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HCIIIUIIIYIII JIOepHI>IX UCCAe006QHUU ,4y6Ha 

RAepHo-cneKTpocKonuqecKBe uccneAoBaHBB B30Tonoa 

C Z- 82 B WBpOKOM ABaDa30He BAep OT CBnLHO HeiiTpOHO

AeciJBUBTHLIX AO CBnLHO HeiiTpOHOB36LITOqHLIX D03BOnBIOT 

nonyqaTL AaHHLie, He06XOABMLie KaK AnB BLIBCHeHBB cnpa

BeAnBBOCTB CyiUeCTBYIOIUBX MOAenLHLIX npeACTaBneHBH 06 

OCHOBHLIX B B036y)I(AeHHLIX COCTOJIHBJIX JIAep 3TOH o6naCTB, 

TaK B MJI npoaepKB B yToqHeHBJI Hoaoii MOAenu anL«<la
pacnaAa/ 1/. 

OnpeAeneHHLiii BHTepec c 3Toii ToqKB 3peHBJI npeACTaa

nJieT acTaT. B peaKUBJIX rny6oKoro pac-uenneHBJI JIAep TopBJI 

B ypaHa npOTOHaMB BLICOKBX 3HeprBii o6pa3yeTCJI 6onLWOe 

KonuqecTBO HeiiTpOHOAeciJBUBTHLIX B30Tonoa 3neMeHTa. Ha

PJIAY C HBMB, B npBHUBDe, BDOnHe BepOJITHO DOJIBneHBe 

B HeiiTpoHoo6ora-ueHHwx B30Tonoa acTaTa c A'> 220, KOTo

pwe AO CBX nop e-ue 3KCDepBMeHTanLHO He Ha6nJOAanBCL. 

~nJI BCCneAOBaHBii CDeKTpOB HeiiTpOHOAeciJBUBTHLIX B30TO

DOB acTaTa B DOBCKa ero HCHTpOH006ora-ueHHLIX B30TODOB 

He06XOAHMLI BLICOKOpaABOaKTBBHLie npenapa TLI KOpOTKO)KB

BYIUBX HYKnBAOB 3neMeHTa B ciJopMe, npBrOAHOH AnJI B3Me

peHBJI anLclla-cneKTpos, pa3AeneHBJI no MaccaM Ha 3neKTpo

MarHBTHOM Macc-cenapaTope B c6opa AoqepHBX JIAep -

HeiiTpOH006oraaueHHLIX B30TODOB paAOHa. ~nJI nonyqeHBJI 

TaKBX npenapaTOB aCTaTa Tpe6yeTCB ceneKTBBHaJI, 3KCnpec

CHaJI paAUOXBMBqecKaJI MeTOABKa. 

"MoKpwe•• CDOC06LI BLIAeneHBJI / 2-S/ H3- 3a BX OTHOCB

TenLHOH DPOAOn)KBTenLHOCTB B AaHHOM cnyqae 6LinB Henpu

rO,!lHLI. lionee YA06HLIM Ka3anBCL MeTOALI,OCHOBaHHLie Ha ne

TyqecTB acTaTa /unu ero coeABHeHBii//6- 15(Ho HH OABH B3 
HBX HenL3JI 6LinO B3JITL B KaqecTBe npoTOTBDa AnJI AanL

Heiiweii pa60TLI, DOCKOnLKY npoueCCLI OTAeneHBJI B oqBCTKB 

acTaTa B ra3oaoii clla3e Tpe6oaanu He MeHLWe apeMeHB, 
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qeM B BOAJIWX pacTsopax. O,nHaKo caM npHH~n ra3oBOi 
TepMoxpoMaTorpacllaa, no HaweMy MHeHBIO, Haa6onee no.n
xo.nan _nng C03AaHBB HOBOH BWCOK03~eKTBBHOH MeTO,nBKB, 
B KoTopoi o.naospeMeHHO ocymecTBnsnacb 6w npoueccw 
OT,neneHBB aCTaTa OT MaTepaana MBWeHB, ero O'IBCTKB OT 
pa,naOaKTBBHWX 3arpB3HeHBH B nony'leHBB npenapaTOB _nng 

cliB3B'IeCKBX 3KCnepHMeHTOB. 
HacTos~as pa6oTa nocss~eHa pa3pa6oTKe ra3oTepM~

xpoMaTorpacila'lecKoro MeTo,na nony'leHBB swcoKopa,naoaK
TBBHWX, pa,nBOXBMB'IeCKB 'IBCTWX npenapaTOB KOpOTKOlKBBy
~X B30Tonos acTaTa; npHMeHeHBIO MeTo,na .nns onpe,nene
HBB OTHOCBTenbHWX BWXO,nOB B30TOnOB acTaTa B3 ypaHOBOH 
MBWeHB B nOBCKY rBnOTeTB'IeCKHX HeiTpOH0060raiUeHHWX 
B30TonoB n.a:Toro ranoreHa. 

3KcnepuMeHmaA~>Ha.R 'lacm~> 

MaTepHanoM MBWeHB .nns nony'leHBB acTaTa cny>KBn 
MeTannB'IeCKBH ypaH npBpO,nHoro COCTaBa, 'IBCTOTOH 99,72lfo. 
06ny'lanBCb MeTannH'IeCKBe nnaCTBHKB TOn~HOH 1 MM 

B secoM 5±1 z. 
MaweHB 3KcnoHBposanBcb Ha BHyTpeHHeM npoTOHHOM 

ny'IKe I E P = 660 M 3BI CBHXPOUBKnoTpoHa OHJUI. llpo
,non>KBTenbHOCTb o6nyqeHBB 6wna 20±10 MUH, BHTerpaiJb
HaS pa,nHOaKTBBHOCTb MBWeHH nocne o6ny'leHBB ,nOCTBrana 

10 z-3K6 pa,nas. 

AnnapaTypa ,nns sw.neneHHB B O'IBCTKB acTaTa, cxeMa 
KOTopoi noKa3aHa Ha puc. 1, B npBHUBne, 6wna TaKoi >Ke, 
KaK B pa6oTe/l6/. BHeCeHHWe B3MeHeHHB 6wnB CBS3aHW, 
rnaBHWM o6pa30M, c Heo6xo,nBMOCTbiD npose,neHBB 3Kcne
pBMeHTa B 3a~THOH KaMepe C noMOIUbiD KOnBpym~X 
MaHBnynsTopos. )J.ns KBcnopo.nao-renaeaoi cMeCB acnonb-
30BanB TeXHB'IeCKBe ra3bl 6e3 ,nononHBTenbHOH O'IBCTKB. 
MeTannB'IeCKBe cllanbTPbl B3 Me.na, cepe6pa BnB nnaTBHW, 
cny>KBBWHe _nng O'IBCTKB acTaTa OT pa,nHOaKTBBHWX 3arps3-
HeHBH B npouecce ero nepeHoca s.nonb ra3oTepMoxpoMaTo
rpalflaqecKoi KOJIOHKH ITXKI, B3rOTaBnBBanHCb H3 lflonbr, 
TOniUHHOB OKOnO 50 MKM, BMeJIB KOHTaKTHYID nosepx
HOCTb 15-20 cMl. TXK npe,ncTasn.a:na co6oi Ksapuesym 
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Puc. 1. CxeMa ycmaH06KU OAJI za3omepMoxpoMamozpa,Pu
'lecKozo 6blOeAeHU.R U O'IUCIIJKU acmama U3 ypaH060U MUUleHU. 
1. Keapt~eea.R Aooot~Ka OA.R ypcmoeoil MuweHu. 2. Keapt~eea.R 
Za30IIIepMOXpOMaiiiOZpafPU'IeCKa.R KOAOHKa. 3. Cepe6p.RHblU 
fPuAbTilp e = 1-1,5 CM, S = 20-30 CM 2 • 4. 0TilOJICJICeHHa.R 
6 KUCAOpooe nAaT/lUH06a.R fPOAbZa. 5. liOZAOTilUIIIeAb C aKmU-
6Up06aHHbJM yzAeM. Ha HUJICHeil 'lacmu pucyHKa Kpuea.R no
Ka3bJeae• pacnpeoeAeHue meMnepaT!lypbJ eooAb TXK, zu
c•ozpaMMa - pacnpeoeAeHue At no TXK. 3awmpuxoeaHHa.R 
'laCIIIb ZUCIIOZpaMMbJ COOIII6eiiiC1116Yem aKIIIU6HOCIIIU ac111a111a, 
ocaxoeHHOZO Ha nAaiiiUH060U fPOAbZe, He3aUl111PUX06aHHa.R -
Ha Kaapt~e. 

Tpy6Ky ,naaMeTpOM 4 MM, ,nnBHOB 300 MM B nepena,nOM 
TeMnepaTypw no ,nnaHe oT 800 .no 20°C I puc. 11. 

AHanB3 pacnpe,nene.aaJI neTy'IBX npo,nyKTOB, BWHeceHHwx 
B TXK, ocyiUeCTBnJincs nocne OKOH'IaHBB pa3,neneHBs. )J.ns 
3Toro TXK pa3pe3anacb Ha 30HW ,nnaHoi 3 CM H Ka>K,nas 
30Ha B3Mepsnacb Ha raMMa- cneKTpoMeTpe c Ge ~Li) - ,ne
TeKTopoM o6'beMOM 10 cM3B pa3peweHBeM 3-4 K3B. H,neH
TBcliBKaUBB npBCYTCTBYIOIUBX B 30HaX 3neMeHTOB npOBO,nBnacb 
no xapaKTepHWM raMMa-nBHBBM B30TOnOB 3TBX 3neMeHTOB. 
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llpH o6pa60TKe raMMa·cneKTPOB Ha3BM "MHHCK·2"npHMC· 

HJinacb nporpaMMa 3llOC -1 I 17 /llorpewHOCTH B onpe.u.eneHHH 

OTHOCHTCJlbHOrO CO.IJ,Cp:lKaHHJI 3JICMCHTOB DO 30HaM .IJ,nJI 3Ha'le

HHB ':_ 40~ He npCBbiWanH 10~ H .IJ,JIJI 3Ha'ICHHB< 40~ 6b1JIH 

He 6onee 30~. 
Cop6~HIO acTaTa H3 ra30BOrO DOTOKa npOBO.IJ,HnH Ha 

DOJIOCKC nnaTHHOBOB >KCCTH 30 X 3 ..W~ KOTOpYJO .IJ,JIJI nyqmero 

H3BJIC'ICHHJI 3JICMCHTa roclJpHpOBaJIH H OT>KHranH B aTMocclJepe 

KHcnopo.u.a npH 800-900°C. 

Pa3.IJ,eneHHe npenapaTa acTaTa no MaccaM npoBO.IJ.HJIH Ha 

3neKTpoMarHHTHOM Macc-cenapaTope OT.u.ena JI.IJ.epHoii 

CDCKTpOCKODHH H pa.IJ,HOXHMHH_!I8/ 

,lJ,nJI nony'ICHHJI HOHOB acTaTa HCDOJlb30BaJICJI nna3MeH· 

HbiB HOHHbiB HCTO'IHHK. HarpeB pa3pJI.IJ,HOB KaMepbl HCTO'I· 

HHKa OCyU,\e CTBnJIJICJI paCKaJICHHbiM BOJibclJpaMOBbiM Ka TO.IJ,OM. 

TeMnepaTypa BHYTPCHHHX CTCHOK pa3pJI.IJ,HOB KaMepbl .IJ,O· 

CTHnUia -150<1' C. Bo3rOHKa acTaTa c nnaTHHOBoii clJonLrH, 

KOTOpaJI DOMCU,\anacb B aMnyny H3 HCp>KaBCIOD.\CB CTanH 

/pUC. 2/, DpOHCXO.IJ,HJla npH HarpeBaHHH DC'IH /4/ HBOJibclJpa

MOBOrO KaTO.IJ,a HOHHOrO HCTO'IHHKa. 

AcTaT Bo3rOHJincx c nnaTHHOBoii cllonLrH B BaKyyMe npu 

TCMnepaType -300° C H a.IJ,COp6HpOBaJICJI Ha CTCHKaX Tpy6KH 

H3 HCp:lKaBCIOD.\CB CTanH npH TCMnepaType -20° C. 
Pacnpe.IJ,eneHHC TeMnepaTypbl B,AOJlb DO.IJ,BO.IJ,JID.\CB Tpy6KH 

/5/, H3MCpCHHOC BO BpCMJI pa60Tbl HOHHOrO HCTO'IHHKa OpH 

pJI.IJ.e 3Ha'leHHii TOKOB HarpeBa ne'IH /4/, noKa3aHo Ha puc. 2. 
Ha ocHOBe .u.aHHbiX, nony'leHHbiX npH H3MepeHHH 3cllclleK

THBHOCTH pa3.IJ,eneHHJI H30TODOB acTaTa, Bb16HpaJIHCb ODTH· 

MaJibHble nono>KeHHJI aMOynw /2/ H ToKa HaKana ne'IH I 4/, 

npH KOTOpbiX B03rOHKa H DOCTynneHHC B pa3pJI.IJ.HYIO KaMepy 

acTaTa npoucxo.IJ.HT paBHOMepHo. B 3TOM cnyqae HOHH3a~Hx 

acTaTa npoHCXO.IJ,HT C HaH60JlbWCB 3cllcllCKTHBHOCTbiO. qT06bl 

CHH3HTb DOTCpH acTaTa H3· 3a OCa>K.IJ,CHHJI Ha CTCHKaX 

Tpy6oK /5/ H /6/, pa6o'IHii ra3 - Xe no.u.aBancx B pa3 px.u.

HYIO KaMepy TaK, 'IT06bl OH 06TCKaJI aMnyny /2/. 

Bw6paHHwe TaKHM o6pa3oM ycnoBHJI no3BonHnH nony

'IHTb 3cllclleKTHBHOCTb pa3.IJ,CJICHHJI H30TODOB aCTaTa 6±1~. 

fipH llOHCKaX rHDOTCTH'ICCKHX HeBTpOH006oraU,\CHHbiX 

H30TODOB aCTaTa, .IJ,JIJI OT.IJ,CJleHHJI H c6opa B03MO>KHbiX 

.IJ,O'ICpHHX H30TODOB pa.IJ,OHa, npenapaT acTaTa Ha nnaTHHC 
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.Puc. 2. PacnpeoeAeHue lleMnepamypbl 800Ab nooeoO.RUieii 
W~py6KU UOHHOZO UCIIO'lHUKa npu 1/IOKUX HaKaAa ne'lU: 0,4,6, 
8 u 10 A u cxe..wa yc11poiicmea OA.R eo3ZOHKU acmama e uoH
HOM UCIIIO'lHUKe Mace- cenapamopa. 1. Pa3p.ROHU.R KaMepa. 
2.. A..wnyAa U3 H€pJICU6€10UI€U CIIIUAU. 3. liAUIIIUHOBUJI (JOAbZa 
c "'penapamoM acmama. 4. Ile'lb. 5. IlooeoO.RUia.R mpy6Ka U3 
HepJICU6€10UI€U CIIIUAU. 6. H/moK, no KOIIIOpOMY noc)aemc.R Za3 
(X e) ~ U KOIIOpbiM 3aOaemc.R nOAOJIC€HUe aMnyAbl. 

qepe3 2 MUH DOCJIC ero Bbi.IJ,CJICHHJI DOMCD.\aJIH B npo6HpKy, 

11epe3 KOTopyiO npo.u.yBanu renuii. lloTOK renHJI CHCTeMoii 

clJHJibTpOB O'IH~aJICJI OT B03MO>KHbiX 3arpJI3HCHHB acTaTOM 

H .IJ,pyrHMH 3JICMCHTaMH H npOXO.IJ,HJI 'ICpe3 OXJla>K.IJ,CHHYJO 
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)I(II,IUCHM a30TOM JIOBYWKy, B KOTOpOH AOJDKeH 6LIJI BLIMOpa

)I(IIBaTLCJI paAOH. JIOBYWKa npeACTaBJIJIJia co6oi TOHKOCTeu

HLIH CTeKJIJIHHLii cocyA, pacnonararoiiUiiCJI H&A Ge('Li) Ae

TeKTopoM. HaKonneHHe paAOHa na'IHHanocL 11epe3 20-25 MUH 

nocne Kouua o6ny'leHH.II. BpeMJI npoAyBKH renHJI BapLH

poBanocL OT 5 MUH AO 2 'IQC. 

PaAHOXHMB'IecKH 'IHCTLie npenapaTLI paAOHa, ueo6xoAH

MLie AJI.II OU:eHKH OTHOCHTeJILHLIX BLIXOAOB HeHTpOHOAelilHU:HT

HLIX B HeHTpOHOH36LITO'IHLIX H30TOllOB JTOrO JJieMeHTa H3 

ypaua B peaKu;H.IIX rny6oKoro pac~enneHHJI, nonyqanH npH 

pa3AeJieHHH CMeCH paABOaKTHBHLIX 6naropo,nHLIX ra30B Me

TOAOM raJOBoi xpoMaTorpalilHH ua u:eoJIHTax /19/. 

Pe3yAb1II0111bl u o6cyJKoeHue 

,lJ;n.11 nonyqeHHJI acTaTa B peaKu;H.IIX rny6oKoro pac~en

neHH.II MoryT cny)I(IITL nH6o Topui, JIH6o ypau. Ce'leHHJI 

o6pa30BaHHJI B30TOllOB aCTaTa H3 TOpHJI fiO'ITH Ha llOp.IIAOK 

BLIWe, 'leM H3 ypaua /20/. Ho HJ- Ja o6pa30BaHH.II ua ero 

llOBepxHOCTH llJIOTHOrO CJIOJI OKHCJIOB MeTaJIJI AruKe llpH 

BLICOKHX TeMnepaTypax cropaeT B aTMOCiilepe 'IHCTOrO 

KHCJIOpOAa O'leHL MeAJieHHO H B ra30ByiD 4la3y nepeXOAHT 

JIHWL ue60JILWa.ll 'laCTL JieTy'IHX llPOAYKTOB .IIAepHLIX peaK

U:BH. fiOJTOMY MLI 6LIJIH BLIHY:>KAeHLI BCllOJIL 30Ba TL B Ka

'leCTBe MHWeHH MeTaJIJIH'IeCKHH ypaH, KOTOpLIH Ha'IHHaeT 

HHTeHCHBHO B3aHMOAeHCTBOBaTL C KBCJIOPOAOM y:>Ke npH 

TeMnepaType 500 °C. CKOpOCTL ero ropeHH.II, B OCHOBHOM, 

3aBBCHT OT CKOpOCTH llOAa'IH KHCJIOPOAa. fio HaWHM ou;eHKaM, 

OllTRMaJILHa.ll TeMnepaTypa peaKU:HOHHOH 30HLI - 850±30°C 
/puc. 1/. fipH TaKOH TeMnepaType npOBOAHJIOCL C:>KHraHHe 

ypaua BO BCeX JKCnepHMeHTaX. fipH HCfiOJIL30BaHBH B Ka

qeCTBe raJa-HOCHTeJIJI 'IHCTOrO KHCJIOPOAa 6LIJIO 3aMe'leHO, 

'ITO AO MOMeHTa fiOJIHOrO CropaHHJI ypaua KHCJIOPOA, B OC

HOBHOM, pacXOAYeTCJI Ha OKHCJieHHe ypaua H B JTO BpeM.II 

npoHCXOAHT HefiOJIHLIH BLIHOC H3 peaKu;HOHHOH 30HLI JieTy'IHX 

npOAYKTOB B 30HY TepMOXpOMaTOrpalilH'IeCKOH KOJIOHKH 

/TXK/ /puc. 1/. ,D;n.11 ycTpaueHHJI JToro ue:>KenaTenLuoro 

J414leKTa B KBCJIOpOA A06aBJIJIJICJI reJIBH H3 pac'leTa 10~ 
/no 06beM/, 'ITO llOBLICHJIO CKOpOCTL nepeuoca JieTy'IBX 

npoAYKTOB B TXK BO BpeMJI cropaHH.II ypaua B 2-3 paJa. 
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KaK noKa3an pa,AHOXHMH'IeCKHii aHanH3, H3 30HLI cro
paHHJI ypaHa B noToKe ra3a -HocuTenJI llLIHOCHTCJI B TXK 
80±10;, At , Po u Bi H nuwL OTHOCHTenLHO He6onLwoe 
HX KOnH'IeCTBO OCTaeTCJI B U3 0 8. 0THOCHTenLHLIH BLIHOC 
B TXK ,Apyrux :meMeHTOB HaMH He onpe,AenJinCJI. Pacnpe,Ae
neHue 3neMeHTOB B,AOnL TXK npuue,AeHo B 11a6A. 1. Hau-
6onLweii neTy'leCTLIO o6na,Aanu At , J , Br , Tc/Mo u Ru , 
6onLwaJI 'laCTL KOTOpLix cop6upouanacL B KoHne TXK, npu 
TeMnepaTypax < 50°C unu nornomanacL aKTHBHpouaHHLIM 
yrneM. )l,nJI O'IHCTKH OT 3THX 3neMeHTOB - 3arpJI3HeHHH MLI 
HCIIOnL30BanH 3KCIIepHMeHTanLHO 06Hapy)KeHHLIH HaMH 4JaKT: 
cymeCTBeHHO 6onLWy10, 'leM y acTaTa..BLICOKOTeMnepaTypHyiO 
COp6.UHIO HX neTyqHX npo,AyKTOB HeKOTOpLIMH MeTannaMH H3 
KHcnopo,Ac o,Ae p)Kameii a TMoctjlepLI I 11a6A. 2/. 

Pa3nH'IHe B cuoiicTuax Hau6onee pe3KO npoJIBnJinocL 
Ha cepe6pe B TeMnepaTypHOM HHTepuane 450-500°C: tjlunLT
pOM 3a,Aep)I(HuanacL nuwL ue6onLWaJI qacTL acTaTa u non
HOCTLIO H3BneKanHCL H3 ra30BOro IIOTOKa J , Br H Tc/Mo. 
OonuocTLIO y,AanJinCJI H3 ra3oBoii 4la3L1 u pyTeuuii: TpeTL 
ero cop6upouanacL cepe6poM, a ocTanLuoe KonuqecTBo 
oce,Aano ua Kuapne cpa3y )Ke nocne tjlunLTpa. MO)KHO npe,A
nonaraTL, 'ITO 3TO 6LinO CBJ13aHO nu6o C BOCCTaHOBneHHeM 
Ru04 cepe6poM, nu6o c KaTanu'leCKHM pa3pyweuueM ua 

IIOBepXHOCTH cepe6pa TepMH'IeCKH HeycTOH'IHBOH 'leTLipex
OKHCH. Bo3MO)KHO, 'ITO o6a npouecca npoTeKanu O.AHOBpe
MeHHO. 

Opu TeMnepaType cepe6pJtuoro tjlunLTpa BLIWe 500 °C 
cTauouunocL 3aMeTHLIM yMeHLweuue y,Aep)I(HBaHHJI J u Br 
MeTannoM, O,AHaKO, COXpaHJlnacL BLICOKaJI 3tjltjleKTHBHOCTL 
O'IHCTKH ra30BOrO IIOTOKa OT 3THX ranoreHOB, TaK KaK OHH, 
no,Ao6Ho pyTeHHIO, oca)I(,AanucL ua KBapue uenocpe,ACTBeuuo 
3a tjiHnLTpOM. 3TOT tjlaKT MO)KHO 06'LJICHHTL o6pa30BaHHeM 
ranoreHH,AOB cepe6pa H ux ,AanLueiiWHM Me,AneHHLIM nepeuo
COM ra30BLIM IIOTOKOM B HH3KOTeMnepaTypHYJO o6naCTL 
/ynpyrocTL napou Agj u AgBr npu TeMnepaType 500° Cco
cTaBnJieT - 10-3 MM p11. c•./ 121 1. 06Hapy)Keuuoe JIBneuue 
noKa3LIBaeT, 'ITO npouecc TepMH'IecKoro pa3no)KeHHJI 6po
MH.AOB u HO.AH.AOB cepe6pa npu TeMnepaTypax 500-600°C 
TepMO,AHHaMH'IeCKH CTOnL ManouepOJITeH, 'ITO HM HenL3Jl 
o6'LJICHHTL nepeuoc ranoreuou B.AOnL TXK, 3anonueuHoii 
MeTannuqecKHM cepe6poM, KaK 3TO npe,AnaranocL B pa6o
Te /22/ 
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Ta6nuua 2 
DornomeHHe neTyqux npo,AyKTOB /u ;,; ua tjlunLTpax H3 
Me,AH, cepe6pa II nnaTHHLI C KOHTaKTHOH IIOBepXHOCTLIO 
20-30 CM 2 H ,AnBHOH 1-1,5 CM IIpH pa3nH'IHLIX TeMnepaTy
pax. CKopocTL no,Aa'IH ra3oBoii cMecu 100 MA/MuH, sec 
o6nyqeHHoro ypaHa - 4-5 Z, npO,AO~HTenLHOCTL C)I(HraHHJI 
ypaua 10 MUH. 

!60 
240 
280 
360 
440 

250 
270 
300 
320 
400 
425 
450 
480 
540 

240 
310 
420 
550 

At J Br Tc/Mo Ru Po Bi Tl Te 

Cu - !flHJJ1,Tp 

90 roo roo *) :roo IOO 
26 96 73 
r6 84 76 
9 64 8r 
0 8 34 

Ag - !flHnl>TP 

roo - - roo 
roo - roo 97 

roo roo 85 
roo roo 3 

20 89 roo - - roo roo -
r9 92 roo roo roo - roo 
26 95 roo 

90 99 roo 
20 roo roo 

roo roo 
roo roo roo roo 

roo roo 
roo roo roo roo roo roo 25 

r3 roo roo - 30 roo roo 
3 roo roo roo 32 roo roo 5 
o 86 roo - - 97 roo 

Pt - !PHnhTp 

roo 99 89 
38 66 roo 
r4 25 70 
0 5 89 

roo roo roo 
roo roo roo 
roo roo roo 
8I roo roo 

roo 
roo 
roo 

roo 
roo 

roo 

IOO 
roo 
roo 

*) Auanu3 He npouoJluncJI 

BLinonueHHLie 3KcnepuMeHTLI ue II03BOnJIIOT c,AenaTL 
,AOCTOBepHLie npe,AIIOnp)l(eHHJI 0 TOM, B KaKOH tjlopMe acTaT 
nepeuocHTCJI B uawux ycnoBHJIX B,AonL TXK u o MexaHH3Me 
npoxo)I(,AeHHJI IIJIToro ranoreua qepe3 cepe6pJIHLiii tjlunLTp. 

II 
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DL--5~0~-----6~0~----~70~----~8~0------~9~0.-------
TEMnEPA TYPA C 

Puc. 3. 3a8UCUMOC1/Ib aocop6ijUU Atu 1 Ha nOKfb11110U OKUCHblM 
CAOeM nAa1/IUH080U fPOAbZe 0111 1/leMnepamypbJ" 1Spt=2 c~5z U, 
CJICUZOHUe 10 MUH 8 CM€CU 0 2 + He/100 MA/MUH//. 

Ho TO, 'ITO Ha HeM B H3y'leHHOM TeMnepaTypHOM HHTep
Bane I250-540°Cicna6o cop6upyeTc~ acTaT, o~H03Ha'IHO, 
llO HaWeMy MHeHHro, CBH~eTenbCTByeT 0 HB3KOB TepMO~B· 
uaMB'IeCKoi ycTOB'IBBocTu acTaT~a cepe6pa. KaK noKa3bl
aaroT ~aHHble ma6A. 2, cepe6p~Hb1B clllinbTp o'leHb 34Mt>eKTBB
uo O'IBIQaeT aCTaT npaKTB'IeCKB OT BCeX 3neMeHTOB, KOTO
pble BbiHOC~Tc~ Kucnopo~uo-renueaoi CMecbro B TXK H3 
30Hbl cropauu~ ypaua. 

IlpB BCDOnb30BaHHB Me~HbiX BJIH llJiaTBHOBbiX cliBnbTpOB 
rnyfioKa~ O'IBCTKa acTaTa OT 6pOMa B BO~a He ~OCTBra
JiaCb I ma6A. 21. Ho c noMOIQbro 3TBX MeTannoa, B npe:>K,IJ;e 
BCerO llJia THHbl, MO)KJIO CTa6BJIB3BpOBa Tb COpfi:UBOHHyro 30-
uy acTaTa. 3aBBCBMOCTb a6cop6:uuu acTaTa B io~a ua nna
TBHe OT TeMnepaTypw KonneKTopa noKa3aHa ua puc. 3. 
Ilpu 50° C acTa T, a~cop6upoaaHHwi ua oKucneuuoi noaepx
HOCTB nnaTBHbl, llpO'IHO y~ep)KBBaeTC~ KOnneKTOPOM, B npB 
o6~yBKe ra3oBoi cTpyei I- 100 cM3 I MUHI B Te'leuue qaca 
ue nepeuocuTc~ B 6onee HB3KOTeMnepaTypuyro o6nacTb. 
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TaKBM o6pa30M, CO'IeTaHBe 1/ C:>KBraHB.Il ypaHa B KBCJIO
pO,IUIO-renBeBOB CMecu, 2/ ra3oTepMoxpoMaTorpa4Juqecxoro 
OTAeJieHBR acTaTa OT JieTy'IBX paABOaKTBBH~X npOAYKTOB 
c ucnonL30BaHBeM xaap:u;eaoB: TXK c cepe6pxH~M 4JunLTpoM 
B 3/ aACOp6IJ;BH acTaTa B3 ra30BOB 4Ja3~ nnaTBHOB~M 
KOJIJieKTOpOM no3BOJIBJIO HaM C03AaTb MeTOABKy 3KCnpec
CHOrO, He 6onee 10 MUH, nony'leHBR paABOXBMB'IeCKB 'IBC
T~X npenapaToa acTaTa. 

B •a6A. 3 npBBOABTCR pacnpeAe~eHue paAHOaKTBBH~x 
3JieMeHTOB a TXK npu onTBManLu~x ycnoBBBx B~AeneHHB 
acTaTa H3 ypauosoB: MHweuu. qHCTo1a nony'leHH~x npena
paTOB o:u;eHBBanacL no pe3ynLTaTaM auanH3a raMMa-cnexT
poa. Bee ua6moAaawaecx JIHHHH MO:>KHO 6~no npanacaTL 
H30TonaM acTaTa H npOAYKTaM ux pacnaAa. Bo3MO:>KH~B: 

ypoBeHb paAUOaKTHBH~X 3arpB3HeHHB, no HaWHM OIJ;eHKaM, 
ue AOJI:>KeH npea~waTL 0,5~. 

CneKTP~ anbtl>a- B3Jly'leHBB npenapa TOB acTa Ta H3Me
pxnu ua MarHHTHOM an Lilla- cnexTporpa!lJe. Hx auanB3 no 3BO
JIHJI nony'IHTb ,D.aHH~e 06 OTHOCHTeJibH~X B~XOAaX H30TOnOB 
c MaccoB~MH 'IHcnaMH 203.$A .$ 211 H3 ypaua, o6nyqeuuoro 
npoToHaMB c 3HeprueB: 660 M3B l•a6A. 4/. 

Ilpu H3MepeHHH y- H a -cneKTpoa npenapaTOB acTaTa 
~. eCTeCTBeHHO, He MOrJIB Ha6JDOAaTb H3Jiy'leHHe, CBR-
3aHHOe c ranoTeTH'IeCKHMH TB:>Ken~MH H30TonaMH. Bo-

Ta6mm,a 4 
0THOCHTeJibH~B B~XO~ H30TOnOB acTaTa H3 ypaHOBOB MH
illeHB, o6nyqeuHoi npoToHaMB c E) = 660 M3B. Bee 
:MBWeHH - 5 2, BpCMJI o6nyqeHBJI - 3d MUH, BpeMR B~Aene-
3BJI acTaTa - 10 MUH. 
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Maccoaoe •me no 2II 

0THOC~TeJThHbill 
Bh!XO.l( 

IIorpelllHOCTb 
l%) 

0,7 

I2 

209 208 207 206 205 204 203 

I,O 0,4 0,5 0,3 0,14 0,09 0,02 

28 24 I6 I8 I7 41 42 

neps~x. OBH MornB pacnaAaTLC.Il c ucnycxaHBeM TOJILKO 
6eTa-qaCTBIJ;; a BO-BTOp~X, eCJIB npeAnOJIO)I(BTL, 'ITO C MaK
CBMaJILB~MB s~oAaMB o6pa3YJOTCJJ 2ll· 210 •209 At 8 
xpBBaJI, OnBC~BaiOIIJ;aJI B~XOA~ B30TOnOB acTaTa B o6naCTB 
HeiTpoHoo6ora.IIJ;eHH~x JJAep, cnaAaeT TaK:>Ke xpyTo, xax 
B B HeBTpOHOAe!lJBUBTHOB, TO .IIApa C A> 220 AOJI:>KH~ BMeTb 
OTHOCBTeJILH~e B~XO~ Ha TpB nop.IIAKa MeHbWe, 'I eM, 
HanpuMep 209 At. CosepweHHo .IICHO, 'ITO o6Hapy:>KBTL ux 
np.IIM~MB B3MepeHB.IIMB Ha clloHe APYrilx B30Tonos HeBo3-
MO:>KHO. 

llpaBBJILBOCTb CAeJiaHHOB OIJ;eHKB 0 B~XOAaX T.ll:>KeJI~X 
B30TOnOB acTaTa nOMaeTC.Il 3KCnepBMeHTaJILHOB npoaepKe. 
O'leBBAHO, 'ITO OTHOWeHue B~XOAOB, HanpuMep 211 At/ 222At 
B3 ypaHa AOJI:>KHO 6~Th npuMepHo Taxoe :>Ke, xax 211 Rn/ 2 2~n . 
IlOCJieAHee OTHOWeHBe OTHOCBTCJibHO nerKO onpeAeJIBTb 
npB B3MepeHBB raMMa- cneKTpOB "c'ocTapCHH~X", paABO
XBMB'IeCKB 'IBCT~x npenapaToB paAona. B~noJIHeHH~B: HaMB 
auanB3 noKa3aJI, 'ITO npB o6ny'ICHBB rpaua npOTOHaMB 
IE P = 660 M3B/ oTnoweuue B~XOAOB 21 Rn/ 222Rn :: 

2 .10-3 
, 'ITO XOPOWO COBnaAaeT C 3KCTpanoJIRIJ;BOHHOB 

o:u;eHKOB. 
~JIB o6uapy:>KeHBJI ueB:Tpouoo6ora~euu~x B30Tonoa M~ 

npeAnpuuxnH ABe 3KcnepuMenTanLn~e non~TKB. B nepaoM 
cnyqae 6~no npoBeAeHo pa3Aeneuue no MaccaM npenapaTa 
acTaTa npuMepuo qepe3 nonqaca nocne oxouqauux o6ny
qeuux ypaua. Ha xonneKTope Macc-cenapaTopa 6~na uaB:
AeHa B o6nacTB A 2. 220 numb BC'Ie3aJOIIJ;e Manax paABo
aKTBBHOCTh, CBJI3aHHaR CO CJiy'laBH~MB 3arpB3HCHBJIMB 
ueB:Tpouo,D.e4Ju:u;uTH~MB B3oTonaMB acTaTa. 

Bo BTopoB: cepuu 3KcnepBMeHTOB 6~na CAenaua non~TKa 
o6uapY:>KBTb TR:>Ken~e B30TOnW acTaTa no HaKonneHBIOAO
qepHHX B30Tonos paAona c 221_< A::;224. C6op paAoHa uaqu
uanu qepe3 15-20 MUH DOCJIC OKOH'IaHBR o6nyqeHBJI MHWeHB. 
YcnoBB.Il B3MepeHB.Il 6~u Taxoa~. 'ITO AO'Iepaue B30Ton~ 
221 Rn u 22~n naAC?KHO RAeHTBW~BposanucL, ecnu 6~ 
221At B 222At BMCJIB nepBOA nonypacnaAa 10 MUH BJIB 6onL
we, 100~-HYIO AOJIIO {r -pacnaAa B 'IBCJIO BX JIACP B Ha
qanLH~B MOMeHT HaKonneHBJI pa,D.OHa 6~JIO 6~ He MeHLWe 
0,2~ OT npucyTCTBosaawero a npenapaTe 209 At. B nony
'ICHH~x raMua- cnexTpax M~ ue Ha6moAanB rauua- JIBHB:ii 

221 
B30Tonos, npunaAJie:>KaiiJ;Bx K :u;enoqxau pacnaAa Rn u 
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222Ro. fiOCKOnLKY B CaMOM fbaKTe o6pa30BaHHJI HeiiTpOHO· 
o6ora~eHHLIX H30Tonoa acrara B pea~HJIX l'ny6oKoro pac
~enneHHJI ypaHa COMHeBaTLCJI He npBXO)J.HTCJI, H npe)J.flOno
)l(eHHJI 0 )].One f3 --pacna)J.a B BLIXO)J.aX 221At H 222At , 

BepOJITHO, 6nB3KH K HCTBHHLUM, OTpHUaTenLHLIH pe3ynLTaT 
HaUIHX OflLITOB, O'leBH)J.HO, CBJI3aH C KOpOTKHMB, cy~eCT· 
BeHHO MeHLWe 10 MUH, nepBO)J,aMB nonypacna)J,a BCKOMLIX 
B30TOflOB. 

B1>1eoobl 

1. B KHcnopoJJ.COJJ.eplKa~eii aTMoc4lepe npa TeMnepaTy
pax 250-540 °C coe)J.BHeHHJI, o6pa3yiO~ecJI B peaKU.BJIX 
napoa acrara c MerannaqecKBM cepe6poM, cymecTaeuuo 
Meuee repMO)J.BHaMa'lecKB ycToii'IHBLI, 'leM coe,IJ,BHeHHJI iioJJ.a 
a 6poMa. 

2. 3TO CBOHCTBO acTaTa o6ecne'IBBaeT ero 6LICTpyiO 
B 3414leKTBBHYIO ra30TepMOXpOMaTorpa4!B'IeCKYJO jrTX/ 
O'IBCTKY or paJJ.&OaKTHBHLIX B30Tonoa ranoreuoa a PJIJJ.a 
JJ.pyrax 3neMeHTOB, rrepexoJJ.JIIli.BX B ra30BYIO 4la3y npa 
C)I(BraHHB MeTannaqecKoro ypaua B Kacnopo)J.Ho- renueaoii 
CMeCB. 

3. rTX MeTO,IJ,HKa BLI)J.eJieHBJI acTaTa 83 06Jiy'leHHOrO 
nporouaMH c E P = 660 M3B MeTannaqecKoro ypaua 
fi03 BOJIJie T flOJiyqa TL pa)J.HOXBMH'Ie CKB 'IBCTLie, BLICOKOpa,IJ,BO • 
aKTBBHLie npenapaTLI B 4lopMe, y,IJ,o6HQii JJ.JIJI )J,aJILHeiiwax 
4lB3B'IeCKBX 3KCnepBMeHTOB, He fi03:>Ke 'leM qepe3 10 MBHYT 
nocne ua..ana o6pa6oTKH. 

4. BLI,IJ,eJieHHLIH 83 ypaua acTaT o6ora~eH OTHOCHTeJIL· 
uo JJ.OJirO)I(BB~MH H30TonaMH c A 2209, 'ITO CBJI3auo 
C 6onee BLICOKHMH Ce'leHHJIMB o6pa30BaHHJI CaMHX H30TOflOB 
H HX npe)J.WeCTBeHHHKOB B pa)J.HOaKTHBHLIX U.efiO'IKaX pacna
,IJ,a. 

5. 0TpHU.aTeJILHLIH pe3yJILTaT flOHCKOB H30TOfiOB acTa· 
Ta c A·> 220, MO)I(BO o6'LJICHHTL MaJILIMH, Meilee 10 MHHYT, 
nepHo)J.aMH nonypacna)J.a ueiirpouoo6ora~euuwx H30Tonoa 
nJIToro ranoreua. 
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