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UnyT youBurensHbie peoOpMBl B yIIpaBIeHUU By3aMHu. Briciiee
oOpa3oBanne B xoxae pedopm onrtumusupyercs. Ho sTo moka He-
BaXKHO.

B paznene «Coxpanenue NpupoaHOH Cpebl» IPECTABICHBL: Me-
TOAWYECKAs CTaThs AJIs ONpeAeTIeHNs NPUPOAOOXPAHHON IIEHHOCTH
OOIIT; opurnHaaBEHOE COOOIIEHUE TI0 TIPEATIOKECHHIO O BKITFOUCHHH
B coctaB cuctemsl OOIIT ropona IlepMu onHON W3 TOMUH MaibIxX
pex.

ITo TemaTmke aHTPOIIOT€HHOH TpaHC(OpPMAITUH TpeIIararoTCs:
CTaThs C OLICHKOM COCTOSIHMS aTMOC(EPHOT0 BO31yXa B IOJIMHAX PEK
ypOaHU3UPOBAHHBIX TEPPUTOPHI U aKBATOPHIL; aHATUTHIECKUE 00-
30PbI 110 IpoOIeMaM U3Y4EHHUs aHTPOIIOI'€HHON Harpy3Ku Ha BOJHbIC
PECYPCBI M 3arpsi3HEHHS OKPYXKAloIIeH Cpensl MOIUXIOPHUPOBaH-
HBIMU OU(eHnTaM.

YV Hac HOBBIH aBTOp — AOKTOP reorpadudeckux Hayk Upuna JImurpueBna Poiokuna. Boinatomuiics yde-
HBIH B 00J1aCTH IPUPOIOINOIB30BAHUS M T€0IKOJIOIHH, COLIMATBHON U 3KOHOMHUYECKON reorpaduu, OLEeHKH
HKOJIOTHYECKOTO COCTOSIHUSI M Ka4ecTBa OKPY’KaIOIIel cpelibl, TPoOJIeM HCIONB30BaHHUS BOJTHBIX PECYPCOB.
Benymuii cienmanuct B Cubupu 1o olieHKe aHTPOIIOTCHHOW Harpy3Ky Ha BOJOCOOpHBIE TEPPUTOPUH U BOJI-
HbIe 00BEKTHI peuHbIX OacceitHoB O0u u MpTteima. Mmeer cBeiie 200 HayYHBIX MyOTUKAIIUi, B TOM YHCIIE
14 aBTOpPCKMX W KOJUIEKTHBHBIX MOHOTpaduii, 6onee 40 crareil B HAyUHBIX KypHAJlaX | €Ille B COCTaBe KOJI-
JIEKTHBA MCTIOJTHHUTEIEH y4acTBOBaja B CO3/IaHHUH MACTIOpTa KIMMAaTHUECKOH 0e30MacHOCTH ANTaiCKOro Kpasl.

JmaTenbHBIN epuo;] (HECKOIBKO JIET) U3BECTHRIE Niesitenu oxpanbl npupozas! [lasena FOpreBnuy CanHu-
KkoB u [laBenn Huxosnaesnu baxapeB coBMecTHO pa3pabaThiBaiy M KOPPEKTUPOBAIM METOJUKY OLICHKH 3Ha-
gumocTi OOIIT gyt coxpaneHus npupoAHo cpenbl. TeopeTnyeckue KOMIETEHIIUY TEPBOT0 U MPAaKTUYECKHUH
OTIBIT BTOPOT'O TIO3BOJIMIIN CO3/IaTh YHUKAJIbHYIO METOJUKY, B KOTOPOI HAa OCHOBE OTKPBITHIX JAHHBIX OI[EHU-
Baetcs ponb OOIIT B coxpanennu maHamadTHOTO pa3HO0Opa3ns, OHOIOTUIECKOTO Pa3HOO0pa3usl, IKOIOTH-
YEeCKOT0 paBHOBECHS Ha INI00AIbHOM, POCCUIICKOM M PEerHOHaIbHOM YpPOBHE.

Ha rno6anpHOM ypoBHE 3HAYMMOCTD OTIpeeNisieTcs M0 MPUHAUICKHOCTH K OnoreorpaguueckuM MpoOBHH-
LUSIM, 9KOPETHOHAM, odaraM OnopazHooOpasus. Takue paiioHMpOBaHUS TPOBOJACHBI MeXIyHapOIHBIM COIO-
30M OXpaHbl Ipupoabl, BcemupueiM ponmom nuxoii npupozst. st Poccun (Ha denepanbHoM ypoBHE) Hanbo-
Jiee 3HaYMMa cxeMa JielieHus Ha Qu3uKo-reorpaduyeckne cTpaHbl M MPUPOIHBIE 30HBL. Bo BTOpOIt yacTH cTa-
TbYM METOAMKA PEAIN3YETCsl Ha IPUMEpE 3alloBeHUKA «Bumepckuiiy. Jlenaercs 0ku1aeMblil BBIBOJ O CaMOM
nenHoi OOIIT B [lepMckoM kpae 1o BceM paccMaTpUBAEMBIM ITOKA3aTENSIM.

Bbonwmoii komektus uccnenoateneit (byamakos C.A., KyBmmnckuii U.A., Illectako U.E., Aoay.-
manoBa U.®., Kyunn JI.C., Ucakos /I.C.) mpoBen J€TO B 3KOJIOTHUECKUX M3bICKAaHUAX Ha peke bomibmas
MortoBunuxa. OpHHTOJIOT, Fe000TaHUK, ITIOYBOBE, T€0IKOJIOTH M 3KOJIOTH, KK U3 HUX BBIIOJIHMI CBOE
3aJjaHre U MHTEIPUPOBAJ €ro B oblee uccienosanue. B pesynbrare oOcienoBanus u o0paboTKu pe3ysbTa-
TOB, B X0JI¢ OOCYXK/JICHHUSI aBTOPBI IPUXOJAT K BBIBOMY 0 HeoOxomumoctu cozganusi OOIIT B nonmue pexn
Bonbmas Morosunmxa. OnTuManbHas KaTeropust — oxpansemsii nanamadr. [lepeson repputopun B ocobo
OXpaHSIEMYIO HY>KEH JJIsl CO3AaHuUsI 3KOJIOTUYECKOro KapKaca ropojia, COXpaHeHHUs peAKUX M04B, (Iopsl, op-
HUTO(ayHBI BOCTOYHOM okoHeuHOCTH T. [lepmu. Opranmzanus OOIIT B gonmHe bonbuioit MoTOBHIMXH 103~
BOJIUT TaK)Ke 00ECIIEYUTh COXPAHEHHUE JIECHBIX IKOCHCTEM; OyJIET CIIOCOOCTBOBATH YIYUIIEHHUIO KAueCTBa BO3-
JyXa B JKWJIBIX MacCHBAaxX 3a CUET CHMKEHMS MOCTYIUIEHUH 3arpsI3HAIONINX BEIECTB OT MOTOKOB aBTOTPaHC-
MOPTa, ABMKYIIMXCSI TI0 BOCTOUHOMY 00x0y T. [TepMu. JKOCHCTEMBI JTOJIMHBI 00€CTIEYHBAIOT SKOJIOTHYECKOE
paBHOBECHE 3HAYMTEIBHON yacTH BogocOopHoro OacceitHa u Hmkenexamein OOIT «MOTOBHIMXMHCKHIMA
Ipya».

Ouasbra Cepreesna KiiounxmHa nojaiepXuBaeT CBOI0 KOMIIETEHIIMIO MO 3HAHUIO, YMEHUIO U BIIAJICHUIO,
OYEBUIHO, TIPEKPACHOTO HAYYHOT'O AHTJIMKACKOTO S3bIKA M T€OIKOJOTHYECKHX MPOOJieM 3arps3HEeHUs aTMO-
cdepHOro Bo3yxa B JOJMHAX ManbIx pek ropoxa Ilepmu. Jlns oneHku kadecTBa BO3AyXa ObLIM BHIOpaHBI
MOCTHI HAOJIIOIEHHH, pacToiaralouirecs: BOJIM3M TOJUMH MaJbIX PEK, B HOHIKEHHBIX (opMax pesbeda, KOTo-
pBIe CIIOCOOCTBYIOT HAKOTUICHHIO PAa3JIMYHBIX IIPUMeEcel B aTMOC(EPHOM BO3IyXeE.

Hpuna IMmutpueBHa PbIOKHHA TOKa3bIBAET, YTO B COBPEMEHHBIX HAYYHBIX HCCIIEIOBAHMSIX aHTPOIIOTEH-
HYIO0 Harpy3Ky OIPEIENISIOT, KaKk Mepy KOJMYECTBEHHOIO U3MEPEHHNS BIMSHHA YEJIOBEKa Ha aKBaJIbHbIE JIAH/I-
madTel. ABTOpP BBIAEISIET ]BA COBPEMEHHBIX METOIOJIOTHIECKUX MOJIX0/1a — TeorpaduyecKkuii U THAPOIIOTH-
yeckuid. bysieM HajesThesI, 9TO CKOPO TOSBUTCS M T€OIKONIOTHIecKuil. OTMcaHbl BUABI BO3IEHCTBUN, BHOCS-
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IIIie 3HAYUTETbHBIN BKIIa B @aHTPOTIOTEHHYIO TPaHC(OPMAIIHIO BOJOEMOB: PYCIOBOE PETyIUPOBaHHUE, OpOIIIa-
eMoe 3emMIelieNe, epeOpPOCKH CTOKa, TIPOMBIIUICHHO-KOMMYHAITBHOE H CENTbCKOXO03IHCTBEHHOE BOJJOCHA0-
KEHHUe, OCyLIeHHE O0JIOT 1 3a00JI0YEHHBIX 3eMeJIb, BRIPYOKHM U MOCaAKH Jieca, ypoanuzauus. O0cyKaeHbI 0Co-
OCHHOCTH WCIOJIb30BaHUS M JOCTOBEPHOCTh INPUMCHSIEMBIX IIOKa3aTeleii B OILEHKAaX aHTPONOTCHHOMN
Harpy3ku. O00O0IIeHB UMEIOIINECS CBEICHU U NCXOAHAs MH(POPMAIHS sl OIeHKH 3¢ (HEeKTHBHOCTH BOJO-
MTOJIE30BaHUSI.

Japss OneroHa EropoBa — BeIaronuiics uccieaoBaTellb pa3Hoo0pasus adpo0OHBIX OAKTEpHI Ha KO-
CHUCTEMHOM, TTOMYJISIIIHOHHOM, OPTaHU3MEHHOM W MOJIEKYJIIPHO-TEHETHIECKOM YPOBHAX. MUKPOOPTaHU3MBL,
KOTOPBIX OHA W3y4YaeT, 001aqatoT (PeHOMEHAIBHOM CIIOCOOHOCTHIO TPAaHCHOPMHUPOBATH XMMHUYECKUE TIOILTIO-
TaHTBI aHTPOTIOT'CHHOTO | MTPUPOJTHOTO MPOUCXOXKIeHHUs. Kak mpaBuiio, moib3yeTcss COBPEMEHHBIMU MOJICKY-
JIIPHO-TCHETHYECKUMU U OMOXMMUYECKUMH METOJaMHM, a TaKKEe METOJaMH KIIACCHUECKON MUKPOOUOIOTHH.
VY3Ke eCTh OIBIT BHITOHEHUS paboT B 00JaCTH OaKTepHAIbHON AECTPYKIMH MTOJUXIIOPUPOBAHHBIX OM(EHH-
JIOB, UX XUMHUYECKUA-MOTUPHUIIMPOBAHHBIX TPOU3BO/IHBIX.

Y Jdapbu OneroBHbI 1e0OT B xkypHaiie. OHa MOrOTOBHIIA IOTHOLICHHBINA 0030p MO Mpo0IeMe 3arps3HeHUS
OKpY>KaroIIel cpeapl TOTUXIOPHUPOBAHHBIMH On(eHMIaMi — COeIMHEHUSIMU, BKJIFOUEHHBIMA B PaMKaX MeX-
IYHapOIHON KOHBEHITNH B crCOK CTOMKMX OpraHWYecKux 3arpsisHureneil. [lokasansl ocoOeHHOCTH cTpoe-
HUS TONMXJIOpON(EHUIIOB, MX B3aUMOJICHCTBHS C OKPYKaIOIIEH cpeiol 1 )KUBBIMU oprann3MaMu. OCHOBHOE
BHUMAaHUE yJIEJICHO adpPOOHBIM OaKTEpHsIM, OTHOMY U3 OCHOBHBIX KOMIIOHEHTOB MUKPOOHOIIeHO3a ToYB. CU-
TaeTcsl, YTO UITUTEIHHOE BO3MEHCTBHE MOMUXIOPON(PEHNIOB PUBEIO0 K IPEUMYIIIECTBEHHOMY OTOOPY B 3a-
I'PS3HCHHBIX OMOIIEHO3aX OaKTepUi, CIIOCOOHBIX MUCIIONB30BATh MOJIUXJIOPUPOBAHHBIC OU(PEHIIIBI KaK UCTOY-
HUK yTJIepoa U SHEPTUU. AKTHBHBIC IITAMMBI MTOCTYKHIH OCHOBOW ISl pa3pabOTKH YHUKAIBHBIX OHOTEX-
HOJIOTHH.

I'maBusiii penakrop C.A. by3amakos
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PA3JIEJT 1. COXPAHEHUE ITPUPOJTHOI CPEJIbI

OpuruHaibHas Hay4IHas (HCCIIeOBATEIILCKAS) CTAThS
VK 502.43
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OueHka NPUPOAOOXPAHHOIO 3HAYEHHUSI 0000 OXpaHsieMbIX NPHPOAHBIX TEPPUTOPHIH
(Ha mpuMepe 3anoBeqHUKA «Buiepckuiin)

IMagea IOpresuy Cannukos!, lasea Hukonaesnu Baxapes?

! [lepMcKmii rocymapcTBEHHBIN HAIIMOHAIBHBIN MCCIIETOBATENBCKAN YHHBEPCHTET, IlepMb, Poccus
2 T'ocymapcTBEHHBIHM TIPUPOIHBIN 3a0BeIHIK «Bumepckuii», KpacnoBumepck, Poccns
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AnHoTanms. CymiecTByeT JOCTaTOYHO MHOTO CIIOCOOOB OLIEHKU PONU 0CO00 OXPaHSIEMBIX MPHUPOJHBIX TEPPUTOPHU
(OOIIT) B coxpaHeHUH MPUPOAHON cpenbl. YacTh N3 HUX OCHOBAaHA Ha CBEICHHAX O PACTHTEIHHOM W JKHBOTHOM MHDE,
M0YBaX, BOAHBIX 00BEKTAX, KIMMAaTHYECKUX MPOLIECCax U SBJICHUAX; IPyrHe — Ha JaHIIa(THBIX, IUTOMAJHBIX, YKOCHCTEM-
HBIX TaHHBIX. O00O0IIEHHE UMCIOIIUXCSI TIOIX0IOB B SMHYIO CXeMY OIIeHKH pupoaooxpannoro sHaueHus OOIIT paccmar-
pHUBaeTCA Kak aKTyajbHas 3a[aua, Kak ¢ TEOPeTUIECKOH, TaK U ¢ MpaKTH4ecKoi cTopoH. IlpeanoskeHHas MeToaMKa Onupa-
€Tcs Ha KOPITyC TUIIOBBIX OTKPBITBIX HCTOYHHKOB JAHHBIX, BKJIIOYAIOIINX, KaK UCCIEIOBaHUSA COTPYIHIUKOB CAMHUX OXpaHsI-
€MBIX IPUPOIHBIX TEPPUTOPHH (Harpumep, peHosornueckre HabIICHUs, 3SMMHUE MapIIPYTHBIE Y4eThl, JaHHbIE (OTOI0-
BYIIEK), padOThI CTOPOHHUX HAYYHBIX KOJUICKTUBOB, TaK 1 (DOHIOBBIE, CTATUCTHYECKHUE CBEJICHUSI, TyOJIMKyeMbIe OpraHaMu
roCyIapCTBEHHOM BIacTH. DTO MO3BOJISIET MPUMEHNUTH MeTo UKy K Jir000it OOIIT co cpenHeii u BRICOKOI CTENICHBIO H3Y-
4eHHOCTH. 3HaunMOcCTh Kaxknoit OOIIT mpeanoskeHO paccMaTpuBaTh, KAK MUHAMYM, Ha 3 YPOBHSIX: perHOHAIBHOM, 001IIe-
rocyapcTBEeHHOM U Ti1o0ampHOM. [IpemoskenHas MeToanka BiiodaeT BousiBieHue rieHHoct OOIIT ¢ Touku 3penHns co-
XpaHEeHUs OMOTHI, A0NOTHIECKUX KOMIOHEHTOB, IIPHUPOAHBIX KOMIUIEKCOB, TTOICP KaHNS SKOJIOTHIECKOT0 paBHOBECHS. Bo
BTOpOH YacTH CTAaThM METOJMKA IPUMEHEHA Ha MPUMepe 3anoBefHrKa «Bumepckuit»y. Ha pernonansaoM ypoBHe Bumiep-
CKHi 3amoBenHUK sBisieTcss Hanbonee neHHor OOIIT Ilepmckoro kxpast. Tak, Hanpumep, 6oee 30% BcexX BBIBICHHBIX B
[puxambe BUAOB rpudoOB, COCYAUCTBIX PacTeHHH, pbId 1 6osiee S0—60% JHIIaiiHIKOB, MOXOOOPa3HBIX M MJIEKOITUTAIOLIHX,
oburatoT B Bumepckom 3anoBeanuke. B Poccun 1 EBporie poss 3amoBeHHKA MOYKHO XapaKTEpU30BaTh KaK 3HAYUMYIO,
a 110 OTAEJBbHBIM IapaMeTpaM (HarmpuMmep, Kak y4acTOK COXpaHEeHHUs KpynHeimei rpynmupoBku Thymallus thymallus), kak
HE3aMEHMMYI0, KiItoueByro. Ha MupoBoM ypoBHe Buiiepckuii 3al10BEIHUK BBIIEISETCSI COXPAHEHUEM IIPUPOJIHON CPEibl
skoperuona Global200 YpasibCkuxX rOpHO# TalrH U TYHAP, F0)KHOTO OTPOTra KPYIHOI MaJIOHAPYILICHHO JIECHOW TeppUTO-
PHH U HAAYKEM TPEX TI00anbHO peakux BUIOB (Hucho taimen, Emberiza rustica, Rangifer tarandus). TlepcrieKTUBHBIMH
HAaIpaBJICHUs] PA3BUTHSI METOANKH CUMTaeM pa3padOTKy IOIXOJOB K OIEHKE MPHPOAHBIX KOMIUIEKCOB B (hopMupoBaHUN
KJIMMaTa, BBISBJICHHIO ICHHBIX THIPOJIOTHUYECKUX (TIOBEPXHOCTHBIX M TOJI36MHBIX) OOBEKTOB. MIHTEpECHBIM NpeCTaBIIs-
eTcs IPOBEJICHHE OIICHOK MHBIX 3alI0BETHUKOB, HAIIMOHAIIBHBIX MTAapKoB, Apyrux KpymHbXx OOIIT, 4To Mo3BoIHT NpeaAMETHO
CpaBHHUBATH UX MeX Ty co0o#i. [ToroHeHne HEKOTOPBIX CBEIEHHH (pacpOCTpaHEHNE PEKIX IKOCHCTEM, YHCIICHHBIE J1aH-
Hble 00 MHTEHCHBHOCTH BEIIECTBEHHOTO KPYroBOpOTa, HEKOTOPBIX CIa00M3ydYEeHHBIX TPYIIT OMOTHI) B Oy/IyIeM JacT BO3-
MOXKHOCTB JUIs O0JIee TIOJTHOM OLIEHKH PHPOI00XPaHHOM 3HAYMMOCTH 0 Buiepckoro 3amoBetHuKa.

KaioueBble ciioBa: GMopazHooOpasue, 3aka3HUK, 3all0BEAHUK, JIaHJagTHOe pasHooOpasue, HAllMOHAIBHBIHN MapK,
MIPUPOHBIH MapK, IKOJIOTHYECKOE PAaBHOBECHE.
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Abstract. There are many ways to assess the impact of protected area (PA) in the conservation of the natural environ-
ment. Some of them are based on information about the flora and fauna, soils, water bodies, climatic processes and phe-
nomena; others — on landscape, spatial, ecosystem data. The generalization of the existing approaches into a single scheme
for assessing the environmental significance of protected areas is considered as an urgent task, both from a theoretical
and practical point of view. The proposed methodology is based on a set of typical open data sources, including both
research by inside and outside scientific teams, and stock, statistical information published by government authorities. It
allows to apply the methodolody to any protected area with an average and high degree of knowledge’s state. The im-
portance of each protected area is proposed to be considered at least at 3 levels: regional, national and global. The pro-
posed methodology includes the identification of the value of protected areas in terms of conservation of biota, abiotic
components, natural complexes, maintaining ecological balance. In the second part of the article, the approach is applied
on the example of the «Visherskiy State Nature Reserve». At the regional level, the «Visherskiy State Nature Reserve»
is the most valuable protected area in the Perm region. For example, more than 30% of all species of fungi, vascular
plants, fish and more than 50-60% of lichens, bryophytes and mammals found in the Kama region, live in the «Visherskiy»
State Nature Reserve. In Russia and Europe, the role of Visherskiy Reserve can be characterized as significant, and in
certain parameters (for example, as a site for the conservation of the largest group of Thymallus thymallus), as crucial. At
the world level, the «Visherskiy State Nature Reserve» is distinguished by the preservation of the natural environment of
the Urals montane tundra and taiga of the Global200 ecoregion, the southern part of a large intact forest landscape and
the presence of three globally rare species (Hucho taimen, Emberiza rustica, Rangifer tarandus). There are few promising
directions for the development of the methodology: improvement of approaches to the assessment of natural complexes
in climate formation, the identification of valuable hydrological (surface and underground) objects. It is also interesting
to carry out assessments of other reserves, national parks, and other large protected areas, which will make it possible to
compare them in detail with each other. Inflow by some new information (the distribution of rare ecosystems, numerical
data on the intensity of material circulation, some poorly studied groups of biota) in the future will provide an opportunity
for a more complete assessment of the conservation significance of the «Visherskiy» State Nature Reserve.

Key words: biodiversity, sanctuary, state nature reserve, landscape diversity, national park, natural park, ecological
balance.

For citation: Sannikov, P., Bakharev, P., 2023. Evaluation of conservation significance of protected area (example
of «Visherskiy» state nature reserve). Anthropogenic Transformation of Nature, 9(2). pp.7-22.
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BBenenue

HeobxoanmocTh ompeneneHuss NPHPOIOOXPAHHOTO
3HAYCHUS TOW WM WHOH 0c000 OXpaHAeMOI MPUpPOIHON
teppuropun (manee — OOIIT) Hepeako BO3HHKAeT BO
BpeMs HayuHo# auckyccuu [ 10, 40] umu B mpotiecce perie-
HUS IPUKITATHBIX 3aa4: OIleHKa yuiepba, CpaBHEHHE ajlb-
TepHaTUBHBIX BapnuaHTOB IIpu OBOC. B KOHKpETHBIX IIpH-
Mepax TMOAOOHBIX OIEHOK, KaK MpPaBUIIO, HCHOJIB3YIOT
qnms 1-2 nogxona. Tak, XxapakTepucTHKA [IEHHOCTH TOTO
WM MHOTO 3aloBeIHUKA, HAI[MOHAJIBHOIO MapKa, 4acTo,
JTaeTCsl B KATETOPHAX COXpaHeHHs OHOTHI («oOuTaet Oonee
500 BHIOB COCYAMCTBIX PAacCTEHH, U3 KOTOPBIX 7 BKIIO-
4yeHsl B KpacHyio KHHTY») WIN IPYTHX NPHPOAHBIX KOM-
TIOHEHTOB ¥ KOMIIJIEKCOB («COXPAHSIOTCS 3TAIOHBI YEPHO-
3eMOB / 3KOCHCTeMBI AenbThl Bosrm»). [pyrue ¢opms
MIPUPOJOOXPAHHON 3HAYMMOCTHU JIOO HE OIEHUBAIOTCS, B
CBSI3M C HEJJOCTAaTKOM HH(pOpMaIuy, 1100 MpocTo HE yIIo-
MUHAIOTCA.

B MupoBoii Ipupoa00XpaHHON NMPAKTUKE CYLIECTBYET
HECKOJIbKO OCHOBHBIX IOIXOJIOB K OIIEHKE POJM TOW MIIN
nnoit OOIIT myist coxpanenus npupoaHO# cpeanl. O630p
9THUX MOJXO0J0B MPUBOJUTCS HIDKE, B pasznene «Matepuain
n MetouKay». [lepBblif aBTOPCKUH BapHaHT 0030pa METo-
JIOB OLIEHKH NPUPOJOOXPAHHONW 3HAYMMOCTH 0CO00 OXpa-
HSIEMBIX IPUPOJHBIX TeppUTOpuUil moarorosaeH CaHHUKO-
BbIM [61]. B 3T0# paboTe aKIeHT CTaBWICS Ha OLEHKY pe-
NIPE3EHTaTUBHOCTH CIIOKUBILIUXCSI COBOKYITHOCTEH (ceTeid)
OOIIT Ha pernoHaNbHOM YPOBHE.

KOHKpeTHBIX HCCIEOBaHMH 10 OIEHKE MpPUPOJIO-
OXpaHHOW 3HAYMMOCTH 3al0BeIHUKA «Buiepckuii» panee
HE MPOBOAMIOCH. B ompeneneHHON Mepe, ponb 3anoBes-
Huka B cTpykrype cetr OOIIT Ilepmckoro kpast oLieHuBa-
ercst B uccnenoBannu CanHukoBa u bysmakosa [63]. [To
OT/EJIbHBIM OOTaHUYECKUM, 300JI0TMYECKUM U IPYTHM ac-
MeKTaM, 3HaYMMOCTb 3alIOBEITHUKA BBISBIICHA B PAJE TPO-
bunbpHBIX UccaenoBanuii [8, 22, 23, 25, 28, 29].

Iens paboTel — 000CHOBATH METOIAUKY KOMIUIEKCHON
OIIEHKH IPUPOTOOXPAHHOTO 3HAYEHHS 0c000 OXpaHsAeMOn
MPUPOTHOM TEPPUTOPHH.

[TocTaBneHHbIe 3a1a4n:

— IIpoananm3upoBaTh CyIIECTBYIOIIME MOAXOABI K
OLIEHKaM ITPUPOI00XPAHHOM 3HAYUMOCTH OT/ICIIBHBIX 00b-
€KTOB, TEPPUTOPUIA, aKBATOPUH.

— BbusiBUTH yHHBepcalibHbIE TPYIIBI MApamMeTPOB U
KOHKpPETHBIC MOKa3aTeN B KaXAOW TIpymme Ui OLEHKH
npupogooxpanHoit 3HaaumMocTa OOIIT.

— Omnpo6oBaTh NpeIoKEHHYI0 METOAUKY Ha IpUMepe
TOCYJapCTBEHHOTO TPHUPOJHOTO 3aroBefHMKa «Bumep-
CKHI».

Marepuana u MeTOJUKA

K OCHOBHBIM HamnpaBJICHHUSIM COXpaHEHHs reorpaduyie-
CKOTO pa3sHOO00pa3us, ONpeIeISIFOLIMM TPUPOI00XPAHHYIO
LIEHHOCTh, MBI OTHOCHM: COXPAaHEHHE NPHPOIHBIX KOM-
IUIEKCOB, COXpaHEHHWE OWOTHI, COXpPaHCHHE HPHUPOHBIX
KOMIIOHEHTOB U TOJJIepKaHNE SKOJIOTHUECKOTO PaBHOBE-
cus (puc. 1/ fig. 1).
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Fig. 1. Comprehensive assessment of the conservation value of protected areas

Coxpanenue npupoonvix Komniexcoe. OOmuiA o~
XOJ K OIIGHKE COXpPAaHEHMs IPUPOAHBIX KOMIUIEKCOB 3a-
KITFOYaeTCsl B BBIJICJICHUH IPHOPUTETHBIX PETHOHOB (paiio-
HOB, 30H, o0nacTeil) AJisl MPUPOIOOXPAHHBIX IieNel. 3Ha-
YUMOCTb OXPaHIEMBIX TEPPUTOPHI OIpeeNsIeTCs 0 pac-
MOJIOKEHHUIO BHYTPU MPHOPUTETHBIX PAWOHOB U IO ILIO-
mamu cpenu octanbHeIX OOIIT paifona. Ha riobansHOM
YPOBHE 3TO HAIIPABIECHHE PEATU3YETCS NPU MOMOILU Ce-
pun Ouoreorpadudecknx pailoHnpoBaHuil 3emsn UL
MIPUPOJIOOXPAHHBIX 1eneil. Takue paboThl MPOBOIUINCH
MesxayHapoIHEIM coro30M oxpansl npupoast IUCN, Bee-
MUPHBIM (OHIOM KO npupoasl WWA 1 HEKOTOPBIMU
JIPYTHMH HCCIIEeI0BaTeNIIMU. X pe3yabTaToM CTajld IIH-
POKO HM3BECTHBIE CXEMBbI JIeNIeHHH 3eMin Ha Ouoreorpadu-
yeckue npouHmmu [15, 78, 88], skoperuonst [86], B ToM
gucie 200 kimogyeBbix akopernonoB Global 200 [85] u tak
Ha3bIBaeMble «ouard OwmopasHooOpaszust / biodiversity
hotspots» [84]. i Poccun (na denepaibHOM ypoBHE)
HanOoJee 3HaYMMa cXeMa JieJIeHns! Ha Guanko-reorpadu-
YeCKHe CTPaHbl U MPUPOHBIC 30HHI [57], Ha 6a3e KoTOpOH
MIPOMCXOJUT pa3BUTHE reorpaduueckoii cetn denepaib-
Heix OOIIT [15, 41]. Ha pernoHanbHOM YpOBHE UCHOJNb-
3ytoTcs 6ojee MoaApoOHBIe PaOHUPOBAHUS COOTBETCTBY-
FOIIUX TEPPUTOPUH.

WHoe HampaBieHHE COCTOMT B BBISIBICHHM M OXpaHE
OTICTbHBIX THITUYHBIX WM YHUKAJIBHBIX IPUPOJHBIX KOM-
wiekcoB. [IpuMepaMu Takux 0OBEKTOB CIIy’KaT: BOJHO-00-
JIOTHBIE YTOJbsl MEKIYHAPOAHOTO 3HaueHus [31]; necHsle
TEHETUUECKUE pPe3epBaThl; ATAJOHHBIE yYacTKH JIECOB U

HEJIeCHBIX (CTEMHBIX, JTYTOBBIX, TYHAPOBBIX, OOJOTHBIX)
COO00IIeCTB; MaJIOHAPYIIICHHBIC JIECHbIC TeppuTopuu [43];
KJIFOUeBble opHHUTONOrHueckue [26, 80] m GoTaHndeckue
Tepputopuu [81]; yHHKaIbHBIE TPUPOIHBIE 00BEKTHI U (he-
HOMEHBI.

B pamkax MexIyHapoaHOM JIeCHOH cepTU(UKAINHN 11
HEKOTOPBIX PETHOHOB COCTABJIEHBI IIEPEYHN PEAKHX JIeC-
HBIX 9KocucteM: [lpmmopckumit [1], Auradickmii [24],
Tepmckwmit kpast [51].

Coxpanenue duomut. B pamkax peannszanuu Konsen-
M o OuopasHooOpasuu OOH pasBuBaercsi ocoboe
HarpasJeHUe MPUPOJIOOXPAHHON AEATEIBHOCTH, CBSI3aH-
HOE C COXpaHEHHWEM Pa3HOO0Opa3usi JKMBBIX OPraHU3MOB.
CraHJapTHBIH YPOBEHb M3YYEHHOCTH JUIS KPYIHBIX
OOIIT, Ha BUIOBOM YpOBHE, TO3BOJISIET HUKCHPOBATH 3HA-
YUMOCTh OXPaHAEMOW TEPPUTOPUH B COXPAHEHUH OMOTHI
yepe3: COXpaHEHHE PEJKUX U MCUE3AI0IIIX, XO3SHCTBEHHO
LIEHHBIX BUJIOB, BCEro OMOpa3HO00Opasusl.

Hnst onenku Bkinaga OOIIT B coxpaHeHHE PENKHUX U
MCYE3aloIMX BHIOB HCHOJB3YIOTCS KpacHBIX KHUT,
«Kpacusie crimckn / Red Lists»: MexayHapogHOTO coo3a
oxpansl mpuponasl U EBpomneiickoro corosza [82], Hauuo-
HanpHBIEe [36, 37] m pernonanmpHbIe TiepedHu [7, 35].
B MexmyHapOIHBIX KPacHBIX CHHCKAaX B KAYECTBE PEIKHUX
U WCYE3AIONINX OTMEYAITCS BUABI, MMEIOIINE CTaTycC:
HaxoJsAIumecs Ha rpanu nojaHoro ucuesHoBenus (CR), BbI-
mupatorme (EN), ysssumsrie (VU).

Pons OOIIT B nojaep:xaHUM YUCIEHHOCTH XO3sIi-
CTBEHHO IIEHHBIX BHJOB BBISBIISICTCS IPHU ITOMOIIM y4eTa
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OXOTHHYbE-TIPOMBICIIOBON (hayHBI, 3MMHUX MapIIPYTHBIX
y4YETOB, CBE/ICHHUH, TTOJIydYEHHBIX TP MOMOLIH (HOTOJIOBY-
IIEK, JAHHBIX O BBUIOBE PHIOBI M IPYTUX CBENCHUH, ITyOIIH-
KyeMBIX Kak B JIeTonmucsx npupoabl, Tak U B HAYYHOH JIH-
Teparype.

[TnanHOMEepHOE MHOTOJIETHEE H3y4EeHHE OHOTHI KpYII-
ue1x OOIIT, mpexne Bcero, 3aNI0BEAHUKOB, KaK IIPABHIIO,
MTO3BOJISIET COCTAaBUTh OOMIMIA CHHCOK (IIOpHl U (ayHBI U
OTIPEJETINTH COBOKYITHOE YHUCIIO BBISIBICHHBIX BUIOB, XOTS
Obl 1O OCHOBHBIM TaKCOHOMHYECKHM TIpyMIam OHOTHI.
CpaBHeHne o01iero gncia BuaoB, orMedeHHbx Ha OOIIT,
¢ cyMMapHbIMU 3HaueHusiMu 1o Poccuu [4, 48, 69, 76], pe-
ruoHy [27, 44, 50, 52, 65] noka3piBaeT BKIax 0co00 oxpa-
HSIEMOM NMPHUPOIHON TEPPUTOPUH B COXpAaHEHHE OMOpa3HO-
00pasus Ha pa3HbIX MPOCTPAHCTBEHHBIX YPOBHSIX.

Jnst coxpaHeHHs1 OMOLIEHO30B MTPOBOAATCS pabOTHI 110
BBISBJICHUIO PEIKUX, YHHKAIbHBIX, IIEHHBIX COOOIIECTB
KMBBIX OpraHn3MoB. HanpuMep, CIMCKM peaKUX U HyXJa-
IOIINXCS B OXpaHE PACTUTEIBHBIX COOOIIECTB OIyOIHKO-
BaHBI s Ykpaussl [19]), Kazaxcrana [55], Cubupu [33],
Bpsackoit [13], Openbyprexkoii [73], Camapckoii [59] 06-
nmacteii, Tatapcrana [70], 3abaiikames [9], [Ipumopes u
IIpuamypss [39], u paga apyrux teppuropuil. B Ilpuxa-
Mbe ctatyc OOIIT umMeroT psij OHOIIEHO30B, PACIIOI0KEH-
HBIX J1aJIeKOo 3a MpejelaMi COOTBETCTBYIOIIEH IPUPOIHO-
KIMMaThuueckoil 30Hbpl. Hanpumep, Ha ceBepe Kpasi, B 30HE
CpeqHel Taiiru, BBIABICH HEOOJBIIOW y4acTOK, Ha KOTO-
poM copMHpOBaH OCTENHEHHBIN JIyT (Pyuckuii j1yr); BbI-
SIBIICHBI COO0IIECTBa, CHOPMUPOBAHHBIC TIPH YIACTHH Be-
pecka — BHIAa Ha BOCTOYHOH TpaHHUIIE CBOErO apeaia
(BecnsHCKMIT O0p-BEpeIIaTHUK).

Jnst OTHENBHBIX KPYIHBIX 3allOBEJHUKOB M HAIHO-
HaJIbHBIX IApKOB IEPCIICKTHBHA OIEHKA C MPUMEHEHHEM
TEOPHUH Pa3BUTHUS OCTPOBHOM OMOTH Mak-ApTypa u Buib-
coHa. Ha 6a3e 3TuX 1moyio>keHUi MOTYT OBITH PACCUUTAHBI
MoKa3aTey, XapaKTepU3yIoIue CIOCOOHOCTh OXpaHsie-
MBIX TEPPUTOPHI 0OecieunBaTh yCTOMYHBOE CYIIIECTBOBA-
HHE COOOIIECTB B YCIOBHUSX OHoreorpaduueckodl M30Is-
MM B TOM WU WHOM Buje. Hampumep, aHTpONOreHHOM
HapyIIEHHOCTH OJIU3JIEekKAINX YIaCTKOB.

Coxpanenue npupoonwvix Komnonenmos. Ilomumo
COXpaHEHMs Pa3HOOOpa3usl KHUBHIX OPraHU3MOB CYIIe-
CTBYET OT/EJIbHOE HalpaBieHue paboT, CBI3aHHOE C CO-
XpaHEHHWEeM Pa3HoOoOpa3nsi aOMOTHYECKUX KOMIIOHEHTOB
9KOCHCTEM. XOPOIIO pa3paboTaHbI MOIXO/ABI K COXpaHe-
HUIO YHUKAJIbHBIX T€0JIOTHYECKUX 00BEKTOB (CUCTEMATH-
3auui0 BeAeT Bceepoccuiickuil Hay4dHO-HCCIIEIOBaTENb-
CKHH Te0JIOTHYeCKUil HHCTUTYT UM. KapnuHCKOro) u 3K0-
JIOTO-TEHETHYECKOTO pa3HooOpa3us mouB (pa3paboTka
Kpacupix xaur nouB Poccum u permonos). Hepenko Ha
perHOHAIBHOM ypOBHE BBISBICHBI W ONHCAHBI I[IEHHBIC
THIpOJIOTHYECKHe 00BEKThI: BOAONA/BI, JIETHUKH, 03€pa,
ucyesaromye peku u T.1. IlepcrnekTuBHBIM oCTaéTcs pas-
paboTKa TEOpeTH4ecKoil 1 MeToANYEeCcKOl 0a3bl I Co-
XpaHEeHUs! KIMMAaTHYeCKUX, KIMMaTrooOpasyrommux o0b-
ekToB. XoTs Ha ypoBHe PD monobHas pabora yxe mpo-
BEJ€HAa HAa OCHOBE MMCTAHLMOHHBIX U KIMMAaTHYECKUX
JTaHHBIX [38].
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Iloooepocanue rxonozuueckozo pasnogecus. Co-
IJIACHO TEOPETHYECKUM MPE/ICTaBICHUSAM OAHUM M3 TJ1aB-
HBIX ()aKTOPOB MOJAAEPKAHUS SKOJOIMYECKOI0 PaBHOBE-
cHsl SIBIIETCSI COXPaHEHHE ECTECTBEHHBIX OMOC(EpHBIX
KpPYroBOPOTOB BEIIECTBA U OTOKA 3HEPruu [56]. tu npo-
Ieccsl Hanbosiee MOTHO MOJIEPKHUBAIOTCSA B XOPOIIO CO-
XpaHUBIIUXCA, C€1a00 TPeoOpPa3OBAHHBIX IKOCHCTEMaX
oxpansieMbIx Tepputopuid. Jomn mromamu OOIIT B mpe-
JieTlax BOJOCOOPHBIX TEPPUTOPHHA OTPaKaOT CTEIEHB CO-
XPpaHEHHs €CTECTBEHHOTO KPYTOBOPOTa BEIECTB (IIpEskae
BCETO, BOJBI), MOAJIEP KAHHS KOOI NIECKOTO PABHOBECHS.

B TeopernueckoM, METOJMUYECKOM CMBICIE CyIle-
CTBEHHO cy1abee N3y4eHbI BOIPOCH B3aUMOCBSI3H TEPPHUTO-
pHAaIbHON OXpaHbl IPUPOABI U HETraTUBHBIX (P (EKTOB, BbI-
3BaHHBIX JKOJOTMYECKHMMH KpU3UCAMHM COBPEMEHHOCTH
(CHMXEHUE Hae)KHOCTH 3KOCUCTEM, TEPMOIUHAMUYIECKHE
U3MEHEeHUs KIMMaTa, 3aKkucieHue cpersl). HecMoTps Ha
TO, YTO IPSIMBIE METOBI OLICHKH TaKMX B3aNMOCBSI3€H elie
He pa3paboTaHbl, pa3BUTHE 3TOTO HANPABJICHUS NPEICTAB-
JSIETCSI BXKHBIM M IIEPCIICKTHBHBIM.

Teppumopusn uccnedosanus. OueHKa IpUpPOIOOXPaH-
HOH 3HAYMMOCTH (I10 TPEIUIOKCHHOW METOAMKE) MpPOBe-
JIeHa Ha IpHUMepe TrocylapCTBEHHOIO NMPHPOTHOIO 3aro-
BeaHMKa «Burmiepckuity. On cosnan 26 geppans 1991 r. Ha
ceBepo-BocToke Ilepmckoro Ilpukambsi, B TOPHOH 4acTu
peruoHa. ITnomaas Bumepckoro 3anosennuka — 241 200
ra, a ero oxpanHoii 30HbI — 52 218 ra [6]. OH oxBaTbIBaeT
BEpXOBbs peku Bumepsl u e€ nputokos: Bénca, JIbimby,
Moiissl, Huioca, Jlonbu, Xanbcopuu u Apyrux.

MHoroo0pasue npupoIHBIX JaHAMA(GTOB ONMpeaeIIeT
ropHbIil penbed. 'opHas u npearopHas Taiira, 3aHUMaeT
9yTh MeHee 3/4 mmomanu Bumepckoro 3amoBenauka. OHa
OosbIeil 4acThIO TpeNCTaBIeHa KOPEHHBIMH CTapOBO3-
pacTHBIMHU JIECAMH M3 €I W MHXTHl C y4acTHEM Kelpa,
a Taxoke Oepessl. bonee ueTBepTH MIOMAIN 3aHUMAIOT OT-
KpbIThIe JaHamadTel HU3KOropuil U cpeaneropuii Cesep-
HOTO Ypana. DTo JIECOTYroBble U KyCTAPHUKOBBIE COO0IIIEe-
CTBa TMOATOJIBIIOBOTO T05ICa, TOPHBIE TYHIPHI M KAMEHHBIE
OCBIMH, XOJIOJHBIC KAMEHUCThIE TOPHBIE ITyCTHIHU (115 ca-
MBIX BBICOKHX XpeOTOB Oosiee 1200 M Hax ypoBHEM MOPSI).
OcHOBY (hTOpBI BBICIINX COCYAMCTBIX PACTCHHH OXpaHse-
MOH TEppUTOPHN COCTABILSIIOT OOpeasibHbIE (CeBEpHBIE Ta-
exHble) BUBI (60%). OHYM IIHPOKO PacIIpOCTPaHEHHI B TEM-
HOXBOWHBIX Jiecax, Ha TOMMEHHBIX JIyrax 1 C)arHOBBIX 00-
notax. Oxono 30% BUIOB pacTeHHI IPUXOAUTCS HAa ApKTH-
YecKHe, apKTOANBNHUICKHE W MOHTAHHbIE BUJBI, KOTOPHIC
MPOU3PACTAIOT HA OE3JIECHBIX BEpIIMHAX XPeOTOB U CKalax-
ocranmax. Ocrasmmmecs: 10% BHIOB pENUKTHI, IPEICTABIIS-
IOIIMe HEMOPAJbHYIO, JIECOCTENHYI0 (DIOPBI M PETHKTHI
IJIEHCTOLEHOBBIX TyHpP. JKUBOTHBIN MUp 3alI0BEAHUKA TH-
nmaeH s CeBepHoro Ypana. Ero xapaktepHoii 0COOEHHO-
CTBIO SIBJISIETCSI COYETaHWE IPEACTaBUTENed OopeabHOH,
CHOMPCKOH, eBpONeHCKOM 1 cyOapKTHIecKoi ayH [6].

Pe3yabTaTsl U 00cy:KIeHNE

Coxpanenue npupoonvix Komniexkcoe 6 Buwepckom
3anoeéednuke. Mecto Bumepckoro 3amoBelHUKa B CH-
CTeMe MUPOBBIX, EBPOIEHCKNX, POCCUHCKUX U PETHOHAIb-
HBIX paifoHNPOBaHUH MoKa3aHo B Tabimie 1/ table 1.
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Tabnuma 1

3anoBenHuk «Buiepckuii» B cucremMe paiiloHHPOBaHMil, HCIIOIB3YeMBbIX /ISl TPUPOAOOXPAHHBIX L€l

Table 1

The place of «Visherskiy State Nature Reserve» in the system of conservation zoning

Cxemul pationuposanus //
Schemes of zoning

Teppumopuanvnas eounuya Buwiepckozo
sanoseonuka // Terrestrial unit of "Vishersky"

Yucno kpynHvix
OOIIT / Pane Bu-
wepcKo20 3ano6eo-
Huka // Numbers of

tral Ural [12]

reserve large protected areas
/ Rank of "Vishersky"
reserve
Mup // World
VYpanbckue TopHsIe Jieca U TyHApa — | u3 npu-
Oxoperrnonsl WWF // Ecoregions of WWF | oputetHbIx 3x0pernoHoB B cetu «Global 200» 10/3
[85-87] // Ural mountain forests and tundra — 1 of the
priority ecoregions (Global 200)
Bruotnueckoe paitonmpoBanue [lameapk- | 3amamgHo-EBpasmiickas (Tae)kHas) TPOBUHIHS 41/10
tuku // Biotical zoning of Palearctic [15] // West Eurasian (taiga) province
Buoreorpaduaeckoe paitoruposanue // Bi- | IIpounmus 3amamHo-EBpasuiickoit Taitru //
. . . . . 60/13
ogeographical zoning [88] Province of West Eurasian taiga
«Ouaru 6uopasnoodpasms» // Biodiversity | He Bxoaut au B oue 13 ouaroB / Not included 0/0
hotspots [84] in any of the hotspots
Eepona // Europe
Buoreorpadudeckoe paiionupoBanue EB- | Anpnmiickuii perHoH (0OBbemUHSIECT AJIBIIF,
pomnsl // Biogeographical zoning of Europe | Kapnarel, KaBka3, CkananHaBckue ropbl U 8 (na Ypaune) /3
[77] Ypan)
Poccusa // Russia
o CpeHEeBBICOTHBIN CeBepHblii VYpan
dusuko-reorpaduueckoe pailoHUpOBaHUE
. . . (o6venunser Anbibl, Kapnatel, KaBkas, Ckan-
CCCP // Physic-geographical zoning of v 7/ Alpi ; 40
USSR // Biogeographical zoning of Europe JUTHABCKHE TOPBL 1 7P an)_ pie region
[57] (unites the Alps, the Carpathians, the Caucasus,
the Scandinavian mountains and the Urals)
Hepmckuii kpaii / Perm region
I'opHO-VYpanbckuii pailoH TOPHO-JIECHBIX U
ITouBenHoe paiionupoBanue // Soils zoning | TOPHO-IIYTOBBIX CKENETHHIX 1MOYB // Mountain-
. . . 411
[34] Urals region of mountain-forest and mountain-
meadow skeletal soils
I'eoboTannueckoe paiionuposanue / Geo- | ['opHO-TaeKHbIE NHXTOBO-EJOBBIE Jieca // 51
botanical zoning [20] Mountain taiga fir-spruce forests
BoraHHKo-reorpaduieckoe  pailoHnpoBa- CeBepo- M CpeIHETae)KHbIE KeIPOBO-EJIOBbIE
OrP ) pa P ropuele sreca // Northern- and middle-taiga ce- 2/1
Hue // Botanic-geographical zoning [49] .
dar-spruce mountain forests
I'epnero-reorpaduueckoe paiionupoBanue | PaiioH cpemHeBBICOTHBIX rop // District of me- 31
// Herpetic-geographical zoning [74] dium altitude Ural mountain
daynucruueckoe paiionupoanue // Zon- | Kamcko-Buiepckoe Ilpuypanse // Preurals 11
ing of fauna [16] near the Kama and Vishera rivers
OKpyr CpeIHEeBBICOTHBIX T'Op, XOJIMOB U yBa-
noB KocsBuHCKO-Bumepckoro Ypana ¢ ryctoit
DusuKo-reorpaduucckoe paioHHpoBaHHE CEeThI0 Y3KHX PEYHBIX JIOJIMH U MOXOBOW IHX-
. > | ToBO-es10BOI1 TOpHOHA Taiiroii // District of me-
JlanmmagTHeIe okpyTa // Physic-geograph- | . . . ) 3/1
ical zoning. Landscape districts [72] dium-altitude mountains, hills of the
’ Kosvinsko-Vishersky Urals with a dense net-
work of narrow river valleys and mossy fir-
spruce mountain taiga
OmuKo-reorpaduaeckoe paioHUPOBaHHE,
Hoxtuner  nanmmagToB //  Physic-geo- | Cpenneraexusiii moarun // Middle taiga under
. . 13/1
graphical zoning. Under types of land- | type
scapes [46]
®uznko-reorpaduyeckoe paioHNpOBaHUE,
TToaxmaccer nmanamadgToB // Physic-geo- | Cpeaneropusriii monkiacc / Middle mountain
. . 2/1
graphical zoning. Under classes of land- | under class
scapes [46]
Ipuponooxpantoe paitonmposanue // Cen- Hentpansusiit Ypai // Central Ural 2/1
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Ha mwupoBoM ypoBHe Bumepckuii 3amoBeaHuk (1o
IUIOIAAN) BXOAUT B BepxHIOW TpeTh kpymHbeix OOIIT,
PAacCIOJIOKEHHBIX B AKOPETHOHE YPaJIbCKUX TOPHBIX JIECOB
U TYHJp, a TaKke U Ouoreorpapuyeckoil NpoBUHINH 3a-
nanHo-EBpasuiickoii Taiiru. B anenuiickom 6uoreorpadu-
geckoM peruoHe EBpomnsl (B mpenenax Ypana), Tak ke, Kak
u Ha cpenHeBsicoTHOM CeBepHOM Ypaie (demepanbHoe
paiioHmpoBaHue), Bumepcknii 3amoBeIHUK OKazajcs
kpymHee He MeHee yeM nojoBuHBEl OOIIT Toro ke panra.
Buytpu Ilepmckoro xpas Bumepckuil 3anmoBeAHHK, IO
BCEM PaCCMOTPEHHBIM CXEMaM PalOHHPOBAHHMS, yBEPEHHO
3aHUMaeT NepBoe MecTo. B menom, 3amoBeHUK Urpaer
KIIIOUEBYIO POJIb B Ta€XKHOM 30He U Ha Ypaie.

3HaYMMBIM TaK)Ke MPEJACTABISCTCA BBIABICHUE U
OXpaHa TUINUYHBIX U YHUKAJIBHBIX MPUPOJHBIX KOMILIEK-
coB. Ha tepputopun «Buiepckoro» k TakuM cieayeT oT-
Hectu KiroueByro opHUTONOrHYECKyI0 Tepputopuro Poc-
CHM MEXIyHapoaHOTro 3HaueHus «BepxHe-Bumepckuii
TOpHBIA MaccuB» [83]; MOCIEeIHUH MacCHB COXpPaHUB-
muxcs B [IepMcKkOM Kpae MallOHapyIIEHHBIX JIECHBIX Tep-

puropuii [43]; nBa KpyMHEHUIINX B PETUOHE JIECHBIX TE€HE-
TH4ecKux pesepBaTa keapa [58]. IlepcrnexkTHBHBIM ocTa-
€Tcsl BBISIBJICHUE PEJIKUX AKOCUCTEM [51] M Apyrux eHHbIX
MPUPOJTHBIX KOMILIEKCOB.

Pony Buwepckozo 3anogednuka 6 coxpaHeHuu
Ouompl. Buiiepckuil 3all0BETHUK — OTHOCUTENIBHO KPYII-
Has u xopomro uzydeHHas OOIIT. lanusie 00 o61em 6mo-
JIOTHYECKOM Pa3sHOOOpa3uu 3TOH TEPPUTOPUH MOTYyUCHEI B
XOZIe MHOTOJIETHHX PEKHUMHBIX HaOTIONCHUI COTPYRHH-
KOB 3aIIOBEIHUKA, a TaKKe MPOQMIFHBIX PadOT OTAENb-
HBIX Tpynn y4€HbIX. K HacTosmeMy BpeMeHH OITyOInKo-
BaHbI JaHHBIE O CHMCKaX arapuKOUIHBIX TPUOOB, JIUIIAH-
HUKOB U COCYITUCTBIX pacTeHuil [8], Moxoobpa3Hbix [25]
JKECTKOKPBUIBIX HACEKOMBIX [28], ppIb [22, 23], penTuiuid,
am¢uoduii [64], nTui [29] 1 muexonuTaromux [64]. Oomime
CBOJIHBIC JJAHHBIE O YUCIIE BUIOB NPUBOAATCS B 0030pHOM
crathe baxapesa, CemenoBa [6]. CpaBHeHME YKcia BUAOB,
BBIBICHHBIX B TpaHHIAX Buimepckoro 3amoBeqHHKa, C
aHAJOTUYHBIMHU ITOKa3aTensiMH 1o [lepmckomy kpato u PO,
TIpUBEJICHEI B Tabmme 2 / table 2.

Tabmuma 2
BreisiBiieHHOe OMOpa3HOoOOpa3ue 3anoBefHUKa « Buiepckuii», ero noas B Poccun n Ilepmckom kpae
Table 2
Identified biodiversity of the «Visherskiy State Nature Reservey, its share in Russia and in the Perm region
Hexkotopsie Tak- Uwcro BRIABICHHBIX BIIOB, IIT. // Number of identified species, pcs.
COHOMHUYECKHE I'TI3 «Bummepckuit», mrt. (moins (%) ot Ilepmckoro . N
. . [epmckuit xpait // Poccust //
rpymmsl // Some kpas / ot P®) // «Visherskiy» State Nature Reserve Perm region? Russia’
taxa (share (%) from Perm region / from Russia)’ &
Mammalia 45 (67,2/14,1) 67 320
Aves 180 (62,9 /22,8) 286 789
Reptilia 1(16,7/1,3) 6 80
Amphibia 3(30,0/10,3) 10 29
Pisces 15(34,9/4,4) 43 343
Coleoptera 41 (= 1,2/=0,3) ~ 3500 ~ 15000
Tracheophyta 602 (36,3 /=4.,8) 1 658 ~ 12 500
Bryophyta 475(77,5/=21,6) 613 ~ 2200
Lichenes 345 (53,9/9,7) 640 3 540
Agaricomycetes 335 (38,6 /10,3) 868 3 246

Tlpumeuanue: // Note:

1 — Yucno 6uoos, svisgnennvix 6 Buwiepckom 3anoseonuxe, ykazano coanacto // The number of species identified in the « Visherskiy»
State Nature Reserve is indicated according to [6, 8, 22, 23, 25, 28, 29]
2 — Yucno 6udos, evisienennvix 6 [lepmcrkom kpae, ykazano coanacho // The number of species identified in the Perm region is indicated

according to [27, 44, 50, 52, 65]

3 — Yucno 6uoos, eviasnennvix 6 Poccuu, ykasano coenacro // The number of species identified in the Russia is indicated according to

[4, 48, 76]

AHanu3upys NOITy4eHHbIE 3HAUCHUS OMOpa3HOo00pa3us
(Tabmuma 2 / table 2), He0OXOAMMO YYHTHIBATH, YTO COO-
CTBEHHO YHCIIO OOWTAIONMX BUIOB (aOCONIOTHOE 3Haue-
HHE) 3TO CPaBHUTEIHHO MaIOMH(OPMATHBHBIA IOKa3a-
TeNb, B BUAY HEPABHOMEPHOTO 30HAIHOTO M @30HAIBHOTO
pacmpeznenenus 6uopasnooOpasus. Tak, Ipu OAMHAKOBON
VIO M, pasHoOOpasue S>KUBBIX OPraHH3MOB, CKOpee
BCETo, Oy/IeT BBIIIE HAa HKBATOPE U B TPOIIMKAX, UEM B Talre
unu TyHape. To ke, XapakTepHO U Ul Mapbl: TOPHBINA —
PaBHUHHBIA 3amoBefHHUK. bosiee MHpOpPMATHBHBIM Clie-
JIyeT CYUTaTh OTHOCUTENBbHBIN NOKa3aTelb, TO €CTh OO
BHJI0B, BhIsIBIeHHBIX Ha OOIIT, oTHOCUTENHHO pEerruoHa,
30HHI (TT0/I30HBI), TOPHOH CTPaHBI, TOCYIapCTBA.

WuTepnperanys MONMyYeHHBIX 3HAYEHUIH TpeOyeT Xo-
po1Iei 0OCBeIOMICHHOCTH O TEKyIIeH CTeTIeHH U3yYeHHO-
cru. Tak, Hm3Kas crenenp uzydeHHoctH OOIIT, moxer
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NPUBOANTH K HEOOOCHOBAHHO TOMY, YTO JOJIS, BBISBIICH-
HBIX Ha OXPaHsAEMOH TEpPUTOPHH BUAOB, OyZeT He0OOOCHO-
BaHHO HU3KOH. MIMEHHO Takas CUTyalusl XapakTepHa st
¢daynbr Coleoptera Bumepckoro 3amoBeaanka. O4eBUIHO,
YTO MAacCIITa0HOE W CHCTEMHOE M3Y4YEeHHE JKYKOB BBISBHT
elle MHOTHE JECSTKH (a BO3MOXKHO U COTHH) BHIOB JKECT-
KOKpBUIBIX B rpanunax 3to OOIIT.

Hao6opot, xopomiast u3y4eHHOCTh oTaenbHoit OOIIT
Ha ()OHEe HEeIOCTATOYHOW 00CIICIOBAaHHOCTH PETHOHA, MO-
JKET IPUBOAMT K CyllecTBeHHOH nepeonenke poau OOIIT
B COXpaHeHHH OMopazHooOpasus. IToT 3P PeKT, Ho-BHUIH-
MOMY, HaOJII0/Ia€TCs B OTHOIICHHH JIMIITIAWHUKOB, MOX000-
Pa3HbIX U arapUKOUIHBIX 0a3UANOMHUIICHTOB.

B nenom, HanbonpImx 0Jield COXpaHseMoro Onopas-
HOOOpa3us Ha peruoHabHOM (63—-67%) U deaepanbHOM
ypoHe (14-23%) Bumepckuii 3a110BeJHUK JOCTHTAET I10
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rpyIIaM MIICKOMUTAIOINX U NTUL. BBICOKHE 0N BbISB-
JICHHBIX BUIOB 10 MOXOOOPA3HBIM, JIUIIAHHHKAM U TpHOaM
B PErMOHE, BEPOSITHO, BBI3BAHBI CYOBEKTHBHOW MPHUH-
HOM — HU3KOM CTENEHbIO U3yUYEHHOCTH COOTBETCTBYIOIINX
¢op B [TepmckoMm kpae.

Honu oxpaHsiemoro B BuiiepckoM 3anoBenHHKE OMO-
pa3HooOpasust prI0, aMpUOUil U PENTHIINI, OTHOCUTEIILHO
HEBEJIMKH, YTO OOBSICHACTCS O0BEKTUBHBIMU MPUYNHAMU:
XOJIOJHBIM KJINMATOM, OTHOCUTEIILHO HEOOJIBIIOH 10JIeH 1
OJTHOOOPa3HOCTHIO BOJHBIX 3KocHucTeM. KpaiiHe Hu3KHe

JIONIM BBIABIICHHOTO pPa3HOOOpa3msi *KyKOB, CBSI3aHBI CO
(dparMeHTapHON H3YYEHHOCTBHIO 3allOBEJIHUKA MPODUIIH-
HBIMU CIIELUATNCTaMU.

JI7151 HEKOTOPBIX TUIMYHBIX U X03HCTBEHHO 3HAUMMBIX
BUJ0B Buiiepckuii 3amoBeIHUK MOXKET paccMaTpUBATHCS
KaK KOPMOBOW W/HJTH BOCIIPOM3BOJICTBCHHBIN y4acTOK, a B
pszie ciydaeB aaxe, Kak peyruyM. JJaHHbIC O YUCIICHHO-
ctu Takux BuaoB B rpanunax OOIIT u B [lepmckom kpae
mokasassl B Tabiuiie 3 / table 3.

Tabmuma 3

YncjieHHOCTh TUIIMYHBIX U X0351iICTBEHHO LIEHHBIX BH/I0B B 3aN10Be/IHUKe « Bumepckuii»,
npoas B Ilepmckom kpae

Table 3

The number of typical and economically valuable species in the «Visherskiy State Nature Reserve,
hare in the Perm region

Tunu4HbIe U X035 HCTBEHHO I'TI3 «Bumepckuii» / nons ot Ilepmckoro kpas, % // N N
. . . Iepmckuii kpait /

tiernbie Bupl // Typical and «Visherskiy» State Nature Reserve / share from Perm region [47]
economically valuable species Perm region, % [66, 67]
Alces alces 50/0,1 39 526
Rangifer tarandus’ 225/10,0! 2 250!
Canis lupus 6/10,8 56
Ursus arctos 35/0,5 7 542
Martes zibellina®? 2952/922 320°
Gulo gulo 10/4,1 244
Mustela erminea 100/ 1,7 5834
Mustela nivalis 27/ H.JI.
Mustela sibirica 8/0,7 1154
Neogale vison 100/0,5 19 060
Lutra lutra 30/0,9 3338
Lepus timidus 1500/1,2 125 498
Castor fiber 435/1,8 24 470
Sciurus vulgaris 350/0,4 92 426

Ipumeuanue: // Note:

1 — Yucnennocmo Rangifer tarandus 6 copax Ypana, coenacno oannvim Koponesa [32] / Jonss omnocumenvno Ypana // The number of
Rangifer tarandus in the Ural Mountains, according to Korolev [32] / Proportion relative to the Urals

2 — Yucnennocmv Martes zibellina 6 Buwepckom 3anogeonuke no oannvim 3MY 2008-2014 ce. // The number of Martes zibellina in
the «Visherskiy» Reserve according to the winter route surveys data for 2008-2014 [66, 67]

3 — Yucaennocmo Martes zibellina 6 [lepmckom kpae coenacro [21] 6 cpeonem cocmagnsem 25 ocobeii. B madauye yKazaHo Yucio ¢
yuemom yucienHocmu cobons 6 Buwepckom sanoseonuxe // The number of Martes zibellina in the Perm region according to [21]
averages 25 individuals. The table shows the number taking into account the number of sables in the «Visherskiy» Reserve

Jyis GoJbIeit 9acTH pacCMOTPEHHbBIX (Tabiuia 3 / ta-
ble 3) BunoB, obuTaroumx B BuiiepckoM 3amnoBeHUKe, UX
JIOJISl, OTHOCHUTENFHO OOIIeH YHCIEHHOCTH IO PETHOHY,
HaXOJAUTCsS Ha oueHb HU3KOM ypoBHe 0,5-2%. Hckmoue-
HUE COCTaBIAIOT 3 Buaa. OTHOCUTENBHO BBICOKA JIOJIS PO-
comaxu u Boika (4,1% u 10,8%, cooTBeTcTBEeHHO). Bepo-
STHO, 3TO OOBSICHSETCS CXKHMMAHHEM HX E€CTECTBEHHOTO
apeayia (Tyxast HEHapyIIeHHas Taira), Ipexe BCEro, u3-
3a pyOok steca. OCHOBHBIE KPYTIHBIE MACCHBHI HEHAPYIIICH-
HBIX JIECOB ceifuac COXpaHSIOTCS UMEHHO Ha CEeBEepO-BO-
cTOKe pernoHa. Kpome Toro, BOJK, BHE TPaHHUI] 3aIIOBE-
HUKA ¥ OMOJIOTHYECKUX 3aKa3HHUKOB aKTHBHO MCTPeOIs-
©TCSI MECTHBIMHU JKUTENSIMH. | pyIIHIpoBKa JUKOTO ceBep-
HOTO OJIeHd B Buiepckom 3anoBenHuke cocrasisieT 1/10
oT oO0ImIeil YMCIEHHOCTH BCEX ATUX KONBITHBIX B Topax
Vpana. Ona ke, 10-BUIUMOMY, SIBJISIETCS. OJTHOM U3 CaMBIX
10%HbIX B EBponelickoil vactu Poccun.
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Ha o6mem, ¢oHe 3HAUUTENBHO BBIAEISAETCS COOOIIb,
JoJist KoToporo gocturaet 6osee 90% ot obieit yncieH-
HOCTH 3BepbKa B peruoHe. Ceituac B [lepmckom [Ipukambe
co0O0JIsl MPaKTHYECKH HEBO3MOXKHO NPAKTUYECKH BCTpe-
TUTH 3a IpeAelaMH 3aloBeJHUKa. XOTs elle B Havale —
cepenune XX B. co00J1s1 1OOBIBAIIM MPAKTUYECKH 110 BCEH
CEBEpHOW M ropHOM uactu peruoHa. [Ipennonaraem, 4To
MOMHUMO YK€ MEPEUHUCIECHHBIX IPOMBICIIOBOTO U JIE€CO3aro-
TOBHUTEIBHOTO (PAaKTOPOB, 3HAUUTENFHYIO POJIb TAK)KE WT-
paet Hamm4gue OOJBIINX MACCHBOB KEIpa B 3allOBETHHKE.
DTO CYNIECTBEHHO YBEIMYUBAET 00HEM KOPMOBOM Oa3bl
UL COOOJISL.

Benuka npuponooxpansas posbs Buiiepckoro B noa-
JIEpKaHUN YHUCIEHHOCTH TOMYIIALINH €BPOIIEHCKOTO XapH-
yca B Kamckom 6Oacceitne. [1o nanasiM 3uHOoBReBa 1 CeMéE-
HOBa [22] BepxHss Bumepa u e€ mpuToku 00eceynBaoT
yCTOIUMBOE CyILleCTBOBaHUE caMoil kpymHoil B EBpome
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IPYNIUPOBKU eBpormeiickoro xapuyca. UUCIEHHOCTh MO-
JIOBO3peNbIX 0co0eil B Heil, B cpeaHeM, coctasisieT 150-
200 TeICcAY OCOOEH.

B rpanunax 3anoBesHuKa BBISBICHO 87 BHIOB PEAKHUX

W WCUE3AIOLINX BUIOB )KUBBIX OPTaHU3MOB, BKIIIOUECHHBIX
B T€ WM WHbIe nepeyHH (Tabnuua 4 / table 4).

Tabnuua 4

Buasbl u3 cnuckoB KpacHbIX KHUT, BbIsIBJIeHHbIe B BullepckoM 3anoBeaHuKe, corJjacHo [6, 8, 22, 23, 25, 28, 29]

Table 4

Red lists species identified in the «Visherskiy State Nature Reserve» according [6, 8, 22, 23, 25, 28, 29]

Pacnipenenenye penkux U HCYE3aOIIUX BUIOB 10 TAKCOHOMHYECKHM
Yposens Kpacubix rpymmam // Distribution of rare and endangered species by taxonomic
Bcero Bunos //
xuwr // Level of Red groups .
. - - Total species
list Mam- Aves Pi- In- Tracheophvta Bryo- Li-

malia sces | secta phyt phyta | chenes
MexayHaponHsIit // 1 1 | B B B B 3
International [82]?
EBpomneticknii //
European [82]? B ! - - B 2 B 26
Poccwuiickuii // Russian
36, 37] 1 7 1 1 2 1 1 13
PeruonanbHbIii / 1 1
Regional [7, 35] 1 14 1 1 9 19 6 51

Ipumeuanue: // Note:

1 — Bryophyta, peokue 0as Ilepmckozo kpas, 6 KpacHoui kKHuze pecuona He yKazambl, NO-UOUMOMY U3-30 HEOOCMAMOYHOU U3YUeHHO-
cmu. B mabauye, pedkue 6uovl Bryophyta onsa Ilepmckoeo kpas yrkasawnwl coenacto // Bryophyta, rare for the Perm region, is not listed
in the Red Book of the region, apparently due to insufficient knowledge. In the table, rare species of Bryophyta for the Perm region

are indicated according to [7].

2 — OmmeueHvl 8U0bl, UMEOWUE CIMAMYC: HAX00AWUeCs HA epanu noaHo2o ucdesnosenus (CR), soimuparowue (EN), ysassumsie (VU)
// Species with statuses are noted.: critically endangered (CR), endangered (EN), vulnerable (VU).

Haubonee penkumu BuaamMu Cl€yeT CUUTATh CEBEP-
HOTO OJICHsI, OBCSIHKY-peMe3a U TalMeHs, KOTOPbIe BKIFO-
4eHbl He TobKo B Kpacusie kauru [lepmckoro xpas u Poc-
CHM, HO U B IEPEYHH FICUE3AIOIINX BUIOB Ha EBporetickom
U Jake TI00anbHOM ypOoBHAX. Hanbonbmee unciio pearux
BHJIOB BBISBICHO CpeAM MOX000pa3HBIX. OTMETHM, YTO
yTBEPXKIEHHBIN CITUCOK Bryophyta, momexarux oxpane
B IlepMckoM kpae, oTCyTCTBYeT. BMecTo Hero Hamu wuc-
M0JIb30BaHbI JaHHBIE O PEAKOCTH BHIOB besromosa [7].
CpaBHutenbHo MHOTO (14, 9, 6) BUAOB NTHUIL, COCYTUCTHIX
pacTeHuil M JMIIAHUKOB, BBISIBICHHBIX B Buinepckom,
Takke BKIOYeHB B KpacHbie kuuru Ilepmckoro kpas u
P®. Cpemn mirlekonmUTAIOMKX, PHI0 U HACEKOMBIX, OTME-
YEeHO JIUIIB 10 OJHOMY PEIKOMY BHIY.

Cpenu JiecoB 3aroBeTHUKA IICHHBIMU Ha YPOBHE PETH-
oHa [51] cnegyeT cuuTaTh Jieca CO 3HAUUTENBHOM JOJEeH
KeJjpa ¥ JINCTBEHHHUIIB B CIIO’KEHHUH TIEPBOTO sIpyca IpeBo-
cros. ToduHOTO TIOACUETA TUIOIMIAZCH TaKUX HACAKICHHH
moka He npoBeaeHo. OHaKO, €CTh OCHOBAHUSI MOJaraTh,
YTO TI0 00EUM KaTeropusM B rpaHHIlax Bumiepckoro 3amo-
BeIHUKa c(hopMHUpOBaHA 3aMETHAs 9acTh (OT MJIOUIAIH 110
[TepMckoMy Kpato) TaKHX JIECOB.

Cpenu HENECHBIX IKOCHUCTEM TaKXe BBIABIEH [8] psan
LEHHBIX 00BeKTOB. K HUM MOKHO OTHECTH PEIUKTOBBIH
CKaJIbHBIH KOMILJIEKC JIECOCTETHBIX BUJIOB Ha FO3KHOM OKO-
HeyHocTH xpebra UyBai, penruKTOBBIA apKTOAIbIIMHCKUN
KOMIUIEKC JIpHaloBbIX TyHIp Ha Mone6HoM Kamue, My-
paBerHOM KaMHe ¥ psi ApYTHX.

HHTepecHol U noka He BBINOJIHEHHOHN 3ajadel ocTa-
€TCSl pacyeT IMoKaszaTelel, XapaKTepU3yIOIIMX CI0Cc00-
HOCTB 3aIMTOBETHUKA 00ECTIeUnBaTh YCTOWINBOE CYIIIECTBO-
BaHHE COOOIIECTB B YCIOBHUAX OHOTEOTpadhnIecKOi N30~
nuu (Ha 6a3e Teopun OCTPOBHOM Onoreorpaduu Mak-Ap-
Typa u Bunbcona).
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3anoseonuxk «Buwepckuity. Coxpanenue npupoo-
HbIX Komnonenmog. Cpeny aOMOTHUECKUX HPHUPOJHBIX
KOMITOHCHTOB 3allOBEeAHUKa «Bumepckuit» HanOobIIeH
N3yYCHHOCTBIO XapaKTEPH3YIOTCS Heapa (Te0JIoTHIecKoe
cTpoeHue). B yactHOCTH, BBIZIETICHO 8 IIEHHBIX Ire0JIOTHYE-
ckux 00BekTOB: Topa bompmioit Xamxap-He-Tymm, Ty-
JIBIMCKUH aHcam0ib, MoWBHHCKUN MaccuB, UyBajbckast
xuia, nposieinenue BeinOepr u np. [18]. 3naueHue 3tux
T€0JIOTHYECKUX 0OBEKTOB MOBBIMIAETCSA OT MECTHOTO H pe-
THOHAJIBHOTO 10 MEXTyHapOIHOTO.

[TouBeHHBI TOKPOB, BOAHBIE 0OBEKTHI, aTMOC(hEpHBIE
mporieccsl u3y4eHsl cinabee. JInbo, npu BBISIBICHUS ICH-
HBIX KOMIIOHEHTHBIX OOBEKTOB, €CTh OOBEKTUBHBIE CII0XK-
HocTH. Heo6xoaumMo nmpo1oiskuTh paboTy B 3TOM Harpas-
JICHUH.

['eorpaduyeckn 3HAUNMBIM OOBEKTOM CIIEAYET CUH-
TaTh BOJAOpa3leNl 3 KPYMHEWIIMX PEYHBIX OaccelfHOB
Bounrn, [Tegopsr u O6u — ropy Caknanm-Copu-Haxis.

Bxnao 3anoeeonuka «Buwepckuii» 6 noodepicanue
IK0102U1eCK020 pasnogecus. 3aToBeTHIK «Bummepckuii»
BKITIOYAeT OOIIMPHBIA MaCCHB HEHAPYIICHHBIX YKOCHCTEM
B BEPXOBBSIX p. Buiepsl, urpas 3HAYNMYIO POJIb B OAEP-
KaHWU KPYTrOBOPOTa BOJBI HE TOJIBKO Ha CEBEPO-BOCTOKE
Kpasi, HO U B PeTHOHe B 11eJ10M. Tak, 10 HEKOTOPBIM THAPO-
JIOTHYECKUM KpHUTepusiM (CpeiHssl BbIcOTa BoOJ0COOpa,
CPEJHEr0JJ0BOIl MOAYIb CTOKA, CPEIHEMHOTOJICTHUN
00bEeM CTOKa, CpPEIHETrOJOBOH pacxoi, MaKCHMAaJbHBIN
pacxo/1 MoJOBOAMH | 1p.) MeHHO Kama siBiisiercst mpuro-
koM Buiepsr, a He Hao6opot [30].

CoryacHO NaHHBIM MHOTOJIETHHX HaOmoaeHwid [45]
cTtok Bumepsr cocrapnsieT okono 28,5% oT cymMapHOTO
pernonansHOTO cToKa (p. Kama B paiione r. YalKoBCKHIA).
IIpu »TOM cama BomocOOpHas MJIOMIAAs PEKH 3aHUMAeT
ynnrs 19,5% ot Tepputopun Kpasi.
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KpyroBopotsl Apyrux XHMHYECKHX 3JIEMEHTOB U CO-
eAMHEHUH B 3KocucTeMax «Buirepckoro» moka m3ydeHsl
HEJO0CTAaTOYHO. B Hay4yHOH nuTepaType TOJIBKO IEpPBbIE
JTaHHBIE 110 3TOH TeMe ObLITH OIyOJIMKOBAHbI CPABHUTEIBEHO
HemaBHO. Tak, m3BecTHa cepus pador E.A. JlapnoHOBOIA,
E.A. Boponunxunoii [5, 17, 42] o coaepKaHUU TSHKETBIX
METaJJIOB B 9KOCHCTEMaX, MyOIMKanuy 0 pOHOBBIX 3HAYE-
HUSX HEKOTOPBIX XUMHUUECKHX 2JIEMEHTOB B MouBax [2, 11,
60], Bomax [14, 62]. UMeroTcst myOIUKaIMK, OICHUBAIO-
IIYe BIMSHHUE INI00ATbHBIX KIMMAaTHYeCKUX H3MEHEHHUH Ha
MpUPOAHYIO cpeny Bumepckoro 3anmoBennuka [3, 53, 54,
71]. HeobxommMo MpPOAOIDKEHNE WCCICIOBAaHUHA ecTe-
CTBEHHBIX KPYTOBOPOTOB.

Takxe NMEepCHeKTUBHOM OCTaeTCsl OLICHKA POJU IpU-
POIHBIX KOMIUIEKCOB 3alIOBEAHUKA B CHIDKCHUH HETaTHB-
HBIX 3P PEeKTOB, HAOIIOAAEMBIX P U3MECHEHUH KJINMATa,
3aKMCIICHUH HPUPOIHBIX CpeJl, CHIKECHMH HaJEXKHOCTH
9KOCHUCTEM.

Ecnu paccmarpuBathe ropHbIM ceBepo-BOCTOK Ilepm-
CKOTO Kpas, To cymectByromux kpynHsix OOIIT, 3nech
Bcero ABe: Bumiepckuil 3anoBeAHUK U OXpaHSIEMbIi JIaHI-
madt «KBapkym». CymectBytomas odmias moias OOIIT
(35,7%) B 3TOM paiioHe BIIOJHE COOTBETCTBYET Poccuii-
ckuM (17%) u mupoBeM (20-30%) HOpMaM TeppHUTOPH-
aIBHOM OXpaHbI MpUpoH [63]. B cirydae oTcyTCTBUSA/MHK-
Bumanuu Bumepckoro 3amoBenanka, oomas noist OOIIT
Ha CEBEpPO-BOCTOKE PErMOHA CHU3WJIAch OBl Z0 YpPOBHS
(6,7%). D10, Kak MHHUMYM, B 2,5-3 pa3a HWXE MUHHU-
MaJibHO Heobxoaumoro [63].

3aki0ueHue

JUns perieHus psfa Hay49HBIX M MPUKIIAJHBIX 337124 Cy-
IIECTBYEeT HEOOXOTUMOCTh Pa3pabOTKH METOAHWKH KOM-
IUIEKCHOM OIIEHKH MPHUPOAOOXPAHHOTO 3HAYEHHS JUIS OT-
nenpHo OOIIT.

0O030p MUPOBOH W OTEUECTBEHHOU IPUPOTIOOXPAHHON
MIPAaKTHKH, ¥ TEOPETHYECKHUX IPEICTaBICHUN IO3BOJISET
BBIJICTINTH 4 TPy OCHOBHBIX NIOKAa3aTeJeH, ONpeaeIsio-
XX TPUPOJOOXPAHHYIO LIEHHOCTb.

CoxpaHeHHe IPUPOTHBIX KOMIUIEKCOB, B OCHOBHOM pe-
anu3yeTcs 4epes3 KaTeropusanuio (U1 IpupoI00XpaHHbIX
3ajla4q) pETMOHOB B CHCTEMax IPHUPOJIHBIX (Ouoreorpadu-
YECKUX, OOTAaHMYECKUX, TOYBEHHBIX H Jp.) PalOHUPOBa-
HUil, pa3paboTaHHBIX KaK HA MHPOBOM, TaK U Ha POCCHIi-
CKOM ypOBHAX. IHOH NMOIX0[ 3aK/IH04AETCS B BbISBICHUU
U COXPAaHEHUH OTACNBHBIX IIEHHBIX, KaK MPABHJIO KpPYII-
HBIX, IPUPOJTHBIX 00BEKTOB, TPUPOIHBIX (PEHOMEHOB, KO-
CUCTEM.

Onenka Bkiaga OOIIT B ycTolfuMBOE CyILIECTBOBAaHUE
OMOJIOrNMYECKOro pasHO00pa3Hsl, Hallie BCero, pealn3yercs
Ha TIONYJISILIMOHHO-BUIOBOM M OHMOIIEHOTHYECKOM YpPOB-
Hsx. Jlnsg omenku pormm OOIIT B mogaepkaHuu MOMyJisi-
Ui, MOTYT OBITH MCIIONB30BAaHBl COBOKYITHBIC 3HAYCHHUS
obmero 6nopa3zHooOpasus, JTaHHbIE IO OT/IEITHHBIM X035~
CTBEHHO 3HAYMMBIM BHJIaM WJIM CBEJICHHS O MecTax oOuTa-
HUS PeAKUX M WCYE3aloNINX BUAOB, 3aHECEHHBIX B Kpac-
HBIE KHUTY PETHOHA, CTpaHbl, Mupa. PaboTa Ha ypoBHE co-
o01ecTB TpedyeT OoJee CII0KHOI MTOrOTOBKH, ITPEIBapH-
TENbHBIX UCCIIEA0BAaHUMH, BBISBIAIONNX PEIKHE U YSI3BU-
MBI€ TUITEI OMOLIEHO30B.

CoxpaHeHre a0MOTHYECKUX NPUPOJTHBIX KOMIIOHEHTOB
HEPEeIKO, OKa3bIBAETCS, CUIBHO 3aTPYAHEHO OTCYTCTBHEM
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KOHKPETHBIX CBEJIEHUH 0 MX pacnpocTpanennu. Hanbomnee
MEePCIIEKTUBHBIM TIpezacTaBisieTcs: oreHka pomu OOIIT B
COXpaHEHWH [ICHHBIX I'€0JIOTHYECKUX U TOYBEHHBIX 00BEK-
TOB. B oTHOmEHNN aTMOC(hephl, HA3EMHBIX U TTOA3EMHBIX
BOJHBIX OOBEKTOB, Ha MAHHBI MOMEHT, MEPCIEKTHBHA
pa3paboTka METOJMYECKOH OCHOBHI IO ONPEEICHUI0 MX
IPUPOJOOXPAHHON 3HAUUMOCTH.

Hanbonee oueBHOHOM XapaKTepHCTHUKOW BKJazna
OOIIT B noaaepkaHue IKOJIOTHUECKOTO PABHOBECHUS MBI
CUMTaeM JIaHHBIE O KpyroBopoTe BoJbl. B aToMm ciiyuae, 6a-
30BOM €JMHUIIEH OLEHKHU CTAHOBSATCS PEYHbIE OacceiHbl,
BOJIOCOOPBHL.

Jns muddepeHnHanuy pe3ynbTaToB OICHKH TIpeia-
raeTcs HCIOIb30BaTh 3 MPOCTPAHCTBEHHBIX YPOBHS: PETH-
OHAJBHBIM WM 30HANBHBIN, 00MIerocyapCcTBEHHBIN (Uit
KPYITHBIX CTpaH, HanpuMmep, Poccun), MEPOBOTA.

IIpenynaraemas MeToAMKa OLIEHKH HCIIONB3YeT CBee-
Hus 00 OOIIT, HakamIMBaeMbIe MOCPEACTBOM MHOTOJIET-
HUX HaOmoaeHui (3MYVY, (HoTONIOBYIIKH, MOHUTOPHHT CO-
CTOSIHMSI TIPUPOHBIX CPEJ) U MPOGHIbHBIC UCCIIEA0BAHUS
yuéHbIX. [ MX CpaBHEHUS C PETHOHAIBHBIMHU, 30HAJIb-
HBIMH, OOLIETOCYJaPCTBEHHBIMU CBEICHHSAMH, TaKKe
MPEATIoNaraeTcs MONb30BAThCS OTKPBHITHIMUA JTaHHBIMHU
MyOIMKyeMbIMHU, KaK OTACIBHBIMHA YIEHBIMH, HCCIICI0BA-
TENILCKMMHU KOJJIGKTHBAaMHM, TaK M OpPTraHaMu rocynap-
CTBEHHOI! BIACTH.

C¢hopMymupoBaHHBIM aNrOPUTM OIEHKH HPHUPOIO-
OXPaHHON 3HAYMMOCTH MPECTABIAETCS JOCTATOUHO YHH-
BepcajbHBIM. THUIIOBOM HAOOP HCTOYHHKOB MCXOIHOM HH-
dopManuu MO3BOJIIET PACIIUPHUTH ONBIT MOJ00HOM
oneHku Ha moOyto kpynHyto OOIIT co cpenHuM unu BbI-
COKHM YPOBHEM H3y4YEHHOCTH.

IIpennoxkeHHas MeToJMKa ONMpoOOBaHAa Ha MpUMepe
TOCY/IapCTBEHHOTO TPHPOIHOTO 3anoBeAHnKa «Bumep-
CKHI1», KOTOPBIM HAXOANUTCS Ha BOCTOYHOM Kparo EBporrsl,
Ha 3anagHoM ckiioHe CeBepHoro Ypana. AHaiu3 npupo-
JIOOXpaHHOW 3HAUMMOCTH 3all0BEIHNKA «Bumepckuii» mo-
KazaJl clieryloniee.

Ha pernonansHoM ypoBHe Buiiepckuii, 04eBUIHO, SIB-
nsercsa camoit meHHoi OOIIT B IlepmMckoM kpae o BceM
paccMaTpuUBaeMbIM ITIOKa3aTensaM. 3HA4MMOCTh Burep-
CKOTO 3allOBEJHMKA 3aMETHO IPEBBINIAET, aHATOTHYHBIC
nokaszarenn bacer (BTopoii 3alOBeIHHK PErHOHA) U, TEM
6onee, pernonanbubix OOIIT. Hanpumep, B rpaHuiax 3a-
MOBEJIHMKA OTMeUeHO 36% BCexX BHJIOB KUBOTHBIX H 12%
COCYIUCTBIX pacTeHui U 60% IUIIAallHUKOB, 3aHECEHHBIX
B pernoHaibHyo Kpacuyro kuury. IMomymsuum cobomns
eme coxpansiercsi B [lepmckom kpae, pakTHIECKH TOJIBKO
Onaronapst Bumepckomy 3amoBeHHKY. 37€Ch HAXOUTCS
2 necHBIX T€HETUYECKUX pe3epBaTa Keipa U 8 IIEHHBIX I'eo-
JIOTHYECKUX 00BEKTOB. HeCMOTps Ha OTHOCHTENBHO He-
Oonpmryto IwIomans BHyTpu IlepMckoro kpas, 3KOCH-
CTEeMBI 3aTI0BEHUKA UTPAIOT 3aMETHYIO POJIb B PETHOHATb-
HOM KPYTOBOPOTE BOJBI.

Ha poccuiickoM U €eBpOnEeiCKOM ypOBHE 3HaUEHUE 3a-
TIOBE/IHUKA TAKXKE IOCTATOYHO BeNnKo. BHyTpu cBOMX u-
3MKO-Teorpadyeckux M Ouoreorpaduueckux parioHOB
Bumepckuid, 1o miomaaun, 60JIbIe NoJIOBHHBI — IBYX Tpe-
teil ocranbHbIX OOIIT TOro »xe panra. 3mech pacmono-
JKeHa KIIIoYeBasi OpHUTOJIOrM4ecKkas Teppuropus. Oouraer
OTHOCUTEJIHO KpYIMHas I'PYNIUPOBKA AUKOIO CEBEPHOIO
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oJleHsl — OJHa M3 caMbIX FOkHBIX B Poccum u EBpome.
HawuGomnemias B EBporie rpynnupoBka eBponeickoro xapu-
yca TakXke CyILECTBYeT B BOJOTOKaxX 3anoBeHuka. Ha tep-
putopun Bumepckoro BoisiBieHo 14,1%, 22.8%, 21,6%
BCEX BUJIOB MJIEKOIIUTAIOLIMX, ITHI 1 MOX000pa3HbIX Poc-
cui, a Takke 6% oxpaHsIeMbIX JUIIaiHIKOB EBpOIEI.

Ha rmo6ansHOM ypoBHE Bumepckuii 3amoBeTHUK BBI-
MOJIHSET 3HAYUMYIO POJIb COXPAHEHUS MPUPOJHON Cpeabl
MPOBUHINK 3amagHo-EBpa3uiickoll TalTH, SKOpEermoHa
VYpalibcKuX rOpHOM TalTru U TYHIp, ONEpekas Mo IUIOIAu
70-80% 3amoBeIHWKOB, HAMOHANBHBIX M MPHUPOIHBIX
MapKOB, KPYMHBIX 3aKa3HUKOB. MUpoBas 3HAUUMOCTh 3a-
MOBEHHUKA 3aKJIF0YaeTCs B COXPAHEHNH 3HAUUTEIbHOMN Ya-
CTH F0’KHOTO OTpOra MaJOHApPYUIEHHOW JIECHOW TeppuUTo-
pUM, MEPHIUOHANBHO BBITAHYTOW BaoNb CeBepHOro H
[Mpunonsproro VYpana. Tpu Buma, obuTaromMx 37€Ch,
NIPU3HAHBI I100AJIBHO PEIKUMHU. JTO CEBEPHBIH OJICHB, OB-
CsSIHKa-peMe3, TallMEHb.

Bmecte ¢ TeM, aHaNM3 NPUPOJOOXPAHHOTO 3HAYECHUS
MOKa3aJl, 9YTO MMEETCs LEeNBIH psiI MoKasaTenel (penkue
9KOCHCTEMBI, LICHHBIE THAPOIOTHIECKHE OOBEKTHI, aTMO-
cepHbIe SBICHHS, KPYTOBOPOTHI XUMHYIECKUX HJIEMEHTOB
B 3KOCHCTEMax 3all0BEAHUKA U JIP.) U3YYEHHOCTh KOTOPBIX
TIOKa HE MO3BOJISICT OLICHMUBATH UX IMPEIMETHO.

Caenenust 00 aBTOPCKOM BKJIajie

II.LKO. CaHHMKOB — MOWCK M aHaJIU3 JaHHBIX, IOJr0-
TOBKA [IEPBOT0 BapUAHTa PYKOIIKMCHU, BEIYUTKA (PHHATBHOTO
BapHaHTa CTaTbU.

I1.H. baxapeB — ouck u aHau3 ()OHIOBBIX JaHHBIX 3a-
moBeqHNKa «BUIIepckuit», BEUUTKAa (HHAIEHOTO BapH-
aHTa CTaTbHH.
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Annoranusi. OgHuM U3 Haubosee 3 GEeKTUBHBIX METOAOB COXpaHEeHHs OMOPa3HO00pa3ys U MOIAEPIKaHUS HKOJIOTU-
YEeCKOT0 PaBHOBECHS SIBJISIETCSI OpraHn3alysi 0co00 0XpaHsIeMbIX IPUPOAHBIX TeppUTOpHA. OCOOEHHO ATO aKTyaIbHO IS
KPYIIHBIX TOPOJOB C HCTOPUYECKU CIOXKHUBIIMMCS MPOMBIIUICHHBIM YKJIOHOM DPa3BUTHS SKOHOMMKH, I/I€ 3a4acTyro
CHIILHO TpaHC(OPMHUPOBAHBI IIOYTH BCE KOMIIOHEHTHI IPUPOJIHOIT cpenbl. B cooO1eHn TpUBECHBI IaHHBIC O BBISBJICH-
HBIX [ICHHBIX IPUPOJHBIX OOBEKTAaX Ha TEPPUTOPUH JONKHEI p. bonbinas Morosunnxa. B pesynbrare npsiMBIX MOJIEBBIX
oOcnetoBaHui OOHAPY>KEHBI: IICHHBIH MOYBEHHBIH 00BEKT, MECTOHAXO0XKICHNS BUIOB PACTCHUH 1 )KUBOTHBIX, BKIIOYEH-
HbIX B Kpacuble kauru PO u [Tepmckoro kpas win npuioxeHus K HuM. Pekomenayercs opranuzanus OOIIT «MortoBu-
JMXUHCKHI», C TPUCBOCHUEM € KaTeTOPHU OXPaHAEMbIH JIaHIA()T MECTHOTO 3HAYCHUSL.
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Natural environment of the Bolshaya Motovilikha river valley
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Abstract. One of the most effective methods of preserving biodiversity and maintaining ecological balance is the
organization of protected areas. This is especially true for large cities with a historically industrial bias in economic de-
velopment, where almost all components of the natural environment are often greatly transformed. The message provides
data on identified valuable natural objects in the territory of the river valley. Big Motovilikha. As a result of direct field
surveys, the following were discovered: a valuable soil object, locations of plant and animal species included in the Red
lists of the Russian Federation and the Perm region or annexes to them. It is recommended to organize protected area
«Motovilikhinskiy» and assign it the category of a protected landscape of local importance.

Key words: protected areas, Perm city, ecosystem, balance, diversity, soil cover, vegetation, fauna, rare species.

© bysmakos C.A., Kysmmnckuit . A., [llectakos U.E., A6agynmanosa U.®., Kyuun JI.C., Mcakos /I.C., 2023
@)= |
23


https://doi.org/10.17072/2410-8553-2023-2-23-37
https://doi.org/10.17072/2410-8553-2023-2-23-37
https://doi.org/10.17072/2410-8553-2023-2-23-37
mailto:kleond@bk.ru

2023

Anthropogenic Transformation of Nature

Vol. 9. No. 2

For citation: Buzmakov, S., Kuvshinsky, I., Shestakov, 1., Abdulmanova, 1., Kuchin, L., Isakov, D., 2023. Natural
environment of the Bolshhaya Motovilikha river valley. Anthropogenic Transformation of Nature, 9(2). pp. 23-37.
https://doi.org/10.17072/2410-8553-2023-2-23-37 (in Russian)

Ha ceropHamHuil 1eHb aHTPOIIOICHHOE BO3JCHUCTBUE
Ha TPUPOJY IOCTHUIJIO KOJIOCCAIBHBIX pPa3MepoB, YTO
HEMHHYEMO TPUBOJNT KaK K MacIITaOHBIM TpaHC(hopMa-
IUSIM TIPUPOIHBIX KOMIUIEKCOB, TaK U K CTPEMHTEILHOMY
YXYALICHUIO COCTOSHUS OKpYyKaromei cpenbl. OcoOeHHO
OCTpPO JTaHHBIH BOIPOC CTOHUT B KPYIHBIX TOPOAAX C UCTO-
PHUYECKN CIOXKUBIINMCS MPOMBIIIJIEHHBIM YKJIOHOM pas3-
BUTHS SKOHOMUKH. [lepMb ABIISETCS SAPKUM HPENCTaBUTE-
JIeM MOJOOHBIX aryioMepanui, rae GopMupoBaHue TOpo-
CKOM cpeJibl MPOUCXOIUIIO TI0] CHIIBHBIM BIUSTHHEM J100bI-
BaloIlei U nepepadaThIBatoIeld MPOMbIIUIEHHOCTH. Teky-
1ast ¥ MMpoIIasi X03IUCTBEHHAs AEATEIBHOCTD MPEIIPHS-
THI roposia 00YCIIOBIIMBAET BBHICOKHI YPOBEHb HArpy3Ku
Ha OKPYXKaloIlyl0 Cpely, CWIIbHYIO TpanchopManuoo eé
MIPUPOJTHOI OCHOBBI, HE MO3BOJISET AOCTHYE TpeOyeMoro
Ka4ecTBa KU3HHU TOPOXKaH M 00ECIEUNTh COXpaHEHHE TIPH-
POIHBIX CHCTEM.

Co3nanne pa3BUTOM 1 HAYIHO 0OOCHOBAaHHOM CHCTEMBI
0c000 OXpaHSIEMBIX IPUPONHBIX TEPPUTOPUH (mamee
OOIIT) B ropoanax siBisiercst 3G HEeKTHBHBIM CIIOCOOOM CO-
XpaHCHHUA YHEJICBUINX €CTECTBEHHBIX DKOCUCTEM U TEXHO-
TeHHBIX TEPPUTOPUN MYHHIIMIIAIEHOTO 00pa30BaHMs, KO-
TOpBIE BaXKHBI KaK B 9KOJIOTHYECKOM IUIAHE, TaK U Mpel-
CTaBJISIIOT OCOOYIO LIEHHOCTb JUISi MECTHBIX JKHUTENeH B
MPUPOIOOXPAHHOM, KYJIbTYPHO-UCTOPHYECKOM, HAYIHOM
1 3CTETHYECKO-PEKPEALIOHHOM OTHOIICHNH. J{OHHBI Ma-
761X pek [lepmu SBISIOTCS OCHOBOM 3KOIOTHYECKOTO Kap-
Kaca ropojia, 3a4acTyi0 BBINOJHAS POJIb SKOJOTMYECKUX
KOPHIIOPOB MEXIy sIpamMu Kapkaca. Kak cienctsue Tpe-
OyroT K ce0e IMPUCTAIBHOTO BHUMAHUS M OXPaHbI C IIEIIbI0

CTa0MIIM3alK DKOJOTHUECKONH OOCTAaHOBKH B I'yCTOHAcCe-
JIEHHBIX paliOHAaX.

Lemp wncciemoBaHWs — MPOBEACHHE KOMIDICKCHOTO
HKOJIOTHYECKOTO O00CIEeIOBAHUS TEPPUTOPHUU TOIMHEI .
Bonpmas MoTtoBmwinxa n e€ nputoka p. Orapmmxa s
BbIsIBIIeHHsT nepcrnekTuB opranmsannu OOIIT mectHOTO
3HAYCHUS.

Marepuan u MeTOAUKA

Jlnist mpoBenieHHsT KOMIUIEKCHOTO 9KOJIOTUYECKOTo 00-
CIJIC/IOBaHUS TEPPUTOPHH ObliIa COCTaBJICHA ITpOrpaMma pa-
00T, KOTOpask BKiIIOYaja B ce0st cOop 1 aHaIH3 (POHITOBOTO
1 KapTorpaduieckoro Marepuana, onpeaesieHne 00beKTOB
HAOJIOICHUS], PEKOTHOCIIUPOBOYHOE M HATYPHOE 00CIe0-
BaHus Teppuropuu (puc. 1/ fig. 1).

Jis XapaKTepUCTHKH TTOYBEHHOTO MOKpOBa OBLIO 3a-
JIOXKEHO 5 TUIomaAoK. JJaHHBIE 0 PaCTUTEIHHOM MTOKPOBE U
¢ope moirydeHsI ¢ TpexX reo0O0TaHMYSCKUX MAapIIPYTOB,
MIPOIICHHBIX B IEPBO TIOJIOBUHE Mast M B CEPEIMHE HIOHS;
C JIByX re00OTaHMYECKUX MPOQHIICH, Ha KOTOPHIX 3all0-
eHo 17 mioImanok onucaHus pacTUTEIHOCTH; JOMOIHH-
TEJILHO OBUIM 3aJI0KEHBI elle 3 IUIOLIAKH OIIMCAHUS pac-
TUTEJIBHOCTH. [ €000TaHMYECKHE MCCIIEIOBaHUS IPOBE-
JIeHBI KIIacCUYeCKUMU Metoaamu [26, 31]. OpHuTtonornye-
CKHe JJaHHbIE MOJYYEHBI ¢ TpeX MapIIpyToB. B xone moie-
BBIX HCCJIEIOBAaHUI OTMeuanach CTENCHb U XapakTep aH-
TPOTMOTCHHOW TpaHCPOPMAIINU 0a30BBIX IKOCHUCTEM B CO-
OTBETCTBHH C METOTUKON IKOJIOTHYECKON OIEHKH COCTOSI-
Hust OOIIT pernonanbHoro 3HaueHus [4]. Kaxmoi BbIsB-
JICHHOH 3KOCHCcTEeME U €€ KOMITOHEHTaM IPUCBOCH OTIpeie-
néHHbIA Oamt gerpaganuu (ot 0 1o 5).
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Pe3yabTaTsl H HX 00CyXKIeHHE

Ilpupoonsvie xapakmepucmuku npoeKmupyemou
OOIIT. TlopaBnsromasi 9acTe 00CIETOBAaHHON TEPPUTO-
puu npuypoyeHa K fonuse p. bonsmas MoTtoBunuxa, nosu-
HOCTBIO PAaCHOJIOXKEHHON B aJMUHUCTPATUBHBIX I'PaHULAX
MotoBunuxuHCcKoro paiiona r. Ilepmu. Jlns sToro yuactka
XapakTepeH OYrpHUCTHII U MEIKO-TPSOBBIN penbed ¢ 1Iu-
POKMMHU TOJIOTUMH MEXAYPEUubs MM, MECTaMH H3pe3aH-
HBIMH HETJTyOOKHMH MOJIOABIMU OBparaMu.

Hapywennocms meppumopuu. 11odtu moBceMEeCTHO
Ha CKJIOHAX PEYHOH IOJIMHBI, @ HEPEIKO HEIIOCPEICTBEHHO
U B BOAOOXpaHHOM 30HE pp. bonbmas MortoBuiauxa u
Orapmrxa, pacToyaraloTcsi YacTHbIE JOMa C XO3SIHCTBEH-
HbIMM IOCTpOMKaMH U oropojamu. Uepes peky HpoJio-
YKEHO MHOKECTBO TPYOOIIPOBOIOB, HEOOIBIINX MOCTOBBIX
MIEPEeX0I0B ¥ aBTOMOOMIBHEIX OpomoB. Hepenko Berpeya-
I0TCS CTUXMIHBIE CBAJIKK OBITOBOTO Y CTPOMTEIBHOTO MY-
copa [10, 17].

B BepxoBsbe p. bonbmas MotoBumxa, HejaJleKko OT UC-
TOKa, pacmojaraercsi MukpopaiWon «lleHTpaibHas
ycanp0ay», CIOpTUBHAS JIBDKHAA 0a3a U caZoBbI€ YUacTKH,
BOKPYT' KOTOPBIX CO3aH OTHOCHUTEIHHO HEOOIBIION Kac-
Kax npynoB. [lmoTuHa mepBoro mpyaa pacrojiokeHa Ha
paccrosauu 400 M OT ucToka, a B 500 M HUXKE IO TEUEHUO
HaxXOAMTCS enIé oIuH, Oosiee KpyHbIH, npya. Ero mnoruna
nMeeT JUIMHY okoso 130 M, mupuHy 25 M U BBICOTY 5 M.
B Tene moTHHBI IPOIOKEHB! ABE OETOHHBIE TPYOBI IHa-
MerpoM 1,4 M. Hioke moTuHB BoJa U3 TpyO monajaaer Ha
OCTOHHYIO IUIMTY, KOTOpAasl CIIy)KHT TacHTEJIEeM SHEpPTUH
[IOTOKA ¥ IPETATCTBYET Pa3MbIBY OCHOBaHUS IJIOTHHEI [2].
JlaHHas MMTa U PYCII0o peKH HIKE M0 TEYCHUIO CUIIBHO 3a-
XJIaMJIEHBI OBITOBBIM M CTPOUTEIBHBIM MYCOPOM.

Ha neBom Gepery BTOporo Ipyjaa paHee pacrojaraics
CBUHOKOMIIIEKC. Ha MpoTsKeHN HECKOJIBKHX AeCsATHIIe-
THUI 3TO CENBCKOXO3SHCTBEHHOE IpPENNPHATHE SBILIIOCH
MOIIIHBIM UCTOYHUKOM OPTaHHYECKOTo 3arpsisHEHHs Ipyaa
u BepxHero TeueHuss p. bompmias MotoBunuxa [8, 9].
B nacrosiiee BpeMs X03sHCTBEHHbIE TOCTPOMKH OBIBIIETO
CBHHOKOMIUICKCA HMCIOJB3YIOTCS B Ka4eCTBE CKIAJCKHUX H
IIPOU3BO/ICTBEHHBIX KOPIYCOB PAIOM MPEANPUATHH 10
MIPOU3BOJICTBY cTpoimarepuainoB: kommanusa «IKO BE-
TOH»; OO0 «Jlec Cubupny; «ITomumep [Tepmby.

Y4acTok 0o0cieoBaHNs, PacTOIOKEHHbBIN B HU30BBSIX
p. bonbiras MoToBminxa, nmoaBepskeH emé Oonee CHIlb-
HOMY aHTPONIOT€HHOMY Bo3JieiicTBHIO. TyT peuHast 1oaMHa
OT MecTa cinusiHus pp. Yukynaiika, Orapiuxa v bonbmas
MotoBuimuxa u 10 rpanuy OOIT «MoTOBUIHXUHCKUN
IpyA» NPOXOAMUT MO TPAHUIAM CONPSDKEHUS! TyCTOHAce-
JNEHHBIX MUKpOpaioHoB T. [lepmu: Bucum; 3ampyn; Tux-
toBast Ctpenka. ['ycras yacTHast MaJlo3TakHasi 3aCTpoOiKa
10 CKJIOHaM OeperoB sIBISETCS MOIIHBIM HCTOYHHKOM 3a-
TPSA3HEHUH Pa3IMIHOTO THIMA. DTO OCIOXHAETCS emié |
TeM (haKTOM, YTO MHOTHE CTapble IOMOBIAACHUS TYT HE
MOJKJIIOUEHBI K [ICHTPAJIM30BAHHOM KaHAIN3alMOHHOH CU-
CcTeMe ropoja M He UMEIOT CBOMX JIOKAJBHBIX OYHCTHBIX
coopyxeHui. Takxke Takoe TECHOE COCEJCTBO C KUIBIMU
MacCHBaMU NPUBOJUT K JOCTATOYHO CUIBHOMY 3aXJamIe-
HUIO NPUPYCIOBON TEPPUTOPHH, a B pailoHe cTaporo «3a-
NIPYJCKOTO KJIaA0uIa» OTMEYaeTCsl MacCOBOE CTUXHHHOE
CKIIaIUpOBaHHUE MYCOpa.

Kpamkas xapakmepucmuka 2e0102u4ecko20 cmpoe-
Hua. Tepputopusi HCClEJOBAaHUN pacIojoKeHa Ha BO-
cTouHOW OkpamHe Bocrtouno-EBpomelickol miatdopmsi,

25

Pycckoit miiutel, Bonro-Ypanbckoit antukinssl. B BepTu-
KaJbHOM pa3pe3e BOCTOYHOIO KpbLIA aHTHKIIU3BI BBIIE-
JISIOT J1Ba CTPYKTYPHO-TEKTOHUYECKUX 3Taxa. Apxeicko-
HUKHENPOTEPO3OMCKUM 3Tax, SABISIIOIIMICA CKJIagq4aThIM
KPHUCTAJUTMUECKUM (pyHIaMEHTOM, 3aJieralolui Ha Iiyou-
Hax CBBIIIE 3 KM M HECOTJIACHO 3aJIeraloIluii Ha HEM BepX-
HETMPOTEPO30HCKUN-(PaHEPO3OMCKHIA 3TaXK, CIOKCHHBIN
MOpPOJaMH OCaJOYHOTO uexja, KOTOPBIM B CBOIO O4epenb
nojipasziensieTcss Ha pudeickuil 1 BepxHeBeHACKO-(aHe-
PO30MCKUI CTPYKTYPHBIE 3TAXKHU.

Tepputopuss Haxoaurcs B mnpegenax Ilepmckoro
CBOJIa — 3TO KPYyTHAasl aHTUKINHAJIbHASA CTPYKTYpPa, KOHCO-
JUINPOBABINASCSA B MOCIEPAHHENEPMCKYIO 30Xy M MpO-
cie)xnBaeMasi OT (PyHAaMEHTa Yepe3 BECh OCaIOYHBIN de-
xo11. Ha BceM CBOEM MPOTSIKEHUH CBOJ, COXPAHSET CEBEPO-
BOCTOYHOE NPOCTHPAHHE OCH, B OCAJOYHOM YEXJIE OTUET-
JIUBO BBIAEISIETCS B IEBOHCKUX M KAMEHHOYTOJIBHBIX OTJI0-
xeHusax. IIporsx€nnocts llepMckoro cBojga AOCTUraeT
200-250 xm [19, 20, 15].

OcatouHBIil Yexoll B Ipeseiax MoJIMroHa odcieaoBa-
HUs NIPE/ICTABIIEH OTJIOKEHUSIMH [1a1€0305 U KaliHo30s. Ha
MOBEPXHOCTH BBIXOAAT HOPOBI IEPMCKON CHCTEMBI, HUXK-
HEro otTena, y(QHUMCKOro sipyca, MICIIMHHCKOH CBHUTHI
(P1ss), KoTOpBIE IEPEKPHITHI MATIOMOIIHBIMHU OTI0KECHUSIMHU
geTBepTUYHOTO neproaa. [9, 8, 29, 30] EcrecTBeHHBIX 00-
Ha)XCHUH KOPEHHBIX MOPOJ] He 0OHAPYKEHO, HO B HI)KHEH
gacT pycna p. bompmas MoToBmimxa, B 60pTax CTHXHIA-
HBIX TPYHTOBBIX aBTOMOOMWIIBHBIX JIOPOT OOHAXKAIOTCS He-
6onpmmue no mourHocTH (0,3—0,5 M) BBIXOABI 3€1€HOBATO-
OypBIX MECUaHUKOB, C MPOCIOAMH KPACHOLBETHBIX apTHJI-
JIUTOB M QJIEBPOJIUTOB, YTO MOMKET CIYXXHUTh MPU3HAKOM
TOTO, YTO Ha oOciexyeMOol TEeppUTOPUU HAa MOBEPXHOCTU
pa3BuTa TOJIHKO HUKHENIeMMHUHCKas nojcButa (P1ssl).

UYeTBepTHUYHBIE OTJIOKEHHS MPEACTABICHBI KOMILIEK-
COM PBIXJIBIX KOHTHHEHTAIbHBIX 0CAJKOB, CPEIH KOTOPBIX
npeodsalaloT  aIIIOBHANBHBIE M NTOJMT'CHETHYECKHe, a
TaK)Ke TEXHOTCHHBIE 00pa3oBaHus (Pa3IMYHBIA HACHITHON
TPYHT, IeOCHB, TIECOK, I'aJlbKa, KPYITHOOOIOMOYHBIH CTPO-
WTENBbHBIN MaTepualn).

B nonune p. bonbmas MoToBuanxa reosioruuecKux,
MUHEPAJIOTHYECKUX M MaJICOHTOJIOTMYECKHX OOBEKTOB,
MPECTaBIISAIONNX cO00H 0cOOYI0 HAYYHYIO, KYJIbTYPHYIO
U 3CTETHYECKYIO IIEHHOCTh, HE BBISBIICHO.

Kpamkoe onucanue 2udponocuueckoii cemu. Pexa
Bonbmas MoTtoBunnxa OTHOCHTCS K MaibIM pekam [17]
U SIBJIIETCS IEBBIM NpUTOKOM p. Kama. JlnrHa BomoToKa —
8,5 kM, oOmras muomans Bogocbopa — 28 kM2, Ha Bcém
NPOTSHKEHUH MMeeT Hemupokyto (50—10 M B BepXOBbsIX 1
500 B HHM30BBSX), TIIyOOKO Bpe3aHHy0 noiuHy (10-15 M
BepxoBbsxX U 50-70 M B HU30BbsIX). [loiiMa ABYCTOPOHHSIS,
MOKPHITAsl JIyTOBOH PACTHUTEIBHOCTBIO M KYCTapHUKAMH,
pexe JecoM, B BEpXHEM TEYEHHUH MeCTaMH 3a00I04eHHAas
13-32 MHOTOYHUCIICHHBIX BBIXOJIOB TPYHTOBBIX BOJ B BHJIE
KIIIOYEil.

W3 pnecarka nputokoB p. bonbmas MoToBunuxa
TOJIBKO JBa SIBISIFOTCS OTHOCHUTENBHO KPYIHBIMH — 3TO
pexu Orapmnxa npoTsk€HHOCTh 4,9 kM U Manas MoTo-
BWJINXA NPOTSHKEHHOCTRIO 3,5 kM. O6e Bniagaror B p. boib-
1ryr0 MOTOBUIINXY B HIJKHEM €€ T€UEHUH Ha PacCTOSIHUU
OT ycTbsl B 2,6 KM U 1,3 KM, COOTBETCTBEHHO. Takxe B
BEepXHEM TeueHHM p. bonbmas MortoBunuxa pacrnonara-
©TCsI KacKaJl CTaphIX CHIBHO 3aWICHHBIX TPYIOB, Oepera
KOTOPBIX YACTHYHO 3aHSITHI YACTHOM 3aCTPOUKOIA.
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Ha 3anannoii rpanune ydyacTka oOciaeqoBaHMs pacio-
naraetcad OOIIT «MOTOBUNUXUHCKUIN TPYy1», THAPOJIOTHU-
YEeCKOEe M JKOJIOTHYECKOE PaBHOBECHE KOTOPOTO Hepas-
PBIBHO CBSI3aHHO C MpeirojiaraeMoidl K OpraHM3aliu
OOIIT «MOTOBUIUXUHCKUII.

Kpamkasa xapakmepucmuka noO48eHHO20 HOKPO6dA.
Honuna pexu bonpmas MotoBunnxa HaxoAUTCA B Ipeze-
nax T. IlepMu, KOTOPEIHA COTTacHO MOYBEHHO-Teorpaduie-
cKkoMy partorupoBanmio [33, 32] pacnonoxxeH B EBporeii-
cko-3ammagHo-CHuOnpCKoil TaeKHO-JIECHOH 00J1acTH B TIOJ-
30HE [IEPHOBO-TIOA30JIHCTHIX yMEPEHHO-TIPOMEP3aI0IINX
[I0YB FOKHOM Taiiru.

Bonbinyro yacte Tepputopun [lepmu (63%) cornacHo
cpemHeMaciitabHoi kapTe mous [lepmckoro kpas [32] 3a-
HUMAaJIU JISPHOBO-TIO/I30JIUCTHIE TI0YBBI, CHOPMHUPOBABIIH-
€csl Ha DIIIOBHAIBHO-ICTIOBUANBHBIX TJIMHAX U TSDKENBIX
cyrnuHKax. B neBoOepexxHol yactu [lepmu 1o KpyThIM
CKJIOHAM JTOJIH MEJIKHX PeK, JIOTOB M OBPAroB CPEeIr JAep-
HOBO-TIOI30JIMCTHIX TIOYB MTOBCEMECTHO BCTPEYAJIHCH ape-

aJbl CEPOr'yMYCOBBIX M TEMHOT'YMYCOBBIX (IEpHOBO-OY-
PBIX U IE€PHOBOKapOOHATHBIX) TIOYB HA 3JIFOBUH KOPEHHBIX
nopoa. B noiiMax MaibIx pek c()OpMUPOBAINCH AJIFOBH-
ajbHbIE OYBHI [25, 20, 11].

Tak kak yu4acTok 0OCIlieIOBaHUsI PACIIOJIOKEH B UepTe
rOposa, eCTECTBEHHbBIH MOYBEHHBII MOKPOB 3HAYUTEIHHO
OCJIO)KHEH aHTPOINOTECHHBIM BO3ICHCTBUEM, LEIHHHBIC
MOYBBI MPAaKTHIECKN OTCYTCTBYIOT, B OCHOBHOM BCTpEda-
I0TCS HAPYIICHHBIE 1 N3MECHEHHBIE.

Heprogo-noozonucmeie n08epXHOCMHO U 21yOOKO npe-
0bpazogaHHvle nougbl OB OOHAPY)KEHBI TOJBKO B BO-
CTOYHOM, CaMO# BBICOKOM, 4acTh 00CiielyeMOl TeppHUTO-
pun. J[aHHBIE MOYBBI 3aJI€Tal0T Ha BO3BBILIICHHBIX MO3U-
LUSAX U B BEPXHUX YACTAX MOJOTUX CKIOHOB 3aJICCHEHHOTO
Jiora, M0 KOTopoMy npotekaeT p. bonbmas MoToBumimxa
no wmukpopaiioHa «llentpanbnas ycagpba». Ilpodumnb
MIOYB COXPaHsIET YePThl €CTECTBEHHOI'O CTPOEHUS, OTUET-
JMBO BHIHBI SITIOBHANBHBIH M TEKCTYpHBIH TOPH3OHTHI
(puc. 2 / fig. 2).

Puc. 2. lepHOBO-110/130/1MCThIe MOBEPXHOCTHO (a) U ri1ydoko (b) npeodpa3oBaHHbIE MOYBHI;
npoduiib (¢) AJIIOBHAJLHBIX (MOHMEHHBIX) MOYB; IPOIUPOBAHHBIE MOYBBI CKJIOHOB (d, €)
U CEpOrymMycoBbIie OYBBI Ha JJIIOBHH nepMckux nopon (f).
Fig. 2. Soddy-podzolic superficially (a) and deeply (b) transformed soils; profile (c)
of alluvial (floodplain) soils; eroded soils of slopes (d, e) and gray humus soils on eluvium of Permian rocks (f)
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B mouBeHHOM OTHOIIIEHUU OCHOBHOH ()OH Ha 00CIIen0-
BaHHOW TEPPUTOPHH 331AI0T ALII06UATbHbIE (3aTIETAIOIIIEe
B TIOKME) U cepozymycogble (BCTPEIAIOINECs Ha CKIIOHAX )
nou6bl; a TAKXKE IIMPOKO PAcIIpOCTPAHEHBI Pa3HOOOPa3HbIE
mexHoeenHvle nosepxnocmmuvie obpazoeanus (TI10)
(puc. 2/ fig. 2).

B 3aBHCHMOCTH OT IOJIOKEHHS B penbede U TITyOnHbI
3ajieraHys BOJ MEHSETCS MOIIHOCTb OPraHOT'€HHOT'O TOpH-
30HTa U CTeNeHb TpaHC(HOPMALMKM OPTraHUKHU: Ha MOJTOI-
JICHHBIX Y4aCTKaX CEpOryMYyCOBBIN TOPU30HT OTJIEEH, Ma-
KYIIUNCS, TNTACTHIHBIHN, CBIPOH, OeCCTPYKTYpHBIH, TEMHO-
ceporo 1BeTa Ha Ooiee BRICOKMX mo3unusax AY mpuobpe-
TaeT XOPOIIO BEIPAKEHHYI0 KOMKOBAaTO-3€PHUCTYIO CTPYK-
Typy. OrneeHass MaTepHHCKas IOpoJa HEOJHOPOJHA IO
IpaHyJIOMETPHIECKOMY COCTaBY, HHOT/Ia BKIIFOUAET HOTpe-
OEHHbIC OPTaHOTEHHBIC TOPU30HTHI, B HIKHEH 9acTH Mpu-
oOpetaeT cepoBaro-rony0yto okpacky. Bonmsu 3actpoen-
HBIX YYaCTKOB I10 BCei MPOTsHKEHHOCTH npoduits momnaaa-
I0TCS yTUIH, OBITOBOI U CTPOUTENBHBIH MYCOD.

Ha ckioHax nOJMHBL, TOYBOOOPA3YIOIUMHI TOPOAAMU
SIBJISIFOTCSL ICJIFOBUM U 3JIFOBO-ZEIIIOBUN C BKIFOUEHHUEM aH-
TPOTIOT€HHBIX HACBHIITHBIX TPYHTOB Pa3IMYHOTO COCTaBa U
MOIIHOCTH. 37ech (POPMHUPYIOTCS c1abOpa3BHUTHIE CEPOTY-
MYCOBBIE TIOYBBI, B Pa3sHOM CTENEHH >POJUPOBAHHBIC
(puc. 2 / fig 2).

Cepozymycogbie TTIOUBBI Ha 3ITIOBHH BBIXOSIINX Ha TI0-
BEPXHOCTh KPaCHOIIBETHBIX mopo (puc. 2 / fig. 2) HeOob-
IIMMH y4acTKaMM BCTpEYaroTcsa Ha KPYTHIX CKJIOHAxX B 3a-
naJHOM YacTH paiioHa obcienoBanus. JJaHHbIE TOYBBI, 00-
pa30BaHHBIC Ha 3TIOBHU NIEPMCKUX INIMH, KOHTJIOMEPATOB,
TUIICOB U Ha JPEBHEAJUTIOBHANIBHBIX OTJIOXEHMSAX, BHE-
censl B Kpachyro kuury nous Ilepmckoro kpas [34].

Kpamkasa xapakmepucmuka pacmumensrocmu. Co-
IJacHo  OOTaHWKO-TeorpauyeckoMy PpaifoHHPOBaHHUIO

[Tepmckoro kpas nonuna p. bonemas MoToBuinxa pacro-
JOKeHa B paiOHE MIMPOKOIHCTBEHHO-EIOBO-TIMXTOBBIX
(nmoxraéxueix) nmecoB [27, 28]. CTtpykTypa JIeCOB 3TOTO
palioHa AOCTAaTOYHO ciloXHa. /|11 HUX XapaKTepHO COCy-
IIECTBOBaHNE OOpeaIbHBIX M HEMOPAJIbHBIX BUJIOB B JIpe-
BOCTOE W NpeolbiajaHne MOCIeHUX B MOJUIECKE U TPaBs-
HOM sipyce. HanbGonee pacnpocTpaHeHHBIMU B 3TOM pai-
OHE SBJISIOTCS IIHUPOKOJUCTBEHHO-XBOMHBIE JIeca, CPear
KOTOPBIX Yallle IpYyruX BCTPEYaloTCs TpaBsiHble. B momm-
Hax peK, B IPUTEPPACHBIX MOHM)KEHHSIX U B BOAOPA3AEIb-
HBIX JICTIPECCHSIX penbeda pa3BUTHI ONBXOBHIC W HBOBBIC
neca. JIoBoIbHO OOJBIINE TUIOIIAIH 3aHATH BRIPYOKaMH 1
BTOPHYHBIMH OEpE30BBIMH, OCHHOBBIMH, JIHIIOBBIMH U
CMEIIAaHHBIMH TpaBIHBIMH Jecamu [28]. Jlyra mpmypo-
YeHBI K TOWMaM peK, JOIHHAM MEJKUX pedek U PydbeB, K
CKJIOHAM W BEepIIMHAM YBaJIOB. YacTo Jryra UMEIOT aHTPO-
MIOTEHHOE TPOUCXOXKJeHHEe. Takoi reHesuc JIyros, B Iie-
JIOM, XapaKTepeH Ul BCeX PaBHUHHBIX paiioHOB IIpuka-
Mbsl. VICKITI0YeHHe COCTaBISIOT JIUIb MONMEHHBIE 3a1UB-
HbIE JIyTa, 00JIaaonre Hanboee BEICOKOH €CTECTBEHHON
MPOAYKTUBHOCTHIO [1].

Ha uccenyemoii Tepputopun OBUTH BBHISBICHBI CIIETY-
IOIIFEe OCHOBHBIC THITHI PACTUTEIBHBIX COOOIIECTB: Jieca
IIMPOKOJIMCTBCHHBIC, XBOWHO-ITUPOKOIMCTBEHHEBIE, CMe-
maHHele (16,4%); ToiiMEHHbIE HBHSKH U OJIbXOBO-UEPEMY-
xoBbIe seca (31,3%); myra novimenssie (19,1%), ayra cy-
X0J0TbHEIE (27,9%); METKOIICTBEHHBIH JIeC Ha TEXHOTCH-
HOM y4acTke (2,3%). OO1iasi TIomaas BHISIBICHHBIX ITy-
cThIpelt coctaBmia 3,4 ra wiu 2,9% OT Mmiomaamn mpoeKTr-
pyemoit OOIIT.

Pacnpenenenue pacTUTENBHBIX COOOIIECTB IO IPO-
¢uno «BocTouHbIi» B J0NMHE PEKW MOKAa3aHO Ha MpO-
¢une puc. 3 / fig. 3.

Bocrounbiii npo¢pus // Eastern profile
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Puc. 3. I'eodorannyecknii npo¢uib goannel p. b. MoroBuianxa «BocTouHbrii» *
Fig. 3. Geobotanical profile of the river valley B. Motovilikha «Eastern»*

* [Ipumeuanue: // Note:

Pacmumenvuvie cooougecmea: 1 — Jlunuax cuoimvegulil, 2 — Enogo-nunoswviil mpassnoii aec, 3 — CMeuanuvlil MenKonanopomHuKosablil
nec; 4 — Jlunnax yuyepbumoswiii, 5 — Cmpaycnuxo6o-magonzoso-kpanustoe, 6 — Cmapycuuxosoe, 7 — Enogo-1unosuiii nanopomuu-
Kosbili nec; 8 — Enoso-nunoswiii cneimvesuiii aec // Vegetation communities: 1 — Linden goutweed forest; 2 — Spruce-linden grass forest;
3 — Mixed small fern forest; 4 — Cicerbite linden forest; 5 — Shuttlecock fern -meadowsweet-nettle; 6 — Shuttlecock fern; 7 — Spruce-

linden fern forest; 8 — Spruce-linden goutweed forest.
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B HIKHEM TeueHHMH peKH pacTHUTEIbHBIE COOOIIeCcTBa
TpaHCOPMHUPOBAHBI B 3HAYUTEIBHO OOJIBILCH CTEIEHH,
4YeM B BEpXHEM TEUEHHHU. 31eCh PaCIIPOCTPAHEHBI IYTOBbIE

cooOIiecTBa, XapakTep paclpelesieHuss KOTOPBIX II0
npoduiIlo  TONMHBI PEKM NpEACTaBIeH Ha Tnpoduie
«3anaanbiity (puc. 4 / fig. 4)

3anagnsiii npoguias / Western profile
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Puc. 4. I'eoboTranuyeckuii npodguib 1oaunsl p. b. MoroBuianxa «3anagHpliny *
Fig. 4. Geobotanical profile of the river valley B. Motovilikha «Western»*

* [Ipumeuanue: // Note:

Pacmumensuvie coobwecmesa: 9 — 3naxoso-pasnompasgusiil 1ye; 10 — 3naxoso-pasnompasnusiil 1ye; 11 — CopHo-pyoepanvhas pacmu-
menvhocmu,; 12 — Kocmpeyoeutii iye; 13 — Bsazonucmuomason2oguiii nye; 14 — Uensak kpanuero-08ykucmounukoswll, 15 — Jleykucmou-
Hukoewlll 1ye; 16 — Jlepnucmoocoroswiii aye; 17 — Pasnompasno-cuvimveswiii 1ye // Vegetation communities: 9 — Grass-forb meadow;
10 — Grass-forb meadow; 11 — Segetal-ruderal vegetation, 12 — Brome meadow; 13 — Meadowsweet meadow,; 14 — Willow nettle-
grass forest; 15 — Large-grass meadow, 16 — Soddy sedge meadow; 17 — Forb goutweed meadow

BHe 3anoxeHHbIX npoduieii Takxke ObuT 00Cien0BaH
0JIbXOBO-YEPEMYXOBBII BA30JMCTHOTABOJITOBBIN MOMEH-
HBIN JieC, Pa3sHOTPABHBIN JIYT IOJ JIMHUEH JJIEKTpoIepe-
Jlad, PasHOTPABHBIH JIYT Ha OMYIIKE IIMPOKOJUCTBEHHO-
XBOMHOrO Jieca.

Ha mommurone o6cnenoBanus 3apukcupoBansl 240 Bu-
JIOB BBICIINX COCYIUCTBIX pacTeHUi 13 4 oT/1em0B: XBole-
Bugabie (Equisetophyta) — 6 Bumos, [lamropoTHHKOBUIHBIC
(Polypodiophyta) — 8 Bunos, ['onocemennsie (Pinophyta)
3 Buma, Ilokpeitocemennsie (Magnoliophyta)
223 Buga. Otnen ITokpeIToceMeHHBIE IPEICTaBICH IBYMS
knaccamu: OnnononbHbie (Liliopsida) — 40 Bunos, [IBy-
nmonbHbie (Magnoliopsida) — 183 Buga. 3adukcupoBaH-
HBIE€ BHJIBI IPEACTaBIAOT 61 ceMelicTBO, HanboIee MHO-
TOYMCIIEHHBI W3 KOTOPBIX AcTpoBbie (Asteraceae) —
23 Bunma, PozoBeie (Rosaceae) 22 Buma, 3naku
(Poaceae) — 18 Bumos, JlrotukoBeie (Ranunculaceae) —
15 Bunos, bo6osrie (Fabaceae) — 13 Bunos, ['Bo3auunbIC
(Caryophyllaceae) 12 Bugos, [I'yborserHsle
(Lamiaceae) — 10 BuzoB.

Ha nccnenyemoii TeppuTopun BBISIBICHB MECTOOONTA-
HUSI TPEX PEIKHX BHIOB PACTEHWH: STPHILHUK MY>KCKOH
(Orchis mascula); mobka naBynuctHas (Platanthera
bifolia); manp4aTOKOPEHHUK MSCO-KpacHbIN (Dactylorhiza
incarnata). TlepBoiii Bun 3aHecéH B Kpacubie kauru Poc-
cuiickoit @eneparun u [lepmckoro kpas [22, 23, 34], nBa
nocieqHux Buia 3aHeceHsl B Ilpunosxenue KpacHoit
kHUrY [TepMcKoro Kpasi, Kak BH[IbI, HY)KAAIOIINUECS B 0CO-
00M BHMMaHUH K UX COCTOSIHUIO B IPUPOAHOH cpene. [22].

28

bosnbias yacte oxpaHsieMbIX BUJOB pacTEHUM, Ipou3pac-
TaroT B BEPXOBbAX peku bosbinas MoroBuimxa.

Kpamkue ceéedenusn o sxcusomnom mupe. B padorax
MIPEIIECTBEHHUKOB 10 00CIIeI0BaHUIO JOJIMHEI p. boib-
1rast MOTOBMIIMXA BBISBIISUIIOCH JI0 25 BUAOB MIICKOTIHTAIO-
mwmx [5] u o 10 BumoB puIo [2].

B pamkax pabor 1mo o0ciieoBaHHIO MPOEKTHPYEMOM
OOIIT Ob11 TpOBENEH YIET OPHUTOGAYHBI METOJOM JIH-
HEWHBIX MapIIpyTOB.

[IpoBenéuusrit yu€r opHuTOoayHBl BRIIBMI 62 BHIA
nTul. JIOMUHUPYIOIIMMHU BHIAMU OTHI B JIOJMHE PEKU
Bonbiras MoroBuiuxa SIBISOTCS: psOUHHUK (Turdus
pilaris), 6enobposuk (Turdus iliacus), 3apsuka (Erithacus
rubecula), nenouka-secunuka (Phylloscopus trochilus),
3eneHass neHouka (Phylloscopus trochiloide), 3516mmk
(Fringilla coelebs). st momuubl pekn Orapuiuxa J0MHU-
HUPYIOIUMH BUAAMU BO BPEMS JIETHETO CE30HA SIBISIIOTCA:
psiounnuk (Turdus pilaris), 6enodposux (Turdus iliacus),
YEepHOTOJIOBBIN 4ekaH (Saxicola rubicola), cepast cnaBka
(Sylvia communis), aeuesuna (Carpodacus erythrinus).

Ha uccrnenyemoii Teppuropun OblT BbIsIBIEH (puc. 5 /
fig 5) penxwit Bump nrun: kameimauna (Gallinula
chloropus), xoTopsliii 3aHeced B [Ipmioxkenue k Kpacuoit
kuure Ilepmckoro kpas [22]. JlaHHbIM BUA 00HapyXeH B
BEepXOBbAX p. bonbias MoToBmwinxa Ha Ipyly MUKpopai-
oHa «lleHTpanpHas ycanpba». YUUTHIBas HMEIONIHECS
(baKThl pa3MHOXKEHHSI KaMBIIIHUIIBI Ha TEPPUTOPHU BOJI-
HBIX 00BEKTOB TOpoaa Ilepmu, BeposiTeH (GakT THE3I0BA-
HUS Ha JaHHOM TEpPUTOPHUH.
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Puc. 5. Kampimiauna (Gallinula chloropus)
Fig. 5. Common moorhen (Gallinula chloropus)

Kpatkue cBegenust o jecHom ¢onae. B rpanuns
npoektupyemoit OOIIT BXOAAT 4acTH JIECHBIX KBapTa-
70B 4, 5, 10 MOTOBHITMXHHCKOTO YYaCTKOBOTO JISCHUYE-
cTBa, [lepmckoro ropoackoro gecHuyectna. [IpoekTupy-
emas OOIIT HaxonuTcs B rpaHumax BeraenoB 1-11, 13—

Dulsman Moy an®

17,19, 20, 22-25 xBaprana 4; BeigenoB 1,2, 4,7, 1215,
18, 19, 26, 28, 29, 31, 34, 35 kBaprana 5; BeigenoB 1-3,
11 xBaprana 10. I'paanis! npoextupyemoit OOIIT oTHO-
CHUTENBHO JIECHBIX KBapTaJIOB OTpPaXCHHI Ha puc. 6 /

fig. 6.

Yenosubie o6osnauenus // Legend

Ksapranet necaudectsa // Forestry districts

T'pannier npoektupyemoit QOIIT //
Boundaries of the designed protected area

[ 1]

Puc. 6. Kapra necHbIX KBapTa10B MOTOBHJIMXHHCKOT0 Y4aCTKOBOI0 JIeCHHYECTBa,
CONPSKEHHBIX ¢ MpoexkTHpyemoii OOIIT
Fig. 6. Map of forest blocks of the Motovilikhinsky district forestry adjacent
to the designed protected area

Kpamkasa xapakmepucmuka 0CHOGHBIX IKOCUCHIEM
npoexmupyemoit OOIIT. B rpannnax nonurona oocieno-
BaHUS BBISIBIICHO 5 OCHOBHBIX THUIIOB IKOCHCTEM.

Jleca 3anmumaror 16,4% mmomamM MPOEKTHPYEeMOU
OOIIT. PacmpocTtpaHeHbl B BEpXHEW YacCTH JIOJHHBI
p- bonwsmas MoroBunuxa. [IpeacraBieHbl THTHYHBIMU 30-
HAJIBHBIMU [THPOKOJIHUCTBECHHBIMH (JIMITHAK CHBITBEBBIH,
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JUMHSAK IHOEPOUTOBBIN), XBOHHO-ITUPOKOIMNCTBEHHBIMHU
(eIOBO-TMTIOBEIC MATIOPOTHHKOBBIC, CHBITHEBBIC, IIHIICP-
OUTOBBIE), CMENIAHHBIMU (CMEIIaHHBIH METKOTAOPOTHHU-
KOBBIN) JICCHBIMH COOOIIeCTBaMU. JIECHBIE 3KOCHCTEMBI,
B IIEJIOM, XapaKTEepPHU3YIOTCs, KaK ciaaboerpa upoBaHHbIC
U HYXKIAIOTCI B  PETYJIHNPOBAHUU  pEKPEarmoHHON
Harpy3KH, 3aIpeTe MOTOTpHaa.
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Ha kparo omymku y rpaHuIbl XBOWHO-IIUPOKOJIUCT-
BEHHOI'O Jieca OTMEUYEH STPBILUHHUK MYXCKod (Orchis
mascula), 3anecennbiid B KpacHsie kauru Poccuiickoit ®e-
nepaumu u Ilepmckoro kpas u IJ0OKa JBYJIHCTHas
(Platanthera bifolia), 3anecennas B [Ipunoxenune k Kpac-
Hoii kuure Ilepmckoro kpas. JItoOka IByTHCTHas OTMe-
YEeHa TAaK)Ke B CMEIIAHHOM JIECY.

[lolimeHHBIE HBHSAKY U OJIbXOBO-YEPEMYXOBBIE JIeca 3a-
HuMaroT 31,3% Ttepputopun. PacnpocTpaneHs! B cpeHen
U HIDKHEH 9acTHW JONUHBI PEKU. SIBISIOTCS TUNHIHBIMU
JKOCHCTEeMaMu il JoiuH pek Ilepmckoro xpas. Ha o6-
CllelyeMOl TepPUTOPHU XapaKTEepHU3YIOTCsl, Kak cliaboje-
rpaJMpOBaHHEIE.

Ha o0neceHHBIX y4acTKaxX CKJIOHOB C(OPMHUPOBAIHCH
CYXOZO0JIbHBIE (371aKOBO-Pa3HOTPaBHbIE, KOCTPELIOBBIE, pa3-
HOTPaBHO-CHBITHEBBIC) JIyra. B moiime pexu bosbias Mo-
TOBWJIMXA PACIOJIOKEHbI KOpPEHHbIe NONMEHHbIEe Jyra (Bs-
30JIMCTHOTABOJITOBBIE, TBYKHCTOYHHKOBBIE, JAEPHHCTOOCO-
KOBBI€, CTPayCHHUKOBBIE, CTPAY CHIKOBO-TABOJITOBO-KPAITHB-
Hble). B MOWMEHHBIX Jyrax NMpoOM3pacTacT 3aHECCHHBIN B
[punoxenue k Kpacnoit kaure [lepmckoro kpas najip4aro-
KOpEHHHUK Msico-KpacHbIi (Dactylorhiza incarnata). Jlyro-
Bble coobiecTBa 3aHuMarT 47,1% tepputopun. Cyxo-
JTOJIbHBIC JIyTa MOIBEPIKCHBI HANOOJBIICH aHTPOITOTCHHO

Harpy3Kke M XapakTepu3yloTcs, KaKk CpelHe- U CHIIbHOJIC-
rpajiupoBaHHbIE. Y POBEHb IETPaAalliy TOHMEHHBIX JIyTOB
BapbUpYET OT OYEHB CIa00ro 0 CPEeTHEro.

YacTb TeppUTOPUN HAXOUTCS B CYKIIECCHOHHOM CTaIN
MEJIKOJIICTBEHHBIX JIECOB U aHTPOIIOT€HHBIX ITyCTBIPEii.

Ha ckioHax JOMMHBI pEKU MOJ JMHUEHN 31eKTponepe-
aq (hopMHUPYETCsT METKOTUCTBEHHBIN Jiec. DKOCHCTEMOIt
3aHATO 2,3% miomanu. OCHOBY coo0IecTBa GOPMHUPYIOT
ocuHa (Populus tremula), Oepe3a moBucnas (Betula
pendula), aepemyxa oObIkHOBeHHas (Padus avium), uBa
Ko3bs (Salix caprea), manuHa oOBIKHOBeHHast (Rubus
idaeus), oOpa3yrolIye J0CTaTOYHO T'YCThIC 3aPOCITH.

AHTPONOTr€HHBIMHU MYCTHIPSIMH 3aHSTO 2,9% obcneny-
emoii reppuropuu. I1ycTeipu npenctaBisoT coboi Hanbo-
nee nerpagupoBanHbie skocuctembl OOIIT.

HawnGonee 1eHHBIMH 5KOCHCTEMaMU HMPOEKTUPYEMOM
OOIIT sBustoTCst JecHBIE COOOIIECTBA BCEX THUIIOB,
a TaKKe MoiiMeHHbIe coobiecTBa. VX IIeHHOCTh 00yCII0B-
JIeHa THUOMYHOCTBIO AJSI 30HAJIBHOM MOJOCHI, OTHOCH-
TEJILHO XOpOULIeH COXPaHHOCTHIO U OTMEUCHHBIMH Ha HUX
MecTaMH OOMTaHUS OXPaHIEMBIX BUIOB PACTCHUH.

Pacmionoxenne 0co00 LEHHBIX M HYXIAIOUIUXCA B
OXpaHe BUJIOB PACTCHUIl U PACTUTEIbHBIX COOOLIECTB HA
teppuropuu npoextupyemoit OOIIT npencraBneHo Ha
puc. 7/ fig. 7.
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YcaosHbie ob6o3Havennd // Legend
I:l Tpanuupl npoextapyemoi QOTIT //
Boundaries of the designed protected arca
Buasr w3 Kpacuoii kunru // Species from the Red Book
o Platanthera bifolia (L.) Rich.
Dactylorhiza incarnaia (L.) Soo
Orchis mascula (L.) L.
Coobwecrsa, Hyaamuecs B crporoi oxpane // Communities in need
of strict protection
Jleca UPOKONUCTBEHHBIE, XBOHHO-1IUPOKOIUCTBCHHbLE

M CMEIIAHHBIE /1

Broad-leaved, coniferous-deciduous and mixed forests

o
o

Jlyra molimennbre //
Floodplain meadows

TlotiMeHHbBIE HBHAKH W OJTBXOBO-IEPEMYXOBEIE Teca //
Floodplain willows and alder-cherry forests

Puc. 7. Oco60 neHHbIe H Hy:KIaI0IIHeC B CTPOroi 0XpaHe pacTUTelbHbIe coodmecTBa npoekrupyemoii OOIIT
Fig. 7. Particularly valuable and in need of strict protection plant communities of the designed protected area

Ouyenka cospemennozo cocmoanusn u eéxnaoa OOIIT
6 nOOOepICcane IKOI0ZUYECKO20 aNaAnCaA OKPYIHCAIOWUX
meppumopuii. OLieHKa KauecTBa OKPYKarolei cpe/ibl Kak
MecTa OOMTaHUS OCYIIECTBISUIach B mporpamme InVest.
OcCHOBaHUEM JUTS OICHKH CITY)KHIIA 0a30BbIe 3KOCHCTEMBI
MPUTOIHBIC JUII OOWTAaHWS JKUBOTHBIX: Jieca, JIyra H
npyasl. [Tocie 4ero BELACISITUCH OCHOBHBIE 00JIACTH YTPO3
JUI MECT OOMTaHUs — TaKUe Kak JOPOTH W 31aHus. B pe-
3yJNbTaTe aBTOMATHYECKOH 00paboOTKU (opMHUpoOBaIach
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kapta (puc. 8 / fig. 8), mokaspIBaroas OTHOCHUTEIbHBIN
YpOBEHb KadyecTBa Cpeibl OOMTaHHsI HA MPOEKTUPYEMOM
OOIIT. Bonee BrICOKHE YHCIa YKa3bIBAIOT HA JIydIlee Ka-
YEeCTBO CpeAbl OOMTaHUS IO CPAaBHEHHUIO C pacmperesie-
HHEM KauyecTBa Cpelbl OOMTaHMS 1O OCTAIBHOW YacTh
narmmadra. Yyactku naHmmadTa, He SBISIOIINAECS Cpe-
JIOW 0OMTaHUS, TIOJIYYalOT OICHKY KadecTBa 0. DTa oleHKa
KadyecTBa Oe3pasMepHa UM HE OTHOCHTCS K KaKOMY-ITHOO
KOHKPETHOMY IOKa3areiro ouopasnoodpasus [40].
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YcnoeHble 0602HaveHus // Legend

|:] Mpoektnpyeman OOMNT //
Designed protected area

KauectBo cpepabl obutaHus //
Habitat quality

_1

Puc. 8. Kapra nnjnekca kadecTBa cpe/ibl 00NTaHHUS NMOJUTOHA 00CJI€I0BAHUS H OKPECTHOCTEH
Fig. 8. Habitat quality index map of the survey site and surrounding area

Hama onenka nokasana, uto npoexrupyemas OOIIT
obmamaer BeicoknM (0,5 n Goree) KoahPHUIIMEHTOM Kade-
cTBa cpeapl obutanus. Hanbonee npuroaneie, B KauecTse
cpenbl oouranus, yyactku OOIIT HaxonITCsl B BEPXOBBSIX
pexu bonpmas Motosunuxa. Teppuropust mpoeKkTHupye-
MOT0 OXPaHJIeMOro JaHAmadTa, HAXOIMIIAsICS B HU30BBIX
pexu bonbiias MoTtoBuinxa, MEHEe IPUTO/IHA B KAUECTBE
Cpelsl O0MTaHUsI, TOCKOJIbKY 00JIee 3aCTPOCHA U YaIlle UC-
MIOJIB3YETCS HACENEHUEM IS PEKpeartu.

Jlnst onienky 3amaca yriepoja B rpanuniax OOIIT npu-
MeHsuTach rporpamma InVest. J{ist topor u 3qaHuii Ko3g-
(UIMeHT 3amaca yriepoja CUMTaJCs PaBHbIM HyJto. J{ist
JIECOB, PACHOJIOKEHHBIX B TPaHUIAX IPOEKTUPYEMOH
OOIIT ucnonp30BanOCh CpeHEe 3HaUCHUE 3amaca yrie-
pona juist stecoB [lepmu paBHbIH 55 T/ra, A7 JIyroB 3amac
6bL1 Hbke— 10 1/ra [36].

B pesynprare 00pabOTKM AaHHBIX ObUIA IOJy4eHa
Kapra 3arnacos yriepona (puc. 9/ fig. 9) B kax oM nukcesne
[40]. Kak BugHO HamOOJBIINM 3aIlacoM yriepoja ooiia-
JIAF0T 3KOCUCTEMBI, PACTIOJIOKEHHBIE B BEPXOBBSIX p. boib-
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mrasg MoToBuiIMxa. 3TO CBSI3aHHO € TEM, YTO HA 37€ECh Mpe-
obiasaer apeBecHas pacTUTENbHOCTh. Ha  ydacTkax
OOIIT, pacnonoxeHHbIX B HU30BbsIX p. bonbmas Moto-
BMJIMXa, a Takxke B JoiauHe peku Orapinmxa, 3amac yrie-
pozaa Hke. ITO 0OBSICHIETCS TEM, YTO 37IeCh B OOJIbIIEH
CTENEHU paclpOCTPaHEHA TPABSIHUCTAs PACTUTEIBHOCTB,
KOTOpas B HU30BBIX pp. boipmas Mortosminxa u Orap-
IIMXa [0JIBEP>KEHA BBITAITHIBAHHIO.

OnHOM 13 Mpo0IeM KPYIHBIX TOPOJIOB sIBJsieTcst Gop-
MHpPOBaHHE «OCTpPOBa TEIUIa» Ha MX TeppuUTropuu. B pe-
3yJbTaTe yBEJIMUEHHS KOJINYECTBA a3p030JIeH MO TeIlIo-
BBIM KYIIOJIOM TIOBBIIIAIOTCS CPEIHETONOBBIC TEMIIEepa-
TypBI BO3[lyXa, yBEIUYMBAETCS UCIIAPEHHE, CHUIKAETCA 110-
CTYIUIEHUE NPSMOM CONHEYHOH paauallid, B pe3ysbTaTe
YEro MOBBIIIAETCS KOJIMYECTBO OcaakoB. POpMHpOBaHUE
OOIIT ¢ necHBIME MacCHBaMH ITO3BOJISIET CHU3UTH AP deKT
ropojckoro «ocrposa teria» [24]. CocrosiHue TeMiepa-
TypHOTro 0ajaHca HaMHU OLIEHHBAJIOCh HA OCHOBE TepMallb-
Horo cHUMKa 3a 14.06.2023 T., TOIy9eHHOTO CO CIyTHHKA
Landsat 8 (puc. 10/ fig. 10).
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Puc. 9. Kapra pacnpesesieHus 3anacoB yrjiepoaa moJjuroHa odcjiaea0BaHust
Fig. 9. Carbon stock distribution map of the survey site

YcnoBHele 0603HaueHun // Legend

I:, MpoekTupyeman OONT //
Designed protected area

Temnepatypa, rpagycel uenscus //
Temperature, degrees Celsius

Puc. 10. TepmanbHblii cHUMOK paiioHa ucciaegoBaHus (TepMaabHblil kanaa Landsat 8, 14.06.2023)
Fig. 10. Thermal image of the survey area (thermal band of Landsat 8 from 14.06.2023)
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CorJiacHO 3TUM JaHHBIM, HanOOJIee BEICOKOW TeMITepaTy-
pOii XapaKTepU3yIOTCs 3aHMs U JOPOTH, IPAHUYAILHE C IIPO-
extupyemoit OOIIT; HanMeHbIIIel TeMIepaTypoit — Jieca.

Pesynbrarel onenku cocrosHus OOIIT, mpupomHbIX
KOMITOHEHTOB M 0230BbIX YKOCUCTEM IPE/ICTABIICHBI B TA0-

mure 1/ table 1. Ctenens nerpaganuy OTASIBHBIX KOMITO-
HeHToB mpoekTupyemoir OOIIT BapsupyeT oT cirabone-
rpajipOBaHHOTO JI0 OY€Hb CHIIbHOJACTPAJUPOBAHHOTO.
O01ee IKOJIOTHIECKOE COCTOSHUE TEPPUTOPHH OLICHUBA-
eTCsl, KaK CpeHEICrpaUPOBAHHOE.

Tabuuma 1
JKoyornyeckas oueHkKa cocrossuus npoekrupyemoii OOIT
Table 1
Environmental assessment of the state of the designed protected area
TTnomans // .
Arca Ouenka cocrosinust // Condition assessment
Bazosrie sxocucrems! // Basic ecosystems a/ Homnst Pacturens- Houss: | Dxocucrema // | OOIT //
ha / Hocrb / / // Soils Ecosystem PA
Share Vegetation
Jleca cmerianHble, UPOKOIUCTBEHHBIE U XBOWHO-
nmpokosucTBeHHbie // Mixed, deciduous and 19,1 0,164 2 2 2 2
coniferous-deciduous forests
TloiiMeHHBIC UBHSKH M OJIbXOBO-UEPEMYXOBBIC Jieca //
Floodplain willow and alder forests 366 | 0313 2 ! 2 17
Jlyra nmoiimennsle // Floodplain meadows 223 | 0,191 1 2 2 1,7
Jlyra cyxononbubie // Dry meadows 32,6 | 0,279 2 2 4 2,7
MenkonuCcTBEHHBIH JIec Ha TEXHOTEHHOM Y4acTKe / 2.6 0.023 3 4 3 33
Small-leaved forest on a technogenic site
Ilycreipu // Sandlot 3.4 0,029 5 5 5 5
Amnaumyoa (min-max) // Amplitude (min-max) 1-5 1-5 2-5 1,7-5,0
Cpenne3BenieHHas oneHka / Weighted average score 1,9 2,6 3 2,7

BriBOBI

IIpoBenénnass sKkonorudeckas OLEHKAa COCTOSIHUS
HIPUPOJHON cpebl NoiauHbl peku bonbmas MoroBunmnxa
ITOKa3aja, 4YTo IKOCHCTEMBI B pailoHe HIKHETO TeUEHUS
p. bonpmas MotoBunuxa Hambojee HapymleHbl. Brl-
3BaHO 3TO, B MEPBYIO OYepeab, TECHBIM COCEJCTBOM C
YaCTHOM MaJlodTakKHOU 3aCTpOiKOH, X03HCTBEHHON Je-
SITEIBHOCTBIO B MPOLLIOM, & TAK)KE 3aXJIAMICHHEM IpH-
PYCIOBOH 30HBI U IOBBIIIEHHOW PEKPEALMOHHON HATPY3-
Koil. Teppuropuu, NpuypoUYE€HHbIE K BEPXOBbIO p. boub-
mwoil MOTOBMIMXU XapaKTEpHU3YIOTCS MEHbLIEH cTene-
HBIO JIETpajlalliy, Tak Kak paHee ObUIM B MEHBLICH CTe-
IIEHU 3aTPOHYThl XO35UCTBEHHOU NIE€ATEIBbHOCTBIO YEJIO-
BEKa, a M3-3a CBOENl YNaJIEHHOCTM U OTHOCUTEIbHOU
TPYAHOJOCTYITHOCTH CeHYac MCIBITHIBAIOT HA ce0e MEHb-
IIyI0 PEeKpealnoHHyl Harpy3ky. Ho m3-3a mocraTouHo
OYpHOTO MaJOATAXKHOTO CTPOUTEIBCTBA B MUKpOpaioHe
«3anpyAcKuid Jec», M, B LEIOM, BAOIL JIsSA0BCKOTO
TpakTa, CUTyalusl C aHTPOIIOTeHHOM Harpy3Koi B BEpXo-
BbSIX JIOJIUHEI p. bonbiias MoToBUIMXa MOXKET PE3KO U3-
MEHUTBCS] B HETaTUBHYIO CTOPOHY.

OCHOBHBIMH ITOYBaMHU A0ONHHEI p. bonbmas MoTtosu-
JUXa SIBJISIOTCS aJUIIOBHAJIbHBIE IIOYBBI, 3ajJerarollue B
Io¥iMe B KOMILIEKCE C CEPOI'yMYCOBBIMH ITOYBAMH, BCTPE-
YaOIIUMHCS Ha CKJIOHaX. Takke B TIOYBEHHOM ITOKPOBE,
0COOEHHO B HWKHEM TEUCHHWHU PEKH, BBIIBICHBI Pa3HO00-
pa3Hble TEXHOTEHHbIE IOBEPXHOCTHBIE 00pa30BaHUS.
B xozxe moneBbIx m3pickaHMi Ha mpoektupyemoit OOIIT
ObUT OOHAPYXKEH IICHHBIA TIOYBEHHBIH OOBEKT: Ceporymy-
COBBIE ITOYBBI HA 3JIIOBUU KPACHOLBETHBIX NOPOA. [laHHbIE
MOYBBI, 00pa30BaHHbIC Ha JJIOBUH NEPMCKHX TIJIMH, KOH-
IJIOMEpaToB, TUIICOB U Ha JPEBHEAJIIOBUAIIBHBIX OTIONKE-
HUsX, BHeceHb!l B KpacHyto kaury nous [lepmckoro kpas).

PacturensHOCTE 00CneIyeMOH TEPPUTOPUH THUIIMYHA
Juisi 0O0TaHMKO-reorpaduueckoro paiioHa UIMPOKOJIMCT-
BEHHO-EJIOBO-MTUXTOBBIX (MonTa&KkHbIX) JecoB. Ha mpoek-
tupyemoii OOIIT, 3adukcupoBansl 240 BHIOB BBICIIHX
COCYJIMCTBIX PacTeHHi. 3a mepuoj oOcie0BaHus Ha HC-
cienyeMol TeppuTOpur ObUIM BBISBIEHBI PEIKHUE BUJIBI
pacTeHHit: ATPBIHUK MYXKCKoH (Orchis mascula), 3aHe-
céunblii B Kpacuble kHuru Poccuiickoit ®epepanuu u
ITepmckoro kpas; a Takke JO0Ka  JIBYJIHMCTHAs
(Platanthera bifolia) Rich.) 1 mampU4aTOKOPEHHUK MSCO-
kpacHusbiii (Dactylorhiza incarnata). bonpiast 9acTe oxpa-
HSEMBIX BH/IOB PACTCHUIl MpPOM3pacTaeT B BEPXOBBIX P.
Bonbias Morosunuxa. [Ipu yBenuueHUN aHTPOIIOI€HHOM
Harpy3KH CYIIECTBYET PHUCK YHHYTOXXCHHS MeCTOOOuTa-
HUSI 9TUX BUJIOB.

[MpoBenéuuelit yuér opHutodayHsl BbIsABHI 62 BHIA
ntun,. OauH u3 HUX BHec€H B [lpunoxenue xk KpacHoit
kaure [lepmckoro kpas — xkameimuauna (Gallinula
chloropus). Jlaunblil B 0OHapy»XeH Ha IPYyIy B BEpPXO-
BbsIX p. bonbias MortoBunuxa.

[Ipunanue nonune pexu bonpmas MotoBuinxa cra-
tyca OOIIT ¢ COOTBETCTBYIOUINM PEXUMOM 0CO00i
OXpaHbl HEOOXOMMO ISl HOPMAJIBHOTO (DYHKIIMOHUPOBA-
HUS 9KOJOTHYECKOTO KapKaca ropoja, obecredeHus co-
XPaHHOCTH MTOYBEHHBIX, ()ayHUCTHIECKHUX M (QIIOPUCTHIEC-
CKHX O0BEKTOB MPHUPOJIBI, COXPAHEHUs OMOpPa3HOOOPa3Ms
BOJHOW ¥ OKOJIOBOJHOM (hayHBbI BOCTOYHOH OKOHEYHOCTH
r. [Tepmu. Opraamzanus OOIIT B nonune Bonpmoi Mo-
TOBWJINXH MO3BOJIUT OOECTIEYNTHh COXPAHEHHE JIECHBIX
9KOCHUCTEM. DTO OyJIeT CIOCOOCTBOBATD YIIyUIICHHIO Ka-
YecTBa BO3AyXa B JKWIBIX MAacCHBaxX 3a CYET CHIDKCHHS
MOCTYIUIEHUH 3arpsA3HSIOIINX BEIECTB OT MOTOKOB aBTO-
TPAaHCIOPTA, JBIKYLIMXCS MO BOCTOYHOMY 00X01y
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r. [lepmun. Opranmszauus OOIIT Taxke nmomosker nzode-
KaTh pOCTa PEKPEallMOHHON HAarpy3KH 3a cYET €€ HOpMHU-
poBaHwusl.

Kpome TOro, skocucTeMbl JOJMHBI PEKH OOecredu-
BalOT HKOJOTUYECKOE PABHOBECHE 3HAYMTEIBHOW 4YacTh
BojiocOopHOTro Oacceiina u Hikenexameir OOIIT «Moro-
BIWJINXUHCKHH TIPYI».

B cBsI31 C BBIIIEH3II0KEHHBIM PEKOMEHAYETCS] OPTaHH-
3amust OOIIT «MOTOBMIIMXWHCKHI) C TMPHUCBOCHUEM €M
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Estimate of air quality in valleys of Yegoshikha river and Danilikha river

Olga Klochikhina
Perm State University, Perm, Russia
olgasilphy@gmail.com

Abstract. The quality of air is the main issue that humankind faces every day. It is an essential aspect of health of the
population. The objectives of this research are to determine what pollutants are the most significant and what sources of
pollution are the greatest emitter in Perm.

Data for this study comes from national net of measurements of air pollution of Rosgridromet and researches of air
quality in different areas of Perm. There has been quantitative analysis of results of measurements that was hold close to
valleys of minor rivers Danilikha and Yegoshikha in this study since 2016 to 2022. Air quality was estimated by compar-
ing measurements of concentration of chemical substances with established hygienic standards.

The analyzed data show that the main pollutants in air of Perm are Formaldehyde, Nitrogen Dioxide, Phenol and
Ethylbenzene. Exceedances of maximum one-time concentrations of all significant pollutants were identified. Exceed-
ances of daily mean concentrations of formaldehyde were observed during all the period of study. A possible explanation
for presence of pollutants might be that burning of fossil fuels by transport and by fuel power industry, by impact of
mechanical engineering plants.

The results of this study indicate that the national net of measurements is non-effective and does not give enough
information for estimation of air quality in Perm. We need to measure more pollutants, and to have more monitoring sites
to determine the air quality and the impact of transport or industry or other sources of air pollution on human health.

Key words: atmospheric air, sources of air pollution, pollutants, hygienic standards, transport, national net of meas-
urements

For citation: Klochikhina, O., 2023. Estimate of air quality in valleys of Yegoshikha river and Danilikha river. 4n-
thropogenic Transformation of Nature, 9(2), pp. 38—54. https://doi.org/10.17072/2410-8553-2023-2-38-54 (in English)
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YK 504.3.054
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Ouenka kayecTBa aTMOC(EPHOro BO3AyXa B 101uHe pexku Erommuxa u nojaune pexkn Jannnnxa

Oabra Cepreesna Kinounxuna
[lepmckuii rocy1apcTBEHHBIN HaLlMOHAJIBHBIN HCCie10BaTeIbCKUM yHUBEpCUTeT, [lepmb, Poccus
olgasilphy@gmail.com

AHHOTanusi. ATMoc(hepHbIit BO3IyX — KIII0YeBasi COCTABIISIONIAst )KU3HH Ha 3emiie. 3arps3HeHne aTMoc(epHoro Bo3-
Jtyxa — OCHOBHasl mpo0iiemMa, ¢ KOTOPOH CTaJIKMBAeTCs YEIOBEYECTBO MO BceMy Mupy. KauecTBo aTMocdepHOro Bo3ayxa
B TOpOJIax ABJISIETCS BaXKHOW COCTaBIIAIONIEH 310pOBbs HaceneHud. [lo nanHsiM BecemupHoit opranuszanuuy 31paBooxpa-
HeHus 91% MHUPOBOTO HaceJeHNs IPOXKMBAET B paifoHax, I'7le YPOBEHb 3arPA3HEHUS MIPEBBIIIAET JOITyCTUMBIC 3HAYCHHS.
ITo nanneiM Pocrunpomera B 40 ropogax Poccuiickoit denepanuy ypoBeHb 3arpsi3HEHUS BO3AyXa XapaKTepU3yeTcs Kak
BBICOKUI U OYEHb BBICOKUII.

OcHOBHas 1LIesTb HCCIIeIOBAaHMSI ONIPEAEINTh Hanboee 3HaYNMbIe U ONIACHBIE 3arpsI3HSIONINE BEIECTBa, IPUCYTCTBY-
1omye B Bo3yxe I'. [lepMb, a Takxke BBISIBUTH HICTOYHUKH, KOTOPBIE BHOCSAT HaHOOJBIIMK BKJIA/l B 3arpsi3HEHNE BO3/1yXa.
B craTbe OblIM IpoaHann3npoOBaHbl JTaHHBIE, OJTYYEHHBIE B PE3yJIbTaTe HaOMIOAEHUH Ha TIOCTaX TOCYJapCTBEHHOM CeTH
HaOmonenuit Pornapomera, 3a 2016-2020 rr. Taxoke ObUTH UCIIOIB30BaHbI Pe3yIbTAThl OLIEHKH KayecTBa aTMOC(HEpHOTo
BO3/yXa B Pa3NMUYHBIX paiioHax T. [lepmb. [l omeHKM KauecTBa BO3AyXa OBUIM BRIOpaHBI ITOCTHI HAOMIOACHNH, paco-
JIararoIuecs BOJIM3H JOJIUH MAJIbIX PEK, B CBSA3H C TEM, TOHIKEHHBIE (POPMBI peiibeda CIIoCOOCTBYIOT HAKOIUJICHHIO pa3-
JUYHBIX IpUMecei B aTMocepHOM Bo3ayxe. KagecTBo Bo3ayxa OBLIO OIICHEHO IIyTEM CPaBHEHUS MOTyYSHHBIX Pe3yIlb-
TaTOB U3MEPEHUH CO 3HAYCHUAMH JEHCTBYIOINX THTHEHNIECKUX HOPMAaTHBOB.

© Klochikhina O., 2023
(o) EX
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PesynbTaThl aHANN3a JaHHBIX OKA3aJIM, YTO 3HAYNMBIMY 3arPs3HAIONIMME BeIIeCTBaMH B I'. [lepMb sBistoTCs: op-
MalbJerui, a30Ta IMOKCH, HeHO 1 STHIIOEH3011. B Teuenue Bcero nepuosia HabIr0JeH!H ObIIIH BBISIBICHBI IPEBBIICHASA
MaKCHMAJIbHBIX Pa30BBIX KOHLICHTPALUH YKa3aHHBIX BBIIIE 3arpsA3HIOIINX BEIIECTB, a TAKKE IPEBBIICHUS CPEIHECYTO-
YHBIX KOHIICHTpanuii popmansaeruga. [IpucyrcTBue a3ora AHOKCHAA, GOpMabIETHIa U 3TIIOCH30a B aTMOCc(hepHOM
BO3JlyXe Iopojia OOBICHIETCS 3HAUUTEIbHBIMHI BHIOPOCAMU OT CXKUI'AHUSI OPraHUYECKOT0 TOIUIUBA (TPAaHCIIOPT, TEMJIoBast
sHepreTuka). UTo MoATBEpIKAAIOT paHee MPOBEACHHBIE HccienoBanus. [IpucyTcTBrie ¢eHona B Bo3ayxe 0OBSICHICTCS
OJIM30CTHIO MPEANPHUATHI MAITHHOCTPOUTEIHHOTO KOMIUIEKCA K TIOCTaM HaOIIOIeHUH.

Pesynbrathl nccienoBanus BHISIBUIM He3()(PEKTUBHOCTH rOCYyIapCTBEHHOM CeTH HaONIONEHHUH, HEJJOCTATOYHOCTh
MOCTOB HAOJIO/ICHUH 3a 3arpsi3sHeHHneM atMocdepsl B T. [lepMb. B craThe mogyepkuBaeTcs HEOOXOJUMOCTh pacuIupe-
HUSI CeTH HaONIONEHUH M yBEIMYCHHE KOJIMYECTBA M3MEPSEMBIX 3arps3HIOIMX BEIIECTB ISl OOBEKTHBHOM OLIEHKH
Ka4ecTBa aTMOC(EpHOTo BO3yXa B I. [lepMb 1 OlIeHKH BO3ACHCTBHS Pa3IMYHBIX HCTOYHHKOB BEIO POCOB Ha 37J0POBBE
HaceJeHHs.

KnroueBbie c10Ba: aTMOc(epHBIi BO3IyXa, HCTOYHUKH BEIOPOCOB, 3arpsA3HSIOIINE BEIECTBA, THTHEHHIECKHE HOP-
MAaTHBEL, aBTOTPAHCIIOPT, TOCYyJapCTBEHHAS CETh HAOIIOACHHI

s nurupoBanusi: Krouuxuna O.C. OneHKa KadecTBa Bo3ayxa B nonuHax pek Erommxa u JJanmnmxa // AHTporo-
TeHHas TpaHchopmMarus npupoaHoii cpeapl. 2023. T. 9. Ne 2. C. 38-54. https://doi.org/10.17072/2410-8553-2023-2-38-54

Introduction residential quarters and low dispersion in the atmospheric

The air pollution is the vital issue that humankind faces  air [8]. Main pollutants that are emitted by transport are
every day. The quality of air is an essential aspect of health  nitrogen oxides, sulfur dioxide, carbon, carbon oxide,
of the population. formaldehyde, hydrocarbons. Also transport are sources of

According to World Health Organization (WHO) particulate matters that presented by dust from fretting and
report 91% of all population lives in places where level of  attrition of tires [14].
air pollution exceeds established standards. 4.2 million of The monitoring of air quality is the main area of activity
death are result of negative effect of polluted air (2020).  of Federal services for Hydrometeorology and Environ-
According to Rosgidromet final report about activity in  mental Monitoring (2020). The most important guidance
2019 and agenda of 2020, the level of air pollution is  document regulated all part of environmental monitoring is
estimated as ‘very high’ or ‘the highest’ in 40 Russian = Manual of air pollution monitoring (RD 52.04.189-91) that
cities with 13,5 million of population (2020). is published in 1991.

The air quality in city depend on many aspects, which System of measurements was created to reduce
are topographic features, features of buildings, prevailing  negative impact of air pollution on human health [25]. The
wind direction and speed, microclimate features, national net consists of 7 monitoring sites, which are
demographic, industrial and traffic load [26]. located in six different areas of Perm close to main traffic

Evolution of level of air pollution happen by influence  routes and industrial hubs [25]. It is significant dis-
of many factors, which are volume of emission, charac- advantage.
teristics of sources of emission, their location in the There is little quantitative analysis of measurements of
territory of the city, features of building, physico- the concentration of pollutants during the period from 2016
geographical conditions of the city, presence of river, to 2022 in this study. Results of measurements from
prevail meteorological conditions [25]. Topographic featu-  monitoring sites located in valleys of minor rivers are
res, especially presence of low forms of relief (cloughs, analyzed during the study. Conditions which facilitate
valleys of minor rivers) and significant level variations, accumulating of pollutants are formed in valleys of minor
influence on accumulation of pollutants in atmospheric air  rivers due to microclimate features, which are connected

[6, 24]. with level variations.

The major emitters in the city are industrial facilities, Minor rivers cover huge distances and cross over
power plants, waste water treatment facilities and all kinds  residential areas of Perm. The most of valley of Yego-
of transport [4, 27]. shikha river passes through multistoried Motovilihinsky

Industrial plants of different sectors are located in Perm.  and Sverdlovsky areas of Perm. The river is crossed by
Composition of pollution of industrial plants is specific and north dam, middle dam, south dam and Chkalova
combined by pollutants with different level of potential —motorway. There is Bulvar Gagarina motorway of a
danger for the environment and for the human health. For  substantial length along the mouth of the river at a
example, mechanical engineering plants are sources of distance of 0.17-1.02 km.

sulfur dioxide, phenol, metal oxides, such as diiron trioxide, There is territory of industrial area “Yuzni” which is
titanium dioxide, magnesium oxide, aluminium oxide, located 5.4 km to the west form the mouth of Yegoshikha
cupric oxide, chromium [16]. Oil refineries are sources of (JSC «UEC-Aviadvigatel», OJSC «Proton — Perm

hydrogen sulphide, hydrocarbons, mercaptans, some acids ~ Motors», JSC «Remos — Perm Motors», JSC «Reductor —
and aldehydes [14]. Plants of building sectors are sources of ~ Perm Motors», JSC «kELKAM ArtEfficial Lift»). Several

particulate matters and organic compositions [14]. garages, stores, car service and petrol stations are located
Sharp growth of car park, rise of vehicle density, cluster  in the valley of the Yegoshikha river.
of vehicles on main roads and its crossings, lead to growth Valley of Danilikha river passes through multistoried

of volume of emission in the city [4]. Key features of = Dzershinsky and Sverdlovsky areas of Perm. The river is
mobile sources of air pollution are location of exhaust stack  crossed by Chkalova and Shosse Kosmonavtov motor-
of vehicle on the level of human breathing, closeness to ~ ways. There is railway of a substantial length along the
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mouth of the river at a distance of 0.2—1.00 km. The Geroev
Hasana and Vasilya Vasilyeva motorways also length
along the mouth of the Dahilikha river.

There is territory of industrial area “Yuzni” between
Kuibysheva and Geroev Hasana streets which is located
5.4 km from the mouth of Danilikha (JSC «UEC — Perm
Engines»). There is territory of LLC «Prikamskaya
gipsovaya companyay which is located 8.7 km from mouth
of Danilikha river. Several garages, stores, car service and
petrol stations are located in the valley of the Danilikha river.

Materials and Methods

Air quality in valleys of minor rivers (Danilikha and
Yegoshikha) in Perm was estimated by results of
measurements which were conducted in monitoring
stations included into the national net of measurements of
Rosgidromet on the territory of Perm region.

According to National standard 17.2.3.01-86 «Nature
protection. Atmosphere. Air Quality Control Regulations
for Populated Areas» number of monitoring stations is

determined depending on population. 10-20 monitoring
stations are needed for estimation of air quality in cities
with 1 million of population.

There are 7 monitoring stations for measurements of air
quality in 6 areas of Perm. Air quality monitoring station
#12 is located at Kachkanarskaya st., 45, the station #13 is
located at Uralskaya st., 91; the station #14 is located at
L.Shatrova st., 1; the station #16 is located at Pushkina st.,
112; the station #17 is located at crossroad of Glinka st. and
Sviyazeva st; the station #18 is located at Pobedy st., 41;
the station #20 is located at Krupskoi st., 83B. All
monitoring stations are located close to main traffic routes
and industrial hubs.

Data from air quality monitoring stations #14 and 20
which are located at Shatrova st, 1 and Krupskoi st., 83B
was used to estimate air quality in valley of Yegoshikha
river. Data from air quality monitoring station #16 which
is located at Pushkina st, 112 was used to estimate air
quality in valley of Danilikha river (Fig. 1 / Puc. 1).

?Y

Fig. 1. Location of air quality stations
Puc. 1. PacnoJioxkeHHe CTaHIMIT KOHTPOJISI Ka4yecTBa BO3AyXa

Air sampling on the level of human breathing is pro-
ceeded during the measurements of air quality in monitor-
ing stations. After that maximum one-time and daily mean
concentrations of pollutants are determined in the air.

According to interstate standard GOST 17.2.3.01-86
(2005) measurements are conducted daily by continuous
registration and discretely through equal periods of time
minimum four times a day at 01, 07, 13 and 19 local time.
It lets us get information about maximum one-time and

40

daily mean concentrations of pollutants. Annual mean con-
centrations of pollutants are calculated.

The list of measured pollutants in air quality monitoring
stations includes 24 items. The list of pollutants with their
classes of hazard and values of maximum permissible con-
centrations is presented on Table 1 / Ta6nuna 1. Classes of
hazard and values of maximum permissible concentrations
are established in Sanitary Rules and Regulations
1.2.3685-21 “Hygienic Standards and Demands to Security
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Support and (or) Harmlessness for Human Health of Hab-
itat Factors” (2021).

The greatest share from all volume of measurements of
emission goes to highly hazardous and moderately hazard-
ous substances. It is around 38 % for both groups. Com-
pared with these two groups of substances share of meas-
urements of enormously hazardous substances is less and
it is 17%. The most significant share of measurements is
conducted for criteria pollutants, such as nitrogen dioxide,

nitrogen oxide, sulfur dioxide, carbon monoxide and par-
ticulate matter.

There are pollutants which are carcinogenic to humans
(Groups 1 and A) and probably carcinogenic to humans
(Groups 2B and B1) in the list. Information about risk in-
dex of carcinogenic effects of measured pollutants accord-
ing to IARC Monographs on the Identification of Carcino-
genic Hazards to Humans and Risk Assessment for Car-
cinogenic Effects is presented in Table 2 / Tabauna 2.

Table 1
The list of measured pollutants
Tab6muma 1
Ilepeyens 3arpsi3HAIONIUX BelIECTB, 0 KOTOPBIM OCYLIECTBJIAIOTCS Hadaoaenus Ha [TH3
Pollutant // 3aepszusowee seuwgecmeo Class of | Value of one- | Value of daily IZZMIZ;? :1]; ZZ‘
hazard // | time MPC, mean MPC, MPC. me/m? //
Code | CAS number // pecu- Kuace | mg/m?// 3ua- | mg/m?// 3na- |5 &
koo | CMPayuonbiLL HOMED Name // naumenosanue onacno- | venue IIK | uenue IIK radenue
c4s cmu w.p., me/m? c.c, me/m? MK c2,
Mm.p., -G 3
me/m
1 2 3 4 5 6 7
0123 1309-37-1 Iron(IlT)oxide // muXKene3o Tpuokcum 3 - 0,04 -
0133 7440-43-9 Cadmium(IT)oxide // Kagmuii okcna 1 - 0,0003 -
0143 B HM;Inganese // MapraHen ¥ ero coeJiHe- 5 0.01 0,001 0.00005
0146 1317-38-0 Cupric oxide / Menp oxcna 2 - 0,002 0,00002
0163 7440-02-0 Nickel // Huxenb u ero coenuHeHus 2 - 0,001 0,00005
0184 7439-92-1 Lead // CBuHen u ero HeOpraHUIeCKue 1 0,001 0.0003 0.00015
COEIMHEHHUS
0203 18540-29-91 Chromium // Xpom 1 - 0,0015 0,000008
0207 1314-13-2 Zinc oxide // IluHK OKCH]T 3 - 0,05 0,035
0301 10102-44-0 Nitrogen dioxide // A3oTta quokcun 3 0,2 0,1 0,04
0303 7664-41-7 Ammonia // AMMuak 4 0,2 0,1 0,04
0304 10102-43-9 Nitrogen oxide // Azota (II) okcng 3 0,4 - 0,06
0316 7647-01-0 Hydrogen chloride // Tuapoxiopun 2 0,2 0,1 0,02
0330 7446-09-5 Sulfur dioxide // Cepa auokcun 3 0,5 0,05 -
0333 7783-06-4 Hydrogen sulfide // Jurnnpocynsun 2 0,008 - 0,002
0337 630-08-0 Carbon monoxide // Yriepona okcun 4 5,0 3,0 3,0
0342 7664-39-3 Hydrogen fluoride // ®dTopuctsie razo- ) 0.02 0.014 0.005
00pa3HbIe COCTUHECHUS
0602 71-43-2 Benzene // benson 2 0,3 0,06 0,005
0616 1330-20-7 Xylene // Kcumombt 3 0,2 - 0,1
0621 108-88-3 Toluene // Tomyon 3 0,6 - 0,4
0627 100-41-4 Ethylbenzene // DTun6enson 3 0,02 - 0,04
0703 50-32-8 Benzo[a]pyrene // ben3(a)mupen 1 - 0,000001 0,000001
1071 108-95-2 Hydroxybenzene // 'nnpoxcuben3on 5 0.01 0,006 0,003
(Denom)
1325 50-00-0 Formaldehyde // ®opmanbaerun 2 0,05 0,01 0,003
2002 i Particulate matter // B3BemeHHsie Be- 3 0.5 0.15 0.075
1eCTBa
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Table 2
Information about risk index of carcinogenic effects of measured pollutants
Tabnuma 2

CBelIeHl/Iﬂ 0 NMOKa3aTeJAX OMMACHOCTH PAa3BUTUA KAHIHCPOTCHHBIX 3(1)(1)€KTOB

Pollutant // 3aepsazusowee sewgecmeo CAS number // pe- Classification // Knaccucjn;icaq;m —
- anitary Rules
/SZZS Name // naumenoganue Zuirgiizugggbm 5\//11,15511/3/ U.S.EPA and Reg’gt}tlations
// CanlluH
1 2 3 4 5 6
0123 | Tron(IMM)oxide // nnXKene3o Tpuokcu 1309-37-1 3 — -
0133 | Cadmium(Il)oxide // Kagmuit oxcup 7440-43-9 1 Bl +
0143 | Manganese // Maprasen i €ro COeJHHEHUS - - D —
0146 | Cupric oxide // Mexnp okcuz 1317-38-0 - — -
0163 | Nickel / Hukens 1 ero coeiMHEHHS 7440-02-0 2B A +
0184 Lead // CBuHen 1 ero HEOPraHMIECKUE CO- 7439-92-1 B B2 .
CANHEHHS
0203 | Chromium // Xpom 18540-29-91 1 A +
0207 | Zinc oxide // LluHk oKcH 1314-13-2 - - -
0301 | Nitrogen dioxide // A3oTa grokcug 10102-44-0 - — —
0303 | Ammonia // AMMuax 7664-41-7 - — —
0304 | Nitrogen oxide // Azota (II) okcun 10102-43-9 - — —
0316 | Hydrogen chloride // Tugpoxmopun 7647-01-0 3 — —
0330 | Sulfur dioxide // Cepa nuokcun 7446-09-5 3 — —
0333 | Hydrogen sulfide // Jurnnpocynsun 7783-06-4 - — —
0337 | Carbon monoxide // Yriepona okcup 630-08-0 - — —
0342 Hydrogen fluoride / ®Topuctsie razoodpas- 7664-39-3 B B B
HbIC COC/IMHCHHS

0602 | Benzene // benzon 71-43-2 1 A +
0616 | Xylene // Kcumomnst 1330-20-7 3 — —
0621 | Toluene // Tomyon 108-88-3 3 — —
0627 | Benzo[a]pyrene // ben3(a)mupen 100-41-4 2B D -
0703 Eg/;i)roxybenzene /I Tuapokcudenzon (de- 50-32-8 1 A .
1071 | Formaldehyde // ®opmanbaerun 108-95-2 3 D -
1325 | Particulate matter // B3emeHHbIe BemecTBa 50-00-0 1 B1 +
2902 | Particulate matter // TBepble 4acTHIIBI - - - -

Thus, measurements of air quality in the monitoring
stations are conducted 4 times a day during the week days
for 24 pollutants. The greatest share from all volume of
measurements goes to highly hazardous and moderately
hazardous substances (79.5%). Maximum one-time and
daily mean concentrations of pollutants are determined in
the air during the measurements. The results of measure-
ments of air quality during the period 2013-2020 are pub-
lished on the web-site “Nature of Perm”. The results of
measurements on monitoring station #14, 20 and 16 have
been used during the study.

Results

The results of measurements on monitoring station #14
that is located to the west of the valley of Yegoshikha at
the distance of 0.99 km and monitoring station #20 that is
located to the east of valley of Yegoshikha at the distance
of 1 km have been used to estimate air quality in the valley
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of Yegoshikha river. The results of measurements on mon-
itoring station #16 that is located to the north-east of valley
of Danilikha at the distance of 0.06 km have been used to
estimate air quality in the valley of Danilikha river.

There is little quantitative analysis of regular measure-
ments of the concentration of pollutants during the period
from 2016 to 2022 in this study.

Maximum one-time and daily mean concentrations
have been determined at monitoring stations during the pe-
riod 2016-2022. The daily mean concentrations have been
determined for following substances: iron (III) oxide, cad-
mium (IT) oxide, manganese, cupric oxide, nickel, lead,
zinc oxide, chromium.

The number of exceedances of concentrations of pollu-
tants, that has been discovered during the measurements on
air quality monitoring stations #14, 16 and 20, according to
data about quality of atmospheric air in Perm (2016-2022)
is presented in Table 3 / TaOnwuma 3.
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The number of exceedances of concentrations of pollutants (AQS Nel4, AQS Nel6, AQS Ne20)

during the period of 20162022

Table 3

Tabmuma 3
O01ree yncs10 NpeBbIIIEHU HA OCTaX HAOIIOAeHU 3a 3arpsi3HeHNeM aTMocdephl
(ITH3 Nel4, ITH3 Ne20, ITH3 Ne16) 3a 20162022
The number of exceedances of maximum one-time concentrations // Obuee uucio npegvliuenull MaKCUMATbHLIX PA306bIX KOHYEHMpayuL
Pollutants // 3aepazusaowue sewjecmeaa
AQS Nel4 // [TH3 Nel4 AQS Nel6 // ITH3 Nel6 AQS Ne20 // ITH3 Ne20)
S S S
Code © ~ oo > S ~ o~ S © ~ % x S ~ N S © ~ o o S ~ N S
# / Name // Haumenosanue S| S S S S 8 N & N S S S S Q Q O N N I N N S IS T I
Ko@ N N N N N N N ~ N N N N N N N ~ N N N N N N N ~
R R R
1 0123 | Iron(II)oxide // muXKene3o Tprokcun 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0133 | Cadmium(Il)oxide // Kagmuii okcuz 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 | 0143 HM;r;gﬂa"ese // Mapraew st ero coemt- | | 0 0 0 0 0 olojo|o]o|o|lo|lo|[o]O0o]|o0o]|]o0o|O0o|o0o|O0O|oO]|oO
4 0146 | Cupric oxide // Menp okcuz 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 0163 | Nickel // Hukenb u ero coeuHeHus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 | 0184 | Lead// Conmenn ero neopramie- 0] o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 olo|lo|o] o] o] olo
CKHE COCOUHCHUA
7 0203 | Chromium // Xpom 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 0207 | Zinc oxide // Ilunk okcua 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
9 0301 | Nitrogen dioxide // A3oTa qHOKCHI 0 1 1 0 1 1 0 4 1 0 0 0 1 2 3 7 0 2 0 0 1 0 0 3
10 | 0303 | Ammonia // AMMmuak 0 0 0 0 2 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11 | 0304 | Nitrogen oxide // Azora (II) okcuxn 0 0 0 0 0 0 0 0 1 2 0 1 0 0 1 5 0 0 0 0 0 0 0 0
12 | 0316 | Hydrogen chloride // Tuapoxmopun 0 0 1 7 6 6 6 26 2 0 0 7 10 8 8 35 0 0 0 0 0 0 0 0
13 | 0330 | Sulfur dioxide // Cepa anokcun 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 | 0333 | Hydrogen sulfide // lurugpocymsdun | 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 2 0 0 0 0 1 0 3 4
15 | 0337 | Carbon monoxide / Yraepoaa okcua 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 7 0 0 0 0 0 0 1 1
16 | 0342 | Hydrogen fluoride // @ropuctrie 0] o 0 0 0 0 0 0 0 0 0 0 0 0 0 o lwo|lnlol2]2|6l|ls]?
ra3oo0pasHble COeMHEHNUSI 3
17 | 0602 | Benzene // ber3on 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18 | 0616 | Xylene // Kcnmosst 0 0 0 0 0 0 0 0 2 5 6 2 2 1 0 18 0 1 3 0 0 0 0 4
19 | 0621 | Toluene // Tomyon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
20 | 0627 | Benzo[a]pyrene // Ben3(a)mupen 0 0 0 0 0 0 0 0 10 11 25 4 18 4 1 73 10 11 8 0 1 1 4 g
21 | 0703 | Hydroxybenzene // Tuapoxenenson | o | o\ o | o | o | 0o | o | o | oo | o] o]o|lo|o]o]olo|lo|o|o|o]|o]o
(Deno)
22 1071 | Formaldehyde // ®opmanbaerun 0 2 3 1 14 0 4 24 0 0 0 0 0 0 0 0 2 8 1 5 3 3 1 ?
23 | 1325 | Particulate matter / Bssemenniic 1l 2] 2o 23|24 0o ]|t |1 |oloflo|l2]3]1|1]lo]1]o0o]o0]e
BEIECTBA
24 | 2902 | Particulate matter / TBepble yacTup! 0 0 0 2 7 0 0 9 0 0 0 0 1 1 3 5 0 0 0 0 0 0 0 0
Total/Bcero 1 5 7 10 32 10 24 16 18 33 15 39 16 17 25 34 13 7 9 66 15
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The number of exceedances of concentrations of pollu-
tants, that has been discovered during the measurements on
the Station #14, located in L. Shatrova st., 1, increased
from one in 2016 to 32 in 2020. The number of exceed-
ances of concentrations of pollutants, that has been discov-
ered during the measurements on the Station #20, located
in Krupskoi st., 83, decreased from 34 in 2017 to 9 in 2020
and sharply increased to 66 in 2022. The total number of
exceedances, that has been discovered during the measure-
ments on the Station #16, located in Pushkina st., 112, fluc-
tuated during seven-year period. The most significant num-
ber of exceedances was observed in 2020, which was 39
cases. The least significant number was 15 and it was ob-
served in 2019.

Exceedances on the station #14 were observed for six
pollutants during the seven-year period. There are highly
hazardous pollutants: hydrogen chloride, hydroxybenzene,
formaldehyde, moderately hazardous pollutants: nitrogen
dioxide, particulate matter, and slightly hazardous pollu-
tants: ammonia. The most significant number of exceed-
ances of maximum one-time concentrations was detected
for hydrogen chloride (26 cases), hydroxybenzene (24
cases) and formaldehyde (24 cases) during the seven-year
period.

The exceedances of the maximum one-time concentra-
tions of hydrogen chloride were identified from 2018 to
2022. The largest number of exceedances was discovered
during the period 2019-2022, there were 6 and 7 cases.
There was only one exceedance in 2018. The extreme value
of concentration was recorded in November of 2022 and it
was 8.3 of MPC.

The most significant number of exceedances of concen-
trations of hydroxybenzene was identified on the station
#14, which was 14 cases in 2020. The number of exceed-
ances of concentrations of hydroxybenzene fluctuated
from 1 to 4 cases a year during the remaining period of
study. The extreme value of concentration was recorded in
Januay of 2022 and it was 3.0 of MPC.

The exceedances of the maximum one-time concentra-
tions of formaldehyde were identified from 2018 to 2022.
The largest number of exceedances was discovered in
2022, there were 14 cases. The number of exceedances of
concentrations of formaldehyde fluctuated from 1 to 3
cases per year during the remaining period of study. The
extreme value of concentration was recorded in July of
2022 and it was 1.9 of MPC.

Smaller number of exceedances of particulate matter (7
cases) was observed. There was only one exceedance of
nitrogen dioxide and ammonia.

Exceedances of maximum one-time concentration of
particulate matter were observed in 2019 and 2020. The
largest number of exceedances was identified in 2020.
There were 7 cases a year. There were 2 cases in 2019. The
extreme value of concentration was recorded in June of
2020 and it was 2.2 of MPC.

Ammonia and nitrogen dioxide once exceeded maxi-
mum permissible concentration. The extreme value of con-
centration of nitrogen dioxide was recorded in May of 2021
and it was 1.7 of MPC, while the extreme value of concen-
tration of ammonia was recorded in August of 2021 and it
was 1.3 MPC.

Mean daily concentration of nitrogen dioxide exceeded
maximum permissible concentration during all period of
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study. The largest number of exceedances was identified in
2020. There were 4 cases a year. The number of exceed-
ances of mean daily concentrations of nitrogen dioxide
fluctuated from 1 to 3 cases a year during the remaining
period of study. The extreme value of concentration was
recorded in February of 2018 and it was 1.9 of MPC.

Exceedances of mean daily and one-time maximum
permissible concentration of other chemical substances
were not observed on the station #14.

Exceedances on the station #20 were observed for eight
pollutants during the seven-year period. There are highly
hazardous pollutants: hydrogen sulfide, hydrogen fluoride,
hydroxybenzene, formaldehyde, moderately hazardous
pollutants: nitrogen dioxide, carbon oxide, xylene,
ethylbenzene. The most significant number of exceedances
of maximum one-time concentrations was detected for hy-
drogen fluoride (93 cases), ethylbenzene (35 cases), and
hydroxybenzene (phenol) (23 cases) during the seven-year
period.

The exceedances of one-time concentration of hydro-
gen fluoride was identified during six out of seven years of
study. There were not any exceedances in 2018. The most
significant number of exceedances of concentrations of hy-
drogen fluoride was identified on the station #20, which
was 62 cases in 2022. The lowest number of exceedances
(2 cases) was identified in 2019 and 2020. The greatest
value of concentration was recorded in February of 2017
and it was 1.8 of MPC.

The most significant number of exceedances of concen-
trations of ethylbenzene was identified on the station #20,
which was 10 and 11 cases in 2016 and 2017 respectively.
There were 8 cases of exceedances in 2018, but this num-
ber decreased to one in 2020. The extreme value of con-
centration was recorded in July of 2022 and it was 7.8 of
MPC.

The most significant number of exceedances of concen-
trations of hydroxybenzene was observed in 2018, which
was 8 cases a year. The number of exceedances fluctuated
from 1 to 5 cases per year during the remaining period of
study. The extreme value of concentration was recorded in
July of 2021 and it was 2.2 of MPC.

The least number of exceedances was detected for for-
maldehyde (6 cases), xylene (4 cases) and hydrogen sulfide
(4 cases). Singular exceedances of maximum one-time
concentrations of nitrogen dioxide and carbon oxide were
observed during the all period of study on the station #20.

Only one case of exceedance of maximum one-time
concentration of formaldehyde was identified during all
period of study, but there were 3 cases of exceedances in
2016. The extreme value of concentration was recorded in
February of 2016 and it was 1.3 of MPC.

The exceedances of maximum one-time concentration
of xylene were observed two times during period of study
in 2017 and 2018. There were 3 cases in 2018, the exceed-
ance was observed once in 2017. The extreme value of con-
centration was recorded in October of 2022 and it was 1.8
of MPC.

The exceedances of maximum one-time concentration
of hydrogen sulfide were observed three times during pe-
riod of study in 2020 and 2021. There were 3 cases in 2021,
the exceedance was observed once in 2020. The extreme
value of concentration was recorded in January of 2021 and
it was 1.3 of MPC.
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Carbon oxide and nitrogen dioxide once exceeded max-
imum permissible concentrations. The extreme value of
concentration of nitrogen dioxide was recorded in January
of 2017 and it was 1.5 of MPC, while the extreme value of
concentration of carbon oxide was recorded in February of
2021 and it was 1.8 of MPC.

Exceedances of mean daily and one-time maximum
permissible concentration of other chemical substances
were not observed on the station #20.

Exceedances on the station #16 were observed for nine
pollutants during the seven-year period. There are highly
hazardous pollutants: hydrogen chloride, hydrogen sulfide,
formaldehyde, moderately hazardous pollutants: nitrogen
dioxide, nitrogen oxide, xylene, ethylbenzene, particulate
matter, and slightly hazardous pollutants: carbon monox-
ide. The most significant number of exceedances of maxi-
mum one-time concentrations was detected for ethylben-
zene (73 cases) during the seven-year period.

The most significant number of exceedances of concen-
trations of ethylbenzene was identified on the station #16,
which was 25 and 18 cases in 2018 and 2020 respectively.
The number of exceedances was 10 and 11 cases in 2016
and 2017. The lowest number was identified in 2022, when
there was 1 case a year. The extreme values of concentra-
tion were recorded in January of 2019 and it was 7.9 of
MPC and in June of 2017 and it was 6 of MPC. The value
did not exceed of 3.5 of MPC level during the remaining
period of study.

The least number of exceedances of one-time concen-
tration of hydrogen chloride and xylene was identified dur-
ing the whole period of study, it was 35 cases and 18 cases
a year respectively.

The exceedances of maximum one-time concentration
of hydrogen chloride were observed in 2016, 2019 — 2022.
The most significant number was identified in 2020 and it
was 10 cases per year. The exceedances of maximum one-
time concentration of hydrogen chloride were observed
twice in 2016. The extreme value of concentration was rec-
orded in August of 2016 and it was 3.0 of MPC and in June
0f 2019 and it was 2.9 of MPC.

The exceedances of maximum one-time concentration
of xylene were observed during the whole period of study.
There were 5 cases in 2017, the exceedance was observed
6 times in 2018. The extreme value of concentration was
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recorded in August of 2020 and it was 3.7 of MPC. The
maximum permissible concentration was exceeded twice
during the remaining period. The extreme value of concen-
tration was recorded in January of 2019 and it was 6.6 of
MPC and in May of 2018 and it was 4.3 of MPC.

The least number of exceedances was detected for car-
bon monoxide (7 cases), nitrogen dioxide (7 cases), nitro-
gen oxide (5 cases) and particulate matters (5 cases). Sin-
gular exceedances of maximum one-time concentrations of
hydrogen sulfide and formaldehyde were observed during
the whole period of study on the station #16.

The exceedances of maximum one-time concentration
of carbon monoxide were observed in 2020. There were 7
cases. The extreme value of concentration was recorded in
February of 2020 and it was 2.3 of MPC.

The exceedances of maximum one-time concentration
of nitrogen dioxide were observed in 2016, 2020, 2021 and
2022. There were from 1 to 3 cases a year. The extreme
value of concentration was recorded in January of 2021 and
it was 2.3 of MPC.

The exceedances of maximum one-time concentration
of nitrogen oxide were observed in 2016, 2017, 2019 and
2022. There were from 1 to 2 cases a year. The extreme
value of concentration was recorded in August of 2017 and
it was 1.8 of MPC.

The exceedances of maximum one-time concentration
of particulate matters were observed from 2020 to 2022.
There were from 1 to 3 cases a year. The extreme value of
concentration was recorded in May of 2021 and it was 3.0
of MPC.

The exceedances of maximum one-time concentration
of hydrogen sulfide were observed once in 2018 and
2020, the exceedances of formaldehyde were observed in
2018 and 2019. The extreme value of concentration of hy-
drogen sulfide was recorded in February of 2018 and it
was 1.1 of MPC. The extreme value of concentration of
formaldehyde was recorded in April of 2019 and it was
1.2 of MPC.

Exceedances of mean daily and maximum one-time
concentration of other chemical substances were not ob-
served on the station #16.

The analysis of measurements of maximum one-time
concentration of pollutants during 2016-2022 on the station
#14, 20 and 16 is presented in Table 4 / Ta6nuua 4.
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Analysis of results of measurements of maximum one-time concentration of pollutants

on air quality stations during the period of study 2016-2022

Table 4

Tabnuma 4
AHaJau3 pe3y1bTaTOB HAOI0AeHUI HA MOCTAaX HAOJII0eHUI 3a 3arpsi3HeHueM aTMOC()EePHOT0 BO3IyXa
3a MAKCHMAJbHBIMHU PAa30BbIMH KOHIEHTPALUsl 3arpsa3Hsomux semects 2016-2022
Pollutants / 2016 2017 2018 2019 2020 2021 2022
3azpﬂ3HﬂIOM4M€ sewecmesa
3
*35)§§ *ib§§ *ib§§ *ib§§ *ib\% *aé *3*6§§
* * * * * * *
2 S| 2 |SYSH S| 2|50 S E| 2|50 | S| S| 2|50 S S 250|828 250] s
Code// | Name// S| 3|S5y S| I|SE5YS|SSE LS| S35 |8y S35 8453|508y 3]35)s58
Koo Haumenoeanue S| TS s s | IR Sy S| PS| g S| s =3 | 53 S| s 2 5§ S| X | SE| sy x| 2| ¥ 83
|95 |85 |85 S| /5 S| S5 §Q§ S| /s
AQS Nel4 // TIH3 Nel4
1| o301 | Nitrogen dioxide// - - — |14 |14 |10 | 1 | 12 ] 12| 0902 1 - - — |13 133009 | 1 | 17| 17| 2505 | 1 - - - -
Jlnokcun a3ora
2 0303 Ammonia // AMMuak - - - - - - - - - - - 1.2 1.2 10.03 2 - - - - - - -
3| o316 | Hydrogenchloride// 21 | 21 | 28.02 1 11| 24 | 2608 | 7 | 10| 152309 6 | 11| 13| 1608 | 6 | 1.1 |83 ] 1511 | 6
XJIOpUCTBIH BOIOPOJ
4 | 1071 | Hydroxybenzene / - - ~ || nr | 1603 | 2 | L1 | 14 | 1402 3 1.7 | 17 | 2407 | 1 | 1.1 | 29 | 03.06 | 14 - - ~ |12 | 3 | 1001 | 4
T'upokcubenson
5 | 1325 | Formaldehyde// 68 | 68 | | 1 | 11|18 | 3t08 | 2 | 11| 11 1310 2 - - - |1 150906 | 2 | 11| 17| 2008 | 3 | 11|19 1807 | 14
Dopmanbrerun 02
6 | 2002 | Particulate matter // - . - - - 14 | 14 | 2506 | 2 | 1.6 | 22 | 2906 | 7 - - S - -
TBepable UaCTHIIBI
Total number of exceedances of
MPC // Ob1iee KoJIM4ECTBO 1 5 7 10 32 10 24
npesbimenuii IJIK
AQS Ne20 // TTH3 Ne20
1| o301 | Nitrogen dioxide // - - ~ |13 |15 0901 | 2 - - - - - - — |12 | 12 ] 1611 1 - - - - - - -
Jlnokcun azora
2 | 0333 | Hydrogensulfide// - - - - - - - - - - - - |1 |1 ]o703| 1 | 13| 132801 3 - - - -
Cynbbua Bogoposa
3 0337 Carbon oxide // Ox- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1.8 1.8 19.02 1 _ — — _
cujl yraepoaa
4 | 0342 | Hydrogenfluoride sy iy o 04y g g o300 |1 - - - 11| 1s forar | 2 | 11| 120608 | 2 | 11|13 ] 1208 6 | 12| 78| 1307 | 62
DropHCTBIH BOLOPOJL 07
5 0616 Xylene // Kennon — — — — 1.1 1.1 18.02 1 1.8 1.8 08.05 3 — — — — — — — — — — — — — — — —
6 | 0627 | Ethvlbenzene// 1125 2% [ w012 3 | 2400 | 11| 11| 18| 1605 8 - - - —l12 121106 | 1 | 14| 22] 1607 | 4 | 14| 14| 2503 | 1
DTUndeH30I 05
7 | 1071 | Hydroxybenzene// 22 [ 2 2 1] e | 200 | 8 | 15| 15| 1303 1 11| 14 [ 19090 | 5 | 10| 131804 | 3 | 15] 150609 | 1 | 11| 18] 20.10] 3
I'uapokcubenson 03
g | 1325 | Formaldehyde 3 | T s | foesoo | 1| 12| 12| 2611 1 - | - - — |12 | 12 | 3011 1 - - - - - - -
//DopMalbIeriI 02
Total number of exceedances
of MPC // Ob1iee Kou4ecTBO 25 34 13 7 9 15 66
npesbimenuii IJIK
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Pollutanss // 2016 2017 2018 2019 2020 2021 2022
3azpsazusiowue sewecmsa
g
% ib N % io S % io L % io N, % io L % a S % a NE}
* * * * * * *
o S| 2| SO SH S| 2| Se v S eyt S g se vy E g sHE Ry
Code// Name // S N Sx 5% S N Sk Sx| S N SX 3 % S N S X S | S I S X S | S = <& S | S = S X 5%
S | 23 g S X3 | 2% S 23| S D S S | LI | S = = <9 S | L3 | €
Koo Haumenosanue SR8 58 3| = = | 5§ X | = | §E5 | | S S| 58 | R = | 5§ S| S| S |83 x| % §= | §§
S| 3| fY=5 8|5 |85 8|5 |83 |8 |5 |55 |35 |57 |5 |38 |758|5]|§¢|77
S| 95 | 95 | 95 S| S5 5|85 S § S | [R5
AQS Nel6 // TTH3 Nel6
1| o301 | Niwogendioxide /s )y, ) 12 S I _ S - 2z foto | 1 |23 23 501 | 2 | 13| 2 | 202 3
Jlnokcun azora 02
2 | o304 | Nitrogenoxide// 33| 2 0 | 13| 18| 1508 | 2 1.6 | 1.6 | 21.09 | 1 - - - | - - - L1 | 11| 1705 | 1
Okcup azora 02
3 | 0316 | Hydrogenchloride// |, 5 | 304, - - - - - - - 1329|1906 | 7 | 11| 172700 | 10| 11| 17| 1808 | 8 | 12|26 0911 | 8
Xnopuz Bogopoaa 08
4 | 0333 | Hydrogensulfide// - - - - - - - - | 1| 11| 1002 1 - - - - - - - - - - 13 | 13 | 0908 | 1
Cynb¢ua Bogoposa
Carbon monoxide //
5 0337 MoHnookeun yrie- - - - - - - - - - - - - - - - 1.1 2.3 22.02 7 - - - - - -
pona
6 | 0616 | Xylene // Kewnon 14 | 16 %% 2 | 1229|0606 | 5 | 12| 43 | 1605 6 66 | 66 | 2101 | 2 | 37| 37| 0308 | 2 | 14| 14| 0109 | 1 - - -
7 | 0627 | Ethylbenzene// 1724 |2 10 |12] 6 | 0606 | 11 | 13] 35 1605 25 15179 | 2100 | 4 | 12342002 18 | 14|34 0109 | 4 | 12| 12] 1211 1
DTUI0EH30I1 02
g | 1325 | Formaldehyde// - - - - - . . — | 1| 1| 2002 1 12 | 12 | 1604 | 1 . . . . . . . . - - -
Dopmanbaerug
9 | 2902 | Particulate matter // N - N - - . - 22l 2| 1 30301705 | 1 | 11| 16| 2206 | 3
TBepable UaCTHIIBI
Total number of exceedances of
MPC // Ob1ee KOJIHYECTBO 16 18 33 15 39 17
npesbimenuii MK

Tlpumeuanue: // Note:

* MIN — Minimal concentration from rage of exceedances, MPC // MUH — Munumanvhas KoHyeHmpayus u3 oowe2o 4ucia ciyiaes npesviuierus 6 0oaax 1K m.p.
** MAX — Maximal concentration from rage of exceedances, MPC // MAKC — Makcumanshasi KoHyenmpayusi u3 0duje2o wucia cuyiaee npesviuierus ¢ ooasx IJAK m.p
*** Date of MAX — Data of detecting of maximal concentrations // [Jama MAKC — Jlama obnapysicenus MaKxCUMAaibHbIX NpebluleHul
***% Number — Total number of exceedances of MPC during the year // Qucno — Obwee uucino ciyuaes npesviuenus [1/[K ¢ meuenue 2ooa
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Analysis of data of national annual report «About sani-
tary and epidemiological welfare of the population in Perm
region» was held during the study (2016-2022).

The tendency of decline of level of primary disease in-
cidence of child population was observed during the period
of study. The number of primary diseases reduced by 20%
from 2230.7 per 1000 child population in 2016 to 1782.4
per 1000 child population in 2021. But regional level was
greater than national level by 304 per 1000 child popula-
tion during the all period of study.

The level of primary disease incidence of adult popula-
tion fluctuated during all period of study. The minimum
was recorded in 2021 and was 545 per 1000 adult popula-
tion. The extreme level was recorded in 2021 and was
687.2 per 1000 adult population respectively. The regional
level of primary disease incidence of as child population as

adult population was higher than national level by 33 per
1000 adult population.

Diseases of respiratory system were prevailing within
primary disease incidence of child and adult population.
They had 68% (average for the period 2016-2021) of pri-
mary disease incidence of child population and 34% (aver-
age for the period 2016-2021) of adult population.

Diseases of eyes (2.8%) and ears (2.5%) went after dis-
eases of respiratory system within primary disease inci-
dence of child population. Diseases of blood circulatory
system (5.9%), diseases of eyes (3.6%) and ears (3.3%) had
significant shares in primary disease incidence of adult
population.

Analysis of levels of primary disease incidence of child
and adult population of Perm region is presented in Ta-
ble 5 / Tabauna 5.

Table 5

Analysis of level of primary disease incidence of population of Perm region
(per 1000 population) during the period of study 2016-2021

Tabmuma 5

AHaJu3 ypoBH# 3a60sieBaeMocTH HacejleHust [lepMckoro kpas no kiiaccam 6oJie3Hei
(na 1000 nacenenust) 2016-2021

Level of primary disease incidence (per 1000 population) // Yposenv nepsuunou saboaresaemocmu (na 1000 nacenenus)
2016 2017 2018 2019 2020 2021
X8 3 X8 3 X8 3 X8 3 X8 3 X8 3
£2 | % £5 | £ £5 | % £: | % £2 | £ £S5 | %
S 2 ) 2 S g S 2 S 2 S 2
= S s & ol S ol = s < s =
Child population // Jletckoe HacelieHHE
Total / Bcero 2230,7 | 17944 | 2216,9 1758,2 2136,9 | 1751,2 | 2051,6 | 1724,4 | 1586,9 | 14854 | 17824 | 1662,9
Neoplasm // HoBoo6pa3zoBanus 4,4 4,8 4.4 4,8 4.8 4,7 4,7 49 3,9 4,1 4,3 4,6
Diseases of the blood and hematopoi-
etic organs // bone3Hu KpoBH U KpoBe- 28,8 13,8 29,3 12,4 27,1 11,9 21,7 11 12,3 9,0 12,1 9,4
TBOPHBIX OpTaHOB
Diseases of the endocrine system // 249 | 157 | 238 15,1 232 | 153 | 226 16 139 | 133 145 | 143
Bonesnn SHJAOKPHUHHOH CHCTEMBI
Diseases of the nervous system // Bo- 37,2 37,3 36,4 35,5 33,5 35,1 32,5 342 32,9 28,7 34,8 30,5
JIE3HU HEPBHOU CHCTEMBI
Diseases of eyes // Bonesnu rnasa 71,5 59,7 67,5 57,3 68,4 57,1 63,2 53 36,7 39,0 39,3 41,5
Diseases of ears // Bone3nu yxa 68,5 49,6 61,9 47,6 54,5 46,9 50,9 45,4 34,7 354 38,2 38,6
Diseases of the blood circulatory sys-
tem // Bonesuu cuctemMbl KpoBooOpa- 8.3 7 8.3 6,8 7,5 6,5 6,6 6,3 5,0 5,0 54 53
[IEHUS
Diseases of the respiratory system // 14513 | 1187 | 14997 | 11745 | 14392 | 1173,8 | 13982 | 1159,9 | 1102,5 | 1018,6 | 1251,0 | 1145,0
Bonesnn OpraHoOB JAbIXaHHUS
Congenital defects // Bponnentie 26,5 11 26,2 43 28,2 10,4 28,4 10,5 11,5 8.8 12,0 9,1
aHOMaJIMnu
Adult population // B3pocnoe Hacenenue
Total // Beero 619,9 551,6 591,6 545 608,4 546,6 617,2 548,3 624,1 578,5 687,3 654,7
Neoplasm // HoBooGpa3oBaHust 16,7 13 16,2 13,1 16,4 13,4 17,8 13,7 12,0 11,3 12,8 11,6
Diseases of the blood and hematopoi-
etic organs // Bone3Hn KpoBH 1 KpoBe- 2.8 2,6 2,5 2,6 1,9 2.4 2 2,5 1,6 1,8 1,6 2,0
TBOPHBIX OpPTaHOB
Diseases of the endocrine system // 11,9 13 10,9 13,2 10,4 12,1 10,9 13,5 9,3 10,0 10,0 10,1
Bonesnn OHJAOKPHUHHOH CHCTEMBI
Diseases ofthei nervous system // bo- 7.8 9.7 3 9.7 8.2 9.4 8.1 9.6 74 8.2 7.5 8.9
JIE3HU HEPBHOU CHUCTEMBL
Diseases of eyes // bone3nu riaza 26,7 25,9 23,4 24.4 22,8 24,6 23 23,7 18,7 19,6 18,8 19,9
Diseases of ears // Bone3nu yxa 21,5 21,1 21,2 222 21,1 20,4 22,9 20,1 18,5 16,8 18,7 17,0
Diseases of the blood circulatory sys-
tem // Bone3Hu cucTeMbl KpoBOOOpa- 36,6 37,5 32,3 449 35 38,9 38 42,1 40,2 35,4 39,9 36,7
IEHUS
Diseases of the respiratory system // 179 1629 | 190,7 | 1721 208 167,5 | 2071 | 1647 | 253,01 | 213,7 | 2548 | 2283
bone3nun OpPraHOB ObIXaHUS

Discussion
The tendency of increase of cases of exceedances of

exceedances fluctuated between 32 and 39 cases per year
last three years.

concentration of chemical substances in atmospheric air
was discovered during this study. The number of cases of

The exceedances of six chemical substances were ob-
served on the station #14, exceedances of eight chemical
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substances were observed on the station #20 during the pe-
riod of the study. The highest number of chemical sub-
stances which were exceeded was 9 and was observed on
the station #16.

Formaldehyde and nitrogen dioxide are in the list of
chemical substances which were exceeded on all stations.

There were recorded exceedances of maximum one-
time concentrations of formaldehyde on the station #14
every year. Exceedances of formaldehyde were observed
on the station #16 in 2018 and 2019. Exceedances of for-
maldehyde were observed on the station #20 in four years
out of seven (2016, 2017, 2018 and 2020). The extreme
value of concentration of formaldehyde was recorded in
February of 2016 on the station #14. The extreme value on
the other station didn’t exceed 1.3 of MPC.

There were recorded exceedances of mean daily con-
centrations of formaldehyde on the station #14 every year.
The most significant number of exceedances of concentra-
tions of formaldehyde was identified in 2017 and 2020
which was 6 cases per year. The extreme value of concen-
tration of formaldehyde was recorded in July of 2020 and
was 2.0 of MPC.

There were recorded exceedances of maximum one-
time concentrations of nitrogen dioxide on all stations in
four years during the all period of study. Exceedances of
nitrogen dioxide were observed on the station #16 in 2016
and 2020-2022, on the station #14 in 2017-2018, 2020—
2021. Exceedances of nitrogen dioxide were observed on
the station #20 in two times in 2017 and 2020. The extreme
value of concentration of nitrogen dioxide was recorded in
May of 2021 on the station #14. The extreme value on the
other station didn’t exceed 1.5 of MPC.

The exceedances of mean daily concentrations of nitro-
gen dioxide were identified on the station #14 every year.
The most significant number of exceedances of concentra-
tions was identified in 2020 which was 4 cases per year.
The number of exceedances fluctuated from 1 to 3 in other
years during the study. The extreme value of concentration
of nitrogen dioxide was recorded in February of 2018 and
was 1.9 of MPC.

Exceedances of formaldehyde and nitrogen dioxide in-
dicate significant rate of emission of fossil fuels burning,
including burning in internal combustion engine of cars
[5]. Monitoring station is located close to main traffic
routes.

This result was confirmed by results of measurements
which were conducted in Dzershinsky area of Perm city
according to a contract with local government (2009;
2020). The same results were reached in cities of the USA
and Europe during the studies which are holding in the
University of West Virginia, in laboratory of applied ther-
modynamics of Aristotle University of Thessaloniki and
in the Joint Research Centre of European Commission
[10, 19].

Presence of exceedances of mean daily concentration
of formaldehyde is approved by earlier studies. Mean daily
concentration of formaldehyde exceeds permissible con-
centration in the cities. The tendency of increasing of con-
centration was found over the last years. Value of mean
daily concentration of formaldehyde changed slightly from
1992 to 2006, but it has always exceeded permissible con-
centration. Value of formaldehyde has been increased
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since 2006 and it changed from 0.006 to 0.014 mg/m?
(MPC = 0.01, it changed in 2014 from 0.003).

The maximum values of concentration of formaldehyde
are identified in warm part of the year (May-August) in
Perm as well as it is in the majority of cities. The most sig-
nificant values of concentration are between 0.009 and
0.018 mg/m® in summer time. The winter maximum is
formed by December [25].

Clearly defined summer maximum of value of concen-
tration of formaldehyde is explained by transformation air
under the influence of high summer temperatures and sig-
nificant solar intensity [3]. The concentration of formalde-
hyde in the air, which is formed from emission of hydro-
carbons, increases under the intensification of photochem-
ical processes. The winter maximum is connected with
emission of industry and transport [5].

According to researches nitrogen dioxide is the next
high-priority chemical substance in the cities. This sub-
stance is emitted by all factories and transport in the cities
[7]. Nitrogen dioxide is formed during the photochemical
reactions. Nitrogen dioxide takes part in process of gen-
eration of formaldehyde and photochemical smog. The
average concentration of nitrogen dioxide has changed
between 0.04 and 0.05 mg/m?. The most significant val-
ues of concentration of NO» are observed in the winter
part of the year [3].

The prevailing shares of diseases of respiratory system
within primary disease incidence of child and adult popu-
lation also confirm annual exceedances of mean daily con-
centrations of formaldehyde and nitrogen dioxide. Accord-
ing to “Human Health Risk Assessment from Environmen-
tal Chemicals” nitrogen dioxide has a negative effect on
respiratory system and blood system during inhalation.
Formaldehyde is also dangerous to respiratory system and
can affect the eyes and immune system.

The most significant and the most frequent exceed-
ances of concentration were identified for the next chemi-
cal substances: ethylbenzene (108 cases of exceedances),
hydrogen fluoride (93 cases), hydrochloride (61 cases of
exceedances) and hydroxybenzene (47 cases of exceed-
ances).

The exceedances of maximum one-time concentration
of ethylbenzene were identified in two stations #20 and
#16. The most significant number of exceedances of con-
centrations of ethylbenzene was identified on the station
#16, which was 25 and 18 cases in 2018 and 2020 respec-
tively. There were 11 cases of exceedances in 2017, but
this number decreased to one in 2022. The extreme value
of concentration was recorded in January of 2019 and it
was 7.9 of MPC.

The significant number of exceedances of concentra-
tions of ethylbenzene was identified on the station #20,
which was 11 and 10 cases in 2017 and 2016 respectively.
The extreme values of concentration were recorded in Jan-
uary of 2017 and it was 3.0 of MPC.

Ethylbenzene is the part of emission of petrol station
and of burning fossil fuels in internal combustion engines
of transport. Exceedances of concentration of ethylbenzene
is explained by high level of transport emission.

The most significant number of exceedances of concen-
trations of hydrogen fluoride was identified on the station
#20 and was 62 cases in 2022. The number of exceedances
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of concentrations of hydrogen fluoride fluctuated from 2 to
10 cases a year during the remaining period of study. The
extreme value of concentration was recorded in July of
2022 and it was 7.8 of MPC.

Exceedances of concentration of hydroxybenzene
demonstrate negative effect of machine-building industry.

The most significant number of exceedances of concen-
trations of hydroxybenzene was identified on the station
#14, which was 24 cases in 2020. The number of exceed-
ances of concentrations of hydroxybenzene fluctuated
from | to 4 cases a year during the remaining period of
study. The extreme value of concentration was recorded in
January of 2022 and it was 3.0 of MPC.

The most significant number of exceedances of concen-
trations of hydroxybenzene on the station #20 was ob-
served in 2017, which was 8 cases a year. The number of
exceedances fluctuated from 1 to 5 cases per year during
the remaining period of study. The extreme value of con-
centration was recorded in October of 2022 and it was 1.8
of MPC.

Exceedances of concentration of hydroxybenzene
demonstrate negative effect of machine-building industry.

Exceedances of maximum one-time concentration of
hydrogen chloride was identified on the station #14 and
#16. The exceedances of the maximum one-time concen-
trations of hydrogen chloride on the station #14 were iden-
tified from 2018 to 2022. The largest number of exceed-
ances was discovered in 2019, there were 7 cases. The ex-
treme value of concentration was recorded in August of
2019 and it was 2.4 of MPC.

The exceedances of maximum one-time concentration
of hydrogen chloride on the station #16 were observed in
2016 and from 2019 to 2022. The most significant number
was identified in 2020 and it was 10 cases. The extreme
value of concentration was recorded in August of 2016 and
it was 3.0 of MPC.

These chemical substances have a negative impact on
respiratory system during chronical inhalation.

Therefore, through an analysis we can conclude that the
most significant source of air pollution in the valleys of mi-
nor rivers Yegoshikha and Danilikha is automobile and
railway transports. The north, middle and south dams and
Chkalova motorway, Shosse Kosmonavtov and Vasilia
Vasilieva motorway and central railway are the busiest
ways in Perm.

The Chkalova motoway is one of the few enters of the
Perm city and is close to huge manufacturing plants. Per-
cent of lorry traffic and coach transport is higher on this
motorway than the others. The Vasilia Vasilieva motorway
lies along warehouses, manufacturing plants, maintenance
automobile entities. As a consequence lorry traffic is pre-
vailing in total traffic flow.

The industrial plants and factories are also the most sig-
nificant sources of air pollution. The majority of industrial
area “Yuzni’ plants and factories are located along the val-
leys of Yegoshikha river and Danilikha river and are mem-
bers of machine-building industry. The bigger part of these
plants and factories are object of second and third categories
of negative impact on the environment. These objects have
moderate and insignificant impact on the environment.

In the list of the pollutants in Perm we can highlight the
next chemical substances:
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e pollutants, which are emitted from burning fossil
fuels: nitrogen dioxide, nitrogen oxide, sulfur dioxide, car-
bon monoxide, benzopyrene;

pollutants, which are specific to machine-building
industry: hydroxybenzene, Iron(Ill)oxide, titanium diox-
ide, magnesium oxide, aluminum oxide, cupric oxide, dust
of yellow metal, chromium, lead;

pollutants, which are specific to construction mate-
rials industry: dust of gypsum binder, inorganic dust, pearl-
ite, calcium hydroxide, particulate matters.

Group of different hydrocarbons (kerosene, petroleum-
based mineral oil, oil solvent, xylene, ethylbenzene, al-
kanes) is also present in the list of pollutants of Perm. Eth-
anol, acetone, butyl acetate, butyl alcohol are found in air.

Garage cooperatives, warechouses, maintenance auto-
mobile entities, petrol station are sources of air pollution
by nitrogen oxides, sulfur dioxide, carbon monoxide and
aromatic hydrocarbons in the valley of Yegoshikha river
and Danilikha river.

It is certain that present national net of measurements
of air pollution is unrepresentative. Additional monitoring
stations need to be settled.

Additional monitoring stations in national net of meas-
urements of Rosgidromet need to be settled to control air
quality in valley of Yegoshikha river (Fig. 2). This place
will be:
near the tram bridge on Parkovaya street on the ter-
ritory of gardeners' non-commercial partnership #63 (Ad-
ditional AQS #1);
on 150-200 m to south from bridge (middle dam) on
Revolucii street, near the building 1 on Veselaya street
(Additional AQS #2);
on the border of the territory of gardeners' non-com-
mercial partnership “Energetic” (Additional AQS #3).

The list of priority measuring chemical substances in-
cludes hydroxybenzene, formaldehyde, ethylbenzene, ni-
trogen dioxide. The exceedances of MPC of these sub-
stances were observed. These substances are the most dan-
gerous for human health. Measuring of concentration of
particulate matter (PM;o and PM, ) is needed too. These
substances are harmful for human health and it is particu-
late matters (dust) different nature.

Locations of the picked additional stations are due to
the fact that ground relief can influence on accumulation of
chemical substances under specific meteorological condi-
tions. Level variations near the area “Alpiiskaya gorka”
and valley of the Yegoshikha are 50-60 m with slow de-
creasing to planed picked additional station. Level varia-
tion on eastern slope of valley is significant and it is to a
maximum 60 m.

Pollutants that are emitted from factories and plants of
area “Yuzhni” move along the valley to north with south-
ern, south-western and western winds. It is due to changes
of wind direction long the valley in relation direction under
the valley.

The measuring of air quality in station #2 is due to im-
pact of group of factories and plants in the area “Yuzni”
with prevailing wind direction during the year and impact
of transport that is moved on the southern dam with south-
ern wind direction and on Revolucii street with northern
one.
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Additional monitoring stations in national net of meas-
urements of Rosgidromet need to be settled to control air
quality in valley of Danilikha river (Fig. 2 / Puc. 2). This
place will be:

e near Chkalova motorway, at 90 m from apartment
building on Cheluskincev st., 21 (Additional AQS #4);

on the territory of cooperative gardens #142/7 at 75
m from apartment building on Tbilisskaya st., 19 (Addi-
tional AQS #5);

e near educational orphanage #85 on Muromskaya
st., 32 (Additional AQS #6).

?Y

Fig. 2. Location of additional monitoring station
Puc. 2. PacnoJiosxkenune 10M0JTHUTEIbHONH CTAHIIMM MOHUTOPHHTA

The list of priority measuring chemical substances in-
cludes ethylbenzene, hydrochloride and xylene. The ex-
ceedances of MPC of these substances were observed
many times during the period of study and it reached 6
MPC. Measuring of concentration of particulate matter
(PM10 and PM2.5) is needed too.

The prevailing wind direction in the valley of Danilikha
is from south-west to north-east of from north-east to
south-west. The pollutant transport from factories and
plants of area “Yuzni” that is located further east, influ-
ences on level of air pollution in picked stations with south-
westerly and north-easterly winds.

Emission of boilers and other sources of air pollution,
which are located further west, influences of air quality in
the valley of the Danilikha river with from north-westerly
to south-westerly wind. As usual, air pollution with out-
lined wind directions will increase with low speed of wind
and with raised inversion.

These air conditions are observed in winter part of the
year or in summer part with anticyclonic weather pattern.
But inversion is damaged and speed of wind increases in
summer time at noon. In this case higher level of air pollu-
tion will be observed only in the night. The higher level of
air pollution can be observed all over the day in the winter.
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Conclusion

1. Monitoring of air pollution in Perm is hold 4 times
per day, 5 days per week on the stations that are included
in the national net of measurements. There are measure-
ments for 24 pollutants. The majority of measurements rep-
resents by measurements of highly hazardous and moder-
ately hazardous pollutants (79.49%). Values of maximum
one-time and mean daily concentrations of pollutants are
measured.

2. The national net of measurements consists of 7
monitoring sites, which are located in six different areas of
Perm close to main traffic routes and industrial hubs. This
net is not representative.

3. The measured concentrations of formaldehyde and
nitrogen dioxide exceed MPC all over the stations. The
most significant and frequent exceedances of maximum
one-time MPC was observed for ethylbenzene, hy-
droxybenzene and hydrochloride.

4. Exceedances of concentrations of formaldehyde, ni-
trogen dioxide and ethylbenzene report about significant
percent of emission from burning of fossil fuel in cars and
thermal power station. Exceedances of concentrations of
hydroxybenzene report about negative impact of machine-
building factories and plants.
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5. Setting of additional stations of monitoring of air
pollution and creating of dynamic model of emission
of pollutants are needed for objective evaluation of air
quality.
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AHHOTAnUs. AHTPONIOT€HHAs Harpy3ka Kak Mepa KOIMYECTBEHHOI0 M3MEpeHMs BO3JeICTBUIl deloBeKa Ha BOAHBIC
pecypchl MOJUICKUT OLIEHKE B COBPEMEHHBIX HAYYHBIX HMCCIIENOBAHUIX. AKTYaJIbHOCTh HOJAOOHOTO M3YUEHHMs CBSI3aHA C
KOJINYECTBEHHOW OTPaHMYEHHOCTHIO U KaUECTBEHHBIM IIPe00pa3oBaHUeM (3arpsi3HEHUEM) BOJHBIX 00BEKTOB. Paznuyator
JIBA OCHOBHBIX METOHOJIOTHUYECKHX IMOJX0Ja — TeorpapuIecKuil U TUAPOIOTHYECKHi. [l IepBOTO XapaKTepeH ydeT B
OoJIbIIICH CTETIEHN KOCBEHHBIX BO3/ICHCTBUH Ha BOJHBIE 00BEKTHI, TSI BTOPOTO — IMIPSIMBIX M OTTIOCPEI0BAHHBIX (M1 y3HBIH
cTOoK). OnHcaHbl BUIBI BO3JCHCTBHH, BHOCSAIINE 3HAYUTEIBHBIN BKIIA B TPAHC(HOPMALIUIO IPUPOAHBIX BOJHBIX 00BEKTOB
(pyciioBO€E peryarpoBaHKe, OPOIIAeMOe 3eMIIeeNHe, HEPEOPOCKH CTOKA, IPOMBIIIIIEHHO-KOMMYHAJIBHOE M CEIbCKOXO035H-
CTBEHHOE BOJOCHA0)KEHHE, OCYIICHNE OONOT U 3a00JI0UCHHBIX 3€MENb, BBIPYOKH M MOCAIKH jJeca, ypOaHHu3ausa U 1p.).
OO6cyXIeHbl 0COOCHHOCTH HCIOJB30BAHUS M JAOCTOBEPHOCTh NMPHUMEHSEMBIX IOKa3aTelell B OIEHKaxX aHTPOIIOTCHHOW
Harpy3ku. O0O0OILEHbI HMEIOLIHUECS CBEICHHSI K UCXOAHAS MH(pOPMAIHs 111 OLeHKH 3 (HEKTHBHOCTH BOJIOIIOIB30BaHMSI.

KaioueBble ciioBa: npsiMble M KOCBEHHBIE BO3ACHCTBHUS, BOJJOEMKOCTb, U3BSTHE BOJHBIX PECYPCOB, KPATHOCTh pa30aB-
JICHUS CTOYHBIX BOJ.
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npu puHaHcoBOU mojaepxkke rpanta PODU No21-55-75002 «Pa3paboTka peKoMeHaluii B LENAX YCTOHYMBOTO COBMECT-
HOTO HCIOJIb30BaHUs MI0YB U IPYHTOBBIX (IIOJ3€MHBIX) BOJ: IPUHATHE PEUICHUH IPU HNOAAEPKKE U YIaCTHH 3aHHTEPECco-
BaHHBIX CTOPOH».
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Assessment of anthropogenic pressure on water resources and efficiency of their use:
review of methodological approaches
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Abstract. Anthropogenic pressure as a measure of quantitative measurement of human impacts on water resources is
subject to evaluation in modern scientific research. The relevance of such a study is related to the quantitative limitation
and qualitative transformation (pollution) of water bodies. There are two main methodological approaches - geographical
and hydrological. The first one is characterized by taking into account to a greater extent indirect impacts on water bodies,
the second one - direct and indirect (diffuse runoff). Types of impacts that make a significant contribution to the transfor-
mation of natural water bodies (channel regulation, irrigated farming, flow diversions, industrial, municipal and agricultural
water supply, drainage of marshes and wetlands, forest cutting and planting, urbanization, etc.) are described. The peculi-
arities of use and reliability of the applied indicators in assessments of anthropogenic load are discussed. Available data
and initial information for water use efficiency assessment are summarized.

Key words: direct and indirect impacts, water intensity, water resources withdrawal, wastewater dilution rate.
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B coBpeMeHHBIX HayYHBIX HCCICIOBAHMUAX OIEHKA
BOJIHBIX PECYPCOB TOJBKO Ha Y4eTe MPUPOIHBIX (aKTOPOB
nx popmupoBanus, 6€3 U3y4eHHs aHTPOIIOICHHOM COCTaB-
JISAIOIIEN HEeBO3MOXHA. AHTPOIOI€HHOE M3MEHEHHE ped-
HOT'O CTOKa, aHTPOIIOTeHHBIN (hakTop GOpMHUPOBAHHUS BOJ-
HBIX PECYPCOB, aHTPOIIOT€HHAsl Harpy3Ka Ha BOJHBIE 00b-
exThl, Au(QY3HBIH (PacCcpesOTOUSHHBIH) CTOK CTalld
HEOTHEMIIEMOI YacThIO BOJTHO-PECYPCHBIX OLIEHOK.

[Ipu »TOM cilegyeT OTMETHTH pa3indue MOJXOIOB B
OIIEHKaX aHTPOIIOTEHHBIX HATPY30K HA BOJHBIC PECYPCHI U
3¢ $EKTHBHOCTH UX UCTIOIB30BaHMS B reorpaduu M THAPO-
norun. [lanHas TeMaTrka rry0oKo HaMu mpopaboTaHa IpH
MTOJITOTOBKE JAHMCCEPTAIIMOHHOTO HcclienoBanus «Bomope-
CypcHOe oOecmedueHre JMONTOCPOYHOTO PETHOHAIBHOTO
pasButust 3anaguoit Cubupu (Ha npumepe OOb-MpThimi-
ckoro OacceiiHa)» [72], a Takke B pamMKax BBITIOJHEHUS
rpanta POOU Ne21-55-75002 «Pa3paboTka pekoMeH/Ia-
IMHA B LIENAX YCTOMYMBOTO COBMECTHOTO HCIIOJIb30BaHMS
IIOYB U TPYHTOBBIX (IIOJI3€MHBIX) BOJ: IPUHATHE PELICHUIN
TIPH TNOAAEPKKE M YYACTHH 3aNHTEPECOBAHHBIX CTOPOH.

AHanmm3 onyOJIMKOBaHHBIX JINTEPATYPHBIX HCTOYHUKOB
[11, 58, 66] moka3pIBaeT, YTO AHTPOIIOTEHHAs Harpys3ka
WA BO3ACWCTBUE paCCMaTPHUBACTCS KaK U3BATHE MPUPO-
HOTO BEIECTBA YESIIOBEKOM C IOCICAYIOIIAM €ro H3MeHe-
HHEM W TpaHCpopManueil B MpoIecce OCYIICCTBICHUS
9KOHOMHYECKOHN JEATENIBHOCTH, a TaK)Ke MOCTYIUICHHE U3-
MEHEHHOTO WM  TPaHC(OPMUPOBAHHOTO  BEIECTBA
(Hampumep, B BUJE CTOUYHBIX BOJ) B IPUPOY.

B reorpaduu mox Harpy3Koi B CaMOM IIHPOKOM ITOHH-
MaHHH MOJPa3yMeBaIOT KOJIWYECTBEHHYIO Mepy BO3ICH-
CTBHSI YE€JIOBEKA M €r0 IKOHOMHUYECKOH NeSTeITbHOCTH Ha
nmaHmmadTe 1 KOMIIOHEHTHI OKpYyKaromiei cpensl. Hera-
TUBHBIMHU TIOCIICICTBUSIMH aHTPOIIOTEHHBIX BO3ICUCTBUIA
SIBIISTIOTCS 3aTrpsS3HEHUE, YXYIIICHUE WK TIOTePs KauecTBa
OKpY’KaIoIIeH Cpe/Ibl, IEPEX0.T B Ka4eCTBEHHO HHOE COCTO-
SIHHE TIPUPOTHOM CUCTEMBI U €€ OT/ICIIEHBIX KOMIIOHCHTOB.
Hukonait ®egoposuu Peiimepc [66] moa aHTPOMIOTEHHOM
Harpy3Koi IOHUMAET CTETEeHb MIPSIMOTO M KOCBEHHOT'O BO3-
JIeHCTBYS JIIOJIEH U UX XO3s1CTBA HAa IPUPOAY B LIEJIOM WU
Ha €€ OTAEIbHBIE IKOJIOTHUECKIE KOMIIOHEHTHI M DJIEMEHTHI.
[Ipsmoe — HenocpeICTBEHHOE BO3/IEIiCTBHIE, HE BCET A Iia-
HUpyeMOe U3MEHEHHE IIPUPO/IbI YEIOBEKOM B XOJIE Pealln-
3aIlUH ero XO3AHUCTBEHHOH nesitensHOCTH (puc. 1 / fig. 1).
OnocpenoBaHHBIM BO3AECHCTBUEM MPUHITO CUUTATh He-
IpeAHAMEPEHHOE U3MEHEHUE MPUPOJIbI B pe3ynbTare Len-
HBIX PEaKIWil WM BTOPHYHBIX SIBJICHHUH, CB3aHHBIX C 9KO-
HOMMKOMW M XO3SHCTBEHHBIMU MEPOIPHATHIMH.

ITo 10.A. Uzpasmo [29], xo3siicTBeHHas Harpys3ka —
3TO BECbMa Pa3HOOOpA3HBI KOMIUIEKC aHTPOIOTCHHBIX
(hakTOpOB, BIUSIONMX HAa COCTOSTHUE OHMOChEphI U 310pO-
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Bbe HaceneHus. A.H. Terwop [84] aHTpomOTeHHBIE BO3-
JEHUCTBHS ST Ha 3arpsI3HEHUs (BHECEHHUE B Cpelly HEXa-
PaKTEpHBIX JJIs Hee HOBBIX (PU3UUECKHUX, XUMUYECKUX WIN
OMOJIOrMYECKUX areHTOB WIIM MPEBBIIICHUE NMEIOIIEroCs
€CTECTBEHHOTO YpOBHA ((pOHA) ITUX areHTOB), TEXHUYE-
CKue MpeoOpa3oBaHUs U pa3pylLIeHUEe MIPUPOAHBIX CHCTEM
B IpOIIeCCe IKOHOMHUYECKON NIeATeIbHOCTH, HCcUeplaHue
MIPUPOHBIX PECYPCOB, II00ANBHBIE KIIMMATHUECKHE N3Me-
HEHHS, 3CTETHIECKUE BO3IEHCTBU U IIp.

Vcnions3ys TEpMHHBI «HArpy3ka» U «BO3JEHCTBHE»
KaK CHHOHHMBI, H UMEsI B BHAY, 9TO MEXIy HUMH €CTh U
TECHasl B3aNMOCBS3b, K HeKoTopsIe pasnuuns, H.B. Copo-
KOBUKOBA [ 78] MPUBOAXT CIIEAYIONIHE TPAKTOBKA. B TIOHN-
MaHHU aBTOpa BO3JEHCTBHE YEIOBEKA ACCOIMUPYETCS C
AHTPOIIOTCHHOW JICATENILHOCTBI0 U TPEJICTABISIET CO0Oi
COBOKYIHOCTbh (DAaKTOPOB, BBI3BIBAIOIMX HETaTUBHBIC W3-
MEHEHHMs B IPUPOIHBIX KOMIIOHEHTaX JaHamadra, BKIO-
Yyasg B ce0sl: HCIOJb30BaHHE IPUPOJHBIX KOMIIOHEHTOB
nanamadTa (M3bsATHE, TpaHCHOPMALIUIO U HApYLIEHUE 3e-
Mellb B TIPOIECCE XO3SMCTBEHHON NEATENBHOCTH, JOOBITY
TIOJIE3HBIX MCKOIAEMBIX, UCIIOJIb30BAaHUE BOA U T.A.), MO-
CTYyIZICHHE OTXOJOB IOTPEOJCHNUS W MPOMU3BOJICTBA B
nmaHamadTs (BEIOPOCH BPEIHBIX BEUIECTB B BO3AYX IPO-
MBIIIJICHHBIMH, KOMMYHAJIbHO-OBITOBBIMH, CETLCKOXO035IH-
CTBEHHBIMH MPEANPUATHAMH M TPAHCIIOPTOM; COPOCHI
CTOYHBIX BOJ B BOJJOEMBI, TBEPJIbIE OTXOABI OT PA3IUYHBIX
WUCTOYHUKOB U T.II.).

Crenyer pa3nuuaTh BO3JEHCTBUSA: TOUEUHO-OYAarOBhIE
(TakoBBI BO3AEHCTBHS MPOMBIIIJICHHOCTH M IOCEICHUIN),
JTUHEHHO-CeTeBbIe (TPAaHCTIOPTA), TIOIIAHbIE (CETBCKOTO
x03sicTBa). OHU MOTYT OBITh TaKXe JJIUTEIbHBIE U KpaT-
KOBpEMEHHbIE, HEPEPHIBHBIE U UMITYJILCHbIE, CE30HHBIE U
kpyraoronnysnsie [58]. IIpu sTom B KauecTBe mpenMera
oneHku Bozaeiicteuil nporpamma FOHECKO «Yenosek u
6roctepa» 1 BHIOTHEHHBIE IO/ €€ ST UA0H HCCIIeA0BaHNS
TIPeAJIaraoT paccMaTpUBAaTh IKOHOMHYECKUE, SKOJIOTHYe-
CKHE W CollMajbHbIe TocaencTus [53].

AHTpOTIOTEHHYIO HAarpy3Ky CBS3BIBaeT C TpaHCc(opma-
uueit manamadra A.I. Micauenko [32], mpeanarast HCIOJb-
30BaTh TAaKHe MOKa3aTeNH, KaK IUIOTHOCTh TOPOJCKOTO U
CEJICKOTO HACEJICHHsI, PACIIaXaHHOCTh TEPPUTOPHHU U KH-
BOTHOBOJUYECKYIO HArpy3Ky WM KOJHYECTBO TOJOB Ha
eIMHHMILY TUIOIAaaN M3ydaemoro janamadra. [InoTHoCTH
TOPOJICKOTO HACEJICHHUs aBTOP CUUTAET HHANKATOPOM OYa-
TOBBIX Harpy3ok, CO37aBaeMbIX MPOMBIIUICHHBIM MPOU3-
BOJICTBOM M ypOaHHU3aluei, a IIIOTHOCTh CEILCKOT0 Hace-
JIEHUsI ¥ pacliaxaHHOCTh, 10 MHEHHUIO yYEHOTro, Hanbosee
peNpe3eHTaTUBHEI B ClTy4ae PernOHaIBHOM OleHKH (oHO-
BBIX CEIIbCKOXO3SAHCTBEHHBIX HAIPY30K U CTENEHH TPAHC-
(hopMany IPUPOIHBIX CUCTEM.
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Mcnonb3oBaHWe NPUPOAHbIX KOMMOHEH-
Tos naHawadorta // Use of natural com-
ponents of the landscape

MocTynneHne OTX0L0B X03ANCTBEHHOM Aes-
TenbHOCTU B NaHawadTsl // Input of waste
from economic activities into landscapes

To4euyHo-o4arosble BO3aei-
cteua // Point-focal impacts

NnHelHo-ceTeBbIe BO3AENCTBUA
// Linear network impacts

MaowaaHbie BO3aeN-
cteua // Areal impacts

Puc. 1. Buabl anTponoreHHbIX Bo3aeicTBHii [68]
Fig. 1. Types of anthropogenic impacts

OTMeTuM, YTO TOKa3aTenhb TUIOTHOCTH HACEJICHUS IIH-
POKO HCIONB3YeTCSI B COBPEMEHHBIX HCCIIEIOBAHMUSIX
MMEHHO KaK MHIUKATOP HarPy30K M 3KOJIOTHIECKOTO COCTO-
SIHUSL TEPPUTOPUI, TO €CTh KAK 3KOJOIMUECKUI KpUTEpUI
[2,3,9,31, 37, 54]. IlpaBaa, B 3TUX CiIy4asx aBTOPHI YaCTO
K MOKA3aTeJ 0 IUIOTHOCTH HACEICHUS TaKXkKe JOOaBISIOT U
JIpYT€ XapaKTepUCTUKN aHTPOIIOTEHHOT'O BIUSHUS HA MPU-
POIY: IIOTHOCTH BBEIOPOCOB BpEIHBIX BEIIECCTB B aTMO-
cdepy [32], MIOTHOCTH NPOMBILNIIEHHOTO HPOW3BOJCTBA
[57], nnomaas 3eMens o BUAAM U CTETIEHH XO3HCTBEHHOM
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OCBOEHHOCTH [38], MIOTHOCTh aBTOMOOWJIBHBIX JOPOT M
TpancnopTa [77]. OOGmmM I moKa3aTenell 3TOH TPyIbI
SIBJISIETCSI TO, YTO OHH HCIIOJIB3YIOTCS B PErHOHAIBHBIX
OIIEHKAX BO3/ICHCTBHUII YerIoBeKa Ha JTaHAIIa(THI.

B mpunoxeHuu K BOIHBIM OOBEKTaM 3TH BEITHYHUHBI
MOTYT OBITh IPUMEHEHBI TOJBKO KaK IMOKA3aTeIH KOCBEH-
HBIX BHUJOB BozaeiictBuit [69, 70, 82, 83], Hampumep,
B IpeieNlaX BOAOCOOPHBIX OAacCEHOB pPEK, MOCKOIBKY
MMEHHO BOJIOCOOpHAS TEPPUTOPHUS BO MHOTOM OIPEICIIseT
HE TOJIBKO KOJIMYECTBO, HO ¥ KAY€CTBO PEYHBIX BOJI.
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IIpsiMble BO3AEHCTBHUSA, T.€. HEMOCPEICTBEHHBIE U3bs-
THSI BOZHOTO pecypca U cOpoc CTOUHBIX BOJI B BOJIHBIE 00b-
€KTbI, HanOoJIee YacTO MCIOJIB3YIOTCS JUIsl OLIEHKH Harpy-
30K B TUAPOJIOTMYECKUX UCCIENOBAHUAX. YUUTHIBATH aH-
TPOIOTEHHbIE U3MEHEHHS PEUHOI0 CTOKa CTajl0 BO3MOXK-
HBIM I10CJIE BBEJICHUS B IEHCTBHE CHCTEMBI TOCYJaPCTBCH-
HOTO y4eTa MCIOJIb30BaHHs BOJHBIX pecypcos. Kak oTtme-
gaet Urops AnekceeBuu lllmkmomanoB ¢ xomteramu [88,
10], cuctema ydera Hadana cBoro padboty B 1950-1960-x
IT., C TOTO0 MOMEHTA HAKOIUICHbI 3HAYNTEIbHBIC MACCHBBI
JTAHHBIX 00 aHTPOIOTEHHBIX U3MEHEHMAX CTOKA KPYITHBIX
PEUHBIX CUCTEM H JPYTUX IapaMeTpax Bo3JeicTBUS.

B mpenenax peyHbIX BOJOCOOPOB, PACIOJNIOKEHHBIX B
HanOoJee 0CBOCHHBIX B X035 HCTBEHHOM OTHOIICHUU PETH-
OHOB, Ha PEYHOIl CTOK OOBIYHO BIIMSIIOT OJHOBPEMEHHO
MHOKECTBO aHTPOIIOT'€HHBIX (PaKTOPOB, OCHOBHBIMH H3 KO-
TOPBIX, C TOYKU 3PEHUS BO3AECUCTBHS HAa KOJHMUECTBEHHBIC
N3MEHEHHS CTOKA PEK, SBIAIOTCS: PYCIOBOE PEryInpoBa-
HHE, OpOIIaeMOe 3eMIIE/IENNE, TIEPeOPOCKN U TPAHCTIOPTH-
pPOBKa PEYHBIX BOJ, TNPOMBIIUICHHO-KOMMYHAJIbHOE H
CEJILCKOXO3SIHCTBEHHOE BOIOCHA0XKEHHUE, OCYIIECHHE O0JIOT
1 3a00JI0YEHHBIX 3€METb, BRIPYOKH 1 ITOCAJKH Jeca, arpo-
JIECOMENHNOPaTHUBHBIE MEpOIpUsiTHs, ypOaHu3aius, oOBa-
JIOBaHUE, YINIYOJEHUE W BBHINPSIMIICHHE pPYyCeEJ, BBIEMKa
rpyHTa U 1p. MaciTaObl BO3EHCTBHS yKa3aHHBIX (akTo-
POB Ha THAPOJIOTMYECKUE XapAKTEPUCTUKHU U Ka4eCTBO BOJ
OIIPEIEIIAIOTCSI OCHOBHBIMH NOKA3aTeJIIMH BOIOTIOTpe0IIe-
HUs (00beMOM BOJ03a00pa, OC3BO3BPATHBIM H3IBATHEM,
o0beMOoM cOpoca MM BOJOOTBEACHHUS) MO OTHOIICHUIO K
€CTECTBEHHOMY CTOKY PEKH HIIH 00beMy BO300OHOBIIIEMBIX
BOJIHBIX PECYpCOB. B 3aBHCHMOCTH OT yKa3aHHBIX COOTHO-
IIEHUH 3TH (aKTOPBI XO3IHCTBEHHON ESTEIFHOCTH MOTYT
OKa3bIBaTh 3aMETHOE BIMSHHE, OCOOCHHO Ha Majble U
CpenHue, a MHOTAA U OONbIINE PEKH, MPH 3TOM YCIOBHUS
(hopMHUpOBaHHs CTOKA Ha BOAOCOOpE NMPAKTUYECKH HE U3-
MEHSIOTCS, a XapaKTePUCTHKH cOpoca I BOJOOTBEICHHS
SIBIISTIOTCSI B)KHBIMU B OIIEHKE 3arps3HEHUS U U3MEHEHHUS
KadecTBa pupoaHbIX BoA [10]. B pa3Hble roas! n3ydeHHEM
3TOH Tpynns! (HaKTOPOB 3aHUMANIKCH pPa3Hble ydeHsle |14,
17,34, 64, 76, 91, 93]. B nocneanue rosl BHIMOTHEHBI UC-
CJIE/I0BaHMS, TO3BOJISIONIHE TPOBECTH CPABHEHHE YPOBHEH
U3BATHA BOIHBIX pecypcoB B Poccuu u 3a pyOexkom [19,
35, 89], pernoHajbHBIC OLECHKH BOJOIMOTPEOICHHUS M CO-
CTOSTHHS BOJHBIX pecypcoB [4, 21, 82], poHOBEIX H meie-
BBIX THIPOXMMHYECKHX IIOKa3aTeliell KadecTBa IPHUPOA-
HBIX BoJA [5,73], HONrOBpeMEHHBIX M3MEHEHHWH CTOKa
KkpymnHeimmx pex PO [12], B ToM umcie B pe3ynbTare aH-
TPOIIOTEHHBIX BO3JEHCTBUH [36], a TakXKe OIIEHKH KPaTHO-
CTH pPa30aBIEHUS CTOYHBIX BOJl €CTECTBEHHBIM PEYHBIM
crokoMm [75, 81].

AHTpOTIOTEHHAs TpaHCHOPMAIUS THAPOIOTHIECKOTO
PEKMMa, KaYeCTBEHHOTO COCTOSIHHS IPUPOAHBIX BOA, 00b-
€MOB CYMMAapHBIX BOJHBIX PecypcoB pedHoro OacceiiHa
MOXeT OBITh BBI3BaHA CO3JIaHUEM M JKCILTyaTallue BOoso-
xpaHwil. BozznelicTBue 310, 00BIYHO TeM Oouiblle, YeM
Oorbllle OTHOLIEHHWE 00BbEMa BOJOXPAHWJIMII K OOIEMY
CTOKYy PEKHM U 4YeM 3HAYMUTENIbHEE CyMMapHas JONOJIHH-
TelbHas IUIOMAaAh BOAHOTO 3epKayia Bogoxpanuiuil [10].
31O e11e OMH MapaMeTp, KOTOPBIH MOXKET UCTIOIb30BaTHCS
JUIA OLIEHKH aHTPOIOT€HHOTO HM3MEHEHHs pedHoro Oac-
ceitna. Co3manue OOIBIIOTO KOJMMYECTBA MPYAOB OOBIYHO
OKa3BIBAaCT 3aMETHOE BIHMSHHE HA CTOK MAJIBIX U CPEIHUX
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pex. CaMbIMU U3BECTHBIMH 000OIIEHUSIMU 11O 3TOH TeMma-
THKE B Halueil crpaHe sBistrorest padorsl C.JI. Benaposa
[8], A.b. ABaksina ¢ coaBtopamu [1], K.K. Daenpiireiina
[94, 95], FO.M. Marap3una [49]. B peruonansHoM pa3zpese
Ppa3yIMyYHbIe aCNeKThI 3TOI HayYHO! MpoOJIeMbl HA IPUMEpe
pernonos Cubupu npencrasineHsl B padotax JI.K. Mamnk
[46, 47], O.®. Bacunbesa ¢ coaBropamu [6, 7], B.M. Cas-
kuna [74], T.C. ITanuuoii [59], B.B. Memkosa u C.B. Ma-
kapsraeBa [51], A.T. 3unosseBa [27] U APYTHX, a TaKXKe B
KOJUIEKTHUBHBIX MOHOTpadusax (Hampumep, [52]).

OreHKa aHTPOIIOTEHHBIX HATrpy30K Ha BOIHBIE pe-
CYPCHI PETHOHOB YacTO UMEET LeJICBYIO HAllPaBIEHHOCTh U
pasiauyaercs B 3aBUCHUMOCTH OT BUJla SKOHOMUYECKOH Jie-
STENBHOCTH. Tak, 1eco3aroToBKa M3MEHSET KOMIIOHEHTHI
BOJHOTO OajaHca MajblX M CPEIHHX PEK, THAPOJIorHYe-
CKUI pexxuM U KadecTBO BoJ [10]; creneHs BO3AeHCTBUS
OTpeeNsieTcs THIIOM U Bo3pacToM Jieca [ 13, 43, 65], cka-
3BIBACTCS HA IPOTSHKEHUH ICCSITKOB JIET M 3aBUCHT OT IT0Y-
BEHHO-KJIMMaTH4eCKuX yciosuii [16, 30, 62, 63]. Menuo-
pamms Kak BHA SKOHOMHYECKOU IEATEIFHOCTH TOXKE OKa-
3BIBAaCT BIMSHHUE HAa BOJHBIC PECYPCHI IyTEM OCYIICHHUS
win 0OBOTHEHUS TEPPUTOPHI, O YeM OMYyOIMKOBAHBI pa-
60ThI oOIIero miana [28, 33, 56, 67, 87] u B peruoHab-
HOM TNPUJIOKEHUU Ha OTAENbHBIX mpumepax [15, 42, 48,
55, 85]. TopHopymHble pa3pabOTKH, MOHMKAIOIIUE
YPOBHHU IPYHTOBBIX BOJI Ha OOJIBLIMX TEPPUTOPHSIX, BIIU-
SIOT Ha BCE XapaKTEPUCTUKHU PEXKHMa BOTHBIX OOBEKTOB,
UCTIApEHUE U CyMMAapHbIl TOJOBOM CTOK; U3MEHSIOT KO-
JUYECTBCHHBIC W KAueCTBEHHBIC ITOKA3aTEId PEYHOTO
CTOKa 3a cueT cOPOCOB B PEKU MIAXTHBIX BOI, a TAKKE B
pe3yabprare 5po3UH W Pa3MBIBOB IPH TOPHEIX BBIPAOOT-
Kax; OCOOCHHO 3HAYUTEIBHBI BO3ACHCTBUSA HAa MaJble H
cpeanue BonoTokH [10], HEKOTOpbIE U3 HUX NEPECTAIOT
CYIIECTBOBATh U MCYE3AIOT C KapThl. OCTPO CTOUT MpPO-
OremMa BOJOOTBEJEHUS IIAXTHBIX BOJ YTOJBHBIX pa3pe-
30B, YTO yBEIHMYMBAET CTOK MAJBIX PEK M 3HAYUTEIHHO
yXy[llaeT KayecTBO peuHoil BoAsl. Ha nmpumepe peuHsix
OacceifnoB Cubupu 5Ta mpodieMa Takke MoJydusa Ko-
JTUYeCTBEHHYIO olleHKy [61, 80, 81, 86].

Baxnoe mecto cpeau (akropoB (HOpMUPOBaHHS ped-
HOTO CTOKA 3aHUMAeT ypOaHH3alusl, KOTOpas H3MEHSET BCE
XapaKTePUCTUKU BOTHOTO OajaHCca TePPUTOPHH, KaueCTBO
BOII, HAMOOJIEee 3aMETHO JJIST MaJIBIX PEK, MEHEe 3HAUUMO —
JUISL CpeAHMX U KpyHHbIX pek [10]. Otu u npyrue nocnen-
CTBHsI ypOaHU3AIINH MTOKAa3aHbI B pab0Tax U3BECTHBIX THJI-
poioros [22, 39, 40, 45, 79] u MOJIOJIBIX YYEHBIX-HCCIIENO0-
Barener [50]. AKTyalbHOCTh THAPOJIOTHYECKUX HCCIEN0-
BaHUH B TOCIEIHNE JECATHICTHS CBSI3aHA TAKXKE C OICH-
KOW T€OXMMUYECKOW Harpy3KH Ha BOZHBIE OOBEKTH [41,
73] n xmumatmaeckumu usmerenusmu [90, 92, 98]. braro-
naps GopMUpOBaHMIO OaHKA MCXOTHON MH(POPMAIINH BO3-
MOXXHBIM CT@HOBHUTCS PEIICHHE 3a/1a4 JIeTAIN3AIH TaKHX
OLIEHOK U NIPOTHO3a, U3MEHEHHs U KOPPEKTUPOBKU aHTPO-
MMOTeHHBIX Bo3jeicTBuil [97]. TlogoOHBIe paOOTHI BBITION-
HSIOTCS B LENSX HMHTETPUPOBAHHOIO YIPaBJICHUS BOA-
HBIMHU pecypcaMu B cTpaHax 3anajnHoi Esponst [99], ms
KOTOPBIX PEryJsipHas CeTKa THMAPOJIOTHYECKHX HaOIroze-
Huit umeet mar 1 kM x 1 kM. MHOrO4HCIEHHbBIE UCCIIEN0-
BaHUS 110 TaHHOH TeMaTHKe B MEXIYHAPOIHOM HAYIHOM
coo0miecTBe HE MO3BOJISIOT IMPUBECTH MX IIOJNHBIN Iepe-
4yeHb. MeXIy TeM, aHaJi3 ATHX NCTOYHHKOB MOKA3hIBACT,
YTO COBPEMEHHBIN KPU3HC UCTIOIB30BaHNS BOAHBIX PECyp-
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COB — 3TO KPU3UC MMEHHO YIPABIEHHUS BOJHBIMU PECyp-
camu [100]. [Ipobremsl yripaBiieHHsI BOTHBIMUA PECypcamMu
TECHO CBSI3aHBl HE TOJBKO C OLICHKaMH aHTPOINOTEHHBIX
Harpy3oK, HO ¥ C UCCIICJOBAaHUSIMH TEPPUTOPUAIILHOI Op-
raHU3aluy BOZIONOJIB30BaHMUs, podaeMamMu (QyHKIMOHH-
POBaHHSI BOJOXO3SWCTBEHHBIX CHUCTEM, 3((PEKTUBHOCTH
HCTIONBb30BaHUs BOJAHBIX pecypcoB [71].

Uro kacaetcs, BOIPOCOB 3(PEKTHBHOTO M OEpekiTH-
BOTO OTHOLICHUS K BOJHBIM pecypcaM, HOJUTHKU Pecyp-
cocOepexeHust, To UM B Poccun yrensercs: mpucTaabHOe
BHUMaHHE, KaK Ha (eJepaIbHOM, TaK U Ha PETHOHAIBHOM
ypoBHsIX. OcOOCHHO aKTyaJbHBI MPOOIEMBI pecypcocoe-
PEKEHUS B KOHTEKCTE 00€CIICYCHNSI MHHOBAIIOHHOTO pa3-
BUTHS CTPAHbL. 3aJla4y 10 TOCTHXKEHUIO 3 PEKTHBHOTO U
palMOHAILHOTO MCHONB30BaHUS BOAHBIX PECYPCOB IIO-
crasnenbl lIpaBurenscTtBoM Poccuiickoit Penepauuu B
Bonnoii ctparerun Poccun u @enepanbHol 11€€BOM Ipo-
rpamme «Pa3BuTue BOI0X034MCTBEHHOro KoMiuiekca PO B
2012-2020 rr.», opyrux cTpaTernyecKux U NporpaMMHBIX
JIOKyMEHTaX.

TocynapcTBenHOE cTarncTndeckoe Habmonenue B Poc-
CHH BEIETCS MO CIEAYIOIIMM TPYIIaM BOIOXO35HCTBEH-
HBIX TTOKa3aTeneii: 3a00p BOJBI M3 MMOBEPXHOCTHBIX M MOA-
3EMHBIX BOJHBIX MCTOYHUKOB (KM>); HCIIONB30BAHUE BOJIBI
Ha XO3AHCTBEHHO-TTUTHEBBIC, IPOWU3BOACTBEHHBIEC, CEJb-
CKOXO3SIHICTBEHHBIE, UPPUTALIMOHHBIC HYK/BI, B LEJISX PbI-
6oBozcTBa (kM%) 1 Ap.; 06beMbl NepejaHHo} BOJBI B pe-
3yJbTaTe MepeOPOCKH M3 OIHOM PEYHOW CHCTEMBI B JIPY-
ryio (kM%); ToTepu BOABI NMPHM TPaHCHIOPTHpOBKE (kM3);
00beMBI cOpoca CTOYHBIX BOJ IO KaTE€ropHsM OYHCTKH
(xm*). CratucTrUecKas 06paboTKa TaHHBIX IIPOM3BOIATCS
exerogHo. O3HaKOMHUTBHCS € MOKA3aTesIIMH MOXKHO B OT-
KPBITBIX HHTEpHET-UCTOUHUKAX [26]. Cobupaet u o6pabda-
THIBaeT BCIO MHpopManuio DenepanbHOE areHTCTBO BOJ-
HBIX PECYPCOB M €ro TeppUTOpHaIbHBIC OpraHbl (baccei-
HOBEIC BonHBIE yripaBieHus (bBY)).

O HexTHBHOCTh HCIONIB30BaHUA BOAHBIX PECYpPCOB
yaie BCEro MOXKHO OIpPENIeNUTh depe3 00heMbl 000pOoT-
HOTO M TIOBTOPHO-IIOCIIEIOBATEIFHOTO BOIOCHAOKEHHS
(xM?) M BOJOEMKOCTH BAallOBOTO BHYTPEHHETO IIPOMYKTA
(M3/TBIC. PY6.). B mocnennue roaw! mis cpasuenus Poccun
¢ JpYrMMH CTpaHaMM MHUpa IIPUMEHSETCs T0Ka3aTeib BO-
JIOEMKOCTH BaJIOBOTO BHYyTpeHHero mnponykra (BBII)
(M3/TBIC. PY0.), PACCUMTAHHBII 110 IIAPHTETY HOKYATEb-
Holt crtocooHocTH (ITIIC) BamroT [20]. IIIC — crarucTH-
YyecKasi KaTeropysi, BBICTYIAIOIIass HHCTPYMEHTOM obec-
MICYCHHUST MEXyHApPOJHOW CPaBHUMOCTH TaKHX Makpo-
3KOHOMMUECKHUX IOKa3aTeseil, Kak BaJOBON HallMOHA/b-
Heli mpoaykT (BHIT) wnu BanmoBoi BHYTPEHHUH IPOAYKT
(BBII). IIIC mpexacrasnser coboit ko3hduneHTs!, Xa-
paKTEepHU3YIOIINEe COOTHOIICHNE MEXy IIEHaMU CPaBHH-
BaeMbIX CTPaH, OHH MO3BOJISIOT MPOBOJUTH KOPPEKTHBIE
MEXCTpPaHOBBIE COMOCTaBleHUs1 obmero obbema BBII,
WCYUCICHHOTO METO/JOM KOHEYHOTO HCIOJIb30BAHUS, U
€ro OCHOBHBIX COCTaBJISIOMIMX. Hampumep, BO3MOXHO
ucnons3oBanue pacueroB BBII mo IIIIC, nposeneHHbIE
Opranu3anueil crpaH 9KOHOMHUYECKOTO COTPYIHHYECTBA
n pas3BuTHsi, BceMupHbIM BasoTHBIM (oHtOM Wi Bee-
MUPHBIM OAHKOM.

Paznuunst B 3PEKTUBHOCTH HCIIOIB30BAHMST BOJHBIX
pecypcoB cyorekToB PO HarmsaHO AEMOHCTPHPYET MOKa-
3aTeNb BOZOEMKOCTH BaJIOBOTO PETMOHAIBHOTO MPOTYKTa
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(BPII) (takyro uH(pOpMAIUIO TMPENCTABISIET, HAPUMED,
Hay9IHO-HH(pOpMaITHOHHOE areHTCTBO «IIpuponan). OTme-
THM, 4YTO BOJOEMKOCTb XapaKTepU3yeTcsl YAEIbHOU
(HanpuMep, Ha €IUHUIY TPOAYKIMN) BETUYNHON HCIOJIb-
30BaHUs BOJHBIX PECYPCOB, EIUHUIIAMU U3MEPEHUS KOTO-
POH BBICTYTIAIOT CIIEMYIOIIME PA3MEPHOCTH — M>/T, M/IIT.,
m3/thic. py6. [Tokasarens BBesen emme B 1970-1980 rr. co-
BETCKUMH y4eHBIMU [44, 60].

[Ipu oneHKe >PPEKTHBHOCTH MCIIONB30BAHUS BOITHBIX
pecypcoB NMEPBOCTETIEHHOE 3HAUYCHNUE OECCIOPHO HMMEIOT
XapaKTEePUCTUKH BOAOMOTPEONCHNSI Ha HPOU3BOJCTBCH-
HBIE ¥ CEITbCKOXO3HCTBEHHBIC eI (0COOCHHO TaKUX BO-
JOEMKHX OTpaciell 3KOHOMHKH, KaK 3JIE€KTPOIHEPTeTHKA
nnu Menuopanus) [19]. Kpome 3toro, BaxkHOe 3HaueHHE
HUMEIOT TaK Ha3bIBaeMble «HEBOJHBIE» ITOKa3aTeNH, OIpe-
JICTSFOIIME CTENeHb MOJEPHHU3AIMH SKOHOMHKH, YPOBEHb
Pa3BUTHSl MHXKCHEPHO-TIPOU3BOACTBEHHON WH]pacTpyK-
TYpbl, B TOM YHCIJIE ¥ BOJOXO3HCTBEHHOW 00YyCTPOEHHO-
CTH TEPPUTOPHIA: JOJISI UCHONB3YyeMBIX 00OPOTHBIX BOJ B
npomMbmierHocTH 1 JKKX, morepn Boabl pu TpaHCHOP-
THPOBKE, N3HOC BOJOIPOBOJHBIX CETEH, OXBAT *KUIIBIX J10-
MOB IpruOOpaMu ydeTa BoJbl, 00€CIIEeUCHHOCTh HACEIICHNUS
1 OXBAT HACEJICHHBIX ITYHKTOB BOAOW MMUTHEBOTO KAYECTBA.
OTH U ApyTHe TOKa3aTesd MPeI0CTaBIIOTCS TEPPUTOPH-
aNpHBIMH opraHaMu PocBozpecypcos, PocriorpebHanzopa
U Ipyrux denepanbHbIX BeIOMCTB U areHTcTB PO [71].

CormacHo MmexnayHaponHoit cratuctuke OOH
Aquastat FAO [96], B 1iensiX OLleHKH COBPEMEHHOTO COCTO-
sHUSL ¥ 39 (HEKTUBHOCTH MCIIOJIb30BaHHS BOIHBIX PECYPCOB
PEKOMEH/yeTCsl MCIOJIb30BaTh TaKHe OOIIMe IMOKa3aTein
OLICHKH BOJHO-PECYPCHOTO ITOTEHIMaNIA CTPaH, KaK Cpel-
HEMHOTOJICTHHE PECYPChI TIOBEPXHOCTHBIX BOJ, PECYpPCHI
MOA3EMHBIX BOJ (KM); CyMMapHas €MKOCTb BOJIOXPaHH-
JIMIII, OTHECEHHAsI K CPETHEMY 3HAYEHHIO PECYPCOB MECT-
HOTO TIOBEPXHOCTHOTO CTOKa B cTpaHe (%); Do Win Ko-
3G QUIMEHT U3BATHI BO30OHOBIIIEMbBIX BOJHBIX PECYPCOB
(water stress, %); MCIOJIIB30BaHHE BOJHBIX PECYpCOB Ha
pas3iiuuHbIe HYXIbl — CEIbCKOXO3IHCTBEHHBIE, KHUIIHUIIIHO-
KOMMYHaJIbHBIE, ITPOMBIIUIeHHBIE (% oT olmero oobeMa
UCIIOJIb3YEMBIX BOJI); POCT YHCIICHHOCTH HACEJICHHS U U3-
MEHEHHE BEeJIMYMHBI 001X BO30OOHOBIISIEMBIX BOIHBIX pe-
CYpCOB B pacdeTe Ha OJHOTO >KUTENS WIN yAeJIbHas BOJIO-
06ecreyeHHOCTh Ha uesoBeka (M>/den); Jois HaceNeHus,
00€eCIIeYeHHOTO BOJIOM NUTHEBOTO KadecTBA M YCIyraMu
[IEHTPAN30BAHHOTO BojocHa0xeHus (%0).

B 3apy0exxHOl HaydyHOH JNUTEpaType NPUMEHSIOTCI U
JpyTHe OLCHOYHBIC TTOKa3aresy dP(EeKTHBHOTO HCIOIb30-
BaHUs BOJIHBIX PECYPCOB: BOIOEMKOCTh B CEJIbCKOM XO35Ii-
ctBe (M’/IOML); BONOEMKOCTh B  HPOMBIIIIEHHOCTH
(M3/momi.); nosst 0GOPOTHOTO M MOBTOPHO-TIOCIIEIOBATEN -
HOT'O HCIIOJIb30BaHMs BOJIHBIX PECYPCOB B 00IIEH CTPYKTYpe
Bomonotpebnenust (%); mois «eonyboi» (MCTIapuBIIEHCS C
MTOBEPXHOCTH MCKYCCTBEHHOTO BOIOEMA B TPOIECCE TTPOMU3-
BOJICTBA), «3el1eHO (NOXKIECBOW, CHETOBOW, HCITAPUBIICHCS
C JINCTHEB PAaCTeHHUH), «cepou» (NCTIONB30BaHHOM paHee Ha
JIpYTHE LIeJIM ¥ OYUIEHHOH BOJBI /IS TIOBTOPHOTO TpHIMe-
HEHUSI) U «8UpmyaibHou» (TIONIONIEHHONW B TPOMBIIIICH-
HBIX TOBapax M MpoAyKTax nuTanus) Boasl (%). Ecte nmons-
THE «BOJHOTO cuenay» (Water Foot Print).

OTaenbHONU TEMOU st 0OCYKIACHHS SIBISAETCS TOCTO-
BEPHOCTh CTATHCTHYECKHX JAaHHBIX, MyONHKYeMBIX pa3-
TMYHBIME opranu3anusamu. Tak, A.Jl. JlymHOB [23, 24, 25]
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OTMEYaeT, YTo, KaK MpaBuiio, Marepuansl MHcTuTyTa Mu-
POBBIX PECYpPCOB HAJIC)KHBI, U MPUBOAUT MyOIUKAIIMIO UX
Pe3yAbTaTOB MEXAYHAPOIHBIX CTAaTUCTHUECKUX CpaBHeE-
HUI IS ISCATH CTPaH MUPA C HAUOOJBIINM BOZI03a00POM.
B 10 xe Bpems A.I1. JleMuH B cBoel TOKTOPCKOM TuccepTa-
IIUH | psiie IpYTHX Myonukanwi (Hampumep, [ 18, 20]), yno-
MuHasi THCTUTYT MUPOBBIX PECYpCOB B KOHTEKCTE pacdera
[I0KA3aTelIsl COBPEMEHHOM BOJOEMKOCTH CTpaH MHpa, COBE-
TyeT K 3TUM JaHHBIM OTHOCHUTECS ¢ OOJBIION OCTOPOXKHO-
cThl0. bonee HaneXHbBIMM U COBPEMEHHBIMU OH CUUTAET
JlaHHbIE [0 BOAONOJNb30BaHUIO EBpocTara, rae gaercs pas-
OvBKa 0OBEMOB M3BIMACMBIX BOJHBIX PECYPCOB, KaK IO HC-
TOYHUKAM BOJOCHAOXKEHUSI, TAK ¥ 110 CEKTOPaM SKOHOMHUKH.

Taxoke HanexxHbI JaHHbIe OpraHu3alyu CTpaH dKOHO-
Muueckoro corpyauunuectsa u pazsutus (OOCP), Gonb-
IIMHCTBO U3 KOTOPBIX COCTABIISIFOT MH(POPMAITHIO 110 CTpa-
Ham EBpomnbl, nannbie [Ipo0BOIECTBEHHOM U CENBCKOXO-
3siicTBeHHOM opranm3anun OOH (FAO), oxBareiBatomiie
OOJIBIIMHCTBO CTpaH MUpa, 1 CTaTHCTHYECKOTO KOMHUTETA
CHI.

Bwmecte ¢ TeM, 3HAUUTENbHYIO TPYAHOCTh COCTABJISAET
CONOCTaBUMOCTh JaHHBIX [0 UCIOJIb30BAHUIO BOJHBIX pe-
CypcoB cTpaH Mupa. [[pUuduHbI 3TOTO — OPraHKU3aluOHHO-
METOJIOJIOTHYECKHUE Pa3TUIUs yueTa UCTIOIb30BAHUS BOJIBI
B KaxIoil crpaHe. OOuienpu3HaHHbIE MEXIyHapOIHBIE
CTaHAApTHl U METOJbl CTATUCTHUUECKUX CpaBHEHHH 10
HACTOSIIIETO BPEMEHH He BbIpaboTaHbl. Hampumep, B
CIIA opranuzanueil CTaTUCTUKUA HCIOJIB30BAHUS BOIBI
3aHnMaeTrcs [eomorndeckas cimyxba, KOTopas B OTIIMYHE
OT POCCHUICKOHN U €BPONENCKON CTaTUCTUK NPEAOCTABISET
JaHHBIC 000O0IIEHNS HE TOJOBEIC, a IATHIICTHHE.

Psimp1 naHHBIX OONBIIMHCTBA CTPAH MHUpA B 3HAYUTEINb-
HOH CTENEeHH yCTYNaroT MHOTOJETHEMY CTATUCTHUECKOMY
HaOroneHnio B PO. OTeuecTBeHHAsS YUETHO-OTYETHAS CH-
cTeMa IO UCTOB30BaHUIO BOJAHBIX PECYPCOB, BOAOXO3SH-
CTBEHHAsl CTAaTUCTHKA, co3maHHas B 1970-1980-e¢ rr. —
KpYyIHOE JIOCTH)KEHUE HE TOJIBKO Halleil, HO U MUPOBOH
CTaTUCTUUYECKOH Teopuu U ipakTuku [20]. [TosTomy B umcio
BO3MOXKHBIX JIJIsI CpaBHEHHS XapaKTEPUCTUK MO CTpaHaMm
MHpa Yalle BCEro MomajgaeT OrpaHuueHHOe KOJIMIEeCTBO TM0-
KazareJyel, MOCTYIHBIX Il Ielel aHann3a U OLCHKH d(-
(DEKTHBHOCTH UCTIONH30BAHUS BOTHBIX PECYPCOB.

3akioueHne

Hcnonbs3oBaHne TEpMUHA «aHTPONIOTEHHAs HArpy3Ka
MOApa3yMeBaeT IMOCJIEI0BATENbHYI0 KOJIMYECTBEHHYIO
OLIEHKY TpHUaJibl «BO3JEHCTBUE — W3MEHEHHUE — IOCIIE/-
ctBush». [Ipu 3TOM BO3/IeicTBHE BCET/Ia CBSI3aHO C OJJTHUM
W3 BUJOB SKOHOMHUYECKOM JICITCIILHOCTH YEJIOBEKA, a TAKKE
YIOBJIETBOPEHUEM MOTPEOHOCTEN B TEX WIIM WHBIX TIPUPOII-
HBIX pecypcax. M3MeHeHue MmpoucxoauT B SKOCUCTEMAX U
XapaKkTepU3yeTCsl KOJIMYECTBEHHOM OLIEHKOW COCTOSIHUN
MIPUPOAHBIX KOMIOHEHTOB. [locieacTBusi aHTPOIIOTeHHBIX
BO3/ICUCTBUI MOTYT MMETh COLIMAJIbHBIE, YKOHOMHUUYECKUE
WAJU JKOJIOTUYECKUE AaCMEKThl, KOTOPbIE B CBOIO OYEPEIb
TaKKe MOTYT OBITh KOJTMYESCTBCHHO OLICHEHBI.

[IpencraBieHHbI CPaBHUTENBHBIA aHAIU3 METOIOJIO-
TUYECKHUX MOAXOJIOB K OIIEHKE aHTPOIOT€HHBIX Harpy30K
Ha BOJHBIE OOBEKTHI MO3BOJSET BBLIJAEIUTHL OCOOSHHOCTHU
MIPOBOIMMBIX HAYYHBIX HCCJIEIOBAHMMA B 00JacTH reorpa-
¢uu u ruaponorur. PaznuyaroT mpsiMble ¥ KOCBEHHBIE BO3-
JIEUCTBUS Ha BOJIHBIE PECYPChI U3y4aeMbIX PETHOHOB, U3Y-
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YEeHHUE U OLICHKAa KOTOPBIX Yallle BCEr0 COOTBETCTBYET TH/-
POJIOTMUECKUM U reorpadMuecKiM METOAaM HCCIIeI0Ba-
Hui. [Ipy 3TOM U1 OLIEHKH MCIONB3yeTcs OONbIIoe MHO-
JKECTBO IOKazaTeJeld — OT COLMAaJIbHO-IKOHOMUYECKUX U
JTaHAmAa(THBIX XapaKTEPUCTHUK 10 THAPOIOTHYECKUX U BO-
JOPECYPCHBIX BENIWYHMH. B KakZIOM OTAENBPHOM Ciydae
Habop MapaMeTPOB 3aBUCHT OT (paKTOpa aHTPOIIOTCHHBIX
BO3ACUCTBHUH U CTICIIU(HKH MPOSBICHUS OCHOBHOTO IIPO-
1ecca B OKpy Karomien cpene.

CreneHp TpaHC(hOpPMAaUK BOTHBIX OOBEKTOB OIIpere-
JSIETCSI yPOBHEM M HHTCHCUBHOCTBIO aHTPOIIOTEHHBIX BO3-
JICUCTBUH, KOTOpBIE MOIEKAT KOJIMYECTBEHHOH OLCHKE
Yyepe3 MpU3My BOJOXO3SHCTBEHHBIX IoKazarenedl. Cpean
HUX T€, YTO MPUMEHSIOTCS B POCCUICKON M MEXIyHapoa-
HOW CTaTUCTUYECKOH MpaKTHKe: KOJMYECTBO 3a0paHHBIX
BOJI, LICJICBBIE BUJIBI UCIIOJIBb30BAHUS U JOJIH U3BSTUS BOA-
HBIX PECypcoB, 00bEMbI cOpOca CTOYHBIX BOJ| IO KaTero-
pUSIM OYHCTKH, 00OPOTHOE M ITOBTOPHO-NOCIEAOBATEIb-
HOE BOAOCHAOXEHHE, YIeIbHOE BOIOIOTPEOIEHHE, BOIO-
€MKOCTb NTPOU3BEICHHOMN MPOIYKIUH U JPYyTHE.

HaxomieHHBII 3HaYUTENBHBIN MacCHB AaHHBIX 00 HC-
TIOJTb30BAHUM W YNPABICHUHM BOJHBIMU PECypcaMH CIIO-
COOCTBYET JeTajn3aliy OILIEHOK aHTPOIOTeHHBIX Harpy-
30K 1 3 (PEeKTHBHOCTH UCTIOIH30BAHHUS BOIHBIX PECYPCOB.
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Beenenne

OnHoM U3 EHTPaTBHBIX TPOOJIEM B chepe peaan3auu
MHPOBOH KOHLEMIUN YCTOWYUBOTO PA3BUTHSI, B YACTH, TIO-
CBAIIEHHONW OKpY’KaloleH cpelie M DKOJOTUH, SBISETCS
BBIBEJICHHE U3 MPUPOJHBIX CPENl M TEXHOTCHHBIX 00pa3o-
BaHUU CTOMKUX oprannyeckux 3arpszaureneit (CO3). Co-
rnacHo CTOKToJabMCKOM KOHBEHIIMU «O CTOMKUX OpTraHu-
geckux 3arps3HuTersix» (2001 1), moIMXIIOpUpOBaHHBIC
oudenmrsl (I1XB) Bkmrouens! B cincok CO3 u 3anpemnieHb!
K TIPOM3BOJICTBY W NMPHMEHEHHIO Kak 0c000 OTacHbIe Ui
JKIBOTHBIX U YEJIOBEKA COCTUHEHNUS, a MX 3aIachl JOJDKHBI
ObITh yHHUTOXEHBI 10 2028 T [46]. Poccus mpuHsiia Ha
cebs 00s13aTeNnbCTBA IO BRITIOTHEHUIO MOJ0XKEeHNH CTOK-
ronbMckoit kouBeHIUH B 2011 r @3 o1 27.06.2011 No 164-
@3. [To xumugeckoii ctpykrype I1Xb Bxomst B kimace apo-
MaTUYECKUX COCAMHEHMM, COAEpKAIIUX B MOJIEKYJEe JBa
apOMAaTHYECKUX KOJbIIa, HA KOTOPBHIX B KAUECTBE 3aMECTHU-
TeJeil pacmoniokeHbl aTOMBI XJIopa B KOJIU4YecTBe OT | 10
10 [39]. Beero B rpymimy XJ0pHpOBaHHBIX OU(EHIIOB BXO-
1T 209 KOHTeHEepOoB (COCTMHEHUH, UMEIOIINX B CBOCH OC-
HOBE OJIMHAKOBYIO XUMHUYECKYIO CTPYKTYPY, HO OTINYAF0-
IIUXCS KOJMYECTBOM U TOJIOKCHHUEM 3aMECTUTENEH B MO-
mekyne). 3a mepuHon ux mpomsBoacTtBa ¢ 1930 mo
1980-e rT., IO pa3HBIM MoIcYeTaM, OBIIIO BEITYIIEHO OoJee
1.5 MiH TOHH, U3 KOTOpbIX He MeHee 10% HaxonsaTcs B
okpyxarouiei cpene. B kommepueckux uensx [1Xb mpous-
BOJMJIMCH B BUJIe cMecel, coaeprkammx oT 40 1o 70 koHre-
HEpOB, MO pa3InuHBIMHI TOProBeIMU Mapkamu. Tak B CILIA
cmecu [1XB Hocunu ToproBoe HasBanue Aroclor, B ['epma-
nuu — Klophen, 8 Uexun — Delor, B Poccuu — CoBout u Tpu-
xnopbudenun, B SAnonmu — Kaneclor [37, 77, 94].

[IXBb HecyT yrpo3y HOpMajJbHOMY CYILECTBOBAHUIO
9KOCHCTEM, BEI3BIBAIOT TSDKENBIC 3a00JICBaHUS KUBBIX Op-
TaHU3MOB M aKKyMYJIUPYIOTCSI B BEpXHEM 3BEHE MHUIIEBON
LeNH B 3HAYUTEIFHOM KomdecTBe. [Ipn 3TOM 9acTh KOH-
reHepoB [1Xb no cBoeil TOKCHYHOCTH NPEBOCXOST TaKKe
onacubie CO3 KaK MONMXIOPUPOBAHHBIE THOCH30(YpaHbI
u mnben30-a1uokcuHbl [37, 94]. [TXB ycToWYUBLI K BO3/IEH-
CTBHIO (PM3MKO-XMMHUYECKHX (DaKTOpOB, 4TO OOYCIIOBIH-
BaeT MX JUINTEIHHOE TMPUCYTCTBHE B MPUPOIHBIX OOBEK-
Tax. HecmoTpst Ha To, uTo mpobneme yHuuToxeHus [1Xb
MOCBSIIIEHO 3HAYUTENILHOE KOJIWYECTBO HCCIIETOBAHUHN B
007acTH QU3NKU, XUMHA U OUOJIOTHH, A0 CHX HOP OCTa-
IOTCSL OTKPHITBIME (DYHIAMECHTAIBHBIE BOIMIPOCHI, CBS3aH-
HBIE C TOWCKOM ONITUMAIIBHBIX SKOJIOTHUECKH OE30MMaCHBIX
1 SKOHOMHUYECKH [IEIeCO00pa3HBIX MEXaHI3MOB YIaCHHS
[IXb u3 mpUpPOTHBIX U TEXHOTEHHBIX 00BEKTOB. OIHIM
13 MEePCTIEKTUBHBIX HATIPABIICHUH B PEIICHUH TaHHBIX BO-
MIPOCOB SIBJISIETCS W3YYECHHE JETPAaTUBHOTO MOTEHIIMATA
MIPUPOIHBIX a3POOHBIX OAKTEPHH.

[IXB, sBisAsCH HOBBIM cyOCTpaToM aiisi OakTepuanb-
HBIX IITAMMOB, CIIPOBOIIMPOBAITN IBOJIFOIHIO METaboIIue-
CKHX IIPOIIECCOB B KJIETKE B HATIPABJICHUH aJIANITAITIH K UC-
10JIb30BAHUI0 HOBOW XHMHUYECKOM CTPYKTYpHI B KaueCTBE
HCTOYHUKA NuTaHus. M3BecTHO, uto pasznoxenue [1Xb y
a’pOOHBIX OaKTepUIl HICT C UCIIOJIIF30BAaHHEM METaOOIH-
YECKOrO IyTH TpaHC(hOpMAIMK He3aMelleHHOTO Oude-
Huna [16,32, 62, 80, 90]. Beinensttor aBe 9acTu OU(pCHUITb-
HOTO METa0OJIMYEeCKOTO MYTH: BEPXHIOK W HUXKHIOK.
B «BepxHeM» TyTH TPOUCXOAUT OKHUCICHHE MOJIEKYJIbI
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Oudenmta oy nqeicTBUEM KoMITIekca GhepMeHTOB 10 00-
paszoBaHusi OEH30HHOW W MEHTAANECHOBOM KucioT [16, 32,
62, 100]. «HmxHuiD» IyTh — OKUCIeHUE OEH301HHO U TIeH-
TaJIMEHOBOI KHCJIOT C y4acTHEM pa3IMYHBIX Ipynn Qep-
MeHTOB [ 16, 32, 77, 78]. B OONBIIMHCTBE CITyYacB B IITAM-
Max-JIeCTPYKTOpax IMpeACTaBlIeH JIN0O «BEPXHUI», IUOO
«HWXHHUA» yTh TpaHcdopmanuu oudenunna [17, 45, 90].
Monmnas yrmwmmsanus Oudenmna/I[IXb Bo3MokHa mpH
HaJIMYNH B MUKPOOHOIIEHO3€ HECKOJIBKUX OaKTepHambHbIX
IITaMMOB, HAaXOAAIINXCS B CHHTPO(HBIX B3aHUMOJCH-
ctBusax [127]. OnmcaHo HE3HAYUTEIHLHOE KOJUYECTBO
IITaMMOB, OCYIIECTBIISIOIINX PA3I0KEHHE TTOJIUXIOPUPO-
BaHHBIX OM(EHWIOB O COENMHEHWHA OCHOBHOTO OOMEHa
kietku [19, 52, 60,63, 87].

[TpoBeneHue BCECTOPOHHETO aHalIHM3a MeTadoIuYe-
CKUX 0COOCHHOCTEH adpOOHBIX OaKTEpHAIbHBIX IITAMMOB-
nectpykropos oudennna/I[1Xb, BeIeIeHHBIX U3 pailoHOB
C BBICOKOW TEXHOI€HHOU Harpy3Koil, BHECET CYyILLECTBEH-
HBII BKJIaJ B pa3BuTHE (DyHIaMEHTAIBHBIX 3HAHUI B 00J1a-
CTH MUKPOOHOH 5KOJIOTHMH, a TaKKe MOCIY>KHUT OCHOBOM
UL pa3paboTku  d(P(YEKTUBHBIX  SKOOMOTEXHOJIOTHH,
HanpaBJIeHHBIX Ha BoccraHoBieHHe [1XbB-3arps3HeHHBIX
TEPPUTOPHUIL, U HA YHHITOKEHNE HEBOCTPEOOBAHHBIX CMe-
ceit IIXb.

Llens nccenoBanust — KOMIUIEKCHAsI OLICHKA Pa3HO00-
pa3usi a3pOOHBIX OAKTEPHIA-IECTPYKTOPOB MOJHXIOPUPO-
BaHHBIX OW(PEHWIOB, a TaK)Ke HMX NPUMEHEHHS ISt
O4MCTKHU OKpy>karomieit cpenpl ot [1Xb.

MonunxsopupoBanHbie OnpeHUIbI: GPU3UKO-XUMHU-
4YecKHue CBOiCcTBA

B ocHOBe XMMHYECKOH CTPYKTYpPBI MOIHXJIOPHPOBAH-
HBIX OM()CHUIIOB JISKHUT OM(PEHIIT — IT0 CBOEMY CTPOCHHIO
OH TPE/CTABISIET JABAa apOMATHYECKNX IMKJIA, COCANHEH-
HBIX C-C cBs3bio. [IXD ObLIM CHHTE3MPOBaHBI B PE3YIlb-
TaTe XJIOPUPOBAHUS MOJICKYJIbI OndeHmIa B IpUCYTCTBUN
JKEJIe3HOH cTpyXKu. KosmaecTBo 3amecTuTeneil B Moie-
Kyne OudeHnna 3aBuceno OT BpEMEHH NMPOTEKaHUs peak-
MU ¥ cOCTaBisuIo oT 1 10 10 aTOMOB XJI0Opa HAa MOJIEKYITY
oudennna (puc.1/ fig. 1).

Bcero k rpymnmne [1Xb otHocutcs 209 xoHreHepos, oT-
JUYAIONTUXCA KOIUYECTBOM M IOJIOKEHHEM 3aMECTHTE-
el B MoJekyje. beH3o0lbHbBIE KOJblla MOTYT pacroJja-
raThCsl B OJJHOH IJIOCKOCTH WIIH 1O/ YTIIOM APYT K APYTY
(yronm moxet coctaBusaTh 10 90°). [lomokeHne OSH30Ib-
HBIX KOJICI] 3aBHCHUT OT KOJIMYECTBA 3aMECTHTENEH B
opmo-nonoxenuu. Monekymnspaass macca IIXb cocras-
nser 188.7-498.7 y pa3nuuHBIX KOHT€HEPHBIX TPy,
pacTBOpUMOCTE B BOZe KomeOmercs B Ipeaenax
0.000001-5.5 mr/am?, logKos — 0.015-8.26, ognaxo, I1Xb
XOPOILIO PACTBOPHMBI B KHPaxX, MaciiaXx U OPraHu4ecKux
pactBoputeisix. [1Xb 06magatoT BEHICOKUMH TUAJIEKTPH-
YECKMMH XapaKTePUCTHKAMH (JIMDJIEKTpUYeCKas KOH-
cranTa 2.5-2.7), BBICOKOH TETUIOMPOBOIHOCTHIO U BBICO-
Koit Temniepatypoit Becnsimku (170-380°C). IIXb xapak-
TEPU3YIOTCS BBICOKOW XMMHYECKOH CTaOWJIBHOCTBIO, HE
MOJIAI0TCS TUIPOJIM3Y M OKUCIICHHIO B IIUPOKOM JHara-
30HE TEMIIeparTyp, YyCTOMYUBHI K IEHCTBHIO KUCIIOT U IIe-
nouelt. ITo arperatHomy cocrosiHuto cmecu [1Xb npen-
CTaBIISIIOT COOOM Maciia ¥ CMOJIbI, OT OECIIBETHBIX JI0 JKeJI-
ThIX [2].
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Puc. 1. Xumuyeckas ¢popmy./ia MoJ1eKy.Ibl HOJINXJI0pOUGEHNTOB:
X, Y — KOJIM4eCTBO 3aMecTHTeJ el B KajKI0M KoJIblie
Fig. 1. Chemical formula of a polychlorinated biphenyl molecule:
X, y — number of substituents in each ring

IIpoussoacreo u npumenenue IIXb

[IpompitienHoe npou3BoAcTBO [IXbB Ob1710 OTKPHITO B
CHIA B 19291, B CCCP — B 1939 1. B 3TOT %€ 0Tpe30K
BpeMeHH TpeanpusaTus no npousBoactBy [1Xb Obutn ot-
KpBITHI B psizie ctpad EBponsl u B Sinonuu. I1Xb npousso-
JIWIIY B BUJIE cMecel, coaepxatiux oT 30 10 70 KOHreHepos,
TI0J] Pa3NTMYHBIMH TOProBeIMHI Mapkamu: Aroclor — B CILA,
Delor (Yexocnosakwms), Klofen (I'epmanist), Kaneclor (Smo-
aust), Coson, Cosron, Tpuxnopoudenun (TXB) (CCCP),
Fenclor (®pannus) [8, 9, 11, 39]. Kaxnmas u3 yka3zaHHBIX
MapoK MMEeT eIlie JOMOJIHUTENbHOE Ii(ppoBoe 0003HaUeC-
HHUE, XapaKTepHU3yIolllee COOTHOIICHHE BXOIIINX B HEe
KoHreHepoB. CieayeT OTMETHTh, YTO PSJi KOMMEPUYECKHX
cMeceil, BBIITyCKaBIINXCS B Pa3HBIX CTPaHAX, IMEIOT OUCHb
O6mm3kuid coctaB. OMHUM W3 TaKUX NPHUMEPOB SBIAIOTCA
cmecu TXB (CCCP) u Delor 103 (YexocmoBakwusi).

Ha rtepputopun Poccun xommepueckue cmecu I1Xb
Boinyckasim Ha I1O «Oprcrexno» r. Jzepxunck, OAO
«Oprcunte3» r. HoBomockoBck. ['eorpadust mpenmpusi-
Tui, ucnoiib3oBaBinX [TXB kak 0CHOBHOE CHIPHE B TEXHO-
JIorn4eckoM IuKJe, cyuectBeHHo mupe: OAO «Cpexnne-
BOJDKCKHMM 3aBOJI XUMUKATOB» I'. HanaeBcK, KOHIAEHCATOP-
Helli 3aBox Tr. CepmnyxoB (B Hacrosmiee Bpems AOOT
«KBAP»), Hedre- u maciozaBosl rr. Hukuuit Hosropon,
Cankt-Ilerepoypr, OpenOypr, Yda, [lepmb. [ToTpedbure-
JIIMH TIPOIYKLIMHU JAaHHBIX MPOU3BOJACTB SABJISAIOTCA IIpE.-
MPUATHS  TOIJIMBHO-3HEPIeTHYECKOTO, MeTaJuTyprude-
CKOTO ¥ XUMHUUYECKOTO KOMILIEKCA CTPAHBI.

IIXb npumeHsIn B Ka4ecTBE IUNIEKTPUKOB B TPaHC-
(dbopmaropax U KOHIECHCATOPAX, B COCTaBe IIacTU(HUKa-
TOPOB, CMa304HBIX CMECEI, IaKOB, KPACOK, KJIE€EB, TEIIO-
HOCHTENEH, XJIaJJar€HTOB, 3J1aCTOMEPOB, NOIUBUHUIXIIO-
PUAOB, HEOIIPEHA, IIACTMACC, IEHOPE3UHBI, KPOBEIBHBIX
Y W30JISIIIUOHHBIX MaTepuaioB (Toprossie Mapku Galbes-
tos, Armaflex, Arobor), THApPaBIMYECKUX U CMA30YHBIX
xuakocteit (toproseie Mapku Turbinol, Santovac) [123,
126, 128]. 3a Bpems IpOU3BOACTBA OBLIO CHHTE3HPOBAHO
6onee 1 muH. ToHH paznuuHbIXx cMmeceidt I1XbB [94]. ITlo
pa3UYHBIM OIIEHKaM B OOBEKTaX OKPYXKAIOUIEH Cpeibl
Haxonutca nopsigka 40% Bcex npousBeneHHbIx [1XB.
VYpoBeHb 3arpsi3HEHHOCTH [TOYB M BOJHBIX OOBEKTOB Ba-
peupyet ot 1-2 IIJIK 10 HECKOIBKHX JECATKOB ThHICSIY
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ITAK. Cornacuo unenTapuzanuu 2000 r B Poccuu B co-
cTaBe 00OPYJOBAaHUS HAXOMUTCS OKOJIO 28—35 ThIC. T.
cmecei ITXB, u3 Hux okoso 21 Teic. T. — CoBon u CoBTOII,
n okoJio 14 teic. T. — Tpuxnopoudenun [11, 39]. lanusle
00 anammse xommdectBa [IXB B okpyxkaromei cpene Ha
Teppuropuu PO oTCyTCTBYIOT, HO H3BECTHO, YTO HanboO-
Jniee 3arpsA3HEHHBIMH SIBJISIOTCS PaOHBI X IIPOU3BOACTBA
1 aKTHBHOTO HCIIOJIB30BaHMSA, B TOM YHCIIE T. J[3ep>KHUHCK,
r. HoBomockoBck, r. Uanaesck, r. Cepmnyxos. Crenyet
OTMETHTH, 4T0 [IXB 00HapyKUBaIOTCSA KaK HA TEPPUTO-
pUSX IPOU3BOJACTBA U MPUMEHEHHs, TaK U B yIaJCHHBIX
paiioHax, B TOM YucCle B AHTapKTHKe, APKTHKE U MecKax
Caxapsr [11, 82, 126, 129]. Takoe mupokoe pacnpocTpa-
HEHHE CBS3aHO C BBICOKOW COPOIIMOHHOM CITOCOOHOCTHIO
koHreHepos [IXB, uTo crmoco6CcTByeT MX NEPEHOCY C IBI-
JIeBBIMH YaCTHIIAMU Ha OobIne pacctosHus. biraronaps
¢usnko-xuMudeckuM cBoiictBaM [1Xb nonro ocratorcs B
OKpy>Katolei cpene B Hem3MeHEHHOM BuJe. [IpousBon-
ctBo [IXb Obut0 MpekpaimeHo B koHIe 20-ro Beka [2].

IIXB — yrpo3a /i1 ;kUBbIX OPraHM3MOB

[epBrie coobmenus o HeratuBHOM BiusHuH [1Xb Ha
3I0pOBbe YesoBeka mosiBuiauch B 80-x romax 20 Beka.
Maccosble orpasneHus [IXb Belpaxanuch B MOSABICHUU
YTpenogoOHON CHINK Ha KOXKe JIFOJeH, 3aHATHIX Ha IPOU3-
BOJICTBE JAaHHBIX COEAMHEHUU. 3aboyeBaHHE MOIYIHIIO
Ha3BaHHe XxjopakHe. [logBumch cBeleHns U 00 OTpaBie-
HUH JIIOJIEH, He CBA3aHHBIX C TPOU3BOJICTBOM, HO YIOTpeO-
JSBIIMMU B IMIY OpOAyKThl, conepxaiue I1XB. bouio
yCTaHOBIIEHO, 4TO ITXDb BBI3BIBAIOT HE TOJIBKO KOXKHBIE 110~
pakeHHsI, HO U HapyLIEHUs B JEATEIbHOCTU HEPBHOH CH-
CTEeMBI (HEBpAJITHH, AENPECCHH, HapyIIeHHe HHHEPBAalUU
BHYTPEHHUX OPTaHOB), CEPJACHYHO-COCYAUCTOH CUCTEMBI,
MMMYHHOH CHCTEMBI, JIMIIUAHOTO OOMEHa, SHJIOKPHHHOMN
cuctemsl. ITXb 0ka3bIBalOT KaHLIEPOTEHHBIN U TEPATOTrEH-
He1id 3ddexT [57, 79, 80, 97, 103]. IIpu 3TOM 70351, BBI3BI-
BaIOIINE HETaTUBHBIE MTOCIIEICTBH, KpalfHe HU3KHE U CO-
MTOCTaBUMBI C TAaKOBBIMH HOJHXJIOPUPOBAHHBIX TUOEH30-
JMOKCHHOB 1 anOen30¢ypaHoB. beumn pazpaboTaHbl Mex-
JlyHapoJHbIe KO3((QHUINEHTH TOKCHYHOCTH KOHT€HEpPOB
[IXBb, koTophie paccUUTHIBAIOTCS OTHOCUTENbHO 2,3,7,8-
TeTpaxyiopaAndeH30-1,4-1mokcuHa. 3HaYEeHUs! JaHHBIX KO-
s¢duirenToB BappupytoT B tuanasone 0.1-0.00001 [7].
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K nponuknoBenuto [1Xb B opraHusM npuBoAUT UX
CHOCOOHOCTh PACTBOPSITHCA B OPTaHUUECKUX PACTBOPU-
TeJsIX, UTO BEJET K X HAKOIUICHUIO B XKHUPaX U, KaK CIeA-
CTBUE, MIPOJIBUKEHUIO MO MUIIIEBBIM IIETSIM C KOHLIEHTPHU-
pOBaHHEM B BepXHHX cermenrax [14, 76, 117]. B oxpy-
xkaromyro cpeny IIXb nocrynanu B pe3yiapTaTe aBapuii-
HBIX BBHIOPOCOB Ha IPEINPHUITHAX, HEIPABWILHOW DKC-
wryatanun [1Xb-conmepxammero obopynoBanus [82]. B
HacTosIee BpeMs, HECMOTPS Ha MpPEKpalleHHe MPOu3-
BoacTBa, IIXb mponoykaloT NpOHUKATh B HNPUPOIHBIE
00BEKTHI U3 MECT CKIIaJUPOBAHNS, B PE3yJIbTaTE HAPyIIIe-
HUH TEXHOJOTHH yTHIN3alNH, BOSTOPAHUS IPOMBIIUICH-
HOTO 0o0opynoBaHuWsA. ['eorpadust 3arpsA3HEHHBIX TEePpPH-
TOpUH YBEIHMYMBAETCA 3a CUET TPAHCTPAHUUHOrO Iepe-
HOCa C MBUIEBBIMU YaCTHLIAMH M MEPEMELIECHHUs KUBBIX
00wekToB [4, 126, 128].

B psine ctpan, B ToM uncie B P®, pazpabotansl Hopma-
THUBBI, perilaMeHTHpYlolue 6e3onacHelii yposenb [1Xb B
pa3nuyHbIX 00bekTax. CoriacHo Kiaccu(pHKauu ormac-
HBIX coenuHeHni, [IXb otHecens! ko I kmaccy (BBICOKO
omacHsle BemecTBa). B Poccrm [T/IK mist Bo3myxa pabodeit
30HbI coctasiser 1 mr [IXB/M2, B Bome — 1 MKI/JI, B IOUBE
— 0.1 mr/kr. OJJK ans oTOeNbHBIX TPYNIT KOHTCHEPOB B
mouBe coctaBisaroT: TpuXb — 0.03 mr/kr, TetpaXb — 0.06
Mmr/kr, eHTaXb — 0.1 MI/KT; IS THIOIEBBIX IPOIYKTOB: B
pbi6e — 2.0 Mr/kr, B ne4eHu poiObl — 5.0 MI/KT, B pbIObeM
xupe — 3.0 mr/kr, B Monoke — 1.5 mr/kr ('OCT 12.1.005-
88, CanlluH 4630-88). Yctanosnenusie Hopmatussl [IXb
ISl TOYB JKUJIBIX 30H B ['epmanum coctaBisioT 0.8—
1.0 mr/kr, B Kutae — 2 mr/kr, 8 Hunepnangax — 0.02 mr/kr,
Bo @panmun — 0.024 mr/kr, B bemopyccun — 0.02 mr/kr,
1151 nuTheBo Boabl B CIIIA AreHTCTBOM IO OKpYXaro-
meii cpene ycranoBieHa [1JIK 0.5 mxr IIXb/n Bogsl, o
HopMatuBaM AcTpanuu npucyrcrsue [1Xb B nutbeBoit
BOJIe HEJIOMYCTUMO B JIFOOBIX KOHIICHTpanusx [8, 82].

IIpodaema peanusanuu CTOKIroJbMCKOW KOHBEH-
UM B YacTu, kacawmeica IIXb

Peanuzaruss CTOKrolbMCKOM KOHBEHILMH B OTHOIIE-
nuu [1XB tpedyer pa3paboTKH METOJIOB 110 YHHYTOKEHHUIO
I[IXb kak B MecTax CKJIaJAMPOBaHUS, TaKk U B OOBEKTax
okpyxatomien cpeasl. Kak 6b110 ckazano Borme, I1Xb 06-
JIaJal0T YHUKAIbHBIMH (PU3MKO-XUMHUUECKHMU XapaKTepH-
CTHKaMH, YTO CYIIIECTBEHHO 3aTPYIAHSACT NX YHUUTOKEHHE.
Pa3paboTku BeqyTCs B HaNpaBiIeHHUH (PU3NYECKUX, XUMH-
YECKUX ¥ OMOJIOTMIECKUX METOIOB.

B Hacrosimee Bpemsi HauOoJee paclpoCTpaHECHHBIMHU
SIBISIFOTCS] TEPMUYECKHE METOJIbI, OCHOBAHHbIE Ha CYKHTa-
uun [IXb npu Beicokux Temmeparypax (t = 2000°C, 4-6 T
O,/1 1 IIXB). [lanHas TEXHOIOTHS MO3BOJSET YHUUTOKATh
[IXb ¢ sdpdextuBHOCTEIO 99.99% 1pH ckopoctH 1 T/4.
CronmMocTs 3aBUCHT OT KoHIeHTpanuu [1Xb B cxxuraemoit
cmecu u HaunHaetcs oT 1500 mommapos CIIA. ITpu sTom
JTakKe He3HAUNTENIbHBIE HAPYIIEHHS B TEXHOJIOTHH ITPHBO-
AT K obpasoBanuto u3 [1XbB emie Oonee TOKCHYHBIX MPO-
nyktoB — [IXJA® u ITX/ [1]. [IuporexHnueckre METOIbI
ocHoBaHbl Ha ckuranuu I1Xb ¢ ucnonp3oBaHueM mHUpo-
TEXHU4eCKHUX cMeceil. OHaKo JaHHbIE METOABI IPUBOJST
K HEKOHTpoiupyemomy obOpaszoBanuio IIX1D u ITXJ]
[1]. DnexTpoxuMHuYeECKre METOAbl OTPAHUYEHBI TOUCKOM
3¢ (GEKTHBHBIX M YCTOHYMBBIX JIEKTPOIOB, KOTOpPHIE HE
OyZAyT MOABEPTaTHCS KOPPO3UH B MPOIIECCe PeaKIUu. Xu-
MHYECKHE METOABl AKTUBHO Pa3BUBAIOTCS M SBIAIOTCS
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MEPCIEKTUBHBIMU B HallpaBiieHWU nipeanoaroroBku [1Xb
JUISL TIOCJIEAYIOIIETO YHHYTOXEeHUA. OLIEHKAa BCEX MMEIO-
IIUXCSI TEXHOJIOTHI MO3BOJISET CAENIaTh BBIBOJ, YTO YHU-
yroxenue [IXb sBasercs ¢ 3KOHOMUYECKUX IIO3ULIMN Bbl-
COKO3aTPAaTHBIM, a C 3KOJIOTHYECKUX — OMACHBIM JJIS OKPY-
JKarouielt cpenst [2, 3, 7].

HawnGonee «apyKecTBEHHBIMI» JUIsl IPUPOJIBI U €IHH-
CTBEHHBIMH, NO3BoJsolMMHU yaanute 11Xb u3 npupon-
HBIX O0BEKTOB 03 pa3pylIeHHs caMHUX OOBEKTOB, SBIIS-
I0TCS METO/IbI, OCHOBAHHbIE HA HCIIOJIb30BAHIN OHOpeMe-
JUAIOHHOTO TIOTEHINAaNa OaKTepHaIbHBIX ITAMMOB.

Bakrepun OCHOBHOH AareHT 3KO0JIOrHYeCKHU
0e30macHOil AeCTPYKIHMH NMOJIUXJIOPHPOBAaHHBIX Oude-
HHJIOB

OcHoBHas ponb B pasznoxeHun IIXb B mpupomHsix
YCIIOBUSIX IPUHAJICKUT MUKPOOPTaHU3MaM, U, B YaCTHO-
ctu, Oaktepusm [82]. B tpanchopmanuu I[1XB mpunm-
MaroT y4acTHe Kak aHa’pOOHbIE, TaK U adpoOHbIe OakTe-
pun. B aHa’poOHBIX yCIOBHSX (JIOHHBIE OTJIOXKEHHS MO-
peid, 03ep, peK, IPYHTOBBIE BOABI) IITAMMBI OCYIECTBIIIOT
BOCCTaHOBHTEIBHOE JIETAJIOTCHUPOBAHUE BBICOKOXJIOPH-
POBaHHBIX OM(EHMIIOB, YTO HE MO3BOJSAECT YHHUTOXHUTH
ITXB, HO CHMXKAET NX OMACHOCTD M MOBBIIIAET ONOIOCTYTI-
HOCTb BCJICICTBHE CHI)KEHHS CTETICHN XJIOPUPOBAHHS MO-
nexynsl [13, 38]. HderamoreHupoBaHne 0O0YCIOBICHO HC-
noJsib3oBanueM IIXb B kauecTBe akLenTOpa AJIEKTPOHOB, B
pe3yabpTaTe Yero MPOUCXOAUT BOCCTAHOBICHUE MOJICKYJIBI
I1Xb no HezameneHHOro OMpeHma, WK 10 xJIopoudeHu-
JIOB, COJIEprKaIux 2-4 aTOMOB xJjiopa B MoJiekyine [38, 70,
74, 109]. OOHapyxeHbI HanOOJIee aAKTUBHBIC aHAdPOOHBIC
mraMMbl-iecTpykropsl I[IXDB, mnpuHamiexamue poaam
Acidovorax, Achromobacter, Anaeromyxobacter, Clostri-
dium,  Dehalobacter, Dehalococcoides,  Desulfito-
bacterium, Desulfomonile, Desulfuromonas, Geobacter,
Sedimentibacter u Sulfuricurvum [67, 73, 125]. AHa3p00-
HO€ BOCCTaHOBJIEHHE KoMMepueckux cmecert I1Xb B npu-
POJHBIX YCIOBHUAX NMPHBOAMT K CYIIECTBEHHOMY HM3MEHe-
HUIO B COOTHOIIEHHUSX KOHTE€HEPHBIX TPYHN (OIS HH3-
KOXJIOPHPOBAHHBIX OM(EHUIIOB NOBBIIIAETCS B HECKOJIBKO
pas), a TaKKe BelET K MPeodIalaHuIo opmo-3aMelIeHHBIX
xnopoudenunos [28, 45, 121].

B pesymbraTe AesTeNbHOCTH a’poOHBIX OakTepuil B
OOJIBIIMHCTBE CITyYaeB IIPOUCXOANUT OKUCIICHNE MOJIEKYJIBI
I[IXb mo obpazoBanms xnopOeH3oitHoH kuciaoTel (XbK) n
(xiop)nenraguenoBoit kucnotel [90, 100]. OmHako wu3-
BECTHBI IITaMMBl, OCYHIECTBIIIONINE MHHEPAIH3AIHIO
X5 [19, 52, 63, 87]. B naHHOM cily4yae NpOUCXOAUT Jie-
CTPYKIHS MOJEKYJBI MONUXJIOpOMGEHmIa 10 CoeanHe-
HUW OCHOBHOTO oOMeHa KkjieTku. OCHOBHBIMH OTpaHUYe-
HusMHU poctynHocTd [IXB s aspoOHBIX OakTepuii sSB-
JSETCSl CTENEeHb XJIOPHPOBAHMUS M PACIOJIOKEHHE 3aMe-
cTuTenel B MosekyJe. Mcmonb30BaHne adpoOHBIX IITaM-
MOB-JIECTPYKTOPOB JIMOO WX KOMOHMHANmus c aHa’3poO-
HBIMH MITAMMaMH TII03BOJISIET CYIIECTBEHHO CHMKATh
YPOBEHb 3arps3HEHUs] NMPHUPOJHBIX OOBEKTOB CMECSIMHU
MOJUXJIOpOH(EHMIIOB.

I'eorpadusi pacnpocrpaHeHuss a3pOOHBIX IITAM-
MoB-1ecTpykropoB IIXB

HccnenoBannsi HECKOJBKHX JECATHICTHUH BBIIBUIN
IIMPOKYIO reorpaudecKyio pacrpoCTpaHEeHHOCTh a3po0-
HBIX OaKTepPHAIHHBIX IITAMMOB, OCYIIECTBIISIONINX Pa3JIo-
KEHHE XJIOPUPOBaHHBIX Ondennnos (puc. 2 / fig. 2).
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[TokazaHo, dYTO IITaMMBI, CIOCOOHBIC OKUCIATH  tinophaga, Comamonas, Cupriavidus, Enterobacter, Hy-
(MOHO-TeKca)-XJIOpUpOBaHHbIe OU(EHMIbI, BRIACIAIOTCS — drogenophaga, Janibacter, Janthinobacterium, Luteibac-
W3 SKOHMII Pa3JIMYHBIX KOHTWHEHTOB, M MPUYPOUEHBI K  ter, Mesorhizobium, Ochrobactrum, Paenibacillus, Pan-
MecTaM 3arpsi3Henus coenuHeHusivu rpynnsl CO3. Onu-  doraea, Phanerochaete, Pleurotus, Pseudomonas, Rho-
caHHbIe mTaMMBI-JecTpykTopsl [1XB mpunamiexat po-  dococcus, Shigella, Sphingobium, Sphingomonas, Steno-
nam Achromobacter, Agromyces, Alcaligenes, Aquami-  trophomonas, Subtercola, Talaromyces, Thermoascus,
crobium, Arthrobacter, Aspergillus, Bacillus, Brevibacil-  Trametes n Williamsia [22, 36, 56, 57, 60, 66, 70, 80, 91,
lus, Brevibacterium, Castellaniella, Ceriporia, Chi- 92,103, 105].
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Puc. 2. Kapra-cxemMa MecT BbljieJieHHsl Hau0oJiee aKTHBHBIX 23POOHBIX INTAMMOB-1ecTPYKTOPOB Oudennaa/IIXb
[5, 10, 12, 15, 18, 20, 21, 24, 25, 31, 33, 35, 40, 45, 47, 49, 54, 61, 69, 71, 72, 75, 95, 96, 98, 102, 104, 106, 112, 113,
116, 119, 120, 123, 124]

Fig. 2. Schematic map of the isolation sites of the most active aerobic biphenyl/PCB degrader strains
[5, 10, 12, 15, 18, 20, 21, 24, 25, 31, 33, 35, 40, 45, 47, 49, 54, 61, 69, 71, 72, 75, 95, 96, 98, 102, 104, 106, 112, 113,
116, 119, 120, 123, 124]

Hambonee pamHme paboThl mo BeiencHHI0 U ommca-  eria [30]. [Tokazano, uro LB400 ocymiecTBiseT Tpancgop-
HUIO IITaMMOB-IECTPYKTOpoB Oudenmna/[IXb mpoBomu-  Mamnmuio Kak HHINBHIYaTbHEIX KOHTeHEpoB [1Xb ¢ pa3mmd-
muchk Ha Tepputopusx CIIIA u Snonun. B pesynpraTe  HOW CTENEHBIO XJIOPUPOBAHMUS, TAK M KOMMEPUYECKUX CMe-
MpoBeAeHHbBIX ucciaenoBanuii u3 [1Xb-3arps3HeHubix paii-  ceit. [lytu mectpykimu O6udennna/[IXB mompodHo Hu3y-
OHOB JIaHHBIX CTPaH BBIJIENICHO 3HAYUTEJIFHOE KOJTMYECTBO  YEHBI HA TEHETHYECKOM U MOJIEKYISIPHOM YPOBHSX U SIBJISI-

LITAMMOB, 00JIQ/IAI0IINX PA3IMYHBIM AECTPYKTUBHBIM MO-  IOTCS MOJIENIBHBIMUA CUCTEMaMU TIPH aHAJIOTHYHBIX HCCIIe-
TeHuuaioM. Haubosnee M3ydeHHBIMU SIBJSIFOTCS IITAMMBI  JTOBaHUSIX APYTUX mrTammos [23, 51].

Alcaligenes eutrophus H850, Burkholderia xenovorans tamm Pseudomonas pseudoalcaligenes KF707 Obut
LB400, Pseudomonas pseudoalcaligenes KF707, Rhodo-  BbigeneH B SIMOHUM U NIEpBOHAYAIBHO MICHTU(QHUIIUPOBAH
coccus jostii RHA1 [22, 50,68, 75]. Kak Pseudomonas furukawaii [48]. OTIMYHTENEHONW 0CO-

Wramm Alcaligenes eutrophus H850 ncmnonbp3oBan B OEHHOCTBIO IITaMMa SIBISIETCSl €r0 CHOCOOHOCTH 3ddek-
KavyecTBe UCTOYHMKA YTJIeposa He TOJILKO He3aMEIIEHHBIH ~ THBHO pasnarath 4,4’-nuxiaopOoudeHun, cmabo moasep-
Oudenmi, HO n 2-XIOpOUGPEHN, a TaKKe OCYIIECTBIIAI  JKEHHBIH Pa3iioKEHHIO JPYrMMHU U3BECTHBIMU IITAMMaMH-
pasnokeHue 10 XJI0pOeH30HHBIX KHCJIOT TeTpa-, MeHTa- U aectpykropamu. OgHako mramm KF707 pasnmaran mocra-
reKca-XJOpUpOBaHHBIX KOHTeHepoB. Bedard ¢ coaBropamMn  TouHO y3kmii auama3oH uzomepoB [1XbB, uto orpannum-
nokasan, uto A. eutrophus H850 ocymiecTBIseT JeCTpyK-  Bajo MEPCIEKTHBHOCTh €ro MPUMEHEHUS sl OnopeMe -
nuto komMmepuecknx cmeceid [1Xb ToproBeix mapok Aro-  armwm [48].
clor 1242 u 1254 [24]. IHtamm R. jostii RHA1 6511 M30JMpOBaH U3 MOYBHI, 3a-

IItamm Burkholderia xenovorans LB400 mepBoHa-  TpSA3HEHHOH Y-TEKCAXJIOPIMKIOTEKCAHOM, OTOOPaHHOH Ha
YaJbHO OBLT MJICHTU(QHIMPOBAH KaK MPEJCTaBUTENb POia  TEPPUTOPUH SIMOHMHM, M XapaKTepH30BaJICsl BHICOKOW Jie-
Pseudomonas, nanee pexnaccuuUUpoBaH B POA  CTPYKTUBHOHM aKTUBHOCTBIO IO OTHOIICHHIO K MOHO-, JH-,
Burkholderia, a Ha ocHOBaHWM aHANM3a MOJIHOTEHOMHOW  TpH-, TETpa-, rekca- rentaXb, kak opmo-, Tak U napa-3a-
TIOCJIE/I0BATENILHOCTH OB OTHECEH K pony Paraburkhold- — memennsim m3omepam [1XbB [72, 98, 118]. [TokazaHo, uyTo
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mTamM R. jostii RHA1 ocymecTBisuT pa3nokeHue TeXHH-
geckux cmeceir Kaneclor 200, 300, 400 (BkIrOYarommx
TpHU-, TETpa- U NEHTaxXJIOPOU(EHUITBI, COOTBETCTBEHHO) B
TeueHue Tpex cyTok [48]. CrnegyeT OTMETUTh, UTO IITaMM
R. jostii RHA1 nposBIisia akTUBHOCTh U B OTHOLICHUH JTU-
U TPUXJIOPOCH30MHBIX KHCIOT, OCHOBHBIX METaOOJIHTOB
I1XB, 0 yeM CBUAETEIBCTBOBAIO CHWKEHHE JAHHBIX CO-
SIMHEHNH B TIpolecce AeCTPYKIUH Xxiopoudenmnos. Mc-
CJIeJOBaHUS TEHOMA ITaMMa ITOKa3alld, 9TO B HEM CoJep-
KHUTCS B2 Habopa T€HOB, KOAMPYIOMHX (EPMEHTHI Je-
crpykmu [1XB [48].

[Momumo nanHbBIX mTamMMoB ¢ Tepputopuir CHIA n
Snonnu ObUTM BBIAETICHBI W IPYTHE aKTHBHBIC JECTPYK-
topsl [1XB. Tak, mramm Paenibacillus sp. KBC101 ax-
TUBHO yTHJIU3UPOBa (TPU-TEKCa)-XJIOPUPOBaHHBIE OHe-
mmiel: 100 % — 2,5,2'-XB, 72 % — 2,5,2',5'-XBb, 58 % —
2,4,5,2',5'-Xb, tak u napa-Xb: 58 % — 2,4,3'4'-Xb, 33 %
-2,42'4-Xb, 11 % — 2,4,5,2',4',5'-Xb, B KOHIIEHTpAINH
10 mr/n [96]. 1lrtammer Burkholderia sp. SK-3 wu
Cupriavidus sp. SK-4, mcmonp3oBanmu MoHOXJIOpOHpe-
Huiel (2-Xb, 3-XBb, 4-Xb), a takke nuxiopOueHmIs —
2,2'-muXb u 2,4'-muXb (uMerommue aToOMEI XJI0pa B opmo-
MTOJIOKECHHH ), B KAUECTBE SANHCTBCHHOTO HCTOYHHKA YTIIe-
pona u sHepruu [63, 64, 116].

C teppurtopruu Kurast BEIICICHBI IITAMMBI, TIPOSIBIISIO-
LM aKTUBHOCTh KaK K He3aMelleHHOMY OuQeHmy, Tak u
K ero xjoprnpousBoanbiM. Llltamm Dyella ginsengisoli LA-
4 yrunu3upoBai okoio 95% oudenuna (100 mr/m) B Teue-
nue 72 dacos [18], mramm Rhodococcus sp. WB1 mposis-
JSUT aKTHBHOCTh K (MOHO-TETpA)-XJIOPUPOBAaHHBIM Oude-
HunaM, B ToM uucie K 4,4’-quXb [122, 123], mramm
Enterobacter sp. LY402 obmaman criocoOOHOCTBIO TpaHC-
¢dopmupoats 92% — nenraXb, 76% — rekcaXb u 37% —
rentaXb, conepxaumxcs B kommepueckux cmecsx [1XB,
a Taxoke 00JIaa] aKTHBHOCTHIO MO0 OTHOIICHHIO K HEKOTO-
pbim oktaXbh [61, 122].

Oco0bIil HHTEpEeC MPEACTABISIOT IITaMMBI, H30JIMPO-
BaHHBIe ¢ Tepputopun Hurepuu. llltammer Ralstonia sp.
SA-3, Ralstonia sp. SA-4, Ralstonia sp. SA-5, Pseudomo-
nas sp. SA-6 u Enterobacter sp. SA-2 xapakTepH30BaJIHCh
CHOCOOHOCTBIO K AECTPYKIHH Mema- U Opmo- TUXIOPUpPO-
BaHHBIX OM(eHMIOoB, a Takke opmo-TpuXb, conepxaimx
3aMECTHTENX B 000MX KOJbIIaX MOJEKYJHI [15, 49]. B pa-
6ote [59] ommcan mrTamm Achromobacter xylosoxidans
IR08, KOTOpHIi, B OTIMYNE OT paHEe BBIICICHHBIX Ral-
stonia sp. SA-4, Ralstonia sp. SA-5, Pseudomonas sp. SA-
6, ObLT crTocOOCH yTHIIM3upoBaTh 4,4’ -muXb 6e3 HakorIe-
HUSI TOKCHYHBIX TMPOMEKYTOYHBIX MPOAYKTOB. MHTEepec-
HBIM TIPEACTaBISIETCS M TOT (hakT, UTO INTaMM A.
xylosoxidans IR08 >¢ddexTnBHEE pOC HA XIIOPUPOBAHHBIX
oudenmnnax, yem Ha Oudenusne u Oenzoare. BeposTHo,
MIPUCYTCTBUE 3aMECTHTEIECH HE OKa3hIBAJI0 WHTHOUPYIO-
miero AeictBusi Ha (GepMeHThl. Ha OCHOBaHMU 3TOTO aB-
TOPBI CHEJAIN TPEIONI0KEHHE 00 YHUKaJIbHOCTH (ep-
MeHTHBIX cucteM Aectpykuuu [1Xb mramma IR08 [59].

OnHMM U3 NEpBBIX ONHMCAHHBIX IITAMMOB, OCYIECTB-
gsromux  pasnoxenue  [IXb,  sBisgercs — mramMm
Burkholderia cepacia P166, BbleneHHBIH U3 3arpsi3HEH-
HBIX 1104B [TaHamBbl, ¥ IepBOHAYAIBHO HICHTH()UIIMPOBAH-
HbIH Kak Pseudomonas cepacia [20]. llltamm P166 xapak-
TEPHU30BAJICS CIIOCOOHOCTHIO HCITOB30BATh B KAYECTBE HC-
TOYHHKA YTIIEPOa BCE MOHO-XJIOPUPOBAHHbBIE OU(DEHUIIBI.
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OmHako aKTUBHBIM pOCT OBLT OTMEYEH TOJBKO Ha 4-XJIOp-
Oudenme, Tak kak mramMm P166 obnanan cucteMaMu yTh-
Iu3aiuy U 4-XJI0pOeH30HHON KUCIOThI, OCHOBHOTO MeTa-
oomura 4-XB. Poct Ha 3-Xb u 2-Xb compoBoxnpancs
HaKOIUICHHEM TOKCHYHBIX IPOJAYKTOB. TaK ke, Kak U y BbI-
meonucanHoro mramma A. xylosoxidans IR08, ckopocTb
pocta mramma B. cepacia P166 Ha 4-Xb npeBsliiana pocT
Ha Oudenmne [45].

CriocobHOCTEIO K Aectpykiun oudenmna/IIXb obxa-
nmaet mramMm Aquamicrobium sp. SK-2, BBIIEICHHBINA W3
akTUBHOTO mia crogHbX Box (T. Ceyn, HOxmas Kopes).
Crnenyer oTmeTuTh, uTo mTamm SK-2 akTHBHO poc Ha
Ooudenne B mupokoM Anana3zoHe KoHneHTpanuit (ot 0.65
710 9.75 MM), a 3¢h(peKTHBHOCTD IECTPYKIMHU ITPH 3TOM CO-
craBnsuia ot 46.7% no 100%, u HaxoauIack B 00paTHON
KOPPEISLMOHHOW 3aBUCHMOCTH OT KOHIICHTpAIMu CyO-
ctpata [32]. ltamm Pseudomonas aeruginosa JP-11, BbI-
JICJICHHBIN U3 IOHHBIX OTJIOXKEHUH beHranbckoro 3anusa
(Mnpuiickuii okeaH), ocymecTBIsul pasnoxenue 200 mMr/n
oudennna 3a 72 gaca Ha 98.85% [31].

[lItamMMBI, BbIEAEHHBIE U3 aKTUBHOTO Mia u [1Xb-3a-
TPSIBHEHHBIX TOYB Ha Tepputopuu Kanampl, ocymecTs-
TS pa3iokeHue (MOHO-TPH)-XJIIOPUPOBAHHBIX OMQEHU-
JIOB, a Takxke KomMmepueckoil cmecu [1Xb mapku Aroclor
1242 [69, 106]. dns mramma Comamonas testosteroni B-
356 oTMeueHO NpeNOYTUTEIEHOE OKHUCIIEHHE KOHIC€HEPOB
[IXb, comepxamux 3aMECTUTENN B Mema-NOJIOKEHUU
[106]. Beicokoii akTUBHOCTBIO B OoTHOIIeHUU cMmecu 11Xb
Aroclor 1242 o6nanan wramm Janibacter sp. MS3-02, BbI-
JISTICHHBIN U3 MOYBBI, 3arPSI3HEHHON BBIOPOCAMU MYCOPO-
CKHUraTeJbHOro 3aBoja Ha Teppuropun HMcmanuum [104].
lTamm Pseudomonas aeruginosa TMUS56, BeIIeIeHHBIH 13
TI0YB, 3arPsI3HEHHBIX OTXOIAaMH 3JIEKTPOXMUMHUYECKON IIpO-
memuieHHocTH (Mpan), apdekTuBHO paznaran cMecu Aro-
clor 1242 u 1260. [ToMrM0O KOMMEPUYECKHUX CMECEH, JTaHHBII
IITAMM OCYIIECTBIISUT ACCTPYKLIHMIO BBICOKMX KOHIICHTpa-
i Takux koHreHepos [IXb, xak monoXb (2-Xb, 4-XBb),
mwmXb (2,4-, 2,5-, 2,2'-, 4,4'-XB), tpuXb (2,4,4'-XB), Ter-
paXb (2,2',5,5'-XBb), rekcaXb (2,2',4,4',5,5'-XB) [52].

IlItammel-gectpykropsl  IIXB, wu30nMpoBaHHBIE U3
nous teppuropun Poccuiickoil ®enepanuu, Npencras-
JICHBI B HACTOSAIIEM HCCIIEIOBAaHMM M OYyIyT OIHCAHBI B
9KCTIEPUMEHTAIBHON 4acTH paboTHI.

BONBIIMHCTBO ONMMCAHHBIX INTAMMOB-IECTPYKTOPOB
[IXb sBnsaroTcs Me30(QMILHBIMA OpraHu3Mamu. OTHAKO
n3BecTHO, uto Omomectpykius [IXBb Bo3MokHa W Tipu
YCIIOBUSIX, OTKJIOHSIFOIIIMXCSI OT CPEIHUX IO PALy (axTo-
POB, TakMX Kak TeMmIlepaTypa IIN COAEP)KAaHHE COJEH.
Crioco6HOCTh pasnarate I1XB mpu yclaoBHSX HOBBIIICH-
HOTO 3aCOJICHUSI OMMCAHa I OTPAaHWYEHHOTO YHcia Oak-
tepuit [32, 33]. B wactHOCTH, TamMMm Pseudomonas
aeruginosa CHO7, n3onnpoBaHHbII U3 IPUOPEKHOMN 30HBI
B MHINH, OCYIIECTBIIAN JECTPYKIMIO TaKUX KOHTCHEPOB
IIXb kak 3,3',4,4',5-nearaxnopoudpenmnn u 2,2',3,4,4'.5,5'-
renTaxyaopoudenu (B konnentpanuu 100 mr/i), mpu KoH-
nertpamuu NaCl ~ 3,4 %. M3BeCTHO HECKOJBKO MCHXPO-
TOJIGPAaHTHBIX  IUTaMMOB  (Arthrobacter  sp. 74,
Pseudoalteromonas sp. 19, Psychrobacter sp. 15, Hy-
drogenophaga faeniospiralis 1A3-A), ciocoOHBIX YTHIH-
supoBath [IXb npu +4°C n +15°C. JlaHHBIE IITAMMBI BBI-
nereHsl u3 ouB AHTapkTHAE 1 Kanansr [69, 85]. Cpenn
TepMO(DUIIBHBIX OAKTepHil OMUCAH TOJIBKO OJHUH IITAMM
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Geobacillus sp. JF8 (SInmonust), ocymecTBISIOINI pa3io-
xenue ongennna npu +60°C [31, 101].

Accouuanuu 0akTepuii, ocyliecTBJIsSIONIUE Pa3io-
JKeHHe NOJIUXJI0pOon(eHnI0B

Baxnyro ponbs B paznoxenuu [1Xb urpator Gakrepu-
anpHBIe cooOmiecTBa. MHOTOYHNCIICHHBIE HWCCIICAOBAaHU
MTOKa3alii, 9YTO aCCOIUANNU OaKTepuii, OCYIIECTBISIONINE
pasnoxenue [1XB, hopMupyroTcs B pa3iIM4HBIX Cpemax:
B MIOYBE, B JOHHBIX OTJIOXKEHHUIX, a TAKKe B IKCTPEMab-
HBIX TI0 (PM3UKO-XIMHUYIECCKUM YCIIOBHSM paiioHax [29, 65,
89]. BunoBoii cocTaB JaHHBIX COOOIIECTB HE CTAaOMIICH, 3a-
BHUCHT OT psizia (JaKTOPOB, B TOM YHUCJIE OT CIIEKTpa NPUCYT-
CTBYIOIINX B cpene 3arpssHuteneil [53]. Tak xak B mpo-
necce OMopemMeqUalii KOJIMYECTBO M pasHooOpasue 3a-
IPS3HSIONINX BEIIECTB U3MEHSETCs, TO B OaKTepUalbHBIX
co00IIecTBaX OTMEYaeTCsl sBICHHE cykueccuu [29, 99,
108, 114].

BakrepuanpHOE coobmiecTBo, BeiaeneHHoe u3 [1Xb-3a-
TPS3HEHHBIX T10YB, OBUIO MPEACTaBICHO B OCHOBHOM PO-
mamu Burkholderia, Variovorax, Xylophilus, Nevskia n
Sphingomonas (Betaproteobacteria), OCHOBHBIMU Jie-
CTPYKTOpPaMHU BBICTYIIANH INTaMMBI poma Burkholderia.
[pencraButenu knacca Actinobacteria 3aHUMaT MAHOP-
Hoe nosokenue [83]. OqHako B psijie padOT OMUCAHO UHOE
COOTHOUICHHE KilaccoB Proteobacteria n Actinobacteria B
[MXB-paznararonmx OakTepHanbHbIX cooliiecTBax. B
OaktepuaibHbix accormanusax RMC1, RMC2, ZMCS56,
ZMCS57, DMC3, DMC14, BblfeneHHbIX U3 MOYB XOpBa-
taY, nectpykuuto I1XDB ocymecTBisinum mrTamMmbl poaa
Rhodococcus (knacc Actinobacteria) [65]. llItamm Rhodo-
coccus sp. Z6 SBIAICS OCHOBHBIM aKTHBHBIM JECTPYKTO-
pom IIXbB B accoumarnu TSZ7 [89].

BaktepuanpHbIe COOOMIECTBA MPOSIBISIOT AKTUBHOCTH
KaK K UHAMBUIyaJIbHBIM KOHreHepam I1Xb, Tak u k KoM-
MepueckuM cmecsM. Y3 mouB Uexuu BbIJIETIEHBI TPU aCCO-
LUAIUN a3pOOHBIX OaKTepUH, MPOSBIAIONINX aKTUBHOCTh
k koMMepueckoit cmecu [TXB mapku Delor 103. IToka3asno,
yto acconuanus 111 ocymectsisana 50% pasnoxenue De-
lor 103 u sBrsnack GoJjiee MEPCHIEKTUBHOM, YeM accolua-
uuu [ u II, ocymectBusitonue pa3nokeHue HU3KO XJIOpHU-
POBaHHBIX KOHTE€HEPOB, BXOMAIINX B cOcTaB cMecu Delor
103 [27].

CymectBeHHy0 poiib B pazioxenun I1Xb wurpator
aHa’pOoOHBIe OaKTepHalbHBIE COOOIIECTBA. ACCOIUAIIHS
aHa3POOHBIX OaKTepHil, H30IMPOBAHHAS M3 WIIOBBIX OTJIO-
)KeHUil banTuMopckoro nopra, nposBisUla aKTUBHOCTh B
OTHOIICHUH 3aMECTUTENIeH, HaXOMSIUXCS B Opmo-ToJIo-
keHun B Mosiekynax I1Xb [53]. Natarajan ¢ xosmeramu
[81] BeImEMIT aHA’pOOHOE METAaHOTEHHOE OAKTEepHATIHLHOE
€0001I1eCTBO, TPOSIBIIAIONIEE AKTUBHOCTD K 3aMECTHTEIISIM
B MoJiekysie I[IXb BO BceX BO3MOXHBIX TMOJIOKEHHUSAX
(opmo-, mema- v napa-) U OCYIIECTBIISIONICE BOCCTAHOB-
nenne 2,3,4,5,6-nentaXb mo cramuu obpasosanus Oude-
Huita. HecMOTpst Ha TO, YTO OCHOBHBIM KOHEYHBIM ITPOTYK-
TOM BOCCTaHOBHTEJBHOTO JeranoreHupoBanus [1Xb y
aHa3POOHBIX COOOIIECTB SBISACTCS HE3aMEIICHHBIN Oude-
HUJI, OTIMCaHa METAaHOTE€HHAasl aCCOLIMAINSI, OCYIIECTBIISIO-
mas pasjoxeHne OudeHuna 10 YrileKuciIoro raa u Me-
TaHa Yepe3 CTaJui0 00pa3oBaHus napa-kpesona [81].

B psne pabot onmcaHbl OakTepUabHBIE aCCOIMAIINH,
CKOHCTPYHUPOBAHHBIE Ha OCHOBE IITAMMOB C HM3BECTHOM
JerpajaTuBHON aKTUBHOCTHIO. Tak, accommanus ECO3
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BKITI0Yana mramm Pseudomonas sp. CPE1, ocymiectsisio-
muit paznoxenue 4-xnopobudenmna u 3,4’-guxsopoude-
HHJIa,  TAKXKe J[Ba LITaMMa, CyOCTpaToM AECTPYKLUH IS
KOTOPBIX SIBJISUTUCH 0Opasyromuecs npu paznoxenuu [1Xb
xJopOeH30iHbIe KuCIOTHL. [lokazaHO, YTO B YCIOBUSX
OmopeakTopa CMEIIaHHBIE KyJIbTYpbl OaKkTepuii, B COCTaB
KOTOpBIX BKJItOUeHBI ITaMMbI-AecTpyKTOphl [IXB u XBK,
3¢ peKTHBHO pa3maraiy  (MOHO-IH)-XJIOPOU(PEHUIB |
kommepueckne cmecu I1Xb mapox Fenclor 42 u Aroclor
1221 [42-44]. BakTtepuanbHas acCOIMALINS, COCTOSIIAS U3
mramma B. xenovorans LB400 u reneTmyecKu-Moaudu-
LUPOBaHHOrO InTamma P. putida mt-2a, ocymiecTBisuia
YTWIN3AIMIO BBICOKMX KOHIEHTpaimi 2,4’ -nuxnopoude-
Huna [93].

Takum obpazom, Oakrepun-aecTpykropsl [1Xb npen-
CTaBJICHBl B MUKPOOMOIIEHO3aX Ha BCEX KOHTHUHEHTaX.
B GonpimvHCTBE CllydaeB OHM HPUYPOYEHBI K TEPPHTO-
pusm co crierdraecknm 3arpsisHeHueM (IIXB n gpyrue
coequaeHus rpynnsl CO3). BriaencHHBIE U OMUCAHHBIC
IITaMMBI TIPECTABISIIOT Pa3IWdHbIe (PUIIOreHEeTHYECKNE
TPYIIIBI, OCHOBHYIO JONIO CPEOW KOTOPBIX 3aHUMAIOT
NPEICTABUTEIH KIaccoB Actinobacteria, Proteobacteria n
Firmicutes. BpicOKyI0 nerpagaTuBHy0 akTUBHOCTS K [IXb
MPOSIBIISIFOT KaK MHMBUAYaJIbHbIE IITAMMbI OaKTEpHid, TaK
U aCCOLMAIIH.

IIpumenenne 0akrepuii a1 ouncrku I[IXB-3arpss3-
HEHHBIX N0YB

IIpousBoncteo IIXb B mpoMBINIIEHHBIX MaciiTabax u
IMIMPOKOE HMCIOJIb30BAHUE B PA3IMUHBIX OTPACIAX HAPO-
HOTO XO3SIHCTBA MOCTY)KWIO IPUIMHON 3arpsI3HEHUS JaH-
HBIMH COCTMHEHHUSMH OOMMPHBIX TeppuTopuil. [IprnHIMAas
BO BHUMaHHE 0co0yto omacHOocTh [1Xb mis kuBBIX opra-
HHU3MOB, Tpo0JIeMa OYHNCTKH ITOYB, TPOM3BOACTBEHHBIX I10-
BEPXHOCTEH M JOHHBIX OTIIOKEHUH SBISIETCSI OJJHOM U3 aK-
TUBHO HCCIIEAYEMBIX B IOCIEAHHE AeCATHICTHS. BEIIB-
JICHBI OCHOBHBIE TPYIIIBI TPOIECCOB, KOTOPHIE MOT'YT OBIThH
3aeicTBOBanbl i1 yHMuTOoKeHus IIXB B npupojHbIx
oobekTax (puc. 3 / fig. 3).

AHanu3 3KCIEePUMEHTANBHBIX M JINTEPaTYPHBIX TaH-
HBIX TTOKa3aJl, YTO B €CTECTBEHHBIX YCIOBHUSIX PA3JIOKEHHUE
I[IXb mporekaeT moj AecTBHEM (HHU3UKO-XUMHUYCCKUX H
Ouonornyecknx (pakTopoB, OJHAKO STOT MPOLECC OYEeHb
JUINTEBbHBIA BO BPEMEHHM M, IO HACTOSIIEE BpeMs, He
obecrieunBaeT MOJHOE pas3IoKeHue 3arpsi3HuTerst. Paspa-
OoTaHHbBIE (PU3NKO-XUMHYECKHE TEXHOJOTHUHU ITO3BOJISIOT
noctudb 99.9% nectpykuun I1XB, HO mpw 3TOM OHHU
9HEPro- ¥ 3KOHOMHUYECKH 3aTPATHbI, a TaKKe MPUBOIAT K
pa3pymeHnIo OYMIIaeMoro cyocrpara (TOYBBI, JOHHBIX
OTJIOXKEHHUH), TIPH 3TOM MOTYT BBIIEIATHCSA TOKCHYECKHE
COEIMHEHUSI.

Bropemennanus sBIsETCS SKOJIOTHIECKH O€30MIaCHBIM
MeTooM ouncTKH mouB oT I1Xb. C mo3umumii s5koHoMuYe-
CKHX 3aTparT JIaHHbIE TEXHOJIOTHH HanboJee BEIrogHsl. Og-
HAaKO €CTh HEJOCTAaTKU — MPOLECC peMEJUallUU OTHOCH-
TEJILHO MEJJICHHBIN (MOXET 3aHUMAaTh OT HECKOJIBKHUX Me-
CSIIIEB 10 HECKOJIBKHX JIET) M PAa3pYIICHHUIO OABEPTarOTCs
He Bce kKoHreHeps! IIXb. B nocnennee BpeMst NOABIAIOTCS
COOOIIeHNS 0 MPUMEHEHNH KOMOWHUPOBAHHBIX METOIOB
(copOrust ITXbB + GakTepuanbHast AECTPYKIIHSL, JIEKTPOXH-
Mudeckass oOpaboTka MOYB mepen OMoayrMeHTanuend u
np.). OgHAKO 3TH METOJBI €Ile HeJOCTATOYHO HCIIOJIb3Y-
I0TCS M HaXoAATCs B cTaauu nzydenns [88, 115, 110].
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Fig. 3. Main groups of processes used for remediation of PCB-contaminated areas [110]

OCHOBBIBasICh Ha pe3yJIbTaTax MPOBEIEHHOTO aHAIIN3A,
MOXXHO 3aKJIFOUHUTh, YTO HauOOJIee MePCIIEKTUBHBIM U d(-
(heKTHBHBIM TIOJXOJOM B BoccTaHoBIeHWH [1XbB-3arpss-
HEHHBIX TI0YB SBJISIETCS OMOpeMeananus ¢ IpUMEHEHUEM
OakTepHaJbHBIX MITaMMOB. [Ipomecc Ouopemenuanuu
II0OYB B €CTCCTBEHHBIX YCJIOBUSAX OOYCIIOBJIICH aKTUBHO-
CTBIO aHAdPOOHBIX M adpoOHBIX OakTepuil. AHa’dpoOHOE
BoccTaHoBiieHue [IXb mpuBOAUT K CHHKEHUIO KOJIUYe-
CTBa 3aMECTHTEJICH B MOJICKYJe XJIOpOU(EeHMIA, YTO CIIO-
COOCTBYET CHUKCHHUIO IHOKCHH-TIOJOOHOW TOKCHYHOCTH
konrerepoB [1Xb u moBeimaerT ux OGHOMOCTYIMHOCTD IS
adpoOHbIX OakTepuii. OuncTka mous ot [IXb MoxkeT ObITh
obecrieyeHa TOIBKO NMPUMEHEHHEM a’pOOHBIX OaKTEpHid,
TaK Kak B a9pOoOHOM MeTa00JIM3Me TIPOUCXOIUT PacIerie-
HHE MOJICKYJBI 0 HE TOKCHYHBIX MM MEHEe TOKCHYHBIX
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COEIMHEHHH, Tor/1a Kak B aHA3POOHBIX YCIOBUAX MPOUC-
XOAWUT CHWKEHUE CETIIeHH XJIOPHUPOBaHHS Oe3 paciernie-
HUs MoJiekybl [88, 115].

OcHOBHBIMHU HampasiieHHsIMH Onopemeanarun [1Xb-
3arpsiI3HEHHBIX [T0YB C HCIIOJIb30BAHUEM META00INIECKOTO
MOTeHIMa a 0aKTepHaIbHBIX IITAMMOB SBJISIFOTCS] OMOCTH-
MYJIALUS 1 OMoayrMeHTaIHs.

[TpumeHneHnne MeTONOB OHOCTUMYISIMK (BHECEHHE
a30Ta, JIaKTaTa, MHKyOaIys B aHa pOOHBIX YCIOBHUSX) M0O3-
BOJIMJIO CHU3UTH KOHLIEHTPAIHIO BEICOKO XJIOPHPOBAHHBIX
koHrenepoB [1Xb u moctuup 32-62% nectpykiuu [1Xb,
MIPUCYTCTBOBABIINX B ITOYBE M JOHHBIX OTIOXKEHUAX [34,
41,73, 107, 108].

B paMkax MeTon0B OM0ayrMeHTaluH IPUMEHSIOT BHE-
CCHHUE B TOYBY KaK HHANBUIYATbHBIX IITAMMOB, TaK U MX
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coobmectB. [Ipu 3TOM cileyeT y49uThIBaTh PUCKU BHECE-
HUS HOBBIX BHJIOB B CJIOKHBIIHUCS MUKpOOHOIICHO3 [88].
O/HUM M3 TOAXOAOB K CHIDKCHUIO JAHHBIX PUCKOB SIBJIS-
€TCsl UCTI0JIb30BaHUE IITAMMOB, paHee BBIJICIICHHBIX U3 3a-
IPSI3HEHHBIX TI0YB.

OmHUMH W3 TIEPBBIX COOOmIeHHH 00 3(PQPEeKTHBHOM
NpUMEHEHUH i ounucTku nous oT IIXDB sBndroTcs na-
TEHTHI, CBA3aHHBIC C NPUMECHEHHEM INTaMMOB B. xeno-
vorans LB400 u Alcaligenes eutrophus H850 (matent
CIITA Ne 4843007, Ne 4843009, Ne 4876201, Ne 5009999).
BHeceHne nmaHHBIX IITaMMOB B IIOYBY, COZICPIKAIIYIO
50 ppm Aroclor 1242, 500 ppm Aroclor 1242 wm 50 ppm
Aroclor 1254, npuBOIMIO K CHIDKCHHIO KOHIICHTPAITUH
cmeceit [IXb na 43—-85%. Hamryumue noka3saTteny otMme-
YeHBI IIPU UCXOAHOM YpOBHE 3arpsisHeHus B 50 ppm Aro-
clor 1242.

B pe3ynbTaTe BHECEHUS B OYBY, cojepxairyro 100 mr
Aroclor 1242/ r moussl, mramma Arthrobacter sp. B1B ge-
pe3 9 cyT IpOWCXOOWIIO CHIDKCHHE KOHICHTPAIWU TH-
xnopbudenunoB Ha 88%, TpuxiopbudenmioB Ha 40%,
teTpaxyiopoudenmios Ha 11% u nenTaxnopOudeHnos Ha
3%. B cimywae, ecnu mouBa Obuta 3arpsisHeHa [IXb 2,
ITIXb 3 u IIXb 8 B KOHIIEHTpaNKAX, COTOCTAaBUMBIX C yKa-
3anHo# Bbime (100 Mr/r mouskl), BHecenue mramma Cu-
priavidus necator JMS34 00yclOBIMBaIO CHUXXCHHE
ypOBHA 3arps3HeHus Ha 99%, a mramma B. xenovorans
LB400 — na 85% (nmarent CILIA Ne 7989194).

PoccuiickuM areHTCTBOM IO NATEHTaM U TOBAapHBIM
3HaKaM BBIJIaH MaTeHT Ha mtaMM Alcaligenes latus TX]I-
13, BHECEHHE KOTOPOTO B TIOYBY OOECIICYNBACT CHIDKCHIE
conepxanus [1Xb na 35-50% npu HauanbHOI KOHLIEHTpa-
mun 3arpssaurens 52.3—70.2 mr/kr noussl (mateHT P®
2155804 C1). Xapukos ¢ komureramu [6] coodmraet 06 3¢-
(eKTUBHOI OMOAyTMEHTAIINH IBYX IITAMMOB MHKPOOpTa-
Hu3MoB B mouBy r. CepmyxoB. Ha Teppuropuu 3aBona
«Konpencarop» crenens pasnoxenus I1Xb cocraBmma
90% (xoHueHTpanus causmwiacs ¢ 1600 1o 160 Mr/kr), Ha
Teppuropun ckBepa KoHueHTpauus IIXb cHusunace ¢
12-14 mr/xr 1o 0.1 Mr/KT, a B CEJIBCKOXO03SHCTBEHHBIX [TOY-
BaX, 3arpsi3HEHHBIX BBICOKOXJIOPHPOBAaHHBIMU OW(EeHMII-
aMu, Ha y4yacTke B 1 ra ynanock noctuub cHmxenue I1Xb
Ha 80-90 % [6].

[IpumeneHne GaKkTepHATBHBIX KOHCOPIIMYMOB ITO3BO-
nset 3QpexTHBHO BoccTaHaBimBaTh [1Xb-3arps3HeHHbIC
mouBel. COBMECTHOE BHECCHHE TpeX a3pOOHBIX OaKTepuid
(Mycolicibacterium frederiksbergense IN53, Rhodococcus
erythropolis IN129, Rhodococcus sp. IN306) npuBoaut
cHmxenno konnenTpanuu [1Xb B mouse uepe3 6 mecsien
Ha 84.5%, B Tom uncie — Ha 58.6% I[1Xb 180 [111]. bims-
KH€ Pe3yJIbTaThl MOJYYEHBI B Clydyae IPHUMEHEHHs IITaM-
MOB poioB Rhodococcus u Achromobacter [55].

Jnst moBbIeHNs 3 PEKTUBHOCTH OMOayrMEeHTALNH, a
TaKKEe YJIYUIICHUS] TEXHOJIOTHUECKHX CBOHCTB BHOCHMBIX
Ouompenaparos, IpeJyIaracTcsi UCHoNb30BaTh B KAYECTBE
HOCHUTENEH  pa3lMyHble OpraHWYecKHe MaTepuabl,
a TaKXKe JIOMOJIHUTEIBHO BHOCUTH B IIOUBY Cyp(aKkTaHThI 1
JIpyTHe COEIMHEHWS, IIOBBIAIONINE OHOMOCTYITHOCTh
ITXB [88, 110, 115]. Baecenue cyphakrantoB «Saponiny
n «Rhamnolipids R-90» mpu OmoayrmMeHTanuu Imramma
Achromobacter xylosoxidans TpuBOJWIO K TOBBIIIICHHIO
s dexruBHOCTH yaanenus [1Xb ¢ 30% no 55% u 60% co-
OTBETCTBEHHO. B KadecTBe HOCHUTeNell mpearaercsi uc-
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M0JIb30BaTh aJbIMHATHBIN I'ellb, TPAHYIMPOBAHHBIN aKTH-
BUPOBaHHBIA yrons, 6uoyross (biochar) [84, 109, 115].
[TokazaHo, 4T0 UMMOOHIM3ALMS OAKTEPUATIBHOTO KOHCOP-
muyma GYB1 B anbruHaTHBIX IpaHylax CHIKaeT BpeMs
nonypasnoxxenus IIXb 118 ¢ 8.14 no 3.79 nueii [84]. Bue-
ceHre OMOyIIIs, TMONydeHHOro u3 OamOyka, COBMECTHO C
OakTepHaTbHBIM COOOIIECTBOM ITIPHBOAMIO K CHIDKECHHIO
korneHTparn [1Xb B mouse Ha 65.68—78.93% npu HavaIb-
HOM conepxanun 60 mr Aroclor 1242 /xr moussr [58].

Coueranne OMOCTHMYIISITUH 1 OMOayTMEHTAINH TaK)Ke
HCTIONB3YyeTCsT B TEXHOJNOTHAX Omopemeamarmn [1Xb-3a-
IpsA3HEHHBIX Mo4YB. OJHUM U3 NIPUMEPOB pPeannu3alui JaH-
HOTO HOJAXO0Ja SBJSETCA OYHCTKA MOYBBI C PA3HBIM ypPOB-
HeM 3arpsizHenus [1XbB (127 mxr/t u 484 Mkr/T). BHecenue
MUTATEIbHBIX BEIIECTB COBMECTHO C YETBIPbMs OaKTepH-
AIBHBIMH IITAMMaMH, 00yCIOBINBAJIO Jierpaanuo 58% u
60.8% ITXb cootBeTcTBEeHHO [29].

TakuMm o6pa3om, pa3pabOTKa TEXHOIOTHH BOCCTaHOB-
nenust [IXb-3arpsA3HEeHHBIX TOYB HA OCHOBE OaKTepHalb-
HBIX IITAMMOB SIBIIICTCS B HACTOSILEE BPEMS aKTyaTbHBIM
Y MIEpPCTIEKTUBHBIM HaIpaBJICHUEM JUIS PEIICHUS BOIIPOCOB
coxpaHeHHs 0€30TacCHBIX YCIOBHUII OKpYXKaIoLIeH cpepl.

3ak/roueHHe

AHanu3 JaHHBIX MHOTOYHCIICHHBIX UCCIICAOBAaHUN BbI-
SIBUJI BBICOKMH MHTEpEC K poodiieMe 00e3BpeKUBAHUS 110-
JHUXJIOPUPOBAHHBIX OM()EHHUIIOB, BXOAALIMX B IEpEUCHb
cTOMKMX opraHnueckux 3arpszauteneit (CO3) [1, 46, 82].
OcCTpyI0 aKTyaJIbHOCTh JAHHOW MPOOJIEeMbI IOATBEP)KIACT
TOT (hakT, 4T0 CTOKroJbMCcKasi KOHBEHIUS, PETIIaMEHTH-
pytomtast cricok CO3 1 mporexypsl 0OpamieHus ¢ Bele-
CTBaMH JaHHOH TpymIbl, paTUHUIrpoBaHa 185 ctpanamu
(http://chm.pops.int/Countries/StatusofRatifications/Partie
sandSignatoires/tabid/4500/Default.aspx.

Hanbosee mepcneKTHBHBIM ITOIXOIOM ISl PEIICHUS
JTaHHOI mpobisiemsl sBistercs aectpyknua [IXb mpu yua-
¢t a3poOHbIX OakTepuii [1, 38, 82]. [obankHas pacnpo-
crpaneHHOCTh [1Xb 00yciioBiMBaeT HEraTUBHOE JIaBIICHHE
Ha OMOIICHO3bI KaK B PErHOHAX C PA3BUTOM MPOMBIIIICH-
HOCTBIO, TaK U Ha TEPPUTOPUSX, yIAIECHHBIX OT TEXHOTCH-
HBIX BO3/I€HICTBHH, 4TO IPUBOIUT K H3MEHEHHUSIM B COCTaBe
MHUKpPOOHOIIEHO30B, HAIPaBJICHHBIX HA yBEIWYECHHUE OJIH
OaKTepuii, OCYIIECTBISIOMNX TPaHCHOPMAIHIO/IECTPYK-
muro [1XB. Anamu3 MecT BbIeNeHUs OaKTepui-IecTpyK-
topoB I1Xb moxa3zai, 94To B OOJNBIIMHCTBE CIIy4aeB KO-
TOIIBI OBLIN 3arpsi3HEHBI OJINXJIOpON(EeHNIIaMH, a Teorpa-
¢us oxBaTHIBaeT BCce KOHTHHEHTHI [4, 11,26, 82, 126-129].

Crnenyer OTMETHTh, YTO ONHCaHHBIC B JIMTEpaType
TaMMBbI-1€CTpYKTOpbl IIXB CyliecTBEHHO OTIIMYarOTCs
CHEKTPOM pa3iaraeéMbelXx KOHIE€HEPOB XJIOPOU(PEHUIIOB
(Bcero cymectByer 209 xonrenepor IIXb, oTmmuaro-
IIUXCSI KOJIMYECTBOM M MOJIOKESHHUEM 3aMeCTUTENei B MO-
nekyne) [22, 36, 56, 57, 60, 66, 70, 80, 91, 92, 103, 105].
BrisiBiieHa OCHOBHAsi 3aKOHOMEpPHOCTh — Haumboiee J10-
CTYIHBIMU JUIS1 a9pOOHBIX OaKTepHil BISFOTCS XJI0pOude-
HUJIBI, coJiepkatue oT 1 10 4 aToMOB XJIopa B MOJIEKYJIE,
MPEUMYIIECTBEHHO B 0Opimo- WIH Mema-1ojaoxeHnn. Onu-
CaHO HE3HAYUTEIbHOE KOJMYECTBO MITAMMOB, CIIOCOOHBIX
paznarats koHreHeps! [1Xb ¢ konuuecTBoM 3amectureneit
Goee 5, a TaxKe HECYIINX aTOMBI XJIOpA B 1apa-ToJIOKe-
Hum (23, 24, 25, 48, 51, 59, 60]. Onnaxo, ITXb nponsso-
JIATNCH U TIPIMEHSUINCH B BHJIE CMECeH, OCHOBHYIO JOJIIO
B KOTOPBIX COCTABIISIM BBICOKOXJIOPHPOBAHHBIE KOHTE-
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Hepsl [9, 11, 39]. B cBs3u ¢ 3TUM oTMeUdaeTcsi He0OX0 1~
MOCTh TTIOMCKa OaKTEepPHaIbHBIX IITaMMOB, OCYIIECTBIISIO-
mux pasnoxeHue mupokoro cnekrpa II1Xb, B Tom uucne
IIPEJCTAaBICHHBIX B COCTaBe KOMMEPUECKUX CMece.

Ananrarys adpoOHbIx O6akrepuii k [IXB-3arps3HeHuto
IIpUBEJIa K 3BOJIIOIIMH METab0IMUECKHX MporeccoB. Pasio-
xenue [IXb ocymecriusiercs moj aedcTBueM QepMeHT-
HOT'O KOMIUIEKCa, 00YCIOBIHUBAIOIIETO ITOSTAITHOE OKHICIIC-
HHE apOMaTHYECKOTO KOJIbIa. B OCHOBE NIEXXUT OMOXUMHU-
YeCcKHil IMyTh TpaHCPOpPMAIIMN He3aMeIleHHOTo Ondennna
[16, 47, 86].

OnHO¥M W3 OCHOBHBIX MHPOBBIX TCHIICHIIMU SIBIISICTCS
pa3BUTHE TPHUPOAONONOOHBIX TEXHOJOTHHA, HaIpaBIICH-
HbIX Ha yaaneHue [1Xb n3 o0beKToB OKpyKatoeil cpeibl,
a Takxe u3 Mect ckiaauposanus [ 110]. JlanHbIe TeXHOTO-
TMU JIOJDKHBI COYETaTh DKOJIOTHYECKYIO 0e30IacHOCTh U
HKOHOMHUYECKYIO 3 pekTuBHOCTE. Ha coBpeMeHHOM 3Tare
HCCIICIOBAaHUN MOKa3aHO, YTO OCHOBHBIMM areHTaMH KO-
OMOTEXHOJIOTHI SBJISIOTCS IITaMMBI a3POOHBIX OaKTepH.
OmnrcaHHBIE BHIIIE 0COOCHHOCTH OaKTepUANTEHOM IECTPYK-
un [1XB 00ycnoBnuBaoT HEOOXOAUMOCTh AaJbHEUIIETO
MIOMCKA MEPCIEKTUBHBIX IITAMMOB, a TaKX€ HOBBIX
HanpasyieHUi B pa3BUTHU [IXB-yTUAM3UPYIOIIUX TEXHO-
JIOTUH.
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