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6yrpoe B.H., KaMaHHH B.B . , KapaM~H C.A. P7 - 12402 

Cnoco6 onpegeneHH~ H30TOnHoro cocTaea ee~ecTea 
C nOMO~b~ KynOHOBCKOrO B036y~geHH~ ~gep 

CpaeHeHHe raM~a-cneKTpoe KynoHoecKoro RgepHoro eo36y~
geHHR, nony4eHH~X Ha ny4Ke T~~en~X HOHOB OT 3TanOHHOR MHWeHH 
H HccnegyeMoro o6pa3ua, no3eonHno onpegenHTb H30TonH~R coc
Tae nocnegHero. MeTOA He Tpe6yeT a6con~THbiX H3MepeHHR. 
npHeegeHa <t>opMyna, CBR3~Ba~~aR H3MepReMble eenH4HHbl c cogep
~aHHeM H30TOnOB B HCCnegyeMOM o6pa3ue. 

3KcnepHMeHT, npoeegeHH~R Ha UHKnOTPOHe Y-300 na6opaTo
PHH ~gepH~X peaKUHR OHRH, no onpegeneHH~ cocTaea MeTannH4ec
Koro MOHOKpHCTanna H3 Be~eCTBa, o6ora~eHHOrO H30TOnOM l SG W, 
n03BOnHn onpegenHTb npegenbH~R ypoBeHb 4yBCTBHTenbHOCTH 
gaHHOrO cnoco6a B KOHKpeTH~X ycnOBH~X. 

Pa6oTa BblnOnHeHa B na6opaTOPHH ~gepHbiX peaKUH~ OHRH. 

npenpHHT 06'b8llHHeHHOf'O HHCTHTyTa !lllepHbiX HCCnellOBSHHA, .Qy6Ha 1979 

Bugrov V.N., Kamanin V.V., Karamian S . A. P7 - 12402 

A Method of Determination of Isotopic 
Composition of a Sample Using the Coulomb 

Excitation of Nuclei 

The isotopic composition of a sample has been de ter
mined by comparing the Coulomb excitation y -ray spectra 
of a standard target and the sample, obtained on a heavy 
ion beam. This method does not require absolute measurements. 
The formula relating the quantities measured to the isotopic 
contents of the sample investigated is given.The limiting 
sensitivity of this method under specific conditions has · 
been estimated in an experiment to determine the composition 
of a metal] ic single crystal from a substance rich in the 
186 W isotope, carried out at the U-300 cyclotron of the 
JINR Laboratory of Nuclear Reactions. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

1. BBE,l(EHHE 

HJBecTeH WHpoxHii xpyr (j)HJH'IecxHx MeTO.IlOB auanHJa BemecT

Ba/l·3( Cpe.IJ;H HHX HeManoBa:lKHOe JHa'leHHe HMeJOT .R,Ilepuo-(j)HJH

'IeCKHe MeTO.IJ;LI, OCHOBaHHLie Ha JHaHHH cneua(j)H'IeCKHX CBOHCTB 

.R,Ilep JneMeHTOB H H30TOROB.Pa3pa6oTaHO MHO:lKeCTBO paJnH'IHLIX 

BapHaHTOB MeTO.IlOB auanHJa, cneuHanLHO npe.nuaJHa'leHHhiX .nn.s 

onpe,~~;eneHH.R Toro HnH HHoro JneMeHTa. HJ6HpaTenLHOCTL MeTo,~~;a, 

T .e. ero npHrO.IlHOCTL .nn.s Hccne.noBaHH.R TonLxo o.nHoro JneMeHTa, 

.RBn.ReTCll, C O.IJ;HOH CTOPOHLI, npeHMyll(eCTBOM, TaK KaK llOBLIWaeT 

Ha,lle:lKHOCTL peJynLTaTa, a C ,llpyroii - He.IJ;OCTaTKOM H3- Ja HeyHH

BepcanLHOCTH . HaH6onLwee pacnpocTpaueuHe nony'IHn ueiiTpouuo

axTHBaUHOHHLiii auanHJ, npHro.nHLiii .nnll onpe.neneHH.R 6onLworo 

'IHcna :meMeHTOB npH BLI6ope cneuHanLHLIX ycnoBHii. Eme 6onee 

YHHBepcanLHLIM .RBn.ReTC.R peHTreHOBCKHH (jlnJOopecueHTHLIH aHanHJ . 

3TH MeTO.IlLI H 6onLWOe 'IHCnO ,llpyrHX MeTO,IJ;OB JneMeHTHOrO aHa

nHJa uenpHMeHHMLI .nn.s auanHJa HJOTonuoro cocTaBa BemecTBa. 

B 3TOM cnyqae MO:lKeT 6LITL npHMeHeH TOnLxo MeTo.n, 6aJHPYJOtnHii

Cll ua (j)HJH'IecxoM npouecce, o6ecne'IHBaJOmeM .llH«WlepeuuHaUHJO 

H30TOROB O.IJ;HOrO JneMeHTa H BLI.RBn.RJOll(eM BCe CTa6HnLHLie HJOTO

llLI .nauuoro JneMeHTa. 3TH Tpe6oBaHH.R .nocTaTO'IHO cneuHanLHLI, 

B peJynLTaTe 'lero coJ,~~;aHLI .s.nepHLie MeTO.IlLI HJOT?nHoro auanHJa 

TonLxo .nnll ue6onLworo 'IHcna JneMeHTOB. HaH6onee wHpoxo .nn.s 

H30TOllHOrO aHanHJa npHMeH.RIOTC.R MaCC- cneKTpanLHLie MeTO.IJ;LI. 

3TH MeTO.IlLI He .RBn.RJOTC.R HHCTpyMeHTanLHLIMH, OHH, KaK npaBHno, 

Tpe6YJOT oT6opa npo6LI, ee XHMH'Iecxoii o6pa6oTKH H nonuoii 

noTepH npo6LI B peJynLTaTe auanaJa. 

8 HaCTOlltneii pa6oTe npe.nno:lKeH HHCTpyMeHTanLHLIH OTHOCH

TenLHLIH CllOC06 M/ auanHJa H30TOllHOrO COCTaBa BetneCTB, KOTO

PLIH MO:lKeT B uexoTOPLIX cny'la.Rx npHMeH.RTLC.R H ,~~;nll onpe.neneHHll 

JneMeHTHOrO COCTaBa MHOrOKOMllOHeHTHLIX MaTepHanoB. Cnoco6 

OCHOBaH Ha npHMeHeHHH npouecca KynOHOBCKOrO B036y:lK,IJ;eHH.R 
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R~ep. 0Dacau 3KCDepaMeHT DO oDpo6osaHBID cDoco6a B ~acTHOM 

CDy~ae aHaDH3a MOHOKpBCTaDDB~eCKOB BODb~paMOBOB MRWeHB 83 

semecTBa, o6orameuHoro B30TODOM 186 W. 

I I. tPH3HqECKHE OCHOBM METO,ll,A 

Ji3BeCTHO /5~ ~TO B3MepeHBe a6CODIDTHOB BepOJITHOCTB KYDOHOB

CKOrO B036y)I(JI;eHBJI DO~ ~eBCTBBeM TJI:>KeDLIX BOHOB ll~ep Kai<oro

DB60 CTa6BDbHOrO B30TODa, CO~ep:>KauterOCJI B MHWeHB B B3BeCTHOM 

I<ODH~eCTBe, DpHBO~BT I< ODpe~eneHBID ll~epHOH xapaKTepBCTBKB 

B30TODa - DpBBe~eHHOB BepORTHOCTB 3DeKTpOMarHBTHOrO nepexo~a 

ll~pa 83 OCHOBHOrO COCTOJIHHJI Ha B036y:>K~eHHLIH ypoBeHb. B I<OH

KpeTHOM cny~ae B036y~eHBll nepsoro ypoBHll 2 + B ~eTuo-~eTHOM 
ll~pe BLIXO~ y- KBaHTOB B peai<QHB KYDOHOBCI<OrO B036y~eHBJI 

CBJI3aH C npase~eHHOH BepOJITHOCTbiD nepexo~a B(E2, 0 + -> 2 + ) 

B DepBOM DOpli~Ke TeOpBB B03MyuteHBH cne~yiDutBM COOTHOWeHBeM : 

~ (2+ ~o•)=l,S02·1010 K%B(E2, o •~ 2 +)A,Q "mr" (E -~E ')y'E f <.;l dE 
0 

-----~------~--~-(-~~-)-------==-------------
A2 Z 2 (1 + ___ 1_) -- --- I' y'E0 Z HOHa /1/ 

A
2 

dpx E 0 

r~e K%- OTHOCBTeDbHOe CO~ep:>KaHBe ~aHHOrO B30TOna B MBWeHH, 

~- aTOMHLIH Bee ll~pa MBWeHH, Z 2 - nopli~I<OBLIH HOMep ll~pa 
MHWeHB, ZJ.IOHa- 3apll~ BOHa, A 1- aTOMHLIH Bee ll~pa ~aCTBQLI, 

Q- BHTerpan TOKa BOHOB B MK K, (dE/dp X) \ Eo - y~eDbHLie 
DOT epa , M3B/MZ/CM 2 , ~aCTBllbi B BeuteCTBe MHWeHB npa Ha~aDbHOB 
3Hepraa E 0 , ~E ' = ( 1 + A1 I A 2 )~E, ~E - 3Heprax Ha6nro~aeMo

ro nepexo~a, f(.;) - ~YHI<QBJI KYDOHOBCI<OrO B036y:>K~eHBJI !5 I . 

Ecna ce~eHBe I<YDOHOBCI<OrO B036y:>K~eHBJI BeDBI<O, TO Heo6xo

~BMO DpBMeHJITb TeOpBID MHOrOKpaTHOrO I<YDOHOBCI<OrO B036y:>K 

~eHBJI lSI, B KOTOpOH -Ce~eHBe B036y:>K~eHBJI Ka~oro ypOBHJI 3aBB

CBT OT Ha6opa npBBe~eHHLIX BepOliTHOCTeB 3Dei<TpOMarHHTHLIX 

nepexo~oB Me:>K~Y pa3DB~HLIMB ypoBHJIMB x~pa. 

B o6paTHOH DOCTaHOBKe 3a~a~B B3MepeHBe ce~eHBll I<YDOHOB

CKOro B036y:>K~eHBJI ypOBHeB ODpe~eneHHOro ll~pa B TeopeTH~eCKHB 

aHaDH3 pe3yDbTaTa DO ~OpMyne /1/ BDB 6onee CDO:>KHLIM ~OpMynaM 

D03BODJIIDT HaRTH a6CODIDTHOe KODB~eCTBO onpe~enlleMLIX Jl~ep 

B MBWeHB. 0~HaKO TaKaJI DOCTaHOBI<a 3a~a~B npe~nonaraeT DpOBe-

4 

~eHHe a6CODIDTHLIX B3MepeHaB 3~eKTBBHOCTB yCTaHOBI<H, TOKa 

ny~Ka BOHOB, TOpM03HbiX DOTepb BOHOB B BeuteCTBe B cny~ae 

TODCTOB MRWeHB B T .~., a TaJ<:>Ke BbiDODHeHBJI a6CODIDTHLIX pac~eTOB 

sepOJITHOCTB peai<QHB I<YDOHOBCKOrO B036y~eHBJI. 

B uacTOJiute:H pa6oTe npe~nonaraeTCJI DpaMeHBTb npouecc xy

nouoscxoro so36y:>K~eHBll Jl~ep ~DJI onpe~eneHBJI H30TonHoro cocTa

sa o6pa3Qa B OTHOCHTeDbHbiX H3MepeHBJIX nyTeM CpaBHeHHJI y -

cneKTPOB I<YDOHOBCI<OrO B036y:>K~eHBJI BCCDe~yeMOB MBWeHH Hno

~06HOB MHWeHB ecTeCTBeHHOrO B30TODHOrO COCTaBa. 0603Ha~BM 

ecTecTBeHuoe co~ep:>KaHae B30TODOB px~oM ua~p - Pi npa BLinon

HeHHB YCDOBBJI ~pi = 1, B HCCDe~yeMOM o6pa3Qe COOTBeTCTBeHHO 

p; B ~pl =1, a ~BCDO 3aperBCTpBpOBaHHLIX y-KBaHTOB, npa

Ha~ne:>KautBX pa3DB~HLIM H30TODaM B Y -cnei<Tpax KYDOHOBCI<OrO 

B036y:>K~eHHJI, - J<ai< N i B N l ~Dll 3TaDOHHOB B BCCDe~yeMOB MRWe

HH COOTBeTCTBeHHO. HeTpy~HO DODY~BTb, ~TO BCKOMble 3Ha~eHBJI 

p~ Bblpa:>KaiDTCJI ~epe3 BJBeCTHble BeDB~BHbl pi B H3MepeHHble 

3Ha~eHBll Ni H N ~ cne~yroutHM o6pa3oM: 

N .'P. 
p , = ----~--: ___ _ 

n • 
N - ~ W P / N 

I i= l I I I 

/2/ 

r~e n - ~acno B30Tonos uccne~yeMoro 3DeMeHTa. To~HOCTb onpe

~eneHBJI co~ep:>KaHBJI B30Tonos Pj 6y~eT onpe~eDJITbCJI 3I<cnepaMeH

TanbHOB TO~HOCTbiD B3MepeHBJI BeDB~BH N i , N ,i H TO~HOCTbiD 
Ta6nB~HbiX 3Ha~eHBB eCTeCTBeHHOrO CO~ep:>KaHHJI B30TODOB pi · 

cllopMyna /2/ CO~ep:>KBT pe3yDbTaTbl cpaBHHTeDbHOrO H3MepeHBJI 

~DJI 3TaDOHHOB B BCCDe~yeMOH MBWeHe:ii_, HeTpy~HO BB~eTb, ~TO 

~OpMyna /2/ He Tpe6yeT a6CODIDTHOB CBJI3B 3TBX ~BYX B3MepeHHB, 

DOCKODbKY B Hee BXO~JIT OTHOWeHBJI Nj/Ni ~Ba:>K~bl. B 3I<CnepaMeHTe 

He06XO~BMO co6nro~aTb TODbKO yCDOBBJI, o6ecne~BBaiDutBe O~HHaKo

BOe OTHOWeHBe BepOJITHOCTeB KyDOHOBCKOrO B036y~eHBJI B pe

rBCTpaQBB Y - B3Dy~eHHJI ~DJI pa3Hb1X H30TODOB B ~BYX H3MepeHHJIX. 

K TaKHM Tpe6oBaHBJIM OTHOCJITCJI: DOCTOJIHCTBO 3HeprBB DY~Ka 

aoHOB, pasuoMepHoe pacnpe~eneHae no TODutBHe MHWeHB uccne~ye

MLIX B30TODOB, O~BHaKOBbiB XO~ 3HepreTB~eCI<OB 3aBBCBMOCTH 

3~eKTBBHOCTB perBCTpaQBB y -ny~eH ~DJI ~BYX H3MepeHBB. )l;o

nyCTBMO pa3DB~Be reoMeTpB~eCKOB 3~eKTBBHOCTB perHCTpaQHB, 

He Tpe6yeTCJI 3HaHBe OTHOWeHBJI BHTerpaDbHbiX DOTOI<OB ~aCTBll 

Ha MBWeHb B ~BYX B3MepeHBJIX. 
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E~Qe 6onee cy~QeCTBeHHbiM JIBnJieTCJI TO, 'IT.:> ,AnJI onpe,AeneHHJI 

CO,AepJKaHHJI H30TOnOB B ,AaHHOM cnyqae He Tpe6yeTCJI 3HaHHe 

npHBe,AeHHOH BepO.IITHOCTH JneKTpOMarHHTHbiX nepeXO,AOB B JI,Apax 

H He JIBnJieTCJI He06XO,AHMbiM pac'leT ce'leHHH xynOHOBCKOrO 803· 

6yJK,AeHHJI ypOBHeH HCCne,AyeMbiX JI,Aep. 3TO ,AaeT npeHMy~QeCTBa 

B OTHOWeHHH yny'IWeHHJI TO'IHOCTH peJyn&TaTa H CHHJKeHHJI Tpy,AO· 

eMKOCTB o6pa60TKH 3KCnep&MeHTanbHbiX ,AaHHbiX. 

III. 3KCIIEPHMEHT H PE3YJibTATbl 

Cnoco6 onpo6ooaH B 3KcnepaMeHTe no onpe,AeneHHJO H30TOnHoro 

COCTaBa MOHOKpHCTaJIJia BOnbciJpaMa, o6ora~QeHHOrO B30TOnOM 186W. 

MoHoxpHcTann npHMeHJincJI B 3KcnepaMeHTax no H3MepeHHIO opeMeH 

JKH3HH COCTaBHbiX JI,Aep C nOMOIQbiO 3cllclJeKTa TeHeH /'7 I . 3TanOHOM 

cnyJKHn MOHOKpHCTann H3 ecTeCTBeHHOH CMeCH B30TOnOB BOnbclJpa· 

Ma. 

3xcnepHMeHT npooo,AuncJI Ha uuxnoTpoHe Y-300 Jia6opaTopHH 

JI,AepHblx peaxuua OHJIH. Hccne,AyeMaJI H 3TanoHHaJI MHWeHH o6ny

qanHCb ny'IKOM HOHOB 40.Ar , HMeiOIQHX 3HeprHIO 135 M3B , nocne 

npoxoJK,AeHHJI TOPM03JIIQHX cllon&r npu TOKe - 1 HA B Te'leHHe 

Hecxon&KHX qacoo. CnexTp raMMa- nyqea xynoHoocxoro ooJ6YJK.Ae

HHJI perHcTpHpooancJI nonynpooo,AHHKOBbiM Ge(Li) - ,AeTeKTopoM 

06'beMOM 37 CM a C 3HepreTH'IeCKHM pa3peWeHHeM 2,0 1<3B /no 

nHHHJIM 57 Co I . )J,eTeKTop pacnonaranc.11 Ha paccTOJIHHH 3 c.w oT 

MHWeHH. Ha pucyHr<e noxa3aHbl raMMa-cnexTpbl ,AnJI uccne,AyeMoa 

H 3TanoHHOH MHWeHeH . 1-f,AeHTHciJHKaUHJI y ·nHHHH B cneKTpe ocy 

IQeCTBnJinaCb C HCnOnbJOBaHHeM JI,AepHo·cneKTpOCKOnH'IeCKHX ,AaH

HbiX H3 Ta6nHUbl H30TOnOB /8/. B cneKTpax OTCyTCTBYIOT raMMa · nHK H 

B30Tona 
180

W, nocxon&xy ero co,AepJKaHHe ,AaJKe B ecTeCTBeHHOH 

CMeCB COCTaBnJieT TOnbKO 0,135~, 3TO BbiXO,AHT Ja npe,Aen 'IYBCT· 

BBTenbHOCTH H3MepeHHJI, onpe,AenJieMbiH CTaTHCTH'IeCKOH norpew

HOCTbiO. 

3Ha'leHHJI npOUeHTHOrO CO,AepJKaHHJI H30TOnOB B HCCne,AyeMOM 

MOHOKpHCTanne, nony'leHHble nyTeM o6pa60TKH 3KCnepHMeHTan&· 

HbiX pe3yn&TaTOB H Bbi'IHCneHHJI no clJopMyne /2/, COCTaBnJIIOT: 

6 

1s2w _ (0.73 ±0.40)%, 

t s4w _ (3.75 ±0.7 5)% , 

ts aw _ ( 1.3 ± 1.0)%, 

186 w - (94, 2 ± 2, 5)%. 

~ 

..... 
;? 

CD 
0 ..... 
UJ 

6 

;s3
w 208 k3B 

t> r....-. 
0 
< u 
:s: 
J 

182w 229k3B 
.~· 

0 . .... . . I ·".,: 0. 
··""'·/· ... 

....... ...... · .... .. · ......... ,. 
184w 

1253 k3B 

186w 

! 275kl Br 

18 

17 
0 .1.2 5 1 

16 

15 

14 

13 

·: ... :.. :.-·· .. 12 

10 

9 

Bl· '" · .. · .... ·.··.,· . 
7 

.. ............... , 

6 

5 

500 

0 ', .... 

·, 

........ .... :. 
' .. •, 

.. ,.. ~·: .. , "" .... 

550 

···· ... ···, ...... . _.., .. 

~ · ... 

.. 11 

· ·: J10 

9 

8 

............ .., ... ,,.,~ ......... J 7 

''· 
0 · --·:.,,. 

600 650 
HOMEP KAH MA 

H3 npuoe,AeHHbiX pe3yn&TaToB BH.AHO, 'ITO npe,Aen&HblH ypooeHb 

CO,AepJKaHHJI H30TOna, nO,A,AaiOIQHHCJI ODpe,AeneHHIO, B KOHKpeTHblX 

ycnoBHJIX 3KcnepuMeHTa paoeH oxono 0 , 5~. K yJKe ynoMHHaBWHMCJI 

npeHMy~QeCTBaM OnHCbiBaeMOrO HHCTpyMeHTan&HOrO OTHOCHTenbHO· 

ro cnoco6a aHanH3a cne,AyeT ,Ao6aBHTb TaKJKe OTCYTCTBHe aKTHBaUHH 

o6pa3ua /T .x. 3HeprHJI HOHOB HHJKe xynoHoocxoro 6ap&epa JI,AepHoro 

BJaHMO,AeHCTBHJI/, a TaKJKe B03MOJKHOCTb aHanH3a Be~QeCTB B pa3 • 

nH'IHOH XHMH'IeCKOH clJopMe H MeXaHH'IeCKOM COCTOJIHHH. 

K qucny orpaHH'IeHHH npHMeHHMOCTH cnoco6a cne,AyeT oTHeCTH 

TOT ciJaKT, 'ITO ero npe,Aen&HaJI 'IYBCTBHTenbHOCTb CTaHOBHTCJI 

He,AOCTaTO'IHOH ,AnJI 3neMeHTOB, JI,Apa KOTOpbiX xapaKTepH3YIOTCJI 

Manoa npHBe,AeHHOH BepOJITHOCTbiO 3neKTpOMarHHTHblX nepeXO,AOB . 

K TaKHM JI,ApaM OTHOCJITCJI, HanpHMep, cclJepH'IeCKHe, 6nH3KHe 

x ,ABaJK.Abl Maru'leCKHM. Cnoco6 He 3cllclJexTHBeH H ,AnJI aHanuJa 
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nerKBX 3DeMeHTOB, T .K. Ce'leHBe KYDOHOBCKOrO B036ylK,II.eHB.Il npo -
2 

nopUBOHaDLHO ( Z 1 Z iJ , r,11.e Z 1 B Z 2 - a TOMHLle HOM epa 

.11,11.ep MBWeHB B 6oM6ap,II.BpYJOI.QeH 'laC THULl. 0,11.HaKO ecnB B Ka'leCTBe 

6oM6ap.D.BPYJOI.QeH 'laCTBULl npBMeHBTL TaKBe BOHLl, KaK 
4 0.Ar HDH 

6onee T.lllKenLle, TO Ce'leHBe peaKUHB KYDOHOBCKOrO B036y)l(,ll.eHH.Il 

CTaHOBHTCJI ,II.OCTaTO'IHO 6onLWHM npaKTH'IeCKH ,II.D.Il BCeX 3DeMeHTOB 

3a HCKDJO'IeHBeM CaMLlX nerKHX B 3DeMeHTOB C MarH'IeCKHM Z, 
TaKBX, KaK ODOBO, CBHHeU. KpoMe H30TOnHOrO CO,II.eplKaHH.Il, ,ll.aHHLlM 

CDOC060M MOlKHO onpe,ll.eDHTL TaKlKe 3DeMeHTHLli COCTaB CMeceii, 

cnnaBOB HDH XHMH'IeCKBX COe,II.HHeHHi npH yCDOBHH, 'ITO BCe KOM

DOHeHTLl CMeCH He O'leHL CBDLHO OTDH'IaJOTC.Il no Z /.D.D.Il npaBBDL

HOrO BLl6opa 3HeprBH 'laCTBU no OTHOWeHHIO KO BCeM KOMnOHeH

TaM/ B 'ITO KalK,II.a.ll KOMnOHeHTa BMeeT XOT.Il 6Ll O,II.BH B30TOD, 

Ce'leHHe KYDOHOBCKOrO B036ylK,II.eHH.Il KOTOporo ,II.OCTaTO'IHO BenHKO. 

ABTOPLl 6naro,11.apHLl IO.A.AneKcaH.D.POBy 3a o6cylK.D.eHHe nony

'leHHLlx pe3yDLTaTOB. 
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