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Ailxnep E. . , P12 - .6661 
YneTyquaaaue nponyKToa nnepahlx peaKuuft npu aoccTaaoaneHHH 

·H OKHCneHHH o6nyqeHHOft OKHCH ypaaa 

B pa6oTe Hc.cnenoaanocb yneTyqHaaane aneMeHTOB Cd, Jn 1 Sn , 
.Sb . , Te , I , Xe 1 Hg , Tl · 1 .Pb , Bi , Po 1 At , Rn 6es '.aocHTenelt .. 
H3 o6nyqeHHOit npOTOHaMH .OKHCH ypaHa B XOne UHKnHqeCKHX . f}la30Bb!X npe
apameHHitf a. CT9XHOM9TpHqeCKOit o6.n~CTH VOz,oo· ... uo2,67 ·OnpenemmHCb 
onTHManbilbie napaMeTpbi npouecca. YKasaHHbie aneMeHThi. oTnensmHcb · 

.ceneitT!isao oT aKTnHoHna~oix aneMeHToa. Cnenaabl a~oiaon~>l·o aeposTHOM 
i:ioaeneHHH I'HllOT9TI!qecKHX aneMeHTOa 112 ••• 118 npH ycnOBHHX BbineneHHH. 

'· 

Coo6~eHHe 06beAHHeHHOro HHCTHTy~a .H~epHbiX HCCJie~OBaHHJi 
. .zzy6na, 1972 

Eichler B· •. · P12 - 6661 

~aporization C>f Nu~lear Reaction Products from 
Irradiated·uraniurn oxides by oxination 

and Reduction Reactions ---- '· ·--· . ...~ .... 

···cd·, In; sn·, Te, J, xe · 
The :,vaporization of carrier free elements ~ 

. .. . · Hg, · Tl, Pb, Po, At,· Rn . . · 
. 1·: from' uriinium oxides which was irradiated by protons in 
.. the 'p:oc.ess. of cyclic ~~se transformat~on .. in .the. stoichi-, 

. ometr1.c reg1on VP.z.oo • • •• UO 2 , 67 . was. 1nvest1gated. The 
.· .• I opt,im~ par~m~ters of the process were: determi~ated. The 

memtioned 'elements were selectively separated from. B,cti
nides.·conclusions are inade with reference to the :Oe:fra..,. 
v:J_our of' hypothetical' superheavy elernent.s. Z=112 ••• 118 .in 
the separation~ ' . · (. · 

·eommunicatioiis .Of tlie·. J~iii'f'lii8t1fUie.~for~Nuclear-Re8earch. 
.. ·, ..... Dubna, 1972 

B nacToniQeii p 
TOB 48(Cd) ... 54(X~) 
uieHHH clJa3 OKHCeii'y] 
.IJ:bl 0 aepOHTHOM TIOI 
JTnx ·ycitoannx. Pac' 

· 3JieMeHTOB B aTqMaJ 
KOH. CHCTeMbl /pHC 
qTo rnnoTeTnqecKH . . . 
H3BeCTHhie XHMHqeCj 

B JIHTepaType 
3HH n o6orameHHH • 
,n:enennn H nx nepex< 
cbaJy /z,?-12 1. ·. 

Ilpou.e c c OT ,n:a • 
poaannwx npou.ecca 
HOCTH. ~ HCnapeHHH 
3aBHCHT OT yCJIOR 
cpaBHHBaTb H 06061 
oi,n:aqn Tpy,n:noneTy• 
aeponTno; onpe,n:eJIH 
B. OCHOBe natTOHU 

0Kncnenne UC 
CocTaB u3 07.D:OCTHn 
Ilpn 500 °C npou.e< 
Bcne,n:cTBIIC npenpai 
na - 30o/o nponcxo. 
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Beeoeuue 
B nacTo.HiQeH: pa6qTe nccne.noaanncL caoH:cTaa neTY'H~CTH 3JieMen

TOB 48(Cd) ••• 54(Xe), BO(Hg) ••• S6(Rn) 6e3 nocineneH: n xo.ne npeapa
uienii.H !IJaJ OKHCeH ·ypaiia (.U0 2 ~ U3 0 8 ), 'ITO ll03DOJI.HCT c.nenaTh DhiBO
)J.bl 0 aepO.HTHOM llOBe)J.eHHH rnnoTeTH'IeCKHX 3JI.eMCHTOD 112 .•• 118 npll 
3Tnx ·ycnonn.Hx. PaccMoTpe-~me cTan.napTHLIX 3HTanLnnH: raJoo6pa3HhiX 

· 3JieMeHTOB B aTOMapHOM COCTO.HHHH. B yKa3aHHOH o6naCTH nepHO)J.U'IeC
KOH .. cncTeMLI )puc. 1/ noJaon.He'T BhiCKaJaTL npe.nn~noil<enne o TOM, 
'ITO rHllOTCTHtleCKHe 3JieMeHThl 112 ... 117 . 6onee JieTY'IH; '!eM HX 
nJaecTHLie xnM:nqecl)ne (:lHanorn. · , 
. B JIHTepaType/3- 8 / onn~anl,i peJyJILTaTLI nccne.noaann.H .nn!IJ!by-
3HH H. o6orameHH.fl Ha fiOBe_pXHOCTH U02 /

2/.Tpy.D.l~OJieTy~HX npo)J.yKTOD 
.nenenn.H n nx 'nepexo.naa pacnnaarieHHLie conn /5,6/ nnn iKe B raJoDyio 
!IJaJy/1,?-12/. ' · · · 

llpouecc OT)J.a'IH npo)J.yKTOB peaKUHH COCTOUT H3 TepMOaKTHBHJJJ
poBaHHhiX npoueccoa .nn~yJnn a Taep.noii !IJaJe, peaKunn na noaep·x
nocTn. :" ncnapenn.H c nee. 3neprnn aKTHBaunH: ·JTH_x npoueccoa CHJILHO 
JaBHC.HT OT YCJIOBHH KOHKpeTHhiX Ollh!TOB, H llOTOMY . HeBOJMOiKHO 
cpaannaaTL n o6o6maTL peJynLTaTw oT.nenLnwx iaTopoa: CKopocTL 
OT)J.a'IH TPY.D.HOJieTy'In~ npo,iJ,yKTOB H3 TOHKO)J.HCne'pcHhiX qaCTUU uo 2 ' 

aepo.HTno; onpe.nen.HeTC.H peaKUH.HMH na noaepxnocTn n ncnapeHneM. 
B. ocnoae nacro.HmeH: MeTO)J.HKH neil<a T cne.nywmne coo6pai!<enn.fl: 

0Kl!CJieHHe U0 2 n'pOXO)J.HT nqcTeneHHO 01 U4 0 9 ' U3 0 7K U3008. 
CocTaD u3 07)J.OCTl!raeTC.fl B xo.ne OKHCJ!eHJI.fl. up 2D03)J.YXOM npn 310 c. 
llpH 50() °C npouecc .OKHCJieHH.fl .IIpHBO)J.IJT K COCTaDy U 30 8 /! 3

,
14

/. 

Bcne.ncTane npenpau1eHn.H perueTKll cBHJannor'o c ynennqemieM o6beMa 
ua - 300/o nponcxo,n:nT nonna.H "nepei<pucTanmJ3aUJi.fl" B TBep)J.OM 

3 
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COCTOHHHH. BOCCTaHOBJieHHe .. U 3 08 c BO~op6,rioM. ~aeT aHaJIOrH'IH~IH 
Jcllcliei<T. CI<opocrL aocclan~arrennH 3aancnT oT'pa3Mepoa J<pncTarrrrnToB 

.. Ii-ci<opocin narpeaaHHH 1 ~ B ,3aancnMocTn oT 'TeMIIepaTYPhl aocgi_aHoa- ~ 
JieHHH IIOJiy'laiOTJH ~pHCTaJIJIHThl pa3MepOM /4.10 2 .~. 6.10 3A / llpH 

. /500 ..• 900/° C ts. Ilpn narpeaannn a ·TOHI<O~HCIIepcHoM cocTOHHHH · 
. , ·" .. • . UO 2 'laCTH'IHO. crrei<aeTCH, 1103TOMY Heo6xo~HMO UHI<JIH'IHOIIOBTOPHTh, 

npeBpall{eHHH ~a3 B HHTepBaJI~ CTeXHOMeTpHH uo;·OO .. ;U02 67•· 
. . B · xo~e· IIpeapall{eHnii perneTI<H IIponcxo.h:ln oT :naqa ra3~o6pa3HhiX . 

H rreri<orreTy'lnx npo~yi<Toa, a Tai<me o6ora~enne MeHee rreTy'lnx·· 
IIpo~yi<TOB H~ IIOBepxnocTH .I<PHCTarrrrHTOB, ecrrn IIpn· no:M He o6pa3yroT
CH CMeliiaHHhle I<pHCTaJIJihl OI<HCeH. 
: . ECTh ~ce'' ociJOBaHHH rrpe~IIOJiaraTh, 'ITO B IIpHCyTCTBHHBO~opo~a 
IIPH .TeMIIepaTypax~l000° C HHTepecyroll{He.HaC J.JieMe~T~I yrre.Tyqnaa~ 
IOT<;H a JJieMeHTapiio.M cocTOHHHH nm! a BH~e rreTy~mx HH3liiH·x oi<nceii. 
Iloae'~eHHe. JJieMeHTOB MOJKHO ·ouemiTh mi OCHOBeCB060~HhiX 3HTaJihiiHif 
cooTBeTCTBYIDI.l.{HX OI<Hceii /pile. 2/ .. . . · 
, ;:·; . "BoccTaHOBJieiiHe ai<THHOH~HhiX JJieMe~TOB . 3~I<aH'IHB~e.TCH<n'Jni 

..· 
·-y. 

.~H' 

cTem1nii :oi<HcrreHHH ~ 3 .CaoH:cTaa .~nicTLix clJa3 oi<aceH: nhlcrnnx ai<TnH:on- .. · •. ,. 
~OB He .. n'3BeCTHbl. rml:oTeTH'IeCI<He clJ~bl . MO ( M = [Md] ' No) MO:>KHO 
cpaamiiL. c RaO • . <I>a3hi · cocTaBa MO'rreri<nx 'ai<THHon~oa o6.pa3yroTcH 
TOrrL.Ko a· IIpncyTcTBHn cHJILH~rx<aoccTanoan·Terreu;naiipnMep, yfrtepo~a ·· 

. n·:·Tainarra, .llpH Te~mepaTypax BhlliiC· 1500°C. B' xo~e npeapaitieHHH' 
oi<nceH: ypana. oi<ncn ~pyrnx ai<THHon~oa MoryT acrpaHaaTLCH a pe'rneri<n · 
BCeX clla::J.Cpa:fmeHHe ynpyrocTeH HaCbii.l.{eHHhiX II8,POB jpnc.o/z H TeiiJIOT 
B03rOHI<H OI<nceH: · ai<THHOH~OB /120 ... 160 . I<I<arr/MOJih 17•

19
•
211 · j 

1103BOJIHeT rrpe~IIOJIO:>KHTh, 'ITO IIpouecC yJ:IeTy'IHBaHHH. MO:>KeT o6ec11e'- · '· 
. ' . . . . . . . . ~ 

'IHTb BhiCOI<YIO CeJiei<THBHOCTb OT~eJieHHH BOCCTaHaBJIHBaiOJUHXCH JJie· 
· MeH:r\)B 'OT . ai<THHOH~OB. HaiipHMep, . yiipyrOCTh. IIapa ~BYOI<HCH ypaua, . ,. 
.11pn 1000·~ C B 1012 pa3 HH:>Ke, qe'M y cannua." liTo6Lr'H36emaii..· 
B3aHMO~e.HCTBHH OI<HCeH Bbi~eJieHHbiX ripo~yi<TOB. ,C I<BapueM, HY:>KIIO 
IIpoao~H:rL ·· oi<uc.ITenne '6hlcTpo n 11pn HH3I<Hx TeMIIepaTypax. GI<opocTn 
BOCCTaHOIJJien.nH u3 0 8 . H HCIIapeHHH BOCCTaHa~JIH!JaiDIUHXCH IIP<?~YI<TOB .. ' ' 
yaerrn'IHBaiOTCH c TeMIIepaTypoH:. B TO me apeMH ·npHBLICOI<nx·reMIIe-

. pa 1-'ypax _,i:(nclJclJy3HH. IIPO~YI<Toa a· imapu H BepoHTHOCTL TpanciiopTHpoai<n 
aKTHH~H~OB yaeJIH'IHIUiiOTC~. ~CIIOJib30BaHHe aiiiiapa:-TYI:>LI H3 rpaclJHTa 
HJIH II.iiaTHHOBbiX. MeTaJIJIOB122 yBeJIH'IJIBaeT Be.pOHT'i.IOCTh Boc:cTaHOB.iJ:e.~ · 

'HJIH ai<TliHOJI~OIJ. Tai<JIM o6pa3oM,. uaxo~euJie OIITJIMaJibllbiX YCJIOBJIH 
BLI~erreHHH HBrrHeTcH IIepaooqepe~uoH: ·3a~aqeii. 
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1. AIIIIapaTypa 

AnnapaTypa 11pe 
noMell{arrncL a I<Bapue 
3. Cao6o~H~H o6beM 
lei '150 •. ;20~ . MI<M/ 
Henocpe~CTBeHHOe 'le] 
JiliCh B Tpy6qaTOH. ri 
(Pt-Rh/ PI) 6 n pernc 

.' JJiei<TpOJIHTH'IeCI<H. 8 
Pa3HOCTL ~aarrermH: B 
BOM 1-py6I<H, onyci<ae 
HCIIOJib30BaJICH. MeM6] 
rrroll{aJIHCb B . JIOBYlll 
liJMepHTeJibHaH ycTal 
3JieKTpOJIHTj 'IHCJIO ne 
JJiei<TPO~oa 14; Uenh 

·Tpy6J<OH 16 ~JIH ycTpa 
JIH • 

2. H3Mepenne 
H2 -(H2 0) 

Pemaroll{ee JHa 
CTaHOBJieHHH HMeeT ': 
B COCTOHHHH paBHOB• 
UHaJibHOro ~aBJieliH.!l 

;nenLIO C TBep~biM JJie 

P(, ,Bo~~yx,. (I;_C?:2= 

Po crr.e.n.yeT H 3 · JJieKl 
2 ·•· :: ;. 

P
02 

(H·2 -(H 2 0))::T 

Ilpl.I P JL=;, I n 1 1~1. l'H2~; " . 

p . ' 
,]f2() 



1 ,n:aeT ananorH'IHhiii . 
3MepoB ~pHCTaJIJIHTOB -
nepaTypbiBOCCTaHOB" 
0 2 6 3 0 .·. . 

.;_, .10 d_/ npH 
ICnepCHOM COCTOHHHH · 
'. ~HKJIH'IHO' llOBTOpHTb 
) 2:oo ·~~"V02,6.7•- . · . 

JT,n:aqara3o66pa3HhlX 
~HHe MeHee JieT)''IHX .. 
pH. 3TOM He o6pa3)'IOT" 

£p~C)'TCTBHH BO,D;OpO,D;a 
J~eMeHThi yneTY'IHBa· 
:yqHX HH3IIIHX OKHCeii:. 
cao6o,n:HhiX JHTanhnHii · 

•·· .~aKaH'IHB~eTCH:' n'p~ 
1ceii: BbiCIIIHX aKTHH(m- . , . 
= [Md] , No). . MO)KHO 

HHOH,D;OB otlpa_3)'IOTCH 
i;nanpHMep, yrrtepo,n:a -· 
B' xo.n:e n'peapamennH' 
J:paHBaTbCH B pe'IIIeTKH. 
POB /pHC·.3/ H TenJlOT 
ca.JI/MOJib/17,19,21/ 'j 
aaHHH MO)KeT o6ecne'- · ·· 
lHaBJIHBaiO~HXCH 3·Jie • , 
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napa ,n:ayoKHCH ypana ... 
IHHUa: qT06bi HJ6e)K~Tb · 
)B ,C KBap~e~, H)')KllO 
:nepaTypax. CKo.pocni 
HBaiOIQHXCH npO~yKTOB. 
: •npH BbiCOKHX :TeMne'
lCTb~pancn0pTHpO~KH 
napa TYPhi H3 rpaqmTa 
ITIIOCTb. ao'c'cTanoane-. 

; ~ < ' ' ' ' 

lflTHMaJibllbiX )'CJIOBHH 

::·. '•. 

','. 

3KcnepuMeHmaii&HaJI 'Ia em& 

1. Annapa Typa 

AnnapaTypa. npe.n:~1-aanena na puc. 4. llpo6hi U3 0 8/" 250 Mr/ 1 
llOMemaJIHCb B KBap~eByiO Tpy6Ky 2 Me)K,D;)' TaMflOHaMH KDap~CDOH naTbl 

· 3. Cao6o,n:HhiH o6b~M · Tpy6KH · JanoiniHJICH i<aap~eBbiM riopoiiiKOM · 4 
jg. 150 .•• 200 . MKM/ ,. 'IT06bl MO)KHO 6biJIO 6e30llaCHO npODO,UHTb 
nenocpe,n:cTaennoe~ qepe,n:oaanHe ao.uopo,n:a H aoJ,nyxa. Tipo6hi narpena
JIHCb B Tpy6qaTOH ne'IH 5. TeMnepaTypa H3MepHnaci. TCpMonapaMII 
(Pt-Rh/ Pt) 6 n_ perHcTpHpoaanach caMonHc~eM 7. Bo.uopo.u nony'HlJJCH 
3JieKTpOJIHTH'IC CKH 8 /20 MJI/MHH/, OC)'IIIaJICH cepHOil Kll CJIOTOii 9, 
Pa3HOCTb ,n:aBJICHHH B 3JICKTPO.D;HbiX H'leii:Kax BbipaBHHBaJiaCb nocpC)ICl
BOM Tpy6KH, Oll)'CKaeMOH B pT)'Tb 10. ,!J.JIH TpancnopTHPOBKH B03.UYX11 
HCnOJib30BaJICH MeM6paHHbiii nacoc .11.· ra3oo6pa3Hbie ·npo.riyKThJ no
rno~aJIHCb B 'JIOB)'IIIKC, nanOJIHCHHOH aKTHimpoBaHHbiM yrJICM 12. 
H3~epHTeJibHaH ycTaHOBKa cocTOHT H3 Zr02 (CaO) - Tpy6Kil /Tnep,Uhlii 
JJieKTponnT; 'IHCJIO nepenoca noHon KHcnopo,n:a =I 

26
// 13 11 nnaTHHODhiX 

· 3JICKTpO,D;OB 14; lJ.eni. ,D;JIH H3MepeHHH 3,LJ.C JKpannpoBaJiaCh CTaJihHOH 
·Tpy6KOH 16 ,D;JIH ycl-paHeHHH HH.U)'KTHBHOrO BJtHHHHH 3JICKTpOHarpeim Te • ' 

JIH, 

2. H3Mepenile · nap~Hani.noro .naaneHHH · KHCJI..QP_Q..lliL1! . ....£lliiT.eMe 
H

2 
-(H

2
0) .... 

PeiiiaiOmee 3Ha'leHHe .D;JIH noJIO)KCHHH paauoaecHH peaK~HH aoc
cTanoanenlu HMeeT nap~HaJibHOe .UaBJICHHC KHCJI<lpO,D;~ p 02 , KOTOpoe 
B COdTOHHHH paBHOBCCHH 3aBHCHT TOrlbKO OT TCMnepaTyphl H,riap~ 
~HaJibHOrO . ,n:aBJieHHH BO,D;bl 1}

129
, Pp2 .. H3MepHJIOCb raJibBaHH'ICCKOH 

n:enhiO c TBep,n:biM JJICKTpOJIHTOM '23, jpHc. 4/: 

Pt, B0.3.UYX, ( P..oi"" 0,21)/?_rO 2 (Ca0)/H 2 -(H 2 0), (P 0 =X), Pt 
' . . • . . . . 2 . ' 

P
02

c.n.e.uyeT H3 3JieKTPO.UBH*Y~eii cHJibi .E(BJ~enH: 
· . . . . . . . . 4F ·. 

Pa
2

(H·2-(H:;OJJ:.:P
02 

(' B03.UYX J_.exp--·E aTM. 
. - . . RT 

llpll P;i;;=:' 1 11TM. /l
12

'GMOjJ<HO ,Bhi'IIlCJIHTb . . 

aTM. 
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P · cocTaammo /1 ,9±0;2/.10~3 aTM; I Kp/
24

/; •.. <l>ynKu:nli 
. H2~ .. ·' • . . . 0 .. ·. . . . . . . 

.. R~ l~Po2 .= tl a·T(H 20)-2RT lnPHj PH20 

npe,n;cTaanena na p~c·. 2.· 

3. lbMepenne. cKopocTeii oK~·~nelini. n. iloccraiioariennR oKnceii 
.ypana 

Xo,n; n· Konen: peaKU:HH H3MepRJIHCL nyTeM .ra3onoT~HU:HOMeTpn
.. · lJCCKOro ananH3a BbiTCKaiOurH:x' ra3oa /pHC; 5,6/. B OrthrraX CKOpOCTb 

OKHCJICHHR H3MCPRJiaCL. npH ~30TCpMnqecJ<HX '-yCJIOBHRX; ·CKOpOCTb 
~abcciaiioanennH :.. npn y.Beimqnaaro~nxc.srreMnepaTypax. V0 2 j250 Mr/ .. ·· . 0 .· . . ' . ·.. . . 
narpeaanacL .L{O 450 C a npncyTCTBHH ao,n;opo.L{a. P:Hp~ 5 no~a3LIBae:r · · · ·' 
xo,n; ,3,n;c ~ • cnyqae 3aM'eH::bi. ,ao,n;opo.[(a,_:Bo3.U:yxoM ./l/. ·.· Bc.!le.ncl-ime 
npoTeKaHHH peaKU:HH · .. 

. 3:Doi+o 2 +:..:V3 0 8 

napu:nanLnoe· ,L{aanenne .Kncnopo,n;a a rioToKe -B03,n;yxa; clla;,mna yMeHL·-· 
rnaeTc.H~ a 3aTeM, nocne OKoniJannH peaKu:im, cuoaa ,n;ocTnraeT 0,21aTii~ 
:i.(nH · cpaanennH npe,n;ciaaneii xo.L{ 3,n;c a cnyqae mipeKiJroqeiinH ra3oa 
· B(>TcyTcTBne DO 2 /I 1/. ·· · . . · · · · .. . 

. l13Menenne 3,LJ;C ripn BOCCTaHOBJieHHH D3 08 B . .3aBHCHMOCTH OT 
.. · ·-n!'Mnepa'iypLI n apeMenn OTHOCHTeJILno 3,n;c a oTcy1'cTa~e·~u3o8 npe,n;-

daaneno .im pnc. 6. Corriacno pea:Ku:nn .· ·· ·· 

D 3 0 8 + 2H 2 ........ 3 DO 2 +2H 20, 
' ~' . 

. PHpyaemillHriaeTcH, n acn~,n;crane 3T_oro y~ennqnaaeTCH · P 02 . Boc-
crau~anenne npaKrnqecKn 3~KanqnaaeTCR a Teqe~:~ne 7,5 MHH. 

4 .. CKopoCTh Bhii:!eneHHH caiiHIIa.i_JpaHcnopT a~THHOMOB. 
. . . 

. . u . . . . . 2oo,2o1,2o3 239 24IA · 244c·. 
ncxo.n;Hhi_e npo.L{yKTL~: (UX) 3 0 8 (X= . : . · Pb; ·· Pu; _ m; . m) 

npurOTOBJIHJIIICb IIyTeM OCa)K,LJ;CHHH yKa3aHHbiX H30TOITOB. BMCCTe C ypa- · 
-IIOM .BO,LJ;HhiM . paCTBOpOM .aMMHaKa H ·· npoKa.imaanit:eM ITOJiyqeunoro . . . .. . . . .. ·o.•. . . . . . ' 
,n;uypaua Ta aMMOIIHH B ITOTOKe .B03,LJ;yXa llpH 600 C. Bhi,LJ;eJieHHC CBHHU:a 
npOBO,LJ;IIJIOCb B arrnapaType COrJiaCHO. pHC. 4~ /6e3 H3MepnTeJibHOK . . · . . . . . ·u . 
•mcTu/. Boccrandanenne /30 MHH./ rrpoao.L{HJIOCh rrpn 900 ·u 1200 C, 
a oKncncnHc /10 Mnn./ npn 450 ° c. IIocne :Ka)f(,n;oii peaKunn H3MepR'~ 
nacb ,LJ;OJIH aKTHBHOCTH CBHHIIa,. KOTOpaw OCTaJiaCb B 'OKIICH ypana. 
B · ·npouecce oKncncnnR or,n;aqa canH:ua ne · na6mo,n;anacL. B · xo,n;e 

. . . . 

6 

~ 
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.. ~ ., '. 

. ,..!· .. · .· 

•. 

·~ . 

.· .... 

BOCCTaHOBJieHHH, .50~ 
54 MIIH .. II npll ·12 
. 244 Cm'/IICXO,LJ;HbiH. rip 

· ,n;cia/ IIccne,n;oaanacL. . . 0 
· .1000. II 1200. C ,IT) 
a63roH:a~ b'inocJITeJI 
II3MepenJie:M (X: -crreK" 

· HhiX · 3JI·e.Menioa oT. 
±o',Bj.i<r-4 II OT 244 

Hel<oTopaR I
.Toa MO»<eT npOliCXO 
HnH·~e·IIJ-3a ,n;n¢¢Y3 
B cnyqae ao3rOHKH 
a·1o pa3 HII»<e, qeM 

. ~ ' . 
·. KO]mqeCTBeHHbie li3M 

. CTerrenh rrepe 
oG0-~3yiOJ.l.{HMCR npn: 
.237 . '• ·r;, Bo acex· orrhn 

. . . . ' 
· ·TOB npHCYTCTBHe n: 

<l>aKTOp OlfHCTKH coci 

5 .. BhiJJ.eneiuie 
T1 , Pb , Bi 

Pe3yJILTaTLI .rr 
HOBHTb "OIITHMaJibHI 
3JieMeHTOB: 
oKncnenne - 10 MHII 
aoccTano8ne8ne - 3c 

· o6'LeMIILiii pacxo,n; rii 
. '!HCJIO U:HKJIOB npeapa 

D 308 /250 ..... 5 
IIHKJIOTpona· OHRH 
/nnTerpanLHaR ~o3a 
H30TOIIhl 3JieMeHTOB 
n~TeM rny6oKoro pac 
unii .. OnLITLI no Bhi.D 
o6nyqennR. IIpo6LI E 
nnqnaawmnxcR n!Mnc 
B ITOTOKe ,B03,n;yxa. C 



I 
/. cllyHKUHH 

JCTaHoarieHHH OKHCeH 

yaJOITOT~HUHOMeTpn

'. B -on'hiTaX CKOpOCTh 
:-YCJIOBHHX; CKOpOCTh 
:tTypax. U02/250 Mr/ 
:1.. PH:c. 5noRa3LIBaei · 
M . /1/. . Bc:rie.nc-fau~ 

. , 

.nyxa, CHal.faJia yMeHL· 
a .nocTnraeT 0 ,21a TM·. 
:rr~peKJIIO'feHHH Ta30B 

)8 B .3aBHCHMO~TH 0~ 
;yTcTa~e ·.u 30 8 npe.n-

r'fnBaeTcH P 02 Boc
:nne 7,5 MHH. 

r aKTHHOH,[(OB .. 

OiJPb;. p9Pu/41A~/4trn) .. . . . 
IOTOIIOB BMeCTe cypa- · 
ia~uileM:. TI<)Jlyqennoro 
'C;.BLI.neneHne cannua 

,j6e3 HJMepnienLnoi . . . . ·u 
b rrpn 900 ·u 1200 C, 
c.noii peai<uuu HJMep.!l'~. 
nacL B -oKucu ypana. 
a6nw~anacL. B. xo.ne 

.~' 

I 
I 
.f. 

I 

I> 
! -

I 
I 
I • 

·,-.:-

. . ·o . 
BOCCTaHOBJieHHH, .50o/o 01).l(al.fa ~OCTHraiTafh : rrpH 900

23
f B \:f

4
)CIIHC 

54 MIIH. II npn · 1200 C. qepe3 24 MHH. 0T.l(al.fa . . Pu ··, . · .. Am , 
· 244 Cm /ncxo.nnLIH · rrpo.nyKT · co.nep)Kan .paBHLie aKTHBHOCTH 3TH X. ny I<nu
.l(OB/ nccnep:(>B'bnach n~cne. 5 UHKJIOB Ilpll TeMrrepa Type BOCCTaJu:iancmin 

· .1000. H 1200. C rryTeM H3MepeHHH a6COJIJOTHOH a -aKTHBHOCTU '30HLI 
B03rOHa .. 0THOCJiTeJILHLie .l(OJIH ~T.l(enLHhiX HJOTOllO~ orrpe.nennJIHCL 
HJMepenneM: a:·_ crr~KTp6a. ·Ilpn 1200·° C ~·<PaKT~{oqncl-:Ku'' ·ao3oniaiJ-·'·: 

. . . . . : . . ·. 239 . . :._4 . 241. ·. . . 
·nLIX·JneMeHTOB OT·, PupaBeH /1,1±0,8/.10.,. OT ... Am/1,6± 
±0,8/.1Q-4 HOT 244 Cm/1,9±0,8/.10-4 ··· . 

HeKOTopaH /- 1 o-4 o/o/ TpaucrropTIIpOBKa aKTHHOU.l(HLIX. 3J1CMCu
.TOB MO)KCT rrpOHCXO.l(HTh, BepOHTHO; · BMeCTC C IILIJlLIO. OKU.CH ypaua· : 
unn me·nJ·Ja .nJi$$yJun rronoaepxu.ocTn KBapueaoii Tpy6KH .u riopomKa .. 
. ·. . ' . 0 . . . 
B cny•me aoJrOHKH rrpu 1000 C cyMMapHa.H a -aKTHBIIOCTL· 6LIJ1a .· 
B ·10 pa3. HH»<e, lfCM IIPH i200 O C H ll03TOMY HCITh?fl.6hiJ10 IIPOBO.l(IITL 

. . . ' . . 
KOJIH'fCCTBeHHLie H3MepeHHj_l . 

. CTerrenh rrepeuoca ypana n nerrTynnH nerKo orrpc.nennTL no. 
.. . ' 239 

o~y~3YJOIUHMCH IIpH. o6Jiy'fCHHH ypaHa rrpOTOHaMH H30TOTI<,lM .. JVP Jl 

·v. Bo ncex· OI1LITax n -y -·crreKTpax <lJpaKunn aoJornaHHLIXJneMeu-
. ·TOB rrpncyi'cTBne u3oTorroa 

239 
Np n •237U He 6Lino o6napymcuo. 

<l>a~TOp,O'iHCTKH COCTaBJIHJI < 10-3 . 

5 .. B6I.ueneHne ~neMeHTOB Cd , ~~~!!_.....1~~~/lj,_.J. · 
T1 ·, Pb , Bi , Po, At , Rh 6e 3 nocnTeneii 

· PeJyJI~TaTLI npe.naamneJILHLix nccm!.noaannii rr~Jaonnnu ycTa
noan!L "onTHManLHhle~ rrapaMeT~hl rrpouecca Bhl~eneHnH yKa~aHHhlX 
3JICMeHTOB: . O 

OKHCJICHHe - 10 MUll rrpH 450 C .. . .·. ..· . . . 0 
aoccTanorinenne - 30 MHH; /900~ .. 1100/ C 

·. o6'heMJtbiH pacxo.n niJOB· -. 20 MJI/MHH 
. '!llCJIO u;HKJIOB ~peapam~HH.H $a3 - 5. 

; 

. U 3 0 8 /250 ..... 500 Mr/ o6Jiyl.faJiaCh Ha BHeUIHeM ITYl.fKe CHHXpo
UHKJIOTpOHa OHRM /B. ,ll;y6ne/ rrpoToHaMn c Jiieprneii 660. MJB 

)nHTerpanLHaH .rioJa:. /9.'10 z._, · ... 2.10Z6 p/. Ilpu noM o6paJyroTcH 
HJOTOITLI JneMeiiTOB Cd ... Xe B Kal.feCTBe iipo.nyinoa .neneunn, Hg ... '.Rn 

· rryn~M rny6oKoro pacme·rrnennH n Np -~ a xo.ne (p; x~)-41. (n;y) ~- pea:K
unii .. On hiT hi no Bhl.l(em!Hnio rrpOBO.l(llJIJICh 'fepe 3. 5-300 'fa COB. nocne 
o6.Jiyl.feHHH. IJ.po6hl BOCCTaHaB-!IHBaJIHCh ~ .UOTOKe ~O.l(OpO.l(a llpll yBe -· , 
nn~maammnxcH TeMrrepa Typa:x:. n· oKncnHnncL n.J on!pMn.qe cKn rrpn 4500 c.· . 

.. B IIOTOKe BOJ.l(yxa. Oca)K.l(eHHe Bhi.l(eJleHHbiX aKTUBHOCTeii Ha'IHHaJIOCh 

7 



·nenocpeACTBCHHO Ja HarpeBaiOI.QeH 30HOH H OKaHqHBanOCh B 30HC 

KOHACHCaUIIII Bo'Ahi, npeACTaBJUIIOI.QeH 3tPtPCKTHBHYID JIOBYIIIKY ,L(JIH TaKiiX 

J;eTy'lHX coeAIIHemiii:, KaK, HanpHMep, H] H HAt. 
0THOCIITCJihHbie AOJIH yneryqJiaaiOIQHXCH npOAYKTOB onpe)ieJIHJIHCh 

no y - cneKTpaM OTAeJibHbiX npo6, OCTaTKOB H B03f'OHOB. I13MepeHHH 

y -cneKTPOB npOBOAHJIHCh Ha 'Ge-ld ·AeTeKTOpe C paJpemeHHeM 

L ;3 KJB, coeAH!IeHHLIM c 2048-KanaJILHLIM aHaJIHJaTopoM .• ,Il;nH o6ner

•remur HACHTIHbHKaUHll H3MepHJIHCh .y -cneKTpbi OTACJihHhiX paJAeJieH-

IlbiX tbpaKUIIH BOJI'OHOB H 6naropOAHhiX raJOB /25/, · .· 

Pe3yAi.mam&l u o6cyJICoeHue 

CpeAIIHe IieJIIIl{HHbl BhiXOAOB OTAeJibHhiX H30TOnOB COOTBCTCTByiO

li(HX ':weMeHTOB,· onpeAeJieHHbiC no HX Y -cneKTpaM, npeACTaBJICHbl Ha 

puc. 7. EnaropoAHhre raJ hi BLIAeJIHJIHCh noJIHQCTLIO. Ha puc. 7 BhiXOALI 

OTAeJibHbiX JJICMCHTOB 6e3 HOCHTCJICH COITOCTaBJieHbi CO CTaHAapTHbiMH 

'IIITUJihnHHMH ra3006~a3HbiX 3JICMCHTOB B aTOMapHOM COCTOHHHH B Ka

•reCTUe MCpbi HX JICTyqeCTH. BHAHO, l{TO MOmHO BhiACJIHTh JieryqHe 

·,neMeHTbl I t\llf98 (r) $. 40 KKan lr.a./cnpH6JIH3HTeJILHOOAHHaKoao 

llbiCOKHM BbiXOAOM I~ 90o/ol npii TeMnepaType 1100 ° C. PaBHLie 

JlbiXOAbl JierKOJICTY'lHX JJICMCHTOB TaK)I(e AOCTHraJIHCh npH T = 900 

n L 000 o C. BbiXOA Me nee neryqnx JneMeHToa I- ~Hg98 (r) > 40 KKan 

lr.a.l YMCHbiiiaeTCH C yBeJinqeHHCM ~H g93(r) H C . YMCHhliiCHHCM 

fCJ.\.tneparypbl BOCCTUHOBJICHHH. CHJihHOe OTKJIOHCHHe ITOBeAeHHH cypb

Mhi l\10)1<110 06MICHIITb JieTyqeCTbiO ee OKHCH B npouecce OKHCJICHHH. 

Hymno OTMCTIITh, l{TO noJiyqeHHhle JaKOHOMepHOCTH CJICAYIOT 

113 TCpMOAHHUJ.\.~Iq~CKHX OUCHOK OTHOCHTCJibHO COCTOHHHH OTACJibHhlX 

:>neMeHTOB. no:>TOMY BhiBOAbi Ha OCHOBe 3TIIX peJyJibTaTOB ~MCIOT 
xapaKTep K<t'IeCTBCIIHbiX OUCHOK. 

,lJ;nH. paJJ(enemrn: cyMMapnoro BciJroHa, nonyqenuoro a JOHe 

no :1 f5>'JKII, n pnMe nn:noc b e ro xnopupoaaHHe H yneTyqHaaniie a ao,nopo

i(e' ··' .'3tbtbe K fliBHoc rh ynery•maamu onpeAenn:nacb no y - cnei<rpaM 

noJroHa u ocrarKu. Ycnoann: II peJyJILTaTbi cyMMHpoaanhi s·Ta6n. 1. 

3aK.!IIO•tellue 

. 0 . 
L. lb JKC rpunoirn:umr BCJIIIl{IIH L\H 298 (r) II uccneAoBaHnH noae-

~eHIIfl XHMH'IeCKHX aHanoroa runorernqecKnx :>neMenroa L 12 .... 118 

8 

,a 

3 

q 
't\ 
\J 

3!jJ!jleKTHBHOCl'h yne 

c 

f'830HOCH1'8nh 

. 06'b8MHblll paCXOJl . · 

· TeMnepaTypa 

:BpeMSI. 

BbiXOJl 

Cd 

]n 

Sn 

Sb 

Te 

J 
Hg 

. Tl 

Pb 

·Bi 

Po 

At 

x/
6 

u 

OnbWIUFB.b 

T8M 1 'ITO rrpn 3THX 

XHMH'leCKH nornoma 



KaHlJHBaiTOCb B 30He 

EO ITOBYIIIKY ~ITH TaKH:X 

t •. 
·~YKTOB onpe~enHITHCb 
303rOHOB.lJ3MepeHH.fl 

·ope c paJpeiiienneM 

JaTopoM .• ,!J;nH o6ner

?T~enLHLIX pa3~enen-

TOITOBCOOTBeTCTByro

aM, npe~cTanneHLI na 

.w. Ha prrc. 7 nhrxo~bl 
:!Hbl CO CTaH~apTHbiMH 

>HOM COCTOHHHH B Ka

[0 Bhi~enHTL neTytJne 

IH3HTeiTbHO O~HHaKOBO 

.e 1100 ° C. PaBHbie 

rannch npn T = 900 
1 , ~Hg98 (r) > 40 KKan 

1 .. H C . yMeHbiiieHHeM 

:nne none~ennH cypL

rrpo~ecce oKncneHHH. 

E:IOMepHOCTH cne~yiOT 

:OCTOHHHft OT~eiTbHbiX 

pe3yiTLTaTOB J;IMeiOT 

nonyqennoro· B Jone 

nytJHBamre B no,nopo

ach no y - cnernpaM 

>IMH{JOBaHbl B. Ta6n. 1. 

',,'' 
ruccne~onann.SI none~ 

:>ITeMeHTOB 112 .... 118 

Ta6mma 1. 
3tlJ¢eKTHBHOCTh yneTylJHBaHHSI Bbillene!IHbiX aneMeHTOB B noToKax 

.CI 2 -CCI4 H 2 ...;.H2 0 .. 

ra30HOCHT9nh CI 2 ~CCI4 (15%) * B 2-H20 (0,19%) 

. o6'beMHbiH paCXOll LMniMHH1 20 20 

Tel\inepaTypa [Co ] 800 1000 

·BpeMSI. _{ MHH] 30 60 

BbiXOll [ %1 

Cd 97 .94 

. ]n 98 97 

Sn 99 77 

Sb 99 98 

Te- 99 97 

] 99 99 

.Hg 98 99 

Tl 98 97 

Pb 97 94 

Bi ·98 .94 

Po 99 99 ... 

At 99' 99 

~E • 6 OnhlllHH B.biXOll B cnyqae xnop~pOBallliSI 0 'b5ICHS19TCSI 

TeM, ~ITO npll 3TIIX ycnOBli~X pearHpyroT·:ll Te lJaCTIIUbi, KOTOpbie 

XliMiilJ9CKH nornolllaiOTCSI Ha ITOBepXIIOCTii KBapua. · 
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C:Jie,ny(n·, 'ITO B03MO)KH0 '3KCnepHMeHTCtllbHOe Bbi,neneHHe TaKHX 3JieMtlH· 
TOB C 3dJdJeKTHBHOCTbiD c> 90o/o H CTeneHblO HX oi.J:HCTidloT··aKTHHOH,U.HbiX 
3ne~eUTOB He MeHb.IIIe 10-4 . ·. . . . 

. . . · 2. llpe.nno)Keua MeTo,nHKa ·.nnH nep:Ho~HqecKoro Bhi,n~ne~HH npo-
. .U.YKTOB H~epHbiX pea~u;Hii H'3 o6nyq·eHHoro ypaHa (on line). . 

. .3. TipeHMyiiJ;eCTB~ HCCJie,noBaHH.OH MeTOAHKH 3aKnrotiaiOTCH B npo-
CTOTe · onepauliii, 'n ManoM 'IHcne .dJa3 H ao3Moli<iiocTH Henocpe.ncTne:H
uoro HC~O~b30~~11HH' ra~oxpoMaTorpadJH'IeCKHX-.npou;ec6oB -~ uen~~. 
()'IHCTKH .!1 pa3,neneHHH J1PO~YKTOB .SI,nepHhiX peaKQHH BllJIOTb .no ~rraro~ . 
po,U.Hb!X ra30B BKJIIO'IHTeJihliO. 

- llpn 3TOM. MmKHO Bbi,U.eJIHTb npo,nyKTbl .SI,nejHibiX peaKIJ;liH H3 
o6nyqeuiwro MeTannliqecKoro .·ypaua · nocne· ero oimc.rienil:H: 

ABTOp 6naro.napen aKa,neMHKY r .H.cl>nepony H. ,U.OKTopy XliMUltec
KIIX uayK 11.3nape 3a uinepec ·K pa6oTe, E.XeppM:auuyu r .Eaiiepy 3a 
npone.nenue o6nyqeimii. ·· · . · 

~·."'" 
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