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�à®¢¥à¥­  ¯à¨¬¥­¨¬®áâì ä¥­®¬¥­®«®£¨ç¥áª®£® ®¯¨á ­¨ï § ¢¨á¨¬®áâ¨ ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨-
æ ¥¬®áâ¨ ®â ¯à¨«®¦¥­­®£® í«¥ªâà¨ç¥áª®£® ¯®«ï ¨ â¥¬¯¥à âãàë à¥ «ì­ëå ¬®­®ªà¨áâ ««¨ç¥áª¨å

®¡à §æ®¢ â¨â ­ â  áâà®­æ¨ï. �®ª § ­®, çâ® ¤ ­­ ï ¬®¤¥«ì ï¢«ï¥âáï ¤®áâ â®ç­® ­ ¤¥¦­ë¬ áà¥¤-
áâ¢®¬ ª®«¨ç¥áâ¢¥­­®£® ®¯¨á ­¨ï § ¢¨á¨¬®áâ¨ ε(E,T ) ª ª ¢ á«ãç ¥ ¨§®âà®¯­®£®, â ª ¨ ¢ á«ãç ¥

 ­¨§®âà®¯­®£® ªà¨áâ «« . �®¤¥«ì å®à®è® à ¡®â ¥â ¨ ¢ á«ãç ¥ ¤¥ä¥ªâ­ëå ¯«¥­®ª SrTiO3.

�¢¥¤¥­¨¥

�¥£­¥â®í«¥ªâà¨ç¥áª¨¥ ¬ â¥à¨ «ë ¯à¥¤áâ ¢«ïîâ

¨­â¥à¥á ¤«ï â¥å­¨ª¨ ���, ¯®â®¬ã çâ® ¨å ®á­®¢­ë¬
á¢®©áâ¢®¬ ï¢«ï¥âáï áãé¥áâ¢¥­­ ï § ¢¨á¨¬®áâì ¢¥«¨-
ç¨­ë ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®áâ¨ ®â ¯à¨«®¦¥­-
­®£® í«¥ªâà¨ç¥áª®£® ¯®«ï ¨ â¥¬¯¥à âãàë, â.¥. ¤¨í«¥ª-
âà¨ç¥áª ï ­¥«¨­¥©­®áâì. �â  ®á®¡¥­­®áâì ¬ â¥à¨ « 
¯®§¢®«ï¥â á®§¤ ¢ âì ãáâà®©áâ¢  á í«¥ªâà¨ç¥áª¨ ã¯à -
¢«ï¥¬ë¬¨ å à ªâ¥à¨áâ¨ª ¬¨. �® ¤® ­¥¤ ¢­¥£® ¢à¥¬¥-
­¨ á¥£­¥â®í«¥ªâà¨ª¨ ­¥ ­ å®¤¨«¨ è¨à®ª®£® ¯à ªâ¨-
ç¥áª®£® ¯à¨¬¥­¥­¨ï ¢ ��� ãáâà®©áâ¢ å, ¯à¨ç¨­®© ç¥-
£® ï¢«ï¥âáï ¢ëá®ª¨© ãà®¢¥­ì ¤¨í«¥ªâà¨ç¥áª¨å ¯®â¥àì

¯à¨ â¥¬¯¥à âãà å, ¡«¨§ª¨å ª ª®¬­ â­®©. �¨â ­ â

áâà®­æ¨ï ï¢«ï¥âáï ¢¨àâã «ì­ë¬ á¥£­¥â®í«¥ªâà¨ª®¬.
� ¢¨á¨¬®áâì tg δ â¨â ­ â  áâà®­æ¨ï ®â â¥¬¯¥à âãàë
­  ��� ¨¬¥¥â ¬¨­¨¬ã¬ ¯à¨ T = 70− 80 K, ¢¥«¨ç¨­ 
¯®â¥àì ¯à¨ íâ¨å â¥¬¯¥à âãà å ­  ¯®àï¤®ª ­¨¦¥, ç¥¬
¯à¨ ª®¬­ â­®©.

�âªàëâ¨¥ ¢ 1987 £. ¢ëá®ª®â¥¬¯¥à âãà­ëå á¢¥àå¯à®-
¢®¤­¨ª®¢ ¢ë§¢ «® ¨­â¥à¥á ª à §à ¡®âª¥ ãáâà®©áâ¢,
äã­ªæ¨®­¨àãîé¨å ¯à¨ â¥¬¯¥à âãà å, ¡«¨§ª¨å ª â¥¬-
¯¥à âãà¥ ¦¨¤ª®£®  §®â  [1]. � à¥§ã«ìâ â¥ ¯®ï¢¨«áï

¨­â¥à¥á ª à §à ¡®âª¥ ãáâà®©áâ¢ ­  ®á­®¢¥ á¥£­¥-
â®í«¥ªâà¨ç¥áª¨å ¬ â¥à¨ «®¢, ¢ ç áâ­®áâ¨ â¨â ­ â 

áâà®­æ¨ï, à ¡®â îé¨å ¯à¨ T = 70−80 K [2], çâ® ¯®-
âà¥¡®¢ «® ­ ¤¥¦­®£® ä¥­®¬¥­®«®£¨ç¥áª®£® ®¯¨á ­¨ï

¯®¢¥¤¥­¨ï ®á­®¢­®© å à ªâ¥à¨áâ¨ª¨ á¥£­¥â®í«¥ªâà¨-
ª  — ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®áâ¨ ¤«ï à §à ¡®â-
ª¨ á¨áâ¥¬  ¢â®¬ â¨§¨à®¢ ­­®£® ¯à®¥ªâ¨à®¢ ­¨ï ���

¯à¨¡®à®¢ ­  ®á­®¢¥ á¥£­¥â®í«¥ªâà¨ª®¢.

�¥­®¬¥­®«®£¨ç¥áª ï ¬®¤¥«ì

� à ¡®â å [3–5] ¡ë«  ¯à¥¤«®¦¥­  ä¥­®¬¥­®«®£¨ç¥-
áª ï ¬®¤¥«ì § ¢¨á¨¬®áâ¨ ε(E, T ), å®à®è® á®£« áãî-
é ïáï á íªá¯¥à¨¬¥­â®¬ [3,5–7],

εE, T = ε∞Φ(ξ, η)−1, (1)

Φ(ξ, η) =
[
(ξ2 +η3)1/2 + ξ

]2/3
+
[
(ξ2 +η3)1/2− ξ

]2/3
−η,

ξ =
[
(E/EN )2 + ξ2

st

]1/2
, (2)

η = (θF /Tc)

[
1/4 + z2

1/z∫
0

(
exp(x)− 1

)−1

xdx

]
− 1,

z = T/θF . (3)

�¡®§­ ç¨¬

f(z) = 1/4 + z2

1/z∫
0

(
exp(x) − 1

)−1

xdx. (4)

�ã­ªæ¨î f(z) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ ¯®«¨­®¬ 

g(z) =
[
1/16− zA+ z2

]1/2
. (5)

�à¨ A = 0.01 ¢ ¤¨ ¯ §®­¥ 0 6 z 6 2 ¯®£à¥è­®áâì

 ¯¯à®ªá¨¬ æ¨¨ äã­ªæ¨¨ f(z) ¯®«¨­®¬®¬ g(z) ­¥ ¯à¥-
¢ëè ¥â 0.1%.
�¥à¥¯¨è¥¬ ¢ëà ¦¥­¨¥ (3) á ãç¥â®¬ (4), (5) ¢

á«¥¤ãîé¥¬ ¢¨¤¥:

η = (θF /Tc)
[
1/16− 0.01(T/θF ) + (T/θF )2

]1/2
− 1, (6)

£¤¥ Tc, ε00, EN , θF , εst — ¯ à ¬¥âàë ¬®¤¥«¨; Tc — íä-
ä¥ªâ¨¢­ ï â¥¬¯¥à âãà  ä §®¢®£® ¯¥à¥å®¤ , ª®â®à ï
âà ¤¨æ¨®­­® ®¯à¥¤¥«ï¥âáï ª ª â®çª  ¯¥à¥á¥ç¥­¨ï ª -
á â¥«ì­®© ª ªà¨¢®© ε−1(T ) á ®áìî  ¡æ¨áá; ε00 = C/Tc,
£¤¥ C — ¯®áâ®ï­­ ï �îà¨-�¥©á , âà ¤¨æ¨®­­® ®¯à¥-
¤¥«ï¥¬ ï ç¥à¥§ ­ ª«®­ ª á â¥«ì­®© ª ªà¨¢®© ε−1(T )
¯® ®â­®è¥­¨î ª ®á¨  ¡æ¨áá, ¢ íâ®¬ á¬ëá«¥ Tc ¨

ε00 ï¢«ïîâáï äã­¤ ¬¥­â «ì­ë¬¨ å à ªâ¥à¨áâ¨ª ¬¨

¬ â¥à¨ « ; EN — ­®à¬¨àãîé¥¥ ¯®«¥; θF — â¥¬¯¥à -
âãà  �¥¡ ï, ®¯à¥¤¥«ïîé ï ¢ª« ¤ ­ã«¥¢ëå ª®«¥¡ ­¨©
¢  ¬¯«¨âã¤ã ª®«¥¡ ­¨© ¯®¤à¥è¥â®ª ªà¨áâ ««  ¯à¨

T < θF , θF ï¢«ï¥âáï å à ªâ¥à¨áâ¨ª®© ¢¨àâã «ì­®£®

á¥£­¥â®í«¥ªâà¨ª .
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�¨á. 1. � áç¥â § ¢¨á¨¬®áâ¨ ε(E,T ) ¨ íªá¯¥à¨¬¥­â «ì­ë¥ â®çª¨. 1 — [6], 2 — [12], 3 — [11]; E, ª�/á¬:   — 0, ¡ — 2,
¢ — 5, £ — 10.

� ª ï å à ªâ¥à¨áâ¨ª  ¡ë«  ¢¢¥¤¥­  �¦. � àà¥â-

â®¬ [8]. � ¬®¤¥«ì­®¬ ®¯¨á ­¨¨, ¯à¥¤áâ ¢«¥­­®¬

ä®à¬ã«®© (1), θF ª®«¨ç¥áâ¢¥­­® ®â«¨ç ¥âáï ®â íä-

ä¥ªâ¨¢­®© â¥¬¯¥à âãàë, ¢¢¥¤¥­­®© ¢ [8]; εst —- å -

à ªâ¥à¨áâ¨ª  ¢­ãâà¥­­¥£® ­ ¯àï¦¥­¨ï ¢ ªà¨áâ ««¥,

¢¢¥¤¥­­ ï ¢ [3]. �â  å à ªâ¥à¨áâ¨ª  ­®á¨â ç¨áâ®

ä¥­®¬¥­®«®£¨ç¥áª¨© å à ªâ¥à.

�¡«¨§¨ 110 K SrTiO3 ¯à¥â¥à¯¥¢ ¥â áâàãªâãà­ë©

ä §®¢ë© ¯¥à¥å®¤ ¢ â¥âà £®­ «ì­ãî ä §ã, áãé¥áâ¢ã-

îéãî ¯à¨ T < 110 K, ¨ ¥£® áâàãªâãàã ¬®¦­® à á-

á¬ âà¨¢ âì ª ª ¤®¬¥­­ãî. �§¢¥áâ­®, çâ® ®¤­®®á­®¥

á¦ â¨¥ ¬®­®ªà¨áâ ««  ¯à¨¢®¤¨â ª ¥£® ¬®­®¤®¬¥­¨-
§ æ¨¨. �à¨ íâ®¬ ¤¨í«¥ªâà¨ç¥áª¨¥ á¢®©áâ¢  SrTiO3

áâ ­®¢¨âáï  ­¨§®âà®¯­ë¬¨ [9]. �«¥¤®¢ â¥«ì­®, ¯ -

à ¬¥âàë ¬®¤¥«¨ ¤®«¦­ë ¨¬¥âì à §«¨ç­ë¥ §­ ç¥­¨ï

¤«ï ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®áâ¨ ªà¨áâ «« , ¨§-

¬¥à¥­­®© ¢¤®«ì à §­ëå ªà¨áâ ««®£à ä¨ç¥áª¨å ®á¥©.

� á¢ï§¨ á íâ¨¬ ¡ã¤¥â à áá¬®âà¥­® ¯®¢¥¤¥­¨¥ § ¢¨-

á¨¬®áâ¨ ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®áâ¨ ®â ¯®«ï ¨

â¥¬¯¥à âãàë ¢ á«ãç ¥ ¨§®âà®¯­®£® ¨  ­¨§®âà®¯­®£®

ªà¨áâ ««  SrTiO3.

� à ¡®â å [3,5] ¯à¨¢®¤ïâáï ¬¥â®¤¨ª¨ ®¯à¥¤¥«¥­¨ï

¢¥«¨ç¨­ ¯ à ¬¥âà®¢ ¬®¤¥«¨ ­  ®á­®¢¥ ¨á¯®«ì§®¢ ­¨ï

¤ ­­ëå ¯® § ¢¨á¨¬®áâ¨ ε(E, T ), ¯®«ãç¥­­ëå íªá¯¥-
à¨¬¥­â «ì­ë¬ ¯ãâ¥¬. � ¤ ­­ëå ¬¥â®¤¨ª å ¨á¯®«ì§ã-
îâáï £à ä¨ç¥áª¨¥ ¯®áâà®¥­¨ï ¨«¨ ¬¥â®¤ ­ ¨¬¥­ìè¨å

ª¢ ¤à â®¢. �®«¨ç¥áâ¢¥­­ë¥ à¥§ã«ìâ âë ¢ ®â­®è¥­¨¨

¯ à ¬¥âà®¢ ¬®¤¥«¨, ¯®«ãç¥­­ë¥ ¢ [3,5], ­¥ ¢¯®«­¥

­ ¤¥¦­ë ¢á«¥¤áâ¢¨¥ â®£®, çâ® ®­¨ ­¥ ¡ë«¨ ¯à®¢¥-
à¥­ë ­  ¤®áâ â®ç­®¬ ª®«¨ç¥áâ¢¥ íªá¯¥à¨¬¥­â «ì­®£®

¬ â¥à¨ « . �à®¬¥ â®£®, ¯à¨ ¢ë¯®«­¥­¨¨ à áç¥â®¢ [3]
 ¢â®àë ­¥ à á¯®« £ «¨ ­¥®¡å®¤¨¬ë¬ ª®¬¯ìîâ¥à­ë¬

®¡¥á¯¥ç¥­¨¥¬. �¥¯¥àì á®®â¢¥âáâ¢ãîé¨¥ à áç¥âë ¬®-
£ãâ ¡ëâì á¤¥« ­ë §­ ç¨â¥«ì­® ­ ¤¥¦­¥¥.

�§®âà®¯­ë© ¬®­®ªà¨áâ «« SrTiO3

�  à¨á. 1–3 ¯à¨¢¥¤¥­ë íªá¯¥à¨¬¥­â «ì­ë¥ [6,10–
13] ¨ â¥®à¥â¨ç¥áª¨¥ § ¢¨á¨¬®áâ¨ ε(E, T ). �®à®è¥¥

á®®â¢¥âáâ¢¨¥ íªá¯¥à¨¬¥­â «ì­ëå ªà¨¢ëå ¨ ªà¨¢ëå,
à ááç¨â ­­ëå ¯® ä®à¬ã« ¬ (1), (2), (6), ®¡¥á¯¥ç¨¢ ¥â
­ ¡®à ¯ à ¬¥âà®¢. ¯à¥¤áâ ¢«¥­­ë© ¢ â ¡«. 1.
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�¨á. 2. � áç¥â § ¢¨á¨¬®áâ¨ ε(E,T ) ¨ íªá¯¥à¨¬¥­â «ì­ë¥
â®çª¨ [13] ¤«ï ¬®­®ªà¨áâ ««  SrTiO3 ¬ «®© ¤¥ä¥ªâ­®áâ¨.
E, ª�/á¬: 1 — 0, 2 — 0.206, 3 — 1.03.

�¢â®àë à ¡®â [6,11] ­¥ à áá¬ âà¨¢ «¨ § ¢¨á¨¬®áâì
ε ®â ¯à¨«®¦¥­­®£® í«¥ªâà¨ç¥áª®£® ¯®«ï ¯à¨ â¥¬¯¥-
à âãà å ¢ëè¥ 60 K. � ­­ë¥, ¯à¨¢¥¤¥­­ë¥ ¢ à ¡®-
â å [12,10], ¤¥¬®­áâà¨àãîâ ®éãâ¨¬ãî § ¢¨á¨¬®áâì

ε ®â ­ ¯àï¦¥­­®áâ¨ ¯à¨«®¦¥­­®£® í«¥ªâà¨ç¥áª®£®

¯®«ï ¢ ¤¨ ¯ §®­¥ â¥¬¯¥à âãà 60–100 K.

�§ â ¡«. 1 ¢¨¤­®, çâ® §­ ç¥­¨ï ¯ à ¬¥âà®¢ Tc, ε00,
EN «¥¦ â ¢ £à ­¨æ å ¤¨ ¯ §®­ , å à ªâ¥à­®£® ¤«ï
¬­®£®ªà â­® ¯®¢â®à¥­­ëå íªá¯¥à¨¬¥­â®¢ á ¢ëá®ª®-
ª ç¥áâ¢¥­­ë¬¨ ¬®­®ªà¨áâ «« ¬¨ â¨â ­ â  áâà®­æ¨ï.
�ãé¥áâ¢¥­­®¥ à §«¨ç¨¥ ¨¬¥¥â â®«ìª® ¯ à ¬¥âà εst.
�«¥¤®¢ â¥«ì­®, ¬®¦­® á¤¥« âì ¢ë¢®¤ ® ª ç¥áâ¢¥ ªà¨-
áâ ««®¢, ¨á¯®«ì§®¢ ­­ëå ¢ íâ¨å à ¡®â å.� à ¡®â¥ [10]
¨áá«¥¤®¢ «¨áì ªà¨áâ ««ë SrTiO3 ¡®«¥¥ ­¨§ª®£® ª -
ç¥áâ¢ . �¥©áâ¢¨â¥«ì­®, ¯® á®®¡é¥­¨ï¬  ¢â®à®¢ à -
¡®â [6,11,12] ¤«ï ¨§¬¥à¥­¨© ¨á¯®«ì§®¢ «¨áì ¬®­®ªà¨-
áâ ««ë SrTiO3 ¢ëá®ª®£® ª ç¥áâ¢. � ª¨¬ ®¡à §®¬, ¯®
¢¥«¨ç¨­¥ εst ¬®¦­® áã¤¨âì ® áâ¥¯¥­¨ ¤¥ä¥ªâ­®áâ¨

ªà¨áâ «« .

�¥­®¬¥­®«®£¨ç¥áª®¥ ®¯¨á ­¨¥

¤¥ä¥ªâ­®£® â¨â ­ â  áâà®­æ¨ï

�  à¨á. 4 ¯®ª § ­  § ¢¨á¨¬®áâì ε ®â T ¯à¨ E = 0,
­® ¯à¨ à §­ëå §­ ç¥­¨ïå ¯ à ¬¥âà  εst. � ã¢¥«¨-
ç¥­¨¥¬ ξst ¢¥«¨ç¨­  ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®áâ¨
ã¬¥­ìè ¥âáï, ¬ ªá¨¬ã¬ á¬¥é ¥âáï ¢ áâ®à®­ã ¡®«ì-
è¨å â¥¬¯¥à âãà. � ª, ¢ ¯¨®­¥àáª®© à ¡®â¥ �.�. �¬®-
«¥­áª®£® [14] ¯®«®¦¥­¨¥ ¬ ªá¨¬ã¬  § ¢¨á¨¬®áâ¨ ε(T )
á®®â¢¥âáâ¢ã¥â â¥¬¯¥à âãà¥ T = 50 K, çâ® £®¢®à¨â ®
¡®«ìè®¬ §­ ç¥­¨¨ ¯ à ¬¥âà  ξst,   á«¥¤®¢ â¥«ì­®,

�¨á. 3. � áç¥â § ¢¨á¨¬®áâ¨ ε(E,T ) ¨ íªá¯¥à¨¬¥­â «ì­ë¥
â®çª¨ [10]. �§¬¥à¥­¨ï ¯®¤â¢¥à¦¤ îâ § ¢¨á¨¬®áâì ε ®â E
¯à¨ T > 60 K; E, ª�/á¬: 1 — 0, 2 — 2, 3 — 5, 4 — 8.

® ¡®«ìè®© ¤¥ä¥ªâ­®áâ¨ ¬ â¥à¨ « . �¥©áâ¢¨â¥«ì­®,
¢ [14] ¨áá«¥¤®¢ «¨áì ª¥à ¬¨ç¥áª¨¥ ®¡à §æë SrTiO3

¯à¨ ­¥¢ëá®ª®¬ ª ç¥áâ¢¥ ¨å ¯®«ãç¥­¨ï.

�  à¨á. 4 ¯®ª § ­ ¬ ªá¨¬ã¬ ­  ªà¨¢®© § ¢¨á¨¬®áâ¨
ε(T ) ¯à¨ ξst = 0 ¢ â®çª¥ T ∼= 0.8 K (á¬. ¢áâ ¢ªã). � -
«¨ç¨¥ íâ®£® ¬ ªá¨¬ã¬  ï¢«ï¥âáï á«¥¤áâ¢¨¥¬  ¯¯à®ª-
á¨¬ æ¨¨ (ä®à¬ã«ë (3)–(6)). � ª¨¬ ®¡à §®¬, ¬®¤¥«ì
¯à¨ â¥¬¯¥à âãà¥ ­¨¦¥ 1 K ­¥ ï¢«ï¥âáï ¤®áâ®¢¥à­®©.

�®¤¥«ì ¯®§¢®«ï¥â ­ ©â¨ ¯®«®¦¥­¨¥ ¬ ªá¨¬ã¬ 

(¯à¨ à §­ëå §­ ç¥­¨ïå ξst) Tmax ¨ ¢¥«¨ç¨­ã ¯à®­¨æ -
¥¬®áâ¨ ¢ íâ®© â®çª¥ εmax. � ¢¨á¨¬®áâì εmax ®â Tmax

¯à¥¤áâ ¢«¥­  ­  à¨á. 5. � â ¡«. 2 ¯à¨¢¥¤¥­ë ¢¥«¨ç¨-
­ë Tmax ¨ εmax, ¢§ïâë¥ ¨§ àï¤  íªá¯¥à¨¬¥­â «ì­ëå
à ¡®â.

� ¡«¨æ  1.

�ªá¯¥à¨-
Tc, K ε00 EN , ª�/á¬ θF , K εst

¬¥­â

[6,11,12] 36 2842 13.7 152 0.027
[10] 35 2750 13.7 152 0.033
[13] 37 3050 12.0 158 0.015

� ¡«¨æ  2.

�ªá¯¥à¨¬¥­â Tmax
εmax (íªá¯¥- εmax

à¨¬¥­â) (¬®¤¥«ì)

[14] 50 1800–2000 1980
[15] 40–42 1500–3000 2600
[16] 51–52 1800–2500 1900
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�¨á. 4. �à ä¨ª § ¢¨á¨¬®áâ¨ ε(T ) ¯à¨ à §«¨ç­ëå §­ -
ç¥­¨ïå ξxt, à ááç¨â ­­®© ¯® ä®à¬ã« ¬ (1), (2), (6). ξst:
1 — 0, 2 — 0.05, 3 — 0.25, 4 — 1; ­  ¢áâ ¢ª¥ ¯à¨¢¥¤¥­ 
§ ¢¨á¨¬®áâì ε(T ) ¯à¨ T < 2 K, ξst = 0.

�®«ìè®© à §¡à®á ¢ §­ ç¥­¨ïå εmax ®¡êïá­ï¥âáï ­¥-
â®ç­®áâìî ®æ¥­ª¨ â®«é¨­ë ¯«¥­®ª ¨ ¨å ¯®à¨áâ®áâ¨,
  â ª¦¥ ­¥¤®áâ®¢¥à­®áâìî à áç¥â­®© ¬®¤¥«¨ ¯« ­ à-
­®£® ª®­¤¥­á â®à . � §«¨ç¨¥ ¯®«®¦¥­¨© ¬ ªá¨¬ã¬ 

£®¢®à¨â ® à §­®© áâ¥¯¥­¨ ¤¥ä¥ªâ­®áâ¨ ¬ â¥à¨ «®¢. �
ãç¥â®¬ à §¡à®á  íªá¯¥à¨¬¥­â «ì­ë¥ â®çª¨ «®¦ âáï

­  à áç¥â­ãî ªà¨¢ãî (à¨á. 5).

�  ®á­®¢ ­¨¨ ¯à¨¢¥¤¥­­ëå ¤ ­­ëå ¬®¦­® ¢ëáª -
§ âì £¨¯®â¥§ã ® â®¬, çâ® ¢¢¥¤¥­­ë© ¢ [3] ¯ à ¬¥âà
ξst ¯®§¢®«ï¥â ®¯¨áë¢ âì ¤¨í«¥ªâà¨ç¥áª¨¥ á¢®©áâ¢ 

â¨â ­ â  áâà®­æ¨ï á ­¥­ àãè¥­­®© áâ¥å¨®¬¥âà¨¥©,
­® ¢ëá®ª¨¬ ãà®¢­¥¬ ¢­ãâà¥­­¨å ­ ¯àï¦¥­¨©. �â 
£¨¯®â¥§  ¤®«¦­  ¡ëâì ¢ ¤ «ì­¥©è¥¬ ¯à®¢¥à¥­  ¯ãâ¥¬

ãáâ ­®¢«¥­¨ï ª®àà¥«ïæ¨¨ ¬¥¦¤ã ­¥©¤¥­­ë¬ ¯ à ¬¥-
âà®¬ ξst ¨ ¤ ­­ë¬¨ à¥­â£¥­®¤¨äà ªæ¨®­­®£®  ­ «¨§ 
¬ â¥à¨ « .

�­¨§®âà®¯­ë© ¬®­®ªà¨áâ «« SrTiO3

� ª ã¯®¬¨­ «®áì ¢ëè¥, ¬®­®¤®¬¥­¨§¨à®¢ ­­ë©

ªà¨áâ «« SrTiO3 ï¢«ï¥âáï  ­¨§®âà®¯­ë¬ ¯à¨ ­¨§ª¨å

â¥¬¯¥à âãà å. � ª ¢¨¤­® ¨§ à¨á. 6, ä¥­®¬¥­®«®£¨ç¥-
áª ï ¬®¤¥«ì, ¯à¥¤áâ ¢«¥­­ ï ä®à¬ã«®© (1), å®à®è®
®¯¨áë¢ ¥â ¨ íâ®â á«ãç ©.

� ¡«¨æ  3.

�ªá¯¥à¨-
Tc, K ε00 EN ,ª�/á¬ θF , K εst

¬¥­â

εa 36 2550 13.7 151 0.022
εc 36 2550 13.7 175 0.022

�¨á. 5. � áç¥â § ¢¨á¨¬®áâ¨ εmax(Tmax) ¨ íªá¯¥à¨¬¥­â «ì-
­ë¥ â®çª¨. 1 — [14], 2 — [15], 3 — [16] ¤«ï ®¡à §æ®¢ à §­®©
áâ¥¯¥­¨ ¤¥ä¥ªâ­®áâ¨; ­  ¢áâ ¢ª¥ ¯à¨¢¥¤¥­  § ¢¨á¨¬®áâì
εmax(Tmax) ¯à¨ T < 5 K.

�¨á. 6. � áç¥â § ¢¨á¨¬®áâ¨ ε(T ) ¨ íªá¯¥à¨¬¥­â «ì­ë¥

â®çª¨ [9] ¤«ï ¬®­®¤®¬¥­¨§¨à®¢ ­­®£®  ­¨§®âà®¯­®£® ªà¨-
áâ ««  SrTiO3. E = 0; 1 — εa(T ), 2 — εc(T ).

� ª ¢¨¤­® ¨§ â ¡«. 3,  ­¨§®âà®¯­ë¬ ï¢«ï¥âáï

â®«ìª® ¯ à ¬¥âà θF . �â®, ¯®-¢¨¤¨¬®¬ã, ®¡êïá­ï¥âáï
à §«¨ç¨¥¬  ¬¯«¨âã¤ ­ã«¥¢ëå ª®«¥¡ ­¨© ªà¨áâ ««¨-
ç¥áª®© à¥è¥âª¨ ¢¤®«ì à §«¨ç­ëå ®á¥© ¬®­®¤®¬¥­¨-
§¨à®¢ ­­®£® ªà¨áâ «« .

� ª«îç¥­¨¥

�§  ­ «¨§  íªá¯¥à¨¬¥­â «ì­ëå ¤ ­­ëå ¢¨¤­®, çâ®
à áá¬®âà¥­­ ï ä¥­®¬¥­®«®£¨ç¥áª ï ¬®¤¥«ì ï¢«ï¥â-
áï ¤®áâ â®ç­® ­ ¤¥¦­ë¬ áà¥¤áâ¢®¬ ª®«¨ç¥áâ¢¥­­®£®
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®¯¨á ­¨ï § ¢¨á¨¬®áâ¨ ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®-
áâ¨ â¨â ­ â  áâà®­æ¨ï ®â ­ ¯àï¦¥­­®áâ¨ ¯à¨«®¦¥­-
­®£® ¯®«ï ¨ â¥¬¯¥à âãàë ª ª ¢ á«ãç ¥ ¨§®âà®¯­®-
£®, â ª ¨ ¢ á«ãç ¥  ­¨§®âà®¯­®£® ¬®­®ªà¨áâ «« .
� á®¦ «¥­¨î,  ¢â®àë íªá¯¥à¨¬¥­â «ì­ëå à ¡®â ­¥

¯à¨¢®¤ïâ ®æ¥­ªã ¯®£à¥è­®áâ¨ ¨§¬¥à¥­¨©, ª®â®à ï

¬®¦¥â ï¢«ïâìáï ¯à¨ç¨­®© ­¥ª®â®à®£® à áå®¦¤¥­¨ï

íªá¯¥à¨¬¥­â «ì­ëå ¨ à áç¥â­ëå ªà¨¢ëå. � ª ¯®-
ª § «  ­ «¨§, ¢ á«ãç ¥  ­¨§®âà®¯¨¨  ­¨§®âà®¯­®©

ï¢«ï¥âáï â®«ìª® íää¥ªâ¨¢­ ï â¥¬¯¥à âãà  �¥¡ ï θF .
� à ¬¥âà ¬®¤¥«¨ ξst ­¥á¥â ¨­ä®à¬ æ¨î ® ¤¥ä¥ªâ-

­®áâ¨ ¬®­®ªà¨áâ «« . �¥¬ ­¨¦¥ ª ç¥áâ¢® ªà¨áâ «« ,
â¥¬ ¡®«ìè¥ ¢¥«¨ç¨­  ¤ ­­®£® ¯ à ¬¥âà . �®¤¥«ì

å®à®è® ®¯¨áë¢ ¥â § ¢¨á¨¬®áâì ε(E, T ) ¤¥ä¥ªâ­ëå

¯«¥­®ª SrTiO3.

�¢â®àë ¡« £®¤ à­ë �.�. �¥¢®àªï­ã ¨ �.�. �¥¤ëª
§  ¯à¥¤®áâ ¢«¥­­ë¥ ¢ ¢¨¤¥ â ¡«¨æ ¤ ­­ë¥ ¨§¬¥à¥­¨©

§ ¢¨á¨¬®áâ¨ ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®áâ¨ â¨â ­ -
â  áâà®­æ¨ï ®â ¯à¨«®¦¥­­®£® ¯®«ï ¨ â¥¬¯¥à âãàë,
�.�. �®§ëà¥¢ã ¨ �.�. �¥à-� àâ¨à®áï­ã §  ®¡áã¦¤¥-
­¨¥ ¬ â¥à¨ «®¢ ¨ ¯®«¥§­ë¥ § ¬¥ç ­¨ï ¯® â¥ªáâã.
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