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1~ Bse,geHne 

6 
/1-4/ 

B pH.oe pa oT noKaaaHo, 'ITO y Heii:TpoHo.oecpnunTHoro ,H.opa HT-

TpHH C MaCCOBbiM 'IHCnOM 85 CyiUeCTBYIOT .OBa H30Mepa C:· nepH0.08MH nony-
/3/ . ' 

pacna.oa 2,68 H 5 'lacos. EeTa-n raMMa-cneKrpbi 9THX naoMepos nay'la~ . 
. 6 /2,3,5/ . . . . . . 

nHcb spa oTax , o.oHaKo,nccne.oosaHHH raMMa-cneKTpos nposo.onnHcb 

B ''6 . i3,5/ . 
TOnbKO C. TIOMOIUblO CUH.liTHnnHUHO.H.liOH T9X.HHKH. pa OT8X, c:.oena.Hbi 

86 
nepBbie non·biTKH nocTpOHTb cxeMy soa6y;lK.!l9.H.HhiX yposneii: Sr . na . pacna;-

80 y .oa. 

B nacToHmee ·BpeMH nay'lenne H.opa npno6peTaeT see 6onh-

IIIHH H.HTepec, OC06e.H.HO B CBH3H C pa3BHTH9M npe.OCT8Bn9.HHH 0 M~OI'O'laC-
86 . 

TH'l.HbiX ypOBHHX. $r .OnH TIOHCKOB T8KHX ypOBHeti: y.oo6e.H .6naro.oapH 6onb-
. . • 86 ) 

moii: aneprnn pacna.oa Y ( . 9."' 3300 KaB • IToaToMy Mhi npe.orrp.H.HHnH 

nccne.oosanne cxeM pacna.oa nao~epos 80 y H TaK;ll<e 80 m Sr 

86 

2. 3KcnepHM9HT8nb.H8H 'l8CTb 

2.1. ITpnroToBnenne HCTO'IHHKOB 

. ~. ' 

.. 

· 06a naoMepa Y nony'lanncb npn o6ny'le.HHH Sr Cl HnH · MeTannu·.:.. 

'l9CKOI'O Nb npoToHaMH c aileprneti: 120 H 660 Mas; cooTsl::iTcTBeH.Ho Ha 

BHyTpeHHeM ny'IKe CHHxpounKnoTpoHa OIHII1 c nocne.oyromnM XHMH'leCKHM 
/6,7/ 

Bhi.oeneHHeM, onuca.HHhiM. B • 
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Slim Sm. nonyqancSI KaK '~:to'l:epHHfi npoAYKT 'npn pacna~:te 2 1 88-qacoBoro ... . . 
8~ . . . 

a qacTH'IHO TaK:lKe 5-qacoBoro Y H BbiAenSincSI ns cMecn. Y-+ Sr aK-

CTpaKUHefi y AH:...2- 8THnreKCHllOpTo$oc<jlopHofi KHCllOTOfi C nqcneAYIOIUHM 

yJ:taneHHeM npHMecefi Ha I'HApOOKHCH :lKenesa. 3aTeM oca)K):(allCSI ·SrCO 3 . ... . 
n.er? pacTBop B HCI 

poB. 

Clly:lKHll npenapaTOM ):(1151 HCCll9AOBaHHSI raMMa-cneKT-

2.2. YcnoBHSI H pe~ynbTaTbi nsMepepnfi 

JinSI nsMepeHHSI raMMa-cneKTpoB Y n Sr OblllH ncnonbsoBaHbi ABa 
.. 3 

~:teTeKTopa Tnna Ge { Li) c qyBcTBHTenbHbiMH o6'beMaMH 61 3 n 10 cM c aHep-
60 

reTH'l:eCI<;HM paspeiiieHHeM 3 1 5 - 5 KaB anSI raMMa-nepexoaoB Co ·• AM-

nnnTyllHbi:II: aHanns ocymecTBllSillCSI 4096-KaHanbHbiM aHannsaTopoM. 

KanHopOBKa no 8H9pi'HSIM H. HHT9HCHBHOCTSIM npOBOilHllaCb C nOMO!UbiO 
. 169 226 

raMMa-nepexoaoB cTaHaapTHbiX HCTO'IHHKOB Yb H Ra.' H- HsBecTHbiX 

86 y . . "' nepexoaoB nso~ona 1 npncyTCTByromero B nsMepSieMOM npenapaTe. vHep-

·I'HSI :lK9CTKHX raMMa_-nepeXOilOB onpeaenSinaCb no nHKaM llBOHHOI'O Bblll9Ta. 

J1CXOilSI H3 TO'IHO H3B9CTHOfi pa3HOCTH 8HeprHfi nHKa llBOfiHOI'O Bblll9Ta H COOT-. . 
B9TCTBYIOIU91'0 ljJOTOnHI<;a 1 · Mbl nonyqanH Cll91lYIOIUYIO TO'IKY Ha KannopOBO'IHOfi 

KpHBofi. DriSI Haae:lKHOfi HHTepnpeTaUHH ljloTonHKOB H nHKOB · BbllleTa ncnonb-

. 30BanaCb KpHBaSI 1 npellCTaBllSIIO!UaSI OTHOIII9HH9 nnomaaefi nHKOB llBOfiHOI'O, 
. . /~ 

H OllHHO'IHOI'O Bblll9Ta K nnomallH ljloTonHKa B 3aBHCHMOCTH OT _ Ey • 
·rr s-~y OMHMO B HTTpH9BbiX HCTO'IHHKaX npHCyTCTBOBallH TaK:lKe H30TO- . 
84. · 86 · 87 · · 87m 8S 

nbl Y (39 M) 1 Y ( 141 6 '1) 1 Y (80 '1) 1 • Y ( 1215 q) H _}'-

( 105 llHo) • l.JTOObl H30aBHTbCSI OT 84 Y 1 Mbl Ha'l:HHanH H3MepeHHSI cnyCTSI 

2-3 qaca nocne KoHua o6ny'l:eHHSI1 Koraa 84 Y y:lKe B sHa'l:HTenbHofi Mepe 

u · . 87 y· o7m y 88 y -pacnancSI. ,To KacaeTCSI _1 H - 1 To HX cneKTpbi npocTbi 

H XOpOIIIO H3B9CTHbi1 TaK 'ITO Bbi'I9CTb HX BKllall H3 OOIU91'0 'crieKTpa He npell

CTaBllSillO HHKaKoii TPYilHOCTH. Eonee cno:lKHoii oKasanacb·saaatia yqec,.h 

4 

. ' ' 

1 

I 

I 

I 
;I 

--1 

I 

86 . 

BKnaa Y · 1 cneKTp KOToporo O'I9Hb 6oraT. XoTSI Mbl er 
. . . . /6/ . 

BOllbHO noapo6Ho OT):(9llbHO 1 B H9KOTOpbiX Clly'l:aSIX H3,-31 

CyTCTBHSI Mbl CMOI'llH .· onpeaenHTb HHT9HCHBHOCTH nepeXOilO 

co cpaBHHTenbHO 6onbruofi norpeUHoCTbiO. 
. 811 

11sMepeHHSI raMMa-cneKTpoB Y Br>m S 
H r npo~:ton 

llO HX nonHero pacna~:ta. flpHHaane:lKHOCTb aa6nro~:taeMbiX r 

K OTA9llbHbiM I;l30Mep~M onpeaenSI~aCb no 3Ha'l:9HHSIM nepnc 

a TaK:lKe no COXpaHeHHIO 'OTHOII.JaHHH HX HHT9HCHBHOCTeil: · B.( 

paTaMH 1 nony'l:eHHbiMH pasnH'l:HbiM -o6pasoM. 

Ha pnc. 1 n 2 nso6pa:lKeHbi oTaenbHbie yqacTKH raMM 
- . BC> y 85m S 
MepoB H - r 

1 cooTBeTCTBeHHo. DaHHbie oi5 a; 
' . . ' 

TeHcHBHOCTSIX raMMa-nepexoaoB1 'conpoBO:lKAaromnx pacnail J 

H 
85

m Sr 1 npHBeaeHbi B Ta6nnuax 11 2 H 3. 3aecb :lKe :np 

' /315/ cpasHeHHSI AaHHbie1 nony'l:eHHbie B pa6oTax _·. 

3. 0 pacnane St>m Sr 

~30M9pHoe COCTOSIHHe 85m Sr 
T~ = 70 MHH.) ] 

MSI KaCKallHbiMH nepexoaaMH C 8HeprHSIMH 7 H 232 KaB; nat: 

npSIMbiM nepeXO):(OM C a.lfeprHeii 239 Ka·B H
1 

KpOMe TOI'0
1 

ny 

ro saxBaTa c nocneayroinnM nsny'l:eHHeM raMMa-KBaHTPB c 
.. 85 /8/ . . ) 

pacna~:taeTCSI B Rb ( cM. TaK:lKe puc. 3 • 

B raMMa-cneKTpe 8 am Sr Ha6nroaanncb nepeXOilbi H 

Dnsr oTHoiiieHHSI nx HH~eHCHBHOcTefi Mhl nonyqann sHa'l:eHne . 

11cnonbsysr aToT peaynbTaT H npnsneKaSI· aaHHbie o6 OTHOCH'l 

CHBHOCTSIX KOHBepCHOHHhlX nepeXOilOB 232. H 239 KSB ( J . 
/9/ . . . K -, 

= 15:_21 2) H3 paOOTbl 1 a TaK:lKe 3Ha'l:9HHSI KOaljlljJHUH9HTOB 

a =·0 1041; a . = 0 1027; .a . 
K-1110 K-232 K-239 

5 



tne 2,B87~acoBoro 

3 cMecn 'y ... sr aK

noTofi C nocnenyJOIIIHM 

Ca)I(JlaJlCSI -~r CQ 3 

enoBaHMSI raMMa-cneKT-

oiJlM MCnOJ1b30BaHbl nBa 

-1M 6,3 M 10 ~~3 C aHep-

60Co 
pexonoB '• AM-

>BonnnaCb C noMOIIIb!O 
226 

Ra.: n naBeCTHbiX 

,geMoM npenapaTe.' 3Hep-

:aM nBofiHoro BbmeTa. 

nBofiHoro BbiJleTa M COOT

)qKy H~ Kann6poBoqHofi 

MKOB. BbiJleTa MCnOJlb;.. 

crej nMKOB nBofiHoro .. 
/6/ 

.tOCTM OT Ey • 

'CTBoBann TaKme riaoTo- ·.'. ·., 
7m · ) 88 . Y ( 12,5 q M .l 

m M3MepeHMH cnycTSI 

B 3HaqnTeJ1bHOfi Mepe 

, .nx cneKTpbi npocTbi 

J6mero'crieKTpa He·npen

IaCb "aanaqa yqecTb 
l 
l 

s6 y 6 X BKnan , cneKTp KOToporo oqeHb oraT. OTSI Mblero nayqnnn no~ 
/~ . ' ' 

BOJlbHO nonpo6Ho oTnenbHO , B HeKoTopbiX cnyqaSJx na,-aa ero npn-

.85 y CyTCTBMSI Mbl CMOrJlM onpeneJlMTb MHTeHCMBHOCTM nepexonoB . ' TOJlbKO 

CO C paBHMTeJlbHO 60J1biiiOfi norpeiWOCTb!Oo. 
' 85 8 

HaMepeHMSI raMMa-cneKTpoB . Y n :>m Sr npononmanncb BnnoTb 

no nx nonHero pacnana. ITpnHannemHoCTb Ha6nronaeMbiX raMMa-nepexonoB 

K oTnenbHbiM ~aoMep~M onpenenSinacb no aHaqeHHSIM nepnona nonypacnana, 

a TaKme UO . coxpaHeHH!O · OTHOIIIeHHfi HX MHTeHCHBHOCTefi . B 'oilbi~8X c npena

paTaMM, nonyqeHHbiMH paannqHbiM .o6paaoM. 

Ha pnc. 1 n · 2 nao6pameHbi oTnenbHbie yqacTKH raMMa-cneKTpoB nao

.MepoB S:> Y H SOm Sr , COOTBeTCTBeHHOo naHHbie 06 .SHeprHSIX li MH

TeHCHBHOCT.IIX raMMa-nepexoaoB, conpoBo)I(Jlaromnx pacnah' naoMepoB 86 Y 
85m Sr 

, npnBeneHbi B Ta6nnuax 1, 2 n 3. 3necb me ~npnBeneHbl nim 
/3 5/ 

cpaaiieHHSI naHHbie, nonyqeHHbie B pa6oTax ' • 

., 
8Dm 

3. 0 pacnane · Sr 

HaoMepHoe cocToSIHMe 85
m Sr = 70 MMH.) 'p'aapgmaeTcSI nny-

.,' , ' 

MSI K8CKanHbiMH nepexonaMH C aHeprHSIMH 7 H 232 KaB; . UapanneJlbHbiM 

npSIMbiM nepexonoM c a!Ieprnefi 239 KaB n, KpoMe Toro, nyTeM aneKTpOHHo.

ro aaxBaTa c nocnenyronmM nanyqeHneM raMMa-KBaHTPB c aHeprnefi 152 KaB 
·' 85 /8/ ' . ·. 

pacnanaeTCSI B Rb . (eM. TaKme pnc. 3). 

B raMMa-cneKTpe Bam Sr Ha6nJOn8J1MCb nepexonbi 152 M 232 KaB. 

nml OTHOIIIeHHSI HX HHTeHCHBHOCTefi Mbl nonyqnnn anaqe~ne 0,14 ( CM. Ta6n.3). 

I1cnOJ1b3ySI 3TOT peaynhT8T H UpMBneKaSI naHHbie 06 OTHOCMT9JlbHbiX HHTeH-

CUBHOCTSIX KOHBepCHOHHb!X UepexonoB 232 H 239 KaB ( J . 'd 
/9/ · · . K -232 K'-239 

= 15:_2,2) na pa6oTbi , a TaKme aHaqeHHSI KoacjlcjlnunenToB KOHBepcnn 

a = 0,041; 
K -232 

= 0,027; a K-
23

.
9 

• = 1,6 na pa-a 
K -150 

5 
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/10 11 12/ 6oT 1 1 , COOTBeTCTBeHH0 1 Mbi onpenemrnn HHTeHCHBHOCTH OTJlenbHbiX 
8Dm 

BeTBefi pacnana Sr 
\1~ 80m 

• l1s STHX naHHi>tx BbiTeKaeT, 'iTO Sr pacna-

)laeTCH B OCHOBHOe COCTOHHHe nocpeJlCTBOM npHMOrO nepeXOJla-239 KSB 

B 0,5% cnyqaeB, nocpeJlCTBOM K8CK8Jl8- 7 H 232 KSB B 87,1% cny'lilE~B H B 

. - 811 Rb 12,4% cnyqaeB npeBpamaeTCH B nyTeM aneKTpOHHoro saxBaTa co 

' 
3Ha'ieHHeM fg f t = 4,5. llnH onpeneneHHH 3Ha'ieHHH fgft 6bmo ncnonb-

30B8HO 3HS'ieHne Q 1025 KSB nnH nonaofi aaeprHH pacnana ocHOBHoro 

85. ' /13/ 
COCTOHHHH Sr .-

4. CxeMa 
81i 

ypoBHefi Sr , Bos6y)l{naeMbiX npH pacnane 

HsoMeooB 
85 y 

4.1. ITocTpoeane cxeMbio EanaHc nHTeHCHBHOCTeii. 3aa'ieHHH fg ft 

. 85 
ITepBbie nonbiTKH nocTpoHTb cxeMy i3os6y)I(JleHHbiX ypoBHeii Sr 6hi-

/3 5/ + 
nn cnenaHhi B pa6oTax ' aa ocHoBe nsMepeHnfi y -cneKTpa, {3 -cneKT-

pa, {3- y n y-y coBnaneHnfi. Hamn naHHhie nosBonnnH · yTo'iHHTb aaeprnro 

HeKOTOpbiX B036y)I(JleHHbiX ypOBHeii H cymeCTBeHHO JlOfiOnHHTb cxeMy 1 BBeJlH 

uenhifi pHJl HOBhiX ypoBHeii. 8To 6hmo cnenaao Ha ocHoBe 6anaaca aaeprnii 

n nHTeHcimHocTefi. ITpenno)l{eHHaH HaMn cxeMa Bos6y)I(JleHHhiX ypoBHefi 
85

Sr 

npencTaBneaa Ha pnc. 3. 

KaK BHJlHO ns cxeMbi pacnana 
811 Y H ns Ta6n. 1 n 2, He aa6nrona-

85 . 
eTCH H30MepHbifi nepeXOJl Me)I(Jly o60HMH COCTOHHHHMH Y o -CneKTpbi 

85 
raMMa-nyqeii 5-qacoBoro n 2,68-qacoBoro nsoMepoB . Y pasahxe, sa i 

HCKniO'ieHHeM raMMa-nepeXOJl8 C SHeprnefi 232 KSB1 KOTOpbifi HBnHeTCSI 

o6mnM nnH pacn.ana . o6onx nsoMepoB. llnH Toro 'iT06hi i:xonBecTn 6anaac 

naTeHcnBHocTeii npn .pacnane o6onx nsoMepoB, 6bmo aeo6xonnMo ycTaHo-

BHTb BKnBJl K8)1(JlOrO H3 HHX B HHTeHCHBHOCTb STOrO nepeXOJl8o 

10 
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HTeHCHBHOCTH OTnenbHhlX 
80m 

!KaeT, "'TO Sr pacna-

,ro' nepexona · 239 KaB 

9B B 87,1% cny"laeB H B 

!KTpOHHOrO 38XB8T8 CO 

HlHI. fgft 6bmo · ncnonb-

eprnn ·pacnana ocHOBHoro 

laeMbiX rrpH pacrrane 

)CTefi. 3Ha"leHHSI fg ft 

8G 
:!HHbiX ypoBHefi Sr 6bi-

. + 
t y -crreKTpa, ~ -crrexT-

>nnnn yTO"'HHTb aaeprnro 

> .norronHHTb cxeMy, BBenSI 

1 ocaoBe 6anaaca aaeprnfi 

!6y:>KneHHbiX ypoBae·n: 8 GSr 

t6ri. -1 n 2, ae aa6nrona

HSIMH 8 G Y •. CrreKTpbi 
8~ y . 

poB . pasHbie, sa 

!CSB1 KOTOpbifi SIBnSieTCSI 

lT06bi imnBeCTH 6anaHC 

,mo aeo6xonnMo ycTaHo-

oro nepexona. 
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BKnall 2,68 - 'laeoBoro H30Mepa Mbl DOlly'IHiiH H::i eOOTHOIIIeHHH 

I y u
2 

\,, 86m 
- = 0, 14, aall:neaaoro npH H3y'leHHH paenana 70-MHHYTHoro Sr 

I y-232 

H HHTeHeHBHOeTH nepexona 152 KSB B 
88 

eneKTpe Y • flpH aTOM npenno-
Stlm > 

naranoeb, 'ITO 70-MHHyTHbiii: ypoBeHb Sr npH 239 KSB B03HHKae:r 
. . 86 ' 

paenana 2,68-'laeosoro y·. Ha eaMoM :lKe nene oH TOllbKO BeneneTBHe 

3aeenHeTeH TaK:lKe raMMa-nepeXOllaMH e SH'eprHHMH 1124 H 2547 KSB1 

' 85 
B03HHKaromHMH , npH paenane 5:-'laeosoro H3oMepa •. Y • OnHaKo HHTeHeHB-

HoeTb STHX nepexonoB B Ha'lane HaiiiHX H3MepeHHli 6bma o'leHb Mana H ero 

MO:lKHO 6bmo npeae6pe'lb. 

.0eTaBIIIaHCH 'laeTb HHTeHeHBHOeTH nepexona 232 KSB 6bllla OTHeeeHa 

3a e'li!!T paenana 5-'laeosoro H3oMepa 
85

· Y • 
81> 

l1aTeHeHBHoeTb 3aeeneHHH B036y:lKlleHHbiX ypoBHell: , . Sr npH pae-

an ( · ) nane 5-'laeosoro Y B oTHOeHTenbHbiX enHHHuax 6bma nony'leHa KaK 

pa3HHUa oTHOeHTellbHbiX HHTeHeHBHoeTell: yxonHIIlHX H npHXOllHIIlHX raMMa

nepexonoB Ha Te :lKe ypoBHHo l1HTeHeHBHOeTb {3+ -nepexona B oeHOBHOe 
85 /3/ . 

eoeTOHHHe · Sr 6bllla 1 eornaeHO pa6oTe 1 npHHHTa paBHOli 55% OT 
. . 85 

DOliHOll: HHTeHeHBHOeTH paenana 5-'laeOBOrO Y 
6billll oueHeHbl DO TeopeTH'leeKHM 3Ha'leHHHM ,llliH 

flpn aToM nnH nonHoll: aHeprHH paenana 5-'laeosoro 
/3/ 

3Ha'leHHe 3300 KSB o 

ITono:lKHB, 'ITO eyMMa HHTeHeHBHOeTeii: seex 

• 0THoiiieHHH £I {3 + 

+ {3 -nepeXOllOB H aneKT-

poHHoro 3axsaTa pasHa 100%, Mbi nony'IHliH a6eonroTHbie 3Ha'IeHHH HHTeH

eHBHOeTell: OTllellbHbiX KOMDOHeHT {3 + -paenana H aneKTpOHHOrO 3aXBaTa 
I 

H OTerona TaK:lKe raMMa-nepeXOllOBo Ha oeHOBe STHX llaHHbiX. 6blliH Bbi'IHene-

Hbl 3Ha'leHHH fg ft 1 KOTOpb!e BMeeTe e HHTeHeHBHOeTHMH 6eTa- H raMMa

nepeXOllOB npHBOllHTeH B exeMe paenana. 

ITorpeiiiHoeTb npHseneHHbiX 3Ha'leHB'll: fg ft KpOMe eneUHallbHO OT-

Me'leHHbiX elly'laeB eoeTaBnHeT ;!:.0,1; A6eOJIIOTHbie HHTeHeHBHO?TH raMMa--ne

peXOllO.B npHseneHbi TaK:lKe B Ta6n. 1 B 'leTBepT~M ir .cieBHTOM e;on6uax. 

12 

i 
I 

-; 'J 
f 
l ,,, 

t ,1, 
! ,;!r 

I 
' t 

! 

s• 
B eny'lae paenana .2,68-t{aeoBoro -y none'li!JT 6anaF. 

eTell: 6yneT HeMHoro eno:lKHee, TaK KaK paenan HlleT 'lepe3 

ypoBeHb 85m Sr npH SHeprHH 239 KSBo 

· ·o6o3Ha'IHM eHMBonoM NY. . I 
TY 'laeTb paenanos 2,68-

KOTOpaH · eBH3aHa e noenenyroiilHM_ H3lly'leHHeM · raMMa-KBaH~ 

n·a llliH raMMa-nepeXOllOB 503 H 915 KSB enpaBellliHBO Bblpl 

HHHbill: MHO:lKHTellb1 onpeneneHHbill: reoMeTpHell: llE!TeKTOp-He 
...\t 

J ( t)-A N e 1 H llliH nepexonoB 152, 23 
503; 915 - 1 503;.!115 

Bbipa:lKeHHe 

J.152; 232; 239 
(t) =A N 

2 152;232;239 

A ...\ --L- ( 1 t -At 
,\ -A e -e 2 

2 1 

),' 

rne J y 
1 

( t) - Ha6nronaeMaH OTHOeHTellbHaH HHTeHeHBHOC 

mero raMMa-nepexona B MOMeHr speMeHH A ,A 2 • • 1 

85 ( Sl>,m 
paenana Y T Y2 = 2,68 'I) H Sr TY2 

OTBeTeTBeHHOo 

_ flpH . STOM 3a .Ha'laliO OTe'li!JTa BpeMeHH ( t · = 0) Hy~ 

MOMeHT XHMH'leeKoro BbilleneHHH B.li Y 1 T.e. MOMeHT1 KC 

Te oTeyTeTByeT llO'lepHHll: 70-MHHyTHbill: ' Sr • l1HTeHeHBJ 
,• 

ypoBHell: 742 H 1154 KaB nyTeM f3:+" - paenana H. aneKTpoll 

( B OTHOeHTellbllbiX ellHHHUax) 6yllyT Torna paBHbl N 503 

BeTCTBeHHO {eM. pH e. 3) 1 a HHTeHeHBHOeTb 3aeeneHHH ypc 

neT pasHa pa:3aHue [N +N + N · 1- [N + N 1 . 
152 232 239 . 503 915· 

IToenenyromHe Bbi>iHeneHHH npoBOllHTeH TaKHM :lKe o6p 

_'lae $-'laeosoro 85 y o flpH. STOM llliH DOliHOli SHeprHH pt 
85 

soro Y 
' /3/ 

DpHHHTO TaK:lKe 3Ha'leHHe 3300 KSB o 

13 



R H3 COOTHOWeHRH 

8Gm 
1ana 70:..MnayTHoro Sr 

• llpn.sToM· npenno-

239 K9B B03HRKaeT 

Ia caMoM >Ke nene oa 

R 1124 R 2547 K9B1 

15 Y • OnHaKo RHTencna-

6btna oqeHb Mana n e10 

232 KSB 6brna oTaeceaa 

' c 85 . 
>BHeil: , Sr npn pac-

lX) 6brna nonyqeaa KaK 

; R npRXOAHWRX raMMa

-nepeXOA~ B OCHOBHOe 

lpRHHTa paBHOtl: 55% OT 

•· 01-aomeHRH l I {J + 
/8/ 

paapemeHHbiX nepe.xonoa 

'0 
8 II. :r . 6binO npRHHTO 

fJ-f-. -nepexonoa n sneKT-

liOTHbie 3H8'IeHRH RHTeH- , 

sneKTpOHHOrO 38XBaTa 

~RX, ABHHblX 6binR Bblqncne

BHOCTHMR 6eTa- n raMMa-

! RHTeHCIIBHOCTR raMMa-ne

neBHTOM cTon6uax. 

8!1 B cnyqae pacnana·2,68-qacoaoro Y noncq~T 6anaaca RHTeHCRBHo-

cTetl: 6yneT HeMHoro cno>Kaee, TaK KaK pacnan nneT qepea 70-MRHyTHbitl: 

ypoaeab npn saeprnn 239 KSB. 

· 06o3aaqn:M cRMBono~ N y 1 

. 85 
Ty qacTb pacnanoa 2,68-qacoaoro Y, 

KOTopaH CBH3aHa C nocnelly!OWRM Ranyqean:eM · raMMa-KBaHTOB Y I o Tor

na nnH raMMa-nepexonoB 503 n 915 KSB cnpaaennnso Bbtpa>Keane ( nocTo-

HHHbitl: MHO>KRTenh1 onpeneneHHbitl: reoMeTpnetl: neTeKTop-ncToqanK 1 onymea) . 

J508;915 

~~t 
( t)=.\ tN 503t.!IU e 

n nnH nepexonoa 1521 232 n 239 KSB -

Bbtpa>Keane 

J.152; 282; 239 
(t) =A N ~ ( e-.\ 1 t - e -.\ 2t 

2 152;282;239 .\ -.\ 
2 1 

), 

- aa6nJOAaeMaH_OTHOCRTenbHaH RHTeHCRBHOCTb COOTBeTCTBYIO-

mero raMMa-nepexona B MOMenr BpeMean 1 .\ 1 , .\ 2 - nocToHHHbie 

80 Y ( . T 2 68 ) 8 ~m Sr pacnana Y2 = , q n TMI = 70 MRH) 1 co-

OTBeTCTBeHHOo 

.npn sToM aa aaqano oTcq~Ta apeMean ( t = 0) ay>KHO nono>KRTb 

1 T.e. MoMeHT1 Korna B npenapa-

• Sr • HaTeacnaaocTR aaceneanH , 

MoMeHT XRMnqecKoro Bbmenean:H 8.6 Y 

Te OTCyTCTDyeT noqepHRtl: 70-MRHyTHbltl: 

ypoaaetl: 742 n 1154 Ks~ nyTeM. tJ+ - pacnana n sneKTpoaaoro aaxaaTa . · 

( B oTnocnTenhHbiX ellRHnuax) 6ynyT Torna paBHbi N 503 n N 916 1 cooT

BeTcTaeaao (cMo pRCo 3) 1 a RHTeHCRBHOCTb aaceneHRH ypOBHH 239 K9B 6y-

neT paaaa pa3anue [N +N + N · · ]- [N + N ] • 
152 232 239 . 503 916· 

llocnenyiOWRe BbttiRcneHRH npOBOAHTCH T8KRM >Ke o6pa30M, K8K B cny-

qae 5;..qaCOBOrO 85 y • llpn STOM nnH nonnotl: sneprnn pacnalla 2,68-qaco-

a oro 
85 y . /3/ 

npRHHTO TaK>Ke. anaqenne 3300 KSB • 

13 



... ~ 

· 8~ 8D 
4.2 •. KsaHTOBI:.Ie xapaKTepncTIIKH yposnei!:. Sr II Y 

~ . /3,5 111 •,, 81>. 
AsTopaMII · pa6oT . ' 6I:.mo noKaaano, 'ITO ypoBHSIM Sr c anep-

. + 
riiSIMII 0; 232 II 239 K8B COOTBeTCTByiOT KBaHTOBI:.Ie xapaKTepiiCTIIKII 9/2 j 

+ -
7/2 II 1/2 o 

llmi He'IeTHI:.IX II30TOITOB IITTpiiS! MO.rtenh o6ono'IeK npe.rtCKa3I:.IBaeT cy

_IIleCTBOBaHIIe .rtBYX li30MepHI:.IX COCTOSIHIIii C, KBaHTOB:biMII XapaKTepiiCTIIKaMH 

- . + 878991 112 ( 2 p 112) II 9/2 ( I g 9/2). Bo scex nasecTHI:.IX cny'IaSix ( • • Y, 
/8/ . : 

.CMo ) 8TO npaBIInO B:biiTOnHSieTCSI H HeT OCHOBaHIIii 0)1<H.rtaTb
1 

'ITO OliO Hapy-
• 

maeTcSI B cnyqae 
85

. Y • TaK KaK 6oncme nonosnHI:.I pacna.rtoB 5-'Iacosoro 
. 85 + 

II30Mepa 
85 

Y se.rteT Henocpe.rtCTBeHHO B OCHOB~Oe COCTOSIHIIe Sr ( 9/2 ) 
1 

s To speMSI KaK pacna.rt 2,68-qacosoro II30Mepa npiiBO.rtHT IInii Henocpe.rtcTsen

Ho, IInii nocpe.rtcTBOM raMMa-nepexo.rtos c aneprnHMII 503 n 915 Kas K o6-

paaosaHIIIO ypoBHSI npii 239 ( 112-), TO 5-'IaCOBOMy II30Mepy cne.rtyeT npnnn-

+ caTh KBaHTOBI:.Ie xapaKTepiiCTHKII I 17 = 9/2 , a 2,68 - qacosoMy naoMe-' 

PY I 17 = 1/2-. B cornacnii c 8THM naxo.rtSITCSI II nonyqeHHI:.Ie HaMII ana-

' 'I9HIISI fg ft 

Bonee CnO:lKHI:.IM SIBnSieTCSI Bonpoc, KaKoe II3 8THX .rtBYX COCTOSIHIIii SIB-. . . . . 

nHeTCsl , OCHOBHI:.IM II KaKOe II30MepH:biMo Tio MO.rtenii. o6onO'I9K OCHOBHI:.IM .rtOn)K-

HO iJI:.ITh COCTOSIHIIe 2p 1/2 1 K8K 9TO Ha6niO.rtaeTCSI y OCTanhHI:.IX H9'IeTH:biX 
. . /~ . . 

II3oTonos Y • O.rtHaKo Y*e TOT ~aKT, 'ITO He yaanocb o6napy)KIITh nao-

Mepnoro nepexoaa Me)Kl(y o6onMII c_ocToSIHHSIMn, yKaai:.IsaeT, 'ITO anepreTII

qecKnii IIHTepsan Me)Kl(y !IIIMII ne .rton)KeH 6I:.ITh 6onhlli1IM. 

Ha ocnose IIaMepeHIIii rpaHII'I!II:.IX anepriiii {3 + -cneKTpos naoMepos 
BZ • . /3/ . . , I 

· Y aBTOp:b! pa60T:bl '3aKniO'IllnH 1 'ITO COCTOSIHII~ p 112 ( T = 2,68'Ia-

ca) pacnonO)K9liO Ha (40:!:_30) K8B BI:.Illle, 'IeM COCTOSIHHe g 9/2 ( T = 5qac). 

O.rtHaKo na-aa cnnmKoM 6oncmoii norpemnocTn Tpyano C'IHTaTh .rto~aaaHHI:.IM, 
85· 

'ITO OCHOBHOe Hli)KHee COCTOSIHHe Y THITa g 9/2
1 

a He p 112. Bonee 

paayMHO .rtyMaTb1 'ITO .npo6neMa 9Ta ITOKa OTKpbiTa. 

BZ YposeHh Sr c aneprneii 742 K8B soa6y)K.rtaeTcsi nJ 

2,68-'l:acosoro naoMepa 85 Y ( 112-) n paapH)KaeTcSI nocpE 

nepexo.rta 503 KaB, seaymero na · yposenh 1/2- ( 239 Kss) •. I 

MyncTnnonhHOCTh nepexoaa 503 K8B KaK M I nnn E2 
/3/ . 

T:bl C.rtenanH B:biBO.rt1 'ITO· KBaHTOB:bl9 XapaKT9pliCTHKli ypo: 

.rtOn)KHI:.I 6I:.ITh nnn 112-, nnn 3/2-." B cornacnn c 8THM Ha:l( 
+ . 

anaqenne !g ft = 5,3 .rtnSI {3 . -pacna.rta na 9TOT ypose. 

6y.rteT noKa3aHO liH)K91 cneayeT npe.rtno'IeCTh 3Ha'IeHH9 3/2-

Cne.rtyiOIIlliH yposenh, soa6y)Kl(aeMI>Iii npn _pacnaae 2,61 

(112-), naxo.rtnTCSI npn aHeprnn 1154 K8B. On paapSI)KaeTCSl 

raMMa-nepexoaa c aneprneii · 915 KaB, seaymero TaK*e na 

( 112-). 3naqenne fg ft 6,0 COOT.B9TCTByeT B 8TOH o6l 

paapemenHoMy 6eTa-nepexoay. TioaToMy MO)KHO npe.rtnO)KliTl 

HSI I 77 = (31,2, 112-). 3naqenne 3/2-, no-sn.rtnMoMy, 601 

TenhHO ( CMo Hli)K9) o 

OcTanhHI:.Ie ypoBHH soa6y)Kl(aiOTCSI npn pacnaae 5-qac, 

Pacc'IHTaHHaSI HHTeHcHBHOCTh 6eTa-nepexoaos, aacens 

768, 1364 n 1797 K9B1 MeHhme cyMMapnoii norpeumocTn s 

liHT9HCliBHOCTeii UpliXOaSIIIlliX li YXO.rtSIIIlliX raMMa-nepexo.rtOB 

MO)KHO, 'ITO 8TH ypOBHli aacenSIIOTCSI TOnhKO raMMa-nepeXO 

Ecnn csSI3I:.IBaTh cna6oe aacenenne ( nnn ero oTcy . . 
85 

yposneii npn {3 -pacnaae o6onx cocTOSIHHii , Y p 112 n 

cTsneM npasnn oT6opa .rtnH nepexo.rtoB no cnnny n qeTHOCT 

HI:.Ie ypoBHli .rton:l!ili:bl HM9Th CITHH:bl _H 'IeTHOCTli 

TioCKOnhKY ypOB9Hh 768 K8B pa3pSI)Ka9TCSI 

I 17 = 5n 

y, -nepexc 

+ + 
Hli 7/2 li 9/2 1 

no neT y -nepexona na yposeHh 1/2-,. K 

BepOSITH:biM1 'ITO OH HM99T CITHH li 'IeTHOCTh 
. + 

J17 = 5/2 • 



8.::1 80 
Sr n Y 

0 YPOBHHM 
8

D ~Sr C ::mep

Ie xapaKTepncTnKn 9/2+; 

IIO"'9K npeJlCK83biB89T cy

:>Bb!MH XapaKT9pHCTHK8MH 

3CTHbiX cnyqagx (8 ~, s 9, 9 Iy 
. ' . ' 

Hfi O)I{HJl8Tb1 "'TO OHO Hapy

lbl pacnanos 5-"'acosoro 
86 + 

oe·cocTOSIHne Sr (9/2 )i 

pnsonuT nnu HenocpencTBeH

~n 503 U 915 K9B K o5-

r uaoMepy cnenyeT npunu-

2,68 - "18COBOMy HSOMe

II nony"'9HHb19 H8Mll SHa-

9THX JlBYX COCTOSIHllfi SIB-

I o5onO"'9K OCHOBHbiM JlOnm

rCSI Y OC~anbHbiX H9"113THbiX 

ynanoch o5aapyml!Tb nao-

taSbiBaeT, ."'TO. aaepreTn-· 

llbllll!M, 

+' f3 -cneKTpoB. li:;)OMepoB 

rmr~ p 1/.2 ( T =2,68qa

oSIHne g 9/2 ( T = 5 qac). 

~HO C"'l!T8Tb Jl0~838HHbiM, 

1/2, a He P 1/2. Eonee 

YpoBeHb 8 z Sr c aaeprnefi 742 K9B sos5ymnaeTcsi npn pacnane 

2,68-qacosoro nsoMepa 86 Y ( 1/2-) n paspSimaeTCSI nocpencTBOM raMMa~ 
nepexona 503 KaB, senymero aa·yposeHh 1/2- (239 Kas). OnpenennB 

MynhTnnonhHOCTb nepexona 503 K9B KaK M 1 nnn E 2 , aBTopbi pa5o-

/3/ Tbl C}lenanH BbiBOJlt . "'TO KB8HTOBbi9 xapaKT9pHCTHKH ypOBHSI npn. 742K9B 

nonmHbi 5biTb nnn 1/2-, nnn 3/2-; B cornacnn c 9THM HaxoJlHTCSI n Hallie 

3H8"19HH9 !g f t = 5,3 }lnSI 
+ . 

f3 · -pacnana H8 9TOT ypoBeHb. 0JlH8KO, KaK 

5yJl9T UOK838HO HHme, cne}lyeT npeJlUO"'9CTb 3H8"19HH9 3/2-, 

Cne.Qyromnfi ypoBeHb, sos5y)I{JlaeMbifi npu _pacna.ne 2,68-:"'acosoro 
86 

Y 

(1/2-), HBXOilHTCSI npH 9HeprHH 1154 K9B, 0H paspgmaeTCSI nocpellCTBOM 

raMMa-nepexoJla c aaeprnefi · 915 K9B, Bellymero TaKme a a yposeHb 239 K9B 

fg ft 6,0 COOTB9TCTByeT B STOfi o5naCTH CKOpee 

. paspell!eHHOMY 5eTa-nepexollY• ITosToMy MomHo npe.nnomHTb · llnSI sToro ypoB

HSI I" = (31,2, 1/2-). 3Ha"'eHne 3/2-, no-BHilHMoMy, 5onee npeJlno"'TH

TenhHO ( CM. Hnme) ~ 

OcTanhHbie ypoBHH sos5y)I{JlalOTCSI npu pactta.ne • 5-qacosoro nsoMepa. 

PacC"'UT8HH8SI HHTSHCHBHOCTb 5eTa-nepeXOllOB, sacenSilOll!HX ypoBHH --- .. 

768, 1364 H 1797 KSB, M9Hblll9 cyMMapHOfi norpelliHOCTH B onpe.neneHHH 

HHT9HCHBHOCT9fi npHXOllSill!HX H YXOllSill!HX raMMa-nepeXOllOB. fl09TOMY BOS-

MOmHo, "'TO 9TH ypOBHH sacenSilOTCSI TOnbKO raMMa..;,nepeXOll8MH, 

Ecnu 

yposaefi npu 

CBSI3biB8Tb cna5oe saceneHH9 ( HnH ero OTCyTCTBiH:i) 
86 

f3 -pacna.ne o5onx cocToSIHHfi . Y p 1/2 n g 9/2 

'STHX 

c . .nefi-

cTBHeM npasnn oT5opa JlnSI nepexollOB no cnnay n "'E3THoc.Tn, To yKasaH-
. TT + - + 

Hbie ypoBHH .nonmHbi HM9Tb cnHHbi n "'E3THOCTH I · = 5/2 ; 5/2 ; 3/2 • 

IToCKOnbKY.YPOB9Hb· 768 KSB paspSimaeTCSI r, -nepeXOJl8MH Ha ypoB-
+ + ~ 

au 7/2 u 9/2 , ao aeT y -nepexoJla aa ypoBeHb 1/2~, .KameTCSI aau5onee 

sepoSITHbiM, "'TO oH nMeeT cnnH n "'E3THOCTb I 17 5/2 ~. . ., 
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! 

l 

YpoBeJib 1364 KSB pa3p.SDK8eTeSI I"8MMlf-nepeXOll8MII Jia eoeTOSIHIISI 
1T - + + ' 1,_ 

e I =. 112 II 7/2 , .Ho Jie 9/2 • IloaToMy nnSI ero eniiHa II 'IeTHoeTII 

1T - + MO)KHO npennp'IeeTh 3Ha'IeHIISI I = 5/2 IInii 3/2 • 

.Bee oeTanhHbie 3H8'1eHIISI f'g ft eOOTBeTeTBYlOT pa3pellleHH~?IM rrepe-

X0ll8M 1 T8K 'ITO eniiHbl II 'IeTHOeTII ypOBHefi npii 1935; 2123; 2173; '2584; 
+ + + 

2745; 2786 II 3266 KaB non*Hbi 6biTh 7/2 , 9/2 . IInii 11/2 • CymeeTBOBa~ 
. . 

HIIe I"8MMa-nepeXOllOB1 BellyllliiX II3 ypOBHefi 2123 II 2173 KSB Ha ypoBeHb 
+ . . 

TIIna 5/2 (768 KaB) II II3 ypoBHefi 2584. II 2786 KaB Ha ypoBeHb TIIna 

5/2- ( 1364 KSB) 1 Il03BOnSieT npennonO)KIITenbHO IIeKnlO'IIITb llnSI STIIX ypoB-

Hefi ·xapaKTepHeTIIKII I"-= 11/2+. 

86 
4.3 •. 0 eTpyKType Bo36Y*lleHHbiX ypoBHefi 88 Sr 47 

B Sinpe 
8

" Sr · npoTOHbi nonHoeTbiD 3anonliSIIDT nono6ono'IKY 
88 47 . 

2 p 3/2; If 5/2) 1 a HefiTpOHbl 3anonHSilOT Bee eoeTOSIHHSI BnnoTb llO 

2p 1/2 H 7 noenellHHX HefiTpOHOB HaXOllSITeSI B eoeTOSIHHII I g 9/21 rne 

OHII. o6pa3ylOT TpeX'IaeTII'IHYlO. ( IInii TO'IHee TpeXllblpO'IHYlO) KOHqmrypailHlO 
-3 . .· g 9/2) • KomfmrypauiioHHoe B3aHMot:tefieTBIIe aTIIX Tpex llbrpoK npiiBOllHT 

K o6pa3oBaHHID pSiila B036y)KlleHHbiX ypoBHefi. Paee'IeTbi TaKHX YPC?BHefi npii-
. /14/ . 

BOlliinHeh B pa6oTe TanhMII H YHHa e Herronh30BBHIIeM MeTOllHKH a<fJ<jleK-

THBHoro B3aiiMoaefieTBIISI 1 npii'IeM Heo6xot:tiiMbie napaMeTpbr 6pairiieb II3 

aKenepHMeHTanhHo yeTaHoBneHHofi exeMbi ypoBHefi 90 Zr H HeKoTopbiX · eoeea-
. . I Ill . . I 

HIIX Sit:tep. EbinH 1Ienonb30B8Hbl llBHHble pa60Tbl IIO SHepreTH'IeeKOMY 
+ + + -

paeeTpSIHIIlO ypoB~efi 9/2 II 7/2 (225 KSB) II 9/2 II 1/2 (233 KaB). Ta-

KIIM o6pa3oM, TanMII II YHHa nony'IIInii eneayromiie Tpex-qaeTII'IHbre ypoBHH, 

( ) -3 + . ) 
OeHOBBHHbie Ha KOH<jJIIrypailiiii g 9/2 : 9/2 ( oeHOBHOe eoeTOSIHIIe ; .. 

+ + + . 
7/2 (225 KSB - B3SITO II3 SKerrepiiMeHTa); 5/2 (970 KaB); 13/2 ( }}80KaB); 

16 

3 

2 

---... 
<(J 
(T) 

t 
l.l.J 

1 

0 

2,57 21/2. + 

2.19 15/a_+ 
2,'f::l .a f712. + - /#' 
I,Bd P*1.a g 9/it gz'' _,.. _,.. 

(7/2, 

1:!1&.,. 
(7121 

(912, 

~ 
(7/2, 

L.:!i3w. ,. ~ 
-~ ,. // 

1.66 Sl &'• 1/•3 9@ / ~-

., 43 .312: 7-/ ___ · ( s/2. 
f,2d •If 12~': .ili.i 
t.ta f312 

o,f/7 S/2~ 

------ _(s/z. 

.3/2 

( 225 1• 7." + t/z · 
D, I ,;z -----~ 

7/z 
..J . . . . . 1 

(J,DP 9 9/.z \1:1 · g/2 ~ -· ____ _§/L 

TO/\MI-1- YI-II-IQ 31' 

PHe. 4. CpaBHeHIIe Tpex-qaeTII'IHbiX ypaBHeHIIfi TIIna ,(g 9 

paee'IHTaHHbiX TanMII II YHHofi/ 14/, e HalllHMII aKenepH!I 
HbiMII. 3HepriiSI ypoBHSI 0,225 MaB B3SITa H.3 pa6oThr/ 
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9XOU8MU H8 COCTOHHHH 

1 ero cnnaa n 'I~TuocTn 
+ /2 ,. 

TBYIOT paapellleHHhiM nepe-

1935; 2123; 2173; 2584; 
+ 

nnn 11/2 • CymecTBOBa-

n '2173. K·an aa. yponeab 

KSB Ha YpOBeHb TUna 

ICKniO'IHTb anH STUX ypOB-

. ' . 86' 
ponaeti: 38 Sr 47 

10nHHIOT nono5ono'IKY: 

COCTOHHUH BITnOTb no 

:OCTORHUH 1 g 9/2, rae 

c:thiPO'IHYID) Koaljlnrypaunro 

STUX . Tpex UblpOK np:iiBOUHT 

C'I~TLI TaKnx YP<?BHeti: npn

. 3oBaaneM , MeTOUHKU aljlljJeK

:apaMeTpbl 5panncb na 
• 90 . . ' . ' .. 
1_ · Zr u HeKoTopbiX cocen-
[/. . . . . 

no auepreTn'leCKOMY 
'+ 

'2 ·• n 1/2- (233 Kan). Ta-

e. TpeX_'I8CTH'Illbie ypOBHH, 

OCHOBHOe. COCTOHHHe); 

(970 KaB); 13/2+( l180KaB); 

( 7/z, 9/2, 1-fh( 3,266 

3 
(7/z, 9/z).,. 2,786 

2,57 
(912,7h) + 

( 7/a , 9/z) +- 2.,17.3 

2 
(7/2, !J/2)+ 2,123 

. /74, 91.& 'lfl.zt -1,935 

~- : 

1 
o,97 S/2-~> 
~~------------~~--~ -----(5/z-~>) t:J, 768 . 

.3/2- 0,742 

( 225)• 7." + . · 1/2.-
.:;.oo_, ;;.;;;.;~ ___ ,.,::.;z- - - -- -

7/2. + 

0-

...J . . . 
D,DO p :9/.c V:1 · 9/z to -· _ _ _ _ 9/z + D, DD 

Tai\Mu- !;p-u-la 3~A-f?nepu.Met-~T 
. -.8 8.5 

Pnc. 4. Cpanueune TpexqacTH'IHhiX ypanaeanti: Tnna {g 9; 2 ) B ·Sr·, 
pacc'IHTaHHhiX TanMH n Ynnoti:/ 14/, c aalliHMH aKcnepnMeHT~nbHhiMH nan-
HbiMH. 3neprnH ypoBHH 0,225 Man B3HTa H.3 pa5oTbi/ 11/. 
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i l 

·. ,· + + . +.· 
11/2 ( 1.280 K3B) 0 ~/2 ( 1.430 KaB) 0 9/2 (1.660 K3B 1 . v = 3) H llPY-

rue c 6onee · BbiCOKHMH anaqeHHHMH cimna (puc;:. 4). CorrocTaBnHH aTH Jlan

Hbie C . H~IJJHMH peaynbTaTaMH, Mbl MO)K9M OTH9CTH K TpexqacTH'IHbiM KOH-
,. . + ~ 

~HrypaUHOHHbiM COCTOHHHHM (rroMHMO OCHOBHOrO COCTOHHHH H ypOB~H 7/2 

(232 KSB)) TaK)K9 _H ypOBHH 5/2+ (768 KaB) H 3/2+(1364 K3B). 8neprHH . ·~ . . 
3THX' ypoanell: OTnHqaeTCH OT pac'IeTHOfi Ha 200 H 70 KSB, COOTBeTCTBeH-

+ . 
no •. YpoBeHb 13/2 rrpu pacrraJle 80 Y nerrocpeJlCTBenno aoa6y)KJlaTbCH 

. . + 
ne MO)KeT. Ypoaenb 11/2 MO)KeT aoa6y)KJlaTbCH, H:o B yKaaannoll: anepreTH-

+ 
qecKofi o6nacTH on _HaMH ne na6nroJlaeTcH, TaK )1(9 KaK H ypoaenb 9/2 

( v = 3). Ecnu JlOIIycTHTb B03MO)KHOCTb ana'IHTenbHofi rrorpeiJJHOCTH B pac

qeTax aneprHfi 3THX JlBYXt TO H9nb3H HCKnro'IHTb, 'ITO OHH HaXOJlHTCH Cp9JlH 

6onee BbiCOKHX ypOBHefi, npHB9Jl9HHbiX B HaiJJefi CX9Me. 

06pamaH BHHMaHHe Ha TO, 'ITO {3 -rrepeXOJl THIIa p ( g9/2) -+ n (g9/2) 

(j =e ~112 • · ... f = + 1/2 ), COOTB9TCTBYIDIIlHfi COCTOHHHHM ( g 9/2) 3 , 

HM99T TaK )1(9 KaK BO MHOrHX COC9JlHHX HJlpax IIOBbiiiJ9HH09 3Ha'I9HH9 fg ft . t 

ypOB9Hb 1935 ~3B (. C fgft = 6,5) MO)K9T OKa3aTbCH OJlHHM H3 0)KHJla9MbiX 
. 3 

qnenoa ( g9/2) .· 

B HJlpax c 

ypoBHH c ·I 17 

N = 41-4 7 qacTo na6nro:naroTCH HH3KHe anoManbHbie 

5/2+ 1151• 

B :: Se 41 TaKofi ypoBeHb onycKaeTcH Jla)Ke HH)Ke ypoBliH g 9/2 H 

oKaabiBaeTcH ocHOBHbiM cocToHHHeM HJlpa. TaKHe ypo~HH onucbiBaroTCH 
/15/ 

B paMKaX MOJl9nH YfKeraMH-Cano KaK B9CbMa CnO)KHbl9 COCTOHHHH, B03-
• 

HHKaromHe B peaynbTaTe B3aHMOJl9fiCTBHH KBa3H'IaCTHU C KBaJlpynonbHbiMH 
. + I 

~ononaMH. He ncKnroqena BoaMO)KHOCTb, 'ITO ypoaenb 768 KaB (5/2 ) 
. + 

( H TaK)K9 ypOB9Hb 232 K3B 7/2 ) HM9HHO TaKoro THIIao 

Ypoaenb 1/2- ( 239 KaB) MO)KH'o xapaKTepuaoaaTb B cornacun c o6o

noqeqaoll: MOJlenr::.ro KaK OJlHO'IaCTH'IHbiil:, orrpeJlenelinhxfi neil:Tponnoil: JlbipKofi 

B cocToHHHH · 2 p 1/2. MoJlenb o6ono'IeK npeJlcKa3biBaeT JlnH 86 Sr 

18 

cymeCTBOBaHH9 eme JlBYX. 0JlHO'I8CTH'IHbiX ypOBHefi C KB8HT• 

T9pHCTHK8MH 3/2- H '5/2-, onpeJleneHHbiX H9fiTpOHHOfi Jlblpl 

CH B COCTOHHHH 2p 3/2 H 1 f 5/2, COOTB9TCTB9HHOo 'YpOl 

)KeH xopoiJJo aoa6y)KJlaTbCH nyTeM 6eTa-pacrra)la 2,6~-qaco 

Mo)KHO ·o)KHJlaTb, 'ITO aHa'IeHHe £g ft aToro 6eTa-nepexo 

Hell: Mepe Ha 9JlHHHUY M9HbiJJe, '19M JlnSI ne1JeXOJla 1/2- -+. 

239 K3B0 KaK 3TO HM99T M9CTO H BO BC9X H3B9CTHbiX ana; 
87 / 16/ 81rm /8/ 

qaHx ( nanp. Y ,· · Zr ) • 8THM Tpe6oaaHHl 

eT ypoaeHb 742 KaB. BoaMo)KHOe anaqenue I 17 = 1/2-, r 
/3/ . 

nero B pa6oTe , cneJlyeT noaToMy HCKnro'IHTb •. 

B KaqecTBe cneJlyromero OJlHO'IaCTH'IHoro ypoBHR Tnn 

MO)KHO npHHSITb ypOB9Hb IIpH 1 364 K3B1 ToKe 3KCnepHM9HTt 

~onycKaiDT JlnSI ero CIIHHa H 'IeTHOCTH 3H8'I9HH9 5/2- HnH 

O)lHaKO, OTM9THTb0 'ITO Jlpyroe B03MO)KH09 3Ha'IeHHe 1
17 

T8K)K9 yJlOBneTBOpHTenbHO HHTepnpeTHJ)OBaTb ( CM~ BbiiJJe) • 

Ypoaenb rrpu 1154 KaB ( I 17 = 3/2- unu 1/2- no a1 

)laHHbiM) MO)KHO IIHTepnpeTIIpOBEtTb KaK COCTOSIHII9 C Heli:TI 

-1 -2 . 10 
uuell: (2p3/2 2p1/2 1g9/2 ) H, cneJloBaTenbno, 

n • 

8 IIOnbay TaKOil: IIHTepnpeTaUHH HM99TCSI KOCB9HHbiil: apryr 

aToro Tima ue Mo)KeT cymecTBOBaTb y coceJlnero ue'IeTuc 

87 s 49 u . UHSI r , TaK KaK 3Jl9Cb H9HTpOUOB H0 cne)loBaTem 

aarronHeUHH o6ono'IKH ne xBaTaeT numb oJlnoro uell:Tpona. 

. 87 y ( -) IIpH pacna)le 1/2 B036y)KJl8IDTCSI TOnbKO JlBa ypOB 

liOJlb!pO'Illbi9 Heli:TpOHHbl~ ypOBUH THIIa 1/2- (2p3 /2 
4 

2p i/2 -
I . 

npu 388 K3B H 3/2- ( 2p 3/2- 1 2p 1/2 2 1g9/2 10 
) n npu 

81i /8/ 
rH'Illbie ypoBUSIM npu 239 H 742 KaB B 1 Sr 
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so . K9B, v = 3) .If.· llPY-

4). ConocTaBm:m 9TH ,!laH-. 

:TH 'K · Tp9X'I8CTH'IHbiM KOH-
. . +:. 

COCTOHHHH H ypOBHH 7/2 

+ 
/2 ( 1364 K9B), 3Hepi"HH 

10 H 70 K9B1 COOTBeTCTBeH

tCTBeHHO B036y)K,!l8TbCH 

HO B YK838HHOil: 9HepreTH
.+ 

e K8K H ypOB9lib 9/2 

nbHOil: IlOI"peWHOCTH B pac-

, 'ITO oan: aaxonHTCH cpe.!ln: 

xeMe, 

Tn:na p ( g9/2) -> n (g9/2) 

COCTOHHHHM ( g 9/2) 3 
1 

lbtweaaoe 3Ha'lean:e fg ft . , 

rbCSJ O.!l.iiHM H3 0)KH.!l89Mb!X 

:sr 'HH3KHe 8HOM8nblibl9 

e HH)Ke ypOBHH g 9/2 . H · 

9 YPOBHH OllHCb!B810TCH 

l CnO)KHb!9 COCTOHHHH1 B03- ·. 
. . • . ~ I 

lCTHU C KB8.!lpynonblibi~<IH 

+ 
lB9Hb 768 K9B (5/2 ) 

Tn:na. 

IOBaTb B cornacn:n: c o6o-
), :,.·, 

HHbiil: aeil:Tpoaaoil: .!l~IpK_oll: . 

3b!B89T .!lnSI · 
8~ .. 

Sr 

.. 
cymeCTBOB8HH9 eme .!lBYX. O,!lHO'I8CTH'Ilib!X ypoBHeil: C KB8HTOBb!MH xapaK- . 

Tepn:cTn:Kat.m 3/2- n: 5/2-, onpe.!leneHHbiX aeil:Tpoaaoil: .!lbipKoil:, aaxo.!lHmell:-. 

CH B COCTOSIHHH 2p 3/2 H l f 5/2, COOTBeTCTB9HHOo YpOB9Hb 3/2- .!lOn- · 

81!. -
)!{eli xopowo Bo36y)K,!laTbCH nyTeM 6eTa-pacna.!la 2, 6~-qacoaoro Y ( 1 I 2 ) • 

Mo)KHO O)KH.!l8Tb1 'ITO 3Ha'l:ean:e £g ft 9TOI"O 6eTa-nepeXO.!l8 6y.!leT no Kpail:-

Hell: Mepe aa e.!ln:an:uy Meabwe, qeM .!lnH nepexo.!la 1/2- ... 1/2- aa ypoBeHb 

. 239 K9B
1 

K8K 9TO HM99T MeCTO H BO BCeX H.3B9CTHb!X 8H8nOI"H'IHb!X cny-

( 
87 y 116/ 80·m Z /8/) ,. 

'18HX Hanp, 1· ' r , oTHM Tpe60B8HHHM COOTB9TCTBY-

eT ypoaeHb 742 KSB, Bo3MO)KHoe 3Ha'leHn:e I 17 
1/2-, npn:Be.!leHHoe nnH 

/3/ 
aero B pa6oTe , cne,!lyeT noaToMy n:cKn!O'IHTb, . 

B Ka'l:eCTBe cne.!lyJOmero O.!lHO'IaCTH'IHoro ypoafig Tn:na 5/2- (If 5/2) -l 

MO)KHO IlpHHHTb ypoBeHb IlpH 1364 K9B1 T,K, 9KCI19pHM9HT8nbHbl9 ,!l8Hlib19 
' + 

~orrycKa!OT .!lnsr ero crrn:Jra n: 'l:eTHOCTH 3Haqean:e 5/2- n:nn: 3/2 , Cne.!lyeT, 

O.!lH8K0
1 

OTM9THTb1 'ITO ,!lpyroe B03MO)KH09 3H8'19HH9 1~ 3/2+ MO)KHO 

T8K)K9 YllOBneTBOpHTenbHO HHTeprrpeTHpOB8Tb ( CM, Bb!We), 

YpoBeHb rrpn: 1154 KSB ( I 17 = 3/2- n:nn: 112- rro aKcrrepn:MeaTanbHbiM 
., . 

aaHHhlM) MO)KliO HHTeprrpeTHpOB8Tb K8K COCT05IHH9 C Heil:TpOHHOil: KOH~HI"yp~-
un:eil: (2p3/2 - 1 2pl/~ - 2 Ig9/2 10 

) n:, cne,!loBaTenbHo, c I 17 = 3/2-•. ._ 
n 

B rronb3Y TaKoil: HHTeprrpeTaun:n: HMeeTcsr KocaeHHbiil: apryMeHT. Y~oBeHb . 

9TOI"O THI18 He MO)K9T cym~CTBOB8Tb y COC9.!lH9I"O He'le~llOI"O H30TOI18 . CTpO_H

UHSI 
87 Sr , TaK KaK 3.!l9Cb 49 aeil:TpoHoB n:, cne,!loBaTenbao, .!lO rronaoro 

38IlOnHeHHSI o6ono'IKH He XB8T89T nHWb O,!lHOI"O Heil:TpOH8, neil:C;BIX:renbH00 

rrpn: pacna,!le 
87 Y ( 1/2-) B036y)K.!l810Tcsr TonbKO .!lBa ypoBHSI B 

87 
Sr .. O.!l

HO.!lbtpO'IHbte Heil:TpOHHbl~ ypOBHH
1 

THI18 l/2-(2p.3j2_
4 

2pl/2 ..:. 1'1.~~/2 10 .) n 

rrpn: 388 KSB H 3/2- (2p3/2- 1 2pl/2 2 lg9/2 10 )n npn: 872 K9B 1 aaano-:-

I"H'IHbl9 ypOBHSIM IlpH 239 H 742 K9B B 
851 Sr /8/ • 
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YpoBHH IipH '1154 H 1364. KSB MO)I{HO HHTepiipeTHpOBaTb .TaK)I{9 Ha OC-
·. . . . . 1171 . \,, . 

HOBe MO.OenH B036y)I{,OeHHOro OCTOBa lle lllanHTa KaK pe3ynbTaT B3aHMO-
• . . . ' . + 

,09HCTBHSI llbipKH B COCTOSIHHH 2 p · 1/2 C B036y)I{,09HHbiM OCTOBOM 2 ( SlllpOM 

86 Sr 1 Haxo.OSilllHMCSI B cocTOSIHHH c 
+ , 

I 17 = 2 ) • Bcne.ocTBHe · a~oro B3a-
85 

HMo.oet!:CTBHSI B Sr ,OOn)l{eH IIOSIBHTbCSI .oy6neT B036y)l{lleHHbiX ypOBHet!: 

C KBaHTOBbJMH xapaKTepHCTHKaMH 3/2- H 5/2-, llpe,OCKa3aHHbitl: U9HTp _TSI

)1{9CTH aToro .oy6neTa .OOn)l{eH li:aXO.OHTbCSI Ha .BbiCOTe nepBOrO B036y)I{,09H-

HOrO ypoBHSI THna 2+ s 
86 

Sr 1 ysenHHeHHot!: Ha~ aHeprmo ypoBHSI 1/2-

811 s 3 . ' . s . r . T.e. Ha BbiCOTe 1076 Kas+239 KaB =: 1 15 KaB, Ha caMOM .oene 

ueHTP TSI)I{eCTH .oy6_neTa 3/2:-' H 5/2- B . 8 ~- Sr Haxo.oHTCSI Ha BbiCOTe 

1280 KaB, 'ITO Haxo.OHTCSI .B xopomeM cornacHn c npe.ocKa3aHHeM Mo.oenH 

lle lllanHTa, 

llpH.09M K paCCMOTpeHHIO CTpyKTypbi 6onee BbiCOKHX COCTOSIHHt!:, 
.· /18 19/ ' + 

B pSI.oe pa6oT 1 OTMeqanochl 'ITO KoMnoHeHTbi fJ -t: -cneKTpal 

xapaKTepH3Y!OlllH9CSI C8MbiMH HH3K~MH 3Ha'l:eHHSIMH f'g ft ( B qaCTHOCTH 

fg ft .. :S; 5 1 5) 1 qame BCero CBSI3biB810T ypOBHH-'l:neHbl CIIRH-Op6HTanbHOrO 

.oy6neTa c j 1 = f:!:1/2 H i2=f:p/2 • llpH f3*-t: pacna.oe 
8:~Y46 

1T . + . 
T~ = 5 'li I = 9/2 ( g 9/2)) HaHMeHbWHe 3Ha'l:eHHSI fgft.,5-51 5 

85 s OTHOCSITCSI K nepexo.oaM HB ypOBHH 38 r 47 2123; 2173; 2584; 2745 

I TT + + + {3 H 3 266 KSB C = 7/2 1 9/2, 1 11/2 , 3TH -nepeXOllbl MOryT CBSI3bl-

BaTh ypoBHH 
4 . 1 0 

p (p3/2) p(g9/.2) n(p1/2) 
-1 . 1 1 

-+ p ( p 3/2) p ( g 9 /2) n ( p 1/2) 

'------·p(p 3/2) -----n (p l/2) --· 1 

Cne.oosaTenbH01 yKa3aHHbie 5 ypoBHet!: ( B03MO)I{H01 H yposeHb 2786 Kas) 

CKOpee scero SIBnSIIOTCSI TpeX'l:aCTHqHhlMH ypOBHrtMH-'l:neHaMH MynbTHnneTa 

KOH{jmrypaUHH p (p3/2)- 1n (pl/2)- 1p (g9/2) l , COCTOSilllero 113 8 - ypoBH9H 

c I 17 = 5/2 +; 7/2 +; 7/2 +.; 9/l +; 9/2 + ; 11/2+; 11/2 +; 13/2 +. 
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B cseTe aTHX B3rnSI.OOB oco6hlii.HHTepec npe.ocTaBnSie1 

567 KSB 1 T,K. OH 'CBSI3biBBeT ypoBHH 2745 H 2173 Ka~ -: 'lne 

THnneTa, KaK H cne.oosano O)I{H.OaTh1 ·oH ropa3.oo HHTeHCHBHI 

Ha OCHOBHOe COCTOSIHHe ~C Iy 

B(Ml) sn .. 8·102 

H(Ml) 2741> 

2745 KSB 

B(E2) ~~7 

B(E2) 2745 

"' 2-10 
4 ). 

B 3aKnJO'l:eHHe aBTOpbi 6naro.oapSIT K,.H, fpoMoBa H )f(, 

IIOCTOSIHHYIO' IIO.O.Oep:mKy H HHTepec K pa6oTe H B,H, lloKpoBc 

Hbl9 3aMe'l:aHHSI, 

n II _T e p a T y p a 

1. A,A, Caretta, E.O. Wiig. J. Amer. Chem,Soc,, ~ £: 

2. ·o.J. Horen, W,H. Kelly. Bull.Am.Phys.Soc,, ']_, 341 

3. I. Dostrovsky, s .. Katcoff, R.W. Stoenner. Phys.Rev. 

4, W.J. Nieckarz, A.A. Caretta, J. Inorg,Nud.Chem., ~ 

5, A.P.Patro, B. Basu. Nucl.Phys., 37, 272 (1962), 

., ·a. P. ApnbTI H.r. 3all:uesal E. KpaUHK, M.r. nomHnOB, r. N 

TxaHh MHHb, TipenpHHT 011.HI1 P6-42391 lly6Ha 1 1968. v 
(cep. cpH3.) 331 1594 (1969). 

7. :H.r •. 3all:uesal E. KpauHKI M.r. nomHnOB,. r. My3HOnh, '41 

. X. lllTpycHbill:. ,HperrpHHT 011.HU P6-42401 lly6Ha; 1969. 

(cep. cpH3.} 33. 1283 (1969). 

8, C.M. Lederer, J.M. Hollander, I. Perlman~ '!'able of 

Wiley & Sons, New-York-London-Sydney, 1968. 

9, K • .H: fpoMOB 1 A.C. llaHarynSIH1 A. T. CTpHra'l:eB1 'tJ)Koy /1 

011.HI1 P-1510, lly6Ha1 1963, . 
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IpeTHpOBaTb . TaK)K_9 Ha OC-
17/ . 

'KaK pe3ynbTaT B3aHMO-
, '+ ' 

·HHbiM OCTOBOM _2 ( SillpOM 
... · . 
. ) • BcnencTBHe .. 9Toro B3a-

'T 'B036y)Kll9HHhiX ypOBHefi 

IpencKa3aHHhifi ueHTp _Tsr- · 

~oTe nepBoro B036y)Kneu-

la ::meprHIO y~oBHSI . 1/2-

5 KaB. Ha caMoM riene 

aXOllliTCSI Ha Bb!COTe 

npencKa3aHHeM Monen~r 

Bb!COKHX COCTOSIHiifio 

noueHThi ~+ -f -cneKTpa, 

ll fg f t ( B 'laCTHOCTii 

eHhi cnnu-op6nTanbHoro 
. · 8G.y 

- f pacnane 39 46 

Eib~ne 3Ha'leHnsr fgft==5-5,5 

23; 2173; 2584; 2745 

g -nepeXOllbl MOryT CBSI3bl-

1 1 
'g9/2) n(pl/~) 
_.·_-} 

Momuo, n ypoBeHb 2786 K9B) 

Mn~qneHaMn .. MynbTHnneTa 

cocTosrmero 113 8 - ypoBHefi 

+;lll/2 +. 

·• 

., 
' . ' 

., .. ' 
B cBeTe aTnx B3rnsrno6 oco6bifi nHTepec npencTaBnsreT y · -nepexon 

567 K9B
1 

T.K. OH;CBSI3biBaeT ypOBHii 2745 ll 2173 K9B - qneHhi 9TOro .Myn_i:,.;. 

TnnneTa. KaK n cnenoBano om~rnaTb1 oH ropa3no HHTeHCHBHee · y -nepexona 

H8_ OCHOBHOe COCTOSIHll9 C ly = 2745 K9B 

' B(Ml) ser 
\ ------ "'8· 10

2 
B(E2) :!>~T 

B(E2) 2745 H(Ml) 274o 

B 3aKniO'IeHne aBTOphl 6naronapsrT K • .H. fpoMoBa u )!(. T. )i(eneBa 3a 

nocToSIHHYIO' nonnep)KKY u ItHTepec K pa6oTe u B.H. IToKpoBcKoro 3a ueH-

Hhie 3aMe'laHnsr. 
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... ' 

4. W.J. Nieckarz, A.A. Caretta. J. Inorg.NuCI.Chem., _gz, 919 (1964)~ 

5. A.P. Patro, B. Basu. Nucl.Phys., 37, 272 (1962). 
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