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TeMma A¥iccepTanyH yTBEPKAEHA Ha YUEHOM COBeTe TocyaapcTBEHHOTO
WHJKeHEPHOIO YHHBEPCHTETa ApMeHHH

HayaHEIY KOHCYABTAHT: AOKT, TeXH. HayK, npod. A.E. Caprcss
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Beayilas opraHH3anus: VHCTUTYT IPUKAAAHBIX IPOGAEM (hH3HKU
HAH PA (r. EpeBan)
3amuTa pAuccepTanyy cocTouTcs 19 deBpaps 2009r. B 14%° 4, ma 3acepaHuH
CrenuaausupoBaHHoro cosBeTa 031 mpu [ocypapcTBeHHOM HH>KeHEepHOM
YHUBEpCHTETEe ADMEHHH 00 appecy 0009, r. Epean, yA. Tepsna 105.
C aAnccepTaliyied MOJKHO O3HAKOMHTLCS B 6UOAHOTERKe TUVA.
ABTOopedepaT pazocaaH 10 gaBaps 2009r.

YueHr cekperapk CHenHaAM3HUpPOBAHHOIO COBETa,

K. T. H, AOI. W A.T. TarcTsH
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Unwounwp huqiwhbpympiniG << G-UU Hhahlwgh Yhpwnwlwl wypnpykibhph
hGunhwmnuun (p. Gplw6) )

Uumblwnumipjul wwymwwlmpyniip GujuGuym k 2009p. hbtwmupph 19-hG

dwip 146 Quguwunwlh whnwlw Swpuwpwghumuljwi hwduuwpuihl Yhg

031 Uwufwqhmwlw b funphpnh Ghuwnnu:

dwughli' 0009, p.bplwG, Skpjwi h., 105:

UwnbGwunumpjwip Yupbih & owlnpwbwi < NEL-h gnunwpuinng:

Utimpfwighp@ wnwpywo t 2009p. hoiGywph 10-hG:

L.Q-. Qwuwjul

Uwulwghuwlw6 fenphpnh qhmmlﬂuﬁ pwpuininwn,
n. q. p., nng. /é/

OBINAS XAPAKTEPUCTHKA PABOTBI

AKTyaAbHOCTs Tembl. OAHMM W3 BasKHEHIIMX TPeOOBaHHI K COBpeMeH-
HEIM TEXHOAOTHSM IePePaGOTKH MHHEPAABHOTO CHIPhS SBASETCHS ofecreye-
HHE KOMIAGKCHOIO M3BACYEHNST U3 HEro IEHHHIX KOMIIOHEHTOE, UTO OPAKTH-
JeCKM HEBO3MOXXHO OCYLIE€CTBHTH TPAaAHIIMOHHBIMY METAAANYPTHYECKUMH IIpO-
meccaMy.

B aTo#t crA3M Goabuloi wHTEpeC HPEACTEBASTIOT THAPOIAEKTPOMETAANYD-
THYeCKHe CIOCOOH MepepabOTKY NOAMMETaAAHIECKOTOo CHIPbsI, K3 KOTODEIX
HauboAee LeA€COOGPa3HEIM SBASIETCS METOA DaCTBOPEHHA NMOAE3HEIX KOMIIO-
HEHTOB YU H30HPATEeAbHOTO H3BACUEHHS HX H3 PacTBOpa Ha Pas3HHX CTAAHSIX
TEXHOAOTHYECKOI'O IIHUKAA.

IlpuMeHeHHe mepeAOBRIX THAPOSAEKTPOMETAANYPIHYECKHUX MPOIEcCoB
TIOSBOAUT OPraHU30BaTh 3((EKTHBHOE TPOH3BOACTBO PSAQ TBETHEIX, PEAKHX
U OAArOPOAHEIX METAAAOB B BHAE KOHEUHO METAAAONPOAYKIHU., DTO MOXKET
COSAQTE IIPEATIOCHIAKH AAST BO3DOKAGHHS B PECIyOAMKE TakMX TIPOH3BOACT-
BEHHBIX OTPaCAeH, KaK IAEKTPOTeXHHMKa M 3AeKTPOHHMKA, BEITUCAUTEABHAS
TEeXHAKa, TOIHOE NPUGOPOCTPOCHHUE, IOBEAHPHOE AGAO H AD.

Cospanre Ha 0a3e YHCTHIX METAAAOB AHOAHEIX MATEePHAAOB H KOMIIO-
SHIHOHHBIX aHOAOB AQeT BO3MOJKHOCTb Pa3BUBATH B PeCIyBAMKe THADODAEK-
TPOMETAAAYPIHIO M 3AEKTPOXMMHYECKOE IMPOW3BOACTBO. [lo HEKOTOPHIM BU-
AaM METAAAOTIPOAYKIUH PeCIyOAMKa MOJKET BBIMTH Ha MHPOBOIL PHIHOK.

HecMoTpst Ha HaAwdWe B pecmyGAHKE GOraThix TIIPHPOAHBIX 3allacoB B
TIPOMEILIAEHHEIX 00BeMaX, B HACTOSINee BPEMsi IPOU3BOACTBO YHCTEIX METa)-
AOB OCYINECTBASIETCSI AIIL B HEOOABIUOM KOAMYECTBe, 06paboTKa PYARI He
AOBOAUTCST AO IIOAYHIEHHS KOHEUHOTO MeTaAra. KOHIEHTpaTEl MBETHRIX MeTaA-
AOB B BUAE NOAY(haOpPHUKATOB 3KCIOPTHPYIOTCS W3 CTPaHHl, YHOCS C COOOM He
TOARKO 3HAYUTEABHYIO YaCTb IPHOLIAM, COAEDPIRALIEHCS B IOA3HBIX HCKO-
TQEMBIX, HO # BO3SMOXKHOCTb PAa3BUTHS IPOH3BOACTBA METaAAOOGPaBOTRH
METAAAOUCIOAB3OBAHNS, YTO, B CBOIO OYePeAb, IPUBOAUT K IOTepe ompeae-
A€HHBIX pabodux MecT.

B ocnoBe 3TOil HPOGAEMEI AEXKHT HE TOABKO TPYAHOCTE DPaCUIHpPeHHS
TIPOM3BOACTBEHHBIX OGBEMOB, OOYCAOBAGHHAS OTCYTCTBHEM hUHaHCOBHIX
CPEACTB, HO M yCTapeBlINe TeXHOAOTHH ¥ IepepabaThIBAIONIHE IPOH3BOACT-
BEeHHBIe MOIJHOCTH,

Ecau mepBast 9acTh IPOGAEME B TOM MAH WHOH CTelleH: paspelmmMa, To
BTOpas 9acTb IHOTpebyeT ONPeAEAeHHOrO YCOBEpIIEeHCTBOBAHMS CTaHAAPTHEIX
TEXHOAOTUH U TeXHUYECKHUX PEelIeHHH, OOYCAOBACHHEIX OCOBEHHOCTIMH MECT-
HOTO CHIPBS.. A AASL 3TOTO HOTPEGYIOTCS KOMIAEKCHBIE HCCAGAOBAHHS mpo-
HeCcCOoB IepepaboTKU MHHEPAABHOTO CHIPbS H CO3AAHHE Ha 3TON 6asze HOBLEIX
MAaTEpPHUaNOB C 3aAAHHBIME (DH3UKO-MEXAHHYECKUMH, 3AeKTPOXUMHYSCKHAMU U
TEeXHOAOTHYECKHMMHU CBOMCTBAMH C I[EABIO M3TOTOBACHMS HEpPacTBOPUMEIX aHO-
AOB, NPAMEHSAEMEIX B HPOLECCaX TMADOIACKTPOM3BACUEHHS TSIKEAHX IIBET-
HEIX METaAAOB.

PaspabaTuiBaeMble TeXHOAOTHH AOAJKHEI GHITH SKOAOTHIECKI YHCTEIMHA H
KOHKYPEHTHOCIOCOOHEIMH.
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**- - K aHOAHEIM MaTepmarawm, HUCHOAB3YEMHM B 3ACKTPOM3BACUECHHH TSIKe-
ABIX LBETHEIX METAAAOB M3 CEPHOKHCAKIX PacTBODOB, OPEABABASIETCH PSA
JRECTKHX TEXHHWKO-3KOHOMHYECKHX TpeGOBAHWH, OCHOBHEIMH K3 KOTOPBIX 5B-
ASIOTCS: .

- BEICORAA KOPPO3WOHHAS CTOMKOCTb KaK B YCAOBHSIX aHOAHOM TIOASIPH-

3anMH, Tak # 6e3 Hee;

- HA3KOe 3HaYeHHWe NEePEHAUpPsUKEHHS BEHACACHHS KHCAOPOAA IIpH 3aAaH-

HEIX IAOTHOCTSX TOKa;

- BEICORas CTaOHALHOCTb QHOAHOTO HOTEHOWAaAA B TeYeHHe BCero npo-

ecca 3AeKTPOH3BACUEHHST,;

- BBEICORas 3A€KTPONPOBOAMMOCTD;

- BHICOKHE MeXaHHJeCKHe H TeXHOAOTHIECKHe CBOMCTBa;

- HH3Kasa cebecTOMMOCTE.

Marepra aHOAA AOAKEH OKa3HBaTh 3(p(HeRTUBHOE BAUSHHE Ha KHHETH-
KY 3AEKTPOXWMHIECKHX PeakiHi U TUCTOTY OCAKAREMOIO Ha KAaTOAE MEeTaA-
Aa.

CymecTByfonfie B HacTosinee BpeMsi aHOAHHIE CIAABH o HepacTBo-
PHMEIE QHOAR! HEAOCTATOYHO HOAHO YAOBAETBOPSIOT COBPEMEHHEIM Tpe6oBa-
HUSM, OPEABABASEMBIM K AHOAHEIM MATePHaAaM AAfl IPONECCOB 3AEKTpO-
H3BACUEHHA TAKEARX OBETHHX METAaAOB. B 3acTHOCTH, M3-3a HM3KOH KOp-
PO3%eCTOHKOCTH B CEPHOKHCAHIX PacTBOPaX M GOABIIOrO NepeHaNpsKeHHs
BHIAGACHHA KHCAOPOAA B IPOLECCe 3AeKTPOAM3a, @ TAaK)Ke HHU3KOM TBEPAOCTH
CYINECTBYIOIIHX HEpacTBOPHMHIX AHOAOB HEBO3MOKHO MOAYYaTh KOHKY-
PEHTOCIIOCOGHEIE METAaAARl C BHICOKOH YHCTOTOH. [103TOMy AaAbHefimree Imo-
BrIIeHNe 3()GeRTHBHOCTH OPONECCOB 3AeKTPOM3BAEYEHNS METAAOB CBI3AHO
C CO3AaHVEM HOBHIX QHOAHEIX MaTEPHAAOB C 3aAAHHHIM KOMIIAEKCOM CBOJCTE,
OAHOBPEMEHHO MO3BOASIOIIHM YIPABAITE IPOLECCAMH.

Pemmenne Bo3muKwel mpoGaeMEI ABATETCS aKTyaABHEIM M II€PCHEeKTHB-
HEIM, 0coGeHHO M PecnybAmkm ApMeRUs, C TOYKH 3peHHs obecnedeHus
PEAABHOH BO3MO>KHOCTH OPraHM3alHi B GAMIKaiImeM OyAyIIeM OTeYeCTBEH-
HOTO nepepaGaTHBAIOMEro NPOM3BOACTBA HA 6a3e MECTHOrO ITOAMMETAAAH-
HECKOro CHIPES, COAEPIRAIIEr0 raMMy IMEHHEIX LIBETHHIX METAAAOB, TAKHX KakK
MEAD, IUHK, CBHHeI, cepeGpo, CypbMa, BECMYT, CeAeH, TEAAYP ® Ap.

Leas paborsr a 3apaun Hccaejo5aHAg. LieAvio paboTH ABAfETCA pa3pa-
60TKA TEOPETHYECKUX M TEXHOAOTHYECKHX OCHOB CO3AaHHS HOBBIX AaHOAHBEIX
MaTepHAACB ¥ KOMIO3UIHOHHEIX AHOAOB C BHICOKHMH (DH3HKO-XHMIIeCKHMY,
MEXAQHUYECKHMH ¥ TEXHOAOTMYECKHMHA HOKAa3aTeASMH, AASl NDHMEHEHHs B
Iponeccax SA€KTPOU3BACYECHHSA METAAANOB H3 CEPHOKHCAKIX PaCTBOPOB THADO-
METaAAyprudecKod nepepaboTKH MECTHOTO HOAMMETAAAHYEeCKOTO CHIphbS, a
TakKe BHOOP ONTHMAABHHIX TEXHOAOTHYECKHMX IApaMeTpOB ¥ 0GOCHOBaHHE
BHeApeHWN# pa3spaboTaHHEIX AHOAOB B IIPOHM3BOACTBO.

AOCTIDREHMST 3TON HEAH B PaGOTe MOCTABAGHH H PelIeHE! CACAYIO-

IIHe 3apa9H:
1. CucreMaTusanua AWTEeDaTyPHHIX AAHHEIX ¥ HayIHoe 060CHOBaHHE HOBOrO
HAIIPABACHHUS CO3AAHWA W IPHMEHEHHS B NPONECCaX 3AeKTPOU3BACUCHHA Me-
TAAAOB AETHPOBAHHEIX QHOAHHIX MAaTEDHaAOB M KOMIIO3MIOHHBIX AHOAOB C

g

yieToM GH3NKO-XHMHH HPOHCXCASIIMX Ha HHUX IPONECCOB B Pa3AHYHEIX
CPeAaX.

2. HccaepoBanme TEXHOAOTMYECKHX OCOGEHHOCTEM HH3KOTEMIIEPaTyPHOro
CyAbaTH3HPYIOLIEro o6KHra IIOAMMETAAAWTIECKOT0 KOHIEHTPATa, CTAAWMHO-
TO BHINEAAYMBAHUS ¥ H3BACUCHAS METAAAHYECKHX KOMNCHEHTOB U3 CYAb-
(PaTH3HPOBAHHOTO TPOAYKTA.

3. PaspabGoTKa AByX- i TPEXKOMITOHEHTHHIX CHAGBOB Ha OCHOBE CBHHIA H IO-
AydeHHe Ha KX 6a3e HepPaCTBODHMEIX aHOAOB C BEHICOKMMH 3AeKTPOXHMHYEC-
KUMY, (PU3VKO-MEXaHWICCKHMH, TEXHOAOTHIECKMMN MOKA3aTeAsIMH H KOPPO-
3HOHHOM CTOMKOCTBIO.

4. Pa3zpaboTra cr1oco60B H3rOTOBACHMST KOMIO3UIOWOHHHIX aHOAOB Ha THTaHO-
BO¥ OCHOBE C IPOMEXYTOTHHM CepeOpSHEIM IIOACAOEM H CMEIIaHHEIM ¢a3o-
BEIM CAOEM M3 AMOKCHAOB CBHHIIA ¥ MapraHng, X WCHHTaHHE B PasAHUHEIX
CpeAax M peskKHMax.

5. YcranoBAeRHe MeXxaHm3Ma (opMEpoBaHHS (ha3OBEIX CAOEB Ha aHOAAX B
nponecce 3ACKTPOU3BACUEHHS TSUKEARIX IBETHEIX METAAAOB H3 CEPHOKHCABIX
PacTBOPOB X COAEH.

6. VccaepoBanme KHHETHIECKHX 3aKOHOMEPHOCTEH 3AEKTPOAHHIX peaKmmit
0P QHOAHOMN NMOASPH3ANUHM B 3aBHCHMOCTH OT ACTHPOBAHHS aHOAHOTO MaTe-
pHana ¥ Maprasna, HaXOAALIErocs B COCTaBe SA€KTPOAHTa.

7. VayueHVe 3AeKTPOXMMHIECKOrO IOBEACHHS GHOAOB B IpONECCe 3AeKTPO-
U3BAEYEHUS OHHKA ¥ MEAW H3 CTaHAAPTHHIX CEPHOKHCAHIX PacTBOPOB, a 30-
AOTa ¥ cepefpa:|u3 NPOMHINACHHEIX IHAHUCTHIX PacTBOPOB. .

8. MccaepoBaHMe BAHSHHS TePMOMEXaHWYECKOH O6pabOTKH M AONOAHMTEAb-
HOTO AETHPOBAHUS CEACHOM M TeAAYPOM Ha CTPYKTYPY, IACKTPOXHMHYECKHE,
MeXaHHYECKHe CBOMCTBA H KOPPO3HOHHYIO CTOMKOCTE 0a30BRIX CBHHIIOBO-
cepeOpSHBIX AHOAOB. .
9. VsydueHMe TeXHOAOTHYECKUX M 3HEPreTHIeCKMX NapaMeTPOB 3AEKTPOH3-
BAGUEHHSI [BETHEIX METAAAOB C HCIHOAB30BAHMEM HEPacTBOPHMEIX aHOAOB,
H3rOTOBAGHHHIX Ha 6a3e MECTHOTO CHIphS. PaspaboTKa peKOMEHAALHMH AAS
BHEAPEHHSA UX B IIPOM3BOACTBO.

Hay4Hass HOBH3Ha paboThl.

° YcTaHOBAEGHH 3aKOHOMEPHOCTH (H3HKO-XAMHIECKHX NpeBpallieHuit B
TEXHOAOTHYECKAX IPOoNeccaX I'HAPOMETaAAYPTHYECKOM IepepaGoTKH ITOAMMe-
TAAAMYIECKOFO CHIpb C KOMIIAGKCHEIM H3BACUCHHEM LEHHHEX MeTaAMYeCKHX
KOMIIOHEHTOB.

e  OCHOBHBAACH Ha (PU3UKO-XMMHYECKUX OPHHIOUNAX ACTHPOBAHMSA, paspa-
6GoTaHE! aHOAHEIE CHIAGBH Ha OCHOBE CBHHIIA, AGTHPOBaHHHE cepe6GpoM, aHTH-
MOHOM, BHCMYTOM ¥ MHKPOACTHDOBAHHEIE CEACHOM H TEAAYPOM, AAS H3TOTOB-
AGHHS HEPaCTBODHMEIX &HOAOB C YAYYIUEHHHIMHM 3A€KTPOXMMHYECKHMH,
GU3UKO-MEXaHUIECKUME, TEXHOAOTHIECKHMM M SHEPreTHIeCKHMH NapaMeT-
paMu.

° IMpearoXeHH ¥ OGOCHOBAHE CHIOCOOH! TIOAYYEHHS HOBHIX KOMIIO3HIH-
OHHEIX AHOAOB Ha OCHOBe THTaHA, KOTOpHE, 6Aaropaps IPOMERYTOUHOMY
caoi0 U3 cepebpa B CMEIIAHHOMY (Pa30BOMY aKTHBHOMY CAOCIO H3 AMOKCHAOB
CBUHOA ¥ MapraHnga, oOAaAQTOT HU3KUM U CTaOMABHEIM NEpeHaNps/KeHHeM BHI-
AeAeHHS] KHCAOPOAQ, & TaK)Ke IOBHINeHHOH KOPPO3HOHHOH CTOHMKOCTHIO.
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* IlpeproxeH B 0GOCHOBaH MexaHW3M (hOPMHpHBAHMA (ha30BHX CAOEB Ha
ACTHPOBAHHHIX CBHHIOOBHX 3HOAGX HPH KX IOASPU3aNAM B CEPHOKHCARIX
PacTBOpax, BEITBAEHE KHHETHIECKHe 3aKOHOMEPHOCTH HNPOTEKAIOUIAX aHOA-
HBEIX Pearmwit,

¢ PaspafoTama MaTeMaTHueCKasi MOAEAb AHOAHEIX NPOLECCOB, KOTOpas
TO3BOASIET TEOPeTHYEeCKH OLEHHKTh BAMSHHE ACTHDPYIOLIEro SAeMeHTa Ha KHUHe-
THKY QHOAHEIX PeaKmHii B 3aBHCHMOCTH OT IOASPH3AIMH, ITO GHIAO 3KCIEpPH-
MEHTaALHO AOKA3aHO Pe3YABTAaTaMH H3MepeHHs HMIEAAHCa SAEKTPOXHMHYec-
KOH CHCTEMHI.

®  YCTaHOBAGHO BAHAHWE MHKPOAETMpPOBAHHS CEACHOM, TEAAYPOM H TepMo-
MEXaHHIeCKo#t OGpaGOTKE Ha CTPYKTYPy, 3AeKTPOXHMHYECKOE HNOBEACHHE,
KOPPO3MECTOMKOCTh M MEXaHMYeCKHe CBOHCTBA aHOAOB M3 PasAMUHEIX CIAA-
BOB Ha OCHOBE CBHHIA. -

- IlpaxTH3ecKkas fewHocTs paborsr. PaspaGorana 3¢ deKTHBHAs THAPO-
METAAAYPTHIeCKas TEeXHOAOTHS NepepaGOTKH HOAHMETAAAHYECKHX KOHIICH-
TPATOB C KOMIIA€KCHHIM H3BA€Y€HHEM METAAAOB — KOMIIOHEHTOB AAsSi IpOH3-
BOACTBA HU3KOACTHPOBAHHEIX HEPaCTBOPHMEIX aHOAOB. PaspaGoTann u co3-
ARHH Ha 6a3e MeCTHOrO CHIPES HOBHIE GHCAHEIE CIAABE M KOMIO3WIUOHHEE
aHOAHI, IpHEMEHseMHEe B Ipomeccax 9AEKTPOHM3BACUEHUS TSJKEARIX IBETHEIX
MeTaAr0B. OnpeAeACHH! ONTAMAALHEIE TEXHOAOTMYECKUE IapaMeTphl HPOIec-
coB. TToAyJeHE NaTeHTH Ha N306peTeHre KOMIOZHIHOHHLIX aHOAOB.

Ha 3amATy BEIBOAATCA: . - - :
- HayJHoe OOOCHOBaHWE CO3AAHHS M IPEMEHEHHS IPH 3AeKTPOH3BACICHHH
METAAAOB HOBHIX GHOAHHIX CHAABOB M KOMIOSHIMOHHEIX QHOAOB C YUETOM
(HE3MRO-XMMHH DPOMCXOAAUIMX Ha HUX HPONECCOB B Pa3AMYHEIX cpeaax;
- 0COGEHHOCTel OKHCACHHS CYABHAOB METAAAOB B MpOLEcce HE3KOTEMIIEpa-
TYPHOrO OGRHra MOAMMETAAAMIECKOr0 KOHUEHTPaTa, CeAKTHBHOIO BHILLEAA-
IUBAHHA U U3BACYEHHS METAAAMYECKHX KOMIIOHEHTOB M3 BOAHEIX PacTBODOB
CyAb(ATH3MPOBAHHOTO Orapka;
- TeXHOAOTHYECKHEe OCOOEHHOCTH HOAyYeHHsT HEePacTBODHMHEIX aHOAOB Ha
OCHOBE CBHHIIa, AeTHPOBAHHEIX CepeGpoM, aHTEMOHOM, BHCMYTOM H MHKpO-
ACTHPOBAHHBIX CEACHOM M TEAAYPOM, C YAYYIHEHHEIMH 3AeKTPOXUMHYECKH-
MH, (PH3HKO-MeXaRHYECKHMHU U IHEPIeTHIECKEMH XapaKTePHCTHKaMMU;
- Ppa3paboTaHHEE COOCOOH NOAYYEHUS KOMIO3ZHIHOHHEIX aHOAOB Ha OCHOBE
THTaHa C IPOMEXYTOUHHIM CAOEM H3 cepedpa M aKTHBHRM (ha30BHIM CMe-
IIAaHELIM CAOEM M3 AHOKCHAOB CBHHIA M MapraHua;

- Me€XaHHu3M M KHHETHKA QJOPMHPOBaHHﬂ (1)&3OBLIX CAO€B Ha aHOAAX M3 CBHH-

Ia ¥ COA3BaX Ha €ro OCHOBe IPY IOASIPH3ANMHE B CEPHOKHCAKIX PaCTBODAX;
- Pe3yABTaTH HCCACAOBAHMS IAEKTPOXHMHIECKOro HOBEACHHS aHOAOB B CTaH-
AAPTHHIX M OPOMEIUAEHHBIX PAacTBOPaX NP 3AeKTPOU3BACICHAM MeAH, OHH-
Ka H 30A0Ta;

- PE3YAbTaTH HCCAEAOBaHHS BAWSHMSA AETMDOBaHHS cepeGpoM, aHTHMOHOM,
BHCMYTOM H AONOAHATEABHOIO MHKPOAETHDOBAHHA CeACHOM H TEAAYPOM Ha
9AEKTPOXUMWYECKHe # (DU3AKO-MeXaHHYeCKHe CBOMCTBA M KOPPO3HECTOMH-

KOCTh- aHOAOB Ha OCHOBE CBHHOE!

- Pe3yALTATH HM3yYeHAA BAMSIHHMS TePMOMEXaHHIEeCKOM 06paGoTRu Ha CTpYK-
TYPY, KOPPO3HOHHYIO CTOHMKOCTb M MeXaHMYeCKHe CBOMCTBA QHOAOB M3 CIAa-
Ba CBHHIA C cepebpoum;

- PE3YABTATEl KOPPOSHOHHHIX HCHOHTAHHY HEPaCTBODEMHX H KOMIIO3UIAOH-
HEIX GHOAOB B PaSAHYHHIX CPEASX K DPerKHMaXx;

- YCTaHOBACHHEIE ONTHMAAbHBIE TEXHOAOTHIECKHE M JIHEpPreTHIeCKHe mapa-
METPLI SJA€KTPOUIBACICHHS MEAH, IMHKA U 30A0Ta U3 PACTBOPOB HX BHINI[eAa-
UMBAHHA C MCHOAL3OBAHMEM Da3paGOTaHHEIX HEPACTBOPHMEIX H KOMIIO3HIH-
OHHEIX aHOAOB.

AnpoGanna pa6orsr. OCHOBHHE TOAOKEHHUS AHCCEpTanmuy AOKAa-
ABIBAAWICL M OGCYXRAGAHCh Ha €XETOAHEIX HayYHBIX KOH(pepeHOUsAX B
l'ocyaapcTeeHHOM HEXeHepHOM yHEMBepcHTeTe ApMenuM (r. EpeBam 2001-
2007rT.), Ha MERAYHapPOAHOM HAyHO-IPAKTHIECKON KoH(epennun “Uudop-
Man@OHHbIE TEeXHOAOTHH: HayKa, TeXHHK3, TEXHOAOTHS, ofipazoBaHHe,
3a0poBee” (r. XapekoB, 17-18 mMas, 2007r.), Ha X MERAYHAPOAHOM KOH-
¢depennmu “Hydrogen materials science and chemistry of carbon nano-
materials” (r. Cyaak, YKpauna, 22-28 cenTa6ps, 2007r.) u Ha MeSRAYHAPOAHOMH
KOH(pepeHNMA 0O XMMHM ¥ XEMUIECKOH TeXHOAOTHH (r. Epesan, 22-25 oxTs-
6ps 2007r.). _

PesyAbTaThl paGoOTE! GHIAM OGCY)KAGHH B RKOMIIAHHW "Deno Gold Mining
Company” (r. KanaH) 7 pPeKOMEHAOBAHH K BRAIOYEHHIO B IIAQH BHEAPeHHS
HOBOH TexHWKH. Pa3paboTaHHEIe amOAHEIE MaTepHaAHWl B BHAE CIIAABOB HA
OCHOBE  CBHHIA BHICOKOA  9HCTOTH, IIOAYYEHHOTO H3  MECTHOTO
TOAMMETAAAMYECKOr0 KOHIEHTPATa, & TAKKE HEPaCTBOPHMHIE aHOAH GHIAK
HCHEITAHE B AAGOPATOPHEIX M HOAYNPOMEINACHHHX YCAOBHMAX B OTKPHITOM
aROHOHEpHOM ofmecTBe “OAeKTPoH", T. EpeBal u B Kommamum GeoPro-
Minning Gold LLC, r. EpeBaH H PeKOMEHAOBAHH AAS BHEADCHHS B IIPOH3-
BOACTBO. )

ITyoarnkagua, OCHOBHOE COAEDIRAHME AMCCEPTAIHY OITyOAMKOBaHO B 24-X
HAy9HEIX CTaThsX, W3 HEX 9-3a IpepeAaMH ApMeHuH; 8 paGor OmyGAMKOBaHEI
B HHAMBHAYaABHOM mOpspKe. Croco6 NOAYYeHHS KOMIOSHIHOHHBIX GHOAOB
3alEAINEH 2-Msa DaTeHTaMH Ha H306peTeHue.

CIpYKTypa H 065eM paboThl. AVICCEPTaNMsi COCTOHT U3 BBeACHHS, IIEeCTH
TAaB, OOLIMX BHIBOAOB, CHOHMCKa AHTEpATypH (217 HAaUMEHOBAHHH) W IpPHAO-
XeHui (3 wr.). PaboTa M3A0KeHa Ha 257-M CTpaHHMIAx TeKCTa KOMIIBIOTEp-
Horo HaGopa, BRAIoYast 70 PECYHKOB H 24 TaGAUMHL

OCHOBHOE COAEP)XKAHUE PAGOTBI

Bo BBE€AEHHH 06OCHOBaHA AKTYAaABHOCTH TEME AHCCEPTanHoOHRHOX pabo-
TH, cOPMYAHpPOBaHH HEeAb M 3aAaYa HCCACAOBAHHS # OpeACTaBA€Ha Hayd-
Hasl HOBH3HA M MPAaKTAYECKas 3HATMMOCTh. [IpHBEACHH HaydYHEE MOAOIKeE-
HHUS, BEIHOCHMEIE Ha 3aIIUTY.

B neppo# raape npuBeAeH AMTEPATYPHEIN aHaAU3 8HOAHEIX NMPOIIECCOoB,
CTPYKTYPH H CBOMCTB AHOAOB U AHOAHBIX MaTEDHAAOB, NpUMEHIEMHX B
THAPOSACKTPOMETAAAYPIHHA. 3 HETO CAEAYeT, 9TO TeXHOAOTHYEeCKHe, 3Hep-
TeTHIECRHE M SKOHOMUIECKHe NAPaMETPH IACKTPOH3BAECKATEALHEIX IpOMEC-
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COB, Ra7eCTBO KATOAHEIX OC3AKOB H 3KOAOTHYECKHE MOKA3aTeAH IPOH3-
BOACTBA BO MHOTOM ONPEAGATIOTCS IOBEAGHHEM NPHMEHSEeMEIX AaHOAOB.
OaHako uMerolMecs B AMTepaType AaHHEE HEAOCTaTOYHH AAS OOBSICHEHHS
C €AMHO# TOYKM 3PEHMs IIOBEACHHS M CBOMCTB aHOAOB B mponecce 3AEKTPO-
H3BAGYEHHS B 3aBHCUMOCTH OT MX COCTaBa M CTPYKTypH. HepocTaTouno Hn3y-
9CHH KHHETHYECKHEe 3aKOHOMEPHOCTH AHOAHEIX DeaKkUHil, BAMSHHE aHOAHO-
T'o MaTepuara Ha GOPMHEPOBaHHE CTPYKTYPHI M CBOMCTB ©¢a30BEIX CAOEB, a
TaK’Ke OCOBEHHOCTH NaCCHBAMA aHOAOB.

AHAAH3 NOAYYEHHS AHOAHHIX CIIAGBOB, 3aKOHOMepHOCTeH GopMHpOBa-
HUsl QKTHBHHIX (Da30BEIX CAOEB Ha aHOAE, a TAK’Ke TEXHOAOTHH H CIIOCOG0B
H3TOTOBACHHS KOMIO3HIHOHHEIX aHOAOB IIOKa3HIBAeT, UTO BCE euje He HC-
depnaHH TeXHHJeCKHe BO3MOJKHOCTH HEPACTBOPDHUMHIX aHOAOB AAS o6ecle-
9EHHS BO3PACTAIOIIMX TpeGOoBaHMil, NPEABIBASEMEIX K HEM., Ocobo aKTyaAeH
BOIOPOC MPABHABLHOTO BHGOpPA AETHPYIOLOHX 3AEMEHTOB, KOTODHE, MOAHMGM-
IUpys KPHCTAAAMIECKYIO CTPYKTYPY METaAAMdEeCKOH OCHOBHI aHOAA, MOTYT
He TOABKO CHOCOGCTBOBAaTE NOBHINEHHIO KOPPO3MOHHOM CTONKOCTH aHoOAQ,
HO M MeHbIIe 3arpA3HATh IACKTPOAHT M, CAGAOBATEALHO, OCA’KAAEMEIX Ha
KaToA€ MeTaAA, IpH 3TOM He CHMJKad BRIXOA IO TOKY MeTaara. SHadw-
TeABHYIO HePCHEeKTHBY HIPEACTAaBASIET HCIOAB30BaHHE CIAABOB C NOBHIIEH-
HOH PpacTBOPHMOCTHIO ACTHDYIOUIAX 3AEMEHTOB B TBEPAOM COCTOSHWH,
OTCYTCTBHEM MAaKpO- W MUKDPOAMKBAWH, HaAMIMeM aMOP(MHEIX H MHUKpO-
KPHUCTaAAMIeCKUX (a3 # Ap. [Ipu npuMeHeHMH TEepMOMEXaHWYecKo# obpa-
GOTRM @HOAHEIX CIAABOB BO3MOKHO TaKKe YAYULIHTH CTPYKTYPY, YBEAHIHTH
NPOYHOCTHEIE CBOWCTBA M KOPPO3HOHHYIO CTOMKOCTh aHOAOB, H3TOTOBAEH-
HBIX Ha MX ocHOoBe. Kpome 3TOro, yMeHbiast MEPEXOAHOE CONPOTHBACHHE
MeXAY TIOAAOKKOX M aKTHBHEIM (ha30BHIM CAOEM KOMIIO3HIHMOHHOTO aHOAR,
MOJXHO 3HQUMTEABHO HMOBBICHTH €r0 TeXHHWYECKHWe M 3KCIAyaTaOUOHHHE Xa-
PaKTepHCTHKHA.

Brimen3AoKeHHEE TEOPETHIECKHE M TEXHOAOTHMUYECKHE IPEANOCHIAKH
IOCAY>KUAY OCHOBOH AASL CO3AAHMS HOBHIX @HOAHEIX MAaTEPHAAOB, IPHMEHS-
€MEIX B IpOIECCaX IHMAPOJACKTPOH3BACHEHHsT MeTaaroB. Ocobas Iepcmek-
THBA NPHHAAERKHUT QHOAHEIM CIAABaM W KOMIIO3WIMOHHEIM aHOAAM, H3ro-
TOBAGHHBE(M H3 YHCTHIX METAAAMYIECKHX KOMIOHEHTOB, IOAYYEHHHIX Ha OC-
HOBE MECTHOM HOAMMETAAAWYECKOH DYAHL

Bo BTOpOH IAaBe OUPeAGACHE METOAMKH HCCAGAOBAHMH, IPEANOIKEHE!

CXeMHl H KOHTPOABHO-H3MEpPHTEAbHAas anmapaTtypa AAA H3y4eHUs 3aKOHO-

MEPHOCTEeM B3aMMOACHMCTBHH B NpOHeccaxX M3BAEUEHHS METaAAOB, 3AEKTPO-
XNMHI€CKHAX, KOPPO3HOHHHIX, (PM3HKO-MEXaHHIECKHX CBOWCTB AHOAOE M
AQHOAHEIX MaTEPHAAOB, a TakKe HX.IIOBEACHWEe B Da3AMYHEIX 3A€KTPOXUMH-
9eCKMX nponeccax. Ilpu ncmernai;iun OPHMEHEHH XHMHYECKHH, 3A€KTpo-
XHMHYECKHAH, MeTaarorpacdwueckuil, peHTreHoda3OBHI, 3MHCCHOHHO-CIIeK-
TPaAbHHIE, aTOMHO-aGCOPGIMOHHEIA U APYTHEe METOAR aHaAH3a. OKcmepuMeH-
TaAbHEIE AGHHEIE OOpaGOTaHEHI C Y9eTOM TOTo, YTO CAyYaiiHEle OMmMGKY Hn3Me-
PeHHs TIOAYMHSIOTCS HOPMAABHOMY 3aKOHY PacHpPeACACHHS BEPOATHOCTeE!!,

B 1persedt r1ape 3KRCIIEPAMEHTAABHO HCCAGAOBAHA TEXHOAOTHS HOAyYe-
HHASL A3 NOAMMETAAMYECKOro KOHIEHTPATa, IPOHUZBEAEHHOro u3 MeCTHOTrO
CHIpPbA, YHCTHIX KOMIIOHSHTOB GHOAHHIX CHAAGBOB M IIPUIOTOBACHHMS Ha WX

OCHOBE AHOAHEIX MATEPHAAOB. BRIIOAWEH TEPMOAMHAMHYECKHIH aHAAH3 CyAb-
¢aTanuy npH OGKHTE MOAMMETAAAKIECKOIO KOHUDEETpPaTa A CEeACKTHBHOTO
BHIIIEAQUMBAHHSA METAAAOB. V3ydeHO HOBEAGHHME OCHOBHEIX KOMIOHEHTOB
(Pb, Cu, Zn, Fe) OANMETAAAMECKOrO KOHOEHTPaTa NpPH CYAb(DaTH3HpPYIO-
meM ofJKure C yIeToM 0COGeHHOCTel RoHHeHTpaTa. [TokasaHo, 910 CcyAbda-
TH3HPYIOIHNH OOKAT MEePSBOAUT CYAB(MAR OCHOBHBIX METAAAOE B CYABGIaTHI
- CuSO,, ZnSOQ,, Fe,(SO,); u PbSO,. a cyrsdarn MepH, OUHKA X Tpexsa-
AEHTHOTO JKeAe3a XOPOLIO PACTBOPSIIOTCA B BOAE.

CyabhaTH3HpPOBAaHHEEIN IPOAYKT HMOABEPTA¥ BHIIEAQYHMBAHHIO CAAGLIM
CEPHOKHCARIM pacTBopoM (8% H,SO,) npu oteomesmn T:)K=1:8 u menpe-
PHIBHOM IepeMelMBAHHA B TeYeHHe 3 4 OpH TeMmeparype 70°C. IToAywen=
Has myAbna 6EIAA paspeAeHa Ha TBEPAYIO H JRHAKYIO (hasml,

PaspeAnHoe BHIAGACHHE METAAAOB H3 JKHUAKOH (a3 PacTBOpa He MpeA-
CTaBASIET OCOOBIX TEXHOAOTMYECKHMX TPYAHOCTeH. BHadare H3 OT(hHABTpOBaH-
HOrO pacTBOpa BHAGASETCH JKeAe30 C HOMOINBIO KayCTHYECKOH COABI, [OA
BospeHicTBHeM KoTtopo# mpH pH > 53..5,5 Reaezo ocarpaercst B BHAe
Fe(OH);. T'uAPORCHAHEIH OCaAOK OT(QHABTPOBEIBAETCH, IPOMHEIBAETCA TODSA-
Hed BOAOH H BHICYMMBAETCA NPH Temmeparype 110...120°C. 3areM BriCymeH-
HEI THAPOKCHA IIOABEPraeTCs ACTHAPATaO¥OHHOMY OTNYCKy HPH TeMmepa-
Type 470°C B Tewemme 1,5 4. I'mApaTHas BoAa YAAAMeTCs IO peaKIuH:
2Fe{OH);=Fe, O, + 3H,0. Oxcup xReaesa (~99,7% Fe,O,) mpuropen ard mo-
AYYEHHSI METOAOM ra30BOIO BOCCTAHOBAEHHS JXEAE3HOIO MOPOINKa, HMCHOAB-
3yeMOro B ITOPOLIKOBOH METAAAYPIHM AASl H3TOTOBACHHS KOHCTPYKOHOHHHEIX
AeTareH MalllMH.

Meap BHITECHAETCS H3 PAcTBOpa METOAOM IEMEHTAalMHM C MCIOAL3OBa-
HHeM >XeAe3HOro CKpama. Aaree meMeHTHasi MeAb oOpabaThBaeTCsl B TeYeHHe
9aca MOAKUCAEHHEIM MEeAbCOAep’RamHM pacTBopoM (12 r/A Cu, pH ot 1,8 a0
2,5) mpu 50°C. OThHABTPOBAHHEIH, IIPOMEITEIH M MOACYLHEHHENH B 3aIl{HTHON
arMocgepe 0capoK COAEPRAT AC 98% Cu. OT’RAroM MOACYIIEHHOIO OCapRa B
arMocgepe BOAOPOAA COAEPIRaHME MEAH HOBHIUIaeTcs A0 99,8%. IMoaywaercs
MEAHBI MOPOIUOK, IPHTOAHBIH AASl HCHOAB3OBAaHHS B IIOPONIKOBON MeTaA-
Ayprumu.

OcTaBIOMiCS B PacTBOpe IUHK H3BACKAeTCH IACKTPOOCARKACHHEM, TTO
IO3BOASIET OAYYaTh KATOAHHIH IUWHK BEICOKOM YHCTOTH (> 99,99%).

B TBepaoM OCaAKe KHCAOTHOTO BHIUEAAIMBAHHS (K€K) OCTAaeTCs CyAb-
¢daT cBHHIJA BMECTe C PSAAOM CONYTCTBYIOIOMX METAaAAOB, B TOM wuMcAe Au H
Ag. H3BreueHHe CBHMHIA M3 KeKa OCHOBAHO HAa BO3MOJKHHIX B3aHMOAEHCT-
BUAX B cucreMax PbSO~NaCl u PbCl,-NaCl, BATIONIMXCA 9aCTHEIMM CAY-
JasiMU CHCTEM, XapaKTepHU3YIOIHX B3aHMOPACTBOPMMOCTE TAAOTEHOB METaA-
AOB B BoAHOM cpeae. CucreMa PbSO,~NaCl B BoaAHOM cpeae mpeacTaBAseT
cobo#t Ty xe cucreMy PbCl,-NaCl, B KOTOpo# A00aBOYHO Y4aCTBYIOT CyAb-
¢arabie HoHH — SO,%. CyAbGaT CBHHDA B PacTBOPax IIOBAPEHHON COAH pac-
TBOPsieTCH IO 0GpaTAMON DeaKnHH:

PbSO, + 2NaCl & PbCl, + Na,SO,. (1)

OO6pa3oBaBUIAACS XAOPHA CBHHIA PAacTBOPSETCA HPH H3GHITKE INOBa-
PeHHOH CoAH. OAHAKO paBHOBECHE peaKIUy HapyllaeTcsi HaKalAHBAIO-
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muMcs B pacTBopax  SO,>. Bo m36exaHHe HaKOIACHUS Na,SO, B pactsop
AOTIOAHWTEALHO BBOAHAM xAopHA Rarsmus (CaCl) B KOAMYecTBe, 3KBHBa-
AeHTHOM KOAHYECTBY HaKamiupatommxcs SO,%. XAOpHA KaABIMS CBS3EIBaeT
ocBoGoXRAarol@ecss HoHH SO,* B HEpacTBOPHMEI CyAbgaT KaAbIHS, KOTO-
PHIA ACTKO YAQASIETCSI H3 PacTBOPa ¥ MOJKET OHITH MCIIOAB30BaH Kak CTpoHu-
TEeALHHHA MaTepPHaA.

OnTHMasbHHE YCAOBHS BHINEAAYHBAHUAS:

- CoAep’KaHWe HOBAPEHHON COAM B pacTBopax 250 r/a;

- KOAHYECTBO XAOPHCTOrO KaAbIHS 3KBUBAACHTHO KOAHIECTBY CEPHON

KHCAOTEL;

- TeMmuepaTypa pacTBopa 60°C;

- otHomenue T:)K =1:§;

- TPOAOMAKHTEABHOCTH IlepeMellBaHuA 4 d.

Ilo AQHHEIM XUMPYECKOro aHaAW3a CBMHEN U3 TBEpAOi da3u nourH
DOAHOCTEIO (A0 96%) mepexoAuT 8 pactBop. ITocae BrmmeArawmBaHms CBHMHIA
¥3 TBepAOH (hashl PACTBOPH OUMINAAM OT KEKOB OTCTaHBaHMEM (BEIMy4HBa-
HEE) B crycTETeAe. CrylmeHne OYABII CAEAYET NPOBOAHTL B TOpsYEM COCTOfM-
HuY — Bhune 70°C (TeMmepaTypa KHIIEHHSA KOHIOEHTPHPOBAHHEIX XAOPHAHHIX
pacrsopos 106°C).

AAs parpHelimell nepepaGoTKA. KEK IOABEpraerTcs OWaHNPOBAHMIO PacT-
BopaMe NaCN ¢ meablo IKCTPaKUHH H3 PaCTBOPOB TAKHX METaAAOB, KaK 30-
AOTO ¥ Cepe6po, C NpAMEHEeHHEeM XOPOILO H3BECTHHIX TEXHOAOIHI.

Brira mpuMeHeHa IeMeHTAanHMs CBUHIA JKEAC3HHM CKDAmoM. Ipr sToM
CBHHEI] BOCCTAHABAMBAETCS IO PEaKIUH:

PbCl, + Fe=FeCl, + Pb° (2)

OnTEMaAbHEIE YCAOBHS HEMEHTAOUH CBHHIA M3 XAODHAHOTO pacTBopa
CAeAyIomze:

- Pacxop JKeAe3HOro ckpamna Ha 20% Goabllle TEOPETHIECKOrO KOAMYECT-

Ba;

- TeMIieparypa pacTtBopa 60°C;

- IPOAOAJRHTEABHOCTD epeMermyBagud 3...3,5 1.

Vi3BAeueHHe cBHHOA M3 pacTBopa cocTaBAseT 94..95%. OCTaTok cBMHOa
MOJKHO CHOBa IEMEHTHPOBAaTh YK€ IHHKOM, a M3 IOAYJEeHHOIO pacTBOpa
3AEKTPOAM30M H3BA€Yh IHHK.

[locare memenTanmuu CBHHNOBYIO TyOKYy OTAGASIAM OT PacTBOPa, NPOMEI-
BaAH, CyIIHAH, GPUKETUPOBAAd Ha Ipecce, a 3aTeM PAClAABASAM M OTAMBAAY
B BMAE UAACTHHEL Takue IAACTHHH B Ka9eCTBe PACTBODUMEIX AHOAOB B A@Ab-
HeifieM GHIAY NOABEPIHYTH 3AEKTPOAU3Y AAsl pabHHHPOBAHMSA CBHHIA.

OrpaboTanHENd XAODHAHHH PpacTBOp OYHINAAM OT JKeAe3a TalleHHON
m3secrsio (Ca(OH),)). Ilpm sToM PereneprupyeTCss XAOPHCTHI KaAbOuit, a
OUMINEHHLIA DAcCTBOP BO3BPAIAETCH AAS BHIIEAATABAHMS HOBEIX nopouit Ke-
KOB KHCAOTHOrO BHIUEAAYHBAHA.

AA1 PaEHEPOBAHMA CBUHIOBHIX IAACTHH NPHMEHSIAM SAEKTPOAM3 ¢
PacTBOPHMBIMK aHOAAMH. TaKHe QHOAH M3TOTOBASIAM U3 TIOAYYE€HHHX CBUH-
OOBHIX INAGCTHH METOAOM AHTHA. B KaJ€LIBE 3ACKTPOAHTa HCHOAb30BaAW
CyAbGGMMHOBHIH pacTBOp, cocrosumit u3 40..45 /A CyAbpaMUHOBOH Kucao-
TH (HSO,NH,) 1 70..75 r/A cBHHEOBOM COAM CYAL(AMHHOBOH KuCAoTH
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(Pb(SO;NH,},). CyAnhaMnaOBasi KMCAOTa-KPHCTAAARIECKOE BEMIeCTBO, KOTO-
Poe ACTKO AMCCOOMPYET ¥ OTHOCHTEABHO XOPOIIO IIPOBOART JAEKTPHYECTBO.
IMpu sreKTpoAH3e BO3MOKHEI CAGAYIOLIHE KAaTOAHEE PeaKIHA:
Pb?* +2e—Pb, E°,2* /== 0,126 B; 3
2H* +2e—H,, E°H*/H,=0 B. 4)
OAHaKO Ha KaToAe HPOMCXOAMT NPEUMYINECTBEHHO BOCCTAHOBACHME
CBHHOA. 3TO OOYCAOBAGHO TE€M, 34TO AAS BHIAGAGHHS CBHMHIA Ha KaTOAE C
AOCTaTOYHO¥ CKOPOCTHIO HEOGXOAUMO HOAAEPIKMBATh He3HAUHTEALHOE mepe-
HampsoReHwe (< 0,1 B), Toraa Kak IepeHanmps’KeHHe HOHOB BOAOPOAR NpH
25°C U KaTOAHOI MAOTHOCTH TOKRa 100 A/M? coctaBasieT 1,09 B.
EAnHCTBeHHOM aHOAHOH peakumei SIBASIETCA PAacTBOPEHHEe CBHHIA: —
Pb—Pb** + 2e, E%,2* pp=— 0,126 B. 5

Peaknusi OKUCACHHA BOAH C BHIAGAGHHEM KHCAOPOAA Ha aHOAE He IIPOHC-
XOAHT, TaK KaK 3ACKTPOAHHIA MOTEHOMAA 3Toro mpomnecca (E°H,0/0,=1,23 B)
SHAYMTEABHO HPEBHIUAeT MoAApH3amaio aHopa (0,2 B), a 1akke moreHmman
PacTBOPEHHAS IAEKTPONOAOKHTEABHEIX aHOAHHIX LIpEMeceii.

AEKTPOAH3 IPOBOAHAM NIPH CAEAYIOIIEM peXXKHMeE:

- HanpsiKeHHue Ha BaHHe 0,5 B;

- aHOAHas IAOTHOCTH ToKa 175 A/m%

- cocras 3AeRTpoArTa: 40...45 r/A HSO;NH,; 70...75 r/A Pb(SO,NH,),;

- TeMmeparypa 3AekTpoanTa 35...38°C;

- CKOpPOCTh KHPKYASOHMM pacTBopa 8...10 A/MuEH.

B KavecTBe NOBEXHOCTHO-aKTHBHOTO BeUIECTBA B 3ACKTPOAHMT AOOABHAM
CTOASPHEIA KAeli B KoamdecTse 0,3 I Ha KT CBHHOA. OTO CHOCOGCTBOBAAO HO-
AYYeHMIO IIAOTHOTO KaTOAHOTO OCaAKa.

Kak u caepoBaro oxuparh, %epe3 20..30 MHH 3AEXTpPOAH3a aHOAM
TMOKPHIBAAMCH CAOEM [IAaMa, 9TO BHIHY’KAGAO IEPHOAMYECKH CHHMATE HX C
BaHHH ® oyMinaTh. HakomAaenwe IMiraMa BHI3BAHO TeM, YTO COAEPIRALOUECH B
AHOAAX 3AeMeHTH GoAee 3AeKTPONOAOKUTEALHH, YeM CBHHEN, He pacTBO-
PSIOTCS B 3A€KTPOAHTe H OCTAIOTCHA Ha aHoAe, o6pa3ys maaM. OueBHAHO, ITO
OpH PacTBOPeHHM &HOAOB BMECTe CO CBHHIOM HEPEXOAAT B 3AKTPOAHT M
6oaee 3AE€KRTpOOTpHUOATEAbHBIE, 9eM CBHHEI] 3AeMeHTH Zn, Fe u Mn, co cran-
AAPTHHEIMH JAEKTPOAHRIMH moTeHOmuaraMu — 0,763; — 0,440 1 - 1,05 B coor-
BETCTBeHHO. KaTOAHEIH OCaA0K HMeA IAOTHYI0 H POBHYIO MOP(OACTHIO H
MEAKO3EPHHCTYIO KPUCTAAANIECKYIO CTPYKTYPY.

ITo xmMHEYecKOMy COCTaBy KaTOAHEIA OCAAOK (99,99% Pb) mpakTwaeckm
cooTBeTcTBYeT cBMHIY Mapku CO (99,992% Pb) no I'OCT 3778-74. o aan-
HEIM 3MMCCHOHHO-CIIEKTPAAbHOrO aHaAM3a B KaveCTBe NpWMecel KaTOAHELL
0capok copepiRuT, 1072 %: Cu(0,9); Zn(1,3); Fe(0,74); Sb(2,1); Cd(0,68); Bi(0,01);
As(0,05); Ag(1,2).

Brrxop, cBuHOA mO TOKy cocCTaBAseT 94%. Pacxop 3AeRTposmeprmm
155...160 kBT-9/T.

TexmoAormaeckas cxeMa (PHC. 1) COCTaBAGHa IO Pe3yALTaTaM HCCAEAOBa-
HMH NIPONecCOB KOMMNAEKCHOM HepepaGOTKHM HCXOAHOIO NOAHMETAAAMYECKO-
TO KOHIEHTpaTa C CEAEKTHBHHIM TIHAPOMETAAAYPIHYECKHM W3BACUEHHEM

- CBHHIIQ, IIHHKa, MeAH, a TaKyXe IOITyTHEIM OCa)RACHHUEM OKCHAA KeAe3a.
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MOAMMETAAAMIECKOro KOHIleHTpaTa
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A@HE OpHHIMIHMAAbHBIE PEINERUA ST HSBACYCHWS CEACHA, TEAAYDA, 30A0-
Ta ¥ cepebpa H3 IPOMEXYTOYHHEIX KEKOB KHCAOTHOTO B XAODHAHOTO BHIIIe-
AQUMBAHEH, & TaK)Ke 0 BOHPOCAaM OEACYAABAHMBAHHSA H a300YUCTKH.

AAfl M3YYeHHS 3AEKTPOXMMHYECKOrO MOBEACHHS W CBOMCTB aHOAHEIX
MaTepHarOB NPH BHEINHeH NOAAPH3anuWM pa3paGoTaAR psip, GHHADHHIX H
TPOMHEIX CNAABOBE Ha OCHOBe payMHHMpOBAHHOro CBHHHa (99,59% Pb), moay-
9eHHOro mepepaGoTROM IOAMMETAAAKIECKOTO KOHIEHTpaTa, IPOH3BEAEH-
HOro Ha OCHOBE MECTHOIO CHIpbS. B KaueCTBe OCHOBHOrC aHOAHOrO MaTe-
pHara CBHHEN BHIGpaH C yY€TOM ero CPaBHHTEARHO BEICOKOM KOPPO3HECTOM-
KOCTH B CEPHOKHCARIX PpacTBOPaX, YAOBAETBODHTEABHHIX (PH3HKO-MEXaHH-
9eCKUX, SACKTPOXMMHIECKHX CBOHCTB, HMSKOH CTOMMOCTE # HeAeHIHT-
HOCTH. VicHnoAB30BaAH TakKKe pah)MHHPOBAHHEIE (IIEAOYHEIM cmoco6oM) Ma-
AOAETMPOBAHHEIE CBHHIOBO-CYPBMSIHHCTHIE CIOA3BHL (A0 3,65% Sb), moay-
YeHHHE [0 pa3spaGoTaHHOH HaMU TeXHOAOTHHM M3 BTODPHYHOrO CBHHIOBOTO
CHIpbS (aKKYMYASTOPHOTO ACMa).

Oanaro AMTHE AHOAR! M3 WHMCTOrO CBMHIA HMEIOT OTPaHHIEHHOE IpH-
MeHeHMe, B OCHOBHOM H3-3a HH3KOH MeXaRHYeCKOH IPOYHOCTH, CKAOHHOCTH
K MeXKPHCTAAAHMTHOH KOPPO3HM (KpYNHEIE 3€DHA CBMHIA B AHTOM COCTOS-
HHAM), a TaK)Ke BRICOKOTO IIePEeHApSKeHHS BHAGACHHS KHCAOPOAQR, YBEAMUH-
BAIOIIEr0 HENPOH3BOAHTEABHYIO COCTaBASIOINYI0 B GaraHCe HaNPSUKEHHS
3AEKTPOAM3epa. AAs YAYULICHUS SACKTCOXHMMYECKMX H (DPH3MKO-MeXaHWdec-
KHX CBOWCTB, a TakKKe NOBHLICHHs KOPPO3HMECTONKOCTH aHOAOB HX Aerupo-
BAAH PasAMYHEIME METAaAAAME C YI€TOM OCOGEHHOCTei (hM3UKO-XHMHMH AETH-
POBaHMs CBHHIIOBOM OCHOBHI.

Bribop Aerupyroimux A06aBOK OPOBOAMAM HCXOAS M3 HX BAMSHHS Ha MH-
KPOCTPYKTYPY ¥ CBOHACTBa CBHHIA. [Ipd 3TOM yuMTHIBAAMCH HX MoAEDHIH-
pyiomee BAHMsSHHe (p-3AeMeHTH(Sb, Bi, Se, Te) B HeGoAsmx KOAMYECTBaX) 1
MeXaHW3M AEHCTBHS (MPY GOALIMMX KOHIEHTPAnUsX CYpbMHI H BHCMyTa) Ha
CTPYKTYPY OCHOBH aHOAHOrO MaTeprara. KpoMe 3TOro, AAT OKRazaHHs
3AEKTPOXHMHMIECKH-KaTaAAUTHIECKOTO BO3AEMCTBHSA Ha aHOA MCIOAL3OBAAH H3
d-aneMeHTOB cepeGpo, KOTOpoe CIOCOGCTBYET IepepacHpeACACRHIO aHOAHRIX
nponeccos. PanMOHAABHEIA COCTaB AHOAHEIX CHOAABOB BHIGHDAAR WCXOAS U3
AMarpaMMH! COCTOSIHHSI ABOWHLIX CHA3GBOB C YIeTOM (DPH3MKO-XHMHM AETHpO-
BaHMs CBHHIOBOM OCHOBHI, YTOOH IOAYIHTH OAHO(A3HEIM, TOMOTeBHHIM TBEp-
AL PacTBOP MAM AOBECTH AO COCTaBa, COOTBETCTBYIOLIEro 3BTeKTHKe. Brep-
Bhle HaMM OHIAM HCHOOAB3OBAHE! CypbMa M BHCMYT B GOABIIMX KOHIEHTpa-
OUAX, KOTOPHE, 06pa3ys roMoreHHEe TBEDAHIE PAaCTBOPH CO CBHHIOM, 3Ha-
9UTEABHO NOBHIIAIOT €r0 TBEPAOCTh. MicoAb30BaHHe CeAeHa M TeAAypa B Ka-
9YeCTBE HOBHIX AETHPYIOIIHX 3A€MEHTOB CHOCOOCTBOBAAO HE TOABKO M3MEAb-
9eHHIO CTPYKTYPhl QHOAHOrO CIAGBA, YeM H OGYCAOBAGHO NOBHIIEHHE KOp-
PO3MECTOMKOCTH aHOAR, HO ¥ OGPa3oBaHMIO IAOXO PaCTBOPHMHIX MHTepMe-
TaAAHAOB C CcepeGpoM-CeAeHHAOB ¥ TeAAYPHAOB (Ag.Se, Ag,Te), npoussepe-
HPe PaCTBOPMMOCTH KOTOPHIX MMeeT HH3KYIo BeAwunHy ([TP~10%). 3tu dasu
BHIIIOAHSIIOT 3ACKTPOXMMHYECKH-KAaTIAHTHIECKYIO POAL M Ha HMX BRIAGACHHE
KHMCAOPOA@ IPOTEKaeT IpH GoAee HH3KOM NEPeHANPsUKeHUM, 9eM Ha CBHHIE.
YUYHTHIBaAACE TaKXKe Ae(DMITUTHOCTh U S3KOHOMHS ACTHPYIOIIUX A0DABOK.
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OnurTaEe 06pa3nkl ABOMHEIX CIAABOB H3TOTOBASIAM IIePENAaBKON KOMIO-
HEHTOB, & TPOMHLIX CHOAABOB — NEPENAABKOH GasoBoro cmaasa Pb-Ag c po-
GaBKaMH CeA€Ha HAH TEAAYPa, HCHOAB3YA COOTBETCTBYIOUIME CBHHDOBHIC AH-
raTypH. IIA\aBKY IPOH3BOAMAM B IPA(PUTOBEIX THTASIX IOA CAOEM rpachHTOBO
KPOIIKH HAH AErKOMAABKOH coam Na,B,0,;10H,O npm TeMmeparypax, oTe-
Jalomux 06pa3soBaHUIO rOMOTE€HHEIX PacnAaBoB. B mpomecce maaBRu # mepep
AMTBEM PACIAAGB NOABEPTaAH METCHCHBHOMY IepeMeINMBaHMIO. AHThEe HPOBO-
AMAM B METAAAHYECKHMX H3AOXKHHIEX, HPEABAPHTEABHO MOAOIPETHIX AO
100...120°C. AAaa ycTpaHEeHHS BO3MOXKHOM CTPYKTYPHOH HEOAHODOAHOCTH
COAGBOB OTAMBKH HDPOKATHIBAAM Ha BaAbIax.

B TaGA. 1 npHBeAeHE! A@HHEIE YAEABHOTO 3Aex'rpocoupom;\e1mx M TBep-
AOCTH pa3paGOTaHHLIX CIAABOB. Kak M CAGAOBAAO OKHAATH, ACTMpPOBaHUe Ag,
Sb, Bi, Se u Te, HMeroljee pasAUTHOE BO3ACHCTBHE Ha TNOBEACHHME aHOAOB,
OPHBOAWT K 3HAUNTEABHOMY H3MeHeHHIO (PH3UKO-MeXaHW4ECKHX CBOMCTB
CIIAABOB Ha OCHOBe CBHHEA IO CPaBHEHHIO C YHACTHIM CBHHIIOM.

Tabamma 1
YaeAbHOe 3AeKTPOCONPOTUBACHHE H TBEPAOCTb CIIAZBOB
Ha CBHHOOBOM OCHOBE B AWUTOM COCTOSHHM

YaeAbHOe 3AEKTpO- TBepAocn,(HB),
CocraB cnAaBa COIPOTHBAEHHE, MITa
1070OM-M
Pb+0,3% Ag 2,36 67...69
Pb+0,5% Ag 1,48 72..74
Pb+0,8% Ag 1,07 78...81
Pb+3,2% Sb 8,97 92...93
Pb+6,3% Sb 9,01 95...96
Pb+11,5% Sb 13,82 109...112
Pb+3,5% Bi 10,47 74...76
Pb+7,8% Bi 15,76 81...83
Pb+18,2% Bi 21,38 89...92
Pb+0,8% Ag+0,2% Se 543 81...82
Pb+0,8Ag+0,15% Te 5,96 86...88
Pb(amcThIi) 3,38 50...55

PaccMaTpHBaeMEle AETHPYIOLIHE SA€MEHTH B 3aBHCHMOCTH OT PacTBOPH-
MOCTH B CBHHNOE MO-PasHOMY BAMSIOT H4 €ro YAGABHOE 3AEKTPOCOIpPO-
THBAeHEe. HanGoAninee 3HaueHHe HAGAIOARETCA Y CBHHOOBO-CYPhMAHHCTEIX
cmAaBoB. C yBeAMTIeRHeM COAEPKAHMSA ACTHPYIOUIETO SAeMEHTa B CTPYKTYDe
CIA3BOB, HOMEMO HACHIIEHHOIO PacTBOpa o-(asH, BHAEATETCS BTopas dasa
HA OCHOBE CYPLMEI, 9eM ¥ BHI3BAHO YBEAMUEHHE 3AeKTPOCONPOTHBACHHSA, TaK
KaK CyppMa OPMMEPHO B ABa pa3a Xy’Ke NPOBOAWT JAEKTPHYECKHHA TOK, deM
cBuHen, [Topo6Has TeHAeHIMA HaGAIOAAETC TakXKe y cnAaBoB Pb-Bi.

.
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W3 Bcex pacCMaTpWBAEMEIX ACIHPYIOIMUX S3AEMCHTOB HamGoAee 6Aaro-
OpYATHOE BAHAHME Ha MOAMGHIHpOBaHWE CTPYKTYPH CEWHOA OKa3hBaeT
cepe6po, OpH 3TOM 3aMETHO HOBHINAETCHA TBEPAOCTH CIAABOE (B CpepHEM B
1,5 pasa) ¥ 3AeKTPOIPOBOAMMOCTE (B CpeAHeM B 2 pasa). CHCTeMa CBHEeL C
0,8% Ag peroMeHAOBaHa KaK G6a3OBEIi CIIA@B AA  pa3spaboTKm Hepac-
TBOPMMHEIX aHOAHEIX MarepHaroB. TaKoH CHAAB Ha CBHHHOOBOM OCHOBE B AH-
TGM COCTOSIHHH, AOIOAHHTEABHO ACTHPOBAHHEIM CEACHOM R TEAAYPOM, MO-
JXeT MPOSIBASITh IOBHIIEHHYIO KOPPO3SHOHHYIO CTOMKOCTh, a TaKKe OTAMYATh-
Csl HI3KHM NepeHanpsUKeHHeM BHAGACHHMS KUCAOPOAA Ha aHOAE 3@ CYET MEeA-
KOAMCIIEPCHOH CTPYKTYPhl M 3AeKTPOXMMHYECKH-KATAAHTHYECKHX LEETPOB
H3 MaAOPaCTBOPHMMEIX HHTEPMETaAAHAOB (Ag,Se, Ag,Te).

AHOABI (pabodde 3AEKTPOARI) AAA TNOTEHIHOMETPHIECKHX H3MEepeHHii-
GHIAM H3TOTOBAEHH B BHAE KBAADPATHHIX GPYCKOB pasMepammu 4,0x4,0x50 (M),
Hepa6oune noBepXHOCTH 3A€KTPOAOB H3OAMPOBAAM 3MOKCHAHOI CMOAOM.

Ip# 43roTOBAEGHUM KOMIOO3HIHOHHEIX GHOAOB B KaUeCTBE OCHOBH BHIGpa-
AM THTaH, 0GAaAQIoOINNi NOBHINEEHHMA (DPH3HKO-MEXaHWUECKVMH B TEXHOAO-
TH¥ecKUMH cBoicTBaMA. KpoMe 3TOro, YIHMTHIBAAH 3€KTPOXMMHYECKHE CBOIi-
CTBa AMOKCHMAA THTaHa, HOCKOABKY MEXXAY METaAAHYECKHM TUTaHOM M HaHe-
CEeHHEIM Ha HEro axTABHHIM IMOKPHTHEM BCErAa o6pa3yeTcs NIpPOCAOKa H3
HECTeXMOMETPHYECKHX OKCHAOB THTaH3, IOBEACHHE KOTOPHIX CYLHECTBEH-
HEIM o6pa3cM BAMSET Ha XapaKTePHCTHKY aHOAQ, B 9aCTHOCTH aHOAHOrO IO-
TeHOHara. THTaH CAYKHT TaKKe TOKOINOABOAOM K aKTHBHO paGoTaromeit mo-
BEPXHOCTH aHOAQ.

C OeAblo yMeHbIIEHHs HePeXOAHOTO COINPOTHBACHHS M YBEAHYEHHS CIEN-
ASIeMOCTH CAOEB B KaYeCTBe MaTepHaAd AAsl HPOMEKYTOYHOTO CAOS BHIGpaAm
cepefpo, YYATHIBas €ro BHICOKYIO 3AEKTPOIPOBOAMMOCTE M 3AEKTPOKATaAH-
THYEeCKHEe CBOMCTBA. )

TeXHOAOTHA HM3TOTOBACHMS KOMIO3MIUOHHEIX QHOAOB BKAIOWAET CAEAYIC:
IHe onepaudy. AAs YAAAEGHHS OKCHAHOM HAEHKM THUTAaHOBEIE IAGCTHHKH
(BT1-0) pasmepamu 100x100x5 (MM) DOABEpraAM OYMCTKE M 06€3’KUPHUBaHKIO
B pactBope, copepxawieM, %: § Na,CO; S5 Na,PO,; 1 Na,SiO,, mpu TeMnepa-
Type 70..75°C B Tevenue 10...15 MHH., IOCAe 9E€ro HOAAOKKH IPOMBIBAAM
AHCTHAAHPOBAHHOM BOAOH M BHICYNIMBAaAM Ha BO3AyXe. 3aTeM SA€KTPOAWTH-
YeCKMM METOAOM HaHOCHAM NPOMEXYTOUHHIM CAOH H3 cepefGpa TOAIGHHOMN
10...20 MKM H3 3AeKTPOAWTA CAEAyIOUIero cocrasa, r/a: 40 AgCN; 40 KCN;
10 KOH; 40 K,CO,. Ilpomecc mpOBOAMAM IIpHM HAOTHOCTH ToKa 0,1 A/cM? m
Tempeparype 45+1°C. HmKHAA TpaHmMOa TOALGUHLI Cepe6pSHOro NMOACAOH
ompeaeAsieTcsl TeM, ITO ITOCAEAHHH o6ecrieTuBaeT AOCTATOYHYIO 3AEKTPOIpPO-
BOAMMOCTh M CHENAEeMOCTh MeXAY AaKTHBHEIM (Da30BEIM HNOKDHTHEM H3
PbO, ¥ mMOAAORKOM, a BepXHsA TPaHMIa — 3KOHOMHYeCKOH mneaecoobpas-
HOC1BI0. DTOT CAOH B pe3yAbTaTe CHHJKEHHS KOHTAaKTHOIO CONPOTHBAEHHS
MeXay dasaMm cOOCO6GCTBYeT yMEHBIIEHHIO BHACACHHS TeIAA IPH HPOXOXK-
AeHHY GOABLINNX TOKOB 9epe3 KOHTaKT M, TeM CAMEIM, NPEHATCTBYET HOSBAC-
HHIO AOTIOAHHMTEABHHIX BHYTPEHHHX HADSIKCHHH, YBeAWIHBAsA CPOK CAYKGH
anoaoB. Kpome sroro, aToMsl cepebpa, Auddynaupys depes asosoe mo-
KPHITHE, B H3BeCTHOH CTElleHM OKA3HBAlOT KaTAAMTHUYECKOE BO3AECMCTBHE Ha
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aHOAHBIE PEaKOHA H, BO3MOJKHO, CHOCOGCTBYIOT CHHJKEHHIO NepeHampsiKe-
HHS BHAGACHHST KMCAOPOAQA.

B RavecTBe aKTHBHOIO MHOKPHTAS KOMIO3WIIHOHHOTO aHOAA CAYIKHA

¢a30BHIl CAOH W3 AHOKCHAOB CBHHIA ¥ MapraHma, HaHeCeHHEIH 3AEKTPOAH-
THYECKAM CIOCOG0M. BHAM H3rOTOBAGHH KOMIIO3UIMOHHHIE AHOARI ABYX
THIOB: aHOAHL C AKTHBHEIM CAOEM TOABKO H3 AHMOKCHAA CBHHIIA M CO CMEIIaH-
HBIM (pa3OBEIM CAOEM, COCTOAINMM M3 AMOKCHAOB CBHMHIA M Mapraana. Ilpm
3TOM OCHOBHIBAAHMCH Ha NMOAYYEHHHIX HaMH De3yAbTaTaX, IPUBEACHHRIX B rAa-
Be 4, a TAK)Ke YYUTHIBAAH OCOGEHHOCTH aKTUBHOCTH (Da30BHIX CAOEB H3 AHW-
OKCHAOB CBHHIJa M MapraHina, KOTOpHE B OTAGABHOCTH ODA3AAIOT AOCTAaTOYHO
BHICOKOH 3A€KTPOIPOBOAHMOCTEIO, CPABHHTEABHO HHM3KHM HepeHampsyKeHH-
€M BHAEACHHS KHCAODPOAA, KOPPO3HOHHOM CTOMKOCTBIO B KHCARIX H HeM-
TPaABHBEIX PAacCTBOPax, CTaOMABHOCTBIO 3AEKTPOAHOrO IOTeHnHaAa. ITocAe Ha-
HeCeHHS ABYX TaKMX OKCHAHEIX CAOEB 3HAYATEABHO YBEAWIATCS HCTHHHAA
HOBEPXHOCTh AHOA3. KpoMe 3TOro, 3A€KTPOOCa’RACHHEIE OKCHAHEIE HASHKH
OTAMYAIOTCA BO3MOJKHOCTBIO PEeryAMpOBaHHS NApaMeTPOB SAEKTPOOCAXKAe-
HHA.
B gerBEpTON rAase HCCAGAOBAHBI KUHETHKA U MeXa#u3M (POpPMMPOBaHHS
(ha30BEIX CAOEB Ha @aHOAHEIX CIAABaX H CBOHCTBa HEPaCTBOPHMEIX aHOAOB B
Opogeccax 3JACKTPOH3BACYEHHS METAAAOB. I1OAB30BAaAMChH CTaOWOHAPHEIMH
(moTeHOUOCTaTHIECKHU, TaAbBBAaHOCTAaTHYECKUIl) W HECTAOHOHAPDHEIMH (IO-
TEeHOUOANHAMHMYIECKHN, MeTOA MMIIEAAHCA) METOAAMH HCCA€AOBaHHA. B Ka-
gecTBe 6a30BOTO 3AE€KTPOAWTA CAYJKHA BOAHEIH pacTBOpP CEPHOM  Kuc-
AotH (125 r/A H,SO,). KncAOTHOCTE pPacTBOpa KOHTDOAMPOBAaAH npHbGopoM
pH-121. TIpMHyARTEABHYIO KOHBEKIUIO 3A€KTPOAMTa OCYLIECTBASAM Ha IIpH-
Oope mapru AIT-1.

Ars ompeaeAeHnMsa 3HaUEHWM KMHETHYECKOrO MapaMeTpa 3A€KTPOAHBIX
peaknui Ry (COIMpOTHBA€HHE IIepeHOCY 3apsAd) HMAM HOASPH3AIHOHHOIO
COIIDOTUBAEHMSA P M eMKOCTH ABOMHOro JAeKTpHMdecKoro caof Cy4 a Tak-
JRKe OMHMYECKOro CONPOTHBAECHHS 3ACKTPOAMTAa R,, HCIOAB30BAAM METOA
gEMIeAaHca. [To KpuBHIM HMMIeAgHCA, B 9aCTHOCTH IO BHICOKOYACTOTHOM
€MKOCTHOH MeTAe AWarpaMMH, ONEHHWBAAH BEAHIHHY €eMKOCTH ABOMHOrO
3ACKTPHIECKOro cAos mo dopmyae:

Cy=1/( R - @%), {6)
TAe ®° — NapaMeTp, ONPEAGASIOIOMICA DO BHICOKOYACTOTHOM HETAE AHa-
rpaMMEL.

H3MepeHnss NO oONpepAeA€HHIO 3Ha4eHHS MMIIEAAHCA DPOBOAMAM Ha
aHOAe M3 YWCTOTO CBHHI{a BAOABL MOAAPH3ANHOHHON KPHBOM HPH DPAa3AHYHEIX
3HAYEHMAX NOoTeHmHara. Aad AUGdepeHIUPOBaHHS AEMCTBHS BpeMeHH
3AEKTPOAH3a ¥ MOTeHNHaAd aHOAQ BEAMIHHY MOCAEAHETrO IMOAAEP’KUBAAH IIOC-
TostHHOM (E =1,697 B) B TeveHne 48 I 3AeKTpOAM3a (puc. 2).

B Teuenue 1 9 saekrpoAmsa HaOAIOAAETCS 3aMeTHOE YBeAHUEHHE TOKA,
9T0, BEPOSATHO, CBﬂsaH(‘);/:é,oﬁpaSOBaHHeM moAcAos U3 PbO, wumerommero mpo-
BOAHHKOBLIM XapakTep. C yBeAHIeHHEM BPEMEHH 3AeKTPOAM3a TOK yMeHb-
LIAeTC B CBA3M C obpa3oBaHMeM H POCTOM ¢ha30BOro CAOS H3 PbSb,,,
KOTODHIEl CTAaHOBHTICA Bce OoAee H3OAHDYIOIEM. C yBeAHYEeHHWEM IIpO-
AOAKHTEABHOCTH 3AEKTPOAH3a A0 48 9 BHA AdarpaMMBl HM3MEHSIeTCH, ITO
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yxa3kRaeT Ha ARG GY3NOHHEM pe)RAM paboiH aHOAA. DTO B CBOXN OYEpPeAb
03HAYaeT, ITO aHOA HAXOAHWTCHA B OAOKHDOBAaHHOM COCTOSTHHH. AGHHEIMM O-
TEeHOUOKMHETHIECKMX H3MEPEeHHH BLIABACHO, YTO Ha CBUHIOBOM aHOAE B
CEPHOKHMCAOM pacTBOpe B 3aBHCHMOCTH OT HOTeHIOHaAa OPMHPYIOTCH pas-
AWgHEE (ha30BEEe CAOH, OTAMYAIONIMECH CBOeH NPHPOAOH M CTPYKTYpPOW.
TIpE 3TOM C MOMOLGBIO AMarpaMMHl HMIIEAQHCA YCTAHOBHAM PeXXMM paboThi
aHO0AQ, YTO OYeHb BAKHO AASl HOSCHEHHS MeXauH3Ma (hOpPMHPOBaHMS Ha HEM
$a30BHX CAOEB, @ DO KHHETHIECKOMY IapaMeTPy Rg CYAMAH O CKOpOCTH . ..
IPOTEKaHNUs aHOAHOU peakuuH. — R

ia, MA/cM?
)

0,2

@ @~ =04 (=D
0 5 10 15 2007
BpeMsi, 1 h

~

Prc. 2. 3aBHCHMOCTb NOASPHU3aNOHHOTO TOKA aHOA@ M3 UHCTOTO
CBHHIIa OT BpEMEeHM 3AeKTPOAM3a B IIOTEHIHOCTaTHdeC-
KoM pexuMe, E=1,697 B

W3yuenne 3A€KTPOXUMHIECKOr0 MOBEAGHMS CBHHIIGBOTO aHOAA IPH IOAS-
pH3anyH B CEPHOKUCAOM PacTBOPe ITIO3BOAMAO BRISBHTh MEXaHH3M ofpa3o-
BaHMA (PA30BEIX CAOEB. YCTaHOBAEHA 0C06as POAL MOACAOS U3 OKCHAA CBHHIA
(PbO), KOTOpHI, BO3MOXKHO, (HOPMHPYETCH IOCPEACTBOM KHCAOPOAHO-Ba-
KaHCHOHHOI'O MeXaHH3Ma IO PeaK[uu:

PbO ., 2t + H,0 - PbO + 2H*. (?

Y noBepxXHOCTH MeXK(asHoi rparnunei Pb/PbO mpoTeKkaeT 3AeKTPOAHAs
PeaKkouA OKHCACHHS CBHHIA C 00pa3oBaHMeM 3apsDRKEHHBIX KHCAODOAHKEIX Ba-
RaHCcHit (PbO?*,,) B KpuCTaAmdecKold pellleTKe MoAcAod PbO. 3TH BakaH-
CHH TIOA AeMCTBHEeM 3AeKTPHYECKOro IOAS IlepeMelnaloTcs depe3 caoi PbO u
AOXOAAT AO NMOBepPXHOCTH pa3dera PbO/PbSO,, BHI3LIBasi HOBHlE B3aWMOAEIA-
cTBHd. B HTOre yTOAIIAeTCS aHOAHHIA CAOH W3 CyAbd)aTa CBHHNQ, 3aTPYAHAA
nocaeayfomyio Auddysmio arnonos SO,*. Karmomm Pb?* ma MexdasHoik
nosepxuoctd PbSO,/3A€KTPOAMT BCTYHAIOT B PeaRLHIO ¢ aHHORaMH SO,% ¢
obpasosarreM PbSO, yBeAMuHBafdA TOAIIMHY CyAb()aTa CBHHI@ CO CTOPOHE!
3AeKTpoAnTa. Apyras 9acThb Pb** pacTBopsiercs B 3AeKTpoAnTe. Takum obpa-
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30M, B mpomecce o6pa3oBaHMA aHOAHOIO CAOf M3 CyAbtaTa CBHHIA (PbSO,)
CYUIECTBEHHYIO DOAb OKa3hIBaeT NPOMeXKYyTOUHHIH cAOH M3 PbO, ma Mex-
¢ha3HOH rpaHHMIe KOTOpPOro C PbSO, npoTeKaroT MacconepesEOCHHE TPONEeCCH
A XHMHTIECKHe B3aMMOACHCTBHS, NMPHBOAAIIME K POCTy 3Toro caos. Ilpomecc
¢opMuposanus azoro caos U3 PbO, BRAIOYaeT cAeAyIOIHe CTaAUM: AuD-
@ys®a MOAEKYA BOAE! A0 mOACAOS PbO uepes mopH B croe H3 PbSO,; okuc-
ACHHC BOARIL B PE3yAbTaTe 9ero o6pasyloTCsi aTOME HAH HMOHH KMCAOPOAA Ha
PasAeAe DPOBOAHHWKOBEIH CAON/3ACKTPOAHT;, MHTpAIHs KHCAODOAHEIX BaKaH-
Cuif OT METAaAAd B CTOPOHY 3A€KTPOAHTA; OKHCAEHHE PbO a0 AMoOKCHAA CBMH-
ma PbO,.

OAERTPOXMMHYECKOE NIOBEACHHE CBHHIIOBEIX aHOAOB, AETHPOBAHHEIX pas-
AHTHLIMA METAAAAMH, H3Y9aAdl B CEPHOKHCAOM PacTBOpE B ITMPOKOM HHTEp-
BaAe HOASPH3ANHUM. AAT HCCAGAOBAHHS BHOGpaAH paspaGoTaHHEIe HaMH map-
THH QHOAOB H3 CACAYIOIHX CmAaBos: Pb+0,8% Ag; Pb+6,3% Sb; Pb+7,8%
Bi, ITorasaHo, ¥To B 06AacTH moreHmuasoB ot 0,25 Ao 1,5..1,9 B Ha nOoBepx-
HOCTH QHOAOB BHadare (opMEpyeTcs basoBHIE CAOl CyArdpaTa CBHHIGa,
KOTOpHI OAOKHPYET aHOA M IO3TOMY IOCACAHHIA HaAXOAHTCSA B HACCHBHOM
cocrosann. OGpasyoluecs TPOAYKTH OKACACHHS AETHPYIOLMX AOGABOK B
cocraBe (ba30BOTO CAOS B 3HEUHTGABHOM Mepe BAHSIOT Ha CTpOeHHe u
cBoiicTBa PbO,, CAEAOBATEABHO, ¥ Ha IepeHANpSKeHAe BLIAGACHHS KHCAODO-
Aa, ITO XODpOIUO BHAHO M3 MOASPH3ANMOHHHIX KPHBEIX (PHC. 3) AAA CIAABOB
u3 Pb+78% Bi, Pb+6,3% Sb u Pb+0,8% Ag 1py NOBHINIEHHON AHOAHOMH
IIOASIPH 3L AN,

40

ia, MA/ZcMm?

30

20

10

0 1,8 1,9 E,B

2,0

Puc. 3. IloTernuoMeTpruecKre XapaKTePUCTHKHA aHOAOB M3 CIAQBOB:
1 -Pb+78% Bi; 2-Pb+6,3% Sb; 3 - Pb+0,8% Ag; 4 - cBuHen
(1eCTEIA, 99,99%) .

W3 cpaBHeHus sTHX KPHUBHIX CAeAy’é'r, gro Bi, Sb ¥ Ag cuabHO AeHCTBYIOT
Ha BeAWYHHY NepPeHanpsaKeHHs BHAEGACHUS KHCA0popa. CypsMa H, ocoGeHHo,
cepe6po CABHMIalOT aHOAHHEIYM HOTEHI[MaA B KaTOAHYIO CTOPOHY, T.€. B CTOPOHY
GoAee HM3RHX 3HaYeHA:# NOTeRNUAaAoB. IIpH IAOTHOCTH ToKa 50 MA/cm?
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QHOAHHIH NWOTEHOmWaA coAaBa Pb+0,8% Ag Ha 65...70 MB HHMKe, deM Yy aHOAA
H3 YHCTOro cBHHOA. AAd cmrasBa Pb+6,3% Sb aror CABHUTI' COCTaBAfIET BCEro
38...40 MB. BHCMYT OKasHBaeT 06paTHHI1 adpexT. Ero npuCyTCTBHE B CAaBe
B KoamvecTBe 7,8% yBeAWYHBaeT IOTeHIHAA aHOAA Ha 20...23% mo CPaBHEHMIO
C HOTEHOHMAAOM Ha aHOAE H3 YACTOro CBHHIA.

AonoarnuTeAbHas HHGOPMAUsS O IPHPOAE moAyYeHHs ha30BOr0 CAOSI Ha
aHOAAX CBHMHIA H Pa3sAMYHHIX COAABOB HAa €ro OCHOBEe OHIAA IIOAYdIeHa
PeHTreHo(a30BEIM aHAAM30M (Ta6A. 2). IToAydennne AAHHHE CBHAETEALCT-
BYIOT, 9TO IOCAE€ OAHOrO 9aca HOASPH3AIOWHA Ha AHOAHHIX IOBEPXHOCTAX
npeobraparolMy a3aMH SIBASIOTCH PbSO, u PbO. Ha HOBEPXHOCTH CBHHIIA
c cepebpoM OGHApPYRUBAETCS HEMHOTO O-MOAM(HKRANY AHOKCHAR CBHHIA M
PbO, ;5. [Mocae 6-9acoBoit NOAPH3AIUM Ha BCex aHOAAX AOMEHWpYIoIHeiH (a-
30it sBAsieTCH a-PbO,.

Aerupyroure 3reMeHTH Bi, Sb n Ag CylOeCTBeHHO BAHMSIOT Ha COCTaB,
CTPYKTYPY ¥ CTOHKOCTb aHOAHBIX (ha30BEIX CAOEB. BucMyT B cypbMa AOBOAB-
HO Aerko ORMCASIOTCH (OHH HMMeIOT 6OAee OTDHIATEeALHEIX 3AEKTPOAHKIH
HoTeHIMAA, 3eM Cepe6po) B 06pasyioT HempOYHEE MaAO3AEKTPOIPOBOASIIAE
¢a3oBrIe CAOH. OTH 3AEMEHTH CO CBHHIOM 06pa3syioT TBepAmle DacTBOPH B
paccMarpuBaeMoi OGAACTH AeIMpPOBaHHSA M AETKO OKHCASIOTCA B COCTaBe
ClnaBa. AerMpoBaHMe CBHHINA cepeGpOM 3aHMMAeT 0coboe MecTo. Cepebpo B
CocTaBe CIAaBa M3MEHSET PSIA CBOMCTB @HOAQ, YTO BHIPAXAETCS B OCAabae-
HHM DpoNecca pacTBOPEHHsS OCHOBHI 3AEKTPOAA (HA3KHH OCTATOYHHIN TOK B
NaCCHBHOM OBGAACTH COTAACHO NOAYYEHHHIM NOASPH3aNUOHHBIM KpHBEIM), a

TaK’Ke B 3HAaYHTEABHOM CHUKeHUH HepeHanps’KeHAsI BHIAeACHHUA KHCAOpOAa.

Tabamna 2
AaHHEEe peRTTeH0(}as0BOro aHaAM3a HOBEPXHOCTHHEIX CAOEB aHOAOB
H3 Pa3sAHYHHIX MaTePHAAOB, HOASIPH30BaHHAEIX Iipy E=2,05 B

Bpems moas- Martepnaa Haenmacdnxanus das
pH3anuy, g aHOAR
Pb(umcTi) PbSO,(MHor0); PbO; a-PbO,; Pb(Maro)
Pb+7,8% Bi PbSO, (muoro0); PbO; a-PbO,; Pb(Maro)
1 Pb+6,3% Sb PbSO,(MHor0); PbO; a-PbO,; Pb(Manro)
Pb+0,8% Ag PbSO,(MHOro0); PO, 55 - PHO,
Pb(amcTHIit) PbSO,(Maro); PbO; a- PbO,
Pb+78% Bi PbSO,(Maro); PbO; a- PbO,
6 Pb+6,3% Sb__ | PbSO,(maro); PbO; a- PbO,
Pb+0,8% Ag PbSO,(Maro); a-PbO,(MHOrO);
B-PbO,(Manoj; PbO,ssi Ag(maro)
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PesyAbTaThI H3MEPERHMs MMOEAAHCa (pHC. 4) CBHACTEABCTBYIOT, ITO He3a-
BHCHMO OT HPHPOARI OCHOBH 2HOAQ, BEIAGAEHHE KUCAODOAA BCErAa Xapaxkre-
PpH3yeTcst eMKOCTHOM IeTAeH, C IOMOINBIO KOTOPOH AErKo pPaccIHTHIBAAK C,
u Rp OCHOBHOM 31eKTPOAHO! peaKuum (OKHCAGHHe BOAH Ha aHOAe). B ka-
YecTre HOKAa3aTeAsl, XapaKTePH3YIONero HMHTEHCHBHOCTH 3ACKTPOAHOM
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PeaKnun, paccMOTpeAr npo#sBepeHHe Ryi (i-DAOTHOCTL &aHOAHOrO 10Ka),
BHTHCACHHOE M3 AMarpaMM HMIOEHAAHCR M HOAAPH3aNHOHHEX KpHBHX. [To
3TOMY IIOKa3aTeAlD OOEHHWAM HHTEHCHBHOCTh BHIAGACHNS KHCAOPOA@ AAS
PasAHYHEIX aHOAOB. IlokasaHo, 9ro Ha aHoAe H3 Pb+0,8% Ag mpm
norennuare E=1,980 B MUHTeHCHBHOCTh BHIAGACHHS KucAOpopa B 1,5...2 pasa
6oasie, YeM Ha aHOAE H3 UHCTOTO CBHHIA.

YcrasioBA€HO, UTO OpH TOTeHRHaAe adopa E > 1,940 B ma AHarpaMme
HMMIIEAQHCA IOSIBASIETCS BTOpas eMKOCTHad HerAs (pHc. 4 6, B), 9T0 06ycAoB-
AeHO HaamymeM cepefpa B cmaaBe. TaKoi XOA AMArpaMMEI MMIIEAGHCA O3Ha-
9aeT, YTo Ha aHOAe IPOTeKaeT BTOPHYHAA PeakIHs - OKHCAeHHe cepebpa c
OUPeACACHHEIM COOPOTHBAEHHEM HepeHoca 3apsaa (R,). [IpucyTcTeme cepeb-
Pa Ha IOBEPXHOCTH aHOAA GLIAO OOHApPYKeHO peHTTeHOo(a30BEIM aHAAM30OM
(cM. Taba. 2).

Xs_ OmMm XS, OmMm

1 2 1 o
1.9 Rs 2,0 Re© -
M Rs. Om
Xs. Om } Xs.Om
by
05
I 1 Vi
03'R, R 15
\\ o
1.4 Rs M

Puc. 4. AnarpaMMEl HMIEAQHCAa aHOAOB M3 CBHHIA (a) ¥ CIAABa
Pb+0,8% Ag (0, B, I), HOAIPH30BaHHKIX IIPH NMOTeHOHaAAX, B:
a - 2,095 6 - 1,940; B - 1,980; r - 2,010. (LIndpH Ha KPUBHIX
YKa3kIBAIOT 9aCTOTy liepeMeHHOI'0 ToKa B I'm)

»i
I

Ar BHIACHEHMA BAMAHMS cepefpa Ha MeXaHH3M aKTHBADMM aHOAA
MOACAHDOBAAM  HPOLECCH, NpoTeKaromue Ha Mexdas3Ho# rpaHume
PbO,/anerTporut. CocTaBurn AudibepeHNHAaARHOE YpaBHEHWE IIOAHOTO
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azxexrpoxﬁmecxoro HMIeAaHCa (Z) peakiMM OKHCACHHA BOARK (ocHOBHOMK
@HOAHOM peaKIUH) C YIETOM CTeIeHH aacopbuum (0) m peakIMOHHON aKTHE-
HOCTH () HOBEPXHOCTH aHOAR:

_l...= ﬂ+(—aL)A_e+(i)A_nl (8)
Z @E 08 / AE on / AE
rAe E - moTeHOmaA aHOAQ, i - MAOTHOCTE TOKa pearmewn.

YToOH yuwTHBaTe BAMAHHe cepebpa Ha OCHOBHYIO aHOAHYIO PpEaKmHIo
BBeAM Ge3pasMepHEIE MHOXKHTEAH B YpaBHEHHWE NAOTHOCTH TOKa Pearguu
OKHCAEHUS BOABL: —

i=4FK,(1-0)n, (9)
rae F - wucao Qapapes; K, - mocrosmras CKOPOCTH PpeaKOWH OKUCAEHHS
BoaH, K=k exp(b,E) (k, u b, - mocTossHANIE BeArIwHE); (1-0) - MEOXHUTeAD,
YUYHTHIBAIOLOMH TOPMOKEHHE PEaKIHA OKMCACHHS BOABI 9acTHOamMu AgSO,;
n - 6Ge3pasMepHEIX NHapaMerp, XapakTepH3YIOWUH DeaKOMUOHHYIO CHIOCO6-
HOCTh (aKTHBHOCTB) (ba30BOTO CAOSI aHOAA B Pe3yAbTaTe NOSBAEHHS 3AEKTPO-
TPOBOAAIMKX YIACTKOB AU sSTI€eK Ha HEM, HalPHUMep, U3 IIPOBOASINETO CAOS
AgO. MzeHeHHe n B 3aBECHOCTH OT IOTEeHOHAAA TPEACTRBHAY B BHAe AuGide-
PEHIIUAABHOTO YPaBHEHHUS:

—=Ae®™ - Bn . (10)
at
TAe NepBoe cAaraeMoe COOTBETCTBYET aKTHBHOCTH IPOBOASIOHMX ST9EER npu
AGHHOM HOTEHOHAaAE, a BTOPOe - HX PaspyINeHHIO (IaCCHBHOCTR), b, Au B —
HOCTOSTHHHIE.

TToMrMO OCHOBHOI aHOAHOM peakud ¢ HOCTOSHHOM CKRopocTeio K, npore-
KaeT oKHCAeHHe cepeGpa Ha aHOAE C HOCTOSHHOM CROpPOCTBIO K, KOoTopas
onpeaeasiercs K, =k,exp(b,E) (k, u b, - nocTosEHEe BeAwawHE).

B valipenHOM o06mieM pemeHuH (8)

bsd b
= =i b1+ jor )-—— 4 | (11)
z {'(”‘“) l+9<b+]+jcotJ

rae 1= Rp-Cy4 t=1/B; ® - npeobpasoBarersHast HyHKIuS,

® = th fjor, /fjor. (te=L%D, L - pamra dasoBoro caos, D - Kostba-
nueHT Audbysnn anroHOB SO,%), OTpaKAIOTCA BCe MpoTeKaromHe IPOUEeCcCH
Ha aHOAe B IPHCYTCTBMH cepebpa.

IMToaygennrie ¢ moMoigeio (11) BHIpaReHHs, BMeCTe C 3KCHePHMEHTAALHEL-
MH AQHHHIMM HMIEAQHCA, NO3BOAMAM ONEHHTbL CKOpocTH (b,, b,) mporexraio-
IOUX PeakOuy, a TakKe aKTUBHOCTH MOBEPXHOCTH aHOAQ (0, b):

(Ry1)"' =b, — b, 6/(1+6), (12)
(Ryi)'=b,— by0/(1+6)+b. (13)

TakuM oGpasoM, cepe6po B cocTaBe aHOAR MIPAET POAB AeNOAsIpE3aTOpa
TpH NPOTEKAHMH OCHOBHOH aHOAHOM peaknmu. BAAaropaps sAeKTpOXMMMYec-
KH-KaTaAMTHIECKHM CBOHCTBAM, Cepefpo NPY BEICOKMX HOASPH3ALUIX OKHC-
AsleTCs A0 BBLICOROOKHCACHHBIX COGAMHEHHH, NPOXOAS IPOMEXYTOYHHE CTa-
Aux. Ha moBepXHOCTH aHOAA 00pasylOTCsi aKTHBHEIE YYaCTKM Ha OCHOBE Ce-
pebpa (AgO), KOTOpHE CAYKaT MECTAMM AAS HadaAa BRIAGACHHS RYCAODPOAQ.
CTuMyApoBaHpe 3TOr0 NMpONEecca HPOUCXOAHT UPH GoAee HH3KOM MepeHa-
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OpTKeHNH, YeM BHIAGACHHE KHCAOPOAA Ha aHOAe, He CopepRameM cepebpa,
9T0 XOpOINO BMAHO IpH CPaBHEHHM AWarpaMM HMIEAGHCA, HOAYYEHHHIX Ha
obpasnax 3 YHCTOTO CBUHIA M CIAABa CBHHIA C cepebpoM (pwuc. 4 a, 1).

YcTaHOBA@HO, 9TO MOHE! Mapragia, HPUCYTCTBYIOIIHeE B JAEKTPOAHTE, OKa-
SHIBAIOT AGNOASPH3YIOIEe BAMAHHE Ha NEePeHAIPSIKeHHEe BHIACACHHS KHCAO-
PoAa Ha aHope. Tak, Ipu 3A€KTpoAH3e B 6a30BOM 3AEKTPOAHTE C AabaBKoOit
1 /A Mn na armoae u3 Pb+0,8% Ag mepeHanpssReHUe BBIAGACHUS KHCAOPOAQ
yMeHbIIaeTcA Ha 19...22 MB o CpaBHEHMIO € 3A€KTPOAM3IOM 6e3 AobGaBKu
MapraHna. AHAAOTMYHOE HOBEAeHHe HabAIOAAeTCH AASL QHOAOB H3 YHCTOTO
ceaHTA. [IpH 3TOM yMeHbINeHre NepeHaNpIKEHHsS BHACACHUS KHCAOPOAA COC-
TaBAseT 13...15 MB. Aemoasipuayiomee AeiicTBHe HOHOB Mnt+2 06ycAOBAEHO
TEM, 9TO OpH NOBEIIEHHEIX NOASPA3aNMAX Ha aHOAE IPOTEKAIOT Pa3AHIHEIE
OKUCAWTEARHEHIC peaknuu. Pamee c¢gopmHupoBaBImmiICT cAolt 3 MnO,
(E°=1,28 B) sBAsIETCA aKTHBHEIM (OyAyIM 3AeKTPONPOBOAHEIM) M CAYIKHT
OeHTPOM Havaia OCHOBHOH aHOAHOM peakmud. [TOMUMO MOBHIINEHHS DOTeH-
[HaAa MOApU3ANKY Ha MOBEPXHOCTH aHOAQ GKTHBHEIX YYaCTKOB CTAHOBHTCH
Bce GOoAble M3-3a NOMBAEHHMS HOBEIX SAEKTPONPOBOAAINHUX S4eeK Pa3AHYHOMN
UPHDOAR!, HampuMep u3 Ag,0, AgO, PbO, m Ta B pPesyAbTaTe 3TOro
dopMApyeTCs CMeINAHHENA aHOAHEIK $asoBHE CAOH, cocTosimuii U3
Pb/PbO/(PbO,+MnO,), KOTOpHIt OKaskBaeT emie GoAbLlee AEIIOASIPH3YIO-
Iee BO3AEHCTBHE Ha OCHOBHOH aHOAHHIM npornecc, 06yCAOBACHHHI 3A€KTPO-
IPOBOAMMOCTBIO AMOKCHAOB CBMHIA M MapraHna. Taxod cMelmaHHELH CAOH
MOXKeT CYIIeCTBEHHO 3aTPYAHHTb NPOHHKHOBEHHE HOHOB CBHHIE, A0GaBOK M
APYTHX OpHMeCeH B SAEKTPOAMT.

PesyAbTaTEl HCUHTaHHS KOPPO3HMOHHOM CTOMKOCTH AHOAOB W3 CBHHIA H
€TI0 CIAQBOB B CEPHOKMCALIX PAaCTBOPaxX PasAMYHOTO COCtaBa mpH 22°C mpu-
BEAGHE! B TaGA. 3, H3 KOTOPO# CAEAYET, 9TO C yBeAHUEHHEM KOHIeHTpamuyu
CepHO# KHCAOTH YCHAMBARETCA KOPPO3Ms KaK y WHMCTOTO CBHHGA, TakK H y
CIIAABOB HA €ro OCHOBe.

Tabauna 3
VIsMeHeHHe MacCH aHOAOB B CEPHOKHCABIX pacTBopax 3a 168 4 mpnm
IAOTHOCTH NOASDHA3YIOMEro Toka i=75 MA/cM? u TeMmepatype 22°C

Cocras ToTeps MaccH aHOAOB, Mr/cM>
SAEKTPOAHTa, Pb Pb+0,8%Ag | Pb+6,3% Sb Pb+7,8% Bi -
r/ar H,SO, (dmcTRII)
49 98 14 59 72
98 153 - 21 75 104
196 184 32 94 118
240 208 47 i12 169

W3 1abA. 3 BEAHG, 4TO aHOA H3 crnaBa ceuHna c 0,8% cepebpa npossaseT
HAaHBOABIIYIO CTOMKOCTDL IO CDABHEHHIO C APYTHMH aHOAAMH. 3TO OGBICHA-
€TCH TeM, ITO CepeGpPO 3HAYUTEALHO CHMJKaeT HePeHAUPSIKEHUE BHIACACHHS
KHCAOpOAA Ha CBHHIOBOM aHOAE M MO3TOMY MOBHINAETCH €r0 KOPPO3HOHHASA
cTo#KocTh. C HamGOAbIIEH MHTEHCHBHOCTBIO pacTBopsieTcsi cmaas Pb+ 7,8%
Bi. Oxkcupmt BucMmyTa (I, V) ovens mroxo TIPOBOAAT 3ACKTPHYECKMI TOK,
HEeyCTOHYMBHI H, PacTBOPAACh B 3AEKTPOAHTE, 00pasyioT HOBEIE HOPH HMAM
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yBeAHUMBAaIOT B (ha30BOM aHOAHOM CAO€ paHee cymecTsyromme. Kopposwe-
cToHKOCTh cnAaaBa Pb+6,3% Sb IpakTH9ecKH TaKas >XKe, HO IOTEPSH MaCCHI
3TOTO aHOA@ MEHBIIEe IO CpaBHEHMIO C aHOAOM H3 Pb+7,8% Bi. ‘

U3 paHHEIX TabA. 4 CAeAyeT, 9TO CKOPOCTh KOPPO3MHM aHOAA M3 CBHHOA C
0,8% cepefpa CylleCTBeHHO MeHBIIE [0 CPABHEHHIO C KOPpPO3HeH JYHCTOro
CBHHIIa, & Tak’kKe aHOAOB H3 CIIAABOB CBHHIOA ¢ 6,3% cypeMul u c 7,8%
BHUCMyTa. DTO CBSI3aHO C TeM, YTO Ha TAKHX AHOAAX HPH HOASPH3anuH obpa-
syromuecs ¢)a3oBhie CAOHM PHIXAHIE H B IPONECCEe HACT MX HHTEHCHBHOE OCHI-
naHWe W 9aCTHYHOE pacTBOPEeHHe, B pe3yAbTaTe Yero 4acThb WOHOB CBHHIA H
AETHpPYIOIHX A0DABOK NOMAAAIOT B pacmop, a B AAABHeMIneM BO3MOJKHO HX

o €HHe Ha KaToAe.
carn Tabamna 4

Koppo3HOHHEIE IIOKa3aTeAH aHOACB, IIOAIPH30BAHHEIX NPH
i=75 MA/cM? B pacTBope CepHOM KHCAOTH (98 r/A) mpu 22°C

Hs3MeHenne MaccH | KoAandecTBO BHIAGAMBINErOCS
AHOAH {Mr/cM? 3a BpeMst (1) | maama (Mr/cm? 3a Bpems ()
168 336 504 168 336 504
Pb(umcThIii) 153 253 348 133 225 324
Pb+0,8% Ag 21 42 74 15 ' 40 73
Pb+6,3% Sb 75 140 216 69 128 201
Pb+7.8% Bi 104 192 284 93 162 245 _

IMoreps MaccH aHoAOB u3 Pb+0,8% Ag, DOAIpH30BaHHEX (1=75 MA/cM%
168 u; 22°C) B pactBope H,SO, (98 Mr/a) c AoGaBAeHueM gom u3 cepHo-
KHCAOro Maprama (3 I/A), cocTaBHAa B cpepHoM 16 Mr/cmM? IloBhnenHas
KOPPO3HECTOMKOCTh TAKMX aHOAOB OGYCAOBAGHA CMELNAaHHHIM (hasOBHIM COC-
TaBoM K3 PbO,+MnO,, OTAHYAIOIMAMCS TaKKe ACTIOASIPH3YIOUIAM BAUSHEEM
Ha OCHOBHOH aHOAHHIM mponecc. ITOPHCTOCTh 3AIHTHOH IACHKM IOYTH He
3aBHCHT OT COCTaBa QHOAHOIO MarepHaAa, HO COCTAaB CHDAABA CYIIECTBEHHO
BAHMSET Ha TOAIIMHY (Pa3soBOTO CAOA,

Kak ¥ CAEAOBaAC OKWAATh, MHMKPOAETMPOBAHHE CeACHOM B TeAAYPOM
NpHBEAO K HOBHINEHHIO TBEPAOCTH M YBEAMYEHHMIO YAEABHOIO 3JAEKTPOCO-
NPOTHBACHHMS aHOAHHIX MaTepHarOB Ha OCHOBE CIAABa CBHHIA C cepeGpom.
-3To O6bACHSETCS, B OCHOBHOM, W3MEHEHHEM CTPYKTypPH CIIAABOB, B 9acT-
HOCTH 06pa3oBaHHEM MEAKOAUCIEDCHHX (a3 Graropaps Mopudumupyio-
eMy AefCTBHIO CeAeHa H TeArypa. IMoTeHIMOANMHAMIMYECKHM METOAOM
JCTaHOBHAHM, 9TO AOGABKH CeAeHa M TeAAypa CHEUKAIOT NepeHaupsKeHHe
BRHIAGAGHHA KHCAOPOAA Ha CIAaBe (pHC. S a), B pe3yAbTaTe Yero IOBHINAeTCA
KOPpPO3LORHasA CTOHKOCTb aHOAOB (DHC. 5 6).

[MocpeacTBOM HpPEABAPUTEABHOH 3aKaAKd M Aetpopmannozrmoro yapodse-
HMS CyIIeCTBeHHO NOBHIIIAETCS TBEPAOCTH M KOPPO3UECTOHKOCTb @HOAHEIX
CTAABOB Ha OCHOBE CBHHIA (TabA. 5}, 9TO SIBASIETCA CACACTBHEM MX MEARO3ep-

HHCTOH 4 OPUEHTHPOBAHHOH CTPYKTYPH (p_nc. 6).
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B narod raase BCCAEAOBAANCH apaMeTphl IACKTPOU3BAECUEHHA HBETHEIX
METAAMOB H3 CTAHAAPTHHIX M NPOMHINAEHHHIX PAacTEOPOB Ha IIPEAMET BHEA-
PeHHst B Pa3BHBAIOINEHCS THAPOMETAAAYPIHA APMEeHHH.

AAT BHISIBAGHHS ONTHMAaABHEIX NapaMeTpOB 3AEKTPOM3BACYCHUA OUAKA M
MeAu OLIAM IPOBEAGHH INOTEHIHOCTATHIECKHE MCCAEAOBAHMS TIOBEAEHUS
CBHHIOBHIX QHOACB B CePHOKHCALIX DacTBOPAX, HOAYYEHHBIX BHII[EAGTHRA-
HHEM OrapKoB IIAYMSHCKOTO GHHKOBOTO M MEAHOTO KOHIIEHTPAaToB.

HccaepoBarn BAMSHME TeMIepaTypH, IAOTHOCTH TOKa, MaTepHara aHoAa
Ha BEAWYHMHY aHOAHOM NOASPHU3AIMHA H HAUPSUKSHWS B BaHHe. U3z CpaBHeHHs
GHOAHBIX HOASPH3ANUOHHEIX KPHBHIX BHAHO, YTO B HCCAGAYEMHX pacTBOpax
Op# OAMHAROBEIX TEMIIPaTypax M NMAOTHOCTAX TOKa (600 A/M?) moTemmuan
BHAGACHHST KHCAOPOAA Ha aHope Pb+6,3% Sb Ha 59 MB Brume, ueM Ha a"oae
Pb+0,8% Ag. AHOA M3 WHCTOro CBUHHA MMeeT IPOMEKYTOUHOE 3HadeHHe.
HanpsokeHue Ha BaHHe, KOTOpOe ompepeaser YVAGABHEIH pacxop 3A€KTpO-
SHEPriM, NOCTENeHHO CHIIKAETCS C MOBHINEHWEM TeMIIePaTypEL.

ia, MA/CM? Am, Mr/cM?

a 50 © 1

18 19 20 21 N a}a 0 m
EB

Puc. 5. TloaslpusanuoHEEle KpABHe (a) ¥ KHHETHKE Koppo3suu (6)

AHOAOB M3 YHCTOTO CBMHNa (1) 1 cnraBoB Pb+0,8%Ag (2); -
Pb+0,8% Ag+0,2% Se (3); Pb+0,8%Ag+0,15% Te (4)

) . Tabamma 5
TBepAOCTE ¥ KOPPO3HOHHAS CTOMKOCTL AaHOAHOTC CIAABa
Pb +0,8% Ag nocae pasAnuHbIx 06paboOTOK

TBepaOCTSD, Koppo3sus,
Cocrostiue g HB Mr/cm?
Auroe 7.8...8,1 15...17
3aKaAKa (250°C, t1=24) 8,5..8,7 14...15
3akaAka (250°C, v=2u) +
11,2..11,5 ...1
Aecdopmanus (e==20%) ! 9..10
24
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K-Bo aneKTpuyecTBa, A-4/cm?

Puc. 6. MukpocTpyKTypa ciaasa Pb +0,8% Ag-(x340):
a - 3aKanreHHHN (250°C, 2 4); 6 - 3aKaAeHHRIH
¢ nocaepytomest Aedopmanuest Ha 20%.

INMokasaHO, 9T0 B NPOU3BOACTBEHHLIX YCAOBHSIX A\ obecneueHms 3ddex-
THBHOIO TEXHOAOTHYECKOIO pPeKHMa IACKTPOH3BACUEHMWS NUHKA MAM MEAH H3
CEePHOKMCABIX pacTBOPOB B KaUeCTBE aHOAA PEKOMEHAYETCS CIIAAB Pb-zI-O.B%
Ag. TemmepaTtypa aAeKkTpoAnTa 40...42°C, DAOTHOCTH TOKa ?00...220 A/M

W3yueHo TaKKe BAMAHME QHOAHHIX NpHMeced, HOHHOHX KOHOEETpanu| H
A0GaBOK B 3AEKTPOAMTE Ha HAaCCHBAOMIO MEAHOTO aHoAa B MpPOIECcCe 3AeK-
TpoArsa. [Toka3zaHO, 9TO NaCCHBANMA MEAHOrO AaHOAA B nporecce SACKTPOAH-
THYECKOro payHHAPOBAHHS HPH BHICOKHMX NAOTHOCTAX TOKa B HAYaABHOM CTa-
AHMH COIPOBOKAAETCH GHICTPHM 00pa3oBaHWEM Ha €ro HOBEPXHOCTH NepPBHY-
HOI OKCHAHOM IACHKH M IIAAMOBOTO CAOA H3 CYAL(ATOB, CEACHHAOB H TEAAY-
PHAOB, KOTOpHE IIPEenITCTBYIOT AR(dy3nn RaTHOHOB MeAu. BeposrHo, ceae-
HHAp, cepebpa, 06Aapas GOABIIMM MOABHHIM OOBEMOM IO CPAaBHEHHIO C APYTU-

MH CEAGHHMAAMH, OKa3hHBaeT GOABINIOE BAHSHEE Ha CTPOEHHe IIAAMOBOTO-

cAOf, AeAast ero 6oAee KOMHIAKTHEIM M OPOYHEIM. DTO NPHBOAMT K GricTpoit
NACCHBAIMM AHOAOB H, CAEAOBATEABHO, K HIPHOCTAHOBACHHIO Impomnecca pagu-
HHpoBannd, IIpeAoTBpallleHHe TAKOH AHOAHOM HNAcCHBaNWH BO3MOXKHO C IO-
MoInpio NpPHEMEHEHHS SAeKTPOAMTHHIX A0GaBOK M Takux TEXHOAOTHIECKUX
MpHeMoB, KaK peBepCHPOBaHMe TOKa, YABTPa3BYKOBOe BO3ACHCTBHE H AD.

B npomeccax 3A€KTPOH3BAeUEHHUS 30A0Ta M3 MPOMEINACHHOIO OHMAaHUCTOTO
pacTsopa neAecoofpa3sHO HMCHOAB3OBATH B KadeCTBe HEPACTBOPHMOrO aHOAR
CmAaB CBUHIA ¢ cepeGpoM. TaKo# aHOA IPH BEICOKOH HOAsSpH3anmum Goaee
KOPPO3MeCTOMKHIt (MaAC PAacTBOPSETCH) M, CAEAOBATEABHO, MEHbIIE 3arpss-
HAIET NAAHACTEI PacTBOP MOCTOPOHHHMM 3AeMEeHTaMH 10 CPaBHEHHIO C Tpa-
AHOVOHHO HMCIOAB3YEMBEIMH aHOAGMM H3 HepJKaBelolnedl cTaAH. CBHHIOBHIe
aHOAH 6oAee HpEATIOYTHTEABbHH, YeM CTaAbHEIE, AAS HCHOAb3OBAHHA HX B
Hpomeccax 3AeKTPOM3BACUEHHS 30A0Ta M3 NUAHHCTHIX PacTBOPOB (3A0ATOB).
OHm 6oree 3(p(GEKTHBHE! KAk C TOYKM 3DeHHsi BO3MOXKHOCTH obecmeveHMs
IIOBBIIIEHHON CTENEeHH 3AEKTPOM3BACYCHMS MeTaAAd, TaK U 1o GoAee BHICO-
KOMY KO3(h(HIMEHTY NOAE3HOTO HCIOAL30BAHWA TOKA. CpaBHHATEARHO HH3-
Kast MeXaHMIecKasi IpOYHOCTh CBUHIA M CIAABOB Ha €ro OCHOBE He SIBASIETCS
MemaronquM (PaKTOPOM, €CAH MMETh BBHAY TO, YTO HOYTH BC(?‘ COBPEMEHHEBIE
30AcTOM3BAEKatoupe (haOpHuKH, paboTaiolive Ha NPHHOMINE "“YTOAL B IYAb-
ny", MCHOABL3YIOT SAEKTPOAM3HEIE BAHHHI CO CTAaNMOHAPHHIME aHOAAMH. A
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MEeXaHHYEeCKYI0 IPOYHOCTh CBHHIOBEIX aHOAOB AOIOAHHTEABHO MOJKHO IIOBEI-
CHTH OYTEM AETMPOBaHHS, NIAACTHYECKOH AedopManmmeit MAM TepMOMEeXaHU-
9€CKOi#1 06paboTKOI.

HsyuermeM 3AGKTPOXHMHYECKOrO MOBEACHHS H KOPPO3HECTOMKOCTH
Zn+1% Pb cmaaBa, MOAY4EHHOTO METOAOM BEICOKOTEMIIEPATYPHOTC 3aTBep-
A€BaHHA PacHAdBa, NOKAa3aHO, YTO B NPOIeECCe 3aTBePAEBaHHA AOCTHTAETCS
MOAHOe pacTBOpeHMe 1% CBHHIA B IHEKOBOI MaTpHIe B BHAE MeTacTa-
6HABHOrO TBEpPAOrO DPacTBOPa C MHUKPOKPHCTAAAMIECKOM CTPYRTYpO#t. OTO
TO3BOAsIET YCTPAHHThL M3 COCTABA AHOAHOTO CIAABA PTYTh H ADYTHE MHKpO-
AoGaBru. Takod cCoAaB MeHee CKAOHEH K NOAAPH3alWH, OTAMYaeTcs 6GoAee
BHICOKOH KODPO3HECTOAKOCTBIO M HU3KHM IMepeHanpsyKeHHEM BEIACACHHS
KHCAOPOAQ, UTO SIBASIETCA XOPOLMM YCAOBHEM AASL ero 3G(eKTHBHOIO MC-
NOAB30BAHHA B Ka9eCTBe QHOAHOTO MaTepHaAa AASl XHMHICSCKHX HCTOYHHKOB
ToKa. OTXOAH TaKHX YCTPOHCTB B MEHbIIEH Mepe 3arpS3HSIOT OKPYRaIoIyI0
cpeay.

Pe3yAbTaThl HCIOBITaHHM KOMIIO3UIHOHHEIX AHOAOB Ha CTaGMABHOCTBH aHOA-
HOro moTeHnuara AE (pa3HMDA 3HaueHHIl HOTEHIHMAAOB, COOTBETCTBYIOLIHX
HavaAy M KOHIy JAGKTPOAM3a) M Ha KOPPO3HOHHYIO CTOMKOCTb NpPM pa3AHy-
HBIX NMAOTHOCTAX TOKa (500...700 A/M?) B 3A€KTPOAHMTE MPOMBIMIAEHHOIO COC-
TaBa npu TeMneparype 40+1°C obleit mpoAOAKATEABHOCTBIO 720 T (TabA. 6
¥ 7) DORA3HBAIOT, ITO IEepeHANpsDKeHNe BHIACACHHS KHCAOPOA@ MEHbIlle Ha
KOMIIO3HIHOHHOM QHOAE, COAepiKaljeM CMeINaHHOe AaKTHEHOE IOKDHITHE M3
PbO,+MnO,, 00 cpaBHEHHIO C AHOAOM, UMEIOITAM TOABKO AKTHBHOE HOKpHI-
THE U3 PbO,.

Tabannma 6
CrabuAbHOCTE DoTeHnMaAa (AF) KOMMNO3HIOHOHHKIX aHOAOB,
TIOASIDH3O0BAHHAIX IPH Pa3AMIHEIX MAOTHOCTAX TOKAa

KoMno3unuonasi AE (B) np® mAOTHOCTH TOKa, A/M?
anop 500 | 600 | 700
Ti~(Ag + PbO,) 0014 0,023 0,048
Ti-(Ag + PbO,+ MnO,) 0,011 0,015 0,022

CHuXeHMe M CTabHAM3anHsAd HNOTeHOHaAa KOMIO3HMIMOHHOTO aHOAA KOHC-
Tpykoun Ti—(Ag+PbO,+MnO,) o6bsacHseTcs TeM, 9TO B IAEKTPOAUTE HOHK
Mapraina, OKHCASACh Ha aHOAE, CO3AAIOT aKTHBHEIE YYAaCTKH Ha €ro ImoBepx-
HOCTH M BMECTe C AHOKCHAOM CBHMHIO@ 06pa3yioT GoAee aKTHBHBI da3ormIit
CAOH M3 ABYX XOPOLIO AEKTPONPOBOASIIUX H MaAOpPaCTBOPHUMEIX B CEpHO-
KHCABIX pacTBopax okKcupoB PbO,+MnO, Ha takoM cMemaHHOM croe 3a-
METHO CHIDKAeTCs NepeHanpsUKeHWe BHAGACHHWH KHCAODOAA M3-3a YBeAHde-
HHS MCTHHHO! IIOBEPXHOCTH aHOAA HOCA€ HaHeCeHHs ABYX OKCHAHEIX CAOEB.
MostoMy Tarme @HOALI 06AapaioT GOAbINe#t KOPpPO3MECTOUKOCTEIO (TabA. 7),
970, HeCOMHEHHO, SBASI€TCS rapaHTHe! NOBHIIEHHS JKCIOAyaTAIHOHHHX Xa-
PaKTepUCTHK aHOA3. CMemmaHHOe AKTHBHOE HOKPHITHE KOMIO3HIEOHHOIO
@HOAQ XOPOIIO 3aUANAeT ero OT KOPPO3HH.
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[lpH 5AEKTpOHM3BA€YEHMH IHHKA H3 CEPHOKHCAOrO pacTBOpa NPOMEIIN-
AGHHOrO COCTaBa C OpWMeHeHHeM KOMIO3HIHOHHOTO aHOAA KOHCTPYKIHHK
Ti-(Ag +PbO,+MnO,) KaTOAHEI OC3AOK COAEPRHUT B 1,4...1,6 pa3a MeHbIe
CBHMHIA, @ BEIXOA IO TOKY yBeamumBaeTcd ¢ 92,1% Ao 94,5% (mpm 500 A/M?)
OO CpaBHEHHIO C KaTOAHHIM OCAAKOM, BHIDAGOTaHHEIM IPA 3AEKTPOAH3E C
aHoAOM RoHcTpyknun Ti-(Ag+ PbO,).

TakuM o6pa3oM, KOMIO3HIHOHHEN aHOA Ti—(Ag+PbO,+MnO,) obrapaer
60Aee BHICOKOM KOPDO3HOHHOM CTOHKOCTHIO, HMEET HH3KOoe IepeHanpsUKeHHe
BHIAGAGHHSI KHCAOPOAA B IIpomecce 3A€KTPOAM3a IO CPaBHEHHIO € aHOAOM

KoHCTpyKIuH Ti—(Ag+PbO,). Ilpr NpoTMX PaBHHIX YCAOBHSX HCIOAbL3OBaHwe ~

YKa3aHHOTO aHOAA IO3BOAHT 3aMeTHO C3KOHOMHTh SAEKTPO3HEpTHIo, obecre-
YT BHICOKYIO YHMCTOTY H3BAEKAEMOTO METaAAY, @ TAK)Ke 3HATHTEABLHO YBeAH-
YHTE CPOK 3KCOAyaTamm#. Taxod KOMIO3MIHOHHEIA aHOA MOJKHO PEeKOMEHAQ-
BaTh B KaYeCTBe HEpaCTBOPHMOrO aHOAA AAS MOAYIEHHS IWHKA, MEAH H 30A0-
Ta M3 NPOMEIIAEHHEIX DAacTBOPOB, a TakKKe B pAAe o6AacTed 3AEKTPOXUME-

YEeCKHX ITPOH3BOACTB.

Tabauma 7
Pe3yABTAaTH KOPPO3MOHHHIX HCIHITAHUH KOMIIO3UOUOHHEIX aHOAOB
Ti—(Ag+PbO,) (amcamreas) # Ti-(Ag+PbO,+ MnO,) (3sHaMeHnaTeAR)
B [POMHIIACHHOM JAEKTDOAHTE

Koppo3uoHHEIe TORA3aTeAR
Bpems, ¥ IToTepst MacCH aHOAOB, KoAmdecTBo BEIA€AHBIIETOCS
mMr/cM? mAaMa, Mr/cM?
24 12,72/9,94 9,89/9,25
168 28,12/24,97 23,41/21,07
240 51,24/46,08 41,16/40,58,
480 101,36/94,45 88,65/84,36
720 172,69/159,89 146,73/140,12°

Ha oCHOBe pe3yABTaTOB 3KCIEPHMEHTAABHHIX HCCAGAOBAHWN GHIAM paspa-
6orann marenTH Ne 1546 A2 m Ne 1547 A2 Ha u3o6pereHne CHocoGOB MOAY-
TeHHS KOMIO3UNUOHHEX AHOAOB, HCIEITaHHE KOTOPHX B YCAOBHSAX GAM3KHX K
IPOMHIIACHHEIM NOKA3aAH WX HNPHEMAEMOCTh AASl BHEADEHHS B NPaKTAKY
3AEKTPOM3BACUEHHUS TAUKEABX IBETHEIX METAAAOB M3 NPOMHINAEHHHX CEPHO-

KHMCABIX pPacTBOpOB.
B mrecrod ranase MpoOU3BEACHO TEeXHHKO-3KOHOMHYeCcKoe 060CHOBaHMe CO3-

AaHMS HEPACTBOPHMEIX aHOAOB M3 MECTHOro n?me'ramqecxoro CHIpbA,
AaHA MepCIIeKTHBA MX BHEAPEHWS B Pa3BUBAIOIIEHCH OTPACAM IMADOIAEKTPO-
MeTaaryprud. O60CHOBaH METOA nepepaboTKH NOAHMETAAARTECKOrO KOHIEH-
TpaTa B MeCTO OpraEM3aNH{ HPOH3BOACTEA. C HCHoAb30BaHWEM METOAMKH
pacgeta pacxXopoB M AOXOAOB, IPHHATOX B MEKAYHAPOAHO!N HpaKTHKe, ome-
HeHa 3G (eKTHBHOCTh BHEAPEHHA pa3paboTaHHOH TEXHOAOIMHM KOMIIAEKCHOI
HepepabOTKH HOAMMETAARYECKOro CHPBA K AHOAHEIX MATEPHAAOB Ha ero
ocHoBe. IToxazaHo, 9TO B CAy4a€ OPraHU3anHW COOTBeTCTBYIOLOEH THApOMe-
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TAARYPTHIeCKO# nepepaGoTKE KOHIeHTpaTa B o6beMe 58000 T B rop, MOKHO
ORUAATH CBEII® 4 MADA. APaMOB pacHpeAeAsteMOl TPHUGHAN. Cpok okymae-
MOCTH KaIMTaABHEIX BAOJKEHHH COCTABHT OKOAO 4-X AeT. AaHH HPAKTHYECKHe
PEROMEBAALAH I10 BHEAPEHHIO Pa3paboTaHHOK TEXHOAOTHH M MaTePHAACB.

OBIIYE BBIBOABI

B peayAnTaTe IPOBEAEHHOrO MCCAEAOBAHHS MOJKHO CAGAATH CAepyromue
BHBOABI I PEKOMEHAALHH: '
1. Co3paHE HayYHEIE OCHOBHI AAS KOMIAEKCHOIM nepepaboTKH MeCTHEHIX ITO-
AMMETAAANIECKHX KOHIEHTPATOB C BEITYCKOM METAAAONPOAYKIMH AAS aHOA-
HEIX MaTepHaroB. Takyio nmepepaGoTky 0eAecoo6pasHO NPOH3BOAMTH THAPO-
METaAAYPIH9eCcKOd TeXHOAOTHEH, BKAIOYAOmIeit CYyAbGATH3HEPYIOINHE OGJKHT,
pasjeAbHOe BHINEAAIMBAHWE H H3BACYEHWE METAAAOB C IOCACAYIOLMM HX
3ASKTPOAUTHYECKHUM PadUHAPOBaHHEM.
Paspa6oTarHas TMAPDOMETAAAYPTHYeCKasi TEXHOAOTHSL B HaHOOAbLIEH CTe-
OeHn oGecneYrBaeT 3aUTy OKpy Kalolie CPEARL.
2. OKRCIEepEMEHTAABHO HOATBEPKACHA BO3MOKHOCTD OpPOTEeKaHHS TePMOAHHA-
MUYECKM OGOCHOBaHHHIX DeaKOHil CyAb(aTH3AmHH MHWHEPaAOB B IIpomecce
HH3KOTeMIepaTypHOTO OGKAra KOHIEHTpaTa ¢ oOpa3oBaHHeM BOAODPAaCTBO-
PHMEIX CyARGDATOB IHHRKA, MEAM M JKeAe3a M HepacTBOPHMOTO CyAb(arTa
CBHMHIQ, ITO SBASETCH OCHOBHON IPEAIIOCHIAKOM AASL Pa3AGABHOTO BHILIEAAYH-
BaHHA ¥ U3BA€TCHWS NEHHHX KOMIOHEHTOB CHIDbS.
3. YcTaHOBAEHA CEAKTHBHOCTH HM3BACUEHHS MeAHd, HHHKA W jKeAesa Ha CTa-
AUH KHCAOTO, & CBHHIA — XAODPHAHOTO BHIIEAAYHMBaHWA. OCHOBHEIMH DEXKH-
MaMH{ NPHHSTH:
®  AAT KHCAOTO BHIIIEAQWWMBaHWSA — KOHNeHTpanus H,SO, 8%, TeMIlepa-
Typa 70°C, IPOAOAKMTeALHOCTS mepeMelmBaEws 3 1, T:)K=1:8;
¢ AM XAODHAHOTO BRINEAAYHBAHHA — HaCHIIEHHHIA pacTBop NaCl,
Temmeparypa 60°C, HpOAOAKMTEABHOCTH IlepeMelnHBaHuA 4 U, Ke-
Ae3HBIH CKpall B BUAE CTaAbHOM CTPY’KKH Ha 20% GOAbITe OT Teope-
THYECKOTO KOAMYECTBa.
4. Pa3paboTaHb GHHapHLIE M ACTHDOBAaHHEIE TPETbUM KOMIOHEHTOM CIIAABEI
Pb+0,8%Ag, Pb+6,3%Sb, Pb+ 7,8%Bi; Pb+0,8%Ag +0,2%Se, Pb+0,8% Ag +
0,15%Te AA% H3rOTOBACHHS KOPPO3HECTOMKHX HepacTBOPHUMEIX aHOAOB.
5. Buepsrie pa3spaboTaHH KOMIIO3HIMOHHBIE aHOAKL KOHCTPYRuuu Pb-(Ag +
PbO,} u Pb-Ag+ (PbO,+MnO,) Ha THTaHOBOH OCHOBE, MOKPHTOR cepeGpoM
TOAIMHOH OKOAC 20 MKM M C KOPPO3HeCTOHKHME (Da30BHIMH CAOAMM M3 AH-
OKCHAOB cBuHHOa (PbO,) # Mapraama (MnO,). Crroco6u TIOAYYEeHUSI KOMIIO-
SHIMOHHEIX AHOAOB 3aUIMLIEHH NATeHTaMu ApMeHHM Ha u300peTenne N1546
A2 u N1547 A2, 3aperucTpupoBaHHH 01.12,2004r.
6. MeTopaMf (apapeeBCKOro MMNEAAHCA H IOTeHNNOKHHETHIECKHUX H3Mepe-
HHI HCCAGAOBAHBI IAEKTPOAHEIE NPONECCH, TIPOTEKAIOMMEe B CEPHOKHCARIX
PacTsopax, B MIMPOKOM AWana3oHe HOAfpusammn. [TokaszaHO, YTO mpH BHICO-
Kux noaspusanusax (E > 1,8 B) omarpaMMa  uMIepaHca BMeeT BHICOKOYaCTOT-
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HYI0 €MKOCTHYIO HETAIO0, YKa3HIBAIOWIyI0 Ha KHHETHYEeCKHH PeXKUM pPaboThl
aHopa. ITpn HA3KMX — AHarpaMMa MMOeAaHCa AMeeT HH3KOYaCTOTHYIO BeTBb,
YKa3HBAaOLIYI0 Ha ARG Py3HOHHEIA PesKEM.
7. Ha MOA@AMpPOBaHHOM CBHHIOBOM aHOAe MPepAOKeH H OOOCHOBAH Mexa-
HH3M (OpMHPOBaHHST H pPocTa (a3soBHIX CAOeB IIo cxeme Pb — PbO — PbSO,
— PbO,. IToAyueHH ypaBHeHHS] KHHETHYECKHX NaPaMeTPOB AAS SA€KTPOAHBIX
Peaxnuil, XapaKTepH3yOIMMX HOBEAGHHe CBMHIIOBOTO aHOAA B Hpomecce
3AEKTPOAH3A.
8. IToTeHnMOMETPHIECKEM METOAOM H3MEePEeHHs CBOGOAHOTO IOTEeHIHaAa
3AEKTPOAOB M3 pa3paboTaHHHIX CIAABOB B CEPHOKHCAOM PacTBOpe YCTaHOB-
AEHO pasAMYEe B MX NOBEAGHHMY B 3aBHCHMOCTH OT ACTHPYIOLIETO JAeMEHTa.
TToxa3zaHa CpaBHUTEABHO BEICOKas KOPPO3HOHHAS CTOHKOCTH CIAABOB CBAHIA
GpoM H bMOL B 6ECTOKOBOM peXHMe.
g.CSe’I::agomengY:enompnsymmee AeWicTBHe cepebpa (nai 65...70 up) H Cypb-
MH (Ha 38..40 MB) Ha BEAMUHHY IOTE€HIMAAd OCHOBHOM QHOAHOH peakmu|
OKHCACHHS BOABI C BHIAGACHHEM MOAEKYASIPHOTO KHCAOPOA3. OTO B KOHEYHOM
HTOTe CHW’XKaeT peaAbHHIE 3HEPreTHIECKAE PacXOAH HM3BACYEHHS METaAra B
cpepreM A0 3,5%.
10. YcTaHoBAEH MeXaHH3M (POPMHPOBaHHA (ha30BHX CAOEB IIPH HCASIPH3aHK
€ yueToM apACOpPOOUE ¥ AecopSOuM CyAb(AT — HOHOB, a TaKKe aKTHBAIUH IIO-
BEPXHOCTH JIAEKTPOAA, 06YCAOBACHHHIX HaAMdIMeM cepeGpa B cocTaBe aHOAQ.
IIprcyrcTBue cepefpa B CBHHIOBOM aHOAe B KoamdectBe 0,8% yBeAuuusaer
CKOpPOCTh OCHOBHOM aHOAHOH peakumum B 2,5..2,7 pasa HO CPaBHEHHIO CO
CROPOCTBHIO peakiu¥, IpOoTeKalollell Ha YHCTOM CBHHNOBOM aHOAe. IToAyde-
HO BHIpaKeHHe AMAS OGIIEero MMIEAAHCa, ONHCHIBAOLNee NMOBEACHHWE AETHpO-
BagHOTO aHOAA W IO3BOAsIONIee ONEHHTh KMHETHYECKHe oqgﬁennocm.s;xex—
TPOAHHEIX peakOuii, akTHBHOCTb IOBEPXHOCTH aHOAA IIPH PasAMTHLIX HOASPH-
311. Ycr.anom\eno AemoASpH3yIolllee BO3AEHCTBHE MAPraHna, HAXOASIErocs B
SAEKTPOAUTE B KOAMYeCTBe 1 I/A, Ha NepeHanpsUKEeHHEe BHIACACHHUS KECAOPO-
Aa Ha aHoAe M3 cmnasa Pb+0,8%Ag B mpeaeaax 35..37 MB. Mapraten Taxke
IOBHIUAeT KOPPO3HOHHYIO CTOMKOCTh 8HOAA, OOYCAOBAEHHYIO (opMHpoBa-
HHEM y7aCTKOB W3 AMOKCHAQ MapraHna ¥ JaCTAIHLIM IePeKPHTAeM MMH NOp
B 3alUTHOM (ha3oBoM caoce. Koppo3us aHOACB H3 Pb+0,8% Ag mpm 3ToM
YMeHbIIaeTcs B 1,2...1,3 pa3a o CpaBHEHHIO C KOPPO3HeH aEOAA B pacTBope
?g?&;i;a:;?nponme 6a30Boro aHoApHOro cmaaBa Pb+0,8% Ag ceAeno:u "
TeArypoM TIPHBOAAT K YBEAMUEHHIO TBEDAOCTH dHOAA B CPEAHEM Ha 12‘ f n
MOBHILIEHHIO €ro KOPPO3HOHHOM CTOMKOCTH Ha 36% HpH HoAdpusanmu (i=50
MA/cM?). Tpotnnie conasu Pb+0,8%Ag+0,2%Se m Pb+0,8%Ag+0,15%Te
MexaHHMYeCKH OoAee TPOYHH H CHHDKAIOT MOTEHOWAA PeakKOHH BHAEACHUS
Krcropopa Ha 30..32 MB ¥ 43..45 MB COOTBETCTBEHHO IO CPaBHEHHIO C IIO-
TeHnHaAoM 6a30BOro CIAZBA. .
13. TepMoMexaHuYecKas 06paGoTKa (3aKaAKa + AeOpPMANMOHHOE YIpOuHe-
HEe) 3HAaUMTEAbHO IOBEINAET KOPPO3HUOHHYIO o<:'x'01>n<oc:'m AQHOAOB. 3aKaAKoif
6a30BOro aHOAHOTO CIAABA C TeMIeparyph 250°C mocae BHIAGPRKH 2 ¥ C mo-
cAeayroweit AedopMmanuei Ha 20% ero TBEpPAOCTh MOBHUWIAETCS B CPEAHEM B
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1,4 pasa, a ROppO3HOHHasT CTORKOCTb — B 1,6...1,7 pata No CPaBHEHHIO C AHX-
TEIM COCTOSTHHEM.
14. YcTanOBAEHO, 9TO JAEKTPOK3BACUCHHE HEHKA B MEAH M3 IPOMBINAEHHEIX
CEPHOKHMCARIX PAaCTBOPOB HPOTeKaeT Goree 3th(eRTHBHO mpH HCIIOAB30Ba-
HHHE HEpPacTBOPHMOTO aHOAA U3 ciaaBa Pb+0,8%Ag.
PeRoMeHAYeMEIM DEXUMOM 3A€KTPOBOCCTAHOBACHHS SBASETCS: AAS IIHH-
Ka — IAOTHOCT® TOKa 400 A/M? TeMmepaTypa 3AeKTpoAHTa 40...42°C; aAT Me-
Ad — DAOTHOCTH TOKa 200 A/M°, TeMmepaTypa sAeKTpoAmTa 40..41°C, 3AeK-
TpoARTHAs AobaBKa — 3 r/A KoGaAkTa B BHAE CcyAbgara.
15. TlorasaHO, 9TO OPH H3BAEYCHUM 30AOTa H3 OPOMHIIACHHHX NHAHACTHIX
PacTBOPOB C HCIIOAB30BaHHEM HEPAaCTBOPHAMLIX aHOAOB M3 THCTOTO CBHHIA M
U3 cmaasa Pb+0,8%Ag s¢dderTuBHOCT, npomecca AocThraeT 98...99%, npo-
THB 85...86% AAT aHOAOB M3 HeprRaBeloLieil CTaAH, IMUPOKO HCHOAL3YEMEHIX B
NIPOMEIIIACHHOCTH.
16. Yicnuransl paspabGoTaHHEIE KOMIO3MNHAOHHEE aHOAH HAa KOPPO3HOHHYIO
CTOHKOCT H CTaGHABHOCTH NOTEHOHWAAA B OPOMHIOACHHOM CEPHOKHCAOM
PacTBOpe OWHKA. YCTAHOBACHO yMeHLIIEHWE B CpepHeM B 1,5 pPasa Koam-
JeécTBa NpHMecH CBHHIA B KaTOAHOM OCapKe OAHKA NPH NPHMEHEHHH KOM-
TOSHIHOHHOTO aHOAA KOHCTPyRnum Ti-(Ag+PbO,+MnO,) B mpomecce
2AeKTpoAH3a npu i=500 A/M? B Teuenne 168 4, a BRIXOA 1O TOKYy IIpH 3TOM
yBeamumBaetTcs ¢ 92,7% Ao 94,8% IO cpaBHEHMIO C aHOAOM Ti-(Ag +PbO,).
KoMIo3unmoEHHN aHOA €O CMelmaHHEM a30BEIM TOKPHITAEM M3 AHOK-
CHAOCB CBHHIA ¥ MapraHia OPOSABASIET BHICOKYIO CTaGHABHOCTH NOTeHOMaAa
BRIAGAGHHS KHCAOPOAA (B cpepHeM 1,7 pasa) B mpomecce 3A€KTPOAH3a npu
BEICOKMX DAOTHOCTAX TOKa (i=500..700 A/M? 1m0 cpaBHEHWIO C aHOAOM
KoHCTpyKnuu Ti-(Ag+PbO,).
17. O6ocHOBaHa NEAeCOOGPa3sHOCTL OPraHHW3amu| B pecnybAMKe MeTaAAyp-
THMIeCKOr0 NPOH3BOACTBA IO NepepaboTKe MEeCTHOrO MOAHMETAaAAHYECKOTo
KOHIIEHTpaTa ¢ TOAOBEIM 0GeMoM 58000 T, IpM KOTOPOM pacueTHaA MPHUGHIAL
COCTaBHMT OKoAO 14,4 MAH, US poArapos, uTo COOTBETCTBYyeT ~20% OT CTOH-
MOCTH TOBapHOM ITPOAYKIHH.
Paspa6oTaHHble MaTepPHAAH M TeXHOAOTHH PEKOMEHAYIOTCH AAS BHeApe-
HHMS B Pa3BHBAIOUIEHCA OTpacAm THAPOSAEKTPOMETAaAYprud B PecnmybOAuke
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UwmbtiGwhnuwlwé wiluwnwbipp Glhpdwd t nbnuwiwé unydpquht puqiunit-
wwnuiwl fwnwlmptph  hwiwihp  hhppoitnmwmpghwliwi  Yhpudzwldunip
Juwwph Ynpqiwh L gpw hhiph Ypw qmbGuynp dhnwnGph LEYynpuynpqiwG
qnpoplpwglGpnd  Yhpwebith wlnqpuyhG Gmptph L YndwynqhghnG wGnnGlph
umnbindiwl whuwljwb L nbluimnqhwywl hhdmGpGhph Swliwtp:

Pwgwhwpnud Ll unwGympkph unydwnwglnn poiwb, pmduwdplhph wnwp-
pwndwi L ymomyplGiphg dhkwwnGkph Gunbgiwl m bLwpwynpqiwG gnpo-
pipwgGhpmd wmbtinh mﬁhgﬁnn é‘})hq_lhsggplz;hlzqmﬁ thnjuwlipympymGhph YhGnp-

wlwb ophGwywihmpymGitpt m wGhqdp: —
! gnumulltu;n[ufb ;:hplll;;;'ﬁnqbﬁmﬁhl;mjh wnhuwytnhg-hwwGwyw 6 phihwiw phwl-
ghwGtph wpympnud unydhuhG dhGkpunGhphg dodpwlwb ppyh poy) 9puiyhb
imonypGupnud motith tpjwph, wnGéh, ghGyh vnybwwnbtiph L npubgmd wlmdtih,
uwljwyG Yhpwypp wnh hwqbgwd momypmyd wwppunnidynn juupuph onydwnp gn-

hGwpwynpmpymGp:
Jwglij‘l::ldﬁm:hp?lu'x‘o ?ﬁ ootpwppujhG opwyhG ymonypGhphg tpYwph, wnGép,
ghGyh pGupnnuywG Ynpqiwl, hGswbu Gwl Yuwwph pphnwyhG wnh gpwih
imomyyphg Yuupwph ghiGnwgdiwb qnponlpwglhipp, npnpwo &6 oujnpdwy ntfu-
Gnnghwlw6 phidhiGhpp: Okpjwgiwd G6 wwppwmetwi unpwiugnyibphg nunk-
Ygny dtwnwnGbph’ nuyn, wpdwph, ubiiGh L pbymph Ynpqiwl nbluGnnghuluwt
Gpp: .

uru:gl:llgm[:i%mmnwjhﬁ lunwbjmpbphg vnwgquwd m pwhhGwgywd ThwnmwnGhph
hhipp ypw Swiywd 6 Ywwwph hhdph dnw Gqhpywd bpy- L Gnwpwnuphy
wlnpujhG hudwdmpwoplhp, npnfighg wuwnpwuuwyty K6 Gnp symoynn wlngbtp
(wjwplwd bEmpuphthwlw, dhahiwibiuwbhywlwi, mbluGonghwlw L tGkp-
qhwywl  wwpwdtnpbbpm): dwnnwuwd b bohpnn  pwnunphsGlph  wqnt-
gmpym6n wlnquyhG Gymptph YuemgyuwopwyhG b tiEhnpwphshwiwl hwnlym-
pymGGtph Ypw: Wnwhuh whngGph Yhpweoddp bknpwynpgdwb qnnt{nﬁpwg-
Ghpmd Guywunmy t pupdp Swppmpyudp dwlp gmGuwynp ﬁhquﬁhp!l unwgdwlp
qquih EGhpquifuGwynnnipyudp b 2whwgnpdvwl wpnyotGun]bnnpjudp: ;

QbGungbGwlunmgywopw)h, tihuhnb uybinpwy m ynmnblgwywhwywa Jupm-
ompmGGhpp, hswybu Gub hfybnwbuh depomh Yhpuniwdp pugwhwynjws t (k-
qhpywd Guwupwpw)hl hwiwdmpjwdpGiphg ywnpuwundud umpunpunnGhph Ypu
wiinquyhG Jbpnbpp gnywgtwl dkuwbhqip: Upwiwd t whnqushl qnpopipwg-
Ghpp dwpbwnpluljwl dogkuninpnuip, npp pay) b wwihu wbuwywinptG q(iuuhw:
wl] kghpnn wmwpph wqnigmpymGp winquhG ebwhghwltph YhGhnhluwih gpw
Ywjujwd bihnpoph plbnwgnuihg: Unwgywd wnlynpymGGiph oqGmpjwidp hw-
dhfwwnyws 66 mwppkp wngGkph ypw ppwgnn nbwlghwGbph wpwgmpymGGtpy,
npulg Swibplnyph whwpympymbp b wwpwoywonpymbp, hGswyku ﬁu:m Ytpwilnh-
Ywgmdp tishnpnihgh wwppbp hoybpnud o pbnwgnmidGph dwiwGuy:

Unwewplwd b hpiGunynpdwd 6 whwnwGh bhdiph Ypw Gnp YndwnghghnG wéng-
Ghpp wnwgiwé knwGwyGtp, npolp plngnymd &6 wpdwph bapwtipwh L Ywwwph
m dwquéh tpyopuhnliphg punjugud wipnhy pwnwbph Lkwpnhwhl Gunt-
gnui: NhunuiGuuppiuwd 66 Huijws wlnpuhG hwdwdmpwopGbph L Ynd-
wnqhghnG wénnGbnh tywpwphihwlwl m tbynputGipgtnhl wwpunitnpGbpp
nnnghwlpuyniGnipynilp umybun-ppiushG, wyy pUnd wpymGupbpuiw nwppe-
oG ymontypGhpnui:

P
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Unwyby pwpdp bkyupwphdpwlui o Ihahywibuwihljulymt  hwnlnpymbit-
ny L YnenghnG uymidmpjuedp odnms wlinquijhG hwdvidpywopdtpp L §miuyn-
ghghnl winnbbpp Gpuzliwynpus &6 wpymGwpbpulwl moniypltiphg qmbwnp
dhwnwnGbph banpuynpqiwi qnpoplipwgGlpnd Yhpwnbin hwwp:

UbgwqqujhG wpymGuphpalw6 phaliunud Yhpwndng lpudnunGbph nt dwiuub-
np gliwhwuninb dhpnghlwjng hpdGudnpwd & wpnwnpudjul ounjuwfbpny pug-
twidbmwnugh funwbmpbkph hhnpnibmwnipghurlju G YEpwdzuiljdwdp dhnwnfb-
np hwdwihp YnpqiwG b Ywupuph hpdph Ypw wlnnwjhl Gymptph unwgiwi wkifu-
nnghuh Gujuunwwhwpdwpmpymp: Snyg L mpjwd  Ghpypiw6 hwzdwpluwjhl
wnyniiwybnmp ynmbp:

Cpowljw dhowwjph wwpnwwnipjws nbuwltnhg woluwwnwlph wpdwihpp
Twilwo whlubnmnghwljw gnpoplpwgltiph L Gynpliph dwppmpniG6 t:

UwnbkGwtununipjul phfuyng hpwnwnpulpjwo £ 22 ghwnwlw6 hngjwo, unwgyud
E 2 wpwnGuwqghp:
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