ¥ YIIYYIICHUs] BO3AYIIHOTO M MUTATENBHOro peskuma. [locie mpoBeneHus
PEKYIBTUBAIIMN BCX0XKECTh CEMSIH TECT-KyJIbTYpPhI yBenmuumiack B 1,6-3,7 pasza. Takxe ycra-
HOBJICHO ONTHMAIBEHOE KOJIMYECTBO TOp(a, HEOOXOOMMOE IS BHECCHUS B 3arps3HCHHBIH
MIECUaHBIA TPYHT, B 3aBUCHMOCTH OT CTEIICHH €ro 3arps3HeHus. Ha ocHOBe mpoBeAeHHBIX HC-
CIIeIOBaHMHN pa3pabOTaHbl PEKOMEHAAINH 10 PEKYJIbTHBAIINH 3arpsS3HEHHOTO YJYacTKa IUIO-
maneto 0,07 ra, pacroyioxkeHHOTo Ha ceBepo-3amnaae MypMaHCKOH 00JIacTH, ¢ UCTIOb30BaHH-
eM Top(da U MHUHEPATBHBIX yI0OPCHH.

KiroueBble c10Ba: peKyJIbTHUBAIMS, HE(QTSIHBIC YIIEBOJOPOAbI, TOpd, UTOTOKCHY-
HOCTb, Nlec4yanblil rpyHT, Kpaiinuii Cesep

BeBeneHue

JlesITenbHOCTh YelloBeKa U OKa3bIBa€MOE UM aHTPOIIOI€HHOE BO3/IEHCTBUE SIB-
JSIFOTCST HanOoJiee OMacHBIMU U MacIITaOHBIMK (haKTOpaMHu, BIUSIONIMMU Ha OKPY-
Karouryro cpeny. [Ipu 3ToM yCTOMYHUBOCTh 9KOCUCTEM U UX CIIOCOOHOCTH K BOCCTa-
HOBJICHUIO B YCJIOBUSAX TEXHOTCHHOT'O BO3ACHCTBUS PAa3JIMYHA U 3a4aCTyIO OIpezie-
JSIETCSl TIPUPOJHO-KIMMaTHUecKuMU (haktopamu. C 3TON TOYKH 3peHHs HamOojee

© Anenvdunckas E.A., Msizun B.A., 2020

This work is licensed under a Creative Commons Attribution 4.0 International License

v https://creativecommons.org/licenses/by/4.0/

160 ECOLOGY



Aoemsipurcras E.A., Msisun B.A. Bectrvik PYTH. Cepust: Dxororust u 6e30nacHOCTb sxusHenestenbHocTd. 2020. T. 28, Ne 2. C. 160-171

YSI3BUMBIMU SIBJISIFOTCSL TEPPUTOPUM APKTHUECKOHN 30HBI, KOTOPBIE OTJIMYAIOTCS HU3-
KOH CHOCOOHOCTBIO K caMOO4MIeHHI0. OJTHUM M3 TaKUX PErMOHOB, MCIBITHIBAIO-
IMX OOJBLIYIO TEXHOTEHHYIO HAarpy3Ky, — MypMaHckas 00J1acTb.

Haubonee cepresHoii sxosoruueckoit mpodiemont CeBepHbIX pernoHoB Poc-
CHU SIBJISICTCS 3arpsi3HEHUE TEPPUTOPHU HE(PTHIO M HEPTENPOAYKTaMH, YTO 00yCIIaB-
JMBAeT HEOOXOAUMOCTD pa3paboTKH d(P(PEeKTHBHBIX METOAOB OYMCTKH M BOCCTAHOB-
JeHus Hepre3arps3HEHHbIX 3eMeNlb. 3HAUUTEINIBbHYIO J0JT0 B 3arpsi3HEHUE MOUBbI Hed-
TsHbIMU yrieBogopotamu (HY) Ha teppuropunt MypmaHckoi 001acTi BHOCST Xpa-
HUIMIIA He(TEeNPOTyKTOB, aBTOTPAHCHIOPTHBIE MPEANPHUATHS, TEHCTBYIOIINE U pac-
(bopmupoBaHHbIe 00BeKTHI MuHHCTEpCTBA 000pOHBI PO. 3arps3HeHne MpOUCXOIUT
B pe3yJbTaTe HapylIeHHs HEeJOCTHOCTH €MKOCTEH JUls XpaHeHUs! He(hTerpoLyKTOB U
IIPY OCYILECTBJICHUN TEXHOJIOTMYECKUX omepauuii no ux neperpyske. [Ipu atom 00-
Pas3yroTCs pa3IMYHbIE 110 IUIOLIAN JIOKAIbHBIE Pa3IuBbl HE(TEPOYKTOB.

[Nomananne HeTETPOIYKTOB HA TOBEPXHOCTH MOYBHI IIPUBOUT K JETpaja-
L[N OPraHOr'€HHOT'O0 MOPH30HTA, HEBO3MOXHOCTH 00pa30BaHUs TyMyca M3-3a Ha-
KOIUICHUS] TOKCHUYHBIX COEJIMHEHWH W YrHETeHUs] MUKpPOOHOTO coobmectBa. Ha-
pylieHre 0OMEHHBIX MPOLECCOB 00yCIaBINBaeT U3MEHEHNE (HUZUKO-XUMHUYECKUX
napaMeTpoB (CHIDKEHHE COIEpKaHMsI MOJBMKHBIX (JOPM OMOTEHHBIX JJIEMEHTOB,
YBEJIMUEHUE COOTHOILIEHUS MEXAY YIIEpPOAOM M a30TOM, U3MEHEHUE MUKpOJJe-
MEHTHOTO cocTaBa). MlcXo/IHbIe OKUCIIUTENbHBIE YCIOBUS B MOYBAX MEHSIOTCS Ha
OKHCIIUTEIbHO-BOCCTAHOBUTEIbHBIE U BOCCTAHOBUTEIILHBIE.

Takxe akTyallbHOI ocTaercs npolsemMa JMKBUAALMA HAKOIJIEHHOTO 3KOJIO0-
TMYECKOro yuiep0a Ha ydyacTKaxX, 3arpsi3HEHHBIX TOpIOUe-CMa304YHbIMH MaTepua-
namu (I'CM) B pe3ynbrare X03sHCTBEHHON AESTENBHOCTH, T/I€ HE MPOBOAMIACH
OYHMCTKA U BOCCTAHOBJICHHUE HAPYLIEHHBIX TEPPUTOPHIL.

Pemenunem nanHOM MpoOieMbl MOXET CTaTh TEXHOJIOTHs OMopeMeauainuu
3arps3HEHHBIX MOYB M TPYHTOB, OCHOBAHHAs Ha HCIOJIb30BAHUM OPraHMYECKUX
cOpOEHTOB JUIsl aKTHBH3AIMU TpolieccoB OmonecTpykund HY. OHHM BBITOTHSIOT
(YHKIHIO CTPYKTYPaTOpPOB MOYB, a TAaKXKe CHOCOOHBI CHU3UTh MOPOTOBbIE 3HAUe-
HUS TOKCUYHOCTH JUTS Hadasia dtana (puropekyiapTuBanyd [ 1; 2].

B kauecTBe OpraHn4ecKUX COPOEHTOB MOTYT CIIY)KUTh TOP(Q, IIOJAOPOIHbIE
MIOYBbI, OMOKOMIIOCTBI, COPOEHTHI PACTUTEIBHOTO MPOUCXOXKIECHUS, OPraHUYECKUE
orxonsl [3; 4]. B ycnosusix Kpaiinero CeBepa, rie 0TMEYaeTcsi HEXBaTKa OpraHu-
YEeCKUX YAOOPEHHUH W OTCYTCTBYIOT YCJOBMSI JIJIsl IOJTOTOBKM KOMIIOCTOB, IIOKa-
3aHa BO3MOXXHOCTb UCIOJIb30BaHusA Topda [5].

LemnecooOpa3HOCTh MCHONB30BaHMs TOP(a MOATBEP)KAAETCS HAIIMOHATBHBIM
cranfapToM Poccuiickoit @enepanuu, B KOTOPOM MPOIUCAHO, YTO TOP( MOKET
MIPUMEHATHCS B KQUECTBE MOTEHIIUAIBLHO TUIOAOPOJIHON Cpelibl min copOenTa [6].
Topd npu GMOpeKyIbTUBALMY 3arPSA3HEHHBIX 3€Melb IeHCTBYET KaKk KOMIIOHEHT,
YIIyqIIaronmi pusndeckue cBoiictsa moussl [7; §]. [Ipoucxomut cHmwkenue ¢Gu-
TOTOKCUYHOCTH KOPHEOOUTAEMOT0 CJI0S 3a CUET pa30aBlIeHUs 3arpsA3HEHUS U MH-
TeHcuukanus pasnoxxenuss HY B pesynbrare ymydiieHUs] BO3IYIIHOTO U MUTa-
TEJHOTO PEKUMOB OYHUIIIAEMBIX TIOYB U TPYHTOB [9].

[IpumMeHeHre aKTUBUPOBAHHOTO TOpda HE0OXOAUMO B Cy4ae, €CiIH MOYBBI
cJ1a00ryMyCHUPOBAaHHBI WM MPEACTAaBICHBl MUHEPAIBHBIM I'PYHTOM (II€COK WM
IJIMHA), a YPOBEHbB 3arps3HEHUs J0CTaTOUHO BbICOK [10; 11].
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Lenbto HacTosel pabOTHI CTAIO UCCIIEOBAHUE B J1a0OPATOPHBIX YCIOBH-
X dQPEKTHBHOCTH OYUCTKU TPYHTOB, 3arpsiI3HEHHBIX TOPIOYE-CMa30YHBIMH MaTe-
puanamu, ¢ MpUMEHEHHEM aKTMBMPOBAaHHOrO Topda, a Takxke pa3paboTka peko-
MEHJAl{ 0 PEeKYJIbTUBALIMH 3arpsI3HEHHOI0 y4acTKa, paclol0KEHHOr0 Ha Tep-
pUTOpUN OBIBILIEH BOMHCKOW 4acTH.

MaTtepuanbl u meToAabl

I'pynm. B naGopaTopHOM 3KCIIEPHUMEHTE HCIOJIb30BAIM 00pa3sLbl 3arpss-
HEHHOT0 TPYHTa, B3STOro Ha Teppuropuu Ileuenrckoro paitona MypmaHnckoit 00-
nactu (69°16' N, 29°28" E) (puc. 1).

MypMaHcK
o

Genoe mope

AnaTMTH
a

= 70 km — | ™™

Puc. 1. MecTo ot60pa 06pa3LIoB 3arpsa3HEHHOr O rpyHTa
[Figure 1. Place of contaminated soil sampling]
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Ha oOcnexyemoM yyacTke HaXOIWJIOCh OAHO U3 MojpazaeneHuit MuHucTep-
ctBa 000poHsl PD, pachopmupoBanHoe okoso 20 net Hazan. [Liomans 3arps3HeH-
HOI'0 yuacTka, rjae paHee pacnogaraics ckiag I'CM, cocrasnser okono 0,07 ra,
MMOBEPXHOCTh MPAKTUYECKH JIMIIEHa OpPraHOT€HHOIO0 TOPU30HTA M IpPEJCTaBICHA
MecyaHoi U cynecuaHoi (paxiueid ¢ O0IBIINM KOJTHUYECTBOM KAMEHHUCTHIX BKIIO-
yeHwii, II0THOCTH rpyHTa — 1300 KI/M? (pHC. 2).

Puc. 2. 3arpssHeHHbIli y4acTok Ha MecTe ObiBLiero cknaga [CM
[Figure 2. Contaminated plot of land at the place of the former fuel and lubricants warehouse]

Ha 3arpsi3HeHHOM y4acTKe MOYBEHHBIM IPOOOOTOOPHUKOM ObLIO B3sTO 11 mpob
rpyHTa u3 nmoBepxHocTHOro ciost 0—10 cMm, a Taxke nmpoOs! ¢ Tryoun 0-5, 5-10 u
10-20 cm. OO6pa3ipl TpyHTa JOCTABISIN B J1a0OPaTOpPHIO, TA€ BHICYIIMBAIH 10
BO3IYIIHO-CYXOI'O COCTOSTHUSI.

Topg. B xauecTBe cOpOEHTA-CTPYKTYpaToOpa UCIOIB30BAIH TOP(] BEpXOBOi
C HU3KOH CTETICHBIO Pa3JIOKEHHS, HEUTPAITM30BaHHBIA U3BECThI0. Topd M3Mempuain
710 pa3Mepa gacTull He 6osiee 10 MM, TOCIIe 4ero akKTUBUPOBAJIH ITyTEM J00aBICHHUS
KOMIIJIEKCHOT'O MUHEpadbHOro yaoOpeHus — Hutpoammodocku (N = 16 %,
P20s5s = 16 %, KoO = 16 %) u3 pacdera 500 mr 1.B./KT. AKTUBUPOBAHHBIN TOP(]
OCTaBJISUTM Ha MECSI] AJIsl MOBBIILIEHUS! OMOIECTPYKTUBHBIX CBOMCTB a0OPUTEHHBIX
MHUKPOOPT'aHU3MOB.

Cxema sxcnepumenma. OOpasipl 3arps3HEHHOTO TPYHTA MMPOCEUBAU Yepe3
CHUTO C TUAMETPOM SYEHKHU 2 MM, THIATENIHHO MEPEMEIINBAIN U YBIaXHH 10 60 %
OT TIOJTHOM BJIAroeMKocTH. B 00pa3ipl 100aBIsuM akTHBUPOBAHHBIN TOp(] B COOT-
HoOWeHUU TpyHT/Topd 4:1 (mpH conepkaHuM HEPTENPOAYKTOB B TPYHTE MEHEe
20 000 mr/kr) u 2:1 (mpu coxepkanuu HedrenpoaykToB Oonee 20 000 mr/kr).
Lenecoobpa3zHocTs BHECEHUS TOp(a B JaHHBIX MPONOPIUAX ObLIA MOATBEPHKACHA
npeapaymuMe uccienoBanusivMu [11]. [loaroToBneHHBIH TPYHT BBIKIAABIBAIIN B
MJIACTUKOBBIE €MKOCTH B PAaBHOM BECOBOM KOJHYECTBE. EMKOCTH ¢ IpyHTOM
HaxOJWJIMCh MpU KoMHATHOU Temriepatype (18-20 °C), moysmB U nmepeMennBaHme
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OCYILECTBIISUIM JiBa pa3a B Heaemto. [IpoaomKuTeTbHOCTh 1a00paTOPHOTO JKCIie-
puMeHTa — 1Be HeJenu. IIoBTOpHOCTh OmbITa — TpeXKpaTHasl.

Onpedenenue codeporcanus Hegpmenpooykmos 6 epynme. KonnuecTBeHHbIN
aHaym3 cojepkanust HY B o0pasiax nmpoBoauiiM B COOTBETCTBUHM C METOJIUKOMN BbI-
MIOJTHEHUsI M3MepeHHi MaccoBoi nonu HedrenpoaykToB meronom HK-cnekrpo-
metpuu [12].

Oyenxa gpumomorcuunocmu. YpoBeHb (UTOTOKCUYHOCTH I'PyHTa OLICHU-
BaJIM TI0 MOKA3aTEII0 BCXOXKECTH TECT-KYJbTyphl (11aBenb). Ha poBHyto nmosepx-
HOCTh MCCJIEYyeMOro IpyHTa packiaabiBaiu mo 30 ceMsiH HCIBITYeMOro pacrte-
Hus. DUTOTOKCUYHOCTh IPYHTA PACCUUTHIBAIIM 10 MOKA3ATEII0 BCXOKECTU CEMSIH,
BBIpAILEHHBIX HA MCCIIEyeMOM IPYHTE, 110 OTHOLIEHUIO K KOHTPOJIIO.

Onpeoenenue axmuenocmu decuopozenasvl. Onpenenenie akTUBHOCTH M0Y-
BEHHOHM JeruaporeHasbl MPOBOAMIN KOJIOPUMETPUYECKMM METOJOM IO HHTEH-
CHUBHOCTHU OKpAacK{ pacTBOpa IOCJI€ BOCCTAHOBIEHUS TPUPEHUITETPA3OIHS XJIO0-
PHUCTOro B KpacHble coenHeHus Tpugenmipopmazana [13].

Conepxanue HY B rpyHTe, €ro TOKCHYHOCTh U @KTUBHOCTh JETUIPOTreHa3bl
OLIEHUBAJIU J10 U NIOCJIE MIPOBEACHUS PEKYJIbTHUBALUH.

Cmamucmuyeckasn obpabomxa. Matemarndeckass 00paboTka pe3yJIbTaToB
OCYILECTBIISJIACh C NMPUMEHEHUEM CTaHJIApTHBIX MAKETOB MPOrpamMm Ui CTaTH-
ctudyeckux BeruucieHuit (Microsoft Office Excel 2007). JoctoBepHOCTH pa3iu-
Y1 MeXAy BbIOOpKaMU (f) OLIEHUBAIU ¢ MOMolIbio Kpurepust CThrofeHTa, K03¢-
(GuIHMeHT Koppessauuu () BEIYUCISII METOI0OM KBaapatoB (Meron I[lupcona) ams
ypoBHs 3Haunmoctu 0,05.

Pe3ynbTaTbl M 06CYyXAEHUE

IIposedenue nabopamopHozo sxkcnepumenma. 3aKIIOUEHUE O KAYeCTBE OUHCT-
KH U BOCCTAHOBJIEHHS 3arpsi3HEHHOI'O TPYHTa JI€JaJloCh Ha OCHOBE PE3YJIbTAaTOB
aHaJu3a KoJndecTBeHHOro conepkanust HY B oOpa3uax 10 u mocie oYMIEHUS U
0 pe3yJIbTaTaM TeCTOB Ha (PUTOTOKCUIHOCTb.

B ciydae oTCyTCTBUS yCTaHOBIEHHOIO HOPMATHBAa OCTAaTOYHOIO COAEpXka-
HUS HE(PTENPOTYKTOB CTEMEHb 3arps3HEHHS OLICHUBAIOT MO MPEBBIIIEHUIO COJIEp-
xanusg HY Han GoHOBBIM 3HaueHHEM B KOHKpeTHOM paifoHe. Conepkanue HY B
OpPTraHOTEHHOM TOPU30HTE IOYB Ha (POHOBHIX YYaCTKaxX B pallOHE MPOBEICHHUS HC-
clIeqoBaHus cocTaBigeT 224 + 39 Mr/Kr.

AHanu3 o0pasloB nokasai, yto conaepkanue HY B 3arpsisHeHHOM TpyHTE
cocraBiseT oT 2864 + 358 no 30 847 + 3856 mr/kr, yto B 13—137 pa3 npeBsliiaer
¢doHoBoe conmepkanne HY. YuuTeIBas, 9TO0 ¢ MOMEHTA 3arpsA3HCHHS YYacTKa Ipo-
uuio 6osee 20 JeT, B rpyHTE OCTAIUCH NPEUMYIIECTBEHHO BEICOKOMOJIEKYIISIPHbIE
TPYZHO pa3jaraeMble yrieBOJOPObI U MPOIYKThI UX TpaHCPOPMAIIIH.

HccnenoBaHne BEPTUKAIBHOTO PACIpPENEICHUS 3arpA3HEHMs M0KA3aJI0 BbI-
cokoe conepxkanne HY mo Bcemy mpodrmtio (6oee 20 cM OT MTOBEPXHOCTH), YTO
yKa3bIBaeT Ha MpeKpalleHus TpaHchopMaliy yrieBoAOPOAOB M UX HAKOIUICHHE.
O mpexkpaiienun Ouosornyeckoro okucienus HY B rpyHre cBUaeTenbCTBYET U
YPOBEHb aKTUBHOCTH IMOYBEHHOM JeruaporeHassl — (pepMeHTa, y4acTBYIOILEIO B
npoueccax AeCTPYKIUHN YIIeBOAOPOAOB. B 3arps3HeHHOM TpyHTe HcCleayeMoi
IJIOMIAIKK aKTHUBHOCTH AeruiaporeHassl cocrasisuia 0,06 = 0,01 mr TOD/10 ,
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YTO MO IIKaJe CPABHUTEIILHONW OLEHKH OMOJIOTMYECKON aKTUBHOCTH MOYB OLICHU-
BaeTCs Kak oucHb ciiadas [14].

Yepes n1Be Henenu Mocje BHECEHUs] aKTUBUPOBAHHOTO Topda B 3arpsi3HEH-
HBIM rpyHT coaepxkanre HY B onbITHBIX 00pa3uax cHuswioch Ha 22—-47 %. [Ipu
JAHHOM BeMYMHE BBIOOPKU OTMEUYEHO JOCTOBEPHOE CHUKEHHE KOJIMYECTBA yIile-
BOAOPOJ0B B oOpa3uax ¢ HauOosnbmuM (8 u 11) n Haumensmium (7 u 10) ucxon-
HbIM conepxanueM HY (¢ =2,93-3,56 npu p = 0,05, df = 4) (puc. 3).
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Puc. 3. ConepxaHne HY B o6pasuax 3arpsa3HeHHoro rpyHTa oo (A) v nocne (6) pekynstnBauum
NPV COOTHOLWEHUM TPYHT/TOPpd 4:1 1 2:1
[Figure 3. Petroleum hydrocarbons content in contaminated soil samples
before (A) and after (b) recultivation at a soil/peat ratio of 4:1 and 2:1]

B o6pa3nax, rae ucxonnoe conepxkanue HY mpesbimano 20 000 mr/kr u co-
OTHOIIeHUE TpyHT/Topd cocTaBisuio 2:1, comepxanue yriaeBoAOpPOIOB CHU3MIOCH
B cpenneM Ha 10 000 mr/kr (40 %). B menee 3arps3HeHHbIX 00pa3iiaXx ¢ COOTHO-
meHueM rpyHT/Topd 4:1 camxenne coctasmiio B cpegaem 3000 mr/kr (35 %).

AKTUBHOCTB JIETUAPOT€HA3bl B I'PYHTE IOCJE 3aBEPLICHUs SKCIEPUMEHTa
yBenmumiack B 5 pa3 u cocrasmia 0,31 £ 0,16 mr TOD/10 r (cnmabast akTHBHOCTB ),
YTO CBUIETENBCTBYET O Hayaje MPOLEeCCOB MUKPOOHOIOTMUECKON AECTPYKIIHH.

3nauenuss pH BOAHON BBITSDKKM TpyHTa IEped MPOBEICHHUEM (UTOTECTOB
HaXOJWJINCh B ONTUMAIBHOM JUIsl IPOM3pAcTaHusl OOJIBIIMHCTBA PACTeHUN JHaria-
30HE — 5,7-6,1, 4TO HEe TPeOOBAJIO IPOBEACHUS TOTIOTHUTEILHOTO NU3BECTKOBAHHUS.

Pe3ynbTaThl npoBeeHHBIX (PUTOTECTOB YKAa3bIBAIOT HAa 3HAUUTEIHLHOE YrHe-
TEHHE BCXOXKECTH TECT-KyJIbTYphl. BCXOXKECTh CEMSH IaBels B CPEAHEM COCTaB-
nsma 7 % OT KOHTPOJIBHBIX MOKa3aresel, a B oOpasmax 5 u 11, rae comepxkanue
HY 0Obl10 MakcuMalbHBIM, HAOJIIOAaIach IOIHAS THOEIb CEMSIH.

[Tocne npoBeneHus peKyJIbTUBALMN (PUTOTECTHI MOKA3AIHU, YTO BCXOXKECTh TECT-
KyJIbTYpHl yBenmuuuiack B 1,6-3,7 pa3a. B oOpasiax ¢ MCXOAHBIM YPOBHEM 3arpsi3-
Henust meHee 20 000 Mr/Kr cpemHMIA TTOKa3aTelbh BCXOXKECTH cocTtaBmi 21 + 2 %,
B 00pa3nax ¢ BHICOKUM ypoBHeM 3arpsizHeHus (6omnee 20 000 mr/kr) — 16 £2 %.
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B oOpaszuax, rae UCX0JHO OTMEUYaIH MOJHYIO THOENb CeMSH, MOCIe BHECCHHS
Topda BcxoxkecTb coctaBmia 11-17 % (puc. 4).
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Puc. 4. BcxoxecTb ceMsiH LaBesis B 06pasLax 3arpsa3HeHHoro rpyHTa ao (A) u nocne (b) pekynbTuBaumum
NPV COOTHOLLEHUM FPYHT/TOp® 4:1 1 2:1
[Figure 4. Germination ability of sorrel seeds in contaminated soil samples
before (A) and after (b) recultivation at a soil/peat ratio of 4:1 and 2:1]

Huskuit mokaszaTenb BCXOXKECTH B 3arpsi3HEHHBIX oOpa3nax oOyCIIOBJIEH HE
TOJILKO BBICOKUM cojiepkanueM HY B rpyHTe, HO U HeOIaronpusSTHBIM BOJIHBIM
Y TIUTATEIBHBIM PEXHMOM — IPYHT B OCHOBHOM Iec4anblid. [losTomy TOpd mpm
BHECEHUU B TaKOW T'PYHT NEHCTBYET U Kak COpPOEHT, U KaK KOMIIOHEHT, yJIydIla-
IOIUH (PU3NIECKUE CBOWCTBA TTOYBHI.

VYcraHOBJI€HA JOCTOBEpHAs CHJIbHAsL OTPUILIATENIbHASL KOPPEIALUS MEXIY CO-
nepxaareM HY u BCXOXeCThIO CeMsH maBeis B oopasmnax rpyHra (r = 0,07-0,76
npu p = 0,05, n=11).

B pesynbraTe nmpoBeneHus 1a00paTOPHBIX SKCIIEPUMEHTOB TIOKa3aH TOJIOKH-
TENbHBINA A(GPEKT OT UCTIONB30BaHUSI AKTHBUPOBAHHOTO TOp(a MpH BHIMOTHEHHH OHUO-
PEKYJIBTUBALIMK 3arPs3HEHHBIX ITeCYaHbIX IpyHTOB. [Ipu conepxannn HY B rpyHTe
menee 10 000 Mr/kr pekoMeH1yeTcsl BHeceHue Top(da B COOTHOIIEHUH TPYHT/TOP(]
4:1, uro sBIAETCA NOCTATOUYHBIM U 3(pdexkTuBHbIM. [IpHu Gosiee BEICOKOM conepxa-
Hun HY pexkomenayercst yBenmnuuBaTh cooTHOIIeHHE rpyHT/TOpd 10 3:1 (10 000—
20 000 mr/kr HY) u 2:1 (6omnee 20 00 mr/kr). 3a KOpOTKUi TIEpUO] (IBE HEIEIN)
yaaJtock CHU3UTH coaepkanue HY na 22-47 %, npu 3T0M TOKCUYHOCTH MTOYBBI 110
MIOKA3aTeINsM BCX0XKECTH TECT-KYJIbTYPbl CHU3UIIACh.

[TpennoxxeHHbIH METOJ MOKHO MCIOJIb30BaTh JIJIsl BOCCTAHOBIICHUS 3arpsi3-
HEHHBIX TEPPUTOPUN, B TOM YHCIE B pailoHaX HAKOIUIEHHOTO JKOJIOTMYECKOTO
yiiep0a B ApkTrdeckoi 30He PO.

Pexomenoayuu no pexynomusayuu 3azpaznenno2o yuacmka. PexynpTuBanus
MIpeICTaBIsET cO00M KOMIIEKC pabdoT, HAIPABJIEHHBIX HA BOCCTAaHOBJIEHHE IPO-
JTYKTUBHOCTH U XO3SHCTBEHHOM IIEHHOCTHU 3€MeJlb, @ TAKXKe Ha yJIy4IIeHHE yCIo-
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BUIl OKpy’Kalollel cpelpl B 1eJoM. ['oBOpst 0 caMoM Mpolecce peKyJIbTHBALNY,
MIPUHSATO BBIIENIATH HECKOJIBKO €€ ITaIOB:

1) moOArOTOBUTENBHBIN (JIOKaIM3aLMsl HE(PTSIHOTO Pa3aMBa TEXHUYECKUMU WUIN
MENTHMOPATUBHBIMU COOPYKEHUSIMHU, COOp U yIalleHne CBOOOIHBIX HE(TENPOTYKTOB);

2) TeXHUYECKUH M arpoTeXHUYECKUi (COOp M yJalieHue 3arps3HEHHBIX OB
Y TPYHTOB, PHIXJICHHE U TIOJIMB MIOYBbI, BHECEHHE CTPYKTYPAaTOPOB MIIH COPOEHTOB;

3) Guonornyeckuil (BHECEHHE MUHEPAIbHBIX U OPraHMYECKUX yA0O0peHuH,
OuonpenapaToB, GUTOPEKYIHTUBAIIHS).

B pamkax IMKBHIANMK HAKOIUIEHHOTO HKOJIOTHYECKOTO yliepOa 3adacTyio
HE00XO0AUMO MPOBOJUTH PEKYJIBTUBALMIO JIOKAIBHBIX 3arpsA3HEHUH, T1Ie paHee He
IIPOBOJIMIINCH PAOOTHI 110 OYMCTKE U BOCCTaHOBJIEHUIO. Ha Takux yyacTkax BBUIY
JUTUTENIbHOTO BPEMEHHM, IPOLIEIIEr0 ¢ MOMEHTa 3arpsi3HEHus], CBOOOAHbIE Hedre-
NPOIYKTHl Ha MOBEPXHOCTU I'PyHTA OTCYTCTBYIOT, M NMPOBECTU MX COOp HE Mpej-
CTaBlsieTcsl BO3MOXKHbIM. COOp M yjajeHue 3arps3HEHHBIX TPYHTOB B JAaHHBIX
YCIOBUAX TAKXKE 3aTPYAHUTENIbHBI, MOCKOJIBKY MHOTHME OOBEKThl HaXOAATCs Ha
3HAYUTEIBHOM YJAJIIEHUH OT LEHTPOB MH(PPACTPYKTYPhI U XapaKTEPU3YIOTCS HU3-
KO TpaHCIOPTHOW MOCTYNMHOCTBIO. 3arpsA3HEHHBIE I'PYHTbI HEOOXOIUMO BBIBO-
3UTh Ha CHEIHMATIBHYIO IJIONIAKY JJISl XpaHEHHU U 00e33apaKUBaHUs WM 000py-
JI0BaTh IUIOMIAAKY IO MX 00€33apakKMBAaHUIO HETIOCPEACTBEHHO HA y4acTKe Ipo-
BeZieHHsT paboT. [Ipu STOM miomany JOKadbHBIX 3arps3HEHHI HEBEIMKH, YTO Je-
JaeT HerenecooOpa3HbIM TPAHCTIOPTUPOBKY TPYHTA WIIM MTPUMEHEHHE TOPOTOCTO-
SAIIET0 000PYy0BAHMUS.

[Tpu ucnone3oBanuK TOpda cOOp M ynaleHue 3arpa3HEHHOrO TPYHTa MOX-
HO HE MPOBOJUTH WJIM MPOBOJUTH YACTUYHO HA Yy4YacTKax, I'/le BO3MOKHA MHUIpa-
LU YTJIEBOJIOPOJIOB U MPOAYKTOB UX TpaHC(HOpPMAIMM HA CONpEeNbHbIE TeppU-
TOPHUH WM B BOJIOEMBI.

ITepen BHeceHueM Topha HEOOXOIMMO ONpeeauTh conepkanre HY B rpyHte
U UX paclpeeieHue 1o riyOuHe U pacueTa He0OX0JMMOro KojndecTBa Topda.
Ero HaHOCAT Ha MOBEPXHOCTh IPYHTA C MOCIEAYIOMUM (Ppe3epoBaHUEM MEXaHH-
3UPOBAaHHBIM CIIOCOOOM HWIIM MEPEMEIIMBAHUEM M PHIXJIEHHEM BPYUHYIO Ha TIy-
OWHY pacnpOCTpaHEHUs 3arps3HEHus. MHUHepaIbHbIE yI00pEeHUsT Ha MecTe Ipo-
BEJICHUS Pa0OT MO PEeKyJIbTUBAIIMA MOYKHO BHOCUTH U B TOP(], U B TPYHT.

3arpsi3HEHHBIA YYacTOK, TJe MPOBOIMINCH MCCIETOBAHUS, HAaXOIUTCS Ha
3HAYUTENIBHOM YIAJIEHUU OT LEHTPOB MHPPACTPYKTYpPHI, MPEICTABIECH CHUIBHO
3arpsA3HEHHBIM [I€CUYaHbIM I'PYHTOM, UMEET HEOOIBIYIO TUIOMAAb U 10 CBOUM Xa-
PaKTEepUCTUKAM HOJIXOAUT JUIsl NMPOBEACHUS PEKYJIbTUBALMM C HMCIOJIb30BaHUEM
Topda. BaxubiM (pakropom OyIeT sSBIATHCA TO, YTO B PETHOHE UMEIOTCS 3alachl
Topda, KOTOPBII MOXKET ObITh UCTIOIB30BaH /7Sl BHIIOJIHEHUS OAOOHBIX PadoT.

Cpennee conepxanue HY B rpynre — 14 967 + 675 mr/kr, riryOuHa 3arpsz-
HeHust — 20 cM, TakuM 00pa3oM, COOTHOIIICHHE TPYHT/TOP(, COTIIACHO MPOBEICH-
HBIM HCCIIEOBaHUSAM, NOKHO ObITh 3:1. KommuectBo Topda, HeoOxomumoe st
BHECEHUS B 3arpsi3HEHHBINA IpyHT Ha muiomanu 0,07 ra — 60,7 1. Ha Takyro mMaccy
copbeHTa He00X0AUMO BHECTH 33,4 KT MUHEpAJIbHBIX YA0OpEeHUH B miepecyere Ha
neiicTByromee BemiectBo. llocine BHeceHUs TOopda HYKHO MPOBECTH (pe3epoBa-
HHUE y4acTKa M 10 BO3MOKHOCTH OCYIIECTBUTH TTOJIUB.

Ha cnenyromem 3tane nenecoo0pa3Ho NOCESITh yCTOMUUBBIE K 3arpsA3HEHUI0
He(TENPOIYKTaMU TPABSHUCTbIE PACTEHUS C BBEJICHHEM B TPABOCMECH MECTHBIX
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BUJIOB. JTan (hUTOPEKYIHTHBAIIMK MOKET OBITh BBIOJIHEH B TOT )K€ CE30H MpHU
MOJIOKUTEIBHBIX pe3ysibTaTax (PUTOTECTOB WJIM NIEPEHECEH Ha CIICAYIONIUI Bere-
TAI[MOHHBIN MEPUO/I.

3aknyeHue

B xozne mpoBezaeHus 1ab0paToOpHOro HKCIEPUMEHTA C UCIOIb30BAHUEM aK-
TUBUPOBAHHOTO TOpda ynanoch CHU3UTH cozepkanne HY B 3arps3HeHHOM TpyH-
Te Ha 22-47 % 3a nBe Henenu. [Ipu sToM HabmIOANICA POCT AKTUBHOCTH TOYBEH-
HOM JlerujiporeHasbl B 5 pa3, 4TO KOCBEHHO YKa3bIBa€T Ha aKTUBU3ALIUIO MUKPO-
OMOJIOTMYECKOTO OKUCIIEHUS YTTIEBOJIOPOJIOB.

Y CTaHOBJIEHO ONTUMATIBHOE KOIMYECTBO TOp(dha, He0OX0anMOe sl BHECCHHUS
B 3arpsi3HEHHBIN MEeCYaHbIi IPYHT, B 3aBUCUMOCTH OT CTENEHHU €ro 3arps3HEHus.
[pu conepxanru HY B rpynaTte Menee 10 000 Mr/kr pekoMeHayeTcsi BHECEHHE Topda
B cooTHOLIeHuH rpyHT/TOp® 4:1. IIpn Gosee BeicokoM cozepkanunt HY pekomeHny-
eTcsl yBeIMUUBaTh cooTHomenune rpyat/Topd a0 3:1 (10 000-20 000 mr/xr HY) u
2:1 (6omnee 20 000 mr/kr).

[Tocne npoBeneHNs! peKyIbTUBALIUN BCXOXKECTh CEMSH TECT-KYJIbTYPhl yBe-
auumiack B 1,6-3,7 paza. B oOpasnax, rae UCXOIHO OTMeYald IMOJIHYI0 THOenb
CEMSIH, 110CJI€ PEKYJIbTUBALIMU BCXOXKecTh cocTaBmia 11-17 %.

B pesynbrare uccnenoBanus Obuia nokasana 3()(heKTHBHOCTb IpeIaraeMoro
METO/1a PEKYJbTUBALMU 3arPA3HEHHBIX YYaCTKOB, KOTOPbIE MPEACTABIECHbI CUJIb-
HO 3arpsi3HEHHBIM IECYaHbIM IPYHTOM, 00JIaJatoIlluM HU3KOW OMOTeHHOM aKTHB-
HOCTb, U UMEIOT HEOOJIBILIYIO IIIOIAb.
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Abstract. One of the most serious environmental problem in the Far North of the Rus-
sian Federation is the pollution of the territory by oil and oil products. Ecosystems of this re-
gion are extremely vulnerable, their remediation after anthropogenic impact, such as spill of
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fuels, can last for decades. This is the reason for necessity of the development of effective
methods for cleaning and restoring oil-contaminated lands. As a result of undertaken laborato-
ry study, the possibility of bioremediation of soils contaminated with oil products using acti-
vated peat as a sorbent and organic fertilizer was shown. Two weeks after the addition of acti-
vated peat, the content of petroleum hydrocarbons in the soil decreased by 22-47% due to
dilution of pollution and improvement of air and nutrient regime. After reclamation, the ger-
mination rate of the seeds of a test culture increased by 1,6-3,7 times. The optimum amount
of peat required for adding into contaminated sandy soil, depending on the degree of contami-
nation, has also been established. Based on the studies, recommendations for the remediation
of the contaminated area of 0.07 ha located in the north-west of the Murmansk region using
peat and mineral fertilizers were developed.

Keywords: reclamation, petroleum hydrocarbons, peat, phytotoxicity, sandy soil, Far North
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Abstract. In developing countries, tropical wetlands are essential for human livelihoods
since they storage and provide freshwater for domestic, industrial, and agricultural uses. Un-
fortunately, tropical wetlands are subjected to anthropogenic impacts, such as direct discharge
of municipal, industrial and livestock wastewater, leading to water pollution, and thus, affec-
ting directly or indirectly people's health. Therefore, water quality assessment of these unique
ecosystems using practical tools, such as Water Quality Index (WQI) is of great importance.
This study aims to assess the water quality of one tropical Ramsar wetland La Tembladera for
human consumption in wet and dry tropical seasons using WQI. This index was calculated
using the following physical, chemical, and biological parameters: potential hydrogen (pH),
turbidity, electrical conductivity (EC), dissolved oxygen (DO), biological oxygen demand (BODs),
chloride ions (CI"), sulfates (SO4%"), nitrates (NO3"), iron (Fe?"), Escherichia coli (E. coli),
and Clostridium perfringens (C. perfringens). The WQI calculations revealed high values for
the wet and dry tropical seasons, displaying values of 416.63 and 427.1, respectively. The ob-
tained values indicate that the water of La Tembladera wetland is unsuitable for human consump-
tion. These results might be valuable for legislative decision-makers to develop further recom-
mendations and plans to improve the water quality, either for drinking purposes or other needs.

Keywords: drinking water quality, developing country, water quality index, Ramsar
wetland, La Tembladera, Ecuador

Introduction

Worldwide, wetlands are considered the most productive ecosystems. They
occur as ecotones, between terrestrial and aquatic ecosystems, thus, they possess
unique hydrological and soil conditions, biodiversity, etc. [1]. Wetlands play
a significant role in environmental processes, such as flood control, local and re-
gional temperature influence, retention of soils and sediments. Further, they pro-
vide habitat for unique flora and fauna, and supply important ecosystem services
that contribute to human livelihood, for instance, storage and retention of freshwa-
ter for domestic, industrial, and agricultural uses; food production (fish, fruits, and
grains); production of logs, fuelwood, peat, fodder, etc. [2].

© Arias Ordonez P.J., 2020
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Due to their extraordinary ecosystem services and population growth, wetlands
are often subjected to anthropogenic impact: agriculture land conversion, overex-
ploitation of their resources, and direct discharge of municipal, industrial and live-
stock wastewater [3—5]. As a result of uncontrolled discharges of municipal and in-
dustrial effluents, a significant change in the ecosystem can occur, resulting in water
pollution, eutrophication, pathogen development, and physicochemical changes in
surface waters. Thus, an epidemiological danger situation can arise [6]. People's
health in Ecuador directly depends on water quality because surface water bodies,
including wetlands, are the main and the only water sources for human needs and
consumption. At present, the threat of waterborne diseases and epidemics is still
a serious problem for developing countries, including Ecuador [7]. Besides, poor
water quality has a negative impact on aquatic life preservation [8].

The resilience of wetland ecosystems is provided by self-purification potential,
however this resilience can significantly change under extra anthropogenic load.
This situation is observed in La Tembladera wetland, which is one of the 19 Ramsar
sites in Ecuador since 2011, consequently acquiring international status for protec-
tion and rational use of resources. The main wastewater sources in La Tembladera
are households, cattle excretion discharges, and agricultural runoff [8]. Four coastal
communes (San Jose, La Florida, Las Crucitas, San Agustin) are situated along
the western zone of the wetland, with an approximately population of 635 people
[9]. Due to the absence of a sewerage system, whose construction started only in
July 2018, the domestic wastewater is discharged directly or through pipelines (con-
structed by local residents) into the wetland's water zone and its surrounding territo-
ry. Also, the adjacent territory to the object is mainly used for cattle grazing, as well
as for short-cycle crops (tomato, pepper, watermelon, rice, sugar cane, cocoa, le-
mon, pitahaya, mango) and pasture grasses [4; 10]. La Tembladera supplies water
for Brahman and Brownsuiz cattle (around 812 head of cattle), whose physiological
excretions are also discharged into the wetland [9].

Therefore, water quality assessment of these unique ecosystems has become
crucial to determine the pollution level in the first instance, and after that, to deve-
lop and implement preventive actions and sustainable resource management plans
in developing countries [11]. A practical and simple tool to describe the water quali-
ty, at a given time, is the estimation of the water quality index (WQI) based on
weights for an individual parameter. The WQI integrates several physical, chemical,
and biological parameters. The first WQI was developed by [12], since then, diffe-
rent modifications and methods for the calculation have been proposed by different
national and international organizations [13]. WQI allows to assess and demonstrate
changes (annual cycles, spatial and temporal variations) in water quality and to
identify water trends even at low concentrations [11; 13]. Therefore, the aim of this
study was to evaluate the water quality of La Tembladera wetland for human con-
sumption in wet and dry tropical seasons using WQI.

Materials and methods

Object of study. The present study was carried out in La Tembladera wetland,
which is a continental-type freshwater wetland located in the southwestern coast of
Ecuador, canton Santa Rosa, in the province El Oro (3° 29' 26" S, 79° 59' 43" W;
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12-32 m a.s.l). The region has a tropical climate, which is characterized by the alter-
nation between rainy or wet (winter) season, whose monthly average precipitation is
170 mm, and dry season (summer) with an average precipitation of 10.2 mm [5; 10].

The water body area occupies 1,471.19 ha, its permanent water area is
104 ha [10]. The flooded area depends on the season, the water surface may reach
188 ha during the wet season, and the land surface 1,199 ha. The wetland monthly
average water temperature is 25.82 °C. La Tembladera is mainly fed by the Santa Ro-
sa and Arenillas rivers through a canals system: Estero Pinto (0.041 m*s™) and San
Agustin (23.43 m*:s™), respectively [5]. During the wet season, the wetland annual
average flow rate is 14.50 m*:s™!, the monthly maximum is 61.0 m*-s™', and the mini-
mum 0.20 m*s'; while during the dry season the flow rate is usually 0 m*s™! [5].

La Tembladera belongs to the life zone “Tropical Spiny Mountain” (in Spa-
nish language: “Monte Espinoso Tropical”). For much of the year the wetland wa-
ter table is near the land surface, hence the vegetation is adapted to moisture con-
ditions, for instance, water lettuce (Pistia stratiotes), water hyacinth (Eichhornia
crassipes), common cattail (Typha latifolia) and white lotus (Nymphaea lotus) [14].
This ecosystem supports 43 plants species, is the habitat for 80 waterfowl birds,
14 fish species, 8 reptiles and 20 mammals [10].

Water sampling and laboratory analysis. The water sampling was carried out
in August 2018 and April 2019, corresponding to the dry and wet tropical seasons,
respectively, at three sites with different levels of anthropogenic load: the site No. 1
was located near a small village, whose wastewater and wastes were discharged into
the wetland territory; the site No. 2 was located at 20 m from the wetland shore, be-
ing a vegetation-free water surface; the site No. 3 was near a boat dock, an area with
coastal vegetation and aquatic macrophytes, the area covered by macrophytes on
the water surface was 40%. A total of 63 water samples were taken. During the field
survey, air temperature in August was 24.1 °C, while in April was 27.8 °C. The wa-
ter quality analysis was conducted regarding water temperature (T), potential hy-
drogen (pH), turbidity, electrical conductivity (EC), dissolved oxygen (DO), biolo-
gical oxygen demand (BODs), chloride ions (CI), sulfates (SO4>), nitrates (NO3"),
Fe?", Escherichia coli (E. coli), and Clostridium perfringens (C. perfringens).

The water temperature was measured at a depth of 0.2-0.5 m using an alcohol
thermometer with an accuracy of 0.1 °C. Potential hydrogen was determined using
Mettler Toledo and Expert-001 pH meters. Turbidity was measured using spectropho-
tometric method. DO was measured using Bante821 portable Dissolved Oxygen Me-
ter. Biochemical oxygen demand was estimated using standard methods described by
the Russian regulatory document NDP 10.1:2:3.131-2016. Sulfates were measured
using conductometric titration method. Chloride ion concentrations were determined
using the Mohr method. Nitrates were measured using the potentiometric method.
Iron ion was measure using flame atomic absorption spectrometry. The electrical con-
ductivity and nitrates data for the dry season were acquired from a scientific study [15].
Bacteria of the E. coli group were determined by membrane filters method, and for
identifying C. perfringens the Omelyansky medium was used.

Water quality index. WQI was determined based on important human health
parameters. Water quality standards for human consumption and domestic uses from
“Unified Text of Environmental Secondary Normative or TULSMA of Ecuador”
(in Spanish language: “Texto Unificado de Legislacion Secundaria de Medio”) [16]
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and also standards recommended by the World Health Organization (WHO) [17]
were used. The algorithm for the WQI calculation includes 4 steps [18].

1. For each parameter, a weight (Wi) from 1 to 4, according to different experts
in previous studies was assigned. In terms of importance for drinking purpose,
the value “1” is the least important, and the value “4” is the most important. The mean
values of the given weights for each parameter are presented in Table 1 and these
values were used for the calculations. Due to the scarce information about weight
values for Clostridia in the literature, the weight has been proposed by the author.

Table 1
Assigned weight values from the literature to the water quality parameters

Reference pH Turbidity DO EC BOD, SO> CI" NO, Fe* E. coli

[19] 1 4 4 4 3 2 1 2 _ 3
[19] 1 - 4 - 2 - - 3 - 4
[19] 4 4 4 4 - - - _ _
[19] 4 2 4 2 3 - - - - -
[19] 1 4 1 3 2 1 2 - -
[19] 1 2 4 2 3 2 1 2 - -
[19] 4 2 4 2 3 - 1 - - 4
[11] 1 2 4 4 3 - 1 2 - 3
[19] 2.1 2.4 4 27 3 - - 22 - -
[20] 4 - - - - 3 3 4 3 -
[21] 4 2 4 2 - - 3 4 - -
[22] 4 1 4 4 - _ 1 _ _ _

P:Sgg‘;‘t*d 2.6 2,2 4 28 3 23 15 27 3 3.5

2. The relative weight was calculated using the following equation:
RW =Wi/Y. Wi, (1)

where Wi is the assigned weight to each parameter, and RW is the calculated rela-
tive weight.
The Table 2 summarizes the calculated relative weights.

Standards and relative weights for different water quality parameters Table 2
Parameters Units Standards Wet season Dry season
Ecuador WHO  Weight (Wi) Relative Weight (Wi) Relative
weight (RW) weight (RW)

pH - 6-9 6.5-8 2.6 0.10441767 2.6 0.107438

Turbidity NTU 10 5 2.2 0.08835341 - -
DO mg-L™ 6 - - - 4 0.1652893
EC uS-cm™ - 400 - - 2.8 0.1157025

BOD, mg-L™ 2 - 3 0.12048193 - -

SO, mg-L™" 250 250 2.3 0.09236948 - -

CI- mg-L™" 250 250 1.5 0.06024096 1.5 0.0619835
NO; mg-L™ 10 50 27 0.10843373 2.7 0.1115702
Fe* mg-L™ 0.3-1.0 0.3 3 0.12048193 3 0.1239669

E. coli 1ml - 1 3.6 0.14457831 3.6 0.1487603
C. perfringens 1mil - 1 4 0.16064257 4 0.1652893
> =24.9 =1 Y =24.2 y=1
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3. For each parameter, a quality range scale was calculated using the equa-
tion (2). For pH and DO the equation (3) was used.

0i = (Ci / Si) x 100, )
Qi = (Ci— Vi/ Si— Vi) x 100, 3)

where Ci is the value of the water quality parameter obtained from the analyzed
water samples, Si is the value of water quality parameter reported by WHO or Ecua-
dorian standards, Qi is the quality rating, and Vi is the ideal value of 7.0 for pH
and 14.6 for DO.

Equations (2) and (3) ensure that Qi = 0 when the analyzed parameter is ab-
sent in the water sample, and Qi = 100 when the value of the parameter is equal to
its permissible concentration in accordance with the standards. Therefore, the higher
the value of Qi, the more polluted the water.

4. At the final stage, each sub-index parameter (S/i) was calculated using
the expression (4). The WQI was estimated employing the equation (5). For both sea-
sons, the obtained WQI was classified as <50 — excellent; 50-100 — good; 100-200 —
poor; 200-300 — very poor; >300 — unsuitable for drinking purposes [19].

SIi = RW % Qi, 4)
woI =Y SIL. (5)

Results and discussion

The Table 3 shows the mean values (M) of the analyzed physical, chemical,
and biological parameters, and the obtained values of WQI. For both seasons,
the calculated WQI reveals that water is unsuitable for human consumption ac-
cording to the water quality classification: in the wet season the WQI is 416.63.
The variables that increase this value are turbidity, Fe**, E. coli and C. perfringens,
since their Qi values are over 100, which means that they do not meet the standards
for water quality. Analogously, the variables that increase the WQI (427.1) in
the dry season are the Qi values over 100 of DO and microbiological parameters.

Table 3
WaQl of La Tembladera wetland in Ecuador
Parameters Units Wet season Dry season
M Qi Sli M Qi Sli
pH - 6.51 98 10.23 6.67 66 7.09
Turbidity NTU 25.5 510 45.06 - - -

DO mg-L™ - - - 2.004 146.46 24.21
EC uS-cm™ - - - 325 81.25 9.40
BOD, mg-L™ 1.58 79 9.528 - - -
SO~ mg-L™ 1.55 0.62 0.057 - - -

Ccr mg-L™ 3.15 1.26 0.076 127.8 51.13 3.17
NO;~ mg-L™ 0.41 4.1 0.445 0.57 5.7 0.64
Fe* mg-L™" 0.45 150 18.072 0 0 0

E. coli 1ml 10.6 1.060 153.25 11.27 1.127.33 167.70
C. perfringens 1ml 11.2 1.120 179.92 13 1.300 214.88
wQl =416.63 waQl=427.1
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The calculated sub-indices revealed that exists a slightly difference of Fe?*,
E. coli and C. perfringes between seasons, while for pH, Cl, and NO3™ no signifi-
cant differences were detected. In the dry season, the biological parameters were
higher than in the wet season, whereas there was less Fe?" concentration in the dry
season (Figure).

250
214.88
200
167.7 179.92
150
153.25
100
50
18.07 0
0
pH Fe?* Cl NO;~ E. coli  C. perfringes
SIi wet season STi dry season

Figure. Calculated S/i for different water quality parameters of La Tembladera wetland in Ecuador

Physical-chemical parameters. In the dry season the average water tempe-
rature was 25.6 = 0.40 °C, while in the wet season was 33 + 0 °C. According to
Ecuador's water quality standards these values are within the acceptable limits.

Potential hydrogen. The mean for pH was 6.51 in the wet season and 6.67 in
the dry season, thus water can be classified as weakly acidic. These values are within
the WHO and Ecuadorian standards, hence, the Qi values for this parameter are less
than 100, leading to a low WQI. The SIi for pH doesn’t show notable difference be-
tween seasons. The sub-index is slightly higher in the wet season, however, in sum-
mer a value of 6.37 was observed at site No. 1, which is under the WHO guidelines.

Turbidity. The average turbidity was 25.5 NTU in the wet season, which ex-
ceeds the WHO guidelines by 5 times and the Ecuadorian by 2.5 times. The maxi-
mum obtained value was 42 NTU in the wetland shore (near the boat dock) and
the minimum was 9 NTU at site No. 2. The values of turbidity are significantly
high, which might be explained by the constant rainfalls and the consequent run-
off that washes solid matter from the adjacent territory toward the water body.
In this season, the average precipitation reaches 170 mm [5].

Dissolved oxygen. The average values below 3 mg/l, which are under the per-
missible Ecuadorian limits, and the high assigned weight to this parameter influ-
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enced the high S7i of 24.21. Low concentrations of DO are a result of the limited
transfer from the air to the water mirror due to a dense vegetation of free-floating
aquatic macrophytes (Pistia stratiotes and Eichhornia crassipes). They cover ap-
proximately 75% of the water surface during the dry season [8]. Besides, due to
the typical saturation and flood conditions of wetlands, where anaerobic condi-
tions predominate, the DO is usually low.

Electrical conductivity. The value of EC at the water surface was 200 pS-cm!
and increased to 450 uS-cm™' in the bottom waters. The average value of this pa-
rameter does not contribute to the WQI, nevertheless the EC values indicate that
water was considerably ionized, since the dissolved solids amount in water deter-
mines the electrical conductivity. Therefore, the detected values might be due to
a significant dissolved solids concentration in water.

Biological oxygen demand. Low concentrations of biodegradable organic mat-
ter were detected. The values match with Ecuadorian norms on water quality and
suggest that exists low load of domestic wastes and wastewater, cattle excretion dis-
charge and vegetal detritus. According to The National Water Secretariat of Ecuador
(SENAGUA), in 2018 one inhabitant consumed in average 249 liters of water per
day, then taking into account the coastal communes population of the wetland
(635 people), and a return coefficient of 80%, the volume of domestic discharge into
the wetland is about 126.5 m? per day, that is 45,540 m? per year. Since wetlands are
natural filters of several pollutants, involving microbiological and vegetation proces-
ses, it can be assumed that La Tembladera controls the given load of organic matter.

As regards sulfates and nitrates, the S/i of NO3™ between seasons does not
show significant differences. The obtained S7i for these anions is due to the detected
low concentrations, which can be explained by the fact that in the surrounding area,
where the samples were taken, no evidence of intensive agriculture was observed.
This indicates that agriculture activities do not contribute to SO4*~ and NOs™ in-
puts, and do not represent a hazard for human health.

Chlorides. The obtained Qi values for Cl™ are very low (<100), which indi-
cates that the mean values from the samples comply the standards. In the dry sea-
son the CI” concentrations were higher (127.8) than in the wet season (1.26). High
concentrations of chloride in summer could be related to sewage mixing, organic
waste of animal origin, temperature increases, and evapotranspiration by water [5].
Moreover, CI™ can enter to the ecosystem by atmospheric deposition, agricultural
and irrigation discharges. High concentrations of chloride also indicate a decrease
of aerobic bacteria, which is reflected in the low concentrations of DO.

Iron. Concentrations of Fe* over permissible limits were detected in water sam-
ples of the wet season, hence the WQI increased for this season. This fact represents
a danger not only for humans, but also for cattle, as this wetland water is their main
source of drinking water. High iron concentrations in drinking water may arise from
natural levels in ground water, run-off from mining or other contaminating sources.
La Tembladera receives water inputs from the Santa Rosa river by the canal Bellavista
and the Estero Pinto, and artisanal mining is conducted in the microbasin of this river [8;
9]. However, this cannot be considered direct iron source since the detected concentra-
tions are low. The main iron sources at the sampling sites can be related to the boat
dock, where corrosion of iron containing metals was observed during the field survey.
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Biological parameters. Concentrations of E. coli and C. perfringes were
significantly high in both seasons. The detected E. coli in all the water samples
confirms a recent and constant fecal contamination. The high concentration of
C. perfringes, particularly in water samples at sites 2 and 3, is an indicator of fecal
contaminants accumulation at the bottom of the wetland. These results corrobo-
rate the constant water contamination due to domestic wastewater and cattle ex-
cretion discharges into the water body. The detected fecal contamination indica-
tors do not comply with the standards for water quality. Therefore, due to their
high weighs and strict guidelines, these microbiological parameters contributed
the most to increase the WQI.

Conclusion

The WQI calculations revealed high values for both seasons, the wet and
dry tropical seasons present values of 416.63 and 427.1 respectively. The para-
meters that increased the WQI in the rainy season are turbidity, Fe**, E. coli, and
C. perfringens; while in the summer, DO and microbiological parameters. This
means that these variables did not meet the standards for water quality since their
Qi values were over 100, hence based on the equation (3), a value equal to its
permissible concentration has a Qi = 100, thus, the expression Qi > 100 indicates
an increase of the pollutant concentration. As expected, the water quality assess-
ment using a water quality index proves that the water of La Tembladera wetland
is unsuitable for human consumption. These results confirm previous findings [5],
where a Simplified Index of Water Quality (SIWQ) was used to assess the water
quality of La Tembladera in 2016. The obtained values range from 10 to 39, de-
termining the water quality as very poor and unsuitable for drinking purposes.

This study has led us to conclude that the application of Water Quality In-
dex is a simple and useful tool for evaluating water quality of tropical wetlands.
This is needed in Ecuador and other developing countries of tropical regions,
as lack of information about anthropogenic impacts on wetlands water resources,
due to a non-existent specific budget for wetland management, is a current prob-
lem. Therefore, the obtained results in this study might be valuable for legislative
decision-makers to develop further recommendations and projects to improve wa-
ter quality, either for drinking purposes or other needs. Also, this research is bene-
ficial in order to bring together diverse stakeholders interested in wetlands protec-
tion. Since La Tembladera provides water for human needs and consumption, ag-
ricultural irrigation systems, and drinking supply for cattle, water resources moni-
toring and assessment are suggested to be regularly carried out.
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AnHoTamust. Tpordeckre BOIHO-00JOTHBIE YTO/Ibsl UMEIOT BaYKHOE 3HAYCHHE /TS KU3HE-
JeATENFHOCTH YeNIOBEKa, MMOCKOJIBKY OHH XPaHAT M 00CCICUNBAIOT IPECHYIO BOIY JISI OBITO-
BOTO, MPOMBIIUIEHHOTO U CEIbCKOXO03IHCTBEHHOTO HCIIONB30BAHUS, OCOOCHHO B pa3BUBAIO-
mmxcs crpaHax. HecMoTpst Ha 3TO, BOJHO-OOJIOTHBIE yroJibsi 4aCTO MOJBEPTarOTCsl aHTPOTIO-
TCHHBIM BO3IEHCTBHSM, TAKMM Kak MPSMOH cOpPOC MyHHINIAIBHBIX, TPOMBIIUICHHBIX H JKU-
BOTHOBOJYECKHX CTOUHBIX BOJ, YTO MPUBOJIMUT K 3arPA3HEHUIO BOJBI U B CBOIO OUepenb Mpsi-
MO WJIH KOCBEHHO BIIMSIET Ha 3/I0pOBbE JtoAeil. IMEHHO MO3TOMY OlLIEHKa KauecTBa BOJbI 3TUX
YHUKaJIBHBIX 9KOCUCTEM C HUCII0JIb30BAaHUEM MPAKTUYECKUX MHCTPYMEHTOB, TAKUX KaK HHJIEKC
kadectBa Boabl WQI, mMeer Gombinoe 3nadeHue. Llenmpro mccinemoBaHms SBIUIACH OICHKA
KauecTBa BOJBI JAJISl UCMOJB30BaHMS B MUTHEBBIX LENAX BOIHO-0070THOrO yroaps Jla Tewm-
Onazepa B pa3HbIX TPOMUYECKUX ce30Hax, mpumensist WQIL. [IpoBeneH aHanmu3 BoabI U pacyer
HH/IEKCa IT0 HEKOTOPHIM (PH3UKO-XUMHUYECKHM M OMOJIOTHYECKUM ITapaMeTpaM: HOTSHIIHAIb-
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HbII Bostopo (pH), MyTHOCTB, 3JIEKTPONPOBOHOCTh, PACTBOPEHHBIN KHCIOPO, OHOXUMHUYECKOE
notpebinenne kucnopona (BIIKS), xnopun-uonst (Cl), cynsdarer (SO42), murpatsr (NOs3)),
xeneso (Fe?"), Escherichia coli (E. coli) u Clostridium perfringens (C. perfringens). BoisBnenst
BBICOKME 3HAYCHUS KaK I BIAXKHOTO, TaK M JJIsl cyxoro ce30HoB: 416,63 u 427,1 cooTser-
cTBeHHO. TakuM 00pa3oM, Ka4ecTBO BOJIbI BOJHO-00JI0THOTO yrojabs Jla TemOmanepa Moxer
OBITh OLIEHEHO KaK HEYJIOBJICTBOPUTEIILHOE JIIsi MPUMEHEHHUS B KaUeCTBE MUTHLEBOM ISl Hace-
nenus. [lodydeHHbIe pe3ybTaThl OYAyT MOJIE3HBI JIHIAM, IPUHUMAIOIIMM 3aKOHOIaTeIbHbIC
pELICHHUS, a TAKXKE TS Pa3paboTKH JATbHEUIINX PEKOMEHIAIMN U TIPOEKTOB MO YIIy4YIICHHEO
Ka4eCcTBa BOJIbI, KaK JUIS IIUTHEBBIX IIEICH, TaK U JJIs IPYTUX HYXI.

KiroueBble c10Ba: Ka4eCTBO MUTHEBOM BOJIBI, PA3BUBAIOLINECS CTPAHBI, HHICKC Kaue-
CTBa BOJIbI, BOJHO-005I0THOE yrojabe Pamcap, Jla TemGnanepa, xBamop
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3000eHTOC peku LipaynoH, 6acceiiH peku Tepek
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AnHoTtaums. B pabote npuBeneHsl cBefieHUs 0 payHe aMPUONOTHIECKUX HACEKOMBIX,
oOutaromux B peke LlpaynoH; pacCMOTpeHbI BOIIPOCHI 3KOJIOTMH BHJIOB M AMHAMUKA BUOBO-
ro pazHooOpa3zusi. CobpanHblii MaTepual B coctase kiacco Turbellaria (Tricladida), Crustacea
(Amphipoda), Arachnida (Hydracarina), Insecta (Ephemeroptera, Plecoptera, Trichoptera, Odonata,
Diptera), Gastropoda (Pulmonata) npeacrasien 55 BuaaMu u3 29 ceMencTB; cpean 3000€HTO-
ca moMmuHHpPYIOT Insecta (87 %). Bce HacekoMsle, 3a uckimroueHneM otpsaa Odonata, mpen-
CTaBJICHBI JINTOPEO(PHUIBHBIMIA CTEHOTCPMHBIMU BHIAMH.

KiroueBbie cioBa: aMpuOMOTHYCCKHE HACEKOMBIE, BUIOBOM COCTaB, MOJCHKHU, BEC-
HSHKH, PyYCHHUKY, IBYKPBUIbIC, CTPEKO3bI, peka Llpaynon

BeBeneHue

Bonoroku — 310 Hanbosnee HHPOPMATUBHBIE KOMIIOHEHTHI JIaHIIA(TOB, CyM-
Mupyomue UHGOPMALKI0 0 TpaHCHOPMALUIX Pa3IMYHON STHOJIOTUH, MPOTEKaro-
KX B TIpeeniax TOro Wik MHOTro OacceiiHa, M BIMSIONIME Ha OpraHU3MbI 3000€HTO-
ca, KIIIOYEBbIE TPYMIIbI KOTOPOTrO MpPEACTaBlIEHbl B CUCTEME BOJIOTOKOB CeBEepHOTo
Kagkasza (6acceiin peku Tepek) aMm(puOMOHTHBIMU JTHYMHKAMU HACEKOMBIX.

KomruiekcHoe u3ydeHre MaibIX peK — OCHOBHBIX HCTOYHHUKOB MTUTHEBOI BOJIBI —
BOXHEUIINHA MHCTPYMEHT OMOMOHHUTOPUHTA, MMO3BOJISIONIMNA BBISBIATh MaJleHIIne
W3MEHEHHUS COCTOSIHUS MOBEPXHOCTHBIX BOJ. Masble peKu, K KOTOPBIM OTHOCHUTCS
u peka LlpaynoH, — 3TO IpUPOAHBIE «3aMOBEIHUKM» aBTOXTOHHON aM(pUOMOHT-
Hol (paynbl. bropaznoobOpasue dhayHbl aMPprUOMOTHIECKUX U BOJHBIX HACEKOMBIX,
a TaKXke MpeACcTaBUTeNei APYyruxX TAKCOHOMUYECKUX TPYIII ONpeAessieT CTa0uIb-
HOCTh THAPOOHOIIEHO30B OacceliHa. O4ueHb BaKHO, YTO BHJIOBOM COCTaB M YHCIICH-
HOCTh (payHOOOPa3yIOUIMX TAKCOHOB SIBJISIETCS] YyBCTBUTEIBHBIM, 3a4aCTYIO €HH-
CTBEHHBIM HAJI€KHBIM MHCTPYMEHTOM IpPU MPOBEACHUH OMOMOHUTOPHUHTA, JAI0-
IIeTO IOCTOBEPHYIO HH(OPMAIIHIO O OJIarOMoIydud BOJAOTOKA.

Peka Llpaynon (mpuTok peku YpcIoH) TUTUYHAS Majiasi TOpHast peka (puc. 1)
MPOTSHKEHHOCTHIO 10 40 KM, HCTOKH peKH 3ajoxeHbl Ha Jlecuctom xpeOTe Ha BbI-
cote 2800 m [1; 2].
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Puc. 1. Peka LipaynoH B BepxHeM Te4eHuun
[Figure 1. River Tzraudon in the upper reaches]

IpaynoH HeceT CBOM HEBBICOKHE BOJIBI IO TOPHOJIECHOH U MPETOPHON 30HAM;
YPOBEHb BOBI MOJICP)KUBACTCS TTOJ3EMHBIMU BOJIAMH, JIOXKIEBBIE OCAIKH UMEIOT
oco0oe 3HaueHNe (OOMIBHBIE CE30HHBIE JOXKIH MPUBOJIT K CENEBBIM IpoLeccaM, Ko-
TOpBIe HaNOOJIee THUIIMYHBI TS KOHIIAa BECHBI M Havasa jieta). CKOpOCTh TeUeHHS BOJIBI
Ha pa3nu4HbIX yuactkax — 1,0-1,8 m/c. Jletnsis remmneparypa Boabl — 12—15 °C.

Martepuan n metoabl

B xone paboThl ObUIM yCTAHOBIIEHBI JIBa CTAIlMOHAPHBIX IyHKTa HaOI0/e-
HUS: | — TOPHOJIECHOM y4acTOK PeKH, 2 — MPEATOPHBIN (OKPECTHOCTH OJHOMMEH-
HOTO HaceleHHoro myHkTa Llpay), a HKHee TedeHne peKkH (0 CIUSHUS C PEKO-
MIPUEMHUKOM Y PCIIOH) 00CIIeIOBAHO MapIIPYTHO.

Martepuan npeacrasieH 3000 sk3emIuiipaMu JUYMHOK, KYKOJIOK M MMaro
HAaCEKOMBIX, MOJUTIOCKaMH, OOKOIUIaBaMH, TUIAHAPUSIMHU, BOJHBIMH KJIEIIAMH, KO-
TOpbIe 00BbEANHSIOTCS B 55 BUIIOB, 29 cemeiicTB, 9 oTpsinoB u 5 kinaccoB: Turbellaria
(Tricladida), Crustacea (Amphipoda), Arachnida (Hydracarina), Insecta (Ephemerop-
tera, Plecoptera, Trichoptera, Odonata, Diptera), Gastropoda (Pulmonata). Bugosast
MIPUHAIIEKHOCTD OTpeAessIach MO ONpeAeTUTENFHBIM KiTtouaM [3-5].

KrroueBoe monokeHue B coctaBe 3000eHTOca 3aHuMaroT (Insecta), mpen-
CTaBJICHHBIE 5 OTpsAaMHu, 23 ceMeiicTBamMu U 48 BUIaMU.

Bce ocranbHble mpeacTaBUTENH 3000eHTOCa (MOJUIIOCKH, TUTAHAPUU, OOKO-
TIJIaBbI) MPEJICTABIIEHbI 7 BUJIaMU U3 6 CEMEUCTB, 4 OTPSAIOB, 4 KJIaCCOB).

Pe3ynbTaTbl n 06CyXaeHune

Kak Mb1 y)xe ynmomunamu B [6], mogenku (Ephemeroptera) npencrasiens 11 Bu-
JaMu U3 5 ceMeHCTB: Hanbosiee MHOTOYHCIICHHBIM B COOpax sIBISIETCS CeMEHCTBO
Heptageniidae (5), 3a Hum cneayroT moaeHku cemeiicTBa Baetidae (3), ocTtanpHbIe
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ceMmelicTBa BKIIIOYAOT 1o ogHoMy Buay — Ephemerellidae (1), Oligoneuriidae (1),
Caenidae (1). TakcoHOMHUYECKHIT BeC CEMEWUCTB MpeAcTaBiIeH Ha puc. 2. 13 nua-
rpaMMBbl BUJHO, 4TO AJoMUHMpPYIOT Heptageniidae (46 %), Baetidae (27 %), Ephe-
merellidae, Oligoneuriidae, Caenidae (o 9 % kaxmoe).

‘

= Heptageniidae = Baetidae = Ephemerellidae Caenidae = Oligoneuriidae

Puc. 2. CooTHolleHne cemelicTs B oTpsiae Ephemeroptera
[Figure 2. The ratio of families in the order Ephemeropteral

B 4 \‘
"

= Hydropsychidae = Rhyacophilidae = Limnephilidae
Lepidostomatidae = Glossosomatidae = Apataniidae

Puc. 3. CooTHoleHne ceMelicTs B oTpsae Trichoptera
[Figure 3. Ratio of families in the order Trichoptera]

Jus otpsina pyueitauku (Trichoptera) yctanoBineHo 12 BuIOB U3 6 ceMeiCTB:
Hydropsychidae (4) u Rhyacophilidae (3) npencrasiensr HanOOIBIITHUM YHCIIOM BHUIOB,
3a HUMH CJenyIoT pydeiinuku cemeiictBa Limnephilidae (2), cemeiictBa Lepidos-
tomatidae (1), Glossosomatidae (1), Apataniidae (1) BKIFO9YarOT MO OJJHOMY BHUY,
onHako Glossosomatidae u Apataniidae 10BOJBHO YacTO BCTPEYAIOTCS B pEKe
Hpaynon u ee mpuTokax (IIOTHOCTh Ha OTHEIBHBIX Y4YacTKax JOCTHUTAeT
100-200 7k3./m?), a pyueiinuku cemeiictsa Lepidostomatidae BcTpeuaroTcst peko
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(motHOCTH 1-3 5K3./M?). TaKCOHOMMYECKHIi CTaTyc CEMEWCTB MpEICTAaBIEH Ha
nuarpamme (puc. 3).

Crnenyer oTMETUTb, YTO paclpesielieHue pydedHUKoB B peke LlpaynoH u
MPUTOKAX OTIMYAETCS 10 COCTABY M YHUCICHHOCTH: B PEKE JHIAUPYIONINE O3UIINN
3aHuMaroT cemeiictea Hydropsychidae, Rhyacophilidae, Glossosomatidae. Ha npen-
TOPHOM y4YacTKe peku JoMHUHHPYIoT cemericTBa Hydropsychidae Glossosomatidae,
B ropHosiecHoit — Rhyacophilidae; u3 cemeiictBa Hydropsychidae ormeuens! iu-
YUHKU U KyKOJIKu Hydropsyche angustipennis Curt., 1834; pexxe BcTpedaroTcs
pyueiiHuku cemeiictBa Apataniidae.

B pyubsix-nputokax Ha BCEM HNPOTSKEHUU (TOPHOJIECHON U MPEATrOPHOM 30-
Hax) JOMHHHUPYIOT pydeitHuku cemeiicTB Limnephilidae, Lepidostomatidae, uacto
BcTpedatores Apataniidae, penko — Hydropsychidae u Rhyacophilidae. Pacmpe-
JiefieHre pyYeHHHUKOB M0 OMOTOMNaM IpesCTaBlIeHo B Tabuuue. 3 Hee BUIHO, YTO
ceMelcTBa pactpeeNieHbl TI0 OMOTOoNaM ¢ HE3HAYUTEIHHBIM IIPEBOCXOJICTBOM PY-
9beBbIX (OpM: U3 6 ceMelcTB B peke orMedeHo 4 (47 %), B pyubsX-IPUTOKaxX
BcTpeuaeTcst 6 cemeicTs (53 %).

Tabnuya

BuoTtonuuyeckoe pacnpeaeneHue py4eiHUKOB B peke LipayaoH v pyubsix-npuTokax
[Table. Biotopic distribution of caddisflies in the river Tzraudon and streams-tributaries]

CemeiicTeo [Family] Peka [River] Pyubu-nputoku [Streams-tributaries]
Hydropsychidae 3 2
Rhyacophilidae 2 1
Glossosomatidae 1 1
Limnephilidae - 2
Apataniidae 1 1
Lepidostomatidae 1
Ntoro 7 (47 %) 8 (53 %)

Jns BecusHok (Plecoptera) onpeneneno 13 BuioB u 5 ceMeicTB: JOMUHUPY-
o1 BecHstHKM Nemouridae (5), Taeniopterygidae — 2, Perlidae — 2, Leuctridae — 2,
Perlodidae — 1, Capniidae — 1; BumoBO# cTaTyc CeMEWUCTB NpEeACTaBICH Ha JHa-
rpamme (puc. 4).

= Ay

= Nemouridae = Taeniopterigidae = Perlidae
Leuctridae = Perlodidae = Capniidae

Puc. 4. CooTHoLWEeHWe cemeiicTs B oTpsae Plecoptera
[Figure 4. Ratio of families in the order Plecoptera]
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Kak BumHO U3 AuarpaMmbl, JOMUHHUPYIOT BECHSHKU ceMeiicTBa Nemouridae
(39 %), Taeniopterygidae, Perlidae, Leuctridae cocrasmustor o 15 % kaxnoe, Per-
lodidae u Capniidae — o 8 %.

buotonuueckue MPEeANOUTEHHS OTPsiia CBA3AHBI C PEKOH, Uil PydYbEB
HauboJsee XxapakTepHbl BUibl Brachyptera transcaucasica Zhiltz., 1956 (ropso-
JiecHass W MpEAropHas 30HBI OacceitHa); Amphinemura trialetica Zhiltz., 1957
(mpenMy1IeCTBEHHO TOpHOJIECHAs 30HA); Isoperla bithynica (Kemp., 1908) BcTpe-
YaeTcsl B TOPHOJIECHOM 30HE; Leuctra uncinata Mart., 1928 (ropHosiecHast 30Ha).
B npouieHTHOM OTHOILIEHUH PEYHBIE BUABI COCTABIAOT 77 %, pyubeBbie — 23 %.

Ortpsn [AByxpsuisie (Diptera) npeacraieH B coctaBe 6 BUIOB U3 3 CEMENUCTB:
JOMUHHPYIOT IByKpbuIble ceMeiicTBa Simuliidae (3) u nanee — Chironomidae (2),
Blepharoceridae (1). TakcoHOoMHYECKOE COOTHOIICHHE CEMEHCTB MPEICTaBICHO
Ha nuarpamme (puc. 5).

Brotonuyaeck ABYKpBUIbIE PACTIPEICIISFOTCS CIEIYIOIMM 00pa3oM: TIPEICTaBH-
Tenu cemeiicTa Blepharoceridae BcTpeuarorcst B BepxHEM TeueHHH OacceiiHa U npe-
MOYUTAIOT BBICOKHE CKOPOCTH TEUYSHUSI, YUCTYIO BOIY (CTEHOTEPMHBIE, CTEHOOHMOHTHEIE
BUJIbI), OCTaJIbHBIE JIBA CEMEWCTBA PACTPEIEIISIOTCS 10 BCEMY MPOIOIBHOMY CTBOPY
OacceiiHa (BCTpeUyaroTCs Kak B PEKe, TaK U B PyUbSIX-TIPUTOKAX 00EHX 30H); OHAKO B
TOPHO-JIECHOH 30HE 4acTo BCTpevaroTcst BUIbI Simulium tarnogradskii Rubtsov, 1940,
Simulium monticola Friederichs, 1920, Blepharicera fasciata (Westwood), 1842, quc-
JIEHHOCTh KOTOPBIX Ha OT/IEbHBIX yUacTKax peku gocturaer 300-370 ox3./m%.

°

= Simuliidae = Chironomidae Blepharoceridae

Puc. 5. CooTHoweHue cemeiicT B oTpsaae Diptera
[Figure 5. Ratio of families in the order Diptera]

Kak BuaHo u3 nuarpammsl cemeiictBy Simuliidae npunamiexut 50 % Bcex
coopoB 1o nBYKpeUIEIM, Chironomidae — 33 %, Blepharoceridae — 12 %. C yde-
TOM IOCJIEIHUX UCCIIEIOBAHUI MO U3yUeHHIO AunTepodayHsl BOIOTOKOB Peciy0-
nuku CeBepHast Ocetusi — Ananus [7] He UCKIIOYEHO, YTO KOJIMYECTBO BUIOB U
ceMelcTB oTpsa B Oacceline pexu Llpay1oH 3HaUUTENbHO OOJIbILE.

Ortpsin crpekosbl (Odonata) pencrasien 4 Bunamu: Libellula depressa Linnaeus
1758, Lestes dryas Kirby, 1890, Crpenka kpacusast Coenagrion scitulum Rambur, 1842,
Aeshna cyanea Miiller, 1764, koTopsie 00benuHeHbI B 4 cemeiictBa. Criemyer oTMe-
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THUTh, YTO BCE BHBI PEKOMEH0BaHbI Ui BHeceHus B Kpachyro Kuury pecryOnuku
(B OCHOBHOM BCTpEUarOTCs B BEpPXHEM T€UEHUH OacceliHa, Ha IPeiropbe B JIECHOM 30HE.

Knacc Oproxonorux mommockoB (Gastropoda) BkimrouaeT 3 Buzia 1 2 ceMeicTBa:
cemetictBo Karymiku (Planorbidae) npencrasneno Bunamu Ancylus fluviatilis O.F. Miil-
ler, 1774 u Planorbis planorbis (Linnaeus, 1758); cemeiictBo Physidae — Bunom Physa
fontinalis Linne, 1758, koTopble IMPOKO pactpocTpaHeHsl Ha KaBkase [§].

Bokomnasel (Amphipoda) mpeacrtaBieHsl MIMPOKO PACHPOCTPAHEHHBIM Ha
Kagkaze Bunom Gammarus pulex Linnaeus, 1758 [9].

Bonsusie knemu (Hydracarina) mpeacrasnensl Bunamu Lebertia longiseta
(Libertioidae) u Torrenticola amplexa Koenike, 1908 (Torrentocolidae).

[Tnanapuu BCTpedaroTCsl B BEpXHEM TEUEHHMH OacceiiHa, Kak B caMOM peke,
TaK B PYUbSX-IIPUTOKAX, a TAK)KE MIPEJICTABIECHBI B IPEArOpHOM JiecHOi 30He (Tur-
bellaria: Dugesiidae, Dugesia sp.).

TakCOHOMUYECKUH CcTaTyC MpeCTaBUTENIeH 3000€HTOCa €Ille pa3 TOBOPHT O
KIIIOYEBOH pOJIM MpeAcTaBUTENEH Kilacca HACEKOMBIX B THIPOOHOIIEH03aX TOPHBIX
BoHOTOKOB KaBka3za: Insecta — 87 %, Turbellaria — 2 %, Crustacea — 2 %, Arach-
nida — 4 %, Gastropoda — 5 %.

3aknyeHue

B 30006enToce peku Llpaynon nomuHupyroT Hacekombie (87 %), Bce oc-
TanbHble (OOKOIMJIABbI, IJIaHAPUH, BOJSHBIE KIICHIH, OPIOXOHOTHUE MOJUIIOCKH) CO-
cTaBisroT 13 %.

HanGombmmm pazHooOpa3ueM OTiIMYaeTcst BepxXHee TeUeHue OacceiiHa, Ha OT-
JIETBHBIX YYacTKaX IUIOTHOCTh GeHToca coctasiser 900-1200 sk3./m>. Ha mpenrop-
HOM y4acTKe (B Ipeiesiax HacelIeHHOro IMyHKTa L{pay) mioTHocTh GeHTOCa CoKparia-
ercs, He mpesbimas 150-200 sk3./M%, ycThe peku (B MecTe ciusiHus pek Llpaymon
1 YPCIOH) OTIMYAETCS CKYIOCThIO (payHBI (CpeIHsIsl TUIOTHOCTD HE MPEBBIIIACT —
50-60 5K3./M?), 9TO, BUIUMO, SBIISETCS CIEACTBHEM H3MEHEHHS KaK PEKMMa CTOKA
peku LlpaynoH Ha AaHHOM ydacTKe, B YACTHOCTH YBEIMYEHHEM TEMIIEPaTypbl
BOoJibI (18—20 °C), Tak 1 aHTPONOTE€HHBIM BIUSHUEM Ha aM(PUOMOHTHYIO (QayHy.
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The zoobenthos of the river Tzraudon,
the Terek river basin
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Abstract. The paper provides information about the fauna of amphibious insects that
live in the river Tsraudon, discusses the ecology of species, the dynamics of species diversity.
The collected material in the classes Turbellaria (Tricladida), Crustacea (Amphipoda), Arach-
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nida (Hydracarina), Insecta (Ephemeroptera, Plecoptera, Trichoptera, Odonata, Diptera), Gas-
tropoda (Pulmonata), is represented by 55 species from 29 families; among zoobenthos, In-
secta dominates (87 %). All insects except the order Odonata are represented by litoreophilic,
stenothermic species.

Keywords: amphibiotic insects, species composition, mayflies, stoneflies, caddisflies,

dipterous, dragonflies, river Tsraudon
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NPABUJIA ODOPMJIEHUS CTATEM,
npeaHasHa4YeHHbIX AJ1I9 ONy0JIMKOBaHUA B HAy4HOM XypHane
«BecTHuk PYOH. Cepusa:
9konorns n 6e30NacHOCTb XU3HeAEeATeNIbHOCTN

1. Tekct ctaThu qOMKEH OBITH HAOpaH HA KOMITBIOTEPE B TEKCTOBOM pEIaK-
tope Microsoft Word uepes 1,5 unreppaiia mpudrom Times New Roman (pazmep
mpudra 14 nt) Ha cTaHmapTHHIX JucTax A4 (mons cieBa — 3 cM, crpaBa — 1 ¢,
CBEpXY U CHU3Y — 10 2,5 cMm). OObeM cTaThi (BMECTE ¢ TaOIUI[aMH, UILTFOCTPALIH-
sMu 1 6ubnrorpadueii) He TOMKEH MPEBbIMATH 12 cTpaHuIl.

2. CtaThs JOJIKHA COIEPkKATh B YKa3aHHOM TMOPSIIKE:

— Ha3BaHUE CTAaThbU; UMEHA, OTYECTBA U (PaMUIIMH aBTOPOB; MOJTHOE HA3BaHUE
OpraHU3aINK U €€ CTPYKTYPHOTO MOApa3IeeHHs ¢ YKa3aHUeM IMMOYTOBOTO ajpeca
(cTpaHa, MOYTOBBIM MHIEKC, TOPOJ, yiuia, Ne noma), aHHOTaluiO (5—7 CTPOK) U
KJIFOUEBBIE CI0Ba (HE MEHEE 5 CJIOB WJIN CIIOBOCOUYETAHUH);

— Ha3BaHUE CTAaThbU; UHUIMAILI U (aMUIHHA aBTOPOB; TIOJHOE Ha3BaHUE Op-
TaHU3AIMHA U €€ CTPYKTYPHOTO MOApPa3IeNICHUs ¢ YKa3aHHEeM MOYTOBOTO ajpeca
(Ne moma, ynuua, ropos, MOYTOBBIA HHAEKC, CTpaHa), anHoTaluw (10 200-250
CJIOB) M KJIIOUEBBIE CJIOBA (HE MEHEE 5 CJIOB WJIM CJIIOBOCOUYETAHUI) HA aHTJIMM-
CKOM SI3bIKE;

— TEKCT CTaThH,

— CIHCOK JUTepaTypsl (1o andaBuTy, CHayalia — Ha PyCCKOM SI3bIKE, 3aTeM —
Ha aHrauiickoM). CnMcoK JUTEPaTyphbl J10/:KeH ObITh NepeBeleH HA aHTJINi-
CKMii SI3bIK M MPOAY0JIMPOBAH JJATHHCKUMH OYKBaMM.

3. K cTaTtbe 10J1KHBI OBITH IPUIIOKEHBI:

— JIBE 3aBE€PEHHBIEC PEIECH3UH;

— cBelleHHs 00 aBTOpaxX — MOJIHBIE UMsI, OTYECTBO, (haMWIINs, YICHAsI CTETICHB,
Hay4HOE 3BaHUE, MECTO pabOThI, AIEKTPOHHBIHN ajipec.

Obpaszey wanku cmamvu:

CocTosiHMEe aHTUOKUCIUTEJIbHbIX CUCTEM
B KPOBM MblILLE nocne o6nyyeHus

W.H. Upanos!, ILIL Ilerpos’

"Pocculickuii yHUBEPCUTET NpyKOBI HAPOIOB
Poccutickas ®eoepayus, 115093, Mockea, Ilooonvckoe wocce, 0. 8, kopn. 5
2MOCKOBCKHI TOCYIapCTBEHHBIN YHUBEPCHTET
Poccuiickaa @edepayus, 119899, Mockea, Jlenunckue eoput, 1

4. TToBTOpEHME B CTAaThe OJHUX M TEX JKE JTaHHBIX B aHHOTAIUH, TEKCTe, Tabu-
1ax u rpadukax He mormyckaercs. TaOiuIlbl 1 PUCYHKH JTOJKHBI OBITH TPOHYMEPO-
BaHbI;, B TEKCTE CTATbU CChUIKA HAa HUX 00s3aTesnbHa. TaOHIIbl TOTKHBI IMETh 3aroJIo-
BOK, & PUCYHKH — MOJPHUCYHOUYHYIO TOAMUCH. [I[pHHUMAIOTCST TOJIBKO YepHO-OebIie
pucyHku (B hopmarax .tif, .bmp, .jpg) B Buze oTnenbHbIX rpaguueckux (aitios.
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U BE30MNACHOCTb )XMSHELOEATEJ/IbHOCTU http://journals.rudn.ru/ecology

5. Cnenyer orpaHM4MBaThCs OOIIETIPUHATHIMU COKpAIIEHUSIMU U U30eraTh
BBEJICHUSI HOBBIX COKpallleHHH 0e3 JOCTaTOYHbIX OCHOBaHUI. BBeneHHsle cokpa-
HICHUST HEOOXOUMO pacii(pPOBHIBATS.

6. CchUIKM Ha JIUTEPATypy B TEKCTE CTaThU MPUBOAATCS B KBaJPATHBIX CKOO-
Kax, Hanpumep [2] wnm [5-7], [5. C. 15].

B cniicke nutepatypbl IPUBOASTCS TONBKO UCTOYHHUKH, HA KOTOPHIE B TEKCTE
CTaThl UMEIOTCS cchlTk. Crucok (opmupyercs mo andaBuTy (CHadama MUCTOY-
HUKH Ha PYCCKOM $I3bIKE, 3aT€M Ha aHTJHIICKOM). B criucke muTepaTyphl JOTKHBI
OBITH YKa3aHBI:

— 0714 KHue: (paMUINK W WHUIHAIBI aBTOPOB, Ha3BaHWE KHHUTHU, MECTO M3Ja-
HUSI, U3AATENbCTBO, TOJ U3IAHMS,

— 051 cmameti U3 HenepuooUYecKux U30aHull (coopHuKos): GaMuIuN U UHU-
[IaJIbl aBTOPOB, Ha3BaHWE CTAThH, HA3BaHWE KHHUTH (COOpPHMKA), MECTO M3IAaHUS,
W3JIaTeNbCTBO, TO/1 U3/IaHUS;

— 01151 cmameti U3 nepuooudecKux uzoanuti. GaMuIuy U UHULAAIBI aBTOPOB,
Ha3BaHME CTaThH, Ha3BaHUE JKypHaia, TOJ U3JIaHus, TOM U HOMEp KypHala, mnep-
Basi ¥ TOCJIEAHAS CTPAHHIIBI CTAThH.

Obpasey:
JintepaTtypa

[1]  bono B.B. CpaBHHTENIBHAS KJICTOYHASI U BUIOBAs PAANOYYBCTBUTEIBHOCTE. M.: ATOM-
u3gar, 1974. C. 5-17.

[2]  Poyn L. O30HOBBIH Kpu3uc. M.: Mup, 1993.

[3] Connor M.J., Wheeler L.A. Depletion of cutaneous glutathione by ultraviolet radiation //
Photochem. Photobiol. 1987. Vol. 46. No. 2. Pp. 239-245.

7. Ctarhsi TOJDKHA OBITH MOAMUCAaHA BCEMHU aBTOpaMH (Ha MOCJIEIHEN CTpa-
HUIIE) U UMETh BU3Y (Ha MEPBOM CTpaHUIlE) 3aBeAyromiero kadeapoin (mis co-
TpyauukoB PYJIH) unu nHoro pykoBoautens (AMpEKToOpa, Je€KaHa, 3aBe1yIOIIEro
kadenpoii unm nadoparopueil — s aBTOPOB M3 CTOPOHHHUX OpraHu3aluii) ¢ pac-
UG POBKON TOIITUCH M YKa3aHHEM JTOJIKHOCTH.

8. B xoHIle cTaThi HEOOXOAUMO yKa3aTh (PaAMHUIIUIO, UMS U OTYECTBO aBTO-
pa, ¢ KOTOpeIM HamboJiee Ieaecoo0pa3HO KOHTAKTUPOBAThH IO BOMPOCAM IOJIO-
TOBKH CTaThH K OMYyOJIMKOBAHUIO, U €r0 KOOPAMHATHI (€-mail, HoMep KOHTaKTHOTO
TenedoHa).

OT3BIBBI HA OTKJIOHEHHBIE PEIKOJUIETHEH CTaThH HE MPEIOCTABISIOTCA, PYKO-
ITUCH He Bo3BparnaroTcs. OTBETCTBEHHOCT 3a COJCPIKaHKMEe CTaTeld HECYT aBTOPBHI.

KonrakTHas undgopmanus:
Peouna Mapzapuma Muxaiinioena
Tenedon: +7 (495) 952-04-41
E-mail: redina-mm@rudn.ru
Cunaesa Ilonuna IOpvesna
E-mail: silaeva-pyu@rudn.ru
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