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�áá«¥¤®¢ ­ë ¬¥å ­¨ç¥áª¨¥ á¢®©áâ¢  ç¨áâëå ¨ «¥£¨à®¢ ­­ëå (Fe, Zn, Sn) ¬®­®ªà¨áâ ««®¢ InP ¢

¨­â¥à¢ «¥ â¥¬¯¥à âãà 293–600 K.�®ª § ­®, çâ® ¯à¨¬¥á­®¥ ã¯à®ç­¥­¨¥ (ã¢¥«¨ç¥­¨¥ ¬¨ªà®â¢¥à¤®áâ¨)
£®à §¤® ïàç¥ ¢ëà ¦¥­® ¯à¨ ¯®¢ëè¥­­ëå â¥¬¯¥à âãà å, ç¥¬ ¯à¨ ª®¬­ â­®©. �â® ®¡ãá«®¢«¥­®

â®à¬®¦¥­¨¥¬ ¤¢¨¦ãé¨åáï ¤¨á«®ª æ¨© ¯à¨¬¥áï¬¨, ª®â®à®¥ ¡®«ìè¥ ¯à®ï¢«ï¥âáï ¢ ®¡« áâ¨ ¢ëá®ª¨å
â¥¬¯¥à âãà. �¡­ àã¦¥­  § ¬¥â­ ï  ­¨§®âà®¯¨ï â¢¥à¤®áâ¨ ¯® æ à ¯ ­¨î ­  £à ­¨ (001) ¨áá«¥¤ã¥¬ëå
ªà¨áâ ««®¢ ¯à¨ 293 K. �à¨ ¯®¢ëè¥­¨¨ â¥¬¯¥à âãàë ¢ ¨­â¥à¢ «¥ 293–600 K ®­  à¥§ª® ã¬¥­ìè ¥âáï.
�®ª § ­  ­¥íª¢¨¢ «¥­â­®áâì ­ ¯à ¢«¥­¨© [110] ¨ [1̄10] ­  £à ­¨ (001) ¨áá«¥¤ã¥¬ëå ªà¨áâ ««®¢.
� ¡«î¤ ¥¬ë¥ ï¢«¥­¨ï ®¡êïá­ïîâáï à §­ë¬ ¢ª« ¤®¬ ¤¢ãå ¬¥å ­¨§¬®¢ ¯« áâ¨ç¥áª®© ¤¥ä®à¬ æ¨¨:
áª®«ì¦¥­¨ï ¨ ¤¢®©­¨ª®¢ ­¨ï ¢ ¯à®æ¥áá¥ ®¡à §®¢ ­¨ï æ à ¯¨­ ¢¤®«ì ­ ¯à ¢«¥­¨ï 〈100〉 ¨ 〈110〉,  
â ª¦¥ ¢¤®«ì ­ ¯à ¢«¥­¨© [110] ¨ [1̄10].

1. �¢¥¤¥­¨¥

InP ®â­®á¨âáï ª ¯®«ã¯à®¢®¤­¨ª®¢ë¬ ¬ â¥à¨ « ¬,
¢¥áì¬  ¯¥àá¯¥ªâ¨¢­ë¬ ¤«ï è¨à®ª®£® ¯à ªâ¨ç¥áª®£®

¯à¨¬¥­¥­¨ï. �®íâ®¬ã ­¥®¡å®¤¨¬® ¢á¥áâ®à®­­¥¥ ¨á-
á«¥¤®¢ ­¨¥ ¥£® ä¨§¨ç¥áª¨å á¢®©áâ¢. �à¥¤¨ ¬­®£®ç¨-
á«¥­­ëå à ¡®â, ¯®á¢ïé¥­­ëå ¨§ãç¥­¨î íâ®£® á®¥¤¨­¥-
­¨ï, áà ¢­¨â¥«ì­® ¬ «® â ª¨å, ¢ ª®â®àëå à áá¬ âà¨-
¢ îâáï ¬¥å ­¨ç¥áª¨¥ á¢®©áâ¢ . �¥ä®à¬¨à®¢ ­¨¥ ¬®-
­®ªà¨áâ ««®¢ InP ®¤­®®á­ë¬ á¦ â¨¥¬ ¯®ª § «®, çâ®
¯à¨ â¥¬¯¥à âãà å, ¬¥­ìè¨å 730 K, ¯« áâ¨ç¥áª ï ¤¥-
ä®à¬ æ¨ï ¬ â¥à¨ «  ®âáãâáâ¢ã¥â, ­ ¡«î¤ ¥âáï â®«ì-
ª® åàã¯ª®¥ à §àãè¥­¨¥ [1]. �¤­ ª® ¯à¨ ¤¥©áâ¢¨¨

­  íâ¨ ªà¨áâ ««ë á®áà¥¤®â®ç¥­­®© ­ £àã§ª®© ®¡­ -
àã¦¥­®, çâ® ®ª®«® ¬¥áâ  ¤¥ä®à¬¨à®¢ ­¨ï ¢®§­¨ª îâ
¤¨á«®ª æ¨¨ ¤ ¦¥ ¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥ [2].
�®íâ®¬ã ¤«ï ¨§ãç¥­¨ï ¬¥å ­¨ç¥áª¨å á¢®©áâ¢ InP ¢

®¡« áâ¨ â¥¬¯¥à âãà ®â ª®¬­ â­®© ¤® T ∼ 700 K ¯¥à-
á¯¥ªâ¨¢­ë¬ ï¢«ï¥âáï ¬¥â®¤ «®ª «ì­®£® ­ £àã¦¥­¨ï.
� á¢ï§¨ á ¨§«®¦¥­­ë¬ ¢ ­ áâ®ïé¥© à ¡®â¥ ¯®áâ ¢«¥­ 

æ¥«ì — ¨áá«¥¤®¢ âì § ª®­®¬¥à­®áâ¨ ¯« áâ¨ç¥áª®£®

¤¥ä®à¬¨à®¢ ­¨ï ç¨áâëå ¨ «¥£¨à®¢ ­­ëå ¬®­®ªà¨-
áâ ««®¢ InP ¢ ®¡« áâ¨ â¥¬¯¥à âãà 293–600K ¯à¨

¢®§¤¥©áâ¢¨¨ ª®­æ¥­âà¨à®¢ ­­®© ­ £àã§ª¨.

2. �¥â®¤¨ª  íªá¯¥à¨¬¥­â 

�¨áâë¥ ¨ «¥£¨à®¢ ­­ë¥ ¬®­®ªà¨áâ ««ë InP ¡ë«¨

¢ëà é¥­ë ¬¥â®¤®¬ �®åà «ìáª®£®. �å å à ªâ¥à¨áâ¨-
ª  ¯à¨¢¥¤¥­  ¢ â ¡«. 1.
�áá«¥¤®¢ ­¨ï ¯à®¢®¤¨«¨áì ­  £à ­¨ (001), ª®â®à ï

¯®á«¥ ¨§£®â®¢«¥­¨ï ¯®¤¢¥à£ « áì å¨¬¨ç¥áª®© ¯®«¨-
à®¢ª¥ ¤«ï ãáâà ­¥­¨ï ¤¥ä¥ªâ­®£® ¯à¨¯®¢¥àå­®áâ­®£®

á«®ï. �¥ä®à¬¨à®¢ ­¨¥ £à ­¨ (¬¨ªà®¢¤ ¢«¨¢ ­¨¥ ¨

­ ­¥á¥­¨¥ æ à ¯¨­) ®áãé¥áâ¢«ï«®áì á ¯®¬®éìî ¬¨à®-
â¢¥à¤®¬¥à  ���-3. �­¤¥­â®à —  «¬ §­ ï ¯¨à ¬¨-
¤  á ª¢ ¤à â­ë¬ ®á­®¢ ­¨¥¬ (¯¨à ¬¨¤  �¨ªª¥àá ).

� £àã§ª  ­  ¨­¤¥­â®à P ¢ àì¨à®¢ « áì ¢ ¯à¥¤¥« å

10–40 £. �¨ªà®â¢¥à¤®áâì ¯® ¢¤ ¢«¨¢ ­¨î (H) ¢ëç¨-
á«ï« áì ¯® áâ ­¤ àâ­®© ä®à¬ã«¥ [3],   â¢¥à¤®áâì,
®¯à¥¤¥«ï¥¬ ï áª«¥à®¬¥âà¨ç¥áª¨¬ ¬¥â®¤®¬ (Hs), ­ -
å®¤¨« áì ¨§ á®®â­®è¥­¨ï

Hs = P/b2, (1)

£¤¥ b — è¨à¨­  æ à ¯¨­ë.
�§¬¥à¥­¨ï ¬¨ªà®â¢¥à¤®áâ¨ ¯à®¢®¤¨«¨áì ¯à¨ ¤¢ãå

®à¨¥­â æ¨ïå ¨­¤¥­â®à : ¤¨ £®­ «¨ ®â¯¥ç âª  d ¯ -
à ««¥«ì­ë ­ ¯à ¢«¥­¨ï¬ 〈100〉 ¨ d ‖ 〈110〉. �¤®«ì

íâ¨å ªà¨áâ ««®£à ä¨ç¥áª¨å ­ ¯à ¢«¥­¨© ¤¢¨£ «áï

¨­¤¥­â®à ¯à¨ áª«¥à®¬¥âà¨ç¥áª¨å ¨áá«¥¤®¢ ­¨ïå.
�¨á«®ª æ¨®­­ë¥ áâàãªâãàë, ¢®§­¨ª îé¨¥ ®ª®-

«® ®â¯¥ç âª®¢ ¨ æ à ¯¨­, ¨áá«¥¤®¢ «¨áì ¬¥â®¤®¬

¨§¡¨à â¥«ì­®£® âà ¢«¥­¨ï. �à ¢¨â¥«ì — à áâ¢®à

CrO3 (1 £) ¢ HCl (30¬«).
� ¯®¬®éìî á¯¥æ¨ «ì­® á®¡à ­­®© ãáâ ­®¢ª¨ [3]

à¥£¨áâà¨à®¢ « áì  ªãáâ¨ç¥áª ï í¬¨áá¨ï (��), á®-
¯à®¢®¦¤ îé ï ¯à®æ¥áá ¤¥ä®à¬¨à®¢ ­¨ï. �áâ ­®¢ª 
¯®§¢®«ï¥â ä¨ªá¨à®¢ âì ª®«¨ç¥áâ¢® á¨£­ «®¢ �� (N),
¢®§­¨ª îé¨å ¯à¨ ®¡à §®¢ ­¨¨ ¤¢®©­¨ª®¢ ¨ âà¥é¨­,
¨ ï¢«ï¥âáï ­¥çã¢áâ¢¨â¥«ì­®© ª à §¢¨â¨î ¤¨á«®ª -
æ¨®­­ëå áâàãªâãà ¢®ªàã£ ®â¯¥ç âª®¢ ¨ æ à ¯¨­.
�ªá¯¥à¨¬¥­âë ¯à®¢®¤¨«¨áì ¢ ¨­â¥à¢ «¥ â¥¬¯¥à âãà

293−600 K. �è¨¡ª  ¨§¬¥à¥­¨ï H ¨ Hs ∼ 5. � §¡à®á

§­ ç¥­¨© N ∼ 25%. � ª®© ¤®¢®«ì­® ¡®«ìè®© à §¡à®á
á¢ï§ ­ ç áâ¨ç­® á â¥¬, çâ® ¬¥â®¤ �� ï¢«ï¥âáï çã¢-
áâ¢¨â¥«ì­ë¬ ª ­¥®¤­®à®¤­®áâ¨ ¤¥ä¥ªâ­®© áâàãªâãàë

¢¤®«ì ¯®¢¥àå­®áâ¨ ®¡à §æ .

� ¡«¨æ  1. � à ªâ¥à¨áâ¨ª  ¨áá«¥¤ã¥¬ëå ®¡à §æ®¢

�à¨áâ «« �®­æ¥­âà æ¨ï ­®á¨â¥«¥©, á¬−3

InP 4.1 · 1016

InP : Fe 2.1 · 108

InP : Zn 2.7 · 1018

InP : Sn 2.2 · 1017
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3. �ªá¯¥à¨¬¥­â «ì­ë¥ à¥§ã«ìâ âë ¨ ¨å

®¡áã¦¤¥­¨¥

� ­­ë¥, ¯à¨¢¥¤¥­­ë¥ ¢ â ¡«. 2, á¢¨¤¥â¥«ìáâ¢ãîâ,
çâ® ¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥ «¥£¨à®¢ ­¨¥ ®ª -
§ë¢ ¥â ¢¥áì¬  á« ¡®¥ ¢«¨ï­¨¥ ­  ¬¨ªà®â¢¥à¤®áâì.
�§¬¥­¥­¨¥ ¬¨ªà®â¢¥à¤®áâ¨ «¥¦¨â ¢ ¯à¥¤¥« å ®è¨¡®ª

¨§¬¥à¥­¨©.

�¤­ ª® ª àâ¨­  áãé¥áâ¢¥­­® ¬¥­ï¥âáï ¯à¨ â¥¬¯¥-
à âãà¥ ¤¥ä®à¬¨à®¢ ­¨ï 600 K (â ¡«. 2).� íâ®¬ á«ã-
ç ¥ ­ ¡«î¤ ¥âáï ¤®¢®«ì­® áãé¥áâ¢¥­­®¥ ã¯à®ç­¥­¨¥,
®â­®á¨â¥«ì­ë¥ ¨§¬¥­¥­¨ï H ¤®áâ¨£ îâ ∼ 100%. � -
ªãî á¨âã æ¨î ¬®¦­® ®¡êïá­¨âì á«¥¤ãîé¨¬ ®¡à §®¬.
�¯à®ç­¥­¨¥, ­ ¡«î¤ ¥¬®¥ ¢ InP ¯à¨ «¥£¨à®¢ ­¨¨,
á¢ï§ë¢ îâ ®¡ëç­® á â®à¬®¦¥­¨¥¬ ¤¢¨¦ãé¨åáï ¤¨á-
«®ª æ¨© ¯à¨¬¥áï¬¨ [4]. �à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥
¢ InP, ª ª ¨ ¢ ¤àã£¨å ¯®«ã¯à®¢®¤­¨ª®¢ëå á®¥¤¨-
­¥­¨ïå AIIIBV, ¤¨á«®ª æ¨¨ ¯à ªâ¨ç¥áª¨ ­¥¯®¤¢¨¦-
­ë [4–6]. �®íâ®¬ã íää¥ªâ â®à¬®¦¥­¨ï ï¢«ï¥âáï

áãé¥áâ¢¥­­ë¬ «¨èì ¯à¨ ¯®¢ëè¥­­ëå â¥¬¯¥à âãà å.
�«¨ï­¨¥ â¥¬¯¥à âãàë ­  ¯à¨¬¥á­®¥ ã¯à®ç­¥­¨¥ ¬®-
­®ªà¨áâ ««®¢ InP ¡ë«® ®¡­ àã¦¥­® à ­¥¥ ¢ ®¯ëâ å

¯® ®¤­®®á­®¬ã á¦ â¨î [4]. �ë«® ¯®ª § ­®, çâ®

¯®¢ëè¥­¨¥ ¢¥àå­¥£® ¯à¥¤¥«  â¥ªãç¥áâ¨ ¢á«¥¤áâ¢¨¥

«¥£¨à®¢ ­¨ï ¡®«ìè¥ ¢ ®¡« áâ¨ ¡®«¥¥ ¢ëá®ª¨å â¥¬¯¥-
à âãà.

�§ â ¡«. 2 á«¥¤ã¥â, çâ® ­ ¨¡®«¥¥ §­ ç¨â¥«ì­®¥

¯®¢ëè¥­¨¥ ¬¨ªà®â¢¥à¤®áâ¨ ¨¬¥¥â ¬¥áâ® ¯à¨ «¥£¨à®-
¢ ­¨¨ æ¨­ª®¬ ( ªæ¥¯â®à­ ï ¯à¨¬¥áì). �â® å®à®è®

á®£« áãâ¥áï á à¥§ã«ìâ â ¬¨ à ¡®âë [4], ¢ ª®â®à®©

¯®«ãç¥­®, çâ® Zn ¢ ¬®­®ªà¨áâ «« å InP â®à¬®§¨â

¢á¥ ®á­®¢­ë¥ â¨¯ë ¤¨á«®ª æ¨© (α, β ¨ ¢¨­â®¢ë¥

¤¨á«®ª æ¨¨). �àã£ ï ¯à¨¬¥áì (S, ¤®­®à­ ï ¯à¨¬¥áì)
ã¬¥­ìè ¥â áª®à®áâ¨ «¨èì ¤¨á«®ª æ¨© β ¨ ¢¨­â®¢ëå,
áª®à®áâì ¤¨á«®ª æ¨© α ®ª §ë¢ ¥âáï ¤ ¦¥ ã¢¥«¨ç¥­-
­®©.

� â ¡«. 2 ¯à¨¢¥¤¥­ë à¥§ã«ìâ âë «¨èì ®¤­®©

®à¨¥­â æ¨¨ ¨­¤¥­â®à . �«ï ¤àã£®© ®à¨¥­â æ¨¨ —
d ‖ 〈110〉 ¯®«ãç¥­ë  ­ «®£¨ç­ë¥ ¤ ­­ë¥. �­¨§®-
âà®¯¨ï ¬¨ªà®â¢¥à¤®áâ¨, â. ¥. à §«¨ç¨¥ §­ ç¥­¨©

H〈100〉 ¨ H〈110〉, ¢¥áì¬  ­¥¢¥«¨ª . � ª, ¯à¨ ª®¬-
­ â­®© â¥¬¯¥à âãà¥ ª®íää¨æ¨¥­â  ­¨§®âà®¯¨¨ K

� ¡«¨æ  2. �¨ªà®â¢¥à¤®áâì ç¨áâëå ¨ «¥£¨à®¢ ­­ëå

ªà¨áâ ««®¢ InP, ®à¨¥­â æ¨ï d ‖ 〈100〉, P = 40 £∗

�à¨áâ ««
T = 293 K T = 600 K

H, ª£/¬¬2 |∆H|/H0, % H, ª£/¬¬2 |∆H|/H0, %

InP 365 − 80 −
InP : Fe 360 1.4 110 37.5
InP : Zn 380 4.1 170 12.5
InP : Sn 380 4.1 160 100.0

∗ ∆H = H −H0, £¤¥ H ¨ H0 — §­ ç¥­¨ï ¬¨ªà®â¢¥à¤®áâ¨ ¤«ï

«¥£¨à®¢ ­­ëå ¨ ç¨áâëå ªà¨áâ ««®¢ á®®â¢¥âáâ¢¥­­®.

� ¡«¨æ  3. �­¨§®âà®¯¨ï ¬¨ªà®â¢¥à¤®áâ¨ ç¨áâëå ¨

«¥£¨à®¢ ­­ëå ªà¨áâ ««®¢ InP ¯à¨ áª«¥à®¬¥âà¨ç¥áª¨å

¨áá«¥¤®¢ ­¨ïå

T = 293 K T = 600 K

�à¨áâ «« Hs, ª£/¬¬
2

Ks,%
Hs, ª£/¬¬

2

Ks,%
〈100〉 〈110〉 〈100〉 〈110〉

InP 96 196 104 88 104 18
InP : Fe 104 192 80 70 102 45.7
InP : Zn 93 168 80.6 106 106 0
InP : Sn 91 161 77 105 163 55

(K = H〈100〉−H〈110〉/H〈110〉,%) ¤«ï ç¨áâëå InP ∼ 2%,
  ¤«ï «¥£¨à®¢ ­­ëå ∼ 13%.
�¤­ ª® §­ ç¨â¥«ì­ ï  ­¨§®âà®¯¨ï ¬¨ªà®â¢¥à¤®áâ¨

¡ë«  ®¡­ àã¦¥­  ¯à¨ ¨áá«¥¤®¢ ­¨ïå áª«¥à®¬¥âà¨ç¥-
áª¨¬ ¬¥â®¤®¬ (â ¡«. 3).
� ¯à ¢«¥­¨ï 〈100〉 ¨ 〈110〉 ¢ â ¡«. 3 ãª §ë¢ îâ

­ ¯à ¢«¥­¨ï ¤¢¨¦¥­¨ï ¨­¤¥­â®à  ¯à¨ ­ ­¥á¥­¨¨ æ -

à ¯¨­. Ks = (H
〈110〉
s −H〈100〉

s )/H
〈100〉
s — ª®íää¨æ¨¥­â

 ­¨§®âà®¯¨¨ â¢¥à¤®áâ¨ ¯® æ à ¯ ­¨î.
�§ â ¡«. 3 á«¥¤ã¥â, çâ® ¯à¨ ª®¬­ â­®© â¥¬¯¥à -

âãà¥  ­¨§®âà®¯¨ï Hs ¤®áâ¨£ ¥â 80–100%. �à¨ íâ®¬

H
〈100〉
s < H

〈110〉
s , ¢ â® ¢à¥¬ï ª ª ¯à¨ ¬¨ªà®¢¤ -

¢«¨¢ ­¨¨ ¨¬¥¥â ¬¥áâ® ¯à®â¨¢®¯®«®¦­ ï ª àâ¨­  —
H〈100〉 > H〈110〉.

1 � §«¨ç­ë© å à ªâ¥à  ­¨§®âà®¯¨¨

â¢¥à¤®áâ¨ ¯à¨ íâ¨å ¤¢ãå á¯®á®¡ å ¤¥ä®à¬¨à®¢ ­¨ï

­ ¡«î¤ «áï ¨ ­  ¤àã£¨å ªà¨áâ «« å [3,8]. �®¯à®á ®

¯à¨à®¤¥ íâ®£® ï¢«¥­¨ï à áá¬®âà¥­ ¯®¤à®¡­® ¢ [3,8].
�§ â ¡«. 3 ¢¨¤­®, çâ® ¯à¨ ¯®¢ëè¥­¨¨ â¥¬¯¥à -

âãàë ¤¥ä®à¬¨à®¢ ­¨ï ®â 293 ¤® 600 K  ­¨§®âà®¯¨ï

Hs §­ ç¨â¥«ì­® ã¬¥­ìè ¥âáï, ¢ ­¥ª®â®àëå á«ãç ïå

(InP : Zn) ¤ ¦¥ ¨áç¥§ ¥â. �â®â à¥§ã«ìâ â ï¢«ï¥âáï

¤®¢®«ì­® ­¥®¦¨¤ ­­ë¬, â ª ª ª ¯à®¢¥¤¥­­ë¥ à ­¥¥

¨áá«¥¤®¢ ­¨ï  ­¨§®âà®¯¨¨ â¢¥à¤®áâ¨ ¯® æ à ¯ ­¨î

­  £à ­¨ (111) ¢ InP ¯®ª § «¨, çâ® Ks ¯à ªâ¨ç¥áª¨

­¥ ¬¥­ï¥âáï ¢ ¨­â¥à¢ «¥ â¥¬¯¥à âãà 293–673K [5].
�®íâ®¬ã ¤«ï ¢ëïá­¥­¨ï ¯à¨ç¨­ë ®¡­ àã¦¥­­®£® ­ -
¬¨ à¥§ª®£® ¢«¨ï­¨ï â¥¬¯¥à âãàë ­   ­¨§®âà®¯¨î Hs

¡ë«¨ ¯à®¢¥¤¥­ë ¤®¯®«­¨â¥«ì­ë¥ ¨áá«¥¤®¢ ­¨ï. � 
à¨á. 1 ¯à¥¤áâ ¢«¥­ë â¥¬¯¥à âãà­ë¥ § ¢¨á¨¬®áâ¨ ¬¨-
ªà®â¢¥à¤®áâ¨, ¯®«ãç¥­­ë¥ ¯à¨ ¤¢¨¦¥­¨¨ ¨­¤¥­â®à 

¢¤®«ì ­ ¯à ¢«¥­¨© 〈100〉 ¨ 〈110〉. �¨¤­®, çâ® ¤«ï

­ ¯à ¢«¥­¨© 〈110〉 ­ ¡«î¤ ¥âáï ®¡ëç­ ï â¥¬¯¥à -
âãà­ ï § ¢¨á¨¬®áâì ¬¨ªà®â¢¥à¤®áâ¨ — ã¬¥­ìè¥­¨¥

íâ®£® ¯ à ¬¥âà  á à®áâ®¬ â¥¬¯¥à âãàë. �¤­ ª® ¤«ï
­ ¯à ¢«¥­¨© 〈100〉 ª àâ¨­  ¤àã£ ï. � íâ®¬ á«ãç ¥

¢­ ç «¥ ­¥ ¯à®¨áå®¤¨â à¥§ª®£® ¯ ¤¥­¨ï Hs á à®áâ®¬

â¥¬¯¥à âãàë,   ¤ ¦¥ ­ ¡«î¤ ¥âáï á« ¡ë© ¬ ªá¨¬ã¬
(à¨á. 1, ªà¨¢ ï 1 ) ¨«¨ ¨¬¥¥â ¬¥áâ® à®áâ Hs á ¯®¢ë-
è¥­¨¥¬ â¥¬¯¥à âãàë (à¨á. 1, ªà¨¢ ï 3 ). � à¥§ã«ìâ -
â¥ áâ®«ì à §«¨ç­®£® ¯®¢¥¤¥­¨ï ¬¨ªà®â¢¥à¤®áâ¨ ¤«ï

1 �­¨§®âà®¯¨ï Hs ­  £à ­¨ (001) InP : Fe ¡ë«  ®¡­ àã¦¥­ 

à ­¥¥ ¢ à ¡®â¥ [7].
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�¨á. 1. �¥¬¯¥à âãà­ë¥ § ¢¨á¨¬®áâ¨ â¢¥à¤®áâ¨ ¯® æ -
à ¯ ­¨î ¤«ï InP (1, 2 ) ¨ InP : Zn (3, 4 ). � ¯à ¢«¥­¨¥

¤¢¨¦¥­¨ï ¨­¤¥­â®à  〈100〉 (1, 3 ) ¨ 〈110〉 (2, 4 ).

­ ¯à ¢«¥­¨© 〈110〉 ¨ 〈100〉 ­ ¡«î¤ ¥âáï «¨¡® à¥§ª®¥

ã¬¥­ìè¥­¨¥  ­¨§®âà®¯¨¨ H (à¨á. 1, ªà¨¢ë¥ 1, 2 ),
«¨¡® ¥¥ ¨áç¥§­®¢¥­¨¥ (à¨á. 1, ªà¨¢ë¥ 3, 4 ).
�ãé¥áâ¢¥­­®¥ à §«¨ç¨¥ § ¢¨á¨¬®áâ¥© Hs(T ) ¤«ï

­ ¯à ¢«¥­¨© 〈100〉 ¨ 〈110〉 ­ ¢®¤¨â ­  ¬ëá«ì ® à §«¨ç-
­®¬ å à ªâ¥à¥ ¯« áâ¨ç¥áª®£® ¤¥ä®à¬¨à®¢ ­¨ï ¤«ï

íâ¨å ¤¢ãå ­ ¯à ¢«¥­¨©. �§¢¥áâ­® [1], çâ® ¯« áâ¨ç¥-
áª ï ¤¥ä®à¬ æ¨ï ¢ InP ¬®¦¥â ®áãé¥áâ¢«ïâìáï ª ª

áª®«ì¦¥­¨¥¬, â ª ¨ ¤¢®©­¨ª®¢ ­¨¥¬. � ¤¥ä®à¬¨à®-
¢ ­­ëå §®­ å, ¢®§­¨ª îé¨å ¯à¨ ¤¢¨¦¥­¨¨ ¨­¤¥­-
â®à  ¯® ®¡®¨¬ ­ ¯à ¢«¥­¨ï¬, ®¡­ àã¦¨¢ îâáï ª ª

¤¢®©­¨ª¨, â ª ¨ ¤¨á«®ª æ¨®­­ë¥ àï¤ë, ¨¤ãé¨¥ ¢¤®«ì
¢ëå®¤®¢ ­  ¨áá«¥¤ã¥¬ãî £à ­ì å à ªâ¥à­ëå ¤«ï InP
¯«®áª®áâ¥© áª®«ì¦¥­¨ï {111} (à¨á. 2). �¤­ ª® ¢ª« ¤
â®£® ¨«¨ ¨­®£® ¬¥å ­¨§¬  ¯« áâ¨ç¥áª®© ¤¥ä®à¬ æ¨¨

¬®¦¥â § ¢¨á¨âì ®â ­ ¯à ¢«¥­¨ï æ à ¯¨­. �á«¨ íâ®

â ª, â® ª®«¨ç¥áâ¢® á¨£­ «®¢  ªãáâ¨ç¥áª®© í¬¨áá¨¨,
à¥£¨áâà¨àã¥¬ëå ¯à¨ ¤¢¨¦¥­¨¨ ¨­¤¥­â®à , ¤®«¦­®
¡ëâì à §«¨ç­ë¬ ¤«ï ­ ¯à ¢«¥­¨© 〈100〉 ¨ 〈110〉 (á¬.
à §¤. 2). � ­­ë¥, ¯à¨¢¥¤¥­­ë¥ ¢ â ¡«. 4, ¯®¤â¢¥à¦¤ -
îâ íâ® ¯à¥¤¯®«®¦¥­¨¥.2

�§ â ¡«. 4 á«¥¤ã¥â, çâ® ¤¢®©­¨ª®¢ ­¨¥ ¢­®á¨â

¡®́«ìè¨© ¢ª« ¤ ¢ ®¡à §®¢ ­¨¥ æ à ¯¨­ ¢¤®«ì 〈100〉,
ç¥¬ ¢¤®«ì 〈110〉. �®§¬®¦­®, çâ® £®à §¤® ¡®«ìè¨¥

§­ ç¥­¨ï H
〈110〉
s ¯® áà ¢­¥­¨î á H

〈100〉
s ¯à¨ ª®¬­ â­®©

â¥¬¯¥à âãà¥ (â ¡«. 3) ç áâ¨ç­® ®¡ãá«®¢«¥­ë â¥¬, çâ®
¯à¨ ¤¢¨¦¥­¨¨ ¨­¤¥­â®à  ¢¤®«ì 〈110〉 ¤¢®©­¨ª®¢ ­¨¥
¡®«¥¥ § âàã¤­¥­®, ç¥¬ ¯à¨ ¥£® ¤¢¨¦¥­¨¨ ¢¤®«ì 〈100〉.
� ª¨¬ ®¡à §®¬, ®¡­ àã¦¨¢ ¥âáï ­®¢ë© ä ªâ®à, ¯à¨-
¢®¤ïé¨© ª ­ «¨ç¨î  ­¨§®âà®¯¨¨ â¢¥à¤®áâ¨ ¯® æ -
à ¯ ­¨î — à §«¨ç­ë© ¢ª« ¤ â®£® ¨«¨ ¨­®£® ¬¥å -
­¨§¬  ¯« áâ¨ç¥áª®£® ¤¥ä®à¬¨à®¢ ­¨ï ¯à¨ ¤¢¨¦¥­¨¨

¨­¤¥­â®à  ¢¤®«ì à §­ëå ­ ¯à ¢«¥­¨© ­  ¨áá«¥¤ã¥¬®©

£à ­¨. �® á¨å ¯®à  ­¨§®âà®¯¨ï H ª ª ¯®«ã¯à®¢®¤­¨-

2 �®â ä ªâ, çâ® N〈100〉 > N〈110〉, ­¥«ì§ï ®â­¥áâ¨ ­  áç¥â

à §¢¨â¨ï âà¥é¨­, â ª ª ª ã æ à ¯¨­ ¢¤®«ì 〈110〉 ­ ¡«î¤ «®áì
¡®«¥¥ ¨­â¥­á¨¢­®¥ âà¥é¨­®®¡à §®¢ ­¨¥, ç¥¬ ã æ à ¯¨­ ¢¤®«ì

〈100〉. �¨á. 2 ¬®¦¥â á«ã¦¨âì ¨««îáâà æ¨¥© íâ®£®.

ª®¢ëå, â ª ¨ ¤àã£¨å ªà¨áâ ««®¢ á¢ï§ë¢ « áì «¨èì

á® á¯¥æ¨ä¨ª®© ¨å í«¥¬¥­â®¢ áª®«ì¦¥­¨ï, á ®á®¡¥­­®-
áâìî à á¯®«®¦¥­¨ï ­ ¢ «®¢ ¢ë¤ ¢«¥­­®£® ¬ â¥à¨ « 

¯¥à¥¤ ª®­æ®¬ æ à ¯¨­ [3,6,8–10].

�§¢¥áâ­®, çâ® ­  £à ­¨ (001) ¯®«ã¯à®¢®¤­¨ª®¢ëå
á®¥¤¨­¥­¨© AIIIBV ­ ¯à ¢«¥­¨ï [110] ¨ [1̄10] ­¥ ï¢«ï-
îâáï íª¢¨¢ «¥­â­ë¬¨ [11,12]. �®íâ®¬ã ¯à¥¤áâ ¢«ï-
«®áì ¨­â¥à¥á­ë¬ ¢ëïá­¨âì, à §«¨ç îâáï «¨ ®­¨ ¯®

â¢¥à¤®áâ¨, ¯® ¯ à ¬¥âà ¬ ��, ¢®§­¨ª îé¥© ¯à¨ ¤¥-
ä®à¬¨à®¢ ­¨¨. �®¤®¡­ëå ¨áá«¥¤®¢ ­¨©, ­ áª®«ìª®
­ ¬ ¨§¢¥áâ­® ¨§ «¨â¥à âãàë, ­  íâ¨å ¬ â¥à¨ « å ¤®
á¨å ¯®à ­¥ ¯à®¢®¤¨«®áì.

�  £à ­¨ (001) ªà¨áâ ««®¢ InP : Sn ¡ë«¨ ¢ëï¢«¥-
­ë ¯àï¬®ã£®«ì­ë¥ ¤¨á«®ª æ¨®­­ë¥ ï¬ª¨ âà ¢«¥-
­¨ï. �®£« á­® [11], ¢¤®«ì ¤«¨­­®© áâ®à®­ë ¯àï¬®-
ã£®«ì­¨ª  ¨¤¥â ­ ¯à ¢«¥­¨¥ [110]. �®«ì§ãïáì íâ¨¬

®à¨¥­â¨à®¬, ¡ë«® ­ ©¤¥­®: H
[1̄10]
s = 130 ª£/¬¬2,  

H
[110]
s = 150 ª£/¬¬2. � §«¨ç­ë¬¨ ®ª § «¨áì ¨ §­ -

ç¥­¨ï N : N[1̄10] = 220, N[110] = 290.

�¨á. 2. InP. �¨á«®ª æ¨®­­ë¥ §®­ë æ à ¯¨­, ¯à®¢¥¤¥­-
­ëå ¢¤®«ì 〈100〉 (a) ¨ 〈110〉 (b) ¯à¨ P = 20 £. �âà¥«ª¨
ãª §ë¢ îâ ­ ¯à ¢«¥­¨¥ ¤¢¨¦¥­¨ï ¨­¤¥­â®à . � à ¯¨­ë
­ ­¥á¥­ë ¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥. �®­ë ¢ëï¢«¥­ë

¯®á«¥ ®â¦¨£  ¯à¨ 623 K ¢ â¥ç¥­¨¥ 6ç ¨ ¯®á«¥¤ãîé¥£®

âà ¢«¥­¨ï.
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� ¡«¨æ  4. �®«¨ç¥áâ¢® á¨£­ «®¢ ��, à¥£¨áâà¨àã¥¬ëå
¯à¨ ¯à®¢¥¤¥­¨¨ æ à ¯¨­ (P = 13 £, ¤«¨­  æ à ¯¨­

480¬ª¬) ­  £à ­¨ (001) ¨áá«¥¤ã¥¬ëå ªà¨áâ ««®¢ InP.
T = 293 K

�à¨áâ ««
N

〈100〉 〈110〉

InP 390 250
InP : Zn 500 320
InP : Sn 390 250

� ª¨¬ ®¡à §®¬, íâ¨ à¥§ã«ìâ âë ¯®¤â¢¥à¦¤ îâ ­¥-
íª¢¨¢ «¥­â­®áâì ­ ¯à ¢«¥­¨© [110] ¨ [1̄10]. � 

¤àã£¨å ¨áá«¥¤®¢ ­­ëå ªà¨áâ «« å ­¥ ¡ë«¨ ¯®«ãç¥-
­ë â ª¨¥ ç¥âª¨¥ ï¬ª¨ âà ¢«¥­¨ï, ª ª ­  InP : Sn.
�¤­ ª® ¨ ­  ­¨å ®¡­ àã¦¨«®áì à §«¨ç¨¥ â¢¥à¤®-
áâ¨ ¯® æ à ¯ ­¨î (∆Hs) ¨ ç¨á«  ¨¬¯ã«ìá®¢ ��

(∆N) ¤«ï ­ ¯à ¢«¥­¨© [110] ¨ [1̄10]. � ª, ¤«ï InP
∆Hs = 30 ª£/¬¬2, ∆N = 100, ¤«ï InP : Zn íâ¨ ¯ à ¬¥-
âàë à ¢­ë 10 ª£/¬¬2 ¨ 110 á®®â¢¥âáâ¢¥­­®.

4. � ª«îç¥­¨¥

1. �à¨¬¥á­®¥ ã¯à®ç­¥­¨¥ ¬®­®ªà¨áâ ««®¢ InP («¥-
£¨àãîé¨¥ ¯à¨¬¥á¨ Fe, Zn, Sn) £®à §¤® ïàç¥ ¢ë-
à ¦¥­® ¯à¨ ¯®¢ëè¥­­ëå â¥¬¯¥à âãà å (∼ 600 K),
ç¥¬ ¯à¨ ª®¬­ â­®©. �â® ®¡ãá«®¢«¥­® â®à¬®¦¥­¨¥¬

¤¢¨¦ãé¨åáï ¤¨á«®ª æ¨© ¯à¨¬¥áï¬¨, ª®â®à®¥ ¡®«ìè¥
¯à®ï¢«ï¥âáï ¯à¨ ¢ëá®ª¨å â¥¬¯¥à âãà å.

2. �  £à ­¨ (001) ç¨áâëå ¨ «¥£¨à®¢ ­­ëå ªà¨áâ «-
«®¢ InP ¯à¨ ¨áá«¥¤®¢ ­¨ïå áª«¥à®¬¥âà¨ç¥áª¨¬ ¬¥â®-
¤®¬ ¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥ ®¡­ àã¦¥­  á¨«ì­ ï

 ­¨§®âà®¯¨ï â¢¥à¤®áâ¨ ¯® æ à ¯ ­¨î (Hs): Hs ¯à¨

¤¢¨¦¥­¨¨ ¨­¤¥­â®à  ¢¤®«ì 〈110〉 ¯à¨¬¥à­® ¢ 2 à § 

¡®«ìè¥ H
〈100〉
s .

3. �¡­ àã¦¥­®, çâ® â¥¬¯¥à âãà­ë¥ § ¢¨á¨¬®áâ¨

H
〈110〉
s ¨ H

〈100〉
s à¥§ª® à §«¨ç­ë. �¥à¢ë© ¯ à ¬¥âà

ã¬¥­ìè ¥âáï á à®áâ®¬ T , çâ® å à ªâ¥à­® ¤«ï ¬¨ªà®-
â¢¥à¤®áâ¨, ¢â®à®© — ¬¥­ï¥âáï á« ¡®, ¤«ï ­¥ª®â®àëå
®¡à §æ®¢ ¤ ¦¥ à áâ¥â á ã¢¥«¨ç¥­¨¥¬ T . �â® ¯à¨¢®¤¨â
ª ã¬¥­ìè¥­¨î  ­¨§®âà®¯¨¨ Hs ¯à¨ T ∼ 600 K ¨«¨

¤ ¦¥ ª ¥¥ ¨áç¥§­®¢¥­¨î (InP : Zn).
4. �àª® ¢ëà ¦¥­­ ï  ­¨§®âà®¯¨ïHs ¯à¨ T = 293 K

¨ ­¥ ¤¥ª¢ â­®¥ ¯®¢¥¤¥­¨¥H
〈100〉
s ¨H

〈110〉
s ¯à¨ ¯®¢ëè¥-

­¨¨ T ®¡êïá­¥­® à §­ë¬ ¢ª« ¤®¬ ¤¢ãå ¬¥å ­¨§¬®¢

¯« áâ¨ç¥áª®© ¤¥ä®à¬ æ¨¨ — áª®«ì¦¥­¨ï ¨ ¤¢®©­¨-
ª®¢ ­¨ï ¢ ¯à®æ¥áá¥ ®¡à §®¢ ­¨ï æ à ¯¨­ ¯à¨ ¤¢¨¦¥-
­¨¨ ¨­¤¥­â®à  ¢¤®«ì 〈100〉 ¨ 〈110〉. �ªá¯¥à¨¬¥­âë

¯® à¥£¨áâà æ¨¨  ªãáâ¨ç¥áª®© í¬¨áá¨¨ (��), ¢®§­¨-
ª îé¥© ¯à¨ ¯à®¢¥¤¥­¨¨ æ à ¯¨­, ¯®¤â¢¥à¦¤ îâ íâ®
®¡êïá­¥­¨¥.

5. �á¯®«ì§ãï áª«¥à®¬¥âà¨ç¥áª¨¥ ¨áá«¥¤®¢ ­¨ï ¨

à¥£¨áâà æ¨î ��, ã¤ «®áì ¯®¤â¢¥à¤¨âì ­¥íª¢¨¢ «¥­â-
­®áâì ­ ¯à ¢«¥­¨© [110] ¨ [1̄10] ­  £à ­¨ (001) á®¥¤¨-
­¥­¨© AIIIBV, ¢ëï¢«¥­­ãî à ­¥¥ ¤àã£¨¬¨ ¬¥â®¤ ¬¨.
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Mechanical properties of pure and doped
InP single crystals under a concentrated
loading

Yu.S. Boyarskaya , D.Z. Grabko, M.I. Medinskya,

N.A. Palistrant

Institute of Applied Physics,
277028 Kishinev, Moldova

Abstract The mechanical properties of pure and doped

(Fe, Zn, Sn) InP single crystals were investigated in the

temperature interval from 293 to 600 K. It was show that

impurity hardening (the microhardness increase) was more

pronounced at elevated temperatures than at 293 K. This

is conditioned by braking of the moving dislocatins whith

impurities which is more observed in the high temperature

region. The obvious anisotropy of the scratch hardness was

revealed at room temperature for the (001) face of crystals

under investigation. This anisotropy decreased sharply in

increasing the temperature from 293 to 600 K. It was revealed

the non-equivalence of [110] and [1̄10] directions on the (001)

face of crystals in question. The observed phenomena are

explained by different contribution of two plastic deformation

mechanisms: slidind and twining in the process of scratch

formation along the 〈100〉 and 〈110〉 directions, and also along

[110] and [1̄10] ones.

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


