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1. BBE,l\EH~E 

TeopHR MarHeTHKOB C npHMeCHWMH aToMaMH /npHMeCHWMH cnHHaMH/ 
pa3BHTa B PRAe pa6oT. npH 3TOM MarHeTHK C npHMeCHWMH CnHHaMH 
onHcwsancR B paMKax onpeAeneHHOH MOAenH /o6W4HO reH3eH6epros
CKOH/. TaK, HanpHMep, B pa6oTax 11,2/ pa3BHTa TeopHR reH3eH6ep
roBCKOro $eppoMarHeTHKa C npHMeCHWM cnHHOM npH HH3KHX TeMnepa
Typax, T « Tcf Tc- TeMnepaTypa K10pH/. B pa6oTax 13•41 paccMoTpeHa 
AHHaMHKa npHMeCHOro cnHHa B reH3eH6eprOBCKOM $eppoMarHeTHKe 
s WHPOKOH o6naCTH TeMnepaTyp snnOTb AO T - Tc . 

B HaCTOR~eM coo6~eHHH MarHeTHK c npHMeCHWM cnHHOM paccMaT
PHBaeTCR C noMO~blO 3KBHBaneHTHOro cnHHOBoro raMHnbTOHHaHa, 
KOTOPWH 6wn npeAnomeH B pa6oTax 16•61.TaKOH nOAXOA no3BOnReT 
HCCneAOBaTb noBeAeHHe npHMeCHOro cnHHa, He KOHKpeTH3HPYR BHA 
MarHHTHOH cpeA~ /MaTpH4w/, c KOTOPOH OH B3aHMOAeHCTByeT, a TaK
me Y4HTWBaTb n106y10 Tpe6yeMy10 cTeneHb onepaTopa 3Toro cnHHa 
80 B raMHnbTOHHaHe saaHMOAeHCTBHR ero co cpeAOH. B Ka4eCTBe 
Hynesoro npH6nHmeHHR npHHHMaeTCR B3aHMOAeHCTBHe npHMeCHOro cnH
Ha co cpeAHHM noneM, o6ycnosneHHWM B3aHMOAeHCTBHeM npHMeCHOro 
cnHHa c OCTanbHWMH cnHHaMH CHCTeMW. 83aHMOAeHCTBHe c $nyKTya-
4HRMH 3Toro cpeAHero nonR paccMaTpHBaeTCR KaK BO3My~eHHe. 

BWXOA aa paMKH reH3eH6eproBCKOH MOAenH /4TO HHOrAa 6wsaeT 
He06XOAHMWM/, T.e. y4eT B raMHnbTOHHaHe HenHHeHHWX no ~o 4ne
HOB, MomeT npHBOAHTb, KaK 6yAeT BHAHO H3 AanbHeHwero, K Ka4ecT
BeHHOMY H3MeHeHHIO cneKTpa npHMeCHOro cnHHa. 8 cny4ae ManoH 
HenHHeHHOCTH cneKTP CTaHOBHTCR cnerKa He3KBHAHCTaHTHWM B OTnH-
4He OT 3KBHAHCTaHTHOro /6e3 y4eTa $nyKTya4HH cpeAW/ cneKTpa 
e reH3eH6eproscKoH MOAenH. EcnH BKnaA HenHHeHHWX no s0 4neHoB 
He Man no cpaeHeHHIO C 4neHaMH, onHCWBalO~HMH reH3eH6eprOBCKHH 
o6MeH, cneKTP npHMeCHOro cnHHa H3MeHReTCR 6onee cy~eCTBeHHWM 
o6pa30M. OTMeTHM, 4TO B3aHMOAeHCTBHe C $nyKTya4HRMH cpeAHero 
nonR MomeT npHBOAHTb K He3KBHAHCTaHTHOCTH cneKTpa HnH Aame 
K Ka4eCTBeHHOMY ero H3MeHeHHIO /HanpHMep, npH pacnonomeHHH npH
MeCHoro cnHHa MemAY noApeweTKaMH reH3eH6ep~oecKoro aHTH$ep
poMarHeTHKa 111! yme B cny4ae nHHeHHoro no So eaaHMOAeHcT-
BHR 12· 4 1 /B OTnH4He OT OC4HnnRTOpa 18 ,91 /. 

0TnH4He cneKTpa npHMeCHoro cnHHa OT 3KBHAHCTaHTHoro /Aame 
B reH3eH6eproBCKOH MOAenH aa C4eT $nyKTya4HH/ BeAeT K cy~ecT
BeHHOMY ycnomHeHHIO ero AH i@MHKH. HHme npHBeAeHW KHHeTH4eCKHe 
ypaBHeHHR AnR MaTpH4W nnOTHOCTH npHMeCHOrO cnHHa B cny4ae Ma-
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noH HeflHHeHHOCTH cneKTpa. C nOMO~bID 3THX ypaBHeHHH nony4eHbl 

3aMKHYTbl~ CHCTeMbl AH¢¢epeHL1HanbHblX ypaBHeHHH, onHCblBaID~He KH
HeTHKY nonepe4HblX H npo.qonbHblX KOMnOHeHT npHMeCHOro cnHHa npH 
npOH3B0flbHOH ero eenH4HHe So,nocKOflbKY Kam.qaR TaKaR CHCTeMa 
co.qepmHT 280 ypaeHeHHH, KHHeTHKa npHMeCHOro cnHHa onHCblBaeTCR 
a o6~eM cny4ae Ha6opoM 2S0 3KcnoHeHT. 

0TMeTHM, 4TO nony4eHHble peaynb TaTbl, onHCblBaID~He KHHeTHKY 
npHMecHoro cnHHa, cnpaee.qnHBbl a WHPOKOH o6nacTH TeMnepaTyp, 
eKnID4aR H oKpeCTHOCTb ¢aaoeoro nepexo.qa BToporo po.qa a MarHe

THKe ~ B KOTOPOH e~e BblnOnHReTCR_ HepaeeHCTBO T rel >> to/ T r -
eenH4HHa·nopR.qKa epeMeHH penaKca1.1HH, o6ycnoeneHHOH eacf~Mo.qeH
CTBHeM npHMecHoro cnHHa co cpe.qoH; t 0 - xapaKTepHoe epeMR pe

naKca1.1HH .qnR MarHHTHOH cpe.qbl/. 

2. rAMHJlb TOHHAH CHCTEMbl ..-

PaccMOTPHM MareHTHK, y KOTOporo MarHHTHble MOMeHTbl aTOMoe· 
o6ycnoeneHbl cnHHaMH He.qocTpOeHHblX BHYTPeHHHX 3neKTPOHHblX o6o-
no4eK. nycTb cpe.qH MarHHTHblX aTbMOB KPHCTanna HMeIDTCR npHMec~ 
Hble aTOMbl, y KOTOpblX BenH4HHbl CnHHa H /HnH/ o6MeHHOro B3aHMO~ 
.qeHCTBHR C aToMaMH MarHHTHOH MaTPHl.lbl OTflH4aIDTCR OT COOTBeT-
CTBYID~HX eenH4HH .qnR aTOMOB MaTPHl.lbl. KoH1.1eHTPaL1HID TaKHX npH-
MeCHblX aTOMOB 6y.qeM C4HTaTb ManoH H no3TOMY ·orpaHH4HMCR pac
CMOTPeHHeM MarHeTHKa /AH3neKTPH~a/ C OAHHM npHMeCHblM aTOMOM 
/npHMeCHblM CnHHOM/. 

6y.qeM xapaKTepH30BaTb HH3WHH 3HepreTH4eCKHH ypoBeHb Eo pac- • 
CMaTpHBaeMOH CHCTeMbl aTOMOB a HyneBOM npH6nHmeHHH /B OTCYTCT-
BHe B3aHMOAeHCTBHR Mem.qy aTOMaMH/ _Ha6qpoM co6cTBeHHblX 3Ha4e-
HHH mn onepaTopoe z -KoMnOHeHT cnHHOB_ He.qOCTpoeHHblX BHYTPeH-
HHX o6ono4eK aTOMOB S! /n o6o3Ha4aeT HOMep aTOMa/ B OCHOBHOM 
CTal.lHOHapHOM COCTORHHH. OTHOCHTenbHO 6p6HTanbHblX MOMeHTOB aTo
MOB npe.qnonaraeM, 4TO OHH 11 aaMopomeHw1i, T.e. 4TO KPHCTannH4ec
Koe none nonHOCTbID CHHMaeT Bblpom.qeHHe OCHOBHoro COCTORHHR no 
HanpaeneHHID op6HTanbHoro MOMeHTa. YpoeeHb Eo RBnReTc~ ewpom
AeHHblM, noCKOflbKY mn MOmeT npHHHMaTb (2Sn+1) 3Ha4eHHH AflR Kam-
.qoro aToMa / Sn - . eenH4HHa cnHHa n -ro aToMa/. 6y.qeM npe.qnona
raTb TaKme, \.ITO ace B036ymAeHHble YPOBHH pa'ccM'aTpHBaeMOH' CHCTe:.. 
Mbl OT.qeneHbl ~enbID OT YPOBHR Eo. PaccMaTpHBaR B3aHMo.qeHCTBHe 
3neKTPOHOB pa3HblX aTOMOB KaK B03My~eHHe, paccMOTPHM .. pac~enne-
HHe YPOBHR E0 nofil enHRHHeM 3Toro soaMy~eHHR. · 

KaK H3BeCTHO 5•61,pac~enneHHe YPOBHR Eo B nID6oM nopR.qKe Teo
PHH B03My~eHHH MOmeT 6b1Tb HaHAeHO C noMO~bID 3~BHBaneHTHoro 
raMHflbTOHHaHa 8, KOTOPblH npe.qcTaBnReT co6oH caMoconpRmeHHblH 
onepaTop, .qeHCTBYID~HH a flHHeHHOM npocTpaHCTBe co6CTBeHHblX son
HOBblX <l>YHKI.IHH HenoaMy~eHHoro raMHflbTOHHaHa CHCTeMbl. nocKOJ'lbKY 
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co6cTBeHHble BOflHOBble <l>YHKI.IHH raMHflbTOHHaHa. Hyneeoro' npH6nHme
HHR MOmHO paccMaTp.HBaTb KaK <l>YHKI.IHH OT mD,TO 3t<BHBaneHTHblH 
raMHflbTOHHaH AflR paccMaTpHsaeMOH CHCTeMbl npeACTasnReTCR <l>YHK

I.IHeH OT onepaTOPOB scex CnHHOB CHCTeMbl 

H=H(S0 ,S1 , ... ,SN), /1/ 

rAe So - onepaTop npHMecHoro cnHHa, pacnonomeHHoro e yane HnH 
MemAOY3flHH, 'o6o3Ha\.laeMOM HHAeKCOM 0, s n - onepaTOPbl cnHHOB 
aTOMOB MarHHTHOH MaTPHl.lbl / n =1, ... , ,N /. · 

3t<BHBaneHTHblH raMHflbTOHHaH « RBnReTCR HHBapHaHTHblM OTHOCH
TenbHO npeo6pa30BaHHH, KOTOPble OCTaBnRIDT 'HeH3MeHHblM HCXOAHblH 
raMHflbTOHHaH CHCTeMbl. 6y.qeM Y4HTb1BaTb KPOMe 3flet<TpOCTaTH\.leCt<H* 
CHn, KOTOpble He 3aBHCRT OT opHeHTal.lHH cnHHOB, -MarHHTHble B3aHMo
.qeHCTBHR 3neKTPOHOB /cnHH-cnHHOBoe H cnHH-op6HTanbHoe/. Tor.qa 
ii AOnmeH 6b1Tb HHBapHaHTHblM OTHOCHTeflbHO npeo6pa3oBaHHR OTpa
meHHR speMeHH t ➔-t, a TaKme OTHOCHTenbHO KaHOHH4eCKOro/ocTas
nRID~ero HeH3MeHHblMH nepecTaHOB04Hble COOTHOWeHHR .qnR cnHHOBblX 

onepaTopos/ npeo6paaoeaHHR 
➔ ➔ 

Sn ➔ -s n; i ... -i (n= 0,1, ••• ,N). /2/ 

04eBHAHO, 4TO raMHflbTOHHaH /1/ MOmHO npe.qcTaBHTb B BHAe pR
.qa no CTeneHRM cnHHOBblX onepaTOP~B, npH4eM Ha-aa ynoMRHYTblX 
CBOHCTB HHBapHaHTHOCTH KamAblH 4fleH paanomeHHR .qonmeH COAepmaTb 
4eTHOe 4HCflO cnHHOBblX onepaTopoe, a K03<l><l>HI.IHeHTbl paanomeHHR 
.qonmHbl 6b1Tb se~eCTBeHHblMH <l>YHKI.IHRMH paAHyc-eeKTOPOB ,nonomeHHH 
aTOMOB_B KpHCTanmr-1-1 HHAeKCOB cnHHOBblX KOOPAHHaT. Ha 3PMHTO
BOCTH H cneAyeT, .4TO K03¢¢HI.IHeHTbl paanomeHHR .qonmHbl 6b1Tb CHM
MeTp"14HblMH OTHbCHTenbHO OAHOBpeMeHHOH nepecTaHOBKH HHAeKCOB 
cnHHOBblX KOOPAHHaT H3 HCXO.qHoro nopRAKa B o6paTHblH B Kam.qoH 
rpynne HHAeKCOB;, OTHOCR~eHCR K OAHOMY paAHYC-BeKTOPY nonomeHHR. 
HanpHMep, AnR 4neHa paanomeHHR THna 

a a 
I G (n,n')S 1s ~(a 1,a

2
=x,y,z;n,n'=0,f, ..•. ,N) 

a a nn' al a2 n n 
1 2 

HMeeM 

'Ga a (n,n') ='Ga a (n', n) ='Ga a (n,n'). 
12. 21 21 

K63¢<l>H1.1"1eHi~ paanomeHHR npeo6pa3yIDTCR KaK TeH30Pbl OTHOCHTeflbHO 
AOnyct<aeMblX CHMMeTpHeH CHCTeMbl npeo6paaoeaHHH cnHHOBblX HH.qeK
COB H KOOPAHHaT. 0TMeTHM, 4TO paccMaTpHBaeMoe paanomeHHe .qonm
HO 6b1Tb COBMeCTHO C o6naCTbID onpeAeneHHR HeB03My~eHHblX BOflHOBblX 
¢YHK1.1HH CHCTeMbl, KOTOpaR onpeAenReTCR Ha6opOM ID H n03TOMy He 
MomeT, Hanp1-1Mep, co.qepmaTb 4neHa c (S ~) 28 n+1• .n 

6y.qeM paccMaTpHBaTb e AaflbHeHWeM AHHaMHKY np1-1MeCHoro cnHHa. 
C 3TOH 1.1enbID crpynn1-1pyeM 4netii.1 ynoMRHYToro paan.9meHHR 8 npH 
OAHHaK_OBblX CTeneHRX onepaTopa npHMeCHOr,o cnHHa So .TaKHM o6pa30M, 
nony4HM cneAYID~ee paanomeH1-1e 3t<eHsaneHTHOro raMHnbTOHHaHa no 

CTeneHRM so: 
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- ➔ .➔ :-+ - ➔ ➔ - a ➔ _-+ . a 
H(So,sl' ... ,SN) =Ho(St' ... ,SN) + ::£Ho(S1,····SN)So + 

a 
_a 1a ➔ ➔ a 1 a 2 ➔ - :.. ➔ 

+ ::£ Ho ~st'"''SN)So So + ... =A(So)Ho(S1,·"•SN) 
at a 2 

/3/ 

➔ -
3,qecb aae,qeH c1-1Maom14ecK1-111 onepaTop A(S 0) paa11omeH1-1R H no cTe-
neHRM sg' KOTOpblH onpe,qe11ReTCR pa311o>KeH1-1eM /3/ C lllq,9011_ Tpe6_ye
MOH c-reneHblO np1-16111-1>KeHl'1R no onepaTopy sg ,<l>yHK41'1°1-I Ho (S 1•"'' SN) , -a -+ . ➔ 

Ho (S 1 , ... , Sri) , ... , KaK yKa3blBa/lOCb BblWe, MoryT 6b1Tb npe,q-
CTaB11eHbl B Bl-1,qe paa11o>KeHl'1H no_onepaTopaM cn~HOB aTOMOB MaTp1'14bl. 

Y41'1TblBaR /3/, npe,qcTaBl'1M Tenepb raMl'111bTOHl'1aH pacc~aTpl'1Bae
MOH cn1-1HOBOH Cl'1CTeMbl B 81'1,Qe 

H=H 0 +H 8 +Hi; 

H O = [ A (SO ) - 11 < HO (S 1 , ... , SN ) > s 

➔ ➔ 

HS =Ho(S1 , •.• ,SN); 
/4/ 

➔ - ➔ ➔ -➔ ➔ 

HI = [A(So)-1)[ Ho (St, ... , SN) - < H o<S1 , ... , SN)> s] 

3,qeCb < ... >s o6o3Ha4aeT KBaHTOBOCTaTl'1CTl'14eCKOe ycpe,qHeH1-1e no 
COCTORHl'1RM cn1-1HOBOH cpe,qbl /on1-1CblBaeMOH raMl'1/lbTOHl'1aHOM HS/, 
C KOTOPOH B3al'1MO,qe11cTByeT np1-1MeCHblH cn~H, npl'14eM 3Ta cpe,q~ 
npe,qno11araeTCR Haxo,qR~eHCR B COCTORHl-111 CTaTl'1CT1'14ecKoro paat'.io
aec1-1R. 0,qHaKo nocKO/lbKY Hl'1>Ke TeMnepaTypbl nepexo,qa MarHeT1-1Ka 
B ynopR,q04eHHOe cnl'1HOBOe COCTORHl'1e 1'1MeeT MeCTO BblPO>K,qeHHe co
CTORHl'1R CTaTl'1CTl'14eCKOrO paBHOBeCHR, 6y,qeM /Kor,qa 3TO Heo6xo
A1'1MO/ no,qpaayMeBaTb no,q < ... >s Keaa1,1cpe,qHee 1101 , T. e. · 

-.\(Hg +hv) -1 . -.\(Hg+hv) 1 
< ... >s=lim[Spse ) ] Sps[e .. ~),(,\=kT), 

v~ S 

np1,14eM CHa4ana np01'13BOA1'1TCR nepexo,q K TepMO,Ql'1HaM1,14eCKOMy npe
,qe11y V ➔ oo(N ➔ oo),a 3aTeM Bbl41'1C/1ReTCR npe,qe11 V ➔ O. faM1'1/lbTOHl'1aH 
hv OnHCblBaeT B3al'1MO,qe11CTBl'1e cnHHOB MaTPl'14bl c HeKOTOPblMJ,1 BHew
H1'1Ml'1 MarHl'1THblMJ,1 nO/lRMJ,1 /1-1cT04Hl'1KaM1,1/, BK/ll04aeMblM1'1 8 Cl'1CTeMy AllR 
HapyweHl'1R 1'1HBapl'1aHTHOCTl'1 Hs OTHOC1'1Te/lbHO npeo6paaoeaHl'1R /2/. 
HH,qeKc v on1-1cb1eaeT Ha6op napaMeTpoe, xapaKTep1,1ay10~1,1x HCT04H1'1Kl'1, 
np1,14eM np1,1 V➔ 0 Be/11'141'1Ha 3Tl'1X BHeWHl'1X nonei::t CTaH0811TCR '6ecKOHe'-i
HO· Ma11011. 

TaKJ,1M o6paao~' raMl'111bTOHl'1aH Ho Onl'1CblBaeT Ma11y10 no,qcHCTeMy 
/np1-1MeCHblH cnHH/, Haxo,qR~YIOCR B HeKoTopoM 3(j)(j)eKTl'1BHOM MarHHT
HOM none, 06yc11oe11eHHOM B3al'1MO,qei::tcTBl'1eM C 6011bWOH TepMO,q1-1HaM1,1-
4eCKl'1 paBHOBeCHOH Cn1'1HOBOH cpe,qOH /TepMOCTaToM/. faMl'1/lbTOHl'1~H. 
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Hi on1-1cb1aaeT aaa1-1Mo,qe11cTa1-1e np1-1MecHoro cn1-1Ha c <1>11yKTya41-1RM1-1 
cpe,qbl. 6y,qeM paccMaTp1-1aaTb ,qa11ee c11a60 CBR3aHHblH np1-1MeCHblH 
cn1-1H, T.e. cn1-1H, y KOToporo aaa1-1Mo,qe11cTa1-1e .co cn1-1HaM1-1 MaTp1-14bl 
3Ha41-1TeJ1bHO c11a6ee B3al'1MO,qeHCTBl'1R Cnl'1HOB MaTp1-14bl ,qpyr C ,qpyroM, 
l'1 C41'1TaTb Hi B03My~eHl'1eM. 

faMl'111bTOHl'1aH /4/ noaao11ReT 1-1cc11e,qoaaTb noae,qeH1-1e np1-1MecHo
ro cn1-1Ha B ,qocTaT04HO o6~eM c11y4ae, He KOHKpeTl'131'1PYR MaTp1-14y 
1-1 Y41'1TblBaR 11106y10 Tpe6yeMylO cTeneHb onepaTopa S0 a H0 1-1 Hi. 

OrpaHl'141'1MCR AllR npocTOTbl B ,qallbHeHWeM c11y4aeM OAHOOCHOro 
MarHeTl'1Ka C OCblO aHl'130Tpon1-11-1, Hanpaa11e~HOH BAO/lb OCJ,1 z.B 3TOM 
c11y4ae C T04HOCTblO AO KBa,qpaTl'14HblX no So 4/leHOB raMl'1/lbTOHl'1aH 
Ho npl'1Hl'1MaeT B1'1A 

~ 
Ho =aSO(So+1)-w 0 s5+b(St)2 

-xx ➔ ➔ 0 -z ➔ ➔ 
a=<Ho (S1, ... ,SN)>S; w =-<Ho(S1''"'SN) + 

. - xy ➔ ➔ -zz ➔ ➔ 
+1Ho (St , ..• ,SN)>s; b=<Ho(S1 , .•• ,SN)>g-a, 

-xx ➔ ... 
3,qecb 611aro,qapR OAHOOCHOH CHMMeTPl-11'1 <Ho (S 1 , ••• ,SN)> s = 

15/ 

_ - yy ➔ ➔ -xy ➔ ➔ -yx ➔ ➔ 

-<Ho (StL····SN)>s➔ '<Ho (S1'····SN)>s=-<Ho(S1,· .. ,SJ>s, 
npl'14eM < HiYcs1 .... , SN)>s paBHO HYl1K>_ll111 41'1C!O MHl'1MOH Be/11'141'1He. 
Hanp1,1Mep, nepeb111 4/leH paa11omeHHR H l (S 1 , ••• ,Sri) no onepaTopaM 
cnHHOB MaTPl'14bl paeeH 'G xy (0,0) = -'G yx (0,0) = 'G yx (0,0) = 0. 

0TMeTl'1M, 4TO MO>KHO 11erKO Y41'1TblBaTb B Cl1Y4ae Heo6xo,q1-1MOCT1'1 
- ➔ 1-1 c11e,qy10~1-1e 4/leHbl paa11omeHHR Ho no So • 

Co6CTBeHHble 3Ha4eHl'1R onepaTopa /5/ 1'1MelOT B1'1A 

wm=aS 0(S 0 +1) -w 0 m+bm 2 , 

r,qe m - co6CTBeHHble 3Ha4eHl'1R onepaTopa s Q' COOTBeTCTBYIO~He 
cTBeHHblM <l>YHK41'1RM Im> (m=S 0 ,S 0-1, ... ,-S 0 J. 

/6/ 

co6-

B ,qaJ1bHe11weM 6y,qeM paccMaTpl'1BaTb c11a60 CBR3aHHblH np1-1MeCHblH 
cnHH e c11y4ae c11a6011 He/lHHeHHOCTl-1, Kor,qa lbl«lw0l/np1,1w 0=0 
e aHT1-1<1>eppoMarHeTHKe 6y,qeM no11araTb 1,1 b=O/ a raMHJ1bTOH1-1aHe 
/5/ J,1 

- '➔ ➔ - ➔ ... 

H 1 = ::£ S~ [ H~ (S 1 , ... ,SN) - <Hg (S1 , ... , S N)> s] , 171 
a 

AHHaM1-1Ka c11a60 cBR3aHHoro np1-1MecHoro cnHHa e c11y4ae, Kor,qa 
He/11'1HeHHble no s O 4/leHbl He Ma/lbl no cpaeHeHHIO C /11'1HeHHblM' 6y,qeT 
no,qpo6HO paccMOTPeHa B ,qpyroM MecTe C y4eTOM B/11'1RHl'1R (j)JlyKTya-
41,111 cpe,qHero nonR. 
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3. K11HET114ECKl1E YPABHEH~HI ,nm1 nonEPE4HblX 
KOMnOHEHT nPl1MECHoro cn11HA 

PacCMOTPl1M Kl1HeTl14eCKOe ypaBHeH11e AilR ycpeAHeHHblX onepaTo

poB np11MeCTHOrO cn11Ha 

< S ~ > = Sp O [ S; p O (t)] , 
rAe Spo( ••• ) o6oaHa4aeT wnyp no COCTORHl1RM Manoi:-i nOAC11CTeMbl 
/np11MeCHOro cn11Ha/, p o<t) = Sp sP (t) - CTaTl1CTl14eCKl1H onepaTOP AilR 
np11MecHoro cn11Ha /p(0 - cTaT11cT11L1eCK11H onepaTop ecei:-i c11cTeMw/. 

3Tl1 ypaBHeHl1R 11MeIDT B11A 

_i._<Sao> = I (S~)m' .-£..[po(t)]m, /8/ 
at mm' m at m 

11 MOryT 6WTb nony4eHbl C noMO~bID ypaBHeHl1R AilR MaTpl1qbl nnOTHOCTl1. 
B pa6oTe111 twno nony4eHO T04HOe Kl1HeTl14eCKOe ypaBH~H11e AilR 

MaTp11qw nnOTHOCTl1 nOACl1CTeMW, eaa11MOAeHCTBYID~eH C TepMOCTaTOM. 
B 4acTHOCTl1, B npeAeJlbHOM cny4ae 6oJlbWl1X epeMeH t ~ Trel >>to BO 
BTOPOM np1161111meHl111 Teop1111 B03My~eHl1H no saa11MOAeHCTBl1ID 3TO 

ypaBHeH11e 11MeeT peA¢1111AOBCKl1H B11A
1121 

L[p
0
(t)]n =i(w -w )[p

0
(t)]n - I IBn [p 0 (t)]n1 + at m n m m n1 n1 m 

nm1 n1 
+(Bm)*[p

0
(t)]nl+ I B [p

0
(t)] , (t-r 1 »t 0 ) 

n
1 

n 1 n m n1m m1 , re 
1 1 

/9/ 

3AeCb <,) ,w - co6CTBeHHble 3Ha4eHl1R raM11J1bTOHl1aHa Ho /4/' KOTO
PblH' Ka~ oi°Me4aJlOCb' 6yAeM Aanee 6paTb B Bl1Ae' AaBaeMOM Bb1pa
meHl1eM /5/ /cOOTBeTCTBYID~11e co6CTBeHH~e 3Ha4eHl1R AaIDTCR ¢op

Mynoi:-i /6//. 

00 

B n = i f dw' I (w , -w 
nl -oo n, n n 

, . -1 n 'n , 
+ Cu + H) cp , (w ) , 

n
1
n · 

c ➔ +O' 

nm oo 1 1 nm1 /10/ 
B 1 =ifdw'(------+-------)¢ (c.,'). 

n1m -oo w -w +w'+ic w -w -cu'+ic ntm 
n n 1 m 1 m 

MaTPl14HWe 3JleMeHTW B /9/ 11 /10/ 6epyTCR Ha co6CTBeHHWX ¢YHKq11-
RX Ho' a ¢YHKql1R cf, n'~ (wtRBJlReTCR ¢ypbe-o6paaoM KoppenRql10HHOH 

¢YHKqH11 AilR saa11M8~eHCTBHR 

n 'm 1 00 iwt n' m 
cf, , (w) = - f e , < (H 

1 
(t)) (H . (O)) m, > s dt , 

nm ,277 _
00 

n 1 
/11 / 

Hi (t) = e iHs t H. e -rns t 
1 ' 

6 

np114eM 
-;\ , , , , 

e wcf,n m, (w)=cf,m~ (-w); [cf,n m,(w)]*=cf,m ~(cu). 
nm m n nm mn /12/ 

YpaBHeHl1e /9/ cnpaBeA111180 np11 <Hi >s=O, 4TO BblnOJlHReTCR AilR ra-
Ml1JlbTOHl1aHa /4/. · + 

PaccMOTpl1M CHa4ana ypasHeH11e AilR <S;> (So =S ~ ±iS ~). Y411Tbl
saR 113BeCTHWe swpameHl1R AilR MaTpl14HWX 31leMeHTOB onepaTopos 
cn11Ha a' 11cnOJ1b3yeMOM npeACTasneHH11, B KOTOPOM S ~ Al1aroHaneH, 
nony411M 113 ypasHeH11R /8/ 

-s + 1 a + O + m-1 a m -a <So>= I (S o)m -at [po (t)] m-1 ' 
t , m=So 

(S+)m-l =(S-)m =y(S +m)(S"-m+l) /13/ 
O m O m-1 0 0 

11cnonbayR Bb1pameH11R /6/, 171, /9-12/ 11 npeHe6peraR s Bbi,pa
meH11Rx /10/ AilR K03¢¢1-1q11eHTOB Kl1HeTl14ecKoro ypasHeHl1R Hecy
~eCTBeHHWMl1 AilR HHX HeJ111HeHHWMl1 nonpasKaMH K 4aCTOTaM 
(lb I «Jw

0 I), nony4HM cneAYID~ee ypaaHeH11e AilR [p 
0
(t)l '::i _

1
: 

_i._[p
0

(t)]m =-[i(cu 0 +b-2bm)+P )[p
0

(t)]m 
1

+ at · m-1 m m-

+ B m m [ (t)]m+t + 8 m m-2[ (t)] m-1 
m+lm-1 Po m m-tm-1 Po m-2' /14/ 

rAe . 
p = Bm + (Bm-11)* - Bmm-11= i(Pl +2P2 -2mP2) + 

m m m- mm-

+l[S
0

(S
0
+1) -m2 ](1 +e-.\w

0
) + (2m-1) e-.\w

0
i r'+r", 

B m m = (S + ) m (S +) m -1 e -Aw o r, 
m+l m-1 0 m+ 1 0 m ' 

/15/ 
8 m m-2 = (S +) m-2 (S+)m-1 r'. 

m-1 m-1 0 m-1 0 m 

3AeCb BBeAeHW o6o3Ha4eHHR 

+- zz( ) 1 oo <p w (w) oo cf, cu w , 1T +- 0 ) 
P =- f -'---dcu + f ---dw, r =~

2 
(w , 

1 2 -oo w o_w -oo w w /16/ 

7 



1 00 

p =- f 
2 4 -00 

(e--.\w_1)¢t,-(w) 00 

---::-----dw - f 
w 0 -w -oo 

¢ ;} (w) &, ; r"=rr¢ ~z (0). 
(I) 

rAe ¢ C:{ (w) (a, a'= z, z; + , - ;- , +) o6oaHa4aeT <)>ypbe-KoMnoHeH-
Tbl epeMeHHblX Koppe11R4"10HHblX <l>YHK41-1H Bl-1Aa 

, ~ ➔ ➔ :::::~ ➔ ➔ 

¢aa (t) =< H~ (S
1 

(t), ... , SN(t)) H~ (S
1 

(O), ••• ,SN(0))>
8 

, 

tt;<s 1 (t) •••• , s N<t)) = tt; cs 1 (t) •...• sN(t)) - /17/ 
- a ➔ ➔ ➔ iHgt ➔ -iHgt -± -x+ .- y 

-<H 0 (S 1(t), .•• ,Sit))>, Sn(t)"'e Sne , H 0 =H 0 _1H 0 , 

f o6oaHa4aeT rnaeHoe 3Ha4eH1-1e·1-1HTerpa11a • 
np1-1 no11y4eHl-1"1 BblpameHl-1H /14/-/16/ np1-1HHMa11acb BO BHl-1MaHl-1e 

CHMMeTpl-1R Koppe11R4HOHHblX <l>YHK41-1H /17/'e paccMaTpl-1BaeMOM c11y4ae 
OAHOOCHOro KPl-1CTa1111a 

ef,xx(t)=q,YY(t); q,XY(t) ,,;_ef,yx(t), ef,zx(t) = ef, yz(t) = 0 /18/ 

1-1 CHMMeTpHR, 06yc11oe11eHHaR CBOHCTBaMH /12/. 
Ha BblpameHl-1H /13/-/15/ CileAyeT TaKoe ypaBHeHHe AI1R <St>: 

..i_ < S ~ > = - i (w o + b + P 1 + 2P 2 ) < Sri> + 2i (b + P 2 ) < S ~ S ci> at 

-I[ S oCS 0+ 1)(1 + e -Aw ~-~
0 
]r' +r"I <S; > 

--.\wo . .\wo 
- 2e r'<S~s ~> + (1 + e- ) r'<(S ~) 2 s; > + 

-,\wor, + + - r, - + + 
+e <S 0 s 0 s 0 > + <S 0 S 0 S 0 > 

Aanee 6yAeM 1-1cno11baoeaTb cooTHoweHHR 

sts; =S 0 (S 0 +1)+sz0-(S~) 2 , 

·s- + z z 2 
oso = So(So+1) -So-<So) ' 

+ + 
[S 0, (S~)n]=[(S~+ 1)n -(S~)n]S 0 , 

/19/ 

/20/ 

rAe [ ••• , ••• ] o603Ha4aeT KOMMyTaTop. Beill-14"1Hbl (S ~ ± 1) n MOmHO 
npeACTaBl-1Tb B B"1Ae PRAOB 

8 

! 
L 
pf 
L

1

I 
!? 

" l 
! 

! 

'J} 
t 

IV 
l(') 

r 
1 
I' 
I 

n 
(S~±1)n=k~0(±1lc~(S~)n-k' /21/ 

n nl 
rAe C = --- - 61-1HOMl-1HaI1bHble K03<)><)>1-141-1eHTbl. 

k k I (n-k)I 
np1-1H1-1MaR BO BHHMaHHe COOTHOWeHHR /20/, /21/, Kl-1HeTl-14eCKOe 

ypaBHeH1-1e /19/ MOmHo 3an1-1caTb B CileAY~~eM B1-1Ae: 

a~ <S;>=-[i(wo +b+P
1 

+2P 2)+(e--.\wo r•+r"))<S;> + 

--.\w O . z + 
+[2i(b+P2)+(e -1)r']<SoSo> 

/22/ 

YpaBHeHHe /22/ CBOAl-1TCR K ypaBHeHl-1~ 611oxa 1131 a ABYX CI1Y4aRx. 

Ec111-1 se111-141-1Ha np1-1MecHoro cn1-1Ha 8 0= ! ,To 1-1MeeM S~S t = ~ St 

1-1 ypasHeH1-1e /22/ np1-106peTaeT B1-1A 

..iL<Sii> =-[i (w0 + P 1 + P 2 ) + .1.(1 + e--.\w
0 
)r '+r "] <S~>; (S 0 = 

2
1 ). 

at 2 
nycTb Tenepb TeMnepaTypa cn1-1HOBOH cpeAbl YAOBileTBOpReT YCilOBl-1~ 
S0i\ lw0 1«1, a se111-141-1Ha s 0 npo1-1aso11bHa. B 3TOM c11y4ae ee111-141-1Hbl 
< s-:;> 1-1 <St S 1,> RBilR~TCR BeI1"14"1HaMH nepeoro nopRAKa MailOCTl-1 no 
Aw0 .CoxpaHRR B ypaBHeHHl-1 /22/ TOilbKO Be11H4"1Hbl nepsoro nopRAKa 
no A(IJ, 0 ,Bl-1Al-1M, 4TO OHO np1-1BOAHTCR K ypaBHeHl-1~ 611oxa TOilbKO npH 
YCI10B"1H r-+r"»2lb+P 2I-TaKl-1M o6paaoM, 

a~ < S t > = -[ i (w O + P l) + r '+ r "] < S ~ > , 
.: 

(S 0,\ lw O I « 1 ; r, + r -~>> 21 b :t p 2 I). /23/ 

Be11H4"1Hbl r, 1-1 r,, onHCblBa~T yw1-1peH1-1e ypoBHeH npHMeCHOro cnHHa 
/06yc110BI1eHHOe B3aHMOAeHCTBHeM ero C 4>11yKTya4HRMH cpeAbl/ KaK 
aa C4eT KOHe4HOro BpeMeHH mH3HH cnHHa B KBaHTOBOM COCTORHHH 
(r'), TaK 1-1 3a C4eT MOAYI1R41-1H 4aCTOTbl nepeXOAa 1-13 OAHOro COCTQR
HHR B AP,Yroe (r") /nOAP06Hee CM / 2•41 /. 

C11eAOBaTeI1bHO, np1-1 BblCOKl-1X TeMnepaTypax ypaBHeH1-1e /22/ cso
Al-1TCR K ypaBHeHH~ 611oxa, eCilH yw1-1peH1-1e YPOBHeH np1-1MeCHOro cn1-1Ha 
3Ha41-1TeI1bHO npeBblwaeT He3KBHAHCTaHTHOCTb COCeAHl-1X YPOBHeH 
2lb+P 2 11-1 e~ MOmHo npeHe6pe4b. 

B o6~eM CI1y4ae AI1R on1-1caHHR KHHeTl-1Kl-1 <S ti> Heo6XOAl-1MO "1MeTb 
Kl-1HeTl-14eCKOe ypaBHeHHe AI1R <S~ s ~>. KOTOpoe 6yAeT COAepmaTb 
< (S 5) 2 s ri > 1-1 T ·A· TaKHM o6pa30M' 6yAeM "1MeTb Cl-1CTeMy aa4en11R-
~~HXCR I1"1HeHHblX AH<l><)>epeH41-1aI1bHblX ypaBHeHl-1H nepeoro nOPRAKa AI1R 
cpeAHHX g n '= < (S 5) n S t > • 

no11y4"1M 3TY Cl-1CTeMy ypaBHeHl-1H B BHAe ypaBHeHl-1R AI1R gn.Ypas-
HeHHe AI1R TaKoro cpeAHero 1-1MeeT Bl-1A 

-s0+1 
..i..g = ~ mn(s+)m-1 L[p '<t)Jm at n m=So O m at O m -1 

/24/ 

' 9 



() 

Hcnonb3YR BWpameHHR /14/, /15/, /20/, /21/, MOmHO npeACTa
BHTb ypaeHeHHe /24/ a CJleAY~~eM BHAe: 

a ~ ...,\w0 
-g =-[i(ruo +P1 +2P 2 +b) +e r•+r"]g + at n. n 

+ [ 2i(b+ P 2 ) + (e ...,\ruo -l)r'J gn+l 
n n 

+ r' .I 'ck I[ s O (SO + 1) x 
k=l. 

...,\ru o ...,\ruo ...,\ru o 
x(l-e )+2e ] gn-k -(1+3e ) g n-k+l + 

...,\ 0 n ...,\ o 
+ (e ru - l)gn-k + 2 1 + r• .I "C~l[S 0 (S 0+1)(1 +e w ) -

k=2 

-.\ru o 
-2e J gn-k 

0 
+ G3e...,\ru -1) g n-k+ 1 o I. -(e --.\ru +l)gn-k+ 2 

/25/ 

n n 
3AeCb .I, o603Ha4aeT CYMMY no He4eTHblM k, a .I,, - CYMMY no 
4eTHblMk=l k. k=2 

CHCTeMa ypaeHeHHA /25/ OKa3WBaeTCR 3aMKHYTOA H COAepmHT 
2S0 ypaBHeHHA 611arOAapR onepaTOPHOMY paeeHCTBy 

-s 0+1 
[ n (S ~ - m ) J s ~ = o . 

m=So 
PacCMOTpHM, HanpHMep, c11y4a~, KOrAa 

CHCTeMa /25/ COCTOHT H3 ABYX C8R3aHHWX 
/22/ H ypaeHeHHR 

So =1. B 3TOM c11y4ae 
ypaeHeHHA: ypaeHeHHR 

..i._gl =-[Hru 0-b+P1 )+(3+2e...,\w
0
)r'+r"Jg

1 
+2r'g

0
• at /26/ 

06~ee peweHHe CHCTeMW ABYX ypaeHeHHA, /22/, /26/, HMeeT BHA 

<S+ (1) -iru1t (2) ·-1w2 t 
0 >=a 0 e +a 0 e 

<szs+. (1) -iCLJ1t · (2) -iCLJ2t 
o o>=a1 e +al e 

3Aecb 

. ...,\ruO 
ru 12 =ru0 +P +P -!..[3(1+e )r'+2r"] ± 

, 1 2 2 /27/ 

r-2 , o '-o , o 
± v' (b + P ) 2 + -[ 8(1- e-"ru )-(3+ e-1\W) 2)-if"(btP )(1-e-"ru ) -

2 4 2 

IO 

KOPHH COOTBeTCTBY~~ero xapaKTepHCTH4eCKOro ypaeHeHHR, a (~,
2
> , 

a <1,2> - peweHHR COOTBeTCTBY~~eA OAHOPOAHOA CHCTeMbl ypaeHeHHA 
npH CLJ=CLJ1H (LJ=CLJ2 COOTBeTCTBeHHO, 3aBHCR~He, eoo6~e roeopR, OT 
ABYX npoH3BOJ1bHWX nocTORHHblX, npH4eM 

a<J•2) ru1, 2-ruO_p +b+i(3+2e...,\ru
0
)r'+ff" 

a 0,2) = 2ff' 
/28/ 

1 
TaKHM o6pa30M, B paccMaTpHeaeMOM cny4ae /So=l/ KHHeTHKa 

ycpeAHeHHWX nonepe4HWX KOMnoHeHT npHMecHoro cnHHa onHcweaeTCR 
ABYMR 3KCnoHeHTaMH C KOMnJleKCHWMH 4aCTOTaMH. 

HccJ1eAyeM noAp06Hee KHHeTHKY npHMeCHOro cnHHa B 3TOM c11y4ae. 

Ec11H BblnOJlHReTCR HepaeeHCTBO 

2 IP 2 + b I» ar · + r-~, () /29/ 

TO, npeHe6peraR BTOPWM c11araeMWM nOAKOpeHHOro ewpameHHR B /27/ 
H pacKnaAWBaR KBaApaTHWA KopeHb, nOJ1Y4HM 

w
1

=ruo +P
1 

+2P
2 

+b -i[(2+e-.\ruo )r'+ r"], 

CL) 2 = CL) 0 + p 1 - b -i[ (1 + 2e -AW O) r. + ["'] • /30/ 

noACTaHOBKa /30/ a /28/ AaeT 

a (l) IP + b I 
I -o-1,,, 2 1a<2) I"' 1a<2) I, 

a O> r' o 1 
1 

BbrpameHHR /30/ npeACTaBJlR~T co6oA 4aCTOTbl nepeXOAOB MemAY 
YPOBHRMH npHMeCHoro cnHHa (Reru1 H Rew2) H HX ywHpeHHR (Imru 1 
H Imw 2 ), npH4eM e·brpameHHR AilR ywHpeHHA HaXOARTCR B cor11acHH 
c o6~eA TeopHeA WHPHH JlHHHA BaAcKon¢a H BHrHepa

I14
~611aroAaPR 

ycnoeH~ /29/, pa3HOCTb 4aCTOT !Reru1 -Reru 2 1 =2!P2+bl 3Ha4HTeJ1bHO 
60J1bWe HX ywHpeHHA' TaK 4TO 4acTOTbl xopowo pa3AeJ1eHbl. 

0TMeT"1M, 4TO ¢opMyJ1bl /30/ npH b=O ¢opMaJ1bHO coenaAa~T C Bbl
pameHHRMH AJlR 4aCTOT H YWHpeHHA JlHHHA TOHKOA CTPYKTYPbl cneKTpa 
B036ymAeHHA npHMeCHOro cnHHa B reA3eH6eprOBCKOM ¢eppoMarHeTHKe 
IAilR So =1/, HCCJleAOBaHHOro a pa6oTax 13,41 c noMO~b~ paBHOBeCHblX 

AByxepeMeHHblX KoppeJ1RL1HOHHblX ¢YHKI.IHA. 
CoenaAeHHe CTaHOBHTCR nOJ1HblM' eCJlH B BblpameHHRX AJlR ru0 ' pl• 

P2, r',r" no11omHTb fl~ (S 1 •····SN) =-¼ Ions~ / Ion - HHTerpaJl 06-

u ~ala ➔ . ➔ 

MeHHOrO B3aHMOAe11CTBHR npHMecb-MaTpH1.1a/, HO ~s1, •••• SN)= 0 , 
~ ➔ ➔ 1 ➔ ➔ 
H

0 
(S

1 
, ... ,S '=--

2 
.I I ,S S , /I ,>0 - HHTerpa11 o6MeHHoro e3a-

N' nn' nn n n nn 
HMOAeHCTBHR AJlR cnHHOB MaTPHl.lbl ¢eppoMarHeTHKa/ • TaKHe 3aMeHbl B 
raMHJlbTOHHaHaX /5/ ,/7 / H Hs COOT8eTCTBY~T nepeXOAY K reA3eH6ep
roecKOMY ¢eppoMarHeTHKY C HaM_arHH4eHHOCTb~, Hanpae11eHHOA BAOJlb . 

OCH z. 

II 



I 

nycTb Tenepb BblnOllH.ReTC.R o6paTHOe COOTHOWeHHe 

!P 2 +hl «r' 
H TeMnepaTypa AOCTaT04HO BblCOKa (k~'I» lw0 1). TorAa BblpalKeHH.A /27 /, 
/28/ npHMYT BHA 

w1 =WO +P1 -i(r'+r"), w2=w 0 +P1 -i(5r'+r"), 

a<1) a<2> IP +bl 
0 0 2 , __ , .. 2, 1--1 "" --

a <p a <1> 2r· 

EcllH npeHe6pe4b He3KBHAHCTaHTHOCTb~ cneKTpa no cpaBHeHH~ 
c WHPHHaMH llHHHH /T. e. nOllOlKHTb, HanpHMep, P2 + b = 0 /, TO KHHe
THKa npHMecHoro cnHHa onHCblBaeTC.R OAHOH 3KCnOHeHTOH C Rew 1 = 
=w0+P111 yw11peHHeM Imw 1 =r_'+r•~,4TO corllacyeTC.R c ypasHeHHeM°'. 
/23/ H pe3yllbTaTaMH pa6oT 12•41 • 

8 Clly4ae npOH3801lbHoro So Heo6XOAHMO pewaTb CHCTeMy ypaBHe
HH~ /25/, COCTO.R~y~ H3 2So ypasHeHHH. ClleAOBaTellbHO, B o6~eM 
clly4ae KHHeTHKa npHMecHoro cnHHa on11cwsaeTc.R Ha6opoM 2S0 3Kc
noHeHT. HeTPYAHO HaHTH AeHCTBHTellbHble 4aCTH 4aCTOT OCL!Hllll.RL!HH 
<St>/4aCTOTW nepeXOAOB MelK,qy YPOBH.AMH 3HeprHH cnHHa/ B Clly-
4ae, KOrAa npo.RBll.ReTC.A TOHKa.R CTPYKTypa cneKTpa npHMeCHOro 
cnHHa, T.e. 

r (m) « 2 I P 2 + b I , 
r,qe r(m) - ywHpeHHe llHHHH, COOTBeTCTBY~~eH nepeXOAY MelKAY 
H.RMH m-1, m. 113 Bb1palKeHHH / 14/, / 15/ / eCllH nollOlKHTb B HHX 
r "=0 / ClleAYeT, 4TO 3TH 4acTOTbl onpeAellR~TCR BblpalKeHHeM 

w m = w O + P 1 + 2P 2 (1- m) + b(l.;.. 2m) , 

m=So ,S 0 -1, ••• ,-S 0 +1. 

/31/ 

ypos
r' 

' 

3TOT pe3yllbTaT /npH b= 0 / C Y4eTOM WHPHH llHHHH nolly4eH B pa6o
Tax 12·41, rAe TaKlKe noKa3aHO, 4TO MHHMWe 4aCTH 4aCTOT OCL!Hllll.R-
1.!HH B CllY4ae, KOrAa BWnOllHReTC.R HepaseHCTBO /31/, Aa~TC.R sw
palKeHHeM 

r(m) =[2(S ~ :-1 )2 -1]r·+r··, 
0 

(kBT»S0 iw I). /32/ 

Bb1palKeHHe /32/ MOlKHO nOllY4HTb H HenocpeACTBeHHblM Bbl4HClleHHeM 
WHPHHW llHHHH no TeopHH Ba11cKon~a-B11rHepa 1141 

12 

4. KHHETHKA nPOAOnbHOn KOMnOHEHTW 
nPHMECHoro cnHHA 

DYAeM HCXOAHTb H3 ypasHeHH.A 
-s a z O a m 

-<S 0 > = I m-[p
0 

(t)] · at m= So at m 
/33/ 

C noMO~b~ BblpalKeHHH /6/, /7/, /9/-/12/, /18/ nolly4aeM Clle
AY~~ee KHHeTH4eCKOe ypaBHeHHe All.A ,q11aroHallbHOH 4aCTH MaTPHLIW 
nllOTHOCTH npHMecHoro cnHHa: 

a m + m 2 -Ac,) O m + 1 m 
'at[po(t)]m ={(SOm+1) [e (po(t))m+1 -(po(t))m]+ 

+ (S+ m-1 )2 [( (t))m-1 _ 8 -.\w
0 

( (t))m Ir'. /34/ 
o m P o m-1 Po m. 

Hcnollb3Y.R /20/' /33/' /34/' npHXOAHM K ypasHeHH~' onHCblBa~-
~eMy KHHeTHKY <S~>,clle,qy~~ero BHAa: 

~< S ~ > = { S
O 

(S
O

+ 1) (1 -e -.\w 
O

) - (1 + e -.\wo ) <S ~ > + 
at o 
+ (e -.\wo -1) <(8~) 2> Ir'. /35/ 

HeTPYAHO BHAeTb, 4TO ypasHeHHe /35/ CBOAHTC.R K ypasHeHH~ 

olloxa/13/ npH S
0

= ~ H npH A lw0 I S0 « 1 /S O - npoH3BOllbHOe/. 
B o6~eM Clly4ae All.A on~caHH.R KHHeTHKH <S5>HYlKHO paCCMOTpeTb 

ypasHeHHe All.A g ~ = <(S5) > 
-So 

Lg' = I mn _aa [po(t)]m 
at n m=So t m 

C noMO~b~ swpameHHH /20/, /21/, /34/ 3TO ypasHeHHe MOlKHO 
3an11caTb B BHAe ClleAY~~eH CHCTeMW ypaBHeHHH: 

..Lg' = I }: ''Ckn[So(So+1)(1- e -Awo) g' -k 
at n k= 1 n 

-.\wo , 
- (1 + e ) g n-k + 1 

0 
+(e-Aw -1)g' n-k+2] + 

/36/ 
0 0 

n n -Aw , ( -Aw 1) , 
+ I"Ck[S0 (S 0 +1)(1+e )gn -k+ e - gn-k+1 

k=2 

0 
-(e...,\w +1)g' k 2 }Jr'. 

n- + 

CHcTeMa ypaBHeHHH /36/ OKa3blBaeTc.R 3aMKHYTOH H COAepmHT 2So 
ypaBHeHHH, T.K. HMeeT MeCTO COOTHOWeHHe 

-so 
II (S ~ - m ) = 0 . 

m=So 

.TaKHM o6pa30M, B o6~eM Clly4ae KHHeTHKa <S~ > onHCWBaeTC.R Ha-
6opoM 2S 0 3KcnoHeHT. 

13 



flHTEPATYPA 
,· 

· 1. Ha10Moe IO.A., Me,qBeAeB M.B. TeopHR MarHHToynopRA04eHHblX 
KpHcTannoe c npHMeCRMH. 11HayKa 11

, M. , 1970. 
2. Kp1,1eornaa ,M.A., Jlocb B.<I>. Y<I>>:<, 1970, 15, c. 85. 
3. Los V.F. Phys.Stat.Sol., 1974, 63B, p. 727. 
4. JlOCb B.<I>. <l>HT, 1977, 3, c. 172. 
5. 6oron1060B H.H. JleK4ii 3 KBaHTOBOi CTaTHCTHKH. K1,1ie, 1949; 

6oron106oe H. H. Ha6paHHtXe TPYAbl e Tpex TOMax. 11HayKoea 
AYMKa 11

, K1,1ee, 1970, T,. 2. 
6. TR6J1HKOB C. B. MeTOAbl KBaHToeoi:\ Teop1,11,1 MarHeTH3Ma, 11HayKa 11

, 

M., 1975. 
7. HeaHoe M.A. <!>TT, 1972, 14, c. 562. 
8. AblKMaH M.H., Kp1,1eornaa M.A. m3T<I>, 1973, 64, c. 993. 
9. Jlocb B.$. TM<!>, 1978, 35, c. 247. 

10. 6oron106oe H.H. OH~H, A-788, Ay6Ha, 1961; B KH.: CTaTHCTH-
4ecKaR <l>H3HKa 1,1 KBaHTOBaR TeOpHR nonR. ''HayKa11

, M.' 1973. 
11. Jlocb s:<1>. AAH CCCP, 1978, 240, c. 1078 •. 
12. CnHKiep 4. OcHOBbl Teop1,11,1 MarHHTHoro peaoi-taHca. 11M1,1p11

, M., 
I 1967 • 

13. Wangsness R.K., Bloch F. Phys.Rev., 1953, 89, p. 728: 
14. Weisskopf V., Wigner E. Zs. Phys., 1930, 63, p. 54; 

1930, 65·, p. 18. 

14 

PyKOnHCb nocTyn1,1na B "13AaTeJ1bCKHH OTAeJ1 
16 HIOHR 1981 roAa. 


