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C11CTeMaT11Ka 11 · aHan113 pa3nWIHblX MeTOllOB KOHUeHTPl1POBaHl1R 11 

onpeiteneHl1R YnhTpaMam1x ( cneitOBblX) coitep>Kt!.Hl1A 3neMeHTOB , 

np11Bel1BHbl B MOHorpaw11RX 3onoTOBa 11 KY3hMl1Ha [1, 2] 11 pa6oTax 

[3-5]. OitHaKO B H11X BonpocaM aHan113a np11pOl1HblX BOll Ha 

coitep>KaH11e 30noTa YlleneHo OTHOCl1TenhHO Mano BHl1MaH11R. B 

MOHOrpaw1111 [6 ], DOCBRnteHHOA aHan11T11tJeCKOA Xl1Ml111 30noTa, 3Tl1 

BODPOCbl TaK>Ke npaKTl1tJeCKl1 He paccMaTpl1BaDTCR. BMeCTe C TeM 

KOHUeHTp11posaH11e 11 onpeiteneHl1e 30noTa B IlPl1POllHblX BOllaX 

scneitCTB11e era Hl13Kl1X coitep>ICaHl1A 11 MHoroo6pa311R WOPM 

Hax OlKlleHl1R RBnReTCR OllHOA 113 Ha116onee cnolKHblX aHan11T11tJeCKl1X 

3allal(. l1HTepcc K 3TOA npo6neMe Bb13BaH Heo6x Oll11MOCThD 6onee 

iteTanhHoro 11ccneitoBaHl1R reoX11Ml111 30nOTa, MexaHl13MOB era 

M11rpau1111 B 30He r11nepreHe3a, a TaK>Ke B03MO>KHOCThD 

11cnonh30BaHl1R r11itporeox11M11tJeCKl1X MeTOllciB itnR no11cKa HOBblX 11 

113YtJeHl1R 113BeCTHbIX 30nOTOPYllHblX MeCTOpOJKlleH11A [7-12]. 
llnR KOHUeHTp11poBaHl1R 30noTa Ha116onee Illl1POKO 11cnonh3YDTCR 

pa3nl1'1Hble Bap11aHTbl cop6u110HHblX, 3KCTpaKUl10HHblX 11 ocait11Tenh.HblX 

MeTOllOB. 81,16op TOrO 11n11 11HOrO MeTOlla KOHUeHTp11poBaHl1R 

onpeitenReTCR, KaK npas11no, KOHKpeTHOA 3aitatJeA ( onpeiteneH11e 

WOPM HaXOlKlleHl1R 11n11 o6mero COlleplKaH11R 30nOTa) 11 nocneitYDilll1M 

aHanl130M KOHUeHTpaTOB (HeATPOHHO-aKTl1BaU110HHbIA HAA, 

aTOMHo-a6cop6u110HHb~ - AAC 11 T.ll. ). 

B HaCTORille~ pa6oTe citenaHa DOilbITKa 0606meH11R 11 

cpaBHl1TenhHOro aHan113a pe3ynbTaTOB pa6oT' ony6nl1KOBaHHblX' B 

OCHOBHOM, nocne BbIX Olla MOHorpaw1111 (6], DOCBRilleHHblX sonpocaM 

113ytJeH11R WOPM HaXOJKlleHl1R 11 MeTOllaM KOHUeHTPl1POBaHl1R 30nOTa B 

IlPl1POllHblX BOitax. 

CoiteglKaHl1R_ 11_ ~OQMbl Hax OlKlleHl1R_ 30noTa_ B_ DQ11QOl{HblX _ BOllaX 

Iloitpo6Hb~ aHan113 itaHHblX O COllepll<aHl111 30noTa B pa3nl1'1Horo 

rnna DPl1POllHblX BOllaX npoBeiteH floMOHOCOBblM 11 llP- [12]. 



YKa3bIBaBTCH, 
'iTO Hatt6onee npencTaBHTBflbHbIB naHHblB ' 0 KnapKe 

BOnOOOMBHa 
3on0Ta B npecHba 11 non3BMHba eonax aKT11BHoro 

11MBIOTCH nnH o6nacTeA TaemHba 11 ropHOCTBilHba naHnmawTOB C11611p11 

11 ZlanbHer:o BocToKa CCCP. no naHHbIM pa3ntttrnba aeTopoB, OH 

KoneoneTCH OT 0, 004 no 0, 008 MKr /n [13-15 l. B noeepx HOCTHbIX 

eonax 10ra BocTO'iHOA C11611p11 cpenHee conepmaH11e 3on0Ta C 1624 

aHan113a) cocTaBnHeT 0,005 MKr/n. AHanor11'iHaH cpenHHH 

KOHUBHTpau11H onpeneneHa nnR peK 11 -03ep 3a6aAKanhH (2976 

aHanl130B) [7]. B uenoM paCC'il1TaHHblA Ha OCHOBaHl111 

MHOfO'il1CflBHHm naHHba KnapK 30flOTa B r11npocwepe paBBH 0, 022, 

MKr /n. Ilp11 3TOM MaKCl1ManbHblB KOHUBHTpau1111 30flOTa ( B cpenHeM 

~ 0,5 MKr;n) xapaKTBPHbl nnH coBpBMBHHblX r11npoTBpM 

nonroml1BYilll1X BYflKaHl1'iBCKHX UBHTPOB, a M11Hl1t,tanbHblB C ~ 0, 005 

MKrjn)-ltnH npeCHba noeepXHOCTHba eon (pe'iHbIB, 03BpHblB, nen) 

[12]. B paoornx [16-18] B Ka'ieCTBB cpenHero conepmaH11H 3onorn 

MBTOn nnH no11cKa 30flOTOPY nHblX MBCTOPOlKnBHl1A. 

IlQBCHbIB_IlOBBQX HOCTHbIB_BOnbI 

I 
B pe'iHba eonax np11HHTO 3Ha'iBHl1B 0, 002 MKr /n,· a B OKBaHl1'iBCKOA 

eone-0, 004 MKr /fl. CnenyeT OTMBTl1Tb, 'iTO np11eeneHHblB 3Ha'iBH11H 

cpenHl1X KOHUBHTpau11A 30flOTa xapaKTBPHb~ B OCHOBHOM, nnR 
noeepXHOCTHba eon, HB CBH3aHHba C 30flOTopynHblMl1 nonHMl1. B 

nocnenHeM cnyqae KOHUBHTpau1111 3on0Ta peiKo eo3pacTaIOT Cno ci,n I: 

- n, 0 MKr/n), 'iTO Il03B0flHBT 11cnonb30BaTb r11nporeox11Ml1'iBCKHA 

Pa3H006pa311e T11noe np11ponHba eon npenonpenenHeT He TOnhKO j 
pe3Kl1B Kone6aHl1H KOHUBHTpau11A, HO 11 pa3nH'iHH B ~opMaX 

HaX omneH11H 30flOTa. 8 npttponHba eonax, HB CBH3aHHblX 

HenocpencTBBHHO C · 30flOTOpynHbIMH nonHMH, 'COCTOHHHB 30flOTa 
1 

onpenenHBTCH COCTaBOM eon H OKHCflHTBflbHO - BOCCTaHOBHTBnbHbIMH .t 

ycnoBHHMH. B cnyqae noeepxHocTHba npecHba eon 6onbmHHCTBO I 
aBTOPOB [19- 28] OT naIOT npenno'iTBHHB opr aHH'iBCKHM wopMaM, X 0TH l! 
e pHne paooT OTMB'iaBTCH ·r naeeHCTBYIOillaH ponb _:1eopraH11'ieCK~x I;! 

KOMnneKCOB onHoeaneHTHOrO 3on0Ta ( AuC12 , Au(OH)z , 
3- ' 

Au(S04)2 ) H 3nBMBHTHOrO 30flOTa B KonnoHnHOA wopMB [7, 9]. i l 

0Hr 11 CBBHCOH [29] KaTeropl1'iBCKl1 YTBep~naIOT, 'iTO enHHCTBBHHOA l 
f 

2 

~opMoA nepeHoca 3on0Ta B npttponHb~ eonax HBnHeTcH KonnottnHaH 

C pa3MepaMH qacTHU ~ 10 MKM, a ponb opraHl1'iBCKHX ( npe~ne 

Bcero wYnbBO-) Kl1CnOT CBOnHTCH nttmb K CTa611nH3aUHH KonnOHltHba 

qacTHU 3a C'iBT C03naHHH 3antHTHOro cnoR, npenHTCTBYIOmero-

nanbHBAIDBMY POCTY 30nOTHH H HX oca*nBHHIO. OnHaKO naHHaH 

TO'iKa 3PBHHH no HaCTOHntero BPBMBHH He nonyq11na KaKoro-nH60 

3KcnepHMBHTanbHOr O nonTBBP*nBHHH. BbIBOn *B O npeean11py10meA 

pon11 wynbBOKOMnneKCOB B Ml1rpau1111 30nOTa B noeepxHOCTHba 

BbICOKOUBBTHbIX eonax npencTaBnHBTCH OOOCHOBaHHbIM. 

Bonpochl KOMnneKcoo6pa30BaHl1H 30flOTa C ~YnbBOKl1CflOTaMl1 (~K) 

np11ponHhIX eon paccMOTPBHbI Bapman H np. [23-28]. HM11 pa3pa6ornH 

PHlt MBTOnHK BbmeneHl1H H 113Y'iBHl1H pa3fll1l{Hba ~paKU11A ~K, 

noKa3aHa npHHUttn11anbHaH Ba*HOCTb npoeeneH11H 11ccnenoeaH11A 

11MBHHO C npenapaTl1BHO _BbineneHHbIMl1 ~paKU11HMl1, a HB C CYMMOA 

fYMYCOBbIX opraHl1'iBCK11X BBillBCTB np11ponHba Bon. Ha OCHOBaHl111 

OilbITOB C MonenbHbIMl1 ~YflbBaTHblMl1 Cl1CTBMaMl1 C 'iBTKO 

oxapaKTBPl130BaHHbIMl1 CBOACTBaM11 ~K 11 BOnHbIM OKCl1nOM 

30flOTa( III) B Ka'iBCTBB noHHOA ~a3bl paccq11TaHbl ycnoBHblB 

KOHCTaHTbl YCTOA'il1BOCTl1 KOMnneKca . Au( OH) 2~K-, KOTOpbIB B 

3aBl1Cl1MOCTl1 OT pH paCTBOPOB (3,5; 5,8 11 7,5) COOTBBTCTBBHHO 

paBHbl (2, 7±1,0h10
6
;. (5,6±2,1)x10

8 
11 (8,9±4,2)x1o9 [25). 

MeTonoM ~l1flbTpau1111 qepe3 ce«;aneKCbl noKa3aHo, 'iTO 3Tl1 

KOMnneKChl BhlCOKOMOflBKYflHPHhl (e OCHOBHOM, c MaccoA 6onee 

1500-5000). OnbrraM11 no cop6u1111 Ha uenn10no3Hba 110H11Tax 11 

MBTOnOM 3nBKTpo«;ope3a Ha 6yMare YCTaHOBneHa 11X aHl10HHaH 

np11pona. 

B nanbHBAIDl1X pa6ornx 3TOA rpynnbl [28] ,OTMB'iaBTCH CBH3b 

non11 30flOTa (III) B e11ne «;ynbBaTHba KOMnneKCOB C conep*aHHBM 

~K B Bonax. TeopeTl1'iBCKl1A paC'iBT' npoee~BHHblA nnH PHna Bon 

3a6aAKanbH, noKa3an, ~TO np11 KOHUBHTpau1111 ~K;paBHOA ~ 10 Mr/n 

(o3.flYKTYP, pH 6,3),B B11ne «iYflbBOKOMnneKCOB MO*BT HaxonHTbCH 

94--95% 30fl0Ta(III) 11, COOTBBTCTBBHHO, 5% B B11ne - Au(0H)
3
°. 

YMBHbIDBHl1B conep*aHl1H ~K no 5 Mr In ( flK>6aBl1HCKl1A paAoH, pH 

6,9) npl1B0ltl1T K CHl1*BHl1K> non11 Au(OH)2~K- no 26% 11 YBBflH'iBHl1D 

non11 Au(OH)3° no 72%, np11 3TOM ~ 2% 30flOTa MO*BT HaXOltl1TbCH B 

e11ne Au(OH)
2

C1
2
-. 
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B uenoM aBTOphl [28] 11ena10T Bb1B01l, 4TO OCHOBHblMl-1 

MHr paUHOHHblMl-1 il!OpMaMH 30flOTa B noBepx HOCTHblX B01laX llBflHIOTCH 

r1-111poKCOll!Y flbBaTHbJe KOMnneKCbl 30flOTa (III}, r H1lPOKCOKOMilfleKCbl 

30flOTa(III}, a TaK~e KOflflOH1lHOe 30flOTO, COOTHOmeHHe Me*1lY 

KOTOPblMH onpe11enHeTCH KOHUeHTpaUHOHHblMl-1 ycnoBHHMH BOil. IlpH 

aHaflH3e 3TOrO 3aKfll04eHHH, Ha Ham B3rflH1l, cne11yeT BbmenHTb 1lBa 

OCHOBHb~ nono~eHHH. IlepBoe - 06 onpe11enH10meM BflHHHHH Ha 

MHrpau1-110 30flOTa B B~JCOKOUBeTHblX noBe.px HOCTHb~ B011ax era 

KOMilfleKC006pa30BaHHH C ll!YflbBOKHCflOTaMH. naHHOe IlOflO*eHHe 

Il01lTBeP*1leHO MHOr04HCneHHblMH 3KCnep1-1MeHTanbHblMH 11aHHblMH H He 

Bb13bIBaeT COMHeHHA. B!opoe - 0 COCTOHHHH 3on0Ta B 

noBepx HOCTHb~ B011ax B cTeneHH OKliCJISHIDl +3.Bonpoc O BaneHTHOM 

COCTOHHHH 3on0Ta B npHp01lHblX B011ax HBnHeTCH 01lHHM 1-13 Ha1-16onee 

cno*Hb~- Bcne1lCTBHe KpaAHe Hl-13KHX co11ep*aHHA 3on0Ta 

onpe11eneHHe era cTeneHH OKHCneHHH H3BeCTHhlMH 

ll)H31-1KO-X HMH4eCKHMH MeT01laMH HeB03MO~HO. 011HaKO onpe11eneHHbJe 

Bb1B01lhl MOrYT 6bITb c11enaHhl Ha OCHOBaHHl-1 TeopeTH4eCKHX pactteTOB 

paBHOBeCHH B Bo11ax C ytteTOM cTaH11apTHb~ noTeHUHaflOB 1-1 

KOHCTaHT ycTOA4HBOCTl-1 B03MO*Hb~ 11nH 11aHHOrO XHMH4eCKoro 

cocTaBa BOil KOMnneKCHb~ coe/lHHeHHA 3on0Ta, a TaK*e . 3Ha4eHHA 

BenH4HH pH H Eh. IlpoBe11eHHbJe aBTOpaMH, [7, 9, 30, 31] · no1106Hble 

pactteTbl yKa3bIBalOT Ha npeBan1-1poBaHHe B BO/la~ KonnOH1lHOrO 

30noTa 1-1 pa3nH4Hb~ KOMnneKCOB 30flOTa (I}. no-BH1ll-1MOMY, 01lHOA 

1-13 nepBb~ no 11aHHOMY Bonpocy HBflHeTCH pa6oTa IlemeBHUKOr.O, 

AHOWHHa H 3peH6ypra [31], KOTOPbJe OTMettanH, 4TO 11nH MOpCKHX 

BOil 1lOMHHHPYIOIDHM HBnHeTCH KOMnneKC AuCl2-- 3Ha4BHHH 

CTaH11apTHblX noTeHUHanoB KOMnneKCHblX coemrneHHA 3on0Ta 

npHHHr.,anHCb paBHblMl-1 +1,119 (AuCl2-> H + 0,994 (AuCl4->, 

KOHUeHTpaUHH Cl- -HoHa - 0, 535 M, pH 8. 0TMettanOCb, 4TO 11nH 

MopcKHX BOil BenH4HHa Eh He MO*eT 6bITb KoppeKTHO 113MepeHa c 

IlOMOIDblO nnaTl1HOBoro 3neKTP01la, TaK KaK B BO/lax OTCYTCTBYIOT B 

3Ha411Mb~ KOHUBHTpaUl1HX OKl1Cfll1TBflbHO-BOCCTaHOB11TenbHbJe Cl1CTBMbl 

C IlOBbJWBHHOA CKOPOCTblO 3neKTPOHHoro o6MeHa. Ilo3TOMY OTHomeH11e 

OKHcneHHOA 11 BOCCTaHoBneHHOA ll!OPM 30flOTa (Au
3
+/Au

1
+), KaK 11 B 

4 

I 
I 

! 
l 

cnyttae 11pyr HX 3flBMeHTOB, 6y11eT OTBB4aTb OKl1Cfll1TBflbHOA 

cnoco6HOCTH paCTBopeHHOro K11cnopo11a. Hcxo11H 113 3Ha4BHl1H 

IlOTBHUHana CHCTBMb~ paBHOro noTeHu11any paCTBOPBHHOro 

KHCnopo11a ( 1lflH MOPCKl1X BOil +O, 74 B ), OTHOmeHl1B paBHOBeCHb~ 

paCTBOPHMOCTBA AuC1/ 11 AuC12- paCC41-1TaHO paBHbJM ;;, 1 □- 7 B 

pa6oTB [32] l-13Y4eHO BaneHTHOB COCTOHHl1B 30flOTa B paCTBOpax 

x nop1-1110B *ene3a (III} - *ene3a <II} np1-1 11x o6meA KOHUBHTpau1111 

3,5 M. IloKa3aHo, 4TO np1-1 l-13MeHBHHH OTHomeHHH Fe
3

+/Fe
2

+ OT 10
2 

110 10° (yMeHbmeHHe EFB3+/Fe2+ OT +0,85 110 +0.73 B) 3Ha4BHl1H 

paBHOBBCHb~ paCTBOPl1MOCTeA xnopKOMnneKCOB 30flOTa (r-110H/n) 

CHH*aeTCH: 11nH AuC12- OT 1 □- 4 110 2x10- 6 ; 1lflH AuCl4- OT 6x1·□- 6 
110 5x1 □- 12, T. B. B 3ToA CHCTeMe 6y11eT npeBan11poBaTb 

30flOTO(I). 8 U11Tl1PYBMOA flHTBpaTYPB npoBe/leH TaK*B pactteT 

BaneHTHblX ll!OPM 30flOTa . B paCTBope X nop11110B *BflB3a 

(KOHUBHTpaUHH xnopH1l-110HOB 3,7 M) B 3aBl1CHMOCTH OT CYMMapHOA 

KoHUBHTpau111-1 np11 TBMnepaTypax 25°c 11 so0
c. 0TMetteHo, ttTo np11 

KOHUBHTpau1-111 30flOTa < 1,5x1□- 3 r-110H/n B paCTBope npeo6na11aeT 

KOMilflBKC AuC12-' np11 3TOM IlOBbJmeHHe TeMnepaTYPbl IlPl1B01lHT K 

era cTa61-1n113au1-11-1. 

B npecHm noBepx HOCTHb~ BO/lax IlOTBHU11an Cl1CTBMbl, 

no-BH1ll-1MOMY, KaK 11 B cnyqae MOPCKl1X BOil, 6y11eT onpe11enHTbCH 

pacTBOPBHHblM KHCflOP01lOM. Co11ep*aH1-1e xnop1111-110Ha B Hl1X 

Bapbl1PYBT B npe11enax (1-n)x10 Mr/n. C Y4BTOM 11CilOflb30BaHHOA B 

pa6oTB [32] KOHCTaHTbl 111-1cnponopu110H1-1poBaHl1H KOMnneKca AuC12-

( 2x 1□7) rpaHHUa npeo6na11aHl1H 30flOTa(I) CHl1311TCH ,l(Q'.;;, 1 □- 7 

r-110H/n. 8 peanbHm np11ponHm BO.llax CO.llBP*aHl1B 30flOTa 

COCTaBnHeT ;;, 1 □- 11 M, T.B. CYIDBCTBBHHO Hl1mB nopora 

YCTOA411BOCTl1 KOMilflBKCa AuCl4-. L/ 

Bapman 1-1 np. [28] cnpaBe.llnl1B!) oTMettaJOT, 4TO np11 nono6Horo 

po11a pacqernx nnH np11pO.llHblX BOil [7, 9, 30] He Y411TbIBanocb 

KOMnneKcoo6pa30BaHl1B 30flOTa C ll!YflbBOKl1CflOTaMl1. OcTaBTCH 

HeHCHblM, Il04BMY o6pa30BaHl1B IIIYflbBaTHb~ KOMilflBKCOB nonmHO 
CTa611nl13HPOBaTb 30flOTO( III), a HB 30flOTO( I). ABTopaM11 (28] 

B03MOmHOCTb o6pa30BaHl1H KOMilflBKCOB Au~K- He paccMaTpl1BaBTCH, 

a nHmb YTBBpmnaBTCH, 4TO 113 npl1BB.llBHHOA B pa6oTe (33] 
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llHarpaMMbl COCTORHHR 30nOTa B KOOPllHHaTaX Eh - pH cnenyeT, qTQ 

o6naCTb npeo6nanaHHR 30noTa(I) HB COOTBBTCTBYBT 3HaqeHHRM Eh 
noBBPXHOCTHb~ Boll. OnHaKO naHHaR llHarpaMMa COCTaBneHa nnR 

pacTBOPOB ' KOHKpBTHOro COCTaBa C uenbJO Bb!RCHBHHR ponH 

cynb~HllHb~ H xnopHllHb~ KOMnneKCOB 3onoTa. KaKHe-nH6o BblBOllbl 

06 ycToflqHBOCTH 30nOTa( I) H 30noTa (III) Ha OCHOBaHHH 

npHB8ll8HHm B pa60T8 [33] naHHb~ 3aTPYllH8Hbl. 

TBQManbHbIB_BOllbl 

CymeCTBBHHO M8Hblll88 qHcno ny6nHKaUHfl nOCBRmBHO onpenenBHHJO 

iJ!OpM 30nOTa B TBpManbHm BOllaX. 8 HH3KOMHHepanH30BaHHblX 

TBpMaX 

[34, 35], 

npennonaraeTcR HanHqHe rHllPOKCOKOMnneKCOB 3on0Ta 

B 

rHnpoKcoxnopHllHb~ 

BbICOKOMHH8panH30BaHHb~ 

KOMnneKCOB Au(OH)Cl3- [34,36]. 

CMBillaHHbIX 

QqeBHllHO, 

qTo H B 3TOM cnyqae Bonpoc O CTBnBHH OKHCnBHHR 30noTa 

OCTaBTCR llHCKYCCHOHHbIM. 8 UHTHPYBMblX pa6oTax HB yqHTbIBanocb 

B03MOlKH08 BnHRHH8 KOMnneKcoo6pa30BaHHR C opraHHqecKHMH 

C08llHH8HHRMH. 8 pa60T8 [37] Ha OCHOBaHHH H3yqeHHR noBBllBHHR 

30nOTa B TBpManbHb~ X nopHit-HaTpHfl-KanbUH8BbIX pacconax n-:aa 
4enBK8H B npoueccax cop6UHH Ha KaTHOHHTaX, aHHOHHTaX H 

HHBPTHOM nonHMBPHOM HOCHTene, B npoueccax 3KCTpaKUHH 

X nopoi,liopMOM, 68H30nOM H TpH6YTHn~oc~aTOM, a TaKlKB onbITOB no 

H3BneqeHHJO panHoaKTHBHOro H30Tona 
195

Au H3 paCTBOPOB xnopHlla 

HaTpHR C no6aBnBHH8M BbinBnBHHm H3 paccona pa3nHqHblX i,lipaKUHfl 

opraHHqecKHX C08llHH8HHfl cnenaH BbIBOll O HaX OlKllBHHH 30nOTa B 

paccone B BHll8 KOMnneKCOB C opraHHqecKHMH (B03MO~HO, ll!YnbBQ-) 

KHcnoTaMH. . 0TM8THM, qTo npennonOJK8HH8 p B03MOlKHOCTH 

TpaHcnopTa 30nOTa B iJ!OpMB ~YnbBaTHb~ KOMnneKCOB B 

rnnpoTBpManbHb~ ycnOBHRX BblCKa3bIBanocb Bapman H np. [28, 38] 

Ha OCHOBaHHH OnbITOB no TBPMHqecKofl YCToflqHBOCTH iJ!YnbBOKHCnOT 

npHPOllHb~ BOll H HX KOMnneKCOB C 30nOTOM. MHH8panH3aUHR 

qenBKBHCKHX pacconoB ~ 250 r In, pH 6, Eh = 0, 1 - 0, 2 8, 

TBMnepaTypa Ha H3nHB8 70 - 00°c. ABTOpbl pa60Tbl [39], 

paCCMOTPBB PRll TBpMOllHHaMHqecKHX MOllBnefl cop6UHH 30noTa 

TOHKOCnOflHbIM cynbi,liHllOM HHKBnR H3 3M paCTBOpa XnOpHlla HaTpHR, 

T. 8. 6nH3KOro no coneBOMY ll!OHY K pacconaM, npHillnH K BblBOllY, 

6 

$' 

l 

qTo 3KCnepHM8HTanbHbl8 llaHHbl8 no B3aHMOll8FICTBHJO 30nOTa C 

cynbll!HllOM YllOBnBTBOPHTBnbHO onHCb!BaJOTCR B paMKax MOllBnH 

06MBHa aHHOHHbIX KOMnneKCOB Au( OH )Cl- H Au( OH >2-. 0TMeqanocb, 

qTo onpeneneHHaR qacTb 30noTa ( 15-20%) MOlKBT Hax OllHTbCR B. 

BHll8 KonnOHllOB cop6UHOHHOro THna. HcXOllR H3 3TOro, a TaKlKB C 

yqeTOM o6CYlKll8HHblX BbIIll8 naHHblX no COCTORHHJO 30nOTa B MOPCKHX 

Bonax [31] H 3aBHCHMOCTH CT8Il8HH OKHCnBHHR 30noTa OT era 

KOHU~HTpauHH B pacrnopax [32], MOlKHO OlKHllaTb, 

OTCYTCTBHH KOMnneKcoo6pa30BaHHR C opraHHqBCKHMH 

CT8Il8Hb OKHCnBHHR 30nOTa B pacconax 6yneT paBHa +1. 

qTo npH 

KHcnoTaMH 

Bonpoc lKB 

0 BaneHTHOCTH 30nOTa B KOMnneKCHb~ C08llHH8HHRX C 

opraHHqec"KHMH KHCnOTaMH, KaK H B cnyqae nosepx HOCTHb~ BOll, 

Tpe6yeT nononHHTBnbHOro H3yqeHHR. 

80llblL_nQH~QOqeHHbl8-K_30nOTOQ~llHblM_M8CTOQOlKll8HHRM 

8 30Hax 3aneraHHR 30nOTOPYllHb~ M8CTOPOlKll8HHFI OTMeqaeTCR 

IlOBbIIll8HH08 COll8plKa·HH8 30nOTa B nOBBPX HOCTHb~ Bonax. 

H3M8HRJOTCR H ll!OPMbl era HaXOlKllBHHR, KOTOPbl8 onpenenRJOTCR YlKB 

He TOnbKO COCTaBOM BOll, HOH THilOM KOHKPBTHoro M8CTOPOlKll8HHR. 

8 cna6oKHCnhlX H menoqHbIX BOllax cynbi,liaTHb~ M8CTOpOlKll8HHFI, no 

MHBHHJO aBTOpOB pa6on1 [19], npeo6nanaJOT BB Cb Ma YCTQf'lqHBbl8 

THOCynbi,liaTHb18 KOMnneKCHbl8 C08llHH8HHR 30nOTa. Bo3MOlKHOCT~ 

cymecTBOBaHHR 30noTa B BHll8 TaKHX C08llHH8HHA npennonaraBTCR H 

aBTOpaMH [ 40-42]. IlepBHOC 30norn B BHll8 X nopHllHblX KOMnnBKCOB 

AuC12- H AuCl4-,no itaHHbIM ronBBOA H np. [19],B03MOlK8H nHillb B 

PBllKO BCTpeqa10mHx CR CHnbHOKHCm~ X nopHCTOBOllOPOllHb~ 

lliYPMaponbHb~ Bonax. AHanorHqHoe 3aKn10qeHHe cnenaHo IlasnoBbIM H 

IlaBnOBOA [43] Ha OCHOBaHHH pacqeTa KOHCTaHT YCTQAqHBOCTH 

aHHOHOB 30nOTa. MHrpauHR 30nOTa npBHMYmBCTBBHHO B BHll8 

KonnOHllHb~ H TOHKOllHCnepcHb~ ll!OPM B 30Hax 30nOTOPYllHm 

M8CTOPOlKll8HHA X apaKTBpHa nnR noBepx HOCTHb~ H Her ny6oKHX 

rpyHTOBb~ BOll c 6onbIIIHMH CKOPOCTRMH ll!HnbTpaUHH [19]. 8 PRll8 

pa6oT [29, 44] YTBBPlKllaBTCR, qTQ naHHbl8 ~OPMbl MHrpaUHH 30nOTa 

RBnRJOTCR npeo6nana10mHMH H nnR npyrHX THnOB M8CTOPOlKll8HHFI. 

OnHaKo, no MHBHHJO aBTOPOB [7,421, llOMHHHPYJOmHMH RBnRJOTCR see 

)1(8 paCTBOP8HHb18 ~OPMbl. H B TOM, H B npyroM cnyqae 
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11ccne110BaTen11 cTpeMRTCR pacnpocTpaHl1Tb 3Kcnep11MeHTanbHh1e 

itaHHhJe, nony'leHHhle itnR KOHKpeTHOrO T11na BOll 11 MeCTOP0ll(lleHl1A, 

Ha 11pyr11e 11 TeM caMhlM CBeCTl1 see B03MO)l(HQe pa3H006pa311e ~OPM 

M11rpau1111 3on0Ta K npesan11posaH11D KaK11x-n1160 oaH11x ~opM. 

H3BeCTHO, 'ITO noBhlllleH11e KOHUeHTpau1111 30flOTa B np11ypo'leHHhlX K 

30flOTOPYllHhlM MeCTOpO)l(lleHl1RM BOllaX Ha6nvaaeTcR n11mb Ha 

OTHOCl1TenbHO 

HenocpellCTBeHHO 

npoTeKavm11e B 

coocall(lleH11R 11 

HenpOTR)l(eHHhlX yqac:TKax BOllOTOKOB, 

np11neravm11x K MeCTOP0ll(lleH11RM. HHTeHC11BHO 

c11cTeMe so11a- nopoaa npouecchl ocall(aeHl1R, 

cop6u1111 orpaH11'111BaDT pacnpocTpaHeH11e 

( npoTR)l(eHHOCTb) nOBh!WeHHhlX coaepll(aHl1A 30flOTa pe'IHhlMl1 noToKaMl1 

llO 1, 5 - 2, 0 KM [12]. HMBHHO 3TOT ~aKT 11 aaeT B03MO)l(HQCTb 

11cnonb30BaTb r11aporeox11M11'1eCKl1A MeTOll anR 113Y'leHl1R 

30flOTOPYllHhlX noneA. no Mepe yaaneH11R BOllOTOKa OT 30Hhl 

3aneraH11R 30nOTOPYllHOrO MeCTOp0Jl(lleHl1R B03MO)l(H0 113MeHeH11e He 

TOflbKO coaepll(aHl1R 3on0Ta, HO 11 era COCTORH11R. TaK, B pa6oTe 

[45] Ha OCHOBaHl111 ~11311KO-X11Ml1'1eCKOro MOl1en11posaH11R C 

11cnonb30BaH11eM nporpaMMHoro KOMnneKca "CeneKTop" noKa3aHo, 

'ITO B ycnos11Rx 06eaHeH11R K11cnopoaoM HanpasneHHOCTb npouecca 

~OpMl1POBaHl1R Xl1Ml1'1eCKOro COCTaBa BOll 30Hhl r11nepreHe3a 11lleT B 

CTOPOHY npeo6pa30BaHl1R ~OPM 30flOTa 113 r11apOKCl1flbHhlX 11 

map OK COX nopl1llHhlX ( Au□H0 , Au( OH )Cl-) B KOMnneKC, coaep)l(am11A 
+ 

H2s - [Au( H2s)2] . 8 3Tl1X ycnOBl1RX npol1CXOlll1T pacrnopeHl1e 

30noTa 11 BhlHOC era Tpeml1HHO - )1(11nbHhlMl1 BOllaMl1 no 30HaM 

TeKTOHl1'1eCKl1X HapymeHl1A. np11 CMemeHl111 Tpem11HHO - )1(11nbHhlX 

noa3eMHhlX BOll C nosepx HOCTHhlMl1 BOCCTaHOBl1TenbHhle ycnOBl1R 

CMeHRDTCR OKl1Cfll1TenbHhlMl1. KoMnneKChl 30noTa, coaepll(am11e 

cepoBOllOPOll, nepeXOllRT B KOMnneKChl C □H-, Cl-, 11 aanee 

npo11cx 01111T no'ITl1 nonHoe BhilleneH11e 3on0Ta B ~op Me Au
0

• no 

MHeHl1D aBTOpOB [12, 45 L 3TOT Mex aHl13M Ml1r pau1111 30nOTa 

RBnReTCR OllH11M 113 OCHOBHhlX np11 ~OPMl1POBaHl111 30nOTOHOCHhlX 

pocch!neA. 

f naBeHCTBYDmaR ponb r1111pocynb~l1l1HhlX KOMnneKCOB 30noTa B 

r11apoTepManbHhlX paCTBopax B BOCCTaHOB11TenbHhlX ycnoB11RX 

OTMe'leHa 11 asTopaMl1 pa60Thl [ 46]. HM11 TaKJl(e yKa3h!Banocb' 'ITO 
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cynb~l1l1Hhle accou11au1111 Ml1Hepanos ( n11p11T - n11ppoT11H, n11p11T -

apceHon11p11T) cnoco6cTBYDT KOHUeHTPl1POBaHl1D 30nOTa B m11poKoM 

11HTepBane pH BOll, np11 3TOM nOBh11lleH11e TeMnepaTYPhl npl1B0lll1T K 

ysen11'1eH11D sanosoro coaepll(aH11R 3on0Ta B pacTsope. MexaHl13M 

nepexoaa 3on0Ta 113 r11apoKcoK0MnneKcos B Au
0 

paccMoTpeH Bapman 

11 ap. [24, 38, 47 ]. 0TMe'laeTCR, 'ITO np11 pH np11pol1Hh!X BOll 113 

r11apoKcoK0MnneKcos aoM11H11pyeT Au(OH)
3
°. Bcne11cTs11e ManoA 

paCTBOpl1MOCTl1 Ha6nDaaeTCR era Bh!lleneHl1e 113 paCTBOpa B OCallOK. 

8 npouecce cTapeH11R ocaaKa npo11cxo1111T Heo6paT11MaR 

aer11apaTaUl1R MOCTl1KOBm 11 . onoBhlX CBR3eA C nocneaYDlll11M 

BHYTP11MoneKynRpHhlM BOCCTaHosneH11eM 30noTa( III) B OKCl1lle llO 

3neMeHTapHoro. np11 cocTase ocaaKa, oTBe'lavmero cooTHomeH11D 

Au2o3 :H2□, 6n113KOMY 1:1, rrpouecc soccTaHosneH11R npoTeKaeT 

Ha116onee 11HTeHC11BHO. 3TOT MeXaHl13M CTapeHl1R nollTBepll(lleH 

aBTOpaMl1 [24,38,47] HK~ cneKTPOMeTp11qecKl1M MeTOllOM, a TaK)l(e 

peHTreHOCTPYKTYPHhlM 11 Xl1Ml1'1eCKl1M aHan113aMl1. 

V.3 Bh!We113no)l(eHHOro BHllHO, 'ITO B nocne.llH11e rO.llhl HaKonneH 

6onbWOA 3KCnep11MeHTanbHhifl 11 TeopeT11'1eCKl1A MaTep11an no ~opMaM 

HaXOJl(lleHl1R 11 MexaHl13MaM MHrpau1111 3on0Ta B 30He r11nepreHe3a. 

Oco6hlfl 11HTepec npeacTaBnRDT pa6on1, CBR3aHHhle C 

r11aporeox11M11'1eCKl1Ml1 MeTOllaMl1 no11cKa HOBhlX 30nOTOPYllHhlX 

MeCTOpO)l(l1eH11A. OaHaKo r1111poreoXl1Ml1'1eCKl1A MeTOll no11cKa llO 

HaCTOR11tero speMeH11 He nonyq11n llOnll(HOro pa3B11Tl1R. B npaKTHKe 

no11cKOBhlX pa6oT. OcHOBHOA npl1'111HOA 3Toro, no MHeHHD aBTOPOB 

[12 L RBnReTCR onpeaeneHHOe OTCTaBaH11e B pa3pa60TKe MeTOlll1K 

onpeaeneHl1R 30noTa B npHpOllHhlX BOllaX, a TO'IHee, MeTOlll1K 

npe11sap11TenbHOr O KOHUeHTP11POBaHHR, TaK KaK 'IYBCTBl1TenbHOCTb 

cospeMeHHhlX MeTOllOB aHan113a ( HAA, AAC) 

HenocpeitcTBeHHoro onpe11eneH11R 3on0Ta 

HellOCTaTO'IHa 

B BOllaX. 

itnR 

H11ll(e 

paCCMOTpeHhl OCHOBHhle 113 on11caHHhlX B n1-1TepaType MeTOllOB 

npe11sap11TenbHOro KOHUeHTPl1POBaHl1R 30noTa. 

MeTOllhl KOHgeHTQ11QOBaHl1R_ 30norn_ 113_ nQHQOllHhlX _ BOll 

Bhlllle OTMe'lanocb, 'ITO aHanl-13 npl1POllHhlX BOll Ha co11epll(aH11e 

30nOTa,· BBHllY era KpaAHe Hl13K11X KOHUeHTpau11A 1-1 MHoroo6pa31-1R 

~OPM HaXO)l(lleHl1R, RBnReTCR cnO)l(HOA aHanHTH'leCKOA 3alla'leA. 
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AHam13 BKnIO'laBT B ce6R PRll OCHOBHbIX CTallHA: OT6op H 

npe.nBaPHTBnbHaR no.nrOTOBKa npo6 HCCnBllYBMblX BOil Ca TaKlKB HX 

xpaHBHHB npH npoBBllBHHH .nanbHBAWHX onepaUHA B ycnOBHRX 

cTaUHOHapHOA na6opaTOpHH),_ Bbl.llBnBHHB 30nOTa H HCCnBllOBaHHB 

nony'IBHHblX KOHUBHTpaTOB KaKHM-nH6o MBTOllOM (HAA, AAC H llp. ). 

TO'IHOCTb pB3YnbTaTOB 3aBHCHT OT KaJKllOA H3 3THX CTallHA. 

D'IBBHllHO TaKJKB, 'ITO npH onpBllBnBHHH KnapKOBblX COllBpJKaHHA 

B03MOJKHbl KaK noTBPH 30noTa, TaK H 3arpR3HBHHB HCCnBllYBMblX 

o6pa3UOB. 

06mHe PBKOMBHllaUHH no OT6opy H x paHBHHIO BOllHblX npo6 llaHbl B 

o63ope [ 48]. Ilpo6neMB X paHBHHR 30nOTOCOllBpJKamHx BOllHblX 

o6pa3UOB nocBRmBHbl pa6on1 [49-53]. DTMB'laBTCR, '¾TO H3MBHBHHB 

KOHUBHTpaUHH 30noTa BO BPBMBHH BH3BaHO, B OCHOBHOM, era 

cop6UHBA CTBHKaMH nOCYllbl. MaKCHManbHbIB noTBpH Ha6m:illanHCb npH 

xpaHBHHH npo6 B nonH3THnBHOBbIX COCyllax. flnR HB~HnbTpoBaHHblX 

npo6 YJKB 'IBpB3 6 CYTOK OHH llOCTHranH ~ 60% [49]. IlpH xpaHBHHH 

B CTBKnRHHOA noCYllB noTBpH 30nOTa HBCKOnbKO HHJKB (20-30%). C 

uenbIO CHHJKBHHR noTBpb npo6hl npH OT6ope wHnbTPYIOT 'IBPB3 

MBM6paHbl ( llHaMBTP nap ~ 0, 45 MKM) H nOllKHCnRIOT. BonpocaM 

llOCTOBBpHOCTH onpe.nenBHHR KnapKOBbIX COllBpJKaHHA 30nOTa B 

pa3nH'IHblX npo6a'x npH HX llnHTBnbHOM X paHBHHH noCBRmeHa pa6oTa 

[53]. YKa3bIBaBTCR, 'ITO B PYTHHHOA npaKTHKB HB HCKnIO'IBHO 

3arpR3HBHHB aHanH3HPYBMblX o6pa3UOB. 0CHOBHbIMH HCTO'¾HHKaMH, no 

MHBHHIO aBTOPOB' RBnRBTCR 6bITOBaR nhmb. IlpH 3TOM aBTOPbl 

llOnycKaIOT B03MOJKHOCTb HaXOJKllBHHR 30nOTa B noMemeHHRX 

na6opaTopHH B napora3osoA wa3e. 

IlpH Bbl.llBnBHHH 30noTa H3 npo6 npHpOllHblX BOll B03MOJKHbl TPH 

sapHaHTa: 1. nocnBllOBaTenbHOB BblllBnBHHB pa3nH'IHblX WOPM 

3on0Ta; 2. OllHOBPBMBHHOB H3BnB'IBHHB BCBX B03MOJKHbIX WOPM 

30noTa; 3. nepeBOll 30noTa B KaKyIO-nH6o H3BBCTHYIO WOPMY H BB 

KOHUBHTPHPOBaHHB. IlBPBb~ sapHaHT HCnOnb3YBTCR, KaK npaBHno, B 

pa6oTax no H3Y'IBHHIO COCTORHHR 30nOTa. TaK, aBTopaMH [54] 

npBllnOJKBHO Bbl.llBnBHHB 'IBTbipex wpaKUHA. 83BBWBHHbIB WOPMbl 

ornenRIOT wHnbTpauHeA Ha MBM6paHax C llHaMBTP nap 0, 45 MKM), 

HBOpraHH'IBCKYIO 'laCTb paCTBOPBHHoro 30noTa (KpOMB KOnnOHllHOro) 
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nepBBOllRT B xnopHllHb~ KOMnneKc H 3KCTparHPYIOT HHTpo6BH30noM, 

OllHOBPBMBHHO nonyqaR wpaKUHIO KOMnneKCOB 30nOTa C rYMHHOBbIMH H 

wYnbBOKHCnOTaMH, KOHUBHTPHPYIOmyIOCR B BHllB 3MYnbCHH Ha rpaHHUB 

pa3,nena BOllHOA H opraHH'IBCKOA wa3. KonnOHllHOe 30nOTO 

KOHUBHTPHPYIOT Ha aKTHBHpOBaHHOM yrne. 

PRll MBTOllHK no Bbl.llBnBHHIO pa3nH'IHblX WOPM 30nOTa, BKnIO'laIOmHX 

HX . npe.nsapHTBnbHOB KOHUBHTPHPOBaHHB BbIMOpaJKHBaHHBM 

HccnBllYBMbIX npo6 H IlOCJI8,JzylOOt88 pa3llBnBHHB Ha cewallBKcax H 

uennIOn03HbIX HOHHTfiX, npe.nnOJKBH B pa6oTax [23-28]. 

DllHOBPBMBHHOB OllHOCTallHAHOB Bbl.llBnBHHB BCBX WOPM 30noTa 

peanH3YBTCR npH . ynapHBfiHHH HCCnBllYBMbIX paCTBOPOB. 

Ilpe.nno'ITHTBnbHO KOHUBHTPHPOBaTb npo6bi BbIMOpaJKHBaHHBM, 

oco6BHHO noll BfiKYYMOM [55, 56], TaK KaK HMBIOTCR YKa3aHHR Ha 

B03MOJKHOCTb cymecTBBHHbIX • noTBpb 30nOTa ( llO 80%) B npouec~e 

BbmapHBfiHHR npH nOBblIDBHHbIX TBMnepaTypax [49 l. PRll aBTOPOB 

OTMB'laBT' 'ITO B onpe.neneHHbIX ycnOBHRX ( conRHOKHCnhlB paCTBOPbl 

B npHCYTCTBHH X nOPHllOB HaTpHR H KanHR) noTBPH 30nOTa npH 

BbmapHBaHHH. MoryT 6b!Tb HB3Hfi'IHTBnbHbIMH, HO npOBBllBHHB 

BbmapHBaHHR ocnoJKHBHO Bb!COKOA non3Y'IBCTbIO paCTBOPOB 30noTa 

[57 l. 
YnapHsaHHe KaK MBTOll OllHOCTfillHAHoro KOHUBHTPHPOBaHHR 

Hcnonb3YBTCR OTHOCHTBnbHO PBllKO. KaK npaBHno, cyx OA QC Ta TOK 

nocne ynapHBaHHR llononHHTBnbHO o6pa6aTbIBaIOT uapCKOA BOllKOA H 

H3B nBKaIOT 30nOTO B BHllB KOMnneKca AuC14- [58-65]. IlepBBOll 

BCBX WOPM 30nOTa B xnopHllHYIO npHMBHRIOT H npH HBnOCPBllCTBBHHOM 

era Bbl.llBnBHHH H3 BOll. flnR 3TOro B npo6y BOllbl ( 1000 Mn) 

llo6aBnRIOT 20 Mn uapcKOA BOllKH [50]. 

3KCTpaKUHOHHblB H cop6UHOHHblB MBTOllbl HaH6onee IDHPOKO 

Hcnonb3YIOTCR llnR KOHUBHTPHPOBaHHR 30noTa KaK H3 cyx HX 

OCTaTKOB (nocne o6pa6oTKH HX uapCKOA BOllKOA), TaK H H3 

npBllBapHTBnbHO nollrOTOBnBHHbIX BOllHbIX -npo6. 8 Ka'IBCTBB 

3KCTparBHTOB npHMBHRIOT llH3THnOBb~ 3WHP [58, 59, 66], XHHOnHH 

[60], llHTH30H [67,68], TpH-H-QKTHnaMHH [61,69], CMBCb 

llH3THnllHTHOKap6oMaTa HaTpHR H 8-oKCHXHHOnHHa [70], 

llH3THnllHTHOKap6oMaThl CBHHUa [71] HnH BHCMYTa [72], 
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~HTHowocwar HarpHR [64], llHTHOnHpHnMeraH l/3], 

l!HaHrHnHpHnMeraH [74], MeTHnH306YTHnKeTOH [65], HewTRHbie 

cynbwHllbI [62, 63, 75-78], rpH6yrnMocwar B BHlle rnepnoro 

3KcrpareHra C TB3KCa) [12, 79]. B pRne pa6or nepesoa 3onora B 

H3BneKaeMYIO wopMY npoBOllHnH He ao6asneHHeM B pacrsop uapcioA 

BOllKH, a nollKHCneHHeM npo61,1 conRHOA KHcnoroA [75, 76, 78, 80], 

nocnenosarenbHOA o6pa6orKOA a30THOA H YKCYCHOA KHCnoraMH 

[70], 6pOMHPOBaHHeM [81]. Cnenyer OTMeTHTb, qro B 3THX 

cnyqaRx B03MO~Ho nonyqeHHe 3aHH~eHHba pe3ynbrar0B onpeneneHHR 

coaep~aHHR 3onora, raK KaK aeranbHoro aHanH3a nonHon1 

nepesoaa 30nora B cop6HpyeMYIO H 3KcrparHpyeMYIO WOPMhl He 

npOBOllHnOCb. 8 nocnenHHe rollbl H3 nepeqHcneHHbIX Bb!Ille 

3KCrpareHTOB HaH6onee IIIHPOKO npHMeHRIOT HewrRHhle cynbWHllhl. 

nonyqeHHbie KOHUeHrpaTbI aHanH3HPYIOT, KaK _npaBHno, aroMHO -

a6cop6UHOHHl,IM MeTOllOM. 

CpellH cop6UHOHHba HaH6onee HCCneaoBaHbl MeTOllbl BbllleneHHR 

30nora c noMOIUblO aKTHBHpOBaHHoro yr nR ( AY) [50, 51, 54, 82-90]. 

8 pa6orax [54, 86] yrnep~naercR, qro AY cop6Hpyer He ronbKO 

HOHHOe, HO H KonnoHllHOe 30noro. 8 llHHaMHqecKHX ycnoBHRX 

HOHHoe H · Kon.noHllHoe 3onoro, no naHHbIM Xat,rnnroHa 11 3Jlllca [86 ], 

nonHOCTbIO cop6HpyercR np11 pH 2, 5; 6 11 10, B era rnqecKHX 

ycnoBHRX - npH pH s 4. no naHHblM XaMHllOBOA H llP. [84 l , 
~90i.-Hoe H3BneqeHHe 3onora AY Ha6n10aaercR nHIIIb B Y3KOM 

HHrepsane 3HaqeHHA pH (or 4 ao 5), BHe Koroporo cop6UHR 

3onora pe3KO cHH~aercR. OaHaKo asropaMH [50] noKa3aHo, qro 

KOnHqecrseHHaR cop6u11R 3onora Ha AY Ha6n10aaercR nHIIIb npH 

npensapHrenbHOA o6pa6orKe rrpo6hl BOllhl uapCKOA BOllKOA (20 Mn Ha 

1000 Mn rrpo61,1). npH 3TOM . BblXOll 30nora B KOHUeHrpar 

npaKrHqecKH He 3aBHCHT OT MaKpococrasa aHanH3HpyeMbIX 

IlPHPOllHba BOll rrpH HX MHHepanH3aUHH llO 35 r /,II. B pa6ore [51] 

yrsep~naercR, qro KOHUeHrpHposaHHe 3onora HerrocpencrseHHO H3 

BOll c IlOMOIUblO AY o6ecrreqHBaer 6onee BblCOKHe crerreHH Bb!lleneHHR 

Au, qeM rrp11 rrpensapHrenbHOM s1,mapHBaHHH rrpo6 no cyxoro 

ocrarKa. 

8 pa6orax [91-94] 30noro cop6HPYIOT H3 IlPHPOllHba BOll 

aiil:lOH006MeHHW.W CMOJIB.Mli. 
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8 rrocnellHHe rOllhl nonyqHnO pa3BHTHe HCITOnb30BaHHe xenaTHba 

cop6eHTOB llnR Bb!lleneHHR 30nora [95-99]. OllHHMH H3 

nepcneKTHBHm RBnRIOTCR X enaroo6pa3YIOIUHe cop6eHTbl 

n□m10PfC-XI-H H nomtoPfC-XII, KOTop1,1e KOnHqecrBeHHO H3BneKaIOT 

3onoro H3 HeArpanbHba H cna6oKHcma cones1,a pacrsopos, a TOM 

q11cne B rrpHCYTCTBHH wYnbBOKHCnor [97-99]. Cop6eHThl THrra 

nom10Pr C. pa3pa6oraHbl B f EOXH AH CCCP, HX' x apaKTepHCTHKH H 

peKOMeHnaUHH no HCITOnb30BaHHIO rrp11BelleHbl B o63opHba pa6orax 

MRcoenoBOA H llP. [100-102]. napaMOHOBa H l!P-. [103] 

11ccnenosan11 rroBelleHHe 30nora rrpH cop6UHH MOllHWHUHPOBaHHblMH 

sonoKHaMH H3 HeArpanbHba H cna6oKHcma pacrsopoB. 

MaKCHManbHaR ceneKTHBHOCTb OTMeqeHa llnR BOnOKOH Ha OCHOBe 

rronHBHHHnOBoro CilHpra H nonHaKpHnHHTPHna, MOllHWHUHposaHHba 

Moqe~HHOA 11 MerHnnHpanonOHOM, a raKme Ha OCHOBe 

nonHoKpHnHHTpHna,. MOllHWHUHPOBaHHoro OKCHXHHOnHHOM. namKOBOA H 

naHHnOBOA [104] ~nR cop6UHH 30nora H3 MOPCKHX BOll rrpennomeHo 

nonHaKpHnOBOe renb-BOnOKHO, MOllHWHUHPOBaHHOe fHllPOKCHnaMHHOM. 

nnR BbllleneHHR 30nora H3 rrpHpOllHblX BOll HCITOnb3YIOT raKme 

cooca~neHHe. HccneaoBaHo cooca~neHHe 3onora c rHllPOKCHllaMH 

~ene3a H anIOMHHHR · [105,106], c rennypoM [107], Kan0Menb10 

[108], c coeBbIM MacnoM C rrpH era KoarynRUHl-1) [109 l. HaH6onee 

3wweKTHBHblM H3 HeopraHHqeCKHX KonneKropoB . RBnReTCR, no -

BHllHMOMY, cynbwHll CBHHUa, Bb!lleneHHe 30nora Ha KOTOPOM 

npoBOllRT · KaK cooca~aeHHeM [105,106,110, 111], raK H cop6uHeA 

Ha rropomKe [112,113]. OpHrHHanbHaR MeTOllHKa C HCITOnb30BaHHeM 

opraHHqecKHX KonneKropoB rrpennomeHa ManoweesoA H np.: 3onoro 

COBMeCTHO C llPYfHMH 6naropOllHblMH 3neMeHraMH ocamaa10r H3 

KHilRIUHX pa_CTBOPOB MepKarrro6eH30TH030nOM . B rrpHCYTCTBHH 

rHoaueraMHlla [114]. 

nnR IlOBblIIIeHHR qyscrBHrenbHOCTH orrpeneneHHR 30nora HHOr na 

rrpH6era10r K coqer~HHIO HeCKOnbKHX MeTOllOB KOHUeHTPHPOBaHHR. 

TaK, PRll asropoB 3KCTpaKUHIO ManOH36HparenbHblMH 3KCTpareHTaMH 

aorronHRer pe3KCTpaKUHeA 30nora [67,68] HnH rrpHMBCHba 

3neMeHTOB [64, 75], nH6o npoBOllRT oca~neHHe 30nora CB 
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3neMeHTapHOM BHne) H3 opraHHqecKOA wa3hl (66]. Ilpenno~eHhl 
TaK~e MeTonHKH, BKnDqaDmHe cooca~neHHe 3onoTa H3 eon H 
nocnenyDmee era nononHHTenhHOe KOHUeHTPHPOBaHHe xenaTHbIMH 
cop6eHTaMl1 (114 l, npeneapHTenhHOe cop6UHOHHOe BbllleneHHe 
30noTa C nocnenyDmeA oqHCTKOA KOHUeHTpaTa 3KCTpaKUHeA (81]. 

CymecTBeHHO MeHbmee qHcno ny6nHKaUHA nocBHmeHo npyrHM 
MeTonaM KOHUeHTPHPOBaHHH 30noTa. ~nH npeneapHTenbHOro 
KOHUeHTPHPOBaHHH 30nOTa H3 MOPCKHX Bon npencTaBnHeT HHTepec 
3neKTponHTHqecKoe BbllleneHHe cnenoe 3neMeHTOB Ha KOnOHKe ·H3 
yronhHOro BOnOKHa (115] HnH Ha rpawHTOBOM 3neKTpone (116]. B 
pa6oTe (117] npenno~eHa MeTonHKa H3BneqeHHH 3on0Ta H3 eon c 
Hcnonh30BaHHeM npo~~eA H 6aKTepHA. IBapMa H3BneKan 30nOTO H3 
npo6 MOPCKOA BOnhl nocpencTBOM BOCCTaHoBneHHH era paCTBOpaMH 
conH neyx eaneHTHor o x poMa (118]. OnHaKo onpeneneHHoe npH 
3TOM conepl!<aHHe 3on0Ta C 1 MKr / n) 6onee qeM Ha nea nopHnKa 
npeBbllllaer H3BeCTHOe 3HaqeHHe KnapKa MOPCKHX eon, qyo CTaBHT 
non COMHeHHe KoppeKTHOCTh npenno~eHHOro cnoco6a. 

B 6onhmHHCTBe UHTHpyeMblX Bblllle pa6oT KOHUeH.TPHPOBaHHe 
30noTa H3 BOnHhlX npo6 npoeonHnOCh B ycnoBHHX CTaUHOHapHOA 
na6opaTOPHH. B HaCTOHm,ee epeMH B CBH3H C pa3BHTHeM 
rHnporeoxHMHqecKHX HccnenoeaHHA ( B TOM qHcne H 

rHnporeox HMHqecKHX noHCKOB HOBblX 30noTopynHhlX MeCTOpo~neHHA) 
oco6oe BHHMaHHe ynenHeTCH pa3pa6oTKe MeTonHK, n03BOnHDmHx 
KOHUeHTPHPOBaTb 30nOTO HenocpenCTBeHHO Ha MeCTe npo6ooT6opa. 
CpenH onHCaHHblX Bblllle HaH6onee nepcneKTHBHbIMH nnH noneBblX 
ycnoBHA HBnHDTCH, Ha Ham B3rnHn, MeTonHKH KOHUeHTPHPOBaHHH Ha 
aKTHBHPOBaHHOM yrne (50] H TBepnoM '3KCTpareHTe Ha OCHOBe 
TpH6yrnnwocwaTa (12, 79]. Cnenyer OTMernrh, qro B pa6ore (79] 
BnepBble npenno~eHa MeTonHKa onHOBpeMeHHOro OKHcneHHH 
npHCYTCTBYDmHx B npHponHhlX eonax WOPM 30noTa no Au( III) H 
KOHUeHTpHpoeaHHe nocnenHero Ce BHne Auc14-) TB3KCoMCT6~). DnH 
npHnaHHH TBepnoMy 3KCTpareHTY CBOACTB OKHCnHTenH era 
npeneapHTenhHO HacbimanH 3neMeHTapHbIM X nopoM. Conep~aHHe 
30noTa onpenenHnH HeATpOHHO-aKTHBaUHOHHhlM, MeTonoM nH6o 
HenocpencTBeHHO B wa3e TB3KCaCT6~). nH6o nocne nepeeona Au B 

14 

TOHKHe MHW8HH. ABTOpaMH (106] npennaraeTCH TaK~e nnH noneBblX 
ycnoBHA MeTonHKa KOHUeHTPHPOBaHHH 3on0Ta Ha cynhwHne CBHHUa. 

QqeeHnHo, , qyo KOHUeHTPl1POBflHHe 30noTa HenocpencTBBHHO Ha 
·MecTe npo6ooT6opa no3BOnHeT He TOnhKO cymeoTBeHHO pacmHpHTh 
qHcno HCCnenyeMhlX o6beKTOB (qyo Ba~HO nnH rHnporeoxHMHqecKHX 
IlOHCKOB 30nOTOPY nHhlX none A), HO H. nOBbICHTh TQqHQCTh 
pe3ynbTaTOB 3a cqey CHH~8HHH noTeph 30nora (HnH 3arpH3H8HHH) 

Ha CTanHHX TpaHcnopTHPOBKH H xpaHeHHH npo6. 
~13 BbIIJleH3no~eHHOrO BHnHO, qyo Ha ceronHH HaH6onee mHpOKO 

nnH KOHU8HTPHPOBflHHH 30noTa H3 npHponHhIX eon Hcnonh3YDTCH 
pa3nHqHbie eapHaHTbl cop6UHOHHOrO H 3KCTpaKUHOHHOro BbllleneHHH. 
IlpHMeHBHHe KOHKPBTHhlX MeTonHK onpenenHeTCH 3anaqeA 
liCCJie,Il;OBaIDlfi H MBTonaMH nocnenyDmero aHanH3a KOHUeHTpaTOB. 
nanhHeAmero pa3BHTHH TRe6yDT pa60Thl no KOHUeHTPHPOBaHHD 

3on0Ta HenocpencTBeHHO Ha MecTe npo6ooT6opa. 
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~HWKHHa T,B,, AMHTPHea C.H. 
3onoTO a nPHPOAHWX BOAaX, $opMW HaXO>K,qeHHR 
H MeTOAW KoH4eHTpHpoaaHHR 

12-90-325 

PacCMOTpeHw H KPHTH4eCKH npoaHanH3HpoaaHw nHTepaTYPHWe AaHHWe no cpop­
MaM HaXO*AeHHR _H MeTOAaM KOH4eHTPHPO~aHHR 3onoTa B nPHPOAHWX BOAax pa3JlH4· 
Horo THna /npecHwe noaepXHOCTHwe; MOpCKHe; TepMMbHWe MHHepanH30BaHHwe; 
BOAW, nPHYP04eHHWe K 3000TWM MeCTOPO*AeHHRM/. OTMe4aeTCR npeBMHPYOllaR 
POJlb KOMMeKcoo6pa3oaaHHR 30JlOTa C ~YJlbBOKHCOOTaMH a·npeCHWX noaepXHOCTHblX 
BOAaX C noewweHHWM COAeP*aHHeM rYMYCOBWX ae~eCTB, YKa3WBaeTCR, 4TO B Tep­
MaJlbHWX MHHepaJlH30BaHHWX BOAaX TaK*e B03MO*HO 06pa3oeaHHe KOMMeKCOB 3000· 
Ta C opraHH4eCKHMH KHCJlOTaMH. ~OPMW HaXO*AeHHR 30JlOTa B BOAaX, npHypo4eH­
HWX K 30JlOTOPYAHWM MeCTOPOmAeHHRM, onpeAeJlRCTCR, B OCHOBHOM, THnOM MeCTO­
PO*AeHHR. noA4epKHBaeTCR, 4TO HaH6onee AHCKYCCHOHHWM OCTaeTCR eonpoc 0 
aaneHTHOM COCTORHHH 30JlOT~ B npHPOAHWX BOAaX /I HJlH III/. CpeAH MeTOAOB 
KOH4eHTPHPOBaHHR oco6oe BHHMaHHe YAeJleHo MeTOAHKaM, n03B0JlRIOIJIHM npoBOAHTb 
npeABaPHTeJlbHOe BWAeJleHHe 30JlOTa HenocpeACTBeHHO Ha MecTe npo6ooT6opa, 4TO 
Ba*HO AJlR pa3BHTHR rHAPOreoxHMH4eCK~X MeTOAOB noHCKa HOBWX MeCTOPO*AeHHH 
30JlOTa, 

Pa6oTa awnonHeHa e fla6opaTOPHH RAePHWX peaK4HH OHRH. 

npenpHHT O_61,e,!UilleHHoro HHCTHTYTB R,o;epHb!X Hccne,o;oeamdi. Jly6Ha 1990 

nepe BOA aero po a 

Shishklna T.V., Dmitriev S,N, 12-90-325 
Gold In Natural Waters, Speciatlon and Preconcentratlon Methods. 

The authors review and make the critical analysis of. the literature 
data on the chemical speclatlon and preconcentration methods of gold In 
natural waters of.various types (surface freshwaters, seawater thermal 
min~ral waters, the waters connected with auriferous deposits)'. The pre­
dominant role of gold complexing with fulvic acids In surface freshwaters 
with a high content of humlc substances is outlined. It has been noticed 
that gold forms complexes with organic acids also in thermal mineral wa­
ters. The chemical forms of gold In the waters connected with aurlferous 
deposits depend, In general, on the type of deposit. It I& emphasized 
that the oxidation state of gold (I or Ill) In natural waters Is the most 
disputable question. Among the preconcentratlon methods particular atten­
tion ls given to the techniques which permit prel I ml nary recovery of gold 
directly on the site of sampling, that Is Important for·developlng hydro­
geochemical prospecting for new deposits of gold, 

The investigation has been performed at the La·boratory of Nuclear 
Reactions, JINR. 
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