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AHHOTanMA. AKmya/bHOCM®b VicCeJ0OBaHNs 06yCJIOBJIeHAa HEOOXOAMMOCTBI0 M3Y4eHHs 0COOEHHOCTEH asporeHHOro BO3JeH-
cTBUSI HOpHUJIbCKOTrO MPOMBILIJIEHHOTO KOMILJIEKCA Ha NPUPOAHYI0 cpeay. Ileab: n3ydeHne oco6eHHOCTENH a3poOreHHOro BO3/eH-
cTBUs1 HoprsibCKOro NpoMbILIJIEHHOTO KOMILJIEKCA B I0XKHOM-I0r0-3anaHoM 30He Ha yAaseHuu 40-60 KM ¢ UCIOIb30BaHUEM JIU-
makHuKoB Cladonia rungeferina u Cetraria sp. 06sekmbl: 104Ba, TuaiHUKY Cladonia rungeferina v Cetraria sp. Memodsl. [IpoBe-
JleH 0TOOp 00pasIoB MOYB U JUIIAWHUKOB B 40-60 KM K IOry-10ro-3anajy ot Hopuibckoro mpombliieHHoro paiona. OT6op 06-
pasnoB MPOBOJUJICS MO CXeMe JIByX Mpo¢uied NpoTsHKeHHOCThIo 14 1 20 KM. AHa/IM3 06pasiioB MPOBOJUJICS € TIOMOLIBI0 KOM-
IJIEKCA METO/IOB, COCTOSIILEro U3 peHTreHo-puiyopecueHTHOro («S4 Pioneer» Bruker AXS), aTOMHO0-aGCOPOIIMOHHOTO METOJI0B
(KBAHT-2A, H0us-5K) u Macc cneKTpoMeTpUM ¢ UHAYKIMOHHO-CBsi3aHHOM 1ia3Moil (ELEMENT-2) B na6opatopuu 'MH PAH,
r. MockBa. Onpegensiiack koHueHTpanus Ti, V, Ni, Cr, Mn, Fe, Co, Cu, Zn, As, Se, Rb, Cd, Sb, Ba, La, Ce, Hg, Pb, Th, U. Pe3ys1smamuL
[losiydeHb! JaHHbIE O KOHILIEHTpalUK 21-ro ajileMeHTa B [I0YBax U JIMIIalHUKaxX. PaccuuTaHO U NIOKa3aHo pacipe/iesieHHe 3JleMeH-
TOB B [10YBe U JIMLIaHNKaX OTHOCHTEJIbHO KOHLIEHTPALMY B BepXHel 4YacTy KOHTHHeHTalbHOM Kophl. PaccuuTaH koadduiueHT
o6orauenus EF (enrichment factor) gsa Mn, Ni, Cu, Hg, Pb, orieHeHo paciipeiesieHre aToro koaduiyeHTa A1s 060ux npodueil.
[TokasaHo, YTO TeXHOTeHHasl COCTaBJSAOLIAsl a3poreHHoOro Bo3zeicTeus AasA Mn, Ni, Cu, Pb k fory-toro-3anazy ot Hopuibckoro
MPOMBILIJIEHHOTO KOMILJIeKca Ha paccTosiHUM 40-60 KM NpaKTHU4YeCcKH OTCyTCTBYeT. [loBbIlIeHHbIe 3HaYeHUs Ko3apPUuLreHTa 060-
raueHus EF (enrichment factor) B ninaiiHukax ais Hg 06bsiICHAIOTCS coueTaHHeM JBYX GaKTOPOB — MOCTOSIHHOTO NPUCYTCTBUS
PTYTH B 3HAUUTENbHBIX KOHLEHTPALUAX B 9KOCUCTEMAX U TYH/IPOBbIX MI0XKApOB, MpOoLIeALINX B 3ToM 30He B 2019-2020 rr., 4TO U
MpHBeJIO B KOHEYHOM UTOre K IOBTOPHOMY OCax/jeHHI0 Hg Ha BbIFOpeBIINX TEPPUTOPHSIX.

Knio4eBble cioBa: Hopuibckuil IpoU3BOACTBEHHbBIN KOMILIEKC, asporeHHoe Bo3zelcTBue, Mn, Ni, Cu, Hg, Pb, mouga, su-
aiHUK
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Abstract. Relevance. The need to study the features of aerogenic effects of the Norilsk industrial complex on the natural en-
vironment. Aim. To study the features of the aerogenic effects of the Norilsk industrial complex in the south-southwest zone
at a distance of 40-60 km using lichens Cladonia rungeferina and Cetraria sp. Objects. Soil, lichens Cladonia rungeferina and
Cetraria sp. Methods. Soil and lichen samples were taken 40-60 km south-southwest of the Norilsk Industrial district. Sam-
pling was carried out according to the scheme of two profiles with a length of 14 and 20 km. The samples were analyzed us-
ing a set of methods consisting of X-ray fluorescence (S4 Pioneer Bruker AXS), atomic absorption methods (KVANT-2A, Julia-
5K) and induction-coupled plasma mass spectrometry (ELEMENT-2) in the laboratory of the GIN RAS, Moscow. The concen-
tration of Ti, V, Ni, Cr, Mn, Fe, Co, Cu, Zn, As, Se, Rb, Cd, Sb, Ba, La was determined. Results. The authors have obtained the
data on the concentration of the 21 elements in soils and lichens. The paper demonstrates the calculation of distribution of
elements in soil and lichens relative to the concentration in the upper part of the continental crust. The authors calculated the
enrichment factor for Mn, Ni, Cu, Hg, Pb and estimated the distribution of this coefficient for both profiles. It is shown that the
technogenic component of the aerogenic effect for Mn, Ni, Cu, Pb to the south-southwest of the Norilsk industrial complex at a
distance of 40-60 km is practically absent. The increased values of the enrichment factor in lichens for Hg are explained by a
combination of two factors - the constant presence of mercury in significant concentrations in ecosystems and tundra fires
that took place in this zone in 2019-2020, which ultimately led to the re-deposition of Hg in the burnt areas.
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BBeaenue
B nienTpansHO 9acTi APKTUYECKOTO PETHOHA BO3-

Ni, Co, Pd, Os, Pt, Au, Ag, Ir, Rh, Ru. ITomytHas mpo-
IyKIMst: TexHudeckas cepa, Se, Te, HySO4. Crons mm-

JeficTBUe Ha MPHUPOJHYI0 cpeay (opMupyercs B oc-
HOBHOM 3a cyer Hopunbckoro TOpHO-
METaJUTyprUYecKoro Komruiekca. Hopwiibckuii  mpo-
MblnuieHHbId paiion (HITP) mpencraensier coboit enu-
HBIIA TIPOU3BOJICTBEHHBIN KOMILIEKC 10 JOOBIYE U MPO-
W3BOJICTBY IIBETHBIX M JPArOIEHHBIX METauioB. B

POKHIA PsIT TIPOJYKIIUK OOYCIIOBJIIMBAET M pa3zHOOOpa-
3Me BpPEIHBIX BBIOPOCOB ¢ mpennpustuii HIIP: Ha stn
OpeAnpuatus mpuxoautcs 78 % BpeAHBIX BBIOPOCOB
Kpacnosipckoro kpas u 10 % Poccuiickoii @enepanuu
[1-4]. Haubonee aKTUBHBIMU MOJUTFOTAHTAMU SIBIISIFOT-
csl IMOKCUJI cephl U Tshkenble metamisl: Cu, Ni, Pb.
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Puc. 1.
Fig. 1.

Poza eempos, Hopuabckuii npomuluiieHHbll patioH, 2021 2.
Wind rose, Norilsk industrial district, 2021
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CornacHo po3e BeTpoB (puc. 1) B paiione Hopuib-
CKOT'O IPOMBIIIJIEHHOTO KoMIuiekca B Teuenue 2021 r.
MIPEBAMPOBAIIN FOTO-IOT0-BOCTOYHEIC BETpa CO CKOPO-
cteio 0,5-7,9 m/cex-B obmem okoio 42 % [5]. B 3aBu-
CHUMOCTH OT Ce30Ha HalpaBJeHUE BETPOB KapIWHAIBHO
MEHSIETCSI: HallprMep, B SHBape MPEBAIUPYIOT CEBEPO-
ceBepo-3amaaeie BeTpa (okono 50 %). MccnenoBanus,
MPOBEJICHHbIE B OSTOM PETHOHE B IOTO-BOCTOYHOM
HampaBieHud [1, 2] mo3BOMMIM BBISIBUTH TPHU 30HBI
A3pPOTEHHOTO BO3AEHCTBUSA HOPHIBCKOrO IMPOMEIII-
JIEHHOTO KOMIUIEKca Ha MpHpOIHYI0 cpedy. [lepas
30Ha pacnpocTpaHeHa A0 80 KM OT MPOMBIIUIEHHOTO
neHTpa, Bropas 30Ha — 80-140 kM, TpeThs 30Ha — Ha
yaanenuu Oonee 140 kM. B mepBoii 30HE apeBecHas
pacTuTenbHOCTs IMorubia mosHocThio. ConeprkaHue
Cephbl B PacCTEHUAX NpeBbIMAcT (GOHOBBIH YPOBEHb, (B
Ka4ecTBE KOTOPOro OBLT B3SAT y4acTok BONMM3M p. Yep-
Holt B 223 kM oT Hopunbcka) B 1,2—4 pasa, HUKeTS — B
1,5-470 pa3, mequ — B 1,3—156 pa3 [6]. B 301e 80—140 xm
MOSIBIIFOTCSL YEPTHI, CBOWCTBEHHBIC TaHHOW OHOKIH-
MaTHYECKOH 30He, MOAJIECOK M MOXOBO-TPaBSHHCTAs
pacTUTENBHOCTh HE yrHeTeHbl. B 3To# 30HE conmepka-
HUE Cepbl, HUKEIS U MEIH B PACTEHISIX ONH3KH K (o-
HOBBIM 3HAYCHHSIM.

JlaHHBIE O pacHpOCTPaHEHNUH a3pPOreHHOr0 BO3CH-
ctBus HopwibCcKOro MPOMEBINIIIEHHOTO paloHa B
HampaBJIeHWH FOT, IOro-3amaji MPaKTUYeCKH OTCYyT-
CTBYIOT.

[Ipn omeHKEe TEXHOTEHHBIX (PAKTOPOB BO3ICHCTBHSA
Ha TPUPOJHYIO Cpely HamOoyiee BaKHBIM SIBIISICTCS
KOHTPOJIb 332 aTMOC(EPHBIMH BBIMAJCHUSIMH. ITOT
KOHTPOJIb MOKET OCYIIECTBITHECS HECKONBKAMH Me-
TOJAMU: 0TOOP aTMOC(EPHBIX a3pPO30JICH ¢ MOMOIIBIO

acIMpaTopoB, PacIoIoKeHNE TUIAHIIETOB Ha MUCCIIeNy-
EMBIX TEPPUTOPHSIX, OTOOP 00pa3IOB CHEXHOTO IIO-

Fig. 2.

Puc. 2. Jlandwagm mecma ombopa npo6 (pomo /.b. [lempeHko)
Landscape of the sampling site (photo by D.B. Petrenko)

KpOBa, OICHKA C IOMOIIBID MXOB W JIMIIAHHUKOB.
B pesynbrare aHanamM3a JOCTOMHCTB M HEIOCTATKOB
KaK/I0TO M3 3THX METOJOB MBI OCTAHOBHIINCH Ha WC-
TIOJTB30BAHUH TTOCIIETHETO METOIa. B OTiIHYIe OT BOIbI
U aTMOC(EPHOro BO31yXa, KOTOPBIC BBICTYIAIOT B PO-
JIM TPaHCIIOPTUPYIONIMX CPEJl, JNMIAHHNKA SIBISIOTCS
JIETIOHUPYIONIeH cpefol M Haubosiee OO0BEKTUBHBIMHU
HHMKATOPAMH TEXHOT€HHOTO 3arpsI3HEHHST SKOCHCTEM
[7, 8]. Ilpu u3yYeHHH A3POTECHHOTO BO3ACHCTBHS HC-
MOJTB30BAIIMCH MHOTHE BHUJIBI JIMIIAKHUKOB, HO HanGO-
Jiee TMepCreKTHBHBIMUA u3 Hux cuutarorcs Cladonia
rungeferina u Cetraria sp. [7-9]. C Touku 3penus pac-
MPOCTPAHEHHOCTH, OCTYITHOCTH M JIETKOCTH MPOGOOT-
0opa 5T NUINAWHUKYA TPEACTABIAIOT CO00M yHUBEp-
caJIbHbIe OOBEKTHI TSI HCCIIETOBAHHSI.

Lenpro HacTosmIeld pabOThI OBUIO H3YYCHHE OCO-
OEHHOCTEH a’pOreHHOr0 BO3AEHCTBHS HA TPHPOAHYIO
Cpeny K 1ory | 1oro-3amnaiay oT HopuibCKoro mpoMmaliii-
JIEHHOTO KOMIUTEKCA C WCIIOMBb30BAHUEM DIUTCHHBIX
(pactymux Ha nouse) nuiiaitnukos Cladonia runge-
ferina u Cetraria sp.

MeToMKa 3KciepuMeHTa

Omobop obpazyos. OTOO0p 00pa3LOB MPOBOJUICS B
netHuit cezon 2021 r. B Taiimpipckom J[lonraHo-
Henenxom paitone B 40—-60 kM K tory-foro-zamaay ot
HopuiabCcKoro mpoMbIIIIEHHOTO KOMILISKCA.

[Tnomagxkn otbopa 00pPa3IOB XapaKTEPHU30BAINCH
OCITHBIM PacpoCTPaHESHUEM PACTUTEIHHOCTH, BUANMO,
BCJICJICTBUE HM30BBIX II0XKapOB, MPOU3OMICIIIAX B
sToit obmactu B 2019-2020 rr. (puc. 2). Pacturens-
HOCTh TIPEICTAaBICHA MHOTOJIETHUMH MOPO30YyCTOWIH-
BBIMU TPaBaMH: OCOKOM, TOCIIOJICTBYIOIICH B HU3UHAX
1 00JIOTax, TFOTUKOM, ITyIIUIIEH, TUINIAaHHIKAMH.
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Puc. 3.
Fig. 3.

Cxema om6opa npo6
Sampling scheme

JIummaiinuky ObUIH TpeacTaBieHsl Bugamu Cetraria
islandica, Cladonia rangiferina, Cladonia alpestris.
Crnenyer OTMETUTh, YTO JIMINIAWHUKHA COXPAHWIWCH B
OCHOBHOM B HH3HMHAaX M 3a OyrpamMu C HOIBETPEHHOMH
croponbl. Cper KyCTapHHYKOB HAOJIOAATHCh TOTY-
Ouka, Mopollka, YepHuka, Opycuuka. [loxapsl OTHO-
CHUTENEHO PEAKH B YKOCHCTEMaX CyOapKTHYecKOH Jie-
COTYHJPHI, HO OHH MOTYT CHJIFHO U3MCHHUTH CBOWMCTBA
9KOCHCTEM — Ha UCCIIEAYEMON TEPPUTOPUH MOJIHOCTHIO
BEITOpENIa JAPEBECHAsT PACTUTEIBHOCTH (KapiIHMKOBas
Oepesa, HONApHAs HBA).

O6pasipl noussl u JuiiaiiaukoB [Bumos Cladonia
rungeferina ((L.) Weber ex F.H.Wigg) u Cetraria sp.]
OTOMpAJIMCh C OJHUX M TEX XK€ IUIOmAaoK, oToop 00-
Pa3LoB OCYLIECTBISICS YCIOBHO IO CXeMe JABYX Ipo-
¢uneit: mpopmite 1 — CB-103 npotsbkeHHOCTHIO 20 KM,
u npodmis 2 — C3-FOB mpoTspkenHOCTRIO 14 KM € 1I1a-
roM okoJio 0,5-2 kM (B 3aBUCHMOCTH OT HaJHYHS WA
OTCYTCTBUSL HEOOXOMUMBIX JIMINIAHHUKOB IIar H3Me-
HSJICS B LIMPOKUX Ipezenax) (puc. 3). B kaxaoi Touke
oTOMpanach MOYBa U JUIMIAHHUK, BCETO ObLIO OTOOPAHO
25 npo6 mouBkl U 25 npod numaitaukoB. [lousa rieeBo-
MOJB0NIHCTAs, TOPQSIHO-TICceBas, Oypas cCylrecqaHas
WIA CYIJIHHUCTas. B BepxHeM TOPU3OHTE MOYBHI
(1-3 cm) HabrOAIOCH MpeobIagaHie MPOAYKTOB Io-
peHHS — KPYIHO- ¥ TOHKOAWCIIEPCHAsS 30714, 00yTIIeH-
HBIC APEBECHBIC OCTAHKH, IMOJICTHIIKA B 3HAYUTCIEHON
CTeleHN MHUHepain3oBaHa. [louBa oTOHpanzacs B cOOT-

34

BETCTBUM C cyluecTByommumu HopmatuBamu ['OCT
P 58595-2019 [10]. OT60p mpo6 NUIIAWHUKOB MPOBO-
JIAJICSI B COOTBETCTBUH C OITyOIMKOBAaHHBIMH B JINTEpa-
TYPHBIX HCTOYHHMKaX pekoMmeHmamusimu [7-9, 11] B
CTEpIUIGHBIC MONUATUIICHOBBIC MAKETHI 3HI-JIOK, yCpel-
HECHHBbIC TMPOOBI JIMIIAWHUKOB OTOMPATH C IUIONIAM
1020 M. [l anamsa OTOMpAI BEpXHHE YaCTH
(37 ¢cM) TALIOMOB JIUIIAHHUKOB.

Ananuz obpaszyos. OToOpaHHbIE 00pa3Lbl JIMIIAN-
HUKOB BBICYIIMBAJIHM NPU KOMHATHOH TeMIeparype, a
3aTeM B CymuibHOM mikady npu temmepatype 30 °C
JIOBOJIMUTM JIO TTOCTOSIHHOTO Beca. OOpasIlsl, MOATOTOB-
JICHHBIE TaKUM 00pa3oM, M3MeNbUald B TOMOTCHH3a-
Tope 10 pasMepoB <l mwm. Jlns aHamm3a OT KaXKIOro
obOpas3na oTOMpanu TpU MapajjielibHble HABECKH I10
150-500 wmr. ITpoObI MOYBHI BHICYIIMBAIM MPH TEMIIC-
patype 30 °C 10 BO3AYLIHO-CYXOTO COCTOSIHUS, MPO-
CEeHBai 4Yepe3 CUTO C AUaMETPOM OTBepcTHil 1 MM u
uctupamu 10 kpymHoctr 3epra 60-80 mxm (curo 200
Meli). AHamu3 00pa3oB MOYBBI MPOBOAMIICS MPHU MO-
Mo peHTreHodayopecrentoro (PD®A) meroma c
HCIIOJIF30BAHUEM IIOCIIENOBATEILHOTO BonHoBoro XRF
crniektpometpa «S4 Pioneery» (Bruker AXS, Tepmanus).
OO0paboTKa TONYYCHHBIX PE3yJIbTAaTOB OCYIIECTBIIS-
nace nporpammoii «S4 Spectra Plusy. O6pasusl siu-
[IalfHUKa aHAIN3UPOBATH C MOMOIIBI0 Macc CIEKTPO-
MeTpa C WHAYKTUBHO-CBSI3aHHOW IIa3MOM BBICOKOTO
paspeuienns «<ELEMENT-2» (Thermo Ficher Scien-
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tific, CIITA). CoBMeCTHOE HCIOJIBb30BAHHE 3THX METO-
JIOB o0OecrieunBaeT oOIpeleieHue B OTOOpaHHBIX 00-
pasmax OONBIIMHCTBA MHTEPECYIOIINX HAC HIIEMEHTOB
B IIMPOKOM JMalia30HEe KOHIICHTPAIIHH, 32 HCKITIOUCHH-
eM ompeneneHus HQY B mo4Bax M JIMIIAHHUKAX, & TAKXKE
Fe m Zn B mumaitankax. Konmenrpanus Hg B oto-
OpaHHBIX 00paslax ONpeAeIsIach C IMOMOIIBI0 aHAIU-
3aropa pryTu «tOmus-5K» (HITIO «Metposnorusy», Poc-
cHsl), KOHIeHTpanws Fe n Zn B nuImaifHuKax ompeje-
Jsack ¢ MOMOIIBI0  IUTAMEHHOW ~ aTOMHO-
a0COpOIMOHHOM  CIIEKTpPOMETpUH Ha aHAIM3aTope
«KBAHT-2A» (KOPTOK, Poccus). B oTtobpanHBIX
obpasiax OblIa oreHeHa Koumentparws Ti, V, Cr, Mn,
Fe, Co, Cu, Zn, As, Se, Rb, Cd, Sh, Ba, La, Ce, Hg, Pb,
Th, U. Bce anamutuueckue paboThl MPOBOAWINCH B
COOTBETCTBUM C  AaTTCCTOBAaHHBIMH  METOIMKAMH,
YTBEP)KACHHBIMH B KaUeCTBE PYKOBOMISIINX TOKYMCH-
TOB, C HUCIIOJIb30BAHUEM CTAaHAAPTHBIX OOPa3ILOB CO-
craBa mpousBojictBa MAI'ATO, Kuraii, Poccus. Ana-
JH3 cocTaBa OTOOPAHHBIX OOPA3IOB OCYIIECTBISIICS B
JlabopaTopuy XMMHUKO-aHATUTHUECKUX HCCIEIOBaHUN
I'eonoruueckoro uncruryra PAH.

Pe3yibTaThl

B Ttabn. 1 mpuBemeHbl JaHHBIE O KOHICHTPAIMU
TSDKENBIX ¥ TOKCUYHBIX 3JIEMEHTOB B 00pa3Iiax MOYBbHI
U numaiHukoB. CleayeT OTMETHUTh, YTO KOHIIGHTpa-
[IMs1 TOKCUYHBIX JJIEMEHTOB B MTOYBE HAXOAMTCS B Tpe-
nenax 3nadennit [IJIK u OJIK, Benmanna cranmapTHo-
T'O OTKJIOHEHHUS IPAaKTUYECKH I BCEX MPUBEICHHBIX B
TabIuUIle 3JIEMEHTOB Haxoautcs B mpenenax 30-35 %,
YTO TOBOPUT O JOCTATOYHO PABHOMEPHOW BBIOOpKE
naHHbIX, pHkci=4,35-5,11 [12]. 3HaveHuss KOHLIEHTPA-
MU DJIEMEHTOB, MPHUBEJCHHBIC I JUIIAHHUKOB, Ha
TOPSIIOK MEHBIIIE, YEM B TIOYBAX.

HckiroueHne cocrapisieT KoHIeHTpaus Hg, koTo-
pas comocTaBMMa MO BEJIMYMHE C KOHLEHTpAaIMed B
nouse. JlaHHbIE, MPUBEICHHBIC B TAOJIHIIC IS TIOYBBI U
JUIIAWHUKOB, 00J1a/1al0T YPE3BBIYAHO BHICOKOW BapH-
a0eTbHOCTHIO, YTO TOBOPHUT O 3HAYUTEIHHON HEpaBHO-
MEpPHOCTH B BBIOOpKE. [T TOro 4To0Bl OLIEHUTH OCO-
OCHHOCTH paclpeleiICHUs JJIEMEHTOB B JIMIIAWHUKAX
OTHOCHUTENBHO TIOYBBI, OBUIO PAcCYUTAHO OTHOIICHUE
KOHIICHTpAIIMX DJIEMEHTOB B TOYBE W JIMIIAWHUKE Ha
KOHIICHTPAIMIO DJIEMEHTOB B BEPXHEH YaCTH KOHTH-
HEHTaIbHOU KOpHI [9, 13—15] mo popmyie:

Ky = Ci(nousa, munraitiuk)/C , .,

rac Ci — KOHHeHTpaHI/IH i-FO 3JICMCHTA B IIOYBEC HJIN
nmumaiiauke; Cj ;x — KOHIIEHTpamus i-ro 3jeMeHTa B
BEPXHEU YacTH 36MHOM KOPBI.

Pacnipenenenue momydeHHoro kodddunmenta Koy
B TIOYBE W JIMIIaHHUKE MPUBEICHO Ha pUC. 3, TpaduKu
pacrmoyiokeHsl 1Mo Mepe yObiBaHus K, B TIOUBE.
B nanbospiieii cTeneHn B MOYBE HAKAIUIMBAIOTCS Ta-
kue anementsl, kak Cu, Cr, Ni, Co, (Ko=1,6-2,4).

B numaiinukax cinenyetr orMetuth Hakorienue Cu, Ni,
Hg, Mn, Cd u Pb, koTOpBhle MOXXHO OTHECTH K a’3po-
TeHHOMY BO3ZCHCTBHIO.

Ta6auya 1. 3n1emeHmHbII cocmag no48vl U AUWAUHUKOS,
803dywHo-cyxoll 8ec, M2/Ke

Table 1. Elemental composition of soil and lichens, air-dry
weight, mg/kg
[MouBa/Soil Jlnwaiuuk/Lichen
%?fﬁﬁf Cep\Coen Connn—Coraxe Cop\Cuer | Comn—Coraxc
Cmean\Cmedian Cumin—Cmax Cmean\Cmedian Ciin—Cmax
Ti 5260\5675 2213-8745 49,8\34,3 16,5-331
\4 173\184 94-270 1,9\0,93 0,63-11,9
Cr 194\185 105-471 3,55\2,68 0,96-16,2
Mn 968\957 383-1987 51\30,8 5,15-162
Fe 42810\43115 | 12268-87568 | 407\515 218-933
Co 27,2\25,2 10,3-52,1 1,31\1,09 0,62-3,57
Ni 93,5\82,5 49,4-287 24,2\19,2 9,47-19,2
Cu 93,6\82,8 34,6-228 18,5\13,9 6,02-74,2
Zn 95,4\96,1 54,5-155 16,1\16,6 5,83-27,5
As 6,6\6,52 5,51-819 0,18\0,16 0,11-0,82
Se 4,7\4,51 2,25-8,36 0,95\0,76 0,26-3,28
Sr 119\118 62,6-219 6,28\3,04 1,04-29,6
Cd 0,73\0,67 0,43-1,18 0,14\0,12 0,05-0,59
Sn 0,61\0,66 0,31-1,03 0,16\0,12 0,05-0,55
Sb 0,04\0,06 0,02-0,07 0,02\0,02 0,01-0,11
Ba 488\494 154-956 6,76\5,02 1,47-18,3
La 11,9\12,5 7,91-15,8 0,51\0,43 0,22-0,86
Ce 26,9\27,3 18,8-35,3 1,11\0,92 0,56-1,75
Hg 0,095\0,91 0,052-0,133 | 0,032\0,021 | 0,009-0,089
Pb 14,8\14,1 11,6-20,7 2,39\1,91 0,25-6,72
Th 2,97\3,32 2,21-6,72 0,053\0,065 | 0,028-0,099
) 1,03\1,22 2,23-1,56 0,014\0,013 | 0,01-0,022
06cyxaeHue

VYuuteiBasi cnenu@uKy HTpPOWU3BOACTBA, OCHOBHBIMH

MapkepaMu Bo3leicTBusl HOpUiIbCKOro nmpoMBIIIIIEHHO-
ro KOMILIEKCa Ha MpupoaHyto cpeay ssistorest Ni, Cu u
Pb. I'paduku, npeacraBieHHBIE Ha PUC. 3, MTO3BOJSIOT
OTHECTH K OCHOBHBIM TOJLUTIOTaHTaM Takke Mn u Hg.
s Toro 4TOOBI OLIEHUTh COOTHOIICHHE TEXHOT€HHBIX
M TEPPUTCHHBIX MCTOYHHMKOB moctymienus Mn, Ni, Cu,
Pb u Hg B TaiioMsl JIUIIAiHUKOB, HaMK ObUTH paccym-
TaHbl 3HaueHMs Kod(pdumuenta oboramenus EF
(enrichment factor) s 3THX 3JEMEHTOB 1O TOYKAM
orbopa Ha npodpmwisax 1 u 2. Koapdumuent EF mupoko
UCIIONIL3YETCSl B aHanu3e aTMOC(hepHBIX a’po3ojeld u
JTUXUHOMETpHuUYecKkuXx ucciemoBanmsx [11, 16—18]. Be-
JMYUHA 3TOT0 KOA((UIMEHTa MOKa3bIBACT COOTHOIIIE-
HHUE DJIEMEHTOB-3arpsA3HUTENIe M OCHOBHBIX JIMTOT'€H-
ubIx amemenTtoB (Fe, Si, Al) B atMochepHBIX BBITTaICHH-
SIX, BBIWICHSSI TEXHOTCHHYIO COCTABILIIONIyI0. B kaue-
CTBE ATAJOHHOM BEIWYMHBI HAMU HCIIOJIH30BANOCH CO-
neprkanue Fe B BepxHelt yactu 3eMHO# KopsI [9, 13, 14].
Pacuér xoaddunmenta nposoauics mo Gopmyie:
EF = C, | Cpy (mmmaiism)
Q(SCMHQJI Kopa) ’

Fe 3.k
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Fig. 4. Distribution of elements in soil and lichens relative to concentrations in the upper part of the continental crust

rae Cj — KOHIEHTpaNys M3y4aeMOro JJIEMEHTa B JIH-
maiauke; Cre — KOHIeHTpalus Fe B numaitauke; Cre
;x — KOHIIeHTpanus Fe B 3emHol kope; C; ; — KOHIICH-
TpaIHsI H3y4aeMoro dJIEMEHTa B 3¢MHOM KOpe.

VICTOYHUKY MOCTYIUICHHS 3JIEMEHTOB KIIACCU(DHIIN-
PYIOTCA Ha TPU TPYNIBI B 3aBUCUMOCTH OT PacCUUTaH-
Hoit Bennumubl EF. Huskwe 3HaueHws koadduimenta
oboramienus (Ep<10) ykaspiBaloT Ha OTCYTCTBHE aH-
TPOMOTEHHBIX UCTOYHUKOB. B 3TOM citydae OCHOBHBIM
HMCTOYHUKOM M3y4aeMOro 3JIEMEHTa SBJISIETCS MECTHas
MUHEpaJbHas U OpTaHIMYeCKas IBUTb. DJIEMEHTHI C KO-
s dunnentamu oborameHust B uHTepBasie or 10 mo
100 cumrarorcs ymepento oborameHabiMu (10 50 %)
U UMEIOT CMEIIaHHOE IPOUCXOXKACHHE. 3HaYCHUE KO-
spdunmenta EF>100 xapakrepusyer CyHIeCTBEHHBIN
BKJIAJ aHTPOMOTeHHOro wucroynuka (Beime 50 %)
[11, 16-18]. B Tabu. 2 mpezacraBieHsl cpeaHeapupme-
TUYECKHE 3HaueHHs kKoddpduuuenta EF, paccuntanno-
o TI0 TOUKaM 0TOopa 00pasioB npoduieit 1 u 2.

Ta6auya 2. CpedHee 3HaueHue koagpgduyuenma EF no npo-
dpuramlu?2
Table 2. Average value of EF coefficient for profiles 1 and 2
[Mpoduis 1 [Mpoduis 2
JeMeHT Selection profile 1 Selection profile 2
Element EF MUH /Makc EF MHH /Makc
min/max min/max
Mn 1,6 0,65/3,6 1,7 0,71/5,3
Ni 2,22 0,24/4,56 1,78 0,22/6,93
Cu 2,31 0,15/7,07 1,65 0,17/6,15
Hg 18 2,7/62,6 23,1 2,54/74
Pb 1,6 0,65/3,6 4,52 1,23/14,5
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CornacHo JaHHBIM TabOi. 2, BenwyuHA K03(dHIN-
enra EF gna Mn, Ni u Cu Haxomurcs B Iuana3oHe
0,15-6,9, uTO yKa3bIBaET HA OTCYTCTBUE TEXHOT'CHHOTO
BO3JICHCTBUS HA JIMIIAWHUKKA HAa TPOTSHKECHUH OOOMX
npoduneid. [Inana3zoH 3HAYEHUH BENUYMHBI K0d(du-
uuenta EF s Pb maxomurest B npenenax 0,6-4,5, s
Touek 6 u 7 mpoduis 2 oH yBenmuuBaercs jao 14-15.
[IpakTyeckn 3TO TakKe YyKa3bIBa€T HA OTCYTCTBUE
KaKoro-imbo TEXHOIeHHOro Bosaeicteus Ph. s
npodpwierd 1 u 2 xoadpdunment EF HQ cocrarmsier B
cpenaeM 18 m 23,1, COOTBETCTBEHHO, MaKCUMAIbHBIE
BEIMYMHBI JOCTUTAIOT 3Ha4YeHuil 63 u 74. D10 yKa3bl-
BacT Ha 3HAYUTEIBHOE BO3PACTAHHUE TEXHOTCHHOTO
Bo3nelictBus Hg Ha BO3mymHyto cpeny. [losBrenue
Hg B kxauecTBE MPHOPUTETHOTO TEXHOT'EHHOTO 3arpsi3-
HUTEIS MPUPOJHOW Cpelbl B JIAHHOM PETHOHE OBLIO
HECKOJIBKO HeoXuJaHHbIM: pyasl HIIP B ocHOBHOM
MIPEICTABIEHbl MUPPOTHHOM, XaJIbKOIUPHUTOM, IECHT-
JAHIUTOM, MUPUTOM M KyOanutom [19, 20]. B stux
MuHepanax Hg mpencraBineHa mpuMecsMd C KOHIICH-
tpamusmMu 0,7—6,2 T/T, 9TO He MpeanojaracT 3HAYM-
TEIBHOTO MPHUCYTCTBUSA HY B MPOM3BOACTBEHHBIX BbI-
Opocax HIIP. Ilo MHeHHIO aBTOpOB Hambojee BEPOSIT-
HOW MTPHYUHOMN 3TOTO SBISIOTCS 1B 0OCTOSATEILCTRA:
1. TlpumepHo mosnoBuHa BeIOpocoB Hg B okpyxaro-
IIYI0 Cpely UMEET MPUPOTHOE MPOUCXOXKACHHUE U
SIBIISIETCS CJICJICTBHEM JeTa3alliii 3€MHOW KOPHI.
ITo »ro0il npuurHe HE NOCTOSHHO MPUCYTCTBYET B
000 3KOCHCTEME B 3HAYUTCIIBHBIX KOJIHYE-
cTBax [21].

BTopoil npuunHOW NOCTYKWUIM TYHIPOBBIE ITO-
skapbl 2019-2020 rr. Iloxxapsl UMenHu XapaxkTep
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T'op6yHOB A.B. 1 ip. O1ieHKa 0CO6eHHOCTEeH a3poreHHOro Bo3ieicTBUsA HOpUIbCKOTO MPOMBIIIJIEHHOTO KOMILJIEKCa Ha ...

TaK Ha3bIBAEMOO «HHU30BOIO» IOXKapa, TeMIepa-
Typa cocTasiisiia okoao 400450 °C. Ilo nurepa-
TYpPHBIM JaHHBIM B BEpXHEM TOPH30HTE TOYBEHI U
30JI¢ paCTEHHH IMocie moXapa KoHIeHTpanus Hg
YMEHBIIIAETCS] MPUMEPHO Ha MOpsaoK. IIpu stom
Hg mepexoauT B aToMapHOE COCTOSIHHE B PACIpO-
CTpaHsIeTCs] B BHJC Ta30BOH KOMIIOHEHTHI aTMO-
ctepsr [22-24], xonuenTpauus Hg B atmocdepe
pe3ko (B 7-10 pa3) yBenuuuBaeTca. B nmaipHeii-
meM mpoucxomut copbius Hg armocdhepHbiMu
a’po30JIMH  C MOCHEAYIOIIUM OCaKICHUEM Ha
MOBEPXHOCTH BBITOPEBINUX IUIOMIAEH, B TOM
YHCIIe U Ha COXPAHUBIINECS JTUIIAHHUKA. JTO Be-
JIeT K yBeJIHueHHIo oOmiedl koHueHTpanuu Hg B

CTBCHHBIX MNMPUPOAHBIX (baKTOpOB n HC ABJIACTCA
CJICACTBUCM TCXHOI'CHHOT'O BO3)Z[€I\/'ICTBI/IH.

3akmoyeHue

AbsporeHHoe Bo3zeiicTBue HopuibCkoro mpomslii-
JICHHOTO KOMIUIEKCa B HUCCIEIyeMOM paiioHe He oOHa-
pyxeHo. BpisBieHa atMoxumudeckas aHomanus Hg
ymepenHoll uHTeHcuBHOcTH (EF=10-100). Ora aHo-
MaJusi, 10 MHEHUIO aBTOPOB, HE UMEET OTHOIICHUS K
HopuibckoMy MpOMBIIUICHHOMY paifoHy, B BO3HHUKIA
OHA TPH COYETAHHU IBYX (HAKTOPOB — IOCTOSHHOTO
NPUCYTCTBUSL PTYTH B 3HAUUTENBHBIX KOHLEHTPAIUIX
B 9KOCHCTEMax 3a CYET HPUPOIHBIX (AaKTOPOB U TyHJ-
poBbIX moxkapoB 2019-2020 rr., KOTOpbIe NPHUBEIH B

KOHEYHOM HTOT€ K BTOPUYHOMY OcaxKiaeHWto Hg Ha
BBITOPEBLINX TEPPUTOPUSIX.

JIMIIAMHUKE ", COOTBETCTBCHHO, K YBCIMYCHHUIO
EF. Cnenyer momauepkHyTh, YTO STO YBEIWYCHHE
MPOUCXOJUT MMEHHO 3a CUET COBIAJCHHUS €CTe-
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