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AnaM II. n ap. P6 - 11425 
Bo36ylKuenHbie cocroRnHst He'leTHo-ne•.ernoro smpa 160Tm 

Pacnau 160 Yb (4,8 Mnn) uccnenoaanc" c noMOIIIb!O Ge(Li) -uereKTo-

poa, TOp01lll8nhHOI'O j9-cneKTp0MeTp8, CUHHTI!IIII>!IIHOHIIblX UeTeKTOpOB II M81'-

HHTHD-IIHH30B01'0 j9-CIIeKTpOMCT1J8, I13MepS111HCb OllHHO'IIIbiC }' -CIIeKTpbi, 

CIICKTpbl KOHBepCIIOHHhlX 3lleKTpOIIOB, 38!leplh8HIIbJe y-y II }-e COBIIBileHHSI, 

DpenaaraeTCSI cxeMa pacnana 160Yb~ 160 Tm. Bcero Ha6n10naerc" 29 y -ne

pexonoa, H3 KOTOphiX 18 pa3MCIIICHbi a cxeMe pacnaua I60 Yb. 11 HTeHCHBHOCTb 

Y -nyqeli 11 Hepa3MellleHHbiX nepexonoa cocraanSieT <6%. 
l13~wpeHbi ape Mella ~<1131111 ypoaHeil 160 Tm c sneprHSTMII 42 ,02; 174,40; 

H 215,78 K3B H onpeneneHbl llpi!BelleHHhle aepO>!THOCTH 311eKTpOMBI'HHTHhlX 

nepexonoe, pa3p>!lKB!OIIIIIe 3TII ypoenH. Dpoaene11o cpaeHeHite aKcnepHMeH

ranbHbiX eepollTHocreil nepcxouoe c reopeTII'ICCKIIMII pac'leTaMH, PacC'IHTa

Hhi 3KCHepHI>ICHT8llbllhle 3H8'1CHII>I BHyTpeHHCI'O KBBilpynonbHOI'O MOMeHT8 H 

napaMeTpa ne<j>opMaUnll t60Tm. Ha ocHoae anamt3a aKcnepuMeHTan::,HhiX 

pe3yllbT8TOB 1IpCilii81'810TC>I HllnbCCOHOBCKHe KOIHjJHI'ypaUHH HeKOTOph!X co
CTOSIHI!li He'leTHo-He'leTHOI'O netjlopMHpOBBHHOI'O >1/lpB 160Tm . 
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Pa6ora ahmonHeHa a lla6oparopuu SIUepHhiX npo6neM 011flll. 

Coo6wenne 06bellnHeHHOI'O HHCTHTyTa SlllepHbiX nccnenoaannli. Dy6na 1978 

Adam I. et al. P6 - 11425 
Excited States of the Doubly Odd Deformed Nucleus 160Tm 

The decay of 4,8 min 160Vb has been investigated by means 
of Ge(Li) detectors, toroidal and magnetic lens j9 -spectrometers and 
scintillation counters. Single spectra of y -rays and conversion 
electrons as well as prompt and delayed y-y and y -coincidences 
v:ere measured, The level scheme of 160Tm is proposed including 
94,5°/o of the total y -ray intensity observed in the I60 Yb decay. The 
lifetimes of the 42.02, 174.40 and 215.78 keV states have been de
termined to be 1.6.:t_0.3 ns, 17.:t_1 ns and 0.65.:t_0.15 ns, respectively, 
From the analysis of experimental data spin and parities of 160Tm 

levels are proposed. Experimental y-ray transition probabilities are 
compared with Weisskopf and Nilsson estimates, the latter also 
taking into account the pairing correlations. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© /978 06'be/lHHeHHbl/l HHC77t'l'y7' JliJ.epHbiJC BCCOeJIOBSHrtR Jly6/IS 
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H3oTon 160Yb anepable 6bln nonyqea HeiiMaHoM H Bap
.D.OM I 1/ a peaKU.HB 124Te( 40Ar, 4n) 160Yb. Oaa onpe,ZJ.enana 
Tlf2 = 4,8 MUH. )l,e liyp B ,ZJ.p.h/ C00611\BnB, 'ITO nepBO,!J. 

nonypacna,ZJ.a 160Yb paaea 4,1 MUH a 'ITO a JTOM pacna,ZJ.e 
B03HBKaiOT y -nepeXO,!J.bl 78,3 ; 600,0 B 631,7 K3B. A,ZJ.aM 
a .D.P· I a/ noKa3ana, 'ITO JTB nepexo,u.bl OTHOCJITCJI K pacna.D.l 
161 Yb. , a liaiiep a .D.P· I 4/ no,ZJ.Taep,ZJ.BnB nony'leHHble a! 1 

3Ha'leHBJI nepao,ZJ.a nonypacna.u.a 16°Yb a aa6mo,ZJ.ana npa 
pacna,ZJ.e 16°Yb y -nepexo.D.b1132,23; 140,35; 173,76; 215,78; 
B 373,2 K3B. 3aMeTBM, 'ITO y·nepeXO,!J.bl C JHeprBJIMB 
173,9 B 215,7 K3B, CBJI3aHHble C aKTBBHOCTbiO T 1;2 = 
= 4,6 MUH, Ha6mo,ZJ.anBCb B /2/, HO 6blnH OWB60'IHO OTHeCeHbl 
K 158Yb. CnBH OCHOBHOrO COCTOJIHBJI 160Tm- I= 1 B3MepeH 
MeTO,!J.OM MarHBTHOrO pe30HaHCa B aTOMHOM ny'IKe 3KCTpe
MOM B ,!J.p. /5/, 

B aacTOJIIIJ.eii pa6oTe npo,ZJ.oiDKeHbl accne,ZJ.oaaHBJI B3nyqe
HBJI npa pacna,ZJ.e 160Yb. llpe,ZJ.aapaTenLHble pe3ynLTaTLI 
ony6naKoaaHbl a I 6, 7/ . 

J. JipU201110B/IeHUe UC1110'lHUKOB 

Hccne,ZJ.oaaaaJI npoao,ZJ.BnHcL c pa,ZJ.aoaKTBBHbiMB acToq
HBKaMB B306ap C A =160, KOTOpble nonyqanBCb B peaKU.BB 
rny6oKoro pacll\enneHBJI npa o6ny'leHBH TaHTanoaoii Maweaa 
Ha BbiBe,ZJ.eHHOM ny'IKe npoToHOB caaxpou.aKnoTpoHa OH.HH 
/Ep =660 M3B, .J P =0,1 MKA/. TaaTanoaaJI if>onLra Ton-
11\BHOii 0,05 MM a aecoM 0,5 z o6nyqanacL a Te'leaae 
5 MUH. 06ny'leHHaJI MBWeHb C llOMOIIJ.biO nHeBMOllO'ITbl TpaHC
nopTapoaanacL K JneKTpoMarHBTHOMY Macc-cenapaTO.PY is/ 
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H 3arpy)l(aJiaCL B Tpy6qa TLIH HOHHLIH HCTO'IHHK /9/. llpH 

HarpeBaHHH MHllleHH B HOHHOM HCTO'IHHKe B,D;pa - npo,D;yKTLI 

JI,D;epHLIX peaKQHH .D;HcW!YH.D;Hp}'lOT H3 MHllleHH H pa3,D;eJIJIIOTCJI 

B cenapaTope no MaccaM/ 10.1 ti.OcHOBHaJI aKTHBHOCTL uc

TO'IHHKa 6Lina o6ycnoaneHa pacna,D;oM H30Tonoa 160 Yb H 
160 Tm. 

B PB,D;e CJiyqaeB BMeCTO TaHTaJIOBOH MHllleHH MLI HCnOJIL-

30BaJIH MHllleHL H3 MeTaJIJIH'IeCKOrO ra$HHJI, npH 3TOM 

OTHOllleHHe BLIXO,D;OB JI,D;ep 160 Yb K 160 Tm B03pacTaJIO npH· 

MepHo B 3 pa3a. H3MepeHHJI TaKHX H3o6apuqecKH cenapupo

BaHHLIX HCTO'IHHKOB Ha'IHHaJIBCL He n03,D;Hee, 'leM 'lepe3 

5 MUH nocne KOHIJ,a o6ny'leHHJI. 

2. JfccAeooeaHu~ cneKmpoe 
eHympeHHeu KoHeepcuu 

y - Ay~eu U 3AeKmpOH08 

CneKTpLI y - nyqeil H3MepJIJIBCL c noMoJIJ,LIO y- cneKT

poMeTpoa c Ge(Li), - ,D;eTeKTopaMH c 'IYBCTBHTeJILHLIMH 

o6"LeMaMu V 1 =2,4 eM 3 I tlE =0,9 K3B npu E_y=122 K3BI 
H v2 =41 CM 3 I tlE =2,4 K3B npH Ey =661 K3BI. 3HeprHH 

Y - Jiy'leH onpe,IJ;eJIJIJIHCL npH O,IJ;HOBpeMeHHOM H3MepeHHH 

cneKTpOB H3y'laeMoro H30Tona H KaJIH6pOBO'IHLIX HCTO'I· 

HHKOB: 110m Jig, , 133 Ba , 152 Eu , 182 Ta H 241AmKanu6poaKa 

3«WleKTHBHOCTH ,D;eTeKTopoa BLinOJIHeHa c TO'IHOCTLJO 2- So/o; 
)J;JIJI 3TOrO HCnOJIL30BaHO 16 pa3JIH'IHLIX KaJIH6pOBO'IHLIX 

HCTO'IHHKOB. B cneKTpaX y·Jiy'leH B OCHOBHOM Ha6JIIO,D;a

JIHCL y -nepexo.D;LI, npuHa.D;Jie)l(aJIJ,He pacna.D;y 160Yb, a TaK)I(e 

nepexo,D;LI, B03HHKaiOJIJ,He npu pacna,D;e 160 Tm, TV:! = 

= 9,2 MUH/12/. raMMa·Jiy'IH 160Tm H,D;eHTH$HU.HPOBaJIHCL no 

cna,D;y HHTeHCHBHOCTH JIHHHH. XapaKTepHLre y'laCTKH y -
cneKTpoa npe,IJ;cTaaneHLI Ha puc. 1 H 2. Tiony'leHHLie .D;aHHLie 

06 3HeprHJIX H HHTeHCHBHOCTJIX y ·Jiy'leH npH pacna,D;e 

160 Yb npe,IJ;cTaaneHLI a ma6A. 1. 
0T.D;eJILHLie y'laCTKH cneKTpa 3JieKTpOHOB BHyTpeHHeH 

KOHBepCHH 160 Yb H3y'leHLI C nOMOIIJ,LIO TOpOH,D;aJILHOrO 

MarHHTHoro cneKTpoMeTpa I 13/ c pa3pelllaroJIJ,eil cnoco6Ho

CTLIO 0,65o/o H TpaHCMHCCHeH 10o/o. lloJiy'leHHLie pe3yJILTaTLI 

npe,IJ;CTaBJieHLI B ma6A. 2. 0lliH6KH B onpe,D;eJieHHH OTHOCH· 

TeJILHLIX HHTeHCHBHOCTeH JIHHHH nepeXO,D;a 42,02 K3B He 

npeBLilllaJOT 30~. 
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Ta6Auf4a 1 
160yb 3uepruu H HHTeHCHBHOCTH y-nyqeii: npu pacna,D;e 

EJ t.EJ Il Ail EJ t.EJ Il tdl 
RaB RaB OTHOCHT.C)l}U!. KaB KaB OTIIOCllT • e;J;llll • 

K~P"'' I29 9 320,00 O,I5 3,4 0,3 
34,18 O,IO 3,0 0,5 327,60 0,15 5,6 0,4 
42,02 O,IO 7,3 0,6 354,57 0,30 I,I 0,2 
62,05 O,IO 0,46 0,15 356,9 a 0,5 0,74 0,20 
94,29 0,07 0,92 0,08 3GC,1rF 0,32 1,05 0,25 
98,24 0,05 2,8 0,2 373,00 O,IO IO,O 0,5 
99,46 0,05 2,1 0,1 386,30 0,20 3,0 0,3 

II6,44 0,05 1,96 0,16 389,45 0,15 5,2 0,3 
132,23 0,05 14,0 0,7 395,16 0,25 I,61 0,23 
140,35 0,05 22,2 1,0 429,0 a 0,4 1,2 0,3 
155,76 0,07 1,7 0,2 465,2 a 0,4 1,4 0,3 
173,74 0,06 roo 4 563,10 0,30 I,8 0,4 
174,40 O,IO 13,2 I,5 582,12 0,20 3,0 0,4 
215,78 0,06 48 2 5ss,sr 0,30 1,5 0,3 
278,0 a O,J r,o 0,2 

a/ y- nepexo,D;bl, npunucauue KOTOpblx pacna,11;y 160Yb Tpe-
6yeT yToqueuus. 

Ta6AUf4a 2 
0THOCHTeJIJ.Hble HHTeHCHBHOCTH KOHBepCHOHHbiX 3JieKTpOHOB 

160Yb 

L44I,4 L142,0 I L242,0 1;12,0 :i{ I32,2 I{ H0,3 I\ 2I3, 7 

<3 33 l 3I 30 <I,S < 2,5 ..-I,5 
----
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3. HccAeooeaHue cneK1tlpoe y-y - coenaoeHuii 

~JIJI HCCJieAOBaHHH y- y - COBnaAeHHH HCnOJIL30BaHhl ABa 
Ge(Li) - AeTeKTopa c 'IYBCTBHTeJILHhiMH o6'LeMaMH 41 H 
47 CM 3 H pa3peWeHHeM 2,5 K3B Ha JIHHHH 661 K3B. Pa3-
pewaiO~ee BpeMJI CXeMhl COBnaAeHHH COCTaBJIJIJIO 50 HC. 
~BYXMepHhle cneKTPLI coBnaAeHHH I 4096 x 4096 KaHan oBI 
3anHChiBaJIHCL Ha MarHHTHYIO JieHTY H 3aTeM o6pa6aThiBa
JIHCL c TIOMO~LIO 3BM HP 2116Cf14.H/.Ha puc. 3 H306pa
>KeHLI cneKTpLI COBnaAeHHH C y •JIHHH.HMH 140,35 K3B H 
215,78 K:JB. B 111a6A. 3 npeACTaBJieHLI nony'leHHhle AaHHhle 
06 OTHOCHTeJILHLIX HHTeHCHBHOCTJIX COBnaAeHHH. CoBna
AeHHJI y42,02 - y 173,74 H y215,78 - y582,12 KOJIH
'IeCTBeHHO He aHaJIH3HpoBaJIHCL. B nepBOM cnyqae -no npH
'IHHe nJIOXO H3BeCTHOH 3clMiJeKTHBHOCTH COBnaAeHHH AJIJI 
y - Jiy'leH MaJIOH 3HeprHH; BO BTOpOM - H3- 3a MaJIOH CTa

THCTHKH. llOCJieAHHH CTOJI6eu; 111a6A. 3 COAep>KHT paCC'IHTaH
Hble no cxeMe pacnaAa 160Yb I puc. 41 HHTeHCHBHOCTH y-y
COBnaAeHHH. JiOJILWOe paCXO)I(AeHHe Me>KAY 3KCnepHMeH
TaJILHOH H pac'leTHOH HHTeHCHBHOCTJIMH COBnaAeHHHy 99,46-
Y 116,44 n03BOJIJieT CAeJiaTL npeAnOJIO>KeHHe 0 cy~eCTBOBa-

HHH nepexoAa 57,4 K3B C ypOBHJI 99,46 K3B. 3TOT nepeXOA 
TPYAHO HAeHTH4JHu;HpOBaTL B y·cneKTpe, TaK KaK OH He 
pa3pewaeTcJI OT JIHHHH Kf3

1
,Tm. 

4. CxeMa pacnaoa 160yb 

llpeAnaraeMaJI HaMH cxeMa pacnaAa 160Yb H3o6pa>KeHa 
Ha puc. 4. JaqepHeHHhiMH Kpy>KKaMH OTMe'leHhl Ha6JIIOAae
MLie y-y -coBnaAeHHJI l111a6A. 31. MynLTHnonLHOCTL nepe
XOAa 42,02 K3B onpeAeJIJieTCJI H3 6aJiaHca HHTeHCHBHOCTeH 
y -nepexoAOB Ha ypoBHe 42,02 K:JB: M1 + l9±211o E2. 

3aceneHHeM nepBoro B036Y>KAeHHOrO COCTOJIHHJI 160Tm npH 
f3· pacnaAe 160 Yb lnepexoA 0 + .... 2 -I npeHe6peraeM I CM. 

HH>Kel. 3KcnepHMeHTaJILHoe 3Ha'leHHe OTHoweHHJI Ld·L 2 : L _a 
cornacyeTcJI c TaKHM xapaKTepoM nepexoAa 42, 2 K:JB. 
YcTaHOBJieHHaJI MYJILTHnonLHOCTL nepexoAa 42,02 K:JB 
n03BOJIHJia HaM CBJI3aTL WKaJihl HHTeHCHBHOCTei KOHBepcH
OHHLIX 3JieKTpOHOB H y- Jiy'leH, HCnOJIL3YJI 3Ha'leHH.K aL 

1 
+L

2 
= 

= 8,8 I 16/, CpaBHeHHe BepxHHX npeAeJIOB ak, nony'leHHhiX 
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Ta6Aut~a 3 
PeJynLTaTM aHanuJa y-y-coBna~eHHH npu pacna~e 160yb 

Ypo<~eHb 8LI6paHnoe CoBnanaJOume 0THOC~TeflbHWe UHTSHC~BUOCT~ 

E K9B OKHO niH111~ COD!JaJlCIIllfi 

Ey ,K98 Ey K98 
I a) 6) I YY 3KCH. yy -pac•wr 

42,02 42,02 173,74 .na 

99,45 99,4G IIG,41 "'0,2 2,0 

140,32 140,35 320,00 1,1 1,2 

327,60 "'0,3 0,·1 

354,57 ,..., 0,3 I,O 

373,00 3,0 3,5 

389,45 0,4 0,4 

!74,40 132,23 320,00 0,5 0,8 

327,60 0,4 0,3 

373,00 2,2 2,5 

174,40 320,00 0,9 0,8 

373,00 3,3 2,4 

215,78 173,74 327,60 2,3 2,8 

389,45 2,7 2,6 

582,12 2,0 1,5 

215,78 327,60 1,2 1,4 

389,45 1,4 1,3 

582,12 .!Ia 

543,4 327,CO 62,05 .v 0,3 0,5 

a/ HHTeHCHBHOCTH y -nyl.feH nonyl.feHLI npu aHanuJe cneKT
poB y-y- coBna~eHHH I c norpeiUHOCTLIO 20'1o/. 
6/ HHTeHCHBHOCTH BLil.fHcneHw H3 aHanH3a cxeMbl ypoBHeH. 
Pacl.feTbl npoBe~eHbl B npe~nono:>KeHHH, 'ITO nonHwe HH
TeHCHBHOCTH nepeXO~OB 34,18 H 140,35 K3BpaBHbl, a nonHa.H 
HHTeHCHBHOCTb nepexo~a 41,4 K3B paBHa 40 e~HHHI.I,aM 
Ta6n. 1. 

10 

~nJI nepexo~oB 132,23; 140,35 H 215,78 K3B, c TeopeTH-
1 I 

l.feCKHMH 3Hal.feHHJIMH 1 161 , no3Bonuno ycTaHOBHTL, 'ITO Bee 
3TH nepexo~w - THna El. ,l].ns o6'L.HCHeHH.H ps~a Ha6mo~ae
MMX y-y - COBlla~eHHH He06XO~HMO 6wno npe~nonO:>KHTb 
cy~ecTBOBaHHe y-nepexo~a 41,4 K3Bc ypoBH.H 215,78 K3B. 
11HTeHCHBHOCTH COBna~eHHH B 111a6A. 3 paCCl.fHTaHM ~n.H non
HOB HHTeHCHBHOCTH nepexo~a 41,4 K3B, paBHOH 40 e~HHHI.I,aM 
ma6A. 1. HHTeHCHBHOCTb L 1 -nHHHH nepexo~a 41,1 K3B 
MeHLIUe Tpex e~HHHI.I, I ma6A. 2/; MynLTHnonLHOCTb 3Toro 
nepexo~a MO:>KeT 6LITL M 1 + > 30'1o E2, a HHTeHCHBHOCTb 
y -nyqei MeHLIUe e~HHHI.I,bl /eM~ ma6A. 1/. CpaBHeHHe nonHOH 

HHTeHCHBHOCTH nepexo~a 34,18 K3B, nonyl.feHHOH npH aHa· 
nHJe coBna~eHHH, c I y 34.18 npHBO~HT K JaKmol.feHHIO, 
'ITO 3To nepexo~ THna Ml. TaKoe JaKmol.feHHe no~TBep:>K
~aeTCJI H oueHKOH HHTeHCHBHOCTH L -nHHHH 3Toro nepexo~a 
Ha MarHHTHO- nHH30BOM {3 - cneKTpoMeTpe I eM. puc. 7/. 
TaKHM o6pa3oM, npu pacna~e 160 Yb Mbl Ha6mo~aeM 29 
y·nepexo~oB; 18 H3 H~x pa3Me~eHLI B cxeMe pacna~a. 

HHTeHCHBHOCTb y- nyl.feH 11 HepaJMell.l,eHHLIX nepexo~oB 

COCTaBn.HeT < 6U/o. 

5. BpeMeHa xu3HU eo36yxoeHH&Ix 
COC1/IOJJHUU 160 Tm 

Hccne~oBaHHe Ja~ep:>KaHHMX y-y -coBna~eHHH npoBo
~unocL B pe:>KHMe TpexMepHoro y-y-t aHanHJa Ha nHHHH 
c 3BM HP 2116C c JanHCLIO HH$opMal.I,HH Ha MarHHTHYID 
neHTY I 17/. B cTapTOBOM KaHane ucnonL3oBancs Cl.I,HHTHnng
l.I,HOHHMH ~eTeKTop I CTHnL6eH Q 40 MM x 40 MM/, a B 
cTonoBoM - Ge(Li) -~eTeKTOP KoaKcHanLHoro THna IV = 
= 41 CM 3 , L\E =2,5 K3B Ha Ey =264 K3B/. B cneKTpax 
Ja~ep:>KaHHLIX It - BpeM.H Ja~ep:>KKH/ coBna~eHHH y -nyqei 
t60yb, 160Tmu 1nO Er c KX -nyl.faMH I puc. 5/ BH~Ho, 'ITO 

HHTeHCHBHOCTH y·nHHHH 98,2; 132,23; 140,35 H 173,74 + 
+ 174,40 K3B y6MBaiOT Me~neHHee, l.feM HHTeHCHBHOCTH 
y -nHHHH 125,7; 215,78 H 264 K3B. 3TOT cilaKT yKa3LIBaeT 

Ha Cyll.l,eCTBOBaHHe B .H~pe 160 Tm H30MepHOrO COCTOJIHH.H 

C T 1f2 ~ 5 HC. 
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JaMeTBM, qTo y-nyqB C 3Heprueii 87 K3B, npOJIBnJUO
lllHeCJI B ClleKTpax 3a,l],ep)KaHHbiX COBlla,l],eHBH CBJI3aHbl C pa3-
PJI.D.KOH YPOBHJI 87 K3B B 160Dy c T t;2 =11,97±0,041 HcilB( 

PaccMOTPBM nono)KeHBe ueHTpoa TJI)KeCTB apeMeHHbiX 
pacnpe,ll,eneHBii B cneKTpax 3a,ll,ep)KaHHbiX coana,ll,eHBH y -ny
qeii 160 Yb, 160Tm u 160Er c KX- nyqaMB 1 puc. 61. Ilepexo,ll,bl 
197 B 264 K3B B.D.YT c ypoBHeii 284 K3B B 160Dy H 390 K3B 
B 160Er c T t;2 = 0,1 He u 34 nc, cooTBeTCTBeHHO. Cqu
TaeM, qTo coana,ll,eHHJI KX-y 197 u KX-y264 - "MrHoBeH
Hble", B BB,li,BM, qTo UeHTpbl TJI)KeCTB 3TBX pacnpe,ll,eneHHH 
pacnonararoTCJI Ha r = 10,65±0,101 HC HH)Ke ueHTpoa 
TJI)KeCTB apeMeHHbiX pacnpe,ll,eneHuii coana,l],eHBii peHTre
HOBCKBx nyqeii C KOMllTOHOBCKBM .OHOM. YqBTbiBaJI 3TO, 
MO)KHO npe,ll,nonO)KBTb, qTo coana,ll,eHHJI KX-nyqeii c KOMn
TOHOBCKBM .OHOM Me)K,ll,y .OTOllHKaMH BO BCeM paCCMaTpH
BaeMOM .D.Bana3oHe I puc. 61 O.D.HHaKoao 3a,ll,ep:>l<aHbi. IIony
qeHHble npu JTOM 3HaqeHHJI .D.nJI nepuo,ll,a nonypacna,l],a ypoBHJI 
126 K3B B 160 Er - T t;2 = 10,85±0, 151 HC, cornacyiOIUHeCJI 
C H3BeCTHbiM T t;2 = 10,919±0,0461 HC/ 18< llO,li,TBep)K,ll,aiOT 
TaKoe npe,ll,nono)KeHue. IIono)KeHue ueHTpa TJI)KeCTH apeMeH
HbiX pacnpe,ll,eneHuii coana,ll,eHHH KX- y 215,78 loTHOCHTenb
HO "Hyneaoii" apeMeHHOH nHHHH Ha puc. 61 onpe,ll,enJieT 
nepuo.D. nonypacna,ll,a ypoBHJI 215,78 K3B - TV:!= 10,65± 
±0,151 He. IIono)KeHue ueHTpoa TJI)KeCTH apeMeHHbiX pac
npe,ll,eneHuii coana.D.eHuii KX- nyqea c y-nyqaMH 198,24; 
99,461; 132,23; 140,35 H 1173,74; 174,401 K3B llO,li,TBep)K
,ll,aiOT C,ll,enaHHbiH BbiBO,ll, 0 Cyl.QeCTBOBaHBB B036y)K,ll,eHHOrO 
ypoBHJI 160 Tm c T 112.2: 5 HC. C.D.enaTb 6onee onpe,ll,eneHHble 
BbiBO,ll,bl 0 BpeMeHH :>KB3HH 3TOrO H30MepHoro COCTOJIHHJI 
He noJaonuna cno)KHOCTb v- cneKTpa. 3HeprHJI H30MepHoro 
COCTOJIHHJI onpe,ll,enJieTCJI Ha OCHOBaHHH cne,l],yiOl.QBX .aKTOB. 
Ilepexo,ll, 173,74 K3B B,ll,eT C ypoBHJI 215,78 K3B C T t;2 = 

= 0,65 He; noJTOMY "3a,ll,ep)KaHHble" c T lh 2: 5 He coana
,l],eHB.II KX- y 1173,74; 174,401 o6ycnoaneHbl nepexo.D.OM 
174,40 K3B, T.e. H30MepHbiMJIBnJieTCJiypoBeHb174,40 K3B. 
Ilepexo,ll,bl 98,24 u 140,35 K3B pa3pJI)KaiOT ypoaeHb 
140,35 K3B, CB.II3aHHbiH C H30MepHbiM COCTOJIHHeM HHTeH
CHBHbiM nepeXO,li,OM 34,18 K3B, B ll03TOMY BO BpeMeHHOM 
pacnpe,ll,eneHHB coana,ll,eHBH yKa3aHHbiX nepexo,li,OB npOJIBnJI
eTCJI apeMJI )KB3HB COCTO.IIHBJI 174,40 K3B. 
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Puc. 6. lloAoJICeHue ijeHmpoe 1/IJIJICecmu epeMeHHbiX pacnpe
OeAeHuil coenaOeHuil KX- Ay'leu c y - Ay'laMu npu pacnaoe 

160Yb/KPYJKKu/ u pa3HbiMU y'lacmKaMu cnAowHozo /"KoMn
moHoecKozo"/ pacnpeOeAeHUJI /Keaopambr/. llozpewHOCiflb 
e onpeoeAeHuu noAoJICeHUJI ijeHmpoe 1/IJIJICecmu He npeebrwaem 
S'{o. 

3a,ll,ep)KaHHble coana,l],eHBJI y- nyqeii B KOHBepcuoHHblx 
JneKTPOHOB HJyqanucb c noMOI.UbiO .D.BYX ycTaHOBOK. B nep
aoii/ 19/ HCllOnb30BanHCb ,li,Ba CUBHTBnnJIUBOHHbiX ,l],eTeKTOpa: 
nnacTuqecKBH CUHHTBnnJITOP NE104, , ¢ 25 x 25 MM B 
CTapTOpOM KaHane B TOHKBH nnacTaqecKBH CUHHTHnnJITOp 
NE104 ¢10 MM x 0,1 MM B cTonoaoM KaHane. BTopaJI 
ycTaHOBKa I 19/cocToJina H3 MarHBTHo-nHH30Boro {3-cneKT
poMeTpa B CTOllOBOM KaHane B CUHHTBnnJIUBOHHOrO ,l],eTeK
Topa I NE104 , ¢25 x 25 MMI - B cTapTOBOM. Ha puc. 7 
B3o6pa)KeHbl apeMeHHble pacnpe,lJ,eneHBJI coana,ll,eHuii y- ny
qea c KoHaepcuoHHbiMB nuua.HMH L34,2; L41,4+L42,0 + M34,2 
B JneKTpOHaMB B ,I),Bana30He E e"'20750 K3B. C yqeTOM 
C,ll,enaHHbiX BbiWe BbiBO,li,OB MO)KHO 3aK.!1JOqBTb, qTo KOMllOHeHT 
T 112 = 17±1 He ao apeMeHHbiX pacnpe,ll,eneHBJIX o6ycnoaneH 
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Puc. 7. BpeMeHHble pacnpeoeAeHUJI coenaoeHuu y - Ay'leu 
c KoHeepcuoHHbiMU 3AeK111poHaMu npu pacnaoe 160 Yb. Ha 
6C1/IQ6KQX U306paJKeHbl y'laC1/IKU cneK1/IpOe 3/leK111POH06, U3" 
MepeHHbiX Ha MQZHU1/IHO· /lUH3060M U CijUH1/IU/l/lJif#UOHHOM 
{3 - cneK111pOMe111pax, U 01/IMe'leHbl 6bl6paHHble "OKHa". 
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cosna.D.eHHJIMH y - nyqeii: c L- H M - KOHBepcHOHHbiMH 
3JieKTpOHaMH' nepeXO)J.a 34,2 K3B, a KOMUOHeHT T Y2 = 
= 1,4±0,2 HC - BKJia)J.OM COBUa)J.eHHB C JIHHHJIMH L41,4 H 
L42,0. Y'IHTbiBaJI, 'ITO B cosna)J.eHHJIX y-ny'leii c L41,4 
H L42,0 npoJIBJIJIIOTCJI OJJ.HOBpeMeHHO KaK nepHO.D. nonypac
na,IJ;a ypoBHJI 215,78 K3B • Tlh=l0,65±0,15l HC, TaK H nepHO)J. 
nonypacna,IJ;a ypoBHJI 42,02 K3B, MO)KHO onpe)J.eJIHTb nepHOJJ. 
nonypacna)J.a nocne)J.Hero KaK T 1h = I 1 ,6±0 ,31 HC. 

TaKHM o6pa30M, pe3yJibTaTbl uccne)J.oBaHHii 3aJJ.ep)KaH
HbiX COBUa)J.eHHB npH pacna)J.e 160 Yb no 3BOJIHJIH HaM onpe)J.e • 
JIHTb nepHOJJ.bl nonypacna.D.a cne,IJ;yiOIIUlX yposueii: 

Eyp = 42,02 K3B 

Eyp= 174,40 K3B 

Eyp= 215,78 K3B 

Tlh = 11,6±0,31 HC 

Ty, = 111±1/ HC 

Tlh = 10,65±0,151 HC. 

TiorpewuocTH B onpe,IJ;eneHHH nepHOJJ.OB nonypacna)J.a - ~ T 1h, 
llOMHMO CTaTHCTH'IeCKOB OWH6KH, BKJIIO'IaiOT B ce6JI TaK)Ke 
Heonpe)J.eneuuocTb B onpeJJ.eJieHHH u;eHbl speMeHHoro KaHana. 

6. 06cyJKoeHue peayAb111a1/loe 

. CnHH OCHOBHOrO COCTOJIHHJI 160 Trn(l = 1) H3MepeH 3K
CTpeMOM H JJ.p. I 5/. 0Tpuu;a TeJibHaJI 'leTHOCTb 3Toro co
CTOJIHHJI ycTaHOBJieHa B / W Ha OCHOBe onpe)J.eJieHHJI BeJIH'IHH 

~ -·~~~-- -
log f\ )J.JIJI {3 ·nepeXO)J.OB Ha ypOBHH 0+ H 2 + BpaiiJ;a· 
TeJILHOB llOJIOCbl OCHOBHOro COCTOJIHHJI 160 Er. HcnOJib3YJI 
OTHOCHTeJILHYJO HHTeHCHBHOCTb KX-nyqeii: TYJIHJI npH pac
na,IJ;e 160Yb H pe 3YJibTa Tbl pac'leTa 6anauca HHTeHCHBHOCTeii 
y -nepexo.D.OB B cxe.Me puc. 4, Mbl ou;eHHJIH sepxuuii npe)J.en 
HHTeHCHBHOCTH f3-pacna)J.a 160 Yb B OCHOBHOe COCTOJIHHe 
160 Tm MeHbWHM HJIH paBHbiM 25;, pacna.D.OB. llpH pac'leTe 
3Ha'leHHB log ft, , npHBe,AeHHbiX Ha puc. 4, Mbl HCUOJ1b30" 
aanu 3HeprHIO pacna.D.a 160 Yb, , paBHYIO Q = 2,8 M 3B I 201. 

3uaqeuue leg ft = 4,5 .D.JIJI {:3-nepexo,IJ;a ua ypoBeHb 
215,78 K3B O)J.H03Ha'IHO ycTaHaBJIHBaeT pa3peweHHbiB He· 
3aJJ.ep)KaHHblii xapaKTep 3Toro nepexo)J.a H cTpyKTYPY 
1 + IP 712- [523] , n 512- [523) I cocToJIHHJI215,78 K3B. 

3KcnepHMeHTaJibHble 3Ha'leHHJI log ft ll03BOJIJIIOT npHUHCaTL 
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YPOBH.IIM 547,4 H 605,3 K:JB cnHH H qeTHOCTb Irr= 1+, a 
YPOBH.IIM 494,5 H 797,9 K3B - I rr= 0 + HnH I ±. 

B 111a6A. 4 npase,D;eHhl pe3yn&TaThl aHanH3a nonyqeHHhiX 
B HaCTO.II~eii pa6oTe ,D;aHHhiX 0 BepO.IITHOCT.IIX 3nei<Tpo
MarHHTHhiX nepeXO,IJ;OB. Ha OCHOBe H3MepeHHhiX 3HaqeHHH 
nepHO,IJ;OB nonypacna,D;a B036y)I()J;eHHhiX COCTO.IIHHH 160 Tm, 
OTHOCHTenbHblX HHTeHCHBHOCTeH H MynbTHITOnbHOCTeH Y ·
nepeXO,IJ;OB JIO H3BeCTHhiM lllopMynaM/211 onpe.D;eneubl: nap
UHan&Hhle nepHO.D;hl nonypacna.D;a - T {h 3 KCII • , npase,D;eH-
Hble BepO.IITHOCTH nepeXO,IJ;OB - B(aL) 3KCll. lr.D;e aL 
Myn&THnon&HOCTb nepexo.D;al, lllaKTOphl 3a,D;ep)I(KH no Baiic ~ 
Konllly - F w = T % 3Kei T 'h w , , lllaKTOPhl 3a,D;ep)I(KH no 
Han&ccouy - F N = B(aL)N/B(aL)3Kcn. H lllaKTOphl 3a,D;ep)I(KH 
no Han~occouy c yqeTOM napHhiX Koppen.IIUHii - FC= FN x pi~· 
TeopeTaqecKHe 3HaqeHH.II sepo.IITHOCTeii nepexo,D;oB B(aL)N 
paccqHTaHbl C HCITOnb 30BaHHeM MO.D;HiilHUHpOBaHHOrO rye
TalllcouoM /22! noTeuuaana HHn&ccoHa/23/. <l>aKTOphl napHhiX 
Koppen.IIUHii, p. r = u.u r ±V. V r I u. r H V r - sepo.IITHOCTH 

1 1 1 1, 1, 
HaXO)I(,IJ;eHH.II HnH OTCyTCTBH.II HyKnOHa B ,D;aHHOM COCTO.IIHHH; 
3HaKH "nnroc" H "MHHyC" .D;n.ll MarHHTHhiX H 3neKTpHqeCKHX 
nepeXO,IJ;OB, COOTBeTCTBeHHOI, paccqaTaHbl C yqeTOM 341-
lileKTa 6nOKHpOBKH. 

Onpe.D;eneuae Myn&THnon&HOCTH y -nepexo,D;a 42,02 K:JB 

IM1+9~E21 ll03BOn.lleT ycTaHOBHTb OTpHu;aTenbHYJO qey
HOCTb ypoBH.II 42,02 K:JB. Bo3MO)I(Hhle 3HaqeHH.II ero cnaua 
I =2,1 ana 0. 3ueprH.II 3Toro ypoBH.II no3son.lleT cqaTaT& 

BeCbMa BepO.IITHhiM, qyo 3TO nepBhiH ypoBeHb poTaUHOHHOH 
nonocbl ocuosuoro cocTO.IIHH.II c IK" = 2.1-. Wcnon&3y.ll 
H3MepeHHOe 3HaqeHHe napaMeTpa CMeWHBaHH.II 0 =0,099± 
±0,023 H TeopeyaqecKHe Bhlpa)l(eHH.II ,IJ;n.ll npase,D;eHHhiX 
sepo,THOCTeii: B(M1) H B(E2) , nepexo.D;oB BHYTPH nonocbl c 
K = 1 24/, Mhl onpe,D;enHnH OTHOWeHHe 

82= 

2 
(gk- gR) 

Q ~(1- 2co )2 

-3 
(5,2 ± 1.1) . 10 . 

r ,D;e Q O - BHyTpeHHHH KBa,D;pynonbHhiH MOMeHT, C O Q O -

nepeKpeCTHhiH KBa,D;pynonbHhiH MOMeHT, gk H g R - rHpo-
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MarHHTHble OTHOWeHH.II ,D;n.ll BHyTpeHHero H KOnneKTHBHOrO 
,IJ;BH)I(eHH.II B .II,D;pe. 

IIonyqeuuoe 3Haqeuae xopowo cornacyeTC.II c .D;pyrHMH 
3HaqeHH.IIMH 8 2, H3BeCTHhiMH ,IJ;n.ll p.11~a HeqeTHO·HeqeTHhiX 
.D;elilopMHposaHHhiX .II.D;ep 3Toii o6nacTH 25/. Wcnon&3y.ll 3Kcne
pHMeHTan&Hhle ,IJ;aHHhle o6 a6conroTHhiX sepo.IITHOCT.IIX M1-
H E2·nepeXO,IJ;OB Me)I(,D;y ypOBH.IIMH nonOChl OCHOBHOrO COCTO· 
.IIHH.II I •a6A. 41 H npHMeH.II.II H3BeCTHhle Bhlpa)l(eHH.II /26~ Mhl 
paccqHTanH 3HaqeHH.II: MO,IJ;yn.ll pa3HOCTH rHpOMarHHTHhiX 
OTHOWeHHH (gk-gR) = 0,47±0,06; BHyTpeHHero KBa,D;py
nonbHOrO MOMeHTa Q0 3 KCU. = 6,6±1, 1 6apH. H napaMeTpa 
,D;elilopMaUHH f 3 KCI1, = 0,25±0,04. 

As TOphi pa6oThl /5/, npe,D;nonara.ll Manyro .D;elilopMaUHJO 
.II,D;pa 16°Tm, npHDHCbiBaiOT ero OCHOBHOMY COCTO.IIHHIO KOH· 
lllarypauaro 1- IP 512+ [ 402] , n 312-[ 521 ] 1. IIo
CKon&Ky 3KCnepHMeHTanbHhle pe3yn&TaTbl HaCTO.II~eii pa-
60Thl yKa3biBaroT ua 6on&wyro ,IJ;elllopMaUHJO .II,D;pa 160 Tm,Mhl 
cqHTaeM, qyo OCHOBHOMY COCTO.IIHHIO 160 Tm cne,D;yeT npHnH
caTb KOH~i~Hrypau;HIO C IP 112 +( 411 ] , n 312 -f 521 •) 1. 

Wcnonb3Y.II HMeJO~Hec.ll ,IJ;aHHhle o6 3HeprH.IIX uepoTa
UHOHHhiX COCTO.IIHHH B .II,D;pax 161TmH 159Er,Mhl CMOrnH pac
cqaTaTb C llOMO~biO nony3MITHpHqecKOH lilopMynhl, CB.II3hl· 
saro~eii 3HeprHH yposueii B ueqeTuo-ueqeTHhiX H ueqeTHhiX 
.II,IJ;pax /21/• 3HeprHH ,IJ;BYX COCTO.IIHHH B 160Tm • ,lJ,n.11 COCTO.IIHH.II 

1 + IP 712- [523} , n 512- (523) I nonyqeua 3HeprH.II 
251 K3B, KOTOpyro, no-BH,IJ;HMOMy, MOlKHO COllOCTaBHTb C 
3KcnepHMeHTanLHhiM 3HaqeuaeM 215 K3B. PaccqaTaHHa.ll 
:meprH.II cocTO.IIHH.II 2+ IP 712- [ 523 ], n3/2"1'521] I oKa- · 
3anacb paBHOH 192 K3B. 3TO 3HaqeHHe MOlKHO cpaBHHTb 
C 3KCnepHMeHTanbHhiMH 3HaqeHH.IIMH 3HeprHH ypOBHeii: 
140,32 HnH 174,40 K3B. HBJibCeH H liaHKep /2s/ paccqHTanH 
3HeprHH HHnbCCOHOBCKHX npOTOHHhiX H HeHTpOHHhiX op6HTa
neii B 3aBHCHMOCTH OT napaMeTpOB KBa,D;pyllOnLHOH f 2 H 
reKca,IJ;eKanon&Hoii ( 4 .D;elilopuau;HH. Tau )l(e paccqaTaHhl 
napaueTphl ( 

2 
H ( 

4 
,D;n.ll .II,IJ;ep c ueqeTHhiM A • IIpe,D;nona

ra.11, qT.o napaueTphl .D;elilopuau;HH ( 2 H 1f 4 coce,IJ;HHX ue
qeTHo-ueqeTHhiX .II,D;ep 6nH3KH no senuqaue, nonyqau ,D;n.ll 

19 



... 
0> 

~ 
o"' 
"'"' ... 
Ill 
Ill 
0 
1:{ 
0 
>< 
Cl> 
Q, 
Cl> = 
>< 
::a = ~ = = (..., 
td 
)1 
0 
Q, 
~ 
~ 
Cl> 
1:: 

"' = ~ 
0 
0 = ~ 
111:1 
0 
Q, 
Cl> 

a:l 

~ 

0 
:t 
;:s 

~ 
~ 

""Z 
~ 

~z 

~~ 

r::: 
0 
:.: 

~'" 
i!l 

r::: 
0 
:.: 

'" >..~0 
E-< '-' 

:,: 
t:'
o<D 

~r::: ~ 

I 

8 
E~ 

8. 
H 

I 
~ 

L!'"• 

j':l. 
H 

H 

~ 
<!> 

H 

co 
I 

M 

M 

<D 

<D 

8 
[~ 

8. 

~ 
N 

MI<D I + 
0 H 

"<.l' N 

0'> 

M-1~ 
H 0'> 

r--Ico I I 

"' 0 
C•) 0'> 

NIN + I 

M t'

H [:'-

c: 
N 

lf) 

+ 
<D 

co 

co 
I 

N 

N 

CX) 
I 

1.{") 

co 

H 
I 

<D 

H 

'+-

':f. 
N 

r--

'7 
1.{") 

N 

r--
1 

0 

~ 

H 
+ 

N 

H 

~ 

lf) 

+ 
c~ 

H 

r--
1 

lD 

H 

Cl 
I 

0) 

N 

'1 
'<J' 

~ 

~ 

""' + 
H 

(") 

r--
1 

H 

<D 

c:r 
•c!< 

H 

~ 
co 
c--

= . 1-< :c 
Jl .QN 

t:t:""' »o 

't 
~~f;ipj H 

r ~ ~ H 

"~ 
H 
~ 

::;£ 1:: 

Q) Q) c 

~ i"r.i. 
:r 0: <: 

H 
N 
'') 
('") 

0> 

Q) 0 N 
0: 1-< <: 
o uZ 

;::,:: oC: "'I'' :.<:::::1::::1 
o-,-Q< 

H u~ 

Q) c 
oaJO. H 
:C :.:.-... N 
.Jl :c<: tr. 
~ ~ <:" t;: ~I 
~ ~a ~ ::1 ~ 
:r: 3~ ~ 

ill 
;:. ...... ro 

til~ 

d 

N 
0 

~ 

..Q u 

~~~ I .,.. 
rll ca "' "' , 
0 (f) ::::i <=!, <.0 
0. <.: ,_ u. C'·l -:>. ~ r- ._), ~ H 

~ ~~ ~ ~ ~ 
L.") 10 lD 1:1 L") 
(Y) rr) L') (") ("') ........_, ........_, -.......+......._I ........_I 
H f-·t t- -i H H :'J ~--f H 1--t H 
1-i H J-t C\l H C'l 1-----f H H N 
~ '<.jt --..,>i ·~ ~ 
I~ .._.i H t--t H 

H 

~ 
C') 
-.......+ 
C') N 
N N 
LO r--

~ 

~ 
H 

0 co 
'<!'I 
'Q'i:'r-- • 
H H 

M 
N 

~ 
H 

co 
H 

'<l' 
•') 

~ 
10 
l.') 
-.......+ 
C') H 
~H 
LO r--

co '<31 r-- c-
eo c>) 
H C'-
N H 

Q~ 
::-:• 
({) ~") 

H • 
N<D 

20 

0 

t'-

"' 
0 

<D ,. 
N 
+ 

N 

u 
~ 

(") 
I 

ICJJ 
n 

l-
1 

I 0'> 

H ,., 

<D <D 
I I N H 

V> N ., 
l.? 0 

I I 

<0 H 

N<D ., 
(")(") 

I I 

ou 
lf) H ., 
0 N 

HC") 

"' 

[:'-['-
1 I 

l.? l.? 

~ H 

~':f. 
I<J> ~~ - - . <D y H 

H 
I 

t!MN~ 

H 
N 
1.{") 

~ 
N-

I .!2_ + 
M N 
N N 
lD 
c-

~ 
~ ~ 

<0 H 
H ~ 
H 

<0 
r:t <0 
0 1:: ..:I 
~=..a 
~!<"" g Jl Q) 

I !;! ~ 
;... i: ~ 
tl; "' = = (Y') :c 
J:. • "' 
~- g _, 
iii ... Ill 
J"l 

ll) -
;...'- ..Q r_, I :C 

-C\l<U 
........... t::t: • 

Ol ~ Ill 
(I) c: ,-.. 0 
lol: - ...l r:t 

' 1::> 0 ID ....,. .._.. >C 

o;~a:l~ 
a+-- "' ~ 0 C\l f< 
c.' u ~ 
>. ... ~ :a 
~~ ~] = 0 <:: r..coc.o 
c. <:: (j) 1:: 
CJ u ~ "' = = r:t ro :>" <ll I 

- 0 
I <ll ~ :c :a ;:: f< 

- r::a CD :s: 
Olor:t:c 
(I) f< Q) J:. 
lol: :c !II <U 
~<Uts:::! 

Ill 0. 
~:.:t::~ 
QJQ) ·l:t 
<') = 
0 :.:"" I c. u I 

:>. ~~""z 
•• "' :< ::1.. 

~8(j)= 
_,_ f< -
:r:~::m:-< 
~ :E f< = :r :s: Q) :.: 
Ul u a] u 
..:' "' :r ~ 
<. <1l = 
:s;l~o. 
c.. ..... 0 f< 
t:: C'l ..: 

ID C'l Ql 
0') <:: 
'-I ro 
:::O)t'l: 
~ - I; 
-ml:t 

160Tm : f 2 < 0,25 I3KCDepHMeHTanLHOe 3HaqeHHe f 2 = 
0,25±0,04: CM. BLUDel H f 4 < -0,01. ITo /28/ npH 

f 
4 

< 0 HeqeTHLIB npOTOH HaXO,D.HTCJI B OCHOBHOM COCTOJIHHH 
Ha op6HTanH 112 + (411] , a HeqeTHLIB HeBTpOH - Ha op-
6HTanH 312- [521] , qTo coana,D.aeT co c,D.enaHHLIM HaMH 
BblB~OM 0 CTPYKType OCHOBHOro COCTOJIHHJI 160 Tm.)l,aH
HLie 28/ D03BOnJIIOT TaiOKe 3aKniOqHTL, qTO npH ManLIX 
3HeprHJIX KPOMe COCTOJIHHJI 2 + IP 712 + ( 523] 
n 312- [ 521] I ,D.On)I(Ho Ha6niO.D.aTLCJI cocTOJIHHe 

2 + IP 112 +[ 411] , n 512 + [ 642] I. 
AHanH3 DpHBe,D.eHHLIX BepOJITHOCTeB nepeXO,D.OB, BLIDOn· 

HeHHLIB B HaCTOJI~eii pa6oTe, D03BOnJieT npHDHCaTL ypoBHIO 
174,40 K:JB KOHcilHrypa~HIO 2+IP712-t523] ,n312- [521Y H 
npe,D.no~HTL ,D.nJI ypoBHJI 140,32 K:JB CTPYKTYPY 
2+1P 112+[411], n 512+ [642] 1. Bo3MO)I(HOCTL npHnHca
HHJI nepBOH KOHcilHrypa~HH ypoBHIO 140,32 K:JB, a BTOPOH 
- ypOBHIO 174,40 K3B HCKniOqaeTCJI, TaK KaK B 3TOM cnyqae 
nepeXO.D. 41,4 K3B Me~.D.Y ypoBHJIMH 215,78 H 174,40 K3B 
6Lin 6LI f - 3anpemeHHLIM. 3TOMY npOTHBOpeqHT CHnbHOe 
ycKopeHHe E2-KoMnoHeHTa nepexo,D.a 41,4 K:JBicM. ma6A.41. 
llo,D.06Hble npOTHBOpeqHJI B03HHKnH 6LI H ,D.nJI y - nepeXO,D.OB 
c ypoBHeii 174,40 H 140,32 K:JB. 

B npe,D.naraeMoM aapHaHTe npHnHcaHHJI KoHcilHrypa~Hii 
I puc. 8/ nepexo,D.LI c ypoaHeii 215,78 H 174,40 K:JB IKPOMe 
nepexo,D.a 41,4 K:JBI JIBnJIIOTCJI f- HnH f! - 3anpe~eHHLIMH. 
<l>aKTOpLI TOpMo~eHHJI no BaiicKonclly ,D.nJI f - H n -3anpe
~eHHLIX nepeXO,D.OB C 3THX ypoaHeB cornacyiOTCJI C CHCTeMa

THKOB 3TH X aenHqHH /29/. Cy~eCTBOBaHHe f - H n -3anpe
meHHLIX nepeXO,D.OB o6ycnoaneHO CHnbHblMH KOHcilHrypa~HOH· 
HLIMH cMemHBaHHJIMH. Ba~HYIO ponL npH 3TOM HrpaiOT 
KBa3HqaCTHqHo·clloHOHHLie B3aHMO,D.eBCTBHJI /30/, 3THMH 
B3aHMO,D.eHCTBHJIMH MO~HO 06bJICHHTL H CHnLHOe ycKopeHHe 
E2-nepexo,D.a 41,1 K:JBMe~,D.ycocToJIHHJIMH 1+ IP 711: [523], 
n512-[523] I-> 2+;l> 712- [523] , n312-I521] 1. F~ == 

== 9 x 10-6 . BonLmoe ycKopeHHe F ~ = 1,2 x 10-5 - Ha-
6niO,D.aeTcJI H .D.nJI aHanorHqHoro nepexo,D.a a JI,D.pe 156Hd 31/ 

B 3aKniOqeHHe aaTopbl Bblpa~aiOT 6naro,D.apHOCTL 
JK. T .JKeneay 3a DOCTOJIHHblB HHTepec K pa6oTe, M.JIXHMY 
3a npHroToaneHHe pa,D.HoaKTHBHblX HCToqHHKOB, Y.C.CanHx-
6aeay H B.lf.CTeraiinoay - 3a noMo~L B pa6oTe. 
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Puc. 8. fPpazMeHm cxeMbr ypoeHeii 160 Tm. 
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