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Hccne.qoeaH~H nocne.qH~x neT noKa3an~, 4To ny4K~ nonHp~3oBaH
HbiX Jl+ -Me30HOB RBnRIOTCR 3qJ¢eKT~BHbiM Cpe.qCTBOM ~3y4eH~R pH.qa 
CBOHCTB ~ HBneH~H B $~3~Ke KOH.qeHC~poBaHHbiX cpe.q 1 11, Ha6n10.qaH 
pacna.qHble cneKTpbl 6onbworo 4~cna ocTaHoB~BW~XcR B Kp~cTanne 
MIOOHOB, MO>KHO cy.q~Tb 0 CTpyKType MarH~THbiX nonel:i B Cpe.qe ~ 0 
nose.qeH~~ B HeH CaM~X MIOOHOB. Ha.qe>KHOCTb c.qenaHHbiX BbiBO.qOB np~ 
3TOM BO MHOrOM 3aB~C~T OT a.qeKBaTHOCT~ MO.qenel:i, on~CbiBaiO~~X 

npo~ecc .qenOJlRPH3a~~H MIOOHOB ~ ~CnOJlb3yeMbiX AJlR o6pa6oTKH HX 
pacna.qHbiX cneKTpoe. BamHel:iwHMH xapaKTepHCTHKaMH 3.qecb RBJlRIOTCR 

!IJYHK~HH CnHHOBOH penaKca~HH, OnHCbiBaiO~~e Henocpe.qCTBeHHO Ha6mo
.qaeMbiH e 3KcnepHMeHTe ~peMeHHoA xo.q cneKTpos. Ha~6onee pa3pa-
6oTaHHbiMH B HaCTOR~ee BpeMR RBJlRIOTCR npe.qcTaBneHHR /H CBR3aH

Hble C HHMH !IJYHK~HH penaKCa~HH/ 0 npo~ecce .qenOJlRPH3a~HH B cpe.qe 
B CHJlbHbiX BHeWHHX MarHHTHbiX nOJlRX 12~ He.qaBHO npeAnO>KeHbl, B CBH-
3H C HCCne.qoBaHHeM MIOOHHbiM MeTO.qOM CnHHOBbiX CTeKOJl /3/, npH6JlH

>KeHHble MO.qenH .qnR OnHCaHHR CnHHOBOH penaKCai~HH MIOOHOB B CJly4al:i
HbiX nOJlRX Be~eCTBa B OTCYTCTBHe BHeWHero nOJlR. 0.qHaKO cne.qyeT 
3aMeTHTb, 4TO B 06JlaCTH TeOpHH .qo CHX nop He cy~eCTByeT CHCTe
MaTH4eCKOrO MeTo.qa BbiBO.qa !IJYHK~HH penaKca~M~ ~ cnoco6a O~eHKH 
Ha OCHOBe 3TOrO MeTO.qa a.qeKBaTHOCTH pa3JlH4HbiX Cy~eCTByiO~~X no.q
XOAOB, 

B HacTOR~eA pa6oTe paccMoTpeH o.qMH H3 MeTo.qoe, no3BOJ1RIO~Hx 
no.qOHTH K peweHHIO .qaHHOH 3a.qa4M, M npe.qnpHHRTa nonbiTKa pa3BHTb 
ero Ha oT.qenbHbiX npHMepax, aKTyanbHbiX .qnR 3KcnepMMeHTa. MeTo.q 
OCHOBaH Ha o6o6~eHHOM KYMYJlRTHBHOM npe.qcTaBJleHH~ CJlOlKHbiX Bpe
MeHHbiX PRAOB CO cnaraeMbiMH - CJly4aHHbiMH MaTpH~aMM/4/, noKa3aHo, 

4TO B onpe.qeneHHbiX npe.qenax MO>KHO orpaHH4HTbCR BKJla.qOM nepBbiX 
KYMYJlRHTOB H nony4HTb AOCTaT04HO npOCTble !IJYHK~HH penaKCa4H~ 
G a (t) . 

~ PacCMOTpHM B3aHMO.qel:iCTB~e MIOOHHOro CnMHa C MarHHTHbiM noneM 
f!(t) , B 06~eM CJly4ae 3aBMCR~eM OT BpeMel:i.H t. oy.qeM C4HTaTb, 4TO 
H(0 COCTOHT H3 nOCTORHHOH KOMnOHeHTbl Ho, HanpasneHHOH B.qOJlb 

OCH Qz, H CJly4aHHOH KOMnOHeHTbl, COOTBeTCTBYIO~eA JlOKaJlbHOMy Mar
HHTHOMY non10 KpHCTanna B T04Ke, r.qe HaXOAHTCR MIOOH. nocne.qHee 
MOIKeT BKJll04aTb B ce6R KaK CTaTH4eCKyiO, He 3aBHCRU\YIO OT BpeMeHM, 
4aCTb ~ 1 ,TaK H .qHHaMH4eCKyiO KOMnOHeHTy 8~ 1(0.TaK 4TO B o6~eM 
cny4ae 

-+ -+ ... ... 

H(t) = H 0 + H
1 

+ 8H 
1 

(t) . 

raMHnbTOH~aH MIOOHa B none ~(0 
j ,J '' '. ; ''• 
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hH(t)8, 

" ... . 
r,qe 8 - OnepaTOp CnHHB M~OHa, y~ - ero rHpOMqfH~THOO OTHOWeHHe. 
Bee,qeM cnt-~Hoey~ MBTPHLIY nnoTHOCTI-1 AJlR M~OHa p (t) K ypaeHeHKe 
AJlR Hee 

ap(t) ·- [ }{ P"<t>L ih-·- , 
at 

., 

K3 KOTOporo ~Jle,qyeT, 4TO KBBHTOBOMeXBHK4eCKOe cpe,qH~e KOMnOHeHT 
cm1Ha M~oHa sa (t) = Spp(t)Sa, (a= x,y, z) no,q4KHReTCR ypasHeHKIO 

... ... 
aS(t) = O(t)S(t), 
at · 

/1/ 

r,qe 0(0 - MBTPKLIB /3x3/, KOTOpyiO y,qo6HO npe,qcTaB~Tb, BBe,qR 
npe,qsapHTeJlbHO TPI1 scnoMpraTeJlbHble MBTPHLI.bl A a TOH >Ke pa3MepHo
CTK. Onpe,qenKM A a, BblnKcas KX HeHyneBble 3JleMeHTbJ 

X X. Y y • Z Z 
A2s=-·As2= 1• Als=-Asl =-l, A12 =-·A21 1 . 

Tor,qa 

O(t) = I. cua(t)Aa , 
a=·x,y,z /2/ 

r,qe wa(t) - C -4KCJ10Bble CJ1Y4BHHble <IJYHKL.IKI-1 BpeMeHK, onpe,qenReMble 
COOTHOWeHKeM 

wa(t) = y Ha(t), a =·X,y, z. 
~ 

MaTPHL.IbJ Aa o6na,qa~T cpaBHKTeJlbHO npocTol:i Ta6nKL.Iei:1 yMHO>KeHKR. 
B YacTHOCTK, 

a 2 
(A ) =-·E -vPa /3/ 

r,qe E- e,qKHK4HaR MaTPK4a /3x3/, Pa- onepaTop npoeK4H11 Ha ocb a. 
PaccMoTpKM paanK4Hble 4aCTHble cny4aH. 

z 1/ PeweHHe ypasHeHKR /1/, Kor,qa O(t),0 0 =w0 A,r,qe w0 =y~H 0 , 
KMeeT BKA 

S(t) = e 0 
ot S(O) /4/ 

11 onKCbls'aeT npelleCcKIO cnKHa a nnocKOCTK xOy c 4BCTOTOH w
0

• B 3TOM 

2 

~ 

I 

, 

HeTpy,qHO y6e,qKTbCR, paanaraR B /4/ 3KCnOHeHTY B PRA 11 BOCnOJlb-
30BaBWKCb COOTHOWeHKeM /3/ .. 

2/ O(t) 'Z o·1 = I. wf A a , w~ = y~ H f . 
a 

Ha6niO,qaeMy10 nonRpK3a4KIO s TaKoM cnyyae nony4KM, ycpe,qHRR 
peweHKe ypaBHeHHR /1/ no BCeB03MOlKHbiM 3Ha4eHHRM CJly4aHHbiX BenH

a 
4HH w 1 • Beo,qR AJ1R 3Toro yrnosble CK06KH, nony4aeM 

-+ 0 tt ... 
<S(t) > = < e > 8(0) • /51 

MaTPHLia 
n t oc 1 

P(t) = < e 1 > .. I. -· < 0 k > t k 
k=O kl 1 

!61 

nOJlHOCTbiO onHCbiBaeT Ha6JliO,qaeMOe B 3KCnepHMeHT~ 3aTyXaHHe Ha4aJlb
HOH nOJ1RPH3a4HH MIOOHOB, aa,qasaeMOH BeKTOPOM 8(0). 

H3 /3/ CJle,qyeT, 4TO Jll06aR CTeneHb MBTPHL.Ibl 0 1 MO>KeT 6b1Tb aa
nt-~CaHa B BH,qe 

0 2
1
n .. (-1)n-1 \cu

1 
\2(n-1) 0 ~, n = 1,2, ... , 

AJlR 4eTHbiX CTeneHeH, H 

2n-1 n-1\ 2(n-1) 1 2 o 1 - (-1) w 1 I n 1 , n - • • .... 

AJlR He4eTHbiX. 0THOCHTeJlbHO CJly4aHHbiX BeJ1K4HH W~ (a = X, y, Z) 
c,qenaeM cne,qyiO~He npe,qnono>KeHHR: 

171 

/8/ 

a/ KBK nepBbiH <wf>~O,TaK H Bb1CWI1e He4eTHble MO~eHTbJ paBHbJ 
HYJliO; 

6/ pa3JlH4Hbl~',qeKapTOBbl KOMnOHeHTbl W~ CTBTHCTI14eCKH He3aBHCH
Mbl1 T.e. <wawfl;> ... O, ecnK a .f, f3 ; 

a· 
eeJ1H4HH cu 1 aa,qaeTCR a/ nnoTHJcT\ pacnpe,qeneHHR Ka>K,qOH H3 

rayCCOBOH <IJYHK4HeH C OAHHBKOBOH WHPHHOH 
MOMeHT BbiCWero nopR,qKa Bblpa>KaeTCR 4epe3 
= Y14

2 < (Hr)~ CJle,qy~HM o6pa30M: 

~,TaK 4TO Jli060H 4eTHbiH 
BTOpOH MOMeHT ~2 = 

< (w r ) 2n > ~ (2n - 1) !I ~ 2n' n "" 1,2 ..... /!)/ 

no,qCTaBJlRR .COOTHOWeHHR /7/-/9/ B /6/, 'nony4KM 

P(t) = 0 (t) · E, 

r,q• E- e,qHHH4HaR MaTPH4a /3x3/ H 0(0 - <IJYHKLIHR penaKca4HK, 
HMeiO~aR BHA 

O(t) -= 1 + .!. i (-1) k (2k + 1)1! 
:a k = 1 (:?Jt)! 

2k 2k 1 2 2 2 1 2 2 
-~ · ·t =-+-[1-(~ t )]exp(-...-~ L). 3 3 4 . 

/10/ 

:3' 



KaK BHAHM, cnHHOBaR peJlaKca~HR MIOOHOB D aKTYSilbHOM CJ1y4ae 
cTaTH4eCKHX cny4ai1Hb1X nonei1, pacnpeAe!leHHbiX no rayccy, onHCbl
saeTcR T04Hoi1 ¢lopMynoi1 I 1 01, KoTopaR MOmeT 6b1Tb nony4eHa 11 Go
nee npRMWM nyTeM, KaK 8/S~ OTI1114HWM OT Hawero. 0AHSKO TaKOH 
npRMOH nyTb HeB03MOmeH np11 6onee ofi~HX npeAnOJlO)I(eHHRX 0 xapaK
Tepe CI1Y48HHWX MarHHTHWX n011ei1 Ha M~OHe. np11 3TOM peweHHe ypas
HeHHR 111, RBilR~~eeCR no-cy~eCTBY npOI13BOAR~ei1 ¢lYHK~Hei1 MOMeH
TOB 11 npeACTaBHMOe B BHAe PRAa, THna 161, He YABeTCR CBepHyTb 
e T04HY~ npocTy~ ¢lopMy, KaK 1101. Ho e PRAe cny4aes, paccMOT
peHHbiX HHme, KYMYilRHTHoe npeACTasneHHe peweHHR ypasHeHHR npe
~eccHH 111 n03BOJ1ReT nOI1Y411Tb npHfiJlH)I(eHHY~ ¢lyHK~I1~ pe!laKCB~I-111. 

31 npeAnOJ10)1(11M' 4TO B ypaBHeHI-111 I 1 I MaTpH~a n (t) HMeeT BHA 

n (t) = n 0 + n 1 , 1 11 1 

rAe MaTpH~W no 11 nl onpeAe!leHw B npeAWAY~HX nyHKTax. Ocy~ecT
BJlRR npeo6pa3oBaHHe 

.... n t :; 
S (t) = e 0 S (t) , I 1 2/ , 

BMecTo I 1 I AI1R seKTopa S(t) nony411M ypaeHeHHe 

rAe 

. -:. :; 
as(t) = fi

1 
(t)S(t). 

at 

-{lot n 0 t ( X X y y . Z z n 1 (t) = e n 1 e = w 1 A +w 1 A )cosw0 t +w 1A. 

1131 

PewaR ypaBHeHHe 1131 11 11CnOJlb3YR COOTHOWeHHe 1121, nOJ1Y411M AilR 
BeKTOpa H86Jl~AaeMOH nOJ1RPI13B~I111 CJleAY~~ee BblpameHHe: 

.... nt t - -+ 
<S(t)> = e 0 <Texp Idt'n

1
(t')>S(O). 1141 

0 

3Aec~onepaTop T ocy~ecTB!lReT xpoHonorH4ecKoe ynopRA04eHHe MaT-
PH~ n 1 (t). OnepaTop exp (n 0 t) onHCbiBaeT npe~ecc1110W nom1p113a~H11 
MIOOHa B nJlOCI<OCTH xQy, B TO BpeMR KaK BblpameH!IIe 

t -
<Texp I dt'n 1 (t') > = 

0 1151 
oo t t 1 t n- ·1 _ _ _ 

= :£ I dt 
1 

I dt2 ... I dtn <U1 (t 1) n 1 (t2 ) ... n1 (tn )> 
n=O 0 0 0 

4 

( 

~t 

,1 

•' 

,qaeT 3aTyXaHHe 3TOH npe~eCCHH.C pOCTOM nopRAKB n KOppeJlRTOpa 
<fi 1 (t 1)0 1 (t 2) ... fi 1 (tn). > Bbi411CileHHe ero npeACTaenReT ,co6oi1 yc-
nomHRIO~yiOCR Bbi4HCI1HTeJlbHYIO 3aAa4y. C APYroi1 cTopOHbl, orpaHH4HTb
CR nepBWMH 4JleHaMI1 PRAa 1151 np11 OnHCaHI-111 peJlaKca~HH MO)I(HO JlHWb 
B npe,qene Manoro epeMeHH Ha6niO,qeHHR t. Eionee none3Hb1M a 3Toi1 
CBR311 RBilReTCR KYMYilRHTHOe npeACTaBJleHHe BblpameHHR 1151, onpe
,qeJlReMOe COOTHOWeHHeM 

t -
<T exp I dt'U r<t') > ~ 

0 /161 
oo t t1 tn-1 

- exp{ I I dt 1 Idt 2 ... J dtnKn(t 1 ,t 2 , ... ,tn)l. 
n=1 0 0 0 

~3 HenocpeACTBeHHoro cpasHeHHR neeoi1 11 npasoi1 4aCTI1 3Toro pa
BeHCTBa CJleAyeT, 4TO KYMYilRHTHaR MaTpH~a n-ro nopR,qKa 
Kn (t 1• t 2 , ••• , tn) BblpamaeTcR 4epe3 KoppenRTOPbl n -ro 11 6onee 

HH.SKHX nopRAKOB. B 4aCTHOCTH, AilR nepBbiX ABYX KYMYilRHTHbiX MaT
PH~ HMeeM 

K 1 (t 1) .. < n1 (t1) > , 
1171 

K 2 (tl't 2 ) -<01 (t 1 )0 1 (t 2 )> -·RIK 1 (t 1)~ (t
2

)1 

3,qeCb onepaTopR CHMMeTpH3yeT npOH3BeAeHHe MaTpH~, CTOR~HX cnpa
ea OT Hero. HanpHMep: 

1 
RIK 1 (t 1 )K

1 
(t

2
)1 = "2(K

1 
(t

1
)K

1
(t

2
) + K

1
(t

2
)K

1 
(t

1
)] 

ECI111 OTHOCHTe!lbHO CJly4aHHbiX BeJlH4HH w~ c,qeJlaTb Te me npe,qnono
meHHR, 4To 11 B npe,qbl,qy~eM nyHKTe, TO nony4HM K 1 (t1 ) = 0, a BMecTe 
C TeM 11 paBeHCTBO HYiliO BCeX BbiCWHX KYMYilRHTHbiX MaTpH~ He4eTHOrO 
nopR,qKa. tlnR KYMYilRHTHOH MaTpH~bl 4eTBepTOr? nOpR,qKa HMeeM Bblpa
)l(eHHe 

K 4 (t 1, t2 , t3 , t 4 ) =·<.01 (t 1)U1
(t

2
)0

1
(t

3
)0

1
(t

4
) >-

/181 
-· R {K 2 (t1 , t2)K 2(t3, ti + K 2 (t1, t 3)K2 (t2 , t

4
) + K2(t

1
, t

4
)K

2
(t

2
, t

3
)1 . 

Y411TbiBaR 1171-118/, nony411M AilR nepeoro HeHC4e3aiO~ero cnaraeMoro 
e noKa3aTene 3KcnoHeHTbl 1161 swpameHHe 

t t 1 !12 t 2 1 tl 2 2 
I dt1 I dt 2 K 2(t1 ,t2 ) ... -·[--+ -·(-) sin w 0t] (P:r: + PY) -· 
0 0 2 2 (J) 

tl 2 
- [(-·) sin2wt]P 

·' (J) 0 0 z 

'5. 



- --~ 

BKnaA OT 4eTsepToro KYMYnHHTa paseH 

t t 1 t2 t3 
f dt1 f dt2 f dt3 f dt4 K 4 (t 1~ t 2, t 3 • t 4 ) = 
0 0 0 0 

/!:,. 2 t:,.2 t 2 1 6. 3 1 6. 4 4 
= [(-) • -- +- (-) 6.. t sin2c.J0 t + -(-) sin, w0 t 

w 0 2 4 w 0 41 w 0 

1 6. 4 2 6. 4 2 wo t -(-) sin w0 t -·2(-) sin --1 (Px+ Py) + 
2 wo w0 2 

6. 3 1 6. 4 4 6. 4_ 2 
+[2{-) t:J..tsinw0 t--(-) sin w 0 t-(-) sin w0 t 

w 0 6 w 0 w 0 

6. 4 2 wo t 
- 4(-) sin --] P 

wo 2 z 

KaK BHAHM, B npe,qene CHnbHbiX BHeWHI-iX MarHHTHbiX none~ Wo >> !:J. 
3TOT BKna,q Man no OTHOWeHHIO K BKna,qy OT BTOporo KYMYilR,HTa. He
nocpe,qCTBeHHbl~ pac4eT noKa3biBaeT, 4To y4eT Kam,qoro nocne,qy10~ero 

KYMYilRHTa B noKa3aTene 3KcnoHeHTbl /16/ a 3TOM npe,qene ,qaeT no
npaeKy paCTy~eH CTeneHH MaJlOCTH. C T04HOCTbiO AO 4JleHOB nopR,qKa 
(6./w 0 )2 nony4aeM ~YHK~HIO penaKca~HH AJlR nonepe4Hb1X KOMno~eHT 
nOJlRPH3a~HH MIOOHOB B BH,qe 

a (t) .. a (t) = expl-(1 + (.A_)
2

] 
X y WQ 

t:,.2 t 2 
-- + 

2 
/19/ 

1 6. 2 2 + -(-·) sin w
0 

tl 
2 w 0 

H AJlfl npO,qOJlbHO~ KOMnOHeHTbl - B BH,qe 

- 6.2 2 16.2 G z(t) - exp 1-(-) sin w
0
t I .. exp 1- -(-) [1- cos2w 0t]l. 

w0 2 w 0 
/20/ 

Ecm1 eenH4HHbl nonepe4Hwx KoMnoHei-IT na,qa!OT co epeMeHeM, TO npo
,qonbHaR KOMnOHeHTa HCnbiTbiBaeT cna6ble OC~HilJlR~HH C 4aCTOTO~ 2w0 . 

3aMeTHM TaKme, 4TO napaMeTp 6.=yi-Lv'<(lf) 2> Tenepb t>~omeT 6b1Tb 
npHHRT 3a xapaKTe~~IO CKOpOCTb ,qenOI1RPH3a~HH, T,K. COrJlaCHO 
I 19/ a a epeMR t- v' 2 6. -l nonRpH3a LIHR na,qaeT B e pa3. 

npH npOH3BOI1bHOM 3Ha4eHHH BHeWHero MarHHTHOro nOJlR CJle,qyeT 
Y4HTb1BaTb BKna,qbl 11 oT BbiCWHX KYMYilRHTOB. O,qHaKo npH 3TOM ~YHK
~HH penaKca~HH CTaHOBRTCR 4pe3Bbl4aHHO rpOM03AKHMH, 3TOT $aKT, 

6 

l' 

fl' 
.. 
I 

... 
1 
I 

t .. 

04eBH,qHo, npoHcTeKaeT H3 Toro, 4TO KYMYilRHTHOe npe,qcTasneHHe 
peweHHR /14/ C nOMO~biO 3KCnOHeHTbl /16/ B o6~eM CJly4ae RBJlReTCR 
CJlHWKOM ynpo~eHHbiM. no3TOMY cne,qyeT HaHTH HHYIO a,qeKBaTHYIO $op
MY npe,qCTaBJleHHR pR,qa /14/-/15/ nb,qOOHO TOMy, KaK 3TO y,qaJlOCb 
CAenaTb a npe,qbl,qy~eM nyHKTe Hawero paccMoTpeHHR. 

4/ PaccMOTPHM npo~ecc ,qenonRPH3a~HH so $nyKTYHPYIO~eM MarHHT
HOM none, KOr,qa B ypaBHeHHH /1/ 

O(t) -B01(t)-; ow~(t)·Aa; ow~(t)=·YILoH~(t). 

C,qenaeM cne,qyiOUIHe npe,qnonomeHHR o xapaKTepe $11YKTya~HH nonR: 
a/ $YHK~HH OW~ (t) OnHCbiBaiOT HOpMaJlbHbl~ Mapt<OBCKH~ CJly4aH

HbiH npo~ecc BO BpeMeHHi 
6/ nepBbiH MOMeHT <owf(t)> = 0, a TaKme paBHbl HYiliO BCe He4eT

Hble aBTOKOppeJlR~HOHHble $yHK~HHi 
B/ CTaTHCT!-14eCKaf:! He3aBHCHMOCTb npH a f, {3 H CTa~HOHapHOCTb, 

TaK 4To <ow~(t 1)owT(t2)> .. 6.~8af3ga(tct 2); a,qecb paccMoTp~>~M Hao
TponHbiH CJly4aH, KOr,qa 3Ha4eHHe BTOporo MOMeHTa /!:,..~ H npHBe,qeH
Hafl $yHK1.1HR KOppeJlR~HIII ga (t 1-t 2 ) He 3aBHCRT OT HH,qeKca a; 

r I AJlR KOppenRI.IHOHHO~ $YHK~HH npHMeM $OPMY e -v (t 1- te ), 
(t 1> ~), r,qe BeJlH4HHa v MOmeT 6b1Tb HHTepnpeTHPOBaHa KaK 4aCTO
Ta $11YKTYai.IHH CJly4aHHOrO MarHHTHOro nOilR Ha MIOOHe, 

Ycpe,qHeHHOe peweHHe ypaBHeHHR /1/ HMeeT BHA 
~ t ~ 

<S(t)> "'< Tesp f dt'BO 1 (t')> S(O) • 
0 

KyMynRHTHoe npe,qcTaeneHHe peweHHR /21/ onpeAeilHM paDeHCTBOM 

t 
<Texp fdt'BOt(t')> = 

0 

t t 1 

a exp I ::t f dt 1 f dt 2 
n•1 0 0 

'n-1 
f dtnKn (tl' te•·"• tn) • 
0 

/21/ 

/22/ 

rAe MaTpH~bl K 
0 

(t 1 , t 2 , ... , t 0 ) onpe,qenRIOTCR caMoii aanHCbiO /22/. 
HcnonbayR c,qenaHH~e Bblwe npe,qnonomeHHR, nony4HM 

K
1
(t

1
) .. <80

1
(t

1
)>- 0, 

C\ 

K 2 (t 1, t 2 ) .. <80 1 (t 1)80 1 (t 2)> - -26.2 g(t 1 -·t 2 ) ·E, 

K 8 (t 1' ~ 2 , t 3 ) = 0 , 

K
4

(t
1
,t

2
,t

8
, t

4
) • <80

1 
(t

1
)80

1
(t

2
)80

1 
(t

8
)o0 1 (t 4)>-

7 



--~~---- -------~ ----------------------~~-------T 

-R!K
2

(t
1

, t
2
)K2 (t 3, t 4 ) + K 2 (t 1, t 3)K2 (t 2, t 4 ) +K2 (t1, t4lK rJ.t 2 , t 3)1 = 

4 -
= --2~ g(t 1 -· t 3 )g(t 2 - t 4)· E. 11 T.A. 

HHTerpi1PYR no apeMeHI1, nor.y411M 

t t1 ~ 2 -vt 
Jdt 1 f dt 2 K 2 (t 1,t 2)=-2(-) [e '+ vt-,1]·E =1 2 (t)·E, 
0 0 v 

/23/ 

t t1 t2 ta 
J dt 1 J dt 2 J dt 3 f dt 4 K

4
(t 1, t 2 , t 3 • t 4 ) = 

0 0 0 0 . . 

/24/ 
1'1 4 1 -2vt -vt 5 -vt 

=-,2(-) [-e +2e _,_+2vte +vt]·E=I 4 (t)·E.· 
v 2 2 

I . 
HanoMHI1M, 4TO 3AeCb E- eAI1H114HaR MaTpl1~a /3x3/. Ha B11Aa nony-

4eHHbiX peaynbTaTOB cneAyeT, 4TO B npeAene 6on.bWI1X 4aCTOT V 

¢nyKTya~l11:1 nonR Ha MIOOHe, TaK 4TO (v/~) 2 » 1, BK,naA /24/ Man no 

cpaaHeH1110 c /23/ •. Pac4eT noKa3biBaeT, 4TO np11 6blcTpbiX ¢nyKTya

~11R.X BKnaAbl pa3ni14Hb1X KyMynRHTOB OTHOCRTCR KaK 

I 2(n + 1) (t) _ (~) 2 « 1 , n = 1,2 .... • 

I2n (t) v 

AnR BCeX BpeMeH Ha6niOAeHI1R t. no3TOMy, orpaHI1411BaRCb OCHOBHbiM 

BKnaAOM BTOporo KyMynRHTa, nony411M ¢YHK~I110 penaKCa~l111 AnR Tpex 

KOMnOHeHT nonRpl13a~l111 B B11Ae 

(A-) 2 « 1. 
v 

_ ~ 2 -vt 
aa(t) -· exp{-·2(-) [e + vt -·lll, 

v 
/25/ 

np11 vt >> 1 nony4aeM n,aA~HI1e nonRp11sa~1111 no 3KcnoHeH~I1anbHOMY 

3aKOHY 

a (t) =· exp{--2 (~)2 
vtl ' 

a . v /26/ 

4TO He COBnaAaeT C saBI1CI1MOCTbiO, nony4eHHOI::i B paMKaX MOAenl1 
11cl1nbHbiX cTonKHOBeHI1H 11 /eM. ¢opMylly /21/ pa6oTbl 

131 I. t\aHHoe 

pasnl1411e BbiTeKaeT 113 Taro, 4To a 181 11CnonbsoaaHo ynpo~eHHoe 
npeAnonomeHI1e o pa3pbiBHOM /HerayccoeoM/ xapaKTepe 113MeHeHI1R 

cny4aHHbiX nonel::i 8~ 1 (t) Ha · MIOOHe. 

B cny4aRx He o4eHb 6biCTPbiX 11 MeAneHHbiX ¢nyKTya~I1H nonR cnpa

BeAn11Bbl yTaepmAeHI1R, CAenaHHble B KOH~e npeAbiAY~ero nyHKTa; 

A 11MeHHO - np11 3TOM cneAyeT y411TbiBaTb BKnaAbl BbiCWI1X KyMynRHTOB, 

4~0 Cl1nbHO ycnomHI1T BpeMeHHYIO <!lfHK~1110, Oni1Cb1BaiO~YIO AenOnRpl1sa-

8 
, 

\ 
1'-

I\ I! 

I(" 

~1110 MIOOHOB. B 3TI1X cny4aRX, no BCeH BI1AI1MOCTI1, YA06Hee 11CKaTb 

11HYIO ¢0pMy npeACTaeneHI1R peweHI1R /21/. 
0TMeTI1M, 4TO ecn11 6bl Kos¢<1>11411eHT a ypaeHeHW11 I 1 I 80 1 (t) 

npeACTaBnRn C060H He MaTpl1~y, a C-411Cnoeyl0 ¢YHK41110, TO B npeA

nono>KeHI111 o HOpMaJlbHOM MapKOBCKOM xapaKTepe cny4ai1Hb1X nonei1 

Ha MIOOHe BKnaAbl OT BbiCWI1X KYMYilRHTOB B006~e OTCYTCTBOBanl1 6bl, 

11 pesynbTaT /25/ OKasanCR 6bl T04HbiM np11 npOI13BOilbHOM 3Ha4e.HI111 

4aCTOTbl ¢nyKTYa4HH v. YnoMRHYTble aKnaAbl BbiCWI1X KYMYilRHTOB B03HI1-

KaiOT KaK cneACTBI1e MaTpi14HOrO XapaKTepa K03¢¢11411eHTa 80 1 (t) 
11, KaK noKasaHo, HMI1 MO>KHO npeHe6pe4b JlHWb a npeAene (~/v) 2 << 1. 

5/ YcnomHI1M saAa4y, paccMoTpeHHYIO a npeAbiAY~eM nyHKTe, BKI110-

411B BHewHee MarHI1THOe none, HanpaaneHHOe BAOilb oc11 Oz: 

0 (t) = 0 0 + 80 1 (t) • 

Hcnonb3YR KyMynRHTHOe npeACTaaneHI1e, MO>KHO noKasaTb, 4TO c yae

Ill14eHI1eM nopRAKa KyMyJlRHTa ero BKJlaA B penaKca41110 6biCTpO naAaeT 

a ABYX cny4aRx: a npeAene CI1JlbHoro BHewHero nonR ~/w 0 << 1 
np11 npOI13BOJlbHOM 3Ha4eH1111 4aCTOTbl V; 1111160 B npeAeJle 6biCTpbiX 

¢nyKTya411H ~/v << 1 npt-1 Jli060M w0 • 0rpaHI1411BaRCb OCHOBHbiM BKilaAOM 

BTOporo KYMYilRHTa, nOilY411M ¢YHK41111 penaKCa41111 B B11Ae 

~ 2 -vt 
ax (t) = ay(t) ::, exp{-·(-;-) (e + vt- 1)- f(t)l' /27/ 

a z (t) ::: exp l-2f. (t) I , /28/ 

f(t) == ..1. ~2 ·sin 2w0 t + ..1. ~2 
(2vt + ~-sin2w o t) 

2 w2+v2 4 w2+v2 w 0 0 0 

~2 v2 wo 2 -vt . -vt 
_, - [(-) e smw 0 t -· e cosw 0t + 1] 

(w 2+ v2) 2 v 
0 

2 ~ 2 -vt 
np11 w0 -+ 0 11 (Mv) « 1 nony4aeM f(t) .:::- (j/) (e + vt -1), 11 cooT-

HOWeHI1R /27/, /28/ coanaAaiOT c pesyJlbTaToM /25/. B o6paTHOM npe

Aene w ... "" 1.1 np11 n106oM v HMeeM f(t) .:::, 0 11 nonyqaeM 113BecTHbiH pe

aynbTaT, I-1CnOilb3yeMbiH npl-1 OnHcaHI-11-1 penaKca~l-111 MIOOHOB, AI-1¢$YHAI-1-

py10~11X 8 KPHCTaiJIJe, noMe~eHHOM B CI-1IlbHOi MarHI-1THOe none. ¢yHK-

41-1R f(t) o6yCJ10BileHa yl.leTOM HeCeKynRpHOH 4aCTI1 B3ai-1MOAeHCTBI-1R 

cn11Ha MIOOHa C JlOKailbHbiMI-1 MarH11THbiMI1 nOilRMI-1 Kpi1CTaJ1Jla. 

B 3aKJ1104eH~e OTMeTI1M, 4TO 11Cnonb30BaHI-1e nony4eHHbiX peaynbTa

TOB AilR o6pa60TKI-1 3KCnep!-1MeHTaJlbHbiX pacnaAHbiX cneKTpOB MIOOHOB, 

np11 pa3Ili-14Hb1X ycnOBI1RX 3KCnepi1MeHTa, AaeT B03MOlKHOCTb I-1CCileAO

BaTb 3aBI1C11MtiCTb napaMeTpOB ~ 1-1 V OT COCTaBa 1-1 CTpyKTypbl 06pa3-

4a, OT XapaKTepa noBeAeHI1R B HeM MIOOHa, a TaK>Ke OT TeMnepaTypbl 

11 APYri-1X BHeWH11X yCJlOBI1H. C APYrOH CTOpOHbl, .B Ka>KAOM OT1WilbHOM 

9 



C1ly4ae Bem1411Hbl. /),. 11 II AOillKHbl CTaTb 06"beKTOM 11CC1leAOBaHI1R B paM
KaX nOAXOAR~eH M11KPOCKOnl14eCKOH TeOpl111. 
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P1lt-82-611 

BwaeAeHW cnMHOBWe penaKca~MOHHWe tYHK~MM AnR ~PM30aBHHWx nono*MTBnb 
HWX NOOHOB, OCTaHOBMa.MXCR 8 B~CTBe. MeTOA ~BHHOrO KyMynRHTHOro paa
no•eHMR MCnOnb3088H nPM ~HMM ypaBHeHMR np~eCCMM MDOHHOrO CnMHa B eny-
4aHHWX noKBnbHWX MarHMTHWX nonRx ae~~ecT.a. OpeAnonaraeTCR, 'ITO noKanbHOe 
none M ero tnYKTya~MM onMCWB8DTCR HOPManbHWM pacnpBABnBHMBM M HOPMBnbHWM 
MapKOBCKMM npo~eCCOM, COOTBBTCTBBHHO. PenaKea~MOHHWB tYH~MM nony'leHW B 
paanM'IHWX 'IBCTHWX cny<~aRx. PeaynbTaTw nPMMeHMMW npM aHanMae 3KcnepMMeHTanb
Hwx AaHHWx, nony'!BHHWX ,sa MeTOA()M. 

Pa6oTa BWnonHeHa • na6op8TOPMM RAePHWX nPQ6neM OKAK. 

C~eHMe ~HeHHOrO MHCTMTyTa RABPHWX MCCneAOBaHMH. ~Ha 1982 

Yushankhal V.Yu. P14-82-611 
Cumulant Method in Theory of Spin Relaxation 
of Positive Muons in Condensed Hatter 

Spin relaxation functions of polarized positive muons stopped in 
matter are derived. Generalized cumulant expansion method was used to solve 
the equation for muon spin rotation in stochastic local magnetic field of 
matter. The local field and its fluctuation are assumed to follow a Gaus
sian distribution and Gaussian-Markovian process, respectively. Relaxation 
functions are obtained in various particular cases. The results are useful 
in analysis of experimental pSR method. 

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

Communication of the Joint l·nstitute for Nuclear Research. Oubna 1982 

OepeaoA O.C.BMHOrpaAoaolt. 


