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rpoMOBil 11.11. H llp. 6 - 11871 
11ayqeHee pacnana opeeHTHposaHHbiX >mep 160 Tb 

MeronoM R!lepHoli opneHTBUHH npe csepxHn3KHX TeMneparypax npose
neHo eccnenosaHHe pacnana Hllep 160 Tb. BHenpeHHhiX a ranonHHHeByiO Marpn
uy. 06pa3Ubi, conepJKawne MHKpocxonH'!eCKHe xonH'Iecraa Tb a ranonHHHH, 
6binH UpHrOTOBJ1eHbl UHThiO pa3J1H'!Hb1MH CUOC068MH. ll3Mepe!lb! BC!IMMel"pHH 
yrnoaoro pacnpeneneHHH nnH 20 raMMa-nepexonoa npH reMneparype = 14 MK, 
nony'leHbl 3Ha'!eHHSI napaMeTpOB CMeWHBilHHH '-'IY1lhl"HUOJ1bHOCTei'I n.~SI 17 
raMMa-nepexonoa a 160oy napaMeTpbi 8(872) = -0,70+0,10 (Ml+E2l 

0 19 . -
" 8 (1251) = 0,02~; 12 (El+M2) panee ne onpeuenRnHch. Ha ocHoae aHaneaa 
reMneparypnoli 3aBHCHMOCTH aCHMMeTpHH yrnoaoro pacnpeneneHnH nnH 
raMMa-nepexonon 299 n 1178 xaB onpeneneHbi napaMeTpbr caepxronxoro 
saaeMonelicTBHR nnR aroMOB 160 Tb a ranonHHHH: 

11o = (8,81:!;.0,62 )x1o-18 apr; 

P ~ (0,79:!;.0,14)x!0-18 apr. 

llnR caepxroHxoro MarHHTHoro nonS! nony'leHo 3Ha'leHHe Hhl =(3,10:!;.0,22) Mrc. 

Pa6ora BblflOIIHeHa B na6oparopHH Sl!lepHblX npo6neM 0115111. 

npenpHKT 06be!lHKeHHOl'O HHCTHTyTa Sl!lepllb!X HCClle!lOB8HHli, lly6Ha 1978 

Gromova I.I. et al. 6 - 11871 
The Nuclear Orientation Investigation of the Decay of I60Tb 

The technique of nuclear orientation at low temperatures has 
been used for the investigation of the decay of 160 Tb nuclei dis
solved in gadolinium lattice, The samples containing a microscopic \ 
amount of Tb in gadolinium were prepared by five different 
methods, Asymmetries for twenty gamma-rays have been measured : 
at the temperature of - 14 mK, Multipole mixing ratios have been 
determined for seventeen gamrna.;..transitions in 160 D~r The parameten 
8 (872) a -0,70:!;.0.10 (Ml+E2) and 8 (1251) = 0.02 "j]:/2 (E1+M2) were 
not determined previously. The constants of hyperfine interadion 
for the 16Grb atoms in gadolinium, 11o = (8,81:!;.0.62) 1o-18erg, 
P=(O, 79±_0,14)x1o-18 erg, were evaluated from the analysis of 
asymmetry for the 299 and 1178 keV transitions measured as 
a function of temperature. For the magnetic hyperfine field we 
obtained then the value Hhr= (3,10±_0.22) MGs. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1978 

i. BBE,4EHHE 

CaepxToHxoe B3aHMO.IJ.eiicTBHe ,IJ.nJI H30Tonoa Tep6HJI 

B ra,IJ.OllHHHH 6blll0 H3y"'leHO B HeCKOllLKHX pa6oTaX/l-
3

/ • 

Ko6aJIWH H .IJ.p./ 1/ MeTO.IJ.OM JI,IJ.epHoro MarHHTHoro pe3o

HaHca Ha JI,IJ.pax 1 59Tb B cnnaae Tb - 'Gd /xoHu;eHTpau;HJI 

Tb -10 aT 0/o/ onpe,IJ.enHnH napaMeTpbi caepxTOHKoro B3aHMo

,IJ.eiicTBHJI .IJ.llJI npHMeCHbiX aTOMOB Tep6HJI. PelynLTaTbl 

pa60Tbl /2/ llOKa3biBaiOT, "'ITO ,IJ.llJI MHKpOCKOllH"'IeCKOrO KO

llH"'IeCTBa H30TOna 160Tb B ra,IJ.OllHHHH napaMeTpbi caepx

TOHKOrO B3aHMO,IJ.eHCTBHJI OTllH"'IaiOTCJI OT BellH"'IHH, nony

qeHHbiX Ko6aHWH H .IJ.p./11, a TO apeMJI xaK ,IJ.aHHble/3/ HX 

llO,IJ.TBep>K,IJ.aiOT. 
B HaCTOJIIUeii pa6oTe Mbl BblnonHHnH onbiTbl no JI,IJ.epHo-

MY opHeHTHpoaaHHIO 160 Tb B ra,IJ.onHHHH c uenLID nony

qeHHJI HOBOH HHtiiOpMaiJ;HH 0 napaMeTpax CBepXTOHKOrO 

B3aHMO,IJ.eiicTBHJI ,IJ.nJI npHMeCHbiX aTOMOB Tb B Gd. Oco-

6oe BHHMaHHe y,IJ.ellJillOCL MeTO,IJ.HKe npHrOTOBlleHHJI o6pa3-

UOB. 
B pa6oTe nonyqeHbl TaK>Ke 3Ha"'leHHJI napaMeTpOB cMe-

WHBaHHJI MYllLTHllOllLHOCTeii ,IJ.llJI 17y·nepeXO,IJ.OB B l60Dy· 

Bee H3MepeHHJI 6blnH BblnonHeHLI Ha ycTaHoaxe I 4/ , 

co3,IJ.aHHoii a Jla6opaTopHH JI,IJ.epHbiX npo6neM OHJIH. 

2. YCJIOBH.H 3KCIIEPHMEHT A 

2.1. JipUZ011106/l€HU€ o6pa3ij06 

Pa.IJ.HOaKTHBHblii H30Ton 

Me OKHCH Tep6HJI Tb4 0 7 

160Tb/ T 1; 2 = 72,3 OH/ac1Jop-

6bln nonyqeH H3 B/0 "H3oTon". 
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~nB H3MepeHHH 6MnO npHrOTOBneHO nBTL pa3HhlX o6pa3-
UOB Tb(Gd): 

06pa3eU 1. 0KHCL Tep6HB BMeCTe C MeTannH'IeCKHM 
ra.nonHHHeM aecoM- 0,05 2 /'IHCTOTa Gd - 99,90/o/ nna
aunacL Ha TaHTanOBOH iflonLre TOlliUHHOH 0,1 MM B BaKyy-

0 -6 
Me- 1 MM pm.cm. 

06paJeu 2. HJoTon 160Tb HMnnaHTHpOBancB Ha 3lleKTpo
MarHHTHOM Mace- cenapa Tope npu ycxopBIOIUeM noTeHuuane 
25 KB B JapaHee no.nroToaneHHyiO ra.nonHHHeByiOMaTpuuy 
Ha TaHTanoaou iflonLre. 3aTeM npoHJBOJJ.HnacL nnaaxa B 
aaxyyMHOH ne'IH. 

06paJeu 3. OxucL Tep6us nepeao.nunacL B xnopHJJ. Tep-
6us. TbCl3 HaHOCHllCB Ha TaHTanOBYIO iflonLry, BhlCYWH
BancB H BMeCTe C MeTallllH'IeCKHM ra,D.OllHHHeM BeCOM 
-0,05 2 nnaBHllCB B BaKyyMHOH ne'IH. 

Bo acex Tpex cnyqasx nnaaxa ocyJUeCTBnsnacL npu 
TeMnepaType 14000 C B Te'leHHe HeCKOllLKHX CeKyH,IJ. 
/o6pa3eU 2/ HllH HeCKOllLKHX ,D.eCBTKOB ceKyH,D. /o6pa3-
Uhl 1 H 3/. IIocne.nyiOIUee oxna)I(,D.eHue o6paJuoa aenocL 
CHa'lana Me,D.neHHO - B Te'leHHe 10 MUH ,IJ.O TeMnepaTyphl 
950° C, a JaTeM npu BMKniO'IeHHOM HarpeBaTene ne'IH. 

AKTHBHOCTL 160 Tb B nony'leHHhlX o6paJuax COCTaBnB
na HeCKOllLKO MHKpOKIOpH npH KOHUeHTpaUHH Tep6HB B ra
,IJ.OllHHHH MeHee 0,10/o. 

Ka)I(JJ.MH HJ nony'leHHLIX o6pa3UOB npunauaancs B aa
xyyMe K Me,D.HOH nnaCTHHKe C nOMOJULIO aKTHBHOro THTa
HOBOrO npunos npu TeMnepaType -800 °C. 

06paJuaM npu.naaanacL iflopMa JJ.HCI<a JJ.HaMeTpoM -5 MM, 
JaTeM npOH3BO,D.HnacL MeXaHH'IeCKaB O'IHCTI<a HX noaepx
HOCTH. 

06pa3ULI 4 H 5. Ilocne npoae.neHHB cepuu HJMepeHHH 
C 06pa3UaMH 1 H 2 OHH OT)I(HranHCL B BaKyyMe npH TeM
nepaType 400° C B Te'leHue 24 ~- TaKHM o6paJoM 6wnu 
nony'leHLI COOTBeTCTBeHHO o6pa3ULI 4 H 5. 

2.2. 3Kcnepu.weHmaAbHa.R annapamypa 

Oxna)I(,IJ.eHue o6pa3UOB .no caepxHH3KHX TeMnepaTyp 
OCYIUeCTBllBllOCL C nOMOIULIO KOM6~HHpOBaHHOrO peiflpH)I(e-

4 
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paTopa pacTBopeHHB 3 He B 4 He/ 5/, KOHCTPYKTHBHMe oco-
6eHHOCTH KOTOpOrO nOJBOllBIOT BBO,IJ.HTL o6pa3Uhl Henocpe,D.
CTBeHHO B BaHHY paCTBOpeHHB. 

Hccne.nyeMLIH o6paJeu aMecTe c s.nepHLIM opueHTa
UHOHHLIM TepMOMeTpOM 54 Mn (Ni) npunaHBallCB K Ten
llOBOH no.nno)Kl(e peiflpu)l(epaTopa. MaTpHULI 'Gd u Ni npu
ao.nunucL B COCTOBHHe MarHHTHOrO HaCLIJUeHHB BHeWHHM 
MarHHTHLIM noneM 8,5 KFc, coJ.naaaeMLIM napou caepx
npOBO,IJ.BIUBX KaTyWeK renLMrOllLUa. 

raMMa·HJlly'leHHe perHCTpHpOBallOCL O,IJ.HOBpeMeHHO no,D. 
yrnaMH 0° H 900 no OTHOWeHHIO K HanpaBneHHIO BHeWHero 
MarHHTHoro nons 'Ge (Li) - ,D.eTeKTopaMH c pa6o'IHMH o6'Le
MaMH OT 30 ,IJ.O 50 c.w 3 jpaJpeweHHe - 3,5 K3B npH :mep
rHH 1332,5 K3B/. ~eTeKTOphl ycTaHaBllHBallHCL HapaCCTOB· 
HHH 10- 11 CM OT pa,D.HOaKTHBHOrO HCTO'IHHKa. 

B HJMepeHHBX ucnonLJoBanucL 4096-xaHanLHLie aHa-

nHJa TOPLI ICA -70. 
06pa60TKa raMMa-cneKTpOB npOBO,D.Hnafi~ Ha 3BM 

"MHHCK· 2" H .li3CM -6 npH noMOIUB nporpaMM 
6 

• 

3. 3KCIIEPHMEHTA.JibHhiE PE3YJibTAThl 

Y r noaoe pacnpe.neneHHe raMMa- H3ny'leHHB opueHTH
poaaHHLIX pa.nuoaKTHBHLIX s.nep npu TeMnepaType T MO)I(eT 

6LITL JanucaHo 171: 

W(O, T) = l: Bk(T) AkUkQkPk(cosO), 
k 

/1/ 

r,D.e 0 - yron Me)I(JJ.Y HanpaaneHHeM H3lly'leHHB H OCLIO 
opueHTaUHH, Bk (T) - napaMeTpLI opueHTaUHH, Ak - xo3ifl
WHUHeHTLI yrnoaou xoppensuuu,.U k - K03~HUHeHTLI .neopueH
TaUHH npe,D.WeCTBYIOIUHMH nepeXO,IJ.aMH, Qk - nonpaBKH Ha 
I<OHe'IHLIH TeneCHLIH yron ,D.eTeKTopa, Pk - nonHHOMLI 
Jle)l(aH,D.pa. CyMMHpoaaHHe ae,neTCB B npe.nenax 0 s k s 
~ min(2L, 2Ii, 2I) ;r.ne L - MYllLTHnonLHOCTL Ha6niO,D.aeMoro 
raMMa- nepexo,D.a Me)I(JJ.y COCTOBHHBMH CO cnHHaMH Ii H If , 
I - cnHH pacna,D.aiOJUHXCB opHeHTHpOBaHHLIX B,D.ep. 

~ns onpe.neneHHB acHMMeTpHH 1 - W (00) H W (90°) - 1 
6wno npoBe,D.eHO ,D.eBBTL cepHH H3MepeHHH /no O,IJ.HOH cepHH 

· C o6pa3UaMH 1 ,2, 4 H no TpH - C o6pa3UaMH 3 H 5/. ~nu-
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Tem,HOCTL 3KCll03HlJ;HH B Ka:>K~OH cepHH - 10 4 
C. HopMHpo

BaHHLie HHTeHCHBHOCTH W ex (0, T) onpe~eJUIJIHCL KaK OT-
HoiiieHHJI S (T) I S (-1K) I S (T) - nnoll{a~L nHKa B cneKT-
pe npH TeMnepaType T ; SE-1 K) - nnoll{a~L cooTBeTcT
BYIOilJ;ero nHKa B cneKTpe npH TeMnepaType- 1 K, npH Ko
TopoH: yrnoaoe pacnpe~eJieHHe raMMa-H3nyqeHH.II H30Tpon
Hol. B npe~enax 3KcnepHMeHTaJILHLix OIIIH6oK pe3yJILTaTLI, 

Ta6Aulla 1 

ACHMMeTpHH raMMa-nyqeH: C 3HeprH.IIMH 299 H 966 K:JB, 
nonyqeHHLie c pa3HLIMH o6pa3.u;aMH 

Hmmp [ 1 - \~r (O"JJI" 
rr p H M e ~ a H H e o6pa3~a Ey299 .r:3B Ey966 K3B 

I 30,3(!0) 32,0(20) Tb~ 0, , IIJ!aBJ<a 
2 3!,7(!0) 31,0(20) T b., 0 f , ll!.IIL1al!Ta.I.U'.JI. WiaB!<a 
3 22,5(8) 24,9(II) r b ce 3 , IIJ!aBKa 

4 30,8(!0) 32,0(!0) fb., 01 , IIJ!aBI<a, OTliUII' 

5 30,5(6) 33,2(10) Tb,. 0 1 ,m,!IIJ!aJITarum,IIJ!aBJ<a,oT.~{nr 
' 

nonyqeHHLie ~JIB o6pa3.u;oa 1 ,2,4 H 5, coana~aiOT Me:>K~y 
co6oH: H npeBLIIIIaiOT B 1,5-2 pa3a acHMMeTpHH, nonyqeHHLie 
npH H3MepeuHJix c o6pa3.u;oM 3. B 11la6A. 1 cpaBHHBaiOTCJI 
acHMMeTpHH 1 - W (0°) ~JIB raMMa- nepexo~oa c 3HeprHJI
MH 299 H 966 K:JB, H3MepeHHLie ~JIJI BCex ll.IITH o6pa3UOB. 

Ha puc. 1 noKa3aH ciJparMeHT cxeMLI pacna~a l 60 Tb, 
B3JITLIH H3 pa60TLI /l5/, 

B 11la6A. 2 npHBe~eHLI 3HaqeHHJI acHMMeTpHH: yrnoaoro 
pacnpe~eneuHJI ~JIB 20 raMMa-nepexo~oa a 160 oy, nony
qeHHLie npH H3MepeHHJIX c o6pa3uaMH 5 IT = 13,5151 MK 
H 3 IT= 15,5171 MKI. T'M :>Ke ~JIB cpaaueHHJI npHBe~eHLI 
pe3yJILTaTLI cl>oKca H ~p(8 , nonyqeuuLie npH TeMnepaType 
9,8121 MK H 3HaqeHHH BHeiiiuero MarHHTHoro non.11 6 KFc. 
0TMeTHM, qTo ci>OKC H ~p. llpH H3rOTOBJieHHH o6pa3Ua 
HCllOJIL30BaJIH XJIOpH~ Tep6HJI H HX pe3yJILTaTLI B npe~eJiax 
3KCllepHMeHTaJILHLIX OIIIH60K COrJiaCyiOTCJI C HaiiiHMH ~aH
HLIMH, llOJiyqeHHLIMH C 06pa3UOM 3. 
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Puc. 1. fl>pazMeHII CXeMbl pacnac)a 160 Tb, HO KOIIIOpOM 
npueec)eHbl zaMMa- nepexoc)bJ, u3y'leHHbJe e HOCIIIOJIUieil pa-
t5o•e. 

)J.nJJ. npoaepKH CTeneHH MarHHTHOrO HaCbl~eHH.II MaTpH

Ubl o6pa3~a 3 6blnH npoBe,D,eHbl H3MepeHH.II JaBHCHMOCTH 

acHMMeTpHH 1- W(0°) ,D,n.ll raMMa-nepexo.D.OB 160Tb OT 

aena'IHHbl aHewHero MarHHTHoro non.11 Ho . Ha puc. 2 :na 

JaBHCHMOCTL npaae,D,eHa ,D,n.ll nepexo,D,a 299 K3B. BH.IJ.HO, 

'ITO npa JHa'leHHJJ.X MarHHTHoro non.11 > 1 KFc MaTp~a 
HaXO,D,HTCJI npaKTH'IeCKH B COCTO.IIHBH DOnHOrO HaCbi~~H.HJI • 

9 



2.0 4.0 6.0 8.0 lo [""'] 

i 
~ 

0.2 

O.I 

10 20 

•r • 298.6 aaB 

r • 17.7 IlK 

3) 

41 • oo 

40 I [1) 
0 

Puc. 2. 3aeucuMocmb acuMMempuu yzAoeozo pacnpeoeAeHuJI 
zaMMa- KeaHmoe c 3Hepzueii 299 K3B om eeAU'IUHbt eHew
Hezo MaZHUmHozo noAJI H • 

Pa3MarHH'IHBaroiUee none, pacc'IHTaHHoe cornacHo/9/ 

B HaweM cnyqae nony'leHo paBHbiM 1 ,5 KFc. ' 

4. AHAJIH3 3KCIIEPHMEHTAJihHhiX ,li.AHHhiX 

4.1. IlapaMempbt CMewueaHUJI MYAbmunoAbHocmeii 

,LI,n.R raMMa- nepexo.D.OB Me)K.IJ.Y cocTO.RHH.RMH I. H If 
Ko34JcllauaeHTbl yrnosoii xoppen.RUHH Ak 3anac~IBaJOTC.R 
B BH.IJ.e: 

Ak=[Fk(L,L,If,Ii) +2BFk(L,L+1.If,Ii) + 

8
2
Fk(L+1, L+1,Ir.Ii )](1+82 f~ 

r.D.e 8 - napaMeTp CMeWHBaHH.R MynhTHnOnbHOCTeH 

/2/ 

L + 1/L 

<If//L+11/Ii> 
(8 == --------------~~--) • 3Ha'leHH.R K03lP4JHUHeHTOB F~c_ Ta6y-

<If 1/L//Ii> 

nuposaHbl, HanpaMep, B pa6oTe /10/. 

10 

\ 
.,. 

IIapaMeTpbl 8 6blnH onpe.IJ.eneHbl H3 cpe.IJ.HHX B3BeweH
HbiX 3Ha'leHHH Ko3tW>auaeHTOB A2, nonyqeHHbiX no 3Kcne
PHMeHTanLHbiM aCHMMeTpH.RM, H3MepeHHbiM BO BCeX 9 ce
PH.RX. 

Ko3tW>auaeHT bl Qk , Y'IHTbiBaiDIUBe reoMeTpHIO onbiTa, 
Mbl Bbi'IHCn.RnH aHanorH'IHo/ ll/ .IIony'leHbl cne.D.YIDIUBe que
neHHble 3Ha'leHH.R /TO'IHOCTb He Xy)Ke 0,5~/: Q 2 (Oa.l = 
= 0,990, Q4(0a.l = 0,967, Q2(90a.l= 0,972, Q4 (90a.l= 0,910 
/o6pa3eu 3/ a Q2 (Oa.l = 0,964, Q 4(0a.l = 0,883, 0/90 Clj= 
= 0,980, Q 4(900)0,951 /o6pa3eu 5/. 

3Ha'leHH.R xoJtW>auaeHTOB B2 (T) .D.n.R Ka)K.IJ.OH cepaa 
onpe.IJ.en.RnHCb no .D.aHHbiM .D.n.R nepexo.D.a 299 K3B. IIpa 3TOM 
H3 pa3HbiX 3Ha'leHHH 8 (299) , ony6nHKOBaHHbiX B pa6o
Tax I 12-14/. Bb16paHO HaH6onee TO'IHOe 3Ha'leHHe o(299) = 
= 0,029/5;/12f,n;n.R cepaii, npaBe.D.eHHbiX B ma6A. 2, nonyqe
Hbl 3Ha'leHH.R: B 2(T) = 0,84 /2/ - o6pa3eu 5 a B

2 
(T) = 

= 0,61/2/ - o6pa3eu 3. 
IIepeXO.D.bl c yposHe:H oTpauaTenLHOH 'leTHOCTH .RBn.R

IOTC.R nepexo.D.aMH THna E1 c Manoii npaMeCLIO M2, no3TOMY 
qneHoM c k = 4 B Bblpa)KeHHH /1/ MO)KHO npeHe6peqb/B/ • 
IIony'leHHble 3Ha'leHH.R 8 .D.n.R 3THX nepexo.D.OB npase.D.eHLI 
B 111f!6A. 3J r.D.e OHH cpaBHHBaiOTC.R C pe3ynbTaTaMH pa-
6o'J"'8• 12-14 , 0TMeTHM, 'ITO 3Ha'leHHe 8 .IJ.n.R raMMa· 
nepeXO.D.a 1251 K3Bc YPOBH.R 1535 K3B (1=4)/IS/paHee 
He onpe.IJ.en.RnocL. IIocxonLKY .D.n.R 3Toro nepexo.D.a nony
'leHo TonLKO 3Ha'leHHe W (0°), aHanH3 npoBO.D.Hnc.R a npe.IJ.
nono)KeHHH, 'ITO ero MynLTHnonLHOCTb na6o THna E1 + M2 , 
na6o M! + E2. B nocne.D.HeM cnyqae Heo6xo.D.HMO 3HaTL 
BenH'IHHY B4 (T), H OHa 6y.D.eT npHBe.D.eHa HH)Ke. Jf3 'leTblpex 
B03MO)KHbiX 3Ha'leHHH 8 TOnbl<O O.D.HO: 8 == 0,0~8·1~ , 
nony'leHHoe .D.n.R CMeca E1 + M2, HaXO.D.HTC.R B cooTBeTcT-
BHH C 3KCnepHMeH;;a;bHbiM 3Ha'leHHeM K034Mt>HUHeHTa KOH
sepcaa ak ~ 0,0004 15

• TaKHM o6pa30M, oTpauaTenLHa.R 'leT
HOCTb ypOBH.R 1535 K3B nO.D.TBep)K.IJ.aeTCB. 

,LI,n.R nepeXO.IJ.OB C ypoBHeH nonO)KHTenbHOH 'leTHOCTH 
qneH c k ~ 4 B Bblpa)KeHHH /1/ He o6.R3aTenLHO Man. 
B 3TOM cnyqae Ha OCHOBe 3KCnepHMeHTanhHbiX aCHM
MeTpHH 1 - W (0°) H W ( 90°) - 1 , nonyqeHHbiX BO BCeX 
cepH.RX, H3 ypaBHeHHH /1/ HCKniD'lanHCb npOH3Be.D.eHH.R 
B4 A4 u4 H onpe.D.eJI.RnHCb cpe.D.HHe B3BeWeHHble 3Haqe
HH.R K034Jcl!HUHeHTOB A2 . 0.D.HaKO TaKOH nO.D.XO.D. .D.aeT .D.n.R 

11 



... N
 

Ey
p· 

~t
aB

 

15
35

 

13
99

 

13
86

 

13
58

 

12
87

 

12
65

 

ty
p. 

EJ
, 

tta
B 

Ka
B 

II
 56

 
87

2 

10
49

 
76

5 

96
2 

96
6 

87
9 

... w
 

uz
 

0,
90

5 

0,
75

0 

0,
90

5 

0,
82

8 

0,
75

0 

0,
82

8 U
z 

T
a

6
A

u
u

a
 3

 .
 

IT
a

p
a

M
e

T
p

h
l 

c
M

e
W

B
B

a
H

B
J
I 

S 
(M

2/
E

l )
 

.nn
.11

 r
a

M
M

a
-

n
e

p
e

x
o

.I
J
;O

B
 

C
 
y
p

o
B

H
e

H
 O

T
p

B
U

a
T

e
J
ib

H
O

H
 '

le
T

H
O

C
T

B
 

EJ
, 

1~
-

f' 
J 

(M
2/

E1
) 

R
aB

 
· 

H
ac

T
O

m
ua

li 
~
K
C
 

X
 

.zu
>. 

K
pa

Jb
i 

:a 
.r;

p.
 

I'lo
Ho

rep
 n

 .z
u>

. 
~ 

J 
pa

6o
Ta

 
/8

/ 
/1

4
/ 

/1
2

/ 

12
51

 
4-

-
4+

 
0 

02
-K

>,
I9

 
' 

-0
,1

2 

II
I5

 
3

-
-

4+
 

O
,O

II
(1

4)
 

0,
00

0(
12

) 
13

12
 

3
-

-
2+

 
-0

,0
45

(I
I)

 
-0

,0
17

(8
) 

33
7 

4-
-

3+
 

0,
03

4(
27

) 
0,

03
9(

32
) 

II
03

 
4-

-
4+

 
-0

,0
13

(4
6)

 
-0

,1
56

(2
5)

 

31
0 

2
-

-
3+

 
-0

,0
6(

3)
 

-0
,0

20
(1

4)
 

39
2 

2-
-

2+
 

-0
,0

18
(1

7)
 

-0
,0

43
(1

5)
 

-0
,0

2(
8)

 
0,

02
3(

7)
 

!2
72

 
2

-
-·

2
+

 
0,

02
6(

9)
 

-0
,0

03
(1

2)
 

-0
,0

3(
3)

 

10
03

 
3

-
-

4+
 

•0
,0

94
(2

1)
 

-0
,0

04
(1

7)
 

12
00

 
a-

-
2+

 
-0

,0
50

(I
I)

 
-0

,0
17

(8
) 

2I
6 

2
--

3+
 

0,
01

6(
8)

 
-0

,0
03

(6
) 

-0
,1

8(
10

) 
29

9 
2

-
-

2+
 

0,
02

3(
18

) 
0,

00
5(

10
) 

0,
02

9(
5)

 
II

78
 

2-
-

2+
 

-0
,0

15
(8

) 
-0

,0
31

(1
2)

 
0,

02
(2

) 

.
f
!
M
e
B
~
 

R
 ,

li
jl
. 

/1
3

/ -+
{)

 
08

6 
0,

06
3-

0:
07

0 

-0
,1

99
(4

9)
 

-0
,0

2(
2)

 
0,

04
0(

43
) 

-.
 

-
-
--

--
--

--
--

--

T
a6

A
uu

a 
4 

ll
a

p
a

M
e

T
p

b
i 

C
M

e
W

B
B

a
H

B
J
I 

S 
(E

2/
M

l)
 

.IJ
;J

IJ
I 

ra
M

M
a

-
n

e
p

e
X

O
,l

lO
B

 
C

 
y
p

o
B

H
e

H
 U

O
J
IO

)I
(B

T
e

J
ib

H
O

H
 '

le
T

H
O

C
T

B
 

u~
~ 

("_
 f

1 
J 

(E
2/

M
I)

 

L 
f 

Ha
CT

OP
.l!

!M
 
~
i
c
 

:a 
,l

ij
l.

 
Kp

alf
.J 

,l
ij
l.

 
I'l

a!
!T

_?
£2

, 
,l

ij
l.

 
pa

6o
Ta

 
8

/ 
HK

Jl
:e

B~
 :

a 
,l

ijl
 

/1
3

/ 

0,
86

(1
2)

 
0,

58
(1

0)
 

4
+

-
4+

 
-0

, 7
0(

10
) 

0,
72

(2
) 

0,
18

(2
) 

3+
 -

4+
 

-9
 0

 +
2,

4 
' 

-5
,0

 
-7

,7
(7

) 
7 

+2
0 

-
-5

 

a
+

-
2+

 
6,

5(
45

) 
IS

 (
5)

 
7 

0 
+6

,1
 

' 
-2

,4
 

0,
63

(2
) 

0,
08

(1
) 

2+
 -

2+
 

f-
12

,8
(1

5)
 

-I
S

 j 
17

 7
+2

•8 
+

2
8

 
-I

I 
~I

~ 
-

' 
-1

,5
 

-1
7,

7 
-5

:2
 



napaMeTpa 8 .nsa KOPHJI. )J,nJI sw6opa o.nuoro H3 nux 
auanH3 ,nauuwx o.nuoii H3 cepHii lc o6pa3UOM 51 nposo.nun
CJI C yqeTOM qneua C k"' 4. fipH 3TOM 3Ha'leHHe K03cW>H
UHeHTa B4(T) , 0,43(30) IT = 13,5151 MK/ nonyqeuo H3 
auaJIH3a TeMnepaTypHOH 3aBHCHMOCTH aCHMMeTpHH yrJIOBO
ro pacnpe.neneHHJI ,nnJI raMMa-nepexo.na 299 K3B. llony
qeuuwe 3Ha'leHHJI napaMeTpoB cMeWHBaHHJI npuse.neuw B 

111a6A. 4. 
llpH pacqeTe K03cWlHUHeHTOB Uk npe,nnonaraJIOCb, qTO 

6eTa-nepexo.nw ua ypoBHH nono:>KHTenbuoii qeTuocTH nepe
uocJIT o,nuy e,nHHHUY yrnosoro MOMenTa, a ua ypoBHH oTpu
uaTenbuoii \feTHOCTH - JIBJIJIIOTCJI 'IHCTbiMH nepexo,naMH THna 
raMosa-Tennepa. Heo6xo,nHMble 3Ha\feHHJI "7T?CHBHOCTeii 
6eTa- H raMMa-nepexo.nos B3JITbl H3 pa6oTbl 

15 
• 

llepexo,nbl 197 H 966 K3B JIBJIJIIOTCJI 'IHCTbiMH E2·nepe
xo,naMH. H3 3KcnepuMeHTaJibHbiX 3Haqeuuii acHMMeTpHii 
,nnJI nux, nonyqeuublx B o.nuoii H3 cepuii lc o6pa3UOM 51, 
onpe,neneHbl COOTBeTCTBeHHO He3aBHCHMble 3Ha'leHHJI B2(T)= 
= 0,85141 H 0,92161. llepsoe xopowo cornacyey
CJI C BeJIH'IHHOH 0,84 121, onpe,neneHHOH pauee, H n03BO· 
nJieT nonyqHTb ue3aBHCHMO napaMeTp 812991 = 0,0231181. 
BTopoe 3Haqeuue uecKOJibKO Bblme, 'ITO CBJI3auo, no-au.nu
MOMY, c npuMeCbiO L"' 2 B 6eTa-nepexo.ne 13-- T I ua 
ypoaeub 966 K3BIB/. 

4.2. IlapaMemp&l ceepxmoHKozo e3auMooeucmeu.R 
oA.R 160 Tb e zaooAuHuu 

Ko3cW>uuueHTbl opueuTaUHH B (T) 3aBHCJIT oT cpe.nuux 
u k u B 3aceneuuocTeH p(m) 3uepreTH'IeCKHX no,nypoaueu. co-

CTOJIHHH TennOBOrO paBHOBeCHJI 3aCeJieHHOCTH p(m) no,n
'IHHJIIOTCJI pacnpe,neJieHHIO JiOJibUMaua: 

p (m) - exp (-Em/ kT). 
131 

3,necb 3ueprHH no,nypoaueii Em JIBJIJIIOTCJI co6cTBeHHbiMH 
3Ha\feHHJIMH raMHJlbTOHHaHa, OnHCbiBaiOIUero CBepXTOHKOe 
B3aHMO,neHCTBHe, KOTOpbiH AJIJI uawero cnyqaJI MO)((HO 3a· 
nHCaTb B BH,ne/16/ 

2 1 
H "' -a:J lz + P[ lz - 31(1 + 1)], 141 

14 

~ 

.. 

r.ne ao=J.LHhr/1 H P~3eQVzz/41(21-1) -napaMeTpbi 
COOTBeTCTBeHHO MarHHTHOrO ,nHnOJibHOrO H 3JieKTpH'Iec
KOrO KBa,npynOJibHOrO B3aHMO,neiiCTBHH, J.L H Q - MarHHT· 
HbiH H KBa,npynonbHbiH MOMeHTbl HCCne,nyeMbiX JI,nep, Hh f -

caepxTOHKoe MaruuTuoe none ua JI,npax npHMecu, V zz -
COCTaBJIJIIOU{aJI rpa,nHeHTa 3JieKTpH'IeCKOrO nOJIJI BAOJib OCH 
z, napannenbuoii uanpaaneuu10 auewuero MaruHTHoro no-
JIJI. 

CaepxTOHKoe B3aHMo,neiicTBHe ,nnJI I6°Tb B ra.no-
JIHHHH HCCJie,noaaJIOCb HaMH Ha OCHOBe auaJIH3a TeMnepa
Typuoii 3aBHCHMOCTH yrnoaoro pacnpe.neneuuJI AJIJI raM
Ma-nepexo.noa 299 H 1178 K:JB. H3MepeuHJI npoae.neubl 
B HHTepaane TeMnepaTyp 16 ::_ T :<:: 120 MK c o6pa3UOM 3. 
YI<a3aHHbie nepexo,nbl JIBJIJIIOTCJI nepexo,naMH Tuna E1 c 
Manoii I< 0,1 o/ol npuMeCbiO M2. Ilo3TOMY nonyqeuuble TeM
nepaTypuble 3aBHCHMOCTH WW0

, T) cpaauuaanucb c BbJ· 
pa)((euueM I 11, 3anucauub1M Kai< 

W(8, T(n)) = 1 t K 2 B2 (1, ao,P, T(n)), 151 

r.ne TeMnepaTypa T uccne.nyeMoro o6pa3ua Bblpa*aeTCJI 
qepe 3 HOpMHpOBaHHYIO HHTeHCHBHOCTb il raMMa- H3Jiyqe
HHJI Jl,nepuoro opueuTauuouuoro TepMoMeTpa. Ilo.n6op na
paMeTpoB K 2 , 3o H P npoH3Bo,nuncJI ua 3BM CDC-6500 , 
MeTOAOM MHHHMH3aUHH $yHI<UHOHaJia: 

N wex wt 2 oex_,.,t 2 2 j - j ~ 1'i Hj 
X = I [ ( --------) + ( ~------) 1 , 

i=1 L'lW ~x ~n~x 
I 1 

161 

r,ne W ~x H il~x - 3KCnepHMeHTaJibHble 3Ha\feHHJI HOp-
I 1 u 

MHpOBaHHbiX HHTeHCHBHOCTeH HCCJie,nyeMOrO nepexo,na H 
t 

nepexo.na Jl,nepuoro opueuTauuouuoro TepMoMeTpa; w. H 
t 1 

Q. - HX pacqeTHble 3Ha'leHHJI, nOA'IHHJIIOIUHeCJI YCJIOBHIO 
1 t t 

CBJI3H: wi = 1 + K2 B2( T (Oi ) ) ; N - 'IHCJIO 3I<Cnepu-
MeHTaJibHbiX TO'Iei<. 

Ha puc. 3 npuae.neua 3aBHCHMOCTb W = W (0°, T (D) ),nnJI 
nepexo,na 299 K3B ITO'IKH - 3KCnepHMeHTaJibHble 3Haqe
HHJI, CnJIOWHaJI JIHHHJI - COOTBeTCTBYIOIUaJI pacqeTHaJI KpH· 
BaJII. 

15 
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Puc. 3. TeMnepa11ypHaJI 3aeucuMOC11fb HOpMupoeaHHOii uH-
11feHcueHoc•u W (0°, T (0)) OAJI zaMMa- nepexooa c 3Hep
zueii 299 K3B. Tot~Ku u3o6paJICal011 3KcnepuMeH11faAbHble 
3Hat~eHUH, a coo•ee•c•eYIOU#OJI pact~e11HaH KpueaH noKa-
3aHa cnAOUlHOU AUHUeii. 

Ha ocHoBe nposeneHHoro aHanB3a nonyqeHw cnenyw
~e 3HaqeHB.R napaMeTpOB CBepXTOHKOrO B3aBMO&eBCTBB.R 
M.R 160 Tb B ranonBHBB: a

0 
= /8,81±0,62/ 10- 3PZ = 

= /1,74±0,12/ JI.M .. xMFc B p = /0,79±0,14/ 10-18 3pZ. 
3TH 3HaqeHB.R nonyqeHw KaK cpenHBe B3BeweHHwe nn.11 
raMMa-nepexonoB 299 B 1178 K3B. B 11a6A. 5 OHB cpaBHB· 
B8.10TC.R C COOTBeTCTBYIOIQBMB 3HaqeH.B.RMB, nonyqeHHWMB 
npyrBMB aBTOpaMB. 

)J.n.R nposepKB nonyqeHHLIX pe3ynLTaToB aHanB3 3Kcne
pBMeHTanLHLIX naHHLIX npOBOnBnC.R B HeCKOllLKO BHLIM 
cnoco6oM. B 3TOM cnyqae OTHoweHB.R [ 1- W~x] I[ 1- W ~x] 
cpaBHBBallBCL C TeopeTBqecKBM BLlpruKeHBeM 
B2 ( T (Oi ) ) I B 2 (T(OR)) , rne BHneKcoM R o6o3HaqeHa onHa 
B3 BCeB COBOKYDHOCTB 3KCnepBMeHTanLHLIX ToqeK i = 
= 1,2, ... N. MBHBMB3aD;B.R cllYHKD;BOHana TBna /6/ C COOT
BeTCTBYIO~MB ycnOBB.RMB CB.R3B naeT B03MO)I(}IOCTL no
nyqaTL 3HaqeHB.R napaMeTpOB a

0 
B p He3aBBCBMO OT 

16 

.. 
I 

I 
• 

3HaqeHB.R napaMeTpa K
2

, sxon.RIQero B BLipa)l(eHBe /5/. 
B pe3ynLTaTe nftnyqeHw 3HaqeHB.R napaMeTpoB a = 
= /9,2±1,0/x10-

8 3PZ B P = /0,97±0,26/x10-
183pz, xo

powo cornacyJOIQBeC.R c npuseneHHLIMB swwe senuquHaMB. 
HcnonLlY.R 3HaqeHBe MarHBTHoro MOMeHTa 16 0 Tb 

/1 = 1,685/8/ JI.M./16
( nn.R CBepXTOHKOrO MarHBTHOrO DOll.R 

MLI nonyqaeM senuqBHY Hhr = /3,10±0,22/ MFc, KOTo
pa.R xopowo cornacyeTc.R co 3HaqeHB.RMB, npuseneHHLIMB 
B pa6oTax Ko6a.RwB B np/11 B Ep3BHK.RH B np/3/ /eM . 
ma6A. 5/. 

Ta6AUI.Ia 5 

fiapaMeTpLI CBepXTOHKOrO B3aBMoneBCTBB.R B 3HaqeHB.R 
CBepXTOHKOrO MarHBTHOrO llOll.R nn.R B30TOllOB Tep6B.R B 

ranonBHBB 

KoHUCHTpa- aoxi01 ts, P xiOw, JlE:Tcpa- H~r ,r.~c Hsoron mm Th ,% spr apr TYPa 

!59Th IOO 20,67! 2,233 /16/ 3,08 

!59Th 10 20,327(20) 2,326{13) /I/ 3,03(3) 

160Th ~ 0,1 9,6 2,0 /2/ 3,4 

I60'l'h ~ 0,1 8,60(87) 1,38(21) /3/ 3,06{31) 

160Th ~ 0,1 8,81{62) 0,79{14) HaCT.pa6. 3,10{22) 

----

llonyqeHHa.R HaMB senuquHa napaMeTpa lneKTpHqec
Koro KBanpynonLHoro B3aBMoneicTBB.R P=0,79/14/ 1o-183pz 
B npenenax 3KcnepBMeHTanLHLIX owu6oK cornacyeTc.R c 
senuquHoi p = 1,1/2/ Io-18 3pz, KOTopa.R nonyqeHa nyTeM 
nepecqeTa 3HaqeHB.R Ko6a.RWB B np/1/ nn.11 159Tb Ha 
B30TOll 160Tb npB BCllOllL30BaHBB 3Haqe,BB KBanpynonL-

160 17/ -HLIX MOMeHTOB Q ( Tb) = 3,0/5/ 6apH B Q e 59 Tb) = 
= 1,32/10/6apH 1181. HeKoTopoe Hecornacue co 3HaqeHBeM 
P = 1,38/21/ I0- 183pz 131 MO)I(HO, no-sunBMOMy, OTHeCTB 
3a cqeT BKnana B senuquHy P oT KpBcTannuqecKoro 
llOll.R peWeTKB B 3lleKTpOHOB nposonBMOCTB. 3TOT BKnan 
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MO)I(eT 6biTL pa3Hb1M DpH pa3JIB'IHOH OpHeHTai{BB 3epeB 

Gd B DOJIBKpHCTaJIJIB'IeCKOH M&'l'pBI{e, 'ITO CBJI3aHO C TeX

HOJIOrHeH npBrOTOBJieHBJI o6pa31{a. 

5. 3AKJIJOflEHHE 

B CB.Il3H c TeM, 'ITO 3Ha'leHB.Il napaMeTpoB csepxTOHKo

ro B3aBMo.n,eicTBB.Il .n,n.11 Tb B ra.n,oJIBHBB, nony'leHHwe 

MeTOAOM Jl.n,epHOH OpBeHTai{BB npB CBepXHB3KHX TeMnepa

Typa:J2,3/, He cornacyJOTC.Il Me)l(.ny co6oi, HaMH 6LIJIB 

npose.n,eHbl HOBble B3MepeHHJI 3THX napaMeTpOB TeM )l(e 

MeTo.n,oM. llony'leHHOe HaMH 3Ha'leHBe napaMeTpa csepx

TOHKoro MarHHTHOrO B3aHMO.n,eHCTBHJI HaXOABTCJI B XO

pomeM cornacHH co 3Ha'leHH.IIMH Ep3HHK.IIH H .n,p[31, 
a TaK*e c pe3yJILTaTOM Ko6a.11mH H .n,p/I/, nony'leHHLIM 

He3aBBCBMLIM MeTOAOM Jl.n,epHOrO MarHHTHOrO pe30HaHCa. 

3Ha'leHHe napaMeTpa 3JieKTpB'IeCKOrO KBa.n,pyDOJILHOrO B3a· 

BMO.n,eHCTBHJI, KaK OTMe'leHO BLIWe, cornacyeTCJI C pe3yJIL· 

TaTOM Ko6a.IIWB B ,np., HO HeCKOJILKO OTJIH'IaeTCJI OT 3Ha

'leHHJI Ep3HHK.IIH H .n,p. 

Onpe.neneHHLie HaMH 3Ha'leHH.Il napaMeTpos cMemasa

HH.Il MYJILTBDOJILHOCTei raMMa-nepexo.nos .B 
160 Dy B oc

HOBHOM COrJiaCyiOTCJI C .n,aHHLIMB npe.n,LI.n,yli{HX pa60T. 

Oco6oe BHHMaHBe y.n,eJI.IIJIOCL MeTo.n,BKe nparoTOBJieHH.Il 

o6pa3l{OB. tiTo KacaeTC.Il sonpoca o 3aMeTHOi pa3HHU.e 

B BeJIH'IBHaX aCHMMeTpBH raMMa·B3Jiy'leHBJI 
160 Tb, H3· 

MepeHHLIX C o6pa31{aMB, DpBrOTOBJieHHLIMH Ha OCHOBe OKH

CH a xnopa.na Tep6H.Il, TO ero pemeuae Tpe6yeT .nonoJIHH

TeJILHLIX BCCJie.n,oBaHBH. 

B 3aKJIJO'IeHHe asTopLI C'IBTaJOT CBOHM npH.IITHWM .non

roM BLipa3BTL 6naro.napHoCTL XaH XeH Mo 3a noMOII{L 

npH B3rOTOBJieHHB o6pa31{0B. 
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