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1. AcneKTbl napaMeTpH4ecKoro 803AeHCT8HR MOI.IIHblx na3epHbiX 
noneH 3neKTpOMarHHTHOrO H3ny4eHHR Ha MaTepHanbHble CpeAbl, KaK 
H38eCTHO, R8nR~TCR 8 nocneAHee AeCRTHneTHe npeAMeTOM YCHneH
HOrO H3y4eHHR. npo~eCCbl pacnpOCTpaHeHHR H napaMeTpH4eCKOro 
8036ymAeHHR 80nH pa3HOH npHPOAbl 6blnH XOPOWO HCCneA08aHbl CHa-
4ana 8 raao80H nna3Me /eM., HanpHMep, 111 /,a 3aTeM- ~ oco-
6eHHO 8 HaCTORI.IIee 8peMR- 8 nnaaMe TBePAOrO Tena /CM./2/ H 
npH8eAeHHY~ TaM 6H6nHorpa~H~/. 0TMeTHM, 4TO AnR T8ePAOTenb
HOrO 06beKTa HCCneA08aHHR /MeTannbl, nonyMeTannbl, nonynp080A
HHKH/ BeCbMa xapaKTepHO 6oraTCT80 H MHOroo6pa3He ~H3H4eCKHX 
~aKTOp08, npH80ARI.IIHX K OCYI.IIeCT8neHH~ MeXaHH3M08 napaMeTpH4e
CKOH nepeAa4H 3HeprHH 8HewHero nonR cpeAe I eM. 121 , a TaKme 13•41 I. 

HeAaBHO 3.M.3nwTeHHOM/ 5/ 6blnO yKa3aHO Ha 803MOmHOCTb 83aHM
HOro napaM~TpH4eCKOro npeo6pa308aHHR pa3nH4HbiX 3neMeHTapHbiX 
B036ymAeHHH, 83aHMOAeHCTBY~IIIHX C 3neKTPOHaMH npo80AHMOCTH nony
npOBOAHHKa, HaXOARI.IIerOCR 8 none HHTeHCH8HOH 3neKTPOMarHHTHOH 
BOnHbl /3MB/, npH BblnOnHeHHH onpeAeneHHbiX pe30HaHCHbiX ycn08HH 
OTHOCHTenbHO 4aCTOT, eoo61.11e ro80PR, oTnH4HbiX oT ycnoBHH OAH0-
8peMeHHoro 8036ymAeHHR 80nH. DblnO HCCneA08aHO npeo6pa30BaHHe 
onTH4eCKHX ~OHOHOB /0~/ 8 aKyCTH4eCKHe /A~/ /H Hao6opoT/, 4TO, 
B npHH~Hne, MOmeT npHBeCTH K reHepa~HH 0~ C nOMOI.IIb~ ynbTpa3ey
KOBOH HaKa4KH. 

B HaCTORI.IIeH pa6oTe, cneAYR HAee pa6oTbl 15~ Mbl paccMaTpH8aeM 
napaMeTpH4ecKoe npeo6paao8aHHe THna "~oHoH-nlla3MOH 11 B Bblpom
AeHHbiX nonynpoBOAHHKax c KBaApaTH4HbiM cneKTPOM. 5yAeT nony4e
HO aHaJlHTH4eCKOe BblpameHHe AllR K03~~H~HeHTa npeo6pa30BaHHR 
nna3MOHOB B onTH4eCKHe ~OHOHbl 11 AaHbl 4HC1leHHble o~eHKH AllR TH
nH4Horo o6paa~a GaAs. 

2. HTaK, paCCMOTpHM HaXOARIIIY~CR B none CHllbHOH 3MB CHCTeMy 
B3aHMOAeHCTBY~IIIHX 3neKTPOHOB (e) , AblpOK (h) H ~OHOHOB (ph). fa
MHllbTOHHaH TaKOH CHCTeMbl B npeACTaBJleHHH BTOPH4HOrO KBaHT08a
HHR MOmHO aanHCaTb 8 ClleAY~I.IIeM BHAe /none 3MB npeACTa8JleHO 8 
AHnOllbHOM npH611HmeHHH seKTOPHbiM noTeH~HanoM A(t) ~- cF o /0 cos!lt I: 

H ~ H o +Hint ' /1/ 
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Hint 
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I l¢(ee)a + a+, a , a + cp (hh)a + a+, u , u + 

-+ -•, -+ k p+k p -k p p k p+k p -k (l p 
p, p' k 

_,,(eh) + + (Ill) + + 1 
+ 'I' k a a , a , a + ¢ k a +k a , k a , a + p+k p -k p p p p- p p 

/16/ 
,.. [ (e) + , (h) + l + 

+ .... ~ C k a p+k a P + C k a p+k a P (bk ~ b -k ) , 
p,k 

rAe a ·t, ap (at, a p) - onepaTopbl pOH<AeHVIR VI YHV14TOH<eHVIR 3JleKT
poHa /AbiPKVI/ C KBa3VIVIMnyJlbCOM p ; b~ , bq - onepaTOpbl POH<Ae-
HVIR VI YHV14TOH<eHVIR $OHOHa C BOJlHOBbiM BeKTOpOM ~ /eM. ,Hanp.1·6 •7 /; 
¢\")=41Te 2/k2 VI C~"·>npeACTaBJlRIOT KYJlOHOBCKoe B3aVIMOAel:icTBVIe 
3JleKTPOHOB VI AblpOK VI 3JleKTpOH-$OHOHHOe /Ablp04HO-$OHOHHOe/ 

B3aVIMOAeHCTBVIe COOTBeTCTBeHHO. 

BBeAR "o6o61J.1eHHble KBaHTOBble $YHKI..IVIVI pacnpeAeJleHI-1R 11 

< a+ a _, , <a + a > , < b > , < b + , 
p p+q t p p + q t q t -q t 

COCTaBJlRR AJlR HVIX rel:i3eH6eprOBCKVIe ypasHeHVIR ABVIH<eHVIR C VIC

nOJlb30BaHVIeM raMVIJlbTOHVIaHa /1/ VI nepeXOAR 3aTeM K $ypbe-npeA
CTaBJleHVIIO, no11y4aeM CVICTeMy ypaBHeHVIH AJlR Bei1V14VIH ll q (ro), 

N q (w) VI Cq (w): 

c~)(uH PO)nq (ru + Hll-t-¢qP~\r<J+ PO)P'_:, JP"-P (-A)Nq(co+ P'(!)= 

\1: "" 
=(2<:uq) 

1 C~e)p~e)(w+f0),l Jf.._P(Ae)Gq(w+ P'O), 
p =-"" 

/2/ 

) (h) 
c<~ (w+ fO)Nq(w-t-f{})+¢qPq (w+ fO) x 

VI (h) (h) 
xf,;:-oo Jf,_y(A)nq(w+f'0)=(2wq) C Pq (w+ fO)x 

/3/ 

x f':-oo Jp,_y(-Ah )Gq (w + f'O), 

V! (e)~ oo 

Qq(w+ fO) =(2wq) Dq(w + tn>ICq ,I ~,-f(-Ae)nq(w+ f'O>-t-
f =-oo 

141 
(h) * 00 

+ C q ,I Jf''-f (A h) Nq(w + f'O)I. e =-oo 
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B ypasHeHVIRX /2/-/4/ V~cnoJlb3oBaHbl cneAYIOIJ.IVIe o6o3Ha4eHVIR: 

(e,h}) ~ 
p '") ~ ~ q p 

(e,h) ~ _, (e ,h)(-+) 
fo (p+q)-fo P 

E::Te:iiJ_ E(e,h) - w- i.S 
p+q p 

c.s .. + O), 

, (e,h) (w) ~ 1 _ ¢ pq(e,h~w), 
q q 

2 2 -1 
Dq(uJ)=[(w-t-i.S) -cuql (8.,-t-0), 

-V! + 
Gq lrtJ) ~ (2wq) [ Bq(6J) + B-q(wiJ, 

/51 

/6/ 

171 

/8/ 

rAe c~ - 4aCTOTa $OHOHa; 

Ha IAbiPKVI/ c 3$$eKTVIBHol:i 
Jla 3anOJ1HeHVIR 3JleKTPOHOB 

E(e,h)= p 2 /2me,h 

Maccol:i me (m h 

/AbiPOK/; 

- 3HeprVIR 3JleKTpo-
fo (e,h)(Pl - 4VIc-

_, -+ 2 
A e, h ,., e ( q • F o ) /m e , h 0 , A = A e + A h , 

+ 
a BblpaH<eHVIR nq!w), Nq(w), Bq(w), B-q(w) eCTb COOTBeTCTBeH-

HO $ypbe-KOMnOHeHTbl BeJlV14VIH 

I· a+ a ·,, exp(-iAe sinOt), p p p+q 

r, bq > ( I < b!q > t ; 

~ •.u;ap+q > 1 exp(iAh·sinOt), 
p 

Jp (X) - $YHKI..IVIR oecCeJlR BeiJ.IeCTBeHHOrO apryMeHTa,t=l. 0TMeTVIM, 
4TO CVICTeMa /2/-/4/ 6e3 y4eTa B3aVIMOAe~CTBVIR C $OHOHaMVI nepe
XOAVIT B COOTBeTCTBYIOIJ.IVIe ypaBHeHVIR Vl3 paGOTbl/6< a 6e3 Y4eTa' 
AbiPOK - B ypaBHeHVIR V13/7{ rAe VICCJleAOBaJlOCb napaMeTpV14eCKOe 

YCVIJleHVIe nJla3MOHOB B nJla3Me nonynpOBOAHVIKa B npVICYTCTBVIVI CVIJlb

HOH 3MB. 

CVICTeMa /2/-/4/ no3BOJ1ReT VICCileAoBaTb pa3JlVI4Hble 4aCTHble 
CJly4aVI, CBR3aHHble C TeM VlllVI VIHbiM BVIAOM $OHOHOB B KPVICTaJlJle, 

B 06IJ.IeM Clly4ae' nOACTaBnRR (; q(w + em Vl3 /4/ B /2/' HaXOAVIM 
ypaBHeHVIe, CBR3biBaiOIJ.Iee n q(w) VI N q(w): 

"" 
c ~e) (w + fO)nq(w + f OJ+¢ q P~e) (w+f mp,!_}f'-f (-• .\V Nq (w +f'O) = 

=2w \C !2 p(e)(w+f0) i J01 0 (A
8

)D (w+f'O)x 
q q q f'=-"" t -r q 191 

00 00 

x I ,I J f"-f' (...,\e) n q(w + f" 0) + ,I Jf"-f'(,\ h) N q (w + f" 0) I. 
f =-- e =-oo 
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6yAeM HHTepecoeaTbc~ Aanee An~ npwMepa napaMeTpw4eCKHM eaawMo
AeHcTeweM MemAY nna3MeHHOH H OnTH4eCKOH ~OHOHHOH MOAaMH C 4ac
TOTaMw ~ H ~+eO COOTBeTCTBeHHO. HcKn~4a~ H3 paCCMOTpeHH~ 
eoaMomHOCTb eaawMoAeHcTew~ APYrwx MOA, MomHo nonomwTb f'=O 
BO BTOPOM cnaraeMOM B neBOH 4aCTH /9/, f•~e'=e- B nepBOM H 
f" = e• = 0- eo BTopoM cnaraeMoM npaeoH 4acn-1 /9/. Ecnw 3aAaHa 
aMnnHTYAa Kone6aHHH C 4aCTOTOH nna3MOHOB w = w te) , TO aMnnw
TYAa KOne6aHHH Ha 4aCTOTe w ~e)+ eO, 6nw3KOH K 4aCTOTe 0~, 6y
AeT onpeAen~TbC~ no ~opMyne, cneAY~~eH wa /9/: 

n q (wcg> + Hl) =I[ 2w o!Cq 12 P ~e)(w ~) +e O)J._e (A e )Jo (A h )D q(w (~)) -

-¢ p(e)(w(e)+fn)Je(A)]N (w(e))l x q q p q p 

/10/ 

xl£(e) (w(e)+ f0)-2wo!C 12p(e)(w(e)+f0>Jo2(,\ )D (w(e) + eml-1 q P q q P eq P ' 

rAe wq=wo - npeAenbHaR 4acToTa 0~. ~n~ npocToT~ orpaHH4HMCR 
B~pomreHH~M cny4aeM. npeAnonaraeM, KPOMe TOro, 4TO w0-0 »w(i!) » 
>>·v<; q I vJe) - ~epMJAeecKa~ ,eKopocTb 3neKTPOHHOH KoMnoHeHTbl/. 
npw f = 1 B ycnOBHRX napaMeTpiA4eCKOrO pe30HaHCa: 

(w~) +{))-illo :f'l«w~e), /11/ 

wa /10/ nony4aeM K03~~weHT npeo6paaoeaHw~ nnaaMoHoe a 0~: 

•. 

K 
nq (w~e) + m 
N (w (e) ) 

q p 

[ w (e ) ] 2 [A w J! X/( w 5 -w (e >2;1- A] 
--~P _______ e __________ P~-----x 

w% + w~e)Px 

~ 
[w~)2X + ~<w8 +w~e)2X) 

X 1L 
4f'l(w2 +w(e)2x) 12 +A2w(e)2)( 

0 p e p 

/12/ 

3AeCb X o:l-£.,.,/£o, rAe£oo H £0- BbiCOK04aCTOTHaR H CTaTJA4e
CKa~ AH3neKTpw4eCKHe npOHH~aeMOCTH COOTBeTCTBeHHO. B ~OpMyne 
/11/ wo- nepeHOPMHPOBaHHa~ /3a C4eT ~OHOH-nna3MOHHOrO B3aHMO
AeHCTBH~I 4aCTOTa 0~, onpeAeneHHa~ cneAY~~eH ~OpMynoH lcM/811: 

-2 2 (e)2 
w 0 =wo +wp x 
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0TMeTwM, 4TO npw a~BOAe I 12/ Mbl npeHe6pernw 4neHaMw -A « 1; 
-AS<.<l ;_y~)qlw(e)«1 11 C4HTanJA 3MB ~e cnJAWKOM cwnb~OH, 
TaKOH, 4TO MOmHO :faMeHIHb J e (X) ;;; (x;2) 

O~eHHM nony4eHH~H peaynbTaT. npw w~>-5.10 12c-1 ' wo-O
_3.10 13c-1 , mh»me-10-28 r, q_106 cM- , F0 _10 4 BicM, £ 00 = 
= 1 0, 9 JA ( oo = 12,8 ,I An~ GaAsl aenw4JAHa K"' 1. ~nR cpaaHeHw~ 
yKameM, 4TO K03~~1A~HeHT napaMeTpH4eCK~~9o?peo6pa30BaHH~ aKy-
CTH4eCKHX ~OHOHOB a onTw4ecKwe K - 10 • 

PaccMoTpeHHoe BbiWe npeo6paaoaaHwe nna3MOHOB e 0~ cB~3aHo 
C TeM, 4TO 3MB CTHMynwpyeT B nonynpOBOAHHKe reHepa~w~ BOnH 
OQ"beMHOro 3alj)RAa c 4aCTOTaMH w<e) +en If - ~enoe 41ACno/' OAHa 
H3 KOTOP~X MOmeT coanaAaTb C 4a~TOTOH 0~, 4TO lA npwBOAIAT K pe-
30HaHCHOH reHepa~ww 0~. 3Ta reHepa~w~ MomeT, a npwH~wne, Ha-
6n~AaTbC~ no H3MeHeHJA~ HHTeHCHBHOCTH KOM6HHa~JAOHHOro pacce~
HH~ CBeTa npiA HH3KHX TeMnepaTypax, Ha 4TO 6~n0 yKa3aHO B pa-
6oTe/5/, a TaKme a 3KcnepwMeHTax no pacceRHH~ HeHTpoHoa, no
A06Ho cny4a~ napaMeTpw4ecKoro ycwneHwR Kaaaw4acTw~ 191 • 

CoaepweHHO aHanorw4HO paccMaTpJAaaeTc~ c noMo~b~ /2/-/4/ 
B036ymAeHwe nna3MOH08 3a C4eT aKyCTJA4eCKHX ~HOHOB /ynbTpa-
3BYKOBOH eonHbll. He Bblnwcblaa~ nony4eHH~B1 npw 3TOM peaynbTaT, 
yKameM nwwb, 4TO w e 3TOM cny4ae K "' 10 H npw yKa3aHHbiX a~we 
3Ha4eHwRx wcnonbayeM~x napaMeTpoe. 

B aaKn~4eHJAe M~ 6naroAaPHM 3.M.3nwTeHHa aa o6cymAeHwe pe
aynbTaToa AaHHOH pa6oT~. 
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