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PaHee coo~anocb 06 06Hapy*eHHH B TepManbH~X pacconax nony
OCTpOBa 4eneKeH HOBoro npHpOAHoro cnOHTaHHO AenR~erOCR HYKnHAa 
ICAH/, OTHOCR~erOCR, BO,MQ*HO.K 06nacTH rHnOTeTH4eCKHX CBepx
TR*enyX 3neMeHTOB ICT31 II. Ero KOH~eHTpa~HR o~eHeHa paBHOH 
10- 16 r/r. AnR HAeHTH~HKa~HH 10npeAeneHHe nOpRAKOBOrO HOMepa 
H aTOMHOH Maccyl HOBoro HYKnHAa He06xOAHMO ero KOH~eHTpHpOBa
HHe B 105~106 pa3. Pa3pa60TKa MeTOAHK XHMH4eCKoro BYAeneHHR 
CAH Tpe6yeT Y4eTa B03MO*HYX ~OPM ero COCTORHHR B paccone. Onpe
AeneHHye npeAnono*eHHR MorYT 6YTb CAenaHbl I1CXOAR H3 nOBeAeHHR 
B pacconax npeAnonaraeMYX aHanorOB CT3 - Au, Hg, TI, Pb, Bi. 
HacToR~aR pa60Ta nOCBR~eHa H3Y4eHH~ ~OPM COCTORHHR TannHR. 
npe*Ae 4eM nepeHTH K onHcaHH~ 3KcnepHMeHTOB, KpaTKO OCTaHOBHMCR 
Ha xapaKTepHCTHKe 4eneKeHCKHX pacconOB H nHTepaTYPHYX AaHHYX 
no ~opMaM COCTORHHR TannHR B npHpOAHYX BOAax. 

Bonpocy reOXHMH4eCKHX oc06eHHOCTeH 4eneKeHCKHX rHAPOTepM 
H ~OPM COCTORHHR B HHX pRAa MHKp03neMeHTOB IPb, Zn, Cd, Cu, Bil 
paCCMOTpeHY B pa60Tax/ 2- 4/ • OTMe4aeTcR. 4TO xnopHAHO-HaTpHeBO
Kanb~eBye rHAPOTepMY nonYOCTpOBa 4eneKeHxapaKTepH3Y~TCR BYCO
KHMH TeMnepaTypaMH (70~90oC) H MHHepanH3a~HeH (18o~280 r/n). 
3Ha4eHHe pH pacconOB BapbHpyeTcR B npeAenax 5.8f6.0; Eh = 
= 100f200 MB. Paccony 3anera~T Ha rny6HHe 400f1500 M H BCKP~
Ba~TCR 6YPOBYMH CKBa*HHaMH Ipaccon~ Hcnonb3Y~TCR AflR npOMYWneH
Horo nonY4eHHR 110Aa H 6poMa/. npHYP04eHHocTb rHAPOTepM K He~Te
ra30HOCHYM KpaCHO~BeTHYM rnHHaM npeAonpeAenReT OTHOCHTenbHO 
BYCOKOe cOAep*aHHe B HHX Ha~TeHOBYX KHcnOT H APyrHx opraHH4ec
KHX npHMeceH I~ 10 Mr/n/. 

COCTOijHHe TannHR B npHpOAHYX BOAax paCCMOTpeHO B/5 ,6/. AB
TopaMH/51 Ha OCHOBaHHH paC4eTOB KOHCTaHT KOMnneKco06pa30BaHHR 
TannHR C xnopHA-HOHOM H H3Y4eHHR ero nOBeAeHHR npH COp6~HH 
aHHOHHTOM. CAenaH BYBOA. 4TO TI B MOPCKOH BOAe IB paBHOBeCHH 
C aTMOC~epHYM KHcnoPoAoMI HaXOAHTCR npeHMy~ecTBeHHO B TepXBa
neHTHOM COCTORHHH B BHAe KOMnneKca TICI!-. B nOBepXHOCTHYX BO
Aax OTMe4eHa B03MO*HOCTb 06pa3cBaHHR MeTannoopra~g7ecKHx ~PM 
TannHR, HanpHMep HOHa AHMeTHnTannHR -(CH3)2Tl1- • nOnYTKa 
onpeAeneHHR BaneHTHoro COCTORHI1R TannHR B 4eneKeHCKHX pacco
nax npeAnpHHRTa B pa60Te/ 7/. Ha OCHOBaHHH H3Y4eHHR nOBeAeHHR 
TannHR B npo~eccax COp6~HH Ha aHHOHHTe H cooca*AeHHR C rHAPO
KCHAOM Fe (II I) CAenaH BYBOA 0 HaXO*AeHHH 60% TannHR B BHAe 
TI (I) H, COOTBeTCTBeHHO, 40% - B BHAe TI (II I). OAHaKo YKa
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3aHH~e On~T~ B~nOnHeH~ C HCnOnb30BaHHeM paCCOnOB, oT06paHH~X 

3aAOnrO AO Ha4ana nOCTaHOBKH 3KCnepHMeHTOB H AnHTenbHOe BpeMR 
160nee 1 rOAal xpaHHBWHXCR B ycnoBHRX, He HCKn~4a~~HX KOHTaKTa 
C KHcnopOAOM B03Ayxa. OTMe4eHH~H ~aKT, KaK npaBOMepHO npeAno
nO*HTb, HCXOAR H3 AaHH~x/5~ Mor cy~ecTBeHHO H3MeHHTb COOTHO
weHHe BaneHTH~X ~OPM TannHR B CTOPOHY Tl (II I). KpOMe Toro, 
B ~HTHpyeMoH pa60Te He HccneAOBaHa B03MO*HOCTb Haxo*AeHHR Tan
nMR B BHAe MeTannoopraHH4eCKHX coeAHHeHHH, a TaK*e B BHAe rHA
POKcocoeAHHeHH~ TannHR. 

B HaCTOR~eH pa60Te npOBeAeHO HccneAoBaHHe nOBeAeHHR TannHR 
B paccone B npo~eccax ynbTpa~HnbTpa~HH, COp6~HH aHHOHHTOM, 
3KCTpaK~HH TpH6YTHn~oc~aTOM IT6$1 H AH3THnOB~M 3~HpOM, cooca*
AeHHR C rHAPOKCHAOM THTaHa H cynb~HAoM MeAH (II). 

3KcnEP~MEHTAflbHAfl 4ACTb 

Pa604HMH paCTBopaMH cnY*Hn paccon, oTo6paHH~H Ha YCTbe 
CKB.3-25, H MOAenbH~e eMY no OCHOBH~M MaKpOKOMnOHeHTaM INa+, 
Ca 2 +,Cl-) paCTBOp~ Tl(I) (50 MKrln) H Tl(III) (50 MKrln). 

B cnY4ae paccona 3KcnepHMeHT~ npOBOAHnH: 11 H3 HCXOAHoro 
paccona /pH 5,7; Eh = 170 MBI - BpeMR OT MOMeHTa oT6opa npo
6~ AO OKOH4aHHR on~Ta He npeB~wano 1 4aca; 21 H3 npeABapHTenb
HO o6pa6oTaHHoro paccona IxnopHpoBaHHe, 6ap6oTa* B03Ayxa. 
ynbTpa$HoneToBoe o6nY4eHHe/.· XnopHpoBaHHe npOBOAHnH, nponYCKaR 
ra3006pa3H~H xnop 4epe3 npo6~ AO Hac~eHHR IpHI, Eh = 1000 MB/. 
YnbTpa~HoneTOBoe o6nY4eHHe np06 paccona 150 Mnl oc~eCTBnRnH 
PTYTHOH naMnOH MO~HOCTb~ 250 BT B Te4eHHe 1 4aca B KBap~eB~X 
CTaKaHax AHaMeTpOM 40 MM; paCCTORHHe OT naMn~ AO nOBepXHOCTH 
paccona COCTaBnRno OKono 20 MM. 6ap6oTa* B03Ayxa npoHcxoAHn 
B Te4eHHe CYTOK C nOM~b~ MHKpoKOMnpeccopa. YcnoBHR npoBeAeHHR 
3KcnepHMeHToB onHcaH~ HH*e. 

YnbTpa~HnbTpaUHR. 300 Mn HcxOAHoro paccona nponYCKanH 4epe3 
MeM6paHY Inaue~aH/ c AHaMeTpOM nop ~ 0,01 MKM nOA AaBneHHeM 
4 aTM. Hcnonb30BanH R4eHKY AHaMeTpOM 110 MM. 

COp6~MR. 100 Mn pa604ero paCTBopa nponYCKanH 4epea KonOHKY 
C 2,5 r aHHOHMTa AB-17 IC1-~PMal co CKOpOCTb~ 2,5 MnIMHH. 
AHHOHHT 7ep.eA on~TOM nOArOTaBnHBanH no MeTOAMKe, onHcaHHOH 
B pa60Te 87. 

3KcTpaK~HR T6~. 500 Mn pa604ero paCTBopa BCTpRXHBanH C 5 r 
nopOWKa TB3KCa /coAep*aHHe T6~ ~ 40%1 B nonH3TMneHOB~X eMKO
CTRX 15 MHH. 

3KcTpaKUHR AH3THnOB~M 3~MpOM. 200 Mn HcxoAHoro paccona 
BCTpRXHBanH C 50 Mn 3~Mpa B AenHTenbH~X BopOHKax 15 MMH. 

COOCa*AeHHe C rHAPOKCHAaMM. 100 Mn pa604ero paCTBopa nOA
KMcnRnH HCl AO pH2, BBOAMn~ 50 Mr TMTaHa IB BMAe paCTBopa 
TiOC121 H npH6aBnRnH 10% paCTBOp NaOH AO pH8. 

Cooca*AeHMe C cynb~HAaMH. 50 Mn pa604ero paCTBopa nOAKHcnR
nH AO pH3, BBOAHnM 50 Mr Cu IB BHAe CuS04/, Hac~anH cepOBOAo
POAOM. 

COKPHcTannH3aUHR C NaCl. 80 Mn paccona ynapMBanM AO 60 Mn 
npM TeMnepaType KHneHMR~ 06pa30BaBwHHcR ocaAOK NaCI OTAenRnH 
~MnbTpOBaHHeM. COAep*aHHe TannHR B paCTBopax onpeAenRnH HHBep
CHOHHO-BonbTaMnepOMeTpH4eCKHM MeTOAOM I~BAI19/.0npeAeneHHe B~
nonHRnM Ha nonRporpa~e nY-l C perHCTpaTopOM nAn-4-002. ~cnonb
30BanH 3neKTpOA~: pa604HH - HMnperHHpoBaHH~H rpa$HToB~H, Bcno
MoraTenbH~H - cTeKnOyrnepoAH~H, cpaBHeHHR - xnopHAcepe6pRH~H 

3Bn-1M4. 06~eM 3neKTpoxHMH4ecKoH R4eHKH H, COOTBeTCTBeHHO, aHa
nH3HpyeMoH np06~ COCTaBnRn 40 Mn. nepeA aHanH30M B np06y AO
6aBnRnH D,S Mn 10-3 M paCTBopa Hg(N0 3}2. Mewa~~MH aHanM3Y 
paCTBopeHH~H KHcnopOA YAanRnH npOAYBKOH pacTBopa a30TOM. rpa
~HTOB~H 3neKTpoA nonRpM30BanH B nOCTORHHO nepeMewHBaeMOM pa
CTBope npH nOTeHUHane ~ = -1,0 B 5 MHH. 4epe3 20 C nocne OKOH
4aHHR HaKonneHHR perHCTpHpOBanH KPHBY~ i-~ ITOK - nOTeHUHanl 
B HHTepBane OT -1~0 B AO -0,2 B npH CKOPOCTM paaBepTKM nOTeH
UHana 100 MB/c. nocne Ka*Aoro H3MepeHHR 3neKTpOA 04H~anM 
3neKTpOXHMH4eCKH npH nOTeHUHane +0,2 1 MHH. B nepeMeWHBaeMOM 
paCTBope. KOHueHTpaUH~ Tl onpeAenRnH MeTOAoM CTaHAapTH~X AO
6a~oK/9/. nepeA ~B aHanH30M np06 paccona npOBOAHnH OT?eneHHe 
Mewa~ero onpeAeneHH~ Cd COKpHcTannH3aUHeH ero C NaCI 101, 

PE3YnbTAT~ ~ ~X 06CY~EH~E 

B nepBoH cepHH on~TOB M3Y4anH 3neKTpoxMMH4ecKoe nOBeAeHHe 
Tl(l) H Tl (II I) B MOAenbH~X pacTBopax NaCl. B H3Y4eHHoM AHana
30He KOHueHTpaUHH TannHR 15.10- 10-10- 6 MI npH ~BA H3MepeHMRx 
Ha6n~AanH nHHeHHY~ 3aBHCHMOCTb BenH4HH~ TOKa IMKAI OT cOAep*a
HHR TannHR Ic/. npH 3TOM HaKnOH npRM~x i-c AnR Tl(l) H Tl(lll) 
6~n paBeH COOTBeTCTBeHHO 0,73 M 0.40 MKA/(MKr/n) IpHc.1/. Be
nH4HHa nHKa TOKa aHOAHoro paCTBopeHHR 13neKTpoxHMH4ecKMH OT
KnMKI Tl+ npaKTH4eCKM He aaBMcena OT pH paCTBopa. B cnY4ae T1 3+ 
Ha6n~AanH pe3Koe naAeHHe OTKnHKa AO HynR npH pH 6 IpHC.2/. ~C
XOAR H3 B~weYKa3aHHoro. aHanH3 paCTBopOB Tl (111) H xnopMpOBaH
Horo paccona npOBOAHnH npH pH3. Pe3ynbTaT~ ~BA aHanH3a paCTBO
POB AO H nocne npOBeAeHHR KpHcTannH3aUHH NaCI npHBeAeH~ 
B Ta6n.l. nonY4eHH~e 3KcnepHMeHTanbH~e AaHH~e y6eAHTenbHo nOKa-
3~Ba~T, 4TO HH Tl(I). HH Tl(lll) C xnopHAOM HaTpHR He COKPM
CTannH3Y~TCR, T.e. Hcnonb30BaHHe B HaCTOR~eH pa60Te MeToAHKM 
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• PHC. 1. 3aBHcHMoCTb BeJIHtrnHbl 
TOKa OT COAep~aHHH TaJIJIHH 
B pacTBope. 

PHc.2. 3aBHcHMoCTb BeJIH~HHhl 

TOKa OT pH pacTBopa. 
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Ta6.flU14a 1. COAep~aHHe TaJIJIHH B pacTBopax (MKr/JI) 

ao KPHCTaJIJIH3a- nOcJIe KpHCTaJIJIH3a
N~!I' XapaKTepHcTHKa pacTBopa ll,HH C NaCl ll,HH C NaCl 

/00 2IJO 


nn 
[Tl] n* 8** [Tl] n* S 

1. MOAeJIbHbIH pacTBop Tl(I) 50 6 0,05 50 6 0,05 
2. MOAeJIbHbIH paCTBOp Tl(III) 50 6 0,05 50 6 0,05 
3. PaCCOJI /rHApa3HH, pH3 55 6 0,10 

Eh = -120 MB/ 
4. PaccoJI /XJIOpHpOBaHHe, 55 6 0,10 

pH3, Eh = 1000 MB/ 
5. HCXOAHbIH paCCOJI /pH3/, 55 6 0,10 

3TaJIOHHbIH paCTBOp Tl(I) 
6. HCXOAHhlH paCCOJI /pH3/. 

3TaJIOHHbIH paCTBOp Tl(III) 95 4 0,15 

*n ~HCJIO napaJIJIeJIbHblX OnhlTOB 
**8 OTHOCHTeJIbHOe CTaHAapTHoe OTKJIOHeHHe 

HBA onpeAeneH~R Tann~R, oCHoBaHHoH Ha YAaneH~~ Mewa~ero aHan~
3y Cd COKp~cTannH3a~~e~ ero C NaCI/10/, RBnReTCR KoppeKTHhlM. 

B Ka4eCTBe 3TanOHHhlX paCTBopOB Tann~R npH HBA aHan~3e paccona 

B BOCCTaHOBHTenbHhlX ycnoBHRX ~cnonb30BanH paCTBOp TI(I), 


4 

a B OKHcn~TenbHhlX - TI (I II). eOAep~aHHe Tann~R B o6o~x cnY4aAX 
onpeAenHO paBHhlM 55 MKr/n. 

) 


npH HBA aHanH3e ~CXOAHoro paccona IpH31 B Ka4eCTBe 3TanOH

HhlX Hcnonb30BanH KaK paCTBOp TI(I), TaK H TI(I I I). npH 3TOM 

KOH~eHTpa~HR TI B paccone onpeAeneHa paBHoH, COOTBeTCTBeHHO, 

55 H 95 MKr/n. OTMeTHM TaK~e, 4TO np~ HBA ~3MepeH~AX ~CXOAHoro 


paccona 16e3 Ao6aBoK 3TanOHHhlX paCTBopOB TannHAI He Ha6n~Aan~ 

3aBHCHMOCTH 3neKTpOXHMH4eCKOro OTKn~Ka OT pH. eOBnaAeH~e pe
3ynbTaToB HBA aHan~3a pacconOB B BOCCTaHOB~TenbHhlX H OKHcn~


TenbHhlX ycnoBHAx, C OAHOH CTOPOHhl, H ~CXOAHoro paccona npH 3Ta
nOHHpOBaHHH pacTBopoM TI(I) - C APyroH, a TaK~e OTCYTCTBHe 3aB~
CHMOCT~ 3neKTpOXHMH4eCKoro OTKnHKa OT pH B HCXOAHOM paccone 
YKa3hlBa~T Ha npHcy'TcTBHe TannHR B paccone B BHAe Tl (I). 

H3BecTHo, 4TO nOBeAeHHe TI(I) H TI(I I I) B pacTBopax IB TOM 
4Hcne H xnopHAHhlxl cy~ecTBeHHO pa3nH4Ho./Hr xnopHAH~X paCTBO
POB TI (I II) XopOWO cop6HpyeTCR aHioHHTOM I I, K03~H~HeHT ero 
pacnpeAeneHHA B T6$ npeBhlwaeT 103 12/; TI (III) npaKTH4ecKH 
Ha 100% oca~AaeTCR rHAPOKCHAOM Fe(1 I I) H rHApaTHpoBaHHoH ABY
OKHCb~ THTaHa(Ti02'X H20) npH pH ~ 8/ 13 /. B CBO~ o4epeAb,TI(I) 
B 3THX npo~eccax H3 paCTBopOB He H3BneKaeTCR. BhlAeneHHe }14) 
B03MO~HO cooca~AeHHeM C cynb$HAaMH, T.K. = 20,30 •pnPT12S
Pe3ynbTaThl, nonY4eHHhle HaMH npH H3y4eHHH nOBeAeHHA Tann~A 


B npo~eccax COp6~HH, 3KCTpaK~HH H cooca~AeHHR, np~BeAeHhl 


B Ta6n.2. MO~HO BHAeTb, 4TO TannHH H3 HcxoAHoro paccona IpH6, 

Eh = 150 MBI He cop6HpyeTcR aHHOHHTOM, He H3BneKaeTCA T6~J 


He cooca~AaeTCR ~ rHAPOKCHAOM Fe(11 I), 4TO cornacyeTcA C nOBe

AeHHeM TI(I) B MOAeJIbHOM paCTBope ~ YKa3aHHhlM~ Bhlwe nHTepaTYP

HhlMH AaHHhlM~ no nOBeAeH~~ TI(I) B paCTBopax. 


npH xnopHpOBaHH~ pacconOB Ha6n~Aan~ nonHhlH, a np~ OKHcneHHH 
K~cnopoAOM B03Ayxa 4aCTH4HblH 1- 45%1 nepeXOA TI (I) B Tl (, 1,) • 

I 


CneAyeT OTMeTHTb, 4TO OTCyTcTB~e H3Bne4eHHA TannHR H3 pac

cona T6$, a TaK~e AH3THnOBhlM 3$HPOM CB~AeTenbcTByeT,4To OH 

B paCCOJle coeAHHeHHH C opraHH4eCKHMH npHMeCRM~ He o6pa3yeT. 

OAHaKO HapRAY C TI(I) B paccone Morn~ npHCYTCTBOBaTb 3neKTpo

XHM~4eCK~ ~HepTHhle IHBA He onpeAenReMhlel $OPMhl Tann~R~ Konno~


Ahl H nceBAOKonnOHAhl. npH 3TOM nOAKHcneH~e paccona AO pH3 H KpaT

KOBpeMeHHoe ero xnopHpOBaH~e IAnR OKHcneH~A Tl(l) AO TI(III) 

H Y$-o6nY4eH~e nepeA aHanH30M MOrn~ He npHBOAHTb K pa3pyweHH~ 


KonnOHAHhlX 4aCT~~. B 3TOM cnY4ae nonHoe cOAep~aHHe Tann~A 


B paccone OKa~eTCA Bhlwe onpeAeneHHoro HBA MeTOAOM 3Ha4eHHA 

55 MKr/n. AnR npOBepKH 3Toro npeAnono~eH~R npo6hl B paccone nOA

K~cnRnH AO pHI ~ 40 MHH xnopHpOBanH npH t = 700e. eOAep~HHe 

Tl B 3T~X npo6ax TaK~e onpeAeneHO paBHhlM 55 MKr/n.Henb3A 6hlno 
HCKn~4HTb H o6paTHoro, a HMeHHo:onpeAeneHHaA 4aCTb TannHA B pac
cone Bce ~e HaXOA~TCR B BHAe KonnOHAOB, HO npH nOAKHcneHHH 
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AO 	 pH3 paapywaeTcR H nepeXOAHT B Tl (I). B 3TdM Cny4ae 06~ee 
cOAep*aHHe TannHR OCTaeTCR paBH~M 55 MKr/n, HO AonR Tl (I) co
KpaTHTCR. C ~enb~ npOBepKH YKaaaHHoro npoBoAHnH ynbTpa$HnbTpa
~H~ 	HCXOAHoro paccona MeM6paH~ C AHaMeTpOM nop ~ 0,01 MKM. Co
Aep*aHHe Tl (I) B pacTBope nocne ynbTpa$HnbTpa~HH onpeAeneHo 
paBH~M 55 MKr/n, WTO YKaa~BaeT Ha OTCYTCTBHe KonnOHAoB B pac
cone. 

TaKHM 06paaoM, npHBeAeHH~e peaynbTaT~ no ~BA onpeAeneHH~ Tan
nHR, a TaK*e ero nOBeAeHH~ B npo~eccax COp6~HH, 3KCTpaK~HH 

.... H cooca*AeHHR, y6eAHTenbHo CBHAeTenbCTBY~T 0 Haxo*AeHHH TannHR 
B paccone B BHAe Tl (I). 

ABTOP~ npHaHaTenbH~ aKaAeMHKY r.H.$nepoBY aa nOMO~b H py
KOBOACTBO pa60To~, ~.C.KOpOTKHHY H ~.T.4y6YPKOBY aa noneaHoe 
06cY*AeHHe. 
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