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3aBO/bI ANIEKTPOTEXHUYECKOTO MAIIMHOCTPOCHUS MPOM3BOIAT TpaHcPopMaTopsl U TpaHchopma-
TOpPHBIE MOACTAHIIUH, TEHEPATOPBI U THAPOT€HEPATOPBI, KPYIIHBIE HIEKTPOMAIINHBI, IEPEIBIKHBIEC JIIEK-
TPOCTAHIMH, HAMOJBbHBII TPAHCIOPT, DIEKTPOBO3BL, PA3INYHBIC DJIEKTPOABUraTENN, YaCTO BBITYCKAIOT
BBICOKOBOJIFTHYIO M HU3KOBOJIBTHYIO allllapaTypy, YCTAHOBOYHBIE aBTOMATHI, 3allaCHbIE YaCTH K pa3iiny-
HOMY 3JIEKTPOTEXHHUYECKOMY 00OPYIOBaHHIO, IEKTPOIPUBO/bI, BHIPSIMUTEIH, CHIIOBBIE MPeoOpa3oBa-
TeJIM, KOHIEHCATOPbI, 3IEKTPOCBApOYHOE 000pyAoBaHHE (MHIYKLMOHHBIE HarpeBaTel, BHICOKOYACTOT-
HBbIE YCTaHOBKH JII MHIYKIMOHHOTO HAarpeBa, KOHTAKTHBIEC MAIlMHBI, aBTOMAaThl W IOJIYyaBTOMATHI IS
CBapKH, TUIa3MEHHbIC YCTaHOBKH H T. J.), OBITOBBIE 3IEKTPONPHOOPH U Ap. IIpon3BoACTBO HEKOTOPHIX
U3JENNN, HApUMeEP THAPOTr€HEPATOPOB, MAJIOCEPUHHOE U MHANBUYaJIbHOE.

B cocrtaBe 3aBOJOB 3NEKTPOTEXHUUYECKOTO MAIIMHOCTPOEHUS MPUCYTCTBYIOT MPOU3BOJCTBA, Xa-
pakTepHbIe IS MaIIHHOCTPOUTEIHHOTO KOMITIEKca (MeTamooOpabdaTeiBaromye, COOpOYHbIE, TaTbBaHH-
YecKue, MHCTPYMEHTANbHbIE, OKPACOUHBIE 11€Xa, YIACTKHU TPaBJIEHUS, IITAMIIOBOYHO-CBAPOYHbBIE U ra30-
pesaresibHble, HAMOTKH, U3TOTOBJICHUS MarHUTOIIPOBOJOB, OOMOTOK, M3OJISIIMOHHBIX JAETallel, cepaed-
HHUKOB, IPOIMTKH, 3aJIUBKU U CYIIKH, alllapaTHBIC 1IeXa, & TAKKE Pa3INuHble OOIENPOMBILUICHHbIE 00b-
ekTsl). Ha 3aBomax akTMBHO HCIIONIB3YIOTCS! MPOLIECCH 00E3KUPUBAHNUS, 3aKAIKH, OXJIAXKICHHS, TPOMBIB-
KM, OT)KWTa, MalKu. B mpon3BoicTBE MIMPOKO MpUMEHSETCS 3JEeKTPOTEXHUYECcKas CTalb (A1 U3rOTOBJIe-
HUSI CEpACYHUKOB CHJIOBBIX TPaHC(QOPMATOPOB W MarHMUTONPOBOAOB THAPOTEHEPATOPOB MEPEMEHHOTO
TOKa, Uil MPOM3BOACTBA BBICOKOYACTOTHBIX TPAHC(POPMATOPOB M IEHEPATOPOB SIEKTPHUUECKOIO TOKA,
IUIS TIPOM3BOJICTBA POTOPOB M CTaTOPOB JIEKTPUUYECKUX MAIIUH U Ap.), TpaHCHOpMaTOpHbIE Macia (CoT-
HU U THICSYHM TOHH B T'OJ] HA OJTHOM 3aBOJI€), JaKOKpAaCOYHbIE MaTeprabl (1eCATKA TOHH), PaCTBOPUTENH,
TIOMUHMEBBIN TPOKAT (JECATKU TOHH), MIPOKAT LBETHBIX METAJUIOB, YYyTYH INepeAebHbIN U JINTEHHBIH,
CTaJIbHbIE TPYOBI, IEKTPOAbI CBAPOUHBIC (IECSTKH TOHH), MOJIMAMUABI U ATOKCHIHBIE CMOJIBI (IECATKH
TOHH), JIaBCaH, MOJUCTUPOJI, MEAHBIE MPOBOJA (ECSATKH TOHH), Pa3JIUyYHAas >JIEKTPOTEXHUYECKas U Ka-
OenbHast MPOYKIMS, U30JSIMOHHBIE MaTepuajsl U JIp. Bce 3To ompenenser MOTEHIMANbHYIO BO3MOXK-
HOCTb HETaTUBHOTO BO3/IEMCTBUSA yKa3aHHBIX MPEANPHUITUN Ha OKPYXAIOIIYIO Cpey, MPOSBIIAIONIErocs,
NPEeXJe BCET0, B €€ XUMHUYECKOM 3arpsi3HEHUU. B TO jxe BpeMs 0COOCHHOCTH BIMSHUS YKa3aHHBIX Ipe-
NPUATHHA HA OKPYXKAIOIIYIO Cpelly H3ydeHbl ci1a0o. MMeronmecs: KOHKPETHBIE CBEICHUS] HEMHOTOYHCIICH-
HBI ¥ pa3po3HeHHBI. Hanbonee mpUHINMTHAIBHBIE U3 HUX CUCTEMAaTU3UPOBAHBI HHUXKE.

AHaIM3 UMEIOIUXCS] MaTEPUAIOB TIO3BOJISIET MPETIONI0KHTE, YTO B BEIOPOCAX TPEANPUATHIA 3JIEK-
TPOTEXHHYECKOTO MAIIMHOCTPOCHHS OyJeT MPHCYTCTBOBAThH IMUPOKAs TPYIIa XUMUYECKHX 3JIEMEHTOB,
THITMYHBIX TSI MAIIMHOCTPOUTENBHOro npou3BojacTBa (Tadn. 1). ITo manubM [7], B BbIOpOCax 3aBOJOB
HU3KOBOJIETHOM anmapaTypsl IPUCYTCTBYIOT 3HAUYUTENBHBIE KOJIMYECTBA MapraHLa v pTyTH.

Ta6nwuia 1. MeTtasuisl B IPOMBINUICHHOM TBLTH MAIIHHOCTPOUTENBHBIX 3aB010B [13, 14]

IIponecc Koa¢¢puunenTs! KoOHIEHTpanuy 3neMeHToB K¢ *
n x 1000 n x 100 nx10 nxl

Jlutee cTanm - - Sn-Sb-Ni-W Mn-Zn-B-Pb-Mo
BribuBka hopm - - w Mo-Zn-Co-Pb
OuYKCTKA OTIMBOK - W-Mo Cr-Ni-Cu V-Co
Ky3HeuHo-npeccoBblii 1iex - Zn W-Mn Mo-Ni-Sn-Co-Pb
MexaHnuueckast 00pabOTKa YepHBIX METAILJIOB - W-Mo-Cu | Cr-Ni-Co-Zn Mn-V-Pb-Sn
Mexannueckas 06paboTka 1BeTHbIX MetaiuioB | Cu-Zn-Pb | Cr-Ni W-Sn Co-Mo-V
3aro4yka HHCTPYMEHTOB W Mo-Co Cr-V-Cu-Ni Zn-Sc

* Koo dumeHThl KOHIIEHTPAIMK PACCUUTHIBAIMCH OTHOCUTENHLHO KJIapKa 3éMHOM KOPBI.



®dopmupyronrecs B 30HaX BIMSHHAS MAITHHOCTPOUTEIHHBIX 3aBOJIOB 30HBI 3arpsi3HEHUS (B TOYBAX
M CHEXHOM TIOKPOBE) OTIHYAIOTCS HHTEHCHBHBIM KOHIIEHTpupoBanueM W, Mo, Sn, uxoraa Be u Ti [14].
O06s13aTeNNbHO IPHUCYTCTBHE TTOBBIMIEHHBIX cofepxkannii Zn, Pb, Cu, kak npaBmiio, XapakTepHBIX JUIS JIFO-
00ro MeTayIoeMKOTO IMPOM3BOACTBA. B mouBax He mckimoueHo Hakomwienue Bi, Cr, Ni (K¢ mo 3-10). Ha-
MpUMEP, B OKPECTHOCTAX MOCKOBCKOTO «DJIEKTPO3aBOa» B IMOYBAX U CHEXKHOM TOKPOBE (B MBUIH, OCAXK-
JICHHOW CO CHEroM) MHTEHCUBHO KoHIeHTpupoBaiuck Cd, Pb, Cr, Sn, Zn, Cu, B MeHbIe# crenenu Co u
Ni. ITo ganusiM B.B. Unsuna u ap., [8], B 30He Bimsaus HoBocubupckoro 3aBoma «ucub» (pous3Boz-
CTBO 3JIEKTPUYECKUX MAIIHWH, TypOOT€HEepaToOpoOB, THAPOTEHEPATOPOB) B TIOYBEHHOM ITOKPOBE (PHKCHPY-
ercs cnenuduueckas acColyarys XUMUYECKHX 3JIeMeHTOB (Tabi. 2). Bexyiiue 3HaueHHe 0JioBa B reo-
XUMHYECKUX aCCOIMAINAX, CBOUCTBEHHBIX IOYBCHHOMY TIOKPOBY, SIBHO CBSI3aHO C BO3JIEHCTBHEM BBIOPO-
COB OJIOBOKOMOWHATA.

Tabnuna 2. XuMU9IeCKre JIEMEHTHI B TOYBax BOIU3M 3aB010B B I. HoBocuOupcke [8]

IIpennpusitue KoadunneHTs! KOHIIGHTpalKy 21eMeHToB K *
> 100 100-30 30-10 10-3 <3
«Qucub» - Sn Co-Pb Cd-Cu-Mn-V-Zn-Bi Sc-Cr-Mo-Nb
OnoBoxoMOuHaT | Sn w Bi As-Cu-Zn-Co-Sr-Cd B-Mo-Zr-Y
TOII-2 u TOII-3 - - - Sn-Sr-Cu-Co-Zn Cd-B-Bi-Mo-Ba-Pb-Zr

* OTHOCHTENIFHO MaKCHMaJIbHbIX 3HaYCHUI (POHOBBIX KOHLEHTPAIMI 3JIEMEHTOB B IIOYBaX, IPUBOJAUMBIX aBTOPaAMH
UTHPYEMOH pabOTHI.

B mouBax BOJIM3M TajibBaHUYECKOI'O Iexa 3aBoja «yekTpomaiuHa» (r. KuinuHeB) HakaruimBa-
nuck Zn (K¢ otHocuTensHo gona = 50), Sb (50), Pb (26), Cu (14), Sr (10), Ag (10), Sn (7), Cr (6), Ni (3);
CYyMMapHbIi noKasatenb 3arpssienust Zc = 177 [10]. Emie Gosiee CHIIbHO 3arpsi3HEHBI TOYBBI BOJIU3H OK-
paco4Horo 1exa (CyMMapHbI mokazarenb Zc = 339), oTnmuyaromuecs IprucyTCTBUEM OYEeHb CIIeupud-
HOMW, HO THITUYHOMW JJIS TAHHOTO MPOW3BOJCTBA accorumanuit anementoB: Cu (Ko = 4000), Co (273), Pb
(184), Zn (158), Ag (40), Mo (17), Sr (10), Ni (10), Sn (9), Cr (3). Conepxxanue pTyTH B O4YBax BOJIU3U
npennpustus gocturano 0,46 Mr/Kr, 9To Ha TIOPSIOK BBIIIE €€ KIlapKa.

ITo nanubiM B.A. Pesuua u ap. (1983, mur. mo [20]), B okpecTHOCTIX MOCKOBCKOTO 3JIEKTpOMEXa-
HUYECKOTO 3aBOJ] (IPOMU3BOJCTBO ICKTPOJBHUIATENCH MEPEMEHHOTO TOKA) B MOYBaX KOHIEHTPUPYIOTCS
Zn (K¢ = 8), Pb (7), Sn (6), Bi (5), Mo (5), Cr (2), Ni (1,5). IoBOJIEHO CXOXHE TI0 KAYECTBEHHOMY COCTa-
By T€OXHMHUYECKHE acCOIMAINY OTMEUAINCh B CHETOBOHM MBUIM M CHeroBol Bone (Tabi. 3). B Bozmyxe
OOHaPYKUBAJIKCH MOBBIIIEHHBIE COCPKaHUU Pb (4acTo BhIIIE MpeIebHO JOMYCTUMOM KOHIIEHTPAIINH),
Mn, Zn, V, uaorga Cd, ypoBHH KOTOPBIX MHOTOKPaTHO IpeBbIIan (poHOBbIE KOHIEHTpanuu. BOmu3u
MOCKOBCKOTO MPOKEKTOPHOTO 3aBOJIa, B CBOE BPEMsI ITPOM3BOAMBILEIO CTHPAIbHbIE MAIIMHbI, JIEKTPO-
YTIOTH W aKKyMYJSTOPBI, B Pa3lIMYHBIX KOMIIOHEHTaX OKPYXKAOIIEH CpeIbl OTMEYAIOTCS MOBHIIICHHBIS
KOHIIEHTPAIMH IIUPOKOH TPYIIHI TSHKEIBIX MeTauioB (Tad. 4). Tak, B CHE)XKHOM TOKpOBE (B MBLIH, OCa-
KICHHOW CO CHETOM) OTHOCUTEIPHO MHTEHCUBHO HakarumBaroTcs Zn, Ni, Cu, Pb u Co; B mouBax — Zn,
Pb, B menbinei crenenn Mo, Cr u Sn. B 11e10M 30Ha TEXHOT€HHOT'O 3arpsA3HEHUS 3aXBaThIBAET HE TOJIBKO
TEPPUTOPUIO MPEANPUATHS, HO U >KUIIbIE MacCUBBI, pacnonoxeHHsie B 300-500 m ot 3aBoga. [lnomanp
30HBI 3arps3HEHUs, QUKCHUpyeMas [0 aHOMAIBHBIM KOHIICHTPALMSAM IWHKA, JIOCTUTaeT mnpumepHo 1,9

2
KM .

Tabanna 3. X¥uMUYECKHe 3JIEMEHTHI B CHETOBOM BOJIC M B CHETOBOM IBUIH B PafOHE JIEKTPOMEXaHHYECKOTO 3aBOIa
Kommnonent I'eoxumuueckas accoruanusi (B ckobkax K OTHOCHTEIBHO (hOHA)
Bona Cd(16,7)-Cu(11,1)-Zn(7,6)-Ni(3,7)-Pb(1,9)
ITbuth Zn(3,9)-Ni(2,9)-Cd(2)-Cu(1,4)




Tabnuna 4. X¥uMuYecKue 3JEMEHTHI B pailoHe MPOKEKTOPHOTO 3aBO/IA

DieMeHT ITbU1b, OCaXKIEHHAs CHEMOM ITouBa
MT/KT Kc* MT/KT Kc™*

Banaguii - - 34 0,4
Xpom - - 79 1,7
KobaneT 20 2,8 6 0,8
Hukenn 190 9,5 19,3 0,9
Mens 170 6,3 - -

uuk 650 13 306 6,1
Monnbren - - 1,5 1,8
Kagmuii 2 1 - -

OnoBo - - 8,5 1,6
Caumner 100 3,8 93 3,6

* OTHOCHUTENFHO (DOHOBBIX COJICPKAHHUN B TIOYBAX.

B r. MockBe BOIM3H 3aBOfa AIEKTPOMEXAaHHUECKON amnmapaTypsl B MoYBax (OPMHUPYETCS aHOMa-
JMsi, B COCTaB KoTopoit Bxoasat Pb, Sn, Zn, Cu, Ni u Cr. AHanoru4nasi acCoIiaIys, HO ¢ MPUCYTCTBHEM
KaaMusa U «JIMACPCTBOM) MEAU OTMEUAIaCh B MMOYBAxX B paI\/'IOHC 3aBOJia 3JICKTPOMOHTAKHBIX HSI[CJII/IP'I u
3aBOjia M0 PEMOHTY 3JICKTPOTIOABMKHOTO cOCTaBa. B okpecTHOCTSIX MOCKOBCKOTO 3aBOja 3JIEKTpOMeXa-
HUYECKOH amnmapaTypsl B BO3JyXe OTMEYEHBI BBICOKHE COICPKAHHUS OPTaHMYECKHUX BEIIECTB, a B CHEX-
HOM ITIOKPOBE OOHAPYKUBAIKCH MMOBHIIIIEHHBIE KOHIICHTPAUY Bosib(Ppama. B mouBax oKojo 3aBojia aBTO-
TPaHCIIOPTHOTO 3JIEKTPOOOOPYAOBAHMUS HAOIIOIAUCH BRICOKHE KOHIeHTpauu Pb (K¢ = 43), Sn (12), Zn
(7), Bi (5), Mo, Co u Ni (1,5-3) [5].

B mouBax roro-zanmagHoit yactu HoBroposa, Taie pacrioio)keH KOMITDIEKC SIEKTPOTEXHHUYECKUX U
AIIEKTPOHHBIX MPOU3BO/ICTB, BBITYCKAIOIINX CPEICTBAa aBTOMATH3AINH, JJIEKTPOBAKYYMHBIE MPHOOPHI U
JIp., YCTAQHOBJICHBI MOBBILICHHbBIC KOHIEHTpaluu Ag, Sn, Pb, W u Hexotopbix apyrux meramwioB [18]. ITo
3HAYCHHUIO CYMMapHOT'0 TIOKa3aTelsl 3arps3HeHUs Z¢ 3/1eCh BCTPEYAIUCh YYaCTKH TOPOICKON TEPPUTOPHU
co cpeanuM (Zc < 16), ymepenno omacHbiM (16-32) U OmacHBIM ypOBHEM TEXHOT€HHOTO 3arps3HCHHUS
(32-48 u BBIIIE) ITOYB.

B aTtmocdepHOM Bo31yXe BOJIM3M MalIMHOCTPOHUTENBHBIX MPENNpUATHI cTaOWILHO OOHApYKUBa-
IOTCA BBICOKHME KOHICHTPAIWU TSKCIIbIX METAJUIOB, IIPUYCM, KaK IpaBUJIO, B OTACIIBHBIC JHU UX YPOBHU
MOT'YT MPEBBIIATH (POHOBBIE MTApaMETPhI B JAECSATKHA U COTHH pa3 (Tabi. 5). [To qanubiM A.A. Bosoxa [6],
B aTMOC(EepHOM BO3/yX€ B 30HAX BIUSHUS MPEANPUATHIA MAIIMHOCTPOSHHUS B BHICOKHUX KOHIIEHTPAIHAIX
npucytctBytoT Co, Pb, Ni, Cr, Mn, Sb (K¢ oTHOocHuTenbHO (hoHA n3MeHseTcs B nipesenax 10-50) , a Takke
Zn, V, Sn, Mo (K¢ 1o 10).

Tabmuma 5. Xumudeckue syeMeHTHl (a3po3oibHas (opMa) B aTMOC(EPHOM BO3IyXe B 30HE BIUSHHS MAaIIHHO-
CTPOUTENBHBIX npeanpusituil [14]

Mertamn MKT/M® K¢ otHOCHTENBHO pOHA
cpenHsist MaKCHMaJIbHasl CpeaHUM MaKCHMaJIbHBIH

Banaanit 0,02 0,39 7 130
Xpom 0,09 0,83 15 140
Mapranen 0,12 0,90 9 69
Huxkens 0,04 0,36 10 90
Lunk 0,23 1,85 10 80
CauHern 0,13 0,70 22 117

Crienuduyeckoe BIMAHUE Ha Cpeay OOMTAaHHUS OKa3bIBAIOT 3aBOJIBI IO MPOU3BOJICTBY KOHAEHCATO-
POB. DIEKTPUUECKUI KOHIEHCATOP MPEACTaBIsIeT COOOH yCTpOCTBO, peAHA3HAUYCHHOE ISl TTOJTyYEeHHUS
HY>KHBIX BEJIMYMH JJIEKTPUIECKONH €MKOCTH M CIIOCOOHOE HAaKaIUIMBaTh M OTAaBaTh (TIepepacipeensiTh)

JJIeKTpUIecKue 3apsasl. KoHaeHcaTopsl OBIBAIOT MOCTOSIHHONW U MEPEMEHHON eMKOCTH. B 3aBUCUMOCTH



OT THIa JUAJIEKTPHUKA, MaTeprana o0KIaJOK U KOHCTPYKTHBHOTO UCTIOJIHEHUS pa3IndyaloT KOHICHCATOPHI
OyMa’KkHBIE, BO3IYIIHbIC, KEpAMHUYECKHE, TNICHOUHBIC, CIIIOASHBIC, JICKTPOJIUTHIECKUE U Ap. Y OyMaxHO-
ro KOHJEHcaTopa OOKJIaJK{ BBIOJHEHBI U3 (OJIBIH, @ B KA4EeCTBE JUIJICKTPHKA MCHOJb3yeTcs Oymara,
MIPOTIMTAHHAS TBEPABIM PaCIUIaBIICHHBIM (TIEpPe3WH, XJIOPHAPTAINH) WU KXKUIKAM (M30JIAIIHOHHOE MacIIo,
COBOJI) BELIECTBOM. B BO3yIIHBIX KOHAEHCATOpaX AMAIEKTPUKOM CIIYKHUT Bo3ayX. Kepamuueckue KoH-
JICHCATOPHI BBIMOJIHAIOT B BUJE JHCKOB U TPYOOUEK C MOCEPEOPEHHON MOBEPXHOCTHIO Uil HU3KUX WIIN
TOPIIKOBOIO U OOYOHOYHOI'O THUIIOB ISl BBICOKUX IEKTPUYECKUX HANPSDKCHUH. 3HAUUTENIbHAs 4acTh UX
IPOM3BOAUTCS C UCIOJIb30BaHUEM Najuiaaus. B MIeHOYHOM KOHAEHCATOpe MUAIEKTPUKOM CIIYKHUT TOH-
Kasl IUICHKa MOJIMCTUPOIIa, MONMATHIICHa, Proporiacta u Ip. B cioasHOM KOHAEHCATOpE JUAIEKTPHKOM
ABJISIETCSl TUCTOBASI CIIOJA, a OOKIaakaMHu — (HOJIbra WM CJIOM HANbUICHHOTO Ha CIIOy MeTaa. JJeK-
TPOJINTHUYECKUH KOHACHCATOP CONEPKHUT B KAUeCTBE OJHOHN M3 OOKIIANOK AIIEKTPOJINT, a B KA4ECTBE APY-
rof - METAJUINYECKYIO IUIACTHHY (aJIOMUHMH M [Ip.), HOKPBITYIO OKCUAHBIM ciioeM. IlepcrnexTuBHbIMU
SBJISIOTCS KOMITAaKTHBIE TAaHTAJIOBble KOHJIEHCATOPHI. B cocTaBe crtaBoB TaHTana, UCMOIb3YEMBIX B MPO-
W3BOJICTBE KOH/IEHCATOPOB, MPUCYTCTBYIOT HUOOHMH M HEKOTOPHIC NPYyTUE AJIEMEHTHL. B pa3BUTHIX cTpa-
Hax 10 60-70% Bcero TaHTaja UCIOIB3YETCs] B KOHACHCATOPHON MpoMbIiuieHHOCTH. B 1985 r. SInonun,
HanpuMep, ObII0 BhITyIIeHO 2210 MITH. TAaHTAJOBBIX KOHICHCATOPOB; B KAXKJIOM KOHIEHCATOPE CoepKa-
sock 110 0,054 r TanTana. PaznuyaroT cuiioBble KOHACHCATOPHI, MIPeIHA3HAYEHHBIE ISl IPOIOJIBHON KOM-
TICHCAI[UA PEAKTUBHOTO CONPOTHUBIICHHS NATBHUX JTUHUK 3JIEKTpoIlepeaady, sl TOBBIIICHUS KO PUIH-
€HTa MOLIHOCTH MPOMBIIUIEHHBIX JIEKTPOYCTAHOBOK U MHAYKLIHUOHHBIX 3JEKTPOTEPMUUECKUX YCTAHOBOK
B CHJIOBBIX CETSIX BBICOKOI'O M HU3KOT'O HANPSDKEHUS MM B CHJIOBBIX YCTPOWCTBAX MOBBILICHHBIX YaCTOT U
Ip., ¥ MajorabapuTHbIe KOHIEHCATOPHI, peAHA3HAUEHHBIC IS paOOTHI B IIyCKOPETYIUPYIONINX anmapa-
Tax JIOMHUHECHCHTHBIX JIaMI (OCOOCHHO IIMPOKO), B KayecTBE OaJUIACTHBIX AJISI 3alIMThl HaKaTbHBIX
TpaHc(hOPMAaTOPOB, B MyCKOBBIX IBUTATENAX, OBITOBBIX YCTPOUCTBAX U ammapaType U T. 1. B o0mewm ciy-
yae MPOU3BOJACTBO CUJIOBBIX M ManorabapruTHBIX KOHICHCATOPOB MOKET COIPOBOXKIATHCS 3arps3HEHUEM
MIPOM3BOACTBEHHON M OKpY’Kalole cpeasl MHOTUMH XMMUYECKUMH 3JIEMEHTaMH, COJIepKaIlluMUCs, Ha-
MIpUMeEp, B METAJUTU3UPOBAHHBIX MOJMMEPAX-TUIEKTPUKaX (11 METAITU3AIMH TTOJIMMEPOB HUCIONB3YIOT
Al, Cu, Zn, Ti, Cd, Cr, Ag, Au, Pt, Sn, Ta, Pb, Co, Fe, Ni, V, Mo), IbUIbIO CITFO/IbI, OPTaHHYECKUMH I10JI-
JIOTAaHTaMHM, KOTOPbIE BBIACISIOTCA U3 HEPTENPOLYKTOB, KPACOK, PACTBOPHUTEIICH, CHHTETUIECKUX TOTH-
MEpOB.

B cBoe Bpems AOCTAaTOYHO BO MHOTHX CTpaHax IIMPOKOE NMPHUMEHEHHE B 3JIEKTPOTEXHHUYECKOM
NPOMBIIIEHHOCTH HaXoAWnu nojuxyiopuposanHble Ooudenuns (I1XbB), koTopble mepBoHauanbHO mpe-
MMYILIECTBEHHO HCIIOIb30BAJINCh B KAUECTBE AUAJICKTPUUECKON KUAKOCTH B CHJIIOBBIX TpaHc(opMaTopax
¥ cUIOBBIX KoHIeHcaTopax [11]. Hampumep, B CCCP Ha 10110 3JI€KTPOTEXHUUYECKON MPOMBILILICHHOCTH
MPUXOIUIOCH 0K0JI0 75% npoussoaumbix [1XB [22]. B Hactosmiee Bpems [1Xb npusHaHbl IPUOPUTET-
HBIMH MOJUIFOTAHTaMHU, ITOJTYYUBIIMMH HA3BAHUE «CYNEPTOKCUKAHTHI X XI Bekay.

B 651B. CCCP BhIITycK CHJIOBBIX TpaHC(HOPMATOPOB C COBTOJOM (CMECh MEHTAaXJIOPAWBEHWIA U
TpuxJIopOeH30J1a B COOTHOILICHUH KOMIOHEHTOB 9:1 wacTell mo macce) ocyliecTBIsuics Ha Ununpckom
(V36exucran) u CBepmioBckoM TpaHchopMaTopHeix 3aBogax (IO «YpamaineKTpoTsKMAIy), a CHIIOBEIE
kouzaeHcatopsl ¢ IIXb mpousBoamunuce Ha CepryxoBckoM M YcTh-KaMEHOTOPCKOM KOHJIEHCATOPHBIX
3aBogax [9]. ManorabaputHble KOHICHCATOPHI, MPpeAHa3HAYCHHBIC /Il pabOThl B ITyCKOPETYIHPYIOIIUX
anmaparax JIOMUHECHEHTHBIX JlaMIl (OCOOCHHO MIMPOKO), B Ka4eCTBE OaJUTaCTHBIX JJISl 3aLIUThl HaKallb-
HBIX TPaHC(OPMATOPOB, B ITyCKOBBIX ABUTATENSIX, OBITOBBIX YCTPOWCTBAX M ammapaType, MPOU3BOJMINCH
B Pa3HBIX CTpPaHaX B JIOCTATOYHO MaccoBbIX oObemax B 1960-1970-x rr. (B 661B. CCCP Ha JleHuHakaH-
CKOM 3JIEKTPOTEXHUYECKOM 3aBozie ¢ 1969 r. mo 1989 r.). B HacTosmiee BpeMsi MPOU3BOJICTBO CHIIOBBIX
TpaHchOPMaTOPOB U Pa3NUUHBIX KoHAeHcaTopos ¢ [IXb B kauecTBe AMANEKTPUUIECKON JKUAKOCTH Ipe-
KpaIIeHO (B CYIIECTBEHHOW MEpE 10 IKOJOTHIECKUM COOOPaKEHHSIM) MTPAKTHUECKH BO BCEX CTpaHAX MH-



pa, HO MOXKHO TIPEIIOJIOKUTh, YTO B OKPECTHOCTSIX COOTBETCTBYIOIIUX 3aBOJIOB MOTYT COXPaHSATHCS OC-
TATOYHBIC 30HBI 3arpsA3HEHMs], 00YCIOBICHHBIC MOBBINICHHBIMUA YPOBHSMHU B OKPYXAIOIICH Cpele ITHX
coenunenwuii [4, 9, 12, 19]. IIXB MoryT Tarxxe MPUCYTCTBOBATh B XPAHAIIUXCS (MM MCIOJIB3yEMbIX) HA
MPEINPUATHAX DJIEKTPOTEXHUIECKOTO MAIIHHOCTPOCHUS CHIIOBBIX TpaHC(HOpPMATOpax M CHIIOBBIX KOH-
JICHCATOPax, YTO HE MCKIIOYACT WX MOTCHIUAIBHOTO MOCTYIUICHUS B OKPYXXKAIIIYI0 cpeay. EcTh Takke
CBEJICHHSI, YTO CMa304YHbIC Maciia C HCIoyib3oBaHueM [IXB OTHOCHTENBHO MIMPOKO MPUMEHSUTUCH JIJIS
KOMIIPECCOPOB, PEXYIINX allapaToB, BAKYYMHBIX HACOCOB, ITEPEKAUYMNBAIONINX CTAHINI, TOPMO3HBIX KO-
nozoxk [9].

CTo4HBIC BOBI MHOTHX MPEIIPUATHH 3JIEKTPOTEXHUISCKOTO MAIIMHOCTPOCHUS, OCOOEHHO CTOKH
rajbBaHMYECKHUX MPOU3BOJICTB, COJCPIKAT IKCTPEMabHO Beicokue koHmenTparmu Cu, Ni, Cd, Zn, Cr, Na,
[IUAHUIBI, Pa3IMYHBIX OPraHUYECKUX BEIIECTB M MUHEPAIBHBIX KUCIOT (Tabir. 6-10), a Takke OTIMYAIOT-
Csl TIOBBIIIICHHBIMU COJICP)KAaHUSAMH HE(TENPOAYKTOB. B CTOYHBIX BOJaX OKpPACOYHBIX IEXOB (KaMmep) B
3HAYUTEIbHBIX KOJIMYECTBAX MPUCYTCTBYIOT B3BEIICHHBIC BelleCTBAa (0COOCHHO KPAacKH), Pa3IHUUHbIC XH-
MUKaTHI (KaJIbIIMHUPOBAaHHAs cojia, TpuHaTpuiipocdar u ap.). CTouHble BOJBI 3aBOIOB IO TPOU3BOJICTBY
KOHJICHCATOPOB OTJIMYAIOTCSI BHICOKUMHE COAEPIKAHUSIMH METAJUIOB, B3BEIIEHHBIX BEIECTB, COSAMHEHUIN
azota u ¢ochopa, GpeHOIMPOU3BOIHBIX, cynbhaToB u ap. (Tabn. 11). besycnoBHO, 4TO OmpeneneHHas
YacTh MEPEUNCIICHHBIX B Ta0JI. 6-11 3arpsA3HSIOMNX BEIIECTBA B TOM WJIM MHOM KOJIMYECTBE IMOCTYIACT B

IMOBCPXHOCTHBIC BOJAHBIC OOBEKTEL.

Tabnuna 6. CoctaB CTOYHBIX BOJ TPAHC(HOPMATOPHBIX 3aBOJI0B, Mr/1 [15]

IMoka3atensb CTO4HBIE BOJIBI Cpenmee cojepikaHue B BOJIAX 30HBI
JIO OYHCTKH MOCJIE OYUCTKU runeprexesa [17]

Temneparypa (°C) 90-30 1o 25 -*
B3Bemennsie BemecTsa 200-250 10-15 -
D¢upopacTBOpHMEIE 150-200 1,5-2 -
JKectkocTh 061mast (Mr-3xB/in) 4 4 -
[lemounocTh 00OMImIas (Mr-3KB/J) 9,2 9,2 -
pH 4-8 6,5-8 6,90
Cyxoit ocratok 1000-1200 1000-1200 469
Xnopumipt 40-60 40-60 59,7
Cynbdatsr 20-40 20-40 70,7
Xpom (37) 14,3 0,28 0,00303
Huxens (2°) 2,6 0,05 0,00358
unk (27) 12,6 0,18 0,0414
Mens (27) 34 0,07 0,00558
Amomunuii (37) 0,16 0,03 0,226
ITAB 30-50 0,3-0,5 -
BIIKg (MrO,/mn) 170-250 170-250 -

* TIpouepk 311ech U B Ta0N. 7-11 03HaYaeT, 9YTO NaHHBIE OTCYTCTBYIOT.

s 0TBO/Ia CTOYHBIX BOJI HA MHOTHX MPEANPHUATHAX OOBIYHO MIPEIyCMAaTPUBAIOT TPU KaHAIM3AIH-
OHHBIE CeTH: |) MPOM3BOJACTBEHHBIX CTOKOB OT O0OpPYIOBaHUS AJS THAPABINYECKUX HCTBITAHHUHA, OKpa-
COYHBIX KaMep, 3aKaJIOUYHBIX BaHH; 2) MPOU3BOACTBEHHBIX CTOKOB OT I[€XOB raJIbBAHNYECKUX MOKPBITHH;
3) ObITOBBIX CTOKOB. [IpOoM3BOACTBEHHBIE CTOYHBIC BOJbI, 3arps3HEHHBIC B3BELICHHBIMH BEILECTBAMHU,
Kpackoi ¥ HepTenpoayKTaMH, MPOXOAAT OUYUCTKY Ha JIOKAJbHBIX YCTAHOBKAX — Ips3eMaciioOeH30yI0BU-
TeISIX U KpacKoynoBHuTeNsiX. CTOUHBIE BOABI OT ralbBAHUYECKUX 1EXOB 00pabaThIBalOTCA HA CIIEHANb-
HBIX COOPYXXEHUSIX PEAareHTHOI'O THIIA, B COCTAB KOTOPBIX BXOIST YCPEIHUTENH, PEAKTOPbI, OTCTOMHUKH,
peareHTHOe XO3SIMCTBO, yCTpoiicTBa 1 cOopa u 00e3B0okMBaHMA ocanka. OUHIIEHHbIE TPOU3BOJICTBEH-
HBIE CTOKH COBMECTHO C OBITOBBIMH CTOYHBIMH BOJAMH, KaK IPaBUIIO, HANIPABISIOTCA B TOPOJCKYIO Ka-
HaJIM3ALHIO.



Ta6auna 7. CocTaB CTOYHBIX BOJ MPEANPUITHH JICKTPOTEXHUYECKOTO MAIIMHOCTPOCHHsI, Mr/1 [15]

IMokazarenb 3aB0oJIbI TUIPOTEHEPATOPOB, KPYI- | 3aBOJBI 3JEKTPOTEPMHUUECKOT0 000-
HBIX JJIEKTPOMAIIIHH, JJIEKTPOAr- pyZaoBaHuUs
naparypbl, JJIEKTpo00OpyAOBaHUS
JI0 OYHCTKH MOCJIE OUYUCTKU JIO OYHCTKH MIOCJIE OUYUCTKU
Temmneparypa (°C) 15-20 10-15 18-20 18-20
B3BeleHHbIC BenecTBa o 8000 Ho 50 165 100-120
O¢upopacTBOpHMEIE Ho 100 Ho 1,5 10 3-4
KectkocTh 00mas (Mr-kB/ir) - - 9 10-12
[IlemounoCTh 0OMIAs (MT-3KB/T) - - 5 6
pH 3-5 7 4,5-6 8-8,5
Kucnorst 50-100 OTCyTCTBYIOT
enoun 20-50 Ot1cyTCTBYIOT
Cyxoit ocratox 1000-2000 1000-2000 1200 900-1000
Xopust 150 180
Cynbdatsr 100 100 800 500
XKeneso (obree) 10 Ho 3 0,05 0,02
HoHBI TSHKEIBIX METAIOB o 100 Ho 2,7 10 0,5-1,5
Buorennsie 3meMeHTE 12,5 12,5
DeHOMPOU3BOJHEIC - - 0,1 0,1
ITAB 20 0,5
OKuCIIIEeMOCTh TIepMaHTaHATHAS 115 10 - 40-80
BITKs (MrO,/m) 20 15

Tabmmma 8. CocTaB CTOYHBIX BOJ NPEATIPUSTHN IO IPOU3BOACTBY IIEKTPOIBUTATENEH MO MOIIHOCTH, 3IIEKTPO-
BO30B, HAMOJIBHOTO TPAHCIIOPTA, CBETOTEXHUYECKOTr0 000pyqoBanusi, Mr/i [15]

IloxazaTenn Jlo ouncTku Ilocne ouncTku
Temneparypa (°C) 15-30 10-15
B3Beliennsle BelecTBa 8000 100
D¢upopacTBOpHMEIC 200 3
pH 3,5-5 7
CynbdaTh 72 47
XKeneso (o6iee) 23 0,5
cr** 22 0,051
MoHBI TSXKEIBIX METAIIOB 10,5 0,016
ITAB 3,25 0,5
OKuCIIAeMOCTh TepMaHTaHATHAS 15 10
BITKs (MrO,/m) 20 15

Ta6muia 9. CocTaB CTOYHBIX BOJI TAIbBAHMYECKHX MPOU3BOICTB 3aBO/IOB ACHHXPOHHBIX ABUTaTENEH, Mr/i [15]

IToxasaTens | Jo ouncTku | ITocne ouncrku
Kucnoto-mmenounbie CTOKH
Enxuit Hatp 143 pH=7
CepHasi KUCJIOTa 913 pH=7
A3OTHas KUCIIOTa 228 pH=7
CounsiHast kucIOTa 46 pH=7
Ni** 10,9 0,22
cu?t 7.2 0,1
Cd* 14,1 0,3
Na* 7,2 0,1
Zn** 9,6 0,2
XpomcoaeprKaliue CTOKH
K* 75,4 15
cr® 62,4 1,2
zZn* 192,5 3,8




Ta6nnua 10. CocraB CTOYHBIX BOJ] TaJIbBAHUYCCKUX IMPOU3BOACTB 3aBOAOB KPAHOBLIX U TATI'OBBIX 3JICKTPOABUTATC-

aeit, mr/n [15]

ITokazarens | Jo ounctku | [Tocne ounctku

KucioTo-1meno4nsie CTOKA

Enxwii HaTp 150 pH=7

CepHas Kuciora 250 pH=7

A3OTHas KUCIIOTa 200 pH=7

ComnsHast KHCIOTa 250 pH=7

Ni** 11,1 0,2

Lunanncteie cTOKH

zZn* 401 8

CN’ 159 3,2

Enxuii Hatp 100 pH=7

Ca* 175 35
XpoMcoaeprkalue CTOKH

cr** 156 31

CepHas Kuciora 150 pH=7

A3OTHas KUCIIOTa 200 pH=7

Ta6muma 11. CoctaB CTOYHBIX BOJI KOHICHCATOPHBIX 3aBOIOB, Mr/1 [15]

ITokasarens | Jlo ounctkn ITocne ouncTku
a) [anpBaHMYeCKOE MTPOU3BOJICTBO
KucnoTHo-111e104HbIE CTOKH:
CepHas Kuciora 10500 pH=7
A3OTHas KUCIIOTa 5000 -
Bopnas xucnora 10 -
Kemneso 129 2,6
Mens 91 1,8
Huak 111 2,21
Hukenb 30 0,6
Kagmuii 7,5 0,2
Hatpuii 4.8 0,1
XpomcoepKalue CTOKH:
A30THas KUCJIOTa 250 pH=7
Cepnas kuciora 200 pH=7
Xpom 546 3
6) OxpacogHOE TIPOU3BOACTBO (OKPACOYHBIE KAMEPHI)
B3Bemrennsie BemecTsa 540 -
Kpacka (kr/m’) 10 0,2 -
B) OxpacoyHOe POU3BOACTBO (arperaThl 00€3KUPUBAHUS)

B3Bemrennsie BemecTsa 30 10
Copa KanplIMHUPOBaHHAS 10 10
Tpunarpuiidpochar 10 1

Heo6xonumo OTMETHTH, YTO Ha HEKOTOPBIX 3aBOJAX 3JIEKTPOTEXHUYECKOTO MAIIMHOCTPOEHHS B
CBOE BpEMs MPOM3BOJWINCH PTYTHBIE BBIIPAMUTENHN, YTO HE HMCKIIOYANIO 3arps3HEHHs BO3yXa, IOYB,
BOJIHBIX O0OBEKTOB TOKCHYHOUW PTYTH. MOXHO MPEINONI0XKNUTh, YTO B OKPECTHOCTSIX TAKUX TPEANIPHUITHI
CYIIECTBYIOT OCTATOYHbBIC 30HBI PTYTHOTO 3arpsisHeHus. Hampumep, B.3. @ypcossim [16], B 1990 1. B T.
ExatepunOypre Ha 3aBofe «YpaldJIeKTPOTSHKMAID» B OJHOM M3 LIEXOB OBUIM YCTaHOBJICHBI BBICOKHE
KOHIEHTpAUH 11apos pryTH (281-2380 Hr/m®), HCIONB3yeMOil IPH H3TOTOBICHHH PTYTHBIX BBIIPIMUTE-
neii eme B 1947-1972 rr. He WCKIO4eHO, YTO MHTEHCUBHBIE aHOMAJIMU 3TOTO MeTajuia OyayT GUKCHPO-
BaThCS B CTPOUTENHHBIX KOHCTPYKIMAX M IOYBOTPYHTAX MPOMBIIIJICHHOMN 30HBI U €€ OKPYKEHHS.

3arpsisHeHHe paboumX MOMELICHWH MOXeT OBITh TaKKe BBI3BAHO NMPUYMHAMHU, HE CBSI3aHHBIMU
MPSIMO C TEXHOJIOTHYECKUMH TTporieccaMHu. Tak, B r. UexoBe Ha BEHTHISITOPHOM 3aBOJIE BO BpeMs Toxkapa
OBLTM TIOBPEXIEHBI PTYTHBIE TEPMOMETPHI, YTO MPUBEIO K OTPABICHHUIO HECKOJIBKHUX pabounx mapaMu

prytu («Coserckas Poccusy, 14.05.1988). Paznuunble pTyThCOAEpIKAIIINE IPHOOPEI, YCTPOUCTBA U HU3e-



JUs B TOM WM MHOM Mepe MO-TPEKHEMY UCIOJIb3YIOTCS HA MHOTHUX MPEANPUSITUSX, SBJSSACH MOTCHIU-
ANbHBIMU MCTOYHHKAMH 3arps3HEHHS MPOM3BOJCTBEHHON M OKpYKaroleii cpeas! pTyThio [1-3, 21].

B ob6mem cirywae 30Ha 3arpsa3HeHns, (GOpPMHUPYIOIIAsICI B OKPECTHOCTSIX MAITHHOCTPOUTEIHHBIX 3a-
BOJIOB M OCOOCHHO HaJIS)KHO (PUKCUpyeMasi B TIOYBaX U CHEKHOM TTOKPOBE, UMeeT N30MOP(HHYIO CTPYKTY-
py [14]. Snpo ee ¢ MakcUMabHON KOHIIEHTPAIIUEH METAIOB 3aHUMAET MPOMITIOIMAAKY U TPUIIECTAIOIIHE
K HUM Tepputopuu B paguyce 200-400 m. OOmiast 30Ha BIUSHUS pacIpOCTPaHsIeTCsl MOYTH Ha 4 KM, TIPH-
geM B ITOYBAX OHA MPOCIICKHUBACTCS HA MEHBIIICH TuTomany (mo 1-1,5 kM), HeXKenr B TBITH, OCAKICHHOMN
co caeroM (70 4 kM). Bricokuit 1 omacHBI ypOBHU 3arpsA3HEHUS, OTMEUECHHbIE 3HAYEHUSIMHI CYMMapHOTO
MOKA3aTeJIs 3arps3HeHUs Zc B MO4Bax > 32 u B cHere > 128, ycTaHaBIMBaeTCs Ha IUIOMAAH B paauyce 1,5
KM, 4TO 0OyCJIOBIIMBaeT (JOPMUPOBAHUE HEOJIATOMPHUATHON DKOJOTUYECKOW CHUTYallud B OJIMKAUIIUX K
MPEPUATHSM JKHIIBIX MaccuBax. Kak mpaBmito, cpeqHue W Mayble TOpojia, B KOTOPBIX MTPOMBIIIUICHHAS
MHPPACTPYKTypa MpEACTaBICHA MPEUMYIIECTBEHHO MPEINPUATASIMA MAITHHOCTPOUTEIHFHOTO MPOQUIIA,
XapaKTePU3YyIOTCS MPUMEPHO PABHBIM COOTHOIICHUEM TEPPUTOPUM ¢ OTHOCUTEIHFHO HEBHICOKUM YPOBHEM
3arpsi3HEHHs M TEPPUTOPUI C YMEPEHHO OMAacHOIl CcTeneHblo 3arpsizHeHus (mpumepHo mo 50% ot Beeit
TUIOMIAIM Topoaa). TeM He MeHee HeMOCPEICTBEHHO B Mpe/Ieax MPOMIUIONIAOK U MPHIIETAIONUX CaHH-
TapHO-3AIMUTHBIX 30H HAOMIOMAIOTCS (KaK MpaBUiIO, HEOOINBINHE MO IJIOMAAN) YYaCTKH C OMACHBIM U

YPE3BbIYAMHO OIIACHBIM YPOBHEM 3arpsI3HEHUS.
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