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l.BBeJJ.eHHe 

B pa6oTe II 1 ony6m:IKOBaHhi peaynbT8Tbi ~:~ccneAOBaHHH aoBoro 1:130Mep­

aoro COCTogal:lg Ue3Hg. Ha OCHOBe H3MepeHHbiX ~YHKUI:Ill B036yMAeHHg 3TOI'O 

1:130Mepa H nepeKpeCTHblX peaKUHll 8BT0pbl 38KnJO'ii:IJIH 1 'ITO H30Mep C 60Jib­

IllOH BepogTHOCTb!O OTHOCI:ITCg K Hei:I3BeCTHOMY paaee 1:130TOITY 
1 
ncs . CneK­

TpOCKOITI:I'leCKI:Ie A8HHbie 1 nony'leHHbie C ITOMOIIlbiO CUHHTI:InngUHOHHOI'O H KpeM­

HHeBOI'O ):leTeKTOpOB 1 YK83biB8JII:I Ha · TO, 'ITO C 1:130MepHOI'O COCTOgHHg Ha6-

nJOA8eTC51 M2-rrepexoA. 0AHaKo ae rrpeacTaBJignocb B03MOMHbiM caenaTb 

38KJIIO'l9HHe 0 ITpHpOAe 3TOI'O H30Mepa. 3H8'lHTeJibHbie yCOBepweHCTBOB8HH g 

sKcnepi:IMeHTaJihHOii: TeXHHKH, T.e. rrpHMeHeHHe Ge(Li) -AeTeKTOpa 1:1 6ea-

Meneaaoro Topo~:~aanbaoro (3 -cneKTpOMeTpa H8 ITY'lKe TgMeJibiX HOHOB UI:IK-

noTpoaa Y -300 A8JIH B03MOMHOCTb ITOAp06Hee I:ICCJieAOB8Tb 3TOT H30Mep. 

M3y'leHHe HMeHHO 3TOI'O g):lpa Kpaii:He HHTepeCH0 1 IIOTOMY 'ITO IIO paC'leTaM 

ApceabeBa, Co61:1'leBCKoro 1:1 ConoBbeBa 
121 

oao AOJIMHO xapaKTep~:~aoBaTh­
cg OTpHU8T9JibHOll Ae~OpM8UI:Iell. 

2. 3KCIIepH:MeHTanhHhie pe3ynhT8Tbl !1CCneJJ.OB8Hl1H 

122m 1 
H30Mepa C s ( T ~ = 0,35 ceK) 

T . 6 t'1> I 
HIIH'lHbiH y -crreKTp, IIOJiy'leHHbiH IIpH 0 Jiy'leHHI:I MHIU9HH n 

(cTerreHh o6oraiUeHHg 66%) ycKopeHHbiMH I:IOHaMH 
12 C c saepr1:1eii: 68 MsB, 

10 9 A ( ) 1s O a T8KMe MI:IIlleHI:I g CTeiTeHh o6oraiUeHHg 97% HOH8MI:I C 3Hep-

I'I:Ieii: 94 M3B 1 IIOK838H Ha pi:IC. 1. B OTJIH'll:le OT CTaporo CUI:IHTHJingUI:IOHHO-
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faMMa-cneKTP 11~s , nony'leHHbill a peaKUHH In( C,3n) Cs. 
TomunHa MuweHH In :~ 8 Mr•CM-2, creneHb o6oraweHHSI -66%. 
CneKTp H3MepeH Ge( Li) -neTeKTOPOM c o6'beMOM 4,5 CM3. BpeMSI 

o6ny'leHHSI: 0,52 CeK, 38)lep*K8 OT KOHUS o6ny'leHHSI )lO HB'Iana H3-

MepeHHSI: 24,7 MCeK, H3MepeHHe ClleKTpOB llpOBO)ll!nOCb B 8 nnOCKOC­

TSIX llO 0,2 CeK KS*llBSI, noKS38HHbil! ClleKTp npe)lCTBBnSieT p83HHUY 

(1,+2,) -(7,+8,) nnOCKOC,Tel!, 3HSK fJ yKB3biBSAT HB MeCTO HBXO*-

)leHHSI HCKOMOll nHHHH E = 47 K3B, y 
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ro cneKTpa B HeM Ha6nmnamTCH BMecTo WHpoKoro pacnpeneneHHH npH aHep­

f'HH 98 :!:_ 5 K9B TpH f'8MM8-nHHHH C 9HeprHHMH 63, 82 H 95 K9B 1 COOTBeTCTBeH­

HO, ( Mbi He C'IHTaeM nHHHID c aHeprHefi Ey = 54 K9B H T ~ = 0,5 ceK, Ko­

TOpaH B03HHKaeT B Ge(Li)- neTeKTope BcnencTBHe peaKUHH
93 Ge(n,n') 73 ,;e). 

HneHTH~HK8UHH 9THX Tpex nHHHfi npoBOQHnacb no nepHonaM rronypacnana H 

~YHKUHHM B036y:>KQ9HHH. nHHHH c 9HeprHHMH E y= 63 K9B H E y= 95 K9B 

pacnanamTCH c nepHonoM nonypacrrana T ~ = 1,55 :±: 0,15 ceK. Hx ~yHKUHH 
109 18 127...,. 

Boa6y:>Ktl9HH H B cny'lae peaKUHH Ag( 0, x n) Cs peaKo oTnH'IaeTCH 

oT ~YHKUHH B036y:>KtleHHH nHHHH c aHeprHefi Ey = 82 K9B (pH c. 2). HaMe­

peHHhifi no nHHHH E y '?' 82 K9B nepHOtl rronypacnana cocTaBnseT T ~ = 

(0,34:!:, 0,08) cex. 3To 3Ha'leHHe oTnH'IaeTcH OT nepHona rronypacrrana 

T \,1 = (0,50_: 0,05) ceK, naHHoro B pa6oTe.ll/, 0TKnoaeHHe o6ycnoBneHo 
11~ 

TeM, 'ITO npH o6ny'I9HHH MHlli9HH In BCerna oopaayeTCH H8 rrpHMeCHX 

11 S I 115 J ( 1 2 C 4 ) I 2 3 C ) 123m C 0 ( B peaKUHH 0 , 0 S 1 ,6-ceKyHtlHhifi H30Mep S , 

KOTOphlfi naeT BKnan B y -crreKTp. BBHtlY 9THX OOCTOHTenbCTB Mbl BHOBb 

1o9A ) onpe,denHnH C nOMOIUhiD 'IHCTOfi MHW9HH g ( CTeneHb 000f'81U9HHH 97% 
109 lS 121 -'t 

B peaKUHH Ag( 0, x n) s MaccoBoe 'IHcno H30Mepa c Ty, 
=0,34ceK (pHc,2), nono:>KeHHe M8KCHMYM8 ~YHKUHH B030Y:>Ktl9HHH 9TOf'O H30-

Mepa COBnanaeT C M8KCHMYMOM ~YHKUHH B030Y:>Ktl9HHH OCHOBHOf'O COCTOHHHH 
1U 

Cs • no rrono:>KeHHID MaKCHMyMa nony'laiDTCH cnenymiUHe xapaxTepHhie 

cooTHomeHHH Anexcaanepa H CHMOHOBa !3,4/ 

X =4: 
(4 

= 9,9 + 0,7 Maa 4 

X= 5: 
(5 

= 5,7 + 0,6 Maa 5 

X =6: 
(6 

= 3,2 + 0,5 Maa . 6 

no 9THM tl8HHhiM y -nHHHID E r = 82 K9B Mbl MO:>KeM npHnHC8Th H30To-
H2 

rry Cs , 3TOT peaynbTBT H8XOQHTCH B cornaCHH C OTHOCHTenbHhiM Xo-
1~u. •m Cs tlOM ~yHKUHH B030Y:>Ktl9HHH H30Mepa 

l.:!lm 
Mhi HMeeM neno c H30MepoM Cs. 
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PHc,2. Cl>yHKUHSI aoa6lKyneHHSI H30Mepa 1 Cs a peaKUHH Ag( 0,5n) Cs. 

To.riumaa MHWeHH Ag 4 MI'•CM-2 ( aa nonnolKKe H3 AI TOn"' 

WHHOll ·2,7 MI'•CM-2 ), AI SIBnSieTCSI c6opHHKOM Slllep OTila'IH, CTeneHb 

o6or-aweHHSI H30TOna 109 A g 97%. 
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I 
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123m Cs 

3 I 
~ 
~ 
82 ., 
C) -)( 

700 800 QOO 1000 
Hf?lGcmJ 

J22mr 
PHc.3, CneKTp KoaaepCHOHHbiX anexTpoaoa Cs , H3MepeaHbill aa To~o-

HilanbHOM {3 -cneKTpOMeTpe Ha ny'IKe B peaKUHH 
13 In( 12 C,3n) I 2 Cs . 

Ton!llHHa MHWeHH 
113

1n : ~2,0 MI'•CM-2 ; CTeneHb o6oi'a!lleHHSI- 66%, 
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122m 1 
CneKTP KOHBepCHOHHhlX sneKTpOHOB H30Mepa Cs 6hin HCCneaoBaH 

B aHana30He SHeprHH OT 32 llO 153 KSB. Ha_pHC. 3 ll0K838H yqacTOK H3Me-
11.l }2 122m 

peHHoro cneKTPa, nonvqeHHOro B oeaKUHH In(·., C,3n) 1 Cs • KooMe nu-
11:\m 

HHH, npHHaane>KaJO!IlHX H30Mepy Cs , Ha6nJOll8JOTCSI K- , L - H M -

nHHHH y -nepexoaa 81,5 KSB, a T8K>Ke nHHHSI E = 41,3 K9B, CpaaHeHHe 9K­

cnepHMeHTanbHoro OTHoureHHSI K/ L = 1,6 :!: 0,5 anSI nepexoaa 81,5 KSB c 

TeopeTuqeCKHMH 'aHaqeHHSIMH ( T86nHU8 1) npHBOllHT K BbiBOlly, qTo MynbTH­

nonbHOCTb sToro nepexoaa nH6o E2, nH6o M2+ E3 (npHMecb E3 nopSillKa 

10%). 

Ta6nuua l 

TeopeTH'IeCKHe OTHOIU9HHSI K/L H nepHOJlbi nonypacnaaa 

no BaiicKompy anSI pa3HbiX MynbTHnonhHocreil rrepexoaa 

81,5 K3B, Ko3!jJ!jJHUH9HTbl BHyTp9HH9H KOHBepCHH B3S!Tb! 

H3 pa60Tbl /5/ 

MynhTHnonbHOCTb El E2 E3 E4 Ml M2 

aK /a L 7,2 1,7 0,28 0,06 7,4 4,4 

M3 M4 

1,66 0,6 

T Yz <". o .> ( ceK) 4·10-! 3 8·10-7 9·10-l 8o!05 I 5.10-ll 2.105 23 4·104 
I 

-. 
MynbTHnOnbHOCTb M3 He HMeeT MecTa, noToMy qTo TeopeTuqecKoe aHaqeHue 

nepuoaa nonypacnaaa anSI oaHoqacTuqHoro M3-nepexoaa B 60 paa npeBhiWaeT 

SKCnepHMeHTanbHyJO BenuquHy. llnS! STHX B8pH8HTOB MynbTHnOnbHOCTeH Mbl 

onpeaenunH ToqHo ueHTp TSI>KeCTH L -nHHHH. 11aMepeHHOe T8KHM o6paaoM 

paccTOSIHHe K- H L- nnHHH .1EKL = (30,6 :t 1,0) K9B xopouro coanaaaeT 

C O>KHll8eMOl!: aenuqHHOl!: anSI 8TOM8 Ue3HSI ,1E Kdtheor) = 30,6 K9B, llnS! 8TO-

MOB Xe H 1 COOTBeTCTBYJOUIHe BenHqHHbl COCTaBnSIJOT .1EKL(Xe)= 29,5 °K9B 

H .1 EK(I) = 28,3 KSB. KoHaepcuoHHaSI nHHHSI c sHepruel!: E cE= 41,3 K9B He 

HMeeT COOTBeTCTBYJOUiei!: nHHHH B y -cneKTpe, 4T06hi aOK838Tb 1 qTO OH8 
122m1 

OTHOCHTCSI K H30Mepy Cs 1 Mbl H3MepHnH H CpaBHHnH anSI nHHH:l!: 

E cE = 41 ,3 KSB H E CE = 45,5 KSB ( K81 ,5 KSB) nepHOabi nonypacnaaa H 

<I>YHKUHH aoa6y>KlleHHSI. B paMKax SKCnepHMeHTanbHhiX norpewHOCTel!: nepHo­

llhi nonypacnaaa o6eHX nuHHl!: xopouro coanaaaJOT H aaJOT cpeaHee aHaqeHue 
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SECONDS 

PHc.4, KpHBa!l pacna)la, H3MepeHHa!l no nuHKH K81,5 K8B, 
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Puc,6. <l>yHKUHH aoa6ylKll9HHSI peHTreaoacKoro nHKa, nuauil K81,5 K3B, 1u., 
L 81,5 K3B H L 47 K3B1 cooTaeTcTaeaao a peaKUHH 

113 In( 12 C, 3n) tCs. 
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T Yz = 0,35 ± 0,07 eex (eM. pHe. 4 H 5). Taxoil: )1(9 pesynhTaT nonyqaeTe51 

npH epaBH9HHH ~YHKUHH B036y)KA9HH51 nHHHH sneKTpOHOB BHYTP9HH9M KOHBep­

eHH ( pHe. 6). (OTxnoHeHHe ~YHKUHH Bos6y)KA9HH51 nHHHH EeE= 41,3 KSB 

o6yenoBneHO TPYAHOeT51MH H3MepeHH51 HH3K09HepreTHqeeKHX sneKTpOHOB). 

f1o sTHM AaHHhiM Mbi saxmoqaeM, qTo nHHH51 EeE = 41,3 K9B B03HHKaeT npH 
122m1.., , 

pa3p51A9 H30Mepa vS , ToT ~aKT, qTo He Ha6moAaiOTe51 eOOTBeTeTBYIO-

lliH9 "L, H "M " -nHHHH, npHBOAHT K Bb!BOAY 1 qTo 9Ta nHHH51 npeaeTaBn519T 

L -nHHHIO y -nepexoAa e sHeprHeM E y = 47 KsB. To, 'iTO B y -eneKTpe 

He Ha6niOaaeTe51 eOOTBeTeTByiOllieH y -nHHHH, 3aTpyAH519T onpeaeneHHe 

MynhTHITOnhHOeTH 9TOI'O nepeXOAa. Y!3 raMMa-eneKTpa Mbl M0)!(9M OU9HHTh 

aepXHIOIO rpaHHUY OTHorneHH51 I y (47 xsa)/ I y (82 KaB) < 0,35. C no­

MOllihiO 9TOH BenHqHHbl MO)KHO onpeaenHTh HH)KHIOIO rpaHHUY K09~~HUH9HTa 

a L ( 47 K9B). KpoMe TOI'O eneKTp, nonyqeHHb!H e Nai( n) -Ae'I'eKTOpOM, no3-

BOn51eT rpy6o OU9HHTh OTH0lli9HH9 HHTeHeHBHOeTeM peHTI'9HOBeKOI'O ITHKa 

( ~x) H nHHHH E y = 82 K9B ( I y (82 KaB}). 8To OTHorneHHe eoeTaBn51eT 

B aaHHOM enyqae Ikx/I y (82 xaa) > 16 X/, Ylcnonh3YH ypaBHeHHe 

Ikx =wk[a'k (47 K9B}• I y (47 KSB} + ak (82 K9B} Iy (82 K3B}] 

( W k - Bb!XOA ~niOopeeueHUHH ) 1Mb! M0)!(9M OU9HHTh HH)KHIOIO rpaHHUY K09~ 

~HUH9HTa a k ( 47 K9B), f1peanonara51, qTQ B nepBOM B8pHaHT9 MYnhTHITOnb­

HOeTb nepexoaa 81,5 K9B - E2, a BO BTopoM BapHaHTe - 90% M2 + 10% E3, 

Mbl" nonyqaeM eneayiOlliHM Ha6op aaHHhiX ( Ta6nHua 2). 

Ta6JIHUa 2 

nepexoa 81,5 KSB 47 KSB 

E2 ak(47KSB)>45; aL(47 KSB)> 3,7 
MynbTHnonbHOCTb 

90%M2+10%E3 ak(47Ks'B)>6; aL(47KSB)>25 

CpaBHHM STH aaHHbie anH nepexoaa E = 47 KSB c TeopeTH'IeCKHMH 
y 

3H8'I6HHHMH B Ta6nHU6 3: 

x/ 
B HOBbiX H3MepeHHHX Mbi nocTapanHcb yMeHbliiHTb BKnaa oT H30Mepa 

123 Cs B CUHHTHnnHUHOHHOM cneKTpe. 

12 1),, 
'i~" 

Ta6n11ua 3 

TeopeTH'IeCKHe K03~~HUH6HTbl BHyTpeHHeA KOHBepCHH 
/5/ 

anH nepexoaa 47 KSB 

MyllbTHnonbHOCTb M1 M2 M3 M4 E1 E2 E3 E4 

ak 7,09 125,4 801 3657 1,5 8,33 28,1 85 

a L 0,94 36,7 1463 49677 0,22 17,8 1075 38081 

Y!3 9TOI'O epaBH9HH51 eneayeT, qTQ H93aBHeHMO OT MynhTHITOnbHOeTH nepeXO­

Aa Ey= 81,5 K9B MynhTHnonhHoeTH E1, M1 H, no-BifAHMOMy, E2 ang nepe­

xoaa Ey = 47 xaa HeB03MO)!(Hbi, Bee apyrHe aapHaHThi, T.e. nepexoAbi e 14s­

MeHeHHeM enHHa 6onhlli9 9AifHHUhi, pa3p9lli9Hhl, f1o H3M9p9HHOMY nepHOAy 

nonypaenaaa MO)KHO Bhi6HpaTh KaK eaMbie Bepo51THhie BapHaHThi E3, M2 nH6o 

E3+M2. 

A BTOpbl Bblpa)Ka!OT rny6oKyiO 6nai'OAapHOeTb ax an, f .H, ¢nepoBy 3a HH­

Tepee K pa6oTe, E. fleBHTOBHqy H Y. XareMaHHy sa yqaeTHe npH lf3MepeHH­

srx H 10, lOHKep 3a ITOMOllih npH o6pa60TK9 AaHHb!X, 
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