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1. :PaccMoTpHM ynpyroe KorepeHTHoe pacceSIHHe Heil:TpoHoB B HaMar

HHtJeHl!OM o6pasue C HenonSipH3OBaHHhIMH SI)lpaMH. ilmpcjJepeHuHanbHOe cetJeHHe 

TaKo~o pacceSIHHSI onpenenSieTCR cnenyroIUHM Bb1pa:l:KeHHeM ( cM.HarrpJ 1/) 

du 

dO 
1
2 -2WK 
e . • 

( 1) 

rne b - KorepeHTHaSI nnHHa SIJlepHoro pacceSIHHSI 1 _f -aMnnHTyna KorepeHT-. 

HOI'O M8I'HHTHOI'O pacceSIHHSI, K - nepenaHHbiil: HMnynbc, e.-w K - cjJaKTOp 

ile6aSI-Yonnepa. CyMMHpoBaHHe HneT no ' KoopmrnaTaM aTOMOB KpHCTanna, 

3H8K "+" (-) OTHOCHTCSI· K HeiiTpOH8M co CilHHOM, napannenbHbIM ( aHTH-

napannenbHbIM) BeKTOPY q = i cirri)- rri ➔ 
m ennaH'IHbifi BeKTop B 

Hanp8B1:(eHHH nonSipH38UHH 8TOMOB, i = 
➔ _K_. CornacHo ( 1 ), 38BHCHMOCTb 
K du. ·--.m- OT HanpaBneHHSI CilHHa HeiiTpOHOB CBSI38Ha TOnbKO C HHTepcjJepeHuHeil: 

M8I'HHTHOI'O H SI)lepHOI'O pacceSIIiHi!: o Ha 9TOM . OCHOB8HHll o6bitJHO nenaeTCSI 

saKmotJeHHe, 'ITO B tJHCTO MaI'HlITHOM ynpyroM pacceSIHHH HeBO3MO)KH0 IlOSIB

neHHe nonSipH38UHH y nepBOHatJanbHO HenonSipH3OB8HHOI'O nytJKa Heil:TpOHOB/1,2I. 

CnenyeT,· O)lH8KO, saMeTHTb, tJTO yKasaHHoe Bb!llle yTBep)K)leHHe OCHOB8HO 

Ha a_Hannse Bhipa)KeHnSI nnSI nn#epeHunanbHoro cetJeHHSI, He ytJHThIBaromero 

npoueccoB KorepeHTHOI'O nepepacceSIHHSI,. IlplIBO)lSIIUlIX K ll3MeHeHlIIO )lnlIHhl 

sonHhI nsnytJeHHSI B cpene. TaKHMll npoueccaMn B cny'l:ae ynpyroro pacce

SIHH_g;: MO)KHO npeHe6peraTb TOnbKO JlnSI pasMepoB KpHCTanna f<k(n~ll .,. 10-4cM 
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( K - BOnHOBOfi B8KT0p H8fiTpOHa, n - noKa3aTenb npenoMneHHSI), T.e. 

)lmI pasMepoB MHllleHH, npu KOTOpbIX HecymecTBeHHa nepBllqHaSI 3KCTllHKUllHo 

B npOTllBHOM cnyqae J:WH onucaHHH pacceHHl!H He06XOIUIMO npuMeHHTb MeTo

/lbI, ncn_onbsyeMbJe B /lllHaMHqeCKOH Teopllll )lmppaKUIIH usny,1eHHH B KpIIcTan

nax. 

Bo3HHKa10mee B cpe)le ll3M8H8HHe /lnHHbl BOnHbl A, yq11TbIBaeMoe 

B /lHHBMHqeCKOH Teopnn, saBHCHT He TOnbKO OT BennqIIHbI, HO H OT sHaKa 

B38HMO/l8HCTBIISI qacTHU C pacceIIBaTenSIMII. TaK KaK MarHHTHOe B38HMO/leM

CTBHe IIMeeT pa3Hblll 3H8K /lnH rrpOTHBonono)KHbIX HarrpaBneHllll CIII!Ha HeuTpo

Ha, TO H H3MeHeHHe )lnHHbI BOnHbl HefiTpOHOB B cpe)le pasHoe /lnSI o6enx 

KOMnoHeHT cnIIHa. A 3TO,B CBOJO oqepe/lb, rrpIIBOAllT K TOMY, qTo HeCKOnbKO 

pa3Hb!MH cTaHOBHTCH H saBIICHllille OT A yrnbI Bpsrra, npII KOTOpb!X npo

HCXOJ:IHT /lll<PPBKUHOHHOe OTpa)KeHHe HefiTpOHOB C rrpoTIIBOIIOnO)KHbIM HarrpaBne

HHeM cnnHa. 

PaccMOTpHM 3TOT Bonpoc 6onee no/lp06Ho. 

II. OnepaTop MarHHTHoro B38HMO/l8HCTBHSI H8HTpOHa C i- sneKTpo

HOM HMeeT BH/l: 
➔ 

• ➔ ➔ 
➔ ➔ J{ V ( r ) = - µ = - 4 µ µ S rot rot 

l n l n e n 

SI ( 2) 

11 -~ I 

➔ ➔ ➔ 

rile 'S H n S I onepaTOpbl cnIIHa H8MTpOHa II i -ro sneKTpoHa; r - KO-

• . ➔ 
OP/lHHaTa H8MTpoHa, R 1 - KoopnnHaTa i -ro sneKTpoHa; /.!n,µc - Benn-

qnHbI MarHHTHbIX MoMeHTOB HefiTpoHa II sneKTpOHa COOTBeTCTB8HHO. 

Y_p8.B.H.e11:ae, _0~1,1ea10~ee noaeJiemi:e KorepeH.THofi 11e.ii:TpoH1Jofi BOnHbr. 

nonyqa~TCSI I13 ypaBH8HHSI llJpe/lHHrepa rryTeM saMeHbl noTeHUIIana V (r) = 
= - ;, I. j( (1) Ha ycpe/lH8HHbIH no cocTOSIHHJO sneKTpOHOB B KpncTanne 

rn I · 
I ➔ ➔ 

noTeHUHan < V {J) > =-/.! I.<}(
1 
(;) >. TaKaSI 3aMeHa 03HaqaeT, qTO Mb! rrpeHe

n I . : ·~ 
6peraeM aaTyxaaHeM KorepeHTHOll BOnHhl no Mepe npOXO)KJl8HHSI· qepe3 

KpHcTann Bcne/lCTB~e neynpyrnx rrpo11eccoB n npoueccoB paccesimrn c rre-
' . .. . . 1 

peBopoTOM' cnnaa·- ( 3TO .. MO)KHO cnenaTb )lmI TOnIUHH f < -- ~ 1 ~ 10 CM)' 
· Na 

4 

'' ) 

f. ·} 

·t 

"t 

N - qncno pacceHBaTenefi B e/lHHHue o6'heMa, a nonHoe ceqeHHe. 

HeKorepeHTHoro pacceSIHHSI). 

l13 CKa38HHoro Bbillle cnenyeT, qTo nccnenoBaHlle npoXO)KJ:IeHllH KorepeHT

HOll HefiTpOHHOll BOnHbl CBOAHTCSI K HCCnenoBaHHJO npOXO)K/l8HliSI H8HTpOHOB 

qepe3 MarHHTHOe none, o6pa30BaHHOe nepIIO)lHqeCKH pacnonO)KeHHbIMH nonSI

Pll30B8HHhlMH sneKTpOHBMH. Xopolllo Il3BeCTHO, qTO Bcne/lCTBHe MenneHHOro 

cnanannH MarHHTHoro nonH nnnonH c paccToHHHeM ( ~¼) cyMMapHoe none 

nnrronefi cymeCTBeHHO 3aBHCHT OT cpopMbI KpI!CTanna, KOTOpb!ll OHH o6pa3)'IOT, H 

OT opneHTauIIH cmrna sneKTpOHOB ( HaMarHnqeHHOCTH) OTHOCHTenbHO noBepx

HOCTH KpncTanna. PaccMoTpHM HH)Ke Han6onee npocToii cnyqafi cnMMeTpIIqHofi 

nIIcppaKunn Bpsrra B rrnocKonapannenbHoii nnacTHHKe·c sneKTpoHaMn, nonHpH-

30BBHHbIMH napannenbHO ee noBepXHOCTH. Tor)la cyMM8PH00 MarHHTHoe none 

AHIIonefi, B KOTOpOM rrpollCXOAHT /lll<ppaKUHH, cocpe)loToqeHo BHyTpll nnaCTIIHbI, 

ncnbITbIBaSI 6bICTpoe cna)laHne AO HynH Ha aTOMHbIX paCCTOSIHIISIX B6nH3H e? 

noBepxHOCTII. 3To n03BOnHeT HerrocpencTB8HHO ncnonb30B8Tb pe3ynbT8TbI, rrony

qeHHbie npn IICCneAOB8Hllll /llllppaKUIIH He:fiTpOHOB B KpIICTannax, Bb!3BaHHOll 

KOpOTKO/l8HCTBYIOIUIIM B3aIIMO/l8llCTBHeM C SI/lpaMH. 

llncppBKUllH B nonHpll30B8HHOM KpIICTanne OTnnqaeTCH OT nn~paKUilll B aerro

nHpll30B8HHOM o6pa3Ue HannqIIeM 3aBHCIIMOCTII B38IIMO)leMCTBIIH OT HarrpaBne

HHSI cnnHa qaCTil!lbI. Ecnn Bb!6paTb OCb KBaHTOBBHHSI napannenbHO BeKTOPY 

rronHpll38UHII sneKTpOHOB 
➔ m TO CIICTeMa ypaBH8HIIfi •• OIIIICb!BBIOIUaH CllMMeT-

pnqHoe llH¢paKUIIOHHOe OTp8)K8HHe, pacnanaeTCH Ha )lBe He38BHCHMbie CHCTe

MbI ( 0/lHB - JlnH HefiTpOHa co c_nHHOM, napannenbHb!M ~ , /lpyraSI, - /lJlSI" 

HefiTpOHOB C npoTHBononO)KHbIM iianpaBneHHeM cnnna), no BH/lY .CoBepllleHHO ' 

aaanornqHbJe ypaBH8HHSIM, On,ICbIBBIOIUHM nncppaKUIIJO B aenonSipH30B8HHOM 

KPIICTanne ( CM. T8K)Kel3 /). 

ITpnMeHHH pe3ynbT8TbI, nonyqeHHbie /lJlSI K03cpq>riuneHT8 llH<ppaKUHOHHOrO 

OTOa)KeHHH B HenonHOH30B8HHOM KPHCTanne/4/, nonyqaeM cne)lYIOIUee Bbipa

)K8HHe /lnH KOsq>cpnuneHTa OTpa)KeHIIH _Rt (R2) HeMTpOHa co cnHHOM, HanpaB-

neHHbTM rrapannenbHO (aHTnnapannenbao) ril: 
(-) (+) 

➔ 
2 

I-exp [i(Z 1C2>-Z l(1f] 2 
R .. 1w ('2rrr)I 1---------------1, (3) 

1(2) 1(2) ( ) ··. ( ) ( ) ( ) 
(2 l + -W ' (O) )-(2 l - - W {O) )ex [ i (Z - - Z + ) f ] 

. 1(2) 1(2) 1(2) 1(2) p 1(2) 1(2) 
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rne 
411N 2 m/1n 

W (0) =- ---b + --- 4 11 M 
t(2) k 2 - -tr 2 k 2 

b - KorepeHTHaH nn11Ha pac-

ceHHIHI, M - H8M8rJ!ll'!eHHOCTb o6paaua, 

_. 411N 2mµ ➔ 
W (211r) = [- --- b + ___ n_ 411M F(211r) ]e 

1(2) k 2 -t,2 k 2 

-w2rr,➔ 
, F(2111l -

- CHl!HOBblH qiopM<pBKTop aTOMa • e 
-W2111 

- <pBKTOP lle6aH-Y onnepa, 
➔ 

211 r -
' W k W 

BeKTOp o6paTHOil peIIIeTKll ' z ~ - ( 1 ( ) • y - KOCIIHYC yrna naneHl!H 
1c2>, Yo 2 o ➔ ➔ " 

C±> 1 ~ _. ½ 211r(211r+2kl 
nyqKa c = - I a + [ ( a - 2 W (0) ) 2 -4 W • ( 2 11 r) l I , a s -------

1(2) 4 - I( 2) 1 (2) k 2 

11a ( 3) cnenyeT, '!TO nnH yrnoB naneH11Sl HeilTpoHHOil BOnHbI, npll KOTO

pb!X BbIIIOnHeHbl ycnOBl!H 

2 2 ➔ 

(2W (0) - a ) < 4 WI (2 11 r 
I 

(4) 

(2W (0)-a ) 2 >4W
2

(211;), 
2 2 

Koa¢¢nuueHT oTpa)KeHHH 

R
2
« 1 • 

R t CTaHOBllTCSI paBHbIM enHHHUe, B TO Bp0MSI KaK 

Hao6opOT, ecn11 BbIIIOnHeHbI ycnOBl!H 

2 
(2W (0) - a) 

2 

2 
'(2W 

1 
(0) -a) 

TO , !J. 2 ~ 1 , a R1 « 1 • 

<4W
2

(211f 
2 

2 ➔ 
>4W

1
(211r), 

(5) 

Corna CHO ( 4) II ( 5), y'IeT ilIIH8MII'I0CKIIX a¢¢eKTOB iipIIBOllIIT K TO My, 

'ITO na)Ke IlpII OTCYTCTBllll B38HMOA8HCTBIISI C Hllp8Mll {bmO) B HeKOTOpOH 

orrpeneneHHOll o5nacTII yrnoB naneHIIH, sanaBaeMofi HepaBeHCTBaMII ( 5,6), 

B03MO~HO nonHoe '!llCTO MarHHTHOe 0Tpa)K0Hll0 OllHOll onpeneneHHOH KOMIIO

HeHTbi H0llTPOHHOro nyqKa. llpyrIIMII cnoBaMII, ecnII Ha KpIICTann nanaeT 

HenonHp113!J:B,aHHaSI rrnocKaSI BOnHa, To, cornacHo ( 4,5), Bcerna HaunyTCSI yrnb1, 

llpll KOTOpb!X· ·•o.Tp8)K0HHblll .iiy'IOK 5yneT IIOnHOCTblO IIOnSipll30BaH H038BllCUMO 

6 

t 

·1 

l i 
J:l 

'\~ 
)1, 
,11, 

',I 

•'i 
,, 

l 
, 1, 

,\ 

l 
! 

.·· >'1 .,.,, 
d 
I if 

._r 

·I .I 
" ~\ 
I\ 
\ C 
/\ q, 
) 

t 
~ 
:~ 
i 

'! 

OT COOTHOlli0HlHI Me)Kny smepHblM ll MarHHTHblM paccesrnneM. Y'ITeM Terrepb, 

'ITO B peanbHOM IIY'IK0 HMeeTCSI H0KOT0pbill pas5poc llMITynbCOB 110 BenH'IHHe 

II HarrpaBneHHIO. Torna, ecnll pa35poc iIMrrynbCOB MHOrO MeHbllle lllllPIIHbl 

o5naCTll, nonHoro OTpa)KeHIISI, CKa3aHHoe, Bbllli0 OCTaeTCSI crrpaBennIIBbIM. On

HaKO, ecnn HeonpeneneHHOCTb HMnynbca B nyqKe MHoro 5onbwe wnpHHhI o5na

CTII nonHoro OTpa)KeHIIH, TO nnH HaXO)KneHIISI IIHTeHCIIBHOCTII OTpa)K8HHOro 

nyqKa Heo5xonHMO ncnonb30BaTb llHTerpanbHblll K09Ql<PHUll0HT OTpa)KeHUSI R1;2) • 

TaK KaK rrpn b = O lliIIpllHa o5naCTll nonHoro OTp8)K0HllSI OllllHaKOBa nnH o5e-

llX KOMilOH0HT CIIHHa, TO R; = R 2' , ll rronHpIIsaUHS! nyqKa sa C'IeT TOnbKO 

MarHIITHoro B38IIMOll0llCTBllS! CTaHeT H0B03MQ)KH0ll. HHTep¢epeHUHSI HnepHoro 

II MarHIITHoro pacceHHIIll npIIBOllIIT K TOMY, 'ITO IIIIIpIIHa o6naCTII rronHoro 

OTp8)K0HllSI pasnU'IHa nnSI llBYX B03MO)KHblX HanpaBneHIIll CITIIHa B nana10mefi 

BOnHe. KaK cnencTBH~, IIHTerpanbHbJe K09Ql<PRUll0HTbl R, t II R; He paBHbI 

npyr npyry, II B03HIIKaeT B03MO)KHOCTb rronHpII38UllII ITY'IKa. ITpII 9TOM, •TaK 

)1{0 KaK II B cnyqae, He Y'IllTbIBaIOmeM nepBII'iHOH 3KCTIIHKUIIII, CT8HOBIITCR 

Ba)KHbIM COOTHOIII0Hll8 Me)Kny HnepHblM II MarHIITHbIM pacceSIHIIeM -11, 2/. 

III. no cIIx mop MbI HHTepecoBanucb srnneuneM oTpa>KeHnH. Cnenae~ 

Terrepb H0CKOnbKO saMe'IBHllll O cnyqae, Korna rrepBll'IH8SI ll nu¢parllp0B8HHaSI 

BonHhl rrpoxoASIT t:iepes , nnaCTUHKY ( cnyqafi nays)• B OTCYTCTBll0 Jlll<ppaK

llllll ll3B0CT0H llOBOnbHO lllllpOKllll Kpyr HBneHUH, B03HUKaIOmHX rrpn rrpOXO)K- -

JleHIIll aei!:TpOHOB ll Y -KBaHTOB qepea cpe11y, 06na11a10my10 HeCKOnbKllMII 

IIOK83aTenHMII rrpenoMneHHH. TaK, llpll pacrrpocTpaH0HllII HellTpOHOB (Mecc6a

yapOBCKllX ·Y -KBBHTOB) B cp~n.e C rronSipll30B8HHb!Mll SinpaMll iIOKaaaTenb 

rrpenoMn0HllSI HellTpOHOB y -~B8HTOB) co CIIHHOM, HarrpaBn0HHbIM rrapan-

nenbHo BeKTopy nonSipHsau11u Sinep, He paBeH noKasaTen10 rrpenoMneHHSI HettTpo

HOB ( y,-KBaHTOB) C npoTHBOIIOnO)KHbIM aarrpaBneaneM cn1rna •. KaK cnen

CTBlle 9Toro, B03HHKaeT Bpame1me CilllHa HeuTpOHOB ll nnoCKOCTll nonSipuaa

llllll y -KBaHTOB/ 5/ xi. AHanorH'IHOll IlPll'illHOll o5ycnoBneHhl XOPOIIIO ll3-

BeCTHbl0 SIBneHHSI MarHHTHoro BpameHHSI rrnocKOCTll 'rronSipHsaunH Y -KBaHTOB 

H rrpeueccHH CiIHHa H0llTPOHOB, npoXOJlSillIHX qepea ¢eppoMarHeTHK. qaCTOTa 

xi 
npennonaraeTCH,'ITO ny'IOK y -KBaHTOB pacnpocTpaHHeTCH BllOilb BeK-

Topa nonHpll38UHH MHWeHH, ilnH y -KBBHTOB, nanmournx nepneHAHKynHpHO 

BeKTOpy nonHpll38Ullll MHWeHH, CT8UHOH8pHbIM HBmllOTCH COCTOHHIIH C nnoc
KOH nonHpHaauneil, napannenbHOil n nepneHnHKynHpHoil BeKTopy nonHpnaaunn 
gnep, '!TO npHBOAHT K B03HHKHOBeHHIO HB/!8Hl!H llBOilHoro nyqenpeno!.!IleHHH, 
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ll3MeHeHHB ndnBpll38UHH onpenenBeTCB pa3HOCTblO noKa3aTenett npenoMneHHB 

COOTBeTCTByromnx CT8UHOH8pHbIX COCTOBHllH ll3nyqeHHB B cpene. BcnoMHllM 

Tenepb, qTO B KpllCTanne B ycnOBllBX Epsrra nogBnBIOTCB I nmpparHp0B8HHbJe 

BOnHblo KaK cnencTBHe, B 3TOM cnyqae CT8HOBHTCB cyu1eCTBeHHO llHb!M xa

paKTep H3MeHeHJrn nongpH38Ullll B YK838HHblX Bb!!lle BBneHHBX. OKa3bIBaeTcB, 

HanpnMep, qTo HeHTpOHbl npeuecctrpyroT B KpHCTanne C HeCKOnhKHMll qacTo

TaMn, 38BHCRII(HMH OT yrna naneHHB nyqKa H opHeHT8UHH .noBepXHOCTH KpHCTan

na OTHOCHTenbHO KpHCTannorpaqmqecKHX nnOCKOCTei;i. IToBBneHHe TaKHX aHoMa- . 

i nHH o6B38HO B KOHeqHoM cqeTe TOMy, qTo B nepHonnqeCKOH pe!UeTKe 3Hep-

reTnqecKHH cneKTp qacTHUbl HMeeT 30HHYIO CTpyKTypy131• HcHO, qTo .aHano

rnqHaB CllTyaung nMeeT MeCTO H nng Mecc6ayspoBCKllX y -KB8HTOB. T .e. 

KaK BpameHne nnocKOCTll nonBpH38UllH y -KBaHTOB, TaK ll ll3MeHeHne THna 

nonBpll38Ullll B RBneHnn nBOHHOI'O nyqenpenoMneHHB 6y)lyT npollCXOJlllTb C 

HeCKOnhKHMH qacTOT8Mllo ¢opManbHOe onncaHne YK838HHblX BBneHllH COBep

!lleHHO aHanornqHo cnyqaro HettTpOHOB ll nng 3TOI'O MO>KHO Bocno~h30B8TbCB 

COOTBeTCTBYIOII(HM o6pa30M o6o6meHHbIMll Ha cnyqatt nonBpH30B8HHblX BJlep 

H gnep, HaxonBII(llXCB BO BHe!UHllX nonRx, ypaBHeHH,BMll, npHBeneHHb!Mll B/8/. 

OTMeTHM T8K>Ke, qTo, K8K cnenyeT H3 pe3ynhT8TOB pa6oTbl/ 7 ~ nng y -KBaH

TOB, T8K >Ke K8K H nng HeHTPOHOB/3/, B03MO>KHO Bb13B8Tb pesoHaHCHOe H3-

MeHeHne nnOCKOCTll nonBpll38Ullll nepeMeHHb!M B!{elllHllM noneM. TTpnq~M B 

cnyqae nn¢paKUllll 6yneT HeCKOnhKO peaOH8HCHb!X qaCT0To 

• 3aMeTllM B ,38KmoqeHHe, qTo B03HHKHOBeHHe y sneKTpOHOB B nepHonHqec

KOM Mal'HHTHOM none, o6pa30B8HHOM nomipH30B8HHbIMH gnpaMH, 30lJHOI'O cneKTpa 

CKa>KeTCR T8K>Ke Ha sne~TpOHHOM napaMal'HllTHOM pe30H8HCe ll (BcneJlCTBHe 

ll3MeHeHHB cneKTpa M8I'HllTHb!X noBepxHOCTHblX ypOBHeH/8/)na UHKnOTPOH-... 
HOM pe30HaHce. TaK, HanpnMep, B onb!T8X no HCCnenoBaHHIO cnBHra qaCTOTbl 

sneKTpOHHOI'O napaM8I'HllTHOI'O pe3oHaHca B MeTanne C nonBpll30B8HHb!Mll 

BnpaMn B cnyqae s¢¢eKTa 0Bepxay3epa/9/ non>KHhI na6nronaTbCB ne onHa, 

a HeCKOnhKO qacTOT ~cp.121). 

ABTOpbl Bb!p8>K8IOT rny6oKyIO 6naronapHOCTh M.11.TTonropeUKOMy 38 

o6cy>KJleHne n none3HbJe 3aMeqaHnB. 
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