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MccneAOBaHuH apeMeH *usau ypoaaeil poTauuoaaoil nonochi'B qeTHo

qeTHhiX HApax Bb!3b!Ba!OT 3HaquTenbHbiH UHTepec B CBH3U C TeM1 qTQ T8KUe 

uccneAOBaHUH nosaonHIOT npoaecTu rrpoaepKy pHAa MOAenbHhiX npeACTaaneauil 

o cTpoeauu HApa, 

8KcrrepuMeHTanhHbie saaqeHuH nepuoAOB nonypacnaAa T1j 2 sKcn. ypoB

aeil poTaUUOHHOH nonOCbl OCHC>BHOI"O COCTOHHUH nosaonHIOT orrpeAenUTb rrpuBe- · 

AeHHhle aepoHTHOCTU n~pexoAOB B(E2), BHyTpeHHue sneKTpuqecKue KBBAPY-

.nonbl!bie MOMeHTbi Q 0 , napaMeTpbi Aet\JopMauuu HAep {3 u T.A. 

CxeMbl B036Y*AeHHb!X COCTOHHUH uccneAyeMb!X qeTHo-qeTUbiX HAeJJ_ OT

aocuTenbHO xopowo usyqeUhi /1/ 

BpeMeHa *U3HU nepBbiX aos6y)KAeHHbiX cocTo~~uil 2+ u 4+ paccMaTpu

aaeMhiX HAep, sa ucKnroqeaueM Ie 4 Os , 6binu orrpeAeneHbi pasnuqnbiMH 
0
Me

TOAaMu /2-29/. B pHAe cnyqaea pesynbTBTb( pasnuqHhiX pa6oT cyniecTBeHHo 

pasnuqaroTCH Me*AY co6oil. BonbWUHCTBO usMepeaufi npoBeAeuo MeTOAOM 

38Aep)K8HHbiX coanaAeHUH C ucnonb30BaHUeM CUUHTunnHUUOHHb!X cneKTpOMeT

pOB1 KOTOph!e He no3BOnHIOT npoBeCTU qeTKOe Bb!Aeneuue KaCK8AHh!X U3nyqe

HUH1 U, n09TOMY Ha pesynhT8Tbl T8KUX U3MepeHUH MOI"nH noBnUHTb' BpeMeHa 

)KU3HU Apyi"UX COCTOHHUH, TI09TOMy 6binO uenecoo6pa3HO ITOBTOpUTb 9TH H3-

MepeHUH MeTOAOM e-y - saAep)KaHHhiX coanaAenui!:. Mcrronbsoaaaue Maf'HHT

aoro {3 -cneKTpoMeTpa c xopowuM saepreTuqecKuM paspeweaueM cywecT-

BeHHO nOBbiWaeT. HaAe*HOCTb pesynbT8TOB, 

~. AnnapaTy'pa 

MsMepeHUH npoaoAunucb aa ycTaHOBKe AnH usMepertui!: apeMen )KJI3HII 

'aos6y)KAel!Hb!X COCTOHHUH HAep /SQ/ 1 co6paUHOi!: Ha 6a3e M8I"l!UTHO-nUII30BOI"O 
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f3 -c!YeKTpoMeTpa /3 1 I. BpeMeHa :>KH3HH yponHeii: 4+ n:sMepsmuch c npn:CMe

HeHn:eM cucTeMhi KOHTponSI annapaTypHhiX HecTat5~nhHOCTeii: /30/. Cot5cTneH-
•,, 

HOe BpeMeHHOe pa3pemeHn:e ycTaHOBKH Ha HCTO'IHHKe 60 Co llnSI pa3HhiX H3-

MepeHn:ii: cocTaBnSino 2 r = 0,8-1,2 HCeK. l13MepeHHSI npono.un:nn:ch npn: aHep-. 0 . 

reTn:'leCKOM paspemeHHH f3 -cneKTpoMeTpa R "' 2%, 

2. Ot5pat5oTKa aKcrrepn:MeHTanhHhiX pesynhTaToB 

8Kcnepn:MeHTanhHbie pesynhT8Tbi H3MepeHn:ft BpeMeH :>KU3HH ypOBHei1 

ot5pat5aTbiBann:ch no MeTony Ran:MeHhmn:x KnanpaToB Ha 8BM B8CM-4 n: 

.E8CM-8, TiorpelliHOCTH onpe.ueneHHSI aKcnepn:MeHT8nhHhiX pesynhTaTOB BKmo

'laiOT B cet5SI, nOMIIMO CTaTHCTH'leCKOii: OlliHOKH, OlliHOKY at5coniOTHOii: Kann:t5-

p0BKH ueHhi KaHana BpeMeHHoro aaann:saTopa. 

3, Tiony'leHn:e pa.UHOaKTHBHhiX HCTO'IHHKOB 

p 8llii08KTHBHhie HCTO'IHHKH .UnSI HCCnellOB8HHSI BpeMeH :>KH3HH ypOBHeii: 

B SI.Upax Dy n: Er ohinH nony'leHhi B pesynhTa Te peaKrrnii: rny6oKoro 

pacmerrneHHSI TaHTana npn: ot5ny'!eHn:n: ero rrpoToH~MH c aHeprn:eii: EP =860 MaB 

Ha CHHXPOUUKnOTpOHe 0J1.HJ1, BpeMSI ot5ny'IeHHSI .UnSI pa3HhiX H3MepeHHll coc

TaBnSinO 0,5-4 'laca. 

Bbi.UeneHn:e pann:oaKTHBHhiX npenapaTOB n:a ot5ny'leHHhiX Mn:meHeii: npon:a

Bo.un:noch MeTO.UOM xpoMaTorpa~n:qecKoro paa.ueneHnSI /32/, 

l13MepeHne npeMeHn: :>Kll3Hll ypoBHSI 4+ .. B stnpe 1e 4 Os npoBonn:noch c 

HCTO'IHHK8MH pa.UH08KTllBHhiX H30TOnOB HPllllllSI, nony'leHHhiX npn ot5ny'leHHH 

sonaTa B Te'leHn:e 'leTbipex 'lacon npoToHaMn c aHeprneii: Ep = 880 Man 

Ha CHHXpOUUKnOTpOHe 0J1.HJ1 ll Bhi.UeneHHhiX P~llll0XllMll'l9CKHM MeTOllOM 1331 

4. YcnoBnSI usMepeHuli 

Y CnOBiiSI Ii3MepeHiill BpeMeH :>Kii3Hii nepBbiX B030Y:>KlleHHbiX COCTOSIHiill 

2+ n: 4+ B n:ccnenyeMbiX Sillpax npuneneHbi B Ta6nnue 1. 

,· 

I 

Ta6nnua I 

YcnoBIISJ uaMepeauil: apeMeH )!{1!3HI! yp~aaeil:. 2+ 11 4+ 

ocaoaaoil: poTauuoaaoil: nonoChi a 'IeTHO-'IeTHhiX imp ax Dy, I 

H~po ~~~K Pa~i1o- BpeMH T OT 
Conna~eHHH, · B J 8KTl1B- 1 KOH~a 061Iy-· 
onpe~eJIHeTCH T. . . riii I 

Hbiil ·npe- .. tiBHl1H ~0 Ha- . 
napaT · · tiaRa nsMepe- i 
HCTO'lJHiuta HI!il . · 

I56;ay !38 z+ Ho r.s tJaca '(L-I38) (Ef=30CJ.; 
ISB;uy ~+ 5 qacoB 

i 
(L-99) (Ef =30CH 99 .Er ' 

!601\y 87 2+. Er 4 tJaca · (L-87) (Er=30CH . I 
I60~y 284 ~~+I Er 20 qacoB (K-I97) (Ef=GOO~ I . 
T'2 •)+ (t- IQ2) (EI-=400-l ... o E:r I02 ... YB I qac 

...,· 
I6'~Er 9I 2+ .YB I tJac (L..;9I) (E1=400-l 

I?6.tr . 8I . 2+ YB 30 qacoB (L-SI) (Er =400-l .. 

I66Er 265 ·4+ YB 30'tiaCOB .(L-I84) (E,=600i 
IS405 -384 4+ Ir · 3 tJaca (K-264) (E,.=650-t 

~ 

3Ha'!eHue nepn:o.uon nonypacna.ua n:ccne.uyeMbiX ypoBH 

B Tat5nn:ue 2. 

5. Ot5cy:>KlleHn:e aKcnepn:MeHTanhHbiX pesynhTa 

B Ta6nuue 2 · npencTanneHbi 3Ha'IeHn:SI nenn:'ln:H · B ( E 

orrpe.ueneHHbiX no aKcrrepnMeHTanhHhiM npeMeHaM )!<II3HU ne. 
+ \ + . 

HbiX cocToSiimii 2 II 4 'leTHO-'IeTHhiX SI!lep Dy c A = 

Er c A= 182,188,188 II Os c A = 184,188,188,190,192 

A9Hbl TeopeTII'I9CKI!e. 3Ha'IeHiiSI HeKOTOpb!X 113 STiiX Beni!'IIIH. 



ell: 4+ H3MepSI1IHCh C npnMe-

6H1IhHOCTeil: /30/. · Co6cTnea

mnKe 60 Co nnsr pa3HbiX H3-

JeHHSI nponO)lH.IIHCh llpH 9Hep-

2%, 

·IX peayJibTaTOn 

Hllll npeMeH *ll3HH ypOnHeil: 

.paTon Ha 3BM E3CM-4 n 

IT81IbHbiX pe3y1IhT8TOn nK.IIIO

OWH6Ky a6~0.1IIOTHOll K81IH6-

k!CTO'IHHKOn 

IHHSI npeMeH *H3Hll yponHeil: 

f.IIbTa Te peaKUHll I"1Iy60KOI"O 

a~m c saepi"neil: EP =660 Man 

n~sr pa3H&IX naMepeunil: coc-

o6riy'leHHhiX Mnmeaeil: npona

ean sr /32 I. 

mpe. 1e 4 Os npononnnoch c 

nony'leHHhiX npn .o6ny'leHHH · 

c aaepi"neil: EP = 660 Man 
/33/ OXHMH'l9CKHM MeTO)lOM 

IX B036Y.*ll9HHbiX COCTOSIHllll 

16nnue 1. 

.i 
1"'·. 

L 

I 

Ta6nuua I 

YcnoBUlili3MepeHI!fi BpeMeH lKII3HII ypoBHell. 2+ 11 4+ 

· .. ocHoBiiOfi poTauuoHHofi ironocbr B 'leTHo-<ieTHbrX flilpax Dy, Er 11 ·os 
. ' . 

H~po 
Eyp Pa~v!O- BpeMH T OT Conrra~eHIIH, · B rtoTOphlx KSB. 8KTl1B- KOH~a 06Jiy- ·· 

orrpe~eJIHeTcH TI/2 ypoBHH 
Iii 

Hb!ti npe-:- tzeHI1H ~0 Ha-
rrapaT · · tzana ttaMepe-: i 
l1CTOtJHlfi\8 HI1i1 . 

I567ry I38 2+ Ho I.s qaca '(L- I38) (Ef=300f900 KSB) /-'. 
I 

-ISB;ny 99 .?+ .Er 5 tz8COB l (L-99) (E1. =300f950 KSB) -
I60;ny 87 z+. Er 4 tzaca (r.-87) (E(=30Df800 1-:sn) . I 
I60;ny 284 '~+ Er 20 tl8COB (K-I97) (E1.=600+900 It8n) 
T~2 2+ (t-IQ2)(Ef=400+900 KSB) ... o Er I02 YB I qac ... 
I6L~Er 9I 2+ YB I qac (L..;9I) (Er=400t900 KSB)· 

I?6.Er . 8I .2+ YB 30 tJ8COB (L-SI) (Er =400f900 KSB) 
I66Er 265 -4+ YB 30 tz8COB (L-I84 )'(Er=600f900 It8B) 
rs405 384 4+ Ir 3 qaca (K-264)(E!'=650+900 KSB) :--•"· .• 

. 
3aaqeJme nepnonon nonypacnana nccnenyeMhiX yponaeil: npencTanneH&I 

n Ta6nnue 2, 

5, 06cy*lleHne 3KCIIepnMeHT81IhHbiX pe3y.1IhT8TOn 

B Ta6mrue 2 npencTanneH&I aaaqeansr aenn'IHH · B ( E2), Q
0 

n {:3 

onpeAeneHH&IX no sKcnepnMeUTanhUhiM npeMeHaM )!mauu nepn&IX noa6y)Kneu-
+ + . . 

HhiX cocTosrmrit 2 11 4 'leTHO-:'leTHhiX SI.Uep Dy c A = 156,158,160,162, 

Er c A= 162,166,168 n Os c A = 184,186,188,190,192, TaM *e npnne

Aenw TeopeTH'IBCKHe 3Ha'leHHSI HBKOTOphlX 113 9TIIX Be.IIU'IUH. 
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i,, 

Ta6nHna 2 

n'apuont>r nonypacna.na nepa~>rx aos6y)I(JleHHbiX cocroSIHDJ:i 

2 + u 4 +, npuaeJleHHbie aepoSITHOCTB nepexonoa, aayrpeHHHe • i 
I 

KaanpynolibHbie MoMEmTDr., napaMeTpbi .ne¢opMaue:u nng 

'leTHo-'JeTH~x smep. Dy, Er ·· H Os 

!56 !58 !60 !62 

60 Dy.90 66 Dy 92 66 Dy 94 66 Dy 96 IIpo,noueHHe :raOJIHI:Ui 2 

I. EO (2+) K3B /I/ · I38 99 86;8 . 80,7 j 

I62E 'l I64E I66E-'Z 
2. Ef (4+) K3B /I/ 404,4 37I,I 283,8 265,9 

I 68 94 68 
1
96 68 98 

3. E[ (4+--.2+) /I/ 266,4 2IB,I I97 IB5,2 I 

4. 0(. OOJIH. (2+~+) /4/ t 
I. I02 9I,5 80,6 

/42/ 0,86 . 2,80 4,!)5 6,27 2. 338 '299 264,9 

' 5. d OOJIH. ( 4+-,~o2+ )/4I ,42/ 0,09 O,I9 0,26 0,32 3. 236 208 I84,4. 
I 

6. TI;2(2+)axcn., 
i 4. 2,84 4,37 6,94 

2,25~,07a) I 
. 

Io-9 6eK. 0;90+0,08 1,63+-o,oa I,76:!:0,08 5. .0,16. 0,23 0,33 

7. T1; 2(4+)3Kcn., 
I 6. I;I7~,IO I,48t0,08 I,99!.o,o~ 

10-II cex. 7,4a:!:O,B3B) 9,5:!:.!,0 13,2to,aa) ' 7. 8,59!.o,B3B) II,I:!:I,o - I 
-

a •. . F ycx. 134:!:12 !87:!:.9 229!12 !90:!:7 8 • 214:!:.2! 205!.18 192:!:!0 

9. B(E2 ~+4 0+) axtcn. , 
9. I,133t.0,097 I,I04t.0,060 1,04~,( 

1o-48 cll4 0,673to,060 0,957!.o,047 I,19t:!:0,054 1,005!. IO. - 1,36:!:0,13 I, 79:!:0,1~ 
:!:. 0,032 

j II. - 1,23!0,20 I, 70:!:0,2~ 

10. B(E2,4+~2+) 3KCn,, 
I 

12. 0,25 O,I8 0,16 
1o-48 cu4 - 1,27!.o,13 1,59tQ,17 1,48!0,10 13. 13,4 12,8 12,6 

I II. B(E2,4+~2+)/B(E2,2~0+) - I~33!o,2t 1,33:.0,22. 1~47:0,15 14. 7 ,58!0,30. 7,45!0,27 7,27!0,E 

12. f·. . . 0,38 . 0,27 0,21 0,20 I5· 5,72 5,72 5,72 
~ ·~ ; 

13. £ rp~~ 13.,6 . 12,1 II,5 II,7 I 

16. i 

14. 
0
3Kcn.I0-24 c112 5,81!.o,25 6,94:0;10 7,75!0,19 7 ,nto,12 17. 6,0 6,3 7,0 

I 
. 15. 19cA . . 1o-24 cll2 " 5,81 5,73 5,72 5,72 I 18. 0,328!.o,009 0,320!0,006 o,31o!o,c 

16. Q
0
lffi/35/· I0-24cK2 - - - -. 

·~ 

17. &o r /36/ 1o-24c~ 4,7 5,3 5,6 6,2 

!8. fi 3Kcn. .0,26Bt0,008 0,315±0,006 o,34ato,oo6 o,31~o,oo4 
I 7 



, COCTO>iHliA 

,a; _BHyTpeHHHe 

M.8UHH .nnst 

!60 !62 
66 Dy 94 66 Dy 96 ITpo~onxeHHe TaOnH~ 2 

86j8 80,7 ' 
I62E 'l I64E.Z I66E.I[ I68E·~ I 

283,8 265,9 ! 68 94 68 96 68 98 68 00 
!97 !85,2 .! 

I 
I. !02 9!,5 80,6 79,R 

4,~5 6,27 2. 338 299 264,9 264,3 
" 

0,26 0,32 
l 

3. 236 208 !84,4. !84,5 .. 

4. 2,84 4,37 6,94 7~33'' 

!,76!0,08 2;25!.0,07a) 
I 

5. .. O,I6 0,23 0,33 0,33· 

6. I~I7:!:.0,IO I,4a!0,08 'I,99!.o,09 I,90!.o;06a) 
) 9,5!!,0 I3,2!.o,8a) l 7. 8,59:!:.o,83B) II,r!.r,o . + . a) 

I2,I-0_,8, 

229!.!2 ' !90!.7 8. 2IL1!.2I 2os!.r8 r92!.ro !86!.8 

9. I,I33!.0,097 I,I04!.0,060 !,048±0,048 I,037±0,0311 

7 I,I9I!.0,054 r,oos!. IO. I,36!0,I3 I,79!0,I5 I,64:!:.o,n 
! 0,032 II. !,23!.0,20 r,7o!:0,24 '+ I,SB!-0,18 

I2. 0,25 O,I8 O,I6 o,ro 
I I,59!o,I7 1,4a!O,IO !3. 13,4 12,8 !2,6 12,3 
. I,33!:o,22. I,47!.o;15 I4. 7 ,sa!:o,3o. 7,45!.0,27 7,27!.0,15 7,23!0,II ·' 

0,2! 0,20 IS· 5,72 5,72 5,72 s, 74' 
n,s · -II,7 16. 

+ 7 ,n!.o,12 6,0 6,3 7,0 7,5 ,7,75-0,!9 17. 
5,72 5,72 18 • 0,328!.o,009 0,320!0,006 o,31o!o,oos 0,306!:o,003 

... 
5,6 6,2 

0,348±0,006 0,3Ia±0,004 
7 



...... 
..... 

llpo~oxxeHHe·x~~R~ 2 

!84 
OS 

76 !08 

I.· II9,8 
2. 384 
3. 264 
4· 2,!4 
5~ 0,!4 .· 
6. r,r8!.o,o~) 
7. 4,6!.!,3 ; 
8 •.. !02!.5 
9. 0 16I5!o,030 

IO. 0,840!.0,240 
+ . 

II. ! 137-0,45 
. r2. o,28 
!3. !3,5 
I4. 5,56!o,ro 
!5. 5,74. 
!6. + 
I7. 5,6 
!8. 0 120I!o,002 

!86 os 
76 IIO 

!37,2 
434 
296,8' 
!,26 
0,09 
o 84to o~) ' - ) ' 2,24r · 
95!.5 
o,6ro:o,4o 
o,995!.o,r5o 
I 163!o 140 
0,26 
!6,5 
5,54!.0,!5 
5~73 
5,45 
5,6 
0 ,20o;!;o '003 

!88 
. 05 

76 II2 

!55,0 
478 
323,5 
o,ao 
0,07 
0,7I!.0,03~) 
I,9or) 
76!3 
0,493!.0,020 
0, 789;!;o, II8 
I,6oto,35 
0,26 
!9,0 
4,96to,o8 
5,73 
5,23 
5,3 
01!76!.0,002 

a) 3H~qeJiRJI TI/2 B3HTU H3 /8/. 

0) SHat~eHHa TI/2 BSSITU R3 /37/. 

B) 3Hall9HHSI TI/2 B3HTU H3 /38/. 

!90 : 

os 
76 II4 

!86,7 
548 
36! 
0,42 
0,05 . 
0,33to,02°) 
I;7r) 
83!.6 
0,529!0,035 
0,64s!o,096 
I,25to,30 
0,26 
2!,8 
5,Is!o,I5 
5, 7/}. 
5,II 
5,3 
o,r82t.o,o03 

r) 3HalleHHa T112 onpe~e~euu no BeHHIIHHe B( E2 ) Ha·/39/. 

~) 3HalleHHSI TI/2 onp~,ile~eHS B /40/. 

!92 
OS 

76 II6 

~ ... :• 

$ ~~ 

.;;. 

!05,7 
'5580 

374,6 
0,26 
o;o4 ... -

o,27!)to,or8°) 
I,4rJ 
66!4 
0,44Ito,030 
o,52a;!;o,o28 
I,20!.o,30 . 
0,!6 
25,2 
417I!.o 1I5 
5,70 
5,09 

O,I67!Q,003 

* 0THOCHT9XbHS9 3Hall9HHH t?~ HOpKHpOBaHS no 3XCnepHK9HTaHbHO~ 
. !56 

3HalleHHD ~0 axcn. ,Uy. 

8 

··' J J 
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i 

' ,;; 
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1 

f' j 
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. ! 
'(I 

l· 

l 

;··1···1····;-

\ 
., 

i 
: 

. 

Tio BpeMeHaM )KH3HH yp.OBHeii 2+ H 4+ poTaUHOiiHOll. non 
. '· . . ,. . . . 

~COCTOSiiiHSI MO)KHO npos~pHTb 0 K8K BbinOnHSIIOTCSI COOTHOIIIeHHSI 

.. AeHHbiMII 'sepOS!THOCTSlMII. nepeXOilOB 4+ ... 2+ 11·2+ ... o+, 

felt k . . ]2 
· r, +2;k;L;k-k 

··-:" ·''B(E2:I+z ... r) 
1 1 

[(Ifk F 
I

1 
k; L,k-k 

B(E2; I
1 

... I
1 

) 

.. "i .• 

rne·. s i'sa~paTHhiX cKo6Kax ~TO SIT. KostjltjJHUHeHThi Kire6~a-fopnaH 
· 'CpaBHeHHe SKCnepHMeHTanbHhiX. H Teope'rHqeCKIIX OTHOIIII 

H_hiX B~pOSITHOCTeii nepeXOJlOB Me)KJlY ypOBHSIMII OJlHOll pOTaU 

MO)KeT Jl8Tb UeHHyiO HHtjJOpMaUHIO 0 CTpyKType Mpa. TaK 0Han] 

IIIe~HOll MO)lenH JlOnycKaeTCSI, 'qTO B COCTOSIHIISIX 2+ 0 4+ H T.]J. 

TaUHOHHoii nonocBI K sonHo~oii: tjlyHKUHII, HMeroiiieii K·= 0 , r 

sonHoBaSI · tjlyHKUHSI c K = 2 (npHMecb OT y. -sH6paUHOHHOii n 

.CMelliHB8HHe JlOn)KHO npuseCTII K He6onbiiiiiM H3MeHeHHSIM 3H8'l 

· · ·HhiX ~epo~THOCTeii:. E2-nepexonos. B nepexonax 4+ -> 2+, { 

He 3anpeiUeHbi KOMOOHeHThl M3 H E4, KOTOpbie T8K)Ke MOI":Y 

senuquHy B (E2). 

0JlH8KO cneJlyeT OTMeTIITb; qTO B H8CTOSIIUee BpeMSI TO'lf 

BpeMeH )KH3HII B036y)KJleHHbiX COCTOSIH!Ill Mep He n03BOnSieT ' 

~TKnOHeHIISI. 0THO~eHHSI B (E2 : 4+ ... 2+) /B (E2: . 2+... o+) 

cnepuM.eHTanbHhiX oiiiu6oK cosnanaror co 3Ha'leHHeM 1, 43, I 

paseHCTBa (1)~ 
BepoSITHOCTII nepexon()s Me*JlY yposHSIMH poTaunoHHOii 

CMaTpusaeMhiX SIJlpaX yCKOpeHhi no OTHOIIIeHIIIO K OJlHO'laCn 

Ha.senHqiiHY nopSIJlKa ~to2;qTo csnneTenbcTsyeT o KonneK' 

STIIX cocTOSIHIIii:. B cooTseTCTBIIH c o6onoqeqHoii Monenbro 

tjlaKTOpOB YCKOpeHHSI yMeHblli8IOTCSI Ha KpaSIX otJnaCTII )letjlopM 

(eM. pile. 1). 

3Ha'JeH!ISI KBaJlpynonbHblX MOMeHTOB paCCMaTpHBaeMbJX SU 

HhiX H3 3Ha'leHuii T II 2 (2+) SKcn. H T II 2 • ( 4+) · sKcn •• B n 

pHMeHTanbHbiX OIIIH60K COBnaJiaiOT i:tpyr C Jlpyi"OM. 

l1HTepeCHO cpaBHHTb .sKcnepHJI._leHTanbHbie 3Ha'leHHSI BH; 

pynonbHbiX. MOMeHTOB ( HnH napaMeTpOB Jletjlop~18UIIII) paCCM8' 

C COOTBeTCTBYIOulHMII TeopeTu;:ecKHMH 3HaqeHII.SIMH. 0THOC!ITe 
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Do apeMeHaM :iKH3Hii _YP.OBHefi 2+ 1i 4:'" poTaUHOimofi" nonoChl OCHOBHOI'6·. 

· ~ .' ~cocToSI.imSI Mo:>KH? npoa~pHTh, KaK abmonHSiroTcSI cooTiiomeHHSI~·.Me:>Kny npH~e-

.. 

~ .. 

\J 

, ]:leHHbiMH 'J3epOllTROCTSlMH. 'nepeXO!lOB. 4+-+ 2+ H 2+-+ 0+, 
... ~ B(Ez;I :rz ... I ) [cit k · ]2 

__ _:_ __ :__~ :, __ IL±..2; k; L; ~ 

B(E2; I
1 

... 1
1

) [{Ilk ]2 

1
1 
k; L,k-k 

(1) 

.. · 
'' ','" ~ - ' ., ' . 

rne B :KaanpaTHhiX ci<o5Kax cToHT. Koa<jl<jJHuHeHThi Kne5wa-ropnaHa, ~ = 2,11 =0, K,O, 

'CpaBHeHHe 3KCnepHMeHTanhHbiX 1i TeopeTHt:IeCKHX OTHOWeHHH npHBeneH

HbiX. BepOS!THOCTefi nepeXOAOB Me:>KAY ypOBHSIMH OAHOH poTaUIIOHHOH nonOCbl 
. . - . -. . . 

MO:>KeT na Tb UeHHyiO HH<jJOpMaUHIO 0 CTpyKType gnp a, TaK,HanpHMep, B. o5o5-

IU~HHOH MOAenH nonycKaeTCSI1 'qTo B COCTOSIHHSIX 2+, 4+ H ToAo bCHOBHOH po-. 

TaUHOHHofi nonocbi K aonHoaofi <jlyHKUHH, HMeromefi K·= 0 , npHcoenHHHeTcS! 

aonHoBaSI <jlyHKUHSI c K = 2 (npHMech oT y .-au5pauHoliHOfi nonochx). TaKoe 

CMe.WHB8HHe non:>KHO npHBeCTH K He5onhWHM H3MeHeHHSIM 3H8'leHHH. npHBeAeH-

.. -HblX BepOS!THOCTefi E2-nepexonoa. B nepexonax 4+ -+ 2+. a+ -+ 4+ li T.n. 

He aanpeweHhl KOMnOHeHTbl M3 H E4, KOTOpbie TaK:>Ke MOI'YT noBnHSITb Ha 

aenH'lHHY B (E2). 

0nHaKO cnenyeT OTMeTl!Th, 'ITO B H8CTOSIIUee BpeMSI TO'lHOCTb H3MepeHHSI 

BpeMeH :>KH3HH B035y:>KAeHHblX COCTOSIHHH gnep He nO;;l
1
BOnsteT 05Hapy:>KHTb 3TH 

~TKnOHeHHSI. 0THO~ElHHSI B (E2 ; 4+ ... 2+) /B (E2; . 2+-+ o+) B npenenax 9K-. 

. cnepl!MeHTanhHbiX owH50K coananaroT co aHat:IeHneM 1, 43, BbiTeKaiOlllHMo'lla · 

paBeHCTBa (1)~ 

BepoSITHOCTH nepexonoa Me:>KAY ypoaHSIMH poTaUHOHHOfi nonocbi B pac

CMa TpnaaeMblX S!Jlpax yCKOpeHbl no OTHOWeHHIO K 0JlHO'l8CTII'lHblM OUeHKaM 

Ha.BenH'lllllY nopSIJlK8 ·,102 ,· 'ITO CBHJleTenhCTByeT 0 KOnneKTHBHOH npnpone 

.STHX COCTOSIHHH, B COOTBeTCTBHH C o5onot:Iet:IHOH MOAenbiO stnpa 3Ha'lellHSI 

<jlaKTOpOB yCKOpeHHSI yMeHhW8IOTCSl Ha KpaSIX oi5naCTII )le<jlopMaUHii l50,:SA<l9Q 

(eM .. pHC, 1). 
3uaqeHitSI KBanpynonbHhiX ~oMeHTOB paccMaTpnBaeMbiX gnep, onpeneneu

llbiX H3 aHat:IeHHfi T 1; 2 
(2+) aKcn. H · T tlz ( 4+)' aKcn •• B npenenax aKcne

pnMeHTanhHbiX OWHfiOK COBnaJiaroT llPYI' C JlpyroM, 

I1HTepeCHO cpaBHHTb .SKCnepHJI:ieHTanhHbie 3Hat:IellltSI BHyTpellHHX KB8A

pynonbllb!X MOMeHTOB ( llnH napa Me TpOB )le<jlop~18Uiill) paCCMfl TpllB8eMb!X SIAep 

C COOTBeTCTBYIOIUHMH TeopeTll;ecKHMH 3Ha'leHHSIMH, 0THOCHTenbHb!e 3Ha'lellHSI 

9 

•.•' 



r 
·'i 

I 

\ 

: l ~ 
: lqi 
,!H 

f; 
~ I ! 
:d 
': ~ 
!' 
ifi 
'\ 

I!!\ 

r 
l 
i• 

., 

l. 
: 

!~ 

·. 

. 

~0 . 

• 200 
t:: 
() 

~ 
{1) - : 

+ N ..._, 
N ,.. ....... 
~ 
....... 150 

• 
1:1' . 
0 -+ N ..._, 
N ,... ....... 
~· 

II 10 
~ 
() 
t>.. 

Li.. 

50 

0 190 154 162 182 _A 

. . + + 
Puc. 1. HaMeHeHHSI .PaKTopoa ycKopeHHSI E2 nepeXOJ:tOB 2 ... 0 a 'leTHo-•mr-

HhiX. Sl):tpax Dy , Er H Os a aaBilCHMOCTII or A. 
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.. 

.· 

KBat:tpynonbHbiX MOM9HT0Bt Bbi'IHCneHHbiX Ha OCHbBe Heamra 

puaHTa TeOpHH HeaKcuanbHbiX 5Ill9P llaBbillOBa, H9ll0CT8TO'IH< 

B8IOT XOll H3MeHeHHSI SKCIIepHM9HTanbHbiX 3H8'19HHM KBat:tpyn< 

B aaaucrrMoCTH or Maccoaoro qucna A uccnet:tyeMbiX Ht:tep. 

3H8'19HH5I ~D onpet:tenSinucb no napaMerpaM neaKcuanb 

8llHa6aTH'IHOCTll ~ B· TeOpHH llaBb!AOB8 /34/ • 3Ha'I9HH5I 

H · ~ OIIpet:tenSinHCb no SKCIIeprrMeHranbHbiM 3H8'I9Hii5IM SHe 

HbiX COCT05IHHil 2+ H 4+ poraUHOHHOH nonOCbl OCHOBHOI'O COC 

an6pauuoHHoro ypoaHSI · c xapaKrepucrnKaMrr I rr K = 2 + 2 . 

B pa6ore KyMapa u EepaH)Ke /35/ Ha. ocHoae aenrrHeii:J 

K'oii: reopnu, y'IIIThiBaiOll{efi napHbie nn10c KBat:tpynonbHbie ocr 

.ll9HCTBU5I, Bbl'IUCneHbi 3H8'I9HH5I npuaet:teHHbiX BepOS!THOCTE 

ypOBHefi 2+ II 4+ OCHOBHOH por.aUHOH~Oll nonocbl t:tn5I 'IeTHo-· 

J.1ao'ronhi Os neMaT B nepexonaofi o6nacrii, rt:te MOMIIO c 

HilS! SillepHbiX caoii:cra npii nepexot:te or ciinhHOt:tecpopMupoaaH 

KUM 5It:tpaM. KaK BIIllHO Il3 paccMorpeHII5I ra6miUhi 2 II puc • 

ocMU5I xapaKrepHo CKa'IKOo6pa3Hoe uaMeHeHne cpaKropoB ycJ 

II KB8llpynonbHbiX MOMeHTOB . Q O SKCn, ~ 38BHCHMOCTH OT 

B 5Illpe, 8TII OTKnOH9Hll5I BbiXOll5IT 38 npet:tenbi SKCIIepHM9H 

Ha6niOll89Mbl9 OTKnOH9HI15I MOMHO IIbiT8TbC5I 06'b5ICHUTb HeMO 

repoM ~3MeHeHH5I napaMerpoa, ucrronbayeMbiX a r·eopnu, 

OT nnaBHOI'O, K8K STO IIpUHHManocb, a T8K*e OTKnOHeHH5IMU 

Koro npii6nnMeHH5I, KpoMe roro, pacqer MHHUManhHOM sHe: 

.lln5I H30TOIIOB OCMHS! nOK83an 
135/ 1 'ITO npu nepeXO.(le 0' 

·f\ = 190_:,192 BUll KpHBOM ITOTeHUHanbHOM SHep~IIIl t:tecpopMB 

CllMMeTpU'IHOM K 8CHMMeTpH'IHOii:,Bo3MOMHO, STOT nepeXOll 5Il 

CK8'IK006pa3HOI'O ~3MeHeHU5I cra6unbHOM cpopMbi 5Illp8. 

·. XapaKrep uaMeHeHHSI sKcrrepuMeHranbHhiX aHa'IeHufi KB 

MeHTOB 'leTHO-'I9THbiX. 5Ill9p OCMHS! B 38BHCHMOCTII OT Mac 

llOBOnbHO XOpOIIIO OITl!Cb!B89TC5I 3H8'I9.Hli5Il'.tll KBat:tpynonbHb!X l\ 

neHHbiMH c · ncnonb3oaaHueM cxeM ypaaHeHuii: noreHuuana CaK 

· 6ore fapeeaa ~ t:tp. 1361• llnH Mep Er n Dy -xapaKrep 

peruqeCKliX 3Ha'IeHIIM KBat:tpyrronbHbiX MOMeHTOB /36/ He C< 
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182 190 

eXOJlOB 2+ ... , 0+ B 'leTIIO-'IeT

:>T A. 

A 

KB8JlpynonhHhiX MOM9HTOB,- Bhl'lHCneHHhiX Ha OCliOBe ·ueanHa6aTii'l9CKOI'O B87" 
. ' 

pHallTa Teopn:n: HeaKcn:anbHhiX SI)lep .QaBh!JlOBa, HeJlOCTaTO'lllO XOpOIIlO Olli-!Cbi-

BaJOT XOJl. H3MeH91lliSI 9KCnepn:MeHTanbHhiX s'ua'leHiiH KBaJlpynonhllhlX MOMell'fOB 

B saBn:cn:MocTn: oT Maccoaoro 'IH~na A HccnenyeMhiX stnep. T~openPiecKHe 

3H8'l9HHSI ~ D onpenenSinHCh no napaMeTpaM ueaKCIWnhHOCTii y H ae-

'B. TeOplili .QaB~IJlOBa /34/ • 3Ha'l9HiiSI napaMeTpOB .Y 

II 11 onpenenstnn:ch no aKcnepn:MeHTanhHhiM saa'leHHSIM 9HeprHi1 aos6y)!<JleH

HhiX COCTOSIHiill 2+ 1i 4+ poTaUiiOHHOll nonOCbl OCHOBHOI'O COCTOHHiiSI li I'8MMa

BH6paUiiOHHOI'O ypoBHSI · c xapaKTepn:CTIIKBMH · I rr K :: 2 + 2 . 

.. B pa6oTe KyMapa n: Eepall)!<e /35/· na. ocHoae nenHneltnoii anua6aTII'IeC-

K.oii TeOpHH, Y'lHTbiB8!0IIl9ll napHbie nnJOC KBa)lpynonbHhie OCT8T01lllhle B381iMO

Jl9llCTBHSI, Bhi'lliCneHhi 3H8'l9HiiSI llpliBe)leHHhiX BepOSITHOCTei'! nepeXO)lOB C' 

yp~aneii 2+ u 4+ ocHoaaoii po;aUHOHHoi1 nonochi nnH 'leTHo-'leTHhiX Hne.p Os ~· 
. . . 

l1soTOllhi Os ne)!caT B nepexonHoii o6nacnt, rne MO)!(IIO O)!(liJl8Th n:sMeHe..; 

HHSI SI/lepHb!X CBOllCTB npri nepeXO/le OT ClinhHO/l9lPOPMHpOB8HHbiX· K c!lJepH'IeC-. 

KliM HnpaM~ KaK BlillHO n:s paccMbTpeHHH Ta6mruhi 2 11 piic. 1,2, niw nsoTonoa 

oCMHSI xapaKTepHo cKa'lKoo6pa3Hoe 1i3J11eHeHHe ¢aKTopoa ycK_opeHUSI F(E2)ycK •.. 

li KB8/lpynonhHhiX MOMeHTOB , Q O aKCll B 38BHCHM~CTH OT 'lliCna uei1TpOHOB' . ' ' 

B SI)lpe, 8TU OTKnOH9HiiSI BhiXOJlSIT 38 npenenbl 9KCnepHM9HT8nhllb!X 0IIlli60J(. 

Ha6nJOnaeMbie OTKnoHeHHSI MO)!(HO nhiTaThCSI o6'bSICHIITh HeMOHOTOHilhiM Xf!paK

TepoM ~3M9H9HiiSI napaMeTpOB, HCTIOnh3yeMh!X B T·eopn:H, OT A B (>Tnli'lll0 

(:>T nnaBliOI'0
1 

KOK 9TO llpHIIIIManOCh, a TaK2Ke OTKHOileHHSIMH OT 8)llla6aTH'IeC

KOI'O npu6nH)!(9Hl!SI, KpoMe TOI'O, paC'leT MHHHMa~hllOH 9Hepi'III! ne!lJopMaUiiH 

)lnSI 1i30TOllOB OCMII~ llOK~3an 1351 , 'ITO npn: nepeXOJle OT -A== 186-188 i-: 
.A = 180-182 Bllll KpiiBOH llOTeHU!tanhHOH 9H9pi'Iili ne_¢optvl8UI!Ii MeHSieTCSI 01' 

CIIMMeTpH'IHOii K aCIIMMeTpH'IHoii. BosMO)!(HO, 9TOT nepexon HBnSieTcsi npn:'IuHoil 

CK8'IK006pa3HOI'O !i3MeHeHIISI CT861!nhHOll !lJOpMbl SI/lpa. 

XapaKTep H3MeHeHnSI aKcnepn:MeHranbHhiX saa'lelmii KaanpynonhHhiX Mo

Me!ITOB 'leTHO-'l9THbiX S!Jlep OCMiiSI B 38BHCiiMOCTH OT M8CCOBOI'O 'lliCna A 

JlOBOnbHO XOpOIIlO OllHChiB89TCSI 3!Ia'Ie!IHSIMI1 KBaJlpynonbHhiX MOM9HTOB, Bbl'IIiC

. neHHhiMii c HcnonbsoaanHeM cxeM _ypaaneHHii noreaunana -·CaKCOHa-Bynca a pa-

. 6ore rapeeaa ~ np. 1361.' nnSI S!Jlep Er II Dy .·· xapaKT~P H3MeHeHHSI Teo-

peTI1'l9CKI1X 3H8'l9HHH KB8JlpynonbHb!X MOMellTOB /36/ lie COOTB9TCTByeT 9K-
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cnepHMeHranbHbiM. O'IeBnJ.tHO,· sro CBH3aHo c HeJ.tocraroq 

J.IHHaMH'IeCKHX CBOHCTB HJ.tep B reopHn. 

ITpoBeJ.teHHoe cpaBHeHne 9KcnepHMeHranbH~Ix peay{IbT< 

KHMH eme paa yKa3biBaer Ha ·Heo6xoJ.tHMOCTb J.tanbH.efimefi 

J.te!flopMHpoBaHHhiX HJ.tep H· J.tanbHefimero aKcnepn:MeHranbHor 

Jle!flopMnpOBaHHbiX . HJlep nepeXOJ.IHOll o6naCTH. 

B aaKnJO'IeHne aBropbi 6naro)laps:~r r. T. EparnHa, B .11 

paeBy aa noMomb Ha OTJ.tenbHbiX aranax pa6orbi. 
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crrepHMeHTanbHbiM, O'IeBHJ:tHo, aro CBH3aHo c HeaocTa TO'IHO , IIOIIHbiM, y'IeroM 

JlliH8Mii'I8CK!iX CBOllCl'B HJ:tep B l'80p!i!i, 
\ '•. 
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