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1. B B e A e H 1! e 

HccneAOBaune ue'!eTHhiX SIAep c aarronHeuHoii HeiiTpOHHOii o6ono'!Koii 

II03BOJilieT IIOJiy'laTb B8lKHhie CBeAeHl!li 0 B38l!MOAeiiCTBl!l! IIpOTOHOB B lUlP8X0 

T8K K8K CIIeKTp Hl!lKHl!X KB831!'18CTl!'IHhiX COCTOliHl!H T8Kl!X SIAep, B OC!IOB!IOM0 

iflopMnpyeTCli rrpoToHaMn, CpeAn He'leTHhiX SIAep c N =82 Han6onee l!l!Te- •. 

peCHhiM liBJilieTCli lUlPO 145 Eu 0 . TaK K8K B IIOA060JI0'1Ke C Z. =6_4 (ypoB-
63 rr 2 

Hl! ld,7f2 11 2d_s/2 ) OliO COAeplKl!T TOllbKO OAHY 'rrpOTOHHYIOAhlpKy, noaTOMy 

cneKTp ypoBHeii 145 Eu ner'le 0 'leM crreKTp Apyrnx liAep, l!l!TeprrpeTnpoBaTb 

TeopeTH'!eCKl!, 

YpoaHn us Eu MoryT aoa6ylKA8TbCli nn6o rrpn {3 +· -pacrraAe 

145Gd 0 JIH60 B pa3JIH'IHhiX lUlepHhiX peaKUHliX, 

B l!aCTOliiUeii pa6oTex) c IIOMOIUbiO Ge ( Li) -crreKTpoMeTpa nccneAo-

BaH y -crreKTp, corrpoBOlKAaromnii · {3 + -pacrraA usGd • .Uo l!eAaBHero 

apeMeHH na-aa KopoTKoro rrepnoAa rronypacrraAa ( T ~. =23 MnH)' {3 +_, n 

y ~CIIGKTphl 3Tbro lUlpa 6binl! 1!3y'!eHhi Mano, noMl!MO IIepl!OAa rronypacrra-

I 

Aa 6bJnl! 1!3Be9THhl rpaHl!'lll8li 3HeprHli {3 + -crreKTpa, p8BH8li (2500.:!;.200)K3B
0 

1! y -CIIeKTp, 1!3MepeHHhiH IIpl! IIOMO!Ul! CUHHTl!JIJlliUl!OHHOro CIIeKTpOMeT-

pa/2,3,4/• 

x) nepBhie peayllbTaThl HaMn 6hmn orry6nnKOBaHhi B pa6oTe/1 I, 

3 
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Hcxolln H3 Toro np8BHn8, 'ITO nepHOll nonyp8CD8ll8 H30TOHOB c ·N =81 

H8 nopHllOK Mellbwe, 'leM nepHOll nonyp8CD8ll8 H30TOHOB c N =80, H8XOllR

WHxcn OT UOllOCbl CT86Hllbi{OCTH ll8llbWe0 MOlKHO OlKHll8Tb 0 'IT 0 nepHOll nony-

p8C08ll8 144 Gd T ~ ~ 25 MHH 0 noaTOMy t.lbl 00DblT8llHCb HlleHTH<!JIIUHpOB8Tb 

p8cn8n 
144 Gd • 3KcnepHMeHT ll8ll, OllH8Ko, 3H8'lenue T ~ ·=(4,9:!:.0,4)MII1Lxl 

2.3KcnapiiMeHT8nbH8SI MeTOniiK8 II peayiu.T8Tbl 113MepeHHit 

l130T0Ubl Gd 6billll nony'lellbi B pe8KUHH rny6oKoro p8cwennennn Er 

H8 aaewaeM ny'lKe npoTOHOB cnnxpounKnOTpOH8 011.fll1 c aaeprneit 660 Maa 

H IIHTeHCHBHOCTbiO ,. 4•10
11

npO"n/CeK. Bee MHWeHeit B anne nopOWK006p83HOro 

KOMnneKC8 Er - DTPA xx), o6ny'lellHbiX B Te<!JnoHOBbiX aMnynax, cocTaanRll 

0,5 r. TpaacnopTHpOBK8 8Mnynbi no MecTa XIIMII'lecKoro paaneneHHSI c no

MOWbiO naeBMaTn'leCKoit no'lTbl nn11nacb 6 ceK. TexanKa aKcnepliMeHT8 noll

po6~o onnc8H8 a p860T8x15·~'. 
nocne DOCTynneHIISI B XIIMH'leCKYIO na60p8TOpHIO MIIWelib p8CTBOPR118Cb 

B 12 Mn sonbi. H8xonsrwBecn B p8cTaope nponyKTbl rny6oKoro p8cwenneaHsr 

Cop611pOB8ll11Cb ItD.TIIOHHTOM Ll8y9KC 50x8 C Bellll'liiHOJI 3epH8 12 MK, DpHf58B

neHHblM cp83Y· lKe nocne p8CTBopeHHSI • '1epe3 3 MIIH nocne KOIIU8 o6ny'leHIISI 

CMOll8 OTnennnaCb OT paCTBOp~ UeHTpii<!JyrnpOB8HHeM, nB8lKnbi npOMblB8ll8Cb 

sonoll II ll8HOC11ll8Cb HS nqnrOTOBlleHHYK• XpOM8TOrp8<!Jg'leCKYIO KOllOHKY BbiCo

TOi! 90 MM II nllaMeTpOM 2 MM C TOit lKe CMOllOit B NH 
4 

-4topMe • .l136Hp8-

TenbHOe BblMbiB8HHe cop6eHT8 npoaonllllOCb ~ DOMOWbiO a -011Exxx) KOHUellT-

p8UIIeil 0,16 M np11 3H8'lellHII p H =4, 75. CKopocTb npoTeK8HIIR -

- 1 K8nnn .38 30 ceK. ¢p8KUII n Gd nony'l8ll8Cb cnycTsr 17 MHHYT nocne 

KOllU8 o6ny'lell11R. B cneu11allhHbiX onbiT8X no HccnenosaHIIIO ·pacn81l8 144Qd 

38 C'l~T yCKOpeHIISI BCeX npouecCOB0 38 IICKlliO'leHIIeM CKOpOCTII npOTeK8HIISI 1 

4tpaKUHR Gd nony'lanacb 'lepe3 13 MIIHYT nocne KOHU8 o6ny'lellHSio XHMH-

'leCK8SI MeTO/liiK8 BbineneHHSI pe/lK03eMellbHblX aneMeHTOB 113 MIIIIDHH 

171 
( NH 4) 2 [RE DTPA] OOHCaH8 B pa6oTe • 

x)TilKOe lKe 3H8'leHHe (4,5;:to',1 MHH) npiiBOil~TCSI B pa6oTe / 4 /, 0 KOTOpOlt 

H8M CT8ll0 H3BeCTH00 KOrn8 H3MepeHHSI 6blllH 38KOH'l0Hblo 
xx) · -

DTPA =· llHSTuneaTpH8MHHneHT8yKcyca8n KHCllOT8. 

xxx) a -OHE= a -OKCHH3o6yTHp8To 

4 



.UnSI 113MepeHHSI y -cneKTpOB npnMeHSiniiCb lKIIJlKIIe IICTO'IHIIKH 06'he-

MOM 0,1 Mn B ullnnHJlPH'leCKHX cocyAax H3 nneKcnr:naca H Y -cneKTpoMeTp 
8 

C Ge(Li) -JleTeKTOpOM C 'lYBCTBHTenbHbiM 06'heMOM 10 H 6,8 CM H 9Hepre-

Tll'leCKIIM paapeweJin'eM 5-6 H 4,2 K9B, COOTBeTCTBeHHO, )lnSI y -nepeXOJlOB 

60 Co , .anSI llccneAoBaHIISI y -nepexoAOB c Ey > 1 Mae IICnon&aoeannc& 

qeTblpe HCTO'lHIIKa • .UeTeKTIIPYIOWSSI II pei"IICTpiipyrowaSI TeXHIIKS UOJlp06HO 
/5/ 

OUIICSHa B 

{J + -cneKTp 6bin 113Mep.eH C UOMOWbiO BHTpaueHOBOI"O KpiiCTanna, p83Me

pOM 20x20 MM, BpeMeHHOl! CU8Jl fJ+ -113ny'leHIISI - KSK Ha 9TOM KpiiCTanne, 

TSK II C UOMOWbiO nponopUIIOH8nhHOI"O C'l~T'liiKa Tllna VAZ -520, 

J13Mepelllle fJ+- Y -COBU8)leHIIll npOBO)lllnOCb H8 yCTSHOBKe, COCTOSI-

wel! 113 Ge(Li) -JleTeKTOpa, C 'lyBCTBIITenbHbiM 06'heMOM 6;3 CM3, H BbiWeyKa-

38HHOI"O aaTpaneaoeoro KpiiCTanna. CneKTP coenaJleHIIl! 6bln aan11caa B naMstTh 

aaanK3aTopa AH-4096, pa6oTaJOwero B JlBYXMepHOM pelKIIMe 82x128 KaHanoe. 

11Mnyn&Cbi, paapewa10w1Ie aannc& coenaAeHnll, nony'leHbl na 6noKa 6biCTpo

-Me)lnealtbiX coenaJleHIIll Tnna EC-8-2 c epeMeHeM paapeweHIISI .2r .. 120aceK, 

P8Jlii08KTIIBHblll npenapaT, HBXOJliiBWHl!CSI BO epeMSI OUbiTa MelKJly JleTeKTOpa

MII, 113I"OTOBneH MeTOJlOM IICnapei!IISI 118 aniOMIIHIIeByJO UO)lnOlKKy· TOnwiiHOl! 

- 2Mr/cM
2

, 

PeaynhTBTbi II3MepeaKl! y -cneKTpa (pnc.1 n 2), conpoeolKJlaJOmero 

pacna)l IU G.d , npneeJleHbi B Ta6n11ue 1. TaM lKe npnee)lel!bi JlBI!IIbie 6o-

nee paiiHIIX H3MepeHIIll y -cneKTpa C UOMOWbiO CUIIHTHnnSIUIIOIIHOl! TeXHII-

/2,3,4/ 23 KII , y -nepexo)lbi c nepHOJlOM nonypacnana MeH&We MHH 11e 

1!a6n10nan IICh. Ha pHC, 4 H3o6palKeH rpa<PIIK K10p11 fJ + -cneKTpa <PpaKUIIII 

G.d • KaK BHJli!O H3 pHcyaKa, fJ + -cneKTp MOlKIIO paanaraTh a a 3 KOMno-

l!eHTbl C rpaHH'lllblMH 9Hepl"HSIMH (5100!_400), {3300!_400) II (2200!_400) K9B, 

fpaanqnast a11eprnst nocneAnel! KOMnol!eHTbi coenaAaeT e npeAenax aKcnepii

MeHTan&HbiX norpeWHOCTell CO 3118'leHHeM (2500!_200) K9B 0 nony'lei!HblM B 
/2/ 

pa6oTe , I13MepenHe nep11ona nonypacnana c noMOwbJO aHTpanel!oBoro Kpn-

CTanna )lane nnst KOMUOIIeHT C rpai!H'lHbiMH 9Hepl"HSIMH 5100, 3300 H 2200 K9B 

31!a'lei!HSI · 5, - 5 H · -25 MHH, Eonee TO'lHOe H3Mepei!He BpeMeHHOI"O 

cnaAa fJ + - 113;ty'leHIISI c noMOwbJO nponopUHOJian&Horo C'leT'lHKa npneeno K cne

nyJOwHM peaynhTSTaM: (28:!:1) MII·H, (4,9±0,4) MHHe (pHc,3) J1.3MeHeHHe tr-y -COB-

naneaul! noKaaano, 'ITO y -nepeXOJlbl C 9Heprnel! 1758 H 1881 K9B COB-

nanaJOT C U0311TpOH8MH, rpaijH'lHSSI 9Hepi"HSI KOTOpblX COCTSBnSieT 2500 K9B 

(p11c, ·~), 
5 
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Ta6nHua 1 

Hawa pa6oTa Pa6oTa IS! /4/ Pa6oTa 

EY, (xaa) 'r E y.(KaB) I y Ey. (xaa) I y 

329,6:!;.0,5 7,0 :!;.1,5 sso 14 
718 :!:. 2 cna6o 

784:!:. 2 cna6o 

952:!:. 2 5,5:!;.1,0 .QPOA- 950 6 
HOll: 

809:!:. 1 20:!:. s. 810 19 807 29 
1042 :!:. 1 26 :!:. s 1035 20 1040 38 
1071 :!:. 2 7 :!:. 1 

1375 ? cna6o 

1512 ? 

1517 ? " 
1567 + 2 
' -
1600 :!:. 2 4,5:!;.1,0 1595 9 
1720 :!:. 2 4:!;.1 

1758 :!:. 1 100 1750 200.na.oA- 1760 100 
HOI 

1784 :!:. 2 

1815 :!:. 2 2,0:!;.0,5 

1834 :!:. 2 cna6o 

1845 :!:. 2 2,5:!;.0,5 

1881 :!:. 1 96 :!:. 10 1882 97 
2202 :!:. s < 0,5 

2494:!:. s < 4 

2643 :!:. s 5:!;. 

3688 :!:. s 1:!;.0,3 

6 



-.J 

N 

10
8 

10' 

~ Jl , i! • ; • 
• ~. - ~ ""<l " • f 
¥ ~~ I~ !..t "'I f> •• ~: ~ zg ... ....1. .• • -0 • • - • ~ ~ .: ~ ~ :~;' " ~ "<:,T I ' l ·1 I I .. .., "l. 

\___ :- ,..;;_I ' S . ·-'"........_. ---. ....._.. ~ "' ' .. I . 
(*" \...;;._;~ I 

... o:; 
I 

~ 
.:P 

' ::. 
~ 

~ 
I 

~.-~-..._..__ 

-d ~ ~ ~ ; .... .., .;;: .. u ; ::-D-e J!> ... .r "' t' 
"' ., ~ "' ;:g ~ :t: Jl /- " . ~ - . , . . ' 

"' ~ <" ~· I • ~ • " I ! ·" I ~ ~r . 1 ~ ct- " . ~ ~ !<5)11"" •• ... "' "' • ~ .... 
f: !>~ •• - ~ 0) ::l :. I I 

:: I l1 : · :: 1 I I . · !\ ~·~'-i"'-~ • .... l .... ,...:v----...; ;,...;:...........,.._.... 

1~· 

zoo 300 lfOO spo 600 

.180 810 960 ..f080 1180 

Puc, 1. HHaKosaepreTH'IecKaH 'laCTb y -cneKTpa ljlpaKUHH Gd' , nony'leHHaH 

H3 CyMMbl '16Tblpex HCTO'IHHKOB, HaMepeHHS! OTllenbHblX Y -cneKTpOB 

Ha'lanHCb cpaay JKe nocne KOHita Bbi.QeneHHSI II AnHnHCb no 30 MHH, nnSI 
H.Q6HTHijJHK8UifH y -nepel.flf~B ~Oni"OlK!!Bymux H30TOUOB 6binH HCnOnb30-
B8Hbl peayn&TaTbi pa6oT • 1 , , 

100 

1280 

~UCJIO KQHQ/106 



'U 
:s: 
£l 

"' 
~ 

_zttn-z...,c' . 8 

"< 

I 

J 
0 
::l 
<1) 
~ 

( -15~~SGd. 
'i 
'0 

.g. 
~ '0 

C> C> 

( __ -1'00 ~•sGcl. 
~ 
J:l 
:s: 
:0: 

C"l 
· ~ __ 2&'t3·2rnoc2 .,. 

l 
Ill 

0 

~ 
01 

( 
::1 
C> 
0 
'i 
:0: 

(j) 
:I: 
<1) 

'l 
'0 

---t?ZQ ~<&Gd. 
'1 
:s: of'" :;:. 

~ 
0 
'i 

~ "7... ••• ••••• -1158 ~tSGJ. -
C> 

c.o 0 

{ ·_·_·118't 4•&GiL 

0 
0 
]::1 
0 

·{ 
"' ·'1 0 

~~ __ 1815 ~.sGd. 0 
0 

( --18't5 ~uGd 
~ 
(j) 

... l" 0 .., 0 
.~ c: 0 

'\ 
g 

• •• __ 1881 ~<SGJ. 
0 

....... ,. .. ~ ,.. p 

"' 
0 .,. 

of 

/-' 



co· 

106f o ~O o · o ~O o o o 
19° o o o lfO o o o o 2,00, o o o o

1
to6 

cpm 

tos 

~··· 
,ro4 

I '£. .. .... .. .... . .... 
11,7Gd . . . . . .... . . . . . . . . 

to3~ \ tl :: 4,9 min tt;/23,0~ t :: 35 h ~ f03 
v2 ~2 

1~4 145 
Gd Gd 

1 1 . I I I I I~ I I I I l102 to21 I I I I I I I I I I I I 

0 20 50 TOO. 150 200 Minuten 

P11c. · S. Kpi!BaR pacnalla 1130Tonoa 
1
" Gd. 11 

106 
Gd , 113MepeaaaR c noMOI!lbJO 

nponopiiiiOBan&l!oro C'I9T'IIIK8 Tllna VA-Z 520 VEB Vakutronik Dresden (DDR) 

'·'· 



'f& 

0 

15 
0 

0 

10 

0 

5 

soo 

0 

0 

0 

0 
0 

0 
·o 

0 
0 

0 

0 
0 

0 

0 
0 

1500 

00 

00 

1QJI KOMnOHeHmQ 

1'ttE'u·- 1"''tSm 

0 oo 
Oooooooo 

2500 3500 

5100 K3B 

! 
ItS DO ssoo 

Puc.4a. fpacpuK Kropu f3 + -cneKTpa u paanoJKeaue B KOMnOHeHTbi; KOMnoaeaTa 

C E f3+rp =5100 K9Bo • 

f(i<3&J 



0 

15 
0 

0 

0 

0 

0 

0 

10 
0 

0 

0 
0 

00 

5 

SOD 

0 

0 
0 

1500 

0 

0 
0 

0 
0 

ClR 
2 KOMnoHeHma. 

1H GeL -----t -f~t~to Eu 

33001<36 

+ 
2500 3500 

- Puc, 4Ci,. fpa<!JHK K10pu fJ + -cneKTpa H paanoJKeuue B KOMnoueHTbl; KOMno-
ueuTa c EfJ+.rp'"SSOO Kas. 

11 

E.{)<.3&] 



oc~ 
Epf 

15 
0 

0 

10 

5 

SOD 

0 

0 

0 

1500 

3~oMnoHeHma 

1tt5 GeL ~Eu11ts 

2200 1<38 

L 

25'00 

Puc. 4n. fpacpuK Kropu {3+ -cneKTpa u paanomealie n KoMnonel!Tbi? KOMnouenTa 
c E 13+ rp =2200 Kan. 

12 

~.-~~"'""'•"' 



d 
·~ 

d 
:X 
d 
~ 

01 
~· 

I 

'fC)f ~88t. 
Q) 
I. 
c. 
Q) 
trl 
(I) 
0 
:.:: ·o 
0 
::;; 
tQ 

1JCM 9St~ 
IS: 

tQ 
(I) 
:.:: 

0 
0 
It) -0 

0 
~ A 

+ 
CO.• 

r.l 

O"' t-' 

"' ta• o• 
trl 
0 
C.ta 
"' 0 IS: t:l 
(I) 0 
0 ~ = Q) c. 

>IS: Q) 

0 IS: = trl I 

00 Q) 
t:l 
§ ;>.. 
tQ 
0 
0 ~ 

IS: c. :.:: . 
"' 0 :.:: Q) 
Q) :1' = = 

(.) "' ... 
'It) 

0 = 0... 



11fl.GcL 
fi't 81 

85 CIK '11ti '121,3+X 

3 He,d. 
23HUH 

3688 {r,E 

2&~3 

Dft L--------

I 

~~~l}1BB1 ~ I I I I : I I ; 
('lf.~'tl}1158 1 I I I 

Jtl. 10'1-Z. I I t I I t I I t I I I -

1'l 809 I I t 
11
/z- 113 ___J I I I I t I I , 

Yz+ 329,6 I ;;::J Vl I I I I I 

sfl 0 

I" .,.~Eu 
0 12 

PHc, 6, CxeMa pacna/la 146 Gd .. 146 Eu 

14 

JnJnJIJJJt,;;JJJJ11 ~ 

0 

~ 
+I 
0 
0 

~ 

~ 



3.1. P acna.n 1
,44 Gd 

B TO· BpeMSI K8K KOMOOHeHTbl {3 + -cneKTpa C I'p8HH'IHblMH :i!Hepi'HSIMH 

2200±_400 H 5100±_400 KSB H3BeCTHbi H3 pacna.na 145 Gd / 2 ,3/ H 144 Eu /8/ 

KOMOOHeHT8 C I'p8HH'IHOJI SHeprHeJI 3300 KSB H nepHO.QOM nonypacna.na 4,9 MHH, 

ua6mo.nanacb anepable. nocKonbKY nepHo.n nonypacna.na 144Eu paaea 10,5 

CeK/8/ H HHTeHCHBHOCTH KOMDOHeHT CEf3+rp =5100 H 3300 K3B y6biB810T C 

OllHHSKODbiM nepHO.QOM· nonypacna.na, MOlKHO c.nenSTb BbiBO.Q, 'ITO H30T00bl 144 Gd 

H 
144 

Eu HSXO.QHnHCb B H8WHX npenapaTSX B pa.nHOSKTHBHOM p8BHOBeCHH H 
144 

'ITO KOMDOHeHTa C Ef3+rp=330Q K3B OTHOCHTCSI K pacna.ny Gd, 

144 I"· J+, TaK KSK OCHOBHOe COCTOSIHHe 88 Eu81 HMeeT CDHH H '19THOCTb 

TO .nomKeH ucnbiTbiBaTb pa3peweHHbtll 6eTa-pacna.n, rnaBHbiM o6-

pa30M, H8 3TO COCTOSIHHe ( 1 17= 0+-+ 117 = I+ ) H1 Cne.QOB8T9nbH0
1 

HM9Tb non-

. HYIO auepruro pacna.na Q~ = 4320± 400 Ksa. 3To 3Ha'leHne xopowo corna-

cyeTCH C 3MOHpH'IeCKHM 3HS'IeHHeM · Q f3+ = 4344 KSB /11/ H TeM C8MbiM 

DO.QTBep~.naeT H.Q9HTH~HK8UHIO Gd 

KaK H O~H.Qanocb, HSMII. He 06Hapy~eHbl HHT9HCHBHble I'8MMa-nepeXO.Qb1
1 

KOTOpbte MO~HO OTHeCTH K papna.ny 1
" Gd • Aaanoru'IHaH KapTHHa Ha6mo-

.naeTCH npu pacna.ne coce.nuux H.nep 142 Sm H 140 Nd /9,10/ • 

IU Ha nepabtll B3I'nH.n y.nHBnHeT TOT ~KT, 'ITO nepuo.n nonypacna.na 
84 

Gd 
81 

a 5 pa3 6onbwe, 'leM nepHo.n nonypacna.na 
1
8':Gd

80 
• nepuo.n nonypacna.na 

BCeX H3BeCTHbl_X HeliTpOHO.Qe~HilHTHbiX H30TOHOB C N •81 ( 
1
"-Eu ,.148 Sm 

142 
Pm , 

141 
Nd , 

140 
Pr ) a cpe.nHeM Ha nopH.noK MeHbwe, 'laM nepHo.Q nonypac-

na.na H8XO.Q!IIUHXCS! ll8nbWe OT DOnOCbl CT86HnbHOCTH H30TOHOB C N-80 ( IU Eu, 
142

Sm 
141 

Pm , 
140 

Nd , · 
189 

Pr ). 0TKnoHeHHe OT 3TOI'o npaauna B .cny-

'lae IUGd H IH Gd OOHSITHO - OHO CBSI38HO C OC069HHOCTbiO B CXeMe 

pacna.na 
145 

Gd (eM. pa3.nenbt 3.2 a 3.3). 

3.2. CxeMa pacna.na ':: Gd81 

Ha OCHOBSHHH ll8HHbiX 06 SH9pi'HSIX H HHT9HCHBHOCTSIX Ha6nro.naBWHXCS! 

Y -nepexo.noa Mbi nocTpoHnH cxeMy pacna.na (pac.6) • Ha~HHH ee 'ISCTb 

E < 1900 KSB) COI'nacyeTCSI C llSHHb!MH, Dony'leHHbiMH B peaKUHH 

'!: Sm82 ( 
3 

He, d l 
1 !~ Eu81 

1121• 0TMeTHM cne~;~yromae oco6eHHOCTH cxeMbl. 

fpaltH'IH8SI 3Hepi'HSI f3+ -cneKTpa I45 Gd COCTaBnS!eT Ef3+I'p •(2,5±_0,2) MSB
1 
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Ba Ce Nd. Sm Gd. 
S6 S8 ·&a. Q ,,_ Z 

Pnc, 7, 3aBHCHMOCTb paaaocTH aaeprnft aeftTpOHHbiX ypoBHefi 3s ·s;2 n 2d 3; 2 

OT Z B HHTepBane N • 67-t81, 
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B TO BpeMH KBK OlKHA80M8li UOnHali SHCpi'HSI (3+ -pacnana Qf3+p =5656/ll/ 

HnH 5560 KSB/
131

• TaKOC p8311H"'HC E f3 + H Qf3+ CBHneTenbCTByeT 0 TOM, 

"'TO f3 + -pacnan , B OCIIOBHOM, HneT Ha BbiCOKOSI!Cpi'CTH"'9CKH9 ypOBIII! 145Eu 

UpH 1758 H 1880 KSB. 3TOT BbiDOn nonTBepJKnaeTCSI pe3ynbT8TOM H3MepCHIUI 

(JI"- y -coananei!HH. B OCIIPBIIOC COCTOS!IIHC H Ha nepBbiH B036yJKnOIIIIbili 

ypoaeHb {3 + -pacnana HOT, UOTOMy "'TO B {3 + -cneKTpe OTCYTCTBYIOT 

{3 + -KOMUOIICHTbl C E {3+ rp=4300 KSB H TIS =23 MI!H. 8 CBSI31! C STHM 

B03HI!K~eT cnenyromaH npo6neMa. 06bi'IHO C"!I!Tanocb caMo co6oli paayMoro

mHMCH, 'ITO B OCliOBHb!X COCTOS!l!HSIX HC'l~THb!X Hnep C N =81 H9'10TI!blli HeliT-

pOH 1!8XOnHTCSI Ha ypOBIIO 2d a/2 • HanpHMCp0 OCIIOB!Ible COCTOSIHHH .Mep C 
133 135 137 139 141 . 17 + 

N =81 G:ll'est, 54 Xe st, 56 Bast , 53 Cest , 60 Nd st I!MCIOT I =3/2 • 

TaKKBKBOCHOBHOMCOCTOSIHHH 
1 !~Eu 82 I

17 
=5/2+( 2d 5; 2 )

1121
,To 

cnenoaano OlKHABTb, 'ITO cymecTayeT paapeweHHhili {3 + -nepexon diVa+" d 
5
;

11
+ i 

CBH3b!B810111Hli OCHOBI!bl9 COCTOSIHHH 060HX Mep. JlnH T8KOI'O nepexona nepHon 

nonypaCHana COCTaBIISIII 6b! 5 MIIHYT (eCIIH Y'lCCTb,. 'ITO 9HCpi'HSI Eptrp= 

=4300 K9B, 31!8'10111!9 log ft "' 5,3 H Upi!HS!Tb, 'ITO 60nblll0 ·90% BCCX pacnan,OB 

HanpaBneHbl B OCI!OBliOC COCTOS!l!He14~u ) • OnnaKO B neliCTBHTellbHOCTD nepuon 

nonypacnana 
145 

Gd cocTaBnHeT 23 MHH• H f3 + -nepexona n. ocHt. :.Hoe coc-

TOHHHe 
145

Eu !leT. 803MOlKHbiO pOWOHHSI 9TOH npo6neMbl paCCMaTpi!B810TCSI 

HHlKO. 

3.3. 0 aeliTpOHI!hix ypoanHx 2d3j 2 n 3s .,;
2 

Ha pHc. 7 npeJ:!..CTasneHbi naHHhie o6 sHepreTn"'eCKOM HHTepsane MeJKny 

ypoBHHMH 2da/2 H as·t/2 n He'l~THhiX smpax c N =67•81. Ha pBcynKa BHn-

HO, 'ITO ypOBHH C I
17 = 1/2 + C YBCIIH"'OHHeM Z UOHI!lKil!OTCSI H B Mpax 

C N < 77 B KO!lUe KOIIUOB nepeceKa!OT ypOBeHb C I 17= 3/2 + , OK83b!B8S!Cb .IIHJKC 

CI'Oo EcTeCTBCIIHO npennoiiOlKHTb, 'ITO np~ HCKOTOpb!X (60nbiiiHX) 3H8'1CIIIISIX 

Z ypOBOIIb C I 
17 

a 1/2+ nepeCC'l~T ypOBO!Ib C I 17 = 3/2 + H OKBlKOTCH 

IIHlKO ero T8KJKe II B Mpax C N =79 H N =81. noaTOMY cnenyeT OlKHnaTb, 

'ITO IICKOTOpb!C liO'l~TilbiO Mpa C N =79 I! nalKC C N =81 B OCHOBHOM 

COCTOHHHU 6ynyT HMeTb CUHH I"= 1/2+ , a He 3/2 + • 8 '18CTIIOCTH, 03 

pHC. 7 BIUUIO, 'ITO Kpi!B8li nnH N =81 MOlKeT 6biTb SKCTpanonHpoaana B o6-

118CTb 60IIbiiiHX Z TaK, 'lT06bi ~~~Sm 81 
. 

B OCHOBIIOM COCTOHHHH HMOII Xa-

paKTepHCTHKH I 17= 3/2 + , a 1 !~Gd 81 - xapaKTepHCTHKH I"=l/2+. PeaynhTaTbi 

npenCK83811Hli Clllfi!OB OCIIOBHbiX COCTOliHllll HCKOTOpb!X MOp llpHBeneHbl B Ta6naue2. 
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Ta6runta 2 

Httpo T~ I"· 

136 
G8CeTT 17,2 'I 1/2+ 

137" ·ftd 112+ 
81! . TT 

139Sm 2 MUH. 1/2+ 
811 TT 

139· . 
3/2+ 8o'Nd n 29,7 MOHo 

141 s 
811 m T9 22,5 MUH. 1/2+. (312+) 

IU 1/2+ 
uGd 79 .. 1 MOHo 

143 
611Sm 31 

8,8 MUH. 3/2+ 

1411Gd 23 MHHo 1/2+ 
64 81 

147 D 
66 y 81 

1 MOHo 1/2+ 

18 



! 
I 

I 
' f" 

3Ha'!elll!e CnHH8 OCHOBHOI'O COCTOSIHHSI I 17= 1/2 + x) n03BOnSieT nOHS!Tb 

paCCMOTpeHHble BbiWe OCOOeHHOCTH f3 -pacnana 
146 
64Gd 8 I • .UeiiCTBHTenb-

HO, B STOM cnyqae He nonJKeH HMeTb MeCTO HHTeHCHBHbiH f3 -pacnaA na 

146 
63Eu 82 C I 17 =5/2 + HnH HS ypoaeHb 330 KSB C OCIIOBHOe COCTOS!HIIe 

I"= 7/2 + , T.K. f3 -nepeXOALI I"=1/2 ... I"=5/2-f; 7/2+ sanpemeHLI npa-

BHnaMH OToOpa no CniiHy, 

B TO JKe BpeMSI npll {3 -pacnane AOnlKHbl IIHTeHCIIBHO" sacenSITbCSI ypoB-

HII 146Eu c ITT,~ 3/2+ H 1 /~. Cyng no xapaKTepy pacnana, STH ypoBHH cne

nyeT OTOlKAeCTBIITb C HaomonaeMblMII liS OnhiTe ypOBHSIMII npll 1758 H 1881 KSB, 

B TaKOM cnyqae nonHaSI aaepi'IISI f3+ -pacnana Q f3+ =5300 KSB xopowo 

cornacyeTCSI C OlKIIAaeMOH BenH'IIIHOii · 5500 KSB, 0cTaeTCSI, OAIISKO, 

l!eSICHhiM, no'!eMy ,q+ -pacnaA ue uanpaane11 B OCI!OBHOM liS ypOBHII npH 

Sl!epi'IIII 809 KSB { I 17= 1/2 + ) 1! 1042 {I 17=3/2+ ), 

llonyqaeT.npOCTOe Oo~SICI!eHIIe HaoniDnaeMaSI OTHOCI!TenbHO oOnbWSSI Be-

nH'IIIHa nepuoaa nonypacnaaa 
145Gd , T.K. np11 cpuKcupoaaHHhiX sua'leHHSIX 

log ft =5,3 yMeHbWeHIIe E {3+ C 4500 KSB AO JlaoniDAaeMbiX 2400 KSB AOnJK-

110 aeCTII K 3HS'IIITenbHOMY yaenll'!eHHID nep11ona nonypacnana. Ha yaemi'IeHIIe 

3HS'IeHIISI Tli MOlKeT noBniiSITb TSKJKe II TO OOCTOSITenbCTBO, 'ITO BMeCTO 

oonerqeuuoro paspeweauoro nepexoaa 2 d 3; 2 ... 2 d6; 2 B AeiicTBHTenbHOCTH 

Mhi HMeeM neno c saTpyAHeHHhJM paspeweHHhiM f3 -nepexoaoM Tuna 3s
1
;

2 
... 

... 2 d a/2, T.e. c f -sanpemeHHhiM nepexon oM. 

CneayeT OTMeTIITb, 'ITO auanoi'II'IHLie ocooeHHOCTII nonlKHhi IIMeTb Mec

TO ll B npyi'HX He'!eTHbiX S!ApaX paccMaTpi!B!ieMoil: oonaCTII, llosTOMy MOlK

l!O OlKHA8Tb, 'ITO paAHOSKTIIBHhie S!Apa C .He'!eTl!bll'd 'IIICnOM HeiiTpOHOB II OC-

HOBHbiM COCTOS!HlleM Tllna I 17 = 1/2 + oyAyT IIMeTb cymeCTBeHHO oO.nbWee 

BpeMSI lKH3l!11 0 '!eM SIApa C OCHOB llb!M COCTOS!HIIeM TUna ITT = 3/2 + { ecnu 

OCHOBHOe COCTOS!Hlle SIApa-nponyKTa HMeeT XapaKTepHCTIIKll ITT = 5/ 2 + ) • 

Yaenll'leHHhiM nepiiOAOM nonypacnana 
J 

nerKo oo~SICHSieTCSI 

OTKnoneHIIe OT npaa11na, cornacao KOTopoMy nepnon nonypacnana aeiiTpouo-

x) 3TOT pe3ynbT8T 03H8'18eT, 'ITO npll pacnaAe 1130MepHOI'O COCTOSIHIHI 
146

Gd 

Tuna h 11/2 /14~ KpoMe naoniDaaeMoro usoMepaoro nepexona M4{ huj2-> 

... d 3/2 ), aonJKeH usny'laTbCSI B KaCKane nepexon T11na M1 +{E2), 
{ daj2->d 1/2 ), KOTOpblft AO CIIX nop He HaoniDnancg, 
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AeqmUHTHbiX H30TOHOB C N =81 aa nopHAOK 6onbwe, qeM nepnoA nony-

pacnaAa 1!30TOHOB C N =80. 

3lP<jJeKT nepeCe'leHHH ypOBHell 2 d aj2 H 3 s t/2, HellTpOHHOll CHCTeMbl C 

pOCTOM Z MOlKeT CKa3b!BaTbCH TaKlKe Ha CBOllCTBaX 'leTHO-'leTHb!X H He-

qeTHo-He'leTJibiX Mep. PaccMoTpHM npo6neMy naoMepnn B qe'i'ao-qeTHbiX HA..: 

pax c N =80. Ha pnc. 8 npnBeAeHbi cxeMbi ypoBaell HeKOTOpbiX na TaKIIX 

HAep. BIIAHC', 'ITO ABYXKBa3H'laCTH'IHblll aellTpOHllbill ypoBeHb I 17 = 7-[ n1 (h ll/r;·1 

n
2 

( d
3

j
2 

) - 1 ] B HApaX C z ~ 60 JiaXOAHTCH HHlKO ypOBHH I =5 [ n 1( h 11; 2)-,
1 

n2 (s1jJ"}n MOlKeT paapglKaTbCH TOITbKO. y -nepeXOAOM THna E3 Ha ypo-

BeHb C I 17 = 4 + • llosTOMY ypoBeHb 7- B yKa3aHllb!X MpaX HBITHeTCH AOni'OlKH-

- /5/ 
BYWIIM H30MepHbiM COCTOHIIHeM • 

TaKoe oTnocnTenbHoe nonoJKeJme ypoBHell I
17= 7 I 17 = 5-

N o:8l H TaKHM lKe Z Hei!TpOHHOe COCTOHHHe 2 d a/2 nelKIIT Bb!We COCTOH-

HIIH 3 " 1j 2 o 0AHaKO, TaK KaK C yBenn'leHI!eM Z COCTOHHHe 2d a/2 onyc-

KaeTCH H npH Z ::1 62fo 64 OKa3biB8eTCSI HHlKe COCTOHHHH ·3s 1; 2 , TO cneAy-

eT OlKHAaTb, 'ITO B 'leTHo-'leTHblX Mp8X C N = 80 ypOBHH C I
17 

=7- H I
17 

=5-

6yAYT c6nnJKaTbCH, H npH Z., 62 fo 64 ypoBeHb C I17 
=5- onyCTHTCH ITOA ypo

BeHb C I 17 =7- • 

HanoJKeHHbie BbiWe coo6pa:lKeHHH o6 oTHOCI!Ten&HOM nono:lKel!HH ypoBHell 

H 5- ITOATBep:lKAaiOTCH AaHHb!MH, npHBeAOIIHb!MH 118 pHC. 8 H B 

Ta6nnue S. BnAno, 'ITO c yBennqenneM z . 3TH ypOBHH AellCTBHTenbHO 

c6nn:lKaiOTC51. llpH .3KCTp8ITOITHUHH KpHBb!X B o6naCTb 6onbWHX Z OHH ne-

pece!(aiOTCSI B pailone Z ., 62-t64. llosTOMY cneAyeT O:lKHA8Tb, 'ITO B MpaX 
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I" 
.H.ctpo 

140 
60 Nd8o 

138 
68 Ce 80 

Ba 136 
e6 80 

E("J"= 5-) 

E (KSB) 

2271 

2221 

2139 

Taonnua 3 

E (I"= 7 -) 

E (KSB) 

2216 

2135 

2030 

~E(5- -7- > 
N =80 

f1E 1-( KSB) 

55 

86 

110 

148 E H6 144 142 
68 rso ' 66 Dyso ' 64 Gdso H; B03MOJKHO 62 Sm sot 

I 17 = 7- HO oy.ctyT .ctOnrOlKHBYWHMH H30MOpHbiMH ypOBHHMH, 

~E Olzt--31 2+) 
N =81 

~E-·{K3B} 

195 

255 

281 

YPOBHII Tnna 

H 8KOHeu, Mbl XOTIIM oopaT!ITb BHHM811He na OAH!l 113- npnMepoB BnHSIIIHH 

nepece'!enng neliTponnbtX yponneli 2 d 312 H 3" 112 118 CBOliCTBa HO'IOTHO-

-HO'I~THblX SI.ctep/ 16/, B OCHOBHOM COCTO!IHiili Sl.ctpa ~~: Pr .77 , KBK cne.ctyoT 

H3 pHC, 7 0 MOlKHO OlKH,I:I8Tb, 'ITO 77 -oli lleliTpOH ll8XO,I:IHTCSI H8 ypOBIIO C j = 112-t; 

8 HO j = 312 + ( y OCHOBHOro COCTOSIHHSI COCO.ctHero HO'IOTIIOrO H.ctpa ~~~e 77 

I" 112+, a no 31 2+ ), COBMOCTHO C 5B npOTOHOM, H8XOASIWHMCSI 118 

yponne =51 2 + 0 Oil MOlKOT npHBOCTH K ll80n10,1:1810WOMyCg 118 On biTe 3118'10-

HHIO Cnti118 OCHOBIIOrO COCTOHIIHSI I It, 2 + , Ko;MOHH811HSI j = 31 ~ ll j = 512 + 

npnnena Obi K xapaKTepncTnKaM I+ u K conceM .ctpyroMy xapaKTepy {3 -pac

nana 186 Pr 

0TnocnTenbnoe CMeweHne O.ctHo'!aCTil'lllbiX yponHeli 3 ds 12 n 3" 112 .ctpyr 

npoTnB apyra "'-!OlKHo oo'bnCllHTb B paMKax -MonenbllblX npe.ctcTannermli, OnycKa-

nne ypoBiteli 11 nepeco'!onne yponneli c pa3nll'lllbiM f C B03paCT810WIIM A 

SIBnSIIOTCSI OCTeCTBO!lllblMil nocne.ctCTBilliMil MO.ctenn 900nO'IOK, llepBOO OO'bSIC-

HSIOTCSI paCWilpOllllOM llOTOllllllanhHOli SIMbl n.ctpa C poCTOM A 0 BTOpoe ..:: oonee 

cnaobiM DnllSIHilOM IIOHTpOOOlK!lblX Clln Ha ypOB!lll C oOnblllllM f npn no3-

paCT811lill A , BonpoC 38KnJO•IaeTCll B TOM, D KBKOli Mope STil s,PcjJeK'rbl 

MoryT obtTb oo'bncneHbt KOnn'!ecTnenuo. D.n!ilr DJ;>ISIC!leHnSI 3Toro sonpoca Mbl 

Bbt'IHCnHnl! OTHOCHTenbnoe CMewenne Heli'I'pOHHbiX yponneli 2 d 3 I 2 u 2" 1 I 2 

B paMKaX MO.ctenu OoOno•teK B 38DilCilMOCTil OT A , npnHnMall noTemtnan 
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CaKCOHa-ByAca.o napaMeTpbl noTeHunana 6btnH Bb!6paHbl TaK, 'iTo-
' 137 

'iT06bi ypoBeHh 2d
3

; 2 B SlApe · Ba aaxoAnncSI npn aneprnu-6,96 MaB H 

'lT06bi paanuua aaepruA E(2d3; 2 )-E(3s 1; 2 ) paBHS!nacb .,. 281 KaB. C TaKn-

MH napaMeTpaMH ypOBHH 3 S 1; 2 H 2d
3

;
2 

npu6nuJKaiOTC51 Ha .. 10 KB 

npu yBenu'leHHH A Ha eAHHHUY , To9o 0~51CH519TC51 TOnbKO nepBaSI 'iaCTb 

KpnBoA c· N =81 nn51 z -~ 58. B paAone z > 58 noBeAeHne KpnBoA AnSI 

N =81 ( p11c. 7 ) B paMKax npocToA · o6ono'le'iHOA Monemi nenb351 o6'b51C

HIITho .. 3Aech, BIIAIIM0
1 
3a XOA KpiiBOit OTB9TCTB9HHO B3aHMOA9itCTBII9 npiiTSilKHOI'O 

xapaKTepa M9lKAY Hei\TpOHSMH II npOTOHSMH Ha ypOBHSIX C OAHHSKOBhlMH f 

( dGj2,d a/2 ), npeAnaraeMoe B pa6o:re1171• Llo Z· =58 npoToHaMH aanon

H.SieTCSI ypoBeHb lg
7
; 2 , IIOTOM - ypOB9Hb 2d G/2 o l1MeHHO B 9TOM MeC

Te paCCTOSIHHe M9lKAY ypOBHSIMII 2 daj2 II 3 s 1/2 Ha'IHH89T y6biBS'!'h 6biCTpee. 

B pS!Ae pa6oT 6btn paccqnTaH cneKTP. KBaan'iaCTH'lHbiX npoTOHHbiX coc-

TOSIHHA ae'l{!THbiX S!Aep c N =82 118,i91. CpaBHHBSSI aKcnepnMeltTanhHbJe 11 

TeopeTH'l9CKH9 peaynhT8Tbi 0 MOlKHO CAenaTh Bb!BOA0 'iTO CIIIIIt II 'l9THOCTb 

OCHOBHOI'O II nepBOI'O B036YlKA9HitOI'O COC'!'OSIHIIA XOpOWO OIIIICbiBSIOTCSI OAHC>

KBa311'laCTII'lHOll MOAenhiOo TaK JKe npaBIInbHO onpeJlenSIIOTCSI 'auepi'IIH H ne-

pece'lenue ypoBneA 2 d 3/2 II 1 g 7/2 
(eM. p11c. 9.). OnnaKo nocnenoBa-

TenhHOCTb ypoBHell 2 d I 11 3 s · /; B S!Apax 146Eu II 143 Pm una 51, 

a 2 I 1 2 

'19M 9TO paCC'llfi'SH<;> B pa6oTaX 
1
8,19/• 

ABTOpbl 6naronap51T COTPYAHHKOB H3MepuTenbi!OI'O Uei!Tpa na6opaTOpHH 

S!AepHbiX npo6neM aa o6ecne'lenue 6ecnpepbiBHOA pa6oTbi anarmaaTopnoA Tex .. 

HHKH, X.H.B116nKe u X.lllynhua aa rrpenocTaBnenue rrporpaMMbi AnSI Bbi'iiiCne

HHSI anepr11fi ypOBHell B paMKaX MOAenH o6onO'l9K C HCIIOnb30BSitH9M IIOTeH

UHana CaKcona-ByAca 'na 3BM E3CM-4 11 rrpocpeccopa K.<P.AneKcannepa aa 

KpHTII'i9CKII9 3aM9'18IlH51 Ilp!! IIpOCMOTpe pyKOIIHCH, 
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