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XHUMHUYECKHE DJIEMEHTBHI B IBIJIEBBIX
BBIBPOCAX DJIEKTPOTEXHUYECKHX
NPEAIPHSITUN U UX POJIL

B 3ATPSI3BHEHHH OKPYKAIOUIEN CPE/1bI

CHEMICAL ELEMENTS IN DUST
DISCHARGE OF ELECTRICAL
ENGINEERING ENTERPRISES AS SOURCE
POLLUTION OF THE ENVIRONMENT

ITvine, obpasyouganca Ha 31eKMpomMexXHU4ecKuUX npeOnpuUAmuUAX ¢ xo0e mexHon02u4ecKux npoyeccos, omau-
Yaemca 8bICOKUMU COOEPIHCAHUAMU MHOZUX XUMUYHECKUX IIeMEHMO06 U 00yc1061ueaem UHMEHCUBHOE 3azPA3-
HeHUe npou3eo00CMeeHHOU u oKpycaoweii cpeosl. Konkpemnoe npouszeoocmeo obnadaem cneyughuyeckum
cOCmagoMm noliesvlix 8bl16p0OCoO8, YMO NPOAGNACMCA 8 OCHOBHOM 6 PA3IUYHBIX YPOBHAX HAKONIEHUA 8 NbIAU XU-
MUYECKUX I/1eMeHmO8, pedice — 6 NOAGNEHUU MUNUYHBIX UMb ONA OAHHO20 NPOU3BOOCMEA NONNIOMAHMOE.
CyujecmeeHHAA 00714 MAICENbIX MEMANI08 HAXOOUMCA 8 NbLAU 8 NOOBUIICHBIX (pOpMax, YMo onpedensem ux
NOGbLIWEHHYI0 2u2UeHuYecKyl0 onachocmy, H3yuenue Xumuueckozo cocmaga npombsiuIeHHOW NbIAU 00NHCHO
cmamo COCMAGHOU YACMbIO CAHUMAPHO-2UZUEHUYECKO20 U IKON02UYECKO20 KOHMPOJA.

Knouesvie cnosa: NPOMbBIUITIEHHAS NblJlb, MAJCENble Memaillibl, MEeXHO2EHHOE 3a2PA3HEHUe.

The industrial dust discharge of the electric engineering enterprises is a key source of many chemical element
in the environment. Normally, geochemical signature of on individual enterprise is also individual, as reflected
by different concentration levels for individual elements and, less frequently, by pollutants specific for a given
enterprise. The large part of heavy metals is present in dust of the mobile species. This is an indication of the
sanitary and ecological hazardousness of the industrial dust for the urban environment and men.

Key words: industrial dust, heavy metals, technogenic pollution.

CyuecTBytolde Ha POCCHUWCKUX TNPOMBILLIEH-
HBIX NpeAnpUATUIX CUCTEMBI CaHUTapHO-
rUTMEHMYEeCKOr0 M 3KOJIOTMYECKOro  KOHTPOJs
BKJIIOUAIOT B ceOg HaONIOAeHMs 3a OTHOCHUTEJIBHO
y3KUM KPYroM BpeIOHBIX BelleCTB, NPUCYTCTBYIO-
IIMX B OpraHU30BaHHBIX MbUIEBBIX BbIOpocax. Iloi-
JIIOTAHTbI, CBSI3aHHbIE C HEOPraHW30BaHHBIMU NbliE-
BbIMM BbIOpOCAMM, NPAKTHYECKH HE YUYUTHIBAIOTCS.
Hccnenosanust, BbINOJIHEHHBIE HA 3JIEKTPOTEXHUYE-
ckux npexanpustuax r. Capancka (Pecnybnuka
MopaoBus), CBUIAETENBCTBYIOT O KOHUEHTPUPOBA-
HUM B NpPOMBILUJIEHHOM MblIH, o6pasytouleiics B X0-
Jle TEXHOJOTMYEeCKMX TPOLECCOB, 3HAYUTENBHBIX
KOJINYECTB MHOTMX XUMUYECKUX 3JIe-MEHTOB.

Paiion 1 MeToaHKa HcclieA0BaHUI

CapaHck — KpyIHbII NPOMBILJIEHHBIH LEHTP, IAe
COCTOsIHUE cpejbl 00UTaHUS BO MHOTIOM ompenens-
€TCS JAEATEJBbHOCTBIO 3JIEKTPOTEXHUUECKUX TMpel-
npustTuid. CapaHCKMH 3JIEKTPOJAMMOBBIA 3aBOJA
(C32JI3) npou3BOAMT jaMnbl HakadWBaHUS U Tra3o-
paspsiiHble PTYTHBIE JlJaMIbl HU3KOTO AaBjeHus. 3a-
BOJ CMeulanbHbIX UCTOYHUKOB CBETA M 3JIEKTPOBa-
kyyMHoro crtekia (CHUC-3BC) cneuuanusupyertcs
Ha BBIMYCKE MWCTOYHUKOB CBETAa, CBETHJIbBHUKOB,
nyckoperynupytrouei annapatypbl, 3J€KTpOBaKy-
ymHoro crekna. CapaHckuii kabOenbHbId 3aBOA
(CK3) BbINyCKaeT kabenbHy0 NpOAYKLHIO

U uspenus u3z nonudtuneHa u [IBX-nnactukara.
HccnenoBaTenbCkuii 1 NPOEKTHO-KOHCTPYKTOPCKUH
UHCTUTYT ucTOuHUkKOB cBeta (BHUUWUC) wumeer
ONBITHO-NPOU3BOJACTBEHHBIE YYacTKH, TJe BBIMYC-
KaloTCsl JIaMIlbl HaKajJUBaHUs, KBaplLeBble JIaMIBI C
rajloreHHbIM LUKJIOM, JIOMUHECUEHTHBIE JIaMIIbl
HU3KOrO JaBJieHUsl U Ap. MHoOrue TeXHOJIOrHYecKue
npoueccsl U NPOU3BOACTBEHHBIE ONEpalu, UCIIOJIb-
3yeMble Ha YKa3aHHbIX TNpeANpUATHAX, CONpo-
BOXJAlOTC o00pa3oBaHUEM MPOMBIIUJIEHHON TMbI-
JU M ee DJMUCCUell B OKpyXalollyw cpeany
(tabn. 1).
Ha 3aBojax uccnenoBajncs cocTab:

— TEXHOJIOrMYecKod mblIM, mocTynawmouledd B at-
Mocepy B OCHOBHOM C OpraHHU30BaHHBIM BbIOpO-
COM mpeAnpusaTus; ee Npobsl oTOMpaNUCh U3 raso-
XOJ0B U OYUCTHBIX YCTAaHOBOK (LUKJIOHBI, QUIBTPHI
UT. M.);

— BEHTUJISIUMOHHOMN MBUIH, MOCTynawuieil B aTMO-
chepy rnaBHbIM 06pa3oM C HeOpraHM30BaHHBIMHU
BbIOpOcamMu (Yepe3 MecTHble CUCTEMbl BEHTHJISALUH,
a Tak)Xe OKHa W JIBepH); ee MpoObl oTOMpanuch U3
YKa3aHHBIX CUCTEM BEHTUJISILINY;

— NBUIM, OcaxJawlieiics B paboyux noMeuieHusx;
npoObl (Tak Ha3blBaeMble MbLIECMETHI) OTOMpANIUCH
C pa3JIMYHBIX MOBEPXHOCTEI — 3CTaKaja, CTOJOB, MO-
JIOKOHHHUKOB Y T.II.
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XapaKTepuCTHKA 3J1eKTPOTeXHHYECKHX NpenpUsATHI

Tabnuua 1

3aBo
A 3NEMEHTHI U (HIIH) UX COEAUHEHHS

HCKOTOprC WCMOJb3YEMbIC MATEPHATIbI, B TOM HUCIEC XUMHUCCKHE

Bri6pocst B arMocdepy, T/roa
BCEro B T.4. bUIH

Y noBneHHas nblib, T/TOA

CaJ13
KaHudonb U ap.

Fe, Cu, Cr, Ni, Mo, W, Hg, Sn, Sb, Cd, Ni, ra3s, Ma3yT, 10JJOMHT, NECOK,
LEMEHT, IOMUHOGOPBI, KUCIOTBI, PACTBOPHTEIH, KPACKH, JIakH, SMaJH, 965,3 68,8 239,6

CUC-3BC

KaHUu(OJb, KPHOHUT, KPACKH, NaKH M JIp.

Al, Zn, Ni, Sb, Fe, Se, Sr, Pb, Mg, Ba, Co, Mn, Hg, F, Ni, Cu, Mo, Cr, Ag,
Zr, P, Ca, K, Na, ntomuHodopbl, 6apuT, KUCIIOTEI, PACTBOPHTENH, IMATIH,
NEeCOK, J0JIOMHT, MEJ, COIIa, IMIMHO3EM, U3BECTb, Kpaxmall, rpadur, GeH3HH,

492,1 242 70,2

BHHUHHC

Hg, W, Mo, Fe, Pb-Sn-npunoii, coaa, 10/10MUT, KpacUTe/H, SMaNH,
KMCJIOTBI, PACTBOPHTEJH, JIIOMHHO(OPbI, GeH3UH, kKaHH}OIb 1 ap.

kaHnons ¥ ap.

CK Zn, Pb, Sn, Cu, nonustunex, [I1BX-nnactukar, pacTBOpHTENH, KHCIOTHI,

3,6 0,07 -

Tpumeuanue. 31ech U aaiee B TabAMLAX NPOYEPK 03HAYAET, YTO JAHHBIE OTCYTCTBYIOT.

Ot6op npo6 mbuM (B MONMITUIICHOBBIE MAKEThI)
OCYLIECTB/ISJICA CTEKJISIHHBIM  1umaTeneM (NMpOM3BOACT-
BEHHass U BEHTW/IALMOHHASA NbUIb) U C MOMOUILIO KHUCTH
(nbecmethl). Ha kaxnaoM npeanpusatiu 6bu10 oToGpa-
HO 10 NATh CPeAHUX (COCTaBJIEHHBIX U3 MATH-CEMU Ya-
CTHBIX) NPO6 COOTBETCTBYIOIMX BUAOB MNbuiM. Kpome
TOro, B Tpeaenax INPOMBILIIEHHBIX 30H YKa3aHHBIX
NpeANpUsTHii U B HEKOTOPBIX JPYrHX paiioHax ropoja
oT6upanucek npobsl BepxHero cios (0...10 cm) nous, no
BO3MOXHOCTH, PAaBHOMEPHO IO BCEH TEpPUTOPHHU Tpen-
npusTus (npomzorsl CUC-9BC u C3JI3 — no 30 npod,
CK3 - nmo 15 npo6). YuacTku, B MpejesiaX KOTOPbIX
npousBoamics 0T6op npo6 GoHOBLIX No4s (BbIGOpKa S0
npoG), ABJNAIOLIMXCA OXHUM M3 OCHOBHBIX TPHUPOJHBIX
MCTOYHUKOB TOCTYIUIEHUs TbLUTH B atMocdepy, pacrnosa-
rajqiuch Ha 3HAYMTEILHOM yJaneHuu ot ropoja. Ot6op
npo6 mouB (B MOJOTHSHbIE MELIOYKH) OCYLIECTBIISIICS
MJIACTMKOBLIM COBKOM; TpOOBI BBICYLIMBAJIUCE HA BO3-
nyxe (B T€HH), IPOCEUBATNUCH Yepe3 KarpOHOBOE CUTO C
JMaMeTpOM OTBEPCTHH 1 MM M KBapTOBAIUChH sl OTOO-
pa aHaJIUTH4YECKUX HABECOK.

Bo Bcex mpobax ObLIO BBIMOJHEHO ONpeaesieHUE
BAJIOBOrO COJEP)KAHHUS LIMPOKOTO KPyra XHMHUYECKHX
9JIEMEHTOB: XpOM, MapraHel, Ko0anbT, HHUKEIb,
Melb, LUMHK, MohubjeH, cepebpo, kaAMWUH, PTYTb,
CBMHELl — MCCJIEJ0BaIMCh aTOMHO-a0COPOLMOHHBIM

Gop, TUTaH, BaHaAMMl, repMaHuii, MbILIbSIK, OJIOBO,
cypbMa, Gapuii, Bonb(dpaM, BUCMYT — KOJIM4ECTBEH-
HBIM 3MUCCHOHHBIM CIEKTpalbHbIM METOJOM; CKaH-
Ui, rannuii, UTTpUil, UUPKOHUHN, HHOOHH — Npubu-
KEHHO-KOJIMUECTBEHHBIM 3MHUCCUOHHBIM CIIEKTpasib-
HbIM MeToA0M. KOMMOHEHTBl TNETPOXUMHUYECKOrO
cocTaBa nouB (CHJIMKATHBIM aHanau3) UCCIEN0BAIUCh
M0 CTaHAapTHBIM MeToAukaM. [loaBmxHble (HOPMbI
Meau, KobanpTa, HUKeNs, LMHKA, Mapraiua, Xxpoma,
cepeOpa, KaAMMUs U CBMHLA U3 MbUIM M MOYB IKCTpa-
rHpOBalMCh  alleTaTHO-AMMOHMHMHOH  BBITAXKKOH
(pH=4,2) [1]; pacnpenejieHue META/UIOB B BBITAXKKAX
OCYILECTBIISNIOCH aTOMHOM abcopOuueil. [lns oueHKH
WHTEHCUBHOCTH HAKOMJIEHUs XUMUYECKUX 3JIEMEHTOB
B NPOMBILUIEHHO! MNbUIM M TOPOJCKMX IMOYBAX HC-
nonb3oBancs kodpduuueHT KoHueHTpaunu Kc (OT-
HOLIEHWE peabHOro COJEpXKaHUs 3JIeMEHTa K ero
($hOoHOBOMY YPOBHIO B nouBax) [2].

Pe3yabTaThl HCCAEA0BAHHN H MX obcyxaeHue

Bce pa3sHOBUAHOCTH TPOMBILIJICHHON MNBUIM Xa-
PAKTEPU3YIOTCS BBICOKMMU COJEpPKaHUAMU 60Jb-
LWIMHCTBA M3YyYEeHHBIX 3JIEMEHTOB, MHOIOKPATHO Mpe-
BBILIAIOIIMMUY UX YyPOBHH B NpPUPOAHBIX (POHOBBIX)
noysax (tabiu. 2).

Oco6eHHO MHTEHCUBHO B MBUIM KOHUEHTPUPYIOT-
cs TshKeJsible MeTallibl (CBUHEL, PTYTh, KaAMUH, Me/ib,

METONIOM; CTPOHLMI — TiaMeHHoOW QoToMeTpueii; UMHK, cypbMa, MonubaeH, Bonbppam, 0JIOBO,
Tabnuua 2
T'eoxumMuyeckme accCouualiuy B npOMLIHIJ]ellHOi/‘l NbLIH
3ason Meinn* TTopsaok 3HaueHuit K¢ XMMUUECKHX 2JIEMEHTOB
>300 300...100 100...30 30...10 10...3 3...1,5
1 Sb-Cd Hg-W Pb-Sn-Ba-As Zn-Mo-Cu-Sr Ge-Mn-Cr-Ag Co-B-V-Ni
CaJ13
(69 1) ** 2 - ~ Pb Hg Zn-Cd-Cu -
3 Cd Pb-Cu Hg Zn Mn -
CHC-3BC 1 Cu B-Ag Pb-Zn- Sb-W-Bi-Cr Ni-Cd-Mo-Co-Hg-Mn Ge-V-Sn-.Ti
242 1) 2 Cu Ag-Pb Cr-Zn Sb-Ba-Mo-Ni Hg-Cd-Co-W-Sn-Mn B-V-Ge-Ti-Sr
3 Pb — W Sb-Bi-Zn Zn-Hg-B-Cu-Ga-Co-Ag-V Mo-Sn-Ni-Ti-Cr
1 — Cu-Sn-B Hg W-Bi-Zn Mo-Pb-Sb Cd-Ge-Ag-As-Co
BHUHHUC 2 W Zn Pb-Ag-Cu-Sn Ge-Hg-Co-Bi Cd-B-Cr-Ni-Sb-Mn \
3 - W-Cd Pb-Zn-Hg-Ni Co-Cu-Bi-Mo-Sb Cr-Ag-Nb Ge-B
CK 2 Cu-Sn Pb-Sb-Cd Zn Ag-Bi-W Mo-Hg-Cr-Ni Ba
0,1 1) 3 - Cu-W-Pb-Sn Sb Bi-Zn-Ag Mo-Hg-Co Cr-Ba

Mpumeuanue. *| — TexHonorueckas; 2 — BEeHTHIALMOHHASA; 3 — NblnecMeTsl. ** B ckoOKax ykasaH roJoBoii BbIOpoc neiiu (opuumMaibHas CTaTHCTHKA
YUMTBIBAET BBIOPOC TOJBKO TEXHOJIOrHYECKO# MbLIH).

54 OKOAOTHMYECKWE CUCTEMBI Y TTPUBOPDBI No 2. 2009 r.



cepebpo, XpoM, BUCMYT). JIJIs 3HAUUTENLHONH YacTH
XUMHWUYECKUX 3/1IEMEHTOB GoJjiee BBICOKHE YPOBHM 3a-
KOHOMEPHO (UKCUPYIOTCS B TEXHOJIOTUYECKOMH MBLIH,
obpasyrolieiics B X0Jle OCHOBHBIX TEXHOJIOTHYECKUX
onepauuii. Ho ectp uckmntouenus. Tak, Ha 3aBoje
COJI3 MakcHManbHbBle KOHLEHTpAaUUM MEIH, LMHKA,
CBMHLA HAOMIONAIOTCA B TNbUIECMETaX; Ha 3aBOJE
CHC-OBC Haubonee BbICOKHE COJEpKaHUS XpoMma,
HMKENA, UMHKA, MonubaeHa, onosa, 6apus xapakTep-
Hbl JUI1 BEHTUIAUMOHHON nbuiu. Kak npaBuio, KoH-
KPETHBIA 3aBOA OTAMYAEeTCA crieUUuPUYECKUM COoCTa-
BOM IeOXMMHUYECKOH accourauuu, hpukcupyemoii Toi
WK MHOH pa3sHOBUAHOCTBIO MNblAU. CrnenuudUYHOCTh
NposBJISAETCS, MPEXAE BCEro, B pa3jIM4HOM COOTHO-
LUIEHUM YPOBHEH colep>KaHUs XUMHYECKUX IJIeMeEH-
ToB (3HaueHuil K¢), a Takxe, B MeHblIEl CTENEHH, B
NOABJIEHUM B TEOXMMHUYECKOH accouuauuu Xxapak-
TEPHBIX TOJILKO JJIsi JAHHOrO MPOU3BOJACTBA MOJLIIO-
TaHTOB. XapaKTepHO, YTO IPOMBIIJIEHHAsA IbLIb
GONBLIMHCTBA MPEANPUATHIT OTIIMYAETCA TNOHUXKEH-
HbIMU (MO CpPaBHEHUIO C MNPUPOAHBIMU TOYBAMHU)
KOHUEHTPaUUAMHU HEKOTOPBIX JIMTODUIBHBIX 3JIEMEH-
TOB, HanpuMmep THUTaHa (UCKJIIOYEHHUE COCTABJIAET
netie CUC-3BC) 1 uupkonus.

OTmeueHHBIe QakThl, 6€3YCIOBHO, OTPAXAIOT CliEe-
UMQUKY TEXHOJOIMYECKHX MPOLECCOB MU OCOOEHHO-
CTH COCTaBa UCIOJB3YEMbIX Ha 3aBOJIaX ChIPbs U Ma-
Tepuanos (tabn. 1). Hanpumep, neue 3aBoga CUC-
OBC, rne npumeHsIOTCS MaTtepuansl JUis  BapKu
cTekna (coaa, necok, A0JOMUT U Ap.), UMEIOIIHE JIH-
TOr€HHYI0 OCHOBY, XapakTepusyetcsl 6oJjiee BBLICOKH-
MU YPOBHSAMU JUTOQUIBHBIX 3JIEMEHTOB (TUTaHa,
Gopa, BaHanus, Oapus, CTPOHLHUS). 3HAUUTENLHBIE
CoJiepXKaHus CypbMbl, kKaaMus, 6apus, MapraHua, ce-
pebpa B meiin 3aBoga COJI3 0o6ycioBIEHO MX MpH-
CyTCTBHEM B JIIOMMHO(pOpax, a pTyTH, MoJubIeHa,
BoJab(dpaMa, 010Ba — NMPUMEHEHUEM ITHUX METAJIOB
WM COJEpPXKAllMX MX MarepuanoB B IMPOU3BOJCTBE
namn. Ha xabenbHOM 3aBojie LUMPOKO HUCMOJIB3YIOTCS
0JIOBO, CBUHEL, UMHK, M€llb, & KaJMHIl BXOJUT B CO-
craB [IBX-nnactukara, 4YTo OTpakaeTcs Ha WHTEH-
CUBHOM KOHLEHTPUPOBAHUM YKa3aHHBIX METAJIJIOB B
neiiv. Ha Bcex 3aBojax IIMPOKO MPUMEHSIOTCS JIy-

obpaboTka X pe3aHueM, OKpacka M3Jeliuii, conpo-
BOX/IAIOIIMECHA IOBBIIUEHHOH 3MHCCHEH pa3IMYHBIX
MOJUTIOTAHTOB BO BHEIUHIOK Cpeay, B TOM uHCJE B
cocTaBe obpasyroueiicss NblId. 3HAYUTENBLHbIE KOJIH-
4ecTBa aspo3oJeil 00pasyroTcs B CTEKOJILHOM MPOU3-
BOJICTBE 3JIEKTPOJIaMIIOBBIX 3aBOJIOB.

AHanu3 COOTHOUIEHUS MOABUXHBIX (M3BJIEKAEMBIX
aleTaTHO-aMMOHUHHON BBITSXKKOH) M TPOYHOCBSA-
3aHHBIX (OCTAaTOK) (GOPM HAXOXAEHHUS TAKENIBIX Me-
TaJIJIOB B TeXHoJiornyeckoi neuu 3asoga CUC-DBC
MOKa3bIBAET, YTO AAHHBIE MOJUIIOTAHTBI NPUCYTCTBY-
I0T B Hell MpPEeUMyILIECTBEHHO B YCTOMYMBBIX COeqH-
HeHUsAX (Cyls Mo BCeMY, B OCHOBHOM B BHJE OKCH-
JIOB, a TaKkXe CyJb(HUAOB U TOHKOAMCIEPCHBIX Me-
Taqnndeckux yactuu) (tabi. 3).

B BEHTMJNALMOHHOHW MNBUIM OTHOCHUTEJIBHAS JOJIA
MOJBMXHBEIX (OPM METAIIOB 3aMETHO BO3pacTaer,
4yTO Hanbonee pe3ko NMPOSABJAEHO IS LIMHKA, CBUHLA,
KaJMHus, Xpoma, MeJU. DTO MOXeT ObITh CBA3aHO C
obpa3zoBaHueM, HanpuMep, UX KapOOHATHBIX U CYJib-
(baTHBIX coeAMHEHUil, a Takxke ¢ copOuuel anemMeH-
TOB Ha TOHKMX 4YacTHLax NbUIM. B yacTHocTH, MoOp-
¢donoruueckne ocobeHHOCTH (MPUCYTCTBUE 4YaCTHIL
J0JIOMUTA, COABI, WIMXTHI, LIaMOTa U T.N.) MbUIK 3a-
Boja CHC-OBC anpuopu cBUAETENLCTBYIOT O €€ BbI-
COKHUX COpOLUMOHHBIX cBoiicTBax. Hanuuwe B nelnm
3HAYUTENBHOH JAOJM MOABUXHBEIX (GOpPM MeETaNoB
onpenenser ee NOBBILIEHHYIO 3K0JIOro-
FMTHEHUYECKYI0 ONMaCHOCTb.

PacueTsl noka3blBalOT, YTO C OPraHW30BaHHBIM
NbLIEBBEIM BBIOPOCOM 3JIEKTPOTEXHUUYECKUX 3aBOJOB B
FOPOACKYIO Cpely exXeroaHo mnoctynaet Gojee 11T
pasjIuYHEBEIX MeTaioB, a 6onee 15 T MeTannos ocra-
€TCSA B YJIOBJICHHO! OYHMCTHBIMU YCTaHOBKaMH MBUIH,
KOTOpass B TEYEHHE MHOTMX JIET BBIBO3UTCH Ha ro-
POJCKYIO CBaJIKy, YTO HE HCKJII0YaeT BEPOSTHOCTH
paccenMBaHUs COAEpXKALUMXCS B Heil MOJUIIOTAHTOB B
OKpyXarolleii cpene. 3HauMMoOe KOJIMYECTBO XUMHU-
4YEeCKUX 3JIEMEHTOB, 6€3yC/IOBHO, NMOCTYMAET B OKpY-
Xarlllylo Cpely ¢ HeOpraHW30BaHHBIMH BBIGpPOCaMHU
(c BEHTHISLUMOHHOM NbUIBIO). Bricokne conepxanus
XUMHUUYECKUX 3JIEMEHTOB B NbUIECMETaX U B BEHTHUJISA-
LUMOHHOW MBUIM YKa3blBalOT HAa TO, 4YTO pabouue U

JKEHHE, naﬁxa, rajjBaHu3auus, TpaBJI€EHHUE METAJIJIOB, ciyxauue 3aBOOB IMOCTOSAHHO noaBeEprar0oTCs
Tabnuua 3
MeTraJLibl B TexHoJIorn4eckoii (1) u Benruasiuonnoii (2) neliau 3asopa CUC-IBC
Ilokazarenn
Merann Basn, mr/kr AULETATHO-AMMOHHITHAA BBITSXKKA, MI/KI Jlons noasxkHbIX hopM, %
1 2 1 2 1 2
Mens 5300 85 2,86 9,2 0,05 10,8
Ko6ansT 31 - 2 - 6,45 -
Hukens 260 31 16,2 1,2 6,23 39
Lunk 3200 460 89,2 271 2,79 58,9
Mapranen 1 000 660 104,4 16,6 10,44 4,8
Xpom 190 92 4,05 16,6 2,13 18
Cepebpo - 9 - 0,02 - 0,22
Kaamuii - 3 - 2,78 - 92,6
CauHel — 1200 — 690 — 57,5
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XuMHYecKHii COCTAB BepXHero ropu3onTa nmoys r. CapaHcka 1 ero okpectHocreii, %

Tabnuua 4

KommnoHeHT MecTHblii GoH 2Kunoii paiioH ropoaa [Tpom3ona CUC-DBC [Tpom3ona C3J13
SiO; 73,69 73,25 69,43 59,74
TiO, 0,54 0,42 0,47 0,76
AlLOs 6,41 6,39 8,23 14,83
Fe,0; 0,47 0,93 1,14 4,03
FeO 2,59 2,08 5,03 1,72
MnO 0,20 0,04 0,06 0,09
CaO 0,47 0,94 2,20 2,67
MgO 0,70 0,90 0,90 1,70
Na,O 0,55 0,50 0,40 1,13
K;O 1,48 1,43 1,26 2,36
P,0s 0,14 0,14 0,09 0,19
H,O~ 4,98 1,76 1,84 2,76
Sobuas <0,10 0,21 0,20 0,21
T 7,20 10,45 8,18 735
Cymma 99,42 99,44 99,43 99,54
CO, 0,22 0,22 1,32 1,10
®rop 0,02 0,03 0,04 0,05
Tabnuua 5
TexHoreHHble reOXHMHUYECKHE aCCOIHALIUH B MMOYBAaX INPOMBIIJICHHBIX 30H I, Capaﬂcxa
3ason [Topsnok 3HaueHHii K¢ XHMHYECKHX 3JIEMEHTOB
>300 300...100 100...30 30...10 10...3 3...1,5
C3JI3 Hg Cd Pb-Sb-Ag Mo-TI-W-Zn Sn-Cu-Ba-Cr-Ge-Bi-Co V-Ni-Be-As-B-P
CHUC-DBC - Pb — Hg Mo-W-Cu-V-Zn-Sb Cd-Ge-Cr-Li-Ag-Bi-B-Sn-Yb-F-As
CK — - — Pb Bi-Cu-Sn-Mo-P-Sr Zn-V-Cr
Tabnuua 6
Taxkeable METALIbI B IOYBAaX NPoM30HbI 3aBoga CIJI3
Metann Bas, mr/kr ALeTaTHO-aMMOHHUITHAsA BBITSHKKA, MI/KI Jlons noaBIKHBIX (JOPM, U3BNEKAEMbIX BBITSKKOM, OT Bana, %
Mens 160 8,4 53
LnHk 300 10,5 3,5
Hukens 73 9,66 13,00
Xpom 80 23 2,9
Kaamuii 5 1,22 24,0
CauHel| 480 36,4 7,6

BO3JEHCTBUIO WIMPOKONW TpyMNIbl ONAacHbIX BEUIECTB.
B cBo1o ouepenb, HalMUKME B NPOU3BOACTBEHHBIX Lie-
Xax TbIIM, 000ralleHHOH TSXKeNnbIMU MeTalllaMH, HE
MCKJoUaeT ee nepeHoca pabouumu (Ha o6yBH H
ojeXx/ie) B XKUJble MOMElleHUs U OOUIeCTBEHHEIE
371aHU4.

[MocTymnyienre NpoMbILIIEHHONW NBIIM B aTMocde-
py npenomnpenenseT BHICOKUH YPOBEHb TEXHOIEHHOIO
3arpsA3HeHus ropoJckoil cpeasl. OcaxxieHHE MbUIH Ha
NOJCTU/IAIOILYIO MOBEPXHOCTh NMPHUBOAUT K HM3MEHeE-
HUIO (GU3UKO-XUMHUUYECKUX XapaKTepUCTHUK TOpoJ-
CKHX MOYB U K ()OPMHUPOBAHUIO B HUX TEXHOTEHHBIX
reoXMMHYeCKMX aHOManuii, MpOCTPAHCTBEHHO OTpa-
KaloUMUX YCTOWUYMBBIE 30HBI TEXHOMEHHOro 3arpss-
HeHUs. HakonneHHe XMMHUYECKUX 3JIEMEHTOB B MOY-
Bax BO MHOroM oOYCJOBJIEHO T€M, YTO CYLIECTBEH-
HO€ MX KOJHMYECTBO TMOCTYNaeT Ha MOACTHIIAIOLLYIO
NnoBepXHOCTh U3 aTMmocdepsl B ¢GopMe AOCTATOUHO
TPYAHOPAaCTBOPUMBIX COEIMHEHU, 0cOOeHHO BOIN3H
UCTOUHUKA 3arps3HeHus. KOHLEHTpUpPOBaHMIO B
BEPXHEM CJIO€ MOYBBI TSXKEJIBIX METANJIOB CNOCOOCT-
BYET XapakTepHoe JUIs YCJIOBUI ropoja noALlenauu-
BaHUE MOYBEHHOW cpellbl, 8 TaKXe, B HEKOTOPbIX CIIy-
yasgx, ofborauleHue Mo4B OpraHukoi, docdaramuy,
OKCUAAMM XeJie3a, Mapraiia 1 ajJtoMuHus. 3HayeHue
MMeeT Takxe oObeM NblIeBbIOpocoB. B wacTHOCTH,

YCTaHOBJIEHO, YTO pa3Mepbl U MHTEHCUBHOCThL 06pa-
3YIOUUXCA B TFOPOJACKUX MOYBAaX TEXHOrEHHBIX [EO-
XUMHYECKUX aHOMalui KOppEeNsLUMOHHO CBfA3aHbl C
KOJIMYECTBOM MOCTyNarolleil B atMocdepy NpoMbllil-
JIEHHOM MBUTM U C CYMMapHBIM COJEpXaHUeM B Hel
XHUMHUYECKUX 31eMeHTOB [2]. EcTecTBEHHO, UTO B yC-
JIOBUSAX MPOMBILULUIEHHOTO Tropojia HMHTEHCHBHOCTh
HAKOIJIEHUST XMMUYECKUX JJIEMEHTOB B TOYBaX MO-
XET OTPaXaTh MHOTOJIETHIOKW OESATeNbHOCTh MHOIUX
UCTOYHUKOB 3arps3HeHus, Ho, Oe3yclOBHO, Hau-
Gonplnit 3pdext ang KOHKPETHOH NPOMBILUIEHHOMH
MJIOIaAKH JOJDKHBI OKa3blBaThb BBIOPOCHI pacnoJio-
YKEHHOTO 3/1eCh MPOU3BOACTBA.

BhinazeHue NbUIM MPUBOJUT K 3aMETHOMY HM3Me-
HEHHMIO OOILIEro XMMHUUYECKOro COCTaBa 30HAJbHbIX
MOYB U OMNpEHAENSiET €ro BBICOKYIO INPOCTPAHCTBEH-
HYI0O HEOJHOPOAHOCTb B Mpejenax HeGonbluX o
iowaa y4acTKOB TEPPUTOPHUH, YTO OUEHb PENKO
HabnwonaeTcs B €CTECTBEHHBIX ycloBusx (Tabi. 4).
Kak BuauM, oOwuii XMMHUYECKHH cOCTaB rOpoACKUX
no4ys, O0COGEHHO B TNpejenax MPOMBILJIEHHBIX 30H,
CYUIECTBEHHO OTJIMYAETCs OT TaKoBOro (OHOBBIX
MouB, MpexJe BCero, 3a CYET YBEJIUUEHUs COJEpKa-
HUS TJIMHO3eMa, COeAMHEHUH Kene3a, KanbLus, Mar-
Hus, cepbl, (¢TOpa U 3aMETHOTrO YMEHBLUIEHUS HOJIH
KpeMHe3eMa.
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BospeiicTBue npeanpusatus obGycnonuBaet ¢op-
MHpOBaHME B IMOYBAX UX TEPPUTOPHHU creuunduye-
CKHX 10 KAYECTBEHHOMY COCTaBY U OCOOEHHO MO KO-
JMYECTBEHHOMY COOTHOUICHMIO KOHLEHTpauuit ane-
MeHTOB (3HaueHUH K¢) MOnMINEeMEHTHBIX FeOXUMH-
yeckuX accounauuii (taém. 5).

B uenoM kauyecTBEHHBIH COCTaB TEeXHOTEHHBIX
aHoManuif B moyBax NMpPOM30HBI KOHKPETHOIrO 3aBoja
HEMJIO0X0 COOTHOCHUTCS C COCTAaBOM €ro IbUIEBBIX Bbl-
OpocoB. XapakTepHO, 4TO MOYBbI MPOM3OH OTJIHYA-
I0TCS, KaK W MpPOMBILJIEHHAs MbIIb, NOHUXXEHHBIMU
(no cpaBHEHMIO C NMPUPOJHBIMH MOYBaMHU) CoOJepKa-
HUSMHU JIUTOQUIBHBIX 3JIEMEHTOB (CKaHIHUs, THUTaHa,
UMpPKOHUS U Ap.). Heob6XoaquMo oTMETUTh, YTO JaH-
HblE MO COCTaBY MNBUIEBBIX BBIOPOCOB OTpaXkaloT CH-
Tyalulo Ha MOMEHT OnpoOOBaHHUs, TOTAA KaK MOYBEI
KyMYJIMPYIOT MHOTOJIeTHee BO3JleliCTBUE HCTOYHUKOB
3arpsisHeHHs. KpoMe Toro, 3amMeTHOe KOJIMYECTBO
NbUIM U CBA3AHHBIX C Hel XHMHYECKUX 3JIEMEHTOB,
yuacTBys B mnpoueccax armocdhepHOd LUPKYIALUH,
pacnpocTpaHsIOTCA ¥ 3aTeM OcCaxJalTcs Ha Golee
3HAYUTEJIbHON MO MJOLAAN TEPPUTOPUH, B TOM YHC-
ne, Janeko 3a npejenamu ropoja. Hekotopoe konu-
4eCTBO COJAEpKalluXcs B OceBlLIed Ha MOYBBI MNbUIH
MOJUIIOTAHTOB BBIHOCUTCS 3a Mpeesbl ITpOoMILIoLa-
JIOK B COCTaBe NMOBEPXHOCTHOro (Tanoro, JOXAEBOro,
NOJUBOMOEYHOro) cTtoka. TeM He MeHee, MOXHO
NPEANOJIOKUTh, UTO C TeHeHUEM BpPeMEHU UHTEHCUB-
HOCTb U NPOCTPAHCTBEHHbIE pa3Mepbl TEXHOTEHHBIX
aHOManui, GUKCUPYEeMbIX MOYBaMH, OyAyT yBeaU4U-
BaTbCS B 30HAX BJIMAHUS BceX oOCNeOBaHHbIX NMpej-
NpUATHH.

OnpeneneHHas 4acTb METAJJIOB KOHLEHTPUPYETCS
B M04Bax B MOJABMXHbIX popMax, 4To ocoOeHHO Xa-
paKTepHO AN KaJMHUs U HUKens (Tabnuusl 6, 7). Ab-
COJIIOTHBIE KOHLEHTpauuu (0coOEeHHO MaKCUMalib-
HblE) MOABMXHBIX (OPM MHOIMX METANJIOB HEPEaKO
3aMETHO TPEBBIIAIOT COJEPXKAaHUE MX TMOJBHKHBIX
¢opM B (OHOBBIX MOUBAX, a AN MOJBUNKHBIX (GopM
HEKOTODPBIX DJJIEMEHTOB OTMEUaeTCs IpEeBbILIEHHE
3Havyenuit [1JK unu BanoBeix OHOBBIX YPOBHEIA.

Kak yxe oTmedanoch, MeTajJibl IPUCYTCTBYIOT B
NPOMBILUIEHHOH MBUIM B OTHOCHUTENBHO YCTOMUYUBBIX
(B BuAe OKcHAOB, CyIbGUAOB, TOHKOIMUCHEPCHBIX
YacTUL M T.J.) U OTHOCUTENILHO MOABWXHBIX (COpO-
LHMOHHBIX, KAPOOHATHBIX, OOMEHHBIX U T.1.) dopmax.

TSXKENBIX METaJJIOB HabniojnaeTcs B Haubojiee TOH-
kux (MeHee 1 MKkM) dpakuusx aTMOCHEpPHON NbUIH U
a’po30Ji1 TBEpPAbIX YACTHL; TaK Ha3blBa€MbIE Mart-
pUYHBIE 3JI€MEHTHl (QJIIOMUHUIA, XKeNe30, KPeMHHMIA,
HaTpui, TUTaH, KalbLUil, MAarHU#) CBA3aHBI B OCHOB-
HOoM ¢ Oosee kpymHbIMM uyactuuamu [3, 4]. Tem He
MeHee, Kak ycTaHoBieHOo A.A. BonoxoMm [3], kaamuit,
menb, Oapuif M HHUKENb JOCTATOYHO HHTEHCHUBHO
KOHLEHTPUPYIOTCS HAa KPYNHBIX MO  pasMepy
(2...10 MKM) HecyLIMX YacTHLIAX, C KOTOPBIMH MOKET
ObITh cBsA3aHO Gosee 50 % MX BaJOBOro CoOJEpPKAHUS
B arMocdepHoii neiiuM. Bce 3TO ompenenser ToT
(akT, 4TO mpoueccsl MOCNEeAYIOLIEro 3aKkperjaeHus u
npeobpa3oBaHus METAJJIOB B MOYBaX MOTYT OBITh
JIOCTATOYHO CJIOXKHBIMH. B camoM o01ueM BUaE MOX-
HO TPEIINONOXHUTh, YTO MOCJE NMOCTyMmIeHus (CyXxoro
WJIK MOKPOTrO BBINAAEHUs) Ha MOYBY MbUIK U a3p030-
Jiel TBEpABIX YaCTHL, COAEepKallUecs B HUX TSKEJIble
MeTasbl CrnocoOHbl [4]:

— 1) copbupoBaThcs YacTHIAMHU MOYBEI;

— 2) ocaxJaTbCsi B BHAE HEPACTBOPHUMBIX COEIHU-
HEHW;

— 3) TpaHCHOPTHPOBATbCS B HACHLIUIEHHOM IOY-
BEHHOM pacTBope B Oosnee riay0okue MOYBEHHBIE IO-
PHU3OHTHI;

— 4) necopbupoBaTbCi M IMHUTUPOBATH B aTMO-
chepy;

— 5) noaseprarbcsi BO3JAeHCTBUIO (hayHBI MOYBEI
WIM MHUKpOOOB, NMPUBOJASAILEMY K pacrnaay XUMHYe-
CKMX COeJMHEHUI MeTalioB;

— 6) moryiouaTeCs KOPHAMHU PACTEHHIA.

K sTtomMy HeoOxoauMo n00aBUTH BHICOKYIO Bepo-
ATHOCTb BKJIIOYEHHS YacTHL MbUIM M CBA3AHHBIX C
HUMHU XMMHMUYECKUX DJIEMEHTOB B COCTaB MOBEPXHOCT-
HOro (Tajnoro, 10XJAEBOro, MOJUBOMOEYHOr0) CTOKA C
FOPOJACKUX TEpPpPUTOpUIl, MX MepepacnpenesieHue u
MUTpPALlUI0 B MECTHblE BOJOEMBI W BOJOTOKM. Bo
MHOTHX pernoHax Poccuu ans npeoGpa3zoBaHus cO-
CTaBa MbUIM U (HOPM HAXOXJEHUs CBA3AHHBIX C HeM
MOJIIIOTAaHTOB O0JblLIOE 3HAYEHHWE MUMEET MPOJOJIKHU-
TENBHOCTh IEpHoJa CyLIeCTBOBAHUS YCTOWUHMBOro
CHEXHOT0 TMOKpPOBa M XapaKTEPUCTUKH BECEHHErO
CHEroTastHus.

3akJjoueHne
[TpomblllieHHast NbUb, oOpa3ylolascs Ha 3JieK-

M3BecTHO, YTO MakcUMaJlbHOE HAKOIJIEHUE MHOIHUX TpOTEXHUUYECKMX  npeanpusitusx r. CapaHcka,
Tabnuua 7
IToaBuAKHBIE HOPMBI METAJIOB B rOPOJACKHX H (OHOBBIX IOYBAX, MI/KI
. Hukens Menb [{uHk CBHHEl
Paiion r. CapaHcka I 3 I 3 I 3 I 3
Mpom3ona CUC-3BC 1,8 3,0 2,3 5,7 66 111 85 254
LlenTp ropona 1,0 1,2 0,4 0,7 34 58 5 11
3aBon Pe3uHoTexHUKA 1,0 2,0 0,2 0,3 59 65 1 2
1OxHas npom3oHa 1,0 1,2 0,6 0,7 13 15 9 10
don . 1,0 0,2 5 1
MK 4 3 23 6
ITpumeuanue. 1 — cpennee 3HaueHHe; 2 — MAKCHMAJIbHOE 3HAYEHHE.
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XapakTepu3yeTcs BBICOKHUMH COAEpKaHUAMHU LIMPO-
KOro KOMIIeKca XMUMHYECKHX 3JIEMEHTOB, MHOrO-
KpPAaTHO IpEBBINIAIOLIMMU UX YPOBHU B (OHOBBIX
MoYBax, KOTOpPbl€ B JJAHHOM paiioHe ABJSIOTCS OAHUM
M3 OCHOBHBIX MPUPOAHBIX HCTOYHUKOB aTrMocdepHoit
neutd. HauGoslee MHTEHCHBHO B MPOMBILIEHHOM Mbl-
JI1 KOHUEHTPUPYIOTCS TSXKeNble METaIbl — KaaMHUid,
pTyTh, BONb(dpaM, cBUHeL, oJloBO, Oapuii, cepebpo,
UMHK, XpOM, a Takxe cypbma, MbIIbAK, 60op. KoH-
KpeTHOoe npeanpusTve o6nagaer crneudduyecKuM
COCTaBOM TIIbUIEBBIX BBEIOPOCOB, YTO MpOSIBASETCS B
OCHOBHOM B pa3/IM4HbIX YPOBHSX HaKOIMJIEHUS XUMHU-
YECKHUX 3JIEMEHTOB B MBUIM, peXe — B IOSBJIECHUH
3JIEMEHTOB, TUMUYHBIX JIMIIbL JJs JJAHHOrO MpPOHU3-
BOJICTBa, HO OGBIYHO OTJIMYAKOLIMXCS MEHblUedl HH-
TEHCHMBHOCTHIO KOHUEHTPUPOBAHUSA, 4YeM Beaylliue
MeTaibl TEXHOIEHHBIX acCoLHalui.

3aMeTHas 10JIsi XUMUYECKUX 3JIEMEHTOB HaKarulu-
BaeTCs B MbLIK, 0COOEHHO B BEHTHJIALLMOHHON U MbI-
JecMeTax M3 TPOU3BOJACTBEHHBIX TNOMELIEHUH, B
MOABMXHBIX hopMax. DTO onpeaeNseT NOBBILEHHYIO
9KOJIOr0-TUTHEHNYECKYI0 ONAaCHOCTh MbIIH U BEPOSAT-
HOCTb aKTHMBHOTO BKJIFOUEHHUs CBA3aHHBIX C Hell moJ-
JIIOTAHTOB B reOXMMHYecKue LMKIbl Murpauuud. B
IPOM3BOJICTBEHHBIX MOMEUIEHUAX MpaKTHYeckH 006-
CJIeJIOBAHHBIX 3aBOJOB TMOCTOSHHO TNPUCYTCTBYET
oboraiieHHass UIMPOKUM KOMIUIEKCOM XHMHYECKHX
3JIEMEHTOB MblIb, YTO O0YCIOBIMBAET BEPOSATHOCTH
MNOCTYMJEHUs] TOKCUYHBIX BElIeCTB B OpPraHu3M pa-
6ounx. [IpoMbllLINIEeHHAs MBUTE MOXET NMEPEHOCUTHCH
npodeccroHanbHBIMU pabounuMu (Ha oaexne, o0yBH)
B KUJIble NIOMEUIEHHS, UTO HE UCKJII0YaeT BEPOSTHO-
CTH HEraTHBHOT'O BO3AEHCTBHUS COJAEpXKaLUXCs B Hell
NOJUIIOTAHTOB Ha YJIEHOB UX CeMeil.

[TocTynneHne B OKpYXarollyl Cpeny MpOMBILI-
JIEHHO!1 MBUIK U ee NocJieyollee ocaxaeHue puBo-
JAT K U3MEHEHUI0 0011ero XMMU4YeCKOro cocTaBa xa-
paKkTepHBIX IJIA JaHHO! reorpaduyeckoii 30HbI MOYB,
Mpexje BCero, 3a CcYeT YBEJHYEHUS CcoAepxaHus
rMHO3eMa, COeMHEeHUN xKejie3a, KanbUus, MarHus,
cepbl U CHMXXEHMs KojludyecTBa KpeMHesema. B mou-
BaxX IMPOM3OH U MX OKPeCTHOCTel (OpPMHUPYIOTCS MH-
TEHCUBHbIE MOJIM3JIEMEHTHblE TeOXUMHYEecKHe aHo-
Majii, NPOCTPAHCTBEHHO (MKCHUpYIOLHE 30HBI TeX-
HOreHHOro 3arps3HeHus. KauecTBeHHbIl (3/eMeHT-
HbII)  COCTaB  TEXHOrEHHBIX  TI'E€OXHMHUYECKHUX

aHOMaJIMil HEMJIOXO COOTHOCUTCS C TaKOBBIM Iblje-
BBIX BBIOPOCOB mpenanpusaTtuii. Hakonnenue B nousax
NOJBWXHBIX (OpPM METaNJIOB NpeNoNpelenseT ux
aKTUBHYIO TpaHCopMalUi0 H MNOCHEAyIOUYI0 MH-
rpauuio B MOYBEHHOM npodune, Tak U B conpeaesb-
Hble KOMIIOHEHTHI.

[MpuBoauMbBIe B O(QUUHUANBHBIX CTATHCTUUYECKHX
JIOKYMEHTaX CBEIEHUsS O TEXHOrE€HHON 3MHUCCHUM Ti-
XKeJNBbIX METaJJIOB JJIEKTPOTEXHHYECKMMHU 3aBOAAMM,
KaK MpaBUJIO, HE OTpaXalT €€ peallbHbIX 00bEMOB,
MOCKOJIBKY HE YYUTBHIBAIOT MOCTABKY MOJUIIOTAHTOB C
npUieBbIMU  (OpraHU30BaHHBIMH U HEOPraHW30BaH-
HbIMH) BelOpocamu. [1pu paszpaboTke npeneysbHO A0-
MYyCTUMBIX BBIOPOCOB ¥ OOOCHOBaHMM NPHUPOLO-
OXpaHHBIX MEpPOINpPUATHI Ha NMPEeANpPUATHAX 3JIEKTPO-
TEXHUYECKOro npoduis HeoOX0IMMO YYHTHIBATH Be-
POSTHOCTh NMPUCYTCTBUS B MBUIEBBIX BbIOpOCax LIM-
pOKO#i rpymnmnbl NOJUTIOTAaHTOB. M3yueHne XMMH4ecKo-
ro cocTaBa NPOMBILIJIEHHON MbIJIX AOMXKHO CTAaTh CO-
CTaBHOH 4YacThIO CAaHUTApPHO-THTMEHUYECKOTO U 3KO-
JIOTMYECKOr0 KOHTPOJIsl, OCYLIECTBJISEMOr0 Ha Mpes-
NPUATHAX U B UX OKPECTHOCTAX COOTBETCTBYIOLIUMU
ciyxbamu.

E-mail: yanin-dom@mail.ru
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MecTto pazmereHus Hena, pyo6.
1-1 (nuueBas) 12 000
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