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HoaeHwH~ o6aop no npo6neMe onpeAeneHHH ypaHa a npHPOAH~x 
o6paa~ax AaH a MOHorpa~HH/11 . OpH COAepmaHHH ypaHa -JQ-6 rlr 
ero onpeAeneHHe B OODeKTax CO cnomH~M aneMeHTH~M COCTaBOM 
acTpe4aeT aaMeTH~e TPYAHOCTH. OpH 3TOM HaH6onee YAOOH~e aKTH
aa~HOHHO-HHCTpyMeHTanbH~e MeTOA~ aHanHaa121 He An~ acex o6paa
~oa o6ecne4HBa~T Heo6xOAHMY~ T04HOCTb. EcnH *e Hcnonb30BBTb 
XHMH4eCKHe npo~eAYP~ 131 npH aHanHae 6onbworo 4Hcna paaHoo6pas
HbiX I reonorH4eCKHX, KOCMH4eCKHX, CHHTeTH4eCKHxl MaTepHanoa, 
TO 3Ha4HTenbHO yaenH4HBaeTc~ TPYAOeMKOCTb on~Toa. OpH 3TOM 
KamA~~ o6paae~ Tpe6yeT paapa6oTKH caoe~ npo~eAYP"' aHamtsa. 

AKTHaa~HOHHO-xHMH4eCKH~ lc B~>~AeneHHeM 23~p I "' paAHOXHMH-
4eCKHH lc BI>IAeneHHeM U I MeTOA~>~ aHanHaa MOmHo 3Ha4HTenbHO 
ynpOCTHTb 1 ecnH HCnOnb30BaTb YHHBepcanbHY~ XHMH4eCKy~ npo~eAy
py. 

HaaecTHo 14- 61,4TO Tpex- H 4eTt>~pexaaneHTH~e aKTHHHA~"' naH
TaHHA~ COKPHCTannH3ynTC~ C cynb~aTOM 6apH~ 1 TOrAa KaK MHOrHe 
nerKHe aneMeHT~ c HHM He cooca*Aa~TCR. B rueCTHBaneHTHOM co
CTORHHH HenTyHHH npH OCamAeHHH 3TOrO OCaAKa OCTaeTCH B pacT
BOpe, KOM6HHa~HR onepa~HH ocamAeHHR cynb~Ta 6apHR H3 OKHCnH 
TenbHOH H BOCCTaHOBHTenbHOH cpeA noaeon~eT OTAenHTb HenTYHHH 
OT Mewa~HX aneMeHTOB. KpOMe TOrO, OCaAOK cynb~aTa 6apHR TPYAHO 
paCTBOPHM, HMeeT 6onbWy~ eMKOCTb no OTHOWeHH~ K COOCamAa~HMCR 
aneMeHTaM H MenKOKPHCTannH4eCKY~ CTPYKTypy. 3TH Ka4eCTBa Ae
na~T ero YAOOH~M np11 pa6oTe c anb~a-aKTHBH~MH OTMeT4HKaMH 
I 237Np, 232 U "' AP. I, HcnonbsyeMI>IMH AnA onpeAeneHHR XHMH-
4ecKoro B~>~XOAa. 

Bee cKa3aHHOe B~>~we onpaBA~>~eaeT non~>~TKy HcnonbaoeaTb ocam
AeHHe cynb~aTa 6apH~ B Ka4eCTBe yHHBepcanbHOH XHMH4eCKOH npo
~eAYPI>I npH aHanHaax 6onbworo 4Hcna pasHoo6pa3H~x o6~eKTOB 
Ha COAepmaHHe ypaHa . 

B HaCTOR~e~ pa6oTe c npHMeHeHHeM npo~eAYP~>~ ocamAeHHA cynb 
~aTa 6ap11~ onpeAeneHo coAepmaHHe ypaHa e 6onbwoM 4HCne o6pas
~oe C WHPOKHM eapbHPOBaHHeM XHMH4eCKOrO COCTaea, KOTOPI>Ie HC
no~~\9eanHCb AnH noHcKa ceepxT~*enwx aneMeHTOB ICT31 a npHpo
Ae ' . KpoMe Toro, a~nonHeHI>I HeKOTOP~>~e on~TI>I c ~enb~ H3y4e
HH~ napaMeTpoa, enHA~~"'x Ha npo~ecc coocamAeHH~ aneMeHTOB 
c cynb~aToM 6apH~. 
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METOaHKA 3KCnEPHMEHTA 

t 
B on~rax HCnonb30Bani-1Cb HaBeCKH or 0,1 AO 2 r. 06ny4eHHe 

rennOB~MI-1 1-1 pe30HaHCH~MH He~TpOHaMI-1 npOI-13BOAHnOCb Ha peaKTO
pax H5P-30 1-1 HTP-2000, a raK*e He~rpoHaM!-1,o6paay~UIHMI-1CA np~-1 

60M6apAHPOBKe CHCTeM~ 1-13 ypaHa 1-1 6epHnnHA, nOMet~~eHHO~ B rpa
<))HTOBY~ npH3MY, TOPM03H~M H3ny4eHHeM MHKPOTpOHa n~P OH~H. 

BMeCTe c o6paauaMH o6ny4anHCb HX 3TanOHbl. npl-1 Ka*AOM o6ny4eHHH 
HCnOnb30BanHCb TPH 3TanOHa C COAep*aHHeM ypaHa 1, 12x10-5 r, 
1, 12x10-S r 1-1 1 ,12x10-? r. anA 3TOrO 6panCA paCTBOp ypaHa 
c H3BeCTHO~ KOHUeHrpauHe~ /1,12±3 MKr/Mn/. Ero KOHUeHrpaui-1A 
onpeAenAnaCb a6con~TH~M H3MepeHHeM anb<))a-aKTHBHOCTI-1 anHKBOTHO~ 
4aCTH pacrBopa. 

06ny4eHH~H o6paaeu /BecoM-0, 1 r/ noMet~~ancA B re<))nOHOBy~ 
Kon6y. K HeMy A06aBnAncA pacrBop , coAeP*aliii-1H Haoron HenryHHA-
237 o6t~~eH aKTHBHOCTb~ oKono 30 pacn./MHH. PacrBopeHHe npoBo
AHnOCb B CMeCH COnAHOH H a30THOH KHCnOT C He60nbWOH A06aBKOH 
nnaBHKOBOH, cepHoH 1-1 xnopHoH KHcnor. nony4eHH~H pacrBop nocne 
oxna*AeHHA nepeHOCHncA B KBapueBy~ Kon6y. Kon6a c pacrBopoM 
HarpeBanacb Ha CHnbHOM orHe AO nonHoro YAaneHHA cepHOH KHcno
rw, T.e. npOBOAHnOCb nHpOCynb<))aTHOe C*HraHHe. 3ra npoueAypa 
nosBonAeT nonHOCTb~ pa3pywHT b opraHH4eCKHe Bet~~ecrBa, ecnH OHI-1 
npHCYTCTBY~T B o6pa3uax, nocne axna*AeHHA OCTaTKa K HeMy A0-
6aBnAnOCb 2 Mn KOHUeHTpHpOBaHHOH cepHOH KHCnOT~ H 20. Mn BOA~. 

3aTeM npOBOAHnOCb HarpeBaHHe AO KHneHI-1A, 4T06~ paCTBOp!-iTb cynb
<))aT~ MerannoB. K pacrBopy A06aBnAncA rHAPOKCHnaMHH /cepHOKHc
n~~/ AnA BOCCTaHOBneHHA HenTYHHA. 3areM A06aBnAnOCb 3 Mr CepHO
KI-1CnOrO KanHA /CM. Hl-1*e/ 1-1 6 Mr Ba B BHAe paCTBopa XnOPI-1Aa 
6apHA. Kon6a HarpeBanacb AO nOABneHHA A~Ma cepHO~ KI-1 CnOT~. npl-1 
aTOM cynb<))ar 6apHA pacTBOPAncA. PacBop oxna*AancA 1-1 paa6aBnAn
cA BOAO~ /40 Mn/, COAeP*atlleH· ri-1APOKCI-1naMI-1H, Kon6a HarpeBanacb 
Ha BOAAHOH 6aHe c nepeMewl-1aaHHeM B re4eHI-1e 30 MHH. OcaAOK ne
peHOCHnCA B 4HCTy~ KSapueay~ KOn6y H paCTBOpAnCA B 3 Mn KOH
ueHTpHpOBaHHOH CepHOH KHCnOT~ npH HarpeBaHHH. nocne oxna*AeHHA 
K HeMy A06aanAnOCb 7 Mr 6HXPOMaTa Kani-1A AnA OKHCneHI-1A Henry
HHA. PacrBop npH cna6oM HarpeBe nepeMeWHBancA. 3areM noaropA
nacb onepau1-1A oca*AeHI-1A cynb<))ara 6apHA. OcaAOK or6pac~aancA , 

a paCTBOp Harpe8ancA AO nOA8neHHA A~Ma cepHOH KI-1CnOT~. aanee 
HenryHHH BOCCTaHaBnl-1aanCA , KaK OnHCaHO B~we , H K pa C.TBOpy A0-
6aanAnCA cepHOKI-1Cn~~ KanHH H 0,3 Mr 6apHA B BI-1Ae pacr8opa xno
p!-icroro 6apHA. Pacr80p HarpeBancA AO noABneHHA A~Ma cepHo~ 
KHcnor~. nocne oxna*AeHI-1A npl-1nH8anocb 20 Mn BOA~. coAep*allleH 
rHAPOKCI-1naMI-1H. PacrBop nepeMeWHBancA 8 re4eHI-1e 30 MI-1H np~-1 
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cna6oM HarpeBe. OcaAOK $1-inbTPOBancA np~-1 noMOUII-1 11AAepHoro" <))l-1nbr 
pa 191 1-1 npo~BancA 0, 1M paCTBOpOM cepHO~ KI-1CnOT~,C0AeP*atiii-1M 
ri-1APOKCI-1naM!-1H. <!>1-inbTp C OCaAKOM CYWI-inCA nOA HH<))paKpaCHO~ naM
nO~ 1-1 nocrynan Ha H3MepeHHe.CpeAHH~ XHMH4eCKH~ B~XOA cocraBnAn 
OKOnO 70%. 

HeKorop~e o6paau~ AnA cpaBHeHI-1A o6pa6aT~BanHCb c noMOtllbn 
TpaAHU1-10HH~X MeTOAOB B~AeneHI-1A HenTyHHA / SI . C 3TO~ uenb~ ~c
nanb30BanHCb ~TOPHAH~~ UHKn 1-1 3KCTpaKUI-10HHaA xpoMaTorpa<))HA 
c TPH6yrHn¢oc<))aroM. Cop6UHA HenryHHA npoBOAHnacb H3 pacrBopa 
8M a30THO~ KHCnOT~ B npHCYTCTBI-11-1 HOHOB BrOS. aecop6UI-1A Hen
TYHHA C 3KCTpaKUHOHHO-XPOMaTOrpa$H4eCKO~ KOnOHKI-1 npOBOAHnacb 
nyTeM ero BOCCTaHOBneHHA AO nATHBaneHTHOrO COCTOAHHA paCTBO-
pOM 0 , 2M NaN0 2 B 4M HN03 . XHMH4eCKH~ B~XOA B 3TI-1X on~rax 
BcerAa 6~n MeHbwe 50%. 

MHweHH AnA H3MepeHHA anb<))a-aKTHBHOCTH np!-iroroBnAnHCb 3neKr
poni-130M H3 xnoPHAHOH cpeA~ / tO~ PacrBop HecKonbKO pas ynapi-1BancA 
AOCyxa C KOHUeHTPHP08aHHOH COnAHOH KHCnOTOH AnA nepeBOAa Hen
TyHHA B XnOPHA. CyxOH OCTaTOK paCTBOpAnCA 8 1,5 Mn KOHUeHTpH
P08aHHOH COnAHOH KHCnOT~. B paCT80p BHOCHnCA MeTHnOpaH*· 3areM 
Aa6aBnAncA aMMI-1aK AO nepexoAa ManHHOBoro uBera B *enr~H, np~-1 
3TOM MOnApHaA KOHUeHTpaUHA XnOpHCTOrO aMMOHHA CTaH081-1naCb pa8-
HOH 4,5. Pacr8op TI-1Tp08ancA 2M conAHOH Kl-1cnoroH AO nepexoAa 
*enroro U8era 8 Mani-1HOB~H. 3neKTPOnl-13 npo80AI-1nCA np~-1 TOKe 
-0 , 5 A/cM2 8 re4eHHe 10-15 MI-1H. K~Bera noMet~~anac b B oxna*Aa~
IIIY~ CMeCb npH TeMneparype 0°C, nepeA CHATHeM HanpA*eHHA 8 A4eH
Ky A06aBnAnocb 2,5 Mn aMMHaKa. KaTOA npoM~8ancA , cyw1-1ncA 
1-1 nocrynan Ha H3MepeHHe. H3MepeHHA raMMa- H anb<))a-cneKrpo8 8~
nonHAnHcb Ha Ge(Li) AeTeKrope o6beMoM 35 cM3 1-1 KpeMHHe80M Ae
reKrope nnot~~aAb~ 3 CM 2,COOTBeTCT 8eHHO. 

PE3YnbTATbl H 05CYlKt1EHH~ 

B ra6n1-1ue npHBeAeH~ peaynbrar~ aHanl-13a o6pa3UOB Ha COAep
*aHHe ypaHa. MereopHr AnneHAe /1/ , l-13y4aBWHHCA Ha npeAMeT no
HcKa CT3 B pa6ore 171 .noA8eprancA Hal-16onee rt~~arenbHOMy aHanHay. 
E~no B~nonHeHo oKono 10 onpeAeneHHH KOHUeHrpauHH ypaHa 8 paa
H~x KycKax Mereop1-1ra AnneHAe (~) (~)(~). B 4HCnH-

rene yKa3aH HOMep KYCKa MeTeOplo1Ta /1-13 KonneKUHH CMI-1TCOHI-1aHCKOrO 
MyaeA/, 8 3HaMeHarene- Bee 8 rpaMMax. KpoMe 3Toro, aHanl-131-1po-
8ani-1Cb peaKTI-18~ /OK!-iCI-1 MarHI-1A /2/, KpeMHI-1A /3/ 1-1 *eneaa /4//, 
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~cnonb30BaHH~e AnR COCTaeneH~ R X~M~4eCKOH MOAenH MeTeOpHTa. 
3Ta MOAen b 6wna Heo6xoA~Ma AnR ~3MepeHHR ¢oHa cnOHTaHHoro Ae
neH~R B pa6oTe16

: CHHT~S~l~CKHe HOHOO~MeHH~e CMOn~ / 5,6/ HC
nonb30 BanHCb e pa6oTax . ToHKocno~H~e HeopraHH4eCKHe cop-
6eHT~: cynb$~A U~HKa /7/ , OK~Cb MapraHua /8/ , $eppOUHaH~A /9/ 
~ $0C$aT *enesa /10/ 3KcnoH~poean~cb Ha reoTepManbHOH BOAe 
nonyocTpoea 4eneKeH c uenb~ KOHUeHTp~poaaH~R TR*enwx MeTannoe 
~ ~x ceepxTR*enwx aHanoroa.r~APOOK~Cb *enesa /11/ OTo6paHa Ha 
4eneKeHe CO AHa py4bR, BwTeKaewero C YCTbR CKBa*~Hw . 
BoAa ~3 3TOH CKBa*~Hw ~cnonb309anacb e pa6oTe 1111• np~ nonwTKe 
H39ne4eH~R CT3.KpoMe Toro, 6~no npoaHanH3~po9aHo Ha COAep*aH~e 
ypaHa fionbwoe Kon~4ecT eo paan~4H~x reonor~4eCKHX o6pasuoe ~ 
KOHUeHTpaT09, H3y4aeMwX 9 na6opaTop~~ RAePHWX peaKu~~ OH~H 
e pa6oTax no no~cKy C9epxTR*en~x sneMeHTOB. AnR ~nnDcTpauHH 
YHH9epcanbHOCT~ MeTOAHK~ B Ta6nHue np~90ARTCR AaHHwe aHanH3a 
HeKOTOP~X ~3 HHX /12 -1 8/. 8 TPeTbeH KOnOHKe Ta6nHUW np~9eAeH~ 
pe3ynbTaT~ ~HCTpyMeHTanbHOrO aKTHBaUHOHHOrO aHanH3a /no 239Np/ 
o6pasuo9 / H6P- 30, HTP-2000, Ge (Li ) -AeTeKTOP 35 cM3/. 3neMeHT
HWH COCTa B HeKOTOp~x o6pa3U09 6~n HaCTOnbKO CnO*H~M, 4TO AO
CT~rHyTb 4YBCTBHTenbHOCT~ ny4WeH, 4eM 10-6 - 5x10-7 r/r, He 
YAa9anocb. 

B cneAy~eH KOnOHKe AaHw pesynbTaTw /ycnoBHR o6ny4eHHR 
H H3MepeHHR Te *e/ aKTHBaUHOHHOrO aHan~aa C HCnOnbS09aHHeM 
XH MHH /T6~ H 3neKTpOnH3, CM. 9WWe/, 

B nRTOH KonoHKe npHBeAeHo COAeP*aHHe ypaHa, onpeAeneHHoe 
c noMo~b~ cooca*AeHHR HenTyHHR c cynb$aToM 6apHR. To4HOCTb no
ny4eHHwx AaHHWX B 060HX cny4a RX onpeAenReTCR 9 OCH09HOM XHMH-
4eCKHM BWXOAOM , T,K, 6wn0 C03HaTen bHO orpaHH4eHO HCOOnbSyeMOe 
9 onwTax KonH4ecT eo anb$a-a KTHBHoro HenTyHHR - 237. Mo*HO OTMe
THTb, 4TO nony4 eHHWe 3THM MeTOAOM pesynbTaTW YA09neT90PHTenbHO 
cornacy~TCR c peaynbTaTaMH, nony4eHHWM~ APYrHMH MeTOAaMH. PRAOM 
AaHa KOHUeHTPaUHR ypaHa, onpeAeneHHaR TpeK09WM MeTOAOM 1141• npH
BeAeHw Ta K*e nHTepaTypHwe AaHHWe no MeTeOpHTY AnneHAe. 

B npouecce oTpa6oTKH MeTOAHKH BwAeneHH R HenTyHHR 6wnH aw
nonHeHw HeKOTopwe onwTw, peayn bTaT~ KOTopwx MoryT npeACTaenRTb 
caMocTORTen bHWH HHTepec. Ha pHc. 1 H306pa*eHa aaeHCHMOCTb cop6-
UHH HenTyHHR OT epeMeHH. BHAHO , 4TO He6onbWaR AOnR HenTyHHR 
OCTaeTCR B paCTBOpe, XOTR OCHOBHaR 4aCTb COOCa*AaeTCR AOCTaT04-
H0 6wcTpo. AnR nonHoro cooca*AeHHR, BHAHMO , HY*HO 6onee T~a
TenbHO BOCCTaHaBnHBaTb HenTyHHH AO 4-eaneHTHOrO COCTORHHR. 

Ha pHc.2 npeACTaeneHa saeHCHMOCTb nonywHpHHW Ha nonyewcoTe 
anb$a-n;;a-HenTyHHR OT nnOT HOCTH OCaAKa cynb$aTa 6apHR Ha RAep
HOM $HnbTpe. B HaCTOR~eH pa6oTe He Tpe6oeanocb a~coKoro paape
weHHR BBHAY npHCyTCTBHR nHWb OAHOrO anb~a-aKTHBHOrO H30TOna. 
0AHaKo , ecnH onpeAenRTb ypaH paAHOXHMH4eCKH C a -aKTHBH~M OT -
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PHc. 1. 3aeHCHMOCTb OT speMeHH 
cop61.1HH 239 Np Ha roTosoM 
ocaAKe BaS04 . 

640~K98) 
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PHc.2. 
a-nHKa 
OCaAKa 

6 
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fOO .lfJO Joo ~oo soo 600 

3aSHCHMOCTb nonyWHPHH~ 
237Np OT TOni.LIHH~ CnOA 

BaSO 4 . 

1!1 
IB R fl. S()~ -

MeT4HKOM, TO a - nHKH H30-
TOnOS ypaHa MOryT 6~Tb 
nerKo pa3peweH~ Aa~e 
npH KOnH4eCTBe OCaAKa 
200-300 MKr/CM 2, 

EcnH aHanH3HpyeMoe 
Sel.lleCTBO He RSnReTCA Ae
$Hl.IHTH~M, TO SMeCTO aK 
THSal.IHOHHOrO MeTOAa MO~
HO socnonb30SaTbCR pa
AHOXHMH4eCKHM CnOC060M 
B~AeneHHR ypaHa nyTeM 
cooca~AeHHR c cynb$aToM 
6apHA. AnA 3TOrO AOCTa
T04HO paCTBOpHTb Heo6xo
AHMOe KOnH4eCTBO Bel.lleCT
ea, COOCaAHTb 4eT~pex
saneHTH~~ ypaH BMeCTe 
c- 1 r cynb$aTa 6apHA. 
Aanbwe 3aAa4a CSOAHTCA 
K S~AeneHH~ ypaHa H3 
ManeHbKoro o6pa31.1a, aHa
norH4HO OnHCaHHOMy SWWe 
cnoco6y B~AeneHHR HenTy
HHA. HaeecKa - 0,5 Kr 
06ecne4HSaeT 4YSCTBHTenb
HOCTb- 10 -S r/r npH CKO
POCTH C4eTa anb$a-4aCTHll 
1 HMn/MHH. 

Ha PHC.3 CBeAeH~ pe-
3ynbTaT~ on~Tos no co-

PHc.3. 3asHCHMOCTb nfo
t~eHTa cooca~AeHHA 23 Np 
OT KOHl.leHTpal.IHH H2 SQ4 H 
A06aBKH K +, Pb+ ' cs+ 
/4 mM/n/ ,e BaS04 c A06ae
KO~ K+ , • BaSO 4 6e3 A0-
6aeKH K + , A BaS04 c A0-
6asKo~ Rb+ , m BaS04 

c A06aeKo~ Cs : Aa"H~e , 
o6o3Ha4eHH~e • , TO ~e,Ho 
AflR SrSO 4 . 

I 

OCa~AeHH~ HenTyHHR C OCaAKaMH Cynb$aTOS 6apHR H CTpOHl.IHA B npH
CyTCTBHH aTOMOB l.llen04H~X MeTannos npH pa3H~X KOHl.leHTPal.IHAX 
cepHo~ KHcnoT~. BHAHO, 4TO s cny4ae cynb$aTa 6apHA npHcyTcTSHe 
KanHA ysenH4HSaeT 3aXBaT HenTyHHA, B TO BpeMA KaK py6HAH~ H 
t~e3H~ , Hao6opoT, yxyAwa~T ero cooca~AeHHe. Cynb$aT CTPOHLIHA 
SeAeT ce6A aHanorH4HO , XOTA HMeeT npot.~eHT COOCa~AeHHA HenTyHHA 
3Ha4HTenbHO HH~e. 3TOT $aKTOp He06XOAHMO y4HT~SaTb npH aHanH -
3ax o6pa3l.IOS, COAep~ai.LIHX l.llen04H~e MeTann~. MO~HO OTMeTHTb TaK
~e, 4TO AeCOPOl.IHA HenTyHHA C Cynb~aTa 6apHA npoTeKaeT MeAneHHO. 
3a 2 4aCa KOHl.leHTpHposaHHaA a30THaA KHCnOTa S~l.llena4HSaeT nHWb 
22% HenTyHHA. 0KHCneHHe H paCTBOpeHHe HenTyHHA Aa~e S paCTBOpe 
4M a30THO~ KHCnOT~, COAep~al.lleM 6HxpOMaT KanHA, HAeT MeAneHHO, 
4epe3 2 4aCa ace el.lle- 12% HenTyHHA OCTaeTCA B OCaAKe. BHAHMO, 
HMe~I.LIHeCA $aKT~ He npOTHBOpe4aT npeACTaBneHHAM 06 H30MOP$HOM 
COOCa~AeHHH 4- eaneHTHOrO HenTyHHA C Cynb$aTOM 6apHA / 4- 61

. 

B 3aKn~4eHHe aeTop~ C4HTa~T csoHM npHATH~M AOnroM npHHeCTH 
HCKpeHH~~ 6naroAapHOCTb aKaAeMHKy r.H.~nepoey , r.M.Tep-AKOnbA 
Hy 3a nOCTOAHH~~ HHTepec K pa60Te, H.3eape H ~.C.KopOTKHHY 3a 
t.~eHH~e 3aMe4aHHA npH np04TeHHH pyKOnHCH , x.rerennep , M.H.4H
PATbeBy H A.K.AnbnepT 3a noMOI.llb e nposeAeHHH on~Tos. 
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