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I1 CCJIe.l(OBallO B3aH MOjleHCTBHe p aCTBo p OB p sna MeTaJlJIOB C 30JI OH Kaparammucxoro xaa enaoro yrJIJI:. DpH 

3TOM npon c xoznrr n ep ep ac n p enenen ae HOIlOB M eT amlOB MC)K,l{)' 30 JIO» M paCTBOp OM; xapaxrep If 

KOJlH'ICCTBCHHbIC xap aKTCp HCTJIKI! n p ou ec ca 3aBHCliT OT CBoik TB Me TallJIa Her o KOJlu eHTP aUI!I-l R p acrsope. 

Kntoueeue cnoea: 3OJIbI , HOHhl MeTaJlJIOB, HOHlIbl H 0 6 MCH. 

<1>0pMKpOBaIlIiC oKpY)f(aIO~CH CPC.llbI B HaCTOJlI1.lCC 

BpCMll onpcncnserca HC T On b KO n p Hp 0,IJ,HbIMli npouec ­

caMlI, 110 II aKTHBHOH allTpOnOrCHHOH nesrensuocr sio. 
O,llllllM H3 n OCnC,llCTBHH ar o ti nesrensaocra JlBJUlCTCH 

06p a30 BaHHC p a3H0 0 6pa3HbIX n o cocrasy , KOnH"{CCTBY 

Ii CBOHCTBaM OTXO,IJ,OB n pOH3BO,llCTBa II n orpefin en n a ; 

3TH OTX O,IJ,bI MO)f(HO paccsrarpaaar s KaJ< aarpon o r en ­

HOC cupse H acnom.soaar s B paarmsnsrx 06naC1'llX 

'1enOBClJ.CCKOH JJ.C.IITCJIb HOCTll. 

O .n:HHM H3 naufi onee Kpyn Ho TOHH a)KIi bi X n pou snu ­

nCHH bIX OTX OJlOB asnaerca 30 JIa - HCCrOpCOllJHH 

OCTaTOK TBep)J,bIX BH,IJ, n TOllJIIiBa. 3 0 JIbI JlOCTaTO'lHO 

mnpo x o HCIlOJIb3YIOTCH B n p OH3BOJlCT BC CTpOl fT CJIb ­

HblX xrarepa anou, npn 3aCbmKC OTpa60TaHHblX m axr , 

KaK Cbl p he JlJU{ 110JIY lJ.eHlfJI r aJIJIlfJI , cxaanas, 

PCJlK03CMCJIbHhiX MCTaJIJIOB [1- 5]. 

B o BTOp OH nOJIOBllHC XX BCKa naxonnameecx B 

K a3aXCTaHe AO "Kapfinzi" c 6paCbIBaJIO B pexy Hypy 

CTO'iHbIC BO,IJ,hl, c on epacauiae PTYTb . 31'0 C0 3,IJ,aBaJlO 

peam.nyro yrposy 3KOn Orn'lCCKOH x aracrpotpu , 

• KOT	 pall He COCTOHllaCh as- sa npacyr cr saa n a JJ.HC 

pCKH OTJIO)f(CHHH 30JIbI Kapara azmucxoro y r n s - 31'a 

30 JIa aKKyMy JIHp OBaJIa B c e6 c pryrs. 

Onacauaas CHT)'aUHll CTHMy JIHpOBaJIa H3YlJ.eHHC 

COp6UllOHHbI X II 1I0Ho 0 6MCHHbIX CBOHCTB 30JI 

pa3JIH'lHhIX BllJlOB yrneii [6-10]; n p U'leM HCCJI C,IJ,O­

BaJIaCb nornornrensuas cnoc06 HOCTb 30JI n o 

OTHo m CHHIO KaK K HOllaM p T)'TH, TaK II K UOHaM I1 

n pyrax M eTaJIJIOB. I1c n OJIh30BaHllC pasna-msi x 

MCTaJIJIOB II BapbHpOBaHHC yC JIOBHH 3KCn Cp HM CHra 

n onxno 6bIJlO n 0 3BOn HTh OIIHc aT b Mcxalllf3M 

npouecca, OUCHIfTh BJIlUlHUC n a Hero pasna-uuax 

<paKTOp OB H Bbl ,llBllHYTb npenrronozceans 0 TOM, B 

xaxax CJIY'lallX MO)f( eT 6hITh onpas narro HCnOJIh­

30BaHllC 30 JIbI nns n o r n o uiea a a MCTaJIJIOB. 

Llens io " aH HOrO sr an a lfCC JIeJJ.OBaHllll 6bIJIO 

H3y'lCHHC B3aHM OJlCHCTBHll 30 Jlb l Kaparannancxoro 
KaM CHHo r o y r n s C nOJJ.HbI MH pacTBopaMH coneii KaJIHlI , 

l{C 3llJI, JIHTHll, KaJI hIJ;lUl , 6 ap HH, M CJlH (Il) II JIaHTaH a . 

Hcnonsaoaauae TOJlbKO O,llHOr O aana 30 Jl bI If oznror o 
o npcJ(CJIeHHOr O COOTHomCHllll KOJIH'lCCTB TBCP.llOH U 

)f(llJlKOH <pa3 n 0 3BOJ1HJIO COCpCJlOTO'lHTh BHII MaHllC aa 

BflllJIHIDI JlB)'X OCHOBHhlX <paKTOpOB: cBoHcTB HOHOB 

MCTaJIJIOB H IIX xouueurpauna. 

061>CKTOM HCCJJC,IJ,OBa HHll CJIY)f(HJIa JICT)' '1all sona, 

06pa30BaBIIIaHCll B PC3YJIhTaTC c oxoseaaa KOHIJ;CH­

rpaTa K ap ar aHJlHHCKOrO KaMCHHoro yrns aa T 3 IJ,-I, 

r. AnMa-ATa B 1995 r . ( ,IJ,aJICC - K3 -1). 

XllMlI'leCKHH COCTIUl 0 6p a3 IJ;OB 30JJbl, no JlaHHblM 

Hill1CTPO M DPOE KT ( r . A JIM a- A ra , K33aX CTaH), 

npasenea st B Ta6 JI. 1~ 

Paa ee corpynaaxasia Ka4>e.npbJ <pH3lllJ.eCKOH 

XllMHH HI1I1 CD6ry npoBO,IJ,HnOCb llCCJICJlOBaHHC 

rpaHy JIOMCTpHlJ.eCKOr O COCTaBa 30JI . )J.rur HX 

4>p aKUllo HHp OBaHllJl HCnO JJh30 BaJIH na60p CTaH,l(apT­
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Ta6J1H..1.\a 1. Pesynr.r aru XlIMW'ICCKOr O a UaJIII3a 30ll h l K3- 1, Mac e . % 
30na I- NiI]O MgO AhO; Si0 2 K20 CaO Ti02 Fe20 .l CO) SOl 

K3-1 I 0.60 1.56 27.4 55.5 1.56 4.9 1.2 5.87 1.2 1 
~-----

0.12 

HhlX CIl T C OT BCp CTII5IM H 01' 0.84 zro 0.1 MM . YT\8JlOCL 

yCTaHOBI1Th, 41'0 OCHOBHy lO '1aCTh 30Jlhl K 3 - 1 COC­

TallJl5lIOT sacrnnsr p 3.3MepOM 01' 0.84 n o 0.1 MM [8). 

3aTcM B nafiop aropua PCHTrCHorpaepHH Kaq>c .uphl 

IlCOprallH'ICCKOll XI1MHIf CTI6fY 6 bJJlH o x ap axr e­

pH 30BaHhi epaJOBO-MI1HCpanOnf'leCKHC COCTa Bhl 30Jl H 

H.X q>p aKllHlt . I1cnOJlh30BaJIH npafiop ):(POH-3, 

t1'3n YQCHHC CuKa• ):(aHHhlc rrpencraancxu H rafin . 2. 

KaK BH.n.HO H3 npC,D,CTaBJICH Hb IX n a a u si x , OCHOB­

Hhl M H KOM flOIlCHTaMH sonu 51SJUIIOTCll xaapu H 

a.iIIOMOCHJlHKaTbI, B MCHbUIIfX KOJIlf4CCTBaX n p a cyr­

CT By lOT OKCH.lJ.bl H CJtIlHKaTbl IKCIIC3U . 

Moayns OCHOBHOCTIf , xapaxrepmytouiati KOllH4CC­

TBCHH o e COOTHOlliCHIfC OKCH.n.OB KliCJl THoro Ii OCHOB ­

aoro xapaxrepa, JJ.JI5I K3-1 COCTa BJlHCT 0. 17 [6, 8]. 

Hccnenosaauue 30Jlbl KaMCIIHblX H fiypsrx y r n cH 

He pacrsopsnacs nOJlHOCTblO .n.a)l(e B n ap c x o ii BO,lJ,Ke. 

HO npa KOHTaKTe C .lJ.MCTIfW m p OBaH HOH BO.n.OH 

cPOpMHpOBaJUICb pacrsopu , conepxasurae HOHbI Na+, 
2 1 Mg2 1 K+, Ca , , sior 11 .n.p. [6, 8). 

):(JUI H3YQ eHI151 KHHCT HKH npouecca B38HM O­

,lJ.CHCTBHlI 3011bl C pacrsopaaa XJlOPH.lJ.OB accnenyeuu x 

MeTaJlJlOB 6bI.J1If B311Thl HaBCCKH 301lbl no O.5000± 
0.0005 r H rrpnseneasr B KOHTaKT C 50 M.JI 0.1, 0.05 H 

0.0 I H . pacraopasm COIlCH MCTaJllIOB. 113McpeHH 5I p H 

7 .6 

7.2 

::c: 
0.. 6.8 

6.4 

6.0 .J.r----r----r-~~~...,.._---r---r 

20 1510 5o 2 5 30 
Bpevs, cyr 

Puc. 1. J.13MeH CIn t<~ pH cycnema ii 30 11 npa KOHTa KT e c 
0.01 (1),0.05 (2) If 0.1 H. (3) pacraopaxor KCl. 

nOJlY'ICHH OH. c y cnensna npOH3B OnH JlH l.JCpC3 1, 3 'I, 1, 
2, 4, 7, 14 H 28 cyr. KmKnhIH OnbIT n p OBOn lfJIH C 

mCCTblO n ap an n en s a snm npofiasr«. Ilocne 7, 14 H 

28 CYT KOHTa KTa C paCTBOpOM n o TlBC HaBeCKH 30JJbl 

OTlIlHlIbTpOBbIBaJIH, CYlllHJIlI npa KOMUaTllOll TCM­

rrep ar y p e If B3B ClllHBaJIH. 

TIo PC3YJlbTaTaM KI1HCT1flJCCKIfX HCCJJe}~OBaHH~i 

6 hlJI O n p ansro , l'JTO CCM Hn He BHhl H CpOK 51BJl5ICTCJI 

nOCTaTO'lIIh1M zinx cPOpMHpoBaHlUl paaaoaecnoti 

xap rnnu InaI1Mo .uc HCTBHll . Iloarovy 8 AaJIhHCHllICM 

HaBCCKH 30JJhl n p HROn HlIH B Hen ClIhHblH KOHTaKT C 

pacrsopaan C011eH. C xoauenrpaunseaa 0.005, 0.01, 
0.05, 0. 1, 0. 15 II 0.2 H. ; IICKJllOlJeHHC eOCTaBIIJllI TOIlbKO 

x n o p n n lIHTlIJJ, n p a pa60TC C KOTOphlM KOHUCHTpaUHlI 

paCTBopOB 6 bl1111 YBCllH4CHbi B 10 pas. Hoene 

OTCTa HBaHH5I H3M CP$lllH pH CYCllCU3HIl, nasccxy 30JIbl 

OTcPHIIbTpOBblBaml xepea npermaparensno B3BcrnCH­

HhlH. cPHIIbTP, B3SCllHlBarIH <pIl IIbTP C 30 n o H H 

HaXOnHJm H3MCUCHUC MaCCbl HaBCCKI1 3011hl. ):(aJIee 

OllpCnCJIID lI1 pH cPHJJhTpaTa H paanoaccuyio KOUllCH­

rpaumo HOHa COOTBCTcTBylOI.l.lCrO MCTalllla . 

O n p c .uCJICHII5I KOHUCliTpauHH HOHOB Ka.J1H51, ue3HJI, 

JI I1TI1JI, KanbUH5I II 6 ap H51 OCYIllCCTBJUUlH ua aTOl\fHO­

a6c o p 6 UHOHHOM c n CICTpo epo TOMCTp C AAS-I N. KOH­

UCHTp aUHH HOHOB JIaHT UHa H Mc.uu(II) o n p ezten xn n 

nyrc a KOMIlJIeKCOHoMeTjJI14CcKoro T~rrpOBaHH5I. 

0 .04 J 3 

'- 0.02­

i 2 
~ ~-----_. 

0.00 1 _. _..................... I
 

-{l.02 5 
10 15 20 2 5 30 

Bpesrs, cyr 

Puc. 2. 113 MCHCBlI C srac c Hau eCOK 30JI bI n p a KOIlTaKTe C 

0.01 (1), 0.05 (2) H 0.1 H . (3) pacrsopasm KC t. 
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Ta6JIHlJ.a 2. Peayrn.r arsr pen r r en o tpasoaor o auan naa 30JlbI 1(3-1. Kparxoe OIIHCaHHC eppaJamii 

30na N2 ¢paKUlHl 
Paawepa xacran, 

MM 
l(OJUI cPpaKllIHl, 

% 
OCHOBH.bJeKO MlIOHeHTbJ (no LlaHH. bI MpeHTI'CH0cPa:IOBoro auanuaa) 

K3-I 

I 

2 

3 

0.84 < d 

0.1 < d < 0.84 

d <O,1 

3 

89 

8 

SiOl (c -xsapu), Ah SiOs_, SiOl (a-KpHCT06amn), (Caoo-MgO.45Fe048) 
SiO) (nH.reOHHT), aM oPcPHali cPa3a. 

SiOl (c -xsapu), A1lSiOs., aMoPcP llali cPa3a, Fe20 ) (rev arnr), Fe)O•. 

SiOl (n-xs apu), AbSiO h auoptpaaa cP a3a. 

3KCIIEPI1MEHTAJIb HAJ) llA C T b 

1. C OJIH UleJIO'lHhlX MCTaJIJIOB 

Hccnenosaaaa Kn HCTHKH B3a llMO).I,CllCTBHH sonsr C 

pacr so pasm XJIOpH.Qa KaJJlI H nO Ka3aJ1H, tITO 

3aBHClIMOCTll pH cycncH3 1111 01' n p o.nomKJtTCJl bHOCTH 

KOHTa KTa .D.Jljl BCCX HCCJI C.QOBaHHbIX KOHuc H-rpaI.01H. 

HMCIO'I c xo)f(nii BH,I.{: CHatIaJJ a pH B03p aCTaeT, 3aTCM 

CIIH)f(UeTCR, n HaKOHCU, cr afia aa aapyer ca (pHC. 1). 
Macc hi HaBCCOK B 0.05 H 0.1 H. pac rsopax yucnuxa aa­
IOTCH no OTHo w eHHlO K HCXOJ\H OH , npH tI eM yaenn-m­

H BalOTCjI TCM 3aMeTHC e , QCM fiorrsnre KOHI\eH1paUI1R 

e conn; B pa36aBITeHHOM 0.01 H pacrsopc xracca 30nhl 

ysreusuraercs (puc. 2). Ban 3aRHCl1MOCTCii S m OT 

Bp eMeHH .nIT}! scex KOHlI, H-rpaUIIH aaanornuea. Ilocne 
npcfismaan» 30m ,1 B p acrsopc C xonuearpauaeii 

I,	 I0.0 I r - 3KB n - pana osecnaa KOHueH1paUIIH HOHOB K-'­

ClaHOIHITC}! fiorn.nie HCXO.QHoH, T . C. HORhl nepexonar 

1f3 aonsi B p acr sop, HO n p n YBellJ1IJ eH HH BpCMCHH 

KOHTaKTa !.\C Y M c HbW aeT CH. J];JUr 0.1 M p acrn o pa liC 
OTp III \aTCJIbH a, T. e. HOHb l KaJIHH MH rpHPYIOT H3 

pacr ao p a B 30J IY, HO cc BCnHIJHHa n o Mo.n;ymo co 

apeaeacsr YMc Hb DI aeTCH (pHC. 3). 

M O)f(HO n p ezmo n oxcrn., 'ITO npn KOHTa K"r e K3-1 C 

paCTBOpaMH KC1 npOHCXO,LUIT ,UBa p aa n o n a n p a sne n ­

HbIX npo uecca. O JlHH H3 HHX npHBo.QHT K YBCJIHlfCHHIO 

conep scaa a s HOHOB KanJI}! B p acrs o p e - 3TO MO)f( C'f 

6bITb p aCTBo p CHHe KaJJHltCo.n;ep)f(amHX KOMnOHeUTOB 

sonu (rafin . I), n H 60 norno urenae Mon e KYn sozra H3 

pacraopa . Br opoii rrp ouec c n p UBOJl,HT K YMeHbIlleH HIO 

KOHueHTpaUHl1 K + B pacr sop e - 31'0 MO)f(CT 6 bI Tb 

Bbl 3BaHO 110HHbi M 0 6 MeHOM HJIH He06MeHHbI M 

n o rnouiean M K CI. 3Tu npOUCCCbl npOTeKaIOT 80 

"	 scex pacrsopax, HO HHTc n CH BHOCTb H xap ax r ep lfX 

p a3BI1TWI onpCLlcn RIOTCR HCXOJl,HOH KOHUCIt-rpaUHeli 

COJIn . 

n p I1ROJl,HJIO K CXOJlHbI M lVIH ncex rpex concii pcs yns­
Ta Ta M : 3H a'leH HH pH cycnenauti H ¢HJIbTpaTOn npa 
H3MCHeHHH HCXO.n;HOH KOHu c H-rpaUH H conn M em l lOTCH 

cnafio; pH lPHllbTp aTo B BO ncex crrynaxx MCHbUJC, 'leM 

pH COOTBeTCTBYIOIUl1X c y cn Inml (PHC. 4). 

Ilpa YBcn HIJCHIfH acxonaoa xoanerrrpauan conn 
Macca HaBeC KIf n OCJIe KOHTaKT8 C 30noH 6e3yCJIOBHO 

B03paCTaeT ; Jl,/UI KC l u CsC l S m nepexoznrr H3 

orpauarensaoa 0 6 naCTH B n OnO)f(JfTCllbHYIO, JlJUl 

xnopnna JIHTHH OHa BCCr Jl,a nonosorr ensa a (ar o 
CBsnaHO C H3MCUCHHeM mranasoua KOHueH-rpaUI1H 

L iCl) (PHC. 5). Ilo nyseunsre na nnue HenJIOXO c o rna ­

cyior cs C PC3YJIbTaTaMH KHUCTHQeCKHX ac cnenonanati 
(pHC. 2). Ofipamaer na c c 6 jJ BHHMaUHe, 'ITO 

3aBH CHMOCTb S m = ftC) B PMY Li - K - C s CMe ­

m aeTCSI a nCBO, T . C. npa pasasrx HCXOJlHhIX 

KOHl\CH1paUHHX COllH Macca HaBeC KU HOCll KOHTaKTa 

TeM fiorn.ure, 'lCM TH)f(en Ce xaraon. 

3 a BHCHM OCTH p aBHOBCCHOH K OHUClnp aUHH HOHO B 

KaJIHH, u e3H JI 11 JIHTH}! OT HCXOJ\HOH KOHUCHTpaUHH 

'rex )f(e MeTaJIJIOB COBeprnCHHO He nOXO)f(11 Jl,PYT Ita 

0.020 

0.0 10 

~ 
rJ 0.000 
<j 

-0.010 

Yncnaxenae xoa uerrrpanau 

YMCHb llJCHHe KOH ueHTpRUHH 

-0.020 t----r---r---~--r--..., 
5 10 15 20 25 30 

Bpeux. cyr 

B 3a HMo,n,CUCT BHC aonsr C pacrsopaa a K C I , C sCl H	 Puc. 3. Ih MeHellHe KOHUellTpal.\IIH HOHOB K ' npu 
KOmaKTe 30JIbl C 0.01 H (1) II0.1 H (2) pacrsopastn KCI. Li'Cl P a3JII1<JHOH KO HUCH'rp au~m B TeqCHHe He.QeJIH 
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(a)	 (6) 

8 .	 8 ­

6 °.
 

4 •
X 
c.. 

'2 . 

o .'~-~-~------~-

0,00 0.05 0.10 0.15 0.20 
CHCX, r -3KB n I 

:r: 4 ­
0.. 

2 · 

o..----,---~-.,-------

0.00 0.05 0.10 0.15 0.20 
CH<x, r - 3KB JI I 

(B) 

11 
6~ 

2 J< 

6 
4 '. x 

0.. 

2 ~ 

I 
II. i i i i 

30.00	 0.05 0.10 0.15 0.20 
C IICt.. r - 3KB JI-

1 P 
n 

PIIC. 4. 3aBlICHMOCTh pH cy cncmuii (1) II ¢ Il JlbTp3TOB (2) or lICXOIDIOi'i KOHueHTpaUlIlI paCTBOpCB KCl (a) , CsCI (6) H Liel (B), C 

np yra Ii HMCIOT TPYll.HOo6bl'ICHI1MblH xapaxr cp 
(pHC. 6). E CJ1H <PliKCllpy cM oe B HCK OTOpbrx CJTyt.IaHX 

yscnuncnue xouuerrrpauaa 1l0HOB KaJI IlH M O)l(H O 

06MICHHTb paCTBopCHI1CM ero COCA HHeHI ii , BX O)]JIll.{IiX 

B COCTa B aonsi, TO JUI ue311H HIlI1 JIi1TI1H sro 
06bllCHCHHe HC n OJlX O.Lun: UC311~ 11 11HTl1 lf B 30JIC 

p HCyTCTBylOT B C11CJlOBbI X KOJIH'-lCCTBaX - 0 1' 0.6 .!.IO 

17.1 r aa TOHHy [1 , 2] . 

2. onn KlUlbQHH H 6apHH 

I1PI1 B3aHMOJleHCTBI1H 30 JIhl C pacrsopasia 
XJIOPI1Jl OB xansuaa Ii 6ap lul xap axrep KH HCTI1 YCCKI1 X 

3aBliCHMOCTCH MelillCTCH: n pBOHa4aTIb H blH CKa'-lOK pH 
cycneiuaa npOHCXO.!.II1T 3H a '-lHTCJlhHO 6 blCTpce , 

H3MeHeHII1I npn nnarensaos: OTCTaI1BaHHlI 3H a "l H­

TC,1bHO ICllbWC, Ii cave 31'0 113Me .CII C a anpaaneao B 

crcpoi ry YBCIU1lfCHHH (pac. 7). Ma ChI HaB COK 

YBcnH"IHB3IOTClI nponopUHOHanbHO KOH ueHTpaUHH 

pacrsopa, BpCM CHH xoaraxra H aTO ~IH OM Maccc 

II 

I I 

y 
xieraan a con a ( p u c . 8). KOHI\CHTpal\HH p acr eopo n BO 

BCCX cnyvas x M e HH11 HCb HC3 Ha tlHTCI1bHO (B np encnax 
JJ 

n 
norpeumocr n). 

H 

3HalfeHYlH pH cycnen saa YI pH epHllbTpaT a, 

nOJJy e HHble nOCJIe He~eJJ bHOrO KOHTa rra, npa I<T11­

y eC KH He 3a HHCCJJl1 01' IICXO.llHOH KOHueHTpatlHH; 

nepasie 6 bIJIH 3aMCTHO Bb l IIJC BTOp hlX ( p HC. 9). 8 
p a3 6 a BJJ eHHhlX pac r sopax e a C h IIHOrJla <pHKCHPO­

B3<1 0 Cb Y M e Hh W CHl1e Macc HaBCCOK, "ITO npOTl1BO­

pe -urr .ua H HhIM KH Hen l 4 CKH X HCC11e.llOBaHI1H; H O B 

OOJJbIIJIIHCTBe cnyxaes xraccsi HaBeCOK B03paCTaJJH , 

npl1'1CM coofipasao KOH u e HTp a UHH pacrsopa 11 

aTOM HOH Maccc K aTI1 0Ua co 111 ( p H C. 10). 8 06!Jac TH 

M aJl hl X KOH u e H"rpa UHH <pHKCHpOB OCb TaK)I(C HCK O-

Top o e YBem l 1.JCH He KOH u e H'rpa UH It HOHOB Ca 
2, 

B 

pacrsope no c p a BHCHHIO C HCXOJlHOH, a B 06JIa cTi. 

6 0 JJbUJHX KOHueHTpaUI1H ou a YMcHbwanacb ( p uc. 11). 
KaK U B crrysae C HOH a M H K+ sro MOJK HO 0 6 bHCHHT 

nporexanue» paasoaanpanneaasn npoueccos : II 1'110 ­
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2 
0.16 

3 

0.12 

0.08
 

~ 0.04
 Ysennseuae MaCChI 

0.00 
YMe Hh lllell HC MaCChI 

-D .040.00 0.15 

PHC. S. 3 UBHClfMOCTh 113MCHe HlUI MUCChI Ha BCCOK OT 

KOHu e lr rp aWIH p a CTBo p OB K C ] (1), CsCl (2) II LiC ] (3). 

meHI'lli B OHOB KaJIb QI'lH 30JIO H n p acrsopeaaesr ee 

xan s u a fi c on ep acarua x KOMn OHCHTOH. Kouueirrpauaa 
6apHH YMCHhllIaJIaCh I'lJIn OCTaBaJIaCb nocTo HHHOH. 

3. C OJIH n aur an a H Me~H 

K aK H B 6 0 .TI bllJHHCT BC onucaauu x BblllIC cn ysaea, 

np a KOIITaKTC 30JI bi C p aCTBOp aM H xnopana raaraua 

3Ha'IeHil C pH nOBblllJaCTCH; npa B3auMo)).cHCTBI1H )\{C C 

pacTBOp aMI1 xnopana MClIIi OHO, Han p OTUB, 

Il OCTc n CHH O CTaHOBHTCH sien s ure (puc . 12). B o fioax 

CJIyqa5JX OTHOCHTCJIbHaJi CTa 6nml3aIlHJI 3Ha':leHH H pH 
npOHcxO )).I1T pam-me, q CM B cnyxae coneii II{CnO'lHblX 

II meJIO'IH03CMCJIbHl,IX MCTaJIJIOB. Maccu HaBeCOK 

ysen u -ntaaiorcx (pac. 13). KOII Q e HTp aU~1I1 HOllOB 

n anran a B 0.01 11 0.05 H. pacrsopax OCTalOTCH 

IIOCTOHHHbl MH (KOJIC6aHIiji II CTOPOHY Y BeJIH QeHI1H 

HaXO.ll.HTCH B npertenax norpcura o cra o n p enen eaa s ) , 

(a) 

0.25 0 .35 0.45 0.55 

7.6 

7.2 

2 

.r>/ 3/ 
. ~a----· 

:r: 6.8 1 
0.. 

6.4 

6.0 

o 5 10 15 20 25 30 

Bpeas, cyr 

0.02 Y Ben HQellHC
 

KOHUcHTpaJ.Ulll
 
0.01 ,. 

; 0.00 

':l 
I-. .0 1 

Y MCllhweHUC ~ -D .02 
KOHuemTlaUHIt 

-D .03 

-D.04 +---.---..--~--.---......-~---,,....---.. 

0.00 0.05 0.10 0.15 0.20 
IKOHI.\CHTpa IUlJI, r - 3KB n ­

PIIC. 6. 3 a 811CIlMOCTb p UBHOBCCHOH KOHUCHrpa UIl II II0H OB 

K; OT HCXOl\H OH ,llJJll p a CTBOp OB K C I (1), C s C l (2) If 

L i C l (3). 

nO CJIC n p e6bI BaHHSI 30JIbI B 0.1 H. pacrsope 

paBHOBec Ha~ KOHQCHTpaUHSI CTaHOBHTCH MCHbW C 

HCXO)).HOH , n p HYeM !:ie nponopuaouansuo n p o ­

}l,OJDKI'lTen bHOCTH B3UUMO.ll.CHCTBHSI (pu c . 14). 

3n aQ elln~ pH c y c neasnti H cPUJIbTP aTOB, 

OTMCQaCM bIC n o cn e CeMH .ll.HCBHOro B 3 aH MO,l:\eHCTBU~, 

HH)\{e , '{CM B rrpenu nymax cnysaax ; BCpOSITHO, 31'0 

CBH3aHO CO CROHCTfl a l\\J{ c aM HX paCTBopOB (p HC. 15) . 
M acc sr HaBCCOK YBcmlQIiBalOTCH npOnOpLJ,HonaJIh HO 

KOHL(CHTpaLJ,HH pacrsopa, HO pasnnuae B Sm l(JUI 30n, 

KOUTaKTHpOBaBllIHx C p UCTBopaMH XJJOp H.ll.a nairraaa H 

xn o p n n a M e)).n , MeHbllJC, ' reM MO)KHO 6 bJJlO O)KH,naTh 

(p HC. 16). K OHueHTPa QHlf HOHOB n a a r aua B 

cPHJlbTpaTaX ocraerca (B npenen ax n o rpeurn o cr u ) 

nocToRHHOH , a KOHu cHTpaQHR Me}l,H p ea x o yMCHb­

m aer ca , npUqeM n pon OpUI1 0HaJIhHO HCX O,l:\HOH KOII ­

QCHTpaUI1H (puc. 17). 

(6) 

8.4 
• -8.0 

7.6 

::r: 7.2 
0.. 

6.8 

6.4 

6.0 

o 5 10 15 20 25 30 

Bpesia, cyr 

Puc. 7. J13McHem1e I'll CYCI1CH3HH 30Il npn KOHTa KTC C 0.01 (1), 0.05 (2) H 0.1 II. (3) paCTBOp aM H CaC l~ ( a ) H DaClz (6). 
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0.08 

0.06 

~ 0.04 

0.02 

M.K. npY)J,HHKOB 11 np. 

(6)(a) 
33 0.15 

0.13 

l-. 0.11 
l 

~ 0.09 
A 

2..........'
 
0.07 .> 

10.05 

0.03 +-~• ---.-_ _ ~_~__~_~ 

5 10 15 20 25 30 5 10 15 20 25 30
 
Bpeu s , cyr
BpCMlI, cyr 

Puc. 8. H 3MeHeHlle Macc mUleCOK30nbI upn KOHTaKTe C 0.01 (1), 0.05 (2) 11 0.1 H. (3) pacTBOpaMI1 C aC l z (a) 11 B aC h (6). 

(a)	 (6) 

8 ..	 •8 i ~ • • • • 1	 • • - 1 
2e.-___________ _______	 2 

6J	 
6 +---------. 

:r; ::t 40­ 0­
4 j
 
2 2
 

1 i 
-e 

oj 0 
0.00	 0.05 0.10 0.15 0.20 0.00 0.05 0.10 O. J5 0.20 

Konue arpauna , I'- 3Kll n" Kouuenrpauax, r - 3KB n- I 

Puc. 9. 3aBI1CIlM OCTh p H cyc rteaa aii (1) II $wlbrpaTOB (2) OT lI CXOJl.HOH KOHl..leHlp aWIH paCTBOpOB C aC I2 (a) 11 BaCh (6). 

OECY)J{)1,EHI1E PE3YJIbTA TOB HOCT If KHCn OTH O- OCHOBH hIX H COp 6 lJ,HOHHbIX npose­


JIe Hlt H: n oscnena s 30JIbl B pacrsopax [9]. Bsaavo­

Ilonyseaaste PC3YJlbTaTbi n o n rseparnaror paae e n eiicraa e n p OTCKaeT n OCTaTO<J HO Me,ll.JIeHHO II ,ll.JIli.
 

sucxaaaauoe MHeHHe 0 c n O»<HOCT H 11 HeOn H03Ha 4 - YCTaHOBJlCHn R THOCnTCJIbHor o paBHOBCCHli. rpc fiy­

0.005:0.20 
J 
I

0.000; ·· · ··. 
0.15 <
 

' t::: -o.005-
I 
!
 

'-.. 0.10
 ~ -o.OIOJ 2E 
L!..<l I i;..

<0' -o.ors 0.05 <l 

-o.020 j 
-0.025 ....: ~--~~--.-~-.....---.........--

0.00	 0.05 0.10 0.15 0.20 0.00 0.05 0. )0 0.15 0.20 
Konuempauaa , r - 3KB II- I KOHucHTpaUUll., r-3KB JI-

1 

Puc . 10. 3aBIICilMOCTb 113MeHeHIDl MaCCbI HaBeCOK OT PHC. 11. IbMeHeHll e KOIl,UeHrpaI..lHH HOHOB xrcrann a LI.JUI
 

KOllueH TpaU1l11 paCTBop OB CaC!2 (1) 11 B aCh (2). paCTBopOB CaC h (1) II B aC !2 (2).
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(a)	 (6) 

5.5	 5.8 
.---- - - - .... 1 

\---- • -I5.4 

::r:
0..5.0 

_ - - - --...2 

~----
2.5 J - - - - - 3 

4.6	 
• 2../- ­ c:::: 3

4.2 
o	 5 10 15 20 25 30 0 5 10 15 20 25 30 

BpeMJI, cyr Bpexor, cyr 

1 PRC. 12.113McHeHHe pH cycneusaa aon np n KOHTaKTe CO.O! (1), 0.05 (2) H 0.1 H. (3) pacr aopasm LaC!) (a) HCuCI2 (6). 

(a)	 (6) 
0.08130.1° 1 

~-------- 0.060.08 ... 
c..	 <] 

tr 0.04 
E 0.06 _-- - --- - --..2....<j • 

0.02 
0.04 

.:.:.:. --~0.00•0.02 
5 10 15 20 25 30 5 10 15 20 25 30 

BpeMR, cyr BpCMR, cyr 

PHC.13. l-b MeHeHHe Macc HaReCOK sons: npa KOIITal'r e c 0.0J (1), 0.05 (2) 11 0.1 H. (3) pacrnopav u LaC!) (a) HCuCI2 (6). 

(a)	 (6) 

Y MeHhrneHHe KOHueHTpaUHH 

1	 0.000 
0.001 Y MCHb W CHlIe KOHUeHTpa w m 

.. - 0.0015 •._----~ t:; ... 10.000.. ~ -0.0025t; 
<'> 
~~ .001 

<'> 0' -0.0035I 
t ­

<] .....- --- ­
2.0' -0.002 -0.0045<j 

- 0.003 -0.0055 
3 

-0.0065 +--~-.-~--,,..--~--.------r-..--,- 0.004 5 
10 15 20	 25 30 5 10 15 20 25 30 

BpeMR, cyr BpeMJ!, cyr 

PHC. 14. 113McHelllie KOIIuellTpaU111l aoaos MeTanna npn KOHTaKTe 3011 1>1c 0.01 (1), 0.05 (2) H 0.1 II . (3) pacrsopasut LaCl, (a) H 
CuCl2 (6). 
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(a) 

7 6 j 
6
 

5
 
: J 

4 
'T" 
0.. ~ 3 j3 

2 ,

j
:J	 I

0	 i noi 

0.00	 0.05 0.10 0.15 0.20 0.00 0.'05 0: 10 O.'I S 
1 

0.20 KO 
K OHUCJrrpaw Ul, r~3KB 11-

1 K OHu eHrpaUHlI , f-3KR 11­
30: 

OT 
PHC. 15. 3aBIICl1MOCTh pH cycnemn a (1) II <pHJJbTpaToB(2) OT UCXO.l1HOH xomiearpauaa pacrsopoa LaCI) (a) II CuCI2 (6). pal 

eTCH lie xreuee CCMH JJ.HCH; rrp z :nOM, KaK npasnno , 

nponcxonar HCCKOJ1bKO nponeccos , K '{HCllY KOTOpblX 

I>fOry T OTHOCIiTbClI paCTBopCHHC, 0 a>K.ll.eHUC MaJJO­

pacrnoproaux COC.ll.HHCHli if , HOHHbl ll 06MCH H 

Hc06MeHHO no rn omCHH . 

Pacrsopenae KOMn OHCIITOB 3011LI npoacx omrr B 

HCO,lUfHUKOBOH CTeneJIH H C HeOJJ,IiHaKO BOH CKO­

pOCTbIO; nO-BH,lJ.HMOMY, HaH60ncc non sepscensr eMY 

uienos u ae KOMnOHeHTbI. X OT5I no $OpMaJJbHOMY 

npH 3HuKY Mo.u.ymo OCHOBHOCTH 3011a 

Kaparannan cxoro KaMCHHoro y rns OTHOCHTClI K TaK 

H 3blBaeMo MY " KHCllOMY" rnny , np a KOHTaKTe ee C 

BO.ll.OH H p acr sopaa a an KTPonuToB nponcxomrr 

saa er noe rronmenasmaamre nocnennnx [6], a B 
... K~ C 2+ 2-'­pacrnop nepex onsr HOllbl Na , , a U Mg ' : 

311aLIeHlie pH TH3, paa aoe 7.45, TaK>Ke xapaxr epasy er 

sony KaK rsepn oe OCHOBaHHC [9) . PaCTBOpeHHe 30n B 

Y BeJIH4eHIIC MaCCbl 

0.15 

0.12 

E 
<j 0.08 

0.04 

1 

2 

0.00 oI---r-........~.-----r--~...----r--

0.00	 0.05 0.10 0.15 0.20 
Konueurpauna , r-3KBJI- I 

PH . 16. 3 aBucHMOCTh U3Me He HH.JI MaCChI Ha BeCOK or 

xoaue irrpaunu pacrsopoa laC]) (1) II CuCh (2). 

(6)	 )lo 
cn: 
pal 

XJl ' 

np 

Ma 

H r 
(p I 

yq 
ra pacrnopax YCHJIHHaCTClI npn ysren sm eanu pH :)THX 
B3: 

pacr nop oa; B onac aaa u x 3KcncpHMCHTax OHO ziorracao 
Me 

6blJl0 6b1Tb naafion ee HHTCHCHBHhlM B cny« lIX 
YBHCTl Onb30BaHlUf paCTBOp OR L aCI3 H C uCh. B03MO>KHO, 
pa

HMCHHO no 3TOH npH1.JHHe HaBCCKlI B 3THX p acrsopax 
cn

YBenH'HfBaIOTC5I 110 Maccc MeHbme, LJ CM MOiKRO 6hIJlO 

6b1 O>KH,llaTb (p u c. 16). 
M{

Ocaxnenae MaJJop aCTBopu Mbl X coe~HHeHHH 
KG 

6c3ycnoBHo OTMeLl aJJOCh npn 110f.T101ueUHH HOHOB 
PJi 

PTYTH(ll), xo r opsie OCa)f(,IlaJIIi Ch a a n osepxnocra nr 
30nbI	 C 06p aJoBaHHcM H gO [7]. H a .ll.aHHOM sr ane M( 
ac cnenoaan aii MOJKHO nony cnrrs Bep05lTHOCTb 

HC 
O Ca>K~eHHlI COC,lJ.HHeHHH Me.ll.H (II); XOTH pH B 

pacTBop e fi sm HH)f(e, 'I CM p H n ax an a OCa)f(.ll.CHHlI 

rnnpox cana Me)lH (puc. 15), HO Hen h311 HCKJIIO'raTh,	 til 

mLITO n OBcpXHOCTb x acrau TBep.ll.OH $ aJhl UMena 

pea xumo fionee uien0tIHY10, tICM $ a3a iKH.ll.Kali.	 01 

HI 

YBeJIJl4eHHe KOHueHTpaUlI 1I	 )1.1 

0.002 
. . .... .__ .. TIl0.000 

K(1-0.002 m 
::: -0.004

., 
o:

.":.: 
('\ -0.006 111I 
' ­ -0.008 G YMeHbllI CHlle KOHUeJlTpaUHII 

HI 

<l -0.010 pi 
2 Hl-0.012 

1'8
-0.014 

nc 0.00 0.05	 0.10 0.15 0.20 
KOHueJITpaUHlI, r-3KB JI- I 

PRC. 17. H3MeH e HHe KOHueHTpaUl1l1 IIOHon MeTaJl Jl3 AJUI
 

pacrsopos LaC!) (1) H CuC!] (2).
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1 

PABHOBEC11E 11 K11HETHKA B3A11MO,llEMCTBIDl 30 JIbl 

:I 
B 

e 
b 

a 

)J,OKa3aTCJIh CTBOM aroro n p c.un OJIOJKCHHll ~WJKeT 

cnyJKIITh H C0 6bI'-IHhIH xapaxrep H3MCHCHW I pH 

pacrsopa npn B3 a HM o.neH CTBHH 30JIhl C p aCTBOp aM H 

XJIOpH.ua Mc .un (PHC. 12). B TO JKC BpCMH MOJKH O 

n p a KTH<I CCKlf lfCKJIJO'IHT h BepOJITHOCTh 06pa30BaHlIll 

MaJI OpaCTBopHMhlX COe)~lf HeHH i1 ){JIll HOHoa W.CJIO'lHhI X 

If I~CJlO 'IH03CMeJIhHbrx M CTaJIJlOB , H .ua JKC ){JIll naar ana 
(pH uasana 06pa30BaHH51 r1m p OKCH,iJ;a ~ 8 [11D. 

Ilornoureaac HO HOB ar ux M eTaJIJIOB MOJKeT 6 hITh 

06b 51CIICHO HOHHhlM 06MeHOM ; oro n pc.nnOJIOJKCillIC 

lJO.uTBe p JK.na eTC51 YMellhllleHHCM (a pszre cnys aes) 
M Z

KOH~eHTpa~HH +, YBen Hq eHHeM M acc HaBe COK 

30Jlhl, xapaxr eposs H3M c n c HHH p H . 3 T H HBJIeHH51 

OTM eq alOTCSl npn a3aHMo.ncH CTBHH 30 JIh i C 

pacr aopau n COJleH KaJIh~lIH, 6apWI, JIa HT aH a H, c 

y q CTOM yKaJaHHoH panee B03M OJKHO CTH OOp a3 0BaHIUI 

ranponnaosaanux coenaaennii, Me.uH . Harrporas, npn 
B3aHMo.ueilcTBliH C pacr nopaa a coneii w. e JIO'lHbIX 

MeTaJIJIOB nepenxo H a6nJO.uaeTCH napazroxcans noe 
M ZYBCJIlP I CHHe KOH~eHTp a~Ii H +; O.uHaKO npn 

paC CJl,lOTpCHHH or nx l}JaKTOB cneziyer liMen B BH.uy 

cJlo )l( Hhnl COCTaB paBHOBCCHhlX p a CTB Op OB. 

lIaxoueu , uenssa liCKJI104an, B03MO)KH OCTb HCOO­

MeHHoro nOr JIOIltCHHH KOMnOHCHT OB pacrnopa, 
xoropoe MOiKeT 6hITh HeOJlHliaKOB bl M nna paCTBO­

PIITCJI5l H p a CTBop CHHhI X BCW.CCTB. O .n;HaKO TaKOC 

np c.anOJIO)l(CHH C H e 0 6 l ,HCIDIeT xapaxrep 3aBHCH­

xocrea pH, /).111 H /).C OT KOHucHTpa~HH H CBOHCl'B 

HOHOB. 

no sceii RCpOHTlIOCTH, npn KOHTaJ<TC 30 Jl (R TOM 

'I HCJIC K3-1) C pacraopana 3n CKTpo n HTOB nporcxaer 
napannem.no HCCKOJIbKO npO~CCCOB , K KOTOp hIM 

OTHOC5lTC.II paCTB o peHHC q aCTH T BCPJlOH l}Ja3 bl , 

HOHHbl H 0 6 MeH, OC8 JK.n;CHHC M aJIOpaCTBOpHMblX c o e ­

J~HHeHHH . B03MO)l(HO TaKJKe onaospea eauoe n p OTC­

xanae nnyx H fionee npoueccos, O,nIlO- HJIH 

n p OTHBOn OJlOJKHO nanpaaneunux. Hanpux ep, npa 
KOHT aKT e sonu C paCTBOpaMH COJICH nCrKO ruapo­
J1H3YI0rn.HXC.II MeTaJIJIOB nponeccu HOHHoro 0 6Mclla H 

OCa:lK,O,eHUH MOryr nporexar s rrapannens ao H 

npa aomrrs K onaov y peaynsrary - H3BnelJCHHlO 

HOHOB ororo MCTaJIJl a 113 pacr aopa. HanpOTHB , 

pacrsopenae KOMn OHCHTOB aon si H 0 6 M eH Ho e I1JUI 

H c o 6MCHHo e rrornotnenae H OHOB , BXOJ.tHII.(H X B COCTaB 

TBCp.uOH 4JU3bl ( u a n p a v ep , K+), senyr K n p OTHB O­

nOJIOJKllhlM pe3YJIhTaTaM . 

3AKJIIOQEHl1E 

Ilposeneunue KaK panee, TaK H na nan a o v aran e 

l1CCJIc,nOBaHlUI. n03BonHlOT o rrac ar s XO.U B3a11MO­

3KOJIOnfLIECKNI XHl\-fiUI T. 21 N~ 12012 

.ne fiCTBUH MC JK,l{)' 30n o H H pacrsopasm 3JICKT})OJIHTOB, 

BbI CKa3UTb 060 CHOBaHH hl C npe.nnOJIOiKCHI1J1 0 

xapaxr epe npor csaioiuax npn 3TOM nponeccos 11 C 

onpeneneaaoii CTcneH h JO .uOCTOBCP HOCTH npencsasan, 
n OBe.neH HC 30n T3C B on peneneaasrx Y CJlOBHHX. 

Harrpavep: rrpa B3a HM O/tCHCT BI1H 30 Jl hl Kaparan ­
.nH HCKo ro yrJU1 C BO.uHhIMH p aCTBopaM11 coneu ns yx- H 

TpCXBaJICHTHbl X MeTanJIOB, B T OM q HCn e D IJKCJIbI X ( K 

KOTOphlM OTHO CHTCH pryrs, Mel~b , CBHHCl\ , Ka.nMHH If 

T . n.), cnenyer O.JKH.na T h 6 0JICC unu MeHee 

3l}J<pCKH IBHor o nepexona 3THX MeTaJIJI OB B TB CP,l{)'JO 

cPa3y . Cnezryer TaK)I(C OiKH/taTb nacrn-ntoro pacr­
BOpCHH». CaMO" 30JIbl , HO HOHht, Bbl.nCJIHIOW.HCC)I npn 
3TOM , 3Ha q HTen h HO MCH ee onacnsr, q CM 110Hbl 

THJKCnblX MCTaJInOR. TaKHM 06pa30M, nanu as sona 
MO)l(eT 6 hlT h HCnOJlh30BaHa B Ka 4CCTBC uenoporo 
nOrJIOTHTeJI.II TOKCHKa HT OB . 
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Equilibrium and Kinetics of Interaction of Karaganda Coal Ash 
witb Metal Salts Solution 
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Abstract-s-The interaction of solutions of metals from the ashes of the Karaganda coal was studied. There is 
a redistribution of metal ions between the ash and the solution, the nature and quantity of thc process depend on 
the properties of the metal and its concentration in solution. 

Key words: ash, metal ions, ion exchange. 
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