
�¨§¨ª  ¨ â¥å¨ª  ¯®«ã¯à®¢®¤¨ª®¢, 1997, â®¬ 31, ò 2

� ¢®¯à®áã ® ¤®¬¨¨àãîé¨å ¬¥å ¨§¬ å à áá¥ï¨ï ®á¨â¥«¥© § àï¤ 

¢ â¥««ãà¨¤¥ á¢¨æ 

c© �.�. � ïçãª

�¥à®¢¨æª¨© £®áã¤ àáâ¢¥ë© ã¨¢¥àá¨â¥â,
274012 �¥à®¢æë, �ªà ¨ 

(�®«ãç¥  30 ï¢ àï 1995 £. �à¨ïâ  ª ¯¥ç â¨ 24  ¯à¥«ï 1996 £.)

�à¨â¨ç¥áª¨ ¯à®  «¨§¨à®¢ ® á®¢à¥¬¥®¥ á®áâ®ï¨¥ ¢®¯à®á  ® ¤®¬¨¨àãîé¨å ¬¥å ¨§¬ å

à áá¥ï¨ï ®á¨â¥«¥© § àï¤  ¢ â¥««ãà¨¤¥ á¢¨æ . �®ª § ®, çâ® ¢ ¡®«ìè¨áâ¢¥ ¨§¢¥áâëå  

¤ ®¥ ¢à¥¬ï à ¡®â à®«ì ªã«®®¢áª®£® ¯®â¥æ¨ «  ¢ ª á¨© ¨ ¤¥ä®à¬ æ¨®®£® ¯®â¥æ¨ « 

 ªãáâ¨ç¥áª¨å ä®®®¢ ¢ ¯à®æ¥áá å à áá¥ï¨ï ®á¨â¥«¥© ¢ PbTe á¨«ì® § ¢ëè « áì. �à®¬¥ â®£®,
à®«ì ®¯â¨ç¥áª¨å ª®«¥¡ ¨© à¥è¥âª¨ ¯à¨ ¢ëá®ª¨å â¥¬¯¥à âãà å ¥®¯à ¢¤ ® á¢®¤¨« áì â®«ìª® ª

¯®«ïà®© á®áâ ¢«ïîé¥©. �®ª § ®, çâ®  àï¤ã á íâ¨¬ ¬¥å ¨§¬®¬ áãé¥áâ¢¥ãî à®«ì ¢ ¯à®æ¥áá å

à áá¥ï¨ï ®á¨â¥«¥© ¯à¨ â¥¬¯¥à âãà å ¯®àï¤ª  ª®¬ â®©, ¨£à ¥â ¤¥ä®à¬ æ¨®ë© ¯®â¥æ¨ «

®¯â¨ç¥áª¨å ä®®®¢, à®«ì ª®â®à®£® ¯à¨ ¢ëá®ª¨å ª®æ¥âà æ¨ïå ®á¨â¥«¥© ®ª §ë¢ ¥âáï  ¨¡®«¥¥
áãé¥áâ¢¥®©.

�®¯à®á ® ¤®¬¨¨àãîé¨å ¬¥å ¨§¬ å à áá¥ï¨ï

á¢®¡®¤ëå ®á¨â¥«¥© § àï¤  ¢ â¥««ãà¨¤¥ á¢¨æ  ®¡-
áã¦¤ ¥âáï ¨   «¨§¨àã¥âáï ®ç¥ì ¤ ¢® (á¬. [1–7] ¨
¤à.). �áâ ®¢«¥®, çâ® â ª¨¬¨ ¬¥å ¨§¬ ¬¨ ï¢«ï-
îâáï à áá¥ï¨¥ ®á¨â¥«¥©   á®¡áâ¢¥ëå â®ç¥çëå

¤¥ä¥ªâ å ¨   â¥¯«®¢ëå ª®«¥¡ ¨ïå ªà¨áâ ««¨ç¥áª®©

à¥è¥âª¨. �å ®â®á¨â¥«ì ï à®«ì ¢ ¯à®æ¥áá å à áá¥ï-
¨ï á¢®¤¨âáï ª á«¥¤ãîé¥¬ã.

�à¨ ¨§ª¨å â¥¬¯¥à âãà å, ¯®àï¤ª  £¥«¨¥¢ëå, ®-
á¨â¥«¨ § àï¤  à áá¥¨¢ îâáï ¯à¥¨¬ãé¥áâ¢¥® § àï-
¦¥ëå ¢ ª á¨ï¬¨. �à¨ íâ®¬ ¯à¨ ¢ëá®ª¨å ª®-
æ¥âà æ¨ïå ®á¨â¥«¥©, ¯®àï¤ª  1019 á¬−3 ¨ ¢ëè¥,
¤®¬¨¨àã¥â à áá¥ï¨¥   ª®à®âª®¤¥©áâ¢ãîé¥¬ ¯®-
â¥æ¨ «¥ ¢ ª á¨©; ¯à¨ ¨§ª¨å, ¯®àï¤ª  5 · 1018 á¬−3

¨ ¬¥ìè¥, — à áá¥ï¨¥   ªã«®®¢áª®¬ ¯®â¥æ¨ «¥

¯®á«¥¤¨å. � àï¤ ¢ ª á¨© ¯à¨   «¨§¥ ¯à¨¨¬ ¥âáï
à ¢ë¬ ±e ¨«¨ ±2e, £¤¥ e — § àï¤ í«¥ªâà® .

�à¨ ¯®¢ëè¥¨¨ â¥¬¯¥à âãàë à®«ì ¢ ª á¨®ëå

¬¥å ¨§¬®¢ à áá¥ï¨ï ®á¨â¥«¥© § àï¤  ¯ ¤ ¥â ¨

¢®§à áâ ¥â à®«ì ¯à®æ¥áá®¢ à áá¥ï¨ï   â¥¯«®¢ëå

ª®«¥¡ ¨ïå ªà¨áâ ««¨ç¥áª®© à¥è¥âª¨. �®á«¥¤¨¥ ¤®-
¬¨¨àãîâ ¯à¨ â¥¬¯¥à âãà å ¯®àï¤ª  ª®¬ â®©, ¨
®á®¢®© ¢ª« ¤ ¤ îâ à áá¥ï¨¥   ¤¥ä®à¬ æ¨®®¬

¯®â¥æ¨ «¥  ªãáâ¨ç¥áª¨å ä®®®¢ ¨ ¯®«ïà¨§ æ¨®-
®¥ à áá¥ï¨¥   ®¯â¨ç¥áª¨å ä®® å. �à¨ íâ®¬ ª®-
áâ â   ªãáâ¨ç¥áª®£® ¤¥ä®à¬ æ¨®®£® ¯®â¥æ¨ « 

®æ¥¨¢ ¥âáï   ãà®¢¥ 24 í� ¤«ï í«¥ªâà®®¢ ¨ 27 í�
¤«ï ¤ëà®ª [1–7].

�¤ ª® áãé¥áâ¢ãîé¥¥ ¯à¥¤áâ ¢«¥¨¥ ® ¤®¬¨¨-
àãîé¨å ¬¥å ¨§¬ å à áá¥ï¨ï ®á¨â¥«¥© § àï¤  ¢

PbTe, á«®¦¨¢è¥¥áï ¥é¥ ¢  ç «¥ 70 ££., âà¥¡ã¥â áã-
é¥áâ¢¥®© ª®àà¥ªâ¨à®¢ª¨. �® ¥ ¤ ¥â ®â¢¥â   

¢®¯à®á, ¯®ç¥¬ã ¢ PbTe ¯®¤¢¨¦®áâì í«¥ªâà®®¢ ¡®«¥¥
ç¥¬ ¢ 2 à §  ¯à¥¢ëè ¥â ¯®¤¢¨¦®áâì ¤ëà®ª. �®£« á-
® á®¢à¥¬¥ë¬ ¯à¥¤áâ ¢«¥¨ï¬, ¢ «¥â ï §®  (v-
§® ) ¨ §®  ¯à®¢®¤¨¬®áâ¨ (c-§® ) PbTe ï¢«ïîâáï

§¥àª «ìë¬ ®âà ¦¥¨¥¬ ¤àã£ ¤àã£ ,   íää¥ªâ¨¢ë¥
¬ ááë í«¥ªâà®®¢ ¨ ¤ëà®ª ã íªáâà¥¬ã¬®¢ §® ¯à ª-

â¨ç¥áª¨ á®¢¯ ¤ îâ ¬¥¦¤ã á®¡®© (á¬.,  ¯à¨¬¥à, [5]).
�á«¨ ¡ë ¯à¨ â ª¨å ãá«®¢¨ïå ¯à¨ ¨§ª¨å ª®æ¥-
âà æ¨ïå ®á¨â¥«¥© § àï¤  ¤®¬¨¨à®¢ «® à áá¥ï¨¥

¨å   ªã«®®¢áª®¬ ¯®â¥æ¨ «¥ ¢ ª á¨©, â® ¨§-§ 
à ¢¥áâ¢  ¬ áá í«¥ªâà®®¢ ¨ ¤ëà®ª ¨å ¯®¤¢¨¦®áâ¨

â ª¦¥ ¤®«¦ë ¡ë«¨ ¡ë ¡ëâì à ¢ë¬¨.�§ áª § ®£®
á«¥¤ã¥â, çâ® à®«ì ªã«®®¢áª®£® ¯®â¥æ¨ «  ¢ ª -
á¨© ¢ ¯à®æ¥áá å à áá¥ï¨ï ®á¨â¥«¥© § àï¤  ¢ PbTe
âà¥¡ã¥â ¯¥à¥®á¬ëá«¥¨ï. �à®¬¥ â®£®, ¯®-¢¨¤¨¬®¬ã,
ã¦¤ ¥âáï ¢ ¯¥à¥®á¬ëá«¥¨¨ ¨ ¯®¤å®¤ ª ®æ¥ª¥ à®«¨

®¯â¨ç¥áª¨å ª®«¥¡ ¨© à¥è¥âª¨ ¢ à áá¬ âà¨¢ ¥¬ëå

¯à®æ¥áá å, ¢ ç áâ®áâ¨ ¢®¯à®á ® ¤¥ä®à¬ æ¨®®¬

¯®â¥æ¨ «¥ ®¯â¨ç¥áª¨å ä®®®¢.
�ç¨âë¢ ï ¨§«®¦¥®¥, ¡ë«  ¯à¥¤¯à¨ïâ  ¯®¯ëâª 

¥é¥ à § ¯à®  «¨§¨à®¢ âì ¢®¯à®á ® ¤®¬¨¨àãîé¨å

¬¥å ¨§¬ å à áá¥ï¨ï ®á¨â¥«¥© § àï¤  ¢ PbTe, ¨á-
å®¤ï ¨§ ë¥è¥£® ãà®¢ï § ¨©. �à®¢¥¤¥ë© ¤ -
«¥¥   «¨§ ¡ §¨àã¥âáï   ¨á¯®«ì§®¢ ¨¨ ¨§¢¥áâëå

íªá¯¥à¨¬¥â «ìëå § ¢¨á¨¬®áâ¥© å®««®¢áª®© ¯®¤-
¢¨¦®áâ¨ ®á¨â¥«¥© § àï¤  ®â ¨å ª®æ¥âà æ¨¨ ¨  

§®®© ¬®¤¥«¨ �¥© 

ε(1 + ε/εg) = ~2k2
t /2mt + ~2k2

l /2ml. (1)

� «¨§ ¯à®¢¥¤¥ ¯à¨ ª®¬ â®© â¥¬¯¥à âãà¥ ¨ â¥¬-
¯¥à âãà¥ ¦¨¤ª®£® £¥«¨ï, ¯à¨ ª®â®àëå ¢á¥ áãé¥áâ¢¥-
ë¥ ¢ PbTe ¬¥å ¨§¬ë à áá¥ï¨ï ¬®£ãâ ¡ëâì ®¯¨á ë

¢ ¯à¨¡«¨¦¥¨¨ ¢à¥¬¥¨ à¥« ªá æ¨¨. � íâ®¬ ¯à¨-
¡«¨¦¥¨¨ ¯à¨ ¯à®¨§¢®«ì®¬ ¢ëà®¦¤¥¨¨ ®á¨â¥«¥©

§ àï¤  ¨å å®««®¢áª ï ¯®¤¢¨¦®áâì µH ¬®¦¥â ¡ëâì

à ááç¨â   ª ª [8]

µH = e
〈
[τ(ε)/m0(ε)]2

〉
/
〈
τ(ε)/m0(ε)

〉
, (2)

£¤¥ ã£«®¢ë¥ áª®¡ª¨ ®§ ç îâ ãáà¥¤¥¨¥

〈A(ε)〉 =

∞∫
0

(−∂f0/∂ε)k
3(ε)A(ε)dε

/∞∫
0

(−∂f0/∂ε)k
3(ε)dε,

f0(ε) — äãªæ¨ï à á¯à¥¤¥«¥¨ï �¥à¬¨-�¨à ª ,
m0 = 3mtml/(2ml + mt). � ¢¨á¨¬®áâ¨ ¢à¥¬¥¨
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à¥« ªá æ¨¨ τ ®â ¯à¨¢¥¤¥®© í¥à£¨¨ x = ε/k0T ¤«ï

¬¥å ¨§¬®¢ à áá¥ï¨ï, áç¨â îé¨åáï ¢ PbTe ¤®¬¨¨-
àãîé¨¬¨, ¨¬¥îâ ¢¨¤ [2,8]:
 ) — ªã«®®¢áª¨© ¯®â¥æ¨ « ¢ ª á¨©:

τC(x) =
ε2

0(2mn)1/2(k0T )3/2(x+ βx2)3/2

π(Ze2)2Nv[ln(1 + ξ)− ξ/(1 + ξ)](1 + 2βx)
,

(3)
£¤¥ ξ = (2krv)

2, k — ¢®«®¢®© ¢¥ªâ®à ®á¨â¥«ï, rv —
à ¤¨ãá íªà ¨à®¢ ¨ï ¯®â¥æ¨ «  ¢ ª á¨¨;
¡) — ¯®«ïà¨§ æ¨®®¥ à áá¥ï¨¥   ®¯â¨ç¥áª¨å

ä®® å (T � θ):

τPO(x) =
~2(x+ βx2)1/2F−1

e2(2mnk0T )1/2(ε−1
∞ − ε

−1
0 )(1 + 2βx)

, (4)

£¤¥

F =1−δ ln(1+δ−1)−
2βx(1 + βx)

(1 + 2βx)2
[1−2δ+2δ2 ln(1+δ−1)],

δ = (2kr0)−2, r0 — à ¤¨ãá íªà ¨à®¢ ¨ï ®¯â¨ç¥áª¨å

ä®®®¢;
¢) — ª®à®âª®¤¥©áâ¢ãîé¨© ¯®â¥æ¨ « ¢ ª á¨© ¨

¤¥ä®à¬ æ¨®ë© ¯®â¥æ¨ «  ªãáâ¨ç¥áª¨å ä®®®¢:

τm(x) =
τ0,m(T )(x+ βx2)−1/2

(1 + 2βx)[(1− A)2 −B]
, (5)

A = βx(1−Km)/(1 + 2βx),

B = 8βx(1 + βx)Km/3(1 + 2βx)2,

£¤¥ ¤«ï ª®à®â®ª®¤¥©áâ¢ãîé¥£® ¯®â¥æ¨ «  ¢ ª á¨©

¨¤¥ªá m = v ¨

τ0,v = π~4/mn(2mnk0T )1/2U2
vcNv, Kv = Uvv/Uvc, (6)

¤«ï ¤¥ä®à¬ æ¨®®£® ¯®â¥æ¨ «   ªãáâ¨ç¥áª¨å ä®-
®®¢ ¨¤¥ªá m = a ¨

τ0,a = 2π~4Cl/E
2
ac(2mnk0T )3/2, Ka = Eav/Eac. (7)

� ä®à¬ã« å (3)–(7) mn — íää¥ªâ¨¢ ï ¬ áá  ¯«®â-
®áâ¨ á®áâ®ï¨© ¢ ®¤®¬ í««¨¯á®¨¤¥   ªà î §®ë, ε0

¨ ε∞ — áâ â¨ç¥áª ï ¨ ¢ëá®ª®ç áâ®â ï ¤¨í«¥ªâà¨ç¥-
áª¨¥ ¯à®¨æ ¥¬®áâ¨ á®®â¢¥âáâ¢¥®, Ze — § àï¤ ¢ -
ª á¨¨, Uvc,vv, Eac,av — á®®â¢¥âáâ¢¥® ª®à®âª®¤¥©-
áâ¢ãîé¨¥ ¯®â¥æ¨ «ë ¢ ª á¨¨ ¨ ¤¥ä®à¬ æ¨®ë¥

¯®â¥æ¨ «ë ¤«ï c-§®ë ¨ v-§®ë, Nv — ª®æ¥âà æ¨ï

¢ ª á¨©, Cl — ª®¬¡¨ æ¨ï ã¯àã£¨å ¯®áâ®ïëå.
�à¨ á¬¥è ®¬ à áá¥ï¨¨ áã¬¬ à®¥ ¢à¥¬ï à¥« ª-
á æ¨¨ à ááç¨âë¢ «®áì ª ª ®¡ëç® [8]:

τ−1
Σ =

∑
i

τ−1
i . (8)

�á¯®«ì§®¢ ¢è¨¥áï ¤«ï à áç¥â  µH ®á®¢ë¥ ¯ à -
¬¥âàë ªà¨áâ ««®¢ PbTe ¯à¨¢¥¤¥ë ¢ â ¡«¨æ¥.

�á®¢ë¥ ¯ à ¬¥âàë PbTe, ¨á¯®«ì§®¢ ¢è¨¥áï
¤«ï à áç¥â  å®««®¢áª®© ¯®¤¢¨¦®áâ¨ í«¥ªâà®®¢

� à ¬¥âà 4.2 K 300 K �à¨¬¥ç ¨¥

εg, í� 0.19 0.315
mt/m0 0.026 0.0453

}
[10-12]

ml/m0 0.24 0.24
ε0 1470 400 [2,13]
ε∞ 38.5 32.6 [14]
Cl, ¤¨/á¬2 8.1 · 1011 7.1 · 1011 [2,5,15]
~ω0, í� 0.0136 [2]
a, Å 6.461 [5]
ρ, £/á¬2 8.24 [5]
Z 0.14 [9]
Eac, í� 15 15

� ë¥
Eoc, í� 26

íâ®©
Uvc, íà£/á¬

3 3 · 10−34 3 · 10−34

 à ¡®âë
Kv,a,o 1.5 1.5

� à ¬¥âàë Eac ¨ Uvc ¢ëáâã¯ «¨ ¢ ª ç¥áâ¢¥ ¯®¤-
£®®çëå ¨ ¨å § ç¥¨ï ¡ë«¨ ®¯à¥¤¥«¥ë ¨§ ãá«®-
¢¨ï  ¨«ãçè¥£® á®¢¯ ¤¥¨ï à áç¥âëå ¨ íªá¯¥à¨¬¥-
â «ìëå § ¢¨á¨¬®áâ¥© ¯®¤¢¨¦®áâ¨ í«¥ªâà®®¢ ®â ¨å

ª®æ¥âà æ¨¨. �à¨ §¥àª «ì®áâ¨ c- ¨ v-§®ë PbTe
®â®è¥¨ï § ç¥¨© íâ¨å ¯ à ¬¥âà®¢ ¤«ï ãª § ëå

§® ¤®«¦ë, ¢  ¨¯à®áâ¥©è¥¬ ¢ à¨ â¥, ®¡¥á¯¥ç¨-
¢ âì ®â«¨ç¨¥ ¢ ¯®¤¢¨¦®áâïå í«¥ªâà®®¢ ¨ ¤ëà®ª ¢

¨áá«¥¤ã¥¬®¬ ¬ â¥à¨ «¥. � ª ç¥áâ¢¥ ã«¥¢®£® ¯à¨¡«¨-
¦¥¨ï ¡ë«® ¯à¨ïâ®, çâ® ª ª ¤«ï ª®à®âª®¤¥©áâ¢ã-
îé¥£® ¯®â¥æ¨ «  ¢ ª á¨©, â ª ¤«ï  ªãáâ¨ç¥áª®£®

¤¥ä®à¬ æ¨®®£® ¯®â¥æ¨ «  íâ  ¢¥«¨ç¨  ®¤  ¨

â  ¦¥ ¨ à ¢  1.5, çâ® á®£« áã¥âáï á ¨§¢¥áâë¬¨

«¨â¥à âãàë¬¨ ¤ ë¬¨ [2] ¨ ®¡¥á¯¥ç¨¢ ¥â ¥®¡å®-
¤¨¬ë© ãà®¢¥ì ¢¥«¨ç¨ë ®â®è¥¨ï ¯®¤¢¨¦®áâ¨

í«¥ªâà®®¢ ¨ ¤ëà®ª ¢ PbTe.
�¡®¡é¥ë¥ ¯® ¨§¢¥áâë¬ «¨â¥à âãàë¬ ¤ ë¬

íªá¯¥à¨¬¥â «ìë¥ à¥§ã«ìâ âë § ¢¨á¨¬®áâ¨ µH(n)
¯à¨ 4.2 ¨ 300 K, ¯®¤«¥¦ ¢è¨¥   «¨§ã, ¯à¥¤áâ ¢«¥-
ë   à¨á. 1 ¨ 2. �à¥¦¤¥ ¢á¥£®  ¤«¥¦ «® ®æ¥-
¨âì ¢®§¬®¦ãî à®«ì ¤«¨®¢®«®¢ëå  ªãáâ¨ç¥áª¨å

ä®®®¢ ¢ ä®à¬¨à®¢ ¨¨ ¯®¤¢¨¦®áâ¨ í«¥ªâà®®¢

¯à¨ 4.2 K. �«ï íâ®£® áà ¢¨¢ «¨áì ¬ ªá¨¬ «ìë¥ ¨§
¨§¢¥áâëå íªá¯¥à¨¬¥â «ìë¥ § ç¥¨ï ¯®á«¥¤¥© á

à ááç¨â ë¬¨ ¯® ä®à¬ã« ¬ (2), (5) ¨ (7) ¯à¨ à §-
«¨çëå § ç¥¨ïå Eac (á¬. à¨á. 3). �¨¤®, çâ® Eac ¢
PbTe ¥ ¬®¦¥â ¯à¥¢ëè âì 19 í�, â ª ª ª ¢ ¯à®â¨¢®¬
á«ãç ¥ ¯®¤¢¨¦®áâì í«¥ªâà®®¢ ¯à¨ 4.2 K ¥ ¬®£« 

¡ë ¤®áâ¨£ âì ¢¥«¨ç¨ë ¯®àï¤ª  5.6 · 106 á¬2/� · á,
 ¡«î¤ îé¥©áï ¢ íªá¯¥à¨¬¥â¥.
�à¨   «¨§¥ ¢®§¬®¦®£® ¢ª« ¤  ªã«®®¢áª®£® ¯®-

â¥æ¨ «  ¢ ª á¨© ¢ ¯à®æ¥ááë à áá¥ï¨ï ®á¨â¥«¥©

§ àï¤  ¢ PbTe ¡ë«¨ ãçâ¥ë à¥§ã«ìâ âë ¯®á«¥¤¨å

â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢ ¨© å à ªâ¥à  «®ª «¨§ æ¨¨

  ¢ ª á¨ïå í«¥ªâà¨ç¥áª®£® § àï¤ , á¢ï§ ®£® á

¨¬¨ [9]. �®£« á® íâ®© à ¡®â¥,   ¢ ª á¨¨, ¤ îé¥©
¤¢  á¢®¡®¤ëå ®á¨â¥«ï, ª ª íâ® ¨¬¥¥â ¬¥áâ® ¢ ¨á-
á«¥¤ã¥¬®¬ ¬ â¥à¨ «¥ [10], «®ª «¨§ã¥âáï § àï¤ ¢¥«¨-
ç¨®© 0.14e. �áâ «ì®© ¦¥ ¨§¡ëâ®çë© § àï¤ à §¬ëâ
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�¨á. 1. � ¢¨á¨¬®áâì å®««®¢áª®© ¯®¤¢¨¦®áâ¨ í«¥ªâà®®¢
µH ®â ¨å ª®æ¥âà æ¨¨ n (T = 4.2 K) ¯® ¤ ë¬ ¨§

à ¡®â: a — [2], b — [6]. �¨¨¨ — à áç¥â ¤«ï ¬¥å ¨§¬®¢

à áá¥ï¨ï: 1,2 —   ªã«®®¢áª®¬ ¯®â¥æ¨ «¥ ¢ ª á¨©,
3,4 —   ª®à®âª®¤¥©áâ¢ãîé¥¬ ¯®â¥æ¨ «¥ ¢ ª á¨©, 5 —
  ¤¥ä®à¬ æ¨®®¬ ¯®â¥æ¨ «¥  ªãáâ¨ç¥áª¨å ä®®®¢;
6 — áã¬¬ à®£® ¯® ä®à¬ã«¥ (8) ¤«ï § ¢¨á¨¬®áâ¥© 2,4,5.
� ç¥¨ï ¯ à ¬¥âà®¢, ¯à¨¨¬ ¢è¨¥áï ¯à¨ à áç¥â¥: 1,3 —
Nv = n/2, 2,4 — Nv = 2 · 1018 á¬−3 ¯à¨ n < 4 · 1018 ¬−3 ¨

Nv = n/2 ¯à¨ n > 4 · 1018 á¬−3, 5 — Eac = 15 í�.

¯® ªà¨áâ ««ã. � ª¨¬ ®¡à §®¬, ¢ ¢ëà ¦¥¨¨ (3) ¤«ï
¢à¥¬¥¨ à¥« ªá æ¨¨ ¢¥«¨ç¨  Z ¤®«¦  ¡ëâì ¯à¨ï-
â  à ¢®© 0.14,   ¥ 1 ¨«¨ 2, ª ª áç¨â «®áì à ¥¥. �§-
§  ¬ «®áâ¨ § àï¤ , «®ª «¨§®¢ ®£®   ¢ ª á¨ïå, ¨
¡®«ìè®© ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨ PbTe à®«ì
ªã«®®¢áª®£® ¯®â¥æ¨ «  ¢ ª á¨© ¢ à áá¥ï¨¨ ®-
á¨â¥«¥© § àï¤  ®ª §ë¢ ¥âáï ¢â®à®áâ¥¯¥®© ¢® ¢á¥¬

¨â¥à¢ «¥ ª®æ¥âà æ¨¨ (à¨á. 1, ªà¨¢ ï 1 ), ¥á«¨

¯®á«¥¤®¢ â¥«ì® ¯à¨¤¥à¦¨¢ âìáï «¨¨¨, çâ® ®¤ 

¢ ª á¨ï ¤ ¥â ¤¢  á¢®¡®¤ëå ®á¨â¥«ï [10,11], â. ¥.
Nv = n/2. � è¨ à áç¥âë ¯®ª §ë¢ îâ, çâ® à®«ì

ªã«®®¢áª®£® ¯®â¥æ¨ «  ¢ ª á¨© ¢ à áá¥ï¨¨ ®-
á¨â¥«¥© § àï¤  ¢ PbTe ¬®¦¥â áâ âì § ¬¥â®© â®«ì-
ª® ¢ á¨«ì® ª®¬¯¥á¨à®¢ ëå ªà¨áâ «« å, ª®£¤ 

áã¬¬ à ï ª®æ¥âà æ¨ï ¢ ª á¨©  ¬®£® ¡®«ìè¥

ª®æ¥âà æ¨¨ á¢®¡®¤ëå ®á¨â¥«¥© § àï¤  (à¨á. 1,
ªà¨¢ ï 2 ). � á¢ï§¨ á íâ¨¬ ¤«ï ã¤®¢«¥â¢®à¨â¥«ì®-
£® ª®«¨ç¥áâ¢¥®£® ®¡êïá¥¨ï íªá¯¥à¨¬¥â «ìëå

à¥§ã«ìâ â®¢ ¯à¨ ¨§ª¨å ª®æ¥âà æ¨ïå í«¥ªâà®®¢

(£« ¢ë¬ ®¡à §®¬ — ¤®áâ â®ç® ç¥âª® ¢ëà ¦¥®©

â¥¤¥æ¨¨ ª ¥ª®â®à®¬ã ã¬¥ìè¥¨î µH ¯à¨ ã¬¥ì-
è¥¨¨ n ¨¦¥ ãà®¢ï 1017 á¬−3) ¯à¨å®¤¨âáï, ®¤ -
ª®, ¤®¯ãáâ¨âì, çâ® ®¤®§ ç ï ¢§ ¨¬®á¢ï§ì ¬¥¦¤ã

ª®æ¥âà æ¨ï¬¨ ®á¨â¥«¥© ¨ ¢ ª á¨© áãé¥áâ¢¥®

 àãè ¥âáï. � ¨«ãçè¥¥ á®¢¯ ¤¥¨¥ à¥§ã«ìâ â®¢ à á-
ç¥â  á íªá¯¥à¨¬¥â®¬ ¯®«ãç¥®  ¬¨ ¯à¨ ãá«®¢¨¨,
çâ® ¯à¨ n < 4 · 1018 á¬−3 ª®æ¥âà æ¨ï Nv áâ ¡¨-
«¨§¨àã¥âáï   ãà®¢¥ 2 · 1018 á¬−3, ¨ ¯à¨ § ç¥¨ïå

¯ à ¬¥âà®¢ Uvc = 3 · 10−34 íà£/á¬3 ¨ Eac = 15 í�
(à¨á. 1, ªà¨¢ ï 6 ). �â¥à¥á® ®â¬¥â¨âì, çâ® ¢¥«¨ç¨ 
¬¨¨¬ «ì®£® ãà®¢ï ¤¥ä¥ªâ®áâ¨ ªà¨áâ ««®¢ PbTe

¯®àï¤ª  2 · 1018 á¬−3, ª®â®à ï á«¥¤ã¥â ¨§ ¢ëè¥¯à¨¢¥-
¤¥®£®   «¨§ , ¯à¥ªà á® ª®àà¥«¨àã¥â á â¨¯¨ç®©
ª®æ¥âà æ¨¥© ¤ëà®ª ¢ ¢ëà é¨¢ ¥¬ëå ¨§ à á¯« ¢ 

ªà¨áâ «« å [16–18]. �¥®¡å®¤¨¬® ®¡à â¨âì ¢¨¬ ¨¥

  â®, çâ® ¢¥«¨ç¨  Eac = 15 í�, ¯à¥¤«®¦¥ ï  ¬¨
¢ à¥§ã«ìâ â¥   «¨§  ¨§ª®â¥¬¯¥à âãà®© ¯®¤¢¨¦-
®áâ¨ í«¥ªâà®®¢,  ¬®£® ¬¥ìè¥ ®¡é¥¯à¨ïâ®£®

§ ç¥¨ï Eac = 24 í�, ª®â®à®¥ ¡ë«®  ©¤¥® ¨§

  «¨§  ¢ëá®ª®â¥¬¯¥à âãà®© ¯®¤¢¨¦®áâ¨ [1–6]. �
íâ® § ç¨â, çâ® à®«ì  ªãáâ¨ç¥áª®£® ¤¥ä®à¬ æ¨®®£®
¯®â¥æ¨ «  ¢ ¯à®æ¥áá å à áá¥ï¨ï ®á¨â¥«¥© § àï¤ 

¢ PbTe á¨áâ¥¬ â¨ç¥áª¨ § ¢ëè « áì.
�à¨ 300 K ¯à®é¥ ¢á¥£® ®æ¥¨âì ¢ª« ¤ ¢ ¯à®æ¥á-

áë à áá¥ï¨ï ®â ¯®«ïàëå ®¯â¨ç¥áª¨å ä®®®¢, ¯®-
áª®«ìªã ä®à¬¨àã¥¬ ï ¨¬¨ ¯®¤¢¨¦®áâì ¬®¦¥â ¡ëâì

à ááç¨â   ¡¥§ ¯®¤£®®çëå ¯ à ¬¥âà®¢. � ª ¢¨¤®

¨§ à¨á. 2 (ªà¨¢ ï 1 ), íâ®â ¢ª« ¤ ¤®áâ â®ç® áãé¥áâ¢¥
¯à¨ ¬ «ëå ª®æ¥âà æ¨ïå ®á¨â¥«¥©, çâ® á®£« áã¥âáï
á ã¦¥ ¨§¢¥áâë¬¨ à¥§ã«ìâ â ¬¨ ([1–5] ¨ ¤à.).

�¨á. 2. � ¢¨á¨¬®áâì å®««®¢áª®© ¯®¤¢¨¦®áâ¨ í«¥ªâà®®¢
µH ®â ¨å ª®æ¥âà æ¨¨ n (T = 300 K) ¯® ¤ ë¬:
a — [2], b —  è¨¬. �¨¨¨ — à áç¥â ¤«ï ¬¥å ¨§¬®¢

à áá¥ï¨ï: 1 — ¯®«ïà¨§ æ¨®®¥   ®¯â¨ç¥áª¨å ä®® å

(PO); 2 —   ¤¥ä®à¬ æ¨®®¬ ¯®â¥æ¨ «¥  ªãáâ¨ç¥áª¨å

ä®®®¢ (DA); 3 — PO + DA; 4 —   ¤¥ä®à¬ æ¨®®¬

¯®â¥æ¨ «¥ ®¯â¨ç¥áª¨å ä®®®¢ (DO) ¯® ä®à¬ã« ¬ (5),
(9); 5 — DO ¯® ä®à¬ã«¥ (10); 6 — PO + DA + DO,
DO — ¯® ä®à¬ã«¥ (10); 7 — PO + DA + DO, DO — ¯®

ä®à¬ã« ¬ (5), (9).

�¨á. 3. � áç¥â å®««®¢áª®© ¯®¤¢¨¦®áâ¨ í«¥ªâà®®¢ ¯à¨

4.2 K ¨ n = 1.5 · 1017 á¬−3 ¯à¨ ¨å à áá¥ï¨¨ ¤¥ä®à¬ æ¨®-
ë¬ ¯®â¥æ¨ «®¬  ªãáâ¨ç¥áª¨å ä®®®¢ ¢ § ¢¨á¨¬®áâ¨ ®â

¢¥«¨ç¨ë Eac. � çª®¬ ®â¬¥ç¥® ¬ ªá¨¬ «ì®¥ íªá¯¥à¨-
¬¥â «ì®¥ § ç¥¨¥ ¯®¤¢¨¦®áâ¨ í«¥ªâà®®¢ ¢ PbTe ¯à¨
4.2 K.
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�à¨ á®¢¬¥áâ®¬ ¤¥©áâ¢¨¨ ¯®«ïàëå ®¯â¨ç¥áª¨å

ä®®®¢ ¨  ªãáâ¨ç¥áª®£® ¤¥ä®à¬ æ¨®®£® ¯®â¥æ¨-
 «  à áç¥âë¥ § ç¥¨ï ¯®¤¢¨¦®áâ¨ ¯à¨ § ç¥¨¨

Eac = 15 í� ®ª §ë¢ îâáï § ç¨â¥«ì® ¡®«ìè¥, ç¥¬
íªá¯¥à¨¬¥â «ìë¥ (à¨á. 2, ªà¨¢ ï 3 ). �®à¬ «ì®

¨å ¬®¦® á®£« á®¢ âì, ¯®« £ ï Eac à ¢ë¬ 24 í�,
ª ª íâ® ¨ ¤¥« «®áì à ìè¥ [1–7]. �¤ ª® âàã¤®

 ©â¨ ã¤®¢«¥â¢®à¨â¥«ì®¥ ®¡êïá¥¨¥ áâ®«ì § ç¨-
â¥«ì®¬ã ã¢¥«¨ç¥¨î ª®áâ âë ¤¥ä®à¬ æ¨®®£®

¯®â¥æ¨ «  á à®áâ®¬ T , â ª ª ª ®¡ëç® ®  áç¨â ¥âáï
¥§ ¢¨á¨¬®© ®â â¥¬¯¥à âãàë [1–5]. �ª®à¥¥, ¯à¨¢¥-
¤¥ë¥ ®æ¥ª¨ ãª §ë¢ îâ   ¥¤®áâ â®ç®áâì ãç¥â 

íâ¨å ¤¢ãå ¬¥å ¨§¬®¢ à áá¥ï¨ï ¤«ï ¯à ¢¨«ì®£®

®¡êïá¥¨ï ¯à®æ¥áá  ä®à¬¨à®¢ ¨ï ¯®¤¢¨¦®áâ¨ ®-
á¨â¥«¥© § àï¤  ¢ PbTe ¯à¨ ¢ëá®ª¨å â¥¬¯¥à âãà å.
�®£¨ç¥¥ ¡ã¤¥â á¤¥« âì ¢ë¢®¤, çâ® ¢ íâ¨å ãá«®¢¨ïå
áãé¥áâ¢¥ë¬ áâ ®¢¨âáï â ª¦¥ à áá¥ï¨¥   ®¯â¨-
ç¥áª®¬ ¤¥ä®à¬ æ¨®®¬ ¯®â¥æ¨ «¥.
�«ï ãç¥â  ¢®§¬®¦®© à®«¨ ¯®á«¥¤¥£® ¨á¯®«ì§®¢ -

«¨áì à §«¨çë¥ ¢ëà ¦¥¨ï ¤«ï ¢à¥¬¥¨ à¥« ªá æ¨¨:
áâ ¤ àâ®¥ (5), ¢ ª®â®à®¬ á®£« á® [8] , (¯à¨¨¬ ï
m = 0)

τ0,o = 2~2a2ρ(~ω0)2/π(2mnk0T )3/2E2
oc, Ko = Eov/Eoc,

(9)
¨ ¯®«ãç¥®¥ ¢ à ¡®â¥ [19]

τ−1
l = (2mn)3/2Ωk0Tε

3/2(1 + ε/εg)
3/2

×C2/πM~4ω2
0εg(1 + 2ε/εg), (10)

£¤¥ a — ¯®áâ®ï ï à¥è¥âª¨, ρ — ¯«®â®áâì ªà¨áâ «-
« , ω0 — ç áâ®â  ®¯â¨ç¥áª®£® ä®® ,M — ¯à¨¢¥¤¥-
 ï ¬ áá  ¨®®¢, Eoc, Eov — ª®áâ âë ®¯â¨ç¥áª®£®

¤¥ä®à¬ æ¨®®£® ¯®â¥æ¨ «  ¤«ï c- ¨ v-§®, C —
¬ âà¨çë© í«¥¬¥â, ¢§ïâë© ¯® ¢®«®¢ë¬ äãªæ¨ï¬

c- ¨ v-§®ë, Ω — ®¡ê¥¬ í«¥¬¥â à®© ïç¥©ª¨.
�á¯®«ì§®¢ ¨¥ ¢ëà ¦¥¨© (9), (10) ¤«ï à áá¬ -

âà¨¢ ¥¬®£® ¢à¥¬¥¨ à¥« ªá æ¨¨ ¢ ª®¬¡¨ æ¨¨ á ¯®-
«ïàë¬¨ ®¯â¨ç¥áª¨¬¨ ä®® ¬¨ ¨  ªãáâ¨ç¥áª¨¬ ¤¥-
ä®à¬ æ¨®ë¬ ¯®â¥æ¨ «®¬ ¯®§¢®«ï¥â ¤®áâ¨çì ã¤®-
¢«¥â¢®à¨â¥«ì®£® á®£« á¨ï â¥®à¨¨ á íªá¯¥à¨¬¥â®¬

(à¨á. 2, ªà¨¢ë¥ 6,7 ). �«ï íâ®£® ¯à¨ ¨á¯®«ì§®¢ ¨¨

¤«ï τ0(x) ¢ëà ¦¥¨© (5) ¨ (9) ¢¥«¨ç¨  Eoc ¤®«¦ 
¡ëâì ¯®«®¦¥  à ¢®© 26 í� (à¨á. 2, ªà¨¢ ï 7 ), ¯à¨
¨á¯®«ì§®¢ ¨¨ ¢ëà ¦¥¨ï (10) ¢¥«¨ç¨  C — à ¢®©

4 · 108 í�/á¬ (à¨á. 2, ªà¨¢ ï 6 ). � ¢ â®¬ ¨ ¢ ¤àã£®¬

á«ãç ¥ ¯à¨ ¨áá«¥¤ã¥¬®© â¥¬¯¥à âãà¥ ¢ª« ¤ ®¯â¨ç¥-
áª®£® ¤¥ä®à¬ æ¨®®£® ¯®â¥æ¨ «  ¢ ä®à¬¨à®¢ ¨¥

¯®¤¢¨¦®áâ¨ ®á¨â¥«¥© § àï¤  ¯à¨ ¢ëá®ª®© ¨å ª®-
æ¥âà æ¨¨ ®ª §ë¢ ¥âáï  ¨¡®«¥¥ áãé¥áâ¢¥ë¬ (á¬.
à¨á. 2, ªà¨¢ë¥ 1,2 ¨ 4,5 ).

� ª«îç¥¨¥

�®¬¨¨àãîé¨¬¨ ¬¥å ¨§¬ ¬¨ à áá¥ï¨ï ®á¨â¥-
«¥© § àï¤  ¢ PbTe ï¢«ïîâáï à áá¥ï¨¥   ¢ ª á¨ïå
¨   â¥¯«®¢ëå ª®«¥¡ ¨ïå ªà¨áâ ««¨ç¥áª®© à¥è¥âª¨.

� ª á¨®ë© ¬¥å ¨§¬ à áá¥ï¨ï à¥ «¨§ã¥âáï

£« ¢ë¬ ®¡à §®¬ ç¥à¥§ à áá¥ï¨¥   ª®à®â®ª¤¥©-
áâ¢ãîé¥¬ ¯®â¥æ¨ «¥ ¢ ª á¨©, ¤®¬¨¨àãîé¥¬ ¯à¨

¨§ª¨å â¥¬¯¥à âãà å ¨ ¢ëá®ª¨å ª®æ¥âà æ¨ïå ®-
á¨â¥«¥© § àï¤ . �£® á®áâ ¢«ïîé ï, á¢ï§  ï á ªã-
«®®¢áª¨¬ ¯®â¥¨æ «®¬, ¯®¤ ¢«¥  ¨§-§  á¨«ì®© ¤¥-
«®ª «¨§ æ¨¨ á¢ï§ ®£® á ¢ ª á¨¥© í«¥ªâà¨ç¥áª®£®

§ àï¤  ¨ ¢ëá®ª®© ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨

¨ ¯à ªâ¨ç¥áª¨ ¥ ¨£à ¥â ¨ª ª®© à®«¨ ¢ à áá¥ï¨¨

®á¨â¥«¥© ¢ ¥ª®¬¯¥á¨à®¢ ëå ªà¨áâ «« å.
�®«ì  ªãáâ¨ç¥áª¨å ª®«¥¡ ¨© à¥è¥âª¨ ¢ ¯à®æ¥á-

á å à áá¥ï¨ï ®á¨â¥«¥© § àï¤  ¢¥«¨ª  ¯à¨ 4.2 ¨

300�. �à¨ â¥¬¯¥à âãà å, ¡«¨§ª¨å ª ª®¬ â®©,
áãé¥áâ¢¥ë© ¢ª« ¤ ¢ ¨áá«¥¤ã¥¬ë¥ ¯à®æ¥ááë ¢®-
áïâ â ª¦¥ ®¯â¨ç¥áª¨¥ ª®«¥¡ ¨ï ªà¨áâ ««¨ç¥áª®©

à¥è¥âª¨. �à¨ ¨§ª¨å ª®æ¥âà æ¨ïå ®á¨â¥«¥© íâ¨

ª®«¥¡ ¨ï ¢«¨ïîâ   ¯à®æ¥ááë à áá¥ï¨ï ¯®á«¥¤¨å

¯à¥¨¬ãé¥áâ¢¥® ç¥à¥§ ¯®«ïàãî á®áâ ¢«ïîéãî,
¯à¨ ¢ëá®ª¨å — ç¥à¥§ ®¯â¨ç¥áª¨© ¤¥ä®à¬ æ¨®ë©

¯®â¥æ¨ «, à®«ì ª®â®à®£® ¢ áã¬¬ à®¬ à áá¥ï¨¨

®á¨â¥«¥© áâ ®¢¨âáï  ¨¡®«¥¥ áãé¥áâ¢¥®©.
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On dominating mechanisms of carrier
scattering in lead telluride

D.M.Zayachuk

Chernovtsy State University,
274012 Chernovtsy, the Ukraine

Abstract A critical analysis of modern state of the problem

of dominant mechanisms of carrier scattering in PbTe crystals

is made. It has been shown that most authors of papers

devoted to this problem exaggerate contributions of Coulomb

potential of vacancies at low temperatures and of acoustical

deformation potential at high temperatures to the processes

of carrier scattering. Contribution of the optical vibrations

of crystal lattice to scattering processes at high temperatures

was unjustifiably ascribed solely to the influence of a polar

component. It is shown that the optical deformation potential

has considerable influence on processes of carrier scattering

alongside with polar optical phonons, its contribution to these

processes at room temperature being larger than that of the

acoustical deformation potential.
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