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1. ,e-N1<1R is the magnetic reso?ance and/or (longitudinal) 

relaxation of polarized p-actlve nuclei. Conventional 1~ and p-~~ 

differs in the w~y of production and detection of nuclear polar-iza

tion. In ~-tn·~ polarized fl-active nuclei eft-nuclei) are created in 

situ by (n,r)-reaction {iLHn.r)5Lt or 2~FCn.r)20r. for example) 

with polarized or cold neut.rons (ill. Polarizat.ion of this probe 

nuclei is. det.ected via. their angular ,e-irradiaiion d~str1bution 

we~) "" l-t-d'p 'cos{f, where p is p-nucleus polar lzatian (p ~ 1. that. 

is around six ord:!rs greater then therr..al polarization at room 

temperature). of; is the angle betwE'en ~. emissicn and p and, 0: w O. 05~ 

is a nuclear constant.. Jus~ after oT,rJ-reaction the spin density 

. matrix of ~-nucleus with spin I Is 
1 3po 

(1)$10= 1fT'{l1'ltT+IT I:), Po'" Tr'I,2;PO 

There:~ore the studies of WC&,) versus time t. t'xt.ern:il static ~ and 

alternating f .if magnetic fields. temperature T. prE?Ssure etc.
1 O 

pr<:'sentan important. inferred-Lion about microsccpic proce~ses and 

structure of the substance £1,2). 

The t"19thod was suggt?st.0d by F.L.St·apiro (3) just after the 

discovery of a parity violation. Fir~t experim~nts w~re c~r1~d out. 

in [4,53. This report contajns a revi€"w of theereUcal and (."x~ri

mental studies of some fund~~0ntal problems on spin d}~am1cs 
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related with .e-NMR. They were d~n~ using BLi ~-nuclei in LiF ciys-

Ws. 

2. The problem of phase relaxation. or resonance form-function 

1s one of the oldest in NMR. The famous Anders~n-Weiss-Kubo' model 

considers the lecal field evolution as noriDal stochastie process. 

Phase relaxation in this model 1s described by the first term of
• 

cumulant . expansion for free induction . decay get) 

<1.ClH_>o/<I ..I_>o in powers of the local field ~(t) 

get) =~~'e-L~g{wJ =<T eXP{ijdT{~(T»)> ~ 
-«I 0 

to 
- exp(-ldr{t~)K(T)J. o .
 

K(1') :& <~{T)~>Q <"'>0= TrC. .. J/l'r1. (2)
 

This model gave an explanation for resonance line narrowing by 

motion. Nevert.heless it. was consider$d sp' far as no more then qua

litative in the general problem of form function of ·impurit.1ve • 

nuclei owing to diff1cult1es of .calculation of correlatlcm ftinction 

KIt} .. tKA(t.) f ICACt.J :: rdtG:J {t.)d~ •• 

A 1.,J 

. G~ J (t.) • (A~(tJA~> 0 .. CD 

Here <1s the usual dipole coefficient of the interaction between . 

p-nucleus. placed 1n the or1gin. and z-compopent A~ af the host 

spin, placed at. ,\. Bas~ng on general princi.ples of' statist.ical 

mechanics ~ we obtained. [61 

[ACt) • r~{l"/) = 

ct t 4 T 
a ~ (l-r) ·expC- -!...!!1) 1- '.~'. ]-c-- l • (4)

lAl' .. -'" 1'cA (l""",t"t/'fc.) :n.J 
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t A = jet-rJg ACT) $I- . 
• rt o. c: .L 2A 

Parameters ~IA' d. •. ftA•. rA and were microscopically det.erA TCA 

mined. 'fwo-spin correlat.or g
eA

{t,) ... (A:{l-)A~{UA;A~)o was chosen as 

expC-~At2Jf ch-2~t or (1+~'l\At2r3/2"{~'ZA is' one-spin second 

moment. 'of the host ~ucle~). This choice had very small influence on 

g(w) £6]. An agreement between experiment.al data [6J obtained for 

the first time and ab initt"o calculations of g(£.I)), was found wit.hin 

the fifth orders of variation of g(w). Thus •.Anderson-Weiss-Kubo 

h}~othesiS comblned with the th~ory of irreversible processes leads 

t.o a good and simple description of the phase relaxation of impuri

ty nuclei. 

3. 8Li-6 Li spin system 1S an excellent model for studies of 

many fundamenta.l processes of nonequUibrium quantum stat.istics. 

because flip-flop cross-relaxation among 8Li and 6Li nuclei is t.he 

dominant depolariz~tion processes 1n L1F in a wide range of magne

tic fields 1 and t~mperat.ures T. The influence of static random
0 

dlslr ibut.lon of isotopic impur lty of 6Ll nuclei, haVing small con

cent.ration c «1. on the cross-relaxation is the question of ~pe

cial lrlt.eresl. This system ~as discovered in [1,8J and it.s first 

t.heoretical treatment was carried out in [9J. The most important 

and general among relatE'd problems is delocalization of polariza

tion in 911-6 Li system. This process consists in transfer of nuc

lE'ar polarization from initially polarized sLi to the nearest non

polar ized 6Lj nucleI lnclud1ng sUbsequE>nt polarization transport. 

amorlg 6L1 and back to 8L1. From the-or~tlcai pOint of view the prob

lem has two 1ndependent parls. The firsl one [10), 1s the microsco

pical derIvation of the master equalion .: 
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dfl1. /at. • .:. f CIIJ ",P1..- VtjPJ) t Pt. = 61.0 • . {5J 

Here Pl, = <I~>o is the polarization of 1-t.h nucleus (l=O corresponds' 

to 8Li, and i~ to 6LH,o and Z11./~ vor~,'l'~j ,1S the rate of polariza

tion transfer Cro is lhe distance b6tween nearest Li nucieiJ. The 

second part is the calculation of the propagator PXyct), having the 

sense of probability to find polarization at. X, if only t.he site ~ 

was initially polarized. The propagator is averaged over a random 

distribution of impuritive nuclei. To realize the macroscopical 

description of this system in terms of PxyClJ, eq.5 is considered 

as microscopical law. So in this thoor-y t.he way from microscopical 

equations of mot.ions to master equations for obser-vables is t.ra

veIled tWice, cont.rary t.o the usual statistical dynamics. 

The theory £10,111 allows to calculat.e PooCt.J for small and 

intermediate times j1t :S 1, P... c2vo.f' but. great mathematical prob

lems hold in studies of long-t.ime asymptotics UO-131. Nevert.heless 

the t~~ry [101 predicts 

Poo<t.J ~ aCt) + Cl-Q{t))t (1+ 'f" 1 {513f') 
. (,.,P( t1"t'))" (~p< l i-TJ Jl /2 .I • 

OCl) 2 <expC-E vJOlJ) = exp{-~ •
 
J
 

With ab initio calculated parameters P,IJ.T,~ and 9. Braket.s <•.. > 
denote the cotrl-iQUiation averag& over random distribution of 61t. 

.This prediction was partially checked experimentally in mathemati

cally similar problem of delocalization of electron excitation· in 

opt.iCS £14,] for ,8t~100. and in SL1-6Li syst.em for pt~15 C15,16J. 

inese eA~erlments are in agreement wit.h eq.C6J, ~ 

4. Another mterest.lng process takes place 1n 8L1-6Ll system, 

if it is irradiated by external alternating field With the 'ma9nl~ 
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tr.."de fl.,! and frequency t!)r -to f4s ~ ~ (double spin resonance).tI) • 

where wI {(Us) is Larmor frequency of aLi (StD. 'fhe process' is 

described by the follo~ing equations 115.17] 

·ap\./at .: - ~ {vJ1. P1. - 1"1.JPj ) - ~ C"'j,-Pi+ ~1.JPJJ. Pi. Sl 61.tJ • (7) 

where, neglecting the angular dependence, r ~i.J/v1.J" (ts.1i /~)2« LN 

In rather wide range. where PooCt) > O.15·POG{OJ we obtained Pao{l) 

:: ex?( -1}Ct>ZJ. It 1s very interesting that the effective rale of e 

this proce~s p.=.P·{~~7/~Z has ncnanalylical dependence on the 

relative intensity r of spin fll?-flip process. The physical 

.iteaning of this ·enhancement is tha.t two-spin resonance violates the 

conservation law IP1. ~1 of the ·int.ense cross-relaxation fli.p-flop' 

process. And produces total depolarizat10n in closely spaeed 

BLi-Gil pairs. 

5. The lr.fluence of the spatial motion of the L1 lanson dele

callzationof polari.zation in the aLi-&Li system becama Significant 

. at temperatures T>500K £1~,18lfwhen the spat.ia! diffusiari of L1 

began to overta..lce th~ sp1n-spin delocalization or polariZat.ion. In 

this case the relaxation consists in polarization transfer to the 

nearest 6L1 spins with the following. escape away of t.hese nuclei. 

In the principal order in e we obtain.[ 15.1.8J 

<PaCt» : expe-Met)) f M<:lJ =: c -r [l-~){r.t)L . (8) 
T 

where b~ }Cr. tJ. is the polarization of the- Su nucleus interacting 

wi th anIy one GLi, which at the moment l is separated by r from aU 

a.nd if preceding translation motiOns of bot.h spins are taken into 

:&I:account. If T increase Met) varies from MetJ ~J'2 to Mtt) • 

C1'Qt. when t 100 Th for hopping· transport of nucleus at aeari dis



€ 

tarlce became of or-der of 1/~. The meU.cd g1ves a posSIbility to 

measure ion mollonswilh the hopping tilDe T 1'1" 1$ [15, IBJ. 

6. [qs. (2-8) are rather strict. theoret1ca.lpredictions. They 

were pa.rtially cheeked in ,e-NMR experiments. in our works £6. 15-18) 

and 10 o?tics by tl2e-r~olv~d narrow band spectroscopy [141. There 

were no contradictions in investigated ranges of parameters. Never

theless new, more precise explorat.1ons of t.he long~time asymplotics 

and measurements (If spin-diffusion paramete-Ts in dlsordered media 

will be of great importance for general and t.heoretical physics. It 

Js very int.erest.ing "to know as well could Anderson-Weiss-Kubo 

hypcth~es combined wit.h proper calculation of G1.J Cir give a quan
t - 

tit.ative E'xpress1on for correlators <I;(tllj<l)I;It>o' 
7. Another int.eresting field of stat.istical mechanics of dis

ordered sY$tems arises from experimental studies of spectraI trans

port {19J and spin· echo and spin nutation relaxation [20]" in tI'.a.gne

tlcally diluted solids. Ne~ theoretical methods were developed 

roc~nlly 12J). They subst.antially broad€"n t.he possibll1ties of 

clas51cal researches outlined In [221. 

REFE?..ENCES 

1.	 H.Ac~ermann et al .• Topics in Curr~nt Physics, It. 291. 1983 

2.	 Yu. G. Abov. A. D. G~l •ko, F. S. Dzheparov•. S. S. Trostin Beta ·IU1R

spectroscopy. ln "SOIOO Problems of ModE'rn Nuclear Physics". 

Moscow, Nauta. 1989. p.193 

3.	 ~. L. Shapiro Uspekh1 Flz. llau~ 55, .133. 19rj8 

4.	 D.Connor. Phys.P.ev.Lett. 2. 429. 1959 

~.	 YU.G~Ahov. 0.". Ermatf"v, A.D,Gul~.ko el al., Nucl~ Pt-.ys,. ~!f 505. 

1932 

..' 



7" 

6.	 M.Bulgakov, A.D.Gul'ko, F.S.DzheparoY et.a!. * Pis'. ZhETF 58. 

614. 1993 

1.	 M.BulgaJcoY et. al., Prepr1nt 1TE1' I 150. fibscow. 1976 

8.' F. Fujara, H. - J. SloecJcmann, H. Adcermann el al., Z. Phys. B37* 151, 

1980 

9.	 F. S.Dzheparov, A. A. Lundin ZhETF 7S~ 1017. 1978 

10. F. S. DzheparoY ZhETF 99. 982. 1991 

11.F.S.Dzheparov.	 V.S.SmeloY, V.E.Shestopal Pis'ma ZhETF .32, 51, 

1980' 

12. J. -Ph. BouchaucL A. Georges Phys. Rep. 199, 127. 1990 

13. r~. S. Dzheparov, V. E. Shestopal Tear. Mat. flz. 94, 496.' 1993 

14. V.P.Ga.ponlsev.. F.~.Dzhep'arov et aL Pls'ma. ZhETF 41.' 460. 1985 . 

, 15. Yu. G..Abov. M. I. Bulgakov, A. D. Gul 'ko et aI. ZhETF 99, 952, 1991'· ",' 

16. Yu. G. Abev el ai. Izy. Acad. Nauk SSSR.ser. Flz.. 52, 460, 1988 

17. Yu. G. Ahov at a1. Izv. Acad. Nauk SSSR, Set'. Flz. 50, 2354-, 1986 

18. Ya. G. Abev et at. In. Acad. Halik SSSR, Ser. F1z. 52, 1699, 1988 

19. V. A. Atsarkin Magn. Res. Review 16, 1, 1991 

20. R. Bosca1no. F. M. Gelardi, J. p~ Korb Phys. Rev. 'MS. 10n,1993 . 

21. F. S. Dzbeparov, E. K. Henner Zh£TF 104, ~, 1993 

22.I.M.Salfrhov,	 A.G.Semenov, Yu.n.TsvetJcov Electron spin echo and 

its application. !fa.uJca, Novos,tb1rsk, 1m 




