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B cTaTbe ,qaH o6aop TeopeTI14eCKI1X 11 3KcnepHMeHTai1bHblx 
pa60T, nOCB.RtqeHHbiX HCCJle,qoBaHH~ {3-y B03MytqeHHbiX yrJlOBbiX 
KOppeJl.Rl.IHA /BYK/. YKa3aHbl B03MO~HOCTH HX npHMeHeHH.R B .R,qep
HOA cneKTpOCKOnHH 11 $H311Ke TBep,qoro TeJla. 06patqaeTC.R BHYIMa
HYie Ha np06JleMbl, CB.R3aHHble C 113rOTOBJ1eHHeM HCT04HYIKOB AI1.R 
Hccne,qosaHvtA f3 -y BYK. 

Pa6oTa BblnOJlHeHa B na6opaTOPYIH .R,qepHbiX npo6neM OHHH. 

npenpHHT 06"b8.!1HH8HHOrO HHCTHTYTB SI.!18PHbJX HCCne.aOBBHHll • .Qy6H8 1979 

Budzynski M. P6 - 12592 

{3-y -Disturbed Angular Correlations (Review) 

Measurement techniques off3- y disturbed angular cor
relations and their application in nuclear spectroscopy 
and solid state physics are reviewed. 

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

Preprint of the Joint Institute for Nuclear Research. Dubno 1979 

1. BBE,4EHHE 

3KCTICpHMCHTbl C {-3 -}' - B03MYll\CHHblMH yrnOBbiMH KOppenJilJ,HHMH 

/BYK/ 6binH snepsbiC npe.D.nO)I(CHbi B 1959 r. XappHCOM 1 11. TiepBbie 

H3MepeHHH Ha'!anHCh B 1967 r .'2 •
3 1 . HOBbie TIO cpaBHCHHJO C y-y 

BYK lbHJH'ICCKHe peJynbTaTbi 6binH nony'!CHbl TOnbKO B 1973
1 4 1

. 

CHcTeMaTH'IeCKHe Hccne.D.oBaHHH (-3 -y BYK Ha'!anH pa3BHBaTbCH 

COBCCM HC.D.aBHO ' ;, l f> ' 'ITO B OCHOBHOM CBH3aHO C JKCTICpHMCHTanb· 

HblMH TPY.li.HOCTHMH H CnO)I(HOCTbJO HHTepnpeTal.IHH nony'ICHHblX 

pe3ynbTaTOB . 

Ha B03MYll\CHHC yrnOBOH KOppenHI.IHH, Bbl3BaHHOe B3aHMO.D.eH· 

CTBHCM JnCKTpOMarHHTHhlX MOMCHTOB H.lJ.Cp C BHCH.D.CPHhiMH TIOnH

MH, HaKna.D.biBaeTCH OTKnOHCHHC TpaeKTOpHH f:l·'!aCTHI.I BCnC.lJ.CTBHC 

HX B3aHMO.D.CHCTBHH C JnCKTpOMarHHTHhiM noneM, .lJ.CHCTBYIOll\HM 

B HCTO'IHHKC . 0.D.HaKO JTO OTKnOHCHHC .D.nH TOHKHX HCTO'!HHKOB 

- 10 Mz/cM 2 He6onbwoe. )J,nH fl-qacTHI.I c JHeprHeif - 2 M3B 
yr nOBOe OTKnOHCHHC 1\ EJ OT nepBH'IHOH TpaeKTOpHH B I!JeppOMar • 

HHTHOH I!Jonbre, Bbi3BaHHOC MarHHTHbiM noneM C Hanp.II)I(CHHOCTbJO 
1 / 2 I 13, paBHO i\8 -

50
ctB · r.D.e d- npo6er {3-qacTHI..I ei!Jonbre . 

)J.nH HCTO'IHHKOB, H3rOTOBnCHHblX MCTO.lJ.OM HMITnaHTal.IHH H CYll\CCT· 

BY!Oll\HX noneif JTO OTKnOHCHHC HCBCnHKO /10-
4 
·10-l /

0 

B cpaBHC· 

HHH C yrnOBbiM pa3pCWCHHCM KOppenHI.IHOHHOH yCTaHOBKH,OITPC.li.C • 

nCHHbiM TCneCHbiM yrnoM HCITOnb3YCMblX .D.CTCKTOpOB H TO'IHOCTbiO 

HX I!JHKCHpOBaHHH B 3a.D.aHHOM nonO)I(CHHH. 

OcHOBHbiM .D.OCTOHHCTBOM MCTO.D.a f3 -y BYK no cpaBHCHHIO 

c y-y BYK .I!Bn.ReTc.ll B03MO)I(HOCTb onpe.D.eneHH.II 3Haxa KBa.D.pynonb

Horo B3aHMO.D.CHCTBH.II. 

MeTO.ll.bl OITpC.D.CnCHH.II BKna.D.OB pa3HbiX COCTaBn.IIIOll\HX B rpa.D.HCHT 

JnexTpH'!ecxoro non.11 /r3TI/ B MeTannax .D.O CHX nop .I!Bn.IIJOTC.II 
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He,llOCTaTO'IHbiMH. MO)KHO XOpOWO IIOC'IHTaTb BKna,ll OT KpHCTannH

'IeCKOH peweTKH, HO B 6onbWHHCTBe cnyqaea noxa TPY.IlHO orrpe,lle

nHTb BKna,ll OT 3neKTpOHHOH CTpyKTypbi KpHCTanna 116-20 / . JiJMepe

HHH 3HaKa r3Il H HX aenH'IHH ,Ilana HOBbiH HMIIynhC TeopeTH'IeCKHM 

H 3KCIIepHMeHTanbHbiM HCCne,llOBaHHHM. 
/ 1 20-25 / 

B CIIHCOK nHTepa Typbl BKJDO'IeHbl TeopeTH'IeCKHe • H 

3xcrrepHMeHTanbHbie pa6oTbi, xacatOmaecll {3- y BYK 12
-

15 1
. 

2. {3-y B03MYII!EHHb/E YTJIOBb/E KOPPEJI.JIL(HH 

/ 26-29 / 
{3 -y ,xax H y-y BYK, B03HHKafOT xax peJynLTaT BJaHMo-

.IleiicTBHH MarHHTHbiX H 3neKTpH'IeCKHX MOMeHTOB IIpOMe)KyTO'IHbiX 

COCTOHHHH H,llep C BHeR,IlepHbiMH IIOnHMH IIpH KaCKa,llHOM H3ny'leHHH 

J . cr) !!__. J 1' .. -Jr 
I I y 

1 

I puc. 11. l13MepeHHH CBO,IlJITCJI 

K onpe,lleneHHfO 'laCTOT npeueCCHH CIIHHa Jl,llpa OTHOCHTenhHO HarrpaB

neHHJI MarHHTHoro nonR HnH rpa,llHeHTa 3nexTpH'Iecxoro rrong. 

)l.nJI MarHHTHOrO ,llHIIOnbHOrO B3aHMO,IleHCTBHH Ha6nfO,IlaeTCJI 

nHWb O,llHa 'laCTOTa napMOpOBCKOH rrpeueCCHH IIpH BCeX 3Ha'leHHJIX 

KBaHTOBOrO 'IHCna "m" 

w =-g 1'-N 
m TB Ill 

J; 

B03MYWAIOW.EE " ·------------------r--
B3AVIMOAEV1CTBVIE 

J,'f 

¥ 
AMI t'• t 

Jf 

Puc.l. KacKac) U3Ay'leHU.JI {3-y u y-y. 

4 

r,lle g - rHpOMarHHTHOe OTHOWeHHe ,llnR H,llpa CO CIIHHOM J IR,Ilep

HbiH g -ciJaKTopl, p. N- H,llepHbiH MarHeTOH, -ti = 
2
h

77 

, h - IIOCTOJIHHaH 

IlnaHxa. 

)l.nR 3nexTpH'Iecxoro xaa,llpyrronLHoro B3aHMO,IleiicTBHH qacToTa 

rrpeuecCHH 3aBHCHT OT KBaHTOBOrO 'IHCna "m", a HanpaaneHHe 

MeHReT 3HaK rrpH rrepexo,lle oT" •m" K " -- m" 

wQ ~ p(2m-l)wE 

e2Qq 
w = 

E 4 J(2 J-l)h 

121 

131 

r,lle <dE - OCHOBHaJI KBa,llpyrronbHaH IIpeueCCHH, p =3 IHnH 61 ,llnR 

uenhiX lrronyuenhlxl 3Ha'leHHH J , Q - KBa,llpyrronhHhiH MoMeHT, 

e - JapH.Il :mexTpoHa, q - rpa,llHeHT 3nexTpaqecxoro rronJI. )l.nR 

uenhiX 3Ha'leHHii J Ha6mo,llaeM cne.IlYIDII.lHe 'laCTOTbl xaa,llpynonL

HOH rrpeueccHH 

wQ = :3wE, 9c.>E, 15uJ E, l4al 

a ,llnJI rronyuenbiX 

w Q ~ t:i c.JE , 12c<> E , 18 w E " 1461 

/ 26 / 
licrronh3YR rrpHHHTbie o6o3Ha'leHHH , o6mee Bblpa)KeHHe ciJyHx-

uaii l~-y BYK MO)KHO 3arracaTh cne,llyromHM o6pa3oM: 

.' ... kl bk2 Ak 1({3)Ak2 (y) N1N2 N1 
W(k 1,k 2 ,t) = (-1) ~ ~ --------Gk:k Yk (81,¢1) 

k k N N ., 2 1 
12 1 2 vC2k

1
+1X2k

2
+1) 

N2 
.x y k ( 82 '¢2) , 

2 
~ • j. 

-151 

r,lle 8
1
,¢ 

1
H 8~, ¢

2 
0603Ha'laiOT yrnbl HCIIYCKaHHH {3-qaCTHU H y

xaaHTOB OTHOCHTenhHO H36paHHoro HarrpaaneHHH I puc. 21. Ilapua

anbHbiH K03~HUHeHT KOppenHUHH Ak ( {3) HMeeT ciJopMy 
1 

A ({3) = 
k 1 

1 

~ b0 ( ~B' ) 
BB' 

~ F k ( ~ ~ ' J . J) b k (5 ~ ' ) , 
~B' I 161 
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r,~~;e 

J i +J + 1 
Fk C1j' Ji J) = (-1) y(2 j + 1)(2j' +1X2 J + 1)(2k +1) . 

(
,q ~, k) ~ 1 
1 -1 0 ~ J 

I 

I I 
I I 

t' 

z 

I 

.... 

1' 

:. \ J 

¥ 

... ........ 

Puc.2. HanpaeAeHue BbiAe•a f3- <~ac•ullt.l u 

y 

y ·KeaHllla. 

/1/ 

AaanBTB'Iecxa• 4Jopwa napaweTpOB bk ( ~j') JaBBCBT oT THna 

nepexo,~~;os B .a.nepuwx MaTpB'IHhiX 3DeMeHToB'26/ TiapuBanLHbiH xo3$

cllHUBeHT Xoppen.&UHH raMMa • B3ny'leHBll A (y) BMeeT cllopMy 
k2 

Ak (y)= __l__[Fk (LLJrJ) +28 Fk (LL'JrJ)-to2Fk(L'L'JrJ)]fB/ 
2 1 + 8 2 

3.necb LL' o6o3Ha\faJOT wynLTBnonbHOCTH rawMa·HJny'leHHll, a 8 -

BX K034>4>HUBeHThl CMeWBBaHBll: 

< J II L !I Jr> /9/ 
8 = _<_J_I_I_ L' _II_J_f > 

6 

N 1 N2 
B 4JopMyne /5/ Yk

1 
(8 1,¢1

) H Yk
2

(82 ,¢2 ) o603Ha\faJOT c4JepH-

qecKHe rapMOHHKH. l1H,lleKCLI k 1, k 2 , N 1, N 2 - 3TO uenLie 'IRena 

(- k ::: N - k). 06LIKHOBeHHO B f-3 -y BYK nonxpHJaUHR )' ·KBaHTOB 

He H3Mep.lleTC.Il, H TOr.D;a k2 RBnReTC.Il 'leTHbiM 'IHCnOM, KpOMe 3TO· 

ro, .IJ;On:lKHO 6bJTb BblllOnHeHO ycnOBHe, BbJTeKaJOmee H3 CBOHCTB 

F ·Ko34>4>HuHeHToB: 

0 •' k / Ml111 (2J • L I L.). 
2 M<ll\1 ' /10/ 

N IN 2 
34>4leKT BOJMymeHHR KoppenllUHH co,~~;ep)I(HT qnen G k k ( t) · 

1 2 
llpe.D;DOnmKHM, 'ITO B03MymeHHe Bbl3biBaeT aKCHanbHO"CHMMeTpH'f· 

HbiH (N 
1 

" N 
2

) rpa,~~;HeHT 3neKTpH'IeCKOro nonR -' 22 

G NN (t) 
k I k2 

~ S ktNII:? cos( n ,, t) ,~~;nR \feTHbiX ( k t k ) /11a/ 
nLO n E 1 2 

NN klk& Gk (t) ·- ~ S ,-i)sin(nw t) ,~~;nR He'leTHbiX (k 1 t k, ), 
1 k 2 n .:. 0 nN E 2 

/116/ 

r,~~;e .nnR N f 0 ( J 

s k 1Nk 2 2 (1- L a0 h (2k-;DC2 k~l) 
u 2 1 2 •n-N 

J k)( J J k2) 
N •n-"1 -m N . 

· /12a/ 
- m 

H ,~~;nll N ,- 0 

k 1 k2 ' "' s . i) (} 
110 no k

1
k

2 /126/ 

k lk2 / 18 26 30-!il / 
Ko34>4>HuueHTLI S nN npoTa6ynHpoBaHbl B pa6oTax · ' · . 

EcnH B03MymeHHe Bbl3biBaeT HeaKCHanbHO-CHMMeTpH'IHbiH r3TI 

HnH MaTpHUbl B3aHMO,ll;eHCTBHR He.D;HaroHanbHbl, KaK 3TO HMeeT 

MeCTO .D;nll KOM6HHHpOBaHHbiX B3aHMO.D;eHCTBHH, TO $aKTOp G: lt 2 
1 2 

co,~~;ep)I(HT qneHLI c N 
1 

, N2 . )J,nll He'leTHOH cyMMbl noKaJaTeneii 

(k 
1 

k 
2

) $aKTOp B03MymeHHR OllHCbJBaeTC.Il He'leTHOH 4JyHKUHeH 

I 1 06/, 6naro,~~;apll 3TOMY MO)I(HO onpe,~~;enHTb BenH'IHHY H JHaK 

npeueccHH uJE . Tor,~~;a, cornacHo /3/, MO)I(HO onpe.nenHTb BenH'fH· 

HY H 3HaK KBa,llpynOnbHOrO MOMeHTa ll.D;pa /HnH r3TI/. 3KcnepH· 

MeHTbl 3TH llBn.IIJOTC.Il B03MO)I(Hb!MH, DOCKOnbKY f3 ·qaCTHUbl H3 

pacna,~~;a nHHeHHO nonxpH30BaHbl. O,~~;HHO'IHa.ll {:3 -qacTHUa o6na,~~;aeT 
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noJIHoii: JIHHeii:Hoii: non.llpHJauaeii:. IIon.11pHJaua.11 nyqxa .IIBJilleTc.ll 

HeKorepeHTHbiM CJIO)I(eHHeM llOJI.IIpHJOBaHHbiX COCTO.IIHHH BCeX (-3 • 

'lacrau. CreneHb JIHHeii:Hoii: non.llpHJaUHH ~ -qacrau JaBHCHT or 

THlla nepeXO.D;a H BXJia.D;a OT.D;eJibHbiX .II.D;epHbiX MaTpH'IHbiX 3JieMeH· 

TOB . 
N IN 2 

ECJIH r3II He 06Jia.D;aeT OCeBOH CHMMeTpHeii:, TO BH.D; G h k 
1 2 ycno)I(H.IIeTc.ll. 

,lJ;JI.II llOJIHXpHCTaJIJIH'IeCXOrO HCTO'IHHKa CYMMHpOBaHHe no paJ

HbiM HanpaBJieHH.IIM OCR CHMMeTpHH OT .D;eJibHbiX KPHCTaJIJIOB ITpHBO • 

.D:HT x ¢axropy ocna6neHH.II ¢YHKUHH yrnoaoii: xoppeJI.IIUHH 1 9 1 

NlN2 1 NN 
Gk k = -- ~ G kk(t) = Gkk(t) , 

1 2 2k+1 N /13/ 

nocxonhxy G kit) He JaBHCHT or N 1 H N 2. Ilpa HMnnaHrauaa 

paJJ;HOaXTHBHbiX .II.D;ep B MOHOKpHCTann HeKOTOpble H3 HHX 6y.D;yT 

paCllOJIO)I(eHbl B JIOKaJibHOM llOJIHKpHCTanne, o6paJOBaHHOM B OCHOB

HOM H3 • Ja paJJ;HaUHOHHbiX 3¢ciJeKTOB. 8 3TOM CJiy'lae 6y.D;eT HMeTb 

MeCTO CJie.D;yiQUlHH 3KcnepHMeHTaJibHbiH K03¢ciJHUHeHT OCJia6neHH.II: 

N N' N N 
a 

1 2 ~ra kk(t) +(1-0Gk \ l!!(t) . 
kl k 2 1 2 /14/ 

r.D;e f 060JHa'!aeT 'IHCJIO .II.D;ep, pacnOJIO)I(eHHbiX B llOJIHKpHCTanne. 

Ecna xoppen.IIUH.II BOJMYIUaeTC.II .D;ononHHTenbHO MarHHTHbiM noneM, 

TO 

NN k 1k2 -iNWmt 
Gk k (t) = ~ S N (-i)sin(nw t)e .D;JI.II He'leTHhiX (k + k 

2
) 

1 2 n > O n E 1 

HJIH 
/15a/ 

k k -iNWmt 
G~Nk(t)= ~ S 1 2

cos(nwEt)e 
.. 1 2 n>O nN .D;JI.II 'leTHbiX ( k + k ) . 

1 2 

Ilocne y'leTa COOTHOWeHH.II CBMMeTpHB 
/156/ 

klk2 kll-k2 klk2 8n-N = (-1) S nN 
/16/ 

acnonbJY.II /15a/, nonyqaeM 

NN iN(¢1 -<jJ 2 ) -N-N -iN(¢
1
-4

2
) 

Gk k e + G k k e 
1 2 1 2 

kl k 2 
= ~ S sin(n w Et) x 

n > 0 nN 

x sin[wmt-(¢
1

-¢
2
)]. /17/ 

8 

<l>opMynw /5/ H I lla, 6/ npe.D;cTaBJilliQT .D:H¢¢epeHUHaJibHyro ¢YHKUHIQ 

BYK. Hx MO)I(HO npHMeH.IITb, ecnn BbJITOJIH.IIeTC.II cooTHoweHHe 

r
0

,· r. 3.D;ecb 'o - paJpewaromee apeMll cxeMbi 6wcTpbiX coana.D;e

HHH, a • - apeMll )I(HJHH npoMe)l(yTO'IHoro ypoBHll J B xacxa.D;e 

HJJiy'leHHll. EcnH r O · r, TOr.D;a MO)I(HO HJMepllTb TOJibKO HHTerpaJib· 

Hyro ¢YHKUHIQ: 

w ( k 1 'k2' "') 
1 ..... _ _:_ kl~k2 
- J e ' W(k .k ,t)dt ~ (-1) x 
T 0 1 2 

~ -o;· Ak1f1)Ak~~~yNt(8 ¢ )YN2( 8 ,,¢) x 
k lk2 

- -·::::::: __ _::_==---- k I I ' 1 k
2 

2 2 
Nl N2 (2k 1- 1)(2k 11) 

\ 1 2 

"' _j_ N N. 
( e r G 1 2( t) ut 

0 kl k 2 

N1N2 
BoJMymeHue co.o;ep)I(HT 'IJieH G ,_ k 

"I 2 

/18/ 

N IN8 
G 

kl k2 1 
'; S -------- .D;Jill 'leTHbiX (k I I k 2 ) 

/19a/ 

ktk2 
- N 2 

11 _0 11 1 (nC>Er) 

HJIH 

N
1

N., k 1k ,, (-i)n w E r 
G ~ ~ S ~ ----== 

k t k 2 n ~ 0 n N 1 1 h ,,1 

.o;mi He'leTHbiX ( k I I k 2 ). /196/ 

ECJIH KOppeJillUH.II BOJMyUlaeTCll .L{OllOJUIHTCJibHO KOHTpOJIHpye • 

MbiM, H30TpOITHbiM, JaBHCHUlHM OT BpeMeHH BJaHMO.L{eHCTBHCM, 

TOr.D;a K03¢ciJHUHCHT OCJia6neHHll HMeeT 4JopMy ' IJ / 

-1\kr 
G kJt) . e ):{Jill r 0 << r 

/20a/ 

G (t) -• ___ 1 __ .D;JI.II 'o >· r, 
kk 1 1- Akr 

/206/ 

r.o;e 

12 2 
Ak = -5" wEre k ( kr1)[4J(J rl)-k(k 1-l) -ll /2la/ 

9 



,nnJI KBa,npynom.uoro B3aHMo,ne8CTBBJI H 

1 2 
Ak = - k(k +1)w r 3 m c 12161 

,nnJI MarHBTHoro B3aHMo,ne8cTBHJI, r c o6o3uaqaeT opeMJI xoppenJI

UHB. Pa3nHqHe B 3aBBCHMOCTH nocTOJIHHLIX penaxcaUHH Ak OT k 

ll03BOnJieT onpe,nenHTL THll B3aHMO,IJ;eHCTBBH, ocna6nKIOIUBX Kop

penKUHIO. EcnH pa,nHoaKTHBHLie H,npa no.nne)KaT o.nuoopeMeHHO 

B3aBMo,ne8cTBHIO rpa,nHeHTa 3nexTpHqecxoro nonJI H B30TponHoro 

B3aHMO,IJ;eHCTBBJI, 3aBHCJIIUero OT BpeMeHH, TOr,na B clJopMe 151 

¢JaKTOp B03MYIUeHHJI BMeeT cne,nyiOIUHH BH,IJ; 

,N1N2 -A kt N1N 2 
Gkk (t ) =e G k k (t). 1221 

1 2 1 2 

3. PA3PEHIEHHb/E IIEPEXO,lfbl - HHJfYaHPOBAHHb/E f3-y 

B03MYJJ{EHHb/E YFJIOBb/E KOPPEJIJiaHH 

Pa3peweHHLie f3 -nepexo,nLI (lo!!: f t- 6 , /\ " """
1 

" t '· ~ 1) no,nqHHli

IOTCll npaBHnaM OT6opa cl>epMH: 1\J - i J
1 
-J f l ~~" 0 H raMooa-Tenne

pa : ~J = 0, HnH 1, npH 3TOM CllHHLI nenTOHOB napannenLHLI. qHCTO 

CHHrneTHOe clJepMHeBCKOe H3nyqeHHe HMeeT MeCTO ,nnll 0 • 0 nepe

XO,IJ;OB. llepeXO,IJ;LI C t\ J =Q H /\J ,tQ npHBO,IJ;liT K CMeWHBaHHIO 

clJepMBeBCKOrO H raMOB- TennepOBCKOrO H3nyqeHHH. )l,nll HaC HHTe

peCHLI qHCTbie nepeXO,IJ;LI raMOBa-Tennepa C 1\J =1. {1 - y -yrnOBLie 

xoppenJIUHH ,nnJI pa3peweHHLIX {1 -nepexo.noo l!BnliiOTCll noqTH 

H30TponHLIMH. B oTnuque OT BYK ,nnll 3anpeiUeHHLix {1 -nepexo.noo 

HnH y- y BYK, r.ne BHeJI,nepuoe none B03MYIUaeT cyiUeCTBYIOIUYIO 

yrnooyw xoppenHUHIO, ,nnll pa3peweHHLIX f3 -nepexo.noo f3 - y -

yrnoBaJI KOppenJIUHll B03HHKaeT nHWL npH B3aHMO,IJ;eHCTBHH ll,npa 
23 24 1 

C BHeJI,nepHLIMH nonJIMH. JIMeHHO B 3TOM cnyqae B pa6oTaX ' 

ynoTpe6nJieTCJI TepMBH "HH.AYUHPOBaHHall" . 

qHcno qneHOB ¢JopMynLI 15/ orpaHHqeHo qepe3 k 1 H k2 . )l,nll 

nepexo,noB raMOBa- Tennepa, BLI3BaHHLIX O,IJ;HHM JI,nepHLIM Ma TpHq

HLIM 3neMeHTOM ja IYHHKanLHbiMI, - k 1 =0,1. 06LIKHOBeHHO B 

f3 - y BYK UHpKynHpHall nonllpH3aUHJI raMMa -xoaHTOB He H3MepJI

eTcJI, Tor.na k2 =0, 2, 4. cl>yHKUHJI xoppenJIUHH oco6eHHO npocTa, 

10 

} 

ecnH y -u3nyqeHHe JIBnHeTCJI ,nHnonJ.HLIM L 1 =1, B B 3TOM cnyqae 

oHa co,nep)KHT 151 u 11061, Tom.xo qneHLI c k 1 =1 u k2 =2; nocxonL

xo jS gg=11 ,nnJI k l =Q B k 2 =0, OHa npBHBMaeT cne,nyiOIUBH BB,IJ; I S/ : 

W(t) = 1- ~ y 3A 1({3)Aiy )sin® 1sin282sin(¢ 2 - ¢ 1) ~ s!~ sin(nwEt). 1231 

BH,nHo, qTo MaKCBManLHLIH 3cPci>eKT MO)KeT 6LITL nonyqeH ,nnH 

11 1T 1 
8 1= -2' 8 2= - , ¢ - ¢ =¢ =+ - 1T 4 2 1 - 2 (N- ± 1) . 

H3MepeHBJI {3 - y B03MYIUeHHOH yrnooo8 xoppenHUBB ,nnll onpe.nene

HHJI 3HaKa H,nepHoro KBa,npynonLHoro B3aBMo,ne8cTBBJI 11 5 Cd 
/ 4 / 

B MOHOKpBCTanne Ka,IJ;MBJI BnepBLie BLillOnHeHLI B 1973 r. 

I puc. 31. H3MepeHBJI ,B-e- xoppenJIUBB, B03MYIUeHHOH o,n;HoopeMeH

HO CBepxTOHKBM MarHBTHLIM B KBa,n;pynonLHLIM B3aBMO,IJ;eHCTBBll-
/ 13 / 

MH, BLmonHeHLI B pa6oTe I puc. 41. 

0.10 

0.05 

t I,/ 
- 0 
o+J -<t 

-0.05 

-0,10 
I 

' 
I--10HC __.. 

t:O t 

Puc .3. BpeMeHHa.JI 3aeucuMOCIIIb, ompaxa10111a.JI acuMMempuiO {3- y -
coenaoeHuu OA.JI oeyx noAoxeHuu ¢ ~ ± t {3 - oemeKmopa 1 41 
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4. 3AIIPEmEHHb/E {3 -IIEPEXO,l{b/ 

113 o.n.Hoxpa THo JarrpemeHHbiX f3 -rrepexo.n.ou I log ft- 6 + 9, !J." = 

=- 1, t\J =0, ± 1, ± 21 B {3 -y BYK HCIIOJJbJYIOTCll 'I{HCTbie rrepexo.n.bl 

THrra JBij . t\J = ± 2, ~J =2. ):(Jill YHHKaJJbHbiX f3 -rrepexo.n.ou Teope

TH'I{eCKH IIpOCTO OIIpe.n.eJJHTb K03clxllHllHeHT Ak ({3 { 2?1 ):(Jill 3TH:¥: 

rrepexo.n.ou k 1 =0, 1, 2, 3 H k2 =0, 2, 4. )J;JJJI {3 - y· BYK c HCIIOJJbJo

uaHHeM yHHKaJJbHbiX f3 -rrepexo.n.ou !l>opMyJJa 151 co.n.ep)I(HT MHoro 

KOMIIOHeHT, H He06XO.D.HMO BJCJJIO'I{aTb IIOIIpaBKH, CBJI3aHHble C paJ

MepaMH .D.eTeKTOpOB HJJJyqeHHll IIpH yqeTe reoMeTpHH 3KCIIepHMeH-
/ 8 / Ta. cl>opMyJJbl 3TH IIPHBe.D.eHbl B pa6oTe , 

W ( ± , t) = 1 - ~ A 2( {3) Q2 ( {3) A2 ( y) Q2(y) - ~A 
2

({3) ~ ( {3) A
2 

(y) ~ (y )x 

22 15 . 5 x ;sn2 cos(nwEt)- 32 v-2A2 (f3)~ ({3)Alr)'\(y) x 

x ~ s
2
2
4 

cos( n wEt)+ .L y3 A
1

({3)Q ({3)A (y)Q (y) x nn -2 1 2 2 

12 1 -
x ~ Sn 1 sin(nwEt) + lif y 10A 1({3) Q1 ({3)Aiy) '\ (y) x 

x; S~~ sin(nwEt)± ~ k Aif3) Q3 (f3)Aiy) ~ (y)x 

32 1 -
x ~ S 1sin(n w t) ± --v'15A 3({3) ~({3)A/y) Q

4
(y) x 

n n ~ 32 

34 . 35 1 
x ~ S 1 sm(nw t) ± -- --:-Aj.{3) ~({3)A4(y)Q4 (y) x 

n n E 32 y 7 

34 
x ~ S 3 sin(nw t). 

n n E 

3TH !l>opMyJJbl IIOJJY'I{eHbl .D.Jlll ~)1 =.;;. H e2 ~ f I puc. 210 ~orrpaBJCH .li.JlJI 

raMMa- HJJJyqeHHll co.n.ep)l(a Tell B pa6otii.x126 •27 ~ 301 .D.JJll NaJ(T1) - .n.e

TeJCTOpOB H B pa6oTi321- .li.Jlll Ge(Li) - .D.eTeJCTOpOB. reoMeTpHqecJCHe 

IIOIIpaBJCH .li.JlJI {3 - H3JJy'l{eHHll MO)I(HO OIIpe.n.eJJHTb H3 !l>opMyJJbl, 

rrpHue.n.eHHoii B pa6oTe 
19 1

. 

CornacHo Bblpa)l(eHHJIM 151 a lila, 61, li>YHKllHJI napMopoucxoii 

rrpel{eCCHH HMeeT pa3HYIO !l>opMy .li.Jlll pa3HOrO CO'I{eTaHH.ll k 1+k2 ~ 
puc. 5. 
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Puc .S. H3MepeHUJI {3-y - owp(JepeHijUQ/IbHbiX 603MYUieHHbiX Y2110 6biX 
KoppeiiJiijUU 111Aq 6 MOHOKpUCI/IQ/1/Ie HUKe/IJI-1. 3~ 
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5. IIPHFOTOBJIEHHE HCTOfiHHKOB 

llpH H3rOTOBJieHHH HCTO'IHBKOB Heo6XO,D;HMO Y'IHTbiBaTb npupo,ny 

HJJiy'leHH.II u xapaxTep npe,nnonaraeMbiX HJMepeHuii. llpu 3TOM 

CJie,!J;yeT yMeJIO CO'IeTaTb Tpe6oBaHH.II, npe,!l;'b.IIBJI.IIeMble K HCTO'IHH• 
/ 33 / 

xaM co cTopoHbi {3- H y -cnexTpocxonuu H BYK. 
PeJyJihTaTbl H3MepeHH.II y- y BYK 'IYBCTBHTeJI&Hbl x cnoco6aM 

npuroToaneHH.II HCTO'IHHKOB, TeM 6onee 3To OTHOCHTC.II x {1 - y BYK, 
XOT.II ,!l;eTaJibHbie HCCJie,!J;OBaHH.II Jclxl>eKTOB eme He 6biJIH npoBe,!J;eHbl. 

licTO'IHHK ,!1;11.11 {3-y BYK .noJDKeH oTBe'laTb cne,nyiOiliBM Tpe6oaaHH.IIM . 

1. MoHoxpucTann /nonuxpucTann/ .noJDKeH 6bJTh 6e3 Heo.nHo

po.nHocTeii , ,!J;HCJIOKallBH H pa,!l;BallBOHHbiX llOBpe)l(,ll;eHHH, ,!l;OCTaTO'IHO 

TOHKHM, 'IT06bl H3MeHeHHe TpaeKTOpHH f3 - 'laCTHilbl, Bbi3BaHHOe 

ero JJieKTpOMarHHTHbiM UOJieM, 6biJIO MHHHMaJibHbiM . 

0.10 ~------------------, 

·'. . i .· ;,- -- -.-.L .. ~.---~-,~· A-t'e .... -'-;'-.--
,_."&•f-'·-.w~,ft,:fo ...... N ~ • ._1(.~ ... ~"',. 

f • • • • • •-1.. • • I I. • • :'f: 0 

0 

0 , 10 t I ' -... 
~ .. 
< -0,20 

0 

-0,10 

-~,.t ' so I I 
HC 

100 200 300 (00 
HCM::P KAH.V.A 

Puc6. ,l{u(Jt/lepeHI.IUa.llt.HaJI - epeMeHHaJI aHu3o•ponUJI y-y- KacKaoa 
/173-247 I K:JB, o6ycAoeAeHHa.R KeaopynoAt.HbiM e3auMooei1cJreueM 

COC.OJIHUJI 247 K3B 111Cd 6 nO.IIUKpuc•a.II.IIU'4eCKOM I#UHKe, A/· He
o6pa6o•aHHbiU UC.0'4HUK nOC.IIe UMMQH.QIIUU, J;j - UC.0'4HUK OIIJirU• 
za11cJ1 noc.11e UMMaH•a&~uu 6 •e-.eHue 1 '* npu •eMnepa•ype 300°C135• 
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•c 
Puc.7. Cocma8noii zpa¢uK pe3yll &llla 1II08 U3Mepenuii t~acmu .HOep 
peOK03eMeii&Hoii o611acmu 8 xe11e3e, ucnbl111bl8aiOIJIUX 6oA&wue Maz
HU111Hble noAJJ - 3aMecmu8wux -.11opa Mampuij&l, 8 pa3HbiX meMnepa 
mypax o11131Cuza. ·- H3MepeHu.H npo;8eOeH&l· MemoooM : 3rjxJeK1fla Mi!cc-
6ay3pa, KaHaAupo8aHUJI u H,BYK 136 1. 

2. Qenecoo6pa3HO HCTIOnbJOBaTb OpHeHTHpOBaHHhle MOHOKpHc

TannM. OpHeHTaUHR o6hlKHOBeHHO rrpoao~HTCR nyTeM HJMepeHHR 

peHTreHOBCKOH HnH- HeHTpOHHOH ~HcPpaKUHH C HCTIOnbJOBaHHeM 

rOHHOMeTpOB. 

3. Pa~uoaxTHBHhle R~pa ~OJDKHhl Haxo~HTLCR a onpe~eneHHLIX 

MeCTaX KpHCTannH'IeCKOH peweTKH /B yJnax/, ~OCTaTO'IHO rny60KO, 

'IT06hl He 'IYBCTBOBanOCb HJMeHeHHR KpHCTannH'IeCKHX rroneii: B 

noaepxHOCTHhlX cnoRx. 

Pa~HOaKTHBHhle R~pa MO)I(HO BHe~pRTb B MaTpHUY MeTO~OM 

HMnnaHTaUHH HnH ~H«PcPYJHH. YcnOBHR, B KOTOphlX ~On)I(Ha 6hlTb 

16 

rrpOBe~eHa HMrrnaHTaUHR, OITHCaHbl B pa6oTII 3 4: Bo BpeMJI HMITnaH

TaUHH BOJMO)I(HO HJMeHeHHe CBOHCTB MOHOKpHCTanna BCne~CTBHe 

o6paJOBaHHJI ~ecPeKTOB B KpHCTannH'IeCKOB peweTKe MaTpHUbi 
/ 35 / 

/puc . 6/ . OT)I(Hr rrocne HMrrnaHTaUHH ~nll pexpucTannHJaUHH 

peweTKH H YCTaHOBneHHJI pa~HaUHOHHbiX ~ecPeKTOB He BCer~a 

MO)I(eT 6biTb rrpHrO~eH, OC06eHHO ~nll HeKOTOpbiX HOHOB pe~KOJe

MenLHoii o6nacTH B MaTpuue F e /puc. 7/ 36
; BoJMO)I(HO, JTO 6y~eT 

HMeTL MecTo H ~nll MaTpHU HJ Co H Ni. 

6. IIPHMEHEHHE METO,ll.A {3 - y BYK 

MeTo~oM f3 -y BYK MO)I(HO orrpe~enHTb MarHHTHhle MOMeHTbi 

BOJ6y)l(~eHHbiX COCTOJIHHH Jl~ep HllH BenH'IHHbl BHeJI~epHbiX Mar

HHTHbiX rroneii:. 0H JIBllJieTCJI UeHHbiM ~OITOnHeHHeM K MeTo~y 
12 7- ;!9 / 

y-y BYK . oco6eHHO TaM, r~e JHeprHll H HHTeHCHBHOCTb 

raMMa-uJny'leHHll, a TaK)I(e JHepreTH'IeCKoe paJpeweHHe rrpHMeHJI

eMoii YCTaHOBKH ~enaeT HeBOJMO)I(HbiM HnH JaTpy~HHTellbHhlM 

HcrronLJOBaHHe y-y BYK. 

Ba)I(HhlM napaMeTpOM, OITHCbiBaiOJliHM R~epHbie COCTOJIHHJI, OCO-

6eHHO ~nll Jl~epHbiX MO~eneii:, JIBnlleTCJI HX KBa~pyrronbHbiH MOMeHT. 

l.fHCllO HJBeCTHbiX KBa~pyrrOnbHbiX MOMeHTOB CyJlleCTBeHHO MeHbWe 

B cpaBHeHHH C 'IHCnOM HJMepeHHbiX MarHHTHbiX MOMeHTOB. B 6onL

WHHCTBe cnyqaeB HJMepeHbl TOnbKO MO~ynH KBa~pyTIOllbHhlX MOMeH

TOB, 'ITO yMeHbWaeT BOJMO)I(HOCTb ITpOBepKH MO~eneii: CTpyKTyphl 

ll~pa. B OTllH'IHe OT MarHHTHhlX noneii,r3TI, C03~aaaeMhle B na-
6opaTOpHhlX ycnOBHJIX, CnHWKOM Manhl /He XBaTaeT HeCKOnbKHX 

TIOpR~KOB ~llll BOJMYJlleHHJI yrnOBOH KOppenJIUHH C r, HaXO~JIIlleM

CR B HaHOCeKyH~HOM ~HarraJOHe/. B CBJIJH C JTHM HCITOllbJYIOTCJI 

JnexTpH'IeCKHe rronll B Taep~hlx Tenax. MeTo~oM f3-y BYK MO)I(HO 

orrpe~enHTb JHaK H aenH'IHHY KBa~pyrronbHOrO MOMeHTa R~pa HnH 

r3TI OpHeHTHpOBaHHhlX MOHOKpHCTannoB. 3Ta BOJMO)I(HOCTb O'leHb 

UeHHa, TIOCKOnbKY onpe~eneHHe JHaKa ~pyrHMH MeTO~aMH RBnlleT

Cll ~OBOnbHO CnO)I(HbiM H JaTpy~HHTenbHhlM, OC06eHHO ecnH HJMe

pReTCR UHpxynllpHaR rronllpHJaUHR raMMa-xaaHTOB B y-y BYK. 

Me To~ {3-y BYK MO)I(eT 6hlTb ucrronbJOBaH ~nR onpe~eneHHll 

nHHeHHOH TIOnllpHJaUHH {3 -'laCTHU. 3cPcPeKTHBHOCTb perHCTpaUHH 

nHHeHHOH ITOnRpHJaUHH f3 -qaCTHU npH6nHJHTenLHO B ThlCli'IY paJ 

BhlWe, 'leM UHpKynRpHOH ITOnRpHJaUHH Y -xaaHTOB MeTO~OM KOMTI

TOHOBCKOrO paCCeRHHR B HaMarHH'IeHHOM )l(eneJe. 
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.I13MepeH He KBa,!l.pynOJibHOrO B3aHMO,!I.eHCTBHll MO:>KHO 6y,!l.eT 

npOBO,!I.HTb ,!I.Jlll B036y:>tC,!I.eHHbiX ypOBHeH C T _ 1 HC. ldi • 1 C HCfiOJib· 

JosaHHeM MeTO.D.a HHTerpaJibHhiX f3·-y BYK, .D.Jlll KOToporo KOJcP· 

clJuuueHT ocna6neHHll JIHHeiiHo JaBHCHT OT u!T. B MeTO.D.e y - } BYK 

JaBH CHMOCTb 3Ta HMeeT KBa,!l.paTH'IHYJO clJopMy. 

.11HTepeCHhlM liBJil!eTCll B03MO:>KHOCTb Ha6JIW,!I.eHHll He60JibillOrO 

KBa,!l.pynOJib HOrO B3aHMO,!I.eHCTBHll B npHCYTCTBHH CHJlbHOrO Mar· 

HHTHOrO fiOJl ll ,!J.Jlll pa3peilleHHbiX f3 ·nepeXO,!I.OB, KOTOpOe HMeeT 

MeCTO B Ky6H'!eCKHX clJeppoMarHHTaX C npHMeCl!MH. 

B JaKJiro'!eHHe asTop Bhipa:>KaeT rny6oKyro 6naro.D.apHOCTh 

B. M .UynKo - CHTHHKOBY Ja none JHLie o6cy:>tC.D.eHHll H noMOillh B BLI· 

fiOJIHeHHH 3TOH pa60Tbl. 
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