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� ¯à¨¡«¨¦¥­¨¨ ¯®áâ®ï­­ëå ¢à¥¬¥­ à¥« ªá æ¨¨ í­¥à£¨¨ ¨ áª®à®áâ¨, á ãç¥â®¬ í«¥ªâà®­-
í«¥ªâà®­­ëå áâ®«ª­®¢¥­¨© ¨áá«¥¤®¢ ­ âà ­á¯®àâ ¨ à §®£à¥¢ í«¥ªâà®­®¢ ¢ ¤¢ã¬¥à­®© ¯®«ã¯à®¢®¤­¨-
ª®¢®© á¢¥àåà¥è¥âª¥ ¯à¨ ¯à®¨§¢®«ì­®© ®à¨¥­â æ¨¨ ¯®«ï (â®ª ) ®â­®á¨â¥«ì­® ¥¥ ªà¨áâ ««®£à ä¨ç¥-
áª¨å ®á¥©. � ©¤¥­ë ­¥«¨­¥©­ ï ¯à®¢®¤¨¬®áâì, áà¥¤­¨¥ í­¥à£¨¨ í«¥ªâà®­®¢, ¢§ ¨¬®á¢ï§ì ­ ¯à ¢«¥-
­¨© ¯®«ï ¨ ¢®§¡ã¦¤ ¥¬®£® ¨¬ â®ª  ¢ ¡¥§£à ­¨ç­®© á¢¥àåà¥è¥âª¥, ¢®«ìâ- ¬¯¥à­ë¥ å à ªâ¥à¨áâ¨ª¨
¨ ¯®¯¥à¥ç­ ï í¤á á¢¥àåà¥è¥âª¨ ª®­¥ç­®© è¨à¨­ë.

�à¨ ¨áá«¥¤®¢ ­¨¨ í«¥ªâà®­­®£® âà ­á¯®àâ  ¢

á¢¥àåà¥è¥âª å (��) ®¡ëç­® ¨á¯®«ì§ãîâ ª« áá¨ç¥-
áª®¥ ãà ¢­¥­¨¥ �®«ìæ¬ ­  á ®¤­¨¬ ¯®áâ®ï­­ë¬ ¢à¥-
¬¥­¥¬ à¥« ªá æ¨¨ äã­ªæ¨¨ à á¯à¥¤¥«¥­¨ï í«¥ªâà®-
­®¢. � íâ®¬ ¯à¨¡«¨¦¥­¨¨ ¤¢¨¦¥­¨ï í«¥ªâà®­®¢ ¢¤®«ì
ªà¨áâ ««®£à ä¨ç¥áª¨å ®á¥© �� ­¥§ ¢¨á¨¬ë ¨ ¯®íâ®-
¬ã ¥¥ í«¥ªâà¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ (¯à¨ ®âáãâáâ¢¨¨
¬ £­¨â­®£® ¯®«ï) ¬®¦­® ¯®«ãç¨âì ¯à®áâ®© áã¯¥à¯®-
§¨æ¨¥© å à ªâ¥à¨áâ¨ª ®¤­®¬¥à­ëå ��. �â®, ¢ ç áâ-
­®áâ¨, ®â­®á¨âáï ª à¥§ã«ìâ â ¬ ¯® á ¬®¨­¤ãæ¨à®¢ ­-
­®© ¯à®§à ç­®áâ¨ ¤¢ã¬¥à­ëå ¨ âà¥å¬¥à­ëå �� [1],
ª®â®àë¥ ¢ íâ®¬ ¯à¨¡«¨¦¥­¨¨ â®¦¤¥áâ¢¥­­ë á®®â¢¥â-
áâ¢ãîé¨¬ ¨§¢¥áâ­ë¬ à¥§ã«ìâ â ¬ ¤«ï ®¤­®¬¥à­ëå

�� [2–4]. �â® ®â­®á¨âáï ¨ ª íää¥ªâã ¯®¯¥à¥ç­®©

í¤á [5].
�¤­ ª® ¢ à¥ «ì­ëå à¥« ªá æ¨®­­ëå ¯à®æ¥áá å áâ¥-

¯¥­¨ á¢®¡®¤ë í«¥ªâà®­  ­¥ ï¢«ïîâáï ­¥§ ¢¨á¨¬ë¬¨,
â ª ª ª ¯à¨ áâ®«ª­®¢¥­¨ïå ¬¥­ïîâáï ¨ ¯¥à¥¬¥è¨-
¢ îâáï ¥£® á®áâ®ï­¨ï ¢® ¢á¥å âà¥å ­ ¯à ¢«¥­¨ïå.
�®íâ®¬ã ãª § ­­®¥ τ -¯à¨¡«¨¦¥­¨¥ ¬®¦¥â ¯à¨¢®¤¨âì
¤ ¦¥ ª ª ç¥áâ¢¥­­® ­¥¢¥à­ë¬ à¥§ã«ìâ â ¬. �¬¥­­®
â ª ®¡áâ®¨â ¤¥«® á à §®£à¥¢®¬ í«¥ªâà®­­®£® £ § .
� ¯à¨¬¥à, íâ® ¯à¨¡«¨¦¥­¨¥ ¤ ¥â ­ã«¥¢®© à §®£à¥¢

í«¥ªâà®­®¢ ¢ ­ ¯à ¢«¥­¨¨, ¯¥à¯¥­¤¨ªã«ïà­®¬ ¯®«î,
¥á«¨ ¯®á«¥¤­¥¥ ­ ¯à ¢«¥­® ¢¤®«ì ®á¨ ��. �®«®¦¥­¨¥
­¥ á¯ á ¥â ¨ ¢¢¥¤¥­¨¥ ¤¢ãå à §­ëå ¢à¥¬¥­ à¥« ªá æ¨¨

äã­ªæ¨¨ à á¯à¥¤¥«¥­¨ï (á¨¬¬¥âà¨ç­®© ¨  ­â¨á¨¬¬¥-
âà¨ç­®© ç áâ¥©), ¥á«¨ ®­¨ ®â­®áïâáï â®«ìª® ª ®¤­®©
áâ¥¯¥­¨ á¢®¡®¤ë í«¥ªâà®­  [4,6].
� ­ áâ®ïé¥© à ¡®â¥ ¨§ãç¥­ë âà ­á¯®àâ ¨ à §®£à¥¢

í«¥ªâà®­®¢ ¤¢ã¬¥à­®© �� á ª¢ ¤à â­®© á¨¬¬¥âà¨¥©

(��-2) ­  ®á­®¢¥ ãà ¢­¥­¨ï �®«ìæ¬ ­  á ­®¢ë¬ ¬®-
¤¥«ì­ë¬ ¨­â¥£à «®¬ áâ®«ª­®¢¥­¨©.�®á«¥¤­¨© á®¤¥à-
¦¨â âà¨ ¢à¥¬¥­¨ à¥« ªá æ¨¨: τ1(ε) — ¢à¥¬ï å ®â¨§ -
æ¨¨ ­ ¯à ¢«¥­¨ï ¨¬¯ã«ìá  í«¥ªâà®­  ¡¥§ ¨§¬¥­¥­¨ï

í­¥à£¨¨ ε (å à ªâ¥à­®¥ ¢à¥¬ï ãáâ ­®¢«¥­¨ï à ¢­®-
¬¥à­®£® à á¯à¥¤¥«¥­¨ï í«¥ªâà®­®¢ ­  ¨§®í­¥à£¥â¨-
ç¥áª®© ¯®¢¥àå­®áâ¨ §  áç¥â ã¯àã£¨å áâ®«ª­®¢¥­¨©),
τε(ε) — ¢à¥¬ï à¥« ªá æ¨¨ í­¥à£¨¨ í«¥ªâà®­ , ®¯¨áë-
¢ îé¥¥ ¥£® ¯¥à¥å®¤ë ¬¥¦¤ã ¨§®í­¥à£¥â¨ç¥áª¨¬¨ ¯®-
¢¥àå­®áâï¬¨, ¨ τee(ε) — ®¡à â­ ï ç áâ®â  í«¥ªâà®­-
í«¥ªâà®­­ëå áâ®«ª­®¢¥­¨©. � á®®â¢¥âáâ¢¨¨ á® áª -

§ ­­ë¬ ¨¬¥¥¬
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f(k, t)− f̄s(ε, t)

τ1(ε)
+
f(k, t)− f0(ε, Te)

τee(ε)

+
f(k, t)− f0(ε, T0)

τε(ε)
, (2)

£¤¥ f(k, t), fs(ε, t), f0(ε, Te) ¨ f0(ε, T0) — ¢®§¬ã-
é¥­­ ï ¯®«¥¬, ãáà¥¤­¥­­ ï ¯® íª¢¨¯®â¥­æ¨ «ì­ë¬

¯®¢¥àå­®áâï¬ ¨ à ¢­®¢¥á­ë¥ äã­ªæ¨¨ à á¯à¥¤¥«¥­¨ï

í«¥ªâà®­®¢ ª ª á íää¥ªâ¨¢­®© â¥¬¯¥à âãà®© Te, â ª
¨ â¥¬¯¥à âãà®© à¥è¥âª¨ T0 á®®â¢¥âáâ¢¥­­®, k — ¢®«-
­®¢®© ¢¥ªâ®à, E — í«¥ªâà¨ç¥áª®¥ ¯®«¥. �¥¬¯¥à âãà 
Te ®¯à¥¤¥«ï¥âáï ãá«®¢¨¥¬ à ¢¥­áâ¢  áà¥¤­¨å í­¥à£¨©

í«¥ªâà®­®¢, ®¯¨áë¢ ¥¬ëå à á¯à¥¤¥«¥­¨¥¬ f(k, t) ¨

f0(ε, Te). �¥à¢®¥ ¨ ¢â®à®¥ (Te 6= T0) á« £ ¥¬ë¥

¢ (2) ”§ ¬¥è¨¢ îâ” ¢á¥ áâ¥¯¥­¨ á¢®¡®¤ë í«¥ªâà®-
­ , çâ® ï¢«ï¥âáï ¯à¨­æ¨¯¨ «ì­ë¬ ®â«¨ç¨¥¬ ¤ ­­®£®

¯®¤å®¤  ®â [1–6]. � ¦­® ¯®¤ç¥àª­ãâì, çâ® í«¥ªâà®­-
í«¥ªâà®­­ë¥ áâ®«ª­®¢¥­¨ï ¢ á¢¥àåà¥è¥âª å, ª ª ¯à -
¢¨«®, á®¯à®¢®¦¤ îâáï ¯¥à¥¡à®á ¬¨ � ©¥à«á  ¨ ¯®-
íâ®¬ã ¯à¨¢®¤ïâ ª å ®â¨§ æ¨¨ ­ ¯à ¢«¥­¨ï ¨¬¯ã«ìá 

¨ áª®à®áâ¨ í«¥ªâà®­®¢ (¤®¯®«­¨â¥«ì­®¬ã á®¯à®â¨-
¢«¥­¨î), çâ® ¨ ®âà ¦¥­® ¢ (2). �¥§ã«ìâ â®¬ â ª¨å

áâ®«ª­®¢¥­¨© ­¥ ¬®¦¥â ¡ëâì á¤¢¨­ãâ ï ¯® ¨¬¯ã«ìáã

ä¥à¬¨¥¢áª ï äã­ªæ¨ï à á¯à¥¤¥«¥­¨ï [7]. �«¥¤ã¥â

®â¬¥â¨âì, çâ® ¢ á«ãç ¥ ­¥®¤­®à®¤­ëå ¯®«¥© ¨­â¥£à «
áâ®«ª­®¢¥­¨© (2) ­¥®¡å®¤¨¬® ¬®¤¥à­¨§¨à®¢ âì á ãç¥-
â®¬ § ª®­®¢ á®åà ­¥­¨ï.
� ª®­ ¤¨á¯¥àá¨¨ í«¥ªâà®­®¢ ��-2 ¢ ¯à¨¡«¨¦¥­¨¨

á¨«ì­®© á¢ï§¨ ¨¬¥¥â ¢¨¤

ε(k1, k2) = ε1(k1) + ε2(k2)

= (∆/2)(1− cos k1d) + (∆/2)(1− cos k2d), (3)

£¤¥ d — ¯¥à¨®¤ ��-2, ~k1,2 — ª®¬¯®­¥­âë ª¢ §¨-
¨¬¯ã«ìá  í«¥ªâà®­  ¢¤®«ì ¥¥ ªà¨áâ ««®£à ä¨ç¥áª¨©

®á¥© x1, x2 á®®â¢¥âáâ¢¥­­®, 2∆ — í­¥à£¥â¨ç¥áª ï
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�¨á. 1. � ¢¨á¨¬®áâì ­ ¯à ¢«¥­¨ï ¢¥ªâ®à  ¯«®â­®áâ¨ â®ª 
j ®â ­ ¯à ¢«¥­¨ï ¯®«ï E. �¨äà ¬¨ ã ªà¨¢ëå ãª § ­ë

§­ ç¥­¨ï E/E0.

è¨à¨­  ¤¢ã¬¥à­®© ¬¨­¨§®­ë. �¢¨¦¥­¨¥ í«¥ªâà®-
­  ¢¤®«ì ­ ¯à ¢«¥­¨ï x3 (âà¥âìï áâ¥¯¥­ì á¢®¡®¤ë)
áç¨â ¥¬ ”§ ¬®à®¦¥­­ë¬”. ”�¥ ¤¤¨â¨¢­ë©” § ª®­

¤¨á¯¥àá¨¨, ¨á¯®«ì§ã¥¬ë© ¢ [1,5], á¢®¤¨âáï ª ¢ëè¥-
¨§«®¦¥­­®¬ã ¯ãâ¥¬ ¯®¢®à®â  á¨áâ¥¬ë ª®®à¤¨­ â ­ 

ã£®« π/4.

�«ï ¯à®áâ®âë ¢ ­ áâ®ïé¥© à ¡®â¥ ¡ã¤¥¬ áç¨â âì

¢à¥¬¥­  τ1, τε, τee ­¥§ ¢¨áïé¨¬¨ ®â í­¥à£¨¨. � áâ æ¨®-
­ à­®¬ á«ãç ¥ í«¥ªâà¨ç¥áª¨© â®ª ¨ à §®£à¥¢ í«¥ªâà®-
­®¢, á®£« á­® (1), (2), ®¯à¥¤¥«ïîâáï á®®â­®è¥­¨ï¬¨

j1,2 =
σ0 + [1 + (E2,1/E0)2]E1,2

1+(1/2)[1+(τε/τp)](E/E0)2+(τε/τp)(E1E2/E2
0)2

,

(4)

〈∆ε1,2〉 ≡ 〈ε1,2〉 −
〈ε〉0

2
=
σ0τεE

2

2n

×
[1 + (1/2)(E/E0)2 sin2 2θ ± (τp/τε) cos 2θ]

1 + (1/2)[1 + (τε/τp)](E/E0)2 + (τε/τp)(E1E2/E2
0)2

,

(5)
£¤¥ σ0 = ne2d2τp/2~2 (∆− 〈ε〉0) — «¨­¥©­ ï ¯à®¢®¤¨-
¬®áâì ��-2, E0 = ~/edτp — íää¥ªâ¨¢­®¥ ¯®«¥, θ —
ã£®« ¬¥¦¤ã ¢¥ªâ®à®¬ ¯®«ï ¨ ªà¨áâ ««®£à ä¨ç¥áª®©

®áìî x1, τ−1
p = τ−1

1 + τ−1
ε + τ−1

ee — ®¡à â­®¥ ¢à¥-
¬ï à¥« ªá æ¨¨ áª®à®áâ¨ í«¥ªâà®­ , áª®¡ª¨ 〈〉 ¨ 〈〉0
®¡®§­ ç îâ áà¥¤­¥¥ ¯® ¢®§¬ãé¥­­®© ¨ à ¢­®¢¥á­®©

äã­ªæ¨ï¬¨ à á¯à¥¤¥«¥­¨ï í«¥ªâà®­®¢ á®®â¢¥âáâ¢¥­-
­®, n — ª®­æ¥­âà æ¨ï í«¥ªâà®­®¢.

�®®â­®è¥­¨¥ (5) ãª §ë¢ ¥â ­  áãé¥áâ¢¥­­ë© à -
§®£à¥¢ í«¥ªâà®­®¢ ¢ ¯®¯¥à¥ç­®¬ ®â­®á¨â¥«ì­® â®ª 

­ ¯à ¢«¥­¨¨. � ¦¥ ¢ ¯®«¥, ­ ¯à ¢«¥­­®¬ ¢¤®«ì ªà¨-
áâ ««®£à ä¨ç¥áª®© ®á¨ (­ ¯à¨¬¥à x1), à §®£à¥¢ ¢

¯¥à¯¥­¤¨ªã«ïà­®¬ ¥¬ã ¨ â®ªã ­ ¯à ¢«¥­¨¨ x2 ¢¥-
«¨ª. �â­®è¥­¨¥ á®®â¢¥âáâ¢ãîé¨å ¯à¨à é¥­¨© áà¥¤-

­¨å í­¥à£¨© ¢ íâ®¬ á«ãç ¥

γ ≡
〈∆ε2〉

〈∆ε1〉
=
τε − τp
τε + τp

. (6)

�à¨ τε = 3τp, γ = 0.5. �à¨ τε � τp à §®£à¥¢

áâ ­®¢¨âáï ¨§®âà®¯­ë¬. � ¯à¥¤¥«¥ á¨«ì­ëå ¯®«¥© ¨

θ 6= 0, π/2 í«¥ªâà®­ë à ¢­®¬¥à­® à á¯à¥¤¥«¥­ë ¢

¬¨­¨§®­¥.
� ®¡é¥¬ á«ãç ¥ ¢¥ªâ®à  j ¨ E ­¥ª®««¨­¥ à­ë. �å

¢§ ¨¬­ ï ®à¨¥­â æ¨ï ®¯à¥¤¥«ï¥âáï á®®â­®è¥­¨¥¬

tgϕ = tg θ
1 + (E/E0)2 cos2 θ

1 + (E/E0)2 sin θ
, (7)

£¤¥ ϕ — ã£®« ¬¥¦¤ã ¢¥ªâ®à®¬ ¯«®â­®áâ¨ â®ª  j
¨ ªà¨áâ ««®£à ä¨ç¥áª®© ®áìî x1. �à ä¨ª¨ ϕ(θ)
¯à¨¢¥¤¥­ë ­  à¨á. 1. �â¬¥â¨¬, çâ® § ¢¨á¨¬®áâì ϕ(θ)
ï¢«ï¥âáï ã­¨¢¥àá «ì­®© äã­ªæ¨¥© ¡¥§à §¬¥à­®£® ¯®-
«ï E/E0 ¨ ­¥ § ¢¨á¨â ®â ®â­®è¥­¨ï τε/τp.
�à¨ § ¤ ­­®¬ E >

√
2E0 ä¨ªá¨à®¢ ­­®¬ã ­ ¯à -

¢«¥­¨î â®ª  ¬®£ãâ á®®â¢¥âáâ¢®¢ âì âà¨ ­ ¯à ¢«¥­¨ï

¯®«ï, ®¤­® ¨§ ª®â®àëå ­¥ãáâ®©ç¨¢®. �á®¡ë¬ ï¢«ï¥âáï
á¨¬¬¥âà¨ç­®¥ ¢ ��-2 ­ ¯à ¢«¥­¨¥ ϕ = π/4. �§-§ 
¯®¯¥à¥ç­®© ®âà¨æ â¥«ì­®© ¤¨ää¥à¥­æ¨ «ì­®© ¯à®-
¢®¤¨¬®áâ¨ ­ ¯à ¢«¥­¨¥ ¯®«ï á θ = π/4 ¯à¨ E >

√
2E0

­¥ãáâ®©ç¨¢® ¨ ¢ ��-2 ¢®§­¨ª îâ ¯®¯¥à¥ç­ë¥ ®â­®á¨-
â¥«ì­® â®ª  í«¥ªâà¨ç¥áª¨¥ ¯®«ï. �à¨ τε = τp íâ®â

íää¥ªâ à áá¬®âà¥­ ¢ [1]. � ¬ ªà®áª®¯¨ç¥áª®© â®çª¨

§à¥­¨ï ®­  ­ «®£¨ç¥­ íää¥ªâã �à«¡ å  [8] ¢ ¬­®£®¤®-
«¨­­ëå ¯®«ã¯à®¢®¤­¨ª å, ­® ¡®«¥¥ ¢ëá®ª®ç áâ®â­ë©,
â ª ª ª ®¯à¥¤¥«ï¥âáï ­¥ ¬¥¦¤®«¨­­ë¬ à áá¥ï­¨¥¬,  
¤¨­ ¬¨ª®© í«¥ªâà®­  ¢ ã§ª®© ¬¨­¨§®­¥.
� áá¬®âà¨¬ â¥¯¥àì ¢®«ìâ- ¬¯¥à­ãî å à ªâ¥à¨áâ¨-

ªã ��-2 ª®­¥ç­®© è¨à¨­ë. �ãáâì ®áì x1 ��-2 á®áâ -
¢«ï¥â ã£®« ϕ ®â­®á¨â¥«ì­® £à ­¨æ ¯« áâ¨­ë. �«ï

�¨á. 2. � ¢¨á¨¬®áâì ¯®¯¥à¥ç­®£® ¯®«ï E⊥ ¢ á¢¥àåà¥è¥âª¥
ª®­¥ç­®© è¨à¨­ë ®â ¯à¨«®¦¥­­®£® âï­ãé¥£® ¯®«ï E‖
¯à¨ ϕ = 30◦ (ªà¨¢ë¥ 1−3 ) ¨ ϕ = 45◦ (ªà¨¢ë¥ 1 ′−3 ′).
�á¨¬¯â®âë ªà¨¢ëå ¯®ª § ­ë ¤«ï ϕ = 30◦.

�¨§¨ª  ¨ â¥å­¨ª  ¯®«ã¯à®¢®¤­¨ª®¢, 1997, â®¬ 31, ò 3
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�¨á. 3. �®«ìâ- ¬¯¥à­ë¥ å à ªâ¥à¨áâ¨ª¨ á¢¥àåà¥è¥âª¨

ª®­¥ç­®© è¨à¨­ë ¯à¨ ϕ = 30◦ (ªà¨¢ë¥ 1–3 ) ¨ ϕ = 45◦

(ªà¨¢ë¥ 1 ′−3 ′); τε/τp = 2.

®¯à¥¤¥«¥­­®áâ¨ ¡ã¤¥¬ áç¨â âì |ϕ| < π/4. �¡à -
§®¢ ­¨¥ ¤®¬¥­®¢ ¢ ­ áâ®ïé¥© à ¡®â¥ à áá¬ âà¨¢ âì

­¥ ¡ã¤¥¬, ¯®íâ®¬ã ¯®«¥ ¢ ®¡à §æ¥ ¡ã¤¥¬ áç¨â âì

®¤­®à®¤­ë¬. � ¢¨á¨¬®áâ¨ â®ª  j(E‖) ¨ ¯®¯¥à¥ç­®£®

¯®«ï E⊥(E‖) ®â âï­ãé¥£® ¯®«ï E‖ ¢ ®¡à §æ¥ ®¯à¥¤¥-
«ïîâáï ä®à¬ã« ¬¨ (4), (5) ¨ ãá«®¢¨¥¬ ®¡à é¥­¨ï ¢

­ã«ì ª®¬¯®­¥­âë ¯®¯¥à¥ç­®£® â®ª . �â¨ § ¢¨á¨¬®áâ¨
¯à¨¢¥¤¥­ë ­  à¨á. 2, 3. �¥â¢¨ 3 ¨ 3 ′ ­¥ãáâ®©ç¨¢ë
®â­®á¨â¥«ì­® ¯®¯¥à¥ç­ëå ¢®§¬ãé¥­¨© ¯®«ï.
� ¦­®© ¨ ¯à®áâ®© ¤«ï à áç¥â  ï¢«ï¥âáï ®à¨¥­â -

æ¨ï ϕ = 45◦. �«ï ­¥¥

j(1,2) =
2σ0E

2
0

(1 + τε/τp)E‖
, E

(1,2)
⊥ = ±

√
E2
‖ − 2E2

0 ,

E‖ >
√

2E0, (8)

j(3) =
σ0E‖

1 + (τε/τp)(E‖/E0)2
, E

(3)
⊥ = 0,

j1,2
max

j
(3)
max

=
2
√
τε/τp

1 + τε/τp
. (9)

�«ï íâ®© ®à¨¥­â æ¨¨ ¢ ®¡« áâ¨ ¯®«¥©√
2τp/τε < E‖ <

√
2E0 áãé¥áâ¢ã¥â â®«ìª® ¯à®¤®«ì­ ï

¤¨ää¥à¥­æ¨ «ì­ ï ¯à®¢®¤¨¬®áâì,   ¢ ®¡« áâ¨

E >
√

2E0 — ¯à®¤®«ì­ ï ¨ ¯®¯¥à¥ç­ ï. � ¯¥à¢®©

®¡« áâ¨ E⊥ = 0 ¨ ¯®íâ®¬ã ¢®§­¨ª îâ ®¡ëç­ë¥

£ ­­®¢áª¨¥ ¤®¬¥­ë á¨«ì­®£® ¨ á« ¡®£® ¯®«ï. � à®áâ®¬
®â­®è¥­¨ï τε/τp ¯¥à¢ ï ®¡« áâì à áâ¥â ¢ áâ®à®­ã

¬¥­ìè¨å ¯®«¥©, à áé¥¯«¥­¨¥ ¢®«ìâ- ¬¯¥à­®©
å à ªâ¥à¨áâ¨ª¨ ¨áç¥§ ¥â, ­® § ¢¨á¨¬®áâì ¯®¯¥à¥ç­®©
í¤á ®â E‖/E0 ®áâ ¥âáï ¡¥§ ¨§¬¥­¥­¨ï. � íâ®¬ á«ãç ¥

â®ª¨ ¢® ¢â®à®© ®¡« áâ¨ ®â­®á¨â¥«ì­® ¬ «ë, ¯®íâ®¬ã
à¥ «¨§®¢ âì à¥¦¨¬ ”ª®áëå” ¤®¬¥­®¢ [9,10] á«®¦­®.
� ç¥áâ¢¥­­® â ª ï á¨âã æ¨ï ¨¬¥¥â ¬¥áâ® ¤«ï ¢á¥å

ã£«®¢ ϕ. �®íâ®¬ã ¢ á«ãç ¥ τε � τp íää¥ªâë

 ­¨§®âà®¯¨¨, ¢ â®¬ ç¨á«¥ ¨ ¯®¯¥à¥ç­ ï í¤á, âàã¤­®
­ ¡«î¤ ¥¬ë, â ª ª ª ®­¨ ¯®¤ ¢«ïîâáï ¯à®¤®«ì­®©

â®ª®¢®© ­¥ãáâ®©ç¨¢®áâìî, ¢®§­¨ª îé¥© ¢ ¯®«ïå,
ª®£¤   ­¨§®âà®¯¨ï ¯à®¢®¤¨¬®áâ¨ ��-2 ¥é¥ ¬ « .

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥ �®á-
á¨©áª®£® �®­¤  äã­¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨©.
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Nonlinear conductivity and current-voltage
characteristics of lateral semiconductor
superlattices
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Abstract Electron transport and heating in the lateral

square semiconductor superlattice under arbitrary electric

field orientation is investigated in the framework of the

constant energy and velocity relaxation time approximation

taking into account electron-electron collisions. Nonlinear

conductivity, average electron energies, the relation between

the electric field and excited current orientation in an un-

limited superlattice, current-voltage charfcteristics and the

transverse electro-motive force in superlattice of a finite wisth

are found.
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