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YpoBHH 161 Tm, eoa6y~AaeM~e npH pacna11e 161 Yb 

HccneAoeanHcb cneKTP~ y -ny4eH, KOHBepcHoHH~x 3neKTPOHoe, 
e- y - coenaAeHHH H TpexMep~x yy t - coenaAeHHH npH pacna11e 16 1Yt . 

Ha OCHOBe aHanH3a peaynbTaTOB npeAflaraeTCR H 06CY*AaeTCR CXeMa B03-
6y~AeHH~X cocTORHHH 16

9
1Yb. HaMepeHo epeMR ~H3HH ypoBHR 78,2 K38 

16 'Tm- T ~ = ( 11 2 :!5) X 1 0- c. 

Pa6oTa B~nonHeHa B na6opaTOpHH RAePH~X npo6neM OH~H . 

Coo6meHKe 06bellKHeHHoro IIHCrKryra HllepHbiX HccneaosaHHA • .Uy6Ha 1979 

Adam 1. et al. P6 · 12895 
161

Tm Level s Excited at the 161 vb De~ay 
Spectra of gamma-rays, of conversion electrons, e- y -coinciden­

cgy and three-dimensional yy t -coir.cidences were inve s tig~~ed at the 1 Yb decay. On the bus i s of res u 1 t s ~ na 1 ysed a scheme of 1 1 Yb 
excited states is proposed. The lifetime of 78.2 keV level has been 
measured: 161Tm-T'h = (112 ±5)x1Q-9c. 

The investigation has been pe rformed at the Laboratory of 
Nuclear Problems, JINR . 

Communication af the Joint Institute for Nuclear Research . Dubna 1979 
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I. BBE,l{EHHE 

HsoTon 
16I~ 6an BneEBUe o6HapyaeH H.~aMOM H ~./I/, orrpe­

.n;eJieH nepPio.n; no.nypacna.n;a I I !II T I/2 = 4, 2 ( 2) MPIH no cna.n;y IDITeH­
CHBHOCTH Koe1 (~~) peHTreHOBCKHX ~e~ PI J-~eR C 3HeprHe~ 
78fl7; 140,2; 188,2; 599,8 H 63!,3 K3B, B03HH~mHX npH pacna.n;e 
I6 IJ& •. 

llepBH~ BapHaHT cxeMH pacna.n;a I6I~, BKnDq~ B ce6R mecTb 
~BHeH c sHeprHe~ 78,2; 638,7; 647,9; 678,1; 709,6 H II80,7 KsB 

1Jr~. 6an rrpe~oxeH B pa6oTe 121. 
B HaCTO~e~ pa6oTe HCcne.n;OBanHCb CITeKTpH 1-~eH, KOHBepcH­

OHHHX 3~eKTPQHOB, e-1-coBna.n;eHP!H H TpeXMepHHX JJt -COBna.n;eHP!H 
npH pacna.n;e I6Iyg . r~ OCHOBe aH~3a pe3l~bTaTOB rrpe~araeTCR H 
06CYJK.n:aeTCR CXeMa B036YJK,ll;eHHHX COCTORHHH 61.1'm., B03H~ npH 
6eTa-pacna.n;e 161 YR. • 

2. YCJIOBI!il 3KCIIEP.l1MEHTA. 3KCIIEPI1MEHTAJibH!iE PE0YJihTATU 

2.1. llpHrOTO~eHHe HCTO~ID{OB 

He!TpoHo.n;e~HHe H30TOTIH pe.n;KoseMe~bHHX s~eMeHTOB no~­
~HCb B pearuumx pacllleWieHM TaHTMa (ra4JHM) llpoTOHaMH C 8HeprH­
e~ 660 MaB Ha CHHXpoiUUUioTpoHe Jia6opaTopHH R.n;epHHX npoMeM OWlli. 

MmneHH TaHTMa (r$M) B BH.n;e MeT~eCKOH \flo~brH TO~OH 
50 MKM H BecoM -0,5 r o~~cb Ha mme.n;eHHoM IIy'U(e(~r~O,I MKA) 
CHHXpoiUUUIOTpoHa B TeqeHHe 5-IQ MIDI. 06~eHHHe MmUeHPI TpaHcnop­
TlipoBMHCb TipH ITOMOillH ITHeBMOuoqTH H ITOMe~HCb B HOHHHa HCTO~. 
C TIOBepXHOCTHOM HOHH3aqHeH/3/3H8XTpOMarHKTHOrO Macc-cenaparopa/4/. 

3 



ITpo~yKTH H~epHHX peaxUHR pac~enneHHH raaraxa (ra¢HHH) pas~e­
~HCb rrpH ITOMO~ MaCC-cerrapaTOpa ITO H306apaM no MeTO~, OnHCaH­
HOMY B pa6oTe / 5 • llpH HCC~e~OBaHHH cneKTpoB 1-~eH ~ rro~e­
HKR HCTO~KKOB I6I~ HCnO~b30~aCb MHW8Hb H3 raWliHR. B 3TOM 
c~ae no~eTCfl ~ee COOTHOW8HH8 BHXO~a H30TOnOB HTTep6HR no 
CpaBHeHHID C BHXO~OM H30TOnOB TY~ / 6/. B OCT~bHHX C~ HC­
c~e~OBaHHH HCITO~b30~acb MHW8Hb H3 TaHT~a. 

~MepeHHR ~HOaKTHBHHX RCTO~HKOB H306apH A = I6I Ha~a -
~HOb cnyCTfl 5 MHH ITO~e OKOHqaHHR 0~8HHR, a B ~e HC~e~O­

BaHHR crreKTpoB e1-coB~eHHi cnycTR IO MEHYT. 

2.2. Hc~e~oBaHHe cneKTpoB 1-~efJ. I6Iyg 

CrreKTPH 1-~eil R3Mep~Rcb rrpn ITOMOmH crreKTpoMeTpoB c no~­
npoBO~HKOBHMH ~eTeKTOpaMH (ITUll) -~e(kL)-~eTeKTOpaMH C qyBCTBH­
T~bHHMH o6~eMaMH 0,5 CM3 c paspemeHHeM 0,8 K3B rrpH EJ = 122 K3B 
57co z 4I cM3 c paapemeHHeM 2,4 KaB rrpn EJ = I332 KaB 60co. CneK­
TPH HaKa~~cb B 4096-KaH~bHOM aH~xsarope AH-4096, sanncHBa­
~cb aa MarHHTHYID ~eHTY H o6pa6aTHBanHCb Ha 3BM HP-2II6C. 

Ha pzc. I z 2 npe~cra~eHH crreKTPH 1-~eft zso6apH A = I6I. 
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HOMEP KAHAJIA 
PHc.I. YqacroK cneKTpa 1-~eil I 61Yl (Rso6apLI A= I6I), noJIY'IeH­
HHil npz R3MepeHRR Ha crreKTpoMerpe c Ge (.L..:)-~eTeKTOpoM c qyacr­
BRT~bHHM 06~eMOM 0,5 CM9
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PHc .2 CneKTP 1-~efJ. I 6I YC (zso6apLI A = I6I), rro~el!HllH npz 
H3M8peHHH Ha CIT8KTpoMeTpe C ~e(k~)-~eTeKTOpoM C qyBCTBHTe~bHHM 
06~eMOM 4I CM3

• 

B H3MepeHHHX cneKTpax 1-~efJ. nOMHMO qoTOnRKOB 1-~eH I6I~ Ha6-
~eHLI qoTonHKH 1-~eft I I~~i I 6IEr H B He6o~bmoM Ko~ecTBe 
coce~KX zso6ap. r~-~ I 6 jr~ z I 61&r ~eHT~~Rcb 
cor~acHo pa6oTaM /? • 8 • raMMa-~, B03mmBDIIJ!e npH pacrra,n;e I 61st 
~eHT~~~RCb TIO cna,n;y KX HHT8HCRBHOCT8H B HeCKO~bKKX cepH­
HX H3MepeHHi cneKTpoB RS06apLI A= I6I. 

3HeprRR 1-~efJ. orrpe~e~cb npR H3Mepe~ cneKT~B zso6a­
PLI A = I 6I BMecre c ~R6poBO~ xcro'IHRKaMR 9/ - I :Sa, I82j4, 
IIO"'..Ii• I52cu H 226~a.. KpRBLie ai,MJeKTHBHOCTH perxcr~ 1-zs­
~eHHR t;e(i~)-~eTeKTOpaMH orrpe~~Cb C KCITO~b30BaHR8M CTaH­
~apTHHX HCTO~HKOB H OnHCi¥QiRCb aH~xqecKOH ~efJ. C meCTbD 
rrapaMeTpaMH1 KaK B pa6ore 10 • 

Orrpe~e~eHHe HHTeHcKBHocTH aHHHr~oHHoro R3~eHRR rrpoBO­
~ocb B crre~bHOM OTIL!Te B orrpe~~eHHOH reoMeTpRR C OKpy.EeHHeM 
HCTO~HKa ITOr~OTRT~eM H3 CBRHUa ~ ~ee 3~KTKBHOH OCTaHOBKH 
n03HTpoHOB. 
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Ta6Jrzua I 

3HeprHR H HHTeHCKBHOCTH J-JIYT:IeH, B03HHK8.l!IIUIX np:H paciia,l(e l 6!Yb 

EJ( 4 EJ) KaB 

K"- ~m) 
I8,9 
70,90(10) 
78,20(3) 

140,25(8) 
!44,43(6) 
!59,67(18) 
!6!,85(15) 
!88,28(5) 
192,26(14) 
197,7(5) 
222,47(20) 
261,2(3) 
266,0(5) 
298,45(15) 
3!0,3(3) 
314,70(!5) 
318,63(18) 
330,!0(24) 
344,72(28) 
359,92(17) 
381,03(14) 
4!0,44(!7) 
443,02(24) 
458,22(!6) 
47!,00(!0) 
5II 
5!9,12(20) 
532,91(23) 
536,6(3) 
550,0(5) 
552,!(5) 
555;50(15) 
560,48(20) 
566,92(22) 

:J J(A'JJ) 

530(40>a) 

. ~17(8) 
2bU(20) 
21,5(20) 
35,0(40) 
4,5(!0) 
5,3(!0) 
27,2(20) 
4,4(4) 
0,3 

!,8(3) 
1,8(5) 
6,0(20) 
10,3(6) 
3,4(6) 
20,3(8) 
4,9(4) 
2I,O(I3) 
II,O(IO) 
8,5(6) 
!2,6(6) 
9,4(7) 
3,!(5) 
2!,8(8) 
12,6(?) 
222(30)6) 
4,8(5) 
4,8(7) 
3,3(7) 
2,0(6) 
2,0(6) 
II,I(6) 
16,2(12) 
5,4(7) 

EJ( 4 EJ) KaB 

569,73(14) 
599,88(!0) 
63!,45(!0) 
64!,22(21) 
644,9(4) 
659,10(!4) 
690,75(20) 
7!4,9(4) 
722,!5(23) 
730,9(5) 
745,6(4) 
77!,24(28) 
?8!,2(3) 
789,47(27) 
793,02(23) 
800,45(28) 
805,24(24) 
813,15(28) 
816,5(3) 
823,5(5) 
842,7(3) 
959,6(4) 

1007,2(4) 
IOI8,5(4) 
!022,0(4) 
!038,2(5) 
1042,7(4) 
III?,3(5) 
II45,6(5) 
Iit6?,I(6) 
II82,5(5) 
1364,9(5) 
1517,8(5) 
1805,8(15) 

:fJ'IJJJ) 

43,2(20) 
197,5(92) 
105,5(4,6) 
4,2(5) 
3,4(7) 

. 24,6(10) 
8,2(7) 
4,0(7) 
5,7(8) 
2,0(7) 
1,9(5) 
3,5(6) 
4,3(8) 
4,3(5) 

9,3(6) 
7,5(!0) 
5,4(6) 
3,0(4) 
2,3(4) 
1,8(6) 
4,5(6) 
3,2(7) 
7,0(8) 
6,2(6) 
3,9(5) 
3,5(6) 
7,7(6) 
3,6(9) 
7,3(7) 
4,5('7) 
6,4(7) 
7,3(7) 
7,2(9) 
4,6(!0) 

a) 3HatJeHRe HHTeHCKBHOCTH K d.. (J""m ) B3SiTO H3 pa6oTH /1/. 
6) 3HatJeHRe HHTeHCRBHOCTH aHHRrRRSiUROHHOro HSJIYT:IeHHH I6Iyb. 

6 

Pesy~TaTH aHaH:Hsa cneKTpoB 1-JIYT:Ieik. cBe~eHH B Ta6Jrzue I. 
06HapyxeHo 67 1-nepexo~oB, npHHa,IVIeJKB.IIlHX pacrumy 161 !II . 

2.3. HcCHe~oBaHHe cneKTpoB KOHBePCHOHHHX a~eRTpoHoB 

H3MepeHHe Cll8KTpoB KOHBepcHOHHHX a~eKTpoHOB npoBO~OC~ npH 
noMOI!lH cneKTpoMeTpa c Si. (i..:.)-~eTeKTopoM To~oi! 3 MM, MOIIIB.lU>IO 
!50 ~ z paspemeHHeM 2,2 KaB B o6JracTH Ee = IOO KaB,n 6e_re~es­
Horo 6eTa-cneKTpoMeTpa C TOpo~anbHHM MarHHTHHM no~eM /!! • 

O~OBpeMeHHOe RSMepeiD!e Cll8KTpoB KOHBepcHOHHHX a~eKTpoHOB ll 
1-JIYT:IeR npH llOMOmH nnn ll03BO~HHO onpe~~Tb MY~bTHTIO~bHOCTH Hec­
KO~bKHX nepexo~oB, npHHa,IVIexamHX pacrumy 161~oTHOCRT~HHM Me­
TO~OM no 1-nepexo~a.M, B03H!IIKall!IBM npz paciia,l(e 161.rm. /7 • B Ta6-
~e 2 npRBe~eHH llOJIYT:IeHHHe 3HatJeHHH K03~8HTOB BHyT£8HH8R 
KOHBSpcRH H BHBO~ 0 MY~bTHllO~HOCTH ~ 8 nepeXO~OB B 6~~. 

Ta6JIRUa 2 

3HatJeHHH KOaqxpRUReHTOB BHyTpeHHeA KOHBepcHR (KBK) R BHBO~ 0 
MY~bTHTIO~bHOCTH nepexo~oB B 16Isr~ 

E;. K3B 

I8,9° 1 

78,206) 
140,25 
144,43 
188,28 
314,?0 
330,10 
599,88 
631,45 

KBK aJ 

0,12 
K I,? 
K I,I 
K 0,20 
K 0,12 
K 0,12 
K 0,02 
K 0,023 

My~bTHllO~HOCTb 

EI + 0,2% M2 
EI, E2, MI 
EI, E2, MI 
EI, E2 
MI, (E2) 
MI, (E2) 
MI(E2) 
MI(E2) 

a) IIorpemHOCT~ B onpe~e~eHHR KBK cocTaBJIRJia z 30%. 
6 ) HHTeHCRBHOCTb J MIS, 9 H J K78 , 20 onpe~eJISJJiacb npn 

H3Mepe~ Ha 6eTa-cneRTpoMeTpe C TOpo~~bHHM MarHRTHHM 
no~eM /II/. 

HHTeHCKBHOCTb KOHBepCROHHHX 3~8RTpoHOB rrepexo~a C aHeprRei! 
18,9 xaB onpe~eJISJJiacb H3 cneKTpa, H3MepeHHoro npR noMOI!lH ~esze­
~esHoro 6eTa-cneKTpoMeTpa. IIpH pactJeTe 6~ca HHTeHcRBHOCTel 
cxeMH paciia,l(a 161 Yl npmniMaJIOCb, tJTO nepexo~ c aHeprReit I8, 9 
KaB TRna E2 (CM.Hmte). 
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2.4. HccJie,n:oBaHHe cneKTpoB 1-1-t -coBna,n:eH:ait 

,lJ,1m HCCJie,n:OWM cneKTpoB f>IHOroMepHHX COBna,n:emrli HCTIOJII:.30Ba­
JiaCI:. ycTaHOBKa /I2 c ,n:Bywr Ge ().o. )-,n:eTeKTOpaMH c '!YBCTBHTeJII:.HHM 
06'beMOM 4I CM3 H 48 CM3 C pa3pemeHl1eM 2, 4 KaB H 2, 8 KaB npH E 1 = 
I332 K3B 6°Co, COOTBeTCTBeHHO. BpeMeHHOC pa3pemeHHe annapaTypH 
COCTaBJIHJIO 25 .I0-9c. CneKTpH COBna,n:emm perHCTplqlOBaJIHCI:. B MaTpH­
ue 4096x4096x4096 KaHaJIOB H 3aTIHCHBaJIHCI:. Ha A~HHTffYID JieHTY 3HA 
HP2II6C, CfPTJqlOBaJIHCI:. H o6pa6aTHBaJIHCI:. no MeTO,n:HKe, OllHCaHHOH B 
pa6oTe 7I2 • Ha pRCYffKe 3 TIOKa3aH BH6pa.HHHH H3 MaTPHUH crreKTp 3a­
,n:e~ coBna,n:eHHit 1-~eit c 1-~ c aHeprneit 78,2 KaB. 
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HOMEP KAHAJIA 

Pnc.3 CneKTP 3a,n:e~ 1 78,20 - 1-coBna,n:eHHii. 

l13 aHaJIH3a BpeMeHHoro pacnpe,n:eJieH¥m coBna,n:eHHit 1 78,20 KaB 
c 1-J'Pf'qaMH I 6Iyg oueHeHo 3HaqeHne ne~Ho,n:a noJIYPB.cna,n:a B036~ -

.n:eHHoro ypoBHH c aHeprneit 78,2 KaB I 6 Jr~ : TI;2= I40(20)xio-9 c 
(pHc.4). 

• 

.. 
50 

m 
~ 10 

~ 
I .K8H = I3,3 HC 

I . 
T1/2 = 140±20 HC 

90 100 110 120 
HOMEP .KAHAJ[A 

Pnc.4 KpKBaR BpeMeHHoro pacrrpe,n:eJieHRH (/78,20-1599,88)-coB­
na,n:emut, rroJiytieHHM rrpn o6pa6oTKe 1-1-t -coBna,n:emrtl. 

B Ta6Jinue 3 CBe,l{eHH pe3yJI:E.TaTH o6pa6oTKB MHOroMepHHX CITeKT­
poB 1Jt -COBna,n:eHitlt. 

2.5. lfCCJie,l{OBaHRe cneKTpoB e/-COBna.rteHKI 

lfsMe~H~ crreKTpoB e/-COBTia,n:eHd npoBO,l{JtiiHCI:. npH llOIIO!llil 
YCTaHOBKB / 13 , C03,l{aHHOl Ha 6a3e 6esxeJie3HOro 6eTa-cneRTpoMeTpa 
C TOpoR,n:aJI:E.HHM Mal'HHTHHM llOJieM /II/ H cneRTpoMeTpa C fDe(J.t )-.n:e­
TeRTOpoM C ~BCTBHTeJII:.HHM 06'beMOM 35 CM3 (aHepreTxqecROe paspe­
meHBe 3,5 KaB npH El = 1332 xaB 60eo). BpeweHHoe pa3pemeHHe yc­
TaHOBKH COCTaan&no 50 X I0-9c. 

lfsMepeHHR cneRTpoB e1-coBna,n:eHHI ~c:E. no~ca c Horr~­
soBa.HxeM meCTH HCTO~HKOB B RaX,n:OM ~e (pHc.5). 

HH!fx>PMB.IU!H HaKaiiJiliBaJiaci:. B rraMSITx 4096-.K8Ham.Horo aMIIJIRTy.n:­
Horo aHaJIH3aTopa ICA-70 c BHBo,n:oM Ha ~porre~T:E. H nJIOTTep. 

Ha pxc.5 npne.n:eHH cneRT~H coBna,n:eHd 1-~e!. c aJieRTpoHaJQt 
K 78,20 , K I44,43 n M I8,9 I Iyg , a Truate cneKTP /-J'Pf'qe! Hso-
6apH A = I6I (BBepxy). Ha aTOM lite pHCYHKe noxasaH Y'ffiCTOR cnelt'l'-
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Ta6JIHUa 3 

PesyJibTaTH aHaJIE3a cneKTpoB JJt -coBn~eHRH rrpH pacn~e 161 

El, xaB E,, KSB :; Jhxcn. 
a) J JJpacTf.. 

6) 

~epxaHHHe (J 78,20 - J ) COBTI~6HHR 
78,20 560,48 -8,5 10,0 

569,73 25,8 26,7 
599,88 122,0 : 122,0 
631,45 64,3 65,4 

MrHoBeHHHe 11-coBrr~eHHR 

!44,28 266,0 N 3,2 6,0 
298,46 159,67 -2,8 3,5 
569,73 532,9! N 6,8 4,8 
63!,45 47!,00 II,7 : II,7 

a) llorpemHOCTH B orrpe,neJieHHH HHT6HCHBHOCT6H COBTI~6HHH COCTaB­
JISDOT 20% .Il)I.Il HHTeHCl'IBHHX COBTI~eHHH R ~50% ,IT)!.fl CJIYTf.aeB COB­
ll~8HMH, o6o:maTf.eHHHX - . 

6) PacTf.eTHHe sHaTf.eHRR :r11 no~eHH corJiacHo npe.nnoxeHHOMY HaMH 
BaJlHa.HTY cxeMH pac~a 161 YB 

pa KOHBepCHOHHHX 8JI6KTp0HOB H306apH A = 161, H3MepeHHHH Ha 6es­
XeJI63HOM 6eTa-cnexTpoMeTpe (BBepxy cnpaBa). 

B Ta6Jr:I{Ue 4 npHBe,neHH OTHOCHT8JibHHe HHTeHCRBHOCTH 1-JIYTf.eH, 
TIOJiy'1.6HHH8 H3 aHaJIR3a CTI6KTp0B eJ-coBrr~eHHM, s,necb ~e ,naHH HH­
T6HCHBHOCTH, paCCTf.HTaHHHe H3 npe,IT)!araeMOM HaMH CX6Mll pacn~a 
I6I Yi. 

KaK BH,nHO 1'13 pHc.3 H 5, Ta6JIHU 3 H 4 pesyJibTaTH e1-COBTI~e­
H~ xopomo corJiaCJDTCR c ,naHHHMH aHaJIHsa 11-coBn~eHHM (]78,2-J). 

2.6. HcCJie,noBaHHe BpeMeHR ~3HR ypoBHR c aHeprneM 
78,2 KSB 161~nt 

HaMl'l RCCJie,nOBaJIHCb B£eMeHHHe £acrrpe,neJieHHR COBTI~eHHM npH 
pac~e Hso6apoB 161yg - 61g-m - 61c,. i<ax MeTo,noM JJt -coBna­
.neHltlt (J 78,2-J- t ) , TaK H M6TO,nOM COBTI~eHHM J-JIYTf.eH (EJ>30 KSB) 
c SBK K 78,2 161Yl + 1..27, 9 161S'"m, npn rroMoll1l'l ycTaHoBKll: 1131. 
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Ta6Jr~ 4 

PesyJibTaTH aHaJIH3a cneKTpoB eJ-coBn~eH~ 
npn pacn~e 161 YB 

KoHBepcHOHHHe 
8JI6KTp0HH E,, KSB 
nepexo.noB 

1eJ aKcn.a) 

~ep~e . e1-coBn~eHHR 

I{ 78,20 560,48 2,7 
569,73 II,2 
599,88 37,5 
631,45 19,5 

MrHoBeHHHe eJ-coBn~eHHR 

I{ 144,43 266,0 ~1,7 

298,46 -2,5 
458,22 ~ 2,8 

M 18,9 140,25 ,.. 1,6 ' 
659,10 ~3,3 

690,75 .... 2,6 

1
61 

pac'1..6) 

3,0 
7,9 

36,3 
::19,5 

1,5 
:2,5 

2,9 
::3,3 

1,1 

a) llorpelliHOCTl'l B onpe,neJieHHH HHT6HCHBHOCTeH COBTI~eH~ 
J-JiyTf.eM C K 78,20 COCTaBJIRIDT ~20% , ,IT)IR COBTI~eH~ C 
K 144,43 H M 18,9 -50%. 

6) PacTf.eTHHe sHaTf.eHHR I 6 y no~eHH corJiacHo npe.nnoxeHHowy 
0 I6Iuo HaMH Bapl!aHTY cxer.m pacn~a v6 • 

Ha pl'lc.6 npe.ncTaBJieHo BpeMeHHOe pacnpe,neJieHHe (K 78,2 

I61 YC + l. 27,9 161:Tm.) }-coBrr~eH~. JleBbiH CKJIOH xapaxTepnsyeT 
BpeMR lKH3Hl'l ypoBH.fi c SHeprHeif 189 KSB 161c, (T1; 2 = 73(3) X 
I0-9 c), npaBbiM CKJIOH Kpl'IBOH xapaKTepl'lsyeT B~eMR ~3HR ypoBHR C 
:meprHeH. 78,2 ItsB ISiym (T1; 2 = II2(5) X 10- c). O~eH.Ka T1/2 
ypoBHR 78,2 rtsB 161srm, rroJIYTf.eHHaR lis aHaJIHsa JJt -coBn~eHd 
(pnc.4) 1 He ITpoTHBOpeTf.HT STOMY pesyJibTaTy • 

Ha pnc.5 BBepxy (cnpaBa) TIO.Ka3aH YTf.aCTOK CTI6KTpa 3BK H306a­
pb1 A = I6I. 

II 



,-
i! '150 

~ 

PHc.6 

••' 

i 
.a1 

.. ~~ 

' ~"I 
J~ I . '~ 

l
H fw@S 

' I" ~~~: :r& 
0 .. ... 

JOD HOH(:p kAHAJIA 

.... 2000 

161yb-.l61rm-.l6~r 

cmopm: NaJ(Til,f60•5•"' 
)'!Ef•30Ka8) 

cmon: CT2 
K78.2!161Ybi•L27.9(61rmJ 

PHc.5 CrreRTp 1- H e/-coarr~e­
Hd 1-~ett. rrp:a pac~e 16 Y/. 
a) CrreRTp 1-~e~ :aao6apu 

A = I6I; 
6) CrreRTp aanepzaHHHX coa~e­
~ 1-~e~ c K ?8,20; 

B) CrreRTp MrHOBeHHHX coarrane­
H~ 1-~e~ c K I44,43; 

r) CrreRTp MrHOBeHHHX COB~e­
HRH c M I8,9 BBepxy,cnpa­
Ba - Y'JaCTRH CTI8KTpa 3BK 
zao6apu A = I6I, R3MepeHHHe 
C HHTepBanOM ~t = 6 MHH. 

f • ::J r- .,.liMN .I-L27%1'"'vb4~ 
T112•?J tJIIC 1f 71.2 112MC (-K78,2 

T1/2=112t5wc 

~
~. ~~:. ''""" 

144 
sg 
0 12'10(. 

E• 

~ 70 ~ 

11 HC/KOIIQA 

110 100 110 KAHAAbl 

K~RBaJI apeMeHHoro pacnpe.ne.n:eHIDI ( 427,9 IGI~+K ?8,2 
I~) 1(E1 ~30 KaB) coarra.neHID! rrpH pacrrane zao6apu 
A = I6I. CnpaBa, BBepxy - Y'JaCTOK crreKTpa 3BK zao6apu 
A = I6I. 

12 

• 

J, OEC!:YJK.UEHI!E PE3Y JlbT ATOB 

3.1. CxeMa pacrrana 161 YI-I6I$"n 

Ha OCHOBe aHaJIH3a CIIeKTpoB 1-JIY'IeH, 3BK, 11t , MrHOBeHHHX 
H aa.ne~~aHHUX e1-coarra.neHHH HruAH npe~araeTCH cxeMa pacna.na 
16I YC - 161.rm.. llpH cocTaBJieHHH 6a.n:aHca HHTeHCRBHOCTeil: cxeMH 
pacrra,na ~H OTHOCHT8~bHO BHCOK03HepreTHq8CKRX nepexo,nOB II£HHHMa­
~OCI:. J TIO~H ;; J1. TJ¥e,nrro~arM, lJTO B OCHOBHOe COCTOHHHe 6I:rm 
He H,neT 6eTa-pacna,n 6IJ(g , MH OUeHHnH H3 OTHOIDeHRSI S~+ /I4/ 
aHeprHIO pacrra.na I 6I YC paBHOH q..= 3850 ( 250) KaB. 

Ha pHc.? rroKaaaua cxeMa pacrra.n~ 161 :It, BKnRllJaDIIIM B ce6H 
ypOBHH c 3HeprHeH 18,90; ?8,20; 144,43; 159,20; 4I0,44; 442,90; 
602,65; 638,63; 64?,93; 678,IO; 709,65 H 1180,? RaB. B cxeMe 
pacrra.na nepexo.n c aueprHeH 159,67 RaB paaMemeH B .nayx MecTax. Ha 
OCHOBe aHaJIH3a MrHOBeHHHX COBrra,neHHtt. (1 298,40 1 I59,67) OH 
paaMemeH Me~ ypoBHHMH c 3HeprHeH 602,65 H 442,90 K3B. 0,nHaKO 
J 11 a Kerr. MeHI:.me J ll pactJ. • Mcxo.nH :as aToro, Mli aaRnRllJRJIH, 

lJTO nepexo.n c aHepr:ae:a 159,67 RaB c~oKMHH. B cxeMe pacrra.na He 
paaMemeHo < 20% no HHTeHCHBHOCTH 1-rrepexo.noa. Ma aHa.n::aaa HHTeH­
CKBHOCTH KX-H3~Y'JeHHH MO*HO c.ne~aTI:. aaKnRJlJeHHe o B03MOXHOM cy-

(3/fl~ 
tJr2•J. ~2 

7&523171 
(Jt2•t411J) 
711.'1404] 
l<""t....,_ll 

! 

Q<»o 

~~ 

~-t52UJ16;ab91 ~~:,250 
Op--~ 

~ 

0. 7 13 59 

5 N 
- 1!1 
i i 

~~~~ mta ~ 

ii 
Ill~~ 

~~ 1~ 53 
' ~.,2-93 5.9 ~ 
\'--<).>0.68 25 62 

12.65 4JJ 59 

j?:22 \4 6.6 
\7 6.5 

i' .. 
s~~ 
¥l;l~__.-; ·m M ~ 
•II~ 
illli. 

-· 

7tl20 <Sii >li1 !n2•5l•o 
18.90 q2 59 
0 

69T"'92 Ef<J81 f;ll'll 1cqt 
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PHc.7 CxeMa pac~a 

.161y1_I6Ig-m. 
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11{8CTBOBaHRH BllCOKOB036rneHHHX COCTO.IIHH1i I 6I9"m , 3aM8THO aaceJI.l!­
eMHX rrp:H 6eTa-pacrra,ne 6I YC • 

3.2. ~eHT~~ COCTOHHRft I6Isr~ 

ITo aHaJIOrRH C SI,IWaM:H C Jl = 91 /I5/, rrpe.n;IIOJiaraeM, 'ITO OCHOB­
HOe -cocTomrxe I 6I Yl :HMeeT KBaHTOB!le xapaKTepncTHKH 3/2-/527f. 
CIIHH OCHOBHoro COCTO~~ I6~nl:H3MepeH 3KCTpeMOM H ~OM I6/ :H 
paBeH 7/2. B pa6oTe ? OHO :H.ll;8HTH~HU:HPY8TCH KaK COCTO.IIH:H8 7/2+ 
I 404/. B6JI:H3H cocTomrM 7 /2+ I 404 I B coce.D;HKX SI,IWax, cocTORHM Ko­
;o~jX paCC'I:HTHBaJI:HCh C HCnOJih30BaH:HeM noTeHUHaJia CaKCOHa-By.n;ca 

I .,:HMenTCH COCTO.IIHM 7/2-/523/. 0.D;HaKO COCTO.IIH:He 7/2, 7/2-
/523/ He MOX8T 6HTh OCHOBHHM COCTO.IIHHeM f 6Ijr,n , TaK KaK npH 6eTa­
pacna,ne I

6
IS'm C OTHOC:HT8JihHO MaJIO~ Be~HT,OCThiD 3aCeJIHDTCH COC­

TO.IIHM poTa.IUIOHHO:If noJIOCH 5/2-/523/ I 6 e,. ?/ (6oJinWHe 3Ha'leHM 
lo~ ft ) . KBaliTOBHe XaPaKT8pHCTHK:H 7/2, 7/2-/523/ Mb1 rrpHIIHCHBaeM 

COCTO.IIHHID C aHeprHeH 78,2 KaB I6I~m. 3To CJI8.D;y8T H3 cpaBH8HRH C 
COC8.D;HHMH Jl,IWaM:H TYJIRH: H3 3Ha'leHHH 3HeprRH H BpeMeHH XH3HH STO­
re ypoBHH, paapK&aeMoro THIIH'IHHM EI-nepexo.n;oM 7/2-/523/ •7/2-
/404/ /I?/. 

B 6JIHXa~eM SI,IWe I 65srn1 cocTOHHHe 7/2-/523/ c aHeprHeii: 
I60,47 K3B lf.D;8HT~Hq~BaHO KaK B H.D;8pHHX £eaKUHRX, TaK H npH 
6eT,-pacna,ne I 65 Yl /I I. IIEH 6eTa-pacna,ne 63 Yl aBTOPH pa6oTH 
/I9 COCTO.IIHH8 7/2-/523/ I 3sr~ lf.D;8HTH~HUHp0BaJIH np:H aHeprRH 
86,95 KaB. AH.n;peR'ieB H .n;p/I?/ XaPaKTep aaBHCHMOCTH B(EI) OT 
Maccoooro 'IHCJia A nJIH nepexo.n;oB 7/2-/523/ ~7/2+/404/ o6~HCHH­
IDT rrpe.D;IIOJI0~8HH8M 06 H3M8H8HHH B8JIH'IHHH reKC8,I(8KanOJihHO~ .n;e~p­
Ma.IUIH. ~r H .n;p./20/ Ha OCHOBe B8JIH'IHH SHeprHH B036~eHHHX 
COCTO.IIHHH B H.D;pax TYJIM 165.f"m + I7I,1'm TaKJKe .n;eJiaiDT 3aKJIJO'!eHHe 0 
TOM, 'ITO H3M8HH8TCH 3Ha'l8HH8 reKCa,I(eKanOJihHO~ .n;e~pMaqHH, a Be­
JIH'IHHa RBa.D;pynOJihHOH .D;e~pMaqHH OCTaeTCH npH6JIH3HT8JihHO ITOCTO.IIH­
HOH. IIoJIYlleHHHe HaMH sHa'leHRH B(EI) = 4,9xio-9e2 .6apH H ~Top 
TOp.to&eHRH no BalcKorrq,y tw(EI) = I, 2xro6 nJIH nepexo.n;a c aHepr:H­
el 78,2 KSB He npoTJIBOpe'laT STOMy 3aKJIID'I8HHID. 

BBe.D;eHHOe HaMH B036yz.D;eHHoe COCTO.IIHHe l 6I.1'tn c aHeprneR 
18,9 RaB BepoHTHee BCero MOXHO HHTeprrpeTHpoBaTh KaK COCTO.IIHH8 
3/2+/4II/, JIH60 5/2+/402/. 0.D;HaKO nJIH O.D;H03Ha'IHOH H.D;8HT~~ 
He06XO.D;:HMO npoBeCTH .D;OnOJIHHTeJihHHe SKCnep:HMeHTH no orrpe.n;eJieHHID, 
no RpaiHeH Mepe, MYJihTHIIOJihHOCTH nepexo.n;a I8,9 KaB H H3MepeHHID 
BpeMeHH ZH3HH 9TOro COCTO.IIHHH. 
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MyJihTHIIOJihHOCTH nepexo.n;oB c aHeprHeii: 599,88 H 63I,45 RaB 
YKa3HBaiDT Ha TO, 'ITO COCTO.IIHHH C 3HeprHeii: 678,08 H 709,65 K3B 
HM8IDT OTPHUaT8JihuyiD 'l8THOCTh. 3Ha'leHHH lo~ jt He npoTHBOpe'laT 
BHBO.D;y 0 KBaHTOBHX xapaKTepHCTHKaX 3/2-/52I/ OCHOBHOrO COCTO.IIHHH 
I6I yg. 

CocTO.IIHHH c aHeprHe:lf BHme 600 KaB 

J!O B8JIH'IHHaM 3Ha'l8HHH lo3Jt )J)IH 6JIH3JI8lKaii{HX ypoBH8H B 06-

JiaCTH 600-700 KaB MOlKHO C.D;eJiaTh rrpe.D;IIOJIOJK8HHe, 'ITO OHH HBJI.l!IDTCH 
~parMeHTHpOBaHHHMH COCTO.IIHHHMH. 

a) B CJiyqae rrepexo.n;oB c aHeprneii: 599,88 H 631,45 KaB THIIa 
E2 CIIHHH H 'l8THOCTH ypoBHeH C aHeprHeR 678,08 H 709,65 KaB 6y.n;yT 
J7-= 3/2-. HaH60Jiee BepoRTHO:If npHM8ChlO B 3T~ COCTO.IIHHRX RBJIReT­

CR /523/ + Q.zfl.• 0.D;HaKO, KaK lf B CJIYllae I 63 .rm 2I/ t Tpy.D;Ho IIOCTpo­
HTh TaKOH BH6panROHHHH ~HOH B MHKpoCKOIIH'I8CKOH MO.D;8JIH, 'IT06H 

06MCHHTh MaJIH8 3Ha'l8HRH fo~jt . 
6) EcJIH JKe rrpe.n;noJIOXHTh, 'ITO MyJihTHIIOJihHOCTH nepexo.n;oB c 

aHeprHeH 599,88 H 63I,45 K3B THIIa MI, TO B03MOJKHa IIpHM8Ch BO~O­
BHX ~yH~H 5/2-/523/ B 8THX COCTO.IIHHRX ITO aHaJIOrHH c I63,r~ 2I/. 

B) MCXO.D;R H3 3Ha'l8HHH fo~ft , MOlKHO rrpe.n;IIOJIOJKHTh, 'ITO B 
3TOH o6JiaCTH aHeprHR ~parMeHTHpoBaHa BOJIHOBaR ~H~ Tp8XKBa3H­
'18CTH'IHOrO COCTO.IIHRH { p 7/2-/523/, "'3/2-/52 I/, ,.. 5/2-/523/} • 
EoJiee BHCOK:He COCTOJlHHH l 6l !Tm. MOlKHO HHTeprrpeTHpoBaTD KaK COCTOR­
HHR C IlpHM8CblO BOJIHOBOH ~KUHH Tp8XKBa3H'IaCT~IOrO COCTO.IIHHH C 
K 1<: = I/2- n mr6pauHoHHHX cocTo!lHH~. CorJTacHo pa6oTe 1221, TpexKBa­

:i:. 
3H'I8CTH'IHH8 COCTOJlHHR .D;aHHOrO BH.D;a C K = l/2- .D;OJIJKHH 6HTh BHW8 
TpeXKBa3H'I8CTH'IHHX COCTO.IIHHH C K.r. = 5/2-. 

liaMH 6HJIH BH'!HCJI8HH 3HeprHH O.D;HO'!aCTH'lHHX COCTO.IIHHH H8'18THHX 
H30TOIIOB TYJIRH C HCnOJih30BaHH8M IIOT8HUHaJia CaKCOHa-By.n;ca H C yqe­
TOM rrapHOro B3ai:40,8HCTBRH. llapaMeTpH IIOT8HUHaJia 6HJIH BH6paHH B 
COOTB8TCTBHH C 23 : rJiy6HHa 110T8HUHaJihHO:If RMH ~ = 59,2 MaB, 
KOHCTaHTa CIIHH-op6HTaJihHOrO B3aHMO.D;8HCTBRH (;e = 0, 355 ¢rl, 
Ro = I, 25 qJfl! H IIapaMeTp pa3Mb!THH KpaR IIOT8~bHOH RMH o<. = 

I,63 cpr.~-I. B corJiacHH ·c pa6oToii: B.r.CoJIOBneBa 241,6HJio rrpHHRTo 
3Ha'!emre rrapHOH aHeprHH A = I, 0 MaB. Bee pac'!eTH rrpoH3BO.D;HJiliCh 
MR A = I65 rrpn pa3JIH'IHHX 3Ha'leHHRX KBa.n;pyrroJII:>Ho:li - ctz H reKca,ne­
KaiiOJinHo:ii - e4 .n;e~pMaUIDL Heo6xo.n;HMOCTb BBe.n;eHRH reKca,neKaiiOJih­
HOH .n;e~pMaUHH e~ .D;Jifl He'!eTHHX H30TOIIOB TY~HH 6HJia o6yCJioBJieHa 
aHaJIH30M rrpHBe.n;eHH~ BepoRTHOCTe:ii nepexo.n;oB 7 /2+ I 404/ ~ 7/2-/523/ 
H c.orJiacHo paOore 201. HaHJIYllmee corJiacHe c aKcnepm4eHT.OM PaHee 
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B / 20/ 6~0 ~OCTKrHJTO rrpM BH~C~8HHUX SHa~eHHRX ~ / 25/ C ~0-
6aM8HH8M K H8M,Y B8~.HtlliHH - 0,02. lfaMH JKe 6~11 ITpllliRTH SH,~emur 
~yrrO~bHO~ H reKc~eKaiTO~bHOH ~e~p~~HH,KaK B pa6oTe 26/,B 
KOTOpO~ B~HC~eHH COCTORHMR He~eTHUX HSOTOITOB TY~HR, sa HC~ro~e­
HMeM TOro, ~TO Bee SHa~eHHR C~ MH HSMeHMH Ha Be~~ - 0,02, 
KaK B /25/. 

llapaMeTpH ~e~pt~ ~H He~eTHUX HSOTOITOB TOr~a paBHH: 
A 161 163 165 167 169 I71 
ea 0,22 0,25 0,26 0,26 0,26 0,26 
c~ -0,035 -0,02 -O,OI 0 0,01 0,02. 

llpH cpaBHeHRH TeopeT~eCKHX H 3KCITepHMeHT~bHUX ~aHHUX c~e­
~eT rro,n-qepKHYTb, ~To pac~eT rrpoBO~MCH B pa.MKaX Mo~e~H HesaBH­
CHMHX KBa3~aCTKU (des ~eTa OCTaTO~Oro B3aHMO~eHCTBHH) H ~TO 

napaMeTpH ITOTeHU~a crreU~bHO He ITO~rO~HCb. HeCMOTpH Ha 3TO, 
MOlltHO C~e~aTb 3~ID~eHHe 0 TOM, 'ITO SaBHCHMOCTb pacC~HTaHHUX 
3Heprl1M OT A COOTBeTCTByeT 3KCrrepHMeHT~bHHM ~aHHHM,H ~TO 3TO 
cor~acHe He~bSH no~HTb 6ea BBe~eHHH reKc~eKarrO~bHOM ~e~pr~­
URH. 

B sa~ro~eHHe aBTopu 6~aro~apau K.H.PpoMoBy sa rroMomn H 
ueHHue saMe~aHHR, A.~.HoBropo~oBy, JO.B.JilnKeBH1JY - sa rr~roTOBJieHHe 
HCTO~KKOB. 
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