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M3ydeHo 3arpsisHeHre BepXHUX TOPU30HTOB moYB I. ['ycuHoo3epcka (Pecnybimka Bypsatust) mon Bo3neii-
CTBHMEM BEIOpocoB padoTaroieit Ha OkuHo-KimoueBckux 6ypbIx yrisx [POC. IpoaHanu3npoBaHo coaep-
xanwue 14-tu anemeHTOB (Sr, As, Co, Mo, Sb, V, Cu, Ni, Cr, W, Zn, Bi, Cd, Pb) B BanoBbIX mpobax, a TaK:Ke
BO dpakuuu buznyeckoil muHbl (4actul nuamerpoM <10 mxm, PM;y) 1 B mpobax OypbIx yrieil 1 3076l
I'PBC. IIpuopurerHbimu nonmorantamu nods (Urbic Technosols) I'ycmroosepcka siBistiores Sr, As, Co,
Mo, Sb, V ¢ 6o5ee BbICOKMMU KOHLUEHTpaLUsIMU OOJBIIMHCTBA 3JIEMEHTOB Bo dpakuuu PM,,. Hauboinee
3arpsi3HeHsbl MouyBbl U Gpakuusi PM , MpOMBIIUIEHHON! AelCTBYIOLLEH MOA30HbI, Ie aKKyMYyJIupyloTcs St,
As, Co, V, Cu, Mo, Ni, Cr, cogepxamuecs B 3ojie-yHoce ['ycuHnoosepckoit TPOC. Bénblas yacth Teppu-
topuu (57% st mouB B uenoM u 47% st dpakunm PM ) xapakTepusyeTcss HI3KAM YPOBHEM 3arpsi3He-
Husl (Zc = 8—16). HauGomnblyio 3Kos0ru4eckylo onacHOCTb MpecTasiisieT As, Bo ppakuun PM, ero KoH-
neHTpaumu npeBsiciin OAK B 90% ucciaenyembix mpo6. dakropaMu HAKOIIJICHUS 3JIEMEHTOB B TTOYBaX U
ux dpaxuuu PM, saeasiores conepxkanue Fe,O; 1 MnO, opraHu4yecKoro BeLIeCTBa, IpaHyJIOMeTpUYe-
CKUIA COCTaB, KUCJIIOTHO-IIEIOYHbIE ycaoBus, 3HadyeHne EC; . 5, a Takke IPUHAMIEXHOCTb K QyHKINO-
HaJIbHOI 30He, 00yCJIOBIMBAaOIINE GOPMUPOBAHUE PA3JIMYHBIX KJIACCOB FreOXMMHUYECKUX 6apbepoB. CpaB-
HeHHEe XUMHUIecKoro coctaBa OkuHo-KimoueBckmx OyphIx ymiei u 3016l I'ycnHoosepckoit [POC n Kan-
cko-AunHckux yrieit u 3oibl LenrpansHoit TOLI r. CeBepobaiikalibcKa MoKa3ajio, YTO UCIHOIb3yeMbIe B
CeBepobaiikanbcke Kancko-AunmHckue Oypoie yriy v 301a TOL He3HaunTeIbHO 00O0rallleHbl MeTaJUIaMU
U METAJUIOUIAaMU, YTO OOBSICHSIET UX CJ1a0yI0 aKKyMYJISLIMIO B [TOYBaX.

Knroueswie crosa: Tsxenbie METaJlJIbl, METAJIJIOUIbI, TOPOJACKHUE ITOYBHI, (jl)aKTOp])I AKKYMYJIATINUA ITOJUTIOTaH -
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BBEAEHWE

OnHoOIT U3 aKTyaJbHbBIX 3KOJIOTMYECKUX IIPOOIeM
TOPOIOB SIBIISIETCS 3aTrpsi3HEHUE aTMOC(hEPHOIO BO3-
JIyxa BBIOpOCAMM TPAHCIOPTHBIX CPEACTB M OOBEKTOB
MPOMBIIIIEHHOCTH [2, 26, 29, 35]. B Poccuu B 2020 1.
B aTMoc(epy ITOCTyIIIo 6oee 22 MIIH T 3arpsi3HSIIO-
X BEIIECTB, BKJIoUas 17 MJIIH T OT CTallMOHAPHBIX
ncTouyHUKOB [17]. Cpenu HUX BBIACISIOTCS Tpe-
MIPUSITUS. TOIUIMBHO-3HEPIreTUUECKOTO KOMILIEKCca,
paboTaromne Ha yrisix. B IBIMOBBEIX BEIOpOCaXx TeIl-
snoanekTpoctaHuuii (TOC) comepkaTcsi TOKCUYHBIE
COCMUMHEHUSI TSKEJIBIX METaUIOB M METalJIOUI0B
(TMM), npencrapisioliye 3HAYUTEIbHYIO KaHIle-
POTreHHYIO ¥ MyTareHHYIO OIlacHOCTb [27, 32, 45].

Heratusnoe Bnausinue BoiopocoB TOC o0OyciioB-
JIEHO TeM, 4TO KoHLeHTpauuu TMM B 3o0Jjie-yHOCe
MOTYT OBITh B IECATKM pa3 BHIIIE, YeM B YIJie, U3 KO-
TOporo oHa obpasoBaHa. [To nanHbIM [41], B 3071€ 0of1-
Hoii u3 TOIIl B Boctounoii MHmun KoHIIEHTpauu
Cd, Cr 1 Mn Ob1111 B 2 pa3a BBIIIE IT0 CPABHEHUIO C
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UCXOOHBIM yriieM, Pb — B 2.5 pa3a, Ni — B 3 paza.
B 301e TOILI B Hunepimangax 3T0 COOTHOIIIEHUE TSI
Cr u Cu cocraBuio 6—7 pas, njis As B 12 pas, qnsa Cd
B 40 pa3 [36]. XuMHUUeCKHe XapaKTepUCTUKHU JIeTyudeil
30JIbI U IIJIAKOB MOTYT 3HAYMTEIFHO Pa3nyaThCs B
3aBUCHUMOCTH OT MPOUCXOXIEHUS YIJIsl, €ro MpeaBa-
PUTETbHOM TTOATOTOBKU M TEXHOJIOTUM CXKHUTaHWUSI.
Tak, B r. Kanran (Typuusi) otMedeHO oGoraiieHue
3ojbl-yHoca TOII cnenyromumu TMM: V, Cr, Mn,
Co, Zn, As, Hg [21], na TOLI B r. Kocromnai (Cep-
0us1) 30/1a-yHOCA MO CPAaBHEHMIO C YIJIEM oOoraiieHa
Cu, Pb, Cd, Zn, Cr, Ni [43]. DTa npobjieMa 0COOEHHO
akTtyajibHa g PecryGnuku bypsitus, toe 94% snek-
TPOSHEPTUM BEIpadaTeiBaeTcsd yrodbHbIMU TOC,
KpynHeiiiasi u3 Kotopblx — I'ycuHOO3epcKasi rocy-
JnapcTBeHHas pailoHHas anekTpoctaHuusi (I'POC),
SIBJISTIONIASICST TPAIo00pa3yIOIIUM TPEAIIPUITHEM B
r. ['ycuHoo3epcke.

OCHOBHOM IEIMOHUPYIOIIEi Cpeaoil 1 MHANKATO-
POM MHOTOJIETHETO 3arpsi3HEHUS TOPOACKUX JaHO-
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magTOB SABJISIOTCSI MoYBEl. OcoO0e BHMMaHNWE B Ha-
cTosilliee BpeMsl yAesseTcs W3yYeHUI0 Haubosee
OITACHBIX TBEPABIX YACTUL] TMaMeTpOoM MeHee 10 MKM —
dpakuuu dusnveckoii rmuHsl (PM,,), KoTopas 3a-
JIepKUBaeTCsI B OpraHax JbIXaHUs YeJloBeKa U CII0-
COOCTBYeT pa3BUTUIO PECIUPATOPHBIX, CEPIEUYHO-
COCYIOUCTBIX M OHKOJOTrMYecKux 3aboseBaHmuii [37,
39, 45]. ToHkue yacTUllbl, KaK MpaBuao, HauboJiee
MHTEHCUBHO HakaruiuBaloT TMM, 4To cBSI3aHO C
OOnbLICH YOEeNbHON IUIOLIAAbI0 MOBEPXHOCTU, NO-
CTYITHOM JJIs1 ancopOLy nmoJuTioTaHToB [44]. OOora-
weHHble TMM nouBeHHble yactTuubl PM ), BelnyBa-
e€MBbIe BO3AYIIHEIM IIOTOKOM, 3HAUYUTEIbHO YCUJIMBA-
JOT 3arpsi3HeHue aTmocgepHoro Bo3ayxa [3, 28] mn
SIBJISIIOTCS] OTHUM M3 UCTOYHUKOB JOPOXHOM ITBLIM,
HapsIay C IIPOMBIIUIEHHBIMY U TPAHCIIOPTHBIMU BbI-
OpocaMM M MOPOTUBOIOJOJEAHBIMU peareHTaMu B
3uMHMI niepuon [13].

Llenp pabOTHI — OLIEHUTH YPOBEHb 3arpsI3HEHMUS
TMM mouBeHHoro 1okpoBa r. I'ycmHoo3epcka ¢
KkpynHeimeit B peruodHe 'POC. Pemranuce ciemnyto-
IIMe 3amadu: 1) ompemelnTh BaJIOBOE COIEpKaHUE
TMM u conepxaHue Bo pakuuu PM,, BepxHero
rOPU30HTA MOYB B (PYHKIIMOHAIBHBIX 30HAX TOPOJIa;
2) OLIEHUTH DKOJIOTMYECKYIO OITACHOCTD 3arpsi3HEHUSI
noyB TMM; 3) BeISIBUTH (PU3UKO-XUMHUYECKUE CBOI-
CTBAa rOpPOACKUX IMOYB U IpyTrue (aKTOPHI, BAUSIOLINE
Ha akkymyJssaiuio TMM; 4) olleHUTb BKJad OCHOB-
HBIX UCTOYHUKOB TMM B 3arps3HeHue IIOYB U UX
dpakuuu PM,, B 'ycuHoo3sepcke.

OBBEKTbI U METObI

WN3yyaemasa Tteppuropusi. ['ycuHOO3epcK Haxo-
JUTCS B LIECHTpaJIbHOM YacTu I yCMHO03epCcKOit MeXK-
TOPHOII KOTJIOBUHEBI, HA CEBEPO-BOCTOUHOM Oepery
03. I'ycuroe. KimmMmar ropoga pe3ko KOHTUHEHTATb-
HBIIi BOCTOYHO-CUOUPCKOTO TUIIa, MPeodaaaioT ce-
BEpHBIE U CeBepO-3anaaHblie BeTphl. BeiencTue cia-
00if mpomyBaeMocTH IYCHMHOO3epCKOI KOTJIOBUHBI
BO3MIyX B HE 3acTanMBaeTCsl U OXJAXKIAETCs, C YeM
CBSI3aHBI IITWIX 1 TeMIIEpaTypHble THBEPCUU B 31IM-
HUIi IIepuon, CIIOCOOCTBYIOIIME HAKOIUIEHHUIO BO3-
JYIITHBIX 3arpsSI3HUTENEN B HDKHUX CJIOSIX aTMOC(EPHI.
I'ycuHOO3epcKass KOTJIOBMHA CJIOXEHA apXeWCKUMM,
NPOTEPO30OMCKUMHU, MATCO30MCKUMU, ME3030MCKHU-
MU U KailHO30MCKUMMU WU3BEPKEHHBIMU, OCATOYHO-
MeTaMopduaeckumMu obpazoBaHusiMu. [louBoobGpa-
3yomuye mnopoasl B IycMHOO3epCcKOil KOTJIOBUHE
MpeACTaBIeHbl YeTBEPTUYHBIMU OTJIOXKEHUSIMU pa3-
HOM MOIITHOCTHU 1 reHe3uca. B TeueHune Bcero yeTBep-
TUYHOIO IIeprola B HEIPECCHMU MNPOUCXOOWIO Ha-
KOIUIEHWE Pa3HOBO3PACTHBIX, MNPEUMYIIECTBEHHO
raje4yHo-BaJlyHHBIX OTJIOXEHUIA [6].

Tepputopus I'ycmHOO3epCKOM KOTIOBUHBI OTHO-
CUTCS K 30HE KallITAHOBBIX ITOYB Cyxoii creru, Ty-
BUHCKO-IOxHO0-3abaiikanbckoii npoBuHLMU. Ha
oospmieit yactu Tepputopumn I'ycmHoo3epcka pac-
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IIPOCTPAHEHBI KAIIITAHOBBIE TUITUYHbBIE CYTJIMHUCTEIC
nousbl (Haplic Kastanozems (Loamic)), B moHMXe-
HUSIX B MECTax C MOBBIILICHHBIM yBJIaXXHEHUEM (hop-
MUPYIOTCSI JIyrOBO-KalTaHOBBIe 104YBHL (Gleyic
Kastanozems) — 310 Teppaca p. 3arycrait 1 JoKajb-
HEIE TIOHMKeHUS pefibeda. Ha moiime p. 3arycraii B
YCIOBHUSIX YCTOMIMBO-U30BITOYHOTO (IIPEUMYIIIECTBEH-
HO TPYHTOBOIO) YBJI&XXHEHHUSI U JTOCTATOYHO YaCTOro
3aTOIUICHUS ITaBOIKOBBIMUI BogaMy (DOPMUPYIOTCS aJI-
JIIOBHUAJIBHBIE IepHOBO-JIyroBble Mo4BHl (Gleyic Flu-
visols), Tepexomsmine B aJUTIOBUAJIbHO-OOJOTHBIC
(Fluvic Gleysols) mo Mepe npubJuKeHUsl K yCThIO pe-
Ku [6].

Benymyio ponbs B GOpMHUpPOBAaHUM TEXHOTCHHBIX
anoMmaymit TMM B mouBax urpaet ¢yHKIIMOHAIbHAas
CTpyKTypa ropopaa. B I'ycuHoo3epcKe BbIIEICHBI ClIe-
nyioie YHKIMOHAIbHbIE 30HBI: IPOMBIIIJICHHAS C
JIIEUCTBYIOLIEN U HEACHCTBYIOLIEH ITOA30HAMM, CEJIM-
TeOHasi C MHOTO3TaKHOM M MaJIO3TaKHOM 3aCTpOii-
KOI, TTocTarporeHHast 1 myctoipu (puc. 1). [Ipomeplii-
JIeHHasl ACKCTByIOIIas IOA30HA BKJIOYaeT [ycmHO-
ozepckyto I'POC u TpaHCHOPTHBIE TPEANPUSITUS C
XKEJIe3HOOOPOXHOI cTaHLMel 3arycrail, CTaHLWIO
OMOJIOTUYECKOM OUYMCTKM, KUPIAYHBIN 3aBOI W TJIH-
HSHBIA Kapbep. YCTaHOBJICHHAs1 3JIeKTpuyecKas
MourHocth POC cocrasister 1190 MBT, TenioBas
MOIIHOCTh — 224.5 T'kan/4. B 2021 1. cTraH1ms BeIpa-
6otana 3668 mupa KBT/4 3eKTpUYECKO SHEPTUMN.
HeneiicTBylomiasi mmpoM3oHa IIpeACTaBIIsIeT COO0Oit
OOIIMPHYIO TEPPUTOPUIO C HEAOCTPOCHHBIMM WU
3aKPBIBIIUMMUCS TIPEANPUSATUSIMU, THe MCTOUHUKOM
3arpsI3HSIIOIINX BEIIECTB SIBJISIIOTCS. IPOAYKTHI pa3py-
IIEHUs 3MaHUKM 1 OPYTUX CTPOUTEIbHBIX KOHCTPYK-
uuit. [Ton Bo3aelicTBeM aHTPOIIOT€HHOM AeSITeJIbHO -
CTU U TEXHOT€HHOTO 3arpsI3HeHUST B IPOMBILIICHHOK
30He (DOPMUPYIOTCS ITOBEPXHOCTHO-IIPEOOpa3oBaH-
HbI€ aHTPOIIOTEHHbIE TOYBbI, MPEACTaBIEHHbBIC YP-
6o-kamraHoBeiMu mouBamu (Urbic Technosols) [5].
JlaHHBIE TIOYBBI COYETAIOT TOPU3OHT YPOMK MOIITHO-
ctbio MeHee 0.5 M ¥ HeHapylIeHHYIO CPEeAUHHYIO U
HIDKHIOIO YaCTH TTOYBEHHOTO PO

MHoroataxHast ceTuTeOHasl MoA30Ha 0Opa3oBa-
Ha 3—4-3TaXXHBIMU XWUJIBIMUA TOMaMu, aAMUHUCTpa-
TUBHOM 3acTpOMKOI, 3MaHUSIMU TOPrOBOIO, KYJb-
TYPHO-TIPOCBETUTEIBHOTO, YYeOHOTO W MEIUIIUH-
CKOro HazHaueHwus. B mpenenax naHHOM 30HbBI 32 CUET
MPUBHOCHMOIO Ha TIOBEPXHOCTb U B BEPXHHE TOPU-
30HTBI YpOOTEXHOTEHHOTO MaTepuaia GOpMUPYIOTCS
ypbo-kamraHoBele mouBhl (Urbic Technosols). Ce-
JUTeOHAas TOA30HA C MaJO3TaXKHOM 3aCTpOMKON M
MpuycaaeOHbIMU y4aCTKaMU OTHOCUTCSI K YaCTHOMY
CEKTOpY, B (PyHKIIMOHAJILHOI 30HE MPEACTaBIeHbI T0-
BEPXHOCTHO-TPEOOPa30BaHHbIE KAIlITAHOBBIE TTOYBbI
(Hortic Kastanozems) oroposioB U caioB ¢ BBICOKHM CO-
IepkaHMeM opraHmdeckoro BernectBa (4.3%) B
BEPXHEM TOPU30HTE, OOYCIOBJIEHHOIO BHECEHHEM
opraHmuyeckux ynoopeHwuii. IlocrarporeHHasi 30Ha
MpencTaBisieT coO0Oi 3eMJIM ObIBILIETO CEJIbCKOXO-
39MACTBEHHOIO Ha3HAuYeHUs — TAlllHU W MacTouIia.

TTOYBOBEAEHUE

Ne 8 2023
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A 3arycraiickuii yroJibHbIi pa3pes

Puc. 1. ®yHKUMOHAIBHOE 30HUPOBaHKUE U TOYKU 0TOOpa 1pob u3 BepxHux (0—10 cMm) ropu3oHToB nouB B [ycuHOO3epCKe.

B nipenenax naHHO# 30HBI OTPOOOBAHBI arpO-KallTa-
HOBBI€ IIOYBBI C MaXOTHbIM Topu3zoHToM (Terric
Kastanozems). Ilyctelpy — 3T0 3a0poOllIeHHbIE 3eMJIU,
KOTOpbIE HE MCIOJIB3YIOTCSI B XO3S9MCTBEHHOM Oesi-
Ne 8
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TEJIbHOCTH, B MYHKIIMOHAIBLHOU CTPYKType ropoma
OHM 3aHUMAIOT HAaMOOJIBIITYIO TUIOIIAlb, HA TEPPUTO-
pUM  TIpEACTaBJIEHBl €CTECTBEHHBIC HEHapYIICHHBIC
KamraHoBble 1TouBbl (Haplic Kastanozems (Loamic)),
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aJUTIoBUAaJIbHBIE NTepHOBO-IyroBuie (Gleyic Fluvisols)
U ajutoBUabHO-0010THBIE TTIOUBHI (Fluvic Gleysols)
MOMMBI p. 3arycraii.

Marepuaibl 1 MeTOIbI HccaenoBanus. Jletom 2019T. B
I'yvcuHooszepcke u3 BepxHero (0—10 cMm) ropu3oHTa
oTobpaHO 72 cMellaHHbIE (B TpeX MOBTOPHOCTSIX)
MPoOKI TTOYB Mo ceTke ¢ maroM 500—600 m [24]. Do-
HOBBIE KallITAaHOBBIE cynecyaHble mouBbl (Haplic
Kastanozems (Arenic)) (7 o6pa3iuoB) onpoOOBaHbI B
2—2.5 KM K 3alagy ¥ ceBepo-3aliamy OoT ropoja Ha
CJ1a0OHAKIIOHHOM Yy4YacTKe IIPEAroOpHOM CyXOCTell-
HOIl HeHyJallMOHHOM paBHMHE. AIMHWHUCTpaLUei
I'vcunoosepckoit 'POC mpemocTaBiaeHB 00pa3Lbl
yIJIs1 ¥ 30J1a 6-r0 3HEprobJIoKa.

DuU3MKO-XUMUYECKUE CBOMCTBA MOYB OIMpPEacsi-
JIu B DKOJIOTO-T€OXMMUYECKOM LIeHTpe reorpacuye-
ckoro dakynpreta MI'Y: pH BomHO BBITSIKKM — T10-
TEHIIMOMETPUYECKUM METOAOM, YIECJIbHYIO 3JIEKTPO-
MPOBOJHOCTh — KOHAYKTOMETPUYECKUM METOIOM,
rpaHyJOMETPUUYECKHUI COCTAaB — Ha JJa3€PHOM IpaHy-
nometpe Fritsch (I'epmanus), cogepXaHUe OpraHu-
yeckoro yriepoaa (C,,,) — meronoM TiopuHa ¢ TUT-
puMeTpryecKuM oKoHYaHWeM. Ppakimio PM,,
MOYB BbIAESIIA METOAOM LIeHTpUudyrupoBanusi. Ba-
JoBoe comepxxaHue TMM B mpobax mouB, YIJIsl U 30-
JIbl OTIpeNeJisiIu MacC-CHEKTPAIbHBIM M aTOMHO-
SMUCCUOHHBIMU METOJAMHU C UHIYKTHBHO-CBSI3aH-
HOI TIJ1a3Moii B cepTUDUIIMPOBAHHOU 1JabopaTopumn
BHUWW munepanbHOro cuipbsd uMm. H.M. ®denopos-
ckoro. /I moapoOHOro aHaausa BeIOpaHO 14 aite-
MeHTOB: Zn, As, Cd, Pb (I kitacc ortacHoctu), Cr, Co,
Ni, Cu, Sb, Mo (Il knacc), V, W, Sr (111 x1acc), a Tak-
xe Bi.

OCoOeHHOCTU MUKPORJIEMEHTHOTO COCTaBa yriei
u 3o0nbl I'ycuHoosepckoit 'POC BhIIBISUIM ITyTeM
CpaBHEHMS C MUPOBBIMU KJ1apkamu yrieid Ky u 305161
K3 1 pacueTa Ki1apkoB KOHLEHTpaLUU

KKy = Cy/Ky u KK3 = C3/K3,

rne Cy, C3 — conepxxanue TMM B yIJisix u 30J1€ cO-
orBercTBeHHO [20]. Koadpunmuent seiHoca TMM B
atMocdepy Npy CXUTaHUU YIJIsd BBIYUCISUIM KaK

KHTM = CT/Cp3

rae CT — TeopeThUecKoe CoaepKaHUe dJIEeMeHTa B 30-
Jie, MI'/KT, KOTOpO€ pacCcUyuThIBaiu 1o popmyiie Ct =
= Cy 3/100, 3 — 3ombHOCTB, %, Cp — peajbHOE CO-
Jep>kaHue dJIeMeHTa B 30JIe, MT/KT.

Conepxanue TMM B ¢oHoBbIX MouBax Cd cpas-
HUBaJIM ¢ KJiapkaMu K1 BepxHeit yacTu KOHTUHEH-
TaJibHOM KOpHI [12], a TakKKe ¢ perMOHaIbHBIM Cpe-
HuM 3HaueHueM K2 nns lenTpanbHoit bypsituu [1]:
BbIumMcsin kKiaapku koHueHTpauuu KK = Ch/K1(2)
nipu Cd > K1(2) unu paccessnust KP =K1(2)/Cd nipu
Cod < K1(2). MuTteHcuBHOCTh HakorieHuss TMM B
ropoackux noysax u ¢ppakuuu PM,, pa3Hbix GyHK-
IUOHABHBIX 30H OLIECHUBAJIM C TIOMOIIBIO KO3(Pdu-

ITMCHTOB KOHUICHTpAlMM OTHOCHUTCIBbHO CbOHOBbIX
ITOYB:

K¢ = C/Chmpu Ci > Ch
WX paCCeaHUA
Kp = C(l)/Ci npu Ci < Cao,

rne Ci, C — comepxxanne TMM B ropoackux n ¢o-
HOBBIX MOYBax B 1ieJoM win dpakuuu PM,,, Mr/Kr.
O6mee 3arpsisHeHre moyB TMM omnpeneisyii 1o
CYMMapHOMY I10Ka3aTeIl0 3arpsa3HeHUS]

Zc=3Kc —(n—1),

IIe n — 4YUCIIO XUMUYecKux 3jeMeHToB ¢ Kc > 1.0.
IMoka3arens Zc umeer 5 rpamauuii: <16 — HU3KOE,
HeoltacHoe, 16—32 — cpemHee, YMEPEHHO OINACHOE,
32—64 — BrICcOKOE, omacHoe, 64—128 — oueHb BBICO-
Koe, O4eHb omacHoe, >128 — MakcMMalIbHOE, Upe3-
BBIYalfHO omnacHoe 3arpsisHeHue [14]. CteneHb 3K0-
Joruyeckoit onmacHoctd TMM B nmoyBax OlLieHUBAJIU
noyTeM pacdera Ko3(d(duimeHTa 3KOJIOTHYECKOM
OMAaCHOCTH

Ko = Ci/TIAKi,

rne IMJKi — npenensHO nomyctumast (MM OpUEeHTU -
poBouHo momyctumasi, OJIK) koHueHTpauus i-ro 3a-
rpsi3Hsitolero Beiectsa, Mr/Kr (CanlluH 1.2.3685-21).
B3srer 3nauenus IJIK mrs V, Sb u OAK As, Cd, Ni,
Pb, Cu, Zn B CyImMHNUCTBIX HENTPAJTBHBIX ITOYBaX C
pH > 5.5.

®daxTophl, BAUSIIONINE HAa HakomieHue TMM B
BEPXHUX TOpU30HTaX IMouB [ yCMHOO3epCcKa, BBISIBIIS -
JIU ¢ MOMOIIbIO MHOTO()aKTOPHOTO PErpecCUOHHOIO
aHaJIM3a METOIOM PETPECCUOHHBIX AepeBbeB [15] ¢
TToCcTpoeHMeM aeHaporpaMM B rmakeTe SPLUS. Jlenn-
poTrpaMMBbI CTPOUJIU B 3aBUCUMOCTH OT CBOICTB MTOYB
(pH, ynenpHas anexkTponpoBogHocTh EC, . 5, conep-
kaHue pusndeckoit mmHbl PMy,, C,1) 1 pyHKImo-
HaJIbHOTO Ha3HAYE€HUsI TEPPUTOPUM, KOTOPOE OIIpeae-
JISIET FeOXUMUUECKYIO Harpy3Ky U crielinuKy 3arpsi3-
HEHUST KaXIoi (yHKIIMOHAIbHOM 30HBI. OCHOBHBIE
MCTOYHUKM MOJUIIOTAHTOB U MX BKJIAJ B 3arpsi3HEHUE
BEPXHUX TOPU3OHTOB NoYB U ppakuuu PM,, onpene-
JISUIM IIyTeM aHaInu3a IJIaBHBIX KOMIIOHEHT (principal
component analysis) B makere Statistica 12.0. HdaH-
HBIIi METOJ, MO3BOJISIET COKPATUTh KOJMYECTBO (haK-
TOPOB, HEOOXOAUMMBIX [JISI MHTEpIpEeTalui, ITyTEM
CBEpPTKM MAacCCHBOB MHOIOMEpPHBIX OAHHBIX B HeE-
CKOJIBKO JIMHEWHBIX KOMOMHAIIUI TIaBHBIX KOMITO-
HeHT. [TouBeHHO-TeOXMMUYECKIEe KapThl COCTaBIISI-
m B makere ArcGis 10.1 MeTomoM WHTEPITONSIINN
CIUIaMH.

PE3VJIBTATBI U OBCYXIEHHWE

WM cTounnKu TEXHOT€HHOT0 BO3IEiCTBHSA. 3arpsi3He-
HMe ITOYBEHHOTO MokKpoBa ['ycuHoo3epcKka 00yCaoB-
JIEHO B OCHOBHOM IIPEANPUSTUSIMUA TOIIUBHO-3HEP-
reTUYeCKOro KOMILJIeKca, aBTOMOOUJIbLHBIM U Xe-
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JIE3HOTOPOKXHBIM TPAHCIIOPTOM, CKJIaAPOBaHUEM
KOMMYHaJIbHO-OBITOBBIX OTXO/IOB, a TAKXKe OTX0O1a-
MU U CTOYHBIMM BOJAMU OUYMCTHBIX COOPYKECHMIA.
BrIOpOCH 3arpsa3HIOmINX BellecTB B atMocdepy [v-
CMHOO03epCcKa OT CTallMOHAPHBIX MCTOYHUKOB B 2020 T.
cocraBuiu 37.2 teic. T [7]. Ha 1ore I'ycuHoo3epcka
pacIojIoKeH HEePEeKYJIbTUBUPYEMBI YIrOJIbHBIA OT-
Bajl, BOJM3U KOTOPOro KOHIIEHTPUPYIOTCSI MHOTIHE
TUTIOMOpPMHBIC 3JIEMEHTHI yriei. M3-3a BBICOKOTO
comepxkaHus CylIb(aTHOM Cephbl B OTBaJIe IIPOTEKAeT
cepHOKUcJioe BhienaunBanue TMM, npuBoasiiee
K 00pa30oBaHUIO “OTOPBAHHBIX” TIOJURJIEMEHTHBIX
aHOMAJIM1 Ha IIEJIOYHBIX M COPOILIMOHHBIX T€OXUMM-
yecKux 0aprepax B rmousax [11].

OCHOBHBIM TOIUIMBOM Ha IycmHOO3epcKoii
I'POC gpnsitorcst Oypolie yriim OknHo-KitoueBcKoro
MECTOPOXICHMSI CO CpemHEeM TeIUIOTOM CropaHus
6800—7200 xkan/kr u 30abHOCTBIO 20—21%. Oco-
OGEHHOCTH XMMHYecKoro coctaBa OKuHO-KiTroues-
CKMX yIJIell ONpemessioTcsl HaKOIUIEHWEM B HHX
Mo, ¢W, 381, 0Zn, 4V, 5 (HUXKHUE UHAEKCHl — 3Haye-
Hust KKy). B 3o5e I'ycunoozepckoii 'POC kKoHIeH-
TpupyroTcsa V, Sr 1 Mo, roe ux comepkaHue B 6.4—
9.4 paza 6o:bi1e, yeM B yriie. I1o cpaBHEHMIO ¢ KJ1ap-
kamu K3 3051a o6oramena Mo, (Sr, |V, (Cu, ;Co, ,.

IIpu BbICOKOTEMMEPATYPHOM CXWUTaHUU YIJISI Ha
I'POC npoucxoaut ucnapeHne MeTaJUIOB, COIepKa-
IIIXCST B OPTaHWYECKOM YacTH TOTIMBA, YacTh TMM
BbIOpacChIBaeTCsl C IBIMOBBIMU ra3aMu, Apyrasi 4acTh
KOHLICHTPUPYETCS B CYOMUKPOHHOI (hpaKIINU JIETY-
yeil 30Jbl. Menkne 4YacTUIIBI MMEIOT OOJBIIYIO
yIeJIbHYIO IJIOIAAb, B Pe3yIbTaTe Yero conepKaHue
MOJUTIOTAHTOB B 30Ji¢ MPEBHIIIACT UX COAEpXKaHUE B
ncxogHoM yriie [20]. CpaBHeHMe (PaKTUUECKOTO U pac-
CYMTAHHOTO T10 COCTaBY YIJIEH C yUeTOM MX 30JIbHOCTHU
COCTaBa 30JIbI IT0KA3aJI0, YTO OOJIBIIIEC MOJIOBUHEI M3Y-
qyaeMbIX TMM c1rmocoOHBI KOHIEHCUPOBATHCSI Ha a3P0-
30JI5IX U YJIeTYy4MBaTbesl ¢ IbIMOBbIMU Tazamu ['POC.
Hawnbombieit netydectsio oonanarot Sb (K, = 13) u
As (9.4).

Bo3anmeiictBue  aBTOTpaHCIIOpTa  OOYCIOBJICHO
SMUCCHE BBIXJIOITHBIX Ta30B 1 MOTOPHOTO Macia,
comepxamux Pb, Cu, Sr, Fe, Mg, Zn, uctupanmem
mH (Cd, Mn, Zn, Pb, Cr, Cu, Sb), nsHocom Top-
MO3HbIX Kojionok (Cu, Sb, Zn, Pb) u abpasueii no-
poxxHOro NoKpbITUsI (Ag, Zn, As, W, Cr, V, Co) [14].
OTXOmBl M CTOKM OYMCTHBIX COOPYXXKEeHMI, KaK Tpa-
BWJIO, OOOTAIIeHBI IMMMPOKUM CITIEKTPOM TOKCHYHBIX
aneMeHTOB: Al, As, Ca, Cd, Cr, Cu, Fe, Hg, Mg, Mn,
Zn [24]. UcTtouynukamu 3arpsisHeHust noyB Zn, Cu,
Sn, Ag, Pb Cr sgBismioTcs Takke CBaJIKi OBITOBBIX M
MPOMBIIIIEHHBIX OTXOJ0B, XapaKTePU3YIOLINXCS MO~
JIM3JIEMEHTHBIM COCTAaBOM 3arpsisHurencii [11].

XKenesnomopoxxHast mHpacTpyktypa I[ycuHo-
03epcKa BKIIOYaeT ydacToK BoctounHo-Cubmpckoit
JKeJIE3HOM JOPOru, WCIOAb3yeMblil I MepeBO3KU
yrist 11t PO C, Xene3HogopoXXHyI0 CTaHIIMIO 3ary-
CTaii, a TakKe TIOMIAIKN Pa3rpy3Ku U XpaHEHUS yT-
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JIs. 3arpsI3HSIONIME BEleCTBa TTOMNANAoT B TOYBY C
BBIXJIONMHBIMU Ta3aMU JBUTATEJICii TEMJIOBO30B, MPU
TOPMOXEHUM MOJABMXKHBIX COCTAaBOB B pe3y/IbTaTe U3-
HalllMBaHUS GaHAaXa KoJjec MPU TPEHUU O PebCc U
UCTUPAHUU TOPMO3HBIX KOJI00K [9, 10]. 3HauuTe b-
HBII1 BKJIaJI B 3arpsi3HEHNE ITOYB BHOCUT PacChINaHue
MEePEeBO3MMOTO YIUISI U3 TPY30BBIX BATOHOB. BHIOPOCH!
>KEJIE3HOMOPOXKHOTO TPAHCIOPTa COIepXKaT ITbLIb,
caxy, yrieBonoponbl 1 TMM (Ni, Cr, Cu, Cd, Pb,
Sb, Zn) [18].

Taxkum ob6pazom, I'ycunoosepckas 'POC aBnser-
CS KPYMHEUIIUM IPOMBIIUIEHHBIM OOBEKTOM, BbI-
CTYNAIOIIUM IJIaBHBIM HCTOYHUKOM 3arps3HCHUS
OKpyXaronieil cpenpl ropona. JlokanbHOe BO3AcH-
CTBME OKa3bIBAlOT OLITOBBIC M ITPOMBIIIJICHHbBIE OT-
XOJIbI, TPAHCIIOPT, IIEPEeBO3Ka 1 XpaHSHUE YIJIs.

Yporuu conepxkanuss TMM B (oHOBBIX U ropoa-
ckux mouBax M ux ¢Qpakouu PM,,. Teoxumuueckas
crienanmn3anyst (QOHOBBIX TTOYB B paitoHe T. I'ycrHO-
o3epcka OmpeAessieTcsl MOBBILIEHHBIM OTHOCUTEIBHO
MHUPOBBIX Ki1apkoB TMM B BepxHell YacT KOHTHHEH-
TaIbHOI 3eMHOI Kopbl conepxxkaHueM Cd, ,Mo, ¢Bi, ; u
paccessHueM Crr'Ni*®V29Co28Cu23Srl?As!> (HuxHue
u BepxHue uHaekchl — BeJmunHbl KK 1 KP coorBet-
CTBeHHO). B mouBeHHbIX yacTuuax PM,, ciabo Hakan-
smBatotcs Cd, ¢Pb, , v paccerBaeTcst GOMBIITMHCTBO 2J1€-

MeHTOB — Ni*!Cr*3Co**Sr*>V43Cu?3As>!Sb'®. Tlo
CPaBHEHUIO C PETUOHAIbLHBIM (DOHOM B TMOYBAxX MO-
BbILLIEHO coaepxaHue Cd, As;oMo,g, dpakuus
PM,, ob6oramena Cd,4Zn;;As;;. KoHuenTtpauum
ocranbHbIX TMM Hike permoHaiabHoro ¢oHa (Tadir. 1).

B BepxHUX TOpM30OHTaX ropoackux mnouys [ycrHO-
03epcKa OTHOCUTEJTbHOTO MECTHOro (hoHa HaKaruiiBa-
1otcs Sty As, , Mo, gCu, gZn, oPb, ;V,;C0, ¢Sb, ¢Ni, 4
W, ;Cr, 3, koHLIeHTpanuus Cd paBHa KJIApKOBOMY 3Ha-
yeHuto, a Bi pacceusaercs. Bo dpaximu PM |, roponckux
MOYB KOHLIEHTPUPYIOTCS  S134AS, ¢C0,,M0,,5b, )V, .
B uenom a1t TOHKOH (ppakuuu XapakTepHoO Oojiee
nHTeHCuBHOe HakorreHue As, Co, Mo, Sb, V, Ni n
noHxeHHoe Pb u Zn.

HaubGonee 3arpsssaHeHHBIMU TMM  gBisioTcs
MOYBBI BCeil MPOMBIIIJIEHHON 30HBI U CEJIUTEOHOMN
OTHOATAXKHOM IMOA30HbI. MaKCUMabHBIe 3HAYCHUS
¢ Kc > 3 HaGmromaioTest y Sr, 4TO CBSI3aHO C BO3JCH -
cTBUEM 30JibI-yHoca ['ycuHoozepckoit [POC u Baus-
HUEM 3KeJIe3HOHOPOXHOIO TPaHCIIOPTa, TOCTaBIISIO-
ILIETO YTOJIb JJIs JIeKTpocTaHIM (Tab. 2). Hakorme-
Hue Pb, Sb 1 Zn B mouyBax XXMJIOI 30HBI OOBSICHSIETCS
BO3ICHCTBMEM aBTOMOOMJIBHOIO TpaHcHopTta: Sb co-
JIEPXKUTCSI B TOPMO3HOM cMa3Ke B Buzie cyibduaa Sb,S;
[34], Zn B Bune ZnS u ZnO 1niocTynaet npyu ucTupa-
Hyuu muH [22]. [IMHK MOXXeT IToCTyIaTh B MOYBHI C
oprannmdyeckumn ynoopenusimu [11]. Kpome Toro,
JIaHHbIE TIOJUTIOTAHTHI TIOCTYIAIOT OT CTUXWUIHBIX
CBaJIOK MPOMBIIUICHHBIX 1 OBITOBEIX OTXOIOB, pac-
MOJI0KEHHBIX Ha 3a0POIIEHHBIX XKMJIBIX Y4acTKaX.
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Tabauna 1. Conepxanue TMM (Cy) B GoHOBbBIX ouBax ['YCHHOO3ePCKA 110 CPABHEHUIO C PETMOHAILHBIMY CPEAHUMMU [1]
U I00AJIbHBIMM KJIapKaMM BepXHEeU 4acTU KOHTUHEHTaJIbHOI 3eMHOM Kopbl. KK — kiapku KoHueHTpauuu, KP — kiapku
paccestHUS

DoHOBBIE TTOYBBI PM, doHOBBIX TOUB
DeMEHT InoGanbHelil | PernoHanbHbli
KJIapK, MI/KT | KJIapK, MT/KT Co KK/KP KK/KP Cpo MI/KT KK/KP KK/KP
MI/KT | II0OajIbHBlE | PerMOHajbHbIE [100aIbHBIE | pETMOHAJIbHBIE

Sr 270 300 140 —/1.9 —/2.1 61 4.5 4.9
As 5.6 2 3.8 —/1.5 1.9/— 2.7 2.1 1.3
Co 15 10 53 —/2.8 —/1.9 3.3 4.6 3.1
Mo 1.1 1 1.8 1.6/— 1.8/— 1.1 1 1.1
Sb 0.8 — 0.7 —/1.2 — 0.51 1.6 —

v 106 60 36 —-/2.9 —/1.7 24 4.5 2.5
Cu 27 15 11 —/2.5 —/1.4 12 2.3 1.3
Ni 50 20 10.8 —/4.6 —/1.9 9.8 5.1 2

Cr 92 40 18 —/5.1 —/2.2 19 4.8 2.1
W 2.1 — 2.5 1.2/— — 2.3 1.1 —
Zn 75 70 62 1.2/— —/1.1 91 1.2 1.3
Bi 0.2 — 0.3 1.3/— — 0.19 1.2 —
Cd 0.1 0.1 0.2 2.2/— 2.0/— 0.14 1.6 1.4
Pb 17 20 18 1.1/— 1.1 24 1.4 1.2

ITpumeuanue. Mcnonb3oBaauch KJIapKu 3JIEMEHTOB CJIEIYIOIINX aBTOPOB, peKoMeHIoBaHHBIX B [12]: Be, Cr, Ni, Zn, Pb, Sr, Sb, As —
no [8], V, Cu, Co, Bi — 1o [31], Mo, Ag, Cd — mio [40].

Taomuua 2. CpenHee conepxxanue TMM B nmouBax (DyHKIIMOHAJIBHBIX 30H I. [YCMHOO3€epcKa, MI/KT

OO0BeKT U

(bYHKLIMOHAbHAS 30HA As | Pb | Bi | W | Sb [Cd|Mo| Sr | Co| Ni |Cu | Zn | V Cr

IMouBsr B | [IpombllieHHAs IeiicTBYyOLIAS 10 31 103145 |12 [0.17] 39 (502] 98 | 20 | 25 113 | 65 | 28

HesoM IMpowmbiiuteHHas HenevictByomasi | 9.1 | 34 [ 0.25( 3.6 (1.0 | 0.17| 3.0 {456 | 9.7 | 18 | 23 | 127 | 74 | 27

CenurtebHast MHOTO3TaXHas 69 | 32 |0.18| 2.4 |088(020| 1.7 [ 416 | 7.2 | 12 | 15 mn| s7 | 17
Cennte6Hast OHO3TaXKHAst 73| 44 |0.22] 32 [1.6 [030| 33 |474 | 81 | 14 | 24 | 136| 60 | 23
ITocrarporeHHast 6.1 | 20 |0.22] 2.4 ({067 (01625 |675|64 | 12 | 13 64| 45 | 19
IycTeipn 88| 26 [0.24] 35 (092|014 |39 |675|84 | 15 | 19 | 110| 65 | 25
B uesiom no ropomny 8232 102]|33|11 [020] 3.4 |568| 83| 15 21 115 62 | 24
Dpakuusg | [IpoMbllLieHHAs AefCTBYIOIAS 88 29 10.28| 4.2 [1.02 013 |25 ]|206| 9.0 21 | 30 | 156| 62 | 40
]l:zl{;o TpoMbiluTeHHast HenelicTytowast | 8.5 | 23 0.28 | 4.3 [0.91 | 0.11 | 1.6 | 143 | 8.3 | 18 | 21 | 122 69 | 35
CenutebHast MHOTO3TaXHas 6.6 | 17 |015] 29 |0.68[0.14| 09 | 114 | 69 | 14 | 19 | 126 | 44 | 26
CenuTebHast OMHOSTaXHAS 72| 26 |0.18| 3.9 [1.79 {0.21 | 2.8 | 197 | 83 | 18 | 25 | 151 | 48 | 33
TTocrarporeHHast 30| 9 |0.14] 2.1 {037 (0.08/ 08 | 178 | 42 | 10 | 12 59| 35 | 21
[TycTeipu 70 | 16 |0.19| 3.1 |0.66 [0.09| 2.8 | 370 | 6.6 | 14 | 22 | 133 | 47 | 27
B uenom o ropony 7.0 | 20 {0.19| 3.4 {1.0 [0.14| 23 |239| 72| 16 | 22 | 132| 49 | 30
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(a)

Sr As Cu Mo Ni Co

/n

v
(b)

Sr As Co \%

Sb W Zn Bi

Puc. 2. l'eoxumuyeckue crekTpsl noys (a) u dpakuun PM |, nous (b) B dbyHKIIMOHANBbHBIX 30Hax [ycuHoo3epcka: I — mpo-
MBIIUIEHHOM eficTByOIIeii, 2 — MPOMBIIIJICHHONW HEAEHCTBYIONIEH, 3 — CeTMTEOHOM MHOTORTaXKHOM, 4 — CeIUTeOHOI OTHO-

9TAXHOM, 5 — MYCTHIPSIX, 6 — MOCTarpOreHHOM.

®pakuuss PM,, nouyB Haubosnee 3arpsi3HeHa
St; 4As; 3C0, 5V, 4Cu, sMo, 3Ni, | Cr, | B IPOMBILITIEH-
HOI1 IeCTBYIONIE ITOA30HE, UTO OOYCIOBICHO Oca-
XKIeHWEM TOHKOIMCIIEPCHOI 30JbI-yHOca IycmHO-
o3epckoit 'POC, yroipHOI MBUTHA, TTOCTYIAIONIEH C
IUIOILAAKU, TJI€ pa3rpyKaeTcs yrojb U3 BAarOHOB, U 13
OTKPBITOTO YTrOJbHOTO XpaHWJIUIIA Ha TePPUTOPUU
anekrpoctaHuuu. Mcrounukamu Cu u Cr B mouBe
SIBJISIIOTCSI YaCTULIbI, 00pa3yroluecs IMpu UCTUPAHUN
IIIMH U TOPMO3HLIX KOJIOIOK, 0Koo 60—85% koto-
peix uMmeror pasmep <10 mMxMm [42]. HaumeHbimii
YPOBEHD 3arpsI3HEHMSI XapaKTePeH IJIsl ITOYB B LIEJIOM
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u st dpakuuu PM |, mocTarporeHHOM 30HbI, II1€ Ha-
KaIruIuBaeTCcs JUIIb Sr, coaepxKaliuiicss B BUAE TTPU-
MecHu B pocOpHBIX ynoOpeHusIX (puc. 2).

DKOJIOrn4ecKasi ONacHOCTb 3arps3HeHHs I0YB
TMM. HauOGomnblyto 3KOJOTUYECKYIO OIaCHOCTh
s mouB I'ycmHOO3epcka npencraBiasieT As, IIpPeBbI-
IIIEHEe HOpPMAaTuBa KOTOPOTo oGHapykeHo B 15% uc-
caeayeMbIx Ipo6 co cpenHuM Ko = 1.6. 3arpsizHeHue
IMMOYBEHHOIO ITOKPOBa Zn o0HapyKeHO JUIIb Ha 2%,
a Sb u Pb — Ha 1% Tepputopun. Bo dpakium PM
TOPOACKHUX ITOYB KOHIIEHTPAIMsI AS IPEeBBICHIA HOP-
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Puc. 3. Pacripenenenne cyMmmMapHOro nokasaTesIsl 3arpsI3HEHNs] BEPXHUX TOPU3OHTOB MoYB (a) U dpakunu PM, nous (b) I'y-

CHMHOO3€pCKa.

MaTUB NpakTudecku ImoBcemecTHO (90% mnpob) ¢
MaKCAMaJIbHBIM 3HayeHneM Ko = 4.5 B mpoMbIi-
JIEHHOI AeicTBylonieil moa3one. Ha 8% tepputopun
npesbiens! [TJIK Zn, Ha 2% — OJIK Sb.

CpegHuii cyMMapHBI MoKa3aTeslb 3arpsi3HEHUS
nouB I'ycuHooO3epcka coctaBui Zc = 12, misa dppak-
1 PM,, — Zc = 14, 4TO COOTBETCTBYET HU3KOMY
ypoBHIO 3arpsi3HeHust (Zc < 16). MuHMMAaIbHbBII
ypoBeHb 3arpsizHeHUs (Zc < 8) moYB B LIeJIOM U (ppak-
mun PM,, BeiaBieH Ha 28 u 30% TeppUTOpHU COOT-
BETCTBEHHO, BTO TOYTU BCS MOCTarporeHHasi 30Ha,
YacTb CEJIMTEOHON OMHOATAXKHOUM MON30HBI U 30HBI
nyctoipeii. béblias yacTb ropoicKoit TeppuTopun
(57% nnst nous B ueiaoM u 47% niusa dpakiuu PM )
XapakTepu3yeTcsl HU3KUM YPOBHEM 3arpsi3HeHUsI
(Zc = 8—16) — 3TO MOYBHI BCEM MPOMBIIIJIEHHOI He-
JIEMCTBYIOIIEN MOA30HBI M Ipeobiamaroniass 4acTh
YacTHOIO CeKTopa M 30HBI IycThipeit. CpenHee 3a-
rpsis3HeHue mouB (Zc = 16—32) ycraHoBieHo Ha 13%,
a dpakuuu PM,, — Ha 17% tepputopun. Jluiib 2 u
6% TeppUTOPHMU TOPOIA OTIUYAETCSI BBLICOKMM YPOB-
HeM 3arpsisHeHust (Zc > 32) mouB u yactui] PM, co-
OTBETCTBEHHO (puc. 3).

CpenHue 3HaYeHUs] CYMMAapHOIO MOKa3aTelIsl 3a-
rpsizHeHnss TMM 1109B B 11€710M YMEHBIIAIOTCS B pSI-

Iy (OYHKIIMOHAIBHBIX 30H: MPOMBIIIIJIEHHAsT 1EUCTBY-
romas (Zc = 14) > cenurebHas omHoaTaxkHas (13) >
> mycteipu (13) > mpoMbllieHHas HEIEMCTBYIO-
mas (12) > cenuredHast MHoTroaTaxHas (11) > mocra-
rporeHHas (7.8). dna dpakuuu PM,, nouys mopsiaok
(bYHKIIMOHATBHBIX 30H B PSIMy COXpaHSIETCS, HO yBe-
JIMYMBACTCSI KOHTPACTHOCTh 3HAYECHUI ZC: TIPOMBIIII-
JIeHHas neiictByromas (18) > cenureOHass OMHOITAXK-
Hag (17) > mycteipu (15) > mpoMblIlUIeHHAsT Heae-
ctBytomiag (14) > cenuredHast MHoroataxkHas (7.8) >
> mocrarporeHHas (4.8).

Boicokuii ypoBeHb 3arpsi3HEHUsI BEPXHUX TOPU-
30HTOB TIOYB XapakTepeH U TOJUAJIEMEHTHBIX
reoxuMuyeckux aHomanuii. Haubosee BbIcOKOE
3HaYEHUE CYMMapHOro rnokasareis Zc = 48 3aduk-
CHPOBaHO B YaCTHOI XXWJIOM 3aCTpoiiKe Ha yi1. Mu4y-
puHa, rae akKyMymsiust Sb,yMo;AS0W,oStg (Co;oCus
V,5Cd, 4Zn,,Ni; sCr;, oOyci0oBIeHa CKUTaHUEM Obl-
TOBOTO MycOpa M WCITOJIb30BAHMEM HECTaHTApPTU3HPO-
BaHHBIX ynoOpenwuii. JIpyras aHomamms ¢ Zc = 47 u mpu-
OPUTETHBIMU MNOJUIIOTaHTaMUu Mo,5;Cu, As, ,Pb,
W; ;Sr, ,Sb, ¢V, ;Cr, | chopMupoBanacy BOIU3U OT-
Bajla BCKPHIITHBIX OYpOYTONBHEBIX ITOPOMI Ha foTre TO-
pona.
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VnenbHas ConepxaHue

PYHKUHOHATILHA 30Ha pH 9JIEKTPOIIPOBOIHOCTD Copr» % pusnyeckoit
(konmyecTBO NPOO) EC, .5, MKCM/cM IMHBL, %
ITpombiieHHas aeiicTByronas (8) 7.6 (4.5-8.6) 766 (137—990) 2.7 (1.1-4.3) 29 (16—47)
IIpomebliiuieHHast HenelictBytomas (4) | 8.1 (7.7—8.7) 295 (178—411) 3.0 (1.8—4.4) 31 (18—39)
CenmmurteOHass MHOroaTaxkHasI (7) 8.4 (8.1-8.7) 257 (112—448) 1.8 (1.0-2.6) 31 (23—48)
CenmurebHas ogHosTaxHasa (19) 8.0 (7.0-9.1) 527 (95—2320) 4.3 (1.1-7.5) 27 (19—39)
IMoctarporenHas (5) 8.2 (7.0-8.9) 595 (95—-906) 3.6 (1.9-5.4) 22 (13—46)
IMycteipu (27) 8.2 (6.2—10.4) 671 (58—4880) 2.6 (0.9—6.0) 32 (19-56)
Cpennee o ropoxny (79) 8.1 (4.5-10.4) 676 (58—4880) 2.7 (0.9—6.0) 30 (13—56)
donosas Tepputopust (7) 7.3 (6.7-8.9) 192 (121-292) 2.0 (0.6-3.4) 26 (16—30)

HpI/IMC‘{aHHC. I[aHbI CpC€aAHMUE 3HAYCHUA, B CKOOKax — MUHUMAaJIbHbIC M1 MaKCUMaJIbHbIE 3HAYCHMSI.

Jlokanuzanusi reoXMuMUYeCcKUX aHoMaluii, cop-
MupoBaBimxcs Bo ¢pakumu PM, mous I'ycuHoo3ep-
CKa, COBMaaaeT ¢ aHOMAJIUSIMU B MOYBax B LIEJIOM, OfI-
HAKO OHM UMeEIOT OOJIBIIYIO KOHTPACTHOCTD (pucC. 3).
MakcuManbHbIli ypOBeHb 3arpsi3HeHUs (pakluu
PM,, mouB ¢ Zc = 33—96 u akkymymsiueit Sr3;Sbyg
Mo ;As,iW,0Co¢ sCus gV, sZn,  Nis sCrs; , ycTaHOBIIEH
Ha yyacTKe B YaCTHOM ceKTope. JIpyrast aHoMasus BO
dpakumn PM; Mo,,Ass ,Cuy 4Sty 4 V3 W35 1Sb, sPb, 5 ¢
BBICOKHUM YpOBHEeM 3arpsi3HeHus (Zc = 48) npuypo-
YyeHa K YroJlbHOMY OTBajly Ha tore ropoaa. MHTeH-
CUBHO€ HakoIJIeHHue Mo 1 As CBSI3aHO C OCaXIEeHU-
€M aHHOHOTEHHbBIX 3JIEMEHTOB Ha KHCJIOM FeOXUMMU-
yeckoM Oapbepe MNpu BBIHOCE TOJUIIOTAHTOB U3
aBTOHOMHOTO JaHamadTa co IIeJOUYHOUM peakiiveit
cpenbl B nHUIE O6aiKku, rae pH mous cocTapisieT Bce-
ro 4.5.

®akTopsl akkymyasuuu TMM. I[Toctynatoiiue u3
arMocdepsl TexHoreHHble TMM, B3auMOACICTBYSI C
KOMITOHEHTAMM TI0YB, YaCTUYHO 3aKpPEIUISIOTCS, a
YAaCTUYHO BBIMBIBAIOTCSI U3 MTOYBEHHOTO MPOMUIIS.
CreneHb HakoruieHUst TMM 3aBUCUT OT (PUKCUPYIO-
el CrocoGHOCTU TOYB, KOTOpasi omnpenessieTcs
OKUCJIUTEJIbHO-BOCCTAHOBUTEIBHBIMU U KUCJIOTHO-
ILIEJIOYHBIMU YCIIOBUSIMU, TPAHYJIOMETPUUECKUM CO-
craBoM, okcngamu Fe, Al, Mn.

I1pu HeliTpanbHOi peakuuu (pH 7.3) B hoHOBBIX
MoYyBaxX BepXHUE TOPU3OHTHI TMoYB [ycrHOO3epcKa
OTJIMYAIOTCS CJIabOoIIeIouHOoM peakiueii (7.6) B TIpo-
MBILIJIEHHOMN NEUCTBYIONIEH TMOA30HE, KOTOpAsl CcTa-
HOBUTCS 11IeJI0ouHOM (8.4) B ceuTeOHOI TMOA30HEe C
MHOIO3TaXXHOI 3acTpoiiKoii. ¥YmelnbHasi 3JeKTPO-
MPOBOAHOCTh BOAHO BBITSKKU EC, . 5 U3 TOponcKux
TOYB MOBHIIIIEHA MO CPaBHEHUIO ¢ (DOHOBBIMU YCJIO-
BUSIMU, YTO YKa3bIBaeT Ha 3aCOJICHME BEPXHUX TOPH-
30HTOB. Eciin Ha ¢poHe EC, . 5 cocTaBiisieT B cpeiHEM
192 mxCwMm/cM, 1o B ropoze EC, . s uamensiercs ot 58
110 7920 MxCM/cM ipu cpeHeM 3HadeHun 676 MkCM/cM
(Tabn. 3).

TTOYBOBEJEHUE Ne 8 2023

B ropome mpeoGnamaioT CcpemHEeCYIIMHUCTHIS
TTOYBBI CO CPETHUM cofepXXaHueM (U3NIECKO T~
HbI 0K0J10 30%, 4TO HECKOJBKO OOJIbIIE, YeM B (pO-
HOBBIX TouBax. Hawmbojee BBICOKOE comepKaHMe
(56%) TonkomucnepcHoii dpakiuu PM,, orMeueHO
B ITOYBE BOJIM3U NIMHSHOTO Kapbepa, HAaMMeHbIIIee —
B rocrarporeHHoii 3oHe (22%). Conepxanue C,,, B
BEPXHHMX TOPU3OHTAaX MOYB [YCMHOO3epCcKa MpaKTH-
YeCKM He OTJIMYaeTcsi OT (DOHOBOTO U COCTAaBJISIET B
cpenteM 2.7%, Bappupyst ot 0.9 1o 6.0% B mouBax 1my-
creipeii. Hambonbiee cpennee comepxanue C,,
4.3% BBISIBJIEHO B IOYBAX CEJIMTEOHOM OMHO3TAXKHOM
MTOA30HBI M3-3a BHECEHUST OPTaHUYECKUX YIOOpEeHUIM
Ha TIpUycamaeOHbBIX y9acTKaX M OCAKICHUS CaXX TP
CXXWUTaHUMU yTJIS.

DTU MMOYBEHHBIE CBOMCTBA YUYUTHIBAIIM B MHOTO-
MEPHOM PErpecCCMOHHOM aHAJIM3€e MPU OIpeneIeHUN
¢dakTOpPOB, KOHTPOJIUPYIOIIMX YPOBHU HAKOTUICHUS
MMOJUTIOTAHTOB B ITouBax ' ycuHoo3epcka. Cpenu pak-
TOopoB HakoruieHUusT TMM yautbeiBanu Takke (pyHK-
LIMOHAJIbHOE Ha3HAaYeHME TOU UJIM MHOU TEpPUTOPUM
(Tabmn. 4).

Kak nokaszajn aHaiu3 AeHApOorpamm, BeaylIUM
dakropoMm akkymystuuu W, Sb, Co, Ni, V u Cr B
nouBax ['ycmHoO3epcKa sIBJsieTcs coaep>kaHue OKCH-
JIOB KeJjie3a, BBIMOJHSIOIIUX POJIb XeMOCOPOILIMOH-
HOTO Gapbepa B ITOYBaxX. Tak, TP YBEJIMICHUU CO-
nepxanus okcunos xeneda (Fe,O; > 4.3) KoHI1IeH-
tpauuu Co u V Bo3pacraroT B 1.3—1.4 pa3a, Cru NiB
1.5 pa3a (Fe,05 > 5.3), WB 1.9 pa3 (Fe,05 > 5.7), Sb B
2.6 pa3 (Fe,05 > 5.9).

MBIIBSIK ~ TIPEMMYIIECTBEHHO  aacopOupyeTcst
WIOM M MUHeEpaJlaMU, colepxXaliumMu okcuabl Fe u
Mn [19]. B mmuHuCcTO (bpakKiiMd MOXKET COpOMUpO-
BaTbecs 27—90% ot BasmoBoro coaepxaHust As. B I'y-
CUMHOO3epCKe HaKoIUIeHUE AS CBSI3aHO B IEPBYIO
oyepenb C TPaHyJIOMETPUYECKUM COCTaBOM IIOYB,
MpU COJAEP>XaHUU TOHKOU (pakuuu PM,, cBbilie
39.5% KoHIeHTpaIusI As Bo3pacTaer ITOYTH B 2 pa3a.
BrisiBiieHa MOJIOXKUTEbHAS CBA3b MEXIY aKKyMYJIsi-
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Ta6mma 4. daxTopbl HakoIIieHUs1 TMM U1 UX 3HAYUMOCTB B ouBax ['ycuHOO3epcKa

Paxrop Hakomnenust |\ | | g | w | Sb | Cd | Mo | St | Co | Ni|culzn| V| cr
TMM
DyHKIMOHAbHASI 30HA 4 2 2 2 1 3 4 2 2 2 2 3
IMousenHbie | Cy, 1+ 4- 3+ 1+
CBOMCTBa pH 3+ 3. 1- 3+ 3
EC, .5 4- 24 | 4+ | 4+ | 4+ 1+ | 4+ 3+ | 1+ | 4 | 2+
PM,, 1+ | 3+ | 1+ | 3+ | 3+ [2-3-] 2- | 2- | 2+ | 4+ 4+ | 2+ | 4+
3+ 3+
Fe,0; 2+ 1+ | 1+ 1+ | 1+ 1+ | 1+
3+ | 3+ 3+
MnO 2+ | 4- 3+ | 4+ 3+ | 3+

IMpumevyanue. Panru ot 1 1o 4 moka3sIBarOT yMeHbIIIEHNE 3HAYMMOCTH (hakTopa: “+” — pocT IToKa3aresisi CHOCOOCTBYET YBEJIMYCHUIO

@

KOHLECHTpaLUWM 2JICMEHTA, — YMEHBUICHUIO.

e As 1 coaepkaHueM B TOYBaX OKCUIOB XKeJie3a —
nipu KoHleHTpamu Fe,O; > 5.4% conepxanue As
yBean4uBaloTcd B 1.6 pasa. OTcroga ciaeayeT, 4To As
aKKyMYJIMpyeTCsI B OCHOBHOM Ha KOMILIEKCHOM
COpPOLIMOHHO-CEANMEHTALIUOHHOM M XEMOCOPOILIM-
OHHOM T€OXUMHYECKOM Oapbepe.

B nmouBax I'ycuHoo3epcka Bi HakarummBaeTcs Tpe-
UMYIIECTBEHHO B (dusmnyeckoii muHe. [lpu conep-
KaHuu ppaximu PM, > 39.5 konueHTpaumu Bi yBenu-
yuBaroTcd B 1.5 pa3a, 9To 00OYyCIOBIEHO HAKOIUIEHHUEM
MOJIIIOTaHTa Ha COPOIMOHHO-CEAUMEHTAIIMOHHOM
reOXMMUYIECKOM Oapbepe.

OCHOBHBIE KOMITOHEHTHI MOYBBI, CBSI3bIBAIOLIE
Pb 1 Cu — xapO6oHaThI, ITTMHUCTBIE MUHEPAaJIbl, Opra-
Huyeckoe BellecTBo. B mouBax ['ycuHoo3epcka Hau-
Oosiblee BIUSHUE HA aKKyMYJSILUIO TTOJUIIOTAHTOB
okaspiBaeT C,,.. Konuenrpauuu Pb u Cu yBeanuu-
BatoTcs B 2.3 1 2.4 pa3za COOTBETCTBEHHO MPU COAEP-
xanum C,,. > 5.7%, 4TO CBA3aHO C HAIU4UEM OUO-
FEOXMMUYECKOTO OpPraHO-MUHEPAIBHOro Oapbepa B
BEPXHUX TOPU30HTAX ITOYB.

Bennuuna pH sasnsietcs BenymwmMm dakTopom
TOJIBKO JIJISI aHUOHOTEHHOTO Mo, KOTOpbIii ocaxia-
eTCsI TIPY YBEJIMYEHUU KUCJIIOTHOCTU Cpelbl. AHAIU3
JIeHaporpaMMbl ¢ nuddepeHnalimeit cogepxaHus
Mo B 3aBUCHMMOCTH OT IOYBEHHBIX CBOMCTB (pHcC. 4a)
1oKa3aj, 4YTO B HEUTPAJIbHBIX U ILIEJIOYHBIX ITOYBAX
KOHIIeHTpauuu Mo ymeHbliaoTcs B 4.4 pasa, 4To
CBUJIETEJILCTBYET O MUTPALIMU U BBIHOCE TOJIJTIOTaHTa
13 BEpXHUX TOpU3OHTOB. [Ipu conepkanuu pusuye-
ckoit muHbl MeHee 22% conepxkaHue Mo yBenuuu-
BaeTcs, UTo OOBbsSICHSIETCS MpeodagaHueM MOoJUTIo-
TaHTa B 60J1ee KPYyMHBIX (hpakiusiX. TpeTbUM Mo 3Ha-
YUMOCTU (DaKTOPOM HakKomjaeHuss Mo B mouBax
spisieTcs conepxanue C,,., MPU YBEJIUYEHUN KOTO-
poro cBbie 2.1% KoHLeHTpauusi Mo yBeJIMUUBaeTCs
Ha 1.2 mr/kr. Takum o6pazoM, Mo akKKyMyIupyeTcs
B OCHOBHOM Ha KOMILIEKCHOM KMCJIOTHOM 1 O1MOreo-
XUMHUUYECKOM OpraHO-MUHEPAJIbHOM 0apbepe, XOpo-

1110 BbIpaxkeHHOM Mpu 3HayeHuu pH < 7.1 u npu co-
Iep>KaHUH OpraHNIecKoro BelecTna > 2.1%.

VienvHast 3JeKTPOIPOBOTHOCTb BOTHOM BBITSIK-
ku EC BricTymaetr Hanbosiee 3HAYUMBIM (PaKTOPOM
IUIST St U Zn, TIOJIOXUTEIbHAsI KOPPEJISINS XaIbKO-
dunbHOrO Zn ¢ EC, . 5 00ycnoBiieHa ero Murpaimei
NPENMYIIECTBEHHO B BUIE CYTb(MPNIOB 1 CYyIb(PaToB.

M cToYyHMKI HEKOTOPBIX 3JIEMEHTOB IIPUYPOUYEHBI
K OTHEIbHBIM (DYHKIIMOHAJIBHBIM 30HaM, BbI3bIBasl B
HMX (DOPMUPOBAHME TEXHOT€HHBIX aHOMAaIUIi BBICO-
KO KOHTpacTHOCTU. Tak, Ha JeHIpOorpaMMe, ITOKa-
3pIBalonieit nuddepennuanuio conepxanus Cd npu
pPa3HbIX COYETAHUSX BIUSIONIMX (pakTOpoB (puc. 4b),
BBIJIE/ISIETCS CeJIMTeOHAasi OMHOATaXKHas 30Ha, B KOTO-
poii koHneHTpauun Cd mo cpaBHEHUIO C OPYTUMU
30HaMM yBeJIn4MBaloTcs B 3 pasa. B npyrux dyHKIm-
OHAJILHBIX 30HaX OCHOBHBLIMM (DAKTOpPaMM BBHICTYHA-
10T coaepxanue MnO, nubo PM,, I1pu conepxxanuu
dpakuuu PM,, 6omee 24% v 1ipu pocTe comepkaHus
okcuoB MapradHia (MnO > 0.07) B noyBax KOHILIEH-
tpauust Cd Bo3pactaeT o4yt B 1.7—2 pa3za, 4To CBSI-
3aHO C €T0 OCaXIeHMEeM Ha KOMILUIEKCHOM XeMOCOpO0-
LIMOHHOM M COPOLIMOHHO-CEIMMEHTAlIMOHHOM TIe0-
XUMHUYECKOM Oapbepe.

Bkiian npupoaHbIX M AHTPONOTEHHbIX HCTOYHHUKOB B
3arpsi3HeHue ropoackux noyB. OCHOBHbIE UICTOUHUKU
TMM u ux Bo3neiicTBrE Ha BEPXHUI TOPU3OHT MOYB
u ppakuuo PM, ['ycuHoO3€epcka onpenensiiy ¢ no-
MOIIIbIO METOJIa IIaBHbIX KOMITOHEHT. Ilpu mHTep-
MpeTalyu (PaKTOPOB UCITOIb30BaIU T€OXUMUYECKIE
npoguyin HauboJiee XapaKTepHBIX UCTOUHUKOB TeX
VI MHBIX HOJUTIOTAHTOB, ONIMCAaHHBIE B [22, 24, 29,
32, 40].

[J1s1 TOPONCKUX TIOYB BBISIBJIEHO TPU OCHOBHBIX
daxrTopa, oOBACHSIIONINX B cymMmMe 73% oOImeit amc-
nepcuu (puc. 5).

Ilepewiii paxmop (PC1) cocrasusieT okojio 46%
oO0Ieil nucnepcur M BKIIIOUaeT 3JeMeHThl As, Bi,
Co, Ni, Vu Cr ¢c HanboJiee BRBICOKUMU (PaKTOPHBIMU
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(a)
<22
11.2 Mr/kr %
Cv=129%
n="17
Cwum, Co, IMA DyHKIIMOHATbHAS [ln, Iy, T
30Ha
2.9 Mr/KkT 4.5 mr/Kkr <0.1 mac. % >0.1 mac. %
Cv=28% Cv=27%
n=7 n=717
1.7 mr/kr
Cv=130%
n=23
2.9 Mr/KT 2.1 Mr/Kr
Cv=133% Cv=17%
n=19 n=9
®) Co o N M, [n, O, TIA, TI
'YHKIIMOHAJIbHAasA
30Ha
<0.07 mac. % >0.07 mac. % <24% @ >24%
%?/9=M;{ ;)1‘ 0.40 mr/Kr 0.22 mr/kr
—7 Cv= 22% Cv= 49%
0= n=8 n=11
<2.7%

0.22 mr/Kkr
Cv=19%
n=3_8

<211 MxCm/cm

0.17 Mr/xr
Cv=17%
n=14

>211 MmxCwm/cMm

0.12 Mr/KT
Cv=25%

0.16 Mr/Kr
Cv=16%
n=12

n=12

Puc. 4. @akropsl HakorwieHUs (B oBanax) Mo (a) u Cd (b) B BepxHeM ropusoHTe 1mous ['ycuHoo3epcka. JIist Kaxkaoro coyera-
HUst HaKTOPOB MPUBOIUTCS cpenHee conepxanue TMM, koaddunmeHT Bapuanuu Cv 1 4MCI0 TOYEK orpoboBaHus #n. OyHK-
MoHaJIbHbIe 30HBI: [11 — mpoMebllieHHas aeiicTBytomiasi, [IH — mpomblieHHas HeneiicTBytomast, CM — ceuTeOHast MHO-
roataxHasi, Co — ceuTeOHasi omHoaTaxHasi, ITA — rmoctarporeHHas, I1 — mycTeipu.
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PM,, nous I'ycuHoo3epcka

oo

T LN

coocoe2>
5 o~

daxrop 3

1.0

Puc. 5. ®akropHble Harpy3ku st KoHIeHTpaiuiit TMM B nouBax u ux dpaxkuuu PM,, ycunoosepcka.

Harpy3kamu (0.70—0.93). OTtor akTOop OTpaxaer
BKJIAIl TIPUPOTHO-TEXHOTEHHBIX M TEXHOTEHHBIX MC-
TOYHHMKOB: TIPOIYKTOB Pa3pyIICHUS CTPOUTEIHHBIX
MaTepuajoB, CKUTAHUS YIJIS TIPU TIEYHOM OTOTILIE-
Huu u Ha ['POC [41]. Bo MHOTHX MCClIeTOBaHUSIX,
BKJTIOYas [25, 33], yka3pIBalOT B KAYECTBE ICTOYHUKA
Cr, Nin Co MaTepuHCcKUe Topoabl. OIHAKO B II0YBaX
I'ycuHoO3epcKa BKIad JUTOTeHHOTO UCTOYHMKA He-
3HAUYUTEJICH, 9TU BJIEMEHThI HaKaIlJIMBalOTCs ¢1abo,
cpennue Kc = 1.3—1.6.

Bmopoii paxkmop (PC?2), BeposITHO, XapaKTepu3yeT
BKJIaJ, aBTOMOOUJIbHOTO TpaHcnopta. Ha PC2 mnipu-
xoautes 17% nucnepcuu, OoH CBSI3aH ¢ HAKOTUIEHUEM
Sb, Cd, Pb u Zn, 3HayeHUs (paKTOPHBIX HATPY30K —
0.66—0.82. IToctymneHue 3tux TMM 13 omHOTO UC-

TOYHMKA TTOATBEPKAAETCS BHICOKUMU TIOJIOXMUTEb-
HBIMU Ko3dduimeHTaMu Koppesuuu r = 0.56—0.84
MEXIY UX KOHIICHTPAITSIMMA.

Bxutan mpemoeco ¢haxmopa (PC3) B ob1yto nuc-
riepcuto coctaBisieT 9.3%, oH OOBSICHSIET HAaKOTUIe-
Huue Mo, Cu u W ¢ ¢pakTopHbIMHU Harpy3kamu 0.63—
0.95. BToT (hakTOp XapakTepu3yeTcs BAUSHUE OTBaJla
BCKPBIIIHBIX TTOpof, Ha tore ['ycuHoo3epcka, a Takke
CKJIAIMPOBAHUS U CKUTaHUSI OBITOBOTO Mycopa.

Bo dpakuuu PM,, nous I'ycuHoo3epcka Takxke
BBIIEIISIOTCS 3 (pakTopa, OOBSICHSIONINE B CyMMeE
74% obiueit nucnepcun, otHako TMM pacnpenene-
HEI 110 KOMIOHeHTaM nHayde. [1epsriii paktop (PC1)
OTpaxkaeT HaKOIUICHHE OOIIMPHOIO MHepedyHsT KOH-
TPOJMPYEMBIX UM 31eMeHTOB — As, W, Sb, Cd, Mo,
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—a— KKy CeBepobaiikaibCK

-e = KK3 CeBepobaiikalbCK

—&— KKy I'ycuHOO3epCcK

- # = KK3 [ycnHoo3epck

Puc. 6. Kitapku KoHueHTpauuu yrieit u 3oisl LentpanbHoit TOLL r. CeBepobaiikanbeka u ['ycuHoosepckoit TPOC.

Cu — U3 pa3IUYHBIX TeXHOTeHHBIX UICTOUHUKOB. PCI1
00BsICHSIET 54% o61eii nucniepcuu, hakTOpHBIC Ha-
rpy3ku — 0.60—0.88. Uctounukom Mo u Cu saBisger-
Csl OTBaJI BCKPBIIIHBIX OYPOYTOJIbHBIX MOPO, MEXIY
3JIEMEHTaMU YCTaHOBJIEHA CUJIbHAS KOPPEISILUS ¥ =
=(0.71. C npiMOoBBIMM BbIOpOcaMu I'ycuHOO3epcKoOit
I'POC nocrymator As, W, Sb (r = 0.70—0.94), ¢ BbI-
Opocamn aBToMoOMIbHOTO TpaHcnopTa — Cd m Sb
(r=0.68), ucrounukamu Cd SIBISTIOTCS] YaCTULIbI AO-
POXKHOTO MOJIOTHA, IIMH U METANIMYECKUX AeTaleii
aBTOMOOUJISI, Sb comepXUTCs B TOPMO3HOM CcMaske
[30]. Kpome Toro, o01mmM UCTOYHUKOM JAHHBIX 3JIe-
MEHTOB MOTYT ObITh CTUXUIAHbIE CBAJIKU KOMMYHaJlb-
HO-OBITOBBIX OTXO/IOB.

Ha Bropoii ¢akrop (PC2) npuxogurcsa 11% o6-
et fucrnepcuu, OH XxapakTepusyeT Bo3AeiiCTBUE aB-
ToTpaHcriopta. JIns Pb u Zn ¢dakTopHble Harpy3ku
cocTaBisaioT 0.71—0.72 npu HEeBBICOKOM KO3(d Ui~
eHrte Koppeysinuu » = 0.39. lluak u Pb nmoctymaior B
OKPYKAIOIIYIO Cpelly B pe3yJbTaTe UCTUPAHUS IIIHH,
TOPMO3HBIX KOJOMOK U acdaabTOBOTO IMOKPBITHS.
Kpowme toro, Pb B Buge Pb(CH;CH,), ncrionb3oBanu
B Ka4eCTBE aHTUIIETOHUPYIOIIEH IMPHUCaIK1 K MOTOP-
HOMY TOIUIMBY [25]. B Hacrosiee BpeMsl STUINPO-
BaHHBIN OeH3MH B Poccuu 3ampelleH, 3arpsi3HeHue
MOXXET UMETh PEJIMKTOBEIN XapakTep. Bkiam TpeTbe-
ro ¢akropa (PC3) B 001IyI0 IUCIEPCUIO COCTABIISIET
9.5%, ou cBs13an ¢ HakorieHueM Bi, Co, Ni, V, Cr,
dakTopHbie Harpy3ku paBHbI 0.59—0.81. OH oTpaxka-
eT BKJIaJ CMEIIaHHBIX (IIPUPOTHO-TEXHOTSHHEIX) U
TEXHOT€HHBIX MCTOYHMKOB — MPOIYKTOB pa3pylle-
HUSI CTPOUTEIBHBIX MaTePHAIOB U YTOJIbLHOM IBLIN.

TMTOYBOBEAEHUE

Ne 8 2023

3HayeHue I'POC Kak MCTOYHMKA 3arpsi3HEHUS
MOYBEHHOro mokpoBa IycumHOO3epcKa CTaHOBUTCS
0oJiee SICHBIM IIPY CPaBHEHUM IOJYICHHBIX TaHHBIX
C pe3ylbTaTaMM OLIEHKU COCTOSIHUSI TIOYB APYroro
ropoga bypsatuun — CeBepobaiikaibcka. OH pacIio-
JIOXXEH Ha CeBepO-BOCTOYHOM Oepery o3. baiikan u
SIBJISIETCS KPYHHBIM TPaHCHOPTHBIM Y3JI0M M MpPO-
MBIIIUICHHBIM LIEHTpOoM Ha baiikamo-AMypckoil Ma-
ructpaiau (BAM). IToTpeGHOCTh TOpOIa B 3JIEKTPO-
sHeprum odecneunBaeT LlenTpanbHasg TOL 1 yeThI-
pe MYHULIMNAJIbLHBIE KOTEIbHEIC, MCHOIb3YIOIINE B
KadyecTBe ToIuIMBa KaHCcKo-AdmHCKHME Oypble YIIM.
Onu MeHee 30i1bHBIE (6—12%), yem Oxuno-Kito-
yeBckMe, cxkuraemble Ha I'ycmHoosepckoii I'POC,
TEIUIOTBOPHAsI CIHOCOOHOCTh HIDKE M COCTaBIISICT
2800—3800 kkay/kr. O6beM BBIOPOCOB 3arpsi3HSIIO-
X BemecTB B atMocdepy CeBepobaiikaabcKa OT CTa-
IMOHAPHBIX UICTOYHUKOB B 2019 1. coctaBwmi 0.314 ThIC. T,
yTo noutu B 120 pa3 HuXKe, yeM B I'ycuHOO3epcKe.

KaHcko-AunHCKME yTU TI0 CPaBHEHUIO C MUPO-
BbIMU KJIapKamMu 00OTrallieHbl JUIIb St ;, 00Iagat01IM
BBICOKO1 YTJIe(DUJIBHOCTBIO; COllep>KaHNE OCTAIbHBIX
TMM Huxe KJIapKoBbIx 3HaUeHU. 3o7a LleHTpaib-
Hoii TOII mo cpaBHEHMIO CO CpEeTHEMUPOBLIMHU 3Ha-
yeHUsIMMU obenHeHa TMM, 3a uckimodyeHueM Ni c
KK3 = 1.0 (puc. 6). Comepkanue Sr, Zn, Cr, As, Mo,
Co, Sb, Bi n Cd B 3ome Lenrpamsaoit TOILI Cese-
pobaiikaibcka HUXe, 4yeM B 30Je [yCHMHOO03epCKoi
I'PBCsB 1.3-2.6 paza, Vu Cu — B 5.4—5.7 paza, Pbu
W — B 6.7—8.7 pasa.

Ha 3arpszHenue nouB CeBepobaiikaibcka TMM
3aMETHOE€ BJIMSIHME OKa3bIBaeT >XeJIe3HOAOPOXKHAs
uHppacTpykrypa BAM, npoxonsiieii BOJIM3KU Oepe-
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roBoit ntuHUM 03. baiikar [17]. B BepxHUX ropmn30H-
TaX TOPOJACKMX IMOYB KOHIEHTpAIUU OOJIbIIMHCTBA
TMM 6mu3ku K ¢poHoBbM, 11 V, Co, Cr, Ni, Mo,
Sn, Zn, As, Cd cpemnue 3xHadeHus Kc cocraBigror
1.1-1.2. MakcuMaJlbHO OTHOCUTEIbHO MECTHOTO
(ona HakanuBatotcs Sb, 4Cu, (Pb, (W, 4, Bi paccen-
BaeTcs. bojee MHTeHCHMBHAsI aKKyMYJISILIMS BO (hpaK-
uuu PM, o cpaBHEHMIO € TTOYBaMU B LIEJIOM Xapak-
tepHa st Mo, Sn, Cr, Ni, Co u Bi. Haubonbiiiee npeBbI-
eHue Haji pOHOM YCTaHOBIEHO 151 Sn, Mo, sCu, ,Cr 5,
KOHIIEHTpaluu ocTaibHbIx TMM 01m3ku K (poHOo-
BbIM (Kc = 1.0—1.2), As Bo dpakuuu PM,, pacceuBa-
ercs. MctouHnukamu Sb B mouBax CeBepobaiikaibcKa
MOTYT OBITh BLIOPOCHI IIPEAIPUATHII IO IIepepabOTKe
LIBETHBIX METAJIJIOB, >KEJIE3HOJOPOXHOIO U aBTOMO-
ouibHoro TpaHcnopta [10]. Mo u Cu nocrynaioT B
IOYBY IIPU CXWUTAHUM YIS B KOTEJbHBIX, a TaKXKe
npu o6pabOTKe YEPHBIX U 1IBETHBIX METAJLIOB [19].

Hawub6onee 3arps3HeHsl TMM mouBbl TIPOMBIII-
JIeHHO# M TpaHcnopTHOi 30H CeBepobOaiikaibcKa.
ITpuoputeTHbIM MosLTIOTaHTOM siBJIsIeTcs Sb (Kc =
= 3.1—4.2), oHa moCTynaeT P UCTUPAHUU TOPMO3-
HBIX KOJIOJIOK U METANIMYECKUX YacTeil aBTOTpaHC-
ropTa, MpU TOPMOXKEHUU U UCTUPAHUU PENIbC U XO-
JIOBOI1 yacTu moaBUKHOro cocrasa [34]. Hakormue-
Hue Pb, y B IPOMBILLIEHHOI 30HE CBS3aHO € paboTOit
CTAaHLIMI TEXHUYECKOTO OOCIyXKMBaHUS aBTOMOOH-
Jieit, mpeanpusaTUii, nepepadaTblBalOIINX MeTaIO0-
oM [19]. BeIOpoCHl IIpenmnpusTHii >KeJIe3HOIOPOXK-
HOI MH(PPaCTPYKTYpPhI, BKJII0OYast 0OCTyKMBaHME XKe-
JIE3HOJIOPOXHBIX COCTAaBOB W Pa3rpy3Ky YISt Jist
KOTEJIbHBIX, Ja0T BICOKOE 3arpsisHeHue hpakiu PM
noyB Sb,;Cu, ¢Pb; sCo,,V, W, (Ni, 5. Haumensiuee
3arpsi3HEHUE CBOMCTBEHHO IOYBaM PEKPEAllMOHHOMN
30HBbI, [1Ie HAaKaIryIuBaeTcs JIUlb W ;.

Takum oOpa3zoM, 0OBEM MOCTYIAIOIINX B aTMO-
chepHbiit Boznyx CeBepoOaiikaibcKa 3arpsi3HsIIO-
IIMX BEIIECTB Ha IBa MOpSIKa MEHBIIE 110 CpaBHE-
HUIO ¢ [YCMHOO3epCKOM, UTO OOBSICHSIETCS TakKxXKe
Oosiee HU3KUM coaepkaHuemM TMM B cxKuraeMbIx
Kancko-AunHckux yrisix u 3oj1e LleatpanbHoit TOL]
1 MEHBbIIIel MOIIIHOCTBIO KOTEIbHBIX. [10UBHI B 1i€-
Jjom u dpakuusas PM,, B I'ycunooszepcke u Cese-
pobaiikaabCcKe MMEIOT OJIM3KUE CIIEKTPhl HaKarlIu-
BaIOIINXCS 2JIEMEHTOB, ogHAKo B ['ycCMHOO3epCcKe ak-
kymyssiiuss TMM BeipaxkeHa nHTeHcuBHee, ' POC
SIBJISIETCSI OCHOBHBIM HMcTouyHHMKOM TMM. B CeBe-
pobalikaibcKe TIpM HE3HAYUTEJIBHBIX BBIOpOCax
TMM entpansHoit TOILL 1 KOTeabHBIX 3arpsi3He-
HHE TOPOICKMX IT0YB B OCHOBHOM OOYCJIOBJIEHO BJIM-
saneM BAM. CrenoBarenbHo, BKiIag TOC B 3arpsizHe-
Hue 1ouB TMM 3aBUCHUT OT UX MOIITHOCTH, a TAKXKE OT
cocTaBa OyphIX yIJICH.

SAKJIFOYEHUE
OCHOBHBIMM VCTOYHMKAMM 3arpsA3HEHUST I10Y-
BEHHOTO TIIOKpoBa [ycuMHOO3epcka SIBISIOTCS

CBbIYEBA, KOIIIEJIEBA

TPaHCHOPTUPOBKA, XpaHEHUE U CXKUTraHue Oyporo
yriist Ha I'ycuHoo3epckoit 'POC u B yacTHOM cek-
TOpe TMpU OTOIUIEHUU NOMOB. ['eoxuMuueckas cre-
lyManu3alus cxuraembix Ha ['ycuHoo3epckoit
I'PBC Oxuno-KioyeBCcKMX OypHIX YIJIEl oIpene-
JisieTcsl oboralleHueM 1o CpaBHEHUIO C MUPOBBIMU
Kj1apkamu Mo, ¢W, 5Sr, ¢Zn, 4V, 5, 301a TPOC obora-
meHa Mo, Sr, [V, ,Cu,3Co,,. TIpuoputeTHBIMU
MOJUTIOTAHTAMU BEPXHUX TOPU3OHTOB TMOYB U MX
dpakuuu PM,, saBnsttotes Sr, As, Co, Mo, Sb, V, npu
9TOM B TOHKO# (pakiiuu PM , KOHIIeHTpaluu 60J1b-
IIMHCTBAa 3TUX 3JIEMEHTOB 3aMETHO BbIIIE WH3-3a
OonblIeit yneabHO MOBEPXHOCTH.

Haubonwniee 3arpsssaenne TMM 1ouB n ppakiimm
PM,, T'ycuHoO3€epcka MpuypoYeHO K MPOMBILLIEHHON
JIEHCTBYIOIIEH IMON30HE, B TIOYBAX B LIEJIOM aKKYMYJIUPY-
0TCsl St 6AS, Cu, sMo, ,Co, (Ni,,, Bo (pakuuun
PM,(S13 4As;3 3C0, 5V, 4Cu, sMo, 3Niy | Cry  Sby ,  TI0-
crynatoiye ¢ Beiopocamu I'ycuHoosepckoit TPOC, a
TakKXe B Mpoliecce TPAaHCIIOPTUPOBKU U XpAHEHUSI YT-
1. HamOombnyio 5Koa0rm4ecKyro OImacHOCTD Mpe-
craBiseT As, Bo ppakuuu PM,, ropoackux noys 1mno
CPaBHEHUIO C MTIOYBAMU B LIEJOM €ro Koa(pduimeHT
aKoJiornyeckoit onacHoct Ko u gonst 3arpsizHeH-
HOI TEpPUTOPUU YBEJIUIUBAIOTCS B HECKOJIBKO pa3 —
¢ 1.6 o 4.5 na Ko u ¢ 15 no 90% npo6. CpenHuii
CyMMapHbIii YPOBEHb 3arpsi3HEHUs] TOPOJICKUX MOYB
1 dpakuuu PM |, cOOTBETCTBYET HU3KOMY YPOBHIO C
MaKCUMaJIbHbIM 3HaY€HUEM B IPOMBbIIIUIEHHOM neii-
CTByIOLIEH Ton3oHe (Zc = 14—18). @opmupoBaHue
KOHTPACTHBIX MOJIMRJIEMEHTHBIX aHOMAJIUI B TOYBaX
00yCJIOBJIEHO MPEUMYIIECTBEHHO JOKaIbHbIMU (haK-
TOpaMM — BO3AEWCTBUEM CTUXUIHBIX CBAJIOK, CXKHU-
raHvem ObITOBOTO MycOpa U BbIlIEJIauMBaHUEM TOJI-
JIDTAHTOB M3 YTOJbHOIO OTBAaJja.

HakoruieHre XuMHUYeCcKUX 2JIEMEHTOB B IIOYBaX
I'ycuHOoO3epcKka KOHTPOJMPYETCS LIEJbIM  PSIIOM
¢dakTOpOoB, 00YCIOBIMBAKOIINX (hOPMUPOBAHUE PaA3-
JIMYHBIX KJIACCOB T'€OXMMUYECKUX 0apbepoB: XEMO-
copouuronHoro (okcunbl Fe — W, Sb, Co, Ni, V, Cr),
KMCJIOTO (KUCJIOTHO-OCHOBHBIE CBOMCTBAa — MO),
COPOLIMOHHO-CEIMMEHTAIIMOHHOTO (TpaHyJIOMETPH-
yeckuii coctaB — As, Bi), opraHo-mMuHepaabHOIo
(Copr — Pb, Cu). VienpHas 351€KTpONPOBOAHOCTD
KOHTPOJUPYET comepxkanue Sr u Zn, g Cd Beny-
UM (akKTOpoM aKKyMYJISLIUM SIBJISETCS IIPUHAJI-
JIEXXHOCTh K (DYHKIIMOHAJIBHOII 30HE.

Benymumu ¢akropaMu, okKa3bIBalOIIMMHU Hau-
OoJiblllee BIIMSIHME Ha XMMMWYECKUII COCTaB INOYB U
yactull, PM,,, ABISIIOTCS BBIOPOCHI MpPU CXKUTAHUU
yrisga Ha IycmHoo3sepckort 'POC m npm medHoMm
ororuieHuu (46 % nis1 IOYB B LieJI0M U 54% n1s1 ppak-
uuu PM ;) 1 BEIGPOCHI aBBTOMOOWIBHOTO TPaHCTIOPTA
(17% nnsa mous B nesoM u 11% s dpakuuu PM ).

CpaBHeHUEe ypOBHEW 3arpsi3HEHUsI TTOYBEHHOTO
mokpoBa ['ycmHoo3epcka n CeBepobaiikalibcKa IT0-
Ka3ajio, 9YTO HEeTaTUBHOE BJIMSHUE YTOJbHOM 3JIeK-

TTOYBOBEAEHUE

Ne 8 2023



BKOJOTO-TEOXUMHNYECKOE COCTOAHUME

TPOSHEPTETUKM Ha OKPYKAIOIIYIO CPEIY 3aBUCUT OT
MolrHocTH TOC 1M XMMUUYECKOTO coCTaBa CXXuTae-
MbIX yriaeit. [1pu comocraBuMoii momiHoct TOC B
I'vcunoosepcke u CeBepobaiikanbcke (224.5 mu
164 I'kai/4) BBIGPOCHI OT CXXUTAHUS YIJIST B ITOCTIE-
HeM Ha 2 TIopsiiKa MEHBIIIE, YTO 00YCIOBJIEHO COCTa-
BoM KaHcko-AumHCcKMX OypbIX yrieii. B pe3ynbrare
nouBbl I'ycmHoo3epcka B 2.2—3.0 pa3 cujibHee 3a-
rpsizHeHbI St 1 Mo, B 1.3—1.7 pa3 Sb u As, Bo ¢pak-
1u PM, B 2.0—3.4 pa3a Bbllile KOHLIEHTpaluu Mo,
As, Sr u W, Torna Kak BeAyIlylo pOJib B 3arpsi3HeHNUM
noyBeHHOro mnokpoBa CeBepoOalikajbCcKa HUTIpaeT
XKene3HogopoxkHasa nHdpacTpykrypa BAM.
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Ecological and Geochemical State of Soil Cover in Gusinoozersk in the Zone
of Influence of Coal Thermal Power Plant

D. G. Sycheva® * and N. E. Kosheleva!

! omonosov Moscow State University, Moscow, 119991 Russia
*e-mail: . msu@yandex.ru

The pollution of the topsoils of the city of Gusinoozersk (Republic of Buryatia) under the influence of emis-
sions from State District Power Plant (SDPP) which used the Okino-Klyuchevskiy brown coal as fuel was
studied. The content of 14 elements (Sr, As, Co, Mo, Sb, V, Cu, Ni, Cr, W, Zn, Bi, Cd, Pb) in bulk samples,
as well as in the fraction of physical clay (particles with a diameter <10 um, PM10) and in samples of brown
coal and ash from the SDPP. Strontium, As, Co, Mo, Sb, V are the priority pollutants in the soils of
Gusinoozersk with higher concentrations of most elements in the PM 10 fraction. Soils and the PM 10 fraction
in the industrial operating subzone are the most polluted with Sr, As, Co, V, Cu, Mo, Ni, Cr, which are con-
tained in the fly ash of the Gusinoozerskaya SDPP. Most of the territory (57% for soils in general and 47%
for the PM 10 fraction) is characterized by a low level of pollution (Zc = 8—16). Arsenic poses the greatest en-
vironmental hazard; in the PM 10 fraction, its concentrations exceeded the MPC in 90% of the studied sam-
ples. In soils and their PM 10 fraction, the leading factors for the accumulation of elements are the content of
Fe, 03, organic matter, soil texture, alkaline-acid conditions, and belonging to a functional zone, which de-
termine the formation of various classes of geochemical barriers. The polluting effect of brown coals depends
on the content of heavy metals and metalloids in them. Comparison of the chemical composition of the Oki-
no-Klyuchevskii brown coal and ash from the Gusinoozerskaya SDPP and the Kansk-Achinskii coal and ash
from the Central Thermal Power Plant of Severobaikalsk showed that the brown coal and ash from Severobai-
kalsk were slightly enriched in metals and metalloids, which significantly reduced their accumulation in soils.

Keywords: heavy metals, metalloids, urban soils, accumulation factors, brown coals
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