BECTHHUK POCCUHACKOI'O YHUBEPCUTETA JIPYKEbI HAPO/IOB.
CEPU4: DKOJIOTUA U BE3OITACHOCTD KUBHEJAEATEJABHOCTHU

Tom27 Ne3 (2019)

DOI 10.22363/2313-2310-2019-27-3
http://journals.rudn.ru/ecology

HayuHblii :KypHaJ
H3naercs ¢ 1993 r.

W3 pnanue 3apeructpuposano denepanbHoii ciyx00ii Mo Haa3opy B cdepe cBsi3y,
MHPOPMAIIMOHHBIX TEXHOJIOTUH B MacCOBBIX KoMMyHHUKanui (PockomHamzop)
CauaereberBo 0 peructpanuu [T Ne ©C 77-61176 ot 30.03.2015 1.
Yupeautesan: OenepansHoe rocyJapcTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE
yUpexxIeHHe BhIcIIero oopa3oBanust «PoccHiiCKHi yHHBEPCUTET IPYKOBI HAPOTOBY»

I'naBHbIi pegakrop

Peouna Mapzapuma Muxaiinoena — TOKTOp dKOHOMHUYECKUX HAYK, 3aBEAyIOIasl Ka-
(heapoii MpUKIIaTHON YKOJIOTUH 3Konorudeckoro dakynsrera PYJIH

YseHbl peIaKIIUOHHOU KOJLJIETHU

Kanaobun I'ennaouii Anexcandposuu — TOKTOp XUMUYECKUX HAYK, Tpodeccop, mpodec-
cop kadeaApbl CUCTEMHOM 3KOJI0THH dKoJIorndeckoro ¢akynprera PYJIH

Huxonvckuii Anexcandp Anexcanopoeuy — JOKTOp OMOJIOTHYECKUX HAYK, mpodeccop,
npoeccop kadeapsl CUCTEMHOMN 3KOJIOTHH dKoJorndyeckoro ¢akynprera PY/IH
Xaycmoe Anekcanop Ilempoeuu — TOKTOp TE€OJIOTO-MHHEPATOTUIECKUX HayK, mpodec-
cop, mpoeccop kadeapsl IPUKIATHON KOJIOTHN dKoorHdeckoro gakynerera PY/IH
Xymopckoit Muxaun /lagblooeuy — TOKTOP T€OJIOr0O-MHHEPATIOTHYECKUX HAYK, npodec-
cop kadepsl MPUKIIATHON KOJIOTHH SKoJIoTndeckoro ¢akynprera PY/IH

Aeneccu Banepuo — nupextop Utano-Poccuiickoro HHCTUTYTa 3KOJIOTMYECKUX HCCIEH0-
BaHWI 1 00pazoBanus Y HuBepcurera [lanepmo (Mramms)

Tammo Jleonapoo — npodeccop Yaupepcurera [lanepmo (Mramms)

3openxo Tamvana Anamonueena — XaOWIUTHPOBAHHBIA JOKTOP OMOJIOTMYECKUX HayK,
npodeccop Ouonorndeckoro akynprera JIaTBHIICKOTO yHUBEPCUTETA

Ceoos Cepzeit Huxonaesuu — npodeccop Uucruryra reonorun HaunonansHoro aBTo-
HOMHOTO YHHUBepcuTeTa Mekcnkn (Mekcuka)

Yen Xu — 3aMeCTUTENb TUPEKTOpa XYHAHBCKOTO IICHTPA 10 OOph0e ¢ OOJIE3HIMH U TIPO-
¢unaxtuxe (Kurait)

Ban AKousyun — npodeccop, UCHOTHUTENBHBIN TUPEKTOP MOCTOSHHOTO KOMHUTETa KO-
nmoruveckolt acconmanuu KHP, 3aBenyromuii maboparopueit skonoruu u ornopasHoobpa-
3us Uacturyra 6uonoruu [lansayHckoro yausepcurera KHP



BectHuk PYOH
Cepusi: BKONOMUS 2019 Tom27 Ne3

U BE30MNACHOCTb )XMSHELOEATEJ/IbHOCTU http://journals.rudn.ru/ecology

BECTHUK POCCUICKOI'O YHUBEPCUTETA JIPYKBbI HAPOJIOB.
CEPHSA: OKOJIOI'UA U BESOITACHOCTD ’KU3HEJAEATEJIBHOCTHU

ISSN 2313-2310 (Print); ISSN 2408-8919 (Online)

4 BBIITyCKa B TOJ (€KEKBAPTAIBHO).

S3pIku: pyccKuil, aHMTUHACKUNA, HEMELIKHA.

Wupexcammsa: PUHL, BAK, EBSCOhost, Google Scholar, Ulrich’s Periodicals Directory, WorldCat, East
View, Cyberleninka, Dimensions.

Llenu n Tematuka

Hensamu xypHana «BectHuk Poccuiickoro yHuBepcutera ApyxObl HaponoB. Cepus: DKoOJOTHSA U
0€301acCHOCTD JKU3HEAEATENFHOCTH» SBIIOTCS IOBBINIECHNE ()(HEKTUBHOCTH HayYHBIX HCCIEIOBAHUN B 00-
JIACTH OXPAHBI OKPYXKAIOIIEH CPebl U SKOJOTHH YENIOBEKa, a TAKKe PACIPOCTPAHEHHE COBPEMEHHBIX METO-
JIOB MCCIIEZIOBAaHNH M HOBEHIINX JJOCTM)KEHUT B 00TaCTH pallMOHATBHOTO MPHUPOIOIIOIH30BAHUS.

Haumnas ¢ 1993 r. B xxypHase MyOIUKYIOTCS pe3yibTaThl (pyHIaMEHTAIBHBIX U NPHKIATHBIX paboT
YUYEHBIX, IIperojaBaTeneii, aciupanToB B BUE HAYYHEIX CTaTel, HAYYHBIX COOOMIEHNH, OHOIMorpadaeckux
0030pOB IO CIIEYIOUIUM HAIpPaBICHHAM: 00IIast 3KOJIOrHs, NPUPOAOIIONB30BAHUE, YCTOHUMBOE Pa3BUTHE,
9KOJIOrnyecKas 6e30MacHOCTD, 3aIUTa OKPYKAIOIIEH Cpe/bl, SKOJIOTHUs YelI0BeKa, SKOJIOTHYecKast SKCIepTH-
3a, PaJHO3KOJIOTUs U paJHAllMOHHBIH KOHTPONb, OLIEHKAa COCTOSHMS OKpPY’KaloIleil cpesibl M SKOIOTHYECKOe
obOpazoBaHue.

B xypHane MoryT myOIMKOBaThCS PE3yIbTaThl OPUTUHANBHBIX HAYYHBIX HCCIIEIOBAHMI MpeCTaBH-
Tenel BBICIIMX y4eOHBIX 3aBEJCHHH M HAay4YHBIX IEHTpoB Poccnu u 3apyOexHBIX CTpaH B BHJIE HAyYHBIX
cTarelf, Hay9HBIX COOOIIEHNUI IO TeMaTHKe, COOTBETCTBYIONIEH HANIPaBICHASIM KypHaIa.

OcHoBHBIe PYOPHKH KypHAJIa: SKOJOTHWs, 0€30MacHOCTh JEATeIbHOCTH UeJOBeKa, 3aIlUTa OKpYy-
Karolell cpeibl, BKOJIOTHs YenoBeKa, OMOreOXHMHMs, TEOIKONOTrUs, OMOJIOIMYECKHE PecypChbl, MpoOIeMsbl
9KOJIOTUYECKOTO 00pa30BaHHUI.

Kpome HayuHBIX cTaTel MyOnuKyeTcs XpOHHKA HAyYHOH »XHM3HH, BKIIOYAIOIIAs PEEH3UH, 0030pHI,
nHMOPMAIMIO 0 KOH(EPEHINAX, HAyYHBIX MPOEKTax U T.J. 1 NpUBIEUEHHS K HAyYHBIM MCCIIEOBAHUAM M
TIOBBIMICHNS] KaUeCcTBa KBATH(HUKAIMOHHBIX PaboT *KypHAT MPEeAOCTaBIIeT BO3MOXKHOCTh ITyOIMKalUuK CTa-
Tel, HaMCAHHBIX [0 MaTepHallaM JIydITHX MaruCTepPCKUX padoT.

IIpaBuna odopmiieHnst craTedl, apxXwB W JIONOJHUTENbHAS HH(OPMAIMS pa3MeNmIeHbl Ha caire:
http://journals.rudn.ru/ecology

Penakrop FO.A4. 3aukuna
KommsrorepHas Bepctka FO.A. 3auxunoti

Ajpec perakumum:
Poccuiickas ®enepanus, 115419, Mockaa, yi1. OpkoHUKKA3E, 1. 3
Ten.: +7 (495) 955-07-16; e-mail: publishing@rudn.ru

Anpec perakioHHo# kosuteruu xypraia «Becrnuk PY/IH. Cepusi: Jxosiorust 1 6€30MacHOCTD JKU3HEIESI TeTbHOCTHY:
Poccuiickas denepanns, 113093, Mocksa, [Tononsckoe moccee, 1. 8, KopI. 5
Ten.: +7 (495) 952-70-28; e-mail: ecojournalrudn@rudn.ru

Tloamucano B mevats 17.01.2020. Beixox B cBeT 24.01.2020. dopmat 70x108/16.
Bymara odcernas. [Teyats odcernas. apautypa « Times New Romany.
Ve neu. . 8,05. Tupax 500 sk3. 3aka3z Ne 1099. Llena cBo6oaHast.

®denepaibHOE TOCYAapCTBEHHOS aBTOHOMHOE 00pa30BaTeIbHOE YUPEXKICHUE BBICIIETO 00Pa30BaHUs
«Poccuiickuii yHUBEPCUTET APYKObI HAPOIOB»
Poccuiickas ®enepanns, 117198, Mocksa, yin. Mukinyxo-Maxkias, 1. 6

Ornevatano B tunorpapun UIIK PYTH
Poccuiickas ®enepanus, 115419, Mockaa, yi1. OpIpkoHUKHA3E, 1. 3
Temn. +7 (495) 952-04-41; e-mail: publishing@rudn.ru

© Poccuiicknii yHHBEepcHUTET IpykKObI Haponos, 2019



RUDN JOURNAL OF ECOLOGY AND LIFE SAFETY
VOLUME 27 NUMBER 3 (2019)

DOI 10.22363/2313-2310-2019-27-3
http://journals.rudn.ru/ecology

Founded in 1993
Founder: PEOPLES’ FRIENDSHIP UNIVERSITY OF RUSSIA

EDITOR-IN-CHIEF

Redina Margarita Mikhailovna — Doctor of Economics, Head of Department of Applied
Ecology, Ecological Faculty, Peoples’ Friendship University of Russia (RUDN University)

EDITORIAL BOARD

Kalabin Gennady Alexandrovich — Doctor of Chemical Sciences, Professor of the De-
partment of System Ecology Ecological Faculty, Peoples’ Friendship University of Rus-
sia (RUDN University)

Nikolsky Alexander Alexandrovich — Doctor of Biological Sciences, Professor, Professor
of the Department of System Ecology, Ecological Faculty, Peoples’ Friendship Universi-
ty of Russia (RUDN University)

Khaustov Alexander Petrovich — Doctor of Geological and Mineralogical Sciences, Pro-
fessor of the Department of Applied Ecology, Ecological Faculty, Peoples’ Friendship
University of Russia (RUDN University)

Khutorskoy Michael Davydovich — Doctor of Geological and Mineralogical Sciences,
Professor of the Department of Applied Ecology, Ecological Faculty, Peoples’ Friendship
University of Russia (RUDN University)

Agnessi Valerio — Director of Italian-Russian for Institute Ecological Education and Re-
search Programs of University of Palermo (Italy)

Gatto Leonardo — Professor of the University of Palermo (Italy)

Zorenko Tatiana Anatolievna — Habilitated Doctor of Biological Sciences, Professor of
the Biological Faculty of the University of Latvia

Sedov Sergey Nikolaevich — Professor of the Institute of Geology UNAM (Mexico)
Cheng Hui — Deputy Director of the Huang Chinese Center for Disease Control and Pre-
vention

Wan Zhenzhin — Professor, Executive Director of the Permanent Committee of Ecologic
Association of the People’s Republic of China, Head of the Laboratory of Ecology and
Biodiversity of the Institute of Biology of the Shandong University in China



RUDN Journal 2019 Vol. 27 No.3
of Ecology

and Life Safety http://journals.rudn.ru/ecology

RUDN JOURNAL OF ECOLOGY AND LIFE SAFETY
Published by the Peoples’ Friendship University of Russia (RUDN University)

ISSN 2313-2310 (Print); ISSN 2408-8919 (Online)

4 issues per year.

Languages: Russian, English, Deutsch.

Indexing: Russian Science Citation Index, Higher Attestation Commission, EBSCOhost, Google Scholar,
Ulrich’s Periodicals Directory, WorldCat, East View Cyberleninka, Dimensions.

Aims and Scope

An efficiency increase in the field of environmental protection and scientific research of human eco-
logy, as well as the spread of modern methods of research and the latest achievements in the field of envi-
ronmental management are the aims of RUDN Journal of Ecology and Life Safety. Since 1993 the results of
fundamental and applied research of scientists, professors, postgraduate students are published in the journal
in the form of scientific articles, scientific reports and bibliographic reviews. Papers are focused on general
ecology, environmental management, sustainable development, environmental safety, environmental protec-
tion, human ecology, environmental impact assessment, radioecology and radiation monitoring and ecologi-
cal education.

The results of original research of universities staff and Russian and foreign countries scientific cen-
ters in the form of scientific articles, scientific reports can be published in the journal. Subject of studies have
to correspond to the journal scopes.

Main thematic sections: ecology, the safety of human activity, environmental defence, human eco-
logy, biogeochemistry, geoecology, biological resources and problems of environmental education.

Chronicle of scientific events, including reviews, information about conferences, research projects,
etc. are published in addition to scientific articles.

Journal allows publication of articles based on the best master’s thesis for the purpose of intensifica-
tion of research activity and improving the quality of qualification works.

Author guidelines, archive and other information are available on the website: http://journals.rudn.ru/ecology

Copy Editor fu.A. Zaikina
Layout Designer Iu.A. Zaikina

Address of the editorial board:
3 Ordzhonikidze St, Moscow, 115419, Russian Federation
Tel.: +7 (495) 955-07-16; e-mail: publishing@rudn.ru
Address of the editorial board of RUDN Journal of Ecology and Life Safety:
8 Podolskoye shosse, bldg. 5, Moscow, 113093, Russian Federation
Tel.: +7 (495) 952-70-28; e-mail: ecojournalrudn@rudn.ru

Printing run 500 copies. Open price.

Peoples’ Friendship University of Russia
6 Miklukho-Maklaya St, Moscow, 117198, Russian Federation

Printed at RUDN Publishing House

3 Ordzhonikidze St, Moscow, 115419, Russian Federation
Tel.: +7 (495) 952-04-41; e-mail: publishing@rudn.ru

© Peoples’ Friendship University of Russia, 2019



BecTtHuk PYIH 2019 Tom 27 Ne3

Cepusa: AKOJ10rmsa

U BE30MNACHOCTb )XMSHELOEATEJ/IbHOCTU http://journals.rudn.ru/ecology

COJEPKAHUE

MPOMbILLJIEHHASA 3KOJ10Ir'Me

Maiiopogsa J1.M., A6ysoB A.B. KommiekcHas olleHKa BO3JIEHCTBHS Ha OKpYy-
JKAIOIIYIO Cpely IPHU KCIUTyaTallid OIBITHO-IIPOMBIIUIEHHON YCTAHOBKH IO TIE-
pepaboTKe JIeKAaIbIX XBOCTOB XHHI'AHCKOTO MECTOPOXKICHUS OJIOBA ...............

Musrupes [1.C., YepenkoBa E.A., Cniocapes A.C., OtgenkuH H.C. O05-
€IMHEHHAasl CyJJ0Basi CUCTeMAa MPUTOTOBICHUS U KOHIULIMOHUPOBAHUS MUTHEBOU

flkosneBa E.B., Na6os [.H. [lansHOCTh pacnipocTpaHEHHUs MOIMIHUKINIECKUX
apOMAaTUYECKUX YTIIEBOJIOPOAOB B TYHIAPOBOM 30HE noj Bo3aeiictBueM TOC .....

BE3OMNACHOCTb XXUSHELOEATEJIbHOCTU YEJTIOBEKA

F'yropoea H.B., TuxoHoBa H.C., Ceanapoe O.WU. HeratuBHbie (hakTOphI BO3-
IYLIHOW cpebl Ha MPOU3BOJACTBAX JIETKON MPOMBIIUIEHHOCTH U UX BO3JIEHCTBHE
HA PAOOTAFOIIIHIX .\ vuvteresetseteenenseneaneeseeneeteaneeeeaneaneereaneeneaneaneaneeneenns

3ALLUTA OKPYXXAIOLLEEN CPEAbI
Heeeapoe H.MN. Orenka 3K0I0rudeckoi KoM(MOPTHOCTH MTOYB TOPOACKUX KO-
CHCTEM IPU BO3JEHCTBUN HA HUX TAMKEITBIX METATIIOB ....euveneeneennennennennennenen

NnactuHuH A.E., JomHuHa O.J1., 3axapos B.H., Cajdpapor A.M. OrieHka
PUCKOB BO3HHKHOBEHHS W TIOCIICICTBHIA pa3iuBoB HedTH B paitone YebOokcap-
G RON ISR 1 (O N 0] o v: E PRI

YNPABJIEHVE NPUPOAOMNOJIb3OBAHUEM

Kalu N.N., Zakirova Y.L. A review in Southeastern Nigeria: environmental
problems and management solutions (O630p roro-BoctouHoi yactu Hurepum:
HKOJIOTHYECKUE MPOOIIEMBI U YIPABICHYCCKUE PEIICHHUS) . ..eneeeerarenenanenennnns

KPATKUE COOBLLEHUA

Ceprees C.A., KysHeuosa U.H., EHaneeB WU.P. unexc opHUTOIOTHYECKOI
MIPUBJICKATEIIFHOCTH OOBEKTOB IO MEPEepadOTKE W Pa3MEIICHUIO TBEPABIX KOM-
MYHATBHBIX OTXOZOB .. utttennttetntteentteenteeenteeeaateeeatteeateeeaneeeanneeeannenn

163

173

184

199

209

219

231



RUDN Journal 2019 Vol. 27 No.3
of Ecology

and Life Safety http://journals.rudn.ru/ecology

CONTENTS

INDUSTRIAL ECOLOGY
Mayorova L.P., Abuzov A.V. Comprehensive assessment of environmental
impact during the operation of a pilot plant for the processing of dead tail of

the Khingan tin deposit ..........cooiiiiiiiiiii i 163
Mizgirev D.S., Cherepkova E.A., Slyusarev A.S., Otdelkin N.S. Integrated

ship system for preparation and conditioning of drinking water ..................... 173
Yakovleva E.V., Gabov D.N. The distribution distance of polycyclic aromatic hydro-
carbons in the tundra zone under the impact of thermal power plant .................... 184
LIFE SAFETY

Gutorova N.V., Tikhonova N.S., Sedlyarov O.l. Occupational air negative
impacts on the workers at the light industry manufactures ............................ 199
ENVIRONMENTAL DEFENCE

Nevedrov N.P. Assessment of ecological comfort of soils of urban ecosystems
under the influence of heavy metals onthem ........................ll, 209

Plastinin A.E., Domnina O.L., Zakharov V.N., Safarov A.M. Assessment of
risks of occurrence and consequences of oil spill in the area of the Cheboksary
10 A7 0010 o 219

ENVIRONMETAL MANAGEMENT
Kalu N.N., Zakirova Y.L. A review in Southeastern Nigeria: environmental
problems and management SOIULIONS .............oouiiiiiiiiiiiiiiieeeae, 231

SHORT MESSAGES
Sergeev S.A., Kuznetsova I.N., Enaleev I.R. The index of ornithological attrac-
tiveness of facilities for the processing and disposal of municipal solid waste ...... 241



.ﬁ RUDN Journal of Ecology and Life Safety 2019 Vol. 27 No.3 163-172
]
% http://journals.rudn.ru/ecology

BecTHuk PYOH. Cepus: konorvs u 6e30MnacHOCTb XU3HeAeaTeNIbHOCTU

DOI 10.22363/2313-2310-2019-27-3-163-172 HayuHas cTaTbs
VIIK 504.05/06

KomnnekcHasa oueHKa BO3AeNCTBUS Ha OKPYXXaloLLylo cpeay
npu 3KcnJyatauum onbIiTHO-NPOMbILUJIEHHON YCTAaHOBKM
no nepepadoTke nexanbiX XBOCTOB

XWUHraHckoro MecTopoXzaeHus oJioBa

JL.IL. MaiiopoBa, A.B. A0y30B

TuxookeaHCKHIA TOCYAapCTBEHHBIN YHUBEPCUTET
Poccuiickas @edepayus, 680035, Xabapoeck, ya. Tuxooxeanckas, 136

AnHoTaums. B craTee mpencTaBiaeHbl pe3ynbTaThl KOMIUIEKCHOW OIEHKH BO3/IEUCTBUS
Ha OKPYKaroIIyl0 CpPeay MPU U3BJICUCHUU OJI0BA U3 JIGKAIBIX XBOCTOB, HAKOTJICHHBIX B XBO-
CTOXpaHI/IJ'II/IH_laX B HepI/IOI[ 3KCHHyaTaHI/II/I XI/IHFaHCKOFO MeCTOpO)KI[eHI/IH. XBOCTOXpaHI/I.HI/IHIa
MIPEACTABIISIOT YTPO3Y JIJIsl OKPYKAIOIIEH Cpe/ibl U OTHOBPEMEHHO SIBIISIFOTCSI ICTOYHUKOM TEXHO-
TEHHOTO CBIPbS. DKCIUTyaTaIisi OMBITHO-IIPOMBIIIJICHHON YCTaHOBKU T'PaBUTAlMOHHO-(oTa-
LIMOHHOI'0 TUMNA OKaXEeT Ha OKPYKAIOLIYI0 Cpely HEeCyIIeCTBEHHOE BO3JeHCTBHE, Ha COLU-
AITBHO-3KOHOMHUYECKYIO cepy — HU3KOE TOJIOXKUTETbHOE. [IpH 3TOM CYIIECTBEHHO YIyUIIUT-
Cs1 9KOJIOTHYECKAs CUTYallns B CBSI3U C JTUKBUAANNEH XBOCTOXPAHUJIMIIL.

KaroueBble cjioBa: BO3)Z[€ﬁCTBPIe Ha OKPYXKaroIlyro Cpeay, XBOCTOXpaHUJINIIE, TEXHO-
TCHHBIC HICTOYHUKU CBIPbA, OJI0OBO, KOMIUICKCHAA OLICHKA, SKOJIOTMYCCKasA OITaCHOCThb

BeBeneHue

I'opHOTIPOMBINIIEHHBIM KOMIUIEKCOM CTPaHBI BBIOpAckIBaeTCsl B aTMochepy
0K0J10 50 MJIH T BPEIHBIX BELIECTB, COPACHIBAETCA B BOJOEMBI Ooee 2 MIpI M>
3arpsi3HEHHBIX CTOYHBIX BOJ M CKJIQJMPYETCsl Ha TIOBEPXHOCTH 3eMIIi Oojiee 8 MIIpA T
TBEPIBIX 0TX0/10B. CTpEeMUTENbHBIN POCT MOTPEOIEHUS IPUPOTHBIX PECYPCOB CO-
MIPOBOKAAETCSI HE TOJIBKO M3MEHEHHEM KOJIMYECTBEHHBIX MAacIITa0OB aHTPOIOTEH-
HOTO BO3/IEICTBHS, HO U MOSIBJICHUEM HOBBIX (DAKTOPOB, BIMSIHUE KOTOPBHIX Ha MpH-
polly, paHee HE3HAUUTENIbHOE, CTAHOBUTCS JOMUHMpPYIOIMM. OTpaboTka XUHraH-
CKOT'O OJIOBOPYJIHOTO MeCTOpOXxaeHus B nepuof ¢ 1945 mo 2005 r. mpusena x 00-
Pa30BaHUIO OKOJIO 4 MJTH T XBOCTOB CO CpeHUM cozepkaHueM onoBa 0,14 %, ckia-
JIMPOBAHHBIX B TPEX XBOCTOXPAHWIHUIIAX, OKa3bIBAIOIIMX HEraTUBHOE BO3/IEHCTBUE HA
MPUJIETaIOILYI0 TEPPUTOPHIO: 3arpsi3HEHNE aTMOC(HEPHOT0 BO3yXa NpHU MbICHUH,
HaKOIUJICHHE TSKENbIX METAJUIOB B ITOUBE, M3MeHeHue Janamadra [1-4]. B To xe
BpeMs 3T XBOCTOXPAHWJIMINA MOKHO paccMaTpuBaTh KaK TEXHOTE€HHBIE UCTOY-
HUKU CBIPbs AJIs1 JOMOJHUTENBHOTO U3BiIeueHus ojgoBa. OO0 «Pecypcsl Manoro
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Xwunrana» ¢ 2018 r. mpou3BogUT pa3pabOTKy JIeXKaJTbIX XBOCTOB C M3BJICUYCHUEM
0JI0Ba Ha OIBITHO-TIPOMBIIUICHHON YCTaHOBKE TPABUTAIMOHHO-(IIOTALMOHHOTO THIIA.
DTO €IMHCTBEHHOE B MHUpE MPEANPHITHE MO pa3pabOTKe TEXHOTCHHOTO MECTO-
poxxnenust osoBa. B 2019 r. oboratutenbrHas dpadpuka OOO «Pecypcst Manoro
XUWHra"a» JA0JKHA BBIMTH Ha IPOEKTHYIO MOIIHOCTH (1,1 ThIC. T OJIOBSIHHOTO KOH-
IeHTpara B rona) [5].

B cootBerctBum co ct. 11 @3 Ne 174 «O06 3KOIOTHYECKOW IKCIIEPTHU3EH
MIPOEKTHAsI TOKyMEHTAIsI 00beKTa OJHKHA OBITh MPECTaBlIeHa Ha TOCYAapCTBEH-
HYIO 9KOJIOTHYECKYIO IKCIEPTH3Y (pa3MelIeHne XBOCTOB 000TaIlIeHus B Kapbepe).
B coctaB 000cHOBBIBaIOLIEH JOKYMEHTAIUU B 0053aTEIHLHOM MOPSAKE BXOIST MaTe-
puanst OBOC. B cocrae OBOC Obuta BbITIONTHEHA KOMIUIEKCHAS OLIEHKA BO3/ICH-
CTBUS 00BEKTa Ha OKPY’KAIOIIYIO Cpely Ha 3Tamax CTPOUTENLCTBA U KCILTyaTal|H.

MeToanuyeckue noaxoabl

MeTonbpl OLIEHKM BO3AEWCTBHS T'OPHOIO IPOM3BOJICTBA HAa OKPYXKAIOIILYIO
Cpelly C MCHOJb30BAaHUEM DPA3NUYHBIX MOKAa3aTeNeH, XapaKTepU3yIOLUINX U3MEHe-
HUE COCTOSIHMSI KOMIIOHEHTOB CpE€Ibl, MOJABEPTIIMXCA TEXHOT'€HHOMY BO3IEil-
CTBUIO, HE JIaI0T BO3MOYKHOCTHU IMOJIyYUTh KOMIUIEKCHYIO OLIEHKY, HEOOXOAUMYIO
npu nposenernn OBOC u 000cHOBaHMU NMPHUPOJOOXPAHHBIX MeponpusTHil. B
HACTOsIee BpEeMs €IMHbIe YHUBEPCAIbHbIE METOAUKH MHTErpaIbHON (KOMILIEKC-
HOM) OLIEHKH aHTPOMOI€HHOTO BO3AECHUCTBHUS Ha OKPYIKAIOIIYIO CpPeAy OTCYTCTBY-
1oT. Takas curyanusi o0ycOBIIEHA CIIO)KHOCTHIO B3aWMOJAEUCTBUS TEXHUYECKUX
KOMIUIEKCOB C 9KOCHUCTEMAMM, UMEIOLUIMMH MHOTOYPOBHEBYIO CTPYKTYPY CBS3€EH,
MIPEUMYLIECTBEHHO HEIMHEWHOTo Xapakrepa. VIMeroTcst pa3Hble METO/10JI0rHye-
CKHE U METOAMYECKHUE MOJIXOAbI K MPOBEACHUIO KOMIUIEKCHOM OLIEHKH.

B.A. TlannueBbiM MpeUIOKEH PECYPCHBIM MOAXOJ K OLIEHKE BO3JEHCTBUS
TOPHOTO NPOU3BOJCTBA, MO3BOJISAIOIIMN OLIEHUBATH E€AMHBIM IOKA3aTENIEM KakK Ips-
MO€, TaK ¥ KOCBEHHOE BIIUSIHUE Ha OCHOBHBIE KOMIIOHEHTHI IPUPOIHOM Cpenibl [6].
B paGorte [7] npeacTaBieH HHTETpaIbHbIM MOKa3aTeNlb HKOJOTHUECKON OMacHOCTH
TOPHOT'O NPOU3BOICTBA, NMO3BOJISIOLINI KOMIUIEKCHO OLIEHHWBATh BO3/EHCTBHE Top-
HBIX MPEANPUATUI Ha OKPY’KAIOLIYIO CPely, pPaH)KUPOBaTh MX IO CTENEHH omac-
HOCTH | BBIOMpaTh Hanbosee 3 eKkTHBHBIC IPHUPOA0OXpaHHBIe MeporpusiTys. [Tpen-
JIOKEH TaKXK€ KOMIUJIEKCHBIM MOAXOJ, 3aKI0YAOIINNICA B CONPSIKEHHOM aHAJIN3e
MPUPOTHBIX, MPUPOTHO-aHTPOIIOTEHHBIX, AHTPOIIOTEHHBIX (aKTOPOB, (HOPMHUPYFO-
IIMX YKOJIOTHYECKYI0 00CTAaHOBKY PETHOHA, C AIFTOPUTMOM co3aHus Ha 6aze [IC
IIPOTPAaMMHOM CHCTEMBI KOMIIJIEKCHON OLIEHKU COCTOSIHUSL OKPY KAIOIIEH CpelIbl B
paifoHax BO3E€HCTBHSI IPEIPUATHI TOPHO-METAITyprudecKoro komiuiekca [8].

B nmanHO# paboTe MpUMeHEeH NOX0/1, B OCHOBY KOTOPOTO TOJIOXKEHA MPOoIe-
Jypa aJanTHUBHOM oleHKH U ynpasieHus (Adaptive Environmental Assessment and
Management — AEAM), npemnioxennas K. Xommarom [9]. [Ipu ucnoias3oBaHumn
paccMaTpuBaeMOil METOAOJIOTMM OLIEHKAa BO3MOXKHBIX BO3JIEHCTBUN Ha OKpYKa-
IOIIYI0 Cpely BKIIFOYAeT BHIOOP BaKHEHIIMX (HamOosee MmoKa3aTeNbHBIX) YKOCH-
cTeMHBIX KoMrnoHeHTOB (BOK), koTopsie MOryT OBITH 3aTPOHYTHI IUIAHUPYEMOMH
NeSITeNIbHOCTBI0. JTa METO10JIOTUs puMeHsieTcsl B Poccuu u ¢ HEKOTOPBIMH 0CO-
6enHoctsimMu B ctpaHax CHI' [10-12]. 3HaunuMOCTh aHTPOIIOTE€HHBIX HapyIIEHUI
9KOCHCTEM, B COOTBETCTBUH C JAHHON METOJI0JIOTHEN, HA BCEX YPOBHSIX OLIEHUBA-
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€TCsl B KaTeropusAx MPOCTPAHCTBA, BPEMEHU M MHTEHCUBHOCTH. ['pajanus mikadi,
TaOJIMIBl UHTErpalbHON OLIEHKH aHTPOIIOT€HHOTO BO3AEUCTBUS Ha IKOCHCTEMBI
110 COCTOSTHUIO UX BaKHEHIINX KOMIIOHEHTOB B KOOpPAMHATaX IPOCTPAaHCTBA, Bpe-
MEHU U MHTEHCHBHOCTH HapyIIEHUH, Tpajalluii MPOCTPAHCTBEHHBIX, BPEMEHHBIX
Y MacIITabOB MHTEHCHUBHOCTH BO3/CHUCTBHS HAa COIMAIbHO-YKOHOMUYECKYIO ce-
Py, UHTErpaibHasi OlleHKa BO3JEHCTBHUS Ha OTAENbHbIE KOMIIOHEHTHI COLUAIbHO-
HKOHOMHUECKOMH cepbl npuBeeHs! B padoTax [13; 14].

CocTtaBnsmonme KOMIUIEKCHOW OIIEHKH BO3/ICUCTBUS HAa OKPYXKAIOIIYIO Cpe-
Iy TIPU SKCIUTyaTalluu ONBITHO-IPOMBIIIIeHHOH ycTanoBKU (OITY) OAO «Pecyp-
cbl Manoro XuHrana» npeacTaBieHbl Ha puc. 1, aroput™m — Ha puc. 2.

CocTapIAKIMHAE KOMILTEKCHOM 0OIeHKH
(Integrated Assessment Components)

AKvcTHHeCKOE

BO3IeHCcTBHE

Bosaeiicrene na: (Acoustic impact)

(Impact on:)

l |

ArvocrepHnrii B 5 I " KomnorerTs! connaasHo-
. OJHbIE 00BEKTHI AaBamagThI s e
BO VX 3 i IKOHOMHYEeCKOH c(pepbl
YT (Water objects) (Landscapes) . . bep

(Atmospheric air) (Socio-economic components)

KaTeropHa 3HAMHMOCTH HApYIIeHAA
(Violation Category)
MacmTad JIHTeILHOCTE CTeneHb
(Scale) (Dularlon) (Power)
3I{AIIHII\IOC Th
(SIGNIFICANCE)

Puc. 1. CocrtaBnsiioLLme KOMMIEKCHOM OLEHKM U KaTeropun 3Ha4MMOCTU HApyLUEHWI
[Figure 1. Components of a comprehensive assessment and significance categories of violations]

( N
Br100p BaskHeHIIMX (HanboJ1ee NoKa3aTe/IbHbIX) KOMIIOHEHTOB,
KOTOpbIe MOTYT OBITh 3aTPOHYTHI IVIAHAPYEMOii 1eSITe/TbHOCTHI0
(The selection of the most important (most significant) ecosystem
components that may be affected by the proposed activity)

(" BbisiBiIeHNe HCTOYHNAKOB NOTeHIHAILHOTO BO3efiCTBHS Ha )
BOK 1 HX XapaKTepuCTHKA
(Identification of sources of potential impact on IEC and their
\_ characteristics) )
{ 3
IIpoBeaeHNe OeHKN BeJIHMAHBI 3HAYUMOCTH BO3JeiiCTBHI
L (Assessing the significance of impacts) )

("~ Ouenka MacmITaa, AIATEILHOCTH H CTeNeHA HAPYLIEHAS [0 )
rpajamisiM H Ha NX 0CHOBE 3HAYMMOCTH HADYIIeHHI
(Assessment of the scale, duration and degree of violation

according to gradations and on their basis the significance of

\_ violations) )

{ )
OneHKa BO3eiiCTBHS HA COINATHHO-D)KOHOMIIECKYIO cdepy
(Impact assessment on the socio-economic sphere)

DopMy/THPOBAHHE BHIBOA0B

v (Formulation of conclusions)
\ J

Puc. 2. Anropnt™ npoBeaeHnst KOMNAIEKCHOM OLEHKM BO3AENCTBUS Ha OKPY>XKaIoLLYIO cpeay
npw aKcnyaTauumn onbITHO-NPoMbIWneHHo yctaHoBkM OAO «Pecypcbl Manoro XvHraHa»
[Figure 2. Algorithm for conducting a comprehensive environmental impact assessment
during the operation of a pilot industrial installation of Maly Khingan Resources, JSC]
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3arpsisHeHune atmocgepHoro Bosayxa

Ha sTamne skcrutyaraiuy yCTaHOBKHM HPOU3BOASATCS] OTKPBITHIE TOPHBIE pado-
Tl Ha XBocToXpaHwiniie Ne 3, TpaHCIOPTUPOBKA XBOCTOB U OOOrallleHHe UX Ha
wiomazake OITY. M3 26 uCTOUHUKOB BBIOPOCOB B aTMocdepy moctynarot 24 3a-
TPSI3HSAIONIMX BeEIIecTBa (B TOM 4YHCIIe 7 TBEPABIX, 17 KUIKUX U ra3000pa3HbIX),
KOTOpbIE 00pa3yloT 4eThIpe IpyHibl CyMMaluu. PacueTsl BHIOPOCOB 3arpsi3HsIO-
[IMX BEIIECTB BBIMOJHEHBI 10 CEPTUPHUIMPOBAHHBIM MporpammamM (pupmsl «MH-
Terpaimy. Pacuersl paccenBanus BEIOpOCOB B atMocgepe, nmpousBesieHHble o YIIP3A
«OKoJIor» ¢ y4eToM (POHOBBIX KOHIIEHTpaIuii, oKa3ainu, yTo Ha rpanune C33 u
B Omkaiimei xunoi 3acTpoiike CaHUTapHO-TUIMEHNYecKre TpeOOBaHUs K Kaue-
CTBY aTMOC(hepHOT0 Bo3ayXa coOmonatorcs. [Ipu3eMHble KOHIIEHTPAIIUH 110 BCEM
3arpsA3HSIOIIMM BEILleCTBaM Ha IrpaHulle JauyHbIX ydacTkoB MeHee 0,8 TTJIK.

Bo3paervictBue Ha BOAHbIe O6BbEKThI

Bo3sneiicTBre Ha BoiHBIE OOBEKTHI CBS3aHO C BOJIOCHAOKEHNEM 00BEKTa, COpOo-
COM CTOYHBIX BOJ|, Pa3MEUIEHUEM OTXOJ0B, U3BMEHEHUEM YCIOBHM MOBEPXHOCTHO-
ro cToka. HeratTuBHOE BO3JIEHCTBUE MOXKET MIPOSBISATHCS MPU COPOCE HEOUHIICH-
HBIX CTOYHBIX BOJ M HapyIIEHUH JaHAMAPTHHIX YCIOBUM BOAOCOOPHBIX MIIOMIAACH.
BonocHabxxeHne npeanpuaTys TEXHUYECKOW BOJON OCYIIECTBISIETCS 110 000pOT-
HO cxeme. CHaOkeHre MUTheBOM Bogoi mpomrutomiaaku OITY ocymecTBiseTcs
3aBO3HON BOJZIONM ¢ Bomo3abopa m. XWHTaHCK WIH CO CKBaKWHBI ObiBiIiero ABK
OUYHCTHBIX COOPYX EHUM . XMHraHCK. OTBOJ TPYHTOBBIX KapbE€pPHBIX BOJ MpEIy-
CMOTPEH B BOAOCOOPHBIN KOJOJEI Ha XBocToxpaHuiuiie Ne 3, a 3aTeM mo KoJ-
JIEKTOPY B OTCTOMHMK IIAXTHBIX BOJI. YacTh TPYHTOBBIX BOJ MOKET ObITh UCTIOJIb-
30BaHa JJi MbUICMOAABICHHS C TOBEPXHOCTH XBOCTOXPAHWIMINA B 3aCYLUUTUBBII
nepuo/l. [IoBepXHOCTHBIN CTOK OT aTMOC(EPHBIX 0CaTKOB OTBOJUTCS OT Kapbep-
HOM BBIEMKHU U OTBAJIOB HAarOPHBIMHU KaHaBaMH. BOJbI KapbepHOTO BOJAOOTIIMBA U
JIMBHEBBIE BOJBI, COJAEPKAIINE TOJIBKO B3BEIIEHHBIE YACTUIIBI TPYHTOB, TPOXOIST
OUYHCTKY B IPYJE-OTCTOMHHKE 00BHEMOM 3 ThHIC. M, PACHOIOKEHHOM Ha IIPOM-
momasake OITY. Copoc nuBHEBOW BOABI M M30BITKA MAXTHBIX BOJ OCYIIECTBIIS-
€TCs 110CJIE OYMCTKU B P. JIeBblii XUHraH yepes MpyA-OTCTOMHUK. beITOBBIE CTOU-
HbI€ BOJIbI MOCJE MX OYMCTKM Ha CTAHLMUU TIIyOOKOW OMOIOTHYECKOM OYHCTKH
AirMaster Oy1yT MOJTHOCTBIO MCIIOJIB30BaHbI B KAUECTBE 0OOPOTHBIX.

Pacuer KOHLEHTpauMii 3arps3HSIONIMX BELIECTB B KOHTPOJIBHOM CTBOPE
p. JleBblil XuHraH, BBIITOJIHEHHBIA C MCIOJIb30BAHUEM IIPOIPAMMHOI0 KOMILIEKCA
«3epkano-HJICy», moka3zain, 4TO KOHUEHTPALMU 3arpsA3HAIONIMX BEIIECTB, 32 HC-
KJIFOUEHHEM 3KeJle3a, He MPEBBIIIAIOT JOMYCTUMBIX 3HAYEHUN B KOHTPOJILHOM CTBO-
pe. KonnenTparus xene3a HaXoIUTCs Ha ypOBHE MPHUPOAHOTO (oHA U 00YCIOB-
JIeHa TEOXUMHUYECKIMH OCOOEHHOCTSIMU PETHOHA.

[TpunsTasi cxemMa OYMCTKU CTOYHBIX BOJ (JIMBHEBBIX U XO3SICTBEHHO-OBITOBBIX )
MPAKTUYECKH HCKIIOYAET BO3MOXKHOE 3arps3HEHHE BOJHBIX OOBEKTOB MpU HOP-
MaJIbHOHM pab0Te OUYNCTHOTO 000Dy TIOBAHUS.

Bo3spgeivicTtBne Ha naHgwadgpt

Tepputopus npomiutomiaaku OIIY HaxoauTcs Mexay AByMs Orpa)aaro-
muMu gambamu xBoctoxpanmwiunl Ne 1 u 3, TeXHOTeHHBINH penbed MpeacTaBieH
HACHITHBIMU TaMOaMU M YTIyOJECHUSIMUA PA3JTMIHBIX Pa3MEPOB.
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3HAUYUTENHHBIX U3MEHEHHI W TOCIEACTBUN BO3JCHCTBUSA Ha JMaHAIA(T B
MpOIECCE CTPOUTENIBCTBA HE MPEANOJaraeTcs, B MPoIecce dKCIUTyaTalluu Mpeay-
CMOTPEHO IMPOBEICHUE TEXHUYECKOW PEKYJIbTUBALMU HAPYLICHHBIX 3€MEJb — 3a-
OpOIIEHHOTO Kapbepa « XUHTAHOJOBa» C MUCIOJH30BAHUEM OTXO0J0B MPOU3BO/I-
CTBa — OTPAOOTAaHHBIX XBOCTOB I'PABUTAIIMOHHOTO U (PJIOTAIIMOHHOTO O0OTAIICHUSI.

LllymoBoe BO3aeiicTBNne

Pacuet 3kBHBajIEHTHOTO U MAaKCUMaJIbHOTO YPOBHEH 3BYKa Ha MEPUO]T IKCILTY-
araiuu OITY BbInonHeH no nporpamMe «KoJor-irym». B pacdere yurensl Hau6o-
jee MHTEHCHUBHbIE U Onu3kue K rpanuuaM C33, TayHbIX yYacTKOB U JKUJIOW 3a-
CTPOMKU UCTOYHHUKH IIIyMOBOTO BO3JeHCTBUS. CaHUTApPHO-TUTHEHNYECKUE HOpMa-
TUBBI COOJIIOIAIOTCS.

CBojJHBIE TaHHBIE 1O MacuITaldy, AIUTEIbHOCTH, CTENIEHU U 3HAYUMOCTH
BO3JICHCTBUI MpeACTaBICHBI B TA0I. 1.

Tabnnuya 1
MacwTtabbl U cTeNeHb BO3A4ECTBUS Ha OKPYXXaIOLLYIO CPeAy B Nepuoa aKcniayatauum

MpupoaHas Bup, BospeiicTBue
cpepa BO3AEeNCTBUS Macwrab [antensHoctb  CTeneHb  3Ha4YMMOCTb
ATMOChEpPHbIN Pabota camoceana, norpys- JlokanbHoe CpepnHe- YmepeHHoe  Hecyuie-
BO34YyX yuka, MblIEHME NPV XpaHe- BPEMEHHOE CTBEHHOE

HUW 1 NEePEeChINKe Cbipbs, 3a-
npaBka TpaHcrnopTa U TeXHN-
Ku, Bblibpockl 43C 1 koTenb-
HOM, MblIeHVe CKaaoB yrns
1 wWnaka, paboTa TeXHUKN Ha
XBOCTOXPaHUNULLE, TPaHC-
NopTUPOBKA CbiPbsA

BopaHble 06bekTbl  COPOC OUULLLEHHBLIX CTOYHBLIX JlokasibHOe CpepHe- He3Hnauu- Hecyuwe-
BOJ, BPEMEHHOEe TenbHoe CTBEHHOE
Nanpwadpt Beibpocel B atmocdepy npy  JlokanbHoe CpepHe- YMmepeHHoe  Hecyule-
akcnnyaTaumm BPEMEHHOE CTBEHHOE
LLym Pa6oTta camocBana, norpys- JlokanbHoe CpepHe- He3Hnauu- Hecyuwe-
ynka, rpy30BbIX CUCTEM BPEMEHHOe TenbHoe CTBEHHOE

Table 1

The extent and degree of environmental impact during operation

Natural Type of Impact
environment exposure Scale Duration Power Elevance

Atmospheric air  Work of a dump truck, aloa-  Local Medium time  Moderate Inconsequential
der, dusting during storage
and filling of raw materials,
refueling of vehicles and equip-
ment, emissions of diesel fuel
and boiler houses, dusting of
coal and slag warehouses,
work of machinery at the tai-
lings, transportation of raw

materials
Water objects Sewage treatment Local Medium time Insignificant Inconsequential
Landscape Air emissions during opera- Local Medium time  Moderate Inconsequential
tion
Noise Work of a dump truck, loa- Local Medium time Insignificant Inconsequential

der, cargo systems
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OueHka cTeneHn BO34encTBuUs
Ha KOMIOHEHTbI COLNaJIbHO-3KOHOMMNYECKOU cepbl

Bo3zneiicTBue Ha KOMITOHEHTBHI COIMAIbHO-DKOHOMHYECKON Chepbl MOMXKHO
paccMaTpuBaTh € MO3ULIMIA:

— BO3ACHCTBYSI 3arpsA3HAIOILNX BEIIECTB U IlIyMa Ha 3J10POBbE HACEJICHNUS;

— U3MEHEHUS COLMaIbHO-IDKOHOMUYECKUX YCIOBUM 3a c4eT (hOpMHUPOBAHUS
HOBBIX Pa0OUYMX MECT U MOBBILIEHUs oTUrcIeHuH B OroxeT EAO.

[Tpr3eMHBIe KOHLIEHTPALMH 3arpsI3HAIOIIMX BELIECTB ¢ y4eToM (OHA M IK-
BUBAJICHTHBIA U MaKCUMAaJIbHBIM YPOBHHU 3BYKa HAa TEPPUTOPUHU JKUIION 3aCTPOMKHU
HE TPEBBIIAIOT CAHUTAPHO-TUTMEHUYECKAE HOPMATHUBBL.

B nacrosimee Bpems B EAO nHaOnrogaercs HU3KUN YPOBEHb MHBECTULIMOH-
HOW aKTHBHOCTH, CJ1a0blil ypOBEHb pa3BUTUS (PMHAHCOBO-KPEAUTHON CQepsl, BbI-
COKHMI ypOBEHb LIEH Ha MPOJOBOJILCTBEHHBIE TOBApbl, HU3KUH YPOBEHb J10XO/0B
HaceNleHHsI, He O0EeCIeYNBAIOTCS MHUHUMAJIbHBIE T'OCYJIApPCTBEHHBIE COIUAIIbHBIC
rapaHTuu, TpeOYIOT pelIeHHs BOIPOCHI YIy4LIEHUs SKOJIOrMUECKOW 0OCTAHOBKHU.

Peanmuzanus npoekra ctpoutensctBa OIY Ha Teppuropun OO6IyueHCKOTO
paifoHa OyneT crnocoOCTBOBAaTh YaCTHUHOMY peIIeHHUI0 3Tux mpobnem. Ipexne
BCEro, HOBOE MPEANpPUATHE MPeAIoiaraeT co3ganue npuMepHo 144 HoBbIX pabo-
YuX MeCT. MOXKHO NpPEANONOoKUTh, YTO HECKOJIBKO YBEJINYUTCS MMOKYIATEIbCKast
CIOCOOHOCTh, YPOBEHb KM3HH HACENCHUs, a 3HAUUT, MOSIBUTCS OOJIbIIE BO3MOXK-
HOCTEH /17151 IEPCIEKTUBHOTO Pa3BUTHUS HHPPACTPYKTYPHI TOPOJIa, phIHKA TOBApOB
U YCIIyT, pealMu3alli COLUAIbHBIX NPOrpamMM, (PMHAHCHUPOBAHUS JKUJIUIIHO-KOM-
MYyHaJIbHOTO cekTopa. CBOJIHbIE JaHHBIE IPEICTaBICHbI B Ta0M. 2.

Tabnnua 2
Bo3peicTBUe Ha coumnanbHO-3KOHOMMUYECKYIO chepy
Mepwuop Bup MpocTtpaH- AnntenbHOCTb UHTEeHCnBHOCTBL UHTerpanbHas
BO3AencTBUsA CTBEHHbIEe HapyLieHus BO3AelCcTBUS oueHkKa
MacTabbl BO34eACTBUSA

Okcnnya- Bbibpock! n wym MecTHoe — BO3- Mpogomkuntens- MuHumanbHoe — nonoxun- Cymma: —8 6annios
Taumsa npu akcnyarta- 4eNCTBME NPOsIB- HOe — BO3LENCT- TeNbHble 1 oTpuuatens- Hu3koe oTpuua-
UMM obbekTa  NSETCS Ha TeppU- BUE MPOSIBASIETCS Hble OTKIOHEHUSI B CO- TE€/IbHOE BO3AEM-
TOpUKM BM3nexa- B TeYEHUE [JIN- UMaJIbHO-3KOHOMUYECKOW CTBME
LMX HACENEHHbIX TEMLHOrO rneproaa chepe MOoryT NMpeBbICUTb

MYyHKTOB (oT 3005 n€eT)  CyWeCTBYIOLLYIO aMnan-
(-2 6anna) (-4 6anna) TynOy U3MEHEHWN yCroBuiA
MECTHbIX HaCeNIeHHbIX
NMyHKTOB
(-2 6anna)

Okcnnya- dopmuposaHne MecTHoe — B03- Mpopomkxutens- Cnaboe — nonoxutenb- Cymma: +9 6annos

Taumsa HOBbIX paboynx AeCTBME MPOSIB- HOe — BO3AENCT- Hble 1 oTpuLaTenbHble OT- CpeaHee rosioxm-
MECT, NOBbLILLE- NSeTCS Ha TEPPU- BME NPOSBNSETCA KNOHEHUSI B COUMANIbHO- TE€/IbHOE BO3Ael -
HWe ypoBHs Gna- Topum 6nmnsnexa- B TedeHne M- 3KOHOMUYECKon cdepe crBue
rOCOCTOSIHVSI HA- LUMX HACENEHHbIX TENBHOro Nepnoaa BEPOSATHO NPEBLICAT Cy-

ceJfieHns, POCT NYHKTOB (oT3 mo5neT)  WeCTBYOLLYIO aMMANTy-
oTuncneHns Ha- (+2 6anna) (+4 6anna) Ay N3MEHEHWU yCnoBuiA
JIOroB B 6romKkeT 0651aCTHOrO YPOBHS
(+3 6anna)
ntoro +1 6ann

Hunskoe nonoxw-
Te/IbHOe BO34em-
cTBue
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Table 2
Impact on the socio-economic sphere
Period Type of Spatial Duration Exposure Integrated
exposure scales violations intensity impact
assessment
Exploi- Emissions and noi- Local — the im- Long - the impact Minimum — positive and ne- Amount:
tation  se during the ope- pact is manifes- is manifested over gative deviations in the so- —8 points
ration of the faci- ted in the territory a long period (from cio-economic sphere may Low negative
lity of nearby settle- 3to 5 years) exceed the existing range impact
ments (-4 points) of changes in the condi-
(-2 points) tions of local settlements
(-2 points)
Exploi- The formation of Local — the im- Long - the impact Weak — positive and nega- Amount:
tation  new jobs, impro- pact is manifes- is manifested over tive deviations in the socio- +9 points
ving the welfare ted in the territory along period (from economic sphere are likely Average posi-
of the population, of nearby settle- 3 to 5 years) to exceed the existing am- tive impact
the growth of tax ments (+ 4 points) plitude of changes in the
deductions to the (+2 points) conditions of the regional
budget level
(+3 points)
Total +1 point
Low positive
impact
BbiBOAbI

IIpu skcruryaranuu OITY Bo3neiicTBHE HA KOMIIOHEHTBI MPUPOIHON CPEabI

XapaKTepPU3yeTCsl KaK HecyujecmeenHoe, Ha COLMaIbHO-IKOHOMUUECKYIO chepy —
HU3KOE NON0ACUMETbHOE.
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Comprehensive assessment of environmental impact
during the operation of a pilot plant for the processing of
dead tail of the Khingan tin deposit
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136 Tikhookeanskaya St, Khabarovsk, 680035, Russian Federation

Abstract. The article presents the results of a comprehensive environmental impact as-
sessment in the extraction of tin from stale tails accumulated in tailings during the operation
of the Khingan deposit. Tailings pose a threat to the environment and at the same time are
a source of technogenic raw materials. Operation of a pilot plant of gravity-flotation type will
have a negligible impact on the environment, and a low positive effect on the socio-economic
sphere. At the same time, the environmental situation will significantly improve in connection
with the liquidation of tailings.

Keywords: environmental impact, tailings, man-made sources of raw materials, tin, in-
tegrated assessment, environmental hazard
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O6GbeguHeHHas cyaoBas cuctemMa
NPUroToBJIEHNS U KOHOULMOHUPOBaHUSA NUTbLEBO BOAbI

J.C. Mu3srupes, E.A. UepenkoBa, A.C. Cinrocapen, H.C. Otaenkun

Bomkckuii rocy1apcTBEHHbIN YHUBEPCUTET BOJHOTO TPAHCIIOPTa
Poccuiickas @edepayus, 603951, Huoxcnuii Hoseopoo, yr. Hecmeposa, 5

AnHOTanus. B cratbe paccMOTpeHBI CIIOCOOBI COXpaHEHHS Ka4eCTBa ITUTHEBON BOJBI
IpU JUINTEIbHOM XPAaHEHUU B 3aKPBITHIX CYJOBBIX eMKOCTSX. IIpoaHanu3upoBaHbl METO/bI
OUMCTKU BOJIbI IPUMEHUTENILHO K CYAOBBIM yCIOBUSIM, KOTOPbIE MO3BOIMIN BBIOpaTh HAa0O-
Jiee IepCHeKTUBHBIE U Oe3omacHble. [lana Knaccu(uKaIys aKTHBUPOBAHHBIX OKHCIUTEIBHBIX
texHoiorui. [Ipemnoxxena gyHkunoHanbHas cxema OOBEIMHEHHOH CYHOBON CHCTEMBI TPH-
TOTOBJIEHUS U KOHAULIMOHUPOBAHUS MUTHEBON BOJIBL.

KarwudeBble ciioBa: KOHCEpBalys, KOHAUIIMOHUPOBAHUE, O30HUPOBAHUE, Yd)—mnyqeﬂne,
KaBuUTalusl, akTUBUPOBAHHBIC OKHUCIHUTECIbHBIC TCXHOJIOTUHU

BBepeHue

Boza — BayKHBIN 2JIEMEHT OKPYXKAIOILIEH Cpelibl, KOTOPBIN OKa3bIBAa€T CYILE-
CTBEHHOE BIIMSIHME Ha JEATENBHOCTD U 370POBbE 4esloBeka. Hamry mianery Mox-
HO HAa3BaTh TUIPOIUIAHETOM, TaK KaK BoJa Ha 3/4 MOKphIBa€T MOBEPXHOCTH 36MHO-
ro mapa. Ho, k coxxaneHuto, B IpupoJie He CYLIECTBYET XMMHUYECKH YUCTON BOJIBI,
IIOTOMY YTO OHA BCEI/IA COIAEPKUT ONPEIECIIEHHOE KOJIMYECTBO PACTBOPEHHBIX Ia-
30B, MUHEPAJIOB U pa3IMYHble MEXaHUYECKHUE TPUMECH.

B cBs13u ¢ 3TUM [UI KCITOIB30BaHUsI BOJIBI B KAYECTBE TEXHUYECKOM, MBITHEBOU
U IUTHEBOI ee He0OXOAMMO TMOABEPTHYTh ONpPEeIEeHHONH 00paboTKe B 3aBUCUMO-
CTH OT Ha3HAYECHUSI.

K ucrouHukam BOJOCHAOXKEHUs ClEAyeT OTHECTH MOBEPXHOCTHBIE, MO/A3EM-
HBIe ¥ atMocepHbie BOIBI. sl CyJIOB K€ MCTOYHHUKOM SIBISIOTCS MMOBEPXHOCT-
Hble OeperoBble TUAPAHTHI U Cy1a-BOJOJIEH.

B mo0oMm citydae Ha cyaHe roToBasi K HOTPEeOJIEHUIO BOAAa XPaHUTCS B CIIe-
LUalbHBIX LUCTEpHAX 3amaca. M3BecTHO, 4TO CO BPEMEHEM KadeCTBO BOABI IPHU
XpaHEHUU NOCTENEHHO YXY/IIAeTCs, U B KOHLE KOHI[OB OHA CTAaHOBUTCS HEIPH-
TOJHOW K yHOTpeOIeHHIO.

© Musrupes JI.C., Yepenkosa E.A., Cmrocapes A.C., Ornenkun H.C., 2019
This work is licensed under a Creative Commons Attribution 4.0 International License

https://creativecommons.org/licenses/by/4.0/
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[ToaToMy HEOOXOAMMO BOAY TPHU XPAHEHUU 00S3aTENLHO 00€33apaKHBaTh,
00 KOHCEPBUPOBATH, WM KOHJAUIIMOHUPOBATSH [1-3].

1. Cnoco6bl 06paboTKM BOAbI
npu ANUTENIbHOM XpaHeHUU B LUCTepHax 3anaca

CoxpaHuTh BOAY MUTHEBOIO KayecTBa B IIUCTEPHE 3araca BO3MOXKHO TpeMs
crocodamu.

1. Camslii npocToit croco0 (Ha MepBBIN B3IJISN) — céecmu K MUHUMYMY 6pe-
M5l XpaHeHust 600bl 8 3aKpblmbiX yucmepuax (He 0ojiee CyTOK). DTO JOCTUTAETCA
ne3rH(peKImel Boabl COOCTBEHHOM (CyIOBOI) YCTaHOBKOM MPOU3BOAUTEIHHOCTHIO,
Omu3Koil K 00BeMy TOTpEOJIEHUS] C YYETOM MHKOBBIX pacxonoB. Ho Takas ycra-
HOBKa TpeOyeT MOCTOSHHOTO OOCITY>KHMBAaHHUSA, YTO TEXHUYECKU U IKOHOMHUYECKH
HEBBITOHO. TeM Ooiiee HaJO MOCTOSTHHO TMOTOJHATh IIUCTEPHY CBEXEH Mmopimen
BOJIBI.

2. Koncepsayus — neiicTBusi, HalpaBJICHHBIC HA JIOJTOCPOYHOE COXpaHEHUE
00BEeKTOB (Hampumep, Bobl). Haubonbliee pacrpocTpaHeHHE U3 XUMHUYECKUX Me-
TOJIOB KOHCEPBUPOBAHUS BOJIBI TOYYMIIO HCIIOJIB30BaHNE HOHOB cepebpa. Hayd-
HO YCTaHOBIIEHO, YTO MIPHU XPAHEHUHU BOJBI B EMKOCTSIX U3 cepedpa KauecTBO BOJIbI
MOJKET COXpaHAThCA 10 6 MecsaneB. OIHAKO JaHHBIA peareHT AOporoi u aedwu-
LIUTHBINA. B mpakTuke pekoMeHIyeTcsl mpuMeHeHne cepedpa Al KOHCepBalluy He-
00JBIIUX 00HEMOB BOJIBI.

JpyruM XuMUYECKUM METOJOM SIBIISIETCS MpUMEHEeHHuEe MOHOB Meau. B Ha-
CTOsiIIee BpeMs IIUPOKOE MPUMEHEHHE B BOJOIOATOTOBKE MOTy4HIa KOMOMHAIUS
XJIOPUPOBaHUSI C BBeACHHEM cepedpa U Menu. Takoi mpoiiecc MO3BOJISET YMEHb-
IIUTHh BBOJMMBIE B BOJY KOHIIGHTPAIIMH PEAreHTOB, HO TPU 3TOM HAJ0 y4ecTh U
MIPUCYLINE XJIOPY HEAOCTATKH.

Bce nepeuncieHHble METOIBI MPUMEHUMBI TOJIBKO IS MATBIX 00BEMOB, TT0-
3TOMY JJISl CyJIOB OHU HEIle1eco00pa3Hbl.

3. Konouyuonupoganue — o0paboTka o0bekTa (HampuMep, BOJIbI) C LETbI0
MIPUBECTH €r0 B COOTBETCTBUU OMNpEIEICHHBIM TpeOoBaHusAM. [l 3TOro Heooxo-
JTUMO TIPUMEHSTH CIeHaIbHbIe YCTAHOBKH M alMaparhbl, 00eCTIeUunBaOIIUe TOI-
HOE BOCCTaHOBJICHHE CBOMCTB 00BEKTA (HAIPUMED, MUTHEBBIX CBOWCTB BOJIBI).

VYuuTeiBasg cKazaHHOE, KOHAMIIMOHUPOBAaHHAs 00paboTKa BOABI, XpaHsIIIEeH-
csl UTMTENbHOE BpeMsl B CYJIOBBIX LIMCTEpPHAX, Haubojee mpuemiieMas Ajas MOp-
CKHX CYJIOB U CYJIOB CMEIIAHHOTO (PEKa — MOpE) TUIaBaHUSI.

2. TexHoNOrMYeckue npoLecchbl KOHAULMNOHUPOBaAHUS BOAbI

KonnunnonupoBanue BOJBI Ha CyJax 3aKIIOYAETCS B YJIYYIIEHUU OPTaHO-
JeNTUYECKUX TOKa3aTeNnel KauecTBa BOJBI (3amaxa, MpUBKYCa, IBETHOCTH, MYT-
HOCTH) U MHUKPOOMOJIOTHUECKUX ToKa3aTeiel (kommdaru, odnme KoaudopMHEIE
OakTepuu, TepMOTeIepaHTHbIe KOMU(OPMHbBIE OaKTEpHUH, MATOT€HHbIE MUKPOOP-
TaHU3MBI).

B cynoBbIX ycrnoBHsIX OrpaHHYEHHOTO 00BheMa MOMEIICHU U Hen30eKHOU
Ka4yKy CyJIHA PeaM30BaTh IOJHOCTHIO OEpPETOBBIE TEXHOJIOTHH HE MPEACTaBIIsIeT-
csl BO3MOXKHBIM. [loaToMy Ha cyaax, Kak MpaBUIIO, UCTIONB3YIOTCS CKOpbIe (QUITb-
TPBI U TI0 BO3MOKHOCTH O€3peareHTHbIE METOIbI 00e33apakuBaHus (yapTpaduo-
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netoBoe uznyuenue (YDOU), o030HupoBaHUE, HOHU3HUPYIOIIEEe U3TyUYEeHUE, YIbTpa-
3BYKOBbIE KosiebaHus1). B mocnennee BpeMs MoiMy4siv Mpu3HaHUE B BOJOMO/ITO-
TOBKE KaBUTalLlUsl U XUMUYECKUI peareHT — epruipoJb.

[Tpoananuzupyem 3¢ (HEeKTUBHOCTH BHIIIEPACCMOTPEHHBIX METOJOB OYUCTKU
BOJIbI B TaOMUYHOM opme (cM. TabiHIly), BOCHIOIB30BABIIUCH PAIOM JIUTEPATYp-
HBIX UCTOYHUKOB [2—21].

D¢ dekTuBHOCTH YPOBHS BOJIOMOATOTOBKH ONPENEISIETCS 10 CTETICHH BIIHSA-
HUS KaXJO0T0 U3 METOJOB OYUCTKU Ha MOKa3aTelu, MpeCTaBICHHbIE B Ta0uuIle
(5 6amnoB — Haumyummii). IToroBeie 3HadeHus: OAJIOB JAIOT MPEICTABICHHUE O
NeCTBUTENEHOM YpOBHE 3 (EKTUBHOCTH TOTO WJIM HHOTO METO/1a OUUCTKH.

AHaln3 CyIIeCTBYIOIIUX METOAOB IOKA3bIBAeT, YTO HaHOOJee NepCIeKTHB-
HBIMH U O€30MacCHBIMU C OJJHOBPEMEHHBIM IMOBBIIIEHUEM MEXaHWYECKOW U CaHU-
TapHOW HaJIeKHOCTHU JUIsl yCTAHOBOK Ha CyZAax ABIsIOTCS oOpabotka Y DU, kaBu-
Tanus, 00paboTka MepruapoIeM, 030HUpOBaHue, QUIbTpaIus (UK COpOITHs),
a X KOMOMHHPOBAHHOE UCIIOJIb30BaHUE (B ONMPEIEICHHON MOCIE0BATEIBHOCTH)
oOecrieyMBaeT BOZHUKHOBEHHE aKTHBHUPOBAHHBIX OKHUCIUTENbHBIX TEXHOJIOTUMN
(AOT’s) [1-21].

Tabnnua
CpaeHuTtenbHasa 3¢p¢hEeKTUBHOCTb METOA0B OYUCTKU BOAbI
- [}
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- - = S
2 3 B Z ozE zP ;5 fx 83 3
MeToAabl 04UCTKU BOADI E E 3 g E qa,_ g_qa,_ g E \3 z g g \g
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XnopuposaHue 5 5 3 3 2 3 2 2 1 26
BpomuposaHue 5 5 3 2 2 2 2 2 1 24
O30HMpoOBaHne 5 5 3 4 4 4 2 2 5) 34
DunbTpaumsa n copbums 3 3 2 4 4 3 3 2 5 30
ObpaboTka YOU 5 ® 3 3 2 2 2 2 5 29
KoarynupoBaHue, GnokynmpoBaHue,
dunbTpaums 3 2 3 3 3 3 4 2 2 25
O6paboTka nepMaHraHaToM Kanus 3 2 3 2 2 3 2 2 3 22
O6paboTka nepruaponem 5 5 3 4 3 4 2 B 2 31
0O6paboTka MoHaMM TsXKeSbIX METAIOB 2 2 2 2 2 2 5 5 3 25
O6paboTka BbICOKOBOSILTHLIM 3apsii0oM 3 2 2 2 2 2 2 5 3 23
IANeKTpUYecknii paspsa Masioin MOLLIHOCTN 3 2 2 3 2 1 1 3 3 20
0O6paboTka nepeMeHHbIM 3NEKTPUHECKNM
TOKOM 5 5 4 3 3 2 2 2 2 28
O6paboTka ybTPa3Bykom 4 4 3 3 2 2 2 2 5 27
MukpodunbTpaumns 3 2 2 2 2 2 2 2 4 21
MopnposaHune 5 5 3 3 2 2 2 2 1 25
YnbeTpadunstpaums 5 4 2 2 2 2 2 2 4 25
Kasutauus 5 4 4 4 3 4 3 B 85
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Table
Comparative efficiency of methods of water purification
) 0 »
o Q ") =
£ -3 £ § § 2
% oo s = c &
8 "] )] 0 = Q @ "‘;,' o] — ©
@ o 5 e %t 52 % £ ] ®
Methods of water treatment 5 3 g S £ S €3 ¢ 5 3 °
a s [ £ 20 4o 0 < =
(] - o = - ;‘ » =
L o5 s @ o ]
= o =) % ] 2
' ' w
3 o
Chlorination 5 5 3 3 2 3 2 2 1 26
Bromination 5 5 3 2 2 2 2 2 1 24
Ozonation 5 ® 3 4 4 4 2 2 ® 34
Filtration and sorption 3 3 2 4 4 3 3 2 5 30
UV treatment 5 5 3 3 2 2 2 2 5 29
Coagulation, flocculation, filtration 3 2 3 3 3 3 4 2 2 25
Treatment with potassiumpermanganate 3 2 3 2 2 3 2 2 3 22
Perhydrol treatment 5 5 3 4 B 4 2 3 2 31
Treatment with heavy metal ions 2 2 2 2 2 2 5 5 3 25
Processing with high voltage 3 2 2 2 2 2 2 5 3 23
Electric discharge of low power 3 2 2 3 2 1 1 3 3 20
Processing with alternative current 5 5 4 3 3 2 2 2 2 28
Sonication 4 4 3 3 2 2 2 2 5 27
Microfiltration 3 2 2 2 2 2 2 2 4 21
lodination 5 5 3 3 2 2 2 2 1 25
Ultrafiltration 5 4 2 2 2 2 2 2 4 25
Cavitation 5 4 4 4 3 4 3 3 35

3. AKTUBPOBaAHHbIE OKUCJIUTEJIbHbIE TEXHOJIOTUM
B nNpoueccax o4YnCTku BoAbl

Ha nannbiii Moment AOT’s pa3nensitoT Ha BUJbI, MIPEJICTaBIEHHbIE HA puc. |
[22; 23].

OTHOCUTENBHOE KOJUYECTBO KAXkJA0T0 M3 OKHCIUTENIEH 3aBUCUT OT MHOTUX
(hakTOpoB, B YACTHOCTH, OT MHTEHCUBHOCTH M CIEKTpa yJIbTPapuOIETOBOIO U3-
Jy4€HHUsI, KOHLICHTPALIUU 3arps3HEHUH U JIp.

AKTHBHpOBaHHBIE OKHCIUTENbHBIE TexHONOrHN (AOT s) ‘

T

L I 1

He(pOTOXHMHUCCKH ‘ (poTOXIMIUECKII ‘ KOMOWMHUPOBAHHBII ‘
H O; + mepruzpons - S
(05+H;0,) “ O3 +YOU ‘ O3 + neprumpois +
kapuranus+y ®U
M O3+ (0; +H,0, +
-3 T KaTalsarop xapnranus+y OH)
Y Heprumpois +
- O30HHPOBaAHUEC B H.ICHO‘IHOﬁ yon
cpene (pH>8,5) (H,0,+YDH)

_l pearent ®entona (H,0, + Fe*")

Puc. 1. Knaccuoukaums akTMBMPOBAHHbLIX OKUCIUTENbHBIX TexHonoruin (AOT’s)
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Activated oxidation technologies (AOTs) ‘

non-photochemical ‘ photochemical ‘ m

03 sperhvdrol L]
] (b?—:II-IYD)U *’W‘ 03 ;perhydrol +
S cavitation + UV

+H,0,+ UV
*‘ O3 - catalyst ‘ (05 +H;0; +TV)

perhydrol + UV
ozone treatment in alkaline (H202 + UV)
medium (pH=>8 5)

Fenton’s reagent (H;0; + Fe?®)

Figure 1. Classification of activated oxidation technologies (AOTs)

I'unpoxcunpubie pagukanbl OH™, momydeHHbIE TeM WM WHBIM CIIOCOOOM,
CTIIOCOOHBI PA3JIOKUTh JII000€ OPraHMYECKOe BELIECTBO /0 MOJTHON MHHEpalu3a-
nuu. B cirydae TpyIHO OKUCIISIEMBIX HEOPTAHUYECKUX NIPUMECEN OKHUCIIEHUE TIPO-
UCXOJUT /10 BBICIIUX (DOPM OKHCIIOB, KOTOPBIE 3aT€M YAAISIOTCA U3 BOJBI MOCT-
¢bubTpanuei.

®akTop ycuieHus (B psjie CIydaeB) IOCTUraeT BENTMYMH nopsaka 107 s
opranuyeckux npumeceil u 10° nna Mukpoopranusmos. McclenoBanus yueHbIX
CBUJIETEJICTBYET O CHUKEHUHU 3()()EKTUBHBIX KOHIEHTPALUN NMPUMEHSEMBIX J€3-
MH(EKTAHTOB U HKCIO3UIIMOHHON 0361 Y DU [21]. B ucrounukax [14; 24; 25; 28]
JaHbl PEKOMEHAAIMU MO BBHIOOPY pa3auyHBIX KOMOMHanuil mpoueccos. Tak,
MIPY MYTHOCTH BOJIBI Oosiee 4,6 MI/1 1 CKOPOCTH TIOTOKa BOIBI Ooee 1,5 m/c Hanbo-
Jee ONTUMAJIBHO HcIoib30BaHue nporueccoB H202—03, a npu MEHBIINX 3HAYEHU-
SIX MyTHOCTH M CKOPOCTH HOTOKa BOJbl — HCIOJB30BaHUE XUMHYECKHUX JI€3UH-
¢dexrantoB u YOU.

4. ¢yHKL|,I/IOHaJ1bHaS| cxemMma 00begUHEHHON cynosoﬁ CNctTembl
NPUroTOBJIEHNS U KOHANLMOHNPOBAHUS NUTLEBOW BOAbI

[IpuBenennas Beime nHGOPMAIIHS TTO3BOJIMIA aBTOpaM pa3paboTaTh HOBYIO
(YHKIIMOHAFHYIO CXEMY CyIOBOW CHCTEMBI, H300paXCHHYO Ha pHUC. 2.

YacTu CXEeMBI CT PyHIrUpoOBaHbl B JIBa OTACIIBHBIX W IOCJICAOBATCIBHO CO-
€IMHEHHBIX OJIOKA: TpeIBapUTEIbHOM (4) 1 OCHOBHOM (BH) OYMCTKH BOIBI.

Jadoprmnas A Mumsebas

21 Boda f foda ]

I 1r

| 5 , I -

| Uucmepni @% ] Juemensia

| MPECHOU k 4 |1 numsebou +

| za00pmHou I Body

| bodys | |[>— ’ N I Hacor

| - [ A

| ||

| T g \—‘\
| |1 Oz0mo-Bo30uw03 Hers

| |1

| | |{ _ Hupkynagus _

b 8 . O B

Puc. 2. ®yHkumMoHanbHas cxema 06beanHEHHOM Cy40BO CUCTEMBI
NPUroTOBNEHUSA N KOHOVULMNOHNPOBAHUS NUTLEBON BOAbI:
A — 6nok NpeaBapuUTENbHOM 04MCTKM BOAbl; 5 — 610K OCHOBHO 04MCTKM BOoAb! (610K KOHAVNLMOHUPOBAHUS);
YOUO - namna YP-nsnyyeHns o3oHoobpasyioLas; BB — 6510k noaAroToBky BO3ayxa
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Figure 2. Functional scheme of the integrated ship system
for preparation and conditioning of potable water:
A — pre-treatment unit; B — basic water treatment unit; UV/O; — UV lamp with ozone formation; APU — air preparation unit

A — 610Kk npeoeapumenvHoil ouucmku 600wl. llpencraBnser cobol 1u-
CTEepHYy 3amaca npecHoi 3a00pTHOI BOJIbI U y371a 00e33apakUBaHUsI IEPTUIPOIIEM,
KOTOPBIM COCTOUT U3 EMKOCTH JUIsl IEPTUAPOIISL U HACOCa-103aTopa.

JlaHHBII OJIOK UCTIOJIB3YETCS TOJIBKO JJIS CYJIOB CMEIIaHHOTO (peka — Mope)
IJIaBaHUs IPU MPOXO0KAEHUH IIPECHBIX BOJOEMOB, TO €CTh KOI/Ia CYJHO HaXOIUT-
csl B palloHaX BHYTpeHHUX BOJIHBIX myTei (BBII).

b — 010k ocnosnoii ouucmku 600wt (010K KonOuyuonuposanusn). 1lpume-
HSETCS KaK JUIsl MOPCKUX, TaK U JIJIsl CyJI0B CMEUIaHHOTO (peKa — Mope) IIaBaHUs
IIPY DKCIUTyaTallM B MOPCKUX paiioHax JJIs KOHOUIIMOHUPOBaHUA BoJbl. Bo Bpe-
Ms1 HaXOXKJeHWs cyaHa B parioHax BBII ucnonb3yercst B kauecTBe OCHOBHOM OYMCT-
KU BOJIBIL.

bnok cocTouTt U3 HUCTEpHBI MUTHEBOW BOJIBI, HACOCA, IKEKTOPA-KABUTATOPA,
B KOTOPBIH MocTynaer 030H0-Bo3aylIHas cmech U3 YOUO, u ¢punptpa ¢ necua-
HOM 3arpy3koil. OunuIIHASS 00paboTKa BOAKI ocyiecTBisiercs B gamme Y DUO,
BO31lyX B KOTOpY!0 noaaercs us bIIB.

Cucrema paboTaeT CIeayoIM 00pa3oM.

1. Ilpu naxostcoenuu cyona 6 paiione BBII (ucnonvzyromcs o6noxku A u b).
N3 nucrepusr 610ka A HacocoMm Onoka b Boga momaercst B 9:KEKTOP-KaBUTATOP.
IIpu Tpansute u3 6;10ka A B G10k b B BoAy mojaercs mepruposib HaCOCOM-
7103aTOPOM, B PE3yJIbTaTe Yero MPOUCXOAUT TEPBBIH dTal 00e33apaskuBaHUs BOJIBL.
Bropoii aTan o6e33apaxxMBaHus OCYIIECTBIISIETCS B KEKTOPE-KaBUTATOPE 3a CUET
KaBUTALlUU U 030HA, KOTOPbI noctynaet u3 gsamnsl Y ®UO. [lanee us axexropa-
KaBUTaTOpa BOJA OUYHINAETCS B (PUIBTPE U OKOHYATENBHO (TpeTuil atam) obe33a-
paxuBaercs B 1amne Y MO u ToabKO MOCie 3TOro Mojaaercss HoTpedUuTeno.

Hrak, B cucteme ucnoib3ytorces AOT’s, Bkitoyaromuye o0e33apakuBaroiiye
MPOLECCHI MEPTUAPOJIbIO, 030HHUPOBaHUEM, KaBUTauuen u Y ®U, 4To 3HAUUTENb-
HO yBEJIMYMBAET CAHUTAPHYIO HAJEKHOCTh OUUCTKU BOJIBI.

2. IlIpu naxosicoenuu cyona é mopckux paionax (ucnonwvzyemca 010k b).
Hacocom Boia 13 nucTepHbl NTUTHEBOI BOJBI OJAETCS B 3KEKTOP-KaBUTATOD, T'e
MIPOUCXOJUT CMEIIMBaHUE 030HA C BOAOM U KaBuTauus. [locie Bosia mocTymnaer B
¢unsTp M namny YOHMO u nanee notpedurento. 3aeck Takke ucnons3yrores AOT’s,
HO B COKpAalIEHHOM BH/IE: 030HMpOBaHue, kapuTauus u Y ®U. Bo Bpems He3Hauu-
TEJIBHOTO MOTPeOseHUs] BOJbI WM €r0 MOJHOI0 OTCYTCTBHS BOJAa HAaUMHAET BO3-
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BpalaThcs B HUCTEPHY Yepe3 HMUPKYJIAIUOHHBINA TPyOOIPOBOI, YeM obecrieunBa-
€TCsl COXpPAaHEHHUE Ka4eCTBA MUTHEBOU BOJBI B LIUCTEPHE.

B pesynbrare Takoi opranuzanuu padoThl CHCTEMBI TIOCTOSIHHO O00OeCTeyn-
BAETCs BBICOKOE KaYECTBO MUTHEBOM BOJBL.

3aknouyeHue

[Tpeanaraemasi 0ObeMHEHHAsI Cy/I0Basi CUCTEMa MO3BOJISIET BCEra MONTydyarhb
MOTPEOUTEISIM TUTHEBYIO BOTy BBICOKOTO Ka4eCTBa HE3aBUCUMO OT MECTa HAXOX-
JICHUs Cy/HA.

Ha Bce npuBeneHHbIE TEXHOJIOTUYECKUE PEIICHUS aBTOPBI CTaTb UMEIOT CO-
orBercTBytolIME NaTeHThl PD: No 2162060, Ne 2162061, Ne 2591965, Ne 113266,
No 150765, Ne 152746, Ne 166601.
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Research article

Integrated ship system
for preparation and conditioning of drinking water

Dmitry S. Mizgirev, Ekaterina A. Cherepkova,
Anatoly S. Slyusarev, Nikolai S. Otdelkin

Volga State University of Water Transport
5 Nesterova St, Nizhny Novgorod, 603951, Russian Federation

Abstract. The article considers the ways of preserving the quality of drinking water du-
ring prolonged storage in closed ship containers. The analysis of water treatment methods in
marine conditions allowed to select the most promising and safe methods. The classification
of activated oxidation technologies is given in the paper. The functional scheme of integrated
ship systems of preparation and conditioning of drinking water is presented.

Keywords: conservation, air-conditioning, ozonation, ultraviolet radiation, cavitation,
activated oxidation technology
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[anbHOCTb pacnpoCTPaHEeHuUs
NOMIMLMKIINYECKUX apOMaTU4YECKUX yrneBoaopoaoB
B TYHAPOBOW 30He nopg Bo3aencTtenem TAC

E.B. fIxoBaeBa, /I.H. I'aGoB

Komu Hay4nslil ieaTp Ypanbckoro otaenennst Poccuiickoit akageMun HayK
Poccutickas @edepayus, 167982, Pecnybnuxa Komu, Cotxmuiexap, yin. Kommynucmuueckas, 28

Annotamus. Pleurozium schreberi Brid. mupoko pactpocTpaHeH B TYHIPOBOH 30HE U
YYBCTBUTENEH K U3MEHEHHSM B COCTABE MOJMULMKINYECKUX apOMaTHUYECKHX yriieBoaoponos (ITAY)
B 9KOCHCTE€MaxX BO BPEMEHHOM OTHOILIEHUH U C PACCTOSIHUEM, IIO9TOMY MOXKET UCII0JIb30BaTh-
Csl B Ka4eCTBE WHAWKATOPA 3arpsi3HEHUs] TYHAPOBEIX OHOIEHO30B HonmapeHamu. Llenbio uc-
CJIeJIOBaHUs OBLIO OLIEHUTH JAIbHOCTH pacnpocTpaHeHus [IAY B ycnoBHAX TYHIPOBOW 30HBI
Ha MpUMeEpe BO3JEHCTBHS TEILUIOAIEKTPOCTaHIMU. PaboThl mpoBoawnnch B bosbliesemens-
ckoil TyHape B BopkyruHckoMm paiione Pecny6nuku Komu. McciemoBaHo mOBEpXHOCTHOE
HakorieHue u obuiee conepxxkanue [IAY B Pleurozium schreberi u opranHoreHHOM TOPU30HTE
TYHAPOBBIX ITOBEPXHOCTHO-TJIEEBBIX MoYB (Stagnic Cambisols) Ha (oHOBOM ywacTke M yaa-
nennn ot TOC 0,5; 1; 1,5; 3; 5 u 12 xm. Conepxanue [TAY B Pleurozium schreberi nox Bo3-
neiictBueM TOC ¢ paccTosHUEM U3MEHSJIOCh HEMHEHHO. MakcuMyM HaKOIUIEHHUs] OTMEUYeH
Ha PacCTOSIHUH B 3 KM, 3aTeM conepxanue [IAY cHmkamock n JocTUrano (OHOBOTO ypOBHS
B 12 xM ot ucrounuka. Beicokomonekymnsapusie [IAY nepemeranuce Ha paccTosHuE 0 3 KM,
IZIe BBITAJay Ha MOBEPXHOCTh MXOB, JIETKUE PACHPOCTPAHSIIICH JaibIle, YTO 00yCIOBICHO
KOHIIEHTPUPOBAHUEM TSDKENBIX U JIETKUX CTPYKTYp Ha 4acTUIaX pa3HOro nuamerpa. Ha mo-
BEPXHOCTH MXa ()OHOBOTO W 3arpsi3HEHHOTO ydJacTKa HE BEIIBJICHO MPUCYTCTBHE HadTannHa.
CymMmapHoe coJiepkaHue MoJMapeHoB Ha MOBEPXHOCTH MXOB IPUMEPHO oauHakoBo. Ha yuacTke
B 3 KM OTMEUYEHO PE3KO€ MOBBIIIEHHE MAacCCOBOM 10U MoBepXHOCTHBIX ITAY B 3 pasa 3a cuet
BO3pacTaHMs MAacCOBOW JIOJH 4—5-s/IepHBIX TOJUAPECHOB. B yCIOBUSAX 3arpsi3HCHUS! aKTHBU-
3HPOBAUCH MpOIEecCH Omoakkymyssinuu [IAY, moauapeHsl ¢ MOBEPXHOCTH MXa aKTHBHO
TPaHCIIOPTUPOBAIUCH BHYTpPb. VICKITIoueHneM sBisics yuacTok B 3 km oT TOC, rne aons mo-
BEPXHOCTHOT'O HAKOIUICHHUS BO3pacTalia MPH MaKCUMalIbHOM 3arpsi3HEHUH, TO €CTh MOCTYILIe-
Hue [TAY BHYTph MXa CHHXKAIIOCh. Y CTAHOBJICHO, YTO JJIsl IPABWIILHON HICHTH()UKALINY TH-
KOB MIOCTYILJICHUS MOJIMapEHOB HEOOXOIUMO UCIOJIB30BaTh OTMEPILYIO YacTh Pleurozium
schreberi unu Mox B 1leIoM. VI3MEHEHHUS B COJIEp)KAHHUH TIOJIMAPEHOB B OPTraHOTEHHBIX TOPH-
30HTaxX MOYB HIASHTHYHBI C Pleurozium schreberi. Ilokazano, uro ITAY B yclOBUSAX TYyHIpPBI
CIIOCOOHBI ITepEeMeaThCsl Ha 3HAUUTENbHBIC paccTosHus. [IpubmmkeHHpie K (GOHOBHIM 3Ha-
yenus conepxkanust [TAY B Pleurozium schreberi BbISBICHBI JIUIIb HAa PACCTOSHUU B 12 KM OT
TOC, st OpraHOTEHHBIX TOPU30HTOB MTOYB 3HAYCHUS ONM3KKE K (POHOBBIM HE BBHISBIICHHI.

KutoueBsle cioBa: Pleurozium schreberi, Stagnic Cambisols, monuapeHsl, 6MOaKKy-
MYJISIIUS, PAcTIpOCTpaHeHHe, TYHApa
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BBepeHue

B pe3ynbprare akTHUBHON paOOThI Pa3InYHBIX MTPOMBIIIICHHBIX TPEINPUSTHIA
B TYHIPOBOH 30HE YCHJIMBAETCSI AHTPOIIOTEHHOE BO3ACHCTBHE HA NPUPOIHBIE DKOCH-
creMbl. YacTo B cOCTaB BHIOPOCOB HPEANPHUATHIA BXOAAT pa3IUYHbIE OpraHuye-
CKH€ TOKCHKAHTBI, B TOM YHCJIE MOJIMLIUKINYECKUE apOMAaTHYECKNE YTIEBOLOPO-
asl (ITAY) [1]. ITAY xapakTepu3yrOTCsl MOBBIIIEHHOW KaHIEPOreHHOM, MyTareH-
HOM M TOKCHYHOW aKkTUBHOCTHIO [2; 3]. Ilo maHHBIM JIUTEpaTyphl OCHOBHBIMM HC-
TOYHUKAMH nocTyIieHus IIAY B okpyskarolyto cpely sIBJISIFOTCS IPOLIECCHI, CBS-
3aHHBIE CO CxkuranueM yris [4; 5]. [loaTtoMy uccienoBanue BO3IEUCTBHS TEILIO-
anektpocTanuuu (TOC) Ha ys3BUMBIE TyHIPOBBIE KOCHUCTEMbI HanOoJiee MHTE-
pECHO.

Hccnenosanus conepkanus [IAY B opraHoreHHbIX TOpU30HTax IOYB, MXax
U cocymucThIX pacteHusx BOmm3u TOC, pacronoxkeHHoW Ha apxunenare [Imwm-
OepreH B paiifone noc. bapenuoypr [1], nmokaszanu, uyto ITAY Moryt pacnpoctpa-
HATBHCS Ha paccTosiHus 6osee 6 kM. [Ipu 3TOM ocenaHue NOJMapEeHOB MPOUCXOTUT
MIPEUMYIIECTBEHHO BOJIM3M MCTOYHHMKA, YTO ABTOPBI OOBICHAIOT OCOOCHHOCTAMU
penwseda. [TAY B nanHOM cilydae ocenaid B OCHOBHOM Ha MOABETPEHHOM CKIJIOHE
ropsl. Bnusiaue Ha akkymyssiiuio [TAY Bo mxax Hylocomium splendens n Pleu-
rozium schreberi Tonorpau4eckux OCOOCHHOCTEH M METEOpPOJIOTHIECKUX (hak-
TOPOB OTMEYAIH U Ipyrue uccieaosarenu [6; 7).

CxoJHble 1aHHBIE TIOTYYEHbI 171 30HbI Bo3aeiicTBus HoBouepkacckoit ['POC
(rocyapcTBeHHON pailfoHHOM 3JIEKTPOCTAHLUM), paboTarolLIel Ha yrie U MPUpOJI-
HOM Ta3e. ABTOpaMH yCTaHOBIICHO, YTO 3arps3HEHHI0 OeH3[a|mupeHom Hamboee
MOJBEPKEHBI ITOYBBI U TPABSHUCTBIE PACTEHUS IISITUKWIOMETPOBO 30HBI HAa CEBEPO-
3amazie oT 3JEKTPOCTaHIMM, COBIAJAIOIeN ¢ JUHUEH npeobiaaarolero Harpas-
JIEHHsI BETPOB, C MAKCUMYMOM HAaKOIUIEHHsI Ha PACCTOSIHUM OKoJIo 1,6 KM OT uc-
tounuka [4; 8]. XopBaTcKMMHU y4eHBIMH UCCIea0BaHO conepxkanue [TAY B opra-
HOTEHHBIX TOPU30HTAX MOYB, 0TOOpaHHBIX Ha pacctosHuUM 200, 300, 400 u 800 m
oT TOC u 30JbHBIX OTBAJIOB B COOTBETCTBHHM C MPEOOIIaJAIONINM HANPaBICHUEM
BeTpa. MakcumanbHoe 3arpsisHeHue IIAY BbIsIBIEHO B HEMOCPEICTBEHHON OJn-
30CTH OT McTOYHMKA. [lomapeHbl ¢ MEHBIIMM KOJMUYECTBOM KOJIEL] MOIJIM Pacipo-
CTpaHATHCS Ha 0oJjiee AajJbHHUE PACCTOSHUS MO0 CPABHEHUIO C TSDKENIBIMHU CTPYKTY-
pamu [9].

Psanom aBTOpOB OTMEU€EHO, 4TO [TAY MOryT nepeHOCHTBCS Ha pacCTOSHUS B
HECKOJIbKO COTEH KHJIOMETPOB M 3arpsi3HATH I'€OJOTHYECKYIO0 Cpeay BIAJIU OT UX
HCTOYHMKA, YTO CTAaBUT BONPOC 00 MAEHTU(UKAIIMY UCTOYHUKOB noiuapeHos [10].
Metoner uaeHTHGHUKAE (COOTHOMIECHUE pa3indHbIX CTPyKTyp ITAY), mpemio-
’KEHHbIE aBTOPAaMH, XOPOLIO MPUMEHUMBI K a3p030JIIM U aTMOC(HEPHBIM OCa/IKaM,
JUISL TIOYB M PACTCHUN WX TPUMEHEHHNE yCIOKHAETCS HAJMYUEeM B JAHHBIX 00BEK-
Tax MOJINAPEHOB IPUPOJAHOTO IPOUCXO0XKICHUS.

Hamm npeapiayme ncciaenoBanusi NpoAEMOHCTPUPOBAIH, uTo Pleurozium
schreberi MOeT OBITh MCIIOJIB30BaH MIPU MOHUTOPHHIE 3arps3HEHUS TYHIPOBBIX
skocucteM [TAY. JlaHHBIN BUA MXa MIUPOKO PACIPOCTPAHEH B TYHIPOBOI 30HE.
B Pleurozium schreberi Brid. cocpenorouena ocHoBHasi MaccoBast 1oist [TAY cpenu
pactenuii roxxHou TyHnps! [11; 12]. Ero Bximan B motpebnenue [TAY cocrasmsier
70-80 % ot HakoruieHus IIAY B pacTeHusax HuxkHero spyca u 56—63 % ot cym-
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MapHOT'O HAKOIUIEHUS B TYHIAPOBBIX GuToneHo3ax. B Pleurozium schreberi oueHb
YyTKO pearupyer Ha U3MEHEHHs COJIepKaHus MOJIMapEHOB Kak BO BPEMEHHOM ac-
niekte [13], Tak u ¢ paccTostHuem [14].

HanbHOoCcTh pacnpoctpanenus [IAY B ycnoBUSX TyHIPOBOM 30HBI paHEe HE
HCCIEI0BIN. B CBS3M ¢ OTCYTCTBHEM B TyHJAPE IPEBECHON PACTUTEIBHOCTH I10-
JUapeHbl MOTYT PaclpOCTPAaHATbCA Ha JabHUE PACCTOSHUS, YTO BEIET K Hapy-
IICHUIO €CTECTBEHHBIX MPOLIECCOB B TYHAPOBHIX (puTorieHo3ax. [ToaTomy nccneno-
BaHUE NATbHOCTH pacrpocTpanerus [1AY ¢ ucnonszoBanuem Pleurozium schreberi
B Ka4€CTBE MHJMKATOPa NHTEPECHO KaK B IIPUKJIAJHOM IUIaHE, TaK U C TOUKH 3pe-
HUs QyHIaMEHTaIbHON HaYKH.

Lenb maHHOrO MCcaenoBaHUs — OLEHUTH AAJbHOCTH pactpocTpaHeHus [TIAY
B YCIJIOBUSIX TYHAPOBOM 30HBI Ha MPUMEPE BO3AECUCTBUS TEILIOAIEKTPOCTAHIINH.

MaTtepuanbi u meToAbl

Pabots! mpoBomnu B bonbmesemensckoil TyHape B BopkyTuHckoM paiioHe
Pecriy6nmuku Komu. HccnenoBaHo moBepXHOCTHOE HAKOIUIEHUE U O0IIEee CoaepIKa-
nue [IAY B Pleurozium schreberi Brid. 1 opraHoreHHOM TOPH30HTE TYHJIPOBBIX
MOBEPXHOCTHO-TIIeeBBIX 1M0UB (Stagnic Cambisols) Ha ¢oHOBOM yuacTke (B 6 KM
ot cT. XaHosei) u yaanenuu ot TOC 0,5; 1; 1,5; 3; 5 u 12 kM ¢ yuerom npeobia-
JIAIOIIEr0 HANpaBJeHMsI BETPa B CEBEPO-BOCTOYHOM HaIpaBJIEHWU. MXHU Ha Kax-
JIOM y4yacTKe OTOMpaiy B TpeX MOBTOPHOCTAX ¢ mutomanok 100x100 cm. XKXusyro u
OTMEpIIYIO YacTh MXa aHaJIM3UPOBAIN OTAENbHO. C 3THX ke IJIOLAA0K oTOupa-
JMCh CMEILIaHHbIE TPOOBI TOYB OPraHOI'€HHOTO TOPU30HTA.

XVMUKO-aHAIUTUYECKHAE UCCIIEI0BAHNS 110YB U pacTeHui BeIMoHAIM B LIKII
«Xpomatorpadus» Mucturyra ouonorun Komu HI[ YpO PAH. Ilpu noaroroske
npod pacTeHH K XMMUYECKOMY aHAJIM3y MOBEPXHOCTHOTO 3arpsi3HEHUsT UCTIONb-
30BaJIM OPUTHHAIBHYIO METOAMKY, onrcanHyto A.I'. I'opmkoseim [15]. Hepacrep-
ThIE BBICYIICHHBIE TIPOOBI paCTeHU Maccoi | T ToMeIman B KOHHYECKYIO KOOy
o6bemom 100 cM® n POBOIMIIK yJIBLTPa3BYKOBYIO 3KCTPAKLHIO 00pa3ios 60 cm’
rekcana B TeueHrue 30 MUH. DKCTPAKThI IEKAHTUPOBAIN Yepe3 QUIBTP «KpacHast
neHrtay. [lodyueHHBIH QUIbTpAaT KOHLEHTPUPOBAIN C MPUMEHEHUEM allnapara
Kynepna — Jlanuia npu Temnepatype B Tepmoctate 85 °C 10 oobema 5 cM’, 3a-
TeM J00aBJIsuIM 3 cM> alleTOHMTPHIIA M yapuBaiu Ipu Temmeparype 90 °C 1o mos-
HOro yaaneHusi rekcaHa. KoHneHTpaT npoObl B alleTOHUTPUIIE aHAJIM3UPOBAIIA HA
conepxanue [TAY meTonom BeICOKOA(DHEKTUBHOM KUIAKOCTHONH XpoMaTorpaduu.

st monHoro ussneuenus [IAY u3 pacteHnit U o4B UCHOIB30BAIA CUCTEMY
yckopeHHOM akcTpakiuu pactBoputensiMu ASE-350 Dionex Corporation (CLIA).
[IpoGy pacrenus maccoil 1 r moMemany B SKCTPAKIUOHHYIO STUEHKY U TPHIKIbI
9KCTPAarupoBajl CMEChIO XJIOPUCTOrO MeTuieHa ¢ aueToHoM (1:1) mpu Temmepa-
type 100 °C. 3aTem sKCTpaKkThl KOHLIEHTPUPOBAIM C IpUMEHEHHeM amnmnapata Ky-
nepHa — Jlannma npu temneparype B tepmocrare 70 °C U 3aMeHsUIM pacTBOpH-
Telb Ha rekcad. IlomydeHHbIH KOHIEHTpAT MPoObl 00BEMOM 3 CM> OYHINAIH OT
HEOpPraHMYEeCKUX MpUMecel METOAOM KOJIOHOYHOM Xpomarorpaguu ¢ UCHOIb30-
BaHueM okcuaa amoMuHus I crenenu aktuBHOCTH MO bpokmany. B kauecTse amo-
5HTA UCTIONB30BaIM 50 CM® CMECH TeKCaHa ¢ XJOPUCTBIM MeTuineHoMm (4:1). Dimoat
KOHLEHTPUPOBaJIM ¢ MpuMeHeHueM anmnapaTta Kynepna — Jlanuma npu temmnepa-
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Type B TepMocTaTe 85 °C 110 06beMa 5 cM?, 3aTeM 106aBIsIu 3 ¢M? alleTOHUTPHIIA
u ynapuBainu npu temneparype 90 °C mo nosHoro ypaneHus rexkcana. KoHieH-
TpaT MpoObl B allETOHUTPHIIE aHATTU3UPOBAIN Ha coaepxanue [TAY meronom BbI-
cok03(p(HEKTUBHOM KUIKOCTHOM XxpoMarorpaduu. KoHTpoas TOYHOCTH pe3yJibTa-
TOB M3MEPEHMI MPOBOJIMIN C UCIOJIb30BaHUEM cTaHAapTHOro obpasua Certified
reference material BCR-683 (European commission community bureau of reference)
Ui pacTHTeNbHBIX 00pasuoB. Standard Reference Material 1944 «New York/New
Jersey Waterway Sediment» (National Institute of Standards & Technology,
USA) ucnonp30Baiy B KauecTBe 00pasia it KOHTPOJIS IS TOYB.

Jnst uccnenoBaHHBIX BRIOOPOK ¢ TTomoIbio Tecta KomMoropora — CMupHO-
Ba YCTaHOBJIEHO HOpMajbHOE pactpeneneHue. CTaTUCTHUECKYIO 00paboTKy st
OLIEHKH JIOCTOBEPHOCTH PACXOKJIEHUIN CpEeHUX JaHHBIX MPOBOIMIH MPU TOMOIIH
t-xputepust Cteronenta, P = 0,95. [loctpoeHue rpagukoB, THCTOrpaMM U pacueT
cpenHuX apupMETHUECKHX C ONpeAeSIEHUEM OLINOKH CpeHEN BBIITOIHEHBI B IPO-
rpamme Microsoft Excel 7.0. KoppensiuoHHBIH U KIacTEpHBIA aHATN3 MPOBOAU-
U B mporpamme Statistica 6.0. Ha pucyHkax oTpa’keHbI CpeHUE 3HAUYCHUS TIOJTY-
YEHHBIX JaHHBIX, B KQUeCTBE MOTPEUIHOCTEH YKa3aHO CTaHJApTHOE OTKJIOHEHHE
cpenuero. [Ipu moctpoeHnu neHAPOrpaMMBbI CXO/ICTBA 7Sl OObEIMHEHHS JAHHBIX
npuUMeHsUIM MeTo] Bap/a, B kauecTBe criocoba onpeaeseHus CX0ACTBa CTI0Ib30-
Bayi EBKJIMIOBO pacCTOSIHUE.

Pe3ynbTaTbl n 06CcyXaeHune

Mox Pleurozium schreberi akTUBHO aKKyMyJIHMPYET HOJIHAPEHBI, YTO MO3BO-
JSIET UCHOJb30BaTh €ro JJIsl MHAWKAILMK 3arPsI3HEHUS] SKOCUCTEM JIaHHBIMU 3KOTOK-
cukaHtamu. [IAY MOryT mmeTh Kak IPHUPOJHOE, TaK U TEXHOT€HHOE IPOUCXO0XK-
JIeHHEe, M03TOMY B HEOOJIBIIMX KOJMYECTBAaX MPUCYTCTBYIOT U B €CTECTBEHHBIX
ouoneHo3ax. CornacHo MOJy4eHHBIM JaHHBIM, BO MXax Pleurozium schreberi ¢o-
HOBOTO y4YacTKa BbIsBIeHO npucyTcTBre 12 crpykryp [TAY: madranun, GmyopeH,
(deHaHTpeH, aHTpaleH, (IyopaHTeH, TUPEH, Xpu3eH, OeH3[alanTpaueH, 6eH3o[b]-
¢dayopanteH, 6en3o[k]dmyopanten, 6ens[a]mupen, 6en3|[ghi]nepuien. Ha 3arpss-
HEHHBIX yYacTKaX JOMOJIHUTENIBHO OOHapykeH Aubens[a,hlantpareH.

Pesynbrathl, paHee noxyyeHHbIE A1 CHEXKHOTO MOKPOBA MCCIIEI0BaHHBIX
y4acTkoB Ha paccrosiHuu oT 0,5 1o 5 kM ot TOC, nokazanu, 4To Ha pacCTOSTHUU
B 0,5 KM OT HCTOYHUKA BBISIBIEHO MMUHUMaJIbHOE cojaepxkanue [IAY B cHexHOM
nokpoge. [lo mepe ynanenus ot TOC conepxanue I[TAY u B Oonbliell cTenenn
TSKEJIBIX CTPYKTYp MOJIMAPEHOB BO3pacTajo U JAOCTUIajJ0 MakCUMyMa Ha yzale-
Huu 3 kM oT TOC. C nanpHEWIIUM yJlaJ€HUEeM OT UCTOYHUKA MPOUCXOIUIO CHU-
xenue coaepxanus [TAY [14].

Jlns MxoB oOHapy>KeHa cXoJHas TeHJeHIMs HakorieHus [TIAY: nekoropoe
yBenuueHue coaepxkanus [IAY Bo mxe BbIsiBIIeHO Ha paccTosHuu B 1 km ot TOC,
a MAaKCHMYM HAKOIUIEHHs OTMEYEH Ha paccTosiHUU B 3 kM. C HanbHEHIINM yAalIeHu-
€M COoJIepKaHue TIOJIApEHOB B Pleurozium schreberi CHIXaIOCh U TOCTUTAIO (POHO-
BOT'O YPOBHS Ha paccTossHuM 12 kM oT ncrouHuka. [lonydeHHbIE 3aKOHOMEPHOCTH
XapaKTepHbl KakK JUIsl JIETKUX 2—4-SJepHbIX, TaK U JUISl TSDKENBIX S5—06-s1epHBIX
crpyktyp ITAY. KpatHoctu npeBbiienus GpoHoBbIx copepkanuil I[IAY nHa pac-
CTOSHMU B | U 3 KM OT NpeAnpusTUs COCTaBUIN 5 pa3, HA yJaleHuu B 1,5 kM —
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3,5 pa3, B 5 kM — 3 paza. AHaJIOTMYHO U3MEHSUIOCH cofiepkanue jierkux [TAY Bo mxax.
[IpeBbimienre conepxanue TsoKeIbIx [TAY Ooree BhIpakeHO HA PACCTOSHUU B 3 KM —
B 5 pas, 10 CPaBHEHUIO C pacCTOSIHUEM B 1 KM, IZie OHO cocTasisuio 3 paza. Taxxke
OoJiee BBIpaKEHHBIM SIBJISTIOCH CHHKEHHE MAacCOBOU tonu Tsokenbix [TAY Ha pac-
CTOSIHUU B 5 KM — JIO KpaTHOCTEH MpeBbIleHUs (OHOBBIX 3HAYEHUU B 2 pasa.
To ecth comepkaHue HU3KOMOJIEKYJSIpHBIX [TAY m3MeHsuioch Oojiee TIaBHO B
CBSI3H C X OOJIBIICH JIETy4eCThIO 10 CPABHEHHIO C TSHKEIBIMH CTPYKTYpamu. Boi-
COKOMOJIEKYJISIPHBIE CTPYKTYPBI, MO-BUAUMOMY, MEPEMEIANINCh C BO3AYIIHBIMU
notokamu oT TpyOsl TOC Ha paccTosiHHE 10 3 KM, T/Ie BBIIAIal Ha MIOBEPXHOCTH
MXOB, JIETKHE K€ MOTJIU MepeMelarbes Aanpiie. Takoil pakT Bo MHOTOM CBsI3aH
C KOHLIEHTPUPOBAHUEM TSKENBIX U JETKUX CTPYKTYp Ha YacTHIaX Pa3HOro Jua-
Metpa. MccnenoBanus, HanpaBlieHHbIE Ha u3ydeHue 3016l ¢ TOLl, paboraromieit
Ha KAMEHHOM YTJIe, TO3BOJWIH BbIIBUTh U3MEHEHHS COCTaBa MOJIMAPEHOB B 3aBU-
CUMOCTH OT pazMepa yactuil. Conepxkanue 2, 3, 4-saepubix [TAY ymeHbianocs ¢
YBEJIMUEHUEM pa3Mepa YacTHUI[ CaXKH, JJS TsDKEBIX MOJIHAPEHOB BBIABIEHA 00-
patHas teHaeHius [16]. Maauiickue nccnenoBarenu mokasaiu, 9to Tsokenbie [TAY
npeobiananu B eryueit 3oie, serkue [TAY B 30mbHO# by [17].
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Puc. 1. O6uee conepxanue MNAY B Pleurozium schreberi, Hr/r:
a -y nerkue lMAY; b - ¥ Taxensbie MNAY
[Figure 1.Total PAHs content in Pleurozium schreberi, ng/g:
a-Y light PAH; b — ¥ heavy PAH]

CrnenyeT OTMETHTh, YTO BO MXE (DOHOBOTO W 3arpsA3HEHHBIX YYacTKOB B
OOJBIIEH CTETEHN MPEJCTABICHBI JIETKUE MOJIMAPEHBI, OIS TSKEIBIX CTPYKTYP
ot obmero conepkanus [IAY BapeupoBana B npenenax 4—6 %.

HccrnenoBanue comepikaHus MOJUAPEHOB HA MIOBEPXHOCTH MXOB TIO3BOJIHIIO
BBISIBUTH OJIMHHAIIATH CTPYKTYp [TAY. Ha GonbpIIMHCTBE HCCIeI0OBAaHHBIX ydacT-
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KOB OOHapY’KEHO JIECITh CTPYKTYP MOJIHAPEHOB: (IIyopeH, (PeHaHTpeH, aHTpalleH,
(dbayopanTeH, MupeH, Xpu3eH, OeHs[alanTpainen, 6eH3o[b]dayopanten, 6enso[k]-
(bayopanteH, Oens[anupen. J(ubens[a,h]antpanen oOHapy>keH Ha MOBEPXHOCTH
MXa TOJIbKO Ha PacCTOSIHMM B 1,5 KM OT MCTOYHUKA, B TKaHSAX PACTEHUs JaHHBIN
KOMITOHEHT OOHApYKEeH TaKKe Ha PaccTOsSHUU B | U 3 KM, B CHe)KHOM TIOKPOBE B
1,2 KM OT UCTOYHHKA. ITO TO3BOJISIET YTBEPKIaTh, yTO AuOeH3[a,h]anTparien mor
pactpoCTPaHATHCS JIUIL Ha He3HaUuTelbHbIe pacctosHust oT TOC. bens[ghi|neprnen
OTCYTCTBOBAJl B CHEKHOM IIOKPOBE, a CJEI0BaTEIbHO, U Ha MOBEPXHOCTH MXOB,
TO €CTh €0 HAKOIJICHHE MOIJIO OBITh CBS3aHO C BHYTPUKIIETOUYHBIM CHHTE30M B
pacTeHHsIX.

Crenyer OTMETHTD, UTO Ha IOBEPXHOCTH PACTEHUH KakK (POHOBOTO, TaK M 3a-
IPA3HEHHOT'0 YYacTKa HE BBISBJICHO MPHUCYTCTBUE Ha(TallMHA, TIPU €r0 3HAUUTElb-
HOM COZiep>KaHUM B TKaHAX Pleurozium schreberi. HapTanuu B pacreHusIX GpoHo-
BOTO y4acTKa MOT' (pOpMHUPOBATHCS B MPOLIECCE BHYTPUKIETOUHOTO CHHTE3a, TaK
KaK UMEET CXOJHYI0 CTPYKTYPY C BUTAMUHAMH M TOPMOHaMU. B ycinoBusix 3arpss-
HEHMsI B PACTEHMs MOCTYNAJIO JAOMOJHUTENbHOE KOJINYECTBO Ha(TaIuHa, U OH,
MO-BUAMMOMY, Oarojiapsi CBoeil BBICOKOW pacCTBOPHUMOCTH M HEOOJBIIOMY MOJIE-
KYJISIPHOMY BecCy, JIETKO IIPOHUKAJl B TKAHU pPacTEHUs, HE KOHIIEHTPUPYACH Ha T10-
BepxHOCTH. [IprpomHOe CXOICTBO HU3KOMOJEKYISApHBIX [TAY c BUTaMMHAMU U
TOPMOHAMHU TaK)K€ MOXKET OKa3blBaTh OIPEAETICHHOE CTUMYJIHpPYIOIee BO3JeH-
CTBHUE HA MPOHUIIAEMOCTh KIIETOUHBIX MeMOpaH [18].

ITAY Ha MOBEpPXHOCTH PacTEHUM MPEACTaBICHBI B OCHOBHOM JIETKUMU IO-
nuapeHaMu Ha 83-96 % Ha 3arpsi3HEeHHBIX yyacTkax 1 Ha 98 % Ha (poHOBOM.
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Puc. 2. Conepxanue MAY Ha noBepxHocTu Pleurozium schreberi, Hr/r:
a -y nerkve MAY; b - Y taxensie NAY
[Figure 2. PAH content on the surface of Pleurozium schreberi, ng/g:
a -y light PAH; b - 3 heavy PAH]

CyMmMmapHOe cojiep)kaHue TOJUApEeHOB Ha MOBEPXHOCTH MXOB HPUMEPHO
OJIMHAKOBO HAa (DOHOBOM W 3arpsS3HEHHBIX YYaCTKaX, YTO CBUACTEIBCTBYET O MOJ-
Jep’KaHUM MXOM OIpe/IeJICHHBIX KOHIICHTpAIUil MOJIMapeHOB Ha MOBEPXHOCTH.
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Hckimouennem sIBISIETCS yY4aCTOK HA PACCTOSHUU B 3 KM, TJIeé OTMEYEHO PE3KOe
MOBBIILIEHUE MacCOBOW J0JU MOBEpXHOCTHBIX [IAY — B 3 paza OoTHOCUTENBHO
JIPYTHX y49acTKOB. Takoe MOBBIMIEHHE 00YCIOBICHO PE3KUM BO3PAacTaHUEM Mac-
COBOM 10NN 4—5-1epHBIX MOJIMapeHoB: (hIyopaHTeHa, MUpeHa, OeH3[a]aHTparieHa,
xpusena, 0enzo[b]dayopanrena, 6enszo[k]dmyopanrena, 6en3[a]nupena. MoxHO
MIPENIOJIOKHUTD, YTO JaHHBIE CTPYKTYPbI IEPEMEIIAIOTCS HA MBIJIEBBIX YaCTULIAX U
BBITIAAIOT HAa PACCTOSIHUU B 3 KM. V3-32 MOBBIIIIEHHOTO COACPIKAHUS 4—S5-s1epHBIX
CTPYKTYp Ha TIOBEPXHOCTH 3aTPyAHSIETCA X IPOHUKHOBEHHE B TKAHU PACTEHUH.

CpaBuenue ypoBHs HakorieHus: [IAY Ha MOBepXHOCTH U B TKaHsIX Pleurozium
schreberi IO3BONUIIO BBIIBUTH, YTO HAa (JOHOBOM y4yacTKe M MaKCHUMaJbHO MpHU-
OnmmKeHHOM K Hemy 1o conaepxkanuto [IAY B 12 km ot TOC m071s MOBEpXHOCTHO-
ro HakorieHus: coctapuna 17-18 % (puc. 3). Ha ydacTkax, moJaBep>KeHHbIX 3a-
rpsizHenuio ot TOC (0,5; 1; 1,5; 5 kM) — 5-6 %. To ecTh B yCIOBUSAX 3arps3HEHHUS
AKTHBHU3MPOBAIHUCH TIPOIIECChl OMoakKymyJsiiuu [1AY, n monuapeHsl ¢ MOBEPXHO-
CTH MXa aKTUBHO TPAHCIIOPTUPOBAIUCH BHYTPb pacTeHus. VICKITIOUEHHEM SIBIISUICS
ydacTok B 3 kM oT TOC, /1€ 107151 MOBEPXHOCTHOTO HAKOIUIeHHs gocturaia 13 %
P MaKCUMaJIbHOM 3arpsi3HCHHH. BO3MOXHO, B JaHHOM ciydae y Pleurozium
Schreberi BKITIOHAJINCh 3alTUTHBIE MEXaHU3MBbI, CBSI3aHHBIE C PE3KUM yBEIMUYECHUEM
MOCTYIUICHHS B (DUTOIICHO3 4—5-S7IepPHBIX CTPYKTYP, TTIaBHBIM 00pa3oM ¢uryopaH-
TeHa, Xpu3eHa, 0eH30[b]dmyopantena u 6enso[k]dryopantena, 1jist KOTOPHIX OT-
MEYEHO TOBBIIICHHE HE TOJHLKO MOBEPXHOCTHOTO, HO M OOIIEro COACPKAHUS B
pactrenusix. Kak pesynprar, nocrymienue [IAY BHyTps MXa CHUXKAJIOCh U TOJTHA-
PEHBI B 3HAYUTEIILHOH CTEMIEHN KOHIICHTPUPOBAIKNCH Ha TOBEPXHOCTH MXa.
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Puc. 3. Bknag noBepxHOCTHOIO HakonneHus B obLiee conepxaHue MAY B Pleurozium schreberi, %:
a -y copepxaHue MAY B TkaHsix; b — cogepxanue MNAY Ha NOBEPXHOCTN
[Figure 3. The contribution of surface accumulation to the total PAH content in Pleurozium schreber, %:
a - PAH content in tissues; b — PAH content on the surface]

CpaBHenue HakomueHus [TAY B xuBOM M oTMepILEH 4acTH MXa I10Ka3ajo,
YTO pa3Iuyusl MEXJy HUMHM HE3HauuMbl Ha (POHOBOM YyUacTKe, TJ€ MOJUapeHbI
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MPEUMYIICCTBEHHO KOHIICHTPUPOBAINCH B aKTMBHOW >KMBOW YacTW, M Ha OOJIb-
IIMHCTBE PACCTOSHHUHA B YCIIOBHUSX 3arps3HEHUS, TJe Mpeodianano HaKOIUICHHE
ITAY B ot™epueii uactu Pleurozium schreberi (puc. 4). 3HaunMbIe TTPEBBIICHUS
coaepxxkanusa [TAY B oTmepuiell yacTu Mxa XapaKTEepHbI JIUIIb JJISI pAaCCTOSIHUS B
3 KM, XapaKTepu3yIOIIerocss MaKCUMaJIbHBIM ITOCTYIUIEHHEM MOJIHAPEHOB. Takum
obpazom, nmuk HakorieHus [TIAY B xuBoii yactu mxa Habmonanu B 1 km ot TOC,
a MK HaKOIUIEHHs B oTMepiuel yacTu — B 3 kM. Takoil (hakT mo3BosieT mpeamnosio-
KHTh, YTO ISl TIPABMIILHON MACHTU(HUKAIMH MTUKOB TIOCTYIUICHHS TIOJIMAPEHOB He-
00X0IMMO MCHOJIBb30BAaTh OTMEPILYIO YacTh Pleurozium schreberi iy MOX B IIEJTIOM.
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Puc. 4. Conepxanue MAY B Xx1BOW 1 oTMepLueit YacTsax Pleurozium schreberi, Hr/r:
a — XuBas 4acCTb; b- oTMepLlas 4yaCTb
[Figure 4. PAH content in the living and dead parts of the Pleurozium schreberi, ng/g:
a - living part, b — dead part]
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Puc. 5. CopepxaHue MNMAY B opraHOreHHbIX ropu30HTax No4B, Hr/r:
a - nerkve MAY; b - Y taxensie NAY
[Figure 5. PAH content in organogenic soil horizons, ng/g:
a-Y light PAH; b - ¥ heavy PAH]
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[ToBeimenne MaccoBoii monu [TAY Bo Mxax, COCTaBJISIONIMX OCHOBY OHO-
Macchl TYHIPOBBIX (PUTOIIEHO30B, BEJIET K BO3PACTAHUIO COAECPIKAHUSI TOJTMAPEHOB
B noyBax (puc. 5). B coctaBe opraHoreHHbIX TOPU30HTOB IIOYB BCEX HCCIIEI0BAH-
HBIX y49acTKOB uaeHTuduimponado 13 crpykryp [TAY: madranun, payopeH, de-
HAHTPEH, aHTpalleH, GIyopaHTeH, IMPEH, Xpu3eH, OeH3[alanTtpatieH, 6enso[b]diyo-
panTeH, O0enso[k]dayopanten, 6en3[a|nupen, nubens[a,h]antpanen, 6ens[ghi]me-
pUIICH.

H3meHeHus B cofiepaHUM MOJIMAPEHOB B OPraHOTEHHBIX TOPU30HTAX MOYB
UACHTUYHBI U3MEHEHHSIM, XapakTepHbIM aisi Pleurozium schreberi. Makcumanb-
HOE COJEpKaHUE KaK JIETKUX, TaK U TSHKEJBIX CTPYKTYP BbIABIEHO B 3 kM oT TOC.
Takoe moBbIIeHHE OO0YCIOBICHO PE3KMM BO3PAaCTaHMEM MAacCcOBOW jaonu 4-—5-
SJIEPHBIX MOJUAPEHOB: (hIIyopaHTeHa, MUpeHa, OeH3[a]aHTparieHa, Xpu3eHa, OcH-
30[b]dnyopantena, 6ersolk]dmyopanrena, 6en3[a]nupena u 6-saepHoro Oen3[ghil-
nepuyieHa — B 2—3 pasza Mo CPaBHEHMIO C JIPYTUMH 3arpsi3HEHHBIMU YYacTKaMHU.
ITAY nocrtynaioT B OpraHOT€HHbIE TOPU30HTHI IOYB NIPU OTMUPAHUH TYHIPOBOM
pPacTUTEIBLHOCTH, MOATOMY cOocTaBbl [IAY B mouBax u pacTeHUAX OJIU3KUA MEXKIY
coboii. Koapdumuentsr koppemnsituu cocrasistor » = 0,85-0,97 (npu P = 0,95;
n = 13). Kparnoctu nipeBsimeHust GOHOBBIX 3HAUCHUH JIETKHX MOJIMAPEHOB B ITOYBE
coctaBuiM 3 pasa st yuactkoB B 0,5; 1,5; 5 u 12 kM ot ucrounuka. Ha paccros-
HuM B 1 kM oT TOC KpaTHOCTH MPEBBIIIEHUS JOCTUTAIU 4 pa3, Ha PACCTOSHUM B
3 kM — 5 pa3. s msokensix [TAY kpatHocTH mpeBblieHus (JOHOBBIX 3HAUYECHUI
TaKk)K€ MaKCHUMaJbHBl Ha PACCTOSIHUU B 3 KM U COCTABIISIIOT 3 pasa, ISl APYTUX
YUYacTKOB — J10 2 pa3. B menom /i MXOB ¥ IOYB HaOJIIOAAIHCh CXOTHBIE 3aKOHO-
MEPHOCTH B aKKyMYJISILIMU MoJinapeHoB. [Ipu 3ToM u3MeHeHus B coiepKaHUH Tsi-
xenbix [TAY B opraHoreHHbIX TOPU30HTAX MOYB MPOSIBISUIMCH HE TaK SIBHO, KAaK B
pacTeHusiX. ITOT (aKT BO MHOTOM CBSI3aH C TEM, YTO HCTOYHHKOM BBICOKOMOJIE-
KYJISIPHBIX TIOJIMAPEHOB B MOYBE MOTYT CIY>KUTh HE TOJIBKO aHTPOIOTEHHBIE MPO-
LIECChI, HO M MPOLECCHl TOYBOOOPA30BaHMSI, B PACTCHHSX K€ B €CTECTBEHHBIX yC-
JIOBUSIX TSKEJbIE TOJMAPEHBI OTCYTCTBYIOT WJIM MPEACTABICHBI B CIEJOBBIX KO-
nudecTBaxX. Tak, MOBBIMICHHE cojepkaHus 6-saepHoro Oens|ghi|nepuiena B yc-
JIOBUSIX 3arpsi3HEHUS IPU €ro OTCYTCTBUH B BeIOpocax TOC, BO3MOKHO, 00yCII0B-
JIEHO ero 00pa30BaHMEM B MOYBE B Mpoliecce MepeKOMOUHAIMU JPYTHX CTPYKTYP
MOJTMAPEHOB WIIN Pa3JI0KEeHUs1 00Jiee CIOKHBIX OPTaHUYECKUX BEIIECTB MOA Jei-
CTBUEM MOYBEHHOM MHKPOOHMOTHI, aKTUBHU3UPOBABIICICS B YCIOBUSIX 3HAUUTENb-
Horo nocrymieHus [IAY B nouBy. Bo3aMOXHOCTh NEAOTE€HHOIO MPOUCXOKIACHUS
ITAY — xopomro nokazanHbli pakT. PsigoM aBTOpOB MOKa3aHO, YTO HCTOYHUKAMHM
obpazoBanus [IAY B mouBe CIyXKWUJIM MEHTANUKINIECKUE TEPIICHBI, apoMaTHde-
CKHE CTPYKTYPbI, CTPYKTYpbI C IMEHOBBIMU WUJIM TIOJUEHOBBIMH CBS3SIMH B anuda-
TUYECKUX YTIEBOAOPOAHBIX Iensx, nunuaax [19; 20]. pyrumu aBTopamMu ycra-
HOBJIEHO, 4TO aneHadTeH, GayopeH, nupeH, auodens[a,hlanTpanen, HadTanuH U
Oens[ghi|mepuieH UMeIN MPEUMYIIECTBEHHO OMOTEIOTEHHOE MPOUCXOKICHUE U
CHUHTE3UPOBAJINCH B BOCCTAHOBUTENIbHBIX YCIOBUSX B CHJIBHO OOBOJHEHHBIX I'O-
PU30HTaxX KOJUIIOBUAIBHBIX MOYB [21].

Kpome toro, ne Habmroganoch cHmkeHus conepxkanusi [IAY B opranoren-
HBIX TOPU30HTAX MOYB HA PAcCTOSIHUM B 12 KM, 4TO, BO3MOXKHO, CBSA3aHO C OoJjee
JUTUTETBHOW aKKyMYJISIIEN TIOJIMapeHOB B TIOYBE U ee 0osiee HU3KOH YyBCTBUTENb-
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HOCTBIO K U3MEHEHHUSAM B YPOBHE MOCTYIUICHUS 3arps3HUTENEH B TYHJIPOBBIE KO-
CUCTEMBI. DTH JaHHbIE MMOITBEPKAAI0T HHPOPMAIIHIO, TIOJTYUYEHHYIO paHee, 0 Oojee
BBICOKOW 9YBCTBUTENBHOCTU Pleurozium schreberi mo cpaBHEHUIO C TOYBEHHBIM
nokpoBoMm [13; 14].

Jlns oneHkH cxojcTBa B HakomieHnH [IAY MxamMu M moYBaMu MCIIOJIb30Ba-
JY KJIACTEpHBIM aHain3. [[aHHBIE KIACTEpHOIrO aHalau3a MOATBEPKIAIOT, YTO HA
paccrostauu B 12 km o1 TOC maccoBast 10J1s1 MOTUAPEHOB BO MXax JIOCTUTAET (Ho-
HOBBIX 3Ha4YCHHH (puc. 6).
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no4sa: a — GoHoBbIN y4acTok; b —0,5km; ¢ — 1km; d - 1,5km; e - 3 km; f— 5 km; g — 12 km;
Pleurozium schreberi: h — doHoBbI y4acTok; i — 0,5 km; j— 1 kM; k— 1,5 km; [ = 3 kM; m — 5 km; n — 12 km
[Figure 6. Similarity diagram in the polyarenes accumulation of Pleurozium schreberi
and organic soil horizons, the Ward method:
soil: a — background area; b - 0.5 km; ¢ —1km;d - 1.5km; e -3 km; f-5km; g- 12 km;
Pleurozium schreberi: h — background area; i — 0.5 km; j— 1 km; k — 1.5 km; / - 3km; m - 5 km; n — 12 km]

Conepxanne IIAY B Pleurozium schreberi i OpraHOT€HHOM TOPHU30HTE
MOYBBI (POHOBOTO y4acTKa 00BEIMHEHBI B OJMH KJIAacTep ¢ MaccoBoi foieii [TAY
Bo Mxe B 12 km ot TOC. Takxke B OTACIbHBIE KJIACTEPHI BHIACISIOTCS COAEPIKAHNE
ITAY B Pleurozium schreberi na yganenuu 0,5; 1; 1,5 u 5 xm ot TOC u KkoHIeH-
TpaIus NOJUAPEHOB OPraHOTEHHBIX TOPU30HTAX ITOYB BCEX 3arpS3HECHHBIX ydacT-
koB. K mouBeHHOMY KilacTepy mpucoeaunsercs coaepxkanue [TAY Bo mxe mak-
CHUMAJIbHO 3arps3HEHHOTO YJacTKa, YTO, BEPOSTHO, CBSI3aHO CO 3HAUYUTEIILHBIM COJIEP-
YKaHUEM TIOJTMAPEHOB B PACTEHUSIX HA PACCTOSHUU B 3 KM, B YaCTHOCTHU 4—5-S€pHBIX
CTpyKTYyp. B 1ienom coneprkanue monuapeHoB B mouBax u Pleurozium schreberi
3arpsI3HEHHBIX YYaCTKOB XapaKTEpHU3yeTCs BBICOKUM YPOBHEM CXOJCTBA M 3HAYU-
TEJIHO OTIIMYAETCS OT (DOHOBBIX ITOKA3aTEINECH.
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3aknouyeHue

Ha ocHoBaHMM MOTyYeHHBIX JAHHBIX MOXKHO KOHCTaTHPOBaTh, uTo ITAY B yc-
JOBHMSAX TYHAPBI CIIOCOOHBI MepeMelaTbcs Ha 3Ha4uMTeNbHble paccTosHus. Ilpu-
OmmkeHHble K (OHOBBIM 3HaueHus coxaepkanust [1AY B Pleurozium schreberi
BBISIBJICHBI JIUIIb HA paccTossHUU B 12 kM ot TOC, 11 opraHOreHHbIX TOPU30HTOB
MIOYB 3Ha4YEHUs OM3KUE K OHOBBIM HE BBISBIICHBI.

[onTBepxkeHbI JaHHBIE O OOJBIEH YyBCTBUTENLHOCTH Pleurozium schreberi
K MU3MEHEHHSIM B YPOBHE 3arpsi3HEHMs TYHIPOBBIX OHMOLIEHO30B IO CPABHEHUIO C
OpPTaHOTEHHBIMH TOPU30HTaMU TOYB. OTMEYEHO CHIKCHHE IOJH HaKOIUICHUS
ITAY Ha NOBEepXHOCTH MXa C POCTOM YPOBHS 3arps3HEHUs [0 CPaBHEHMIO ¢ (POHO-
BbIM y4acTkoM. [Ipu noBbIieHnH ypoBHSI 3arpsi3HeHus Onoakkymyssius [TAY mxom
uHTeHcupunupyercs. Ilpu MakcuMalbHOM 3arps3HEHHUU J0JsI TOBEPXHOCTHOIO
HAKOTUICHHUS HECKOJIBKO BO3pacTaia, He TOCTUTast (POHOBBIX 3HAUEHH, YTO MOXKET
ObITh OOBSCHEHO BKJIIOUYEHHEM 3aLIUTHBIX MEXaHM3MOB PACTEHMs MOJ BIUSIHUEM
aKTUBHOTO TocTyruieHus 45 [TAY B ¢puronenos.

Ha noBepxHOcTH MXa He BBISIBIIEHO NPUCYTCTBHE HadTaTMHA, YTO, BO3MOXK-
HO, CBSI3aHO C €ro aKTHBHBIM IOTJIONICHUEM C TIOBEPXHOCTH HM3-32 CPOJICTBA C TIPH-
POIHBIMU KOMIIOHEHTaMH PACTECHHH.

B nensix MoHUTOpHHTa pEKOMEH/Ty€eTCsl UCTIONb30BaTh MOX Pleurozium schreberi
B 1I€JIOM MJIM €r0 OTMEPIIYIO YacTb, YTO MO3BOJIMUT 00JIe€ TOUHO UAEHTHPHULIUPO-
BaTh MUK HAKOTICHHS MTOJMAPEHOB B TYHAPOBBIX IKOCUCTEMAX.
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BnarogapHocTu. Pa6oTa BbinosiHeHa npu ¢guHaHcoBoWn nopaepxke PODU B
pamkax Hay4Horo npoekta Ne 18-05-60195 (Ne LINTnC AAAA-A18-118062090029-0)
n rocbromxeTHor Tembl Ne AAAA-A17-117122290011-5.

Cnucok nutepaTypbl

[11  Hemun B.H., I'paescxuti A.Il, Jemewxun A.C., Bracos C.B. 3arps3HeHre TIOYBEHHO-
PaCTUTEIBHOTO KOMILICKCA B OKPECTHOCTSAX pynHHKa «bapeHnOypr» MoNuIMKIInye-
CKAMH apOMaTHUYECKUMU YTICBOJOPOJaMH // APKTHKA: SKOJIOTHs U dKOHOMUKA. 2012,
Ne 3 (7). C. 62-73.

[2] Li W., Chen B., Ding X. Environment and Reproductive Health in China: Challen-
ges and Opportunities // Environmental Health Perspectives. 2012. Vol. 120. No. 5.
Pp. A184-A185.

[3] Hamid N., Syed J.H., Junaid M., Zhang G., Malik R.N. Elucidating the urban levels,
sources and health risks of polycyclic aromatic hydrocarbons (PAHs) in Pakistan:
implications for changing energy demand // Science of the Total Environment. 2017.
Vol. 619-620. Pp. 165—175.

[4] Cywxosa C.H., Munxkuna T.M., Manoocuesa C.C., Tropuna U.I"., Bacunvesa I'. K., Ku-
sunkas P. MoHUTOpHHT conepkaHus OeH3(a)IupeHa B 1MOYBax IO BIMSHAEM MHOTO-
JICTHET0 TeXHOTeHHOTOo 3arps3uenus // [Tousosenenue. 2017. Ne 1. C. 1-12.

[5]  Ribeiro J., Silva T.F., Mendonca Filho J.G., Flores D. Fly ash from coal combustion —
an environmental source of organic compounds // Applied Geochemistry. 2014. No. 44.
Pp. 103-110.

194 INDUSTRIAL ECOLOGY



Sxosnesa E.B., 'aboB I.H. Becmnux PY/[H. Cepusa: Dxonozus u b6esonachocms srcusnedesimensiocmu. 2019. T. 27. Ne 3. C. 184-198

[6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]
[20]

[21]

Doegowska S., Migaszewski Z.M. PAH concentration sin the moss species Hylocomium
splendens (Hedw.) B.S.G. and Pleurozium schreberi (Brid.) Mitt. From the Kielce
area (South-Central Poland) // Ecotoxicology and Environmental Safety. 2011. Vol. 74.
Pp. 1636-1644.

Migaszewski Z.M., Galuszka A., Crock J.G., Lamothe P.J., Dolegowska S. Interspecies
and interregional comparisons of the chemistry of PAHs and trace elements in mosses
Hylocomium splendens (Hedw.) B.S.G. and Pleurozium schreberi (Brid.) Mitt. from
Poland and Alaska // Atmospheric Environment. 2009. Vol. 43. Pp. 1464—1473.
Twpuna U.T., Cywkosa C.H., Munkuna T.M., Hazapenxo O.I'., Manooxcuesa C.C.,
baysp T.B. Conepxanue OeH3(a)iupeHa B €CTECTBEHHOW TPaBSHUCTON pacTHUTEIHHO-
ctH 30HbI BustHus HoBouepkacckoit ['POC // Ilnomopomaue. 2015. Ne 6. C. 46-48.
Radic S., Meduni G., Kuhari Z., Roje V., Maldini K., Vujcic V., Krivohlavek A.
The effect of hazardous pollutants from coal combustion activity: phytotoxicity asses-
sment of aqueous soil extracts // Chemosphere. 2018. Vol. 199. Pp. 191-200.

Khaustov A.P., Redina M.M. Indicator Ratios of Polycyclic Aromatic Hydrocarbons for
Geoenvironmental Studies of Natural and Technogenic Objects // Water Resources.
2017. Vol. 44. No. 7. Pp. 903-913.

Hroesnesa E.B., 'abos J].H., besnocuxos B.A. HakorieHre MOJUIUKIHYECKUX apoMa-
TUYECKUX YTIICBOJOPOIOB PACTCHUSAMH FOXKHOM TYHIPBI IPU NOOBIYE YISl OTKPBITHIM
cniocobom // Bectauk MHcTUTyTa Ononorun. 2016. Ne 4. C. 24-33.

Yakovleva E.V., Gabov D.N., Beznosikov V.A., Kondratenok B.M., Dubrovskiy Y.A.
Accumulation of PAHs in Tundra Plants and Soils under the Influence of Coal Mining //
Polycyclic Aromatic Compounds. 2017. Vol. 37. No. 2-3. Pp. 203-218.

Axoenesa E.B., I'abos /[.H., besnocurxos B.A. BpeMeHHbIe M3MEHEHUs COICPIKAHUS
MOJMAPEHOB B TOYBAX M PACTCHUIX HUXKHETO sIpyca FOXHOM TYHIPBI O BO3ICHCTBH-
eM yrienoOsIBatomeii mpomeinuieHHoCcTH // BectHuk PY/IH. Cepust: Oxonorust u 6e3-
OMacHOCTE xu3HeneareapHoct. 2017. T. 25. Ne 2. C. 271-293.

Hroenesa E.B., I'abos J[.H., besnocurxog B.A., Konopamenox bB.M. HakoruieHue momnu-
[UKJIMICCKUX apOMATHYECKUX YITICBOOPO/IOB B MOYBAX U MXaX FOKHOU TYHPHI HAa pa3-
HBIX PACCTOSHUAX OT Terutodjiekrpoctaniuy // [TouoBenenue. 2018. Ne 5 C. 563-572.
Topwrkos A.I'., Muxatinosa T.A., bepescnas H.C., Bepewaeun A.JI. Hakonnenue mo-
JTUIHUKIMYECKIX apOMAaTHYEeCKUX YIIEBOJOPOJOB B XBOE COCHBI OOBIKHOBCHHOH Ha
tepputopuu [pubaiikanss // JlecoBenenue. 2008. Ne 2. C. 21-26.

Li H., Liu G., Cao Y. Content and Distribution of Trace Elements and Polycyclic
Aromatic Hydrocarbons in Fly Ash from a Coal-Fired CHP Plant // Aerosol and Air
Quality Research. 2014. No. 14. Pp. 1179-1188.

Verma S.K., Masto R.E., Gautam S., Choudhury D.P., Ram L.C., Maiti S.K., Maity S.
Investigations on PAHs and trace elements in coal and its combustion residues from
a power plant // Fuel. 2015. Vol. 162. Pp. 138-147.

Posunckuui ®@.A., Tennuyxas T.A., Anexceesa T.A. DOHOBBIA MOHUTOPHHT ITOJHIINK-
JUYECKUX apoMaTHUECKuX yrieBoAopoaos. JI.: 'uapomereousnar, 1988. 224 c.

Opnos /[.C. I'ymycoBBIe KHUCIIOTHI TTOYB U o0mas teopust rymudukanmm. M.: U3n-so
Mock. yH-Ta, 1990. 325 c.

Wilcke W. Polycyclic aromatic hydracarbons (PAHs) in soil: a review // J. Plant Nutr.
Soil Sci. 2000. Vol. 163. Pp. 229-248.

Atanassova 1., Brummer G.W. Polycyclic aromatic hydrocarbons of anthropogenic and
biopedogenic origin in a colluviated hydromorphic soil of Western Europe // Geo-
derma. 2004. Vol. 120. Pp. 27-34.

HcTopus cTaTbu:
[Hata noctymenus B pegakuuio: 20.10.2019
Hara npunsartus x nevatu: 08.11.2019

[MTPOMBILIJIEHHA ST DKOJIOT' A 195



Yakovleva E.V., Gabov D.N. RUDN Journal of Ecology and Life Safety, 2019, 27(3), 184-198

Jdas unTupoBaHua:

Axoeneséa E.B., I'abog /[.H. JlanbHOCTh paclpoCTpaHEHUs MONUIUKINIECKAX apOMaTH-
YECKUX YTJIEBOAOPOIOB B TYHAPOBOH 30HE 1o BozfeiictBuem TOC // Bectauk Poccwii-
CKOT'O YHUBEPCHUTETA APYKOBI HapoaoB. Cepusi: DKOJIOTHS M 0€30MaCHOCTh KH3HEICATEIb-
Hocth. 2019. T. 27. Ne 3. C. 184-198. http://dx.doi.org/10.22363/2313-2310-2019-27-3-
184-198

Cgenenns 00 aBpTopax:

Aroenesa Eeeenus Bsauecnasoena — KaHIUAAT OMOIIOTUYECKUX HAyK, HAYYHBIH COTPY.-
HHK OTJHena TmouBoBeAcHUs MHcTuTyTa Omonormm, KoMu HaydHBIH IEHTp Y PpaabCKOTO
otneneHust Poccuiickoit akagemun Hayk. eLIBRARY SPIN-kox: 7916-3710, ORCID iD:
http://orcid.org/0000-0003-0793-1468. E-mail: kaleeva@ib.komisc.ru

Tabos J[mumpui Huxonaesuy — KaHIUAAT OMOJIOTHUECKUX HAYK, CTAPIIAHA HAYyJHBIH CO-
TPYJAHHK SKOaHAJTUTHYECKOH nabopatopun MuctuTyTa Omonorun, Komu Hay4HbIi 1IEHTP
Ypanbckoro otaenenus Poccuiickoii akagemun Hayk. eLIBRARY SPIN-kox: 2777-7762,
ORCID iD: http://orcid.org/0000-0002-3786-9872. E-mail: gabov@ib.komisc.ru

Research article

The distribution distance of
polycyclic aromatic hydrocarbons in the tundra zone
under the impact of thermal power plant

Evgenia V. Yakovleva, Dmitriy N. Gabov

Komi Science Centre of the Ural Branch of the Russian Academy of Sciences
28 Kommunisticheskaya St, Syktyvkar, 167982, Russian Federation

Abstract. Being widely distributed in the tundra zone and highly sensible to temporal
or spatial changes in composition of polycyclic aromatic hydrocarbons (PAHs) in ecosystems,
Pleurozium schreberi Brid. can serve a pollution indicator of tundra biocenoses with polyare-
nes. The purpose of the present study is estimating the PAH distribution distance in the tundra
zone under the impact of thermal power plant (TPP). The study was conducted in the Bolshe-
zemelskaya tundra area of the Vorkuta region (Komi Republic, Russia). The surface accumu-
lation and total content of PAHs in Pleurozium schreberi and organic horizon of tundra surface-
gley soils (Stagnic Cambisols) at the background site and sites removed from the TPP at 0.5;
1; 1.5; 3; 5 and 12 km were studied. The PAH content in Pleurozium schreberi under the impact
of TPP changes with distance not linearly. The maximum accumulation was noted at 3 km distance,
then the content of PAHs decreased and reached a background level of 12 km from the source.
The high molecular weight structures seemed to be transported at distance of no more than 3 km
and fell down to the moss surface. The light structures could fly further. This fact responded
for concentration of heavy and light structures on particles with different diameter. The moss
surface at the background and polluted sites did not contain naphthalene. The total polyarene
capacity on the moss surface is relatively the same for the background and polluted sites.
At 3 km site, there was a sharp increase in the mass fraction of surface PAH by a factor of
3 due to an increase in the mass fraction of 4—5 — nuclear polyarenes. Being contaminated,
the moss activates the bioaccumulation processes of PAHs and so transports polyarenes from
its surface to inner organs. The exclusion is a site at a distance of 3 km where the proportion
of surface accumulation increased with maximum pollution, i.e., PAH ingress into moss de-
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creased. Determined that the dead part of Pleurozium schreberi or the whole plant is to be
used for true identification of polyarenes. The changes in polyarene content in organic soil
horizons are the same as in Pleurozium schreberi. By the obtained data, PAHs in tundra can
move at large distances. The background-like PAH values are estimated for the site as 12 km
from the pollution source for Pleurozium schreberi. The background-like PAH values for or-
ganic soil horizons are not estimated. The obtained results agree with the cluster analysis data.

Keywords: Pleurozium schreberi, Stagnic Cambisols, polyarenes, bioaccumulation,
spread, tundra
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HeratusHble ¢pakTOpbI BO3AYLUHOU CpeAabl
Ha NPOU3BOACTBAX JIErKOW NPOMbILLIIEHHOCTH
M UX BO34eNcTBue Ha paboTalowwmx

H.B. I'yropoBa, H.C. TuxonoBa, O.!. Cenasipos

Poccuiickuii rocyaapctBennsiil yauepcutetr umenn A.H. Koceirnaa
(Texnonoruu. Jluzaiin. VickyccTBo)
Poccuiickas @edepayus, 115035, Mocksa, yn. Cadoguuueckas, 0. 33, cmp. 1

AnnHoranus. Coznanue OJaronpusATHBIX YCIOBHNA Tpyna SIBISETCS OJHON M3 BayKHEH-
IMIUX 337a4 COBPEMEHHOTO NMpOou3BOJCTBA. Habmromaemblil B mocneaHne rofasl pocT U3TOTOB-
JICHUS TIPOIYKIINH JIETKOH MPOMBIIIIEHHOCTH, COMPOBOKAAIONINIACS HETAaTHBHBIM BO3JICHCTBH-
€M Ha BO3IYIIHYIO Cpeay IPOU3BOJICTBEHHBIX MOMEIICHHUH, TOATBEPKAACT HEOOXOIUMOCTD U
AKTyaJbHOCTh MCCIIEIOBAHUN B JaHHOH obOnactu. Llenp HacTosIel paboThl COCTOUT B OMpe-
JeTIeHAN 0coOeHHOCTeH (HOPMHUPOBAHMS BO3AYIIHOW CPEeIbl BHYTPH IIEXOB M €€ BO3ICHCTBHS
Ha pa0OTAIINX C YYETOM CIEHU(HKH MMPOU3BOJCTB JICTKOH IMPOMBIIUICHHOCTH. M3ydeHne
TEMIepaTypPHO-BIIAXKHOCTHOTO COCTOSIHUSL BO3JyXa MPOBOJMIOCH METOJIOM HATypHBIX MpH-
OOpHO-MHCTPYMEHTAJIBHBIX 3aMEPOB BHYTPH NoMemeHnH. OCOOCHHOCTh MCCIIENOBAHUS CO-
CTOUT B TOM, YTO HM3MEPEHUS BBHIIONHSINCH HAa 3HAYMTEIFHOM KOIUYECTBE COBPEMEHHBIX
JEHCTBYIONIMX MPEINPUATHI IPU aTTeCTaluu pabodnx MECT C MpUBJIeUEHUEM J1abopaTopui,
AKKpEJAMTOBAaHHBIX OpraHaMu [ 0CyIapCTBEHHOTO CaHUTAPHO-3MUIEMHOJIOTHYECKOTO Hal30-
pa. PesympTaToM MCCIemoBaHUS CTANO ONpeAeieHre pabodynx MECT M 30H, HE OTBEYAIOIINX
HOpMaTHBHBIM TpeOoBaHUsAM. B 3akiioueHue naHbl 0oOlIMe PEKOMEHAAUU MO CHHKEHHIO
HETaTUBHBIX (PaKTOPOB BO3AYIIHON CPE/bl M X BO3ACHCTBUS Ha paOOTAIOIINX.

KuoueBble cjioBa: BO3AyIIHAs Cpela, BO3AYX pabO4YMX MOMELICHUH, 3arpsA3HAIOLIIe
BEIIECTBA, JIETKasl MPOMBIIUIEHHOCTh, KOXXEBEHHOE ITPOM3BOICTBO, MUKPOKIUMAT, HATYPHBIC
HCCIIEIOBAHUS, TPUOOPHBIE ¥ MHCTPYMEHTAIBHBIC H3MEPCHUS, CAHUTApHBIE HOPMBI

BeeneHue

CocrosiHue BO3IyIIHOM Cpeibl MPOU3BOJACTBEHHBIX MOMEIEHUN OKa3bIBACT
HETOCPEACTBEHHOE BIMSHUE Ha NMCUXO(]HU3NMUECKOe COCTOsIHHE paboTaroIIuX,
a CJIeOBATENbHO, U HA WX MPOU3BOAMTENbHOCTh. Criennduka Mpon3BOACTB JieT-
KOH MPOMBIIUIEHHOCTH TaKOBa, YTO BCE OHU MPEACTABISAIOT CO0OM TEXHOIOTHYe-
CKHE TIPOIIECCHI, CBA3aHHBIC C 00pa30BaHMEM 3HAYUTEIHHOTO KOJHMUYECTBA Pa3ind-
HBIX 3arpsA3HSIOIINX BEIIECTB, KOTOPHIE OKA3bIBAIOT HETATUBHOE BO3JEHCTBHUE KAaK
Ha paboTaIONINX, TaK U Ha OKPY KAIOLIYIO CPELy.

© I'yroposa H.B., Tuxonosa H.C., Cemyisipos O.U., 2019
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Cornacno manneiM DenepanbHON CITyKOBI TOCYIapCTBEHHOW CTAaTHCTUKU
(Poccrat) [1-5], B mocnenHue TOABI OTMEYAETCS HE3HAUYNUTEIBHBIN POCT DKCIIOPTA
TEKCTUJISI, TSKCTHIBLHBIX W31 U 00YBH (BKIIIOUAsi KOKEBEHHOE ChIpbe, MyIIHHU-
HY ¥ u3aenus u3 Hux) u3 Poccuiickoit @enepanuu (puc. 1). YaydmarTcs mo3u-
uit Poccun Ha MHUPOBOM PBIHKE 1O MPOHU3BOJCTBY XJIOMYATOOYMa)KHBIX M IIEp-
CTSIHBIX TKaHEH, 00yBU C BEPXOM U3 KOXKH (puc. 2). 3aMeTeH pOCT UHIEKCA MPOo-
MBIIIJIEHHOT'O POU3BO/ICTBA HEKOTOPBIX TOBApOB JIETKOW NMpoMblieHHocTH Poc-

cutickoir @enepanuu (puc. 3).

200

%
1,2

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

0o - .
2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 roa

Puc. 1. OkcnopT pOCCUNCKOro TeKCTUNSA, TEKCTUIIbHbLIX U3aennii n obyen
(BKJTIO4AS KOXXEBEHHOE CbIPbE, MYLUHNHY U N30enns n3 Hux), B % OT BCEX BUOOB TOBApOB
[Figure 1. Export of Russian textiles, textile products and footwear
(including leather raw materials, furs and articles made therefrom), as % of all types of goods)]
MecTo
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Puc. 2. MecTo, 3aHnmaemoe Poccueii B mupe
Mo NPOM3BOACTBY OTAESbHbIX BUAOB NPOMBbILLAEHHOM NPOAYKLMN
[Figure 2. Russia's place in the world on the production of certain types of industrial products:
green — cotton fabric; blue — wool fabric; purple — footwear with leather upper]
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Puc. 3. VIHOoeKC NpoMbILLIEHHOrO NPOM3BOACTRA, B % K NpeablayLlemMy rogy
[Figure 3. The Industrial Production Index, as % over the previous year:
red — textile production and clothing manufacture;
green - leather manufacture, leather products manufacture, footwear manufacture]

OueBHIHO, YTO HAOIIOAAEMBIN POCT MPOU3BOACTBA POIYKITUH JIETKOH Mpo-
MBILIUIEHHOCTH CONIPOBOXKJIAETCS YBEIMUEHHEM HEraTMBHOTO BO3JEHCTBUS Ha pa-
OOTaIOUIMX U OKpY’KaoIlyto cpeny. Tak, mBeliHble IPOU3BO/CTBA B LIEJIOM JAIOT
OTHOCHUTEJILHO HEBBICOKUI YPOBEHb 3arps3HEHUs OKpY KaroLIell Cpelbl, OJHAKO
HUMEIOTCS CTIelMaIbHbIE MPOLIECCHl U ONEpaly B MPOPE3NHOBOM IPOU3BOCTBE,
IZie B BO3AYIIHYIO CpEAy MOTYT BBIJEIATHCS TOKCUUHBIE COEJMHEHUS (hopMalibie-
rUja, a Ipyu MPOU3BOJCTBE TAPHUTYPbI HA CBUHIIOBOW OCHOBE — CO€AMHEHHS CBUHLIA.
IloBblIIIEHHBIE TEIUIO- U BIArOBBIIEIEHUS UMEIOT MECTO MPH BJIAXKHOCTHO-TEIUIOBOM
00paboTKe MIBEWHBIX M3/IEIHHA OKOJIO TJIaJMIBHBIX MPOLECCOB: TEMIIepaTypa Mo-
XKET OCTUraTh B paboueii 3one 2628 °C.

B npouecce mzrorosnenust o0yBu npu 00pabOTKe reTanieil ee Bepxa U HU3a
00pa3yIoTcs MbUIb M CTPY>KKa. boJibllle BCEro MbliIM BO3HUKAET MPHU OTIAEIOUHBIX
Y TIOATOTOBUTEIBHBIX orepanusx ((hpe3epoBanne, B3bepOIINBaHNE, IUIN(OBAHNE,
CIlyCKaHUe KpaeB, UNCTKa M3JeNui u T. 1.). MenkoaucnepcHas meliib o0pasyercs
B 3aTOTOBUTENBHBIX LEXAX, €€ COAepKaHue MokKeT gocturath 20-30 mr/m>, a npu
(dpe3epoBaHNU MOAOLIBBI U3 TOPUCTOM PE3UHBI €€ KOJUYECTBO KoyeOeTcs B Ipe-
nenax 150290 mr/m>. KonnuuecTBo MbUIM Ha OfHY Tapy 00YBU B Pa3IMUHBIX OIe-
pauusx cocrasisieT 3—10 % ee macchl.

Kpowme Toro, B mporecce ¢hpe3epoBaHuUs MBUIEBBIICICHIUS COMTPOBOKAAIOTCS
ra30BbIICTICHUSAMU: OKCHUJ] YTJIEpOa, CTUPOJ U Hapbl aKpUIJIOBOW KHUCIOTHI B KO-
JMYECTBAX, MPEBBIMAIONIMX IpenenbHO-1omycTumMble KoHueHTpauu (I11K) 6o-
nee 4eM B 5 pa3. Ha oTnenpHBIX oneparusax Ipu BIaKHOCTHO-TEIUIOBOM 00paboT-
K€ MOTYT BBIACTATHCS 3arpsi3HEHUS B BHJIE (POPMAIIBICTHIOB, (EHOIOB, XJIOPHPO-
BaHHBIX YIJIEPOJIOB U JP.

K nanbonee HeOMaronmpuaTHBIM ¢ TOUKH 3pEeHUS 00pa30BaHUS 3arps3HSIIO-
IIMX BEILECTB OTHOCATCS KOKEBEHHO-MEXOBBIE IPOU3BOCTBA. DTH IIPOU3BOACTBA
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XapaKTepPU3yIOTCSl 3HAYUTEILHBIM 00BEMOM >KUIKOCTHBIX OINEpaluii ¢ MpuMeHe-
HUEM pa3JIMYHBIX XUMHUUYECKHX peareHToB. [IpuueM HCIONb3yIOTCS pacTBOPHI C
MOBBIIICHHOW TemmepaTypoil, qoxoxasmieit 1o 45 °C npu 0OTMOYHO-30JbHBIX U JIy-
OWIBHBIX omnepanusax u 10 65 °C npu )KUpOoBaHUU U KpalieHnHu. Bo BpeMs 3arpys-
KM U BBITPY3KHU CHIPbSl MPOUCXOAT MAPOBBIICIEHUS B OKPYKAIOIIYIO Cpeay, 3a-
TPSI3HAS €€ KaK B pabounX 30HaX, TaK U CHAPY> KM MTOMEIIEHUH.

MeToabl u maTepuarnbl

HatypHnble nccienoBanus 1 NpuOOPHO-UHCTPYMEHTAJIbHBIE U3MEPEHHSI BbI-
MOJIHSJIUCH B II€XaxX MPOU3BOACTBA KOKU U M€Xa B COOTBETCTBUU C TPEOOBaHUSIMU
METOJMUYECKUX YKa3aHUN 10 U3MEPEHHI0O MUKPOKJIMMATa MPOU3BOACTBEHHBIX IMO-
memenui [6] u ¢ yuerom CanlluH [7] B remnoe (nmpu +10 °C u BbImIe) ¥ X0JI0-
Hoe (o1 + 10 °C u Hmxe) Bpems rojga. Kpome Toro, npu HaTypHBIX UCCIIEIOBaHU-
sax yureHsl TpeOoBanus CanlluH [8] mo pa3genenuto paboT Ha KaTErOPHH YPOB-
Hel sHepro3aTpaT opranusma: la (mo 139 Br); 16 (140-174 Br); lla (175-232 Br);
116 (233-290 BT) u III (Gonee 290 Br). Jlns usmepeHuii HCIONb30BAIUCH TEPMO-
aHemoMeTp Mukpomnponeccopusiii TTM-2, tepmorurpomerp TESTO-615, xom-
ounupoBaHHbIi TepMoaHemMoMeTp TKA-IIKM u ap.

Jlns oxBaTa OOJIBIIEro KOJIWYECTBA MPEATPUATHH JIETKOH MPOMBIILIEHHOCTH
MIpOaHAIM3UPOBAHbl PE3YJIbTATHI 3aMEPOB MapaMeTPOB BO3AYIIHOW Cpelibl, MOJIy-
YeHHbIE NPH aTTECTallMU PabOYMX MECT, IPOU3BEIACHHBIX J1abopaTopuel, akkpe-
JUTOBAaHHOM ['ocyapcTBEHHBIM CAHUTAPHO-3IUAEMHOIOTMYECKUM HaJ30POM.

Br16op MecT 3amepoB 00ycloB/IeH OCHOBHOM 3ajjauell Mcciel0BaHUM, CBsI-
3aHHOM C YTOUHEHUEM 30H C MOBBIIIEHHBIM BbIIEJICHUEM 3arpsA3HSIONINX BEIIECTB
B BO3JyILIHYIO CPELy.

PesynbTaThl

B tabn. 1 u 2 npezcTaBieHsl ycpetHEHHbIE pe3y/bTaTbl MHCTPYMEHTAIBHBIX 3a-
MEpPOB U ONTUMAJIbHBIE BEJTMYMHBI IIOKa3aTesied MUKPOKINMaTa Ha pabo4nX MecTax Io
CanlluH [7]. Pe3ynbrars! 3aMepoB TapaMETPOB BO3AYIIHON Cpelibl B IIEXaX KOKEBEH-
HOT'O IPOM3BOJCTBA ObLIM MCHOMB30BaHbI JUI pa3pabOTKU MOJENHU TeryIoMaccorepe-
HOCa, KOTOpasi II03BOJIMJIA OLICHUTh YCIIOBUSI TPyAa Ha CTAAUSAX MPOEKTUPOBAHMS, pe-
KOHCTPYKIIMH M TEXHUYECKOTO MEPEBOOPYKEHMS KOKEBEHHBIX MPEANPUSITUM [9].

W3 tabn. 1 BUOHO, YTO TEeMIepaTypbl BO3AyXa B pabOUnX 30HAX MPH 3arpy3Ke
B Oapa0aHbl IIKYyp I IPOBEIECHUS OTMOKHU U 30JICHUS HIKE ONTUMAJIBHBIX U CHU-
xatorcst 10 12—-14,5 °C B xonogHoe Bpems rojaa (mpu HopmaTtuBax B 16—18 °C),
YTO OOBSCHSIETCS HU3KOM TEMIIepaTypol ChIpbs Mepea 3arpy3koi. B Temnoe Bpe-
Ms Temneparypa Bozayxa gocruraetr 20-22 °C (npu Hopme B 18-20 °C). IIoBbI-
LIEHHE TeMIIepaTypbl IPOMCXOIUT U3-3a Oosiee BHICOKON TeMIepaTypbl HapyKHO-
ro Bo3ayxa (BOpoTa 1exoB OTKpbITHI). [Ipu BeIrpy3ke noiydabpukara Temmepa-
Typa 6osee Bbicokass U MoxkeT cocTaBisaTh 18-20 °C (mpu HOpMe B 17-19 °C) B
XOJIOHOE BpeMsl, YTO XapaKTEpHO Il pabouyuX MECT MpH BBITPYy3Ke monydadpu-
Kara ¢ MOBBIIIEHHON TeMIepaTypol, Tak Kak JyOsieHue Ipou3BOIUTCA NpH Oosiee
BBICOKOW TEMIIEPATYype KUJIKOCTHBIX pacTBOPOB, foxoxasmein g0 6065 °C.

BosococronHnsle 1 Me3ApHIbHBIE ONEpalMyd B XOJOJHOE BpeMsl HE JaloT
TEeMIIepaTyp, BBIIIE HOPMATUBHBIX, TaK KaK IO IUIOMIAJM TEMIIepaTypa BO3IyXa

202 LIFE SAFETY



I'yroposa H.B. u n1p. Becmnux PY/[H. Cepusi: Ixonocus u 6ezonacnocms sncusnedesmenvrocmu. 2019. T.27. Ne 3. C. 199208

BbIpAaBHUBAeTCA. B TEemiplii mepruol BpeMEHH OTMEUEHO IMOBBIIICHUE TeMIIEpaTy-
pb1 10 23 °C, a BO3JIe CYIIWIIBHBIX KaMep TemnepaTtypa goxoauT a0 28-30 °C. Ot-
HOCHUTEJIbHAS BIAXHOCTh JocTUraeT 95 % B xonoansiil nepuon u 80 % B TEMIIbIM
nepuoj BpemeHu npu HopMmatubax B 40—60%. Okono cymuiapHBIX Kamep, Ha00o-
pPOT, OTHOCHUTEIIbHAS BIXKHOCTb cHUXKaeTcs 10 30-35 % (npu nopme B 40—60 %).

AHajornuyHas KapTuHa HaOJr0AaeTcs B LiexaX MPOU3BOACTB MEXOBBIX H37e-
JMI: TIOHWXKEHHbIE Temneparypbl Bo3ayxa (1o 14 °C) u moBbllIEHHas OTHOCH-
TeNbHAsl BIAXHOCTH (10 75—-85 %) mpu 3arpy3ke ChIpbsi U BBITPY3Ke Moiydadbpu-
kara (Tabmn. 2). [TogBMXHOCTH BO3AyXa B OOJIBITMHCTBE 3aMEPOB IMOKa3aja mapa-
METpBI, OJIM3KHE K HOPMATHBHBIM TPEOOBAHUSIM.

[oBblIeHHas TemmepaTypa B COUETAaHUU C BHICOKOW BIQ)KHOCTBIO M HE3Ha-
YUTENBbHON MOJBMKHOCTBIO BO3/IyXa CO3/AaI0T HEOJIaronpusTHbIE YCIOBUS TPYy.a,
BJIMSISI HA CaMOUYYBCTBHE U 37I0pOBbe paboTaromux. Beicokas Temmeparypa mpu-
BOJMT K MEPErpeBy OpraHuimMa, TeIIOBOMY yJapy U, Kak ClelCTBHE, 0OMOPOYHO-
MY COCTOSIHHIO, KOTOPOMY INPEALIECTBYET TOJIOBHAS 00JIb, YyBCTBO CIIAOOCTH, I'O-
JIOBOKPY>KE€HHUE U TOIIHOTA.

Tabavua 1

MapameTpbl BO3AYLIHOW CpeAbl B LieXax NPOU3BOACTBA KOXMU B XOJI0OAHbIN (B Yncnurene)
n Tennbii (B 3HamMeHaTene) nepuos BpeMeHu

MecTo Karero- MapameTpbl BO3AyXa B Liexax ONTUManbHbIE BENNYUHBI
3amepos Pva | Temnepaty-| OtHocu- | lNoasux- |Temnepaty-| OTHOCH- Moasux-
3Hepro- pa, °C TesbHasi | HOCTb BO3- pa, °C TenbHasi | HOCTb BO3-
3aTpar, BRax- ayxa, M/c BNAXHOCTb, | Ayxa, M/c
BT HOCTb, % %
3arpyska LKkyp 1] 12,0-14,5 80-95 0,1-0,2 16,0-18,0 40-60 0,3
B OTMOYHO-
30/bHbIE
HGapabaHbl 20,0-22,0 75-80 18,0-20,0 40-60 0,3
Bbirpyska 1] 14,4-15,5 85-95 40-60 0,3
nonydabpukara

nocne oTMOKun

22,0-24,0 18,0-20,0 40-60 0,3

Bobirpyska 116 17,0-19,0 40-60 0,2
nocne ayoneHus
0,2 19,0-21,0 40-60 0,2
Jlexka la 22,0-24,0 40-60 0,1
nonydabpukarta
70-75 0,2 ~23,0-25,0 40-60 0,1
BonococroHHoe 116 75-80 0,1-0,2 17,0-19, 40-60 0,2
obopynoBaHue
20,0-24,0 75-80 0,1-0,2 19,0-21,0 40-60 0,1
Me3aapunbHbIi 116 16,5-17,0 75-80 0,1-0,2 17,0-19,0 ~ 40-60 0,2
annapart
22,0-23,0 70-75 0,1 19,0-21,0 40-60 0,1
Okono la 25,0-28,0 30-35 0,1-0,2 22,0-24,0 ~ |40-60 0,1
CYLUNIIbHBIX
Kamep
28,0-30,0 30-35 0,1-0,2 23,0-25,0 40-60 0,1

lNpumedaHme: 3aMepbl NPOBOAMIIMCH B XONOAHbIV Nepuog, BpeMmeHu npu tTemnepatype t,= -8 °C u oT-
HOCUTENbHOW BNaXHOCTU 45 %, B Tennbli nepuog Bpemenn — npu temnepatype t, = 20 °C 1 0OTHOCUTENbHOM
BnaxHoctn 35 %.
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Table 1
Air conditions in the leather production workshops during the cold (in the numerator)
and warm (in the denominator) season
Measurement Energy Occupational air conditions Optimal values
site cost  Temperature,  Relative Airmotion, Temperature, Relative Air motion,
catt:zory, °C humnidlity, % my/sec °C humidity, % my/sec
Loading hides 11l 12,0-14,5 ~ |80-95 0,1-0,2 16,0-18,0” 40-60 0,3
into the soak and
liming drums
20,0-22,0 03
Unloading semi- I} 14,4-15,5 ~ 85-95 16,0-18,0 40-60 0,3
finished leather
after soaking
process 22,0-24,0 — 40-60 0,3
Unloading [1]o] 17,0-19,0~ 40-60 0,2
after tanning
40-60 0,2
Storing semi- la 22,0-24,0~ 40-60 0,1
finished leather
0,2 23,0-25,0 40-60 0,1
Unhairing lIb 0,1-0,2 17,0-19,0” 40-60 0,2
machine
75-80 0,1-0,2 19,0-21,0 40-60 0,1
Fleshing lIb 16,5-17,0 0,1-0,2 17,0-19,0” 40-60 0,2
machine
22,0-23,0 70-75 0,1 19,0-21,0 40-60 0,1
Near drying la 25,0-28,0 ~ 30-35 0,1-0,2 22,0-24,0~ 40-60 0,1
machine
28,0-30,0 30-35 0,1-0,2 23,0-25,0 40-60 0,1

Note: measurements were carried out in a cold season at the temperature of t, = -8 °C and the rela-
tive humidity of 45%, and in a warm season at the temperature of t, = 20 °C and the relative humidity of 35%.

[TonwxeHnHast Temneparypa crocodHa MPUBECTH K OOOCTPEHHUIO PaIUKYIH-
Ta, 3a00JIEBaHUSIM OPTaHOB JIbIXaHUS, CEPACUYHO-COCYAUCTON CUCTEMBI, CHUXKE-
HUIO JIBUTATEILHOW PEAKIMH, TOPMOXKEHHUIO MPOIIECCOB B TOJOBHOM MO3T€, UTO
MOJKET OBITh IPUINHON TPAaBMATH3MA.

YMeHblIleHue BlIard B OpraHu3Me MPUBOJIUT K TEIUIOBOMY HCTOIIEHHIO, COH-
JIMBOCTH, HECKOOPAMHUPOBAHHBIM JIBIKEHUSIM, YTO CYLIECTBEHHO CHMXKAET pabo-
TOCIIOCOOHOCTb.

OO01ee wiw JIOKATbHOE OXJIAXK/ICHUE YeJIOBEKa HapyIIaeT KOOPIWHAIUIO U
CIIOCOOHOCTH BBITIOJHATH TOYHBIE OMEPALMU M CHUXKAET pabOTOCIOCOOHOCTH Ha
1,5 % mpu oxIaXIeHUH TEMIIEPATyphl MalbleB Ha Kax bl rpaxyc Llenscus.

[ToBeimieHHast BnaxXHOCTH (Ooee 85 %) 3aTpyaHSET TEPMOPETYIISAILUI0 Op-
raHu3Ma M3-3a CHUKEHHS [TOTOOTAEICHHs, a cIuIIKoM Hu3kas (MmeHee 20 %) BbI-
3bIBAET MEPEChIXaHUE CIUZUCTHIX 000JIOUEK JBIXaTEeNIbHBIX MyTEH.

[ToaBMKHOCTH BO3/IyXa TaKkKe CIOCOOCTBYET CO3/IaHHIO TETIOBOTO CaMO-
YyBCTBUSI UEJIOBEKA, YBEIIMUUBAS OTJA4y TETlIa B TETIOM TOMEIICHUH.

Bwmecte ¢ mapoBbIZelIeHUSIMA B BO3AYIIHYIO CPEIy MOCTYIAIOT Ta30BhIC 3a-
IpA3HEHMS, COJIepKalle aMMHaK, CEPOBOAOPO/I, Taphl CEPHON KUCIOTHI, XPOMO-
BbI€ COEIMHEHUs, KpeMHEPTOPHUCTHIN HATPUI U 1.
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Tabnvua 2

MapameTpbl BO3AYLLUHOM Cpeabl B Liexax NPOU3BOACTBAa MeXa B XO0JIOAHbIN (B uucnurtene)
U Tennbii (B 3HaMeHaTene) nepuos BpeMeHu

MecTo Kareropus MapameTpbl BO3AyXa B Lexax OnTUManbHble BENINYUHbI
3aMepoB  3HepPro-  Tevpnepa- OrtHocutens- [oasux- | Temnepa- OtHocutens- [loasux-
sarpart,  pypg C Hasi BAaX-  HOCTb BO3- | Typa, °C  HasiBnax- HOCTb BO3-
BT HOCTb, % ayxa, Mm/c HOCTb, %  Ayxa, M/c
3arpyaKa LLKypoK ] 14,0-15,0 75-80 0,2 16,0-18,0 40-60 0,3
B OTMOYHbIN
GapabaH 20,0-22,0 70-75 0,2 18,0-20,0 40-60 03
Bbirpyska I} 15,0-16,0 80-85 0,2 16,0-18,0 40-60 03
13 6apabaHa
23,0-25,0 75-80 0,2 18,0-20,0 40-60 03
MesppeHune 116 16,0-17,0 70-75 0,1 17,0-19,0 40-60 0,2
LLKYPOK
23,0-25,0 70-75 0,1 19,0-21,0 40-60 0,2
Paz6ueka 1] 15,0-16,0 " |65-70 0,3 16,0-18,0 40-60 03
LLIKYPOK
23,0-25,0 60-65 03 18,0-20,0 40-60 03
MbITbe 1 16 16,0-17,5 70-75 0,2 17,0-19,0 40-60 0,2
06e3xmprBaHne
23,0-24,0 75-80 0,2 19,0-21,0 40-60 02
MukeneBaHne 1] 15,0-16,0 75-80 0,3 16,0-18,0 40-60 03
23,0-24,5 70-75 0,3 18,0-20,0 40-60 03
Cyluka la 25,0-30,0 |30-35 0,3 22,0-24,0 40-60 0,1
28,0-32,0 25-30 03 23,0-25,0 40-60 0,1
MpumedyaHne: 3aMepbl B XONOAHLIV Nepuoa BpeMeHu npoBoaunncek npu temneparype t, = -8 °C

1 BNaxHocTn 45 %, a B Tennblii nepunon BpemMeHun — npu temnepatype t, = 20 °C n BnaxHoctn 35 %.

Table 2
Air conditions in the fur production workshops during the cold (in the numerator)
and warm (in the denominator) season

Measurement Energy Occupational air conditions Optimal values
site costcate- 1ompnemature, Relative hu-  Airmotion, Temperature, — Relative Air motion,
gory, W °C midiity, % m/sec °C humidity, % = m/sec
Loading fur skin 1 14,0-15,0 75-80 0,2 16,0-18, 40-60 0,3
into the soak
drums 20,0-22,0 70-75 0,2 _~18,0-20,0 40-60 03
Unloading fur 1l 15,0-16,0 80-85 0,2 16,0-18, 40-60 03
skin from
the soak drum 23,0-25,0 75-80 0,2 18,0-20,0 40-60 0,3
Fleshing Ilb 16,0-17,0 70-75 0,1 17,0-19, 40-60 0,2
23,0-25,0 70-75 0,1 19,0-21,0 40-60 0,2
Break of skins I} 15,0-16,0 65-70 0,3 16,0-18, 40-60 0,3
23,0-25,0 60-65 0,3 _18,0-20,0 40-60 0,3
Washing Ilb 16,0-17,5 70-75 0,2 17,0-19, 40-60 0,2
and scouring
23,0-24,0 75-80 0,2 _~19,0-21,0 40-60 0,2
Pickling 1] 15,0-16,0 75-80 0,3 16,0-18, 40-60 0,3
23,0-245 70-75 0,3 18,0-20,0 40-60 0,3
Drying la 25,0-30,0 30-35 0,3 22,0-24, 40-60 0,1
28,0-32,0 25-30 0,3 23,0-25,0 40-60 0,1

Note: measurements were carried out in a cold season at the temperature of t, = -8 °C and the rela-
tive humidity of 45 %, and in a warm season at the temperature of t, = 20 °C and the relative humidity of 35 %.
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[Ipu MOKPBHIBHOM KpAILIEHUH BBIAETSAETCS METAKPHIOBAs KUCIOTa, Oy THIIaK-
puiar, popManbaeru, OyTHianerar, uKiIorekcaHoH. CoaepikaHne STHX BEIIECTB,
xoTs 1 Huxe 1K, HO Ipy NMOBBIIIEHHBIX TEMIIEPATYPAX U BIAXKHOCTH 3HAUUTEIb-
HO YXyJIIaeT COCTOSHHE BO3YIIHOW Cpelbl M, CICIOBATEIbHO, YCIOBHS TPyIa
paboTaronux.

3aknyeHue

HccnenoBanus nmokazanu, YTO CYIIECTBEHHYIO POJb B CHMKEHMM HeOiaro-
MPUATHOTO COCTOSIHUS BO3AYIIHOW Cpefbl B pabO4MX 30HAX W YIy4IIEHHH yCIIO-
BUI TpyJa pabOTAIOLINX UTPAET COCTOSIHUE BEHTUISILIMOHHBIX CUCTEM.

OnpeneneHue 30H MPOU3BOJICTBEHHBIX MOMEIIEHUI ¢ HeOIaronpusTHBIMU
(axTopaMu 1aeT BOSMOXXHOCTh pa3padaThiBaTh KOHKPETHBIE MEPOPHUSTHS 110 CHH-
YKECHUIO 3arpA3HEHNI BHYTPH ITPOU3BOJICTBEHHBIX TTIOMELICHHUM.

[Ipn mpoekTHpoBaHUM OTONMMUTENbHO-BEHTUISIIUOHHBIX CUCTEM JJIi HOBBIX
U PEKOHCTPYMPYEMBIX NPEAIPUATUN CIEAYET A€IaTh aKLEHT Ha JIOKAJIBbHbIE OTCa-
CBIBAIOIIIME YCTPOWCTBA, OOECTIEUMBAIOIINE yAJIEHUE 3arpsA3HSIONIMX BEIECTB He-
MIOCPE/ICTBEHHO OT MECT MX 00pa30BaHMs, YTO COKPATUT PACIPOCTPAHEHHE BO3YIL-
HBIX MOTOKOB IO IJIOLIAAM 1eX0B. Tak, B MBEMHBIX L[eXax Ha padouux MecTax
ITIAAUIIBHBIX TPECCOB HEOOXOIMMO YCTPAaUBATh KOHCTPYKIIMU MPUTOYHO-BBITSKHBIX
30HTOB C MOJITYBOM BO3/yXa, KOTOPbIE 00ECIIEUMBAIOT HE TOJIBKO BBITSHKKY pa3orpe-
TOTO BO3/1yXa, HO M MPUTOK YMCTOTO BO3/LyXa HETIOCPEICTBEHHO K paboueMy MecCTy.

B KOXeBEHHO-MEXOBBIX TPOM3BOCTBAX JIOKAIM30BaTh O00pa30BaHUE 3arpsi3-
HSIOIMX BEIIECTB MOKHO TOJIBKO MOCPEICTBOM TIIATEIBHON repMeTH3aluu 000-
pynoBaHusi. PacripocTpaneHne Terio- v BIaroBbIACICHUN TIPU 3arPpy3Ke/BBITPY3Ke
CBIPbsI M €CTECTBEHHOH cylike noiydabpukaTa BO3MOXKHO TOJIBKO YCTPOHCTBOM
CHEIMAIbHBIX «BO3AYLIHBIX 0a3MCOB», BCTPOCHHBIX B CUCTEMbl MECTHBIX BEHTH-
JSIMMOHHBIX CUCTEM, CO3/IAI0IUX HEOOXOIUMBbIE TapaMeTphl BO3IYIIHON cpesibl B
OTrpaHMYEHHBIX MPOCTPAHCTBAX.
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Research article

Occupational air negative impacts on the workers
at the light industry manufactures

Natalya V. Gutorova, Nadezhda S. Tikhonova, Oleg I. Sedlyarov

Russian State University named after A.N. Kosygin (Technologies. Design. Art)
33 Sadovnicheskaya St, bldg. 1, Moscow, 115035, Russian Federation

Abstract. Creating favorable work conditions is one of the most important priorities in
the modern industry production. Observed in the recent years light industry manufacture
growth is followed by a negative impact on the occupational air in industrial spaces and thus
proves relevance of this research. The purpose of this work is to determine the characteristics
of the formation of the occupational air and its impact on workers, taking into account
the specifics of light industry production. Investigations of the temperature-humidity of the air
state were carried out by the method of full-scale instrumental measurements of the occupa-
tional air. A feature of the research is that the measurements were carried out at a significant
number of modern operating enterprises during the certification of work places with the in-
volvement of laboratories accredited by the Russian Federation Oversight Committee for San-
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itation and Epidemiology. The result of this article is a definition of jobs and areas that do not
meet regulatory requirements. General recommendations are given to reduce the negative fac-
tors of the indoor air and their impact on the workers.

Keywords: indoor air, occupational air, pollution, light industry, leather industry,
microclimate, field studies, instrumental measurements, sanitary norms
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OueHka aKonorn4yeckom KoM@popTHOCTHU
NOYB ropoACKUX 3KOCUCTEM
npu BO3AEVUCTBUN HA HUX TSXKESbIX MeTaJlJioB

H.II. HeBeapos

Kypckuit rocyaapcTBEHHbIH YHUBEPCUTET
Poccutickas @edepayus, 305000, Kypck, yr. Paduwesa, 33

AnHoTanms. OLEeHKa 3KOIOTHYECKOr0 COCTOSIHUSI KOMIIOHEHTOB OKpY’Karolleil cpenbl
Ha TEPPUTOPHSIX FOPOJOB UTPAET BAXKHYIO POJIb B JOCTIKEHUH YKOJIOTMYECKOH 6e30macHOCTH
1 DKOJIOTHYECKON KOM(MOPTHOCTH AT MPOKHBAHHS YETOBEKA, a TAKXKE BECHNS XO3SHCTBEH-
HOH JearenbHOCTH. B paborte mpeacTaBieH n anmpoOHpOBaH KOMIUIEKCHBIH HHAEKC SKOJIOTH-
4yeckoil koM(popTHOCTU MMOUB, MOTCHIUAIBHO U AKTYyalbHO MOJBEPKEHHBIX BO3JCHCTBHIO TsI-
JKEJIBIX METAJUIOB, PACCUUTHIBAEMBIN 110 OTHOLIEHUIO CYMMAapHOI'O BO3AECUCTBUS TSKENBIX Me-
tayutoB (TM) Ha MOYBBI, pacTEeHUS ¥ MOYBEHHYIO OMOTY K CyMMe MOKa3aTelei SKOIOrHIecKon
YCTOMYMBOCTHU MOYB K JAHHOMY BO3JICUCTBUIO M CIIOCOOHOCTH IOYB MPEMATCTBOBATH 3arpsis-
HeHuto TM comnpenenbHbIX Tepputopuil. Ilpeanoskena mkaga HOPMUPOBAaHUS 3KOJIOITMUECKOU
KOM(OPTHOCTH MTOYB Ha IpHMepe ropoackux 3kocucteM Kypcka. OTmedeHo, 9TO Ha TeppH-
Topuu ropoza 42,8 % M04B UCCIEAYEMBIX KIIOUEBBIX YUACTKOB, PACIIOIIOKCHHBIX B CAHUTAp-
HO-3AIUTHBIX U PEKPEALMOHHBIX 30HAX, SBIISIOTCS SKOJIOTMYECKH KOM(OPTHBIMH, B TO BPEMs
Kak 57,2 % I0YB MPOMBIIUIECHHBIX, CEUTEOHBIX U CAHUTAPHO-3AIUTHBIX (PYHKIIMOHATEHBIX
30H TOpPO/Ia HaXOATCS 32 TpeJieIaMH SKOJIOTHIEeCKOH KOM(OPTHOCTH.

KnroueBble ci10Ba: dKojoruueckas KOM(MOPTHOCT, HHIEKC SKOJOTHIECKOH KOM(OpT-
HOCTH I10YB, TSDKEJbIE METAILJIbl, TOPOJICKUE MTOYBBI, IKOJIOIHYECKasl YCTOMYUBOCTb

BeBeneHue

l'opoackue Tepputopun NpeAcTaBisioT cOOON KUIMILE ISl OCHOBHOM Mac-
Chl HaceleHUs Hameid miuaHetsl [1]. Dkonoruueckas KOM(POPTHOCTb TOPOACKHUX
TEPPUTOPUI OIpeAesnsieT KaK BO3MOXKHOCTD JUIsl POKUBAHUS U XO3SHCTBOBAHMUS
YesioBeKa, Tak M ero 0Jarornoyydue u 370poBbe. B ycrnoBHUSX BBICOKOM TEXHOT'€H-
HOW Harpy3KH Ha dKOCHCTEMBI TOPOJIOB HKOJIOTHYECKHE (PYHKIINU MX KOMITOHEH-
TOB orpaHudeHbl. COBPEMEHHBIE NOCTHKEHHUS B TEXHOJOTMAX OpPraHu3aluu To-
POICKOW MHPPACTPYKTYPHI MOTYT TIO3BOJIMTH CO3JaBaTh YKOCHUCTEMBI, yCTOWYH-
BBIE€ K PA3JIMYHBIM YPOBHSAM TEXHOI€HHON Harpy3ku. BaXxHBIM MOMEHTOM B Takou
pabote sABIseTCS] OOBEKTUBHAS OLIEHKA aKTyaJIbHOI'O KOJIOIMUECKOIO COCTOSTHUS
KOMIIOHEHTOB DKOCHCTEM M IIPOTHO3UPOBAHUE CLIEHAPUEB UX TUHAMHUKHU. TOYHOCTH
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MOZOOHBIX OIIEHOK MOYKET MOBBICUTH PALMOHATIBHOCTD IJIAHOB CTPOUTENBCTBA U Op-
raHu3alyy MPOMBIIIJIEHHOTO IPOU3BOICTBA B pAMKax rOPOJICKUX arjioMepanui [2].

DKOJIOrHYecKas OLIEHKa U SKOJIOTMYEeCKOe HOPMHUPOBAHUE TPEOYIOT KOMILIEKC-
HOTO MOJX0/a, YYUTHIBAIOIIETO OLIEHKY (DYHKIIMOHATIBHOTO COCTOSIHUSL BCEX KOM-
IIOHEHTOB PKOCUCTEM. ba30BBIM KOMIIOHEHTOM CYXOIYTHBIX 9KOCHUCTEM SIBIISIFOTCSI
MOYBBI, KOTOPBIE PErYIUPYIOT INI00aNbHBIE MPOIECCHl KPYTOBOPOTOB M MUTPAIIUHI
BeriecTs [3; 4].

OnHUM M3 4YacThIX BHUJIOB 3arpsi3HEHHUN MOYB TOPOJAOB SIBJISIETCS 3arpsi3He-
Hue TspkenbiMu Metaiiamu (TM). KonudectBo uctounnkoB smuccun TM B Ok-
pyXaroUlyr cpeay HEYKIOHHO PacTeT, BCIEACTBHE 4ero maccsl TM nenoHupy-
IOTCS B TI0YBAaX, BBI3bIBAS PA3JIMUHbIE N3MEHEHHS B UX (DYHKIIMOHUPOBaHUHU [3; 5].

Ha coBpemeHHOM 3Tamne OlleHKa 3arpsi3HEHHOCTH NMo4B TM OCHOBBIBaeTCA
Ha COIIOCTaBJICHUU aKTyaJbHOTO cojepxaHus TM B MOBEPXHOCTHOM KOPHEOOU-
Ta€MOM CJIO€ IOYBBI, KaK MPAaBUJIIO, B TyMYCOBO-aKKyMYJIATUBHOM TOPH30HTE C
YCTaHOBJIEHHBIMHU CaHUTapHO-rurueHndeckumu Hopmarusamu IJIK u OJIK [6].

Hayxoii pazpabotan u anpoOUpoBaH PECYpPCHBIN METO] OIICHKH 3arpsi3HEHHO-
ctv nouB TM U npeasioKeHsl yCI0BHbIE HOpMATUBBI 3a11acoB TM B METPOBOM TOJIIIIE
mouBbl. JIaHHBIA METO[ MO3BOJSET OLEHUTh CTENEHb ITyOMHHOTO 3arpsi3HEHUs U
YTOYHUTH SKOJIOTMUECKYIO OMACHOCTH JJIsl CONPENEIbHBIX 3KOCcUCTEM [4; 7].

BbIcokast mpocTpaHCTBEHHAs] HEOAHOPOJHOCTh MTOYBEHHOIO MOKPOBA C Ha-
JTMYUEM 3HAYUTEIHHOTO KOJMUECTBA aHTPOIIOT€HHO-IIPe0Opa30BaHHBIX ITOYB B yC-
JIOBUSIX TOpoJa TpedyeT Oojiee NeTalnbHOIro MOAX0/a, KOTOPHIN JAOMKEH OCHOBBI-
BaTbCs HAa OTHOLLEHUU YPOBHS TEXHOI'€HHOI'O BO3JIEHCTBUS HA MOYBEHHO-PACTH-
TEJbHBIN MOKPOB U OMOTY K YCTOMYMBOCTH TTOYB.

Lenb paboThl cocTosa B pa3paboTke U arnpodanuy KOMIUIEKCHOTO WHAEKCa
9KOJIOTMYECKON KOM(OPTHOCTH MOYB TOPOACKHX SKOCHUCTEM IMPHU BO3ICHCTBUM Ha
HUX U OMOTY TSKEIBIX METAJIJIOB.

O6GbeKTbI N MeToAabl ucciegoaHunsda

B pabote Obu1a mpoBeeHa anpooOarys MpeIoKEeHHOTO aBTOPOM KOMIUIEKCHO-
r0 MHJEKCa OLEHKH 3KOJOTHYECKOI'0 COCTOSIHUS MOYB TOPOACKUX 3KOCHCTEM
Kypcka, KOTOpbIii MOXET OBITh TPUMEHUM B OLIEHKE YKOJIIOTHIECKON KOM(OpPTHO-
cTi noyB. B kauecTBe 00BEKTOB HCCIENOBaHMS ObUIM BBIOpaHbI YETHIPHAALATH
Y4aCTKOB, MPEICTABICHHBIX T€HETUYECKH Pa3HOPOJHBIMH MOYBAMHU, UMEIOLUIUMU
pa3IUYHbIN ypOBEHb aHTPOIIOTEHHOM TpaHC(hOpMAIMK U PAa3IUYHbIM YPOBEHb 3a-
IPA3HEHMS TSDKEIbIMU MeTaiaMu. KOMIIEKCHBIN HHIEKC OLEHKH SKOJIOTMYEeCcKo-
IO COCTOSIHMS (9KOJIOTHYECKOH KOM(OPTHOCTH) OBLT paccuuTaH AJs JEBSITHU THU-
OB aHTPOITOTEHHO-TIPEOOPa30BaHHBIX M (OHOBBIX MOYB Kypcka: yepHO3eM BBI-
LIEJIOYSHHBIH, TEMHO-cepasi TUIIWYHAs T0YBa, TEMHO-Ccepas IiieeBaras Mo4Ba, aj-
JIOBHAJIBHO-NIOMMEHHAs TJieeBarTas IO4YBa, JEPHOBO-IIOA30J MECUaHbI WIUIIOBU-
QJIbHO-XKEJIE3UCThIH, MOJ30J1 MeCYaHbli MIUTIOBHAIbHO-KEIE3UCThIN, ypOaHo3eM
COOCTBEHHO, YypOO-TeMHO-Cepasi THITMYHAS TI04Ba, ypOocepasi TUITMYHAS TI0YBa.

Pacuer komIuiekcHOro MHAEKCa 3Kooruueckoit kompoprHocTH (Ecological
Comfort Index — ECI) nouB npoBoauics o ¢gopmyJe, NpuBeIeHHON Aaee, Ko-
TOpasi MpeJCTaBseT coO00M OTHOIIEHHE CYMMBI IIOKa3aTeleld BO3EHCTBUS TSKe-
JIBIX METAJUIOB Ha TIOYBEHHO-PACTUTEIbHBIN IOKPOB U TIOYBEHHYIO OMOTY K CyMMe
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MOKa3aTeJIe AKOJIOTMYECKOW YCTOMYMBOCTH MOYB K BO3JICUCTBUIO TSKEJBIX ME-
TaJJIOB U CIOCOOHOCTH MOYB MPEMSATCTBOBATH 3arpsizHeHuio TM compenenbHbIX
TEPPUTOPUIL.

Cme+Qme+Mob+Cfme+Tmb

ECI=
H+|ApH|+ST+GB+LT

2

rne, Cme — TIPEBBIIICHUE BAJOBOTO COJEPKAHUS TIKEIIOTO METalIa B TYMYCOBO-
akkymynsTuBHOM ropusontTe Han [IJIK (konmuuectBo pas); Ome — MpeBbIIICHHE
3amaca TSDKEJIOTO MeTajlla B METPOBOM CJIO€ ITOYBBI HAJl YCJIOBHBIM PErHOHATBHBIM
HopMmatuBoM I1JIK (konmuuectBo pa3); Mob — nons moIBUKHBIX (HOPM TSHKEIOro
MeTajjla OTHOCUTENIBHO €ro BaJloBoro cojepskanusi; Cfit — npeBbllIeHHEe HOpMa-
THUBA COJAEPKAHUS TSHKEJIOro MeTajuia B (DOHOBBIX BUAAX PACTEHUU (KOIHMYECTBO
pa3); Tmb — Tpanchopmalusi MOYBEHHON MHKPOOMOTHI, OLIEHUBaeMas in situ 1o
U3MEHEHHUSIM NOTOKOB 3MHccuu CO2 M LENTI0I030JUTHYECKON aKTUBHOCTH MOYB
OTHOCHTENIEHO (POHOBBIX AHAJOTOB C HCIOJIH30BAHHEM MOOMIBHOTO BBICOKOTOY-
HOro uH(ppakpacHoro razoananuzaropa Li-820 u anmmukarnuonHoro meroaa (0 —
Tpancopmarnus He HaOmomaercs, 1 — Tpancdopmarnus HaOmonaercs); H — co-
JepKaHue TyMyca B TyMYyCOBO-aKKyMYJISITUBHOM Topu3onTe (%); |4pH| — koHTpacT-
HOCTh KHCJIOTHO-IIEJIOYHOTO T€OXUMHUYECKOTO O0aphepa B METPOBOW TOJIIIE IOY-
Bbl; ST (s0il texture) — TpaHyJIOMETPHUUYECKUII cOCTaB MOYBHI (3HaUeHUE K03 pu-
LIUEHTOB: | — MecYaHbli, TTUHUCTHIN, 2 — CyNecuaHbli, 3 — CyTTTUHUCTHIN); GB —
HaJIH4YMe TEOXUMHUYECKUX 0aphepoB B MIyOMHHBIX TOPU30HTAX MOYB — KEJIE3UCTO-
MapraHieBble KOHKpelH, KapOOHATHBIH, riaeeBblid U 1p. (0 — reoxumuyeckue Oa-
pBEPHI OTCYTCTBYIOT, 1 — reoxumudeckue 6aprepbl uMerorcs); LT — monoxeHue B
nanamadre (3Ha4eHUsI KOAPPHUIMEHTOB: | — cynepakBajbHbIE U TPAHCYTIEPAKBAIb-
Hble JaHAMA(THl ¢ TUAPOMOPGHBIMU TOYBAMH, 2 — aKKyMYJISITUBHbBIE, TPaHCaK-
KyMYJIATUBHbBIE M TPAH3UTHbIE JaHAA(THI C MOIYTHAPOMOP(HBIMU U aBTOMOP(-
HBIMH ITOYBaMH, 3 — AJIIOBHAJIbHBIC JTaHAMA(TH ¢ aBTOMOP()HBIMH ITOYBAMH).

[Toxa3zaTenu Bo3eHCTBHS Ha TOYBHI, IPUBEICHHBIC B UUCIIUTENE YPAaBHEHHUS
SBIISIFOTCS OOIICTIPUHATHIMU TIOKA3aTESIMU OLIEHKU BO3JIEHCTBHS TSDKEJIBIX MeTal-
JIOB Ha KOMIIOHEHTBHI OKpY>Kalollel cpepl (OYBBI, paCTeHHUsI, TOYBEHHBIH MUKPO-
OMoIIeHO3), yunThIBatomue npessimenus 3HadeHnid [1JIK u GpoHoBBIX XapakTepu-
cTUK. B 3HaMeHaTene ypaBHEHUS! MPUBOJIATCS KaK 0a30Bble XapaKTEPUCTHKH YC-
TOMYMBOCTH TIOYB W JIAaHAMAPTOB K Bo3aAecTBUI0O TM ¢ mpeaioKeHHBIMU YCIIOB-
HBIMU 3HAYEHUSMH, TaK U KOJIWYECTBEHHBIE XaPaKTEPUCTUKHU BHYTPUIIOYBEHHBIX
T€OXUMHUYECKUX 0aphepoB.

[TonmyueHHbIe pacuyeTHbIE 3HAYCHUsI KOMIUIEKCHOTO MHJIEKCa 3KOJIOTMYECKON
KOM(OPTHOCTH TOYB MpeJilaraeTcss HOPMUPOBATh COTJIACHO MPABOBBIM aKTaM, Jei-
CTByIOLMM Ha Tepputopuu Poccuiickoit denepanym: denepanbHoMy 3aKkoHy «O0
OoXpaHe OKpy»Xaromien cpenb» (¢ m3mMeHeHussMu Ha 27 aexadps 2018 roga); Kpu-
TEPUSAM OILIEHKH 3KOJOIMYECKON 0OCTAHOBKU TEPPUTOPHIA JUISl BHISIBICHUS 30H UpPE3-
BBIYAHOM YKOJOTHYECKON CHUTYaIlUd U 30H JKOJOTUYECKOTO OencTBUs (yTBEp-
X71eHo MUHHCTEpPCTBOM MPUPOAHBIX pecypcoB Poccuiickoit deneparuu 30 HOs0-
ps 1992 1.), a Takke Mo MpeayiaraeMbIM OT€YECTBEHHBIMU UCCIIEIOBATENISIMU YPOB-
HSM MIPUPOJHO-AaHTPONIOTEHHBIX HKOJOTHYECKUX HApYLICHWH, MPUMEHS Tuara-
30HBI, YKa3aHHbIe B Ta0. 1 [8; 9].
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Tabavua 1
LLikana 3Konorn4eckoro HOpMMUPOBAHUSA U DKOJIOIrM4ECKOi KOM(POPTHOCTU
Mo4B rOPOACKUX IKOCUCTEM
YpoBeHb HapyLUEeHUS MOYBbI CteneHb KOM(POPTHOCTU NOUB 3HaueHue ECI

Hopma KomdopTHas <0,5

Puck YcnoBHO KOM@OpTHas 0,5-1

Kpunaunc HexkomdopTHas 1-5

Bepncteune HekomdopTHas >5
Table 1

Scale for ecological regulation and ecological comfort of urban ecosystem soils

Soil degradation rate Soil comfort ECl value
Normal quality standard Comfortable <0,5
Ecological risk Relatively comfortable 0,5-1
Ecological crisis Uncomfortable 1-5
Ecological disasters Uncomfortable >5

YuuteiBasi 0cOOEHHOCTh TOPOJCKUX SKOCUCTEM M BBICOKYIO PACUIIEHEHHOCTb
CTPYKTYpBI 3€MJICTIONIH30BAHHS HA OTHOCHUTEIILHO HEOOJBIINX TEPPUTOPUAX, a TAKIKE
MPAKTUYECKH HEOTHEMJIEMBIM aHTPOIOIEHHBIM MPECC, YPOBHU MPUPOIHO-AHTPO-
MOTEHHBIX DKOJIOTHYECKUX HapylieHuil mouB «Hopma» u «Puck» MoxHO OTHO-
CUTHh K KOM(QOPTHBIM M YCIOBHO KOM(OPTHBIM C yU€TOM CTPYKTYPBI 3€MJICTIONb-
30BaHUS M (QYHKIIHOHAIHHOTO 30HUPOBAHUS TOPOJCKHX TEPPUTOPHI. Y POBHU
MIPUPOJHO-AHTPOIIOTEHHBIX 3KOJOTHUECKUX HapylieHuil mouB «Kpusuce» u «ben-
CTBHUE» — CUUTATh HEKOM(OPTHBIMU (Ta0M. 1).

Pacuer nnaekca sxonornvyeckoii KoM(pOpTHOCTH HEOOXOAUMO MPOBOIUTH IO
KXJIOMY TSDKEJIOMY METajuly OTAENbHO. B ciyuae ecnu WHIEKC, pacCUYUTaHHBIN
JUISL OJTHOTO MJIM HECKOJbKMX METAJJIOB, BBIIIE AHana3zoHa KOM(OPTHOCTH, TO JaH-
HBIC TIOYBBI CYUTATH YCIOBHO KOM(POPTHBIMU WJIK HEKOMBOPTHBIMHE (Tab. 1).

OOMeHHas KHCIIOTHOCTh MOYBHI U COAEpKaHHEe TyMyca ONpeesuiiuch 00-
menpuHATeiMA MeTogamu: pHier — T'OCT 26483-85, rymyc no Tropuny — I'OCT
26213-91. ConeprxaHre BaJIOBBIX M TIOJIBIDKHBIX (DOPM CBHUHIIA M KaIMUS BBISIBIIS-
JIOCh C IPUMEHEHHEM aTOMHO-aJCOPOIIMOHHON crekTpomeTpuu. 3amacel TM pac-
CUUTHIBANIUCH 10 MeToAy A.B. CMaruHa ¢ cCoaBT., YCJIOBHBIA pErHOHAIBHBIN HOP-
MaTtuB 3amacoB Pb u Cd paccuuthiBasics ¢ y4eToM IMOKaszaTess IUIOTHOCTU IMOYB
Kypcka [4; 7]. Ucnons3oBanuck 3HaueHus [IJIK mis cBUHIIA 1 KaaMHsS B TTOYBAX
(F'H 2.1.7.2041-06). JIluarHOCTUKY ¥ KIACCHU(PUKAIMIO MPOBOIWIA B COOTBET-
CTBUH C COBPEMEHHBIMU NIPEICTABICHUSIMH O Kitaccuukamnuu moys [10—12].

Pe3ynbTaTbl n 06CcyXaeHune

B xone uccienoBanys yCTaHOBJIEH 3HAUUTEIbHBINA YPOBEHb IPOCTPAHCTBEH-
HOW HEOJTHOPOAHOCTH CBOMCTB Mo4B. K mpumMepy, coaep:kaHue rymyca B T'yMyCOBO-
aKKyMYJSITUBHBIX TOpH30HTax Bapbupyer ot 0,37 no 6,1 %. Buytpunpoduibabie
m3meHenus pH cocrasisitot ot 0,2 10 2 equaut (tada. 2).

MakcumyM 3arpsi3HeHUsl OYB BaJlOBBIM CBUHIIOM aocturaet 7,4 TIIK, Ba-
noBbIM KagmueM — 1,41 TIJIK. MakcumainbHble NpeBbIIEHHE HOPM COZIEpKaHHs
TM B pacTeHUsIX COCTaBIISIN sl CBUHIA 8 pa3, 1uist kaamus — 1,1 pa3sa.
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Tabnvua 2

OueHka cTeneHun aKonornyecko komepopTHOCTU No4YB akocuctem Kypcka
MO KOMMJIEKCHOMY UHAEKCY 3KOJI0OrM4eckoit KoM@POpTHOCTU Yepe3 OTHOLEeHUEe nokasaTtenen
Bo3pelicTBus TM Ha NOYBbI, PaCTUTEJIbHOCTb U GMOTY K 3KOJIOrM4eCcKOoi YCTOMYMBOCTU NOYB
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1 YepHo3eM BbILLENOYEHHbIV cpeaHe- 0,15 Hopma 4,9

CYIIVHUCTBIN MUIpaumMoHHo-mmuensp- 0,13 K 0,9 0,4 0,63 18,9
HbIA, 3M1I0BUASTbHbIN

2 TemHo-cepas TunuyHas cpepgHecy- 0,22 Hopma 45 14 056 0,15 0.7 - 9.0
rNHUCTas, TPAH3UTHbIN 0,1 K 1,12 0, 0,43 41,0

3 TeMmHo-cepas rneeBsatasa cpegHecy- 0,22 Hopma 4,2 0,8 0.8 04 0.8 - 11,2
rNNHUCTas, akKyMYSISTUBHbIN 0,12 K X 0,2 0,43 32,5

4  AnnioBuanbHo-nomeHHas rneeesa- 0,74 Puck 2 0,5 1,02 0,75 0.8 + 7.0
Taa cpepHecyrnvHucTas, cynepak- 0,61 YK 1,94 1,1 1,0 12,1
BasibHbIN (paioH TALL-1)

5 AnnioBuanbHo-norimeHHasa rneeesa- 0,30 Hopma 6,1 0,5 1.06 04 0.85 - 17.0
Taa cpegHecyrnvHucTas, cynepak- 0,18 K 1,5 0,9 0,41 414
BasIbHbIN (NNSXK «300POBbLE>)

6 [epHoBO-noa3on necyanoln unno- 032 Hopma 1,9 0,8 029 025 021 - 29.3

BUAJIbHO-XXENE3UCTbIA, TPaH3UTHbIA 0,18 K 1,38 0,2 0,23 58,1
(napk «MokBa»)

7 [OepHoBo-noa3on necyanoln unno- 0,27 Hopma 1,2 0,6 0.2 0.12 0.16 - 41,0
BUANbHO-XENE3NCTbI, TPaH3UTHbIN 0,29 K 0,56 0,3 0,21 79,0
(F'opensbin nec)

8 T[Mopgson necyaHbii unnwoemanbHo- 1,11 Kpu- 0,37 0,5 015 034 007 - 52,3
XXENEe3NCThIN, 3N0BUANbHbLIN 0,26 3uc 4,62 0,3 0,21 43,1

HK

9 Tops3on necyaHbln unnoBnanbHo- 1,51 Kpu- 1,7 0,6 4,27 1.26 0.54 + 31.0

XXENe3nNCThIl, TPAHCANOBMANbHbIN 0,38 3uc 5 1,0 0,23 32,2
HK

10 Ypb6aHosem cobcTBeHHO cpegHecy- 1,30 Kpu- 59 0,7 3.9 1,39 375 + 18,0

FNIVHUCTBLINW, 3NI0BUanbHbIN 0,36 3uc 7,6 11 0,87 26,1
K

11 YpbaHo3em COOCTBEHHO cpeaHecy- 245 Kpu- 2,6 0,6 74 1.41 5.9 + 33,5

TIVIHUCTBIN, TPAH3UTHbIN 356 auc 8,0 1,1 29,0 32,8
HK

12 Ypbocepas tunuuHas cpepHecy- 0.7 Puck 29 0,3 1.23 03 1,07 + 440
rNHUCTas, 3N0BUANbHbLIN 024 YK 2,7 0,1 0,53 30,2

13 Ypbocepasi TunuyHas cpepHecy- 0,68 Puck 22 2,0 087 0,29 09 + 18.3
rNHUCTas, TPAH3UTHbIN 0,24 YK 2,7 0,1 0,33 27,0

14 Ypbo-TemHo-cepas TunmdHas cpeaHe- 0,51 Puck 2 0,9 1,02 027 1,35 + 14,2
CYFMHUCTas, 3/I0BUANbHbIN 0,29 YK 1,1 0,2 0,5 63,0

lMpumevarne: K — kombopTHas; YK — ycnoBHo kompopTHas; HK — HekomdopTHas.
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Table 2

Assessment of the degree of ecological comfort of the soils of the ecosystems of Kursk
by the integrated index of ecological comfort based on the ratio of the impact of HM on soils,
vegetation and biota to the ecological sustainability of soils

No Type of soil, 7y o .
landscape component :'é_ % c % c v g
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1 Chernozem leached middle loamy, eluvi- 0,15 Stan- 4,9 02 041 044 037 - 19.1

allandscape 0,13 dard 0,9 0,4 0,63 18,9
C

2 Dark gray typical middle loamy soil, 0,22 Stan- 4,5 14 056 0,15 07 - 9.0

transite landscape 0,1 dard 1,12 0,2 0,43 41,0
C

3 Dark gray gley middle loamy soil, ac- 0,22 Stan- 4,2 0,8 0.8 04 0.8 - 11,2

cumulative landscape 0,12 dard 0,74 02 043 32,5
C

4 Alluvials meadow gley ¢ middle loamy 0.74 Risk 2 0,5 1.02 0.75 0.8 + 7.0
soil, superaqual landscape (District 0,61 RC 1,94 11 1,0 12,1
Thermal Power Station — 1)

5 Alluvials meadow gley ¢ middle loamy 0,30 Stan- 6,1 05 106 04 085 - 17.0
soil, superaqual landscape (beach 0,18 dard 1,5 0,9 0,41 41,4
“Zdorov’e”) C

6 Sandy sod-podzol illuvial-ferrugenous, 0,32 Stan- 1,9 08 029 025 0,21 - 29.3
transite landscape (forest-park “Mokva”) 0,18 dard 1,38 0,2 0,23 58,1

C

7 Sandy sod-podzol illuvial-ferrugenous, 0,27 Stan- 1,2 0,6 02 012 0.16 - 41,0

transite landscape (Gorelii forest) 0,29 dard 0,56 0,3 0,21 79,0
C

8 Sandy podzol illuvial-ferrugenous, 1,11 Crisis 0,37 05 015 034 0,07 - 52,3
transite landscape, eluvial landscape 0,26 UC 4,62 3 0,21 43,1

9 Sandy podzol illuvial-ferrugenous, 1,51 Crisis 1,7 06 427 126 054 + 31,0
downslope landscape 0,38 UC 5 1,0 0,23 32,2

10 Urbanosem actually middle loamy, 1,30 Crisis 5,9 0,7 39 139 3.75 + 18.0
eluvial landscape 0,36 UC , 1,1 0,87 26,1

11 Urbanosem actually middle loamy, 245 Crisis 2,6 0,6 74 141 5.9 + 33,5
transite landscape 3,56 UC 8,0 1,1 29,0 32,8

12 Urban gray typical middle loamy soils, 0,7 Risk 2,9 03 123 03 1,07 + 44,0
eluvial landscape 0,24 RC , 0,1 0,53 30,2

13 Urban gray typical middle loamy soils, 0,68 Risk 2,2 20 087 029 09 + 18.3
transite landscape 0,24 RC 2,7 0,1 0,33 27,0

14 Urban dark gray typical middle loamy 0,51 Risk 2 09 102 027 135 + 14,2
soils, eluvial landscape 0,29 RC 1,1 0,2 0,5 63,0

Note: C — comfortable; RC - relatively comfortable; UC — uncomfortable.

B xone uccrnenoBaHusi yCTaHOBIIEH BBICOKMH pa3Max BapbHPOBAHUS JIOJH
MOOWITBHBIX (opM cBuHNA (7-52,3 %) u kaamust (12,1-79,0 %) oTHOCUTEIIBHO Ba-
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JIOBOTO cojiepkaHust JaHHBIX TM B mouBax Kypcka, 4To cBsSI3aHO C T€HE3UCOM U3Y-
YaeMbIX TOYB U NMPOCTPAHCTBEHHON HEOAHOPOAHOCTHIO MX 0A30BBIX CBOWCTB, a TAKKE
YPOBHEM TEXHOTEHHOTO BO3AeWcTBUA. OTMETHM, YTO HAaWOOJbIIAsT MOOMILHOCTh
TM 3adukcupoBaHa B 3arps3HEHHBIX ypOaHO3eMax U ypOOIoYBax, MouBax C Jer-
KHM TPaHYJIOMETPUIECKIM COCTaBOM U KpailHEe HU3KUM COJICp)KaHHUEM OpraHHye-
CKOTO BEIIECTBA.

[TpoBeneHHas anpoOarys KOMIUIEKCHOTO WHJIEKCA SKOJIOTMIECKON KOM(OPTHO-
ctu mouB Kypcka B ycnoBHsIX BO3/A€HCTBUS Ha SKOCUCTEMBI CBHHIIA M KaAMUS TO-
Ka3zaja CJIeIyIolue pe3ybTathl (Tad. 2).

DKoJoru4eck KOMGOPTHBIMU MOXHO cuuTaTh 42,8 % MOYB M3yuyaeMbIX
kmoueBbix yuactkoB Kypcka (0,1 < ECI < 0,32). K ycinoBHO KOM(OPTHBIM OTHO-
carcs 28,6 % mouB kiroueBbix ydactkoB (0,51 < ECI < 0,74). HekomdoprtHas
JKoJIoTHYecKass o0cTaHoBKa 3adukcupoBaHa Ha 28,6 % KIIOYEBBIX yuacTKax
(1,11 < ECI < 3,56).

OTMeTHM, YTO TEXHOTEHHO-MIPEOOpa30BaHHbIE YPOOMOUBHI HE OTHOCSTCS K
IKOJIOTHYECKUA KOM(OPTHBIM U yCIOBHO KOM(DOPTHBIM BBHTY MOIITHOTO TEXHOT€HHO-
ro mnpecca. DKOJOrH4eckd HEKOM(OPTHBIMHU TaKKe SBJSUIUCH TTOYBBI, UCIBITHIBA-
IOI[Me MEHEEe 3HAYUTEIIbHYI0 aHTPOMOTEHHYI0 HArpy3Ky, HO 00JIaaroIire HU3KOM
IKOJIOTUIECKOH YCTOHYINBOCTHIO (TIOA30JIBI TIECUaHbIE HILUTFOBHATTLHO-KEIIC3HUCTHIC).

ECI nouB 4 u 11 y4yacTKOB HaxoJWJICSA BbIIIE AMANAa30HA 3KOJIOTMYECKOM
komdpoptaoctr (ECI > 0,5) omHOBpeMEHHO 1O IBYM HCCIETYyEMbBIM TSIKEIBIM Me-
tautam (Pb u Cd), uto 00ycroBneHo pacronoxeHneM B palioHe ¢ HauOosee
MOIIHBIM BO3JIEHCTBHEM Ha OKPYXKAIOIIYIO CpPeay M 3HAYUTEIBbHBIM COCPEIOTOUE-
HHEM UCTOYHUKOB 3MUCCUH TM B OKpYKaIOIIyIO Cpeay.

DKoNoTHYecKr KOM(MOPTHBIMU SABJISIIUCH (DOHOBBIE TTOYBHI €3 3HAUUMOTO
AQHTPOIIOTCHHOTO MpeoOpa30BaHusl, KaK MPABHIIO, MPUHAIICIKANINE CAHUTAPHO-
3aIUTHBIM U PEeKpeallMOHHBIM (YHKIIMOHATIHHBIM 30HaM (y4acTku 2, 3, 5-7).

3aknyeHue

OrieHKa AKOIOTHIECKOH KOM(OPTHOCTH TOYB, TOABEPKEHHBIX BO3JICHCTBHIO
TM, TpeOyeT AeTanbHOro MOAXO0/a U JOJDKHA OCHOBBIBATHCS HAa OTHOILIEHUH CyM-
MBI OKa3aTesaeil BO3IEHCTBUS TSDKEIBIX METAUIOB Ha MOYBEHHO-PACTUTENbHBII
MOKPOB U MOYBEHHYIO OMOTY K CyMMe€ IMOKa3aTelell IKOJIOTUYECKON yCTOMUNBO-
CTH TIOYB K BO37eicTBUIO TM 1 cTOCOOHOCTH MOYB MPEMSTCTBOBATH 3arPsI3HEHUIO
TM comnpenenbHbIx TeppuTopuid. IIpoBeneHHasr anpoOamusi KOMIUIEKCHOTO WH-
JIeKca HKOJIOTHYECKOM KOM(pOPTHOCTH TOYB KIIFOUYEBBIX dKocucTeM Kypcka moka-
3ajia, YTO IKOJIOTUYECKH KOM(POPTHBIMU SIBISIOTCS 42,8 % MOUB peKpealnoOHHbIX
Y CaHUTAPHO-3AIIUTHBIX (PYHKIIMOHAIBHBIX 30H, 28,6 % MOUYB CEeNUTEOHBIX 30H
MOYKHO Ha3BaTh YCJIOBHO KOM(OPTHBIMH, 28,6 % MOYB MPOMBIIUICHHBIX, CETUTE0-
HBIX M CAHUTAPHO-3AIIUTHBIX 30H MPU3HAHBI 9KOJOTUYECKH HEKOM(DOPTHBIMHU.

BnarogapHocTu. PaboTta BbinosHeHa npu nogaepxke rpaHTa lNpesnpeHta Poc-
cuiickoi Penepaumn onsa rocyaapCTBEHHOM NOAAEPXKU MOOObIX POCCUNCKUX YYEHbIX —
kaHgmpaTtoB Hayk MK-4086.2018.5.
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Research article

Assessment of ecological comfort of
soils of urban ecosystems
under the influence of heavy metals on them

Nikolay P. Nevedrov

Kursk State University
33 Radishcheva St., Kursk, 305000, Russian Federation

Abstract. Assessment of the ecological state of environmental components in urban
areas plays an important role in achieving environmental safety and environmental comfort
for human habitation and economic activities. A comprehensive index of ecological comfort
of soils polluted by heavy metals is presented and tested. The index is calculated by the ratio
of the total impact of heavy metals (HM) on soils, plants, and soil biota to the sum of indica-
tors of environmental sustainability of soils to this effect and the ability of soils to prevent
HM pollution in nearby territories. The scale for ecological regulation and ecological comfort
of urban ecosystem soils is proposed. It was noted that 42.8% of the soils of the studied key
sites located in the sanitary-protective and recreational zones are environmentally comforta-
ble, while 57.2% of the soils of the industrial, residential and sanitary-protective functional
zones of the city are not considered to be ecologically comfortable.

Keywords: ecological comfort, soil ecological comfort index, heavy metals, urban soils,
ecological sustainability
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OueHka puCKOB BOSHMKHOBEHMUS U NocnencTtenm
pa3nuBoB Hed T B paioHe YeOOKCapCKOro pe4yHoro nopra

A.E. Ilnactunun', O.J1. lomuuna', B.H. 3axapos!, A.M. Cadapos?

"Bomxkckuii rocyjapcTBeHHbIH yHMBEPCHTET BOAHOTO TPAHCIOPTa
Poccuiickas @edepayus, 603951, Huoscnuii Hogeopoo, ya. Hecmeposa, 5
2V pumMckuii ToCy1apCTBEHHbIH He(DTIHON TEXHUUECKHI YHHBEPCUTET
Poccutickas @edepayus, 450062, Ya, yn. Kocmonaemos, 1

AHHoTanusA. B cBS3W CO 3HAYMTEIHHBIM KOJUYECTBOM WHIMICHTOB Pa3JIMBOB HEPTH
JUTS pa3pabOTKH IJIAHOB MO MX MPEAYNPEKACHUIO U JIMKBUIAINY ITOCIEACTBUI BaXKHYIO POJIbh
UrpaeT MPOrHO3UPOBAHUE PA3IUBOB. B JaHHON cTaThe aBTOpaMU MpeJIaracTcs aHaau3 pUcKa
3arpsisHeHUs. HEPTHIO C CYJIOB B paiioHe UeOoKCapcKoro peuHoro mopTa, BHIMTOJIHEHHBIN Yepe3
OMpeieJICHUEe YaCTOThl BOSHUKHOBEHHUS PA3IMBOB HE(DTH B paliOHE YKa3aHHOTO MOPTa, OLEHKY
nociencTBui (yOBITKOB) ¥ 0000IIEHNE TTOTYyYEHHBIX OIICHOK. [Ipr 3TOM ¢ MOMOIIbIO MaTeMa-
TUYECKOTO MOJICJIMPOBAHUS pa3auBoB HePTH B paiioHe Yebokcapckoro peuHoro nopra ObLTH
pa3paboTaHbl PerpecCHOHHBIC MOJICIIH OIICHKH yIep0oo0pa3yromux (akTopoB H pacCUUTaH
pa3mep Bpeaa KOMIIOHEHTaM MPUPOIHOM cpeabl (BoAe, MOYBe, BO3AYXY). Pe3ynbTaThl BBIMOTHEH-
HBIX MCCIICOBAaHUN MOTYT OBITh MUCIIOJIL30BAHBI MPH Pa3pabOTKe MEPOTIPHUATHI 1O MPEeIOTBpa-
MICHHUIO MITH CHIDKECHHUIO HEOIAroMpHATHBIX MOCICICTBUI OT Ype3BhIYaHBIX CUTYaIlUU ¢ yde-
TOM MPHPOTHO-KIMMATHICCKHX YCITOBHUH.

KnaioueBble cioBa: OIeHKa PHCKa, pa3inuB He(TH, pacdyeT ymiepda, TPaHCIIOPTHBIC
MIPOUCIIECTBHSA, Bpea 00BEKTY OKPYKAIOLIEH CPEIbI

BBepeHue

ITo nannsM PoccraTta, 00beM n00ObIYM HEPTH B Hallleil cTpaHe MPOJOJKAET
pactu [1]. B cBsi3u ¢ 3TUM MOTYT POUCXOINTH Pa3IMBbl HEYTH U HEPTETIPOTYK-
ToB. /Ina Poccum 310 sBiISleTCS JOCTATOUHO CEPhE3HOM HKOJIOTHYECKOi mpooiie-
MoOM. Tak, MUHUCTP IPUPOIHBIX pecypcoB U skojoruu Poccuiickon Penepanuu
C.E. JloHCcKOH OTMETHII, 4TO YHMCIIO aBapuil Ha 0ObeKTax He(Teq00BIYM U TPAHC-
MOPTUPOBKH HE(PTU €XKETOJHO JTOCTUraeT MOopsaKa 25 ThIC. MHIUACHTOB, B PE3YIlb-
TaTe 4ero okoio 1,5 MiH T HedTH mocTymnaeT B okpyxaroutyto cpexy [2]. Ilpu stom,
0 1IaHHBIM He(TSHBIX KommaHui, B 2018 r. npousonwio toiabko 8126 pazimusos [3].
Takoe pacxoXxaeHHE JaHHBIX TOBOPUT O TOM, YTO 3HAYUTEIBHOE KOJIMYECTBO pas3-
JMBOB MOXKET CKpbIBaThCA. OCHOBHOE KOJMYECTBO PA3IMBOB MPOUCXOIUT B pe-
3yJbTaTe KOPPO3UM MArkCTPaJIbHBIX TPYOOIPOBOJIOB M aBapHil He(TEHATMBHOIO
¢noTa. IlprueM HEBO3MOXKHO TOYHO YKa3aTh BPEMSI U MECTO STHX Pa3iInBOB. YacTh

© Inactunaus A.E., lomanna O.J1., 3axapos B.H., Cadapor A.M., 2019
This work is licensed under a Creative Commons Attribution 4.0 International License
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W3 HUX TPUXOJUTCS HA CYJOXOJHBIC BOJHBIE OOBEKTHI, IO JHY KOTOPBIX MPOJIO-
KEHBI TPYOOIIPOBOJBI U BO3MOXKHO OJIHOBPEMEHHOE HCTeYeHHEe HePTH W3 MOJ-
BOJIHOTO MIEPEX0a MaruCTPaIbHOTO He(hTENPOBOIa U TPY30BOT0 OTCEKA TaHKEPa.
Jlns pa3paboTKH TUIaHOB M0 MPEeyNPEKACHUIO PA3IMBOB U JIUKBUIAIINH UX
MOCIIEJICTBUI BaXKHYIO POJIh UTPAET MIPOTHO3HUPOBAHUE PA3IUBOB: UACHTUDUKAIIHS
MECT BO3MOYKHOTO CKOIUIEHHS HE(TH, BEPOSITHBIE MAapIIPYTHl €€ MepeMelIeHHs,
a TaKXke BO3/CCTBHE HE(DTSHBIX MATEH HA PA3IMYHBbIE KOMIIOHEHTHI TIPUPOTHOM
cpenbl (1Mo4By, aTMOCHEPHBIA BO3IyX, TOBEPXHOCTHBIC BOJHBIC OOBEKTHI), HA Ha-
CEJICHHE Yepe3 KOJOALBI C MMTHEBOU BOJIOW, CEIIbCKOXO03MCTBEHHBIEC YTOAbS U 1.
[enpto JaHHOTO MCCIEOBAaHUS SIBIISIETCS OLIEHKA PUCKA BOSHUKHOBEHUSI U T10-
CIIEICTBUI pa3BOB HeTH B paiioHe Uebokcapckoro peyHoro nopra. B crarse npen-
JaraeTcsl aHaJIM3 pUCKa 3arpsi3HeHHs He(Thio ¢ CyJ0B. JIOCTHKEHUE ITOM 1€ BO3-
MO>KHO Yepe3 OIpeIeNICHEe YaCTOThl BOHUKHOBEHUS pa3IMBOB HEPTH B pailoHe yKa-
3aHHOTO TIOPTA, OIIEHKY TOCIEACTBHUH (YOBITKOB) M 000OIICHHE MTOTYYEHHBIX OIICHOK.

MaTtepuanbi u meToAbl

B kadecTBe MCXOIHBIX AHAJIMTUYECKMX MATEPUAIOB JUIl OLEHKH PHCKOB
BO3HUKHOBEHHS Pa3UBOB HE(TH B paiioHe UeOOKCapcKOro peyHOro mopTa mpu-
MEHSJIUCh CTATUCTUYECKUE JAHHBIE [0 TPAHCIIOPTHBIM MPOMCIIECTBUAM 32 IEPU-
on ¢ 1980 r. mo Hactosiiee Bpemsi, nmpeaoctaBieHHbie Poctpancuanzopom Poc-
curickon Penepannu.

JlJis OLIeHKM pHCKa MOCJIEACTBUN MCHOJIb30Bajach HH(OpMAIIOHHASI CUCTe-
Ma MOJIETUPOBaHMS U aHAJIM3a aBapUi, CBI3aHHBIX C 3arps3HEHUEM OKpY’Karolien
cpensl, PISCESII.

OrneHka pUCKOB BBINOJIHANIACH B COOTBETCTBUHM C PYKOBOJCTBOM IO 0e3-
ormacHocTH «MeTonuYecKkue OCHOBBI IO IPOBEIEHUIO aHajdN3a ONacHOCTEH u
OLIEHKU PHUCKa aBapHii Ha OMACHBIX NMPOU3BOACTBEHHBIX 00BbEKTax» (YTB. MpHUKa-
30M DeniepanbHOM CiTyKObI 10 HKOJIOTHYECKOMY, TEXHOJIOITMYECKOMY U aTOMHOMY
Haaz3opy ot 11 ampens 2016 roxa Ne 144) [4].

J11s1 oLieHKH puCKa MOCIENCTBUN pa3IuBOB HEPTH HEOOXOANMO HE TOJIBKO OIIpe-
JIEJIEHNE YaCTOThl BOSHUKHOBEHMS UPE3BbIUAHBIX CUTYalUii, HO U pa3MEPOB Bpeaa.
I[pu 3TOM pasmep Bpena npu pasnuBax He(YTH JOJDKEH YUHTHIBATh YIepO, HAHECSHHBIN
BOJIHBIM 00BeKTaM [5], GeperoBoii uepte [6; 10]; atmochepHOMy Bo3yxy [7; 11; 12].

Pe3ynbTaTbl M 06CYyXAEHUE

1. AHann3 nucxogHou nHpopmaunm

Jlnist ompenieieHusl 4acTOThl aBaPUMHBIX COOBITHI MCIIONB3YeTCsl CTATUCTHYECKast
nH(popMalus 1Mo pa3nuBaM HEPTH (JaThl U KUJIOMETPHI pa3IMBOB, BUAbI Pa3IHBOB
U UX MPUYMHBI, CyTHO — UCTOYHUK pa3inBa) 3a nepuox ¢ 1980 r. nmo Hacrosiee
Bpemsi. Ha puc. 1-3 mpencraBiieHbl CTPYKTYpbl paclpeeiaeHus: TPaHCHOPTHBIX
npouciuectsuid (TII) 3a ykazaHHBIN NepHoa B 3aBUCUMOCTH OT BHJa ¢uioTa, BHIA
MIPOUCIIECTBUM, X MPUYHH.

N3 puc. 1 MOXHO czenaTth BBIBOJ, YTO 4Hallle BCETO B TPAHCIIOPTHBIX IIPO-
HCIIECTBUSX YYaCTBOBAJIHU TPy30Bble cyxorpy3Hsie (48 %) u Oykcupnsie (19 %)
cynHa. Cpeau BUI0B aBapuii (puc. 2) Oosbliiee pacpoCTpaHEeHUe TOTYYHIIN CBS-
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3aHHBIE C yJapOM U MOCAIKON CynoB Ha Menb (1o 24 % xaxmaplii). OCHOBHOH npu-
YHHOM TPaHCHOPTHBIX MPOUCHIECTBHM B paiioHe YeOoKcapCcKoro peyHoro mopra

(puc. 3) 6bUI0 HapyIIEHUE YCTaBa CIIyKObI SKUTIAKEM.

Tugboat
19%

Eykcuphoe
19%

Cargo dry
cargo vessel
Tpysosoe 48% Oil cargo
vessel
17%

CYXOrpy3Hoe
48% Ipysosoe
HedTeHanmeHoe

o Passengership
laccammpckoe
16% 16%

Puc. 1. CtpykTypa TpaHCNOPTHbIX MPOMCLUECTBUI Figure 1. The structure of transport accidents
B palioHe Yebokcapckoro nopta no sugam dnota in the area of the Cheboksary port by type of fleet

YA3p 0 NOABOAHOE Mocagua Impact of
npenarcTene % ashipon Landing
4% Mocapka Ha menb asurface object 3%
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YA3p 0 HaABOAHBIA the ship on an under-
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CronkHoseHne
7%
Collision
7%
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Impact
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Moap 3atonnenve
1% 1% Fire Shipsinking
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Puc. 2. CTpykTypa TpaHCNOPTHLIX MPOUCLIECTBUIA Figure 2. The structure of transport accidents
B paiioHe Yebokcapckoro nopra no nux suay in the area of the Cheboksary port by type

Violation of the rules of
igati Violation of rules of
technical operation
18%

Hapywenue npasun Hapywerue npasun
nAaBaHuA TexHuyecKoi
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6%

owmbki

Mpoume npuumHLl
%
2%
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cnybbi the service charter
60% 60%

Hapywenue ycrasa

Figure 3. The structure of transport accidents

Puc. 3. CTpykTypa TpaHCNOPTHbLIX MPOUCLIECTBUIA
B palioHe YebokcapcKkoro peyHoro nopra in the region of the Cheboksary river port
no NpuyYnHam aBapui due to accident causes
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Figure 4. Dependence of the number of traffic accidents on the waterway section
in the region of the Cheboksary river port

Kak BUIHO M3 3aBUCHMMOCTH KOJIMYECTBA TPAHCIIOPTHBIX MPOUCIIECTBUNA OT
ydacTKa BOJHOTO MyTH B paiioHe Yebokcapckoro peynoro noprta (puc. 4), Hau-
OosblIee KOJIMYECTBO aBapHii mporucxoauT Ha 1185 k.

2. OueHka puCcKkoB BO3HUKHOBEHNS Pa3JINBOB He(pTu
B parioHe Ye60Kkcapckoro pe4yHoro nopra

Omnpenenenue pucka BOZHUKHOBEHUS pa3iuBOB HepTH B paifoHe Yebokcap-
CKOTO PEYHOT0 MOPTa BHIMOJHUM, UCHOJb3Yys MMOKa3aTelb 4YacTOThl BOSHUKHOBE-
HUS TPAHCTIOPTHBIX NpouciiecTBuil [8; 9]. Pesynbrarsl pacuera 3a nepuoa ¢ 1980
o 2018 r. cBeneHsl B Ta0I. 1.

Kak BumHO U3 Tabin. 1, HanboubIas BEpPOSTHOCTh TPAHCIIOPTHBIX MPOUCIIIE-
CTBHUI XapaKTepHa ISl TPY30BBIX CYXOTpy3HbIX CcyAoB. Cpeau BUIIOB aBapuil Jiu-
JUPYIOLIUE MMO3ULINN 3aHUMAIOT CBA3aHHBIE C YAAPOM U MTOCAJKON CYJI0B Ha MEJIb.

Puck Bo3HWMKHOBEHHS pa3nuBoB HeTH B paiioHe YeOOKcapcKoro peyHoro
MOpTa MPUHUMAETCS PaBHBIM YaCTOTE TPAHCIIOPTHBIX MPOUCIIECTBUM, CBI3aHHBIX
¢ 3aromenueM cynos 0,0268 rox !, TOCKONIBKY yKa3aHHbIE TEXHOTEHHBIE COObI-
THSI BCET/1a COMTPOBOXKIAIOTCS PA3IMBOM HE(DTH.
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Tabavua 1
YacToTa Bo3HukHoBeHus Tl B paiioHe YeGoKCapCcKOro pe4yHoro nopra
WUtoro Ha akBaTopum nopta Ha wmose
(kpome 1185 km) (1185 km)
O6Lyas, roq”’ 1,94 0,93 1,2
Bun ¢rnota, rog”’
BykcupHoe 0,31 0,21 0,18
'py3oBoe HedTeHaNNBHOE 0,29 0,07 0,26
Maccaxunpckoe 0,26 0,17 0,12
'py3oBOe cyxorpysHoe 0,8 0,48 0,65
Bun asapun, rog”’
Mocapka Ha Menb 0,46 0,45 0,09
CTONKHOBEHNE 0,14 0,10 0,06
Hasan 0,34 0,17 0,21
3atonneHve 0,0268 0,0268 -
Moxap 0,03 - 0,03
Yoap 0,46 0,10 0,38
Ypap o nogBoaHoe NpenaTcTBme 0,34 0,07 0,06
Ynap o HaABOAHbI 0O bEKT 0,09 - 0,09
Mocapka 0,06 0,45 0,06
Table 1
The frequency of traffic accidents in the region of the Cheboksary river port
Total On the water area of At the gateway
the port (except 1185 km) (1185 km
Total, year™ 1,94 0,93 1,2
Type of fleet, year™
Tugboat 0,31 0,21 0,18
Oil cargo vessel 0,29 0,07 0,26
Passenger ship 0,26 0,17 0,12
Cargo dry cargo vessel 0,8 0,48 0,65
Type of accident, year'
Grounding 0,46 0,45 0,09
Collision 0,14 0,10 0,06
Bulk 0,34 0,17 0,21
Ship sinking 0,0268 0,0268 -
Fire 0,03 - 0,03
Impact of the ship 0,46 0,10 0,38
Impact of the ship
on an underwater obstacle 0,34 0,07 0,06
Impact of a ship on a surface object 0,09 - 0,09
Landing 0,06 0,45 0,06

3. MonenupoBaHue pa3nneBoB HepTu
B parioHe YeboKkcapCcKoro pe4yHoro rnopra

C menpro MaTeMaTHYeCKOro MOJISIMPOBAaHUS pa3IMBOB He()TH B parione Ye-
O0OKCcapcKoro peyHoro nopra Ha p. Bonira mcnonb3oBanach KOMIIBIOTEpHAs MPoO-
rpamMMa «CucTteMa MOJEIMPOBAHMS U aHAJIM3a aBapuil, CBA3aHHbBIX C 3arpsi3HEHU-

eM okpykaroent cpeast PISCESII» [13].

C ee nomoup0 OBUIM CMOAEIUPOBAHBI MIECTHAATE CLIEHAPUEB Pa3JIMBOB
He(TH B 3aBUCUMOCTH OT pa3jMYHbIX HalpaBiIeHUH BeTpa Ha ydacTke 1185 km.
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B kadecTBe npumepa mpuUBEIeM CIIEHAPUH Pa3IUBOB HE(hTU ISl BOCTOUHOTO (CKOPOCTh
teuenus: 0,05 m/c, Berep BocTounblii (90) — 5 m/c, puc. 5) ¥ 10KHOTO HaIpasJe-
Huit BeTpa (ckopocth Teuenwus 0,05 m/c, Berep roxubIi (180) — 5 M/c, puc. 6).

e 4713 508 720,

4717

_|4zas0e

Chart11:12500 oEx Crart 1 1:10000 EEE

3 a0 a1t s o S m—tsasae o

Puc. 5. KapTta 4ypesBblyanHom cutyaumnm Puc. 6. KapTa ypesBblyanHoi cutyaumm
Ha YeTbIpE Yaca C MOMEHTa pa3nmea HedpTn Ha YeTblpe Yaca C MOMEHTa pasnmea HedTn
npuv Bocto4yHom (90) HanpasneHun BeTpa npwu oxxHOM (180) HanpaBneHun BeTpa
[Figure 5. Map of the emergency for four hours [Figure 6. Map of the emergency for four hours
from the moment of oil spill from the moment of oil spill
in the east (90) direction of the wind] in the south (180) direction of the wind]

Ha ocHOBaHMM CMOJEIMPOBAHHBIX CIICHAPUEB MOCTPOSHBI PErPEeCCHOHHBIE
MOJIETIH JIJIsl OLIEHKH YIIep0O000pasyronmx (HakTopoB B 3aBUCUMOCTH OT HAIIpaB-
JIEHUS BETpa U BPEMEHU C MOMEHTA pa3inBa HE(TH.

Pa3Mep Bpeﬂa BOAHBIM OGBGKTaM, BLIHOJIHGHHBIﬁ B COOTBCTCTBUHU C MECTO-
JIMKOM [5], cocTaBUT

YV =1,25*%1,41*1,878*1,1*312 = 1135,983 muH py0.
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Hanpasjienue Berpa B rpajaycax

Puc. 7. 3aBMCUMOCTb KOJIMYECTBA UcMapuBLLeincs HedTK OT HanpaBieHus BeTpa
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Figure 7. Dependence of the amount of evaporated oil on the wind direction
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Figure 8. The relationship between the length of the polluted shore
and the time since the spill in the north-east direction of the wind (45°)
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4. Pe3ynbTaTtsl pac4eTa pazmepa spega rnpu pasnmpax HeQptu
B parvioHe Yeb6oKkcapcKkoro pe4yHoro nopra

Tabnvuya 2
Pe3ynbTaThbl pacueTa pa3aMepoB BpeAa B paiioHe 4eG0KcapCcKoro peyHoro nopra, MJH pyo.

Ne cue- Hanpaenenue Pasamep Bpepsa OueHkayuwep6a CymmapHbiiipa3vep Oxunpaembiii

Hapus BeTpa GeperoBoii 4yepTe, OT 3arps3HEHUS BpeAaa (BOAHbIM yuiep6 c yuetom
B rpapycax MJIH pyo0. aTmocdoepbl, 00beKTam, 6eperosoii BO3MOXHOMN 4aCcTOTbI
MJIH pyo. YyepTe 1 oT 3arpsa3- NPOUCLUECTBUN,
HeHus atmocdepbl), MJH py6./ropn,
MJIH pyO.
1 0 11,68 0,11 1147,773 30,760
2 22,5 8,19 0,11 1144,283 30,667
3 45 5,39 0,11 1141,483 30,592
4 67,5 7,24 0,11 1143,333 30,641
5 90 7,88 0,14 1144,003 30,659
6 112,5 0 0,24 1136,223 30,451
7 135 0 0,24 1136,223 30,451
8 157,5 0 0,24 1136,223 30,451
9 180 4,96 0,21 1141,153 30,583
10 202,5 5,25 0,20 1141,433 30,590
11 225 5,51 0,22 1141,713 30,598
12 247,5 0 0,25 1136,233 30,451
13 270 0 0,24 1136,223 30,451
14 292,5 20,16 0,14 1156,283 30,988
15 315 20,16 0,12 1156,263 30,988
16 337,5 16,01 0,11 1152,103 30,876
Table 2
The results of the calculation of the amount of harm in the region of the Cheboksary river port, million rubles
No. of Wind Amount of Assessment of The total amount of Expected damage,
sce- direction damage to damage from damage (to water taking into account
nario indegrees the coastline, atmospheric bodies, coastlines, the possible frequen-
million rubles pollution, and air pollution), cy of accidents,
million rubles million rubles million rubles/year
1 0 11,68 0,11 1147,773 30,760
2 22,5 8,19 0,11 1144,283 30,667
3 45 5,39 0,11 1141,483 30,592
4 67,5 7,24 0,11 1143,333 30,641
5 90 7,88 0,14 1144,003 30,659
6 112,5 0 0,24 1136,223 30,451
7 135 0 0,24 1136,223 30,451
8 157,5 0 0,24 1136,223 30,451
9 180 4,96 0,21 1141,153 30,583
10 202,5 5,25 0,20 1141,433 30,590
11 225 5,51 0,22 1141,713 30,598
12 247,5 0 0,25 1136,233 30,451
13 270 0 0,24 1136,223 30,451
14 292,5 20,16 0,14 1156,283 30,988
15 315 20,16 0,12 1156,263 30,988
16 337,5 16,01 0,11 1152,103 30,876

Pe3ynbratel pacuera pa3mepa Bpena 6eperoBoil uepte u atMocepe OT pasiiuBa
He(TH TIpH pa3IMYHBIX HANpaBIeHUsSX BeTpa (mo 16 crieHapusiM), BBIIOJHEHHBIC B
COOTBETCTBUH C METOJJMUECKIMHU pyKOBOJICTBaMHU [4; 6; 7; 10—12], cBenieHsI B TabII. 2.
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3aknoyeHue

B xoze BBIMOTHEHHOTO WCCIEAOBaHUS B paiioHe UYeOokcapcKoro peyHoro
NopTa OBLIO BBISBIEHO CIIEAYIOIIEE.

B TpaHCnOpTHBIX NPOMCIIECTBUAX Yallle BCEIO Y4aCTBOBAIM I'PY30BbIE CY-
XorpysHsle cyqHa. Haubounbliee pacnpocTpaHeHe MOJTyYMId aBapUH, CBI3aHHbIE
C YapoM U MOCaJKON Cy/10B Ha MeJb. Yalle Bcero TpaHCIOPTHBIE POUCIIECTBUS
MIPOUCXOIMIIN B Pe3yJIbTaTe HapyIIEHHE yCTaBa CIy X ObI dkumnaxkeMm. Hanbombiree
KOJINYECTBO MPOUCIIECTBUI HAabM0AaIUCh B paiioHe nuto3a (1185 km).

YacTroTa BO3HUKHOBEHHSI TPAHCIIOPTHBIX IMPOUCIIECTBUHM 3a aHAIU3UPYEMBIN
NIEPUOJ COCTABIISIET B CpeHEM | pa3 B moarozna. ABapuu, CB3aHHBIE C IPY30BbIMHU
CYXOTpYy3HBIMHU CyJaMH, BO3HHMKalOT 1 pa3 B 1,25 roga, a mocaiku Ha Mejib Mpo-
ucxondr 1 pa3 B 2,2 rona.

C noMoIipi0 MaTeMaTH4eCKOro MOJIEIMPOBAHUS pa3auBOB HeTH B paiioHe
YeOGoKcapcKoro peyHOro mopTa, COCTOSIIEr0 U3 IIECTHAATH CLIEHApUEB, ObUIN
pa3paboTaHbl perpecCHOHHBIC MOJICITH OIICHKH YIIep0000pa3yomux (pakTopos.

Boruncnen pasMep Bpena KOMIIOHEHTaM MPHUPOIHON cpeibl (Boje, MOYBe,
BO31yXY) Ipu paznuBax HedTu B pailone YeOokcapckoro peyHoro nopra. OH co-
craBun ¥V = 1135,983 muH py6. a1t BOIHBIX 00BEKTOB, Vaarp(cp) = 7,03 MiH pyo.
st OeperoBoit uepthl, VA (cp) = 0,17 maH py0. s atMochepHOTO BO3ayXa,
a cpenHss BIOOpOYHas pa3mepa Bpeaa — Y = 1143,18 muH pyo.

PesynbraThl BBINMOJHEHHBIX B JAaHHOH paboTe MCCIeOBaHUI MOTYT OBITH
UCIOJIb30BaHBI MPH OIPEIEIEHUH TPAHHUL] 30H YPE3BbIYANHBIX CUTYALUI; 175 BbI-
SIBJIGHUSL M1 MOJIETTUPOBAHUS MOCJIEICTBUN HanOoJiee ONacHbIX YPE3BbIUANHBIX CH-
Tyalui 1 UX COLUAIbHO-3KOHOMUYECKUX MOCIIEACTBUI (HarpuMep, JUIsl puiiera-
oLLEeN TEPPUTOPUH WIN HACEIEHMs); pa3paO0TKU MEPONIPUSATHI PEOTBPALICHHS
WIA CHWKEHHMs HeOJIaronpHsTHBIX MOCIEACTBUN OT YPE3BBIYAMHBIX CUTyalUil
YUETOM TPHPOTHO-KIMMATHIECKUX YCIOBUH (HAarpuMep, MacnopToB O€301acHo-
CTH ONACHBIX MPOMBIIIIEHHBIX 0OBEKTOB WJIM NACcIOPTOB O€30MaCHOCTH TEPPUTO-
puii cyonsexToB Poccuiickoii @eneparun) [14].
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Abstract. Due to the significant number of oil spill incidents, spill forecasting plays
an important role in developing plans for their prevention and response. In this article,
the authors propose an analysis of the risk of oil pollution from ships in the region of the Che-
boksary river port. The analysis was performed by determining the frequency of oil spills in
the vicinity of the specified port, assessing the consequences (losses) and summarizing
the estimates. At the same time, using mathematical modeling of oil spills in the region of
the Cheboksary river port, the authors developed regression models for assessing damaging
factors and calculated the size of the damage to the components of the environment (water,
soil, air). The results of the studies performed in this work can be used in the development of
measures to prevent or reduce the adverse effects of emergency situations, taking into account
the natural and climatic conditions.

Keywords: risk assessment, oil spill, damage calculation, traffic accidents, damage to
the environment
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Abstract. This article aims at understanding the environmental problems in the South-
eastern part of Nigeria and how they affect public activities and values. It is meant to high-
light the standard of living, environmental conditions, and the possible solutions with chal-
lenges to sustaining the environment. The Southeastern part of Nigeria is becoming heavily
influenced by climate change. Problems and difficulties are stretching from persistent flooding
to destruction of natural habitat and environmentally related health issues. In other words,
this article answers questions related to environmental problems and reveals the reason why
there are frequent occurrences of these problems. Another crucial part is in the explanation of
the social behaviour and complex risks associated with ignorance of indirect human activities,
focusing more on the issues which could be in the water, soil, and air. In concerns towards
environmental problems in Southeastern Nigeria, this article will lay more emphasis on the most
persistent environmental issues and concerns affecting these areas and how to manage them.

Keywords: soil degradation, pollution, environment, problems, management

Introduction

A range of human activities contaminate the natural environment directly or
indirectly, and this brings about change in the climate. Damage of natural habitats,
farmlands for agriculture, properties and contamination of water and water bodies,
including air and soil, are all linked to a substantial increase in natural disasters
such as flooding and soil erosion. Due to the growing population, a more signifi-
cant number of people are leaving the rural areas to the urban areas in search of
better standards of living. Prior studies have discussed the potential influence of
government policies on the social behavior of Nigerians but haven't been able to
look into chaos and disorder caused as a result of inadequate Environmental Ma-
nagement Systems and the level of ignorance displayed by the people which has,
in turn, led to the increase in occurrence of natural disasters.

Soil erosion is generally brought about by rain during the rainy season and
wind during the dry season. Soil erosion mainly gully is a major ecological prob-

© Kalu N.N., Zakirova Y.L., 2019
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lem frustrating most states in Nigeria, especially the Southeastern states of Anam-
bra, Imo, Ebonyi, Abia, and Enugu in the tropical areas of Southeastern Nigeria.

Ascertaining the values and impacts of environmental problems from a practi-
cal point of view and understanding the specificity of an approach to addressing
the issues with public engagement will help on the contribution to directly or indi-
rectly solve environmental major concerns. Air pollution intensifies the occur-
rence of respiratory diseases and poses a threat to the population of these areas,
thereby bringing an extra burden for the federal government to handle.

1. Study area

Southeastern Nigeria covers and includes the five states — Abia, Anambra,
Ebonyi, Enugu, and Imo. These states constitute one of the six geopolitical zones
in Nigeria. Located between latitudes 4040’ to 7020’ north of the equator and lon-
gitudes 6000’ to 8020 east of the Greenwich Meridian.

The total area covers 50,000 km? of Nigeria’s total land area of 923,768 km? [1].
Southeastern Nigeria is bordered to its north by Benue and Kogi states, and down
south by Rivers state; towards the East by Cross River state and towards the west
by Delta state. It covers a landmass of 22,525 km? [2].

The population density of the study area referring to the 2006 population
census is 16,381,729 persons, 8,306,306 males and 8,075,423 females [3]. The South-
eastern part of Nigeria has a tropical wet and dry climate due to the rainy and dry
seasons. Rainfall occurs between the months of March and October and four months
of the dry season between November and February. The mean annual rainfall vo-
lumes fluctuate between 1800 and 2000 meters [4]. The average value for the tem-
perature is 27 °C. Average relative humidity fluctuates between 60—70% in Janu-
ary and 80-90% in July, respectively [5].

The Southeastern soils made up mainly of iron are in the form of sandy clays,
loamy, clay, and sandstones. Classification can further be based on landscape fea-
tures, geological formation, and degree of profile development into hydromorphic
soils, lithosols, ferralitic soils, and juvenile soils [3].

2. Environmental problems in Southeastern Nigeria

Water pollution. Modern agriculture practices make use of chemical products
like pesticides, insecticides, and fertilizers to deal with pests, weeds, and insects. Cer-
tain chemicals when sprayed to kill insects, pests and weeds do not vanish entirely;
rather they leach into the ground, destroying the soil, plant roots and harm microor-
ganisms in the soil. Due to the lack of working sanitary landfills, during the rainy
season waste materials are washed into a nearby water body. Illegal disposal of indus-
trial, sewage, and municipal waste into local water bodies is rampant. During the dry
season, farmers irrigate these contaminated waters into the farmland due to lack of
rainfall during this season. In the rural areas, streams and rivers are the major sources
of drinking water, but for the past few years, the pollution of these water bodies is
on the increase leading locals and villagers to buy bottled water at high prices. Pollu-
ted water bodies are breeding grounds for disease-causing pathogens.

Air pollution. Pollution of air takes a considerable number of years for the mean
annual concentration to exceed the WHO standard. In Southeastern Nigeria there
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are cities with a higher than average level of intensity of PM10 and PM2.5. Vehi-
cle fumes and home generators’ fumes are the most noticeable pollutants and to-
xins. Substantial metals, nitrates, and plastic are poisons in charge of pollution in
these areas. Air contamination is created by gases released by businesses and
manufacturing plants and by combustion of all types. The negative impact and
consequences of air pollution on health have increased over the last 20 years [6].

Estimates from the WHO suggest that the exposure to domestic air pollution
from food preparation with solid fuels causes 4.3 million premature deaths annu-
ally in the world [7]. Combusting of fossil fuel in the house affects health in nume-
rous ways and contributes to acute respiratory diseases and infections, cardiovas-
cular diseases, pneumonia, stunted growth in children, chronic bronchitis in wo-
men, chronic obstructive pulmonary disease (COPD), cataracts and other visual
impairments, lung cancer, tuberculosis, and perinatal infections. Among the 4.3 mil-
lion who die from the effects and consequences of smoke emission each year,
500,000 are children under five that die as a result of acute respiratory infections (ARI).

Young children are predominantly vulnerable for two reasons: first, due to
the cultural heritage and mentality of women being the home keepers, children are
usually with their mothers during the food preparation process and thereby inha-
ling large loads of particulate emission. In the latest systematic review, it was dis-
covered that children’s particulate emission exposure to PM10 and PM2.5 is like
their mothers’. Second, in similarity and assessment with adults, the bodies of young
children are more prone to ARI, leading to a high death rate in this age group.

Southern Nigerian port city of Onitsha (Anambra State) — was ranked the
worst city in the world for the unbelievable levels of PM10 particulate matter in
its air (Figure 1) [8].

Figure 1. Air pollution in Southern Nigerian port city of Onitsha

The city of Onitsha’s mean annual concentration was recorded at 594 mi-
crograms per cubic meter by the World Health Organization — tremendously high-
er than the WHO's yearly guideline limit for PM10s of 20 pug/m*. PM10 refers to
coarse dust particles between 10 and 2.5 micrometers in diameter, while PM2.5s
are smoother and more dangerous when inhaled. PM2.5 settles deep in a person’s
lungs and causes complicated health issues. Sources of PM10 and PM2.5 are dust
storms, gases emitted by vehicles, all types of combustion, and industrial activities
such as cement manufacturing, construction, mining, and smelting. Onitsha ranks
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the highest on most of the above mentioned. Other Southeastern cities with such
concentration of air pollution include Aba and Umuahia of Abia State, which also
featured in the WHQO’s 20 worst offenders for PM10s.

Soil degradation. Urbanization has general effects on soil degradation de-
velopment. Primary, it strips the soil’s vegetation cover, squeezes and compresses
the soil during construction activities, and changes the natural drainage pattern.
Furthermore, the soil is covered in a concrete layer which increases the volume of
surface runoff during the rainy season. This results in more erosion at the topsoil.
Soil erosion and erosion processes are the main limitations to sustainable develop-
ment and bring about ecological challenges. Heavy metals and chemicals are addi-
tionally conveyed with soil particles, beginning at upper sediment levels, which
lead to water eutrophication and disruption of sensitive aquatic ecosystems. Ero-
sion regularly occurs in areas that are always prone to bush burning, uncontrolled
farming, and industrial activities on high slopes [9]. Mining activities, digging and
construction activities with bush burning of extensive vegetation by farmers for
agricultural practices are common practices in Southeastern Nigeria.

In river processes, erosion, transportation, and deposition all take place mostly
in water bodies, moving from the upper course to the lower course [10]. Erosion
monitoring is very crucial in identifying vulnerable areas and for determining
the yield of deposits. Sediment generated and soil erosion make up essential fac-
tors that may be used for water quality control activities [11].

Characteristics of soil erosion are very noticeable in the southern part of Ni-
geria, where poor land management and utilization appear to be a huge problem.
Studies have shown that the absence of functioning guidelines to put off destruc-
tive usage of land resources makes it even harder for the public to understand
the consequences of land misuse. Nigeria has remained one of the countries with
maximum alarming records for land mismanagement in Africa (Figure 2) [12].

Figure 2. Soil erosion in Abia state

In 2017 the Federal Government of Nigeria approved 5.56 bln naira (over
$1 5400 000) for erosion control in six states of Southeastern Nigeria.

Flooding. Proper understanding of the possible links between floods and in-
fectious diseases is essential under the context of climate change, especially in Nige-
ria. More than 100 people have died over the past ten years in floods, and flood-
related cases in Southern Nigeria after two major rivers outflowed their banks [13].
Scientists and authorities say moderate and severe floods can extensively increase
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diarrheal risks in one week with regionally varied effects, and severe floods may
bring about higher risks [14].

Land degradation. Land degradation decreases the production of biomass
and vegetation cover in every land use. Overgrazing is the general cause of deser-
tification worldwide [15]. Overgrazing is a significant issue as local farmers have
increased the number of farm animals; they have due to an increase in demand for
meat in urban areas. After grazing little or nothing is done to replant herbs or
grasses to cover the surface of the land, leaving it exposed to extreme atmospheric
temperature and pressure. Other factors causing land degradation include urbani-
zation, climate change, over-drafting of groundwater, deforestation, natural disas-
ters, and tillage practices in agriculture that place soils more vulnerable to wind.
Land degradation affects topsoil, human, groundwater reserves, surface runoff,
animal and plant populations.

3. Management solutions and healthy practices

Water pollution. The public should be aware of the consequences of water
pollution and can learn management skills and healthy agricultural practices which
can be sufficient to achieve the aim and objective of lowering water pollution. An-
imals should be restricted to a controlled area, and their faces must be disposed of
appropriately to prevent their contact with the water bodies as they can carry bac-
teria and viruses.

Toxic fertilizers such as DDT must not be used since they pose a threat to the
lives of people, animals, and other wildlife. Domestic sewage and industrial waste-
water with an intense concentration of pollutants ought to be treated with a highly
competent sewage treatment plant to prevent water pollution [16]. Well-designed
treatment plants with additional qualities should be used to treat sewage because of
their competency as they have a function to remove more of these pollutants.

Air pollution. Both the federal and the state governments should develop re-
newable energies, if they aren't capable of this, they can give a license to foreign
or individual companies who can generate renewable energy. Energy efficiency and
the use of filters at the factories should be promoted. The development of public
land transport, water transport, and cycling should be initiated. The government
can create television and radio programs for the promotion of a healthy environ-
ment and the public to be well informed. Law on the prohibition of dangerous
substances and the development of alternatives for all types of production proce-
dures must be implemented. The example of such is:

— upgrading of Industrial Emission Standards and prevention of bush burning
during the dry season;

— use of clean fuels, natural gas, electricity liquefied petroleum gas (LPG) in
cities, heating stoves in rural areas;

— promotion of centralized waste collection with source separation and treat-
ment not burning in the open;

— making sure there is full compliance with the Kigali amendment, intended
to utterly phase-out Hydrofluorocarbon (HFCs) [17].

Soil degradation. In soil degradation, deforestation can be controlled. This
will create a remarkable approach to restructuring and reconditioning forests and
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vegetation cover. Individuals can be well informed and educated concerning sus-
tainable forest management and replanting endeavors. Governments, agencies, and
international organizations need to make sure that there are appropriate measures
for the creation of zero net on deforestation to slow down soil degradation. Proper
cultivation methods serve as one of the most useful techniques for avoiding soil
quality deterioration. Example is munching of the topsoil to protect it from run-
ning water and preventing poor tillage methods such as deep ploughing [18].

Flooding. Climate change has influenced and brought about the rise in ex-
treme weather conditions. It is now crucial that world leaders and governments
deliver on the promise of Paris [19]. The pressure is now on the Nigerian govern-
ment to reverse its catastrophic environmental policies. The Nigerian government
must “advance its flood warning systems,” giving people more time to act during
flooding and saving lives.

Advance notification can significantly reduce the impact of flooding. The for-
mation of more swamplands which can act as sponges soaking up moisture and
perfect advanced drainage systems can slow down waters when rivers overflow.
Soil misuse, heavy duty machines, and animal hooves can cause the soil to turn
out to be compacted, instead of absorbing moisture water runs off it immediately.
Drained soil can absorb vast quantities of rainwater, preventing it from running
into rivers and making the rivers overflow.

Land degradation. The re-growing vegetation and planting of grasses can
stop heavy rains from damaging the land as vegetation and grasses help it protect
the topsoil from being washed away. Planting of trees can prevent running water
as running water causes rapid soil movement and erosion. The branches and
leaves of trees serve as a canopy sheltering covering the soil. The protruded roots
of trees and plants serve as bumps to slow down the speed of running water from
washing away the topsoil, soil nutrients, and microorganisms.

The Nigerian Ministry of Environment and Agriculture should create special
educative programs to reorient local farmers in the rural villages of the Southeas-
tern states of Nigeria on the consequences of leaving a whole area of land unpro-
tected because leaving a large area of land unprotected can bring about harmful
effects on the soil.

The cost of fertilizers should be subsidized so that farmers would be able to
purchase them. Fertilizers, farmyard manure, can make the soil healthy and more
resistant to soil erosion. Careful disposal of industrial waste can bring about safety
and sustainability of large area of land. The total avoidance and decrease in land
degradation have become a vital task in the protection of our environment and
eco-system at large.

4. Challenges of effective environmental management solutions

Cost of project implementation. 1t is vital for the Nigerian regulatory body
and industrial unions to create a means of decreasing the price as well as the pa-
perwork involved in environmental management. To minimize the cost of imple-
mentation, it would be vital for these regulatory bodies to assist environmental
management agencies and voluntary groups to collaborate in fostering and crea-
ting environmental management policies and systems.
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It would be significant for the Nigerian regulatory body to encourage envi-
ronmental management system implementation by involving some of its officers
to aid and support firms planning to implement the system or during the review or
after implementation.

Human resources. Experienced skill is mandatory for effecting any manage-
ment system. The availability of experienced human resources is a significant limi-
tation all through the implementation of management systems. Lack of skilled
human resources is a substantial hindrance in implementing a good management
system.

Understanding and assessment. Most times, there are practical and functional
difficulties such as how to classify the environmental characteristics and their re-
lated impacts, how to estimate the consequence of ecological effects, decrease
the progress of environmental implementation.

Documentation. Large paperwork which comprises of the development of
the instruction booklet, emergency plan, technique, operation control procedures,
checklist, and record keeping, etc., require more time to make available and de-
veloped. Review, updating, and control of documents require more effort if
the organization is too large.

Conclusion

Environmental degradation is the main reason natural environments in
Southeastern Nigeria are compromised in some way, bringing about a reduction in
biological diversity and the general health of the environment at large. This pro-
cess has been accelerated or caused by human activities. From the period natural
resources were discovered in the southeastern regions, people have exploited na-
tural resources leading to a decline in environmental quality. The rising health ex-
periences due to flooding, air pollution, land and soil pollution, soil erosion, and
water pollution significantly show that environmental condition is worsening.

The worsening condition of the natural environment in the southeastern re-
gions is viewed as a significant risk to human safety. These risks include intensi-
fying exposure to communicable and contagious diseases, lack of clean potable
water, food shortage, and natural disasters. Change in the natural habitat brings
about the decline of human health as natural existing microorganisms responsible
for specific functions in the ecosystem perish leaving a big vacuum which can
cause instability in the natural existence of the environment. For instance, envi-
ronmental changes as climate change, land and soil degradation, and aquifer de-
pletion immensely influence agricultural production.

Not until the Federal Government and all other government agencies act,
the southeastern regions will soon turn out to be inhabitable as the rate of envi-
ronmental decline is on the increase. Ecological changes that precisely influence
the state of human health include the rise in temperature and emission of harmful
fumes, which causes respiratory problems and waterborne diseases. New solutions
in the implementation of environmental policies will go a long way helping to re-
store the integrity of the natural environment of the southeastern regions.
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Hay4Hadqa ctatbs

O0630p 1Oro-BocTo4HOM YacTn Hurepum:
akKonoruyeckue npoodsemMbl U ynpaBsieHYeCKue peLueHns

H.H. Kauay, 10.JI. 3akupoBa

Poccuiickuii yHuBepCUTET IpYxKObI HAPOIOB
Poccutickas @edepayus, 115093, Mockea, I[lodoavckoe wiocce, 0. 8, kopn. 5

AHHOTanus. Llenpo CTaThH ABIACTCS pacCMOTPEHHE SKOIOTHYECKUX MPOOIIeM B F0T0-
BOCTOUHOM yacTu Hurepuu U MX BIMSHUS Ha OOIIECTBEHHYIO JEATEIbHOCTb U IIeHHOCTH. OcBe-
IIAIOTCS BONIPOCHI YPOBHS JKU3HU M YCJIIOBUM OKPYXKAIOIIEN CPENBI, 8 TAK)KE BO3MOXKHBIE pe-
LICHHA 3a/1a4, CBS3aHHBIX C COXpPAaHCHHUEM OKpPYXKAIOLIEH cpeasl. M3MeHeHne KIuMaTa OKasbl-
BaeT CWIBHOE BJIMSHUE HA I0r0-BOCTOUYHYO 4acTb Hurepuu. B peruone cymecTByer Lenslil psi
npobiieM, HauMHas OT HOCTOSIHHBIX HABOJHEHUH, pa3pylIeHHs] €CTECTBEHHOMN cpeibl OOUTaHUs 10
CBSI3aHHBIX C OKPYKaIOILEH cpeioil OCIOXKHEHUH CO 340pOBbeM. ABTOPBI OTBEYAOT HA BOIIPO-
CBl O TPYAHOCTSIX COXPAHEHMs OKPYXKAIOLIEH CPellbl U PACKPHIBAIOT IPUUYUHBI UX BOSHUKHOBE-
HUS. Ba)XXHBIM acIeKTOM SIBIIsIETCS OOBSCHEHHE COIMAIBHOTO MOBEJICHNS U PHUCKOB, KOTOpHIE

YIIPABJIEHUE ITPUPOJIOITIOJIB30OBAHUEM 239



Kalu N.N., Zakirova Y.L. RUDN Journal of Ecology and Life Safety, 2019, 27(3), 231-240

BJIEYET HEOCBEJOMJIEHHOCTh O KOCBEHHOM BIJIMSHUU YEJIOBEUECKON NESITEIbHOCTH Ha OKpYXkKa-
IOLIYIO Cpefly, Koraa B (hoKyce B OCHOBHOM HaXOJSITCS BOIPOCHI 3arpsi3HEHMS BOJbI, TIOUBBI 1 BO3-
nyxa. B cratee ymeneHo ocoboe BHUMaHHE ITOCTOSHHBIM, HanOOJIee YCTOHUNBBIM IKOJIOTH-
YeCKUM IpobdiieMaM I0ro-BOCTOYHON dacTn Hurepnun u cnocobaM nx perieHus.
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NHAaekc OpHUTONOrMYEeCKOn NpuUBJIEKaTEeNIbHOCTU
00BbEKTOB No nepepadboTke U pa3smMeLLEeHnto
TBEepAbIX KOMMYHaJIbHbIX OTXOA40B

C.A. Ceprees!, I.H. Ky3nenosa?, I.P. Enaiees’

!®umman AO «Ynpasnenue otxogamm» B r. HoBodebokcapcke
Poccuiickas @eoepayus, 429950, Yysauickas Pecnybnuxa, Hosouebokcapck, Lllopwensckuii np., 16
2AHO «Cor103 cokonbuukoB CeBepo-3amana»
Poccuiickas @edepayus, 199178, Canxm-Ilemepbype, 11-s aunus B.O., 24
3Cor03 mobuTeneii COKOMMHON OXOTHI K OXPaHbI XUIIHBI ITUI] «Pycckuii cokom»
Poccuiickas @edepayus, 420073, Pecnybnuxa Tamapcman, Kasanw, yn. Adens Kymys, 10

AHHOTanMs. B CBsi3u ¢ yBenmMUYeHHEM YHUCIIa XO3AMCTBEHHBIX 0OBEKTOB, MPHBICKAOIINX
MTUl, U IOBCEMECTHBIM POCTOM HOHyJIHHI/Iﬁ CUHAHTPOITHBIX IITUI] np06ﬂeMa OpHI/ITOJIOFH‘ICCKOﬁ
0e30IaCHOCTH CTAHOBHTCS Bee Oolee akTyanbHOM. J{iist 3 ekTnBHOrO OTIyriBaHuMs MITUI] C TEPPH-
TOpHIA, TJIe UX MPUCYTCTBUE HEXENIATENHHO, HEOOXOAMMO MOHMUMATh, YTO 3THUX MTHI] [IPUBENIO HA
JAHHYIO TEPPUTOPUIO, TO €CTh BAXKHO BBIICHUTH PHYUHBI OPHUTOJIIOTMYECKON MPUBIICKATEIBHOCTH
XO35IMCTBEHHOTO 00BbeKTa. B cTarhe OmMchIBaeTCS METO/, MO3BOJISIOLIMI PACCYUTATH OPHUTOJIOTH-
YECKYI0 MMPHUBJIEKATEIBHOCTh JIFOOOTO XO3MHCTBEHHOr0 00bekTa. Ha OCHOBaHHMHM 3THX PacyeToB
MOXKHO IUIAHUPOBATH MECTO, BPEMSI M PEXKHM PabOTHI CIEIUAIMCTOB 110 OTITYTUBAHUIO MITHIL.

KiaroueBble cioBa: IOTUIBI, 6HOH0}3pe>1<z[a101ua;[ ACATCIbHOCTD, OTXO/bI, 6H0peHeJ’[J’IeHT,
OPHUTOJIOTMYCCKasA MPHUBJICKATCIbHOCTD

buonoBpexxaaromas 1esTeNbHOCTh NTUI] ¢ TOJAaMU CTaHOBMUTCS Bce Oolsee
aKTyaJbHOH MPOOJIEMOH, CBA3aHHOW C SKOHOMUYECKHM YIIEpOOM TeX Mpeanpusi-
THH, T7Ie cTalfHble NTULBI KOHIEHTpUpYoTcs. HeoOXoauMo yuuTeiBaTh psj Apy-
THX TPOOJIeM, CBSI3aHHBIX C HEKENIATENbHBIMHA CKOTUICHHUSIMH TITHI] Ha XO3SIHCTBEH-
HBIX 00BEKTaX: 3TO HapylIEHHE CAaHUTAPHO-3IMUAEMUOIOTHYECKUX HOPM Ha 00b-
€KTax IMUILEBON MPOMBIIIIEHHOCTH, 3€PHOXPAHIIININAX, CTOJIKHOBEHHSI ITHUL] C CaMO-
neramu U Jip. CIUCOK NPEeINpHUsITHIA CO CIOKHOW OPHUTOJIOTMYECKON 0OCTaHOBKOM
MPOOIDKAET HEYKJIOHHO pacTH. B HEro BXOAAT X035SHCTBEHHBIE OOBEKTHI CaMOT0
Pa3IMYHOrO Ha3HAUEHMs, HAUMHAsl C MOJIOYHBIX KOMOMHATOB M 3aKaHUYMBasi OOBEK-
TaMHU 1O NepepadoTKe U pa3MEIICHUIO TBEPAbIX KOMMYHaIbHbIX 0TX010B (TKO).

N3BectHbil 3xonor B.Jl. Brnaapimesckuit [1], uzydas npobiemy yrepoa,
HAaHOCUMOT'O ITHIIaMU, Mucalr: «KuBs 60K 000K ¢ 4eJIOBEKOM, IEPHATHIC HE TOJb-
KO CIIy>KaT IPUATHBIM ICTETMYECKUM KOMIIOHEHTOM OKpYXKaroIleW Cpelpl, HO U
MOTYT OBbITh MCTOYHHUKOM ONACHOCTH, MPUHOCUTH OLIYTHMBIA 3KOHOMHUYECKUI

© Ceprees C.A., Ky3nenosa U.H., Enanees U.P., 2019
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ymep6. Eme B 1350 roay 1o Hariei 5pbl B €TUIETCKOM Hanupyce YIIOMUHAETCS O
BOPOOBSIX KaK O BPEAUTENSX 3€PHOBBIX KyJIbTyp. O MacCOBBIX MOBPEKICHUIX T10-
CEBOB NTHUIIAMU THCaJ JpeBHErpeueckuii ¢punocod Apucrtodan, a Apo3asl ymo-
MUHAJIHCh KaK BPEAUTENN OJIUBY». B HacTosIIee BpeMs HexKeNlaTelbHbIe CKOTUICHHUS
CTaliHBIX, CHHAHTPOITHBIX BHJIOB NTHIl HA PA3JIMYHBIX XO3SMCTBEHHBIX 0OBEKTAX
CTaHOBATCA Bce Oosiee akTyanbHbIMU. C OJTHOM CTOPOHBI, HEKOHTPOJIUPYEMO pac-
TET YUCIIEHHOCTh CHHAHTPOIHBIX NTHII, C APYTON — paciupsieTcsl X03siiicTBeHHAS
NeSITeNIbHOCTh uesnoBeka. [[isi TeppuTopruasbHOro paccerBaHUs JIOKATM30BaHHBIX
Ha 00BEKTax CTaMHBIX MTHUI[ OPHUTOJIOTaM HEOOXOJUMO MOHUMATh, YEM HMEHHO
JTaHHBIA OOBEKT JUISI CHHAHTPOITHBIX MTHI] MpUBIEKaTelIeH. TONbKO MOce BhIsC-
HEHUS MPUYMH, IPUBJIEKAIOIINX MITULl HA 00BEKT, MOXHO IJIAHUPOBATh MEPOIIPH-
ATHUS 10 UX OTIYTUBAHUIO C KOHTPOJIUPYEMON OPHUTOJIOTAaMU TEPPUTOPHH OOBEK-
Ta. OleHKa CTeTeHN OPHUTOJIOTHYECKON MPUBIEKATEIBHOCTH KOHKPETHOTO XO035M-
CTBEHHOT'O O0BEKTa, i€ MPOBOAATCA OMOpENeNIEHTHbIE MEPOIIPHUATHS, 1aeT OC-
HOBaHHE ISl BHIOOpa KOJUYECTBA JIOBYUX ITHUI[ U OMPEEIICHUs PeKuMa paboThl
OPHUTOJIOTOB JIJISl TAHHOTO OOBEKTA.

C nenpio onpenesneHrs OpHUTOJIOTMYECKON MPUBIEKATEIbHOCTH OOBEKTOB
3€pHOBON MPOMBIIUIEHHOCTH, HAXOIAUINXCA Ha TEPPUTOPUM Ka3aHCKOW ariome-
paruu, ObLT pa3paboTaH METO OMpPEIeTICHUS OPHUTOIOTUYECKON MPUBJIEKATENb-
HOCTH XO3SMCTBEHHBIX 00BheKTOB [2]. HIEKC OPHHUTOIOTHYECKOMN MTPHUBIICKATEIIh-
HoctH (nanee — MOII) naeT opHHUTOIOTaM MIOHUMAHKUE CTENEHU CIOKHOCTH OPHH-
TOJIOTUYECKON CUTYallMu Ha KOHKPETHOM XO03s5IiicTBeHHOM 00BbekTe. JlaHHbIi MeTo/]
anpoOHpOBaH MpHU aHAINW3E OPHUTOJIOIMUECKON o0cTaHOBKHM Ha Ka3aHckoil peanu-
3armoHHon 0asze 3epHompoaykToB (MOII coctaBun 25 6amnoB), OAO «KazaHb-
3epHonpoayk™ (21 6amr), OAO «Ka3zaHCkHil MacI03KCTPaKIMOHHBIN 3aBOI»
(24 6anna).

Jlns kaxknoro vccineayeMoro oobekTa Oblia onpesiesieHa CTeNeHb ero MpH-
BJICKATEJIILHOCTH JUISI TITUI, BEIYMCIICHHAs] HA OCHOBAHUU OPUTHHAIBHON METOIM-
KH OPHUTOJIOTUIECKOH MPHUBIIEKATEIIEHOCTH XO3SHCTBEHHBIX OOBEKTOB.

JIr060if 00BEKT (BHE 3aBUCHMOCTH OT €T0 XO3SHCTBEHHOU MPUHAICKHOCTH)
umeet xapakTtepHblit 17151 Hero MOII, onpenensemMsplii clieAyOIMMUA KPUTEPUIMU:

— HaJIMYUEM Ha TEPPUTOPUH OOMIBHOTO KOPMa;

— IOCTYIIHOTO KOpMa;

— YIOOHBIX TIpHCA AJsl OTJbIXA U HOUJIETa;

— YCJIOBUM JIJIs1 THE310BAHUS;

— HEBOCTPEOOBAHHBIX MOMEIICHUN U IPYTUX YKPBITUH, UCTIOJIb3YEMBIX MTH-
[IaMH KaK 3allliTa OT HEMOTO/Ibl U aTaK MEPHATHIX XUIIHUKOB;

— 0€30MacCHOCTHIO0 TEPPUTOPUH, TO ECTh OTCYTCTBHEM Ha OOBEKTE MEPHATHIX,
HA3eMHBIX XUIIHUKOB U APYTUX (aKTOpOB OecroKoiicTBa.

Kaxxapiit kpuTepuit olieHuBaeTcsl Mo MATHOAIUIBHON ImKaine, rae 1 6amn co-
OTBETCTBYET IOJHOMY OTCYTCTBHUIO NPHUBJIEKATENbHBIX YCIOBUM IJs NTHL, a 5
0aJJIOB COOTBETCTBYET MaKCUMAaJIbHOMY MPUCYTCTBUIO NTHI] HA JAHHOM OOBEKTE.
NOII onpenensiercss cymmoii 6amos. Uem Bbllie cymMmma OaiiioB MO JaHHBIM KpH-
TEpPUsIM ISl KOHKPETHOTO O0BEKTa, TeM OH OoJjiee MpUBIEKATEIeH sl MTHULL.
Cymmbl 6ammoB MOIT st 00beKTOB 1O TiepepaboTKe U pa3MEIISHUI0 TBEPIIbIX
KOMMYHAJIbHBIX OTXO0JI0B OTOOpaXeHbI B TaOIHIIE.
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Tabnnua

MUOMM o6beKToB No nepepaboTke u pa3meLleHnio TBepabiXx KOMMYHaJbHbIX OTXOA40B
[Table. Index of ornithological attractiveness of facilities
for processing and disposal of municipal solid waste]

Kputepwuii opHUTONOrnieckomn MonuroH TeepAabIx Mycopo- Mycopo-
npuBaeKaTesibHOCTU KOMMYHasbHbIX COPTUPOBOYHbIV neperpy3o4yHas
(B 6annax) 0TX0A0B KOMOUHaT cTaHuus
[Criterion of ornithological [Landfill for [Garbage [Garbage
attractiveness (in points)] municipal solid waste] sorting plant] handling station]
Hannune obunbHOro kopma 5 3 3
[Availability of excessive feed]
Hannune poctynHoro kopma 5 5 5
[Availability of available feed]
Hanunuune npucap, 5 5 5
[The presence of additives]
Hanuuve ycnosuii ans rHe3aosaHms 4 5 4
[Availability of nesting conditions]
BesonacHocTb Tepputopun
. . 4 5 5
[Territory security]
Hanuune ykpbitnin 5 5 4
[Availability of shelters]
Cymma 6annoB 28 19 23

[Total points]

B saBape 2018 1. Ha 1aHHBIX 00BEKTaX HA4YaThl OMOpEIEITICHTHBIE PaOOTHI
C HCIIOJIb30BAHMEM JIOBUMX SICTPEOOB M COKOJIOB ISl CHMXKEHUS! YHCIEHHOCTH
qaiikoBbIX U BpaHoBbIX NTHl. [lonuron TKO u mycopocopTupoBouHbIit KOMOU-
Hat (MCK) naxoastcst Ha onHO# Tepputopun. COOTBETCTBEHHO, OPHUTOJIOTHYE-
CKasi PUBJIEKATEIbHOCTh 3TOM TEPPUTOPUH CKIIAJbIBANIACh U3 CyMMBI OaJllIOB HMH-
JeKca OpHUTOJIOTHUeckoi mpusiiekaTenbHocTH nojaurona TKO u MCK u cocra-
Bua 47 6annos. [lanHas cymma B 11Ba pasa npessicuia MOIT va tepputopun MCK.
Jlpyriumu ciioBaMu, OpHUTOJIOTHYECKasl CUTyalust Ha Tepputopusax nonurona TKO u
MCK 6buta Ha TOT MOMEHT B JIBa pasa CIIOKHEe, YeM aHaJOIMyHasl CUTyalus Ha
Tepputropun Mycoporneperpy3zouHoit craniuu (MIIC). Mcxons monydeHHBIX JaH-
HBIX, OBLT OIIpEJeIIeH CIeAYIOMNN peXUM paboThl COKOJIbHUKOB:

— Ha tepputopuu, oobenunsoomen noauron TKO u MCK, paboraroT nBa
COKOJIBHUKA C IByMs JIOBUUMH sICTpeOaMHU-TEeTepEBATHUKAMHU ITPU UCIIOIb30BAHUHU
JIBYX NEPEHOCHBIX MPUCAJ B €KETHEBHOM PEKUME;

— Ha teppuropun MIIC paboTaeT 0lMH COKOJIBHUK C COKOJIOM 0anobaHoM
IIPH UCIIOJIb30BAHUU OJIHOM MEPEHOCHOM npucaabl 2—3 JHS B HEJENIO.

NOII Heo0Xxo1uMo pacCUUTHIBATh MPH MPOESKTUPOBAHUHM HOBBIX XO35HCTBEH-
HBIX OOBEKTOB M BBIOOpPE MX MECTOPACTIONOKEHHUs. [IpoeKTHpOBIIMKaM CcTposiie-
rocst oovexta MOIT HeoGxoauM U1t TOro, 4ToObl B Ipolecce Oyayliei sKcmya-
TalMU MPOEKTUPYEMOI0 OObEKTa HE BO3HMKAJIO HEXKENATENbHBIX KOHIIEHTpAaLUil
CTalHBIX NTHIl Ha ero Tepputopuu. IIpuBeseM npuMep U3 Haulel NPaKTUKU OHO-
PENEIICHTHBIX paboT, T/ie BEIOOP MECTOPACIIONOKEHHS CTPOSIIIETOCs 00BEKTa OB
c/ienaH HeyAayHo, Tak Kak He Obu1 yureH WOII tepputopun. M3BecTHbIi npous-
BOAMTENH MOJIOYHOU nponykuuu «Jlanon» (DANON) nocTpousin MOJIOUHBIN KOM-
OMHAT B HEMOCPEICTBEHHOM OJM30CTH OT MECTa pa3rpy3Ku U NepepabdoTKu 3ep-
HOMPOAYKTOB, KOTOPBIE SBJISIIOTCS ChIPbEM JUISI IPOU3BO/ICTBA MMBA HA Ka3aHCKOM
MUBHOM 3aBojie «Ddec». B 3ToM MecTe peryssipHO NPOUCXOAAT HEU30exKHbIE poc-
CBINK 3€PHONPOYKTOB, MPUBJIEKAIOIINE MHOTOTBICSYHbBIE CTAl CU30T0 ToyOs.
Taxkum o0Opa3oM, 31aHUE MOJIOUHOTO KOMOMHaTa oka3ayioch B 40 M OT MecTa 1o-
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CTOSTHHO BO300HOBIISIFOIIMXCSI POCCHINIEH 3€pHONPOAYKTOB. ['0yOH MOCTOSIHHO
MBITAIOTCA MPOHUKHYTh BHYTPb MOJIOYHOI'O KOMOMHAaTa 4epe3 OTKPBIThIE OKHA,
JBEPHBIE IIPOEMBI, TEXHOJOTUYECKHE OTBEPCTHS, JOKH IOTPY3KH T'OTOBOM Ipo-
nykiuu. [IpoHnkHOBeHHE ToMyOeil B 31aHKHe MOJIOYHOTO KOMOWHATa HEJIOMyCTH-
MO B CBSI3U C TPeOOBAHUSAMHU CTEPUIBHOCTH MOJIOYHOTO MpOoU3BOACTBa. Ecim se-
TalmMUi «OyKeT WH(EKIN» B BHJIE TOPOJCKOTO TOJIyOs MPOHUKHET B IIeXa MO-
JOYHOTO MPOMU3BOJICTBA, TO SKOHOMHUYECKUHN yIIepO MpeanpusTus OyIeT UcUHc-
JSTHCSL COTHSAMU ThICSY pyOusieil. YeM MOJOYHOE MPOM3BOJCTBO MOTIJIO MPUBIIEYD
TOPOACKHX Toiry0Oei?

OTBeT Ha ATOT BOMPOC OKA3aJICs TOCTATOYHO MPOCT. MOJIOYHBIN KOMOWHAT
«/laHoH» pa3zmepamu 37aHus, OOIHUIIOBKON U 1IBETOM (hacasoB, KOH(pUrypauuen u
pa3MepaMH OKOH BHEIIIHE OYE€Hb MOXO0X Ha TUIOBOM 3€pHOBOM 3eBaTop. Kak u3-
BECTHO, CH3bI€ TOIyOH OTJIMYAIOTCS CTEPEOTUITMYHBIM KOPMOI0OBIBAIOIINM MTOBE-
nenneM. He uckiitoueHo, 4To OHU BOCIPUHUMAIOT KOPIYC MOJIOYHOI'O KOMOMHATa
Kak 3epHOBOM a1eBaTop. OTCI0[a UX CTPEMIIEHUE IPOHUKHYTh BHYTPb IICEBA0AJIEBA-
TOpa C LENbI0 MoUcka 3epHonpoaykToB. Ha npotsskennn muorux jet AO «JlaHoH-
Kazanp» BBIHYKIEHO COAEpXAaThb JOPOTOCTOSAIIYI0O OPHUTOJOTHUYECKYIO CIIYKOY
M0 OTIYTHMBAHMIO TONy0eil ¢ TeppUTOPUH, HEMOCPEACTBEHHO MpUIIETaroniel K 37a-
HUIO MOJIOYHOTO KOMOMHaTa. Ha OCTOSIHHON OCHOBE 3/1€Ch TPYAUTCS COKOJIBHUK,
HCIIOJIL3YIOLIUH B KauecTBe OMopeneiyieHTa scTpeda-TeTepeBITHUKA UITH COKOJIA.

3aknouyeHue

Pacuer MOII ny1st 00bEKTOB, yKa3aHHBIX BBILIE, MOKa3aja Hauboee mpuBJe-
KaTeJIbHBIN Ui NTUL — 3TO TeppuTopuu noaurona TKO (28 GamioB), TpeOyromiue
[0 3TOM NMpPUYMHE ONTUMAIBHOTO PEXUMa pabOThl COKOJIBHUKOB M HCIOJIb30BaA-
HUS JIOBUMX NITHI] U TIEPEHOCHBIX MTPHCA.

Pacuer MOII nns mpoeKTUPyeMbIX XO3SHCTBEHHBIX OOBEKTOB OINpeneserT
MIPEX/Ie BCETO MPABHIBLHOCTH MIIM HEMPABMIIBHOCTH BEIOOPA X MECTOPACTIONOKE-
HUS, YTOOBI N30€KaTh BOZHUKHOBEHHUS CIIOKHONW OPHUTOJIOTMUYECKOW 0OCTaHOBKU
B TIporiecce Oyaymel IKCIITyaTaliH.
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The index of ornithological attractiveness of facilities
for the processing and disposal of municipal solid waste

Sergey A. Sergeev!, Irina N. Kuznetsova?, Ildar R. Enaleev?

"Branch of JSC “Waste Management” in Novocheboksarsk
16 Shorshelskii Thoroughfare, 429950, Novocheboksarsk, Chuvash Republic, Russian Federation
2Union of Falconers of the North-West
24 11" Line of V.0O., Saint Petersburg, 199178, Russian Federation,
3Union of Fans of Falconry and Conservation of Birds of Prey “Russian Falcon”
10 Adelya Kutuya St, Kazan, 420073, Republic of Tatarstan, Russian Federation

Abstract. In connection with the increase in the number of household facilities attract-
ting birds and the widespread growth of synanthropic bird populations, the problem of orni-
thological safety is becoming more and more urgent. For effective scaring away of birds from
territories where their presence is undesirable, it is necessary to understand what has brought
these birds to this territory, it’s important to find out the reasons for the ornithological attrac-
tiveness of the economic object. This article describes a method by which it’s possible to cal-
culate the ornithological attractiveness of any business object. These calculations allow to plan
the place, time and mode of work of bird repellent specialists.

Keywords: bird, bird hazard, landfill, waste, ornithological attractivity, biorepellent
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BectHnk PYOH ;
Cepuisi: 3KOJI0TUS 2019 Tom27 Ne3
U BE30MNACHOCTb )XMSHELOEATEJ/IbHOCTU http://journals.rudn.ru/ecology

NPABUJIA ODOPMJIEHUS CTATEM,
npeaHa3Ha4YeHHbIX 419 onyoJIMKOBaHUSA B HAY4YHOM XypHane
«BecTHuk PYOH. Cepusa:
9konorna n 6e30NacHOCTb XXU3HEAEATENIbHOCTU»

1. Tekcr ctaThu JOMKEH ObITH HAOpAaH HA KOMITBIOTEPE B TEKCTOBOM pEIaK-
Tope Microsoft Word uepes 1,5 untepsana mpudrom Times New Roman (pazmep
mpudTa 14 nt) Ha cTaHAapTHHIX ducTax A4 (mmomst cimeBa — 3 ¢, crpaBa — 1 ¢,
CBEpXy W CHH3Y — 110 2,5 cM). OO0beM cTaThi (BMECTE C TaOIHMIIAMHU, UILTIOCTPAIIH-
saMH 1 Oubnrorpadueii) He TOJDKEH MpeBhIaTh 12 cTpaHwuIl.

2. CtaThsl JOMKHA COJIepKaTh B YKa3aHHOM MOPSIKE:

— Ha3BaHHUE CTAaThbU; UMEHA, OTYECTBA U (PaMUIIMH aBTOPOB; MOJTHOE HA3BaHUE
OpraHU3aIMM U €€ CTPYKTYPHOTO MOJpa3esieH s C YKa3aHHeM MOYTOBOTO aapeca
(cTpana, MOYTOBBIA MHJEKC, TOPO, yaula, Ne noma), aHHOTaMiO (5—7 CTPOK) U
KJIIOUEBBIE CITOBA (HE MEHEE 5 CIIOB WM CIIOBOCOUYETAHUN);

— Ha3BaHUE CTAaThbU; UHUIMAIBI U (aMUIMKU aBTOPOB; TIOJHOE Ha3BaHUE Op-
TaHU3aLUHU U €€ CTPYKTYPHOTO MOJApPa3AesIeHHus C yKa3aHHeM MOYTOBOTO ajapeca
(Ne moma, ynuia, ropo, MOYTOBBIA UHIEKC, CTpaHa), aHHoTamuo (10 200-250
CJIOB) M KJIIOUEBBIE CJIOBA (HE MEHEE 5 CJIOB WJIM CJIIOBOCOUYETAHUI) HA aHTJIMM-
CKOM SI3bIKe€;

— TEKCT CTaThU;

— CIHCOK JIUTepaTypsl (1o andaBuUTy, CHayala — Ha PyCCKOM SI3bIKE, 3aT€M —
Ha aHrauickoM). CIMCOK JTUTepaTyphl J0JKeH ObITH NepeBe/ieH HA aHIJIWii-
CKMii I3bIK M MPOAY0JIMPOBAH JIATHHCKUMH OYKBaMH.

3. K craTbe 1OKHBI OBITH MPUIIOKEHBI:

— JIBE 3aBE€PEHHbIEC PELECH3UU;

— cBelleHUs 00 aBTOpax — MOJHBIE UMsI, OTYECTBO, (DaMUIINs, YUCHAsI CTETICHB,
Hay4HOE 3BaHUE, MECTO pabOTHhI, AIEKTPOHHBIHN ajipec.

Obpaszey wanku cmamvu:

CocTosiHMEe aHTUOKUCIUTESIbHbIX CUCTEM
B KPOBU MbliLLei nocne o6nyyeHns

W.H. Upanos!, ILIIL Ilerpos’

"Poccuiickuii yHUBEPCUTET APy kOBl HAPOIOB
Poccuiickaa ®edepayus, 115093, Mockea, [looonvckoe wocce, 0. 8, kopn. 5
2MOCKOBCKHI TOCYIapCTBEHHBIMA YHHBEPCUTET
Poccuiickan @edepayus, 119899, Mockea, Jlenunckue eoput, 1

4. IloBTOpEeHME B CTaThe OTHHX M TEX K€ JaHHBIX B AaHHOTAIIMH, TEKCTE, TaOJH-
1ax u rpadukax He Jomyckaercs. Tabauibl M PUCYHKH JOJDKHBI ObITH TIPOHYMEpPO-
BaHBI; B TEKCTE CTaThU CCHIIKA HA HUX 00s3aTeNbHa. TaOanIIbl JOIKHBI HMETh 3aroJio-
BOK, & PUCYHKHU — MOJPHUCYHOUHYIO MOAMUCH. [IpHHUMAIOTCSI TOIBKO YepHO-Oebie
pucyHkH (B popmarax .tif, .bmp, .jpg) B BHIE OTACTBHBIX Tpadudecknx (haitios.
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5. Cnenyer orpaHU4MBaThCs OOIICTIPUHATBIMU COKpAIICHUSIMU U H30eraTh
BBEJICHUSI HOBBIX COKpallleHUH 0e3 0CTaTOYHBIX OCHOBaHWH. BBeneHHbBIE COKpa-
IIEHUST HEOOXOAMMO paciIupOBIBATh.

6. CChUIKM Ha JUTEpaTypy B TEKCTE CTAThU MPUBOISTCS B KBAJIPATHBIX CKOO-
Kax, Harpumep [2] wim [5-7], [S. C. 15].

B criicke nutepatypbl MPUBOISTCS TONBKO UCTOYHHUKH, HA KOTOPHIE B TEKCTE
CTaThu MMEIOTCs cChUTkH. Crrcok (opmupyercs mo andaBuTy (CHavajga MCTOY-
HUKH Ha PYCCKOM $I3bIKE, 3aT€M Ha aHTIUICKOM). B criucke muTepaTyphl JOTKHBI
OBITH YKa3aHBI:

— 01 KHue: (paMUITMK W WHUIHAIBI aBTOPOB, HAa3BaHUE KHWUTHU, MECTO M3J1a-
HUSl, U3/1aTeIbCTBO, TOJ U3/IaHuUs;

— 051 cmametl U3 HenepuooUYecKux uz0anull (coopHuKos): GaMUINA U UHU-
[Maiabl aBTOPOB, Ha3BaHHWE CTAThH, Ha3BaHWE KHUTH (COOpHMKA), MECTO W3JIaHMUS,
W3JIaTENbCTBO, TO/I U3/IaHUS;

— 0151 cmameti U3 nepuooudeckux uzoanutl. GaMuIuy 1 HHALUAIBI aBTOPOB,
Ha3BaHHE CTAThH, Ha3BaHUE KypHaja, TOJ U3JIaHus, TOM U HOMEp KypHala, mep-
Bas U MOCIEAHSISI CTPAHUIIBI CTaThHU.

Obpaszey:

Jintepartypa

[1]  Bowno B.B. CpaBHUTEJbHAS KIIETOYHAS ¥ BUIOBasl PaJlOYyBCTBUTENBHOCTE. M.: ATOM-
uznat, 1974. C. 5-17.

[2]  Poyn Il O30HOBBIN Kpusuc. M.: Mup, 1993.
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Photochem. Photobiol. 1987. Vol. 46. No. 2. Pp. 239-245.

7. Ctarhsi MOJDKHA OBITH MOJMMCAaHA BCEMU aBTOpaMH (Ha MOCJIEIHEH CTpa-
HUIIE) 1 UMETh BU3Y (Ha MEpBOil CTpaHMIE) 3aBeAyIoUlero Kadenpou (st co-
tpynaukoB PYJIH) unu uHOTO pyKOBOIUTENS (AUPEKTOpA, IeKaHa, 3aBEIYIOIIETO
kadenpoit mnu nabopaTopueit — Al aBTOPOB U3 CTOPOHHUX OpraHHU3aIMii) ¢ pac-
U (POBKON MOAMHUCH M YKa3aHUEM JOKHOCTH.

8. B koHIle cTaThbu HEOOXOIUMO yKa3aTh (aMHUIIUIO, UM U OTYECTBO aBTO-
pa, ¢ KOTOpeIM Hambosee 1e1eco00pa3HO KOHTAKTHPOBAThH 110 BOIPOCAM IOATrO-
TOBKH CTaThH K OIYyOJIMKOBaHHIO, U €r0 KOOPAMHATHI (e-mail, HoMep KOHTaKTHOTO
TenedoHa).

OT3BIBBI Ha OTKJIOHEHHBIE PEIKOJUIETUEN CTaThbU HE MPENOCTABISIOTCSA, PYKO-
IIMCH He BO3BpalatoTcs. OTBETCTBEHHOCTD 3a COAEPIKaHUE CTATEH HECYT ABTOPBI.

KonTakTHast nundgopmanus:
Peouna Mapzapuma Muxaiinoena
Tenedon: +7 (495) 952-04-41
E-mail: redina_mm@rudn.university
Cunaesa Ilonuna IOpvesna

E-mail: silaeva pyu@rudn.university
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