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Marepua"nu III ruexgynapogHofi IroHseperqlrr.r <<Onruqecrcue n eorornerrpuqecKue
fl BJreHUfl B n0JrynpoBoAHrrKoBbrx Mr.rKpo- H HarrocTpyr$ypax>.
@eprawa,2014.

Marepzanu III Mex,qygapoAr{ofi KoH$epeHrIraH o@trIMHC cogepxar
Te3IrCbr AOKnaAoB, upeAcraBJrer{Hbtx ee yqacrHllKaMn, KOTOpbre Hecyr
orBercrBeHHocrB 3a rpaMMaTurrecKoe, HayqHoe u rexHr4qecKoe oSopnnnenrne
Te3I4coB. Oun B ocHoBHoM nocBrIIIeHbr coBpeMeHHhrM npo6neuaru $n:uxra
nonynpoBoAHr4KoB, rroJry[poBoAHr4KOBbrX Mr.rKpO- u HaHocrpyKTyp raKr,rx KaK,
So:roenerrpllqecKue kr onruqecrr4e .f,BJreHrrx B Hlr3Kopa3Mepgbrx
nonyupoBoIHI4KoBbIX crpyKTypax, BKJIIotIax $oroHHbre Kpr4cr€rffrrr, npr.rKJraAHhre
Bonpocbl $oroenerrpnqecK[x sereHl,rfi s noJrynpoBo.qHzKoBblx corHerrgblx
3JIeMeHTaX 14 TOHKOniIeHOqHhIx crpyKTypax, sKcr{TOHbr B [OnynpoBoAHr,rKax r4
nonynpoBoAHllKoBhrx HaHOCTpyKTypax, B3allMo.qeficrene u3ryqeHnr c
noBepxHocrbro noJIynpoBoAHr{KoB, onrnqecKrae npo6neurr KsaHrosofi
Kpr4rrorpa$wn c nprMeHeHLreM noJrynpoBoAHr,rKoBhrx crpyKr"yp. B uux rapKe
orBeAeHo Mecro MarepuzulaM, [ocBrrrleHHbrM HoBbrM Ha[paBJreHHflM kr
no cJreAHr4M Aocrr.rlreHrafl M n Snsuxe [oJrynpoBoAHraKoB.
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Materials of the III International Conference "Optical and photoelectrical
phenomena in semiconductive micro- and nanostructures".
Ferghana,2014.

The Materials of the III International Conference OPPSMNS contains the thesises
of the reports, presented by their participants, which have the responsibility for the
grammatical, scientific and technical preparation of the thesises. They are basically
dedicated to the modern problems of physics of the semiconductors,
semiconductive micro- and nanostructures such as photoelectrical and optical
phenomena in low-size semiconductive structure, including photon crystals,
applied questions of photoelectrical phenomena in semiconductive solar elements
and thin film structures, exitons in semiconductors and semiconductive
nanostructures, interdction of the radiation with surface semiconductors, optical
problems of the quantum cryptography with using the semiconductive structure.
The materials devoted to the new directions and latest achivements in physics of
the semiconductors have also taken place.
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prof. N. Kh. Yuldashev (the vice - chairman),
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d6c. A.M. Rasulov, docent Z.Khaydarov, ass. A.Sh. Nigmatullina

EDITORS:
Acad. R.A. Muminov. doc. N.Kh. Yuldashev

REVIEWERS:
doc. N.A. Sultanov, prof. R.Ya.Rasulov

THE CORRECTOR ON COPMPUTER GRAPHICS:
C. E. Yuldasheva.
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Ha ronSepeHrlr,rro qpeAcraBJreubr,uoKJra4br rro cneAyrcrqnM HanpaBJreHr{rM
Qusnrcn rroJryrpoB oAHtrKoB :

A. Onrraqecrcue tBJreHH.n B KBaHToBo-prBMepHbrx nonynpoBoAnrrrKoBbur
cTpyKTypax, BKJrroqa.fl $oronHo-KpHcTaJrJrrrqecKne cucTeMbr;
B, 3rcuronhr B nonynpoBoAnr{KoBbrx Mr,rK.po - H HanocrpyKTypax;
C. flpurna4nue Bonpocbr
[oJrynpoBoAHuKoBbrx coJrHeqHbrx

SoroelerrprqecKrx ffBJreHr{fi B
3JIEMEHTAX V TOHKOILIEHOqHbIX

crpyKrypax;
D. BsauproAefi crBr{e rrcJr) reuufl c noBepxuocrbro noJryrrpoBoAHraKoB;
E. Onra.recKlle npo6[eMhl KBaHToBofi Kpr4nrorpa$nu c npr,rMerreHr4eM
roJrynpoBoAHlr KoBbrx crpyKTyp;
F. Hosrre HanpaBJlenrnr H [ocJreAHr,re AocrrDKeur{rr
nony[poBoArrilKoB. "
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(unn xparxo f ) n wage 3epKiulbHoro paccetHl,Is (rcor1a coxpaHflrorcr KacareJrbHbre K rroBepxHocr'
KoMrIoHeHrbI Iananynlca) u ,qES$ysHoro (nolHoctuo lr3orponHoro) pacceaHprx. I1per eroM
rpeoyerc.a orcyrcrBue HopManbHoro K rloBepxHocrr4 noroKa gneKTpoHoB vr, B culry )ipaBHegr,r,HerlpepblBHocrrr' 3TH tpe6onauur AoJDI(HLr BbIIroJIHrrbc.rI B npon3Borurofi ToqKe [oBepxHocrt4.

floxasaHo' qro B3aI4MHat KoMneHcaIIzt noroKoB gJreKTpoHoB, ABrrlKylqr4xc.f, K noBepx'ocrr{
V oT Hge, B rlonyrrpoBoAHzKax c aHH3oTpolHbIM crIeKTpoM KaK npv 3epr(an6HoM oTpaxegr{Lr , TaK rr
gIaSSY3HoA'I paccef,HLII'I cBt3aHa c npocrpaHcrBennrrM 

"sr""arr""u Synrcqralr pacnpeAeJre Hvrfr H
co3AaHr{ eM H OpMaJrbHoro SJreKTpt4 rlecKoro IIoJrr.

OrMeluu, qro roK flof3 cocrol,IT I,r3 AByx cJraraeMbrx: 3aBr4crrq[x fi He:anrcxrqzx or {,
Korophle o[]rcbIBaK,T ToKI{ Jrl4HefiHoro (lrnu qupxynxpnoro) QororalroaHr.rtrecKoro e(fSerca z
a$$erra yBJreseHl4r $oronanau. [Is xaqecreeHHoro alaJrusanocJreAHr,rx coorHorueHafi rra4no, vro
ern SororoKrr ornl{qarcTcf, Apyr or Apyra KaK no cneKTpaJrbHofi rz reuneparypHofi sanraclrnaocrefr,
TaK H rlo 3aBucI4MocTH oT cTeleHLI noJItpI{3aIIuu, a TaKxte oT I'eoMeTpI,II4 OnbrTa o6napyxenna
paccMarpr4BaeMbrx s$Serron.

C12. K TEOPI{U 3O@EKTA OOTOHHOTO YBJIETIEHII'I B
TIOJIYNPOBOAHI,IKOBOfr PA3MEPHO KBAHTOBAHHOII CTPYKTYPE

P.-fl. Pacynon, F.E. AxueAos, M. Kyrrcapor, B.p. pacynoea, M. Mar{arosa

@epzaucrcuii fV, z. @epzana. r rasulovS l@,mail.ru

, Tlteoretically anctl-v-zgd the optical transitions between the canchtction band and valertce bsnd. In
the. diltole apprctximation to c:alculate the temperature ancl frequency dependence of tlze current drag effect
of'electrons by phonons. The momentum o/'a photon is taken inio accounionly in thi deltafunction.

B nactorqee BpeMJI KaK Teoperl{qecKr{, TaK r4 gKclepuMeHTaJrbHo 6olee nogpo6no
r{3}n{eHo nornoueHlde cBera B [OnylpoBoAHr{KaX c pa3MepHO-KBaHTOBaHHbTMu fl}/IaMvt, o6ycnoe-
JIeHHOe MexAy3oHHbrMr4 onTr,rqecKr{M nepexoAaMz Me}KAy pa3MepHo KBaHTOBaHHbrMr,r noA3oHaMr4
3oHbI rIpoBoAuMocrI'I vl eaneHrHofi 3oHhI, a BHyIpI,I3oHHoMy nonrolqeulzro, cBr3aHHoMy c
ONTI,IqECKI{M IICPEXOAAMH ME)K.qY PA3MEPHO KBAHTOBAHHbIMLI COCTOA:f':KIfrMU IOA3OH JICrKIX I,I
r'DKeJIbrx AbIpoK' nocB{IIIeHo cpaBHI,ITeJI6Ho MaJIo pa6or. Srornly Borrpocy u rrocBrrrleHo AaHHoe
coo6rqesue.

Huxe paccMorpeHo nornorleHlre cBera rronynpoBo4ullxorofi pa3Mepgo- rraHrosagHofi
flMe' cBq3aHHOe KaK C orITI4qecKIzMI4 nepexoAaMl{ Me)KAy B€TB{MI{ JT€TKLIX u Tt}KeJIbrx AblpoK, TaK r.l
MelKAy pa3MepHo KBaHToBaHHbIMI4 rIoA3oHaMI,I, o6yclowleHHoe rrprMbrMz orrrr.rqecKr4Mr{
[epexoAaMl'r. Ans roro, uro6bl BhulcHltrb ocHoBHbIe qeprll [orurotlleHrrt cBera, paccMor]pgM
npocrefiuNfi (nsotponurrfi) criyrafi 6ecroseuno rny6oxofi cunauerplr.rHofi sil{51. V.rreM, rrro B
r<gaHroeofr .{Me nof,Brf,erct Ao[oJIHI'ITeJIbHbIfi uexauragM BHyrp]r3oHHoro uoHroIrIeHI{ N cBera,
cssgauHHfi c nptMbIMH oFlTnqecKnrr.rn uepbxo4auu cao6o.qubrx nocurenefi Mex,qy rroA3ogaMrr,
Koropble $opuzpyrorcfl, 3a cqer pa3MepHoro KBaHToBaHrr x.Ilpu pacqere BKnaAa 3Tr.rx uepexoAoB B
xootfSlrquenr nofJloxreHuf, cBera HyxHo n $opuyn e Nu. r<os$$uquenra rorJrorrleHu;r B
o6lenanux KpI4crarIJIax ) recrb rlacrr4rruoe 3anoJrHeHr,re cocro.f,Hrzfi. ioraa Ajrr cr,rMMer*pvuuoft
reaH:roeofi .tIMbI BblpaxeHlze Ant ros$suqneura o4no$oroHHoro nornoqeHlrfl cBera B pa3MepHo
KBaHToBaHHofi xrr,re c runpznot c Mo)KHo Haililcarb B BI,IAe

KtD -+ 
> lM!|,)r,,,,,12 Lrp(Et,,ir-hat- E,,; ) ,

I  t } r r - '  
'  tnv  tmv |  - t  t -  \ - / ' v ' l<J

li ' .vv'

tQl r '(0)
J  t ' i r -  J  r r ' i , , M,\lJ, ^,,,,, -Marpr.rqHbrfi oleueur o4no SoroHHoro onrr,rrrecKoro,Oe Ar, =

U + 4h-27[t, I M!]),.,.r,,f't,

KTpr{rrecKfl e rBreulrs ... >, (Depraua-20 14
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nepexoAa ll'v'm') 
-+llvm), T, - upevaBbrxoAa r.r3 p*oHaHcsofi o6nacrr.r AbrpoK BerBlr l', Ern r 

-

:nepreruuecr<zfi crreKlp, 4l?', -puu"oBecHar rfynxqur pacilpeAeJreHr.rr rsrpoK (c )rreroM

pa3Mepuoro KBaHToBaHrra), d-$yuxqnr olucrrBaer 3aKoH coxpaHeHnt
sorHoeofi BeKTop 4trpox'. 3Aecr )/.IJIlr, trro cocrotHr{r nocurelefi roxa
oc,rt z, a rro ocraJrbubrM HarrpaBJIeHr4rM oHH ocrarorcs 6loxoncxNurz.

B npu6ruxeHnu kra((Jrm npHMeHHMo orurcaHne B paMKax s$Qerruenux Macc

sHepreru.recxzfi crreKTp AbrpoK Mox*o rrpeAcraBr.rrb B BlrAe E,^i, =..!r-**",n,, rAeln / (  a 
2m,\o 'a '

u, = 
#, n :r,2,3,, F' -*'/,,00 

#=+lt..#"%#l 
-,**"* v,B*anMacca

JIerKI4x 4rtpox(/ =lh) s rloJlyfipoBo4Huronofi xsanrosofi xnae. SrpSeKTHBHar Macca Anr rrx(eJrbrx
t '  " \  1 /AbIpoK V = hh) nol)Alaerct I43 flocneAHero coorHoueur4r gal,reHofi n Hefi F rta t/; u m* Ha

, / p
n'r tt tl ) r Ae m,,, ( m,,,,) - o6r eMHa.rr a$(pexrunH as. vracca JrerKv x (raxenux) AhrpoK.

B AanrnefirueM yqI4TbIBaeM, rITo 3Hepreruqecxnfi cnexrp E,, nfnuzu rorrKr4 Bbrpo)KAeHr,ur

3oH orll4cblBaerc{ faM}rJlbroHl4agolt Jlaml4Hxepa, TorAa Brlpaxeur4e Anr MarprdrrHoro gJIeMeHTa
cKopocTr{ MoxHo [peAcTaBr.rTb, KaK

al=|avru =eopeoko, (2)
fl

I  f(( 5 \ -\  /  \  " , l
rre Qop= -* Jllr,*irrlzyt; lar-(t 

-d"oPyLt"JoJl, m0-Macca ceo6oAHoro orreKrpoHa,
, ? r ? , o l \ \  z  )  )  

- - ' - )

T =QTz+3yr)f 5, yr, /2, lt - napaMerpu Jlar"runNepa, Jo(a:x,y,z) - Marpnubr (c
pa3Mepnocrsro 4x4), coorBercrByroque MoMeHry 312, p=ffioi -oneparop nMnynbca.

IIpu ulEsxoft reltneparype (bynrql4s pacnpeAerenufl onncrrBaercx @(E-E) tfynrqzefi
( E,, -xar,lN.{ecxufi rroreHrlr{irn 4upox), rAe rITeHa 3aBr4CZMOCTb

p -ABWepHar KoHrleHTparlprr Abrpor. B grotr cnyqae

cfieKrp MexiloA3oHHoro [oDIoIIIeHr{r flpeAcraBnrer co6ofi Ha6op orHocr4TeJrbHo y3Kr.rx [r{KoB,
coorBercrByloqllx nepexoAaM hI-+hn,ln(cu., Hanpunaep, puc.l). Kaxgrrfi H3 trrrKoB orpaHuqeH

o6:racrrn eHepruft hat r,,rexgy gtv) -g{r\ (urmEf') -Eftr). t E;")(k)-Eo (utm Ef"\(k)-EF),

rge ttk, - xBa3r,tr4Mrrynrc @eprr,tu.

B o6rqeu cnyqae xos$SlrqueHr norurorqeur.rr cBera B crpyKrypax p-GaAs/AlGaAs c
xeaHrosofi str,tofi c 6ecxone.IHo BbIcoKHMI,I6apreparrau 6y4erra onpeAenqrb c IloMorrlbrc Soprrayl (l-
8) u rrrpaNouufl.;irl- cuMMerpr4r*rofi soruonof 6y"*q""'

l Clarae;noe, npofiopul{oHatbnoe BerrqnHe { , on"auruua, orua4 rr}rfexra Pa6u [10] a paccuarp]rBaelroe rBJreri]re, xoroprrtr 3Aecb He yqreri.

Srorry uonpocy 6yaer nocarrueua orteltuar pa6ora.
: Paln npocroT rr, s aanlHei:iuerl, ne 6yAerrl ) IHTLIBaTL BJII{rHr.re pa3MepHoro KBaHroBaHHr Ha BerntrsHy Tt u Bcraaoi}Serra Pa6u ua xoe{rplrqneur
noruou]eHl{t cgera. Tar n{oxHo nocryn}ITg s o6aactr Marsrx filttettcfiggoctefi. Vuer arux rrna,loa'rpe6yer orgelLgoro paccMorpeulrt.

Marepxalu III Mex4yHapoAnofi rouSepeHrllrx <OnrnrecKue rE (porosaercrplrqecKr.re rBrerrur ...>, Oepraua-2014

eHeprprr4, &, -Anynaepuufi

pa3MepHo KBaHTOBaHbT nO
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Cer<\un C. npnrna,qnuz nonpocu ooroutnrrpnqtcrcuxswtnnurt a notynponoryHilKoBblx ...

rAe
k*xik,

n : -
L  t  l a

K r l  Z
c(z) = 

"os(q u) - L cos q r z, co,, :c,osQ6,1t ,S(z)= sin(qoz)-L sitq,z ,
.s,ct

s , , : s i n a , , .  n =
, t . t  t  n . t  '

u  . \  /  ^ \  r
, 11 = l$ + 3Wj,[8.. + (1 + 3W_' ]R "" l-HopMr.rpoBo.rHsrfi MHo]Kurerrb,

-( /  ,a/
1  / 2  t  ' / 2  

k r . t 0
fr"" =l lc'(r)a", fr,, =! ls'(r)at, Qn.r= ̂  -Beruqr.rHbr, orpeAenfleMbre KaK pereHr4t

Q l , t  A "- t  Z l t-"/^
/ z  .  / t

ceKyJr.flpHofo ypaBHeHr.rr, c rroMorrlbro KoToporo MoxHo onpe,{eJrr,rTb 3HepleTprqecKyrc 3oHHyro
crpymTypy rsaHToeofi .f,Mbr, ocb z sw6paua B eAr4nr4rle 4 ocrnrrbubre o6osHaqeHr.{s
o6uleNgeecrurre. TorAa flpv dJz ros(f(puufieHr rorurorrlenr.rs luseitno nonrpr.r3oBaHHoro
r,Bnr{eHpr{ oyAeT onpeAeJrrTbc{ Bbrpa)KeHr{eM:

*: ,-,0,8=, ',,,#[l[40'}''"" ''l'(f''' - f'nbl'"'@')-t''G')-o'\ ' (4)

ra/

,  1  ' . 2  , ,
rae llll =' lgt'\(217t''\(z)dz, L')(t) u Qv)(z) oAHH r43 nupaxeuufi gt')(z)=C(z)- _.,,,., unuuv  

a : " ;  
\  /  '  -  \  /  r  \  /  \ ' t qn ' t =4 i l ' i

/2

5t'')(z)=S(r)., _-,,, , qy) :qn,,(E-+e(')). .Ha puc.2 npeAcraBneHa qacrorHaf, 3aBr.rc'Mocrb
" t4  t . t=Qi , i

xoo$Snquenr rofJrorleHr{{, o6ycnonleHnoro nepexoAaMr{ Me}r(Ay noA3oHaMrr pa3Mepnoro
KBaHroBaHHfl AF.rpoK u p-GaAs vpaccqurauHoro na 3BM no $opl,ryne (10) c )^reroM (11) npa

T:78 K, p = 2.l}tt au-' . VIz puc.2 uu$uo, qro npu roBbrrueHvr{ TeMneparypbr 4o T:200 K sucora

lLIKoB, B. 3aBI{cIrMocrI,I or qacrorbr cBera, yMeHblrlaerc{ B HecKoJIbKo pa3, a o6.nacr.gx MexAy
unlrtn noe@(pvIqueHr noHIoIIIeHur cBgra craHoBkrrcfl orJrr{qHbrM or HyJr.f,. B orJrr{qr{e or BTopofo n
nocneAyroqux nr4KoB, Koropbre cr.rJr6no ymrrprrorcr, y nepBoro nr4Ka (m-+ nz) KaK

AJrrrHHoBonuonrrfi, TaK n KoporKoBoJrHosrrfi xpafi ocraercr pe3KuM. flpu p:2.I0t1 c*ta pr

AbrporrHbrx lt/:acc nltth:0,51ms, m,o:0,o82m, s o6teIvIHoM rroilylpoBoAHl4Ke I{ Iu}tpI{HbI flMbI
0

a=200 Auen'rpy nepBoro nI{Ka norJrolrleHur B rroJlf,p}r3auupr dJ-z orBerraer gueprur hat=5 ueB,

arnupunanuxa xlueB,

[anee uccneAoBaH oQQerr ydneuenraa Soronaua (3y(D) s 6ecroueuno ruy6orofi
xsanroeofi tMe, rAe paccMorpenhr Ar,rrroJrbHbre MexAy3oHnbre onrraqecKpre nepexoAbr npr4
HaKJIoHHoM K creHKe xrvru (xy) naAeur,rr4 cBera c BeKTopoM [oJrrpn3arlupr, HalpaBJreusofi no ocu
x (s-nonrpnsaryun). TorAa pa3perueH6l onrllqecKr.re nepexoAbr Mex(Ay cocrorHr.r{Mz ognHaronofi
qerHocrl4. Onruqecxue uep:exo4u MexrAy cocroruurMr4 pa3nr,rrrHofi .{erHocrn 6y4yr pa3perrreHbr B
roM cn)4lae, ecilu BeKTop noJrrpH3arlrlH cBeTa HanpaBneH rro ocu pa3MepHofo KBaHroBaHur.

Orlteruu 3.qecb, r{To flpu pacr{ere Sororora uarpu.ruufi gneMeHT onrrzrrecKoro [epexoAa
Mex(Ay eareuiruofi soHofi a gosofi [poBoA]rMocrz nrr6pau B Alrflonbuorra npa6nuxeuuu (c yqeroM

BoJIHoBoro Bexropa $orona) 14 ) {TeH g-$anrop ,qbrpox, u Jo -Marpurlbr yfJroBoro MoMeHra

rn6pauu s 6a3race Jlarruuxepa-KoHa.
flonyreuo BrlpaxeHlre px rcoeQ$r{qrreHTa nornouleHr{q rr,ruefiHo floJrrpr,r3oBanuoro

cBsra c s-nontpl,I3allnefi, coornercrByroqero o[Tr,rqecKr{M nepexoAaM MexAy cuMMerpuqnrrMr.r lr
aHTL{CI,IMMeTpHrrHbIMIt pa3MepHO-KBaHTOBaHHrIMIT COCTOIHZIMTI 3OHrI npOBOAIIMOCTU U nanenrnOfi

3oHbI, fAe npene6pera-nn BKJraAbr rzHAyrlupoBaHnbrx orrTar{ecKux nepexoAoB r,r3 3oHbr

Ma:replranrr III Mexgyuapoguofi rconSepeHqr4rt <<Onra.recKr.re z QoroenerrpuqecKue xBrrenl,r.x . .. >, (Depraua-2014
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rIpoBoAI{MocrI4 B BaTIeHTH}'Io 3oHy. floxasaHo, qro roK )rBJrerreHH-fl, o6ycnoueunrrfi ourn'{ecKr,rMr,r
' fiepexo.qaMl,I Me)KAy pa3MepHo-KsaHioeaHHrrua cocrogru4rMr4 noA3oH JrerKr4x rr TflxeJrbrx AbIpoK

saneHrHofr 3oHbI rloJlynpoBo,qHr,rKa onpeAeJrflercr roo$$uuueurou nonrorrleHvr cBera n
AByMepHbIM BOJIHOBbIM BeKTOpOM, OnpeAerseMbrM 3aKoHoM coxpaHeHr.rs SHepfp[4

t ^ '  t

krc' = l\htLno-!-I-1n,2 -!L n21f% , ,1" O-t - *(ner' -*tnt-'| , ^l^', (*t )-s$$ercrnnuax Macca-  
2m, I | '  mh

AbrpoK BerBr.r I , n' ,n-HoMepa pa3MellHoro KBaHToBarrHr.

flpu pacuerax roKa 3y<0, npocrorbl paArr, cHaqiura MolKHo npeAnoJroxrrrb, irro
BeposrHocrl.I oIITI4qecK[x nepexoAoB 3aBucrr or uMnyJlbca $oroua JrHrrIb 3a cqer ero ) rera B
3aKoHax coxpaueHI,tfi gHeprrlu I,I HMnynbca. flprz 3ToM npeHe6peraercx 3aBr,rcrrMocrb KBaApara
MarputrHofo 3JIeMeHTa ofiTuqecKl.rx [epexoAoB or BoJruoBoro BeKTopa $oroHa 14 He )ArreH BKJTaA B
cocrasHofi marprlvHrrfi DJIeMeHT n:auuo4eficrBlrr Maruvruoro [oJIr cBerosofi nomHrr c ynroBbrM
MoMeHToM 3JIeKTpoHoB (,uupox), Koropble sBrf,rorcr npeAMeroM orAeJrbHofo uccJreAoBaHl,rr.

A rarxe B pa3MepHo-KBaHToBaHnofi crpyxrype: a) B ToM cryqae KorAa 4e-Epofiloncroe
ABHx{eHI,Ie nocure.nefi ToKa lrpor{cxoArlT B rrJrocKocrr{, ilepneHAnrynapuofi K ocn pa3MepHoro
KBaHroBaHVs, TorAa r.rx 3Hepferu'recxuir cneKTp r4Meer cnoxnrrfi eua; 6) B cr,rJry roro, irro
xapaKrepu3yroqar ABr.rlreHr{ro HoclrreJrr4 ToKa BoJrHoBrM (fyHnryrr B pirMepHo-xsaurogaHHofi
crpyKrype ne 6yAer o6raAaT r qenrpairuofi cnuuerpuefi, y cracteMe Hocr.rreJrefi rora nosBJrrerct

3rexrpl4qecrufi Ivronleut F, 6na.oAapf, qeMy, cl{creMa lygylra rroMerqeuubrM B aJreKrpr{qecKoe
uone 3neKTpoMarHI{THofi eoffIrr nplroOperaer AonoJrHr.rreJrbHyro gHepruro, nponopquonaJrbHyro
=* 

)txeuvn gnerrpr4qecKoro [oJIt gJIeKTpoI " EcrecrBeHgo grart , r4e 6 - HaflptxeHrrr{ SJreKTpr4qecKoro Ilont SneKTpoMafHilTHor.I BoJIHbI.

3Heprut 3aBl{ct{r or yrna Mex(Ay BeKTopaMr P u E; c) o6pasonaHr{e KBaHToeofi rMrr B crpyKType
nptrEoAI4T, BO-nepBbIX, K I43MeHeHI,rn CrrMMeTpUI,I CI4CTeMbI, Ha[prZMep, rIeHTpaJIbH€Ur Cr4MMerpr,rt
3aMeH.flerc.fi ancraalrHofi, a Bo-BTopbIX I{3MeH.svtc , BvrA noreHrl}riulbnofi eueprzr.r Hocl4Teilefi roxa.
B cessu c orlrM H3MeHtercq atf@errznnrtfi rauznrroHlran Hocr{TeJrr{ ToKa a llogroMy r43MeHrerct
crreKrp BoJrxoBbre Syurqrau nocure-nefi rora; 4) acr.rMMerprrrrHru KBaHToBiur flMa He IrHBapr{aHTHa
orHocI4TeJIrHo 3epKanbHofo orpaxeul4r B rrJrocKocrlr, npoucxoArrqefi .repes qenr1r rurr. floeroir,ry
cHr.{Maercs BbIpoxAeHI{e, Bo3uplKarorlee 3a cqeT rrcMemenvfl. cTpyrflypbr, B cr,rMMeTpu.{Hofi
pa3MepHo-KsaHroeaHnoft noJry[poBo4uuxonofi crpyrType: e) KornqecrBeHnoe BbrqrzcJreHr,re
SHepferilrrecKoro c[eKTpa Hocarenefi ToKa B 6tl'uzu rIeHTpa ronu BpruJrrogna MoxHo npou3Becrll
npn6mlxeuno B cJry rae, KorAa oruoclzreilbHoe I{3MeHeHI,Ie gHeprerllrrecKoro cneKTpa B
rrpocrpaHcrBe BoJrHoBbrx BeKTopoB MaJro no cpaBHeHr,rp c paccrof,Hr4eM MexAy coceAHrrMr,r

- pa3M€pHo-KBaHTOBaHHbIMU 9HepreTICqeCKUMrr COCTO flIlldfli0d'd.

c 1 3. CABI,IrOBhrfr JrrrrrEfr HhIfr <D OTOI AJTbBAHHTIECKTTff 3OOEKT B
IIonvIIPoB OAHI{KAX C ).[IETOM 3 @ OEKTA PE3 OHAHCHOTO HACbIrrIEHtrrr

E.MauaAanuee, ?LM.Korau6aen, B.P.Pacynon, P.-f,.Pacvlon, ?I.3ur6olraen

@ ep z au crcuil z o cyHuaep cumem, e. Q ep z an a, r -r a s u I ov 5 I @,nt ai I. ru

The quantitative theory of photon and phonon mechanisms o.f shtft linear photovoltaic effict in
seniconductors is built at a one photon absorption of light, where the contribution of resonant saturation
eJ/bct ofdirect optical trqnsitions is taken into accourzt.

llo4 nomplrsalruoHHblrra SotoranbBanr{qecKurtr eQ$ercona (Of3) B rur.rporoM cMbrcJre
roHflMaerc.s Bo3Hr,rKHoBeHHe craur4oHapHoro {ororoxa (nru Qoros4c) r o4uopoAHbrx o6pasqax
npri oAHopoAHoM crartrHoHapuoM ocBerrleur,rLt. SxcnepuveHraJrbHo SororaarnaHr..r.recrzfi a$Serr
6ru _ uccneAoBaH B nonyfipoBoAullKax Te, n-GaP, p-GaAs nprd ocBerrlen]u4 maHefino

; tIoJIflppI3oBaHHbIM cBeroM e o6rabru qacror Hrcx(e Kpa.rr $ylraartrenrrurbHoro rrornoIr1eHnr.
EcrecrsenHo npz srnx ycnoet{.sx gror eQ0exr, roropHfi Ha3eag, e Aanrgefiuei\a rar rlrgefiHrrfi
Marepua.ur,r III MeN4ynapoAnofi ronrbepeHrlrnd <Onru.recKue u (loroo.nerrpuqecKr,re {BJreHrr ...>, Oeprana-2014
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