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B pa6oTJ 1/ C006~anOCb 0 KOH~eHTPHPOBaHHH MHKp03neMeHTOB -
B03MOmHwx aHanoroe ceepxT~menwx 3neMeHTOB /CT3/ - H3 TepManbHWX 
pacconoe nonyocTpoea 4eneKeH c noMO~b~ neHHO~ ¢noTa~HH, B Ka-
4ecTee KonneKTopa npHMeH~nacb menaTHHa. ra30Bble ny3blpbKI1 co3-
AasanHcb nyTeM nponycKaHHR B03AYXa 4epe3 CTeKnflHHW~ $HnbTp C 
AHaMeTpOM nap, paBHWM 5-15 MKM, 

ApyroH B03MOmHOCTb~ C03AaHHfl noToKa ny3biPbKOB An~ ¢noTa~HH 
ocaAKOB ~en~eTc~ 3neKTponH3 pacTeopoe. B pa6oTax1 2.V npHMeHR
nacb 3neKTpo<)JnoTa~Hfl AJIR H3Bne4eHH~ OCaAKOB 1-13 CT04HbiX BOA H 
04HCTKI~ paAHOaKTHBHbiX BOA OT 137 Cs H 90 Sr. B nHTepaType oTcyT
CTBY~T AaHHble no H3Bne4eH!-1~ MHKp03neMeHTOB 1-13 paCTBOPOB C 6onb
WO~ KOH~eHTpa~He~ cone~ c noMo~b~ 3neKTpo¢noTa~HH, 

B HaCTOR~e~ pa6oTe npHBOAflTCfl pe3ynbTaTbl HCCneAOBaHHR KOH
~eHTPHPOBaHHR MHKp03neMeHTOB MeTOAOM 3neKTpo¢noTa~HH H3 TepManb
HWX pacconos nonyocTpoea 4eneKeH c npHMeHeHMeM paAHOaKTMBHwx 
H30TOnOB, 

3KCnEPHMEHTAnbHAR 4ACTb 

PaA!-10aKTMBHwe M3oTonw, KOTopwe McnonbaosanMcb B onwTax, nony-
4anM cneAY~~MMM cnoco6aMM: 99 Mo KaK npOAYKT AeneHHR ypaHa, 
200 Tl 203 Pb- nyTeM o6ny4eHHfl MMWBHM 113 30nOTa' lBB,IB 9 pt , 
IB6,18B 1 6 " l2c v r - 0 ny4eHMBM TaHTanOBOH MMWeHI-1 HOHaMM C 3HeprMeH 
110 M38, lSSOs- nyTeM o6ny4eHHR MMWeHM 113 BOnb¢paMa HOHaMM 
4He c 3HeprMe~ 36 M3B Ha ycKOPMTene Y-200; 99 Mo , 99 Tc , 186 Re, 
WS,W?Hg - nocpeACTBOM o6ny4eHHA MMWeHe~ H3 COOTBeTCTBy~~HX 

3neMeHTOB TOPM03HWM M3ny4eHMeM MMKPOTPOHa nRP MT-22. MeTOAMKa 
M3Bne4eHH~ paAMOH30TOnOB) nony4eHHWX Ha ~MKnOTpOHe MHOr03ap~AHWX 

HOHOB,onMCaHa B pa6oTe/l. 91 Y , 195 Au, 203 Hg- npOAYK~VIR $11PMbl 
"HaoTon''. 

nony4eHHWe M30TOnW BBOAMnM B 4eneKeHCKH~ paccon M BWAepmHBanH 
24 4aCa An~ YCTaHOBneHMR H30TOnHoro paBHOB€CM~. 3aTeM B paCTBOp 
A06aen~nM Fe3+ e KonM4eCTBe 40 Mr/n 11 nyTeM A06aeneHH~ pacTeo
pa eAKoro HaTpa ycTaHasnHeanM onpeAeneHHoe pH. K 50 Mn 3Toro 
paCTBOpa npM6asnRnM 1 Mn 1% menaTHHW.<!JnoTa~MOHHOe KOH~eHTpHpO
BaHHe MHKp03neMeHTOB npH 3neKTpOnH3e paccona npOBOAHnM B CTeKn~H
HOM COCYAe 06beMOM 100 Mn. 8 Ka4eCTBe MaTepMana AnR KaTOAa npM
MeH~nH Hepmase~~Y~ cTanb, a AnR aHOAa - rpa¢MT, AHOA MMen ¢opMy 
CTepmHR AMaMeTpOM 5 MM, KaTOA BWnOnHRnCR B BHAB nnaCTMHW AHaMeT
poM 35 MM. C ~enb~ OTBOAa ra30B 113 aHOAHO~ o6naCTM rpa<!JMTOBbl~ 
cTepmeHb noMe~anM B cTeKn~HHY~ Tpy6Ky. 3neKTponM3 paccona npo
BOAMJlM npM KaTOAHO~ nnOTHOCTM TOKa, paBHO~ 0,014 + 0, 02 ,A/eM 2. 
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BpeMH 3neKTP011~3a paBHHnocb 1 M~H. ~cXOAHbiH pacTsop ~ pacTsop, 
nony4eHH~R nocne ~3sne4eH~H ~3 Hero M~Kpo3neMeHToe, aHan~3~po

ean~ Ha COAepmaHMe paA~OaKT~BH~X ~30TOnOB C nOMO~b~ cneKTPOMeTpa 
y-~311Y4eH~R c Ge(Li) -AeTeKTopoM. 0THOC~Tel1bHaH T04HOCTb on-
peAeneH~H CTeneH~ M3BJ1e4eH~R M~Kp03J1eMeHTOB paBHRJlaCb 5%. 

PE3YnbTATbl ~ 06CYlKAEH~E 

Ha p~c. 1 noKa3aHa 3as~c~MOCTb npo~eHTa $noTa~MOHHoro ~3sne-
4eH~R ~PMA~R w nnaTMH~ oT epeMeH~ 3neKTponw3a np~ pH=7. KaK 
BMAHO ~3 PMCYHKa, pa3AeJ1eH~~ OCaAKa M•paCTBOpa npOMCXOA~T 3a 
50 +60 c. 

Ha p~c.2 npMBeAeH~ pe3yJ1bTaTW KOH~eHTp~posaH~R CBMH~a, Mpw
A~R M nnaT~HW B 3aB~C~MOCTM OT COAepmaH~fl menaTMH~ B paCTBOpe. 
np~ KOH~eHTpa~M~ menaTMH~ ewwe 0,01 +0,02% cTeneHb M3Bne4eH~~ 
MCCJ1eAYBM~X 3J1eMeHTOB He ysenM4~BaeTCR. nony4eHH~e pe3yJ1bTaT~ 

He OTJ1M4a~TCR OT AaHHWX no ~3BJ1e4eH~~ 3J1eMeHTOB neHHOH ¢noTa
~~eH·/1/, 3TO yKa3biBaeT Ha TO, l.l"fO 3aMeHa B03AYXa BOAOPOAbM, 
nony4aeMbiM npw 3neKTpon~3e paccona, He ~3MeHAeT ycnos~R npoaeAe
H~R $110Ta~M~. 

Ha p~c.3-6 AaHbl 3aewc~MOCTM ~ssne4eH~H 3neMeHTOB oT pH pacTso
pa. 

~TTp~A. MaKc~MYMW M3sne4eH~R Y /p~c.3/ npw pH=0,8 ~ 2,1 o6b
RCHR~TCH era B3a~MOAeHCTBMeM C menaTMHOH. np~ pH BbiWe 2, 8 npo~c
XOA~T cop6~MR Y Ha rMAPDOK~cnax menesa, a ewwe pH =7 - coocam
AeH~e 

Monw6AeH. MaKC~MYM wssne4eH~R Mo /p~c.3/ Ha6n~AaeTCR npw 
pH =4, 4TO COOTBeTCTByeT Jl~TepaTypHWM ~aHHWM no cop6~~MI51 Ha 
r~APOOK~cnax mene3a ~3 MOPCKOH BOAbl M neHHOH ¢noTa~~M M3 4ene
Ke~CK~X paCCOJ10Bil~ noRBJ1eHMe M~H~MyMa np~ pH =3,5 06bRCHReTCfl 
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Prrc.l. 3asHCHMOCTh rrssJie'-IeHHH 
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Prrc.2. 3asHcHMOCTh H3BJie'-IeHHH 

CBHHIJ;a, HPH,I:\HH H ITJlaTHHbl OT KOH
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Prrc.3. 3aBHCHMOCTh H3BJ1e'-IeHHH 

HTTpHH 0 MOJIH6,[\eHa 0 TBXHBIJ;HH 

OT pH. 
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Prrc.4. 3aBHCHMOCTh H3BJie'-IeHHH 

Ka,[\MHH, TBJIJiypa, peHHH 

OT pH. 

4aCT~4HbiM BOCCTaHOBJ1BHHBM MOJ1M6AeHa AD H~3W~X OK~CJl~TeJlbHbiX 
COCTORH~H B KaTOAHOM npocTpaHCTBe 3J1eKTp011H3epa H MX B3a
HMOAeHCTBHeM C mena'n1HDI1. 

TexHe~wA. f{pwsafl 3aBH01MOCTH ~3BJle4eH~H Tc oT pH pacTsopa 
/p~c. 3/ MMeeT MaKc~MYM npw pH =4. Konnm1AHble ¢opMbl pyTeH~R 
(IV)I61 M OCMHfl (IV)/11 ~3BJleKa~TCR C nOMO~b~ menaTMHbl ~3 pacT
BOPOB npM TeX me YCJlOBMRX. Ha OCHOBaHMH 3TOrO cpaBHeH~R MOmHO 
B~CKa3aTb npeAnonomeHHe, 4TO C menaTHHOH B3a~MOABHCTByeT Tex
He~MH (IV). 

KaAMMH. B AMana3oHe pH =1,5+ 2,3 Cd/pwc._4/ H3enel<aeTcR H3 
paccona B neHHWH KOH4CHTpaT AD o6pa30BaHHR OCaAKa rHAPOOKHCJlOB 
mene3a B pe3yJ1bTaTe BOCCTaHOBJ1eHHR H B3aHMOAeHCTBHR o6pa3y~~HXCR' 

KOilJlOMAHWX 4aC(fH4 MeT anna c menaTMHOH 17 I. npw pH =2, 3 + 8 npowcxo
AHT cop6~MR KaAMHR /II/ M ocamAeHHe BbiWe pH =8. 

Tennyp. V13sne4eHMe Te /pwc.l<J H3 paccona npaKTH4eCKH He 
3aBHCMT OT pH. noHHmeHHe M3BJ1e4eHHH AD 70% npH pH=6,2 CBR3aHO 
C H3MeHeHHeM 3HaKa 3aPRAa rMAPOOKMCJlOB mene3a C nonomMTeJlbHOro 
Ha OTPM4aTeJlbHWH I 11. npw pH MeHbWe 2, 3 Te BOCCTaHasnweaeTCR Ha 
KaToAe M s3aHMDAeAcTByeT c >KenaTHHoA. Bwwe pH =2,3 Ha6n~AaeTCR 
coocamAeHHe Tennypa , (IV, VI) c _ rHAPDOKMcnaMM >Kene3a /B(. 

PeHHH. Re npwcyTcTsyeT s pacTsope s BHAe [Re04 ]-19~ 3Ta 
$OpMa He COOCamAaeTCR C rHAPOOKHCJlaMH ~ene3a H He B3aMMOABHCT
ByeT c >KenaTHH_oA. B AHana3oHe pH =3 + 7 /pwc. 4/ Re H3BneKaeTCfl 
He6onee, 4eM Ha 15%. ~3sne4eHwe ReAD 23% npw pH=1,9 H 7,8 
npOHCXOAHT 3a C4eT era 4aCTH4HOrO BOCCTaHOBJleHMR AD HM3WHX 
OKHCJlMTeJlbHWX COCTORHHH. 

3 



( 

% 

80 

60 

0 

,_\ Os 

~~ 
4 ~ s pH 

PHc.S. 3aBHCHMOCTh Hasrre~eHHH 

OCMHH, 30ITOTa, PTYTH OT pH. 

OcMH~. KaK BHAHO H3 pHc.5, 
KPHBa~ H3sne4eHH~ Os HMeeT BHA, 
xapaKTepH~~ AI1R neHHO~ ~noTa
~HH/11, npH4eM MaKCHMailbHOe KOH
~eHTpHpOBaHHe Os s cny4ae 3neKT
po¢noTa~HH Ha6n~AaeTCH a 6onee 
WHpOKOM HHTepsane pH =4 + 7. 
nnaBHW~ XOA KpHBO~ H3BI1e4eHHR 
s AHanaaoHe pH =1 ,3-f3 yKa3biBaeT 
Ha HeaaBHCHMOCTb ~noTa~HH Os 
OT npHCYTCTBMR rMAPOOKHCilOB me
neaa, 3TO nOATBepmAaeT BbiBOA, 
CAerraHH~~ 8 p~6oTe/ll, 0 TOM, 

4TO ~IlOTMpyeTCH OCMM~ 0~, o6pa3yH COeAHHeHHR C menaTHHO~. 
3onoTo. KpHBaR H3Bne4eHHR :Au /pHc. 5/ MMeeT cnomHbl~ xapaKTep, 

4TO, no-BHAHMOMY, OTpamaeT xapaKTep B3aHMOAeACTBHR pa311H4HWX 
xnopMAHWX KOMnlleKcos aonoTa c menaTMHo~. MaKCHMyMw Masne4eHHR 
:Au npH pH =0,75 H 1,6 Ha611~Aa~TCR B HCCI1eAyeMOM paCTBOpe AO 
o6paaoBaHHR rHAPOOKHCilOB meneaa. MHHHMYM npH pH =4 COOTBeTCTByeT 
M3o3neKTPH4eCKO~ T04Ke menaTMHbi/II. MaKCMMYM Masne4eHHR npM 
pH =5,9 +6 HaXOAMTCR B o6naCTM H30311eKTPM4eCKOA T04KM rMApo
OKHCilOB meneaa!V. 3TO yKa3~BaeT Ha He3aBMCMMOCTb Ha6n~AaeMO~ 
KpMBO~ M3BI1e4eHMR Au OT npHC~TCTBMR ~HAPOOKMCilOB meneaa. neTanM 
KpMBO~ M3BI1e4eHMfl ~U BOCnpOM3BOAMI1MCb B pa311H4HWX cepMRX onw
TOB, 

p,TYTb. c!>noTa~HOHHOe KOH~eHTPMPOBaHMe Hg /pMC. 5/ npM pH HMme 
2,3 npOMCXOAMT B pe3yi1bTaTe ee BOCCTaHOBJ1eHMfl Ha KaTOAe H Baa
MMOAe~CTBMfl o6paay~ll1MXCR KonnoHAHbiX 4aCTM~ c >HenaTMHo~. MaKCHMYM 
M3BI1e4eHHR npH pH=3,6, no-BMAHMOMy, 06oRCHReTCR o6pa30BaHMeM 
KOMnneKcos PTYTH c menaTMHoA. V1asne4eHHe Hg Ha yposHe 20% 
COOTBeTCTByeT ee 4aCTM4HOMY COOCamAeHH~ C rMAPOOKMCI1aMM meneaa. 

TannMA, Ha pMc .6 AaHbl KPMBble Masne4eHHR Tl M3 pacconos 
C pa311H4H~M HCXOAHWM Eh. 

npM Eh =300 3B 60I1bWaR 4aCTb 'Tl HaXOAHTCR B OAHOBarreHTHOM 
COCTOflHMH. TannMA 0) i He cop6MpyeTCfl H~ rMAPOOKMCilaX meneaa 
M He saaHMOAe~cTsyeT c menaTMHoi1. V1asne4eHMe Tl npH pH = 1 , 25 
06oRCHfleTCR ero BOCCTaHOBileHMeM AO MeTanna. npH pH BWWe 2 KOH
~eHTpMpyeTC"fl TannM~ (III). 

npM Eh =890 3B Tl HaXOAMTCR B TpexsaneHTHOM COCTORHHH M ocam
AaeTCfl a TOM me AHanaaoHe pH, 4TO M m~neao (III), pH =2 + 4, 5 I 41. 
MMHMMYM npM pH =4 +5 Ha6n~AaeTCR B o6nacTH M3o3neKTpM4eCKO~ ,To4-
KM menaTMHbl, 

CsMHe~. KpMBaR M3Bne4eHMR Pb/pHc.6/ MMeeT BMA, xapaKTepHw~ 
AI1R neHHO~ ~noTa~MMill. B AManaaoHe pH =2 Pb soccTaHaBnHsaeTCR 
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PHc.6. 3aBHCHMOCTh H3BrreqeHHH 

TaiTITHH H CBHH~a OT pH. 

AD MeTanna Ha KaTOAe M KOH~eH
TpHpyeTCR c menaTKHo~. B MHTep
sane pH =4 + 8 Ha6IliOAaeTcR cop6-
I-IMR Pb H BbiWe pH =8 - coocamAe
HI-le. 

Ha npeAcTasneHH~X peaynbyaToB 
~MAHO, 4TO ¢IlOTa~HOHHOe KOH~eH
TpMpOBaHMe MMKp0311eMeHTOB V13 
pacconos B peaynbTa~e 3neKTpo
XMMM4ecKoro paanomeHMR BOAW 
Ha6n~AaeTCfl B WMpOKOM AMana30He 
pH.npH o6pa60TKe pacTBOPOB, He 
COAepmall1HX OCaAKOB ri-1APOOKMCI10B 
meneaa I pH.< 2, 3/, npoMCXOAMT 

BOCCTaHOBI1eHHe PRAa 311eMeHTOB AO MeTai111M4eCKOrO COCTORHH~ M MX 
KOH~eHTpHpoBaHHe menaTMHO~. B npHcyTcTBMM ocaAKa rMAPOOKHcnos 
meneaa B MccneAOBaHH~x AHanaaoHax pH 1-1 KoH~eHTpa~H~ cone~ soc
cTaHoeneHMR cop6MpOBaHHWX MHKp0311eMeHTOB He npOMCXOAMT. ¢noTa~MR 
OCaAKOB B npMCYTCTBHM menaTHHW Ha nyawpbKaX BOAOPOAa, BWAei1R~-

14erocfl npH 3neKT~onMae paccona Ha KaToAe, He OTI1M4aeTcR aT 
neHHoi1 ¢noTa~MM/ I. 

Y4MTwBaR, 4TO ~noToaKTMBHOCTb aneMeHTOB B pacconax Ha ocaAKax 
rMAPOOKMCilOB meneaa B npMCYTCTBHH menaT~HW 3aBMCMT OT KOMnrreKc
HWX ¢opM 311eMeHTOB, OT Be11M4MHW MX OKHCI1MTei1bHO-BOCCTaHOBHTel1b
HWX noTeH~Manos, oTpH cpeAw M coneeoro ¢oHa, MeTOA ~noTa~MM Ha 
nyawpbKax KaTOAHOro rasa MomeT 6wTb McnonbaoeaH KaK All~ paaAe
neHMR 311eMeHTOB, TaK H AI1fl MX KOMnrreKCHoro M3BI1e4eHHR. 

nnR 311eMeHTOB, o6pa3Y~ll1MX COeAMHeHMR C menaTHHO~, ~I10Ta~MOH
HOe KOH~eHTPMPQBaHMe npOMCXOAMT B OTCYTCTBHe OCaAKOB rMAPOOKMC-
1109 MaKp0311eMeHTOB. 

BbiBOnbl 

1. noKa3aHa B03MOmHOCTb $110Ta~HOHHOrO KOH~eHTpHpOBaHMR MMKpo-
311eMeHTOB npM 311eKTp011M3e 4eJ1eKeHCKMX paCCOI10B B npMCYTCTBMM 
menaTMHW B Ka4eCTBe KOJ111eKTOpa. 

2. VlccneAOBaHO noBeAeHMe MTTPMR, MOI1M6AeHa, TeXHe~MR, 
KaAMMR, Tennypa, peHMR, OCMMfl, 30110Ta, PTYTM, TannMR M CBMH~a 
B npo~ecce 311eKTpo¢noTa~MM M3 TepMarrbHbiX pacconos B aaBMCMMocTM 

OT pH. 
3, 3neKTp0$110Ta~Mfl M3 TepMai1bHbiX paCCOilOB MOmeT 6b1Tb MCnOI1b-

30BaHa KaK AI1R pa3Ael1eHHfl 3J1eMeHTOB, TaK M AI1R HX KOMnneKCHOro 

H3BJ1e4eHHR, 
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MacnaB o.n., qOCHOBCKa B. 12-82-830 
TipHMeHeHHe rreHHOH ~nOTa~HH rrpH 3neKTponH3e gnH KOH~eHTPHPOBaHHH 
MHKpo3neMeHTOB H3 TepManbHbiX pacconoB rronyocTpoBa qeneKeH 

TioKa3aHa B03MO~HOCTb ¢noTa~HOHHOrO KOH~eHTpHpOBaHHH MHKpo-' . 3neMeHTOB H3 TepManhHbiX pacconoB rrpH Hx 3neKTponHse B rrpHcyT-
CTBHH ~enaTHHhl B KaqeCTBe KOnneKTOpa. HccnegoBaHO ITOBegeHHe 
HTTpHH, MOnH6geHa, TeXHe~HH, KagMHH, Tennypa, peHHH, OCMHH, 
30ITOTa, PTYTH, TannHH H CBHH~a C ITPHMeHeHHeM pagHOaKTHBHblX 
HHgHKaTOPOB B rrpo~ecce 3neKTPO¢noTa~HH ~ 3aBHCHMOCTH· OT pH. 

Pa6oTa BbmonHeHa B Jla6opaTOPHH HgepHbiX peaKJJ;HH OH5IH. 

npenpHHT 06beAHHeHHOro HHCTHTYTa RAePH~X HccneAOBaHH~. Ay6Ha 1982 

Mas lov 0. D., Czosnowska W. 12-82-830 
The Application of Foam Flotation at the Electrolysis to 
Concentrate Trace Elements in the Cheleken Peninsula·Geotherma] 

W<itters 

The possibility to apply the flotation to concentrate ~race 
elements by the electrolysis of geothermal waters with the 
us~ of gelatin as a collector is shown. Xhe effect of pH on 
the behaviour of the range of ions ( Y , Mo , Tc , Cd , Te , Re, 
Os, Au, Hg , Tl and Pb ) labeled with radioactive tracers in 
the electroflotation process of the geothermal waters was 

investigated. 

The investigation has been performed at the Laboratory 

of Nuclear Reactions, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1982 

Tiepenog O.C.BHHorpagoBoH. 


