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�áá«¥¤®¢ ­ë á¯¥ªâàë ¯à®¯ãáª ­¨ï ¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥ ¨ â¥¬¯¥à âãà¥ 77 K ª¢ §¨¯¥à¨-
®¤¨ç¥áª¨å á¢¥àåà¥è¥â®ª �¨¡®­ çç¨ ¨  ¯¥à¨®¤¨ç¥áª¨å á¢¥àåà¥è¥â®ª �ìî–�®àá  PbS–CdS, ¨§£®â®-
¢«¥­­ëå ¬¥â®¤®¬ ¨¬¯ã«ìá­®£® « §¥à­®£® ­ ¯ë«¥­¨ï. �¯¥ªâà ®¯â¨ç¥áª¨å ¯¥à¥å®¤®¢ ­¥¯¥à¨®¤¨ç¥áª¨å
á¢¥àåà¥è¥â®ª §­ ç¨â¥«ì­® ¡®£ ç¥, ç¥¬ á«¥¤ã¥â ¨§ à áç¥â  á¯¥ªâà  ¯¥à¨®¤¨ç¥áª¨å á¢¥àåà¥è¥â®ª. �â®
ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ äà ªâ «ì­®© áâàãªâãàë í­¥à£¥â¨ç¥áª®£® á¯¥ªâà  ­¥¯¥à¨®¤¨ç¥áª¨å á¢¥àåà¥è¥-
â®ª. �ªá¯¥à¨¬¥­â «ì­® ®¡­ àã¦¥­® á ¬®¯®¤®¡¨¥ í­¥à£¥â¨ç¥áª®£® á¯¥ªâà  à¥è¥â®ª �ìî–�®àá .

1. �¢¥¤¥­¨¥

� ­ áâ®ïé¥¥ ¢à¥¬ï ¯®ï¢«ï¥âáï ¢®§¬®¦­®áâì á®-
§¤ ¢ âì ¨áªãááâ¢¥­­ë¥ áà¥¤ë ­  ®á­®¢¥ á«®¨áâëå

áâàãªâãà ¨§ ¬ â¥à¨ «®¢, ¨¬¥îé¨å á®¢¥àè¥­­® à §-
­ë¥ á¢®©áâ¢ . �á®¡ë© ¨­â¥à¥á ¯à¥¤áâ ¢«ïîâ á«®-
¨áâë¥ áâàãªâãàë á ª¢ ­â®¢®-à §¬¥à­ë¬¨ á«®ï¬¨.
�  ®á­®¢¥ â ª¨å ª¢ ­â®¢®-à §¬¥à­ëå áâàãªâãà —
á¢¥àåà¥è¥â®ª — ¢®§¬®¦­® ¨§£®â®¢«¥­¨¥ ª®¬¯®­¥­â

í«¥ªâà®­­®© áå¥¬®â¥å­¨ª¨, ®â«¨ç îé¨åáï ­®¢ë¬¨

á¢®©áâ¢ ¬¨. �­â¥à¥á­ë¥ á¢®©áâ¢  ¬®¦­® ®¦¨¤ âì

®â áâàãªâãà, á®áâ ¢«¥­­ëå ¨§ á«®¥¢ áã«ìä¨¤  á¢¨­-
æ  ¨ áã«ìä¨¤  ª ¤¬¨ï. �ã«ìä¨¤ á¢¨­æ  ï¢«ï¥â-
áï ä®â®çã¢áâ¢¨â¥«ì­ë¬ ¬ â¥à¨ «®¬ á ¬ «®© è¨-
à¨­®© § ¯à¥é¥­­®© §®­ë (Eg = 0.41 í�), ¡®«ìè¨¬

§­ ç¥­¨¥¬ áâ â¨ç¥áª®© ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥-
¬®áâ¨ ¨ á ­¥¯ à ¡®«¨ç¥áª®© §®­®© ¯à®¢®¤¨¬®áâ¨.
�ã«ìä¨¤ ª ¤¬¨ï — è¨à®ª®§®­­ë© ¯®«ã¯à®¢®¤­¨ª

(Eg = 2.4÷2.6 í�), ®¡« ¤ îé¨© ä®â®çã¢áâ¢¨â¥«ì­®-
áâìî ¨ ¯ì¥§®í«¥ªâà¨ç¥áª¨¬¨ á¢®©áâ¢ ¬¨. �®ç¥â ­¨¥
íâ¨å ¬ â¥à¨ «®¢ ¢ á¢¥àåà¥è¥âª¥ ¬®¦¥â ¯à¨¢¥áâ¨ ª

á®§¤ ­¨î áâàãªâãàë, ¢ ª®â®à®© ¡ã¤ãâ â¥á­® ¢§ ¨¬®-
¤¥©áâ¢®¢ âì ­¥à ¢­®¢¥á­ë¥ ­®á¨â¥«¨, ¢®§¡ã¦¤¥­­ë¥
á¢¥â®¬, ¨ ¯ì¥§®í«¥ªâà¨ç¥áª¨¥ ¢®§¡ã¦¤¥­¨ï.

� ¡®â  ¯®á¢ïé¥­  ¨§ãç¥­¨î ®¯â¨ç¥áª¨å á¯¥ªâà®¢

¯à®¯ãáª ­¨ï ¬­®£®á«®©­ëå áâàãªâãà, á®áâ®ïé¨å ¨§

ª¢ ­â®¢®-à §¬¥à­ëå á«®¥¢ áã«ìä¨¤  á¢¨­æ  ¨ áã«ì-
ä¨¤  ª ¤¬¨ï, ®¡à §ãîé¨å ¢ á®¢®ªã¯­®áâ¨ á¢¥àåà¥-
è¥âª¨ ¤¢ãå â¨¯®¢ — ª¢ §¨¯¥à¨®¤¨ç¥áªãî á¢¥àåà¥-
è¥âªã �¨¡®­ çç¨ ¨  ¯¥à¨®¤¨ç¥áªãî á¢¥àåà¥è¥âªã

�ìî–�®àá  (Thue–Morse).

�¢ §¨¯¥à¨®¤¨ç¥áª ï á¢¥àåà¥è¥âª  �¨¡®­ çç¨, ¢ë-
à é¥­­ ï ¯® § ª®­ã ¯®á«¥¤®¢ â¥«ì­®áâ¨ �¨¡®­ çç¨,
§ ­¨¬ ¥â ¯à®¬¥¦ãâ®ç­®¥ ¯®«®¦¥­¨¥ ¬¥¦¤ã ¯¥à¨®-
¤¨ç¥áª¨¬¨ ¨ ­¥ã¯®àï¤®ç¥­­ë¬¨ áà¥¤ ¬¨. �¥ª®â®àë¥
®á®¡¥­­®áâ¨ í­¥à£¥â¨ç¥áª®£® á¯¥ªâà  â ª¨å áâàãªâãà

ã¦¥ ¨§ãç «¨áì à ­¥¥ ­  ¯à¨¬¥à¥ á¢¥àåà¥è¥â®ª �¨¡®-
­ çç¨ GaAs–GaAlAs [1].

�¢¥àåà¥è¥âª  �ìî–�®àá  ®á­®¢ ­  ­  ¯®á«¥¤®¢ -
â¥«ì­®áâ¨, ª ¦¤ë© ç«¥­ ª®â®à®© ®¯à¥¤¥«ï¥âáï á«¥-
¤ãîé¨¬ ¯à ¢¨«®¬ Tr = Tr−1 + T+

r−1, £¤¥ r — ­®¬¥à

í«¥¬¥­â  ¯®á«¥¤®¢ â¥«ì­®áâ¨,   T+
r−1 — ¤®¯®«­¥­¨¥

ç«¥­  Tr−1. � ª, ­ ¯à¨¬¥à, ¥á«¨ ¨¬¥îâáï ¤¢  áâàãª-
âãà­ëå í«¥¬¥­â  ¯®á«¥¤®¢ â¥«ì­®áâ¨�ìî–�®àá A ¨

B, â® ¤®¯®«­¥­¨¥¬ í«¥¬¥­â  A ï¢«ï¥âáï B (A+ = B)
¨, ­ ®¡®à®â, ¤®¯®«­¥­¨¥ í«¥¬¥­â  B ¥áâì A (B+ = A).
� ¤®¯®«­¥­¨¨, á®áâ®ïé¥¬ ¨§ ­¥áª®«ìª¨å á«®¥¢, ­ 
¬¥áâ¥ í«¥¬¥­â  A áâ®¨â B ¨ ­ ®¡®à®â.�®áâà®¥­­ ï ¯®
â ª¨¬ ¯à ¢¨« ¬ á¢¥àåà¥è¥âª  �ìî–�®àá  ­¨ª®£¤ 

á¥¡ï ­¥ ¯®¢â®àï¥â. �¥á¬®âàï ­  íâã  ¯¥à¨®¤¨ç­®áâì,
®­  ï¢«ï¥âáï ¥é¥ á ¬®¯®¤®¡­®© ¯® á¢®¥© ¯à¨à®¤¥ [2].

2. �¡ê¥ªâ ¨áá«¥¤®¢ ­¨ï

�§ãç ¥¬ë¥ ¢ ¤ ­­®© à ¡®â¥ á¢¥àåà¥è¥âª¨ á®¤¥à¦ -
«¨ ¤¢  áâàãªâãà­ëå í«¥¬¥­â . �«¥¬¥­â A á®áâ®ï« ¨§

á«®ï áã«ìä¨¤  á¢¨­æ  â®«é¨­®© 20 Å ¨ á«®ï áã«ìä¨-
¤  ª ¤¬¨ï â®«é¨­®© 10 Å, í«¥¬¥­â B — ¨§ á«®ï áã«ì-
ä¨¤  á¢¨­æ  â®«é¨­®© 40 Å ¨ á«®ï áã«ìä¨¤  ª ¤¬¨ï

â®«é¨­®© 10 Å. �§ í«¥¬¥­â®¢ A ¨ B ¡ë«¨ á®§¤ -
­ë áâàãªâãàë S∗ = ABABAABABAABAABABAA
¯® § ª®­ã ¯®á«¥¤®¢ â¥«ì­®áâ¨ ç¨á¥« �¨¡®­ çç¨ ¨

T ∗ = ABBABAABBAABABBA ¯® § ª®­ã ¯®á«¥¤®-
¢ â¥«ì­®áâ¨ �ìî–�®àá . �âàãªâãàë ¨§£®â®¢«¥­ë ¬¥-
â®¤®¬ ¨¬¯ã«ìá­®£® « §¥à­®£® ­ ¯ë«¥­¨ï ¢ ¢ ªã-
ã¬¥ [3].

3. �ªá¯¥à¨¬¥­â «ì­ë¥ à¥§ã«ìâ âë ¨ ¨å

®¡áã¦¤¥­¨¥

�áá«¥¤®¢ ­ë á¯¥ªâàë ®¯â¨ç¥áª®£® ¯à®¯ãáª ­¨ï

á¢¥àåà¥è¥â®ª T ¢ ¨­äà ªà á­®©, ¢¨¤¨¬®© ¨ ã«ìâà -
ä¨®«¥â®¢®© ®¡« áâïå ¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥ ¨

â¥¬¯¥à âãà¥ ¦¨¤ª®£®  §®â . �  ¢á¥å á¯¥ªâà å, ¯à¨¢¥-
¤¥­­ëå ¢ ¤ ­­®© à ¡®â¥, ¯® ®á¨ ®à¤¨­ â ®â«®¦¥­  ¢
¯à®¨§¢®«ì­ëå ¥¤¨­¨æ å ¢¥«¨ç¨­  1 − T , ¯à®¯®àæ¨®-
­ «ì­ ï ª®íää¨æ¨¥­âã ¯®£«®é¥­¨ï.
� ª å®à®è® ¨§¢¥áâ­®, ¬¥¦¤ã á¯¥ªâà ¬¨ ¯®£«®é¥-

­¨ï ¨ äã­ªæ¨¥© ¯«®â­®áâ¨ á®áâ®ï­¨© ¢ á¢¥àåà¥è¥â-
ª å ¨¬¥¥âáï ®¤­®§­ ç­ ï á¢ï§ì [4,5]. � ¯¥à¨®¤¨ç¥áª¨å
á¢¥àåà¥è¥âª å ®¡à §ãîâáï ¬¨­¨§®­ë,   ¢ ­¥¯¥à¨®¤¨-
ç¥áª¨å — ¨¬¥îâáï ãà®¢­¨, ®¡é¨¥ ¤«ï ¢á¥© à¥è¥âª¨, ¨
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�¨á. 1. �­¥à£¥â¨ç¥áª ï §®­­ ï ¤¨ £à ¬¬  á¢¥àåà¥è¥âª¨

CdS–PbS ¯à¨ 77 K. �¨äà ¬¨ ãª § ­ë ¢¥«¨ç¨­ë í­¥à£¥-
â¨ç¥áª¨å ¨­â¥à¢ «®¢ ¢ í�.

­ àï¤ã á ­¨¬¨ — í­¥à£¥â¨ç¥áª¨¥ ãà®¢­¨, á¢ï§ ­­ë¥
á «®ª «¨§®¢ ­­ë¬¨ á®áâ®ï­¨ï¬¨ ¢ ®â¤¥«ì­ëå ª¢ ­-
â®¢ëå ï¬ å ¨ £àã¯¯ å ­ ¨¡®«¥¥ á¨«ì­® á¢ï§ ­­ëå

¬¥¦¤ã á®¡®© ï¬. � à¥§ã«ìâ â¥ ¯®ï¢«ï¥âáï í­¥à£¥-
â¨ç¥áª¨© á¯¥ªâà, ¨¬¥îé¨© áâã¯¥­ç âë© å à ªâ¥à, á
­¥áª®«ìª® à §¬ëâë¬ ¯¥à¥å®¤®¬ ®â ®¤­®© áâã¯¥­¨ ª

¤àã£®©. � áç¥â ãà®¢­¥© í­¥à£¨¨ í«¥ªâà®­®¢ ¯à®¢¥¤¥­
¢ ¬®¤¥«¨ �à®­¨£ –�¥­­¨ ¤«ï ¨§®«¨à®¢ ­­ëå ª¢ ­-
â®¢ëå ï¬, ®â¤¥«¥­­ëå ¡ àì¥à ¬¨. �à¨ à áç¥â¥ ¨á-
¯®«ì§®¢ « áì í­¥à£¥â¨ç¥áª ï ¤¨ £à ¬¬  á¢¥àåà¥è¥â-
ª¨ PbS–CdS â¨¯  II á ¯¥à¥ªàë¢ îé¨¬¨áï í­¥à£¥â¨ç¥-
áª¨¬¨ §®­ ¬¨ ¯à®¢®¤¨¬®áâ¨ CdS ¨ ¢ «¥­â­®© §®­®©

PbS ¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥, ã¦¥ ¨á¯®«ì§®¢ ¢-
è ïáï à ­¥¥ [6]. �á®¡¥­­®áâ¨ í­¥à£¥â¨ç¥áª®£® á¯¥ª-
âà  ­®á¨â¥«¥© ¯à®ï¢«ïîâáï ¢ ®¯â¨ç¥áª¨å á¯¥ªâà å

¨ ï¢«ïîâáï á«¥¤áâ¢¨¥¬ ¢­ãâà¨§®­­ëå ¨ ¬¥¦§®­­ëå

¯¥à¥å®¤®¢ ¢ á¢¥àåà¥è¥âª å.
�à¨ â¥¬¯¥à âãà¥ ¦¨¤ª®£®  §®â  ¯à®¨áå®¤¨â ¨§¬¥-

­¥­¨¥ è¨à¨­ § ¯à¥é¥­­ëå §®­ ª®¬¯®­¥­â á¢¥àåà¥-
è¥âª¨ — è¨à¨­  § ¯à¥é¥­­®© §®­ë áã«ìä¨¤  á¢¨­æ 

ã¬¥­ìè ¥âáï (Eg = 0.31 í�),   áã«ìä¨¤  ª ¤¬¨ï —
ã¢¥«¨ç¨¢ ¥âáï (Eg = 2.5 í�). �á«¨, ­ ¯à¨¬¥à,
¯à¥¤¯®«®¦¨âì, çâ® à §àë¢ ¢ «¥­â­ëå §®­ ª®¬¯®­¥­â
á¢¥àåà¥è¥âª¨ ®áâ ¥âáï ¯®áâ®ï­­ë¬ (∆Ev = const),1

â® â®£¤  á­¨¬ ¥âáï ç áâ¨ç­®¥ ¯¥à¥ªàëâ¨¥ à §à¥è¥­-
­ëå §®­ ª®¬¯®­¥­â á¢¥àåà¥è¥âª¨ ¨ § ¯à¥é¥­­ë¥ §®-
­ë ¯¥à¥ªàë¢ îâáï (à¨á. 1).
� áç¥âë ¯®ª §ë¢ îâ, çâ® ¢ ª¢ ­â®¢®© ï¬¥, ®¡à -

§®¢ ­­®© §®­®© ¯à®¢®¤¨¬®áâ¨ áã«ìä¨¤  ª ¤¬¨ï, à á-
¯®«®¦¥­ ®¤¨­ ª¢ ­â®¢ë© ãà®¢¥­ì E1 = 0.257 í�,

1
� «¥­â­ë¥ §®­ë, ª ª ¡®«¥¥ £«ã¡®ª¨¥, ¤®«¦­ë ¡ëâì ¬¥­¥¥

¯®¤¢¥à¦¥­ë ¨§¬¥­¥­¨ï¬, ¢ë§¢ ­­ë¬ ¨§¬¥­¥­¨ï¬¨ â¥¬¯¥à âã-
àë.

­¥ § ­ïâë© í«¥ªâà®­ ¬¨. �à¨ 77 K ¢ § ¢¨á¨¬®áâ¨

®â è¨à¨­ë ¡ àì¥à  áã«ìä¨¤  á¢¨­æ  â®«é¨­®© 20
¨«¨ 40 Å ¢ ª¢ ­â®¢®© ï¬¥ áã«ìä¨¤  ª ¤¬¨ï ¨¬¥îâáï

ç¥âëà¥ ¡«¨§ª® «¥¦ é¨å ª¢ ­â®¢ëå ãà®¢­ï ¢ ¨­â¥à-
¢ «¥ í­¥à£¨© 0.171÷0.183 í�. � ª¢ ­â®¢ëå ï¬ å ¤«ï

¤ëà®ª, ®¡à §®¢ ­­ëå á«®ï¬¨ áã«ìä¨¤  á¢¨­æ , à á-
¯®« £ îâáï ®â ¯ïâ¨ ¤® ¤¥áïâ¨ ª¢ ­â®¢ëå ãà®¢­¥© ¢

¢ «¥­â­®© §®­¥ ¤«ï á«®¥¢ áã«ìä¨¤  á¢¨­æ  â®«é¨­®©

20 ¨ 40 Å á®®â¢¥âáâ¢¥­­®.
�áá«¥¤®¢ ­¨ï íää¥ªâ  �®««  ­  ¯«¥­ª å ®¡-

à §æ®¢–á¯ãâ­¨ª®¢ ¤ «¨ â ª¨¥ §­ ç¥­¨ï ª®­æ¥­âà -
æ¨¨, çâ® ¯à¨ ¤ ­­®¬ ãà®¢­¥ «¥£¨à®¢ ­¨ï ª®¬¯®­¥­â

á¢¥àåà¥è¥âª¨ ãà®¢¥­ì �¥à¬¨ à á¯®«®¦¥­ ­¨¦¥ ¯®-
â®«ª  ¢ «¥­â­®© §®­ë áã«ìä¨¤  á¢¨­æ . �à¨ íâ®¬

¯¥à¢ë© ãà®¢¥­ì H1 ¢ ª¢ ­â®¢®© ï¬¥ á«®ï áã«ìä¨¤ 

á¢¨­æ  è¨à¨­®© 40 Å á¢®¡®¤¥­. �®£¤  ¢ ¨áá«¥¤ã¥¬ëå
á¢¥àåà¥è¥âª å ¢®§¬®¦­ë ª ª ¬¥¦§®­­ë¥ ¯¥à¥å®¤ë

¬¥¦¤ã á¢®¡®¤­ë¬¨ í«¥ªâà®­­ë¬¨ ãà®¢­ï¬¨ ¢ §®-
­¥ ¯à®¢®¤¨¬®áâ¨ áã«ìä¨¤  ª ¤¬¨ï ¨ § ¯®«­¥­­ë¬¨

ãà®¢­ï¬¨ ¢ ¢ «¥­â­ëå §®­ å áã«ìä¨¤  á¢¨­æ , â ª ¨
¢­ãâà¨§®­­ë¥ ¯¥à¥å®¤ë ¬¥¦¤ã ¯¥à¢ë¬ ­¥§ ¯®«­¥­-
­ë¬ ãà®¢­¥¬ ¢ ¢ «¥­â­®© §®­¥ á«®ï áã«ìä¨¤  á¢¨­æ 

â®«é¨­®© 40 Å ¨ ¡®«¥¥ £«ã¡®ª¨¬¨ § ¯®«­¥­­ë¬¨

ãà®¢­ï¬¨ ¢ ¢ «¥­â­ëå §®­ å áã«ìä¨¤  á¢¨­æ . �

â ¡«. 1 ¯à¨¢¥¤¥­ë à áç¥â­ë¥ ¨ íªá¯¥à¨¬¥­â «ì­ë¥

¤ ­­ë¥ ® ¢®§¬®¦­ëå í­¥à£¥â¨ç¥áª¨å ¯¥à¥å®¤ å ¢

á¢¥àåà¥è¥âª å.
�  à¨á. 2–4 ¯à¥¤áâ ¢«¥­ë ®¯â¨ç¥áª¨¥ á¯¥ªâàë

á¢¥àåà¥è¥â®ª �¨¡®­ çç¨ ¨ �ìî–�®àá  ¯à¨ ª®¬-
­ â­®© â¥¬¯¥à âãà¥ ¨ â¥¬¯¥à âãà¥ ¦¨¤ª®£®  §®â 

¢ ¨­äà ªà á­®© ®¡« áâ¨ á¯¥ªâà  ­  ¯®¤«®¦ª å ¨§

äâ®à¨áâ®£® ¡ à¨ï ¨ áâ¥ª« . � ¨­äà ªà á­®© ®¡« áâ¨

á¯¥ªâà  ¯à®¯ãáª ­¨ï ¯®¤«®¦¥ª BaF2 ¯à¨ â¥¬¯¥à âã-
à¥ 77 K ¯®ï¢«ï¥âáï ¯¨ª ¯®£«®é¥­¨ï, § âàã¤­ïîé¨©
 ­ «¨§ á¯¥ªâà®¢ ¯à®¯ãáª ­¨ï á¢¥àåà¥è¥â®ª.�®íâ®¬ã
¡ë«¨ ¨§£®â®¢«¥­ë á¢¥àåà¥è¥âª¨ ­  áâ¥ª«¥ ¨ ¨áá«¥¤®-
¢ ­ë ¢ â®© ¦¥ ®¡« áâ¨ á¯¥ªâà , çâ® ¨ á¢¥àåà¥è¥âª¨
­  ¯®¤«®¦ª¥ BaF2. �® ¢á¥å áâàãªâãà å ­  ä®­¥ á¯¥ª-
âà  ¯à®¯ãáª ­¨ï ¯®¤«®¦ª¨ ¯®ï¢«ï¥âáï áâã¯¥­ç â ï

áâàãªâãà , ®âà ¦ îé ï ®á®¡¥­­®áâ¨ á¢¥àåà¥è¥âª¨

¨ ®âáãâáâ¢ãîé ï ¢ á¯¥ªâà¥ ¯®¤«®¦¥ª. � à ªâ¥à­®,
çâ® á¯¥ªâà á¢¥àåà¥è¥â®ª �¨¡®­ çç¨ ï¢«ï¥âáï áâã-
¯¥­ç âë¬, â®£¤  ª ª á¯¥ªâàë á¢¥àåà¥è¥â®ª �ìî–
�®àá  ®¡­ àã¦¨¢ îâ ­ àï¤ã á® áâã¯¥­ìª ¬¨ ¯¨ª¨

¯®£«®é¥­¨ï (á¬., ­ ¯à¨¬¥à, à¨á. 2, í­¥à£¨¨ 0.389 ¨

0.434 í�). �  à¨áã­ª å æ¨äà ¬¨ ®¡®§­ ç¥­ë ¯¥à¥å®-
¤ë, ­®¬¥à  ª®â®àëå á®¢¯ ¤ îâ á ­®¬¥à ¬¨ ¯¥à¥å®¤®¢
¢ â ¡«¨æ å.
�¯¥ªâàë ¤«ï à¥è¥â®ª, ¨§£®â®¢«¥­­ëå ­  ¯®¤«®¦-

ª å ¨§ BaF2 (à¨á. 2), ¨¬¥îâ ïàª® ¢ëà ¦¥­­ë© áâã-
¯¥­ç âë© å à ªâ¥à. � ¨¡®«ìè¥¥ ç¨á«® áâã¯¥­¥ª ­ -
¡«î¤ ¥âáï ¢ á¯¥ªâà å á¢¥àåà¥è¥â®ª �ìî–�®àá  ¯à¨
ª®¬­ â­®© â¥¬¯¥à âãà¥. �¯¥ªâà, ¯®«ãç¥­­ë© ¢ íªá-
¯¥à¨¬¥­â¥, ®¡­ àã¦¨¢ ¥â §­ ç¨â¥«ì­® ¡®«ìè¥¥ ª®«¨-
ç¥áâ¢® áâã¯¥­¥ª ¤«ï á¢¥àåà¥è¥â®ª �ìî–�®àá , ç¥¬
íâ® á«¥¤ã¥â ¨§ à áç¥â  ¤«ï ®â¤¥«ì­ëå ª¢ ­â®¢ëå ï¬

(á¬. â ¡«. 1). �®«ãç¥­­ë¥ à¥§ã«ìâ âë á®£« áãîâáï
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� ¡«¨æ  1. � áç¥â­ë¥ ¨ íªá¯¥à¨¬¥­â «ì­ë¥ ¤ ­­ë¥ ¤«ï í­¥à£¥â¨ç¥áª¨å ¯¥à¥å®¤®¢ ¢ á¢¥àåà¥è¥âª å ¢ ¨­äà ªà á­®©

®¡« áâ¨ á¯¥ªâà 

�­¥à£¨ï ¯¥à¥å®¤ , í�

�ªá¯¥à¨¬¥­â ­  á¢¥àåà¥è¥âª å �¥¬¯¥à âãà 

N ¯¥à¥å®¤  �¨¯ ¯¥à¥å®¤  � áç¥â (¯®¤«®¦ª  BaF2) íªá¯¥à¨¬¥­â , K

�¨¡®­ çç¨ �ìî–�®àá 

1 H ′1−H1 0.148 0.150−0.236 0.144−0.164 300
2 H2−H1 0.206 0.150−0.236 0.198−0.216 300
3 H3−H1 0.438 0.423−0.439 0.440 300
4 H ′1−E1 0.476 0.445−0.487 0.459−0.473 300
1 ′ H ′1−H1 0.141 0.139−0.155 0.144−0.164 77
2 ′ H ′1−E1 0.486 0.478−0.483 0.482−0.496 77

�à¨¬¥ç ­¨¥. Hk — ª¢ ­â®¢ë¥ ãà®¢­¨ ¢ ¢ «¥­â­®© §®­¥ á«®ï PbS â®«é¨­®© 40 Å, H′k — â® ¦¥ ¢ á«®¥ â®«é¨­®© 20 Å, E1 —
ª¢ ­â®¢ë© ãà®¢¥­ì ¢ §®­¥ ¯à®¢®¤¨¬®áâ¨ CdS.

�¨á. 2. �¯¥ªâàë ¯®£«®é¥­¨ï ¢ ¨­äà ªà á­®© ®¡« áâ¨ ¤«ï á¢¥àåà¥è¥â®ª, ¯®«ãç¥­­ëå ­  ¯®¤«®¦ª¥ BaF2: a — ¤«ï

á¢¥àåà¥è¥âª¨ �ìî–�®àá  ¯à¨ 300 K, b — ¤«ï á¢¥àåà¥è¥âª¨ �¨¡®­ çç¨ ¯à¨ 300 K, c — ¤«ï á¢¥àåà¥è¥âª¨ �ìî–�®àá 
¯à¨ 77 K. �®¬¥à  ¯¥à¥å®¤®¢, ®¡®§­ ç¥­­ëå ­  á¯¥ªâà å, á®®â¢¥âáâ¢ãîâ ­®¬¥à ¬ ¯¥à¥å®¤®¢ ¢ â ¡«. 1.

á ­¥¤ ¢­¨¬¨ â¥®à¥â¨ç¥áª¨¬¨ ¨áá«¥¤®¢ ­¨ï¬¨ í«¥ª-
âà®­­ëå á¯¥ªâà®¢ á¢¥àåà¥è¥â®ª �ìî–�®àá  [2,7,8],
ª®â®àë¥ ¯®ª § «¨, çâ® ¢ ¤ ­­®¬ ¢¨¤¥  ¯¥à¨®¤¨ç¥áª¨å
á¢¥àåà¥è¥â®ª á¯¥ªâàë á®¤¥à¦ â ¡®́«ìè¥¥ ª®«¨ç¥áâ¢®

í­¥à£¥â¨ç¥áª¨å áâã¯¥­¥ª ¯® áà ¢­¥­¨î á ¯¥à¨®¤¨ç¥-
áª¨¬¨ ¨ ª¢ §¨¯¥à¨®¤¨ç¥áª¨¬¨. �à¨ç¥¬, ª ª ã¦¥ ®â-
¬¥ç «®áì ¢ëè¥, ­¥á¬®âàï ­  ¨§¬¥­¥­¨¥ ¢¨¤  á¯¥ªâà ,
¢ á¢¥àåà¥è¥âª å �ìî–�®àá  í«¥¬¥­âë á ¬®¯®¤®¡¨ï

¨«¨ äà £¬¥­â à­®áâ¨ á®åà ­ïîâáï. �®á«¥¤­¥¥ á®áâ®-
¨â ¢ â®¬, çâ® ¬¥¦¤ã ¤¢ã¬ï è¨à®ª¨¬¨ áâã¯¥­ï¬¨ ¢

á¯¥ªâà å ¯®£«®é¥­¨ï ­ ¡«î¤ îâáï ¤¢¥ ¡®«¥¥ ã§ª¨¥

áâã¯¥­ìª¨ [7].

�àª¨¬ ¯à¨¬¥à®¬ á ¬®¯®¤®¡¨ï ï¢«ï¥âáï á¯¥ªâà

¯®£«®é¥­¨ï á¢¥àåà¥è¥âª¨ �¨¡®­ çç¨ ­  ¯®¤«®¦-

ª¥ ¨§ äâ®à¨áâ®£® ¡ à¨ï, ª®â®àë© ¯à¨¢¥¤¥­ ­ 

à¨á. 2. � á¯¥ªâà¥ ­ ¡«î¤ îâáï âà¨ è¨à®ª¨å áâã-
¯¥­¨ ¢ ¤¨ ¯ §®­ å í­¥à£¨© 0.150÷0.240, 0.340÷0.395,
0.445÷0.480 í�. �¥¦¤ã ­¨¬¨ à §¬¥é îâáï ¯® ¤¢¥

¡®«¥¥ ã§ª¨å áâã¯¥­¨ 0.265–0.295 ¨ 0.300–0.327í�,
0.400–0.410 ¨ 0.423–0.440í�, 0.487–0.510í�, ¨ â. ¤.
� ª®¥ à á¯®«®¦¥­¨¥ áâã¯¥­¥© ¢ á¯¥ªâà¥ ãª §ë¢ -
¥â ­  á ¬®¯®¤®¡¨¥ í­¥à£¥â¨ç¥áª®£® á¯¥ªâà  ¨ ¯®¤-
â¢¥à¦¤ ¥â ä ªâ ¯®«ãç¥­¨ï á¢¥àåà¥è¥âª¨ �¨¡®­ ç-
ç¨.

�¯¥ªâà á¢¥àåà¥è¥âª¨ �ìî–�®àá  ¯à¨ ª®¬­ â­®©

â¥¬¯¥à âãà¥ (à¨á. 2) ¯à ªâ¨ç¥áª¨ ¯®«­®áâìî á®áâ®¨â

¨§ í­¥à£¥â¨ç¥áª¨å áâã¯¥­¥©. �«¥¬¥­âë á ¬®¯®¤®¡¨ï

¬®¦­® ¢ëï¢¨âì ¢ ®¡« áâ¨ ­¨§ª¨å í­¥à£¨© ¢ ¤¨ ¯ §®-
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�¨á. 3. �¯¥ªâàë ¯®£«®é¥­¨ï ¯à¨ 300 K ¢ ¨­äà ªà á­®© ®¡« áâ¨ ¤«ï á¢¥àåà¥è¥â®ª, ¯®«ãç¥­­ëå ­  áâ¥ª«ï­­®©

¯®¤«®¦ª¥: 1 — á¢¥àåà¥è¥ªâ  �ìî–�®àá , 2 — á¢¥àåà¥è¥âª  �¨¡®­ çç¨.

�¨á. 4. �¯¥ªâàë ¯®£«®é¥­¨ï ¯à¨ 77 K ¢ ¨­äà ªà á­®© ®¡« áâ¨ ¤«ï á¢¥àåà¥è¥â®ª, ¯®«ãç¥­­ëå ­  áâ¥ª«ï­­®© ¯®¤«®¦ª¥:
1 — á¢¥àåà¥è¥âª  �ìî–�®àá , 2 — á¢¥àåà¥è¥âª  �¨¡®­ çç¨.

­¥ 0.107÷0.250í�. � ª, ­ ¯à¨¬¥à, ¬¥¦¤ã è¨à®ª¨å

áâã¯¥­¥© 0.144÷0.164, 0.205÷0.220 ¨ 0.255÷0.280 í�
à á¯®« £ îâáï ­¥áª®«ìª® ã§ª¨å áâã¯¥­¥©. � ª ï § -
ª®­®¬¥à­®áâì á¯¥ªâà  á®åà ­¨« áì ¯à¨ â¥¬¯¥à âãà¥

¦¨¤ª®£®  §®â  ¯à¨ ­¥ª®â®à®¬ á¤¢¨£¥ è¨à®ª¨å áâã¯¥-
­¥© ¯® í­¥à£¨ï¬. � ®¡« áâ¨ ¡®«¥¥ ¢ëá®ª¨å í­¥à£¨©

¨­äà ªà á­®£® ¤¨ ¯ §®­  0.280÷0.500 í� á¯¥ªâà ¯à¨

ª®¬­ â­®© â¥¬¯¥à âãà¥ ¯à¥¤áâ ¢«ï¥â ¯®á«¥¤®¢ â¥«ì-
­®áâì áâã¯¥­¥© ¯à¨¬¥à­® ®¤¨­ ª®¢®© è¨à¨­ë.

�  à¨á. 3, 4 ¯à¨¢¥¤¥­ë á¯¥ªâàë ¯®£«®é¥­¨ï ¢ ¨­-
äà ªà á­®© ®¡« áâ¨ ¤«ï á¢¥àåà¥è¥â®ª, ¯®«ãç¥­­ëå
­  áâ¥ª«ï­­®© ¯®¤«®¦ª¥. �  ä®­¥ á¯¥ªâà  ¯à®¯ãá-
ª ­¨ï ¯®¤«®¦¥ª ¢ á¯¥ªâà å á¢¥àåà¥è¥â®ª ­ ¡«î¤ -
¥âáï àï¤ ®á®¡¥­­®áâ¥©, ¯à¨­ ¤«¥¦ é¨å ¢ëà é¥­­ë¬
áâàãªâãà ¬. �­¥à£¥â¨ç¥áª®¥ ¯®«®¦¥­¨¥ ¡®«ìè¨­áâ¢ 
áâã¯¥­¥© ¤«ï á¢¥àåà¥è¥â®ª ­  ¯®¤«®¦ª å ¨§ BaF2 ¨

áâ¥ª«  ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ ¥â. �¥©áâ¢¨â¥«ì­®, á¯¥ª-
âàë á¢¥àåà¥è¥â®ª �¨¡®­ çç¨ ­  áâ¥ª«¥ â ª¦¥ ¨¬¥-
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�¨á. 5. �¯¥ªâàë ¯®£«®é¥­¨ï ¢ ã«ìâà ä¨®«¥â®¢®© ®¡« áâ¨ á¯¥ªâà  á¢¥àåà¥è¥â®ª �ìî–�®àá , ¯®«ãç¥­­ëå ­  áâ¥ª«ï­­®©
¯®¤«®¦ª¥: a — ¯à¨ 300 K, b — ¯à¨ 77 K. �®¬¥à  ¯¥à¥å®¤®¢, ®¡®§­ ç¥­­ë¥ ­  á¯¥ªâà å, á®®â¢¥âáâ¢ãîâ ­®¬¥à ¬ ¯¥à¥å®¤®¢
¢ â ¡«. 2.

�¨á. 6. �¯¥ªâàë ¯®£«®é¥­¨ï ¢ ã«ìâà ä¨®«¥â®¢®© ®¡« áâ¨ ¤«ï á¢¥àåà¥è¥â®ª �¨¡®­ çç¨, ¯®«ãç¥­­ëå ­  áâ¥ª«ï­­®©
¯®¤«®¦ª¥: a — ¯à¨ 300 K, b — ¯à¨ 77 K. �®¬¥à  ¯¥à¥å®¤®¢, ®¡®§­ ç¥­­ë¥ ­  á¯¥ªâà å, á®®â¢¥âáâ¢ãîâ ­®¬¥à ¬ ¯¥à¥å®¤®¢
¢ â ¡«. 2.

îâ áâã¯¥­ç âë© å à ªâ¥à. �®­¨¦¥­¨¥ â¥¬¯¥à âãàë
­¥ ¨§¬¥­ï¥â ®¡é¨© ¢¨¤ á¯¥ªâà . � áá¬ âà¨¢ ¥¬ ï

ç áâì á¯¥ªâà  áâàãªâãàë ­  áâ¥ª«ï­­®© ¯®¤«®¦ª¥

ï¢«ï¥âáï äà £¬¥­â®¬ á¯¥ªâà  áâàãªâãàë, ¢ëà é¥­-
­®© ­  ¯®¤«®¦ª¥ BaF2, ®¡é¨¥ ç¥àâë ®¡®¨å á¯¥ªâà®¢

å®à®è® á®£« áãîâáï. � ª, ­ ¯à¨¬¥à, ­ ¡«î¤ îâáï
áâã¯¥­¨ ¢ ®¡« áâ¨ í­¥à£¨© 0.340÷370, 0.429÷0.440,

0.493÷0.521 í�. �áª«îç¥­¨¥ á®áâ ¢«ï¥â áâã¯¥­ì

0.269÷0.300 í�, ª®â®à ï ¤«ï áâàãªâãàë, ¢ëà é¥­­®©
­  áâ¥ª«ï­­®© ¯®¤«®¦ª¥, à áé¥¯«ï¥âáï ­  ¤¢¥ ã§ª¨¥
áâã¯¥­ìª¨.

� á¯¥ªâà å, ¨§¬¥à¥­­ëå ¯à¨ ª®¬­ â­®© â¥¬¯¥à -
âãà¥, ¤«ï á¢¥àåà¥è¥â®ª �ìî–�®àá , ¢ëà é¥­­ëå

­  áâ¥ª«ï­­®© ¯®¤«®¦ª¥, ­ ¡«î¤ îâáï ®á®¡¥­­®áâ¨
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� ¡«¨æ  2. � áç¥â­ë¥ ¨ íªá¯¥à¨¬¥­â «ì­ë¥ ¤ ­­ë¥ ¤«ï í­¥à£¥â¨ç¥áª¨å ¯¥à¥å®¤®¢ ¢ á¢¥àåà¥è¥âª å ¢ ¢¨¤¨¬®©

¨ ã«ìâà ä¨®«¥â®¢®© ®¡« áâïå á¯¥ªâà 

�­¥à£¨ï ¯¥à¥å®¤ , í�

�ªá¯¥à¨¬¥­â ­  á¢¥àåà¥è¥âª å

N ¯¥à¥å®¤  �¨¯ ¯¥à¥å®¤  � áç¥â (¯®¤«®¦ª  BaF2)

�¨¡®­ çç¨ �ìî–�®àá 

1 H8−H1 1.72 1.68 1.70−1.75
2 H7−E1 1.79 1.75−1.80 1.70−1.75
3 H4−E1 1.84 1.86−1.89 1.85
4 H9−E1 1.92 1.86−1.89 1.85
5 H9−H1 1.99 2.02 2.06
6 H5−H1 2.01 2.02 2.06
7 H8−E1 2.05 2.02 2.06
8 H10−H1 2.25 2.30 2.28−2.32
9 H5−E1 2.34 2.43 2.34−2.41

10 H10−E1 2.58 2.58 2.58

1 ′ H8−H1 1.62 1.62 1.62
2 ′ H7−E 1.71−1.83 1.70−1.73 1.70
3 ′ H9−H1 1.87 1.86 1.83
4 ′ H4−E 1.76−1.88 1.86 1.85
5 ′ H8−E 1.96−2.08 1.97 1.97−2.00
6 ′ H5−H1 2.00 1.97 1.97−2.00
7 ′ H10−H1 2.12 2.13 2.16−2.24
8 ′ H9−E 2.15−2.27 2.24 2.16−2.24
9 ′ H5−E 2.24−2.27 2.24 2.30

10 ′ H10−E 2.58 2.58 2.50−2.53

�à¨¬¥ç ­¨¥. �¥à¥å®¤ë 1–10 ­ ¡«î¤ «¨áì ¯à¨ 300 K, ¯¥à¥å®¤ë 1 ′–10 ′ — ¯à¨ 77 K.

ª ª ¢ ¢¨¤¥ áâã¯¥­¥ª, â ª ¨ ¢ ¢¨¤¥ ¯¨ª®¢ ¯®£«®é¥-
­¨ï. �¤­ ª® ç¨á«® â ª¨å ®á®¡¥­­®áâ¥© §­ ç¨â¥«ì­®

¬¥­ìè¥, ç¥¬ ¢  ­ «®£¨ç­®¬ á¯¥ªâà¥ áâàãªâãàë ­ 

¯®¤«®¦ª¥ BaF2. �áª«îç¥­¨¥ á®áâ ¢«ï¥â ¨­â¥à¢ «

í­¥à£¨© 0.475÷0.525 í�, £¤¥ à á¯®«®¦¥­¨¥ áâã¯¥­¥©

¤«ï ®¡®¨å â¨¯®¢ ¯®¤«®¦¥ª ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ ¥â.
�¨ª ¯®£«®é¥­¨ï ¯à¨ í­¥à£¨¨ 0.390 í�, ®¡­ àã¦¥­­ë©
¢ áâàãªâãà å ª ª ­  áâ¥ª«ï­­®©, â ª ¨ ­  ¯®¤-
«®¦ª¥ BaF2, ¬®¦­® ®¡êïá­¨âì, ¥á«¨ ¯à¥¤¯®«®¦¨âì,
çâ® ¢ á¢¥àåà¥è¥âª¥ ¨¬¥¥âáï ®¡é¨© í­¥à£¥â¨ç¥áª¨©

ãà®¢¥­ì, à á¯®«®¦¥­­ë© ­  0.501 í� ­¨¦¥ ¯®â®«ª 

¢ «¥­â­®© §®­ë áã«ìä¨¤  á¢¨­æ . �¨ª ¯®£«®é¥­¨ï ¢
®¡« áâ¨ í­¥à£¨© 0.434 í� á¢ï§ ­ á ¢­ãâà¨§®­­ë¬ ¯¥à¥-
å®¤®¬H3−H1 ¢ ¢ «¥­â­®© §®­¥ á«®ï áã«ìä¨¤  á¢¨­æ 

â®«é¨­®© 40 Å. �à¨ 77 K ¢ á¯¥ªâà å á¢¥àåà¥è¥âª¨

�ìî–�®àá  ­ ¡«î¤ ¥âáï ¤«¨­­®¢®«­®¢ë© ”å¢®áâ”
¯®£«®é¥­¨ï 0.230÷0.250 í�, ®âà ¦ îé¨© á ¬®¯®¤®-
¡¨¥ ¤ ­­®© áâàãªâãàë. �«¥¬¥­âë á ¬®¯®¤®¡¨ï ¬®¦­®
â ª¦¥ à áá¬®âà¥âì ¢ á¯¥ªâà å ¢ ®¡« áâ¨ í­¥à£¨©

0.330÷0.350 í�. � ª, ¬¥¦¤ã ¤¢ãå è¨à®ª¨å áâã¯¥­¥©

0.313÷0.327, 0.348÷0.374 í� à á¯®« £ îâáï ¤¢¥ ã§ª¨å

áâã¯¥­ìª¨ ¯à¨ 0.322 ¨ 0.338 í�. �­ «®£¨ç­ ï ª àâ¨­ 
¯à¨ 77 K ¨¬¥¥â ¬¥áâ® ¢ íâ®¬ ¨­â¥à¢ «¥ í­¥à£¨© ¨ ¤«ï

á¢¥àåà¥è¥â®ª �¨¡®­ çç¨.

�¯¥ªâàë ¯®£«®é¥­¨ï á¢¥àåà¥è¥â®ª, ¨§£®â®¢«¥­­ëå
­  BaF2, ¢ ¢¨¤¨¬®© ¨ ã«ìâà ä¨®«¥â®¢®© ®¡« áâïå

á¯¥ªâà  ¯à¥¤áâ ¢«¥­ë ­  à¨á. 5, 6. � ª ¨ ¢ ¨­-

äà ªà á­®© ®¡« áâ¨, ¢ á¯¥ªâà å ­ ¡«î¤ ¥âáï à ¤

®á®¡¥­­®áâ¥© (áâã¯¥­¨, ¯¨ª¨ ¯®£«®é¥­¨ï) ­  ä®­¥

á¯¥ªâà  ¯®£«®é¥­¨ï ¯®¤«®¦¥ª. �â¨ ®á®¡¥­­®áâ¨ ®¡-
ãá«®¢«¥­ë ¯¥à¥å®¤®¬ í«¥ªâà®­®¢ á £«ã¡®ª¨å ãà®¢­¥©

¢ ª¢ ­â®¢ëå ï¬ å áã«ìä¨¤  á¢¨­æ  ­  ¯ãáâë¥ ãà®¢­¨

¢ §®­¥ ¯à®¢®¤¨¬®áâ¨ CdS ¨ ­  ­¥§ ¯®«­¥­ë© ãà®¢¥­ì

¢ ¢ «¥­â­®© §®­¥ PbS ¢ ª¢ ­â®¢®© ï¬¥ â®«é¨­®© 40 Å.
� «¨ç¨¥ ¢ á¯¥ªâà å ¯¨ª  ¯®£«®é¥­¨ï ¯à¨ í­¥à£¨¨

1.83 í� á¢ï§ ­® á ¯¥à¥å®¤®¬ â¨¯  L6−L6′

3 ¢ áã«ìä¨¤¥

á¢¨­æ .

� â ¡«. 2 á¢¥¤¥­ë à áç¥â­ë¥ ¨ íªá¯¥à¨¬¥­â «ì­ë¥

¤ ­­ë¥ ¤«ï í­¥à£¥â¨ç¥áª¨å ¯¥à¥å®¤®¢ ¢ á¢¥àåà¥è¥â-
ª å ¢ ¢¨¤¨¬®© ¨ ã«ìâà ä¨®«¥â®¢®© ®¡« áâïå á¯¥ªâà .
� áç¥â ¯à®¢®¤¨«áï ¢ ¯à¨¡«¨¦¥­¨¨ ¤¢ãå ª¢ ­â®¢ëå

ï¬. � ª ¢¨¤­® ¨§ ¯à¨¢¥¤¥­­ëå ¤ ­­ëå, ­ ¡«î¤ ¥âáï
å®à®è¥¥ á®£« á¨¥ â¥®à¨¨ ¨ íªá¯¥à¨¬¥­â .

� ª«îç¥­¨¥

� ª¨¬ ®¡à §®¬, ¬¥â®¤®¬ « §¥à­®£® ­ ¯ë«¥­¨ï ¢

¢ ªãã¬¥ ¨§£®â®¢«¥­ë ­  ¯®¤«®¦ª å ¨§ äâ®à¨áâ®£®

¡ à¨ï ¨ áâ¥ª«  ¤¢  â¨¯  áâàãªâãà — ª¢ §¨¯¥à¨®¤¨-
ç¥áª¨¥ á¢¥àåà¥è¥âª¨, ¯®áâà®¥­­ë¥ ¯® § ª®­ã ¯®á«¥-
¤®¢ â¥«ì­®áâ¨ �¨¡®­ çç¨, ¨  ¯¥à¨®¤¨ç¥áª¨¥, ¯®áâà®-
¥­­ë¥ ¯® § ª®­ã ¯®á«¥¤®¢ â¥«ì­®áâ¨ �ìî–�®àá .
�®¢¯ ¤¥­¨¥ ¯®«®¦¥­¨ï áâã¯¥­¥© ­  ®à¨¥­â¨àãîé¥©

(BaF2) ¨ ­  ­¥®à¨¥­â¨àãîé¥©  ¬®àä­®© (áâ¥ª«®)
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¯®¤«®¦ª å á¢¨¤¥â¥«ìáâ¢ã¥â ® â®¬, çâ® â¨¯ ¯®¤«®¦ª¨
­¥ ®ª §ë¢ ¥â à¥è îé¥£® ¢«¨ï­¨ï ­  à®áâ ª¢ ­â®¢®-
à §¬¥à­ëå áâàãªâãà, ¨§£®â ¢«¨¢ ¥¬ëå ¬¥â®¤®¬ ¨¬-
¯ã«ìá­®£® « §¥à­®£® ¨á¯ à¥­¨ï.

�áá«¥¤®¢ ­¨¥ ®¯â¨ç¥áª¨å á¯¥ªâà®¢ ¯à®¯ãáª ­¨ï

¨§£®â®¢«¥­­ëå áâàãªâãà ¢ ¨­äà ªà á­®©, ¢¨¤¨¬®©
¨ ã«ìâà ä¨®«¥â®¢®© ®¡« áâïå á¯¥ªâà  ¯®ª § «®, çâ®
á¯¥ªâàë ¨¬¥îâ àï¤ ®á®¡¥­­®áâ¥© (áâã¯¥­¨, ¯¨ª¨ ¯®-
£«®é¥­¨ï), çâ®, ª ª ¨§¢¥áâ­® [4,5], ãª §ë¢ ¥â ­  áâã-
¯¥­ç âë© å à ªâ¥à äã­ªæ¨¨ ¯«®â­®áâ¨ á®áâ®ï­¨©.
�â® ¯®§¢®«¨«® ®â®¦¤¥áâ¢«ïâì ¯®«ãç¥­­ë¥ áâàãªâã-
àë ª ª á¢¥àåà¥è¥âª¨. �áá«¥¤®¢ ­¨ï ¯®ª § «¨, çâ®
á¯¥ªâà á¢¥àåà¥è¥â®ª �¨¡®­ çç¨, ®¡« ¤ ¥â íää¥ªâ®¬
á ¬®¯®¤®¡¨ï, ¯à¨áãé¨¬ ª¢ §¨¯¥à¨®¤¨ç¥áª¨¬ áâàãª-
âãà ¬ [1].

�¯¥à¢ë¥ ®¡­ àã¦¥­®, çâ® í«¥¬¥­âë á ¬®¯®¤®¡¨ï

¯à¨áãâáâ¢ãîâ ¨ ¢ á¯¥ªâà å ¯¥à¨®¤¨ç¥áª¨å áâàãªâãà,
¨§£®â®¢«¥­­ëå ¯® § ª®­ã ¯®á«¥¤®¢ â¥«ì­®áâ¨ �ìî–
�®àá , çâ® ¯®¤â¢¥à¦¤ ¥â ¯à®¢¥¤¥­­ë¥ ­¥¤ ¢­® â¥®-
à¥â¨ç¥áª¨¥ ¨áá«¥¤®¢ ­¨ï [1,2].

�à®¢¥¤¥­­ë© à áç¥â í­¥à£¥â¨ç¥áª¨å ãà®¢­¥©

á¢¥àåà¥è¥âª¨ ¢ ¬®¤¥«¨ �à®­¨£ –�¥­­¨ ¤«ï

¨§®«¨à®¢ ­­ëå ª¢ ­â®¢ëå ï¬ ¤ ¥â å®à®è¥¥ á®£« á¨¥

â¥®à¨¨ ¨ íªá¯¥à¨¬¥­â . �®«ãç¥­­ë¥ à¥§ã«ìâ âë

¯®§¢®«ïîâ á¤¥« âì ¢ë¢®¤, çâ® ¨§£®â®¢«¥­­ë¥

áâàãªâãàë ï¢«ïîâáï ª¢ §¨¯¥à¨®¤¨ç¥áª¨¬¨

á¢¥àåà¥è¥âª ¬¨ �¨¡®­ çç¨ ¨  ¯¥à¨®¤¨ç¥áª¨¬¨

á¢¥àåà¥è¥âª ¬¨ �ìî–�®àá .

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­-
¤  äã­¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨© ¯® £à ­â ¬ 94-02-
05886 ¨ 96-02-17200,   â ª¦¥ �¥¦¤ã­ à®¤­®© ¯à®-
£à ¬¬ë �¦.�®à®á  ¯® ®¡à §®¢ ­¨î ¢ ®¡« áâ¨ â®ç­ëå
­ ãª (ISSEP) ¯® £à ­âã 1027P.
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Optical properties of PbS–CdS
quasiperiodical and nonperiodical
superlattices
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Abstract A study has been made of transparent optical

spectra of PbS–CdS quasiperiodical Fibonacci and

nonperiodical Thue–Morse superlattices prepared by

the pulse laser evaporation. The nonperiodical superlattice

spectrum of optical transitions is richer than the calculated

periodical superlattice spectrum. This is a consequence of

the fractal energy spectrum structure of the nonperiodical

superlattice. The energy spectrum selfsimilarity of the

Thue–Morse superlattice has been observed experimentally

displayed.
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