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1. BBEAEHHE 

B pa6oTe 111 6~na npeAJlOffleHa MeTOAHKa HCCneAOBaHHR AHHaMHKH 
cnHHa npHMeCHOrO aTOMa B MarHeTHKax, OCHOBaHHaR Ha pa3nomeHHH 
3KBHBaneHTHOro cnHHOBOrO raMHnbTOHHaHa 12,31 no onepaTopy npH
MecHoro cnHHaS 0 • 3Ta MeTOAHKa no3sonReT onHc~aaTb noaeAeHHe 
npHMeCHoro cnHHa, He KOHKpeTH3HPYR MarHHTHYO cpeAY /MaTpH4y/, 
C KOTOpOH OH B3aHMOAeHCTByeT. KpoMe Toro, TaKoe paccMOTpeHHe 
aaeT B03MOfflHOCTb Y4HT~BaTb no6yo Tpe6yeMyO CTeneHb onepaTopa 
So B raMHnbTOHHaHe cHcTeM~, T.e. a~HTH 3a paMKH reH3eH6ep
roacKOH MOAenH. 8 cny4ae ManoH HenHHeHHOCTH raMHnbTOHHaHa no s0 a111 6~na paccMoTpeHa KHHeTHKa cna6o cBR3aHHoro npHMec-
Horo cnHHa. 

B AaHHOH pa6oTe paCCMOTpeHa AHHaMHKa cna6o CBR3aHHOro npH
MeCHOro CnHHa B MarHeTHKaX C nOMO~bO paBHOBeCH~X ABYXBpeMeHH~X 
KOppenR4HOHH~X ¢YHK4HH AJlR onepaTOpOB npHMeCHoro cnHHa. Pac
CMOTpeHHe, KaK H B 111, npOBOAHTCR C HCnOnb30BaHHeM 3KBHBaneHT
HOro CnHHOBoro raMHnbTOHHaHa. 

nony4eH~ o6~He ¢opMyn~, onHC~BaO~He AHHaMHKY npHMeCHoro 
cnHHa B npOH3BOnbHOM MarHHTHOM KpHCTanne npH no6oM no CTeneHH s0 B3aHMOAeHCTBHH npHMecHoro cnHHa co cpeAOH. 

nony4eH~ TaKme HeKOTOp~e AOCTaT04HO o6~He pe3ynbTaT~ AJlR 

cneKTpa npHMeCHOro cnHHa 6e3 KOHKpeTH3a4HH BHAa B03My~eHHR, 
T.e. B3aHMOAeHCTBHR cnHHa C ¢nyKTya4HRMH 3¢¢eKTHBHoro nonR 
MaTpH4~ /TOHKaR CTPYKTypa cneKTpa/. raMHnbTOHHaH Hyneaoro npH-
6nHmeHHR Ho /B3aHMOAeHCTBHe cnHHa C 3¢¢eKTHBH~M noneM MaTpH-
4~/ C4HTaeTCR npH 3TOM cna6o HenHHeHH~M no go. 

Bee nony4eHH~e pe3ynbTaT~ cnpaBeAJlHB~ B WHPOKOH o6nacTH 
TeMnepaTyp, BKn04aR H OKpeCTHOCTb ¢a3osoro nepeXOAa B MarHe
THKe, B KOTOpOH e~e B~nonHReTCR HepaBeHCTBO r>> to / r - aenH-
4HHa nopRAKa apeMeHH penaK4HH npHMecHoro cnHHa, t0 - xapaKTep
Hoe speMR KOppenR4HH ¢nyKTya4HH cpeA~/. 

2. HEKOTOP~E 06mHE PE3YnbTAT~ 
An~ AHHAMHKH nPHMECHoro cnHHA B MArHETHKAX 

6yAeM paccMaTpHBaTb MarHeTHK IAH3neKTpHK/ C npHMeCH~MH aTo
MaMH, y KOTOP~X aenH4HHa cnHHa So H o6MeHHOe ajaHMOAeHCTBHe co 
CnHHaMH aTOMOB MaTpH4~ OTnH4aOTCR OT COOTBeTCTBY~~HX aenH4HH 



,qnR aTOMOB MaTpH4bl. raMHJlbTOHHaH TaKOH CHCTeMbl c o,qHHM npHMec

HblM cnHHOM MO>KHO npe,qcTaBHTb B c11e,qy10111eM 06111eM BH,qe 111 : 

H = H0 + H8 + Hi , 

➔ ➔ ➔ 

Ho= [ A(So)-1] < Ho (S1, ••• , SN)> s, 
/1/ 

➔ ➔ 

Hs=Ho(S1•···,SN), 

➔ -- ➔ ➔ - ➔ ➔ ' 

Hi =[A(So) -1HHo<s1,····SN)-<Ho(S1' ••• ,s J> s1. 

➔ 

3,qecb Sn (n =1, ... ,N) - onepaTop cnHHa aTOMa MaTPHl.lbl Ha n -M yane 

peweTKH /npHMeCHblH cnHH C4HTaeTCR pacnono>KeHHblM B yane HJlH 

Me>K,qy yanaMH C HH,qeKCOM O /; < ••• > s o603Ha4ae'r KBaHTOBOCTaTH-

CTH4eCKOe ycpe,qHeHHe no COCTORHHRM paBHOBeCHOH cnHHOBOH cpe

,qbl / C4HTaeTCR i:lblnOnHeHHWM nepexo,q K TepMO,qHHa~H4eCKOMY npe,qe

ny V ... 00, N ... 00 /, c KOTOPOH saaHMo,qeHCTBYeT npHMeCHblH cnHH, 

T. e. ycpe,qHeHHe C raMHJlbTOHHaHOM HS /e c11y4ae ewpo>K,qeHHR 

CO~TORHHR paBHOBeCHFI . < ..• >s o603Ha4aeT KBa3Hcpe,qHee 141 I; 
A(So)- CHM.BOJ1H4eCKHH onepaTop. pa3JlO>KeHHR 3KBHBarieHTHoro cn1,1-

HOBOro raMHJlbTOHHaHa BCeH CHCTeMbl' 
-➔ ➔ ➔ ➔ - ➔ ➔ - ➔ ➔ 

H(So .st •... ,SN) =A(So)Ho(S1•····SN) =Ho(S1,····SN) + 

- a ➔ ➔ a _al "2 ➔ ➔ al a2 
+IHo(S1'···•SN)So + I Ho (S1,···•SN)S0So=i-. •• , 

a af2 , 

/2/ 

- ➔ ➔ 

r,qe a , al, a 
2 

o603Ha4alOT X, y, z. OnepaTOpHble ¢YHKLIHH Ho( S1,····s N), 

H~(S1 , ... ,SN)... npe,qcTaBnRIOT co6oH pR,qw no cTeneHRM cnHHOBblX 

onepaTopoe. Paano>KeHHe 3KBHeaneHTHoro raMHJlbTOHHaHa H(S0 .S 1, .•. ,S r:-i) 
B PRA no CTeneHRM ecex cnHHOBblX onepaTopoe CHCTeMbl co,qep>KHT 

TOJlbKO 4JleHbl C 4eTHblM 4HCJ10M CnHHOBblX onepaTOpOB, 4TO CJle,qyeT 

H3 HHBapHaHTHOCTH era OTHOCJ.1TeJ1bHO onepa41,11,1 OTpa>KeHHR epeMeHH. 

Ko3¢¢1,141,1eHTbl 3Toro paano>KeHHR RBJlfllOTCR ee111eCTBeHHblMH /He one

paTOPHWMH/ ¢YHK1.1HRMH KOOp,qHHaT Y3J10B KpHCTa1111a H CnHHOBblX HH

,qeKCOB a J.1 npeo6paaylOTCR KaK TeH30pbl OTHOCHTeJlbHO npeo6pa30-

BaHHH cnHHOBblX HH,qeKCOB H KOop,qHHaT Y3J10B, ,qonycKaeMblX CHMMeT

pHeH CHCTeMw. KpoMe Toro, 1,13 yc11oe1-1R 3pMJ.1ToeocTH H cne,qyeT, 

4TO K03¢¢H1.1HeHTW paano>KeHHR ,qon>KHW 6b1Tb CHMMeTpH4HblMH OTHOCH

TeJlbHO o,qHOBpeMeHHOH nepeCTaHOBKJ.1 HH,qeKCOB cnHHOBWX KOOPAHHaT 

1,13 Hcxo,qHoro nopRAKa e o6paTHWH e Ka>K,qoH rpynne HH,qeKcoe, oT

HOCRllleHcR K O,qHOMY yany. 6011ee no,qpo6HO 3KBJ.1BaneHTHWH raMHJl·b

TOHHaH onHCaH B pa6oTe1 tl. 0TMeTHM, 4TO B raMHJlbTOHHaHe /1/ 
Y4TeHw H penRTHBHCTCKHe eaa1-1Mo,qeHCTBHR /cn1-1H-cn1-1Hoeoe H cn1-1H
op61-1TaJ1bHoe/. 
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'! 

l J, 

i 
I,;, 

TaKHM o6paaoM, raMHJlbTOHHaH Hyneeoro np1-16111-1>KeHHR H0 on1-1cw

eaeT npHMeCHWH cnHH, HaXOARIIIHHCR B 3¢¢eKTHBHOM none cnHHOB 

aTOMOB MaTPHLIW, raMHJlbTOHHaH H1 - B3aHMO,qeHCTBHe npH~ecHoro 

cnHHa C ¢11yKTya4HRMH 3¢¢eKTHBHOro nOJlR. 

PaccMOTpHM Tenepb ,qeyxepeMeHHWe KOppeJ1RL1HOHHWe ¢YHKLIHH AJ1R 

KOMnOHeHT onepaTOPOB npHMeCHoro cnHHa 

• ~a - a' 
Saa' (t) =<S 0 (t) S O (0)>, /3/ 

r,qe 

< ••• >~(Sp e-.\H)-1 
,. 

S~(t)=eiLt s;, 

-.\H Sp(e ••• ), 
1 

.\ = k BT , 

-a a ,() a 
So =So-<So>, 

/4/ 

LA =HA -AH -

111-1ye1-11111eecKHH cyneponepaTop, ,qeHCTBYIOIIIHH Ha HeKoTopblH onepa

Top A. 
w 1 00 iwt 

CneKTpanbHoe pacnpe,qeneHHe Saa,(w) = - f e Saa ,(t) dt 
211 _,., 

KOppeJ1RL1HOHHblX ¢YHK1.1HH /3/ ,q11R cny4aR cna6o CBR3aHHOro npHMec

HOro cn1-1Ha /B3aHMO,qeHCTBHe era co cnHHaMH MaTPHLIW 3Ha4HTeJ1bHO 

cna6ee B3aHMO,qeHCTBHR cnHHOB MaTPHl.lbl Me>K,qy co6oH/ npH YCJlOBHH' 

4TO TeMnepaTypa He CJlHWKOM HH3Ka, 

kBT >>r -1 , /5/ 

MO>KeT 6WTb npe,qcTaBneHO e BH,qe 151 : 

s w ,(w) = J._(1-TJ e-'Aw )-1 <I s
0
a, [ 6(w+ id-'6(w-if)1 s ~, In .. > 0 , /6/ 

aa 2rr ·, 

r,qe 
-a a a -'AH -1 · · -'AHo 

IA.Bl =AB-7JBA, TJ = ± 1, s 0 =So -<S >0 ,< •.• >0 =(Sp0 e ~ (Sp0 e ••.• )-

- ycpe,qHeHHe c raMHJlbTOHHaHoM Ho, G(w) - y~pe,qHeHHWH no co

CTORHHRM CnHHOBOH cpe,qbl cyneponepaTop 1/(w-L), 

;:- 1 
'G(w) = P--,.-P, 

w-L 

KOTOpblH 'npeo6paayeTCR K c11e,qy10111eMy ewpa>KeHHIO: 

p ' 
G(w) = w -PLP-M(w) 

1 
M (w) c= pf.I Q w _ Q ill 

,. 
QL.P. 

l 171 

3 



-;\.Hg -1 -;\.Hg ) 2 
3AeCb P = < ••• >s =(Sp e ) (Sp8 e ••• , np114eM P =P, G=l-P, 

L=Lo+Ls+Li /cAooTBeTCTBeH!iO 411e'iaM raMHllbTQHHaHa /1/ H onpe
AeneHHIO /I,,//, !;,$P = 0, PL0 G=GL 0 P =0, PLiP=O. 11Maccosbli:i 11 

cyneponepaTop Mlw) MomeT 6b1Tb pa311omeH s PRA 

,._ ,._ oo 1 ,._ n 
M(w)=PLiI [Q A A QLi] P, /8/ 

n= 1 w-Lo-Ls 

KOTOpblH MOmHO paccMaTpHBaTb KaK PRA TeOpHH B03Myll4eHHH B c11y4ae 
fiblCTPOH pe11aKca4HH CnHHOBOH cpeAbl: 

T >> t O, 

rAe r onpeAenReTCR raMHllbTOHHaHOM Hi, t O - xapaKTepHaR 4ac-
TOTa penaKCal.\HH cpeAbl, onHCblBaeMOH HS. 

Bo BTOpOM np11611HmeHHH TeOpHH B03MYIJ4eHHH H3 Bb1pameHl-1H / 1 /' 
/8/ cneAYeT 

M(w)= jdw'P[A(S0 )-1]. A 
1 

[A(S0 )-1] 0cpw(w')P. /9/ 
w L , -oo w-

0
-w 

3AeCb cpw(w') o6o3Ha4aeT $Ypbe-KOMnOHeHTY Koppe11RL\HOHHOH $YHK
L\HH 

=s ➔ ➔ ~➔ ➔ 

cp(t)-<HQ(S1 (t) , ••• ,SN(t)) Ho (S1(0) , ••• ,SN(O)) >s, 

=:::$ ➔ ➔ - ➔ ➔ - ➔ ➔ 

Ho (S 1 ·····SN) = Ho (S 1 , •••• SN) - <Ho (S 1 ; •••• SN) >s, 

➔ iHgt ➔ -iHg t 
S

0
(t) =e S O e , 

Ha KOTOPYIO AeHCTBYIOT. cyneponepaTOpbl [A(S 0)-1]w no npas1111y 

[A(S
0

)-11wA=[A(S 0)-1]A-e-MJA[A(S 0)-1], /10/ 

npH4eM KamAblH H3 ABYX TaKHX cyneponepaTopoB ,., BXOARIJ4HX B Bblpa
meHHe /9/, Aei:icTsyeT Ha OAHH H3 onepaTopos Ho(S1,···•SN) 
cornacHo onpeAeneHHIO /2/. np11 nony4eHHH /9/ np.HHHManocb so BHH
MaHHe H3BeCTHOe COOTHOWeHHe AJ1R KoppenRL\HOHHblX $yHKL\HH 

e -N,J cp w (w) = cp w (-w). 

~13 BbrpameHHH /6/, /7/ cneAYeT, 4To cyneponepaTop 

PLP = PL 0 P /11/ 

onpeAenReT cneKTp npHMeCHoro cnHHa B 3$$eKTHBHOM none cnHHOBOH 
MaTPHL\bl, a M(w± i£) onpeAenReT CABHrH ypoBHei:i IAeHCTBHTellbHaR 
4aCTb: ReM(w±it) / H HX ywHpeHHe /MHHMaR 4acTb/, o6ycnosneH
Hble B3aHMOAeHCTBHeM C $11YKTYal.\HRMH cpeAbl. 

4 

) 

;, 

'J, 

1y 

~nR onpeAeneHHR cneKTpanbHoro pacnpeAeneHHR /6/ Heo6xoAHMO .,. 
Bbl4HC11HTb MaTpH4Hble 311eMeHTbl cyneponepaTOpa 'G(w) Ha B011HO
BblX $YHKL\HRX npHMeCHOro cnHHa. 3TH MaTpH4Hble 311eMeHTbl MOmHO 
onpeAellHTb C nOMOIJ4blO CHCTeMbl ypaBHeHHH 

, # 

· · A-1 n1m1,;.n m 
Ira (w)]nm G 0 m (w)=B00 •Bmm', /12/ 

n1m1 1 1 _ 

rAe 'CC1(w)=w-PLP-M(w) - cyneponeparnp, o6paTHblH K 'G(w) 
/cM. /7//. MaTpH4Hble 3neMeHTbl o6paTHoro cyneponepaTopa MoryT 
6b1Tb Bb14HC11eHbl C nOMOll4blO BblpameHHH /4/, /9/-/11/. npH 3TOM 
cneByeT HMeTb a BHAY, 4TO AeHCTBHe KaKoro-111160 cyneponepaTo
pa D Ha o6b14Hb1H onepaTop A /s pe3y11bTaTe 4ero no11y4aeTCR one
paTop C / onpeAenReTCR cneAYIO~HM o6pa3oM: 

e A k, e· e, 
Ck= I Dkf Ak,' /13/ 

k','f' 
T. e. MaTpH4HblH 311eMeHT cyneponepaTopa onpeAenReTCR 4eTblPbMR 
'HHAeKCaMH / A f, - MaTpH4HblH 311eMeHT onepaTOpa/. noAp06Hee 
anre6pa cyneponepaTopos on11caHa s 161 

YMHOmaR paBeHCTBO /12/ Ha MaTpH4HblH 311eMeHT onepaTopa npH-
- a m' 

MecHoro cm1Ha (S o) n' H CYMMHPYR no n', m', nony4aeM YA06Hyl0 

AJ1R AallbHeHwero CHCTeMy ypasHeHHH 

,.. n m ;:: nm - a m' -
I ['G-t(w)] 1 .1 I ['G(w)] (So) , = (S oa) mn 

. nm 
O

, m, n1 m 1 n 114/ 
nlml 

6yAeM paccMaTpHBaTb s AallbHei:iweM KpHCTannbl c OAHOOCHOH CHM
MeTpHeH. Bb16epeM OCb Oz B Ka4eCTBe OCH CHMMeTpHH. TorAa,. or
paHH4HBaRCb KBaApaTH4HblMH no S g 411eHaMH, raMHllbTOHHaH HO 
MOmHO npeACTaBHTb C T04HOCTblO AO C-411c11a B BHAe 111 

H 0 =-w 0 s~ +b(S~) 2 , 

w 0=-.<H ~(8
1 

, ••• ,SN)+itt~Y(S1 , ••• ,SN)>8 , 
/15/ 

-zz ➔ ➔ - ix ➔ ➔ 
b =<Ho (S1,···•SN)>s -<Ho (S1,···,SN)> S • 

0 V xy 
BenH4HHbl <u H_ b RB11RIOTCR AeHCTBHTenbHblMH 4HCnaMH / Ho. B pac-
CMaTpHBaeMOM OAHOOCHOM KPHCTanne - 111160 Hynb, 111-160 4HCTO MHH
MaR aenH4HHa/, npH4eM 6yAeM C4HTaTb, 4TO HellHHeHHOCTb Mana, 
T.e. lbl«lw 0 I /npH w 0=0,Hanp1-1Mep, KOrAa npHMeCHblH cnHH pac
nonomeH CTporo MemAY peweTKaMH aHTH$eppoMarHeTHKa, Heo6XOAHMO 
nonaraTb H b= 0 /. 0TMeTHM, 4TO MOmHO 6blJ10 6bl nerKO Y4eCTb npH 
He06XOAHMOCTH H cneAyl0114He 411eHbl pa311omeHHR Ho. 

Bb16epeM B Ka4eCTBe nonHOH CHCTeMbl $yHKL\HH AJ1R Bb14HC11eHHR 
< ••• > 0 s $opMyne /6/ co6cTBeHHble $YHKL\HH onepaTopa H0 /T.e. 

5 



co6cTBeHHble ¢>YHK4HH s~ /. TorAa co6CTBeHHble 3Ha4eHHR Ho 
onpeAenRIOTCR BblpameHHeM 

wm=-w0 m+bm 2 ; m=(S0 ,S0-1, ..• ,-S 0 ), /16/ 

rAe m - co6CTBeHHOe 3Ha4eHHe s~. COOTBeTCTByro1.qee co6cTBeHHOH 
¢>yHK41-11-1 Im>. w 

B 3TOM npeACTaeneHHH KoppenR4HOHHble ¢>YHK4HH s!'_(w) H Szz<w), 
KOTOpble npeACTaBnRIOT Ha1-16onbWHH HHTepec, MoryT 6b1Tb npeACTae
neHbl C nOMOJ.qblO /6/, /15/, /16/ B BHAe /CM. TaKme / 5/ / 

( ) -so+ 1 + m 1 
S w (w) = - .L n w + 1 Im ~ (p o) : (S o) m - x 
+- TT n(w0)+1 m,m =S

0 

:- m'-tm' - m' 
x['.9(w+id]m-1m (S O)m'-1 ' 

-s 
w 2 -,\w -1 ° m z 

S (w) = - -(1 + e ) Im ~ (p O) m (m - <So > o) x 
zz TT m,m=So 

/17/ 

X ['a(w +id]::' (m'- <St>o ), 

rAe 

-,\JL..-1 -,\H + m-1 - m 
Po= (Sp 0e VJ e. ~ (S 0 ) m = (S 0 )m-l = y'(S 0 +m)(S0 -m+l). 

MaTpH4HblH aneMeHT cyneponepaTopa /11/ cornacHo /4/, /13/, 
/16/ onpeAenReTCR BblpameHHeM 

, , 
~nm 
L 

O 
= (w -w ) 8 , 8 , 

nm n m nn mm /18/ 

PacCMOTPHM CHa4ana KOppenR4HOHHb1e ¢>YHK4HH /17/, npeHe6peraR 
B3aHMOAeHCTBHeM np1-1MeCHoro cnHHa c ¢>nyKTya4HRMH cpeAbl /T.e. 
npeHe6peraR 11MaccoebrM 11 cyneponepaTopoM/. B 3TOM npeAenbHOM cny-
4ae 1-13 BblpameHHH /14/, /16/-/18/ cneAYIOT BblpameHHR AnR Koppe
nR4HOHHblX ¢,yHK4HH: 

6 

-s o+1 O s:_ (w) = -1- I e,\w II\:S 0 +m)(So-m+1)8(w -w(m)) 
Z m=So 

-s /19/ 
M 1 ° .\w0m · z 2 Szz•<w)=-z I e (m-<So> 0 ) 8(w), 

m=So 

w(m)=w -w =w0+b(1-2m). 
m-1 . m 

~ 
l 
\/ 

I 

n 
l) 

I 

np1-1 nony4eHHH BblpameHHH /19/ 0T6pacblean1-1cb Hen1-1HeHHble nonpae
KH K Wm B n(wm), (po):, TaK 4TO 

-so O sh[.\w 0(s0+~)] 
Z = I e,\w m= 

m=So sh(,\w0/2) 

<S~>o = ! a::0 =(S 0 + ~ )cth[,\w
0

(s 0 + ~ )]- ~ cth ~wo 

~ 

TaKHM o6pa30M, B paCCMOTpeHHOM npeAenbHOM cny4ae (I\ =0) 
KoppenR4HOHHaR ¢>YHK4HR s~_(w) onHCblBaeT tta6op AenbTao6pa3HblX 
nHHHH TOHKOH CTPYKTYPbl cneKTpa B036YmAeHHH npHMeCHoro cn1-1Ha 

.B 3¢,¢,eKTHBHOM none, o6ycnoene~oM B3aHMOAeHCTBHeM co cnHHaMH 
MaTpH4b1. 3TH nHHHH cooTBeTcTByro:r pa3nH4HblM m lm=(S 0, ••• ,-S 0+1) I 
1-1 OTCTORT APYr OT APYra Ha paCCTORHHe 2b. 41-1cno nHHHH TOHKOH 
CTPYKTYPbl paBHO 2So, TaK 4TO OHa MomeT npORBnRTbCR TOnbKO npH 
S 0 >½. Ecn1-1 S 0 > ½, HO TeMnepaTypa HH3Ka /k 8T«!w 0 1/, cneKTp 
npaKTH4eCKH COCTOHT 1-13 OAHOH nHHHH, COOTBeTCTBYIOl.qeH m = So 
npH WO > 0 1-1 m =-So+ 1 npH w0 < 0. np1-1 noBblWeHHH TeMnepaTYPbl 
Ha4HHalOT npoRBnRTbCR H APYrHe nHHHH. . 

0TMeTHM, 4TO nony4eHHaR TOHKaR CTPYKTypa o6ycnoeneHa He
nHHeHHOCTblO raMHnbTOHHaHa HO no st . B reH3eH6eprOBCKOH 
MOAenH /b=0/ ypOBHH 3HeprHH npHMeCHOrO cnHHa 3KBHAHCTaHTHbl H 
cneKTp B036ymAeHHH COCTOHT 1-13 OAHOH nHHHH Ha 4aCTOTe w 

O • 
KoppenR4HOHHaR ¢>YHK4HR Sz"i(w) npeACTaBnReT co6oH e pac

CMOTpeHHOM cny4ae OAHH AenbTao.6pa3HblH nHK Ha 4aCTOTe w= 0. 
Y4eT B3aHMOAeHCTBHR npHMeCHoro cnHHa C ¢>nyKTya4HRMH cpeAbl 

MOmeT cy~eCTBeHHO H3MeHHTb on1-1caHHOe BblWe cneKTpanbHOe pacnpe
AeneHHe KOppenR4HOHHblX ¢>YHK4HH, nOCKOnbKY B3aHMOAeHCTBHe Hi 
npHBOAHT K. CABHrY H yw1-1peHHIO nHHHH TOHKOH CTpyKTYPbl cneKTpa 
B036ymAeHHH npHMeCHOro cn1-1Ha. 

np1-1 B03pacTaHHH w1-1p1-1H nHHHH/Hanp1-1Mep,np1-1 noBblWeHHH TeMnepa
Typb1/n1-1HHH Ha4HYT nepeKPblBaTbCR H BMeCTO TOHKOH CTPYKTYPbl Mo
meT B03HHKHYTb eAHHOe yw1-1peHHOe pacnpeAeneHHe, B0061.qe rOBOPR, 
cnomHOH ¢,opMbl. 

MaTpH4HblH aneMeHT 11Maccoeoro" cyneponepaTopa /9/ onpeAenR
eTcR MaTpH4HblM aneMeHTOM cyneponepaTopa 

... 
,.. ,.. ➔ -iLQ t ,.. ➔ 
K(t) =[A(S 0 )-1]w,e [A(S0 ).;.1] 0 , 

nocKonbKY, Hanp1-1Mep AnR M (w + ic), HMeeM. 

M(w +id=~ jdw'P J"'ei(w-w'+ic)t K(t) ef, (w')dtP. 
1-oo O w 

/20/ 

Hcnonb3YR npae1-1na /4/, /10/, /13/ ,' nony4HM 
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A ' ' ➔ -iH (/, ➔ n ' iw t 
[K(t)]::=HA(S 0)-11e [A(S 0 )-111 0 e m omm' + 

+ e --,\w, e -iwnt l[A(S
0 

)-11e iHot [ A(So )-111 :,o nn' 

-ei(wm-li.\i')\A(So) -11:' ['A(So) -11:, - /21/ 

-e--.\w' ei(wm"-wJt[A(So)-11:• [A(So)-1]:, 

BcneACTBHe OAHOOCHOH CHMMeTpHH /aHH30TpOnHeH B 6a3HCHOH nnoc
KOCTH npeHe6peraeM/ Heo6XOAHMO Y4HTb1BaTb B BblpameHHH /21/ 
TOnbKO TaKHe K<?_M6HHa4HH KOMnOHeHT onepaTopa S8' AaBaeMble 
onepaTopaMH A(S o) -1, KOTOPble CBOARTCR K CTeneHRM onepaTopa 
S ~ • TaKHM o6pa3oM, s nepBblX ABYX cnaraeMblX BbrpameHHR /21 / 

HYmHO coxpaHHTb TOnbKO AHaroHanbHble MaTPH4Hble 3neMeHTbl C Il '=I,, 
m '=m COOTBeTCTBeHHO. 

0KOH4aTenbHO BbrpameHHe AnR MaTpH4Horo 3neMeHTa 11Maccosoro11 

cyneponepaTopa HMeeT BHA /cornacHo /20/, /21// 

[M(w}1::m·= jc1w· I I 
-oo n1 

➔ n1 .· ➔ 

[ ·A(S O) -11 n [ A(S O) -11 : 1 [ 
w-w +w -w n1 m 

+ 

➔ n1 ➔ 1 m ' ➔ m 
[A(S 0)-11 m [A(So)-l n1 lo 8 , -[A(S )-11° [A(S

0
}-1]m, x 

+ , nn' mm O n 
w-wn +wn

1 
+w 

x( 1 
w-w , +w 

n m 
, 

-w 
+ 1 . )lef>w (w'}. 

w -w + w ,+w n m 

/22/ 

PaccMOTpHM Tenepb OAHH npeAenbHblH cny4aH, KOTOpblH noasonHT 
B paMKax npoBeAeHHoro HaMH AOCTaT04HO o6~ero paCCMOTpeHHR /6e3 
KOHKpeTH3a4HH Hi/ nony4HTb cneKTpanbHOe pacnpeAeneHHe B036ym
AeHHH npHMeCHoro cnHHa. nycTb peanHayeTCR HepaseHCTBO 

r(m) «I ru(m) -w(m-1)1 =~Cm). /23/ 

rAe r(m) - ywHpeHHe nHHHH nepexoAa m 'tm-1, o6ycnosneHHoe MHH-
MOH 4aCTblO M(w +it-), a w(m) - nepeHOPMHposaHHa.R aa c4eT 
AeHCTBHTenbHOH 4acTH M(w+iE} 3HeprHR, cooTBeTcTsyro~aR nepexoAY 
mt m-1. TaKHM ,o6paaoM, HepaseHCTBO /23/ COOTBeTCTByeT cny4a10, 

KOrAa YWHpeHHe nHHHH TOHKOH CTpyKTYPbl, o6ycnosneHHOe B3aHMO
AeHCTBHeM Hi,3Ha4HTenbHO MeHbWe paCCTORHHR MemAY HHMH /nepe
HOPMHpOBaHHOro aa c4eT Hi/. 

PaccMOTpHM KoppenRI.IHOHHYIO <l>YHKLIHIO s !-<w} H aanHweM Bblpa-· 

8 

meHHe /14/ npH n=m-1 , s0 = S0 B cneAYIO~eM BHAe: 

1""'-1 . m-lm /"" . m'-tm' - m' - m 
[G (w+u}1m-1m I,[G(w+id1m-1m (SO )m'-1 =(SO}m-1 

m 

,A -1 . n 1 m1 _;; . m :..1m' - m' 
I [G (w+u}] 

1 
I[G(w+H)1 (S

0
) , 1 , 

m Im m- mm' nlm 1 m -

n
1
/ m-1 

/24/ 

rAe MaTpH4Hble 3neMeHTbl, KaK yKa3b1BanOCb, 6epyTCR,Ha co6cTBeHHblX 
<l>YHKLIHRX Si. 

HeTPYAHO BHAeTb, 4TO npH BblnOnHeHHH HepaseHCTBa /23/ cyMMa 

B npaBOH 4aCTH /24/ COAepmHT ManblH napaMeTp r(m)<<1. B caMOM 
A 1 n1m 10 ~(m) 

Aene, senH4HHa [·a- (w+i£}1m-lm /n 1-/,m-1, m1,/m/ nponop4H0Hanb-

Ha r(m): noCKOnbKY w H lo AHaroHanbHbl /cM. /18//, a senH4HHbl 
~ m '-lm' · 1 

[G(w+i£)]
01

m
1 

/n 1,/m-1,m 1-/,m/ nponop4HOHanbHbl ~(m)' nocneA-

Hee cneAyeT H3 Toro, 4TO yKa3aHHble senH4HHbl COAepmaT B 3HaMeHa
Tene AeTePMHHaHT CHCTeMbl ypasHeHHH /24/, KOPHH KOTOporo onpe
AenRIOT 4aCTOTbl nHHHH TOH KOH CTpyKTypbl w (m) npH BblnOnHeHHH 
HepaBeHCTBa /23/, H H3 Toro, 4TO paccMaTpHBalOTCR 4aCTOTbl w=w(m). 

Hcnonb3YR ManblH napaMeTp r(m) /~(m), 6yAeM pewaTb CHCTeMy ypas
HeHHH /24/ M_eTOAOM HTepa4HH. B Ka4eCTBe nepsoro npH6nHmeHHR 
nonomHM 

- m'-1m' 
I,[ G(w +iE)1111,-lm 
m 

, 
- m 

(SO)m'-1 

(So) :::-1 
1 m-1m ['8- Cw+id1 m-1m 

noACTaBnRR 3TO BblpameHHe B BblpameHHe /17/ AnR s:_(w}, nony4HM 
B aKTyanbHOH o6naCTH 4aCTOT w = w O cneAYIO~ee BblpameHHe AnR 

KoppenR4HOHHOH <l>YHKLIHH: 

-so+l o 
s .:'- (w} = _1_ I e,\w m(S~ m-1 )2 r (m) . 

17Z m=S0 m [w-w(m) -P(m)1 2 +r 2 (m) 

3AeCb BBeAeHbl o6oaHa4eHHR: 
• ➔ 0 1 ➔ m-1 

[ A(S o) -11 m-1 [:A(S o )-11 n1 + 
P (m) = J dw' I I 

-oo n1 0 , w -w +w -w 
n 1 m I 

➔ 0 1 ➔ m 
[:A(S 0)-11m [A(S 0 )- 11n

1 + -----~---
w0 -w +w +w' 

m-1 n 1 

lef>w(w'}, 

➔ n1 ➔ m-,-1 0 
r(m)=TT·It[A(S 0 )-11m-1 [A(S 0)-11n ef>w(w -wn +wm•)+ 

n
1 

- 1 1 

/25/ 

/26/ 
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➔ n1 ➔ m 0 
+ [A(S0 )-1] m [A(S0 ) ,-l]n 

1 
'Pw (w m-l -wn1 -w )I -

-2ir[A(S
0
)-1]m;

1
1 [A(S o)-1]: ¢w(0), 

rAe f o6oaHa4aeT rnaeHoe 3Ha4eH11e 11HTerpa11a 11 oT6poweHbl Hecy
~eCTBeHH~e 3AeCb HeJ111HeHH~e nonpaBK11 K 4aCTOTaM. 

TaK11M o6pa30M, B paCCMOTpeHHOM npeAeJlbHOM CJly4ae, KOrAa 
BblnOJlHReTCR HepaBeHCTBO. /23/' cneKTpaJlbHOe pacnpeAeJ1eH11e BQ3-
6y)l(AeHl1H np11MeCHOro cn11Ha COCTOl1T 113 Ha6opa 11opeH4eBblX Jll1Hl1H 
TOHKOH. CTPY.KTYPbl C w11p11HaM11 r(m) H MaKCl1MyMaM11,, .CABl1HYTb)Ml1 
OTHOCl1TeJlbHO 4aCTOT <.tJ (m) Ha BeJll1411Hbl p (m) • CABl1rl1 11 yw11pe
H11e Jll1H11H o6yCJlOBJleH~ B3al1MOAeHCTBl1eM C ¢J1YKTya411RMl1 cpeA~ 11 
Bblpa)l(alQTCR 4epe~ KoppeJlR4110HHYIO <l>YHK411IO cpeAbl cp <.t)(w).' W11p~
Ha Jl11H11H o6yCJlOBJleHa KaK nepeXOAaMl1 Me)l(AY ypoBHRMl1 np11MeCHOro 
cn11Ha /KOHe4HblM BpeMeHeM )1(113Hl1/, TaK 11 MOAYilR411eH 4acTOTbl ne;. 
pexoAa, eoaH11Ka10~eH 11a-aa ¢11yKTya411H cpeA~- MOAYJ1R4110HHoe 
yw11peH11e on11c~eaeTcR 411eHaM11 c ¢ (0) e e~pa)l(eH11H /26/ AilR . . <.t) 
r(m) • . . 

B o6~eM cny4ae, Kor,i:ta HepaeeHCTBO /23/ He 11MeeT MecTa, AJlR 
onpeAeJ1eHl1R cneKTpaJlbHOro pacnpeAeJ1eHl1R np11MeCHblX B036Y>KAe.Hl1H 
/T.e. peweHl1R Cl1CTeMbl ypaBHeHl1H /24// He06XOA11MO paCCMOTpeTb 
i<OHKpeTHblH MexaHl13M eaa11MOAeHCTBl1R np11MecHoro cn11Ha C ¢11yK
Tya411.RMl1 cpeAbl. · 

,lvtR HaXO)l(AeHl1R KOppeJlR4110HHOH <l>YHK41111 S ~ (w) Yf06HO nonb-
30BaTbCR Cl1CTeMOH ypaeHeHl1H /14/ np11 n=m, sg=So-<S~>o, 
T.e. 

A-1 n 1 m 1 ;- m 'm' , z z 
I[G (w+iE)]mm I,[·•o(w+idlnm (m-<So>0 )=m-<So>0 • /27/ 

n
1
m1 m 1 1 
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PyKon11Cb nocTyn1,111a B H3AaTeJlbCKl1H OTAeJl 
. 16 11IOHR 1981 roAa •. 

IO 

noch B.~. CneKTPaJihHoe pacnpegeneHHe 
B036Y,KAeHHH npHMeCHoro CilHHa B MarHeTHKax. I 

Pl7-81-407 

C IlOMOIIlbJO paBHOBeCHblX ABYXBpeMeHHbIX Koppe.rIHQHOHHb!X IPYHK
QHH pa3BHTa 06111aH TeOpHH' OilHCbIBaJ0111aH MHaMHKy npHMeCHOro 
CilHHa B MarHeTHKe /He KOHKpeTH3HPOBaHHOM/. IlonyqeHa TOHKaH 
CTPYKTypa cneKTpa npHMeCHoro CilHHa. 

Pa6oTa BbmonHeHa B na6opaTopuu TeopeTuqecKou cptt3HKH OIDIH. 

" 

Coo6uieHHe 06.eAHHeHHoro HHCTHTyTa flAePHWX HCCJleAOBaHH~ • .Qy6Ha 1981 

Los V.F. Spectral Distribution Pl7-81-407 
of Impurity Spin Excitations in Magnetic Materials. I 

By means of equilibrium 'two-time correiation functions 
the. general th;ory that describes the dynamics of impurity 
spin in magnetic material (nondefined) is developed. The fine 
structure of impurity spin spectrum is obtained. 

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

Conmunlcatlon of the Joint Institute for Nuclear Research. Oubna 1981 

IlepeBog aHHOTaQHH O.C.BttHorpagoBoft. 


