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BBE,llEHHE 

B HaCTOR~ee BpeMR OAH~M ~3 Ha~6onee 4YBCTB~TenbH~X MeToAoB 
onpeAeneH~R Maccw 3neKTpoHHoro aHT~HeRTp~Ho RBnReTCR ~ccneAo
BaH~e peTa-cneKTpa np~ pacnaAe TP~T~R 

3 H .... 3 He+ + (3- + v. /1/ 

AHan~3 3KCnep~MeHTOB C Tp~T~eM / 1·9/ noxaauaaer , 4TO Bn~RH~e 
Ben~4~H ~ mv Ha ¢OpMy 6eTa-CneKTpa CpaBH~Mo C ~CKameH~RM~ B ~C
T04H~Ke ~ CneKTpOMeTpe. H3 3aKOHa CoXpaHel-!~R 3Hepr~~ ~MeeM 

m . 0 2 
= ~M - Eo - E - LlE • /2/v r 

rAe ~M - pa auoc r s Macc 3H _3He , E - aue prua oTAa4~ anoa , ~Er 
nonpaaxa , CBR3aHHaR c Bn~RH~eM aToMHoR o6ono4K~ Ha 3Hepr~1O 6e.
Ta ~3neKTpoHa, Eo - rpaH~4HaR 3Hepr~R 3neKTpoHa. TaK~M o6pa30M, 
CTeneHb T04HOCT~ onpeAeneH~R Ben~4~H, CTOR~~X B npaBoR 4aCT~ 

/2/, n03BonReT o ~ e H ~ T b rpaH~~~ Ben~4~H~ rnv'o~ OTclOAa B~TeKa
eT Heo6xoA~MOCTb npe~~3~OHHoro ~3MepeH~R ~M ~ rpaH~4HoR 3Hep
r~~ 6eTa -cnexrpa E 0 ~ 3HaH~e ~E ~ E r • 

Hs npRMblX ~3MepeH~R pa3HOCT~ Macc 3H - 3 He B HaCTOR~ee ape
MR ~3BeCTHbl TP~ Ha~6onee T04HbiX pes yne r ara : 

a/ ~M = 18,573(7) K3B / 1 0 ~ 

6/ ~ = 18,584(4) K3B /ll ~ /3/ 

B/ ~M = 18,599(2) K3B / 12/. 

3Kcnep~MeHT~ CM~Ta /l0 / npoBOA~n~Cb B nep~oA 1971-1981 rr. 
~ OCHOBaHbl Ha Macc-Ay6neTHblx ~3MepeH~RX c nOMO~blO paA~04aCTOT

HblX Macc-cneKTpOMeTpOB. 3Kcnep~MeHTbl/ll / ~ / 12/ aanonaeau c no
MO~blO'MeTOA~K~ ~OHHoro ~~KnOTpOHHoro pe30HaHca. B~AHO pacxom
AeH~e nonyueuaux 3Ha4eH~R ~M. Bonpocy nO~CKa ~CT04H~KOB C~CTe

MaT~4eCK~X norpeWHocTeR B ~OH-~~KnOTpoHHWX 3Kcnep~MeHTax no
caauteua pafor a / 13/. COBoKynHblR auarnra scex ~MelO~~XCR AaHHblX 
o ~M np~BOA~TCR B/ 14/ , rAe B Ka4eCTBe cpeAHeB3Be~eHHoro 3Ha
4eHIilR AnR Macc-Ay6neTHblx ~3MepeH~R ~M np~BoARTCR 

~M = 18,5967(36 ) K3B. /4/ 

i !A'j .:::~:' -,~:j~biil KHcm:iY'1 
t ~!21 .o:!t.!!HX ace)1ellOaaOO~ 1 1 
. 6H&Hlr!OTEKA ~ 
_~ _ d - 



~H$opMa4~~ 0 ~M MOmHO nOnY4~Tb ~ ~3 3Kcnep~MeHTOB no ~3Me
peH~~ $OpM~ 6eTa-cneKTpa Tp~T~R. PaCCMOTp~M Ha~60nee T04H~e 

cneKTPOMeTp~4eCK~e pe3ynbTaT~ no ~3MepeH~~ Eo/norpewHocTb 
ny4we 30 3BI ~ COOTBeTcTBy~~~e~M: 

al ~M = 18,636( 16) 

61 ~M = 18, 605( 13) 

BI ~M = ,18, 600( 4) 

r I ~ = 18, 601 (1 0) 

AI L\M = 18,603 (4) 

el L\M = 18,589 (3) 

K3B / 7 / ; 

K3B 131 ; 

K3B 141 ; 

K 3 B161 ; I 5I 

K3B / 91 

K3B / 8 / • 

CpeAHee ~M = 18,597(4) K3B. 161 

~, HaKOHe4,0 pe3ynbTaTax Kanop~MeTp~4eCK~X ~3MepeH~~.3Aecb 
HeT He06xoA~MOCT~ Y4~T~BaTb aTOMHO-MoneKynRpH~e 3$$eKT~, a 3Ha
4eH~e ~M OTn~4aeTCR OT E 0 n~Wb Ha Ben~4~HY E r _ 3 3B 151. Ha~-' 
60nee nocnenoaarensuuaa ~ He3aB~C~MbIM~ oeayns ra r asoi MO)f{HO C4~

TaTb 
, 151 

~= 18,580(7) K3B ; 

K3B / 2 / ~M= 18,565(6) • 17/ 

CpeAHee ~M = 18,571 (7) K3B. 

~3 CKa3aHHoro B~we MomHO CAenaTb B~BOA 0 TOM, 4TO AaHH~e 

o ~(3H _3 He) nporuaopevaau:
 

- pa3n~4Hble nonxonu Aa~T paauue cpenuae 3Ha4eH~R: 14/, 161
 
~ 17/;
 
- cyuiec'r aeaao paCXOARTCR ~ AaHHbie AByX rpynn, nony-re-nrue C no

MO~b~ ~OH-4~KnOTpOHHoro pe30HaHca: cM./361 ~ 13B/;
 
- He cornaCY~TCR ~ Ha~60nee T04H~e pe3ynbTaT~ no onpeAeneH~~ (
 

L\M B cnexr poaerna-reciorx axcnepwaenrax 15/;
 
- He cornaCY~TCR peaynbTaT~ no onpeAeneH~~ ~M B Kanop~MeTp~


4eCK~X 3Kcnep~MeHTax. 

CneAOBaTenbHO, np~Bne4eH~e ~Me~~~XCR 3Ha4eH~~ ~M AnR apry
MeHTa4~~ r~nOTe3~ 0 HeHyneBO~Macce aHT~He~Tp~HO Ha AaHHOM 3Ta
ne npeACTaBnReTCR He anoriae 060CHOBaHHbIM. He06xoA~Mbl HOBbie ~3

MepeH~R Ben~4~H ~M ~ Eo' HacToR~aR pa60Ta nocBR~eHa ~ccneAOBa
H~~ 6eTa-cneKTpa TP~T~R, BHeApeHHoro B KpeMH~eB~~ AeTeKTOP. 

1. nOCTAHOBKA 3KCnEP~MEHTA 

~3MepeH~e rpaH~4Ho~ 3Hepr~~ 6eTa-cneKTpa TP~T~R, BHeApeHHO
ro B nonynpoBoAH~KOB~~ AeTeKTop, ~HTepeCHO TeM, 4TO np~ TaKo~ 

nOCTaHOBKe 3Kcnep~MeHTa nonHOCTb~ yCTpaHeH BKnaA aTOMH~X ~ MO
neKynRpH~x 3$$eKToB, ~ rpaH~4HaR 3Hepr~R OTn~4aeTCR OT 3Hepr~~ 

pacnaAa TonbKO Ha Many~ 1-3 3BI Ben~4~HY 3Hepr~~ OTAa4~ RApa. 
~CKn~4a~TCR r aiose 3$$eKTbl, CBR3aHHbie C nOTepRM~ 3Hepr~~ 3neKT
POHOB B Be~eCTBe ~CT04H~Ka, T.K. B 3TOM cnY4ae AeTeKTOp ~ ~C

TO~H~K COBMe~eH~, T.e. ~MeeT MeCTO Kanop~MeTp~4eCKaR nOCTaHbB
Ka 3Kcnep~MeHTa. OAHaKO Ha ABa nopRAKa XYAwee, 4eM y $OKYC~PY~
~~X C~CTeM, pa3peweH~e nonynpoBOAH~KOBoro AeTeKTopa He n03BO
nReT nonY4~Tb cpaBH~M~e C H~M~ 04eHK~ Ha Maccy He~Tp~HO. 

OCHOBH~M~ TPYAHOCTRMW np~ ~ccneAOBaH~~ TP~T~R B nn~ RBnR~T

CR: ocy~ecTBneH~e np04ecca BHeApeH~R TP~T~R B AeTeKTOp, npOBe
AeH~e 3HepreT~4eCKO~ rpaAy~pOBK~ ~ onpeAeneH~e $YHK4~~ OTKn~

xa cnekr poxer pa - np~60pHO~ $OpMbl n~H~~ In$nl. np~ BHeApeH~~ 

YCKopeHH~X ~OHOB TP~T~R C 3Hepr~e~ HeCKonbKO Mera3neKTpOH60nbT 
B Be~eCTBO AeTeKTOpa B03H~Ka~T paA~a4~OHH~e nOBpemAeH~R, KOTo
p~e CTaHOBRTCR nOBywKaM~ 3apRAoB ~ ~CKa)f{a~T ~CT~HHY~ aMnn~TY

AY c~rHana. CpeAH~~ Ae$eKT aMnn~TYAW ~Mnynbca AnR BHeWH~X Ka
n~6pOB04HbIX ~CT04H~KOB x- ~n~ y-nY4e~ 6YAeT aaauce'r s OT r ny
6~Hbl npOH~KHOBeH~f1 ~3nY4eH~f1 B AeTeKTOp', a cnenoaarens ao , 
~ OT ero 3Hepr~~. TaK~M 06pa30M, 3HepreT~4eCKaR Kan~6pOBKa 

OT BHeWH~X x- ~ y-~CT04H~KOB MomeT OKa3aTbCR Henp~rOAHO~ Anfl 
6eTa-~3nY4eH~f1 ~MnnaHT~POBaHHoro Tp~T~R. YCTpaHeH~e Ae$eKTOB 
C nOMO~b~ OTm~ra Kp~CTanna yny4waeT napaMeTp~ AeTeKTopa, np~ 

3TOM nony4aeMoe 3Ha4eH~e rpaH~4HO~ 3Hepr~~ 6eTa-cneKTpa MomeT 
~3MeH~TbCR IB pa60Te / 1! ~3MeHeH~e AOCT~rano 3Ha4eH~R 70 3B/. 
3TOT ¢aKT':CBOA~T Ha HeT TaKoe npe~My~ecTBo ~OHHO~ ~MnnaHTa4~~, 

KaK 4eTKafi nOKan~3au~~ TP~T~f1 B 06beMe AeTeKTopa. ~pyr~M cno
C060M BHeApeH~f1 TP~T~R B nonynpoBoAH~KOB~e Kp~CTann~ RBnReTCfI 
TepMoA~$~Y3~R. np~ 3TOM He B03H~KaeT paA~a4~OHH~X nOBpemAeH~~, 

~ MomHO AOCT~rHYTb np~eMneM~X KOH4eHTpa4~~ TP~T~R/2/. 
3HepreT~4eCKafi rpaAy~pOBKa ~ onpeAeneH~e n$n Anfl 06pa60TK~ 

6eTa-cneKTpa npO~3BOA~naCb 06~4HO C nOMO~b~ KX-nY4e~/2.5/. 
CnomHafi $opMa n~H~~ AnR KX-nY4e~, ~X MynbT~r.neTHafi CTpyKTypa 
MoryT BHeCT~ norpeWHOCT~ npM 3HepreT~4eCKO~ rpaAy~pOBKe, onpe
AeneH~~ n$n ~ CKa3aTbCR np~ 06pa60TKe 6eTa-cneKTpa. B03MomHO, 
4TO cy~ecTBy~~ee OTn~4~e 3Ha4eH~~ ~M Kanop~MeTp~4eCK~~ 3Kcne
p~MeHTOB OT APyr~x 3Kcnep~MeHTOB 1-30 3BI CBfl3aHO ~MeHHO 

C $aKTOM rpaAy~pOBK~ no KX-nY4aM. npeAcTaBnfleTcfI 60nee KoppeKT
HblM npO~3BOA~Tb Kan~6poB04Hble ~3MepeH~R 'no ,y-ny4aM. 
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1.1. BHep,peHllle 
p,eTeKTopa 

TPIIITlllfl III 1113rOTOBneHllle 

TepMOP,III<!><!>Y3I11fl TPIIITlllfl B otipaauu KpeMHlllfl 6blna nponaaeneua 
B HRM AH YCCP /KllleB/. napaMeTp~ p,1II<!>$Y3111111 B~6l11panlllcb C Ltenb~ 

nonY4111Tb p,OCTaT04HY~ KOHLteHTpaLtIll~ TPIIITlllfl p,nfl 3Ha4I11M~X 1113Mepe
HIII~ $-cneKTpa, He B~3BaB nplII 3TOM 3aMeTH~X 1113MeHeHIII~ 3neKTpo
<!>11131114eCKIIIX xapaKTeplllCTIIIK KpeMHlllfl /4TO MomeT CKa3aTbCfl Ha cneKT
pOMeTplll4eCKIIIX napaMeTpax C03p,aHHoro Bnocnep,CTBIIIIII AeTeKTopa/. 
M3 npenaaparens ao cnenaauax pacueruux OLteHOK 6blnlll Bbl6paHbi cne .... 
p,y~~lIIe napaMeTp~ p,1II<!><l>Y3111~: TeMnepaTypa 800°C III BpeMfl 30 MIIIH 
nplII p,aBneHIIIIII 100 MM pT.CT. Hcnonb30Bancfl KpeMHIII~ p-Tlllna 
C yp,enbH~M conpoTIIIBneHllleM 1000 OM·CM III BpeMeHeM ~1II3HIII HeOCHoB
H~X HoclIITene~ 3apflp,a 500 MKC. 06pa3Lt~ KpeMHlllfl B BIllp,eLtlllnIllHp,pOB 
p,lIIaMeTpOM 20 MM III B~COTO~ 3,5 MM HarpeBanlllCb C nOMO~b~ B~COKO

4aCTOTHO~ ne4111 B BaKyyMe co CKOPOCTb~ 10-15°C B M~HYTY. Oxnam
p,eHllle npOlll3Bop,lIInOCb C TO~ me CKOPOCTb~, 4TO III HarpeBaHllle. nony
4eHHafl KOHLteHTpaLtlllfl TPIIITlllfl B KpeMHlII1II HaXOP,IIITCfl B npep,enax 
OT 1011 p,o 10 12 aT/cM3 • H3 060ra~eHHoro TplIITllleM MOHoKplllcTanna 
6~n 1113roToBneH S«Li) -p,eTeKTop C pa3MepoM 4YBcTBIIITenbHo~ 06
naCTIII 50 MM 2·2,5 MM no cTaHp,apTHo~ TeXHonorllllll. DeTeKTop III npep,
YClllnlllTenb C onTIII4eCKO~ o6paTHo~ CBfl3b~ 6~nlll YCTaHOBneH~ B Bep
TIIIKanbHbli1 KplIIOCTaT C 6eplllnnllleBblM BXOp,HbIM OKHOM TonlUlIIHoi1 30 MKM. 

nonY4eHO 3HepreTIII4eCKoe pa3peweHllle p,eTeKTopa ~310 3B nplII 
3Heprllllll 5,9 K3B (55 Fe) III ..... 360 38 npu 3Heprllllll 19,4 K38 (171Lu) 
C4eT OT 6eTa-pacnap,a TPIIITlllfl COCTaBllln 215 IIIMn./c nplll YPOBHe pa
p,1II0aKTIIIBHoro <!>OHa - 1,2.10-5 IIIMn./(c·38) B pa~oHe 18,7 K38 
III 6,6.10-6 IIIMn./(c·3B) B pa~oHe 21,6 K38. K03<!><!>IIILtllleHT HaknoHa 
<!>oHa OKono 2.10-9 IIIMn./(c·3B). 

1.2. 3~cneplIIMeHTanbHafl yCTaHoBKa 

CxeMa 3KcneplIIMeHTanbHo~ YCTaHoBKIII nplllBep,eHa Ha plllc.1. CneKT
pOMeTplll4ecKIII~ TpaKT COCTOfln 1113 YClllnlllTenfl ORTEC-572 III nlllHe~HbiX 
Bopor co CTpeT4epOM ORTEC-542. Ecnlll B Te4eHllle 18 MKC -
Ha BXOP, YClllnlllTenfl nocTynano p,Ba IIInlll 60nee IIIMnynbcoB, nIllHei1H~e 
sopOTa 6nOKlllpOBanlllCb Ha 36 MKC. Konlll4eCTBO oT6poweHH~X B pe
3ynbTaTe Ha~omeHlllfl IIIMnynbcoB B IIIcCnep,yeMoM p,lIIana30He 3Heprlll~ 
He npeB~wano CTaTIIICTIII4ecKoi1 norpeWHoCTIII <!>OHa. nocne nIllHei1H~x 
BOpOT C<!>OpMIIIPOBaHH~~ CTpeT4epOM npflMOyronbH~~ IIIMnynbc p,nIllTenb
HOCTb~ 5 MKC nocTynan Ha BXOp, MHorOKaHanbHoro aMnnlllTyp,Horo 
aHanlll3aTopa /MAA// 15/. AMnnIllTyp,H~~ aHanlll3aTOP COCTOIIIT III' Aun 
CAN 8000 (Schlumberger) III Mop,yne~ Kn018, KH038, Kn025/ 

16 
.. 

H3-3a onTIII4eCKO~ 06paTHo~ CBfl3111 MAA 6nOKlllposanCfl Ha BpeMfl BoC
CTaHOBneHlllfl pemlllMOB npep,YClllnlllTenfl /90 MKC/. Pa604ee HanpflmeH~e 

(I 

( 

4 
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CMe~eHlllfl Ha p,eTeKTope 6~no 1400 B. ~nfl npOBepKIII cTa6111nbHOCTIII 
annapaTYP~ IIIcnonb30BanCfl reHepaTo~ IIIMnynbcoB ORTEC-419. 

1.3. Pe r a c r p a ua a c n e x r p a 

H3MepfleM~~ p,lIIana30H 3Heprlll~ COCTaBnfln 0+55 K3B /LteHa KaHa
na -13 3B/. CeplIIlII pa604111x 1113MepeHIII~ 6eTa-cneKTpa TPIIITlllfl 4epe
p,OBanlllCb C 1113MepeHlllflMIII rpap,YlllpOB04H~X IIICT04HIIIKOB. ~nlllTenbHocTb 

1113MepeHIII~ Op,HO~ cepllllll: 6eTa-cneKTpa - 8+20 4, rpap,ylllpoBKIII 
4+8 4. Tlllnlll4Hbie annapa'rypuae cnexr pa ornerisuo TPIIITlllfl III TPIIITlllfl 
C rpap,YlllpOB04H~MIII IIICT04HIIIKaMIII npIIIBep,eH~ Ha plllc.2 III 3. Ha plll
cyHKax BIllp,H~ nlllKIII OT KX-<l>nyopeCLteHLtIllIll fu, B036ymp,aeMo~ BHew
HIIIM -Y-1II3nY4eHllleM Kanlll6poBo4HbiX IIICT04HIIIKOB 57Co, 171Lu III 182Ta 
/plllc.2/ III y-1II3nY4eHllleM eCTecTBeHHoro pap,1II0aKTIIIBHoro <l>oHa 
/plllc.3/. HHp,III~ IIIc~onb30BaH p,n~ nonY4eHlllfl Hap,emHoro TennOBoro 
KOHTaKTa Si(Li)-p,eTeK1opa C xnap,onpoBop,OM. 

~pe~<!> no noxeaas ruixoa OT r pap,YlllpOB04HbIX IIICt04HIIIKOB aa CyTKIII 
1113MepeHIII~ 6eTa-Cnet<Tpa TP~Tlllfl C IIICT04HIIIKaMIII 57Co, 171 Lu . 182 Ta 
He npeB~wan 0,5 KaHana /6 3B/. 
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2. AETAn~ 3KCnEP~MEHTA 

2.1.3HepreTII14eCKafl rpaAYll1pOBKa
 
/1 21 . ~
8 pa60Tax" Anfl 3HepreTII14eCK0ll1 rpaAYll1pOBKII1 II1cnonb30Banll1Cb 

KX-nY4111 Co , Mo 111 Ag. 3Heprll1111 KX-nY4e~ 1I13BeCTHbi C AocTaT04Ho~ 

T04HOCTb~, HO onpeAeneHHY~ np06neMY T04HOCTII1 3HepreT1I14eCKO~ 

rpaAYlI1pOBKII1 npeACTaBnfl~T Hepa3pewaeMwe peHTreHOBCKlI1e Ay6neTw, 
T.~. B 3TOM cnY4ae Tpe6yeTcfl AOCTaT04HO cnomHafl MOAenb ¢OPMbl 
nll1HII1I11. 8 nocneAHe~ pa60Te CII1MncoHa/ 51 HapflAY C KanIl16pOBKO~I no KX-nY4aM npOBOAlI1naCb rpaAYlI1pOBKa no ,y-nY4aM 14,4 K38 /~c
T04HII1K 57Co/ 111 Ka1 -, no cpaBHeHII1~ C npeAwAY~II1MII1Ka 2-nY4aM Pd. 
pe3ynbTaTaMII1 / 11 rpaHII14Hafl 3Heprll1fl 6eTa-cneKTpa YBenll14111naCb 
Ha 13 38. 8 HacTofl~e~ pa60Te nll1He~Hafl rpaAyll1poBKa npoBoAlI1naCb 

K38 171Lu no nll1HlI1flM 14,4 K38 57Co, 19,4 111 31,7 K38 182Ta• 
3Heprll1fl ne pexona 14,4 K38 57Co 111 31,7 K38 182Ta 1I13MepeHa 
Ha KAfC AOCTaT04HO T04H0/17~ TorAa KaK nOA06HwX 1I13MepeHII1~ 
ne pexona 19,4 K38 171Lu HeT. 8 II1Me~~II1XCfl 1I13MepeHII1flX 118-201 

cy~ecTByeT pa36poc B 15 38, XOTfl eCTb 1I13MepeHII1e / 181 C T04HOCTb~ 
1 38, npoBeAeHHoe Ha Ge(Li)-AeTeKTope. Anfl YT04HeHII1fl 3Heprll1111 
nepexoAa 19,4 K38 171Lu 6wn npOBeAeH oTAenbHw~ 3KCnepll1MeHT 
Ha 3neKTpOCTaTII14eCKOM 6eTa-cneKTpoMeTpe ESA-50 / 2 11 no 1I13Mepe
HII1~L- 111 M-3neKTpoHoB BHYTpeHHe~ KOHBepClI1111 /CM. npll1nOmeHlI1e A/. 
nonY4eHHafl B 3KCnepll1MeHTe 3Heprll1fl nepexoAa 19,4 K38 171Lu paB
Ha 

E y = 19,394(2) K38.	 /8/ 

3TO 3Ha4eHII1e 3Heprll1111 II1cnonb30BanOCb npll1 rpaAyll1poBKe B Ha
WIl1X 1I13MepeHII1RX. 3Hepr~1I1 APyrll1x Kanll16pOB04HWX nIl1HII1~/17/: 

E(14,4 57Co) = 14,4130 K38, E(31,2 182Ta) = 31,7378 K38. 

8Ha4ane, npll1 npOBeAeH1I1111 npeABapll1TenbHWX cepll1~ 1I13MepeHII1~, nono
meHlI1e penepHWX nll1KOB onpeAenflnOCb nocne Toro, KaK 1113 cyMMapHo
ro cneKTpa X + Y + ~ 6wn BW4TeH ~-cneKTp Tpll1TlI1fl. no pe3ynb~a

TaM 06pa60TKII1 npeABapll1TenbHWx cepll1~ 1I13MepeHII1~ OnTII1MII13I11pOBa
nll1Cb napaMeTpw 3neKTpoHHoro TpaKTa, onpeAenflnll1Cb ycnoBlI1fl 1I13Me
peHII1~ 111 OTnamll1BanaCb npo~eAypa CTaTII1CTII14eCKO~ 06pa60TKII1. OKa
3anocb, 4TO II1cnonb30BaHII1e Anfl rpaAyll1poBKII1 nll1HII1~ Kanll16pOB04Horo 
FneKTpa, nonY4eHHoro noc~e BW4111TaHII1fl 6eTa-cneKTpa TPIl1TlI1fl 
~ cneKTpa 6e3 BW~II1TaHlI1fl,AaeT II1AeHTII14HWe pe3ynbTaTw /nonOmeHlI1e 
nll1KOB 1I13MeHfleTCfl He 60nee 4eM Ha 2 38/. n03TOMY B AanbHe~weM 

Anfl 3HepreT1I14eCKO~ rpaAYll1poBKII1 II1Cnonb30BanCfl cYMMapHw~ cneKTp. 
Oblnll1 nposeneuu nll1He~Hble rpaAYll1poB04Hbie Kpll1Bble Anfl acex r pex 
penepoB 111 Anfl AByX nap 14,4-19,4 K38 111 14,4-31,2 K38. Anfl rpa
AYIl1POBKII1 BO Bcex cnY4aflX II1cnonb30Banll1Cb /KaK He3aBII1CII1Mwe/ pe
ayns r a ru no.noxeaaa penepasix nIl1HII1~, nonyi..teHHblx AO 111 nocne 1I13Me
peHlI1fl cneKTpa TPIl1TII1A. 
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an~ Y4eTa B03MOmH~X C~CTeMaT~4eCK~X nOrpeWHOCTe~ ~ Hen~He~ <t>YH~~~ <t>epM~ F(Z,E), on~C~BalO~a~ B3a~MoAe~cTB~e 3neKTpOHa 
HOCT~ yc~n~TenbHOrO TpaKTa 4aCTb ~3MepeH~~ 6~na npoBeAeHa c noneM ~Apa, KaK ~ Bill , B~6paHa B B~Ae 
C APyr~M yc~n~TeneM. npo~eAypa rpaAy~pOBK~ ~ 06pa60TK~ 3T~X 

cep~~ OCTanaCb He~3MeHHO~ ~ pe3ynbTaT~ 06p~60TK~ BOWn~
 
F(Z.,E) _x__ [1,002037 _ 0,001427.!.-], 110/
B Ta5n.l. 

1 -e -x c 
CTaHAapTHoe OTKnOHeH~e An~ n~He~Ho~ 3HepreT~4ecKo~ 3aB~C~

MOCT~, npoBeAeHHo~ no Kan~6poB04H~M T04KaM, 6~no BcerAa He 60
nee 2 38. 27TZa

rAe. x = VlC-' Z - aapsn A04epHero ~Apa, vi C - CKOpOCTb {j-4a

CT~~~, a - nOCTO~HHaR TOHKO~ CTPYKTYP~. 
2.2.	 Ort oe ae ne u a e n p afio p u o a <t>OPMbl n~H~~ TaK~M 06pa30M, MOAenb An~ 06pa60TK~ 6eTa-cneKTpoB cOAepmana 

6 napaMeTpOB: ' 
np~60pHa~ <t>opMa n~H~~ An~ 06pa60TK~ Henpep~BHoro 6eTa-cneKT J
pa onpeAen~naCb oAHoBfeMeHHo C rpa~y~POBKO~ np~ 06pa60TKe n~ 81 = Eo - rpaH~4~a~ 3Hepr~~ 6eTa-cneKTpa,

H~~ 14,4 57 Co, 19,4 1 1Lu ~ 31,7 1 2Ta. OCHOBHO~ uenuo ~ccne
82 = m1/ - Macca aHT~He~Tp~Ho,AOBaHH~ n<t>n ~Bn~nOCb onpeAeneH~e 3HepreT~4ecKo~ 3aB~C~MOCT~ ee 

<t>OPM~ ~ W~p~H~. ~cnonb30BanaCb n<t>n B B~Ae CYMM~ AByX raycc~a 8S = o - napaaer p n<t>n, III I
 
HOB: OCHoBHorq ~ caTenn~THoro, on~C~BalO~ero aC~MMeTp~4HYIO
 

94 = A - HOPM~POB04H~~ MHom~Tenb,
4aCTb n~HV1~. 

no pe3ynbTaTqM ~ccneAOBaH~~ n<t>n ICM. np~nomeH~e 51 He 6bln0 
8 =	 B }·5. _	 a - napaere rpu <t>oHa B = B + B 1 .(E - E min) • 06HapymeHO cy~ecTBeHHO~ 3aB~C~MOCT~ napaMeTpOB caTenn~THoro o 

n~Ka OT 3Hepr~~ B A~ana30He 14,4+31,7 K3B. 3T~ napaMeTp~ cne86 - B 1 

AYIO~~e: 3T~ na paaerpu ~Bn~n~Cb CB060AHbIM~, XOT~ -raure acero nacaxer p 
d a = 0,139 - OTHoweH~e aMnn~TYA caTenn~THoro ~ OCHOBHoro rayc 8s <t>~Kc~pOBanc~ Ha OCHOBaH~V1 AaHH~X rpaAy~pOB04H~X V13MepeHV1~. 

c~aHOB, <t>~Kc~pOBanc~ ~ napaMeTp 9 2 = O. KpoMe Toro, B MOAenb BxoA~nV1
 
d x = 275 38 - paCCTO~H~e Me mAY caTenn~THblM V1 OCHOBHblM raycc~a-· 6 ~3BeCTH~X napaMeTpOB:
 
HaM~,
 

al E - neBa~ rpaH~~a ~3Mep~eMoro Y4aCTKa CneK!pa,
da = 1,589 - OTHoweH~e W~P~H raycc~aHOB.
 

C 3T~M~ 3Ha4eH~~M~ napa~eTpOB npoBoA~naCb 06pa60TKa rpaAY~po a !'J. - ~eHa KaHana,
2 
B04H~X cneKTpOB ~ 06pa60TKa 6eTa-cneKTpa Tp~T~~. OTMeT~M, 4TO 
w~p~Ha n<t>n cna60 B03paCTaer C YBen~4eH~eM 3Hepr~~ 1- 12 38 as 
B A~ana30He OT 14,5 AO 22,7 38/. M~ annpoKc~M~poBan~ 3Ty 
3aB~C~MOCTb np~Mo~ n~H~e~. 

2.3.	 CTaT~CT~4eCKa~ 06pa60TKa pe a y n s r e r o a
 
~3MepeH~~
 .1
5~na	 np~H~Ta cneAYIO~a~ MOAenb 06pa60TK~:An~ nonY4eHH~X 

no AaHH~M 3HepreT~4ecKo~ rpaAy~pOBKH 3Ha4eH~~ 3Hepr~~ B~4~cn~


naCb CYMMa TeopeT~4eCKoro 6eTa-cneKTpa ~ n~He~Horo <t>oHa. Teo 3. PE3YnbTAT~ ~3MEPEH~~
 
peT~4ecK~~ 6eTa-cneKTp npeACTaBD~n c060~ cBepTKy <t>YHK~~~
 

~3MepeH~~ 6eTa-cneKTpa npoBoAV1nV1Cb B Te4eHV1e 3 Mec~~eB. . 2 2 1/2
SeE) == AF (Z, E) pE (E 0 - E) [ (E 0 -E) - m1/1 + B(E) 191 8cero npoBeAeHO 60nee 100 cepV1~ V13MepeH~~. KaK yme rOBopV1nocb, 

cep~~ C ~3MepeHV1~M~ 4~CToro 6eTa-cneKTpa TPV1TV1~ 4epeAoBanV1Cb 
C np~60pHO~ <t>OPMO~ n~H~~. 3Aecb A - HOPM~P~B04H~~ MHom~Tenb, C rpaAy~pOB04H~M~ cep~~MV1. nepB~e 5b cepV1~ HOCV1nV1 nOAroToBV1
p H E - ~Mnynbc ~ 3Hepr~~ 3neKTpOHa, m1/ - Macca aHT~He~Tp~Ho, TenbH~~ xapaKTep, no pe3ynbTaTaM ~x 06pa60TKV1 onTV1M~3~p6BanV1cb 
Eo - rpaH~4Ha~ 3Hepr~~ 6eTa-cneKTpa lecn~ m1/ = 01 , B(E)- <t>oH. 
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napaMeTp~ 3neKTpOHHOrO TpaKTa, onpeAenRn~Cb ycnoB~R ~3MepeH~~ 

~ OTnam~BanaCb npo~eAypa CTaT~CT~4eCKO~ 06pa60TK~. nocne npeA
Bap~TenbH~X ~3MepeH~~ 6~n~ npoBeAeH~ pa604~e cep~~ ~3MepeH~~. 

Pe3ynbTaT~ ~3MepeH~~ KamAo~ cep~~ npoxoA~n~ 4epe3 cneAY~
~~e 3Tan~ 06pa60TK~. Ha6paHH~~ B MAA cneKTp /4096 KaHanoB/ ne
peAaBanCR B KOMnb~Tep, rAe onpeAenRn~cb napaMeTp~ rpaAy~poB04

HblX n~H~~ /nonO>KeH~e ~ w~p~Ha runca/", nocne -rer-o ~ npoaonunac s 
n~He~HaR rpaAy~poBKa no AByM, n~60 TpeM penepaM. nonY4eHH~e 

3aB~C~MOCT~ E(N) ~ a(N) ~cnonb30Ban~Cb AnR 06pa60TK~ 6eTa
,t;cnexr pa Tp~T~R. 

Peayns r aru 06pa60TK~ 20 pafiouux cep~~ npuaeneua B Ta6n.1. I II 

np~ 06pa60TKe npennonaranoc s , 4TO napaser pu careruurraoro runca • 
B $YHK~~~ OTKn~Ka np~ rpaAy~pOBKe ~ 06pa60TKe 6eTa-cneKTpa I 

He ~3MeHR~TcR. 06pa60TKa 6eTa-cneKTpa npOBoA~nacb np~ $~KC~pO

BaHHblX 3Ha4eH~RX napaaer poa mv = '0, a = 0, 169 K38 ~ n~He~HO~ 
rpaAy~pOBKe, npoBeAeHHo~ no 3 penepaM. 3Ha4eH~e a nonY4eHo 
B peayns rare ycpeAHeH~R 3Ha4eH~~ a(E s)' r ne E /18,6 K38/ s 
cepeA~Ha 06pa6aT~BaeMoro Y4aCTKa cneKTpa. A~ana30H 06pa6aT~Bae

Moro 'annapaTypHoro cneKTpa COCTaBnRn 14,5722,7 K38 /600 KaHa
nOB/, 4TO n03Bon~no AOCTaT04HO AOCTOBepHO onpeAen~Tb napaMeTpbl 
¢OHa. OTCYTcTB~e KaK~x-n~60 C~CTeMaT~4eCK~X TeHAeH~~~ B rpa
$~Kax HOpM~pOBaHHbIX OTKnOHeH~~ roaopnr 0 npaaansuocra MOAen~ 

06pa60TK~ /TaK me KaK ~ 6n~3K~e K 1 3Ha4eH~R np~BeAeHHoro KP~

r epua X2/Nd/. 

3. 1. Bn ~ R H~ e '$ 0 Ha ~ Cno co 60 B Ka n ~ 6 po BK~
 

Ha pe3ynbTaTbi
 

np~BeAeHH~e B Ta6n.1 pe3ynbTaT~ nonY4eH~ np~ cB060A~~x na
paMeTpax $oHa. AnR o~eHK~ npaB~nbHOCT~ TaKo~ npq~eAYP~ 06pa60T
K~ napaMeTp~ $oHa 6~n~ onpeAeneH~ B Ka>KAo~ cep~~ oTAenbHO 
Ha Y4aCTKe 19,5722,7 K38, ~ 06pa60TKa cneKTpOB TP~T~R 6~na 

I'nponenaua C $~Kc~poBaHHbIM~ 3Ha4eH~RM~ 3T~X napaner poe , 3TO np~
1 

,1Beno K He60nbwoMY YBen~4eH~~ np~BeAeHHoro Kp~Tep~R X2 ~ YBen~ II 

4eH~~ 3Hepr~~ Eo Ha 5 38, 4TO YKa3~BaeT Ha B03MomHoe OTn~4~e 

$OpMbl $oHa OT n~He~Ho~ B A~ana30He 14,5722,7 K38. Ha 3TO yxa au '.j'.
BaeT pe3ynbTaT 06pa60TK~ Y4aCTKa cneKTpa B A~ana30He 14,57 I 
+17,9 K38 C TeM~ me $~Kc~poBaHH~M~ 3Ha4eH~RM~;$OHa - np~ 3TOM I 

Eo YMeHbw~nOCb Ha 3 38 /coOTBeTC~Be~HO, CTano OTn~4aTbCR OT pe
3ynbTaTa B A~ana30He 14,5+22,7 K38 Ha 8 38/ ~ YBen~4~nocb 3Ha
4eH~e np~BeAeHHoro X 2 • 06pa60TKa 6eTa-cneKTpoB C 3KcnoHeH~~anb
HO~ $OpMO~ $oHa YMeHbw~na 3Ha4eH~e Eo Ha 8 38 00 cpaBHeH~~ 

C n~He~HO~ ~ YBen~4~na 3Ha4eH~e npaseneaaor-o X 2. Ilpa acex 3T~X 
06pa60TKax, C pa3n~4H~M~ npeAnonomeH~RM~ 0 $opMe $OHa, ~3MeHR

noes 3Ha4eH~e napaxer pa e4 = A / CM. /9/ ~ /11//. Ecru- 3Ha4e

10 

Ta o.auua 1 
rpaHHQHWe 3HeprHH Eo gnB TpHTHeBoro cneKTpa. 
ITPHBOgBTCB TaK~e 3HaQeHHB X2 Ha OgHy CTeneHb cBo6ogbI 

X2CepHB Eo /K3B/ L\Eo /K3B/ 

1 18,577 0,007 1 ,037 
2 18,581 0,006 1,108 
3 18,568 0,007 0,987 
4 18,569 0,006 1 ,041 
5 18,559 0,009 1,052 
6 18,577 0,006 1,102 
7 18,560 0,009 1,108 
8 18,572 0,007 1, 177 
9 18,568 0,006 1,069 

10 18,580 0,006 1,013 
11 18,583 0,004 1,044 
12 18,578 0,005 1,037 
13 18,573 0,006 1,114 
14 18,566 0,007 1,192 
15 18,584 0,007 1 ,016 
16 18,579 0,007 1,015 
17 18,577 0,006 1,119 
18 18,578 0,008 1,062 
19 18,584 0,007 1,017 
20 18,566 0,007 1,103 

CpegHee /18576+2/ 3B. 

H~e napaMeTpa 94 3a$~Kc~pOBaTb, TO 3Ha4eH~e Eo np~ pa3n~4H~X 

npeAnonomeH~RX 0 $oHe ~3MeHReTCR He 60nee 4eM Ha 3 38. no 3T~M 

co06pameH~RM Mbl OCTaHOB~n~Cb Ha n~He~HO~ $opMe ¢aHa, np~ CBO
60AH~X napaMeTpax $oHa np~ $~T~poBaH~~. D~eHKa norpewHocT~ on
peAeneH~R Eo B 3aB~C~MOCT~ oT $OHa 3 38. I 

AHanor~4H~M 06pa30M onpeAenRnOCb Bn~RH~e cnoc06a 3HepreT~
4eCKO~ rpaAy~pOBK~ Ha 06pa60TKY. AnR 3Toro 6eTa-cneKTp~ 6~n~ 

nepe06pa60TaH~ C Y4eTOM AaHH~X rpaAy~pOBK~ no 2 penepaM: 14,4 
~ 19,4 K38, a TaK>Ke 14,4 ~ 31,7 K38. Pe3ynbTaT no cpaBHeH~~ 
C rpaAy~poBKO~ no 3 penepaM ~3MeH~nCR Ha 0,4 ~ -2,1 38 CooT
BeTCTBeHHO. MO>KHO c4~TaTb, 4TO T04HOCTb rpaAy~pOBK~ _2 38. 

11 



3.2.	 Bnl-1f1Hl-1e n a pa x e r p o a nen
 
Ha nonY4eHH~~ pe3ynbTaT
 

Anfl 04eHKI-1 pa36poca pe3ynbTaToB, CBfl3aHHoro C TeM, 4TO npl-1 
06pa60TKe cPl-1KCl-1pOBanOcb 3Ha4eHI-1e napaae rpa 83 = o npa E = 
= 18,6 K3B, fie r e -cnex r pu TPI-1TI-1f1 6blnl-1 nepeofipatiorauu co 3Ha4e
HI-1f1MI-1 a npl-1 14,5 1-1 22,7 K3B. nonY4eHHoe CMe~eHl-1e Eo npl-1 3TOM 
COCTaBl-1nO - 0,8 1-1 1,1 3B COOTBeTCTBeHHo. 

Anfl 04eHKI-1 Bnl-1f1HI-1f1 aCI-1MMeTpl-11-1 n<t>D Ha 04eHKY Eo cnex r pu 6bl
nl-1 nepeotipafo r auu C CI-1MMeTpI-14HO~ n<t>D 6e3 CaTennl-1THOrO nuxa . 
04eHKa Eo YMeHbwl-1naCb npl-1 3TOM Ha 11 3B. OAHaKo 3TO CMe~eHl-1e 

He Y41-1TbiBanOCb npl-1 OKOH4aTenbHO~ 04eHKe OWI-160K no Onl-1CaHHblM 
B~we co06pa*eHI-1f1M. 

3aTeM 6~na o~eHeHa npaBl-1nbHOCTb npl-1MeHeHI-1f1 npI-16nl-1~eHI-1f1, 

B KOTOPOM napaMeTp~ CaTennl-1THOrO nl-1Ka He 3aBI-1CflT OT 3Heprl-1l-1. 
Anfl 3Toro 06pa60TKa rpaAYl-1pOB04H~X nI-1H~~ npO~3BOAl-1naCb co CBO
6oAHblMI-1 d , d 1-1 d a Anfl 06pa60TKI-1 6eTanapaaerpas« ,	 -cnexr oaa	 x a 

TPI-1TI-1f1 I-1CnOnb30Banl-1Cb cpeAHl-1e 3Ha4eHI-1f1 3T~X napaMeTpOB,onpeAe
neHHble Anfl E y I J4,4 K3BI 57Co. np~ 3TOM He3Ha41-1TenbHO 1-13MeHI-1
nucs rpaAYl-1pOB04Hbie K03cl>cP1-141-1eHTbl 1-1 3Ha4eHI-1f1 napaaer oa Eo. 0 cpa
60TKa 6eTa-cneKTpoB B 3TOM npI-16nl-1~eH~1-1 Aana 3Ha4eHI-1e E = 

= 18577,0(1,8) 3B. 
o 

C Y4eTOM Bcex B03MO~H~X CI-1CTeMaTI-14eCKI-1X OWI-160K nonY4eHHafi 
04eHKa rpaH1-14HO~ 3Heprl-11-1 6eTa-cneKTpa TPI-1TI-1f1 paBHa 

E o =	 (18576±5) 3B. 1121 

C Y4eTOM 3Heprl-11-1 OTAa41-1 f1Apa pa3HOCTb Macc aTOMoB 3H _3 He 
paBHa 

~M ( 3 H - 3 He) = (1 8579 ± 5) 3 B,	 I 13I 

4TO cornacyeTcfI C 1-13MepeHI-1f1MI-1 6eTa-cneKTpa TPI-1TI-1f1 B nonynpo
BOAHI-1KOBblX nerexropax /1.2.5/. 

3AKDI'JYEHlt1E 

Peayns r a ru HacTofl~e!::1 pa60Tbl HaxoAflTCfI B cornacaa C xanopu
MeTpl-14eCKI-1MI-1 3KCnepl-1MeHTaMI-1 11,2.5/, . roraa KaK C peayns r a raaa 
APyrl-1x Tl-1nOB 3KCnepl-1MeHTOB 13.4.6-12,15.16/ ecr s paCXO~AeHI-1f1. 

npI-1MeHeHH~!::1 B HacTofl~e!::1 pa60Te MeTOA aHanl-13a OTnl-14aeTCfI 
OT Toro, KaKI-1M nonb30Banl-1Cb B pa60Tax C cPOKYCI-1PY~~I-1MI-1 cneKTpo
MeT paM1-1 13,4, 6-9, 15, 161 • TaM 1-13MepfleTcfI 04eHb He60nbwafl 06nacTb 
B6nl-131-1 r paHl-14Ho!::1 3Heprl-11-1 , rAe 1-13Y4aeTcfI cPopMa CeTa -cnexr 
pa, npl-14eM 3AeCb 04eHb Ba~HY~ ponb I-1rpaeT pa3peWeHl-1e. B Aa~Ho!::1 

pa60Te no 3Ha4l-1TenbHo!::1 4aCTI-1 6eTa-cneKTpa onpeAenfleTcfI o~I-1Aae-

M~!::1 BI-1A cneKTpa B6nl-131-1 rpaHl-14Ho!::1 3Heprl-1l-1, TaK 4TO MO~HO npl-1
MI-1PI-1TbCfI C 60nee XYAWI-1M pa3peWeHl-1eM. KOHe4Ho, 1-1 3Aecb ny4wee 
pa3peWeHI-1e 6blno 6bl norieauo , . 

nO-BI-1AI-1MOMY, He cnY4a!::1HblM aanaetca 1-1 TO 06CTOFITenbCTBO, 4TO 
ace rpaHI-14Hbie 3Ha4eHI-1f1 3Heprl-11-1 6eTa-cneKTpa TPI-1TI-1f1 13-9,15.161 

rpynnl-1pY~TCfI B6nl-131-1 APyr APyra, 4ero Henb3f1 CKa3aTb 0 pa3HOCTI-1 
Macc	 3 H - 3He • 3TO rOBOpl-1T 0 TOM, 4TO B HeKOTopblX 3KCnep1-1MeH
Tax eCTb HeY4TeHH~e CI-1CTeMaTI-14eCKI-1e norpeWHOCTI-1, I-1Me~~l-1e He1-13
BeCTHY~ nOKa np1-141-1HY. 

j" \ 

nplt1DO>KEHlt1E A 

lt130Ton 171Lu 6~n nO~Y4eH npl-1 06nY4eHI-11-1 TaHTanOBo!::1 MI-1WeHI-1 
Ha cPa30TpoHe D~n Olt1~lt1 npOTOHaMI-1 C 3Heprl-1e!::1 640 M3B. B~AeneHH~!::1 
171Lu C nOMO~b~ 3neKTpOnl-13a Ha~OCl-1nCfI Ha TaHTan. Pa6041-1e I-1CT04
HI-1KI-1 1-13rOTaBnl-1Banl-1Cb nyTeM I-1CnapeHI-1f1 B BaKyyMe npl-1 T = 1700°C 
Ha nOAnO~KY 1-13 an~MI-1HI-1f1. Bcero 1-13rOTOBneHO 3 pa6041-1x I-1CT04HI-1
Ka C aKTTBHOCTb~ 30+90 MKKI-1. AHanOrl-14HO 1-13rOTaBnl-1Banl-1Cb 1-1 rpa
AYl-1POB04Hbie I-1CT04HI-1KI-1 57Co . 

lt13MepeHI-1f1 npOBOAl-1nl-1Cb npl-1 3HepreTI-14eCKOM pa3peWeHI-11-1 cneKTpo
MeTpa 7 3B. 

Bcero npoBeAeHO 5 cepl-1!::1 1-13MepeHI-1!::1 L-nI-1HI-1!::1 1-1 3 cepl-1l-1 1-13Mepe
HI-1!::1 M-nI-1HI-1!::1, a TaK~e 4 cepua rpaAYl-1pOB04HbiX ,V13MepeHI-1!::1 K-, L 
1-1 M-nI-1HI-1!::1 nepexoAa 14,4 K3B 57Co. no nonY4eHH~M 3Heprl-1f1M KOH

/ 171 BepCI-10HH~X nl-1HI-1!::1 C nOM6~b~ 3Heprl-1!::1 CBfl31-1 B~4I-1CneH~ 3Ha4e
HI-1f1 3Heprl-11-1 nepexoAa 19,4 K3B ITa6n.2/. 

'I'atinuua 2 
Pe s yrrs r'a'rta H3MepeHlfH 3HeprHH 3neKTpqIj:OB 
BHYTpeHHeH KOHBepCHH rrepexoga. 19,4 K3B 171L u 

/ 171 
nHHHH Ee , 3B ECB' 3B E,y' 3B 

I' 

'\	 L1 8906,29(10) 10486,4 19394,69(11) 
II	 L2 9416, 14(13) 9978,2 19394,34(13)
 

L3 1045 1, 08 ( 16) 8943,6 19394,68(16)
 
M1 16997,57(80) 2398, 1 19395,67(80)
 
M2 17219,76(56) 2173,0 19392,76(56)
 
M3 17445,46(63) 1949,8 19395,26(63)
 
M4 17820,46(35) 1576,8 19397,26(35)
 
M5 17868,13(13) 1527,8 19395,93(15)
 

Cpermee E.y = 19394,2(5) K3B. 

. 13 
12
 



AIIR KOHTPOIlR B03MO>KHbIX CVlCTeMaTVl4eCKVlX OWVl6oK, CBR3aHHbiX 
C pa3I1V14V1eM pa60T~ B~xoAa pa604erO VI KaIlVl6pOB04HOrO VlCT04HVI
KOB, 6~I1V1 npoBeAeH~ Vl3MepeHVlR M-I1V1HVlVl8,4 K3B Yb, HaKOnVlBWerO
CR B OAHOM Vl3 VlCT04HVlKOB npVl oacnane 169Lu.. nOIlY4eHHaR C no
MO~b~ 3TVlX Vl3MepeHVI~ 3HeprVlR nepexoAa OTIIVl4aeTCR OT AaHH~X 

KArC He 60Ilee 4eM Ha 0,7 3B. 
C Y4eTOM B03MO>KHbIX CVlCTeMaTVl4eCKI1X CMell\eHVI~ VI nor peumocresi 

3HeprVl~ CBR3V1 nOIlY4eHHaR B 3KcnepVlMeHTe 3HeprVlR nepexoAa 
19,4 K3B 171(,u paBHa 

E = 19,394(2) K3B. 

np~JlO}l{EH~E 5 

OCHOBHO~ ~eIlb~ VlCCIIeAoBaHVlR n¢Jl RBIIRIIOCb onpeAeIleHVle 3Hep- . 
reTVl4ecKo~ 3aBVlCVlMOCTVI ee ¢OPM~ VI W~pVlHW. AIIR KOHTpOIlR npaSVlIIb
HOCTVI nOAroHKVI n¢Jl no ~-I1~HVlRM C nOIlY4eHHwMVI 3Ha4eHVlRMVI napa-
MeTpOB ofipafiaruaanuct. KX -Ay6.neTbl In . . 

CHa4aIla B Ka4eC~Be MOAeIlVl n¢Jl VlcnOIlb30BaIlaCb ¢YHK~VlR rayc
ca. XOTR npVl 3TOM nOIlY4aIlVlCb YAoBIIeTBopVlTeIlbHwe pe3YIIbTaTw npVl 
o6pa6oTKe OAVlH04H~X I1V1HVI~, CKOIlbKO-H~6YAb npVleMIIeMo o6pa6oTaTb 
KX-Ay6I1eTbl He YAaIlOCb /60IlbwVle oWVl6KVI nortyvaeaux naoaae r oos , 
HeT cor I1aCVlR C Ta6I1V14HbIMVI AaHHbIMVI, 60Ilbwoe 3Ha4eHVle npVlBeAeH
Horo KPVlTepVlRx2 / . B AaIlbHe~weM VlcnOIlb30BaIlaCb npVl60pHaR ¢oPMa 
I1V1HVIVI B BVlAe 
onVlc~Ba~~ero 

F(x) = Ad exp [ 
a 

rAe A, X VI (Jo 
a napaaerpa d 

a 
MOll\b~ ¢yHK~VIVI 

CYMMW ABYX rayccVlaHoB - OCHoBHoro VI caTeIlIlVlTHoro, 
aCVlMMeTpVl4HY~ 4aCTb I1V1HVI~: 

-

2 ' 
(x - (x 0 - d ))x 
---------] + A exp[ 

(ad ) 2 . a 

- aMnIlVlTYAa, nOIlO>KeHVle VI 
, d " VI da xapaxrepaayorx 
/14/ XopOWO onVlCwBaIlVlCb 

(x ... xo )2 

], /14/ 
2a 2 

WVlpVlHa OCHoBHoro nuxa , 
ca r ennaruuci nVlK. C no
Ka~ OAVlH04Hwe raMMa-I1V1

HVlVI, 'ra K VI KX -Ay6I1eTbl In • Hanpaxep , AIIR OAHO~ Vl3 pa604V1x ce
PVl~ o ruoureuae nnouianes Ka 1 VI Ka2 -I1V1HVI~ AIIR In paBHO .0,542 ± 
± 0,049 !Ta6I1V14HOe 3Ha4eHVle 0,533/19/ /, paCCTORHVle Me>KAY I1V1

HVlRMVI Ka ~ VI Ka2 paBHO /220 ± 27 / ~B, n pVl Ta6I1V14HOM 3Ha4eHVIVI 
207 3B/ 19 , 3HeprVlVl I1V1HVI~ /23,988 ± 24/ 38 VI /24,208 ± 13/ 3B 
npVl Ta6I1V14HOM 3Ha4eHVIVI 24,002 3B VI 24,2097 38/19/ . 

~3 3Toro 6~I1 CAeIlaH BWBOA, 4TO n¢Jl npVlH~Vln~aIlbHo aCVlMMeT
pVl4Ha. npVl4V1Ha aCVlMMeTpVlVl, CKopee Bcero, CBR3aHa C HenOIlH~M CO
6V1paHVleM sapana B rna, VI AOIl>KHa Ha6I1~AaTbCR KaK AIIR .y-, TaK 
VI AIIR $-Vl3I1Y4eHVlR B AeTeKTope. B pa60Te /5/ CVlMncoA n~TaeTcR 

06bRCHVlTb Ha6I1~AaeMX~ aCVlMMeTpVl~ n¢Jl AIIR KX- VlIIVI y-I1Y4e~ 

KOMnTOHOBCKVlM pacceRHVleM, KOToporo HeT AIIR $-3I1e~TPOHoB, 

B CBR3V1 C 4eM npVl o6pa60TKe $-cneKTpa Heo6xoAVlMO VlcnOIlb30BaTb 
CVlMMeTpVl4HY~ n¢Jl /3TO npVlBOAVlT, no ero AaHHWM, K Vl3MeHeHVI~Eo 

Ha 2,5 3B/. 3TOT BWBOA, OAHaKO, onpOBepraeTCR ero me peSYIIbTa
TaM VI Vl3 paHHe~ pa60Tw/ 1! , rAe npVlBoARTCR napaMeTpw n¢Jl AO 
VI nocIIe OT>KVlra AeTeKTopa /Ta6I1.3/. BVIAHO, 4TO aCVlMMeTpVlR 
cy~ecTBeHHo YMeHbwaeTcR nocIIe OT>KVlra AeTeKTopa. AIIR cpaBHeHVlRt
 

,1 1 
B Ta6I1.3 npaseneuu napaae r pa n¢Jl B HaweM axcnepane-rre ..
 

t T'a o.auua :3 
Ilapane r pu rrpH60pHOH nHHHH nrra MogeJIH /1/ 

F(x) = h1 exp] -(x - 8 ) 2 /2ai] +h 2exp[ -{x - 8 2 ) 2 /2ai]1 

a , 3B hlh 2 
a

2
, 3B 8 

1 1-82,3B 

,I:(aHHble gJI51 KX (Mo):
 
go OT)imra 123 0,348 215 129
 

rrocne OT)KHra 134 0,013 405 149 

HaCT051~a51 pa60Ta 
E = 19,4 K3B 169 0,11-0, IS 320-396 240-300 y 

no pe3YIIbTaTaM o6pa6oTKVI 20 cepVl~ He 6bliiO 06HapY>KeHO cy~ecT
BeHHO~ 3aBVlCVlMOCTVI napaMeTpOB CaTeIlIlVlTHoro nVlKa OT 3HeprVlVl 
B AVlana30He 14,4~19,4 K3B. B pe3ynbTaTe ycpeAHeHVlR nOIlY4eHW 
cIIeAY~~Vle 3Ha4eHVlR 3TVlX napaMeTpOB: 

da = h / h 2 = 0, 139 , dx = (8 1 - = 275 :3B, da = a1 / a 2 = 1, 589 .8 2) 

C 3TVlMVI 3Ha4eHVlRMVI napaMeTpOB npoBoAVlIIaCb o6pa6oTKa rpaAYVlpo
B04HbiX cneKTpOB VI o6pa6oTKa 6eTa-cneKTpa TpVlTVlR. 
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nepeooA O.C.BHHqrpaAoooH 

Br-udan ln V.B. et a1. p6,~88-936 

Measurement of Beta-Spectrum Boundary Energy 
of Tritium Introduced In a Semiconductor Detector 

The beta-spectrum of tritium Introduced In a SI '(Ll)-deteqor In' order 
to find the spectrum bounda~y energy Eo (and/or the 3H - SHe mass ~lfreren~ 
ce 6M, which differs from Eo by the value of the recall nucleus energy 
-3 eV In an expe r lrnen t like this) was measured. For the first time gamma... 
quanta of energy 14. 11 keV (67 Co) , 19.4 keV ('71 t.u) and 31.7 keV (182Ta) were 

'u sed to calibrate the spectrometer (earlIer this was done by means of KX- ' 
rays, Cu, Mo, Ag, etc. In similar expe r lmen t e] • This allowed more cor r ec.t 
determination of the response function parameters and energy calibration. 
All po ss lbl e systematic errors taken Into account" Eo ~/18576! 5/eV, ',whlch 
agrees with the, data of other "calorimetric" experiments. The difference 
in 6M with the data of the experiments carried out on the magnetIc and 

' e l ec t r o s t a t i c spectrometers still remains, and its nature, probabl,y of the 
:I s,y s t ema t l c character, Is not clear yet., 

The ~nvestlgatrdn has been performed ~t the Labo~atory of Nuclear 
" problems, JINR.

PYKOnYlCb nocTynYlna B Yl3AaTenbCKYl~ oTAen 
' 
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