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I. BBeJt8Hl'le 

HSOTOIl 'l'YJDUi C A = 164 B TI/2 =2 MBH. 6WI 06Hsw-ea A6.1t1P'l

saxOBIiM B )ijl. /1,2/. EWro YC'l'8B'OBlIeHO, 'ftO pecmut .I.61j Tm conpo

~e'l'Cg BBTeaCHBBHM IlOSB'J.'POHHHY Bs~eHKeM C r~ol saeprBel 

(294Q±20) EaB. CpeBHeHl'lR O'l'llomeHlll! Ilprll3eJtellHHlC :aeposrrHocTel j3 -

IlepexoJtQB sa YPOBHlll 0 ReB (0+0) B 91,4 EsB (2+0) 1.64 E,.. C IIpBu

J(8)&l A.I!arJ[ /3/ B 3H8~eKlle fg H = 4,8 JUUl Ilepexo,Jt8 B ocaOBHoe 
{61f 'Tr ..... 

COCTOJDDte E,. IlOSBOJlJ!I'JIa yBepeHHO YC'l'8B'OBll'l'l>. ~o I K = 1·.1. 

JUUl OCHomoro COCTOJIH1U!: .16" E,.. • B J1 -nepexo,Jt tmJUleTOJl p8spemeH

HlDI HeS8JtepuHHLIII '1'lIIJS p(Sl~]f .... n[s.13] l . HCOJIe,JtoB8HK.lt peCll8,lt8. 

.1.64 T,., 6W111 IIpO,Jtoaem B /4-7/. B /4/ Ilo,JtTBepz,lteH8 HJteH~II;IiII[ 
i6'1 Tm. EaCBB8 B JtP. /5/ H Bp88JI H )ijl. /6/ H8 OCROBe H~eHl'lR 
CIl8RTpoB 8JleKTpoHoB mr,rrpeoel EOHl3ePClDl (3BK), IlOSKTpoHOB II 1

i6'i1i
JJ:T'iel IlOCTpoUll CXell1 p8CIl8Jt8 In • EWro ylt8a8HO H8 BOs6JlUle

HBe ypoBBel TBIf8 0+ (I246 nB II ~ 2170 EaB). Jle6yp B .za>. /7/ 
.16"", )

06H8P1DJD1 B80lfeIJIoe COCTOJDIlI:e T... C TI/2 = (5,I;tO.I IIBB. II 

BCCJle,JtO:88JDI CIleRTpil l-.1C1'f.el, 3J.I( B l-1-coBl1.B1t.eHBI lIpll p8C1l8Jte 
{6'im Q .1.6'1 .~ Tn. ,CYDleCTBeBliO ,JtOIlOJlHJ[B cxell1 ypomel E,... 

i6'! 
.Boa6JlUleHBHe COCTOJDlll:R E,.. BBTeHCBBBO aayqa.uc:& B JIJlep

ma: p8&aJ;UX (P, 2n ) /8,9/, (d,d' ) /ID/, Co(, xn) /II-I3/, 
(P, t. ) /14-17/, (n, n'! ) /18,19/ B B pe8lalDX 0 T_eJDiIIII BOB8MI: 

/20-23/ • 

B H8c'l'O.el peOOTe trpe.lC'r8llJleBH HOBIle p8s1J!l,'1'8TH '1'III8'1'e.:.u.Boro 

BCCJl8JlQ1I8IlU CIlezTpoB am B l-qv.el tIpB: p8C1l8Jte OCllOmOl'O COCTO.&

DJI ,Ui" T", • 

~; .. j~:-;'~YT I 
',.' '\o~"'~.·_\ILi!:t1~' 

http:H8c'l'O.el
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2. 10J10BIfJI sKCIIepHMeH'1'OB. Pe31.l1:&'1'8TIi 

.ItIut lIS)"leHltll oneK'1'pOB 3I:V:\ I[ 1...:1lT'1e1 IIpH paona.n;e 
f61j 

Tm 

LG"!:Ib(TI / 2 == 2,04 YBH.) MH IiIODOJII.SOB8JIJII .ilCTO'ilfBlGl (TI / 2 = 
.1.6'1 

= 75 YBH.), oo.1t8p1.8l1t1le paBiJOBeCHOe ltCl.lDt'lleOTBO T", 	• .JI.ng DOJIY"le ... 

mta: 164 ~b TaHT8JIOBlie Mmu~HIiI BeOOll 0'1' 4 ]1,0 0, 5 r 06JJrm.lmClI 

IIpOTOH8MB 0 9Heprzel 660 ~B H8 BHy"l'peHHeM (2,3 MKA) ILlIIiI BIiBe]1,ea... 

HOII ('" 0,1 IOtA) n:rme cmapotnmJIOTPOBa OHfiH. BpeMfl o6JI;y'qelWl OWXO 

0'1' 3 UOOB 1l.0 20 IIIBJIYT. 

B xalleOTBe IiIOT01IHJ/IK8 .P'S .p -coeK'1'pOrJ:8I1lOB 0 nOCTO.RHHHJI II8I'-. 

BlilTIBIM DOJIeU /24,25/ IiICIIODa0B8JI80l> ~ IiISOTODOB liI'l'TepOu, 

pa1J.ItO:JlllOl1leOKlil /26/ lIY1l.eJleljll8Sl 113 oO..,.eHHol B T8'lemte 3 UCOB 

MI!lIIemt. HcTO'IHlIB: rOTOBUC8 ueiQJlOM a.n:eKTJlOOC8lI1l.elmJl /27/ HS DJI8

TKEoBy"ll DpoBO.lloK1 ,ltHaueTpoM 0,1 IDI • .JI.ng ODelt'l'pOMe'l'poB 0 DOJI,YIIPO

BO,1UIIiIB:OBlillll: 1l.eTeKTOp8IIIiI IoIH BlIepBHe DpiDfeHSJlJil oenapiIpOl!8HlIHe DO 
/2SV i61j

MBOC8ll, Ba U8K'fpoll8l'Bll'fBOM MBcc-cenapaTOpe ,1I0'1'O'I:lB.JID Tn>. 

HcDO.D80lIUCS BHCOK08iWJe~HBBHI 'l'pJ'OUM JloiDllil 1I0T01Imt1t 0 no

Be:pIBOO'1'llOI JlOBJl88IUlei /29/. 
IIpeJglsJlOBBiIe JloCJ(QOB8Bltll CDeK'fPOB IDE BHDOJJHeHB Ba .p -cuea

Tporpa«ax 0 DOC'l'OlDlBlilf Oll;llOpoJI,BHII 1I8l'IIlI'fBIiM DOJIeM /24,25/ B 1l.IiI8

D8aOBe 8Heprd OT 311.0 3000 ltaB. Paspem8nllUI ODooo6BOCTl> AHf/H.f = 

= O,Q3..0,07 %. O'fBOCll'l'8.lI:&HBe D'l'eECllBBOCD .lDIHldt onpe1l.eJIS.lD[Cl> DO 

llJ[O'1'IIOCTJI DOllePiemt.lil /30/ C nOllOlll'l>J) IUI'l'OIIBTJl8lIpOBaBBoro ~o
MeTpI Ba JmUI'.JI 0 3BII EC-IOIO /31/. CBe1l.emta: 0 pII'JIe CJl8.0m .DlIBId 

- D().Q"1I8BIi DpI JClU8BD ao<lpueBd _ DepBnHB% PODJlllC'l'lllllEU 

H1'OJIiOM lUI'1'OplJUlorpatID 0 Dp1118Beueli pa,JUlOU'fIIlIIlol 3SS /32/ • 

Jtu IIO.lIJ"II8DJ[ lI.ODo.m:ee.u.BIiX Jl81I]IIa 0 CII8K'f}lU 3Bt IiICIIG.Do80lIUCS 

} -C08B'1'po11e2'p C S.. (L.) -.l8teK'l'OpoII, uo...eBBIDI B OJtllOpoll;llo8 

lIIl'BIl'1'IIoe Doa /33/. Pa8llepl ..e'feUOpa 801:4 ..3. paspememte _ 

A Ie - 800 sB DplI Ie - 100 nB. no.lJ'l8BBU BB\fIoJIiI8II;IIR BCDOJI:r.80:B8

.lIBOl> AU J"l'O'llBeBBJI Bso'l'OmIol IIp[B8,J.t.1leaHOOTJI .lDIHldt I[ MIt 8B8JDIS8 

2 

CJIOEHliX. SaI'WXeHHbIX JIlillRflMH .JtPY1'KX 1i130TOIIOB, yqacTKOB cDeKTpoB, 

IIMy-qel!llblX 88 .p -CIIeltTporpaqm. 

ClIeltT'pH l-JI111el 
i64 Tm B:31'i8Jl1i1Cl> IIpIiI IIOMOIItB CIIeltTpoMeTpoB 

3 
C be (L ..) -1l.eTeltTOpa.MH C qyBcTml.Te..Jll>lD,lMll o6J;.eMaKl!! V == 1.3 CN 

(~ El = 0,6 KaB IIPIiI 100 ltaBl I( V = 43 CM 
3 

(.0 El == 2,4 ltaB JIpH 

El = 1322 ltaB). ::fiepI'I:lIiI l~el OIIpe]1,eMJIHCl> IIpi! 06pa60Tlte O)J.Ho

JJpeMellBO lI!3Nepemmx cneltTPOB IiICOJIellYeMoro HCT01!BBK8 iii 1t8JIIiI6POBOq
S6 75S .133 i5~ LSol,.

HbIX IiIQTO'IBltltOB Co. e, Ba, E U iii GI... KIKBHe 

8iWJeK',t'BJIIOOft perHCTlJ8llD I-Jf1'<Iel, noc'rpOeHHlile B IIlOIJoIe /34/ 0 lIpIiI
.11omA :i6D 

MeselQleM nepe1llilCJIeBIIijX llCTO'lHIiIltOB iii ~ H Tb, 06eCIIe1llil

B8JlIiI onpe1l.enelllile OTBQCIiITenl>H1iX IilHTeHCHBHOCTel C T01!BOCTl>m ]1,0 5%. 
CDeltTpH l-1-coBD8JI.eBlilI MH 1131'i8Jl1i1 H8 YCTaHOBlte /35/ 	C 1J.BYMl'l 

3 
Ge{Ll.} -1l.eTeltTOplDO! C VllC'l'BJilTenl>HYIOI o6l,eM8MII 41 H 43 CN C 

A II • 2,5 DB IIpII El = 1332 !taB. Paspelll8llQee l3p8NJ1 CXeM!i OOBlI8

1l.em Ouo 30 so. TpeDiepsue CDeltTpIi cOBlI81l.emtl S8.IllICliB8JllilCJ. S8 

M8l'IDITJI11l JIes'l'Y iii o<lJ:86a'.l'Yll8Jl][cJ. 88 3III HP-2II€C. 
i6'1 

B pes1JIl>T8Te IIsyqelWl CDeltTpoB aBK II l~el Tm 06Bap:y

lIeHO 145 nepexO]1,OB, H3 mo: 54 HOBIiX (TaM.I). OT]1,eJIl>SHe yuC'l'lCIIf. 

Cnelt2'pOB IIpe1l.0T8BJIeHH He pac.1 iii 2. ~ CBR3l1! mK8JI IilHTeHCIilBROOTel 

aBK II I-Jf1'<Iel IICIIOJII.SOB8BO pacqeTHoe /36/ 3S8QeHlile 0( k = 1.34 

~~f 

_•.•. _._ .. ~ I . _ ...--  -_. -.~~L 

3!D) KlMEP" ~o :I 11lID 

PlIO. I 0;u:B.3 CDeK'l'POB l...:J1111el KSo6apH 0 A • 164, DOJl11IeruDa 

B 88o'1'O.-el pa60'l'e. 

3 
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~ E2-IIepexO,Ita 91,43 DB. M,y,u,TIIIIQ.IldlOCTI> 3'fOrO IIepexO,Ita II IIepe

XO,llOB 68,49; 86,24 II 208,1 x&B oIIpe,1l;ueB8 liS o'fBaDeJllll JlBTeJlCJm-

BOCTe. L ...DBd 3'1'BX IIepexO.JlOB. A(f,u,'l'IIIIQ.IldlOCft e.e 80 IIepe-

XO.JlOB, liS HBX 50 BDepBlie. 1CT8BOBJIeBH cpaBBeBBeM 3ltCIIepoleB'1'8.1Il:oBIoI: 

II pac~e'l'BllX /36/ 3B8~eJllll 0(1(' My,u,ftIIQ.IldlOCTB, oIIpe.JleJIeHBH8 

• <5~ <5 	 %" 1.1 N.;'fI ~ 'b' 
E- \'f'''' ... t~ ~~ iN ;§:d aaf)'~ - I ~ to~ i-~~~

:fJi ~;::" :;;-~ .. ~ I"~'''' p .~ ,, ~~ ::;;, ,~:;.l .::: ,§ ::! ~ ~ ~~ ~7jl" :,'j,,~};' ~ ~," !il' I ~"< ~-"l ; , I~~IJ './, ~I II ' ,g ~ ~ ~ ~ iI 
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a.~ , 
2800 2900 JOoo -:J9oo 4000 HCJoEP kAHlM 

Pac.2 	 OT.Jl8Ja.JDle )"UlCTKII CIIex'l'pOB 3BK ~ IISOTOIIOB !J b • 
IIOJIT'IeBHHe B8 6eTQ-()Ilex'l'pOl'~4Ie C IIOC'l'OJDIlIHII OJtHopo.ztB]AI 

1I&I'RJI'l'RBII IIO.IIeM. 

pasee /5-7/. II().Jl'rBepQal)'l'CJl. Mil B8CSJuutaell .JleBlln IIepex(),1toB ftIIa 

EO: 407.0; 456.4; 519.8; 926.6; 1246.1; 1416.6;,1702.1; 1765.8; 

2172.5 x&B. llepeXO.JtH 1246.1; 1765.8 II 2172.5 uB 6W111 IISB6CTBY 

pasee. ocftJlLBHe 1CT8BOBJleHH BIIepBHe. J1u ~e~'1'lI l-oepexo

,llOB 1CT8BOMeBa IIpIDIecl> 1IY,u,'1'lIIIQ.IldlOCft EO. 

B Ta~ 2 IIpe.JlCT8.BJ1eBH B8IIIII pes1J1:&TaTH 113~6HBJI CIIeK'l'poB 
foG'!

l-l-COJ!lJJB11.eJllll IIpI pacIII1Jte Tm (CII. IEc.3). 

4 

Ta6Jnm.a I. 

E/( l). E/)' 
xaB 

I 

68.49(14)H 
86,24(12)H 

91.43(3) 

lI3,62(18)B 
142.26(30)H 
159.93(28)H 
208.01(3) 

218.5&(28) 
298.09(21)H 
302. 35(73)H 
305. 88(36)B 

315.3'7(16) 
339.4
355.oo(22)B 
358.03(36)H 
369. 77(23)H 
m.77(24)B 

385.32(67) 
387. ,.,a 
407.0(1)B 

451.S
454.6(1)8 

::sa~eHl!Ul aHeprd II O'l'HOCHTeJll>HHX HHTeHCliIBHOCTe! 

I~el, :311{ II BHBO.JtH 0 UYJIl>TlDIOJIl>HOCTRX IIepe
i6'1 

XO,JtOB IIpIl ~CIIl1Jte Tm· 

I/( A II) 

2 

= 100 

1,6(3) 
0,7(3) 
0.4(1) 
17.0(14) 

0.6(2) 
0.8(2) 
0.2(I) 
0.4(1) 
2.0(2) 

<. 0.1 
1.0(1) 
1.0(3) 
0.5(1) 
0.2(I) 
0.2(I) 
<. 0.1 
<. 0.1 
<. 0.1 
0.2(1) 

Ix( A IX) ~L 

3 4 

Li.: L~..~l..:.l. 
0, '70(15) 

Li.: L~: L~:::. 
~ l:lO:8 
.. 134 
L..1 1~(3) 
L", lIO(7) 
Ll lIO(17) 

2.55(35) 
L1 0,27(5) 
Ll. 0.50(9) 
L.5 0.46(9) 

O,OO7(2)c.I· 

0.028(£.) 

0,046(10) 
0,03(1) 

0.005(2) 

0,006(1) 

o. ()()40(l 5) 

5 

EiI 
~YIB 

E2 

E2 

(YI.E2)B 

EI 
(E2) 

E2,MIH 

F:tI 

F:i' 
(E2) 

FJil 
(&2) 

F:J!! 



Ta6JJ:rirIul I (IIpOJt0JDt8BJ1'8) 

I 2 3 4 
456,4(2)8 

474,2(2)8 
519,76(21)8 

524,71(25) 
546,86(27)B 
561,46(32) 
568,89(4) 
575,33(38)B 
595.29(16) 
635,10(25) 
642,71(39) 
647,52(29) 
652,52(44)B 
666,47(3)8 
689,42(22) 
691,87(84)B 
'7Il,17(41)8 
72I,1O(73)B 
729,2'1(37)B 
753,39(41)8 
759.a3(I9) 
768,91(8) 
775,47(22) 
78O,05(35)B 
786,06(14)8 
794,62(52)8 
797.9O(27)B 
8f.2.07(7) 
8f.4,7(I) 
as5.Il(S) 
S58,aa 
860,25(6) 
871,29(19)8 

< 0,1 

0.3(I) 
<. 0,1 

1.I(2) 
1,0(2) 
0.6(1) 
0,5(1) 
0.4(1) 
5.9(5) 
1,6(2) 
O,5(I) 
0,9(2) 
0.4(1) 
0,5(1) 
1,5(2) 
0,4(2) . 
O,4(I) 
0.2(1) 
0,5(1) 
0,3(1) 
O,S(I) 
18,7(15) 
0,7(2) 
0.4(1) 
1,2(1) 
0.3(1) 
0.5(1) 
5.6(5) 
- 0.3 
4.4(4) 
<. 0.2 
16,6(14) 
0,5(1) 

O,0I8(4) 
L O,OO3(I) 
0.~5(5) 
O,(lJSO(I5) 
L ~ 0,001 
O,OO4(I) 
O,OlO(3) 
0.006(2) 
0.025(9) 

0,021(7) 
0.II(2) 

0,009(2) 

O.OO35(Il) 
0.0I0(3) 

0,024(8) 

0.004(1) 
0,09(2) 

0,014(3) 

0,023(6) 
O,OO3(I) 
0.0I8(5) 

0,065(7) 

6 

FJJl 

UI+E2+EdI 
FJJl 

ErB 
glI 
F2!

UI+E2+EdI 


ErB 

1II+E2+mB 


MI,BtI 

glI 
Btl 

1II+E2+.BdI 

E2 

E2 


1II+E2+EoB 

Btl 
(II2,EI)B 

E2 
(E2) 


E2 


Ta6Jrm:(a I (lIpOJtOBeHRe) 

I 2 3 4 

875,43(19)8 
905,75(7) 
926,6(4)B 

934,9(5) 
963,96(3) 
967 ,SI (29) 
973,38(4)B 
1015,02(9) 
1057,73(7) 
1093,42(46) 
III0,49(83)B 
lIl8,88(88)B 
II34,55(I8) 
II54.69(5) 
II65 ,46(6) 
Il70,4(4)B 
II84,16(I3) 
1223.17(6) 
1238.29(49)B 
1246,1(4) 

I268,43(46) 
1273,52(62)B 
1295.30(5) 
1312,28(23) 
1314,04(18) 
1325.15(6) 
1342,55(15) 
I35O,92(48)8 
1361,59(21 ) 
1386. 64(6) 
I392.:IJ(II) 
1416,6(1) 
1417,77(12) 

0,5(1) 
5,1(5) . 
<. 0,3 

0,7(2) 
0,5CI) 
0,5(1) 
0,3(I) 
2,3(2) 
7,0(6) 
0,5(2) 
0,3(2) 
0,3(2) 
1,4(2) 
24,5(20) 
II,O(9) 
< 0,3 
2,6(3) 
8,8(7) 
0,5(2) 
( 0.3 

0,5(2) 
0,4(2) 
14,1(12) 
4,2(9) 
5,4(1) 
II.7(10) 
2,0(3) 
0.4(2) 
1,0(2) 
9.2(8) 
2.2(2) 

2,5(2) 

. < 0,0015 
O,OIS(4) 
O,04(I) 
L 0,007(2) 
0,0020(7) 
O,0I6(S) 
0,0016(5) 

0,0064(16) 
~ O.oogOJI· 
0,0012(3) 

0,0013(3) 
0,044(5) 
0,024(6) 
0,006(2) 
0,006(2) 
0,(170(15) 

0.13(3) 
L 0,020(5) 

0,010(3) 
0,007(2) 
0,009(2) 
0,020(6) 
0,0014(4) 

0.CD'7(2) 
0.006(2) 
0.03(1) 
0,021(4) 
0,004(1) 

7 

(El)B 
E2 
FJiI 

Btl 
MI+E2+EO 

Btl 

~ 
(Er)B 
F.t! 

ErB 

E2 

E2 


1lI+E2+EoB 

~ 

1lI+E2+ED 

EO 

El 
E2 
E2 
E2 
Er8 

(E2)B 
RIB 

1II+E2+mB 
FJiI 
F:i' 



3 4 

Ta6JntI¥l I (DpO.1tODene) Ta6Jl:ro.\a I (DpO~OJJZeHBe) 

I 2 3 4 

1954.89(22) 1.0(1) 
1969. 61 (50)B 0.4(1) 
1974,46(49)B 0.6(1) 
1978,28(21) 1,5(3) 
2022,75(20) I.3(2) 
2035.60(23) 1,1(2) 
2052. 78( 53) 0.4(1) 
2001,27(12) 10,0(15) 0,010(2) E2 
2172,5(4) < 0,3 0,12(3) EO 

L 0,020(5) 
21B6. 52(41 ) 0.5(1) 0.0I0(3) MI+E2+EO 
2278,21(22) 1.2(2) 0,002 (E2)H 

2352,80(23) 1,6(3) 
2383,31(21) 5.6(9) 0,008(2) Et' 
2389. 9IC5I)B 0.3(I) 
2421.28(34) 0,7(1) 
2449,24(32) 0.9(2) 
2483,48(29) 1,9(2) 
2489,45(33) 0.9(1) 
25IB,23(140)B O.2(2) 
252I, 7I (47) O,9(2) 
2532,I9(I00) O,3(2) 
2570,54.(46) O,5(3) 
2882,32(86) O,3(I) 
3002.8(I0) 0,5(1) 
3IOI ,30(I40)B 0,2(1) 
3I09.64(I3O) 0,3(1) 
3I26,48(I6O)B O,I(I) 
3I35,97(I40) 0,3(1) 

IlpIIre....e: 	OrBocrrenJlBe BB1'eBCIIlIBOC'l'JI l...qqel II aBK 80p!olllllO
lUI llepea l-aepezQll 91,43 uB: 11{9I,43) • 100 • 
Ix(91,43) • 134. w.w ... nepe:xo.ll Be B86JIJ111a,JICJI. ,lt8e'l'
a. oneaa BepIBero np8.lle.IB JIB'l'eBCIIlIBOC'l'K l~el .u;.m 
BJi1Ia'c.leBlIJ[ BeJIlI'ItD I .. B(EO)/B(E2); "Bw - Bose po-
81.D.ftI'!'If; ..0Jr. W ... B8 11801'e paCUOJr0a8l11U.;amtI B 
B8~ BeCltO.lll>ll:O .lIIIBld. 
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I 	 2 

I460,2O(I6) 
1465.96(49) 
1477.15(35) 
1483.21(33) 
I486,14(I7) 
1489,II(II) 
1533,9(1) 
1577,59(15) 
1583.85(36) 
1610,67(7) 
1623,80(27) 
1654.94(37) 
166I,15(4I)B 
167".3)(7) 
1696.B5(11) 
1702.1 (4)B 

I7I",O?(28) 
I7"2,O?(II) 
1750,23(61)8 
1765,8(.) 

1783,12(23) 
I'188, I8(38) 
ISIS. 72(10) 
1833.0(2) 
I840.60(67)B 
1862,5(1) 
I869,32{IOO)B 
1873,50(47) 
1876,93(68)· 
I89t,36(38)· 
1932,77(60)· 
1935,5&(20) 
19t3,55(38) 

1,6(2) 
0,4(1) 
0.8(2) 
1.7(3) 
5,8(6) 
6.7(7) 
1,9(2) 
1.8(2) 
0,6(2) 
15,1(12) 
0,9(2) 
0,6(2) 
0,6(2) 
15,9(13) 
3.7(4) 
<.0.3 

0,7(2) 

3.4(3) 

0,3(1) 

<0,3 


1.0(1) 
0,6(1) 
6.1(9) 
1,7(2) 
O,2(I) 
7.5(II) 
0.3(2) 
O,B(2) 
O,5(2) 
0,4(1) 
0,6(2) 
2,3(4) 
0.5(I) 

8 

"'0.002 
0.0033(8) 
0.008(2) 
0.0024(8)

*' 0,002 

0.020(4) 

0.000?(2) 

0,018(3) 
0.014(3) 
0,007(2) 
L - 0,001 

0,015(4) 

0,04(1) 
L 0,007(2) 

0,018(4) 
0.OO20(5) 

0,018(4) 

0.003(1) 

Et' 
ElB 
gaB 
gaB 

(El)B 

gaB 

gaB 

E2 
1II+E2+EO 

FXJl 

1I+E2t-EO 

11) 

1II+E2+EO 
gaB 

1II+E2t-EO 

F:J!I. 
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.L6lf 
P.IIc.3 Y'I8CTOlt CneltTp8 l-l-ooBD8JI.eHd IIpII p8CD8.lle Tm • 

3. 06cJX,lleHlle peSym.T8TOB 

:1.64 :1.6" 
CxeJol8 J)8CI!8.U Tm - E,.. IIOC'l'poeBB88 B8 OCHOBe 

.-.mna 'l'86JDm I I[ 2, BlUIIJIl88'1' B ce6JI 37 BOs6JX,lleBmDt cOCTOmmI 

(CII. pzc.4a.6). IIoc'l'poeHlle cxeam p8cI18Jt8 DpOBO.-.nOClI n08'1'8lIHo. 

~ IIepBOM 3'r8IIe BBeJl;eBH ypoBHll. ysepeHBo no)tTBepQ8eWe l-l-ooPt

II8JleBJlJDl1l[. CpeJtl[ HJI:I. HOBiiS ypoBHll 1568.3; 2032,2; 2254.3 II 2444,4 

RaB. CyialaJl!&ll lIB'!'eHClIBBOC'1':& 30 nepexO)tOB. paSMeJQeBmDt B8 n8p.-

BOllI 8'l'8IIe, - 735 ~ T86J[.I. aJepI'llll ypoBBel 6KD no)tC'lllTBBH 

1118'l'O.-olllf HBDeJD.IIID: KB8,J(p8TOB. 3aT8l11f 6W18 C)teJ18B8 IIOIIH'1'Jt8 pa3l11feo

'l."Jl'!J» lIIfe:1J17 ~ ypoBHSDOl see OCT8JIl>BHe nepexo.D:H IIO 9aepreft 

'1ecROIf1 6a.tI:aBcy B o;peJteJUD: 0Id6D i cr • Y.IUUlOClI p83l11fecTIl'l'lI elle 

J 34 IIepexo.- C cY*8IEol llH'l'eaCIIBHOC'1':&D 53 e,J:tllDlIl,H. lloMe aToro 

6HJll1 BEOm. YTO'Cf.'H8BH aaepI'lDl ypoBRe' I[ C)temm8 B'l'opaa noIIHTlt8 pas

208,01 
768,91 
786,06 
842,07 
855.II 
860,25 
905.75 
1015,02 
II34,55 
II54,69 
II65.46 
IIM,I6 
1223,17 
1268.43 
1295.30 
1312,28 
1325,15 
1386,61 
1417,77 
1486,14 
1489,II 
1533,90 
1610,67 
1674,30 
1696,85 
1742,07 
1783,12 
1819,72 
1862,50 
1954,89 

Ta6DIJa 2. Pe81m.'r8m .8IIepemtl l-l-ooBlJlJ1l.eml.l IIp! plCD8.lle 
L4i1f T", • ~CDepaileB'1'a.lIlNIIle SB8'1eDa JIB'resCBBHOO

'1'l! cOBlJlJ1l.emd (IlIz 111) B DpOlISJ!O.lIl¥HX (0JtI
BUOma) e)Ul'H1lIl1O'. 

E'1 RaB
I' 91,43 208,61 315,37 595,29 768,91 ?B6,OG 860,25 1057,73 

E12' 
EsB 

26;t6 
58.:tII 

I7j;7.- 9O;t16H 42;tItI ... 
... 6IJ..tIIH 92;tl"s 


32£~ 23j;9 

15,t6 


4~ 	 28# 
25:t9 9~ IIOj;2i1 

43# 
25,t6B 

12;t6 
3"l.:tI3 2IzII 

72.:t;IIB II7,;t4825jJI I2;t4 	 '79;tIJD 
.-& 

28z7 	 74,;t25 
40j;20 

48.:tI2 	 .
93+17 

36# 
33j;6 
2O,;t7 
16.:t' 
8j3 
8:!:5 
8;t4 
II,t4 

I4~ 

IIJ:mre'4lUlll8: -B- - CO~eDa B86.l1::1uleBv mepBlie. 
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MeC'rftl» oC'1'81lIIlJ[eca: nepexo;lOi B np8,lteJUIX 0IIllI6D 2& • T8lGlM 06peSOM. 

6w.ro BBe,lt8BO e~e 5 BOma: T,POBHel: 2168,14, 2541,1; 2823.4; 3028,8 

.II 3629.3 nB. Ha ltU,lOlf S'l'ene nOC'l'poeRU cxelfH pe.cII8Jl,8 npoBep&lDlCl» 

IIpeBJUl8 O'1'60pa no UfJll:o'l'lllIOJlldIOMK, yrJIoBatolY MOM8liT1 .II 'll:e'rBOcm 

H 6aJIaHc HB'l'eHCBBHOC'1'el nepexO,ltOB. 

B lIl'l'Ol'e Ir!S 145 l'awa-nepexO.ltOB, npmmcammx HaMl'!! pecnQ.ltY 

.164 Tm , 102 pasMelI(eHH B npe,ltJIBI'aet.tOA oxeYe ypoBaeA :1.64 E r-. CyMMa 
• 

lIHTeBCilBBOCTeA HepaSMelIleHHIiX nepexO,ltOB He IIpeBl'llllaeT 25 e,ltHHlUl; 

Ts6JI.1. Pa,lt T,POBHeA: 2022,5; 2569,9; 2846,7; 3162.3; 3213,3.II 

3588,1 RaB, BBe,lteHHlCI B /7/. He :rnOBJIeTSOp1!eT IIpeJl."!,Sm1IeHHliM Rpl!

TepitflM: He nO,ltTBeplL'.D;eHI:I l-l-cowa;r.eHH.fDlm I!.lIlI He lilMeVl'CH l-u.epexo

,Itbl, ROTOpl:le nOSBOJI.Ill1l.' BBeCTH T,POBeH:& no 3aepreTH'IeCROMY 6aJI.aHcy•. 
.161< 

Jl.;n.R: onpe,lteJIellltfl :sepoJiTHocTel J3 -pacna;aa Tm HS ypomm 

i64 Et" MIl .lICn0Jll:030BaJIlt aaeprlfll J3 -pacnSJtB. - (396Oj;20) xaB /I! .II 

BeJIK'lll!ll:Y T1/2 = (2.OI;tO.m.) MIIIH. /4/. llpH BH'll:HCJIewm HHTeBCHBHOCTB' 
+ i64p -pacna;aa III aJIeXTpoHHOl'O saxBST8. aa YPOBHH E t" BMeCTe C ,ltaH-

HHMIIl TS6JI. I IIlcnOJll:oSOB8HH CJIe.I\YDltHe aRCnepHMeBT8.lII>H0 1l3MepeHHLIe 

Be.lIIAIIHli: O'l'ROWeBK8 HHTeHcliIBBocTel p+ -cnexrp8 X.lIIIlBlIH K-91,4 

RaB - 3.57 /37/, O'l'BOIIIemle HBTeBCBBHOCTel j3+ -pacnSJtB, B OCBOBHoe 

.II IIepBOe BOs6yUeHHoe COCTOJiBKJi - (2, D+O ,2) /38/. OTHoweBH8 HB

'1'8HCBBHOO'l'el KI-~81 .II l-JIY'Il81 91,4 RaB - (8,8;tO,7) /7/. HH'l'8B

CltSBOCD paCnSJtB, lia YPOBHK 4.6'4E ,.. (B %) • OOOTBeTC'l':syDQI1e SH8'11:8RU 

til Jt IIpIIBe.lteHli H8 pIIc.4a,6.
IJ i6'i 

3aKJIJR8RU 0 lCB8.H'fOatX X8p!11t'1'ep!C'1'lllC8X WSHe! E/'" COC'fORl' 
i61j +r 

B CJIeJI;J1Iqelf. lllZ pacIIa,lte Tm (1'.1..) BOs6y.a.It8JlTCH T,POl3BB BpaIIa

Te.nBol nOJIOCY OCBOBH01'O COCTOSmlIJi: 0 K9B (0+0). 91.4 RaB (2+0) 

It 299.4 RsB (4+0), IIo.a:OCY 1-_0p8It!OSBoro COC'l'OJmltll:: 860,2 RaB 

(2~), 946,5 RsB (3~) III I058,6 RsB (4~) .II IIOJIOCli fo -BIIl6p8Ill10B

B01'O ooctoml!S:!: 1246,08 RaB (0+0) J![ 1314.56 K9B (2+0) • 
.16'1

IkurocII o:amo.nma:-_6Jl8I!!9BmIX OOCTO.IDId B E r Ba6Jl:»
'if 4.64 .namc.a C 10( "" rr II Z-. ll~ 6e'1'8-p!lcIIa,lte T.... BOs6~ca 

! 
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ypoBD E (l'itl<) : 1386,64 nB (ro) :a 1434,08 nB (TO). atepBhle 

MY YC'l'8.BOBBJlll coc'l'OIIIIBe 0 aHeprJlel 1568,66 ttaB 0 I ...... T II orrpeJte

JDJJIII O.D;R08H8qJiO CImH r AJLIl YPOBBJI 1577,54 KsB. CoCTOJDiIIe 1568,66 

KsB 0 r'iT = T paspaaeTCSi IIepexO.lt8Nil Ba ypomm IIOJIOOIi OCHOBROro 

COOTOJlHIIJI, eC.lIll 8TH IIepexO.ltli paspememme IIO K. TorM paOOMaTpI!

B8~OMY OOOTOJmD) s:;yzH0 tIpllIIllcaTL K ::: a I1.lIJI I. 3KcIIeplOoteHTaJILHoe 

OTHomemte B(EI ) oorJIaoyeTCSi 0 IIpalllt1I8llm A.iIar1l AJLIl O()OlIX SHa'iem 

K. ~ YPOBRSl 15'7'7,54 KsB, I 
'Ii 

= r. sKOIIepm.reHT8JIl.Uoe O'l'HomeHl!e 

6.ml[e K BIAIIOJIeBHOyY .zt.lIIl K ::: O. 

Oc06Hi lIB'fepec n:peJtCT8.BJUIJI'l OOOTOSlHlI'H 0 I'1TK :;:: 0+0. Ypomm 

0+ C aHeprHel 1246,1 KsB. 1702,2 KaB. 1765,8 KsB H 2172.8 KsB 

;yBepeHHO IIO.ItTBe~8IlTCSi l-l-coBD.8JI.eJmSDDJ.. I'iTK 3Tl1X YPOBHelt yo-

T8.H8B.IIHB8IlTCS l!Xl-IIepexOJt8Mlt C HI!X B OCBOBHoe COOTO.8Bllle. Bomam 

l!Xl-IIepe.xo.lt8Nil Melt.ltY HlDt!H II NJ.1ll>'l'iIIIo.JI:DHOOTmot .u;pyI'ltX IIepeXO.ltOB C 

STU ypoBRel. 06H8pyJEeHHHi BOBHi EO-IIepexO.lt 0 SBeprllel 1416.6 nB 

IIOSBOlSleT IipIIIIlIC8TL YPOBHD'O TaKO. sBeprHel, BBe.lteHHOMJ B /7/, 
l'iTK :: 0+0 (a He 1+ :tta.B: 6HJIO B /7/). YpoBHl! 1416,6 II 1483,6 !laB 

06pasym BpaIIIB.Te.1ll>H1JI IIOJIOOY ( l'iT = 0+ B 2+) COCTOJIHltJI 0 K'ii::: 0+. 
'ii .--+YpoBHB 19I!.I It 1953.9 KsB 0 I =". OTJllI"U1J)'1'CJt 8811eTHoi 

EX)..npiDIeOLI) B l-uepexo.v;ax 1819,7 B 1862,S KsB. OJIe.Q'1llP1X H8 ypo

:ean 91.4 KsB (2+0). npe;ItIIOJI8I'M. 'ITO paOOIR'1'pBll8ellHe YPOBIiB IIpK

B8,AneJUlT BPfJI'l'fe.lI:blWU IIOJIOCaJI HB.1l aeR8BeO'l'R1Dllt O+-COOTOSlHB.8lOl, 

IIH IIpeJtTJIlilB.lillt IIOBCltH STU OOO'fO.8BlIII. OKaSSJlOOL B03IIIIomnDI IIpe.It 

IIOJIOD'!'eJIbBO BBeO'fR HOBHe o+-COOTOSIlDUI 0 sEept'BJDOl 1841.6 B I861, 3 

DB. 
6Hexo'fOp,le xapuTeplOTltKB a+ oooTOJtlDtl i '1 E,. • IlpOJtBJlJIIII(ReCJt 

B J3 -plCIIQe J.6'4 T m • IIpe.ltCT8BIl8BJol B '!8<1D1:\e 3. ~o, 'l'1'O O'l'Bo

I18I1JU1 JllID8,Il8BBI:IX Bepo&'l'BOC'l'eI P -uepexoJtOB sa ypollD 0+ It 2+ 

oltBol IIO.lIOCH (KOJIOBltS 4) O'f..D'l.'8ll'!Cll O'!' llpaaJIB ~ (=. 2) Be 

CUIoBO AU BCeX 0+ 00C'l'0.SBd, KpOMe 184I,6 KaB • 1861,3 K8B. 

14 

t6'4
'l'a~ 3. Hexo'fOp,le xap8B'1'e];Bc'.l'BlI:K 0+ coo'fO.lDill:1 BEl" • 

I1I' I •.• :*, Ip+ [fl.(!;"! ...... 2;+"0)] IIaplNeTp [H(.t+-+ OJ)]~.
(nB) (% BS p8CII.) H(i;.I. ...... 0;+O) e:~ .f-!:.(L+~ ot) 

3Kcn. 

0+ 62(7)0 2.5(6) -0.018(20) !! I 
2+ 23(6)91.43 

0+ 1246.05 I .f~(2) 1.4(3) 0.03I(20) 0,054(9) 
2+ 1314,60 1.0(I) 
0+ 1416.58 0.79(7) 2.3(3) -0. 0I2(I2) 0.030(6) 
2+ 1483.16 0.32(3) 

0+ 1702.17 1,4(1) 1.7(3) 0,014(15) 0,0'70(12) 
2+ 1788,41 0.74(7) 


0+ 
 1765,83 1,4(1) 2,8(4) -0,02'7(12) 0.O'7I(I2) 
2+ 0,49(5)1833.42 

0+ 184I.s" 0,048(I2) 0.09(3) 0.28(3) 0.0025(8) 
2+ 1911.10 0.49(6) 

0+ 186I.aa 0.082(15) 0.12(3) 0.25(3) O.OO43(II 
:r 1953,91 0,59(7) 

0+ 21'72.76 1,4(2) 4(I) -0.054(19) 0,10(3) 
:r 2278,21 0,27(4) 

Ji(i+J.,..,. ~"'O)J3aMe'CIBHBe: no 1IpaBJf.lI8M A.u:arl!· = 2.0;
[ H (.I.; .I. .... 0-:0) Teop. 

S - BBe.lteoe lJjBHHoro YPOBRS{ ./DWI:e'fCS IIpe.ltB8~TE!JIl>BHIf. 

B KO..J10RKe 5 IIpe.ltOT8BJIeHH BiAKC.lIeBBHe IIO «>OpqJIe B.M.MHxaA.lIoBa 

/39/ IIaPBlle'l'pS -S- - CMelllBB8HB'JI .BO.lIBOBOI ~BltlUtR paOCMaT~B8e..oro 

COC'fOllBRJt 1(:= ot °BO.IBOBOI ~el OCHOBHoro OOOT08HBSI. 

liI..ItHo, 'CJ.'1'0 AM: Boex ooo'rOSBJll, KpoMe 1841.6 II 1861,3 KsB, IIap8

lIe'l'pS -.- IIO a6cOJmrBOI :ee.mrcume dJm:SltII K ope.Jtl[eu;y 3Ba'leBJU) .zt.lIIl 

paspemeama; BeS8.ltepuama; 1'( -uepexO.ltOB - J a.cpl ... 0.042(37) /39/. 
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B IIOo.ne.ItBeM CTOJlCSn;e T86Jml:o:i 3 :apH:Be.r(8ID1 O'l'HomeHltli IIpRBe.ltellHlll. 00

poBTBocTel J3 ~epexo.noB B8 YPOOOH~ TBn8 0+ B B OCHOBHoe COCTOH

Hile 16'lEI'" • Boe OTHomemut CYDteCTBeHHO MeHllIIIe e~, 'l{TO y:R83b1

BeeT H8 SB8QTeJ.tl.JtYIJ KOJIJIeK'l'HBltS8Q;Im COOTOOTC'1':ayDIIIIX KOHe"lHllX 

COCTo.amr:I. 

B E8IlIeJiI coo6aleHBlt /40/ mmOJlBeH 8H8JDI3 O'fBOmem EO- B E2

JIpBBe.ltellHlll. OOPOBTBOCTei ~ PO'f8n;J10HHllX IIOJIOC cocTOSIH:.idt TBII8 0+ 

B l.64E,.. • Be.:IJ::rl'UIBl X. .. = S(ED, ot~ 0J:)/8 (£2. o,t- 2~) oCSHa
<J.J 	 J 

pyDB8D1' SH8'D1Te.n.IDiI p,lSCSpoc. 0'1' I4ll = 0,07(2) .no lsII = 
=4,5(I • 5), 'ITO l'OBOpilT 06 B3IIeHeBlllll JIpIIpO.ItH p,lcCMSTp:Ifll8eYHX coo

TOaBd. J3 "BIICSp8DJroHHHl ypo:eem., CorJl8CHO TeopiDI Eop,l-Mo'H'~oHa-" 

.no.ueB DIeTl> X = .It)3: '" 0,3-0,4, T.e. J3 -KOJIeCSaTe.JIl>Boe coo

TOJllDle JlIee'f B Hit£1" 9BeprDl 1246 KsB (l:2t1 .. 0,26(?». Ilo.a:BJIe

HIIe 	B CIIeK'1'pe BOsCSyz.p;eHIII JI;Iijl8 COCTOJ'JHd C 8HOllBJ.ll,ao 6oJn,m][y S88

'leDeM I o6'l>llcBSleTCH MO,lte.n.JI C C8MOCOrJl8COB8HRLIIoI CIIapHB8K.lleM IfIrr

poDOJIbCKOrO /41/. 
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A,o.aM H. H p;p. 	 P6-87-141 
o pacnap;e 164 Tm .. 164 Er 

TIpoBep;eHbl H9MepeHHfl' cneKTpoB :,weKTpoHoB BHYTpeHueA KOH
BepcHH /3BK/, Y -ny-qeti H Y-Y -coBrrap;eHI1H rrpH pacrrap;e 164 Tm 
(T 1/2 '" 2 MHH). TIony-qeHbl HOBbie 9KCrrepHt-1eHTanhHble pesynhTa
Tbl, TIocTpoeHa cX,eMa pacrrap;a 164 Tm -. lG4 Er. TIpoBep;clI ~lHa
nH:-l nonOCbl OCHODHoro6 oeTa-, raMMa- H oKTyrronhIlO-BHopa-
l1,HOHHbIX COCTOfllli1ti 1 4 Er. 

PaOOTa BbmqJ1l'leHa B naoopaTopHH fl'p;epflblx rrpooneM OH5!H. 

npenpKHT 061>e,ll.KHeHHOrO HHCTHTyra RllepHblX HccnellOBaHHlt .uy6H8 1987 

TIepeBop; O.C.BHllorpap;oDoA 

Adam 1. el: a1. P6-87-141 
About 104 ~1'11l -,1M Er Decay 

Spectra of internal conversion electrons, Y-rays and 
p-p-coincidences at the 104 Tm decay (T 1/2 == 2 min) have 
been measured. New experimental results have been obtain
ed. The decay scheme for 104 Tm .. 161 Er has been construc
ted. The ground, beta-, gamma- and octupole vibrational 
states of 1(}4 Er have been analysed. 

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