
I -t,., 
OS'bEDHHEHHbJti 

YIHCTHTYT 
SILlEPHbiX 

J.i CCnELl OBAH 11 VI 
Dy6sa. 

6 - 5i38 

P. Ap.llnT, H.r. ~eaa, B. Kp~K, M.r. JIOIQMJioa, 

! r. My3MOJ2b, q&H TxaHb MHHb, X. illTPYCHbdi 

i • &: 

!S 

~ 0 PACIIA,liE 
89 

Zr H 
87

·,/.r 

• I 

I • .. 
~ 1970 



-

~
 

"t
t 

0 
::c

 
0>

 

a:
 

>
 

"t
t 

~
 

"
0

 

!:l
 

>
 

=-
'0

 

~ 
I?

 

0>
 

i 
~
 

tll
 

.. 
~
 

~
 

:r:
 

CD
 

:>::
 

..c
:l 
~
 

0 tll
 

m
 f 

co
 

~
 

:s:
 

IC
 

VJ
 

N
 

m
 t

il 

!'
 

... 
)>

 
tr

 
.!»

 
:s:

 
a:

 
C:

l 

::c
 

* =
 

:::-
:: 

(
)
 

tr
 

"
0

 

(
)
 

co
 

§ 

' 
()

 

~
 

><
 

. '
 

"'0
 

' 

• 
N

 
e 

~
.
 

... 
~ 

a:
 

=
 

~
 

C
1l

 
i 

-w 
::a

 
=

 
• 

j * =- 0 al
 



,..: 

·:!' 
~~I 

',j 

]i~ 
,i~~,, 

'~i~ (, 

89 
A. HccnenoBaHHe pacrrana Zr 

1. BBeneHHe 

H 

BeTa- H raMMa-crreKTpbi H30MepoB 
89

mZr ( T1; 2 = 4,18 MHH) 

/1-6/ 
89 Zr ( T 1; 2 = 78,4 "!aca) H3y"'anHCh pS!AOM aBTopoB , rrpH"'eM 

HCCneAOB8HH9 raMM8-CIT9KTp8 ITpOBOAHnOCb TOnbKO C ITOMOWbiD CUHHTHnnSI

UHOHHOA T9XHHKH, 

HaCTOSIW8SI pa60T8 ITOCBSIW9H8 HCCn9AOB8HHID pacrraga 9THX H30M9p0B 

c noMomhro raMMa-crreKTpoMeTpa c Ge ( Li ) -AeTeKTopaMH, Ha ocHoBa-

HHH rrony"'eHHbiX A8HHbiX H8MH AOITOnH9Hbl H yTO"'H9Hbl CX9Mbl B036y:>!<n9H-

Hb!X ypoBHeA 
89 

Y 

2. YcnoBHSI H pe3ynbT8Tbi aKcrrepHMeHTa 

2,1. f1 on y "'e H He H c To"' H H.K o B 
89 Zr 

PaAH08KTHBHbl9 H30TOITbl UHpKOHHSI 0 HCITOnb30B8BlllH9CSI AnSI H3Y"'9HHSI 

89 Zr ( 78,4 "!aca), rrony"'anHCb IIpH o6ny"'eHHH MHlll9Heil: H3 OKHCH HTTpHS! 

H MeTannif"'9CKOrO HH06HSI BHyTpeHHHM IIY"'KOM IIpOTOHOB C 9HeprHeA 

120 H 660 M aB, cooTBeTcTBeHHo, Ha CHHxpouHKnoTpoHe OYIHH B Te"'eHHe 

20-30 MHHYT• 

3 
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PaaHoXHMH'IeCKH 'IHCThiA I.tHpKOHHti BhiaensmcH H3 cMecH rrpoayKTOB 

peaKI.tHH rnyoOKOI"'O pacmerrneHHH OKHCH HTTpHH MeTOllOM SKCTpaKI.tHH C II0-

/7/ 
cneayiDII.leH llOIIOJIHHTeJibHOH O'IHCTKOH • 

l1'3 CMeCH IIpOllYKTOB peaKI.tHH rnyoOKOI"'O pacmerrneHHH HHOOHH pa£1H·O

XHMH'IeCKH 'IHCT.b!H I.tHpKOHHH BbilleJIHJICH IIO MeTOAHKe1 OIIHCaHHOH B paoo

/8 9/ 
TaX 

1 
1 3a HCKJIID'IeHHeM TOI"'0 1 'ITO COJISIHOKHCJibiH paCTBOp1 IIOJiy'leHHhiH 

IIOCJie paCTBOpeHHSI I"'HAPOOKHCH 1 He HaHOCHJICSI Ha XpOMaTorpa~H'IeCKYID KO-

noHKY, a aoBOllHncH ao 2M no H CI 0 
4 H o,o1 M rro H 2 C 2 0 4 H I.tHp-

KOHHH SKCTparHpOBaJICH H3 STOI"'O paCTBOpa TeHOHJITpH~TopaueTOHOM (0,5M 

TT A B KCHnone). CrrycTH rrpHMepHo 10 llHeH rrocne KOHI.ta oony'leHHH rrpo-

BOJ:(HJiaCb KOHe'IHaH orrepai.tHSI IIO O'IHCTKe I.tHpKOHHH 1 3aKJIID'I8IDII.laHCSI B rrpo-

MhiBKe opraHH'IecKoro pacTBopa 2M H N 0 3 , conep)l(ameH no ,1 Mr Y , 

Sr H Rb B Ka'lecTBe yaep)I(HB8IDII.lHX HOCHTeneH. 

floMHMO 
8 9 Zr , B HCTO'IHHKe coaep)l(ancH TOJibKO 

8 8 Zr ( 85 na.) 

H ero llO'IepHHH H30TOII 
8 8 Y ( 105 J:IH,) 1 KOJIH'IeCTBO KOTOpOI"'O 

MenneHHO aapacTano. 

KopOTKO)I(HBYII.lHH H30Mep (4,18 MHH) 
89 mZr H3y'laJICH OTAeJibHO B ue-

891D,. 89Nb 48 MHH," 89 m z 4,18 MHH • .,89 y M 
IIO'IKe pacrraaa 

1 9 
c r • eToa 

89 ' qa /10/ 
rrony'leHHH Nb orrMcaH B paooTe • 

2, 2. A II II a p a T y p a H p e 3 y n b T a T hi H 3 M e p e H H H 

llnH H3MepeHHSI raMMa-crreKTpoB 
89

m '
89 Zr ObiJIH HCIIOJib30BaHbi 

aBa aeTeKTopa THrra Ge ( Li) c 'IYBCTBHTenbHhiMH oobeMaMH 6,3 11 10 eM 
3 

c aaepreTH'IeCKI1M pa3perneHHeM 4-5 K9B affii raMMa-nepexonoB 60 Co. 

A MIIJII1TYAHhiH aHaJIH3 ocymecTBnSinCSI 4096-KaHanbHhiM aHanH38TopoM, 

Ha p11c, 1 H3oopa)l(eH raMMa-crreKTp 
89 Zr ( 78,4 qaca), KpoMe 

H3BeCTHbiX nyqeit c 9Hepri1SIMH 908, 1620 H 1712 K9B, Ob!JI ooHapy)l(eH 

rrepeX0£1 C aHeprHeH 1744 K9B1 HaOJIIDllaBliiHitCSI £10 9TOI"'O TOJibKO B SIJ:(epHbiX 

I 111 
peaKI.t11SIX , H paaee HeH3BecTHhiii rrepexon 1657 K9B, 

4 
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B raMMa-crreKTpe 
89 mzr ( 4, 18 MHH) 3aperMcTpHpoBaHJ 

JIHHHH C 9HeprHHMH 587,6 H 1507 K9B, 

0THOCHTeJibHbie H aoCOJIIDTHbie HHTeHCHBHOCTH HaoJIIDA8E 

£lOB IIpi1BOllHTCSI B TaoJI, 1, 

3, CxeMa pacrrana H KB8HTOBbie xapaKTepH~ 

ypOBHeH 

3,1. C x eM a p a c rr an a 

89 
Ha pRe. 2 H30opa)l(eHa cxeMa pacrrana H30MepoB Zr 

naHHbie II03BOJISIIDT yTO'IHHTb aHeprHH H3BecTHbiX ypoBHeii 901 

2620 K 9B II pH pacnane 
8 9 Zr • 1507 K9B II pH pacnane 

89 m2 

B cxeMy pacrrana 
89 Zr ypoBeHb 1744 KaB, paHbliie H3BecT 

IIO S!llepHOH peaKI.tHH, 

HcxollSI H3 aHeprHH pacrrana ( Q = 2827 KSB1 CM, HH: 

CHBHOCTH y -nepexonoB 1657 K9B Mhi C'IHTaeM HaH5onee B• 

+ 
~OT nepexon HlleT Ha ypoBeHb 908 K9B (9/2 ). floaToMy en 

cxeMy pacrrana 
89 Zr ypoBHeM 2565 K9B, 

8 H8liiHX H3MepeHHHX Mbl He IIOJIY'IHJIH HHK8KHX £18HHbiX
1 

+ 
CBHlleTeJibCTBOB8JIH 0 B030Y)I(£leHHH ypOBHSI 2220 K9B (5/2 ) 

Ill! 
89 Zr 1 H3BeCTHOI"'O H3 S!llepHblX peaKUHii • 3TO MO)I(eT 01 

C BbiCOKOii CTerreHbiD 38rrpeTa oeTa-paCII8£18 H3 COCTOSIHHSI 8 

l1HTeHCHBHOCTb 38CeneHHSI B030Y)K£leHHbiX ypOBHeit 
89

) 

:ae 8 9 Zr ( 7e,4 qaca )..: B OTHOCHTenbHbiX enHHHuax- obina no 
J:t\ . 

pa3HHU8 OTHOCHTeJibHbiX HHTeHCHBHOCTeit yXOliHII.lHX H rrpHXOJ 

rrepeXOliOB H8 Te )Ke -YPOBHH, fiOJIO)KHB1 'ITO cyMM8 HHTeHCHB 

XOllOB 908 H 1744 KSB1 HllYII.lHX H8 OCHOBHOe COCTOSIHHe, paBJ 

IIOJIY'IHJIH aoCOJIIOTHbie 3H8'1eHHSI HHTeHCHBHOCTeit .OTlleJibHbiX 

p8CII8£18 H 9JieKTpOHHOI"'O 38XB8T8 1 a OTCI0£18 T8K)Ke 1"'8MM8 -II 
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qeCKH 'IHCTbiH UHpKOHHH BbiLl9lHinCH H3 CM9CH ITpOLlyKTOB 

ro pacmeiTneHHH OKHCH HTTpHH M9TOLlOM SKCTp8KUHH C ITO

IV 
nHHTenbHOH O'IHCTKOH , 

ITponyKTOB peaKUHH rny6oKoro pacmeiTneHHH HH06HH pMtH·o

IH UHpKOHHH BbiLlenHnCH ITO M9TOJ]HK9 0 OITHC8HHOH B pa6o

n!O'I9HH9M Toro, 'ITO comiHOKHCnhiH paCTBOp, ITOnyqeHHb!H 

HH rHLlpOOKHCH 0 He H8HOCHnCH H8 XpOM8TOrpaqJH'I9CKYIO KO-

ncH no 2M ITO H CI 0 4 H O,OlM ITO H2C204 H UHp-

OBancH H3 STOrO paCTBopa T9HOHnTpH~TOpaueTOHOM (0,5M 

, CITyCTH ITpHMepao 10 naeil: ITocne Koaua o6nyqeHHH ITpo-

8H OIT9p8UHH ITO O'IHCTKe UHpKOHHH 0 38KniO'I8IOIIIaHCH B ITpo-

CKoro pacTBopa 2M H N 0 3 , COJl9p)l{amel1: ITO ,1 Mr Y 0 

8'I9CTB9 ynep)I{HBaiOIIIHX HOCHTenel1:, 

Zr , B HCTO'IHHKe conep)l{ancH TOnbKO 
8 8 Zr ( 85 JlH,) 

Hll H30TOIT 8 8 Y ( 105 LlH,), KOnH'I9CTBO KOTOpOrO 

a no, 

iByiiiHll H30Mep ( 4,18 MHH) 
89

m Zr H3yqanCH OTLlenbHO B ue-

891D.. 89Nb 48 MHH,"' 89 m z 4,18 MHH •• 89 y M 
r , eTon 1,9 qac 

1101 
OITHCaH B pa6oTe , 

paTypa H pe3ynbTaTbi H3M9p9HHH 

HHH raMMa-ciTeKTpoB 
89

m • 
89 Zr 6binH HCITOnb30B8Hhi 

Hna Ge ( Li) c 'IYBCTBHTenbHhiMH o6'heMaMH 6,3 H 10 eM 
3 

M pa3peweaHeM 4-5 KSB JJnH raMMa-ITepexoJJOB so Col. 

anH3 ocymecTBnHncH 4096-KaHanbHhiM aaanH3aTopoM, 

H3o6pa)l{ea raMMa-ciTeKTp 
89 Zr ( 78,4 qaca). KpoMe 

C SHeprHHMH 908, 1620 H 1712 KSB 0 6bin o6aapy)l{eH 

Hell 1744 KSB 0 Ha6nroJJaBliiHHCH JlO STOro TOnbKO B HLlepHbiX 

paaee aeH3BecTHbiH ITepexoJJ 1657 KSB, 

4 

..-

.,, .. 
,.,. 

:~ ~; .;: ,,,. 
l'<lj; 
'·""· 

;;i . 
'iill'_., 

B raMMa-ciTeKTpe 
89

mzr ( 4,18 MHH) 3aperHcTpHpoBaHbi H3BeCTHbie 

nHHHH C saeprHHMH 587,6 H 1507 KSB, 

0THOCHTenbHbie H a6coniOTHbie HHT9HCHBHOCTH aa6niOJl8eMb!X ITepexo

JlOB ITpHBOJ]HTCH B Ta6n, 1, 

3, CxeMa paciTaJJa H KBaHTOBbie xapaKTepHCTHKH 

ypoBHeli: 

3,1, C x eM a p a c nan a 

89 
Ha pHc, 2 H3o6pa)l{eHa cxeMa paciTaJJa H3oMepoB Zr , HawH 

JlaHHbie IT03BOnHIOT yTO'IHHTb saeprHH H3BeCTHbiX ypoBaeil: 908, 2528 H 

2620 KSB ITPH pacnaJJe 
8 9 Zr • 1507 KSB IT pH pacnaJ]e 

8 9 
m Zr H Jl068BHTb 

B cxeMy paciTaaa 
89 Zr ypoBeHb 1744 KsB, paabwe H3BecTHbiil: TonbKO 

no HJJepaoil: peaKUHH, 

HcxoJJH H3 saeprHH pacnaaa .( Q = 2827 KSB 0 CM, HH)I{e) H HHTeH-

CHBHOCTH y -nepeXOJ]OB 1657 KSB Mbl C'IHTaeM H8H6onee BepOHTHb!M 0 ino 

+ 
@TOT ITepexoa HJJeT Ha ypoBeHb 908 KSB (912 ), ITosToMy cneayeT JlOITonaHTb 

cxeMy pacnaJJa 
89 Zr ypoBHeM 2565 KSB, 

8 HaiiiHX H3MepeHHHX Mbl He ITony'IHnH HHK8KHX naHHb!X0 KOTOpb!e 6b! 

+ 
CBHLleTenbCTBOB8nH 0 B036y)I{J]eHHH ypOBHH 2220 KSB (512 ) ITpH pacnaJJe 

1111 
8 9 Zr 0 H3BeCTHOrO H3 HJlepHbiX peaKUHil: , 8TO MO)I{eT 6b!Tb CBH3aHO 

+ 89 
C Bb!COKOH CTeneHbiO 38ITpeTa 6eTa-paCIT8Jl8 H3 COCTOHHHH 912 Zr , 

HHTeacHBHOCTb 3aceneaHH B036y)KJJeHHbiX ypoBaeH: 
89 Y ITPH pacna-

JJe 8 
9 Zr ( 7e,4 qaca )...: B OTHOCHTenblibiX e)lHHHuax- 6bin8 nonyqeHa KBK 

;"d' . 

p83HHU8 OTHOCHTenbHbiX HHTeHCHBHOCTeil: YXOJlHIIIHX H ITpHXOJlHIIIHX raMMa

nepeXOJlOB H8 Te )l{e.ypOBHH, ITonO)I{HB, 'ITO CyMMa HHTeHCHBHOCTeil: nepe

XOJlOB 908 H 1744 KSB 1 HJlYIIIHX H8 OCHOBHOe COCTOHHHe, p8BH8 100%1 Mbl 

nonyqHnH a6coniOTHbie 3Ha'teHHH HHTeHCHBHOCTeit OTJ]enbHb!X KOMITOHeHT 6eTa

paCIT8Jl8 H sneKTpOHHOrO 38XB8T8 1 8 OTCIOJ]8 T8K)I{e raMMa -ITepeXOJlOB, 0THO-

5 
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llleHHSI (I {:3 + 6binH OUeHeHbl no TeopeTH'!'eCKHM 3Ha'!'eHHSIM nnH pa3pellleH-

HhiX nepexonos, f1pH aToM nnH pa3HOCTH Mace 
8 9 Zr H 

8 9 Y 6bmo npHHHTO 

/4/ 
3Ha'!'eHHe 2827 K3B , 

Pa3BeTsneHHe pacnaLta 89mzr 6hlno onpeneneHo no nonyqeHHhlM 

OTHOCHTenbHbiM HHTeHCHBHOCTSIM raMMa-nepexonoB 587,6 K3B H 1507 K3B 

/2/ 
H no H3B9CTHOMY OTH0lli9HHIO HHTeHCHBHOCTefi 6eTa-nepexoLta, Hnylllero 

Ha OCHOBHOe COCTOSIHHe 
89 y H raMMa-nepexona 587,6 KaB ([:3+ 2400/ 

y 588 = 0,0027). 

Ha OCHOBe 3THX naHHhiX 6binH Bhl'I'HCneHbl 3Ha'!'eHHSI fg ft , KOT0pb!9 

BMeCTe C HHTeHCHBHOCTSIMH 6eTa- H raMMa-nepexonoB IlpHBOnHTCSI B CXeMe 

pacnaLta. 

3, 2, K BaHT 0 B bl e X a p a K T e pH C T H K H y p 0 B He fi 

- + - - + + 
CnHHhl H qeTHOCTH 1/2 , 9/2 , 3/2 , 5/2 , 7/2 , 9/2 OCHOBHOrO 

H B036y)l(neHHh!X COCTOSIHHfi 909, 1507, 1744, 2528 H 2620 K3B, COOTBeT

/11/ 
cTBeHHo, 6hlnH ~opolllo H3BecTHhl • HalliH LtaHHhle He npoTHBope'!'aT 3THM 

pe3ynbTaTaM, 'YTo KacaeTCH ypoBHH 5/2- ( 1774 K3B ) , TO 6eTa-pacnan non-

)l(eH 6b!Tb yHHKBnbHbiM nepBofi CTeneHH 3anpeTa ( ~~ = 2, ~TT = +1), 

B cornacHH c 3THM HaxonHTCH nonyqeHHoe HaMH 3Ha'!'eHHe lg f t = 8,3. 

3HaqeHH9 lgft = J, 15 CBJ{neTenbCTByeT 0 TOM, '!'TO COOTBeTCTBYIOlliHfi 

6eTa-nepexon H8 ypoBeHb 2565 K3B MO)I(eT YLlOBneTBOpHTb npaBHnaM OT-

6opa: ~I = 0, 1 H ~ rr = :t.,1; T,e, MO)I(HO O)I(HnaTb y aToro ypoBHH I 77 = 
+ 

= (7/2, 9/2, 11/2)-. OnHaKo B LtBHHOfi o6nac_TH HLtep TaKoe 3Ha'!'eHHe fg ft 

COOTB9TCTByeT,CKopee,pa3pellleHHOMy nepeXOLtY C ~I = 0,1 H ~ TT = + 1. 

HLtpo 
89 
39y 

4, 0 npHpone COCTOSIHHli: 
8 &y 

coLtep)I(HT "MarHqecKoew 'I'HCno HefiTpOHOB ( N = 50) 

H 39 npOTOHOB, IlpH'!'eM He'!'eTHblfi npOTOH ne)I(HT BHe 3ai10nHeHHhlX nono6ono

qeK 2 p3/2 H 1£5/2 , f1o3TOMY B HeM B03MO)I(H0 CyllleCTBOBaHHe onHO'JaCTH'I• 

6 

ota 

4 

I . > 

Hb!X COCTOSIHHfi p 1/2, g 9/2 H OLlHOLlb!pO'I'HbiX - ( p 3/2)

MO)I(HO OTO)I(neCTBHTb HX C Ha6monaeMb!MH ypOBHSIMH 0( 1/2-) 

1507 (3/2-) H 1744 K3B (5/2-), He HCKniO'I'eHa B03MO)I(H0CTI 

cnenHHX nBYX ypOBHSIX 9CTb BKnan COCTOSIHHfi, B03HHKarolliHX 

B3aHMOnefiCTBHSI 11pOTOHa p 1/2 C B036y)l(neHHb!M OCTOBOM ~ 
+ . + 

YpoBHH 908 K3B ( 9/2 ) H 2620 KaB ( 9/2 ) 3acenHIOTC51 

XOLtaMH C 6nH3KHMH 3Ha'!'eHHSIMH lg f t = 6,1, f103TOMY B03M0)~ 

HMeroT cxonHyro cTpyKTYPY• Pa3nH'!'He Me)l(ny HHMH MO)I(eT 6c 

neHO TeM, '!'TO npH B036y)I(Ll9HHH ypoBHH 2620 K3B LtBa npOTO 

c nono6ono'I'KH P 3/2 Ha nono6onoqKy P 1/2, T,e, aToT ypoB• 

6biTb oxapaKTepH3oBaH KoHqmrypauHefi P ( P 3/2) -
2 

P( P1/ 

OcTanbHb!e ypoBHH MO)I(HO nonhiT8TbCSI HHTepnpeTHpoBaTb B r 
/12/ 

B036y)l(neHHOrO OCTOBa ne llianHT8 K8K pe3ynbT8T cna601 

88 
TOHa g 9/2 C B036y)I(LteHHb!M OCTOBOM Hnpa- HnpoM 38 Sr 50 -, H 

+ . 89 
B COCTOHHHH 2 , BcneLt<;:TBH9 3TOfi CBSI3H B 3 9 y 50 LtOn)l(e 

KBHHTeT B036y)l(neHHb!X ypOBHefi C KB8HTOBb!MH xapaKTepHCTH 

+ + + + 7/2 , 9/2 , 1112 H 13/2 • O)I(HLtaeMoe nono)l(eHHe ero ueHT 

/12/ 
H8XOnHTCSI B cornaCHH C npenCK838HHSIMH Ha Bb!COTe BO< 

+ + 
ypoBHH 2 B 88 Sr , yBenH'!'eHHOfi Ha aHeprHro ypoBHH 9/2 

H8 Bb!COTe 1 835+903=2743 K3Bo 

+ 
Bo3MO)I(HO, '!'TO ypoBHH 2220 K3B (5/2 ); 2528 K3B (7/ 

+ + (9/2, 11/2) HBnSIIOTCSI TpeMg•qneHaMH 3TOrO KBHHTeTa, E1 
+ + + 

nsa qneHa 11/2 (HnH 9/2 ) H 13/2 MoryT H8XOLlHTbCSI Ha 

lllefi, qeM aHeprHH 6eTa-pacnana ( 2830 K9B). 

B. Y!ccnenoBaHHe pacnaga 
8 7 Zr 

1. BBeLteHHe 

Ony6nHKoBaHHhle no HaCTOHlllero speMeHH naHHhle HCCnE 

8 7 ( ) -nana U T 
1

;
2 

= 94 MHH HOCHT 11pOTHBOp9'1'HBblfi xapai< 
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htnH oueHeHht no TeopeTHt.recKHM sHat.reHHHM llnH pasperneH

DpH 9TOM anSI pa3HOCTIIJ Mace 
8 9 

Zr H 
8 9 Y OhinO npHHHTo 

/4/ 
9B 

e pacnaaa 89mZr ohmo onpeaeneao no nonyt.reHHhiM 

HT8HCIIJBHOCTSIM I'8MMa-nepeXOllOB 587,6 K9B H 1507 J<9B 

OTHOIIIeHHID HHTeHCHBHOCTel! oeTa-nepeXO]l8 0 Hllylllei'O 

OSIHHe 
89 Y H raMMa-nepexoaa 587,6 K9B ( f3 + 2400/ 

9THX Ll8HHhlX OhlJlH Bhlt.rHcneHhl 3Hat.reHHSI fgh 1 KOTOphle 

HBHOCTSIMH oeTa- H I'8MMa-nepeXOLlOB npHBOUHTCSI B CXeMe 

OBhle xapaKTepHCTHKH ypOBHeA 

- + - - + + 
1/2 , 9/2 , 3/2 , 5/2 , 7/2 1 9/2 OCHOBHOI'O 

COCTOHHHA 909, 1507, 1744, 2528 H 2620 K9B, COOTBeT-

/11/ 
porno HsBecTHhl • HarnH aaHHhle He npoTHBopet.raT 9THM 

0 KacaeTCSI ypOBHH 5/2- (1774K9B ), TO oeTa-pacna]l UOJI-

bHbiM nepBol! cTeneHH sanpeTa ( !l I = 2, i'lTT = +1). 

IHM H8XOUHTCSI nonyt.reHHOe H8MH 3H8T.feHHe Jg f t = 8,3. 

gft = 7,15 CB~JleTeJibCTByeT 0 TOM, T.fTO COOTBeTCTBYIDIIIHl! 

ypoBeHb 2565 K9B MO)I{eT YLlOBJieTBOpHTb npaBHJ18M OT-

H llTT = :t_l; T.e. MO)I{HO O)I{HilaTb y 9Toro ypoBHH I 17 = 

+ 
)-. OaaaKo B aaHHol! o5nacTH Hllep TaKoe 3Hat.reHHe fg ft 

I 
opee, pasperneHHoMy nepexoay c !l I = 0,1 H llTT = + 1. 

4. 0 npHpoae COCTOSIHHl! 811 y 

coaep)I{HT "MarHt.recKoe" t.rHcno Hel!TpOHDB ( N = 50) 

pHt.reM Het.rATHhll! DpOTOH Jie)I{HT BHe 38nOnHeHHhlX noao5ono

/2 • 0o9TDMy B HeM B03MO)I{H0 cyrneCTBOB8HHe DllHOT.f8CTHT.f• 

6 

.,el 

" 

P ( ) -1 -I 
HhlX COCTOHHIIJl! 1/2, g 9/2 IIJ OLlHOLlblpOt.rHhlX - p 3/2 ; ( f5/2) . 

MO)I{HO OTO)I{J:leCTBIIJTb HX C H80n!OU8eMblMH ypOBHSIMH 0( 1/2-), 908 (9/2+); 

1507 (3/2-) H 1744 K9B (5/2-). He HCKn!ot.reHa B03MO)I{HOCTb1 <iTO B no-

cneUHHX LlBYX ypOBHHX ecTb BKJ18J:l COCTOSIHIIJl!, B03HHK8IDIIIHX BCJieacTBHe 

88 
B38HMO]lel!CTBHSI npOTOH8 p 1/2 C B030Y)I{JleHHhiM OCTOBOM 2+ ( 

3 8
Y 

50 
) • 

+ + 
YpoBHH 908 K9B (9/2 ) H 2620 K9B (9/2 ) sacenHIDTCH f3+- f -nepe-

xoaaMH c 5nH3KHMH saat.reHHHMH Ig ft = 6,1. Do9ToMy B03MO>!<Ho, t.rTo oHH 

HMeiDT CXOUHYID CTpyKTYPY• Pa3JIHT.fHe Me)I{JlY HHMH MO)I{eT Oh!Tb ooycnoB

neHO TeM, T.fTO npH B030Y)I{UeHHH ypOBHH 2620 K9B UB8 npOTOH8 nepeXOLlHT 

C noaoooJIOT.fKH p 3/2 Ha noaooOJIOT.fKY p 1/2, T.e. 9TOT ypoBeHb MO)I{eT 

-2 2 1 
obtTb oxapaKTepHsoBaH KoHqmrypauHel! P( P 3/2) P( Pl/2). P( g 9/2) • 

0CT8nbHbie ypoBHH MO)I{HO nonhiT8TbCSI HHTepnpeTHpOB8Tb B paMK8X MO]lenH 

I 121 
B030Y)I{JleHHOI'O OCTOB8 ae illanHTa K8K pe3yJibT8T CJ1800l! CBH3H npo-

88 
TOH8 g 9/2 C B030Y)I{JleHHh!M OCTOBOM S!]lpa- HllpOM 

3 8 
Sr 5 o ·, H8XOUHIIIHMCH 

+ . 89 
B COCTOSIHHH 2 • Bcnell<?TBHe 9TOl! CBH3H B 3 9 Y 50 UOn)l{eH nOHBHTbCSI 

. + 
KBHHTeT B030Y)I{JleHHhlX ypDBHel! C KB8HTOBhlMH xapaKTepHCTHK8MH 5/2 1 

+ + + + 
7/2 , 9/2 , 11/2 H 13/2 • O)I{HJlaeMoe nono)l{eHHe ero ueHTpa TH)I{eCTH 

/12/ 
H8XOllHTCSI 

+ 
B COI'Jl8CHH C npellCK838HHSIMH H8 BhiCOTe B030Y)I{JleHHOI'O 

ypDBHH 2 B 88 Sr , yBenHt.reHHol! Ha 9HeprHID 
+ 89 

ypOBHH 9/2 B Y , T.e. 

H8 BbiCOTe 1 835+903=2743 K9B. 

+ + 
BosMO)I{HD, t.rTD ypoBHH 2220 K9B ( 5/2 ) ; 2528 K9B ( 7/2 ) H 2565 K9B 

+ + 
(9/2 1 11/2 ) SIBJISIIDTCSI TpeMH' T.fJieH8MH 9TOI'O KBHHTeTa. Ero OCT8JlbHbie 

+ + + 
aBa t.rneHa 11/2 (HnH 9/2 ) H 13/2 MoryT HlixoaHTbCH Ha BhtCoTe, 5onb-

rnel!, t.reM 9HeprHH 5eTa-pacnaaa ( 2830 K9B). 

E. l1ccnegoBaHHe pacnaga 
8 7 

Zr 

I. BBeaeHHe 

OnyonHKoBaHHhle ao HacToHmero BpeMeHH aaHHhle uccneaoBaHHl! pac-

naaa 
87 ) u /3 13-15/ Zr ( T 1; 2 = 94 MHH HOCHT npoTHBopet.rHBhiH xapaKTep ' • 

7 

t 



/3 13/ 
B pa6oTax ' AaeTCSI yKasaHHe Ha raMMa-Hsny'leHHe E y = 350 

H 650 K3B, corrpoBOlKABJOIUee pacrraA 
8 r Zr • 0AHaKo B 6onee. IIo3AHelt 

/6/ /6 13/ 
pa6oTe . 3TO raMMa-Hsny'leHHe He ObiJIO saperHcTpHpoBaHo. B pa6oTax ' 

6binH o6HapylKeHbi raMMa-ny'IH c 3HeprHSIMH 1,2 H 2,2 MsB. HoB pa6oTe 

. /14/ 
EacKoBolt H AP" · HHK8KHX y-nyqelt, rrpHHaAnelKaiUHX pacrraAy 87 Zr , 

He ObinO o6HapylKeHo H ObiJl HaltAeH nHIUb DAHH 6eTa-rrepexo.o MelKAY oc-

HOBHbiM ypoBHeM 
8 7 Zr H H30MepHbiM 8 7 Y 

llnSI BbiSICHeHHSI cxeMbi pacrraAa sToro H3oTorra H 6bma rrpe.011pHHSITa 

HaCTOSIIUaSI pa6oTa. faMMa-cl1eKTp 
8 7 Zr H3MepS!JlCSI Ha Ge ( Li) -cl1eKTpo

MeTpe, H Ha OCHOBaHHH liOJly'leHHbiX pe3yJlbTaTOB Ob!na !IpeAJlOlKeHa ero 

cxeMa pac11aAa. 

2. YcnoBHSI H pesynbTaTbi 3KC11epHMeHTa 

vf3oTOII 
87 

Zr 110Jly'laJlCSI 11pH o6ny'leHHH MHIUeHeil: H3 OKHCH H'rTpHSI 

H MeTaJlJlH'IeCKOrO HHOOHSI 11pOTOHaMH C 3HeprHeH 120 H 660 MsB, 

COOTBeTCTBeHH0 0 Ha BHyTpeHHeM 11Y'IKe CHHXpOUHKJlOTpOHa 0J.1.HJ.1 C liDCJle.OyJO

IUHM XHMH'IeCKHM BbiAeJleHHeM, OIIHCaHHbiM B pa3Aene A HaCTDSIIUeH paOOTblo 

YcnoBHSI H3MepeHHil: raMMa-crreKTpa 

KDTOpbie yKa3aHbl B pa3Aene A. 

8 7 Zr TaKlKe aHanorH'IHbi TeM, 

J.13MepeHHSI Ha'IHHanHCb crrycTSI IIpHMepHD 1-2 qaca IIDCJle KOHUa D0-

87 
ny'leHHil:. Ha pHc. 3 H3o6palKeHbi OTAenbHbie yqacTKH raMMa-cl1eKTpa Zr. 

ilaHHbie 06 3HeprHSIX H HHTeHCHBHOCTSIX raMMa-rrepeXOAOB !IpHBeAeHbl B 

Ta6n. 2. 
87 

noMHMO Zr , B HCCJieAyeMbiX HCTO'IHHK8X IIpHCYTCTBOBaJIH TaKlKe 

89 
Zr (78,4-qac), 

86 
Zr ( 16,5-qac) Hero .ooqepHHH H3DTorr 

86 Y • lJTo Ka-

/10,11/ 
caeTCSI 

89 Zr H 
86 Zr , TO Hx crreKTpbi npoCTbi H xoporuo H3BecTHbi , 

TaK 'ITO Bbi'IeCTb HX BKJla.O H3 ooruero CIIeKTpa He !IpeACTaBJlSIJlO HHKaKOH 

. 86 Ill/ 
TpyAHOCTHo Eonee CJlOlKHOH OKa3anaCb 3a.Oa'la y'leCTb BKJ18A Y 

cneKTp KoToporo Heo6bi'IHO 6oraT. 

3aTpy.OHSIJ10 aHanH3 raMMa-crreKTpa 

~ 

B HeKoTopbiX cny'laSix ero rrpHCyTCTBHe 

8 7 Zr 

8 

I . 

~~ 

• 

3. CxeMa pacl1aAa H KBaHTOBbie xapaKTepHCTHKH Yf 

3.1. C x eM a p a c 11 a A a 

H eKOTOpbie cBeAeHHSI o Bos6ylK.QeHHbiX ypoBHSIX 

rrop TOJlbKO H3y'leHHe S!AepHb!X peaKI.tHH ( p, a ) 0( p, t ) 

87y 
39 50 
/11/ 

(eM. pHc. 4). HaruH AaHHbie o y -Hsny'leHHH, corrpoBOlKAa~ 
87 

. 11aA 1103BOJ1SIIOT BbiSIBHTb pS!A HOBbiX ypOBHelt Y 
87 89 

HylKHO OTMeTHTbo 'ITO S!Apa 39 Y 4 8 H 39Y 50 OTnl 

87 
KO TeM, 'ITQ B Y He XBaTaeT .OBYX HeHTpOHOB AD 3aiiOJl 

KH 1.~ 9/2. nosTOMy MOlKHO OlKH.OaTb, 'ITO COCTOSIHHSI, cyme 

pe 
89 y 

0 
AOJllKHbl TaKlKe 11pOSIBJlSITbCSI B Si.Ope 

87 y 
• Kp, 

B CBSI3H C !IpHCYTCTBHeM ABYX AbipOK B 
87 y 

H c 6onbruell: 

11a.oa 87 Zr, qeM y 89 Zr; c11eKTP Bos6ylKAeHHhiX ypoBHeA 

ObiTb 6oraqe, 'leM B cnyqae 
89 Y 

Ha ocHoBe aHanorHH c Si.OpoM 89 Y , pesynbTaToB H3~ 

I 111 
peaKUHH H 6anaHCa 3HeprHH H HHTeHCHBHOCTeH rrpe.onarl 

pacrra.oa 
87 Zr t KDTOpaS! rrpeACTaBneHa H8 pHC.- 4. 

HHTeHCHBHOCTb 3aceneHHSI B036ylK.QeHHbiX ypoBHeH 
8 7 

Y 

.oe 
87 89 Zr , TaK lKe KaK AJ!SI Y , rrony'lanacb KaK pa 

CHBHOCTeH YXOASIIUHX H IIpHXO.OSIIUHX raMMa-KBaHTOB H8 Te lK 

B 3TOM CJiy'lae, O.OH8K0 0 IIOAC'I~T 6anaHC8 HHTeHCHBHOCTeH f 
87 

CJlOlKHee, TaK KaK paCII8.0 Zr B OCHOBHOM HAeT qepe3 

87 
H30Mep Y (38} K"SB). 

87 
06o3Ha'IHM CHMBOJIOM N y TO 'IHCno aTOMOB Zr, Kl 

C H3Jly'leHHeM raMMa-KBaHTOB y • ilnSI raMMa-rrepeXO.OOB 

AeKCOM o6o3Ha'leHbi nepexoAhi 796, 2616, 2220, 1228, 12 

cnpaBe.OJIHBO BbipalKeHHe ( IIOCTOSIHHbiH MHOlKHTenb, orrpeAeneJ 

elt .QeTeKTOp-HCTO'IHHK, OIIyiUeH) 

Jy (t)=.\ 1 N 
I y 

e -A It 

9 



13 131 
' aaeTCSI yKasaHHe Ha raMMa-Hsny'leHHe E y .. 350 

oaolKaaJOwee pacrraa 
8 7 

Zr • OaHaKo a 6onee rrosaHeft 

16 131 
aMMa-Hsny'leHne He 6biiiO saperHcTpHpoaaHo. B pa6oTax ' 

hi raMMa-ny'IH c 9HeprHSIMH 1,2 H 2,2 M9a. HoB pa6oTe 

1141 87 
. HHKaKHX y-nyqeii:, rrpHHaanelKaWHX pacrraay Zr , 

lKeHO H 6b!II Haii:aeH IIHWb oaHH 6eTa-rrepexoa MelKay OC-

8 
7 Zr H H30MepHhiM 8 7 Y 

eHHSI cxe Mbi pacrrana 9Toro H30Torra H 6bma rrpenrrpHHSITa 

a. faMMa-crreKTp 
8 7 

Zr HsMepSIIICSI Ha Ge ( Li) -crreKTpo

OBaHHH IIOJiy'leHHhiX pe3yllbT8TOB 6b!IIa IIpeni!OlKeHa ero 

2. YcnoBHSI H pesynhTaTbi 9KcrrepHMeHTa 

Zr IIOJiy'lai!CSI IIpH 061Iy'leHHH MHllieHefi: H3 OKHCH HTTpHSI 

0 HH06HSI IIpOTOHaMH C 9HeprHeft_ 120 H 660 M9B, 

Ha BHyTpeHHeM IIy'IKe CHHXpOUHKJIOTpOH8 0J.1.HJ.1 C IIOCJienyJO

BbiUeJieHHeM, OIIHCaHHb!M B pasnene A HaCTOSI!I(efi: pa60Tbi. 

MepeHHH raMMa-crreKTpa 

,J B pasnene A. 

8 7 
Zr TaKlKe aHanorH'IJHbi TeM, 

H8'1HHaJIHCb crrycTSI rrpHMepHo 1-2 qaca rrocne KOHUa o6-

87 • 3 Hso6palKeHbi oTnenbHbie yqacTKH raMMa-crreKTpa Zr. 

HSIX H HHTeHCHBHOCTSIX raMMa-rrepexonoB IIpHBeneHbl B 

7 
Zr , B HCCJienyeMbiX HCTO'lHHKaX IIpHCyTCTBOB8JIH TaK)I(e 
86 

Zr ( 16,5'1Jac) Hera noqepHHH H30Torr 86 Y • t{To Ka-

/10,11/ 8 6 
Zr , To HX crreKTpbi rrpocTbi H xoporno H3BecTHbi , 

HX BKJian H3 o6wero CIIeKTpa He rrpencTaBJISIIIO HHKaKOH 

86 I 111 
e CJIOlKHOft OKa3aJiaCb sana'la y'leCTb BKJian y 

Heo6bi'IHO 6oraT. 

Hs raMMa-crreKTpa 

,.::. 

B HeKoTopbiX cny'laSix ero rrpHCyTCTBHe 

8 7 Zr 

8 

• 

3. CxeMa pacrraaa H KBaHTOBbi·e xapaKTepHCTHKH ypoBHeft 

3.1. C x e Ma pa c rr a a a 

HeKoTOpbie caeaeHHSI o aos6ylKlleHHbiX ypOBHSIX 8!Y 
50 

aaaano ao CHX 
3
1111 1151 

IIOp TOIIbKO H3y'leHHe SinepHbiX peaKUHft ( p, a ) ;( p, t ) H (p, y ) 

(eM. pHc. 4). HawH naHHbie o y -Hsny'leHHH, corrpoBolKnaJOWeM {:3+-( -pac-

. nan II03BOIISIIOT Bb!SIBHTb pSin HOBbiX ypOBHeft 
8 7 

Y 
8 7 89 

HylKHO OTMeTHTb, 'ITO Siapa 39 Y 48 H 39Y 50 OTIIH'Ia!OTCSI TOI!b-

87 
KO TeM, 'ITQ B Y He XB8TaeT nByX HeftTpOHOB no 3aiiOI!HeHHSI 0601!0'1-

KH 1 .~ 912. Do9TOMY MOlKHO OlKHnaTb1 'ITO COCTOSIHHSI 1 cywecTByJO!I(He B Sin-

pe 8 9 Y , nonlKHbi TaKlKe rrpoSIBJISITbCSI B Hnpe 
8 7 Y • KpoMe 9Toro, 

87 
B CBSI3H C rrpHCYTCTBHeM nByX nbipOK B Y H C 60/Ib!I(efi: 9HeprHefi: pac-

rrana 87 Zr, qeM y 89 Zr; crreKTp Bos6ylKneHHbiX ypoBHefi: 
87 Y nonlKeH 

6biTb 6ora'le, 'IJeM B cny'lae 89 y 

Ha OCHOBe aHaJIOrHH C SinpoM 89Y 1 pe3yJibTaTOB H3y'leHHSI SinepHb!X 

Ill/ 
peaKUHfi: H 6aJiaHCa 9HeprHft H HHTeHCHBHOCTefi: rrpennaraeTCSI CXeMa 

pacrrana 87 Zr 
1 KOTOpaSI rrpenCT8BJieHa H8 pHCo 4. 

J.1HTeHCHBHOCTb 3aCeJieHHSI B036ylKneHHb!X ypOBHefi: 
8 7 

Y IIpH pacrra-

ne 
8 7 89 

Zr , T8K lKe K8K nJISI Y , IIOJIY'l8JI8Cb K8K p83HHU8 HHTeH-

CHBHOCTefi: yxonSIIUHX H IIpHXOnSIIUHX raMM8-KB8HTOB H8 Te lKe ypOBHH • 

B aToM cny'lae, onHaKo, rronc'l~T 6anaHca HHTeHCHBHOCTefi: 6yneT HeMHoro 

87 
CJIOlKHee, TaK K8K pacrran Zr B OCHOBHOM HaeT 'lepe3 14-'IJaCOBOH 

87 
H30Mep Y (381 K9B). 

0603H8'1JHM CHMBOJIOM N y TO 'IJHCJIO 8TOMOB 
87 

Zr,KoTopoe CBSI3aHo 

C H3Jiy'leHHeM raMM8-KB8HTOB y • .llJISI raMMa-rrepexoaoB y I t rne HH

neKCOM i 0603H8'1JeHbi rrepexonbi 796, 2616, 2220, 1228, 1210 H 1202 K9B 0• 

CIIp8BenJIHBO Bb!p8lKeHHe ( IIOCTOSIHHblfi: MHOlKHTeJib, OIIpeneneHHb!fi: reoMeTpH

efi: neTeKTOp-HCTO'lHHK, OIIyiUeH) 

Jyt(t)"'AtNy e -A 1 t 

9 

t 



H JJ.JHI nepeXOJJ.B 381 KSB - Bblp8)1{9HH9 

rJJ.e 

J 3 8 I ( t ) = A 2 N 3 8 I -~l-- ( e -A I t 

A2 -AI 
-e 

-A 2t 
) ' . 

J y i (t) - Ha5moJJ.a9MaSI OTHOCHT9nbHaSI HHT9HCHBHOCTb COOTB9TCTBY!OII19-

ro raMMa-nepeXOJla B MOM9HT BpeMeHH t , A 1 , A 2 - IIOCTOSIHHbi9 

pacna)la 
87 Zr H 

87 my , COOTB9TCTB9HHO, flpH STOM 3a Ha'lano OTC'!i!JTa 

BpeM9HH ( t = 0) Hy)KHO C'IHT8Tb MOM9HT XHMH'I9CKOrO BbiJJ.eneHHSI B 
7 Zr , 

87m 
T,e, MOM9HT1 KOrJJ.a B npenapaTe OTCyTCTByeT Jl0'19pHHll: Y , J.1HT9H-

CHBHOCTb 3aceneHHSI ypOBHSI 381 KSB TOrJla 5yJJ.eT paBHa pa3HOCTH 

N 381 - ~N y ( CyMMa HHT9HCHBHOCTell: Y -rrepeXOJJ.OB B OCHOBH09 COCTOSI-

HHe 5bina IIpHHSITa 3a 100%, 3Ha'!9HHSI HOpManH30BaHHhiX HHT9HCHBHOCTell: 

Bcex y -nepexoJJ.oB rrpeJJ.cTaBneHbi B TpeTbeM cTon5UE\ Ta5n, 2, 

flocneJJ.yJOII1H9 Bbi'IHCneHHSI IIpOBOJJ.SITCSI TaKHM )1{9 o5pa30M 1 KaK B 

cnyqae 89 Zr , flpH aToM JJ.nH rronaoll: saeprHH pacrraJJ.a 87 Zr rrpHHSITo 

/14/ 
3Ha'I9HH9 3663 KSB , flony'leHHb19 3Ha'!9HHSI Jgft BM9CTe C HHT9HCHB-

HOCTSIMH 5eTa- H raMMa-rrepeXOJJ.OB1 IIpHBOJJ.SITCSI B CX9M9 paCIIaJJ.a, 

3,2, K BaHT 0 B bl e X a p a K T e pH C T H K H y p 0 B He ll: 

1111 I" - + 
BbinH H3B9CTHbl CIIHH H '!eTHOCTb = 1/2 H 9/2 y OCHOB-

HOrO H H30M9pHOrO COCTOSIHHll: 
87 Y , flo .IIp9JlCKa3aHHIO MOJlenH o5onO'I9K 

85 s 89 z 
H rrp aHanorHH C COC9/J.HHMH S!JJ.paMH as' r 47 , 40 r 49 H T,JJ., MO)KHO 

+ 8 7 
O)KHJJ.aTb I 17 = 9/2 y OCHOBHOrO COCTOSIHH.Il" Zr , 8To cornacyeTCSI 

+ 87 
c rrony'!eHHhiM 3Ha'!eHHeM lgft,=5,6 JJ.nH 5eTa-rrepexoJJ.a 9/2 ( Zr ) -> 

_, 912+ ( 87my 

CyJJ.SI no CXOJJ.HOll: KapTHHe 3aceneHHSI H pa3pS!JJ.KH B035y)KJJ.9HHbiX ypoB-

Hell: 
87

'
89 Y, MO)KHO rrpeJJ.nonaraTb, 'ITO B035y)KJJ.9HHhie ypoBHH 

87 
Y 

793; 1583; 1591 H 1609 KSB H ypOBHH B 
9 Y 1744; 2528; 2565 H 2620 K8B 1 

COOTB9TCTB9HH0 1 HM910T 0/J.HHaKOBYIO CTpyKTypy, CneJJ.OBaTenbH01 MO)I<HO 

0)KH/J.8Tb 1 ITO aaanorHH C COOTB9TCTBYIOII1HMH ypCYBHSIMH 
89 Y 1 CIIHHbl 

10 

.,ta 

I . 

l'f .:i. 

.~ 
II 
.f\. 

\ 
I 

,, 

~ 
,I 

\ , .. 

- + "+ + 
H '!i!JTHOCTb 5/2, (9/2, 7/2) ,(7/2 9/2 11/2)- H 9/2 JJ.nH Yf 

793; 1583; 1591 H 1609 K8B1 COOTB9TCTB9HHO, 

HaM Ka)KeTcH, 'ITO ypoBeHb 580 KaB,. Hali:JleHHbiH B peaKUI 

H 1177 K8B TaK)K9 aHanorH'IHbl ypOBHSIM 1506 K8B I ( 3/ 2-) H ~ 

(5/2+) B HJJ.pe 
89 Y , T,e, OHH MoryT HM9Tb 1 17 = 3/2- H 

B9TCTB9HHO, 

C IIpHIIHCBHHSIMH KBaHTOBbiX XapaKT9pHCTHK 05Cy)KJJ.9HHhn 

cornacyJOTCSI rrony'!eHHbie 3Ha'!efiHSI lg f t COOTB9TCTBYIOII1HX 

XOJJ.OB, 3Ha'!9HH9 Jg ft < 6 CBHJJ.9T9nbCTByeT 0 TOM, 'ITO COOTE 

{3 -rrepeXOJJ.bl OTHOCSITCSI K pa3peUJeHHOMy THIIy H 1 Cn9JlOBaTE 

260 1; 2997 H 3342 K8B1 3acenSI9Mbl9 {3 -rrepexoJJ.aMH H3 COCT 

87 . + + 
Zr ) c lg"ft < 6, JlOn>KHhi HM9Tb 1 17 = 7/2; 9/2 Hll 

17 + 
0JJ.HBKO B03MO)KHOCTb I = 11/2 MO)KHO JJ.nH HHX HCKnJO'IH' 

+ 
BHHMaHH9 HB HX IIpSIMYIO pa3pS!ilKY HB ypOBHH 5/~, 

4, 0 ripHpOJJ.e COCTOSIHHH 
8 7 Y 

flo aHanorHH C ypOBHSIMH 
89 Y MO)KHO paCCMaTpHBaTI:o 

0 K8B (1/2-); 381 X8B (9/2+); 580 K8B (3/2-) H 793 K8B (5 

'IBCTH'!Hh!e COCTOSIHHSI pl/2; g 9/2; ( p 3/2)-
1 

H ( f 5/2) 

CTBeHHO, 

+ + 
YpoBHH 1609 Kae (9/2 ) H 381 KaB (9/2 ) 3acenSIJOTCSI 

C 5nH3KHMH Jg ft ( 5,6 H 5,9), floaTOMy, B03MO)KH0 1 'ITO OHH I 

IIpHpOJJ.y, 

+ + 
YpoBHH 1177 K8B (5/2 ); 1583 K8B (7/~ 9/2) i 1591 K 

+ 11/2) MO)KHO HHTeprrpeTHpOBaTb KaK TpH 'lneaa KBHHT9Ta cna 
86 

IIpOTOHa g 9/2 C B035y)KJJ.eHHhiM OCTOBOM S!Jlpa -SIJJ.pOM asSr 
+ 

CSI B COCTOSIHHH 2 , BHJJ.H0 1 'ITO 8TH ypOBHH HBXOJJ.SITCSI 5nH3KO 

+ 
3aHHOMy U9HTpy TSI)KeCTH MynbTHIIneTa 2 + 9/2 (1076 K8B + 

= 1457 K8B), 

11 



381 KBB - Bhlp8•eaHe 

J 3 8 I ( t ) = A 2 N 3 8 1 _ _!_L __ ( e -A 1 t 

,\2 -A., 
-e 

-A. 2t 
) ' . 

H86mo.Q8BM8H OTHOCHTBJlbH8H HHTBHCHBHOCTb COOTBeTC.TBYIOillB-

XO.[I8 B MOMBHT BpBMBHH A 1 , A 2 - IIOCTOHHHbiB 

H 
87 my , COOTBBTCTBBHHO. ITpH 8TOM 38 H8~8Jl0 OTC~~Ta 

) Hy•HO C~HT8Tb MOMBHT XHMH~BCKOrO Bbl.[IBJIBHHH 
8 7 Zr 

87m 
oraa B rrperr8paTe oTcyTcTByeT no~epauft Y . MaTeR-

BHHH ypOBHH 381 K8B TOraa 6yaeT p8BH8 p83HOCTH 

CyMM8 HHTBHCHBHOCTeil: Y -IIepeXOUOB B OCHOBHOB COCTOH-

T8 38 100%. 3HaqeHHH HOpM8JTH30B8HHh!X HHTBHCHBHOCTeil: 

OUOB IIp9UCT8BJT9Hbl B Tp9Tb9M CTOJT6UE\ Ta6JT. 2. 

IllH9 Bhl~HCJTBHHH IIpOBOUHTCH T8KHM •e o6pa30M
1 

K8K B 

ITpH aToM UJTH rronHoft &HeprHH pacrrana 87 Zr rrpHHHTo 

1141 
K8B • ITony~eHHb!9 3H8qeHHH lgft BM9CTe C HHT9HCHB-

H r8MM8-rrepexonoB, rrpHBOUHTCH B cxeMe pacrraaa. 

TOBhle X8paKTepHCTHKH ypOBHeft 

I 111 - + 
CTHb! CIIHH H qeTHOCTb I 17 = 112 H 912 y OCHOB-

oro COCTOHHHil: 
8 7 

Y • ITo .rrpe.QCK838HHIO MOU9JTH o6ono~eK 
85 s 89 z 

COCBUHHMH HUp8MH 38 r 47 , 40 r 
49 

H Tolle MO-HO 

87 
y OCHOBHOrO COCTOHHHH Zr • 3TO Cornacye~H 

+ 87 
lgft,=5,6 unsr 6eTa-rrepexoaa 912 ( Zr ) ... 

K8pTHHe 38C8JT9HHH H pa3pHUKH B036y•aeHHb!X ypoB-

87 
o•ao rrpenrronaraTb, ~To B036y•neHHbie ypoBHH Y 

H 1609 K8B H ypOBHH 
8 9Y 1744; 2528; 2565 H 2620 K8B

1 

HM910T OUHH8KOBYIO CTpyKTypy • CneUOBaT9JlbH0
1 

MO-HO 

JlOrHH C COOTB9TCTBYIOIUHMH ypO"BHHMH 89 Y 1 CIIHHb! 

10 

.,.;. 

l·t ~ 

~ '. 

-~ 
~· . I). 
I 
I 
I 

- ) + ( >'+ + 8 7 H ~eTHOCTb 512 ,(912, 712 
1 

712 912 1112- H 912 UJTH ypOBHeil: Y 

793; 1583; 1591 H 1609 K8B1 COOTB9TCTB9HHO. 

I 101 
HaM Ka•eTcsr, ~To ypoBeHb 580 K&B,. aall:neHHhiil: B peaKUHH aBTOp8MH 

H 1177 K&B TaK•e aHanorH~Hhi ypoBHHM 1506K&Bt (312-) H 2220 K&B 

( 512 +) B HUpe 
89 Y 0 T.e. OHH MoryT HMBTb I 17 = 312- H 512 +, COOT-

B9TCTB9HHO. 

C IlpHIIHC8HHHMH KB8HTOBb!X X8p8KT9pHCTHK o6cy•aeHHhiM ypOBHHM 

COrJTaCyiOTCH IIOJTy~eHHbl9 3H8~9HHH lg ft COOTB9TCTByiO.IllHX {3 +- IIepe

XOUOB. 3HaqeHHe lg ft < 6 CBHU9T9JlbCTByeT 0 TOM, ~TO COOTB9TCTBYIOillH9 

f3 -rrepeXO.[Ibi OTHOCHTCH K pa3pelli9HHOMY THIIy H 1 CJT9.[IOB8T9JlbH0
1 

ypOBHH 

+ 260 1; 2997 H 3342 K8B1 38C9JlH9Mb!9 {3 -IIepeXOU8MH H3 COCTOHHHSI 912 

. + + + 
I 17 = 712; 912 HJTH 11/2. 

87 
Zr ) c lg "ft < 6 , UOJT>KHhi HMeTb 

17 + 
I = 11/2 MO-HO UJIH HHX OuHaKo B03Mo•HoCTb HCKJTIO~HTb 0 06p8!ll8SI 

+ 
BHHM8HH9 Ha HX IIpSIMYIO p83pSIUKY Ha ypOBHH 51~. 

4. 0 ripHpoue COCTOSIHHil: 
87 Y 

ITo aHanorHH c ypoBHSIMH 

0 K8B ( 1/2-); 381 K8B (9/2+); 

89 
Y MO>KHO paCCM8TpHB8Tb ypOBHH 

87 Y 

580 K8B (312-) H 793 K8B (512-) KaK 

~8CTH~Hbl9 COCTOSIHHSI p 112; 
-1 -1 

g 912; ( p 312) H ( f 512) 
0 

COOTBeT-

CTB9HHO. 

+ + 
YpoBHH 1609 KBB (912 ) H 381 K&B (912. ) 3acenSIIOTCSI rrepexonaMH 

C 6JTH3KHMH Jg ft ( 5,6 H 5,9) • ITo&TOMy, B03MO>KH0 0 ~TO OHH HM910T CXOUHYIO 

rrpHpouy • 

+ + 
YpOBHH 1177 K8B (512 ); 1583 K3B (7121 912) ; 1591 K8B, (712 912 
+ 

1112) MO-HO HHTeprrpeTHpOB8Tb K8K TpH qJieHa KBHHT9T8 CJTa6oil: CBSI3H 

rrpoToHa g 912 

CSI B.COCTOSIHHH 

38HHOMY U9HTpy 

== 1457 KaB). 

' t 

86 
C B036y>KU9HHb!M OCTOBOM SI.Qpa - SIUpOM 3 8 Sr 48 , HaXOUSI!llHM-

+ 
2 • BHaHo, ~To aTH ypoBHH aaxoaSITCSI 6nHaKo K rrpencKa-

+ 
TSI.eCTH MyJTbTHIIJTeTa 2 + 912 ( 1076 K3B + 381 K3B = 

11 



so 1161 8~ I 101 
TaK )l(e, KaK B coceaHHX sapax Sr H Zr , B sape 

87 
y MO)I(HO npeanonaraTb cywecTBoaaaHe TpexqacTH'IHhiX ypo.aaeil THna 

-1 ) 1 ( )-1 + p( p 312) n ( P 112 n g 912 , aoaHHKaJOWHX npH f3 -pacrra-

ae 
87 Zr nyTeM rrpeapameHHSI p(p3/2)-+ n(pl/2): 

p(p3/2) 4 n(pl/2) 0n(g9/2)- 1 
-> p(p3/2)- 1 n(pl/2) 1 n(g39/2)- 1 

1~......_.....__-+t p ( p 3/2) -+ n (pI /2 ) __j 

C COOTBeTCTBY!OlUHM aHa'IeHHeM Ig ft 'S. 5,5. OaaaKo B cny'Iae pacrrana 
87 

Zr aHa'IeHHe lg ft MO)I(eT ObtTb aeMaoro noBbiiiieao Ha-aa Toro, 'ITO 

OCHOBH08 COCTOSIHHe MO)I(HO, IIO-BHnHMOMy, IIpencTaBHTb B BHne CMeCH 

KOH¢HrypaUHil 0 IIpH'IeM TOnbKO KOH¢HrypaUHSI 

p(pl/2) (pg9/2)
0
n(pl/2)

0
n(g9/2)- 1 

6yneT npHHHM8Tb y'IaCTHe B BbiiiieyKaaaHHOM f3 -npeapaweHHH. He HCKnJO-

qeao, 'ITO HeKOTOpbte Ha ypOBHefi 2601, 2997 H 3342 K9B S!BnSIJOTCSI Tpex-

'I8CTH'IHb!MH H IIpHBeneHHOI'O THIIa. 

HaiiiH npenaapHTenbHbie naHHhte. o pacrraae 
89 Zr H 

87 Zr obtnH orryo-
1171 1181 

nHKOBaHbl B paooTax H • COOTBeTCTBeHHO. Hy)I(HO nooaBHTb, 'ITO 

nocne OKOH'I8HHSI oopaoOTKH H81IIHX 9KCnepHMeHTanbHbiX naHHbiX H HX 

oTnpaBKH aa XIX CoaewaaHe no snepaofi cneKTpocKonHH H cTpyKType 
I 19,20,211 89 

aToMaoro snpa B Epeaaae rrosansnHcb paooThi o pacnane Zr, 

peaynbT8Tbl KOTOpb!X BIIOnHe cornacyJOTCSI C H81IIHMH peaynbTaTaMH. 

ABTOpbt 5naronapsT 'Yhtoar-Ebeaa aa IIOMOnlb B rrpoaeneH.HH aKcnepHMeHTa. · 
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K s coceaaHx Hapax 80s /16/ 8~ z /10/ 
cr H r , B Hape 

arronaraTh cymecTsosa~He TpexqacTHqHhiX yposae~ THITa 

( p 1 I 2) 
1 

n ( g 9/ 2) -
1
, B03HHK810li!HX rrpH f:J + -pacrra

rrpespameHHSI p(p3/2)-+ n(pl/2): 

4 n (pl/2) 0n(g 9/ 2) -I -> p( p3/2 )-I n( p l/2) I n (g39/2) -I 

I Jn ( p 3/2) -+ n(pl/2) __J 
3HaqeHH9M Ig ft :_ 5,5. OaHaKo B cnyqae pacrraaa 

M0)1{9T 6biTh H9MHOrO ITOBb!llleHO H3-3a Toro, qTo 

MO)I{HO, ITO-BHaHMOMy, npeaCTaBHTb B BHae CM9CH 

HqeM TOnbKO KOH~HrypaUHH 

0 0 -I 
( p g 9/2 ) n ( p l /2) n ( g 9/2 ) 

yqacTHe B Bbili!eyKa3aHHOM f3 -npespameHHH. He HCKnJO-

H3 ypOBHe~ 2601, 2997 H 3342 K8B HBnSIIOTCH Tpex-

RlHBeneHHOro THna. 

pHTenhHbie aaHHhie o pacrraae 89 Zr H 8 7 Zr 6brnH orry6-
117/ I 18/ 

H , cooTBeTcTseHHo. Hy)I{HO ao6asHTb, qTo 

8KCnepHM9HTanbHbiX aaHHbiX H HX 

CosemaHHe no sraepHo~ cneKTpocKonHH H CTpyKType 

/192021/ 89 
pa6oTbi ' ' o pacnaae Zr, 

BITOl!He cornacy!OTCSI C Hali!HMH pe3ynbTaTaMH. 

T lfbiOHr-EbeHa 38 IIOMOli!b B nposeaeH.HH 8KCnepHM9HTa. 
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PyKorrHch rrocTyrrHna B H3AaTenhcKH~ oTnen 

26 Ma51 1970 rona. 

14 

.,. 
I . 

TaonHua 1 

8aeprHH H HHT8HCHBHOCTH Y -nyqe~ 8 9 
Zr 

Jtl3oMep 8aeprR51 
(KaB) 

89 Zr 
908:!:_1 

1620;!:.1 

T l/2 =78,4 '18C 1657;!:.1 

89 m Zr 

1712;!:.1 

1774 :!:.1 

587,6:!:_0,5 

T l/2 =4,18MHH 1507 :!:.1 

0THOCHT8nhH851 YfHT8HCI 
HHT8HCHBHOCTh aa 10091 

100 g 

0,08:!:_0,01 0 08· . . 
0, 12:!:_0,0 1 0,12j 

0,86:!:_0,05 0,86j 

0, 14:!:_0,0 1 0, 14:!; 

100 g: 

7, 1:!:_0,5 6,62:!; 

15 



sen. Nucl. Phys., A11§ 538 (1968). 

J.A.McCray~· Nucl. Phys., A120, 234 (1968). 

n, R.C.Hagenauer, E. Eichler. Nucl. Phys., A123, 

PyKoiTHCb rrocTyrrHna B H3AaTenbCKHH oTnen 

26 MaSI 1970 rona. 

14 

.,-i! 

TaonHua 1 

3aeprHH H HHTeHCHBHOCTH Y -nyqet! 
8 9 

Zr 

113oMep 3aeprHSI 0THOCHTenbH8SI 11HTeHCHBHOCTb 
(K8B) HHTeHCHBHOCTb aa 100% pacrranoB 

89 Zr 908:!:.1 100 99,86 

1620:!:..1 0,08:!:_0,0I 0,08:!:_0,0I 

T r/2 =78,4'!ac 1657:!:_1 0, 12:!:_0,01 O,I2:!:_0,01 

1712:!:_1 0,86:!:_0,05 0,86:!:_0,05 

I774 :!:_1 o, 14:!:_0,0I 0, 14:!:_0,0 I 

89 m Zr 587,6:!:_0,5 100 93, I 

T I =4, 18MH.K 1507 :!:.1 
l 2 

7, 1:!:_0,5 6,62:!:_0,40 

15 
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Ta6nHua 2 

3HeprHH H HHT9HCHBHOCTH Y -nyt~eA 8 7 Zr 

3HeprHSI 0THOCHT9llbH8SI i1HT9HCHBHOCTb 

(KaB) HHT9HCHBHOCTb Ha 100% pacrranoa 

771:!:.1 4:!:.,2 0,15:!:.,0,08 

793:!:.,2 15:!:.,3 0,56:!:.,0,11 

796:!:.,2 5:!:.,2 0,19:!:.,0,08 

( 973.:!:.,2) < 6+3 :0,2 --
1160.:!:.,1 7:!:.,1 0,27:!:.,0,04 

1202.:!:.,2 11:!:.,1 0,41t_0,04 

1210.:!:.,1 33:!:.,2 1,2:!:.,0,08 

(1218.:!:.,1) 

1228.:!:.,1 100 3,8 

1808.:!:.,2 5:!:.,2 0,19:!:.,0,08 

1820t_2 3:!:.,1 0,11:!:.,0,04 

2165.:!:.,3 3:!:.,1 0,11:!:.,0,04 

2183.:!:.,3 3:!:.,1 0,11:!:.,0,04 

2220.:!:.,2 10:!:.,2 0,38:!:.,0,08 

2616.:!:.,2 5:!:.,1 0,19:!:.,0,0~ 
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Ta6nHua 2 

3neprHH H HHTeHCHBHOCTH Y -ny'Ieft 
87 Zr 

0THOCHTenbHaSI HnTencHBHocTb 
HHTeHCHBHOCTb na 100% pacrraaos 

4;!:2 0,15;!:0,08 

15;!:3 0,56;!:0,11 
5;!:2 0,19;!:0,08 

< 6+3 
:. 0,2 --

7.:!:.1 0,27;!:0,04 
11;!:1 0,41t_0,04 
33;!:2 1,2;!:0,08 

-
100 3,8 
5;!:2 0,19;!:0,08 
3;!:1 

0,11;!:0,04 
3;!:1 

0,11;!:0,04 
3;!:1 

0,11;!:0,04 
10;!:2 

0,38;!:0,08 
5;!:1 

0,19;!:0,01: 
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