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BBEJAEHUE

Axmyansnocms memot. OTHUM U3 OCHOBHBIX (PAKTOPOB  YCHEIIHOTO
pa3BUTHS JTIOO0N OTPACIIH SBIISAETCS HAJIMUUE ChIPhEBOM 0a3bl. ['opHOAOOBIBAOIIAS
MPOMBIIIUIEHHOCTh TaJPKUKHCTaHa UMEET XOPOIIYI0 MUHEPAIbHO-ChIPhEBYIO 0a3y,
pa3Mepbl KOTOPOM JOCTAaTOYHBI, YTOOBI OOECHEYUTh pAa3BUTHE OTPACIH Ha
JUTUTEIBHYIO MEPCIICKTUBY.

Ha tepputopun LlentpanpHoro TamkukrucTana, oxBaTbiBaroleid 6accerH p.
3epaBIllaH, COCPEIOTOYEHbl 3HAYUTENbHBIE 3amachl 30JI0Ta, MPEICTABIECHHOIO
PYIAHBIMHU W POCCHIITHBIMA MECTOPOXKJICHUSMU. [IpOMBIIIIIEHHYIO IIEHHOCTH
MPECTABIAIOT TOJBKO pyIHbIE MecTopoxkiaenus — [lxwmay, Tapop, Mocapud,
Cesepnoe Jlxunay, Xupcxona, Onumnuiickoe, Jlyo6a, Yope, Kanuou, Bepxuuit
Kymapr u np. 3HaudTenbHasi 4acTh PyA 3THUX MECTOPOXKICHUW OTHOCUTCA K
MBIITBAKCO/ICPKAIIUM, TiepepaboTKa KOTOPBIX CBsI3aHa C  OMpeJeIeHHBIMU
TPYAHOCTSIMHU.

N3 Hay4HO-TEXHUYECKUX TMpoOJeM, CTOAIMUX TMepes COBPEMEHHOM
30J10TOAOOBIBAIOIIEN MPOMBIIUIEHHOCTBIO, Mpo0OJieMa W3BJICUEHUS 30JI0Ta W3
TEXHOJIOTUYECKH YIIOPHOTO CHIPhS, O€3 MpeyBeInYeHUs, MOXKET ObITh OTHECEHA K
yuciy HauOosiee BaxHbIX. [lo oOlleHKE SKCHepToB, MMEHHO 3a cuer OoJee
IIUPOKOTO BOBJICUCHUSI B JKCIUTyaTallUI0 YMOPHBIX 30J0TBIX U KOMILJIEKCHBIX
30JI0TOCOJIEPKAIMX PyA B TEKYIIEM CTOJETHH IUJIAaHUPYETCS OO0EeCreyuTh
OCHOBHOM MPUPOCT A0OBIYM 3010Ta B MUPE. BOJIBIIMHCTBO HAyYHBIX pa3pabOTOK U
nyoJIMKaMK TOCHEAHUX JET B 00JIacTM O0OOTamieHusT W METaUTypru4ecKon
nepepadoTKu pya  OJaropoJHBIX METaNIOB, TaK WM WHA4ye, CBA3aHBI C
npoOJjieMamMu U3BJICUEHUSI YIIOPHOIO 30JI0Ta. B MX pelieHnu NpuHUMAaloT y4acTue
HAy4YHO-UCCIIEI0BATEILCKUE OpPTaHU3AINK, TPEANpUiTus U (GUPMBI BCEX CTpaH,
SIBJISTIOIIUXCS. OCHOBHBIMU (WJIM TPOCTO KPYIHBIMHU) TPOU3BOJIUTEIISIMU DTOTO
MeTajuia U3 pyJAHOrO ChIPhS.

[Ipexxne Bcero, cienyeT YTOYHUTH CamMO TOHSTHE «YIOPHBIE 30JI0THIE

pyas». Ilom  >TuM  TepMHMHOM, Kak  OpPaBWIO,  IOAPA3yMEBAIOTCA



TPYAHOOOOTaTUMbIE PYJbl 30JI0Ta, NepepadoTKa KOTOPbIX C MNPUEMIIEMbIMU
TEXHOJOTHUECKUMHU TOKAa3aTeSIMU HE MOXKET OBITh OCYIIECTBIICHA MO OOBIYHBIM
(cTaHZAapTHBIM)  TEXHOJIOTHSIM. Opnako  maHHBII ~ Bompoc  Tpedyer
COOTBETCTBYIOILIETO YTOUYHEHHs. J[e0 B TOM, UTO OJIHA U Ta K€ 30JI0Tas pyia,
IPOXOJIS Uepe3 Psifi MOCIEA0BATEIbHBIX TEXHOJIOTUYECKUX ONEpalliii, COBEPIICHHO
MO-pa3HOMY TMPOSIBIISIET CBOM CBoicTBa. Tak, Hampumep, pyda, coaepKamas
30JI0TO B TECHOM acCOLMALMU € CylIbpuaamMu (MUPUTOM, ApCEHOITMPUTOM U JIp.), B
MPUHIINAIIE JTOBOJILHO JIETKO MojBepraeTcs (iaortannoHHOMY oboramenuto. Ho ta
K€ pyla WIA IOJydyaeMble U3 Hee KOHIIEHTpaThl B cilydae OOpaOOTKM HX
[MUAaHUPOBAHUEM WJIM IJIABKOH MOTYT OKa3aThCsl UYPE3BBIUAWHO YIOPHBIMU B
TEXHOJIOIMYeCcKOM oTHoIIeHuu. [Ipu pa3zpaboTke u BbIOOpE HOBBIX 3PPEKTUBHBIX
IPOLIECCOB H3BJIEYEHUS 30J10Ta U3 YIOPHOTO CYIb(PHUAHOTO ChIPbS CIIELUATUCTHI
OTHAIOT TPEANOYTEHHE THAPOMETAIUIYPTHYECKUM METOJaM, Tak Kak B JITOM
cllydae, Hapsay C JOCTUKEHHEM BBICOKMX TEXHUKO-DKOHOMHUYECKHX IOKa3aTeleH,
UCKJIIOYAeTCS 3arpsi3HEHUE OKpYKalolleld cpeApl BPEIHBIMH Ta30BBIMH U
MBUIEBBIMH BEIOPOCAMH MBIIIBSIKA, CEPBI, CYPHMBI U JP.

Bmecre ¢ Tem BOBi€UEHHME YIOPHBIX 30JI0TOCOJEP)KALIMX pyd B
MIPOMBINIJICHHOE TTPOM3BOJICTBO 3HAYUTEIHFHO PACHIMPSET CHIPhEBYIO 0a3y I[BETHOU
METaJLTypIrUH.

B cBs3u cBbINIE M3MOXKEHHBIM pa3paboTka 3(PGEeKTHBHON TuapoMeTa-
JYPTUYECKON TEXHOJIOTUM TMepepadOTKH YKa3aHHBIX Py SBISETCS aKTyaJbHOU
poOIEMOi.

B mocnemnme rompl B 00JacTH 30J0TOAOOBIYM BeIyTCS pPalbOTHI IO
BOBJICUGHUIO B TepepabOTKy pyA C HHU3KUM COJEpKAaHUEM  IOJE3HBIX
KOMIOHEHTOB.  Pa3paboTka ¥ BHEOpEeHHE B 30J0TOJ0OBIBAIOIIYIO
MPOMBIIIICHHOCTh A((MEKTUBHBIX W Malo3aTPAaTHBIX TEXHOJOTHH, K OJHOW W3
KOTOPBIX ~ OTHOCHUTCS ~TEXHOJOTHMS KY4YHOTO  BBILIEJIAYUBAHUS, MO3BOJIAET
pacliipuTh MUHEPaIbHO-CHIPbEBYIO 0a3y 30JI0Ta 3a CUeT NepepadOTKU OeIHBIX,

3a0aJIaHCOBBIX pyAa, OTBAJIOB M JICKAJBIX XBOCTOB 30JIOTOM3BJICKATCIIbHBIX (1)&6})1/11(,



OCYIIECTBUThH UX PEHTAOEIBHYIO MEpepadboTKy.

B CII «3epaBmian» CKONWIOCH OOJBIIOE KOIMYECTBO OEAHBIX pyA C
conepkanueM 3oiota MeHee 1,0 /1. Panee kommanueit «Bateman Engineersy Obur
MPEIOKEH MPOEKT KYYHOTO BhIIIETaYMBaHUs OCAHBIX Py C COJAEPKAHUEM 30JI0Ta
1,39 r/t ¢ oobemoMm mepepaboTku 5 MiH. T / roA. IIpoekT mpemycmaTpuBai
npo0iieHre pyabl, arjoMepanuio, ITadeIupoBaHHEe €€ Ha IUIOIIaJIKe ¢
MOCTEAYIONUM OpOIIeHreM ImaHuaoM. KanuranpHble 3aTpaThl HA MPOEKT OBLIU
oueHeHbl B 55 MmiuH. nomwt CIIA, 4yto skoHOMHYECKH HEBBITOAHO. llo3aTomy
npUMEHeHHe OoJiee NEeUIeBOM TEXHOJIOTUH, CIIOCOOHOW BOBJIEYb B MEPEPadbOTKY
OenHbIe U 3a0aTaHCOBBIE PY/bI IPEACTABISET OONBIION MPAKTUYECKUI HHTEPEC.

CymiecTByeT NpakTHKa MPUMEHEHHUsS YIPOLIEHHOIO METOoAa KY4YHOTO
BBINICJIAYUBAHUS ISl TIepepabOTKU OCMHBIX PY/, TaK HA3bIBAEMOTO «OTBAJIBHOTO
BBIIIEJIAYMBAHUA»,  KOTOpas  IIMPOKO  pacmpocTpaHeHa  Ha  MHOTHX
TOPHOJOOBIBAIONIMX MPEANpUATUAX. B 3ToM ciyyae Takue A0pOrocTosiue
ornepanuy, Kak IpoOJeHue arjioMepamus U Jpyrue MOArOTOBUTENbHbIE PadOTHI,
UCKJIIOYAIOTCS, W pyJa HUIET Ha ITabeNupoBaHHE MpsSMO C Kapbepa 03
MPEABAPUTEIILHON TOATOTOBKM PYyJAbl, HO OKOHOMHS 10 KAaNUTAIbHBIM H
MIPOU3BOJICTBEHHBIM 3aTpaTaM KOMIIEHCHUPYET 3TOT HEAOCTATOK, YTO IO3BOJISET
BECTH PEHTAOEIBHYIO TepepabOoTKy PYJbl, KOTOPYIO HEBBITOJHO TepepadaThiBaTh
Ha (abprKe METOI0M YaHOBOTO BBIIIETIAaYUBAHUSI.

PaboTa nmpoBonunace B cooTBercTBUU C maHamu HUP WMucTuTyTa Xumuu
uM. B.M. Hukutnna Axkagemun Hayk PecnyOmuku Tamxuxuctan «Hayunbie
OCHOBBI 0€30TXOJHOW TEXHOJOTUU MepepadOTKM MHMHEPAIBLHOTO ChIPbS H
npoMbIuieHHbBIX  oTx0q0B» (I'P Ne0106TJ1415) 2006-2010rr.; «®Pusuko-
XUMHUYECKHE W TEXHOJIOIMYECKHE OCHOBBI MEpepeOOTKH MHUHEPATbHOTO CHIPbS U
IPOMBIIIBICHHBIX 0TX070B» (I'P Ne0102T/1927) 2011-2015rr. u «IIporpammoii
BHEJJPEHHUSI HAYYHO-TEXHUYECKHX IOCTHUKEHHH B MPOMBIIUIEHHOE MPOU3BOJICTBO

PecnyOnuku Tamxukucrad Ha nepuoa 2010-2015rr.»



10

Ilenv u 3a0auu uccnedoganus. VI3yueHue HayyHble OCHOBBI XHUMHKO-
TEXHOJOTHUECKHE TMepepadOTKH YHMOPHBIX U OEIHBIX 30JI0TOCOAEPKAIIUX Py
TamKUKUCTaHa, CHOCOOCTBYIOIIMX OXpaHE OKPYXAIOLIEH Cpeabl, MOBBIIICHHUIO
HOJIHOTHI U KOMIUJIEKCHOCTH UCIOJIb30BaHUSI MUHEPATIBLHOTO ChIPBS.

B cBfi3M € MOCTaBIEHHON IEJbI0 OCHOBHBIMH 33/Jla4aMH HCCIEIOBaHUS
SBIISIOTCA:

- U3yYEHUE KUHETUKU PACTBOPEHHUS 30JI0Ta, cepedpa U MeIu B LIMAHUCTON U
aMMHUAYHO-IIMAHUCTON CUCTEME U pa3pabOoTKa TEXHOJIOTMYECKON CXEMBI C OLICHKOM
€€ UCII0JIb30BAHUS B 30J10TO100BIBAIOIIEH POMBIIIEHHOCTH;

- YCTaHOBJEHUE  XUMHUKO-TEXHOJIOTMYECKUX  OCHOB  TEXHOJOTHMHU
XJIOPUJIOBO3TOHKM 30JI0THIX MBIIIBSIKCOAEPKAIMX KOHIIEHTPATOB MJisi BbIOOpa
ONTHUMAJIBHBIX PEXUMOB IIPOLIECCA € MOCIECTYOIIUM [IUaHUPOBAHUEM OTapKOB;

- HCCIIEOBAaHUE XUMHUKO-TEXHOJOTMYECKUX 3aKOHOMEPHOCTEH a30THOKHC-
JIOTHOTO  BBIIICJIAYMBAHMAS ~ KOHLIEHTPAaTOB C  yTWIH3AaUMEHd MBIIIbAKA C
MOCJIETYIOIIUM [TUAHUPOBAHUEM KEKOB BBILIEIAUNBAHUS;

- BBISBJICHUE KUHETHYECKUX 3aKOHOMEPHOCTEHW HMCCIEIYEMBIX IMPOLIECCOB U
BIUSHUSA TEMIIEPATypHBIX PEXUMOB Ha KHHETUKY BBIIICIAYMBAHUS 17}
XJIOPUAOBO3TOHKH OCHOBHBIX KOMIIOHEHTOB 30JI0TOCOIEPKAILINX PY/I;

- ompeneneHue (PU3MKO-XUMUYECKUX COCTAaB MCXOJIHBIX M KOHEYHBIX
IPOAYKTOB NEPEPAOOTKU 30JI0TOTO MBIIIBSIKCOEPKAIIETO ChIPbS;

- pa3paboTKa TEXHOJOTMA  THOMOYEBHMHHOTO M  THOCYJb(ATHOro
BBIILIEJIAYMBAHNS 30J10Ta U3 YHOPHBIX 30JI0TOCYIb(PHUAHBIX Py U KOHLEHTPATOB
YopuHckoro u Tapopckoro MeECTOPOKACHUM;

- pa3paboTka TEXHOJOTUM mMepepaboTKM OedHBIX U 3a0aTaHCOBBIX
30JI0TOCOJIEPKAIIMX PYyd, a TAKKE HCCIEIOBAHUE BO3MOXHOCTH HPUMEHEHUS
MaTEeMaTUYECKUX MOJENIeH NIl OMpe/leJICHUs ONTUMAIbHBIX MapaMeTpOB pexuMa
KYYHOT'O (OTBaJIbHOTO) BBIIIEJIAYNBAHUS;

- TPOBEACHHE ONBITHO-IPOMBIIIUICHHBIX HCIBITAHUN pa3pabaThIBAEMOTO

npoliecca Ky4yHOro (OTBAJIBHOTO) BBIIIEIAUUBAHUS 30J10Ta U3 PA3IMUHBIX OCTHBIX
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1 3a0aJIaHCOBBIX PY/I.
Hayunas noeuszna padomal 3aKJII049AECTCS B CIEAYIOLIEM:

- YCTaHOBJIEHbI OCHOBHBIE XUMHKO-TEXHOJIOTMYECKUE TTApAMETPhI IPOLECCOB
U3BJICUEHMSI 30JI0Ta, cepebpa W MeAu TpU  XJIOPHUJIOBO3TOHKE YHOPHBIX
KOHIIEHTPATOB C HCHOjJb30BaHMEeM B kauecTBe xjopuHaTopoB NaCl, CaCl, u ux
cMecel U IpeyIokKeHa MPUHIUINAIIbHAS CXEMA UX NepepadoTKH;

- H3y4YEHbl HAYYHBIE OCHOBBI TEXHOJOTMYECKOIO IMpolecca pa3iokKEeHUs
30J10TO-, MEJHO-, MBIIIBSIKOBBIX KOHIIEHTPAaTOB a30THON kucioToid. Ha ocHoBe
U3YYEHUSI KUHETUYECKUX JAHHBIX YCTAHOBJIEH BO3MOXKHBIM MEXaHU3M ITPOTEKAHUS
mpolecca  a30THOKHCIOTHOTO — BCKPBITHSL  KOHIEHTPATOB, U  pa3paboraHa
IPUHLMIIMATbHAS TEXHOJIOTUYECKasl cXxeMa IepepaboTKu HCCIeyeMbIX OOBEKTOB
C MOJIyYE€HHUEM 30JI0Ta U MEIU;

- BIIEPBbIE I[I0KAa3aHA BO3MOXXHOCTh MNPUMEHEHHS THUOKapOaAMUAHOIO U
TUOCYJIb(ATHOTO BBIIIETAYMBAHU JJIs U3BJICUEHUS 30J10Ta U cepedpa U3 yIOpHbIX
pynl U KoHIEeHTparoB TamkukuctaHa. M3ydyeHa BO3MOXKHOCTh YTHIM3ALUU
MBIIIbSIKA U3 PACTBOPOB;

- BIIEpPBbIE UCCJIEI0BAaHbl YCIOBUS OTBAJILHOTO BbILIENAYMBAHUS OCIHBIX Pyl
MecTopoxaenui Jxunay, Onumnuiickoe, CeBeproe [xunay u XupcxoHa;

- pa3paboTaHa MaTemMaTHuecKas MOJENb Mpolecca Ky4yHOro (OTBaJbHOTO)
BBIIICJIAYMBAHNS,  TO3BOJLSIIOLIAS  NPOTHO3MPOBATb M KOHTPOJIMPOBATh
TEXHOJIOTUYECKHE MapaMeTphl Mpoliecca B JII0OOH 3aJaHHbIII MOMEHT BPEMEHH;

- 10 pe3yibTaTaM MCCICJOBAaHUN TMOJYYEHO MSATh MalbIX IaTEHTOB
PecnyOnuku Tamxukuctan Ha n300peTeHue.
Ilpakmuueckasn 3HaUUMOCHMb PE3YAbMAMO8 padomul:

1. Pa3pabGorana TexHONOTHsS XJOPUAOBO3TOHKH 30JI0Ta M cepedpa u3
YIOPHBIX KOHIIEHTPATOB M OIpPEJEICHbl ONTUMAJbHBIE MapaMeTphbl Mpolecca.
[ToxazaHo, 4TO M3BJIEUYECHUE 30J10Ta U cepedpa MpU XJIOPHUIOBO3TOHKE B TeueHue |-
2 gacoB, coctaBmio 95-99 %;

2. Y cTaHOBIICHBI XUMHUKO-TEXHOJIOTHYCCKUC OCHOBBI TCXHOJIOTHN
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nepepadoTKU 30J0TO-, MEIHO-, MBIIIBIKCOJEPKAIUX KOHIEHTPATOB a30THOM
KHCJIOTOW C MOCJIEAYIOIUM H3BJICYEHUEM M3 KEKOB BBIIIEIAYMBAaHUA 30J10Ta
METOJIOM IMaHupoBaHUs. Pa3paboTaHHBIH CmOCO0 BCKPHITUS KOHILIEHTPATOB
OTJINYAETCSI  BBICOKMMHM  TEXHOJIOTMYECKHMMHM  TOKa3aTelIsIMH,  MEHBIIEH
TOKCHUYHOCTBIO, YEM OKHUCIUTENbHBIA O0KUI KOHIIEHTPATa, TaK KaK MCKIIOYaeTCs
BEPOSITHOCTh BHIOPOCA MBIIIBIKOBUCTHIX TA30B B OKPYKAIOILIYI0 aTMOCHEPY;

3. IlpoBeneHbl MccaeaoBaHMs IMpoOLEcca U3BICUEHHUs 30J10Ta U cepedpa U3
YIOPHBIX MBIMIBIKCOAEPKAIIMX Py U KOHIICHTPATOB METOJIOM THOKapOaMHUIHOTO
U TUOCYJb(haTHOTO BhINIeNauynBanus. Ha ocCHOBaHUYU MPOBEACHHBIX UCCIEIOBAHUIMA
HalJIeHbl ONTHUMAJbHBIE YCJIOBUS THOKapOAMUIHOTO M  THOCYIb(ATHOTO
BBIIIEJIAYMBAHUS 30JI0Ta U3 Py U 000X KEHHBIX (DIIOTAIMOHHBIX KOHIIEHTPATOB;

4. Ha OOO CII «3epaBuian» OpoBeAcHA MOJYIPOMBINIICHHAS! U OMNBITHO-
IPOMBIIIUIEHHAS] MTPOBEPKA TEXHOJIOTMU KYYHOTO (OTBAJILHOTO) BBbILIEIAYUBAHUS
Ha pyJax pa3uyHbIX MECTOPOXKICHHI, B pE3yJbTaTe€ KOTOPBIX JOCTUTHYTa
CTETIeHb M3BJIEUYCHUs 307I0Ta - 69 %, cebecTomMOCTh moydeHus 1 rpamma 30J0Ta
coctaBuia 10,4 nomnapa CIHIA npuObLIb 32 OAWH IUKI OMBITHBIX HCIBITAHUN
coctaBisio 45298 non. CIIA;

5. PaccuuTanbl MaTeMaTU4YeCKUE MOJEIU MPOLECCOB KyYHOIo (OTBAJIBHOIO)
BBILIETIAYMBAHUS M JaHbl PEKOMEHJAIMKW MO0 HX MCIOJIb30BAHUIO HA CTaguu
MPOEKTHBIX paboT MecTopoxknenus Jxunay, Ceseprnoe xunay u OnuMmnuiickoe.

Pe3ynpTaThl pabOThl OTpa)kK€Hbl B aKTaxX MOJYHNPOMBIIUIEHHBIX U OMNBITHO-
IPOMBIIIIEHHBIX UCIIBITAHUN U UCTIOJIb30BaHbl B yUeOHOM IpoLecCe:

- aktel BHeapenuss OO0 CII «3epasmany, MOIYNPOMBIIUIEHHBIX U ONBITHO-
MPOMBIIUICHHBIX HUCHOBITAHUI KY4YHOrO (OTBaJbHOTO) BBIIICIAYUBAHUS U3
pasnuyHbIX pya TamkukucTana (mpunoxenue 1-3);

- aKT 00 MCHOJIb30BaHUM PE3YyJbTAaTOB MCCienoBaTeabCckoM padoTel B OO0
CII «3epagrran» (npunoxenue 1-5);

- aKT 00 MCIMOJIB30BAHUM PE3YJHTATOB JUCCEPTAIIMOHHON pabOThl B yueOHOM

nporiecce TaHPKUKCKOT0 HAIIMOHAJILHOT'O YHUBEPCHUTETA (IIPUIIOKEHHE 6).
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Memooonozus u memoovt uccineooéanus. OObLEKTaAMU HCCIEIOBAHUN
SABJSUTUCH. TPYAHOOOOTAaTUMBIE 30JI0TO-, MEIHO-, MBbIIIBSIKCOACPKAIIUE PYIbl
Tapopckoro 1 HopuHCKOTO MECTOPOXKICHUI U 30JI0TOCOJIepkKaIue OCIHbIE PYJIbI
mectopoxaeHuit xunay, Onumnuiickoe, XupcxoHa, Mocapudp u CeBepHoe
Jxunay.

Jlnst perieHus: MOCTaBIEHHBIX 33/lad B pab0OTe MCIHOJb30BaHbl COBPEMEHHBIE
METO/IBI HCCIIeTOBAHMIA: PEHTIeHO-(ha30BBIH, aTOMHO-a0COPOITMOHHBIH,
CHEKTPOCKONMMYECKHH,  (POTOKOMOpU-METPUUECKUN, a TakkKe THUTPOUOMIO0-
METPUYECKUHN, TPOOUPHBINA, TPaBU-METPUUYECKUM M JpYyrue METOJbl aHaIHN3a,
TEXHOJIOTUYECKOE TECTHUPOBAHUE, YKPYMHEHHBIE JIa0OpaTOpHbIC, MOJIYIPOMBIIII-
JICHHBIE U ONIBITHO-TIPOMBIIUICHHBIE HCIIBITAHUSI.

TeopeTnueckoi 1 METONOJIOTHYECKO OCHOBOM MCCIIEIOBAHHUS SIBIISLIIUCH
PabOThl COBPEMEHHBIX OTEYECTBEHHBIX U 3apYOEKHBIX YUEHBIX B 00JIaCTH TH/I-
POMETAILTYPrUU U TEXHOJIOTHUHU NIEPEPa0OTKHU 30JI0TOCOIEPHKAIIETO ChIPhSI.

OcHogéHble no0dicenus, 6bIHOCUMbBIE HA 3AUUMY:

- pe3yabTaTbl MCCJEJAOBAaHUN IO BBIABICHUIO OCHOBHBIX KHHETUYECKHUX
3aKOHOMEpPHOCTE pacTBOpPEHHsS 30JI0Ta, cepedpa W Meau B I[HMAHUCTBIX W
aMMMAYHO-IIUAHUCTHIX PACTBOPAX;

- pe3ylbTaTbl XHUMHKO-TEXHOJIOTMYECKUX  HCCIECIOBAHHM  MPOLIECCOB
B3aMMOJICHCTBUS 30JIOTOCOJIEPIKAIMX KOHIIEHTPATOB C PA3IMYHBIMU XJIOPUIAMU
MIPY XJIOPUAOBO3TOHKE;

- pe3yabTaThl HCCIIEIOBAHUI XUMHUKO-TEXHOJIOTHYECKUX OCHOB
a30THOKHUCJIOTHOTO CIOCO0a BCKPBITHSL 30JI0TO-, MEAHO-, MBbIIIb-IKCOACPKAIINUX
KOHIIEHTPATOB;

- pe3yabTaThl XUMHUKO-TEXHOJIOTHYECKOTO W3y4CHUS 00BEKTOB
HUCCICAOBAHUM;

-pe3yabTaThl UCCieNoBaHus d(PPEKTUBHOCTU MCTOIB30BAHUS HEITMAHUTHBIX
pacTBopuTeNied 1T W3BJCYEHUS 30JI0Ta M cepedbpa U3 YINOPHBIX

30JIOTOCOACPKAINUX PYA U KOHLCHTPATOB,
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- HCCJIeJOBaHUE BOMIPOCOB MHTEHCU(PHUKALIMHU MTPpoIlecca KOJIOHHOTO U Ky4HOTO
(OTBaJBHOIO) BBHIIICTAYMBAHUS OCIHBIX U 3a0aNaHCOBBIX pPYA Pa3TMYHBIX
MECTOPOKICHUU;

- MOJIETTUPOBAHHE TMPOIECCOB KY4YHOrO (OTBaJIBHOIO) BBIIIEIAYUBAHUS
pa3IUYHBIX PYA.

Cmenenv 0ocmosepnocmu u anpooayus pavoomst. CTENEHb JOCTOBEPHOCTU
pE3yNbTaTOB padOTHI, BEIBOJIBI M PEKOMEHIALNH ITOATBEPKIA0TCS UCIIOJIb30BaHUEM
COBPEMEHHBIX XHUMHKO-TEXHOJIOTMYECKUX METOAOB HCCIEHOBAaHUI, OCHOBBIBAIOTCS
Ha TPUMEHEHUH OOJBIIOr0 O0beMa SKCIEPUMEHTAIBHBIX M IMPOMBIIIJICHHBIX
JAHHBIX, UX CTATUYECKON 00pabOTKE U MAaTEMaTUYECKOM MOJIETUPOBAHHH.

Pe3ynbrarhl, OCHOBHBIE MOJOXXEHUS M BBIBOJABI JUCCEPTALMOHHOW PaOOTHI
JOKJIaJIBIBAJINCh U OOCYXKIAJINCh Ha KOH(PEPEHLUU MOJOJIBIX YUYEHBIX «XUMHUS B
Hagaie XXI| Beka», (r.JdymanOe, 2000r.); Pecny0OiukaHCKoN KOH(pEpEeHIMU
«Mononple  y4yeHble M COBpeMeHHas  Hayka», (r.Jlymanbe, 2003r.);
PecniyOonukanckoii koH(epeHunun «lIporpeccuBHbIE TEXHOJIOTMH Pa3pabOTKH
MECTOPOXKACHUN U NEPEepabOTKU MOJIE3HBIX HCKOMAEMBIX, IKOJIOTMYECKOE ACHEKThI
pa3BUTHUSA TOPHOPYIHOU MPOMBIILIEHHOCTH (r.dymanoe, 2005r1.);
MexnayHaponHoit koHpepeHuu «COBpeMEHHAas XUMHUYECKas Hayka U ee
npuKiIaaHble acnektey, (r.Jdymanbe, 2006r.); MexnyHapoaHoil KOH(pEpEHIIMU
«IlepcriekTuBbI pazBuThs Hayku u oOpa3zoBanus B XXI Bekey, (r.dymanoe 2008r.);
PecnyOnukanckoit koHpepeHunn «l'OpHBIE, Te0JIOTUYECKUE, HKOJOTUUECKUE
aCIEeKThl U Pa3BUTHE TOPHOPYIHOM mpombinuieHHOCTH B XXI| Bekey, (T.[lymanoe,
2010r.); Mexaynapoanoii koHpepenuun «XII™ HamnonampHas KoH(EpeHIHS C
MEXIYHApOJAHBIM YYacTHEM IO OTKPBITOW M MOABOJHOW J00BIYE MOJIE3HBIX
uckonaembix», (Bapua, bonrapus 2011r.); PecmyOnmkanckodi koH(epeHIHH
«CoBpeMeHHbIE MPOOJIEMbl XUMHUHU, XMUMHUYECKOW TEXHOJOTUA W METAJLTyprUn»,
(r.lymano6e, 2011r.); Mexaynapoanoi kondepeniuun «Applied and Fundamental
Studies.1%international Academic conference. St. Louis, Missouri», (USA, October,

2012r.); Mexnaynaponnoit koHpepenunu «lleperoBbie TEXHOJIOTUU Ha Kapbepax»,
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(r.bumkek, 2012r.); XV, XVI bankanckux KoHrpeccax 1o oOOramieH1Io Mojae3HbIX
uckonaembix (bonrapus, 2013r.; benrpan, Cepb6us, 2015r.); MexayHapoaHoun
koH(pepentun «Ilo OTKpHITOM W TOABOAHOW AOOBIYE TIOJIE3HBIX HCKOIACMBIX.
Bapna», (bomrapus, 2013r.); Pecnybnukanckoit koHpepeHimu «llepcriekTuBbl
WHHOBAIIMOHHOW TEXHOJIOTHM B PA3BUTHM XUMHYECKON IPOMBIIUICHHOCTH
Tamxukuctana», (r.Jlymanbe, 2013r.); Pecnybnukanckoil  KoHbEpEeHIIMU
«KommuiekcHass mepepabOTKa MECTHOTO CHIPhSI M TMPOMBIIUICHHBIX OTXOJIOBY,
(r.Ayman6e, 2013r.); MexayHapoaHOW Hay4YHO-TPAKTUYECKON KOH(epeHIH
«KoMIUIeKCHBIM MOJXO0JT K HMCIOJIb30BaHUIO U TiepepaboTke yris», (r.Jlymanoe,
2013r.); PecnyOnukaHCKOM Hay4yHO-TIpaKTUUECKON KoH(pepeHuuu «BHeapenue
HAyKOEMKOHW TEXHMKH M TEXHOJOTHM B Tpom3BojcTBOY», (T.Jlymanbe, 2013r.);
PecniyOnukanckoit koHpepeniun «llepcrnekTUBbl MHHOBAIIMOHHON TEXHOJIOTHH B
Pa3BUTUU XMMHUYECKON MPOMBINUICHHOCTH Tamxkukucrana», (r.Jlymanoe, 2013r.);
5-ii MexayHapoIHON Hay4dyHO-TIpakTU4YecKoil koHdepeHn «BcemupHas Toprosas
opranuzauus: Pa3Butue Hayku, TeXHUKH W oOpazoBaHus», (r.Jlymanoe, 2014r.).
PecnyOnnkaHCKoN KOH(pEpEeHIIMN «AKTyaldbHble MPOOJIEMbl COBPEMEHHOW HAYKW»,
nocB. 70- neruto IloGeast B Bemuxoit OrteuectBenHovi Boiine, dunuan
HanunonansHoro UCCJIEeI0BATEIHCKOIO TEXHOJIOTHYECKOTO YHUBEpPCUTETA
«MUCuC» B ropoxe Hymanbe (r.Jlyman6e, 2015r.); MexayHapoaHOil Hay4dHO-
nmpakTuyeckon kKoHgepeHiuu, mnocB. 1150-neturo A0y bakpa Myxammama uOH
3akapust Pazu, (r.[yman6e, 2015r.); PecnyOnnkaHckodl HaydyHO-NPaKTHYECKOU
koH(pepeHmn «TexHONOTHST KOMIUIEKCHOW TMepepabOoTKHU TMOJIE3HBIX HCKOIMAEMbIX
Tamxukucrana», mnocB. 25-tu jneturo  ['ocynapCTBEHHONW  HE3aBUCUMOCTH
Pecniyomuku Tamkukucran, (r.Ukamosck, 2016r.); PecnyOnukaHckoil HaydHO-
npakTudeckon koHpepenimu «lIpobiemMpl MaTepuasoBeIeHUsS B MAIIMHOCTPOCHHUH
PecnyOnuku Tamxukuctany», (r.[Jlyman6e, 2016r.); MexayHapoaHOH Hay4dyHO-
npaktudeckuii koHpepeHuu «IIpodieMpl pa3pabOTKH MECTOPOXKICHUM MOJE3HBIX
uckonaeMbix», (r.Ukanosck, 2016r.); MexayHapoaHOW Hay4HOW KOH(EPEHLIUH

«Ponb MONOBIX YUEHBIX B PA3BUTUM HAYKW, MHHOBALIMM U TEXHOJOTUI», MOCB. 25-
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JETUI0  TOCYJapCTBEHHOW  He3zaBUcUMocTH  PecnyOmuku — Tamkukuctany,
(r.Ayman6e, 2016r.); VIl Bcepoccuiickoit HayqHO-IPAKTHUECKON KOH(MEPEHINH C
MEXIYHApOIHBIM ydacTueM «llepCreKTHBBI pa3BUTHS TEXHOJOTUU IEepepabOTKH
YTIEBOJAOPOAHBIX U MUHEPATILHBIX pecypcoBy, (r.Mpkyrck, 2017T.).

JIuunwlii 6x1a0 aemopa 3aKIIOYACTCS B IIOCTAHOBKE LIENW M 3a1ad
MCCIIEIOBAHUI, IJIAHUPOBAHUH U IPOBEAECHUN 71a00paTOPHBIX,
MOJIYIIPOMBITIUICHHBIX ¥ TPOMBINIJICHHBIX HWCIBITAHUHN, aHaTIW3e W 00O0OIICHUU
pe3yJabTAaTOB  AKCHEPUMEHTa, MaTEMAaTHYEeCKOM  0o0paboTke  MOJIyYEHHBIX
pe3yJbTaToB.

Ilyoaukayuu. Ilo teme nuccepranuu omyOiaukoBaHo Oosiee 90 HayyHBIX
pabot, B ToM uucie B pekomeHnoBaHHbiXx BAK PT wm3manusax 27, momydeHo 5
Majbix nateHToB PT Ha n3o0peTenue, a Takke MOHOrpadus 1 ydeOHbIe TOCOOUSI.

Cmpykmypa u o6vem ouccepmayuu. Matepuanbl TUCCEPTALNU N3JIOKECHBI
Ha 315 cTpaHuIaX MaIIMHOMMCHOTO TEeKCTa, BKItoYatoT 109 tabnuil u 72 pucyHka.
Juccepranusi COCTOMT U3 BBEJEHHUSA, YETHIPEX TJIaB, 3aKIIOYEHHs, CIUCKa

autepatypsl u3 240 HAMMEHOBAHMM, 3AKITIOUCHUS U TPUII0KEHUM.
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I''TABA 1. AHAJIN3 COBPEMEHHLIX IIPOBJIEM WM3BJIEYEHUSA
30JI0TA U CEPEBPA N3 TPYITHOOBOI'ATUMBIX U BEJIHBIX PY [l

1.1. IIpo6seMbl U3BJI€YEHHUS 30J10TA U cepedpa U3 YIIOPHOTIO
MHHEPAJIbHOIO CHIPbA

Ocoboe MecTo, KOTOPOe 3aHUMAET 30JI0TO CPENU MOJIE3HBIX HCKOIMAEMBIX,
OTpeeIsIET TOCTOSIHHBIE HAay4YHBbIC W TEXHUUYECKHE MOTPEOHOCTH B pEIICHUH
npoOeM yIydiieHdus ero J0O0bYM Kak HanboJiee BaXKHOW YacTH TEXHHUKU M
TEXHOJIOTUM  OOOTAIllEHUs  30JIOTOCOJEPXKAIIMX  MUHEPAIbHBIX  PECYpPCOB.
[loBblllieHHE TPOU3BOJCTBA 30J0TA, CHOCOOCTBYIOIIEE YBEIUUYCHHUIO OOBEMOB
BaJIIOTHBIX PE3€PBOB, UMEET OTPOMHOE HAPOIHO-XO035MCTBEHHOE 3HAYCHUE.

B mnocnegnee Bpemsi B mepepabOTKy  BOBJIIEKAIOTCS  yIOPHBIE
30JI0TOCOJICpKAIINE PYIAbl KPYIMHBIX MECTOPOXKICHUNW C HU3KHAM COJICpP)KaHHUEM
meramia 0,5 - 2,0 /T, ¢ TPUCYTCTBUEM AHCIEPCHOrO 30JI0Ta HE TOJIBKO B
cynb(dumax, HO U B OKHUCJICHHBIX MHHEpaidax. DopMbl HaXOXKACHUS TUCTIEPCHOTO
30J10Ta B MHUHEpaJax TPEOYIOT MCHOJB30BaHUS MHOTHX IPUHIIAIIAAIHHO
Pa3JIMYHBIX NPOLIECCOB JIs €ro u3BieueHus [1].

3HAYNUTEITHLHYIO YaCTh 3aM1acOB YIIOPHOTO 30JI0TOPYIHOTO CHIPhS COCTABIISIOT
PY/bl, B KOTOPHIX TOHKOBKPAIJIEHHOE 30JI0OTO HAXOJMUTCS B COCTaBE CYIb(UIOB U
OpOA000pa3yIOIIMX MHUHEpAIOB. Pa3mep yacTull HaXOAUTCS B JAMANa30HE OT
JECATBIX WM TBHICSYHBIX JOJIEM MHUKPOHA. 30JI0TO CBSI3aHO, B OCHOBHOM, C
NUPUTOM H  apceHomupuToM. JlJis U3BIEYEHUS OSTOTO 30J0Ta HEOOXOIUMO
pa3pyIInuTh 3TH CYIb()HUIHBIE CPOCTKH.

TepMuH «ymopHBIE 30JI0TBIC PYIbD» CYIIECTBYET YK€ MHOTO JIET, HO
CETOJHS HET €JUHOW TOYKH 3PEHHS O TOM, YTO IMOJPa3yMEBAETCS TOJ JTUM
TEPMUHOM. DTO B 3HAYMTCIIBHOW CTEMEHW CBS3aHO C TEM, YTO OJHA M Ta JKe
30J10Tas pyaa, MPOXOAs Yepe3 Pl MOCIEI0BATEIBHBIX ONIEPAIINii, KOTOPHIC BMECTE
00pa3yIoT TEXHOJIOTHYECKYI0 CXeMY €€ MepepabOTKH, MOJIHOCTHIO OTINYACTCS Ha

KOKJIOM W3 TepenenoB ee oborameHus. Hampumep, pyna, KoTopas COAEPKHUT
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30JI0TO B TECHOM CBSI3M € CyJb(uaamu (IUPUT, apCEHOMUPUT U Jp.), B PUHIIUIIE,
CpPaBHUTEIIBHO JIeTKO moaBepraercs Quotaunu. C Apyroil CTOPOHBI, Ta Ke pyla
WM KOHIIGHTPAThI, TIOJIYICHHBIC U3 HEE, MOTYT OBITh JIETKO ITHAHUPYEMBIMHU, HO
TpyAHO (IOTUPYEMBIMH, JIETKO MOAJAIOMIMMUCS (JIOTallUM, HO TPYAHO
U3MEIbYaeMbIMUA M T.J. YUHTHIBAsl BBIIIECKA3aHHOE, YIOPHOCTh KaXKIOH Pyabl
BO3MOXXHO OMNPENEIATh IO IOBEICHHUI0 pyAbl B OJHOM H3 CaMOM BaKHOM
TEXHOJIOTUYECKOM TMepejiesie, KOTOPbId OMpeAessieT OKOHYATEIIbHOE H3BICUCHUE
MeTaJlJla B KOHEYHYIO0 TOBAPHYIO MPOIYKINIO 000TaTUTEIBHO- METAIUTYPIrUYECKOTO
LUKJIA.

Takum o00pa3oMm, B KadyecTBE OJHOM M3 OCHOBHBIX MPEANOCHUIOK ISt
dbopmupoBaHUs  BUJA  YIOOPHOCTA  PyAbl, B  YacCTHOCTH, 30JI0TO- U
cepeOpocojiepkallei, SBISETCS BOMPOC, KAKOW M3 TEXHOJOTMYECKUX IMPOIIECCOB
00pabOTKH 3TUX PYJl MOTYT U JIOJKHBI OBITH IPUHATHI B KAYE€CTBE OCHOBBI [2].

B  nocinenHee  BpemMsi ~ BHMMAaHUE  MCCIEOBATeNied  IMPHUBIIEKAET
CyOMHKpPOCKOIMYECKOE 30JI0TO, TaK KaK B HAHOPA3MEPHOM JHANa30HE HMMEET
MECTO PE3K0E€ M3MEHEHUE CBOMCTB 30J10Ta (Kak (PU3UUYECKUX, TaK U XUMUYECKUX).
VYcraHoBieHa CBSI3b MEXKAY CBOMCTBAMHM HAHO30JI0Ta U €r0 NOBEAECHUEM MPU PYHO-
U MUHEPAIO00pa30BaHUM, UYTO TMO3BOJISIET MPEACKA3bIBATh MOBEACHUE 30JI0Ta MIPU
00OTaTUTENBFHBIX W METALTYPrHYEeCKUX ONEpalusX W BHIOUPATh ONTHMAIbHbBIC
TEXHOJIOTHYECKHE mmapaMeTpsl [3].

OnHO W3 TJIaBHBIX MECT B YIOPHOM 30JI0TOCOJIEPKAIIEM ChIPhE 3aHUMAIOT
Cynb(UIHbIE PYIbI, B TOM YUCIE 30JIOTOMUPUTHBIC, 30JI0TOMBIIIBIKOBBIC (OIS
atux pya coctaBisier 30 % MHUpOBBIX 3amacoB 30J0Ta B Henpax). B Poccum
KOJIMYECTBO TakuX MecTtopoxiaeHuit cocrabiser S50 % (Harankuuckoe,
Hogommpoxunckoe, Hexxnannnckoe, Cyxoit Jlor, CoBerckoe, OIuMNuagnHCKoe,
CeernuHckoe, Boponmosckoe,  Maiickoe, Kypanaxckoe, [lapacyHckoe,
ArnpenkoBcckuil pyaHbiid y3en, Kapuiickoe 30o0TopyaHoe mose, JlrobaBuHCKOE U
T.1.), B apyrux crtpaHax — 20 % (Tamxukucrtan — Tapop, Yope, [yoOa;

V36ekucran — Mypynray, Kokmarac, Jlayreizray; CeBepo-Kazaxcranckas pyaHas
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npoBuHuus; CIIIA — I'oynacrpalik, Jxxyno, Mazep Jloa, Kapnun, ['oyna KBoppw,
mrat HeBana, Mayntun — Dypeka, borrn, ['eruenn, Teun Kpukc u T.4. — Beero
114 wmecropoxnenuii; ABctpanus — benauro, bammapar; KHP, Manaiizus,
Oununnunel, JlomuHukadnckas PecnyOnmka, Wcnmanms, [Dpenus, ObiBias
KOrocnasus u ap.).

Kpome Toro, BbI3bIBaIOT HAMOONBIIMIA HMHTEPEC MUHEPATHHO-CHIPHEBBIC
OOBEKTHl  30JOTOPYAHBIX  MECTOPOXACHHH, B  KOTOPHIX  OpraHW4ecKas
COCTaBIISAIONIAsl MPEJCTABICHA YIJIEPOJUCTHIM BEHIECTBOM, BKJIIOYAs PYJIbI
YepHOCIaHIeBOM (opmaruu (Tak Ha3bIBAa€MbIN KapJIWHCKHUM THUI), TaK KaKk OHH
MMEIOT BBICOKUM YpOBEHb Pa3BUTHSI U OJIHOTUIIHOCTh: M3BECTKOBO — TJIMHUCTHIN
COCTaB IMOPOJ; CJIOMCTBIM XapakTep PYIHBIX TEN; MPOKUIKOBO- BKPAILUICHHOE
OpyJI€HEeHHE; CYNb(PUIHBIA (B OCHOBHOM MHUPUT — APCEHOMHUPUT) COCTAB PYI C
YABTPAAUCIEPCHBIM 30JI0TOM B CylbpuUIax; HaJUYUE HU3KOTEMIIEpaTypHOU
CYPBbMSIHO-MBIIIIbSIKOBO-PTYTHON MUHEpaiu3aiuu [4].

[To wrtoram paboThl 30510TOAOOBIBaIOIIEH MpoMbIliuIeHHOCTH B 2008 T.
Poccusi, nMest BBICOKMI peCYypCHBIN MOTEHIUAN 30JI0Ta B HEAPAX Y 3HAYUTEIbHBIN
pe3epB Ppa3BENAHHBIX MECTOPOXKACHUM, 3aHUMAET JIMIIb MATOE MECTO Cpelau
30JI0TOTOOBIBAIONINX CTpaH ¢ oObeMoM mpou3BozcTBa 184,5 1 [5,6]. Ilo onenke
OOJBIIMHCTBA CHEIUATMCTOB IO 3armacaM 30Ji0Ta Poccusi 3aHMMaeT BTOpoe MeCTO
B mupe nocie FOAP [5, 7, 8].

B nccnenosanusix, nposenennsix [IHWI'PU, yka3siBaeTcs aHAIOTHS MEXAY
COpOITMOHHBIMU ~CBOMCTBAMHM HWCKOIAEMBIX yIJIEW W YIJIMCTBIX  BEIIECTB,
MPUCYTCTBYIOIIMX B 30J10TOCOAepkamux pyaax. [lokazaHo, 4To U B TOM, U JIPyromM
cllydae WX COpOIIMOHHAS AaKTUBHOCTH IO OTHOIICHHUIO K 30JIOTY OMpPEACIsIeTCs
CTETICHBIO «IPEOOPA30BAHHOCTHY YIJIEPOAKMCTOTO BemiecTBa (T. €. CTEMEHBIO
YHOPSIIOUEHHOCTH CTPYKTYpPbl aTOMOB yriepojia). OCHOBHYIO OTBETCTBEHHOCTH 32
COpOIMIO 30JI0Ta MPU ITOM HECET KEPOTeH — HEepPacTBOPUMBIN B Xyopodopme u
miesioyax yriIepoOJUCThIA  OCTATOK, COCTOSIIIMN K3 apoOMaTUYeCKUX IOJUKOH-

JICHCUPOBAHHBIX TPYNIUPOBOK, (B YACTHOCTH, ac(ajlbTOTCHHBIX KHUCIOT) U
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CBOOOJHBIX PAJMKAJIOB, KOTOpPbIE M UIPAIOT TJABHYIO pOJIb B MPOTEKAIOLIUX
XEMOCOPOIMOHHBIX mporieccax. C yBeIWYEHUEM CTEIICHU «IPEe0Opa30BaHHOCTI
YTIAEPOIMUCTOTO BEIIECTBA JIOJS YKA3aHHBIX TPYNIUPOBOK B HEM YMEHBIIIACTCS, U
COpOILIMOHHAs aKTUBHOCTh MaTepuaia ociaadesaer [9, 10].

B paGorax [2, 11, 12] u3 ynopHBIX apCEeHONUPUTHBIX KOHLIEHTPATOB 30JI0TO
U3BJICKAIM TIOCJI€ MpEeABapUTENbHON MOATrOTOBKU. I[Ipy 3TOM BO3MOKHBIE
BapHAHTHI CIEAYIOIIHE:

- TUAPOMETAILTYPTUYECKOE pa3pylIeHHUE 30J0TOCOACPKAIMIUNX MHUHEPATIOB
(FeAsS, FeS,);

-TOHKO€ HW3MEJIbUCHNE KOHIICHTPATOB C TOCIEAYIOMHUM OWOTHIPOMETAI-
JyPruv4eCcKUM OKUCIICHUEM CYIb()UIIOB;

- aBTOKJIABHOE XUMUYECKOE pa3pylIeHUE CyIb(UI0B U BbIICICHHE 30J10Ta
U3 OCTaTKa HEIUAHUAHBIMA PACTBOPUTEISIMH (THOMOYEBHHA, THOCYIh(DAT,
TUOIIMAHAT, OPOMUIHBIEC PEAreHThI).

OCHOBHBIM TIPOIIECCOM W3BJICYCHHUS OJaropoJHBIX METAIOB W3 pPyd U
KOHIICHTPAaTOB B HACTOSIIEE BpEMs SBISETCS ITHMAHUPOBAHUE, ITOCPEICTBOM
KOTOporo u3Biekactcs 10 90 % 30510Ta ¥ 3HAUUTEILHOE KOJIMUECTBO cepedpa [13].
[ToaToMy moa YMOpHBIMA HEOOXOIWMO, TPEXKIAE BCETO, MOApPa3yMEeBaTh TAKHE
30J10ThIE PYAbl (WU KOHIEHTpaThl), KOTOpPBHIE TPYAHO MOAMAIOTCS 00pabOTKe
METOJIOM [HaHupoBaHusa. CTeneHb YMNOPHOCTH 30JIOTOCOJEPKAIIETO  ChIPhs
00BIYHO XapakTepusyercs [2]:

- TOHKOM BKpPAIUICHHOCTHIO 30JI0Ta M cepedpa B MHUHEpaiax HOCHUTEISIX
(busuueckas nenpeccus 30J10Ta);

- HAIMYUEM B pyJe TMpUMECEH, MPOSBISIIONIUX BOCCTAHOBHUTEIIbHBIC WITU
«IIMAHHUCHUJIHBIE)» CBONCTBA (XUMHUYECKAs JCTIPECCUS, MPOSBISIOMAICT B «BSIIIOM)
pPacTBOPCHHHM META/UIOB BCJICACTBUE IOTJIONMICHHUS] ITMAHWIA WU TPUCYTCT-
BYIOIIIETO B IyJIbIIE KUCIOPOJA, a Takke 0Opa30BaHUs HA MOBEPXHOCTH 30JIOTHH

BCAKOI'O poaa XUMHYCCKHX HHGHOK);
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- TIOBBIIIEHHON COPOLIMOHHOM AaKTUBHOCTHIO BMEIIAIOIIMX MOPOJ IO
OTHOUIEHUIO K PACTBOPEHHBIM B LIMAHKJIE OJIArOPOJHBIM METAILIAM.

Cpenu BblLIE MEPEUYMCICHHBIX MOKAa3aTeleld TEXHOJIOTMYECKOW YIMOPHOCTH
30JI0TOCOJIEpKAIIMX PYJ 0CO00€ MECTO 3aHMMAlOT PYIbl, B KOTOPBIX 30J0TO
HaXOAMWTCSA B COCTOSIHUM TOHKOM BKPAIUIGHHOCTH B CyJIb(UIHBIX MHUHEpajax,
o0NafaroNMX TIUIOTHOM CTPYKTYpOM, YTO JeNaeT 30J0TO HEJOCTYIHBIM JUIs
LMAHUCTHIX pacTBOpoB. K TakuM MHUHEpaTaM-HOCUTENIAIM OTHOCATCA 30JI0TO-
coJieprKaIiue cyabQuasl U, npexae Bcero, apceHomuput (FEASS) u mupur (FeS,).
OTu MuHepansl 00JIaJal0T MOBBIIIEHHONM 30J0TOHOCHOCTHIO. OCHOBHAas 4acTb
30J10Ta B HUX MPEJCTaBIEHA TOHYAWIIMMHU YaCTULAMH, HE Pa3IMYUMBIMU TOJ
MHUKPOCKOIIOM.

VYIOpHOCTh 30JI0TOMBIIIBSKOBBIX KOHIIEHTPATOB OOYCJIOBJIEHA HE TOJBKO
TOHKOH accolMaIMei 30J10Ta ¢ cyiab(uI1aMu, HO TAKXKE MPUCYTCTBUEM B KOHIICHT-
paTax MHHEpAJIOB, KOTOPbIE OKa3bIBAIOT MOAABIISIONIEE ICUCTBUE HA PACTBOPEHUE
30J10Ta U cepedpa B IMAHUCTHIX PACTBOPAX.

[Ipexne Bcero, 3T0 OTHOCUTCS K CypbM€, KOTOpasi OOBIYHO NMPUCYTCTBYET B
Cynb(OUIHBIX pylax B BHUAEC AHTUMOHHWTA, TETPAdJPUTA, BAJCHTUHUTA U JIp.
OtpuiarenbHoe AEHCTBUE CypbMbl 00BsicHsieTcs [14] TeM, 4To cymnbdoconu u
OKCHCOJHM CYpbMBbI, OOpa3yroliuecs B IIEJIOYHOW cpesie, B3aUMOJCHCTBYIOT C
nuaHuaaMy, oOpa3ys pOJaHUIbl W BTOPUYHBIA CyIb(UI CYpbMBbI, KOTOPBIH
BbINIaZaeT B ocafoK. [locmeqnuil B3auMoIECTBYET CO LIENOYBI0 U I[UaHUAAMHU U
NEPEXOAUT B OKCHUCOJb CypbMsHUCTOHN KuciaoThl Caz(Sh,03),, koTopas, moriorias
KHUCJIOPOJ, OKUCIISETCS 10 ATOTO cocTaBa. Bo3aMoxkHo Takxke [15] oOpa3oBanue mo
MOBEPXHOCTH 30JIOTUH BTOPUYHBIX CYPBMSHUCTBIX IUIEHOK, COCTOSIIUX, B
OCHOBHOM, 13 Sh,S3, KOTOpBIE 3aMEUISAIOT MPOIECC PACTBOPEHHS 30JI0TA.

ABTOpHI padot [16, 17] mokasanu, 4To KeJIe30 U cepa, BXOJAIINE B COCTAB
OBICTPO OKHCISAIOIIETOCS MUPPOTMHA M MapKa3uTa, B MIENIOYHBIX LHUAHUCTBIX
pacTtBopax o6pasyrot depporranuabl Mey[Fe(CN)g], ameMeHTHYI0 cepy M OKCHIBI

cepl $,05°, SO5°"SO,”. CynbduaHasi, TUIOCyIbGUTHAS U HE YCIICBIIAs
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OKHCIIUTBCS AJIEMEHTHAs cepa 00pa3yroT cooTBeTcTBylomue pomaHugasl MeCNS.
Kpome TOro B pacTBOpe MOXKET NPOTEKAaTh pEeaKIus HEMOCPEICTBEHHOTO
B3auMojieiicteus FeS, n NaCN:

FeS, + NaCN = FeS + NaCNS (1.2)

Takum oOpazom, U Kele30 M cepa, BXOIANIME B COCTaB IPHUPOJIHOTO
MUPPOTHHA WM MapKa3WTa, BRICTYNAIOT B POJHM BEChMa aKTHBHBIX MOTJIOTHTEICH
IMMaHUJA W KHUCIIOPOJa, MOATOMY HAJIMYWE YKa3aHHBIX MUHEPAJIOB B HCXOTHOM
CBIPbE MOJXKET SIBUTHCA CEPbE3HBIM TMPETSATCTBUEM JJISi  OCYIIECTBIICHHS
[IUAHUTHOTO MpoIiecca.

Jlenpeccupyroliee AEWCTBAE HA MPOLECC TUAHUPOBAHUS OKA3bIBAKOT TAKKE
MUHEpalbl U COCTUHEHUS MEIU, 00pa3yroIrecs: MPU UX OKUCIECHUH, BCIIEJCTBUE
oOpa30BaHUsI HA MOBEPXHOCTU 30JO0TUH BTOPUYHBIX IUICHOK, IPEICTABICHHBIX B
OCHOBHOM KoMITICKCHbIMH coennHeHussMu Trma AUCU(CN),, CUCN™ [18, 19].

SpkuM TPOSBICHUEM XUMHUYECKOW JIETIPECCMU NpPU LIMAHUPOBAHUU DY,
colepKalluX aKTHBHBIE MHHEPAIbl CYpPbMBI, MEAM | JKele3a, SIBIISIETCS
pacTsATHBaHUE MPOIIecca PaCTBOPEHUS 30JI0Ta BO BPEMEHHU U MOBBITIICHHBIA PacXxo/1
[IMaHUJA B TUIPOMETAILTYPTHYECKOM TPOIIECCe.

OpHoil w3 mpobsiem oOOramieHusi YHOPHBIX 30JI0TOCOAEPKAIIUX PYJI
SBJISIETCSI BBICOKAsl COPOIMOHHAs aKTUBHOCTh. OCOOEHHO 95TO OTHOCUTCA K
YTAEPOJCOACPKAIUM  pyAaM H  KOHIICHTpaTaMm, IIMaHUPOBAaHUE KOTOPBIX
COMPOBOXKIAETCS OONBIIMMH ITOTEPSIMHU 30JI0TA U ITHAHUIA.

CopOlMOHHBIC CBOMCTBAa YIJIMCTBIX BemecTB o0OBscHsOTCS [20, 21]
HAIMYUEM KEPOTEHO-YTIEPOANCTOrO OCTAaTKa, COCTOSIIEr0 M3 apOMaTHYECKHX
MOJINKOHJICHCUPOBAHHBIX ~ TPYNIHUPOBOK, BXOMJSIIMX B COCTaB, HampuUMep,
ac(haabTOTEHHBIX KHUCJIOT W CBOOOJHBIX paIUKAIOB. YCTAaHOBJIICHO, YTO TIPH
YMEHBIIICHUU B 2 pa3a cojicpKaHus ac(albTOTEHHBIX KHCJIOT B py/aax,
conepxkamux 1,5-2,5 % yrieposaa, copOIMOHHAsS €MKOCTh PYIbl CHIDKAeTCs Oojiee
yeM B 10 pas.

HpaKTI/IKa 30JI0TOU3BJIICKATCIIBHBIX HpC)IHpI/ISITI/Iﬁ 1 IIPOBCACHHBIC YTJICPOI-
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CoACpKalUX IIPUPOAHBIX OGpﬂBOB&HPIﬁ HC BCCraa sABJLICTCA II0Ka3aTClIEM HX
YIHOPHOCTH. B KaXXIO0M CiIydac BJIMAHUC HX HA HMUAHUPOBAHHNC YCTAHABJIMBACTCA

9KCIICPUMCHTAJIBLHO.

1.2. IlepepadoTKka yNOPHBIX 3010TOCOAEPKANIUX KOHIEHTPATOB
1.2.1. OxkucauTeJbHbIN 00KUT

Haubonee wuccrnenoBaHHBIM M anpOOUPOBAHHBIM  SIBIISIETCS KOMOWHMU-
POBaHHBIN c1OCO0 TepepabOoTKU YIMOPHBIX KOHIICHTPATOB, KOTOPHIN BKJIIOYAET B
ce0sl OKMCIIMTENbHBIN 00KUT U MOCIEAyIolee IMaHupOBaHue orapka. B mpouecce
OKHCIIUTEIBHOTO OO0KHra 30JI0TOCOJEpKalIie CyIb(OUIbl OKHUCIAIOTCS U
IpEeBpalIalOTCsl B MOPHUCTYIO, XOPOIIO MPOHUIAEMYIO JJIs [IMAHUCTBIX PacTBOPOB
Maccy OKCHIOB. [2, 22].

OcHoBHas 3a7adya OOKWTa 3aKIIOYAETCS B TEPMOXMMHUYECKOM BCKPBITUH
JUCIIEPCHOTO 30J10Ta, aCCOIMMPOBAHHOIO C CYIb(PUAAMH, B OCHOBHOM C MHUPUTOM
U apCEHONHMPHUTOM, 4YTO JOCTUTAaeTCs Onarofaps TNepexoay IUIOTHBIX 3€peH
Cyab(GUIOB MPH OOXKUTE B MOPUCTHIE 3€pHA OKCHJIOB JKeJie3a, MOCTYIMHBIX st
NPOHUKHOBEHUS [IMAHUCTHIX PacTBOPOB [23].

Jlis JOCTHKEHHUSI MaKCHMAaJIbHO BO3MOXXHOW CTETICHHM yIaJICeHUS MBIIIbsIKa
U3 NMUPUTHBIX KOHIIEHTPATOB, HEOOXOAMMO COBEPIICHCTBOBATh MHOTIOCTAJMMHbIC
anmapaTbl ¢ TOYHO PETYJIUPYEMOH CTENEHbI0 «OKHUCIECHHOCTH» aTrMocdepbl B
KQKJI0M M3 30H peakTopa, Kak 3TO UMeeT MecTo Ha (upMme «VcrmaHckue mUpuThI».
[TpoBeneHne yeTbIpeXCTaAMMHOIO 00XKHUra Mpy 00ECIeYeHNN KUIIEHUsI MaTepHrasa
OpeIbIIyIIed CTaANH 3a CYET OTXOASIIUX Ta30B TOCIEAYIOUEH MO3BOJIMIO
OPAKTUUYECKU TOJHOCTBIO YIAIUTh MBIIIBSIK W3 OO0XHUraeMbIX MHPUTOB C
MOJYYCHHEM OKHMCJICHHOTO KOHEYHOTO orapka [24].

OKUCIUTENBHBIA 00XKUT TPOBOAUTCS B aTMOoc(epe BO3ayXa WIH KUCIOPOoa
opu TemIepaTypax, B KOTOPBIX elle He HaOJIofaeTcs IUIaBJIEHUS HCXOIHOTO

Marcpuajia, HO IPOHUCXOAUT HHTCHCHUBHOC H3MCHCHHC XHMHYCCKOIO COCTaBa

PYABL.
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TepMoxuMuyeckoe pa3noxKeHue NupUTa UMEET BUI:

FeS, -FeS — Fe;0,—Fe, 04 (1.2)

[MuputHble oOrapku, mMoJy4daemble B TMpollecce OOXKHra B HMHTEpBAJe
temrepatyp 600-900 °c, IIPEACTABJIEHbl, B OCHOBHOM, T'€MAaTUTOM, a TAaKXe
MIPOMEKYTOUYHBIMU COCIMHCHHUSAMU: MHUPPOTHUHOM W MAarHETUTOM. APCEHOIMHMPUT
TaK)Ke MHTEHCHBHO pasiaraercs mpu temieparype 600-700 °C ¢ oGpasoBannem
reMaTtura Mo Tou xe cxeme, yto W nupuT (1.2). B mporecce OKUCIUTETHLHOTO
o0kHra HeoOXOAMMO, YTOOBI BECh MBILIBSK MEpemén B ra3oByio ¢a3zy B BUIE
As,0;. [Ipu ero HeOU3BICYEHUH B Ta30BYIO a3y Ha MOBEPXHOCTH YACTHI] 30J10Ta
MOTYT 00pa30BaThCs IJIECHKH, KOTOPBIE OyIyT MPEMsITCTBOBATH MOCIEAYIOIIEMY
ero pactBopenuto. Taxxke B mpoliecce O0XKUTa BO3MOXKHO KOHIIEHTPHUPOBAHHE
Oonbliicii YacTH CypbMbl B orapke B Buae Sb,Os; KkoTopas okasbiBaeT
OTPHIIATEIILHOE BIUSHUE HA MPOIIecC IMaHupoBaHus [25, 26].

MoXHO yaaluTh CypbMy 10 00xura obpabotkoit pactBopom Na,S wmim
cmechio pacTBopoB Na,S + NaOH, HO 3TO YCIOXKHHUT TEXHOJOTHIO TIEpPepadOTKH
KoHIeHTpatoB [23]. B mpucyrcTBHE anTHMOHMTAa mpu Temmeparype 300-350°C
30JI0TO B3aWMOJICHCTBYET C aHTUMOHHUTOM C OOpa3oBaHUEM MPOYHBIX arperaros,
HE Pa3pyHIAONIUXCs P [IMAHUPOBAHNU.

[IpucyrcTByromiee B KOHIIEHTpAaTax cepeOpo B BUJE MPOCTHIX U CIOKHBIX
cyaphaToB B mporecce oOxkura mpu Temmeparype 600 °C 06pasyeT TepMHUECKH U
XUMHUYECKH CTOMKMM paciiaB, TaKk Kak CyJbQuisl cepedpa HUMEIOT HHU3KYIO
Temmeparypy (350-400 °C) maBnmenmst [27]. B mpHCyTCTBHM B KOHIIGHTpATe
AHTUMOHHUTA CO3JIa€TCS BO3MOXKHOCTh OOpa30BaHUS JIETKOIIABKON CHCTEMBI
AgSbO,. MpibsKk, TPUCYTCTBYIOIIMA B KOHIEHTpPATe, TAaKXKEe aKTUBHO
B3aMMOJICUCTBYET C COCIUHCHUSIMH cepedpa, YTO OKa3bIBa€T OTPHIIATEIILHOE
BJIMSTHUE Ha MIPOIIECC [IHAaHUPOBAHMSI OTapKa.

OO6xwury noasepratoT GhJI0TalMOHHBIE KOHIICHTPATHI, MHOT/AA pyabl. Orapku
nocie OOXKura TpU HEOOXOAMMOCTH JOWU3MEIBYAIOTCS Tepe] HHaHUPOBAHUEM.

[{nannpoBaHue OrapKOB OCYLIECTBIISETCS B IPUCYTCTBUM COPOEHTA WM O€3 HETO.
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JUis OKHCIAMTENBHOTO O0KHra OOBIYHO MNPUMEHSIOTCS IE€YU KHIISIIEro
CJIOS, B KOTOPBIX OOKUT MPOBOJUTCS B IBE cTaauu. Temneparypa odxwura | cranun
197 °C — 700 °C, Bo Il crammu 476 °C — 800 °C. ITeun nmerot auametp 10 14,5 M 1
00beM g0 1800 M. [Ipu obGxure cepa ynansercs Ha 98-99 % B Buume SO,, a
yraepon B Buae CO. Copepxanue cepsl B Orapke, HampaBlIIeMOM Ha
nuaHupoBaHue, coctabisgeT MeHee 0,1 %. OOXuUr B TaKuX yCIOBUSAX 00ECIIEUNBAET
IIOJIyYEHHE Orapka ¢ MUHHMMAJIbHOM IUIOTHOCTBIO M Pa3BUTOM MHUKPOCTPYKTYPOH
rpaHyl, 4Tto obecneuynBaeT MakcumanbHoe u3pneuenue (90-93 %) 3onora. OgHako
YBEJIIMYEHUE JOJM 30JI0Ta, CBSI3aHHOTO C ApCEHONUPHUTOM, MPUBOJUT K
0o0pa30BaHUIO apCEHATOB JKE€Je3a C IUIOTHOW CTPYKTYpO M K CHHYKEHHUIO
U3BJICYCHUSI 30J10Ta. DTHUM OOBACHSAETCA TO, UTO MpPH IepepadOTKe HEKOTOPBIX
30JI0TO-MBIIIBSKOBBIX PYJ HE MPOUCXOAWIIO MOBBIIICHUE W3BICYEHHUS 30J10Ta
nocjie 00XHra pu YMEHBIIIEHUH COJIepKaHus cylb(uaoB B orapke [28].
[To TexHONOrMM OOXKUT-LIMAHUPOBAHUE B HACTOAIEE BpeMs paboTaeT Oonee
20 mnpomemnuieHHblx 3aBojioB B CIIA, FOAP, Ascrpanuu, Kanane, [ane,

3umbaoBe u np.[29].

1.2.2. ABTOKJIaBHOE BbIIIEeJIaYNBAHHE

[TepBbIii cIOCOO aBTOKJIABHOTO OKHCJICHUSI YIOPHBIX 30JI0TOCOACPIKAITUX
KoHlleHTpaToB Obul mpemioxkedH B CCCP HM.H. Macnenckum eme B 1958 .
OcCHOBO MeTO/a SIBISIETCS CTIOCOOHOCTH CYJIb(HUIOB pasiiaraThCs MO ICHCTBHEM
KHCIIOpOJia TpU TIOBBIICHHONW TeMIeparype U JaBJICHUH, MPEBOCXOSIIEM
yInpyrocth mapa pacteopa [30].

HccnenoBanust o aBTOKJIABHOMY BCKPBITHIO YIOPHBIX 30JI0TOCOACPIKAIITIX
pyn Obutn HauyaThl kKaHanckou dupmoit «llleppur — IN'opgon» B 1980 r [31], a B
1985 r. O6bLT MyIIEH MEPBBIM B MUPE 30J10TOU3BIIEKATENbHBIN 3aBoJi Mak-JIudaux

B CIIIA, Ha KOTOPOM HUCHOJIB30BAJICS METO]] aBTOKJIABHOT'O BCKPBITHUS 30JI0TO-

coaepxkamieit pyas [32].
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C 2006 r. B HUprupenmere Oblia pa3paboTaHa TEXHOJOTHS «aBTOKJIABHOE
OKHCJICHHE — IIMAHUPOBAHWUE» JJII MECTOPOXKICHUW pPa3IUYHBIX THUIOB P!
MUPUTHBIX, THUPUT-aPCEHOMUPUTHBIX, C COACpKaHUEM COPOIMOHHO-aKTUBHOTO
OpPraHUYeCKOro YrJIepOAUCTOrO BEIIECTBA U MUPUT-XATbKOIIUPUTHBIX.

[TepepaboTka TUPHUTHBIX W MTUPUT-APCEHOMHMPUTHBIX PYI  METOIOM
«aBTOKJIABHOE OKHWCJICHUE-I[MAaHUPOBAHKME» TIO3BOJISIET MOJIYYUTh H3BICUCHHE
30JI0Ta M3 KOHIICHTPaTOB Ha ypoBHe 97-99 % [33].

[Tocre BCKPBITHSL aCCOLMUPOBAHHOTO C CyIb(UIaMH TOHKOIWCIIEPCHOTO
30JI0Ta TOCJENYIOIIee M3BJICUEHUE 30JI0Ta U3 HEPACTBOPUMOrO AaBTOKJIABHOTO
OCTaTKa MOET OBITh OCYIIECTBIEHO METOJaMU COPOLUMOHHOTO WM OOBIYHOTO
1uanupoBanus [34].

B pabGore [35] Obuta M3yueHa KHHETHKA M MEXAaHHU3M aBTOKJIABHOTO
BEHIIICIIAYNBAHNSI APCCHONMPUTA M THPUTA C IEIbI0 BBIOOpPa ONTUMATBHBIX
YCJIOBUM, OOECIEYMBAIOIINX MAKCUMAJIBHO TMOJHOE U OBICTPOE OKHCICHHE ITHX
cynbhuaoB. C HeNpl0 U3YYCHHs] KHHETHUKU UCIOIB30BaJICS TUTAHOBBIA aBTOKJIAB
cuctembl H.E. BumneBckoro eMkocThio 111, CHa0KEeHHbI TYpOMHHON MEIIAIKOM.
Bo u36exanne Bo3MOKHOTO TU(DPY3HMOHHOTO TOPMOXKEHHUS MPOIecca OTHOIICHUE
T:7K Bo Bcex ombITax coctaBimsuio 1:50. Temmneparypa U ngaBlIeHHME B aBTOKJIABE
OblTM  TOCTOSIHHBIMU. [l0 OKOHYaHMM ombITa MyJibla (QUIBTpOBANIAch, KeEK
MPOMBIBAJICS Ha (GUiIbTpe BOAOW. B QuibTpare onpenensii MBIIIBSIK U Kee30.
HepacTBopumblii octaTok oOpabartbiBaics 4H pacTBOpoM COJIIHON KUCIOTHI MPHU
temmeparype 30-40 °C B Teuenme 2 u. IIpu MOBBIMICHHM COXCPIKAHUS CEPbI
CyJb(UIHON B MUTAHUU BO3PACTAET BEPOSTHOCTh OOPa30BAHUS FJIEMEHTHOU CEPBI.
[ToaToMy Tipu TIepepabOTKe KOHIIEHTPATOB C OOJBIINM COJIEp)KaHUEM CYJIb(HI0B
X HEOOXOIMMO pa30aBIsATh BBIMIEIOYEHHBIM MaTEPHAIOM, CHUXAas TEM CaMbIM
CojiepKaHue Cepbl B TUTaHUU [36].

[Ipu oxucneHun Cynab(OUIHBIX MHHEPAJIOB OOpa3yloTcs Cyib(haT-uOHbI.
Benenne mpouecca mnpu Temmeparypax Bemme 112 °C mpmBoamt K ee

pacIUIaBIEHUIO, B PE3YyJbTaTe YEro Ha 3epHax CyJlb(PHUI0B 00pa3zyroTCs IUIEHKH,
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NPEMATCTBYIONINE WX JaJIbHEUIIeMy OKHCIeHUI0. [loMrUMO 3TOr0o Hajau4dne cepsl B
TBEPJOM  OCTaTKe  BBbI3bIBACT  psiA  mpoOJeM  MNpu  MOCIEIyIoIIen
TUAPOMETAJUTYPTUYECKON  00pabOTKe: TOBBIMIEHHBIM pacxXoa IMAaHUJA Ha
o0pa3oBaHME JIEMEHTHON CEpPhl MOYKET MPUBECTH K 00pa30BaHUIO CEPHBIX TPaHY
¥ KOHTJIOMEPATOB, HapyIIalmuXx padoty aBrokiasa [37].

YrobOsl u30ekaTh 00pa3oBaHHE AIIEMEHTHOW Cephl aBTOKIABHOE BCKPBHITHE
YIOPHBIX KOHIICHTPATOB CJIEAYET MPOBOIUTH MIPH MOBBIIIIEHHBIX TEMIIepaTypax (He
menee 170-180 °C), rapanTupyromux okucieHne cyIbhOUIHON cepbl 10 CyIbdart-
noHa [38, 39].

B mpomecce  aBTOKJIIaBHOTO  a30THOKHCJIOTHOTO  BBIIIEIAYUBAHUS
apCEHOINMPUTHBIX KOHIIEHTPATOB MBIIIbSK yTUiu3upyercs Ha 90 % B Buje apce-
-HATa JKEJIEe3aB PEXKMME aBTOKIABHOTO OKHCICHHMs IpH Temieparype 190-210 °C,
nasinennn 1,600 — 2,275 xIla, pH < 1, HNO;3; = 63-226 r/n, Eh =650-70 mB,
ioTHOCTH TyJbibl 10-20 %, v pu 3TOM  30JI0TO U3BJIEKAETCS IMAHUPOBAHUEM
Ha 96,8 — 97,7 % [40].

OxwuciieHHe  TUpUTa  MPOTEKAaeT  3HAYMTEIBLHO  MEIJICHHEE, YeM
apCEHOIMPUTA, MIOITOMY MPU aBTOKJIABHOOM BBIIIECTAYMBAHUU B MEPBYIO OYEpEh
CIIEIyeT YYUTHIBATh BO3MOXHOCTH ITOJTHOTO OKHCIICHHS THPHUTA, KaK HauOoJee
YIOPHOTO Cynbdua.

B pab6ote [41] moka3aHO, YTO TJIaBHBIMH (DaKTOpaMu, ONPEACISOIINMH
CKOPOCTB M CTENCHb OKHCIICHNUS CyIb(UIO0B, BISIOTCS Temmeparypa (100-200 °C),
napiuaibHOe JaBieHue kuciaopoaa (5-20 aT) u npoI0JBKUTETFHOCTh MPOoIecca.

B mnporiecce aBTOKIABHOTO BBINIEIAYMBAHUS OOBIYHO B KUIKYIO (azy
nepexoauT oT 5 1o 40 % MeIbska (B maTUBaJICHTHOU (opme), skene3a oT S5 (rpu
BblleTauMBanuu pya) 10 80 % (mpu BeIIeNaunMBaHUU KOHUEHTpaToB). [lpu
aBTOKJIABHOM BCKPBITHHM CYJIb(PHUIHBIX KOHIICHTPATOB C HHU3KUM COJICPKaHHEM
KapOOHATOB MEPEXO/I CEPHI B PACTBOP MOXKET NOCTUTHYTH 95-97 %,

30JI0TO KOHIIEHTPUPYETCS B OCTATKAaX aBTOKJIABHOTO BBIIIEIA4YUBAHHUS.
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Onnako, kak oTMeuaeTcsi B [42] U HEKOTOPBIX APYTUX MyOJUKAIUAX, YaCTh
IPUCYTCTBYIOIIETO B MUPUTHBIX KOHIIEHTpATax 30JI0Ta (10 5-6 % OT MCXO0THOTO)
MOXET TIEPEXOJUTh B PACTBOPHI aBTOKJIABHOTO BHINIECIAYNBAHUS, YTO BBI3BIBACT
HEO0OXOMMOCTh OpraHM3allMi KOHTPOJS COCTaBa >KUIKOW (ha3bl Ha cojepKaHUE
0JIarOpOJIHBIX METAJIOB.

Cepebpo B  YCIOBHUSX KHUCJIOTHOTO aBTOKJIABHOTO  BBIIIEIAYNBAHUS
NEePeXOaUT W3 OTHOW ymopHOW ¢Gopmbl B Apyryto. OHO BBICBOOOXKTAETCS W3
CyabGUIAHBIX MHUHEPAIOB, HO OOJblasg dYacTh cepedpa aKKyMyJIHUpyeTCs
SPO3UTOBBIMU COEAMHEHUSAMHU, OCAXKAAOIIMMHUCA U3 PAcTBOPOB B Ipoliecce
OKHCIICHUS TI0]T TaBJICHUEM, M CTAHOBUTCS YIOPHOM /I MaHupoBanus [43].

Opranuueckuii  yriepoja, MPUCYTCTBYIOIIMM B  KOHIEHTpaTax, IpH
ABTOKJIABHOM BBIIICJIAYMBAHUN YacTUYHO okucisercs [44, 45], uHorma 3to
MO3BOJIACT TOJIyUYUTh BBICOKOE H3BJICUEHUE 30JI0Ta TPHU  TOCIETYIOIIEM
[IMaHUPOBAHUH, B APYTHUX CIy4asX U3BJICUCHUE OCTACTCS HEYAOBICTBOPUTEIHHBIM
[46,47]. B pabore [48] moka3aHO, YTO NPHUCYTCTBYIOIIEE B KOHIICHTpaTax
YIIEPOANCTOE BEIIECTBO MPH aBTOKIABHOM MPOIECCE OKUCISIETCS HE3HAYUTEIHHO
¥, B OCHOBHOM, OCTAa€TCi B HEPACTBOPUMOM OCTAaTKE, COXpaHss COPOLUOHHYIO
CIIOCOOHOCTb.

HekoTtopsle HeOCTaTKU aBTOKJIABHOTO OKHUCIICHUS CYIb(UI0B MOTYT OBITH
YCTPaHEHbI TIPU OCYIIECTBIEHUHU TIPOIlecca B MICIIOYHBIX pacTBOpax (Hampumep, B
pactBopax NaOH), yemy yneneHo Hemano BHuMaHwus. [loka3zaHo, 4TO B IIEI0YHOM
cpelie OKucleHue CyIb(PUI0B UIIET MIPU 3HAYUTEIBHO 00Jiee HU3KUX MapaMmeTpax,
yeM B Kuciaon. Cepa U MBIIIBSIK TMPAKTHYECKH TIOTHOCTHIO TIEPEXOISIT B PACTBOP B
dopme cynbdar u apceHat nona. O6pa3oBaHUs MIEMEHTHON CEPhl HE TPOUCXOTUT.
[Tocnenytomee MuaHUPOBAHNE ABTOKJIABHBIX OCTAaTKOB JA€T BHICOKOE M3BJICUCHUE
3oit0Ta [49].

Takum o0O0Opa3oM, aBTOKJIABHOE BBINIEIAYMBAHUE 30J0TOCYIb(PUIHOTO
CBIPbSI MOXKET MPOBOJUTHCS KaK B KUCJBIX, TAK M B IICIOYHBIX pacTBopax. [lpu

9TOM BCKPBITOC 30JI0TA ITOJTHOCTBIO OCTACTCA B HEPACTBOPHUMOM OCTATKE, M3



29

KOTOPOT'O €ro MOYKHO U3BJI€Yb [{UAHUPOBAHUEM.

ABTOKJIaBHBIA METOJ MEpepadOTKU HUMEET CIEAYIONIUE MNPEeUMYIIecTBa
nepen ooxurom [37]:

- 0oJiee BHICOKOE M3BIICYEHUE 30J10Ta;

- OTCYTCTBHE Ta30BBIX BEIOPOCOB COSAMHEHUI MBIIIBIKA U CEPHI;

- BBIBOJ MBIIIbSIKA B BUJIE MAJOTOKCHYHOIO apceHaTa Keje3a, KOTOPBIN
MOKET OBITh HAMPABJICH B XBOCTOXPAHUIIHIIIC;

- MaJiasi YyBCTBUTEIIBHOCTh K MPUCYTCTBUIO B ChIPhE TAKUX MPUMECEH, KaK
CypbMa U CBUHEL,

- BO3MOYKHOCTb NIEPepadOTKU KaK (JIOTALIMOHHBIX KOHIIEHTPATOB, TaK U PY..

1.2.3. 'mapoxyiopupoBaHme 30J10TOCOIEPKANUX PY] U KOHIEHTPATOB
K nepcrnekTUBHBIM METOAaM TNEpepadOTKH YIOPHOTO 30JI0TOCOAEPKAIIETO
CBIpbSl OTHOCSITCSI Ppa3MYHble BUABl THIPOXJOPUpPOBaHUS (XxjaopuHauuu). Jlo
IMAHUPOBAHUS  TUAPOXJIOPHUPOBAHWE MPUMEHSUIA KaK OCHOBHOM  METOA
nepepaboTKU  30J0TOCOAEPKAIMX PYd B Pa3IUYHbIX MOJU(PHUKALUAX: C
UCIIOJIb30BaHUEM T'a3000pa3HOro XJIopa, OeNUIBHON U3BECTH U CEPHOM KUCIIOTHI, a
TAaK)K€ CMECHM Ha OCHOBE COJIeW Kanusi (MepMaHraHaTta M XJOpHUJd) U CEPHOMU
kuciots [50, 51].
B nepuon 1986 — 1990 rr. Uprupeamerom, HaBoutickum ¢unmanom Tax
[ITU na MapxanOynakckoM pyaHuke IIO0 «VY30ek3onoro» B Y30ekucraHe
nposeneHsl nepebie B CCCP ONBITHO-NPOMBIIIEHHBIE MCIBITAHUS MTOA3EMHOTO
BBIICIIAYNBAHUN 30J10Ta W3 PyI XJop-xjopuaHeiMu pactBopamu (Cl, + NaCl +
HCI) ¢ mocnenyrommM cOpOIMOHHO-TIEMEHTAIMOHHBIM M3BJICYEHUEM 30JI0Ta U3
pPacTBOPOB.
[IponykTuBHBIA  CJIOM pyabl OBLT MOABEPTHYT MpPEABAPUTEILHOMY
«3AKMCIICHNIO» B TEUEHWE 53 CyT., JUIA 4ero B CIOi Oblmo 3akauano 250 m°
pactBopa, coaepxamero 0,7-0,8 r/m HCI, 70 r/n NaCl ¢ pH = 2. Tlocne atoro

momaBamu B cioi 89 M® paGodero pacTBOpa, MPEACTABISIONIEro COGOH BOMY,



30

HACBIIIEHHYIO Ta3000pa3HbIM XJIOPOM (KOHIEHTpalus akThuBHOro xsopa 1,5-2,0
r/1). B mpomecce WCHBITAaHWH momydeHo W mepepaGotano 13 M
30JIOTOCOAEPKAIIETO pAacTBOpa € KOHIEeHTpauued 3osiota ot 0,3 mgo 3,7 /™.
OcaxieHre 30JI0Ta MPOU3BOJAWIIACH I[IEMEHTAllMell Ha YroJbHbI BaTHH.
M3BredyeHre MeTaia u3 pacTBopoB coctaBmiio 95,7 % [52, 53].

Hcnonb3oBaHne TUAPOXJIOPUPOBAHUS ISl TIEpepabOTKU  MaTepuasos,
coJepKalux OIaropofHble METaUlbl, MMEET CIEAYIOUIUE MPEUMYIIECTBA 10
CPaBHCHHIO C ITUAHUCTOMN TexHoJoruel [54, 55]:

- Ooublllasg  KOHILEHTpAaIUsi MOJIEKYJSIPHOTO  XJIopa B pacTBOpeE
00yCIIOBIMBAET BBHICOKYIO CKOPOCTD MIPOIIECCa;

- BO3MO>KHOCTh TOJTyUYEHHUSI COJISTHOKUCIBIX PACTBOPOB, U3 KOTOPBIX yIOOHO
BBIICJISITH 30JI0TO AJIEKTPOIU30M;

-3¢ dhexTuBHas nepepadboTka YIIOPHBIX TUISL IUAHUPOBAHUS
30JI0TOCOIEPKAIUX OOBEKTOB;

- Ipu TiepepaboTKe 30JI0TOCEPEOPSHBIX PY/I JeT4Ye OCYIIECTBUTh pa3ielicHUe
OJarOpOHBIX METAJUIOB IIPU WX OCAXKIIEHUU U3 COJTHOKHUCIIBIX PACTBOPOB.

B cepemune XVIII Beka B CIIA, HOxnoii Adpuxke u ABcTpanuu
XJIOPUHAIIMIO TIPUMEHSJIM KakK OCHOBHOM METOJ THAPOMETaUTypPTrHYeCKOn
nepepaboTKU 30JI0TOCOJEPKALINX Pyl C UCIOJNIb30BAaHUEM Ta3000pa3HOTo XJIOpa,
OeMMIIbHON U3BECTH U CEPHON KUCIIOTHI [56].

B nmpouiecce ruapoxaopupoBaHUsl UMEET MECTO BBICOKOE M3BIICYCHHE 30J10Ta
B PacTBOp IO MPOCTOM CXEMe €ro BbIIEICHMsS U3 XJIOpUIHOTo pacTtBopa. IIporece
XapakTepu3yeTcs: OOJBIION CKOPOCTHIO, YTO OOYCJIOBIMBAECT BBHICOKHE TEXHHMKO-
HYKOHOMHUYECKHE TTOKA3ATEIIH.

B xnopHo-xnopunnoi cpene, rae Cl ciiyXuT He TOJBKO OKUCIHUTENIEM, HO U
KOMILTIEKCO00pa3oBaTelieM, paCTBOPEHHE 30JI0Ta HJIET 10 peakiusam [18, 57]:

Au + 0,5Cl,(p-p) + CI' = AuCly, (1.7)

Au + 1,5Cl,(p-p) + CI' = AuCl, (1.8)

AUCl; + Cly(p-p) = AuCl, (1.9)
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B mocnenaue ropr ObIT MCCIEA0BaH METOJ PACTBOPEHUS 30JI0Ta B KUCIIBIX
XJIOPUIHBIX H  XJIOPUIHO-CYNb(AaTHBIX pacTBOpax. OKUCIUTETEM  CIYXKUIT
nupoiito3uT MnO,, d9To cmocoOCcTBOBaIO 00Opa3oBaHHIO B O0BEME pacTBOpa
aKTUBHOTO XJIOpA.

W3 XJOpUAHBIX pPacTBOPOB 30JI0TO BOCCTAHABIMBAETCS UIABEICBOM U
MYypaBbUHON KHCJIOTaMH, XJOPHIOM OJIOBa, YTJIEPOJIOM, IIMHKOM, OKCHJIOM
yriaepojaa, AMOKCUIOM CEpBI U JIp.

B HemaBHEM NpPONLIOM THAPOXJIOPUPOBAHKE 30JI0Ta OBLIO OCHOBHBIM
METOAOM TepepadoTku. 3oJoTocoAepkamias pyna oOpabaTbiBanach XJIOPHOM
u3Becthio Ca(OCl), B mpucyTcTBHM pacTBOpa CEpPHOM KHUCIOTHI. ['a3000pa3HbIii
XJIOp TEPEBOJIWI 30JI0TO B PAacTBOp, a cepedpo OCTaBalOCh B OCAJKE B BUJC
xJjopuaa cepedpa, U3 KOTOPOro cepedpo BBILIEIAYUBAIN PACTBOPOM THOCYJIb(aTa
HATpHSL.

OcHOBHasI cxeMa XJIOPUIHOTO BBINICTAYUBAHUS: KUCIOTa — XJIOPUJ HATPUS
— OKHUCIUTENb (TUMOXJIOPUT KajblMs WM HATPHs, NEpMaHTaHAT Kalus WIIH
JTUOKCHII MapraHia). Bo Bcex ciydasx pacTBOPSIONUIAM areéHTOM 30J10Ta SBJISIETCS
oOpasyronuics B 3TOH CHCTEME XJIOP.

KucinoTHOE THUMOXJIOPUTHOE BBIMICIAYMBAHUE MOXHO pPacCMaTpUBaTh Kak
npoliecc, albTePHATHBHBIN MAaHUPOBAHHUIO. B KHCIIOM THIIOXJIOPUTHOM PacTBOpPE
XJIOpU/Ia HATPUSI MOXKHO 0003HAYHTh TpU AnanazoHa pH:

1) pH > 7,5 — obpaszyercs runoxnopur-uon ClO’

2) pH 3-7,5 — xj0pHOBaTHCTas KUCIIOTA;

3) pH < 3 —xuop Cl,.

OOpa3oBaHue XJI0pa UAET B HECKOJIBKO CTAIUI:

NaClO + H,0 —HCIO + NaOH (1.10)

HCIO + H,O0 —CIO + H;0 (1.11)

XnopuoBatucras kuciora HCIO B pactBope CONSIHOW — KHCJIOTHI

JTMCCOIIMUPYET ¢ 00pa30BaHUEM XJIOPA:

H" + CI"+ HCIO = Cl, + H,0O (1.12)
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[Ipu pacTBOpeHuUU 30510Ta BHaYajae 00pa3yeTcs XJIOpuI 30J10Ta:
2AU° + Cl, — 2AuCl (1.13)
CKopoCTh pacTBOPEHHMS 3aBUCUT OT CKOPOCTU yAQJICHUS XJIOpUAA 30JI0Ta C

IMOBCPXHOCTHU YaCTUIBI 110 PCAKITUN:

AuClI + Cl, + CI'->AuCl, (1.14)

Ho moryT ObITh U Ipyrue BapuaHTbl OOBSICHEHUS paCTBOPEHUS 30J10Ta!
2Au + 3Cl, = 2AuCl; (1.15)

2Au + 3HCI + 3HCIO = 2AuCl; + 3H,0 (1.16)

AuCl; + CI' = AuCl, (1.17)

WJIM TAaKOW BapHUaHT:

2Au + Cl; + CI=2AuCly (1.18)

AuCl; + Cl,—AuCl, (1.19)

Bo Bcex ciayyasx KOHEYHBIM MPOAYKTOM SIBJISIETCS KOMIUIEKCHBIM HWOH
AuCly,.

Uprupenmer u Ypanbckas ropHo-reojiorundyeckas kammanus B 1999 — 2000
IT. IPOBEJM UCHBITAHUS MO MOA3EMHOMY BBIIIEIAYMBAHUIO 30JI0Ta U3 PYyI KOPbI
BBIBETPUBaHU MaMUHCKOTO MECTOPOXICHUS C HCIIOJIB30BAaHUEM XJIOPCOAEP-
JKaIEro PaCTBOPUTEIISI C COJIEpIKaHUEM «aKTUBHOTO» xyopa 0,4 — 0,8 r/11, KoTopsie
nokazanim  3¢ddexkTuBHOCT, Tpennaraemoit  TexHosoruu [58]. Paspaboran
TEXHOJOTUYECKUH  perjaMeHT Ha  [POEKTUPOBAHUE  MPEINPUATHS  C
MPOTHO3UPYEMBIM MTPOoU3BOACTBOM 280 KT 30J10Ta, IPU c€0ECTOMMOCTH 4 JOJII./T.

B Konym06uiickoM yHUBEpCUTETE TPOBEICHBI UCTIHITAHUS 110 TPUMEHEHUIO B
Ka4eCTBE OKHUCIHTENS 30JI0Ta pacTBOpa XJjopaTa HATpus M MokazaHo [59], yto
NaClO; sBnsiercs TakuMm k€ S(PQPEKTUBHBIM PACTBOPHUTENIEM 30JI0Ta, KaK U
razoo0pasnbiii xyop. IlpenmyiiecTBOM €ro HCMONb30BaHHUS MO CPaBHEHUIO C
pacTBOpPEHHEM B LIAPCKOI BOJIKE SIBIISIETCS TO, YTO OH HE 00pa3yeT HEPACTBOPUMBIX
COEMHEHHH C cepedpoM, a TakkKe HET HEOOXOAMMOCTH KUIISTYEHUSI PaCTBOPOB JIJIst
yAaJIEHUs OKHCIIOB a30Ta, Mepe]l OCAKICHUEM METAJUIOB THAPA3UHOM.

H3BaeueHue TOHKOAUCIICPCHOI'0 30JI0Ta U cepe6pa, 3aKJIIIOUYCHHBIX B
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MapraHieBblX MHHEpanax (TJaBHBIM 00pa3oM B TMHPOJIIO3UTE), MPEACTABISACT
OOJBIIYIO CIOXKHOCTh. Hannuue mioTHRIX OKCHIOB MapraHiia 3aTpyJHsSeT KOHTaKT
gacThll OJaropoJHBIX METANIOB C IMAHUCTBHIMH PAacTBOpaMU. TEXHOIOTHYECKHE
oTiepallfy, HalpaBJICHHbBIC HA Pa3pyIICHHE OKCHIOB MapraHIiia Wik Ha UX MEPEeBO/I
B Oosiee mopucteie coenquHeHus tuna MnO, yacTo 3HAUMTENBHO JOPOXKE CAMOTO
ruanupoBanus [60 - 62].

B Hacrosimee Bpemsa ruapoxiopupoBaHue wucnoasdyerci B CIIA Ha
¢abpuke Kapnmun pns mnpeaBapuTenbHOM 00pabOTKH  yriaepoaAcOAepKaIInuX
30JI0TBIX PyJ Tepea IMaHupoBaHueMm, a Takke — B FOAP Ha 3aBonme ¢upmbl
«Consolidated  Marchison» s w3BIEYEHHS  30JI0Ta W3  CYpBMSHOTO
draorokoHneHTpaTa W Ha OumKU Tpu  TepepabOTKe pPyIbl, COAEpIKaIIeH
TeJLTYpH bl 30510Ta [60, 63].

HenocratkamMmu mporecca  SIBISIFOTCS.  BBICOKAsh TOKCHYHOCTH — XJIOPA,
TpeOyromas CI0XHOrO — amnmaparypHoro odgopmieHuss st 06€30MacHOCTH
00CITy>KMBAIOIIET0 MepcoHara.

XnopuaHas THAPOMETAILTYPIHsi, 0COOCHHO MpHU TMepepaboTKe KOMIUIEKCHBIX
CyIb(UIHBIX PYyI W KOHIIGHTPATOB ObLIa OJHOM W3 OCHOBHBIX oOOjacTei
UCCIICIOBAaHUI B TOCNeAHHE To/bl. [lomyueHHbIe pe3yapTaThl CBUIETENBCTBYIOT O
TOM, YTO B OyAylIeM HEKOTOpbIE BapUaHTHI MEPepadOTKH  CyIb(UIHBIX
30JI0TOCOIEPKAIIHMX Pyl U KOHIICHTPATOB, MO BCEH BEPOSTHOCTH, OYTyT BKIIOUAThH

Y XJIOPHUIHYIO TEXHOJIOTHIO [64].

1.2.4. X710pu0B0O3roHKA 30J10TOCOAEPKAIUX KOHIIEHTPATOB

Opnum u3 HanboJiee MEePCIEKTUBHBIX HAIMPABICHUN METAJUTYPTUU I[BETHBIX
¥ OJaropoJIHBIX METAJIOB, pa3pabaThIBAEMBIX B IOCJEAHEE BpPEMs, CIOCOOHBIX
pemnTh 3a1a4y 3PpGEeKTUBHON MepepadOTKU pa3IMYHBIX BUIOB ChIPBS, SBISETCS
XJIOPUIOBO3TOHOYHOM O0O0XHUT. DG(PEKTUBHOCTL 3TOr0 METOJAa KaK CpeiCTBa
W3BJICUCHHUS IICHHBIX JIEMEHTOB U3 OCAHBIX, TPYIHOOOOTATUMBIX, 0CO00 YITOPHBIX

Py IMOKa3aHa IeJbIM PsIIOM UCClieoBaHumii [65, 66].
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CyIIHOCTh XJIOPHIOBO3TOHOYHOTO OOXKMTA 3aKJIF0YaeTCsi B 00pa30BaHUU H
OTTOHKE B Ta30BYI0 a3y JEeTy4HX XJOPUAOB METAIIOB, OOpPa3yIOIIUXCS MpH
B3aMMOJICCTBUM  COJICPKAIUXCS B  CHIPhE PA3IMYHBIX COCIUHCHHHA C
xjopuHaTopoM. IIpy STOM MPOMCXOTUT TpEeBpallleHHe BCEX COCAMHEHUN
U3BJIEKAEMbIX METANIOB B OJMH KJIAcC XJOPUAOB, OOJANalOIIUX BBICOKUM
NaBICHHEM mapoB mpu Temmeparypax 600 — 1100 °C, uro oGecreunBaer
poBeJIeHHE mpoliecca 6e3 paciuiaBiIeHHsI BCeil MacChl mepepadaThiBAeMOTO ChIPhS.
W3BneueHne MeETaUIOB W3 XJIOPUAOB IIOCIE€ WX KOHICHCAIMH IMPOU3BOIUTCS
U3BECTHBIMH, OCBOCHHBIMH MPOMBIIIJIEHHOCTHIO METOIAMH.

JIOBOJIBHO  IIUPOKO  HMCIOJIB3YIOTCS  MPOIECCHI  XJIOPHPOBAHUS IS
nepepadoTKU Py U KOHIIEHTPATOB, COAEPKAIUX 30JI0TO U cepedpo, B YACTHOCTHU
MUPUTHBIX OTApPKOB, C IICNIbI0 M3BJICUCHUS W3 HUX OJIArOPOJHBIX METaIoB [67,
68]. XopupyronmMu areHTaMH Py XJIOPUAOBO3TOHKE MOT'YT OBITh JTHOO TBEpbIe
XJIOPHUJIbI HATPHS U KaJbIUs KapHAUIUT, CHIbBUHUT [69, 70], 1160 razoo0pa3HbIii
XJIOp, @ TAK)KE Maphl COMSTHON KUCIOTHI. OpHako WCIONB30BAHUE XJOPHUAOB
HATPHUS U KAl MPUBOJUT K CTIICKAHUIO IMIUXTHI, OCOOCHHO C KOHIICHTpaTaMH,
UMEIOIMMH B CBOEM COCTaBe IIENIOYHbIe MeTawibl. [IpumeHeHue ke
ra3oo0Opa3Horo  xjopa B  Tpolecce  XJOPUIOBO3TOHKH  HCKJIIOYAeT
criekooOpa3oBaHUe.

B paborte mokazaHo, 4YTO OJJHUM U3 OCHOBHBIX YCJIOBHM I JOCTUXKEHUS
BBICOKOM CTEMEHHM BO3TOHKU 30JI0Ta HEOOXOJUMO TIEPEBECTH JKENe30 B TPYIAHO
xmopupyembie  popmbl  (Fe,0O3) [71]. DTO TO3BOJAMT CHHU3UTH  PACXO]
XJIOPUPYIOIINX areHToB B 3 — 4 pa3a, 49TO OJAarompusTHO CKaKETCS Ha

YMCHBUICHHUH CIICKACMOCTHU FpaHYJII/IPOBaHHOﬁ MM XTHI.
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B pabGore [72] mnpuBeneHbl ONTHUMAlbHBIE MMapaMeTphl Ipolecca
XJIOPUJIOBO3TOHKM MHUPUTHBIX OrapkoB C cojaepxkanuem 2 — 5 % cepsl:
Temmeparypa 900 — 1000 °C, mpogomkurensHocTs o6kura 1,5 — 2,5 4., H36BITOK
NaCl — 10 — 15 %. OnrumansHoe coxepkanue NaCl ompenensieTcs, ¢ omgHOM
CTOPOHBI, TIOJIHOTOM TIPOTEKaHWsS TIpollecca XJIOPUPOBAHHS, C JPYroW,
OTCYTCTBHEM CIUIABJICHUS U YKPYITHEHHS YACTHII.

B paGore [23] omucan mpouecc XJIOPUPOBaHHS MUPUTHBIX OTapKOB B
TpyOUaToil meur ¢ MpoayBOM IHIMXTHI Ta30BOil cMecklo, coaepxamiei 5 % O,, 16,5
% H,0, 78,5 % N,. B xauectBe xiopunaropa ucmnonb3oBajics CaCl,. locturnyra
CTeNeHb OTrOHKHW Meau 76 %, mwmuka 75 %, 3o0mota 91 %, cepebpa 94 %.
OrrumansHas Temmeparypa mpouecca 1020 — 1130 °C, mpu Temmepatype Bbire
1150 °C mpoucxoaniIo crekanue OKaThIIICH.

[Ipu xJOopupOBaHWUK OTApKOB C TOBBINICHWEM TEMIIEpaTyphl HETPEPHIBHO
BO3pACTaeT CTEMEHb XJOPUPOBAHMUS 30JI0Ta, YTO HE HAOIIOAAETCS B MPOIECCE
XJIOPUPOBAHMS METAIUTMYECKOTO 30JI0Ta. Takoe HeCOOTBETCTBUE, BUIUMO, CBI3AHO
C TE€M, YTO 30JI0TO XJIOPUPYETCS HE TOJIBKO XJIOPOM, HO M €r0 CMECHIO C XJIOPHBIM
Kele30M, KOTopoe oopasyet aABoliHyto conb Tura FeAUClg [73, 74].

B pa6ore [70] ycraHOBJCHO, YTO MPOLECC XJIOPHUIOBO3TOHKH 30J10Ta
cienyeT BecTu 0Oe3 BoccTaHoBuTeNs. J[oOaBieHwe B MIMXTy YIJiepojaa BEAET K
00pa30BaHUIO KUIKOHN (Pa3bl 3a CYET BOCCTAHOBJICHUS BBICIIUX OKCHJIOB JKeje3a U
(bOpMHpPOBaHUS CHUIIMKATOB, JIETKOIUIABKOCTh KOTOPBHIX IMPHUBOAHWT K CIEKAHUIO
IIUXTHI. ABTOPBI JI€NAIOT BBIBOJI, YTO ONTHUMAIBHBIMH TEMIEPATypaMH SBIISIOTCS
1000 — 1150 °C. HecmoTps Ha YyCHEIIHOE OSKCILTyaTAIIHOHHOE MPUMCHEHHE
MIPOIIECCOB XJIOPUOBO3TOHKH U MEPEePa0OTKH MUPUTHBIX OTapKOB 332 PyOEKOM H
MIOMBITOK MX OCBoeHUs B Poccum [23, 75], MexaHM3M XJIOpUPOBAHUS W MEpexoaa
30J10Ta U cepedpa B ra3oByr0 (ha3y OCTaeTCs HEAOCTATOYHO M3YUYEHHBIM. YUCHBIC
MOJIaraloT, YTO 30JIOTO BO3TOHSETCS B BHUAC XJIOpHZIA, KOTOPBIA 00pasyercs B
pe3yibTaTe AUCCOLMUAIMH XJIOPHUHATOPA MO ICHCTBUEM KHCIIOPOJa C BBIICIICHUEM

xyopa. Ho 310 yTBepkieHue TepMoAMHAMUYECKH HEe 000CHOBbIBaeTcsa. B pabote
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[76, 77] mnoka3aHo, 4YTO Ta3000pa3HbIC XJOPHUABI 30JI0TA HEYCTOWYHBBI.
PasnoBecusle naBienus Au,Clyyy 1 Au,Cleqy npu 1050 OC cooTBercTBEHHO PaBHBI
8,710° Ila u 5,6 10" Ila. B neifCTBUTENBHOCTH pPABHOBECHOE IABIICHHE
CBOOOIHOTO XJIOpa MPHU PACHICIUICHUH COJIEBOIO XJIOPUHATOPA KUCIOPOJIOM OYEHB
majno. Hampumep, B peakuum 1/20,+2NaCl=Na,O+Cl, koHcTanTa paBHOBECHS
Kp=PC|2/P021/2 = 310™ mpu 1050 °C. IIpu mepexoxe OKCHIa HATPUS B CHIIHKAT
KOHCTaHTa ToBbimaercst 10 1,810, Ho u B 9TOM cilydae mapuuanbHOE NABICHHE
XJIOpa HEAOCTATOYHO JUIsl XJIOPUPOBAHHS HE TOJIBKO 30JI0TAa, HO M JIPYTHX
KOMITOHEHTOB TepepadaThiBAEMOr0 MaTepuara.

Kak mokazano B pabote [60], Oosiee BBICOKHE TEeMIIEpaTyphl «COJEBOWD
XJIOPUJIOBO3TOHKHU OMPENEIISIOTCS TEMIIEPATYPOM pa3ioKEHUsI XJIOPUAOB HATPUS U
KaJIbLIUS, TEHEPUPYIOUIUX XJIOp-Ta3. DTOT ke (pakTop ompenenseT v OOoJbIIyI0
JUTUTEIIHFHOCTH TpOLIecca MPU HCIIOJIB30BAHUU COJICH-XJIOpareHToB. Bmecte ¢ Tem
P «COJIEBOM» BapHAaHTE XJIOPUIOBO3TOHKM Oo0Jiee TIOJIHO YCBAaMBAaETCs
BBIJICIISAOIIMICSA aTOMAapHBIN XJIOP, UTO CHUYKAET ero pacxon B 1,5-1,7 pasa.

[ToBeneHne pa3mTUYHBIX XJIOPUHATOPOB HA MPOLECC XJIOPUIOBO3TOHKU ObLI
n3ydyeH B pabore [78]. B pesynaprare wHcclenoBaHUN OBLIA  OIPEACIICHBI
CIIeyIOIME MapaMeTphl BeleHus mporecca: temmeparypa — 1200 °C, Bpewms
XJIOpUpOBaHUs 1 4, CKOPOCTh MPOMYCKaHUSI KUCIOPOIHO-aproHOBOM cMmecu — 50
M/, cootHomrerne CaCly: orapok = 6:100, pasmep wactui orapka — 0,1 + 0,074

MM. B 3THX ycloBHSX M3BICUYCHHE METAJIOB cocTaBmiio, %: 98,0 Ag; 96,5 Pb;

99,4 Zn.

1.2.5. A30THOKHCJIOTHBIH cIOCO0 MepepadoTKH 30J10TOCOIEPHKAIIUX

KOHICHTPATOB

30710T0, 3aKITF0YEHHOE B CYIb(UIAX, IO CUX TIOP BCKPHIBAIIOCH, B OCHOBHOM,
yTeM OKHCJIUTEIILHOTO o0>ura, HIMPOKO  PacIpOCTPAHEHHOTO B
MPOMBITIUICHHOCTH. Ho mpu 00kure mpoucxoaarT Hen30eKHbIE MOTEePU 30J10Ta C

MMpOAYKTaMH BO3IrOHA, a ChIPbC UCIIOJB3YCTCS HC KOMIIJIICKCHO. HOBTOMy HaxoaAaT
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NpUMEHEHHe W Jpyrue Mpolecchl A NepepaboTKH CyNb(UIHO-MBIIIBSIKOBBIX
KOHIICHTPATOB, B YaCTHOCTH, TUApOMeTAILTYprus [79].

Asropamu pa6ot [80, 81] mist BCKPBITHS 30JI0TOCOACPKAMUX CYIbPUITHO-
MBIIIBSIKOBBIX KOHIIEHTPATOB HCIIOJIB30Bajlach a30THas KuciaoTa — 3()(eKTUBHBIMA
OKHCIIUTEIb MUHEPAJIOB MUPHUTA, apCEHOMHPHUTA, a TaKkKe CYIb(HUIOB IBETHBIX
MeTauioB. B mporecce pasnoxkeHusi Cynb(UAOB a30THOW KUCIOTOW B pPacTBOP
NEPEXOAT MEIb, MHK, KaJMW, >KEIe30, MBIIIbSIK; B HEPACTBOPHUMOM OCTATKE
KOHIICHTPUPYIOTCS CBHHEL, 30JI0TO, CypbMa. lIpenMyiiecTBO HCHOIb30BaHUS
a30THOM KUCJIOTHI - BO3MOKHOCTb €€ IIPAKTHUECKU MTOJIHOM pereHepauy.

Oxkuciienue cyiap(QUAOB METAUIOB a30THOM KHUCIOTOW B MPHUCYTCTBHH

KHUCJIOPpOJa MOKHO BBIPA3UTH CIACAYIOIINMHU YPABHCHUSAMU

MeS,+2HNO;+30,=MeS0, + H,SO, + 2NO,, (1.20)
2NO,+H,0=HNO;+HNO,, (1.21)
MeS,+HNO3+30,+H,0 = MeSO, + H,S0, + HNO, (1.22)

[TpakTrueckoe ocymectBiacHue 3Toro nporecca (1.20) - (1.22) Bo3MokHO B
TOM Clly4ae, €clid OH Oy/eT MPOBOJUTHCS B 3aMKHYTOM TEXHOJIOTUYECKOM LIMKIIE C
MHOTOKpPAaTHON PELUPKYJIALME HUTPO3HBIX razoB. OOpasyromuiics OKCHUJ a30Ta,
Onarozapsi cBOed HU3KOW pacTBOPUMOCTH, MEPEXOAUT, B OCHOBHOM, B Ta30BYIO
¢da3y U B MPUCYTCTBUHU BO3JyXa WJIM KHUCIOPOAA MOJBEPracTcs OKHCIECHUIO 10
mnokcuna NO,, KOTOpBIiA, pacTBOPSSACH B BOJE, PETCHEPUPYET a30THYIO KUCIIOTY B
porecce.

I'uppocynedaruzanuss  a30THOM  KHUCIOTOM  HMCHOJIb30BaJIaCch  IPH
nepepaboTKe MEAHO-LIMHKOBBIX NPOAYKTOB, HE MOAJMAIOMIMXCA Pa3[eieHHI0
MeToaMu oOoraieHus. JJOCTUTHYThI BHICOKHE TEXHOJIOTUYECKUE MTOKA3aTeNH MpU
YCIIOBUM PEreHepaluy KUCIOThl U3 HUTPO3HBIX Ta30B. B MPOMBINUIEHHOCTH NpU
pa3’IoXKEHUH MOJIMOJACHUTOBBIX KOHIIEHTPATOB MPHUMEHSETCS a30THOKUCIOTHBIN
crioco6 [80, 82].

[Ipu «HUTpOKC-TIpOIIECCE)» BBINIETAYMBAHUE OCYILIECTBISETCS A30THOM

KHCIOTOI B MPUCYTCTBHM BO3ayxa mpu Temmeparype 80-90 °C u atmochepHOoM
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JABJICHUU B TeueHue 2 4yacoB. [Ipu 3TOM MpoOMCXOIUT MOJTHOE OKUCIIECHHUE Kelle3a,
MBIIIBSAKA, CYIbGUIHOW Cephl W BBIIICNAYMBAHUE CYIb(QUIHBIX MHHEPAJIOB.
Breinemnstronuiicst razoo0pasueiii NO cBsi3pIBaeTCS KHUCIOPOAOM B 30HE PEAKIIUN
pacTBOpPEHHS U IOATOMY He BhIOpackiBaeTcs B atmocdepy [77, 83 - 85].

B CAUI'MMCe npoBOAMIUCH MCCIEIOBAaHUSA MO a30THOKUCIOTHOMY
BCKPBITUIO  YIOPHBIX  CYJIb(UAHO —  MBIIIBIKOBBIX  30J0TOCOAEPKAIINX
(IOTAIMOHHBIX KOHIIEHTPATOB, MOJYYEHHBIX W3 PYyJ MecTopoxiaeHuit CpenHei
Aswnn [86, 87].

OCHOBHbIE  TE€XHMKO-3KOHOMHUYECKHE IIOKa3aTeld  a30THO-KHCIOTHOIO
criocoba BCKPBITHSL 30JI0TOCOJAEPIKAIINX CYJIb()HUIHBIX KOHIIEHTPATOB, MPUHITHIC
IpU OPUEHTHUPOBOUYHOM pacuere 3()(PEeKTUBHOCTH PEKOMEHAYEMOM TEXHOJIOTHU
IPUMOIIHOCTH yCIOBHOTO Npeanpuatus 80 ThIC. T. KOHLIEHTpaATa B roj, MOKa3aJH,
9yT0 oOHa mo3BosUT Ha 7-10 % yMmeHpmHTH Ce0ECTOMMOCTH TEpepadboTKU
KOHIIEHTpaTa 10  CPaBHEHUIO C  TEXHOJOTHEH, MpeaycMaTpuUBaroIien

OKHCIIMTENLHBINA O0KHUT KOHIOCHTpPATa C IMOCICAYIOMIMM M[MHAHHUPOBAHUCM OI'apKa

[88].

1.3. TexHoJsioru4yecKkue 0cO0EHHOCTH NMePepadoTKU GeTHBIX

30JI0TOCOACPKAINUX PYyA METOAOM KYYHOI'O BbIIICJIAYUNBAHUA

1.3.1. Texyuiee cOCTOSIHUE TEXHOJOTHM KYYHOI'0 BbIIIEIAYMBAHUS IIPH
nepepadoTke 0eIHbIX 30JI0TOCOAEPKALIMX Py

KyuHoe BbllIeIad4MBaHre 30J10Ta MUAHUCTHIM PACTBOPOM OBLIIO MPEJIOKEHO
['opueim bropo CIIIA B 1967 romy. IlepByro TpOMBINUIEHHYIO OTpabOTKY C
BBHINICJIAYMBaHUEM 2 MIH.T OemHoW pyabl mpoBena kommanus «Koprtes [Mompg
Maiin3z» B Hawaine 1970 roma. C mawama XX Beka MmOpolecc KydyHOTO
BBILIEIAYMBAHUS HUCIOJB3YETCS JUIsl W3BICUEHUS] MHOTMX METaJUIOB: 30JI0Ta,
cepeOpa, TUIATUHBI, MU, IMHKA, HUKEIs, amroMuaus u ap. [89-90].

bmaromapss mMpOKOMY  BHEIPEHUIO 3TOM  TEXHOJOTWM, IPUPOCT



39

MPOU3BOJICTBA 30JI0Ta 3a pyOekoM cyiecTBeHHO ypenuuuics. Tak, B CIIA B
1998 r. 6omnee 42 % romoBoil JOOBIYM 30J0Ta MPUXOAUIOCH HA CIMOCOO Ky4HOTO
BhIenaunBanus [91]. 3a mocneaane Toabl B cTpoii BBeaeHo Ooee 100 00beKkTOB
Ha 0a3ze HEOOJBIIMX MECTOPOXKICHUN, HEKOHJUIMOHHBIX IS KIACCHUYECKHUX
crioco0oB mepepaboTku pya. [IpuumHO OypHOTO pPa3BUTHS ITOW TEXHOJIOTHHU
SBJIIIOTCSI JOCTOMHCTBA, KOTOPBIMU 00JIaJ]a€T KYYHOE BBIIIEIAYMBAHUE KaK CIIOCO0
U3BJICYCHHSI 0JarOpOJHBIX METAJIOB:

- pacIIMpeHHre CHIPhEBOM 0a3pl 3a CUET BOBJICUEHHUS B OTPAOOTKY
3a0aJIaHCOBOTO CHIPBS JIMOO XBOCTOB 000TaTUTENBHBIX (haOpUK;

- OTCYTCTBHE HEOOXOJMMOCTH CTPOUTEIHLCTBA 00OTaTUTENbHBIX (GaOpHK TS
OCBOEHUSI MECTOPOXKACHUI;

- UCKIIIOUEHHE JTIOPOTOCTOALIETO U TPYIOEMKOTO MPOLIecca U3MEIbUEHNUS;

- MUHIMAaJTbHBIC KalTUTAJILHBIE 3aTPaThI;

- TOBBIIICHUE MPOU3BOJAUTEILHOCTH TpyJa U COKpalleHUE YHcIia
pabOTHUKOB,

- BO3MOKHOCTH IKCIUTyaTallil HEOOJBIINX MO pa3Mepy MECTOPOXKICHUI B
OTAAQJIEHHBIX PalOHAX HA POTALIMOHHOW OCHOBE.

B mpouecce pa3paboTku MeToAa Ky4HOTO BBIMICTAYMBAHUS 30JI0Ta MMEJIO
MECTO TIOCTOSIHHOE CHMKEHUE €ro COJep)KaHusl B IepepadaTblBa€MbIX pyaax U
CTpeMJIEHHE OO0ECHeUnTh MaKCHUMaJlbHOE€ W3BJICUEHHE 30J10Ta W3 HEeAp MyTEM
BOBJICUCHUS B TEXHOJIOTHYCSCKUH TIpoIiecc OeAHBIX U 3a0anaHcoBbIX pya [92-94].

[TepBorit 00bekT KyuHoro BbinienaunBaHusiB CCCP B mMpOMBIIIJIEHHOCTH —
3TO 30JI0TO-KBAPIEBOE YMEPEHHO Cyib(puAHOE BacmiIbKOBCKOE MECTOPOXKIACHHE
(Kazaxcran). 3gecs B 1991 r. Obuia 3amyiieHa YCTaHOBKa MO OTBAaJbHOMY
BBIIIEIIAYUBAHUIO 30JI0Ta TPOU3BOAUTENLHOCTRIO 300 ThIC.T pyasl B roa. Pyna 6e3
pEeIBapUTEILHOTO  IPOOJICHUs  BHINIETAYMBAIaCh IMAHWCTHIM  HATPUEM B
mrabensx. McxomHoe conepkanue 300Ta B pyJie 2 I/T, JOCTUTHYTOE U3BIICUCHHE
— 60 %.

B HACTOAIICC BpPEMS B Poccun CTPEMUTCIIbHBIMHA TCMIIAMH HJCT PA3BHUTHC
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TEXHOJIOTMH KYYHOT'O BBIIIEIAUYUBAHUS 30J10Ta U3 Py, B TOM YHCIIE U3 HEOOIBIINX
MECTOPOXKIACHUM, OSTHBIX U 3a0aTaHCOBBIX PY/I.

O} deKTUBHOCTh KYYHOTO BBINIETAYMBAHUS 30J70Ta 3aBUCUT OT MHOTHX
(dbakTopoB: cocTaBa  BBIIIEIAYMBAEMOrO  MHUHEPAIBHOTO  CHIPbS,  (QPOPMBI
HAaXOXKJEHUSI 30JI0Ta, KPEMOCTH TIOPOJ, 3aTpaT Ha J0OBIYYy pPYyIObl W PYIO
MOJTOTOBKY, OpraHU3allMK PeXHMa BBOJIa pEareéHTOB M OPOIIEHUS IITa0ess U T.1I.
[95].

B pabore [90] mnpuBOmuTCA oOmMHMCaHWE 3aKOHOMEPHOCTEH, METOJIUK
UCCJICIOBAHMSI TEXHOJOTUM KY4YHOTO BBINIE/IauyMBaHus. BHeIpeHHe TEeXHOJIOTUU
KYYHOTO BBIIIEIAYNBAHMS  SBIIICTCS BHITOJHBIM  BJIOKCHHEM KamWTala B
30J10TOA00BIBAIOIIYIO0 MTPOMBIIIUIEHHOCTh. YK€ B TEYEHHE rojla CMOMEHTAa ITyCKa
TEXHOJIOTUM MOXHO TOJYYUTh TOBAapHBIM METaul B BUE ciuTka. KamurtaibHbie
3aTpatbl U Cce0ECTOMMOCTh JOOBIYM  30JI0Ta 1O TEXHOJIOTMU KY4YHOTO
BBHIIICJIAYMBAHUSI  3HAYUTEIBHO  HIDKE, 4YeM [0 TEXHOJOTMH YaHOBOTO
BEITIICITAYNBAHMSI .

TexHOoNOTHA KyYHOTO BBIMICTAYMBAHUS BKIIOUAET B CE0S CIICTYIOIIHC
OCHOBHBIE OTICPAIIUH:

- PYZIONIOATOTOBKY MHUHEPAILHOTO CHIPHSI;

- opMupOBaHUE PYTHOTO IITAOCTIS;

- IMAHUCTOE BBINIECTAYNBAHUE;

-U3BJICYCHUE 30JI0TA U3 PACTBOPOB COPOLMEN (aKTUBUPOBAHHBIM YIOJIb,
MOHOOOMEHHAsI CMOJIA) WJIU IIeMEeHTaIel (MeTAITTHYECKUIN ITUHK);

- TIOJTyYEHUE KATOMHBIX WJIM IIMHKOBBIX OCAJKOB C TIOCIICAYIOIICH TIaBKOH ¢
IIoJIy4yeHHueM cruiasa Jlope;

-00€3BpEe)KMBAHNE  XBOCTOB  BBINMICTAYMBAHUA U PEKYJIbTHBAIUA
HapyIIeHHBIX 3eMeb [96].

B nmocnegrme rompl Tmpoilecc Ky4YHOTO — BBIMIENIAYUBAHUS — YCIEITHO
pa3BUBaeTCd M TOPUMEHSETCSs B  30J0TOJ00BIBaromie otpaciu  Poccum.

HUprupenmer ¢ 1962  gBiusgercss TOJNOBHBIM — HAYYHO-HCCIEIOBATEIbCKUM
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WHCTUTYTOM 30JI0TOJIOOBIBAIONICH MPOMBIIIJICHHOCTH 10 pa3paboTKe Hay4dHO-
TEXHUYECKUX TIPOTPAMM TEPEBOOPYKEHUS 30J0TOAOOBIBAIOIINX TPEANPUITAN
Poccun Ha oOCHOBE cO37aBaeMbIX HOBBIX TEXHOJOTMH M COBPEMEHHOTO
obopynoBanus. I[lo pa3paboTkaM MHCTHUTYyTa TIOCTPOCHBI BCE OCHOBHBIC
30JI0TOJIOOBIBAIOIINE TPEANPUATHS CTpaHbl. WHCTUTYT NOPOBOJUT OOIIMPHBIC
HCCIICIOBAHUSI, TPOMBIIIJICHHBIE HCIBITAHUS M Pa3pad0TKy TEXHOJOTHYECKHUX
pErIaMEeHTOB Ha MPOCKTUPOBAHME MPEANPUATHI KYy4YHOTO BBINICIIAYMBAHUS HA
OCHOBE MECTOPOXKIEHUW W PYAONPOSBICHUN HE TOJIBKO PAa3JIMYHBIX PETHOHOB
Poccun, Ho u crpan CHI': Ama3zapkan, Kypanaxckoe, benas I'opa, Cy3nanbckoe,
BacunbskoBckoe, Onumnuana, [lokposckoe, Tac-FOpsix, JIpiObikca, CBETIUHCKOE,
Jlro6aBunckoe, YéproBo KopsiTo, MapxkanOymak, ¥ JAp., a Takxke IyCK B
AKCIUTYaTallMl0 yCTAaHOBOK KYYHOI'O BBILIEIAYMBAHUS HA PSAE MECTOPOKICHUM.
Bnepseie B Poccum TEXHOJIOTMSI KYyYHOTO BBINIETAYMBAHUS BHEAPEHA MpU
nepepaboTke  30J0TOcofepkammux pya  Maiickoro u  Yaswl-['onbckoro
MecTtopoxkaeHuit (Xakacusi). beuto 100BITO CBBINIE 5 T 30JI0Ta B BUJAE CIUTKOB,
NPUTOJIHBIX K paduHUpoBaHUIO. TakKe BHEAPEHBI YCTAHOBKH KYYHOTO
BhIlIenaunBanuga Ha KomcoMonbckom, [lenmmauynHckoM, bamMckoM 30J0TOpPYIHBIX
MectopoxaeHusix. B 3A0 «lOxypan3oioTo» Oblla TOCTPOCHA M 3almylieHa
ONBITHO-TIPOMBIIICHHAS yCTAHOBKA KYYHOTO BBIIIECNAYUBAHUS JUISI  PYAbI
mectopoxkaeHus bepesnsikosckoe [97-106].

3onoToqoOnIBaroIiasg kamnoanusa «3onotasg 3Be3ga» ¢ 1994 r cTtaOuiabHO
paboTtaeT Ha MecTOopoXxaeHHu Maiickoe, a ¢ 1997 r. — Ha MeECTOPOXICHHUH
Ky3nenoBckoe.  Taxxke — ycmemHo — paOoOTalOT  OPEANPUATHS  KYyYHOTO
BBIIIC/IAYMBAHNS Ha MeCTOpoXxaeHusXx MyptoikTel, Kuposckoe (FOxubiit Ypan).
3onotonoObIBatomas ~ oborarutenbHas — (gabpuka «UykoTka»  ompoboBaa
TEXHOJIOTUIO  COYETaHWS  TPABUTALIMOHHOTO  OOOTamieHusi ¢  Ky4YHBIM
BhIEIaYMBaHreM Ha MectopoxkaeHuu Comnka Pyanas. B 2000 roxy BBeleHbI B
AKCIUTyaTalMI0 MPEINPUATHS KYYHOTO BBIIIEIAYMBAHUS Ha MECTOPOKICHHUIX

Boponnosckoe (Ypain, OAO «ITomumeramny).
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I'maBHOE NpeuMymeCcTBO CXEM  KYy4YHOI'O  BbIIICIAYMBAHHA  30JI0TA
3aKIIIOYaCTCA B COKpAIICHUM YCTABHOI'O KallkuTaJla B 2-3 pa3a 1o CpaBHCHHIO CO

CXEMOH MMoTHO3aBoICKOTO Tiepezena [107].

1.3.2. ®u3uKko-XMMHUYECKHE OCHOBBI NMPOIECCA KyYHOr0 BbIIeJaYMBaAHUS

BrlenaunBane — THAPOMETAILTYPrUYECKUA METOJl M3BJICUCHHUS IEHHBIX

KOMIIOHEHTOB W3 pyJ B pe3ylbTaTeé UX CEJICKTUBHOTO pACTBOPCHHS B
pacTBOopUTENsAX. PacTBopuTensMu MOTyT OBITH BOJAa, BOJHBIE PACTBOPHI KHUCIIOT,
IeJI0Ye, CoJiel, a Tak)Ke OPraHMYECKHe PacTBOPUTEHU. BhllenaunBaHUI0 MOKET
MPEIIECTBOBATh MOATOTOBUTEIBHAS OINEpalys, OCHOBHOM ILEIbIO KOTOPOWU
SBJIIETCSI TIEPEBO/T BBIIIEIAUMBAEMOT0 KOMIIOHEHTA B 00Jiee pacTBOPUMYIO (hopMmy.
Hampumep, o6xur cynbhaTU3UPYIONIUN IMO3BOJISET MEPEBECTH HEPACTBOPHUMbBIC
Ccynbuabpl B pacTBOpUMBIE  Cyiab(daTbl. Pa3mu4aroT HECKOIBKO  BHIIOB
BhlmeaaurnBanus [108-117]:

1) OakTepuabHOE — BBIMICIIAYUBAHUC ONPEICICHHBIMU BHJIaMU OaKTepHi,
MOBBINIAOIIMMHE TIOJTHOTY U3BJICUCHUS U CKOPOCThH MPOIIECCa;

2) Ky4HOE — BBIIIEIauYUBaHKE [IECHHBIX KOMIIOHEHTOB U3 PY/bI, YJIOXKCHHOM
mTabeIs MK Ha CIIeUATBLHO TIOTOTOBJICHHBIX TIJIOMIAIKAX;

3) moa3eMHOE — BBIIIEIAYMBAHKUE [IEHHBIX KOMIIOHEHTOB HEMOCPEICTBEHHO
U3 PYJTHOTO Tea;

4) aBTOKJIaBHOE — BBINICIAYMBaHKe TOJ JaaBiieHueM (oT 98 mo 490 Ila),
npuoOpeTaeT OOJBIIOE 3HAYCHHWE B  AIOMUHUEBOH, YypaHOBOM,
HUKEJIEBOW, BOJb(PaMOBOM, a TakKKe B MOCIEIHEE BpeMsl B 30JI0TOU
OTpaCIsX MPOMBINIJICHHOCTH;

5) copOIHOHHOE — METOJ COBMEIIEHHOI'O BBIIICIAYMBAHUS U COPOIIUU
IIEHHBIX KOMITOHEHTOB Ha Pa3JIMYHbIX COPOCHTAX.

K pearenTam, pacTBOPSIOIINM 30JI0TO, OTHOCSTCS:
1) cMecH COJISTHOM U a30THOM KHCJIOT;

2) XJ0pHas BOJA;
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3) HMaHUBI EJTOYHBIX METAJLIOB,
4) Tnocynbdatsl (IPU TOBBIIIICHHBIX TEMIIEPATYPaX);
5) THOMOYEBHHA U T.JI.

OnHako OCHOBHBIM pPEareHTOM, MNPUMEHSIEMBIM B HACTOSIIEE BpeMs B
MIPOMBITIUICHHOCTH TIPW KYYHOM BBINIETIAYUBAHUH, SBISICTCS IUaHua HaTpus [118,
119].

[Ipouiecc 1MaHUPOBAHMS, OCHOBAHHBIA Ha CIIOCOOHOCTHM METANIMYECKOIrO
30JI0Ta, a TaKXKe cepedpa pacTBOPATHCS B CIIA0BIX pacTBOPAX IIEIOYHBIX [IHAHU]IOB
3aHHMaeT 0c000e MECTO B 30JI0TOJ00BIBAIOIIECH TPOMBIIIIEHHOCTH.

OTHOCHUTENbHAS CEEKTUBHOCTD [IMAHU/IA, COYETAHUE METOJOB PACTBOPEHHUS
U OCAXJEHHUSA OJaropoJHBIX METAUIOB W3 IMAHUCTBIX PACTBOPOB (LIEMEHTAIIMS
[IMHKOBOM TMbLIBIO, COPOIIMS HA MIOHOOOMEHHBIX CMOJIaX U aKTUBUPOBAHHBIX YTIISX
W J1p.), TMpoCTOTa amnmapaTrypHoro oOQOpMIIEHUS J€Jal0T  TEXHOJIOTHIO
nuaHupoBaHusi S(O(PEKTUBHOW U MPOU3BOJUTEIBHOM, JAIOIMIEH BO3MOXKHOCTD
MPUMEHECHUSI €€ HE TOJIbKO K KOHIIEHTpaTaM oOoramieHus, HO U K PSJOBBIM
30JI0TBIM U O€AHBIM pyJaM M JaKe K XBOCTaM OOOTaIllEHHUs, COAepKauM MeHee 1
/T 30J10Ta.

BnepBbie pacTBopeHHE 305I0Ta M cepedpa B pacTBOpax IIETOYHBIX MU
HIEJI0YHO3EMENBHBIX IIUAHUJIOB M3YYEHO JOCTATOYHO MOJHO B 1843 1. pycckum
xumukoM IL.P. BarpatrnonoM. OH TakXe€ YCTaHOBWJ TMOJIOKUTEJIBHOE BIIUSHUE
KHUCJIOpOJia Ha Mepexo] 30Ji0Ta U cepedbpa B pactBop. B 1846 r. JI. DnbcHep, Ha
puMepe TIACTUHKU 30JI0Ta, TJIaBaIOIIEN Ha MOBEPXHOCTU IIMAHUCTOTO PacTBOPA,
3aKJIIOYEHHOTO B ONPOKMHYTBHIA  UWIUHAP, YOEOUTENbHO  MOJATBEPAMII
HE0OXOMMOCTb MPUCYTCTBUS KUCIOPOAa Il pacTBOpeHus 30710Ta. Ha ocHoBanuu
ATUX MCCIEAOBAaHUN PACTBOPEHUE 30JI0Ta B IMAHHCTOM pPACTBOPE BBITJIAIUT
CJIEAYIOIIUM 00pa3oMm:

2Au + 4NaCN + H,0 + 520, = 2Na[Au (CN),] + 2NaOH (1.23)

PaccmoTpeHne MexaHM3Ma UM KUHETHKM TE€TEPOTCHHBIX peakiui, B

YaCTHOCTHU JIA LOUAaHUPOBAHHA 30J10Tda, OCBCHICHLI B JIMTCPATYypC AJOCTATOYHO
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noJHo [18, 55, 120-126].

[Ipu pacTBOpeHHM METAUIMYECKOrO0 cepedpa, OHO B ITOM YpPaBHEHUU
3aMeHsEeT 30J0TO. J[aHHOE ypaBHEHHE BBIpaXaeT pacTBOPEHHE 30JI0Ta U cepedpa
TOIBKO ¢ (opManbHON cTOpOHBI. [IOHATHO, YTO B cilydae pacTBOPECHHS MeTaslia
MPOUCXOUT IMPEABAPHUTENBHBIN MEPEXO0]l €ro B MOHHOE COCTOSHHE, YTO TpeOyeT
INPpUCOCAUHCHUA K C&ro aromMaM 3apAaoB, T.C. HJOJLKCH IIPOHCXOIHTH I[pYI‘OfI
IOPOIECC — AaCCUMWJISIMSA M30BITOYHBIX 3JeKTpoHOB. [losTromy B ciydae
pacTBOpeHHUsI 30J0Ta Tiepes; O0Opa30BaHUEM KOMIUIEKCHOIO HOHA JIOJKEH
IMPOUCXOAUTD IMICPCXOJ MCTAJNIMYCCKOTO 30JI0Ta B HOHHOC COCTOAHUC!

Au‘ AUt + e; (1.24)

HYTI/I BOCCTAHOBJICHUA KHCJIOPpOAA IIPH PACTBOPCHHHU 30JI0Ta B IHUAHHCTOM
PaCTBOPC MOI'YyT 6BITB npcacTaBJICHBI CIICAYIOIIUM 06p330M:

- Ha AaHOAHBIX y‘{aCTKaX HOBerHOCTI/I 30J10Ta MOXKET HpOI/ICXOI[I/ITB
06paSOBaHI/Ie KOMIIJICKCHOT'O MOHA 1 OCB060}KI[6HI/I€ QJICKTpOHA:

AU° +2CN" — AU(CN), + e; (1.25)

- Ha KAaTOJHBIX XK€ yT—IaCTKaX B pe3yanaTe OCBO60)KI[CHI/I}I I/I36BITOLIHBIX
QJICKTPOHOB Ha aHOAC MOXKCT IIPOUCXOJUTH BOCCTAHOBJICHHUC KHCJIOPOAA,
PaCcTBOPEHHOIO B BOJIEC, TAKUM 00pa3oM, 00pa3yeTcsi KUCIOPOAHBIN 2JIEKTPO/I:

0, — 2[O]; (1.26)

0* +H,0 — 20H (1.27)

KI/ICJ'IOPOII MOKCT BOCCTAHABJIIMBATLCA B CICAYIOIIHUC ABC CTaluu C
oOpa3oBaHHEM B Ka4eCTBE MPOMEKYTOUHOTO TPOJAYKTAa PEAKIMW aHUOHA
IIEPOKCHUIA BOJIOPOaA:

2H,0 + 0,2 — H,0, + 20H" (1.28)

4! TOJBKO IIOTOM IIPOUCXOAUT BOCCTAHOBJIICHHC 3TOI'O HpOMC)KyTO‘lHOFO
MPOJYKTa ¢ 00pa30BaHUEM TUAPOKCUII-MOHOB:

0* +H,0 — 2[OH]. (1.29)

MuorouucineHHsie HCCJICAOBAaHUAI, HpOBeJIeHHBIe B )IaHBHefImeM, TAKXKC

NOKa3aJid, YTO PAacTBOPEHHE 30J0Ta M cepedpa B IMAHHCTOM PacTBOPE
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MPaKTUYECKU HE MPOUCXOJIUT Oe3 BBEIEHHUS KHUCIOpOAa WM 0e3 MpPUMEHEHUs
JIPYTUX OKHUCIHUTENEH, 3aMEHSIONMX €ro B ATOM Impolecce. Hampumep, k
MOCJIEAHUM TpolieccaM MOKHO OTHECTH PAaCTBOPEHHUE B MPUCYTCTBUU ITUAHUCTOTO
opoma:

2Au + 4CN° — 2AUu(CN), + 2e; (1.30)

BrCN + 2e — Br + CN.. (1.31)

[To mpennonoxenuto I'. boanenaepa npu pacTBOPEHUs 30J10TA MTPOUCXOIAT
JIBE MOCIIEIOBATEIBHO MPOTEKAOIIUE PEAKIIUU:

2AU + 4KCN + 2H,0 + 0,=2KAU(CN), + 2KOH + H,0,;  (1.32)

2AuU + 4KCN + H,0,=2KAuU(CN), + 2KOH. (1.33)

OOpazoBaHue MepoKcHjia BOAOPOJIa MPOUCXOJIUT B pPE3yJbTaTe pPeaKiuu
BOCCTAHOBJICHUS KHCIIOPO/a, PACTBOPEHHOIO B BOJE.

CornacHo COBPEMEHHBIM MPECTABICHUSAM, HOHHASI PEAKIUS, TPATUIIUOHHO
MPUHATAS] B KAUECTBE OCHOBHOM ISl PACTBOPEHUS 30J10Ta LIMAHUAOM, BBIPAKaeTCs
yYpaBHEHHUEM:

4Au + 8CN" + O, + 2H,0 = 4Au(CN)’, + 40H". (1.34)

Pacxon peareHTa mnpu BbIIIETaYMBAHUU SIBJISIETCA OJHUM M3 OCHOBHBIX
TEXHUKO-KOHOMUYECKHX TOKa3aTejaed TuapoMeTaryprudeckoro mpouecca. OH
ONpEeNeNAeTCs] XUMHUYECKUMH M MEXaHWUYECKMMH NpPUYMHAMUA. XHUMHUYECKHE
MPUYUHBI, KOTOPbIE MOTYT BbI3BaTh MOBBIIICHHBIN pacxoj LHAHUAA, COCTOAT B
Pa3JIOKEHUU ITUAHUCTBIX COJIEH C BBIJICICHUEM JIETY4YETO IMaHUCTOr0 BOJOPO/a, a
Takke B OOpa30BaHWM KOMIUIEKCHBIX IIMAHUCTBIX, POAAHUCTBIX U APYTHUX
COECIVHEHNH.

MexaHnueckue >K€ TMPUYUHBI CJIaraloTcsl W3 HEMOJHOTHl OTACIEHUs
IMAHUCTOTO PAcTBOpA MPHU MPOMBIBKE, B OMEpaIUsaX 00E3BOKUBAHUS, PA3TUIHBIC
YTEUYKH U T.]I.

Beenenue B coctaB pactBopa 3amutHoi menoun Ca(OH), i NaOH pesko
COKpaIaeT MoTEePH peareHTa BCIeACTBUE XUMUUECKOTO B3aUMOJICUCTBUS. DTO

00yCJIOBIMBAETCS HEOOXOAMMOCTBIO 3aIUThI [IUAHUCTBIX COJIEH OT Pa3JIOKEHUS B
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pe3yibTaTe TUAPOIN3a, JEUCTBUS YIVIEKUCIOTHI M KHCIOT, OOpa3yroluxcs u3
KOMIIOHEHTOB PYJIbl, a TaKKe€ OT pacxoja Ha oOpa3oBaHWE KOMIUIEKCHBIX COJei
xeneza (Il). B pesynpraTe TrUApOAM3a [MAHUCTOTO KalWsl WM JPYTrou
UCITIOJIb3YEMOM COJIM MPOTEKAET CleyIolas 00paTuMas peakiusi:

KCN +H,0 <> KOH+ HCN (1.35)

OOpasyromiasicss B pe3yibTare TUAPOJIU3a I[MAHUCTOW COJIM CHUHUJIbHAS
kucnora HCN yrneryunBaeTcss u3 BoAHOTO pacTtBopa. HampaBnenuwe peakuuu
3aBucuT or BenuuuHbl pH. Ilpu pH = 9,36 koHueHTpauuu IUaHUA-HUOHA U
CUHWIBHOM KHUCJIOTHI paBHbI, a npu 3HaueHusX pH < 9,36 muaHuCTBIA BOIOPOA
SIBIIIETCS. OCHOBHBIM COEIMHEHHWEM B 3TOW cucreme. [Ipu ar060M yMeHbIICHUH
BeauunHel pH B cucteme (momagaHue BOAbI WM YIJIEKHCIOTO Ta3a) MOXET
IPOU30MTH HEUTpaJIN3alls U3BECTH 110 PEAKLIUU:

NaCN + CO, + H,0 = NaHCO; + HCN (1.36)

B pe3ynbrare nmpoucxoauT BbIIEICHHE LIMAHUCTOrO Bojopona. L{nanucTeii
BOJIOPOJ MOXKET THUAPOJIMU3BATHCS C OOpa3OBaHWEM MYpPAaBBUHOW KHUCIOTHI WU
dbopmuaTra aMMOHUS:

HCN + 2H,0 — NH,COOH (dbopmuar ammonus ) wim (1.37)

HCN + 2H,0 — NH;3; + HCOOH (mypaBbunas kuciora).  (1.38)

OOpa3zoBaHue TOro WJIM MHOTO MPOJYKTa PEaKIMU 3aBUCUT OT BEJIMUYHHBI
pH; npu 6onee Hu3kux 3HaueHusIX pH oOpaszyeTcss MypaBbuHas KUCIOTA.

Taxke MpUYNHON MTOTEPh CUHUIIBHOW KHUCIIOTHI SIBJIIETCS €€ Pa3JIOKEHUE 32
CUeT OKHCIJIeHUs ¢ oOpa3zoBanueM mnuaHucToro Bogopoga HCNO (sta peakius, kak
U CIEyIoIas, MPOUCXOAUT B BEPXHUX CIOSX IITa0ensi B CHCTEME Ky4HOTO
BBIIIIEIAYNBAHNS).

[Ipsimoe okucinenune nmanuga CN™ MOXKET NPOUCXOIUTH TNPU HATUYUU
MUHEPATIOTHIECKIX, OaKTePUOJOTUYECKHX WIH (OTOXMUMHUECKUX (COHEYHBIN
CBET) KaTaJlu3aTOPOB U MPUBOAUT K 00pa30BaHUIO [IM1AHAT-HOHOB:

2CN + O, + karamuzatop — 2CNO'. (1.39)

L[I/IaHaT-I/IOH )51 L[I/IaHI/ICTBII\/'I BOAOPOJ MCHECC TOKCHYHBLI, 4Y€M CHHHIIbHAA
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kuciioTa. OHU JIErKO THAPOJIU3YIOTCS BHYTPH ITA0EI Ky4HOrO BBIIIETAYMBAHUAC
oOpa3oBaHMEM aMMHaKa M JUOKCHJIA YIIIEPOa, YIETyUYHUBAIOIINXCS U3 CUCTEMBI B
BUJIE TA30B:

HCNO + H,O — NH;+ CO.. (1.40)

[lotrepn nmMaHuga MOAOOHOTO THUMA MPOUCXOJIT B CHUCTEME U TIpU
ouosormyeckoM pasnoxkeHun HCN B a’poOHBIX YCIOBUSX B MPUCYTCTBUHU
’H3UMOB. bronoruueckue mporeccs MpoTeKarT Ha OKUCIEHHBIX Y4acTKaxX MOpOJ
mradens.

MOXHO OmpenenuTh CTENEHb TUAPOIN3a JUIsl Pa3IMYHbIX KOHIICHTpAlUn
pPacTBOPOB IIMAHUCTOTO KaIHs WA HATPUS, 3HAasE KOHCTAHTY PaBHOBECHSI PEAKIIHH,
paBayio 2,54.10°. BBoas OXHOMMEHHBIC HOHBI, MOXKHO JOCTHYb IOIABICHHS
TUJIpOIN3a, A00aBIsisl B paCTBOP HEKOTOPOE KOJMYECTBO IIENIOUM, KOHIIEHTpALUs
KOTOpOii OyJIeT paBHA 0L COTJIACHO CIEAYIOIIEMY YPaBHEHHIO:

[HCN] = 2,510°[KCN]/ [KOH + «] (1.41)

Taxast KOHIIEHTpAIS EI0YU MPEAOTBPAIIAET THIPOIN3 TOJIBKO PACTBOPOB.
Ho »Tu pacTBOpHI elie moABEpraloTCcsl AIeUCTBUIO YTIACKUCIOTHI, U B CBSI3U C STUM
COJIEpKaHUE LIEJIOUYM B HUX CHUXaeTcs. [loMMMO 3TOro mpoucXoauT OKUCIIEHHE
CyJb(UIHBIX MHUHEPAJIOB C OOpa30BaHUEM KHUCJIOT NPU KOHTAKTE PacTBOPOB C
PYJIIOH, 4TO TaK)Ke MOHMKAET MIEJIOYHOCTh, MOATOMY Ha MPAKTHKE KOHIIEHTPAIHIO
IEJIOYH TTOBBIIIAIOT.

[loBpimaTh copepkaHWE IIENOYM BBIIIE KAKOTO-TO MHHHMyMa HeE
PEKOMEHTyeTCs 10 CAEAYIOLUUM MPUYMHAM

- B LHAHUCTBIX PACTBOpPAax C IMIOBBIIICHHOW KOHUEHTPALHUEN IIEI0Yn
MOHMKAETCSI CKOPOCTh PACTBOPEHMSI 30JI0Ta U cepedpa Mu3-3a oOpa3zoBaHHs Ha MX
NOBEPXHOCTU IUIEHOK, 4YTO OCOOCHHO OTPHUILATEIbHO CKa3blBaeTCd IpU
IPOCAYMBAHUH PACTBOPOB;

- B3aMMOJICWCTBHE LMAHUJOB C HEKOTOPHIMH, HE COJEpKalIMMH 30JI0Ta
MUHEpaJaMH, YBEIMUNBACTCS B IPUCYTCTBHUH IIEI0YH,

- MPU OCAXKICHUM 30JI0Ta W3 IIMAHUCTOTO PAacTBOpa Mo Meroxy Meppui-
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Kpoy moBbIllIeHHAs] KOHIIGHTpAIUsl IeJI0YM BBI3bIBAET HEMPOU3BOIUTEIbHBIN
pacxon umHKa. [Ipu »TOM BBIAENSETCS BOJOPOJ, YTO 3aTPYIHSET OCAXKICHHE
30J10TA.

B Tom ciyuae, korja 4acTUIlbl BBINIEIAYMBAEMOM PYJIbI UMEIOT IMMOPUCTYIO,
PBIXJIYIO CTPYKTYPY, [IUAHUPOBAHUIO MOXKHO TOJBEPTraTh MEIKOKYCKOBYIO PYAY.
[Iporecc B gJaHHOM cCilydae IpOTEKaeT BO BHyTpeHHeW aud@y3noHHON o0jacTu,
T.€. CAMOW MEJIEHHOW CTaJUEH €ro SIBISIETCA JOCTaBKa I[IMAHHUIA U KUCIOPOAAIo
TpEeUMHAM M KanwuisipaM K T[OBEPXHOCTU 30JI0TUH. CKOpOCTh MPOIECCOB,
MPOTEKAOIUX BHYTpH JIU(PGYy3MOHHOM 00J1acTH, BO3pacTaeT C IOBBIIICHUEM
KOHIIEHTpaIuu peareHToB. OCHOBHOE BJIIMSIHUE HA CKOPOCTh IIMAHUPOBAHUS B 3TOM

ClIy4ac OKa3bIBAaCT AHAMCTP 4YaCTHUII anuenan/IBaeMoﬁ pyabl U UX IIOPHUCTOCTDH

[90].

1.3.3. OcHOBHBIE HATIPABJIEHNS PA3BUTHS TEXHOJOTMU U3BJICYEeHUS
30J10Ta B MPoIecce MPOMbIIIIEHHOT0 KYYHOT0 BbIIIeJIa4YUBAHUS

JIJIs BBIMIETTaYMBAHUS 30J10Ta U3 Py HUCHOJIB3YIOTCS PACTBOPHI ITUAHUIOB C
koHneHTparuerr 0,1 — 0,5 r/n. Ilpu obGpaboTke pyna, oOOrameHHBIX CcepedpoM,
MPUMEHSIOT 00Jiee KOHIIGHTPUPOBAHHBIC PACTBOPHI IHWAHW[A, COYETasl IPOIece
BhIleaunBanus ¢ pereneparneit NaCN u3 pactsopos [127].

CranmapTHasi TEXHOJIOTHYECKAsi CXeMa KyYHOTO BBINIECTAYMBAHUS 30J10Ta C
UCIIOJIb30BAaHUEM  IIMAHWJA  HATpPUS  YCHOCIIHO  BHEIpPEHA  HaA  pse
ropHoaooOsiBatonux npeanpustuii CIIA, a Takke anpodbupyeTcsi U BHEAPSETCS Ha
MPOMBINUICHHBIX 00bekTax Kazaxcrana, Y30ekucrana u psga peruoHoB Poccum.
Ha ocHOBaHMM TIPAKTUKHU YCTAHOBIICHO, YTO TEXHUKO-?KOHOMHUUYECKHE TTOKA3aTeNn
KYYHOTO BBINIEIAYUBAHUS 30JI0TA OMPEICISIIOTCSA: CTETICHBIO M3BICYCHUS 30J10Ta
U3 pyJd, PacXoJIO0M pearcHTOB, CPOKOM BBIIIEIAUYNBAHKSA. ITH (AKTOPBI, B CBOIO
ouepeib, CBA3aHBI CO CIACAYIOMMUMH TEXHOJIOTHYECKUMH TapaMeTpaMu MpoIiecca:
KPYIHOCTBIO PYJHOTO MaTepHalia, U3 KOTOPOro GopMHUPYyeTCs IITadeb; BEICOTOU

mrabens; crnocobaMu HMHTEHCHU(PHUKALUU TMpoliecca KYyYHOrO BbILIEIAaYUBaHUS,
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TEXHOIOTHYECKUMU peKUMaMu [IOJIaYH pEareHToB, IPUMEHSIEMBIMHU
OKHUCJIUTEIISIMH, & TAK)KE BEIIECTBEHHBIM COCTABOM PY/I.

Jist  Toro 49TOOBI COKPAaTUTh CPOKH BBHIIICIIAYUBAHUS TTPUMEHSIIOTCS
pasIuyHbIC CIOCOOBI MHTCHCH(UKAIIMK IpoIecca: 0ojee MENKoe IpOoOJICHHE
pPYIbl, COPTUPOBKA PyIbl, OKOMKOBAHHE, PBIXJICHHE «KY4YW» MEXaHUYCCKUMHU,
B3PBIBHBIMH W JIDYTHUMH CIIOCOOAMH; JCNIIaMHU3alHs; a’pUPOBaHUC; BBEIICHUC
OKHUCJIUTENICH; TOJOTPEB pPAcTBOPOB, BO3JICUCTBHE HAa HUX TOKAMH BBICOKOM
YaCTOTHI; HAJIOKCHHE JJICKTPOMArHUTHBIX TIOJICH, pa3IMYHBIX KOJIeOaHU,
pannoakTHBHOTO M3TyueHus u ap. [90, 128-130].

CrmocoObpl  MHTCHCH(UKAIMK  TIpoIlecca  KYYHOTO  BBHIIICIAYNBAHUS
OCYIIECTBIISIIOTCS TTOCPEJACTBOM IOJa4d B IITa0elb KUCIOpOJa WX BO3AyXa IO
CHUCTEME TMpEJIBApUTEIIbHO 3aJ0KECHHBIX TpyO ¢ mepdoparueir. B kauectse
JOTIOJTHUTEHHBIX OKUCTUTENICH MOKET ObITh IPUMEHEHA U IMIEPEKUCh BOJIOPO/IA.

B cBs3u ¢ HM3KOM CKOPOCTHIO (PUIIBTpAIIMU PACTBOPOB IIPH IepepabOTKe
METOJIOM KYYHOTO BBIIIEIAUYMBAHMS PYJ C TOBBIIMICHHBIM COJCpPKAHUEM TJIMH |
[IUIAMOB, a TaK)Xe JEeKAIbIX XBOCTOB TPABHTAIIMOHHOTO M T'PaBUTAIMOHHO-
dbaoTarmoHHOTO0  OobOorameHuss OOBEKTHl  BBINIEIAYMBAHUS  TTOJIBEPTarOTCs
MIPEABAPUTEIILHOMY OKOMKOBaHHUI0. [[711 OKOMKOBaHHS MPUMEHSIOT pa3IdndHbIC
CBA3YIOIIUE — U3BECTh, IIEMEHT, IPOM3BOACTBEHHBIC OTXOJbI, a TaKXe
MMOBEPXHOCTHO-aKTUBHBIC JOOABKH, TIO3BOJISIONINE MOTYYaTh MOPUCTHIA MaTepHall,
oOJlajaloMil  IOCTaTOYHOM  MPOYHOCTBIO W yCTOMYMBOCTBIO, Kak TIpHU
TPAHCIIOPTUPOBKE OKATAHHOTO MaTepHana U (GOpPMUPOBAHUU Ky4H, TaK M IIPU €€
sKkcruTyaTaruu [ 131].

Bonbiyto TpyaHOCTh TIPH KyYHOM BBIIIECIIAYUBAHUNA TIPEACTABIISIIOT PYIBI,
KOTOpPBIE COJIepKaT OOJIBIIOE KOJTMYSCTBO TJIMHBI MU IIIAMOB, a TAKXKe JIC)KaJbIC
U TEKyIIMe XBOCTHI T'PaBUTAIMOHHOTO U  (DIOTAIMOHHOTO OOOTaIICHUS,
[IUAHUPOBAHUS. DTO CHIPhE C TPYAOM TOJBEPracTcsi Ky4YHOMY BBIIIEIAUYNBAHUIO
W3-3a KpailHE HU3KOW CKOPOCTH (UIBTPAIMH ITHAHUCTBIX PACTBOPOB IO BHICOTE

pyAaHoro 1mTabensi, YTO 3a4acTyl0 MPUBOAUT K JUIMTEIIBHOMY IEPUOTY
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BBIILIEJIAYMBAHNSA, HU3KOW CTENEHM U3BJICYEHUS M OTHOCHUTEIBHO HU3KOU
NpUOBUTPHOCTH MIPOM3BOJICTBA 30J10Ta [132-135].

B mporecce 3aknaaku Ky4 U3 pyhA, COAECPKAMMUX TOHKUE (PaKIUU, MOMKET
IPOUCXOAUTh €CTECTBEHHAsI CErperalus rpyooro u MeJKoro Marepuana BO BpeMs
CoOpykeHusa ImTadeneid. Bo BpeMs OTCHINKKM Kyd MHPOUCXOJUT KOHUEHTpALHs
PYJIHOM MENoYu B LIEHTPE HaBajia, a 00j1ee KPymHbIX KyCKOB — HA HUDKHHUX CKJIOHAX
U B OCHOBAaHMHM Kyd. B mepuon mnpocauyuMBaHus PacTBOPUTENS 4YEpe3 PYyIHBIN
mralenb, KOrja Meno4yb MpOCerBaceTCs uepe3 Oosiee KPYMHBIE YaCTUIBI PY/IBI,
IIPOUCXOJUT JOIOJHUTENbHAs CEerperauus MaTepuajia 3a C4eT MUIPaluy TOHKHX
yactull. OHa 0OpPUBOAUT K OOpa30BaHUIO JIOKAJTM30BAHHBIX 30H C 3aMETHOU
pPa3HMIIEH B NMPOHULAEMOCTH, B PE3yJbTaT€ YEro BBIIIEIAYMBAIOIINE PACTBOPHI
CIIEAYIOT MO MyTH, MUHYS WIM YyThb CMAuuBas 30HbI C OOJBIIMM KOJIMYECTBOM
MEJIOYH WJIH IIIIaMa, T.e. oopasyrorcs kanaisl [90, 136 -139].

Hcnone3yrorcs, B OCHOBHOM, 2 crnoco0a arjioMepanuu pyJ AparoleHHBIX
METaJUIOB: arjioMepanus Menoyud B rpyOyio JpoOJeHyr pyly U arjioMepanus
MEJIOYM B CTAOWJIbHBIE OKATBIIIU. Pyabl KPYIMHOCTBIO MUHYC 22 MM M MEHBIIE
NOJIBEPraroTcs arinoMepauuu. JlJiss 3TOro pyaa CMEIIMBAETCS ¢ LEMEHTOM WIH C
JPYTUMHU CBSI3YIOUIMMHU areHTamMH, YBJAXHSAETCA MO0 BOJOM, JMOO KpemKuM
pacTBOPOM LIMAaHUA M OKATHIBAETCS TEM WM MHBIM criocoOoM. [Ipu okoMkoBaHuu
30JI0TOCOACPKAIIMUX  TMPOAYKTOB  C  OOJNBIIMM  KOJMYECTBOM  TOHKOMU
(bpakIMuCcKOpoCTh BbINIENaUnBaHus Bo3pactaeT B 6000 pa3. Ha omHom wu3
aMEPUKAHCKUX PYJHUKOB BpeMsl BbIIIEIaUMBAHHSI COKPATUIIOCH OT 2 MecsLEB 10 3
HEJIeNb, a U3BJICYEHHUE 30J10Ta YBEIMUMIOCH ¢ 35 10 90 % mpu 3KCruTyaTallMOHHBIX
3atparax 0,8- 1,3 momtapos Ha 1T pynsr [ 140].

[To wmuenuto TopHoro Oropo wuccaemoBanuii (CIIA) Hamgydmmm
cesasyromum npusHad nemeHT (0,9 — 10,0 kr/t). UsBecth Takke 3(pQpeKTHBHA,
OJIHAaKO MPOYHOCTH OKATBIIIEH HIXKE, YEM IPHU HCIIOJIB30BAHUU LIEMEHTA, K TOMY
ke U3BecTh — Oosee AeuunTHbIN npoaykt [141, 142].

B paborax [143, 144] npuBOAUTCS OIICHKA CKOPOCTHOM TEXHOJOIHH
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Ky4HOTO  BBIILEJIAYMBAHUSI  30JI0Ta M3  OKHUCJIEHHBIX KBAPUUTOBBIX  PYI
mectopoxkaeHust Ilorpomuoe YwutuHCkoi 001. Pe3ynpTaThl modydeHbl Ha
OCHOBAHHMH ONBITA, HAKOIUIEHHOTO IPU MCCIIEIOBAHWUA KYYHOr'O BBbILIEIAYUBAHUS
3o10Ta w3 oTBajoB Jlapacynckoit 3U® (comepxanue AU 2-4 r1/T) WU
MaJoCcyIbOUIHBIX Py MecTopoxkaeHus [lenpmaunk (comepxkanue Au 1,7 — 2,7
r/T).

OguH w3 HaumbOojee W3BECTHBIX METOJOB MOJYYEHHsS OKaThIlle Ha
IIEMEHTHON CBsi3ke — Tmporecc ['penrkomna, paspadoran [[. Csenconom [145],
3alaTEHTOBAH B PSAJE CTPAaH U BHEAPEH B IMPOMBIIUICHHYIO MPAKTUKY. B 3TOM
METO/IE YCTpaHEH OJHWH W3 OCHOBHBIX HEJOCTATKOB PAHHUX TEXHOJIOTH
OKOMKOBaHHs C IPUMEHEHUWEM IIEMEHTOB — CIUNaHue KOMKOB. Jlnst 3Toro
OKaTBIIIM IIEpe]l XpPAaHEHUEM IepechlnaroT KoHueHtpatom 10 40 % no Becy,
UCKJII0Yas MX HEMOCPEICTBEHHBIA KOHTAaKT ApPYyr ¢ npyrom. llocie mocTmxeHus
OIpENEICHHOW MPOYHOCTUM HCYE3HOBEHHUS CIIOCOOHOCTH K CIUIAHHUIO, Ha YTO
Tpedyercs 30 — 40 4, okaTblIM OTHAENSAIOT HA IPOXOTE€ OT KOHIIEHTpara u
BO3BPAILAIOT KOHIIEHTPAT HA OKOMKOBaHHUE.

B0O3MOXHOCTh  TMOBBIIIEHHUS] CKOPOCTH  MEPKOJSLMU TPU  KYYHOM
BBIIIEJIAYMBAHUN TIIMHUCTHIX Py M3ydeHo B padore [140]. Ucxomusiii Matepuan
arJioMepar ¢ M3BECThbIO, (JIOKYJISHTOM W BOJOM M BBIICPKUBAIOT Ha BO3IyXE B
TeueHue 2-3 cyT. YKpynmHEHHBbIE J1a0OpaTOpHBIE HCIBITAHUS TIOKA3ald, 4YTO
CKOpPOCTh TmepkoJyisiiuu yBenuuuBaetcss B 100 pa3 0Ge3 yMeHbIIEHHS CTETCHHU
n3BJieueHus. OnbIThl B KOJIOHHE auameTpoM 0,7 M U BBICOTOM 5 M MOATBEPAWIN
NOJIy4eHHbIe  pe3yabTaThl. CKOpOCTh MepKoJsAuuu 0e3 mpeaBapUTeIbHOM
IOJIFOTOBKK COCTaBisieT — 3,7 j/M°. 4, a mocne okomkoBamusi — 400 1/m%.u.
MaKCHUMaJIbHas CTEIICHb U3BJICUCHHS 30J10Ta — 75 % 1mocie oOpabOTKH TOCTUTACTCS
B TeueHue 96 u, 6e3 obpabotku 3a 33 cyrt. IIpu nepexone K MPOMBINIIIEHHBIM
YCIIOBHUSIM OXKUIAETCSl YBEJIIMYEHUE CTENEHU W3BIICUEHUS 30JI0Ta U YBEJIHYEHHE
KOHLIEHTPAIMU €ro B POYKTUBHOM PacTBOPE.

I'opueim  Owopo CIHIJA [146] mnpoBedaeHbl MOJYNPOMBIIUICHHBIE U
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MPOU3BOICTBEHHBIE UCTIBITAHUS KYYHOTO BBIIIETAYMBAHUS OKOMKOBAHHBIX 30J10TO
U cepedpocoaepKaluX pya U XBOCTOB OOOTAIICHHs [THAHUCTHIMH PAacTBOPAMHU B
COYETAaHUM C cOpOIUell OJIaropoAHBIX METAIIOB aKTUBUPOBAHHBIM yriem. [lms
OKOMKOBAHHUS MPUMEHSIIM [IEMEHTHO-U3BECTKOBYIO cMmech (1:1) mpu pacxoxe 10
Kr/T ¥ BraxHoctu 20 — 25 %. CkopocTh mpocauMBaHMs IIMAHUCTBIX PAacCTBOPOB
depes CII0H pysbl MOIEPKUBANach Ha ypoBHe 15 M>/M%.4. TIpH 3TOM H3BICUCHHE
30J10Ta U3 JIEKAJIBIX XBOCTOB [IMAHUPOBAHUS B MPOU3BOJCTBEHHBIX YCIOBUSIX IPH
LMKJIE BBIIIEIaYMBAHUE-TIPOMBIBKA 24 cyTOK cocTaBmiio 76 %.

B Uprupenmere mpoBOAWIOCH  HM3YYE€HHE  BIMSHHUS ~ OOOPOTHOIO
BOJOCHA0XEHUSI B TEXHOJIOTMM KY4YHOIO BblllenayuBanus. /s 3Toro Obun
MPOBEICHBl HUCIBITAHUS HAa YCTAaHOBKE, B COCTaB KOTOPOW  BXOJMIIU
bunbTpallioHHas KoJIOHHA ¢ 3arpy3koil pyasl 100-150 kr, y3en wu3BICYCHUS
30J10Ta, COCTOSIIMN U3 5 COPOIMOHHBIX KOJOHOK, EMKOCTEH ISl MPUTOTOBICHUS
MCXOJHOI0 LIMAaHHUCTOTO PACTBOPA U IpHUeMa 00€330JI04EHHBIX PACTBOPOB, a TAKXKE
EMKOCTH JUISI 000POTHOTO 00€3BpEIKMBAOIIEro pacTBopa [147].

B pa6ote [148] onmcana TEXHOIOTHS U3BICUYCHHS 3010Ta METOJOM KYYHOTO
BBHIIICJIAYMBAHNUSI W3 BBICOKO TJIMHUCTBIX TIOPOJ, KOPHI BBIBETPUBAHUS C
MCITOJIb30BaHUEM OKOMKOBaHUA. OKaTHIIM MONTyYaId Ha JJA0OPATOPHOM YaIllEeBOM
IPaHYJISITOPE MPOU3BOJUTEIBLHOCTHIO 5 KI/4 W3 MIMXTHI, COCTOSAIIECH U3 PYbl,
[IEMEHTa U U3BECTH. B pe3ysbTaTe BhINIEIAYUBAHUS OKATHIIICH B T€UEHUE 3 CYTOK
B pactBop u3Biekaercs 80-82 % 3omota. Ilpu 3TOM pacxoa LMAHUCTOrO HATPHUA
cocrapisier 1,32 xr/T. Ha okarplmax, moy4eHHbIX U3 (pakuuu MUHYC 8 + 0 MM,
MIPOBOJIMIM YKPYITHCHHBIE HWCIBITAaHUS B TEPKOJATOpAX IUAMETPOM 25 CM U
BbIcOTON 1M. Uepe3 8 cyrok usBieuenwe B pacTBop coctaBuio 80-85 % mpu
CpeIHEeM COJepKaHWM 30J10Ta B MPOAYKTUBHOM pacTBope 1,48 mr/m.

B o030ope [149] moka3aHO TPHUMEHEHHE COBPEMEHHBIX METOJIOB
nepepaboTKu  OeAHBIX pPyJ, OTBAJIOB M BTOPUYHOTO CHIPHS, COJEPX KAIIUX
0JIarOpoIHbIE METaJUIbl, HA HEKOTOPBIX 30J0TOAOOBIBAIOIIMX MPEINPUATUIX

CIIA, Kanaasl, ABctpanuu, FKOAP. Bonbiioil poct npou3BoacTBa 01aropogHbix
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METaJUIOB B 3THX CTpaHaX OOBSCHSAETCS IIUPOKUM BHEAPEHUEM [IEUIEBOTO U
3¢ (HEKTUBHOTO METO/1a KyYHOTO BBIIIEIaYNBAHUA.

B pa6ote [150] omumcanbl pe3ynbTaThl MOJYIMPOMBIIUICHHBIX HCIBITAHHHA
TEXHOJIOTUM I[UAaHUPOBAHMS 30JI0TO, - CEPEOPOCOACPKAIINX PYJ MECTOPOXKICHHUS
Mrtyperny B CnoBakuu. st sToro Ha 3aBoje B Kpemuuiie Oblia CMOHTHpOBaHa
MOJIyIIPOMBIIIVIEHHAs] YCTAaHOBKA MPOU3BOAUTENBHOCTHIO 30 TH py/Abl B JICHb.

OCnoXHSIOIUM MOMEHTOM B ITPOIIECCaX BBIIIEIAUUBAHUS B KyUyax SIBJISIETCS
MPUCYTCTBUE B PYJ€ YACTUYHO OKHUCJIEHHBIX CYJIh(HUIOB CYpbMbI, IIMHKA, JKEJIe3a,
MEJTH, MBIIIbsKA, YTIIEPOJAUCTHIX MATEPUATIOB, KUCIOTOOOPA3YIOMIUX COCTUHEHUH,
HaJIM4YKeE 30J10Ta U cepedpa ¢ NTaCCUBUPOBAHHOU MOBEPXHOCTHIO.

Hanuune B pynax TOHKHX KJ1acCOB 0OYCIIOBIIMBACT MPUMEHEHUE PA3TUYHBIX
IPaHyJSITOPOB — ©OapabaHHBIX JUCKOBBIX, JICHTOYHBIX BHUOPAIIMOHHBIX IS
MEXaHHYECKOTO rpaHyiIupoBanus marepuana [151]. Jlns cmauuBaHus PyAsl TpH
MEXaHUYECKOM T'PaHyJIUPOBAHUU UCTOJIb3YIOT IUAHUCTHIE PACTBOPHI.

ArnoMepanusi pyapl ¢ MOMOILIBIO CIEHHAIBHO J00ABISEMBIX CBS3YHOLIUX
BEILIECTB sABJSIETCA NpyruM meronom. Hanpumep, B CIIIA, Ha psne npenanpusTuii B
KaueCTBE CBS3YIOIIETO MCIOIb3YIOT MOpTIaHaIieMeHT [152]. Y aenbHble cCKOpoCTH
MePKOJISILIAH [OCTIe arJoMepamiy pyasl yBenmausarotest ¢ 0,005 mo 25m% (M*-.),
T.€. B S ThIC. pas.

Ha omnom u3 mpenmpusituii cranudopmMoBaTh CTPOUTENBbHBIE W3JETUS B
BUJIC KUPIHWYCH WM TPyO W3 MPUTOTOBJICHHON Mpu ariomMeparuu cMecu. [153].
OTH u3JIenus BBIACPKUBAIOT B T€UEHHUE 28 CYTOK Ha BO3AyXE, MPOKAJIUBAKOT WIIU
HarpeBaroT. 3aTeM U3 (GOPMHPOBAHHBIX M3JEIUI YCTAHABIMBAIOT IMAKETHI Tak,
yTOOBI OTBEPCTHS B KHUpPMHYAX, CHAEJaHHbIE NMpu (HOPMOBKE, OOpa30BHIBATN B
MaKeTe BEpPTUKAIbHBIC KaHAJIBI, a BHYTPM TAKeTa TPyObl YCTaHABIMBAIOT
BEPTUKAJIbHO. /(151 BhIlleaurBaHusi OJIATOPOJHBIX METAJJIOB MAKEThl OPOLIAIOT
pacTBOpOM IIMAaHWJA, a W3ACJNHUS TIOCJE€ BBIIICIAYUBAHUSA HCHOJB3YIOT B

CTPOUTENIbCTBE. 3a 5 cyTok u3Biekanoch 90 % 3o0m0ta, a cepedpa 3a 10 cyrok —7/5

%.
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B 1982 r xommanus «IluHcon MalHMHI» Hayajga HMCIOJIb30BaTh KYy4HOE
BEHINIICJIAYMBAHNE HA 0a3e JIBYX MECTOPOXKICHHI 30JI0Ta B CEBEPHON YaCTH IIITATa
Hesana (CHIA) [154]. Conepxanue 3050Ta B pyae konedanock ot 0,35 mo 1,35
r/TH. Ero n3sneuenne 3a 60 qHEH BhIeIauuBaHus JOCTULIIO 75 %.

B pabote [155] moka3ana BO3MOKHOCTh M3BJICUCHUS 30JI0Ta U cepedpa u3
BCKPBIIIHBIX W BMEIIAIOMIMX IOPOJl Pa3IUYHOTO COCTaBa 30JIOTOPYAHBIX
MeCTOpOXIeHUI. MeTogaMu rpaBUTAlIMOHHOTO 00OTraleHus, Ky4HOr0 ¥ Y4aHOBOTO
BBIIIEIAYMBaHUSI 30JI0TO H3BJIEKaeTca Ha 65 % m Oojiee, a TakKe YacCTUIHO
U3BJICKAETCS U cepedpo W3 IUIarMOorpaHuTOB, MUaba30B MOPOUPUTOB U JIPYTUX
nopoJ, coaepxkamux 0,1- 0,5 r/t Au u npubausurensHo 1 /T Ag .

JUIsi KaKJIOro KOHKPETHOTO ciiydas MPUTOJHOCTh U IEJI€CO00pa3HOCTh
nepepadoOTKU  ChIPhSl MPOIECCOM KY4YHOTO BBINIEIAUUBAHUS JIOJDKHA  OBITH
BBISIBJICHA B pE3yJbTaTe Ja0OpAaTOPHBIX U MOJYIPOMBIIIJIEHHBIX HCCIEA0BaHUN
CXEMBI TTpoliecca, a TakyKe MPOBEICHUSI TEXHUKO — 9KOHOMUYECKOT0 000CHOBAHHS.
3o050T0 U cepedbpo Haubosee 3HPEKTUBHO HU3BJICKAIOTCS W3 OKBAPLIOBAHHBIX U
M3BECTKOBBIX OCAJI0YHBIX MOPO/I, MECUAHBIX JOJOMUTOB M CJIAHIIEB, KBAPILIEBBIX U
ByJKkaHu4yeckux mopoa [156]. IlpucyrcTBue B pyae YacTUYHO OKHCICHHBIX
CyJIb(UI0B CYpbMBI, IIUHKA, JKeJIe3a, MEU, MBIIIbsIKA, YIJIEPOJUCTHIX MAaTEPUAJIOB,
KHCIIOTOOOpA3ymIIMX  COCNUHEHMWM, HaJIuuuMe 30JI0Ta ©W  cepedbpa ¢
MaCCUBUPOBAHHOW MOBEPXHOCTHI) HECKOJBKO OCJOXKHSET MPOLECC LUAHUCTOIO
BBINIIC/IAYNBAHUS B KyUax.

O6piuno B CIIA mnoaepraloT pyay KydyHOMY BBIIIEIAYMBaHUIO,
COJIEpIKaIIyIo /10 2 T/T 30J10Ta 32 UCKIIIOYEHUEM (PUPMBI « IMCEIKOMUHEPAI3» Ha
pynHuke Ormmaente—Puik, rae nepepabaThiBaloT pyay € COACpPKAHUEM 30J10Ta
4,12 /1. IIpou3BOAUTENHLHOCTh YCTAHOBOK KYYHOTO BBILIEIAYMBAHUS KOJIEOIeTCs
ot 200 teICc.T 10 1815 THIC.T /TOA [157].

CTOMMOCTh KY4YHOTO BBIIIETAYMBAHUS 30JI0Ta M cepedpa CYIIECTBEHHO
HIDKE, Y€M CTOUMOCTh (PaOpUYHOTO HENMPEpPHIBHOIO MPOTHUBOTOYHOIO Mpoliecca.

SKCHHyaTaHI/IOHHBIG 3aTpaTrel IIpWM KYYHOM BLBIIICIAYWMBAHUKW HAaXOJATCSA B
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npezaenax ot 3,5 10 5,5 A0JUI. Ha TOHHY PY/Ibl, @ IIPU YaHOBOM BBILIEIAYMBAHUH OT
8,5 10 9,0 mosr./t [158].

ABcrpanuiickas ropHas kommanusi «Hopt Ksuncnen» cobupanach
3alaTEHTOBATH TEXHOJOTHIO BBIIIEIAYMBAHUS OTBAJIOB IPH MU3BJICUCHUU 30J10Ta U3
HHU3KOKA4YE€CTBEHHOM OKHCJIEHHOU PYABL. TexHomorus BKJIFOYAET
MpeIBapUTENbHYI0 00paOOTKY HW3MENIbUYEHHON OKUCIEHHOW pYyIbl HErameHoM
u3BecTbio. Croco0® mpuMeHseTcss Ha OJHOM W3 MPeanpusaTHii B 3amaaHoi
ABcTpayiu, Te u3BjaekaeTcs 225 Kr 3o050Ta B rox [159].

Kananckue cnenuanucTbl U3yYHJIM TEXHOJIOTHIO KYYHOTO BBIIIEIIAYMBAHUS
30i10Ta W cepeOpa Ha mmectn pyaHukax mrara Hesama (CIIIA) [160]. Ha
ycranoBkax ¢upm «Kenpemspua IlatHacy, «Bectepn Craiit ['oynng MaitHey u
Becrepn Bunndom»  BblenauynBarOT  30JI0TOHOCHBIE, TOHKOBKPAIUICHHbBIE
OKHCIICHHBIE METaoCaJ0uHble mopoisl, conepxamme 0,6-1,5 r/T 3010Ta, Ha
yctaHoBke (upMmbl «Cmoyku Bamu MoyHTHH» pydy, IPEACTaBIAIONIYI0 COOOM
TBEPJbIA PUOJUTOBBI WUTHUMOPUT. M3BIekaeMbIM MNPOAYKTOM Ha  pyJIHUKaX
AaBJsieTCs 30J10TO. [Ipon3BoauTenbHOCTh pyaAHUKOB coctaisgeT oT 1000 mo 10000
T/CYT.

[TonoBuna poObiBaeMoM pynbl Ha pyaHuke ¢upmbl «Kapnua Maiiny
MOABEPraeTcss KydHOMY BbIIIeNauMBaHui0. Ha Tpex pyaHuKax pyAy LHAHUPYIOT
0e3 apoOieHus, HA TpeX APYTUX pyay ApoOSAT A0 KpymHoctd 9,5-25,4 MM, a Ha
OJTHOM pyJHHUKE JpoOJEHYI0 pyay IMOJABEpPraloT OKycKoBaHuio. Ilpu sTOM
WCIIOJIB3YIOT PACIPBICKUBATENN PA3JIUYHOr0 THMNa. BOAHBIN pacTBOp LIUAHUCTOIO
Hatpuss Ha pyaHuke KapamH 1ogalT HA  KOKAYHD Ky4dy  CHCTEMOWM
paszOpei3ruBaTeneii U3 pacdera ero pacxoma 0,375 Kr/T pyasl TpH yACIbHOU
CKOpOCTH TpocaunBanus okomo 10 gm’/ (m°.4) [161]. Tocie BbleTaunBaHus
nonyyaroT pactBop ¢ pH -9,0, comepxkammit no 0,145 Kr/T pyasl MAHUCTOTO
HaTpus.

«Cmoyku Banmmy gBisieTcst KpynHemuM npousBoautesiem 3omota B CIIA

cpeau npennpuatuii, rae B 1984 roga 6wu1o g00bITO OkoJio 3,8 T AU. Ha stom
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MECTOPOKACHUHN OTKPHITOTO TUIA 3aMachl PyJIbl COCTABIISIIOT 38 MIIH.T CO CPETHUM
conepkanuem 3oiota 1,5 1/t [162].

3onotousBiekatenbHas padbpruka «CaMeTBIIIbY, PACIONIOKEHHAS HEIAIEeKO
ot Jypanro (mrat Komopano, CIIIA) na Beicote ot 3400 no 3700 meTpoB Hajx
ypOBHEM MOps, Hadayia SKciuryatupoBatbcss B 1986 [163]. Bynkanwdeckue
opojibl Ha JAHHOM MECTOPOXKJICHHUU SIBJSIOTCS TMOPUCTHIMHU, YTO O0YCIOBIMBAET
UX XOPOIIIYI0 IPOHUIIAEMOCTbD ISl PACTBOPOB MPU KYyYHOM BBIIICIAYUBAHUU.

[Ipormecc Ky4HOTO BHINIEIAYUBAHUS IS MIEpEepadOTKH pya, Oosiee OOraThix
no 3o050Ty, 4yeM B CeBepHoil Amepuke, B FHOAP He mnpumenstoor. OgHako
MPUMEHEHHUE ATOTO THUIA BIIIEIAYMBAHUS WCIIOIB3YETCs ISl U3BJICUYEHUS 30J10Ta
U3 TIOBEPXHOCTHBIX OTBAJIOB paiioHa BurBorepcpanmaa u u3 HEOOIBIIMX
0I3eMHBIX pa3paboTok [164]. Oxomo 1300 TOHH 30710Ta HAXOAWUTCS B CTaphIX
MOBEPXHOCTHBIX OTBAJIAX 30J0TOM3BIIEKaTeNbHbIX (Padbpuk IOAP, mpu sTom
coJiep>KaHue 30JI0Ta COCTaBJISET: B IIJIAMOBBIX Jambax pairioHoB Kiepkcaopna,
Oanjepa u OpanxeBoit npopuHiuu 0,4 /T, B mecKoBbIX oTBanax LleHTpanibHOrO
Penna, 3anagnoro Penga u BurBotepcpannaa 0,7-1 r/T.

Opranu3oBaHO Ky4yHOE BbIIIENIaYMBaHUE Ha 0a3e CTaporo MOA3EMHOTO
cepeOpstHOTO pYJHMKA, TpuHaiexanero komnanun «CtIUT od MalHUHTY,
okono TomOcroyna, mrar Apusona (CIIIA) [165]. Crapeie pyaHbie OTBaJIbI
ABJIAIOTCSL 3arpy3koil mis Kyd. [locme Toro, kak oTBayibl OymyT mepepadoTaHbl,
MOA3eMHbBIC pa3pabOTKH MIaHUPYETCS BO3OOHOBUT.

C mnoMmoIpl0 Ky4YHOTO BBIIIEIAYMBAHUS TAKXKe H3BICKAIOT cepedpo Ha
badpuke «/pait Xunes Maitn», komnanuu «Ken OMepukdsH Maiin». bonbinas
4acTh MaTepHayia MOCTyIMaeT U3 CTApPhIX PYIHBIX OTBaJOB. Pyaa m3menbuaercs 10
0,5 MM, mocie 4ero 3akiaJabIBaeTcs B Kydy. BcieacTBue BpeIHOTrO BIHSHUS
Maprasiia, cojep Kaierocsi B pyjae, 4epe3 2 Heleld BbIeIauMBaHusl B PacTBOP
nepexoauT Beero b 50 % cepedpa [166].

Ha okwucneHHbIX pyaax ogHOTO W3 MecTopoxiaeHuit Bocrounoit Cubupu

MMPOBCACHBI YKPYIIHCHHBLIC HMCCICAOBAHWA KYYHOI'O BbIIICIAYMBAHHA 30JI0Ta C
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NpeBapUTEIILHON Orepaleld OKOMKOBaHWs Ha ycraHoBke [167], B cocraB
KOTOPOM BXOAWJIM CMECHUTENb, TPaHYyJIATOp C JauamerpoM vamu 0,7 M H
IPOU3BOAUTENHHOCTBIO 90 KI/4 U 5 (QUIBTPALMOHHBIX KOJOHH auamerpoM 0,24 u
BbicOTOM 1,8 MeTpoB. H3BiedeHwe 3070Ta U3 pPacTBOPOB OCYLIECTBILIOCH
COpOIMOHHBIM METOJOM B KOJOHHax. lcmbITaHusT TIpOBEACHBI Ha 2-X
TEXHOJIOTUYECKHUX MPo0ax pya U Ha 2-X MpoOax BCKPBIIIHBIX TOPOJ, KOTOPBIE MPU
OJIMHAaKOBOM MHHEPATLHOM U (DPAKIIMOHHOM COCTaBax CYIIECTBEHHO OTIMYATIUCH
COAEPKAHUEM 30JI0TA.

TexHonoruyeckas  OIlEHKa  MPOIIECCOB  KYYHOTO  THOCYJIh(HATHOTO
BoienaunBanus Cu, AU u Ag U3 OKUCIIEHHOW METHON PYAbl U JIEKATBIX XBOCTOB
oOoraiieHus Cylb(GUIHBIX MEIHBIX pyn BbinmoiaHeHa crneruanuctamu AIMK u
WHCTUTYTA «Cpena3zHunpoLBETMET. [IpoBeneHbl MOJIYIIPOMBIIUICHHBIE
uchbITaHusl. BbUT TOATOTOBIEH OMNBITHBIA TMOJWIOH, BKJIIOYAIOMIMI 1ITa0eIb
XBOCTOB Maccoil 50 T u BBICOTOM 2 M, HAlOpHBIE U TPUEMHBIC COOPHHUKH
IPOAYKTOB BMECTHMOCTBIO 2 M’, YaH ISl OCAXKICHHS LCHHBIX KOMIIOHGHTOB M3
MPOJAYKTUBHOIO pacTBopa u (uiabTpoBajibHOE o0opynoBanue. [lomauy pactBopa B
CJIOM XBOCTOB OCYILIECTBIISIM B peKumMe KamnenbHoro opoieHus (0,1-0,2 MS/MZ.‘{.).
[168].

Cynsduanasie ocanku, coaepxkamue 25-40 % Cu, 100-240 r/t Au, 300-900
r/T AgQ, IPUTOHBIE JIJIsl TIEpepadOTKA Ha MEJEIIaBUIILHOM 3aBOJIE, TIOJTYUYEHBI U3
MPOJYKTUBHBIX PACTBOPOB B PE3YJIbTATE UCIIBITAHUM.

B pamMkax rocynapcTBeHHON HayYHO-TEXHUYECKOW MporpaMmsl B KoHIie 80-
x-Hayaie 90-x romoB OBUIM MPOBEACHBI HMCIBITAHUS TEXHOJOTHH OTBAJIbHOIO
BBINIICJIAYMBAHUSA Ha OIBITHO-TIPOMBINIJIEHHBIX Onokax Maccoir 20-30 TOHH,
pa3ziebHO CKIAJAMPOBAHHBIX OKHUCJICHHBIX U CYJIb(PUIHBIX 3a0alaHCOBBIX pyaax
Kanmakupckoro Mectopoxaenus [169].

Ha mnepBoM »3rame CyliecTBOBaHM COBMECTHOTO Mpeanpusitus (5 Jer)
nepepaboTke moasiexkana 3adananconas pyaa (60 MiH.T) ¢ noBbiieHHbIM (1,6 T/T)

coJiepKaHreM 30J10Ta rpu ko3¢ duiienTe u3iaedeHus 65 %, a Ha BTopom
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(10 ner) — 3abamancoBas pyma (160 miaH.T) ¢ coaepxanuem 1,1 T/T mpu
koddummente wusBneuenus S50 %. IlpomsBomuTenbHOCTH 3aBOJa IO PYIE
coctaBisieT 13,8 MIIH. T/TOJl ¢ €XKEroJHBIM BBITYCKOM 30JI0Ta B KoiuuecTBe 12 u
12,5 T [170].

boun n3ydeHsl mapaMeTpbl Ky4HOTO BBIIEIAYMBAaHUS B KOJIOHHAX. B 1eHTp
KOJIOHHBI TIOJ]aBaj HACBHINICHHBIA pacTBOp 4epe3 TpyOky auamerpom 10 mwm,
sanmyonennyro Ha 10-12 cm B pyay [171]. YcnoBus oporieHHs, KOHIICHTPALINS
NaCN u NaOH B o6eux konoHHax ObulM paBHBIMU. [IpOJOMKHUTETHHOCTD
OpOILLIEHUs COCTaBUiIa 58 CyTOK JJIsl KOJIOHHBI. BbII0 101aHO B KaXKAYI0 U3 KOJIOHH
coorBeTcTBeHHO 1500 m 1310 smmTpoB BeIEnaunBaromero pacrsopa. Ilomannsii
3a Bech cpok opoienus pacxon NaCN cocrasun ¢ npemnapatom — 0,32 xr/tT, 6e3
npenapata —0,5 kr/t. Ilogmaya pactBopa OblIa IpekpalleHa I0CJIE CHUXECHHUS
KOHLIEHTpAIMH 30JI0Ta B IPOJYKTUBHOM pacTBope 10 ypoBHs 0,01 Mr/auTp.

[Ipoba pyasl omHOro u3 MecrtopoxaeHuir PyaHoro Anras cioyxuna
o0bekTOoM wuccienoBanuii [172]. B Hactosimiee BpeMs crapareibcKas apTeib
nepepabatbiBaeT TamM OoraTele OKHUCICHHBIE pyabl. ONBITEI TO Ky4HOMY
BBILIEIAYMBAHUIO TMPOBOAMIM Ha YycraHoBkax YP330 Tynsckoro HUITL
Heo0xoamMo OTMETHTB, 9TO BBICOKOE COZCpKaHHUEe TIMHUCTOTO MaTepuaia (40-50
%) oOycrmoBnuBaeT Oombiime motepu 3oio0ota (0 70 %) Kak ¢ TIMHUCTOMN
dpaxiueil, Tak U co MeOeHUCTHIM JTUMOHUTU3UPOBAHHBIM MAaTEPHAIIOM, a TAKXKE C
MOJTyOKUCIICHHBIMU CYTb(UIaMHU.

[IpoBeneHbl  MPOU3BOACTBEHHBIE  MCMBITAHUS ~ TEXHOJOTMM  Ky4HOI'O
BBIIIEJIAYMBAHNS HA CIICIUAIBHO CMOHTHPOBAHHOW JUIsi 3TOro ycraHoBke [173].
beiio mepepaborano 100 T pyasr kpymHocThio «-100+0» MM ¢ copepskaHueM
3omota 1,3 r/T. BhllenaunBanue pyasl OCyIIeCTBIsUIM B TeueHue 30 CyTok 10
noyueHusi GUIbTPaTOB C OCTATOYHBIM cojiepaHuem 3oi0t1a 0,2 r/M°. 3areMm B
TEUEHHE S5 CYTOK MPOBOJWIM OpPOUICHHE PYIHOTO INTadess BOJOW C LEJbI0
OTMBIBKA  pPacTBOPEHHOTO0  MeTayyia. IHTEHCHMBHOCTH  OpOIICHUS  PY.BI

pacTBOpHTENeM Haxoauach B mpexenax 0,02-0, .03 m¥/ (1-cyT).
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B nporecce Ky4HOro BbllEIauUBaHUS UCXOJHOTO TEXHOT€HHOIO MPOAYKTa
TaceeBckoit 31D ObuTM MOTy4YEeHBI IPOYKTUBHBIE pacTBOPHI. [lo cBoeMy cocTaBy
OHU TIPUTOJIHBI 711 U3BJICUCHUS U3 HHUX 30JI0Ta U cepedpa M3BECTHBIMU CIIOCO0aMu
(yronpHas copOuus, copOIMsi HA aHUOHUT, IIEMEHTAllUd Ha [IMHKOBYIO MbLIh). B
IPOAYKTUBHOM pAcCTBOPE BBIIICTAUMBAHUS CPEIHSS KOHILIEHTpAIMs METalJIOB,
mr/i: 5,8 Au; 2,1 Ag; 39,5 Cu; 16,0 Zn; 93,4 Fe; 1,1 Ni; 5,0 Co. U3 nmpoaykra
MCXOJTHOM KPYITHOCTH M3BJICUEHHUE 30J10Ta cocTaBmio 61,7 %, cepebpa — mopsiaka
50 % [174].

Takum 00pa3oM, mpoliecc Ky4HOTO BBILIEIIAYMBAHUS MPU MPABUIBHON €ro
OpTraHU3aIMH TTO3BOJIHUT MPU HU3KUX KAMMUTATBHBIX M OKCIUTyaTallMOHHBIX 3aTpaTax

BOBJICYD B Hepepa60TI<y 6€,I[HI>IG 1 3a0aJIaHCOBEIC PYAHLL.
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BriBoawbI no riase |

Taxum oOpazom, ucxoas U3 uHGOPMaIMK, TPUBEICHHON B TaHHOW TJaBe,
MOXHO C/I€JIaTh CJIEIYIOIINE BHIBObI:
- MpoBeJeH 0030p COBPEMEHHBIX METO/OB IMepepaboTKU YHOPHBIX M O€THBIX
30JI0TOCOJIEpKAIIUX PyJd W KOHIIEHTpaToB. JlaH aHamuM3 pacCMOTPEHHBIX
TexHoJsioruii. [lokazansl mpobieMbl, BOZHUKAIOIIKE TPU NIEpepadOTKe YIOPHBIX
1 OEHBIX 30JI0TOCOICPIKAIUX PY/l U KOHIICHTPATOB;
- BCKPBITHE TOHKOJIUCIIEPCHOTO 30JI0Ta Mepe/l [IMaHUPOBAHUEM HE MOXKET OBITh
OCYIIECTBJICHO 0€3 pa3pylIeHUs] KPUCTAIUTMUYECKOM PEIIETKA aCCOIUUPYIOIINX
ero muHepaoB. C 3TOM LENBIO HUCIOIB3YIOTCS METOAbl OKHUCIUTEIBHOTO
00Xura, CBEPXTOHKOIO M3MEJIbUYCHHS MaTepHualia, a TakKe aBTOKJIABHOTO U
KHCJIOTHOTO BBIIIEIAYNBAHUS;
- TpU CPAaBHEHUM METOJOB BCKPBITUS TOHKOBKPAIUICHHOTO 30JI0Ta B
cynb(dumax, MoKa3aHO, 4YTO Haubojee TMEepPCIEeKTUBHON TEXHOJOTHEH i
30JI0TO-, MeEJTHO-, MBIIISIKCOIePIKAIUX KOHIICHTPaTOB SBJISIETCS
a30THOKHCJIOTHOE BbIIIETIaYMBAHMUE,
- TUPOMETAIUTYPTHUECKHUI CITOCOO BCKPBITHS KOHIICHTPATOB OTJIMYAETCs 0oJiee
BBICOKMMU TEXHOJOTHUYECKUMHU MOKA3aTEIIIMU U MEHBIIIEH TOKCUYHOCTBIO, YeEM
OKUCJIUTENIbHBI ~ OOXHUT  KOHIIEHTpaToB. Kpome Toro, uCKIto4aercs
BEPOSITHOCTh BHIOPOCA MBIIIBIKOBUCTHIX TA30B B OKPYXKAIOIIYIO aTMocdepy;
- MPOILIECC XJIOPUIOBO3TOHKH BEChMa YHUBEPCAJICH, €T0 MOYXHO MCMOJIb30BATh
JUISL M3BIICYEHUSI 30JI0Ta M3 KOHIIEHTPATOB MPAKTHUYECKH JIOOOTO COCTaBa.
BaxxHoe MOCTOMHCTBO H3TOro mpoilecca — BO3MOXKHOCTb KOMIUJIEKCHOM
nepepadoTK KOHIIEHTPAaTOB C W3BJICUYCHHEM W3 HHUX HE TOJBKO 30JI0Ta U
cepeOpa, HO U COMMYTCTBYIOIIUX METAJIOB,;
- Ky4YHOE BBIIICIAYMBAHUE SIBISETCS OJHUM M3 MEPCIEKTUBHBIX CIIOCOOOB
o0oraiieHus 30J0TOCOACPKAIINX Pyl KaK MPUPOAHOTO, TaK U TEXHOTEHHOTO

MMPOUCXOKIACHHA B YCIOBHUAX ITIOCTOAHHOTI'O CHMIKCHUS X HCHHOCTH.
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I'TIABA 2. UCCIEJOBAHUWE TEXHOJIOI'MA HINAHU/IHbBIX 1 HEIIU-
AHMJIHBIX PACTBOPUTEJIEA BJIAI OPOJHBIX METAJLJIOB

OCHOBHBIM METO/IOM TEPEPadOTKH 30JO0TOCOAEPKAIIUX PyI B MHUPOBOU
MpaKTUKe SIBIsAETCA HUAHUCTHIM. CeNeKTUBHOCTh IMaHUAA IO OTHOUIEHUIO K
30JI0Ty U cepedpy, a TakKe€ COUYETaHHWE MPOLECCOB PACTBOPEHUS U OCAXKACHUS
0JIarOpOIHBIX METAJIOB JelaeT TEXHOJIOTHIO IIMAHUPOBAHHUS 30JI0TOCOEPKALTUX
pya BecbMa 3¢ dexTuBHoi [ 18, 175].

B ciydae pacTBOpeHMsT METaUIMYECKOro cepedpa, IMOCIeAHEE B 3TOM
YPaBHEHUU 3aMeHseT 30JI0TO. [IpM HMCHOIp30BaHMM IMAHUCTOTO HATPUSA WIIU
LMAHUCTOTO KajblMsi OHM B TMPUBEJCHHOM YPaBHEHUHU B HKBHUBAJICHTHBIX
OTHOILIEHUSAX 3aMEHSAIOT IMaHMCThI Kanuil. Ho maHHOe ypaBHEHHE BbIpakaer
pacTBOpEHHE 30J10Ta U cepedpa ToNbKO ¢ (opMabHOM cTOpoHbl. M3BecTHO, UTO B
cllydae pacTBOPEHMsI MeTajula HEu30eXEeH IpeABapUTENbHbIA MEepEexXo]l €ro B
MOHHOE COCTOSIHME, 4YTO TpeOyeT MpPHUCOEAMHEHHS K €ro aromMam 3apsjoB, T.C.
JOJKEH TPOUCXOJIUTh APYTOM MPOLIECC — ACCUMUIISALNSA U30BITOUHBIX 3JEKTPOHOB
[175, 176].

Opnnaxko CYILLIECTBYET rpynmna YIOPHBIX 30J10TO-, MEJHO-,
MBIIIBSKCOACPKAUIUX PY/I, U3 KOTOPHIX HEBO3ZMOXKHO YJOBJIETBOPUTEIHHO U3BJIECYb
30J10TO 3TUM MeTOAOM. OCHOBHBIMM IPUYMHAMH YIIOPHOCTH PYA SABIISETCS TOHKAs
BKpAIUIEHHOCTh 30Ji0Ta B HepacTBopuMbIXx B NaCN muHepanax, mpucyTcTBHE B
pylax MHUHEpPAJIOB MEAH, CYpPbMbI, MBbIIIbAKA, JABYXBAJIEHTHOTO JKe€Je3a,
paccTpauBarOLIUX MPOLECC [IMAHUPOBAHUS U TPEOYIOIIMX MOBBILIEHHOIO pacxoja
pPacTBOPUTEIIS.

[TepepaboTka 30510TO-, MEAHO-, MBILIBIKCOACPKAIINUX Py IpPEICTaBIsIET
co00ii CIIOKHYIO TEXHOJIOTHYECKYIO 3a1auy. [lepepaOoTka Takux pya B MPUHIUIIE
MOKET ObITh 3((HEKTHUBHO OCYILIECTBIEHA HA OCHOBE METO/Ia IMAHUPOBAHUS, TIOCTIE
MPEABAPUTEILHOTO MEXAHUYECKOro (M3MEIbYEHUE), XUMHUYECKOro (BbIIE-
JauvBaHUE) WIA TEPMOXHUMHUYECKOTO (00KHUT) BCKpBITHS 30J10Ta W cepedpa,

ACCONMHUPOBAHHBIX C COOTBETCTBYIOIIIUMHU MUHCPAJIbHBIMHU KOMIIOHCHTAMM.
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Coueranue cynb(uUIOB MEIW, MBIIIbSIKA U MUPUTA C TOHKOJIUCIEPCHBIM
30JI0TOM OOYCIIOBIIMBA€T HX OCOOYI0O YIOPHOCTh NpPHU H3BJICUCHUU 30JI0Ta
IIUAHUCTHIM TIporieccoM. [Ipu ¢uroTarimoHHOM 00OTAIeHUH 3THX Py BO3HUKAIOT
OTIpeJICICHHbIEC 3aTPYAHEHUS, BBITEKAIONIME U3 JIUCIIEPCHOTO COCTOSIHUS 30J10Ta,
CBSI3aHHOTO C CyIb(UIaMU U YaCTUYHO C KBApIeM, M HU3KOTO COJCPKAHUS MU
JUTS BBIJIETICHUSI KOHIUIIMOHHOTO MEIHOTO KOHIIEHTpAaTa.

[TpoaomKUTENHHOCTh PACTBOPEHUSI 30JI0TA 3aBUCUT OT KOHIIEHTpaIuu
UaHU/Ia U KUCIOPOJa B pacTBOpE, pasMepa U (POpPMBbI YaCTHUIL 30JI0Ta, COCTOSHUS
WX TIOBEPXHOCTH, TEMIIEPATYPhI MYJIbIIbI, BEHIECTBEHHOTO COCTaBa PYAbl © MHOTHUX
Ipyrux (paxTopos.

B 11aGopaTtopHbIX yCIOBUSX MPOBEACHBI HCCIEIOBAHUS 10 BHIIICIIAYNBAHUIO
30J10Ta U cepedpa U3 pya pa3IudHBIX MECTOPOXJIEeHUU TamKuKuCTaHAa METOJOM
raHnupoBaHus. M3MenpbueHne npoBOIUIIOCH B J1aOOPATOPHOU MIApOBOM MEIBHULIE
C MOBOPOTHOM oChi0 mpu cooTHomeHuu T:K:III = 1:1:8. M3Menbuanu pyay A0
TOHHMHBI TOMoJIa pyabl, paBHOM 80 % knacca «-0,106 Mmm».

ByThl0uHOE 1IMaHMpPOBaHWE MPOBOJUIN B YETBIPEXJIUTPOBOU OyThUIU,
KOTOpasi MoMellaiach Ha POJIbraHr, BpAIIAOIINICT co cKOpocThio 70 00 / MuH.
(pucyHnok 2.1a). Jlanublii nponecc npoBogwin B TeueHue 24 — 30 4vacoB mnpu
KOMHATHOU Temneparype. HeoOXoauMelil njisi pacTBOPEHUS KUCIOPOJ MOCTYIIAl
yepe3 oTBepcTHe B Kpbiiike OyThutn (2). Takke ObUIM MPOBEIEHBI HCCIETOBAHUS
M0 BJIMSTHUIO TEMIEpaTyphl Ha MPOIECC IIMaHUPOBAHUS B MHTEPBAIax TeMIepaTyp
10-40 °C. C sroif nenbio GbLTa CMOHTHPOBAHA YCTAHOBKA, TOKA3aHHAS HA PHCYHOK
2.20). Hamecka pyaer - 1000 r, otHomenue ,T:2K — 1:1,5. Jlnsg obGecrneueHust
3alIATHOM IMIEJOYHOCTH B XOJ€ IIMAaHUPOBAHHS J00aBIsAJIacCh W3BECTh IS
noctmwkenust pH — 10,

O xonuuecTBe MepememuX B pacTBOp 0J1aropoJHbIX METAIIIOB CYIUIHN 110
aHanu3ly TpoO pacTBopa, OTOOpaHHBIX U3 OYTBHUIM dYepe3 OIpeesieHHbIC
npoMexXyTKH BpeMmeHu. [lociie 3aBepieHus TMpolecca IUAHUPOBAHUS TPOOY

¢unsTpoBau. U3 ¢dunbTpara Obuto B3aT0 50 M1 mpoObI Ui aHaIM3a, a IUIaM
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cyumin npu temnepartype 100 °C B TeueHue 2 4acos.

Pucynox 2.1 — Cxema YCTaHOBKM I W3yYCHUS KHUHETUKH TIpolecca
uaHupoBaHus (a); BIUsSHUS Temnepatyp (6). a) 1 — OyTbuib; 2 — ponbrasr; 3 —
KpbIlIKa C oTBepctueM O0) 1— MexaHuueckas Memanka; 2 — mynbha; 3 —
peryaupoBKa Harpena; 4 — TEPMOMETD.

IIpu anamm3e 3050Ta, cepedpa W MEOW HCIOJB30BAINCH MPOOUPHBIN H
aTOMHO-a0COpPOITMOHHBIN aHATN3A.

[TpoOupHBI aHAIM3 C HCHOJIL30BAHMEM B KauyeCTBE KOJUJIEKTOpa CBHUHIA
MO3BOJIAET OMPENENATh CcojAepx aHue OJOropoJHbIX MeTawioB. JlocTonHCTBa
JAHHOTO aHajiu3a BO3MOXHOCTh ONpENENSITh COJAEp)KaHUE 30J0Ta U cepedpa u3
OONBIIMX HABECOK. A TakXkKe OmpelereHue HOHOB 30J10Ta, cepedpa, Menu B
pacTBOpe MPOBOIWIM aTOMHO-a0COPOITMOHHBIA METOM, KOTOPBIN MPOBOJIUTCS W3
HaBeCkM Maccoul [-5 r. MakcumanbHas 4YyCTBUTEIBHOCTH JAHHOTO METOJa

aHanuza 1o  30y0TOTy  coctaBiser 0,1 r©/T. MBbIbIK  onpeaesnsiiu
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cnekTpockonmyeckuMm (Cnektpomerp AS610D), ¢oTokaropuMeTprUuecKuM U
TUTPOUOJOMETPUUECKUM MeTo/IaMu. Ha MBITITBSK aHAIM3UPOBAINCH KaK PacTBOD,

TaK M KCK BbIIIICIAYNBaHUA.

2.1. Xumuveckuii ¥ MUHEPAJOTHYECKUH COCTAB PYyAbI
JIAKHIIayCKOT0 MECTOPOKICHUA
Pynbr mectopoxxaenus Jlxunay — kapOOHATU3MPOBAHHBIE C BKPAIUICHUSAMU
nieenuTa, MUPUTA, apceHonmupurTa, nuppoTuHa u jap. I[lopomooOpasyromue
MUHEpaJbl TPEACTABICHbl, B OCHOBHOM, KBapleM, KapOOoHaTamH, IOJIEBBIMU
1InaTaMmu, mupokceH-ampuodonamu u np. [177].

KonuyecTBeHHBIN MUHEPATBHBIN COCTAB PyIbl IPECTaBIICH B Ta0uie 2.1.

Tabnuua 2.1
KosmmuecTBeHHBIN MUHEPAIbHBIN COCTaB
Ne i/ Munepaiibl O6bEéMHOE coaeprkanue, %
1 [Hleenut 2,6
2 [Tupur 0,1
3 ApceHormupuT 0,15
4 dmrooput 0,1
5 Arnatur 0,1
6 JIMMOHUT,OK.ITUPUT 2,6
7 [Tupokcensr ampuoOOIBI 3,6
8 XJI0pUT 0,3
9 XKenesnas cTpyxka 1,4
10 Kgapn 71,3
11 KapOoHnatsr 8,9
12 [ToneBple mINaThl 8,9
13 Hroro 100,0

Ha ocHOBaHMM XMMHMYECKOrO aHAJIWM30B B pyAe MeCTOpoxkaeHus [[xuay,

OBLTH OTpeIeIIeHbI HUYKECIISIYIOIINe KOMIIOHEHTHI (Taduia 2.2).
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Tabmura 2.2

Pe3ynbTaThl XMMHUYECKOTO aHAIN3a UCXOAHOU PYABI

KommoHeHThI Conepxanue, %
SiO, 70,55
Al;O4 10,59
Fe,O; 3,22
FeO 1,50
MnO 0,06
TiO, 0,35
MgO 1,33
CaO 3,93
K0 3,97
Na,O 1,40
P,0s 0,16
S o6m. 0,08
CO, 2,46
WO, 0,075
Sb 0,02
Hg 0,007
Cu 0,01
Se 0,0005
Te 0,0005
Au 0,00022
Ag 0,00035
TLIL.T. 5,26
Uroro 100

Ha ocnoBanumn M3Yy4YCHHMA BCHICCTBCHHOI'O COCTaBa pyabl BUJHO, UYTO OJHUM
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N3 I[CHHBIX KOMIIOHCHTOB, 3aCIYXHBAOIIHUX IM[MPOMBINIJIICHHYIO 3HA4YUMOCTD,
ABJIACTCA 30JI0TO, HAXOOAIICCCA 4YaCTHYHO B CB06OI[HOM COCTOSAHHNH, a TAKKC B
BUAC MCIKHX BKJIIOUCHUI B apCccHOIMpUTE WU B CPOCTKax KBapoa C

APCCHOIIUPUTOM.

2.2. lluanuaHoe BhIleJJa4YMBaHMe 30J10TA U cepedpa u3 pya
MecTopo:xaeHus Lxuinay

OnpIT MHpPOBOM 30JI0TOAOOBIBAIOLIEH NPOMBIIUIEHHOCTH M PE3yJIbTaThl
MHOTOUYHCJICHHBIX 3KCIEPUMEHTAIbHBIX HCCIEI0BAaHUI YOEAUTEIbHO CBHJIETEINb-
CTBYIOT O TOM, YTO TJIABHOW CTaJiM€W Mpolecca LUAHUPOBAHUSA SIBISETCS CTalUs
BBIIIICIAYNBAHHUS.

[TonHOTa M3BNIEYEHHUs 30JI0Ta U cepedpa MpU LUAHUPOBAHUU 3aBUCUT OT
uenoro psana (aktopoB [23], TaBHBIM W3 KOTOPBIX SIBIISETCS XapakTep CBS3U
JParolieHHbIX METAJJIOB C PYJHBIMU U IOPOJ000Pa3yIOIUMU MUHEPaIaMH.

Kak wu3BecTHO, 30J0TO B pyAax MPUCYTCTBYET MPEUMYIIECTBEHHO B
METaJUIMYeCKOM cocTosHMM. [lo Xapakrepy accouuanuy 30JI0TUH C PYAHBIMU
KOMIIOHEHTaMHU OHU MOTYT OBITh pa3/iesieHbl Ha 3 OCHOBHbBIE KaTErOPHHU:

1. 30JI0TUHBI C TIOJHOCTHIO OOHAXKEHHOW MOBEPXHOCTHIO («CBOOOMHOE)

30J10TO);

2. 30JI0TUHBI C YaCTUYHO OOHAXEHHOM TOBEPXHOCTHIO: B CPOCTKAX,
MOKPBITBIXHECTUTOIIHBIMHY TIJICHKAMH | JIP.;

3. 30J0TUHBI, TOBEPXHOCTh KOTOPHIX IOJIHOCTbIO M30JUpPOBaHA OT
KOHTaKTa € pacTBopuTesieM (TJaBHBIM 00pa3oM, TOHKOBKpPAIUJIEHHOE
30JI0TO).

Hanuuue B pyJax TOHKOBKPAIUJICHHOTO 30J10Ta SIBJSIETCSI OJTHOM U3 TJIaBHBIX
OPUYUH TEXHOJOTMYECKON YMOPHOCTH 30JI0TOPYAHOTO Chipba. Ilpu 3TOM,
€CTECTBEHHO, HMMEETCS B BHJIy, YTO MHUHEpAJbl, SBISAIOMIMECS HOCUTEISIMU
TOHKOBKPAIUIEHHOTO  30JI0Ta, JOJDKHBI 00JaJaTh IUIOTHOM MeXaHH4YeCKOu

CTPYKTYpOM, aOCOJIOTHO HEMpPOHUIAEMOM Jii LUAHUCTHIX pacTBOpPoB. MMeHHO
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COBOKYMHOCTb ABYX (DaKTOPOB: MIIOTHOCTb CTPYKTYPhl MUHEPATbHBIX 3€PEH ILIIOC
JTUCTIEPCHOCTD 3aKIIOYEHHOTO B HHUX 30J10Ta U O0YCIIABIIMBAIOT TEXHOJIOTHYECKYIO
YIOPHOCTH 30JI0THIX PYJ M KOHIIEHTPATOB B THPOMETAILTYPTHYECKOM MPOIIECCE.

B MakcuManpHOW CTENEeHM JTUM YCIOBHUSIM COOTBETCTBYIOT KBapl[ H
30JI0TOCO/IEpKAIIKME CyIb(PUABI, BEAyIIee MECTO Cpead KOTOPhIX U IO
pacnpoCTPaHEHHOCTH, M MO0 MPAKTUYECKON 3HAYMMOCTH, IPUHAITICKUT TUPUTY U
apCEHOITUPUTY.

VYkazaHHble CynbQUAB, KaK MPABUIO, XapaKTEPU3YIOTCS TOBBIITICHHOM
30JI0TOHOCHOCTBIO (JIE€CSATKA M COTHM TpaMMOB 30Ji0Ta Ha 1 T cynbduna). [lpu
ATOM 3HAYUTEIbHAS YaCTh 30JI0TA B HUX MPEACTABIICHA JUCIICPCHBIMU YaCTHUIIAMU,
KPYMHOCTh KOTOPBIX JIGKUT 3a TMpefeiamMu paspemiaronieil  crnocoOHOCTH
OINTHYECKUX MUKPOCKOTOB [23].

OpHoit U3 pacrpocTpaHEeHHBIX (HOPM SBIsIETCS aacOpOIMs paCTBOPEHHOTO B
[MaHUJe HaTpus 30J0Ta U cepebpa yriaepoJcoAep alluMu MUHEPAIbHBIMU
KOMITOHEHTaMH PY/IbI.

[TockoJibKy MpOolIeCC PACTBOPEHUS METAILUTMYECKOTO 30J10Ta B IIEJIOYHBIX
IIMAHUCTBHIX PACTBOPAX HOCHUT MU(PPY3HOHHBIA XapaKTep, CYIMIECTBEHHOE BIIMSHHUE
Ha CKOPOCTh W TIOJHOTY BBINICTAYMBAHUS 30JI0Ta MPU ITHUAHUPOBAHUU MOTYT
OKa3aTh rPaHyJIOMETPUUYECKAsI XapaKTEPUCTUKA U MOP(OJIOTUS 30JI0THIX YACTHIL.

DTOT BOIpoOC MOoAPOoOHO paccMoTpeH B padorax [120 m nap.], U3 KOTOPBIX
CJIETyeT, YTO TIPUCYTCTBUEC B IMAHUPYEMBIX pyax 3epeH 3omota kpynHee 0,1 — 0,2
MM MOXET paccMaTpUBaThCS KaK OJMH W3 TMPU3HAKOB TEXHOJOTUYECKOM
YIOPHOCTH YKa3aHHBIX PY/I.

MeieHHOEe pacTBOpPeHHE B IMAHHE HATPUS KPYMHBIX YaCTHI[ 30J0Ta
(XapakTepu3yIOIUXCS OTHOCUTEIHLHO HEOONBIION yNEeTbHON TMOBEPXHOCTHIO)
SIBJIICTCSI OHOW M3 OCHOBHBIX NMPUYHMH TOTO, YTO B MUPOBOU 30JI0TOAO0OBIBAIOIIEH
MPOMBIIIUICHHOCTH ~ MPAKTHYECKH  OTCYTCTBYIOT  TPUMEPHI  HCIOJIH30BAHUS
[IMAHUCTOTO  Tporecca JUIsl  HW3BJICUCHHUS  30JI0Ta W3  T'PaBUTAIMOHHBIX

KOHOCHTPATOB, BBIACISICMBIX B LUKIIC HW3MCIBYCHHA 30JI0TBIX WM KOMIIIICKCHBIX
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30JI0TOCOIEpKAIIHNX PY/I.

W3 ananu3a nUTEepaTypHBIX JAHHBIX CJIEIYET, YTO MPOIECC ITUaHUPOBAHUS
30710Ta U cepebpa moctaTouyHo F(H(PEKTUBEH, UTO MOATBEPKIACTCS pe3yabTaTaMu
TEXHOJIOTHYECKHUX IKCIIEPUMCHTOB.

B xome nabopaTOpHBIX WCCIEAOBAaHHBI OBUIM MPOBEICHBI TECTOBBIC
HKCIIEPUMEHTHI, KOTOPBIC MO3BOJIMIIN CICIATh BBIBOJ O BBICOKOH 3(()EKTUBHOCTH
nepepaboTKi  pyabl MecTopokiaeHus J[Kumay METOAOM IMAHWPOBAHUS C
UCIOJIb30BaHueM u3BecTH. [Ipm pacxoxe mocnenmuerr ot 0,5 mo 3 Kr/T crerneHb
W3BJICUECHHUS 30J10Ta cocTaBuiio oT 51 10 89 %.

Jlnst  ompeneneHUs ONTHUMAJIbHBIX TEXHOJIOTHYECKUX TapaMeTpoB ObLIH
MIPOBEJICHBI MCCJIEOBAHUS IO BBIMICIAYUBAHUIO PYABl C PA3IMYHOM 3arpy3Kou
u3BecTH 1pu ee pacxojae 0,5 kr/t, 1,5 xr/t, 3 kr/1. Pacxoq NaCN Bo Bcex ombiTax
cocraBun 0,45 Kr/T.

PGBYHBTaTBI OKCIICPUMCHTOB IIPCACTABJICHLI B Ta6JII/IHe 2.3. 1 Ha PHUCYH-

Ke 2.2.

Tabmuma 2.3

Bausnue pacxoJia U3BCCTHU HAa BBIIICITIAYUBAHUC 30J10Ta

No Con. AuB | Pyma, | Bona, | Pacxon Pacxon pH | Konuent- Cre-
OIBI- | HCXOIHOH KT JUTP Ca0, NaCN, panusAu, TICHB
W3BIIE-

Ta pyze, KI/T KI/T MI/71 B
/T Au, %

1 1,76 1 15 0,5 0,45 8,8 0,884 82,34
2 1,76 1 15 15 0,45 10,5 1,04 88,63
3 1,76 1 15 3 0,45 11,6 0,599 51,05

N3 Tabnune 2.3 u pucyHka 2.2 BUJIHO, 4yTO TIpH pacxojne uzsectu 0,5 kr/t,
(pH-8,8) CKOpOCTh BBINIEIAYNBAHNS 3HAYMTEILHO MEHBIIE II0 CPAaBHEHHIO C
pacxoaom 1,5 kr/t u3Bectu (pH-10,5). C yBenuuennem pacxojia U3BECTH JI0 3 KI/T

CKOPOCTL BbIICJIAUYUMBAHUA CHUKACTCA, YTO BEPOATHO 00BICHSIETCS O6pa3OBaHI/ICM
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IJIEHOK HA MOBEPXHOCTH 30JIOTUH U COTJIACYETCS C JIUTEPATypHBIMHU JTaHHBIMU. 3a
BpeMs BoimenaunBanus (30 wacoB) mpu pacxoae w3BectH 1,5 Kr/T B

IIPOJYKTUBHBIN pacTBOp u3Biekaercs 88,6 % 3010T1a.

100
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0 &
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‘TernelHs WirJeaeHus, Au %

HI] OJO0TAHICIbHOCTE BRIINCTATHBEAHHA. 1

Pucynok 2.2 — KuHeTnyeckne KpHWBBIC IIMAHHWIHOTO BBIMICIIAYNBAHMS 30JI0TA U3
PYyIIbl B 3aBUCUMOCTH OT pacxoja U3BECTH.

Taxke wuccienoBajloch BIMSHHME pacxoja IHAaHWUJA HATpus Ha
WHTEHCHUBHOCTDH BBIIIEIAYMBAHUS 30JI0Ta M3 TOW ke MpoObl pynabl. s 3TOTO
npoba pyasl wu3Menpuajgack 10 KpynHoctH 80 % kmacca «-106  Mwmy.
[IponomKUTENBHOCTD BhIlIENaunBanus cocrasisia 30 dacoB. Pacxon nuannna
Hatpusa coctaBui 0,25 kr/t, 0,35 xr/t, 0,45 kr/tT, 0,55 kr/T. Pe3ynbTarsl ONbITOB
MpE/ICTaBICHBI B Tabnuile 2.4, a KHHETHKA BBINIETAYMBAHUS Ha PUCYHKOK 2.3.

YCTaHOBICHO, YTO ONTHUMANbHBIM pPACXOJOM IMAHHWAA JJII  PYAbI
mectopoxaeHus Jxwmay sBasercs 0,45 1/T. OCOOEHHO HWHTEHCHMBHO 30JI0TO
BBHIIICIIAYNBACTCS B TIEPBBIC 8 YacOB — M3BIICUCHUE 30J10Ta 3a ITOT IEPHOJ
coctaBuiio 80,9 %. 3arem kpuBas BbIIIETAYMBAHUS PE3KO BBIMOJIAKUBACTCS, U 32
30 yacoB BblILIETAYMBAHUS PY/bl CTENEHb MU3BJICYEHUS 30J10Ta cocTaBuia 88,6 %.
JanpHeliliee MOBBIICHUE pacxoda IMaHuaa Hatpus ao 0,55 Kr/T He BausgeT Ha

CTCIICHb N3BJICUCHMA 30JI0TA.
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Tabmnura 2.4

Bnusuue pacxoZia HnaHu/a HaTPHA Ha BbIIICIIAYMBAHUC 30J10Ta

No Con. AuB | Pyna, | Bona, | Pacxon Pacxox pH | Konuenrt- Cre-
OIIBI- HCXO/IHOH KT JTUTP CaO, NaCN, patii Hr;eBiz_
Ta pys KI/T KI/T Al HeHuA
/T M/ Au, %

1 1,76 1 1,5 1,5 0,25 9,7 0,884 51,94
2 1,76 1 1,5 1,5 0,35 10,2 1,04 78,73
3 1,76 1 1,5 1,5 0,45 10,7 0,599 88,63
4 1,76 1 1,5 1,5 0,55 10,2 1,041 88,72

100

—p—— g (,55 KT/T
—a— 0,45 x1/T
- (0,35 k1/1T
el —@— ()25 KT/T

Crerneds H3pitedeHus, Aun %o

0 4 g 12 16 20 24 28 32

HPGEO.HHEE-HE‘.‘IEHGCI'E: BEIIMETAYHEAHHA. T

Pucynok 2.3 — KuHeTnueckue KpuBble LIMAHWTHOTO BBIIIETAYUBAHUS 30J10Ta U3
PYJIbl B 3aBUCUMOCTH OT PAacXo0/1a LIMaHW]1a HATpHUsl.

B Ttabmuue 2.5. u pucynke 2.4. mpeicTaBieHbl PE3yIbTaThl BIIHASHUS
COOTHOLIEHUS] TBEPAOrO K >KUAKOMY Ha IMAHUJHOE BBIIIEIAYUBAHUE PYIbI

MCCTOPOKIACHUA I[)KI/IJ'Iay.
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Tabmura 2.5
Bnusiaue cootHomenus T:7K Ha npouecc nuaHugHOTrOo

BBIICIIAYNBAHUA PYyAbI

No Con. AuB | Pyna, | Bona, | Pacxon Pacxox pH | Konuenrt- Cre-
ONbI- | HCXOIHOH KT JUTP Cao, NaCN, pauus HICHB
W3BIIE-

Ta pyzne, KI/T KI/T AU, M1/ N
/T Au, %

1 1,76 1 1 15 0,45 9,4 0,779 66,39
2 1,76 1 15 15 0,45 10,1 1,04 88,63
3 1,76 1 2 15 0,45 10,3 1,026 87,44

Kak BumHO u3 pucynka 3.2., npu nomuepxkanun cootHomenus T:K = 1:1
nociie 30 4acoB BBIIEIAYUBAHUSA CTENEHb W3BJICYEHUS 30JI0Ta COCTABHIIABCETO
66,4 %. IIpu MOBBIIEHUH COOTHOLICHUSI TBEpAOTo K xkuakomy ao T:K = 1:1,5
HaOMoAaI0Ch 00JIee MHTEHCUBHOE BBILIEIAUYMBAHUE 30J10Ta B HAYAJIbHBIN NEPHO/,
3aTteM yepe3 30 4yacoB CTENEHb W3BJICYEHUS 30JI0TA B MPOLYKTUBHBIE PACTBOPHI
nocturino 88,6 %. Ilpu panpHEWIleM YBEIWYEHUHM Pa3KWKEHHUS IMYJbIbl 10

cootHomeHus T:0K = 1:2 uzBnedeHus 3010Ta NpakTUYECKU HE MEHSIETCSL.

100
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80 1 - 1:1.5 T2K
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CTeneHs I3RIsUeHNA, Au %0

PI/IC}’HOK 2.4 — Kunetnueckue KPHUBBIC TMAHUJIHOI'O BBEIIICIAYUBAHMA 30J10TaA

Y3 PYJbI B 3aBUCUMOCTH OT cooTHomeHus T:7K.
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Ha ocHoBanuu YCTAHOBJICHHBIX OIITUMAJIBHBIX PCKHUMOB BbIHICIAYWBaAHNA

30710Ta OBUIM TPOBEIEHBI

OIIBIThI

MeCTOpOXkaAeHUS J>Kumay ¢ pa3auyHbIM COACPKAHUEM B HUX 30J10TA.

[0 [MAHWUJHOMY BBIIICIIAYNBAHUIO PY]I

B Tabmume 2.6. m pucyHkax 2.5, 2.6. mpeacTaBlIeHbl pe3yJbTaThl M

KMHETUYECKUE KPUBbIE BBIIIETAYMBAHUS 30J10Ta U cepedpa U3 py.

Tabmnura 2.6

Pe3ynbpratrel 1a00paTOPHBIX OMBITOB MO HIUAHUPOBAHUIO PYAbI

MecTopoxaeHus Jhxunay

No Con. Au B Con. AgB | Konment- | Konnenr- | Crenenn | W3Bne- | Pacxonm | Pacxon
OIIBI- ACXOIHON ucxonHou | pamustAu, | panus AgQ, | u3BIe- yeHue NaCN, Cao,

Ta pyze, pyze, MI/II MI/II YyeHUsA Ag, % KI/T KI/T

r/T r/T Au, %
1 2,37 0,48 0,34 0,12 85,44 71,56 0,320 15
2 1,76 0,76 1,04 0,257 88,63 50,72 0,285 1,6
3 1,27 0,42 0,79 0,149 93,31 53,21 0,347 1,8
4 1,56 0,62 0,878 0,265 84,42 64,11 0,320 15
5 1,38 0,66 0,835 0,274 90,76 62,27 0,325 1,6
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= 90

Z 80 - f

5 70 7%

= 60

=50 - §=-0.078x2+3.762x+ 40,32
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I[TpogomKNTENbHOCTE BHITIIETaUITBAHIIA, 1
——Au —e—Au Au =—e—Au =—e—Au ——ITonnHOMHATHEHAL (A1)

PI/IC}’HOK 2.5 — Kunernueckue KPHUBBIC ITHAHUIHOI'O BBIIMICIIAYMBaHUA 30JI0Ta

pyAbl MeCTOpoxAcHUs Jxumnay.

nus3
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Kak BumHO u3 prucyHka 3.4 u3 pa3nudHbIX pya MecTopoxaeHus [[xunay 3a 8
4acoB B pacTBOpbI BhllenaunBaeTcss oT 68 no 81 % 3osota. Ilocne 30 ygacos
[IMAaHUPOBAHUS U3BJIEKAETCS B pacTBOp OT 84 10 93 % 3070TAa.

[Tpu nepepaboTke 3TUX Pya (pUCYHOK 2.6.) cepedpa 3a 8 U BhIIIEIaUYUBACTCS
ot 37 no 52 %. B mnocneayroomwuil nepuos; BPEMEHU 30JI0TO MPOAOIKAET

nepexoauTh B pacTBop, U 3a 30 4 u3BnedyeHue cepedpa pocruraet ot 51 g0 72 %.

CreneHs m3BiedeHI, Ag %

10
0 f f f f f f f f
0 4 8 12 16 20 24 28 32
Hp QIOOTIKIITCIIEHOCTE BEIITCTIAYUITBAHIIA, I
—o—Ag —e—Agp Ag —e—Ag —o—Ag ——TlTomnmHOMHATEHAT (AZ)

Pucynok 2.6 — Kunernueckue KpuBble IIHAHUTHOTO BBINIEIAYUBAHUS cepedpa u3

pyAasl MecTopoxaeHus [xunay.

OTU pe3yJbTaThl IMOKA3bIBAIOT, YTO METOAOM IIMAaHUPOBAHUSI MOKHO
7 (HEKTUBHO M3BIIEUD 30JI0TO U3 pya MecTtopoxaeHus Jxunay. [IpuHiunuansHas
TEXHOJIOTUYECKasi cXema TMepepadOoTKh  pyAbl  MecTopoxiaeHust  Jlxumiay

IpeCTaBIeHa HA pUCYHKE 2.7.
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Hcxonnas pyaa

JpoOnenne

—

" N3menbuenue
80% «-0.106mM»

AKTHBUPOBaHHBIN yrojib
H3BecThb, muanmnyg

[{nanupoBanne METOAOM o~
«YTOJb B IIVIIBIIE)

1

XBOCTHI HacrplmeHHbIi 30J10TOM YIoJib
HecopOuus
XBOCTOXPaHIJIHIIIE 30J10Ta,3JIEKTPOJIU3,JIaBKa
O6parHas Criias OTpereHepupoBaHHBI yrojb

BOMa I[Ope # |
% _—

Pucynox 2.7 — [IpuHIMnmanbHas TEXHOJIOTHYECKAs CXeMa IMaHUPOBAHUS

30JI0TOCOAEPKAILIUX PYA MEeCTOpOoXKaeHUs Jlxumay.

Bauanue memnepamyput npoyecca yuanuposanus Ha u3eneueHue
3010ma u3 pyo mecmopoxcoenusn /[rcunay

B3auMogeiicTBue OJaropogHbIX METALIOB C IMAHUCTHIMH PacTBOPAMHU
MpoTEeKaeT Ha TpaHuile pasaena @a3 TBEpAOH U JKUIKOW C  ydacTUeM
ra3000pa3HoOro KMCIOpoa.

[TosToMy mponecc IMAaHUPOBAHMS SIBISIETCS TUIHYHBIM T'€TE€POr€HHBIM
MPOIIECCOM, U CKOPOCTh €ro JOJDKHA MOIUYHUHITHCS 3aKOHOMEPHOCTSIM, OOIIUM JIJIs
BCEX reTePOTCHHBIX MPOIIECCOB.

Ha mpaktuke abcopOuust KUCI0po/1a MMaHUCTHIM PacTBOPOM HE TUMUTHUPYET
CKOPOCTh  BBIIIEIAYMBAHUSI, UYTO JOCTUTAaeTCs NPUMEHEHHEM CIEelHUaTbHBIX

A2PUPYIOIINX yCTpOfICTB, HHTCHCHMBHO HACBIIIAIOMIUX PACTBOP KUCIOPOAOM.
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Ognum u3  (akTOpOB, WHTEHCU(DUIMPYIOUUX TMPOLECC [UAHUPOBAHMS
30JI0TOCOACpKAIIUX ~ Pyd  JOO0ro  TUma, MOXET ObITh  TeMmIeparypa
BBIIIEJIAYMBAIOIIEr0 pacTBopa. CKOpPOCTh XUMHYECKOM pEakUUH pacTeT C
MOBBIIICHUEM  TeMIEpaTypbl  ropasfgo  ObicTpee  ckopoctd  nuddysun.
KonuuecTBeHHOE BIIMAHHE TEMIIEPATypbl HAa CKOPOCTb XWUMHUYECKOH peakuu
BBIpa)KaeTCsd ypaBHEHUEM AppeHuyca:

I{=I{:+e_ E/ BT

Jlis OONBIIMHCTBA pEaKLUi, MPOTEKAIOIMIUX Ha TpPaHUIE TBEPAOE TEJO-
pacTBOp, SHEPrUs akTUBANWK HpeBbiiaet 35-40 kJIx/mounb [18].

CkopocTth 1P PY3MOHHBIX TPOIIECCOB C YBEIMUEHUEM TEMIIEPATyphl TaKkKe
BO3pacTaeT. IT0 00YCIOBIEHO TEM, YTO C MOBBIILIEHUEM TEMIIEPATYpPbl YMEHbIIIA-
eTcst TonuHa 1M Py3uoHHOTO €105 O (T.K. YMEHBIIAETCA KUHETUYECKas BA3KOCTb
pacTBopa) u Bo3pacraeT kodhdumment nuddysuu D.

Ho kuneTnueckas BsS3kocTh U KO3 puiinent nuddy3ur OTHOCUTEIIBHO MaJIO
U3MEHAIOTCS ¢ Temmeparypoid. IloaToMy BennumHA KaxylIeWcs HHEpruu
akTUBalMKU AU(P(Y3UOHHBIX MPOLECCOB UMEET HEOOJNbIIOE 3HAUYCHUE, MOpsSaKa 8-
20 x/I>x/mMomnb.

HccnenoBanus mpoliecca pacTBOPEHMs 30J0Ta M cepedpa MOoKa3aid, 4To
MOBBIIIATH TEMIIEPATYpPy HEOOXOIMMO B pa3yMHbIX mpenenax. C oJHOI CTOPOHBI,
YBEJIMYCHHE TEMIIEPATyphl MPUBOIUT K BO3pacTaHuto ko3 dunrenta nuddys3uu u
YMEHBILIEHUIO TONIIUHBI JU(P(GY3UOHHOTO CJOsA, HO C JPYrod — CHHXKAeT
pPacTBOPUMOCTD U, CJI€I0BATEIbHO, KOHIIEHTPALIUIO KUCIOPOIa B PaCTBOPE.

Ha npakTtuke, nmpu UMaHUPOBAHUU Py HA NPEANPUATUAX TaKUKUCTaHA,
KaK IMPaBUJIO, UCTOJIB3YETCS BOJA, TEMIIEPATYpa KOTOPOM paBHa 13 °C, a B 3uMHHil
nepuoa v Hwke. [losToMy HamMu OBUIM MPOBEAECHBI MCCIEIOBAHUS IO BIUSHHUIO
TEeMIIepaTyphbl Ha MPOIECC ITMaHUPOBAaHMs B MHTepBaiax Temneparyp 10-40 °Cc.C
ATOM 1eNbl0 OblJIa CMOHTHPOBaHA ycTaHOBKa (pucyHok 2.20). Haeecka 1000 rp.
NOMEIIAJIach B 5 JUTPOBBIA CTaKaH, I[EPEMELIMBAHHE C BBIIIEIAYUBAIOLIUM

areHTOM TMPOU3BOAWIOCH MEXaHWYeCKOM Memankoi. B kadectBe 00ObekTa
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BBIIIEJIaYMBaHUs OblIa B3siTa pyJa MECTOpPOXIeHus [[xunay, u3MmenbueHHas 10
kpynHocTH 90 % kimacca «-0,08 mm». Uepes onpeneneHHbIE MPOMEXYTKH BPEMEHU
oTOupanack mpoda pacTBOpa, B KOTOPOH OMpeesiiachk KOHIIEHTpalus 300t1a, pH
pacTBOpa, KOHIIEHTpalus MaHuaa. Pe3ynbTaTsl nccneaoBaHuil NpecTaBlIeHbl Ha
PHUCYHOK 2.8.

Kak BHIIHO U3 NMPUBENIEHHBIX JIAHHBIX, MMOBBIIICHHE TEMIIEPAaTypbl pacTBOpa
10 20-40 °C monokuTENbHO BIMSET Ha PAcTBOPEHHE 3010Ta. OCOOGEHHO 5TO
HATJITHO BUIHO NPH TOBBIIICHAM TeMIepaTypsl mporecca ¢ 10 mo 40 °C. Ipu
temneparype 10 OC 3a 8 4acoB 30710TO M3BIEKACTCS TOIBKO Ha 52.4 %, B TO BpeMs
KaK TpHU TOBBIIICHUU TEMIEPATYPhl CKOPOCTh PEAKIMHM YBEJIMUYMBACTCS, U MPHU
temrepatype 40 OC 3a 8 wacoB m3BIICYEHHE 3070Ta MOBBIIACTCS Ha 37,2 % U
coctapisgeT 89,6 %.

HeoOxonumo OTMETHUTh, YTO MpU MOBBIINIEHUU TEMIIEpaTyphl Ipoiiecca
HECKOJIbKO TMOBBIIIAETCS pacxol MnuaHuga. Tak, npu 10 °%C 3a 8 wuacos
IIMaHAPOBAHUS PYyIbl MecTopoxaeHus J[xumay pacxon nmmanmma cocraBmia 0,41
/T, B TO BpeMs kak npu 40 °C ota uudpa Beipocna ao 1,762 r/T.

Ha ocHOBaHuM NpPOBEIEHHBIX HCCIECIOBAHUI MOYXHO 3aKIIOUYHUTh, YTO JJISI
WHTeHCU(UKAIMM Tpollecca LHMAHUPOBAaHUE PpyAbl CJIEAYeT BECTH TIpHU

temmeparype 25 — 30 °C. IIpu 9ToMm pacxox nuanmaa cocrasisier 400 — 800 r/T.
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Pucynox 2.8 — BnusHue TemriepaTypbl Ha HU3BJIEUEHHE 30JI0Ta B PAacTBOp MpHU

pasmmuHbIX Temmeparypax: a) 10 °C; 6) 20 °C; 8) 30 °C; r) 40 °C.

2.3. XuMu4eckuii 1 MUHepaJornyeckui cocras pyabl CeBepHo-
JIKIWIIayCKOT0 MeCTOPOKIEHHUS
30J710TO-KBapLIEBbIE PYJIbl MECTOPOXKACHUS COCTOST U3 KBaplia, MOJEBBIX
InaToB, OMOTUTA, POrOBOM OOMaHKH, MUPOKCEHA, XJIOPUTA, CEPULIMTA, KaJbLIUTA,
HIeeNnTa, TUPUTA, apCeHONMUPUTA, OJEKIBIX Pyd, CaMOPOJHOro 30ji0Ta U Ap. Ha
JIOJIF0 ABYOKMCH KpeMHHsI mnpuxomutrcs okoio 60 %. CymmapHoe cpenHee
conepxanue cynbdunos He npesbimaet 1 % u yBenuuuaercs ¢ riryouHoi. [loutu

Ha BCIO U3Y4YeHHYIO TIyomHy (165 M OT TOBEpXHOCTH) CyiIb(hUIBI B pylax
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OKHCJICHbI, 00pa3yrOT IUICHKM WM PBIXJIbIE Macchl JUMOHUTA. Pacmpenenenue
30J10Ta U cepedpa B pylax HEPaBHOMEpPHOE, HO CPEAHEE COJEpkKaHUE HUX IO
MaJICHUI0 YCTOMYMBOE. 30JI0TO B pyaX cCaMOPOJIHOE, KPYIIHOE, Cpe/lHee, TOHKOE, B
OKHCJICHHBIX PyJIaX CBSI3aHO C KBaplieM, B IepBUYHBIX Oojiee 70 % accolmupyer ¢
apceronmuputoM. CoJepkaHue TPEXOKHCH BoJb(pamMa C TIyOWHOW HECKOJIBKO
MaJIa€T, MBIIIbAKA YBEIMYUBaeTCa B cpeaHem a0 0,29 %.

OCHOBHOI KOMIIOHEHT — 30JI0TO, MIOITyTHBIE — CepeOpo, BOIbhpam.

CkapHbl, BMENIAIONINE CKApHOBO- IIEEIUTOBBIE PY/Ibl, B OCHOBHOM, COCTOSIT
13 nupokceHa. OcTalibHbIE MMHEpajbl B HUX IpaHaT, BOJUIACTOHUT, BE3yBHAH,
dbopcTepuT, KanbIUT, KBapil U Ap. M3 pyaHbIX OTMEUarOTCS MUPUT, NUPPOTHH,

XaJIbKOTUPUT, IICECNIUT, APCEHOIMUPUT, chaneput, remMatut u ap. [177].

2.4. llmaHuHOE BhIIIEJIaAYUBAHNE 30J10TA U cepedpa u3 pya
mecTopo:kaeHus Cesepnoe [xxuinay
Ha ocHoBanuu pa3zpabOTaHHBIX PEKUMOB JIJIsl pyA MECTOpOXAeHUs Jkunay
MPOBEJCHbI  UCCJEAOBaHUA 10

MUAHWPOBAHUIO  PA3JIMYHBIX COPTOB

pPYyA
mecTtopoxkaeHus CesepHoe Jxunay, pe3yabTaTbl KOTOPBIX MPUBEACHBI B TAOJMIIE
2.7. u pucynkax 2.9, 2.10.
Tabmuma 2.7
Pe3ynbrathl 1a60paTOPHBIX ONBITOB MO HUAHUPOBAHUIO PY

Mectopoxaenus: CesepHoe Jlxunay

No Con. Aus Con. AgB | Konment- | Konnenr- | Crenenn | Crenenb | Pacxonm | Pacxon
OIIBI- HCXOIHON UCXOAHOW | pamus AU, | panus AgQ, | u3BIe- WU3BJIE- NaCN, Cao,

Ta pyze, pyze, MI/JT MI/JT YEHUSI YEHUS KI/T KI/T

r/'T r/'T Au, % Ag, %

1 1,17 1,38 0,657 0,479 84,23 52,06 0,307 1,5

2 0,97 0,86 0,600 0,279 92,78 48,66 0,295 1,5

3 0,78 1,2 0,493 0,498 94,81 62,25 0,328 1,8

4 1,09 0,90 0,619 0,340 85,18 56,67 0,290 1,6

5 1,65 1,16 0,954 0,428 86,73 55,34 0,334 1,5
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Kak BuIHO U3 pucyHKa 2.9, U3 pa3auyHbIX py/l 3TOr0 MECTOPOKICHUS 3a 8 4acCOB B
pactBop BbilenaunBaercs ot 74 mo 80 % 3omora. Ilocne 30 yacoB nuaHupoBaHUs
U3BJIEKaeTCsl B pacTBOp oT 84 10 95 % 30m0Ta.

Cepebpo u3 stux pya (pucynok 2.10.) 3a 8 4 BeimenaynBaercs ot 36 10 43 %. B
MOCTIEAYIOUTUI MePHOJ BpEeMEHHU cepedpo Mpo0KaeT NePeXoauTh B pacTBop U 3a 30

u3BieueHue cepedbpa gocturaet ot 49 no 62 %.
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PI/ICYHOI( 2.9 — Kunernueckue KPpUBBIC ITHAHUIHOT'O BBIIMICIIAYMBAHUA 30JI0Ta U3

pyasl mectopoxaeHus CesepHoe [Jxunay.
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Pucynok 2.10 — Kunetndeckue KpuBbI€ IIMAHUIHOTO BHIIETAYnBaHus cepedpa u3

pyzbl mectopoxaenust CesepHoe Jxunay.
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DT pe3yabTaThl TMOKA3bIBAIOT, YTO METOJAOM IIMAHUPOBAHUS  MOXKHO
3¢ (deKTUBHO H3BJIEYb 30JI0TO U3 pyAbl MectopoxaeHus Ceseproe [[xumay.
[lepepaboTka maHHOW PYyIbI MOXET MPOXOAUTH COTJIACHO NPHHIIUIHAIBHON
TEXHOJIOTUYECKON CXeMe NepepadOTKu pyIbsl MecTopoxkiaeHus J[xumay, koTopas

Ipe/ICTaBICHa HA pUCYHKE 2.7.

2.5. XuMHYeCKHIl ¥ MHHEPAJIOrHYecKHii COCTaB Py/abl
MeCTOPOKIeHUA XHPCXOHA

[Io MuHEpaJIbBHOMY COCTaBy M BEAYIIUM IIOJE€3HBIM KOMIIOHEHTaM pPYIbI
y4acTKa OTHOCSTCS K 30JI0TO-KBapleBoMy (OpPMAIMOHHOMY THILY, C YyOOrou
CyIbGUIHON M IIEEIUTOBOM MUHEpaiau3anueil. OTUM TUIOM THPEICTABIICHBI
OCHOBHBIE 3aI1achl MPOMBIIUICHHBIX Pyl MecTopoxkaeHus [178].

Haunbonee wyacto 30J0TO accouuupyercs C CaMOpPOAHBIM BHUCMYTOM
cyiabduaaMu BUCMYTa, TEITYPUAAMU U cyiboTrermutypugamMu. OObBIYHO 3TO 30JI0TO
caMO€ MEJIKO€ M BCTpPEYaeTcs Ha HIKHHX TOpU30HTax. TOHKHE accolMaluu
HAKJIaJpIBAIOTCA Ha paHee OOpa30BaHHBIE arperatbl MUPUTA, APCEHONHPUTA,
MapKka3uTa, MHPPOTHHA, XaJIbKOMUPHUTA, MOJUOJCHUTa U MOJUOI0-IICEIINUTA.
Haubonee mo3nHUM TO BPEMEHU OTIIOKEHUEM SABISIETCS 30JI0TO, CBSI3aHHOE C
AHTUMOHUTOM W KHHOBAPBIO. 30JIOTO 3TO MOKPHITO MUKPOHHBIMM MEIHUCTBIMU U
CepeOPUCTHIMH TUICHKAMH.

30J710TO-KBapLEBbIE PYyAbl Pa3MEIIAIOTCs, B OCHOBHOM, B TPaHOAMOPHUTAX
YuHOpCaliCKOro MHTPY3MBa, OOJAJAIOLUIMX B CBEXKEM COCTOSIHUM BbIIEPKaHHBIM
MUHEpalIbHbIM M XHMHUYECKHUM cocTaBoM. HaOmiomaemble B HM3MEHEHHBIX
IpPaHOJIMOPUTAX BapUallid COCTaBa OOYCIIOBJIECHBI HAJOXEHHBIMHU IpOLIECCaMHU
OKBapLEBaHHUs, XJOPUTU3ALNH, CEPULIUTU3ALMH U Ap. B N3MEHEHHBIX OpYyIEHEIbIX
rpanuTongax coxepkanus SiO, BappHpylOT B mpezenax 55,46-83,9 %, Al,O; —
5,8-15,54 %, TiO, — 0,06-0,52 %, Fe,05; — 0,05-1,99 %, FeO — 1,0-3,99 %, MnO —
0,00-0,10 %, MgO - 0,77-2,55 %, CaO 1,68-15,56 %, K,O 2,28-5,0 %, Na,O
0,08-2,95 %, P,0Os — 0,08-0,60 %. CopepxaHue TJIMHHUCTBIX YacCTHIl B pyJax,
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O00yCIIOBJICHHOE HAJWYMEM 30Hbl BBIBETPUBAHUS M TEKTOHHYECKUX IJIMHOK, HE
IIPEBBIIIACT JOJIEU MPOLIEHTA.

OxucieHHbIE U TEPBUYHBIC PYJbI, B ILEIOM, OTIMYAIOTCS IO XapaKTepy
CBSI3M 30JI0TA C Pa3IMYHBIMU MUHEpajaMu. Eciu B OKHMCIEHHBIX pyAax OoJblias
4acTh 30J10Ta CBOOOJHAS MJIM HaXOAUTCS B CPOCTKAaX C KBapLEeM, TUAPOOKUCIaMU
&Keje3a U KUCJIOTOPAaCTBOPUMBIMU MUHEpajaMH, TO B NEPBUYHBIX OHO OOJbILE
aCCOIMHPYET C CYIb(HUIAMHU.

ConepxaHue 30J0Ta CPaBHUTENBHO BBIAEPKAHHOE M HE MOXET CIYKUTh

OCHOBAHHUCM JIA BBIACICHUS PA3JIIMYHBIX 110 KAYCCTBY COPTOB PYA.

2.6. lluanuaHoe BhIlleJJa4YMBaHUE 30J10TA U cepedpa u3 pya
MeCTOPOKIAeHUS XUPCXOHA
Pe3ynpTarel rHAPOMETATUTYPrAYECKUX HCCIEIOBAaHUNA MO LHUAHUPOBAHUIO
pPa3IMYHBIX COPTOB PYIbl MECTOPOXKACHHUS XHPCXOHA, BBIMOJHEHHBIX HAMH,
npuBeieHbl B Ta0muie 2.8. u pucynke 2.11.
Tabnuma 2.8
Pe3ynbpTaThl 1a00paTOPHBIX OMBITOB IO TUAHUPOBAHUIO Py IbI

MECTOPOXKIECHUS XUPCXOHA

No Con. Aus Con. AgB | Konment- | Konnenr- | Crenens | Crenenb | Pacxonm | Pacxon

OIIBI- HUCXOJIHOU HUCXOJIHOU pammst Au, | pamms Ag, HU3BJIC- HU3BJIC- NaCN, Ca0,
pyae, pyne, YEeHHUS YeHUs

Ta /T /T M/ M/ AU, % Ag, % KI/T KT/T

1 1,78 0,91 0,963 0,376 81,15 61,98 0,290 15

2 1,32 0,84 0,678 0,314 77,04 56,07 0,314 15

3 1,43 0,95 0,829 0,497 86,96 78,47 0,305 1,6

4 0,96 1,06 0,542 0,466 84,69 65,94 0,285 15

5 1,20 1,12 0,669 0,553 83,62 74,06 0,320 1,8

Kak BugHO 13 pucyHka 2.11., u3 pyz ¢ pasnuuHbBIM COAEPKAHUEM METAILIIOB
ATOr0 MECTOPOXKICHHS 3a 8 4acoB B pacTBOp BheIlenauuBaerca ot 61 mo 73 %

3o0J10Ta. [Tocne 30 yacoB HMAHUPOBAHUS U3BJIEKAETCA B pacTBOpP Bcero oT 77 no 87
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% 3onorta. CepeOpo 3a 8 u BeImenaunBaeTcs ot 42 10 63 %. B mocnenyromnuit
MEepUOJ BPEMEHU 30JI0TO MPOJOJKACT MEePEeXOoAuTh B pactBop M 3a 30 u

U3BIICUCHHE cepeOpa JocTuraeT ot 56 1o 78 % (pucyHok 2.12.).
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Pucynok 2.11 — Kunetndyeckue KpUBBIC [IMAHUTHOTO BBIIIEIAYMBAHUS 30J10Ta U3

PYAbI MECTOPOXKAECHUE XHUPCXOHA.

CreneHb m3BieUeHI, Ag %o
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Pucynok 2.12 — Kunetnueckue KpuUBble IIMAHUIHOTO BBIIIEIAYMBAHUS cepedpa U3
PYyZIbl MECTOPOXKICHUE XUPCXOHA.

OTH pe3yNbTaThl MOKA3bIBAIOT, YTO METOAOM IIMAHUPOBAHUSI MOKHO
3¢ (HEKTUBHO M3BJIEUb 30JI0TO U3 PYIbl MECTOpOkaAeHHUsT XupcxoHa. [lepepaboTka
PYZbl 3TOTO MECTOPOXKJACHUU MOXKET MPOXOJIUTH MO TOM ke CXEeMe, KaK U ISl Py,

PaCcCMOTPEHHBIX BbIIIE (PUCYHOK 2.7).

2.7. XuMHYeCcKHii 1 MUHEPAJOTHYECKUI COCTAB PyAbI
OMMNHUECKOr0 MeCTOPOKICHUSA

[lo MHUHEpamOrHYeCKOMY COCTaBy pyAbl  OXapaKT€pU30BaHbl  Kak
KOMIUIEKCHBIE, 30JI0TO - KBapueBble. OOIee KOJIMYECTBO CyJIb(PHUIOB HE
npeBbimaetr 1 %, qocturas B JOKaJIbHBIX ydacTKax 2-3 %, 4TO MO3BOJISIET OTHECTH
PY/Ibl y4acTKa K yOOrocyib(pHuaHbIM.

CamopoaHOE 30JI0TO BCTPEYAETCAd B COCTABE PA3JIMYHBIX MHUHEPAIBbHBIX
acconmanuii. OHO HamOoyiee 4YacTO BCTpPEYAeTCsl B CpacTaHUM C KBaplem (B
OTHOCHUTEJIbHBIX MPOIIEHTaX KO BceMmy koyimuecTBY 30i0t1a) (50 %), muputom (3
%), kapoonatoMm (1 %), meenutom (MensbIne 1 %), momuOaenuToMm (Mensbine 1 %).
Ha moBepXHOCTM M 4acThIX 30HAX Pa3pbIBHBIX HAPYUIEHUM W TPEHIMHOBATOCTH
30JI0TO HaXOJUTCS B CPOCTKaX C OKHUCIECHHBIMHU Cylbdumamu. XapakTepHeuiein
OCOOCHHOCTBIO pa3MENIeHUs] 30JI0Ta B PaA3JIMYHBIX MUHEPAIBbHBIX arperarax
SBJISIETCS TPUYPOUCHHOCTh OOJBIIEH YacTH €ro BBIJCICHUN K TpeluHaM U
MEJIKUM IyCTOTaM B ydacTKaX MHUKPOOPEKYM M 30H BbImenadynBanus. Jloms
CBOOOJHOTO 30J10Ta, OMpEJEIeHHass MO JaHHbBIM MHHEpPAJOTMYECKOro aHajiu3a,
cocrasisieT 70-75 %.

HaunGosnpias yactora BCTpE4aeMOCTH 30J10Ta ¢ KBapIIEM OIMPENeIseTCs ero
MPEUMYIIIECTBEHHOM JIOKAJIM3allUe B KBAPIIEBBIX MPOXKUIKAX M OKBAPIIOBAHHBIX
IPAHUTOUIAX.

[To cBOeMy BHYTpEeHHEMY CTPOEHHIO 30JI0TUHBI U3 Pa3HbIX acCOLMAIUi, B

CJIO0M, OTHOCATCA K MOHOKPHUCTAJIbHBIM BBIACJICHUAM WM CPOCTKAM ABYX-TPEX
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MOHOKpHUCTAILIOB. [1110THOCTH 30510Ta BapbupyeT oT 5,25 10 8,95, B 3aBUCUMOCTH

OT HaJM4Hs TIpUMeEcei cepedpa, KoTopbie coctaBisioT 10-40 %.

2.8. lluanuaHoe BhIleJJa4YMBaHUE 30J10TA U cepedpa u3 pya
MecTopo:xIeHus OauMnuicKoe
Pe3ynbTaThl BBINIOJHEHHBIX HaMH JaOOpPaTOPHBIX HCCIEAOBAaHUN IO
UAHUPOBAHUIO PA3IMYHBIX COPTOB pPYABl MECTOpOXIAeHUS OnuMmmuiickoe
npecTaBieHsl B Tabnuie 2.9. u pucynkax 2.13, 2.14.

Kak BuiHO u3 pucynka 3.12., u3 pa3inuyHbIX pya 3TOr0 MECTOPOXKIECHUS 32 8
4acoB B PAacTBOp BbIIIENAaYMBAETCS OT 66 no 76 % 3omora. Ilocne 30 wacos
MAaHUPOBAHUS U3BJIEKAECTCS B pacTBOpP Bcero oT 85 10 92 % 3o1oTa.

Cepebpa 3a 8 u BbinenaunBaetcsi Bcero ot 39 no 48 %. B mocnemyromimii
NEepPUOJT BPEMEHHM 30JI0TO MPOAODKAET NEpeXoAuTh B pactBop U 3a 30 u

u3BJcueHUe cepedpa gocturaet 53 - 65 % (pucyHnok 2.14.).

Tabmuma 2.9
Pe3yapTaThl 1a00paTOPHBIX OIBITOB 11O IIUAHUPOBAHHUIO PY/IbI

MeCTOpOoXaeHUs OnuMnuiickoe

No Con. Aus Con. AgB | Konment- | Konnenr- | Crenens | Crenenb | Pacxonm | Pacxon

OIIBI- HUCXOJIHOU HUCXOJIHOU pammst Au, | pamms Ag, HU3BJIC- HU3BJIC- NaCN, Ca0,
pyae, pyne, YEeHHUS YeHUs

Ta /T /T M/ M/ AU, % Ag, % KI/T KT/T

1 1,93 1,26 1,117 0,51 86,8 60,7 0,310 15

2 1,15 0,94 0,667 0,396 87,0 63,2 0,325 15

3 1,34 0,86 0,806 0,302 90,2 52,7 0,310 1,6

4 1,70 1,28 0,967 0,490 85,3 57,4 0,290 1,7

5 0,92 1,06 0,562 0,461 91,6 65,2 0,320 1,8
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PI/ICYHOK 2.13 — Kunernueckue KPpHUBBIC MUAHUAHOT'O BBINICIAYMBAHUA 30J10TA U3

pyzbl MecTopoxieHus OJIMMIHICKOE.
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Pucynok 2.14 — Kuaetnueckue KpUBbIC ITMAHUIHOTO BBIIICIIAYNBAHUS cepedpa U3

pyzbl MecTopoxaeHus OJIMMITHICKOE.
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OTH pe3yJbTarThl IOKA3bIBAIOT, YTO METOAOM ILIMAHUPOBAHUS MOKHO
3G (HEKTUBHO M3BJIEYb 30JI0TO U3 PYAbI MeCTOpOXKaeHus ONMMMIUIiCKoe, KaKk B U3

IPEIBIIYIINUX Py [0 CXeMe, MPEACTaBICHHON HA pUCYHKE 2.7.

2.9. llmaHuaHOE BhIIIEIAYUBAHNE 30J10TA U cepedpa u3 pya
MecTopoxaenuss Mocapud
B Tabmune 2.10. w pucynkax 2.15, 2.16. mpuBeAeHBI pe3yNbTATHI
BBITIOJITHCHHBIX ~HCCIICIOBAHUN 110 ITMAHUPOBAHHWIO PA3IMYHBIX COPTOB PYI
MecTopoxxaeHuss Mocapud.

Kak BumHO U3 prucyHka 2.15., U3 pa3nuyHbIX pya 3TOTO MECTOPOXKICHHUS 32 8
4acoB B pacTBOP BbIIenaunBaeTca ot 56 1o 64 % 3onora. B Teuenne 30 yacos
[IMaHUPOBAHUSl M3BJEKaeTCs B pacTBop OoT 69 mo 78 % 30510Ta, 4TO HECKOJIBKO
HIDKE, YeM B paHee pacCMOTpeHHBIX pyaax. CepeOpo 3a 8 4 BbIIIEIAYMBACTCS OT
26 10 38 %. 3a 30 u u3BneueHune cepedpa mocrturaet Tobko 38 - 49 % (pucyHok

2.16.). Jlns Gosee d3pPEKTUBHOTO U3BICUCHUS OJIaropoIHBIX METAIOB M3 JTaHHOU

pyAabl HCO6XOI[I/IMO IMPOBCACHUC JOIMOJIHUTCIIbHBIX HCCHCHOBaHHﬁ.

Tabmuma 2.10
Pe3ynbTaThl 1a00paTOPHBIX OIMBITOB I10 ITHAHUPOBAHUIO PY/IbI

MecTopoxaeHuss Mocapud

No Coxn. AuB Con. AgB | Konment- | Konnenr- | Crenenn | Crenenb | Pacxom | Pacxon

OIIBI- HUCXOJIHOU HUCXOJIHOU pammsiAu, | pamms Ag, HU3BJIC- HU3BJIC- NaCN, Ca0,
pyae, pyne, YEeHHUS YeHUs

Ta /T /T MI/II MI/II Au, % Ag, % KI/T KI/T

1 9,6 3,2 4,836 0,838 75,6 39,3 0,800 15

2 10,1 4,87 4,836 1,517 71,8 46,7 0,730 2,0

3 8,2 2,62 4,282 0,667 78,3 38,2 0,810 2,0

4 7.8 3,7 3,578 1,216 68,81 49,3 0,610 1,6
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Pucynok 2.15 — Kunerndeckue KpuBbI€ IMAHUIHOTO BBIIIEIAYMBAHUS 30J10Ta U3

pyzbl MecTopoxkaenust Mocapud.
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Pucynok 2.16 — Kunernueckue KpuBble IIUaHUIHOTO BbIIIETaUUBaHUs cepedpa u3

pyabl MecTopoxaeHus Mocapud.
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2.10. XumMuuyecknii ¥ MUHEPAJIOTUYECKHd COCTAB Py
Tapopckoro Mmecropo:kieHus

Pynubie Munepainsl B OoraTtoil BKparuieHHOU pyne 3anumarot ot 50 1o 80 %
wiomwaan nuimda W pacnpelesioTcss B BUIE THE31000pa3HbIX CKOIUICHUH,
OTJIEJbHBIX BKPAIUIEHHUKOB, PEAKO MEIKUX MPOKHUIKOB pa3MEPOM 110 3 MM.

K Geanoii pyae oTHocuTcs KapOOHaTHbIE TOpoAbl ¢ peakoil (mo 5 %)
BKPAIUIEHHOCTBIO MEJIKHX 3€PEH apCEHONUPUTA WIH XaTbKOIUPUTA.

APCEHONMPUT — SBISIETCA CaMbIM PacCIpPOCTPAHEHHBIM MHUHEPAJIOM B
naHHo pyzae. OTMedeH B BHUJE 3E€PHUCTHIX CPOCTKOB WM Pa3oOIEHHBIX
UaMOMOp(HBIX BKparuieHHUKOB pazmepom oT 0,02 no 0,3 mm. MHorna 3epHucThie
BbIICJICHHS] 00pa3yIoT MPOXKMWIKK pazmepoM 0,5 — 3 MM. ApCEeHONTUPUT HAXOUTCS
B TECHOM aCCOLIMAIMU C XaJIbKOIUPUTOM U KOPPOAUPYETCS MOCIETHUM.

XaJbKONMUPHUT — MOYTH B TAKOM K€ KOJUYECTBE OTMEUAETCS B pyZe, yalle
BCET0 B BUJIC HEMPABWIbHON (hOpMBI BBIJICJICHUN Cpelu 3epeH apceHomnuputa. B
OoJsiee OeqHON pyne MOCIAEAHUN BCTpEUYAETCS B BHUJIE MEJIKUX MPOKUIKOB WM
pacCessHHbIX MEJKUX HeNmpaBWiIbHOM (OpMBI 3€peH, oOpa3yloluX HWHOTIa
HEPAaBHOMEPHO — 3€pHUCTbIE arperatbl. B KpaeBbIX YACTAX XaJIbKONMUPHUTA
OTMEYaeTCs XalbKO3HUH.

IIupur — 10BOJNBHO pEeOKUl MUHEpand NaHHOW pynbl. OTMEUYEeH B BHUJIE
HeOobuX BhiEaeHUH (0,2 MM), CPOCTKOB C apCEHOMUPUTOM U XaIBKOITUPUTOM
WM B BUAE UIMOMOP(PHBIX KPUCTAIUIUKOB pazmepoM 10 0,2 MM.

B ocrampHBIX choydasx THUPUT HAXOJUTCA B  KBapI-KapOOHATHBIX
MPOXKWIKAX, CEKYIIMX apCEHONMUPHUT-XATbKOIMUPUTOBBIC BBIJCICHUS U TIOITOMY
BO3MOXKHO SIBJIsIETCS O0Jiee MO3THUM.

XaJIbKO3MH — BCTPEUYEH B 3HAKOBOM KOJIMYECTBE B BUJIE BBIJCIICHHUMN

HernpaBUIbHOU QopMbI B 3epHax xanbkonupura. Pazmep ux ot 0,04 1o 0,02 mm.

Kaxk YKE€ OTMCYAJIOCh BBIIC, XaJIbKO3MH TCCHO aCCOOUHPYET C
XAJIBKOIIMPUTOM MW OTMCYACTCA B  KOHTAKTOBLIX  YaCTAX  XaJIbKOIIKMPHUTA

CHCPYAHBIMU; ABJIACTCA, BUIUMO, THIICPICHHBIM MUHCPAJIOM.
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IInppoTnH — OTMEYEH B HECKOJIBKUX aHIUIM(aX U OpUKeTax B BUJE MEJIKUX
(0,1 MM) BKIIIOYEHHMI B apCEHONHMPUTE WA B CPOCTKAX C apPCEHONUPUTOM H
IIAPUTOM.

Cyabsdar mMeau — HaOmogaercss B equHUYHbIX Menkux (0,15 MM) 3epHax
3€JIEHOT'O [BETA.

I'mapookucibl kese3a — o0pa3ylOT TOHKHE IMPOKUIKKA B KapOOHATHBIX
IIOPOJIax ¥ BBIITOJHSIOT IIPOMEKYTKU MEXIY PYAHBIMU MUHEPAJIAMH.

30/10TO  IpEnCTaBISAET OCHOBHYIO  IPOMBIIIICHHYIHO LEHHOCTh  Ha
MeCTOpOXkaeHUH. [IpencTaBieHo OHO MUKPOCKOIIMYECKH MEIKUMU BBIICICHUSAMU
M YCTaHaBJIMBAE€TCS TOJBKO B HUIM(paX U NOPOOUPHBIMU  aHAIU3AMHU.
[Tpeobnanatonue pasmepbl 3010TUH 1-5 MukpoH. Haubonee kpymHble u3

BCTPEYCHHBIX 30JI0THH UMEIOT pasmep 110 0,25 MM B nonepednuke [179].

2.11. luanuaHoe BBINIEJIAYNBAHNE30J10TA, cepedpa U Meu U3 Py
MecTopoxaenust Tapop
Pe3ynbTaThl BBITIOJHEHHBIX HaMH J1a0OpPATOPHBIX MCCJIEAOBaHUN MO
[IUAaHUPOBAHUIO U3 PA3TMYHBIX BUJIOB PYJbl MECTOPOXKACHUS Tapop MpUBEICHBI B
tabmuie 2.11. u pucynkax 2.17, 2.18, 2.19.
Ta6numa 2.11
Pe3ynbpTaThl 1a00paTOPHBIX OMBITOB 110 ITUAHUPOBAHUIO PY/IbI

MecTopoxieHus Tapop

Ne ConeprxaHue MeTaIOB Konnenrpanus Crenenb u3Bneuenust | Pacxon | Pacxon
OIIbI- B UCXOJHOU pyze METAJIJIOB B pacCTBOpE METaJIOB, % NaCN, | Ca0,
Ta KT/T KT/T

Au, Ag, Cu, Au, Ag, Cu,

r/T r/T % MI/I1 MI/I1 MI/II

Au Ag Cu

1 9,9 42,8 15 | 2,698 | 1,298 | 628,4 | 40,8 4,5 6,1 2,550 2,2

2 51,5 4,5 85 | 3,314 | 1,286 | 887,7 | 51,5 4,5 8,5 2,865 2,2

3 993 | 4324 | 15 | 2,812 | 1,416 | 6253 | 425 4,9 6,0 2,600 2,0
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Kak BugHO 13 pucyHka 2.17., u3 pyJ JaHHOTO MeCTOpPOXKIeHUs aaxe 3a 30
4acoB [IMAHUPOBAHUS U3BJIEKAETCsl B pacTBop Bcero oT 41 1o 51 % 3omoTa.

Cepebpo ke MpakTHYECKH He BhIenaunBaercs (pucyHok 2.18.) 3a 30 u
u3BjiedeHue cepebpa gocrturaer 4,5 - 4,7 %. Meap Takke NPaKTUUECKH HE
u3Bnekaercs (6,0- 8,5 %) (pucynok 3.12).

DTO CBS3aHO C TE€M, UTO 30JI0TO B PYyJI€ - TOHKOJIUCIIEPCHOE U TECHO CBSI3aHO
¢ cymppumapiMu  MuHepandamu. [lomoOHBIE pyabl TPYAHO  TMOAMAIOTCS

IHAaHUPOBAHUIO.
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Pucynoxk 2.17 — Kunetndeckue KpuBbIe [TUAaHUAHOTO BBIIIEIAYUBAHUS 30J10Ta U3

pyasl MecTOpoXKaeHus Tapop.
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Pucynoxk 2.18 — Kunetndeckue KpuBbI€ IMAHUIHOTO BBIIEIAYNBAHUS cepedpa u3

Pyl MECTOpPOXKIeHUs Tapop.
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PI/ICYHOK 2.19 — Kunernueckue KpHUBBIC IMHAHUIHOI'O BBIICIAYMBAHWA MCIU H3

pyabl MecTopoxaeHus Tapop.

2.12. Pe3yJabTaThl ONBITOB MO BbIIEJAYNBAHUIO 30J10Ta, cepedpa U MeIu B
AMMHAYHO-IIUAHUCTHIX PACTBOPax

OCHOBOI TEXHOJOTHUU U3BJICUCHUS OJAropoJHbIX METAJIOB U3 PYJbl
KOPEHHBIX MECTOPOXJIECHUM SBJISETCA IHUAHUCTBIM TMpoIecc, MOCPEACTBOM
KoToporo jaoOwiBaetcs 10 90 % 3070Ta M 3HAYUTEIBLHOE KOJIMYECTBO cepedpa.
CymiecTByer, OIHAKO, KaTeropus TaK Ha3bIBAEMbIX YIOPHBIX pyd, HOpsiMOE
[IMAaHUPOBAHUE KOTOPHIX JHOO BOOOIIE HEBO3MOXKHO, JHOO XapaKTepu3yeTcs
HU3KUMU TOKa3aTelsiMu u3BiieueHus. K yucimy ynopHbIX OTHOCATCS U MEIUCTHIE
30JI0TBI€ PYJIbl, MECTOPOKACHUS KOTOPHIX JIOCTATOYHO PACIpPOCTPAHEHBI B MHUpE.
OcCoOEHHOCTBIO JIaHHBIX Py SBISETCS TO, YTO MEIb B HUX PAcCMaTPUBACTCS HE
TOJIBKO KaK TOMYTHBIA IIEHHBI KOMIIOHEHT, HO B €€ OOJbINCH CTEMeHH Kak
Bpe/lHas  MHUHEpajJbHas TMPUMECh, OCJOXHSIOMIAsl MPOIECC IHUAHUCTOTO
BBIIIEIAYMBAHMS 30JI0TA M3-3a BRICOKOTO pacxojaa nuanuaa (2-4 kr NaCN Ha 1 kr
MeId B pyAe€), TPYAHOCTEH BBIJICIICHUS 30J0Ta W3 PAcTBOPOB U CO37aBaEMbIX

MEIbIO JTIOMOJHUTEIIBHBIX AKOJIOrHYeCKuX mpoobiem [180].
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Ha wmexnyHapogHOM CHUMIIO3MyME€ TI0 TiepepadoTKe 30JI0ThIX Py,
cocrosiBieMcst B Kanazne B aBrycre 2005 r., nmpu3HaHO, 4TO pyAbl JAaHHOTIO TUIA
COCTaBJISIIOT OJHY M3 TJIABHBIX MPOOJIEM 30JI0TOJ0OBIBAIONICH MPOMBIIIICHHOCTH
nauana XXI| Beka [181].

OgauM w3 cnoco0oB mepepadOTKU TakUX pPyJ SBIAETCS aMMHA4YHOE
BbIlIeIaunBane Meau. OHO OCHOBaHO Ha MPOTEKAHUU CIEIYIONIUX OCHOBHBIX
peaKuunii:

CuO+2NH,0OH + (NH,4),CO; = Cu(NH3)4,CO3 + 3H,0 (2.1)

CUCO3 + CU(OH)2 + 6NH4OH + (NH4)2CO3 = 2CU(NH3)4C03 + Hzo (22)

OpHOM M3 BO3MOYKHBIX MPHYWH CEJICKTUBHOCTH BBINIEIAYNBAHUS 30JI0Ta U
MEJM B aMMUAYHO-IIMAHUCTBIX PACTBOPAX ABJISIETCATO, UTO OOPA3YIOIMIUICS B 3TUX
yciaoBusx — pactBopumbiii  komiuieke  Mead  CU(NH3)2(CN), Bcerymaer Bo
B3aMMOJICHCTBHE ¢ METALTMYCCKIM 30JI0TOM 110 peakiuu [182, 183]:

CU(NH3)2(CN)2 + Au = CU(NH3)+2 + Au (CN)_Z (23)

B mpucyrctBun O, omHOBajeHTHAS MEIbh B aMMHAYHBIX KOMIUIEKCAX JIETKO
OKHCJISIETCS 10 JIBYXBAJIEHTHOM (Cu™), KOTOpasi MOXET JIEMCTBOBATh, Kak
JIOCTAaTOYHO CUJIBHBIN OKHCJIMTENb 30JI0Ta IMPHU BHIMICIAYMBAHUN. Y CTAHOBJICHO
YTO BXKHBIM (DaKTOPOM, OTPAKAIOIINM POJIb aMMHAaKa B CTUMYJISIIUU aMMHAYHO-
[MAHUCTOTO TMpOIlecca BBIIEIAYUBAHUS 30JI0TA M3 MEIbCOACPXKALIUX DY/,
SBJIIETCSI OCAXJCHHE PACTBOPSIONICHCS MEIU W3 PACTBOPOB B BHUJEC TBEPIBIX
koMiuiekcHbIX coequnenuii: Cus(NH3)3(CN)4 u Cu(NHs3)2(CN)s.

JIyist ycTpaHeHus BIUSHUS HOHOB Ha MPOIIECC aMMUAYHOTO BBIIICIIAYNBAHUS
30JI0Ta PEKOMEHYeTCSl BBOJAUTH B IYJbIy COOTBETCTBYIOIINE CTaOWIH3ATOPHI,
CTUMYJIMPYIOIIME BBIMAJICHUE B 0Cafgok ¢eppo- U GEeppUllMaHuIoB MeEIu
CUQFG(CN)G, CU3[F€(CN)6]2.

KuneTnky pacTtBopeHus 30j0Ta, cepedpa W MeId aMMHAYHO-ITUAHUCTHIMH
pacTBOpaMH U3ydyaiu OyTHUTOYHBIM BBIIICIIAYNBAHUEM.

AMMMAYHO-ITUAHUCTOE BHIIICIIAYNBAHUE TPOBOIWIM B YETHIPEXIUTPOBOM

OyTBUIH, KOTOpas TIOMeIagach Ha BaJKH, BpAIAtOIIUecs CO CKOPOCThI0 70 06/MuH



93

(pucynok 2.1.a). HeoOxoaumblili 1Jii pacTBOpPEHHUS KHUCJIOPOJ IOCTyIal 4epe3
OTBepCTHE B Kpblke OyThuM. O KOJMYECTBE IMEpeIIeAIINX B PacTBOP
OJaropoJHBIX METAJIOB CYAWJIM IO aHalu3y Hpod pacTBOpa, OTOOPAaHHBIX W3
OyThUIM Yepe3 OIpejesieHHble MPOMEXYyTKU BpeMeHu. [locne 3aBepmienus 30
4acoB Tpoliecca MMaHuPOBaHus mpody dubrpoBanu. M3 dumsTpaTa OBIIO B3ATO
50 M ipoOBI SISt aHaIu3a, a IaM CYIIWIu mpu Temneparype 110 °C B Teuenue 2

qacCoB.

3asucumocmo ckopocmu pacmeopenus 301oma, cepeopa u meou om
KOHUeHmpayuu yuaHuoa Hampus 6 AMMUAYHO-UUAHUCHIBIX PACMEOPAX
N3yyeHue 3aBUCHUMOCTH CKOPOCTH PacTBOPEHHUS 30J10Ta, cepedpa u Menu
OT KOHIICHTpAllMU LIMAaHUJIa HATpHUsl ocyliecTBIsuM npu pH — 9,7, KoHueHTpanuu
0,006 — 0,02 moub/1, kKoHmeHTparuu Ca0 — 0,09 mons/n, Temmepatype — 25 °C.
OxucnuresneM 30J10Ta, cepedpa U MeJIU SBIIAETCS KUCIOPO]I BO3IyXa.

[IpoBeneHBI CpaBHUTEIBHBIC WCCICIOBAHUS IO BBIMICIAYNBAHUIO 30J10Ta,
cepeOpa W MeIW U3 OKHCICHHBIX Py BEpPXHETO TOPH30HTAa TapopcKoro
MECTOPOXKIACHUS METOJIOM IIMAaHUPOBAHUS U 1MAHUPOBAHUS B MPHUCYTCTBHUU
cynb(ara ammonwms. I[luanupoBaHwe B TIPUCYTCTBUU CylbdaTa aMMOHHS
NPOBOJMIM TPU  COOJIIOJICHUHM  CIEAYIOMHMX (ONTHUMAalIbHBIX) TapaMeTpoOB
00paboTKH: MPOAOIKUTENbHOCTh — 24 u; koHneHTparus NaCN — 0,014 mous/i,
konneHtparms ((NH4),SO,4) — 0,076-0,174 mons/n, XK:T = 1,5:1 (tabnuma 2.12).

PesynbTaThl  MpOBENEHHBIX  HCCIEAOBAaHUN  CBUICTEIBCTBYIOT O
BO3MOYKHOCTH HCIIOJIb30BaHUS aMMHAYHO-IMAHUCTBIX PACTBOPOB B 000pOTE,
oOecrieunBasi TpU ITOM U3BJIEUEHUE 30J0Ta A0 74-82 % Tpu pazTuIHBIX
KOHIIGHTpAIUsAX I[MaHUJa TI0 CpPaBHEHUIO C pACTBOPEHHUEM B IHAHUCTHIX
pacTBopax, Ipu KOTOPOM U3BJIeueHUe cocTaBisieT 55 %0.

B Tabmune 2.13 wu pucynke 2.20 mnpeacTaBieHBl pe3yIabTaThl U

KHHCTUYCCKHUEC KPHBLIC BBIICIAYMBAHMA 30J10TA, cepe6pa n MCOU U3 OKHCIICHHBIX
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pya mecropoxaenus: Tapop mpu ucxoaHom coaepkanuu Au 2,67 r/t, Ag 25,36 /T
u Cu 5,0 %.

Tabmuma 2.12

Pe3ynbraThl CpaBHUTEIBHBIX UCCIEN0BAHUN PACTBOPEHUS 30JI0TA B

MUAaHUCTBIX U AMUAYHO-ITMAHUCTBIX PACTBOPAX

Macca | Comepxan. | Pacxonm | Pacxon CreneHb U3BICUEHUS
npo- | AuBpyzne, | NaCN, CaO, pH 3011018, Yo
B B aMMHAYHO-
OBI, KT /T KI'/T KI/T
IIUAHUCTBIX | ITHAHHUCTHIX
pacTBopax | pacTBopax
2,67 1,5 9,8 52 82
2,67 1,8 10,4 49 78
1 3,25 2.1 > 7102 53 75
3,25 2,4 9,8 55 74

Tabmuma 2.13

Pe3ynbTaThl 1a00paTOpHBIX UCCIIEJOBAHUHN N0 BBILIEIAUUBAHUIO OKUCIEHHOM

pyAbl MeCTOpOxkAeHUS Tapop

Bpe- VYcnosus onbiTa Pact- | Pact- | Pact- | Crenens | Crenens | M3Bie-
ST BOp | BOp BOp UBJIE- U3BNE- | YeHHe
YEeHUS YCHUS
pH A, Aqg, Cu, Au, Aqg, Cu,
NH,),SO,4, | NaCN, | CaO,
(NH4):SO. Mr/n | mr/nm | wmr/a % % %
MOJTB/TT MOJTB/T | MOJIB/IT
8,09 0 0 0
2 10,3 | 0,968 | 2,123 | 131,74 | 54,38 12,56 3,90
4 0,129 0,02 | 009 [10,13]1,159 2,624 166,04 | 6511 | 17,06 | 491
8 9,56 | 1,317 (3,107 | 229,61 [ 73,99 18,38 6,79
24 9,87 | 1,460 [ 3,226 | 241,59 | 82,02 19,08 7,15
30 9,79 | 1,486 | 3,241 | 259,48 [ 83,48 19,17 7,67
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Kak BuaHo u3 pucynka 2.20, u3 pyasl MecTopoxiaeHuss Tapop 3a 8 4dacoB B
pacTBOp BbINenaunBaeTcs okoio 73,4 % Au, 18,4 % Ag u 6,79 % Cu. 3a 30 gacos

BBHINIICIIAYMBAaHNS B pacTBOp m3BIekaercs 83,5 % Au, 19,2 % Ag u 7,67 % Cu.
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Pucynok 2.20 — Kunetnueckue KpuBbI€ BBILIEIAYUBAHUS 30J10Ta, cepedpa u Meau
U3 OKUCIIEHHBIX Py MECTOpOXeHus Tapop.

B Tabnuiie 2.14 npuBeneHbl SKCIIEpUMEHTAIBHBIC TaHHBIE BIUSHUS Pacxo/1a
LMaHUJA HATpUsA HA CKOPOCTh M3BJIEUEHUS 30J10Ta, cepedpa U MEau B MPOLECcCce
BhbIeniaunBanus. [lpu yBenuuenun pacxona nuanuna Hatpus ot 0,014 monw/n
CTENEHb W3BJIICUEHHUSI 30JI0Ta, cepedpa TMPAaKTHUYECKM HE HM3MEHSETCs, YTO
00BsICHSIETCS] M30BITOYHON KOHIICHTPAIIMEH IUAHUCTOTO HATPUS MO OTHOIIEHHUIO K
KHUCJIOPOZly BO31yxa BOOBEME pacTBOpa. YCTaHOBJIECHO, YTO YBEJIMUYEHHUE PAcXojia
[MaHW/Ia HATpUs WHTCHCHU(PHUIMPYET MPOIECC BHIIIEIAYMBAHUSI, B OCHOBHOM, B
nepBbie 2 — 8 4acoB.

AHanoTUYHBIE WCCIEAOBAHMS OBUIA BBHITIOJHEHBI M0 M3YyYEHUIO KUHETHUKU

PACTBOPCHUA 30J10Ta U MCJIU B aMMHUAYHO-ITMAHHUCTBIX PaCTBOpaAXx.
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TaOmnuma 2.14
3aBUCUMOCTH CTETICHU M3BIICYCHUSI KOMIIOHEHTOB TIPA  PA3TUIHBIX

pacxomax NaCN

Ne VCcia0BUS OIbITA Pacrt- | Pact- | Pactr- | Crenens | Crenens | U3Bne-
p— BOP BOP BOP W3BIIC- M3BIIC- | UeHHUE
YCHUA YCHUA
" [(NH,),SO, | NaCN, | caO, [pH | Au, | Ag, | cu, Au, Ag, Cu,
MOJIb/JI MOJIB/JI | MOJB/II Mr/ | Mr/i Mr/1 % % %
1 0,006 93 | 1,149 | 1,628 | 146,72 | 64,55 9,63 4,40
2 0,01 984 | 1,352 2592 | 19633 | 7595 | 1533 | 589
3 0,129 0,014 | 0.059 [71021 1,461 | 3,082 | 260,34 | 8208 | 1823 | 7,81
4 0,018 974 | 1,478 | 3,155 | 261,48 | 83,02 18,66 | 7,84
5 0,02 10,11 | 1,479 | 3,194 | 263,13 | 83,09 18,89 | 7,89

N3ydeHne 3aBUCUMOCTH CKOPOCTHM PACTBOPEHUS METANIOB B AMMHUAYHO-
IIMAHUCTBIX PAaCTBOpax OT KOHIIEHTpaluu cyjibdara aMMOHHS MNPOBOAWIN TPHU
kouneHrparma NaCN - 0,014 mons/n, CaO - 0,059 mons/n, (NH4),SO4- 0,076-
0,174 momns/nm, T=25 °C. [Tpo0KUTENTBHOCTD ONBITOB cocTaBisia 24 yacos. Kak
MOKA3bIBAIOT pPE3yJabTaThl OMBITOB, TNpUBEIACHHBIEB Tabmuie 2.15, ckopocTb
PacTBOPEHUSI METAJUIOB U3MEHSIETCS B 3aBUCMMOCTH OT KOHIIGHTpaIuu cyibdara
aMMoHHUs 70 ero koHueHtpauuu 0,129 monw/n. C yBelIUueHHEM KOHIEHTpaIuu
cynbdara ammoHus oT 0,129 MOJIB/1T KOIMYECTBO MEPEXOIAIIECTO B paCTBOP 30JI0Ta
u cepebOpa He moBbimaercs. CrnegoBaTeNbHO, ONTUMAIBHOM KOHIEHTpAIUEH
cyabara ammonus ssigercs 0,129 wMonb/n, npu  KOTOPOH JOCTUTAOTCS
cJIeyIoNue U3BJIeUeHus MeTamioB, %: Au — 81,91 u Ag — 20,10. [Ipu sTom meau
oonee 90 % ocraercs B xBocTax. CynbpaT aMMOHHS BBICTYIIA€T B KadecTBe
JIOTIOJITHUTEJILHOTO ~ PAaCTBOPUTENISI METAIMYECKOM Menu ¢ oOpa3oBaHUEM
komruiekcoB cmemanaoro cocrtaBa CU(NHz)2(CN),). Takum oOpa3oM, B aMMUAYHO

- HHMAaHHUCTBIX PACTBOpAX HMECT MCCTO CCIICKTUBHOC PAa3ACIICHUC 30J10Ta OT MCIU.
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Ta0muna 2.15

Bnusuue Cy.]'IB(l)aTa dAMMOHHM: Ha ITPOUCCC BLIIICIAYNBAHUSA

Ne VYcioBus onbITa Pact- | Pact- | Pact- | Crenens | Crenens | M3Bie-

— BOP BOP BOp H3BJIIC- HU3BJie- | YEHHeE
YeHUS YeHUs

T ["(NH,),SO, | NaCN, | caO, | pH | Au, | Ag, | cu, Au, Ag, Cu,

MI/I1 | mMr/m | Mr/n % % %

MOJIB/T MOJIB/I | MOJB/N

1 0,076 9,3 | 1,206 | 2,887 246,79 | 67,75 | 17,08 | 7,40
2 0,106 9,84 | 1,328 [ 3,271 | 24543 | 74,61 | 19,35 | 7,36
3 0129 | 0014 | 0059 [1921(1,4587[3,399 [ 256,93 | 8191 | 20,10 | 7.71
4 0,151 9,74 | 1,43 | 3,486 | 286,68 | 80,34 | 20,62 | 8,60
5 0,174 10,11 | 1,438 | 3,28 | 271,00 | 80,82 | 19,40 | 8,13

H3yuenue ycnosuii 0caxcoenus Memaniog u3 amMmuaiHo-
YUAHUCMBIX PACMEOPOE
Jns ocaxIeHWs: MEIW W3 PacTBOpa MUCIOIb30BAIM THUINOXJIOPUT KaJbIHUS.
BnusiHre pacxoja THIOXJIOPUTA KaJbIMsl Ha Mpolece ocaxaeHus (tadummna 2.16)
ucciaenoBamu B mpenenax 50 — 600 T1/T NPOAYKTHBHBIX PACTBOPOB MPHU
MPOJOIKUTEILHOCTH mporecca 1 yac. ONTUMaIbHBIM PACXOJOM THUIIOXJIOPUTA
KaJIbIUSL TIPpU ocaxjieHnu meAau cocTtaiisl 300 r/T nmpu UCXOTHOM COACPKAHUU B
pactBope Au 1,327 mr/n, Ag 3,144 mr/n u Cu 185,9 mr/n.
Takke H3ydaJioch BIMSHUE pacxoja HETalleHOM H3BECTH Ha MPOIECce
OCaXXJIEHUSI MEJIU B TOM K€ camMoM pactBope. HeraimieHas u3BecTb BBOAMIACH B

MPOYKTUBHBINA PACTBOP B KOJTUYECTBE 5 — 7,5 KI/T.
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Bnusnaue pacxoia ruIoxJiopuTa KaJlblIuAa Ha OCAXKICHUC KOMIIOHCHTOB

Ta0muma 2.16

Ne | Bpe- VYcnoBus onsita Pacr- | Pact- | Pact- | Crenens | Ctenens | M3Bne-
ombl- | g BOD BOD BOD H3BIIE- W3BIIC- | 4deHHe
ra YEHUS YEeHUSI
Au, Ag, Cu, Au, Ag, Cu,
Hacpimen. | CaClO,, | CaO, | pH M/ | Mr/a Mr/t % % %
pacTBop, rp Tp
M

1 0,01 11,6 | 1,140 | 2,809 | 125,916 | 14,09 10,65 32,27
2 0,03 12,1 1,167 | 2,919 | 81,764 12,06 7,16 56,02
3 1 200 0,06 13 12,2 (1,283 | 2,972 | 38,951 3,31 5,47 79,05
4 0,09 11,4 (1,286 | 2,250 | 36,927 3,09 6,17 80,14
5 0,12 11,7 [ 1,291 | 2,933 | 35,165 2,71 6,71 81,08

Kak cnenyer u3 pe3yiabTaroB omnbIToB (Tabmuua 2.17), ¢ yBeIuYeHHEM

pacxona M3BCCTH, OCAXKACHHUC MCIU YBCINYHMBACTCA, U OINTHUMAJILHBIA €€ pacxon

cocraBisier 6,5 kr/tT mpu pH 12. Ilpu sTom ocaxkmaercs u3 pactBopa 81,38 %

MCIU.
Tabmuua 2.17
Bmusaue pacxosa U3BCCTHU HA OCAKIACHUEC MCIU
Ne | Bpe- VYcnoBus onsita Pact- | Pact- | Pact- | Crenens | Crenens | Crenenn
ONBI- | g Bop | BoOp BOD n3BJIe- n3BJIe- n3BJIe-
YEeHUS YeHHUs YeHUE
Ta | yac
Au, Ag, Cu, Au, Ag, Cu,
Hacermen. | CaClO, CaO pH M/ | Mr/n Mr/1 % % %
pacTtBop, rp rp
MII
1 1 9,34 1,192 | 2,745 | 118,75 10,17 12,69 36,12
2 1,2 10,08 | 1,210 | 2,842 | 88,65 8,82 9,6 52,31
3 1 200 0,06 1,3 12,0 | 1,278 | 2,938 | 36,807 3,69 6,55 80,20
4 1,4 125 [ 1,275 | 2,78 | 34,614 3,92 5,28 81,38
5 1,5 12,9 | 1,278 | 2,96 | 37,849 3,69 5,85 79,64
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bbun mpoBeeHBl OMNBITHI MO aJCOPOLMI0 OCHOBHBIE KOMIIOHEHTOB Ha
AKTUBHPOBAHHBIX YTOJb PACTBOP MOCIIE OCAKIECHUSA MEIH, 1€ B HEM COJICPKAHUE
Au 1,256 wmr/n, u Cu 45230 wmr/n. Pe3ynpTaThl MaHHON CEpHUM OIBITOB,
OpeacTaBlIeHO Ha Tabnune 2.18., NOKa3pIBalOT, 4YTO TMpPU KOHUEHTPALUHU
aKTUBUPOBAHHBIX yroJib 15 KI/T HaChIEHHBIN pacTBOp 30510Ta 98,0 % u menp 22,2

% afcopOupyeTrcs Ha aKTUBUPOBAHHBIX YTOJIb.

Tabmuna 2.18

AI[COp6HI/IH KOMIIOHCHTOB Ha aKTI/IBI/IpOBaHHHﬁ YTOJIb

Ne Bpems YcnoBus onbiTa PactBop PactBop Ancopbuus Ha

OIIBI- Hacrimes. AKTI/IBHpOBaHHHﬁ Iocie IocJje aKTI/IBI/IpOBaHHHﬁ

Ta pacTBop yromn agcopOIuu aacopOIuu yroix, %

(M) (rp) Au, Mr/n Cu, Mr/n Au Cu

1 1 0,159 37,984 87,34 16,02

2 1,5 0,045 35,573 96,42 21,35

3 1 100 15 0,024 35,193 98,06 | 22,19

4 2 0,016 34,980 98,72 22,66

5 2,5 0,017 34,768 98,59 23,13

[IpuBeneHHBIE BBIIIE PE3YJIbTATHI UCCIEAOBAHUM MTOKA3bIBAIOT, YTO METOAOM
aMMMAYHO-IIMAHUCTOTO BBIIETAYMBAHUS MOXKHO 3(DPEKTUBHO U3BJIEYH 30J0TO U3
OKHCJIEHHOU PyAbl MECTOPOXKACHUS Tapop.

ITo pe3yabraTam MPOBEIEHHBIX VCCIIEIOBAHUM olpeneneHa
MPUHIUITAAIbHAS TEXHOJIOTHYECKAasi CXE€Ma aMMHUAYyHO-IIMAaHUCTOrO Ipolecca
M3BJICUCHUSI 30JI0Ta W3 OKHCIEHHOW pyAbl MECTOPOXKIECHUs Tapop, KoTopasd

npe/cTaBlieHa Ha pUcyHke 2.21.
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Hcxonnas pyna

HpobaeHue

—

"y W3zmenbpuenue
80% «-0.074Mm»

CaO, NaCN, (NH4)2SO4

BrmmenaunBanue

1

XBOCTbI Ocaxnaenne mequ CaClO,,CaO
Ocaiok meau ®unbTpar

aKTHBHDOBaHHLIﬁ YroJjb

Hecopbrus 3050Ta,
AJIEKTPOJIH3,IIJIABKA OCAJIKa,
DEreHEeDAIINSL VIS

v

BpeMeHHOC SaXOpOHeHI/Ie ¢%
MEIN Ha XBOCTOXDAHWIINILE
Critas OTperenepupoBaHHBIM
O0opoTtHas BoAa Hope ARV
Pucynox 2.21 — IlpuHnunuanbHas TEXHOJIOTHYECKAas CXeMa BBIMICTaYNBaHUS

OKHCJIEHHBIX 30JI0TO-, MEJTHO-, MBILIBSIKCOJIEPKAIIUX Py MECTOPOXKIAEHU Tapop.

2.13. OcHOBHbBIE TeOpeTHYECKHE ACTIEKTHI TEXHOJIOTHH
THOMOYEBHMHHOIO BbIIIEJIAYMBAHUS
B 40-x romax mpouwioro Beka M.H. IlnakcuHbiM OBUIO MpEAJIOKEHO
TrokapOamuaHoe BhimenaunBanue [184]. OHO JODKHO OCYIIECTBISATHCS B KHCIION
cpeae npu pH 2-4, Tak Kak B ATUX YCJIOBUSX THOKapOaMu] (TUOMOYEBHHA) HE
OKHUCIIAeTCs. B KadyecTBe OKMCIIMTEINSI Yallle BCEro HCIOJB3YETCS CEPHOKUCIBIN
pacTtBOp cosii TpexBasieHTHOro xeine3a Fey(SOy4);. Ha ckopocTh BbllIeIaunBaHusI

OKa3bIBACT BJIMAHUC pH pacTBOpa, KOHOCHTPAIWH TUOMOYCBHUHBI 1 OKHCJIUTCIIA.
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TuomoueBnna — (NH,),CS OTHOCHTCS K OpraHH4eCKHM COEIUHEHUSM,
XOpOIIO PacTBOPsiIETCSI B BOjJie, 00pa3ysl pacTBOp, YCTOMUYUBBIA B KUCIION cpelie.
[Ipn 25°C HachImeHHbIT pPacTBOp COAECPKUT MPUMEPHO 242 T/ THOMOUYEBUHBI
[54]. 3amMeuaTenbHOE CBOMCTBO THOMOYEBHUHBI B TOM, YTO B BOJHOM PacTBOpPE OHA
BCTYNAET B PEAKIIMIO C 30JI0TOM M cepedpom, 00pa3ys YCTONYMBBIE KATHOHOBBIC
KOMILJICKCBI:

Au + 2(NH2)2CS = AU[(NHz)ZCS]z, (24)
Ag + 3(NH>),CS = Ag [(NH,).CS]s, (2.5)
CrannapTHblii moTeHIMaN peakunu (2,24) Ey = -0,38B.

Cotpynaukamu  HprupeaMera  mpoBeAeHO — OOJIBIIOE  KOJUYECTBO
UCCJIEIOBAHUM MO THOKApOAMHUJIHOMY BBIIIEIAYMBAHUIO PA3IMYHBIX 30J0TO- U
cepeOpocoiepKaluX MPOAYKTOB B TPyAaX KOTOPBIX MOAPOOHO MPEICTaBICHBI
TEOPETUYECKUE OCHOBBI M KOHKPETHBIE TEXHOJIOTMYECKUE MPOLECChl ¢
ucrnojs3oBanueM Trokapoamuaa [185-190]. Kpome Toro, B mureparype UMEIOTCS
0030pbl TIO TEXHOJOTMYECKOM XUMHUU U MPAKTUYECKOMY HCIOJIb30BAHUIO
troMo4eBUHBI [191-193].

N3 pacTtBOpoB THOKapOamuaa 30J0TO OCAXKIAIOT IIEMEHTAIMEH CBUHIIOM,
IIUHKOM, aJTFOMHHHEM, COPOITMEH Ha aKTUBUPOBAHHBIX YTJISAX U KATHOHOOOMEHHBIX
CMOJIax, IIeI0YaMH, DJICKTPOIM30M C HEPACTBOPUMBIMU aHOAamu [194].
[IpeumyiiecTBa THOKAPOAMUTHOTO BBINICTAYUBAHUS:

- M0 CPAaBHEHMIO C IIMAHWUJTHON TEXHOJIOTMEW MpH mepepaboTKe YTIUCTHIX
Pyl MOXHO JOCTHYL OOJbIIee W3BJICUCHHE 30J0Ta 0€3 MpeaBapUTEILHOTO
OKHCIICHUSI YTIIEPOJIa;

- MOXET OBITh IEPCTICKTUBHBIM TSI IEpEepabOTKH HU3KOCOPTHBIX OTBAJIOB,;

- TOCTUTAETCA HU3Kask TOKCUYHOCTH OTXOJIOB;

- CKOPOCTh PaCTBOPEHHMS BHICOKASI U BJIMSTHUE TPUMECEH MEHBIIIE;

- MPOCTasl CXeMa PereHepaly pacTBOPUTEIIS.

Bompocskl XUMUYECKOTO W THIPOJIMHAMHYECKOTO PEKHUMOB PaCTBOPCHHUS

30J10Ta B THUOKapOamujae u3ydeHsl B padbore [195]. N3yueHnsl ocHOBHbBIE (DAKTOPHI,
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peryinupyromue THokapOaMHIHOE BbIIIEIAYMBAHUE, TaKWe Kak TeMmIeparypa,
KOHLIEHTpalusi peareHTa, 3HaueHue pH, Hamuuue OKHCIWTENs Ha MpUMEpe
HUINXOBOr'0 30JI0Ta KpynHOCThIO — 0,5 + 0,4 MmMm. BiusiHue pa3inyHbIX CKOpOCTEN
bunbTpalli HAa KUHETHUKY M TOJHOTY W3BICYEHHUS MeETalsla HMCCIEeIOBaHO Ha
TpUMepe CEPHOKHCIBIX PACTBOPOB THOKAPOAMIIA 1 TIECKOB ¢ comepkanueM 1 r/m’
30110Ta. IIOBBINICHHE CKOPOCTH (HIBTPALMM PACTBOPA 1O 3 M/CYT BemeT K
YBEJIMYECHHUIO KOHLUEHTpAMU 30JI0Ta B pacTBopurene. [IpuBeaeHsl pekoMeH1auuu
0 TMPAKTUYECKOMY HCIOJIb30BAaHUIO THOKapOaMuga B YCIOBHUSX KY4HOTO U
IIOJI3EMHOTO BBIIIEIAYMBAHUA 30J10Ta U3 PYA.

B paGote [196] npuBoaATCS TaHHBIE 11O MOITYTPOMBIIUICHHBIM HCIBITAHUAM
THOKapOaMUAHOTO  BbllenaunBaHus. [lpeacTaBieHbl NpeUMyLIECTBA 3TOTO
Ipolecca M0 CPaBHEHUIO C IIMAaHUAHBIM, TaKUE KaK BO3MOKHOCTb IPHMEHEHHSI
THOKapOamuaa JUisl BBILIEIAUYMBAHUS KHUCIBIX MPOIYKTOB 0€3 MpeaBapUTENbHON
HEUTpaJIn3aliy; Majlasi TOKCHYHOCTh, BBICOKAs CKOPOCTH BbIIIENauynuBaHus. B To
K€ BpeMs I[IOKa3aHbl OrpaHUYEHMsS [UIsl HWCIONb30BaHUA THOKapOamuaa: B
BBIIIEJIAYMBAEMbBIX ~ar€HTax JIOJDKHBI OTCYTCTBOBaTh KapOOHaTCOAEp Kallue
ancopOeHThl; THOKapOamua o0JaaeT BTOPUYHONW KaHIIEPOT€HHOCTHIO; OJTOT
IPOLIECC HEJOCTATOYHO M3YYEH; PACTBOPbI OKA3bIBAIOT arpeCCHUBHOE BIIMSHHE Ha
annaparypy. Kpome TOro, mpu Ky4HOM BBIIIECJIAYMBAHUHU BBISICHUIOCH, YTO
HEBO3MOKHO MOJAEpkKaTh HEOOXOAMMBIE YCIOBHS B CJI0€ PY/bL, [0 IPUYMHE YErO
THOKapOamMua He MOXeT ObITh A((PEKTUBHO HCIOJIB30BAaH M HE COCTABISET
KOHKYPEHIMHU HUAHUAY.

Ucnpitannss Ha onbiTHOM  3aBoge [197, 198] mpoBogunu  mo
JBYXCTaauaJbHOM cxeMe, 1O 6 cMmecuTened B  KaXIOM  Kackale.
[IpoIOIKUTENBPHOCTh  BBIIIEJIAYMBAHNAA HAa KaxAoW craauu 9 4dacoB, Ipu
temneparype 40 °C u conepxannu TBepaoro 40 %. 3omoTro U3 pacTBOpa
U3BJICKATIU [IEMEHTAIMeN Ha aFOMUHUEBOM MOPOIIKE MOCIE MepeBoaa TUCYIb(U
dbopmaMuIMHa B THOKapOaMK 1 TTocyie 00padOTKH cepHUCTHIM TazoM. CoaepkaHue

30J10Ta B TBEPAOM IOCJI€ TIEPBOM CTaJMM COCTaBWIO 5,8 T/T, a mocie BTopoit 3,0
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r/T, pu usBiaedeHun 90,2 u 94,9 % coorBercTBeHHO. KoHIleHTpalusa 30510Ta B
pacTBope 1O cTamausM coctaBmwia — 452-2,1 wr/m. Pacxom peareHTOB:
trokapoamuaa (50 % penuxi) — 4,1 Kr/T; cepHOM KUCIOTH — 11 Kr/T; mepekucu
BoJIopoJsia — 1,7 Kr/T; cepHUCTOrO raza 3,2 Kr/T; allloMUHHUEBOro rnopomka — 0,75
Kr/T. B paboTe mpencraBieH pacy€T KamWTadbHBIX 3aTPAT U SKCIUTyaTaIMOHHBIX
pacxoJloB JUIsl 3aBoJia MPOU3BOAUTENBHOCTHIO 200 KI/CyT, HCHOJIB3YIOLIETO
THOKapOaMuaHOE BblenadnBanue. OOIue KanuTaabHbIe 3aTpaThl MpeBbIicAT 2,4
miH. noutapoB CIIIA, a Tekymue pacxoas! 1,5 MIIH. 1071apOB TIPU MPOU3BOICTBE
3685,5 Kr 30510Ta B I'O/I.

HekoTtopsie 10CcTOMHCTBA THOKAPOAMHUTHOTO BBIMIECIAYMBAHUS 3aKTI0YAIOTCS
B TOM, 4TO BBIIIEJIauUBaHKE POUCXOUT B Kucioit cpeae (pH 1,5-2,0), B cBsi3u ¢
YeM CIIOMOINbI0 THOKapOamMuaa MOXXHO H3BIEKAaTh 30J0TO U cepedpo u3
MaTepHaoB, KOTOPBIC SBISIOTCS HECTAOMIBHBIMHM B IIEJIOYHBIX PACTBOpPAX HWITH
MBIIIBSIK- U CYpbMYCOJEpIKaIIUe MUHEpANbl, TaKUe KaK CTUOHUT U TETPAdIPUT;
BBIIICIIAYNBAHNE BO3MOXKHO JIJIS1 KHCIJIBIX MPOAYKTOB, TAKUX KaK KUCIBIC MIIaMBI,
KOTOpPbIE HEOOXOAMMO HEWTpaIu30BaTh Iepe] IMMaHUPOBAHUEM; THOKApOaMUJ
Majo TOKCHYEH, BBIIIEIAYNBAHUE TMPOUCXOTUT OBICTPO, TOCTATOYHO BBICOKHE
MOKAa3aTeNId 10 M3BJICYCHUIO 30JI0Ta MOTYT OBITh JOCTUTHYTHI MEHee 4eMm 3a 4
qaca, 30JI0TO U3 PaCTBOPa MOXKET OBITh U3BJICUCHO PA3TMUYHBIMU CIIOCOOAMHU.

B nactosiee BpeMssi THOMOYEBMHHOE PACTBOPEHUE 30JI0Ta U3 PA3IUYHBIX
PYAHBIX 00BEKTOB UCTOIb3yeTcs B Kutae, Apcrpaimu u @panrun [199-201].

TuokapOamuIHOE BBHIIIEIAYNBAHUE PACCMATPUBACTCS KaK MEPCHEKTUBHBIN
TUAPOMETALTYPTUUECKUN TIPOIIECC HM3BJICUCHHS 30i10Ta. Jljs BejeHus mpoiecca
HEOOXOMMMO NPUMEHSITh S()(PEKTUBHBIA OKHUCIUTENIh, CIIOCOOHBIN TMEPEBOIAUTH
METaJUIMYECKOEe 30JI0TO B MOHHOE COCTOSTHUE U TOJJICP>KUBATh HU3KUE 3HAUCHUS
pH ¢ uenwplo npemoxpaHeHusi OT Pa3JIOKEHUsI 30JI0TOCOACPIKAILETO KOMILIEKCA.
DTO0 mocTUTraeTcsi MyTeM BBEJCHUS B MPOIECC CEPHOM KHUCIOTHI U CyibdaTa
TPEXBaJIEHTHOI'O JKeJie3a.

PacTBOpeHue 30710Ta B THOMOYEBHUHE UJIET 110 PEAKIINU:
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AU® + 2CS(NH,), + Fe** = Au[CS(NH,),]* + Fe**.

[Tponiecc mMpoXoaUT B pacTBOPE KUCIOTHI, YTO BBI3BAHO HEOOXOIUMOCTHIO
COXpaHEHUsI THOKApOAMHTHOTO KOMILIEKCA 30J10Ta, KOTOPBINA yCTOWUYNB mpu pH<4.
Oxwucisiromast ponb Fe®* cessana ¢ obpasoBanmem komruiekca Fe(ThiO,)* mmm
[Fe(SO.) ‘CS(NH,),]* mo peaximn

Au + nThiO + [Fe(ThiO),]*" = [Au(ThiO,)]" + [Fe(ThiO)n]*,

I'eThiO — trmokapoamu CS(NH,),.

Eciu nmpucyTcTByeT KHUCIOpOA, TO THOKApOaMHJl OKHUCISIETCS 10
nucynbdatopopmMaMuiuHa, SBISIOMIETOCS OKUCIUTENEM TIpU  PacTBOPEHUU
3om0Ta. IloBblllIeHWE TeMIlepaTypbl BBI3BIBACT pa3oXKeHUE THUOKapObamuaa ¢
o0Opa30BaHUEM POJIAHK]Ia U CEPOBOIOPOA.

[Ipu BblETaYUBAHUM 30JIOTHIX PYJ, COJAEPXKAIMUX CYIbGUIBI MEIH,
NpEeANOUYTUTEIbHEE MIPUMEHSITh BMECTE [IUaHUTHOTO pacTBOpEHUs
THOKapOaMUJHOE, TaK KaK MPU 3TOM pacTBOpeHHE CylbdumoB meau B 6-8 pas
Hxe. Ho B 3Tom ciyyae pacxon THokapOaMuia BO3pacTaeT 3a CUET 00pa30BaHUs
THOKapOAMUJHOTO KOMILIEKCA MEJIU:

2CU* + 2(n+1)CS(NH,), = 2CU[CS(NH,),] ", + [(CS),N4He]**

Jlns  cHWKeHHWs pacxoja TuokapOamuaa MpeABAPUTEIBLHO OKUCISIOT
Cynb(uIbI Kene3a, CypbMbl, MEJIU B KHCIION CpeJie THAPOKCUIOM xene3a. U3
THOKapOaAMUIHBIX PACTBOPOB 30JI0TO OCAXKIAIOT IIEMEHTAIUEH CBUHIIOM, ITUHKOM,
ATFOMMHHEM, COPOIIMEH Ha aKTUBHBIX yIyIsaX U T.1. [202].

TuomoueBUHHOE PACTBOPEHHE BO3MOXKHO TMpHU TMepepaboTKe TIUHUCTHIX
VIJIEPOACOACPKAIUX PyAd MOpH TMOJ3EMHOM U KYYHOM  BBIIICIAUUBAHUU.
BrinonHeHHbIE UCCIIEIOBAHKS HA MHOTUX THUIIaX MUHEPAIbHBIX MPOIYKTOB U Py B
P® wu 3a pybexoM TmokKazaay, 4YTO THOKApOAMUIHOE BBINICTAYHMBAHUE
KOHKYPEHTHOCIIOCOOHO €  TIpoIleccaMH  XJIOPUHAIIMW, IIMAaHUPOBAHUS  TIO
CJIEIYIONTUM TTapaMeTpaM: MEHBIIIE TOKCUIHOCTh, OOJIBITIAasi CKOPOCTh PACTBOPECHHUS
30J10Ta, MEHBIIIE YYBCTBUTEJIHHOCTh K MIPUMECHBIM KOMITOHEHTaM, PUMEHUMOCTh

MIPOIIECCa K HU3KOKAYECTBEHHOMY MPUPOJHOMY U TEXHOTEHHOMY CBIPBIO.
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Pyna npensapurtensHo Obuta m3MenbueHa 10 80 % kiacca «- 0,074 mwm».
ONBITEl MO BBINIEIAYUBAHUIO MPOBOJUINCH B CTEKJIIHHBIX CTaKaHaX €MKOCTBIO
1000 mu, MelanKyd MNPUMEHSUIUCHh CTEKJISIHHBIE C ABYMS JIOMACTAMH (PUCYHOK
2.22.). Hapecku pyasl mis uccienoBanuit — 100 r. OrtHomenune T:0K — 1:2.
Hagecka pyabl 3arpyxajiach B CKJISIHKY, KyJla IPHJIMBAJICS PacTBOP THOMOYEBUHBI
U CEpHasi KUCJOTa, A00ABISIICS OKUCIUTENb U TIPOU3BOIUIOCH MEPEMEIIMBAHKE B
TEUEHHUE ONpeAeIEHHOTO MpoMexyTKa BpeMeHu. Yepes 2,4,8 yacoB mocie Havaia
OMbITA MENIAJKYy OCTaHABIMBAIM, M MPOU3BOJIUICA OTOOp QJIMKBOTHI JIs
onpenesieHus: pH v KOHUEHTpalKUK 30JI0TA.

B pactBopax 30510T0, cepedpo U MBIIIBIAK OMPEACISIIUCH METOJIOM aTOMHO-
a0bCOpPOIIMOHHON CIIEKTPOCKOTINH.

Ha »T0if ycTaHOBKE TakKe HCCIEIOBAHO TUOCYJb(ATHOE BbHIIIEIAUYNBAHNE
MBIITBAKCOACPIKAIIUX 30JI0THIX Py U KOHIIEHTPATOB. ONBITHI MO BHIIIEIaYMBAHUIO
MPOBOAWINCH B CTEKJISIHHBIX cTakaHax eMKocThio 1000 mu. HaBecku pyawl st
uccnenoBanuii — 100 r. OtHomenue T:2K — 1:5. Temneparypa peryaupoBainach ¢

noMoIiplo perynaropa (1) a ckopocTh nepeMemmBaHus MyJblbl — PETYISITOPOM

(2).
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Pucynox 2.22 — JlabopaTopHas yCTaHOBKa II0 H3YYEHHIO IIpolecca
TUOMOYEBUHHOIO M THOCYJIb()AaTHOTO BBIIETAYUBAHUS 30JI0TA U3 Pyl U
KOHLIEHTPATOB.

1. PerynupoBka HarpeBa. 2. PerynupoBka MeImaiku.

2.14, XuMn4yecKkuii 1 MUHepaJoru4eckuii coctaB pyabl HopuHCcKoOro
MECTOPOKICHHUSA

Mectopoxkaenne Yope mpencTaBiIeHO MaloCydb(UIHBIMA  30JI0TO-
MBIIIbSIKOBBIMU ~ pyJlaMH, TPUYEM MPEUMYIIECTBEHHOE PpPAa3BUTHE HMMEIOT
nepBUYHbIe (HEOKUCIeHHbIE) pyasl (95 %). B npu MNOBEpXHOCTHOM YacTH
MecTtopoxkaeHus: Ha Tiyoune 0,1 — 15 M pa3BUTHI OKUCIIEHHBIE PYAbl, KOJUYECTBO
KOTOPBIX cocTaBiseT okoyio 1 %. Okono 4 % oT Bcex 3armacoB COCTAaBJISIOT PY/bI
IOJIyOKHCJIEHHBIE, pacIoaramllirecss Ha TpaHULE IMOCTENEHHOIO Iepexoja OT
OKHCJICHHBIX K IIEPBUYHBIM.

OCHOBHBIMM  MUHEpAJIAMH  [EPBUYHBIX PYI  SBISIFOTCA NUPUT H
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apceHonupuT. HepyaHas yacTe IpencraBieHa KBapLEM, MOJEBBIMU IINATaMHU U
kapoonatamu. Coxepkanue 3omota B pyae - 2,8 — 82 r/r. Bce 30moto
TOHKOAMCIIEPCHOE U NbUIEBUIHOE (pa3mep 30510TUH 3-12 MkMm), Ha 50-65 % 30510TO
CBSI3aHO C Cylb(puaaMu (IMPUTOM U apCEHONMUPUTOM). B okucieHHol pyae 3071010
Ha 80 % KOHILIEHTpUpYyeTCd B CPOCTKaxX. PalmoHaIbHBIA aHAIU3 pyAbl Ha 30JI0TO
npuBeeH Hike B Tadmuie 2.19. [203].

Pynel  mecTOpoXIeHHMsT UMEIOT  CJIOKHBIM ~ MHUHEPAJIbHBIM  COCTaB,
0OyCIIOBJICHHBIN MPOSIBICHUEM B MPOCTPAHCTBE Pa3HOBPEMEHHBIX MHUHEPAIbHBIX
napareHeTUYECKUX accolMaluii B MPOLECCe JIUTENbHOIO MHOTOCTaJAUWHOTO
nporiecca pyaooOpazoBaHus. Pyma mpeacTaBiser coOOW METacoOMaTHUYECKU
U3MEHEHHBbIE MECYaHWKH W aJEeBPOJIUTHI C BEChbMa TOHKOH BKPAIIEHHOCTBHIO
PYJIHBIX MUHEPAJIOB.

Tabmuua 2.19

PanmonanbHbIi aHaNU3 pybl HA 30J10TO, %o

XapakTep HaXOXKICHUS 30J10TaB [lepBuunbie | OKHCICHHBIC
pyne pyAbI pyAbI
1.3010T0 CBOOOIHOE, C YUCTOM MO- 1,6-6,9 5,8

BEPXHOCTBIO (aMaIbIaMUPyEeMOe)

2.30710TO B cpoCTKaxX (IIMAHUPYEMOEC) 17,0-37,6 79,3
3.30710T0, aCCOIMMPOBAHHOE C OKHCIIAMU H/0-10,0 7,6
JKejaeza, MapraHiia, IOKpBITOE  IICHKaMU

KapOOHATOB

4.30710TO, aCCOLIMUPOBAHHOE C CYJIb(PUIaMHU. 49,1-65,0 4,1
5.30710T0, aCCOMMPOBAHHOE C OPTaHUYECKUMU H/0 3,0
WJIN YTIACKUCITBIMU COCTMHCHUSMH

(BCKpBIBaEMOE TI0CIIE 00XKHUTA)

6.30710TO, TOHKOBKPAIJIEHHOE B KBaple 4,4-6,3 0,2

Hroro: 100,0 100,0

OCHOBHBIMH PYJHBIMH MUHEPAJIAMH SIBJISIFOTCS IUPUT U apceHONUPUT. Pexe
BCTPEYAIOTCS XaJbKOMUPUT, AHTUMOHUT, cdajepur, rajeHuTr, Oiexias pyna,

CaMOPOJTHOE 30JI0TO U cepebpo.
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[Tuput mpeAcTaBiieH TOHKO- M MEJIKO3EPHUCTON TyCTOH BKPAIlJICHHOCTBIO
OTIENbHBIX HMIUOMOPPHBIX KPUCTAJIOB, arperaTamM, THE3JJaMHd B 30HaX
METaCOMaTUYECKH MpPeoOpa30BaHHBIX AJEBPOJIUTOB, AJNEBPOJIUTO - TMECYAHUKOB,
KBapII-TIOJICBOIITIATOBBIX U TIOJUMHUKTOBBIX IMMECYAHWKOB, & TAaK)KE€ TPaHOIUOPHUT
nopupax. Kpucramisl nuputa - CBETIO-XKEITOTO LBETA, HEPEAKO H3APOOICHBI,
U3BEACHBI THAPOOKHCIAMU kene3a. Pasmeps kpuctamos nuputa - 0,003-0,3 M.
B nmupuToBBIX arperatax OTMEUalOTCs BKIIOUCHHS XaJIbKOMUPHUTA, OJIEKION PYIb,
camopoanoro 3oJ0Ta (0,003-0,012 MM) 1 HEpYAHBIX MUHEPAJIOB.

CaMopoaHOe 30J10TO BCTPEYAETCS PEAKO, B OCHOBHOM B MMUPUTE U MHOT/A B
apceHomupuTe. 30J0TO OYEHb MEJKOe, HAONI0AAaTh €r0 MOXHO TOJBKO MpH
CHJIBHOM yBEJIMYEHUH. BhisieneHnst 30510Ta UMEIOT yIJIMHEHHYIO OpMY pa3MepoM
0,003-0,012 MM, pexxe 00pa3yroT BOJIOCOBUIHBIEC MPOXKUIIKH, BCTPEUYAIOTCS TAK)KE B
BUJIE 3€peH (pa3Mep He MNpeBbIIAET 6 MKM) OKPYIJIOW, KOMKOBATOM, pexe
HenpaBUIbHOU Qopmbl. OCHOBHAS K€ Macca 30JI0Ta 3TO KOJUIOMAHO-JUCIIEPCHBIE
BKJIFOUEHUS, CHHTEHETHUHBIE C TUPUTOM B aPCEHOITUPHUTOM.

XanpKomupuT 00pa3yeT HeNmpaBWIbLHOW (DOPMBI BBIACIECHUS B HEPYIHBIX
MUHEpajiaX, BCTPEYaeTCsl B CPOCTKAX ¢ OJEKIION pyAoid, chaiepuToM U MTUPUTOM.

Cdanepur wnHabmogaeTcss B EAMHUYHBIX BBIACICHUSAX B  HEPYIHBIX
MUHEpadaX WIM B CPOCTKaX C OJICKIOW pYIOM, MUPUTOM U XaJIbKOIHPUTOM.
Pasmepsl 3epen chanepura konednrores ot 0,01 1o 0,3 mwm.

['amenuT BcTpedaeTcss B BHIE KCEHOMOP(HBIX CBOOOIHBIX arperaros,
WHOTJIa COCPEJOTOYCHHBIX B HM3BUJIUCTHIX YTOHYCHHBIX MPOXKHIIKAX, a TAKXKE B
CpacTaHHUHU C OJIEKION PyI0i.

bneknas pyaa oOpasyeT oTAelbHbIE BBIICICHUS B HEPYJIHOU Macce, popma
UX HEMpaBWIbHAS, KCEHOMOP(HAS; HAOIIOMAIOTCS TAK)KE CPOCTKU OJIEKIION Py €
rajJleHuToOM, c(amepurom, XaabKOMUPUTOM U TupuToM. MHorma Oneknas pyna
BBHITIOJIHSET TOHKHE TPOXWIKK B MUPUTE M apceHomupute. Pasmepsl BhIeIEeHUI
osexmoit pyast 0,006-0,1 mm.

Hepyanbsie MuHepanbl NpeacTaBlIeHbl KBapiieM, KapOOHATOM, KaJIUEBBIM
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mIIaToM, aJII)6I/ITOM, CCPHULIUTOM, AHTPAKCOJIINTOM, XJIOPUTOM, aKCUHHUTOM H JIp.

XUMUYECKUH cocTaB pya npuBeaeH B Tadmnuie 2.20.

XHUMUYECKHI cocTaB pya MectopoxaeHus Yope, %

Tabmuua 2.20

KommoneHTb1 [lepBuuHBIE pyaBI OKucieHHbIe Py/IbI
SiO2 56 — 64,6 62,44
Al,O3 12,6 — 16,62 14,90
Na,O 2,34-40 2,38
KO 2,36 5,78 6,65
Fe,03 1,83-6,8 5,48
FeO 2,46 0,46
TiO, 0,57 -0,69 0,75
MnO 0,06 —1,08 0,075
CO, 1,4-4,27 0,05
Ca0 1,07 -2,81 0,85
MgO 1,55-3,28 0,880
P,Os 0,2 0,075
S o0m. 1,06 - 1,08 0,33
BaSO, 0,13 H/o
Bi 0,0003 - 0,003 0,0008
WOs; 0,02 -
As 0,63 0,44
Se 0,0001 - 0,0009 0,0002
Te 0,0001 0,0002
Cu 0,008 0,03
Pb 0,07 0,0018
Zn 0,01 -
Sb 0,006 — 0,04 0,0045
VYraepon opranndeckuit — 0,05
Au 2,88 1/T-8,2 /T 5,07r/T
Ag 1,4r/t—7,0r/T 2,14r/t
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Pyner MECTOPOKICHU OTJINYAKOTCS BECbMa TOHKO3EPHUCTOM
BKPAIUJICHHOCTBIO CYJb(PHUIOB, UX TECHBIM B3aMMOIPOPACTaHUEM MEXAY COOOH U
HEPYAHBIMH MHHEpajiaMH, YTO IpPHU  TEXHOJOTMYECKON mepepadoTke TpedyeT
JIOBOJIBHO TOHKOTO U3MEIbYCHUS.

I1o cBOMM MEXaHMYECKUM CBOMCTBAM PyJla IPOYHAs U HE CKJIOHHAs K

nepeusmenpueHuio. Koaddumument kpenoctu pynel no [Iporoassikonory 14 — 17.

2.15. U3y4yeHue ycJja0BHii 4 pa3padoTKa TEXHOJIOTHM THOMOYEBHUHHOTO

BbILIEJIAYMBAHNS 30J10TA U cepedpa U3 pyabl MecTopo:kaeHust Yope

[IpoBeneHbl Hcciea0BaHus IO THOMOYEBUHHOMY BBIIIEIaYMBAHUIO METTAJIOB
u3 pyasl mectopoxaeHus Yope. Omnbitel npoBoawiv B 0,5 %-HOM pacTBOpe
THUOMOYEBHHBI B TpucyrcTBUH 1,8 % cepnoit kucmotel u 0,33 % mnepekucu
BoJiopoAa. [[poaoIKUTENRHOCTh OMBITOB COCTABIISIA 6 Y.

[lepBbie ONBITHI, MPOBEJCHHBIE O€3 MPEIBAPUTEITHLHON KUCIOTHON 00pabOTKH
pYJbl 1alli HEYJIOBJIETBOPUTEIbHBIE PE3YyJIbTAThl; 30JI0TO, CEPEOPO U MBIIIBIK B
pacTBOp B JIaHHBIX YCIIOBHUSIX TIEPEXOJUIM B HE3HAUUTEIBbHBIX KOJUYECTBAX
(rabmuma  2.21). B kadecTBe OKHUCIMTENS TIPU BBIIIEIAYMBAHUU  PYIIbI
THOMOYEBUHON HM3yyanach NEPEKUCh BOAOPOIA.

C nenpio yay4lieHUs MpoIecca THOMOYEBHHHOTO BBIIIEIAYUBAHUS TPOObI
PYZBI TTOBEPranuch 00xury mpu Temieparype 200 — 600 °C B teuenue 2 u.

OOxur pyabl NPOBOAWIM B My(eNbHOW MeuH, MOCie pa3orpeBa Me4H 10
YCTaHOBJICHHOW TeMIepaTypsl B He€ 3arpyskainu ¢haphopoBbIil TUTETh C HABECKON
pPYIbl, BBIICPKUBAIM THUTEJIb C HABECKOW PyAbl B IMEYM B TEUEHHE 3aJaHHOTO
BpEMEHH, MEPUOUYECKU TEepeMeNtuBas pyay. B mporecce o0xura mpoucxoauT
OKHUCJICHHE YIOPHBIX 30JI0TO - CYIb(UIHBIX Py, MPU 3TOM MHUHEPAJBI MUPUT H
apPCEHOMUPUT OKHCIISIIOTCS, YTO MPUBOJUT K BCKPBITHIO COACPIKAIIETOCS B HUX
30J10TA.

Kak BugHO U3 Tabmuiipl, pu temmneparype ooxura 600 °Cec MOCIIETYIOIINM

BBIIIEIAYMBAHUEM THOMOYEBHUHOM B pacTBop nepexoaut Au — 89 %; Ag — 98,09 %
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u As — 80,18 %. Ilocnenyromas KucioTHass oOpaOOTKa B TEeUeHHE 2 Y JaeT
BO3MOXKHOCTh TIOBBICHTH 3TH TOKazaTenu. [Ipy 3TOM wW3BIECYCHUE METAIOB
cocraBisger: AU — 91,21 %; Ag — 96,94 % u As — 81,09 %.

OO6pa3yromascss TPEXOKUCh MBIIIbsKa 00JagaeT BHICOKOH JieTyuecThio. [1pu
Temmeparype 465 °C ympyrocts mapa As,O; paBHa 1 am. I109TOMy MbIIIBSIK,
OKHCIIEHHBIH 110 Asp;O3, mepexoautr B razoByr (a3zy. OgHaKo Tpu HU3OBITKE
KHCJIOPOJa TPEXOKHUCH MBIIIbSIKA MOXKET OKUCIUTBCA 10 MATHOKUCH: As;O3 + O, =
AS,0:s.

Tabmuma 2.21
W3Bnedenne MeTaIOB P THOMOYEBHHHOM BHITIICITAYNBAHAH

N3 PYAbI MCCTOPOKIACHUA ‘-Iope

Ne | Konnentpamus | pH | [IpeaBapurensHas | CTeneHb U3BICUYCHUS,
ombita | Hy0»(30%) ,% o0OpaboTka %

Au Ag As
1 0,7 4,3 0e3 00paboTKu 30,60 | 41,17 | 4,76
2 0,7 3,2 H,S0,1,2 % 42,27 | 51,41 | 4,85
3 0,7 4,2 oGskur 200 °C 31,52 | 42,08 | 4,79
4 0,7 2,9 o0skur 400 °C 35,93 | 4550 | 3,5
5 0,7 2,5 o0skur 600 °C 89,0 | 98,09 | 80,18
6 0,7 1,5 oOxxur 600 °C + | 91,21 | 96,94 | 81,09

KHC.00paboTKa

beln moBemeH NMKIT WCCICIOBAHWUN JJI YCTAHOBJICHHS OINTHUMAJIBHBIX
YCJIOBUI BBINIEIAYUBAHUS PY/IbI, 4 HUMEHHO, KOHIICHTPAIIUU THOMOYEBHUHBI, CEPHON
KHCIIOTBI, JUTUTCIBHOCTH TMpOIecca, PadKMKCHHsI MyJbIbl. [Ipudem, B ombITax
HCIIONB30BaIach 000xsKerHHas mpu 600 °C pyna.

W3yyenue 3aBUCUMOCTH  CTCTICHM W3BJICUCHHUS  KOMIIOHEHTOB  IIPHU
THOMOYCBUHHOM  BBIIIEIAYMBAHUKM  OT  TNPOJOJDKUTEIBHOCTH  TIpollecca

HCCJIEIOBAIM TIPU KOHIIEHTpauu TuoMoueBuHbl 0,5 %, cepHoit kuciaotsl 1,8 % u
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nepekucu Bopopoaa 0,33 %. Kak nokaszanu pe3yiapTaTbl, B TEUEHHE 2 4 B pacTBOP
nepexoauT: Au — 68,77 %; Ag — 76,17% u As — 61,77 % (pucynok 2.23). Ilpu
YBEIMYCHUHN BPEMEHH THOKApOAMHUIHOTO BBIMIECTAYMBAHUSA OT 2 J0 6 U CTENEHBb
U3BJICUCHUS BCEX KOMIIOHEHTOB YBEIUYHMBAETCS U JOCTHUTaeT MaKCHUMaJIbHOTO
sHaueHus (B %): Au — 89,19; Ag — 96,63 u As — 78,83. JlanpHeiiliee yBenueHe
JUTUTEIIbHOCTH TpoIlecca HE MOBBIIIAET CTENEHb BhINIETauMBaHUs 30JI0Ta, cepedpa

W MbIIIBbAKA.
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Pucynok 2.23 — 3aBUCHMOCTb CTENEHU THOKApOAMUHOTO BBbILLEIAYUBAHUS
30J10Ta, cepedpa U MbIIIbsIKA B PAaCTBOP OT MPOIOJIKUTEILHOCTH MTpoLiecca.
KonnenTpaiuss THOMOUEBHHBI B pacTBOpe M3MeHsIach B npeaenax 0,25 — 2
% TIpu MOCTOSIHHOW KOHLEHTPALMKU cepHOM KUciIoThl 1,8 % u nepekucu Bogopoaa
0,33 %. IIpogoKUTENBbHOCTh ONBITOB cocTaBisyia 6 4. Kak mnokasbiBaroT
pe3yJIbTaThl ONBITOB, MPEACTABICHHBIE HA PUCYHOK 2.24, CKOPOCTb PAaCTBOPEHUS
30J10Ta, cepedpa 1 MbIIIbsIKAa HAXOAUTCA B MPSMON 3aBUCUMOCTH OT KOHUEHTPALlUU
THOMOYEBUHBI. KoJIMYecTBO mepexoisiiero B pacTBOp 30J0Ta, cepedpa u
MBIIIbsIKa MOBbITIaeTcst ot Au — 77,16 %; Ag — 79,31 % uAs — 71,64 % npu
KoHI1eHTpauu 0,25 %, a npu NOBBIIIEHUH KOHIIEHTPAIIMU THOMOYEBHUHBI 110 2 %
CTENEHb W3BJICYEHUSI OCHOBHBIX KOMIIOHEHTOB YBEJIUYMBAETCS U JOCTUTAET

MakcuMalibHOro 3Hauenms (B %): Au — 88,81; Ag — 94,15 u As — 76,36.
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I[EU]BHCﬁIIICC YBCIIMYCHUC KOHLOCHTpAllMKM THOMOUYCBHHBLI HC BJIMACT Ha CTCIICHDL

HU3BJICYCHUA MCTAJIIIOB.
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Pucynox 2.24 — 3aBHCHUMOCTb CTENEHH THOKApOAMMIHOTO BhIIIEIAYNBAHUS
30J10Ta, cepedpa v MbIIIbsKa B pacTBOpoT KoHneHTpamuu CS(NH,),.
M3yyanochk BAMSHUE KHUCIOW Cpelbl HA CKOPOCTh PACTBOPEHMS 30J0Ta MU
cepeOpa B THOMOYeBHHE. CepHasi KHCIIOTa BBOJIUIIACh B pacTBop B Konuuectse 0,9
2,8 %. Omnbitel mpoBogunuck B 0,5 %-HOM pacTBOpe THOMOYEBHHBI B
npucyrtctBun 0,33 % nepekuncu BoAOpoAa NpH NEPEMENTUBAHUY B TEUEHUE 6 U.
Kak cnenyeTr u3 KpHUBBIX pacTBOpPEHHUs (PUCYHOK 2.25), 10 Mepe MOBBIIICHUS
KOHIICHTpAIUU cepHOM KUCIO0ThI 10 1,8 % CKOpOCTh pacTBOpEHUs 30J10Ta, cepedpa
Y MBIIIbSIKA BO3PACTACT U MPU YKa3aHHOM KOHIICHTPAIIUU KUCIIOTHI COCTaBIsieT: AU
— 88,62 %; Ag — 95,60 % uAs — 77,41 %, npu stom pH = 2,0. [lanpHeiiniee
MOBBIIIIEHNE KOHIIEHTPAIMU KUCJIOThl HE YIy4lllaeT MoKa3aTeau BhIIICTaurBaHUS.
Taxkum oOpa3oM, BbIIIIEIaUYMBaHe cienyeT Bectu npu 1,8 %-HOW KOHIICHTpanuu

CEPHOM KUCJIOTHI B PaCTBOPE.
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Pucynok 2.25 — 3aBUCHMOCTb CTENEHHM THOKapOaMUJIHOTO BbIIIETAYMBAHUS
30J10Ta, cepedpa 1 MbIIIbsiKa B pacTBOp OT KoHIeHTpauu H,SO, %.

BiusitHue coOTHOIIEHUS TBEPJOTO K KUAKOMY Ha MPOIIECC THOKapOAMUTHOTO
BBIIIEIAYMBaHUS (PUCYHOK 2.26) HCCIIEAOBAIM MPU KOHIIEHTPAUA TUOMOYEBUHBI
0,5 %, cepnoii xucmotel 1,8 % wu mnepekucu Boaopoma 0,33 % wu
MPOAOJLKUTENBLHOCTH TIponiecca 6 4. [Ipu nogaepxkanun cootnomenus T:2K= 1:1,5
CTEIICHb BHINEIaYMBaHus cocTaBmia: 3ojota 78,20 %, cepedpa 83,32 % wm
MbllIbsika 68,42 %, a mpu cootHomennu T:7K = 1:2 cTenens U3BICUECHUS TOCTUTIIA
Au — 87,49 %; Ag — 92,08 % u As — 77,82 %. Ilpu manpHeWIeM yBEIWMYECHUN
paz:kmKeHus mynbnbl 10 cooTHomeHuss T:0K=1:3 crenenb u3BIeYEeHHUS 30JI0Ta,
cepedpa U MBIIIbSIKA MPAKTUIECKU HE MEHSETCS.

HccnenoBanre KOHIIEHTpAIMU TEPEKUCH BOAOpPOAA MPOBOAWIOCH NIPHU
KOHIICHTpAIlMM THUOMOYEBHMHBI B ombiTax 0,5 %, cepnoit kuciorel 1,8 %,
cootHomennu T:K -1:2, pH cpensl, paBHbIM 2,0 1 IPOJOIKUTEIIBHOCTH OIBITOB

6 d.
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30J10Ta, cepedpa U MbIIbIKa B pacTBOPOT cooTHomeHus T:2K.

Pe3ynbpTatel maHHON cepuu OMBITOB, Tpaduuecku TMpencTaBICHHBIE Ha
pucyHke 2.27, MOKa3bIBalOT, YTO B NPUCYTCTBUM IMEPEKUCU BOAOPOJA MpHU €€
koHneHTparuu 0,16 % crenens u3Bnedenus cocrasmia: Au — 69,38 %; Ag — 75,40
% u As — 64,28 %. Ilpu moBeIlmeHNH KOHIEHTpanuu okuciutens jno 0,33 %
CTETICHb W3BJICYCHHs 30J10Ta, cepebpa W MBIIIbIKA B pacTBOp AocTuria: Au —

89,57 %; Ag—91,74 % u As — 74,27 %.
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Pucynok 2.27 — 3aBUCHUMOCTh CTENEHH THOKAapOAMUIHOTO BhINIEIAUYNBAHUS

30J10Ta, cepedpa 1 MBIIIbsIKA B paCTBOP OT KOHUEHTpaluu, okucautenas H,O,, %.
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Takum 00pa3oM, Ha OCHOBAHUHU IPOBEJCHHBIX HCCIEIOBAHUM HaNEHBI
CIEAYIONIME ONTUMAJIbHBIE YCIOBHUS THOKApOAMUJIHOTO BBIIIEIAYMBAHUS PY/bI
MecTopoxkaeHus: Hope: KoHUeHTpanusi TuoMoueBuHbI — 0,5 %, CepHOU KUCIOTHI —
1,8 %, nepexucu Bomopona — 0,33 %, coornomenue T: 0K = 1:2, npoaomxuresnsb-

HOCTDB BbIIICIAYNBAaHHUA 6 4.

2.16. UccaienoBanue nmpoiecca THOMOYEBUHHOTO BbIIEJIaYMBAHUS
30JI10TO-, MEJTHO-, MBIIIbAKCOAEPKAIIMX OKHCJIEHHBIX U CYJIb(QUIHBIX
pya mecropo:kaenus: Tapop

AHanu3upysl pe3ynbTaThl TEOPETHYECKUX M MPAKTHUYECKUX HCCIETOBaHUN
BBHINIC/IAYMBAHNS, HAMpPAIIUBACTCS BBIBOJ, O BO3MOXKHOCTH 3(PHEKTHBHOTO
HCIIOJIb30BAaHUSI THOKApOAMUTHOTO BBIIIEIAUYUBAHUS OJIaropoHBIX METAIIOB U3
pyAbl MECTOpOXKACHUS Tapop.

HcxonHbpIM  MaTepualioM JJiS TMPOBEJACHUS HKCIEPUMEHTOB  CITYKHUJIH
OKHCIIEHHBIE M CyIb(UIHBIE pyAbl MecTopoxkaeHuss Tapop. B kadectse
OKHCIIUTENS B HUKETIPUBEICHHBIX OIBITaX HCIOIb30BATIOCH CEPHOKHUCIIOE JKETE30.

PesynbraThl TIEpBOI CepHM OMBITOB THOMOUYEBHUHHOTO BBIIICIIAYNBAHMS
OJIarOPOHBIX METAIIJIOB TIPEICTABIICHBI B TaOIHUIIE 2.22,

Kak BugHO W3 Tabmuipl, HEOOXOoauMas MPOJOJDKUTEIHLHOCTh Ipoliecca
pacTBOpeHUsI OJArOpOJIHBIX METAJUIOB COCTaBisieT 24 4, MpUYEM MPOBEICHUE
mporiecca  mocite oOxwmra mpu 600 °C  obecreunBaeT GOJNBIIVIO CTCIICHD
W3BJICUCHUS] OCHOBHBIX KOMITOHEHTOB. Kak BhbIllie OBIJIO OTMEYEHO, TTOC)Ie 00KHUTra
30J10TO U cepeOpo BHICBOOOXKIAIOTCS U3 BMEIIAIOMINX CYJIb(PUAHBIX MUHEPAIOB —
MUPUTA U APCEHOTTHPUTA.

VYBenuueHue mpoI0JDKATETLHOCTH TIPOIIecca BhIEIaunBaHus 10 24 4. 1aet
HE3HAYUTEIbHBIA MOJOXKUTEIBHBIA (P (EKT, TOBBIIIAs U3BJICUCHUE 30JI0Ta BCErO
Ha 1,1 - 1,4 %. MakcuMalibHasl CTETEHb U3BJICYCHUS JIOCTUTACTCS MIPU HAYaIbHOM
3HaueHun pH pactBopa, paBHoM 1, mpu 3TOM 3a 24 4. W3BIEYEHHUE 30JI0Ta

coctaBuio 83,7 %.
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Ta0muma 2.22
W3Bnedenne MeTamIoB MPYU THOMOYEBHHHOM BHITIICIAYNBAHUH

pyZIbl MECTOPOXKACHUA Tapop

No | 1,4 | pH 3arpy3Ka peareHTos, Konuenrpanus B CreneHb

3 pacTtBope, mr/om® u3BjIeUYCHUS, %o
n/ /oM
I

CS(NH,), | Fex(SOy4); | HySO, Au Ag Cu Au Ag Cu

Cynsduanasie pyabl
1 8 5,0 7,5 10 92 0,780 | 1,832 | 3425 | 215|172 | 54
2 8 1,2 7,5 10 184 | 1,547 | 3,840 | 480,1 | 42,7 | 36,1 | 7,7
3 24 | 12 7,5 10 184 | 1,608 | 3,734 | 530,0 | 44,4 | 351 | 85

OKuCHEHHBIE PYIbI

1 8 4,7 7,5 10 91 0,624 | 3,475 | 242,2 | 196 | 154 | 52
2 8 1,2 7,5 10 184 | 1,285 | 6,433 | 2920 | 40,3 | 285 | 6,3
3 24 1,2 7,5 10 184 | 1,401 | 6,855 | 347,8 | 440 | 303 | 75

Cynbbunssie pymnst mocie ooxura mpu 600 °C

1 8 4,7 7,5 10 184 | 3,718 | 11,52 | 1032,8 | 80,3 | 70,4 | 12,0

2 24 1,1 7,5 10 184 | 3,770 | 12,10 | 12694 | 81,4 | 739 | 14,8

OKHCIeHHbBIE Py bl Tocie obokura mpu 600 °C

1 8 1,0 7,5 10 136,5 | 3,522 | 18,26 | 848,6 | 82,3 | 68,3 | 12,5

2 24 1,0 7,5 10 136,5 | 3,584 | 18,90 | 976,5 | 83,7 | 70,7 | 14,4

[Tpumeuanue: OOue ycnoBusi: - HaBecka pyasl 100 r, coornomenue X:T = 2:1, Temnepatypa
nposeneHus npouecca 20 o,

Pesynbrarel ananm3a ucxoaHou pyasl: (cynsdumasie) Au = 7,25 r/t, Ag = 17,96 v/t, Cu = 1,17
%, (mocne o6xura 600 OC), Au = 9,26 /T, Ag = 32,73 /1, Cu = 1,72 %, (oxucieHnbie) AU =
6,37 v/t, Ag = 45,19 /1, Cu = 0,93 %, (mmocne ooxura 600 OC), Au = 8,56 /T, Ag = 53,49 1/t
Cu =1,36 %,
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2.17. Xumunuyeckuii coctaB (p1OTAIMOHHOTO KOHLIEHTPATA Py
Tapopckoro Mecropo:xieHust

Kak moxa3piBaloT aHanu3bl, Tapopckuil (IOTAlMOHHBIA KOHIEHTpPAT
ABJISETCS  CYAb(UIHBIM  30J0TO-, MEIHO-, MBbIIIBIKOBBIM MPOAYKTOM C
conaepkanremM meau 1o 1,1 %.

XUMUYECKMM H MpOoOUpHBIM aHanmu3bl Tapopckoro ¢haoTarmoOHHOTO
KOHIIEHTpaTa TNpuBeaeHbl B Tabnumne 2.23. B Ttabmuune 2.24 mnokazaHo
pacnpeeseHue 30J10Ta U APYTUX KOMIIOHEHTOB MO KJIACCaM CUTOBOT'O aHAIU3a.

[Tomy4yeHHBIE PE3YNbTATHI CBUIAETEIBCTBYIOT O TOM, YTO 30JI0OTO MEJIKOE U

acCOIMUPYETCS ¢ CyIbhUIaMHu.

Tabmuma 2.23
XUMHUYECKUI ¥ MPOOUPHBII aHAJIN3bl KOHLIEHTpAaTa
KomnoneHTsI Conepxanue, B % | KoMIoHEHTBI Conepxanue, B %

Cu 3,55 TiO, 0,19

Fe 20,99 MnO 0,08

As 7,22 P,05 0,14

S 17,11 CO; 16,28

CaO 12,14 enounbie 0,74

METaJlIbl

MgO 5,57 3011010, I/T 20,2

Sio, 6,10 Cepeopo, 1/1 78,6
Al,O; 1,87

XapakTep BKpAIUICHHOCTH 30J10Ta B MHUHEPAIbHBIE KOMITOHEHTHI
KOHIIEHTpaTa MOKa3bIBaeT (pa30BbIN aHATU3, PE3YyIbTaThl KOTOPOTO MPUBEICHBI

Ha pHucyHKe 2.28.



Pacnpe):[eneHI/Ie MCTAJIJIOB 110 KJIaCCaM KOHIICHTpATa
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Ta0muna 2.24

Kiacce Brixon, CopeprkaHue B UICXOJHOM Pacnpenenenue metaiinos, %
KPYITHOCTH, r/T %
MM % Au Ag Cu As Au Ag Cu As
+0,20 416 41,06 | 98,48 |13,06 0,21 2,90 3,06 3,15 2,82
-0,20+ 0,10 | 12,67 | 43,17 | 113,60 | 12,26 0,21 9,28 10,74 9,00 8,65
-0,10+0,071 | 15,34 | 32,71 | 119,34 | 16,44 0,27 8,51 13,66 14,61 13,46
-0,071+0,063| 8,39 50,62 | 110,47 | 16,76 0,26 7,20 6,91 8,15 7,09
-0,063 +0,04| 12,08 | 65,20 | 127,53 | 17,18 0,32 13,36 11,50 12,02 12,55
-0,04 47,36 | 73,14 | 153,16 | 19,34 0,36 58,75 54,13 53,07 55,43
Hroro 100 51,40 | 125,48 | 16,07 0,26 100 100 100 100
® 1,5%0)
m 32,0%(1)
W 53,5%
C)

ml

H2 W3 W4 m5

" 56%3)

W 7,4%(2)

Pucynok 2.28 — ®a3oBbiii aHanu3 (GIOTAIMOHHOTO KOHIIEHTpaTa: CBOOOIHOE

(1); B cpoctkax (2); pxaBoe (3); B cynbdunax (4); B cunukatHoi nopoje (5).

®a30BbI aHAIN3 IMOKa3bIBACT, 4YTO 30JI0TO B OCHOBHOM d4CCOITMHMPOBAHO C

cyJbpuIaMH.
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2.18. UcciaenoBaHue npouecca THOMOYEBMHHOIO BbIleJIaUMBAHMS
30J10TO-, M€/IHO-, MbIIIbSIKCO/IePKAIMNX KOHLEHTPATOB
MecTopoxkaeHuss Tapop

Taxke ObUTM NPOBEAEHBI JIAOOpPATOpPHBIE MCCIEIAOBAHUSA IpoLecca
THOMOYEBUHHOTO BBIIIEIAUYMBAHUA 30JI0Ta M3 KOHILEHTPaToB. [lomyueHHBIi
(JIOTOKOHILIEHTpPAT MEPBOHAYAJIBHO TMOJABEpPrajd THOMOYEBHMHHOMY  BBIIE-
JAYMBAHMIO IIPU YCIOBHSX: HaBecKa kKoHUeHTpara 50 r, cootHomenue K:T = 3:1,
Temmepatypa mposenenns mpouecca 20°C. B npuBeneHHo# Hike Tabmuie 2.25

IpEeJICTaBJICHbI pe3yibTaThl nporecca. Kak BUIHO U3 pe3ylbTaToOB OIBITOB,
Tabmuua 2.25

W3BreyeHne MeTaaioB IpyU THOMOYEBUHHOM BbIILIE€JIaUUBAHUN

KOHICHTpPAaTa MCCTOPOKIACHUA Tapop

Ne | 1,4 | pH 3arpy3Ka peareHToB, Konuenrpanus B CreneHb

3
pacTBope, MI/Im u3BiedeHUs, Yo
3

/11 KOH. r/am

CS(NH,), | Fey(SOy4)s | HySO, Au Ag Cu Au Ag Cu

1 8 1,3 20 13 30 8,093 | 51,68 | 29286,7 | 73,7 | 62,1 | 39,5
2 24 | 09 20 13 30 8,129 | 51,59 | 306223 | 74,6 | 62,0 | 41,3
3 24 1,1 20 6,5 36 8,079 | 50,48 | 383695 | 74,1 | 60,7 | 43,5

KonmenTpar nocie o6xura npu 600 o°C

1] 24 [ 1,1 | 20 13 24 | 16926 | 71,09 | 429770 | 856 | 71,1 | 48,7
2 | 16 | 1,0 | 20 13 24 | 17046 | 70,846 | 398965 | 86,2 | 70,8 | 452
3| 24 | 10| 20 6,5 24 | 14,925 | 62324 | 283600 | 755 | 62,3 | 32,1

[Tpumeuanue: Pe3ynpTaThl aHaNM3a UCXOAHOTO KoHIleHTpaTa: AU = 32,7 r/t, Ag = 249,6 /1, Cu
= 22,2 %, (nocie o6xura mpu 600 °C), Au = 59,3 r/t, Ag = 300,1 r/r, Cu = 26,5 %.

0
1OCJI€ BCKPBITUS CYJIbPUAOB B mpoiecce obxkura npu temneparype 600 "C u
BBICBOOOKJICHUSI ~ OJIarOpOJIHBIX ~ METAJUIOB  M3BJCUEHHE HX  3HAYUTENBHO

MOBBITIIAETCS U cocTaBisieT 86,2 % 3omoTa u 70,8 % cepebpa.
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[IpoBeneHHbIC MCCIENOBAHUS BIUSHUS MPOJOJKUTEILHOCTH TMpoliecca Ha
BBIIIEIAYMBAHUE TTOKa3alaM, 4To 3a 24 yaca B pacTBoOp nepexoauT 86,8 % 3osota
(Tabmura 2.26).

TaOmnuma 2.26
V3meHenune n3BiedeHus 0J1aropoHBIX METAIUIOB U3 KOHIICHTpaTa B

3aBUCUMOCTH OT IIPOJOJIKUTCIbHOCTH BbIIICIIAYNBAHHNA

7,4 | pH 3arpy3Kka peareHToB, Konnenrpanus B CreneHb
No 3 pacTBope, MI/IM> u3BJIeUYCHUS, %o
/oM
n/m
CS(NH,), | Fex(SOy4)s | H2SO,4 Au Ag Cu Au Ag Cu
1 2 0,8 20 13 30 11,789 | 41,839 | 22013,7 | 59,6 | 41,8 | 24,9
2 4 1,0 15,108 | 55,252 | 29798,8 | 76,4 | 55,2 | 33,8
3 8 1,1 16,400 | 66,805 | 38,431,3 | 82,9 | 66,8 | 43,5
4 24 1,1 16,764 | 69,436 | 41820,7 | 84,8 | 69,4 | 47,4
KonmnenTpar nocie o6xura npu 600 o°C
1 2 11 20 13 24 13,091 | 45,140 | 23231,8 | 66,2 | 45,1 | 26,3
2 4 1,0 15,529 | 58,984 | 29366,3 | 78,6 | 58,9 | 33,3
3 8 11 16,736 | 68,436 | 37610,4 | 84,7 | 68,4 | 42,6
4 24 1,0 17,161 | 70,266 | 382724 | 86,8 | 70,2 | 43,4
[Tpumeuanue: OOmume ycinoBus: HaBecka KoHueHTpaTa 50 1, cootHomenue JK:T = 3:1,

TemIepatypa npoeenus mpomecca 20 °C.

st cpaBHEHHMsSI ¢ JTOM K€ TPOoOOM KOHIIEHTpaTa OBUIM TMPOBEIACHBI
WCCJICIOBAHUS TI0 IMAHUPOBAaHMIO. Pe3ynbTaThl OMBITOB MPUBEICHBI B TaOHIIC
2.27.

Kak BumHOo m3 Tabmumpl 2.27, METOAOM IIMAHUPOBAHUSA 3a 24 4. BCEro B
pactBop wu3Biekaercs 80,3 % 3omota. Takke 3HAUYUTENBHO MEHBIIE CTEIEHb

BBIIIEIAYMBaHUS B PaCTBOP cepedpa.
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Ta0muma 2.27
PesynbraTel nuanupoBanus GIIOTAIMOHHOTO KOHIICHTPATA

MecTopoxaeHus Tapop

No | 1,4 | pH | 3arpy3ka pearenToB, | KoHueHTpaius B pacTBope, CreneHb

o o s M/ u3BIICcUCHUS, %
! NaCN Ca0 Au Ag Cu Au | Ag | Cu
1 24 | 10,0 16 3 6,797 | 43,847 | 262742 | 62,4 | 52,7 | 354
2 24 | 10,2 15 3 6,625 42,0 244414 | 60,8 | 50,5 | 32,9

KomnmueHTpat nocie obxura mpu 600°C

1 24 | 10,2 16 2 15,578 | 61,504 | 21810,6 | 78,8 | 61,5 | 24,7
2 24 | 99 16,5 2 15,874 | 65,425 | 20301,3 | 80,3 | 65,4 | 23,0

2.19. Pa3paboTka TeXHOJOTMHA THOMOYEBHHHOTO BbINIEJIAYHMBAHUSA 30J10TA U
cepeOpa U3 KOHIEHTPATOB MecTOpo:kIeHus Yope
[IpoBeneHsl ncciieOBaHMs IO THOMOYEBUHHOMY BBILIEIAYMBAHUIO 30J10TA U
cepebpa Takke M3 KOHIEHTPATOB MecTopoxiaeHus Yope. XuMUuecKuil COCTaB
(bJI0TaMOHHOTO 30JIOTOMBIIIBLIKOBOTO KOHIICHTpaTa MpHBEACH B Tadmwuie 2.28.
OnbITEl  OPOBOJUIM C  KOHIICHTPATOM,

npeaBapuTebHO  00pabOTaHHBIM

CEPHOMKHCIIOTOM B TEYEHHE 2 4YOpU MEPUOAUYECKOM NEPEMEIINBAHUU,

nonoctmwxkenuss pH = 2,0-4,0. Pacxom KucnoThl Ha KHUCJIOTHYIO 0OOpabOTKY
COCTaBJISII B cpeiHEM 73T Ha |Kr KOHIIEHTpara.

OnbITHl TPOBOAMIANIPY HOpMaJbHOUM TemmepaTrype (20 — 25 °C) B xucmoit
cpene (pH = 2 - 4) npu KOHLIEHTpaUM CepHOM KUCIOTHI 1,84%, KOHIIEHTpaIuu

THOMOYEBHHBI 3 T/IM° B MPUCYTCTBUM OKUCITUTENS CyJib(aTa TPEXBAIEHTHOIO
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Ta0Omuma 2.28

Coz[epncaHHe OCHOBHBIX KOMIIOHCHTOB B 30JIOTOMBIINIBAKOBOM KOHICHTPATC

MmecTtopoxaenus Yope, %

Au, r/T 55,15 CaO 0,6
Ag, 1/t 70,20 MgO 0,4
Feoouw. 22,96 TiO, 0,3
S 18,9 K,O 2,5
As 9,16 Na,O 1,8
SiO, 27,1 Copr. 1,4
Al,O4 6,9 [Tpoune 10,71

Keresa 3 /M’ [TponomxurensHOCTh ONBITOB — 8 4, pH cpenst — 2,0. 30510TO0 M

cepe6p0 B pacTBOP B [JAHHBIX YCIOBHAX IICPCXOAHWIIO B HCE3HAYHUTCIIbHBIX

koJmuyecTBax (Tabmuma 2.29). Kak BuaHO W3 Tabmuubl 2.29, 3a 8§ 4 B pacTtBOp

BhIeaunBaercs AU — 27,74 %; Ag — 38,49 % u As — 7,27 %.

C uenblo yiaydllleHHs Mpolecca TUOKapOAMUIHOTO BBINIEIaUYUBaHUS

poObI KOHIIEHTPATOB MOJBEpPrayid 00XKury npu temmeparype 600 °C B Teuenne 2

4. B mporecce 00kuTra MPOUCXOTUT OKUCICHHE YMOPHBIX 30J0TOCYIb(MUIHBIX

KOHOCHTPATOB, YTO ITPUBOANUT K BCKPBITHIO COACPIKAIICTOCA B HUX 30J10TA.

TaoOmuma 2.29

H3Bneuenne MeTaioB Ipu TI/IOKap6aMI/I)1HOM BbIIIICIIAYNBaHN (bHOTaL[I/IOHHOFO

KOHIIEHTpaTa YOPUHCKOTO MECTOPOKICHUS

Bpe- VYcnoBus onbiTa Pact- | Pact- | Pact- Cre- Cre- Cre-
MY BOp | BOp BOP NeHb | MeHb | MeHb
u3BJe- | U3BJeE- | U3BIeE-

YeHUs | YCHUsS | YeHHs

Au, | Ag, As, Au,% | Ag,% | As, %

CS(NH,), | H,SOy, | Fex(S0y)s, | pH | mr/mv® | mr/mv® | wr/nv®
r M T

2 2,2 [ 3,706 | 7,759 | 16243,7 | 20,16 | 33,16 | 5,32
4 2,5 (4,588 | 8,288 | 19968,8 | 24,96 | 3542 | 6,54
6 11 15 0,45 1,9 | 5,188 | 8,953 | 22014,5| 28,22 | 38,26 | 7,21
8 2.0 [ 5,099 | 9,007 | 22197,7 | 27,74 | 38,49 | 7,27
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B Tabuie 6.12 MpPEJICTABICHa  KUHETHMKA  THOMOYEBUHHOTO
BBILEIAYMBAHNS  O0OXOKeHHOro mpu Temmeparype 600 °C  koHientpara ¢
colepkaHeM MeTauioB B Hem, r/T: Au — 51,84, Ag — 63,40, As — 8,0 %.
N3ydeHne 3aBUCUMOCTH CTEIICHU M3BJICUCHHUSI KOMIIOHEHTOB IPH THOMOYEBUHHOM
BEHIICIIAYNBAHUA OT TPOAOJDKUTEIBPHOCTA TIPOIECcCa, PE3YNbTaThl KOTOPOTO
npuBeneHsl B Tabmmie 2.30, mokazajgo, 4TO YK€ B TEUEHHE 2 4 C MOMEHTa
B3aMMOJICUCTBUS C THOKapOaMUI0M H3BIIeueHue fgocturaet: Au — 68,37 %; Ag —
70,35 % u As — 64,75 %. llpu yBenuyeHUHM BpPEMEHU THOKAPOAMUIHOTO
BBINNICIAUYNBaHUg OT 2 70 10 9 creneHb W3BJICYCHHUSA BCEX KOMIIOHECHTOB
YBEIMYHUBACTCS U JOCTHTACT MaKCUMaibHOTO 3Ha4ueHus (B %): Au — 90,63; Ag —
89,46 u As — 76,83.

Hwxke mnpuBenaeHsl pe3yabTaThl HMCCIACAOBAHUM 10  YCTAaHOBJICHHUIO
ONITUMAJIBHBIX ~ YCJIOBHUH  TEXHOJOTHYECKOTO  Ipolecca  THOMOYECBHHHOTO
BBIIIEIaYMBAaHNS KOHIICHTpATA.

Tabmumna 2.30
W3Bnedenne MeTaIoB P THOMOYEBHHHOM BHITIICITAYNBAHAH

000#0KEHHOTO (PIIOTOKOHIIEHTpATa

Bpe- VYcnoBus onbiTa Pacr- | Pact- | Pacr- Cre- | Cre- | Cre-
MY BOp BOp BOp NeHb | TEeHb | TeHb
U3BJe- | U3BJe- | U3BJIE-

YCHHUA | UCHHUA | YCHUA

pH | Au, Ag, As, Au, % | Ag, % | As, %
CS(NH,), | H,SO, | Fex(SOu)s, it | o | s
T MIJI r

2 2,011,814 | 14,867 | 17396,1 | 68,37 | 70,35 | 64,75
4 2,6 | 13,860 | 17,010 | 19483,7 | 80,21 | 80,49 | 72,52
6 11 15 0,45 2,0 | 15,514 | 18,770 | 20372,9 | 89,78 | 89,24 | 75,83
8 2,715,597 | 18,697 | 20372,9 | 90,26 | 88,47 | 75,83
10 3,0 | 15,661 | 18,906 | 20641,7 | 90,63 | 89,46 | 76,83

Pacxon tmomoueBuHBI B pacTtBope m3MmeHsuicsa B npeaenax 0,9 — 1,3 r npu

MOCTOSTHHOW KOHIIGHTpanuu cepHoit kuciotel — 1,84 %, pH — 2,1 u cynndara
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xene3a — 0,45 r. [IpogomKUTETEHOCTD OIBITOB cocTaBisiia 6 4. Kak mokassiBaroT
pE3yNbTaThl OIMBITOB, MPEJCTABICHHBICE HA PUCYHKE 2.29, CKOPOCTh PACTBOPEHUS
METaJUIOB HAXOJWUTCS B MPSAMOM 3aBHCHMOCTH OT KOHIIEHTpAIlMd THOMOYEBUHEI.
Jloyist mepexosiiero B pacTBOp 30J10Ta, cepedpa M MBIIIbsIKa MOBBIIIACTCS OT, %o:
Au — 74,22; Ag — 75,97 u As — 71,09 nipu pacxone tromodeBuHbl 0,9 T 10 AU —
88,48; Ag — 90,04 u As — 78,18 tipu pacxoje THoMoueBHUHBI 1,3 . ONTUMaTbHBIM
pacxooM THOMOYEBHHBI Ha HCCileayeMylo mpoOy sBisercs 1,1 r., mpu Hem

JOCTHUTAIOTCSI CIIETYIONTNE U3BIIeueHus MeTauioB: %: Au — 88,39, Ag — 90,18 u As

—76,49.

100

- Anu
40 —--Ag

CreneHs H3BIEUGH M, Vo
LA
o

0 HE
0 0.9 1.0 1.1 1,2 1,3
Komneutpamua, CS(INH-);. r'un

Pucynok 2.29 — 3aBUCHMOCTb CKOPOCTH PACTBOPEHHMS 30J10Ta, cepedpa U MBIIIbIKA
oT pacxojaa Tuokapoamuaa B pactsope CS(NHy),.

W3yyanoch BIMSHUE KHUCIOW CpeIbl Ha CKOPOCTh PACTBOPCHHS 30JI0Ta U
cepebpa B THOMOueBHHE. CepHasi KMCIOTa BBOAMJIACH B PACTBOP B KOJIMYECTBE
0,98 — 3,07 %. Omnsitel ipoBogmHch B 0,73 %-HOM pacTBOpe THOMOYECBUHBI B
npucyrctBun 0,45 r© TpEXBaJICHTHOTO cyJsb(dara jkeje3a MpU MepeMEIIMBAHUN B
TeyeHue 6 u.

[IpucyrcTByIOIIAs B pacTBOpax CEpHas KUCIIOTa HE OKAa3bIBACT BIIMSHUS Ha

CKOPOCTb paCTBOPCHUS 30JI0Ta B THOMOYCBUHC 1 HC IPUHHUMACT Yy4aCTUA B caMoi
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peakuuu pacTBopeHus. Vcmonp3oBaHue e€ B pacCMaTpUBAEMOM TEXHOJIOTHIECKOM
mporecce, Kak OTMEUEHO BBINIE, CBS3aHO C HEOOXOAMMOCTBHIO COXpaHEHHS
THOMOYEBUHHOTO KOMIUIEKCA 30J10Ta, YCTOWIMBOTO TOJIBKO Tipu pH <4.

Kak cnemyeT u3 KpuBBIX pacTBOopeHus (pucyHok 2.30), o Mepe MOBBIIICHHUS
KOHIICHTpaIuu cepHoi KuciaoThl 10 0,98 % B xoxae ompiToB pH ocTaBasics paBHBIM
4,2, Ipy ATOM HM3BJICUCHHE MeTaLuIoB cocTaBisieT AU — 79,54 %; Ag — 81,54 % u
As — 70,16 %. Jlydmeil cpemoil nias THOMOYEBMHHOI'O MPOLECCAa PACTBOPEHUS
30J10Ta U cepedpa SBISETCS pacTBOP C KOHIleHTparmed kuciotel (1,84 %) mpu

stoMm pH coctaBnser 2,3 a crenens uzBiaedeHus: Au — 89,45 %; Ag — 89,43 % u

As — 76,04 %.
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] 0,98 1,23 1,84 245 3,07

TelEHE H’JISJIULIUIIHSI,UI'.I

A
-

(

Komuentpaoma, H,504, %

Pucynok 2.30 — 3aBUCHUMOCTb CKOPOCTH PACTBOPEHMS 30J10Ta, cepedpa U MBIIIbIKA
B pacTBOpe THOKapOamuaaot konnenrpanuu H,SO, %.

Bnusitnue cootnomenus T:K Ha nponecc THOKapOAMUIHOTO BhIIIEIaYMBaHUS
(pucyHok 2.31) ucciaeaoBaiu Mpu pacxojie THOMOUYEBHUHBI 1,1 T., CEpHON KHUCIIOTHI
1,84 %, pH — 2,5, tpéxBaneHtHoro cynbdata xemesa 045 1 wu
MPOAOJLKUTEIBLHOCTH TIponiecca 6 4. OnTuMalibHbIM cooTHOIeHUueM T:0K sBisieTcs
1:3, mpu KoTOpoM OCTUTHYThIe n3BNIeueHus: AU — 89,14 %; Ag — 88,29 % u As —
75,87 %. llpu nanpHEWIIEM YBETUYEHUM PA3KMKEHUS IYJIBIBI JO COOTHOILIECHHUS

T: K = 1:5 crenenp u3BIeYEeHUs! 30J10Ta, cepedpa M MBIIIbSIKA MPAKTUYECKH HE
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MCHACTCA.
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Pucynoxk 2.31 — 3aBUCHUMOCTb CKOPOCTH pacTBOPEHUS 30J10Ta, cepedpa U MBIIIIbsIKa
B THOKapOamuze oT cooTHomeHus T:K.

C 1enplo BBISICHEHUS BIMSHUS OKUCIUTENS Ha CKOPOCTh PacTBOPEHUS
METaJUIOB B THOMOYEBMHE B KayeCTBE OKHUCIUTENs ObUl BbIOpaH cyibdar
TPEXBAJIEHTHOrO Xejne3a. Pacxom TMoOMoOYeBMHBI B ombiTax cocrasBisur 1,1 r.,
cynbdar xenesa 0,45 r, cepHoii kucnotsl 1,84 %, mpu sTom pH cpenbl ObuT paBeH
2,2 — 2,6, cootnomenue T:0K = 1:3, mpoaoKUTEIBHOCTH OIBITOB 6 .

PesynbTaThl AaHHOW CcepuU OMNBITOB, TrpadUuecKd MPEICTaBICHHBIE Ha
pucyHke 2.32, TMOKa3bIBalOT, YTO B MPUCYTCTBUU TPEXBAIEHTHOTO Cyib(ara
xene3a mpu ero pacxogqe 0,15 T crenens u3BneueHus cocraBmia: AU — 69,78 %;
Ag -72,68 % u As — 64,34 %. IIpu MOBBIIIIEHUH KOHLUEHTPALIMU OKUCIUTEIS 10
0,45 T cTeneHb U3BJICYCHUSI METAJIOB B PACTBOP MOBBICUIIACH U cocTaBuia %: Au
— 90,51; Ag — 88,63 u As — 76,50. JlanbHeiilee yBeJIMUYEHUE KOHIECHTPALIUU
MPAKTUYECKU HE BIUSAET HA TIPOLIECC BHIIICIIAYNBAHMSI.

Kaxk BujHO U3 MpOBEAEHHBIX OIBITOB, B PACTBOP MEPEXOIUT 3HAYUTEIHLHOE
KOJIMYECTBO MBIIIbIKA, KOTOPBIM HEOOXOAMMO BBIBOJAUTH U3 TEXHOJIOTUUECKOTO

npoiiecca. Jljist 3Toro Hy>KHO BBOJAUTH HEUTPATU3ZALMOHHYIO OTIEPALUIO.
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Pucynok 2.32 — 3aBHUCMMOCTBH CTEIIEHM PACTBOPEHUS METALUIOB B PACTBOPE
THOKapOaMua oTpacxoaa okuciauress, Fe,(SOy)s3, %.
Heiitpanuzaiuio pacTBOpOB MPOBOIUIN IPU MEXaHUYECKOM MEPEMEITMBAHUU
¥ MEJUICHHOM To/1aue HeuTpain3aTopa (pacTBOPOB U3BECTU U CEPHUCTOTO HATPHS).
Kaxk Bugno u3 tabmunst 2.31, npu pH = 2,8 — 3,2 u3 punibTpaTa MOKHO OUTH
MOJTHOCTBIO OCAJUTh KEJIE30 U MBIIIBSK.
Tabnuna 2.31

PC3YJ'IBT3,TBI OIIBITOB 10 OYMCTKE pacTBOpPA OT JKCJIC3a U MbIIIbAKA

- 3
O06BEM Pacxon Coneprxanue, Mr/am CremneHb
WIbTparta acTBOpa MII OUHUCTKH, %
(uibTpata, | p pa, J10 OUMCTKH ITocne > 70
MJI pH
OYHMCTKH

Ca(OH), | NayS

Fe AS Fe AS Fe AS

50 4 1 |29 14827 | 5196 | 705 | 74.2
50 6 15 | 3.2 9398 | 3484 | 81,3 | 827
50 8 2 | 3,0 |°0260| 20140 5026 | 1108 | 90,0 | 945

50 10 2,5 | 2,8 3870 | 1007 | 92,3 | 95,0
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Takum o0pa3oM, Ha OCHOBAHMM NPOBEIEHHBIX HCCIEIOBAHUN OIpPEIEICHbI
CIICMYIONTUE  ONTUMAJbHBIE  YCJIOBHS  THOKApOAMHUIHOTO  BBHIIICITAYNBAHHMS
(bJI0TaIMOHHBIX KOHIIGHTPATOB, TOJYYEHHBIX W3 PYABl MECTOpOXAcHUs Yope:
pacxoJ THOMOYEBUHBI — 22 KI/T, cepHOU KUCIOTHI — 30 Kr/T, cooTHomenue T:K —
1:3, pacxox TpéxBajeHTHOTO cyib(ara xene3a — 9 Kr/T, MpOAOKUTEILHOCTh
BbIlIenaynBanust — 6 4. Pacxon u3Bectu — 48 Kr/T (Ha OYMCTKY QuiIbTpara OT
MBIIIbSIKA U Keje3a).

Ha pucynke 2.33 mpencraBiieHa NPUHLUIIAAIBHAS TEXHOJIOTMYECKAs CXeMa
nepepadoTKU 30J10TO-MBIIIBIAKCOIEPKAIIMX KOHIIEHTPATOB MecTopoxkaeHus: HYope.
Pa3pabotanHasi cxemMa BKJIOYaeT JpoOJieHHe, Hu3MelbueHue pyasl a0 90 %
conepxkanusi kinacca «—0,074 mm», GiaoTanuio C MOTYyYEHUEM KOJUIEKTUBHOTO
KoHueHTpaTa. KonuenTpar noxsepraercs oookury mpu t — 600 °C ¢ mocienyrommmm
BBIIICJIAYMBAHUEM THOMOYEBHMHOW M TMOJYYEHUEM M3  30JI0TOCOJEPKAIINUX
pactBopoB cruiaBa Jlope. (O0e€330704€HHBIE PACTBOPHI HANPABIISIIOTCS Ha
VTHIIM3AIIMI0O MBIIbsAka M Jkeme3a ¢ jgobasaenueM Ca(OH), wu  Na,S.

OO6pa3yromuiicss 0caoK OTHPABISIOT B CIICIIOTBAJ.
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Pucynox 2.33 — IlpunnunuanbHas cxema rnepepaboTKH 30JI0TO-MBIIIBSIKOBBIX PY/T

¥ KOHIIEHTPATOB C MPUMEHEHHUEM THOKapOamua.
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2.20. UccnenoBaHue npoiecca THOCYIb(ATHOr0 BbIlEJIaUYMBAHMS 30J10TO-,
MBIIIbSIKCOAEP:KALIeil pyabl MecToposkaeHuss Yope
OcHogHble ceéedeHus 0 npoyecce muocyabphamnozo ebluie1auueanUs

Tuocynbdar HaTpust Uisl pacTBOPEHUs: cepedpa U 30JI0Ta U3 MUHEPATBHBIX
OOBEKTOB BIIEPBBIC OBLI MPEIOKEH POCCUHCKMMHU aBTOopamu B 1975 1. [184].
Tuocynbdatsr comepxkar rpymmy (S;03)%, KoTOpas SBISETCS CTPYKTYpPHBIM
aHaJloroM cynbdara, B KOTOPOM OAMH aTOM KHCJIOPOJa 3aMEHEH Ha aTOM CEephl.
Y HUKAIBHOCTD THOCYIb(MAT-HOHA, HMEIOIEro CTPYKTYpy [S-SOs]”, onpenemnsercs
Cynb()UIONMONOOHBIM aTOMOM CEpbI, KOTOPBIM MpHUIa€T €My CIOCOOHOCTh K
KOMILJIEKCOOOPa30BaHHIO, BOCCTAHOBHUTEIIbHBIE CBOMCTBA, a TAaKKE CIIOCOOHOCTH
oOpa3oBbIBaTh CylnbPuabl. Ha mpoTseHuu MHOTUX JIET psii aBTOPOB H3ydasd
Trocynbdarsl kak pactBoputenu [204-209]. imu ycTtaHOBIEHO, YTO PAaCTBOPEHUE
30J10Ta WU cepedpa MOKET ObITh BHIPAXKEHO CIEAYIOIIUMH YPABHEHUSIMH:

4AU + 83,05 + 0, + 2H,0 — 4[Au(S;05),]* +40H;  (6.12)

TepmoauHaMuyeckass BEPOATHOCTh MPUBEACHHOW pEAKIIMU JOCTATOYHO
Bemnka (AG° = — 96,5 kJ[K/MONB) M BO3PACTAET C MOBBINICHHEM TEMIIEPATYPbI.
Wou tocynbdaTa cBsi3aH ¢ 30JI0TOM 04YeHb mpodHo [210].

Won 3010ta ¢ S,05°°c HOHOM cepebpa o0pasyer TpEX3apsIHbIA aHHOHHBIH
xommieke [Ag(S;03),]°.

4Ag + 85,057 + O, + 2H,0 — 4[Ag(S,05),]* + 40H.  (2.6)

Kak mnokazano B pabGore [211, 212] OCHOBHBIMHM MapamMeTpamHu 3THX
MPOIIECCOB SBJISIIOTCS KOHIIGHTpaIusi Tuocyibdara noHoB u pH (koiuuecTBo
aMMHaKa), B pe3ysibTaTe 4ero oOpa3yroTcsl CcTaOWIbHBIE THUOCYIh(AT-KOMILIEKCHI
30710Ta U cepebpa. AHaJIOTUYHBIE KOMILJIEKCHI O0pa3yroTCs M B MOJEIBHBIX
CUCTEMaX.

30J10TO C THOCYJIb(aT-HOHOM O00pa3yeT JOCTATOUYHO MPOYHBIM KOMILIEKC
cocrasa [Au(S,03),], sreprust ['n66ca 06pa3oBaHis KOTOPOTO COCTABIISET —
1024,9 xJDx/Moilb W HE pasjiaralolluics C BBbIICICHUEM Cepbl Jaxe IMpHu

noakuciaeHnu. KoHcTaHTa HECTOMKOCTH 3TOr0 KOMIUIEKCA COCTAaBIISIET 4-10'30,
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MO3TOMY CTaHAAPTHBIM MOTEHLHAN OKUCJIEHHUS 30J0Ta B MPUCYTCTBUU HOHOB
S05S* cHmxkaercst 10 +0,15 B, 1 OKHCICHHE 3070Ta KHCIOPOIOM C IEPEX00M B
pacTBOp CTAHOBUTCS TEPMOJIMHAMUICCKUI BO3MOXHBIM [213].

CTOiiKOCTh 30710TO-THOCY Ib(haTHOTO Kommuiekca (K = 4-10°°) Gmuska k
CTOMKOCTH 30JIOTO-IIMAHKCTOTO KOMIUICKCA, KOMIUIEKC HE OKHCISETCS W He
pasnaraetcsi B Kuciou cpene. OgHako npakTHUecKas pean3alusi THOCYIb(paTHOU
TEXHOJIOTMH CTAJKWBACTCS ¢ KHHETUYECKUMH TMpEensTCTBUAMH. [Ipu HOpManbHOU
TEMIIepaType MpOIecC MPOTEKaeT B KWHETUYECKON OOJacTH, TpHU BEIMYMHE
sHepruu aktupauu 53,6 k/[x/MoIb, a CKOPOCTh MEPEX0/ia METANIOB B PACTBOPHI
¢ konmeHtparmerr 0,5M Na,S;03 cocraBmser 0,045 - 0,050 mr/cm -4, dro
npubau3uTenbHo B 30 pa3 HUKE CKOPOCTH IUAHUCTOTO TpoIecca.

OnHako TIpU TPAKTUYECKOM IMPOBEACHUHM THOCYJIb(PATHOTO Ipoliecca
BCTPEYAIOTCS ONpeneNEHHbIC KWHETWYECKHUE 3aTpyAaHeHus. Kak W3BECTHO Mpu
JIOCTATOYHOW BBICOKON Temmeparype (80 OC) U B IPUCYTCTBUM CIIEHUAIBHOIO
karanuzatopa-aenossipu3atopa (CuSO,) Tpw  3HAYMTETHLHOW €ro 3arpyske
(Cnaz2s203:Ccusos = 5 — 10) mporiecc pacTBOpPEHHS 30JI0Ta MPOTEKAET JOCTATOYHO
3¢ (heKTUBHO IPH CKOPOCTH mepexoa Meramia B pactBop (Cazszos = 50 T/am°) 2,1
Mr/(cM?.9), COMOCTABHMOIl CO CKOPOCTBIO DPACTBOPEHMS 30J0Ta B LHAHHUCTOM
cpeze.

Kax u3BecTHO, MHOTHE KOMIUJICKCHBIE COSIMHEHUS MTEPEXOIHBIX METAIIJIOB B
BBICIIICH CTETICHW OKWCJICHUS MOTYT JEHCTBOBAaTh B XMMHYECKHUX IpoIeccax Kak
okucnutenu. I[losTomy amMMuauHble W THOCYIb(GATHBIE KOMIUIEKCHI MEAH U
KoOanbTaMoryT ObITh A(PEKTUBHBIMU OKUCTUTENIMU. CleayeT TakKe OTMETHUTh,
yTOo Jn00aBieHHWE Cyibdara MeId HWMEeT CTUMYJHpYIolee JCHCTBHE Ha
pacTBOpeHHE OJaropoJHBIX METANIOB B  pacTBOpe THOCyJIbhhara u3-3a
CIIOCOOHOCTH WOHAa MEIW TPUHUMATH 3JCKTPOHBI C IOBEPXHOCTH MeETalla M
nepeaaBaTh X KUCIOPOTY.

N3ydueHo THoCynb(haTHOE BhINIEIAYMBAHNEC 30JI0Ta B aBTOKJIABHOM ITPOIIECCE

paziiokeHus Cyiab(UI0B IIBETHBIX METAUIOB B aMMHUAYHOU cpejie. Y CTaHOBJICHO,
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YTO TIEPBBIM TPOAYKTOM OKHUCICHHS CyIb(QHUIHON cephl B aMMHUAYHOW Cpefe
SBIISICTCS  TUOCYNb(AT, KOTOPBIA 3aTeM OKHCISeTCS 10 THOHATa, CyJb(dura,
cynbhara um (NH,SO4). IlokazaHo KaTadUTHYECKOE ACHCTBHE HWOHOB MEIH,
KoTopeie B 18-20 pa3 yBeIMYMBAIOT CKOPOCTh PACTBOPEHHUS OJIATOPOTHBIX
meTauioB. Ocoboe 3HaYeHHE B THOCYIH(HATHOM MPOIECCe UTPAET TEMITePATYPHBIMA
dakTop. 3aMeTHOE PACTBOPEHHE 30JI0TAa HadMHaercs mpu temmeparype 50 °C.
HaunbGonee > dekTuBHO pacTBOpsSETCS 30J0TO B THOCYIh(MaTe MpH TeMIepaType
80 °C. KoHIEHTpamus KHCIOPOJa B PACTBOPEB STHX YCIOBHSAX, HECMOTpS Ha
3pPEeKTUBHOE HAKHCIOPOKUBAHKME, OYEHb HHU3Kas, YTO 3aMEIIISeT IPOIecC
[214,215].

OnTuManbHBIM COOTHOIIEHHEM B THOCYIb(GATHOM MpPOIECCEe PaCTBOPUTEIIS
Na;S;03; u okuciurenst siBisiercs S5:1, Mpu 3TOM B aMMHAUYHBIX THOCYJIb(AaTHBIX
pacTBOpax HaOIIOACTCS MEPEX0]] IBYXBAJICHTHOTO KATHOHA MEH B KOMIUICKCHBIC
COCMHEHUSI.

OntuManbHbBIC TapaMeTPhl PACTBOPEHUS 30J10Ta (BBICOKAsh KOHIICHTPAIUS U
TEeMIIepaTypa, HajJudue Cyiab(para MeIu) BBI3BIBAIOT 3HAYUTEILHOC DPAa3JIOKEHHE
pactBopuTeNs,  HecMOTps  Ha  3(QeKTHBHOCTP W  TEPCIEKTHBHOCTH
MaJIOTOKCUYHOTO THOCYJbdara. [Ipu koHueHTpauun tTuocynsdara B pactope 10-
80 /1 ¥ KOMHATHOW TeMIlepaType pasjoKeHHe B TEYCHHUE CYTOK MPAKTUYECKH HeE
POUCXOTUT.

[Tocne 30 yacoB HEMPEPBHIBHOTO NEPEMEIIMBAHUS OTMEYAETC HEKOTOpPOE
pasnokeHne TUOCyh(hara, 0COOEHHO OHO YCHJIMBAETCS IMPHU TeMreparype Oosiee
60 °C, Tak kak moBsimeHne Temmepatyps ¢ 40 go 80 °C yBemmumBaeT CKOpPOCTH
paznoxenusi B 4 pasa. [Ipu BBefeHHH B pacTBOp cyib(dara MEAW pPas3lioKEHHE
3aMEeTHO aKTHBHU3UpYyeTcs. B pacTBope THocynbdara nmpu ero KoHeHTpanuu 80 r/in
nocjae 72 4YacoB aruTalMud B TMPUCYTCTBHU CyJb(ara MU €ro pasjioKeHHe
BO3pacraet B 4 paza. B npucyrctBuu cynbdara Mean 1 /71 CKOPOCTh pa3ioKeHHUs

THOCYNIh(ATHOTO pacTBOpa yBeluuuBaeTcs B 10 pa3 mo cpaBHEHUIO C paCTBOPOM,
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HE coJiepKaliuM cyibdaTta Menu. Bece 3To CHUXKaeT S3KOHOMUYECKYIO BBITOJIHOCTh
THOCYJIb(ATHOTO TpoIIECCa.

Nmeetcst 3apyOeKHBIN OIBIT WCIIOJNB30BAHUSA THOCYIb(aTa B MpoIeccax
BBIIICJIAYMBAaHUS 30J0Ta W cepedpa, KOTOphIM TmpuBeneH B 003ope M.A.
MepetykoBa [127]. OH ucnonb3yercs B MPOMBIIIEHHOM MaciuTabe Mpu Ky4HOM
BBIIIIEIAYMBAHNHN 30JI0TOCOAEpXKAIIUX pya. [216].

[IpoBeneHbl HWCCIEMOBAHUS THUOCYJIb(ATHOTO BHIIMICIAYUBAHUAS C MEIHBIM
KaTaJn3aTopoM, KaK SKOHOMHUYHOTO W O€30MacHOro ISl OKPYKAIOIIEH Cpembl
crocoba Ky4HOro BelenaunBanus, ['opasiM 6topo CILA [217] npu nepepaboTke
HU3KOKAYE€CTBEHHBIX OKHCJIEHHBIX 30J0Tocoaepkammx pya. Cozmgansl 2 Mojenu,
porHo3upymmue usBiaedeHue 3onota. IIpu pacxome tuocynbdara — 0,2 Kr/T.
BBIIIICJIAUMBAHUE BEACTCS B Te€UeHHE 48 4, MpU KOHIICHTPALMIX: (8203)2' - 0,2M;
(SO5)* - 0,00625M; Cu** - 0,001M; NH,OH — 0,09M. B pesynbTarte HCIIbITAHHIT
MOJIYYEeHBI CIIEAYIOIINE pPe3yJbTaThl: W3BJIeUeHHe 30510Ta -83 %, mpu pacxojne
tuocynbdara 0,4 xr/T. [Ipy npaHUIHOM BBIILIETAYMBAHUU: U3BJICYEHUE 30JI0TA —
86 %, npu pacxone unanuga 0,21 xr/T.

BrimenaunBanue 3010Ta U3 YriEpOAUCTOM pyAbl, coaepxkariei: Au -13,3
r/T, 4,9 % yraepona obmiero u 2,5 % yriepoga opraHuuecKoro, IMaHupOBaHUEM
U3 OTOM pyasl wu3Biekaercs okoimo 10 % 3omora, a THOCyJIb(haTHOE
BBIIIIEJIaYMBaHKE TTO3BOJIMIIO U3BIIEYh 0KOJI0 73% [218, 219].

Pestomupyst  mosiydeHHblEe ~— pe3yibTaThl,  MOXHO  CKa3zaTh,  4TO
MPEUMYIIECTBAMH  THOCYJIb(ATHOTO  BBHIIICIAYUBAHUS  SBJISIOTCS:  HU3Kas
CTOMMOCTD U JJOCTYITHOCTh PEareHTOB; HU3Kasi TOKCUYHOCTD.

B mocnemnue romel  mHTEpEC K THOCYIb(}ATy, Kak aJbTEPHATHBHOMY
pPacTBOPUTENIO 30JI0Ta 3aMETHO AKTUBU3UPOBAJICA. BBINOIHEH 3HAYNTENbHBIN
00BEM TEOPETUYCCKUX U TEXHOJIOIMUECKUX HccienoBanui [220].

Oco0yto poib B THOCYIb(ATHOM MPOIECCE UTPAET TEMIEPATYPHBINA (aKTOP.
3aMeTHOE TIOBBIIIEHUE CKOPOCTH PACTBOPEHHUS 30JI0Ta HAYMHACTCS TMpHU

temmepatype Boie 50 °C [156, 221] u npu temmepatype 6omnee 90 °C, ckopocts
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pacTBOpeHHsl cocTaBisieT okoyno 4,6 Mr/cM'yu, 4To B 3 pasza BbIlI€ CKOPOCTU
IMUaHuCTOTO Tporiecca. OgHAKO B ATUX YCIOBHUSIX KOHIIGHTpAIUs KHCIOpOJa B
pacTBope KpaiHE HH3Ka, YTO TOPMO3UT TMPOIECC, OTCIOAA CIEIyeT, YTO IpHU
BBICOKOM Temmeparype Heo0XOJUMO BBOAWTH B PACTBOPUTEIL PA3IUUHBIC
OKHCIIUTEIH.

[TokazaHo, uto Haubosee BBICOKHE CKOPOCTHM pACTBOPEHHUS 30JI0Ta U
cepebpa mocturamucs mpu temmeparypax 40 — 60 °C, a wmsBieuenme u3 pyx
«IBOWHOM ymopHOCTH» cocTaBisuio 75 — 80 % [216].

Pestomupysi ~ monydeHHblE — pe3yJbTaThl,  MOXHO  CKa3aTh,  4TO
MPEUMYIIECTBAMH  THOCYIh(ATHOTO  BBHIMICIAYNBAHMS ~ SBJISIOTCS:  HU3Kas
CTOMMOCTD U JJOCTYITHOCTh P€areHTOB; HU3Kasl TOKCUYHOCTb.

B naGopatopHbIX yCIOBHIX MPOBEIEHBI UCCIIEIOBAHUS IO THOCYIb(PAaTHOMY
BBIIIEIIAYMBAHUIO MBIIIBIKCOAEPKAILIEH 30JI0TON PyIbl MECTOPOKAeHUA Hope.

IIpeaBapUTEIbHBIC OIBITHI IIPOBOMIN My KoHreHTparmu Na,S,03 4 1/am’
u cootHomennu T:K 1:5 ¢ comepkarmem ucxoauoro /1 : Au — 2,45; Ag — 14,82 u
As — 0,4 %. ITponomxkutensHocTh onbiToB — 30 4, pH cpeast — 9,3. 301010 U
cepeOpo B pacTBOp B JAHHBIX YCJIOBHSX TMEPEXOJUIO B HE3HAYUTEIbHBIX
kojmuectBax (Ttabmuna 2.32). Kak BugHo u3 tabmuubl 2.32, 3a 30 4 Bcero B
pactBop BhimenaunBaercs Au — 43,06 %; Ag — 40,45 %.

PactBopenue metayioB B THOCYJIb(haTe M3y4eHO B MHTEPBAJIE TEMIIEPATyp
25 -90 °C mpu pH — 9,5 B Teuenue aByx 4acos (taGmuua 2.33). IIpu Temmeparype
25 °C ckopocTh Tporiecca OdeHb Maja — U3BICYCHHE METAIoB HpH 9ToM: AU —
9,18 %; Ag — 7,02 % u As — 5,82 %. Ilpu yBenudennn temriepatypsl 10 80 — 90
OC crenens M3BICUEHNS METAIIOB 3aMETHO BO3pacraeT, coctaisis: Au — 60,82 %;
Ag 53,73 % u As — 45,68 %.

Pe3ynbraThl WCClieIoOBaHUS BIWSHHUS pacxojla THOCYJIh(para Ha IPoIece
BBIIEIAYMBAHUS TIPU TemIiepatype npoiecca 80 °C u npomomkuTenBHOCTH 2 U
MOKa3bIBAIOT, UTO YBEIMUEHUE pacxoja Tuocyibdata ot 0,5 10 3,5 T CylecTBEeHHO

U3MEHSET U3BJICYCHUE OCHOBHBIX KOMIIOHEHTOB (Tab:wuia 2.34).
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Ta0muma 2.32
M3BeueHne MeTauioB MPU THOCYIH(ATHOM BBIIECIAYNBAHAN PYIbI

YoprHCKOTO MECTOPOKACHUS

Bpe- VYcnosus onbita Pacr- | Pacr- | Pacr- | Cre- Cre- Cre-
Mg BOp BOP BOD II€Hb [IEHb [IEHb
Pyna, | Boma, |Na;S;03 | pH A Ag As HU3BJIC- | U3BJE- | U3BIE-

rp MII P t YeHUs | YeHUSA | 4eHus

M/ MI/1 MI/1 Au, % 9, % As, %

2 9,3 0,060 | 0,283 54,4 12,24 9,48 6,80
4 9,2 0,098 0,540 | 112,56 20,0 18,22 14,07
8 100 500 2 9,2 0,146 | 0,805 | 154,72 | 29,79 | 27,16 | 19,34
24 9,1 0,199 | 1,115 | 204,56 | 40,61 | 37,62 | 25,57
30 9,3 0,211 | 1,199 | 229,04 | 43,06 | 40,45 | 28,63

Tabnuna 2.33

Bimstnue Temneparypsl nporecca Ha BbIIIEIAYNBaHNAEC

KOMITIOHCHTOB U3 PYyAbl

Ne | Bpe- VYcmoBus onbita Pact | Pacr- | Pacr- | Cre- Cre- Cre-
[IEHb [IEHb [IEHb

n/ | Ma 0 -BO BOp BOp
> | Pyna, | Boma, |Na:S;0; | t°C | pH p W3BIIe- | W3BJE- | W3BIeE-
o | MUH P MIT p Au, Ag, As, YeHWUs | YEHHUS | YeHUs

M/ | MI/n mr/n | Au, % | Ag, % | As, %

25 | 9,2 | 0,045 | 0,208 | 48,05 | 9,18 7,02 5,82

30 | 91 | 0,062 | 0,273 | 66,79 | 12,65 | 9,21 8,09

40 | 9,3 | 0,111 | 0,523 | 106,42 | 22,65 | 17,64 | 12,89

120 100 500 2 50 | 90 | 0,183 | 0,923 | 167,92 | 37,35 | 31,14 | 20,34

60 9,5 | 0,241 | 1,214 | 24495 | 49,18 | 40,96 | 29,67

70 | 92 | 0,281 | 1,460 | 332,55 | 57,35 | 49,26 | 40,28

80 | 9,2 | 0,297 | 1,609 | 370,77 | 60,61 | 54,28 | 44,91

O N o O B~ W N B

90 | 94 | 0,298 | 1,594 | 377,13 | 60,82 | 53,78 | 45,68

VYcraHOBI€HO,  YTO ~ ONTUMAJbHBIM  pacxojloM  THocyidbpara B
3
BBIIIIEJIAYMBAHUN METAJIOB siBNisieTcst 4 1/nMm°. [lpu 3TOM m3BIIeYeHHE OCHOBHBIX

METAJIJIOB YBEJIMYMBACTCSI U JJOCTUTAET MakcUMaabHOTO 3HaueHus: Au — 59,39 %;
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Ag—51,08 % u As — 42,69 %. [lanbHeiliiee yBeIMUYEHHE pacxo/ia THOCYIb(dara He
BIIMSICT HA U3BJICUCHUE METAJIJIOB.

N3ydyenne  3aBUCHUMOCTH  CTEMEHM  M3BJICUCHUS  METALUIOB  OT
MPOJOJKUTEIBRHOCTH Tponecca npu 0 °C u pacxonie Tuocyibpara 4 r/am°
MokKaszano, 4to B TeyeHue 140 MMH ¢ MOMEHTa B3aUMOJECHCTBHS THOCYJb(aTa C
pynoi B pactBop u3Biekaercs: Au — 59,88 %; Ag — 50,03 % u As — 43,29 %
(Tabmuna 2.35).

Tabmuua 2.34
PesynbraThl vcclieqoBaHus BIUSHUS pacxojia THOCYIb(ara Ha

BBIIICIIAYMBAaHUC MCTAJIJIOB

Ne | Bpe- VYcmoBus onbita Pact | Pacr- | Pacr- | Cre- Cre- Cre-
W] 95 Byra, [ Bora, [Nas:0s | €°C [ pH | PO | P | *P |l e | e
mo|oMEH | ML p Au, | A9 AS | venms | wemms | uenns

Mo/ | MU/ | owmr/n | Au, % | Ag, % | As, %
1 0,5 9,0 | 0,109 | 0,543 | 143,16 | 22,24 | 18,32 | 17,34
2 1 9,6 | 0,214 | 1,027 | 236,69 | 43,67 | 34,65 | 28,67
3 15 9,3 | 0,266 | 1,372 | 285,49 | 54,28 | 46,29 | 34,58
4 | 120 100 500 2 80 | 9,1 | 0,291 | 1,514 | 352,44 | 59,39 | 51,08 | 42,69
5 2,5 9,3 10,295 | 1,568 | 366,73 | 60,20 | 52,90 | 44,42
6 3 9,0 | 0,300 | 1,517 | 359,88 | 61,22 | 51,18 | 43,59
7 35 9,2 | 0,301 | 1,528 | 359,30 | 61,43 | 51,55 | 43,52

Biusitnue cooTHOIIEHUS TBEPAOTO K KUAKOMY Ha MPOIECC THOCYIb(aTHOrO
BBILEIAYMBAHMS (TabuIa 2.36) H3ydeHo IpH pacxoze THocymbdara 4 r/qm°, pH —
9,2 W TOpONOMKUTENBHOCTH Tpomecca 2 4. [lomydyeHHble pe3yiabTaThl
CBUJICTEJILCTBYIOT, YTO HAWOOJbIIAsl CTETICHb W3BJICYEHUS METAIOB JOCTUTAETCs
npu cootHomieHun T: K = 1:5, mpu KOTOpOM AOCTUTHYTHIE U3BJI€UCHHS: AU —

58,98 %; Ag — 49,66 % u As — 42,38 %.
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Taomuna 2.35
Pe3ynbTaTel n3ydeHus MPOIOKUTEIILHOCTH TPOIecca Ha CTETICHb

BBIIMICJIaYNBaHUA KOMIIOHCHTOB

Ne | Bpe- VYcnoBus onbita Pact | Pacr- | Pacr- | Cre- Cre- Cre-
W M3 by | Bona, [Na:0; [ £°C [ pH | PP | PP | 2P | | e | momne-
M| MEH | MII p Au, | AY AS | uemns | uenms | wemms
Mr/n | MI/a mMr/n | Au,% | Ag,% | As, %

1| 30 89 (0119 | 0,481 | 71,66 | 24,28 | 16,22 | 8,68
2 | 40 9,3 | 0,157 | 0,687 | 109,55 | 32,04 | 23,18 | 13,27
3| 60 9,6 | 0,199 | 0,935 | 160,57 | 40,61 | 31,54 | 19,45
4 | 80 100 500 2 80 | 9,3 | 0,226 | 1,064 | 220,68 | 46,12 | 3590 | 26,73
5| 100 94 | 0,258 | 1,256 | 285,65 | 52,65 | 42,37 | 34,60
6 | 120 9,1 | 0,286 | 1,460 | 345,26 | 58,37 | 49,26 | 41,82
7 | 140 95 (0,289 | 1,483 | 357,40 | 59,88 | 50,03 | 43,29
8 | 160 9,2 | 0,293 | 1,503 | 362,93 | 59,98 | 50,71 | 43,96

Tabmuua 2.36

PeBy.TIBTaTI)I HN3YUCHUA COOTHOIICHHUA T:2K Ha IIPpOLCCC BbIMICTIAYBAHUA
KOMITOHEHTOB

Ne | Bpe- Ycnosus onsiTa Pact | Pacr- | Pacr- | Cre- | Cre- | Cre-
0| By, | Boxa, [Nes$Os [ €°C [ pH | PP | PP | PP e | e
M| MEH | T rp Au, | AG AS | ueuns | wemms | uemms
Mmr/n | MO/ | omr/n | Au,% | Ag, % | As, %

1 200 94 | 0,365 | 1,546 | 295,97 | 29,79 | 20,86 | 14,34
2 300 95 | 0,337 | 1,584 | 315,79 | 41,26 | 32,06 | 22,95
3 | 120 100 400 2 80 91 |0,312 | 1,469 | 326,83 | 50,94 | 39,65 | 31,67
4 500 9,2 10,289 | 1,472 | 349,89 | 58,98 | 49,66 | 42,38
5 600 94 | 0,243 | 1,239 | 286,69 | 59,51 | 50,16 | 41,67
6 700 9,0 | 0,205 | 1,044 | 230,99 | 58,57 | 49,31 | 39,17

C uenplo yly4lIeHUs Ipolecca THOCYIb()ATHOrO BbILIETAYUBAHUS TPOOBI

PYZIBI OABEpratucs ooxury mpu temmeparype 600 °C B tedenne 2 4. B mporecce
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o0Xura MHUHEpaJbl MUPUT U APCEHOMUPUT OKUCISAIOTCS, YTO TNPHUBOJIUT K
BCKPBITHIO COAEPKALIETOCs B HUX 30JI0Ta.

Ha  pucynke 2.34 nmpeacraBieHa  KMHETHKA  THOCYIb(pATHOTO
BhIIIENIaYuBaHusl 000dOKeHHOW mpu  Temmeparype 600 °Cc pyasl. IIpuuem,
MPUBEJICHBI ISl CPABHEHMSI KPUBbBIC, MOJYYEHHbIC NMPU KOMHATHON TeMIlepaType
(25 0C) u nipu Temieparype 80 °C.B nepBoM cirydae 3a 30 4 CTerneHb U3BICUEHUS
BCEX KOMIIOHEHTOB JJOCTUTAET MaKCUMaJIbHOTO 3HaueHus (B %): Au — 71,51; Ag —
58,26 u As — 46,16. TIpu 80 °C Te e moKasaTen yqaeTcs MOIyqHTh 3a 8 .

Opnna obosxokenHas mpu 600 °Cc npoba Mpu KMCXOIHOM cojiepkaHuu AU —
2,58 /T, Ag — 12,16 t/T u As — 0,34 % ObUla MOABEPrHyTa IIMAHUPOBAHUIO

(tabmuna 2.37). CpaBHHMBAs IOJyYE€HHBIE PE3YJIbTATHI, MOKHO BUJETh, UTO

80
.70 N
< 60 r——
2 == Au
= =B=Ag
4
o - g

0 2 4 8 24 30

Hp CJOTLEHTCIRHOCTE ITPOLECCA, MHH

Pucynok 2.34 — 3aBUCHMOCTH CTETCHHU BBINICIIAUYMBAHUS 30J10Ta, cepedpa u
MBIIIbsIKA B PACTBOP THOCYJIb(]aTa OT IPOJOIKUTEIHHOCTH MIPOIIecca.
1HaHupoBaHue 6ojsiee FHPEeKTUBHO IS pyAbl MecTOopoxkacHUsT Yope HA JaHHOM

JTare UCCieoBaHuil. 3a 24 4 B IMAHUCTHIN pacTBOp u3Biekaercs 86,28 % AU u

75,90 % Ag.
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TaOmuma 2.37

Pe3ynbTaThl ONMBITOB MO IMAHUPOBAHUIO 0O0XKEHHOHN PYyIbI

Bpe- VYcioBus oneita Pacr- Pacr- Pacr- Cre- Cre- Cre-
W Py, | Boma, [Nasi0s | pH | PP | PPAE 0 e | e
p MIT p Au, M/ As, 4eHUSA | YeHUSIAgZ | yeHUsIA

M/ MI/1I u, % , % s, %

2 95 | 0,743 2,723 471,87 | 42,67 33,59 20,69
4 94 | 1,050 | 4,276 943,74 | 61,05 52,75 41,38
8 100 150 2 98 | 1,304 | 5,143 | 1161,54 | 75,81 63,44 50,93
24 10 1,484 6,153 | 1431,12 | 86,28 75,90 62,75
30 9,6 | 1,490 | 6,203 | 1442,52 | 86,63 76,52 63,25

2.21. UccaenoBanue npouecca THOCYJIb(ATHOT0 BbIIEJIAYUBAHNUS 30J10TO-,

OKHUCJIEHHBbIE M CYJb(QUIHBIE PYIBI

MEIHO-, MBIIIBAKCOACPKAIMUX OKUCJTICHHBIX U CyJIL(l)I/II[HI)IX pYA

MecTopoxkaeHuss Tapop

I/ICXOI[HBIM MaTCpuaJIioM A IIPOBCACHHUA OKCIICPUMCHTOB  CIIYKHJIH

Mectopoxknaenuss Tapop. IlomydueHHbIE

MPOJIYKTHI MOJBEPTAIA THOCYIH(aTHOMY BBIIIETAYMBAHUIO B PA3HBIX YCIOBUSX.

IlepBasi cepusi pe3yJbTaTOB Mpoliecca TUOCYIh(ATHOTO BBINICIAYUBAHUS

OJaropoHBIX METAUIOB U3 PYABl MECTOPOXKACHUS Tapop, B KOTOPOH MEHSIIUCH
KOHIIEHTpAIIMU ¥ COOTHOIIIEHUS TUOCYIb(aTa u cynbpuTa HATPHs, MPEJCTaBICHA B
Tabnmre 2.38.

B pesynbraTe 3KCHEpPUMEHTOB HE YAAJIOCh JTOCTHYb YJIOBIETBOPUTEIBHBIX
noKa3aTesel U3BJIEYEHHS 30J10Ta B PacTBOP.

C uenbio M3y4eHHs 3aBUCHUMOCTH CTETICHU M3BJICUSHHSI 30JI0Ta U cepedpa OT
paznu4HbIX (HaKTOpPOB MPoOy cynbPumaHON pynbl ¢ coaepkanuem: AU — 7,25 1/T;
Ag - 27,8 /T u Cu — 1,17 % nonsepranu THOCYJIb(PATHOMY BBIIIEIAYNBAHUIO OT
TPOIOIDKHUTEIFHOCTH MPOLECCa MPH KOHIEHTparmu tHocymbdara 50 r/am’. Kak
MOKa3aJId Pe3ybTaThl, B TCUEHUE 2 U MEPEXOIUT B pacTBop 26,4 % Au, 15,7 Ag %

(pucyHok 2.35). YcTaHOBIEHO, YTO MPHU YBEJIMYEHUH BPEMEHH THOCYJIb(PATHOTO
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BBIIIETIaUMBaHug OT 4 g0 24 4 cTeneHb W3BJICUCHHUS 30J10Ta M cepedpa
YBEIMYMBACTCS W JOCTUTAaeT MaKCHUMaibHOTO 3HadeHus (B %):Au — 55,8; Ag —
31,3.
TaOmuma 2.38
N3Bnedenne 3010Ta Mpy THOCYIH(GATHOM BhINIEIaYNBAHAN

U3 pyJIbl MECTOpOXIeHUs Tapop

Ne [Ipomon- | pH | XK:T | 3arpy3ka peareHros, /oM’ Cau, | Crenenb
/o JKUTENb- Mr/z[M3 WU3BJIE-
HOCTb, 4 Na>S;03 NaSOs NH; YeHUS
Au,
%
OKHCIEHHBIE PYIbI
1 24 7,6 | 5:1 10 - - 0,398 31,24
2 24 7,3 | 51 20 - - 0,510 40,03
3 24 74 | 51 50 - - 0,711 55,81
4 24 8,0 | 51 15 20 - 0,414 32,50
5 24 8,6 | 51 30 40 - 0,517 40,58
CynbuHble pyabl
1 24 95 | 51 10 - - 0,480 33,10
2 24 99 | 51 20 - - 0,554 38,21
3 24 98 | 51 50 - - 0,765 52,76
4 24 9,0 | 51 20 30 - 0,426 29,38
5 24 95 | 51 30 40 - 0,577 39,79
6 24 99 | 51 30 40 2 0,798 55,03
7 24 10,3 | 51 30 40 4 0,864 59,58
60

/ ——Au

40

/ ——Ag
=‘

fz /7?/’/*

o 2 4 g 16 ' 24

CrerneHb W3R e eHus, %o
[ ]
]

HpOﬂO.'IHEHTE.’IEHUCTB BEIMMETATHEAHHA. 9

Pucynox 2.35 — 3aBUCHUMOCTD CTEMEHU THOCYIH()ATHOTO BBINIEIAYUBAHUS 30JI0Ta
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u cepedpa B pacTBOp OT MPOJAOKUTENLHOCTH MPOIECCa.
B pe3ynbTaTe SKCHEPUMEHTOB HE YJAlOCh JOCTHUYb YIOBIETBOPUTEIIBHBIX

ToKa3arTesei N3BJICUYCHUS 30J10Ta B PACTBOP.

2.22. UccaenoBanme mpouecca THOCY/JIb(aTHOr0 BbIlEJAYUBAHUS 30J10TO-,
MEeIHO-, MBIIIbSKCOAEPKANX KOHLEHTPATOB MecTOpoxkaAeHust Tapop
OOBEeKTOM JaNbHEHIINX HCCIEAOBAHUN OBLT (PIOTALIMOHHBIA KOHIIEHTpPAT
MecTopoxaeHuss Tapop ¢ comepkanuem 3o0i0Ta 32,70 r/T, pe3yabTaThl KOTOPBIX
npejcTaBiieHbl B Taduiie 2.39.
Tabmuma 2.39
N3Bnedenue 3010Ta Mpu THOCYIH(ATHOM BhIIIEIaYUBAHUN

N3 KOHIOCHTpATa MCCTOPOKACHUA Tapop

No | IIpomomxu- | pH | K:T | 3arpy3ka peareHTOB /oM’ Cau Crenenn
I/l | TEIBHOCTB, Mr/mM°® | u3BIe-
q Na,S,03; | Na,SO; | CuSO, 1CHUA
Au,
%

1 24 9,0 | 51 80 2,459 37,60
2 24 92 | 51 40 30 1 2,553 39,04
npu Temmneparype 60 °C
1 24 10,3 | 51 80 3,069 46,93
2 24 9,0 | 51 40 30 1 3,090 47,25

O6oOmieHre BceX BbIIE TMOJYYEHHBIX JaHHBIX, OOECIEYMBAIOLIUX
HauOOJIbIIIeE  BCKPBITHE, TIO3BOJISIET  CleJaTh  BBIBOJ O  MPOBEICHUU

JIOTIOJIHUTEIBHONU CEpUU IKCIIEPUMEHTOB Ha (PIIOTOKOHLEHTPATE MECTOPOXKIACHUS
Tapop.

Crnenyromasi cepusi OINBITOB IMPOBEAEHA C LENbIO OINPEACICHUs] CTENEHU
U3BJICUEHUS OJIarOpOJHBIX METAJUIOB W3 KOHLEHTpaTa MeCcTOpoxaeHus Tapop,
pe3ynbTaThl KOTOPBIX MpecTaBieHbl B Tabmune 2.40.

Kak BHUAHO U3 IIPOBCACHHBIXOKCIICPUMCHTOB HAa NICXOJHOM KOHICHTPATC HC
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yIaJIOCh YIAOBJICTBOPUTEIBHBIX TIOKa3aTeICH W3BICYCHHUS JOCTHYb 30J10Ta B
pacTBop.
Ta0muma 2.40
W3Bnedenne 30J10Ta MpU THOCYIH(ATHOM BhIIICIaYNBAHUN

13 KOHIIEHTpaTa MecTopoxaeHus: Tapop

Ne | IIpomomxku- | pH | XK:T | 3arpy3ka peareHros, /i Caus Crenenb
I/l | TEIbHOCTB, Mr/M° W3BIIC-
q Na,SO; | NayS,03 | CuSO4 ——
Au,
%

1 24 9,0 | 51 8,8 10,4 0,92 2,403 36,74
2 24 9,2 | 51 8,8 10,4 0,92 2,480 37,92
nipu Temmepatype 60 °C
1 24 10,3 | 511 8,8 10,4 0,92 | 3,192 48,81
2 24 9,0 | 51 15 20 - 2,917 44,60

OO6o001IeHNe BCeX BBINIE TOJYYCHHBIX JTAHHBIX MTO3BOJISET CACNATh BBIBOJ O
MPOBEICHUU JOTIOJTHUTEIBHON CEpUM HKCIIEPUMEHTOB Ha (DIIOTOKOHIIEHTpATE, B
KOTOPOM CYJIb(GHUIBI ObUTH OBl BCKPHITHI, 1 OCBOOOXKICHO 30J10TO, HAXOISTYIIICECS B
Hux. C 3TOi 11eNbI0 (PIIOTOKOHILIEHTPAT ObLIT MOJABEPIKEH O0KUTY MIPU TEMIIEpaType
600 °C B TeueHue qBYX YacOB.

Cepus OMBITOB THOCYJIBb(ATHOTO BBIMICIAYNBAHNS TPOBEACHA C IIEBIO
ONTUMM3AIMN TMapaMeTPOB TIpollecca M CpPaBHEHUS CKOPOCTH W CTCIICHH
M3BIICUEHNS OIIarOpoIHBIX MeTamioB B ycnoBusax: Na,S,0;3 = 20 - 100 r/am’,
Na,SO; 30 - 80 r/am°, IPOOKHUTENBHOCTH mporiecca 24 - 48 4, COOTHONIECHHH
T:XX = 1:5 npu temneparype nposeneaus mpouecca 20 — 60 °C. Pesynbrarsl
AKCIIEPUMEHTOB TIPEICTAaBIICHHI B TabmuIle 6.23.

[IpuBeneHHbIC pE3yNbTaThl TOKA3bIBAIOT, YTO TPHU MCIHOJH30BAaHUU B
KaueCTBE PACTBOPUTEIIS OJHOTO THOCYJIb(aTa HATPHSI HIIA €T0 CMECH C CYIb(HUTOM
HaTpus HaOmogaercss Hu3kas 3((PEKTUBHOCTh BBILIEIAUYMBAHUS - H3BJICUCHUE
30710Ta 3a 16-24 4 cocTaBiseT Bcero Julib 52-68 %.

O06001IeHNE BCEX BBIIIE TTOJYICHHBIX JAHHBIX TIO3BOJISIET CIEIaTh BBIBOJI O
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MPOBEICHUH JOTOJIHUTEIBHON CEpUM HKCIIEPUMEHTOB Ha (DIOTOKOHIIEHTpATE, B
KOTOPOM CYyJb(uabl ObIITH OB BCKPHITHI, 1 OCBOOOXKICHO 30JI0TO, HAXOJSIIEECS B
HUX. C 9TO# 11e7hI0 (PIIOTOKOHIIEHTPAT OBLT MOJIBEPKEH OOKUTY TIPH TEeMIIEpaType
600 °C B Tedenne aByX 4gacoB. [IpH TOM IONOKHTEIBHOE BIMSHUE HA HPOLECC
THOCYJH(ATHOTO BBINIEIIAYMBAHUS OKa3aind J00aBKM ammuaka (pucyHok 2.36),
(tabmuma 2.41). IlpucyrcTBue amMMuaka B MEIHO-THOCYIb(ATHON KOMITO3UIIUU
3alUIIAeT PACTBOPBI OT PA3JIOKEHUS U 00JIeryaeT pacTBOPEHHE ACTOJSPU3ATOP-
OKHCIIUTES.

PactBopenue 3010Ta TIpU €ro B3aUMOJICUCTBUM C THUOCYJIb()aTHBIMU
pacTBopaMH, cojJepKaluMu aMMmuadyHbeli  komruiekc wmeau  (ll), MoxHO
MPEICTaBUTH CIEYIONIEH PeaKIUi:

Au + 55,05% + Cu(NHs),** = Au(S,03),” + 4NH; + Cu(S,05)s>  (2.7)

[IpucyTcTBHE B JaHHOW CHCTEME aMMHaKa TMPEMATCTBYET PACTBOPEHUIO
OKCHJIOB JKeJie3a, KpeMHe3EMa, CHIIMKATOB U KapOOHATOB, THTUYHBIX KOMIIOHEHTOB
3oJ0Tocoiepxkaux pya. Kak BugHo u3 ypaBHeHus (2.7), aMMHUAuHbIA KOMILIEKC
meau (1) urpaeT posib OKUCIHTES METAJUTHYECKOTO 30J10Ta [222].

Pe3koe moBBINIEHHE CKOPOCTH PAaCTBOPEHUS 30J0Ta HAOIIOACTCS TPH

KOHIICHTPAIIMY aMMHUAKa 1r/mm® (pucyHok 2.36).

100
= 90 — s *
= d -

g0 f‘ —An
% 70 i
E 60 f " =N
= 50 / / Cu
= 40 },ﬁ/
= 30
1
S 20
S 10

0 } } } !

0 1 2 3 4

Pacxon NH; r'mv
Pucynok 2.36 — M3BneueHrne MeTalioB B PacTBOP B 3aBUCUMOCTH OT pacxoja

aMMuakKka.
3
3areM KPHUBBIC BBIIICIAYUBAHWA BBIIIOJIAKUBAIOTCA, WU IIPW KOHLOCHTPAIK 3F/IIM

n3BjIeUYeHUE 30J10Ta cocTasiseT 90,4 %, cepedpa 68,4 % u meau Toabko 38,7 %.
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Ta0muma 2.41

W3Bneyenne 6;1aropoIHBIX METAIJIOB NMPH THOCYIb(ATHOM

BBIIIETTAYMBAHUM KOHIIEHTPATa MECTOPOKACHUS Tapop

No | 1,4 | pH | 3arpy3ka peareHTos, Konuenrpanus B Crenenn

n/m /M pacTtBope, mr/m° U3BIICUEHUS, %o
Na;S;03 | NaxSO3z | CuSO4 | NHs Au Ag Cu Au Ag Cu
112475 | 20 2,766 | 20,9 | 78084 | 42,3 | 41,9 | 16,2
2 |16 | 76 | 50 3427 | 19,0 | 10459,4 | 52,4 | 38,1 | 21,7
3 24| 72 | 50 3571 | 201 11086 54,6 | 40,3 | 23,0
4 |24 |95 | 100 4,179 | 25,0 | 103148 | 63,9 | 50,2 | 21,7
5 24|80 | 30 | 30 4218 | 26,3 | 12628,4 | 645 | 52,7 | 26,2
6 | 18 | 10,3 | 30 | 40 4,499 | 251 | 136888 | 68,8 | 50,3 | 28,4
7 |48 | 95 | 60 | 80 4454 | 25,7 | 13688,8 | 68,1 | 51,5 | 28,4
8 |24 |82 | 20 | 30 | 1 4,114 | 24,7 | 100256 | 62,9 | 49,5 | 20,8
9 |24 |84 | 20 | 40 | 1 3,930 | 25,0 | 14026,2 | 60,1 | 50,2 | 29,1
10 [ 24 | 93 | 30 | 40 | 1 4271 | 27,1 | 12869,4 | 653 | 52,4 | 26,7
11 | 24 | 90 | 30 | 40 4 | 4401 | 25,8 | 13881,6 | 67,3 | 51,7 | 28,8
12 | 24 | 96 | 60 | 80 4 | 4630 | 26,2 14701 70,8 | 52,5 | 30,5

KOHIeHTpar nocie ooxura 600 °C npu temneparype 60 °C

1 24| 87 | 30 6,025 | 18,7 | 6547,2 | 50,8 | 31,2 | 124
2 | 24| 84 | 50 8,088 | 250 | 15787,2 | 68,2 | 41,7 | 29,9
3 |48 | 82 | 100 8515 | 254 | 164736 | 71,8 | 42,3 | 31,2
4 |24 |88 | 30 | 30 8,610 | 258 | 15628,8 | 72,6 | 43,0 | 29,6
5 24|93 | 30 | 40 9,630 | 27,4 | 15998, | 81,2 | 457 | 30,3
6 |24 |88 | 20 | 30 | 1 8,361 | 244 | 147312 | 70,5 | 40,6 | 27,9
7 |24 93| 20 | 40 | 1 8,942 | 239 | 138336 | 754 | 39,8 | 26,2
8 |24 |88 | 30 | 40 | 1 9,761 | 259 | 156816 | 82,3 | 43,2 | 29,7
9 | 24| 93 | 30 | 40 1 | 9,69 | 37,3 | 18268,8 | 81,7 | 62,2 | 34,6
10 | 24 | 88 | 30 | 40 2 | 9986 | 38,9 | 19060,8 | 84,2 | 64,8 | 36,1
11 | 24 | 90 | 30 | 40 3 | 10,721 | 41,0 | 204336 | 90,4 | 68,4 | 38,7
12 | 24 | 86 | 30 | 40 4 | 10,745 | 40,9 | 191136 | 90,6 | 68,2 | 36,2
13 | 24 | 87 | 30 | 40 5 | 10,543 | 40,0 16896 88,9 | 66,8 | 32,0
Takum  oOpa3zoM, THOCyJdb(aTHOE  BhHINIEIAYMBAHWE  30JI0TA U3
(bJIOTaIMOHHBIX ~ KOHIIEHTPATOB  MECTOPOXKICHHUS  Tapop  MOXET  OBITh

PEKOMEHJOBAHO KaK aJIbTEPHATUBHOE IUAHUCTOMY MPOILECCY.
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I''TABA 3. HAYYHBIE OCHOBbI TEXHOJIOI'MA XJIOPHU/1OBO3-
I'OHKHU U ABOTHOKHUCJIOTHOI'O BBIIINEJTAYNBAHUA METAJIJIOB
N3 KOHIHEHTPATOB

3.1. U3yyenne u pa3padoTKka TEXHOJIOTHH OKMCJINTEIBLHOT0 00KUTra
(J10TAaMOHHOT0 KOHIIEHTPATA MecTOpo:xAeHus Tapop

C uenpi0 BCKPBITHS 30J10Ta, HAXOJSIIETOCS B CYJIb(QHUAHBIX MHHEpaiax,
TaKUX KaK MUPUT, APCCHOMUPUT, a TAaKXKE 3aKOHOMEPHOCTEH MOBEICHUS MBIIIbSKA,
Cepbl MPOBEJCHO M3YYCHHE OKHCIUTEIBHOTO 00KUTa Ha puMepe (IOTAIHIOHHOTO
KOHIIEHTpAaTa, MOJIy4YeHHOTO U3 PyAbl MECTOPOXKACHUS Tapop.

Kak  wu3BecTHO, 1mipu  mepepabOTKE  MUPUTHBIX, MHUPPOTUHOBBIX,
MBIIIBSIKOBUCTBIX ¥ CYPBMSHHCTBIX KOHIIGHTPATOB HamOoJiee ONTHUMAaIbHas
Temmeparypa obxura 500 — 600 °C. Ilpu 3Toif TemmepaType obecreunBaeTCs
OCBOOOXKJIEHHE 30JI0Ta M cepedpa, acCOLUMMPOBAHHBIX C MHUPUTOM MU APYTHMH
cyiabGuIaMH, U TOCTUTAETCs HanOOIbIlIee N3BJICUCHUE ITUX METAIJIOB B MIPOIECCE
MOCJICYIONIETO  BBIIICTAYMBAHUS  [[MAHWUJOM  HATpusi,  THOMOYEBHHOM,
TUOCYJb()ATOM U T.J.

C noBsbllLIEHUEM TeMIIepaTyphl OKUCIEHUE CYIb(PUI0B MPOTEKAET ObICTpEE U
nocTaTouno mosiHo. OfHAKO HpH Temmeparypax, mpebimaromux 800 — 900 °C,
BO3MOXKHO  YaCTUYHOE  OIUIAaBJICHHE Orapka  BCJIEACTBHE  00pa3oBaHUS
OTHOCHUTEJIHHO JIETKOTUTABKUX ABTEKTHUECKUX CMECEH, COCTOSIINX U3 TUPPOTHHA U
MarHeTuTa, CUJIMKaTO- U eppuUTOOOpa30BAHUSI.

B npomecce o00xkura NOUPUT TNPETEPIIEBAECT CIIOXKHBIE XUMHYECKHE
MIPEBPAIICHUSI, XapaKTep KOTOPBIX 3aBUCUT OT TEMIIEPATYpPhl U CPEIbI, B KOTOPOM
npousBoguTcst oOxur. Ilpomecc aucconumanuu NUPUTa HAYMHACTCA TIpU
Temmeparype, ommkoii xk 500 °C. B wunrepBame Temmeparyp 500-600 °C
(mepexojHas 30HA) TMPOAYKT OOpaOOTKM MPENCTaBIseT COOOW OTYETIMBO
BBIPOXCHHYIO JBYX(a3HYI0 CHCTEMY, COCTOSIIYI0 €3 TUIOTHBIX KpPHUCTAJIIOB

UCXOJTHOTO TMHUPUTAa U BHOBb OOpa30BaHHBIX 3€pEH MUPPOTHMHA C METeThYaTon
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nopucrou ctpykrypoi. [Ipu temneparype 700 °C ocratku nUpuTa B 000KKEHHOM
poAyKTe ucuesaror [28, 223].

IIporecc pasIoKeHHs apCeHONMPHTA HaYMHAeTCst pu TemmepaType 600 °C.
[Ipyn auccouuanuu nuputa 00pa3ylOTCs MUPPOTHUHBI C MEPEMEHHBIM ATOMHBIM
OTHOIIIEHWEM CEpbl K Kelle3y, a MPHU AUCCOIHMAIMU apCeHOMmupHuTa obpasyercs
MOHOCYJIb(GU Kejne3a MPaKTUYECKU OJMHAKOBOTO COCTaBa, OTJIMYAIOIIMKCA OT
MUPPOTUHOB TaKXK€ M OTCYTCTBHEM (DEPPOMArHUTHBIX CBOWCTB. KoHEUHBIM
IIPOAYKTOM OKHCIICHHUS apCCHOIUPHUTA SBJISCTCS reMaTuT [224].

Ho temmeparyper 800 °Cc MPOLIECC  TEPMUYECKOW  JUCCOLMALAU
XaJbKOMUPUTA TMPOTEKAET JOCTATOYHO BsUIO M JIMIIb MpH TeMIepaTypax,
npessimaommx 800900 °C, ero pois CTaHOBUTCS 3HAYHTENBHON. B MpHCYTCTBUM
OKUCIIUTENIEH TMPOLECC TEPMUUYECKOTO PpAa3J0KEHUS XalIbKONUPUTA PE3KO
uHteHcudunupyercs. [Ipu 3ToM xapaktep U HampaBlI€HUE YKa3aHHBIX MPOIIECCOB
CYIIIECTBEHHO 3aBUCHUT OT KOHIICHTPAIIMK KHUCIIOPO/Ia B Ta3oBoi (aze [225].

OCHOBHBIMHU peakIMsIMU Mpouecca 00xura (IoTalMOHHOTO KOHIEHTpATa
SBJISIETCS PEAKIIMU OKUCIICHUS CEPhI, MBIIIbAKA U KeJe3a.

OkwuciIenne miputa HaunHaercs npu 450 — 500 °C. ITpomecc mpotexaer c
oOpa3oBaHMEM B KauyeCTBE MPOMEKYTOUHOrO MPOAYKTa MUPPOTHHA, KOTOPHIM

OKHUCJIICTCA 10 MAarHETUTA M AAJICC 1O IrCMaTuTa:

FeS, + O, = FeS + SO, (3.1)
3FeS + 50, = Fe;0, + 350, (3.2)
4Fe;0, + O, = 6Fe,0; (3.3)
3Fe + 20, = Fe;0, (3.4)

[Ipu Temnepatypax cBeiiie 600 °C oxucnenuio mupuTa MPEJIECTBYET €TO
avcconuanus ¢ obpasoBaHueMm mupporuHa: 2FeS,= 2FeS + S,, koTophIi, 3aTem
OKHUCIISIETCS 10 TeMaTuTa.

[ToBenenne apceHonmupUTa TMPU OKHUCIUTETLHOM OOXHIe BO MHOTOM
aHAJIOTUYHO TIOBEJCHUIO NHUpHUTA. VIHTEHCHBHOE OKHCJICHHUE apCEeHONMUpPHUTA

0
HaunHaeTcss npumepHo npu 450 “C u mporekaer ¢ oOpa3oBaHHEM B KayeCTBE
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IMPOMCEKYTOUYHBIX ITPOAYKTOB IIMPPOTHHA U MAIrHECTUTA!

2FeAsS + 1,50, = 2FeS + As;O3ra) (3.5)
3FeS + 50, = Fe;0, + 350, (3.6)
2Fe;0,4 + 0,50, = 3Fe,04 (37)

[Ipu Temnepatypax Bbiiie 600 °C okucnennio apCEHOIMPUTA NPEALIECTBYET
€ro IUCCOLUHALIUS:

AFeAsS = 4FeS + ASyas) (3.8)

["a3000pa3HbIil MBIIBSIK OKUCISAETCS J0 TPUOKCHUA!

As, + 30, = 2As5,03 (39)

a MUPPOTHH JI0 TEMATHUTA.

OxucauTenbHblid 005KUTr TapopcKOro KOHLIEHTpATa MIPOBOAMIICS B UHTEpPBAJE
Temmepatyp 600 — 700 °C. OGXHT KOHIEHTpaTa POBOJWICS B TEUCHHE OJHOTO
yaca C WHTEpBajaMU Ha MepeMelIMBaHue Mmartepuana udepe3 5 MuHYT. Ilocne
OKOHYaHHs OIbITa IPOTUBEHb C OrapKOM BBIHUMAJICA U3 My(]els U OXJIaKaascs.
Orapok B3BELIMBAJICSA M MOCTyHal Ha MNPOOUPHBIA M XUMHUYECKUH aHanu3bl. B
pe3ynpTaTe 00’KHUTra BeC Kak/10i HaBeCKH yBearuuics ~ Ha 6 - 10 %.

B tabmuue 3.1 mnpuBeaeHbl pe3yabTaTbl XUMHUYECKOTO U MPOOUPHOTO
aHAJIN30B Orapka, MoJIy4eHHOro npu temmeparype 600 °C.

B pesynbTaTe OKHCIHTEIBHOrO OOKWra KoHIeHTpata mpu 600 °C

necynbdypuzamus cocrabuna 57,4 %, creneHb OTTOHKU MblIibsika 50,0 %.

Tabmuma 3.1
XYWMHUYECKUI 1 MPOOMPHBIN aHAJIU3 Orapka
[TpoxykT Boixon r/T %
orapka, % Au Ag Cu As Fe Sobm
Orapok 109 49,6 1184 | 14,2 | 0,15 | 16,2 | 128

YcaoBus o0xkura KOHIIEHTpATa JOJKHBI ObITh TOI0OpaHbI TAKUM 00pa3oM,

4TOOBI 00ECIIeYnTh HanboJiee MOJHOE pa3pyllieHue Cyab(UI0B C OTTOHKOW CEephI U
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MBIIIIbSIKA B Ta30ByH (a3y m okucieHueM Fe no Beicmiero okcuga Fe,Os.
[ossienne Temmeparypst 10 900 °C maer BosMokHOCTS mepeBectr 87,4 % cepbl
B razoByto ¢a3zy (tabymma 3.2 u pucyHok 3.1). Ho mpu 3TOM MBIIIBSIK BO3TOHSETCS

TOJbKO Ha 42,3 %.

100
= 90
= 80
g 70
= e e
= 40 - — m
= 30
=]
= 20
S 10
0 I i ' : | I

500 600 700 800 900 t, 'C
——S  ~E-As

PI/ICYHOK 3.1 — 3aBUCUMOCTH U3BJICUCHHUS CCPLI U MBIIIBAKA ITPU OKUCIIUTCIIbBHOM

00KHTe TapopCKoro KOHICHTPATAa B 3aBUCUMOCTU OT TCMIICPATYPHhI.
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Ta0muna 3.2
OKHCITUTETBHBIN 00KHUT (DIIOTOKOHIIEHTpATa MECTOPOKIACHHS Tapop
OO0 KEHHBIN KOHIICHTPAT [Tosmy4yeHHbII Orapok CreneHb U3BICUYEHUS YcioBus onbiTa
Conepxxanue Conepxanue
[Tponoiku-
rp. % rp. Ip. % rp. rp. % t, °C TEJIbHOCTb,
qac
CreneHb U3BIEYEHUS CEPBI
110 7,46 8,21 8,06 49,5 500
108 6,42 6,93 9,34 57,4 600
100 16,27 16,27 104 4,59 477 11,50 70,7 700 1
98 3,32 3,25 19,02 80,0 800
96 2,13 2,05 14,22 87,4 900
CreneHb U3BICUYEHUS MBIIIbSIKA
110 0,13 0,14 0,12 46,1 500
108 0,12 0,13 0,13 50,0 600
100 0,26 0,26 104 0,13 0,14 0,12 46,1 700 1
98 0,15 0,15 0,11 42,3 800
96 0,15 0,15 0,11 42,3 900




Cumoeotl ananuz o2apxa, pacnpeoenenue 3010ma u Opyeux
KOMHNOHEHMO8 NO KIAccam

Pesynbratel cutoBoro ananusa Tapopckoro orapka npuBeieHbl B Tabnuie 3.3.

Tabmura 3.3
CuroBoii aHanu3 Tapopckoro orapka
Knacc, Mmm Brixon, % Cymmapssbiid, %o
+0,28 13,84 13,84
-0,28+0,2 8,66 22,5
-0,2+0,10 8,27 30,77
-0,10+ 0,071 10,95 41,72
-0,071 + 0,063 6,32 48,04
- 0,063 + 0,04 12,87 60,91
- 0,04 39,09 100,00
Hroro 100

B pe3ynbTaTe OKUCIUTENBHOTO 00XUTa KOHIIEHTpAaTa U3MEHSETCS TPaHyJio-
METPUYECKUIN COCTaB MPOAYKTa: BbIXo kiacca +0,071 mm yBemuumics no 48,0 %
3a CYeT YKpyInHeHus Hanbosee ToHkoro kinacca — 0,04 M.

B Tabmune 3.4 mpuBeneHbl JaHHBIE PACTPENCICHHS 30J0Ta U JIPYrUX
KOMIIOHEHTOB IO KJIacCaM CUTOBOTO aHaiu3a orapka. Kak BumHo u3 tabmnuis 3.4,
OoJbIIas 4acTh IEHHBIX KOMIIOHEHTOB MOCJTE OKHCIUTEIHLHOTO O0XHUTra, KaKk U B

KOHOCHTPATEC, COACPKUTCS B Han0oJIee TOHKOM KJIacce.
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Tabmnura 3.4
Pacnpez[eneHHe MCTAJIJIOB 110 KJIaCCaM KOHIICHTpATa
Kiacc BeI- ConeprxkaHue B UCXOTHOM Pacnpenenenue metayioB
KpYITHOCTH, | XOf, /T %
0,
ma | % AU ] Ag | Cu | As| S |AUlAg| Cu | As | S

+0,28 13,84 | 48,31 |10,7,24 | 12,07 | 0,06 (13,84 | 13,39 | 13,00 | 10,76 | 10,27 |12,96

-0,28+0,20 | 8,66 |47,63| 108,19 | 11,81 |0,07 |1451 | 8,26 | 8,21 | 6,59 7,49 | 8,50

-0,20+ 0,10 | 8,27 | 48,0 | 106,76 | 14,32 | 0,08 (1290 | 7,95 | 7,73 | 7,63 8,17 | 7,22

-0,10 + 0,071 | 10,95 | 46,41 | 112,34 | 15,01 | 0,08 |15,12 | 10,18 | 10,78 | 10,59 | 10,82 |11,20

-0,071+0,063| 6,32 |49,72 | 116,30 | 15,86 | 0,07 (13,47 | 6,29 | 6,44 | 6,45 547 | 576

-0,063 + 0,04| 12,87 | 51,21 | 115,80 | 16,41 | 0,09 |14,89 | 13,20 | 13,06 | 13,60 | 14,31 |12,96

-0,04 39,09 | 52,04 | 119,10 | 17,63 | 0,09 |15,66 | 40,73 | 40,78 | 44,38 | 43,47 |41,41

Htoro 100 | 49,20 | 114,71 | 15,03 | 0,08 |14,22 | 100 | 100 100 100 100

3.2. HccaenoBanue no XJIOPHIAOBO3IOHKE 30J10T0-, MEAHO-,

MBIIIbAKCOACPKAIINX KOHIHCHTPATOB

OgauM W3 METONOB  MepepabOTKH  YIMOPHBIX  30JI0TOCOACPIKAIIIX
KOHIICHTPATOB SIBJSIETCS METOJT BO3TOHKH 30JI0TAa B BHIE €ro XJOPHIOB,
TIOJIYYHMBIITMN Ha3BaHWE METOJIa XJIOPHIOBO3TOHKH. B KauecTBe XJIOPUPYIOMINX
arecHTOB TIPH XJIOPHJIOBO3TOHKE MOTYT MPUMEHSTHCS JIMOO TBEPJbIC XJIOPHIBI
HATpHS U KaJbIUs, OO0 ra3000pa3HBINA XJI0pP.

OpmHako MpUMEHEHWEe XJIOPUAOB HATPHs M KaJbIUS MPHUBOIUT K CIEKAHHUIO
ITUXTBhI, OCOOCHHO C KOHIICHTpAaTaMH, MMCIOIMMMH B CBOEM COCTaBe IICIOYHBIC
MeTautbl.  Mcmomb3oBaHWe ke  ra3oo0pa3HOro  xjopa B IpoIecce
XJIOPHUIOBO3TOHKH MCKITFOYACT CIIEKOOOPa30BaHHUE.

[Ipu xJmopupoBaHUM OTApKOB C TOBBIIICHWEM TEMIIEpaTyphl HETPEPHIBHO
BO3pACTaeT CTEMEHb XJOPHUPOBAHHUS 30JI0Ta, YTO HE HAOMIOAACTCS B IPOIECCE

XJIOPHUPOBAHUA MCTAJNIMICCKOI'O 30JI0TA. Takoe HCCOOTBCTCTBUEC, BUAHMMO, CBA3aHO
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C TE€M, YTO 30JI0TO XJIOPUPYETCSI HE TOJIBKO XJIOPOM, HO M €r0 CMECHIO C XJIOPHBIM
XKEJIe30M, KOTOpoe 00pa3yeT nBoiHyo cosib Tuiia FeAUCls.

[Ipomecc ruapoxopupoBaHus, pa3padaTeiBacMbIi 3a pyoexom u B Poccun,
UMeeT OMpe/eleHHbIe MePCHeKTUBbl MpuMeHeHuss. OgHa U3 0COOEHHOCTEH ero
3aKJII0YaeTcsi B TOM, YTO HpU 0OpabdOTKE 30JI0TOCOJEPHKAILIETO  ChIPhS
ra3o00pa3HbIM XJIOPOM B BOJHOW Cpe/ie B PACTBOP MEPEXOIUT TOJIBKO CBOOOHOE
307110T0. [ToaTOMY TIpOIIECC THAPOXIOPUPOBAHUS JOJIKEH MPUMEHSITHCS K CHIPBIO, B
KOTOPOM 30JIOTO MPEJICTaBICHO, B OCHOBHOM, B cBoOoaHOM Bujae. K Takomy
CBIPBIO OTHOCSITCS IPaBUTAIIMOHHBIC KOHIICHTpaThI [69, 71].

XopUpoOBaHUE pacCMAaTPUBAETCA CEHYac Kak OJMH U3 METOJOB, CIIOCOOHBIX
KOHKYpHpPOBaTh C APYTMMH YK€ MNPUMEHSEMBIMH NpOLIECCAaMU [JIsl BCKPBITHUS
MUHEPAIBHOTO CBIpbA. XapaKTEpHOW OCOOEHHOCTHIO Ipoliecca XJIOPUPOBAHUSA
SBJISIETCS OrPOMHAsi CKOPOCTh XUMHUUYECKUX PpEaklMi ¢ BBICOKas CTENEHb
XJIOPUPOBAHHUS BCEX KOMMOHEHTOB. CoueTaHWe AAHHOTO METOJIa C 3KCTPaKIUEH
OCHOBHOTO MeTajjla U3 MOJIy4aeMbIX XJIOPUJIHBIX PACTBOPOB MO3BOJISIET MOTYUUTh
TOBapHBI METAJT BBICOKOM YHMCTOTHI HAa MECTE, & C JAPYrOM — BBIACIUTH W3
pacTBOpPOB IIEHHbIE CITYTHHKH, WM B BHUJE YHUCTBIX METAVIOB, WIM B BHJIEC
BBICOKOIIPOIIEHTHBIX KOHIIEHTPATOB.

[Tponecchl XJIOPUAHON METAILTYPTUM MOTYT IIMPOKO MPUMEHSTHCA U B
KOMOMHUPOBAHHBIX cXeMax. B 4acTHOCTH, MOTYT OBITh YJIYyYIICHBI MOKa3aTeIu
npoliecca oOoraimieHus npu nepepadoTke OEIHBIX M YMOPHBIX 30J0THIX pyn. B
ATOM CIy4ae BO3MOXXHO W3 CXEMbl oOOoramieHusi pyAbl W ITHAHUPOBAHMS
KOHIICHTPATOB BBIBECTU HauOOJee YMOPHBbIE MPOMIPOIYKTHI U JIp., COJAEpHKAIIUe
BpEIIHbIE [JIs1 [MAHUPOBAHUS MPUMECH: CYPbMY, BUCMYT, MBIIIbSIK ¥ HAMPABISIThH
OTH TPOAYKTHI HA XJIOPUAOBO3TOHKY. IIpu Tex ke oObemax mepepabOTKU PYIbI
W3BJICYCHUE 30J10Ta MOXKET OBITh IMOBBLIIIEHO. BO3MOXXHO Takke HCKIIOUCHHUE W3
TEXHOJIOTUYECKOW CXEMBbI OTEpaIiy M0 OKUCIUTEIIbHOMY OOXKUTY KOHIICHTPATOB,
a Tak)ke mepepaboTka METOJAOM XJOPUIOBO3TOHKH O€IHBIX 30JI0THIX MPOIYKTOB,

TO €CTb CHMKCHUC KOHAHUIIMKY Ha COACPIKAHHUEC 30JI0TA B PYAC.
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Meron XJOpUIHOW MeTalyprud HauOojee NPUroA€H I CO3JIaHUs
HEOOJIBIITUX YCTAHOBOK, pPa0OTAOIMMX HEMOCPEICTBEHHO Ha O0OTaTUTEIhHBIX
dabpukax.

CyniHocTh COJIEBOTO MPOLiecca XJIOPUI0BO3TOHKH 30JI0Ta COCTOUT B HAarpeBe
CMECH KOHIIEHTpaTta (orapka) U XJIOPUCTOM CONM (XJIOPUCTOrO KAaJbIIUS,
xopucroro Hatpus) g0 800 — 900° u 1000 °C. B yclOBHSIX OKHCITHTEIBHOM
aTMocdepbl 00pa3yeTcsi XJIOPHOE 30J0TO, UMEIOIIee TeMIIepaTypy BO3TOHKH 265
°C.

IIpu 800 — 900 °C xiopHOE 3010TO (B MOMEHT OOpA30OBaHHMS) HMEET
3HAUUTEIBHYIO YIIPYTOCTh MapoB (CBhILIE | aTm).

[Ipu XJIOpUIOBO3TOHKE 30JI0TA B KHUIISIIEM CJI0€, 00pasyrolieecs: XJIOpHOe
30JI0TO YJAJIseTCss M3 Te4Yd BMecTe ¢ Ta3oBoil (a3oil (Bo3myXx), BBOIUMOU B
pEakIMOHHOE TMPOCTPAHCTBO. B manpHelmemM mapo-ra3oBas (a3a mocTymaeT Ha
KOHJICHCAIMIO B MOKpbIE CKpyOOepa KOHIEHCATOPHI.

[Ipu ynaBawMBaHWM XJIOpHIA 30J0Ta OHO BOCCTaHABIMBACTCA 1O MeTajuia
XJIOPUCTBIM JKEJIE30M, COJEPKAIIMMCS B Ta30BOM (ha3e, W BHIIAZACT B OCATOK B
BUJIC IIIJTaMa. DTO JAeT BO3MOXKHOCThH OTACIIUTHh U3BJICUEHHOE 30JI0TO OT APYTHX
XJIOPUIOB, KOTOPBIE HAXOIATCS B pacTBOpe. PacTBOpHI XJIOPHIIOB XOPOIIIO
OTCTaUBAIOTCA U (PUIBTPYIOTCS, YTO HMMEET Ba)XHOE 3HAYCHHE TMPU OIeparusax
THAPOMETAILUTYPTUYECKON TepepadOTKU  XJIOPUAHBIX BO3TOHOB. [ 'Hapomerar-
Jypruveckas  cxemMa  repepaboTKH  XJIOPHIHBIX ~ BO3TOHOB  TO3BOJISIET
pererepupoBaTh A0 75 % XJiopa B BUIE PAcTBOpPa XJIOPUCTOTO KaJbIUsl, CHOBA
MIO/TAFOIIETOCS B TOJIOBY Tporiecca — B y3el NPHUTOTOBJICHHS IMUXTHL. OJTO B
3HAYUTEILHON Mepe 00eCcIeunBaeT IKOHOMUIHOCTh JaHHOTO MeToaa [76, 78].

[Ipu XxI10pUAOBO3rOHKE 30J10Ta MPOTEKAET PSIA PEAKIIHIMA:

1) Peakiust TS pMHUYCCKOTO PO3TOKCHHS XJTOPUCTOTO KaIbIIHS
CaCl, + 0,50, = CaO + Cl, - Qkan (3.10)
2) Peakmuus ruipoiin3a XJIOPUCTOTO KalbIKs B IPUCYTCTBUU KPEeMHE3eMa

CaCl, + SiO, + H,O = CaO * SiO, + 2HCI — Q,kan (3.11)
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3) Peakius XJI0pupoOBaHUs 30J10Ta XJIOPOM M XJIOPUCTHIM BOJIOPOJIOM

A) Au + 1,5C|2 = AUC|3 — Q3 Kal (312)

b) 2Au + 6HCI + 1,50, = 2AuCl + 3H,0 - Q4 kan (3.13)

OAHOBPEMEHHO MPOTEKAIOT PEAKIMU XJIOPUPOBAHUS HEKOTOPBIX OKUCIIOB U
(cynp(hUI0B) METAILIOB, COAEPIKAIINXCS B KOHIIEHTpATE.

XmopuaoBo3roHka, npeaioxennas b.H. Jlebenesim [226, 227], Tak ke Kak
U OKHUCIUTEIBHO-XJIOPUPYIOMUNA  OOXKHUT,  3aKJfo4aeTcs B TOM,  4YTO
30JI0TOCOJIEPKAITUN TPOAYKT CMEIIUBAIOT C XJIOPUCTHIM HATPUEM (MJIU KAJIbITUEM)
U OOXWUTraloT B OKHCIHMTEIbHOM aTtMocdepe. B oTimune OT OKUCIUTEIBHO-
XJIOPUPYIOMIET0 00KWTa, XJIOPHIOBO3TOHKA MPEIyCMATPUBACT TOTHBIA TIEPEBOT
MeTayuIMuecKkoro 3050ta B seryunit xjmopus AUCl u nmocneayroiiee yjaaBiuBaHUE
€ro U3 ra3oB B BHUJIE MPOIYKTa, KOHIIEHTPUPOBAHHOTO 1O MeTauty. Takod  3¢-
(eKT JocTHraeTcs mp BBICOKOH Temmeparype, 900 — 1100 °C. OGpasyrommiics
XJIOp BCTYIA€T BO B3aMMOJIEUCTBHE C 30J10TOM, AaBas jeryuuit AUCI:

2Au + Cl, = 2AuCl (3.14)

I[Io wuccnepmoBanmsm M.U. 3eipsHoBa [228, 229], B mnpucyrcrBuun
mopo1000pa3yromx MuHepaiaoB obOpazoBanue AUC| Bo3MOXHO M 0e3 ydacTus
CEPHUCTBIX COCIMHEHUI:

2Au + 2NaCl + 0,50, + SiO, = 2AuCl + Na,SiO; (3.15)

BwmecTe ¢ 3010TOM XJIOpHUPYIOTCS M TIEPEXOMST B Ta3oByw0 (azy cepedpo u
I[BETHBIE METAJIbI. XJIOPHUIOBO3TOHKY MOXKHO TPOBOAWTh B TPyOUaTHIX
BpaIIaronMXxcs nevyax, MaxTHBIX revyax (mociie OKOMKOBAHHUSI MaTepuania), meuax
KHTISIIIETO CIIOS.

Jlyst Toro 9TOOBI M30€KaTh CIIeKaHUs CYJIb(PUIHBIX KOHIICHTPATOB MPH
BBICOKMX Temmeparypax u st ymeHbiieHus pacxoga NaCl, ximopumoBo3roHke
CJIeTyeT ToIBepraTh MPEABAPHUTEILHO 000XIKEHHBIC MaTepUalbl, CoIepkKaIiue 2-5
% S. Ontumaneubiii pacxon NaCl cocraBmser 10-15 % wmaccel MCXOTHOTO
Matepuana. Ilpm HemocTaTke CONMHM 30J0TO M COIYTCTBYIONINE €My JJIEMEHTHI

XJIOPUPYIOTCST HE TOJIHOCTHIO M YAaCTUYHO TepsitoTcsi ¢ orapkom; n30biTok NaCl
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NPUBOJUT K OIUIABJICHUIO W YKPYIMHEHHUIO YaCTHUIl OTapKa, YTO TAKXKE MOHUKAET
n3BieueHrne Metamia. [Ipu 3ToM B BO3roHbI 0O0BIYHO Tiepexoant, %: 99 Au, 98 Ag,
96 Cu, 90 Zn. Coneprkanue 30JI0Ta B OTapKax HE MPEBBITIAET 2 T/T.

Jlist mpornecca XJIOPUIOBO3TOHKM XapakTepHa YHUBEPCATBHOCTh C TOUYKH
3pEHUS TIOJIHOTHI U3BJICUEHUS 30J10Ta U3 Pa3HOOOPA3HBIX COCTUHECHUN (CITUPUTOM,
apCEHOINMPUTOM, XaJIbKONMPUTOM, TaJleHUTOM U KBapiem). B mpomecce
XJIOPUJOBO3TOHKH  YIOPHBIX  30JI0TOCOJAEPXKAIINX MAaTEePHATIOB  JOCTUTACTCS
BBICOKOE O0OIIIee W3BJICUCHHUE 30J10Ta W3 PA3IUYHBIX CBHIPHEBBIX HMCTOYHHKOB,
coJlep KallluX TMUPUT, apCEHOMUPUT, XaIbKOMUPUT, raieHut u ap. (98-99 %) B
ciydae TIPUMEHEHHS, KaK Ta3000pa3HOTo XJI0pa, TaK ¥ XJIOPHUCTHIX COJICH HATPHSI U
KaJIbIIUA.

B uactHOoCTH, 00pa3oBaBIIMECs XJIOPUJBI JKelle3a, IMHKAa U MEJU, B CBOIO
ouepenb, SIBISIIOTCSA TepeaTInKaMy XJiopa B TPOIECCe W MOTYT XJIOPHUPOBATH
30J10TO:
2Au + 3MeCl, (FeCl,,ZnCl,,CuCly) + 1,50, = 2AuCl; + 3MeO — Qs kanr  (3.16)

[Ipy OTHOCHTENBHO HM3KHX TEMIIEpaTypax IMpoIecca XJIOPHIOBO3TOHKA
30710Ta (800-1000 °C) KOMITOHEHTBI MyCTO# MOPOIBI KOHIEHTPATOB HE HAXOIATCS
B pacIljiaBe W TIO3TOMY BJIMSHUE WX Ha MPOIECCE BOTOHKU 30JI0Ta HE3HAYUTEIHLHO
(HEeT moTeph 30JI0Ta CO IUTAKAMHM). ITUM OOBSICHICTCS CTAaOMIIBHOCTH TTOKa3aTesei
10 U3BJICUEHUIO 30JI0Ta MPHU XJIOPUIOBO3TOKE 30JI0THIX KOHIICHTPATOB Pa3IMYHOTO
MHUHEPAJIOTHYECKOTO COCTaBa.

XJIOpUIHBIM ~ METOJIOM BO3MOXHO TIepepadaTbiBaTh HEKOHIUIIUOHHBIC
30JI0ThI€ TIPOJIYKTHI C HU3BKUM cojepxkanuem 3ojota (ot 10-15 r1/1), ¢
MOBBIIICHHBIM COJIEP)KAHUEM CEPBI, MBIIIbSIKA, CYPbMbI, BUCMYTa, KpeMHE3eMa U
JPYTUX KOMIIOHEHTOB.

XJIOpUIOBO3TOHKA 30JI0THIX KOHIICHTPATOB, IIPOBOJMMAs B TIe4aX C
KUTSIIIAM ~ CJIOEM, TIO3BOJISIET  MOJHOCTHIO TePMETHU3MPOBATH  ammaparypy,
COKPAaTHTh O MUHUMYyMa IMOTEPH XJIOPHUIOB M O00ECIeYnTh O€30IMMacHBIC YCIOBHUS

paboThI.
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XUMUYECKUI TIPOIECC XJIOPUPOBAHUS MMPOUCXOIUT Ha TpaHuIle pa3zaena das
(TBepmoit M Ta3000pa3HOI), CKOPOCTh €ro 3aBHCHT OT CKOpocTu auddysum,
KOTOpas SBisieTCs QyHKIIMEH TeMIIepaTyphl U Ta30MHAMUKH MPOIIecca.

3amaya ynpaBieHHUs] TPoLeccoM (DAKTUYECKH CBOJUTCS K PETYJIUPOBAHUIO
duznyecKux TMapamMeTpoB: Ta30JMHAMHUKH TpOIIECcCa, pa3Mepa MOBEPXHOCTH
KOHTaKTUpYyIOMUX (a3 (KpymHOCTh oOpabaThlBaeMOro maTepuaia), KOJHMYeCTBa
MOJBOJMMOTO W OTBoAMMOro Ttera. Ilpm 3ToM xXummueckue (paxTopbl
CTAOMIIM3UPYIOTCS 3a CUET IMOCTOSHCTBA TEMIIEPATYPHOTO PEKUMA U XUMHYECKOTO

HCXOJHOI'O CBhIPbA.

3.3. TepmoannaMu4yecKkuii aHAIHU3 XJIOPUA0BO3TOHOYHOTO
00KNra KOHIEHTPATOB

TepMmoauHaMuKa, Kak XOpOILIO M3BECTHBIA MO3BOJIATh YCTaHABIUBATH
CTENIEHU Ha YCTOMYMBOCTb CHCTEMHOM M BO3MOXXHOCTH IPHHIMIA pEaTUu3alld B
ee, 4YTO WIM JpYrol mpouecc, a TakkKe TEPMOJUHAMUYECKAS] BEPOSTHOCTD
BEPOSATHOCTH  NPOTEKAaHWss B  CUCTEMHOM  JIpyrod  peakumu. Takou
TEPMOJIMHAMMYECKUI METOI UMEET YPE3BbIYATHO BA)KHOE 3HAYEHHUE PAacCMaTpUBas
MHOTO TMPOILIECCOB, B KOHKPETHBIX IMpoleccax B CUCTEMHOM TBEpAOE-Tase.
3HaueHUs] PABHOBECHBIX YCIOBUN pEeakIUU XJOPUPOBAHUS 30J10Ta, HEOOXOAUMbIE
JUIsL IOHUMAaHUS TIPUPOJBI U pa3pabOTKU HAyYHO OOOCHOBAaHHBIX PEKOMEHAALNN
0 CIOCO0Y M YCIOBUSAM NMPOTEKAHUS TEXHOJIOTUYECKHUX MTPOLIECCOB.

B mpouecce B3aMMOAEHCTBUS 30J10Ta C XJIOPOM BO3MOXKHO NPOTEKAHHE
Ipyrux peakuuii. B 3aBUCUMOCTH OT TeMIEpaTrypbl XJIOPUPOBAHMS, Y4acTHs B
peakusx BELIECTB OOHAPYKEHbl pa3Hble arperatHble COCTOSHUSA: 30JI0TO - B
KPUCTAILTMYECKOM U JKUJIKOM COCTOSHUM, XJIOP - B Tra3000pa3HOM, XJIOPUIbI
30J10Ta - B KPUCTAJUIMUYECKOM M KUJKOM, XJIOPHUJBI 30JI0TA B - KPUCTAJUIMYECKUX,
KHUJKUX, Ta3000pa3HbIX COCTOSHHUAX. XJIOP MOXKET Y4YacTBOBAaTb B PEAaKLUU B
MOJIEKYJIIPHOM U aTOMapHOW BHje. B COOTBETCTBUM C 3TUM, MPHU XJIOPUPOBAHUHU

30JI0Ta BO3MOXKHBI CiieAyronue peakiuu [230]:



158

2AUy) *+ 3Clyy <> 2AUCly; (3.17)  Augy + 3Cly < AuClsyy,  (3.24)
2AUq + 3Clyy <> AuCleyy; (3.18)  2Auy + 6Clyy <> AuClgyy,  (3.25)
2AUu + 3Clyry < AuClgry, (3.19)  2AU) + 6Clyy < AuClg, (3.26)
2AUy) + Clyyy < 2AUCly, (3.20) 2Aug) + Clyy <> AuCl, (3.27)
2AUq + Clyy < 2AUClyy; (3.21) 2Aug) + Clyy <> AuCl ), (3.28)
2AUy) + Clyy < 2AUClypy; (3.22) 2Aug) + 2Clyy <> AuCly, (3.29)
2AUGy + Clyry < 2AUClyry; (3.23)  Augy + 2Clgy > AuClyry;  (3.30)

Kpome »THX peakuuii, UMEIOT MECTO PEAKLMH IUCIPONOPLUUOHUPOBAHUS
XJIOPHUJIOB 30J10Ta:

AUClsgy <> AuCl + Clyyy; (3.31) 3AuCly) <> AuClsy + 2Auy);  (3.34)
AU,Clggy <> AUClyy + 2Clygy; (3.32) 3AUClyry <> AUClgry + 4AU);  (3.35)
AUCl;( <> AuCl + 2Clyry;  (3.33) 3AUClyry <> AUClery + 4AU,  (3.36)

Peaknusi ¢ yyacTMeM aTOMapHOro XJjopa MOXET IPOTEKaTb B YCIOBHSX
JUCCOLIMAIIMM  MOJIEKYJIIPHOTO XJiopa. I3 BeIWYMH KOHCTAHT paBHOBECUN
CUCTEMBI, CIEAYET, UTO IUCCOLMUALMU MOJIEKYJIbl XJIOpa B aTOMax BO3MOKHBI IIPH
CPAaBHUTEJIBHO BBICOKOM TeMmriepaType. s ompeneneHuss TemMneparypsl, Hadaiga
JTUCCOITMAITMN MOJICKYJISPHOTO XJIOpa ObUTBbI BBIYMCIICHBI MapIMAJIbHBIC aBJICHUS
MOJIEKYJIIPHOTO U aTOMapHOTO XJIOpa Ha OCHOBAaHUMU BEJIMYMH OOILETO JAaBICHUS
XJIOpa B 3aMKHYTOM CHCTEME U CTEIIEHN YPAaBHEHHU JUCCOLMALIMM MOJIEKYJI XJI0pa
[230]:

PCl, = P(1-0/1+a) u Pg = P 2o/l + a).

N3 TabnmuuHbIX JaHHBIX 3.5. cleayeT, 4YTO paBHOBECHE B PEAKIUH
JVCCOLUMAIMN MOJIEKYJIIPHOTO XJIOpa Ha aTOMBI Iepel Temmeparypou 227 °Cc
HECKOIBKO caBuHYTO HaneBo (K = 2,22:10%), uto oHa IpaKTHYECKH HE MOXKET
ObITh ocymecTBieHa. [lpu Ttemmeparype 527 °C Benmunua MapIUaAILHOIO
JABJICHUS aTOMApHOro XJjopa HeOoJsblllasg; OHa BO3pAacTaeT MPUOIU3UTENIHLHO Ha
NOPSIAOK TpH Temmeparype 627 °C u eme — Ha mopsimox okomo 727 °C. B
COOTBETCTBUM CO 3HAYEHUSIMH MapIUAIbHOTO JABJIEHUS aTOMAapHOIO XJopa

BO3MOKHO OXHAAHUC C€T0 Yy4daCThusd B PCAKIMM XJOPHPOBAHUA 30JI0Ta C
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temneparypel 627 - 727 °C. Comesoe XJOPUPOBAHUE 30JI0TA MPOBOJAUTCS B

YCIOBUSX, KOr/a (hOPMHUPYIOIIKECS XJIOPUIBI 30J10Ta UMEIOT Ta3000pa3HbIil BHUI

[231, 232].

Tabmnwnma 3.5
Kp, @, PCly, P peaknun qucconnanyy MOJNEKYJIIPHOTO XJI0pa
1,°C Ko Posu, [1a10° | PCly, T12'10° | PCI, I1a'10°
25 1,4310°" | 1,8910"

227 2,2210%° | 74610 15,865

527 9,0010™ | 4,7710° 101,325 101,324 0,001
627 5,6510° | 3,76107 101,325 101,317 0,008
727 1,5510" | 1,9710* 101,325 101,285 0,040
827 2,3510° | 7,6610™ 101,325 101,169 0,156
927 2,2810° | 2,3910° 101,325 100,841 0,484
1227 3,4410° | 2,9310° 101,325 95,556 5,769

HOC—)TOMy BO3MOXHBIMH PCAKIIUAMU XJTOPHUPOBAHUA 30JI0TA ABJIAKOTCS:

ZAU(K) + 6NaC|(K) + 1’502(r) > Au2C|6(F) + 3N3.20(K);

(3.37)

B konmenTpare kpome 3070Ta, OOHAPYKEHBI JPYrHe MUHEPATbI, KOTOPHIC

IPEICTaBISIIOT OMNPEAENIEHHOE BIMSHME IO Ipoleccy XJopupoBaHus. Tak Kkak

npumep npuBeaeH peakiuuu ¢ ydactuem Si0,, Fe,O3; u ¢ oOpa3oBanuemM numepa

TPUXJIOPUJA 30J10Ta:

2AU(K) + 6NaC|()K) + 3Si02(K) + 1,502@) > AUgC|6(r) + 3Na20'SiOQ(K);

(3.38)

ZAU(K) + 6NaC|(>K) + 3F9203(K) + 1,502@) > AU2C|6(F) + 3Nazo'|:9203(,<); (339)

Bun kpuBOWM 3aBUCUMOCTH XJIOPUPOBAHUS METAJUIMYECKOTO 30J0Ta OT

TEMIICPATYPbI PE3KO OTIMYACTCA OT BUAA KPHUBOT'O XJIOPHUPOBAHUA CCTCCTBCHHOI'O

ChIpbs. BO3MOXHO, 4TO Takoe pasznuyue OOYyCIOBIECHO XJIOPUPOBAHUEM 30J10Ta

XJIOPHBIM KeJIe30M, (POPMHUPYIOLIUMCS B IIPOIIECCE XJIOPUPOBAHUSI €CTECTBEHHOTO
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Matepuana. [lo3ToMy MMEIOTMECTO CIIEIYIOUIUME PEeaKlMyd XJIOPUPOBAHMS 30J10Ta
XJIOPHBIM KEJIE30M:

4AUG) + 2Fe5Cl o+ 30,4y <> 2AUClgy + 2Fe205, (3.40)

4AUy) + 4FeCly+ 30,1 <> 2AUClery + 2Fe205, (3.41)

4AUy) + 4FeClyy + 30,r <> 4AUCH; ) + 2Fey05, (3.42)

AHanu3 3HaueHud sHepruu ['MO0ca U ee 3aBUCUMOCTH U3 TeMIIEpaTyphl, a
TaKX€ KOHCTAHT PAaBHOBECHUS CBUIETEILCTBYET O TITyOOKOM MPOTEKAHUMU PEAKIIUMA
xsopupoBanust Cu, Zn, Ni, 1 uX coeIMHEHUH TpH 0OECIICYCHUH HEOOXOIUMBIX
ycioBuii (razoBas ¢aza, Temreparypa, TUI XJIOpUHaTopa). B cooTBeTcTBUU €O
3HaYeHUsIMHU >Hepruu ['nb6ca B oTHOmeHnn ymeHbineHuid Ha Cl, MoXeT OBITH
pacrosiokeHo B cienyromuit psa: Cu>Zn>Pb>Sn>Ni>Co>Fe. Bosnee BeposTHO BO

B3aMMOJICUCTBUM OJJMHAKOBBIX ycioBuil ¢ metasiom Cl,, 3atem MeS u MeO.

Zn+Cl,=ZnCl,  G°= —83,3 kxan (3.43)

Pb+Cl,=PbCl, G’= — 75 kxan (3.44)

Fe+Cl,=FeCl, G°= — 72,2 kkan (3.45)
2Fe+3Cl,=2FeCl; G°= — 53,6 kxan (3.46)
2Ag+Cl,=2AgCl G°= — 52,4 xkan (3.47)
2AU+Cl,=2AuCl G°= — 8,4 kxan (3.48)
2Au+3Cl,=2AuCl; G°= —7,7 xkan (3.49)

OpranuzoBaBiiiee  JTUTEPATYpPHBIM  0030p MPHUCIIOCOOJEHHBIN, YTOOBI
BHIOMpaTh  HaNpaBJCHUS  MCCIEAOBAaHUW B 30J0TOCOJEpXKAIIUX  pYIe

XJIOPHUIOBO3I'OHKC T&I[)KI/IKI/ICTaHa.

3.4. U3ydyeHne BJIMSHUSA XJIOPUPYIOIIHX ATEHTOB HA MPOLECC
XJIOPUAOBO3IOHKH 30J10TO-, MEIHO-, MBIIIbAKCOAEPKAIIMX KOHIECHTPATOB
MecTopoxaenus Tapop

OpHoit u3 3amay HACTOSIIEH pabOTHl SBHJIOCH MPOBEIACHUE HCCIICIOBAHUS
MIPUMEHUMOCTH TPOLIECCa XJIOPUIOBO3TOHKH K 30JI0TO-, MEAHO-, MBILIbIKOBOMY

KOHLIEHTPATy MECTOPOKAEHUS Tapop.
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IIpp  XJIOpUPOBaHUHM  30JIOTOCOAEPKAIIUX  KOHIICHTPATOB  BO3MOXHO
WCITOJIb30BAHUE PA3IUYHBIX XJIOPHUJIOB: XJIOPUCTOTO MAarHus, XJOPUCTOTO XKeje3a,
XJIOPUCTOTO KalbIHs, XJOPUCTOTO HATPHSL.

Hamu Obul ucciiejoBaH NOPOLECC XJIOPHUIOBO3TOHKH 30JI0TO-, MEJIHO-,
MBIIIBbSIKCOAECPKAIET0 KOHLIEHTpaTa MeECTOpOoXAeHUs Tapop ¢ mnpUMEHEHUEM
XJIOPUIA KAJIBLHS, SIBIIIOIIETOCS JCIIEBBIM PEareHTOM, OTXOJIOM COJOBOIO
IIPOU3BOJICTBA U XJIOPUIA HATPUS, 3al1aChl KOTOPOT'O 3TOT0 JIEMIEBOTO MPUPOTHOTO
ceIpbs B PeciyOnmke TagKHMKUCTaH OTPOMHBI.

HccnenoBanuio  mpouecca  XJIOPUIOBO3TOHKM — MOJBEPrajicsl  MEIHBIN
KOHLIEHTpAT, MOJy4YeHHbId Ha oOorarurensHoll (adbpuke CII «3epaBman» mnpu
nepepaboTke pyasl TapopcKoro MECTOPOKACHUS TEKYLIEH T00bIYH.

XJOpUIOBO3TOHKY KOHIIEHTpaTa IIPOBOJIMIM B IIPOTUBHAX B HMHTEpBAJIC
Temmepatyp or 600 mo 1000 °C mpu mpomomKuTensHOCTH mporecca oT 1 10 3
YJacoB B CIICIIUANIbHOI AnmekTpudeckoit neun Carbolite Kuraiickoro npou3sBocTaa.
HaBecka konunentpara 25 - 50 r. TIIATENBbHO IEPEMENIMBANACh C PACUYETHBIM
KOJIMYECTBOM XJIOPUPYIOIIETO areHTa W BbICHINANACh B MPOTHBEHB. TemiiepaTypa
Ipolecca  PEryJMpoBAIUCh  AaBTOMATUYECKH, MPOJOJDKUTEIBHOCTh  OINbBITA
cocraBisuia 1 - 2 4. Jlng moxpnaep:kaHuWsl OKHUCIHUTENbHOM armocdepbl B
PEAKIMOHHYIO 30HY I0JaBAJICA BO3/1yX, KOJIMYECTBO KOTOPOr0 KOHTPOJIMPOBAIOCH
pEOMETPOM M Ta30BbIM CUETYMKOM. Bo3gyx B cucreMy mnogaBajica OT
koMmripeccopa. [lociae oOkOHYaHMsI OMbITa MPOTUBEHb BBHIHUMAIU U3 TEYH H
oxnaxaanu. Orapku XJIOPUIOBO3TOHKH B3BEIIMBAIM U MOJABEPrall XUMUYECKOMY
aHanu3y, a Jajnee HIMaHUPOBAHUIO.

OnbITEl IO XJIOPUAOBO3TOHKE MPOBEJICHBI C MIUXTOM, COAEpIKAIIEH: 30J0Ta
43,8 r/T, cepedopa 107,9 r/t, menu 13,4 % u memmbska 0,22 % ¢ HaBeckaMu
Marepuana 58 1 (orapok 50 T, xj0opucThI Kanbluil 8 T) mpu Temnepatype 600,
700, 800, 900 u 1000 OC B Teuenue 1,2 u 3 gacos.

Pe3ynprarhl OMBITOB MOKa3bIBAIOT, 4YTO mpu Temmeparype 600 °C

u3Biekaercs 62,3 % 3omorta, 31,4 % cepebpa, 28,9 % menu u 22 % wmbimbsika. C
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MOBBIIICHAEM TeMIeparypsl mponecca 10 900 - 1000 °C cremens n3BieueHus
30J710Ta Bo3pactaet 110 96,8 %.

W3Bneuenne cepebpa ¢ yBEIMYCHHEM TEMIIEpaTyphl MpoIlecca BO3PACTACT,
nocturas npu 1000 °C B Teuenue 1 1 95,5 %. IIpu 3THX XK€ YCIIOBUSX B BO3IOH
u3Bnekaercs 91,3 % menu u 53, 5 % mpibska (tabmuma 3.6.).

B rtabmumax 3.7 wm 3.8 1npeacTaBieHbl pe3yJbTaThl  OINBITOB €
ucrnonbp3oBanueM B kadectBe xiopuHaropoB NaCl u ero cmecu c¢ CaCl,.
OnTuManpbHOW TEeMIEpaTypor XIJIOpPWHAIMH JJISI BCEX XJIOPUPYIONIUX arcHTOB
seisiercst 1000 °C.

B Tabnmumne 3.9 mpeacraBieHBl pe3yJbTaThl OMBITOB, IMOJYYECHHBIX TPHU
ONTUMAJIBHBIX PEKUMHBIX MapaMeTpax.

Kax BugHO U3 TaOmuIkl, U3BJICUEHHUE 30JI0Ta, cepedpa U MeAH 3aBUCUT OT
TUTIAa TIPUMEHSIONIETOCS XJIOPUPYIOIIeTo areHta. HawmOospiiee w3BICUCHUE
METaJUIOB JJOCTUTaeTCs MPU MPUMEHEHUH B KauecTBe xyiopuHaTtopa CaCl,.

CormocTaBieHle JaHHBIX IO BIMSHHUIO THIA XJOPHWHATOpPAa HA W3BJICUCHHUE
OJIarOPOJHBIX METAUIOB MPHU XJIOPHUIOBO3TOHOYHOM OOXKHTE IMOKA3bIBAET, YTO B
aHanoruuablx  ycnoBuax NaCl  sBnsercs HECKOIbKO MEHEEe AaKTUBHBIM
XJIOPUHATOPOM — U3BJICUEHHUE 30JI0Ta B BO3roHbl Ha 1,9 %, cepedpa 2,5 %, menu
1,7 % wHwke, yeM ¢ XJopuaoM Kaimbous. Ho wucmonbs3oBaHue ero Oosee
MEPCIEKTUBHO U3-3a €T0 JICIIEBU3HBI U JOCTYITHOCTH.

AHanmu3 TpOBEICHHBIX MCCIIEIOBAHUN TIOKa3ajl, YTO CKOPOCTh MPOTEKAHMUS,
CTETEHbB, a TAKXKE CENIEKTUBHOCTH XJIOPUIOBO3TOHOYHOTO MPOIIECCa OMPEACIISIOTCS
B OCHOBHOM TEMIIEpaTypoi, TNPOJOKUTEIBHOCTRIO  TIpoIlecca,  THUIIOM
XJIOpUHATOpA, COCTaBOM Ta3oBOW (a3bl, (GopMON HAXOKICHUS HU3BICKAEMBIX

MCTAJIJIOB B ChIPLC U PAAOM APYIUX IIApaMCTPOB.
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Tabmura 3.6

M3Brneuenne KOMIOHEHTOB IIpr XJIOPHUJOBO3TOHKE TapopCKoro KOHIOCHTpPAaTa C IPUMCHCHUCM XJIOPUCTOI'O KAJIbIIHA

H/p | Xmopu- | 3arpyska Conepxanue, [Tomy- CreneHb U3BJICUCHUS °c Jmarens
PYIOLIMIA | [IMXTHI KOMIIOHEHTOB 4EHO KOMIIOHEHTOB, % -HOCTb,
areHT OrapKoB MUHYT
Au Ag Cu As
CaCl, rp. /T r/T % % p. Au Ag Cu As

1 8 58 43,78 | 107,88 | 13,40 | 0,22 52,03 62,30 | 31,39 28,92 22,04 600 60

2 8 58 43,78 | 107,88 | 13,40 | 0,22 49,18 74,91 | 59,51 56,29 29,13 700 60

3 8 58 43,78 | 107,88 | 13,40 | 0,22 48,04 85,66 | 79,11 70,62 40,16 800 60

4 8 58 43,78 | 107,88 | 13,40 | 0,22 46,18 92,51 | 90,49 88,29 45,67 900 60

5 8 58 43,78 | 107,88 | 13,40 | 0,22 43,21 96,80 | 95,47 91,29 53,54 1000 60

6 8 58 43,78 | 107,88 | 13,40 | 0,22 50,16 56,40 | 62,47 60,47 34,64 1000 30

7 8 58 43,78 | 107,88 | 13,40 | 0,22 43,29 95,19 | 89,32 85,06 44,88 1000 60

8 8 58 43,78 | 107,88 | 13,40 | 0,22 43,29 96,02 | 93,81 88,20 51,18 1000 90

9 8 58 43,78 | 107,88 | 13,40 | 0,22 42,56 97,20 | 96,02 91,35 55,12 1000 120
10 8 58 43,78 | 107,88 | 13,40 | 0,22 42,21 96,69 | 96,77 90,41 52,75 1000 150
11 2 58 48,29 | 120,13 | 15,42 | 0,24 46,11 79,29 | 46,20 40,32 43,16 1000 60
12 4 52 47,60 | 115,84 | 14,36 | 0,24 44,13 80,27 | 78,29 71,81 46,51 1000 60
13 6 o4 4554 | 112,02 | 14,20 | 0,23 43,26 90,66 | 90,23 87,41 47,65 1000 60
14 8 58 43,78 | 107,88 | 13,40 | 0,22 43,63 95,51 | 96,90 89,02 55,12 1000 60
15 10 60 42,51 | 105,08 | 13,10 | 0,21 41,29 96,47 | 96,62 90,30 53,17 1000 60
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Tabmura 3.7

W3BnedyeHre KOMIIOHEHTOB IIPH XJIOpU0BO3ToHKe Tapopckoro koHeHTpata ¢ npumeHennem CaCl,+NaCl

H/p | Xnopu- | 3arpyska Coneprxanue, [Tony- Crenenb U3BJICUEHUS °c Jnurensb
PYIOIIUH | IIMXTHI KOMITOHEHTOB YeHHue KOMITOHEHTOB, % -HOCTb,
areHT XBOC- MHHYT
CaClys Au Ag Cu As TOB
NaCl rp. r/T r/T % % p. Au Ag Cu As

1 8 58 43,78 | 107,88 | 13,40 | 0,22 51,83 60,73 27,82 26,81 20,47 600 60

2 8 58 43,78 | 107,88 | 13,40 | 0,22 50,79 73,22 54,71 55,03 26,77 700 60

3 8 58 43,78 | 107,88 | 13,40 | 0,22 | 49,23 85,03 75,75 65,20 37,79 800 60

4 8 58 43,78 | 107,88 | 13,40 | 0,22 | 46,67 90,51 87,29 86,64 44,88 900 60

5 8 58 43,78 | 107,88 | 13,40 | 0,22 | 44,03 95,64 94,68 90,70 52,75 1000 60

6 8 58 43,78 | 107,88 | 13,40 | 0,22 50,61 53,21 60,32 58,35 33,07 1000 30

7 8 58 43,78 | 107,88 | 13,40 | 0,22 | 44,29 94,21 92,24 83,41 49,73 1000 60

8 8 58 43,78 | 107,88 | 13,40 | 0,22 | 44,11 94,88 92,25 86,81 49,61 1000 90

9 8 58 43,78 | 107,88 | 13,40 | 0,22 | 43,32 94,13 95,81 88,24 51,97 1000 120
10 8 58 43,78 | 107,88 | 13,40 | 0,22 | 42,90 95,63 95,41 88,83 52,75 1000 150
11 2 58 48,29 | 120,13 | 15,42 | 0,24 | 46,29 76,66 44,29 38,24 40,29 1000 60
12 4 52 47,60 | 115,84 | 14,36 | 0,24 | 43,82 78,25 75,91 69,02 38,85 1000 60
13 6 54 4554 | 112,02 | 14,20 | 0,23 | 43,60 88,31 88,82 82,42 45,31 1000 60
14 8 58 43,78 | 107,88 | 13,40 | 0,22 | 43,74 94,85 94,21 88,12 51,97 1000 60
15 10 60 42,51 | 105,08 | 13,10 | 0,21 | 41,78 95,06 94,51 90,01 51,59 1000 60
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Tabmura 3.8

N3Bneyenrne KOMIOHEHTOB IIPU XJIOPUAOBO3TOHKE TapopcKOro KOHIUEHTpaTa ¢ IPUMEHEHUEM XJIOPUIA HATPUS

H/p | Xnopu- | 3arpyska Coneprxanue, [Tony- CrerneHb U3BICUCHUS °c Jnurensb
PYIOIIUH | IIMXTHI KOMITOHEHTOB YeHHue KOMITOHEHTOB, % -HOCTb,
areHT XBOC- MHHYT
Au Ag Cu As ToB
NaCl rp. r/T r/T % % rp. Au Ag Cu As

1 8 58 43,78 | 107,88 | 13,40 | 0,22 51,13 58,72 25,24 25,15 18,11 600 60

2 8 58 43,78 | 107,88 | 13,40 | 0,22 50,20 70,14 52,61 52,44 24,41 700 60

3 8 58 43,78 | 107,88 | 13,40 | 0,22 | 48,61 83,69 72,91 63,52 35,43 800 60

4 8 58 43,78 | 107,88 | 13,40 | 0,22 | 46,55 89,25 86,78 83,86 44,09 900 60

5 8 58 43,78 | 107,88 | 13,40 | 0,22 | 48,62 94,99 93,03 89,64 50,39 1000 60

6 8 58 43,78 | 107,88 | 13,40 | 0,22 | 49,21 51,20 58,43 55,69 31,50 1000 30

7 8 58 43,78 | 107,88 | 13,40 | 0,22 | 43,77 93,11 89,96 81,32 48,82 1000 60

8 8 58 43,78 | 107,88 | 13,40 | 0,22 | 43,92 93,70 90,49 85,70 48,82 1000 90

9 8 58 43,78 | 107,88 | 13,40 | 0,22 | 43,04 93,62 94,31 85,07 49,61 1000 120
10 8 58 43,78 | 107,88 | 13,40 | 0,22 | 42,40 94,21 94,09 86,28 50,39 1000 150
11 2 58 48,29 | 120,13 | 15,42 | 0,24 | 45,72 74,12 41,63 36,14 38,85 1000 60
12 4 52 47,60 | 115,84 | 1436 | 0,24 | 42,61 76,69 73,24 65,28 36,43 1000 60
13 6 54 4554 | 112,02 | 14,20 | 0,23 | 42,29 87,14 80,31 80,19 42,19 1000 60
14 8 58 43,78 | 107,88 | 13,40 | 0,22 | 42,21 94,13 92,70 86,60 49,61 1000 60
15 10 60 42,51 | 105,08 | 13,10 | 0,21 | 41,09 94,16 93,12 89,29 50,00 1000 60
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Taomuma 3.9
XT0pUI0OBO3TOHKA 30JI0TOCOIEPKAINX KOHIIEHTPATOB MECTOPOXKAEHUS Tapop
Xnopupyto- | Conepkanue MetauioB B | OCHOBHBIE TEXHOJIOTHICCKUE Pe3ynbTarhl XJ10pHI0BO3TOHKH
Ui areHT HCXOJTHOM CBIPBE, T/T napameTpbl
Pacxox | °C |t u| Pacxoxn Conepxanue B CreneHb U3BICUYCHUS,
xJjopa- BO3/yXa OCTaTke, I/T %
I'eHTa, Mg
%
Au | Ag Cu | As Au | Ag| Cu | As | Au | Ag | Cu | As
% % % %
CaCl, 1,87 6,55|1,56 | 0,13 96,8 |955|91,3|53,54
CaCly+ 438|1079) 1341022 | 16 1000 1 6 2,52|756|1,64|0,14 | 956 |94,7|80,7 | 52,7
NaCl
NaCl 2,61/897|165|0,13/94,9/93,0|89,6| 504
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[TomydeHHble TIOCTIE XJIOPUIOBO3TOHKM OTapKH OBUTHM  TOJBEPTHYTHI
[MUaHApOBaHUIO. J[JI1 3TOro W3 OrapkoB TOTOBWIHCH MPOOBI C Pa3TMYHBIM
conepkaHreM B HuX 30J10Ta. Bec mpooOst coctaisn 100 r. Otaomenue XK : T —
1,5:1. lluanupoBaHWe TPOBOAWIOCH B CTaKaHaX TPU  MEXaHHYECKOM
MepeMEIMBAaHUN TyJBIBl. B KadecTBe 3alMTHOM IIEOYHM WCIOIh30BaIach
u3BecTb. Bpems nuanupoBanus coctaBisuio 30 yacoB. Pe3ynbTarsl THaHUPOBAHS
npeacTaBieHbl B Tadmmie 3.10.

Tabmuna 3.10
Pe3ynbpTaThl OMBITOB 1O IUAHUPOBAHUIO OTAPKOB XJIOPUIOBO3TOHKH

Tapopckoro KoHIIEHTpaTa

Homepa | Comep. AU B Conep. Au [Togano Crenenb
OIIBITOB orapkax IIOCJIE [TUAHU- pH NaCN, rp. | uzBnedeHus
XJIOPBO3TOH. | PpOBaHMs, I/T Au,%
r/T
1 1,90 0,50 10,7 0,60 68,42
2 1,75 0,50 10,3 0,48 72,57
3 2,64 0,60 9,6 0,92 65,15
4 2,19 0,60 11,1 0,54 75,34
5 3,48 0,60 10,4 1,43 58,90

3.5. M3yyeHne KMHETHKHU MpoIlecca XJIOPHI0BO3TOHKH KOHIIEHTPAaTAa
MecTopoxkaeHust Tapop

IIepBoHauanbHOM CTAaaWEN BBICOKOTEMIEPATYPHOI'O XJIOPUPOBAHUSA 30J10Ta
CUMTAETCS aacopOLUs AJIEMEHTApPHOIO XJIOpa Ha MOBEPXHOCTH 30JI0Ta, XOTS
TeMIlepaTypa IMpoiiecca NpeBbIaeT TemneparypHsiii uarepsai (773 — 923 K), npu
KOTOPOM HE MPOUCXOAMUT aACOPOIMs, U BOOOIIE MpeKpaniaeTcsi B3auMOJEHCTBUE
30J10Ta C XJIOPOM.

AncopOrtus Xjopa Ha 30JI0T€ TIPU MOBBIIIEHHBIX TEMIIEpaTypax MPOUCXOIUT
32 CYET AaKTUBU3aLMU I[MOBEPXHOCTU MeETaia, OOYCJIOBICHHOW HW3MEHEHUEM
MOBEPXHOCTHOM CTPYKTYpHI IPU €T0 HarpeBaHuu. Harpes 30J10Ta 10 TeMIiepaTypbl

(973 — 1173 K) He NpUBOAUT K 3HAYUTECILHOMY H3MEHEHUIO IOBEPXHOCTH
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metaia. [Ipu 6onee Boicokoit Temmnepatype (1173 — 1373 K) noBepXHOCTH 30510Ta
MPUOOPETACT CUIIBHO PA3BUTYIO 3EPHUCTYI0 M IOYKOBAaTYHO CTPYKTYypy. Takas
MOBEPXHOCTHAsA MOJU(PUKALMS CTPYKTYpPhI 30JI0Ta 3HAYUTEIBHO MOBBIIIAET €ro
KAaTaJIMTUYECKYI0 aKTUBHOCTb. HampoTuB, kaTanusupyroliee IeHCTBHUE 30J10Ta
NpOSBIISIETCS. B MEHbIIEH cTeneHu mnpu Temmeparypax 973 — 1173 K. Takum
obOpaszom, objacTh TemmepaTyp xjaopupoBanus 3oj0t1a (973-1173 K) otHOCHTCS K
MEHEee KaTaIm3upyeMoii, a 00acth Oosee Beicokux Temmepatyp (1173 — 1373 K) —
K CHJIBHO Katajm3upyemoii [70, 233].

Hamu Obu1 umccienoBaH MNpoOIECC KUHETHKU XJIOPUIOBO3TOHKH 30JI0TO-,
MEJIHO-, MBIIIbSIKCOJEPKAIIUX  KOHIIEHTPATOB  MECTOpOXKIeHust Tapop ¢
MPUMEHEHUEM XJIOPUIOB HATpHsl. XIIOPUTOBO3TOHKA KOHIICHTpATa MPOBOAMIACH B
uHTepBasax temneparyp ot 600 go 1000 °Cc IIPY IPOJOJKUATEIIBHOCTH MpOoLiecca
or 0,5 mo 3 wacoB. XiopupoBaHHE MPOBOIUIN B OKHUCIUTEIBHOW aTtMmocdepe.
KonruecTBo BO3myxa 3aMepsiid pEOMETPOM U TOJJIEPKUBAIA HA OJJHOM YPOBHE —
6 /4. IlpuHSATas CKOPOCTh MOJAYM BO3AyXd, ONTHMANBHAS [UIS Pa3IOKCHIS
XJIOpUJIOB HaTpusi, ObLJIa YCTAHOBJICHA CIHEUHAIBHBIMU MPEIBAPUTEIbHBIMU
onbiTamu. [1luxTa comeprkana: 3omota 42,51 — 43,78 r/t, HaBecka Marepuana 52 -
60 r (konnentpar 50 r, xjaopucTeiid HaTpuit 2 - 10 1) (Tabmuma 3.11).

Pe3ynbTaThl IPOBEIEHHBIX OMBITOB MMOKA3bIBAIOT, YTO MpHU TemmepaType 600
°C m3Biekaercs 58,7 % 3omota. C MOBBIIICHIEM TemIeparypsl npoiecca 10 700 —
1000 °C crerenp M3BIEUCHHS 30JI0TA PE3KO YBEIMUMUBACTCSA M COCTaBiseT 89,2 —
95 %. IIpu temmeparype 1000 °C yBemmueHne MPOXOIKHTEIPHOCTH MPOLIECCa 10
2 u 6oJee YacoB HE BIUSET Ha U3BJICUCHHE 30J10Ta U cocTaBiseT 94,2 %, B orapkax
ocTaeTcs 30J10Ta B repecuere 3,1 1/T.

Ha pucynke 3.2. mpeacTaBieHbl SKCIIEPUMEHTATbHBIC JaHHBIE 3aBUCUMOCTH
CTEMIEHU W3BJICUEHUS] 30JI0Ta OT BPEMEHU IMIPU Pa3UYHBIX TeMmIepaTypax

XJIOPUAOBO3T'OHKH.
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Kak BuUIHO u3 puCyHKAa, KUHETHYECKHE KpuBbie 10 700 °C umeror
MPAKTHYECKH MPSIMOIHHEHHBIH XapakTep, a mpu 700 — 1000 °C Buauane
IPSIMOJIMHEMHBIH, 3aTeM — MapadOINIYECKHd XapaKTep.

OTU KUHETHYECKHUE KPHUBBIE XOPOILIO OMMCHIBAIOTCS YPaBHEHUEM IEPBOTO
nopsinka Epodeesa Konmoroposa:

Taomuna 3.11

W3Bnedenue 30510Ta P XJIOPUI0BO3TOHKE Tapopckoro KOHIIEHTpaTa

Ne [Muxtet | 3ar- | Conepxa- [Tonyueno Crenenp t,°C -
Ompr- py3- | HHe 30110Ta XBOCTBI U3BJICUC- TEITb-
Ta Ka B COZIepIKaHKE Hus, Au % HOCT
k-1 |NaCl HCXOJHOM | BpIxon Au MHH.
rp. | rp. | Tp. r/T p. r/T %
1 5 | 8 58 43,78 51,13 | 27,81 58,72 600 60
2 5 | 8 58 43,78 50,20 | 19,77 70,14 700 60
3 |50 | 8 58 43,78 48,61 | 12,51 83,69 800 60
4 50 | 8 58 43,78 46,55 6,60 89,25 900 60
5 50 | 8 58 43,78 48,62 5,74 94,99 1000 60
6 | 50| 8 58 43,78 49,21 | 25,18 51,20 1000 30
7 5 | 8 58 43,78 43,77 3,10 93,11 1000 60
8 50 | 6 58 43,78 43,92 3,64 93,70 1000 90
9 |50 | 8 58 43,78 43,04 3,76 93,62 1000 120
10 | 50 | 8 58 43,78 42,40 3,47 94,21 1000 150
11 | 50 | 2 52 48,29 45,72 | 14,22 74,12 1000 60
12 | 50 | 4 54 47,60 42,61 | 14,06 76,69 1000 60
13 | 50 | 6 56 45,54 42,29 7,75 87,14 1000 60
14 | 50 | 8 58 43,78 42,21 3,53 94,13 1000 60
15 | 50 | 10 | 60 42,51 41,09 3,63 94,16 1000 60
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Crereds U3BJTeMeHHs, AU

PI/ICYHOK 3.2 — 3aBHCUMOCTD CTEIICHH M3BJICUCHUS 30JI0TA OT BpPCMCHMU IIPpH

PAa3JIMYHBIX TEMIICPATYpPAX XJTOPUAOBO3I'OHKH.

da _va—a), (3.50)
dr

TJie: 0. — CTETICHb U3BJICUEHUS 30J10Ta;
7— BpEMsl, MHH,
K — KOHCTAaHTa CKOPOCTH PEaKIHHI, MHH .
[Tocne marematnueckux mpeodpazoBaHuil ypaBHeHHEe (3.50) MOXKET OBITH
MPEJICTaBICHO B BUJC:

Iy 1 kr
l-a) 2,303

(3.51)

Ha rpaduke 3aBucHUMOCTH Igm oT BpeMmeHu (pucHok 3.3.a)

MOJYYCHHbIE TPSIMbIe UMEIOT OTPHIIATENIbHBIA HaKJIOH, paBHbId K/2,303. Mcxons
13 00pa0OTKU 3TUX KPUBBIX, OBLIM PACCUMTAHBI 3HAYEHUSI KOHCTAHT CKOPOCTEH B
UCCJIEYEMOM UHTEPBAJIE TEMIIEPATYP.

3aBUCUMOCTh KOHCTAHTBI CKOPOCTH PEAKLUU OT TEMIIEPATYPbl OIUCHIBAETCS

ypaBHEHHEM AppeHuyca:
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_E
k=k,-ef
nJiin.
E
_ _ , 3.52
lgk =lgk, 2,303RT ( )

rae: K — KOHCTaHTa CKOPOCTH PEaKIuH;

Ko — IpeIPKCITOTCHIIMATBHBIA MHOKUTEb;

E — xaxyimasicst sHeprusi akTuBaiuu, kJ>x/mMolb;

R — yHuBepcanbHas razoBasi moctosinHas, J>x/mMoib rpaj;

T — abGcomoTHas Temiieparypa, K.

Ha rpaduke 3aBucumoctu Igk ot 1/7 (pucynox 3.3.0) mouTH Bce
OKCIIEPUMEHTAIBHBIE TOYKH XOPOIIO YKIAIBIBAIOTCA Ha MPSAMYIO JIMHHIO, II0
TAHTEHCY yrja HAKJIOHAa KOTOpOH ObLIa ompesercHa SMIMPUYECKas SHEPTHUs
aktuBaruu. OnpeneneHbl 3HAUYCHHUS] KOHCTAHT CKOPOCTH PEaKIUU M DSHEPTus
aKTHBallUM, KOTopass paBHa 73,568 kJ[xk/MOdb, 4YTO CBHUIETEIBCTBYET O

IIPOTCKAHUU ITPOLICCCAa B KHHETUYECKOM 00JIacTH.

I 1 Jok
- 11 -
0 :

=

06 +

14 } } | } ! 1 .3
\ . : : : . : | =10
1] 10 il al 40 all il - T
vIC HT00°C 4 S00C 0pC +1000°C b o u w 1 u U

Pucynok 3.3 — 3aBucumocTu: a) lg ot Bpemenu; 0) Igk ot obpaTHOIi

l-«o

aOCOJIIOTHOM TEMIIEPATYPHI.
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3.6. DU3NKO-XMMHYECKHe Hccie10BaHusl (pa30BoOro cocraBa NpoAyKTOB
XJIOPH/I0BO3TOHOYHOI0 00:kMra Tapopckoro KOHIEHTPaTa

Jlnsg wu3ydeHuss (a3oBOro cOCTaBa M HCXOJHOTO CBIPhS M KOHEYHBIX
IPOAYKTOB OCYIIECTBISUICA UX peHTreHodas3oBblii aHanu3 (PDOA) Ha ycraHOBKe
«dpon —2,0».

JudpakrorpaMMbl cHUMaNU ¢ ucnoib3zoBanueMm Cu K, - uznyuyenus. 3anuch
I(PAKTOrpaMM POBOIUIOCH CO CKOPOCThIo Bpamerust 1-2%/mun mpu U= 40kBlI
= 20MA.

Kaxnas ¢aza umeer cBoio cnenpu3nyecKyr0 KpUCTAIUIMUECKYIO PELIETKY C
OTIpE/ICTICHHBIMU TMapaMeTpaMu, U €l COOTBETCTBYET Ha IudpakTorpamme CBOS
cucrema nukoB. [loaTomMy nipu nccie1o0BaHUM BEILIECTBA, MPEACTABIISAIONIETO CO0O0M
CMeCh HECKOJIbKUX (a3, moiayyaercs nudpakrorpaMma, Ha KOTOPOU MPUCYTCTBYIOT
nukd Beex (a3, Bxoadmmx B cocTtaB obOpasua. [lo peHreHorpaMmaM mpOBOIUIN
pacuérbl MapaMeTpoOB KPHUCTAUIMYECKON pPEMIETKH HCXOJHBIX M IOJIyYE€HHBIX
IPOAYKTOB M OMPEACIISIN COOTBETCTBYoME UM coenunenus (I'opennk, Muxees,
1957).

Ha pucynke 3.4 npencTaBieHbl peHTI€HOIPaMMbI UCXOJHOTO KOHLIEHTpaTa
(3.4a) u orapkoB, MOJYYCHHBIX TPU ONTUMAIBHBIX YCIOBHUSX XJIOPUIOBO3TOHKU
(3.40).

Kak BUIHO M3 IITPUXPEHTIEHOIPAMMbI HCXOJHOIO KOHIIEHTpaTa (PUCYHOK
3.4a), OCHOBHBIMH MHHEpATAMU €TO SBIAIOTCS: MUPHUT, CPaAICPUT, apCEHOHPHUT,
XaJIbKO3MH, XaJIbKOITUPUT, TUPPOTHUH U KBApPL.

Ha mtpuxpeHTreHorpaMMe MoJydeHHOTO OTapKa IMOCIe XJIOPHIOBO3TOHKU
mpu 1000 °C (pucyHok 3.46) HpPHCYTCTBYIOT JIMHMM KBApUA M MArHETHTA
nocieAHU 00pa3yeTcs B pe3yJibTaTe OKUCIECHUSI MUPUTA U apCEHOITUPUTA.

OTW  pe3ynbTarThl  JOKa3bIBalOT, YTO  TpU  XJOPUIAOBO3TOHKE

(bHOTOKOHHeHTpaTOB OCHOBHBIC MHUHCPAJIbI OKUCJIIAIOTCA.
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Pucynok 3.4 — llITpuxpeHTreHorpaMMbl KOHIIEHTpATa: a) UCXOHBIN KOHIICHTpPAT,
0) NpOAYKT mocie XJopuaoBo3ronku mpu 1000 °C;1- Apcenonupur; 2 — [lupur:
3 — KBapu; 4 — Cdanepur; 5 — Xanpkonuput; 6 — Xanbko3us; 7 — [Muppotun; 8 —
MarseTur.

3.7. PexoMeHnxyeMasi TEXHOJIOTHYECKAs cXeMa NMepepadoTKM PyAbl

Tapopckoro MmecToposkaeHust

Ha OCHOBaHUU pe3yabTaToOB UCCIIEIOBAHUN PEKOMEHyeTCs
NPUHIUNHATbHAS TEeXHOJIOTHYecKas cxema nporecca nepepadoTKu
(bJIOTAIMOHHOTO 30JI0TOCOAEPKAIIEr0 KOHILIEHTpaTa TapopcKoro MeCTOpPOKICHHUS
METOJOM  XJIOPUJOBO3TOHKM €  TMOCJHEAYIOIIMM [MaHUPOBAHHEM  OTapKOB
XJIOPUIOBO3TOHKH (PUCYHOK 3.5).

[Ipennaraemass  TEXHOJOTMYECKas  CXemMa  IMO3BOJIUT  OCYIIECTBUTH
nepepaboTKy  30JI0TO-,  MEIb-,  MBIIIBIKCOJAEPKAIUX  KOHIEHTPATOB  C
OpraHu3alyen MPOU3BOJACTBEHHBIX IIEXOB MO XJIOPUIOBO3TOHKE 30J10Ta HEMOCPE-
CTBEHHO Ha 00OTaTUTEIHHOU (hadpHKe.

JIns ynaBivBaHUS XJIOPUJOB OJAarOPOJHBIX W ILBETHBIX METAUIOB MOTYT
ObITh PEKOMEH/IOBAHBI  DJIEKTPUYECKUE WJIM MOKpbhle (DUIBTPHI, a s
MOCJIEYIONIEr0 M3BICYEHUS] METAJJIOB M3 PACTBOPOB — ILEMEHTalusi, IpoOHas

KpUCTAJUIM3aUs UM MIOHHBIA OOMEH.
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Konmenrnar

NaCl — CaCl, TenIoHOCUTENb

v ¥

Xnopuaososrouka mpu 1000°C

YnaBiuBaHue [lnanupoBanue
BO3TOHOB U IIBUIH OrapKoB
O6paboTka AU, Ag
Au, Ag, Cu

Pucynok 3.5 — [IpuHInunuansHas TEXHOJIOTUYECKAs CXeMa Ipoliecca nepepaboTKu
(JAOTaLIMOHHOTO MEIHOTO 30J0TOCOJEPKAIIEr0 KOHLEHTpaTa MECTOPOXKICHUS
Tapop.

3.8. U3yueHne BIUSIHUS XJIOPUPYIOLIHUX areHTOB HA Mpolece
XJIOPHUA0BO3TOHKH 30J10TO-, MBIIIbAKCOAEP/KAMNX KOHLEHTPATOB
MecTopoxkaeHus Yope

B mnponecc ¢rnoraumuu noasepranack pyaa YOpHUHCKOTO MECTOPOXKICHHS,
n3menpdeHHas 10 90 % kmacca «-0,074 mm». Pyay dbaotupoBanu B 1abopaTopHOH
(daoToMamMHe MEXaHMYECKOro TUna ¢ o0bEMoM Kamepbl 1 — 0,5 1 KOHCTpYKIUU
HNuctutyra MexanoOp. Pa3paboraHHas cxemMa BKIOYajia B Ce€0sl OCHOBHYIO,
KOHTPOJIbHYIO (DJIOTAllMU M JIB€ MEPEUMCTKU KOHIIEHTpaTa OCHOBHOW (hioTanuu.
KoHLEeHTpaT BBICYIIMBAIIA M MCHOJB30BAIA [JIs1 JAJbHEHIIMX HCCIECIOBAaHUM.
PeareHnTel mopaBaau B MPOLECC B BHUAE BOJIHBIX PAcCTBOPOB; HCIOJIb30BAIUCH
MEJHBIM KYNOpoc, KOTOpbIM MOJaBajcsi B TOJOBY (uoTanuu, OyTHIOBBIN
KcaHToreHaT u BcieHuBaresnb T-80.

XJ0prUa0BO3rOHKA KOHUEHTPATa MPOBOAWIIACH B HHTEPBAJIaX TEMIEPATYP OT
600 1o 1000 °C MpU MPOAOJDKUTEIBLHOCTH Tponecca oT 1 10 3 yacoB. B kauecTse

xyopupyromux areHToB ucciaenopanuch CaCly, NaCl u ux cmecn.
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OnbIThl MO  XJIOPUIOBO3TOHKE KOHIIEHTpATa, IMOJYYEHHOTO U3 PY.bl
MecTopoxacHuss Yope, MpoBeIEHbI C IMIMXTOW, coaepxarieit: 3oiota 58,2 1/T,
cepebpa 73,3 r/T, m Mbeimbska 8,86 % c HaBeckamm Mmatepuana 29 — 27 r
(koHIIEHTpAaT 25 T, XJIOpUCThIN Kanblmii 1 — 5 1) npu Temneparype 600, 700, 800,
900 1 1000 °C B Teuenue 0,5,1, 2 u 3 gacos.

Pesynbratel ombiToB C mnpumeHeHueM CaCl, mokaseiBaoT, YTO mpH
Temmepatype 600 °C m3Bnekaercst 61,8 % somora, 50,6 % cepeGpa, u 92,4 %
Mbibsika. C TOBBIIICHAEM TeMIepaTypsl mpomecca 10 900 — 1000 °C cremens
M3BJICUCHUS 30JI0Ta BO3pacTaet 10 96,5 %.

[Ipu Temmnepatype 1000 °Cc YBEIIMYEHHE MPOAOJDKUTEIBHOCTH IIpoLecca 10 2
u 0oJiee 4acoB MPAKTUYECKU HE BIMAET HA U3BJICUCHUE 30J10Ta U COCTABIISIET
95,6 %, B orapke octaercs 30Ji0Ta 3,65 1/T.

W3BneueHne cepebpa ¢ yBEIMYEHHEM TEMIIEpATyphbl IMpoIecca BO3PACTAET,
nocturas npu 1000 °C B teuenne 1 gaca 95,1 %. [Ipu 3THX XK€ YCIIOBUAX B BO3TOH
n3BjiekaeTcs 99,1 % MbIIbsKa.

AHajloru4yHasi KapTUHA HaOJI0/IaeTCsl W MPU HCIOJIb30BAHUU B KAueCTBE
xnopupyromux areutoB NaCl u ee cmecu ¢ CaCly,, Tonpko usBineueHue 30101a u
cepeOpa HeCcKoIbKO HWKe U coctaBisger 92,9 u 93,2 % u 9498 u 94,16%
cooTBeTCTBeHHO. CTerneHb BO3TOHKM 30J10Ta, cepedpa M MbIIIbsIKAa MPUBEIICHHI B
tabimmax 3.12 — 3.13.

B tabmune 3.14 mpexactaBieHbl Pe3yJbTaThl OIBITOB, MOJTYYEHHBIX MpPU

ONTUMAJIBHBIX PEKUMHBIX ITApAMETPaXx.
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Ta0muma 3.12

H3Brneuenne KOMIOHEHTOB ITpH XJIOPUJOBO3IOHKE quI/IHCKOFO KOHICHTPATa C IPUMCHCHUCM XJIOPUCTOI'O KaJbIHA

H/p | Xnopu- | 3arpyska Coneprxanue, [Toyyeno Crenenb U3BICUEHUS °c Jnurensb
PYIOIIUI | IIMXTHI KOMITOHEHTOB OTapKOB KOMITOHEHTOB, % -HOCTb,
areHT MHHYT
Au Ag As
CaCl, rp. r/T r/T % rp. Au Ag As

1 4 29 58,20 73,29 8,86 23,2 61,77 50,65 92,43 600 60

2 4 29 58,20 73,29 8,86 22,0 74,20 64,69 99,22 700 60

3 4 29 58,20 73,29 8,86 21,5 84,07 79,90 99,30 800 60
4 4 29 58,20 73,29 8,86 21,8 91,48 92,14 99,12 900 60
5 4 29 58,20 73,29 8,86 20,2 96,48 95,06 99,12 1000 60

6 4 29 58,20 73,29 8,86 26,0 71,62 72,93 72,06 1000 30

7 4 29 58,20 73,29 8,86 23,0 89,39 94,21 99,55 1000 60

8 4 29 58,20 73,29 8,86 21,1 93,13 93,88 99,20 1000 90

9 4 29 58,20 73,29 8,86 22,3 95,62 93,36 99,82 1000 120
10 4 29 58,20 73,29 8,86 21,4 95,38 94,91 99,27 1000 150
11 1 26 64,98 82,20 9,92 23,4 50,44 67,34 97,21 1000 60
12 2 27 62,47 79,79 9,28 22,8 68,29 86,86 98,04 1000 60
13 3 28 60,31 76,40 9,51 21,3 77,80 92,19 99,34 1000 60
14 4 29 58,20 73,29 8,86 21,6 94,61 95,24 99,72 1000 60
15 5 30 55,83 71,20 8,57 21,3 96,42 95,27 99,34 1000 60
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Ta0muna 3.13
N3BneyeHrne KOMIOHEHTOB MPHU XJIOPUI0BO3roHKe YoprHckoro koHIeHTpara ¢ npuMmenenueM CaCl,+NacCl

H/p | Xmopu- | 3arpyska Conepxanue, [Tonydeno CreneHb U3BJICUCHUS °c JnmuTtens-
PYIOIIUHN | IIUXTHI KOMIIOHEHTOB OrapKoB KOMIIOHEHTOB, % HOCTb,
areHT MHUHYT
CaCl; + Au Ag As
NaCl rp. /T /T % rp. Au Ag As

1 4 29 58,20 73,29 8,86 21,8 52,84 50,19 90,15 600 60

2 4 29 58,20 73,29 8,86 20,4 57,58 61,30 97,16 700 60

3 4 29 58,20 73,29 8,86 20,9 67,24 72,13 98,48 800 60

4 4 29 58,20 73,29 8,86 20,8 79,13 90,21 99,88 900 60

5 4 29 58,20 73,29 8,86 19,7 94,98 94,16 99,18 1000 60

6 4 29 58,20 73,29 8,86 24,6 69,84 70,39 70,65 1000 30

7 4 29 58,20 73,29 8,86 22,0 87,20 88,65 96,69 1000 60

8 4 29 58,20 73,29 8,86 20,7 89,69 90,54 98,09 1000 90

9 4 29 58,20 73,29 8,86 20,8 94,13 92,47 99,18 1000 120
10 4 29 58,20 73,29 8,86 19,6 94,02 93,64 98,99 1000 150
11 1 26 64,98 82,20 9,92 21,5 48,31 63,03 96,12 1000 60
12 2 27 62,47 79,79 9,28 21,1 70,54 82,50 97,80 1000 60
13 3 28 60,31 76,40 9,51 20,7 77,03 91,12 99,29 1000 60
14 4 29 58,20 73,29 8,86 20,8 93,25 88,84 99,18 1000 60
15 5 30 55,83 71,20 8,57 20,2 94,98 94,99 98,72 1000 60
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TaOmuma 3.14
M3BiIeueHrEe KOMIIOHEHTOB IIPH XJIOPUA0BO3TOHKE YOPHHCKOT0 KOHIICHTpATa ¢ IPHUMEHCHUEM XJIOpH/Ia HATPHSI

H/p | Xmopu- | 3arpyska Conepxanue, [Tonydeno CreneHpb U3BJICUCHUS °c JnmuTtens-
PYIOIIUN | IIUXTHI KOMIIOHEHTOB OrapKoB KOMITOHEHTOB, % HOCTb,
areHT MUHYT
Au Ag As
NaCl rp. r/T /T % rp. Au Ag As

1 4 29 58,20 73,29 8,86 20,9 50,12 47,69 87,74 600 60

2 4 29 58,20 73,29 8,86 19,6 57,11 59,65 95,44 700 60

3 4 29 58,20 73,29 8,86 20,0 65,94 70,06 96,50 800 60

4 4 29 58,20 73,29 8,86 20,1 78,26 88,93 98,05 900 60

5) 4 29 58,20 73,29 8,86 19,2 92,89 93,22 96,65 1000 60

6 4 29 58,20 73,29 8,86 22,8 67,36 67,61 68,20 1000 30

7 4 29 58,20 73,29 8,86 21,4 85,60 80,41 94,28 1000 60

8 4 29 58,20 73,29 8,86 19,3 87,32 89,22 96,81 1000 90

9 4 29 58,20 73,29 8,86 19,7 92,06 91,15 97,62 1000 120
10 4 29 58,20 73,29 8,86 20,1 93,13 91,43 96,46 1000 150
11 1 26 64,98 82,20 9,92 20,7 45,94 60,04 94,69 1000 60
12 2 27 62,47 79,79 9,28 20,4 68,52 79,39 95,65 1000 60
13 3 28 60,31 76,40 9,51 19,6 75,61 89,43 98,01 1000 60
14 4 29 58,20 73,29 8,86 19,8 92,36 89,41 97,21 1000 60
15 5 30 55,83 71,20 8,57 20,0 93,19 92,79 97,12 1000 60
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Tadmuma 3.15

Xnopupyto- | Coxaepkanue MeTauloB B | OCHOBHBIC TEXHOJIOTHUECKHE Pe3ynbTaThl XJ10pHI0BO3TOHKH

AN areHT HCXOJIHOM CBIpBE, T/T rapaMeTpbl
Pacxon oC 7,4 | Pacxon Conepxanue B CrerieHb N3BJICYECHUS,
xJjopa- BO3IYX oCTaTKe, I/T %
I'eHTa, 6 M*/u

%
Au Ag As Au Ag As Au Ag As
% %

CaCl, 574 | 5,20 | 0,0011 | 96,5 95,1 99,1
CaCl, + 431 | 6,29 | 0,0011 | 95,0 94,2 99,2
NaCl 58,20 | 73,23 8,86 16 1000 | 1 6

NaCl 6,25 | 7,50 | 0,0045 | 92,9 93,2 96,6
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Kax BumHO M3 TabnuMIbl, M3BICYCHUE 30JI0TA, cepedpa M MBIIIbIKA 3aBUCHUT
OT THUIIA TPUMEHSIOMIEIOCS XJIOpUpYIomero areHta. HamOosblnee H3BICUCHHEC
METaJUIOB JJOCTUTACTCS MPU MPUMEHEHUH B KauecTBe xsopuHaTtopa CaCl,.

CormocTaBieHle JaHHBIX M0 BIMSHHUIO THIA XJOPWHATOpA HAa W3BJIICUYCHHE
0JIarOPOHBIX METAJUIOB MPHU XJOPHUIOBO3TOHOYHOM O0KUTE MTOKA3bIBACT, UYTO, KaK
U B ClIy4ae ¢ KOHIICHTPATOM MECTOPOXKIEHHUs Tapop, B aHAJIOTHMYHBIX YCIOBHSIX
u3BinedeHue 30i0Ta ¢ npuMenenneM NaCl B BO3roHbl HECKOJIBKO HHXKE, YeM C
XJIOPHJIOM KaJTbIIHS.

[TockonpKy B Orapkax XJOpPHIOBO3TOHKH COJICP)KaHHE 30JI0Ta 3HAUNTEITHLHOEC
OBLTM TIPOBEJCHBI HCCICIOBAHMS 110 ITMAHUIHOMY BBIIIEIAYMBAHUIO W3 HUX
30710Ta. JIJIsT 3TOTO M3 OTapKOB TOTOBWJIMCH MPOOBI C Pa3IMYHBIM COJIEPKAHUEM B
HUX 30J0Ta. Bec mpoObl coctaBisu 100 r. [luanupoBanue MpoOBOIUIN B TCUCHHUE
30 yacoB B cTakaHaX MPU MEXAaHUIECKOM MEPEMEITMBAHUH MYJIbITBI (COOTHOIIICHUH
K:T = 1,5:1). Ulemounocts cpenbl (pH = 9,6 — 11,1) co3maBanu 3arpy3kaMu
n3BecTU. Pe3ynbTaThl IMaHUPOBAHKS TIPEACTaBIeHbI Ha Tabwmie 3.16.

Tabmumna 3.16
Pe3ynbTaThl OMBITOB 1O ITMAHUPOBAHUIO OTAPKOB XJIOPUIOBO3TOHKH

YHopuHCKOTrO KOHLIEHTpaTa

Homepa | Coxep. AuB Conep. Au [Togano Crenenb
OTIBITOB orapkax MOCJIE [IUaHUPO- pH NaCN, rp. | uzBneuenus
XJIOPBO3TOH. BaHWsI, T/T Au, %
/T
1 2,51 0,35 10,19 0,045 86,05
2 3,16 0,37 9,47 0,055 88,29
3 3,31 0,41 1,95 0,065 87,61
4 3,48 0,33 10,50 0,065 90,52
5 4,17 0,43 10,76 0,065 89,69

Kaxk BHUJHO M3 MNPCACTABJICHHBLIX JaHHLIX, W3 OI'apKOB XJIOPHWAOBO3IOHKH
30JI0TO YAOBJICTBOPUTCIIEHO BBIIIICIAYNBACTCA. HpI/I 9TOM HOCTUTHYTOC

n3BiedeHue cocrapiseT 86,05 - 90,52 %.
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3.9. Kunernka npouecca XJ0pUA0BO3rOHKH KOHIIEHTpaTa
MecTopoxaeHuss Yope

B3anmoneiicTBrue 30510Ta UM XJIOpUAA HATPUS HAYMHACTCS IO JOCTHIKEHUU
TOYKM  IUIABJICHHUA  IIOCJIEIHEr0 W  YCHJMBAETCSI MpU  TEMIEparypax,
obecrieunBaOIIMX  3HAUMTENbHYIO  yrnpyroctb mapoB  NaCN. Iloatomy
NEPBOHAYAJILHOM CTaguedl peaklUuH XJIOPUPOBAHUSA 30JI0TAa XJIOPUIOM HATpUs
SBJISIETCS TIEPEXO0]I KPUCTAJUTMUECKOM COM B JKHUJIKOE U Ta3000pa3HOE COCTOSHUE.
CKOpOCTB 3TOM CTaIuM 3aBUCUT OT CKOPOCTH MOJbEMA TEMIIEPaTyphbl. 3a CTaaueH
(dazoBoro nepexoja XJopuaa HATPUS CIEAYET €ro paslioKeHHe ¢ 00pa3oBaHUEM
3JIEMEHTAPHOI'0 XJIOpa.

[Ipouecc coneBoro XJOPUPOBAHMS 30JI0Ta MPOTEKAET B  YCIOBHSX
MOBBIIICHHBIX TeMmiiepaTyp (Bbime 800 OC). [ToaToMy OOpa3zyromuecss XJIOpUIbI
30JI0Ta J1€COPOUPYIOTCS C €ro MOBEPXHOCTU C BBICOKOM CKOPOCTbBIO, 32 CUET YETO
MOBEPXHOCTh XJIOPUPYEMOTO 00BEKTa CBOOOHA OT MPOAYKTOB peakuuu. 1o sToi
OpUYUHE CTaaus JecopOLMU XJIOPUIOB 30JI0Ta HE JHUMHUTHPYET MPOLECC
XJIOPUPOBAHMS 30JI0Ta XJIOPUJIAMH HATpHsl, T.€. COJIEBOE XJIOPUPOBAaHUE HE
npotekaer B auddy3noHHoil obmactu. B oTiauume oT xjopuaa HATpUsS XJIOPUI
KaJIbLIUS HE 00J1a/laeT JOCTAaTOYHOW YIPYTOCThIO MAPOB JJIsl TIEpexoja B Ta30BYIO
dazy. IlosTomy cramus Qa3zoBoro mepexoda B Clydae XJOpHUIA KaJIbIUS
3aKJIF0YAETCS TOJIBKO B MEPEXOJE U3 KPUCTALNIMYECKOTO B XKHUJIKOE cocTosiHuE. Bee
MOCJICTYIOIINE JIEMEHTAPHBIE aKThl PEAKIUU XJIOPUPOBAHUS XJIOPUIOM HATpUS,
Ipolecc XJOPUPOBAHUSA XJIOPHJIOM KajblUsl NPOTEKAET HE TOJBKO MOCTe
pacIUIaBJICHHs COJIM, HO M JI0 €€ IepexoJ]ia B JKHUJIKOE COCTOsIHME. B aTom ciyuae
NEPBUYHBIM  BJEMEHTAapHBIM  aKTOM  Ipollecca CUMUTaeTcs  O00pa3oBaHUE
HECTAOWJIBHOTO TIpoMexyTouHoro xisopuaa kaibius CaCl,, odenb ObICTpO

CaO +2CIl. Ilostomy 3TOT

pasnmararomierocs mo peakmuu CaCl, + 11,0,
DJIEMEHTAPHBIN aKT HE SABJIACTCS JUMUTUpYOIMM. Ha mepBoil U BTOpOW CTaausx
BBIAICIISIETCS. AJIEMEHTApHBIN XJop. C MOMEHTa MOSBICHHS XJIOpA JaJbHEWUIINE
aKThl AHAJOTMYHBI aKkTaM Tpolecca ¢ O0Opa30BAHMEM KHUIKOIO XJOPUCTOTO

Kablusd. Ha TBepaodaszHoil cTaguu XJIOPUPOBAHUS 30JI0Ta XJOPHUAOM KaslbIUs
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JUMUTUPYIOIICH CTaauel SBIsIeTCS cTaaus oOpa3oBaHUs CyOXjopuaa KabIvs
[70].

Nzyuenne KHHCTUKHU mporiecca XJIOPUIOBO3TOHKHU 30J10TO-
MBIIIBSIKCOACPIKAIUX KOHIIEHTPATOB MECTOpoXxAcHUsT Yope MpoBOAMIOCH C
MIPUMEHEHUEM XJIOPHUA KaJIbITHSI.

XopuI0BO3TOHKA KOHIIEHTpaTa MPOBOIMIACH B MHTEPBAIaX TEMIIEpaTyp OT
600 no 1000 oC IpU MPOAOJLKUTEILHOCTH Tporiecca ot 0,5 10 3 yacos.

OnBITEI TIO XJOPUIOBO3TOHKE MPOBEACHBI C IUXTOH, COAEpIKAIICH: 30J10Ta
58,20 — 64,97 r/T, ¢ HaBeckamm Mmatepuana 26 — 30 r (koHIEHTpar 25 T,
XJIOPUCTHIH Kanmbluii 2 — 5 T) mpu Temmeparypax 600, 700, 800, 900, 1000 °C B
teuenue 0,5, 1, 2 u 3 gyacos (tabiuumna 3.17).

Tabmura 3.17
W3BedeHne 3010Ta MPH XJIOPHIOBO3TOHKE YOPHMHCKOTO KOHIIEHTpaTa

No IuxTHI 3ar- | Conepxa- [Tonyueno CremneHs t,°C Jn-
Onsl- py3- HUe XBOCTBI u3BJICYE- TeJb-
Ta Ka 30J10Ta coJiepKaHue Hus Au,% HOCT,
k-t | CaCl, B Brixon Au MHHYT
HCXO/IHOM
rp. | Tp. Ip. /T Ip. /T %

1 25 4 29 58,20 23,2 27,81 61,77 600 60
2 25 4 29 58,20 22,0 19,77 74,20 700 60
3 25 4 29 58,20 21,5 12,51 84,07 800 60
4 25 4 29 58,20 21,8 6,605 91,48 900 60
) 25 4 29 58,20 20,2 5,74 96,48 1000 60
6 25 4 29 58,20 26,0 18,42 71,62 1000 30
7 25 4 29 58,20 23,0 7,78 89,39 1000 60
8 25 4 29 58,20 21,1 5,50 93,13 1000 90
9 25 4 29 58,20 22,3 3,32 95,62 1000 120
10 25 4 29 58,20 21,4 3,64 95,38 1000 150
11 25 1 26 64,98 23,4 35,77 50,44 1000 60
12 25 2 27 62,47 22,2 23,65 68,88 1000 60
13 25 3 28 60,31 21,8 12,15 84,31 1000 60
14 25 4 29 58,20 22,2 3,29 95,67 1000 60
15 25 5 30 55,83 21,5 3,02 96,12 1000 60
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Pe3ynbTaThl IPOBEICHHBIX OMBITOB MOKA3bIBAIOT, UTO Mpu Temieparype 600
°C usBrexaercs 61,8 % 3om0ta. C TOBBIIICHHEM Temneparypsl mpoiecca 10 900 —
1000 °C cremeHp M3BICUCHMS 30710TA PE3KO YBEIMUYMBACTCS U cocTaBisier 91,5 —
96,5 %. Ipu temmeparype 1000 °C yBenndenne mpomo/DKHTEIPHOCTH IPOLECCa
70 2-X 1 0ojee 4acoB HE BIMAET HA U3BJICUYECHHE 30JI0Ta U cocTaBisieT 95,6 %, B

XBOCTaX OCTAeTCs 30JI0Ta B repecyere 3,3 1/T.

o, %
100 T
90 + .
80 +
70 +
60 +
50 + .
40 + J
30 1 |
20 +
10 1/
0 | } | } | :T: —
0 10 20 30 40 50 60
* 600°C = 700°C & 800°C = 900°C +1000°C

CTerneHb H3BJIedeHu s, Au

Pucynox 3.6 — 3aBUCHMOCTH CTENEHHM W3BJICUYCHHS 30JI0Ta OT BPEMEHHU MpHU

Pa3JIMUHBIX TEMIIEpaTypax MpoIecca XJI0pUuI0BO3TOHKH.

Ha pucynke 3.6 npeactaBieHbl SKCIEPUMEHTAIbHbBIE JaHHbIE 3aBUCUMOCTHU
CTETICHH W3BJCUCHHUS 30JI0Ta OT BPEMEHHM TPU Pa3IUYHBIX TeMIepaTypax
XJIOPUIOBO3TOHKHU.

Kak BuaHo u3 pucyHka 3.6, kumermueckme kpusbie 10 700 °C mmeror
NMPAKTHYECKH TPAMONHHEHHbI xapaktep, a mpu 700 — 1000 °C Brauane
MPSIMOJIMHEWHBIN, 3aTEM — MapabOIMYECKUA XapaKTep.

DT KUHETHYECKHE KPHUBBIC XOPOIIO OMHCHIBAIOTCS ypaBHEHHEM IEPBOTO

MopsiJIKa:
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do _va-a, (3.53)
dr

I/ie: o — CTENEHb U3BJICYEHUS 30J10Ta;
7— BpEMsl, MHH,;
K — KOHCTAaHTa CKOPOCTH PEaKIHH, MHH .
[Tocne marematnueckux mpeoOpa3oBaHuii ypaBHeHue (3.54) mMoxkeT OBITh

MMpEaACTaBJICHO B BUIC:

1 kz
| _
J l-«) 2,303 (3.55)
1
Ha rpaduke 3aBucumoctu Igm oT BpeMeHH (pUCyHOK 4.6a)

NIOJTYYCHHBIC TIPSIMbIe MMCIOT OTPHIIATEIIbHBIA HAKIIOH, paBHbIA K/2,303. Ucxons
U3 3TOro, npu 00pabOTKE 3TUX KPHUBBIX ObUIM PACCUMTAHbl 3HAYEHMS] KOHCTAHT
CKOPOCTEH B UCCIIEyEMOM MHTEpPBAJIE TEMIIEPATYP.

3aBHUCUMOCTb KOHCTAaHTBhI CKOPOCTH PEAKLUH OT TEMIIEPATYPBI OITUCHIBACTCS
ypaBHEHUEM AppeHHyca:

_E

k=k -e

WU

Igk = Igk, —ﬁ, (3.56)

rae: K — KOHCTaHTa CKOPOCTH PEaKIui;

Ko — IpeadKCIIOTeHIIMAILHBIA MHOXHTEIIb;

E — xaxxymascs 2Heprusi akTuBaiuu, kJ>x/mMoJb;

R — yHuBepcanbHas Ta3oBast MOCTOsiHHASA, J[»K/MOJIb Tpaj;

T — abcomoTHas Temneparypa, K.

Ha rpaduke 3aBucumoctu Igk or 1/T (pucynok 3.70) mouTm Bce
AKCIIEPUMEHTAJIbHBIE TOYKH XOPOIIO YKIAIBIBAIOTCS Ha MPAMYIO JIHMHHIO, TIO
TAHT'€HCY yrja HakKJIOHAa KOTOpoW Obula oOIpeneseHa AMIMpPUYECKas SHEPrus
akTuBalMy. BenuunHa paccuntaHHoM sHepruu aktuBauuu (78,107 kx/Moib)

CBUJIETEIHCTBYET O TMPOTEKAHWHM TpOIlecca B KUHETUYECKOW oOmactu. Takum
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00pa3oM, MOKHO CKa3aTh YTO, IPOLECC XJIOPUPOBAHUS 30JI0Ta XJIOPHUIOM KaIbIUs

MpPOTEKaET Mpu 0oJiee BEICOKOU TeMreparype.

!

o —
[

I-a LK

— 'I - LE N

0w oonm oW W W #® 19 ; . . - i1 p
VE00°C 00 A S00°C mop'c +000°C

Pucynok 3.7 — 3aBucumocTH: a) |9—a ot Bpemenu, 0) lgk or oOpartHoi

1-—

aOCOJIIOTHOM TEMIIEPATYPHI.

3.10. ®u3uK0-XUMHYECKOE UCCIeT0BAHNE HCXOTHBIX M KOHEYHbBIX
NPOAYKTOB XJIOPHI0BO3rOHKH MecTopo:kaeHust Yope

Jlnst monmydenust uHGOpMaIM O cocTtaBe (a3 MCXOAHOTO KOHIIEHTpaTa U
MPOJIYKTOB TOCJIE XJIOPUAOBO3TOHKH HMCIOJIB30BAIM PEHTTeHO(A30BbIA aHaIu3
(PDA).

PacuiudpoBka gaHHBIX peHTreHO(a3z0BOr0 aHajlM3a TMOKazajla, uYTo
OCHOBHBIM MMHEpAJIOM MCXOJHOTO KOHIEHTpaTa (pucyHok 3.8a.) SIBISAIOTCS:
UPUT, cPaiepuT, apCeHONMMPUTH KBapil. Ha mTpuxpeHTreHorpaMme moayuyeHHOTO
orapka mocie xiaopumoBosrorkn mpu 1000 °C mabmomaercs amopdusamus
CTPYKTYpbl MUHEpaja MHUPUTA, apCEHONMUPUTA U cdajepruTa BXOASIIUX B COCTaB

KOHIICHTPATOB C COXpaHEHHEM XapaKTepHBIX pediiekcoB kBapia (pucyHok 3.80.)
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Takum 06p2130M, MOXHO CacjiaTb BBIBOA, 4YTO HAaHHBIC PC3YJIbTATOB
XUMHWYCCKOTO aHaJIn3a IIOATBCPIKIAAOTCA peHTl“eHOl"pa(bI/I‘ICCKI/IM HCCIICAO0OBAaHHNCM

HCXOAHOT'O KOHIOCHTPATAa U OIrapKOB ITOCJIC XJIOPUJIOBO3TOHKH.

[

3)

E'D
30 20 10

Pucynok 3.8 — lllTpuxpeHTreHorpaMMbl KOHIICHTpaTa: a) UCXOAHBIN KOHIIEHTpAT,
0) IPOAYKT TOCje XJ0opu10Bo3roHku 1pu 1000 °C; 1 - ApCEeHONUpHT;

2 — Ilupur; 3 — KBapir; 4 — Canepur; 5 — ["anenur;

3.11. PekomeHayemMasi TEXHOJIOTHYECKAS cXeMa NepepadoTKU Pyabl
MecTopoxkaeHus Yope
Ha OCHOBAaHUHU pe3yJIbTaToOB VCCIIEIOBAHUN pEKOMEHyeTCs
OpUHLMIKATIbHAS TEXHOJIOTMYECKas CcXeMa Ipolecca MepepadoTKU YHOPHBIX
30JI0TOCOAEpIKAIIMX pya YopuHCKOTO MECTOPOXKICHUS, METOOM
XJIOPUIOBO3TOHKHM C MOCJIEAYIOIINM UAHUPOBAHUEM OTAPKOB XJIOPUIAOBO3TOHKH

(pucynok 3.9).
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[Ipennaraemasi TEXHOJOTHYECKAs CXEMa MO3BOJIUT Y3KOHOMUYECKH BBITOJIHO
OCYIIECTBUTH MEPEpadOTKy PYJ C OpraHu3alieil MpOU3BOJCTBEHHBIX IEXOB IO
XJIODUJIOBO3TOHKE  KOHIICHTPATOB,  paOOTAalOMIMX  HEMOCPEACTBEHHO  Ha

oOoraTuTeNbHOM Qadpuke.

Konmenrnar
NaCl — CaCl, Termmonocur
v

Xnopuaososroska mpu 1000°C

Y naBnuBaHue [lnanupoBanue
BO3T'OHOB U IIbIJIIN OrapKoOB
I Au, Ag
O6paboTtka

!

Au, Ag

Pucynox 3.9 — [Ilpennmaraemasi TeXHOJIOTMYECKass cXema MepepadOTKU
(bJI0TaIMOHHOTO  30JI0TO-MBIIIBIKCOJIEPHKAIIETO KOHIICHTpAaTa MECTOPOKIACHUS

Yope.

3.12. MaremaTu4ecKoe MOIeJIMPOBAHUE MPIECCA XJIOPHTI0BO3TOHOYHOTO

00:xkMra KOHIleHTpaTa MecTopo:xaenus Yope

Ha ocHoBe pazpaboTaHHON TEXHOJIOTUM M OMBITHBIX JaHHBIX ObUTa CIeliaHa
MOMBITKA MPEICTaBUTh MAaTEMaTHYECKYI0 MOJENb IpolLecca XJIOPUIOBO3TOHKU
30JI0TOCOAepKaIero (GI0TalMOHHOTO KOHIIEHTpaTa MecTopoxkieHus: Yope.

VYcranaBiauBaeM 3aBUCMMOCTb u3BiieueHust 3os0ta (AuU), cepedbpa (AgQ) u
MbIIbska (AS) OT TeMmmepaTypbl (°C), mmurensrocTn mpomecca (T) u pacxoma
xnopupytomero arenra CaCl, (m). ITpu sToM TemnepaTypa u3mensiercs oT 600 °C

mo 1000 °C, mpomomkurensrocth mporecca ot 30 mo 150 MHHYT M pacxon
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XJIOPUPYIOLLEro areHTa ot 1 10 5.
BriOepeM nuHEHHBIN BU 3aBUCUMOCTH
v=a+bx (3.57)

Yepes V1, Y21 ¥3 0003HaUNM, COOTBETCTBEHHO, M3BIedeHue AU, Ag u As. B
ponu x BeicTymator 'C, T u m (CaCly).

Jliis mogbopa mapaMeTpoB @ M D Bocmosb3yemcs MeToJaMH M30paHHBIX
TOYEK, CPETHUX W HAUMEHBIIINX KBAJPAaTOB, YTO TIO3BOJIUT CPABHHUTH MUX CPEIHUE
MIPOIICHTHBIE OTKJIOHEHUS U CJIeJIaTh COOTBETCTBYIOIIUE BBHIBO/IBI.

Ha ocHoBaHuM TaHHBIX TaOIUIIE 4.8 MPOU3BOIUM:

a). [lonOop mapameTpoB o0 METOAY N30PAHHBIX TOYEK.

BriOupaem nBe TOYKH 1O KOHIIAM MOCTPOSHHOW JTMHUU M MX KOOPJHHATHI U

TIOJICTaBIIsIeM B ypaBHeHUe (3.57).

a+600b=61,77
a+ 1000b = 96,48

Hanee, pemas cucreMy, HaxoauM @ = 9,69 u b~ 0,0868.
Takum  oOpa3om, wuMeeM CICIYIOMYI0  SMIUPUYECKYIO  (dopMyIy
3aBUCUMOCTH H3BJICUCHHMS 30J10Ta OT TEMIIEPATYPHI
V1 =9,69 + 0,0868 °C. (3.58)
B Tabmume 3.18 mnpuBenacHB BBIYMCIACHHBIC 3HAaYeHHUS i, a TakkKe

IMPOOCHTHBIC OTKIIOHCHHS IO OTACJIbHBIM TOYKaM OC.

TaOmuma 3.18

V1(eav) x(°C) (1) BBIU. IIporeHTHOE
OTKJIOHEHUE
61,77 600 61,77 0,0
74,20 700 70,45 —5,05
84,07 800 79,13 -5,88
91,48 900 87,81 —4,01
96,48 1000 96,59 +0,11

Haxonum cpeanee nporentHoe oTkioHeHue (CI10):
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CMO==[|-505|+]-588 |+|-4,01]|+0,11] =

]

| =

~15,05 =3.

Hcnonp3ys 3TH e ONBITHBIC JaHHBIC I TMoj0opa mapamerpoB & wu b,
UCIIOJIb3YEM METOJ CPEIHHUX.

0) Ilpm meTome cpemHWX BBIMOJTHSIEM CIEIYIONIUE YCIOBHUS: JTaHHBIC
JIOJDKHBI OBITh PACIIOIOKEHBI B YMEHBIIAIOMIEMCS TIOPSIKE, TI0 KpalHel mMepe s
OJTHOM W3 TIepeMEHHBIX. [Ipn moIcTaHOBKE KOOPAMHAT TOYEK B ypaBHeHHUE (4.46),

ACJIMM IIOJIYYCHHBIC YPAaBHCHHA HA ABC I'PYIIIIbI, CYMMHPYEM HX W, COBMCCTHO

pelnas Ba ypaBHeHHs, HaxoauMm & u .

I'pymma | I'pymma Il
a+600b=61,77 a + 800 b = 84,07

+ a+700b=7420 + a+900b=9148
2a + 1300 b = 135,97 a+1000b=96,48

3a + 2700b = 270,03
Hrak,

{2{1 +1300b= 13597].3 ﬁ{ 6a + 3900b = 407,91
3a+2700b=272,03|.2 | 6a+5400b= 544,06

—1500 b =- 136,15
b~ 0,0908

3HaUYeHHUE b IMOACTABJIAICM B IICPBOC YPABHCHUC CUCTCMBI, PCIIIUB KOTOPOC,

HaXoJIUM

t =8,965
Takum 00pazom, UMeeM CIETYIOUIYI0 SMITUPUIECKYIO0 PopmyIy:
Vi = 8,965 + 0,0908 °C. (3.59)
B tabaune 3.19 npuBecHbI BRIYMCICHHBIC 3HaUeHUA M1 110 dopmyiie (3.59)

Y MPOLICHTHBIE OTKJIOHEHUS 10 KaXXI0M OTAeIbHOU Touke C.
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Tabmura 3.19

V1 (&au) x(°C) (¥1) BBIU. [IporienTHOE
OTKJIOHCHHE
61,77 600 63,44 +2,70
74,20 700 72,52 —2,26
84,07 800 81,60 —2,94
91,48 900 90,68 —-0,87
96,48 1000 99,76 + 3,40

HaXOI[I/IM CpeaHCC IMMPOUCHTHOC OTKIIOHCHHUC

CIO=-[2,7+|-226|+|-294|+|-0,87 | +34] =

| =

112,17 =2,4.

B). Ilo Tem >xe JMaHHBIM HAXOJUM HEH3BECTHBIC mapameTpbl % wum b B
ypaBHeHUHn (3.57) 1Mo METOAY HaWMMEHBIIUX KBaApatoB. [ 3TOro cocraBuUM

BCIIOMOTaTeNbHYy10 Tabmuib 3.20.

Taomuma 3.20

V1 (ean) x(°C) x? XV (1) Beru. | IlponeHTHoe
OTKJIOHEHUE

61,77 600 360000 37062 64,26 +4,03

74,20 700 490000 51940 72,93 -1,71

84,07 800 640000 67256 81,60 —2,94

91,48 900 810000 82332 90,27 -1,32

96,48 1000 1000000 | 96480 98,94 + 2,55

Y 408 4000 3300000 | 335070

N3BectHo, uto [234] kodddumments @ W D Mo METOAY HaMMEHBIITHX

KBaJApaTOB HAXOOATCA 110 CIACAYIONIMM PaBCHCTBAM!
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DX DY — D2 % D XY,
_ i1 i—1 i—1 i—1

a = L , (3.60)
n§__ i,Xi2 — (E_ ,Xi)2
nzn:xiyi —Zn)Xaanya
b— it i—1 i—1 . (3.61)

N> X — (0 %)*

Ucnonb3ys maTepuan tadnuia 3.20 HaX0auM:

3300000 408 — 4000 ,335070
&= 5 3300000 — 40002

= 12,24,

~5,335070 - 4000 ,408
~ 5,3300000 — 40002

— 0,0867.

VMeeM cliedyoLy o SMIIprudecKyio hopMyiry 3aBucumoctd Au ot °C:
Vi =12,24 +0,0867 C. (3.62)
[To TpPOLIEHTHBIM OTKJIOHECHHSIM, NPHUBEACHHBIM B Tabnwie 4.16, Haxomaum

CpeaHee MPOLICHTHOE OTKIOHEHUE.

CHO=2[403+|-1,71|+|-294 | +|- 1,32 | +255] =

| =

12,55 %25,

Kcratu, nporieHTHBIE OTKJIOHEHHS HAWIEHBI U3 CIIEAYIOIIEr0 paBEHCTBRA:

100%

(Veww. — V. )
BBI™. OMNBITH. "

..-!"?I:Il'[Eul"I.'H.

CpaBHHMBas cpeAHME NPOLEHTHBIE OTKIOHEHHMS IO TPEM METOJaM,
NPUXOAUM K BBIBOJAY O TOM, YTO YHUBEPCAIbHBIMHU METOJAaMM JUJIsl Toa0opa
napaMeTpoB B OMIHMPUYECKUX (OpMyJiax SBIAIOTCS METOJbl HaWMEHBIINX
KBaJpaTOB U CPEAHUX.

Ho cnenmyer oTmMeTWTh, 4YTO TpPH HEOOXOJIUMOCTH OBICTPOTO BBIBOJAA

AMIUPUIECKON POPMYIIBI XOPOIIIUM METOAOM SBJISICTCSI METOJT M30paHHBIX TOUYEK.
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x(°C) Vi (€nn) x(T) Vi(ea) ~ x(MCaCly) | Vi(ean)
600 61,77 30 71,62 1 50,44
700 74,20 60 81,39 2 68,29
800 84,07 90 93,13 3 77,80
900 91,48 120 95,62 4 94,61
1000 96,48 150 95,38 5 96,42
x(°C) V1 (€ng) x(T) V1 (€ng) x(MCaCly) | Vi(eag)
600 50,65 30 72,93 1 67,34
700 64,69 60 94,21 2 86,86
800 79,90 90 93,88 3 92,19
900 92,14 120 93,36 4 95,24
1000 95,06 150 94,91 5 95,27
x(°C) V1 (&) x(T) Vi (Eps) x(MCaCly) | V1 (ens)
600 92,43 30 72,06 1 97,21
700 99,22 60 99,55 2 98,04
800 99,30 90 99,20 3 99,34
900 99,12 120 99,82 4 99,72
1000 99,12 150 99,27 5 99,34

Hamy 1o mosiydeHHBIM ONBITHBIM JaHHBIM I KQXIOU W3 HUKE
NPUBEACHHBIX TPYII BBIBEACHBI 27 HSMIUPUYECKUX (POPMYT TIO TpeMm

Meroaam (tabmauima 3.21).
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Tabmuma 3.21

MeTton n30paHHBIX TOUYEK CIIO Meron cpennux CIIO Meton HauMEHbIINX CIIO
KBaJIpaToOB
Ne OMIUpPUYECKUE OMIOUpPUYECKHE OMOUpUYECKUe
1/ bopmyIibl dbopmyIibl dbopmyIibl
1 Y1 =96,9 +0,0868°C 3,0 Vs = 8,965 + 0,0908°C 2,4 Y1 =12,24 +0,0867°C 2,5
2 Y1 =65,68 +0,198 T 6,0 Vi =71,982 40,1894 T 5,2 Vi =72,903 40,1792 T 5,2
3 | Y1 =38,945+11,495CaCl, | 5,0 Vi =41,218 + 12,098 CaCl, 4,2 | Y1 =42,028 +11,828 CaCl, | 4,3
4 Yy, =— 15,95 +0,111°C 4,4 Y, = — 23,84 + 0,1254°C 3,4 y,=—16,528 + 0,1163°C | 3.8
S y,=67,434+0,1832 T 6,3 Y, =77,2835+0,1397 T 8,6 Y, =76,925+ 0,1437 T 5,9
6 |y,=60,3575+6,9825 CaCl, | 6,7 Yy,= 66,82 + 6,8533 CaCl, 5,8 Yy, = 68,108 + 6,424 CaCl, | 59
7 y;= 82,41 +0,0167 °C 2,1 ys; = 87,115 + 0,0134 °C 1,7 ys; = 87,214 + 0,0133 °C 1,7
8 Y3 = 65,256 + 0,2268 T 8,4 Y3 =77,6285+0,1817 T 7,9 Y3=77573+0,1823 T 7,9
9 |y,=60,3575+6,9825 CaCl, | 0,5 Y3 =96,52 + 0,7367 CaCl, 0,4 Y3 = 96,948 + 0,594 CaCl, | 04
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3.13. UccaenoBaHmsi MO BhINIEJIAYUBAHUIO CYJIb(UI0B U3 (PIOTAIUOHHOTO
KOHIIEHTPAaTa PpaCTBOPAMHU a30THOM KUCJIOTHI

BckpbiTre 30510TOCOAEpKAUX CYJIb(PUIHBIX KOHLUEHTPATOB, COAEPIKAIIUX
MBIIIBSK, 32 pyOEXKOM OCYIIECTBISETCS, B OCHOBHOM, OKHCIIUTEIBbHBIM OOKUIOM
[79]. OgHako ATO CBS3aHO C BBIACICHUEM B OKPYKAIOMIYIO CPEIy 3HAYUTEIHHBIX
KOJIMYECTB CEPHUCTOrO Ta3a M MBILIbIKCOAEPKAIUX MbUIEH, YTO HEJOIYCTUMO C
DKOJIOTHYECKON TOYKH 3PEHUS.

B cBA3M ¢ BBILEU3IOKEHHBIM pa3padOTKa T'MIPOMETATypruuecKOn
TEXHOJOTMHM MEepepabOTKH TaKUX KOHIIEHTPATOB IPEICTABISET OIpPEACICHHBIN
UHTEpeC.

OnHMM U3 NEPCIEeKTUBHBIX METOJ0B BCKPBITUS YIOPHBIX 30JI0TO -
CyJIb(HUIHBIX KOHUEHTPATOB SIBJISIETCA TUIAPOCYIb(paTU3ALMSI B paCTBOPE a30THOM
KHUCTIOTHI.

B npombinieHHbIX MacmTabaXx a30THOKHMCIOTHBIM CIOCOO pa3ioKeHUs
CyabGUIOB TPUMEHSETCS Ha OJHOM M3 3aBOJOB JUISI  Pa3JIOKCHHS
MOJIUOICHUTOBBIX KOHIICHTPATOB [235].

A3OTHOKHUCIIOTHBIN CIOCOO MO3BOJISIET IEPEBOUTH MBIIIbSIK, CEPY U KEJIE30
B PAacTBOp B BUJI€ MBIIIBIKOBUCTON U CEPHON KHUCIIOT, a KEJIE30 B BUJE HUTpATA U
cynb(dara xemnesa.

CoriacHO COBPEMEHHBIM MPEICTABICHUSAM CYJIb(HUIBI OKUCIAIOTCS a30THOM
KHUCJIOTOM 110 Cynb(aToB MO peakusiM:

3MeS + 8HNO; = 3MeSO, + 8NO + 4H,0 ; (3.63)

3Me, Sy, + 8,HNO; = 3,MeSO, + 3(.n)S + 8,NO + 4H,0 (3.64)

[Tpu u30BITKE a30THOM KHUCIOTHI, oOpasyromeiics mo peakunu (3.63), cepa
OKHCIIICTCS IO CEPHOM KUCIIOTHI TIO PEAKIUH:

S+ 2HNO;3; = H,SO, + 2NO, (3.65)

CornacHo ypaBHEHUIO PEaKIMU B3aUMOICHCTBHUS XaJIbKOITUPUTA C a30THON

KUCJIOTOU:

6CUFeS2+ 22HNOs = 6Cu(NOs)2 + 3Fe20s + 125+ 10NO + 11H20 (3.66)
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BO3MOKHO TOPMO>KEHHUE BhIIIETaYMBaHUsI 000JI0YKONH HEPACTBOPUMBIX MPOIYKTOB
S°u Fe203, mokphIBatoOnIX NOBEPXHOCTh UCXOTHBIX CYJIb(PHUIOB U 00pa3yIOIMINXCS
npu 1ePUITE KUCTOTHI.
OkucneHue TmHpPUTa W  APCEHOINMPUTA Aa30THOM KHUCIOTOM  MOYKHO
NPENCTaBUTh YPABHEHUSIMHU:
2FeS; +10HNO3z = Fe, (SO4)3 + H,SO,4 + 10NO + 4H,0; (3.67)
2FeAsS+6HNO;+3H,S0,=Fe,(S0,)3+S+2H3As04+4NO+N,03+3H,0  (3.68)
Okcuapl a30Ta, BBIACISIONIMECS B MPOLECCE B3aUMOJACHCTBUS a30THOMN

KHUCJIOTBI € KOHICHTPATOM, BSaHMOﬂCﬁCTBYIOT C KHCJIOPOOOM MO0 BbICIIHUX

BaJICHTHOCTEN:
N203 + 120, = 2N02 (370)

[Ipn mnocnenyromemM NOTJOMIEHUA WX BOAOW 00pa3yroTcs a30THas H

a30TUCTasl KUCIIOTA 110 YPABHEHUIO:
2NO; + H,0 = HNO3z; + HNO, (3.71)

TepMoauHaMUYECKMMM pacyeTaMy ITOKa3aHa BO3MOXXHOCTh IPOTEKAHMS
peakuuii MEeXIy STHMH MUHEpaJaMH M a30THOM KHUCJIOTOH TpH aTMOC(HEpHOM
JaBICHNM B WHTepBale Temmeparyp 333-368 °K [85]. VcramoBimeHo, d9TO
HOBBILICHHE TEMIIEPATYPhI CIIOCOOCTBYET MPOTEKAHUIO PEaKLIUU.

B3auMopeiicTBu€ OCHOBHBIX MHHEpPANOB (MHUpPUTA, AapCEHONMUPHUTA WU
XaJIbKOIIUPUTA) C a30THOM KHUCIOTOM MOXET COIpPOBOXKAATHCA 0O0pa3oBaHHEM
pacTBOPUMBIX, TBEPAbIX U Ta3000pa3HbIX MPOJAYKTOB, YTO THPEICTABISIECTCS

CJIEIYIOUMMU YPaBHEHUSIMU.

2FeS,+8HNO;=Fe,(SO,)s+S+ 4H,0 + 8NO (3.72)
2FeS,+6HNO;+H,S0,=Fe,(SO)s+ 6NO + 2S¢ + 4H,0 (3.73)
FeS,+4HNO;=Fe(NO3);+NO+2S+ 2H,0 (3.74)
FeS,+8HNO3;=Fe(NOs)3+2H,S0O,4+5NO+ 2H,0 (3.75)
2FeS,+6NO3+H,S0,=Fe,(SO,)s+6NO + 4H,0 (3.76)

2FeAsS+8HNOz+H,S0,+0,=Fe,(SO,):+2H;AsO, +8NO+ 2H,0  (3.77)
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2FeAsS+10HNO5+0,=2Fe(NO3)s+4NO+25+2H;As0,+2H,0 (3.78)

S+2HNO;=H,S0,+2NO (3.79)

3FeAsS+23HNO,=3Fe(NO3)3+3H3As0,+3H,S0,+14NO+4H,0 (3.80)
3FeAsS+17HNO,=3Fe(NO3)+3H3As0,+3S+8NO+4H,0 (3.81)
CuFeS: + 8HNOs = CuSO4 + FeSOs +4NO + 4NO2 +4H:20 (3.82)

3CuFeS2+ 16HNOs =3 Cu (NOs3)2 + 3Fe(NO3)2 + 6S+ 8H20 + 4ANO  (3.83)
2CuFeS2+20HNOs =2Cu(NOs3)2 +Fe2(S04)3+3S+6NO+10NO2+10H20 (3.84)

Haubonee BepositTHo mporekanue peakiuid: (3.72), (3.73), (3.75), (3.77) u
(3.78).

DNieMEeHTHas cepa, 00pa3yrolasicsi MpyU B3aUMOJACUCTBUU a30THOM KHUCJIOTHI
¢ cynbhuIaMu, OKUCISIETCS 0 CepHOTO aHTuapuaa. Jlanee, mpu B3auMoJACHCTBUU
MOCJIEHErO € BOJAOM oOpa3yeTrcsi cepHas KUCIoTa. BO3MOXKHOCTH 0Opa3zoBaHUs
AJIIEMEHTHOU CEpbl YMEHBIIAETCS, a CTENEHb €€ OKUCIIEHUS IO CEPHOTO aHTUApPUIA
YBEJIMYMBACTCS C TOBBIIICHHEM KOHIIEHTpAIlMd W pacxojla a30THOM KHCIIOTHI
(peaxuuu 3.74, 3.77, 3.78).

HccnenoBanus mpoBoauinch Ha mpudope (cyanide distillation apparatus),
NpUHIKN PpaboThl, KoToporo omnucan Huxke. Ha pucynoke 3.10 moka3zaHa
YCTaHOBKA JUIsl H3yYCHUsI KWHETUKH BBINIEIAYNBaHUS (IIOTOKOHIIEHTPATA.

B cycnensuto ¢uioTokoHIeHTpaTa, Haxoasmyocs B kouode (1), momaBanach
nopuroHHO B TeueHue 20-50 MHHYT pa30aBlieHHAsl a30THAs KHUCJIOTa; MyJbla
nepemMenmBaiach Memanko - 80 o6/MunyT (5); Temmeparypa B 30HE pPEaKIuu
U3MepsIIach TEPMOMETPOM (2) M peryaupoBajiach C MOMOINBIO peryistopa (4).
braropoinbie MeTalibl KOHUEHTPUPOBAIHUCH B KEKE.

HepacTBopuMmblii 0CTaTOK OTAEISIN OT KUCIOTO pacTBOpa (pUIBTPOBAHUEM,
cymiy npu temneparype 110 OC B Teuenue 2 4acos.

Kucnpii MaTOYHWK, HACHIINICHHBIA HWOHAMH, TIOJABEPraJicsi OYHCTKE OT
MBIIIbsIKa TyTeM 0OpaOOTKM HM3BECTKOBBIM MOJIOKOM M CEPHHUCTBIM HATpUEM, a
3areM ¢uiapTpaiuu. C 3TOM 1enbl0 B (QUIbTpAT 3arpyXajoch MHOPUUSAMH U

NEPeMCIINBAIIOCh HM3BCCTKOBOC MOJIOKO, 34aTCM pPaACTBOP CCPHUCTOI'O HATPHA.
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[lynbna mepememmBaiach B Lielkepe TeueHue 15 MHUH U 3aTeM (UIBTPOBAJIACH.
Ocaiok mpeacTaBisiyi cOO0H CIIOKHYIO CMECh, COCTOSIIYIO U3 Cyb(aTa KalabIHs,
cynb(dara xeneza, apceHara jkenesza, cyidbduua Mblmbsika U Ap. OcTaTtok u
MOJIyYEHHBIE PACTBOPHI MOIBEPTAIMCH XUMHUYECKOMY aHAIU3Y.

CremeHp W3BICYEHUS KOMIIOHEHTOB U3 (PIIOTOKOHIIEHTPATOB BO BCEX
ONBITaX YCTAHABIMBAJIIA HA OCHOBAHMM XUMHYECKOTO aHaJIM3a HCXOJHOIO

MaTcpHrajia MU KCKa BbIIICIIAYBaAHMNA.

Pucynoxk 3.10 — JlaGopaTopHas ycTaHOBKa JIJIsi M3yYEHHUS Ipoliecca pa3ioKeHus
(bI0TOKOHIIEHTpaTa paCTBOPaMU a30THOM KUCIIOTHI.
Creknsnnas kojnba. 2. Tepmomerp. 3. PerymmpoBka HarpeBa. 4. PerymmpoBka
MEIIIKHU. 5. Memaka.

B nacrosimieit paboTe M3y4eHO BIUSHUE PA3IMYHBIX (PAKTOPOB B HIMPOKHUX
WHTEpBAJIAX HM3MEHEHUSI MapamMeTpOB HAa  BCKPBHIBAEMOCTh  KOHIIEHTpATa.
Xumudeckuit coctaB (IOTAIMOHHOTO 30J0TO-METHOMBIIIBIKOBOTO KOHIIEHTPATA

mectopoxkaenust Tapop, % (mac.): 40,2 r/t Au; 86,7 r/t Ag; 12,4 Cu; 1,2 As.
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Bnusuune TEMIICPATYPEI Ha CTCIICHb H3BJICUCHHA J3JICMCHTOB, BXOIAIINX B

0
COCTaB KOHIICHTpaTa, WCCIenoBaau B mpeaenax 25-95 "C mpum IIMTENBHOCTH

nporecca 2 yaca, cootHoueHuu T:0K= 1:5 u koH1leHTpanuu a3oTHOM KuciaoTsl 400

r/nvM’ Tabmama (3.22) pucysok (3.11). B ombiTax mcmomb3oBamachk 60%-Has

a30THas KUCJI0Ta.

MakcumanbHOe BBIMICIIAYUBAHUC MCIHU Ha6J'IIOI[aCTCSI IIpu TEMIICPATypC 80

°C, B pactBOp mepexomut 96,6 % Menu, a Mblmbska 88,7 Y%. IIpu MOBbILICHNN

0
TCMIICPATYPBI 1O 90 "C crerneHb U3BICYCHUS MCIW W MbBINIbAKA IMPAKTUYCCKU HC

MCHICTCAI.

Tabmuua 3.22

PGBYJ'IBTaTI)I HU3YUCHU BIMAHUSA TCMIICPATYPhI Ha BBIIICIIAYNBAHNUC

M€ U MBIIIBSIKA U3 KOHLIEHTPATOB MECTOPOXAeHUs Tapop

Ne | Hpomon- | Coorso- | Temme- | Komment- | Komuentpamus B Crerenb
m/m | KHTENb- mieHHe | parypa, | pauus pacTBope, Mr/aM> M3BIICUCHHS B

HOCTb, T:K °c HNO;, pactBop, %

MHH. r/mm° Cu As Cu As
1 120 1:5 25 400 101184 | 9144 | 40,8 | 38,1
2 - - 25 - 9820,8 | 868,8 | 39,6 | 36,2
3 - - 30 - 13069,6 | 1228,8 | 52,7 | 51,2
4 - - 40 - 15648,8 | 1449,6 | 63,1 | 60,4
5 - - 50 - 19666,4 | 1771,2 | 79,3 | 73,8
6 - - 60 - 21551,2| 1908 | 86,9 | 79,5
7 - - 70 - 22270,4 | 1953,6 | 89,8 | 814
8 - - 80 - 23956,8 | 2128,8 | 96,6 | 88,7
9 - - 80 - 23510,4 | 2164,8 | 94,8 | 90,2
10 - - 90 - 231136 | 2124 | 93,2 | 88,5

3aBUCHUMOCTDL CTEIICHH H3BJICUCHUS MCAU OT MPOAOJIZKUTCIBHOCTH IIPpOLCCCa

nccnenoBamn npu 80 °C, cootHomenmn T:XK=1:5 M KOHLEHTPALHH a30THOM
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kucnotst 400 r/ov’. Uepes 30 MuHYT mocie Hayaja OMNbITa CTENEHb M3BICUCHUS
Menu u3 KoHIeHTpata coctaBuna 59,1 % (pucynok 3.12., tabmuma 3.23). C
YBEIMYEHHUEM IPOJIOJKUTENLHOCTH Tporiecca 10 120 MUHYT CTeneHb U3BJICUEHUS
MEIM W Mbllibsika B pacTBop gocturia 95,0 u 89,4 % COOTBETCTBEHHO IIpU
KOHIICHTpAIMU a30THOM KucaoThl 400 /om°.
[Ipy nanpHelIIEM YBEIMYEHUH MPOJOKUTEILHOCTH Ipollecca CTENeHb
W3BJICYEHUS MEIU U MBIIIbSIKA MPAKTUYECKU HE U3MEHSIETCS.
Taomuna 3.23
Pe3ynbTaThl H3y4ueHUs BIUSHUSA NPOAOJIKUTEILHOCTH MPOLECCA HA CTENEHD

BbBIIICJIAYUMBAHUA MC/IU U MBIIIbAKA U3 KOHICHTPATOB MCCTOPOKACHUA Tapop

Ne | ITpomon- | Coormo- | Temme- | Konmenr- |  Koumenrpamus B Crerenb
I/l | KUTENb- | IUCHHe | parypa, | paums pacTBope, MI/aM’ M3BJICUCHNS B

HOCT, T:XK °c HNO;3, pactBop, %

MHH. r/mm° Cu As Cu As
1 30 1:5 80 400 14656,8 | 1240,8 | 59,1 | 51,7
2 40 - - - 15648,8 | 1353,6 | 63,1 | 56,4
3 50 - - - 15946,4 | 1240,8 | 64,3 | 51,7
4 60 - - - 17384,8 | 1672,8 | 70,1 | 69,7
5 80 - - - 19319,2 1836 | 779 | 76,5
6 100 - - - 22468,8 | 2040 | 90,6 | 85,0
7 120 - - - 23560 | 21456 | 95,0 | 894
8 140 - - - 23857,6 | 21624 | 96,2 | 90,1
9 160 - - - 23733,6 | 2174,4 | 95,7 | 90,6

CrereHp BBINICTAYMBAHUS MEIU W MBIIIbSIKA OT KOHIICHTPAIIMH a30THOMN
kucioThl (60 %-HOH) HcclenoBaid MPU MNPOJOJLKUTENBHOCTH mponecca 120
munyt, Temmeparype 80 °C, u coormourennu T:XK 1:5 (pucyrok 3.13, TaGmuia
3.24). TIpu koruenrparuu HNO3100 r/nm® cTeneHp H3BICUCHHS MEIH ¥ MBILIbSIKA

coctasisieT 35,6 u 33,7 %, a mpu MOBBIIEHUH KOHUEHTPALMK KUCIIOTHI B IBA pasa




CTEIIEHb W3BJICUEHHSI MeIW M MBIIbIKa Jjgocthraer go 63,3 um 58,8
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%

COOTBETCTBEHHO. Jlydiien cpeior g a30THOKUCIOTHOTO BBILICIAYUBAHUS MEIU

o 3
N MBbIIIbAKA ABJIACTCA PpACTBOP C KOHOCHTPAIUCH KHCJIOTHI 400 F/ILM , IIpA 3TOM

cTereHb u3BieueHusd, %: 95,4 Cu; 89,8 As.

I[aHLHeﬁmee YBCIIMYCHUC KOHICHTpPAINU a30THOM KHCJIOTHI HE MOBBIIIACT

3
CTEIICHb BBIIICIAUUBAHUS MEIU W MBIIIbsAKa W3 KoHueHTparta. [Ipu 450 r/am” B

pacTtBop niepexoaut 96,2 Cu; 88.7 As.

Pe?,y.HBTaTBI HN3Yy4YCHUA BJIWAHHA KOHOCHTPAIUH a30THOM KHCJIOTHI Ha

Tabmauma 3.24

H3BJICHCHHUC MCIHU U MBIIIbAKA B PACTBOP IIPH BLIMICIIAYMBAHNHN KOHIOCHTPATOB

MecTopoxaeHusa Tapop

Ne [Ipogon- | CooTHO- Temmne- |KoHueHt- KoHuenrpanus B Crenenp
I/ | KUTEIb- ICHUE patypa, panus pacTBope, Mr/am> W3BJICUYCHUS B
HOCT, T:2K °c HNO3 pactBop, %

MUH. /M

Cu As Cu As

1 120 1:5 80 100 8828,8 | 808,8 | 356 | 33,7
2 - - - 150 |11829,6 | 1036,8 | 47,7 | 43,2
3 - - - 200 |15698,4 | 1411,2 | 63,3 | 58,8
4 - - - 250 |18748,8 | 1687,2 | 756 | 70,3
5 - - - 300 |[20261,6| 18504 | 81,7 | 77,1
6 - - - 300 |[20608,8| 19344 | 83,1 | 80,6
7 - - - 350 [23039,2| 20904 | 929 | 87,1
8 - - - 400 |23659,2 | 2155,2 | 954 | 89,8
9 - - - 450 | 23857,6 | 2128,8 | 96,2 | 88,7
BnusgHue COOTHOLIEHUST TBEPAOrO K KUJIKOMY Ha IPOLECC BbILICIAYMBAHUS

(pucynok 3.14, Tabmuma 3.25) wucciemoBanu mpu  Temmeparype 80 °C,
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o 3
KOHIIEHTpAIuu a30THOM kuciaotsl 400 r/am°, nmpoaoKuTeabHOCTH Tpoiiecca 120
MuHyT. [Ipu nognepxanun cootHomenus T:0K 1:3 crenens BbllienauyuBaHus MU

coctaBuiia Bcero 48,3 % Cu, 44,1 % As. OntumaneabeiM T:K aBnsercsa 1:5, npu

HEM JOCTHUTHYTO wu3BieueHue, %: 95,2 Cu; 952 As. Ilpu panpHelem

YBEIUYECHUH pPAPKIKEHUs IMyuablbl  cooTHoweHus T:0K=1:6,1:7 crenens

H3BJICYCHUA MCIWU U MBIIIBbAKA ITPAKTUYCCKU HC MCHACTCA.

Taomuna 3.25

PGBYJ'IBTaTI)I HU3YUCHUS BIIMAHHUSA COOTHOIICHM A T:K na IIponccc

BbBIIICJIAYUMBAHUA MCIU N MBIIIbAKA N3 KOHICHTPATOB MCCTOPOKACHUA Tapop

Ne IIponon- | CoorHo- | Temne- | Konuent- KoHuenrpanus B Crenenp
/0 | KUTEIb- | IICHHE parypa, pauus pacTBOpe, Mr/am° U3BJICUEHMUS B
HOCT, T:2K °c HNO;, pactBop, %
MUH. r/mm’ Cu As Cu As
1 120 1:3 80 400 11978,4 | 1058,4 | 48,3 | 44,1
2 - 1:4 - - 18773,6 | 1620 | 75,7 | 67,5
3 - 1:4 - - 19071,2 | 17184 | 76,9 | 71,6
4 - 1:5 - - 23460,8 | 2100 | 946 | 87,5
5 - 1:5 - - 23609,6 | 2138,4 | 95,2 | 89,1
6 - 1:6 - - 23758,4 | 22152 | 958 | 92,3
7 - 1:6 - - 23336,8 | 2092,8 | 94,1 | 87,2
8 - 1:7 - - 22940 | 2085,6 | 92,5 | 86,9
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Pucynok 3.11 — 3aBHCHMOCTBH CTETICHH BBIIICITAYNBAHUS MEIW W MBIIIbIKA OT

TCMIICPATYPbI paCTBOPA.
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IlponomsxHTENBEHOCTE, MITH.

CreneHs BEINENAUMEAHNA, Y0

]

Pucynox 3.12 — 3aBUCHMOCTB CTETICHU BBIIICIAYUBAHUS MEIU U MBIIIIBSIKA B

pPacTBOP OT NPOAOJDKUTENBHOCTH MTPOLIECCA.
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Pucynok 3.13 — 3aBUCUMOCTD CTETICHH BBIIICIAYMBAHUS MEAU U MBIIIbSIKA OT
KOHICHTPAIIMY a30THOM KUCIIOTHI.

B TaGauie 3.26 npencraBiaeHbl pe3yabTaThl OMBITOB IIPH Pa3IMYHBIX PacXojax
a30THOM KHUCJOTBI, U3 KOTOPOW BUIIHO, YTO MPU KOHLEHTPALUUH a30THOW KHUCIIOTHI

400 1/1m° HabmoIaeTCs yIOBJIETBOPUTEIIBHOE BCKPHITHE (hJIOTOKOHIIEHTpATA.
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o0 :Qq

i /’,’;’
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5o sl
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0 f 1 1 f {
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CTeledb Bl ST B AH H 5, %o

CootHomeHHe, T8

Pucynoxk 3.14 — 3aBUCHMOCTD CTETIEHHU BBIICIAYUBAHNUS MEJIA U MBIIIBSIKA OT

cootHotenus T:K.
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Ta0muma 3.26
Pe3ynpTarsl a30THOKUCIOTHOTO BBIEIAYMBAHUS KOHIIEHTPATOB
Ne | 3arpy3ka | Bwixon Conepxxanne B | CTreneHb U3BICUEHUS [Huanupyemoe
onbrra | HNO; | keka, % KEKe B K€Ke, % 30510712, %
ri Au, | Cu, | As, Au, | Cu, | As, Ho [Tocrne
ot | % % o/t % 0f | BOKPHITHS | BCKpBITHA
1 500 45 91 |0,26 | 0,20 | 996 | 21 | 24 42 97,5
2 450 47 82 1029 0,22 | 992 | 24 | 28 48 97,0
3 400 50 79 1031 0,27 | 993 | 26 | 29 51 97,2
4 350 55 73 1032 0,29 | 986 | 29 | 3,3 95,7
5 300 59 68 |037| 0,32 | 989 | 30| 38 90,2
6 200 62 64 |040| 0,36 | 988 | 32| 39 80,5

[Tomy4yeHHBIN MOCIIE BBINIETAYMBAHUSA KEK MMOJIBEPTAJICA UAHUPOBaHUIO. 3
TaONMUIBI BHAHO YTO, M3BJICYCHHE 30JI0TAa II0CJIE  a30THOKHCIOTHOTO
BBINIEIa4YnBaHusg coctaBuiio 90,2-97,5 %.

Takum oOpa3oM, Ha OCHOBAaHHWH MPOBEJCHHBIX HCCICAOBAHUN OMpEIeIICHbI
CIEYIOIINE ONTUMAJBHBIE YCIOBHUS a30THOKMCIOTHOIO BCKPBITHSI KOHILIEHTpATa:
temneparypa 80 °C, MPOOJKUTENBHOCTH Tiponiecca 120 muH, cootHomenue T:K

= 1:5 u xoHueHTpanus a3oTHou (60 %-Hoit) kuciaotTsl 350-400 F/I[MS.

3.14. U3y4yeHHne KUHETUKH Pa3JI0sKeHUs 3010TO-, METHO-,
MBIIIbSAKCOAEPKAIMX KOHIEHTPATOB MecTOPo:x1eHusi Tapop
Hamu Oplma w3yueHa KWHETHKA  Pa3joXeHHS  30JI0TO-, MEIHO-,
MBIIIBSIKCOACPIKAIUX KOHIIGHTPATOB B PAacTBOpPE a30THOM KHCIOTHL. CBOJHBIE
pe3yibTaThl BIUSHUS TEMIIEpaTyphl, UIMTEILHOCTH MPOIECCa, KOHIICHTPAIIUU
KHCIIOTHI, oTHomeHus T:)K Ha mporiecc BBHINICIAYNBAHUS MEAW M3 KOHIICHTpATa

npuBeeHBI B Ta0wmIe 3.27.
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Ta0muma 3.27
PesynbratThl BustHUS (DU3UKO-XUMHUYECKUX ITapaMETPOB HA PA3TIOKCHHE

KOHIIEHTPATOB MECTOPOXKIeHUus Tapop

No t, C? ChNo3s /M’ T, MUH. T:XK CrenieHp

BBIIIIEJIA-
yuBanusa Cu ,%

1 25 300 120 1.5 41,8

2 40 300 120 1.5 64,8

3 60 300 120 1.5 85,8

4 80 300 120 1.5 94,6

5 95 300 120 1:5 97,5

6 80 300 20 1.5 41,5

7 80 300 40 1.5 60,7

8 80 300 60 1.5 86,4

9 80 300 100 1.5 92,3

10 80 300 120 1:5 94,6

11 80 200 120 1:5 63,3

12 80 300 120 1:5 83,1

13 80 400 120 1:5 95,4

14 80 300 120 1:4 76,9

15 80 300 120 1.5 95,2

16 80 300 120 1:6 94,1

OKCNepUMEHTaIbHbIC JaHHBIC 3aBUCHMOCTH PA3JIOKEHHSI KOHIICHTpaTa OT
TEeMITepaTyphl, MPOAOKUTEIILHOCTH TIpoliecca MpeACTaBICHBI Ha pucyHKe 3.15.

Kak BHUIHO W3 pHUCyHKa, C YBEIMYECHHEM TeMIEpaTypbl 3HAUYUTEIHLHO
YCKOPSIETCSI MPOLIECC pa3ioKeHUs. B U3ydeHHOM MHTEpBajie TEMIIEpaTyp CTEIEHb
m3pneueHns Cu yBemnuuBaercs oT 41,8 mo 97,5 %. Kunermdeckue KpuBbIe
npoIiiecca pa3iioKeHus Mpu Temneparypax ot 25 1o 40 °C umetor MPSIMOJIMHEUHBIN
XapakTep, a mpu TeMmmeparype Beime 60 °C BHAuame WMEIOT AHATOTHYHBIH
XapakTep, a 3aTeM  Iapa0oJMYecKuid. OTH  KHHETHYCCKHE  KPHBBIC
YAOBJIETBOPUTEIHLHO OMHUCHIBAIOTCS YpaBHEHUEM MepBoro mnopsigka Epodeesa -

Kosnmoroposa:
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0, %
100 7 95°C
90 1 80'C
. 60°C
01 40'C
60 1 g

50 1 , .

25'c

40 1 y

30 1 . .

20 1

10 1 4 )

[ : : : : : = ¢

Pucynok 3.15 — Kunetndeckue KpuBbI€ Pa3IoKEHHs KOHIIEHTPATa MPH Pa3INIHbIX

TeMIlepaTypax.

da
4, _Kd-a) (385

IZIe O - CTEIEHb U3BJICUCHUS.
T - BpEMs, MUH.

K - koHcTanTa ckopocTtH.

[Tocne wmaTeMaTnyecKux MpeoOpa3oBaHUN MOXKHO TMPEJACTABUTh 3TO

YPaBHCHHUC B BUJIC:

K
m@@=2£3 (3.86)
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U3 rpaduka 3aBUCUMOCTH Ig(li) OT BpeMeHH (T) (PUCYHOK 5.6) ObUIM HaMIeHbI
-

3HAa4YCHHUA KOHCTAHT CKOpOCTCﬁ. 3aBUCUMOCTh KOHCTAHTBI CKOPOCTH pCaKuuu OT

TEMIIEPATYPbl MOXKET OBITh OMKCAaHa ypaBHEHHEM AppeHuyca, B BUJE:

E

K=K, e~ (3.87)
nJin:

E

2,303RT’ (3.88)

lgk =lgk, —

rae: R — ynuBepcanbHas razoBasi OCTOAHHAS, KJ[K/MOJIb;
T — abcomoTHas Temneparypa, K.
Kaxk Bu1HO U3 rpaduka 3aBUCUMOCTH KOHCTAHThI CKOPOCTH OT TEMIIEPATYpPhI

1
BKOOpAMHATax Ig K — ?( pucyHok 3.16), mouTH Bce AKCIIEpUMEHTATBHBIC TOYKA

XOPOIIIO YKJIA/IBIBAIOTCS Ha MPAMYIO JIUHUIO.
BenmnuuHbel SHepruM aKTHBAIMW OIMPECICHBI 10 TAHTEHCY yTIila HaKJIOHA
npsiMoi u 1o hopmyie:

_ 2,3RT,T, . K,
Tz _Tl Kl

c (3.89)
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HC 16y

A0°C

§0°C

LAV |

: } itum 23

1

1, O BPEMEHH ; 0) Lg K ot obpatHoit
-

Pucynok 3.16 — 3aBucumocTts a) Lg

aOCOJIIOTHOM TEMIIEPATYPHI.

ITo HakoHYy npsiMOli ObliIa BbIYMCIIEHA KaxKylasics sHeprus aktuBauuu (E),
koTopas coctaBuia 37,21 kJl/moinb. UucneHHoe 3HaYeHUE SHEPTUM aKTUBALUU U
3aBUCUMOCTh CKOPOCTH pa3JIOKEHHUSI OT TEMIEPATypbl CBUIETEIbCTBYIOT O €€
npoTekaHuu B AU GHYy3MOHHO-KUHETUIECKON 00IacTH.

[IpoBeneHHBIE  HCCIIENOBAaHUS  PACKPBIBAIOT  MEXaHU3M  Ipoliecca
pa3joKEHUs MHMHEPAJIOB M SIBISIOTCA OCHOBOM Ui pa3pabOTKH TEXHOJIOTMU
NOJlydYeHHUsl 30JI0Ta, cepedpa M MeAM U3 YIOPHOTO KOHLEHTpara py.ibl

MecTopoxaeHus Tapop.

3.15. DJIeKTPOJINTHYECKHI cTI0C00 MOJIyYeHHsI MeAU U YTHIN3alus
MBIIBSIKCOAEPKAIIUX PACTBOPOB
[Tpu mupomMeTaTypruueckoil nepepadoTke pya 3JIEKTPOSIU3 MPUMEHSETCS B
KayeCTBE 3aKIIOYUTEIBHONW CTaauu ISl padUHUPOBAHUS IMOJYYCHHON OTHEBBIM
criocoO00OM YepHOBOW Meau. DJIEKTPOIUTUYECKOEe padUHUPOBAHHE OOECTIEUYUBACT

MIPAKTUYECKA IIOJHYK) OYHUCTKY YEpPHOBOM MEIW OT BpPEIHBIX NpPHUMECEH U
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II03BOJISIET U3BJICYb U3 Hee Psij LeHHBIX KommoHeHToB (AU, Ag, Se, Te).

[Ipu TugpOMETATTYPrUYecKOi mepepaboTke MeIb MEPEBOMUTCS B PACTBOP
W3 MCXOJHON pyabl 00pabOTKOM MOCIEIHEH TeM WIM WHBIM pacTBoputesiem. M3
MOJIY4YEHHOTO PAacTBOpa MeEJlb HM3BJICKAIOT JJICKTPOIUTHYECKUM crocooom. [lpu
9TOM 00pa3yeTcs KaTOAHBIA METaJlI BBICOKOW YUCTOTHI [236].

Hamu ObutH 1ipoBeIeHbI HCCIIEIOBAHUS 110 TTOJTYYEHHUIO MEIH AJICKTPOITU30M
W3 HACBHIIICHHBIX PACTBOPOB Aa30THOKUCIOTHOTO BhIMenadynBanus. OCHOBHBIM
KOMIIOHEHTOM DJICKTPOJIUTA I padUHUPOBAHUS MeIU OBLI pPacTBOp IOCHe
AQ30THOKHMCJIOTHOTO BBIIICIAYMBAHUS KOHIIGHTpATa. OJIEKTPOJIUT 3alMBaJICS B
cmenmanbHyio  Banay mpu  pH-2, Temmeparype 25 °C. C  momomipio
tpanchopmaropa mapku KDF 300A/12 V 6but nogan Tok 0,5 A. B nepBoMm ciyuae
B KaueCTBE KaToJa MPUHUMAIIA TUTAHOBYIO CTallb. B Teuenue Bpemenu ot 2 10 6
yacoB MeIb HE BoccTaHaBiuBajach (Tabmumna 3.28). Ilocime 3aMEHBI THTAHOBOIO
KaToJla Ha HEepKaBCIIIYI CTallb Ha Karoje BoccTaHoBuioch 80,5 % wmenw.
[Tomydeno 7,5 rp mamMa, B KOTOPOM COZIEPKAIOCh 95,6 % menu.

Tabnwmma 3.28

PGSyanaTbI MMOJIYyUCHUA MCOU DJICKTPOJIU3HBIM MCTOJA0M

O0BeM Bungsr Bpewms, Conepxaane CU, Mr/m CreneHn
DIIEKTPO- KaToaa q 110 - U3BJICUCHUS
mTd, M1 DIIEKTPOJIN3A | AJICKTPOJIN3a Cu, %

TUTAHOBBII 2 17452 1,3
THUTAHOBBII 4 17469 1,2
TUTAHOBBII 6 17399 1,6

500 CTaj HEprKaB. 2 17682 10202 42,3
CTaJl HEp>KaB. 4 5411 69,4

CTaJI HEpXKaB. 6 3589 79,7

cTaj HepKaB. 8 3448 80,5

B pabote [237] oTMmedeHO, YTO B Cllyyac HCIOJB30BAaHHUS H3BECTKOBOTO
MOJIOKA JUIsl HEUTpaldu3aluu KHUCIOTHI MPOUCXOAUT OOpa3oBaHHE OOJBIIOTO

xosmdecta rurnca (CaSO, 2H,0). BrinageHue rumca B 0Ca 0K HaOII0IaETCs YKe
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npu pH = 0,5. Ilpu nHeitpanmzauuu pactBopa 10 pH = 1,1 OGosnee mosioBUHBI
MBIIIbSIKA OBUIO CBS3aHO C THIICOM. B 3TOT MOMEHT BBOAMJIACH 3aTpaBKa.
AJcopOMpOBaHHBIN Ha TUIICE MBIIIBSIK JTOCTATOYHO JIETKO MEPEXOIUT B PaCTBOP, U
JUTSL €r0 TiepeBoia 00paTHO B TBEPAYIO a3y B BHUJE apceHaTa Keje3a TpeOoBaIoCh
HE MEHEE TPEX YacCOB.

B paGotax [238, 239] MBIIIBIK MPU aBTOKJIABHOM mepepaboTKe YIOPHOTO
30JI0TOCOJEPKALIETO CBIPbS OCAXAACTCAd B BUAE PA3JIMYHBIX COCIUHECHHU C
xene3oM. Tun oOpasytomuxcs (a3 apceHaToB KeJe3a U UX YCTOWYUBOCTD 3aBUCST
OT TEeMIEPaTypbl, MOJIIPHOTO COOTHOIIEHUS U COACPKAHUS MKEJE€3a, MBIIIbIKA,
KHUCJIOTHI.

W3BiedeHne MbIIbsIKa U Kejle3a B KUJKYI0 a3y KoieOJeTcs B IHUPOKUX
npeaenax. OObyHO B pacTtBop nepexoauT oT 5 1o 40 % Mblibika, OCTaIbHON
MBIIIbSIK KOHLEHTpUpPYETCs B TBepaoi (aze. Ilepexon B pacTBoOp kene3a 3aBUCUT
OT TOJIHOTHI MPOTEKAaHUSI TUAPOIUTUYECKUX TMPOLECCOB, a, CIEA0BATEIbHO, B
TIEPBYIO OYepe/Ib OT TEMITEPATyPhl U KUCIIOTHOCTH pacTBopa [240].

B mnameii pabote KHUCIBIH PacTBOp, HACHIIMICHHBI HMOHAMH, IMOJBEpTajics
OUYMCTKE OT MBIMIbSIKA U Kelie3a MyTeM 00pabOTKU OMpeleIEeHHBIM KOJUYECTBOM
M3BECTKOBOIO MOJIOKa M pacTBopa cepHUcToro Harpus. CHavaia B (uibTpar
3arpy>Kajoch MOPIUSMH U MEPEMENTUBAIOCH U3BECTKOBOE MOJIOKO, 3aTEM PaCTBOP
cepuuctoro Harpus. Ilynmena nepememmBaiacek B TeueHne 30 MUHYT U
dbunpTpoBasiack. OcagoK MPEACTaBISsT COOOM CIOXKHYIO CMECh, COCTOSIIYIO W3
cynb(dara kamplius, cyiabdara jkeine3a, apceHaTa KallbIMsl, apceHaTa Keesa,
cyibpuaa MbIIbsIKa, Cydbpuaa xKene3a, THApPATa OKUCH JKejle3a M JPYrux
COCIMHEHUM.

CornacHO MPOBEACHHBIM HCCJIEAOBAaHUSAM, TMPU OYUCTKE MATOYHHUKA,
BO3MOKHO, IPOUCXOJAT CIIEAYIOIINE PEAKIINN:

F82(804)3+2H3A304 = 2F€ASO4 + 3H2804 (390)
H,SO,+ Ca(OH), = CaSO, + 2H,0 (3.91)
2H3AsO, + 3Ca(OH), = Caz(AsQ,), + 6H,0 (3.92)
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Fe,(S0O,)3;+3Ca(OH), = 3CaSO4+2Fe(OH); u ap. (3.93)
Pe3ynbTaThl OUMCTKM KHCJIOTO MaTOYHWKA MpUBEAEHBI B Tabuie 3.29, u3
KOTOPOI BUAHO, YTO COZAEPIKAHUE MBIIIbSIKA B PACTBOPE MOXHO CHU3UTH A0 219

MrI/1, skene3a 10 464 mr/i.
Tabnuma 3.29

Pe3ynbpTaThl OMBITOB 1O OYKCTKE pacTBOpa ((priibTpaTa) OT *Keje3a U MBIIIbIKa

O0BeM Pacxon Copnepxanue, Mr/J CreneHb

(bpl/:::- PACTEOPL. AL pH o ounctku | I[locie ouncTku 2{11:1002_
min | Ca(OH)2 | NagS Fe As Fe As Fe | As

17,5% | 30%

50 2,5 487 292 76 | 80
50 2,2 545 262 74 | 82
50 2 15 | 29 2321 1458 580 219 75 | 85
50 3,0 464 233 80 | 84
50 2,4 603 248 74 | 83

Kax moka3zanu pacdersl, 00mUNA pacxo/l a30THOM KUCIOTHI B MIEpecUeTe Ha
60-tiporieHTHYIO TIpu TiepepadboTke 1ToHHBI KOHIEHTpata coctaBiser 1300-1600
outpoB. Pacxon cepHuctoro Hatpusi (B mepecuere Ha  30-pOIEHTHBIN

TeXHUYECKUI) cocTaBisgeT 80 Kr/T, a U3BECTH 85 KI/T UCXOHOTO KOHIIEHTpaTa.

3.16. ®u3zuko-xuMuIecKkme uccjaeaoBanue GazoBoro cocraBa NpPoayKToB
a30THOKHUCJIOTHOTO BhINIEJIAYMBaHUA (DJIOTOKOHIIEHTPATOB
Tapopckoro MmecTtoposkaeHust

Jns monydyeHus uHopManuu o coctaBe (a3 ucciaeayeMbIX OOBEKTOB
UCIIOJIb30BaIKM peHTreHodazonwiil ananus (PDA).
Kaxnas daza numeer cBoro criendu3nvecKyro KpUCTAUIMUECKYI0 PEIIETKY C

ONpEJEICHHBIMUA TapaMeTpaMu M €l COOTBETCTBYET Ha IU(PAKTOrpaMMe CBOS
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cuctema nukoB. [loaToMy IpH KcclieIOBaHUU BELIECTBA, MPEACTABIISIIOIIETO COO0M
CMeCh HECKOJBKUX (a3, moiaydaeTcs audpakTorpaMma, Ha KOTOPOU MPUCYTCTBYIOT
MUKH BceX (pa3, BXOJAIIMX B COCTaB 00pasiia.

Onpenenenve JTUHUA TUdPAKTOrpaMMbl M pacyeT IMO3BOJISIOT MOIy4YaTh
TOUHBIE JaHHBIE O KaueCTBEHHOM ()a30BOM cocTaBe uccieayemoro obpasia. Ha
nudpakTorpaMMax MHTEHCUBHOCThH JIMHUW DPAa3iIMYHbIX (Da3 3aBUCUT OT MHOTHX
(dakTOpoB, B TOM YHUCIIE M OT KOJWYECTBA TOW Wi MHON (pa3pl. C yBennyeHHEM

COACpKaHUA (1)331)1 B CMCCH HHTCHCHUBHOCTL IIPHHAIJICIKABIINX el JIMHMU

BO3pPaCTacT.
3
i 3 G)
3.4 2.3
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Pucynok 3.17 — IlltpuxpeHTreHorpaMMa KOHIIEHTpaTa: a) UCXOAHOTro; 0) mocie
€ro BBINIEIAYUBAHUS MIPU ONTUMATILHOM pekume 1 — Apcenonupur; 2 — [uput; 3

— KBapu; 4 — Cdanepur; 5 — Xanbkonupurt; 6 — XaabKO3HH.
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[IpoBenenue peHTreHoda3oBbie HCCJICIOBAHUS KOHIIEHTPATOB
mecropoxaerust Tapop mo (20°C) u mocie BBIIIEIAUMBAHUS a30THOH KUCIOTOM
(95 0C). JlaHHBIE PE3YJHTATOB XUMHYECKOTO M MHUHEPAIOTHYECKOIO aHAJIN30B
MOJTBEPKAAIOTCS peHTreHorpapuIeCKUM HCCJICIOBAaHUEM HMCXOIHOT'O
(bI0TOKOHIIEHTpaTa W KOHIIGHTpAaTa TOCIe BhIeaadnBanus. JJisi HariasqHOCTH Ha
pucyHnkax (3.17) npeacraBiieHbl PpEHTIEHOTPAMMBbI HCXOJHOTO (DJIIOTOKOHIICHTpATa
Y KOHLIEHTpAaTa IOCJIC BBINIEIAYMBaHUA a30THOM KUCIO0TOW. Ha peHTreHorpamme
KOHIICHTpATa TIOCJIC BBINICIAYMBAHUSA JIMHUM apCEHONUPUTA M TMHUPUTA PE3KO

CHHMKACTCA, UYTO CBUACTCIILCTBYCT 00 ux PaCTBOPUMOCTH.

3.17. TexHOJIOTHYECKAN CXeMA MePepadoTKH CYJIb(PHIHO-MBIIILAKOBOI
30J10TOCO/Iep Kaleil pyabl MecTopoxaenus Tapop

B ycnoBusix Hamieli pecnyOJMKM  NPUMEHEHHE  a30THOKHMCIIOTHOMU
TEXHOJIOTUA TepepabOTKA 30JI0TOMBIIIBIKOBEIX KOHIICHTPATOB MOXKET JaTh
3HAYUTETbHBIN S5KOHOMUYECKHUM 3(PPEKT U OBITH MOJE3HOM It pa3pabOTKU APYTHUX
MBIIIBSIKCOACPIKAIITUX PYJT CTPAHBI.

Ha OCHOBAaHUU IIPOBEAECHHBIX WCCJIEIOBAHUI MpeaaracTcs
TEXHOJIOTHYEeCKast cxema nepepaboTKu MBIIIbSIKCOACPIKAIIEH PYIbI
MecTopoxaeHus Tapop (pucyHok 3.18). PazpabGoranHas cxema BKIIIOYAeT B ceOs
npobneHue, uaMmenbueHue pyasl 10 90 % xkmacca «-0,074 mm», duoranuio ¢
MOJIYYCHUEM KOJUISKTMBHOTO KOHIIGHTpaTa. KOHIIEHTpaT HampaBiseTcs Ha
0€3aBTOKJIaBHOE a30THOKHCIIOTHOE BBINIENaunBanue. l[locie BBIICTaYnBaHUS
KOHIIEHTpAT (QUIBTPYETCS U IPOMBIBACTCH.

Kex  BbIenmaunBanms, OOOTANIEHHBIM  OJArOPOJAHBIMA  METaJlJIaMH,
HaIpaBJIsSeTCs HA IMaHUPOBaHKE, a (PUIBTpPAT HA DJEKTPOJIU3 IS TIOIYICHUS U3
HEero wmeau. PacTBop mocie dJIeKTposin3a OCBOOOXKTACTCS OT MBIIIbIKA C
nobasnenueMm B Hero Ca(OH), u Na,S. Obpa3yromuiicss ocagok OTHPABISETCS B
CIIEI[OTBAJ, @ PACTBOP MOXKET CIY>KUTb OOBEKTOM JUIsl MOJTYUYEHHUS U3BECTKOBOTO

MOJIOKaA.
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Pucynok 3.18 — [IpuHuunuanbHas TEXHOJOTUYECKAs cXeMa NepepadoTKu

30JI0TO-, MEJTHO-, MBIIIBSIKCOJIEpIKAILEH PYJIbI MECTOPOXKAeHUS Tapop.
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I'JIABA 4. UCCJEJOBAHUE U PAZPABOTKA
MATEMATHUYECKHUX MOJEJIEH MPOLECCA KYUYHOI'O
(OTBAJIBHOTI'O) BBILIEJAYUBAHMS BEJHbBIX
30JJ0TOCOAEPKALLMX PY ]

4.1. UccnenoBanns M0 KOJOHHOMY BbIIIEJIAYUBAHUIO 30J10TOCOAEPKAIMUX
PYZA Pa3jIMYHBIX MECTOPOKICHHI

B nocnegnue roael B 00JacTHM  30J0TOAOOBIYM BEAYTCA pabOTHI IO
BOBJICUEHHUIO B NEPEPAOOTKY Py C HU3KUM HCXOAHBIM COACPXKAHUEM IOJIE3HBIX
KOMITOHEHTOB. OcoObIii MHTEpeC s nepepabOTKU TAKOTO ChIPbS MPEACTaBISAET
Ipolecc Ky4HOro BblllenaunBaHus. [IpuMeHeHne 3Toro mporecca IO3BOJISET
BOBJIEYb B MPOM3BOJICTBO 3a0AIaHCOBBIE PY/Ibl, BCKPBIIIHBIE TOPObl KAPHEPOB U
JeXKallble OTBaJIbI O0OTaTUTENbHBIX (PaOpUK, B KOTOPBIX 30J0TO HE SBISETCS
OCHOBHBIM KOMIIOHEHTOM. HauOosnbpiue KanmuTajabHbIE 3aTpaThl U MPOCTOTA
mpolecca  JIealT  SKOHOMUYECKH  BBITOJHBIM  NepepaboTKy  OeaHBIX
30JI0TOCOIEpPKAIIMX PYA.

[IpurogHocth #  1€7€CO00PA3HOCTh NEPEPAOOTKU  CBHIPbS  IMPOIIECCOM
KYYHOT'O BBIILIEIAYMBAHUS TOJKHA OBITh BBISIBICHBI B pE3yJbTaTe J1aA00PATOPHBIX U
NOJIYIPOMBIIUIEHHBIX ~ MCCIIEIOBAaHUM CXEMBI IPOIECCa, TEXHOJIOIMYECKOrO
peXrMa M TEXHUKO-d)KOHOMUYECKOTO OOOCHOBAaHHUS /JII KOHKPETHOTO Ciyyas
[100].

D¢ (DHEeKTUBHOCTh KYYHOTO BBINIEIAUYMBAHUs 30JI0Ta U cepedpa 3aBUCUT OT
MHOTHX (PAaKTOPOB: COCTaBa BBILIEIAUYMBAEMOTO MHUHEPAIBHOIO CHIPbs, (OPMBI
HAaXOXXJEHUS 30JI0Ta, KPENmoCTH TOpOJ, 3aTpaT Ha JOOBIYYy pyabl W
PYIOMOATOTOBKY, OPraHU3allMy PeXUMa BBOJA PEATCHTOB M OPOILEHHUS IITA0ENs.
KyuHoe BbIlIenaunBaHue 30510Ta U3 OCTHBIX Py ¢ HU3KUM COJEpKaHHEM 30J10Ta
(>1,0 /1) sxoHOMHYECKH 3(PPEKTUBHO MPOBOIAT HA TMOCTOSHHO HApaIIUBAEMbIX
ioWaakax ¢ OodplIMMU OOBEMaMU MHUHEpAIbHOrO Chiphsi. Kak mpasuio,

JaHHOMY CHOCO0y COOTBETCTBYeT Oojiee HHU3KOE€ H3BJIEUEHHE 30J0Ta B
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MPOAYKTUBHBIE 30JI0TOCOJIEpKAIIME pacTBOPHI [ 154].

B ma6oparopusix ycnoBusix OO0 CII «3epaBman» ObLT MIPOU3BEICH UK
UCIIBITAHUM 10 KOJOHHOMY BBIIIEIAUYMBAHUIO HAa PA3IMYHBIX THUOAX PYI
Tamxukucrana.

C uenplo uccneaoBaHusl ONTUMANIBHBIX YCIOBUN KYYHOTO BBIIIEIaYMBAHUS
PYA [IUAHUIOM HCIIOJIb30BAIKCH KOJOHHBI truameTpom 200 u 600 mM. Ha (pucyHok
4.1) nmpuBeneHa cxemMa YCTAaHOBKH JIJI1 U3YyUCHHUS BbIIIEIauMBaHUs B KOJOHHaX. B
KoJIOHHY auameTpoMm 200 MM 3arpyxkanach pyja KpyHMHOCTBIO «-50 Mm», a B
KoJioHHY auameTpoM 600 MM 3arpy»kanack pyaa KpymHOCThIO «-200 MM»».

B xonoHHY BBICOTOM 2,2 METpa YKJIaIBIBAIACHh PyAa HA BBICOTY OKOJIO 2-X

AATRAN

h

Pucynok 4.1 — JlabopatopHas ycTaHOBKa JUIs BbIIIETaYMBaHUsI B KOJIOHHAX:
1-xo0HHa pyJIbl; 2-HACOC; 3-LIMAHUCTBIN pacTBOP; 4-yrojbHbIE KOJIOHHBI,

5-cOpOCHBIN ITUAHUCTHIN PACTBOP.
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MeTpoB. CBEpXy Ha HEe MOAABAJICS PACTBOP LIMAHUA HATPUS, KOTOPBIM Kayajcs
HacocoM (2) m3 eMmkoctH (3) CO CKOPOCTBIO TOTOKAa 25 MII/MHUH, B KOJIOHHBI
nrameTpoM 200 MM -250 mir/mMuH.

Pyna ykiaapiBanach B KOJIOHHY Ha BBICOTY OKOJIO 2-X METPOB, CBEPXY Ha
HEe MoJaBaJiCAd PacTBOP LIMAHUJA HATPUS, KOTOPHIA Kadasicsd HACOCOM U3 €MKOCTH
co ckopocthio moToka 250 mu/muHyT. [IpocaunBasice yepe3 pyay, pacTBOP
HACBIIMAJICA OJAaropoJHBIMH METaJJIaMH, IIOCJI€ Yer0 HACHIIICHHBIA pPacTBOP
MPOKAYMBAJICS 4Y€pe3 KOJIOHHY C aKTUBUPOBAHHBIM yrieM. Kaxkapie CyTKu BeJcs
KOHTPOJIb KOHIIEHTpAIMK 30JI0Ta Ha BBIXOJI€ M3 KOJOHHBI. [Ipu HEoOXxomumocTH
s nogaepxanus pH cpeasl Ha ypoBHe He HUke 10,5 100aBisAIN KayCTUYECKYIO
CONly W IIMaHWJ HATpus JJIs JOCTHWKEHUs KOHIIEHTpauuu mnociennero 500 mr/m.
JIBa pasza B JieHb U3MepsUIics 00beM MPOKAYMBAEMOTr0 pacTBOpa. BrelenaunBanue
MPOJIOIKAIOCH IO T€X MOp, MOKAa Ha BBIXOJE M3 KOJOHHBI B TEUEHUE TpeX AHEH
COZIEp’KaHHME 30JI0Ta HE W3MEHsoch. [locme 3TOro B TedyeHWE [BYX MAHEHR
MPOBOAMIIM IPOMBIBKY PY/JIbI, T.€. IPOKAYMBAJIM BOJY C TOM K€ CKOPOCTHIO, YTO U

pacTBOp LMAHU]A.

4.2. UccnenoBaHus 10 KOJOHHOMY BbIIIEJIA4YMBAHUIO
30J10TOCO/eP KAIUX PYAbl MecTOpOkIeHus xkuiay
Jliist uccnenoBanust Opanack pyjaa ¢ conepskanuem 3oiota 0,6-1 r/t, noOwITast
u3 3a0a]aHCOBBIX TOPH30HTOB W JIeXKAJIbIX OTBAJIOB Kaphepa JDxumay. B xoze
7a00paTOPHBIX HCCIEIOBAaHUN OBLTM TIPOBEICHBI TECTOBBIC OSKCIEPUMEHTHI,
KOTOpbIE TO3BOJIUIIN CJENaTh BBIBOJ O BBICOKOW A((HEKTUBHOCTH MEepepadOTKH
pPyIbl MecTOpokaeHus J[Kunay METo10M KY4HOTO BhIIICTaYHBaAHU.
brio uccnenoBano BIMSHHE pacxoja IMAHWJA HATPUS HA UHTCHCUBHOCTH
BBHINICJIAYMBAHUS 30J10Ta M cepebpa Ha pyae MectopoxkaeHus JDxumay c
coaepkanueM 3oj0t1a 0,63 /1, kinacca kpynHocTy pynabl -200 mMm. Mccnenoanue

MIPOBOJIMIIN B TAOOPATOPHBIX YCIOBUAX B 2-X METPOBBIX KOJIOHAX MPHU PA3IAYHBIX
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KOHIICHTpAIUsAX [HWaHujaa HaTpus. [IpoIoIDKUTEIbHOCTh — BBINIEIAYMBAHUS
cocTaBisiia 45 THEN.
[TonmydyeHHBIC pe3ynbTaThl OMBITOB I10 M3BJICUYCHHUIO 30JI0Ta B KOJIOHHAX

npejcTaBiieHbl B Tadutie 4.1.

Tabmuma 4.1
M3BrieyeHue 3010Ta B PACTBOP MPH Pa3INYHBIX KOHIIEHTPALUIX [IHaHKU/Ia
[Tpoa0mKATETEHOCTD KoHreHTpanus 1uanuia B BhIIIEIaudBarOIIeM
BEIIIE/IAYHBAHNS, pacrBope, r/am’>
CyTKH 0,2 0,3 04 | 05 0,6 0,7 0,8 0,9

5 10,27 | 8,53 | 10,04 | 12,45 | 14,38 | 15,27 | 16,34 | 17,61
10 15,68 | 19,49 | 21,83 | 25,78 | 28,67 | 32,39 | 34,57 | 35,28
15 21,30 | 26,58 | 29,66 | 32,17 | 34,73 | 37,03 | 38,91 | 38,82
20 24,75 | 29,81 | 32,48 | 35,58 | 37,28 | 40,58 | 43,05 | 44,38
25 27,42 | 33,27 | 36,72 | 39,34 | 41,34 | 45,31 | 47,80 | 49,32
30 30,29 | 38,69 | 41,78 | 45,69 | 46,39 | 49,82 | 51,20 | 53,06
35 32,77 | 43,33 | 46,87 | 50,24 | 52,42 | 55,23 | 55,24 | 57,54
40 35,46 | 44,07 | 47,13 | 51,83 | 54,23 | 58,02 | 58,71 | 61,76
45 36,30 | 42,63 | 47,69 | 51,90 | 55,10 | 58,41 | 60,2 | 61,78

VYcraHoBI€HO, YTO HavallbHAsl KOHIIGHTpanus Iranuaa B npeaenax 0,2-0,6
r/onM®  HE3HAYMTENBHO CKA3blBAGTCS M HA W3BICUCHHWM 30/I0TAa W Ha
MPOIOIKUTEILHOCTH TIpoliecca BhIlieaunBanus. CTeneHb U3BJICUCHUS 30J10Ta U3
pyasl 3a 45 cyrok aocturia 36,3 % npu KOHIEHTpAIlMM LIMAHUJA HATpUs B
pactBopax 0,2 /am°. [Ipu noanepxkaHuM KOHIIEHTPALUM [IMAHUIA B pacTBOpax Ha
yposre 10 0,5 r/aM° HaGIIOAANIOCH G0JIee MHTECHCHBHOE BBIIIEIAYHBAHIE 30]I0TA B
HavanpHbl mepuon 12,45 %, 3atem uepe3 45 CyTOK HU3BJIEYEHUE 30JI0Ta B
MPOAYKTUBHBIE PACTBOPBI 1O0CTUTIIO 51,9 %.

VYBenuueHue KOHIEHTpaluy IIUaHua HaTpusl B pacTBopax Ha ypoBHe 0,8-
0,9 F/)1M3 CYIIIECTBEHHO CKa3aJIOCh HA MHTEHCU(UKAIIMHY BBIIIETAYUBaHUs 30JI0Ta —
3a 5 CyTOK CTENEHb U3BJICUCHHUA 30JI0TA B pacTBOp noaHsach 10 16,3 % u nocrne
45 cyTOK BBIIIEIAYUBaHUs PYAbl CTENEHb M3BJIEUEHHUS 30710Ta coctaBuia 60,2 %.

I[&J'IBHCIZHICC IMOBBIICHNEC KOHLOCHTPAIWH HHMaHWAAd HEC OKa3aJlo PC3KOro BJIMAHHA
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HAa  CTEMEHb  W3BJCUEHMS]  30JI0Ta.  YCTAaHOBJEHO, 4YTO  OCOOEHHO
MHTCHCU(PHUIMPYETCS MPOLIeCC BhIlleTaunBanus 3a nocuegnue 20 - 45 cyToxk.

C uenpio omnpenieNieHUs1 XapakTepa pacipeeseHus T0Je3HbIX KOMIIOHEHTOB
Mo KJlaccaM KpyHHOCTH Tpoba pyabl MecTopokiaeHus Jlxumay co cpeaHuM
conmepkanneM 3omota 0,63 r/T OblIa MOABEPrHYTa CUTOBOMY aHajIu3y, 4TO
MoKa3aHo B Tabnuiie 4.2 ¥ JJ1s HarIsiAHOCTH Ha pucyHke 4.2. Onpenensid BhIX0/T
dbpakuuii ¢ comepKaHuEM 30J0Ta B KOXKIOH.

Kak mnoxazamu pe3ynbTaThl CHTOBOIO aHaiu3a, okoiio 75,9 % 3omorta
COCpPeNOTOUYEHO B Kitacce «—38 Mmm», u3 HUX 42 % B Kiacce «-8 Mm», a cepedpa 70
% cocpenotoueHo B kiacce «—38 mm», u3 HUX 34 % B wiacce «-8 mm». [lo
CTENEHW W3BJICUYCHHUS 30JI0Ta IMAHUPOBAHUEM II0 KJaccaM HeNb3sd OTIaTh
NpEANOUYTeHUE KakoMy — JIMOO KJIaccy KpPYMHOCTH pyanl. M3BiedeHue 30510Ta
oosee 80 % MOCTUTHYTO KaKk B KPYIHBIX, TaK M MEJIKUX Kiaccax. HauOonee
BbICOKOE Wu3BIIeueHHe — 88,7 % uMeeT MeCTO TMpH BHINICIAYUBAHUUA PYJIbI

KPYITHOCTBIO «— 8 MM».

88,73 %
90 -
80 -
6818 %
70 -
60 - 5484 %
50 1 43,14 %

39.13 %

I'I

40 33.33 % 3611 33334.
30 4 2667
20 % I
20
10
0 T

1 10 11

Pucynox 4.2 — M3BnedyeHue 30510Ta U3 PyAbl pa3audHor kpymHocTH, MMm: -200
+175 (1); -175 +150 (2); -150 +125 (3); -125 +100 (4); -100 +75 (5); -75 +50 (6); -
50 +38 (7); -38 +20 (8); -20 +13 (9); -13 +8 (10); -8 +5 (11).



220

PCBYJILTaTBI BBIIICIIAYUBAHUA MCTAJUIOB IMAHUIOM U3 PYyAbl MCCTOPOKIACHU A

Jxunay pa3nu4HbIX KJIACCOB KPYITHOCTH

Taomnumna 4.2

Kunacc kpyn- Beixon Cymmapnsbnii | ConepxaHue B Pacmipenenenne CymmapHoe Conepxanue CrerieHb U3BJIe-
HOCTH. MM BBIXO]I, HUCXOIHOM, 30JI0Ta IO KJIaccam, pacripesnencHue 30JI0Ta B YCHU30J10Ta 10
’ KT % % r/T % 30JI0Ta IO KJIaccaM, XBOCTaX, KJ1accam,
% /T %
Au Ag Au Ag Au Ag Au Ag Au Ag
-200 +175 9,67 6,91 6,91 0,10 0,18 1,21 1,70 1,21 1,70 0,08 0,17 20,00 5,55
-175 +150 11,28 8,06 14,97 0,12 0,29 1,71 3,21 2,92 4,91 0,08 0,28 33,33 3,45
-150 +125 9,68 6,91 21,88 0,15 0,22 1,83 2,09 4,75 7,00 0,11 0,21 26,67 4,54
-125 +100 12,39 8,85 30,73 0,36 0,40 5,61 4,86 10,36 1,86 0,23 0,38 36,11 5,00
-100 +75 10,04 7,17 37,9 0,27 0,51 3,39 5,03 13,75 16,89 0,18 0,48 33,33 5,88
-75 +50 12,31 8,79 46,69 0,25 0,48 3,87 5,79 17,62 22,68 0,18 0,45 28,00 6,25
-50 +38 11,25 8,04 54,73 0,46 0,66 6,50 7,29 24,12 29,97 0,28 0,60 39,13 9,09
-38 +20 12,04 8,60 63,33 0,51 0,86 7,72 10,16 31,84 40,13 0,29 0,77 | 43,14 10,46
-20 +13 13,60 9,71 73,04 0,62 0,72 10,58 9,59 42,42 49,72 0,28 0,61 54,84 15,28
-13 +8 14,33 | 10,24 83,28 0,88 1,16 15,84 16,31 58,26 66,03 0,28 0,94 | 68,18 18,96
-8 +5 23,41 | 16,72 100 1,42 1,48 41,74 33,97 100 100 0,16 0,91 88,73 38,51
Hroro: 140 100 0,63 0,77 100 100 0,19 0,53 43,0 13,8
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Ha pucynke 4.3 mnpeacraBieHbl pe3yiabTaTbl W KHUHETUYECKHE KPHBBIC
BBIIIIEJIAYMBAHUS 30JI0Ta U cepedpa u3 pyasl Mmectopoxaenus Jxunay — 200 mm, ¢

cojaeprkanuem 3oi0t1a 0,63 r/1, a cepedbpa 0,77 1/1.

——Au

00 rrrrrrrrrrrrrrrrrrrr 1111111 T T T 177

1 357 91113151719212325272931333537394143
[IponOKUTENBHOCTD BIIIEIAYNBAHNS, CYTKH

Pucynox 4.3 — Jlunamuka KOJIOHHOTO BBINIEIAYUBAHUS 30J10Ta U cepedpa U3 pyabl
MeCTOpOXKaeHus [xuiay.

Ha nsarteie cytku B pactBop BbeimenaunBaerca 19,7 % 3omora u 3,8 %
cepeOpa. B mocnenyromnme CyTkd U3BICYCHUE 30J10Ta B pacTBOp cocTaBuiio 21 %.
3aTeM MNpUPOCT HU3BJICUECHMS yMeHbImwiIcs a0 2 %. B mocnenyroiiee Bpems
Mepexo/] 30JI0Ta B pacTBOp 3amemaerca. [ns BeimenaunBanus 43,0 % 3oi0t1a u
13,8 % cepebpa 1 stoii mpoObl pyasl moTpeboBaiock 43 cytok. Pacxon
BBIII[EIAYMBaOIIEro pactBopa coctaBun 4,05 T/v pynel. s  Habopa
CTaTHCTUYCCKUX JIAHHBIX OBLIN MPOBECHBI HCIIBITAHMS ellle Ha nmpobe kiacca (-50
MM) 3TOTO MECTOPOXKeHUs Tabnuia 4.3.

Kak mnoka3zamu pe3ynpTaTel CHTOBOrO aHanu3a, okojgo 78 % 3oisoTa
COCpPEIOTOYCHO B Kiacce «—8 Mm», u3 HUX 59 % B kiacce «-1 Mmm», a cepebpa 77
% cocpegoToueHO B Kjacce «—8 Mm», U3 HUX 56 % B kinacce «-1 mm». [1o crenenn

u3BieueHusa 3osiota 6onee 50 % AOCTUTHYTO KaK B KPYIHBIX, TaK U MEJIKUX
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kiaccax. Haubonee BbICOKOe cTerneHb u3BieueHue 82,8 % umeeT MecTo Ipu
BBIIIEIAYMBAHUU PYbl KPYITHOCTBIO «— 1 MMY.
Tabmura 4.3
Pe3ynbpTaThl BhIlIEIaUUBAHUSI METAIIOB IIMAHUIOM U3 PYIbl MECTOPOKICHUS

Jxunay pa3nu4HbIX KJIACCOB KPYITHOCTH

Kiacce Bexon | Cymmap- | Conepkanue B | Pacnpenenenue CymMmmapHoe CopneprxaHue CreneHb
KpyT- % HBII HCXOJTHOM, 30J10Ta 1O pacmpeneneHue 30JI0TA B | U3BIEUCHUA3O0I
HOCTH,MM BBIXOJI, /T KJ1accaw, 30J10Ta 1O XBOCTax, oTa 1o
% % KJIaccam, I/t KJ1accaMm,
% %

Au | Ag Au Ag Au Ag | Au | Ag| Au | Ag

-50+38 | 12,66 | 12,66 | 0,36 | 0,62 | 549 | 6,45 549 | 6,45 | 0,25 |0,57|30,55| 8,06

-38+20| 10,32 | 2298 | 0,32 | 0,53 | 3,98 | 4,50 9,47 110,95 0,16 |0,48|50,00| 9,43

-20+13 | 823 | 31,21 | 0,54 | 0,68 | 535 | 4,61 | 14,82 |15,56| 0,31 [0,59 42,59 | 13,23

-13+8 | 9,20 | 40,41 | 061|091 | 6,76 | 6,88 | 21,58 |22,44| 0,26 |0,82|57,38| 9,89

-8+5 | 790 | 4831 | 068|118 | 6,47 | 7,66 | 28,05 30,10| 0,31 [0,96|54,41 | 18,64

-5+1 | 1161 | 59,92 | 0,93 | 1,49 13,02 |14,22 | 41,07 |44,32| 0,30 |1,10|67,74 | 26,17

-1 40,08 100 1,22 | 1,69 | 58,93 |55,68 100 | 100 | 0,21 |1,11|82,79 34,32

Wroro: | 100 0,70 | 1,23 | 100 100 0,26 {0,80|55,06|17,10

4.3. UcciieoBaHus 0 KOJIOHHOMY BbIIIEJIa4YMBAHUIO

30JI0TOCO/Iep KALIeil PyIbl MECTOPOXKIeHUA XUPCXOHA
Jlns mpoBeneHUsT UCCIeOoBaHUsI ObLIO OTOOpaHO OKOJIO 8 TOHH OemHOM
PYIBI U3 MECTOPOXKIIEHUsI XHUPCXOHA CO CpEeIHUM cojepxkanuem 3omota 0,6 — 0,8
r/T. llocme kBapToBaHuWs TIpoOy pyAbl TMOABEPIIM CHUTOBOMY aHAIH3y C
npuMeHeHrneM cut pasmepom 200, 175, 150, 125, 100, 75, 50, 38 u 20 mm.
Omnpenensian BeIxod (Dpakiuii ¢ coJepKaHUeM 30JI0Ta B Kaxkaou (tadmuna 4.4 u

pucyHok 4.4).
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Tabnmna 4.4
PCSYJIBTE[TI)I BBIIICIIAYUBAHNA MCTAJJIOB IMAHUIAOM U3 PYAbl MCCTOPOKIACHUA
Jlxuay pa3IMYHbIX KJIACCOB KPYITHOCTH
Knacc kpyn- Brxon Cymmapusnii | Coxeprkanue B Pacrnipenenienne CymmapHoe Copeprxanue CrerneHb
HOCTH, MM 5 BBIXO]I, HCXOIHOM, 30JI0Ta IO KJaccaM, |  pacHpesesieHue 30J10Ta B M3BJICUCHHSA30JI0TA
kr % % v/t % 30710Ta 110 KJTaccam, | XBOCTax, o KTaccam,
% /T %
Au Ag Au Ag Au Ag Au Ag Au Ag

-200+175 | 10,8 | 7,77 7,77 0,12 | 0,24 1,88 284 | 188 | 2,84 | 0,07 | 0,21 |4167| 125
-175+150 | 11,2 | 8,06 15,83 0,09 | 0,33 1,46 406 | 334 | 6,90 | 0,05 | 0,28 | 44,44 | 16,67
-150+125 | 12,0 | 8,63 24,46 0,16 | 0,30 2,80 39 | 6,14 |10,86| 0,10 | 0,26 | 37,50 | 13,33
-125+100 | 10,6 | 7,63 32,09 0,23 | 0,41 3,54 4,78 | 9,68 |1564 | 0,14 | 0,32 39,13 | 21,95
-100+75 | 10,7 | 7,71 39,80 0,29 | 0,32 4,52 3,77 | 142 19,41 0,15 | 0,26 | 48,27 | 18,75
-75+50 115 | 8,27 48,07 0,28 | 0,37 4,68 4,67 | 18,88 | 24,08 | 0,13 | 0,28 | 53,57 | 24,32
-50+38 | 10,6 | 7,62 55,69 0,33 | 0,44 5,08 511 | 23,96 | 29,19 | 0,19 | 0,32 | 42,42 | 27,27
-38+20 | 12,9 | 9,28 64,97 0,44 | 0,58 8,26 8,22 | 32,22 |37,41| 0,19 | 0,40 | 56,82 | 31,03
-20+13 | 12,2 | 8,78 73,75 0,59 | 0,82 | 10,49 | 10,99 | 42,71 | 48,40 | 0,23 | 0,52 | 62,02 | 36,58
-13 +8 15,6 | 11,22 84,97 0,78 | 1,19 | 17,72 | 20,39 | 60,43 | 68,79 | 0,32 | 0,64 | 58,97 | 46,22
-8 +5 20,9 | 15,03 100 1,30 | 1,36 | 39,57 | 31,21 | 100 100 | 0,44 | 0,65 | 66,15 | 52,20
Uroro: 139 | 100 0,60 | 0,84 100 100 0,18 | 0,38 |49,20| 30,30
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B (1)7,8% W (2)15,8%

m (3)24,5%
" (10)85,0%

m (4)32,1%

H (5)39,9%

(9)73,7%

B (6)48,1%

" (8)65,0% " (7)55,7%

ml m2 m3 m4 m5 mb6 m7 m8 9 m10

Pucynok 4.4 — I'panyoMeTpuUYeCKUi COCTaB MECTOPOXKICHHUSI XUPCXOHA: KIACChI
kpymHocTH, MM: -200 (1); -175 (2); -150 (3); -125 (4); -100 (5); -75 (6); -50 (7); -
38 (8); -20 (9); -13 (10).

Kak mokaszamu pe3yiabTaThl CHUTOBOrO aHaidu3a, Okojo 76 % 3osota
CoCpeoToueHO B Kiacce «—38 Mm», u3 Hux 40 % B kmacce «-8 Mmm», a cepebpa 71
% cocpenoToueHo B Kiacce «—38 Mm», 3 HuX 31 % B kiacce «-8 Mm». Haubomee
BBICOKOE CTEIECHb H3BJICUCHHE 30j0Ta 66 % HMMEEeT MECTO MpH BHIIMICIAYMBAHUN
PYAbI KPYITHOCTBIO «— 8 MMY.

C 1enbl0 MOBBIIMICHUS U3BJICUCHHS OJIarOpOHBIX METAIOB IIPH OTBAIIBHOM
BEHINICIIAYNBAHUNA OBUTM TIPOBEACHBI HCCIACAOBAHHWS C TPUMEHEHHEM OoJee
KOHIICHTPHPOBAHHBIX IIMAHUCTHIX pacTBOpoB (700 MF/,I[M3).

B Tabnume 4.5 mpeactaBieHbl pe3yNbTaThl BBINICIAYMBAHUS 30JI0TA U
cepebpa U3 pyJibl MECTOPOXKICHUST XHUPCXOHA.

Kax BumHO 13 TaONMuUIKI, MPY BBIIEITAYMBAHUH 30JI0TA U3 PYAbI KPYITHOCTHIO
-200 MM mipu korTIeHTparmu NaCN 300 Mr/z[M3 U3BJICUEHNE 30JI0Ta COCTABJISIET HE
oonee 49 %. Ilocne noseimenus kormneHTpanuun NaCN 1o 700 MI‘/,ZIM3 W3BJICUEHUE

30J10Ta PE3KO YBEJIMYMBAETCS, MPU 3TOM NPHUPOCT HU3BJIECUYEHHs cocTaBiseT 9,1 —

10,5.
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[Tpu nManupoBaHUM Pyl KPYMHOCTBHIO «-50 MM» B aHAJOTMYHBIX YCIOBUSAX
u3BieueHre 3oso0ta nosbimaercs Ha 10,5 %. C pocToM KOHUEHTpALMKU LHAAHUIA
HaOJIoaeTcsl TakKe TMOBBIIICHHE U3BIeueHUs cepedpa. lIpomomxurenbHOCTD
BBIIIEJIAYMBAHNUS B JIAOOPATOPHBIX YCIOBUSX COCTaBisuia He MeHee 40 aHe.

Tabmuma 4.5

Pe3ynbraThl 1a00paTOPHBIX UCCIIEIOBAHUH 110 KOJIOHHOMY BBIIIETIauNBAHUIO

PyABI MECTOPOXKACHUSA XUPCXOHA

Ne Kirace Conep. Conep. Kon- Cre- Cre- Pacxon | Pac-
Onbl- Kpyn- Au B Ags LIEHT- IIEHb IIEHb NaCN, X0/
Ta HOCTBIO, | MCXOA- | mcxomHoil | pauus W3BIle- | W3BIe- KT/T CaO,
mm(-) HOit pyze, r/t NaCN, YeHUS YeHUS KI/T

pyze, Mr/am° Au,% Ag,%

r/T

1 200 0,60 0,84 300 49,2 30,3 0,342 0,240
2 200 0,66 0,71 700 58,3 37,2 0,338 0,320
3 50 0,72 0,88 300 60,9 17,0 0,575 0,340
4 50 0,96 0,86 700 71,4 25,2 0,610 0,420

OTH pe3ynbTaThl MOKa3bIBAIOT, YTO OTBAJIBHBIM BBIIIEIAYNBAHUEM MOXKHO
u3Bieub Oonee 50 % 3010Ta, comepiKallerocss B pa3jiMyHbIX TUIAX OEIHBIX PYII.
CornacHO TIpakTHKeE, pacxo]l IMaHKWIa B TIPOU3BOJICTBE OOBIYHO MpUMEpHO Ha 40
% HIKe, YeM B JIa0OPATOPHBIX KOJOHHAX. TakuMm o0pa3oMm, cienyeT 0)KUAaTh, YTO

pacxo]1 IMaHua B MIPOMBIILICHHBIX yClIOBUsX OyaeT B npeaenax 100 — 200 r/t.

4.4. UccnenoBaHMs 10 KOJIOHHOMY BbILIEJA4YMBAHUIO
30J10TOCOAep Kaleil pyabl MecTOpoxaeHuss QuMMnuiickoe
B xome maGopaTopHBIX WUCClIENOBaHWNA OBLTM TMPOBEJACHBI TECTOBBIC
9KCIICPUMCHTEI, KOTOPLIC IMO3BOJIMIIM CACIATh BBIBOJ O BBICOKOM 3(1)(1)CKTI/IBHOCTI/I
nepepadoTKu  pyAbl  MecTOpoxaeHus  OIUMIUKACKOE METOJOM  KY4HOTO

BbIIIIe/IaunBanus. JJig MpoBeeHMsI ONBITOB Opajiach pya ¢ COAEepKaHUEM 30J10Ta
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0,6-0,7 r/t, nmpu pacxome muanuaa ot 0,2 mo 0,5 xr/t. M3prneyenue 3010Ta IpH
saToM coctaBuiio 60 %.

C uenpio omnpenieNieHUsl XapakTepa pacipeeseHus oJIe3HbIX KOMIIOHEHTOB
npoba pyabl MeCTOpOXJIeHUs OIMMIUNCKOIO CO CPEIHUM COJECpPKAHUEM 30JI0Ta
0,63 /T ObUIa TOABEPTHYTA CUTOBOMY aHanu3y (Tabmuna 4.6). Onpenensiiym BEIX0O
bpaxuuii ¢ coupepKaHuEM 30J10Ta B KaXKI0H.

Kak mnoxa3zamm pe3ylnbTaTbl CUTOBOTO aHalu3a, Okono 64 % 3o70ta
COCpPEeOTOUYEHO B KJlacce «—38 mm», u3 HuX 31 % B Kkiacce «-8 Mm», a cepedpa 64
% cocpenoToyeHo B kinacce «—38 mm», u3 Hux 30 % B kiacce «-8 mm». Ilo
CTENEHW W3BJCYCHHS 30JI0Ta ITMAHUPOBAHWEM II0 KJIaccaM HENb3sS OTIaTh
MPEeANnoYTeHNE KaKkoMy —IH00 KJIaccy KpYIMHOCTH Pybl, U3BJICUEHHUE 30JI0Ta OoJiee
50 % AOCTUTHYTO KaK B KPYMHBIX, TaK M MENKHX kiaccax. Hambosee BbICOKOE
u3BnedeHne — 89,3 % mMeeT MeCTo MpH BHILIEIAYUBAHUHN PY/bI KPYITHOCTHIO «— 8

MMy (pUCYHOK 4.5).

90 -

80 -
70 +~ < or A%
60 +~ 53,1% ., 53,6% 02
50 - ’

40 -
30 -
20
10 -
0 T T

Pucynok 4.5 — M3BiedyeHue 305I0Ta B Pa3iMyHbIE KJIACCHI KPYMHOCTH COIJIACHO
IPaHyJIOMETPUYECKOMY COCTaBy pyAbl OIUMMOHICKOTO MECTOPOXKIACHUS: KJIACChI
kpynHocTH, mm: -200 +175(1); -175 +150(2); -150 +125(3); -125 +100(4); -100
+75(5); -75 +50(6); -50 +38(7); -38 +20(8); -20 +13(9); -13 +8(10); -8 +5(11).
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Taomnumna 4.6
PCBYJIBTaTI)I BBIIICIIAYUBAHNA MCTAJJIOB IMAHUIAOM U3 PYAbl MCCTOPOKIACHUA
OnuMOuUICKoe pa3INYHbIX KIACCOB KPYITHOCTH
Knacc kpyn- Brxon Cymmapusnii | Coxeprkanne B Pacrnipenenrenne CymmapHoe Copeprxanue CrerneHb
HOCTH, MM 5 BBIXO]I, UCXOIHOM, 30JI0Ta IO KJaccaM, |  pachpenesieHue 30J10Ta B U3BIICYCHHA30II0TA
Kr % % /T % 30710Ta 110 KIACCaM, | XBOCTaX, o KIaccam,
% /T %
Au AgQ Au Ag Au Ag Au Ag Au Ag
-200 +175 | 8,28 | 6,90 6,90 0,29 | 0,21 3,25 185 | 3,25 1,85 | 0,21 | 0,19 | 27,58 | 9,52
-175+150 | 9,70 | 8,08 14,98 0,36 | 0,39 4,72 402 | 797 | 587 | 019 | 0,33 | 47,22 | 15,38
-150 +125 | 7,43 | 6,19 21,17 0,49 | 0,56 4,92 443 | 12,89 |10,30 | 0,23 | 0,45 | 53,06 | 19,64
-125 +100 | 10,24 | 8,53 29,70 0,33 | 0,73 4,56 7,96 | 17,45 | 18,26 | 0,17 | 0,61 | 48,48 | 16,43
-100 +75 | 9,69 | 8,08 37,78 0,50 | 0,58 6,56 599 | 24,01 |24,25| 0,21 | 0,46 | 58,00 | 20,68
-75+50 |11,41| 9,51 47,29 0,41 | 0,44 6,33 534 | 30,34 | 2959 | 0,19 | 0,32 | 53,65 | 27,27
-50 +38 | 8,22 | 6,85 54,14 0,52 | 0,76 5,77 6,66 | 36,11 | 36,25 | 0,28 | 0,53 |46,15| 30,26
-38 +20 | 10,64 | 8,87 63,01 0,48 | 0,89 6,92 | 10,08 | 43,03 |46,33 | 0,21 | 0,63 | 56,25 | 29,21
-20+13 | 11,78 | 9,82 72,83 0,62 | 0,81 989 | 10,15 | 52,92 |56,48 | 0,22 | 0,51 | 64,51 | 37,04
-13+8 | 13,81 | 11,50 84,33 0,86 | 0,96 | 16,05 | 14,10 | 68,97 | 70,58 | 0,19 | 0,50 | 77,90 | 47,91
-8 +5 18,80 | 15,67 | 100,00 1,22 | 1,47 | 31,03 | 29,42 | 100,00 |100,00| 0,13 | 0,64 | 89,34 | 56,45
Uroro: 120 | 100 0,63 | 0,75 100 100 0,20 | 0,47 | 59,4 | 30,0
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Ha pucynke 4.6 mnpencraBieHbl pe3yibTaThl W KHUHETHYECKHUE KPUBBIC
BEIIIICIIAYMBAHNS 30JI0TA W cepedpa W3 pyasl MecTopokiaeHus OIMMITHIICKOe

kpyrnHocThio —200 MM, ¢ coaeprkanueM 3oi0t1a 0,63 /1, a cepedbpa 0,75 /1.
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Pucynox 4.6 — JluHaMuka KOJIOHHOTO BBIIIEIAYUBAHUS 30JI0Ta U cepedpa U3 pyabl

MeCcTOpOkaAeHUs OIMMINICKOE

B nepBbie cyTku B pacTBOp BblmienauuBaercs 8,8 % 3omota u 0,9 %
cepebpa. B mocnenyromnue CyTku M3BJICUCHHE 30JI0Ta B pacTBop coctaBuio 17,4
%. 3aTeM npupocT u3BIeUeHU yMeHbuiaca 10 4,7 %. B nmocnenyroiiee Bpems
nepexoJ] 30J10Ta B pacTBop 3ameisiercs. [ BeienaunBanus 59,4 % 3omota u
30 % cepebpa nisi 9ToM mpoObl pyabl moTpedoBaioch 48 cyrtok. Pacxon
BBHINIENIAYMBAIONIET0 pactBopa coctaBun 4,06 T/v pyasl. [Jas wHabopa
CTaTUCTUYECKUX JaHHBIX OBLIM MPOBEACHBI UCTIBITAHUS €111€ Ha ojiHOM Tpode (-50

MM) 3TOTO MECTOpOKACHUS (Tabnuua 4.7 u pucyHok 4.7).
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Tabmura 4.7

PCSyJII-,TaTBI BbIIICJIAYMBAHUSA MCTAJIJIOB TUAHUIOM U3 PYbI OnmMMIInICKOro

MCCTOPOKIACHUA «-50 Mm» PAa3JINYHBIX KJIIaCCOB KPYIIHOCTHU

Knacc |Beixon | Cymmap- | Cogepxkanue B | Pacnpenenenue CymmapHoe Coneprkanue CreneHpb
KpYIHOC- % HBII HCXO/THOM, 30J10Ta 110 pacnpezeneHue 30J10Ta B | U3BIICUCHHUSA30I

TH,MM BBIXO/I, r/t KJiaccam, 30JI0Ta 10 XBOCTax, oTa 1o

% % KJIaccam, /T KJIaccam,

% %
Au | Ag Au Ag Au Ag | Au | Ag| Au | Ag
-50 +38 | 8,21 8,21 0,31 | 0,43 3,77 3,80 | 3,77 | 3,80 | 0,19 |0,36|38,71 (16,27
-38 +20| 10,72 | 18,93 | 0,39 | 0,40 | 6,18 461 | 995 | 841 | 0,23 [0,34(41,02| 15,0
-20+13 | 11,14 | 30,07 | 0,56 | 0,66 9,22 7,90 | 19,17 |16,31| 0,25 |0,54|55,36 | 18,18
-13+8 | 7,36 37,43 | 0,47 | 0,77 511 6,10 | 24,28 |22,41| 0,21 |0,62|55,32 |19,48
-8 +5 9,64 47,07 | 0,41 | 0,78 5,84 8,09 | 30,12 | 30,5 | 0,15 |0,59|63,41 | 24,36
-5+1 | 1486 | 6193 | 0,74 | 1,14 | 16,42 | 18,21 | 46,54 |48,71| 0,20 |0,88|72,97 | 22,20
-1 38,07 100 0,95 | 1,25 | 53,46 | 51,29 100 100 | 0,17 |0,89|82,10 | 28,50
Uroro: | 100 0,68 | 0,93 100 100 0,20 |10,60| 54,8 |20,57
® (1) 8. 2%
= (7} 18 9%
m (5) 61.9%

B (5) 47.1%

ml

ml

m3

m4

w5

g

m (3) 30,1%

m (1) 374%

Pucynok 4.7 — I'panynomerpuueckuii coctaB OJIMMIUNUCKOTO MECTOPOXKICHUS:

kiaccel kpymaocTH, MM: -50 (1); -38 (2); -20 (3); -13 (4); -8 (5); -5 (6);
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Pucynok 4.8 — JlnHaMHKa KOJIOHHOTO BBIIIEIAYMBAHUS 30JI0Ta U cepedpa U3 pyabl
MecTopoxkaAcHUS ONMMINICKOE.

[lpy uwmaHuUpoOBaHMM PyA KpPYMHOCTBIO «-50 MM» (pucyHok 4.8) B
AHAJIOTUYHBIX YCIIOBUSAX CTENEHb W3BJIEYEHHUs 30y0Ta cocraBisieT 54,8 %. C
POCTOM KOHILIEHTpallMM LUaHUAA HaOJIOAaeTCsl TaKKe IOBBIIICHUE H3BJICUYCHUS
cepeOpa. IIpogomKuUTEeNbHOCTh BBINIETAYMBAHUSL B JIAOOPATOPHBIX YCIOBUSAX

COCTAaBJIslJIa HE MeHee 48 CyTOK.

4.5. UcciieioBaHus M0 KOJIOHHOMY BbIIIEIaYMBAHUIO
30J10TOCOAep KaIIeil pyabl MmecTopo:xaenusi Cesepnoe JLkuiiay

[Tpo6a u3 3TOro MECTOPOXKACHUS CO CPEHUM cojiepkanuem 3oj0T1a 0,82 r/T
OblJIa MOJABEPTrHYyTa CUTOBOMY aHalM3y ¢ MPUMEHEHHEM CUT KpynHocThbio 50, 38,
20, 13, 8, 5 u 1 mm (Tabnuma 4.8). Onpenensiian BeIxoa Gpakiuii ¢ comepKaHueM
30JI0Ta B K&K OM.

Kak mnoxa3zamm pe3ynbTarel CUTOBOro aHaimu3a, okono 80 % 3o1o0ta
COCpPENOTOYEHO B Kjacce «- 8 Mm», u3 HUX 63 % B kiacce «-1 mm». Pe3ynbrarsl
CTETICHH M3BJICUYCHUS 30JI0Ta IMAaHUPOBAHMUEM TIO KJlaccaM KPYIHOCTH MPUBEIACHBI

B pucynok 4.9. Kak BugHo u3 pucysnka, Oonee 70 % wu3BieueHHUs 30J0Ta
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JIOCTUTHYTO Ha MEJIKUX Kjaccax «-38 mm». Hanbonee Bricokoe mzBiedenue 90,97

% MMeeT MeCTO NP BBILIEIAYNBAHUH PYIbl KPYITHOCTBIO «-1 MM».

Tabmuua 4.8

PCBYJII)TB.TBI BBIIICIAYWMBaHUs 30JI0Ta HUAHWUIOM U3 pyAbl Pa3JIUYHOIO

TPaHyJIOMETPUIECKOTo cocTaBa MecTopoxaeHust CeBeproe Jlxunay

Knacce Beixon Cymmap- | Copepx- | Pacnpenene- | Cymmapnoe | Coaepxa- | CrerneHb
KpyTI- HBIN HHUE B |HHE30JI0Ta IO | pacipeese- | HUe30J10Ta | MU3BJIeUe-
HOCTH, | KI % BBIXO/, |HMCXOJHOM, | KJaccawm, HHE 30J10Ta | B XBOCTaX, |HUsI 30JI0Ta

MM % r/T % 10 KJIaccaM, /T 10 KJIac-
% cam, %

-50 +38 | 13,9 [11,63| 11,63 0,38 4,5 4,5 0,24 36,84

-38+20 | 11,0 | 9,21 20,84 0,42 4,0 8,5 0,17 59,52

-20+13 | 9,8 | 8,20 29,04 0,58 4,8 13,3 0,25 56,89

-13+8 | 10,6 | 8,87 37,91 0,65 6,0 19,3 0,19 70,77

-8 +5 95 | 7,95 45,86 0,72 5,9 25,2 0,17 76,39

-5+1 | 13,3 (11,13 56,99 0,98 11,2 36,4 0,11 88,77

-1 51,4 (43,01 100 1,44 63,6 100,00 0,13 90,97

Hroro: [119,5| 100 0,82 100 0,18 68,50

® (1) 36,84%
(7)90,97%
W (2)59,52%
B (3)56,89%
B (5)88,77%
W (4)70,77 %
B (5]76,39%
El N2 3 N4 W5 W6 67

Pucynox 4.9 — M3Bneuenue 3010T1a u3 pyabl mectopoxaeaus CeBepHoe Jxumnay

Pa3IMYHOTO TPaHyJIOMETPHUECKOI0 COCTaBa : KJacchl KpymHocTH, MM: -50 (1); -38

(2); -20 (3); -13 (4); -8 (5); -5 (6); - 1(7).
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C 1enbl0 MOBBIMICHUST U3BJICUEHUS OJIArOPOIHBIX METAJIOB MIPU OTBAJILHOM
BBIIIETIAYMBAHUM ObUIM TPOBEJICHBl HCCIEIOBAHUSI C TpPUMEHEHUeM Oosee
KOHIICHTPUPOBAHHBIX IIMAHUCTHIX pacTBopoB (700 Mr/zLM3).

B Tabmumne 4.9. npencraBiieHbl pe3ysbTaThl BBHIIIEIAYMBAHUS 30JI0TAa U
cepedpa U3 Pyl pa3IuuHbIX COPTOB MECTOPOKIACHUS.

Kak BuaHO W3 TabmuIbl, IpH BBIMICIAYHBAHUU 30J10Ta U3 Py Pa3IUIHBIX
copToB KpymHOCThIO -200 MM mpu koHueHTparuu NaCN 300 MI/IM° U3BICUCHHE
30j710Ta cocTaBisier He 6osee 53 %. [locne noseimenus konneHTparuu NaCN no
700 Mr/aM°® wu3BIEUEHHME 3070TA PE3KO YBEIMYHMBAETCS, MPU HTOM MPUPOCT
M3BIICUCHHS cocTaBisieT 9,5 — 11.

[Ipu 1uaHupoOBaHUM Pyl KPYIMHOCTHIO «-50 MM» B aHAJOTMYHBIX YCJIOBHSX
u3BjedYeHue 30101a nopbimaerca Ha 11 %. C pocToM KOHLEHTpanuu LUaHUAA
HaOJII0/IaeTCsl TAKXKE TMOBBIMICHUE U3BJICUeHUs1 cepedpa. [IpoaomKuTeTbHOCTh
BBIIIEIaYMBaHMS B 1a0OPATOPHBIX YCIOBHUSAX COCTaBIsIa He MeHee 50 CyTOK.

Ta6numa 4.9

Pe3ynbTaThl 1a00paTOPHBIX UCCIACAOBAHUMN 110 KOJIOHHOMY BBIIICIIAYMBAHUIO

pyasl MectopoxaeHusi CesepHoe Ixunay

No Knacc Counep. Conep. Koun- Cre- Cre- Pacxon Pac-
Omnb- Kpyn- Au B AgB LEHT- MIEHb TeHb NaCN, X0/
Ta HOCTBIO, nucxon- HCXOHHOﬁ panusd HU3BJIC- HU3BJIC- KI/T Cao,
mm(-) HOM pyze, r/t NaCN, YEeHUS YEeHUS KL/T

pyze, mr/am° Au,% Ag,%

r/T

1 200 0,80 0,84 300 52,6 12,3 0,280 0,225
2 200 1,05 0,71 700 61,8 20,6 0,320 0,320
3 50 0,82 0,88 300 70,5 17,9 0,343 0,280
4 50 1,03 0,86 700 81,3 25,6 0,530 0,380
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Bruanue memnepamypuel npoyecca yuanupo8anus Ha cmenensb U3e1eyeHusl
30710ma npu KOJIOHHOM 8bIUENAYUBAHUU

N3ydyenne BIHSHUS TEeMIEpaTypbl Ha CTENEHb M3BJICYECHHUS 30JI0Ta
IAAaHUPOBAHUEM IMPU KOJIOHHOM BBIIIEJTAYMBAHUM IPOBOAWIOCH Ha pyae
KpyInHOCTBIO «-50 mm». Kak u B mpenpiaymux MCCaeqOBaHUAX, MTOAOTPETHIM 10
ONPENIEIICHHOW TEMIIEpaTypbl pacTBOp MPOKAYMBAJICA YE€pe3 pydy B TeueHue 25
cyToK. KOHTpOJIb 3a MNpOLECCOM OCYIIECTBISICS €KECYTOYHO. Pe3ynbrarsl
uccienoBanuii npencrapieHbl Ha pucyHke 4.10. Kak BuUAHO M3 MpUBEIEHHBIX
JIAHHBIX, TIOBBIIICHAE TeMIEPaTypsl pactBopa 10 20-40 °C MONIOXUTEIBHO BIHsET
Ha pacTBopeHue 3oi0Ta. [Ipu Temneparype 10 °C 3a 10 CYTOK 30JI0TO U3BJIEKAECTCA
tonbko Ha 51,3 %, B TO BpeMs Kak MpU TOBBIIIEHUU TEMIEPATypbl CKOPOCTH
peakin yBenuumBaercs, u mpu Temmeparype 30 °C 3a 10 cyTok m3BIedeHHe
3o10Ta noBbimaercs 10 70,5 % u 3a 25 cytok cocraBisier 76,7 %. [loBblieHue
Temnepatypsl 10 40 °C He3HAUHTETBHO H3MEHSCT H3BICUCHHE 30JI0Ta.

Heo0xoaumo OTMETHTb, YTO NpH MOBBIIMIEHUH TEMIEpaTyphl Mpolecca
MOBbIIIAETCA pacxon nuanuaa. Tak, npu 10 °C 3a 25 CYTOK LIMAHUPOBAHHUS PYbI
MectopoxkaeHus: CesepHoe J[xumay pacxon muanuga coctaBmi 0,380 kr/t, B TO
Bpemst kak mipu 30 °C 740 t/t. Ipu 40 °C sta uudpa Bepocna mo 1,185 kr/r. Ha
Halll B3TJIAJl, CTOUMOCTh JOU3BICUYEHHOIO 30JI0Ta C JINXBOW OKYIHUT MOBBIIIEHHBIN
pacxoj uaHuaa.

Ha ocHOBaHuM NpPOBEIEHHBIX HUCCIECIOBAHUI MOYXHO 3aKIIOUYHUTh, YTO JJISI
WHTEHCHU(UKAIIMK  TIpollecca I[MAaHUPOBAHHWE PyAbl CIEAyeT BECTH IIPHU

temmepatype 20-30 °C.
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Pucynok 4.10 — BnusHue TeMmrepaTypbl IMAHHCTOTO pacTBOpa Ha H3BJICUYCHHUE

30JI0Ta IIPpU KOJIOHHOM BbIIICTIAaYMBAHUU PYABI.

4.6. UccienoBanus M0 KOJOHHOMY BbIIIEJIAYMBAHUIO 30J10TOCOAep:KanIei
pPyAabl MmecTopo:xaeHus Tapop

JI71s1 mpoBeJIeHHs UCCIIeIOBaHMS B JJa0OpaTOPHBIX YCIOBUIX ObLIa OTOOpaHa
npoba pyasl MECTOpOXKaAeHUsT Tapop ¢ coaepskaHueM 3oJi0Ta 2-5 1/T, cepedbpa 10-
20r/Tu 0,7-1 % menm.

C 1enpio ompeeNeHusT XapakTepa paclipeeICHHs] MOJIE3HbIX KOMIIOHEHTOB
npoba pyabl MECTOPOXKIAeHUsT Tapop co cpeaHuM cojepkanueM 3050ta 4,89 r/T.
Oblla TOABEpPrHyTa cUTOBOMY aHanu3y (tabmuma 4.10). Onpenensiau BBIXOJ
(bpakuuii ¢ comepkaHreM 30J10Ta, cepedpa u Mean B Kaxaoi (pucyHok 4.11).

Kak mnokazamm pe3ynpTarel CHTOBOro aHanusa, okoysio 80 % 3omorta
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PC3YJIBTaTBI BbBIIICJIAYMBAHUS MCTAJIJIOB IUAHUZIOM U3 PYAbl MCCTOPOKACHUA

Tapop pa3nuyHBIX KJIACCOB KPYMHOCTH

Tadmuma 4.10

Knacc | Boixon,| Cym- CopepxaHue B Pacnipenienenue CyMmmapHoe Copeprkanue 30J10Ta CreneHp
KpyII- % MapHbI WCXOJHOM, T/T METAJIJIOB 10 pacnpeiesieHue B XBOCTaX,I/T, W3BJICYEHUS 30J10Ta
HOCTH BBIXO/I, Kiaccam, % 30JI0Ta 1O KJIaccam, o Kjiaccam,%
% %
MM
Au Ag Cu Au Ag Cu Au Ag Cu Au Ag Cu | Au | Ag Cu
-200 +150 4,07 4,07 1,43 10,24 0,49 1,38 2,10 2,27 1,38 2,10 2,27 1,12 9,46 0,43 | 21,67 | 7,62 12,24
-150 +100 7,49 11,56 2,16 11,44 0,58 3,84 4,32 4,94 5,22 6,42 7,21 1,54 10,70 | 0,49 | 28,70 | 6,47 15,52
-100 +50 9,74 21,30 4,05 17,18 0,55 9,35 8,45 6,10 14,57 | 14,87 13,31 2,72 15,41 | 0,44 | 32,84 | 10,30 | 20,00
-50 +30 9,24 30,54 2,39 12,04 0,76 5,23 5,62 7,99 19,80 | 20,49 21,30 1,76 10,51 | 0,62 | 26,36 | 12,71 | 18,42
-30 +20 7,80 38,34 3,53 15,90 0,87 6,53 6,26 7,73 26,33 | 26,75 29,03 2,30 13,32 | 0,70 | 34,84 | 16,23 | 19,54
-20 +10 11,32 49,66 4,28 17,51 0,81 11,48 10,00 10,44 37,81 | 36,75 39,47 2,60 13,87 | 0,58 | 39,25 | 20,79 | 28,39
-10 +5 15,22 64,88 3,78 21,79 0,92 13,64 16,74 15,94 51,45 | 53,49 55,41 2,00 17,51 | 0,62 | 47,09 | 19,64 | 32,61
-5 +1 16,53 81,41 5,19 24,11 0,94 20,33 20,12 17,70 71,78 | 73,61 73,11 2,13 18,24 | 0,59 | 58,96 | 24,35 | 37,23
-1 +0,074 11,92 93,33 5,92 26,82 1,22 16,73 16,14 16,56 88,51 | 89,75 89,67 1,80 19,03 | 0,64 | 69,59 | 29,04 | 47,54
-0,074 6,67 100,00 7,27 30,44 1,36 11,49 10,25 10,33 100,0 | 100,0 100,0 1,70 | 19,9 | 0,65 | 76,62 | 34,43 | 52,20
Hroro: 100 4,89 22,06 0,97 100 100 100 1,96 14,80 | 0,58 | 43,73 | 18,16 | 28,37
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cocpenoToueHo B kiacce «-30 mm», u3 Hux 11 % B knacce «-0,074 mm», a cepedpa
80 % cocpenoToueHo B kiacce «—30 Mmm», u3 Hux 10 % B kinacce «-0,074 mm» u 79
% Meau cocpenotoueHo B kinacce «—30 Mm», u3 HuUX 11 % B kiacce «-0,074 Mmm».
HaubGonee Bbicokoe wu3BIeYeHHE 3o0s0Ta 76,6 % UWMEeT MecTo IMpHu

BBIIIEJIAYMBAHUN PYJIbl KPYTHOCTBIO «—0,074 MM».

Pucynok 4.11 — M3BnedeHue 30J10Ta B KJIACChl Pa3IMYHOTO IPAHYJIOMETPUUECKOTO
coctaBa TapopcKkoro MecTOpOXKICHHS: Kiacchl kpymHocTH, MM: -200 +150 (1); -
150 +100 (2); -100 +50 (3); -50 +30 (4); -30 +20 (5); -20 +10 (6); -10 +5 (7); -5 +1
(8); -1 +0,074 (9); -0,074 (10).

Ha pucynke 4.12 mnpencraBiieHbl pe3yJlbTaTbl U KUHETHUUECKHE KPHUBBIC
BBIIIEIAYMBAHUS 30JI0Ta, Cepedpa W Meau U3 PYIbl KPYMHOCTBIO «-200MM»
MecTopoxkaeHus: Tapop, ¢ comepkanueM 3osota 4,89 r/T, cepedbpa 22,06 r/t u
menu 0,97 %. B nepBbie CyTKH B pacTBOp BbllenaunBaercs 2,6 % 3omota, 0,6 %
cepedpa u 0,7 meau. Ha necarpie CyTKH U3BJICUEHUE 30JI0Ta B PACTBOP COCTABUIIO
20 %. B mocnenyroiiee BpeMs MeEpexoj 30JI0Ta B pacTBop 3amenisiercs. Jlis
BhieniauuBanus 43,7 % 3onota, 18 % cepedpa u 28 % menu norpedoBanoch 69
CYTOK. YBEJIMYEHHE NPOJOKUTEIBHOCTH BBIIETAYMBAHUS HE  YJIy4ylIaeT

nokaszarenu mnpoiecca. Pacxos BblllleauyMBaroOIIero pactBopa cocraBuia 5,77 T/T

pyIbL.
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Pucynok 4.12 — JluHaMuKa KOJIOHHOTO BBIIIEIaYMBAaHMS 30J10Ta, cepedpa U Meau

U3 pyAbl MECTOPOXKAEHUA Tapop.

OTtoro m CICOOBAJIO OXHWAATb, T.K. PyAbl MCCTOPOXKICHUA Tapop MOXXHO
OTHCCTH K KaTCTOPHUHU YIIOPHBIX, 30JI0TO B pyAC TOHKOIUCIICPCHOC U TCCHO CBA3aHO

C CyJb(UIHBIMA MUHEPAIAMH.

4.7. IorynpoMbIIIeHHbIE HCTIBITAHUA M pa3padoTka MaTeMaTHYeCKHUX
Mojiesieii mpouecca Ky4Horo (0TBaJibHOIr0) BbIlIeJIa4UBaHUS
O0eaHBIX pyA MecTopokaeHust Lxunay

B CII «3apadman» ckonmwiochk OO0JbIIOE KOJUYECTBO OEIHBIX Py,
coJIeprKallX 30J0TO MeHbIe, uem 0,8 1/T.

bonee panHsg, paboTaBmias Ha npeanpusaTad Kommnanusa «Bateman
Engineers», mnpemioxkuiaa NPOEKT KYYHOTO BBIINICIAYUBAHUS OCTHOW pY/IbI,
coneprkariei 3om0ta 1,39 1/T ¢ MOMIHOCTBIO TIepepabOTKU 5 MIIH. TOHH PYJbI B
rof. [IpoekT Bkiowan B ceOst ApoOJieHHe pyabl, arjioMepaluio, YKJIaaKy €€ Ha
IUIOIIAJKE, C MOCIEIYIOUIMM OpPOIIEHHEM LHUaHUAOM. KanuTaibHble 3aTpathbl MO

MPOEKTY OIleHUBatOTCA B 55 MitH. gosuiapos CIIIA.
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Nmeercss mpakTuka TOPUMEHEHHS  YOPOIIEHHOIO MeToJa  Ky4HOTO
BEITICIIAYNBAHUS TSI TIepepabOTKu OCMHBIX PY/, TaK HA3BIBAEMOTO «OTBAJIBHOTO
BBIIIIEJIAUMBAHMSI),  KOTOpas  IIUPOKO  paclpoCTpaHEHa  HAa  MHOTHX
TOPHOJOOBIBAIOIINX TIPEANPUATUSIX. B 3TOM ciydae Takue JOPOTOCTOSIINE
omepaiuu Kak JApoOJieHWe, arjaoMepanus W APYrue MOATrOTOBUTEIbHBIE PabOThI
HUCKIIIOYAIOTCS, W pyJa HIET Ha INTabenupoBaHHE TMPsSIMO C Kapbepa 0e3
npeaBapuTenbHOl  00paboTku. OTCloa TPOUCXOMUT TEPMHUH «OTBAIBHOTO
BBIIIEIAYMBaHKA). Py/na opolaeTcss pacTBOPOM IIMaHMJIA, U U3BJICUEHHUE 30JI0Ta
aKTUBUPOBAHHBIM  yIJIEM IPOMCXOAUT TaK K€, KaK U M[OpU Ky4HOM
BBIIIEIAYMBAHUH.

W3Bnedenne 3070Ta MOXKET OBITH HIDKE, YE€M TMpU NpeBapUTEITHLHOU
MOATOTOBKE pyAbl, HO JKOHOMHS 1O KalmUTaJbHBIM M MPOU3BOJICTBEHHBIM
3aTparaM KOMIIEHCUPYET 3TOT HEIOCTATOK. DTO MO3BOJSET BECTU PEHTAOEIHHYIO
nepepadoTKy pyibl, KOTOPYIO HEBBITOAHO NepepadbarbiBaTh Ha (PabpuKke METOI0M
YAaHOBOT'O BBIIIEIAYNBAHUS.

[Tpo6a 13 3TOro MeCTOpOXKACHUS CO CPETHUM cojiepKanuem 3oj0T1a 0,64 r/T
OblJJa TOJBEPTrHYTa CHUTOBOMY aHaJM3y C TMPUMEHEHHEM CHT C pPa3MepoMm
orBepctuii 200, 175, 150, 125, 100, 75, 50, 38, 20, 13, 8 u 5 mm, (Tabauma 4.11).
Onpenensinu BeIX0A (pakiuii ¢ coiep’KaHWeM 30J0Ta B KaXIOH, a Takxke
MIPOBOJMIIM OTBITHI IO [IMAHUPOBAHUIO KaXI0TO Kilacca KpynHocTu. Kak BUJIHO U3
TaOJUIIBI, W3BJICYCHUE 30JI0TA NMPU OTBAJIHHOM BBINICIAYMBAHUN JAHHOW PYyIbI
BIIOJIHE YAOBJIETBOpHUTENbHOE M Kosebmercs ot 51,85 mo 77,23 %. Kak u
CJIEIOBAJIO OXKHUaTh, HauOOJIEe BHICOKOE W3BJICUYEHUE HAOI0AeTCs ISl MEIKUX
KJIACCOB PY/BI.

[IpoMmbIlUIeHHBIE  UCIIBITAaHWUS ~ OBUIM  HA4aThl  TOCJIE  3aBEPIICHUS
Ja00paTOPHBIX HCCIETOBAHUM BbIIICTAYMBAHUS OCIHOW PYIbl MECTOPOKIACHUS

Jxunay.
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Tabmuma 4.11

Pe3ynpTaThl I'paHyJIOMETPUYECKOIO COCTaBa PyIbl MecTopoxacHus [[xunay u

BBIIICIIAYMBAHUS 30JI0Ta HUAHUIAOM U3 KJIACCOB PYIAbI pa3quH0ﬁ KPpYITHOCTH

Kuacce Bsixon Cymmapusiii | Coneprkanue | Pactipenenenne | Cymmaproe |Copepxanne| CreneHb
KpyTI- BBIXOJI, B HUCXOJIHOM, 30J10Ta II0 pacupeaeiCHUC [ 30j10Ta B U3BJICUCHUS
HOCTH,MM | KT % % I/t KJIaccam, 30J10Ta 110 XBOCTaX, | 30JI0Taa I0
% Kna(():caM, r/T KJaccam,
%
%
-200 +175 | 304 |14,69 14,69 0,08 2,27 2,27 0,03 62,5
-175+150 | 173 | 8,36 | 23,05 0,10 1,63 3,90 0,04 60,0
-150 +125 | 165 | 7,98 31,03 0,18 2,79 6,69 0,07 61,11
-125+100 | 171 | 8,27 39,3 0,25 41 10,7 0,09 64,0
-100+75 | 112 | 5,41 44,71 0,27 2,83 13,53 0,13 51,85
-75+50 | 119 | 5,75 50,46 0,23 2,56 16,09 0,07 69,56
-50 +38 | 126 | 6,09 56,55 0,32 3,78 19,87 0,11 65,62
-38 +20 | 138 | 6,67 63,22 0,47 6,07 25,94 0,17 63,83
-20+13 | 98 | 4,74 67,96 0,58 5,33 31,27 0,19 67,24
-13 +8 174 | 8,41 76,37 0,76 12,39 43,66 0,22 71,05
-8 +5 489 (23,63 100 1,23 56,34 100 0,28 77,23
HWroro: |2069 | 100 0,64 100 0,13 64,91

HcnpiTaTrenbHast Kyya BhILIEIAYUBaHUS ObUIa pacrojoXeHa BHYTPH OJHOTO
U3 HEJOCTPOEHHBIX crycTtutenei, B 50-60 meTpax oT 3maHus (aOpuku U Ha
paccrosiuuy 800 METPOB OT XBOCTOXPAHWIIHILIA.

OTOT y4yacTOK OBLI JOCTYNEH JUIsl MPOE3/a, PAIOM C PHEPrOCUCTEMaMH U
MO3BOJISUT MIEPCOHANTY 00O0raTUTENbHOU (aOpPUKKM KOHTPOJIMPOBATH MPOLECC H
OCYILECTBIATh Oe30macHoe H3BIeUYeHHEe 30510Ta. OCHOBAaHME CTYCTHTENS ObLIO
MOAU(PUIMPOBAHO M 3aKYNMOPEHO IeMEHTUpoBaHUeM. bbuio ynoxkeno 14,8 Teic.
TOHH OeaHOU 3 OneITHAS

pyAbI Jlxunay.

9KCILTyaTHpOBaJIaCb C MCIIOJIb30BAHUCM CTAHAAPTHOI'O HACOCHOI'0O U PpPaCIIbI-

MCCTOPOKIACHUA Kyda

JUTEIBLHOTO 000pyA0BaHUs, TPYO U MpuOOPOB.

TexHosornyeckasi cxema BbIIIEIaUMBaHUS TIPEJICTaBIeHA HA pUCYHKE 4.13.
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Han xydeil Obuia ycTaHoBiieHa HEOOXOJMMasl CETb OpPOLIEHUS, CHCTeMa
coopa pactBopa. CHCTeMBl PEUUPKYISIMU pPAacTBOpPa W PACIBUIMTENCH OBLIH
NpUBEACHbl B pabodee COCTOSHHME C HCIOJIb30BAHUEM TEXHUYECKOM BOJBI C
dabpuxu. Ilocne stroro pH pacTBOopa ObLT JOBEAEH 10 HEOOXOAMMOTO 3HAUYCHMS
10,2, konnenTparus muanuaa 10 300 M1/, ocie 4ero mporecc BhIETaunBaHMs
OBUI HAYAT HE3aMEIIMTEIBHO CO CKOPOCTHIO LHPKYISIMH pactBopa 23 MY/d.
[ToTok HackilieHHOro pactBopa BhimienaunBanust (IIHP), Beixoasimuii U3 oTBana,
peryaupoBalics TakK, YTOOBI MOJJIEPKUBATh IMOCTOSIHHBIA YpOBEHb pacTBOpa B
HIKHEW 4aCTU OCHOBAHUS CTYCTUTEIA. DTOT pAacTBOP NEPEKAYMBAJICS B €MKOCTh
HACBIIIIEHHOT'O PacTBOPA, U3 KOTOPOW OH MEPETUBAIICS B €MKOCTh HEHACHILIIEHHOTO
pacTBOpa BBIIEIAYHBaHIs. [I0TOK HACIMIEHHOTO PACTBOPA CO CKOPOCTBI0 10 M/4
HaIpaBJISUICSI U3 €MKOCTH HACBIIIEHHOTO pPacTBOpa B KOJIOHHY YIJIA, KOTOpas
paboTana B pexume Bocxojsiiero noroka. Komonna coxepxkana 1100 kr yris,
KoTopasi azacopOupoBana 3oioto u3 IIHP. ITlocrme copbuum 30mota Ha yrie
HEHACBHIIICHHBIA PpAacTBOp IMAHUJA TMEPEIUBAIICI U3 KOJIOHHBI B E€MKOCTh
HEHACBIIIEHHOro pactBopa. CoaepkaHue 30J0Ta B MEPEIUBE KOJOHHBI YIS
noanepxuBaiock Hrwke 0,1 wmr/m. Ilpormecc BblmenadynBaHus MPOAODKAICS B
TeueHue 66 AHeH 10 TeX Mmop, MoKa MPUPOCT U3BJICUEHHUS 30JI0Ta HE HAOII01aJICS.
[Tocne wu3Bi€UEHHS 30JI0Ta U3 LUPKYJIUPOBABILIETO PACTBOPA B KOJIOHHE YIJs
pPacTBOp U3 KOJIOHHBI MOJIABAJICS B CUCTEMY HM3MebueHUs (pabpuKu cO CKOPOCTHIO
7 M°/u, a pacTBOp BBINICTAYMBAHMS JUIS NPOMBIBKM Kydd OBLI 3aMEHEH
TeXHU4Yeckoi Boaoi. C HayaJoM MNPOMBIBKM OBLIO TMPEKpalieHo Jg00aBlieHUE
KayCTUUECKON cojabl W 1uanuaa. [IpoMbiBKa mpojosnkanach A0 TOTO BPEMEHH,
KOrJIa  OTBajl  CTall  JKOJOTHMYECKHM  Oe3omaceH s pa3MelieHusT B
XBocTOXpaHwiuiie. [lanpHeiinee 1o6aBieHne BOIbl ObLIO MPEKPAIIEHO, U PACTBOP
OBbLJT MOJTHOCTHIO BIKaYaH U3 OTBaja B CUCTEMY U3MeNIbueHUs (PaOpuKu.

[Tocne okoHYaHMS LIMKJIA BbIIETaunBaHus 6 nHeN oTpaboTaHHAas Kyda
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Pucynox 4.13 — TexHomoruyeckasi cxema MmoJrylpOMBIITUICHHBIX UCTIBITAHUH.

Obo3nauenust
1. EMKOCTB A7l HEHACHIIIIEHHOTO pacTBOpa
2. UcnbrTarensHas Kyda
3. EMKoCTB U1 HACBIIIIEHHOTO pacTBOpa
4. Kononna yris
5. Bopaa mpouecca u3 ¢pabpuku
6. PactBop NaCN wu3 pabpukn
LSI [Nepexirogarens HU3KOTO YPOBHS - OTKJIFOUAET HACOC IIPU HU3KOM YPOBHE

LAL  MuaukaTop HU3KOTO YPOBHS - KpacHas JJaMIIOYKa 3aropaeTcsl IpH HU3KOM YpOBHE
LAH  HMuaukaTop HU3KOTO YPOBHS - XKeNTast JaMIIOUKa 3aropaeTcs IPH BHICOKOM YPOBHE
I BnokupoBka (pesoxpaHuTeb)

Pl Manowmertp 0-150 xI1a

FQ1  Pacxonomep HeHachIIeHHOTO pacTBopa — 80 MM TypOMHHOTO THIIA

FQ2  Pacxomomep Boabl mporecca — S0 MM TypOUHHOTO THIIA

FM VYkazarenp pacxoza pactBopa nuanujaa - poramerp 0 - 100 1/4

F12 VYkazarenpb pacxoja HachIIIEHHOTO pacTBopa - potametp 0 - 20 1/4

Vi 3aIBUXKKa - UyTyHHasl JpoccenbHas. 80 MM

V2 3aBUKKa - MOTUIABKOBAs (MMEETCsl Ha BEPXHEM CIIMBE CTApOro CI'YCTHTEI)



242

V3 3aaBWKKa - UyT'yYHHas poccenbHas 50 Mmm

V4 3a7BUIKKA - HEPK.CTaJlb. UTOJIbYaTasi, moaxojsmas K [11
V5 3anBmwkka - 20 mm, ABS, maposas

MIPOMBIBAJIACh YHCTOM BOJIOM JI0 TOCTHXKCHHS KOHIIEHTpAIlUU IIMaHUIa B pacTBOPE
HIKe 13 Mr/m, mocie 4Yero NpOM3BOJWJIACH CYIIKa KydH, KOTopas 3aTeM
BBIBO3MJIACH HA XBOCTOXPAHWIIUILIE JIJISl JaTbHEHIIIEr0o 3aXOPOHEHUS.

Pacxonq mmanmma coctaBui 0,18 kr/r, usBectu -2,2 kr/t. HTorosbie
pe3yabTaThl  MOKa3add  MEPCHEKTHUBHOCTh  HUCIHOJb30BaHUS  OTBAJIBHOTO
BbIIIIeTIauMBaHus il OeqHbIx pya Jxunay — npu nepepadotke 14847 ToHH pyasl

npuObUTb coctaBmia 16094 nomnapos CHIA (tabmurna 4.12).

Oxpana oxpyoicaroweti cpeobl
B mpouecce mukna paboThl MPOU3BOAWICSA €XKEHENETbHBIN 0TOOp mpod ¢
YKa3aHHBIX TOYEK COIJIACHO YTBEPXKIACHHOMY IPOEKTY, KOTOPHIA MOKa3aJl YTO B
Mepuoj BEICHUS TEXHOJOTHMYECKOIrO IMpolecca IMPOCAYMBAHUE WM YyTEuKa
pacTBOpa IMaHuAa He oOHapyxkeHbl. llomaua pacTBopa B Kyuun u oOpaTHas
BBIKaQYKa pacTBOpa COOTBETCTBOBAIM TEXHUYECKUM MapameTrpam. llotepu B

TCXHOJOI'MYCCKOM HUKIIC OTCYTCTBOBAJIN.
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Ta0mnuma 4.12

Htorosnie PE3YJIbTAThI NOJIYITPOMBIIIIICHHOI'O HUCIILITAHUH 11O OTBAJIbHOMY

BBIIICIIAYMBAHUIO pYyAbl MCCTOPOKIACHUA I[}KI/IJIay

Ne [TapameTpbl Benuuuna KomMmenTapun
/11
1 KonuuectBo pyabl, TOHH 14847 Pyna u3 mecropoxaeHust
[xunay
2 HcxomHoe comepkanue, I/T 0,75 OOpaTHO BBIYHCIICHO OT
MOJIYYCHHOTO 30JI0Ta
TBEPJIOTO IIIamMa
3 KonnuecTBo nomydeHHOTO 6035 bb110 MoUTH paBHBIM
30J10Ta, Ip. 0XXKUJAEMOMY
4 Crenenb n3sieueHus, % 54,2 BrramcieHo Ha OCHOBaHUU
TOJIOBHOTO COJICP KaHMS
5 [TpoaomKUTEIbHOCTD 66 Bxirouas 6 nuei Ha
BBIIIIEJIAYNBAHUS, THU IPOMBIBKY
6 IToTok pactBOpa 23
BBILICIAYMBAHIS, M /d
7 Pacxox pacTBopa Ha 3,11
oTBaN, M°/T
8 Pacxon u3Bectu, Kr/T 2,2
9 Pacxon nimannaa, Kr/t 0,18
Pacxon Ha mpousBoacTBO npoaykuuu (B nosuapax CIIA)
10 JloObr4a py bt 18684
11 ITepeBo3ka pybl 23041
12 [{uanug HaTpHS 4950
13 N3BecTh 1180
14 DNEeKTpOIHEPTHUs 546
15 [Ipoune pacxoms 950
16 YrpaBneH4uecKkre pacxobl 9510
17 Bcero pacxoapl 58861
18 CebectoumocTs 1 1 30710Ta 9,75
19 Peanuzanumonnas mexHa 12,42
20 [Tpu6sLTH 16094
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Pa3pa6oml<a mamemamuyeckoll Mooenu npoyecca omedlbHoco
egbluyenavuearnusl
HpI/IMeHeHI/IG MCTOAOB MATCMATUYCCKOI'O MOACIMPOBAHUA IIO3BOJIACT
HHTCPIPCTUPOBATL JKCIICPUMCHTAJIBHBIC JAHHBIC, BbIABJIATH KOJHMYCCTBCHHBIC
3aKOHOMCPHOCTHU MCXaHMU3Ma IPOLCCCOB.
]_IJ'ISI MMOJYUYCHHUSA YPAaBHCHHUS, CBA3BIBAIOUMICTO II0KA3aTCJIb IIpoHecca C
(I)aKTOPOM, BJIMAIOIIUM Ha HCT'O, BOCIIOJIB30BAJIMCh PA3JIMYHBIMHA 3aBHCUMOCTIAMHA

CTaHIapPTHOI'O TUII4, TAKUMHU KaK

Y=ax +b, (4.1)
Y = a+ bx’, (4.2)
Y = ax’, (4.3)
Y = ax? + bx+ c, (4.4)

C uenpio ompenesieHUsT ypaBHEHUS, HAWIYYIIUM OOpa3oM OTPaKarollero
OKCIIEPUMEHTAJIbHbIC  JaHHBIC, OBUIM  BBIUMCIEHBI CPEJAHHE  IPOILICHTHHIC
OTKJIOHCHHSI.

B tabnune 4.13 npuBoasATCA JaHHBIE PE3yIbTATOB BBINMIEIAYUBAHUS 30JI0Ta

U3 pyAbl MECTOPOXKAEHUA [[Kunay pa3nuyHbIX KJIACCOB KPYITHOCTH.

Taomuma 4.13

Kuace -200| -175| -150 | -125| -100 | -75 | -50 | -38 | -20 | -13 -8
KPYITHOCTH,
MM (x) +175| +150| +125 | +100| +75 | +50 | +38 | +20 | +13 | +8 +5
N3Bneueuune

30J10Ta mo | 62,5 | 60,0 | 61,11 | 64,0 | 51,85 | 69,56 | 65,62 | 63,83 | 67,24 | 71,05 | 77,23
KinaccaMm, %

()

[Tocne 06pabOTKK JaHHBIX MO MOA00PY MAPAMETPOB PATMYHBIMU METOIAMHU
MOJTyYeHbl SMIUpHUecKkue (popmynsl (MoJenH), KOTOpble MPUBEACHBI B TaOIuUIlE
4.14.

Tam >xe oTpakeHbI pacueTHbIe (BBIYHCICHHBIE) MO (POpPMyJie M OMBITHBIMU

3HAa4YCHUAMMU HU3BJICUCHUA 30JI0TA ITO KJIaCCaM.
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Taomuna 4.14

OnbITHEIE y =0,0793x+71,787 y =0,0793x+71,787 y =0,0793x+71,787
JTaHHBIC
X y Meron cpennux Metoa HaMMEHBIINX Meron cpennux
KBaJ[paToOB
Y — [Ipouent- Y - [Ipouent- Yerr. [IpouentHOE
HOE HOE OTKJIOHCHHE
OTKJIOHCHHE OTKJIOHCHHE
-200 | 62,5 55,972 -10,52 58,1497 -6,96 53,392 -14,57
-175| 60,0 57,9095 -3,48 59,6422 -0,6 57,142 -4,76
-150 | 61,11 59,892 -1,99 61,1347 +0,04 60,392 -1,17
-125 | 64,0 61,8745 -3,32 62,6272 -2,14 63,142 -1,34
-100 | 51,85 63,857 +23,16 64,1197 +23,66 65,392 +26,12
-75 | 69,56 | 65,8395 -5,35 65,6122 -5,68 67,142 -3,48
-50 | 65,62 67,822 +3,36 67,1047 +2,26 68,392 +4,22
-38 | 63,83 | 68,7736 +7,74 67,8211 +6,25 68,8144 +7,81
-20 | 67,24 70,201 +4.,4 68,8957 +2,46 69,232 +2,96
-13 | 71,05 | 70,7561 -0,41 69,3136 -2,44 69,3244 -2,43
-8 77,23 | 71,1556 -7,86 69,6121 -9,86 69,3664 -10,18
Cpennee Cpennee Cpennee
MPOLIEHTHOE MIPOIIEHTHOE MPOLEHTHOE
OTKJIOHCHHE OTKJIOHCHHE OTKJIOHCHHE
6,51 5,67 7,18

M3 BBIYKCIIEHHBIX IO TPCM (bopMleaM HCKOMOTI'O ITOKAa3aTCJIsA B TOYKC

x = — 100 cnenyer, 4TO MPOLEHTHOE OTKIOHEHHUE CYLIECTBEHHO OTJINYAETCS OT

JIPYTUX TOYEK, YTO BBI3BIBAET COMHEHHUE B 3HaueHUHU Y = 51,85 B 3KCIIEpUMEHTE.

BO-BTOpHX, KaK BUJHO U3 Ta6J'H/II_[BI, CpeaHeeC MPOUCHTHOC OTKIIOHCHUE 110 MCTOY

HaNMMEHbIIMX KBaapaToB HkeE Ha 0,84 — 1,51 % oTHOCUTENBHO METOAA CPENHUX.

Jlanee MmO JaHHBIM TOTO ke MectopoxaeHusi JDxumay (tabmuma 4.15)

YCTAaHOBJICHA CBsA3b MCKAY H3BJIICUYCHHCM 30JI0Ta 110 KJIaCCaM M COJACPKAHHMEM B

HCXOJHOM MaTcpHalic.

Ta0muma 4.15

Conepxxanne
B HCXOIHOM,
/T (x)

0,08 | 0,10

0,18

0,25

0,27

0,23 |0,32

0,47 |0,58

0,76

1,23

H3Baeuenue
30JI0Ta 1o
knaccaM, %

)

62,5 | 60,0

61,11

64,0

51,85

69,56 | 65,62

63,83 | 67,24

71,05

77,23
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[Tpu »TOM BoOCHONB30BaIKCh ypaBHeHusmu (4.1) — (4.4), a mias mombopa

CpE/IHUX,

HAaWMMEHBIIUX KBaApaToOB, a Takke meTof ['aycca [234]. Pe3ynbraThl NpUBEICHBI B

KoMIIakTHOM (popme (Tadmuna 4.15).

Kak sBcTByeT u3 TaOJMLBbI, AKCIIEPUMEHTAIbHBIE JaHHbIE OO0JIEe BCEro

COOTBCTCTBYIOT Hapa60queCK0171 3aBUCUMOCTH, Y KOTOpOﬁ HaMMCHBIICC CPCIAHCC

IMPOICHTHOC OTKJIIOHCHUC.

Ha ocHOBaHMH ONBITHBIX HAaHHBbIX, IMOJIYYCHHBIX ITPHU ITOJYIIPOMBIIIIICHHBIX

HCIIBITAHUAX KYYHOI'O BBIIICIIAYMBAHUNA 6€,Z[HI>IX pya MCCTOPOKIACHHUA I[)KI/IJIay,

npuBeACHHBIX B Tabmuie 4.16, mocTtpoena »smmupudeckas QopMyna Tuma

napa6osbl Buja (4.4).

Tabmuma 4.16

No Bun 3aBucuMoCTb MeTtonbl Ommmpuueckue | CpenHee
n/m bopmyIibl MPOLICHTHOE
OTKJIOHEHUE
1 y=ax+bhb CpEeIHHUX y = 21,7751x +|6,12
56,0596
2 y=ax+b METO.I y = 14,3887x +|4,33
HanMeHpnx | 59,0611
KBaJIpAaTOB
3 y=a+ bx? CpeIHUX y = 59,1047 + 6,49
21,3698x"
4 y = ax’ CPEeTHHUX y = 74,421 6,05
5 y=ax’ +bx+c CpEIHIX y = 4,2831x° + |44
8,9954x +
60,0852

rae Y — u3BJieueHue 30J10Ta B pacTtBop, %o,

X — IPOJOJDKUTCIBHOCTS BBIIICIAYMBAHUA, CYTKH,

a,b,c — K03 UIUEHTH PETPECCHH.

JIJ1st OTBICKaHUS TApaMETPOB @, D 1 ¢ BOCIIONIB3yeMCs METOJIOM HAMMEHBIITHX

KBaJIpaToB.

¥: (i = 1,n), rae Y,— BeIumcaeHHBIE 3HAYEHUST HCKOMOTO TIOKa3aTelis 1Mo (hopmyiie

CyIIHOCTh METO/a 3aKJIF0YaeTCss B CIAEAYIOMEM: PACCMOTPUM PasHOCTH Y;—
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(4.5) o 3HaYCHMSM X;, & };— OPAMHATHI ONBITHBIX TOYEK X;.

CocrapnsieM (pyHKIIMOHAT BUJIA

F(ab,c)= X%, (ax 2+bx+c—y, )

Tabnuua 4.17

OnbITHBIC M BBIYUCIICHHBIC AaHHBIC U3BJICHCHUA 30J10Ta U3 PyAbl MCCTOPOK-

JCHUA I[)I(Hﬂay B 3aBUCHUMOCTHU OT IMPOAOJIKUTCIIBHOCTU TNAHUPOBAHUA

X (mHmN) ITpomenTHOE IIpormenTHOE
¥ (Au),% | ¥ ,Bbru. | orkinoHenue | X (mHu) | Y (Au),% | ¥, BBIY. | OTKIOHEHHE
1 0,00 0,00 34 46,29 46,04 -0,54
2 0,49 0,96 -88,09 35 46,82 46,87 +0,1
3 0,88 2,07 +134,97 36 47,34 47,66 +0,68
4 2,74 4,04 +47,45 37 47,8 48,41 +1,28
5 3,38 5,98 +76,8 38 48,216 49,13 +1,9
6 5,68 7,87 +38,63 39 48,65 49,81 +2,39
7 7,43 9,74 +31,04 40 48,97 50,45 +3,03
8 9,35 11,56 +23,64 41 49,29 51,06 +3,6
9 11,46 13,35 +16,48 42 49,68 51,62 +3,92
10 13,19 15,10 +14,47 43 50,37 52,16 +3,56
11 15,37 16,81 +9,39 44 50,77 52,66 +3,71
12 17,68 18,49 +4,58 45 51,18 53,12 +3,78
13 19,67 20,13 +2,34 46 51,68 53,54 +3,59
14 22,89 21,73 -3,05 47 51,92 53,92 +3,85
15 25,42 23,30 -8,34 48 52,13 54,27 +4,1
16 27,65 24,83 -10,2 49 52,39 54,58 +4,18
17 29,67 26,32 -11,28 50 52,67 54,85 +4,14
18 30,79 27,78 -9,78 51 53,27 55,09 +3,42
19 31,68 29,20 -7,84 52 53,48 55,29 +3,38
20 33,08 30,58 -7,56 53 53,69 55,45 +3,28
21 34,68 31,92 -7,95 54 54,11 55,58 +2,71
22 35,34 33,23 -5,97 55 54,37 55,67 +2,39
23 36,2 34,50 -4,7 56 54,78 55,72 +1,72
24 37,57 35,73 -4,89 57 55,22 55,73 +0,93
25 38,64 36,93 -4,42 58 55,49 55,71 +0,4
26 39,78 38,09 -4,24 59 55,72 55,65 -0,12
27 40,44 39,21 -3,03 60 56,08 55,56 -0,93
28 41,73 40,30 -3,42 61 56,34 55,43 -1,62
29 42,68 41,35 -3,12 62 56,75 55,26 -2,63
30 43,68 42,36 -3,02 63 57,08 55,05 -3,56
31 44,87 43,34 -3,42 64 57,42 54,81 -4,55
32 45,11 44,28 -1,85 65 57,64 54,53 -5,4
33 45,79 45,14 -1,34 66 57,64 54,21 -5,95
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bepém dwacTHBIe TPOHW3BOIHBIE 1O HEW3BECTHBIM NapameTrpam @, b u c,
npupaBHUBaeM MX K Hymto0. [lodydeHHbIe ypaBHEHHUS O0ObEIUHSIEM B CHUCTEMY, U

peaIasa Gé, HaXO0JUM HCU3BCCTHLIC IIapaMCTPHI. CJICI[YSI 9TOMY IIpaBUI1y, UMCCM!

(Sre)or (3o (336)e- S

i=1 i=1 i=1 i=1

Se)er(Sos (Sefe-Son o

i i=1 i=1

=‘]‘11 - i=1
( xf)a+(2xi)b + nc =Zyi.
S oNi=1 i=1

i=1

_—

[To nanabiM TaGauIBl 4.17 HaxX0UM 3HAYEHUSI CYMM X, Vi, Xf, Kf, X?, XV, Kf Vi

i =2,66):

66 66 66

in = 2210; Zyl. = 2570,256; fo = 98020:;

i=2 i=2 i=2

66 1) 66

fo = 4888520; fo‘ = 260049712; Z x;y; = 106747,938;
i=2 i=2 i=2

66

fo y, = 5073490,314,

i=2

[Toacrasmnss ux B cucremy (4.6), umeem:

4888520a + 98020b+ 2210c = 106747,938, 4.7)

{260049?12& + 4888520b+98020c = 5073490,314,
98020a + 2210b+ 65c= 2570,256.

Pemras cucrtemy ypaBuenuii (4.7) metosioM ["aycca, HaX0IuM:
a =—0,0184646; b =2,10171; c =—4,07123.

Wrak, smnupuyeckas Gpopmyiia, BEIBEEHHAs HAMU, UMEET BUT
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y =-0,0184646x" + 2,10171x-4,07123.

[ToacunTaHbl IPOLEHTHI OTKIIOHEHUS SMITMPUYECKUX U OIMBITHBIX JAHHBIX T10
TOYKaM, ¥ TI0 HUM HalJIeHO CpeJiHee MPOIEHTHOE OTKIOHEHHUE, paBHOE 9,3.

Ha pucynke 4.14 npencraBieHa KHHETHYECKas KpUBas BBIIICIIAYUBAHUS
30J10Ta U3 PY/IbI B MIPOIIECCE MPOMBIILICHHBIX UCTIBITAHUHN, & TAKXKE JIJISl CPaBHEHUS
KpHUBasi, MOJTYyYECHHAs] HA OCHOBAHUU SMIUPUYECKUX JAHHBIX.

Kak BugHO U3 prCyHKa, OHM YJIOBJIETBOPUTEIBHO HAKIAABIBAIOTCS APYr Ha

JpyTa.
70,0
600 1
C ¢ 500 :
S £ 400
= £ 300
52200
m
2100
0.0

1 5 9 13172125293337 414549535761 65

Hp-DHGJIHG{TE.]IBHﬂ-CTB BRIMENATHEAHHA, CYTEH

Pucynok 4.14 — Kunetnueckue KpuBbl€ IIUAHUAHOTO BBILIETAYMBAHUS 30J10Ta.
1 — skcrepuMeHTaIbHAS,
2 — pacueTHasl.
Ha ocHOBaHMM NpPOBEAEHHBIX MAaTEMAaTHYECKUX pPAaCUETOB INPEIJIOKEHA
MOJIEJIb KYYHOTO BBILIENAYMBAHUS PYyAbl MECTOpOXAeHHs JIKuiay, KOTOPYIO

MOXHO pEKOMEHAOBATH B IIPOU3BOJACTBO.
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4.8. IosynpoMbIlLIeHHbIE HCTIBITAHUA M Pa3padoTKka MaTeMaTH4YeCKHX

Mo/eJiell mpomecca Ky4YHoro (0TBaJibHOI0) BhINIEJIAYNBAHUSA O€HBIX Py

JlanHbIE

MecTopokaeHuss Ouumnuiickoe

IMOJYIIPOMBIIIIICHHBIX

UCOBITAHUU

PYyAbl

MCCTOPOKICHUA

OymMnuiickoe IMPOBOJUIIMCH Ha HUCIILITaTEILHOM KydeC, TCXHOJIOTHUYCCKAA CXCMa

BBIIIEJIAYMBAHUS KOTOPOM IMpejicTaBieHa Ha pucyHke 4.13.

[lepen BelENauMBaHueM Hpoda M3 3TOTO MECTOPOXKICHHMS CO CPEIHUM

conepkanuem 3osota 0,64 T1/T ObUIa TOABEPrHYTa CUTOBOMY aHAU3y C

pUMEHEHHEM CHUT ¢ pazmepom oTBepctuid 200, 175, 150, 125, 100, 75, 50, 38, 20,

13, 8 u 5 mm (tabmuma 4.18). Ompenensuin BbIxoa (pakuuii ¢ comepKaHHEM

30JI0Ta B KaXKOM.

Tabmuma 4.18

Pe3y.HBTaTBI BbIICJIAYMBAHUSA 30JI0Ta HTUAHUAOM IIPU paA3JIMIHBIX

KPYIIHOCTAX U COACPIKAHHAX 30JI0Ta B PYIC

Knacc Brixon Cymmapnsii | Conepxxanue | Pacnpenenenne | Cymmapnoe |Copepxkanue| CreneHb
KpyII- BBIXO]I, B UCXO/HOM, | 30JI0Ta 1O |paclpeneicHue | 30JI0TaB | U3BJICUCHUS
HOCTH,MM | KT % % /T KJlaccam, 30J10Ta 110 XBOCTaX, 30J10Ta 110
% KJIaccam, /T KJlaccam,
% %

-200 +175 | 253 | 14,7 14,7 0,07 1,77 1,77 0,04 42,86
-175+150 | 142 | 8,25 22,95 0,12 1,70 3,47 0,07 41,67
-150 +125 | 138 | 8,02 30,97 0,12 1,65 5,12 0,06 50,00
-125 +100 | 144 | 8,37 39,34 0,11 1,58 6,70 0,04 63,66
-100+75 | 108 | 6,27 45,61 0,47 5,06 11,76 0,15 68,08
-75+50 | 123 | 7,15 52,76 0,55 6,75 18,51 0,17 69,09
-50 +38 | 103 | 5,98 58,74 0,67 6,88 25,39 0,34 49,25
-38 +20 | 132 | 7,67 66,41 0,88 11,59 36,98 0,37 57,95
-20+13 | 102 | 5,93 72,34 0,98 9,97 46,95 0,29 70,41
-13 +8 92 | 535 77,69 1,15 10,56 57,51 0,27 76,62
-8 +5 384 (22,31 100,00 1,11 42,49 100,00 0,22 80,18
Hroro: | 1721 | 100 0,58 100 0,18 60,89
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I[J'IH OLCHKHN CTCIICHU CBsA3HM M3BJICUYCHHUSA 30J10Ta II0 KJIaCCaM KPYIIHOCTHU

(¥,%) oT comepxaHuss B MCXOAHOU pynae (X, T/T), BOCIOIB3yeMCS PaHTOBBIM

kodpunmentTom Crimpmenta. [IpuBenennsie nanHbie B Tadmuie 4.19 momyyeHs! B
pe3ylbTaTe BBIMICTAUYMBAHUS 30J10Ta IMAHHUIOM €3 PYABl MECTOPOKIACHUS

OJMMITUICKOE.

Ta0muma 4.19

(xy) ;0,07 (0,12 {0,122 |0,11 |0O,47 |0,55 0,67 0,88 |0,98 |1,15 [1,11

¥ 42,86 41,67 |50,0 63,66 68,08 (69,09 49,25 |57,95 [70,41 (76,62 80,18

3HadeHus (X, ) pacmoyIoKUM B Bo3pacTaroiieM nopsike Tabmura 4.20.

Taomuna 4.20

Homep | 1 2 3 4 5 6 7 8 9 10 11
paHra

(x4) ;/007]011]|0,12 | 0,12 | 0,47 | 0,55 | 0,67 0,88 0,98 | 1,11 | 1,15

Tenepp coctaBum Tabiuily paHroB. Bocrmonb3yemcsi NaHHBIMHU TaOJMIIBI
4.19. Haxomum TIOpSIKOBBIE HOMEpAa 3HAYEGHUW (X;)i MO BO3PACTAHUIO
(1=1,11): (x,); = 0,07 — mopsaKOBBI HOMEp |, COOTBETCTBYET 3HAUYCHMIO V=
42,86; (x1), = 0,11 — mopsinkoBsIif HOMEp 4, COOTBETCTBYET 3HaUYCHUIO V,= 63,66;
(x,)3= 0,12 — mopsinKOBEIIt HOMEP 2, COOTBETCTBYET 3HAYCHUIO V,= 41,67 u T.1.

Takum oOpazom, UMeeM CIeaYIOUTYI0 Ta0IuILy:

Tabmuma 4.21

)| 1] 2] 3] 4| 5| 6] 7] 8] 9] 10] 11

yv,| 1| 4] 2| 3] 5| 6| 7| 8] 9| 11| 10

Haxonum pa3max d; u3 paBenctBa di= x; — y;. Utak, di=1-1=0;d, -4 =

-2,d3=3-2=1,d,=4-3=1,d5=5-5=0;ds=6-6=0;d;,=7—-7=0; dg=8 —
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8=0;d5=9-9=0; dy=10—-11=-1; d;;= 11 — 10 = 1. Beruucnum 2=, d7 = (-
22+ 1%+ 1%+ (-1)*+ 1% =8,

Bri6opounsiii koapdunmeHT koppensiuuu panra CupMeHTa onpeenseTcs
o ¢hopmyiie

_ 4 6EL.df
Ps = nmnz-1) '

TJIe P.- PAHTOBBIN KOAPPUIMEHT Koppesuu, N — o0bEM BeiOOpkH. [loacraBiss

3HaYeHUs 2,0, A7 =8 u n = 11, umeem:

°f  _—1.-22 ~0,9.

Ps = 11(112-1) ~ 1320
OTMETHM, YTO PaHTOBBIA KOA(PGHUIIUCHT KOPPEIAIUH MOKA3BIBAET CTEICHb

CBSI3M MEXy U3ydyaeMbIMH NTpU3HaKaMu. B Hamem ciyyae, Bo — nepBbIX, p, = 0,96
yKa3bIBAaCT Ha BBICOKYIO CTCIEHb CBS3U M BO — BTOPBIX, T.K. |p.| <1, TO OmbITHBIC

JAaHHBIC PACIIPCACICHBI HOPMAJIbHO, U X U3YYCHHUC NMCCT CMBICIIL.
ITocTanoBka 3aJda4H. PGSYJ'IBTaTLI HpOBeI[éHHI)IX OIIBITOB IIPHUBCIACHLI B

tabymie 4.22. TpeOyercs HaWTH TaKyl0 aHAIMTHYECKYIO 3aBHCHMOCTh y = f(x),

KOTOpasi YCTAaHABIMBAET CBSI3b MEXKy MEPEeMEHHBIMU X WU V. AHaTuTHYEeCKas
3aBUCUMOCTb, TIOJlyY€HHAasi Ha OCHOBAHWHM OTBITHBIX JIAHHBIX, HAa3bIBACTCS
AMITUPHUYECKOM.

B Ttabnune 4.22 mnupuBomsTcs pe3yiabTaThl BBIMIETAYMBAHUSA  30JI0Ta

MUAHUIOM M3 pyAbl B 3aBUCHUMOCTH OT COACPIKaHHA €TI0 B pyJcC.

Tabmauua 4.22

x|007 (012 |0,12 0,11 |04/ |055 |06/ |0,88 0,98 |1,15 |111

v | 42,86 | 41,67 | 50,0 | 63,66 | 68,08 | 69,09 | 49,25 | 57,95 | 70,41 | 76,62 | 80,18

X — CoJiepKaHue 30JI0Ta B UCXOAHOU pyae, I/T;

Y — U3BJICHCHHUC 30JI0TAa 110 KjIaCCaM KPYIIHOCTH, %.
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B kaudecTBe aHAIMTUYECKO 3aBUCHMOCTH MPUHUMAEM 3aBUCUMOCTH BHJIA
(4.4).

JInisi HaXO0XIEHUSI HEM3BECTHBIX IMapaMeTpoB a,0,C BOCHOIB3yeMcs METOIOM
HAaMMEHBIIUX KBaJipaToB. COTJIACHO METOTY, U3 3aBUCUMOCTH (4.4) OepéM yacTHBIE
MIPOU3BOJHBIC TI0O HEW3BECTHBIM IapamMeTpaM, NpPHpPaBHUBAEM HX K HYJIO W,
00BEIUHSS MOJTyYCHHBIC YPAaBHEHUS B CUCTEMY, peliaeMm €.

(Sie)or (3o (3o6)e- S

i=1 i=1 i=1 i=1

(ixf)b—l— (ixi)c =Zn:xl-yi, (7.9)

i=1 i=1

i=1
( xf)a+(2xi)b + nc =Zyl-.
Y i=1

i=1

o
M.‘d
]
iy
—
=
_I_

[lo nmanabM Tabmuibl 4.22 TPOBOAUM JIOMIOJHUTENBHBIE pPAcuéThl, B

pe3ynbTaTe HAXOANM:
11

11 11
in =6,23; Z}ri = 669,77; fo = 5,3075;
1 i=1 i=1

i=

11 11
fo = 5,087261; ij = 5,13153959;
i=1 i=1

11

11
Z XY, = 421,1084;2.&:3}!1- = 372,965242,

i=1 i=1
[ToxcraBisis ux B cuctemy (7.9), umeem:

5,1315395%9a + 5,087261b + 5,3075c = 372,965242,
; 5,087261a + 5,3075b+ 6,23c=421,1084, (4.10)
5,3075a + 6,23b+ 11c = 669,74
Pemrast cucremy (4.10) metomom oOpaTHOM MaTpHIbl, Haxoaum a = 6,842791; b =

15,47632; ¢ = 48,82131.
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Takum 06p330M, OMIINPHUUCCKaA (I)OpMy.IIa 3aBUCHUMOCTH HU3BJICUCHUA 30J10TA
OT COACPIKAHUS B HCXOI[HOﬁ pyAc 3aluCbIBaACTCs B BUAC

y = 6,842791x* + 15,47632x + 48,82131. (4.11)

Ha ocnoBanuu dopmyisr (4.11) B Tabnuie 4.23 npuBeIeHBI BBIUUCICHHBIC
3HAUCHUS Yy TO OTICIbHBIM 3HAYCHUSM X, a TAKXKE TPOIEHTHBIC OTKJIOHCHUS B

Ka)KIIOU TOYKE.

Tabmuma 4.23

Ve 150,38 [51,5 [51,5 [51,28 (59,31 61,1 |63,78 68,46 |70,69 [74,49 [73,6

IMponenr- |+17,54 |+2359 |+3,0 |(-19,45|-12,88 |-11,56 |+29,5 |+18,14 (+0,4 |-2,78 |-8,21
HBIE
OTKJIOHE-
HUs

CpenHee npolueHTHOE OTKJIOHEHWE paBHO 13,37. Hamu Takxke ycTaHOBJIEHA
3aBHCHUMOCTH MU3BJICUCHUS 30J10Ta MO kiaccaM (y, %) OT Kiacca KPYIMHOCTH (X, MM).
J171s1 3TOr0 UCTIOIB30BaHbl ONBITHBIE JaHHBIC, MOJYyYEHHBIE TIPU NepepaboTKe pyabl

MecTopoxacHus OnmuMnuiickoe, mpuBeA¢HABIC B Ta0mie 4.24.

Taomuna 4.24

Knace kpyn- | o0 | 175 | -150| -125| -100 | -75 | -50 | -38 | -20 | -13 -8

HOCTH X,MM
+175 | +150 | +125| +100| +75 +50 +38 +20 +13 +8 +5
N3Bneuenne
30J10Ta 1O
42 .86 | 41,67 | 50,0 [63,66 | 68,08 | 69,09 |49,25 |57,95 | 70,41 | 76,62 | 80,18
KJIaccaM
y,%

[Tocne oOpabOTKM JAaHHBIX MMEEM CHCTEMY TPEX YypaBHEHUH C Tpems

HEH3BECTHLIMHM [TapaMeTpaMu a,b, u ¢ Buaa

3428449668 a— 20299956b + 128952c = 64327116,
—20299956a + 128952b —954c= —51021,8,
128952a —954b+ 11c=669,77.
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Permas cucreMy metomoM oOpaTHOM MaTpuilsl, Haxoaum a = — 0,00021; b =

0,110953; ¢ = 73,00285.

Toma OMIIUPHUYICCKAA (bopMyJIa 3aBUCHUMOCTHU HM3BJICUCHUA 30JI0Ta OT KJIaCCa

KPYITHOCTH UMEET BUL!

y = 0,00021x* + 0,110953x + 73,00285. (4.12)

B Tabnuie 4.25 npuBeeHbI BRIYHCICHHBIC 3HaYCHUS y 110 hopmyiie (4.12)

JJI1 OTACIIBHBIX 3HAYCHUH U IMPOLCHTHBIC OTKIIOHCHHUA B 3TUX TOYKAX.

Taomuma 4.25

Ve, 42,41 | 47,15 | 51,63 | 55,85 | 59,81 | 63,5 | 66,93 | 68,48 | 70,7 | 71,52 | 72,1

IIpouentnere |+1,05 |+13,15|+3,26 |-12,27 |-12,15 |-8,09 |+35,9 |+18,17|+0,41|-6,66 |-10,08
OTKJIOHEHUS

Cpennee MpoueHTHOE OTKIIOHEHUE paBHO 11.
[ToncumTanbl TPOLIEHTHI OTKIOHEHHS SMIIMPUYECKUX U ONBITHBIX JAHHBIX 10
TOYKaM, U [0 HUM HaWlJICHO CPEAHEE MPOLIEHTHOE OTKJIOHEHUE, paBHOE 9,3.
[locne Maremaruueckoro pacdyeTa SMmupudeckas (Qopmyna mpH
MOJIYIPOMBIIIUICHHBIX ~ UCOBITAHMSIX I8 O€OHBIX  Pyd  MECTOPOXKICHUS

OmuMnOuicKoe UMEET TaKOU BU/I.
y =-0,02554x% + 2,58813x - 5,9458.

Ha pucynke 4.15 mnpencraBineHa KWHETHMYECKAash KPHUBas BbIIICIAYUBAHUS
30J10Ta U3 PyAbl B POLIECCE MPOMBILIJIEHHBIX UCIIBITAHUMN, a TAKXKE JJI1 CPABHEHUS
KpHUBasl, IOJTYYEHHAs: HA OCHOBAHUM SMIIMPUYECKHUX JAHHBIX.

Kak BugHO M3 prCyHKa, OHM YJIOBJIETBOPUTEIBHO HAKIAABIBAIOTCS APYT Ha
Apyra.

W3 KUHETUYECKO KpUBOW BHUJIHO, YTO B MHTepBaie 1-20 cyTok oTmMedaercs
HaMOOJIbIIIOE  M3MEHEHHE CKOPOCTHM  BBILIENAYMBAHMS, 3aT€M  CKOPOCTh

BbIOICJIAYMBAHUSL YMCHBLIIACTCA W B ITOCJICIHHC 10 CYTOK TMPHUPOCT H3BJICUCHUSA
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3os0Ta cocrasisieT 0,6 % u MeHblue. 3a 64 CyTOK BBIIIETAYMBAHUS B PACTBOP

nepenwio 59,7 % 3omo0ta.

70,0

60,0
50,0

40,0

30,0
20,0

B pacTBOp, %

HN3BIIeueHMe 30/10Ta

10,0

0,0

9 111315171921232527293133353739414345474951535557596163

HpO,HOJ'I}I{HTEJTE:HOCTB BBIIITCTAYHBAHHA, CYTKH

Pucynok 4.15 — Kunetnueckue KpuBbl€ IIUaHUAHOTO BBILLEIAYUBAHUS 30J10TA.
1 — skcnepuMeHTalIbHAS,
2 — pacueTHasl.

B nocnenyromme 6 CyToKk NOpoOBOAWIIACH IMPOMBIBKA Kydd. 3a Bpems
MIPOMBIIIUICHHBIX HCIBITAaHUN U3 pyabl oObemMoMm 11450 T momywyeno 4577,02 r
30J10TA.

[locne okoHYaHWs LKA BhIIETAYMBaHUs 6 JHEH oTpabOTaHHas Kyya
MPOMBIBAJIACh YHCTOW BOJOM /10 TOCTUKEHHSI KOHIEHTPALUU LIMaHUAA B pacTBOpE
HWKEe 15 wmr/m, mnocine 4Yero mNpoW3BOAWIIACH CYIIKA Ky4H, KOTOpas 3aTeM
BBIBO3MJIACh HA XBOCTOXPAHWIMIIE IS JANBHEMIIIETr0 3aX0OPOHEHMS.

3a Bpems UcTbITaHU# pacxo ruanuaa cocrasui 0,2 kr/T, u3Bectu — 2,0 Kr/T.
HToroBbie pe3ynbTaThl MOKa3add MEPCHEKTUBHOCTH MCIOJIb30BAHUS OTBAJIILHOTO
BbIILIEJIAUMBAHUA Ui O€AHBIX W 3a0alaHCOBBIX pPYyA  MECTOPOXKICHUS
Onumnuiickoe.

B pesynrare mpoBeneHUs TMOTYNPOMBINIJICHHBIX HCIBITAHUN  ObLIH
MOJIYYCHBI JJaHHBIE, KOTOPHIE TTPUBECHBI B Ta0uIe 4.26.

Kaxk BH/IHO M3 9KOHOMHNYCCKHX PACUYCTOB I10 IMOJIYIIPOMBIIIJICHHBIM UCIIbITA~
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HUSIM TipuObLTE cocTaBmwiia 13312 non. CIIA.

Htorossie PE3YJIbTATHI ITIOJIYIIPOMBIIIIIICHHBIX HUCIBITAHUHN 11O OTBAJIHOMY

Ta0muma 4.26

BBIIICIIAYMBAHUIO PYABI MECCTOPOKIACHHUA Onmumnuiickoe

No [TapameTpsl Benuuuna KommenTapun
n/n
1 KonuuecTBo pyabl, TOHH 11450 Pyna u3 mecTopoxaeHust
OnuMmnuiickoe
2 Hcxoanoe conepxanue, I/T 0,67 O6paTHO BBIUUCIICHO OT
MOJIY4YE€HHOT0 30JI0Ta U
TBEPJIOTO IIJIaMa
3 KonnuecTBo noay4eHHoro 4577 bputo moutH paBHEIM
30J10Ta, TP. 0KHJTAEMOMY
4 Crenenp u3BiaeueHust, % 59,7 BrlunciieHo Ha OCHOBaHHUU
T'OJIOBHOT'O COJICPKAHUS
5 [TpoaomKUTENbHOCTD 64 Bxirouas 6 nuei Ha
BBIIIICJIAYMBAHMS, JTHU TIPOMBIBKY
6 [Torok pactBOpa 23
BBILEIAYMBAHHS, M/4
7 Pacxon pactBopa Ha 2,37
oTBa, M°/T
8 Pacxon u3BectH, Kr/T 2,0
9 Pacxon nmanuaa, Kr/T 0,20
Pacxon Ha mpousBoacTBO npoaykiuu (B gouiapax CIIIA)
10 JloObr4a py bl 14387
11 [lepeBo3ka pyabl 17861
12 [{nanug HaTpUS 3836
13 N3BecTh 910
14 DNeKTposHeprus 423
15 [Tpoune pacxomap 828
16 VYrpaBiieHUE€CKHE PACXOIbI 7852
17 Bcero pacxompt 46097
18 CebecTonMocCTh 1 T 30J10Ta 10,07
19 Peanuzanmonuas 1ieHa 12,98
20 [TpubsLTH 13312
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4.9. IMosrynpoMbINIIeHHbIE UCTIBITAHUA W Pa3padoTka MaTeMaTHYeCKUX
Mojieieil mpouecca Ky4HOro (0TBaJIbHOI0) BbIeJIa4BAHUS
OeaHbIX pya MecTtopoxaeHusi CesepHoe /Lxuinay

JlaHHbIE  MOJYNPOMBIIUICHHBIX  MCHBITAHUM  PyABl  MECTOPOXKICHHUS
CeBepHoe  JDxuiay Takke MPOBOAWIMCH HAa  UCHBITAaTEIbHOM  Kyue,
TEXHOJIOTUYECKasi CXeMa BBIIEIaYMBaHUSI KOTOPOM IMpEACTaBlIeHa HA PHUCYHKE
4.12.

Jliist onipeziesieHus paliOHAIbHBIX TEXHOJIOTHYECKUX MapaMeTpoB mpoda u3
ATOTO MECTOPOXICHUS CO CpeaHuM cojaepxkaHuem 3ojota 0,80 1/T OblIa
MOJIBEPTHYTa CUTOBOMY aHAIM3y C MPUMEHEHHEeM CHT ¢ pazmepamu stueriku 200,
175, 150, 125, 100, 75, 50, 38, 20, 13, 8 u 5 MM, (Tabnuna 4.27). Onpeaensm
BBIXO/JI ()pakLUid ¢ COAEPHKAHUEM 30J10Ta B KAXKIOH.

Pe3ynbpratel JaHHBIX TOJYNPOMBIIUICHHBIX HWCHBITAHUN Takke OBLTH
MOJIBEPTHYTHI MaTeMaTUYECKOH 00paboTKe.

Jlis ToNydeHus ypaBHEHHS, CBSA3BIBAIOIIECTO I[IOKA3aTelIW TMpolecca ¢
(GbakTOpoM BIUSIONIMM Ha HUX, BOCIHOJB30BAIUCH PA3JIMYHBIMU 3aBUCHUMOCTSIMU
crangaptHoro Tumna (4.1) — (4.4).

[Ipy u3y4yeHUM pa3TUYHBIX TEXHHUYECKMX W IKOHOMHYECKHX IPOIECCOB
BOKHYIO POJIb UTPAET aHAJIM3 MOTYYEHHBIX CTATUCTUYECKHUX JIAHHBIX, CBSI3AHHBIX C
ornpeaeneHueM (PaKkTOpPOB, BIMSIOMIMX Ha Tporiecc. [lanee BHIBOAATCS ypaBHEHUS,
BBIp@XAIOUIME CBS3M MEXIYy paccMaTpUBAaeMbIM IpoLeccoM M (aKToOpamu,
BITUSIIOIIIMMHE HA HETO.

C »oTOl 1Uenbl0 BBIIETWIM Takue (AKTOpbl, KaK KIAcC KPYHMHOCTH H
COJEepKaHUE 30J0Ta B MCXOJAHOM MHUHEpajie, BIUSIOUIME HA pe3yJbTaT
BBIIIIETIAYMBAHUS 30J10Ta IIHAHUIOM U3 pya MecTopoxxaeHus Ceseproe Jxumnay
Pa3IMYHBIX KJIACCOB KPYIMTHOCTH.

Jlaniee HaMM BBIBEJCHBI YPaBHEHUS CBSI3U MEXIY W3BJICYECHHEM 30J10Ta OT

KJIacca KPYIMHOCTH U COICPKAHUEM 30J10Ta B UCXOJAHOM pYyJIE.
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Ta0mnuma 4.27

PeSYJ'IBTaTBI BbIIICJIAYUBAHUS 30JI0Ta HUAHWUJIOM M3 PYAbI PA3JIAIHOIO

I'panyJOMCTPHUICCKOI'O COCTaBa MCCTOPOKACHU A CeBepHoe I[)KI/IJIay

Knacc Beixon Cymmapsslii | Conepxxanue | Pacnpenenenue | Cymmapnoe |Copnepkanue| CreneHb
KpyT- BBIXOJ, B UCXOJIHOM, | 30JI0Ta IO |[paclpenereHue | 30J0TaB | U3BJICYEHUS
HOCTH,MM | KT % KJ1accam, 30J10Ta 110 XBOCTaX, 30J10Ta 1O
% /T KJTaccam, KJ1accam,
% 0% /T %
-200 +175 153 | 12,35 12,35 0,12 2,04 2,04 0,05 58,33
-175+150 | 94 | 7,59 19,94 0,16 1,66 3,70 0,06 62,50
-150 +125 | 122 | 9,85 29,79 0,11 1,49 5,19 0,05 54,54
-125+100( 96 | 7,75 37,54 0,22 2,34 7,53 0,07 68,18
-100+75 | 76 | 6,13 43,67 0,46 9,07 16,60 0,20 56,52
-75 +50 98 | 7,91 51,58 0,47 512 21,72 0,15 68,08
-50 +38 86 | 694 58,52 0,69 6,59 28,31 0,26 62,32
-38 +20 92 | 7,43 65,95 0,78 7,97 36,28 0,21 73,08
-20 +13 88 [ 7,10 73,05 0,65 6,34 42,62 0,17 73,85
-13 +8 116 | 9,36 82,41 1,34 17,20 59,82 0,30 77,61
-8 +5 218 | 17,59 100,00 1,66 40,18 100,00 0,23 86,14
Uroro: | 1239 | 100 0,80 100 0,16 67,38

a). O003HAaUYMM KJIacChl KPYIMHOCTU PYJIbI Uepe3 X, a U3BJIIEYEHUE 30J10Ta U3

HUX depe3 Y. B Tabmume 4.28 mpuBeneHbI OMBITHBIE JaHHBIE PE3yJbTATOB

BBIIIECJIAYMBAHMS 30JI0TA [IMAHUAOM U3 pyJibl MecTopokaeHuss CepepHoe [>xuay B

3aBUCHUMOCTH OT KJIaCCa KPYIMHOCTH.

TaoOmura 4.28
Kuace -200 | -175| -150| -125| -100 | -75 | -50 | -38 | -20 | -13 | -8
KPYITHOCTH,
MM (x) +175| +150| +125| +100| +75 | +50 | +38 | +20 | +13 | +8 | +5
N3Biaeuenne
somota o | 58,33 62,50 |54,54|68,18 | 56,52 | 68,08 | 62,32 | 73,08 | 73,85 | 77,61 | 86,14
KinaccaMm, %
(v)
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JIJ1st yCTAaHOBJICHHUS CBSI3U MEXKLY X M Y BOCIIOJIb30BAIUCH YpaBHeHUsIMU (4.1)

u (4.2).

[TonGop mapametpoB a u b ypaBHeHue (4.1) Ha OCHOBE OINBITHBIX JAHHBIX

OCYHICCTBILIIIN MCTOAAMH CPCAHUX W HAMMCHBIIHUX KBAaAPATOB, 4 B YPAaBHCHHH

(4.2) meromom cpemnux [234]. IlomcuuTaHbl TPOICHTHBIE OTKJIOHCHHUS IIO

IMOJIYUCHHBIM YpPAaBHCHMAM JIA OTACIIBHBIX TOYCK MW CPCIAHCC IIPOLCHTHOC

OTKJIOHEHHE B 11eJI0M. Bee HeoOxoaumble pe3yabTaThl IpUBeieHbI B Tabnuie 4.29.

TaOmuma 4.29
OmnbITHEIE Merton cpenHux MeToa HaMMEHBIIINX Merton cpeaHux
JIAHHBIE KBaJIPaTOB
X y y =0,1164x+77,474 y =0,1113x+77,0322 y = 74,264-0,0006x°
Vb, [Ipouent- Yebr., [Ipouent- Yebr. [IpouentHoe
HOE HOE OTKJIOHEHHE
OTKJIOHEHHE OTKJIOHEHHE
-200 | 58,33 | 54,194 -7,09 54,7722 | -6,1 50,264 -13,83
-175 | 62,5 57,104 -8,63 57,5547 | -7,91 55,889 -10,58
-150 | 54,54 | 60,014 +10,04 60,3372 | +10,63 60,764 +11,41
-125 | 68,18 | 62,924 -7,71 63,1197 | -7,42 64,889 -4,83
-100 | 56,52 | 65,834 +16,48 65,9022 | +16,6 68,264 +20,78
-75 | 68,08 | 68,744 +0,98 68,6847 | +0,89 70,889 +4,13
-50 ]62,32 | 71,654 +14,98 71,4672 | +14,68 72,764 +16,76
-38 | 73,08 | 73,0508 | -0,04 72,8028 | -0,38 73,3976 | +0,43
-20 | 73,85 | 75,146 +1,75 74,8062 | +1,29 74,024 +0,24
-13 | 77,61 | 75,9608 |-2,12 75,5853 | -2,61 74,1626 | -4,44
-8 86,14 | 76,5428 | -11,14 76,1418 | -11,61 74,2256 | -13,83
Cpennee Cpennee Cpennee
MPOLIEHTHOE MPOIIEHTHOE MPOLIEHTHOE
OTKJIOHEHHE OTKJIOHEHHE OTKJIOHEHHE
1,36 7,28 9,2

0). B tabnune 4.30 npuBOIATCS OMBITHBIE JAHHBIE W3BJICUEHHUS 30J10Ta TIO

KJIaccaM UM COJIepKaHHEe €r0 B UCXOAHOU pyae MectopoxaeHus CeBepHoe Jlxunay.

Taomuna 4.30
Conepxanue B | 012 | 0,16 | 0,11 | 0,22 | 0,46 | 0,47 | 0,69 | 0,78 | 0,65 | 1,34 | 1,66
HCXOTHOM, T/T
(x)
H3BieucHne 58,33 | 62,5 | 54,54 | 68,18 | 56,52 | 68,08 | 62,32 | 73,08 | 73,85 | 77,61 | 86,14
30J10Ta o
kiaccaMm, % ()




261

VYcraHaBnuBaeM CBS3b MEXKIY U3BJICUEHHEM 30JI0Ta [0 Kjaccam OT
KOMIIOHEHTA COAEPKAHUSA 30JI0Ta B UCXOAHOU pyne. s 3Toro, Kkpome ypaBHEHUN
cBs3u (4.1) u (4.2), ucnonb30Baad Cleayomue Buabl ypaBueHui (4.3) — (4.4), a
JUTsL T0100pa MapaMeTpoB MPUMEHSIEM METOJIbI CPETHUX, HAMMEHBIIINX KBaJpPaTOB,
a Ttakke Meron I'aycca. PacuerHble ypaBHEHHS W TNPOLEHTHBIE OTKJIOHEHHUS
npuBeieHb! B Tabimie 4.31.

N3 tabmuier 4.31 SBCTBYET YTO:

a) ONBITHBIC JAaHHBICE B JCKAPTOBOWM CHUCTEME KOOpAMHAT Oosiee OIM3KO
JexaT K muHu (4.4);

0) yHUBEpCAIbHBIMA METOJAMHM ISl MOA00pa MapaMeTPOB B SMIUPUUYECKHUX
3aBUCUMOCTSIX SBJISIFOTCS METO/bl HAMMEHBIIIUX KBAJIPATOB U CPEIHUX.

Ha pucynke 4.16 npencraBieHbl KMHETUYECKUE KPHUBBIE BBIIICIAYNBAHUS
30J10Ta U3 pyAbl B MPOLECCE MOIYNPOMBINUIEHHBIX HcObITaHUU. Kak BHUIHO W3
pUCYHKa, B TEpBbIE 5 CYTOK CKOpPOCTb BBIIIEJAUUBAHUS HU3MEHSETCA

HC3HAYUTCJIIbHO, 3aTCM HApaCTacT MCIJICHHO.



262

Ta6muma 4.31
OIEBITHBIE Merton cpeanux MeToa HaUMEHBIIINX Merton cpennux Merton cpeqnux Merton IMaycca
JaHHBbIC KBaaApaToB
X y y = 18,81x+55,9887 y = 16,5144+57,3786 y= y = 74,76x"1% y = 1,0215x°+
59,15776+13,7175x%° 14,8034x+57,8
Yaer, IIporent- Vs, IIpomuent- Vs, ITporenT- Yasm. ITporent- Vs, IMporent-
HOC HOC HOC HOC HOE-
OTKJIOHE- OTKJIOHE- OTKJIOHE- OTKJIOHE- OTKJIOHE-
HHUC HHUC HUC HHUC HHUC
0,12 | 58,33 | 58,2459 -0,14 59,3603 +1,77 59,3553 +1,76 56,52 -3,1 59,5938 +2,17
0,16 | 62,5 | 58,9983 -5,6 60,0209 -3,97 59,5089 -4,78 58,7 -6,08 60,1974 -3,68
0,11 | 54,54 | 58,0578 +6,45 59,1952 +8,54 59,3237 +8,77 55,88 +2,46 59,4434 +8,99
0,22 | 68,18 | 60,1269 -11,81 61,0112 -10,51 59,8217 -12,26 61,22 -10,21 61,1089 -10,37
0,46 | 56,52 | 64,6413 +14,37 64,9752 +14,96 62,0604 +9,8 67,48 +19,39 64,8284 +14,7
0,47 | 68,08 | 64,8294 -4.77 65,1404 -4,32 62,188 -8,65 67,67 -0,6 64,9859 -4,54
0,69 | 62,32 | 68,9676 +10,67 68,7735 +10,36 65,6887 +5,4 71,19 +14,23 68,5034 +9,92
0,78 | 73,08 | 70,6605 -3,31 70,2598 -3,86 67,5035 -7,63 72,36 -0,98 69,9708 -4,25
0,65 | 73,85 | 68,2152 -7,63 68,113 -1,77 64,9534 -12,05 70,63 -4,36 67,8565 -8,12
1,34 | 77,61 | 81,1941 +4,62 79,5079 +2,44 83,7889 +7,96 77,71 +0,13 79,4735 +2,4
1,66 | 86,14 | 87,2133 +1,24 84,7925 -1,56 96,9577 +12,56 79,93 -7,21 85,1912 -1,1
Cpennee Cpennee Cpennee Cpennee Cpennee
MIPOLIEHTHOE MIPOLIEHTHOE MPOLIEHTHOE MPOIEHTHOE MPOIIEHTHOE
OTKJIOHE- OTKJIOHEHHE OTKJIOHCHHE OTKJIOHCHHE OTKJIOHCHHE
Hue 6,42 6,37 8,33 6,25 6,38
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[Tocne 50-X CyTOK KpHBBIE BBINOJIAKMBAIOTCS, YTO CBHUJIETENBCTBYET 00
U3BJIICUEHWN OCTABIIErOCS METalla, HAaXOASIIerocss B 30HaX C XyAuUleil
npoHunaemocteio. M3 pyasl CeBepHoe J[xkwiay B NpPOIYKTUBHBIM pacTBOP
U3BIEKIOCh 67,7 % 3050Ta. B nocnenyromue § CyTok MpoBOAUIACh MPOMBIBKA
Ky4d. 3a BpeMsl MPOMBINUICHHBIX HCHBITAHUN W3 pyabl o0beMoM 13515 ToHH

nosyueHo 7246,51 r 3omota (tabauna 4.32).

80.0
70,0

v =0,0003% - 0,0522x* +2,97%
R*=10.9886

Hapaneuwenme zoJ0Ta
T

1 5 9 1317 21 2529 33 37 41 45 49 33 57 61 65 69

[IponomsMTeNEHOCTE BEIMENMUEaHNA, CYT
=4=Au %  —[lommoMmansHas

Pucynok 4.16 — JluHaMuKka OTBajJbHOTO BBIIIEIIAYMBAHUS 30J10Ta U3 PY/IbI
MectopoxacHuss CeepHoe JDxuiay B mpouecce IMPOMBIIIIEHHBIX

UCTBITAHUH.
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Taomuma 4.32

Htorosnie PE3YJIbTAThI HOJIYITPOMBIIIJIICHHBIX HUCIIBITAHUHN 11O OTBAJIbHOMY

BBIIICIIAYUBAHUIO PYAbI MECCTOPOKIACHHUA CCBepHOC I[}KI/IJ'Iay

Ne [TapameTpbl Bennuuna KommenTapun
1/
1 KosmmuecTBo pynsl, TOHH 13515 Pyna u3 mecropoxaenus
Cesepnoe Jlxunay
2 HcxonmHoe conmepkanue, r/T 0,78 OOpaTHO BBIYUCIICHO OT
MOJIy4YeHHOTO 30JI0Ta U
TBEPJIOTO IIJIaMa
3 KonnuecTBo nmomydeHHOTO 7246 bb110 MouTH paBHBIM
30J10Ta, TP. 0KHJIAEMOMY
4 Crenenb n3sieueHus, % 68,7 BrrunciieHo Ha OCHOBaHUH
TOJIOBHOTO COJICPIKaHMS
5 [TpomomKUTENIBHOCTD 71 Bxirouas 8 nuen Ha
BBITTCIAYNBAHNS, THA ITPOMBIBKY
6 [ToTtok pacTtBOpa 23
BBIIICIAYMBAHMS, M /d
7 Pacxon pactBopa Ha 3,34
OTBal, M1
8 Pacxon u3Bectu, Kr/T 1,9
9 Pacxon imannga, Kr/t 0,22
Pacxon Ha mpou3sBoicTBO npoaykiuu (B posuiapax CIIA)
10 JloObr4a py bl 18540
11 ITepeBo3ka pysl 20847
12 [{uanu HaTpUS 4980
13 N3BecTh 1226
14 DJIEKTPOIHEPrusi 510
15 [Tpoune pacxossl 10620
16 VYrpaBiieHU€CKHUE PACXO/Ibl 9820
17 Bcero pacxonbt 66443
18 CebecronmocTh 1 T 30710Ta 9,17
19 Peannsanmonnas niena 12,42
20 [TpubsLTHL 23552




265

4.10. OnbITHO - NPOMBIIILJIEHHbIE UCTILITAHUS OTBAJIBLHOIO
BbIleJAaYNBaHKUs OeHBIX Py MecTopo:kaeHus Jxkunay
C uenblo 1anbHENIIero u3y4yeHus U MPOBEPKHU PE3yIbTaTOB MPOBEACHHBIX
7a00paTOPHBIX M TOJYMPOMBINIJIEHHBIX HCIBITAHUN TEPBOTO AdTama KydHOTO
(OTBaJILHOTO) BBILIEIAYMBAHUS, KOTOPHIC N1alld MOJIOKUTEIbHBIC PE3yJIbTAThI,
Ha3zpejga HeOoOXOAMMOCTh MPOBEACHHUS BTOPOW CTaAUU TPOMBIIUICHHBIX
UCIIBITAHUM Ky4YHOTO (OTBAJIBHOTO) BBINIECIAYUBAHUS HA PYJHON Kyde 00BbEMOM
710000 ToHH pyasl HA ABYX sipycaxX. TexHoJOruyeckas cxema dTUX HCIBbITaHUN

npuBezeHa Ha pucyHke 4.17.
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Pucynok 4.17 — TexHosoruueckasi cxeMa MpOMBILIIEHHBIX UCIIBITAHUM.

Pa3zvacnenue ob6o3nauenuil
1. Texnuyeckas Boja u3 GpadpuKu
2. 3ym¢ pactBopa



No o~

PLS
RLS
BLS
LSL
LAL
LAH

PI1
FQI
FQ2
FQ3
FQ4
FQs
FIl
VI
V2
V3
V4
V5
V6
T1
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1 u 2 cexuus

Kosnonna yrs

PactBop NaCN wu3 abpuku

Bepxuuii cuB KOJIOHHBI YIS

ABapuiiHHil pe3epByp
HacpiteHHsbIi pacTBOp BbIIIETaUUBAHUS
OOGOpOTHBII pacTBOP BHILIEIAYUBAHUS
HenacpllieHHbIN pacTBOP BhIIIEIaUMBAHUS
[TepexirouaTenb HU3KOTO YPOBHS — OTKIIIOYAET HACOC MPU HU3KOM YPOBHE Hacoca
WuaukaTop HU3KOTO YPOBHS — KpacHasi JJaMIIOYKa 3aropaeTcs Mpyu HU3KOM YPOBHE
WNuankaTop HU3KOTO YPOBHS — KENTAs JIaMIIOUKa 3arOpaeTcs IPHU BHICOKOM YPOBHE

Cucrema 6110KUpOBKa
Haruuk nasnenus 0 — 150 kPa
Pacxonomep HachieHHOTO pacTBopa — 80 MM TypOMHHOIO THUIIA
Pacxomomep o6opotHOro pacteopa — 80 MM TypOMHHOTO THIIA
Pacxonomep Texuuueckoi Boabl — 50 MM TypOUHHOTO THIIA
Pacxonomep p-pa nutanust KOJIOHHBI yriist — 50 MM TypOUHHOTO THIIA
Pacxonomep nuHuum aBapuitHOTO pesepByapa — 80 MM TypOMHHOTO THUIIA
VYkazarens pacxoja pactBopa imanuaa — Porametp 0 — 100 1/4
OOmmBaHHas PE3MHON MTOBOPOTHAS 3aCJIOHKA (3aIBHKKA), 80 MM
[TapoBas 3anBrkka 20 MM, HEpK. CTajIb. C TACYHOUN pe3b0oi
OO6mmBaHHas pe3NHON MOBOPOTHAs 3aCOHKa (3aABIXKKa), S0 MM
[apoBas 3anBuxkka 20 MM, Hepx. CTallb. C rac4HOMN pe3bOoit
OOmnBaHHas pe3suHON MOBOPOTHAs 3acioHka, 100 Mmm
lapoBast monuaTHICHOBAS 3a1BkKa 20 MM THITa «ABSH
Tpyost HDPE (Ilonuatunen Bbicokoi mioTHocTH) 90 MM — €

CBAapHBIM U @HHHHGBBIM COCIMHCHHUEM

T2

Tpyost HDPE (ITonuatunen Boicokoi miaotHocTH) 110 MM — ¢

(bASTHIIOBAaHHBIN

T3

Tpy6st HDPE (Ilonuatuien BBICOKOH MIIOTHOCTH) 63 MM — C

CBAapHBIM U @HHHHGBBIM COCIMHCHUEM

T4
TS
T6
T7
P1
P2
P3
P4
P5
P6

Tpy0a n3 MATKo# CTaau ¢ HOMUHAJIBHBIM BHYTPEHHUM JuameTpoM 150 mm
Tpy0a 3 MATKo# cTaau ¢ HOMUHAJIBHBIM BHYTPEHHUM JuamMeTpoM 250 Mm
[TomuayTHIIeHOBBIE TPYOBI «ABS) ¢ TOAXO0IAIIINM TaTIHKOM

Tpy0a u3 MATKo# cTaau ¢ HOMUHAJIBHBIM BHYTpeHHUM quameTpoM 300 mm
Hacoc oTkauku HAaCHIIEHHOTO pacTBopa — 22,5 kydbomerp/gac, 39,9 m
Hacoc otkauku 06opoTHOT0 pactBopa — 45 kybomerp /4ac, 52,5 m

Hacoc nuranus koioHHBI — 22,5 KyOomeTp /4ac, 23,5 M

Hacoc oTkauku HachIIIEHHOTO pacTBopa — 22,5 kybomerp/yac, 22,5 m
Hacoc o60opoTHO# TuHUM aBapuiHOTO pe3epByapa — 22,5 M/d; 39,9 M
Jpenaxknblii Hacoc — 22,5 M3/‘-I; 10 m.
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[IpeumyiiecTBO TaHHOTO METOJIa OT KY4YHOTO  BBIIIEIaYUBaHUS
3aKJIF0YAETCsl B TOM, YTO NPU KYYHOM BBIIIEIAYMBAHUN HCXOJHBIA MaTepual
MPOITYCKAIOT Yepe3 IPOOUIILHO - COPTUPOBOYHBIN y3ei, 3aTeM (GOPMUPYIOT Kydy
JUTSl BBILLIETTAUMBAHUS, KOTOPAs SBJIAETCS OJHOM U3 TOPOTOCTOALIMX ONEpanuil.

[Ipyn oTBanbHOM BBIIIECIIAYMBAHUM JaHHAs OIEpalusl HE MPOU3BOJIUTCA,
paHee CKJIaJAMpOBaHHAs pyJa B CKIaJax HamNpsMyl0 OTIpaBIseTCS Ha
BBIIIIEJITAYMBAHNE B TAaKOM BHJE, B KAaKOM OHa J00bITa TpU pa3pabOTKe
MECTOPOKACHUSI.

UcnbitatenbHas  ky4yHas ~ (OTBaJIbHOrO)  BBINIETAYMBAHUS  Obliia
pacnoJioKeHa BHYTPH OXPaHAEMOW 30HBI CyIIECTBYIOIIEH (paOpuKu B CEBEPHOM
gyacty, B 100 M OT YaHOB BBHIIIENAUYMBAHUS, OT XBOCTOXpPAHWJIMIIA Ha
paccrostaum 500 M, oT 3ganus ynpasnenus CII «3epaBmany 600 M.

[locne mNOArOTOBKM IJIOMIAAKH JJII MPOMBIIUIEHHOTO HCHBITAHUS
OTBAJIBHOTO BBIIIEIAYMBAHUS HA YYacTKE CKIAIAPOBAJIOCh IO JBa CJIOsA
(GUIBTPALIMOHHOTO MaTepuala, 3aTeM IUIOMap ObUla paclpeneieHa Ha MIEeCTh
CAVMHUYHBIX SYECK BBIIIEIAUMBAHKSA, B KOTOPBIX IO OYEPEAHOCTH Obliia
CKJIaAUpOBaHa OeHas pyaa U3 MectopoxaeHus Jxumnay.

[Ipo0a U3 3TUX MECTOPOXKACHHS CO CPEIHUM cojiepkanuem 3oiota 0,57
r/T. OblJIa TIOJBEPTHYTA CUTOBOMY aHAJIM3y C NMPUMEHEHHEM CUT C pa3Mepamu
orBepctuii 200, 175, 150, 125, 100, 75, 50, 38, 20, 13, 8 u 5 mm, (Tabnuua
4.33). Onpenensiiv BeIX0J (hpakiinii ¢ COAECPKAHUEM 30J10Ta B KAXKIOH.

Kak mnokazanu pe3ynabTarbl CUTOBOTO aHaiau3a, okoio 63 % 3or1ota
COCpPEOTOYEHO B Kiacce «—38 Mm», U3 HuUx 42 % B Kiacce «-8 Mm».
Pe3ynbTaThl CTENEHW W3BICUEHHUS 30JI0TA I[MAHUPOBAHUEM [0 Kjlaccam
KPYIHOCTH MPUBEJEHBI B 3TOU ke Tabnuue. Kak BugHo u3 tabnuibl, 6osee 65
% u3BIEUYEHUs 30JI0Ta JOCTUTHYTO HAa MEJKUX Kilaccax «-38 mm». HaumbGoinee
BBICOKAsl CTENEHb H3BJIeUeHHUS — 82,6 % HMMeeT MEeCTO INpH BbILIEIAYUNBAHUU

PYAbI KPYITHOCTBIO «-8 MM».
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Taomuma 4.33

Pe3ynbpTaThl rpaHyJIOMETPHYECKOTO COCTAaBA U BBILIEIAYMBAHMS 30JI0Ta

MUAHUI0OM U3 PA3JIUYIHBIX KJIACCOB KPYIIHOCTHU PYyAbl MCCTOPOKIACHUS I[}KI/IJIay

Kiace Brxon Cymwmapssrii | Conepkanne | Pactipenenenne | Cymmapuoe |Conepxkanne| CrerneHp
KpyTI- BBIXOJ, |B MCXOIHOM, | 30I0Ta MO |pacmpeleleHHe | 30/10TaB | U3BJICYCHHUS
HOCTH,MM | KT % KJIaccam, 30J10Ta 110 XBOCTax, 30J10Ta 10
% r/T KJTaccam, krmaccaM, %
% % /T
-200 +175| 355 (15,44 15,44 0,08 2,10 2,10 0,05 37,5
-175 +150| 221 | 9,62 25,06 0,11 1,81 3,91 0,06 45,45
-150 +125| 194 | 8,44 33,50 0,13 1,88 5,79 0,06 53,84
-125 +100| 167 | 7,27 40,77 0,12 1,49 7,28 0,05 58,33
-100 +75 | 163 | 7,09 47,86 0,39 472 12,00 0,14 64,10
-75+50 | 189 | 8,22 56,08 0,53 7,46 19,46 0,23 56,60
-50 +38 | 145 | 6,31 62,39 0,65 7,01 26,47 0,21 67,69
-38 +20 | 167 | 7,28 69,67 0,86 10,70 37,17 0,30 65,11
-20+13 | 128 | 5,57 75,24 0,95 9,05 46,22 0,26 72,63
-13+8 | 142 | 6,18 81,42 1,12 11,84 58,06 0,29 74,10
-8 +5 427 (18,58| 100,00 1,32 41,94 100,00 0,23 82,57
Hroro: [2298| 100 0,57 100 0,17 61,63
HO pe3yHBTaTaM BhIIIICIIAYNBAHU S 30JI0Ta IIMaHNUJI0M n3 pYI[BI
MecTopoxkaeHus: JKuiay pa3inuuHbIX KJIACCOB  KPYHMHOCTH  IMOJIYYEHBI
CJIETYIONTUE CTAaTUCTUYECKUE JaHHBIC, KOTOPhIE MpUBEACHBI B Ta0smiie 4.34.
Tabmnura 4.34
Kaace -200 | -175| -150| -125 | -100 | -75 | -50 | -38 | -20 | -13 | -8
KPYITHOCTH,
MM (X) +175| +150| +125| +100| +75 | +50 | +38 | +20 | +13 +8 +5
H3Bneuenne
30JI0Ta mo | 37,5 |45,45|53,84|58,33| 64,1 | 56,6 | 67,69 |65,11|72,63| 74,1 | 82,57
KinaccaMm, %
)




269

IlocTanoBka 3aJa4uHn: a) YCTAHOBJICHHAA CBiA3b MCKAY H3BJIICYCHHUCM

30JI0Ta OT KJacca KPYHMHOCTH IyTEM BBIBOJA IMIHUPUYECKON (OpMyIbl; O)

HaXOXIACHHUC OTKIOHCHHA OIIBITHBIX TOYCK OT PC3YJIIbTATHBHOIO HYTéM

BBIYHCJICHUA CPCAHCTO ITPOLCHTHOI'O OTKJIOHCHHU .

I[JDI pemicHuA 3aaadu a) BOCIIOJIB30BAJIMCh MCTOJaMHU CPCAHUX U

HaMMCHBIINX KBaApaToOB,

ypaBHeHus tuna (4.1) — (4.2).

a B KaydCCTBC YpaBHCHHUA CBA3HU JIIPHUHUMAIN

Tabmmma 4.35
OnbITHEIE Merton cpeanux MeToa HaMMEHBIITHUX Merton cpeanux
JTaHHEIC KBaJIPaTOB
X y y = 0,1546x+75,034 y =0,1814x+77,361 y= 70,844-0,0008x°
- IIpouent- Ve, IIponent- Ve, IIponienTHOE
HOE HOE OTKJIOHCHHE
OTKJIOHCHHE OTKJIOHCHHE
-200 | 37,5 44114 +17,64 41,081 +9,55 38,844 +3,58
-175 | 45,45 | 47,979 +5,56 45,616 +0,36 46,344 +1,97
-150 | 53,84 51,844 -3,71 50,151 -6,85 52,844 -1,85
-125 | 58,33 55,709 -4,49 54,686 -6,25 58,344 +0,02
-100 | 64,1 59,574 -7,06 59,221 -7,61 62,844 -1,96
-75 56,6 63,439 +12,08 63,756 +12,64 66,344 +17,22
-50 | 67,69 67,304 -0,57 68,291 +0,89 68,844 +1,7
-38 | 65,11 | 69,1592 +6,22 70,4678 +8,23 69,6888 +7,03
-20 | 72,63 71,942 -0,95 73,733 +1,52 70,524 -2,9
-13 74,1 73,0242 -1,45 75,0028 +1,22 70,7088 -4,58
-8 82,57 | 73,7972 -10,62 75,9098 -8,07 70,7928 -14,26
Cpennee Cpennee Cpennee
MPOIIEHTHOE MPOLIEHTHOE MIPOLIEHTHOE
OTKJIOHCHHE OTKJIOHCHHE OTKJIOHCHHE
6,4 5,74 5,19

Jlnist pemenust 3apaun 0) ObUTH HAMICHBI TPOIIEHTHBIE OTKJIOHCHUSI MEXTY

OIIBITHBIMHA

3HAa4YCHUAMU

HU3BJICUCHUA

30J10Ta

(¥>)

u 3HAa4YCHUIMU,

BBIYKMCIICHHBIMU 10 3MIOUPUYECKONH (opMysie B OTAEIbHBIX H30JIMPOBAHHBIX

TOYKAX X;.

Pe3ynbTaThl B KOMIakTHOM (hopme npuBeneHbl B Tadnuie 4.35.

I[anee YCTaHaBJIMBACM CBA3b MCIKAY H3BJICUCHHCM 30JI0Ta W €TI0



270

COJIep)KaHUEM B UCXOAHOM Matepuaiie. [lomydeHHbIe ONBITHBIC TaHHBIC 110 PYIC
MecTopoxaeHus J[>xunay npuBensl B Tabnuiie 4.36.

Tabmura 4.36

Copepxa- | 0,12 | 0,16 | 0,11 | 0,22 | 0,46 | 0,47 |069 |0,78 |0,65 |1,34 |1,66
HHE B

HCXO/THOM,
/T (X)

N3Bneue- 58,33 |62,5 (54,54 (68,18 (56,52 68,08 (62,32 |73,08 |73,85 |77,61 |86,14
HHUE 30J10Ta
0 KJ1accam,

% ()

B kauectBe ypaBHeHMs cBs3u npubsiin (4.1) - (4.2), a Takxke ypaBHCHUS
Bu108(4.3) u (4.4).

Jl7is OTBICKaHMSI WX TMapamMeTpOB BOCIOJIb30BAINCH METOAAMH CPEIHHX,
HaUMEHbIIMX KBajgpaToB M [laycca. IlomyueHHble ypaBHEHHs, a TaKxke
MIPOIICHTHI OTKJIOHEHUS MPUBE/IeHBI B TabmuIe 4.37.

Anamm3upyst naHHble Tabmuubl 4.37, MOXHO clenaTrh CIEAYIOIue
BBIBOJIBL:

1. OnbiTHeie nanHble (xj, Yij) Oosiee Bcero u300paxaroT (PYyHKUUU B

JeKapTOBOI cucTeMe KOpAUHaT.

2. PaccmaTpuBasi IpOIIEHTHBIE OTKIIOHCHHS B OTJEIBHBIX TOYKAX, MOYKHO
BBIINTUTH TIOJJO3PUTEIbHBIE TOYKH, KOTOPHIE CHUIBHO PACXOAATCS C
OKCIIEpUMEHTAIBHBIMU. [IpOlIEHTHBIE OTKJIOHEHHSI HAWJACHBI U3
CJIETYFOIIETO BBIPAKEHUS:

Voo — 1) 100%
BRI, 3
b
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Tabmuua 4.37

OrnbITHBIE Meron cpennux MeTto1 HAaMMEHbBIINX Meron cpeanux Meron cpennux Meron I'aycca
JTaHHbBIE KBaJIpaToOB
X y | y=24,2751x+47,81434 | y=26,3276x+46,6463 | y=50,99178+21,105x" y = 71,06x" 1% y=-
4,5986x°+32,203x+45,6
211
Ve, [IponienTHOE Yaurm. [Iponent- Yaerm. IIponienTHOE Vo, [IponienTHOE i IIponent-
OTKJIOHCHHE HOE OTKJIOHCHHE OTKJIOHCHHE HOE
OTKJIOHEHHE OTKJIOHEHHE
0,08 | 37,5 | 49,7563 +32,68 48,7525 +30,01 51,1268 +36,34 46,35 +23,6 48,1679 +28,45
0,11 | 45,45 | 50,4846 +11,08 49,5424 +9,0 51,2472 +12,76 48,93 +7,66 49,10,78 +8,05
0,13 | 53,84 | 50,9701 -5,33 50,0689 -7,0 51,3484 -4,63 50,32 -6,54 49,7298 -7,63
0,12 | 58,33 | 50,7274 -13,03 49,8056 -14,61 51,2957 -12,06 49,65 -14,88 49,4193 -15,28
0,39 | 64,1 | 57,2816 -10,64 56,9141 -11,21 54,2018 -15,44 60,06 -3,5 57,4809 -10,33
0,53 | 56,6 | 60,6801 +7,21 60,5999 +7,07 56,9202 +0,56 63,83 +12,77 61,397 +8,48
0,65 | 67,69 | 63,5932 -6,05 63,7592 -5,81 59,9086 -11,49 66,07 -2,39 64,6102 -4,55
0,86 | 65,11 | 68,6909 +5,5 69,288 +6,42 66,601 +2,29 69,26 +6,37 69,9146 +7,38
0,95 | 72,63 | 70,8757 -2,42 71,6575 -1,34 70,039 -3,57 70,44 -3,02 72,0637 -0,78
1,12 | 74,1 | 75,0024 +1,22 76,1332 +2,74 77,4659 +4,54 72,43 -2,25 76,3565 +3,04
1,32 | 82,57 | 79,8575 -3,28 81,3387 -1,42 87,7651 +6,29 74,47 -9,81 80,1165 -2,97
Cpennee Cpennee Cpennee Cpennee Cpennee
MIPOIICHTHOE MIPOIICHTHOE MPOIIEHTHOE MPOIIEHTHOE MIPOIICHTHOE
OTKJIOHEHHE OTKJIOHEHHE OTKJIOHEHHE OTKJIOHEHHE OTKJIOHEHHE
8,95 8,78 10,0 8,44 8,81




Bo BpeMs wucnbelTaHuii B NEPBYIO Ouepelp 3alyckanach sueiika Nel,
Mo/IaBajiach TEXHUYECKas BOJa M3 pacuera 15 nuTp/yac Ha KBagpaTHBIA METp B
TEUEHUE IISITH CYTOK, 3aTE€M Mpou3BoAWiICS 3amMep ypoBHsS pH B pactBope u
noonuics 10 10,3 pacueTHoro napamerpa ¢ 100aBJI€HUEM KayCTUYECKOMN COJIbI.

[Ipu ckmamupoBaHWUU KaXAOTO CJOsl M00aBsUIach W3BECTh A0 1,5 Kr/T.
[Tocne momxydeHHUs: TEXHOJIOTUYECKOTO MapaMeTpa ypoBHs pH B pacTtBope B Kydy
HayMHAJIACh MOJlaya [MaHUIHOTO PAacTBOpA M3 pacueTa KOHIEHTpAlUU IHaHuAa B
pactBope 1m0 300 Mr/m A0 MOMydeHUs PE3yJbTaTOB HACHIIIICHHOTO pacTBOpa B
TEUEHHUE IIITH CYTOK, a 3aT€M IO MPOU3BEACHHOMY 3aMepy IPOU3BOJINIIACH
JIO3UPOBKA TMOJa4yd I[MAHUJIHOTO pacTBopa. KOHTpOAL MO3UPOBKU IMAHU]IA
MPOU3BOAMIICA B 3yMIlpe HACBIIIEHHOTO pacTBopa. OpolleHHe pacTBopa HaJ
Ky4el MPOUCXOANIIO C MOMOIIBIO CTAHJAPTHBIX PACTIBIIUTENEH CO CKOPOCTHIO 22,5
M°/T. HachllleHne pacTBOpa MUAHMIOM IIPOHCXONMIO B TEUCHHE IIATH CYTOK, a
3aTeM, Mo Mepe HEOOXOIUMOCTH, MPOU3BOIUIN B 3yMIi(e HACHIIIIEHHOTO pacTBOpa
€KeYacHO.

B TeueHue mATH CYyTOK C MOMOIIBIO CTAaHAAPTHBIX pacHbUIATENEH MOAaBaln
TEXHHYECKYIO BOTy U3 pacuéra 10 i1/a/m°. 3ateM mpousBomuiu 3amep yposus pH B
pacTBope U q00aBIeHUEM KayCcTHYeCKon cobl noBoauau pH mo 10,3.

[Tponecc BbllEnauMBaHUs MPOAOJIKAICA B T€YEHUE 85 CYTOK JO IMOJIHOTO
MPEKPAILCHHs] TPUPOCTA U3BJICUECHUS 30J10Ta. [locie 3aBepiieHus BhlllleIayuBaHus
Y OKOHYATEJILHOW MepeKayKyd HACBIIIEHHOTO PacTBOpPA C Ky4H, a TaKXKe€ OUYMCTKHU
BCeX 3yMI(OB OT pacTBOpa TMPOIECC TMEPEBOAUIN B PEKUM IPOMBIBAHMS
(o0e33apakuBaHUs OT IMAHKUIA HATPHUS).

JIaHHBIM pEeXUM NpPEAHA3HAYCH Ui MPOMBIBKM Kyuu. Jl0 Havama uukia
MPOMBIBKH MPEKPAILAIOT MOJavy [[UaHU]Ia U B TEUEHUE JIECSITH CYTOK UMEIOIIHICS
pacTBOp MOJHOCTHIO TEPEKAUYMBAIOT Yepe3 KOJOHHY YIJII B XBOCTOBOM 3ymIi(
cymecTBytomei ¢adpuku. 3aTeM TEXHUYECKYI0 BOAY C (pabpuku MpoKadrBaIH
yepe3 Kyuy JI0 TeX IMOp, MOoKa KOHILIEHTpalMs IIUaHu]a B 0OOPOTHOM IOTOKE HE

craja Hmwxe 50 mr/m.
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Ilocne nocTWkeHUs KOHLEHTpauuu LHMaHuga Hwke S50 Mr/n  nuki
IPOMBIBaHMS OCTAHABJIMBAJICS U POBOJMIICS LIUKJI €CTECTBEHHON CYILIKH.

Ha pucynke 4.18 mpezacraBiieHbl KHHETHYECKHE KPHUBBIC BBILICIAYUBAHUS
30J10Ta U3 PyAbl B IPOLECCE MPOMBIIIJICHHBIX UCTIbITAaHUI. Kak BUIHO U3 pUCYHKa
418, B TeueHue 67 CYTOK CKOpPOCTb BBIIIEIAUMBAHUS 30JI0Ta TMPUMEPHO
OJIMHAKOBAas, B MOCIEAYIOIIME CYTKH IEPEXOo]l 30J0Ta 3aMEJUISIeTCs, U KpUBas

BBIIICIIaYMBAHMA BBITIOJIAXKUBACTCA.
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Pucynok 4.18 — JluHaMuka OTBaJIbHOTO BBIIIEIAYMBAHMS 30J10TA U3 PY/I
B ITPOIIECCE MPOMBINIIICHHBIX UCTIBITAHUMN.

HToroBbie pe3ynbTaThl MMOKa3ajd MEPCHEKTUBHOCTh  HMCIOJb30BaHUS
OTBAJIBHOTO BBIIIEIAUUBAHUS I OCHBIX 1 3a0aIaHCOBBIX 30JI0THIX pya (Tabmuia
4.38).

[Ipu mepepabotke 42540 1 pynsl ¢ coxepxanueM 0,59 r/t 3a 89 cytok
nonydyeHo 16063 r 3o010ta npu uszBiIeueHuu nocueanero 64 %. IIpu stom pacxon

nuaHuaa cocraBui 0,2 Kr/T, u3Bectd — 1,3 Kr/T.
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TaOmnura 4.38
HToroBbIe pe3ybTaThl MPOMBIIIICHHBIX UCITBITAHUH 110 OTBATBHOMY

BbIIICJIAYUBAHUIO PY bl MECCTOPOKACHUS I[)KI/IJ'Iay

[TapameTpsl Benuuuna [Ipemnuanumn

KonuuectBo pyabl, TOHH 42540 Pyna ¢ Hu3kuM conepkaHuemM
U3 MecTopokaeHus J[xunay

HcxomHoe conmepkanue, I/T 0,59 OOpaTHO BBIYHCIICHO OT
MOJTyYEHHOTO 30J10Ta U
TBEPJIOTO IIJIamMa

KonnuecTBo nomydeHHOTO 16063
30JI0Ta, TP.
Crenenp u3BiaeueHust, % 64 BrrunciieHo Ha OCHOBaHUM
HCXOJTHOTO COJICP KaHMS

[Ipo10KUTENEHOCTD 89 Bxntoyast 4 1Hs Ha TPOMBIBKY
BBIIIICJTAYMBAHMS, JTHU

Pacxon pactBopa Ha oTBa, 22,5

M/T

Pacxon u3Bectu, Kr/T 1,3
Pacxon mmannaa, Kr/t 0,2

B Ttabmmme 4.39 mnpuBeAcH WTOTOBBIA HDKOHOMHYECKHH pacyeT 1o
mectopoxaenus Jxunay. [IpuObuih 32 0JJMH MUK UCTIBITAHUN cocTaBmiia 45298
noi. CIIA.

[TonyueHHble pe3yNabTaThl MOKa3ajdd MEPCHEKTUBHOCTh HCIOJIb30BaHUS
OTBAJILHOTO BBINIEIAYMBaHUs JJIs1 O€HBIX M 3a0ajaHCOBBIX 30J0ThIX pya B OO0
CII «3epaBuany.

Oxpana okpyoscaroweli cpeovl

C HaropHo#l yacTu IUIONIAJKM HaXOAUTCS HaropHas KaHaBa sl cOopa
JIOK/IEBBIX U TAJIBIX BOJ, KOTOPBIE OTBOMASITCS 3a MPEAEIbl IJIOMIAIKU OTBAJIBLHOIO
BhITIIeIaunBanusi. HaropHas kanaBa mpejcTaBisieT co0oil TpaHiero rimyounou 1,2
M U HMIMPUHOM B HUXKHEW yactu 1,0 M 1 paccuuTaHa Ha cOOp BCEX HOMKIEBBIX U

TaJbIX BOJ.
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C 3amagHOW W FOKHOM CTOPOHBI YCTaHABIWBAJIUCH JIOTKH JJIs1 cOopa
HACBIIICHHOTO PACTBOpA, KOTOPBIA HAIPaBJISUICS B 3yMII], CEUCHUE JTaHHBIX
JIOTKOB BBIOPAHBI C YUETOM JOKEBBIX U TaJbIX BOJ. BOKOBBIC CTCHKH M HUKHSISA
4acTh JIOTKA OOJMIIOBBIBACTCS MOHOJIMTHBIM OETOHOM C IIOCIICIYHOIITUM
JKEJIE3HEHUEM U 00Ma3KOM KUIKUM CTEKIIOM.

TaoOmuma 4.39

DKOHOMHUYECKHUH pacyeT MO MPOMBIIIUICHHBIM UCIIBITAHUSM OTBAJIBHOTO

BbBIIICIIAYUBAHUSA PYJAbl MECTOPOKIACHUSA I[)KI/IJ'Iay

HaunmenoBanue En. Cymma
U3MEPCHUS
JloObr4a py el Homn. CIIIA 53600
[TepeBo3ka pyas - 63385
Huanug HaTpus - 14251
N3BecTh - 3384
DIIEKTPOIHEPTUS - 2552
Jpyrue pacxoasl - 2914
Pacxonpl Ha apduHaxK U - 27507
YIPABICHYSCKUE PACXOIBI
Bcero pacxonpl - 167593
Cebecronmoctsb 1T 3070Ta - 10,43
PeanuzannonHas 1ieHa - 13,25
[TpuObLIb - 45298

PaGoumii 3ymmd oObemMoM 50 M° COOTBETCTBYET TEXHOJIOTHUYECKHM
napamMeTpaM NIpH HOpMaldbHOW OecrepeOoilHON paboTe Bcel TEXHOJOTMYECKOU
HENOYKH.

B ciydae BHE3almHOTO OTKIIIOUEHHUS 3JIEKTPOIHEPIHMH M OCTAaHOBKHM Hacoca
pacTBop U3 pabouero 3ymrnda camMOTEKOM MEPETUBACTCS B PE3EPBHYIO €MKOCTb
o6bemMom 400 M, PACIIOJIOKEHHYK0 HAMHOI'O HUKE. BrociiencTBUM U3 pe3epBHOM

€MKOCTH PAcTBOp NEPEKaYMBAETCA B OOIIMI TEXHOJIOTMYECKUI MpOoLEecC.
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Jlns  Oecriepe0oitHoit  pabOTBI  HACOCOB B Ciydyae  OTKJIFOUEHUS
AJIEKTPOIHEPTUM BCE HACOCHI MO MEpeKauKke pacTBopa OYyAyT MOJKIIOYEHBI K
CHUCTEME aBTOMATHOW IMOJAaYd AJIEKTPOPHEPTUH Ha CYNIECTBYIOIIEM JHU3EIbHOM
reHepaTope BHYTPHU I1aBHOTO Kopmyca padbpuku (reaepatop P750E).

[To HU3Y Kyuu BBIPBITHI YeThIpe mIypda (mbpe3omerp) pasmepamu 1,5 x 3 x
5,5 M, U3 KOTOPBIX OTOMpPAIKUCH POOBI JIJIs1 TOCTOSTHHOTO KOHTPOJIS 32 COCTOSIHUEM

IIOA3CMHBIX, JOXKACBBIX N TAJIbIX BO/.
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OCHOBHBIE PE3YJIBTATHBI U BBIBO/IbI

1. Pa3pabGoTaHbl TEXHOJIOTMYECKHE PEKUMbI IIHUAHUHOTO BHIIICIAYNBAHUS
30JI0TOCOJICPKAIMMX PyA MECTOpOKAeHW TaKukucTaHa YCTaHOBJICHO, YTO
cynbdunnabie pyasl MectopoxiaeHudt Tapop u UYope ynOBIETBOPUTENHHO HE
IIUAHUPYIOTCS BCICACTBUE MX YHOPHOCTH. [lokazaHo, 4TO AJII OKHCICHHBIX Py
MectopoxaeHuss Tapop Oonee >PGEKTUBHBIM SBISETCS MPOIECC aMMHUAYHO-
[[MAHUCTOTO BbIleTaunBaHusl. HaiieHbl ciefyromue OonTUMalbHbIe MapaMeTphl
aMMHadHOTO nuanupoBanus: KoHreHTparus peareHToB NaCN — 1 1r/ir; (NH,4),SO4
— 10 r/m; CaO — 5 r/m; XK:T — 1,5:1; npoa0KUTEILHOCTD BhIIICIauYnBaHus — 24 4.

2. N3ydeHbl XHMHUKO-TEXHOJIOTUYECKHE OCHOBBI MPOIECCA XJIOPHUIOBO3-
TOHOYHOTO O0KHTa (HJIOTAIMOHHBIX KOHIIEHTPATOB YIIOPHBIX PYI B TPHUCYTCTBUU
NaCl, CaCl, u ux cmeceit. OnpesiesieHbl KaKyIIHEeCs YJHEPTUU aKTUBALIMU MpoIecca
MPOTEKAHUS PEAKINN, CBUICTEILCTBYIONIUE O MPOXOXKJACHHH MX B KHHETUYCCKOM
00JaCTH, YTO CBUJACTEILCTBYET O MPOTEKAHUM pPEaKIMW Ha pazjene AByx (das.
W3yyeHo BIMSHHME TeMIIEpaTypbl U TPOJOJDKUTEIBHOCTH IPOllecca Ha CTENEHb
W3BJICUCHUS OJIATOPOAHBIX METAIOB W3 (DIIOTOKOHIICHTPATOB, HAa OCHOBaHUU
KOTOPBIX OMNpEAENICeHbl ONTUMAalIbHbIE YyCNoBUs Tmporecca. [loka3zaHo, 4ToO
W3BJICYCHUE 30JI0Ta U cepedpa MpH XJIOPUIAOBO3TOHKE B TeueHwe | — 2 yacoB
cocraBmsier 92,9 — 96,8 %. JlomoJHUTENHEHO BBIMIEIOYEHO 30JI0TO U3 OTAPKOB C
u3BiedeHueM — 58,9 — 75,3 % ( Tapop) u 86,05 — 90,5 % (Yope).

3. Pa3zpaboTtana u mpemsioKeHa MNPUHIMIHUATIbHAS TEXHOJOTUYECKas cxema
nepepadoTKU 30JI0THIX U 30JI0TO-, MEIHO-, MBIIIBIKCOJAEPKAIINX KOHIIEHTPATOB
METOJIOM XJIOPHUJOBO3TOHKH. Pa3paboTaHHBIM TIpolecc MO3BOJSIET JOCTUTHYTH
WU3BJIEYECHUE IIEHHBIX KOMIIOHEHTOB 110 96 — 98 %.

4. M3yueHbl OCHOBHBIC KHHETHUYECKHE 3aKOHOMEPHOCTH a30THOKHCIOTHOTO
pasnoxkeHuss (QIOTAMOHHOIO KOHLEHTpaTa MectopoxaeHuss Tapop. Haiinenst
ONTUMAJIbHBIE yCIIOBUS BCKPBITHUS 30JI0TOCOIEPIKAIIIX MeEIHO-,
MBIIIBSKCOAEPKAIIUX KOHLEHTPATOB a30THOM KHUCJIOTOW: KOHUEHTpAaUus a30THOU

KucioTel — 400 F/JIM3; MPOAOJDKUTENBLHOCTh Tiponiecca — 120 MUH; COOTHOIIEHHE
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T:2K = 1:5; Ttemneparypa mporecca — 80 °C. OnpeneneHa SHEPrusi aKTUBALUU
npouecca (E - 38,37 xJl>x/Momb), CBUIIETEIBCTBYIOIIAS O MPOTEKAHUU MpOIecca B
b Gy3noHHO-KMHETHYEeCKOH obmacTu. MeronamMu peHTreHo(a3zoBOro aHaan3a
W3Y4YEHBbl COCTAB HCXOJHBIX (DJIOTOKOHLIEHTPATOB U MPOAYKTOB HX Pa3JIOKECHHUS
a30THOM KUCJIOTOM. Y CTaHOBJIEHO, YTO M3 COCTaBa (hJIOTOKOHIIEHTPATa CEICKTUBHO
BBIIIEJIAYUBAIOTCS CYIb(DUIBI.

5. H3ydeHbl  XUMHUKO-TEXHOJOTMYECKHE 3aKOHOMEPHOCTH  Tpolecca
TUOKapOaMUAHOTO W  THOCYJh(ATHOrO  BBIIIEIAYUMBAHUS W pa3zpaboraHa
TE€XHOJIOTUS THIPOMETAJUTYPrUYECKOr0 U3BJICUEHUSI METAIUIOB U3 30JI0TO-, MEHO-,
MBIIITBAKCOACPKAIUX  KOHIIEHTpaToB.  HalifieHbl  onTUMalbHBIE  YCJIOBUS
THOKapOAMUHOTO BBIIIETAYUBAHUS (PIOTAIIMOHHBIX KOHIIEHTPATOB, MOJYyUYEHHBIX
U3 pyabl MecTOpoXKIeHus1 Yope: pacxos THOMOYEBUHBI — 22 KI/T, CEpHON KUCIIOTHI
— 30 kr/1, coorHomenue T:2K — 1:3, pacxon TpéxBajeHTHOTO cynbdaTa xene3a — 9
KI/T, 1 u3BecTd — 48 Kr/T (Ha OYHUCTKY (UIbTpaTa OT MBIIIbAKA U Keje3a),
MPOJOJKUTENBLHOCTh BbllenaunBanus — 10 4. Ilpu 3TOM cTeneHp U3BJICUYECHUS
3o50ta cocraBisieT 90,6 %.

6. Ha ocHOBe TmpOBENCHHBIX UCCIACAOBAHUM HAWJICHBI ONTHUMAJIbHBIC
napaMeTpbl KOJIOHHOTO BBINIENIAUUBAaHUS OCAHBIX 30JIOTOCOJACPKAIUX PYA:
MIPOIOJDKUATEIBLHOCTH mporiecca oT 30 1o 60 cyTok, KpyImHOCTh pa3mepa KyckoB -200
MM, pacxojJ LMAHWUIA HATpus Mg pya MectopoxiaeHud Jlxumay, XupxoHa,
Ommmnuiickoe u Ceeproe xwmay ot 0,2 mo 0,5 xr/t; pacxox u3Bectu 0,2-0,4
Kr/T. Beianbl pekoMeHAaIy Mo MPOLEecCy OTBAIBHOTO BHIIICIAYUBAHUS I Py
MecTopoxaenun [Jxunay, Onumnuiickoe, Xupcxona u Cesepnoe xunay.

7. TlpoBeneHbI MOJYMPOMBIIIJIEHHBIE U OMBITHO-TTPOMBIIIJIEHHBIE HUCTIHITAHUS
TEXHOJIOTUM KY4YHOTO (OTBAJIBHOTO) BBIICIAYMBAHUS HA pyJax pa3INdHbIX
MECTOPOXKJICHUH, B Pe3ybTaTe KOTOPHIX JOCTUTHYTA CTEIEHb M3BJICUCHUS 30JI0Ta
69 %. CebecroumocTh momyueHus 1 rpamma 3o010ta cocrapmia 10,4 nommapa CIIIA.
[IpuObUTH 32 OAWH IUKJI OIBITHO-IIPOMBIIIICHHBIX HCHBITAaHUN cocTaBuia 45298

nomnapos CIIA.
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8. Pa3paborana MaremaTuueckasi MOJEJNIb Ipollecca Ky4HOTO (OTBAJIBHOTO)
BBINICTIAYMBAHUAS I PyA  PAa3IMYHBIX  MECTOPOXKICHUH,  OMUCHIBAIOIIAS
3aKOHOMEPHOCTH KHHETHKHA TIPOIlecca, KOTOpas TIO3BOJIMT TMPOTHO3UPOBATH M
KOHTPOJIMPOBATh TEXHOJIOTHMYECKHE MapaMeTphl Tpoliecca B 000N 3aJaHHBIN

MOMCHT BPCMCHM.
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Sogdiana, Penjikent District
Republic of Tajikistan, Central Asia
Tel +7 (095) 255 7057

Fax «7 (095) 255 7061
E.mall  zgo@ampzge com
www.avocet.co.uk

«YTBEepxaao»

O PE3YJIbTATAX ONbITHO-ITPOMBILLIJIEHHBIX HCIIBITAHUH
OTBAJILHOI'O BBIIIEJIAYHBAHHUS ITPH NEPEPABOTKE
BEJHBIX PYJI MECTOPOXIEHHUS XHPCXOHA
MBI HHKETIO/INHCABIIHECS, KOMHCCHA B COCTABE 3aM. FEHEPATBHOrO AHPEKTOPA N0 IKOHOMHKE

Maxmyznosa M., navyansuuka [190 Baxpuesa H, ynpasnstomero ¢abpuxu Bpaitn [Dxonca, ri.
mapkueiigepa Capumcoxosa O., u navansinka OTK O6noeposa 1., cocraBuiyn HacTOSLIHH
aKT O BHEJPCHHH OTBABHOrO BHIIENAYHBAHHA OEJHBIX Py MeCTOpPOXIeHHA XHPCXOHA,
BBINOJIHEHHOTO TIEPBBIM 3aM. reHepaibHOro aupexropa boGoxonosbiM B.A., HaYanbHHKOM
- (abpukn MycoesbiM M. 1 3am. Hagansauka [TTO Camuxoseim 1ILP., B nepuox ¢ 05.05.03 no
30.06.03rr.

Texuonorus nepepabotki pyas! XHPCXOHA NMPEAYCMATPHBAET TPAHCMOPTHPOBKY py/bl Ha
wrabenupoBanne MpSAMo ¢ Kapbepa 6e3 npeasapuTensHoit o6pabotku. [Tocne popmuposanne
Ky4H pyJaa oOpolIaeTcs pacTBOPOM [LHAHWAA M M3BJEYEHHE 30JI0Ta M3 pacrTsopa
AKTHBHPOBAHHBIM YIJIEM.

Ilpu arom pacxon umanmaa cocrasun 0,16kr/t, xaycruueckoit comws 0,47kr/r. 3a Bpems
HCNBITAHUI U3 pyasl oObemoM 12597TH. nonmydeno 5367rp. 3onota. MTorosbie pesyinbTarsl

MOKa3a/IH MEepCrneKTHBHOCTL HCMOJIB30BAHHUA OTBAJIBHOIO BhillC/IaYHBAHHA JUIA OetHbIX H
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OHOMMYECKHH pacyer no MPOMBIIZICHHBIM HCTIBITAHHAM OTBA/IBHOIO BhILLEIa4YHBAHHA OenHbIX pPyAa

npuseaeH B Tabimue 2. Jlake ¢ y4eTOM KanHTaIbHBIX 3aTpaT NpHOBUIL 32 OAHH LMK

ucneitadnil cocrasuna 11000 gonn.CLLA.

Tabnuua |

Hrorossie Pe3ynbTaThI NOJYTIPOMBILUICHHOIO HCINBITAHHSA OTBAIBHOIO BhILIC/IAYHBAHHA C

MECTOpOXKAeHHA XHPCXOHA

ITapameTpsi Bennunna KomMmeHnTapuu
Konuuectso pyasl, TH. 12597 Pyna ¢ HH3KHM coslepxanHeM H3
' MeCTOpOXleHHs XHpCXOHA
Hexonnoe conepkanne, r/th 0,64 OO6paTHO BHIMHCIECHO OT
NOJIY4EHHOT0 30JI0Ta ¥ TBEPAOrO
ulama
Konuuectso nonyyenHoro 5367 Bbu10 noYTH paBHBIM 0XKHAZEMOMY
3071074, IP.
Hspneuenne, % 66,6 BLIMHC/ICHO Ha OCHOBaHHH
FOJIOBHOI'O COACPHKAHNS
IMponomkuTensHOCTL 61 Bxouas 6 e Ha NPOMBIBKY.
BbIlIENAYHBAHUA, THH Beino 3annanuposano 60anei
IToTok pacTBOpa BhILIENAYHBAHNS, 23,05 97% 13 3anIAaHHPOBAHHOTO TOTOKA
My
Pacxoz pacTsopa Ha oTBa, M /TH 2,11 Bsu10 3annannposaso 2,8
Pacxon xaycTHueckoii cozbl, Kr/TH 0,47 Oxunanock 0,34kr/TH K KOHILY
BBILIEIAYHBAHHSA
Pacxoa unanuaa, Kr/Te 0,16 Osxupanocs 0,55 k KOHILY

BhIICIAYHBAHHA
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Tabnuna 2

OKOHOMHYECKHIA pacydeT mo NPOMBILIJICHHBIM UCIBITAHUAM OTBAJIBHOI'O BBILICIIaYUBAHUS

PYZABI MECTOPOXKIEHUSI XUPXOHA

HaunmeHnoBanue En. n3amepenust Cymma
IToaroroBka GETOHHOrO OCHOBaHHUS Jon. CIIIA 6500
ITpuoGpeTeHne KOMIIOHEHTOB - 13400
MonTax (OLleHOYHbIE JaHHEIE) - 1000
CTpouTenseTBO AOpOrd (OLEeHOYHbIE - 3100
JlaHHBIE)

HUroro - 24000
Pacxo/p! Ha TPOU3BOJCTBO MPOIYKIIUK

IlepeBo3ka pynsl Jomn. CIIIA/tH 1,20

Kayctuueckas cona - 0,24 ’

uanun HaTpHs - 0,24

ONeKTpOo3Heprus - 0,02

Pa3memenue oTpaboTaHHOM Py Bl - 0,30

Hrtoro Ha nepepaboTKy OAHOMN TOHHEI Jomn. CIIIA 2,00

PYABI

Hroro Ha nepepaboTky 12550 TH. Pyzsr - 25100

Bceero 65110 3aTpaueHo - 49100

bruto mpounsseneHo 3omorta YHIUSA 174,26

ITpu Npou3BOACTBEHHBIX 3aTpaTax Hon. CILIA/yHuust 144

OO61mast ce6ecTONMOCTE C YUETOM - 282

KalMTalbHBIX 3aTpaT COCTABHIIA

CMeTHbIe IOCTYIUIEHHS - 345

CTouMOCTb NOIy4eHHOTO 30JI0Ta B Homn. CIIIA 60100

NIePUOJ UCTIBITAHUS

ITpu6bu1E 11000

3aM. reH. TUPEKTOPA 110 SKOHOMHKE Mf‘){ 4 Maxmynos M

HavanbHUK [120 baxpues H

ynpasisiomui Gpadpuka t/'// Bpaiin JIxoHC

IJI. MapKIuenaep

HavanpHuK OTK

Capumcokos O

O6moepos 1
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IIpuio:xeHue 2

O BHE/IPEHHH ONBITHO — NPOMBILUIEHHBIX HCTIBITAHMI OTBANBHOIO
BBIILIE/IAYMBAHKSA NIPH nepepaboTke GeIHBIX Py MECTOPOKACHHH
Jixunay, Cepepubiii [ixkunay u OnumMnuiickuii

MB!I HHKENOAMHCABIIHECs, KOMHCCHS B COCTaBe MepBbii 3aM. NeHepaIbHOro
aupektopa  boGoxonosa B.A., 3aM. reHepansHOro AMPEKTOpa MO IKOHOMHKE
Maxmynosa M., Hauansnuka [190 Baxpuesa H., ynpasnsiouwero ¢abpukn bpaitn
Jixonca, navansiuka OTK OGnoéposa /1. Havansnmuka oGoraturensHoil Gabpukn
Mycoesa M., u Havansuuka [TTO Camuxosa LILP., cocraBunn HacToAmmii akT o
BHEJIPCHHH OTBAJIBHOIO BhILIENaYHBAHHA OeIHBIX Pyabl MecTopokaeHHH JIKnaay,
Cepepubiii [Dxkunay 1 OnuMnuickuif, BBINONHEHHBIM MO pa3paboTke TEXHONOTHH
oTBaNbHOrO BhlmenaunsBanus boboxonossiM bB.A., Camuxossim [ILP. u
MycoessiM M.

Texxonorus nepepaboTKH py/bl 3THX MECTOPOXACHHH NpeaycMaTpHBaeTr
TPaHCIOPTHPOBKY pyAbl Ha wrabenMpoBaHHe npsMo ¢ orsBasa Kapbepa Oe3
npeaBapuTensHoit 06pabotku. [locne QopMHpoBaHHSs KyuM pyaa OpOLIAIOCH
PacTBOPOM LIMAHK/A M H3BJEYCHHE 30JI0Ta H3 PACTBOPA AKTHBHPOBAHHBIM YIIEM.

[pu arom pacxoa unanuaa cocrasuno or 0,18 — 2,0 kr/t, ussectu 1,9 -2,2
Kr/T. 3a BpeMs MCNBITAHHH M3 PYAbl Pa3IHYHLIX MECTOPOKICHHH MNONyYeHB! OT
4577 1o 7249 r 3onora. MUTorossie B KOHOMHYECKHE pe3yNbTaThl OTBAILHOIO
BHILIEAYHBAHHS GeIHBIX PasIHYHBIX PY/bl NPHBEACHB! B Tabanus! 1.

Kak BHAHO M3 3JKOHOMHYECKHX pacyeroB MO MOJYNPOMBILLICHHBIM
MCTIBITAHHEM BCero MpHObUIL M3 PasNHYHBIX MECTOpOXAeHHH coctaBuna 55958
nonn.CLUA.

Tabnuua 1

Hrtorossie pe3yasTaThl MONYNPOMBIILIEHHONO HCIBITAHHA OTBAIBHOIO

BbILLEAYMBAHNA W3 OEIHBIX PA3THYHBIX PYA
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Ne [Napametpnt Haumenosanme mectopoxaennii
n/n Jxunay | Ces.Jbxunay | Onumnmiickmii
1 Konuuectso pyas, TH. 14847 13515 11450
2 | Hcxoamoe copepxanue, r/t 0,75 0,78 0,67
3 Konuectso nonywennoro 6035 7246 4577
3010Ta, Ip.
4 Hisneuenne, % 542 68,7 59,7
5 IMponomkurensHocTs 66 71 64
BBILLCIAYHBAHMA, IHH
6 INorok pactsopa 23 23 23
BBILLC/IAYHBAHNS, M /4
7 Pacxon pacteopa Ha 3,11 3,34 2,37
oTBai, M/T ‘
8 Pacxon u3sects, Kr/t 2,2 1,9 2,0
9 Pacxon unanmaa, Kr/r 0,18 0,22 0,20
Pacxon na npoussoacTso npoaykumu (8 aonnapax CLLIA)
10 JloGer4a pyast 18684 18540 14387
11 IMepeBo3ka pyas! 23041 20847 17861
12 Llnanua natpus 4950 4980 3836
13 Hssects 1180 1226 910
14 DneKTpoIHepris 546 510 423
15 INpoune pacxoast 950 10620 828
16 | Vnpasnenueckue pacxoasi 9510 9820 7852
17 Beero pacxoast 58861 66443 46097
18 CebGecroumocts | r 30n0Ta 9,75 9,17 10,07
19 Peanusaumonnas uexa 12,42 12,42 12,98
20 IMpuGoins 16094 23552 13312

[lepsbifi 3am.reHepansHoro ampekropa m BoGoxonos B.A.

3aM. MPEKTOPa 1O IKOHOMHKE y22s Maxmynos M.
Hauansuuk [190 T Baxpues H.
Vnpasasiowmii  habpuxu e i Bpaiin Ixonc
Hauansnux Gpabpukn e Mycoes M.
Havaneuuk OTK @—b&{"‘ O6noépos /1.
Havanenuk [1TO e Camuxos L.
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Ipuioxenne 3

Mmmw»mmmmwm
mpyamwcnmny»

Komseons i cocrane:

BobGoxonona b.A. -mmmmmmooocnm
Maxmya08a M. = 38M.IEHEPLILITONG JPEKTOPA 110 IKOHOMUXE
Baxpwesa H. - navaamnx 1120

Myxizyomona C. - sav.rsamioro Gyxrarrepa

Mycoesa M. - pasamantk oboranereuol Gabpwxn

OGaocpona J1 ~ masaamok OTK

Casonxona 111, - pasanamx [1TTO

CocTanum HaCTONIMA AKT O CACTYIONEM

HCTIMTANMS  RHCAPCINA NepepaloTki w3 3a0AIANCORMX PYA MECTOPOAICHIX

JUnsy METOAOM OTBAILNOTO BMIICAIHRANY » oGnemc 42540 ™.
Texwosorms  nepepaGorkn  pyaw  JLawsay  npoayoMmarpisact

Wawnmumwnmcmuwﬁa

PACTROPOM (HAKIULA M HIBICHCHHE JOTOTA I PACTBOPS SKTHEHPOBANILIM YTACM.
nmmmmcocmuolnmm-unh.hmn
wemarannil i3 pyn oGsemom 42540 T noxyseno 16063 rp. son0Ta
MWWMWWCSMWCIM.
WMW-WM.MSm.
Mrorosse M SKOHOMHYCCKHE PEIYALTANM OTBATMIOND BMICIANHBAININ
Geamux sabanancossx pya npuscacy s Tabume 1.
TaGowra Ne 1.

HYOronsie Pesy IhTATI HCOLITANNE OTBATLHOID BLIICARIWBANNS ¢
mecToposaenns «Lawray»

‘i NMapaserpat lu-—T Kowsentapus
1

KoawsecTso pyasd (m) 2540 [mch

L
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IIpuno:xeHue 4

Pecny6auka Tamxukucran,
Corauiickas obnacts,

INepxnKeHTCKHi paiton,
IMTocénok Coranana

ITPOTOKOIJ
TexHHYECKOro COBELIAHHS NPH 3aM.IeHEPAITLHOM JIHPEKTOpE
000 CIT «3epapman»
ITOBECTKA JIHS: PaccmotpeHHe  pesyibTaToB  HCCIEAOBaHMH  mpouecca
X/IOPHIOBO3IOHKH MpH mnepepaboTke MAIOMBINBAKOBHCTOH  pyast Tapopckoro
MECTOPOMK/ICHHA TeKyIUeH 100bI4H.

[MPUCYTCTBOBAJIM:

Or 3unyenko 3.A. 3as. naboparopueit oboraumenns pya, A.T.H.
uHcTHTYTa XHMHH  Camuxos I1LP. Bea. cotp. naGoparopun oboraienns pyi, K.T.H.
Or 000 CIT Pabues b.P. TToMOILIHHMK reHepaNbHOro AWPEKTOpa
«3epasiian» Lo Cunp Loan Menexep ITTO

Baur Jlxonrcu  3am. menemxepa [TTO

O6noépos /1. 3am. menemxepa [1TO

Dcoes F. Havansuux ITYTITu K ¢
CJIVILIAJIH: Coobuerine 3unyenko 3.A.
B uncturyre xumun uM. B.M. Hukutuna ¢ yuactuem jnoxropanra Camuxosa IILP.
NpoBeJieHbl HCCCAOBAHUA MNPOLECca XJIOPHIAOBOIOHKH (DIOTALHOHHOTO MEAHOrO
KOHUeHTpara, nogyvenHoro Ha oborarutenshoit ¢abpuxe CIT «3epaswan» npu
nepepaGoTKe MATOMBILILAKOBHCTOH  pyabl Tapopckoro MeCTOPOXKACHHS TeKyuleH
J00BIYH ¢ NPHMEHEHHEM XJIOPH/IOB HATPHA H Kaiblua. CyIHOCTL COJNEBOro rpouecca
XJIOPHIAOBO3IOHKH 30J10TA COCTOMT B HarpeBe CMECH KOHUEHTpaTa W XJOPHCTOH CONH
110 800 - 1000°C. [Tpx 3TOM 30/10TO H CONMYTCTBYIOLIHE METAILIBI BO3rOHAIOTCS.

Pe3ynbTaThl ONBITOB MOKA3BIBAIOT, YTO MpH Temneparype npouecca 900 —

1000°C wu3Bneuenme 3o0m0ta cocrasaser 93,2 — 97,1%. Ilpu Temneparype 1000°C
yBEIHYECHHE TMPOAODKHTENBHOCTH mpolecca 10 2 u Gonee 4acoB He BIMAET Ha
u3Bneyenne 3001a 1 cocrasiser 97,32%. Ocrasiueecs 301010 B orapkax 3G dekTHBHO
H3BJICKACTCA LIHAHHPOBAHHEM.

Ha OCHOBaHMH pe3y/bTAaTOB HCC/IEAOBAHHH PEKOMEHAYETCH NPHHUHIHANBHAA
TEXHONOrHYecKas cxema mpouecca rnepepaboTKH  YNOPHBIX 3070TOCOAEPXKALMX PYA
MECTOPOXIACHHS Tapop, sBkmoualomas ¢uotaunonHoe oboramesue pysl,
XJIOPHIAOBO3IOHKY MOJYYEHHBIX KOHIEHTPATOB C MOCHCAYIOUHM LHAHHPOBaHHEM
OrapKoB XJIOPHOBO3IOHKH BMECTE C XBOCTaMH droTaumuy.
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IIpennaraemasi TEXHOJOTMYECKAass CXeMa IIO3BOJIUT JKOHOMHYECKH BBITOIHO
OCYIIIECTBUTh IepepaboTKy pyA C OpraHu3anyeldl NpOM3BOJACTBEHHBIX IIEXOB IIO
XJIOPUIOBO3TOHKE KOHIIEHTPATOB, Pa0OTAIOMIUX HEIOCPECTBEHHO Ha 000TaTUTEIbHON
(babpuke.

Taioke 6bUTH COOOIIEHBI PE3yIBTATHl HCCIe0BaHuit 10 nepepabotke Tapopckoro
KOHI[EHTpaTa METOJOM  a30THOKHCIOTHOTO  BBIIIENa4MBaHUs. B  mpomecce
BBILIIEJIaUMBAHUS [IPU TeMIlepaType 80°C B pactBop mepexomut 81,2 % memn. Keku
BBILIEIaYNBaHUs I10JIBEPratoTCs unaﬂnpoaanmo B pe3yibTaTe H3BJIEUYEHHE 30JI0Ta
coctasnser 94,2 %.

BBICTYTIMJIN:

Pa6ues b.P., L{to Cunp L{toan, Baur [xorrcu, O6moépos /1., Dcoes F.

OOMeHSBIINCh MHEHUSMU,

ITOCTAHOBWUJIA: 2
1. Pe3ynpraTs! BEITOIHEHHBIX paboT M0 MPUMEHEHHUIO IIpoIiecca XJIOPHI0OBO3IOHKY IIPU
nepepabotke py/asl Tapopckoro MECTOPOXKJIEHUSI OOOPUTH.

2.PaccMOTpeTh BO3MOXKHOCTH HCITOJI30BaHUSl pa3pabOTaHHBIX TEXHOJOTHH MpU
nepepabotke pya Tapopckoro MECTOpOXKIEHHUS.

3.PaccMOTpeTh BO3MOXXKHOCTE IIPOBEIEHHSI COBMECTHBIX HCCIIEIOBAaHUI IO repepaboTke
OKHCJIEHHBIX U CyIbGUAHBIX PyA Tapopckoro MeCTOpOXKIEHUS.

Ot 3unuyeHko 3.A.
WHCTHTYTa XUMUHU

Camuxos I11.P.
Ot OO0 CIT
«3epaBIIany Pa6ues B.P.
o3 dpeet
[lxo Cuns Lroan

=

Banr JI)xonrcu

@ O6n0épos /1.

~— Dcoes F.
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IIpuno:xeHue 5

Pecny6muka TajpkukucTas,
Coraniickas o6nacts,
IMexxukeHTCKuit paioH,
IMocénok Coraunana

AKT
00 HCNONB30BaAHMH PE3YIBTATOB HCCIIEIOBATENbCKOMH paboThl
Ha Temy:
«DUIHKO-XHMHYECKHE W TEXHONOMHYECKHE OCHOBBI NepepaboTKH

yHOpHBIX H Ge/IHBIX 30/10TOCOAEP)KAMMX pyA Ta/KHKHCTaHaY,

[TPUCYTCTBOBAJIM:
Or 3unyenxo 3.A. 3as. naGoparopueii oboratenus pya, A.T.H.
uncTutyTa Xumun  Camuxos I1LP. Bex. cotp. naGoparopuu oGoramenns pya, K.1.H.
Or 000 CI1 Pa6ues B.P. ITOMOIHMK reHepaTLHOrO AMpeKTopa :
«3epaBiian» Lo Cuns Lipoan ~ Menemxep [1TO
Baur Jixonrcn  3am. menemkepa [TTO
O6noépos /1. 3am. menepkepa [TTO
Ocoes F. Havansnuuk [TYITTi K
Caywanu: Pe3ynabratsl HMCCAEAOBaHWI M0 KOJOHHOMY  BBIIEJIAYHBAHHIO Py
JIKHIayCCKOro MECTOPOKACHHS, KOTOPhIE J010KNNA 3HHYeHKO 3.A.

TexHONOrHA  OTBANBLHOIO  BHIENAYMBAHHA  30J10TA M3 PyAbl  WHPOKO
pacnpoCTpaHeHa Ha MHOTMX NOPHOAOOLIBAIOIIMX NpeanpHaTHaX. B aTom cayyae Takue
JIOPOrOCTOALIHE ONEpaliy KaK ApobieHne, arioMepalus H IpyrHe MoAroTOBHTENbHbIC
paboThl MCKMIOYAIOTCH, M pyAa HMAeT Ha wTabeiupoBaHHMe NpPAMO C Kapbepa Ges
npeasapurenbHoi oOpaboTku. Pyaa opomaercs pacTBOpPOM LHAHHIA, H H3BJICYCHHE
30/0Ta AKTHBHPOBAHHBIM YIJIeM MPOMCXOAMT TaK e, KaKk W INpH Ky4HOM

BbILIC/IAYHBAHHH.
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Ha OCHOBaHMHM MNPOBEJEHHBIX HCCIIEJOBAaHUA IO KOJOHHOMY BBbILIEIAYUBAHHIIO
peKoMeHTyeTcs Uil WHTeHCH(HKAIMK Ipolecca LHaHNPOBAaHHUs PYy/bl TEMIEPATypy
[0JIaBaeMOr0 PacTBOpa MOAJEP)KUBATh B UHTEPBATIe 20-30°C.

[IprMeHeHHe JaHHOH pEKOMeHJaluu Tpu repepabotke pyasl Jhkunayckoro
MECTOPOYK/IEHHs MO3BOJIUT yBEIUYNTh U3BJIeYeHune 3010Ta 10 70 %, yMEHBIIMTE CPOK
BhIleaunBanms mrabens B 1,5 — 2 pasa, CHH3UTh Ce0ECTOMMOCTb MPOAYKIHMH, YTO
MO3BOJIUT MOJY4UTh 3HAYUTEITBHBIH SKOHOMUYECKUMN abdexr.
Taioke Ha pynax mecropoxaenuit [hxkunay u Tapop GbuIH MPOBEICHB! HCCIEI0BAHMA
110 GyTHLIOYHOMY LIMAHUPOBAHHMIO P/ TIPH PA3IMYHBIX TEMIIEPATYPHBIX peXUMaX. IIpu
TeMIieparype 25-30°C wu3Bnedenue 3070Ta yBennanaéTcyx Ha 20 % u Gomnee Mo
CPaBHEHUIO C M3BICUECHHUEM TIPH 10°C. :

O6wmensiBmmch mEeHusimu, [IOCTAHOBUJIN:

[IpuHATH JaHHYIO TEXHOJNOTMIO K BHEAPEHHIO Ha yYacTKe OTBAIBHOIO
BBIIENIAUABAHMS  pyabl JUKAIAyCKOTO MECTOPOXKICHHS, a Takke MNPH YaHOBOM

BBIILICJIAYMBAHUH PY .

‘
Ot /6 3uHueHKo 3.A.
UHCTUTYTa XUMUU

Camuxos II1.P.
Ot OO0 CI1
«3epaBIan» Pa6ues B.P.
ITro Cuns Llfoan
Banr Jxonrcu
O6noépos /.

‘ 7/ W Ocoes F.
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IIpuio:xeHHe 6

«YTBEPXIAIO»
N CKTOp 1o yuebHo#H pabore
RHKCKOTO HallHOHATLHOTO

JLH.,ipodeccop
A.M. Mupanues

06 ucnoassosanun pesyasraron AuccepTaunHoHHOI paGoTsi
Camuxosa ILP. «®uinko-xumuaeckue u TEXHOJIOTHYeCKHe
OCHOBBI MepepaboTKH yNOpHBIX H GeaHbIX 30J10TOCOACPARAMHX
pya Tapxukucrana» B yuebuom npouecce ynusepcHTeTa

Msi, Hike noanucasmmecs, npeactaBuTeni TaBKHKCKOro HAUHOHANBHOIO
YHHBEPCHTETA: HAYANIBLHHK Y4eGHO - METOMYECKOrO yrpasienns K.Q.M.H., J0UeHT
T.A. Xomxaes, 3asemyrommii xadeapoit BMC u XT, k.x.H., nouent C.9. Taroesa,
AouenT kapeapst BMC i XT k.1.1. K.M. MaXkamoB, cocTaBHAH HacTosumii akt s
TOM, YTO DPe3yNbTaThl HAYYHBIX HCCHENOBAHHI, HINOKEHHbIE B JIOKTOPCKO#H
aucceprauuy Camuxosa Lllonaspysa Paxumosnya, BHEApEeHbI B y4eOHbIi npouece
xaenpst BMC u XT npu urennu nexumii, nposeaenny naboparopusix pabor, a
TAKKE NpH HANMCAHHM HAY4HBIX, AMIUIOMHBIX paGoT, pedepatos o npeaMeTam
TEXHOJIOrHH 0GOraIeH s PyA UBETHBIX METAILIOB, XHMHYECKOH TeXHONOrHH H T.AL

Havansuuk yue6Gro-metoanueckoro

YNPaB/IeHHA, K.(.M.H., JOLEHT M/ T.A. Xonxaes
+

3asenyrouwmii kadeapoit BMC u XT, K.X.H., 10ueHT % C.D.Taroesa
Houent kadeapst BMC u XT, K.T.H., A0ueHT %&’ﬂ( / K.M. Maxkamos



