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Kpa!\JT O.E., HayMOB !O.B., naplKHUKHH c.c., CH30B ¥!.B. P15 8810 

raMMa-pacrra)l PI/2 ' fs/2 • P3/2 aHanorOBbiX pe30H8HCOB B 
6

:! Cu 

B pa6oTe HccneJlOBaH raMMa-pacrra)l aaanorOBbiX pesoaaacoB B 
63 

Cu . 
B !jlyHKUHH B036YlKJleHHR peaKUHH 62 Ni (p,y)63Cu o6aapylKeHhi peaoaaHCbi rrpH 
E p = 2481, 2546, 2556 H 2659 K<lB, KOTOpbre HlleHTH!\!HUHpOBBHbi KaK PI/2-, 
f 5/2-H I!J/2-8HanOI'H OCHOBHOI'O, rrepBOI'O H BTOpOI'O B036ylKJleHHb!X 
COCTOSIHHH 63 Ni. l13MepeHbl y -crreKTpbl K8lKJlOI'O pe3oHaHCa, orrpeJleneHbi 
rrapUHanbHbie H rronHbie I'8MM8-IllHpHHbi. 

06cylKJlaJOTCR Borrpocbr o rrepexo)laX c aHanora aa aHTHaaanor 
H Ha COCTOSIHHSI THII8 IIongpH38UHH OCTOBa. CpaBHHBBJOTCSI BepOS!THOCTH 
aHanOI'OBb!X {3- H y -IIepeXO)lOB. 

Pa6ora BbiiiOnHeHa B fla6oparopHH aeiirpoHHOii !\JH3HKH OHHH. 

Coo6uteHHe 06be,nHHeHHOrO HHCTHTyTa Jl,nepHhiX HCC.ne,noBaJDdt 

,ll,y6Ha 1975 

Kraft O.E., Naumov Yu.V., Parzhitsky S.S., P15 - 8810 
Sizov V.I. 

y -Decay of the Analog Resonances in 63 Cu 

The gamma-decay of the analog resonances in
63

Cuwas inves­
tigated. The measurements were performed with Van de Graaff 
accelerator (Epo•a%':5 MeV) of the Neutron Physics Laboratory 
of JINR. The resonances at the Ep=2481, 2546, 2556 and 
2659 keV. were identified as PI/2 , fs/2 (two components) and 
P3/2 analo~3 ~.tates of the ground, first and second exci.ted 
states of • !',!. The gamma spectra were measured with GeLt 
detectors and partial gamma-widths were deduced. 

It is found the concentration of the Ml strength in • 
the excitation energy around 3-4 MeV. The strength of the I 
analog-antianalog and analog-corepolarization state transir 
tions are discussed. The analog f3 and y -transitions are 
compared. 

Communication of the Joint ln1titute for Nuclear Re1earch 
Dubna 1975 

H3y"'eHHe raMMa-pacna~a aHanorosblx pe3oHaHcos no-

3BOJIJieT ITOJiy"'HTb 6oraTyiO HHcllopMa~HIO 0 JI~epHOH CTpyi<­

Type. 3To so MHo roM onpe~eJIJieTCJI npHpo~oii aHaJiorosoro 

COCTOJIHHJI, BOJIHOBaJI cllYHI<~HJI I<OTOporo XOpOWO H3BeCTHa, 

HeCMOTpJI Ha 60JILWYIO 3HeprHIO B036y:>K,I:\eHHJI. ,lJ;aHHble 0 

raMMa- pacna,I\e aHanoros MO)I(HO HCITOJIL 3 osa Th ~JIJI onpe­

,1\eJieHHJI BOJIHOBbiX cllYHI<~HH HH3I<OJie)l(a~x COCTOJIHHH, Ha 

I<OTOpble npoHcXO.I\HT pacna,I\. AHaJIH3 noi<a3biBaeT, "'TO HH­

cllopMa~HJI o JI,I\epHoii CTPYI<Type, nonyqaeMaJI npH H3y"'eHHH 

raMMa- pacna,I\a aHanoros, I<a"'ecTBeHHO noxo)l(a Ha nonyqae­

MYIO llpH H3y"'eHHH f3- pacna,I\a, HO ,1\JIJI 3Ha"'HTeJILHO 60JILWe­

ro ,I\Hana3oHa :meprHii B036y:>K,I:\eHHJI. 

Hccne,I\oBaHHe y -nepexo,I\OB THna aHanor-aHTHaHanor 

,1\aeT CBe,I\eHHJI 0 CBOHCTBaX 0,1\HO"'aCTH"'HbiX COCTOJIHHH. H3 

raMMa- pacna,I\a aHaJIOrOB MO)I(HO ITOJIY"'HTb HHcllopMa~HIO 

o JI,I\epHbiX B036y:>K,I:\eHHJIX I<OJIJiei<THBHoro THna. Bo MHOrHx 

JI,I\pax HHTeHCHBHO 3aCeJIJIIOTCJI COCTOJIHHJI, I<OTOpble MO)I(HO 

HHTepnpeTHpOBaTb I<ai< COCTOJIHHJI THITa ITOJIJipH3a~HH OCTOBa. 

raMMa-pacna,I\ aHanoros npHBJiei< I< ce6e BHHMaHHe 

CpaBHHTeJILHO He,I\aBHO. 0,1\HHM H3 nepBbiX 0630pOB ITO 3TOMY 

sonpocy JIBJIJieTcJI pa6oTa /I I. Kpa TI<Hii o63op ocHOBHbiX 

Dp06JieM MO)I(HO HaRTH B/2 / H / 3 / 

HacToJI~aJI pa6oTa JIBJIJieTCJI npo,I\OJI)I(eHHeM ~HI<Jia Hc­

cJie,I\oBaHHii, npe,I\ITpHHJITbiX ,1\JIJI H3y"'eHHJI raMMa-ffCITa,I\a 

aHanoros B JI,I\pax 2p 1 f - o6oJIO"'I<H. B pa6oTax 14- 6biJIH 

H3JIO)I(eHbl pe 3YJILTa Tbl Hccne,I\oBaHHii raMMa- pacna,I\a P3/2 -, 

f 5 12- H Pt/2 -aHanoros B 
61 Cu. 3,1\ecL npHBO.I\JITCJI J};~HHble 

o raMMa-pacna,I\e p 112 -, f512 ; p 312 -aHanoros B 
1 

Cu . 
qaCTb 3THX ,1\aHHbiX 6:&ma ony6JIHI<OBaHa HaMH B IB-IO; · 
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3KCDepHMeHT H pe3ynLTaTbl 

63 62 . 63 
AHanorH B Cu B036y)I(,IJ.anHcL B peaK:UHH Nt( py) Cu. 

62 . 2 
MHWeHL Nt /95,6'fo o6orameHHJI/ TOnmHHOH 10 MKZ/CM 

o6nyqanaCL DpOTOHaMH, ycKopeHHbiMH Ha 3neKTpOCTaTH" 
qecKOM reHepaTope JIH«<» OH.HH / EPmax = 5 M3B/. ToKH 
cocTaBminH 5-10 MKA. MoHoxpoMaTHqHOCTL nyqKa 6wna 

nyqwe 5.1o-4 ·. 
AHanorH OCHOBHOrO (p l/2) H BTOporo B036y)I(,IJ.eHHOrO 

/158 K3B, p 3; 2 I cocToJIHHii 
63

Ni a 
63

Cu 6wnH ycTaHoa­
neHbl a pa6oTe /ll/npH HJyqeHHH peaK:UHH ynpyroro pacceJI· 
HHJI npoToHoB Ha 62 Ni. B 3TOii pa6oTe HJMepJinacL il~YHK:UHJI 
B036y)I(,IJ.eHHJI B peaK:UHH 62 Ni(pp 0) C BbiCOKHM pa3peweHH" 
eM. PeJoHaHCbl c 6onLIIIHMH npoTOHHLIMH IIIHpHHaMH H 3Ha· 
qeHHJIMH J 77 = 1/2- H 3/2-npH 3HeprHJIX npoToHOB E = 2481 
H 2659 K3B 6blnH OTO*~eCTBneHLI aBTOpaMH C aHlnoraMH 
p

1
;2H p

312 
cooTaeTCTBeHHO. AHanor nepaoro B036y)I(,IJ.eHHOro 

cocTOJIHHJI 63 N:i I 88 K3B, f 5;2 I a peaK:UHH ( PPo) He 
npOJIBHnCJI, qTO, DO· BH~HMOMY, 06'LJICHJieTCJI 6onLWHM :ueHT • 
po6e~LIM 6apLeAoM ~nJI e p = 3. AHanor pl/2 Ha6mo~ancJI 
TaK*e B pa6oTe 21. 

TaK KaK 3HeprHH p112 -H P3; 2 ·aHanoroa c ToqHoCTLIO 
2-3. K3B ycTaHoaneHLI B peaK:UHH ynpyroro pacceJIHHJI 
npOTOHOB, TO H~eHTHiliHKa:UHJI HX B peaK:UHH(py) He npe~­
CTaBnJina 6onLwoii TPY~HOCTH. Cl>yHK:UHJI aoJ6y)I(,IJ.eHHJI H3Y" 
qanacL HaMH c noMOI:uLIO KpHcTanna NaJ (Tl) paJMepaMH 
100x100 MM. Ilopor ~HCKpHMHHa:UHH 6Lin BLI6paH TaK, 
qTo6w perHcTpHpoaaTL y ·KBaHTbl c 3HeprHeii > 3 M3B. 
YqacTOK il~YHK:UHH aoJ6y)I(,IJ.eHHJI a o6nacTH 3HeprHii 2460-
2490 K3B npe~cTaaneH Ha puc. 1. IlpH 3HeprHH EP = 
= 2481 K3B BH~eH DHK, COOTBeTCTBYIOI:uHH p112 ·aHanory. 
TaKHM *e o6pa30M 6wn H~eHTHiliH:UHPOBaH p 312 ·aHanor 
npH E = 2659 K3B /eM. puc. 1/. 

p 

lionee cno*HLIM 6wn noHCK f 5/2 ·aHanora, nono*eHHe 
KOTOpOrO B peaK:uHH (pp o) He ycTaHOBneHO. Me)I(,IJ.y TeM 
B peaK:UHH ( py) OH MOr 6LITL 06Hapy*eH. 

IlpHMepHoe nono*eHHe f5j2 ·aHanora Mo~o o:ueHHTb, 
3HaJI nonolKeHHe aHanora OCHOBHOrO COCTOJIHHJI 63 Ni • 
O~HaKo Heonpe~eneHHOCTL 3TOii o:ueHKH cocTaBnJieT - 30 -
40 K3B /oHa CBJI3aHa C Heonpe~eneHHOCTbiO aenHqHHLI 
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i\ Ec- pa3HOCTH KynoHOBCKHX 3HeprHii qneaoa H30MynLTHnne­
Ta/. 

llpH H3MepeHHH ci>YHKUHH B036y~eHH.Jl B COOTBeTCTByiO· 
(UeB 3HepreTH'IeCKOB o6naCTH Mbl 06Hapy>KHnH TpH CHnLHblX 
pe30HaHca C Ep = 2546, 2556 H 2586 K3B. XapaKTep HX 
y -pacna~a no3BOn.ReT C'IHTaTL, 'ITO pe3oaaacw c E p = 2546 
H 2556 K3B .RBn.JIIOTC.Jl KOMnoaeaTaMH paciUenneaaoro f sl2 -
aaanora. ,D,n11 y -pacna~a 3THX pe3oHaHCOB xapaKTepao 
HHTeHCHBHOe 3aceneHHe COCTO.JIHHB CO CnHHaMH 3/2, 5/2 
H 7/2, B TO BpeM.Jl KaK y - pacna~ pe 30HaHCa C E p 
= 2586 K3B xapaKTepH3yeTC.Jl CHnLHblMH nepexo~aMH Ha 
ypoBHH co cnHHOM 1/2. 

raMMa-pacna~ pe30HaHCOB H3y'lanc.Jl c noMOIULIO GeLi 
~eTeKTOpa 06'LeMOM 40 CM :l, noMe(UeHHOrO no~ yrnOM 90° 
K na~aiOIUeMy ny'IKy. Pa3pewaroiUa.Jl cnoco6aocTL cocTaa­
n.Rna 10-12 K3B ~m1 y -nyqeii c 3HeprHeii - 8,5 M3B. 

rpa~yHpOBKa no 3HeprHH B o6naCTH ~0 2,5 M3B npOH3-
BO~HnacL no BHyTpeHHHM penepaM. TaKHMH penepaMH qac­
TH'IHO cny>KHnH Te y -nepexo~w B 63 Cu, 3HeprHH KOTopwx 
H3Mepeaw c 6onLwoii TO'IHOCTLIO npH f3 -pacna~e 6:l Zn I 13/ 
'laCTH'IHO y ·nHHHH, B03HHKaiOIUHe B pa3nH'IHOro po~a peaK­
UH.JIX Ha npHMeC.JIX, CO~ep>KaiUHXC.Jl B MHWeHH HnH UHnHH~pe 
4lapa~e.Jl. llpH 6onLWHX 3HeprH.JIX y~o6aww penepow cny>KHna 
npHMecaa.Jl nHHH.R 16 0 c 3HeprHeii 6129 K3B, nonyqaeMa.Jl no 
peaKUHH I 9 F ( p , d ) Jr. 0 . 

B cneKTpe Ka~oro pe3oaaaca aa6nro~anocL 6onee 
100 nHHHii, BKniO'IaiOIUHX KaK np.RMble y -nepexo~w c aaa­
noroa, TaK H y ·H3nyqeaHe, npHHa~nelKaiUee pa3pJI~JCe HH3-
xonelKaiUHx cocTO.JIHHii. llpH pacna~e aaanoroa npJIMblMH 
nepexo~aMH 3acenJinHcL 40 ypoaaeii 6:1 Cu c 3HeprHJIMH ~o 
-4 M3B. )J.n• cneKTpa KalK,Aoro pe3oaaaca aawa 6wna no­
cTpoeaa cxewa pacna~a. c6anaacHpoaaaaa• no 3HeprHH 
H HHTeHCHBHOCTH. 

B Ta6nHue 1 npHBe~eaw ~aaawe o npJIMOM 3aceneHHH 
c aaanoroawx pe3oaaacoa ypoaaeii 63 Cu. B nepaoii Ko­
noaxe ~aHbl HX 3HeprHH, nony'leHHble H3 HaWHX H3MepeHHB, 
c yxa3aHHew cpe~exaa~paTH'IHoi norpeWBOCTH. 6onLwa• 
'laCTL HB3JCOnelK&IIUIX COCTOJIHBi ~0 3100 K3B H&6niO~anaCL 
npa f3 -pacna~e 63 Zn 113~ Hcxnro'leaaew JIBJJJIJOTCJI cocTo•­
HHJI C 3HeprHJIMB 2405, 2678, 2831, 2956 B 2978 K3B. 

3TH ypoBHH a ypoBHH c 6onee BblCOJCHMH 3HeprBJIMH B03-

6 

6y~eHH.Jl, Ha6nro~aeMble B HaWHX H3MepeHH.JIX, H3BeCTHbl 
H3 peaKUHH Heynpyroro pacce.JIHH.Jl npOTOHOB aa63 Cull1,15l. 
YpoBeHL 3264 K3B BBe~eH HaMH BnepBble. 3Ha'leHH.Jl KBaH· 
TOBblX xapaKTepHCTHK B KOnOHKe 2 Ta6nHUbl 1 B3JITbl H3 
pa6oTw I 13/. )J.nJI ocTanLHblX ypoaaeii 3Ha'leHHJI J 77 HeH3-
BeCTHbl. 

B pa6oTe IIO/aaMH 6wnH onpe~eneHbl pe3oaaacawe cHnLI 
H raMMa·WHpHHbl nepexo~OB Ha OCHOBHOe COCTOJIHHe 63 Cu 
~nJI PII2-, f5; 2 - H p 312·aaanoroa. llonL3YJICL pe3ynLTaTaMH 
H3MepeHHB OTHOCHTenLHbiX HHTeHCHBHOCTeii y ·nepexo~OB, 
Mbl Bbl'IHCnHnH napuHanLHble raMMa-wHpHHbl I y , npHBe­
~eHHble B KOnOHKaX 3,5,7 H 9 Ta6nHUbl 1 ~nJI p II:!-; f:;/2 -a 
P3l2 -aaanoroa. B KonoaKax 4,6,8 H 10 npHBO~JITCJI aena­
'IHHbl B (Ml) ~nJI cooTBeTCTBYIOIUHX nepexo~oB. 3Ha'leHHJI 
raMMa-wapHH ~aaw 6e3 y'leTa yrnoaoro pacnpe~eneHHJI. 

BenH'IHHbl B (Ml) aaii~eHLI B npe~nono>KeHHH, 'ITO nepexo~bl 
JIBnJIJOTCJI 'IHCTblMH Ml·nepexo~aMH. Ha puc. 2 npe~cTaa­
neao pacnpe~eneaHe Ml -cHnLI ~nJI p11.r, f~ '·•- a p .11 .> -aaa-' ~ ·•I .c. • I ~ 
no roB. 

KpoMe ~aaawx o raMMa- pacna~e aaanoroa, B pa6oTe 
nonyqeaa HHci>OpMaUHJI 0 pa3pJI~Ke HH3KOne>KaiUHX COCTOJIHHB 
r.:l Cu 

Ha puc. 3 npHBe~eaa cxeMa pa3pJI~KH no ~aHHblM 

HaWHX H3MepeHHB. Pe3ynLTaTLI no pa3pJI~Ke ypOBHeii, KOTO· 
pble Ha6nJO~anHCL TaK>Ke npH {1 - pacna~e 63 Zn , B OCHOBHOM 
COBna~aiOT C pe3ynLTaTaMH pa60Tbl 113/. )J.aHHble 0 pa3pJI~Ke 
OCTanLHblX COCTOJIHHB nony'leHbl HaMH BnepBble. 

06cyxoeHue pe3yAr.•a•oe 

llo~po6Hwii aaanH3 pe3ynLTaToB pa60Tbl 6y~eT c~enaa 
no3~Hee, nocne npoae~eHHJI nonaoii nporpaMMbl Hccne~oaa­
HHB, B KOTOPYIO BXO~HT H3MepeHHe yrnOBblX pacnpe~eneHHB 
y -a3nyqeaHJI. 

3~eCL Mbl orpaHH'IHMCJI paCCMOTpeHHeM nepeXO~OB C 
aaanora aa aHTHaaanor H aa cocTOJIHHJI THna nonJipH3aUHH 
ocTo sa H cpaQHeHHeM aepoJITHOCTeii Y - nepexo~a c aaanora 
Ha Kai<OB-TO ypoBeHL H {3 -pacna~a H3 MaTepHHCKOrO CO· 
CTOJIHHJI Ha TOT >Ke ypoBeHL. COOTBeTCTBYIOJUHe {3- H y • 
nepexo~w aa3waaroT aaanoroBblMH. 
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ao 

JaeprWI 
ypoBHil, 
KaB 

I 

0 
668,3+0,5 
96I,&+0,5 

1325,6+0,5 
I4I0,4+0,5 
1546,5+0,5 
I860,0+l,O 
20I2,2+I,O 
2060,011,0 
2080,0+1,5 
2333,&+1,5. 
2405+3-
249?;3+1,5 
2533,7+"2,0 
2677,9+1,8 
269?+2-
27?8+2 
2831+2,5 
2860i2 
288&+2 
2956+"3 
29?8';6+I,6 
3042+3-
3IOo+3 

3I27+3 
3224+3 
32Mi=3 
3292+4 
3309+4 
3406+"3 
3429+2 
3461+4 
3476+4 
3535+3 
365?±4 
3??4±4 
3902+3 
396o+3 
4058+5 
4II9±o 

f AJ.z. -aaanor 

S:rr Ep = 248I Itai 

Epes=:~9, It I, 5 

'.\. 
rr·tO 3B j?)(tH)rt )l' 

2 3 4 

3/2- 22 3,0 
I/2- II ~9 5/2- 2,6 
7/2-
5/2- 5,5 E2 
3Zf I? 4,3 

5/2 {2-
3/2-t /21- 37 1,1 
I/2- 3/2 7:7 2,4 

3/2~,; rfJ;l> 
1,9 0,69 

3/2- 10 3,9 
5/2-(3/2-) 0,7 O,'Zl 

I/2-3/2-
9,9 4,2 
5,I 2,2 

3/2- 5/2- (I/2-) 

I/2- 3/2± 5/2~ 
I/2- 3/2± 5/2- 3,3 I,G 

3,3 I,6 

I/2± 3/z* 5/2* 
2,6 1,3 
3,5 1,8 

1/2f 3/2* 5/2* ~,~ 2,3 

4,8 2,7 
1,6 0,90 
5,7 .3,0 
7,5 4,5 
3,5 2,2 
4,8 3,0 
3,7 2,4 

4,4 3,2 
2,6 2,0 

Taj.mma I 

~ 'ilk_ - aaaJior P?J;.e_- aaaJior 

Ep = 2546 KaB Ep = 2t;!:.6 Ka! Ep = 2659 Ka'll 
Ep63=863I, 7-t 

2.0 KSB Epes=ri~•6:t Epes=8'743,3t 
115 KaB 

r;.tfaB z.zG2 21. .. 
P->(1'11} ·IO)o:t P(MI}-ro)t0 t•IO all B(Mr) IO}tp ia-·10 3ll 

5 6 7 8 9 10 

I,8 ~24 4,6 ~61 6,0 0,7? 
0,25 1,0 5,0 0,82 
2,0 0,38 2,8 0,56 7,9 I 45 
I,I 0,24 I,4 0 3I I,1 E2 
I,I 8:~ 2,9 o:66 4,6 I,O 
2,3 2,6 0,63 1,8 0,41 
I,O 0,28 
I,4 0,4I 0,8 0 24 1,6 0,45 

1,1 ~ 0,8 0,23 
I,I 0,..33 I,3 0,38 
0,8'7 0,30 I,6 0,52 

1,5 
2,2 
0,8 

0,56 
0,83 
0,32 

0,4 
0,9 
I,? 

O,I3 
0,32 
0,66 

1,2 0,51 
I,O 0,39 

I,O 2,4 
0,7 0,32 0,8 0,30 

I,1 0,49 
0,9 0,40 

I,6 0,?8 0,4 0,43 
0,9 0,46 

Tacl.otta 1 (npo,Jto.a:eue) 
0,9 0,46 
0,9 0,49 I,6 0,82 
1,3 0,72 
1,1 0,62 2,4 1,3 0,7 0,40 2,5 1,42 3,8 2,0 

4,2 
1,8 
1,6 

2,4 
I,I 
0,78 

2,0 I,5 
I,8 I,4 
2,2 I,8 
4,6 4,0 

x) 3Ha1!ern:a pesoHaHCHHX CJ4JI ( Z,J' + I) r p I(' I r onpeneJieHH c T011HOCTI>IO 20% .lt.1IJi yrJia 90° 
M8JOtY r - lll3JIY1{eHHeM Ill nanall!liHM ny-cmOM. BeJllll1lli!HH r r naHH 6es 11leTa yrJioBoro pacnpeneJie -
HWI. 
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IlepexoObl muna aHaAoz- aHmuaHaAoz 

lJOJIO>KeHHe aHTHaHaJIOrOBOrO COCTOBHHB OpHeHTHpOBOq­
HO onpe~enBeTcB aenuquuoii H3ocnuuoaoro pac~enneHHB 
B~epHbiX cocTOBHHii. Pa3HOCTb 3Hepruii Me)K,IJ,y T _ H T -

.4. u '":> < 
COCTOBHHBMH Bblpa>KaeTCB 'i'OPMYJIOH 

E VI 
E T> - T< = 2 To-p;-

r~e To - H3ocnuu auanora, A - aTOMHblii: aec B~pa-MHJUeHH, 
VI ;; 50 M3B. 

Huor~a T < - I<oMnoueuTa pacnpe~enBeTCB no uecxonb­
I<HM B~epHbiM ypoBHBM. O~uaxo qacTo o~uo cocToBHHe 
ueceT 3HaquTeJibHYJO ~omo T < -xoMnoHeHTbl. Taxoe co­
CTOBHHe Ha3biBaiOT aHTHaHaJIOrOBbiM. 0CHOBOH ~JIB H~eH­

THfilHI<aUHH aHTHaHaJiorOBOrO COCTOBHHB BBJIBeTCB 60JibWOH 
cnei<Tpocxonuqecxuii filaxTop B peai<UHBX nepe~aqu npoToHa. 

B B~pe 63Cu aHTHauanoraMH ~JIB p Il2 -, f 5; 2 - H p312 -
auanoroB MOryT cqHTaTbCB ypOBHH 668 K3B, 962 H 1410 K3B 
H 0, HMeiOIUHe 60JibWHe cnei<TpOCI<OnHqeci<He filai<TOpbl 
B peaxuuu ( 3 He , d ) I I 51 . 

EcJIH paCCMaTpHBaTb COCTOBHHB THna qacTHUa nJIIOC 
HHepTHbiH OCTOB, TO ~JIB npHBe~eHHOH BepOJITHOCTH M1-ne­
pexo~a auanor-aHTHauanor MO>KHO nonyqHTb Bblpa>Keuue II6I: 

B (Ml) 
9 2 

-(2T 0 + 1) < T 0 MT 10 I Tf M T > X 877 I I 

X j ( j + 1) I 1 12 1 12 
T c T 

1 
T I ( g _ g )2 

0 P n 

/1/ 

r~e T 0 - H30CnHH OCTOBa, j - yrJIOBOH MOMeHT HeqeTHOH 
qacTHUbl, g pH g n - rHpOMarHHTHble OTHOWeHHB ~JIB npOTOHa 
H ueii:Tpoua, onpe~eJIBeMble fllopMynoii 

1 
±(gs-ge) 2£+1 g p,n ge 

12 

3~eCb g f H g 
8 

- op6HTaJibHOe H CnHHOBOe rHpOMarHHTHble 
OTHOWeHHJI, Bblpa>KeHHble B e~uuuax e1i I 2 MP c ': 

ge , { 
1

' g = 1 5,58 MB npoToua, 
0, 8 -3,82 ~JIB HeiiTpOHa. 

3Hai<H ± OTHOCBTCB I< cnyqaBM j = f ± 1/2 . 
BeJIBquua (gp -g

0
) oxa3b1BaeT c~ecTaeuuoe BJIHBHHe 

ua aepoJITHOCTb nepexo~a. B cnyqae nepexo~oB Me)K,IJ,y 
COCTOJIHHBMH C j •> "' f+ 1/2 noJiyqaeTCB Mai<CHMaJibHOe 
3HaqeHHe ( g p - g 

0 
) • ,li;JIB nepeXO~OB Me)K,IJ,y COCTOJIHHBMH C 

j < = f -1/2 3Ta BeJIHqHHa HMeeT MHHHMaJibHOe 3HaqeHHe. 
lJ03TOMY M1 -nepeXO~bl ~JIJI COCTOJIHHH j •> MoryT 6b1Tb 
ycuneHbl B 20- 200 pa3 no cpaaueuuro c M1 - nepexo~aMH 
MJI j < . 

3xcnepBMeHTaJibHble B paccquTaHHble no 41-ne /1/ 3Ha­
qeHBJI BeJIBquu B ( Ml) MB nepexo~oB auanor-aHTHauanor 
a 63 Cu npuae~eHbl B Ta6nuue 2. Bu~uo, qTo npe~cxa-
3auue o~oqacTuquoii Mo~enu ~JIB a6comoTHbiX 3Haqeuuii 
B (M1) BblnOJIBJleTcJI no nopJI~I<Y aeJIBqBHbl B cnyqae nepexo­
~oB Pl/2 -RI2 H f 5; 2 - f 5; 2 ( j < - j <). ,ll;nB p3; 2 -auanora 
ua6mo~aeTcJI TOpMo>Keuue nepexo~a auanor- aHTBauanor 
6oeee qey Ha 2 nopJI~I<a. COOTBeTCTBeHHO OTHOCBTeJibHble 
HHTeHCBBHOCTH nepeXO~OB TBna j·> - j> H j <- j < CBJibHO 
OTJIHqaiOTCJI OT pacqeTHbiX. lJOXO)KaB CBTyaUBJI Ha6mo~aJiaCb 
MJI 61 Cu/4/. 

Coc•o.RHU.R •una noA.Rpu3af4UU oc11oaa 

AuaJIB3 aepoBTHOCTeii nepexo~oB TBna auanor-aHTB­
auanor B Jl~pax sd-, f7/2- B fp -o6onoqex c~enau B p11~e 
pa6oT /2,3,16,17 I. 34MtlexT 3aTopMO)KeHHOCTH 3TBxnepexo­
~oa ~JIB p 3/2 -auanoroa B Jl~pax fp -o6onoqxu CBB3aH 
C BHTeHCHBHbiM 3aCeJieHBeM COCTOBHBH TBna nOJIJlpH3&UBB 
OCTOBa /I<opnOJIJipB3a,BOHHb1X/, Jie)Ka~X npH 60JibWBX 3Hep­
rHJIX B036y)K,IJ,eHBH 13 · 

34MtlexT xouueuTpauuu nepexo~oB c P3l2 -auanora ua 
ypoBHB c 3HeprBJIMB oxono 3 M 3B ua6mo~anc11 B Jl~pe 
6I cu/5/. CyMMa npBBe~eHHbiX aepOBTHOCTeii M1 -nepexo~OB 
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Ha ypOBHH B 3TOH o6naCTH 3HeprHH COCTaBHna 30~ OT 
o6~Qeii Ha6mo.naeMoii CHJihl, a BenHqHHa B (M1) .nn.11 nepexo.na 
aHanor- aHTHaHanor - 15~. ,l.J,n.11 3Toro .11.11;pa P3/2 - p 3/2 ne­
peXO.D; 61a1n laTOpMO)I(eH B 10 pal no cpaBHeHHIO C O.D;HO· 
qaCTHqHoii OUeHKOH. 

B 63 Cu KOHUeHTpauHJI nepexo.noB c p 3; 2 -aHanora 
npHXO.D;HTCJI Ha o6nacTb 3HeprHii 3-4 M3B, npHqeM cTeneHb 
KOHUeHTpaUHH B 3TOM cnyqae lHaqHTenbHO 60nbWe, qey .D;n.ll 
61 Cu. CyMMa BenHqHH B (M1) .nn.11 nepexo.noB Ha ypoBHH 
C 3HeprHJIMH 3-4 M3B COCTaBn.lleT 70~ OT Ha6nro.naeMOH 
CHJihl, B TO BpeMJI KaK B(M1) .nn.11 nepexo.na aHanor-aHTH­
aHanor COCTaBn.lleT BCero 3~. ,l.J,n.11 3TOrO .II.D;pa, KaK BH.D;HO 
Hl Ta6nHULI 2, p3; 2 - p3; 2 nepexo.n laTopMO)I(eH 6onee 
qeM B 200 pal no CpaBHeHHID C O.D;HoqacTHqHoii OUeHKOH. 

3aMeTHM, qTo nO.D;06HaJI )l(e TeH,D;eHUHJI yMeHbWeHHJI 
BepO.IITHOCTH Ml·nepeXO.D;OB THna aHanor-aHTHaHanor C yBe­
nHqeHHeM HlocnHHa .11.11;pa Ha6nro.nanacb .nn.11 pacna.na g 9/2 -
aHanoroB B .11.11;pax 59,61 • 63 Cu B pa6oTe /Is/. 

AHaAoZ06bre {3-:u y - nepexoobr 

JI.D;pO 63 Ni ( 1/2 ·-) pacna.naeTCJI Ha OCHOBHOe COCTORHHe 
63 Cu(3/T). 

AHanoroBLIM .nn.11 3Toro {3- -nepexo.na .IIBn.lleTCJI y - ne­
peXO.D; C p l/2 ·aHanora Ha OCHOBHOe COCTOJIHHe 63 Cu. 

Me)l(.ll;y BenHqHHoii ft .nn.11 raMoB-TeJIJlepoBcKoro 
{3 -nepexo.na H BenHqHHoii B (Ml) aHanoroBoro y -nepexo.na 
cy~QeCTByeT CB.IIlb, BLipa)l(aeMa.ll .PopMynoii 

f t 
11530 

T0 B (M1, a) 
/2/ 

3.necb To - HlocnHH aHanora, B (M1, a)- npHBe.D;eHHa.ll Bepo­
JITHOCTb HlOBeKTOpHoro M1 y -nepexo.na. BLipa)l(eHHe /2/ 
CBJilLIBaeT BenHqHHY f t TOnbKO CO CnHHOBOH qaCTbiO 
onepaTopa M1 -nepexo.na, BKna.D;OM r -qacTH npeHe6pera­
eM. B Ta6nHue 3 .naHo lHaqeHHe B(Ml, a ) , BLJqHcneHHoe Hl 
BenHqHHLI f t no .p-ne /2/, H lHaqeHHe B (M1) COOTBeT-

16 

CTBYIO~Qero y -nepexo.na. Ha6nro.naeTCJI lHaqHTenbHOe npeBLI­
weHHe BenHqHHLI B(Ml) no cpaBHeHHIO c B(M1,a):B(M1)/B(M1,a)= 
=30. 

CHCTeMaTHKa OTHOWeHHH 8(M9/B(M1, a ) ~n..11 p..11.11;a 
.JI.D;ep, npHBe,D;eHHa.JI B pa6oTe / 3 , noKalLIBaeT, qTO 3TO 
OTHoweHHe, KaK npaBHno, 6onbwe 1: B 6onhillHHCTBe cnyqaeB 
3Ta BenHqHHa ne)I(HT B npe.nenax OT 1 .no 5. 

3HaqeHHe OTHOWeHH.JI B (M1) I B (M1, a ) .nn..11 63 Cu 
JIBnJieTCJI caMLIM 6onLWHM. Hl 3Toro MO)I(HO 61a1no 6LI 
C,D;enaTb BLIBO.D; 0 lHaqHTenbHOM BKna.ne r -qacTH B pac­
CMaTpHBaeMLIH nepexo.n. O.nHaKo HY)I(HO yqecTb, qTo .nn.11 
y -nepexo.na C p l/2 -aHanora Ha OCHOBHOe COCTO.JIHHe 63 Cu 
C J 11 = 3/rHe onpe.neneHO OTHOWeHHe CMeCH E2/ M1 JIJyqe­
HHe yrnoBoro pacnpe.neneHHJI y -nyqeii B 3TOM cnyqae He 
,D;aeT CBe,D;eHHH 0 BenHqHHe CMeCH, TaK KaK CnHH Haqanb­
HOrO COCTOJIHH.II, paBHLIH 1/2, npHBO.D;HT K HlOTpOnHH y -
HlnyqeHBJI. BolMO)I(HaJI HeyqTeHHa.ll E2 -npHMeCL B y -ne­
pexo.ne B ,D;aHHOM cnyqae MO)I(eT OKalaTbC.JI CY~QeCTBeHHOH, 
TaK KaK rrpeHe6pe)l(eHHe ero IIpHBe,D;eT K laBLIWeHHIO Be­
nHqHHLI B (Ml), a 3TO KaK pal H ecTL TOT 34MlleKT, KOTopLiii 
MLI Ha6nro.naeM. 
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