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BBE~EHHE ~ ::· ' 

H3y'leHHe pacnana ~nep, ynaneHHMX oT nonocM· 6eTa
cni.6HnLHOCTH u, .. 8 -<iacTHOCTH; HaxonJimuxcJI a·nepexonHoii 
Me~y· neclJopMHPOBaHHLIMH H cclJepB'leCKBMH JinpaMB o6nacTH, . 
npencTaBnJieT 6onLwoii BHTepec. B :HacToJimeii ·pa6oTe, :BM
nonHeHHoii B OH.HH no nporpaMMe .HCHAIIII, uccnenoaancJI 
6eTa-p~cnan qeTHo-qeTHMX HeiiTpOHOneclJHUBTHbiX B30TOllOB · 
nucnpo3B~ c MaccoBLIMH 'IBcnaMH A "' 152, 150 H. 148. 

Pacnan I 52 Dy B3yqanc.ir paHee B pa6oTax1 1- 31.3HeprHJI 
/2/ ' . 

a -q~cTBU onpeneneHa B KaK .- E a "' /3630± 5/ K3B. 

B pa6oTe/3/ Ha6monanucL y -nytiB c 3HeprHeii 257,0 K3B, 
B03HBKaromue npB (3 -pacnane I 52 Dy: IlpH uccnenoaaHHH 

. 150 ' 
a - pacnana · , Dy a .' 1 •2 •4/ onpeneneHbl T 1 .• 2. "' . /1, I~ ± 
± 0,02/ MUH 1 4-/ B E a "' /4232 ± 5/ K3B : 2(H30TOll Ill Dy 
He 6Lin H3BecTeH. 

METO)QfKA 3KCllEPHMEHTA 
r • < • .... ~ ... 

PanuoaKTBBHble.B30"':Onbl nucnpo3BJI nonyqanBcL B pe
aKUHH. rny6oKoro. pacmenneHBJI TaHTana npoToHaMH c 3Hep
rueii .660 M3B· Ha cuHxpouuKnpTpQHe:.oH.nH:. MuweHB ._B; 
TaHTanoaoii clJonLrB aecoM. 200-3QO .Mzp.o6~yqanucL~Ha 

. . . ·· , . . ' '· ·. '· :-. I I ·. '· .. : , · . . ' . 

BbiBeneHHOM nyqKe np_OTOHOB;/ J p ~. 10 ,!i.P.OIII/C~K/B :e~eH~e . 

1+5 MUH. II~~~/~6n;~eH~JI -~u~e~L.:n~:~·eui~n~~L· a u'oHiiLiii 
BC1'.9'1HBK. c. noaepxH.o~.THOH ,.BOHB.3aUHeii. ~B nui}MilyHnHpyro~e ~ 
B3 MHmeHB nponyKTLI. peaKunu paclile.nnEniu~,c·eriapupoaa.nucL · . - ~ ~ . . .•. · . 

3_ 



-
Ha Mace- C.enapaTope no H306apaM. 3TOT MCTO,IJ;, OCHOBaHHLIH 
Ha pe3yni>TaTax pa6oT/S/, no3Bomm B Te"lfeHHe 5 MUll nocne 
o6nyqeHHH llOJiy"lfaTb H306apHLIC HCTO"lfHHKH. B HCKOTOpLIX 
OllblTaX H3 nony"lfCHHLIX TaKHM o6pa30M HCTO"lfHHKOB MCTO,IJ;OM 
3KCTpaKUHOHHOH xpoMaTorpa~HH B CHCTeMe HDEHP-HCl~/ 
BLI,IJ;CJIHJIHCb H OT,IJ;CJlbHO H3MCpHJIHCb ~paKUHH Tep6HH H 

,IJ;HCnp03HH. 
CneKTPLI y -nyqeii H3yqanHCb c noMOIUbiO y -cneKTpo-

MeTpoa C nonynpOBO,IJ;HHKOBLIMH (£ ( •Li) - ,IJ;CTCKTOpaMH 
3 . 

C "lfYBCTBHTCJlbHLIMH 06'beMaMH 2,7 H 40 CM . H 3HepreTH-
"lfCCKHM pa3pemeHHeM 0,7 K3B .D;nH EYI = 121,9 K3B-

57 
Co 

H 2,5· K:JB .D;nH E Y = 1173,2 K:JB - ~°Co _.D;nH nepaoro H 
BTOporo ,,IJ;CTCKTOpOB, COOTBCTCTBCHHO~ CneKTpLI KOHBepcH- . 
OHHLIX 3JICKTpOHOB H3MCpHJIHCb C ,flOMOIUbiO CllCKTpOMCTpa 
c Si (·Li) - ,IJ;eTeKTopoM c pa3pemeHHe~ 2,'8 K3B ,IJ;nH 

'oneprHH 100. K:JB. Ha ycTaHOBKe ,IJ;nH. O.D;HoapeMeHnoro· H3-
MepeHHH cneKTpoa KOHBepcHOHHLIX 3~-eKTponoa (SHLi )) · H 
raMMa.- nyqeii ( Ge (·Li)) . H3MepeHLI a6colliOTHLie 3Ha"lfeHHH 
K03~~HUHCHTOB BHyTpenHeii KOHBepcHH. o6Hapy:>KeHHLIX y -
nepexo.D;OB. ,[(nH KanH6poBKH annapaTypLI B 3TOM cnyqae 
HCnOJib3{>.Banc~ ~~:roqHHK 207Bi. . . . 

148 
HOBhiH H30TOII . Dy .. 

-~ 

B cneKTpe y -nyqeii H3o6apHoro HcToqHHKa c A= 148 
Ha6mo,IJ;anHCb KX -nyqH Tep6HH H y -nyqH c 3HeprHeii Ey= 
=/620,24± 0,04/ K3B. HHTCHCHBHOCTb 3THX llHKOB y6biBana 
c nepHo.D;oM ·· nonypacnaha T1; 2 ;,; /3,5±'0,2/ MUil/puc.l/. 
raMMa-nyqH C 3HeprHeH 620,24 K3B na6lliO,IJ;anHCh TaK:>Ke 
a y' ·- cne~Tpe. xHMHqecKH BLI,IJ;enenHoii H3 H3o6apHoro'Hcioq
HHKa ~paKUHH ,IJ;HCllp03HH" H "OTCYTCTBOBaJIH BO ~paKUHH 
Tep6nH. ':hepHO.D; · nonypa:~:::na~a' T i";2 = /3,5 ±0,2/ MUll H 
y -ny•IH C 3HeprHeii 620,24 K3B Mbl OTHOCHM K .. HOBOMY· 

1,18 D H30Tony y . Ha puc. 2 H3o6pa:>KeH yqacToK y -cneKTpa 

H3o6apHoro HcToquifKa c A= 148. B 3TOM 'cneKTpe y -·nepe
XO.D;bl c 3HeprHeii 394,6 H 882,4 K:JB npHHa,IJ;ne:>KaT pacna.D;y 
H30Mepa 1_48 mTb, ; T 1; 2. ,;,_ /2,2"±0,5 MUll/ 17/ . , a 
nepeXO,IJ;bl 488,8; 631,8 H 784,5 K3B B03HHKaiDT npH pacna,IJ;e 

. 148mTb H ocnoaHoro cocTOHHHH · 14~b /IO/ • H30Mepa 

4. 

.,, 
j 
\ 
{ 

., .. 1 

~ 

N 

10. 

103 

2 4 6 8 

1480 
66 Yaz 

Ef620.2Kato 

T112:J.5!0.2 MMH 

10 12 t(IMI) 

148 
Puc. 1. OnpeaeneHHe nepHoaa nonypacnaaa ( Dy) 
HSMeHeHHIO HHTeHCHBHOCTH y -nepexoaa 620,2 KsB. 

no 

Ilepexo.D; c 3HeprHeii 464,2 K:JB, OTMeqeHHLIH Ha puc. 2 
cTpenKoii, npBHa,IJ;ne:>KHT pacna,IJ;y ·132 •La. Cne,IJ;LI B30Tonoa 
c A =132 nona,IJ;anH npH cenapHpoaaHBHnoMaccaMBB3o6ap
HbiH HCTOqHHK C A":' 148 B BH,IJ;C HOHOB OKHCH pe,IJ;K03CMCJib-

HbiX 3neMeHTOB; B ,IJ;aHHOM cJiyqae B BH.D;e HOHOB 'La 0 + 

CXEMh/ PACIIA,.llA. 148~150{'152 Dy 

B ma6A. 1 npe.D;cTaaneHbl pe3yni>TaTLI HamBx Hccne,IJ;oaa
HHH cneKTpOB y - nyqeii H KOHBCpCHOHHbiX 3llCKTpOHOB H30TO
noa 148 • 150, 152 Dy • IlpH pacna,IJ;e Ka:>K,IJ;oro H3 3TBx B30To
noa o6Hapy:>KeHo TOJibKO no'o.D;HOMY y-nepexo,IJ;y. BepxHHii 
npe,D;Cll HHTCHCHBHOCTH ,D;pyrHX y -nepeXO,IJ;OB, KOTOpble MOrJIH 
6bl 6b1Tb OTHCCCHbl K pacnaAY 148 •150 • 152 Dy, He npeBbiWaeT 
5~ HHTCHCHBHOCTH Ka:>K,IJ;oro B3 oGHapy:>KeHHbJX nepeXO,IJ;OB, 
COOTBCTCTBCHHO. 0npe,IJ;eJ1eHbl MYJibTHllOllbHOCTH BCCX Tpex 
o6Hapy:>KeHHbiX y-n.epexo,IJ;oa·. OHH oKa3anBCb THna El. Ha 
puc. 3 H3o6pa:>KeHbl npe.D;naraeMble cxeMbl pacna,IJ;a qeTHO:. 

5 



H
~
p
o
 

I5
2T

b 

I5
0

T
b

 

I4
8T

b 

N
 

2·
10

3 
(0

 
~
 

0
)
 

I'
)
 

0 

1o
3 

60
0 

T
a
d
m
u
~
a
 
r· 

C
o
n
o
c
T
a
B
~
e
H
K
e
 

aK
cn

ep
Hw

ea
Ta

nL
HH

x 
pe

ay
nL

TB
TO

B 
H
c
c
n
e
~
o
B
a
H
H
H
 
p
a
c
n
a
~
O
B
 

I4
8

,I
5

0
,I

5
2

])
 

_ 
. 

~
 

E
 't

 (K
SB

) 
IK

 
IL

 

25
7~
I:
t,
O,
I 

!0
0+

_3
 

I3
, 7

:t.
I ~

2 

39
6,

7:
t,O

,I
 

10
0±

.4
 

I3
 ,4

:t,
I ,

3
 

62
0,

24
±

.0
,0

4 
!0

0±
.4

 

0 

co
 

,..
.: .... 

~
 

1
0

 
co

 
~
 

~ 
"' 

. 

90
0 

I4
8

,I
5

0
,I

5
2

T
b

. 

"' d .C
\j

 
(0

 

I 
1'1

•11
' 

5 
,8

:t,
2 

,o 

5 
,O

:t,
2 

,0
 

14
80

 y 

co
 

,..
.: 

(>
) 

(0
 "' 

~
 

<
{ 
xr

o8
 

K
 

25
 ,8

:t
,2

,I
 

I0
,9

:t
,2

,0
 

2,
65

:t
,0

,3
 M

yn
-

c
(l

{ 
x 

ro
8 

Te
op

. 
TH

no
nL

'"'E
I 

HO
CT

r> 
E2

 

E
I 

25
,5

 
7

6
,0

 

E
I 

6
,8

 
2I

 ,5
 

E
I 

2
,6

 
7

,0
 

o.
...

J'
-B

"'T
b 

x-
!4

B
T

b
 

+
 

14
8"

'T
b 

"' 

lf
i 

1
4

0
,0

 

4
4

,0
 

1
3

,5
· 

~ co
 

co
 

0 

10
00

 
11

00
 

12
00

 
13

00
 

K
O

H
O

A
bl

 

P
ri

C
. 

2
. 

Y
tt

a
C

T
O

K
 

Y
-c

n
e

K
T

p
a

 
1

!3
0

6
a

p
H

O
I'O

 
l!C

T
O

'lH
H

K
a

 
c 

A
 =

14
8.

 
n

e
p

e
x
o

n
, 

O
T

M
e

tt
e

H
H

b
lll

 

c
T

p
e

n
K

o
il
,'

 
n

p
H

H
a

n
n

e
)!

(I
IT

 
p

a
c
n

a
a

y
 

1
3

2
 L

a.
 



~lgft•4.0 

620.2 

148 
Tb 

65 83 

-

150Tb 
65 85 

PRe. 3. CxeMhi pacnaJ:ta 

152Tb 
65 87 

I48,150,l52 Dy. 

qeTHhiX H30Tonou ,D;Hcnpo3HJI c MaccoBbiMH qHcnaMH A~ 
= 148, 150 H 152. QqeBH,IJ;HO, l{TO Ha6mo,D;aeMble HHTeHCHBHble 

}' -nepeXO,IJ;bl JIBHJIIOTCJI nepeXO,D;aMH B OCHOBHble COCTOJIHHJI 

COOTBeTCTBYIO~HX H30TOllOB Tep6HJI. Pa3yMHO npe,D;UOHO:>KHTL 
. 152 - .. 14ll.... 

TaK>Ke; . qTo {J-pacna;J; H30TonoB Dy , 150 oy H -uy 
npOHCXO.IJ;HT·, rnaBHbiM o6pa30M, HHH, ITO Kpafmeii: Mepe, 

6onee qeM B 50~ cnyqaea, Ha BBe;J;eHHhle B036y:>K,~J;eHHLie 
cocToJIHHJI •. Ha cxeMax I puc. 3/ npHBe;J;eHbl aenHl{HHhl pa3-

HocTeii Mace COOTBeTCTBYIO~HX H30TOllOB ,IJ;HCllp03HJI H Tep-

6HJI H oiJ,eHKH 3HaqeiJHii fg ft . 3HeprHJI {3 -pacna,D;a ( Qf3) 
148 Dy · B3JITa H3 cHcTeMaTHKH Ill/. 3HeprHH {3 -pacna,D;a 

,IJ;llJI 150Dy paCCl{HTaHbl no a-~~ IJ,HKny Ha OCHOBe 3KCne-

pHMeHTam~HbiX .naHHbiX pa6o;
8
?•8/, a ,IJ;HJI 

152Dy B3JITbl 

H3 Ta6nHIJ, Bancrpa H royua • 

CnHH H qeTHOl:Tb OCHOBHbiX COCTOJIHHH. paCCMaTpHBaeMLIX 

HJOTOIIOB. ,D;Hcnpo3HJI, O'IeBH,IJ;HO, I iT= o+ . CnHH OCHOBHoro 
. I ·) 'I 

COCTOJIHHJI ·'-Tb H3Mepen B '-1=2. fipHHCCne-

. I Ill i ill ···t .. 6 /10/ ):{OBaHHH pacna,!la U30TOIIOB " . ll aBTOpbl pa OTbl 

c.nenanu BbiBOll o TOM, lfTO uau6oncc ucpoHTHO 3HaqeHHe 

CIIHHOB OCHOBHbl~ C(,CTIJJIHHH 3THX H30-TOIIOB.- I = 2 

8 

3HaqeHHJI . ,IJ;llJI {3 -n.epeXO,IJ;OB Ha BBe,IteHHble B036y:>K,~J;eHHble. 
COCTOJIHHJI H30TOllOB Tep6HJI C .A= -148,150,152 ll03BOllSIOT 

onpe,D;eneHHO . 3aKlliOl{HTL, l{TO 3_TH {3 -nepeXO,IJ;bl JIBllJIIOTCJI 

pa3pemeHHbiMH, He3a,D;ep>KaHHbiMH H CllHH H qeTHOCTL ·ao·3-

6ym.i:(eHHbiX COCTOJIHHH -1 71 =1 + .MynLTHllO.IlLHOCTL THllll E1 

,IJ;llJI nepeXO):{OB B OCHOBHble CO<?TOJIHHJI npHBOAHT .K 3axmoqe

HHIO, l{TO OCHOBHble COCTOJIHHJI paCCMaTpHBaeMbiX H30TOIIOB 

Tep6HJI HMeiOT OTpHIJ,aTenLHYIO qeTHOCTL •. EAHHCTBeHHOH 

B03MO>KHOCTLIO OCy~eCTBlleHHJI pa3perueHHOrO He3a):{ep:>KaH

HOrO 6eTa-n_epexoAaUg ft =4 ,3) H3 o6onoqxH 50< Z_5 82 H:a 
o6onoq:Ky 82 < N ~ 126 JIBnJieTcJI npeapa~eHHe: · · · 

2 - . . 
!p(hll/2 ~ 1o+ · !p(hl.l/2 )n(h9/2,) 1 i~· 

' .. • ... ~ -. ' lT ._ + 
T.e. CTPYKTypa B036y>K,~J;eHHhiX COCTOJIHHH H30TOllOB C J .;..1 

'' ',• . : - - ,'. ' ' .• 

onpeA_en.HeTc.H Tax: .• · 

! p(hll/2 ),n(h9/2 ) II+· 

· CpaaHeHHe ,D;aiiHhiX o cnHHax H qeTHOCTJIX ocH:oaHhiX co

cTo.HHHii coceAHHX H3oTono.B .fep6HJI H H;OTOHOB N = 83,85,87 

npHBOAHT K BbiBOAY 0 TOM, l{TO CTPYKTypa OCHOBHbiX COCTOJI

HHH H30Tonou 148 • 150 •152 Tb onpeAenJieTcJI B ocHOBHOM 

KoH!l~HrypauHeii: ! p( d 312 ),n(f 712 )l2_.Ha6mo):{aeMble El-nepe

XO):{bl ):{Oll>KHbl 6biTL cy~eCTBeHHO 3a):{ep:>KaHhl, TaK KaK OHH 

o6ycnouneHbl npHMeCJIMH APYrHx xoH!l~Hrypali,HH K HaqanLHOMY 

H KOHeqHOMY COCTOJIHHJIM. 

B 3axnroqeHHe aaTophl cqHTaroT caoHM npH.HTHhiM Aon~ 

roM Bhlpa3HTL rny6oxyro 6naro):tapHOCTL AOKTopy .H.MHxynL

CKOMY 3a llOMO~L B no):{rOTOBKe HCllOllL30BaHHOH XHMHl{eCKOH 

MeTOAHKH, a TaK:>Ke nepcoHany CHHXpOli,HKllOTpOHa H H3MepH

TenLHOrO IJ,eHTpa JI.HIT OH.HH 3a 6on~omyro noMO~b npH Bbl

nonHeHHH pa6oThl. 
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