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BBenenne

JloGplya TONE3HBIX HCKOMAeMbIX — OJHA W3 BaxkHeHmmx cdep
NEATEIbHOCTH,

npu3BaHHAas OOECHEYUTh CHIPbEM MHOTHE OTPACIH TMPOMBIIUICHHOCTH,
CTPOUTEIBCTBO, TPAHCIOPT U 3HEepreTuky. HaumHasg ¢ apeBHEHIIMX BpEMEH, OHA
MO3BOJIIET U3BJIEKaTh I'a3000pa3HbIE, )KUJIKUE U TBEPJbIE MPUPOIHBIE PECYPCHI C
MOBEPXHOCTH 3€MJIH, a TAKXKE U3 €€ Help, a HauMHasl ¢ CEPEIUHBI MPOIJIOro BeKa
— CO JIHa MOpPEW U OKEaHOB.

. HauGonbiine mnpupoaHble 3amachl 30J0Ta COCPEJOTOYEHBI Ha
JaneHem BocTtoke u B SIKyTHu.

. VYraesogoponamu  Oonbiie  Bcero  Oorat  SIMano-Henerkwmii
aBTOHOMHBIM OKpyr. YactmuHo oHM ecTb B Tarapcrane, bamkoprocrane,
Y amyptun, OpenOyprckoit o0iaacTu, Ha TeppUTOpUM OacceliHa peku Bonru u Ha
octpoBe CaxajuH.

. Cepebpo B 3HAUNUTETBHBIX KOJUYECTBAX MPUCYTCTBYET HA TEPPUTOPUHU

Bocrounoit Cubupu u B ropax Ypaia.

. HepynHbie cTpouTenbHble MaTepuaibl OOHapykeHbl B BocTouHo#
Cubupu.

. Bonbiias yacte KaMEHHOTO YIUIS 3aj1eTaeT 3a Y pajbCKuM XpeOToM.

. ['oprounrie crmaHOBl HAXONATCS B palOHaX, MNPWIETAOIMNX K

bantuiickomy Mopto.
. Kenesnas pyna oOHapyxeHa Ha bantuiickom murte, B Kypckoi

obnactu u Ha KoabckoM moimyocTpose.

. 3amacel ypaHa MpUCYTCTBYIOT B 3abaiikabe.

. AmomuHuem 6orat Ypan u 3anaanas Cuoups.

. [[BeTHBIE MeETaJUIBl CKOHLEHTPUPOBAHbI Ha TallMbIpe U Ha BOCTOKE
Cubupu.

. JlparonieHHple W TOJYAPArolieHHblE KaMHU pacopoCTpaHEHbl B

TOpHBIX MaccuBax Ypana, Antas u CasiH.



Omnako HEOOXOAMMO OTMETHUTH, YTO OOJIBITUHCTBO MPHUPOIHBIX PECYPCOB
PACIIOJIOKEHO B TPYIHOJOCTYMHBIX pailOHAaX U OTIWYAIOTCS HU3KUM COAECPKaAHUEM
MMOJIC3HBIX KOMIIOHEHTOB.

OcHOBHBIE CIOCOOBI JOOBIYH

B 3aBucuMocTH OT TNIyOMHBI 3ajieTaHUsl MUHEPaJIbHBIX PECYpPCOB M30HPAIOT
TOT WJIM UHOM CHOCO0 UX JOOBIYH:

. Kaprepnbiii unm OTKpBITHIA crocob. C ero moMompio J0OBIBAIOT
METAJUIMYECKYIO PYy, HEPYIHBIE CTPOUTEIILHBIE MAaTEPUAIIbI, YTOIb. ITO CaMBIi
SKOHOMHWYHBIN, HO B TO € BPEMS JOCTATOYHO CHJIBHO BO3JCHCTBYIOIINAN HA MIOYBY
croco0. UTo B JanbHEWINEM CHIKACT €€ IUIOJIOPOJHOCTh UM BPEIHO BIUSET Ha
OKPY’KAIOIIYIO CPELY.

. [[TaxTHBIA WK TOA3EMHBIN cr1oc00. ETo Tak:ke Ha3bIBAIOT 3aKPBITHIM.
DTOT crocod MPUMEHSIOT IPU TNIYOMHHOM 3ajJIeraHud MUHEPAIBHOTO CBHIPhS, Py U
MOJUMETAUIOB. ETO0 HEJ0CTaTKOM SIBIISIFOTCSl 3HAYMTENIbHBIE 3aTPaThl U BBICOKUM
YPOBEHB MPOU3BOJICTBEHHOTO PUCKA JJIsI IAXTEPOB U TOPHSIKOB.

. OTKPBHITO-TIOA3EMHBIN WJIM KOMOWHUPOBAHHBIN cr1oc00. DaKkTUUeCcKu
OH coueTaeT B ce0e MepBbIe JBa U UCIOJIL3YETCS B TEX CIydasix, KOT/la MOJIE3HbIC
HCKOTIaeMbIE 3aJIeTal0T KaK Ha TTOBEPXHOCTH, TaK 1 B IITyOMHE 36MHOU KOPHI.

. CKBOXHMHHBIM WM T€OTEXHOJOTHMYEeCKUi crocod. Ilpumensercs s
W3BJICYEHUS CBHIPhS, MPEOBIBAIOIIECTO B KUIKOM WM Ta3000pa3HOM COCTOSHUHU.
OOBIYHO C €ro MOMOIIBIO U3 TPOOYPEHHBIX CKBAKUH JTI0OBIBAIOT HE(MTH U Ta3, cepy
u Juthid, ypan u (Qocdop, mnpuberas K BbIIIEIAYUBAHUIO, OCAKACHUIO U
miaBjieHuto. s Toro ytoObl 3aTeM 1O TpyOam H3BJIEKaTh CTOJb HYKHBIC B
HapOJHOM XO035IICTBE MUHEPAIbHBIE PECYPCHI.

. Hpaxuseiii croco6. OH coueraer B cebe J00bIYy W OOOTallleHHE
MOJIC3HBIX MCKOIMAaeMbIX. Yale Bcero Kk Hemy npuOeraroT Mpu OCBOSHUH POCCHITIEH

aJIMa30B, 30J10Ta, KACCUTCPHUTA U IINIAaTHHOUIOB.



00630p crmoco60B TOOBIYH MMOJIE3HBIX HCKOTTAEMBIX.

Bce mone3Hble MCKOMaemble, KOTOPBIE 3aJIETAlOT HA MOBEPXHOCTH 3EMIIU
WIA CPABHUTEJIBHO HETNyOOKO, MOOBIBAIOT, KaK MPABHUIIO, OTKPBITHIM CIIOCOOOM -
13 KOTJIOBAHOB, UIMEHYEMBIX B TOPHOM JI€JI€ KapbepaMu WIH pa3pe3aMu. bonbiime
Kapbephbl JOCTUTAIOT MPOTSHKEHHOCTH B HECKOJBKO KHUJIOMETPOB W IIIYOUHBI B
COTHH METPOB.

OTKpBITBIM €IIOCOOOM JOOBIBAIOT MOYTH BCE CTPOUTEIbHBIE MaTepuajbl U
Topd, nmpumepHo 2/3 pya (OoJiblIe BCEro *KeEIE€3HbIX U MEIHBIX), mpuMepHO 1/3
YIS,

JIist 1oOBIYM TBEPABIX MOJE3HBIX MCKOMAEMbBIX, 3aJETaloNIMX Ha OOJBIION
[IyOMHE, COOPYXAIOT MOA3EMHBIE NPEPUATHUS - IIAXTHI.

Kunkue noje3Hble UCKOMAeMble, U IPUPOJHBIN ra3 U3BICKAIOT U3 3€MHBIX
HEJp C MOMOIIbIO CKBaXXHH, MO TpybaM. DTUM XK€ CHOCOOOM yaaercs J0O0bITh
4acTh KaMEHHOHN conu U cepbl. CoJib MpeaBapUTEIBHO PACTBOPSIOT MOJ 3€MIIEH,
HaKa4yMBas B CKBaXUHY BOJY, & CEPY PACILIABIISIIOT TOPSTYUM MAPOM.

WNHorna nake HEKOTOpBIE LIBETHBIE METAIUIBI (JIMTHM, MElb) U3BJIEKAIOT W3-
noa 3emyid ¢ Bojou. Jlerwailmmii Merayul JIUTUMA, HAmpuMmep, IO0OBIBAIOT W3
MUHEPAJIBHBIX BOJ, B KOTOPBIX PAaCTBOPEHBI €ro coeAuHeHusa. A Ha Jlertspckom
pYJIHUKE Ha Ypalie U3 NOJ3eMHBIX BOJ OCaxaatoT Melb. OHa pacTBOpHUIIACh B BOJIE
Omaromapsi 0coObIM OakTepusiM, MPEBPATUBIIMM HEPACTBOPUMBIC COCIUHCHUS
MEIH C CEpOoi B PACTBOPUMYIO CEPHOKHCIIYIO MEllb - MEAHBIN Kymnopoc. Eme B
MPOIJIOM BEKE BEJIMKHUM pyCCKUM XUMUK MeH ienieeB BbIIBUHYII UJICI0 U3BICYEHUS
M3-TI0]1 36MJIM TI0 CKBO)KMTHAM KaMEHHO-

r0 yIiisi, IPEBPAILEHHOTO MPEABAPUTENILHO B TOPIOYUH Ta3.

MHOroJIETHUE OMbITHI, MPOBEACHHBIE B COBETCKOE BPEMS B YIOJBHBIX
OacceliHax, JOKa3aaM, YTO B IPUHLIUIIE 3TO BO3MOXKHO.

I'epmanuii  cyuTalrOT BBITOAHBIM  JIOOBIBATH W3  30JIbI  TEIUIOBBIX
AEKTPOCTAHIIUNA. DTOT CBEPXPACCESTHHBIM METAJIT OBLT KOTAa-TO COOpaH M3 MOYBBI

PaCTCHUAMMU, IPEBPATUBIIMMHUCA IIOTOM B KaMEHHBIN YTOJIb.



W3 roga B rox moObIua Mosie3HbIX UCKOMaeMbIX pacteT. OCOOEHHO OBICTPO
pa3BuBaeTCs cedvac J00bIYa OTKPBITBIM CIIOCOOOM M JI0ObIYa C IMOMOIIBIO
CKB)KHH.

Ceiiuac 4el0BEYECTBO M3BJIEKAET 3a roJ U3 Heap 3emud Oonee 1 mupa. T
XKeJne3Hou pynbl, Oosnee 2 mipA. T HehTH, Oosee 2,5 MIpA. T yris, MUJLTAAPIBI
TOHH CTPOUTEIBHBIX MATEPUAIIOB U JAPYTHUX MOJIE3HBIX UCKOIIAEMBbIX.

1. CoBpemenHas 100bI4a 30J10Ta

B namm gHu noObrva 30510Ta nepecraia ObITh MOX0Ka Ha a3apTHYIO WUTPY,
KakoM ObUTa BO BpeMEHa 3HAMEHHUTHIX 30JI0THIX JUXOpaloK B 19 Beke, koraa
TBICSYM 30JI0TOMCKATENIed pa3opsiIuCh U TMOJIM, a €IUHULBI CKa304HO OOraTellu.
OHa TMOCTENEHHO MEepepoanIach B HOPMAJIBHOE MPEANPUATHE € XOPOIIEH
OyxranTepueil, ¢ y4yeToM BCEX 3aTpaT M PE3yJbTATOB. 30JIOTOJIOOBIBAIOIIME
KOMIIAHUM TEeNepb TOYHO 3HAIOT, KAKOBBI MX M3JEPKKH B pacyeTe Ha TOHHY
nepepaboTaHHONW pyAbl M HAa YHIMIO JOOBITOrO 30j0Ta. ['eosoropas3BenoydHble
paboThl HA 30JI0TO MPOBOAATCS TEHEPh MO BCEM M3BECTHBIM HayKe MpaBUjaM, C
UCIIOJIb30BaHUEM JIOPOTOCTOSIIEH TEXHUKU U BBICOKOTOYHOTO 000PYIOBaHHUS.

CoBpeMeHHas n00bYa 30J0Ta 3TO COBMECTHBIM TpYH JIOJEH MHOTHX
npodeccuii, KOTOpble YYacTBYIOT B pa3BeAKe M pa3pabOTKE MECTOPOXKICHUH.
MOHO BBIIETUTh MATH OCHOBHBIX JTaloOB MOJTMOTOBKH MECTOPOXKICHUN K
MPOU3BOJICTBY 30JI0Ta:

1) nepBuuHas pa3BeaKa U ONpeelIeHUE IPaHuLl MECTOPOKACHHUS.

2) TpoBelEeHHWE aHalh3a METAUIYPTHUECKMX Npo0 U 3KOHOMUYECKHE
pacyeThl.

3) paboThI IO Pa3BUTHIO MECTOPOXKICHHUSI, C TIOCTEAYIONICH Mepeadyeii ero B
MPOMBIIIIEHHYIO SKCILTyaTaIHIoO.

4) NOKyTKa WX apeH/1a 30JI0TOHOCHBIX IJIONIA/ICH 3eMJIH.

5) CTpOUTENbCTBO COBPEMEHHOTO MPEANpUATHS IO A00bYE 30JI0Ta —
pyIHHKA.

30710TO B HaIIM JHU JTOOBIBAETCS B OCHOBHOM M3 HMCTOIEHHBIX POCCHITHBIX

MECTOpOXACHUN Wi Ha Oonbiioi rayoune. Ecau 100 neT Ha3zan U3 poOCCHIMTHBIX



MECTOpOXKIAeHUN mo0bBasioch mopsiaka 90% 3omora, To yxke B 70-¢ rOABI
MPOIIIOrO CTOJIETHS IOl TOOBIUM M3 HUX 30JI0Ta COCTaBJsia 0KoJio 5% OT Bcero
J0O0BIBAEMOT'0 MHUPOBOTO 30J10TA.

PoccrinHOE 30510TO JOOBIBAIOT B OCHOBHOM THJIPABIMYECKUM CIIOCOOOM WITH
¢ nmomoibto japar. CyTh THIPaBINYECKOTO CIIOCo0a 3aKI0YaeTCsl B TOM, 4TO BOja
noj OOJIBIIIMM JIaBJICHHEM, pa3MbIBas MOPOY, OTHAEISIeT OT Hee 30j0To. Jlpara
MPECTABISAECT COOOM IIaByyee ropHO-000raTUTEILHOE COOPYKEHUE, OCHAILICHHOE
CHUCTEMOM YepIlakoB IMOJHHUMAIOIIMX CO JHA BOJIOEMOB IIOPOJYy, KOTOpas
MIPOMBIBAETCS, B PE3YyJIbTATE YETO OCAXKIAACTCS 30JI0TO.

JUis u3BIE€YEHUS 30J0Ta W3 PYyJ IPUMEHSIOT HECKOJIBKO CIOCO0O0B,
OCHOBHBIM U3 KOTOPBIX II0 CETOAHAIIHUN JIEHb OCTAaeTCAd I[MaHUPOBAHMUE.
[{uanupoBaHue OCHOBAaHO Ha PACTBOPEHHMHM 30J0Ta B BOJHBIX PaCTBOpPAX
[IUAHUCTBIX IIEJ04YEi. 30JI0TOHOCHYIO PYAYy HACBHINAIOT HAa BOJIOHEHIPOHHUIIAEMYIO
MMOBEPXHOCTh M 00pabaThIBalOT pacTBOpaMHU ITMAHUJIOB, KOTOpPHIC, MPOHHUKAS B
30JI0TOHOCHYIO TIOPOJTY, PACTBOPSIIOT 30JI0TO. 3aT€M 30JI0TOCOAEP KA pacTBOP
MOCTYIMAET B CIEIUAJbHBIE KOJOHHBI, B KOTOPBIX 30J0TO OCAXJAeTCs, a
OUMUILICHHBIA PACTBOP IIMAHK/IAa BHOBb UCTIOJIB3YETCS B MPOIECCE IMAHUPOBAHUSI.

B nHame BpeMs 30510TO HEpPEAKO AOOBIBAIOT U3 Py, B KOTOPHIX OCHOBHBIMU
MOJIC3HBIMU MCKOITAEMBIMH SIBJISIIOTCS Pa3HbIC [IBETHBIC METAJLIbI, HAIIPUMEP TaKHe
Kak: cepeOpo, Melb, [IMHK, CBUHEI. B 3TOM ciyuae u3Aep>KKU MPOM3BOACTBA Ha
JTO0OBIYY 30J10Ta KaK MOMYTYMKAa MOTYT OBITh 3HAYUTEJILHO MEHBIIE W 3aBUCAT OT
IEHbl J00BIBAEMOr0 OCHOBHOro MeTawia. I[lpu momyTHOM moOblye 30J10Ta
YCIIOXKHSIETCA TOJBKO mepepaboTka PyJbl, TaK KaK OHA COJEPKUT HE OJUH, a
HECKOJIPKO METAIIJIOB, a caM IPOIIeCC TOPHBIX pabOT HEe IMpeTepreBaeT KaKux-I1u00
3HAYUTEIIbHBIX W3MCHEHHI.

N3 70 ctpan mupa, M0OBIBAIOIMMUX 30J0TO, TOJIBKO 12 MOTYT CUMTATHCS
HACTOSIIIMMH  TOObITYMKaMu. Camble KPYIHBIE 30JI0TOHOCHBIE paioHbl: HOxkHas
Adpuka, Ascrpanmus, Kanaga, CILIA u Poccus. 3omoro B FOxHoil Adpuke
n00BIBAIOT Ha TITyOMHE CBBINIE 3 KM | 3TO He npejei. Bee uaer k Tomy, 4To CKOpo

B FOAP no0b14a 3010Ta OyeT BECTUChH Ha IITyOHHE y>Ke OKOJIO 5 KM.



2. CoBpeMeHHbIe METOIbI JOOBIYH cepedpa

Cepebpo kak W Apyrue MpUPOIHBIE pecypchl He Oe3rpanmuHbl. Cripoc Ha
cepeOpo C KaKIbIM TOJIOM BCE BpEMsi pacTeT, a J0ObIBAIONIME KOMIIAHUU HE
YCIIEBAIOT €r0 YJOBJIETBOPUTH. MHPOBBIX 3amacoB cepedpa OCTaeTcs elle OYEHb
HeMHOro. bnusurtcs Bpems, korjga cepedbpo CKOpo cTaHeT aopoxke 3ojorta. [lo
MoJ/icCueTaM MHOT'MX KCIEPTOB MUPOBBIX 3alacoB cepedpa XBaTHUT ellle Ha 22 roja.
B nemanexkom Oyaymiem cepeOpo HE3acCIyKEHHO 3a0BITOE U CTOSIIEE HAMHOTO
JIelIeBIe 30JI0Ta, BHOBb MpUOOpeTeT cTaTyc noporo metamwia. [lo maHHBIM
HEKOTOPBIX CHEIHAIIMCTOB OHO MOXKET CTaTh JIOPOXKE 30JI0Ta B HECKOIBKO pa3. [1o
nojacueraM reosnorudyeckoil cimy:xkObl CHIA Ha CeroaHsIIHUA J€Hb MHPOBBIE
3amacel cepebpa coctaBisitoT 512 Teicsiy ToHH. CTpaHbl, KOTOPHIE paclojiarator
HauOOoNBIIMMU 3amnackl cepedpa, sBisitotTcs: CIIA (5%), Mekcuka (7%), Kurait
(8%), ABctpanmus u Ilonsma (no 14%), Yumu (14%), Ilepy (23%). Iloutu Bce
cepedpo OyneT M3BATO W3 3eMJIM, YYCHBIM HEoO0X0oauMo OyneT pa3pabdaThiBaTh
crocoObl 10OBIUM cepedpa M3 MUPOBOro okeaHa. Ha ceromHsimHuil JeHb Takoi
croco0 J00BUM METajyla CUUTAETCS OYEHb JOPOTUM C SKOHOMUYECKOW TOYKH
3peHusl.

80 mporieHTOB M00bIBaeMOro cepedpa 100bIBaeTCs ISl MPOMBIIIIICHHOTO, a
HE JJIs IOBEJIMPHOTO UCTOIb30BaHus. Cepedpo SBISETCS CaMbIM MPOBOJSAIIAM U
OTPKAIOIIMM METAIOM Ha 3eMJie, MO03TOMY €ro 4YacTO HWCIONb3yIOT B
AJIIEKTPOHHOM 00OPYJIOBAaHUU U B KaUECTBE U3OJISIIUOHHOTO MOKPHITHSI.

["opHO#OOBIBaOIIAasE KOMITAHUS IPOU3BOUT cepeOpsiHbIe CIUTKHU OT 93 - 97
% B KOTOPBIX COCTaBJIsIET unucToe cepedbpo. [loTomM oHa MOCTaBIsSET CIUTKH Ha
nepepadaThIBAIONINN 3aBOJI, HA KOTOPOM CEpPeOpO OUYHUIIAIOT JJIS MPOMBIIIIEHHBIX

EeJIEH.



JloObI4a cepebpa HauUMHaeTCs rITyOOKO MO 3eMJIEH, T/I€ T€0JIOTH MPOBEPSIOT
MOBEPXHOCTh MMIAXTHI CIEIUATBLHBIM YCTPONUCTBOM. JTO YCTPOMCTBO TOKA3hIBACT

conepxanue 10 40 pa3TUUHBIX 2JIEMEHTOB, BKIIIOYas cepedpo.

CepeObpo B He 00pabOTaHHOM BHJE HMEET TEMHO — CEpbId, a He
cepebpucTeiii mBeT. CepeOprcThic BKpAIUICHUS, KOTOPhIE MBI MOXKEM BHICTH Ha
caMoM JieJie IMHK, a HE CBUHEII.

[ITaxTepsl CBEPJIAT OTBEPCTHS B OOTaTBIX CepeOPOM ydacTKax, B KOTOPBIX
oTMeTHIIM Teojord. M momemaroT BHYTph B3pbiBUaTKy. [locie B3peiBa Ha
TIOBEPXHOCTh BBIHOCSIT OCKOJIKH CKAJIBI - Pyay. 3aTeM Ie0JIOTH OCMaTPHUBAIOT PYAY
U paclpesiesisioT TakKuM 00pa3oM, YTOOBI MOJYYUTh PAaBHOE KOJIMYECTBO cepedpa
Ha KWJIOTPaAMM PY/IbI.

CHauana pyaa momnajaceT B MEPBUYHYIO APOOMIKY, B HEM OCKOJKH CKaJbl
pasMenbuaroTcs. llpoiiast depe3 pemieTky, W3MENbUYCHHas pyAa IMOMajaeT Ha
BTOPHYHYIO APOOMIIKY, KOTOpas pa3laMbIBacT €€ Ha eIle 0oJjiee MEJIKUE YaCTUIIBI.
A OHH B CBOI O4YEpenb IMOMANAaOT B KOHYCHYIO IPOOWIIKY, TI€ MPaKTHUYECKU

HpeBpaIIaeTcs B MECOK.



Ha xonBeliepe pyna nomajaer B IIapoBYr MenbHuLy. Ha manHom srame
KyCOYKM PYAYy COCTAaBJISI0 OKOJO IIECTH MWIUIMMETPOB B AuameTpe. BHyTpu
UMJIMHApPAa METBHUIBI pyAa BpalllaeTcs cO CTaJbHBIMM IlIapaMu, MpeBpallasch B
nopomok. [upkynsiuonHas cucreMa BOJOCHAOKEHUS BBIMBIBACT COJAEp KAl
cepeOpo MOPOIIOK U3 UJIMHPA B OTPOMHBIE EMKOCTH C BOJIOH.

Jl71st TOr 4TOOBI OTIETUTH PACTBOPUMBIE COJIEpPXKAIIUECS METAIIbl pabouune
n00aBISIOT B BOAY KUCIOTy. Yepe3 72 wyaca KaMmMeHb OCSAET Ha JHO. A
coJiepKaluii  cepedpo pacTBOp NPOXoauT uepe3 QuibTpel. DuUIbTpyronme
IJIACTUHBI O00pa0OTaHbl IUHKOM, MO3TOMY MPUTATHUBAIOT MOJIEKYJIBI cepedpa.
Korma pactBop mnpoxoaut uepe3 (QUIbTPHI, COAEpXkallhe cepeOpo YacTULIbI
OCTalOTCA BHYTPH, OOpa3yl0 CJIOHl YEepHOro MOpOLIKa Ha (QUIBTPYIOLIUX
mnactuHax. OH cocTouT U3 cepebpa mnpumepHo S50 MPOIEHTOB, a OCTaIbHOE
oTx0pl. UTOOBI OUYMCTUTH cepeOpo pabouyue ¢ Hadajao MOMELIAIOT CepeOpsIHbIN
MOPOILIOK B T'a30BYIO [I€4b HA MTapy YacoB.

B mabGoparopun ropHomoObIBaronieil KOMIIAHUK 00pa3lbl pyay MOCTOSHHO
MOJIBEPTalOTCsl TECTUPOBAHUIO HA COJEp)KaHuEe cepedpa Ha KWUJIOTpPaMM pYAbL.
O6pa3upl pyny paszorpeBatroT a0 1093 rpagyca, 4yToObl JaTh BCEM MPUMECSIM
BbIropeTh. Ilocne 3Toro ocraHeTcss TONIbKO cepebpo U Apyrue MeTayibl (0J0BO,
MeJIb, ITUHK, CUJICH U KaJMH).

3aTeM B Jabopatopuu oOpasiibl 00padaThIBAIOT XUMHKAaTaMH, KOTOPhIE HE
JaloT cepeOpy BBHIFOPETh W CHOBA MOMEIIAIOT B Meyb. Yepe3 yac BHITOPAIOT YKe
BCE MeTaiuibl Kpome cepedpa. CepeOpo B3BEUIMBAIOT U CPABHUBAIOT PE3YNbTAT C
OpUTMHANBHBIM ~ 00pa3loM, YTOObI BBICUMTATh MpoOy Meramia. YUToOsI
MECTOPOXKJICHHUE MPUHOCUIIO IPUOBLITL HYKHO, YTOOBI COZIEpIKaHue cepedpa B pye
OCTaBaJIOCh MOCTOSIHHBIM. TeM BpeMeHeM pabouue Ha APOOWIIKE MOMENIAI0T
IPOCOXIIYIO CepeOpsSIHYIO MbUIb BMECTE ¢ XMMHUKATaMH, MPEIOTBPALAIOIIIMHI €€
BbIrOpaHue B meyb. [IpumepHo uepe3 4 wyaca cepeOpo BMECTe € NPUMECIMHU
MOJIHOCTBIO PACIIIABUIIHUCH.

PaGoune paznuBatot cmechk no hopmam. bynyuu Tsxenee cepedbpo ocemaet

Ha jHe. Paboune yOuparoT mpruMecH ocTaBIlecs HaBepXy. MeHee yem 3a 5 MUHYT



paboThl paciyiaBICHHBIA METAJUT 3aCThIBaeT. Paboumne TOJbKO UYTO M3rOTaBIMBAIOT
TOJILKO YTO H3TOTOBJICHHBIA CepeOpsAHbI CAUTOK. Temepp KOMMAHHUS CMOXKET
IIPOJATh CIUTKHU.

3. JloObr4a mpupoIHOTO Ta3a

Brnepssle ra3z s ocsemieHus npuMeHwid B JlpesHem Kurtae — 3a MHOro

BCKOB A0 TOIro, KaK €ro CTaJu HCIIOJb30BaTh IJIA JTON U APYyTux ueneﬁ BO BCEM

MHpE.
(BuyTpennwmii Bux pepOpMUHT-YCTAaHOBKH, ITPEOOpa3yIoleii MpUpOoIHBIN Ta3

B KOMMYHAJBHBIN 1711 000pYyJ0BaHUs, TIEPBOHAYATIHLHO PA0OTABIIETO HA JAPYTrOM

BUJIE Ta3a. Y CTAaHOBKA MPUMEHSETCS JUIsl MOJTYUYEHUs U JPYTUX YIIIEBOJOPOIOB. )
B1618 r. ¢panmysckuii xumuk XKan Tapape mpoaeMOHCTpUpOBA, Kak

CBCTUT JiaMIla Ha Tra3c, IOJYYCHHOM IIYTCM HaArpCBaHUA  YIJIA. OI[HaKO €ro



000pyI0BaHNE 0KA3aJI0Ch CIUIIKOM OMACHBIM JJI MPAKTUYECKOTr0 MPUMEHEHUS, U
mupokomaciTabHas A00bpya raza Hadanach juinb B kKoHIe XYIII B. IlepBbim
YIA4HBIM IIPUMEPOM HCIOJIb30BAaHUS YIOJBHOTO rasza craja B 1765 r. cucrema
OCBEILIEHUSI KOHTOPCKUX MOMEIEHUI KaMEeHHOYTOoIbHON maxTel B Kymbepnene,
Anrnus. ['a3 momydanu npu CcropaHud yrojapHOro riacra. Cienyromui BaXKHbIA
mar Obl1 craenaH B 1792 r., xorja aHIVIMMCKUM WHXKeHep YWIbsIM Mbapaok

TIOJTYYHJI Ta3, HarpeBast yroib B pETOPTE.

Luamg

(o co3manusi  TpyOONPOBOAHBIX  Ta30paCIPEACIUTEIBHBIX  CHUCTEM
HEKOTOpbIE TOJIb30BAaTeNM BIAJCNd COOCTBEHHBIMH rasroipaepamu. [a3
JIOCTABJISUICS. HA CHEIUAIbHBIX MOBO3Kax JIMOO MPOU3BOIMIICS HA 000pYyI0OBaHUU
notrpedurerc.)

["azocHabxeHue

CoBpeMeHHY10 CUCTEMY ra3oCcHa0KeHUs co3aan AHTJIMHACKAN
npeanpuauMaresb ®. YuHcop, coBceM He pazOupaBiiuiics B go0brye raza. OH
MOHSJI, YTO pa3syMHee NpoJaBaTh caM ras, a He 00OpyAOBaHHUE JUIsl €ro JAOOBIUU.
YuHCcOp peml co3aaTh UEHTPAIM30BAHHOE IMPOMBILUIEHHOE IPOU3BOACTBO U
MOCTaBIIATh Ta3 MO CETH TpyoOonpoBojoB. B 1812 r. oH OCHOBaJl KOMIIAHMIO,

KOTOpas yxe depe3 rox obecrneunia B JIOHIOHE ra30Bo€ OCBEIICHHUE YIHUI. DTOT



OTBIT OBICTPO TOAXBATWJIM B JAPYrHX CTpaHax. llocie MeHTpaTn30BaHHOTO
ra3oBOro OCBEIICHUS MPHUILIO BpeMs M JApyrux MNpuMeHeHud rasza. [lepBbie
ra3oBble IUTH nosiBHIIMCH B 1840 r. Tpu roma crycts olHa aMepHUKaHCKas
KOMITaHHUSI TIOJIOKUJIA HAYaJIO TIPOMBITIUICHHON J0ObIYe mpupoaHoro raza. CeroaHs
OOJBIIMHCTBO MOTPEOUTENCH MOJB3YIOTCS MPUPOIHBIM Ta30M, HO H HEKOTOPBIX

pPErruoHax ra3 nojy4aroT U3 yriisi 1 HePTH.

(Cxuranue yroibHOro raza M3 TpyOOmpoBoAa Ha JIOHIOHCKOW yiHIE B

CBS3M C TMEPEeXOJIOM Ha TPUPOAHBIM Ta3. Jlmg HopmanmbHON  paboOThHI



nepeoOOPyYI0BAaHHBIX Ta30BbIX MTPUOOPOB HEOOXOAMMO OBIJIO BHAYAJIE TTOJTHOCTHIO
YIQIUTh YTOJIBHBINA Ta3 U3 CHCTEMBL.)

YTronpHbIN ra3

VYTONBHBIN Ta3 COCTOUT MPHUOIUZUTENHLHO U3 yriepoaa u Ha 30% u3 MeTaHa,
a30Ta, OKUCH YIJIepo/Ja U HEOOJBIIOTO KOJIMYECTBA YIJIEBOJIOPOIOB, YIJIEKUCIOTO
raza u kuciopojga. Ero mnosydaroT HarpeBaHueM OWTYMHUHO3HOTO YIS 10
temriepatypbl 1350°C 6e3 moctyma Bo3myxa. Pa3msrdasich, yroib BBIICISCT
HaXOJIAIIUNCS B HEM ra3. ['a3 collepXKUT Takke aMMHUAK M CEpOBOJIOPOJbI. JleroTh
¥ HEHY)XKHBIE Ta3bl YAAISIOTCS H MPOIECCe OYMCTKU. TBEpABIM OCTAaTKOM TIOCIIe
BBIZICIICHUST Ta3a SIBIACTCS KOKC, KOTOPBIA TOXE HCIIONB3YEeTCS B KAdECTBE
torumBa. llpu wWcnonp30BaHWU TexXHOJNOTHH (UPMBI  «JIlypru» yroib mon
JNEHCTBUEM TMapa W KHCJIOpPOJa TP BHICOKOM JAaBJICHUM TIPEBpAIIACTCS H
TEHEPATOPHBINA Ta3, COCTOSALIUN MPEUMYIIECTBEHHO M3 a30Ta, OKUCH YIJIepojaa U

BOJOPOAa, UCIIOJIB3YCTCA B KAYCCTBC TOILJIMBHOM IMPOMBIINIJICHHOCTH.




(ITpupoausiii Ta3 gocraBisercs Ha bpuTanckue ocTpoBa ¢ OypOBBIX
mwiatrpopm CeepHoro Mops. Ha mpuemHBIX TepMHHaIaX OH OYHUIIAETCA OT
npuMecedl U OJOpU3MpYETCs, YTOObl MO 3amaxy MOXKHO Obuio Obl OBICTPO
O0OHapYXHUTh YTECUKY.)

Hedtsnoit ra3

[TepBonauanbHO HePTsAHON (MacHAHBIA) Ta3 MOJydYald U3 ChIpOM HedTH,
BIIOCJIEZICTBUH ObUTH pa3paboTaHbl METOMBI €r0 MPOU3BOJCTBA U3 APYTHX BHJIOB
He(dTaHOrO Chipbs. HedTsiHOM ra3 mpenctaBisieT co00i CMECh YIIIEBOJOPOAOB, B
TOM YHUCJIE€ METaHa, aleTwieHa U O0enzona. OH CONEPKUT HEMHOTO MpHUMeECEed U

HHOrga CMCIIMBACTCS C YI'OJIbHBIM I'a30M.

(bpuTtanckue ra3ompoBOAbl BHICOKOTO IABJIEHUSI PETYJSPHO MPOBEPSIIOTCA
"ymupiM epmoM”. Tlepememascy mo TpyOOmpoBOAY MOA AABICHHEM Tas3a, 3TO
YCTPOMCTBO HAXOJUT B €ro CTEHKaxX TPEUIMHBbI U JApYrue AePEeKTbl, MPOU3BOJUT
3amMepbl U GUKCUPYET UX JaHHBIE. )

[IpupoaHslii ra3

MHorue cTpaHbl pacnoJiaraloT MPOMBIIUIIEHHBIMH 3allacaMi MPHUPOJAHOTO
rasza, 4acTo 3aJIeTalolIMMH BMeCTe ¢ HE(QTIHBIMU MeCTOpOKIeHUsIMU. OH ABIIETCS

OCHOBHBIM Ta3000pa3HbiM sHeproHocutenem B CIIIA ¢ nawama 1940-x rr. B



HACTOSAIIEE BpeMsi OCHOBHBIM HCTOYHHKOM Ta3za AJid BenukoOpuTaHuu M APyrux
ctpad CeBepHoil EBporbl siBisiIOTCS MecTopoxkaeHuss CeBepHoro Mopsi. B cocras
OPUPOJHOTO ra3a BXOAWT TJABHBIM 00pa3oM MeTaH, a TaKXke OJTaH U
HE3HAYUTENbHBIE IO 00BEMY IIPUMECH MponaHa, OyTaHa u a3orta. [IpupoaHblii ra3
oOnanaer ropas3no Oosiee BBICOKOM TEIIOTBOPHOCTBIO, YEM YTOJIbHBIHM, T.€. NpHU
CrOPaHMM BBIAENSAET HAMHOIO OOJbllle TeIula, 4YeM Takod ke 00beM
yronbHOoro.KpoMme oborpeBa m OCBELICHUS] MHOTHE BHJBI Ta3a W T.H. Ta30BbIX
CyOnpOAYKTOB (WJIM MONMYTHBIX HMPOAYKTOB) UCIIOJIB3YIOTCS B KAUECTBE CBIPhS IS
IIPOU3BOJCTBA YAOOpPEHUM, pacTBOPUTENEH, IUIACTMACC W JPYTUX MNPOAYKTOB

HE(PTEXUMHH.

B

(I'a3 xpanuTCcs B pe3epByapax Jyisi 00eCTieUeHHs] pABHOMEPHOTO CHAOXEHUS
B MEPUOJIBI TTOBBIIICHHOTO MOTpeOaeHus. ['a3 3aKkaunBaeTCss B OTKPBHITHIA CHU3Y U

MOTPYKEHHBIN B BOJIy pe3epBYyap, MOMEIIEHHBIN B CTAIbHOW KapKac.)

— . = S
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4. CoBpeMeHHbIE TEXHOJIOTUH J100bIYU HeDTH

UYenoBeuecTBO HCIONB3yeT HEPTh yke Oonee miectd Thicsyu Jjet. Ho
UMEHHO OypeHHe W TPOMBIIIICHHAs T00bIYa HAYaINCh TOJBKO B JICBSITHAAIIATOM
Beke. [louTn Bce KOJIMYECTBO MUPOBOM HEPTH TOOBIBACTCS TIPH MTOMOIIN OypPOBBIX
CKBKWH, KOTOPBIE 3aKPEIISIOTCS CTANBHBIMU TpyOamu. JlJist Toro 9To0bI OTHATH
HE(Th W COINYTCTBYIOIIHWE TPOAYKTHl B BHJE BOABI W Ta3a B CKBaKWHE
MPEIyCMOTPEHa TEepMETHYHAsi CHUCTEMa BCEX MEXaHW3MOB, pacCUMTaHHas Ha
BBIICP)KMBAHUE OTPOMHBIX JIaBIICHUH, KOTOPHIE COM3MEPUMBI C JIaBICHHEM B
acrax.

CkBaknHHasg J00blYa HE(PTH OCYIIECTBISETCS WM MyTeM MPHUPOIHOTO
(dboHTaHMpOBAaHUA TIOJ JABICHHEM OJHEPrHUHM IUIacTa, WM TPH  TOMOIIH

HCIIOJIb30BAHUS MCXAHHU3UPOBAHHOT'O crocoba HOAHATHUA XXUAKOCTH. Kaxk IIpaBUJIo,



B CaMOM Hadyalie pa3pabOTKu HEPTSIHOTO MECTOPOXKICHHUS ACHCTBYET (POHTAHHBIHI
BUJ J00BIYM, a TIO3JHEE BBUIY YMEHBIICHUS (POHTAHUPOBAHUS CKBAKHHA
MepeBOAUTCS Ha Ta3au@THBRIA WM SpAUdTHBIM  coco0  J00BYM WK
rIyOMHOHACOCHBIM, B KOTOPOM J00bIYa HE(THU OCYIIECTBISETCS IITAHTOBBIMH,
TUAPOTIOPITHEBBIMU ~ WJIM  BUHTOBBIMHU ~ Hacocamu. (Crioco0, Ha3bIBaeMbIi
ra3’auTHHIM TPEICTABIAECT COOOM MEXaHU3M JIJIsl TOJAHITHUS KarneJlbHON KUIKOCTH
IpU TOMOIIM HEPTUU, KOTOpas COJCPKHUTCS B CXKATOM rasze, KOTOpBIA C Hel
CMENIMBAETCS. DTO TEXHOJIOTHUS BHECIIA ONIPEIeTICHHBIE IONOJIHEHUS B IPUBBIYHBIN
TEXHOJOTHUECKUI TPOIECC, MOCKOJIBKY TMPHU €ro HCIOJb30BAaHUU 005S3aTEIHHO
HAJIMYUE KOMIIPECCOPHOW CTaHIIMM C Ta30cOOpHBIMH TpyOOmpoBOAaMU U
razopacnpeenureasiMi. Bechb KOMIUIEKC, KOTOpBIM COCTOMT U3 HE(QTAHBIX
CKBaKUH, TPyOONpPOBO/Ja, PAa3IMYHBIX YCTAHOBOK, MPH MOMOIIU KOTOPBIX HE(PTH
NoOBIBaeTCS U3 HEAP — BCE 3TO HA3bIBAIOT He(PTAHOM npombicen. CyllecTBYyeT elle
OJlHA COBPEMEHHAsi TEXHOJOTUSl NOObIYM HE(PTH B MECTOPONKICHUSIX, KOTOpBIE
pa3palaThIBAIOTCS TpPH TMOMOINM HCKYCCTBEHHOTO 3aBOJAHECHHS - BO3BEICHHE
BOJIOCHA0IMTENBHON CUCTEMbI C HACOCHBIMHU CTAHLIUSMHU.

CoBpeMEHHbIE CHUCTEMBI BHYTPHOTPACIEBONH TPACHOPTHPOBKH CKBAKHUH,
KOTOpBIE OCYILECTBISIOTCA TMOCPEICTBOM TPYOONpPOBOJOB, BKIIOYAIOT B ce0s
HAllOPHYIO CHCTeMy M caMmoTeuyHyr. HamopHas cuctema mnoapa3ymMeBaer
COOCTBEHHOE JaBJICHHE Ha YCTh€ CKBAXHHBI, 4 CAMOTEYHAsl OCYIIECTBIISCTCS
yTeM MPEOJOJIEHUSI OTMETKU YCThs HaJl MIOMETKOW IPYNIIOBOIO COOPHOTO IMyHKTA.
B mporecce pa3paboTku HEPTAHBIX MECTOPOXKACHHUM, KOTOPbIE HAXOIATCA Ha
KOHTHHECHTAJIBHBIX MIeNb(ax, MMPOUCXOIUT CO3MaHUE MOPCKUX HE(TIHBIX
IIPOMBICIIOB.

K coBpeMEHHBIM TEXHOJIOTHSIM AO0OBIYM HEPTH OTHOCATCA CIEAYIOIIHE
MPUMEHSIEMbIE CITOCOOBI IKCIUTYaTaIllMU He(PTSIHBIX MECTOPOKACHUN — (DOHTAHHBIMH,
KOMITPECCOPHBIN U HACOCHBIM.

5. CoBpeMeHHbIE THIPABINYECKUE CITOCOOBI YTIIeI00bIUN

B mepuox 1965—1975 rr. uccnemoBaHus TO TUAPABIMYECKOW T00bIYE

KamMeHHoro yris, npoBogusinuecs B CCCP, moiyunsiv HeBoe pa3BUTHE. DTO OBLIO



0OyCJIOBIIEHO HEOOXOJWMOCTBHIO PpEIIaTh 3a7add, CBS3aHHBIE C MPUMEHCHHEM
TUJPABINYECKUX METOJIOB JUIsl TOOBIUM YIJISI U3 TJIACTOB MOYTH FOPU3OHTAIBLHOIO
3aJIeETaHus], B TO BPEMs KaK CHaydajia 3TH METOAbl IPUMEHSIIUCH JIUIIb JJIs JIACTOB
KpYyTOTO MajJieHusi. B CBsI3W C 3TUM, HECMOTpPS Ha MMEBIIUECA TPEIITIOKECHUS IO
pE3KOMY YBEJIMUYEHUIO O0beMa THUAPABINYECKOW JOOBIUM YIJISI, MOCJIEIHUE
coo01ieHus nokasbiBaioT, 4To B CoBeTckoMm Coro3e MMeeTcs, BEpOsiTHO, He Ooliee
JECATH JIEUCTBYIOUIMX IIIaXT, B KOTOPBIX Yrojib JOOBIBA€TCS TUIPABINYECCKUMU
METOJIaMH, a WX IPOU3BOAUTEIBHOCTh cocTaBisier 10 maH. T B rox [47]. Oty
uupy clieyeT paccMaTpuBaTh B CpaBHEHUU € 733 MIH. T yris, AOOBITHIMHU B
CCCP B 1977 1., u3 koTopbiX 475 MJIH. T ObLIU JOOBITHI MIAXTHBIM . CIOCOOOM [4].
[11aHOM TIpenyCMOTPEHO JTIOBECTU TUAPABIMYECKYIO 100bIay yriist K 1990 1. no 50
MJIH T. BTox [5].] ...]

B Kurae ruapaBnuueckuii MeTo1 100bIYHU yTJIsl, BIIEPBbIE BBEACHHBIN B 50-X
IT., ody4dmwsn Oosee mHpokoe paszBuTue. OAHAKO MO YPOBHIO MPUMEHSAEMOU
texHuku Kwurail eme cunpHO ycrynmaer CoBerckomy Coro3y. Tak, eciim B CCCP
MPUMEHSIETCS JUCTAHIIMOHHOE YIIPABJICHHE TUJIPOMOHUTOPAMH C TMOMOIIBIO
TUAPABIMYECKUX CUCTEM, TO B KuTae 3To jAenaeTcs Bpy4uHylo, B pe3yJibTaTe 4ero
MIPOU3BOIUTENILHOCTh TPy/Aa CpaBHUTENbHO HU3Ka (60 1/4) [122]. Tem He meHee
CyMMapHasi J00bl4a YIS JOBOJBHO BEJIWKA, HMMEIOTCS IaXThl, B KOTOPBIX
TUAPABIMYECKUMH METOoAaMu J00bIBalOT 2—3 MJIH. T yriisi B roi. Ilpumepom
MOXET CiyxuTh maxrta «Jly3zato» B KailmyanbCckoM yriiemoObIBaroIIeM paiioHe.
VYkazannsie udpsl clienyeT paccMaTpuBaTh B CPaBHEHUHU C OOIIEH T0ObIUeH yTiis
B Kurtae, coctapistomieit 500 miH. T B rog [62].] ...]

Onpir CCCP Obu1 UCIIONIB30BAaH TAKXKE B JIBYX JIPYTHX CTpaHaX M MOJTyYMII
IMPOKOE pacnpocTpaneHue. Hanpumep, B SAnoHun rugpaBindeckas 100b4a yris
BIIEpBbIE OblIa MpuMeHeHa Ha 1axTe « Takecuta» Ha octpoBe Krocio [54], a 3aTem
Ha 1maxte «CyHaruBa» Ha OCTpOBE XOKKaWJI0 B IJIacTax KpyToro majaeHus [S8].
3HayeHUEe IWCTAHIIMOHHOTO YIPaBJIEHUS TUIPOMOHUTOPAMHU OCOOEHHO XOPOIIO
BHUJIHO Ha 3TOM MpUMeEpe, a Takxke Ha npuMmepe Kutas. BonsHbie cTpyn NpoOHUKAIOT

B YFOHLHBIﬁ I1acT TakK FHY6OKO, 4TO MOBBIIAOMICECA MaBJICHHUE IIOPOALI



BBI3BIBAET €€ pAaCTPECKHMBAaHUME W pa3pylIeHHE 3a NpeaesiaMd HOPMaJIbHOM
JAJbHOCTU IEUCTBUA CTpyHU. B Snonun paccrossHue OT ruApOMOHUTOPA JI0 T1JIACTa
coctapisier 20 M, HO pa3pyllIeHHEe YroJbHOIO IJIAaCTa OTMEYAEeTCsl U Ha OONBIINX
yaaneHusix [61].

B pesynbprare ykazanHoit nepenauu texHojorun CCCP rpymnma «Kaiizep
pucopcusy, padoTatomias Ha maxrte «Crnapya» B bputanckoit Komym6uu, Hayana
B 1970—1971 rr. onbIThl O TUIpaBInueckoil JoObrye yris [49]. [IpumensBmascs
€0 CHUCTEMa CYHIECTBEHHO OTJIMYajach OT SIMOHCKON OOJbIIEH MOIIHOCTBIO U
OOJBIIMM pacxoJoM BoAbl. B HacTodiiee BpeMsi MOLIHOCTh HCIOJIb3yEMBIX B
bpurtanckoii Komym6uu ycranoBok gocturaetr 2 MBT, a pabouee naBiieHne —
BeanuuHbl 10 MIla. [IpuMmeHneHne Takol CUCTEMBI MO3BOJIMIIO YBEIUYUTh TOOBIUY
yrig Ha maxte oT 24 1o 91 teic. T B mecsi [50]. 1laxTa crana gaBars 6osiee 75 T
YISl 32 4EJI0BEKO-CMEHY, a MaKCUMaJlbHasl 100bIYa 3a CMeHy aocturia 3,4 TeiC. T.
B 3ab6oe paboTaOT OJHOBPEMEHHO BCETO TPH YEJIOBEKAa. JTH IMOKA3aTEIN TaKKe
CUJIBHO OTIMYAIOTCs OT NOCTUTHYTHIX B CIIA, rie ceyac Ha HEKOTOPBIX MIAXTax
NoOBIBaeTCsl B CpeJHEM 7 T YIUIA 3a YEJIOBEKO-CMEHY, a MaKCHUMaJlbHas 100bI4a 3a
cmeny cocrasiseT 500 T mpotuB 3.4 THIC. T, JOCTUTHYTBIX B ombiTax «Kaiizep
pucopcus».

Bcrony, rae ans 3Toro ecTh NOAXOSIINE YCIOBUS, THIpaBInyecKas Jo0bua
yIis oOKa3ajach B BbICIIed creneHd dddexktuBHOW. OaHAKO MOKa3aTelu,
nocturayTele B KaHazie, OTHOCATCSA K CPaBHUTEIBHO KPYTO MAJAOIIMM I[UIACTaM,
MMEIOIIUM K TOMY K€ JOBOJIbHO OOJIBLIYIO TOJILIUHY, T. €. K YCIOBHUSAM, B KOTOPBIX
B CIIIA B Hacrosiuiee BpeMsi MHbIE METObI 100bIYM He mpuMeHstorcs. [lnanamu
IpeayCcMaTpUBajIOCh HaYaTh MCCIICIOBAHUS B 3TOM obnact B 1978 1. moxa sarumoit
U ipu pUHAHCUPOBAHUM [ OpHOPYAHBIM yripaBieHueM [36].[ ...]

Hpyroii moaxona, ocHoBaHHBIN Takke Ha ombite CCCP, paspabaThiBayics B
OPI" [48]. Cnawama 3mech OBUIM BHEAPEHBI METOJIbI, NPUMEHSBIIUECS B
Coserckom Coro3e. B pesynaprare mNpOU3BOAMTENBHOCTh MOBBICHIACH, a
ce0ecTOMMOCTh J100bIBAEMOTO YIJIsi CHU3MUIAch. OJHAKO COKpAIIEHHUE YTOJIbHOTO

PBIHKA B KOHIIC 60-x — Hauaine 70-X I'T. mOMeIIano peaiu3anun IJIaHOB pa3BUTHUA



TE€XHOJIOTMH THMAPABINYECKONW 100bYM yrias. JIMIIb 0Ha CEKLMS THAPABINYECKON
n00bIun maxThl «[ Hali3eHay» Mepexuia 3TOT Mepro/l 3aCTOs B YIieA00bIBatoIIeH
MIPOMBIILICHHOCTH, 3a KOTOPBIM IOCJIENOBAI pOCT crpoca Ha yroie [10]. B
pe3yabpTare MPOBEACHHBIX UcclenoBanuil B utosie 1977 r. Obula OTKpbITA MepBas
KOMMEPUYECKash BBICOKOMPOU3BOAUTENbHAS TUAPABIMYECKas IIaXTa, BXOASAIIAs B
KOMILJIEKC CTapoi maxThl «XaH3a» [85]. 3aeck 100bIua yriis BeAETCs Ha IIyOuHE
853 M, a TUIaHOBasI MPOU3BOJAUTEIBLHOCTh COCTABISIET 4 THIC. T YIJs B CYTKH IPH
WCIIOJIb30BaHUU JI0 MATU TUAPOMOHUTOPOB. | ... ]

B mporecce uccnenoanuii, nposeneHusix B OGP, Obu1 pazpaboTan MeTON
JOOBIYM YIJISI U3 MOYTH BepTUKaNbHBIX miacToB [10]. B ocHoBe MeTonma jiexut
MPOXOJKAa ABYX BEPTHUKAJbHBIX CTBOJIOB Ha paccrosHuu 130 m npyr ot gpyra,
KOTOPBIE 3aT€M COEOUHSIOTCS CKBOXKMHAMHM MAJOro JMaMeTpa, NpoOypeHHbIMU
BBICOKOHANIOPHBIMU  BOJSHBIMU CTpysIMH. COETUHUB CTBOJBI MEXAY COOOH,
YCTaHABJIMBAIOT JAPYTYIO TOJOBKY COILIA, U3 KOTOPOU BOASIHBIE CTPYHU MOCTYIAIOT B
paguaibHbIX HaNpaBJICHUAX. 3aTeM BHOBb BKJIIOYAIOT TMOJadyy BOABI U
MEePEMEIIAIOT COIUIO BAOJIb CKBaXXUHBI. B pe3ynbTare BHICOKOHAMOPHBIE BOJSHbBIC
CTPYH pa3pylIaloT yrojib Ha paccTOSSHUM 710 10 M OT mepBOHAYaIbHON CKBaKUHBI.
VYrome u3 3a00s u3BIeKaercss ABymsi criocobamu. Ilpu omHoM u3 HHUX OypsT
BOCXO/ISIIIIME CKBAXUHBI U YTOJb COPAChIBAETCS 1O HUM B IITOJBIIO, IO KOTOPOH
€ro BBIBO3AT U3 MaxThl. [Ipu 1pyrom cnocode OypsAT HUCXOAIIME CKBaXKUHBIL. [Ipu
9TOM  yrojib, Pa3ApOOJICHHBIA COIUIAMHM, TPOCTO HAJAET Yepe3 paHee
00pa30BaBILYIOCA IMYCTOTY B PAaCIOJOKEHHYI0 HUXKE IITOJBHIO, A€ OH TaKXKe
coOupaeTcsi, HanmpaBisieTcsl B kenoda U BbIBO3UTCA. [lepBbIil U3 3TUX cHOCOOOB
okazaincsi 6ornee 3(h()EKTUBHBIM, TaK KaK MPU BTOPOM MPOOYPEHHBIE CKBAKUHBI
HEpeaKo 3a0MBAIOTCS YIJIeM, 100bI4a KOTOPOTO UJET B 3HAUUTEIbHBIX MacIITadax
[91.] ..-]

OtmetuMm, yto B 1976 T. B CBOEM €XEroJHOM JOKJIaae IUPEKTOP
AKCTIIEPUMEHTAJIbHBIX HCCJICIOBAaHUN W pa3BUTUS bpUTaHCKOro HaIMOHAILHOTO

6I0p0 KaMCHHOT'O yIJIsI OTMCHAJI, YTO THAPABINYCCKUC MCTO/IbI I[O6LI‘—II/I ITOJIC3HBIX



VCKOIIAa€MBbIX MPEJCTABISAIOT COOOM €AMHCTBEHHYIO aJIbTEPHATUBY CYIIECTBYIOILINM
Metoaam [127].] ...]

6. CoBpeMeHHbIE TEXHOJIOTUH YIJIe100bIBAIOIIECH MPOMBIILIIEHHOCTH

CeronHsHss yrien00bIBatoIas IPOMBIIIEHHOCTh JOCTUTIA
ONPENIECIICHHBIX YCIEXOB B MOJECPHHM3ALMM TOPHOTO XO3SMCTBA, MOBBICHIICS Kak
YPOBEHb MEXaHU3alMW, TaK M ONTHMH3UPOBAIOCH MPOU3BOACTBO. I[Ipownsonuin
NOJIOKUTENIbHBIE CIABATM B YCJIOBHUSX OIIACHOIO IIAXTEPCKOro TpyHa, u
MOBBIINIEHHOE BHUMAHUE CTaJl0 YIENAThCA TEXHUKE 0€30MacHOCTH MpU padoTe B
1axre.

B Poccum m Ykpaumne - cTpaHax, BIQACIOIINX 3HAYUTEIBHBIMU 3allacaMH
yIisi, MOJEpHHU3alUs TPEANPUATANA  YIJIeI0ObIBAIONIEH  MPOMBIIIICHHOCTH
MPOUCXOIUIIO Ha 0a3e TEXHUKHU, KOTopas aocranach no HacieAacTBy or CCCP. Ha
TEPPUTOPUH TOCTCOBETCKOIO IPOCTPAHCTBA IUIACTHI YTIIIs 3JIETAIOT C TOYKHU
3peHHUs Te0JIOTMH B CaMbIX pa3HOOOpa3HbIX ycioBusix. Hu ojgHa apyras ctpaHa B
MHUpE HE MOKET MOXBACTAThCSl TAKUM MHOI000pa3HMEM TE€O0JOTMYECKUX YCIOBUH,
KOTOpbIE BIMSIOT Ha MPUHIHUIBI U WUJEU KOHCTPYHPOBAHUS OOOpYIAOBaHUS s
yraea00bIBa0IIEH MPOMBILIIEHHOCTH.

B Hactosimee Bpemsi CyiiecTByeT JBa crocoba pa3pabOTKH YTroJIbHBIX
MECTOPOXKACHUN — OTKPBITHIA (Kaphepbl) W Toa3eMHubI (maxtel). llecThaecsT
MPOLIEHTOB MUPOBOTO YISl JOOBIBAIOT KapbepHbIM criocoboMm. Ha teppurtopun
Poccuu Bepetcs camas riyOokas yrieno0biua B MUpe — OKoJjio oTMeTkd B 1200
METPOB.

[Inact yriasg, MONIHOCTBIO OT moJiyMeTpa A0 1,3 M Ha3bIBa€TCd TOHKHM.
[Inact or 1,3 M 110 Tpex ¢ NOJOBUHON METPOB — MPUHAIICKUT K CpeaHEH
MOIIHOCTU. A MJIACTHI OT 3,5 M 10 TPUALIATH METPOB - SIBISIOTCS MOIIHBIMU. Bee
TPU BUJA TIJIACTOB Pa3pabaThIBAIOTCS MOA3EMHBIM CIHOCOOOM, TO €CTh B IIIaxTe.
[Ipu pa3paboTke KapbepHbIM CIIOCOOOM, IOMHUMO CpeIHEH MOIIHOCTH, B
pa3paboTKy MAYyT IUIACTBl YIS, MOIIHOCTBIO 10 150 MeTpoB - KOTOpBIE

MPUOIMKAIOTCS K 3aJI€KaAM.



[Tpu xaprepHOM crioco0e BCe MPOIECChl MPOU3BOJICTBA, HEOOXOUMBIC IS
W3BJICUEHUS YISl U3 HEAP, IPOUCXOIAT Ha MOBEepXHOCTH. [Ipu oTKphITOM criocobe
IPUMEHSIOT TPU BUAA BBIEMKH — MEXAHUYECKHM, THIPABINYECKUN U CMEILIAHHBIM.
[Ipn maxTHOW BBIPAOOTKE YrOJBHOTO MECTOPOXKACHHUS TO, KAaKHUM CII0COOOM
BBIEMKH OYIYT IOJIb30BATHCS, 3aBUCUT HAIIPSIMYIO OT CBOMCTB BMEIIAIOIINUX TIOPOJ
U IJacTa, W YCIOBHUI, KOTOpbIE MNPEAbSBIAIOTCS K KOHAMLMU Yris. Moryt
OPUMEHATh  CIEAYIOIIME BHUABl BBIEMKHM — PY4YHYIO, OYypOB3pBIBHYIO,
re0TEXHOJIOTMUYECKYIO, a TAKXKE PsIJi CMEIIAHHBIX CIIOCOOOB.

[lone3Ho 3HATh, UTO YroJIbHBIE MECTOPOXKICHUS HailJIeHbl OYTH BO BCEX
CTpaHaX, HO pPEHTA0ENbHbIE MECTOPOXKJICHHUS YIJII HMMEIOT OKOJIO CEMHIECITH
CTpaH, a pa3paboTKa UuX BEIETCA NATHIOJECATHIO CTpaHaMHU. YUUThIBas
COBPEMEHHBIE TEMIbl JOOBIYM YIS M TOCTOSHHO COBEPIICHCTBYIOIIMECS
TEXHOJIOTMH J00BIYM, pa3BeIaHHbIE 3aI1achl YIJI PUCKYIOT ObITh YHUUYTOXEHHBIMU
3a [OJITOpa CTOJIETHS.

7. CoBpeMeHHbIE TEXHOJIOTMH MPOU3BOJICTBA aTFOMHHHUS

TexHoa0rus MPOU3BOACTBA AITFOMUHUS

Kak nmomydaror antoMmuHuin?

ANIOMHUHMI TOBCIOZLY - IBECTH IATHIECAT MUHEPAIOB conep:xar ero. Ho He
U3 BCSIKOTO MUHEpajla, HE U3 BCSIKOM IJIMHBI BBITOJIHO €ro A00biBaTh. Ecnu onHa
JecsATas 4yacTh TJIMHBI - ATIOMUHUNA, TO BO3UTHCS HE CTOUT. CHUILIKOM JIOPOrO €ro
0CBOOOXAaTh. A BOT €CIM U3 JBYX KWJIOIPAaMMOB TJIMHBI MOXHO JOOBIThH
KWJIOTPAaMM COEIMHEHHOI'0 C KUCJIOpPOJOM aIIOMUHHUS - 3TO JApyroe neno. Takue
TJIMHBI (MHOT/Ia U KaMHU), 00TaThle alllOMUHUEM, €CTh. M y Hac B CTpaHe UX MHOTO.
Onwu HazeiBaroTcst BOKCUTDI

N3 OOKCUTOB HAAO MpEeXAe BCEr0 M3BJICYb OKUCh AIIOMUHUA. Y OKHCH
QIFOMUHUS €CTh €LIE U IPYrO€ Ha3BaHUE -- TIINHO3EM.

Hekoropsle Buabl IMHO3€Ma Bbl 3HaeTe. Hampumep, Haxaak, KOTOPBIM
YUCTAT HOXH. IJTO KPYNUHKHA HAa PEIKOCTh TBEPAOro KaMHs -- KopyHaa. Wm
MOJIB3YIOTCS, YTOOBI HATAYMBAThH CTAJbHBIE HHCTPYMEHTHI, HOXKH. A KOPYHJ -- 3TO

I''TIMHO3€M, OKHMCH aJIFOMHHMHA.



JloOGpiBaTh M3 OOKCHTOB TIMHO3EM -- CIOXHBIM W pomruit Tpyda. Ero
BBIIIOJIHAIOT B XUMUYECKUX LI€XaX aJFOMHUHHEBBIX 3aB0/I0B. HO JOOBITH rmuHO3€EM -
- 3TO TOJBKO moiaena. YToObl MOTYyYUTh aNOMUHUMN, HAIO €Ile BbITHATh W3
TJIMHO3eMa KHUCIOpoA. i 3TOrO BBICHINMAIOT B CAETAHHBIE U3 rpaduTa BaHHBI
paciuiaB TJIMHO3€Ma U MPOIMYCKAIOT CKBO3b HETO CHJIBHBIN 3JIEKTPUYECKUN TOK.
Toka HyXHO Oo4eHb MHOTO. [I03TOMY 3aBOJBI ISl MOJTYYEHHS ATIFOMUHHUS CTPOSIT
BCETJa OKOJIO MOILIHBIX JIEKTPOCTaHLIUN.

OnHa BecbMa COMHMTENBHAsA JIETEHJA PAacCKa3blBAECT, YTO OAHAXKABI K
puMckoMy umrnepaTopy Tubepuro (42 r. A0 H. 3. — 37 I'. H. 3.) IIPUILIEIT YEIOBEK C
METaJUIMYeCKOW, HeObtomIeiicss yameld. Marepuan yamu sikoObl ObUT MOMTYYEH W3
rimuHozemMa (AI203) u, criemoBarenbHO, JOJDKEH OBLI MPEACTaBIsATH CcOOO0M
amroMuHUKA. Onacasch, YTO TaKOM METall M3 TJIIMHBI MOJKET 00€CIICHUTH 30JI0TO B
cepeOpo, Tubepuil Ha BCSKMl ciaydyall MOpuKazal OTPYOUTh UYETOBEKY TOJIOBY.
Pasymeercs, 3ToMy pacckady TPyAHO IIOBEPUTh: CaMOPOJHBIM AIFOMUHHUI B
NpUPOAE HE BCTpeYaercs, a BO BpemMeHa PuUMCKON umIepun HE MOIJIO OBbITh
TEXHUYECKUX CPEJICTB, KOTOpPHIC IO3BOJUIU Obl H3BJICUYb ATIOMUHUNA U3 €ro
COCIVHEHNH.

IIo pacnpoCTpaHEHHOCTH B INPUPOJE ATOMHHHUI 3aHMMAET NEPBOE MECTO
Cped METAJIJIOB; €ro cojAepKaHWe B 3eMHOM Kope coctaBisaeTr 7,45%. OnnHako,
HECMOTpsI Ha IIMPOKYIO PaCIpOCTPAHEHHOCTh B MPUPOJE, ATIOMUHHUNA 10 KOHLA
XIX Beka nmpuHaIIekKAI K YUCITY PEAKUX METAUIOB. B 4lCTOM BUIE AIIFOMUHUNA HE
BCTPEYAETCS BCIIEICTBUE CBOEM BBICOKOM XUMHYECKOW aKTUBHOCTH. OH
MPEUMYIIIECTBEHHO BCTPEYAETCS B BUJIE COSUHEHUN C KUCIOPOJIOM U KPEMHUEM —
AITFOMOCHJIUKATOB.

Pynamu antoMuHUS MOTYT CIY>KWTh JUIIb MOPOJbI, OOraThie TNIMHO3EMOM
(A1203) u 3aneraronue KpynmHBIMH MaccaMd Ha MOBepXHOCTH 3eMiH. K Takum
nopogam oTHocsaTcest 6okcuthl, Hedemuusl — (Na, K)20 ? Al20 3 ? 2Si02,
anynutel — (Na, K)2S04 ? A12(SO4)3 ? 4A1(OH)3 u xaoyiuHbl (TJIUHBI), TOJIEBOM
mmat (oprokiasz) — K20 ? Al203 ? 6SiO2.



OcHOBHOM pydOW [Jid TIOJyYEHUS aTIOMUHUS SIBISIOTCA OOKCHTBHI.
AnromuHuil B HUX coaepxkutcs B Buze ruapookuceit AI(OH), AIOOH, kopynna
AI203 u kaomuauta AlI203 ? 28102 ? 2H20. Xumuyeckuid coctaB OOKCHUTOB
cnoxeH: 28-70% raunozema; 0,5-20% xpemuezema; 2-50% oxucu xenesa; 0,1-
10% okucu tuTaHa. B mocnegHee BpeMsi B KadecTBE pyAbl CTald HPUMEHSTh
He(DETMHBI ¥ ATyHUTHI.

Kpymnnbie MecTopokaeHus: O0KCUTOB HaxoJsaTcs Ha Ypaie, B TUXBUHCKOM
paiione JleHuHrpaackoi oonactu, B Antalickom u KpacHosSpckom Kpasix.

Hepenrun (K ? Na20 ? AI203 ? 2Si02) BXoIUT B COCTaB
anaTUTOHEePEeITMHOBBIX MOPoJI (Ha KonbCckoM MOyoCTpOBE).

Bnepsrie B cB0OOOAHOM BHUEC aIFOMUHUN OBUT BbieNieH B 1825 1. marckum
(bu3MKOM DpCTEAOM IyTEM BO3JIEUCTBHS amaiblraMbl KaJlsl Ha XJIOPHU ATTFOMUHUS.
B 1827r. nemenkuii xumuk Benep ycoBepiiieHCTBOBa crioco0 DpcTena, 3aMEHUB
amanbpramy kanus meraumaeckuM kammem: AICI3 + 3K > 3KCl + Al (Peakuus

IMPpOTCKACT C BBIACICHUCM TGHJ’I&).
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B 1854 r. Cenr-Knep JleBunp Bo ®dpaHiuu BliepBblE€ MPUMEHUI CHOCOO
Benepa sl mpOMBIIUIEHHOTO MPOW3BOJICTBA AIIOMHUHUSA, HCIIOJIb30BAB BMECTO
Kanus Oosiee JelieBbld HaTPUM, a BMECTO TMTPOCKOIMYHOTO XJIOPUAA aIIOMUHUS
— Oonee CTOMKWN NBOWHOM XJIOpHA altoMuHUS U Hatpusa. B 1865 r. pycckuit
¢usuko-xumuk H. H. bekeToB mokaszanm BO3MOKHOCTh BBITECHEHHUS aTIOMHHHUS
MarHueéM H3 paciUIaBI€HHOTO Kpuoyiuta. Jrta peakuus B 1888 r1. Obuia
WCIIOJIb30BaHa JUJISl MPOM3BOJCTBA AJIIOMUHUS Ha IMEPBOM HEMELKOM 3aBOJIE B
['menunrene.  [Ipoum3BoACTBO ~ adlOMUHUSA ~ 3THMH  TaK  Ha3bIBAEMBIMU
«XUMHUYECKHUMMI» criocobamu ocymiecTBisuiock ¢ 1854 r. mo 1890 r. B teuenue 35
JIET ¢ MOMOIIBIO 3TUX CHOCOOO0B, OBLJIO TOJIYYEHO B OOIIEH CIOKHOCTU 0K0JIO 20 T
AIFOMUHUS.

B xonne 80-Xx rojoB MNo3ampouuIOro CTONETHS XHMHYECKHE CIOCOOBI
BBITECHUJI D3JIEKTPOJIUTHUECKUNA CHOCO0, KOTOPBIA MO3BOJII PE3KO CHU3UTH
CTOMMOCTb AJIOMUHUS U CO3Jal MPEANOCBUIKM K OBICTPOMY Ppa3BUTHIO
AITFOMUHUEBOM MIPOMBIIUIEHHOCTH. OCHOBONOJIOKHUKHU COBPEMEHHOTO
AJIEKTPOJIMTUYECKOTO CIIOcO0a MPOM3BOACTBA aTtOMUHUSA Jpy Bo Ppaniuu 1 X0l
B CIIA He3aBucHMO ApYr OT Apyra noaainv B 1886 r. mouTH aHAJIOTUYHBIEC 3asBKU
Ha NATEHTOBaHUE CIoco0a MOJMYyYEHUS ATIOMUHHUS 3JIEKTPOJIM30M TJIMHO3EMa,
PacTBOPEHHOI'O0 B pPAcCIUIaBICEHHOM Kpuoyiute. C MOMEHTa IOSBIICHHS IMAaTEHTOB
Opy m XoJla U HAQUYMHAETCA COBPEMEHHAs AJIIOMHHHMEBAs IPOMBIIIJIEHHOCTb,
KoTopass Oonee yeM 3a 115 ;eT cBoero CyiiecTBOBaHHS BBIPOCIA B OJIHY W3
KPYITHEUIIINX OTPACIIEN METAJUTYPIHH.

TexHonornyeckud MpoUECC TMOJYyYEHUs aIIOMUHUS COCTOMT U3 Tpex
OCHOBHBIX CTAJUU:

1). [Monmyuyenue rauHo3eMa (A1203) U3 amrOMUHHUEBBIX PYI;

2). IlomydyeHue aatOMUHUS U3 TJIIMHO3EMA;

3). PabuHnpoBaHue aTrOMUHUS.

[Tonyuenue rimmHo3eMa u3 pya.

['muHO3eM mMOMy4aroT Tpemsl Ccrnoco0aMu: IIEJIOYHBIM, KHUCIOTHBIM U

ANEeKTpoJauTHYecKuM. Haumbomplee pacrnpocTpaHeHrHe UMEET IIEeIOYHOM Croco0



(meton K. U. Baitepa, pazpaborannsiii B Poccuu B KOHIIE MO3aMPOIIIOTO CTOJICTHS
U TPUMEHSEMBIH I TepepabOTKH BBICOKOCOPTHBIX OOKCHTOB C HEOOJIBIINM
KoMuecTBOM (10 5-6%) kpemHeszeMa). C TeX MOp TEXHUUYECKOE BBIIIOJIHEHUE €r0
OBLJIO CYLIECTBEHHO YyiydlleHo. Cxema MpOM3BOACTBA INIMHO3EMa IO CIOCO0Y

baiiepa npencrasiena Ha puc. 1.

CymHOCTh crocoba COCTOUT B TOM, YTO aFOMUHHUEBBIE PAacTBOPHI OBICTPO
pasyaratorcs IpU BBEJICHUM B HUX THIPOOKHCH AJFOMHMHMS, a OCTaBLIMMICSA OT
pa3NoKEeHHUsI PacTBOP IMOCJE €ro BbINAPUBAHUS B YCIOBUSAX HWHTEHCUBHOIO
nepeMmemmBanusg  1pu 169-1700C  MOk’eT BHOBb PacTBOPATH  TNIMHO3EM,
coaepkamuiics B OOKcUTax. DTOT CIOCOO COCTOUT W3 CIEAYIOLIUX OCHOBHBIX
omeparuii:

1). TloarotoBku OOKcHTa, 3aKIlOYarOIIMiics B €ro JApoOJEeHUH U
U3MEJIbYCHUN B MEJIbHUIIAX; B MEJBHUIBI MOJAIOT OOKCHUT, €IKYIO ILIEN0Yb U
HEOOJIbIIIOE KOJIMYECTBO H3BECTH, KOTOpOE yiydlnaer BeiaeneHue Al203;
MOJIYYEHHYO ITyJIbIy MOJA0T Ha BBIIIECIIAYNBAHUCE;

2). BrimenaunBanus O0kcuTa (B MocieAHee BpeMsl MPUMEHSEMBbIE 10 CUX
nop OJIOKM aBTOKJIaB KpYIJIoW (OpMBI YaCTHYHO 3aMEHEHBI TpPyOUaThIMU
aBTOKJIaBaMHU, B KOTOpbIX nipu Temneparypax 230-250°C (500-520 K) npoucxoaut
BBIIIECJIAYMBAHNE), 3aKIIOYAIOMIETOCS B XHMHYECKOM €ro pasjioKeHUH OT
B3aUMOJIEUCTBUS C BOJHBIM PACTBOPOM IIEJIOUH; THIPAThI OKMCH QJIFOMUHUS IIPU
B3aMMOJIEUCTBHUH CO IIEJIOYBIO MEPEXOIAT B PACTBOP B BUJIE ATFOMUHATA HATPUSL:

AIOOH-+NaOH — NaAlO2+H20

WIIH

Al(OH)3+NaOH — NaAlO2+2H20;

coJiepkaluiics B OOKCUTE KPEMHE3eM B3aUMOJICHCTBYET CO IIEIOYbIO U
NEPEXOAUT B pPACTBOP B BUJIE CUIIMKATA HATPUSL:

Si02+2NaOH — Na2SiO3+H20;

B pacTBOpe aJlOMHUHAT HATpUsl U CWIMKAT HaTpus 00pasyioT

HCpaCTBOpI/IMHﬁ HanHCBBIﬁ AJIIOMOCHUJIMKAT, B HepaCTBOPPIMBIfI OCTaToK



MEepPEeXOASAT OKUCIBI TUTAHA U XKeJe3a, MPEJarole OCTaTKy KPAaCHBIM IBET; 3TOT
OCTaTOK Ha3bIBAIOT KPACHBIM HIJTaMOM. [10 OKOHUaHUM pacTBOPEHUS MOJTYYSHHBIN
IIOMUHAT HATpUs pa30aBIIAIOT BOAHBIM PACTBOPOM IIEJIOUH MPU OJJHOBPEMEHHOM
noHwxeHun temnepatypsl Ha 100°C;

3). OtnmeneHust amOMHHATHOIO PacTBOpa OT KPACHOTO IuiamMa OOBIYHO
OCYIIECTBJISIEMOTO ITyTEM MPOMBIBKH B CHEIUATBHBIX CTYCTUTENSAX; B pe3yJbTaTe
ATOr0 KpacHbId HUIAM OCEJAeT, a AJIOMUHATHBIM pacTBOp CIMBAKOT M 3aTEM
GbunbTpytoT (OCBETISAIOT). B OrpaHWYeHHBIX KOJMYECTBAX IUIAM HAXOJUT
NpUMEHEHHUE, HampuMmep, Kak Jo0aBka K IieMeHTy. B 3aBucuMocTH OT copTa
OokcuTOB Ha 1 T moxy4yeHHON okucu amoMuHus npuxoautcs 0,6-1,0 T kpacHOro
nuiaMa (CyXoro ocTaTka);

4). Pa3znoxeHuss aMOMUHATHOrO pactBopa. FEro Quibrpytor w
MEepPeKayuBalOT B OOJBIIME EMKOCTH C MeIalkaMu (Jekommosepsl). U3
NepechIeHHOTo pacTtBopa npu oxnaxkiaeHuu Ha 60°C (330 K) u mocrossHHOM
nepeMenIuBaHuy u3BliekaeTcs ruapookuck amomuuus Al(OH)3. Tak kak 3ToT
mpolecc MPOTEKaeT MEIJIEHHO W HEPaBHOMEPHO, a (opMUpOBaHHE U POCT
KPUCTAUIOB THUAPOOKUCH AJIFOMUHUS HMMEIOT OOJIbIIIOE 3HA4YeHUE TMpU €e
nanbpHeine o0paboTKe, B JEKOMIO3Ephl J00ABISIOT OOJBIIOE KOJIHMYECTBO
TBEPJOU TUIAPOOKUCH — 3aTPABKU:

Na20 : Al203+4H20 — AI(OH)3+2NaOH;

5). BoimeneHuss THUIPOOKHMCH alllOMHUHHS H €€ KiIacCU(PHUKAIUHU; 3TO
MPOUCXOJUT B THAPOIMKIOHAX W BaKyyM-QUIbTpax, TAe OT aJTOMHHATHOTO
pacTBopa  BBIACISIIOT  0ocaaok, cojaepxkamuii  50-60% uactury  Al(OH).
3HAUUTENFHYIO0 YacTh THAPOOKHCH BO3BPAIIAIOT B MPOIECC JIECKOMITO3MIIMHM KaK
3aTpAaBOYHBIA MaTepuall, KOTOpas M OcTaercss B 000pOoT€ B HEU3MEHHBIX
konudecTBax. OCTaToK Mociie MPOMBIBKY BOJION UAET HA KAJIBIIMHAINIO; (PHIIBTPAT
TaK)Ke BO3BpAIAETCs B 000POT (IOCIe KOHIIEHTPAIIMU B BBITIAPHBIX aIlliapaTax —
JIJIS1 BBITIETIaYMBaHUsI HOBBIX OOKCUTOB);

6). OO0e3BOXMBaHUS THAPOOKUCH aNOMHUHHUS  (KAJIbLIMHAIIMK);, 93TO

3aBCpliaromas oIrcpanuda IIPOU3BOACTBA TIJIMHO3EMA, €€ OCYHICCTBIIAIOT B



TpyOUaThIX BpaUIalONIMXCSA Ie€4YaxX, a B IOCIEAHEEe BpEeMsl TakXke B Medax C
TypOyJEeHTHBIM JBIKEHHEM MaTepuaina npu temmepatype 1150-13000C; coipas
THIPOOKHCH AIIOMUHUS, MPOXOs Yepe3 BPAIAIONIyIOCs I1€4b, BHICYIINBACTCS U
00€3BOKMBACTCS; IPU HarpeBe NPOMCXOIAT IOCIEJOBATEIBHO CIEAYIOINe
CTPYKTYpHBIE IIPEBpAILICHUS:

AI(OH)3 — AIOOH — y-A1203 — a-Al203
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B okoHuaTenbHO TpokasieHHOM TiuHo3eMe cojaepxurcsa 30-50% a-Al203
(xopyHp), octanbHoe Y-Al203.

Otum cnocoboM u3BiekaeTcss 85-87% oOT Bcero moiayyaeMoro TJIMHO3EMA.
[TomydyeHHass OKWCh aIOMHHHUS TIPEACTABISAET COOOM MPOYHOE XUMHUYECKOE
coequHeHue ¢ temmeparypou miasieHus 2050 oC.

[Tonyuenue antOMUHUS U3 €TI0 OKUCH

DJIEKTPOIU3 OKUCH ATFOMUHHUS

DNEKTPOJIUTUYECKOE BOCCTAHOBIIEHWE OKHCH aJIOMUHHUS, PACTBOPEHHOU B

o
pacIuiaBe Ha OCHOBE KPUOJINTA, ocylecTBisgeTcs pu 950-970°C B anekTponmsepe.
DJIEKTPOJIU3EP COCTOUT M3 (HYTEPOBAHHOW YIIIEPOIUCTHIMU OJIOKaMH BaHHBI, K
IIOAUHE KOTOPOM IOABOIAUTCS JJIEKTPUYECKMM TOK. BpiaenuBmimiicsa Ha IMOAWHE,

CIIy’KaIlled KaTOAOM, >KMJIKHM aTIOMUHHUI TsKEllee PacilaBa COJIM JJIEKTPOJINTA,



MO3TOMY COOHMpaeTcss Ha YroJbHOM OCHOBAaHWHU, OTKyJa €ro NepUOANMYECKH
oTkauuBaroT (puc. 2). CBepxy B 3JEKTPOJIUT MNOTPYKEHBl YIrOJbHBIE AHOJBI,
KOTOpBIE CroparoT B arMoc(epe BBIACISIONIETOCs U3 OKUCH aIFOMUHUS KUCJIOPO/Ia,
BbIJIENsI okuch yriepona (CO) unu aByokuch yriepoga (CO2). Ha mpakrtuke
HAXOJIAT MPUMEHEHHUE JBa TUIIA aHOJIOB:

a) camooOXkuraromuecs aHojbl 3eAepOepra, cocTosAlue U3 OPUKETOB, Tak
HA3bIBAEMBIX «xJIeOOB» Maccel 3eaepOepra (Majo30ibHBIA yroib ¢ 25-35%
KaMEHHOYTOJILHOTO TeKa), HAOUTHIX B ATIOMUHUEBYIO O0OJIOUKY; MO JACHUCTBUEM
BBICOKOW TeMIepaTyphl aHOAHAsl Macca 00KuraeTcs (CreKaercs);

0) 00OXKEHHBbIE, WU «HENPEPBIBHBIC», AHOJbI M3 OOJIBIIUX YTrOJbHBIX
65okoB (Hampumep, 1900x600x500 mm maccoit okoiio 1,1 T).

Cuna Ttoka Ha snekTponusepax cocrasiser 150 000 A. OHu BKIIFOYAKOTCA B
CeTh IMOCJEN0Ba-TEIBbHO, T. €. IMOJydyaeTcsi cuctema (cepusi) — JUIMHHBIN Pl
AIIEKTPOJIU3EPOB.

PabGouee namnpsbkeHre Ha BaHHE, cocTaBisitoilee 4-5 B, 3HaUUTENBHO BbIIIE
HANpsDKEHUs, MpPU  KOTOPOM TMPOUCXOAMUT PA3N0KEHUE OKUCH aJIOMUHUS,
MIOCKOJIBKY B Tporiecce paboThl HEW30€KHBI MOTEPU HAMPSHKCHHUS B PA3TMUHBIX
4acTaX cHUCTEeMbl. bajmaHC ChIpbs M SHEPruM MpH MOJYYeHUHU | T aTrOMUHUS

MpEACTABIICH HA puc. 3.
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DNeKTpoIIU3 XJopuaa amoMuHus (Meto pupMbl Askoa)
B peakumoHHOM cocy/ie OKMCh aTlOMHUHHUS IPEBPAILAETCS CHaYaia B XJIOPUA

aJIOMUHUS. 3aTeM B IIIOTHO HBOJII/IpOBaHHOfI BAaHHC IIPOUCXOIUT OIJICKTPOJIU3



AICI3, pactBopennoro B paciase coseir KCl, NaCl. Beinensrommiics mpu 3ToM
XJIOp OTCAachIBAE€TCAd W TOAACTCS JJiI BTOPUYHOTO HCIIOIb30BaHUS;, aTOMUHUN
OCaXKJIAeTCsl HA KaToJe.

[IpeumyiiecTBaMu TaHHOTO METOJA MEPE] CYLIECTBYIOLIUM 3JEKTPOJIA30M
XKHUIKOTO KPUO-TUTOTIIMHO3eMHOTO paciuiaBa (Al203, pacTBopeHHAss B KPUOJIUTE
Na3AIF6) cuurator: sxoHoMuI0 10 30% dHEpruu; BO3MOKHOCTH MPUMEHEHHUS
OKHCH QJIIOMUHHS, KOTOpass HE TOAUTCA [Jisi TPATULIHUOHHOIO HJIEKTPOJIM3a
(manpumep, AI203 ¢ BBICOKMM COACpPKAHUEM KPEMHUS); 3aMEHY JOPOTOCTOSIIETO
KpuoiauTa Oojiee JACHICBHIMU COJISIMU; HWCYE3HOBEHHUE OMACHOCTH BBIACICHUS
dropa.

Boccranosnenue xnopusa anoMunus mapraniem (Toth — merton)

[Ipu BocCTaHOBJIEHUM MapraHileM U3 XJIOpUJa aJlOMUHUS OCBOOOXKIACTCS
amtoMuHui. [locpeAcTBOM yIpaBiieMOM KOHJEHCAMM U3 TMOTOKAa XJIOpUIa
MapraHiia BBIJICISIOTCS CBSI3aHHBIE C XJIOpOM 3arpsisHeHus. [Ipu ocBoOOXKIeHUU
XJiopa XJIOpHMJI MapraHia OKHCIS€TCd B OKHCh MapraHiua, KOoTopas 3aTeM
BOCCTAHABJIMBAETCS JI0 MapraHila, HOPUTOJHOIO K BTOPUYHOMY HPUMEHEHHIO.
CBenieHrs B MMEIONIMXCS IMyOJIMKAIMSAX BEChbMa HETOYHBI, TaK YTO B JIAHHOM
ciIy4yae MpUIETCS 0TKa3aThCsl OT OLIEHKHA METO/IA.

[Toy4yenue pa@uHUPOBAHHOTO ATFOMHUHHUS

Jns  amroMuHust padUHUPYIOMIUM SJIEKTPOJU3 C Pa3IOKEHUEM BOJIHBIX
COJIEBBIX PACTBOPOB HEBO3MOXKEH. [IOCKOJIBKY IS HEKOTOPBIX €€ CTENEeHb
OUHUCTKU TpOMbIIUIeHHOTO amomuuus (Al 99,5 — Al 99,8), mnosydeHHOTO
ANIEKTPOJIU30M  KPHOJUTOTIMHO3EMHOTO paciuiaBa, HEJOC-TaTO4YHa, TO U3
MPOMBIIIUICHHOTO QIIOMUHUSL WM OTXOJ0B MeTajla TyTeM paduHUPOBAHUS
noyiy4aroT emie Oosnee uucthiii amomunuii (Al 99, 99 R). Haubonee u3BecteH
MeTO1 paUHUPOBAHUS — TPEXCIONHBIN AJIECKTPOIIU3.

PadunupoBanmne METO0M TPEXCIONHOTO JIEKTPOIH3a

Operass CcTaJbHBIM  JIMCTOM, paloTaromas Ha TMOCTOSSHHOM  TOKE
(mpencraBneHHas Ha puc. 4) BaHHA I padUHUPOBAHUS COCTOUT W3 YTOJIHHOM

MOJMHBI C TOKOIMOABOJAMH M TEIUIOM30JU-PYIOLEH MarHe3uToBor QpyTrepoBku. B



IIPOTUBOIIOJIOKHOCTD 3JIEKTPOJIN3Y KPHUOJUTOITIMHO3EMHOTO pacIuiaBa aHOAOM
3[IECh CIIY’KUT, KaK MPaBWIIO, PacIUIaBICHHBIA paQUHUPYEMbI MeTaul (HIKHUAN
aHOJIHBIN CJIOM). DJEKTPOIUT COCTABIISIETCS W3 YHMCTHIX (TOPHUIIOB WM CMECH
xjopuaa 6apust 1 GTOPUIOB ATIOMUHUS M HATpHUs (CPEAHUI CIIOW). ATIOMUHUM,
pacTBOPAIOIIMNCA W3 AaHOJHOIO CJIOA B JJIEKTPOJIMTE, BBIACIACTCA Haj
AIEKTPOJIUTOM (BEPXHUU KATOMHBINA cJoil). UMCTBI MeTamnl CIyKUT KaTOJOM.

[TogBOT TOKA K KATOTHOMY CJIOK0 OCYIIECTBIISIETCS TPAPUTOBBIM AIIEKTPOIOM.

7 5 13 ;
A co—
ML |
ot s T

-~ vl

~ e e
a1 |
o1
p———
-—d

/1,,,

\ -
t'—r{}hf—“e S fum——ppp—}

Puc. 4. Cxemo s0enmpoanuscpa © nepeanm 1opMos 10 pagunuposanuy ermosMuies (no
@yanae - Tuwsbepry )
I - aoosunucentl pacnasn; 2 - asexmporum: 3 « paduenposesiends g avavumidl spoxoi
WU 4 - KOMoL 43 padaimae: 3 - MOINCAINONER CIMENG,; 6 - Ilq'x‘luud oy,
7« usornupgoiil crod: S o Goxosan waoanpus: 7 « gronsecn nosune; 10 « ancamod

moxonogeot; 11 « wossyus mogwm: 12 « xereanaii xopob: 13 « xprueuna

Banna pa6otaer nipu 750-800°C, pacxon sieKkTposHepruu cocrtapisieT 20

KBT ©»4 Ha 1 Kr 4yncroro AJIIOMUHUA, T. €. HCCKOJBKO BbIIIC, YEM IIPpH OOBIYHOM

DJIEKTPOJIN3E ATFOMUHUSI.
Meramn anoga comepxut 25-35% Cu; 7-12% Zn; 6-9% Si; no 5% Fe u

HE3HAYUTEIBHOE KOJIMYECTBO MAapraHila, HUKEJIs, CBHUHIIA U 0JIOBa, ocTanbHOe (40-



55%) — amomunwmii. Bee Tsokenmbie METAUTBI M KpEMHUH 1pu padUHUPOBAHUH
OCTAalOTCsl B aHOJHOM clioe. Hanmuuume MarHusi B SJEKTPOJUTE MPUBOJIUT K
HEXEJAaTeNIbHBIM HW3MEHEHUSIM COCTaBa »JJIEKTPOJIUTAa WM K CUJIBHOMY €ro
OlIUIAKOBaHWIO. [l OYMCTKM OT MAarHusl [UIaKd, COAEpXkKaIIUEe MAarHui,
oOpabaTeIBalOT (hJIr0caMU WU Ta3000pa3HBIM XJIOPOM.

B pesynbrate paduHHpoBaHUS MOTY4YarOT YUCTHIM amoMuHui (99,99%) u
MPOAYKTHI Cerperanuu (3airep-npoaykT), KOTOpbIe COAEPKAT TSAKEIbIE METAIIBI U
KPEMHUI M BBIIETSAIOTCS B BHUJIE IIEJIOYHOTO PACTBOPAa U KPHUCTALIUMYECKOTO
ocratka. Illemoynoit pacTBOp ABISETCS OTXOAOM, a TBEPIBIA OCTaTOK
MPUMEHSIETCS JJIsl PACKUCIICHUS.

PaduHupoBaHHbIA amIOMUHUI UMEET OOBIYHO clenayrommuii coctaB, %: Fe
0,0005-0,002; Si 0,002-0,005; Cu 0,0005-0,002; Zn 0,0005-0,002; Mg cnensr; Al
OCTaJIBHOE.

PadunupoBanue myteM aqrOMOOPraHUYECKUX KOMIUIEKCHBIX COCIMHEHHUHN U
30HHOU IUIAaBKOM

AJIOMUHHI CTETEeHH YUCTOTHI BhIe Mapku Al 99,99 R moxer ObITH
NMoJy4yeH padUHUPYIOMIUM JJICKTPOJU30M YKHCTOTO WM TEXHUYECKH YHUCTOTO
QTIOMHHUSL € TOPUMEHEHHMEM B  KAueCTBE  DJIEKTPOJIUTA  KOMIUIEKCHBIX
ATIOMOOPTAHUYECKUX COCIMHEHUN QIIOMUHHS. OJEKTPOJIHU3 MPOXOJUT TPHU
temneparype okoso 1000°C mexy TBEpAbIMH AIFOMUHUEBBIMU 3JIEKTPOJIAMU U B
MPUHITUIE CXOXK C paQUHUPYIOMUM 3JIeKTpon3oM Meau. [Ipupoaa snextponuta
JIUKTYeT HEOOXOAMMOCTh paboTaTh 06€3 JOCTyIa BO3yXa U MPU HU3KOM MIIOTHOCTU
TOKA.

OTOT BUJA paQUHUPYIOMIETO AJIEKTPOIN3a, MPUMEHIEMbIM CHaJalla JIUIIb B
71a60paTOPHOM Macirabe, yKe OCYILECTBIISIETCS B HEOOJIBIIIOM
MIPOU3BOJICTBEHHOM MacCITa0e — M3TOTOBIIAECTCS HECKOJIBKO TOHH METaJljia B TO/I.
HomuHanpHast CTEMmeHb OYMCTKH TMojdydaeMoro wetama 99,999-99,9999%.
[ToTeHUMATBHBIMU OOJACTAMHM MPUMEHEHHUSI METajllla TaKOW YHCTOTHI SIBJISFOTCS

KpHUOI'CHHAsA SJICKTPOTCXHHUKA U 3JICKTPOHHKA.



Bo3MOxHO mNpuUMEHEHHE PacCMOTPEHHOTO MeToja paduHUpOBaHUS U B
raJjbBaHOTEXHHUKE.

Eme 6oiiee BBICOKYIO YUCTOTY — HOMHHAJIBHO J10 Al 99,99999 — moskHO
MOJTyYUTh TOCIIEAYIONIEH 30HHOM T1aBkoi Metasuia. [Ipu nepepaboTke aqroMUHUS
NOBBILIEHHONM YHCTOTHI B MOdy(aOpuKaT, JUCT WIM IPOBOJIOKY HEOOXOAMMO,
YUUTBIBasi HU3KYIO TEMIIEPATypy PEKpUCTAIM3ALMU METaljla, IPUHUMATh 0COObIE
MEpBl TMPEAOCTOPOKHOCTU. [IpuMedaTenbHbIM CBOMCTBOM padUHUPOBAHHOTO
MeTajljja SIBJSIETCSl €r0 BBICOKasl 3JIEKTPOIPOBOJHOCTh B O0JACTH KPUOTEHHBIX
TEeMIIepaTyp.

[Tomy4yeHrne BTOPUYHOTO ATFOMUHUS

[lepepaboTka BTOPUYHOIO CBIPbS M OTXOJOB HPOM3BOJACTBA SIBISETCS
PKOHOMHUYECKM BBITOAHOW. [lomydyaeMbIMM TpH 3TOM BTOPUYHBIMHU CIUIABaMHU
yIIOBJIETBOpPSiETCS 0KOJI0 25% o011eil moTpeOHOCTH B aJIFOMUHHUH.

Baxneiimeidr 0051acThbl0 NPUMEHEHHS BTOPUYHBIX CIUIABOB  SIBJIAETCA
IIPOU3BOJICTBO ATIOMUHUEBOTO (pacoHHOrO UThs. B DIN 1725, nuct 2 Hapsangy co
CTaHJAPTHBIMU MapKaMM CIUIABOB NPHUBEACHBI MHOIOUYMCIIEHHBIE MapKu CILJIaBOB,
MIPOU3BOAMMBIX JIMTEUHBIMU 3aBojaMHU. [lepeyeHp CriaBoB, BBIMTYCKAEMbIX ATUMU
3aBOJIaMH, COJIEPKUT, KPOME CTaHJAPTHBIX, HEKOTOPBIE HECTAHJAPTHBIE CILIABBI.

be3ynpeuyHoe  NPUTOTOBIEHUE  AMIOMUHUEBOTO  CKpama B CaMbIX
pPa3HOOOpa3HbIX MPOMOPLMAX MOXKHO OCYIIECTBISATh TOJBKO Ha CHELHAIBHO
00OpyIOBaHHBIX IUIaBWIBHBIX 3aBojax. [IpencraBieHue o CIOKHOM paboyem

IPOIIECCE Ha TAKOM 3aBOJIC JaeT PHC. 5.
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OTX0apl TEpPeIIaBIsAIOT Toclie TpyOoil MpeaBapUTENbHON COPTUPOBKH.
Conepxamuecs B 3THMX OTXOAaxX JKEJI€30, HUKEIb WM MElb, TOYKAa IJIaBJICHUS
KOTOPBIX BBIIIE€ TOYKH IUIABJICHUS QIIOMUHUS, MpPU IUIAaBKE B IUJIABUJIBHOU
IIOPOTOBOM MEYM OCTAKOTCS B HEM, a AJTFOMUHUM BBIILUIAB-JIsieTcs. s ynanenus us
OTXOJIOB HEMETA/UIMUECKUX BKJIFOUEHUN THUMA OKWUCIIOB, HUTPUIOB, KapOUJIOB WU
ra3oB MPHUMEHSIOT 00pabOTKy pAacCIUIaBICHHOTO MeTajla COJSIMU Wi  (YTO
palMoHaNIbHEN ) MPOTYBKY Ta30M — XJIOPOM WJTU a30TOM.

s ymaneHuss METaJUIMYECKUMX TpUMECed W3 paciuiaBa  HM3BECTHBI
pa3IMYHbIE METOJIbl, HAIPUMEP MPUCATKA MAarHus U BaKyyMHUPOBAaHHE — METOJ]

bexma (Becksche); mnpucamka 1muHKa WIM PTYTH C  TOCIEAYIOIIUM



BaKyyMHpPOBaHHEM — CyOTraJIOr€HHbBIN METOJI. Y aJleHue MarHusi OrpaHuYUBaACTCS
BBEJICHUEM B pAaCIUIaBJICHHBIN MeTamun xyopa. Ilyrem BBeneHus n00aBOK, TOYHO
OTIPEJIEIISIEMBIX COCTABOM pacCIliaBa, MOJy4aroT 3aJaHHBIN JIMTEHHBIHN CIIaB.

[Ipon3BOACTBO AMFOMUHUS TEXHUYECKOW YUCTOTHI

DNEKTPOIUTUYECKUN CIOCO0 — €AMHCTBEHHBIN MPUMEHSIOMUNICS BO BCEM
MUpE JIJIsl MPOU3BOJICTBA METAUIMYECKOr0 aTIOMUHUS TEXHUYECKOW YuCTOTHI. Bee
JIpyrue crnocoObl (LMHKOTEPMHUYECKHUM, KapOMIOTEPMHUYECKUM, CYOXJIOPUAHBIN,
HUTPUIHBIA U Jp.), C MOMOIIbIO KOTOPBIX AIIOMUHUN MOKET ObITh M3BJICUEH U3
ATIOMUHUEBBIX  pyJd, pa3padaTelBAJIUCh B  JIAOOPATOPHOM U ONBITHO-
IPOMBIIUICHHBIX ~ MacliTadax, OJHAKO T[OKa HE HalUIM [PaKTHYECKOro
IIPUMEHEHUS.

JUist mony4yeHus amtOMUHUEBO-KPEMHUEBBIX CILIABOB YCIEITHO MPUMEHSAETCS
AJIEKTPOTEPMUYECKHUI c1oco0, BIEpBbIE Pa3paOOTaHHBI M OCYIIECTBICHHBIH B
npombiniieHHOM Maciitadbe B CCCP. OH cocTouT M3 JBYX CTaauii: Ha IMEpPBOM
CTaJIMM MOJYYalOT NEPBUYHBINA aTIOMUHHEBO-KPEMHHUEBBIN CIUIAB C COJIEPKAHUEM
60-63 % Al myrem mpsiMOTO BOCCTaHOBJICHHS JIFOMO-KPEMHUCTBIX PYJ B PYAHO-
TEPMUYECKUX AJIEKTPUUECKUX T[eYax; Ha BTOPOM CTaAuu NEPBUYHBIA CILUIAB
pa30aBISIOT TEXHUYECKUM AJIFOMUHHUEM, MOJIy4asi CUJIYMUH U IpYTHe JUTEHHbIE U
nedopMupyeMble aTIOMUHHEBO-KPEMHUEBBIE CIUIaBbl. BenyTes uccieqoBaHus 1o
M3BJICUYEHHUIO U3 IEPBUYHOIO CIIJIaBa aTIOMUHHS TEXHUYECKON YHCTOTHI.

B nenom nosydyeHue anroMUHUS 3JIEKTPOIUTHUECKUM CIIOCOOOM BKJIIOYAET B
ceOsi MPOM3BOACTBO TIJIMHO3eMa (OKHUCH aJIIOMHHUSI) W3 aIOMUHHUEBBIX DY,
NPOU3BOACTBO  (DTOPHUCTBIX coiel (KpuosnuTta, (TOPUCTOTO ANIOMUHUSA U
¢Topuctoro - HaTpusi), HPOU3BOJCTBO  YIJIEPOJMUCTOM  aHOJHOM  MAacchl,
000CKEHHBIX YTOJIbHBIX AHOJHBIX U KaTOJHBIX OJOKOB M JIPYyTUX (yTEpOBOUYHBIX
MaTepuasoB, a TAKKe€ COOCTBEHHO JIEKTPOJIUTHUECKOE MPOU3BOJICTBO AIOMUHUS,
KOTOPOE SBIISIETCS 3aBEPILAIOIIMM 3TAlIOM COBPEMEHHOW METAJUTYPTHH AJTFOMUHMS.

XapakTepHbIM JUIsl TMPOU3BOACTBA TIJMHO3€Ma, (PTOPUCTHIX COJEH W
YIIAEPOAMUCTBIX U3JENUN SBISIETCS TpeOOBAaHUE MAaKCHUMAJIbHOM CTENEHH YHCTOTHI

OTHUX MaTcpUuaIoB, TakK KaK B KPHUOJUTOTIIMHO3CMHBIX paciuiaBax,



MOJABEPrarolInXCcsl 3JIEKTPOJIU3Y, HE JNOJKHBI COJNEPKATHCS MPUMECH DJIEMEHTOB,
0oJiee AIEKTPOIOJIOKUTEIBHBIX, YEM aJTIOMUHUMN, KOTOpPbIE, BBIICISAACH HA KaTOJe
B [IEPBYIO OUEPEIb, 3arPsI3HSIN Obl METaJIIL.

B rmunozeme Mapok I['-00, I'-0 u I'-1, koTOphle HOpPEUMYIIECTBEHHO
UCIIOJIB3YIOTCSL MpU 3JiekTpoiuse, cojepxkanne Si0O2 cocrasisger 0,02-0,05%, a
Fe203 — 0,03-0,05%. B kpuonute B cpeanem coaepxkurcs 0,36-0,38% Si02 u
0,05-0,06% Fe203, Bo ¢ropucrom amomuuauu 0,30-0,35% (SiO2 + Fe203). B
aHOJHOM Macce coaepxkurtcs He 6otee 0,25% Si102 u 0,20% Fe203.

Baxnenmas anrOMHHMEBAs pPyJaa, U3 KOTOPOM M3BIIEKAIOT TJIMHO3EM,
OokcuT. B OokcHTe allfOMUHUI PUCYTCTBYET B (POpME TMAPOOKUCH alfoMuHus. B
Coerckom Coroze, Kpome OOKCHUTa, JJIs TOJYy4YEHUS TIMHO3E€Ma IMPUMEHSIOT
He(EeTMHOBYIO TTOPOTY — AJIFOMOCHUJIMKAT HATPUS U KaJllus, a TaKXKe aTyHUTOBYIO
MOpoAy, B KOTOPON aTIOMUHHUM HaXOAWTCS B Buie ero cyinbdara. ColppeM s
U3TOTOBJICHUSI AHOJHOM MacChl W OOOXIKEHHBIX AaHOJHBIX OJIOKOB CIyXKaT
VIJIEPOAUCTBIE YHUCThIE MaTepuaibl — HEPTIHON WM TEKOBBIMH KOKC H
KaMEHHOYTOJIbHBIN MEK B KAYECTBE CBSI3YIOILETO, a JIJIsl IPOU3BOACTBA KPUOIUTA U

JIpYruX (PTOPUCTHIX cojield — (PTOPUCTHINA KaJIbLIMH (IIJITABUKOBBIN LITIAT).

[Ipu DNEKTPOIUTHUYECKOM TIONYYCHHHM aIOMUHUSA TiuHOo3ema Al203,
pacTBOpeHHbI B pacruiaBieHHOM KpuonuTe Na3AlF6, snekTpoxuMuuecku
paznaraeTcsi ¢ pa3psj0M KaTHOHOB aJIFOMUHUS Ha KaToJe (FKUIKOM aIFOMUHUN), a
KHCIIOPOJCOIEpKAIIUX MOHOB (MOHOB KMCJIOPO/ia) — Ha YIIepOJUCTOM aHO/IE.

[To coBpeMEHHBIM MPEACTABICHUSIM, KPUOJIUT B PACIIJIABICHHOM COCTOSIHUU
JIMCCOLUUPYET HA MOHBI U : , @ TIMHO3€M — Ha KOMIUJIEKCHBIE MOHBI U : , KOTOPbIE
HaXOJATCS B PABHOBECUU C MPOCTHIMU MOHAMM: , .

OCHOBHBIM  TIPOLIECCOM,  NPOUCXOASAINIMM  HAa  Karoje,  SIBIAETCS
BOCCTaHOBJICHHE HOHOB TpeXBaJleHTHOTO anmomunus: Al3+ + 3e — Al (D).

Hapssmy ¢ OCHOBHBIM MNpOIIECCOM  BO3MOXEH  HEIOJHBIA  pas3psl

TPEXBAJICHTHBIX HOHOB AJIFOMHUHUS C 00pa30BaHUEM OJHOBAJICHTHBIX MOHOB: Al3+



+ 2¢e — Al+ (II) u, HakoHern, pa3psl OJHOBAJCHTHBIX MOHOB C B BIJICIICHUEM
Mertamia: Al+ + e — Al (I1D).

[Ipu ompeneneHHbIX YCIOBUSX (OTHOCUTENIBHO OOJbINas KOHIICHTPALIUS
noHoB Na+, BbICOKasi TeMIieparypa U Jp.) MOXET IMPOUCXOIUTH pa3ps]l MOHOB
HaTpus C BblmencHHMeM Meramia: Nat+ + e — Na (IV). Peakmum (II) u (IV)
0OyCJIOBIIMBAIOT CHMK €HHUE BBIXOJ1a aJTIOMUHUS T10 TOKY.

Ha yrosbHOM aHOA€ MPOUCXOAUT pa3psll UOHOB kuciopona: 202— — 4e —
02. OnHako KUCTOPOJ HE BBIACIAETCS B CBOOOJIHOM BHJIE, TaK KaK OH OKHUCISIET
yriepos aHosa ¢ oopazosanueM cmecu CO2 u CO.

CymmapHasi peakiusi, IPOUCXOJsIas B DJIEKTPOJU3EPE, MOXKET ObITh
npezcrapicHa ypasHeHreM Al203 + xC « 2A1 + (2x—3)CO + (3—x)CO2.

B cocraB snexTposivita NpOMBIIIIEHHBIX aTIOMUHUEBBIX SJIEKTPOIU3EPOB,
MOMUMO OCHOBHBIX KOMIIOHEHTOB — KpHOJUTa, (DTOPUCTOro aalOMHUHHS U
IJIMHO3€Ma, BXOASAT HeOoiblnHe koinyecTBa (B cymme A0 8-9%) HEKOTOPBIX
npyrux conmeir — CaF2, MgF2, NaCl u LiF (no6aBku), KOTOpbIE YIydlIarOT
HEKOTOpbIe (PU3NKO-XUMUYECKHUE CBOMCTBA DJIEKTPOJIUTA U TEM CaMbIM IOBBIIIAIOT
3 PeKTUBHOCT,  pabOThl  JJIEKTPOJU3EPOB.  MaKCUMallbHOE  COJIepKaHUE
TJIMHO3€Ma B DJIEKTPOJIUTE COCTaBIsiET OOBIUHO 6-8%, CHMXKasCh B TIpoliecce
anekTponusa. [lo mepe oOemHeHUs AIEKTPOIUTA TIAMHO3EMOM B HETrO BBOJST
OUEpEHYI0 TOpLMI0 TriauHO3eMa. [[ns HopManbHOW palbOThl aTIOMUHHUEBBIX
anekTpoiuszepoB otHomieHue NaF: AIF3 B anekrponute mNOAAEpKUBAIOT B
npeaenax 2,7-2,8, no06aBiisisi HOPLUMUHU KPUOJIUTA U (TOPUCTOTO ATFOMUHUSI.

B npousBoicTBE  aMOMUHUS ~— NPUMEHSIOT  JJIGKTPOJU3EPhI  C
CaMOOOKHUTAIOIIUMUCS YTOJIBHBIMU aHOJAMU ¥ OOKOBBIM WJIU BEPXHUM T0JIBOJIOM
TOKa, a TaKXXe JJICKTPOJIU3EPhl C MPEABAPUTEIHLHO OOOXIKEHHBIMH YTOJIbHBIMU
aHomamu. Hambonee  mepCceKTUBHA  KOHCTPYKIUS — DJIEKTPOJM3EPOB  C
000XOKEHHBIMUA ~ aHOJIAMU, TIO3BOJISIONIAS YBEIUYHUTh CAMHUYHYIO MOIIHOCTh
arperara, CHU3UTh YJIEJbHBIA PacXoj JJICKTPOIHEPTUM TOCTOSIHHOTO TOKa Ha

9JICKTPOJIN3, TIIOJYYHUTH Ooyiee  YHMCTBIM MCTaJlJI, YJIy4lIUTb CAHUTAPHO-



TUTUEHUYECKUE YCIOBUSl TPyJa M YMEHBIIUTh BBIOPOCHI BPEIHBIX BEIIECTB B
aTMocdepy.

[TepBUYHBIM aMIOMUHUM, WU3BJIEKAEMBIH U3 SJEKTPOJU3EPOB (AJIFOMUHMUIMA-
CBIPEIL), COAEPKUT Psii HPUMECEN, KOTOPhIE MOXKHO MOJIPA3ICIUTh Ha TPU TPYIIIBL:
HeMeTauinueckue ((QTOpHuCTbie COJU, O- U Y-TJIMHO3eM, KapOuJa WU HUTPH]
AJIOMHUHUS, YTOJIBHBIEC YACTULIBI, MEXaHUYECKHU YBJIEKAEMbIE IPU BBUIMBKE METAJIJIa
U3 AJIEKTPOJIU3€EPa); METALTMYECKUE (3KENIe30, KPEMHUM), EPEXOALIUE U3 ChIPhS,
VTOJBHBIX MaTe€pUajJoB U  KOHCTPYKTHUBHBIX JJIEMEHTOB  JJEKTPOJIU3EPA;
razoo0pa3Hble — MPEUMYLIECTBEHHO BOJOPOJ, KOTOPBI 00pa3yeTcs B METajlie B
PE3yIBTaTE JIEKTPOJUTHYECKOTO PA3JIOKEHHUS BOABI, MOMANAONIEN B IIEKTPOJIAT
C CBIPbEM.

N3 Mertaiummueckux MmpuMecei, MOMUMO XKeJle3a U KPEMHUSI, COJEPKUTCS
HanOOJIbIIIEE KOJMYECTBO TrajulMsl, IMHKA, TUTaHA, MapraHila, HATpUs, BaHAIUS,

Xpoma, MCIH.

OCHOBHBIM MCTOYHUKOM MOCTYIJIEHUSI METAJUIMYECKUX MHUKPOIPUMECEU B
ATIOMUHUN SBJISIETCA TJIMHO3EM, KOTOPBIM B 3aBUCUMOCTH OT BHJIa MCXOJHOTO
CBIPbSI MOJKET COAep)KaTh TaJIUM, IMHK, Kanui, ¢pocdop, cepy, BaHAIUN, TUTAH U
XpoM. YTJIepoAuCThle MaTepuainbl (aHOAHAs Macca, OOOXOKEHHbBIE aHOJIbI,
KaTOJIHbIC U3JIENINs) CIIY’KAT UCTOYHMKOM TaKMX MUKPOIPUMECEH, KaK, HalpuMep,
BaHa/IWil, TUTAH, MapraHel, HUHK.

OJIEKTPOJIM30M  KPHUOJIMTO-TJIMHO3EMHBIX  pAacIUIaBOB  MPU  YCJIOBUU
MPUMEHEHHUSI YUCTBIX MCXOJHBIX MaTepuajgoB (B MEPBYIO OYEepeab IIMHO3EMa U
YTJIEPOAUCTBIX MATEPUATIOB) YJIA€TCS MOJYYHUTh AFOMUHHI-ChIpEN] MapoK A8S5 u
A8 (99,85 u 99,80%). Haubonbmiag nonst metaina 3tux mapok (60-70 % ot
OOIIEro BBIMYCKA) MOTYYaeTCsS Ha AJIEKTPOJU3Epax ¢ 000X KEHHBIMH aHOJIAMH, a
TaK)K€ Ha DJIEKTPOJI3epax ¢ OOKOBBIM moaBoAoM Toka (mo 70 % ot oOrmiero
pou3BoJIcTBa). Ha anekTponuzepax ¢ caMOO0KUTAIOIUMHUCS aHOJJAMU U BEPXHUM
TOKOITO/IBOJIOM BBIMTYCK aTFOMUHMsI-ChIpIia Mapku A8 HeBbICOK (cocTaBisieT 1-3%),

a MeTayym Mapku A85 mNONydyuTh HE yAAeTCsl M3-3a 3HAUYUTEIBHBIX MpUMecei



JKeme3a, MOCTYNAIoIIero B alFOMUHHMI M3 HECBIPbEBBIX HCTOYHUKOB (QHOJIHbBIC
IITBIPU, YYTYHHBIE CEKIHUU Ta30COOPHUKOB, TEXHOJOTMYECKUN HWHCTPYMEHT,
KaTOJIHBIN y3el).

PacrinmaBneHHbIM IEpBUYHBIA ATFIOMUHUM, W3BJICUEHHBIN U3 JJIEKTPOJIU3EPOB
C TMOMONIBI0 BaKyyMHOTO KOBIIA, ITOCTYNAaeT B JUTEHHOE OTAEJICHUE IS
padUHUPOBAaHUS OT HEMETAJUIMYECKUX W Ta30BBIX NpHUMEcCe U JalibHeuIen
nepepadoTKd B TOBAPHYIO MPOAYKIUIO (YYIIKH, ITUIMHAPUYECKUE W TIIIOCKHE
CIIUTKH, KaTaHKy W T. 1.). [lepen pa3nuBkoil aqtOMUHMI-CBIPEL] BBIAEPKUBAIOT B
PACILIaBICHHOM COCTOSIHUU B JICKTPUYECKHUX TE€4Yax COMPOTUBIEHUS (MUKCEpaXx)
WM B Ta30BbIX OTPAXKATENbHBIX Meyax. B ATUX medyax HE TOJIBKO MPOBOIST
PalMOHAJIBHYIO IIUXTOBKY PAa3JIWYHBIX MO COCTaBy MOPIUHN KHAKOTO AIFOMHUHMUS,
HO U YaCTUYHO OYMINAIOT OT HEMETATMYECKUX BKIIOUECHUM, OKUCHBIX IUICHOK U
HaTpUs.

PaznuBka airoMUHHMS W3 MUKCEpAa B YYIIKA MPOU3BOJIUTCS C MOMOIIBIO
JUTEUHBIX MAaIllMH KOHBEMEPHOro THUNA; HWIUHAPUYECKHUE U TIJIOCKUE CIHUTKH
M3TOTaBIIMBAIOT METOJIOM MMOJIYHENPEPHIBHOTO JINThS, a JJIs MOJIYYEHHS] KaTaHKU
MPUMEHSIIOT CIIeIMaIbHBIE arperaThl COBMEIIEHHOTO JIUThSI U IPOKATKH.

Ha otedecTBEHHBIX aTFOMUHHUEBBIX 3aBOJIaX MPU JIUTHE CIUTKOB aJTFOMUHUML,
MOCTYIAKOIINN U3 MUKCEpPa B KPUCTAJUIM3ATOP JIMTEMHOW MAIIWHBI, [1OJBEPTAOT
npocreimeMy BuAy paduHUpOBaHUS — (QUIbTpauMM paciuiaBa  uyepes
CTEKJIOCETKY ¢ siuerikamu pasMmepoMm oT 0,6x0,6 mo 1,7x1,7 mm. DTOT MeTon
MO3BOJIICT OYMINATH ATIOMUHUN TOJBKO OT OYE€HBb I'PYOBIX OKHUCHBIX BKIIIOUCHMHII;
Oonee coBepuieHEH MeTOJ (UIbTpALMM paciulaBa Yepe3 CTEKIOCETKY B
BOCXoJsmeM Totoke. [Ipum Takom cmocobe (GuiabTpoBaHUS YaCTUIIBI OKHUCHBIX
BKJIFOUCHU, CTaJKUBASCh C CETKOW, HE 3aXBAaThIBAIOTCA ITOTOKOM pacIlulaBa, a
OCXKJAIOTCS HA JTHE JIMTEHHOTO Keo0a.

JInsi OAHOBPEMEHHOM OYHUCTKM aIIOMHHHUS, Kak OT HEMETaJUIMYeCKUX
MpUMeECe, TaKk U OT BOJOPOJA YCHEIIHO MPUMEHSIETCS METOJl (PUiIbTpaliuu 4epes
(barocoBbIN GUIBTP B COYETAHUH C MPOTYBKOM a30ToM. B kadecTBe ¢rroca MOKHO

HCII0JIb30BaTh KHUCJIBIM QJICKTPOJIUT AJIFOMUHHUECBBIX JJICKTPOJIU3CPOB. B pe3yibTaTre



TaKOW OYHMCTKH COJIepKaHUE BOJOPOJa B amtoMuUHMM cHuxkaercsa ¢ 0,22 po 0,16
cM3 Ha 100 r meTamna.

B nepBHYHOM amOMUHUH, HCMIOJIb3yEMOM JUIsl TPOU3BOJCTBA CIUIABOB
cuctemMbl Al—Mg, conepkanne HaTpus He HODKHO mpeBbimaTth 0,001 %. OT1o
CBS3aHO C TE€M, YTO MPUCYTCTBUE HATPHUS B ITUX CIUIABAX YXYAIIAET MEXaHUYECKUE
U IpYTUE KCIUTyaTallMOHHBIE CBOMCTBA U3MEIIN, IPUMEHSIEMBIX B PSAAE OTpacien
HapOJHOTO XO35MCTBA.

Haunbonee »ddekTuBHBIM METOJIOM OJHOBPEMEHHOTO padUHUPOBAHUS
QTIOMUHUSL OT HATpUs, BOJOPOJAa U HEMETAUIMYECKUX MpPUMECEH SBIISICTCS
IIPOJYBKa PACIUIABIICHHOTO MeTajla Ta3oBOM cMechlo azora ¢ 2-10% xiopa,
BBOJMMOM B paciulaB B BHJE MEJIKHX Ny3bIpEl C MOMOIIBIO CIEHHAIbHBIX
YCTPOMCTB. DTOT cHocod paduHUpPOBAaHUS TMO3BOJSET CHU3HTH COAEpKaHUE
Hatpusa B amtomuHuu 10 0,0003—0,001% mnpu pacxone razosoit cmecu ot 0,8 10
1,5 M3/ MmeTanna.

Pacxon snekTposHepruyd Ha MPOU3BOACTBO 1 T TOBapHOTO AJTIOMUHHS W3
MeTaJlJIa-ChIplia MPU UCIMOJIb30BaHUU 3JiekTporieueit coctapisieT 150-200 kBT o 4;
0€3BO3BpATHBIE MOTEPU METalJla Ha JUTEHHOM mepenen € paBHel 1,5-5 % B
3aBUCHUMOCTH OT BHJIa TOBAPHOU MPOAYKIIUH.

[Tomy4yeHue antOMUHUS BBICOKOW YUCTOTBI

JIns mosiydeHuss ajdrOMHHHUSL BBICOKOM 4YHMCTOTBHI (Mapok A995—A95)
MIEPBUYHBIA ATIOMHUHUN TEXHHYECKON YHUCTOTHI JICKTPOJUTHUYCCKU papUHUPYIOT.
DTO TMO3BOJSIET CHU3UTh B QJIIOMUHUM COJCp)KaHHE METAUIMYECKUX U
razoo0pa3HbIX NpUMeced HW TeM CaMbIM 3HAYUTEIbHO IOBBICUTH €ro
AJIEKTPOIIPOBOIHOCTh,  TUIACTUYHOCTh,  OTPAXKATEIbHYIO  CIIOCOOHOCTh U
KOPPO3UOHHYIO CTOUKOCT.

DNEKTpONUTUYECKOe  padUHUpPOBAHUE ATIOMHUHUS OCYILECTBIISIIOT
AJIEKTPOIU30M PACIUIABIICHHBIX COJIEH MO TpexcionHOMYy crocoly. CyIHOCTh
cnocoba 3akioyaeTcss B cienytrouieM. B paduHUPOBOYHOM 3JIEKTPOJU3Epe
UMEIOTCS TPH PACIUIABICHHBIX clios. HwokHuii, Hambojee TsOKENbIH, JCKUT Ha

TOKOHpOBO,IIHHIGﬁ MMOAMWHE U CIIYKUT aHOAOM, OH HA3bIBACTCA aHOAHBIM CIIJIABOM U



MPEACTaBIsIET cOo00W CrutaB padUHUPYEMOTO ATIOMHUHHS C MEAbI0, KOTOPYIO
BBOJIAT JUIsl yTsKeNeHUs cinos. CpeHui Cloi — pacIuiaBiI€HHbIA 3JEKTPOJIUT; €ro
IJIOTHOCTh MEHbIIIE TJIOTHOCTH AHOJHOTO CIUIABA W BBINIE€ TUIOTHOCTH YHUCTOTO
padbUHAPOBAHHOTO (KATOAHOTO) ATIOMUHUS, HAXOIAIIETOCS HAa JJICKTPOIUTOM
(BepXHUH, TPETHH KUIKUMU CIION).

[Ipu aHOJHOM PACTBOPEHHH BCE MpUMECH 0o0Jiee AJIEKTPOIOIOKUTEIbHBIC,
yem amromununii (Fe, Si, Ti, Cu u 1p.), ocTaroTcs B aHOJHOM CIUIaBE, HE MEPEXO/Is B
ANEKTPOIUT. AHOJHO PAaCTBOPATHCSA OYJIET TOJBKO aTIOMHHHM, KOTOPBIA B (popme
noHoB Al3+ nepexonut B 3nekTpoaut: Al —3e — Al3+.

[Ipu s5eKTposiv3e UOHBI AIIOMUHUS TIEPEHOCATCS K KaToly, Ha KOTOPOM U
paspspratores: Al3+ + 3e — Al B pesynbrare Ha Karoje HaKarjIMBaeTCs CIOU
PacCIIaBICHHOTO paMHUPOBAHHOTO ATFOMUHHSL.

Ecimu B aHomHOM — crulaBe  TMPUCYTCTBYIOT — HpuMecu  Oosee
AIIEKTPOOTPUIIATENIbHBIC, YeM aatoMuHui (Hanmpumep, Ba, Na, Mg, Ca), To oHu
MOTYT JIEGKTPOXUMHUYECKU PACTBOPSITHCSA HA aHOJE BMECTE C aIIOMUHUEM U B BUJIC
MOHOB MEPEXO/IUTh B AIEKTPOJIUT. [Tockonbky CoJIepKaHHe
AIIEKTPOOTPUIIATENIHHBIX MPUMECEH B aJIIOMUHHHU-CBHIPIIC HEBEJIUKO, B 3aMETHOM
KOJIMYECTBE B DIJIEKTPOJIUTE OHM HE HaKaruiuBaroTcs. Pa3psiga 3THUX HMOHOB Ha
KaToJIe NPaKTUYECKH HE MPOUCXOJINUT, TaK KaK HMX OHJIEKTPOAHBIM MOTEHIHAI
AIIEKTPOOTPHUIIATEIHHEE ATTFOMUHUS.

B kadectBe onekTposdTa TPH  DJIEKTPOJUTUYECKOM PAPUHUPOBAHHUU
amomuHusa B CoBerckoMm Coro3e U B OOJBIIMHCTBE CTPAaH NPUMEHSIOT (DTOPHUIHO-
XJIOPHJHBIA 3JICKTPOJIHT, cocTaB KoToporo 55-60% BaCl2, 35-40% AlF4+NaF u
0-4% NaCl. Monsapaoe ortHomenue NaF : AIF3 mommepxuBaror 1,5-2,0;
Temreparypa IwaBieHus osiektponuta 720-730°C; Ttemmeparypa mpolecca
anekTpoau3a okoio 800°C; mI0THOCTH ANeKTpoiuTa 2,7 r/cM3.

AHOJHBIN CIJIaB TOTOBAT U3 IMIEPBUYHOTO aTIOMUHMS U yucToM Meau (99,90-
99,95% Cu), kotopyro BBOAIT B MeTani B KojuuectBe 30-40%. IlmoTHOCTH
’KHJKOr0 aHOQHOI'O CIIIaBa TaKoro cocraBa 3-3,5 r/cM3; MIOTHOCTH K€ YHCTOTO

pacIuiaBiIeHHOr0 KaroAHoro amiomMuHusi paBHa 2,3 r1/cm3. Ilpu  Takom



COOTHOIIEHUHU ITUIOTHOCTEH CO3JAIOTCS YCIOBUS, HEOOXOAUMBIE [JISI XOPOIIETOo
pa3zie’eHus TPeX PACIUIABICHHBIX CIIOEB.

B derBepnoii cucreme Al—Cu—Fe—Si, Kk KOTOpOl OTHOCHUTCS AHOHBIM
criaB, oOpasyercsi 3BTEKTHKa ¢ Temmeparypoil miasieHus 520°C. Oxnaxpas
aHOJIHBIN CILJIaB, COJIEPKAIIMM MPUMECH Kelie3a U KPEMHHS B KOJIMYECTBAX BBIIIE
HBTEKTHUYECKUX KOHIICHTPALUWA, MOKHO BBIJICIUTH JKEJIe30 U KPEMHHUI B TBEPAYIO
daszy B Bume mHTepMmeTaumuecknx coeauHeHnit FeSiAlS m Cu2FeAl7. Tak kak
TEeMIIEpaTypa aHOJHOTO CIUIaBa B KapmaHax ayekrposmzepa Ha 30-40°C Hmxke
TEeMIIepaTypbl aHOAHOTO CIUIaBa B padoueM IMPOCTPAHCTBE BaHHBI, B HUX (110 MEpE
HAKOIUJIEHUSI B aHOJIHOM CILJIaBE JKeJe3a U KPeMHUs) OyIyT BBIACIATHCS TBEPAbIE
MHTEpMETAINIMYecKre ocaaku. l[lepuoguyecku ypansiss 3TH OCAgKH, OYMILIAOT
aHOJHBIN cruiaB (0e3 ero 0OHOBJIEHUS) OT IpUMeECEH kene3a u kpeMHus. Tak Kak B
aHOJHOM CILJIaBE KOHIIEHT-PUPYETCA TAIUIMWA, TO U3BJIEKAEMBIE U3 AJIEKTPOJIU3Epa
ocanku (30-40 kr Ha 1 T aMIOMUHUA) MOTYT CIY>XKUTh MCTOUYHHUKOM TOJyUYEHUS
3TOr0 MeTala.

JUIst  DIEKTPOTUTHYECKOTO padUHUPOBAHUS  CIYKAT  AJIEKTPOJU3EPHI,
KOTOpbIE M0 KOHCTPYKLUMU HANOMHHAIOT 3JEKTPOJIHU3EPHl € O00MOKEHHBIMU
aHOAAaMU ISl ANEKTPOJIMTUUECKOTO MOJyYEHUS IEPBUYHOTO aTFOMUHUS, HO UMEIOT
JIpyroe TMOJKIIOYEHUE TOJIFOCOB: TOJMHA CIYKUT aHOJOM, a BEpPXHUU Pl
ANEKTPOJ0B — KaTo/10M. COBpEMEHHBIE ANEKTPOIU3EPHI ISl SIEKTPOIUTUUECKOTO
padbUHUPOBAHUS ATIOMUHUS PACCUYMTAHBI HA CHUITY TOKa 710 75 KA.

DJIEKTPOXMMHYECKANA BBIXOJ IO TOKY, PAaCCUMTAHHBIM MO BBUIMTOMY H3
AIEKTPOJIU3Epa METAILTY, cocTaBisieT 97-98%. MakTuueckuil xe BBIXOJ MO TOKY,
paccuuTaHHBIN IO KOJIMYECTBY TOBAPHOIO MeTalia, cocTaBiseT 92-96%.

OcCHOBHBIM (PAaKTOPOM, CHWIKAIOIIMM BBIXOJI IO TOKY, IMOMHMO MPSIMBIX
MOTEPh TOKA HA pa3psj 0oJiee IIEKTPOOTPUIIATEILHBIX HOHOB, IOTEPh METAJLIA 32
CUYET €ro OKHCIICHHS W MEXaHWYECKHX IOTeph AaIOMHHHS, SBIAETCS pabdoTa
ANEKTPOJIU3EPOB C  BBIMYCKOM HECOPTOBOIO MeETallla, KOTOPbIH  BHOBB

BO3BpAIIAETCS B AHOJHBIA CIUIaB [IJIS TMOCTEAYIOmEro paduHUPOBAHUSA. ITH



nepuoibl pabOThl 3JEKTPOIM3EPOB UMEIOT MECTO IPH IYCKE 3JEKTPOIHU3EPOB H
HapYLIEHUAX TEXHOJIOTUYECKOTO PEXHUMA.

DNEKTpONUTUYECKOEe  padUHUpPOBAHUE  ANOMUHUS  SABJISIETCS  OYEHb
PHEPrOEMKHM IMPOU3BOJCTBOM. Pacxom >31IeKTpo3HEpruM B IMEPEMEHHOM TOKE,
BKJIIOYAsl DHEPrui0, 3aTPAayeHHYI0 Ha TMOATOTOBKY JJIEKTPOJUTa M aHOJHOTO
CIUIaBa, pabOTy BEHTHISIIMOHHBIX YCTPOMCTB W TPAHCHOPTHBIX CPEICTB, a TAKXKE
NOTEpU Ha MpeoOpa3OBaHKHE MEPEMEHHOIO TOKA B MOCTOSHHBIM, cocTaBisieT 18,5-
21,0 Teic. kBT ¢*4 Ha 1 T amOMHUHMS. DHEPreTUYECKUH K. M. J. padUHUPOBOYHBIX
AIEKTPOJIU3EPOB HE TpeBhIacT 5-7%, T. €. 93-95% sHeprum pacxomyercst B BUIE
MOTEPh TEIUIa, BBIJCISIEMOTO B OCHOBHOM B clioe AnekTpoiuTa (mpumeprHo 80-85%
oT obmiero npuxoja Teria). CienoBaTeaIbHO , OCHOBHBIMU MYTSIMU JTaJbHEHIIIETO
CHIW)KEHHMSI  yJIEBHOTO pacxoda DJJIEKTPOIHEPTrMU HA  DIIEKTPOJIUTHYECKOE
padbUHUpOBAHUE ATIOMHHUS SIBJISAIOTCS COBEPIICHCTBOBAHUE TEIJIOU3OJISIIUN
3JIeKTposin3epa (OCOOEHHO BEpXHEH YacTH KOHCTPYKLMHM) M CHU)KEHHE CIIOS
AIEKTPOIUTA (YMEHBIIEHNUE MEXKIYIIEKTPOIHOTO PACCTOSHHUS).

Yucrtora amoMuHMs, pa@UHUPOBAHHOTO TI0 TPEXCIOWHOMY METOIY,
99,995%; ona ompenenseTca MO Pa3HOCTH C MATHKO OCHOBHBIMH NPUMECSIMH —
KEJNe30M, KPEMHHEM, MEIbI0, IMHKOM M THUTaHOM. KoOJIMYeCTBO MOJIydyaeMoro
MeTalljla TAaKOH MapKd MOXKET cOCTaBIIATh 45-48% oT oOriero Beimycka (6e3 ero
PaCIIMXTOBKH € 00Jiee HU3KUMHU, COPTAMU).

Crnenyer, 0JHAKO, OTMETUTh, YTO B DJEKTPOJUTUYECKU paPUHUPOBAHHOM
QTIOMUHUU COAEPKATCA B MEHBILIMX KOJMYECTBAX MPUMECH JAPYTUX METAIIOB, UTO
CHIKaeT aOCOIOTHYIO YUCTOTY TAaKOTO aTlOMUHUA. PagnoakTUBaIlMOHHBIN aHAIN3
MO3BOJISIET OOHAPYKUTH B DJIEKTPOIUTHUCCKH padhUHUPOBAHHOM amtoMuHuu a0 30
npuMeced, CyMMapHO€ COJEp)KaHhe KOTOphIX mnpuMmepHo 60 o 10-4%.
CrnenoBaTenbHO, YUCTOTAa PAPUHUPOBAHHOTO ATIOMHHHS TIO PA3HOCTH C ITUMH
npuMecsiMu cocTtaisieT 99,994% .

[Tomumo mnpumeceit, npegycmorpeHHbix ['OCTom (cm. Tabn. 1.1), B
HamOoJee pacrpocTpaneHHo Mapke (A99) anekTpoauTdecku padhuHUPOBAHHOTO

amoMuHust coaepxkurcs, %: Cr 0,00016; V 0,0001; Ga 0,0006; Pb 0,002; Sn



0,00005; Ca 0,002-0,003; Na 0,001-0,008; Mn 0,001-0,007; Mg 0,001-0,007;
As<0,0001; Sb<0,00002; Bi<0,00001; Cd<0,000001; S 0,0007.

OnuH U3 UCTOYHUKOB 3arpsi3HEHUs] KaTOJHOTO alOMHHHUS — rpaduTOBbIC
TOKOOTBOJIBI, COJAEpIKAIMEe OKHCh JKele3a M KPEeMHHS H  ITOCTOSTHHO
colpuKacaroumecss ¢ papuHUPOBAHHBIM AIIOMUHUEM. Eciu TOK K KaTOAHOMY
ATIOMUHUIO TTOJIBOJIUTH HEMOCPEACTBEHHO aTIOMUHUEBBIMY IIIMHAMHU U TPUMEHSTh
WHCTPYMEHT M3 OYEHb YHUCTOTO TpaduTa, MOXKHO MOIy4aTh METAJI YHUCTOTOMN
99,999% mno pazHoctu ¢ onpenensiembiMu npumecsmu (Fe, Si, Cu, Zn u Ti). B
TaKOM METajlIe cofepkutces B cpeanemM, %: Si 0,0002; Fe 0,00032; Cu 0,0002; Zn
0,0002 u Ti 0,00005. OgHako HM3-3a TEXHUYECKUX TPYIHOCTEH TakoW crmocod
MOJ/IBOJIa TOKA TIOKA HE HAIIeJ IIUPOKOTO MPOMBIIIIICHHOTO PUMEHEHHUS.

[Tonyuenue anroMUHUS 0COOON YUCTOTHI

AmoMuaNi 0c000M 4rCcTOTHI (Mapku A999) MokeT OBITh MONYYEH TpeMs
coco0aMu: 30HHOM IJIABKOW, AUCTWUISIMENH 4epe3 CyOrajaoreHuipl U
AJEKTPOJIA30M  ATIOMUHHN-OPTaHUYECKUX coeauHeHnil. U3 mnepeynciieHHbIX
CIIOCOOOB TOTYYEHUSI aIFOMUHUSI 0COOON YMCTOTHI MPAKTUYECKOE MPUMEHEHUE B
CCCP nonyuyun cnocod 30HHOM TUTaBKH.

[IpuHIMTT 30HHOW IUIABKU 3aKJIIOYAETCS B MHOTOKPATHOM MPOXOXKICHHUH
pacCIUTaBJICHHOW 30HBI BIIOJIb CIIUTKa amomMuHus. [lo BemmunHe K03 GUIIMEHTOB
pacnpenenenuss K=CtB/Cx (rne CTB — KOHUEHTpanus npuMecu B TBepaor u Cx
— B XKUAKOM (Daze), KOTOpble B 3HAUUTEIHLHON Mepe ornpeaenstoT 3GPEeKTHBHOCTD
OYHCTKH OT TIPUMECEH, 3TH MPUMECH MOTYT OBITh pa30uTHI Ha Tpu Tpymnmbl. K
MIEPBOM TpyNIe OTHOCITCS TPUMECH, TMOHMKAIONIUE TEeMIIepaTypy IUTaBICHUS
amoMu-Hus; oHM uMeroT K<I, mpu 30HHON TUTaBKE KOHIICHTPUPYIOTCS B
pACIUIaBICHHOMN 30HE U MEPEHOCATCS €10 K KOHEUYHOW YacTu ciauTka. K unciy 3tux
npuMecert npuHaiexar Ga, Sn, Be, Sb, Ca, Th, Fe, Co, Ni, Ce, Te, Ba, Pt, Au,
Bi, Pb, Cd, In, Na, Mg, Cu, Si, Ge, Zn. Ko BTOpoOii rpymnie npuHaiexxar mpuMecH,
TOBBIMIAOIIAE TEMIICPATYPY TIABJICHUS aATFOMHHUS; OHU XapakTepu3yrTcs K>1 u
MpU 30HHOW TUIaBKE KOHIIEHTPHUPYIOTCS B TBEpAOW (HayanbHOI) yacTu ciautka. K

aTUM npumecsiM otHocsTcst Nb, Ta, Cr, Ti, Mo, V. K TpeTbeii rpynmne oTHOCSTCS



npuUMecH ¢ K0O3PPUIIMEHTOM pacipeneneHus, oueHb 0in3KkuM K eaunuie (Mn, Sc).
OTH NPUMECH NPAKTU-YECKU HE YIAISIOTCA MIPU 30HHOM IUIABKE AJIFOMUHUS.

ANOMUHUNA, TpEJHAa3HAYEHHbIA JUIsi 30HHOM IUJIABKM, IOABEPraroT
HEKOTOPOW TMOJTrOTOBKE, KOTOpas 3aKiiovaercs B (UIbTpalud, [erasalud u
TpaBieHuu. OunbTpanus HeoOXxoauMa sl yaleHus U3 alIOMUHUS TYTOIUJIaBKOU
Y NPOYHON OKMCHOM IUICHKH, NUCIEPTUPOBAHHON B MeTaiuie. OKUCh allOMUHUSA,
IPUCYTCTBYIOIIAs B PACILIABICHHOM aJIOMHHHH, MOJKET MPU €ro 3aTBEPACBAHUU
CO3[1aBaTh  LEHTPbl  KPUCTAUIM3AaLHAHM, 4YTO  BEAET K  ITOJYYEHHIO
NOJIMKPUCTAJUIMYECKOTO CIMTKAa W HapyueHuto 3ddekxra mnepepacnpeneiaeHus
IIPUMECEN MEXIy TBEPABIM METAUIOM M pPacIUIaBICHHOM 30HOW. DuibTpanuto
AIOMUHUA BeIyT B BakyyMe (octarouHoe nasienue 0,1-0,4 Tla) yepe3 oTBepcTue
B AHE rpaduToBOro TUris auamerpom 1,5-2 mMm. IIpenBapurenvHyro aerasanuio
AJIFOMMHMSI TIepe]] 30HHOW IJIaBKOHM (Takke HarpeBaHHEM B BaKyyMe) MPOBOJSAT
JUISL TIpEAYTNPEXKACHUST Pa30pbI3TUBAHMS MeETajula NpHU PACIUIABICHUH 30HBI B
cllydae MpOBeJEHUs Ipolecca B TriayObokoMm BakyyMe. Ilocnennsisi craaus
IOJTOTOBKY AJIFOMMHMS K 30HHOM IUIABKE — TPABJIEHHUE €r0 MOBEPXHOCTH CMECHIO
KOHLEHTPUPOBAHHBIX COJISTHON M a30THOU KHUCIIOT.

Tak xkak aJroMUHUN 00J1a1aeT 3HAYUTEILHON XUMHUYECKON aKTUBHOCTBIO U B
KayecTBE OCHOBHOT'O MaTepuaja Ui KOHTEHHEPOB (JIOJ0YEK) MPUMEHSIOT 0c000
YUCTBIM TpaduT, TO 30HHYIO IJABKY QJIIOMUHHUSA NPOBOAST B BaKyyMe WA B
aTMoc(epe MHEPTHOTO Ta3a (aproH, Teyuii).

30HHOM MJIABKOW B BaKyyMe OOecCIieurBaeTCsl 0OJbIasi YUCTOTA ATFOMUHUS
BCJICJICTBUE YJETy4YMBAHUS YacTU MpUMECEd NpH BaKyyMHpPOBaHUU (MarHus,
[MHKA, KaJMHs, [IEJOYHBIX U UIEJIOYHO3EMEIbHBIX METAUIOB), a TaKke
UCKJIIOYAeTCA 3arpsi3HEHHE OYHMIIEHHOTO MeTajlla MPUMECSIMHU B pe3yJbTaTe
MPUMEHEHUS 3allIUTHBIX MHEPTHBIX T'a30B. 30HHYIO IJIaBKy aJIIOMUHHS B BaKyyMe
MOKHO TIPOBOJWUTH IMPU HENpPEpHIBHON OTKauke KBapleBol TpyObl, Kyna
MOMEIIAIOT TPa(QUTOBYIO JTOJOUYKY CO CIUTKOM aTIOMHUHMS, a TAKXKE B 3aMastHHBIX
KBapLEBbIX aMIlyJlax, M3 KOTOPBIX MPEABAPUTEIIBHO OTKAYMBAKOT BO3AyX [0

OCTaTOYHOTO JaByieHus nmpumepHo 1 < 10-3 I1a.



JIns co3nanus paciIaBJICHHOM 30HBI HA CIUTKE AIFOMUHUS MIPU €T0 30HHOU
IJJaBKE MOXET OBITh TPUMEHEH HarpeB C IIOMOIIBI0O HEOOJBIINX Teue
COIIPOTUBIICHUSI WJIM K€ TOKOB BBICOKOW 4acTOTHI. JUJISI AJIEKTPONUTAHUS NEYEH
AIIEKTPOCONPOTUBIICHUSI HE TpeOyeTcs CJIOKHOM aImaparyphl, MEeYd MPOCTHl B
AKCIuTyaTanuu. EMUMHCTBEHHBIM HEJOCTATOK 3TOTO METOJIa HarpeBa — HeOOJIbIIIO0Ee
CEUYEHUE CIUTKA OYUIIAEMOTr0 ATFOMUHHUSL.

NHIyKIIMOHHBIN HarpeB TOKaMHU BBICOKOM YacTOTBHI — HJEaIbHBIN CIIOCO0
CO3/IaHUsl PACIUIaB-JICHHOM 30HBI Ha CIIATKE NPU 30HHOW IIaBke. Merton
BBICOKOYACTOTHOTO HarpeBa (IIOMHMO TOTO, YTO OH IIO3BOJIIET OCYILECTBUTH
30HHYIO TUJIaBKY CJIUTKOB OOJIBIIMX CEUEHUI) HMMEET BaKHOE MPEUMYIIECTBO,
3aKJoyaronieecs B TOM, 4YTO  pacIUIaBICHHBIA  METal  HEMPEPHIBHO
NepeMEeININBa-eTCs B 30HE; 3TO obseryaeT nud@y3uto aToMOB IpUMeCH OT (PpoHTa
KpUCTAJIM3AIMHY B I1yOb pacruiapa.

BniepBbie NpPOMBINIUIEHHOE MPOU3BOJICTBO ATIOMUHUS BBICOKOW YHCTOTHI
30HHOM IUIAaBKOM OBLIIO OCBOEHO Ha BOJIXOBCKOM allfOMHHHMEBOM 3aBoje B 1965 .
Ha ycraHoBke Y3IIU-3, paspaboranHoii BAMMU. Drta ycTtaHOBKa Obula OCHallEeHa
YETHIPbMS KBapIIEBBIMM PETOPTAMH C MHAYKIMOHHBIM HAarpeBoM, IIpH 3TOM
WHIYKTOPHI OBLIM TOJBI)KHBIMHM, @ KOHTCHHEPHI C METAJUIOM HEIOJABHKHBIMHU.
[IponsBoauTenbHOCTh €€ cocTaBisuia 20 Kr MeTauia 3a LUK OYHMCTKH.
Bnocnea-ctBum Oblia co3pgaHa W BBEIEHA B MPOMBIIUICHHYIO DKCILTyaTallio B
1972 r. Ha BoJIXOBCKOM allFOMHUHHEBOM 3aBOji€ 00Jiee BBICOKONPOU3BOAUTENbHAS
HeJabHOMeTaln4eckas ycranoska ¥Y3111-4.

D¢ (HEeKTUBHOCTh OYMCTKH QITIOMHHHS IIPU 30HHON IUIABKE MOXKET OBITh
OXapakTepu30BaHa CJICAYIOIMMHU JaHHbIMU. Ecnu cymMMmapHoe cojepskaHue
IpUMECEH B SJIEKTPOJIUTUYECKH papUHUPOBAHHOM alTFOMUHUU cocTaBiisieT (30+60) <
10-4%, To mocne 30HHOM TUTaBKK OHO CHIKaercs 1o (2,8+3,2) <+ 10-4%, T. e. B
15-20 pa3. D10 OTBEYaeT OCTATOYHOMY 3JIEKTPOCONPOTUBICHUIO ATIOMUHUS P O
(mpu Temmneparype xunakoro remus 4,2 K) coorBerctB enno (20+40) <+ 10-10 u

(1,8+2,1) < 10-10 mnm uyucrore 99,997—99,994 u 99,9997%. B 1adn. 1.4 (cm.



HIKE) TPUBEACHBI JaHHBIE PAJMOAKTUBAIMOHHOIO aHAIW3a O COJIepKaHUU
HEKOTOPBIX NpUMEced B 30HHO-OUUILEHHOM aJTIOMUHUU M JJIEKTPOJIUTHUYECKU
padUHUPOBAHHOM. OTH JaHHBIE CBUJETEN bCTBYIOT O CHJIBHOM CHHXKEHUU
coJiep>KaHusl OOJIBIIMHCTBA MPUMECEH, XOTA Takue MPUMECH, KaK MapraHel] u
CKAHJMM, IPHU 30HHOM TUIaBKE MPAKTUYECKHU HE yIATAIOTCA.

B nocnennue roast B BAMU pa3zpadoTtana u orpoOoBaHa B MIPOMBIILICHHBIX
YCJIOBUSIX TEXHOJIOTHSI TOJYYEHHsS altOMHHUSL 4yucTtoTol 99,9999% wmetomom
KackagHoW 30HHOM mIaBku. CylIHOCTH croco0a KacKagHOW 30HHOM IUIaBKU
3aKJII0OYAETCS B TOM, YTO OYMCTKY MCXOOHOTO AIFOMHUHHMS 4ucToTOM A999 Benyr,
MOCJIEAOBATEILHO TOBTOPSISt IUKIBL (Kackajabl) 30HHOM TuiaHkW. I[lpu 3TOM
HCXOJHBIM MAaTEpUAJIOM KaXKJIOr0 MOCIEAYIOIIET0 KAacKaaa CIY>KUT CpeaHss,
HauOoJIee YHUCTas YacTh CIUTKA, MOJYy4aeMOTo B pe3ysibTaTe MPEAbIAYIIEeTo UKIIa
OUYHCTKHU.

Jns mosnydeHus: Metaiia 4yuctoTod 99,9999% nocraToyHo NMpOBECTH JBa
KAaCKaJla 30HHOM IUIaBKU. J[aibHENIIEE yBEINMYEHNE YN CIIa KACKAI0B HE ITOBBIIIAET
YUCTOTY QIIOMUHUSA, XOTS M YBEJIUYHBACT OOIIMN BBIXOJ METaula YUCTOTOU
99,9999%.

JpyrumM BO3MOXKHBIM TPOIECCOM JIJIsi TIOJNYYECHHs] aIOMHHHUS 0COO0OM
YUCTOTHI SIBJISIETCS €ro JUCTHILUIALUS 4Yepe3 CyOrajaoreHuibl, B YaCTHOCTU Yepe3
cyOdTopua amoMuHUS.

JlaBiieHHE HACBHIIIEHHBIX NMAapOB METALUINYECKOTO alFOMUHUS HEJOCTATOYHO
BBICOKO, UTOOBI OCYIIECTBUTH €ro HEMOCPEACTBEHHYIO JTUCTWIISALUIO C
MPaKTUYECKU TPHUEMIIEMbIMU CKOpOCTsMU. OJHAKO MPU HArpeBaHUU B BaKyyme
(mpu 1000-1050°C) ¢ AIF3 amomunuii obpasyer jerkoneryunii cyodropua AlF,
KOTOpBIM Tieperonsiercss B xosiofgHyto 30HY (800°C), rme BHOBb pacmagaeTcs

(IMCTIPOTIOPIMOHUPYET) C BBIICIICHHUEM YUCTOTO aTFOMUHUSI.

B03MOXHOCTE TITyOOKOW OYHMCTKH QIIOMUHHUS OT TMPUMECH B OCHOBHOM
oOyCJIOBJIeHA TE€M, YTO BEpPOSITHOCTh OOpa30BaHUS CYOCOCIMHEHHM aTIOMHUHMS

3HAYUTEIHHO OO0JIbIlIE BEPOSITHOCTH 00pa3oBaHus CyOCOEAMHEHUN TPUMECH.



Conepxanue mnpumeceid, B alIOMUHUM, JUCTHILUIMPOBAHHOM  uepe3
cyodTopua, HaxomauTcss B OOpaTHOW 3aBHCHUMOCTH OT MAaCChl TIOJy9aeMbIX
ciuTkoB. B ciuTkax maccoit 1,5-1,7 xr cymmapHoe coaepxanue npumeceit (Si, Fe,
Cu, Mg) cocraBmser 11 <+ 10-4 %, a comepxkanue razoB 0,007 cm3/100 r.
YaenpHOE 0CTaTOYHOE CONMPOTHUBJICHUE (P O ) MPH TEMIEPAType KUIKOTO TeIus
U1 Takoro metamwia coctasiser (1,7+2,0) <+ 10-10 Om <+ cm. Juctumisius
ATIOMUHUSA Yepe3 cyOdTOpUI UMEET Pl HETOCTATKOB (CPaBHUTEILHO HEOObIIIast
MPOU3BOUTENILHO CTh, HEIOCTATOYHO TJIyOOKash OYMCTKA OT MarHust u Jp.),
MOATOMY CTOCO0 HE MOTYYHUII IPOMBIIIJIEHHOTO PA3BUTHS.

PazpaboTanbl Takke CHOCOOBI TOJYYEHHUS] aTOMUHUA OCOOOW YHCTOTHI
AIEKTPOIU3OM KOMIUIEKCHBIX ATIOMHUHUHOPTaHUYECKUX COEIMHEHU,
OTJIMYAOIIUECS cocTaBoM aekTposiuta. Hanpumep, B ®PI' npumensitor cnocob
anekrponusza 50%-moro pactBopa NaF < 2Al (C2H5)3 B TO;yoIIC.
PadunupoBanue nposoasar npu 100°C, nanpspkenun Ha snextpoausepe 1,0-1,5 B
u wioTHocT Toka 0,3-0,5 A/AM2 ¢ UCTOJIb30BAHUEM AJFOMUHHUEBBIX JIEKTPOJIOB.
Katonnplii BeIXOA 10 TOKY 99%. DIeKTpoXUMHUYECKUM pa@uHHUpPOBAHHEM B
ATIOMUHUHOPTaHUYECKUX JJICKTPOJIUTAX CYIIECTBEHHO CHIDKAETCS COAEp KaHUe
MapraHiia U CKaHJus, KOTOpble MPAaKTUUECKU HE YIAISIOTCS MPU 30HHOW OUYHCTKE.
Henocrarkamu yka3aHHOTO crioco0a sIBISIOTCS €r0 HU3Kasi IPOU3BOAUTEILHOCTh U
BBICOKAs TI0’KapOOTACHOCTb.

Jiist Gonee riyOOKOM OYMCTKH aIFOMHUHUS M TIOTYYEHUS] MEeTalllla YACTOTOM
99,99999% u Oosiee MOXKHO HCIOIB30BaTh KOMOMHUPOBAHHE YKA3aHHBIX BbIIIE
CIIOCO0OO0B: JIEKTPOJIU3 ATFOMUHUHOPTaHUYECKUX COSAUHEHUN WM BO3TOHKY Yepe3
cyodTopua ¢ mocheAyromed 30HHOW IUIABKOM TOJYYEHHOTO alFOMHUHUAL
Hanpumep, MHOrOKpatHOM 30HHOM OYMCTKOW  QIFOMHUHMS, IIOJYYEHHOI'O
AIEKTPOJIM30M ATFOMUHUMOPTaHUYECKUX COCAMHEHUMN, YAAeTCA MOJIYYUTh METall
0c000# YHCTOTHI ¢ coaep:kanuem npumeceit, x10-9 %: Fe 50; Si <500; Cu 10; Mg
30; Mn 5; Ti <500; Cr 20; Zn <50; Co <1; Ag <5; Sb <1 u Se 3.

[Ipumenenue



Coueranue pU3NUECKUX, MEXaHUUECKUX U XUMHUECKUX CBOMCTB aJIFOMUHHUS
OTIPE/IETISICT €r0 MIMPOKOE MPUMEHEHHE MPAKTUYECKH BO BCEX O0JIACTAX TEXHHKH,
OCOOEHHO B BHJIE€ €r0 CIUIABOB C JPYTMMH MeTaulaMu. B aiexkTpoTrexHuke
AIIOMUHUN YCHEIIHO 3aMEHSET MeIb, OCOOEHHO B IPOM3BOJCTBE MAaCCHBHBIX
MPOBOJTHUKOB, HANpUMEp, B BO3IYIIHBIX JIMHHIX, BBICOKOBOJBTHBIX KaOelsXx,
HIMHAX paclpeleTUTENbHBIX YCTPOUCTB, TpaHchopmaTtopax (dJeKTpuuecKas
IIPOBOJMMOCTH ATFOMUHUA JOCTUTaeT 65,5% 31eKTprUUecKoil MPOBOAUMOCTH ME/IH,
U OH Ooyiee UeM B TpU pasza Jierdie MeAu; IMpU I[ONEPEUYHOM CEUYEHUH,
00€eCIeYnBaOIIEM OJIHY U Ty K€ IPOBOJUMOCTb, Macca MPOBOJIOB U3 AJTOMUHHUS
BJIBO€ MEHbIIIe MEAHBIX). CBEPXUUCTHIM AIFOMUHHUIN yHOTPEOISIOT B MPOU3BOACTBE
IEKTPUYECKUX KOHICHCATOPOB U BBIIPSAMUTEINIECH, NEUCTBUE KOTOPBIX OCHOBAHO
Ha CHOCOOHOCTH OKHCHOW IUIEHKM AJTIOMUHHUA MPOIYCKAaTh 3JEKTPUUYECKUNA TOK
TOJIBKO B OZHOM HampasieHHH. CBEPXYHUCTHIA aTOMHHHN, OYUIICHHBIA 30HHOU
IJIABKOM, MPUMEHSIETCS JJIsI CHHTE3a TOJIyITPOBOJAHUKOBBIX coenuHeHuil tuna Alll
BV, npumeHsieMbIX A1 IPOU3BOJCTBA MOJIYIPOBOJHUKOBBIX MPUOOPOB. UMCTHIN
QIIOMMHUN HMCIIOJIB3YIOT B IPOM3BOJACTBE PA3HOIO POJA 3€pKajl OTpa)kaTeleu.
AJFOMUHHN BBICOKOW YUCTOTHI NMPUMEHSIOT ISl MPEIOXPAHEHUS METAIUINYECKUX
MOBEPXHOCTEH  OT JeWcTBUS  aTMochepHOW  Koppo3uu  (IJIaKUpPOBAHUE,
allfoMMHMEBast kpacka). O0nmagasi OTHOCUTEIBHO HU3KUM CEYEHHEM IOTJIOLIECHUS
HEUTPOHOB, AJIOMUHUN TPUMEHSETCS KaK KOHCTPYKIIMOHHBIM MaTepuanl B
AJIEPHBIX PEAKTOPAX.

B  amomuHHMEBBIX  pe3epByapax — OOJbLIION  €MKOCTH  XpaHiAT W
TPAaHCHOPTUPYIOT KUAKUE ra3bl (METaH, KUCIOPO, BOJOPOA U T. [.), @30THYIO U
YKCYCHYIO KHMCJIOTBI, YHCTYIO BOJIYy, IIEPEKHMCh BOAOpOAA W MHIIEBBIE Macia.
AJIOMMHUI I[IUPOKO MPUMEHSIOT U OOOpPYJOBAaHMM M ammaparax MHILEBON
MPOMBITIUICHHOCTH, ISl YIIaKOBKU THUIIEBBIX NPOAYKTOB (B BHIE (OJBIH), IS
IPOM3BOJCTBA Pa3HOr0 poja OBITOBBIX W3JEINH. Pe3ko Bo3pociio moTpediieHue
ANIOMHUHUSA 11 OTAENKU 34aHUN, apXUTEKTYPHBIX, TPAHCIOPTHBIX U CIIOPTUBHBIX

COOPYKECHUH.



B mertamryprum amoMuHUE (IOMHUMO CIUIABOB Ha €r0 OCHOBE) — OJHA U3
CaMbIX PaCIpPOCTPa-HEHHBIX JIETUPYIOMIMX J00AaBOK B cIuiaBax Ha ocHoBe Cu, Mg,
Ti, Ni, Zn u Fe. IlpuMeHSIOT allOMUHUNA TakKe JJI PACKHUCICHHUS CTalld MPE.
3aMMBKON €€ B (opMy, a TakkKe B MpOIeccax MOTYyYEHHUS HEKOTOPHIX METaJIOB
METOOM allOMHHOTEpMHH. Ha OCHOBE aIIOMHHHMS METOAOM MOPOUIKOBOM
metamutypruu coznad CAIl (cied€HHbIN aTOMUHUEBBIN MOPOIIOK), 00Iagaromuit
npu temneparypax Bbiiie 300°C 60JbII0H KapONPOYHOCTHIO.

AJIOMUHMI MCTIONB3YIOT B MPOU3BOJICTBE B3PHIBUATHIX BEIIECTB (aMMOHAJ,
anroMoTodq). LlInpoko npuMeHSIOT pa3IuyHble COEAMHEHUS AITFOMUHUSL.

[IpousBoacTBO W  MOTpEOJCHUE  AIOMUHUS  HEMPEPHIBHO  PaCTeET,
3HAUYUTENBHO OMEpPEkKasi MO TEeMIaM pOCTa MPOU3BOJICTBO CTald, MEIH, CBUHIIA,
I[MHKA.

8. HoBbie MeTO 161 TOOBIYM U POU3BOICTBA METU

Menps — »ieMeHT NOOOYHOW MOATPYMIBI MEPBOM TPYMIMbl, YETBEPTOrO
nepuoaa NEPUOINIECKON CUCTEMBI XUMUYECKHUX deMeHToB [[. 1. Menneneesa, ¢
aToMHBIM HOoMepoM 29. O6o3navaercs cumBosioM Cu (mar. Cuprum). IIpoctoe
BemectBo Menb (CAS-nomep: 7440-50-8) — 5T0 macTHYHBIA TEPEXOTHBIN
MeTaJIJI 30JI0TUCTO-PO30BOr0 I[BETa (PO30BOI0 I[BETA MPU OTCYTCTBUU OKCUAHOMN
wi€Hkn). C JaBHUX MOP IMIMPOKO MPUMEHSIETCS YETOBEKOM.

Hcropust 1 MpouCcX0xkKACHUE HA3BAHUS

Menb — OUH U3 MEPBBIX METAIOB, IIIMPOKO OCBOEHHBIX YEJIIOBEKOM H3-3a
CPABHUTEJIBHOW JOCTYMHOCTH AJIA MOJIYYEHUS] U3 PYyIbl U Majol TeMIepaTyphl
1iaBjieHus. B apeBHOCTH MpUMEHAIAaCh B OCHOBHOM B BHUJIE CIUIaBa C OJJOBOM —
OpOH3BI U1 U3TOTOBJICHUS OPYXKHS U T. . (CM OPOH30BBIH BEK).

JlatuHckoe HazBanue meau Cuprum (IpeBH. Aes cuprium, Aes cyprium)
MPOM30ILIIO OT Ha3BaHus octpoBa Kumnp, roe yxe B III Teicsuenmerunm no H. 3.
CYILIECTBOBAJIM MEIHbIE PYITHUKU U MPOU3BOJAWIACH BHITIJIaBKA ME/IH.

VY CrpaboHa Menb UMEHYETCSl XalIKOCOM, OT Ha3BaHMs ropojaa XaiaKuIbsl Ha
OBOee. OT ATOrO CJIOBA MPOU3OILIA MHOTHUE JIPEBHETPEUECKUE HA3BAHMS MEIHBIX

)41 6pOH3OBBIX mpeaMeTOB, Ky3HCUHOI0 peMecia, Ky3HCUHBIX I/ISIICJ'II/Iﬁ N JIMTBA.



Bropoe marunckoe Ha3Banue menu Aes (CaHCKp, ayas, TOTCKOE aiz, TepM. erz,
aHIJI. Ore) O3HayaeT pyna uiau pyaHUK. CTOPOHHHKHU WHIOT€PMAHCKOW Teopuu
MPOUCXOXK]ICHUS €BPOTEHCKUX SI3bIKOB MPOU3BOJIAT PYCCKOE CIOBO Me/b (IOJIbCK.
miedz, gemck. med) oT mpeBHeHemenkoro smida (metam) u Schmied (ky3Herr,
anri. Smith). KoneyHo, poJacTBo KopHeil B JaHHOM cllydyae HECOMHEHHO, OJIHAKO,
00a 3TU CJI0Ba MPOU3BEACHBI OT TPeY. PYAHUK, KOIb HE3aBUCUMO APYT OT Apyra.
OT 3TOrO ClNOoBa MPOM3OILIM W POJACTBEHHbIC HA3BaHUSI — MeJalb, MEIabOH
(ppani. medaille). CnoBa Meap U MEIHBIN BCTPEUAIOTCS B JPEBHEHIINX PYCCKUX
JUTEPATypHBIX TaMATHUKAX. AJXMMUKUM HMEHOBaM Melb BeHepa (Venus). B
OoJiee IpeBHUE BpeMEHa BCTpeuaeTcs Ha3BaHue mape (Mars).

dusnyecKrue CBOMCTBA

Menp — 30JI0TUCTO-PO30BBIM IMJIACTUYHBIA METAJI, HA BO3JyXe OBICTPO
IIOKPBIBACTCSI  OKCHUJIHOW  IUIEHKOW, KOTOpas TMpUAAET €M  XapaKTEepHbIU
WHTEHCUBHBIN JKEITOBATO-KPACHBIM OTTEHOK. TOHKHE IJIEHKHM MEIHW Ha MPOCBET
UMEIOT 3€JIEHOBATO-TOIy0O0H IBET.

Mens  obOpasyer  KyOMYEeCKyl0  TpaHEICHTPUPOBAHHYIO  PEHIETKY,
npocTpadcTBeHHas rpynmna F m3m, a = 0,36150 M, Z = 4.

Menps ob6mamaer BBICOKOM TEIJIO- M AJIEKTPONPOBOJAHOCTHIO (3aHHMAET
BTOPOE MECTO I10 3JIEKTPOIPOBOJHOCTHU MOCTE cepedpa).

Nmeer pnBa crabmimpHbIX wn30otona — 63Cu m 65Cu, W HECKOJBKO
PaauoaKTUBHBIX U30TONOB. CaMblil JOJTOXKUBYIIUN U3 HUX, 64Cu, UMEeT nepro
nojypacnanaa 12,7 4 v a1Ba BapuaHTa pacnaja ¢ pa3IndHbIMU MPOTYKTaMH.

Cy1iecTByeT psiJi CIJIAaBOB MEJU: JaTyHU — C IIMHKOM, OPOH3bI — C 0JIOBOM
U JPYTUMHU DJIEMEHTAMH, MEJIbXUOP — C HUKelieM, 0a00UThl — CO CBHHIIOM U
JpyTue.

XUMHUYECKHUE CBOKMCTBA

He u3mensiercss Ha BO3AyXe B OTCYTCTBHE BJIarM W JMOKCUJIA YIJIEPOJa.
SBnsgercss ciabbIM BOCCTAaHOBHUTEJIEM, HE pearupyer ¢ BOJAOW, pa30aBJICHHOM
CoJIsiHOM Kuciotou. [lepeBoauTcss B pacTBOpP KUCIOTAMH-HEOKUCIUTEIAMU WIIA

rmaparoM aMMHdKa B INPUCYTCTBHUU KHCIOpPOJd4d, HUAHHUAOM KaJlud. Oxucrsercs



KOHLICHTPUPOBAHHBIMM CEPHOM M Aa30THOM KHCIOTAMM, «LAPCKOM BOAKONY,
KHUCJIOPOJOM, TaJIOT€HAMU, XallbKOT€HaMU, OKCHIaMU HEMETaJuloB. Pearupyer npu
HarpeBaHUM C rajJlOr€HOBOIOPOIAMM.

CoBpeMeHHbIE CIIOCOOBI JOOBIYH

90 % mepBUYHONW MeAM MOJYyYalOT MUPOMETAILTYPrHueckuM criocodom, 10
% — TUAPOMETATYPrudecKuM. [ HUIpOMETATYpru4eckuii crnocod — 3TO
MOJTYYCHUE MEIU IMyTEM €€ BBIIICIaYuBaHUs C1a0bIM pAaCTBOPOM CEPHOU KHUCIIOTHI
M TOCIEOyIOWIEr0  BBIACICHUS  METAJUIMYECKOW MEOu W3 pacTBopa.
[TupoMeTamTyprudeckuii cnocod COCTOUT U3 HECKOJIBKHX JTaroB: OOOTallleHUS,
o0>kura, IIaBKU Ha IITEHH, IPOIyBKH B KOHBEpTEpE, paMHUPOBAHMUS.

Jl1st oGoraiieHust MeTHBIX Pyl UCTIONIb3yeTCsl METOT (biroTariu (OCHOBAH Ha
WCIIOJIB30BaHUN PA3TUYHON CMAUYMBAEMOCTU MEIbCOJEPKAIIMX YaCTHUIl U MyCTOU
MOPO/Ibl), KOTOPBIM MO3BOJISIET MOTYy4YaTh MEIHBIN KOHIIEHTpPAT, coAepkamuit ot 10
10 35 % menu.

Mensbie pyabl W KOHUEHTPAThl € OOJBIIUM COJEpPKaAaHUEM CEpbI
MOJIBEPTaloTCsl OKUCIUTETFHOMY 00XHTY. B mpoiiecce HarpeBa KOHIIEHTpaTa WM
pyasl 10 700—800 °C B TpUCYTCTBUM KHUCJIOpPOJA BO31yXa, CYJIb(UIbI
OKHUCIISIFOTCSA U COJIEP’KaHHE CEPbl CHUYKAETCSI MOYTH BJIBOE€ OT MEPBOHAYAIBHOTO.
OOxuraroT ToJIbKO OeHbIe (C copepxanueM Meau ot 8 10 25 %) KOHIIEHTpaThI, a
ooratsie (0T 25 10 35 % menn) muaBsT 0e3 o0kura.

[Tocne oOxwura pyna ¥ MeAHBIA KOHIICHTPAT TMOJBEPraloTcs IUIABKE Ha
IITEHH, IPEACTaBISIOMMN co00H CcIuIaB, coaepkaniuil cyabPuasl MeIu U jKeesa.
[Teiin conepxkut ot 30 mo 50 % menu, 20-40 % xenesa, 22-25 % cepsbl, Kpome
TOTO, IITEHH COJEPKUT MIPUMECU HHKEJS, IIMHKA, CBUHIIA, 30J10Ta, cepedpa. Yare
BCETO TJIaBKa MPOU3BOJMUTCS B IUIAMEHHBIX OTpa)kaTeIbHBIX medax. Temmeparypa
B 30He 1aBku 1450 °C.

C 1uenpio OKUCHEHUS CyIb(GUIOB U Keje3a, MOTyYeHHBI MEIHbIN IITEeHH
MOABEPraloT MPOJYBKE CKAThIM BO3yXOM B TOPU30HTAIBHBIX KOHBEPTEpax C
O0KOBBIM JTyThEM. OOpa3yroIrecs OKUCIBI TEPEeBOAAT B IUIAK. Temmeparypa B

koHBepTepe cocraBisier 1200—1300 °C. MHTEepecHo, 4TO TEIO B KOHBEPTEPE



BBIZICIISIETCS. 32 CUET MPOTEKAHUS XMUMHYECKUX peakiuii, 0e3 Mmojavyd TOTUIHBA.
Taxkum 006pa3oM, B KOHBEPTEPE MOTYUdal0T YEPHOBYIO Meb, CoAepKamyro 98,4 —
99.4 % wmemmn, 0,01 — 0,04 % xenesa, 0,02 — 0,1 % cepbl U HeOOJIBIIOE
KOJIMYECTBO HUKEJIA, 0JI0BA, CYPbMBbI, cepedpa, 3070Ta. DTy Me/lb CIMBAIOT B KOBIII
Y Pa3MBAIOT B CTAJIbHBIE U3JI0KHULIBI WJIA HA PA3JIMBOYHON MallTMHE.

Hanee, st yaaleHusl BpeIHBIX MPUMECEH, YePHOBYIO Mellb padUHUPYIOT
(MpoBOAST OTHEBOE, a 3aTeM JJEKTpoJMTHYecKoe paduHupoBaHue). CyIIHOCTH
OTHEBOT0 padMHUPOBAHUS YEPHOBON MENIM 3aKJIIOYAECTCS B OKHCICHUU MTPUMECEH,
yAQJIEHUU MX C razamMu W mnepeBojie B muiak. Ilocine orneBoro paduHUpoBaHUs
MOJy4aroT MeAb 4ucTtoTon 99,0 — 99,7 %. EE pa3znuBarOT B M3JIOKHUIBI U
MOJIYYArOT YYIIKU JUIsl JajdbHEHIIeH BBITUIABKUA CIUIABOB (OpOH3BI U JIATYHU) WITU
CIIUTKHU JIJIS1 SJIEKTPOTUTHIECKOTO pauHUPOBAHUSI.

DnekTpoMTUYecKoe padUHUPOBAHUE TMPOBOMAST JJIA TOJYyUYECHHUS] YHCTOU
Menu (99,95 %). DaexkTponu3 IpoBOAAT B BaHHAX, TJI€ aHOJ — U3 MEIU OTHEBOTO
paduHUpPOBaHUA, a KAaTOJ — M3 TOHKUX JUCTOB YUCTOM MEAH. DJIEKTPOJIUTOM
CIY’)KUT BOJHBIM pactBop. [lpum mpomyckaHMM TOCTOSHHOTO TOKa aHOJ
pacTBoOpsieTCs, MeIb MEPEeXOAUT B PacTBOpP, M, OUHUIIEHHAs OT TpUMeEceH,
OCaKJaeTcss Ha kartojax. [IpuMecu ocemaroT Ha THO BaHHBI B BHJIE IUIAKa,
KOTOPBIN MAET HA TIEPepadOTKy C LETbI0 W3BJICUCHUS IEHHBIX METaIoB. KaTo bl
BBITPYKAIOT 4epe3 5-12 nHeu, koraa ux macca pocturHer ot 60 mo 90 xr. Ux
TIIATEIBHO MTPOMBIBAIOT, a 3aT€M MEPEIUIABISAIOT B dJICKTPOTICUaXx.

Q. JloOb1ua xemnesa

N3 Bcex moOBIBaeMbIX METAJIIOB, JKEJIe30 UMeeT HauboJbliee 3HaueHue. Bes
COBpPEMEHHas TEXHWKA CBsi3aHAa C TPUMEHEHHUEM IKejle3a M €ro CIUJIaBOB.
KonuuecTBo 100bIBaeMOro xele3a NpuMepHO B 15 pa3 mpeBOCXOAUT A0OBIUY BCEX
OCTaJIbHBIX METAJIJIOB BMECTE B3SITHIX.

OCHOBHBIM TPOMBIIIIEHHBIM CIOCOOOM TOMYYEHUS Kee3a CIIYKHUT
MPOU3BOJICTBO €r0 B BHUJE PAa3IUYHBIX CIUIABOB C YIJIEPOAOM — UYYT'YHOB U
YTAEPOIUCTHIX cTaseid. UyryHbl MOMy4aroT JIOMEHHBIM IPOIIECCOM, a CTalld —

MapTCHOBCKHUM, KOHBEPTOPHBLIM M 3JICKTPOILIABHUIIbHBIM IIPOICCCAMMU.



B noMeHHOM mpoliecce B KayeCTBE OCHOBHBIX IIIMXTOBBIX MaTepHAJIOB
Y4acTBYIOT: JKEJE€3Has pyJda, KOKC ¢ UW3BECTHSAK, HEOOXOAWMBIC IS
BOCCTAHOBJICHUSI OKHUCJIOB JKe€jie3a B pyle YIJIEPOJOM H  pa3BEeACHUs
pacIlIaBJICHHBIX YYTyHa U IIUIaKa.

B nomHy nomaercs BO3AyxX WiM, ISl YCKOPEHUS MpoLecca, KUCIOPO.
(kucioponHoe nyThe). Yriuepoa Kokca okucisercs kuciopogom: CH+O2=CO2;
C+C02=2CO0.

Oo6pazyromumiics npu 3toM CO u yriepoj KOKca BOCCTAHABIIMBAIOT
OKHCJIOM XKeJe3a:

ITockoJsibKy yKa3aHHBIE peaKIUy MPOTEKAIOT MpPHU U30BITKE yriepoja,
BOCCTAaHOBJICHHOE >K€JIe30 CIUIABJISIETCS C YIJIEPOJOM M 00pa3yeTcsi YyryH co
3HAUYUTENHLHO 00Jiee HU3KON TeMmmepaTypod IUIaBJICHUS, YeM YHCTOE KeEJe30.
Uyrys (¢ 4,3% C) mnaBurcs npu 11350C, a xene3o npu 15390C.

PacninaBneHHble HU3KOMIIABKME YYTyH W IIUIAK COOMPAIOTCS B TOPHE
JIOMEHHOM T€YU Y NMEePUOAUYECKH BBIMYCKAIOTCS Yepe3 CreIUaibHbIE OTBEPCTHSI.

CnocoObl mepenena 4YyryHa — MapTEHOBCKUM, KOHBEPTOPHBIA U
AIEKTPOIIABUIIbHBIN, - CBOJATCS K YJAJICHUIO U30BITOYHOTO YIepoia U BPEAHBIX
npumeceit (S, P) myTreM WX OKHCIEHHS M K JOBOJKE COJIEP>KaHUS JIETUPYIOIIUX

9JICMCHTOB 10 3aJaHHOI'O IIYTCM ,Z[O6aBJ'IeHI/I$I HX IIPH IIABKC.



