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[1] —do cirlasmis yarimkegiricilords yiitkdastyicilarin va fononlarin qizmasi nazora
alinmadiqda, lakin giicli s6vqde algaq tezlikli elektromaqnit dalgalarinin (EMD)
yayllmasia qeyri-diffuzion yaxinlasmada baxilmis, elektrik sahasino nozoran giiclii
geyri-xattilik alinmigdir.

Togdim olunan isdo s6vq ilo barabar elektron vo fononlarin qizmasmin algaq
tezlikli EMD-nin yayilmasina tasiri diffuzion yaxinlasmada arasdirilmisdir.

Elektronlarin va fononlarin paylanma funksiyalar1 (P F), f vo N;
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Diffuzion yaxinlagsmanin toloblorine asason fi<<fo vo Nij<< Ny sorti daxilindo

PF-1n geyri-tarazliq hissalori 1?1 \G ﬁl , homginin fononlarin paylanmasinin izotrop
hissasi Ny kinetik tonliyin hallindon
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tapilir. Burada v (& )-elektronlarin biitiin mexanizmlordon (ion, defekt, fonon va s.)
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sopilma tezliyi, , :R-tmklotron tezlik, h :ﬁ’H’ -maqnit sahosinin intensivlik

vektoru, p vo ( -elektronun vo fononun impulsu, Wg- fononlarin sopilmasinin matris
elementi, S (q)-fononlarin tam sopilms tezliyi, £, (q)-fonon-elektron sopilms tezliyi,
B (0) - fononlarin kristalin sarhaddins enerji verms tezliyidir.

Dairavi polyarlasmada PF-in izotrop hissasi zamandan asili deyildir, anizotrop
hissolorin zamandan asililiglart exp ( -i o t) soklindodir. Belo dalga sahosinds (1)
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sistemindo f, —i f, = po (8)(_730) soklindo axtarsaq elektronlarn dreyf siirati U(&)

ticlin asagidaki tonlik alinar:
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burada s- kristalda sasin siirati, <o (Te)> isa T, temperaturlu elektronlarin orta siiratidir.
(2) tonliyindon
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(3), <5 (Te )> -0 nozaron vektorial tonlikdir. Onu E| |OZ]| ELH istigamatlonmasinda
[2] — do toklif edilon iisulla tapib, (2)-do nozars alaq
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Bu tonliyi do (3)-0 uygun yolla hall etsak dreyf siirati ligiin
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U(&) -nin molum ifadasing g0ra carayan sixligini da hesablaya bilarik:
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burada X = T_’ j1V9 j2 uygun olaraq sévqsiiz vo sévqlo alagoali coroyanlardir. (7)-don
e

corayanin uygun komponentlorini hesablayib onun da dairavi polyarlasdigini,

yoni J=],— i jy oldugunu diqqats alsaq, elektrik kegiriciliyi tigiin
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alinar. Buradan goriniir ki, elektrik keg¢iriciliyino do ) 1ilo alagoli hadd daxil olur. Bu
vurugla bagl slavalori hesablamaq {i¢iin  —n1 hesablayaq.
Cirlasmamis yarmmkeciricilords dispersiya qanunu izotrop vo kvadratik olanda

kinetik tonliyin toqqusma inteqralin1 rekombinasiya proseslorindo miioyyon edon & -5
[3] —da daxil edilon ¥ da (4)-2 oxsayir. Vurugun hesablanmasi miioyyan sadalosmolor vo
yaxinlagmalar tolob edir. Bunlardan biri mosolonin qoyulusunda durub. Alcaqtezlikli

EMD-m yayilmasma baxildigimndan @ </ (q), onda ﬁ +af zﬁi yazmaq olar.

Sopilmonin matris elementini [3] -2 uygun W, =W, -q", fononlarm tam sopilma tezliyini,

qs)
p@=4) ? . 6’;‘ kimi segsok (4)-don } iiglin alariq:
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burada € :?- Olclisliz elektron temperaturu,
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p( ) 3+t 2 h S( ) qizma olmadiqda parabolik spektrdo elektronlarin

fononlardan sopilmo tezliyi, ¢, kK, p - parametrloridir. t=%1 (miisbot uzundalgal
fononlardan sopilmays, manfi pyezoakustik fononlardan sopilmoys uygundur).
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keciricilik tiglin



_ 4neé’ lﬂe(Te) 5 lo-0, o T \"
T 3 amu(T) 2,B(Te)gr( /2)_3 v(T) ﬁ(Te)(stzj '

B (T.) Vp(T) 3 . l ) T 1/2 Vp(T) ,Be(Te) »
A1) Vo(l_yo)aer( /2)+|[3ﬁ(Te)(2m82] o) ar ) T

OO g (2, ) ﬂe(Te)) vv(pl(T;)ee‘”nz)]}

{Heir(2)+

v(T) 2 v(™) p(T,
(10)
alinar.
I yaxinlasma
Qobul edok ki, qizma giiclidir, qarsthqh sévq ise normaldir. @>>1,
%~ I, (}Yo<1). Bu halda (10) ifadesini hadbohadd qiymotlondirsok real hissonin birinci,

xayali hissonin ikinci toplanani boyiik olar.
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II yaxinlasma

<1, %% —1. Bu halda
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Hom qizma giicliidiir, hom do qarsihigh  sévq € >>1,
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Elektron qazinin 6, temperaturunun xarici sahonin E (2) intensivliyindon

asililig1 enerji balansi tonliyindon alinir.
Elektronlarin sahodon aldiglar1 enerji akustik fononlarla togqusma yolu ilo
kristallik gofass verilir. Xarici sahadon alinan enerji fonon altsistemina verilona borabor

oldugda gorarlasmis Te vo ya 6, temperaturundan danismaq olar. Impulsu P olan

elektronlarin enerjisi 8( f)) -dirsa, homin tonliyi riyazi olaraq
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kimi yazmaq olar. Digor torofdon sahodon aliman enerji sonda coul istiliyino
cevrildiyindon, akustik fononlar istilik rezervuar: yaratdiglarindan balans tonliyi

o -E?=

. (2;m) Iﬂpp N, (q)q>dq

soklino diisor.



Hor iki yaxinlasmada elektrik keciriciliyin ifadesindon goériindityii kimi elektron-
fonon sisteminin qizmasi sévqdan iistlin rol oynayir. Enerji balansi tonliyinin hollindon

6.(2) iigiin birinci yaxinlasmada
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ikinci yxinlasmada
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alinir. Burada U(z) yarimkegiricido yayilan dalganin amplitududur.
Yuxarida geyd olunan hondasads ikinci yaxinlasmada EMD-in yayilmast
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Maksvell tonliyi ilodir. Burada &, - gofesin dielektrik niifuzlugudur. @ — @ - olanda

tam dielektrik niifuzlugunun xayali hissasi haqiqi hissadon boyiik olur. Bu halda dalganin
giiclii udulmasi yaranir.
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E(z)=0
(12)-n1 noazars alib sonuncu tonliyin hallini
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soklindo axtarsaq &, .,y parametrlori ii¢iin
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alariq. Burada U (+0) = E(Z)‘

yayillma ganunu

= U, Beloliklo z > 0 oblastinda EMD-in
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-sénmonin inkrementidir. Inkrementdan dalganin niifuzetmo dorinliyina kegilsa
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@ —> Wy olanda ‘é’ ‘ << 1, yoni niifuzetmos dorinliyi vakuumdaki dalga uzunlugundan

burada ‘é/ ‘ = - soth impedansidir, R -dalganin sorhaddon oks olma omsalidir.

cox-¢ox kicik olur.
Sorhad sortlorindon istifado etmokdo EMD-ni xarakterizo edon komiyyatlorin
diison dalganin amplitudundan asililiglar1 asagidaki kimi olmusdur:
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3. @.I'. bacc, IO.I'. I'ypeBuu. ['opsiune 3I€KTPOHBI U CHIIBHBIE AJIEKTPOMArHUTHBIE BOJIHBI B
IJ1a3Me MOoJyNpOBOAHUKOB U ra30Boro paspsaa. M., Hayka, 1975

BJIUSAHUE PA3OTI'PEBA U B3AMMHOI'O YBJIEUYEHHMS HOCUTEJIENA TOKA U
®OHOHOB HA PACITPOCTPAHEHUE 3JIEKTPOMAI'HUTHBIX BOJIH B
HEBBIPOXJIEHHBIX ITOJYIIPOBOJHUKAX

BEJIMEB 3.A., TACAHOB X. A.

B pabote paccMOTpeHO BIUSHHME pa3orpeBa W B3aUMHOTO YBJICUCHHS CHCTEMBI AJIEKTPOH-
¢onon Ha pacnpoctpanenne EMB. OnpeneneHo, 4To mpu paccessHUU HOCUTENECH 3apsiaa Ha
aKyCcTUYecKnX (POHOHAX W MPH 0O0pa30BaHUHU TEIUIOBOTO pe3epByapa (POHOHAMH CHUIIBHOCTH
Wi cnabocTh YBIEUEHHMsS] HE WrpaeT ponu. HepaBHOBecHOE pacmpeleleHne HOCHTeNei
3apsaa CBA3aHO C SBJICHUCM UX HarpCBaHUs. C YBCIIMUCHUCM aMILIUTY bl Ha;[alomeﬁ BOJIHBI
rIyOMHA 3aTyxaHMsl yMeHblIaeTcs. Tak Kak IOBEPXHOCTHBIM HMIIEAHC OINpeeseTcs
IyOMHOM 3aTyXaHusl, OH TaKXKE OCTACTCSI MAJIbIM.

THE INFLUENCE OF THE HEATING AND MUTUAL DRAG OF THE ELECTRON-
PHONON SYSTEM ON THE PROPAGATION OF THE LOWFREQUENCY
ELECTROMAGNETIC WAVES IN NONDEGENERATE SEMICONDUCTORS

VELIYEYV Z.A., HASANOV KH. A.

The influence of the heating and mutual drag of the electron-phonon system on the
propagation of the lowfrequency electromagnetic waves is considered. It is determined that
when the charge carriers are scattered by the acoustic phonons and the phonons form the heat
reservior, the strongness or the weakness of the drag does not have any roles. The
nonequilibrium distribution of the charge carriers is connected with the heating. The
attenuation depth is decreased with the increasing of the amplitude of the incident wave.



