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)i(eneB )!(,, Kam!HHHKOB B.r., nHnTaK H., neKep .R.K. P6-3823 

HOBbll! H30TOI1 188 Nd 
60 76 H rrponyKTW ero pacrrana 

YfneHTHQJHUHpOBaH paHee HeH3BeCTHb!H H30TQ11 
186 

Nd ( T ~ = 55;!:),5 MHH), 

YfayqeHW CJ1eKTpN
6

1103HTpOHOB0 raMMa-nyqel! H sneKTpOHOB BHyTpeHHel! KOH-

aepCHH uerro"lKH Nd-. Pr.. Ce • OrrpeneneHbi MynbTHilOJlbHOC'I'H pllna 

rrepexonoa. npennaraeTcll cxeMa aoa6y)f(neHHbiX y~OBHel\ 
186 

Pr H 
136 

Ce. Ypoa-

H!O 108,8 K3B 
186 

Pr npHrrHcaHb! xapaKTepHCTHKH I , a OCHOBHOMY cocTOHHli!O 

( T ~ = 13,5 MHH) -2+. YpoBHH 186 Ce c sHeprHSIMH 551,5 _H 1090,4 K3B 

HMe!OT xapaKTepHCTHKH 2+, a ypOBeHb 1551,3 K3B l TT = 3,t, npoBeneHa OUeH-

Ka B03M0)f(Hb!X KB8HTOBbiX xapaKTepHCTHK H npyrHX ypOBHel! 186 Ce nyTeM 

COilOCTaBneHHSI cneKTpOB COCTOSIHHH "lEiTHO-"leTHb!X llnep, conep)f(a"MX T8K )f(e, 

KaK H 186 Ce 78 Hel!TpOHOB, 

fipenpKHT 06be,[IKHeHHOrO KHCTKT)'Ta l!,llepHbiX HCCJie,liOBaHKli. 

,ny6Ha, 1968. 

Zhelev Zh,, Kalinnikov V,G,, Liptak J., Peker L.K. P&-3823 

New 
1
:~ Nd 

76 Isotope and its Decay Products 

Previously unknown 
186

Nd isotope ( T y, = 55± 1.5 min) has 
been identified. The positron, y -ray and conversion electron 
spectra of the decay chain of 186 Nd .. 186Pr-.186Ce h<.ve been investigated. 
The multipolarities of a number of transitions have been determined. 
The scheme of the 

186
Pr and 

186
Ce excited levels is suggested. The 

chdracteristics 1 + are ascribed to the 108.8 keV 186Pr level while 
the characteristics 2+ are ascribed to the ground state( Ty, ~ 13.5 min). 
'The 186Ce levels with the energies 551.5,a'nd 1090.4 keV have charac-~ 
teristics 2+ while that of 1551.3 keV have l " -3+ ; Pos-
sible quantum characteristics and other 186 Ce levels are estimated 
b{a comparing the spectra of even-even states containing, as well as 

86 
Ce , 78 neutrons. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1968 

Ill 
B pa6oTe coo61 

rronypacrraaa T ~ 

qTo o6Hapy~eHHOe y 55 

qeHHe CBSI38HO C pacnaL 

a He 
137 

Nd . 

1 

PaccMoTpHM o~Hn< 

uerroqeK c A = 136, 12 

us Nd 

1as Nd 5,2 qa• 

uo Nd ~ 

H3aecTHO, qTo yKa 

140 Pr HMeJOT CTIHH H q 

EeTa-pacrraa gaep Pr 

CBSI3aH c npeapaweHHeM 

HbiJ:\ xapaKTep 6eTa-rrep• 

1(0 
.. Ce ( fg fr =4,41±_0,0~ 



B pa6oTe
1 1 1 

coo6ruanocb o6 OTKpbiTHH H3oTorra 
187 

Nd C IIepHOllOM 

J 
rronypacrraAa T ~ = 55,0±_1,5 MHH. B H8CTOSIIUetf 38MeTKe Mbl IIOK8)1(eM, 

'ITO 06Hapy)l(eHHOe y 55-MHHYTHOH 8KTHBHOCTH HeOllHM8 {3 +_ H y - H3ny-

"!eHHe CBSI38HO C paCII8llOM HOBOrO H30TOII8 
186 

Nd 
186 

H llO"'epHero SIApa Pr 

a He 
187 

Nd . 

1. B B e a e H H e 

PacCMOTpHM 0)1<1!ll8eMbie CBOHCTB8 
186 

Nd. LlnR ::lTOrO Cp8BHHM CBOliCTB8 

uerro'leK c A = 136, 138,140. 

ta6 Nd 186 Pr 13,5 MHH ... 186 Ce ------.. 
188 

Nd 5,2 qac 188 Pi 1,5 MHH 138 Ce ... 

140 Nd 3,37 lJH ... 140 Pr 3,39 MHH-+ 140 Ce 

l-f3BeCTHO, 'ITO YK838HHbie B 'ueiiO"'Kax"' OCHOBHbie COCTOSIHHSI 188 Pr H 

140 
Pr HMeiOT CIIHH If 'leTHOCTb I f7 

+ 
= 1 H KOHqmrypauHIO I p ( d ~;2 ) , n (d 

8
;

2 
) . 

EeTa-pacrraA Sillep Pr Ha OCHOBHOe COCTOSIHHe Ce ( I f7 = I+-+ I 1T = 0 + ) 

CB513aH c rrpesparueHHeM p ( d ~;2 )-+ n ( d 8; 2 
) , 'ITO o6ecrreqHsaeT pa3peweH-

188 188 ) /2/ 140 
Hbltl: xapaKTep 6eTa-rrepexoAoB Pr .-+ Ce (fg fr = 4, 7±.0,2 H Pr ... 

I~ /3/ 
-+ Ce ( fg fr =4,41±.0,05) • Mo)I(HO O)I(Hll8Tb, 'ITO 6eTa-rrepexollbi B rrepsotl: 

3 



nonoBHHe "uenoqeK" 
188 

Nd .... 
138 

Pr , 
140 

Nd .... 
140 

Pr TH na I rr = 0 +-+ I 7T ~ I + 
1 r 

( CBSI3biBaJOUIHe aHanorH'IHbie KOHqJKrypaUHH) AOn)!(Hbl HMeTb 6nH3KHe 3Haqe-

• 
HHSI lg fr • 

YTo KacaeTCSI vueno'IKH" c 

H Q fJ+' AnSI pacnaAa -
136 

Pr 

A = 136, TO conocTasneHHe 3Ha'leHH~ 

/4/ 
T~ CO 3HaqeHHS!MH 9THX BenH'IHH y 

188, 140 Pr noKa3biBaeT, 'ITO OCHOBHOe COCTOS!HHe 136 Pr He npHHaAne-
. 

I 
17 + )KHT K KOHqmrypauHH p ( d ~;2 ) , n ( d 8;2) I I = I • B npoTHBHOM cnyqae 

nepHOA nonypacnaAa 8TOrO H30TOIT8 COCTBBnSin 6bi He 13,5 MHH, a < 1 MHH, 

0AHaKo HecoMHeHHo, 'ITO cocTOSIHHe I 17 = I + I p ( d ll/2 ) , n ( d 8
/2) I , 

188 • 140 
aHanorH'IHOe OCHOBHbiM COCTOSIHHSIM Pr , AOn)KHO BCTpeTHTbCSI 

cpeAH HH)KHHX B036y)!(AeHHbiX COCTOSIHHH 
186 Pr H MQ)KHO Q)KHAaTb, 'ITO 

f3 + -pacnaA 
186 

Nd B OCHOBHOM 6yAeT HATH qepe3 9TOT ypoBeHb 

" + 17 + (11=0 -+lr=l ). 

K CO>KaneHH!O, HaM He H3BeCTHbl 3Ha'leHHSI Q (3+" B nepaot"J ITOnOBHHe "ueno-

qeK" c A = 138 H A = 140, 0AHaKo HX senH'IHHY MO)KHO rpy6o oueHHTb 

/5/ 140 
no MeTOAY JleBH : Q f3+ ,. 330 K3B ( Nd) H Q [j+"' 1100 K9B 188 Nd). 

CooTBeTCTBYJOUIHe 3Ha'leHHS! fg f r 5,2 ( 
140 

Nd) H ,. 5, 1 ( 
188 

Nd) cosna-

A8!0T C O>KHAaeMbiMH H B KaKOti:-TO Mepe onpaBAbiB8JOT T8KHe OUeHKH Q {3+ 

/5/ 
0pHHHM8SI ITO JleBH AnSI 186 Nd Q • 2000 K8B If 3H8'leHHe fg fr 

8+ 
nony'IHM O>KHAaeMyJO AnSI ero nepHOAa nonypacnaAa senH'IHHY T~ 

-5,2, 

1 qac. 

OpHBeAeM aKcnepnMeHTanhHhle ¢aKThl o pacnaAe 55-MHHYTHotl: aKTHBHOCTH 

HeOAHM8, H noKa>KeM, 'ITO OHH COrnacyJOTCSI C O>KHAaeMblMH CBOti:CTBaMH "ue-

ITO'IKH" 
136 186 

Ce. 
186 

13,5 MHH -+ 55 MHH Nd Pr 

4 

2. 3Kc 

B cneKTpe raMM 

c T ~ = 55 MHH Hl 

raMMa-nyqet\: BbiiTOnHE 

C 'IYBCTBHTenbHbiM o6· 

YI3MepeHHSI KOHB 

cneKTpoMeTpe c ABYKJ 

peiUaJOUIBSI cnoco6HOCT 

OT nonHero TenecHor< 

KpoMe Toro, np 

HOCTH HeOAHM8 H8 6e 

'18CTHU B OAHOpOAHOM 

Bo scex H3Mep 

Torpa¢H'leCKH BbrAene 

2 '18COB 6biCTpbiMH IT~ 

8KTHBHOCTH HeOAHM8 

HeOAHMa C A = 1· 

A = 139 T ~ 

YI3MepeHHSI {3+ 

YTO'IHHTb rpaHH'IHY!O 

H 06Hapy>KHTb KOMITOH 

( pHC, 1 ), 

06pamaeT Ha CE 

Ta c E {3+ = 2970 I 

H y 575,5, xopoiUo c 



TH na I fT"' 0 +-+ I TT =- I + 
t r 

HMeT& 6nHaKHe aaaqe-

186 Pr He npHaaane-

B npoTHBHOM cnyqae 

13,5 MHH, 8 < 1 MHH. 

I p ( d ll/2 l , n ( d 812 l l , 

aOn)KHO BCTpeTHTbCSI 

!pea 8TO T ypoBeHb 

nepaoi!: nonoBHHe ~ueno-

IY MQ)!(HQ rpy6o OUeHHTb 

g+"' 1100 K8B 188 Nd l • 

lOT T8KHe OUeHKH Q {J+ 

aHa'leHHe fg f r • 5, 2 , 

T ~ .. 1 qac . 

3 - MHHYTHOH 8KTHBHOCTH 

?Mb!MH CBOHCTB8MH "ue -

186 
Ce. 

2. 3KCIIepHMeHTanb Hbie pe3ynbT8Tbi 

B cneKTpe raMMa-nyqetl H s neKTpOHOB BHyTpeaaetl KOHBepcHH aeoaHMa 

c T ~ "' 55 MHH Ha6moaaeTCSI pHa nHHHH ( Ta6n .1 H 2) . HaMepeHHSI cneKTpa 

raMMa-nyqei!: BbmonaeHbi npH noMO!llH cneKTpoMeTpa c 

3 
C qyBCTBHTenbHbiM 06'heMOM 12 CM • 

Ge(Lil - aeTeKTopoM 

HaMepeHH SI KOHBe pcHOHHoro cneKTpa BhlnonaHnHcb a a MarHHTHOM 6eTa -

cneKTPOMeTpe c aByKp8THOH ~OKYCHpOBKOH nyqKa qacTHU Ha yron rrv:l. Paa-

pe!llaiO!ll851 cnoco6aocTb 6eTa-cneKTpoMeTpa "' 0 , 2% npH c BeTOCHne .. 0, 1% 

oT nonaoro Teneca o ro yrna. 

KpoMe Toro, npoaeaeHbi HaMepeHHSI {3+ -cneKTpa 55-MHHYTHOH a KTHB-

HOCTH aeoaHM8 H8 6eTa - cneKTpoMeTpe C TpexKp8THOH ~OKYCHpOBKOH ny'IK8 

'l8CTHU B OAHOpOAHOM M8rHHTHOM none. 

Torpa~HqeCKH BbiaeneHH8SI H3 raaonHHHeBOH MH!lleHH, o6nyqeHHOH B TeqeHHE' 

2 qacoa 6biCTpbiMH npoToHaMH ( E " "' 660 M s a) . <P paKUHSI coaep)!(HT n oM HMO 

8KTHBHOCTH HeOAHM8 C 

aeoaHMa c A = 141 

A = 139 

T~ "' 55 MHH apyrHe HeATpOHone¢HUHTHhle H30TOflhl 

T ~ = 2,4 qac), 

5,53 qac), A= 138 

A 140 (Ty,= 3,37 ard, 

5,2 qac). 

HaMepeHHSI {J+ - cneKTpa 55-MHHYTHOtl aKTHBHOCTH HeonHMa noaaonHnH 

yTO'lHHTb rpaHH'lHYIO 8HeprHIO )!(eCTKOA KOMflOHeHTbl (E 
rp 

2970±_50 K 88) 

H o6aapy l!<HTh KOMflOHeHTY C MelibweA rpaHH 'lHOH 8HeprHet!(E =1330+50KsB) 
rp -

( pMc. I). 

06pawaeT Ha ce6SI BHHM8HHe TO 06CTOSITenbCTBO, qTo 
+ 

{J -KO MflOHeH -

T8 C E fJ+ = 2970 K8B H npaKTH'leCKH BCe raMM8-nHHHH, KpOMe y 108,8 

H y 575,5, XOpOWO COOTBeTCTBYIOT raMMa-ny'laM ( Ta6n. I) H KOMflOHeHTe 

5 



IT03HTpOHHOrO H3nyqeHHH (E 
rp 

2954:!::..1 8 K 3B), Hll6monaBUJUMCH B pacrrane 

13,5-MHHYTHOrO 136 Pr 141 

HauJH LiaHHLTe, ITpHBeLieHHhle B Ta6n. 3, CBHLleTenhCTBYIOT 0 TOM, qTO ITO 

Kpai!Hei! Mepe TpU Hau6onee HHTeHCUB.HbiX rrepexona 538,9; 551,5 U 1090,4 K3B 

KOHBBpTHpy!OT B HLipe 58 Ce T.e. B03HUKaiOT rrpu {3+ -pacrrane Pr. B Ta6-

nHue 4 rrpHBeaeHw naHHwe o MYIThTHnonhHOCTU 3THX nepexonoB. 

'-ITO KacaeTCH HHTeHCHBHOrO raMMa-rrepexona C E y = 108,8 K3B, TO 

ero KOHBepCHOHHWe ITHHHH 6WOH H3yqeHW OC06eHHO TUJ8TenhHO (puc. 2). no 

HX 3Hepruu H HHTeHCHBI!OCTU MO)KHO 6binO yCT8HOBUTh, qTo 3TOT rrepeXOLl 

rrpOHCXOLlHT B HLipe 
59 Pr, a He 

58 Ce ( Ta6n. 3), u, cnenoBaTenhHO, Bo3-

HHKaeT npH (3 + -pacnane HeODHMa U HMeeT MyiThTliiTOIThHOCTh Ml+( 2,85:!:_ 

:!:_0,25)% F:2 ( Ta6n. 5). 

3. CxeMa pacnaaa 
186 

Pr 
59 77 

CxeMa pacrrana 186 Pr ( T ~ = 13,5 MHH) BrrepBwe rrpenno)KeHa B 

141 
pa6oTe • npuMeM ee 38 OCHOBy H BHeCeM He06XOLlHMhle H3MeHeHUR R LlO-

141 
ITOITHBHUH (puc. 3) • no LlBHHb!M {3 + -KOMITOHeHTB C E (3+= 2954:!:_18 K3J3 

06Hapy>KHB8BT COBITBDBHHH C raMM8-KB8HT8MU C E y 1090 K~B. TaK KBK 

6onee )KeCTKOH K"OMITOHeHTbl B "rrpHMOM" (3 + -crreKTpe Mhl He Ha6nJOLIBnu, 

+ 136 • 
TO, CITB.ll.OBBTenhHO, HBT 38MBTHOrO {3 -pacrrana Pr Ha OCHOBHOe COCTOHHUB 

186 
Ce • BcneacTBHe 3Toro no naHHbiM o6 OTHocuTenhHb1X UHTeHCUBHOCTRx 

raMMa-nepeXOLlOB Mhl CMOrnu ITpOBBCTU 6anaHC UHTeHCUBHOCTU U orrpenenUTh 

3HaqeHUH eg f T anH 6eTa-rrepexonoB Ha pa3nuqHbie ypoBHU 
186 

Ce . 

YcTaHoBneHHaR HaMu MynhTurronhHOCTh Tuna E2 y raMMa-rrepexonoB 

538,9; 551,5 U 1090,4 K3B IT03BOITHBT OLIH03HaqHO IIpHITUC8Th ypOBHRM 551,5 

U 1090 K3B CITHH U qeTHOCTh I
17 

= 2+. 

6 

3HaqeHHB eg f T 

H OTCYTCTBHB 6eTa-rrepe 

3b1B810T, qTO OCHOBHOe 

'!eTHOCTh I" + = 2 UITH 

I IT = 1+). 

ilnH OUBHKU KBBHT 

BHM CITBKTpb1 ypOBHBH HE 

184 Ba 
06 78 

I 11 I coaep> 
• 

3TOrO pucyHKa, a T8K)K« 

1551,3 K3B, cnenyeT, 

IT + I = 3 • B 3TOM cny 

6eTa-rrepexona Ha Hero 

HOBHOB COCTOHHHB H Lip 

CymecTBOBaHHe Y!= 

CornaCHO CHCTeMaTHKe, 

HO, y 760 K3B B03HHKE 

HHTBHCHBHOCTei! raMM8 

(ecnH oH cymecTByeT) 

6eTa-pacrrane. EcnH 3T 

6onee sepoHTHO 3Haqea 

no 3HepreTJ.IqeCKF. 

ryT 6b!Th BhiLieneHbl IT< 

38HHb1e C OCHOBHblM C• 

( "raMM8-BH6paUHOHHhllV 

KBUHR ypOBHe~ IIOLITBBJ 

nepexoDbi BHyTpH rronoc 



IDOBBWHMCH B pacna ne 

CTBYIOT 0 TOM, 'ITO no 

~,9 ; 551,5 H l090,4K3B 

-pa cnane Pr. B T a6 -

>exonoB. 

E y = 108,8 K3B, TO 

lBTeJi hHO ( pHC, 2). no 

rh , 'ITO 3TO T nepexon 

, cnenoBa TenhHO, B03-

HnOJihH OC Th Ml+( 2 ,85±.. 

IepBbie npenno)!(eHa B 

Mbie H3MeHeHHH H 00-

1090 K"SB , T aK KaK 

pe Mb1 He H a6nronanH, 

Ha OCHOBHOe COC TOHHHe 

lhHhlX HHTeHCHBHOCTHX 

:HBHOCTH H onpenenHTh 

OBH H 136 Ce . 

y raMMa -nepexonoB 

nHC8Th ypOBHHM 551,5 

TT + 
= 5,4 nnH 6eTa-nepexona Ha ypoBeHh 1090,4 KaB{I = 2 ) 

H OTCYTCTBHe 6eTa -nepexona H B OCHOBHOe COC TOHHH e 
136 

Ce { I TT 
+ 

= 0 ) noKa-

186 
3b1B8IDT, 'ITO OC HOBHOe COCTOHHHe MaTepHHCKOrO Hnpa p r HMeeT C DHH H 

rr + + 141 136 Pr 
'IeTHOCTh I = 2 HJIH 3 (B pa6oTe npHnHcaHw c nHH H 'IeTHO C Th 

I TT 
+ 

= 1 ) • 

ilnH OUeHKH KBB HTOBhlX XapaKTepHCTHK npyrHX ypOBHeH 
186

Ce 

BHM cneKTpbl ypOBHeH HeCKOlibKHX 'IeTHO -'I e TH biX HUep 
180 /9/ 

52 Te 78 

c onoc Ta-

182 Xe 1 10 1 . 
54 78 • 

134 Ba 
56 78 

/11/ 186 
, COUep)!(8WHX KBK H Ce 78 Hei1TpOHOB (pH C. 4) . l-13 

10& 
3 TOrO pHCYHK8 0 a T8K)!(e H 3 OC06eHHOCTei1 38CeneHHH H p a 3pHOKM ypOB HH Ce 

1551,3 K3B, cnenyeT, 'ITO eMy 00JI)I{Hb1 6b1Th npHDHC8Hbl C DHH H 'IeTHOCTh 

I " = 3 +. B 3TOM cny'Iae c T a HOBHTCH noHHTHbiM 3Ha'IeHHe fg f r = 8,0 nnH 

6e T a -nepexona Ha Hero, oTcyTCTBHe raMMa-nepexona c a Tor o ypoBHH H a oc -

HOBHOe COC TOHHHe H npyrHe OCO Oe HHOCTH, 

186 /4/ 
CywecTBOBaHHe ypoBHH 760 KaB, BBeneHHoro B Ce aBTopaMH p a6oTbi 

cornacHo cHcTeMaTHKe, noKa3aHHOH na pHc. 4, Kpaifne HeBepowrno . Bo3MO)!( 

HO, y 760 K3B B03HHKaeT npH p a3pHnKe nepBoro ypoBHH c I" = 4+. Eana Hc 

I , -- 4+ HHTe HCHBHOCTeH raMMa-nepeXOUOB DOKa3biB8eT, 'ITO 3TOT ypOBCHh· 

(ecnH on cywecTByeT) npaKTH'IeCKH He 3acenHeTcH HenocpencTBeHHO npH 

6eTa-pacnane, EcnH 3 TOT BbiBOll cnpaBeUJIHB , TO y OCHOBHOI'O COCTOHHHH 
136 

Pr 

6onee BepoHTHO 3Ha'IeHHe c nHHa 
+ 

I" = 2 , 'IeM 

no 3HepreTH'IeCKHM H CDHHOBb1M C006pa)!(eHHHM B Hapax C N = 78 MO-

ryT 6biTh BbiUeneH bl DO KpaifHeH Mepe UBe KB83HpOT8UHOHHhie DOJIOCbi, CBH-

38HHbie C OCHOBHblM COCTOHHHeM K 0+), H BTOp b iM ypOBHeM C I" = 2+ 

( "raMMa-BH6pauHOHHbiM" ypoBHeM c K 

KBUHH ypOBHeif DOUTBep)!(Ua eTCH TeM, 'ITO B paCCMBTpHBaeMbiX Hapa x raMMa-

+ + + 
K = 2 { I 1T = 3 -. I 1T = 2 ) HMeiDT npHBe-nepeXOllbl BHyTpH DOIIOCbl C 

7 



neHHYIO Bep051THOCTb B "' 55( 
182 

Xe) . "' 70( 184 Ba) "' 80( 186 Ce) 6onhllly10, '!eM 

" + raMMa-nepexon C ypOBH51 I = 3 Ha ypoBeHb npyro~ (OCHOBHO~) KB83Hp0-

T8UHOHHOA DOnOChl C I" + 
2 (ecnH o6a rrepexona THrra E2 ). Bo scex 

Tpex Hnpax MOMeHT HHepUHH "ra:vtM8-BH6p8UHOHHOro"ypOBH51 60nhllle ( Ha.,.20%) 
0 

'!eM y OCHOBHOrO COCT051HH51. 

HH B onHoM H3 YK838RHhlX Rnep ITOK8 He o6Hapy*eHhl "6eT8-BH6pauH-

OHHhle" B036y*neHHhle COCTOHHHR C I"= 0+ + 
K = 0 • npencTaBnReT HHTe-

pee conocTasneHHe OTHoweHHR rrpwseneHHhlX sepoRTHOCTe~ raMMa-rrepexonos 

( -+ + 
THna E 2 B E 2; 2 -2 ) , u " 

c raMM8-BH6pauwoHHoro ypoBHR I 
I+ 

= 2 Ha rrep-
B(F.2; 2'+-o+J 

+ 
BhlA ypOBBHb I" = 2 H OCHOBHOe COCTORHHe + 

I"= 0. npH rrepexone OT 

QlOHOHHOH MO.r:tenH ccjlepH'IeCKHX Rnep K MOnenH CHIThHOnecpopMHpOBaHHbiX Rnep 

3TO OTHOWBHHB non*HO MBHRTbCR OT 6ecKOHe'IHOCTM (-) no 0, 7. B pac-

CM8TpHB8eMb!X Hnpax 3TO OTHOllleRHe yMeHbW8eTC51 OT 680 ( 
182 

Xe) no 

~· 
1 80 ( 

134 
8 ) ~6 a M 95 ( 

1
~~ Ce ) . 3Toro cnenosa:10 O)I<J.!naTh, TaK KaK no Mepe 

ysenH'IeHHR z npOMCXOnMT ynaneRMe OT R.r:tep C 38ITOnHeRRO~ 060ITO'IKOH 

Z = 50 H rrpH6nM*eRMe K CHIThHO.r:tecpopMHpOB8HHbiM R.r:tpaM. 

CxeMa pacrraaa 
188 

tJO Nd7tJ 

Mbi y)!{e oTMeqanH,'ITO K pacrrany 
186 

Nd OTHOCHTC51 HHTeHCHBHb!H raMM8-

186 
nepexon 108,8 K3B "'• B03MO)!{HO, raMMa-rrepexon 575 K3B. K pacrrany Nd 

cneayeT OTHeCTH T8K)!{e HHTeHCHBHYIO f3+ -KOMIIOHeHTy 1330±_50 K3B (pHC. 1). 

EcnH 6bi 3T8 KOMITOHeHT8 OTHOCHn8Cb K pacrrany 
186 

Pr , TO B 186 Ce 

.[lOIT)!{eH 6b!IT 6bi cyLUeCTBOB8Tb CHITbHO 3aCeneHRbl~ ypoBeRb "' 2750 K3B0 DpH 

pa3p51.QKe KOTOpOrO B03HHK8ITM 6bi BeCbM8 HHTeHCMBHbie raMMa-nepexo.r:tbi. B 

H86ITIO.Q8eMOM H8 ODbiTe raMM8-CITeKTpe T8KMe nepeXO.r:tbl He HI'I6ITIO.r:t810TC510 

8 

w, cneaosaTenhHo, {3. 

06p8THM Terre~ 

nepexona 108,8 K3B ( 

TeHCHBHOCTeH raMMa-1 

18G 
'laes pacrrana Pr. 

nyeMOM HCTO'IHHKe HE 

'ITO raMMa-nepexon 1 

nan a 186 Nd 
(3Ta 

noHeHT 1330 K3B129~ 

I Q+ ( {3 + 1330) "'I 
1-' +t 

ITOK83 b!B810T 0 'ITO t 
1-18 OCHOBHOe COCT051HH 

c egrr-5,2. 

TaKoe 3HaqeaHe 

npHITHC8Tb CITHH H qe~ 

'ITO OIIpaBnbiB8eT Bb!CK 

rronhHOCTh raMMa-rreJ 

OCHOBHOrO COCT051HH51 

nnR raMM8-IIepE 

(Ta6n. 1). HMeiOTCR 

c 3HeprHeli 533,5 Ka 

K 575,5 + L538,9. 

TaK KaK H3BecT . 

ITOnh3Y51 TeopeTM'IeCKOE 

OHHblX ITHHHH K/ L 



186 
Ce) 6onhwyl0, 'leM 

i (OCHOBHOA ) KB83Hp0 -

TMITa E 2 ) • Bo scex 

:)BHH 6onbwe ( Ha .. 20%), 

meHw "6eTa-BM6pauH-

• npellCTaBnSieT HHTe-

:TeA ra MMa -rrepexonos 

" I+ 
lOBHH I = 2 Ha rrep-

t 
• npH rrepe xone OT 

re!jJopMHpoBaJ-IRhiX Hllep 

oo) no "' 0, 7. B pac

T 680 ( 182 Xe ) 
~· 

llO 

lTb, T8K K8K ITO Mepe 

liTOnHeJ-IHOH o6onO'IKOJf 

SillpaM . 

C51 HHTeHCHBHbiH raMM8-

I 86 
K:3B. K pacrrany Nd 

r 1330±_50 K:3B ( pHc . I). 

TO B 186 Ce 

)OBe J-Ib "' 2750 K:3B 0 llpH 

hie raMMa-rrepexOllhi. B 

:OLlbl He HR6n10ll810TC51 0 

11 0 cneAOBaTenbHO, .{3+ -KOMTIOHeHT8 1330 K:3B He CB5138H8 C paCIT8llOM 
186 

P r. 

06p8THM Terrepb BHHM8HHe J-18 TO, 'ITO ITOnJ-1851 HHTeHCHBHOCTb raMM8 -

rrepeXOll8 108,8 K :3B (y+ e) npH6nH3HTenbHO COCTaBnHeT -' 0,6 OT CYMMbl HH -

TeHCHBHOCTelf raMMa-rrepeXOllOB 551,5 H 1090,4 K:3B, B03HHK810IIIHX B 92% cny -

1811 
TaK KaK 55 M"H 

186 
Nd qaes pacrrana Pr. .. H 13,5 MHH. ':.

86 
Pr B HCCne -

nyeMOM HCTO'IHHKe H8XOllSITC51 ~ paBHOBeCHH , TO :3TOT peaynhT8T 03H8'1aeT) 

'ITO raMMa-rrepexon 108,8 K:3B ( y + e) B03HHKaeT B "' 65-70% cny'laes pac -

nan a 186 Nd 
( :3T 8 OJJeHK8 rpy6a51) • Yf3 COOTHO WeHH51 HHTeHCHBHOCTew (t"-KOM -

llOHeHT 1330 K:3B 1 2970 K :3B H raMM8-nHHHH 108,8 K :3B B bJTeK ae T T a K me , 'ITO 

IQ+ ({3+ 1330) ... I 
1-' +t 

( y 108,8 ). 
y+e 

3TH OUeHKH ( XOT51 H llOBOnhHO rpy6bie) 

ITOK83 b!B810T, 'ITO {3 + - pacna.o 
136 ... , .1 

l H) He MOmeT HTTH HenocpellC TBe HHO 

J-18 OCHOBHOe COCTOHHHe 186 Pr, a HlleT, B OCHOBHOM, 1-18 ypOBeHb 10l:L8 K :3B 

c fgfr•5,2. 

T a Koe 3Ha'leHHe fg f r rroKa3biBaeT, 'ITO :3TOMY y poBHIO 
186 

P r cnenyeT 

llpHTIHC8Tb CITHH H 'I~THOCTb 
rr + 

I = 1 H KOHqmrypa UHIO P ( d ~~2 ) • D (d
8

;
2 

) • 

'ITO OTip8B.QbiB8eT BbiCK838HHbJe B J-IB 'lane CT8TbH npennonomeHHH. M 1 - Mynh TH-

TIOJibHOCTb raMMa-nepeXOll8 108,8 K:3B TI03BOnHeT OllH03H8'1HO B bi6pa Tb llnSI 

OCHOBHOrO COCT051HH51 
186 p1 

+ + 
CTIHJ-1 H 'I~THOCTb I" = 2 , HCKniO'IHB I " = 3 • 

llnH raMMa-nepeXOll8 575,5 K:3B H3BeCTH8 HHTeHCHBHOCTb raMM8-J1HHHH 

( Ta6n. 1) • YfMeiOTC51 TaKme ll8HJ-Ible 06 HHTeHCHBHOCTH KOHBepCHO HHOii nHHHH 

C :3HeprHeH 533,5 K:3B ( Ta6n. 2), KOTOp851 HHTeprrpeTHpyeTC51 K8K CYMM8 

K 575,5 + L538,9. 

TaK KaK H3BeCTHO, 'ITO raMMa-nepexon 538,9 K :3 B THna E 2, TO, HC -

ITOnb3y51 TeopeTH'IeCKOe 3H8'1eHHe OTHOUJeHH51 HHTeHCHBHOC TH K H L KOHBepcH -

OHHbiX nHHHH K / L = 6,3 H :3KcrrepHMeHTanbHOe 3 Ha'leHHe HHTeHCHBI!OCTH 

9 



K -llHHHH (Ta6n. 2), MO*HO OUeHHTb HHTeHCHBHOCTb ero L -KOHBepCH-

OHHOH llHHHH, a, ClleLlOBaTenbHO, H HHTeHCHBHOCTb K -KOHBepCHOHHOti llliHHH 

raMMa-nepCXOil<! 575,5 K8B. 0Ha COCTaBnl'!eT ""160 B eL!HHHUaX Ta6n.2. 3TH 

BeflHqHHbl IV H lek npHBOLlHT K BeflJiqHHe K03cpcp!iUHeHTa BHyTpeHHeH KOHBep

-2 
1, 1. 10 1 qTo yKa3b!BaeT Ha MYilhTH- CHH raMMa-nepexona 575,5 K8B a k 

ITOilhHOCTh THIT8 M1 (He HCKmoqeHa He60ilbWa5! npHMeCh E 2 ) • 

nono*eHHe 8TOH 11HHHI1 B cxeMe pacnana He COBCeM l'ICHO. Bo3MO*HO, 

oHa BMecTe c Ha6moLla!Ometicl'l B raMMa-cneKTpe 
186 Nd + 186Pt 

cna6ol% 

llHHHe i\ 684 K8B ( ecnH ITOC:teJlHIOIO OTHeCTH K 
186 

N d ) B03HHKaeT npH pa3-

186 136 
Pr 684 K8B. npHH5!T8l'l HaMH cxeMa pacnana Nd pl'IL!Ke ypOBHl'l 

npHBeLleHa Ha pHC. 3. 

0 CllHHe OCHOBHOTO COCTOHHHH 18ts Pr 
69 TT 

KoHcpHrypaUiili OCHOBHhlX COCTOl'IHHH aeqeTHO-HeqeTHhlX 5!LlCp 06hlqHQ 

onpenenHIOTCl'l ITO LlaHHhlM 0 COCT05!Hiil'IX HeqeTHhlX npOTOHa 11 HetiTpoHa B CO-

CeLlHHX HeqeTHhlX l'IL!pax C TeM *e 3HaqeaHeM z H N. 

HeqeTHhlJ% 59-ti ITpOTOH B OCHOBHOM COCTOl'IHHH 
187 

~9 Pr 76 HaXOLlHTCl'l 

Ha ypOBH8 C 
+ 

5/2 , a 77-oi\ HetiTpOH B OCHOBHOM COCTOl'IHUH 
186 
~8 Ce 77 

HaXOLlHTCl'l H8 ypOBHe 
+ 

= 1/2 • B HeqeTHo-HeqeTHOM l'ILlpe KoH<jJHrypauHH 

p ( 5/2 + ) , n ( 1 /2 + ) COOTBeTCTByeT Lly6neT, HH *HH H ypoBeHb KOTOporo, 

/13-15/ 
cornaCHO npaBH!18M Lllll'l ccpepHqeCKHX l'!Llep , LlOfl*eH HMeTb CITHH H 

TT + qeTHOCTh I = 3 , a sepxHHti ypoBeHh -I 77 = 2+. Ha6nJOnaeMhiH cnHH 

OCHOBHOrO COCT05!HH5! 186 Pr TT + 
I = 2 He cornacyeTCl'l c 3THMH npaBnnaMH. 

0AHOH H3 npHqJiH T8KOrO paCXO*LleHHl'l MO*eT 6b!Tb ne!j1opMaUHl'l 
186 

Pr. 

B qacTHOCTH, onHa H3 B03MO*HbiX no HHnhCCoHy KoHcpHrypauHtl p 5/2 + [ 413]; 

10 

i 
I 

,... 

n 1/2 + [ 400 ] , cornac 

Hy H qeTHOCTH OCHOBHO 
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ero L - KOHBepcH-

-KOHBepCHOHHO~ IlHHHH 

enHHHU8 X Ta6n.2. 3TH 

:T a BH y TpeHHeJi! KOHBep-

yK a 3biBaeT Ha MYJJ bTH-

::b E 2 ) • 

BCe M HCHO . 8 0 3 MO)I{H0 , 

N d + 
186 

Pr cna6o~ 

) B 03HHK 8 eT 11pH pa3- f 
.e M a pacnana 

136 N d ! 

!811 
Pr 

fi9 T1 

~ "' eTHhiX HLlep 06bi"'HO 

r o H a u H eli!T po Ha B c o-

137 Pr 
69 76 

H 8 XOllHTC H 

186 
!O M COCT0 51HI!H 68 Ce 77 

1n y poBeHb KOTO poro, 

U OJI)I{eH HMeTb CllHH H 

~ 
• Ha6monaeMbttf cnHH 

:;51 C 3TllMll 11p8BHI18MH . 

o!Tb ne¢opMaUHH 
186 

Pr. 

:jmrypauHr. p 5/2 + [ 413]; 

cornacHo rrpaBHnaM ranm1xepa -MowKoBcKoro, rrpHBOllHT K cnH-

HY H "'~THOCTH OCHOBHOrO COCTOHHHH 
186 

Pr 
TT + 

I = +2 • 

B 38KI1IO"'eHHe aaTo phi C"'HTaiOT c aoHM rrpHHTH biM nonroM no6na ronapHTb 

B.JloKy3oBy H A.JIHrrTaK 38 noMOillb B pa6oTe . 
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TaClJIHUa 2 

3JI8KTpOHH BHyTp8HH8A KOHBepCHH 136 Pr :11 186 Nd 

--
PadoTa/ 6/ )l.aHHaR paCloTa 

nrr 
E 0THOCHT. E 0THOCHT. _!.UeHTHtPHK. • • 1i30TOTI 

K8B HHT8HC. K8B HHT8HC. JIHHH V. 

-
I. 498,7 765..:!;60 498 , 4..:!;0, 4 756+60 K538 , 9 136 Pr 

2. 5II , 25 1ooo*) 5II , O,:tO, 4 1ooo*) K551 , 5 136p, 

3. 533,5 276.:!; 28 - - L 539+K575 , 5 186p , 

c;; 4 . 545,5 143.:!;15 - - L 552, 0 136 Pr 

5. - - 1050, O,:tO, 7 4 5 , U.,:t 't , 5 K 1090, 4 186Nd 

6. - - 66 ' 80.:!;0, 08 "'37000 K 108, 8 186 Nd 

7. - - 102, 05.:!;0 , 10 "' 6200 L1 JL)(; , b 

8. - - 102' J5,:t0, 10 Lll Iub , 8 

9. - - 102, 86..:!;0, 10 Lml 08, 8 

*) r npHHBT~ sa IOOO. 
k 55 1,5 

**) )l.aHHhle paelon/61 3aHOBO ~epeCMOTp8HE . 



:i: 

h v 

hv 

K3B 

Ta.6JU1U8. 3 
0npe,l(eJieH:I18 3S.p.!I.l(S. F...l(pa, B KOTOpOM OCYI!I8CTBJISieTC .fl 

KDHBepC:11.f! fS.MM8. -rrepeXO.l(OB C 3 Hepr~.f!M:I1 108, 8; 538 , 9; 
551 ,5; :11 1090, 4 K3B 

TeopMSI/?/ Me TO)( oKCI18p11M8HT 
onpe.l(e- ( K3B) 
JI8HHSI 

z = 60 z = 59 z =58 

K3B 

108, 80.:!;0, 08 K- L 1 35, 25.:!;0, I O 36,44 35,16 33 ,90 

K- L
11 35, 55.:!;0, I O 36,85 35,55 34, 28 

K-LIII 36, 06.:!;0, I 0 37,36 36,03 34,73 

538,9.:!;0;4 E -E 40, 9..:0, 6 - 42, 00 40,45 y o_k 

551, 5.:!;0,4 E -E 
y ok 40, 7.:!;0, 6 - -"- -"-

1090, 4.:!;0, 7 E -E 40,4+0,9 - -"- -"-Y ok -

TaclJI.Kna 4 

MyJ!bTHnOJ!bHOCT.K HeK OT Op hiX r B.l4Ma-nepeXO,liOB B R,llpe 
138 

Ce . . 
/R/ 

z =57 

38,93 

-"-

-"-



538, 9.,:!0;4 F: -E 
Y ek 

40, 9_:!0, 6 - 42 , 00 40,45 38,93 

551,5.,:!0 ,4 E - E y ek 
40, 7.,:!0, 6 - -"- -"- -"-

1090, 4_:!0, 7 E - E 40,4+0,9 - -"- -"- -"-
Y ek -

TaclJIHUEi 4 

My1II>THTI OliHOCTll HeKOTOphiX rM!Ma-nepeXO,liOB B l!,llpe "" c • . . 
b v 

MeTO.ll TeopHi!/8/ BhiBO.ll 3KcnepHMeHT E I E2 
K::lB onpe,lleJieHHI! E3 Ml M2 M3 - 0 MY1Ib· 

TH!i OJI:O 
HOCTH 

538,9 a (7,95.:;0, 95)10-3 2,72( - 3) 7, 61( -3) 1, 97( - 2) 1,16( - 2) 3,63(- 2) 9, 65( - 2) E2 
k 

551, 5 K/ L 7,0.:;0, 9 7,6 6,3 5, 5 7,2 6,7 5,8 E 2 

a k 7,2(-J) 2,57( - 3) 2, 57(-3) 1,85( - 2) 1, 10( -2) 3, 4( -2) 9,0(-2) 

1090,4 a, ( I , 46.:.Q, 30)1o-3 6, 4(-4) 1,5(-3( 3,1( -3) 2, 15( -3) 5,3( -3) 1,05(-2) E2 
c:;; 



Ta6JIMUa 5 

Orrpe~eJieHMe MYJihTMITOJihHOCTM rrepexo~a 108,8 K3B 

( a / a 
L 1 L 11 

) 3KC IT - 7, 6 .:!: 0, 8 
(a 

L l 
/ a 

L lll 
) 3K~ = 15 , 0 _:3,7 

( a L I a L ) 
3KC IT = 1,90 _:0,44 

11 lll 

TMn MYJih TMTI OJihH OCTM: (97 , 16_:0, 25 )% Ml + (2 ,84_:0, 25)% E 2 
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