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· Haclolll\tittHaA Ha lfene!CelicKIIIX pacconax cMO.na, c:l(?A ' 
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B pa60Te ct>nepoea C COTPYAHHKaMH /1/ OnHCaHbl OnbiTbl no KOH-
4eHTpHpOBaHH~ T~menblx 3JleMeHT08 H3 reoTepMallbHbiX pacconoe 
n/o 4eneKeH /IOro-BocT04HbiH KacnHH/ c noMo~b~ cop64HH Ha aHHOHo
o6MeHHOH CMOJle, npH H3MepeHHH aKTHBHOCTH HaCbl~eHHOH CMOJlbl Ae
TeKTOpaMH MHOmeCTBeHHOH 3MHCCHH HeHTpOHOB 6biJ10 3aperHCTpHpOBa
HO npHcyTCTBHe cnoHTaHHO Aen~~eroc~ HYKilHAa. Bb1cKa3aHo npeA
nonomeHHe, 4TO 3TOT HYKilHA, eoaMOmHo, ~en~eTc~ cnoHTaHHO Ae
n~~HMC~ H30TOnOM CBepXT~menoro 3JleMeHTa /CT3/ H 4TO nop~AKOBbiH 
HOMep 3TOrO HYKilHAa HaXOAHTC~ B HHTepeane Z :108-116. 

06HapymeHHe HOBOrO H3Jly4aTeJ1~ B rHAPOTepMaX, o6ora~eHHbiX 
J1eTy4HMH 3JleMeHTaMH 12~n03BOJ1~eT npeAnOJ10mHTb 0 4TO OH 06JlaAaeT 
nOBbiWeHHOH JleTy4eCTb~. C APYrOH CTOpOHbl, B COOTBeTCTBHH C aa
KOHOM MeHAeneeea rHnOTeTH4eCKHe 3JleMeHTbl C ynoM~HYTbiMH BbiWe Z 
MOryT 6b1Tb BbiCWHMH rOMOilOraMH noArpynn 4HHKa, rallJlH~, repMaHH~, 

MbiWb~Ka, CeJleHa HllH nnaTHHOBbiX MeTaJlJlOB, 3KCTpanOJ1~4HH, CM., 
HanpHMep, /2,3/ , H pac4eTbl ct>H3HKO-XHMH4eCKHX CBOHCTB CT3 
/Z = 108-116/ 141 n03BOJ1~~T C4HTaTb, 4TO HX o6~HM xapaKTepHbiM 
CBOHCTBOM ~BJl~eTC~ OTHOCHTellbHO BbiCOKa~ JleTy4eCTb B 3JleMeHTap
HOM COCTO~HHH HllH B BHAe HeKOTOpbiX COeAHHeHHH C XJlOpOM HllH 
KHCilOpoAOM. 

B HacTo~~eH pa6oTe npeAnPHH~Ta nonbiTKa cpaBHHTb noeeAeHHe 
HeH3BeCTHoro cnoHTaHHO Aell~~eroc~ HYKilHAa, cop6HpoeaHHOro Ha 
HOH006MeHHOH CMOJle H3 4eJleKeHCKHX paCCOJlOB, C noBeAeHHeM· 3Jle
MeHTOB ynOM~HYTbiX BbiWe noArpynn, a TaKme ypaHa H KallHC!>OPHH~. 

B onbiTax H3MepeHa A011~ aToMOB cnoHTaHHO Aell~~erocR HYKilHAa 
H APYrHX 3JleMeHTOB, OCTaBwa~c~ B HeJ1eTy4eM OCTaTKe nocne TepMO
AeCTPYKLIHH CMOJlbl, 

XHMH4ECKHE nPOUEAYPM H H3MEPEHHR 

MaTpHLia CMOJlbl ~BJl~eTC~ COnOJlHMepOM AHBHHHJ16eH30J1a C BHHHJl
nHPHAHHOM, CocTaBJl~~He ero MOHOMepbl eecbMa neTy4H. BHHHJlnHpH
AHH paanaraeTC~ npH 15~C Ha JleTY4He KOMnOHeHTbl, nHpHAHH KHnHT 
npH 115,3°(, AHBHHHJ16eH3011 HMeeT TeMnepaTypy KHneHHR 210,55°(, 
TepMOAeCTPYKLIH~ CMOJlbl npH Harpeee 6e3 AOCTyna B03AYXa Ha4HHaeT
C~ yme npH ~200°C. npH Harpeee cMOilbl e noToKe HHepTHoro raaa 
/aprOH/ B peaKTOpe OCTa~TC~ HeJ1eTy4He MHHepaJlbHble COJlH H o6yr
neHHa~ 11opraHHKa 11

, YcnoBHO 3TOT MaTepHan HHme 6yAeT Ha3b1BaTbC~ 
HeJ1eTy4HM OCTaTKOM, 0npeAeJ18HHe OTHOCHTeJlbHOrO COAepmaHH~ pa3-

, .. ~ ...... ~-... --..._....__... 
•· · •'.·.·- ·'<: \ ~r'Flf'YT I 
.. ~::_:;~J;~~;::- . 
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Ta6m11.1a 1 

CoAepmaH~e 311eMeHTOB e Ha
c~~eHHoi1 CMOile /8/ 

311eMeHT CoAepmaH~e /%/ 

Be 2 ·1 0-3 * 
B 0,3 
Na 1 ,5 
Mg 1,2 
Ti 2, 5 .1 o-3 

Ca 2,9 
Mn 2 .1o-2 

Fe 0,14 
Cu 7.Jo-4 
Zn 0,22 
!Ag 1. 10-4 
Sn 5·10-4 

6.10-3 Pb 
Tl < 6.1 o-4 

u 3.10-6 

CyMMa: 6,29 

*B CTaTbe/S/ yTep~H MHO
m~Tell b 1 0-3 • 

I 
I 
I 

I 
I 

I 
I 
I 

I 

I 

' 

I 

-I 
I 

JH14Hb1X 311eMeHTOB B HelleTy4eM 
OCTaTKe np0~3BOA~110Cb peHTre
HO-~Il~peCI.IeHTH~M MeTOAOM ~11~ 

C noMO~b~ paA~OaKT~BH~X ~HA~
KaTOPOB, CoAepmaH~e cB~HLia 

onpeAell~llOCb ABYM~ MeTOAaM~. 

B on~Tax ~cnOI1b30Ball~Cb 
paA~OaKT~BH~e OTMeT4~KI1 6e3 
HOC~Te/1~: 183,184Re, 1850s, 
189

1 
195m,203 H 200,201 T 

r , g , 1 , 
200,203Pb 205,203 8 . 206p 

' 1 ' 0 , 
249Cf. l-1cnOI1b30Bai1C~ Kall~~OpH~H-
249, BbiAelleHH~H I Sl ~3 6epK-
11~~-249. H3oTon~ peH~~. ocM~~. 
~P~A~~, PTYT~, Ta1111~~ ~ B~C

MyTa nony4eHbl nyTeM o6ny4eH~~ 
OK~C~ B~CMyTa 6~CTP~M~ npOTO
HaM~ /650 M3B/ Ha C~HXPOI.I~K
IlOTpOHe Jla6opaTOP~~ ~AePHbiX 
npo611eM OHRH ~1111 30ilOTa, BOilb~

paMa ~ TaHTana - ycKopeHH~M~ 

~oHaM~ yrnepoAa ~ re11~~ Ha 
LI~KilOTpoHax T~men~x ~OHOB 

Y-300 ~ Y-200 Jla6opaTOP~~ 
~AepH~x peaK1.111H OHRH. B~Aene
H~e PTYT~, Ta1111~~ ~ B~CMyTa 

/~3 30110Ta/, peH~~ ~ OCM~~/~3 
BOilb~paMa/ npoBOA~IlOCb C no

MO~b~ TepMoxpoMaTorpa~~~ no MeTOA~Ke, on~caHHOi1 e pa6oTe 161. 
H30TOnbl CB~HI.Ia BbiAell~ll~Cb ~3 OK~C~ B~CMyTa, 0611y4eHHOH npOTO
HaMI1, C nOMO~b~ paA~OX~M~4eCK~X npOI.IeAYP/?I, 

An~ nepeBOAa nony4eHHbiX paA~OaKT~BHbiX OTMeT4~KOB Ha HaCbl
~eHHY~ paHee CMOily/8/ OH~ BHOC~Il~Cb B 4elleKeHCKI1H paCCOil, 
11 3aTeM npOBOA~nc~ ~30TOnH~H 06MeH CO CMOilOH B A~HaM~4eCK~X 
~11~ cTaT~4eCK~x ycnoe11~x. CoAepmaH~e 311eMeHTOB B Hac~~eHHoi1 
CMOile noKa3aHO B Ta611, 1 , 

CxeMa YCTaHOBK~ All~ TepMOAeCTPYKLI~~ CMOil~ ~306pameHa Ha 
p~cyHKe, "Me4eHa~" cMOila noMe~anacb B peaKTop-1, pacnonomeH
HbiH e TepMocTaTe-2 c peryn~pyeMbiM HarpeBoM. Hcnollb3oean~cb 
ABa B~Aa peaKTOpOB: MallbiH - B B~Ae Tpy6K~- ~ 60ilbWOH - B B~Ae 
np~MoyrollbHoro cocyAa. PeaKTop~ ~3rOTOBI1~11~Cb ~3 Hepmaee~~ei1 

CTall~. TeMnepaTypa ~3Mep~llaCb B ABYX T04KaX C~CTeMbl: B 06DeMe 
TepMOCTaTa ~ HenocpeACTBeHHO B CMOile C nOMO~b~ TepMonapbl, no
Me~eHHOH B repMeT~4eCKy~ TOHKOCTeHHY~ Tpy6Ky. 
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YcTaHOBKa, ~cnonb3oBaHHa~ All~ nepepa6oTK~ 43,2 Kr 
CMOil~. 1 - peaKTOp /290x300x320/ MM ~3 Hepmaee~~ei1 
cTan~. 2 - TepMocTaT, 3 - Tpy6Ka All~ noAa4~ ra3a 
e peaKTop, 4 - TepMonapa, 5 ~ Ll~ll~HAP114ecKa~ ne4b, 
6 - COCYA 113 Hepmaee~~ei1 CTa1111 All~ c6opa KOHAeHCaTa, 
7 - X0110AI111bHHK, 8 - COCYA C ~~llbTpOM, 9 - ~1111bTp 
All~ ynae1111 BaH~~ a3po3onei1, 10, 11 , 12 - noeywK11 c 
MeTaHOilOM, K~CilOTOH 11 ~el104b~. 

Ta6m11.1a 2 

Bee nepepa6oTaHHOH Bee 06DeM 
OnbiTOB CM0/1~ /Kr/ HeneTy4ero npony~eHHoro 

OCT aTKa ra3a /11/ 
/Kr/ 

1 0' 1 0,03 2 
2 11,5 4,87 144 
3 10,07 2,89 144 
4 10,3 2,82 144 
5 11 '3 2,96 144 

B Ha4ane on~Ta TeMnepaTypa a peaKTope ycTaHaan~aanacb OKOilO 
150°C C 1.1e11b~ YAalleH~~ 113 CMOil~ Bllar~. 3aTeM TeMnepaTypa 
MeAileHHO noAH~Manacb Ao-400°C 11 nOAAepm~eanacb nocTO~HHOH 
B Te4eH~e -10 4aCOB, 4epe3 CMOilY npOAyBallC~ aprOH, B C~CTeMe 
6~110 npeAYCMOTpeHo ~3MepeH~e AaBileH~~ ~ cKopocT~ ra3a. AproH 
K peaKTOpy nOABOA~IlC~ no MeAHOMy 3MeeB~Ky, noMe~eHHOMY B TepMO
CTaT All~ npeABap~TellbHoro noAorpeaa. 
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,IJ,nR 04HCTKH c6paCbiBaeMOrO raaa 11eTy4He opraHH4eCKHe (j)paK~HH 
KOHAeHCHpoaanHcb a cocyAe-6. B cocyAe-8 raa npoXOAHil 4epea 
(j)HllbTp AllR ynaBilHBaHHR opraHH4eCKHX a3p03011eH, KOTOpbiH COCTO
Rll H3 Tpy6KH, H3rOTOB11eHHOH H3 nopHCTOH Hep~aae~~eH CTallH H 
o6epHyToi1 naacaHOBbiM RAePHbiM <I>HllbTpOM 191 c AHaMeTpoM nop 
-0,1 MKM. ~a11ee CTORilH IlOBYWKH 10-12 /CM, pHCyHOK/. 

no OKOH4aHHH on~Ta npOBOAHilHCb y-cneKTpOCKOnH4eCKHH HllH 
peHTreHO-(j)Il~Opec~eHTHbiH aHa11H3~ HelleTy4ero OCTaTKa, 8 OnbiTaX 
C paAHOaKTHBHbiMH OTMeT4HKaMH 6pa11HCb HaBeCKH CMOil~ no -100 r. 
,IJ,nR H3Y4eHHR noBeAeHHR cnOHTaHHO AellR~erocR HYKilHAa HCn011b30-
aa11HCb nop~HH CMOil~ aecoM -10 Kr. 3neMeHTH~i1 aHa11H3 HelleTy4ero 
OCTaTKa B 3TOM Clly4ae npOBOAHilCR C nOMO~b~ ~eHTreHO-(j)Il~Opec
~eHTHOro MeTOAa. CoAep~aHHe ypaHa a HeneTy4eM ocTaTKe onpeAe
IlRilOCb TpeKOBbiM MeTOAOM ItO!, a COAep~aHHe ypaHa B CMOile npo
aepRilOCb cnoco6oM, onHcaHH~M a pa6oTe Itt!. 

B 4eTblpex on~ Tax nepepa6oTaHo 4 3, 2 Kr CMOilbl H nony4eHo 
13,5 Kr HelleTy4ero OCTaTKa. 8 Ta6n.2 AaHbl YCilOBHR OnbiTOB. 

AKTHBHOCTb CnOHTaHHOrO AelleHHR HelleTy4ero OCTaTKa H3MepR-
11aCb MeTOAOM AeTeKTHpOBaHHR aKTOB MHO~eCTBeHHOH 3MHCCHH HeHT
pOHOB /t2/, 

3(j)(j)eKTHBHOCTb perHCTpa~HH cnoHTaHHoro Ae11eHHR (a) ~eTeKTO
paMH MHO~eCTB6HHOH 3MHCCHH H6HTPOHOB 3aBHCHT OT CP6AHero 4HC11a 
H6HTpOHOB (jj), HCnycKaeMbiX npH AelleHHH H OT 3(j)(j)eKTHBHOCTH pe
rHCTpa~HH OAHH04HbiX HeHTPOHOB (f) /t 2/. ,IJ,nR HCn011b30BaHHOrO 
a HaCTOR~eitl pa6oTe AeTeKTopa 3<l><!>eKTHBHOCTb perHcTpa~HH cnoH
TaHHOro AelleHHR 238 U (v = 2) COCTaBilRila -0, 15, a 3(j)(j)eKTHBHOCTb 
perHcTpa~HH cnoHTaHHoro AeneHHR 2 52 cr (v = i3,74)"' 0,4. 

PE3YJlbTATbl 11 06CYlK~EHHE 

B pa6oTax 11 •181 6~111-1 npoaHa11H3HpoaaHbl AaHHble o MHo~eCTBeH
HOCTH HeHTpOHOB, conpOBO~Aa~HX AelleHHe HeH3BeCTHOro HYKilHAa. 
Ha OCHOBaHHH AaHHbiX 3THX pa60T MO~HO nonaraTb, 4TO Be11H4HHa iJ 
A11R HeH3BeCTHOro HYKilHAa 611H3Ka K 3,5. 

B Ta6n.3 npHBeAeHbl peayllbTaTbl H3MepeHHR aKTHBHOCTH 9 Kr 
CMOilbl It!, 'Hacbl~eHHOH Ha 4eneKeHCKHX pacconax, H HeneTy4ero oc
TaTKa OT TepMOAeCTpyK~HH 43,2 Kr 3TOH CMOilbl, a TaK~e O~HAaB
weeCR K011H4ecTao aaperHcTpHpoaaHH~X aKTOB cnoHTaHHoro AeneHHR 
ypaHa-238, npHcyTc~ay~~ero a o6paa~ax. 

B Ta6n.3 npHBOARTCR TaK~e 04eHKH YAellbHOH aKTHBHOCTH HC
XOAHOH CMOil~ H HelleTy4ero OCT aTKa, BblnOilHeHHble B npeAnOilO~e
HHH, 4TO AllR HeHaae~THoro HYKilHAa ;; "' 3,5. Y4HTbiBaR sec nepepa-
6oTaHHOH CMOilbl /43,2 Kr/ H nony4eHHOro OCTaTKa /13,5 Kr/, 
MO~HO 3aK11~4HTb, 4TO BMeCTO O~HAaBWHXCR 260+60 aKTOB cnOHTaH
HOrO AelleHHR 3aperHCTPHPOBaHO TOilbKO 30_2: 15 .--TaKHM o6pa30M, CO-
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AepmaHHe HeH3BeCTHOrO CnOHTaHHO AenR~erOCR HyKnHAa B OCTaTKe 
He npeBbiWaeT 20% OT ero COAepmaHHR B HCXOAHOH CMone. 

B Ta6n. 4 cBeAeHbl AaHHble o COAepmaHHH pa3nH4HbiX 3neMeHTOB 
B HeneTy4eM OCTaTKe /B npo~eHTaX/, 3a 100% npHHRTO HX COAepma
HHe B HCXOAHOH HaBeCKe CMOnbl, 

MeTannbl, cop6HpoeaHHble Ha cMone, cocTaenR~T 6% OT eeca Ha
Cbl~eHHOH CMOnbl /CM. Ta6n. 1/, .npH 3.TOM OCHOBHY~ AOn~ COCTaBnR
~T HaTpH!:i, MarHHH, Kanb~HI:i, meneao H ~HHK. Y4HTbiBaR, 4TO aHHO
HHT H3 KOH~eHTPHPOBaHHbiX XnOPHAHbiX pacconoa COp6HpyeT OTPH~a
TenbHO 3apRmeHHble xnOPHAHble KOMnneKCbl 3THX 3neMeHTOB, MOmHO 
C yeepeHHOCTb~ CKa3aTb, 4TO -15% OT seca HaCbl~eHHOH CMOnbl npH
XOAHTCR Ha xnop-HOH, 

noMHR 06 OTCYTCTBHH KHCnOpOAa B peaKTOpe, He06XOAHMO y4H
TbiBaTb BOCCTaHOSHTenbHbiH xapaKTep cpeAbl, B KOTOpOH npOHCXOAHT 
npo~ecc KOH~eHTpHpoeaHHR MeTannoa. 

CneAOBaTenbHO, nony4eHHble AaHHble noKaablaa~T, 4TO cnoHTaHHO 
AenR~HHCR HyKnHA B xnOpCOAepma~el:i BOCCTaHOSHTenbHOH cpeAe o6-
naAaeT aaMeTHol:i neTy4ecTb~ npH TeMnepaTypax:;: 400°C. noabiWeH
HaR neTy4eCTb cnoHTaHHO AenR~erocR HYKnHAa aaMe4eHa TaKme a 
3KCnepHMeHTaX no ero KOH~eHTPHPOSaHH~ H3 Se~eCTBa MeTeOpHTa 
AnneHAe i14:TaKoe coanaAeHHe MOmHo OTHeCTH a nonbay npeAnonome
HHR, CAenaHHOro B pa6oTe 111, 0 TOM, 4TO o6a HeH3SeCTHbiX H3ny4a
TenR /OAHH, H3Bne4eHHbiH H3 rHAPOTepM n/o 4eneKeH IB~ H Apyroi:i, 
Ha6n~AaBWHHCR a MeTeOpHTe AnneHAe 1&1 I npHHaAnemaT K o6nacTH 
CT3. 

B TO me SpeMR AnR KanH¢opHHR, KaK OAHOrO H3 TpexaaneHTHbiX 
aKTHHHAOB, B 3THX ycnoBHRX CTeneHb OTrOHKH 6nH3Ka K Hyn~ •. CTe
neHb OTrOHKH ypaHa C HCnonb30BaHHeM paAHOaKTHBHOrO OTMeT4HKa 
He onpeAenRnacb, CoAepmaHHe ypaHa a HeneTy4eM ocTaTKe H cMOne 
H3MepeHO C T04HOCTb~ 50% 1 11~4TO He n03BOnReT CAenaTb O~eHKY 
CTeneHH OTrOHKH ypaHa. 0AHaKO MOmHO npeAnOnOmHTb, 4TO He6onb
WaR 4aCTb ero yneTy4HnaCb 0 T,K, y Hero HMeeTCR YCTOH4HBbiH 
neTy4HH xnopHA UC1 6 /TKHn. UCl~ = 277°C,H06 .=272,6 KKan/MOnb/. 

PTYTb H 3neMeHTbl, HMe~He YCTOH4HBble neTY4Hg HH3WHe XnOPHAbl 
/~HHK, TannHI:i/, B TOH HnH HHOH Mepe nOKHAa~T CMOny C neTy4HMH 
npOAYKTaMH /eM, Ta6n.4/, 

noBeAeHHe MbiWbRKa, BHCMyTa H nonOHHR, HMe~~HX HH3WHe neTy4He 
XnOPHAbl, onpeAenReTCR, BHAHMO, MeHbWeH yCTOH4HBOCTb~ xnopHAOS, 
a TaKme TeM, 4TO 3TH MeTannbl CHnbHO rHAPOnH30SaHbl S 4eneKeHCKOM 
paccone (pH=6) H Ha CMOny cop6Hpy~TCR S SHAe xnoprHApaTHbiX 
KOMnneKCOS HnH aHHOHOS, 

Oco6o Heo6XOAHMO noA4epKHYTb, 4TO npaKTH4eCKH nonHOCTb~ 
OCTanHCb S OCTaTKe peHHH, OCMHH H HPHAHH, 3Toro cneAOSano OmH
AaTb npH SOCCTaHOSHTenbHOM xapaKTepe CpeAbl, BbiCOKOM OKHCnHTenb
HO-SOCCTaHOSHTenbHOM noTeH~Hane H cpaSHHTenbHO Manol:i YCTOH4H
SOCTH XnOPHAOB 3THX 3neMeHTOS, 
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Ha nony4eHHbiX AaHHbiX BHAHO, 4TO cnoHTaHHO AenR~HHCR HyK
nHA HMeeT noSeAeHHe, OTnH4HOe OT noSeAeHHR, KOTOpoe MOmHO 
npeAnonomHTb s 3THX ycnosHRX AnR e~e 6onee 116naropOAHOro' 1 

3KannaTHHOHAa (Z"' 110) 14 ~ 

BbiBOAbl 

1. B xnopHAHo-soccTaHOSHTenbHol:i cpeAe neTy4eCTb cnoHTaHHO 
AenR~erOCR HyKnHAa 6nH3Ka K neTy4eCTH TannHR H pTyTH H SbiWe, 
4eM neTy4eCTb nnaTHHOSbiX MeTannos, CBHH~a, BHCMyTa, nonOHHR 
H aKTHHHAOB. 

2. noBeAeHHe HeH3BeCTHOrO CnOHTaHHO AenR~erOCR HyKnHAa 
OTnH4HO OT OmHAaeMOrO noseAeHHR 3Ka-nnaTHHOHAOB C Z = 110. 

3. AKTHBHOCTb CnOHTaHHOrO AeneHHR, 06HapymeHHaR B HOH006-
MeHHOH CMOne, 3KCnOHHpOBaHHOH Ha rHAPOTepMaX 4eneKeHa, He 
CBR3aHa CO ,CnOHTaHHbiM AeneHHeM aKTHHHAOB. 

B aaKn~4eHHe aBTOPbl c4HTa~T npHRTHbiM AOnroM no6naroAaPHTb 
aa nocTaHOBKY aaAa4H H HHTepec K pa6oTe r.H.~nepoea, aa HHTepec 
K pa6oTe H ~eHHble aaMe4aHHR H.3sapy H r.M.Tep-AKonbRHa, aa no
MO~b e npoeeAeHHH 3KcnepHMeHTa ~.C.KopoTKHHa, B.n.nepenblrHHa, 
E.n.mypaeneay, 3.flaHrpoKa, C.A. nnewyKosy, A.B.neTposa H aa 
y4aCTHe S o6cymAeHHH peaynbTaTOS pa60Tbl o.fl.myl:iKOSa, 
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