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AHHOTanusa. AKmMya/sabHOCM®b. B NPOMBIILIEHHBIX PerdoOHaX MOTEHIMaJbHO TOKCUYHbIE 3JIEMEHThI CAYXKaT BaXKHEHIINMU
HMH/JIMKaTOpaMU 3arpsi3HeHUs1 OKpY»Kalollled cpeibl, CO3/iaBasi MOTEHLUATbHBIN PUCK AJIS1 9KOJIOTHU U 3[J0POBbsl 9KOCHUCTe-
MBI, a TaK)XXe 4esioBeKa. [IouBa sIBJISIeTCS TJIaBHBIM FeOXUMHYECKUM MOTJIOTUTEIEM PA3IMYHbIX 3arPsI3HAIOLUINX BEIIECTB U
npeJCcTaBJisieT co60U cpey AJ1sl epeHoca MHOTUX 3arpsI3HAIOLINX BellecTB B aTMocdepy, rufpochepy u 6uomaccy. lloato-
My He06X0/IMMO MPOBECTH KOMILJIEKCHOE UCCIeJ0BaHUE Me03KO0I0THUYeCKHUX PUCKOB OT ITOTEHLUAJIbHO TOKCUYHbBIX 3JIeMeH-
TOB B no4Bax. IJes1b. O1jeHKa NOTEHI[UAJbHOTO Te03KO0JIOTUYECKOTO PUCKA 3arpsi3HeHUs] TIOYBEHHOI0 IOKPOBA Ha TEPPHUTO-
PUH NPOMBILNJIEHHOH MJIOIAJKH YJAaYHUHCKOTO TOPHO-060raTUTEbHOTO KOMOMHATA C MCIOJb30BAaHUEM pa3/IMYHBIX UH-
JIeKCOB OLleHKH 3arpsisHeHUs. 06seKmbl. JJOMUHUPYIOLMEe TUIBI I0YB CEBEPO-TAEXKHBIX JaHAWA(GTOB JanibIHCKOTO KUM-
6epsinToBOro moJsisi. Memodsl. ATOMHO-a6COPOLMOHHBIN, CTATUCTHYECKHE MeTOAbL. Pe3yibmamsl u 8b18006l. [IpoBeieHa
OlleHKa NMOTEeHI[UAJIbHBIX UCTOYHUKOB 3arpsi3HEHUS N0YB U re03KO0JIOTHYECKUX PUCKOB C UCIO0JIb30BaHUEM TaKHX IIOKa3aTe-
Jiel 3arpsi3HeHHs, KaK WHJIeKC re0aKKyMyJIsiLuy, HHAekc HeMepoBa, MHEKC 3arpsi3HeHUs], MHAEKC Harpy3KH 3arpsi3HeHus,
MOTEHIMaJbHBIN 3KOJIOTUYECKUH pPUCK. Pe3ysibTaThl aHa/IN3a JaHHBIX HHJEKCOB M PHUCKOB IT0OKA3aJH, YTO NMOYBBI TEPPUTO-
pHUHU HUccae0BaHus IpeuMyliecTBeHHO 3arpsAsHeHsl Ni, Co, Cr 1 Mn. Beicokuii noTeH1IMalbHbIA 3KOJI0IMYECKUI PUCK UMeU
19,51 % 06 beKTOB B 30He HUccaeoBaHuUsA Mo Mn u Ni, a HU3KMH NOTEHIIUAJbHbBIA 3KOJIOTUYEeCKHUHA pUCK — Bcero 4,87 %. AHa-
JIU3 MPOCTPAHCTBEHHOI'O paclpe/iesieHHs] Pa3/IMYHbIX UHAEKCOB 3arpsi3HeHUs MOKa3aJ CX0XKHe KapTUHKH, T/le BbISBJIEeHbI
JIOKaJIbHbI€ TOYKH C BBICOKUMH 3HAYE€HUSIMH UH/IEKCOB 3arpsi3HeHus. ['opsure TOYKH OTMeYeHbl Ha YYaCTKax BO3AEeHCTBUS
oTBaJsa TPYOKU «YJauyHbIN» U «3apHHULAa» XBOCTOXpaHHU KA Ne 2.

Kio4yeBble ci1oBa: MNOTEeHIMAJIbHO TOKCUYHBbIE 3JIEMEHTHI, 3arpA3HeHue, 104Ba, KI/lMﬁepJII/ITOBoe mnoJie, HKyTI/IH

BiarogapHocTH: CTaThbs NOATOTOBJIEHA B paMKax BbINOJIHeHUs npoekTa o 'panty PH® Ne 24-27-20128 «MccnenoBanue,
HJleHTUOUKALMS U OLleHKA NMOTEeHLHMaJbHOT0 Te03K0JOTUYeCKOT0 PUCKA 3arpsi3HeHUs] NPUPOJHOMN Cpejbl IPU MOMCKaX U
OCBOEHHUH MeCTOPOXAEeHUH M0JIe3HbIX HCKOMIAeMbIX B pe3K0 KOHTUHEHTAJIbHbIX OMOKIUMATHYEKHX YCIOBUAXY.

Jas purupoBanus: ['ososo6oBa Al OLleHKa NOTEHIMAJBHOTO I'€03KOJOTUUECKOT0 PHCKA 3arpsA3HeHUs] TOYBEHHOTO I10-
KpOBa IPY OCBOEHHUM KOPEHHBbIX MeCTOPOXAeHUH aiMa30B (Ha npuMepe JlanjblHO-ATaKUTCKOTO FOPHOIPOMBIILJIEHHOIO
paiiona) // UsBectuss ToMCKOro MOJMTEXHUUECKOTO YHUBepcUTeTa. UHKUHUPUHT reopecypcoB. — 2025. - T. 336. - Ne 3. -
C.7-17.DOI: 10.18799/24131830/2025/3/4785

UDC 631.4:504.5
DOI: 10.18799/24131830/2025/3 /4785

Assessment of the potential geoecological risk of soil pollution
during the development of primary diamond deposits
(a case study in the Daldyn-Alakitsky mining and industrial region)

A.G. Gololobova™

Diamond and Precious Metal Geology Institute, Siberian Branch of the Russian Academy of Sciences,
Yakutsk, Russian Federation

Mnuta0687@mail.ru



Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2025.V. 336. 3. P. 7-17
Gololobova A.G. Assessment of the potential geoecological risk of soil pollution during the development of primary diamond...

Abstract. Relevance. Potentially toxic elements serve as the most important indicators of environmental pollution, creating a
potential risk for the ecology and health of the ecosystem, as well as humans in industrial regions. Soil is the main
geochemical sink for various pollutants and provides a medium for the transport of many pollutants to the atmosphere, the
hydropheric and biomass. Therefore, it is necessary to conduct a comprehensive study to assess geoecological risks from
potentially toxic elements in soils. Aim. Assessment of the potential geoecological risk of soil contamination on the territory
of the industrial site of the Udachny Mining and Processing Division using various pollution assessment indices. Objects.
Dominant soil types in the northern taiga landscapes of the Daldyn kimberlite field. Methods. Atomic absorption, statistical
methods. Results and conclusions. The author has carried out the assessment of potential sources of soil pollution and
geoecological risks using such pollution indicators as the geoaccumulation index, Improved Nemerov index, pollution index,
pollution load index, potential ecological risk. The soils of the study area are predominantly contaminated with Ni, Co, Cr and
Mn. 19.51% of objects in the study area had a high potential environmental risk for Mn and Ni, and only 4.87% had a low
potential environmental risk. Analysis of the spatial distribution of various pollution indices showed similar pictures. Local
points with high values of pollution indices were identified. Hot spots were noted in the areas affected by the Udachny and
Zarnitsa pipes dumps and tailings dump no. 2.
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BBeaenue

B teuenne mocnenHuX NecATUIETHN OBICTpas WH-
OyCTpHaM3alns OKaszana CYIIECTBCHHOE BIHSHHC Ha
9KOJIOTHYECKOE COCTOSHHE OKpPY’KaIOIIeH MpUpOIHOU
Cpelbl U MpUBENa K aKKyMYJIIUH 3arpsA3HIIONINX Be-
IIECTB, IOCTOSIHHO yBEJIMYHMBAsI yPOBEHb ITOTCHIIMATIH-
HO TOKcHYHBIX AneMmenToB (I1T3D), nupkynmupyromux B
okpyxatoieit cpene [1, 2]. CoryiacHO UcCCleIOBaHUSM,
MO0JI MOTCHIUAIBHO TOKCHYHBIMH 3JEMEHTaMH TOHH-
MalOT MHKPODJIEMEHTHI, TOKCHYHBIC B OMPEICICHHBIX
KOHIICHTPALUAX JIs1 HA3eMHBIX U BOJHBIX OPraHU3MOB,
a TaKKe JIJIS YeIoBeKa.

OcHOBHBIM HWCTOYHHUKOM mocTyruieHus [ITO B
OKPYKaIOIIYI0 Cpely SBJISIIOTCA BBIOPOCHI, MMEIOIIUE
JUTOTCHHOE TPOUCXOXKJCHUE, CBS3aHHBIC C T'EOJIOTH-
YECKHMH TPOLECCAMH, a TAaKKe AHTPOIOTCHHBIC BBI-
Opockl [3]. B ropHO00BIBAIONIMX paiioHAX KOMIIOHCH-
Thl cpenbl oboramensl [1TD, mostomy orpaciu, cBf-
3aHHBIE C JOOBIYEH M 00OTrallleHUEM II0JIE3HBIX HCKO-
MAEMBIX, BHOCST 3HAYUTEIBHBIN BKJIA]] B UX ITOCTYILIC-
HUE B Ha3eMHBIC W BOJAHBIE 3KocucTeMbl [4, 5]. Camoe
00JIBIIIOE BIMSHUE HA OKPYKAIOUIYI0 IPUPOIHYIO Cpe-
Iy OKa3bIBAaIOT OTKPHITHIC TOPHBIC PaOOTHI, HAIIpUMEP
pa3paboTka KOpEHHBIX MECTOPOXKACHUN anMa3oB, MpH
KOTOPBIX BBITIOJTHCHUE TEXHOJIOTHYCCKUX Olepanuil
CONPOBOKIACTCS  TPSAMBIMH ~ T'€OMEXaHHYECKUMHU
HapyLICHUSIMU: CO3JaHUEM BBIEMOK M KaphepoB, o0pa-
30BaHUEM OTBAJIOB — a9POJAMHAMUYCCKUMU, U3MEHEHHU-
€M peXrMa BOJIHBIX OOBEKTOB, CO3aHUEM XBOCTOXpa-
HIWINII U [MUIAMOHAKOMHUTENEH — THAPOTEOIOTHISCKH-
MH HapylieHusiMu [6, 7). BenenctBue yero HanGouib-
[IeMy HETaTUBHOMY BO3JCHCTBHIO IOABEPracTCs JH-
Tocepa ¢ HapylieHHeM pernbeda MecTHOCTH U (op-

MI/IpOBaHI/IeM HOBOT'O TEXHOI'CHHOI'O J'IaHI[HIa(bTHOFO
obnuka. OmocpenoBaHHOE BO3/ICHCTBHE COMPOBOXK/IA-
ercss O00pa3oBaHUEM TEXHOTEHHBIX TCOXMMHUYECKHUX
aHOMaJIMii B KOMIIOHEHTax naHamadra, rae moysa siB-
JISIETCSl TTIABHBIM T€OXHMHYECKAM TOTJIOTUTEIEM pas-
JIUYHBIX 3arpsI3HSIONIUX BEUIECTB U MPEJCTABISIET CO-
0ol cpemy Ui TIepeHOCa MHOTHX 3arps3HSIOIINX Be-
miecTB B atMocdepy, runpocdepy u o6uomaccy [8—10].
B nHacrosimiee BpeMsi 1OCTaTOYHO Majio HCCIEI0Ba-
Huli copepxanus [ITD B mouBe B anmmMa30100bIBAFOIIIMX
patiorax. OCHOBHOM LIENBIO0 HACTOSIIINX UCCIIETOBAHNN
SIBIISICTCS  BBISIBJICHHE TEO0J3KOJIIOTUYECKUX PHUCKOB U
BO3MOXHBIX HUCTOYHUKOB KoOHIeHTparuu [ITD B mou-
BEHHOM IOKPOBE MPOMBIIUICHHON IJIONIAKK ajMa30-
JIOOBIBAIOIIEr0 KOMOMHATA C MCIIOAL30BAaHHEM MHOTO-
MEPHBIX CTaTUCTHYECKUX METOJIOB U UHJEKCOB OICHKU
pUCKa JUIA 37I0POBbI Ha MIPUMEPE OJHOTO M3 Hamboiee
KPYIHBIX MpEeAnpusITaid anmma3onooerau B Poccun. Hc-
cnenoBaHue 3arpsisHeHus mouBwl [1TD, mpemocraiis-
olllee HAyYHOE PYKOBOJICTBO JUIS paHHEro Mpeaymnpe-
KJICHUS HEONArONPHUSATHBIX IIOCICJCTBHNA, a TakKe
CHWDKEHUSI TEOPUCKOB, SBIIICTCS BAXXHBIM PE3YIHTATOM
Tr€0’KOJIOTHYECKOr0 COCTOSIHHS IIOYB.

OG'BbEeKTHI M1 METOAbI MICC/IEJOBAaHUSA

Paiion uccnedosanus pacnonaoxeH B IEHTPAIBLHOMN
yacTu [lanapiHO-ATaKUTCKOTO TOPHOIPOMBIIIICHHOTO
patiora Cesepo-3anagnoit Skytnm (ceBepo-BOCTOK
Poccun), Ha Tepputopun anablHCKOTO KUMOEPIUTO-
Boro monst (N 66°25°47", E 112°24°07"), B npenenax
MPOMBINUICHHON IUIOIAAKA Y JaYHHHCKOTO TOpPHO-
oboraTutenbHOro komOuHara (puc. 1).
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Fig. 1.
Processing Division (MPD)

Tepputopuss JanasiHO-AJIaKUTCKOTO TOPHOIPO-
MBIIIJICHHOTO paiioHa HaXOMUTCS B 30HE CIUIOIIHOTO
pacrpocTpaHeHuss W OJHM3KOTO 3aJleTaHus MHOTOJICT-
HEMep3JbIx nopoa. Kiumar pe3ko-KOHTHHEHTAIbHBIH,
CO CpeAHeronoBoil Temmeparypoi 12,7 °C, ammintyaa
MaKCHIMyMa ¥ MHHUMyMa CPEIHUX JAHHBIX IO MeECs-
nam cocrtasisier ot —41,6 no 14,8 °C. Ilepenan cpen-
HUX TEMIIEpaTyp MEXKAY XOJOAHBIM M TEIUIBIM BpeMe-
HaMHU T'oJla OYE€Hb BEJIHK U cocTaBisieT oT 34 mo —64 °C.
CpenHerozioBele CyMMbI 0caikoB paBHbI 200-250 mwm,
n 75-80 % ux BhIMagaeT B TEIUIOE BpeMs roja (C ampe-
11 10 OKTSIOph). CHEXXHBIA MTOKPOB COXpAHICTCS B Te-
yenue 220-250 nHeil B roxy, BBICOTa €ro HeBeJMKa
[11]. Pembed TeppuTOpHH HCCIICTOBAaHHN XOJIMHCTO-
MOJIOTOYBAIHCTBIA ¢ abc. ot™M. 400-500 M u oTHOCH-
TENGHBIMU TPEBBIIICHUSIMHA HaJ OJIDKAHIINMU BOIO-
tokamu 100-250 m [12].

Tepputopust [lanabHCKOro KUMOEPIUTOBOTO OIS
MpUypodeHa K OOJIACTH COMPSDKEHHS IOTO-3aMalHOTO
cxiioHa AHa0apo-OJICHEKCKON aHTEKIN3Bl M CEeBEpo-
BocTO4YHOTO O0pTa TyHTycckoi cuHeknussl [13]. B ero
CTPOCHHH YYaCTBYIOT KPUCTAJUIMYECKHE IIOPOJIBI ap-
xes, KapOOHATHBIC M TEPPUTCHHO-KapOOHATHEBIE OTIIO-
JKCHUSI BEHJA, KeMOpHs, OpJIOBHKAa U CHIypa, TEPpH-
TeHHble oOpa3oBaHus KapOoHa. ['nmyOuHa 3ameranus
KPHCTAIUTHIECKOTO ¢dbyHzaMeHTa COCTaBISICT
2,4-2,5 kM. OcalouHbIi 4€X0JI UHTPYAUPOBAH IUIACTO-

Kapma mecmopacnososcenus paiioHa uccnedoeaHusi ¢ HAHeceHueMm movek onpo608aHUsI NO48 HA meppumopuu
YdaunuHckozo 20pHO-0602amumenbHo20 KOMOUHamMa
Map of the location of the study area with plotting soil sampling points on the territory of the Udachny Mining and

BBIMHU TEJIAMH U JaKaMH JOJICPUTOB, TPYOKaMU B3pHI-
Ba, JJalKaM{ W JXWJIaMH KUMOepiuToB. UeTBepTHYHbBIE
OTJIOKEHUSI TIPEICTABICHB PA3IMYHOTO TeHE3Hca Iec-
KaMHU, FaJICYHUKAMH, BIICBATBIMH CYIIECSIMH, 9aCTO CO
3HAYUTENFHBIME BKJIIOYCHUSIMH KPYTTHOOOJIOMOYHOTO
Matepuana [14].

OCHOBHBIM 30HAJBHBIM THUIIOM TIOYB SIBIIIOTCS
Cryosols, wHTpasoHanbHbIM — Fluvisols, Rendzic
Leptosols u Umbric Gleysols 3aHIMAIOT MOTYUHEHHOE
nonoxeHue [15]. PacTurenpHblil MOKPOB TEPPUTOPUU
HCCIICIOBAHUSI HAaXOIUTCA B IOJ30HE PEAKOCTOMHBIX
CCBEPOTACKHBIX JMCTBCHHUYHBIX JIECOB. JJOMUHHPYIOT
JINCTBEHHUYHEBIE Jieca, 3aHmMarone 80 % rmmmomann
TEPPUTOPHUH, IPEACTABICHHBIC TaKUMM THUIIAMH, Kak
Larix gmélinii.

Ombop npob u xumuyeckuti anaiuz. 3a NSHTP IJI0-
AW WCCIENOBaHUI ObUI NPUHAT Kapbep TPYOKH
Vnaunasi; Ob 0TOOpaHBI OOpa3Ilbl MOYBHI B TIPO-
MBIIIICHHON 30HE U €€ OKPECTHOCTSIX — BONM3U Kapbe-
pa KHUMOEPIUTOBBIX TPYyOOK, OTBAJIIOB, XBOCTOXPaHH-
i, oboraTUTenbHOW (GaOpuKu M APYyrux OOBEKTOB
nHPpacTpyKTypsl. OmpoOOBaHUE TIOYB MPOBOIMIOCH
U3 MOBEPXHOCTHOTO CIIOS MOYB Ha rimyomnHy 0-20 cm,
I7I¢ TPOUCXOJISIT OCHOBHBIC H3MEHEHHUS (DU3MKO-
XUMHUYECKUX CBOWCTB, CBA3aHHBIE C AHTPOIIOTEHHOU
Harpy3Komu.
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Bce Touku HabmromeHus ObUIM 3a)UKCUPOBAHBI C
MIOMOIIIBI0 CHCTEMBI TII00abHOTO MO3UITUOHUPOBAHUS
(Global Positioning System — GPS). Kiaccudpukamnus
THUIIOB ITOYB MPOBOJMJIACE HA KITIOYEBHIX IUIOMAAKAX C
MOTOPU30HTHBIM ONPOOOBaHMEM MOJHOTO MOYBEHHOTO
npoduiIsi Ha BCIO TIIYOMHY CE30HHO-TAJIOrO CJIOS Ha
ocHOBe BcemupHoii cipaBouHoi 6a3bl [16].

OTt0o0paHHbIe IOYBBI OBUIM BBICYIICHBI 0 BO3AYII-
HO-CYXOT'O COCTOSIHMS. 3aTeM I0YBY H3MENIbYaldl B
(baphopoBoii CTYNKEe W MPOCEHBAIN Yepe3 CHTO IHa-
MeTpoM 1 MM, ouHILas OT KOPHEH pacTeHuil, KaMHel u
Ipyrux BemiecTB. [1ouBBI mpoaHaIM3UpPOBAHBI Ha CO-
JepxkaHue NOABMXKHBIX Gopm Pb, Ni, Mn, Cd, Co, Cr,
Zn u As MeToJIoOM aTOMHO-aOCOPOIIMOHHOW CHEKTPO-
meTtpuu Ha MI'A-915 I'K JIromake B 3kctparente 1 H
HNO;. Xumuueckuil aHamm3 KaxIoro oopasia mpoBo-
IVJIH B JBYX IOBTOpPaX OTHOCHUTEIHHO KOHTPOJS aHa-
JUTHYECKON TOYHOCTH.

Obpabomka oannvix. T1odydeHHBIH HA0OP JTaHHBIX
MOJBEpPrajics TECTHPOBAHHIO Ha HOPMAIBHOCTH pac-
MpelleIeHnii MUKPORJIEMEHTOB C MCIOJIb30BAaHUEM Me-
togoB Konmoroposa—CmupHoBa (p<0,2) u Illamupo—
VYunka (p<0,05); ecnu 3HaUeHHWE pacIpeieNicHUus He
ObUIO HOpMaJbHBIM, JaHHbIE MPeoOpa3oBHIBAIN B CO-
OTBETCTBUM C NMPUHIUIIAMHA KOMITIO3UITHOHHOTO aHAIH-
3a nmauHbIX (CoDa) ¢ mcnoibp3oBaHHeM TpeoOpa3oBa-
HUS IEHTPUPOBAHHOIO JIOTapu(MHUUECKOTO OTHOIIIE-
Hus (clr) [17-20]. Jnst mocTpoeHus MOACIH HCIIOJIB30-
BJINCh TOJHKO MaHHBIC KOHIICHTPAIWH 3IIEMCHTOB,
npeoOpa3oBaHHBIE METOIOM clr, KOTOpast BEITIONHSACTCS
MyTeM HOpMaju3aluu (LEeHTPUPOBaHUs) Jorapudmu-
YEeCKH MPeoOpa30BaHHBIX YaCTeH ISl KaXIOro odpas-
Ia Mo ero cpeaHeMy reomerpmueckomy. Jlorapudpmu-
yeckasi TpaHCopmalus mpeodpasyer JaHHbIE O COCTa-
B¢ (OTHOCHUTEJIBHBIC 3HAUCHUS C MOCTOSHHON CyMMO)
B MHOTOMEPHOE peallbHOe MpocTpaHcTBO [21], Torma
KaKk HOpMalu3alus K CpeJHEeMY TIeOMETPHYECKOMY
rapaHTHPYEeT, YTO 3JEMEHTHI ¢ 0ojiee BBICOKOW KOH-
[EeHTpale He OyayT IepeoleHeHbl B JaIbHEHIIEM
CTaTUCTUYECKOM aHanu3e. s mepeBofa HCXOTHBIX
JaHHBIX B JlaHHBIE clr-mpeoOpa3oBaHUs UCIONB30Ba-
nmock mporpamMmHoe obecriederne CoDaPack (Bepcus
2.03.01, Yuausepcuret Xuponsl, Ucnanms).

Craructryeckuil aHamu3 MPOBOAMIICS C MCIOJIB30-
BaHHEM CTATHCTHYECKOTO IPOTPAMMHOT0 00eCIICUCHHUS
SPSS 16.0 u OriginPro 2023. Kpome TOro, 3J¢MEHTHI
KOHTYPHOH KapTbl OBLIM MOCTPOEHBI METOJOM HUHTEP-
HOJISIMH KPUTHHTA ¢ TToMoIkio Surfer 25.

Hnoexcol oyenxu 3acpsiznenust. JIns ONICHKA YPOBHS
3arpsisHeHus oTAenbHBIX [ITD B mouBax mHpuUMeEHsIIN
UHJIEKC Te0aKKyMyIaMu (Lge,) [22, 23] (1):

Cn

Igeo = log2 (1,5><Bn)'

rac Cn — U3MCPCHHAs KOHICHTpAIUsA MUKPOIJICMCHTOB
B TIo4Be (MI/KT); B, — reoxuMuieckoe (poHOBOE 3HAUE-
HHE COOTBETCTBYIOIIEr0 MHUKpOAJIeMEHTa (MI/KT) WM

(1

10

ero stajoHHoe 3HaueHue n [24]. Kosdpduuument 1,5
WCTIOJIB3YETCs ISl YCTPaHEHUs] BO3MOXKHBIX BapHaluit
(DOHOBBIX 3HAYCHWI U NAHHOTO MHKPOJIJIEMEHTA B
OKpYJKaloIe cpene, a Takke HEOOJBIIMX aHTPOIO-
TeHHbIX BozaeiicTBuil [25]. T'eoxumuueckuit ¢oH
ompenensercs Kak (paKTHIECKOe OTCYTCTBHE DJIEMEHTA
WIM KOMIIOHEHTa B TOYBE, HO 3TO HE O00sA3aTEIHHO
03HayYaeT HU3KYI0 KOHIIEHTPALUIO ATOTO AJIEMEHTa WU
komnioHeHTa. EcTecTBeHHBIN (hOH TpezcTaBiseT coboit
€CTEeCTBCHHYIO KOHIICHTPAIIMIO 3JICMEHTa Ha TEPPHUTO-
PUM C HHM3KUM WM MUHHMAaJIbHBIM aHTPOIOTEHHBIM
BO3JICHCTBUEM W CBSI3aH C MOYBOOOPA3YIOUINM Mate-
puaiom [26].

Ly, MEMATCS Ha CHEMYIOIME KATETOPUH: HE3arpss-
HEHHBIN ([ge,<0); OT HE3arpsA3HEHHOIO J0 YMEPEHHO
3arpsa3sHEHHOTO  (0<[y,<1); yMepeHHO 3arpsA3HCHHBIN
(1</4¢s=<2); OT YMEPEHHOIO OO0 CHJIBHO 3arps3HEHHOIO
(2<14¢,=<3); cUIBHO 3arpA3HEHHBINH (3</g,,<4); OT CHJIb-
HO JI0 UpPE3BBIYANHO 3arpA3HEHHOTO (4<[g,<5) n upes-
BBIYalHO 3arPA3SHEHHBIN (1500>5) [27].

Jng oneHku OOMIMX HKOJOTHYECKUX PUCKOB BCEX
paccmarpuBaembix [1TD Obul pazpaboTaH «yiydlleH-
Heli» HHACKC Hemepora (Improved Nemerow Index —
INI) [28]. TpaguLMOHHBII METOA KOMILJIEKCHOTO WH-
Jiekca 3arpsasHeHns: HemepoBa MOeT peyBeTMIUBaTh
WIN OCNA0IATh BO3ACHCTBHE HEKOTOPBIX 3arps3HSIO-
LIMX BELIECTB, YTO MPHUBOJUT K OTKIOHEHHUIO OLEHKH
KauecTBa OKpy»katouei cpensl [29]. INI, ocHOBaHHBIN
Ha WHJICKCE T'e0aKKyMyJISIK, 0ojiee MoapoOHO ompe-
Jenser oOIee 3arps3HEHHE, MPOU3BOJNMOE BCEMH
anementamu. INI paccuutsiBaercs mo gopmyie (2):

2 2
Igeo” 1 qx T Igeo avg

2

INI = , 2)
rae Igeo, , v Igeo,,, — MAaKCUMalbHOE U CPE/THEE 3Ha-
YeHUs Iy, 1 IITD B TOYKE MOHHUTOPHHIA COOTBET-
CTBEHHO.

INI nenuTcst Ha cleAyoIIne KaTerOpUU: He3arpsis-
HeHHbIH (IN1<0,5); OT He3arpsA3HEHHOTO J0 YMEPEHHO
3arpssHeHHoro (0,5<INI<1); yMepeHHO 3arps3HEHHBIN
(1<INI<2); 3arpsi3HEHHE OT YMEPEHHOTO J0 CHUIBHOTO
(2<INI<3); cunbHO 3arps3HEHHBINA (3<INI<4); 3arpss3-
HEHHE OT CHJIBHOIO [0 KpailHe 3arpsi3HeHHoOro (4<
NI<S5); xpaiine 3arps3HeHssiii (INI>5) [30].

OO01mas oleHKa CTENEeHU 3arps3HEHHs MOYBBI MPO-
BEJICHA C MCII0JIb30BaHUEM MHJEKCa HAarpy3KH 3arpss-
Henus (Pollution Load Index — PLI), KOTOpBIi TIO3BO-
JSIeT JIETKO JIOKa3aTh YXYAILICHHE COCTOSHHS MMOYBHI B
pesynbrare Hakoruenus 11T [31, 32]. PLI paccunTsi-
Baetcs mo gpopmynam (3), (4):

PLI = (P, X PI, X PI; X ... X PL)"/n, ©)
G
PI =1, @

rae Pl (MHIEKC 3arps3HEHHUs) MPEACTaBIIeT COOOU
koapdunuent 3arpssHenus 11T i; C, — usmepeHHoe
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3Hauenue [1TD B mouge; B, — reoxumuueckoe (hOHOBOE
3HaueHue IITD B MecTHOM IOYBE; 7 — KOJHMYECTBO
IITo.

PLI xnaccupuupoBayics Kak He3arps3HCHHBIH
(PLIL1), oT He3arpsA3HEHHOTO 10 YMEPEHHO 3arpss-
HegHoro  (1<PL/<2), yMepeHHO  3arpsA3HCHHBIN
(2<PLI<3), OT yMEpPEHHOI0 J0 CHJIBHO 3arps3HEHHOrO
(3<PLI<4), cunbHO 3arpsi3HeHHbI (<PLI<5) U oueHb
CWIBHO 3arpsi3sHeHHsIi (PLI>5) [33].

11 OLIEHKM TOKCHKOJIOTHYECKOr0 BO3JEHCTBUS
[ITD Ha sKOCUCTEMY MPUMEHSIIM UHIIEKC MOTEHLIUAIb-
Horo oskosormueckoro pucka (Potential Ecological
Risk — RI) [34]. DTOoT MeTOIl MOXET HANPSAMYIO OTpa-
aTh OMACHOCTb OJHOTO MJIM HECKOJBKHX 3JIEMEHTOB.
[Tono6HBIH MOAXOM MUPOKO MPUMEHSIETCS B MUPE ISt
W3Yy4YEHUS 3arps3HEHHs] OKpyskaromied mousel [ITD B
Pa3IUYHBIX paliOHAX JOOBIYH MOJE3HBIX HCKOMACMBIX
U 75 WUTIOCTPALUU MOTEHIUAIBHBIX SKOJIOTHYECKHX
PHUCKOB, CBS3aHHBIX C OOImUM 3arpsizHeHueM [35].
YpaBHeHus A1 3TOro Meroaa ciemyromue (5), (6):

E,L, = TTiPL' , (5)
. . . Cn
RI =Y Er =Y Ty P =2 T, By (6)
ala I, 6/b INI,

4.0 —

B0 e ——

2.0 e - ——

rae E} — TIOTEHIMAJBHBIA SKOJOTHYECKH (HaKkTop
pucka I1T3D i; P; — u3mepeHHoe cofepaHue IeMEeHTa
i (Mr/r); T — K02 GUIMEHT peakuy Ha TOKCHYHOCT
IITD i. 3naueHus Tri s Pb, Ni, Mn, Cd, Co, Cr, Znu
As ObUIH yCcTaHOBIIEHBI paBHBIMU 5, 5, 1, 30, 5,2, 1 n
10 cootBercTBeHHO [34-37].

RI nmeet veThIpe KaTeropuii 3KOJIOTHYECKOTO pHUC-
Ka: HU3KUH sKojormdeckuil puck (RI<150), ymepen-
HBIH sKomormyeckuil puck (150<R/<300), 3HaUHTEND-
HBIN sKonmorudeckuit puck (300<R/<600) u oueHb BBI-
COKHI1 9KoNIoTHUecKkuid puck (RI>600) [38].

Pe3yJibTaThl U UX 06CYKAEHUE

Pesynbrarel pacueToB /g, (pHC. 2, a) MOKa3alH, 4To
3HAYEHUs lg,, BapbUpoOBanuch oT —3,03 1o 1,29 s Pb,
oT —2,23 no 5,13 s Ni, or —3,03 mo 2,71 mios Mn, ot
-2,67 mo 2,76 nna Cd, ot —2,90 mo 3,13 mnsa Co, oT —
3,66 1o 3,94 gnsa Cr, ot —8,15 no 1,36 gnst Zn, ot —2,96
1o 2,11 gna As. Ilo mopanxy cpefHUX 3HAYCHUH Ig,
JUIS BOCBMU 3JIEMEHTOB B MTOYBAaX YMEHBIIAINCH B ClIe-
nyromeMm piany: Ni>Mn>Cr>Co>Pb>Zn>Cd>As. Co-
OTHOIIICHUSI YPOBHEH 3arpsA3HCHUS TOYB HCCIICTyeMOM
TEPPUTOPHUH TI0 WHACKCY T€OAKKYMYJISIIMU TPEIACTAB-
JIEHEI B TaOJIHIIE.

T T T T T

T T
M Mu od Co

B T Romgewithin L9IGR = Median
Puc. 2. Bokc-duazpamma lgeo (a) u «Yayuwennwliii» INI (6) das IIT3 6 nousax: a) He3aepsi3HeHHblll; b) om He3azpsi3HEHH020 00
YMepeHHO 3a2psi3HeHH020; C) YMepeHHO 3azpsi3HeHHbLl; d) om yMepeHH020 00 CU/NbHO 3a2PSI3HEHHO020; e) CU/IbHO 3a-
2psi3HeHHbLl; f) om cuabHO 00 KpaiiHe 3a2psI3HeHHO020; g) CUAbHO 3a2PsI3HEeHHbLL
Fig. 2. a) box-plots diagram of geo-accumulation index (Igeo); b) improved INI for potentially toxic elements (PTE) in the soils:
a) uncontaminated; b) uncontaminated to moderately contaminated; c) moderately contaminated; d) moderately to
heavily contaminated; e) heavily contaminated; f) heavily to extremely contaminated; g) extremely contaminated
Ta6auya. Pacnpedenerue kamezopuil 3azpsizHeHus [1T3 no undekcy Igeo
Table. Distribution of pollution categories of PTE by index Igeo
KaTteropuu 3arpsisuenusi/Pollution categories (%) Pb Ni Mn Cd Co Cr Zn As
Hesarpsi3HeHHbIH /uncontaminated 70,8 58,5 75,6 82,9 82,9 78,0 73,2 48,8
oT HeBaI‘p?[BHeHHOFO /10 YMEpEeHHO BaFPHBHeHHOI‘O 26,8 26,8 14,6 9,80 4,88 12,2 24,4 31’7
uncontaminated to moderately contaminated
yMepeHHO 3arpsi3HeHHbIH /moderately contaminated 2,44 4,88 2,44 4,88 4,88 2,44 2,44 17,1
OT YMEpeHHOoro A0 (.II/[J'[I::HO 3a1:‘pﬂ3HeHHOI‘O 0'00 0’00 7,33 2‘44 4,88 2,44 0,00 2'44
moderately to heavily contaminated
CUJIbHO 3arpsisHeHHbIH /heavily contaminated 0,00 2,44 0,00 0,00 2,44 4,88 0,00 0,00
oT CP{J’I])HOFO A0 KparHe BaF}?ﬂBHeHHOFO 0'00 2'44 0'00 0'00 0'00 0'00 0'00 0'00
heavily to extremely contaminated
CUJIBHO 3arpsi3HeHHbIH /extremely contaminated 0,00 4,90 0,00 0,00 0,00 0,00 0,00 0,00
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B uccnenyemMbix mo4yBax NMpeMMYIICCTBEHHAS JOJIS
Pb, Ni, Mn, Cd, Co, Cr, Zn u As OTHOCHUTCS K HE3a-
rpsi3HeHHOW Kareropuu u coctasisier 70,8; 58,5; 75,6;
82,9; 78,0; 73,2 u 48,8 %, coorBercTBeHHO. [Ipn s3TOM
B Mpo0ax MOYB WUMEIOTCS 3HAYEHUS, OTHOCSIIUECST K
3arpsi3HEHHON Kareropuu. Joyns ¢ yMepeHHON KaTero-
pueit 3arpsisHeHus cocraBisier 2,4 u 2,44 % nnst Pb u
Zn, COOTBETCTBEHHO; OT YMEPEHHO JI0 CUJILHO 3arpsi3-
HeHHo — 7,33; 2,44 u 2,44 % nns Mn, Cd u As, coot-
BETCTBEHHO; C CHJIBHBIM 3arpsisHeHueM — 2,44 u 4,88
% nmsa Co u Cr, cooTBeTCTBEHHO. Ni OTHOCHTCS IIOYTH
KO BCEM KaTETOPHUSAM 3arps3HECHUS U JIOCTUTAET JKC-
TPEMaJIbHOIO YPOBHS 3arpsisHeHust ¢ noieil 4,90 %.
Takum 00pa3oM, OCHOBHBIMU (haKTOpPAMH PHUCKA s
HoYB HccienyeMoi teppuropun sBistorest Ni, Co, Cr
u Mn.

INI o conepxxanmro IITD B mouBax mcciemyeMoit
TeppuTOpuM Haxonutcs B mpenenax 0,57-3,71 npum
cpenHeM 3HaueHUH 1,21, YTO COOTBETCTBYET yMEpEH-
HOMY YpPOBHIO 3arps3HeHus (puc. 2, 6). Bce o0pasipl
TOYBBI UMEIOT 3KOJIOTUYECKUN PUCK 3arpsi3HCHUS TI0-
TEHIMAJIbHO TOKCUYHBIMU 3eMeHTamu (INI<0,5). [o-
I OT HE3arpsi3HEHHOTO JI0 YMEPEHHO 3arpsS3HEHHOTO,
YMEpPEHHO 3arpsi3HEHHOTO, OT YMEPEHHOIO J0 CHUJIBHO
3arpsi3HEHHOTO U CHJIBHO 3arpsS3HEHHOTO COCTaBIISIET
58.5; 29,3; 4,88 u 7,32 % cOOTBETCTBEHHO, YTO yKa3bl-
BacT Ha TO, YTO Bce 00pa3llbl HA MCCIEAYEMOU TeppH-
TOpurd OBUTM 3arpsi3HEHBl B Pa3sHOH  CTENEHH.
HauGonpmue 3unadenus [N/ Obutn 3apUKCHpPOBaHBI B
toukax P-19-2, P-19-1 u P-35, xoTopsie pacmonoKeHbl
OKOJIO OTBaJla IMyCTBIX TOPOJa TPyOkHM «YimadHas» W
30HBI BBIX0/1a BHICOKOMUHEPAITM30BAHHBIX BO/I.

Juana3on 3HaueHuil mHaekca Pl mous mias Pb co-
crasiser 0,18-3,69, Ni — 0,32-52,5, Mn — 0,18-9,82,
Cd - 0,24-10,18, Co — 0,20-13,13, Cr — 0,12-23,06,
Zn —0,01-3,85, As — 0,19-6,46. Cpennuie 3Hauenus P/
atux [ITD pacnonaraiivick B CHEAYIONIEM TMOPSIKE:
Ni>Cr>Co>As>Mn>Cd>Zn>Pb. Cpennue 3HauCHHS
STUX JJIEMEHTOB BBIIIE EJUHHIIBI, YTO YKa3bIBAaeT Ha

ala o/b
Pl PI(Ni, Cr) PLI

< 60,0
200

4 500
15,0
< 40,0

10,0 =

I

ano

50 104 _

- 10,0
0,04

50 T T T T T T T T 10,0

3arpsi3HEHUE MOYBBI ATUMHU dJIeMeHTamu (puc. 3, a). Pl
Pb, Mn, Cd, Co, Zn u As CBHUIETEILCTBOBAIH O JICT-
KoM 3arpssHeHnd, Cr — 00 YMEpPEHHOM 3arps3HCHUH,
Ni — 0 BBICOKOM 3arpsi3HeHUU. 3HavueHus1 PLI 11 ouB
B 3TOM HCCIIeZIOBaHUH BapbupoBaiuch ot 0,85 go 1,40
co cpenHuM 3HavyeHueM 1,02 (puc. 3, 6), 4TO COOTBET-
CTBYET YPOBHIO OT HE3arpsA3HEHHOTO JI0 YMEPEHHO 3a-
rps3HeHHoro. 56,10 % mpo0 XapakTepu3yrloTcs Hesa-
I'PSA3HEHHBIM YPOBHEM, ocTaibHble 43,9 0% oTHOcATCS
K KaTeropuM OT HE3arpsS3HCHHOro 10 YMEPEHHO 3a-
rps3aenHoro. HauGonwmiee 3nauenue PLI (1,40) 6bu10
oOHapyxeHo B Touke P-19-2, 3a Hum cnemyer P-19-1.
OTH TOYKH PACTIOJIOKEHBI OKOJIO OTBAJOB MyCTHIX TO-
pon Tpyoku «Ympaunas». KoaddunmeHnTsr 3arps3neHus
Ni, Cr, Co, Mn u As ObUIH BBIIIIE, YTO TPUBENO K 00-
Jiee BHICOKOMY 3HadueHuio PLI B palioHe HCCIe0BaHUS.
B Toukax, Ooyiee OTHAJICHHBIX OT OOBEKTOB BO3JCH-
CTBUS TPOMBIIUICHHOW IIOMAAKKA Y TaYHUHCKOTO
I'OK, PLI 6t Hu3kumu (PLI<1).

3HaueHus E, KaXI0TO 3JIEMEHTa BapbUPOBAIUCH OT
1,65 mo 33,0 gna Pb, ot 5,0 go 819,0 mns Ni, ot 34,8
1o 1856,0 s Mn, ot 0,78 mo 33,6 mua Cd, ot 2,7 no
173,3 ana Co, ot 0,22 mo 42,9 nnga Cr, ot 0,05 mo 36,5
st Zn, ot 0,25 no 8,4 nnsa As (puc. 4, a). I[lopsmok
CpEeHMX 3HAYeHMH FE, JUIS MCCIEAYEMBIX 3JIEMEHTOB
cocraBisier Mn>Ni>Co>Zn>Pb>Cd>Cr>As. Pe3ymb-
TaThl KOMIUIGKCHON OIIEHKU R/ 3JIEMEHTOB KOJIEeOIIOTCS
or 92,0 no 2840,9 mpu cpennem 3HaueHun 485,8.
K BBICOKOMY 3KOJIOTHYECKOMY PHCKY OTHOCHIIUCH
19,51 %, a monmm 3HAYUTENHFHOTO, YMEPEHHOTO W HU3-
KOT'0 3KOJIOTUYECKOTO pricka coctasmium 21,95; 53,66 u
4,88 %, COOTBETCTBEHHO. DTO YKa3bIBa€T Ha TO, YTO
OoJblas 4acTh TEPPUTOPHU HCCIICOBAHUS HAXOJU-
JIACh HAa YPOBHE YMEPEHHOTO 3KOJIOTMYECKOTO PHUCKA
WK BBIIIE, PH 3ToM Mn U Ni SIBJISIOTCS OCHOBHBIMHU
¢dakropamu pucka. HambGonpmee 3HaueHnue R/ ObLIO
00HapYyKEHO Ha y4YacTKe OTBaJa IyCTBHIX MOPOJA TPYyO-
ku «YmauHas» (Touka P-19-2) u okojo oTBana TpyOKu
«3apuurnay (Touka S-2) (puc. 4, 6).

Pollution

Pb Ni Mo Cd Co Cr Zn As
250 75%

Puc. 3.
Fig. 3

Medin

T Range within 1 SIQR

a) 6okc-duazpamma uHdekca PI; 6) PLI uccaedyemoix mouek Ha uccaedyemotli meppumopuu
a) box-plots of PI, b) PLI of the researched points in the study area
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Puc. 4. a) 6okc-duazpamma nomeHyua/abHozo gakmopa skoso2uveckozo pucka (Er); 6) RI: a) Huskul; 6) ymepeHHblli;
8) 3HAYUMebHbIIL; 2) 04eHb BbICOKUL
Fig. 4. a) box-plots of potential ecological risk factor (Er); b) RI: a) low; b) moderate; c) considerable; d) very high
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Puc. 5. OyeHka 3azpssHeHust nousst I1T3 ¢ npumenenuem: a) INI; 6) PLL; 6) RI
Fig. 5. Assessment of soil contamination with PTE with the help of: a) INI; b) PLI; c) RI

B pesynbrare aHanusa MHIEKCOB Ig.,, PLI u RI CrnenyeT OTMETHUTb, YTO CYLIECTBYIOT HeOOJbIINE
HaOMIONAIOTCA CXOXHME KApTHHKU TPH OLEHKE IPO-  pasiH4Ms B pe3ysIbTaTax OLEHKU NPHUMEHIEMBIX WHJICK-
CTPaHCTBEHHOTO pacrpeieicHus (puc. 5), MpUMEPHO B COB, TJIABHBIM 00pa30M HU3-3a Pa3HBIX aKIIEHTOB B pa3-
OITHUX M TEX K€ YJacTKax (PUKCHUPYIOTCS TOYKH C BBI-  JIMYHBIX METONAaxX OLECHKU. Meron «ymydmeHHoro» IN/
COKUMM 3HAYECHUSAMU. Gonee crporuii, yeM Meron PLI, TIpH OILEHKE CTEICHU
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3arpsi3HEHUST B HEKOTOPBIX TOYKAaX 0TOOpa mpob, Mmo-
CKOJBKY 3TOT METOJ OTpa’kaeT poJib KpYHMHEHIINX 3a-
TPS3HAIOMINX AJIEMEHTOB Ha 3KOJIOTHIECKOE COCTOSHHE
MOYBEI, YTO TPHBOJHUT K OOJee TOYHBIM pe3yIIbTaTaM
olLeHKU. MeTon R/ 3aKirouaeTcs, Npexxae BCEro, B TOM,
YTO YYWTHIBACT TOKCHYECKYIO PEAKIHIO TSDKEIBIX Me-
TAJUIOB ¥ OOBEIUHSICT DKOJOTHICCKUE, TOKCHUCCKUC U
skonoruyeckue 3(pdexTer dTUX MeTamuoB 1A HopMH-
poBanus uHEKca oneHkH [35, 39, 40]. Tem He MeHee B
mporecce MPOBEACHHS TAHHOTO MCCIICIOBAHMS TTPUIILTA
K BBIBOZY, YTO 3TH METOJbl JOMOJHAIOT IPYyr Ipyra u
MUMEIOT BBICOKYIO CTeTeHb d3((EKTHBHOCTH.

B memoM Bo Bcex Tpex MeTonax BBIABICHBI JIEMEH-
TBI, KOTOpbIE HECYT HAHOOJBIINI BKJIaJ B 3arpsA3HEHUN
nous, — 310 Co, Cr, Ni, Mn — nokazaTenu yJIbTpaoCHOB-
HOTO MarmaTh3Ma, 3JIEMEHThI THIIOMOpP(HBIE KAMOEp-
JIUTaM, KOTOPBIE OTPaKAIOT TEOXUMHYECKYIO CIeIH(H-
Ky nouB JlannpiHCKOro KumMbepauToBoro mossi. Hakorm-
JICHUC IAaHHBIX 3JEMCHTOB ITOKA3bIBACT, YTO IPOHCXO-
IUT BTOpPUYHOE 3arpsi3HeHue. «['opsame» TOUKH OTMe-
YeHbl Ha Y4YacTKax BO3JEHCTBUS OTBAlIOB TpPyOKH
«YnauHas» U «3apHHLA», Ha 0OpTax XBOCTOXPAHMIUINA
Ne 2 11 30HBI BEIX0/]a BHICOKOMIHEPATH30BAHHBIX BOJI.

Takum 00pa3oM, BTOPUYHOE MOCTYMJIECHUE B3BECU
MEJIKOH IBUIX IIPY BETPOBOU 3pO3UU IOPOA OTBAJIOB U
XBOCTOXPAHWIHIN, BO3JEHCTBHE TpaHCHmopTra U T. I.
SIBJIIIOTCS TIPUUMHAMH CaMOT0 BBICOKOTO 3KOJIOTHYe-
CKOT'O PUCKa, CBA3aHHOIO ¢ 3arpsisHeHueM I1TO.

CITMCOK JIMTEPATYPBI

3akjiI4yeHue

Pesynbratel /NI mokaszanu, 4To BCe MPOOBI HA HC-
clenyeMoOil TeppUTOPHHM HMMEIH Pa3Hyl0 CTENEHb 3a-
rps3Henus. Cpegnee 3Hauenue INI cocraswio 1,21,
YTO COOTBETCTBYET YMEPEHHOMY YPOBHIO 3arpsi3HEHHUS.
7,32 % 00pa31oB OTHOCHJIUCH K KaTETOPHUH CHUIIBHO
3arpsi3HeHHbIM. OCHOBHOM BKJIaJ] BHECIH 3JIEMEHTHI
Ni, Co, Cr u Mn. Pesynbratel pacuera PLI BBISBHIN
YPOBEHb 3arps3HEHHUS] OT HE3arpsi3HEHHOIo 10 yMe-
pEeHHO 3arpsa3HeHHOro0. 43,9 % 0OBEKTOB OTHOCATCS K
KaTeropuu OT HE3arpsi3HEHHOI'O IO YMEPEHHO 3arpsi3-
HEeHHOro. HanOonplmii BKIaI BHECIX dJieMeHThI Ni 1
Cr. PesynbraThl onieHku RI TIOKa3aly, 4TO €ro cpeiHee
3HaU€HHE Ha HUCCIECAYEeMOW TEPPUTOPUU COCTABUIIO
485,8, UTO OTHOCHUTCS K 3HAYUTEIHHOMY JKOJIOTHYE-
ckoMy puCcKy. 19,51 % 00BEKTOB UMENH BBICOKHIA KO-
JIOTUYECKUH PHUCK, & OCHOBHBIMH (DaKTOpaMH pHCKa
osut Mn u Ni. B pesynbrare aHamuza meronamu [N/,
PLI v RI Habm0Ja0TCs CX0KUE KAPTUHKU MIPU OLICHKE
MIPOCTPAHCTBEHHOTO PACTIPEACIICHNUs, IPUMEPHO B OJI-
HUX U TeX )K€ yJacTKaxX (PUKCHPYIOTCS TOUYKH C BBICO-
KMUMHU 3HAUYCHUSAMHU JAaHHBIX WHAEKCOB. Ilpu anammse
BCEX TpEX HHJIEKCOB BBISIBICHBI 3JIEMEHTHI, KOTOPHIE
HEeCyT HamOOJBIINK BKJIAJ B 3aTPSA3HCHUH IIOYB, — 3TO
Co, Cr, Ni, Mn. 'opsiure TOYKH OTMEUYECHBI Ha y4acT-
Kax BO3JeicTBUA OTBana TpyOku «YmauHas» u «3ap-
HUILIa», XBOCTOXpaHwiuma Ne 2 ¥ 30HbI BBIXOAA BBICO-
KOMHUHEpaJIM30BaHHBIX BOJI.
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