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© 061>e n HHe HHblH IiHCTHTyT an epasrx HCCn e n OBaH liH ,lly6Ha. 1988 

Ha oCHOBe nonY4 eH H~X 3Kcne p~ MeHTa nb H~X Aa H H ~X 06 3Hepr~~ x 

~ ~HTeHC~BHOCT~X raMMa -nY4 e~ , 3BK ~ ~HTeHC~BHOCT~X A ~ $$epe H 

~~an b HO-~HTer pa nbH~X cOB n a Ae H~ ~/ 1 1 nOCTpoeHa cxeMa pa c naAa 
146Eu . Iloennar-a eaa a cxena pacnaAal46 Eu / cM .Ta6n.1/ COAe plK~T 
68 B036 YlKAeHH~ x COCTO~H~~ , ~ 3 H ~ X 22 BBeAeH~ BnepB~e . B c xeMe 
pacnaAa p a3Me~eHO 237 y - ne pe xOAOB, ~3 H ~ X 42 y- ne pe xOAa ~Me ~ T 

HeOAH03Ha 4Hoe p a3Me~ eH~ e . CYMMapHa R ~H TeH C~BHO CT b 56 He pa 3Me 
~e HH ~X Y- ne pe XOAOB He npeB~wa e T 1 , 1% ~ H TeH C ~ BHOCT ~ Bcex ne pe 
XOAOB. 

CxeMa pa cna Aa CT p o~na C b no CTeneHHO. Ha nepBOM 3Tane B cxe 
My pac na Aa 6 ~no BBeAe HO 40 B036Y lKAeHH ~ x C O CTO ~ H~~, ~3BeCT H~ X 
~3 ~3Me peH~~ y-y cOBnaAeH ~~ /2-41 , MelKAY KOT O Pb IM ~ pa aweureuo 
63 caMblX ~HT eH C~ BH bIX y-n epe xOAa . np~ 3TOM Mbl He BKn~ 4 ~n~ 

B cxe My ne peXOA~ , An R KOTO P~X pe3ynb TaT~ ~ 3M e p e H ~R ABO~H~X 

A~$$e pe H ~ ~anbHO - ~H T e r pa nb H~X COBnaAeH~~ (T 2 ) ! 11 Ha xoARTCA 
B npOTVlBOpel.lVlV1 C AaHHbIM~ no y-y cOBnaAeH V1AM / 2-4/. 

Ha BTOPOM 3Ta ne ~ c nonb30BanCA TOT $a KT, l.I TO 3Hepr Vl R 2-ro 
B036YlKAe HHoro CO C TOR H ~ R paBHa 1380 K3B, ~ TaK Ka K 3Hepr~R 

oacnana Q = 3877 (8) K3B /5/ , TO Y-nepe xonu C 3 H e pr~ei1 60nbwe 
2500 K3 B Mo r YT 3acen~Tb TonbKO 1- e B036YlKAeHHoe ~nVl OCHOBHoe 
COC TO AH ~e 146 Sm . npl-1 3TOM B nepBOM cnyva e T : acl1 . = 82 (3) %, 

T 2PaC4• a BO BTO pOM = 0%, «orna AaHHbie ne pexonu He c oeA~H e H bl 

c ae pxy c APy r ~M~ v-ne pexona a a . AHan OrVl l.l HO, nepexonu C E y ::: 

~ 1750 K3B MorYT aa ceria r s m1Wb OAVlH Vl 3 nep aux ceMVI B0 36YlllAeH
H ~ X COCTO ~H V1i1 . npV1 3TOM AnA 2- r o , 3- r o, 4- ro , 5- r o , 6-ro 1-1 
7- r o YPO BHe i1 T;aC4. pa BHO 97,2(8), 97 , 1 (8 ) , 92 , 6 (9) , 99 , 50 (17 ) , 
99 , 53 (16) ~ 99, 56 (10 ) % COOTBe TCTB e HHO. TaK ~M 06pa 30M, 6 ~ no 
BBeAeHO 24 B036YlKAe H H ~x COCTO RH~ R , MelKAY KOTOP~M VI pa 3 Me~eHO 
30 Y- ne pe XOAOB. nBaA~a T b ~ 3 3TV1 X YPoBHe ~ BBeAeH~ Bn ep B~el61 , 
a OC T a n b H ~e 4 ypoBHR /34 18,92 , 3546, 13 , 3652 , 2 V1 3058, 0 K3B/ 

B /2 V6~nV1 n p eAnOlKeH~ . nl-1Wb Ha OCHoBe 6anaHca 3H epr~~ . 
Cxe -ia , COCTOAU\aR 1-13 64 B036YlKAeHHbix C OCTO ~H ~~ , 6blna no rton 

HeHa Ha OC HOB e ~ c c neAOBa H ~A 3HepreT~ l.I e C KOrO 6anaHca 87 Y- ne pe
XOAOB. CpaBHV1BaR pa3HOCTV1 3He pr~~ YPOBHe~ C pa3HOCT b~ 3He p
rV1~ Hepa3Me~eHH~X Y-nepexoAoB, Ha TpeTbeM 3Tane BBen~ ABa HO
B~X ypOBHA 3530,5 ~ 3785,8 K3B ~I VI YPOBeHb 2879 , 1 K3B / V . 
B pa6oTe / 7/ npeAnOlKeH YPOBeHb 2667,2 K3B /Ha6n~Aa~~~ c~ B 
(a :4n) - pe a K ~ ~ Vl / 8 1 ~ pa3pRlKa~~~~c R OA~ V1 M ~e peXOAOM 583 , 76 K3 Q 

COCTO R H ~e 2667 ,2 K3B BKn~4eHO H aM~ Ta KlK e B c xeMY p a cna ~ a ~J~6, 

. o, 2245, 
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Ta6nHua I /npOAO~eHHe /Ta6JUUJ;a 1 

146 I 2 3 4	 5B03oy)((,lJ;eHHbJe ypOB HH Sm 
3093,08( 3) 3+ 1, 0l 3(27) 8, 2 812, 823, 1047, 1445, 

Pa3~a~e nepexo~H	 1712, 2346 ~.	 
r 17 Ey KsB)(KaB)	 eo 19ft 3105,35(6) . 2, 3, 4 0,157( 14) 9,0 1724, 1725, 2358 

3136,42(4) T 1, 37(4) 8,0 1091, 1488, 1756, 2389I 2 3 4	 5 
3I83,89( 4)	 3+ 1,70(4) 7,9 914, 1803, 2437 747,154(23)	 2+ 747 
3199,99(3)	 r 0,758(20) 8, 2 687, 761, 919, 930, 1380,263(29)	 T I6, oCIO) 8,0 633 

III7, 18191381,270(27)	 4+ 17,6CI2) 8,0 634 
\ 1647, 964(27) 2+ 1,45(21) 9,0 90l , 1648 ... 3231 ,60(II ) 4+ 0,03I(2) 9,5 roos, 2484 

I8lI ,67(3) 6+ 2, 43(lI) 8,7 430 3238,62(4) 4+ 0,521(20) 8,3 224, 1155, 1857, 1858, 

2045,66(3)	 4- 5e-I2(2I) 8,3 665 2492 
..»: 3244,62(7) 2, 3, 4 0,173( 6) 8,8 1597, 1863, 24972083,402 (28)	 5- 3, 12(18) 8,5 272, 702, 703 .. 

2155 ,79( 3)	 2+ 1,85(5) 8,7 776, 1409, 2156 3259,90(3) 5- 2, 32(7) 7,6 472, 979, 1177, 1214, 
- 1448, 1879, 1880 2222 , 42(4)	 6+ 0, 44I(21) 9,2 4lI, 841
 

3+ 3329,87(8) 2,3,4 0,104(4) 8,9 1682, 1949, 2583
2269, 85(3) 2, O(3) 8, 6 622, 888, 889, 1523
 
4+ 3338,23(6) 3+,4+ 0,174(5) 8,6 1068, 1957, 2591
2280, 852(29) 6, 09(22) 8,1 899, 1534 

2400, 90(5) 2+ 0, 283( IO) 9,3 1654, 240I 3361 ,06 (6) 0, 145(7) 8,7 1981 

2439,04(3) 4+ 6, 4(6) 7,9 159, 791, 1058, 1059 3368,71(I5) 2, 3, 4 0,038(3) 9,2 1987, 1988, 2622 

2513,39(3) T 1,62(6) 8,5 468, 865, 1132, 1133, 3376,72(7) 4+ 0,493(19) 8, 1 1293, 1330, 1996, 2630 
3378,40(7) 0,278(15) 8,4 1333, 19981766 

3+ 3391,64(4) T 0,329(29) 8,3 1744, 2010, 2011, 2644 _2531,90(3) 2,78(8) 8,3 lI5.I , 1785
 
3397,60(18) 0, 030(2) 9,3 20I7, 2650
 2544 ,I5(9) . (2+) 0,082(3) 9,8 1797, 2544 
3418,92(8) (2+),3+ 0, lIO(3) 8,7 2038, 26722649,60(1I) (2+) 0, 038(2) 10,0 1902, 2650 
3427,73CI2) 0, 0I7( I) 9,5 26812667 ,16(1)	 4- 0,lI4(6) 9,5 584 
3461,52(4)	 5- 3, 0(4) 7,1 1378, 1416, 1650, 2080, 2678,25(3) 4+ 7,38(20) 7,7 397, 1030, 1297, 1931
 

2081
 _2684,71(5) 2,3,4 0,045(8) 9,9 I037, 1303, 1938 
3471,86(IO) 0, 030(I) 9,1 2725 2788,.20(4) 5- 4,22(15) 7,9 705, 743, 1407 ),
 

3488,46(lI) 0, 054(3) 8, 8 1841, 2741
 2799,74(8) 3+,4+ 0,673(27) 8,7 754, 2053 
3509 ,30(9)	 4+ 0, I03(5) 8,5 441, 721, 1240, 2762 2850, 28( 4)	 4+ 0, 46I( 14) 8,8 570, 767, 805; 1038, 

, 3517,33(6) T 0, 221(7) 8,1 1004, 1472, 1870, 2137, 1470, 2103 
-	 2770 2879,12(12) 0,040(2) 9,8 1231, 2132 

5+	 3530,52(9) 3, 4 0, I 5I(II) 8,3 1017, 1261, 1485, 2149
~898,29(4) 1,24(3) 8,3 815, IOm, 1517
 

3546,13(7) 3+, 4+ 0, 089(3) 8,4 2165, 2799
 2968,80(8) 2,3,4 0,1I6(7) 9,3 1588, 1589, 2222
 
3583,91(5) (3 , 4, 5)- 0,297(8) 7,8 1500, 2204
2973,82(6) 2,3,4 0,340(12) 8,8 1593, 2227 
359I,68(II) 3, 4 0,068(3) 8,4 1944, 2210, 28453014,59(4)	 3+ 0,853(26) 8,4 576, 734, 1633, 2267 
3605,69(II) 3,4 0, II4(6) 8, 1 1I6?, 1336, 2225, 2858 3057,97(13») 0,020(1) 9,9 23lI	 I 
3626,00(3)	 1,167(29) 7, 0 533, 611, 826, 941, 

-~ ' ''67,67(3) 3+ 0,798(24) 8,3 1420, 1686, 2321 
I	 4+ 

1 I~7 , 1225, 1345,	 1356,QO(4) 5+ 0,797(23) 8,3 222, 850, 989, 1027, 
1543, 1580, 1978,	 2245,1692 
2879 © 0 61>enHh, '\	 3 
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I 2 3 
3652 , 18~~) ~t r v 4+ O,I05(6) 
3693,38(14) 3,4 0,020(2) 
3715,6(3) 0,003 
3720,50(22) 3,4 0, 032(8) 

3 740,73(12) 3,4 0,06 0(3) 
3749, 37(18) ~ Of) 3,4 0,027(6) 
3785,84(27) 3,4 0,0I3(I) 

Ta6nH~ a 1 /npoAonxeHHe / 

4 5 
8,0 1569, 2004, 2905 
8,5 II62, 2946 
9,2 2968 
8,1 653, 2073, 2973 
7,6 1209, 2360, 2994 
7, 9 1667, 2369, 3002 
7,8 2405, 3039 

'tc no n s aya pe ayne r a ru l-13 MepeHl-1fl Y-Y COBnaAeHl-1 C1 191 , Ha 3TOM 3Ta
ne pa3MeCTl-1Ill-1 B CXeMY paCnaAa C IleAY~~l-1e Y- ne peXOAbl: 158,5 , 
742,65, 753 ,80 , 766 , 84 , 80 4 ,67 l-1 1500 ,44 K3B. 

3Heprl-1l-1 YPoBHeC1 I CM. Ta6Il. 11 B~~l-1 CIl l-1Ill-1 MeTOAOM Hal-1MeHbW l-1 X 
KBa Apa TOB, l-1Cn OIl~3Y fl EyU~E y) pa3Me~eHHb l X Y- ne pe XOAOB. nOIlY 
~eHO 3Ha ~ eH l-1 e X ypOBH. = 2,2. CpaBHeHl-1e OTHOCl-1 TeIlbHbIX l-1 HTeH 

9Kcn Cl-1 BHOCT e C1 Al-1 ¢J ¢Je pe H ~ l-1 a Il b HO - l-1 H T e r pa Il b H blx cOBnaAe Hl-1 l:1 T 2 • l-1 
T f 8C4. nano X ~ = 4,1 . nOCT pOe Hl-1 e cxeMbl pa cnaaa npOBOAl-1IlOCb 

C nOMO~b~ n porpaMM, Onl-1C aHH~X B pa6oTe / l OI , KOTop~e BKIl~~a ~T 
l-1 npOBepKY 3aKOHOB COX pa He Hl-1 fl MOMe HTa KOIl l-1 ~ eC T Ba ABl-1*e Hl-1fl l-1 
~eT HOCT l-1 Ha Ka*AOM 3Tane nOCTpOeHl-1R c xe M~ pa cnaAa . 

B cxexy B036Y*AeHHblx COC TOflHl-1l:1 148 Sm He B KIl~~ e Hbl yp OBHl-1 
2103,4 , 2498, 6 , 2992,1 K3B, a aeneuuae B pa 60Ta x 12 -41, TaK Ka K 
3Ha~e H l-1 e T 29Kcn . AIlfly-ne pexOAOB 2103 , 16, 2497,46l-12244,7 1 K3B , 
KOTop ~ e l-1X pa3pfl*a~ T, npOT H Bo pe ~l-1 T 3TOMY pa3Me~eHl-1~ . HCK Il~4e 

H~ TaK* e BBeAeHH ~e B pa 6oT e ~1 ypOBHl-1 2 166 , 7 , 2343 , 4 l-1 
275 1,2 K3B Ha OCHOBe 3 Ha ~ e H l-1 fl T 29Kcn . AJ1fl v- nepexoa o a C 3Hep
rl-1e l:1 14 19 , 70 , 1596, 66 l-1 2004 , 25 K3B !CM.Ta6J1. 1 / 11 I l-1 ypOBHl-1 
3092 , 3 , 31 06 ,3 l-1 323 7 K3B H3- 3a Hapyw e Hl-1fl 3H e p reT l-1 ~eC KO ro 

6a Ila Hca AIlfl Y-nepeXOAOB, KOTo p~e B 3TO ~ pa 60 Te pa3 p fl*a~T AaH
H~e COCTOflHl-1fl H 3He pr l-1 fl KOT OP~ X HaMl-1 on peAeIleHa cy~ecTB e H HO 

TO~Hee . 
n	 148 EwHilA npeAIlo* eHHOl-1 cx e M~ pa cnaAa u B ~~l-1CIl e H~ l-1HT eHCl-1BHO

CT l-1 6eTa-nepeXOAOB , 3a C eIlA~~l-1X YPOBHl-1 146Sm , l-1 COOTBeTC T B Y~ 
~ l-1 e 3 H a ~e Hl-1 R ~n , KOTo p~e npl-1BeAeH~ B Ta6Il .l . AaHH ~e nOIlY4e
H~ B pe 3YIlbTaTe l-1 3 y~eH l-1 A 6a Ila Hca HHTeHCl-1 BHoc Te l:1 ne peXOAO B B 
npeAnOIlo* e Hl-1 l-1, ~TO l-1H T e H C l-1B HOCTb ~ 6eTa-ne pexoAa, l-1Ay~e r o Ha 
OC HOB Hoe COCTOflHl-1 e l~ Sm , MO*HO npeHe6pe 4 b InepexoA Tl-1na 
4- ... 0+1 . np l-1 Bb l~l-1CIleHl-1l-1 19n l-1CnOIlb30BaIll-1Cb 3Ha~eHl-1fl Q = 

K3 B/ 5 /l-1 =3877(8) T = 4,59(3) AHfl "/711/ 2 

4 

Cnl-1 H~ l-1 ~eT H O C T l-1 25 B036Y*Ae H H ~x COCTOflHl-1C1 146Sm yCTaHoBIle
H~ no a Hl-130TpOnl-1 l-1 yrIloBoro pacnpeAeIleHHfl Y-KBaHTOBl-1 3Mepe H H ~ 

O pl-1e H Tl-1 p O BaHH~ X HAep 1111 • Cnenyer OTMeTl-1Tb , ~TO KB aHTOBble xa 
pa KTe pl-1 CTHKl-1 YPoBHeC1 31 36 , 42 H 3461 ,52 K3B onpeneneuu B 1111 

Henpa Bl-1 J1 bHO, TaK Ka K pa3Me~e H l-1e Y-nep eXOAOB , pa3pfl~a~~H X AaH
H ~e YPOB Hl-1 (cM .Ta6Il.2/, OWH6o~HO . MYIlbTl-1nOIlbHOCTl-1 nepeXOAOB 
IC M. Ta6Il. 2 I I I, C B fl 3a H H~X C OCTaIlbH~MH 23 YPOBHflMl-1 , nOATBep
~Aa~T 3Ha~e H H A ITT . nonyveuasre B pa60Te 1111 • 3Tl-1 AaHHbie npa 
HHMaIll-1Cb B Ka4e CT Be l-1CXOAHWX AIlA YCTaHOBIleHHA ITT APyrHx YPOB
HeC1 Ha OCHOBe 3Ha4eHHA MYIl bTHnoIlbHocTe l:1 Y-ne pe xoAo B, KOTopwe 
HX pa3 pA*a~T , np l-1 3TOM 6~Ila Hc nOIlb30s a Ha nporpaMMa SP IN / 101 

..	 H npa BHIla orpaHH4eHl-1A cnHHa H 4eTHOCTl-1 B 3aBHCHMOCTH OT 3Ha
4eHl-1fl 19ft 171. Ta KHM 06 pa 30M, KBaHTOBble xapaxrepac rax» onpe
A eIleH ~ AIlA 9 COCTOAHl-1C1, AIlA OCTaIlbH~X 24 COCTOflHl-1l:1 Cnl-1H l-1 
4eTHOCTb OAH03Ha4HO onpeAenl-1Tb He YAaIlOCb. BnepB~e onpeAeIleH~ 

cn HH l-1 ~eTHOCTb AIlR 8 COCTOAHl-1~: 2532 (3+), 2850 (4+), 
3200 (4-) , 3231 (4+) , 3462 (5-) , 3509 (4+), 3626 (4+ ) l-1 
3652 (4+) K3B, l-1 nOATBep*A eH~ 3Ha~eHl-1R ITT = 3+ AIlA YPOBHfl 
3183,89 K3B /7 / . 

BBl-1AY cy~ecTBeHHoro pa3IlH4HR cxeM pacnaAa, npeAIlaraeMo~ 

HaMH l-1 l-1CnOIlb30BaHHol:1 B pa6oTe / 111 , 6~Ill-1 paCCMOTpeH~ 3aHOBO 
B~BOA~ 0 3Ha4eHHRX ITT , nOIlY4eHH~e B 3T0C1 pa6oTe. Pe3YIlbTaT~ 
aHaIlH3a npeAcT~BIleH~ B Ta6Il.2. OHa COAep*HT AaHH~e 0 20 y
nepexoAax, KOTop~e paHee 6~Ill-1 pa3Me~eH~ Me*AY APyrl-1Ml-1 YPOBHA
Ml-1 l-1Ill-1 He 6~IlH BKIl~4eH~ B cxeMY pacnaAa. Ta6Ill-1~a 2 ABIlReTCA 
AonOIlHeHl-1eM l-1 YT04HeHl-1eM Ta6IlH~~ 4 l-13 pa6oTbl "ll . AaHH~e , 
npeACTaBIleHH~e B Ta6IlH~e 2 , n03BOIl l-1 IlH OAH03Ha4HO onpeAeIlHT b 
cnHH l-1 ~eTHOCTb AIlA YPoBH eC1 240 0 (2+) , 3072 ( 5+) , 3136 (3 -) 
H 3517 K3B (3+) , AIlfl COCTOflHl-1 fl 3418 , 92 K3B ITT OA H03Ha~HO yCTa
HOBHTb He YAaIlOCb. K03 ¢J¢Jl-1 ~l-1eHT bl CMeCl-1 MYIlbTHnoIl bHocTeC1 15 ne
peXOAOB ICM. Ta6Il.21 on peAe Ile H~ BnepB~e . 

06CYAl-1M 60Ilee nOAPo6HO Te COCTO flHl-1 A, KOTop~e BBeAeHbl Bnep 
B~e , a TaK*e Te, K Ba HTOB~e xapa KTepl-1CT HKl-1 KOT O P ~X onpeAeIle H~ 

Bne pB~e HIll-1 YT 04HeH~ . 

YpoBeHb 24 00,90 K3B 6~ Il BBeAe H B p a6oTe/~ l-13 - 3a OTCYT
CTBHR Y-Y cOBnaAeHHl:1 MelKAY ne pexonaxa 24 00 ,94 H 747 ,159 K3B . 

9Kcn •3Ha4eHHe T 2 AIlfl aroro ne pexona nOATBep*AaeT 3TOT ¢JaKT. 
C 3Toro YPOBHfl HanpaBIleH HOBW C1 y-nepexOA 1653 , 72 K3B Ha nep
Boe B036Y*AeHHoe COCTOAH l-1e . no MYIlbTHnOIlbHOCTH nepeXOAOB MO*
HO np eAnOIlomHTb AIlR Cn l-1 Ha H 4eTHOCTH ITT = 1+ HIll-1 2+. BTopoe 
3Ha4eHHe npennov ra r en suee , TaK KaK 19ft = 9,3. 60Ilee roro , 
3Ha4eHHe ITT = 1+ MO*HO l-1CKIl~4HTb, TaK KaK K03¢J¢JH~HeHT aHH30
TpOnHl-1 v-nepexona 2400,94 K3B - A~Kcn . = -0,69 (5) npor aaope-: 
4l-1T TeopeTH4eCKOMY 3Ha4eHl-1~ A2(I ... 0 ) = 0 ,707 H, Hao6opoT, 
cornacverca C A2 ( 2 ... 0) = -0,598. 

· tl	 .
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'I'a onaua 2 
K03qxpHlJ;HeHTbl CMe CH MYnbTHnOnbHocTe:i% AnH rrepex onoa 

146 Sm 

E j 11 Ey { t A2 s XL 
(RaB) (RaB) 

1 2 3 4 5 76 

2400.9 
2439.0 

2269 .9 

2+ 
4+ 

3+ 888.5 
889,4 
2400. 9 
I057,6 

4+ 
3
0+ 
4+ 

-0.69(5) 
0. 3IO(26) 

-0.34(5) 

4 -0.88 

-0 36+0. II 
• -0.18 E2/MI 

El 
E2 
E2/MI 

~II 

1058.7 3 E1 

3136.4 

2850. 3 
3072.9 

2513.4 

2799 .7 

3

4+ 
4+ 
5+ 

3

3+ 

2389.1 

2052, 7 

1756.1 

2052.7 
2I03.2 
1691.6 

865. 4 
II32. I 
II33.I 

a

2+ 

2+ 
2+ 
4+ 

2+ 

2+ 
4+ 
a

0. 45(9) 

-0.34(4) 

- 0. 54(3) 
-0. 37(23) 
0.60(8) 

-0 .508(29) 

0. 53(37) 
-0.44(4) 

-0 1".°,05, -
-3,O;t0,5 
-0.10+0,04 
I 62+0.15 

, -0 14 
0'04

-O'O~O'05 

-0 lct°,20
• -0,26 

O "....+0.09 
, \J(.:.0, CY7 

I 14+0, 18 
, -0 18 

4,4j:~ 
o 50I+0,025 

, -0,023 

M2/EI 

E2/MI 

M2/EI 
EI 

E2/MI 

EZ/MI 

E2 
E2 
E2/MI 

3418.9 

3461.1 

3200.0 

5

4

(2+) 
a+ 

2671.7 
2671.7 

1378.1 

1II6 .6 

5

2+ 
2+ 

5

0.85(15) 
0.70(12) 

-0.37(6) 

-o.25(II) ...+0'09 
-O,3u':'0~I2 

-2, s+ll' 9 
a~ 

-0 2r+°,08 .
• - 0, 09 

-2 , .1riO 4.:.0 ' 5 
-O.I2+b.08 E2/MI 

E2/MI 
E2/MI 

EZ/MI 

1415.9 4 -0.46(7) 
0,97±0.I5 
0,45j'~ E2/MI 
3 6+0,~ 

, -0.6 

Ta6nH~a 2 /npoAo n~eHHe / 

1 2 3 4 5 76 

2080, 0 4+ -0,085(20) 6) EI 

3517,3 
583, 9 

3626,0 

3+ 
T 

4

5
4+ 

2203,7 

2081 ,1 
2137.1 
2203,7 

2244,7 

2203,7 
1345,2 
1356,1 

T 

a
a
a-

a
4+ 
3+ 

4+ 0,35(6) 

-0.46(19) 
-o,40(IO) 

-O,42(I0) 

-0,38(9) 
-0, 45(13) 
0,23(15) 

E2/M1 

E2 
-0, I8~O~2,0 M2/EI 
1,4~'~ E2/MI 

-0 04+b, II 
, -0 IO 

4 6+I,~ , -I 2 
O,4a+b, 08

-0,07 
E2 

-0 . I6 ~ O~ I , 3 0 E2/MI 
o 05+0•07 E2/MI

• -0.08 
-6 9+2 , 4 , -7,9 
-28~o~ -1,1 E2/MI 

a ) eM. TeKCT . 

6) A~aC4eT . = -0, 20 (8). 

Cm-1H 11 4e THOCTb yp OBHH 2531 ,90 K38 yc rauoeneau B pa6oTe / 41 

KaK I" = 4+ 6na r oAapH Hanl14VllO v-riepexona 721,24 K38 , paapa
xaouter-o AaH H bl~ YPOBeHb Ha COC TOHHVle 1811 K38 C r" = 6+. Yr no
BaH aHVl30TponVlH y-nepexOAa 1150,63 K38 npOTVlBope 4VlT 3Ha4eHVllO 
I" = 4+ Vl yxaauaae r Ha I" = 3+. n03TOMY ae ropu pa 60Tbi 1111 
Aonyc KanVl o6e B03MO>KHOCTVl AnH c nVlHa . OAHaKo YT04HeHHaH 3Hep
rV1H Y-nepeXOAa 721,24 K3B nOKa3ana. 4TO no 3HepreTVl 4eCKOMY 
6anaHcy ero HaAO pa3MeCTVlTb B APyroM MeCTe cxeMbi pacnaAa 
/CM. Ta6n. 1II I / Vl B 3TOM cny-iae MO>K HO OAH03Ha4HO on peaenar s 
{" = 3+ YPOBHH 2531,9 0 K3B. 

YpoBeHb 2649,60 K3B BBeAeH no 3 Ha4eHVllO T2sKcn· =91, 4(28)% 
AnH Y-nepexOAa 1902,45 K3B, KOTo poe n03BonReT Hanpa BVlT b e ro 
nVl60 Ha ypoBeHb 747,16 K3B, nV1 60 Ha YPOBeHb 1647,96 K3B . 
nepBbI~ BapVlaHT 60nee BepORTeH, TaK KaK B 3TOM cny4ae ypOBeHb 
2649,60 K3B nOATBep>KAaeTC H e14e OAHVlM ne peXOAOM - 2650,35 K3B . 
3Ha 4e HVl e T2sKcn. = 52(8)% AnR 3Toro ne pe xOAa YKa3b1 BaeT Ha ero 
Ay6ne THYlO c r pyx r y py , V1 TeM caMblM OAHa Vl 3 e r o KOMnOHeHT, 
B03MO>K HO, HBnReTCfl npflMblM n epe XOAOM Ha OCHOBHoe COCTOflHV1e . 
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C HO BOrO ypOBHH 2684,71 K3B HanpaBneHO TpH Y-nepexoAa /Ha 
~ero HAeT Y-nepeXOA cBepxy/. 3Ha4eHHe T23Kcn. = 90,1 (16) % AnH 
V-nepexoA a 1937 K38 nOATBe pmAa eT cy~ e cTBoBaHH e AaHHo ro YPOBHH . 

YpoBeHb 2850,28 K3B YCTaHOBneH no Y-Y COBnaAeH~HM ne pexo
qOB 2103,16 K38 ~ 747,16 K38 

/ 4/ 
• 3Ha4eH~e T 23Kcn. =82,6(10 n 

qnH ne peXOAa 2103,16 K38 nOATB epmAaeT cnpaB eAn~BOCTb BBeAeH~H 

qaHHoro ypOBHH . CornaCHO MynbT~nonbHOCTHM nepeXOAOB cn~ H ero 
4+. 3TO nOAKpennHeTCH ~ 6n~3K~M 3H a4eH~eM A 2 ( a xcn .) C 
A2(4-+2) = - 0 , 45 AIlH nepeXOAa 2103,16 K38 ICM .Ta6Il . 2/ . sxcn , 

HO Bblili YPOBeHb 3072,90 K3B BB eAeH Ha oCHO Be 3Ha4eH~H T2 = 
96(4)% AIlH Y-nepeXOAa 1691,64 K38. KpOMe Tor o, Ha OCHOBe 

3HepreTH4eCKoro 6aIlaHca C 3Toro ypOBHH Hanpa BIleHO e~e 4 Y-ne pe
xOAa ICM.Ta6Il.1/. nepexoA 1691 , 64 K3B B pa60Te / 21 3a ceIlHe T nep 
B~iIi B036ymAeHH~iIi YPOBeHb, 4TO npOT~Bope4~T Ha W~M Aa HH~M ~ pe 
3YIlbTaTaM Y-Y cOBnaAeH~iIi !4 / . no MYIlbTHnOIlbHOC THM nep e XOAOB, 
CBH3aHH~X C ypoBHeM 3072 ,90 K3B, B03MomH~MH 3 Ha 4 eHHHM~ AnH c n~

Ha H 4eTHOCTH HBIlA~TCA I" = 4+ ~nH 5+ . nepBoe 3Ha4eH~e MomHO 
He pa CCMaTp~BaTb, nOTOMY 4TO AaHH~e no aHH30T pon~~ yrnoBor o 
pacnpeAeIleH~A AnA y-nepexoAa 1691,64 K3B I Myn bTHnon bHocTb 
M1 + E21 ~CKn~4a~T 3Ha4eH~ e 4+, TaK KaK B 3TOM cny4ae HeT pe 

A: Kcn weH~A AIlA napaxer pa CM eWHB aH~A 5 np ~ • = 0 ,66(9). Ha OCHO
Be aroro np~H~MaeM I " = 5+. 

YpoBeHb 3136 ,42 K3B yc r auoane» no Y- Y C O B naAe H~HM 12/ ne pe 
XOAOB 1756,08 ~ 2389 ,1 3 K3B. Pe,f YIlbTaTbl A~<t> <t> e p e Hl.l lll anbHO - ~H T e r 

pans uux cOBnaAeHI-1i1i ICM. Ta 6n.1 ' I nOATBepmAa~ T ero cyutec r ao-
BaHllle. 60Ilee T04Hoe 3Ha4 eH ~ e 3Heprlll~ nepe XOAa 1756,08( 3) K3B 
n03BonHeT Ha npa BIII Tb ero Ha 2-e B036ymAeHHoe COCTOHH~e 1380 K3B, 
3-, B TO BpeM A KaK B pafio-rax 12, 3 , 11 

1 OH oaapaxanc a Ha ypoaeus 
1381 K3B, 4+ . MynbTlllnonbHocTIII nepeXOAOB, CBH3aHH~X C AaHH~M 

YPOB HeM, AonYCKa~T AIlA cnlllHa ~ 4eTHOCTI-1 3Ha4eH~H I" = 2-, 3- , 
4TO OTIl ~4aeTCH OT BbIBOAa, cnenaa-roro B 1 111 , rne lIT = 3+. 
nepexoA 238 9,13 K3B MYIlbT~nOIlbHOCTIII E1 ~MeeT np~ I" = 2- K03<t>

A:Kcn •<t>~l.l~ eH T aH~3 0TpOnHI-1 = 0,54(10), B TO BpeMH KaK A2( 2-.2) = 
= -0,42 . OTc~Aa cneAyeT, 4TO AnH AaHHoro YPOBHH 60Ilee BepOHTHO 
lIT = r . 

HOBblili ypoaens 3199, 99 K3B BB eAeH Ha OCHOBe 3 Ha4eH~iIi T2 axcn , 
AIlH v-riepexonoe 1116,57 H 1818,78 K3B ICM.Ta6n / 11 I . 3HepreTw 
4 eCK~iIi 6aIlaHC n03BOIlAeT H anpaB~Tb C aroro ypOB HH euie 3 y
nepeXOAa . Cn~H III 4eTHOCTb YPOBHH onpeA eIl A~T C H 0AH03Ha4HO 
I" = 4-. 

Cn~H ~ 4eTHOCTb YPoBHe ili 3376, 72 ~ 3391 , 64 K3B onpeA eIleH ~ 
B pa60Te / ll i KaK I " = 4+ ~ I" = 3- COOTB e TCTB eHHO Ha OCHOBe 
1-1 3Me pe HHo ili aH~ 3 0Tp on~~ yrnoBoro pacnpeAeneHI-1H ne peXOAOB 
1332,74 ~ 1345 ,18 K3B. nOIlY4eH H~e HaMI-1 3Ha 4e H~A 3He p r ~ iIi AaHH~X 

nepeXOAOB ~ CBeA e H~ A 0 T23K~. AIlH H~X CB~AeTeIlbC T B Y~T 06 ~x 

pa3 M e~eH ~~ B APyroM MeCTe cx eM ~ pacnaAa . OAHa Ko 3 Ha4 eH ~A lIT 
AIlA paCCMaTp~B aeMbiX YPOBHeili He Me HA~TC A, nOC Kon bKY B nepBOM 
cnY4ae I" = 4+ cneAyeT ~3 MynbT~noIlbHocTeili nepeXOAOB, K OT o p~e 
CBR3a Hbi C YPOBHeM 3376 ,72 K3B, a BO BTOPOM CIlY4ae lIT = 3
YPOBHA 3391 ,64 K3B OAH03Ha4HO on peAenHeTCH ~ 3 aH~30Tpo n~~ ne 
peXOAa 2644,43 K3B MynbT~nonbHO CT~ E1. AIlA I = 2 TeopeT~4e
cxoe 3Ha4eH~e A2( 2 -+ 2 ) = -0,42 ~ ~ 3MepeHHoe A~Kcn. = 0,42(12), 
4TO np~BOAI-1T K Bbl60PY aroposi B0 3MomHOC T ~ - I" = 3- AnH AaHHor o 
ypOBHA . 

YpoBeHb 3418 ,92 K3B BBOAl-1nCH B pa60Tax / 2 • 3, nl-1Wb Ha oCHOBe 
BbInOIlHeH~A 3HepreT~4eCKoro 6anaHca. l-13MepeH~A A~<txI>epeHl.ll-1aI1 b

HO-~HTerpaI1bH~X cOBnaAeH~~ ICM .Ta6n.1 11/ / 0AH03Ha4HO nOAT Bep
mAa~T cy~ecTBoBaH~e AaHHoro YPOBHA. MynbT~nonbHOCT~ nepeXOAO B, 
CBA3a HHbiX C yposuex 3418,92 K3 B, OrpaHI-14~Ba~T B03MomHbie 3Ha + . 
4 eH~A I" = 2 +, 3- , 4 ", AH~30Tpon~A nepexona 2671 ,65 K3B B 
cnyvae 1 = 4 oaaaa A~Kcn. = 0,75(13), a ee r eoperavecxoe 3Ha
4eHI-1e A 2( 4 -+ 2) = - 0 , 45 , 4TO ~CKIl~4aeT cn~H 4+ . Cn~H 3- MeHee 
BepOATeH, nOCKonbKY ~3 aHI-130TpOn~~ yrIloBoro pacnpeAeneH~A no 
IlY4aeTCA cn~WKOM 60I1 bWa R nplIIMeCb MYIlbT~nOIlbHOCT~ M2 K E1 

+ 4 1) IT + sxcn • (4 , 2 _ 2:5 % AnR AaHHoro nepeXOAa. np~ I = 2 A 2 

= 0,85(15) , OAHaKO peweH~e AnA napaMeTpa CMeW~BaHI-1A o(E2/Ml ) 
cyutec r aye r rons xo AnA A2( 2 -+ 2) < 0,54. OTc~Aa cnenyer , 4TO 
1-1 Cnl-1 H 2+ ABnAeTCH MaIlOBepOATH~M ~ AIlA paCCMaTp~BaeMoro YPOB
HH caMblM BepOATHblM OCTaeTCA I" = 3+. 1111 

Yp OBH~ 3461,52 K3B np~n~caHO B pa60Te 3Ha4eH~e 1" = 4- , 
asrr exaeuiee 1-13 auanaaa aH~30TpOn~l-1 yr noaor o pacnpenene uaa ne pe 
xOAa 2080,7 K3B, l-1Ay~ero Ha COCTOAH~e 1380,25 K3B . Ha w~ l-13Me
peHHA nOKa3anH, 4TO nepeXOA 2080,7 K3 B AB nAeTCR Ay 6I1eTH~M ~ 

ero KOMnOHeHTbl aacenan'r ypOB Hl-1 C 3Hepr~e~ . 1380 ,25 ~ 

1381,26 K3B. Cn~H ypOBHA 346 1,52 K3B paBeH 5-, 4TO cneAyeT 
1113 MYIlbT~nonbHOCTeili nep eXOAOB, K OTop~e ero pa3pHma~T. AH~30

TponHA Ay6IleTHoro ne peXOAa 2080 + 2081 K3B He npOT~Bope4~T] AaHHoMy B~BOA Y IC M. Ta6n . 2/ . 
YpoBeHb 3488,46 K3 B BB OA~TCA ~3 aHaIl~ 3 a peayns r aroe T

2
sxcn ,

AnA nepexoAa 1840 ,52 K3B ~ H3 pa3pAAK~ ero nepexOAOM 
2740,8 K3B. 

YpoBeHb 3517,33 K3B YCTaHOBI1eH Ha OCHOBe y-y cOBnaAeHH~/~ , 
B patiore 111/ onpeneneuu B03MomHbie 3Ha4 eH~A ItT = 3+, 4+ B npen
nonomeH~~ , 4TO nepeXOA E2 2137,08 K3B 3acenAeT YPOBeHb 
138 1 K3B , I" = 4+. Pe3YIlbTaT~ Haw~x ~3MepeH~A np~BOART K TOMY, 
4TO nep exoa 2137,08 K3B CBH3aH C YPOBHeM 1380 K3B, I" = 3-. 
Ecn ~ YPOB eHb 3517 , 33 K3B ~MeeT I" = 4+ , To r Aa np~MeCb M2 -nepe
XOAa 2137, 08 K3B 60n bwe 10% 14TO cIleAyeT ~ 3 aHl-130Tp Onl-1~ AaH
Horo nep exoAa / H BB~AY 3Toro cn~H 4+ RBIlA eTCR ManOBepORTH~M. 
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YpOBeHb 3546 ,13 K3B BBeAeH no SHa4e HVllO T~Kcn . = 85 (3 ) % AMI 
nepeXOAa 2798 ,97 K3B. Pa He e B pa6oTax / 2 , 71 nepeXOA 279 8 , 97 K3 B 
6~n CB RsaH C OC HOBH~M COCTORHVleM 146 Sm • BOS MO ~ H ~e SHa4eH Vl R 
AnR cn VlHa Vl 4eT HOCTVl ypOBHR 3546, 13 K3B ITT = 3+,4+. 

YpoBeHb 3583, 91 K3B yCTaHoBneH no pe s yn bTa Ta M y-y coBn a Ae 
HI1 l::i 141 . nonY4e HHbie HaM Vl peayns r a ru nOATBep~Aa IO T cyure c r eoaa ua e 
AaHHo r o y poBHR, a MynbTVlnonbHoCTVl nepeXOAOB, CBRsa HHWX C 3TVlM 
YPOBHe M, npVlBOART K 3a Kn104e HVl IO , 4TO I" = 3-, 4- , 5-. AHVl SOT PO
nVlR y r noBo r o pacnpeAeneHVlR AnR nepexoAa C 3Hepr Vl el::i 220 3 , 73 K3B 
He nosBonReT VlCKnlO4VlTb HVl OAHO HS Bwwe y Ka sa HHWX 3Ha 4 e H H ~ AnR 
ITT ICM.Ta6n .2/ . 

HOBwe ypOBHVl C 3HeprVlel::i 3231,6 , 3244, 62, 3329,8 7 , 3368,7, 
3397,6,3427,7,347 1,86 ,3509,30,3591 ,68,3605,7, 3693,4 , 
3715,56, 3720,5, 3740,7 H 3749,4 K3B BBeAeHW Ha OCHOBe Vl3Me 
peHHl::i VlHTeHCHBHoC Tel::i AH<t><l>epeH~Hanb HO-HHTer pans HblX cOBnaAeHVl~ 

nepexonos , xoropue CBRSblBalOT 3TH ypOBH Vl C nepBblM Bos6YM<,qeHHbIM 
COCTORHHeM ICM.Ta6n.1 Bill I. 113 cnoco6a pa3pRAKH H H3 3Ha4e
HVll::i lg tt ITa6n.11 AnR YPoBHel::i C 3Hepnle~ 3591,68 , 3605,7 , 
3693 ,4, 3720,5, 3740,7 Vl 37 49,4 K3B cneAyeT 3Ha4eHVle ITT = 3 ±, 
4 ±. 

CTpYKTypa HVlSKone~aU\VlX COCTORHHl::i snoa 146 Sm 6b1na Bbl4HcneHa 
B paMKax Mo,qenVl BsaHMOAe~CTBYIOU\HX 60S0HOB , B KOTOPO l::i pa s n Vl 4a
IOTCR npOTOHHble(TT) H Hel::iTpoHHble ( II) 60soHH~e CT e ne HH CBo6o,q bl 
IMB6-21 1121 • B o6naCTH VlSOTonOB caMapHR n pOBoAHnCR PRA pa C4e
TOB no MB6, TaK , HanpHMep, 146sm 6bln no oa ua naaa poaa u B pa6o
Tax 111 ,13 ,141 • .R,qpo 146 Srn HMeeT nHWb on ay napy He l::i TpoHoB c ae px 
sanonHeHHol::i 060n04K ~2 C It= 82 , n03TOMY POJ1 b Konne KT HBHblX xaa n
pyn OJ1bH blX B os6 y~,q e H H l::i HeBenHKa H MOM< HO O~ H,qaTb SHa4HTenbHoro 
BnHRHHR HeKOnJ1eKT VlB HblX n pHMecel::i Ha CTPYKTYPy COCToRHHl::i , KO TO 
pue HeBOSMOM<HO onac a r s B paxxax MB6. 146 

HaMH 6blna npennpnaara nonsrr xa Bbl4HcmHb CTPYK Typy Sm 
C MI1HHManbHblM 4HcnOM CBo6oAHbiX napaaerpoe C Vlcnonb30BaHHeM 
,qnR HeKOTopblX HS HI1X MHKpOCKOnl14eCKI1X o~eHOK. raMHnbTOHl1aH 
MB6-2 HMeeT BH,q 

H - ( ) (2) (2) (2) (2)
- (d 0d,., + °d +KTTVQTT Q v + K1TTTQ TT +Q TTv 

III 
+ K Q(2) QC2) + AM 

w v V TTl!' 

r,qe (d - 3Hepr HR Bos6YM<,qeHVlR d-6030HOB no c pa BHe HHIO C 3 He prH 
el::i S-60S0HOB. OHa 6wna BSRTa o,qHHaKoBo~ ,qJ1R TT- 11 V-60S0HOB. 
KBa,qpynonbHbl~ onepa rop Q~2) sanHweM B BVl,qe 

(2) ( + + - ) (2) ( + - )(2) IQ p = d Sp + S pdp + X pdp dp ,p = TT, v , 12/p 

Cl1na Ma~opa H a Mml nOBwwaeT 3HeprHIO COCTORHH~ C HeCHMMeTpH4HW

MI1 npOTOHHWMH Vl Hel::i TpoHHWMH KOMnOHeHTaMH.M TT V sanHcwBaeTCR
 
B caMOM npOCTOM BI1,qe:
 

1 .... 2
MTTV = -

4
N(N + 2) - F , 131 

.... 1121 
rne N - cyMMapHoe 4Hcno 60S0HOB 11 F - onepa rop F-cnHHa 

npl1HRTbie MHKpOCKOnl14eCKI1e o~eHKH napaMeTpoB KBa,qpynOJ1bHWX 
on e pe ropos Q~) 1151 YMeHbwalOT 4Vlcno CBo6o,qHbIX napaaerpoa . 
060SHa411M Q (:)003. xa K(2~oSOHHoe o r ofipaxeuae <l>epMHoHHoro xaanpy
nOJ1bHOrO onCpaTopa Qp, ¢epM. ' Tor,qa 

(2) + ~ + - )(2) + XpCdp+'d )(2) IQ p, 003;' a p !(s pdp + d P S P p , /41 

Vl Ha OCHOBe MI1KpOCKOnI14ecKol::i Mo,qeJ1H n0J1Y4HM SHa4eHHR =- 0 ,84 X TT 
Vl Xv = 0,23, KOTopwe HCnOJ1bsyeM B HaWI1X paC4 e Tax . npl1 <l>eHoMe
H0J10rI14eCKOM aHanH3e / MI n0J1Y4eHW 6J1Vl3KHe SHa4e HHR X TT = -1,3 
Vl Xv = 0,36. AHaJ10rVl4HaR o~eHKa ,qJ1R a6C0J1IOTHOrO SHa4eHHR 
BsaVlMo,qel::icTBVlR K ICM./lI1 HeHa,qe~Ha Vl3-sa 3Ha4HTenbHoro BnVlR
HHR peHOpMaJ1Vlsa~HVl OT CTeneHel::i CBo6o,qbl, He BKnlO4eHHWX B MB6. 
HeCMOTpR Ha 3TO HCnOJ1bsyeM MVlKpOCKonVl4eCKHe sHa4eHHR KOHCT2HT 
nponop~HOHaJ1bHOCTM ap ICM./411 AJ1R BW4VlCJ1eHHR OTHOCHTeJ1bHWX 
SHa4eHHl::i K H3 cneAYIOU\HX BWpaM<eHH~: 

. F F 2 F 2 
K :K

TT TT .K v = K TTV a TT a KTTTTa TT Kvva v ' lSITT V v V 

AnR <l>epMHoHHO~ CHnw K
F B KBa,qpynonb-KBaAPynonbHblx <l>epMVloH

HblX BsaVlMoAel::icTBVlRX I1CnOJ1bSOBaJ1HCb MHKpOCKonVl4eCKVle o~eHKH 

Vl pesynbTaT~ peaJ1VlCTH4eCKHx paC4eToB, npOBeAeHHwx no MeTO,qy 
XapTpVl - <l>oKa/16/ • Tor,qa npVlHHMaeM, 4TO 

1 FK F 
TTTT K:V e K TTV • 161 

OTHoweHHe a / a = 0,68 nonY4eHO Ha OCHOBe MHKpOCKonH4eCKHXv
Bbl4HcneHHl::i /~/ Vl XopOWO cornacyeTcR C aHaJ10rVl4HWMI1 paC4eTa

/ 171 MVl • BwweYKasaHHble OTHoweHVlR Vl sHa4eHHR napaMeTpOB nOSBo
nRIOT Hal::iTH CI1J1W K K ' Vlcnonb3YR O,qVlH cBo6o,qHbll::i naTT TT, v v H K TTV 
paMeTp, SHa4eHHe KOToporo onpe,qeneHO H3 cpaBHeHVlR 3KcnepVlMeH
TanbHWX H Bbl4VlcneHHblX 3HeprHl::i ypoBHel::i. TaKVlM o6pasoM, nony
4eHO SHa4eHHe = -0,15 M3B, KoTopoe Haxo,qVlTCR B COrnaCI1H K TTV 
C ,qaHHblMVl pa6oTbl/ 14/ . OTclO,qa cne,qyeT , 4TO = -0,017 M3BK TTTT 
Vl = -0,036 M3B . KBa,qpynonbHwe CHnbl MeM<,qy o,qHHaKOBWMH HyKvv 
KJ10HaMVl OKaS~BaIOTCR HaMHoro MeHbwe , 4eM npoToH-He~TpoHHoe 

KBa,qpynOJ1b-KBaAPynonbHoe BsaVlMo,qel::icTBVle , XOTR HX Y4eT n0J10M<Vl
TenbHO BnVlReT Ha B~4I1CJ1eHHbll::i cneKTp 3HeprVlVl YPoBHel::i . CornaCHO 
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AaHH~M pa60T~ / 1 4 1 M~ B~6 pan M SHa 4e HMe ~d = 1 M3 B. CMn a Bs a M
T a 6JlH~ a 3 

MOAe~cTBMR Ma~opaHa (A ) BnMRe T Ha no nomeHMe c a Mo r o HMSKoro 
Ko nn e KTMBHo r o COCTORHMR 1+ /B 146 Sm OHO He M3 Be c THo i M Ha 3 Hep A6coJ1JOTHble 3Haqe HHH npHBep;eHHblX a e porrr uo -' 
rM~ M30BeKTopHo ro CO CTOR HMR 2+. npeAnonara eM, 4 TO 3TO COC TOR

cTeH E2-n e p exop;OB 
14 6 

SmHMe B 146Sm TomAeCTBeHHO YPOBH~ 2+ C 3HeprM e ~ 2,156 M3B, To r Aa 
A = 0,1 M3B. npoB eAeHa MAe HTM$ MKa 4MR M30BeKTopHor o COCTOHHMR 
2+ c o r na CHo aprYMeHTaM, M c n on b 30Ba H H ~M AnH c o c e AHMX M30 TonOB 
Sm / 18/ B ( £ 2 , I i-If ) [e"-62.1 

, XOTR AOCTO BepHOCTb 3Kcn epMM eHTanb H ~ X AaHH~ X 0 COCTOR I · t -- I ~ HM M 2+ B H8 Sm HeBenMKa. CpaBHeHMe 3 KcnepMMe H T anb H~X M B~4MC 3K CII . [7] BiItl. 

neHH~ X 3HeprM ~ YPoBH e ~ npOB eAeHO Ha pMCYHK e . 
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1. 0 
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0.0 

npMBeAe HH~e BepOHTHO 2r -- Or > 0, 033 0,27 
CTM E2-nepexoAoB paCC4M 4+ __ 2+ >0 , 06 0 ,43I I4+ T~BanMCb C nOMO~b~ one 

(2+) 6+ ~ 4+ o 043 +0 ,054=\ ,/ 0+ paTopa I I ' - 0 , 023 
12+) 

T(E2) = q Q(2) + q Q(2) 

0+ 

~'=== e; E3+ tr tr 1111'r~== '~ 6+ /71
~/ napaMeTpOB Ta on a ua 4~: =s /; rAe 3Ha4eHMR 

4+ ~ 2+ II _ Xp l cM. 12/1 TaKMe me,3+ ~/! /
 
6+ / / KaK B raMMnbTOHMaHe Il l. OTHomeHHe n pHBep;e HHblX Be poHTHo c Te H E2-n e pe
2+ 146 

A6con~TH~e 3Ha4eHMR XOP;OB 8m 
B(E2) MSMepeHbl C 6onb 
WO~ oWM6KO~ ICM .Ta6n.3/ , 

B{£2., I , - I f ) 6 + - - - - - - - 4 TO saTPYAHReT onpeAene 
___ 0+ I~ --- If HM e 3Ha4eHM ~ aa pRAOB qp ' B ( E2., I ; - I f' ) 

- _ . _ 2+ 2 + 
4+ AHanMsMPYH CBO~CTBa Ii -- T~ 3Kcrr . BhI"l . 

147 Sm / 19/ , npMHl-1MaeM, 
- - - ----/ / / 2+ - 2+ .1+ 4TO ~rr = q1l = 0, 161 e c. 2 I 74±,30 222

npMBe AeHH~e BepORTHOCTM 2+ _ 0+ 
2 IB(Ml) B~4McnReM, Mcnonb 2+ _ 2+ 

SYH one paTOp 3 I 9+l 8 9,3
2+ - 0+ T ( Ml) = 3 I 

/8 / 4+ - 2+ 
2+ 3 2 2--------~----- 2+ 

A A >58; < l 4 5 1 , 36 = v'- (g t. + g L )
4" " 17 11 11 ' 4+ - 4+ 2 I 

rne L rr(Lv) - onepa r opu 2+ - 2+ 4 I < r.s 0 , 375 yrnoBoro MOMeHTa npOTO
2+ - 0+ 4 IHOB IHe~TpoHoB/. 3Ha4e 

HMH rMpOMarHMTH~X $aKTO 3+ - 4+I I 2 6 +3 , 0 35, 8POB B~6paH~ CTaHAapTH~M 3+ ~ 2+ ' - 1 ,40+ 0+ I I06paaOM, TO ecr s g" = 
3+ -+ 2+ 111 M gv = 011 , Cpaaue 

0 0 I 2 ') 5 +2 ,5
HMe 3 Kc n e pM MeH Ta nb H~X M ~ , - l,2 2,5 

exp teor 3+ - 4+ I IE (t"13B) 
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Ta6JIHlJ;a 5 

K 03qxpHLI,l1eHTbl CM e UIl1B a H W I MYJIbTlinOJIbllOC T H (5(E2/M l ) 
146 

n epe xonoa 8m 

Ii -> I o(E2/M l)r 

3Kcn .	 Teop. 

2 ~ .. 2 i !ol =( 1, 5 ~ ~, 7) a) - 5,93 

2~ -> 2t ( - 3, 2 ~ (5 S -0 , 9) 6 ) _. 0,074 

4 ~ .. 4 i {$-0,88 a) - 3 . 08 
'C. I I 

3 : .. 2: {O'33±O'05
6) - 4,03 

13 + 20 
- 5 

3 + .. 4+ (_036+ 0 , I I) a) -4 07 
1 1 ' -0 ,18 ' 

3 + -+ 2+ { 0 73 + 0, 24 6) - 6 94 
1 1	 ' -0,14 ' 

2 45 + 0,8 5 
, - 0 74. , 

a)	 /1 /
Haunt pesvnsr a r u / CM. TaOJI. 2 Ii T a 6 JI . 2 B / • 

/ 11/6)	 Ilaa asi e li3 • 

Bbl4J.1CJle HHbIX oTHOWeHJ.11:1 B(E2) J.1 napaae'rpoe CMeWJ.1BaHJ.1fl (5(E2/Ml) 
AaHo B Ta6Jl.4 J.1 5. 

npeAnOJlaraeM , 4TO COCTOflHJ.1e 61 (1 ,812 M3B) J.1MeeT HeKOJlJleK
TJ.1BHbll:1 xapaKTep nOTOMY, 4TO paC4eTbi B paMKax MB5 Aa~T E~~)~ 
> 3E(21). KOJlJleKTJ.1BHOe COCTOflHJ.1e 6+ MOrJlO 6b1 COOTBeTC TBOBaTb 
-	 + / 11 / 3KCnepJ.1MeHTaJlbHOMY YPOBH~ C E(6 2) = 2,222 M3B. B pa60Te , 
J.1CnOJlb3Yfl MB5-1 C w eCTb~ cBo6oAHblMJ.1 napaMeTpaMJ.1 , AOCTJ.1rJlJ.1 co 
rJlaCJ.1fl Me~AY paCC4J.1TaHHol:1 3HeprJ.1el:1 6+-COCTORHJ.1R J.1 3KCnepJ.1MeH 
TaJlbHblM 3Ha4eHJ.1eM E~~) , XOTR npJ.1 3TOM 6b1JlJ.1 Bbl6paHbI 04eHb Heo
6b14Hble 3Ha4eHJ.1R napaMeTpOB . Pe3YJlbTaTbi Bbl4J.1CJleHJ.1I:1, nOJlY4eHHble 
HaMJ.1, C He6oJlbWJ.1M 4J.1CJlOM cBo6oAHblX napaMeTpoB, 3Ha4e HJ.1R KOTO-

PblX HaXOART CR B co r Jlac J.1 J.1 C MJ.1KpOCKOnJ.14eCKJ.1M J.1 04eHKaMJ.1 J.1 co 
3Ha4e HJ.1 RMJ.1 C OOT B eTCTB Y~ ~ J.1 X napaMeTpOB B COCeAHJ.1X RApax, He 
06b RC H R~T 3KCne pJ.1MeH TaJlbHO nOJlY4 eHHoe HJ.13KOe 3Ha4eHJ.1e E(6 ! ) . 
OTHOCI-1T eJlbHO HIIl 3Koe 3Ha4eHJ.1e B(E2,6 t .. 4t) , YCTaHOBJleHHoe 3K
Cne pJ.1 Me HTaJlbHO, n OA T B e p~A a e T npeAnOJlO~eHJ.1e 0 HeKOJlJleKTIIlBHOM 
xa pa KTe pe COCTORHIIlR 6t . HeKOJlJleKTJ.1BHble npJ.1MeCJ.1 6YAYT, BepOflT
HO , 3Ha 411lTeJl bH ble J.1 B BOJlHOBOI1 ¢JYHK4J.1J.1 COCTOflHJ.1f1 4i BBJ.1AY 
3KCne pJ.1 Me HTaJlbHO YCTaHOBJle HHOr O HepaBeHCTBa E(4! ) < 2E(2!). 

B 06JlaCTJ.1 3Hepr lll l1 YPoBHel:1 Bblwe 2 M3B Ha6Jl~AaeTCfl PflA COCTOfl 
HJ.111 C I " = 2+, KOTopble HeJlb3f1 OTHeCTJ.1 K Bbl411lCJleHHblM HaMJ.1 co 
CTO fl HJ.1f1M . npeAnOJla raeM, 4TO 60JlbWJ.1HCTBO J.13 HJ.1X J.1MeeT B 3Ha411l
TeJlbHOI1 CTe neHJ.1 He KOJlJleKTJ.1 BHbl l1 xapaKT ep. YpoBeHb C 3HeprJ.1el1 
E( 2~) = 2,156 M3B Mbi npeAnOJlO~J.1TeJlbHO OTO~AeCTBJ.1JlJ.1 C J.130BeK

TOPHblM COCT Ofl HJ.1eM , Bbl4J.1CJleHHblM B paMKax MB5-2. OTHOCJ.1TeJlbHble
 
J.1HTeHCIIlBHOCTJ.1 E2-ne pe xoAoB, p a3pfl~a~~J.1X ypoBeHb 2,156 M3B,
 
He npOTJ.1BOpe 4a T BblWeCAeJla HHOMY BblBOAY. COCTOflHJ.1e 4~, Bbl4J.1CJle H

Hoe HaMJ.1 , He AOJl ~HO pa3pfl~aTbCfI Ha ypoBeHb 21. 3TOMY YCJlOBIIl~
 
YAOBJleTBOpfleT YPOBeHb I" = 4+, E = 2,349 M3B. C APyrol:1 CTOPO

HbI, OTHOCIIlTeJlbHO IIl HTe HCJ.1 BHble E2-nepexoAbi CBfl3b1B a~T COCeAHJ.1e
 
ypOBHJ.1 4+ /2,283 M3B/ J.1 4+ /2,678 M3B/ C nepBblM B036Y~AeHHbIM
 

COCTOfl HJ.1 eM 2~.
 
B 3aKJl~4e H lIl e Mbi npJ.1XOAJ.1M K BblBOAY, 4TO B CTPYKType HJ.13KOJle

~ a ~ J.1X YPoBHel1 M6 Sm Ba~HY~ POJlb J.1rpa~T HeKOJlJleKTJ.1BHble COCTOfl
HJ.1 R,OnJ.1Ca HJ.1 e KOTOPblX HeB03MO~HO B paMKax MB5. 
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A) ~aM 11. H np , P6-88-756 
CXCMa pa cn a n a 148Eu H CTPYKTypa 
llo36YlKAe HHbIX CO CTOHHHH 1468m 

Ha OCHO Be g a HHbIX 0 gHqxpepeHIJ;HanbHO-HHTerpanb Hblx COBna 
)~eH HHX noc'r poena cxexa pacnana 146 Eu .» 146Sm , coc-rornaaa 
H3 68 YPoBHe H. 2 2 YPOBHH HaMH BB e,r~ eHbl arrepaere • Onpege
n e asi c rnorsr, qeTHOCTH H 19 rt AnH B036YlKAeHHbIX YPoBHeH 
l~Sm . B paMKax MogenH B3aHMogeHcTByro~X 6030HOB, B KOTO
POH pa3nHQalOTCH npo-ronnsie H HeHTpoHHbie 6030Hbl, Bb~HCJIeHbl 

3He p r HH H KBaHTOBble xapaKTepHCTHKH B036YlKAeHHbIX YPoBHeH 
146 Sm H npHBegeHHble BepOHTHOCTH E2-, MI -rrepexonon . 

Pa60Ta BblnOJIHeHa B lla60paTopHH HgepHbIX np06neM OaHl1. 

Coo6111eHHe 06'Lep,HHeHHoro HHcTHTyra HJJ;epHbIX HCCJlenOBIlHHH. ,lly6Ha 1988 

n e pe Bog O.C.BHHorpagoBoH 

Adam 1. et al. P6-88-756 
146 Eu Decay Scheme and Structure 
of 146Sm Excited States 

On the basis of oata on different ial-integral coinci
dences t he 146 Eu .... 146 Sm decay scheme is constructed. 
I t consist s of 68 levels, 22 of them have been introdu
c e d f or the first time. Spins, parities and 19 n for 
e xc it ed levels of 146 Srn are determined. Within the model 
o f i nteracting bosons in which proton and neutron bosons 
a r e distingui shed, energies and quantum characteristics 
o f exc i t ed levels of 146 Sm and reduced probabi.lities of 
E2- , MI - t r a n s i t i on s are calculated. 

The	 inv e s t i ga t i on has b een pe r formed at the Labora 
3 to r y o f Nuclear Problems, JINR. 
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