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BBeAenue 

HccneayeMwe B pa6oTe HApa H30TonoB Nd Pr u Cc 

HbiM A ("' 140) uMeJOT 'lHcno neiiTponoB, 6nH3KOe K " MarJPiecKoMy" N =82, 
139 1411) 

CTpyKTypa "Maru'leCKHX" Hnep aannoii o6nacTu, TaKHX KaK HLa 82 , 59 r 82 , 

/12/ 
KB'l9CTB811HO HennOXO OllHCbJDaeTCH HeKOTOpl,JMll KOHKpeTllhlMII MOAenHMI! ' o 

Hx ypoBHH c E ~ 2 Msa paccMaTpHBaiOTCH KaK ao36Y>KAellllhJe cocTOHHHH .. 
npOTOHHOH CHCT8Mbl HApa, 

B H3Y'lBBllll!XC51 HaMH 51ApaX HY)KIIO O>KHAaTh, llOMI!MO COCT051HHH OTMe-' 

'le!IIIOrO THna, TaK)Ke ypOBIIH, o6513allllble B036y)KJ:l8HHIO H HeHTpOIIIIOH CHCTe-

Mhi napa. B CBSI3H c sTHM napo 
139 Pr npeACl'aBnSiel'C51 UI!Tepecllb!M C TO'lKH 

3peHHSI HA9lll'H~HKaUUH B HeM npOTOHHWX I! HeHTpOIIHWX ypOBHeH, a TaK)K8 

KOnneKTI!BHWX B036y)KA8HHH l'Hna KOne6aHHH 'lATUO-'lATHOrO OCTOBa nniOC OAHO-

'laCl'U'lHOe COCTOHHH9 HecnapeHHOrO HyKnOHB, 

OcymecTaneimw STOH pa6orhi cnoco6craoaano ro o6cronrenbCTBo,, 'ITO 

', 139 
Ma repUHCKOe HApO Nd HM881' llBa aonrO)KHBYlllHX COC1'051Hl!51 C pa3nU'lHbi-

MU cnuHaMH U 'leTHOCTS!MU, {3 -pacnall KOTOpb!X npUBOlliiT K B036y)KA9HHIO 

139 Pr ypoBueii pa3nuquoii npupoaw. 

XoTH uccnenoaanuw pacnana 
t39 /3-7 I Nd nocBHllleH pHll pa6oT , B Ko-

TOpblX U3yqanl!Cb y -ny'll! 1 ll03!ll'p0Hbl, Han6onee UIITeHCIIBHbJe KOHBepCII~HI-

Hhie sneKTp0Hbi
0 

y- Y -coanaAeHUH, BpeMeHa )KU3HU H8KOTOpb!X COCTOHHUH 
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139 Pr , reM He MeHee HeKorophie sonpochi ocrasann:cb HeBhHICHeHHhiMH, 

Bo-nepBhiX, cymecrsosann: HeKorophie 3arpy.llHeHn:SI B H.llenrn:¢n:Kaun:n: y -ne

pexO.llOB 
139 

mNd (5,53 qac), nocKonbKY B n:ccne.lloBaHHhiX npenaparax npn:-
138 

cyrcrsosan raK)!W n:3oron c 5nn:3KHM nepHO.llOM Nd (5,2 "'ac), Bo-sro-

phiX, He Ohin H3BeCTeH MynhrimonbHhlll COCTaB raMMa-H3nyqeHHSI, "'TO He 
139 

no3sonSino npn:nn:c8Tb Bo36y:lK.lleHHhiM cocroSIHHSIM Pr KB8HTOBhie X8p8K-
+ 

TepRCTRKR, 8-rpeTbRX, OTCYTCTBOB8nR .llOCTOBepHhle .ll8HHh!e 0 {3 -n:3ny-

"'eHHR, HeOOXO.llRMhie .llnSI KOHCTpyn:pOB8HHSI CXeMhl .&'p8Cn8.ll8, H8KOHeU, npe.ll

CT8BnSinOCb HHTepeCHhiM 6onee TIO.llpOOHOe p8CCMOTpeHRe M4-H30Mepn:R B 

.ll8HHOii o6nacrn: Sl.llep. 

H8CTOSIIII8SI p86ora 6hma npe.llnpRHSIT8 .llnSI pemeHn:SI nepe"'HcneHHhiX 

38.!18'1, 

1. Ycnosn:SI aKcnepn:MeHT8 

P8.!1HOaKTHBHhie SI.llpa 139 Nd nonyqann:cb B pe8KUHH rny5oKoro ormen

neHHSI llpli o6ny"'eHHH I'a.llOnRHHeBOH MHIIIeHH Ha BHyTpeHHeM 'ny"'Ke npOTOHOB 

CRHXpoun:KnorpoHa ( E P = 660 Mas, TOK 2MKa). l13 o6nyqeimoii ·B re"'eHn:e 

.llBYX "'8COB MHIIIeHH (Bee 2 I') XpOM8TOI'pa¢n:"'eCKHMH MeTO.ll8Mli/S/ Bhi.llenSI

naCb ¢paKUHSI Heo.lln:Ma. 38TeM npoH3BO.llHnocb pa3.lleneHn:e ¢paKUHH no H30-
. /9/ 

6apaM Ha aneKrpoMarHRTHOM Macc-cenaparope 

139gNd ITpenapaThi nony"'8nn:cb .llBYMSI cnoco6aMn:. B O.llHOM n:3 HHX 

H30Meph! 139m,gNd pa3.llenSinncb no a¢¢eKry Cun:nnap.lla-4anMepca 

c n:cnonb30BaHn:eM KOMnneKca c .llnarn:neHrpn:aMnHneHrayKcycHoii Kn:cnoroii 
/10/ 

(ilTPA) • B .llpyroM - npoBO.llHnocb KoporKoe o6ny"'eHn:e ( "'15 MHH) 

MHIIIeHn: (NH 4 ) [ Gd (ilTP A) ] secoM 1,5 r Ha BhiBe.lleHHOM nporoHHOM nyq-

Ke, EhiCTpoe pa.llHOXHMH"'ecKoe pa3.lleneHHe ot5ny"'eHHoii MHIIIeHH npoH3BO.llH-
/111 . 

nocb no MeTO.llHKe, no.llpo6Ho onRcaaaoii B pa6ore • Xn:MH"'ecKn: "'HCT8SI 

¢paKURSI Nd pa3.llenSinacb no H3o6apaM Ha Macc-cenaparope ycraHOBKH 
/1:U .. 

.HCHAITIT , l13MepeHRSI y -CTieKTpOB Bhi.lleneHHhiX npenap8TOB Ha"'HHaniiCb 

"'epe3 "' 30 MHH nocne Konua o6ny"'eHRSI. 
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I 

ilnSI uccneAOBaHIISI aneKTpOHOB BHyrpeHHefi KOHBep.CHR 

139m g ' Nd RCTO'!HUKH npnrorosnSinRCb H3 ¢paKun:n. 

CneKTpbt raMMa-u3nyqeHIISI 1!3MepSini!Cb Ha nonynposo 

-cneKrpor-wrpe. Har-m 6hml! ncnonb30BaHbi .llBa Ge ( Li ) 

cuanbaoro rnn8 c qyscrsnrenbHbiMU o6'heMaMn: 10 n: 30 CM 

CIIOCOOHOCTbiO, COOTBeTCTBeHH?r 3,5 II 5,0 K9B npn: · Ey "' 
CIIOHHLie aneKTpOHbl H {3+ . .:_II3nyqeHIIe H3y"'aimcb Ha Mal'! 

MeTpaX TIIIIa TT yZ II 2 TT...j'f: C IIpliOOpHOll pa3peiiiai?!;Uefi 

0,12 II 0,20%, JlcTO'iHIIKII AnSI HUX Ilpiii'OTaBmrBan!ICb aneKl 

CIIOCOOOM Ha no.llnOlKKe IIIIIPIIHOii o;5 MM II roniiiiiHOll 5 MKI 

2. 3 K c n e p II Me H ran b H hie p e 3 y n bra r hi. 

ITony'!eHHhie naM!I cseAeH!ISI o raMMa-nyqax n: aneKTp 

139m gNd , KOHBepc!III ' npl!Be.lleHhi B ra6nn:uax 1 n: . 

139mNdn: 

12 
UIIU Ha p!IC. 1 !I 2 IIpeACTaBneHhl I'aMMa-cneKTp 

139g 
cneKrpa Nd • Or.llenbHbie KOHBepciiOHHhie nn:Hnn: 

Ha PIIC, 3, 

'l13 COOTHOWeHIISI HHTeHC!IBHOCTeii L-n!IH!Ill nepexoru 

oraoweH!ISI K L I+II :L m nepexo.lla 231,15 K9B ycra1 

T!lnOnbHblll COCTaB, "'TO .llano B03MOlKHOCTb onpeAenl!Tb KO 

peHHefi KOHBepCH!I (ak) AnSI 6onbiii!IHCTBa nepeXO.llOB • 

cnenaTb BhiBO.llhi o rnnax n:x MynbT!InonbHocreii. 

C re"'eHn:eM speMeHn: B ncro"'HIIKe npon:cxonnno HaKe 

139 Ce • CpasHuBasl n:HreHCHBHOCTU K -niiHUi'i 165,84 
139m · 

pacnan) n: 231,15 K9B Nd , Mbi Hawnn: nonHyiO !I 

xona 231,15 K9B (14,3:!::_1,4)%. 

B raMMa-cneKrpe 139mNd npoSisnniiCb raK)Ke Hal!l 

139 g Nd • 3ro no3somwo HaM onpeneniiTb !IHTeHCHJ Hllll 
139 

peXO.llOB gNd B % Ha pacnan • 
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aBanUCh H9BbiSICHeHHb!MU, 

1.11 B u.(leHTuqm~auuu y -rre

ooBaHHbiX rrperrapa Tax rrpu-
tas · 

Nd (5,2 "'ac). Bo-BTo-

aMMa-usny"'etmn, "'TO He 
'139 

Pr KBaHTOBbie xapaK-
+ 

llhie .(lal!Hhie o fJ -usny-

I ·pacrra.(la, HaKoHeu, rrpeli

)TpeHue M4-usoMepuu B 

Jel!leHun rrepe"'rrcnel!HbiX 

peaKUUII rny60KOI'O OTl!leii

IIyTpeHHeM rry"'Ke rrpoToHoB 

Hs o6ny"'eHHofi a Te"'eHue 
/8/ 

UMU MeTO.(IaMU Bbi.(IenSI-
., 

llleneHue ~paKuuu no u3o-

co6aMu. B .o.(IHOM us Hux 

·y Cuunnap.(la-4anMepca 

neHTayKCYCHOfi KUCnOTOfi 

o6ny"'eHue "' 15 MUH) 

HBe.(leHHOM rrpoToHHOM ny"'

lHHofi MUlli9Hif IIpOiiSBOillf-
111/. . 

• XuMrr"'ecKu "'UCTaSI 

:-cerrapaTope ycTaHOBKu· 

IhlX rrperrapaTOB ua"'rrHanuch 

llm1 uccneaoBaHuSI aneKTpOHOB BHyTpeHHeil KOHBep.curr rr fJ+ -nsy"'eHrrSI 

139m,gNd "' H.CTO"'HifKif Ilplii'OTOBnSinli.Ch US ~paKUifllo 

CrreKTpbi raMMa-usny"'eHnSI rrsMep5InHCh Ha rronyrrpoBOliHiiKOBOM Ge(Li )-

-cneKTpoMeTpe. Hal\m 6bmrr rr.crronhSOBaHhi .(IBa Ge ( Li ) -lleTeKTOpa KOaK-

cnanhHOI'O Trrrra .C "'YB.CTBiiTenhHhlMII o6~eMaMif 10 U 3IT CM
3 

If .C paspelliaiDl!lefi 

CIIOC06HOCThiD 1 .COOTB9T.CTB9HH0 1 3,5 If 5,0 K9B IlpU E y .. 1 MaB. KoHBep-

cuoHHbie aneKTpOHbi rr [J+ -nsny"'eHne rrsy"'anuch Ha ·Mai'liUTHbiX 6eTa-.crreKTpo-

MeTpax Trrrra TT ',12- If 2 rn/2 .C IIprr6opHOil paspelliaiDI,Uefi .CIIOC06HOCThiD 

0,12 rr 0,20%, ll.cTO"'HrrKu .(lnSI Hrrx rrpuroTaBnrrBanrrch aneKTponrrTII"'eCKifM 

crro.co6oM ua rroanoxo(e lllnpuuofi 0,·5 MM rr · TOnllirrHofi 5 MKa. 

2, 3 K .C II e p II MeHTa n h H bl e peS y n h TaT bl. 

Dony"'eHHb19 HaMif .CB9,(19HifSI 0 I'aMMa-ny"'aX II aneKTpOllaX BHyTpeHHeil 

KOHBepcuu 
139m,g Nd rrpiiBeaeHhi B Ta6nuuax 1 u 2. llnSI unnrocTpa-

uuu Ha prrc. 1 u 2 rrpe.(l.cTaBneHhi raMMa-.crreKTp 
139

m Nd II y"'a.CTKU raMMa-

139gNd 0 ta!l..d 6 CII9KTpa , TaenhHbl9 KOHBepCUOHHbl9 nUHIIU N !ISO pan<eHbl 

ua prr.c, 3. 

'Hs .cooTHOllleHrrSI UHTeH.CUBHO.CTefi L -nuHrrfi rrepexoaa '113,88 K9B II 

OTHOllleHUSI K L I+II :L m rrepexo.(la 231,15 K9B y.cTaHoBneu ux Mynh-

TlfiiOnhHbifi .CO.CTaB, "'TO aano BOSMOI!(HOCTb OIIpe.(lenUTb K09~qli!UU9HTbl BHYT
!39. m,.,d 

peHHeil KOHBep.CIIU (a k ) .(InS! 6onhlliHHCTBa rrepeXO,(IOB l'j II 

.C.(IenaTh Bb!BO,(Ibl 0 THIIaX IIX MynhTUIIOnhHOCTefi, 

C Te"'eHueM BpeMeHu B ucTO"'HHKe rrpoiicxomwo uaKorrneHne aKTHBHOCTII 

139 Ce • Cpanuunan uuTeHCUBHOCTU K -nnHnfi 165,84 K9B 
139

Ce. (17% Ha 

pacrrall) u 231,15 K9B 
139

m Nd , Mbi Hallinl! rronuyro rrHTelt::IIBHOCTh rrepe-

xo.(la 231,15 K9B (14,3:!::_1,4)%, 

B raMMa-crreKTpe 139
mNd rrpoSinrrnnch TaKx<e uan6onee cunhHhie nn-

HUH 
139 gNd 3TO IIOSBOnUnO HaM OIIpe.(lenrrTh IIHTei!CIIBHOCTII I'aMMa-rre-

139g 
pexo.(IOB Nd B % Ha pacrra.(l, 
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rrpo.l\owwmw Tuomn~u I 
I 2 3 4 i ;5 6 

1006,2±.0,4 9,I±.O, 7 K 0,30±.0,06 (7 ,2±.2,0).10-4 JIT 
IOI2,.3±.0,3 7,8±.0,6 !{ o, 70±.0,1I (I ,96±.U,46).1o-3 . B2; (].11) 
I024,9±.0,4 . 4 ,3±.0,3 !{ O,I5±.U,03 (7 ,6±.2,o) .ro-4 1.:1 
I075,2±.0,3 9 ,9±.0, 7 j{ 0,27±.0,05 l6 ,U:t.l ,5) .10-lf EI 
1105 ,3±.0 ,3 7, 7±.U,6 1{ 0,45±.0,09 (1 ,3±.U,35) .I0-3 ,2+ ~20,~.H 
II65,8±.U,5 0,98±.U,I5 

1219 ,6±.0 ,4 4,7±.0,5 

I226, 7±.0,4 3 ,8±.0,4 
' 

I234 ,6±.0 ,5 l ,2±.0,2 

K .o ,15±.0 ,04 (7 ,0±.2, 7). ro-4 
·! 

1::1 
!{ 0,30±.0,08 i (1,7±.0,6).!0-3 i MI; (I.!l+E2) 
!{ 0,07±.0;02 : (I,3±.0,5).Io-3 ! 

i E2; ( E2+1Jl) 
I245,7±.0,5 0 ,82±.0 ,18 

1322 ,3±.0 ,4 s ,3±.0 ,5 

I31f4 ,8±_0 ,5 I ,3±.0 ,4 

1364 ,B±.O ,5 0 ,95±.U ,I5 

!374,7±.0,5 I ,2±.0 ,4 

j{ 0,04±.0,015' (I,I±.U,S).I0-3 / :t;2Hso;;,,u 
K 0 ,IO±.O ,03 (4,I±.I ,8).ro-4 I I EI 
!{ 0 ,04±.0 ,OI5 (6,7±.4,7).10-4 I EI; (E2) 

~0,03 ~6,9.10-4 
1 

EI;(E2) 
I 

I -
1463 ,6±.0 ,5 0 ,9±.0 ,3 

I470,2±.0,5 I ,65±.0,40 

1510 ,5±.0 ,5 0,40±.0,15 

I680,7±.0,5 0 ,9±.0 ,2 

I -

I 
-
-

I -
2060 ,9±.0 ,3 13;6±.1 ,4 

2085 '0±.0 '7 0,15±.0,06 

K 0,12±.0,02 (I ,9±.0 ,5) .ro-4 I 

I EI 

220I ,2±.0,8 0 ,36±.0 ,07 

8 

I 

I 
I 
i 

I 

I 

I 

l 

· TatiJutua 2 

raMua-nanyqeHl1e ll IWHBepcuOHIIbJe 3JI8I>Tp0Hbl I 39~ NJ(£ 

• ET(KSB) 

II3 ,c38 
I 8.5 , 5±.0, 2 
220,9±.0,3 
360,0±.0,3 
405,0±.U,I 
411 ,5±.0,2 
475,5±.0,3 
4e5 ,O±.Li ,4 

511 ( f±.) 
5o8,d±.0,3 
621,7±.U,3 
669,0±.U,3 

(696 ,2±.0 ,3) 
9I6,9±.0,3 
925 ,'f±.O ,3 

10?4 ,2±.CJ,4 
1096 ,5±.U ,4 
I2I3,4±.0,8 
1221 ,2t_0,8 

(12.53 ,3±.lJ ,8) 
1246,7t.O,d 
13II ,tl±.0,6 
I 32o, B±.O ,6 
1405 ,5±.lJ,5. 
1449 ±.I 
1463 ,4±.1.J ,6 
1500,5±.0,6' 
1532 ±.I 

r---------1 

! Jr OTHo 

~3 ,6 
4,0±.0,4 ! 

! 
0,4±.0,1 
o, 7±.0,2 
==36 ,4 

0,0±.0,2 
6,9±.0,6 
2,4+0~4 

If' =I30t.20:JeE) 

4,2±.0,6 
6 ,4:!:_0 '7 
8 ,O:tl ,0 
2,0±.lJ,4 
d,U±.0,8 
7,0±.0,7 

13 ,3±.1 ,4 
2,0±.G ,4 
I,7t_U,5 
I ,5±.U,5 
J, 7±.lJ ,3 
1 ,Ut_U ,4 
I ,6±.U ,4 
I ,5:tC,'f 
3,2t_0,5 
u ,8t_U ,3 
I, 7t_U,4 
1,3±.0,4 
0,7±.0,3 

J lr) 
eK d..rc ::men. 

5. 7±.1 '7 "4 ) -1 ~ ,5±.1 ,8 .10 

2,~±.0,5. (2,5±.0,7).10-' 

-3 . ~0,12 ""'f,7.l0 
?<0,12 z5 ,4.10-.5' 

lr) liHTeHCUB!!OCTU 31lC:KTpOHOB BllyTpeHHeii KOH:BepCH>I np 

B e,l(uHuuax Ta6JmUbl I. 
:JBE) 1iHT8HCUBHOCT:O ll0311TpOHOB H3i1,lleHa 113 J'ff± • 
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)JBUlll10 TUO.'Ull~L! l, 

5 6 

~±.2,0J .ro-'+ 1::1 

!6±.U,46).I0-3 ' B2;(L1I) 

±.2,0).10-4 BI 
±.I ,s).ro-'r 

±.U~35).Io-3 

. . -4 
t.2,7).IO 

t.0,6).ro-3 

!:.0,5).!0-3 

~u,sr.ro-3 

:I ,B).ro-4 

~4,7).ro-4 
1.ro-4 

),S).ro-4 

BI 

BI 
MI; (l.ll+E2) · 

E2; (r;2+MI) 

]::;2·~ ~SO)~MI 

EI 

EI; (E2) 

EI; (E2) 

. EI 
I 

· Tn6JI11Ua 2 

raMM8-H3Jiytiemte ll I\OHBepcHOHIIbie 3JJe!\TpOHbl I3S:I3 NJ(29 ,(i ~.nm) 

II3 ,<38 
18.5 ,5±.0,2 
220,9±.0,5 
36o tO±.O 13 
405 ,O±.U ,I 
411 ,5±.0,2 
475,5±.0,3 
iftl5 ,O±.li ,4 
511 ( f±.) 
5o8,t)±.0,3 
621 ,'7±.0,3 
669,0±.0 1 3 

(696 ,2±.0 ,3) 
916,9±.0,3 
92) ,lf±.lJ 13 

10'74 ,2±.CJ,4 
1096 ,5±_U ,4 
1213 ,4±.0 ,8 
1221,2±.0,8 

(l253,3±.l.J,8) 
1246,7±.0,d 
l3II,8±.0,6 
132o,B±.0,6 
1405 ,5±.U 1 5 
1449 ±.1 
1463,4±.\.1 1 6 
I500,5±.0,6 
I532 ±.I 

)J' OTHo 

~3 ,6 
4 1 0±.U 14 
0 14±.0 ,I 
0,7±.0,2 
==36 ,4 

O,CJ±.U,2 
6,9±.0,6 
2,4+0;4 

If" ==l30±.20JEJE) 
4 ,2±.0 ,6 
6,4±.0,7 
i:l,O±.I,O 
2,0±.0,4 
d,U±.0 1 8 
7 ,0±.0 17 

I3 ,3±.1 ,4 
2 ,o±.u ,4 

I I 7±.U ,5 
l ,5±.U 1 5 
o,7±.CJ,3 
1 1 U±.U ,4 
I ,6±.U ,4 
I ,5±.8 ,'r 
3,2±.0,5 
l) ,8±.U ,3 
I,7±.u,4 
1,3±.0,4 
o, 7±.0,3 

d..rc srccn. 

'4 ) -1 5 I ?±.I , 7 ( I 5±.1,8 .1 0 

2,:J±.0,5. (2,5±.0,7).10-2 

. ::>;0,12 
. ~0,12 

" -3 
,.;If 1 7.10 

-.5 ~5,4.10 

'l'nn 
MY JILTllnOJibi!OG

Tll 

.. il 

.. il ,(E3) 
.a ,(d) 

lf) MiHTeHCHBIIOCT!Il 3JIC:KTpOHOB BIIJTpeHHeii KOHBepCIHI npHBC,l1eHbl 
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Ha puc. 4 rroKaaaH rpaqJHK Kropu L {3+ -crreKTpa IIHTH'lacoaoii: aKTHBHoc-

TH Heot:tuMa. HapHAY c HHTeHCHBHoii:·.KoMrroHeHToii: 3415 KSB 
138 

Pr Haonro-

t:taeTCH KOMIIOHeHTa {3+ -crreKTpa 139 mNd ' HMeiOmag E =1170+50KSB 
rp -

C HHTeHCHBHOCTblO "'2% Ha pacnat:t. Bonee TO'IHO orrpet:tellHTb ee HHTeHCHB-
+ . 138 

HOCTb Ha ¢oHe {3 -uany'leHHH gPr oKaaanocb aaTpyAHHTenbHbiM. KpoMe 

TOI'O He HCK1liO'leH01 'ITO B IIHTeHCHBHOCTb STOll KOMIIOHeHTbl t:taiOT BKllaA 

II03HTpOHbl llO'lepHero Mpa 

/13/ ). 

13 9 Pr ( T ~ =4,42:!:_0,08 'lac; Erp =1090:!:_15KSB 

3• CxeMa pacrraaa 139 Nd 

3KCIIepHMeHTallbHbie JlaHHbie 0 raMMa-ny•Iax, KOHBepCHOHHbiX SlleKl'p0-
/6/ 

HaX, II03Hl'pOHHOM H31ly'leHHII 1 a l'8K)!(e y- y -COBIIat:teHHHX II03B01l111IH 

139m,g { ) HaM rrpenno)!(HTb cxeMy pacrrana Nd p11c, 5 • PaHee obtno uaaecT-

/3/ . 139 
HO , 'ITO 5,5-'lacoaoe cocroHHHe Nd BbiCBe'lHBaeTCH uaoMepHbiM M4-

IIepeXOilOM B OCHOBHOe COCl'OHHHe. 11 HTeHCIIBHOCTb STOI'O rrepeXOI18 MLI yc-
139m , 

TaHOBHllH paaHoii (14,3:!:_1 ,4) %, a :a. ocTallbHLIX cny•IaHx Nd HCIIbiThiBaeT 

£+ {3+ -pacnaa. 3HaHHe HHTeHCHBHocreii raMMa-uany'leHHH ·a % · Ha pacnaa 

139p aano B03MO)!(HOCTh onpeaenlirh aaceneHHOCl'h Ka)!(AOro ypoBHH r 
. . . 139 

11a 6anaHca HHTeHCHBHOCTeii BIIAHO, 'ITo cpe1111 ypoaaeii Pr c 

sHeprlieii: < 1,5 Msa Halioonee CHllhHO (7 ,7%} aoaoy)KJlaercg ypoaeHb 

822,0 KSB. n 09l'OMY Mbl npennollO)!(lfllll, 'ITO II03liTPOHbl c E rp "=117Qt.50 KSB 

aacenHIOT JlaHHblll ypoBeHh 1 'IeMY He IIpOTIIBO pe'lliT liHTeHCIIBHOCTb 9TOH 

KOMnoHeHTbi ( Jf3+ "'2%). B raKOM cny'lae nonHaH 
139 m 139 · 

Nd- Pr paaHa Qf3+sKcn =3014t_50 

sHeprng pacnaaa 

KSB. TaKoe aHa'leHne 
I 

HaXOAIITCH B XOpOllieM COI'll8CHH C CHCTeMaTIIKOH Bellli'IHH Qf3+' {3+ -nepe

N =79 (pnc. 6 ). 

log ft {3 ..;,n:ye-

XOAOB THIIa d 5/2 .... d3/2 AllH ·Ht:tep-HOOTOHOB C 

B npeanono)!(eHnH paapeweHHoro xapaKTepa Bbi'lHClleHbi 
139m 

xoaoa Nd • Ha ocHOBaHnn Bellii'IIIH log ft MYllbTJinonbHocTeii · raMMa-

nepeXOAOB II CIIOCOOOB pa3pHAKH ycTaHOBlleHbi KBaHTOBble XapaTKepHCTHKH. 

6 u 139p 
B03 Y)!(AeHHbiX COCTOHHIIH r 
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n 1a9 g Nd peana~aeMan HaMn cxeMa pacnaaa B ocHOBHOM coana-

" . - E . 161 n . aaeT CO CXeMOH 1 npeano)l{eHHOH MpH H ap. • OITOnHHTenbHO Mbl BBenn 

cocTosiune 1532 KSB (npeanonO)I{HTenbHo). Eonee TIUaTenbHO npoaeaeu 
139g 

6anauc HHTeHCHBHOCTeil npn pacnaae Nd n, B qacTHOCTH, onpeaeneuo 

+ ~ OTHOlli9Hife (l/{3 ) SKCil =2,3±_0,4 JlnR {3 -IIepexoaa B OCHOBHOe COCTOR-

HHe 
139

Pr • no TeOpHH paspell!eHHb!X nepeXO/lOB OTHOll!GHHe (i/~)=2,6. 
n {3 + 139

gNd I f n nn l+ -nepexoaoa BbJqncnenbi o~ t • nn qeTbipex ~aM-

Ma:-nepeXOJlOB ycTauoaneHbi THilbi MynbTHnonbHOCTH. CoaoKynnoCTb sTnx 

139 Pr aaHHbiX nosaonnna npnnncaTb HeKoTopbiM ypoBHRM KBaUTOBbie xapaK-

TepncTnKn (eM. pnc. 5). 

5. nncKyCCHR 

KBaHTOBble XapaKTepHCTHKif HSOMepHO~O (ll/2- )' · H OCHOBHO~O COC-
139 /3/ 

TO'sJHifll Nd 6binH ycTaHOBneHbl B • Onn' COOTBeTCTBYIOT oanoqacTnq-

HbiM COCTORHifRM 79-~o HGHTpOHa h 11 j 2 H d af2 . • TaK!fe COCTORHHR' 

ua6moaaiOTcn a 
' 

'131 • 181 136 
pnae naep- IIS~Y&'OHOB c N =79: Te · , Xe , Ba , 

1 a 7 Ce 
1 

14 1 Sm -196 2 8 
• npnaeaennan aeponTnocTb B(M4 )=5,56•.10 e eM 

ann cnyqag 
139

m Nd oqenb' 6nnsKa K cooTBeTCTBYIOIUifM aennqnnaM yKasan·

libiX naep n npuMepno a 5 pas MeUbllle B(M 4) oanoqacT, 

He Bb!SbiB810T COMHGHHR KBaHTOBbie XapaKTepHCTHKif OCHOBHO~O COCTOR-

HH.\1 
139 

Pr 5/2 ( d 6 ; 2 ) ; CnoilcTaa {3 -nepexoaa Me)l{ay ocnonnbi-

Mn· cocToRHHRMH 
139 

Nd n 
139 

Pr lo~ft Q {3+ ) naxoanTcn B 

XOpOll!GM COOTBGTCTBHH C CHCT9M8T.IfKOH aaHHh!X 0 6eTa-nepexoaax T.lflla 

d' 5/2 ... d 3/2 (eM. Ta6n. 3 n puc. 6). 

Co~nacno oauoqacTuquoil MOJlenn o6onoqeK, ~6nnsu op6uTann d 
6

;
2 

HaXO/l.lfTCR Op6HTanb ~ 7; 2 • no CBO.IfM CBOHCTBaM ypoBeHb 113,88 KSB B 
189 

Pr OT0)1{/l9CTBnReTCR C COCTORHHeM ~ 7 ; 2 • M1- KOMIIOHe~Ta nepexoaa 

113,88 KSB OKaSbiBaeTcg SaTOpMO)I{eHHOH npuMepHO B 400 pas, a E2- KOMilO

HGHTa YCKOpena ,B 20 pas, qTo CO~nacyeTCR C CHCTeMaT.IfKOll CBOHCTB 

17 



TaeiJJIH\8 3 

CncTcMaTHKa t~aHHbiX o 6cTa-nepexoJ.tax dst.t-~ cL~k 

Pacnat~ , ITpeBpa~eHHe HYK-
noHOB 

1435. I43R 
. 62 '"81- · 61 "'82. 

1/2; 
lo ft 

5000±.200 2,3±.0,2 MHH 
.€oJft=5 ,I 

3620 22+1 IJHil 

£,ft=5,4 

2II0±.20 4,42 qfic 
~lt:5,2 

8,6 MllH . 

£oaft=4,8 

140 ,liH 

&,# =5,3 

. 139 · 139 ' I . J I 
60 NcL79-+ 59Pr- 80 'ii(OL5/2)- J (a.3/2)- 2780±.50 29,8 IJI!H 

~,ft=5,1 

18 

76,6 IJHH . 

fo,#=5 ,3 

9,0 qac e. Jt=5 ,3 



e -sanpeiUeHHb!X M 1-nepeXO!lOB Tima g 7/2 .... d ~/2 
/14/ ' . 

• Pac'I~Thr, 
/15/ 

BhmonneHHhre KucnnurepoM H CopeucenoM nnst E2-aepo,stTHOCTeli TaKRX 

nepeXO!lOB1 He !l8IOT Y!lOBneTBOpRTenhHOf'O C0f'l18CHSI C 9KCnepHM9HT8nhllbiMH 

pesynhT8T8MHo 

n 13.9m_ ,gNd pn pacnane B036y)K!l89TCSI I'Op83!l0 6onbuie COCTOSIHRfi, 

'19M B03MO)KH0e ''IHCnO .'O!lHO'I8CTH'IHbi:K _cOCTOSIHRli npOTOH~OJ:i. C_HCT9Mb!, 

Ho9TOMY H8!l0 npennono)KRThr 'ITO npo~IBn.IIIOTCst H 6onee CnO)Kllbie THnhi 

aos6Y*!leHHst, nanpHMep, paspbiB napbi. HyKnouoa ( npH E ;;: 'I ,5 Maa), 

.'ITO MO)K9T npuaeCTH K o6pa30B8HRIO fPeX'I8CTH'IHblX COCTOstHnfi, HnR Ko.nneK

THBHOe !lBlf)K9HHe 'I~TH~'I~THOI'O OCTOB8 .II!lpa nniOC O!lH0'18CTH'I~Oe !lBlf)K9-

HR9 uecnapeuuoro HyKnoua. 

PaCCMOTpHM H9KOTOpb!9 COCTOSIHllst 139p·r n • pe*ne ace~o cnenyeT 

OCT8HOBRTbCst Ha CBOliCTB8X ypOBHst 822,0 K9B, 0Ka3hiB89TCst1 . 'ITO E3.._ne

peXO!l 822,0 K9B ycKopeu: B(E3) /B(E3) .A .M2-KoMnoHeHTa 708,1 K9B 
. exp a,p, . 

saTopMO*eHa npuMepao ecero numb a 35 pas •. Mo*HO npe'nnono*HTb, 'ITO 

9TO COCTOSIHRe stBnsteTCst. 'lneHOM MynbTHnneTa [ 3- J d ~/2. , .YpOB9Hb. T8KOJ:i 
. . . . . ' la7 /16/ . . : 
*e npHpO!lhi aa6niOnaeTcst a stnpe 5 7 La 80 • BeTa-nepe.XO!lhi aa 9TH 

COCTOSIHHSI OK83b!B8IOTCst .CI!nbHO 38 TOpM0)K9HHbiMH log ft · =6,9), 'ITo 

f'OBOpHT B nonb3Y T8KOJ:i HHTepnpeTaURR, 

TaK*e OK83hraaeTC.II cHnbHO saTopMO)KeHHhiM {3 -:-riepex6n aa ypo-
. ' 

aeHb 405,0 K9B (3 I 2+) ( log ft =6,4). He HCKniO'IeHo, 'ITO npa aTo'J:t 

aueprHH peannsyeTcst oaao H3 cocTO.IIHHli MynbTHnneTa [ 2 +]d ~;2· ., BnH

*alimee· COCTOstHHe 588,8 K9B Morno 6hl T8K)K9 OTHOCHThCst !l'. _YK838HHOMY 

MynbTHnneTy (HnH K MynbTHnneTy [ 2 +] g 7; 2 ). HostaneHHe cocTo.IIHHli 

TaKoli npHpO!lhi y stnep naaaoli o6nacTH O*H!laeTcst,cornacao pac'I~TaM 
/15/ 

KHcnHHrepa H Copeaceaa . • 

CpenH ypoaaeli 
139 

Pr B · o6nacTH aaeprHli aos6y*!l9HHst > 1,5 Maa · 

aa116onee xapaKTepHhiM stBnsteT~St ypoaeHb 1834,0 ( 9/2 - HnH !'I/2. ) , 

KOTOphrJ:i sacensteTcst {3-nepexcinoM c log ft =5,6, CTonb HR3Koe saaqe-

· HHe ·log ft xapaKTepao nnst {3 -npoueccoa Me*!lY qneaaMH cnHH-op6H.;.. 
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Tanbaoro ny6neTa, TaKHM ny6neToM B naaaoi"I o6nacTn A HBJISIIOTCH 

COCTOHHllH p(d, 5; 2 ) If n (d 3; 2 ) , KaK Mhi Bbtwe · oTMe'Iann 1 naHHbie 

COCTOSIHHSI peaJIU3yiOTCH y 
139

gNd n 139 Pr {3 -nepexon Me/KAY 
' /6/ ' 

KOTOpb!Mll UMeeT loJJ:. ft =511, Torna ocTaeTcSI npennonon<nTb 1 'ITO 

ypoBeHb 183410 K9B OTHOCI!TCSI K MYJ!bTIIIIJieTy TpeX'IACTT!'IHb1X COCTOHIII!l't: 

p (d 
5

;
2 

) i n.(d, 
3
;

2
) 1 n ( h 11 ; 2) -

1 , Ha HeKOTOpbie ypoDHII :3Toro MynbTnnne

Ta (c J"=9/2-,lli2-,l3/2- ) 6yneT IIATII pa3peweHHhifi pacnan 

189mNd(J"=ll/2 ;p(d5/2)2a,n(hll/2)-3 ). 

B6JIU3ll COCTOHHIIH 183410 K9B UMeeTCSI ewe HeCKOJlbKO ypOBHefi C J
17
=9/2.-1 

ll/2 - ~Jill 13/2 ~ {3-nepexonhl ka KOTOphle xapaKTepn3yiOTCSI cpaBHII-

TeJ!bHO He60JibW,llMII BeJII!'II!H8MII lo~: f l , Bee 9TII ypOBHII CBH38llbl Mell{AY 

co6oil: AOBOJ!bHO I!HTeHCI!BHbiMII M I+ E2 -nepexonaMII. n 0 Kpa!"!Hefi ~~epnl 
HeKoTophte II3 imx Morrin 6hi 6biTb q~eHa~tn yKa3annoro MynbTnn~eTa. 

. . !39 .Pr . 
TaKIIM o6pa30MI cpenii ypoBHeil: I B036yiKAaeMb!X hpii pac-

nane 139m'~d 1 ynaeTCSI K8'IeCTBeHHO BbiAeJIIITb OAHO'I8CTII'IHbJe, MHO-

I'O'I8CTII'IHbie If KOJIJieKTIIBI!31!pOB8HIIbJe COCTOHHI!SI, 

n
. '6 "' 189 Pr JISI . onee T!llaTeJibHoro aaannaa cTpyKTypbi SIApa Tpe6yeTCSI 

npHBJie'IeHne K8K APYI'RX 9KCilepnMeHT8JibHbiX MeTOAOB1 T8K · II KOHKpeTHbiX 

TeOpeTH'I.eCKIIX paC'IElTOB, 

ABTOpbl Bb!pa)l{a!OT 6naronapHOCTb B. EoHOBOH II ,H; n onaXOBOH 38 
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