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1. BBEAEHHE 

ReneHHe napaMeTpH4ecKoro pe3oHaHca B nonynpoBOAHHKax c ya
KOH aanpe~eHHOH 30HOH HHTepeCHO TeM, 4TO 6naroAaPR Henapa6o
nH4HOCTH 3aKOHa AHCnepCHH 3HeprHH 3neKTpOHOB, B~pameHHO~ npo
CTO~ ~opMyno~ Ke~Ha: 

E (p) = [ (me * ~ 2 + c * 2 p 2 ] 'h /1/ 

rAe m H p - 3~~eKTH~HaR Macca H HMnynbC 3neKTpOHa COOTBeTCT
BeHHO, c*=(Eg/2m) I Eg - WHPHHa 3anpe~eHHO~ 30H~/ - aHanor 
CKOPOCTH CBeTa B penRTHBHCTCKO~ CpeAe, nORBnReTCR HOB~~ Mexa
HH3M nepeAa4H 3HeprHH nonR HaKa4KH 3neKTPOHaM npOBOAHMOCTH 
4epe3 OC~I-lnnR~HH 3~eKTHBHO~ Mace~ B nceBAOpenRTHBHCTCKO.M 
npH6nHmeHHH. HMeHHO 6naroAaPR HanH4H~ TaKoro MexaHH3Ma napa
MeTpH4ecKoe YCHneHI-le 11COOCTBeHH~X11 BOnH B03MOmHO B PRAe cny-
4aeB, KOrAa yc1-1neH1-1e He B03HHKaeT 6ea y4eTa Henapa6onH4HOCTH 
e AHcnepcHH 3HeprHH 4aCTH~. AaHH~~ 3~eKT AnR OAHoro cny4aR 
HeorpaHH4eHHO~ 3neKTpOHHO~ nna3M~ nonynpOBOAHHKOB HCCneAOBan
CR B rHAPOAHHaMH4eCKOM npH6nHmeHHH B pa6oTe I ll, a nOAPOOHOe 
KBaHTOBOe paCCMOTpeH!-le AnR nonynpoBOAHHKOB npH y4eTe 3neKTpOH
()lOHOHHOrO eaaHMOAe~cTBHR 6~no npoeeAeHo e 121• HccneAoBaHH~ 
nonyorpaHH4eHH~x c1-1cTeM 6blna nocBR~eHa pa6oTa lSI. PaccMoTpeH!-le 
B rHAPOAHHaMH4eCKOM npH6nHmeHHH npoBOAHnOCb AnR cny4aR B03-
6ymAeHHR noeepxHOCTH~x TM-eonH /HMe~Hx p -nonRpHaa~H~/ npH 
npeHe6pemeHHH 3~eKTOM 3ana3A~BaHHR B KynOHOBCKOM B3aHMOAe~
CTBHH MemAY 4aCTH~aMH. 6~n0 noKa3aHO, 4TO yCHneHHe B 3TOM 
cny4ae nonHOCTb~ o6ycnoeneHo 3~eKTOM Henapa6onH4HOCTH /HH
KpeMeHT HeyCTOH4HBOCTH onpeAenReTCR MHOmHTeneM, COAepma~HM 
30HH~H napaMeTp c* /. 

HaCTOR~aR pa6oTa RBnReTCR npOAOnmeHHeM 13I H nOCBR~eHa pac
CMOTpeHH~ MeXaHH3MOB napaMeTpH4eCKOrO yCHneH!-lR noeepXHOCTH~X 
BOnH B Ona.lCaHHOM Knacce Ke~HOBCKHX nonynpOBOAHHKOB npH y4eTe 
3ana3A~BaHHR. XapaKTepHo~ oco6eHHOCTb~ 3Toro cny4aR RBnReTCR 
B036y~AeHHe nOA B03AeHCTBHeM naAa~ero nonR 06DeMHO~ npOAOnb
HO~, pacnpocTpaHR~~eHCR BAOnb noeepXHOCTH pa3Aena nna3MeHHOH 
BOnH~ B6ni-13H 4aCTOT, npH KOTOp~x npOAOnbHaR AH3neKTPH4eCKaR 
npOHH~aeMOCTb nna3M~ nonynpOBOAHHKOB o6pa~aeTCR B Hynb. 3Ta 
o6DeMHaR BOnHa 6yAeT B3aHMOAeHCTBOBaTb C npOAOnbHOM KOMnOHeH
TOH HenOTeH~HanbHOrO nonR noeepXHOCTHO~ BOnH~, BHOCR TeM ca-
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MbiM BKJlaA B $OpMI1pOBaHHe o6mel1 KapTHHbl napaMeTpH4eCKoro B3af.1MO-
v • 

Ae11CTBHfl BOJlH. 
DYAYT nony4eHbl 111 npoaHanH3HpoeaHbl AHCnepcHOHHble ypaBHeHHfl 

Ami BOJ1H, Bblpa>KeHHfl AJlR MHI1MOI:i 4aCTH 4aCTOTbl, B03HHKa10111eH nOA 
B03AeikTBHeM BHeWHero nonR, KOTOpble C08naAaiOT C COOTBeTCTByiO
ll\HMI-1 <t>opMynaMH AJlR noTeH4HaJlbHbiX BOJlH np11 c -+"" I c - cKopocTb 
C8eTa 8 8aKyyMel. 

HccneA08aHf.1e cocTOHT H3 A8YX 4acTe11. B nepeol1 4aCTH IHacToR
ll\aR pa6oTal pac~MGTpeHHe np080A11TCR AJlR CJly4aR, KOrAa 3JleKT
PH4eCKOe. none E 0 (t) naAaiOmel1 eonHbl HanpaeneHo napanne11 bHO 
80nH080My BeKTOPY k paccMaTpH 8aeMOH no8epXHOCTHOH BOnHbl. 0(5 
3TOM cny4ae 6yAeM ro80PI1Tb KaK o cny4ae 11 napanneJlbHOI1 nomtp1!1-
3a4HH naAa10mel1 EfonHb\ 11

• Cny4al1 nepneHAH KynRpHol1 nonRpl!13a41!1111 
6yAeT paccMoTpeH a cneAYIOU\el1 pa6oTe. Pe3ynbTaTbl TaKoro paccMoT
peHHR AaiOT 803MOlKHOCTb yKa3aTb Ha 6onee 8blrOAHbiH pe>KHM ycHne
HHfl no8epXHOCTHbiX nonRpf.1TOH08. 

AJlR KalKAOH reoMeTpHH npH8eAeHO TaK>Ke pacCMOTpeHHe 3JleKTpo
MarHHTHbiX TE-aonH IHMeiOll\HX s -nonRpH3a4HIOI, KOTOpbte R8nRIOTCR 
o6beMHbiMH 80JlHaMH, pacnpOCTpaHRIOll\HMHCR 8AOJ1b no8epXHOCTH pa3-
AeJla V1 11 3anepTbiMV1 11 SHyTpH Ka>KAOH cpeAbl. nony4eHHble pe3yJlbTaTbl 
cpaBHf.18aiOTCR C pe3ynbTaTaMH npoBeAeHHOro paHee KBaHTOBOro pac
CMOTpeHV1fl 121 . 

2. B035YlKAEHHE nosEPXHOCTHbiX nom!PH.TOHOB nPH "k 11 E 0 

HTaK, pacCMOTPV1M CHCTeMy, onHCaHHYIO 8 pa6oTe 131 • npHMeHHM 
Te >Ke 0603Ha4eHHR: xy - nnocKOCTb pa3Aena ABYX nonynpocT-
paHCTB, 3anonHeHHbiX 11 nce8AOpenRTI1BHCTCKOH 11 nna3MOH noJlynpOBOA
HV1KOB c pa3Hb1MH napaMeTpaMH 30HHOH CTPYKTYPbl I E g , c * 11 T. A./. 
Ocb z,raKHM o6pa3oM, 6yAeT nepneHAHKYJlRpHa nnocKoCTH pa3Aena, 
npf.14eM cpeAa c z < 0 6yAeT o6o3Ha4eHa 4H<I>pol1 1 , a cpeAa c 
z > 0 - 4H<!>poei 2. CHJlbHoe BbiCOKo4aCTOTHOe none na3epa naAaeT 
HOpMaJlbHO K nJlOCKOCTH xy H npeACTaBJleHO B AHnonbHOM npH6nH-
>KeHHH B BHAe OC4HJ111HPYIOU\ero 3JleKTPH4ec~oro nonR, ne>Kamero 
8 nnOCKOCTH XY: 

.... .... 

E0 (t) = E 0 sin w 0 t. 121 

3anHWeM 3AeCb eme pa3 nonHble CI1CTeMbl HCXOAHbiX ypaBHeHHH 
rHAPOAHHaMHKH xonOAHOH nna3Mbl H ypa8HeHHH MaKC8enna, Ha OCHO
ee KOTOPbiX 6yAeT npo8eAeHo AanbHel1wee paccMoTpeHHe: 
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[
a ....... .... 
-+ (V. V )] V 
at 

y1-v21c*2 

.,. 

-+ 
e -+ 1 aA 1 -+ -+ 

=-1 V ¢ +-- --[VxrotA]I, 
m c at 0 

131 .. ~~.~ 

an .... 
-- + divnV = 0, at 

2 .... 
D.A _.!... ~.,.!... av¢ _ 417e nv 

c at 2 c at c .• 

D.¢ = 417 e (n - n 01 ) • 

divA= 0. 

ll!l 

151 

16! 

171 

/3/ 
0603Ha4eHHR B CHCTeMe 131-171 Te >Ke, 4TO 11 B • nHHeapH3a4HR 
AaHHOCi CHc·reMbl ypaBHeHHCi npoBOAHTCR no OTKJlOHeHHRM 8enH4HH OT 
paBHo8ecHoro cocTORHHR,·e KOTopoM nna3Ma HeeiTpanbHa"' xapaKTe

PH3yeTcR CKOPOCTbiO OC411nnR4HH BHAa 

.... VEoosw 0t 

V0 (t) = --===== 
y 1 + {3 2cos 2w

0
t 

VE -+ 

{3 "'C*' VE"' 

.... 
eE 0 

181 mw 0 

8 OTCYTCTBJ.1e BHeWHHX noneei C AOCTaT04HOCi CTeneHbiO T04HOCTI1 
MOlKHO C4HTaTb, 4TO nCeBAOpenRTHBHCTCKHCi 3$$eKT, o6ycnoBneH
Hblei 30HHOH CTPYKTypoei, He npoRBnReTCR lnapaMeTpoM VIc*, rAe 
V - TennosaR cKopocTb 4acTH4, MO>KHO npeHe6pe4bl. AHanH3 Hc-

XOAHOH CHCTeMbl ypaBHeHHH npH E0=0 npH80AHT K H3BeCTHOH Kap
THHe sonH, pacnpocTpaHRIOU\HXCR BAOnb nosepxHOCTH pa3Aena. TaK, 
B 3THX ycno8HRX ypaBHeHHR pa3AenRIOTCR, Ill CKanRpHbiH noTeH4Han 
cp OnHCb!BaeT 06beMHYIO nna3MeHHYIO BOnHy C 4aCTOTOH, npH KOTO;:. 

poei npOAOnbHaH AH3neKTPH4ecKaR npoHH4aeMOCTb l oe (w) 
= 1- w ~I w 2 (w 2 = 417ll 0 e 21m) nna3Mbl nonynpoBOAHV1Ka o6paiJla-
eTcfl B Hynb. Ronepe4Hbte o6beMHbte TE-aneKTpoMarHHTHble sonHbl, 
HMeiOU\He 8 -nonRpH3a4HIO, OnHCbl8aiOTCfl KOMnoHeHTOH Ay BeKTOpHoro 
noTeH41-1ana /sonHosoei seKTOP k-+ HanpasneH BAOnb ocH xI "' 11MeiOT 
4aCTOTy, onpeAeneHHYIO AHCnepCHOHHbiM ypaBHeHHeM: 

k 20 2 
lOt (w) "' --2-

w 
/9/ 

rAe B AaHHOM npH6nH>KeHHH l Ot (cu) =£Of (w) "'l 0 (w) =·1 -w:/ w 2 e.CTb 
nonepe4Hafl AHaneKTPH 4ecKafl np_OHH4aeMOCT b nna3Mbl. B 3TOH 
nnoCKOH reoMeTPHH, KaK H38eCTHO, no8epXHOCTHbiM xapaKTepOM MoryT 
o6naAaTb TonbKO TM-aneKTPOf':'larHHTHbte sonHbi,HMeiOll\He p -nonflpH-
3a4HIO H Oni1Cb18aeMble CI1CTeMOH Hepa3Aenfll0ll\HXCR ypaBHeHHH AnR 
KOMnOHeHT Ax H Az , H3 KOTOpOH cneAyeT H38eCTHOe AHCnepCHOHHOe 
ypaBHeHH~: 

Eot ~OJJ£o2(w) k2c 2 

Eo (w) + E (w) = ~ • 
1 02 

1101 
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PeweHHe I 10/ AaeT BblpameHHe AllH KBaApaToB 4aCTOT B BI-!Ae 

.... w 2 -w 2 2 llf 
wi2(k)=c2k2+.!...(wp21+wp22)±c2k2[1+( pl p2) ].2. /11/ 

' 2 2 c2k 2 

113 3THX ABYX BeTBe~ noeepXHOCTHbiM llOJlHpHTOHaM COOTBeTCTByeT 

Hl-l>KHHH BeTBb, llOKpbiBaiOIJiaH onpeAeJleHHYIO 06JlaCTb 4aCTOT: 

2 2 .... 1 2 2 
wp2<w 2 (k)< 2(wp 1+0P 2 ) /12/ 

llpl-1 Wpl> W p 2 ' 3TVI llOBepXHOCTHble BOJlHbl 3aTyXaiOT 3KCilOHeH4HaJlb

HO c YAaneHHeM OT rpaHHI..Ibl paaAena srny6b nonynpoBOAHHKOB 1-1 

HM810T AeKpeMeHT 3aTyXaHVIH: 

Q(w) =k yf1(w), /13/ 

rAe 11 ((t)) = 1 - ((t) 2 /k 2c 2) f 0 (w). 

J1CCJ18AOBaHHIO llOBeAeHH.A 3THX llOBepXHOCTHbiX BOJlH Ha rpaHI-11..18 

pa3Ae1la pa3HbiX CPeA llpH OTCYTCTBVIVI BHeWHVIX B03A8~CTBH~ llOCBR

I!IeH PRA pa6oT /eM., Hanp.,
141 

1-1 npV!BeAeHHYIO TaM 6H6nVIorpa$VIIO, 

a TaK>Ke o6aop 151 I. 
• npH BKJ1104eHVIH BHeWHero llOJlH JlVIHeapH3al.IHFI HCXOAHO~ CHCTeMbl 

ypaBHeHI-!H llpHBOAVIT K CHCTeMe Hepa3AeJlRIOIJIVIXCFI ypaBHeHH~ Alll-1 

KoMnoHeHT Ax, A z VI ¢ 1-1 OTAeJlbHOH CHCTeMe ypaBHeHH~ A11Ft A y. 

CVIcTeMa HepaaAeJlFtiOIJIVIXCH ypaBHeHH~, onHcbJBaiOIJia.A noeepxHoCTHble 

BOJlHbl, HMeeT CJ1eAYIOIJIVIH BHA: 

a2 (t)2 (C+n)(t)o 
[-.-k2/1((t))]Ax(cu)=--=....!.!... :£'Jn{Jn+f[1+ ]-

az 2 c 2 n,f (t) - n w 0 

3 2 1 a2 n(n+ 0 (t)8 

- -(3 [J + "+2 + J +· n_ 2]+(1-- -) J +" lA ((t)+ £(t)
0
)+ 

8 ll L • ll l. k2 az 2 ((t)-llW )2 n L X 
0 

/14/ 
Jn+f k(t) k(t) 2 :£' J I 2 

+-c-fO(w)cp((t))--c(t)Pn,£ n ((t)-ll(t)O) 

2 J _ ~ L[ n+f+ 2 
8 (t) (J)-(n,-~j2)(t) 0 

J n + e - 2 ] l ¢ ((t) + £ (t) 0) ' 
+ (t)-(n-2) (t)o 

4 

t), 

·~~ 

~·~) 

a 2 2 (t)~ (n+O(t)o 1 a 2 
[ -- - k 11 (w)] A (w) = - :£' J {J £ [ 1 + - --]-

az 2 z c 2 n,f n n+ (t)-nwo k 2 az 2 

1 (3 2 [J J ] l icJ.J a -8 n+£+2+ n+f-2 Az(w+.C(t)o)- 0 -az-¢(w)+ 

i a 2 l J 1 Jn+f_ 
+ c dz w P n' £· n w- n (t) 0 

/15/ 
_ 1..(3 2[ Jn+ f+2 + Jn+£ -2. ]}cp((t)+fwJ, 

8 w-(n+2) (t)o (t)-(n-2) (t) o 

J J 
11¢((t)) = (t) 2 k 1-n--[ n+ e 

P n,£ (t)-n(t) 0 w-nw 0 

- .!..(3 2( Jn+£+2 + J n+ e -2 )]11+ 
8 (t)-(n+2)wo w-(n-2)(t)o 

J J J 
k2 1 (32[ n+ £+2 n+f-2 ]J,~,( n ) k 2 '<' n + - + .. 'f' (t)+ L(t) + -(t) "- X 

4 w- (n + 2) (t) w -(n- 2) w 0 c p n e (t)- n (t) . 
0 0 ' 0 

I 
wo(n+f)J n 

X n+ L (1- _1_ ~) '1 .2 . 
k2 az2 -4(3 (Jn+f+2+Jn+ £-2) !A x((t)+ £wo). 

(t) -ll(t) 0 

/16/ 

3AeCb Jn- ¢YHK4HR oeccenR nepeoro POAa AeHCTBHTenbHoro apry-

MeHTa A =e(kE0 )/mw~. UlTpHX npH 3HaKe cyMMio1posaHHR 03Ha4a-

eT, 4TO 4JleH c n =£ = 0 I-1CKJ1104aeTCR. 3aMeTI-1M, 4TO B ycnoBHRX 

Hawei:1 3aAa41o1 A « 1, (3 « 1. 
AnR peweHHFI CHCTeMbl I 14/-I 16/, ·o4eBHAHO, Heo6XOJ:IHMO HMeTb 

A0110J1Hio1TeJ1bHOe rpaHH4HOe yCJ10Bio1e OTHOCio1TeJlbHO CKaJlHpHOrO no

TeH41o1aJ1a ¢, ypaBHeHHe AllR KOToporo yme He paa,QenReTCH. KHHeTH-

4ecKoe paccMoTpeHHe /6,7 I noKa3biBaeT, 4To soa6y>KAaiOIJ.leecR 

llOA B03Ae~CTBio1eM naAa10111ero H3Jly4eHHR noTeH41-1aJ1bHOe 3JleKTplo1-

4eCKOe 11011e OllHCbiBaeT 06"beMHyiO llPOAOJlbHYIO 11Jla3M8HHYIO BOJ1HY, 

pacnpOCTpaHFIIOIJIYIOCR BAOJlb noeepXHOC<H pa3A8Jla H B3aHMOA8HCTByiO

UIYIO C llPOAOJlbHOH, KOMilOHeHTOH llOIIH 3JleKTPOMarHHTHOC1 llOBepXHOCT

HOH BOJlHbl. 3TOT $aKT COOTBeTCTByeT rpaHH4HOMy yCJlOBHIO AJlfl cp 
B B~t~Ae 

~I az z=+O 
= ..2f_l =0. az z=-0 

/17/ 

C y4eTOM /17/ CltiCTeMa ypaBHeHio1H /14/-/16/ CBOA1o1TCR K ABYM 

OA~t~HaKOBbiM c~t~cTeMaM aal.lellllRIOIJI~t~XCR ypaeHeHI-1~ Allfl rapMoH~t~K A ((t)), 
X 

A z ((t)) CJ1eAYIOIJiero B~t~Aa: 
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2 a w2 ( 
[---k 2~(w)]A . (w)=..::JL :£'{J J [l n+Owo 

az2 x,z 2 h nn+f + c n,L w-nw 0 

1 a2 

·- -]-
k 2 az 2 

- ..!.. f3 2 
J [ J o 

2 
+' J o 

2 
H A (w + Cw ' • 8 n n + L+ n + L - x, z 0' 

/18/ 

Tenepb MomHo npHMeH~~tTb o6bi4Hble rpaHH4Hble ycnoBHR HenpepbiBHOCTI-1 

TaHreHI.II-1ailbHbiX KOMnoHeHT 3IleKTpl-14eCKOro nOil.R Ex 1-1 MarHI-1THOrO 

nom'! Hy , KOTOPble CBO,Q.RTC.R K YCilOBI-110 HenpepbiBHOCTI-1 KOM61-1H81.11-11-1: 

k2-QXQZ k2-QXQZ 
~~-1 = I 

Qz z=+O Qz z=-0 /19/ 

r,Qe Q x , Q z - ,QeKpeMeHTbl npOCTpaHCTBeHHOrO 3aTyX8HI-1.R aM~Ili-1-
TYA Ax , A z cooTBeTCTBeHHo (A x,z- exp {Q x,z Z 1), KOTOPble 

onpe,Qen.RIOTC.R 1-13 ypaBHeHI-1~ /18/ 1-1 HMeiOT Cile,QyiO~I-1~ BH,Q: 

g2 (w) = k 2~(w) + ~ I' J !J • + wo(n+f)Jn+f Mw + ew )-
x,z c2nf n n+r. w-nw 0 

• 0 /20/ 
A z (w+ fw 0) 

1 f.l2[J +J ]1-x-,_~:----
--81'-' n+f+2 n+f-2 A (w) 

x,z 

YpaBHeHHe /19/ c y4eToM /20/ ,QaeT 6ecKoHe4HYIO CHCTeMy 3al.len

Il.RIOU111XCR ypaBHeHI-1~ AJl.A aMnm1TYA rapMOHI1K Ax (w) /a,Qecb Hc-

nonbaoeaHo ycnoe11e divA = 0 I Ha rpaH114e paa,Qena ABYX 

Ke~HOBCKI1X nonynpOBO,QHI-1KOB: 

IE ~ 1 (<u) ~ 2(w)- f 0
2
2 
(w)~ 

1 
(w) lA x(w) = 

(t)2 2 

= -..£.. I' I --0
-[n 1 (n, e. {J) ~1 ( f) f ~2 (w) -n (n, e, {J)( (f)£

0
2 (w)J+ 

0 2 n, f k 20 2 2 2 1 

+ [n 1 (n, f. [J}(1 + ( 1 ( m£01 (w)~ 2 (w)-

-!1 2 (n, C,f3}(1+~2 (C))E 02 (w)~ 1 
(w)]IA x (w +·f w

0
), /21/ 

r,qe. eee,QeHbl cne,QyiO~I'Ie o6o3Ha4·eHHR :· 

6 

f) 

' I ~-
1 

i 
I 

:''' J 
! 

\~ 

"'It 

0 o(n+e)Jn+e (.\i) 
Ui(n,f,{J)=Jn(.\i){Jn+f(,\1)+ ~i(w+ fwo)-

w -nwo /21a/ 

-! {J 1
2

( J n.+f+2 (,\I)+ J n+ f- 2(,\i ))} ' 

e 1 ( e ) :=' [ ~ 1 (w) ] ';i 

~/w+ ewo) /216/ 

Hccne,Qy.R c~~tcTeMy /21 I e peaoHaHCHbiX ycnoBI1.Rx, Kor,qa 4acToTa ... 
naaepHoro ~~tany4eH~~t.R w o ... w 2 (k) , Mbl npi1XO.QI-1M K cne,qy~eMy 
BblpameHI-110 ,Qil.R B03H11KaiO~e.:i no,Q B03,Qe~CTBI-1eM BHeWH_rro nOil.R MHH

MO~ 1./aCTH 4aCTOTbl noeepXHOCTHOrO nOil.RPHTOHa w 
2 

( k): 
... 

1 (t) 2 - (t) 2 2 1;1 (t) (k) .... 
y=!l-[1+( p1 p2 ) ]-2 2 8(k,f3}12 

4 2c2k2 (w 2_ 0 2 ) 
p1 p2 

(t) 2 - (t) 2 '12 (t) 2 (k) ~ - ..!. [ 1 + ( P 1 p2 ) 2] - z 2 TJ ( k, .\)I 
2 2c2k 2 (w 2 -w 2 ) 

p1 p2 

/22/ 

r,Qe 

TJ(k, ,\ )= (w 2/k 2c ~ ~ +rJ ', 8(k,fJ}=(w 2/k 2c 2)S +8' 

~ = J 1
2 

(,\ 2) w:2 ~ 2 (w h ~ 1 (w) - J ~ (.\ 1) w :1 ~1 (w) £ i2 (w) ' 

TJ'=2~1(w)~2(w}[J 12(.\2)wp22 f02(w)-JJC.\l)w;1f01 (w})' 
/22a/ 

-1222 222 8 = g[{J 2 °p2 £01 (r.LJ)- {J 1 °p1 £02 (w)] 

8 , = ! p {J: w :2 E 02 (w) ~ 1 (w) - {J :w :1 E 01 (w) ~ 2 (w)] • 

B npe,qene c ... ""• KOrAa npeHe6peraeTC.R 3$$eKTOM aana3,Qb1BaHI1R, 
(jlopMyna /22/ CTpeMHTC.R K BblpameHHIO 

1 P. W 2 ..._ f.l W 2 ' II 
y={(- 1'-'1 ps~·t-'2 ps~2 -[J2(.\ )w2 +J2(\/ru2 ]In 
, 16,_; 0 2·+w2 1• l·psl 1; ·ps2 

ps 1 ·PB2 
/23/ 
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rAe wp 8 t= Wpi I y2 - 4acToTa noeepxHoCTHoro nna3MoHa Ha rpa-
H~~e pa3Aena i-nonynpoBOAH~K- eaKyyM. MomHo B~AeTb, 4Td 
nepewA 4ne~ npaaoA 4aCT~ 1231 coanaAaeT c ewpameH~eM All~ ~H
KpeMeHTa HeyCTOA 4~ BOCT~ noaepXHOCTHbiX nna3MOHOB, noJly4eHHbiM 
np~ "noTeH~I-1anbHOM11 paccMoTpeH~~ I eM. ct>opMyny 1131 pa6oTbl 131 1. 
BTopoA 4neH BbJpamaeT 3aTyxaHJ.1e, o6ycnoeneHHoe. k[ [ E 0 -op~eH
Ta~~eA, KOrAa 06beMHa~ nna3MeHHa~ BOJ1Ha BCJ1eACTB~e B3a~MOAeA
CTB~~ C noeepXHOCTHOA BOJlHOA OTH~MaeT 4aCTb 3Hepr~~ BHeWHero 
nb11R Ha 11 C06CTBeHHOe11 B036ymAeH~e. nonHa~ $OpMyJla 1231 A11R y 
MomeT 6b1Tb nony4eHa np~ aHan~3e 6e3 y4eTa 3ana3AbJBaH~~, ecn~ 
K ypaeHeH~IO 161 pa6oTbl 131 np~Me~~Tb rpaH~4Hble ycnoa~~ Henpe
PbiBHOCTI-1 KOMnoHeHT Ex ~ D z I D - aeKTop 3neKTP~4ecKoA ~HAYK
~1-11-11 c !-1cnonb3oeaH!-1eM BblpameH~~ All~ A~3neKTP~4eCKoA' ct>YHK~~~-'~ 
l(w), MOAI-1Ci>~l.I~POBaHHOrO BBeAeH~eM rpaJ-l~~bl 11 BHeWHero non~ 
B oni-!CaHHbiX BbiWe YCJ10B~~X. BI-1A 3Tor6 BblpameH~~ MOmHO Bbi~B~Tb 

npl-1 noMOtl\~ Ci>OPMY1lbl /201 All~ Q x,z (w) 1-1 6yAeT cneAYIOtl\~M: 

< (w + s w 
0

) = < 
0 

(w + s w 
0

) -

2 
wp 

(w +sw
0

) 2 

(n+s) w 0 ~ .T~+ 8 !1+ ~(w+sw 0)1 n2:_1 w-nw 0 

rAe ~(w) ->1 npJ.1 c-> oo. 

/24/ 

Bonpoc o B03MOmHOCTJ.1 napaM.eTp!-14ecKoro yc1.1neHJ.1~ nosepxHocT-
HbiX nonRpi-'ITOHOB 8 AaHHOM CJ1y4ae Tpe6yeT, 04eBI-1AHO, KOHKpeTHOA 
o~eHKI-1 A11R peanbHbiX CJ.1CTeM,. c onpeAeneHHbiMJ.1 $J.13J.14eCK~M~ napa
MeTpaMI-1. 

B cny4ae KOHTaKTa nonynpoBOAHI-11< - BaKyyM ct>opMyna /231 lnp1.1 
c ... oo I npi-!HI-1MaeT npocToA BJ.1A: 

Y = 1~ f3 2wps [ 1-(~)2] lh 
f3 

1251 

rAe 8 = k c *I (rJ 0 • AnR o6pa3~a In Sb c AaHHbiMJ.1, npJ.1BeAeHHbiMJ.1 
B 13 ~ ~ np~-1 11HTeHCJ.18HOCTRX BHeWHero nonR nopRAKa nopora B036ym
AeHJ.1R o6feMHbiX npoA01lbHbiX aonH, T.e. E 0 ~ 10 4B ·eM- , J.1MeeM 
0 ~ 10- , {3 - 10 - 3 • .f!CHO, 4TO noaepXHOCTHble nOJ1RPJ.1TOHbl C 
kll Eo He MoryT B036Y~AaTbCR a 3TOM eny4ae. 

.. ... 
3. o B03oYJK.llEHHJ.1 TE- BOIJH nPH k II E 0 

KaK J.13BecTHo, a nrlocKoA ~eoMeTpJ.1H TE-eonHw RB~~IOTcs o6beM
HbiMJ.1 nOJ1RpHTOHaMJ.1, pacnpocTpaH~IOtl\I'IMJ.1CR napaJlJ18JlbHO noeepXHOCTJ.1 

8 

() 

• . , 
j. 
I ,. 

. ~ 
\i. 

' ·) 

pa3Aena 111 11 3anepTWMJ.1 11 BHYTPI-1 Ka>KAOI1 cpeAbl. OHI-1 oni-1CbJBaJOTCR 
OTAenbHOA CJ.1cTeMoA 3a~enmliOI!lJ.1XCR ypasHeHJ.1tl A11R KoMnoHeHTbl A Y ((rJ) 
BeKTOPHOrO noTeHl.IJ.1ana, KOTOpaR J.1MeeT BHA ' 

~(w +sw
0
)A Y((rJ + sw

0
) = 

= _!_ {3 2 ~ J [ J f + J e ] A (w + f1w o). 
1261 

8 n,f n+s n+ + 2 n+ -2 y 

YKameM 3AeCb Ha HeT04HOCTb a onpeAeneHHH rpaHI-!4Horo ycnoBHR 
K ypaeHeHHIO 1181 pa6oTbl 131 111 npoaeAeM 6onee nOAP06HbiA aHanl-13 
ypaaHeHHR /261. 

npH E 0 =0 /26/ AaeT AI-1CnepCHOHHOe _,YPaBHeHJ.1e 191 A11R non~-
PHTOHOB, J.13 KOTOporo CJleAyeT w2=(rJ i(k) = k 2c 2+ w 2, CTaH-

w v w p (k ... ) AaPTHbiH aHaJ1J.13 HeyCTOJ.14J.1BOCTH AJlR AaHHOH MOAbl npH w 
0

-> (rJ ..L 

npHBOA~1T K AJ.1CnepCHOHHOMy ypaBHeHJ-110 B npi1CYTCTBI-1J.1 nom'! HaKa4KH: 

~(w)~((rJ- 2(rJo)=(~ {32)2 

J.13 I<OTOporo CJleAyeT BblpameHHe AJlR 1-iHKpeMeHTa HeyCTOA4~-tBOCn~: 

2 
__ (rJ...:;P,.../32 

(rJJ.(it) 

1 
y = 16 /27/ 

3TOT pe3yJlbTaT MOM<HO 11011Y41-1Tb H3 Ci>OPMYJlW 1191 pa6oTb{ 2 /, ecmt 
npeHe6pe4b 4JleHaMH, CBR3aHHWMH C TenJlOBWM ABJ.1»<eHHCM 4aCTH~, 
4TO H CJ1eAOBano O>KHAaTb, 

AHanorH4HOe paccMoTpeHHe ~R cny4aR nepneHAI-1KY11RpHoA nonR-
PHSal.IHH naAaiOtlleA BOJ1Hbl 1 k _l_ Ji10, n03BOJlHT nyTeM conocTaBJ1eHHR 
pe3yJ1bTaTOB CAeJ1aTb BbiBOA 0 6onee BblrOAHOM pelKHMe yCJ.1J1eHHR 
noaepXHOCTHbiX nOJ1Rp~1TOHOB 110A B03AeACTBI1eM J1a3epHoro J.131ly4eHI1fl. 

B saKJ1104eHJ.1e aBTop awpamaeT npH3HaTenbHOCTb npoct>eccopy 
B. K. ct>eARHHHY 3a HHTepec K pa6oTe vt 4eHHble 3aMe4aHI1R. 
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