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�  ¬®®ªà¨áâ «« å âà®©ëå á®¥¤¨¥¨© CuInS2, CuInSe2 ¨ â¢¥à¤ëå à áâ¢®à å CuInS2xSe2(1−x),
¢ëà é¥ëå ¬¥â®¤®¬ å¨¬¨ç¥áª¨å âà á¯®àâëå à¥ ªæ¨©, ¨áá«¥¤®¢ ë á¯¥ªâàë ®âà ¦¥¨ï ¢

¨äà ªà á®© ®¡« áâ¨ ¨ á¯¥ªâàë ª®¬¡¨ æ¨®®£® à áá¥ï¨ï á¢¥â . �¯à¥¤¥«¥ë § ç¥¨ï ç áâ®â

®¯â¨ç¥áª¨å ª®«¥¡ ¨© ¢ ãª § ëå ¬ â¥à¨ « å ¨ ãáâ ®¢«¥ å à ªâ¥à ¨å ¯®¢¥¤¥¨ï ¢ â¢¥à¤ëå

à áâ¢®à å.

�§ãç¥¨¥ ª®«¥¡ â¥«ìëå á¯¥ªâà®¢ â¢¥à¤ëå à áâ¢®-
à®¢ ¯®§¢®«ï¥â ¯®«ãç¨âì ¨ä®à ¬æ¨î ¥ â®«ìª® ® ç -
áâ®â å ä®®®¢ ¢ íâ¨å ¬ â¥à¨ « å, ® ¨ á¯®á®¡áâ¢ã¥â
¨¤¥â¨ä¨ª æ¨¨ ¯®«®á á¯¥ªâà  ¨áå®¤ëå á®¥¤¨¥¨©,
®¡à §ãîé¨å ¤ ë© â¢¥à¤ë© à áâ¢®à. �§ãç¥¨¥ ª®-
«¥¡ â¥«ìëå á¯¥ªâà®¢ â ª¨å ¢¥é¥áâ¢ ¤ ¥â ¢®§¬®¦-
®áâì ¯à®á«¥¤¨âì, ª ª ¢«¨ï¥â à §ã¯®àï¤®ç¥¨¥ ¢ ¨å
  ç áâ®âë ä®®®¢ ¢ æ¥âà¥ §®ë �à¨««îí  ¯®

áà ¢¥¨î á ¨áå®¤ë¬¨ ¢¥é¥áâ¢ ¬¨ [1].
�§¢¥áâ®, çâ® ¢ § ¢¨á¨¬®áâ¨ ®â å à ªâ¥à  ¯®¢¥¤¥-

¨ï ®¯â¨ç¥áª¨å ª®«¥¡ ¨© â¢¥à¤ë¥ à áâ¢®àë ¯®¤à §-
¤¥«ïîâáï   ®¤®- ¨ ¤¢ãå¬®¤®¢ë¥ [2,3]. � ®¤®¬®¤®-
¢®¬ã â¨¯ã ®â®áïâáï â¢¥à¤ë¥ à áâ¢®àë, ¤«ï ª®â®àëå
ç áâ®âë ®¯â¨ç¥áª¨å ¬®¤ ¥¯à¥àë¢® ¨§¬¥ïîâáï á

á®áâ ¢®¬ ¢ ¤¨ ¯ §®¥ ®â § ç¥¨© ç áâ®â, å à ªâ¥à-
ëå ¤«ï ®¤®£® ¨§ ¨áå®¤ëå á®¥¤¨¥¨©, ¤® ç áâ®â,
å à ªâ¥àëå ¤«ï ¤àã£®£® á®¥¤¨¥¨ï,   ¨â¥á¨¢-
®áâì ¬®¤ ®áâ ¥âáï ¯®áâ®ï®©. � ¤¢ãå¬®¤®¢®¬ã â¨¯ã

®â®áïâáï â¢¥à¤ë¥ à áâ¢®àë, ¢ ª®â®àëå ¤«ï ¢á¥å

¯à®¬¥¦ãâ®çëå á®áâ ¢®¢  ¡«î¤ ¥âáï ã¤¢®¥®¥ ç¨-
á«® ¬®¤ ¯® áà ¢¥¨î á ¨áå®¤ë¬¨ á®¥¤¨¥¨ï¬¨,
  ¨â¥á¨¢®áâì ª ¦¤®© ¨§ ¬®¤ ¯à®¯®àæ¨® «ì 

¬®«ì®© ¤®«¥ á®áâ ¢«ïîé¨å ª®¬¯®¥â®¢.
�¥«ì à ¡®âë — ®¯à¥¤¥«¥¨¥ ç áâ®â ®¯â¨ç¥áª¨å

ª®«¥¡ ¨© ¨ ãáâ ®¢«¥¨¥ å à ªâ¥à  ¯®¢¥¤¥¨ï ¨å

¢ â¢¥à¤ëå à áâ¢®à å CuIn2xSe2(1−x). �ª § ë¥ ¢¥-
é¥áâ¢  ªà¨áâ ««¨§ãîâáï ¢ áâàãªâãà¥ å «ìª®¯¨à¨â 

á ¯à®áâà áâ¢¥®© £àã¯¯®© á¨¬¬¥âà¨¨ D12
2d (14̄2m).

�à¨¬¨â¨¢ ï ïç¥©ª  â ª®© áâàãªâãàë á®¤¥à¦¨â ¤¢¥

ä®à¬ã«ë ¥¤¨¨æë, ¨, á«¥¤®¢ â¥«ì®, ç¨á«® ª®«¥¡ -
â¥«ìëå ¬®¤ ¢ æ¥âà¥ §®ë �à¨««îí , ®¯à¥¤¥«ïî-
é¥¥áï ç¨á«®¬ áâ¥¯¥¥© á¢®¡®¤ë, à ¢® 24 [4,5]. �à¨

íâ®¬ ®¯â¨ç¥áª¨¥ ª®«¥¡ ¨ï ¢ ¨äà ªà á®¬ (��)
¤¨ ¯ §®¥ á¯¥ªâà  ¨ ¢ ®¡« áâ¨ ª®¬¡¨ æ¨®®£® à á-
á¥ï¨ï (��) ª« áá¨ä¨æ¨àã¥âáï ª ª

Γopt = 1A1(��) + 2A2

+ 3B1(��) + 3B2(��,��) + 6E(��,��),

   ªãáâ¨ç¥áª¨¥ —

Γaq = B2 +E.

�®¤ë B2 ¯à®ï¢«ïîâáï ¢ ¯®«ïà¨§ æ¨¨ E ‖ c,   ¬®¤ë
E — ¢ E ⊥ c.

�®«¥¡ â¥«ìë¥ á¯¥ªâàë CuInS2xSe2(1−x) ¨áá«¥¤®-
¢ «¨ ¬¥â®¤ ¬¨ �� ¨ �� á¯¥ªâà®áª®¯¨¨, �� á¯¥ª-
âàë ®âà ¦¥¨ï à¥£¨áâà¨à®¢ «¨   á¯¥ªâà®ä®â®¬¥âà¥

”Perkin-Elmer-180” ¢ ®¡« áâ¨ ç áâ®â 150 ÷ 400 á¬−1

¢ ¯®«ïà¨§®¢ ®¬ á¢¥â¥ ¯à¨ ª®¬ â®© â¥¬¯¥à âãà¥.
�¯¥ªâàë ª®¬¡¨ æ¨®®£® à áá¥ï¨ï á¢¥â  (���)
¢®§¡ã¦¤ «¨ ¨§«ãç¥¨¥¬  à£®®¢®£® « §¥à  á λ =
4880 Å. � áá¥ïë© á¢¥â   «¨§¨à®¢ «áï ¤¢®©ë¬ ¬®-
®åà®¬ â®à®¬ ���-24 ¨ à¥£¨áâà¨à®¢ «áï á ¯®¬®éìî
ä®â®ã¬®¦¨â¥«ï ���-79 ¢ à¥¦¨¬¥ áç¥â  ä®â®®¢.
�¯¥ªâà «ì®¥ à §à¥è¥¨¥ á®áâ ¢«ï«® 2÷ 3 á¬−1.
�áá«¥¤ã¥¬ë¥ ¢  áâ®ïé¥© à ¡®â¥ ®¤®à®¤ë¥ ¬®®-

ªà¨áâ ««ë ¯®«ãç¥ë ¬¥â®¤®¬ å¨¬¨ç¥áª¨å âà á¯®àâ-
ëå à¥ ªæ¨© ¯® ¬¥â®¤¨ª¥, ®¯¨á ®© ¢ [6]. �¨ ¨¬¥«¨
¢¨¤ ¯« áâ¨®ª á à®¢®© §¥àª «ì®© ¯®¢¥àå®áâìî, á®-
®â¢¥âáâ¢ãîé¥© ¯«®áª®áâ¨ (112). �®áâ ¢ ¢ëà é¥ëå
ªà¨áâ ««®¢ ®¯à¥¤¥«ï«¨ à¥â£¥®¢áª¨¬ ¬¥â®¤®¬, ¨á-
å®¤ï ¨§ ¢ë¯®«¥¨ï ¢ á¨áâ¥¬¥ CuInS2–CuInSe2 § ª® 

�¥£ à¤  á ¯®£à¥è®áâìî ±1.0¬®«%. �¤®à®¤®áâì

¬®®ªà¨áâ ««®¢ ª®âà®«¨à®¢ «¨ á ¯®¬®éìî ¬¨ªà®-
à¥â£¥®á¯¥ªâà «ì®£® §®¤®¢®£®   «¨§ .
�� á¯¥ªâàë ®âà ¦¥¨ï âà®©ëå á®¥¤¨¥¨©

CuInSe2, CuInS2 ¨ â¢¥à¤ëå à áâ¢®à®¢ CuInS2xSe2(1−x)

¯à¥¤áâ ¢«¥ë   à¨á. 1. �¨¤®, çâ® ¢ á¯¥ªâà å,
¨§¬¥à¥ëå ¢ ¯®«ïà¨§ æ¨¨ E ⊥ c, ¤«ï CuInS2  -
¡«î¤ îâáï âà¨ ¯®«®áë ®âà ¦¥¨ï, ¨ ®¨ á®¢¯ ¤ îâ
á à¥§ã«ìâ â ¬¨, ¯à¨¢¥¤¥ë¬¨ ¢ à ¡®â¥ [7] ¤«ï íâ®©
¯®«ïà¨§ æ¨¨. � â® ¦¥ ¢à¥¬ï á¯¥ªâàë ®âà ¦¥¨ï ¤«ï

íâ®£® á®¥¤¨¥¨ï ¢ ¯®«ïà¨§ æ¨¨, ®¡®§ ç ¥¬®©  ¬¨
ª ª E ‖ c, áãé¥áâ¢¥® ®â«¨ç îâáï ®â á¯¥ªâà®¢,
¯à¨¢¥¤¥ëå ¢ [7], çâ® ¬®¦® ®¡êïá¨âì á«¥¤ãîé¨¬¨
¯à¨ç¨ ¬¨. � à ªâ¥à®© ®á®¡¥®áâìî à®áâ  ªà¨-
áâ ««®¢ á®¥¤¨¥¨© AIBIIICVI

2 ¬¥â®¤®¬ å¨¬¨ç¥áª¨å

âà á¯®àâëå à¥ ªæ¨© ï«ï¥âáï ¯à¥¨¬ãé¥áâ¢¥ë©

¨å à®áâ ¢  ¯à ¢«¥¨¨ [111]. �â®  ¯à ¢«¥¨¥ á®-
áâ ¢«ï¥â á ®¯â¨ç¥áª®© ®áìî ªà¨áâ ««  ã£®« 35.3◦,
¨, á«¥¤®¢ â¥«ì®, ®¯â¨ç¥áª ï ®áì ¢ëå®¤¨â ¯®¤ â ª¨¬
ã£«®¬ ª ¥áâ¥áâ¢¥®© £à ¨ ªà¨áâ ««  (112). �â®

¯à¨¢®¤¨â ª â®¬ã, çâ® ¯®«ïà¨§ æ¨ï E ‖ c ®áãé¥áâ¢«ï-
¥âáï ç áâ¨ç® (66%) ¨, ª ª ¯®ª § ® ¢ [8], áâà®£®©
¯®«ïà¨§ æ¨¨ E ‖ c ¢ â ª®© £¥®¬¥âà¨¨ ¯®«ãç¨âì ¥¢®§-
¬®¦®. �®íâ®¬ã ¢ á¯¥ªâà å â ª®© ¯®«ïà¨§ æ¨¨ ¬®£ãâ
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�¨á. 1. �¯¥ªâàë ®âà ¦¥¨ï ¢ ¨äà ªà á®© ®¡« áâ¨ ¨§«ãç¥¨ï ¤«ï á®¥¤¨¥¨© CuInSe2, CuInS2 ¨ â¢¥à¤ëå à áâ¢®à®¢

CuInS2xSe2(1−x). �®«ïà¨§ æ¨ï á¢¥â    á¯¥ªâà å: ¢ ¢¥àå¥© ¯®«®¢¨¥ à¨áãª  — E ⊥ c, ¢ ¨¦¥© — E ‖ c.

�¨á. 2. �®æ¥âà æ¨®ë¥ § ¢¨á¨¬®áâ¨ ç áâ®â ä®®®¢ (¬®¤ë E ¨ B2) ¤«ï â¢¥à¤ëå à áâ¢®à®¢ CuInS2xSe2(1−x),
®¯à¥¤¥«¥ë¥ ¨§ á¯¥ªâà®¢ ®âà ¦¥¨ï   à¨á. 1.

¯à¨áãâáâ¢®¢ âì ®á« ¡«¥ë¥ ¯®«®áë ¨§ ¯®«ïà¨§ æ¨¨

E ⊥ c. �á«®¢¨¥ ¦¥ E ⊥ c ¢ë¯®«ï¥âáï   100% [8].
�¯¥ªâàë ®âà ¦¥¨ï ®¡à ¡ âë¢ «¨áì ¬¥â®¤®¬ ¯®-

á«¥¤®¢ â¥«ì®£®   «¨§  (� –�–�) [9], ª®â®àë©

®¡« ¤ ¥â ¬¥ìè¨¬¨ á¨áâ¥¬ â¨ç¥áª¨¬¨ ¯®£à¥è®áâï-
¬¨, ç¥¬ ¬¥â®¤ ¤¨á¯¥àá¨®®£®   «¨§  (��) ¨ ¬¥â®¤
�à ¬¥àá –�à®¨£  (�–�) ¢ ®â¤¥«ì®áâ¨. �§ à¨á. 1
¢¨¤®, çâ® ¯à¨ § ¬¥é¥¨¨  â®¬®¢ á¥àë  â®¬ ¬¨ á¥-
«¥  ¢ á¯¥ªâà å â¢¥à¤ëå à áâ¢®à®¢ ¯®ï¢«ï¥âáï ®¢ ï

¯®«®á  (¯® áà ¢¥¨î á® á¯¥ªâà ¬¨ ç¨áâ®£® CuInS2),
®¡®§ ç¥ ï ®¬¥à®¬ 4 ¤«ï E ⊥ c ¨ 5 — ¤«ï E ‖ c.
�à¨áãâáâ¢¨¥ ¯®«®á 1 ¨ 3 ¢ ¯®«ïà¨§ æ¨¨ E ‖ c á¢§ ®
á ¯à¨ç¨ ¬¨, ãª § ë¬¨ ¢ëè¥. � ã¢¥«¨ç¥¨¥¬ ¢

â¢¥à¤ëå à áâ¢®à å á®¤¥à¦ ¨ï á¥«¥  ¨â¥á¨¢®áâì

¯®«®á 4 (E ⊥ c) ¨ 5 (E ‖ c) ¢®§à áâ ¥â,   ¨â¥-
á¨¢®áâì ¢ëá®ª®ç áâ®âëå ¯®«®á (1, 2, 3 ¤«ï E ⊥ c
¨ 2, 4 ¤«ï E ‖ c) ¯ ¤ ¥â. � ç¨áâ®¬ CuInSe2 (à¨á. 1)
¢ëá®ª®ç áâ®âë¥ ¯®«®áë ®âáãâáâ¢ãîâ. �®æ¥âà¨à®-
¢ ë¥ § ¢¨á¨¬®áâ¨ ç áâ®â TO- ¨ LO-ä®®®¢ ¤«ï
CuInS2xSe2(1−x) ¯à¥¤áâ ¢«¥ë   à¨á. 2, ¨§ ª®â®à®£®

á«¥¤ã¥â, çâ® á ã¢¥«¨ç¥¨¥¬ á®¤¥à¦ ¨ï ¢ â¢¥à¤ëå

à áâ¢®à å á¥«¥  ç áâ®âë ¯®«®á 1, 2, 3 ¤«ï E ⊥ c ¨ 2, 4
¤«ï E ‖ c ¨§¬¥ïîâáï ®â á®¡áâ¢¥ëå ç áâ®â CuInS2

¤® ç áâ®âë «®ª «ì®£® ª®«¥¡ ¨ï  â®¬®¢ á¥àë ¢

CuInSe2. � â® ¦¥ ¢à¥¬ï ¤«ï ¯®«®á 4 (E ⊥ c) ¨ 5
(E ‖ c)  ¡«î¤ ¥âáï ¯¥à¥å®¤ ®â ç áâ®âë é¥«¥¢®£®

ª®«¥¡ ¨ï á¥«¥  ¢ CuInS2 ª á®¡áâ¢¥ë¬ ç áâ®â ¬

CuInSe2.
�à ¢¥¨¥ á¯¥ªâà®¢ ®âà ¦¥¨ï CuInS2xSe2(1−x) ç -

áâ®â®£® ¯®«®¦¥¨ï ¯®«®á ¨ ¤ ëå [4,7] ¯®§¢®«ï¥â
á¤¥« âì ¢ë¢®¤ ® â®¬, çâ® ¬®¤ë â¢¥à¤ëå à áâ¢®à®¢ ¤«ï

E ⊥ c (1, 2 ) ¨ E ‖ c (2 ) ®¯à¥¤¥«ïîâáï ª®«¥¡ ¨ï¬¨
á¢ï§¨ In–S, ¯®áª®«ìªã ¢CuInSe2 ¢ íâ®© ®¡« áâ¨ ç áâ®â

¨ª ª¨å ¯®«®á ¥  ¡«î¤ ¥âáï. �¨§ª®ç áâ®âë¥ ¯®-
«®áë 3 ¤«ï E ⊥ c ¨ 4 ¤«ï E ‖ c â ª¦¥ á®®â¢¥âáâ¢ãîâ
ª®«¥¡ ¨ï¬ á¢ï§¨ In–S á ¢®§à áâ îé¨¬ ¢ª« ¤®¬ ¢ íâ¨
ª®«¥¡ ¨ï ª â¨®®¢ ¬¥¤¨. �áâ ¢è¨¥áï ¬®¤ë â¢¥à¤ëå

à áâ¢®à®¢ ¤«ï E ⊥ c (4 ) ¨ E ‖ c (5 ) á®®â¢¥âáâ¢ãîâ
ª®«¥¡ ¨ï¬ á¢ï§¨ In–Se, ¯®áª®«ìªã ¢ ç¨áâ®¬ CuInS2

®¨ ®âáãâáâ¢ãîâ.

�¨§¨ª  ¨ â¥å¨ª  ¯®«ã¯à®¢®¤¨ª®¢, 1997, â®¬ 31, ò 1
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�§ ¢ëè¥áª § ®£® á«¥¤ã¥â, çâ® ª®«¥¡ â¥«ìë¥

¯®«®áë, á®®â¢¥âáâ¢ãîé¨¥ ¬®¤ ¬ E ¨ B2, ¯à®ï¢«ïîâ
¤¢ãå¬®¤®¢ë© å à ªâ¥à ¯®¢¥¤¥¨ï, ¯®áª®«ìªã ¬¥ï¥â-
áï ª ª ¨â¥á¨¢®áâì, â ª ¨ ¨å ç áâ®â®¥ ¯®«®¦¥¨¥.

�  à¨á. 3 ¯à¥¤áâ ¢«¥ë á¯¥ªâàë ��� ¤«ï âà®©ëå

á®¥¤¨¥¨© CuInSe2, CuInS2 ¨ ¥ª®â®àëå â¢¥à¤ëå

à áâ¢®à®¢ CuInS2xSe2(1−x). �á®¡¥®áâìî ¯à¨¢¥¤¥-
ëå á¯¥ªâà®¢ ï¢«ï¥âáï â®, çâ® ¢ â¢¥à¤ëå à áâ¢®à å
®¤®¢à¥¬¥® ¯à¨áãâáâ¢ãîâ ¤¢¥ ¬®¤ë A1, ª®â®àë¥
ï¢«ïîâáï ç¨áâ®  ¨®ë¬¨ ¨ á®®â¢¥âáâ¢ãîâ ª®«¥¡ -
¨ï¬  â®¬®¢ á¥àë ¨ á¥«¥  ¯à¨ ¥¯®¤¢¨¦ëå á®á¥¤-
¨å  â®¬ å. �¨¤®, çâ® ¢ â¢¥à¤ëå à áâ¢®à å á x > 0.5
¯à¥®¡« ¤ îé¥© ¯® ¨â¥á¨¢®áâ¨ ï¢«ï¥âáï ¬®¤  A1

á®®â¢¥âáâ¢ãîé ï ª®«¥¡ ¨ï¬  â®¬®¢ á¥àë. �¢¥¤¥¨¥
¢ CuInS2  â®¬®¢ á¥«¥  ¯à¨¢®¤¨â ª ã¬¥ìè¥¨î

¨â¥á¨¢®áâ¨ íâ®© ¬®¤ë ¨ ¥¥ ãè¨à¥¨î. � â¢¥à¤ëå

à áâ¢®à å á x < 0.5 ¡®«¥¥ ¨â¥á¨¢®© ï¢«ï¥âáï ¬®-
¤  A1, á®®â¢¥âáâ¢ãîé ï ª®«¥¡ ¨ï¬  â®¬®¢ á¥«¥ .
� áâ®â®¥ ¯®«®¦¥¨¥ ¯®«®áë, á®®â¢¥âáâ¢ãîé¥¥ ª®«¥-
¡ ¨ï¬  â®¬®¢ á¥àë, á« ¡® á¬¥é ¥âáï á ¨§¬¥¥¨¥¬
á®áâ ¢  â¢¥à¤®£® à áâ¢®à . � â® ¦¥ ¢à¥¬ï ¯®«®¦¥¨¥

¯®«®áë, á®®â¢¥âáâ¢ãîé¥© ª®«¥¡ ¨ï¬  â®¬®¢ á¥«¥ 

¢ ¨â¥à¢ «¥ 0.5 < x < 1.0, ¬ «® ¨§¬¥ï¥âáï á

à®áâ®¬ x,    ç¨ ï á x < 0.5 ¥¥ ç áâ®â  ¯®áâ¥¯¥®
ã¢¥«¨ç¨¢ ¥âáï. � è¨ à¥§ã«ìâ âë ¯® ¯®¢¥¤¥¨î ¬®¤ë

A1 ¤«ï â¢¥à¤ëå à áâ¢®à®¢ CuInS2xSe2(1−x) ã¤®¢«¥-
â¢®à¨â¥«ì® á®£« áãîâáï á à¥§ã«ìâ â ¬¨ à ¡®âë [10].
�è¨à¥¨¥ ª®«¥¡ â¥«ìëå ¯®«®á á¨¬¬¥âà¨¨ A1 á¢ï§ -
® á ¯à®æ¥áá ¬¨ à §ã¯®àï¤®ç¥¨ï ¢  ®¨¬®© ¯®¤-

�¨á. 3. �¯¥ªâàë ª®¬¡¨ æ¨®®£® à áá¥ï¨ï á¢¥-
â  á®¥¤¨¥¨© CuInSe2, CuInS2 ¨ â¢¥à¤ëå à áâ¢®à®¢

CuInS2xSe2(1−x).

�¨á. 4. �®æ¥âà æ¨®ë¥ § ¢¨á¨¬®áâ¨ ç áâ®â ä®®®¢

¤«ï â¢¥à¤ëå à áâ¢®à®¢ CuInS2xSe2(1−x), ®¯à¥¤¥«¥ë¥ ¨§
á¯¥ªâà®¢   à¨á. 3.

à¥è¥âª¥ â¢¥à¤ëå à áâ¢®à®¢, ª®â®à®¥ ï¢«ï¥âáï ¬ ªá¨-
¬ «ìë¬ ¤«ï áà¥¤¥£® á®áâ ¢ .
�®¢¥¤¥¨¥ ¢ëá®ª®ç áâ®âëå ¯®«®á ¢ á¯¥ªâà å ���,

á®®â¢¥âáâ¢ãîé¨å ¬®¤ ¬ E ¨ B2,   «®£¨ç® ¯®¢¥-
¤¥¨î íâ¨å ¬®¤ ¢ á¯¥ªâà å �� ®âà ¦¥¨ï. �¨

¯à®ï¢«ïîâ ¤¢ãå¬®¤®¢ë© å à ªâ¥à ¯®¢¥¤¥¨ï (à¨á. 4).
�¨§ª®ç áâ®âë¥ ¯®«®áë, á®®â¢¥âáâ¢ãîé¨¥ ¬®¤ ¬ E ¨

B2, ¢ë§¢ ë ª®«¥¡ ¨ï¬¨ Cu–S(Se) ¨ ®¨ ¯à®ï¢«ïîâ
®¤®¬®¤®¢ë© å à ªâ¥à.
� ª¨¬ ®¡à §®¬, ¯à®¢¥¤¥ë¥ ¨áá«¥¤®¢ ¨ï ¯®ª § -

«¨, çâ® ®¯â¨ç¥áª¨¥ ª®«¥¡ ¨ï ¢ â¢¥à¤ëå à áâ¢®à å

CuInS2xSe2(1−x) ¯à®ï¢«ïîâ á¬¥è ë© (®¤®- ¨ ¤¢ãå-
¬®¤®¢ë©) å à ªâ¥à ¯®¢¥¤¥¨ï.
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