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1. BBE,llEHHE 

Hcc11e,qosaH11e R,qep' y KOTOPblX csepx 3anOJ1HeHHblX o60J104eK 

11MeeTCR He60JlbWOe 411CJ1O 4aCT11'-I 111111 ,QblP.OK, npe,qcTaBJlReT 11HTepec 

,QJlR Teop1111, TaK KaK nO3BOJ1ReT 113Y4aTb oco6eHHOCTl1 OCTaTO4HOro 

B3al1MO,Q~HCT~l1R HYKJlOHOB B OTHOCl1TeJlbHO 411CTOM B11,qe /CM., Ha­

np11Mep 11 , 21 I 
' • 'If 

Pacna,q R,qpa 211 Rn(I = 1/2-, T 1 ; 2 = 14,6 4) 6b1J1 113y4eH Ha11-

6011ee no,qpo6Ho a pafx:Hax/3 ,4/. 6b11111 113MepeHbl cneKTpbl -y-11yYeH, 

KOHsepc11OHHb1x 311eKTPOHOB, -y-y-cosna,qeHl1H, nocTpoeHa cxeMa pac­

na,qa 211 Rn, onpe,qe11eHb1 MYJ1bT11no11bHOCTH MHor1-1x -y-nepexo,qos, 

npe,qJlO)f(eHbl CnHHbl 1-1 4eTHOCTl1 gR,qa COCTORHHH. B OCHOBY HHTepnpe­

Ta41-1~ ypOBHeA 211 At aBTOpbl/ 3/ nOJlO)f(HJll-1 pe3yJ1bTaTbl TeopeTH4eC­

KOro aHa~1-13a CTPYKTYPbl OKOJlOMar1-1YeCKHX R,qep. B COOTBeTCTBl-11-1 

C TeopeTH4eCKHMH pacYeTaMH 6bl~O BblCKa3aHO npe,qnoJ1O)f(eH1-1e, 4TO 

ypOBHH 674 1-1 2479 K3B RBJlR~TCR, COOTBeTCTBeHHO, COCTORHHRMH 
-1 

nf7/2 11 ns1/2' a YPOBHH 0,866, 947, 1116 K3B CYTb COCTORHHR 

MYJlbTHnJleTa n(h:12> co cnHHaMH 9;2-, 7;2-, 5;2-, 3;2- COOTBeT~ 

CTBeHHO. TaKaR HHTepnpeTa'-IHR He npoTHBope4HJla 3KCnepHMeHTaJlb~ 

HblM ,qaHHblM, HO 1-1 He c11e,qosa11a 1-13 HHX O,QHO3Ha4HO. 8 CBR3"1 

C 3HIM B KOMnHJlR'-11-11-1/5/ ,QJlR scex 3THX ypoBHeH; HapR,QY C npHHR­

TblMH a/3/, yKa3aHbl 1-1 aJlbTepHaTHBHble, BO3MO)f(Hble C TO4KH 3peHHR 

3KcnepHMeHTa 3Ha4eHHR cnHHOB YPOBHeA. l.leJlb HaCTORllleH pa6oTbl -

no11y4HTb 6011ee onpe,qe11eHHble 3KCnepHMeHTaJlbHble ,qaHHble O cnHHax. 

yposHeA 211 At Ha ocHose 1,13y4eHHR yr11osb1x KoppeJlR'-IHH -y-11y4eA 

np1-1 pacna,qe 211 Rn. 
Cy111ecTByeT TOJlbKO o,qHa pa6oTa no "13MepeHHRM yr11OBblX KOppe­

nR'-IHH raMMa-1-1311yYeHHR a 211Atl 6/. 0,qHaKo a 3ToA pa6oTe ony6111-1-

KosaHbl pe3yJlbTaTbl "13MepeHHH TOJlbKO no TpeM KaCKa,qaM, CBR3aH­

HblM C nepexo,qoM 1363 K3B. H3MepeHHR 6b(JlH npose,qeHbl C noMOlllb~ 

Koppe11R41-1OHHoro cneKTpoMeTpa c Ge(Li)-2Nal (Tl) ,qeTeKTopaMH. 

2. nPHroTOBJlEHHE PA,QHOAKTHBHblX HCT04HHKOB 

H30TOnbl pa,qoHa no11y4aJ1HCb npl-1 0611y4eHHH Top1-1esoA MHWeHH 

npoToHaMH c 3Hepr1-1eA 660 M3B Ha ¢a3oTpoHe Jla6opaTop1-11-1 R,qepHblX 

npo611eM OHRH. noc11e XHMH4eCKOH o6pa60TKH MHWeHH CMeCb pa,q1-1oaK­

THBHblX 3JleMeHTOB Bbl,qep)f(HBaJlaCb 12-14 Ya COB' B Te4eHHe KOTOPblX 



KOPOTKom11sy~11e 1130TOnbl paAOHa npaKTl14eCKl1'pacnaAan11cb. MoHo-
1130TOn 211 Rn OTAenRnCR OT APYrl1x 6naroPOAHblX ra30B Ha xpoMaTo­
rpa¢114ecKoA KOnOHKe, 3anonHeHHOA MOneKynRpHb1Ml1 c11TaM11/ 7/. 
AanbHeAwaR 0411CTKa OT ra3oo6pa3Hblx np11MeceA 11 np11roTosneH11e 
11CT04Hl1KOB AnR 113MepeHl1R npoBOA11nl1Cb B BaKYYMe. OxnamAaeMblA 
ml1AKl1M a30TOM 211 Rn nepeBOAl1nCR B CTeKnRHHYID aMnyny pa3MepoM 
6 1 ,5x8,0 MM, KOTopaR 3aTeM 3ana11sanacb. 

3. AnnAPA1YPA H 06PA60TKA 
3KCnEPHMEHTAilbHWX AAHHWX 

H3MepeHl1R npoBOA11nl1Cb Ha MHOrOAeTeKTOP.HOA KOppenRl.1110HHOA 
ycTaHosKe MYK c ceMbID Ge(Li)-AeTeKTopaM11/ 8/ s pem11Me 0¢¢-naAH 
MeTOAOM TpexMepHblX raMMa-raMMa cosnaAeH11A. 06beM KamAoro 113 
AeTeKTOPOB COCTaBnRn np116n11311TenbHO 40 CM3 , 11 11X 3HepreT114eC­
KOe pa3peweH11e HaxoA11nocb s npeAenax 4-6 K3B np11 E =1332 K3B. 
PaBHOMepHoe pacnpeAeneH11e ceM11 AeTeKTOPOB no Kpyry'Yn03BOnReT 
B OAHOM onb1Te npoBeCTl1 113MepeH11e KoppenRl.1110HHOA ¢YHK1.11111 AnR 
yrnos MemAY AeTeKTOPaM11: 8 = 51,4°, 102,8° 11 154,3°. np11 AaH­
HOM 411Cne AeTeKTOPOB Ha6op CTaTl1CTl14eCKOA l1H¢OpMa1.11111 npo11cxo­
Al1T B 21 pa3 6blCTpee no cpaBHeHl1ID C ABYXAeTeKTOPHblM KoppenR­
l.1110HHblM cneKTPOMeTpoM. PacCTORHl1e OT KamAoro 113 AeTeKTOPOB 
AO 11CT04Hl1Ka COCTaBnRnO 75 MM. 

Bee AeTeKTOPbl 6blnl1 OCHa~eHbl Cl1CTeMoA KOHycoo6pa3HblX KOnn11-
MaTopoB 11 1.111n11HAPl14eCKl1X 3KpaHoB, ponb KOTOPblX 3aKnID4anaCb 
B 3a~11Te AeTeKTOPOB OT KOMnTOHOBCKoro 113ny4eHl1R, B03H11KaID~ero 
B APYrOM AeTeKTope. MeTOA114eCKl1e 11ccneAOBaHl1R n0Ka3an11, 4TO 
Bnl1RHl1e per11cTpa41111 B OAHOM AeTeKTope KOMnTOHOBCKoro pacceRH­
Horo 113ny4eH11R oT APYroro AeTeKTopa npeHe6pem11Mo Mano. 

Ben11411Ha speMeHHoro oKHa AnR per11cTpa1.11111 cosnaAeH11A 6blna 
Bb16paHa paBHOA 180 HC. nonyw11p11Ha o6~eA speMeHHoA KPl1BOA COB­
naAeH11A OT scex nap AeTeKTOPOB 11 OT scex per11cTp11pyeMblX 3Hep­
r11A B 3HepreTl14eCKOM A11ana30He 60-1600 K3B He npeBblwana 15 HC. 
AonR cny4aAHblX cosnaAeH11A no cpasHeH11ID c 11CT11HHblMl1 cosnaAeH11R­
Ml1 COCTaBnRna OT 1 AO 2%. 

3Kcnepl1MeHTanbHble AaHHble HaKann11san11Cb Ha MarHl1THYID neHTY. 
¢11nbTpa411R AaHHblX npoBOA11nacb Ha 6a3e l.111¢POBblX OKOH, ~OTOpble 
BBOA11n11cb nepeA Ha4anoM 3Kcnep11MeHTa B nporpaMMY Ha6opa, 3ano­
meHHYID B 11HTenneKTyanbHblA KOHTponnep KM 0861 91. l..111¢p0Bble OKHa 
ycTaHaBn11san11cb Ha OCRX ~~epr11A TaK, 4T06bl OXBaTl1Tb nl1Hl111 
OT HYmHblX raMMa-nepexoAOB, BKnID4aR KOMnTOHOBCKl1A ¢OH PRAOM 
C nl1H11RMl1. TaKl1M o6pa30M' 6b1no B03MOmHO nony411Tb Ha6op ABYX­
MepHblX OKOH AnR KamAoA napbl AeleKTOPOB B COOTBeTCTBl111 C 3aAaH­
HblM11 KaCKaAaM11, np11Mep np11BeAeH Ha p11c.l. B sepxHeA 4aCTl1 p11-
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PHc.l. CxeMaTIBieCKoe H3o6paJKeHHe ABYXMepHbIX OKOH 
AnH cnyqaH ABYX KaCKaAOB, o6pasoBaHHbIX HS Tpex 
raMMa-nepexogoB. 

cyHKa noKa3aH ¢parMeHT cxeMbl yposHeA R.qpa c KacKaAaM11 nepexo­
AOB 1-2 11 3-2, AnR KOTOPblX HaAO npoBeCTl1 KOppenRl.ll10HHblA onblT. 
3awTp11xosaHHb1e 06nacT11 onpeAenRIDT Te cny4a11 cosna.qeH11A, KOTO­
pb1e 3an11Cb1Ban11Cb Ha MarH11THYID neHTy. Ha 11X OCHOBe onpeAenRnl1Cb 
411Cna 11CT11HHblX cosnaAeH11A AnR scex nap AeTeKTOPOB C y4eTOM ¢0-
Ha OT KOMnTOHOBCKoro pacnpeAeneHl1R 11 cny4aAHblX cosna.qeH11A. AK­
Tbl cosnaAeHl1A, nonaAaID~l1e B ABYXMepHble OKHa 11 OTMe4eHHble T04-
KaMl1, 3an11cb1Ban11cb TOrAa, KOrAa OHl1 RBnRnl1Cb TOJlbKO c11y4aAHbl­
Ml1 cosnaAeHl1RMl1. TaK KaK raMMa-KBaHTbl c11y4aAHblX cosnaAeH11A 
He KOppen11posaHbl B npocTpaHCTBe, OHl1 cnym111111 AilR KoppeKl.11111 411-
cen cosnaAeHl1A Ha OTHOCl1TeJlbHYID 3¢q>eKTl1BHOCTb per11cTpa41111 Ae­
TeKTOPOB. 
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lr1H<!>OPMaL!HR, HaKonneHHaR Ha MarHHTHblX neHTax J 06pa6aTb1Banacb 
c noMOl.l\blO CHCTeMbl nporpaMM·, on1-1caHHOH a pa6oTe IO/. TaM >Ke npH­
BeAeHa H MeTOAHKa onpeAeI1eHHR 3KCnepHMeHTailbHblX 3Ha4eHHH KO3q>­
¢lHL!HeHTOB yrnoBOH KoppeilRL!HH A22, A44 H HX norpeWHOCTei:i. 

4. PE3YJlb TATbl 3KCnEPlr1MEHTA lr1 lr1X O6CYlK,QEHlr1E 

np1-1 Bb16ope KaCKaAOB AilR H3MepeHHH 3a OCHOBY 6brna npHHRTa 
cxeMa pacnaAa 211 Rn ➔ 211 At, np1-1BeAeHHaR B pa6oTe/5/ /p1-1c.2/. 
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PHc.2. CxeMa pacnaga 211 Rn ➔ 211 At/5/, AnH nepexogoB 
678, 866, 947, 1363 K3B B cxeMe IlPHBegeHhl MynhTHnonb­
HOCTH, yTot1HeHHb1e HaMH no cpaBHemno cl 5/.,* - r'rr cooTBeT­
cTByJOT HaCTOH~eH paooTe. 

4 

l) 

Ll"H A22, A44, 3Ha4eHHR KOTopwx RBilRIOTCR cpeAHeB3BeweHHWMH 
no pe3yI1bTaTaM Tpex onWTOB, a TaK>Ke xapaKTepHCTHKH KaCKaAOB 
H onpeAeileHHWe HaMH 3Ha4eHHR napaMeTpOB CMeWHBaHHR Y-nepexo­
AOB. TaM >Ke AilR cpaBHeHHR ,nPHBeAeHbl pe3yI1bTaTb1 pa6oTbrf6/. 
np1-1 aHaI1H3e 3KCnepHMeHTailbHblX AaHHblX A22, A4'+ H, COOTBeTCTBeH­
HO' npH Bb16ope BO3MO>KHblX KOM6HHa1..11-1i1 cnHHOB YPOBHei:i H napaMeT­
POB &-nepeXOAOB Mhl "1CnOilb3OBaI1H nOMHMO cxeMbl pacnaAa 211 Rn 
TaKY.:e 3Ha4eHHR Io I, cne,qytol.l\He 1-13 AaHHbrx no KOHBepc1-11-1. B Ta6n.2 
npHBe,qeHbl 3TH 3Ha4eHHR 1 0 I , paCC4HTaHHble HaMH no CTK/ 3 , 4 / n PH 
HCnOilb3OBaHHH TeopeTH4eCKHX 3Ha4eHHi1 ~BK ~3 pa6oTwl 11 /, HaWH 
3Ha4eHHR o, ycpeAHeHHbre /no MeTo,qyl 121 / B cny4aRx, rAe 3To 6br­
no BO3MO>KHO /Ta6n. 1 /' a TaK>Ke MYilbTHnOilbHOCTH KaCKaAHblX y-ne­
pexo.11OB. 

KacKaAw (442-674) + (678-(685)-442) K38 

raMMa-nepexoA 442 K3B COBnaAaeT C IlHHHRMH 674 H 678 K38, 
npH4eM C IlHHHei:i 678 K38.4epe3 nepexoA 685 K38 /pHc.2/. TaKHM 
o6pa30M, B cneKTpe COBnaAeHHi:i nor.BilReTCR AY6I1eT, KOTOpbri:i B_ Ha­
weM 3KCnePHMeHTe He pa3pewaeTCR. 8 3TOM CI1y4ae H~MepReMwe 
KO3¢l¢>1-11..11-1eHTW yrnoaoro pacnpeAeneHHR A~,cn. onpeAeilR~TCR c y4e-

ii 
TOM BeTBileHHR H BilHRHHR npoMe>KYTO4HblX nepeXOAOB 1-13 COOTHOwe­
HHR/!3/: 

,113KCil, 
'ii = 

Xxlyy(442,674) + Yxlyy(442,678) 

ln(422,674) + lyy(422,678) 
/1/ 

rAe X = A .. (442,674) 1-1 Y = A. (678)xU; (685)xA; (442) - KO~¢<1J1-1-ii 1 L L 

1..11-1eHTW yrnoaoro pacnpeAeneHHR AilR KacKaAOB 442-674 
1-1 678-(685)-442 K3B COOTBeTCTBeHHO; lyy(442,674) 1-1 lyy(~42,678) 
- HHTeHCHBHOCTH COBnaAeHH~ AI1R COOTBeTCTBY~l.l\HX KaCKaAoB; 
Ui(685) - ct>aKTOP ocna6neHHR KoppeI1RL!HH OT nepexoAa 685 K38. 
nocKOilbKY OTHOWeHHe lyy(442,678)/lyy(442, 674) = 1/100, BilHR­
HHeM KaCKaAa 442-678 K3B MO>KHO npeHe6pe4b, TO eCTb 3Ha4eHHR 
A22, A44 B paBeHCTBe /1/ MO>KHO 1..1eI1HKOM OTHeCTH K KaCKaAY 
442-674. AHaI1H3 BO3MO>KHWX BapHaHTOB CnHHOB YPOBHei:i 1116 
H 674 K3B /pHc.2/ npH YCilOBHH, 4TO MYilbTHnOilbHOCTbl0 nepexoAa 
442 K38 RBilReTCR E2/l4/, OAHO3Ha4HO onpeAeI1ReT AilR HHX cnHHbl 
312- H 112- COOTBeTCTBeHHO. ,Qpyr1-1e ailbTepHaTHBHWe 3Ha4eHHR 
CnHHOB YPOBHeH 674, 1116 K3B npOTHBOPe4aT Ill-160 3KcnepHMeHTaI1b-

·HoMy 3Ha4eHHIO A44, I1H6o MYilbTHnOilbHOCTH E2 y-nepeXOAOB 442 K38. 
,[\nR nepexoAa 674 K38 c MYilbTHnOilbHOCTbto Ml+E2 onpeAeneH napa­
MeTp CMeCH ~ KOTopwA HaXOAHTCR B cornaCHH C KOHBepCHOHHWMH 
AaHHblMH /Ta6n. 2/. -

5 



T
a

 6
.fl

 z,
 u

,a
 

1 

K
o:

:ic
pc

jm
Q

H
eH

T
bl

 
yr

JI
O

B
b

lX
 

-y
--

y
-K

o
p

p
e

m
IQ

H
H

 
H

 
n

a
p

a
M

e
T

p
b

l 
8 

B
 

2
1

1
A

t 

K
aC

K
a.

ll.
. 

E
-y

/K
::

iB
/ 

I
i 

(L
1 

,L
2

) 
•
•
. 
If

 
¼

2
 

A
44

 
<

f 

I 
2 

3 
4 

5 

44
2-

67
48

) 
3

/2
(2

)7
/2

(1
,2

)9
/2

 
0,

22
8(

9)
 

-0
,0

26
(1

5)
 

-0
,6

~
:~

 

13
6:

38
)-

44
2 

1
/2

(1
,2

)3
/2

(2
)7

/2
 

-0
,0

40
(1

2)
 

0,
00

7(
17

) 
-0

,1
2

(5
) 

-0
,0

68
(8

)6
) 

-0
,0

14
(1

5)
6 )

 

13
6:

38
)-

25
0 

1
/2

(1
,2

)3
/2

(2
)7

/2
 

-0
,0

39
(1

8)
 

-0
,0

2q
(6

2)
 

-0
,1

2
 (7

) 
-0

,0
79

(9
)6

) 
O

,O
O

I(
I9

)6
) 

25
0-

86
68

) 
3

/2
(2

)7
/2

(1
,2

)9
/2

 
-0

,1
78

(1
9)

 
-0

,0
18

(4
8)

 
p7

t-
l?

 
-6

 
. 

13
63

-1
6g

a)
 

1
/2

(1
,2

)3
/2

(1
,2

)5
/2

 
-0

,0
01

(1
7)

 
O

,O
II

(3
6)

 
-3

,2
(7

) 
0,

29
6(

5)
6 )

 
0,

00
8(

9)
6

) 

25
0-

19
~

) 
3

/2
(2

)7
/2

(1
,2

)7
/2

 
0,

18
5(

62
) 

-0
,1

6(
14

) 
1

,2
(5

) 
ru

m
 

o 
os

t-
0,

15
 

-
• 

-0
,2

0
 

13
63

-(
25

0)
-1

9~
) 

B
) 

-0
,2

8(
18

) 
-0

,0
2(

34
) 

0,
03

<'
 t 

~ 
1

,0
 

13
63

-•
••

 -6
74

 
B

) 
-O

,I
I3

(1
3)

 
-0

,0
03

(2
4)

 

· 2
50

-(
19

2)
-6

74
 

B
) 

0,
30

(1
6)

 
0,

07
(2

8)
 

I 
2 

3 
4 

5 

~6
78

8
)-

II
f )

+ 
II

27
-6

74
 

11
/2

~1
)2

?3
/2

(2
~7

~2
+ 

3 
2 

2 
7 

2(
1,

2 
9 

2 
0,

06
8(

8)
 

0,
00

4(
15

) 
a.,

30
+

o,
3o

 
-0

,2
5

 

93
4-

86
68

) 
3

/2
(2

)7
/2

(1
,2

)9
/2

 
-0

,0
94

(5
0)

 
-0

,0
38

(8
9)

 
+8

 
-1

6-
::"

"l
tlm

 
cf

.->
13

0 

85
33

>_
94

7 
3

/2
(1

,2
)5

/2
(2

)9
/2

 
0,

03
7(

30
) 

-0
,0

58
(6

1)
 

-0
, 3

(1
) 

ll
lJ

l]
!{

 

o>
-I

I 

67
8-

85
:3

8)
 

1
/2

(1
,2

)3
/2

(1
,2

)5
/2

 
-0

,1
03

(4
3)

 
-0

,0
29

(7
8)

 
-0

,2
0(

7)
 

94
68

)-
44

2 
1

/2
(1

,2
)3

/2
(2

)7
/2

 
-0

,1
52

(6
5)

 
0,

04
(1

4)
 

0,
07

"'
 J

'~
 1

,5
 

~4
16

-9
46

)+
 

41
6-

••
• -

94
7)

 
B

) 
0,

03
7(

32
) 

0,
04

2(
87

) 

~9
46

-1
69

f )
+ 

l~
~

l,
2~

3~
2~

1)
2}

5/
2+

 
0,

14
3(

19
) 

-0
,0

55
(3

5)
 

-4
 <

 o
< 

-1
,5

 
16

9-
94

7 
3

2
1

,2
5

2
 2

 9
 2

 

'1
53

9-
16

9 
-0

,0
46

(5
8)

 
-0

,0
9

(I
I)

 

15
39

-4
42

 
:..0

, 0
53

 (3
4)

 
-0

,0
5

(8
) 

Il
p

H
M

e
't

!a
H

H
e

 :
 

a
/ 

8 
O

T
H

O
C

H
T

C
.!I

 
K

 
o

o
o

s
H

a
'le

H
H

O
M

Y
 
-y

-n
e

p
e

x
o

g
y
; 

6/
 3

H
a'

t!
eH

H
.!

I 
H

3
 

p
a

o
O

T
b

/61
; 

B
/ 

C
M

. 
P

H
C

.2
. 



Ta6.fluu,a 2 
Ilapa.MeTpbJ CMeCH H MynhTHnonbHOCTH y-nepexogoB 

EY/K3B/ 'Astner /3,4/ · _Hac;To~a.H pa6oTa 
I o I BS KBK MyJI&T. o BS yy(e) MyJI&T. 

169 2 59+o,2~ 
' -0,21 MI+E2 -3,1(7) MI+E2 

192 0,44(44) MI 0,0~2~ JtJIH MI(+E2) 
I,2 4 

250 >9,4 E2 - E2 

442 - E26) - E2 

674 0,51(12) MI+E2 ro oo -0, 6 -0:05 MI+E2 

678 0,23(7) EI O 30+0,30 
' -0,25 EI+M2 

853 0,83(26) MI+E2 -0,24(6) MI+E2 

866 >4,7 E2 1rl7 
-6 E2+MI 

935 2 1+!8 E2 - E2 '-0 8 ' ) 
946 0 2+0,8B (MI) 0,07< tf'< I,5 MI+E2 • -0,2 

947 - (E2) - E2 

II27 >2,5 E2 - E2 

1363 o 073+0,097 
• -0,073 EI -0,12(4) EI+M2 

IlpHMetJaHm~: a/ o BbltJHCneHo H3 E2+Ml /13±2/%/4/ • 
6/ y-442 K3B, no onpegeneHmo E2, Hcnonh3yeTCH B/3} gn.H CB.H3H 
mKan .Iy H le; B/ o BbJtJHcneHo npH npegnono)KeHHH, tJTO nepexog 
947 K3B HMeeT MynbTHnOnbHOCTb E2. 

KacKaA 1363-442 K3B 

3TOT KaCKaA MHTepeceH, nOCKOnbKY OH noasonReT pewMTb Bo­
npoc O cnMHe YPOBHR 2479 K3B M TeM caMblM nposepMTb npeAnonOl!(e­
HMe, CAenaHHOe B pa6oTe73/ /ITT= 1;2+;. B npMHLtMne, 3Ha4eHMe 
Ko3¢¢Mr.tMeHTa yrnosoro pacnpeAeneHMR A22 He npoTMBope4MT KaK 
cnMHY 1;2+, TaK M 3;2+ AnR YPOBHR 2479 K3B. Ho B nepBOM cny4ae 
MynbTMnOnbHOCTb El-nepeXOAa 1363 K3B MMeeT npMMeCb M2, paBHY~ 
1, 4% / o = -0, 12/, 4TO xopowo cornacyeTcR co aHa4eHMeM I o I 
M3t3/ /Ta6n.2/. B cny4ae }Ke cnMHa 3/2+ YPOBHR 2479 K3B Mbl

0 

no-

8 

+2 4 
ny4aeM AB a peweHMR AnR 8: 01 = 0 '48 ( 8) M 02 
o6a npoTMBOpe4aT AaHHblM no KOHBepCMM. 

= 5,1_1: 4 , KOTopwe 

KacKaAW 1363-250 M 250-866 K3B 

3TH KaCKaAW noasonR~T pewMTb sonpoc O CnMHe ypoBHR 866 K3B: 
5;2- MnM 7;2-. nepBWH B03MO}l(HWH sapMaHT - 1/2(1 ,2)3/2(1 ,2)5/2 
- AnR OnMCaHMR KaCKaAa 1363-250 K3B BPRA nM MMeeT MeCTo, no­
CKOnbKY o6a peweHMR AnR napaMeTpa CMeCM y-nepexoAa 250 K3B: 

01 = -0,22+0
,
22 M 02 = -2,2+0 ,5, npoTMBope4aT AaHHblM no KOH-

-0,07 -o,s 
BepCMM /Ta6n.2/. 6onee YAOBneTBOPMTeneH BTOPOH BapMaHT -
1/2(1 ,2)3/2(2)7/2, npM KOTOPOM y-250 K3B MMeeT 4MCTy~ MynbTM­
nonbHOCTb E2 M 3Ha4eHMe napaMeTpa O AnR nepexoAa 1363 K3B COB­
naAaeT co 3_Ha4eHMeM o, nony4eHHblM M3 KacKaAa 1363-442 K3B 
/Ta6n. 1/. TaKMM o6pa30M ,AnR BTOporo KaCKaAa 250-866 K3B OCTaeT­
CR eAMHCTBeHHO B03MO}l(HaR KOM6MHar.tMR: 3/2(2)7/2(1 ,2)9/2 /pMc.2/, 
OTKYAa cneAyeT 3Ha4eHMe O AnR nepexoAa 866 K3B /Ta6n. 1/, KOTO­
poe He npoTMBope4MT AaHHWM KOHBepCMM /Ta6n.2/. 

KacKaA 1363-169 K3B 

AaHHwR KacKaA noasonReT onpeAenMTb cnMH ypoBHR 947 K3B. 
BcneACTBMe Toro, 4TO paHee ycTaHosneHo 3Ha4eHMe CnMHa COCTOR­

HMR 1116 K3B 3;2-, M Toro, 4TO nepexoA 169 K38 MMeeT CMewaHHY~ 
MynbTMnonbHOCTb M1+E2, cnMH YPOBHR 947 K38 MO}l(eT 6b1Tb paBHblM 
TOnbKO 5;2-. npM MCnOnb30BaHMM y}l(e nony4eHHoro napaMeTpa CMe­
CM AnR nepexoAa 1363 K3B 6bln0 Bbl4McneHO 3Ha4eHMe O ADR nepexo­
Aa 1,i K3B /Ta6n. 1/. KacKaA 1363-169 K38 M3MepRnCR TaK}l(e B pa-
6oTe '· KaK BMAHO M3 Ta6n. 1' Ha6n~AaeTCR 6onbwoe paCXO}l(AeHMe 
B 3Ha4eHMRX A22, npM4MHW KOToporo HeRCHW. no-BMAMMOMY, cneAy­
eT OTAaTb npeAn04TeHMe HaWeMy peaynbTaTy, TaK KaK Hawe 3Ha4e­
HMe O xopowo cornacyeTCR C I 8' M3 KOHBepCMM /Ta6n.2/' B TO 
BpeMR,KaK o6a napaMeTpa CMeWMBaHMR, COOTBeTCTBY~~Me npMBeAeHHO­
MY s/6/ K03¢¢Mr.tMeHTY A22: 01(y169) = 0,46(2) M 02(y169)=4,6(3), 
~poT7sope4aT AaHHWM no KOHBepCMM. CneAyeT OTMeTMTb, 4TO B pa-
6oTe 61 3Ha4eHMe 01 AaHO co aHaKOM MMHYC, 4TO RBnReTCR OWM6-
KOH. 

KacKaAw 250-192, 1363-(250)-192, 1363- •.. -674 
M (250-(192)-674)+(678-(685)-250) K38 

3Ta KaCKaAW CBR3WBa~T COCTORHMR 674, 866, 1116, 2479 K3B, 
CnMHbl KOTOPblX y}l(e onpeAeneHbl /CM. Bb1we/. ~3 nepsoro M BToporo 
KacKaAOB cneAyeT napaMeTp CMeCM O AnR nepexoAa 192 K3B. TpeTMH 
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H 4eTBepTWH KaCKaAW He RBnR~TCR npRM~MH KaCKaAaMH /pHc.2/. 
Ha OCHOBe ¢opMyn, KOTopwe Y4HTWBa~T BnHRHHe npoMemyT04HWX ne­
pexoAOB H paaBeTsneHHe KaCKaAa, 3HaR CnHHW scex YPOBHeA H MYnb­
THnonbHWH COCTaB nepexoAOB, MW pacC4HTanH COOTBeTCTBY~~He 
K03¢¢HqHeHTW yrnosoro pacnpeAeneHHR/BnHRHHeM ManoHHTeHCHBHoro 
KaCKaAa 678-(685)-250 K3B MOmHO npeHe6pe4b/: 

1363- ... -674: Apacq. = -0,088(24) 
22 

250-(192)-674: Apacq. = O 18(11) 
22 ' 

HA = 0,0 H 44 

H Apacq. = -003(4). 
44 

Bw4HCneHHWe A22 HaXOARTCR B xopoweM cornaCHH C H3MepeHHWMH Ha­
MH.3Ha4eHHe A44 AnR KacKaAa 1363- ... -674 paBHO Hyn~,nOCKOnbKY 
cnHH COCTORHHR 1116 K38 paseH 312-. 

KacKaAW (678-1127) +(1127-674) K38 

3TH Ht:paapeweHHble KacKaAbl CBR3b1Ba~T MemAY co6oA 4eTb1pe 
YPOBHR: OCHOBHOe COCTORHHe,674,1800,2479 K3B,H3 KOTOPWX He on­
peAeneH OAH03Ha4HO TOnbKO cnHH YPOBHR 1800 K3B. B npHHQHne, 
3Ha4eHHR A22, A44 AnR CYMMapHoro KaCKaAa He Aa~T OAH03Ha4HOro 
OTBeTa: paBeH nH cnHH 312- HnH 512-. 0AHaKO B cny4ae 1rr = 5/2-
MynbTHnOnbHOCTb y-nepexoAa 678 K38 AOnm~a 6WTb M2, 4TO npoTH­
Bope4HT 3Ha4eHH~ K03¢¢HqHeHTa KOHBepCHH 3/. TaKHM o6paaoM,CnHH 
YPOBHR 1800 K3B AOnmeH HMeTb 3Ha4eHHe 312-. B 3TOM cny4ae AnR 
KacKaAa 678-1127 K38 c y4eToM A::cn., A!!cn.6wnH onpeAeneHw 
Ko3¢¢HqHeHTbl yr no·soro pacnpeAeneHHR A22 = -0, 127 ( 44) , A44 = 
= 0,031 (33), H3 KOTOPWX nony4aeTCR COOTBeTCTBY~~HH napaMeTp 
cMecH o (678), cornacy~~HHCR c I o I H3 KOHBepcHOHHblX AaHHblX 
/Ta6n.2/. 

KacKaAW 934-866, 853-947 H 678-853 K38 

CnHHW YPOBHeA, C KOTOPWMH 3TH KaCKaAw CBR3aHW, yme onpeAene­
HW. nepswA KacKaA AaeT napaMeTp cMecH 8 AnR nepexoAa 866 K38, 
a H3 OCTanbHblX KaCKaAOB nony4aeTCR napaMeTp CMeCH AnR nepexo­
Aa 853 K3B. B cny4ae nepexoAa 853 K38 cornacHe c KOHBepcHoH­
HblMH AaHHblMH Ha6n~AaeTCR TOnbKO npH YABOeHHOH OWH6Ke 8 H3 ay, 
/Ta6n.2/. Ho nOCKOnbKY B HaweA pa6oTe o6a nony4eHHWX 3Ha4eHHR 
8(853) BeCbMa 6nH3KH /Ta6n. 1/, cneAyeT, no-BHAHMOMY, OTAaTb 
npeAn04TeHHe HaweMy peaynbTaTy. 
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KacKaAW 946-442, (416-946)+(416- ... -947) 
H (946-169)+(169-947) K38 

Bee npHBeAeHHWe KacKaAW CBR3aHw C COCTORHHeM 2063 K38, CnHH 
KOToporo MOmeT npHHHMaT~ 3Ha4eHHe 112- HnH 312-1 51. Ha aHanHaa 
senH4HHW A22 AnR KacKaAa 946-442 cneAyeT, 4TO Irr= 312- H L = 
= 1,2 AnR nepeXOAa 946 K38 He COBMeCTHMbl. TaKHM o6paaoM,CnHH 
YPOBHR 2063 K38 OAH03Ha4HO onpeAenReTCR KaK 112- H AnR nepexo­
Aa 946 K38 MW nony4aeM HHTepsan AOnyCTHMWX 3Ha4eHHH napaMeTpa 
8 ' KOTOPblH He npoTHBope4HT AaHHblM KOHBepCHH /Ta6n. 2/. npH I IT = 
= 1;2- K03¢¢HqHeHTW yrnosoro pacnpeAeneHHR BToporo KacKaAa 
AOnmHbl 6b1Tb paBHbl Hyn~. HawH 3KCnepHMeHTanbHble AaHHble nOATBepm­
Aa~T 3TOT BblBOA. 06pa60TKa AaHHblX no TpeTbeMy KaCKaAY npHBOAHT 
K TaKOMY 3Ha4eHH~ senH4HHW ~169)' KOTOpoe HaXOAHTCR B xopoweM 
cornacHH co 3Ha4eHHeM, nony4eHHblM H3 aHanHaa KacKaAa 1363-
-169 K38. 

KacKaAW 1539-442 H 1539-169 K38 

T04HOCTb 3KCnepHMeHTanbHWX AaHHWX He noasonReT OAH03Ha4HO 
onpeAenHTb CnHH YPOBHR 2655 K38. EcnH npeAnonomHTb, 4TO MYnb­
THnOnbHWH COCTaB nepeXOAa 1538 K38 eCTb L = 1 ,2 H cnHH COCTOR­
HHR 2655 K3B - 3;2-, TO 0,35 < 8(1538) < 2,5. EcnH npeAnono­
mHTb BTopy~ B03MOmHOCTb, TO eCTb CnHH 112-, TO nony4aeTCR 

l>(1538) = 2,0+ 1
,

0 HnH 0,0 < 8(1538) < 0,5. 
-o,5 

CnHHW YPOBHeA 1993, 2109 H 2129 K3B 

HHTeHCHBHOCTb raMMa-nepeXOAOB, CBR3aHHblX C 3THMH YPOBHRMH, 
HeAOCTaT04Ha AnR npoBeAeHHR KOppenRqHOHHoro onwTa B·ycnOBHRX 
Hawero 3KCnepHMeHTa. Ho Ha OCHOBe on peAeneHHblX HaMH cnHHOB 
COCTORHHH 2479, 947, 674 K38 H MynbTHnonbHOCTeA y-nepexoAOB 
H3 pa6oTbi/3/ MomHo CAenaTb cneAY~~He BblBOAbl: nocKonbKY KaCKaA 
371 K38 (El)-116 K38 (Ml) CBR3WBaeT COCTORHHR 2479 K3B 112+, 
2109 K38 C YPOBHeM 1993 K3B' . TO CnHHbl ABYX nocneAHHX MOryT npH­
HHMaTb 3Ha4eHHR 112-, 3/2- H 112-, 312-, 5;2- COOTBeTCTBeHHO. 
Ho nocKOnbKY C ypoBHR 1993 K3B HaH6onee CHnbHblH nepexoA HAeT 
Ha OCHOBHOe COCTORHHe 9;2-, TO 6onee sepoRTHO npHnHCaTb eMy 
cnHH 5;2-. TorAa cnHH YPOBHR 2109 K3B ADnmeH 6WTb paBeH 3;2-. 

YpoBeHb 2479 K3B 1;2+ pa3pRmaeTcR nepeXOAOM 351 K38 (M2) 
Ha COCTORHHe 2129 K3B, cneAOBaTenbHO, era CnHH AOnmeH paBHRTb­
CR 5/r. 

5. 3AKn!04EHHE 

B pa 6<)Te 6binH H3MepeH.bl K03¢¢HqHeHTbl yr nosoro pacnpeAeneHHR 
AnR 18 KaCKaAOB raMMa-nepeXOAOB B RAPe 211At, H3 HHX AnR 15 Ka­
CKaAOB snepBble. 
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B pe3yJ1bTiTe aHam13a Haw1-1x 3Ha4eH1-1i1 A22, fl,44 l-1 ,QaHHblX 
no K0Haepc1-11-1 3 , 4 , 14 / snepawe 3Kcnep1-1MeHTaJ1bHO 6w111-1 onpe,QeneHw 
O,QH03Ha4HO 3Ha4eHl-1R Cnl-1HOB 10 YPOBHei::i: 674 K3B 7/2-, 866 K3B 
7/2-, 947 K3B 512-, 1116 K3B 312-, 1800 K3B 312-, 1993 K3B 
5/2-, 2063 K38 1/2-, 2109 K3B 3/2-, 2129 K3B 5/2- l-1 2479 K38 
112+. Cne,QyeT OTMeTl-1Tb, 4TO Haw1-1 3aKJ1~4eHl-1R OTHOCl-1TeJ1bHO cn1-1-
HOB YPOBHei::i llOATBep>KAa~T BblBOAbl pa6oTb/ 3/' B KOTopoi::i AJ1R OAHo-
3Ha4Horo np1-1n1-1caH1-1R cn1-1Hoa 1-1cnoJ1b3osa111-1cb TeopeT1-14ecK1-1e 
n peAnOCblJlKl-1. 

OnpeAeJ1eHw TaK>Ke 3Ha4eHl-1R napaMeTpa cMec1-1 8 AllR BOCbMl-1 ne­
pexoAoB. 

B 3aKJ1~4eH1-1e aBTOpw awpa>Ka~T npl-13HaTeJ1bHOCTb K.R.fpoMOBY 
l-1 R. BaBpbllllYKY 3a nJ10AOTBOpHy~ Al-1CKYCCl-1~. 
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BeHOC 'JJ:, H AP, P6-89-200 
Koppemm,HH HanpaBneHm1: y-nytI~H B ~ 11At 

MeToAa.MH raMMa-~aMMa .yr.rrOBbIX Koppen.Hu;Iili Ha Y,CTaHOBKe 
c ceMbIO Ge (Li)-AeTeKTopm-rn H3MepeHbI K03qiclmu;HeHTbI yrnoBoro 
pacnpeAeneHH.f!An.fl 18 KacKaAOB raMMa-nepexoAoB~ 06pa3yro­

.mHXc.fl rcpH pacnaAe 211 Rn ..., 211At. 'B pegynbTaTe aHanH3a no­
nytieI~HbIX p;aHHbIX BrrepBbIC 3KCn~pHMeHTanMIO onpeAeneHbl OA­
H03HatIHb!C 3H'atie~m.fl criHHOB IO YPOBHCII, a TaK)Ke 3HatieHH.fl 

. napaMeTpa CMeCH o . An.fl BOCbMH raMMa-nepexoAOB •. 

Pa6oTa BbmOnHeHa B _Jia6opaTOPHH .f!AepHbIX npo6neM OH5U1. 

\ -, ", \ ! • • ' . , • • . • ~ • ,. / 

Coo6memrn 061,e.n;HffeHHor~ HHCTHTYTa H.D;eplii,1x uccne.n;oeaHHH. ,D;y6Ha 1989. 

ITepeBoA o':C.BHHorpaAOBOH 

· \r~nos_ D~ .et _al. ... · .· .. •·. \ . 
Garnrria~Gamma Directional Correlations · ·. 
in:211At ·, ·, 

.. , f ,, •• - •• ·J 

. By means of gamma.:..gamma, angular correlations• with 
a ·_multid~tecte>r. device . (seven ,-Ge (Li). detectors) angular 

. distribution coefficients hav·e been· measured ·for 18 casca;.. 
des, :of garmna::_transi~fons observed a:t 2 } 1 Rn· .... 211At. de­
cay.For the Hrst> time unambiguous spin values for · 10 le--' 
vels -w'ere. determined, as w_ell as the values· of mixing 
ramete:r', 8, fo·r eight gannna;:_tra!lsi tions. . 

..• :::rti'e:inv~stigatfo~ ~as. been perfOrmed at. the. 

of: Nuclear Problems·, JINR • 

Communication ~f th_e Join,rinstitute for Nuclear Research. Dubna 1989 ·. 


