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nynaK .fl. R l!p. P6 - 11987 

.Hnepaag opneHTBUHSI 156Tb B I"'8Jl0llHHHeaoH MBT'puue 

MeroaoM RnepaoH opuearauuu npu caepxauaKux reMrreparypax uayqan
c~ pacnaa 156Tb. B l!HanaaoHe reMneparyp 14,e-68,4 MK H3MepeHbi 
aCHMMeTpHn raMMa-uanyqeHHSI opneHTnpoaaHHbiX smep l56Tb. OnpeneneHbi 
KOHCTBHTbi CBepXTOHKOf'O M8I"'HHTHOI"'O JlHITO.TlhHOI"'O H 3J16KTpHt.I6CKOI"'O 
KBBLlPYIIO.TlbHOI"'O B38HMO.UeiicTBHH .ll.TlSI lS6Tb B f'B.O.OJIRHHii: 

ao = (9,70+1,26)· 10- 18 ~pr 
P = ( 1,02!:0,38) · 10 -Is apr 

H paCCttHT8Hbl 3H8l.f:6HHH M8["'HHTHOI"'O H KBB.llpynollbHOI"'O MOM6HTOB 156 Tb; 
If! I =( 1,9 ± 0.3) Sl,M., Q = (2,9 ± 1;0) 5apH. nn" P>11l8 raMMa-nepeXOl!OB 

B lSSQd onpeneneHbi II8p8M6Tpbl CM61IIJ(B8HHSI ~ynbHITOIIbHOCTe:ti. 

Pa6ora BbiUOnHeaa B fla6oparopHM smepHhlX npo6neM OH HH. 

DpenpHHT 06be!lHH9HHoro HHCTHTyTa >1!l8pHbiX HCCneaoBaHHli. ny6Ha 1978 

Dupak J. et al, P6 - 11987 

Nuclear Orientation of 156Tb in Gadolinium Matrix 

The decay of 156
Tb wa$ studied using the method of nuclear 

orientation at ultralow temperatures, Anisotropies of gamma-rays 
emitted by the oriented 166 Tb nuclei have beO>n measured in the 
temperature region from 14.6 to 68,4 mK, Parameters of magnetic 
dipole and electric quadrupole hypedine splitting were determined 
for l56Tb in gadolinium matrix 

a 0 ~ (9.70 .!:._1.26).10- 18 erg 
P = (1,02 ±_0,38) .lQ-18 erg 

and the values of magnetic dipole and electric quadrupole moment 
of 

156
Tb were calculated 11'1 = (1,9 ±. 0,3) m,m., Q = (2.9 ±. 1.0) bn, 

Multipole mixing ratios were determined for a number of gamma
transitions in 156Gd. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1978 

YrJioBOe pacnpe,Jte.neHHe f -HSJJY'Iemta op:HeHTHpOBaHHHX H,Jtep 156.r:r, 
(TI/z=5,35 ,JtH.) 1rl3Y'WJIOCL B /I,Z/. B pa6oTe /I/ H,Jtpa ISGTh 6wm OPli

eHTHpOBBHH B MOHOKpJ!CT8JIJiaX Nd- 11 Y -aTBJicy.JIJ41aTa, OXJI8lr,Jtemna .JtO 

CBepXHH3KHX TeMIIepaTyp MeTO,JtOM 8,JtH868TIA6CKOrO pasMai'JDf<mBaHBJl. Ha 

ocHoBa.HHH aKcnepmreHTaJILHHX ,ItaHHHX 6wr onpe,Jte.neH cmm I 56Th I=3, a 

TaKae 3Ba~eHaR MarHHTHoro H KB8.JtPYIIOJILHOro MOMeHTOB: lri=I,45(I8) R.M. 

Q =I,4(5) 6apH. B pa6oTe /Z/ H.Jtpa I 56Th op:HeHT.HpoBaJJJ!lcL B rB,JtoJIHBKe

BOI MaTp.Hite, OXJUUr,l:teHHOI ,JtO CBepXHii3K.HX TeMIIepaTyp C IIOMOIIIJ>Il ~e-~e 

pei.[lpuepaTopa. B 9TOI pa6oTe li3Y'WJ.HCL Taue r-r- 1ri e--r- yi'JIOBHe 

ltOppeJWitHl'[. ilOJiy'leHH 3H8~eH.HJI II8paM6TpOB CllelllHBaBRJI yYJILTHIIOJILHOCTel 

,JtJLII 2I [ -nepexo,Jta B 156 Gd 

B HacTOJDIIel pa6oTe BHIIOJIHelm OIIHTH IIO H,JtepHOMY OpJ!eHTHpOBS-

HliD I56rn B rB,JtOJiliHli.H C ~eJILil OIIpe,JteJieHHH KOHCTSHT CBepxTOHKOrO B38-

HMO,JteiCTBIUI WI.11 llplDI6CHHX STOMOB Th B ra,no.nmnm: H WIJ1 IIOJIY'{eHRII HO

BHX .JtaHHHX o IIBI'HII'lHOM :a: KB8.JtPYIIOJILHOM MOIIeHTax 156.r:&. llOJI:y'leHa TaK

ae HoBM .HHifloiJWUm o JIY.IILTmiOJILHocT.ax [ -nepexo,JtoB B 156 Gd. • 

I. 3xcnepBMeHTanbHaR qacTL 

r.r. Y~oBKH aKonepm~eHTa 
PBJtHoaxTJIBHHI :a:cTO'iHHK 

156.:r:& 6wr IIOJIY1IeH IIpll o6JiyqeHH.H rB,Jto.DB

HJieBOI MHmeHH ,JteiTOBSIIH c 9Heprxel 6,7 MaB Ha ~oTpoHe Y-I20 HRH 
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AH YCCP. Xntirqecxoe mme.neJme Tep6JUI HS MHill6HH OCY!II6CTBJlltllOCl> M6TO

~OM BRCT~OHHOI XpoMBTOrpa¢BH / 3/. 06paseu ~ ~epnoA OpHeHTanHX 

61l.ll IIpm'OTOBJieH HMIIJiaBTa.uHel I56n, B ra,no.mume:syD MBTJlHilY ( 'D!CTOTa 

Gel - 99, 9%) Ha uexTpoMili'HKTHOM Macc-cenapaTope lipll ycxopm:~~~eM Ha

IlplDitemm 25 xB. IloCJie HMliJiaBTSUIDI o6paseu 6HCTpo (B T6'16HHe H6CKOJU.

KliX ~eCHTKOB ceKJ'H,ll;) HarpeBaJm B :saxyyMHoii ne'D! ~o TeMIIepaTypH 

I400°C • .nmt IIOJIY'IeHJUI o,ItHopo.D;Horo pacnpe~eJiemm Tep6M B ra.no.iiHIDm 

~eJlaJIH BH,nepmty B HeCKOJU.RO C6KJ'H,ll; IIJ>H BTOii TeMIIepaType. TeXHOJIOrM 

npzroToBJieHM o6pas~ ~oJIEHa o6ecne"C£KBaT:D npaBRnbHJD KJlHCT~'IecKfD 

CTJIYR'zypy Ma'l'Plmfi• B CBR:3H C 9THM IIOCJie.ItYJlllee ero OXJiaz,l(eHHe B o6-

JI8CTI1 qJ830BOrO nepeXO,l(a ra,l(OJIJIJI-IIl.ff 113 06:DeMHO~eHTpl1pOB8HHOW ICy611!J:GC

KOM B rmwarouaJI:oHyiO nJIOTHoyrraKoBaHHyiO CTPYRTYPY (- I260°C) ocyme

CTBJJHJioc:o ,l(OCT8TOl!HO MG,l(JIGHHO (- 45°C/Ml1H. B Tel!eHUe 10 Ml1H.). 

BCH TepM006pa60TK8 !Ip0113BO,l(l1JI8C:O B B8KyyMe - !Q-6 MM pT. CT. 

0x:JI8X:,l(eHHe 06pa3~8 ,1(0 CBepXHl13KHX TGMnepaTyp npOU3BO.li;HJIOC:O C 

IIOMO~!O KOM6UHl1pOB8HHOrO pe9pnx:epaTopa paCTBOpeHHff 3 He B 4He / 4 /. 

BHelliHee M8THI1Tl!Oe IIOJ!e (8,5 Rrc), HCIIOJI:03yeMoe ,l(Jiff M8THHTHOrO Ha

Cb1111GHI1ff M8Tpl!~bl, C03,li;8B8JJOC:O napoti CBepxnpOB0,1!ffli\11X K8TyllieK reJJ:OM

rOJJ:&~a. 

raMM8-H3JJyl!eHHe OT Opl1eHTI1POB8HHblX ff,l(ep 156T:o perHCTpUpOB8JIOC:O 

.llBYMH Ge(li )-,lleTeKTopaMI1 c pa60l!11MI1 o6:neMaMI! 30. H 35 cJ,;:> (paspeiiie

HHe -3 R3B Tipl1 E( = I332,5 IWB), YCT8HOBJIGHHb!Ml'l IIO;z( yrJJ8MI1 0° i! 90° 

ITO OTHOlliGHI1!0 K HanpaBJIGHI1!0 BHelliHero MarHHTHOTO ITOJIH. raMM8-CIIGRTpb! 

HaKaiiJIPJB8JIHc:o B 4096-KaHaJI:&HblX aHaJIH3a To pax ICA-70. 

06pa60TK8 IIOJiyqeHHb!X ,lt8HHb!X OCYII\GCTBJIHJI8C:O C IIOMOll(:O!O 8BM 
11 MHHCK-2" n TCL- 4/72. 

1.2. 8KCTiepHMGHTaJI:&Hb!C pe3yll:OT8Tbl 

C ~CJJ:O!O onpe;z(CJICHUH KOHCT8HT CBGpXTOHI<OrO B381IIJO;z(CJ1CTBI1H ,l(Jlfl 

156
T:o B ra.li;OJJHHI111 6um1 l13MepeHbl TeMIIepa TYPHble 38BHCHMOCTI! acl!MMeTpHH 

4 

r-Jiyqeil c 3HeprHHMII I99, 356, 534, !222 H 1422 rmB. JllsMepe!!l'!H rrpo

Be)leHbl B UHTGpBaJJe TeJ,mepaTyp 14,6-68,4 IAK. JIIIITCHCI1BHOCTII r-JJy'!eti 

HOpMl1pOB8JIHC:b ITO COOTBGTCTBY!Oll(l!M 3HaqemiHM rrpll TeJ.mepaType -I ,2 K. 

TeunepaTYpa onpe.l(eJJHJiac:& c rroMOU\:&Io 
54 Mn(Ni )-Tepl.lOJJeTpa. TeMnepaTyp

HHe 38Bl!Cl!MOCTH W ( ~,T) ;z(Jifl raMMa-JJyqei1 199, 534 II 1222 K3B ITOK8-

38Hbl H8 piH:yHKC. 

}lJJH orrpe.ll;eJieHHH rrapaMeTpOB CMGlliHB8H>IH MyJI:&TiliiOJI:bHOCTeti [ -ncpe

XO)lOB Mhl HCIIOJ1:&30B8Jil1 ;z(8HHb!G, IIOJiyl!eHHh!G npH T=I4,6 MR. 8naqeHl1ff 
u 

HOpM!!pOB8HllblX l!HTGHCl!BHOCTeH H CB 'T=14 ,6 MK)' .li;Jif! 25 r -nepeXO;z(OB 

npHBO.li;HTCH B Ta6JI.I. TaM x:e, ;z(JIH cpaBHemm, rrpnBe;z(eHh! 11 :z~aHHh!e pa-

6oTu 121. 

W(I~O~T) 

1.3 

1.2 

1.15, 
I 

0.9 

0.8 

0.7 

199KeV 

W(90~T) 

1.3 

~~_;~~~--
7 

1.1~ ..• 1~ 
........- I I 

1.0 

0.9 

0.6 ""! 0.8.____.__....,.,.._.,..._ 
10 20 30 40 50 60 T(mK) ~ -.n .,.. J.n "n l:n Tl~ll\ 

TeMnepa TYPHble 38BHCHMOCTH HOpM11pOB8HHb!X HHTCHCHBHOCTeii 

'rl (~, T) ;!IJJH raMMa-nepexo,l{OB 199, 534111222 KSB. 
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Ta6~ I 3Ha~eRBH HOPMHPQBaHHHX BHTeHcKBHocTe! 

w c~ T = 14 6 M K) rru.wa-nepeXO,!tOB B I56 ' . 
Gd· 

.u li (00) lY ( 900) n/n E { , KeB 
I 2 I 2 

I I99,2 0, 789(5) 0,800(2) I,09I(6) I,I05(3) 2 262,6 0,85I(I7) 0,8?2(3) I,II6(29) I,093(7) 3 296,5 0,759(2I) 0,749(3) I,III(37) I,I32(8) 4 356,4 0,669(7) 0,682(3) I,I3I(I4) I,I50(4) 5 38I,I 0,57(I4) - - -6 422,4 I,I43(I6) I,I37(3) 0,9!4(20) 0,946(5) 7 534,3 0,627(4) 0,637(2) I,20I(5) I,I88(3) 8 578,9 I,05(2I) - 0,84(38) -9 747,9 0, 7I(25) - - -IO 780,2 I,237(7I) I,254(7) 0,938(83) 0,875(I6) II 926,0 0,920(40) 0,899(4) I,042(6I) I,06I(I2) I2 949,3 I,40(I2) I,26I(I3) 0, 9I(I3) 0,936(3I) I3 959,8 I,I09(89) I,076(II) 0,94(I2) 0,963(26) I4 II54,2 0,648(I2) 0,69I(3) I,I66(29) I,I29(5) I5 II59,0 I,060(22) I,OI3(3) 0,988(33) 0,980(8) I6 II87,I I,33(25) I,263(2I) 0,87(I7) 0,827(53) I7 I222,4 I,274(9) 1,258(2) 0,872(9) 0,862(3) 18 !230,7 0, 73(IO) - 1,06(!5) -!9 !266,5 0,699(59) - I,05(II) -20 I334,3 I,4I3(44) I,430(5) 0,804(42) 0,857(IO) 2I I42I,6 0,702(!0) 0,681(3) I,I64(I9) I,I48(5) 22 1646,2 I,II8(29) I,I05{3) 0, 972(35) 0,959(9) 23 I8I5,3 I,07(II) - 0,938(I8) -24 !845,4 1,220(28) I,26I(3) 0,969(29) 0,878(8) 25 20I4,5 I,254(54) 1,240(7) 0,863( 57) 0,879(15) 
I 

-

I - HacTO.f.!ll!M pa6oTa 

2 - Uluer r. et al. 121 
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2. AHa;ms eKcnepHMeHTa;n.HWC ,ll8.HIWX 

2.I. KOHCTaHTH CBepXTOHKOI'O B3aHMO,!teftcTBHR 

Tep6H! C I'S,ltO~eM BO BC6M ~anasoHe KOHU8HTpauHH o6pasyeT 

TBeP.ltll! paCTBOp /
5
/, KOTOpH! IlpH HH3KHX TeMITepaTypaX Sil3JIH6TC.R: !IJeppo

MarHeTmtOM /G/. -~ 156'1'1 B I'S,ltOJimmeBOI MaTpJme "VBCTBYIJT" BIMJex-
TKBHOe MarHHTHOe IIOJie: 

r,~te: 

Jie, 

--j> ---~ ~_,. 

H eff = H hf t H o - 41T D M. ~ (2. I) 

H hf - CBepXTOHKOe MBI'HHTHoe IIOJie, Ho - BHeiiiHee Ma.I'HHTHoe rro-

4 rr :D M - pasuarHH"'HBaiJI!ee noJie ( D -((me Top pasMarHH"'HBa.HBSI, 

M - HaMar~eHHoCTL o6pasD;!l) • Bsa.m.to,~te.l!cTIMe BqqleKTKBHoro rroJIR: 

Heff c MarHHTHUM MOMeHTOM ~ OIIHCHBaeTCR I'aMRHLTOHHaHOM: 

+1~ = -FH•ff. c2.2> 
3xcrrepHMeHTH H TeopeTH~ecKHe o~eHKH 17 , 81 rroxas~. ~To B ~ae 
~CTOI'O M6T~6CKOI'O Tep6HR RnH aTOMOB Tb, paCTBOpeHHHX B I'B.ltOJIH

HHeBO!i MaT~e, ltpoMe MarHHTHOI'O .ltHIIOJILHOI'O B3aHMO,lt8HC'l'Bitlli, He06XO,!tH

MO ~THBaTL H aHeKT~eCKOe KBS,ltpyiTOJILHOe B3aHMO,!telcTJMe, TaKHM o6-

pa30M, IIOJJHld!: I'B.MWibTOH.Il:aH CO.lt6PQT .ltBa ~eHa: 

+-1 ~ -1-1r ~+-~Q. (2.3) 
ECJIH I'pa,!tHeHT BJieKTPH~eCKOI'O IIOJiii 06Jia,!taeT OCeBOI CHMMeTpHei OT

HOCKT6JILHO HanpaBneHHH MarHHTHOI'O IIOJiii, TO C06CTB8HHHe 3Ha~eHKS ra

MHJILTOHHaHa 1-j OI!pe,!teJIJmTCff BllplUteHHeM: 

Em ~ - ao I, + P [ I: - 5r(r ~ 1)], 
r,lte ao =- 7 Heff H p = 3eQ Vu/LJI (2I-1) 

(2.4) 

- KOH-

CTaHTH COOTBeTCTB8HHO MBI'HHTHOI'O ,ltHITOJILHOI'O K 9JieKTp~eCKOI'O K~

liOJILHOI'O B3BBMO,!telcTBHi. 

!Ipz onpe,~teJiemm KOHCTaHT cBepXTOHKoro B3aHMO,lte!cTBWr 0
0 

H P 

MeTO,ltOM ~ePHOf OpHeHTauHH K3MepneTCH TeMnepaTypHaR 3aBHCKMOCTL yr

JIOBOI'O pacrrpe,~teJieHHR f ~el opzeHT:HpOBaHHl:iX ~ep. STy 3a:BHCRMOCTI> 

MOZHO 3anKCaTL B BH.lte /9/: 

""''" 
r~ ( ( r) "' 2: B .. A .. u. a .. P .. c cod) . (2. 5) 

k:=O 
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8.nec1. {t - yro.JI Mez.ny HanpaBJieHB:eM :acnycRBliJ[JI rSiala-It:srurra Jri Haiipa:B-

JieHB:eM Mai'HliTHOro IIOJIII, ~ - ItO~eHTH OPlJeHTBitliH; Ax - It09((xlm:tH

eHTH yr.JIOBOI ItOppe.111UVilll; UK- KOailxliHnHeHTH, OmtCHB8.1QBe K3MeBeHB:e 

Op1rieHT~, o6yCJIOBJI8HHOe nepeXO,It8lflil, npe.n;meCTBYJIItiDOI Ba6Jm,ItaeMOMy; 

Q K - IIOnpaBitlri Ha KOBe'IBld! TeJiecHHI yrOJI ,IteTeitTopa; Pit( COS~ ) -

noJIHHow .nezrumpa. Cy'MMHpoB8HBe :se.neTcsr TOJll>KO no 'leTm.tM lUl,l!;eitcaM. 

Kait IIpamtliO, It mal( = 2, 4. 

Blipa&eHB:e (2. 5) JIB.ltlieTCB: TO'IHHII TOJll>ltO B. CJiy'la8 IIOJIHOro Mai'HliT

HOro HaCI>IIIIeHBR Ma'l'pmJ;!i, HesH&'IlriTe.IIJ>HOe OTitJlOHeHJrie OT COCTOJIHlriJI DOJlHO

ro Hac~eHHJI MOZeT 38MeTHO OCJia6KTl> acBMMeTpmD rSMMa-B~eBBH /IO/, 

Ilp1ri M8Jll:lX OTitJlOHeHMX OT IIOJilJOro B8CI>IIIleiDDI BHpaJteHJrie (2,5) CJle.n:yeT 

mtcaTl> B BJri.D:e /III: 

f'I[~,T) ~ 1+ (1-3c.)B 2 AzUzQ
2
P

2 
(casE) t (2.6) 

t (1-tOE.) 64 A4 U4 Q4 P4 (cos8). 
S.nec1. E "' 1 - M / M 5 - OTHOCKTe.Jil>Hoe OTitJlOHeJme O'l' noJIHoro Ha-

c~eHlriSI MB.TPmtH ( M s - HaMarHlri'IeHHocTl> Ma'l'Jlllnll npn sacHI!Iemm) • 

IIpo:se.nsr asaJIKa TeMIIepazypHHX BaBKcHMocTel (no.npo6so cu. IIplriJlo

zeue) , MY IIOJI:y'llriJl:H CJle.IJ:YDIIKe SHa'leHlriSI KOBCTaBT CBepXTOBitOro B38.HMO

;a;elcTBH.R: .I{JIJ1 
156n B ra.ztOJIHHKB: 

ao = (9,7Qti,26)·I0-18 apr= (I,92±Q,25) JI.M. X Mrc 

P = (I,02±0,38)·IO-I8 apr. 

2.2. MaraxTHHI MOMeHT I56r.b 

Ko6ammt H .np. 17 I ueTO.D:OM JI,Itep!loro M8I'Hl!l'l'Horo peaosasca onpe.ne

JiliJlll KOBCTaBTH c:sepxroHitoro BsaHMo.nelcTBH.R: .IV1I! ciiJla:sa Th - Gd., co

,D;eJ1Ulllero IO aT,% 
159T.b. ITo BX ,Ita!lllliM, Hl.f sa R,ItpaX I 59n pamw 

3,03(3) Mrc. 3To sH&'IeHJrie H~f uoaHo xcnOJll>so:aaTl> .ItJtfl onpe,IJ;e.JieJDrJI 

MarHBTBOrO MOM8HTa !S6Th, T,It, 8ItCII8p1riM8HTH / 8/ IIOitaSHBaDT, 'ITO ,!V11! 

pe,IJ;KOseMe.Jil>HHX 8JleMeB'l'OB II8I'HII'!'H811 CBep:LTOHitaJI aB0118.1!11Ji npeHe6peu

lfO Malia Jil, ltpOMe '!'Oro, Be.D'ID& CBep:XTOHlWro 118I'BB'l'HOro IIOJVI Be 

0'18Hl> 'IYBC'lBiil'l'e.Jil>Ha X ItOm:teBTP81J:101 llpJDieCBHX aTOMOB Th B ra.ztOJIIIBD. 

8 

TaKHM o6pa30M, MCIIOJI:03Y.fl 3H8'!elll!e Hhf =3,03(3) MI'c, IIOJIY'laeM: 

( I56 ( ~ Tb) = I,9 3) .fl.M. 
I 

TaK KaK .n;Jiii pe,ItKoseMeJI:OHHX sJieMeHTOB MOJmo He y'IMTb!BaT:& cBepx

TOHKJID MarHMTHyD aHOMaJIMD, TO OTHOilleHHR MarHlriTHb!X pacmeTIJieHMM ,ll;Jiii 

p83HHX H30TOIIOB Tb B r~OJIMHRK ,ItOJIEHH ObiT:& paBHbl OTHOilleHHHM COOTBeT

CTBJDmKX ~ -¢al<TopoB. B3RB B Ka'!eCTBe "orropHoro" I 60Tb, .n;Jiii 

KOTOporo 8CT:& He3aBMC~We If3MepeHR.fl MarHlriTHOrO MOM8HT8 ( ~ =1,685(5) 

R.M. /I2/) H IT8paM8Tpa CBepXTOHKOrO MarHHTHOro pacmeiiJieHHR B r~OJilri
ID!8BOi Ma.Tpm.J;e ( Q

0 
=8, 60( 87) • I0-I8 apr /I3/) , IIOJIY'IIDII: 

~ ~~ M ~~ ao I Qo = 0,89(I5); 0 I q = 0,89(17) - HaCTORmM pa6oTa; 
J 16o/ I 156 /I/ 
~ ~ = I,I6(I3) - pa6oTa • 

l3.Jri.D:Ho, 'ITO YKa38HHble OTHOll!eHHR XOpOillO COrJiaCyiYrC.fl ,ItpyT' C ,ItpyT'OM B 

rrepBOM CJIY'I88 H TOJI:&KO y~oBJieTBOpMT8JI:&HO BO BTOpoM. 

ECJilri Ha OCHOBe 3KCITepHMeHTaJI:&HOrO 3Ha'IeHH.fl KOHCTaHTbl CB8pXTOHKO

ro MariD!THoro pacmerrJieHHR ,ll;Jiii I 56Tb B r~oJIHHHH u aHa'l:eHM MarHMTHoro 

MOMeHTa ~ ( 156Tb)=I,45(I8) .fl.M. /I/ Bbl'llfcnHT:& a~KTHBHOe ilOJie Ha 

R.D:pax TepOM B r~OJIIIHlrilri. TO ilOJIY'IIDII H hF =4 '0 ( 7) MI'c. a TO 3Ha'l:elll!e 

Ha.MHOrO BYrne peayJil>TaTa, IIOJIY'I8HHOro Ko6aRillH lri ~p. /
7/. llpu-qeM CTOJI:& 

OOJI:&mym pasHOCT:& HeJI:&3R oo~cHHT:& OTJIM'l:HeM sJieKTpoHHHX cTpyxTyp 

I 56Tb u 15911 npu JriX pacTBOpeHlriK B r~oJIHHHeBoA Ma.Tpxue. 

IIoJIY'IeHHoe HaMH aHa'l:eHKe MarHKTHoro MoMeHTa I56Tb xoporno corJia

cyeTCR c pac'l:eTHHM B paMRaX MO,IteJIJri HHJI:&ccoHa 6ea Y'leTa BBaHMO.IJ:elcT-

Blri.fl He'l:eTHblX 'laCTHU! ~ (I56Tb) = I,92 .fl,M, 

2. 3. K:sa.npynOJI:&HID% MOM8HT I 56Th 

B KpHCTaJIJIH'I8CROi perneTite K rpa,ItHeHTy aJieKTpH'IeCROro ITOJIR (r8II) 

Ha JI.D:Pe OT C06CTBeHHHX 4/ -8JieRTpoHOB H800XO,ItHMO ,ItOOaBKTi. Bl(JI~ OT 

KplriCTaJIJIH'I8CROrO ilOJIR perueTRJil K 8JI8ItTpoHOB ilp0BO.D:JiiMOCTlri. 1:! CJIY'Iae 

r~oJIHHHeBOI MBTpROU T8H30p r3II aRCRaJil>HO CKMM8TpH'18H OTHOClriT8JI:&HO 

rJI&BHOA RpKCTaJIJIO~eCROi OCK C , Ilplri HaJIO~eHHH BHemHero MarHHT

HOrO IIOJIR HanpaBJI8HHe MB.rHHTHoro MOMeHTa 4/ -8JieRTpoHOB MO&eT He COB-

9 



II~8'l'l> C Ha.IIpaBJleHHeM OCR C • &fo IlpJ[BO.ztiiiT K HeaKC1i18J.IbHOCTH TBH30pa 

r3IT.B TaKOM ~e ~ OT~eHLHOrO RpXCT~ ROHCTaHTa 8~BKTpi~BCROro 
RB8,1UlYIIOJII.Horo Bsa.HMo~elcTBWi B nepooM npH6JDJ:zemm IiiMeeT BJIJ,ZI; 181: 

P = Pll + i (3 COS
2

cX -1) P (2.7) 2 c. 
~eel> P II - BKJI~ co6cTBeHHHX 41 -8J!exTpoHoB, P 

0 
- BKJI~ KpHCTBJIJII!-

'Iecxoro IIOJLfl pemeTKH H MBKTpoHoB rrpooo~ocTH (P 
0

- 5-IO% P 11 y BCex 

pe~036MeHLH!iX MBMBHTOB, sa HCKJIIl'IBHl!Biol ra,n;OJIHHWI /8/), eX - yrM 

Mex,ey- HaiipaBJieHHeM MBRTpoHHol HaMarHll'IBHHOCTH Iii OCl>ll KpJ[CT8JUia C • 

ITo~eHHOe 3Ha'leHHe ROHCTaRTN MBRTPJii'IBCKoro R~OJII.HOrO B3a

HMO~BICTBWi P=(I,02;t0,38)·IO-I8 apr lllOEHO IIOHJiiMaTl> RaR cpe~ee no co-

BOKYUHOCTH OT~e~HNX RpHCT~OB. 3To He COBCBM TO'IHO, H6o Ha ca-

MOM ~e~e ycpe~ca He 3H8'1BHRff p OT~enbHNX KpHCT~OB, a BB~N 
~ /I4/. 

ToT ~T, 'ITO r~eHT MeKTpJ['Iecxoro no~ Ha npHMecHNX ~pax 

Th B Gd.. OIIpe~eJif!eTCH, B OCHOBHOM, C06CTB6HHOfi 4 ~ -o60JIO'!KOI, II03BO

Jme·r onpe~eJmTl> KBa.D;pyno.IIbHHI MOMBHT I 56Th: Q =2,9(!0) 6apH ( Vu 

BH'IHCJIBHO no H3BBCTHOMy 3H8'16H1illl ~OJibHOrO MOMBHTa !59Th -

Q =!,32(!0 6apa /IS/ Iii K3BeCTHOMy 3Ha~eHHJJ KOHCTaHTN K~OJibHOrO 
B3aHYo~e!cTBHH ~ 159

T.b B ra.D;OJIKHKH- P=2,326(!3)•IO-I8 apr / 7/). 

CooTBeTcT~ee sHa'leHHe BHYTpeHHero K~OJibHoro MOMeHTa Qo= 
6,9(I4) 6apH HaXO.ztiiiTCH B xopoweu corJiacKH co aHaqeBKRMB BHyTpeHHHX 

ltllaJUlYIIOJil>HNX MOMeH'fOB 
158n, B: 

160Th: 6, 5(I2) /I2/ K 7 ,2(!2) /I2/, 

COOTBBTCTBBHHO. 

~ HSOTOIIOB I60Th H 
15Sr.b B r~o~ ~o~o BHIIO~Tl>CH cooT

HOIUeHHe: pi60 ;pi 5
6

= (1 160 I Q 156• ITo~cTaBMJI axcnepHMeHTam.HHe MHHHe 

cpi
56

=I,02(38).ro-
18 

apr- HacTo~aa pa6oTa, pi60=I,38(2I)·I0-18 apr 

- pa6oTa /Ia~ Q !60=3,0(5) 6apH - pa60Ta /!2/), IIO~e.M: 
pi _ 3 (S4) ni60 -s6- I, 5 ~\;!,...__ ___ = 1,03(39) 

pi QI56=2,9(IO) 

Q_I60 
---"'----- = 2, I4 (84) 

a,I56=I,4(5) 

10 

·) 
·) 

BimBo, ~To yxasamroe cooTHomeHB:e ~e BlliiOJIHJieTca, xor~a .l{Jlfl (l I56 

6epeTca SHa'leHl!e, IIOJIY'IeHHoe B H8CTOJI!Jiel pa6oTe. 

BeJl11111i1Ba e V H / H hf .l{Jlfl xsoronoB Th B ra.n;o.mnum onpe~eJI.f!eT-
ca, B OCHOBHOM, aHeKTpoHHo! C'l'P,1KT.fPOI T1 Iii·HB ~o~a CiiiJibHO SaBH

ceT:b Hl! oT KOlllteH'l'~ Tep6u B ra.n;o.mnum, HH oT Toro, ~ F.a.Koro 

KOHKpeTaoro HsoTona Th oHa pacc~Taaa. 3To, B o61Qeu, no~TBepz,n:aeTc.s: 

~8.HHHMH Ta6JI.2 (pesyJibTSTN /l6/ MH C'DITSeU 01111i160TUII:OO!). EcJm ze 

B3HT:b B Ka1!eCTBe KCXO~ ~8HHHX SHa~eHiiiJI r I5G ll Q I5G 1i13 pa.60TN 

III, To .D;Jm e Vu / H •f IIOJIY'DIM 0, 73(40) .s:.u./6apa. 

2 • 4 • lfyJib'l'KIIOJrbHOCTB: raJ.tMa-nepexo~OB 

Ko~eHTH yrJIOBOI KOpp~ -\• liXO,ItRlllile B BlipaJ!BHiile (2.6), 

B ~ae c.r.temamna: nepexo~oB IiiMem CJie~ BJIJ,ZI; /I8/: 

A, ;[F,(L.L.fd;) •2b'F.,(L,L',If,L) + 02 FK(L',L'.It,L)J/(1+D 2
) 

( F" ( L, L, I i , I r ) - &To F -xo~eHTii )TJIOBOI xopp~, OHH Ta-

6y.II1ilpoBaHH, HanpBMep, B /I
9/; 5- OTHOWeHHe IIpHBe~eHHNX MaTpH'IHHX 

aJieueRTOB: <It II L' II L > ). 
<IrK L u L > 

E~ HSMepeHB.s: BHITO~TCH no~ yrJiaMH 0° H 90° IIO OTHOWeHHD X 

HarrpaBJieHHJJ BHe!llHero MarmtTHOrO 110~, TO MO&HO O~OSHS'IHO onpe~eJIHTb 

BeJll!1mH!i ~(TJ:0-3E)B2A2UZ H S(T)=(1-10c.)B4A4U4 

R (T) - _ 8 A(go•J • 3A(o•) [0. 4(90')/Q4(o•J] c
2

•
8

, 

4QzC9a•) • JQ.,co·Jra4(9o·;;a4co·lJ 
S (T) =- _ A (o•) • Q.,(D") R(r) 

a4 co· J 
S~ecl> A(0°)=I- rt (0°) H A(90°)= t'fe• (90°)-I. JT.anee, eCJm li3BBCTHN 

Be~'Il!Hli B~~(I-3 E. )B2 , Blx=(I-IO c: )B4 :a UK , Mo:mo onpe~e-
JIHTl> KoacMmtHeH'!'H yrJIOBOI KOppeJ.UIIl.lOI: -\ .H, Me~OBaTBJILHO, llOJIY'DITl> 

HH~J148.ItDJ o MyJibTBliMl>HOcT:a nepexo~a. 

B IIpm!ItHIIe 8H8J.Ilt3 yY.IIb'l'IiiiiOJibHOCTel MOXHO IlpoBO.Jtl[Tl> no aKCIIepJ£-

MBHTaz:DHHIII ~aHHNM W''(U.T) , IIony'leHHNM npa: R3MepeHH.s:X T~KO 
no~ o.znmu Hs yrJioB. MMeHHo TaR Mil nocTYIIa.mr: .l{Jlfl nepexo~oB 38I K 748 

R&B. Ho BNpaaeHiiiJI (2.8) JiBJIJDJTCH 60Jiee npe~o~TKTB.li:&HHMH npJ£ HH'!'ep-
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npeT~ ,ltaHJWX OIIHT8, T. R • B 8TOII CJIY'Ul8 YJieHI>maeTCJI BlU18,11 CliC'l'eMa-

'l'lflleCRHX olllll6ox BeJIB1mB rJ u ( 9, T ) • 

~ orrpe,~taneHHR ~x B Ra~ecTBe "onopsoro" BaHT nepexo,~t c aHeprx-

e! 534 xaB. <AIITBJI, liTo ero MyJII.TimOJII.HOCT:b EI+M2 c 0 =0,06(2) /2/ 

:1! ~TO YJlOBeH:b 2045 KaB (4-) saceJIJieTCJI paspemeHHHM CieTa-nepeXO,!tOM, Mll 

n~ B~x=D,9!4(I6). 

Ko~eHTH a., Y'DITHBaiJI!Jie reOMeTpHD OIIHTa, Bhi~HCJIJI.IIHC.b 

aHaJ.!Ol'JillHO /
20/. HlrreHCHBHOCTH. r- H J" -nepeXO.JtOB, Heo6XO.Jti)Mlie 1I,1T1f. 

BIAE:CJieHlfA R08~eHTOB UK 1 B3.11TH HS pa60T / 2!' 22/ • 

AHanHs sKcrrepHMeHTanhHUX ~aHHUX npoBO~Hncn nocne~o

BaTe~.bHo,TaR,~To6H B pac'leTax HCITO~:bSO~C.b SHa'leHKao,onpe.JteHeHHHe 

yae B HQCTOSIII{el pa60Te. IlOJif'!SHHHe pesyJI:bTQTS: CBe,lteHH B Ta6JI.3. BH,n

HO, B o61l{eM, xopomee corJIB.cKe c pesyH:LTaTm.m pa6oTH 121 . .lJ.Jlfr ~a 
rrepeXO,ItOB Ir0~9HH HOBHe .JtaHHHe. 

ABTopH 121 o6paTRHH BHHMBHHe Ha H~e M3-rrpHMeceA B nepexo,~tax 
4~ - 2;, 4~ - 6+j K 4~ z+( , pa3p~Wl~JllRX ,IU!yXKBaSl'!'mCTit'I-

HJd YJlOB6H:b !5!0,6 RaB. HauiJI .Jt8,HHH9 IrO,!tTBepz,nam HMHqHe 1.13-ROMirOHeH

TOB B BTKX rrepexo.~tax. Kpoue Toro, He Hc~eHa M3-IrpHMec.b 11 B nepexo

.~te 380,! RaB (4+4 - 2+~ ). B rrpliH~rre, B BTOM ReT HH'!ero Y.ltiiBK

T6H:bhOro, .H60 nepeXO.zu,l TJDIQ :E2 H3 BTOrO COCTORHWI: Ha YJlOBHH poT~OH-
rr 

mu noHoc c K =0+ sanpell{eHH npaBH.II8MH oT6opa no KBaHTOBOMy 'll!CJ.IY K. 
Hanm ll;a.HHll6 TaiOKe ITO.~tTBepa.ItB.IlT TOT ipaRT, ~TO paspfi,IUta ypoBHeil 

2I03, 5 RaB ( 3-) R I934, 4 KaB ( 3-) npoHcxo.~t~~T npru<TH'leCRH 'll!CTHMH EI

nepexo.~tru.m: ( M2-npm.tec.H He npemnuam 0, 4%) • 

B paCioTe 1231 B paMKaX MKKpoCROUH'ieCROI Mo,~teHH KyMapa, yqHTHBa

~e! crrapHBBHR6 :1! R~OH:LHOe B3aRMO.~teftcTBHe, paCC'll!TaHH 3HaqeHHH 

napaMeTpoB 5 ,lJ)IJI nepexo.JWB c ypoBHel 6eTa- H raw.~a-BHCipanHOHHUX 

rro~oc .lVIff KOHKpeTHoro C.cytUlJI I 56 Gd • B TaM.4 npoBe.zteHo cpaBHeHKe 

8RCrrepKMeHTaJI:bHHX 3HaqeHlll 6'' C pac~eTHHMK ,lJ)IJI nepeXO.JtOB C ypoBHe~ 
f 

raMMa-BH6panuoHHo! no~ocu. ~o. 'ITO a6co~HHe sHa-qeHHR D Ha-

15 



Ta6#Rija 4 CpaBHeHHe pac~eTHHX aHa~eHKi rrapaMeTpoB CM6WHBaHKH 
c axcrrepHMeHTanLHHMH ~ rrepexo~oB c ypoBHea raMMa
BK6~oHHoft rronocu. 

I1T-I 11 

t F 
Er . xaB 6 ' 

' 
/23/ b ex 

2+ 
r - 2+~ I065,2 -4I,O -6,5(+26, -79)a) 

3+ r - 2+~ II59,0 ' -57,5 -8,58(+2!2, -4I5) 
3+ - 4+~ 959,8 -37,3 -I9,3(I90) r 
4+ - 4+~ I067 ,2 I3,7 -4,0(+9, -I6)a) [ 

a) Uluer I. et al. /21. 

Ta6.7IHI@ 5 3Jia~emm ROHCTaHT CBepXTOHROrO B3aiDIIO~eiCTBWI 
H P ~ 156n, B Gd , no.rryqemrne paama.m MeTo
.D;aMR aHSJIH3a TeMIIepaTypHOi!: 38.BKCHMOCTH 
raMMa~el c eueprReA 534 xsB. 

Qo, H.M. X Mr'c P x roi9 apr MeTo.D; IIpHMe~e 
' 

2,63 :t 0,7I 24,2 :t 4,7 A .fl- =0°, t =0, 5 =0,06 
2,06 :t 0,43 I2,0 :t 5,2 B it = oo 
I, 92 :t 0,34 IO,O :t 3,7 B ~ =0°, "rronpaBHemrne" 

TeMIIepaoryp~:~ a) 

2,06 :t 0,36 !0,9 :t 4,6 B ~ =90°, "nonpaBHemrne) 
TeMIIepa.TyJ>H a 

2,06 :t 0,32 9,9 :t 3,3 B ~ = oo 
I,92 :t 0,25 !0,4 :t 3,8 r 8 =0°, 90°, Tr =I4,6 MK 

a) "IIonpaBHeHHHe" TeMIIepaTypbl - sTo pacqeTHHe aHa~eHHR TeMIIepaTyp, 

ITOJiy'I6HHHe MeTO.D;OM r. 
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I ex / · MHoro lllii!Je D • KpoMe Toro, ~ rrepexo~a 4+ - 4+/ omr oem 
pa3HHe 3HWGI. f 

B 3aRJIIOlleHHe B.BTopu Bblpall[am 6Jiaro.D;apHocn B. B. TpiDIIRHey ~ AH 

YCCP)sa rroMomb rrpx rrpnroToBneHKH pa.D;HOaRTHBHoro McTo~ I56T.b H 

B.A.~epnre, H.raBopy, R.KoHxqexy sa rroMomb rrpx rrpoBe.D;eHHH HaMepeHHA. 
IIpH.JiollteHHe 

ITepeUKWeM Bupa%emre (2.6) B B~e: 
\'llGo,P,~.T)~ 1 + K2 (~) B,(ao,P, T) + K4 (~) Bdao, P, T) 

3~ecb K 2 (~)= (1-3£)A
2

U
2
Q

2
P

2
(Cos-8) 

K4 c~ J = (1 -1o.:) A4 U4 
Q4 P4 c coss ). 

(A.I) 

I1CROMU8 ITapaMeTpH Qo H P onpe~eJifiiOTCH MSTO~OM HaiDII6HblllHX RBa,It

paTOB ITyTeM COrJiaCOBaHHH BUpali[6HHR (A.I) C SKCUepHMeHTaJibHb!MH ,ll;aHHH-

MH. llpH 9TOM BOSMOMHH pasJIHqHUe ITO~XO~ R peilleHHD 9TOH 3~a~H. 

!• ~CHpylOTCH RO~eHTbl K2, K4 H yrOJI ~ • IIpe,n!IOJiaraeTCH, 

qTo TeMIIepaTypa H3M8pH8TCH Toquo. Tor~a ITapa.MeTpH Qo H P HaxO~T 

IIyTeM Mmn!MHSaniDJ ~OH8Jla: 
2 t (a • , p ) = i_ [ rl" ( T; ) - W (a., P, T; ) ] 

1 Ari""CT;) J 
( N - qJ!CJIO 9KCnepHMeHTa.m.HllX TOqeK) . 

(A.2) 

E• IlapaMeTpH Oo , P, K2 H x4 onpe~e.JIHl)TCH rryTeM MHlUIMH3auHJI 

~OH8Jla: N 2 

')( z (a p K t< ) = \ [ 'rJ e~ ( T; ) - 'rJ (a., P, K,, K• , T; ) 1 (A 3) 
o, 

1 
2 ) 4 + 8. W ex (Ti ) J • • 

B. Y''DI'l'HBamc.a: OIIIH6RH TeMIIepaTyp c. T; 
2 - N e( . 2 C:o; 2 

X (ao,P,K,,K 4 ,T;,~;,>.,)= ~f(r·T;~.T,) ·( ~~w,~·ili) + <A.4) 

t 2 \; F(G., P, < K; Ti, VI/;) J. 
3.I{ecr, A; - MHODTMH JiarpaHJKa, a qJyHRI4HH F npe.D;cTaBJJSWl' N cM-

3HBaDIIHX yCJioBd, HaKJI~BaeMHX Ha napaMeTpH no.D;rOHRI4: 

F(a,,P, 1<2 ,K4 ,T;,w;) = rl;-~(a,,P,K,,K4 J;) =o. (A.5) 

Onpe.D;eJIRDTc.a: napaMeTpll Q
0

, P, ~ H x4• 
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r. ECJIH TeMIIepaTYPfiNe 38BHCHMOCT.H yrJioBOro pacrrpe.zte.JieHM r -R3-

~eHRff R3M6PffDTCR .ItJIR .ztByX ~NX yrJIOB f , TO IIO 9RCIIepKMeH-

ex ( TaJI:&HHM .Ita.RHHM MOJKHo O.IJ;H03Ha'lllo orrpe.zteJDIT:& BeJIRtiRHN R T; ) R 

s._ .. ( T;) (cu. 2.8). 0THomeHHJI THIIa R''(T;) I Re<(Tr) H 

"-" ( ) I " ( s Tj I $ Tr) He 3amiCJJT OT Bemmm <:, A2, u2.. A4, u4 
( T r - HeKoTopoe ~CiipoBB.RHoe 3Ha'ieHHe TeMIIepaTypH) • B aTOM CJly'!ae 

IIapaMeTpN Qo H p OIIpe.zteJIJJio•rcJJ MHHHJ.nl3~eii qiyimni{OHaJia: 

: . • G ~ [( T"-l\
2 

( x"- X )
2 (Y"-Y· )2 

\ (u.,P, x,,Yi, >.,,A,) ~ L 'T·~) + ~ + ~ + (A.
6

) 
1 A ' A "• A Y, 

(x"-x·)(Y"-'1':·) F ,. J 2 .C.: xt' ~ y;x' + 2 >-, F(a.,P, Ti, Xi)+ 2 \; G(a.,P. Ti, Y,) . 
" •' I n " ( T ) y"' S '' ' S " ( T ) S.nec:& X I ~ R. i I 1\ r • ; ~ j I r • a ycJIO-

BJ>{.( CB.IJ3R IDJieJOT BH.It: 

F (a. , P. T; , X , ) ""' (' - B, (a.,P. T) "'O. 
B2 (Oo, P,Tr) ' G(a •. P,Ti. Y,) = Y;"- B4(a. P T.l~a 

B4(0,,~ Trl • 

KopoTKO OCT8HOBHMCR Ha He.ztOCT8TR8..X .H IIpeHMyll!eCTB8.X KOHKpeTIWX 

MeTO.ItOB. He.nocTaTKoM MeTo.na A RBJIHeTCJJ To, 'iTO 3HaqeHRJJ rrapaMeTpoB 

Q 0 H p MOryT RMeT:& CHC'l'eMaTKtleCKyJJ OllllldKy, KOTOpaSI 06yCJIOBJieHa TeM, 

'iTO B 60JI:&mRHCTBe C~eB MN He 3HaeM TO'iHO KO~eHTOB ~ H K
4

• 

BoJiee IIpaBHJI:&HHM 6HJIO 6N ocymeCTBJI.IJT:& IIO~OHKy H 9TRX IIapaMeTpoB, 

KaX aTo ,IJ;eJiaeTcJJ B B H B. Th{e O.ItHRM He.IJ;ocTaTKou eToro MeTo.zta JJBJl.IJeT-

CJJ TO, 'iTO He Y'iRT!ffiaiJTCJJ OWHdRH 3H8'ieHHii TeMIIepaTyp, B TO BpeMII KaX 
,_ 1 ex 

9TH OWRdRH CpaBHRMN C A 
1 ~ R, OOJiee TOro, C~HO y-B6JIH'iHBa!OT-

CJJ c pocTOM TeMIIepaTyp. 3TOT He.nocTaToK npzcym TaRZe n MeTo.ny B. Pe-

3YJI:&T8TN BH'iRCJieHHi B CJiy-qae r MOryT RMeT:& CHCTeMaTKti6CRyD OWHdKy, 

o6yCJioBJieHHyD HeTO'lHNM 3Ha'ieHHeM T r BudHpM T r B odJiacTH HaH60JI:&-

meft 'iyBCTBRTeJI:&HOCTR TepMOMeTpa, MOlKHO ]MeH:&WHT:& BRJia.zt 9TOI OmRdRH. 

CpaBHeHHe pesyJI:&TaToB, no~eHHhlx pasHHMH MeTO.ItaM.H, npoBO.ztHTCR 

B T80JI,5, 
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