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� ­  ­ «¨§ ãá«®¢¨© á¨­â¥§  â¢¥à¤ëå à áâ¢®à®¢ ¢ ª¢ §¨¡¨­ à­®¬ à §à¥§¥ CrTe–MnTe. �áá«¥¤®¢ -
­® ¢«¨ï­¨¥ ª â¨®­­®£® § ¬¥é¥­¨ï ­  á¢®©áâ¢  á¨­â¥§¨à®¢ ­­ëå â¢¥à¤ëå à áâ¢®à®¢ ¯à¨ ¨§¬¥à¥­¨¨

­ ¬ £­¨ç¥­­®áâ¨, ¬ £­¨â­®© ¢®á¯à¨¨¬ç¨¢®áâ¨, í«¥ªâà®¯à®¢®¤­®áâ¨ ¨ ª®íää¨æ¨¥­â  �¥¥¡¥ª  ¢

¨­â¥à¢ «¥ â¥¬¯¥à âãà 80–750 K.

�®­®â¥««ãà¨¤ åà®¬ , ï¢«ïîé¨©áï ä¥àà®¬ £­¥â¨-
ª®¬ á Tc = 342 K [1], ¨ ¬®­®â¥««ãà¨¤ ¬ à£ ­-
æ , ¯à®ï¢«ïîé¨©  ­â¨ä¥àà®¬ £­¨â­ë¥ á¢®©áâ¢  á

TN = 310 K [2], ¢ áâ ¡¨«ì­®¬ á®áâ®ï­¨¨ ªà¨áâ «-
«¨§ãîâáï ¢ áâàãªâãàã ­¨ª¥«ì- àá¥­¨¤­®£® â¨¯  á

¯®áâ®ï­­ë¬¨ í«¥¬¥­â à­®© ïç¥©ª¨ a = 0.4008 nm,
c = 0.6252 nm [1] ¨ a = 0.4143 nm, c = 0.6711 nm [3] á®-
®â¢¥âáâ¢¥­­®. �¥««ãà¨¤ ¬ à£ ­æ , ªà®¬¥ â®£®, ï¢«ï-
¥âáï ¯®«ã¯à®¢®¤­¨ª®¬ p-â¨¯  á è¨à¨­®© § ¯à¥é¥­-
­®© §®­ë Eg = 0.74 eV [4]. �¥®à¤¨­ à­®áâì ä¨§¨ç¥-
áª¨å á¢®©áâ¢ ãª § ­­ëå á®¥¤¨­¥­¨© ¨ áà ¢­¨â¥«ì­®

­¥¡®«ìè ï à §­¨æ  ¢ ¯ à ¬¥âà å ¨å í«¥¬¥­â à­ëå

ïç¥¥ª ®¯à¥¤¥«ïîâ ¨­â¥à¥á ª ¯®«ãç¥­¨î ­¥¯à¥àë¢­®£®

àï¤  â¢¥à¤ëå à áâ¢®à®¢ ­  ¨å ®á­®¢¥.

� ¯®¯ëâª å ¯®«ãç¥­¨ï ¢§ ¨¬­ëå â¢¥à¤ëå à áâ¢®-
à®¢ ¢ ª¢ §¨¡¨­ à­®© á¨áâ¥¬¥ CrTe–MnTe á®®¡é «®áì
¢ [5]. �®ª § ­®, çâ® £à ­¨æë áãé¥áâ¢®¢ ­¨ï â¢¥à¤ëå

à áâ¢®à®¢ ¢ á¨áâ¥¬¥ § ¢¨áïâ ®â ãá«®¢¨© á¨­â¥§ . �à¨
â¥¬¯¥à âãà¥ á¯¥ª ­¨ï ¯®à®èª®¢ ¨áå®¤­ëå ª®¬¯®­¥­-
â®¢, à ¢­®© 1270 K, ¨ ¯®á«¥¤ãîé¥© § ª «ª¥ ®â íâ®©

â¥¬¯¥à âãàë ®¡« áâì ®¤­®ä §­ëå à áâ¢®à®¢ ¤®áâ¨-
£ «  x = 0.35. �¥¤«¥­­®¥ ®å« ¦¤¥­¨¥ ®¡à §æ®¢ ®â

íâ®© â¥¬¯¥à âãàë ¤® ª®¬­ â­®© ¯à¨¢®¤¨«® ª à á¯ ¤ã

à áâ¢®à®¢. � [6] ¯à¨ § ª «ª¥ ®â 1120 K ®¡à §æ®¢

á¨áâ¥¬ë (Cr1−xMnx)0.96Te ®¡« áâì ®¤­®ä §­®áâ¨ ­¥

¯à¥¢ëè «  x = 0.2.

� ­¥¥ ­ ¬¨ â ª¦¥ ¯à¥¤¯à¨­¨¬ «¨áì ¯®¯ëâª¨ ¯®-
«ãç¥­¨ï â¢¥à¤ëå à áâ¢®à®¢ ¢ á¨áâ¥¬¥ CrTe–MnTe á

¯à¨¬¥­¥­¨¥¬ ®¡ëç­®© â¥å­®«®£¨¨ á¯¥ª ­¨ï. �¥­â£¥-
­®ä §®¢ë©  ­ «¨§ ­ è¨å ®¡à §æ®¢ ¯®¤â¢¥à¤¨« ¢ë-
¢®¤ë à ¡®â [5,6]. �¥§ã«ìâ âë íâ¨å ¨áá«¥¤®¢ ­¨© ¨

 ­ «¨§ ¤¨ £à ¬¬ á®áâ®ï­¨ï á¨áâ¥¬ Mn–Te [7,8] ¨

Cr–Te [9] ¯à¨¢¥«¨ ­ á ª § ª«îç¥­¨î, çâ® ¤«ï ¯®«ã-
ç¥­¨ï ¡®«¥¥ è¨à®ª¨å ®¡« áâ¥© â¢¥à¤ëå à áâ¢®à®¢ ­ 

®á­®¢¥ ¬®­®â¥««ãà¨¤®¢ åà®¬  ¨ ¬ à£ ­æ  ­¥®¡å®¤¨¬®

¯à¨¬¥­¥­¨¥ ¨­ëå â¥å­®«®£¨ç¥áª¨å ¯à¨¥¬®¢.

� ­ áâ®ïé¥© à ¡®â¥ ¨§« £ ¥âáï ¬¥â®¤¨ª  ¯®«ã-
ç¥­¨ï ®¡à §æ®¢ ­¥¯à¥àë¢­®£® àï¤  ¬¥â áâ ¡¨«ì-
­ëå â¢¥à¤ëå à áâ¢®à®¢ ¢ ª¢ §¨¡¨­ à­®© ¢ á¨áâ¥¬¥

CrTe–MnTe ¨ ¯à¨¢®¤ïâáï à¥§ã«ìâ âë ¨áá«¥¤®¢ ­¨ï

¨å áâàãªâãà­ëå, í«¥ªâà¨ç¥áª¨å, â¥à¬®í«¥ªâà¨ç¥áª¨å
¨ ¬ £­¨â­ëå á¢®©áâ¢.

1. �¨­â¥§ ®¡à §æ®¢

�á­®¢­ ï ®á®¡¥­­®áâì ¯à¨¬¥­¥­­®© ­ ¬¨ ¬¥â®¤¨ª¨

á¨­â¥§  á®áâ®ï«  ¢ â®¬, çâ® ®¡à §æë ¯à®¬¥¦ãâ®ç­ëå

á®áâ ¢®¢ á¨áâ¥¬ë ¯®«ãç¥­ë ­ £à¥¢®¬ ¢  ¯¯ à â å ¢ë-
á®ª®£® ¤ ¢«¥­¨ï ¢§ïâëå ¢ ­¥®¡å®¤¨¬ëå ª®«¨ç¥áâ¢ å

¯®à®èª®¢ ¯à¥¤¢ à¨â¥«ì­® á¨­â¥§¨à®¢ ­­ëå â¥««ãà¨-
¤®¢ åà®¬  ¨ ¬ à£ ­æ . �«ï á¨­â¥§  ®¡à §æ®¢ á®¥¤¨-
­¥­¨© CrTe ¨ MnTe ¨á¯®«ì§®¢ «¨áì ¯®à®èª¨ í«¥ª-
âà®«¨â¨ç¥áª®£® åà®¬  (99.99), í«¥ªâà®«¨â¨ç¥áª®£®

¬ à£ ­æ  (99.99), ¯¥à¥¯« ¢«¥­­®£® ¢ ¤ã£®¢®© ¯¥ç¨ ¢

¨­¥àâ­®© áà¥¤¥, ¨ â¥««ãà ç¨áâ®âë 99.9997. �¡à §æë
á®¥¤¨­¥­¨© ¯®«ãç¥­ë ­ £à¥¢ ­¨¥¬ á¬¥á¨ ¯®à®èª®¢

¨áå®¤­ëå í«¥¬¥­â®¢ ¢ â¨£«ïå ¨§ ¯¨à®«¨â¨ç¥áª¨ ®á -
¦¤¥­­®£® ­¨âà¨¤  ¡®à  ®á®¡®© ç¨áâ®âë. �¨£«¨ á

­ ¢¥áª ¬¨ ¯®à®èª®¢ ¯®¬¥é «¨ ¢ ª¢ àæ¥¢ë¥  ¬¯ã«ë,
¢ ªãã¬¨à®¢ «¨ ¨ ®â¯ ¨¢ «¨. �¨­â¥§ ®¡à §æ®¢ â¥«-
«ãà¨¤  åà®¬  ¨ â¥««ãà¨¤  ¬ à£ ­æ  ¯à®¢®¤¨«¨ ¯à¨

â¥¬¯¥à âãà å 1270 ¨ 1070 K á®®â¢¥âáâ¢¥­­®. �à®¤ãª-
âë à¥ ªæ¨¨ ¨§¬¥«ìç «¨ ¨ à áâ¨à «¨ ¢ ¯®à®è®ª, ¨§
ª®â®à®£® ¬¥â®¤®¬ ¯à¥áá®¢ ­¨ï ¯®«ãç «¨ æ¨«¨­¤à¨ç¥-
áª¨¥ ®¡à §æë ¤¨ ¬¥âà®¬ 12 mm. � â¥ç¥­¨¥ 120 h ¨å

¯®¤¢¥à£ «¨ £®¬®£¥­¨§¨àãîé¥¬ã ®â¦¨£ã ¯à¨ 1220 K
¤«ï CrTe ¨ 1020 K ¤«ï MnTe ¨ § ª «ï«¨.
� ¢¥áª¨ ¤«ï á¨­â¥§  ®¡à §æ®¢ ¯à®¬¥¦ãâ®ç­ëå á®-

áâ ¢®¢ á¨áâ¥¬ë ¯à¨£®â ¢«¨¢ «¨ ¯ãâ¥¬ á¬¥è¨¢ ­¨ï

à ááç¨â ­­ëå ª®«¨ç¥áâ¢ § à ­¥¥ á¨­â¥§¨à®¢ ­­ëå

¯®à®èª®¢ ¨áå®¤­ëå á®¥¤¨­¥­¨© á è £®¬ ¯® ª®­æ¥­-
âà æ¨¨ x = 0.1. �¨­â¥§ ®¡à §æ®¢ ãª § ­­ëå á®áâ ¢®¢
®áãé¥áâ¢«ï«áï ¢  ¯¯ à â å ¢ëá®ª®£® ¤ ¢«¥­¨ï ¯à¨

â¥¬¯¥à âãà¥ 1000 K ¨ ¤ ¢«¥­¨ïå 7.0−7.5 GPa. �à¥¬ï
á¨­â¥§  á®áâ ¢«ï«® 15 s. � ª®© à¥¦¨¬ á¨­â¥§  ®¤­®-
ä §­ëå ®¡à §æ®¢ â¢¥à¤ëå à áâ¢®à®¢ á¨áâ¥¬ë ¯®¤®-
¡à ­ íªá¯¥à¨¬¥­â «ì­® ¯ãâ¥¬ ¢ àì¨à®¢ ­¨ï ¢¥«¨ç¨­

â¥¬¯¥à âãàë, ¤ ¢«¥­¨ï ¨ ¢à¥¬¥­¨ á¨­â¥§ .

2. �¥§ã«ìâ âë à¥­â£¥­®ä §®¢®£®

¨áá«¥¤®¢ ­¨ï ®¡à §æ®¢

�¥­â£¥­®¢ §®¢ë©  ­ «¨§ á¨­â¥§¨à®¢ ­­ëå ®¡à §-
æ®¢ á¨áâ¥¬ë ¢ë¯®«­¥­ ¢ ¬¥¤­®¬ Kα-¨§«ãç¥­¨¨. �á¥
­ ¡«î¤ ¥¬ë¥ ­  à¥­â£¥­®£à ¬¬ å à¥ä«¥ªáë ¯à®¨­-
¤¨æ¨à®¢ ­ë ­  ¡ §¥ áâàãªâãàë NiAs-â¨¯ . �à¨ ¯¥-
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�¨á. 1. �®­æ¥­âà æ¨®­­ë¥ § ¢¨á¨¬®áâ¨ ¯®áâ®ï­­ëå í«¥-
¬¥­â à­®© ªà¨áâ ««¨ç¥áª®© ïç¥©ª¨ â¢¥à¤ëå à áâ¢®à®¢

Cr1−xMnxTe.

à¥å®¤¥ ®â CrTe ª MnTe å®à®è® ¯à®á«¥¦¨¢ ¥âáï ¨§-
¬¥­¥­¨¥ ã£«®¢ëå ¯®«®¦¥­¨© à¥ä«¥ªá®¢. �¥§ã«ìâ âë
 ­ «¨§  à¥­â£¥­®£à ¬¬ ®¡à §æ®¢ ¢ë¡à ­­ëå á®áâ ¢®¢

á¢¨¤¥â¥«ìáâ¢ãîâ ® ¨å ®¤­®ä §­®áâ¨. �«¥¤ã¥â, ®¤­ -
ª®, ®â¬¥â¨âì § ¬¥â­®¥ ¯¥à¥à á¯à¥¤¥«¥­¨¥ ¨­â¥­á¨¢-
­®áâ¥© à¥ä«¥ªá®¢ ¢ ®¡à §æ å ¯à®¬¥¦ãâ®ç­ëå á®áâ -
¢®¢. �§ ª®­æ¥­âà æ¨®­­ëå § ¢¨á¨¬®áâ¥© ¯®áâ®ï­­ëå
í«¥¬¥­â à­®© ïç¥©ª¨ ¨ ®â­®è¥­¨ï c/a, ¯à¥¤áâ ¢«¥­-
­ëå ­  à¨á. 1, ¢¨¤­®, çâ® ¯®áâ®ï­­ ï a ¯à ªâ¨ç¥áª¨
«¨­¥©­® ã¢¥«¨ç¨¢ ¥âáï ¯à¨ ¯¥à¥å®¤¥ ®â â¥««ãà¨¤ 

åà®¬  ª â¥««ãà¨¤ã ¬ à£ ­æ . �®¤ ª®­æ¥­âà æ¨®­­ëå
§ ¢¨á¨¬®áâ¥© c ¨ c/a § ¬¥â­® ®âª«®­ï¥âáï ®â «¨­¥©-
­®áâ¨.

3. � £­¨â­ë¥ á¢®©áâ¢  â¢¥à¤ëå

à áâ¢®à®¢ á¨áâ¥¬ë Cr1−xMnxTe

� ¬ £­¨ç¥­­®áâì ¨ ¬ £­¨â­ ï ¢®á¯à¨¨¬ç¨¢®áâì

®¡à §æ®¢ â¢¥à¤ëå à áâ¢®à®¢ ¨§¬¥à¥­ë ¢ ¯®«¥

H = 0.45 T ¢ ¨­â¥à¢ «¥ â¥¬¯¥à âãà 80–750 K ­  ãáâ -
­®¢ª¥, ¢ ª®â®à®© ¨á¯®«ì§®¢ ­ ¬¥â®¤ � à ¤¥ï. �¥¬¯¥-
à âãà­ë¥ § ¢¨á¨¬®áâ¨ ­ ¬ £­¨ç¥­­®áâ¨ ¨ ¬ £­¨â­®©

¢®á¯à¨¨¬ç¨¢®áâ¨ ¢ë¡à ­­ëå á®áâ ¢®¢ â¢¥à¤ëå à á-
â¢®à®¢ á¨áâ¥¬ë ¯à¥¤áâ ¢«¥­ë ­  à¨á. 2. �¥«¨ç¨­ 

¬ £­¨â­®£® ¬®¬¥­â , à ááç¨â ­­ ï ¨§ ­ ¬ £­¨ç¥­­®-
áâ¨ ®¡à §æ®¢ ¯à¨ 80 K, ­¥¬®­®â®­­® ã¬¥­ìè ¥âáï ®â
2.4µB ¤«ï CrTe ¤® 0.2µB ¤«ï Cr0.2Mn0.8Te (ªà¨¢ ï 2

�¨á. 2. �¥¬¯¥à âãà­ë¥ § ¢¨á¨¬®áâ¨ ¬ £­¨â­®© ¢®á¯à¨-
¨¬ç¨¢®áâ¨ á®áâ ¢®¢ 0.6 6 x 6 1.0 (a) ¨ ­ ¬ £­¨ç¥­­®áâ¨
¨ ¬ £­¨â­®© ¢®á¯à¨¨¬ç¨¢®áâ¨ (b). b) 1 — Cr0.9Mn0.1Te,
2 — Cr0.8Mn0.2Te, 3 — Cr0.7Mn0.3Te, 4 — Cr0.6Mn0.4Te,
5 — Cr0.5Mn0.5Te, 6 — Cr0.4Mn0.6Te, 7 — Cr0.3Mn0.7Te.

�¨á. 3. �®­æ¥­âà æ¨®­­ë¥ § ¢¨á¨¬®áâ¨ â¥¬¯¥à âãà ¯¥à¥-
å®¤  ¢ ¯ à ¬ £­¨â­®¥ á®áâ®ï­¨¥ (1 ) ¨ ¢¥«¨ç¨­ ¬ £­¨â­®£®
¬®¬¥­â  â¢¥à¤ëå à áâ¢®à®¢ Cr1−xMnxTe (2 ).
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­  à¨á. 3). �ªáâà ¯®«ïæ¨¥© § ¢¨á¨¬®áâ¨ ª¢ ¤à â 

­ ¬ £­¨ç¥­­®áâ¨ ®â â¥¬¯¥à âãàë ª â¥¬¯¥à âãà­®©

®á¨ ®¯à¥¤¥«¥­ë â¥¬¯¥à âãàë �îà¨. �®­æ¥­âà æ¨®­-
­ ï § ¢¨á¨¬®áâì íâ®© â¥¬¯¥à âãàë ¯à¥¤áâ ¢«¥­  ­ 

à¨á. 3 (ªà¨¢ ï 1 ). �¨¤­®, çâ® â¥¬¯¥à âãà  ¯¥à¥å®¤ 
á­ ç «  ¢®§à áâ ¥â ®â 342 K ¤«ï CrTe ¤® ∼ 395 K ¤«ï

Cr0.7Mn0.3Te, § â¥¬ ¯« ¢­® ¯®­¨¦ ¥âáï ¤® ∼ 210 K
¤«ï Cr0.2Mn0.8Te.

�¥¬¯¥à âãà­ë¥ § ¢¨á¨¬®áâ¨ ¬ £­¨â­®© ¢®á¯à¨¨¬-
ç¨¢®áâ¨ â¢¥à¤ëå à áâ¢®à®¢ ­  ®á­®¢¥ â¥««ãà¨¤  åà®-
¬  (x = 0.2−0.5) ¢ ®¡« áâ¨ â¥¬¯¥à âãà ¢ëè¥ 450 K ­¥

ï¢«ïîâáï «¨­¥©­ë¬¨. �é¥ ¡®«¥¥ á«®¦­ë© å à ªâ¥à
íâ®© § ¢¨á¨¬®áâ¨ ã â¢¥à¤ëå à áâ¢®à®¢ ­  ®á­®¢¥

â¥««ãà¨¤  ¬ à£ ­æ  (x = 0.7−0.9).

4. �«¥ªâà¨ç¥áª¨¥ á¢®©áâ¢ 

�«¥ªâà®¯à®¢®¤­®áâì ¨ ª®íää¨æ¨¥­â �¥¥¡¥ª  ®¡à §-
æ®¢ â¢¥à¤ëå à áâ¢®à®¢ ¨áá«¥¤®¢ ­­®© á¨áâ¥¬ë ¨§¬¥-
à¥­ë ¢ â¥¬¯¥à âãà­®¬ ¨­â¥à¢ «¥ 80–800 K. �¥§ã«ì-
â âë ¨áá«¥¤®¢ ­¨© ¢ ¢¨¤¥ § ¢¨á¨¬®áâ¨ «®£ à¨ä¬ 

ã¤¥«ì­®© í«¥ªâà®¯à®¢®¤­®áâ¨ ¨ ª®íää¨æ¨¥­â  �¥¥¡¥-
ª  ®â ®¡à â­®© â¥¬¯¥à âãàë ¯à¥¤áâ ¢«¥­ë ­  à¨á. 4
¨ 5. �¨¤­®, çâ® ¯®«ã¯à®¢®¤­¨ª®¢ë¬ å à ªâ¥à®¬ ¯à®-
¢®¤¨¬®áâ¨ ªà®¬¥ ç¨áâ®£® â¥««ãà¨¤  ¬ à£ ­æ  ®¡« -
¤ îâ ¥é¥ ¨ â¢¥à¤ë¥ à áâ¢®àë á®áâ ¢®¢ á x = 0.6−0.9.
�®íää¨æ¨¥­â �¥¥¡¥ª  ã ­¨å ¯®«®¦¨â¥«¥­ ¨ ¯à®å®-
¤¨â ç¥à¥§ ¬ ªá¨¬ã¬ ¯à¨ â¥¬¯¥à âãà å ¢ëè¥ 500 K.
�¢¥à¤ë¥ à áâ¢®àë á®áâ ¢®¢ á x 6 0.3 ¨ ç¨áâë©

â¥««ãà¨¤ åà®¬  ®¡« ¤ îâ ¬¥â ««¨ç¥áª¨¬ å à ªâ¥-
à®¬ ¯à®¢®¤¨¬®áâ¨ ¨ ª®íää¨æ¨¥­â®¬ �¥¥¡¥ª  ¯®àï¤ª 

­¥áª®«ìª¨å ¬¨ªà®¢®«ìâ ­  ª¥«ì¢¨­. � áâ¢®àë á®áâ -
¢®¢ á x = 0.4, 0.5 â ª¦¥ ¨¬¥îâ ¯®«ã¯à®¢®¤­¨ª®¢ë©

å à ªâ¥à ¯à®¢®¤¨¬®áâ¨ ¤® ®¯à¥¤¥«¥­­®© â¥¬¯¥à âã-
àë, ¢ëè¥ ª®â®à®© ¯à®¢®¤¨¬®áâì ¯à®ï¢«ï¥â ¬¥â «-
«¨ç¥áª¨© å à ªâ¥à. �«ï ®¡à §æ®¢ á ª®­æ¥­âà æ¨¥©

x = 0.5 ¤ëà®ç­ë© â¨¯ ¯à®¢®¤¨¬®áâ¨ á®åà ­ï¥âáï ¤®

â¥¬¯¥à âãàë ∼ 500 K. � «ì­¥©è¥¥ ã¢¥«¨ç¥­¨¥ á®¤¥à-
¦ ­¨ï åà®¬  ¯à¨¢®¤¨â ª á¬¥­¥ §­ ª  ­®á¨â¥«ï â®ª .
�¡à §æë â¢¥à¤®£® à áâ¢®à  á x = 0.4 ã¦¥ ®¡« ¤ îâ

í«¥ªâà®­­®© ¯à®¢®¤¨¬®áâìî ¢ è¨à®ª®¬ ¨­â¥à¢ «¥

â¥¬¯¥à âãà.

�à¨ áà ¢­¥­¨¨ ã£«®¢ ­ ª«®­  «¨­¥©­ëå ãç áâª®¢

§ ¢¨á¨¬®áâ¥© lnσ = f(103/T ) ¢ ®¡« áâ¨ á®¡áâ¢¥­­®©
¯à®¢®¤¨¬®áâ¨ ¬®¦­® á¤¥« âì ¢ë¢®¤ ® â®¬, çâ® è¨-
à¨­  § ¯à¥é¥­­®© §®­ë â¢¥à¤ëå à áâ¢®à®¢ ¡«¨§ª 

ª è¨à¨­¥ § ¯à¥é¥­­®© §®­ë â¥««ãà¨¤  ¬ à£ ­æ 

(Eg ∼ 0.8 eV). �¥â áâ ¡¨«ì­®¥ á®áâ®ï­¨¥ áâàãªâãàë
ã ¯®«¨ªà¨áâ ««¨ç¥áª¨å ®¡à §æ®¢ ¨ á¨«ì­®¥ ¢«¨ï­¨¥

¯à¨¬¥á­®© ¯à®¢®¤¨¬®áâ¨ ­  ã£®« ­ ª«®­  § ¢¨á¨¬®-
áâ¥© lnσ = f(103/T ) ¢ ¢ëá®ª®â¥¬¯¥à âãà­®© ®¡« áâ¨
§ âàã¤­ïîâ ­ ¤¥¦­®¥ ®¯à¥¤¥«¥­¨¥ ¯¥à¥å®¤  ®â ¯à¨-
¬¥á­®© ¯à®¢®¤¨¬®áâ¨ ª á®¡áâ¢¥­­®©. � á¢ï§¨ á íâ¨¬

â®ç­®¥ ®¯à¥¤¥«¥­¨¥ §­ ç¥­¨© è¨à¨­ë § ¯à¥é¥­­®©

§®­ë ®¡à §æ®¢ â¢¥à¤ëå à áâ¢®à®¢ ­  ®á­®¢¥ MnTe
§ âàã¤­¥­®.

�¨á. 4. �¥¬¯¥à âãà­ë¥ § ¢¨á¨¬®áâ¨ í«¥ªâà®¯à®¢®¤­®-
áâ¨. 1 — MnTe, 2 — Cr0.1Mn0.9Te, 3 — Cr0.2Mn0.8Te,
4 — Cr0.3Mn0.7Te, 5 — Cr0.4Mn0.6Te, 6 — Cr0.5Mn0.5Te,
7 — Cr0.6Mn0.4Te, 8 — Cr0.7Mn0.3Te, 9 — Cr0.8Mn0.2Te,
10 — Cr0.9Mn0.1Te.

5. �¡áã¦¤¥­¨¥ à¥§ã«ìâ â®¢

�¥§ãá¯¥è­®áâì ¯®¯ëâ®ª ¯®«ãç¥­¨ï ­¥¯à¥àë¢­®£®

àï¤  â¢¥à¤ëå à áâ¢®à®¢ ¢ á¨áâ¥¬¥ Cr1−xMnxTe ¯à¨

á¨­â¥§¥ ®¡à §æ®¢ ¬¥â®¤®¬ á¯¥ª ­¨ï ¨§ ¯®à®èª®¢ ¨á-
å®¤­ëå í«¥¬¥­â®¢ [5,6], ¯®-¢¨¤¨¬®¬ã, ®¡ãá«®¢«¥­ 

­ «¨ç¨¥¬ ¯®«¨¬®àä­®£® ¯à¥¢à é¥­¨ï ¢ â¥««ãà¨¤¥

¬ à£ ­æ  [7–9]. �®¦­® ¯à¥¤¯®«®¦¨âì, çâ® ¯à¨ ­ £à¥-
¢ ­¨¨ ¯®à®èª®¢ëå ­ ¢¥á®ª ¯à®¬¥¦ãâ®ç­ëå á®áâ ¢®¢

®â 900 K §  áç¥â ¡ãà­®© íª§®â¥à¬¨ç¥áª®© à¥ ªæ¨¨, ¯®
ª®â®à®© ®¡à §ã¥âáï MnTe, ¯¥à¢ë¬ ¢ à á¯« ¢«¥­­®¬

á®áâ®ï­¨¨ ®¡à §ã¥âáï íâ® á®¥¤¨­¥­¨¥. � â¢¥à¤¥¢è¨©
¯®á«¥ ®ª®­ç ­¨ï íª§®â¥à¬¨ç¥áª®£® ¯à®æ¥áá  â¥««ã-
à¨¤ ¬ à£ ­æ  á® áâàãªâãà®© ª ¬¥­­®© á®«¨ ¯à¨ ¤ «ì-
­¥©è¥¬ ¯®­¨¦¥­¨¨ â¥¬¯¥à âãàë ­¨¦¥ 1220 K ¯¥à¥å®-
¤¨â ¢ áâàãªâãàã NiAs-â¨¯  [9]. �áâ ¢è¨©áï ¢ ­ ¢¥áª¥
â¥««ãà ¢ à á¯« ¢«¥­­®¬ á®áâ®ï­¨¨ à¥ £¨àã¥â á åà®-
¬®¬ á ®¡à §®¢ ­¨¥¬ CrTe á ­¨ª¥«ì- àá¥­¨¤­®© áâàãª-
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�¨á. 5. �¥¬¯¥à âãà­ë¥ § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥­â  �¥¥-
¡¥ª . �¡®§­ ç¥­¨¥ ªà¨¢ëå â® ¦¥, çâ® ¨ ­  à¨á. 4.

âãà®©. � ª¨¬ ®¡à §®¬, ¯®«ãç¥­­ë© ¢  ¬¯ã«¥ á¯¥ª

á®áâ®¨â ¨§ ¤¢ãå ¨áå®¤­ëå á®¥¤¨­¥­¨©, ­ å®¤ïé¨åáï
¢ â¢¥à¤®¬ á®áâ®ï­¨¨. �®íâ®¬ã ¯à¨ ¨å ¤ «ì­¥©è¥¬

­ £à¥¢ ­¨¨ á¨­â¥§ ¢§ ¨¬­ëå â¢¥à¤ëå à áâ¢®à®¢ ¯®

â¢¥à¤®ä §­®© à¥ ªæ¨¨ § âàã¤­¥­. �á¥ íâ® ¢ ª®­¥ç­®¬
¨â®£¥ ¯à¨¢®¤¨â ª â®¬ã, çâ® ¢ á¨áâ¥¬¥ ®¡à §ã¥âáï «¨èì
®£à ­¨ç¥­­ ï ®¡« áâì â¢¥à¤ëå à áâ¢®à®¢ ­  ®á­®¢¥

â¥««ãà¨¤  åà®¬ . �âáãâáâ¢¨¥ â¢¥à¤ëå à áâ¢®à®¢ ­ 
®á­®¢¥ â¥««ãà¨¤  ¬ à£ ­æ  ¯à¨ ãª § ­­®© ¬¥â®¤¨ª¥

á¨­â¥§  ¬®¦­® ®¡êïá­ïâì ª ª ¡®«¥¥ ¢ëá®ª®© å¨¬¨ç¥-
áª®©  ªâ¨¢­®áâìî ¬ à£ ­æ  ¯® áà ¢­¥­¨î á åà®¬®¬,
â ª ¨ ¡®«ìè¥© ãáâ®©ç¨¢®áâìî ªà¨áâ ««®å¨¬¨ç¥áª®©

áâàãªâãàë MnTe ¯® áà ¢­¥­¨î á CrTe. � â¥««ãà¨¤ 

¬ à£ ­æ  á®®â­®è¥­¨¥ c/a ∼ 1.63, â. ¥. ¯à ªâ¨ç¥áª¨
á®¢¯ ¤ ¥â á á®®â­®è¥­¨¥¬ ¤«ï ¨¤¥ «ì­®© ¯«®â­®ã¯ -
ª®¢ ­­®© £¥ªá £®­ «ì­®© áâàãªâãàë,   ã â¥««ãà¨¤ 

åà®¬  ®­® à ¢­® 1.56.
�® ¨§¡¥¦ ­¨¥ ¯à®å®¦¤¥­¨ï íª§®â¥à¬¨ç¥áª®© à¥ ª-

æ¨¨ ¯à¨ ¯®«ãç¥­¨¨ â¢¥à¤ëå à áâ¢®à®¢ ¢ ¨áá«¥¤ã¥¬®©

á¨áâ¥¬¥ á¨­â¥§ ®¡à §æ®¢ ¯à®¬¥¦ãâ®ç­ëå á®áâ ¢®¢

¯à®¢¥¤¥­ ­ ¬¨ ­¥ ¨§ ¨áå®¤­ëå í«¥¬¥­â®¢,   ¨§ ¯®-
à®èª®¢ ¡ §®¢ëå á®¥¤¨­¥­¨©, § à ­¥¥ á¨­â¥§¨à®¢ ­-
­ëå ¯® ®¯¨á ­­®© ¢ëè¥ ¬¥â®¤¨ª¥. � «¨ç¨¥ ¯®«¨-
¬®àä­®£® ¯à¥¢à é¥­¨ï ¢ â¥««ãà¨¤¥ ¬ à£ ­æ  ¯à¨

1220 K ®¡ãá«®¢¨«® ­¥®¡å®¤¨¬®áâì á­¨¦¥­¨ï â¥¬¯¥-
à âãàë á¨­â¥§  ¤® 1000 K. �â® §­ ç¨â¥«ì­® ­¨¦¥

â¥¬¯¥à âãàë ¯« ¢«¥­¨ï ¨áå®¤­ëå í«¥¬¥­â®¢ (1550 K
¤«ï CrTe [10] ¨ 1438 K ¤«ï MnTe [7]). �¡à §®¢ ­¨¥

â¢¥à¤ëå à áâ¢®à®¢ ¢ â ª¨å ãá«®¢¨ïå ¬®¦¥â ¯à®¨áå®-
¤¨âì ¢ â¢¥à¤®© ä §¥ ¡« £®¤ àï ¤¨ääã§¨®­­ë¬ ¯à®-
æ¥áá ¬. �ªâ¨¢¨§ æ¨¨ íâ¨å ¯à®æ¥áá®¢ ªà®¬¥ ¢ëá®ª®©

â¥¬¯¥à âãàë ¬®¦¥â â ª¦¥ á¯®á®¡áâ¢®¢ âì ­ «¨ç¨¥

¢ ª ­á¨© ¨ ¤¥ä¥ªâ®¢ ¢ ªà¨áâ ««¨ç¥áª®© à¥è¥âª¥.
�à¨ áà ¢­¨â¥«ì­® ¬ «®© ¤«¨â¥«ì­®áâ¨ ¢®§¤¥©áâ¢¨ï

¤ ¢«¥­¨ï ª®­æ¥­âà æ¨ï ¢ ª ­á¨© á®åà ­ï¥âáï ¨«¨

ã¬¥­ìè ¥âáï ­¥§­ ç¨â¥«ì­®,   áª®à®áâì ¯à®â¥ª ­¨ï

¤¨ääã§¨®­­ëå ¯à®æ¥áá®¢ ¢®§à áâ ¥â. �¬¥­­® ¨áå®¤ï
¨§ íâ¨å á®®¡à ¦¥­¨©, ¤«ï ®¯â¨¬¨§ æ¨¨ ¤¨ääã§¨-
®­­ëå ¯à®æ¥áá®¢ á¨­â¥§ â¢¥à¤ëå à áâ¢®à®¢ á¨áâ¥¬ë

¢ë¯®«­¥­ ¯à¨ ¢®§¤¥©áâ¢¨¨ ¢ëá®ª¨å ¤ ¢«¥­¨©.
�®¤ ª®­æ¥­âà æ¨®­­ëå § ¢¨á¨¬®áâ¥© ¯®áâ®ï­­ëå

í«¥¬¥­â à­®© ïç¥©ª¨ ¢ á¨áâ¥¬¥ ­¥ ¯à®â¨¢®à¥ç¨â ®¡-
é¥¯à¨­ïâë¬ ¯à¥¤áâ ¢«¥­¨ï¬ ® å à ªâ¥à¥ â ª®© § -
¢¨á¨¬®áâ¨ ¤«ï á¨áâ¥¬ á ­¥¯à¥àë¢­ë¬ àï¤®¬ â¢¥à¤ëå

à áâ¢®à®¢. �â¬¥ç¥­­®¥ ¯¥à¥à á¯à¥¤¥«¥­¨¥ ¨­â¥­á¨¢-
­®áâ¥© à¥ä«¥ªá®¢ ­  à¥­â£¥­®£à ¬¬ å â¢¥à¤ëå à á-
â¢®à®¢ á¢¨¤¥â¥«ìáâ¢ã¥â ® á¨«ì­®¬ ¨áª ¦¥­¨¨ ¨å ªà¨-
áâ ««¨ç¥áª®© à¥è¥âª¨. � â¥à¬®à¤¨­ ¬¨ç¥áª®¬ ®â-
­®è¥­¨¨ ¨å á®áâ®ï­¨¥, ¯®-¢¨¤¨¬®¬ã, ¬®¦­® áç¨â âì
¤ «¥ª¨¬ ®â à ¢­®¢¥á­®£®. �£® á«¥¤ã¥â à áá¬ âà¨¢ âì
ª ª ¬¥â áâ ¡¨«ì­®¥, ¯®áª®«ìªã ¯à¨ ­ £à¥¢ ­¨¨ ¯®«ã-
ç¥­­ëå â¢¥à¤ëå à áâ¢®à®¢ ¢ëè¥ â¥¬¯¥à âãàë á ¬®£®

­¨§ª®â¥¬¯¥à âãà­®£® ¯®«¨¬®àä­®£® ¯à¥¢à é¥­¨ï ¢

â¥««ãà¨¤¥ ¬ à£ ­æ  ®­¨ ¡ã¤ãâ à á¯ ¤ âìáï.
�§ à¨á. 3 ¢¨¤­®, çâ® ¢¥«¨ç¨­  ¬ £­¨â­®£® ¬®¬¥­â 

ã¬¥­ìè ¥âáï á ­¥ª®â®àë¬ ®âª«®­¥­¨¥¬ ®â «¨­¥©-
­®áâ¨ á ã¢¥«¨ç¥­¨¥¬ á®¤¥à¦ ­¨ï ¬ à£ ­æ  ¢ â¢¥à-
¤ëå à áâ¢®à å. �®¤®¡­ë© å®¤ § ¢¨á¨¬®áâ¨ ¢¥«¨ç¨­ë
¬ £­¨â­®£® ¬®¬¥­â  ®â ª®­æ¥­âà æ¨¨ ­ ¡«î¤ «áï ¢

â¢¥à¤ëå à áâ¢®à å á¨áâ¥¬ë Mn1−xCrxSb [5]. � ª®¥

¯®¢¥¤¥­¨¥ ãª § ­­®© § ¢¨á¨¬®áâ¨ ®¡êïá­¥­® ¢ ¯à¥¤-
¯®«®¦¥­¨¨, çâ® ª®á¢¥­­®¥ ®¡¬¥­­®¥ ¢§ ¨¬®¤¥©áâ¢¨¥
¬¥¦¤ã ¨®­ ¬¨ Mn–Cr ï¢«ï¥âáï ¨áç¥§ îé¥ á« ¡ë¬ ¯®
áà ¢­¥­¨î á ¯®«®¦¨â¥«ì­ë¬ Mn–Mn- ¨ ®âà¨æ â¥«ì-
­ë¬ Cr–Cr-¢§ ¨¬®¤¥©áâ¢¨ï¬¨. �®-¢¨¤¨¬®¬ã, ª®á¢¥­-
­®¥ ®¡¬¥­­®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ Mn–Cr ®âáãâáâ¢ã¥â ¨«¨
ï¢«ï¥âáï ®ç¥­ì á« ¡ë¬ ¨ ¢ â¢¥à¤ëå à áâ¢®à å á¨-
áâ¥¬ë Cr1−xMnxTe. �¥«¨­¥©­ë© å®¤ § ¢¨á¨¬®áâ¨

¢¥«¨ç¨­ë ¬ £­¨â­®£® ¬®¬¥­â  ®â á®áâ ¢  á¢¨¤¥â¥«ì-
áâ¢ã¥â ®¡ ®¡à §®¢ ­¨¨ ­¥¯à¥àë¢­®£® àï¤  â¢¥à¤ëå

à áâ¢®à®¢ ¢ á¨áâ¥¬¥.
� ªâ ®¡à §®¢ ­¨ï ­¥¯à¥àë¢­®£® àï¤  â¢¥à¤ëå à á-

â¢®à®¢ ¯®¤â¢¥à¦¤ îâ à¥§ã«ìâ âë ¨áá«¥¤®¢ ­¨© â¥¬-
¯¥à âãà­ëå § ¢¨á¨¬®áâ¥© í«¥ªâà®¯à®¢®¤­®áâ¨ ¨ ª®-
íää¨æ¨¥­â  �¥¥¡¥ª . �à¨ ¯¥à¥å®¤¥ ®â â¥««ãà¨¤ 

¬ à£ ­æ  ª â¥««ãà¨¤ã åà®¬  ­ ¡«î¤ ¥âáï ¯« ¢­ë©

¯¥à¥å®¤ ®â ¯®«ã¯à®¢®¤­¨ª®¢®£® å à ªâ¥à  ¯à®¢®¤¨-
¬®áâ¨ ª ¬¥â ««¨ç¥áª®¬ã. �â®â ¯¥à¥å®¤ ®â ª®­æ¥­-
âà æ¨¨ ¨¬¥¥â ¬¥áâ® ¯à¨ x = 0.4−0.5. �®«¥¥ ªàãâ®©

å à ªâ¥à § ¢¨á¨¬®áâ¨ lnσ = f(103/T ) ã â¢¥à¤ëå

à áâ¢®à®¢ ­  ®á­®¢¥ MnTe ¯® áà ¢­¥­¨î á ç¨áâë¬
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â¥««ãà¨¤®¬ ¬ à£ ­æ  ¢ ®¡« áâ¨ â¥¬¯¥à âãà ¢ëè¥

600 K, á®®â¢¥âáâ¢ãîé¨å á®¡áâ¢¥­­®© ¯à®¢®¤¨¬®áâ¨,
¢®§¬®¦­®, ï¢«ï¥âáï ¯à¨§­ ª®¬ ­ ç «  à á¯ ¤  â¢¥à-
¤ëå à áâ¢®à®¢ ¯à¨ ¢ëá®ª¨å â¥¬¯¥à âãà å.
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