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�áá«¥¤®¢ ­ë í«¥ªâà¨ç¥áª¨¥ á¢®©áâ¢  ¬®­®á«®¥¢ Cu–O, ¨­â¥àª «¨à®¢ ­­ëå ¢ ªà¨áâ ««¨ç¥áª¨©

£à ä¨â, ­  á¢¥àå¢ëá®ª¨å ç áâ®â å (¤® 1 GHz) ¢ ¨­â¥à¢ «¥ â¥¬¯¥à âãà 80–400 K. �à¨ ¯®¢ëè¥­¨¨
â¥¬¯¥à âãàë ¢ëè¥ 300 K á®¯à®â¨¢«¥­¨¥ ¨áå®¤­ëå ®¡à §æ®¢ £à ä¨â  ¢®§à áâ ¥â, çâ® ®¡ãá«®¢«¥­®
¤¥á®à¡æ¨¥© ª¨á«®à®¤ . �à¨ ­ £à¥¢¥ ®¡à §æ®¢ á ¨­â¥àª «¨à®¢ ­­ë¬¨ á«®ï¬¨ Cu–O ¢ ¨­â¥à¢ «¥ â¥¬-
¯¥à âãà 95–130 K ­ ¡«î¤ ¥âáï ¯¥à¥å®¤ ¨§ ¬¥â ««¨ç¥áª®£® ¢ ¯®«ã¯à®¢®¤­¨ª¥ (¨«¨ ¤¨í«¥ªâà¨ç¥áª®¥)
á®áâ®ï­¨¥. �à¨ T = 8 K ¤ ­­ë¥ ®¡à §æë ®¡­ àã¦¨¢ îâ ¬¨ªà®¢®«­®¢®¥ ¯®£«®é¥­¨¥, á¢®©áâ¢¥­­®¥
á¢¥àå¯à®¢®¤­¨ª ¬ (¯à¨ T = 260 K íää¥ªâ ­¥ à¥£¨áâà¨àã¥âáï).

� ¬®¯à®¨§¢®«ì­®¥ ¯à®­¨ª­®¢¥­¨¥ ­¥ª®â®àëå  â®-
¬®¢ ¨ ¬®«¥ªã« ¢® ¢­ãâà¥­­îî ¬¥¦á«®¥¢ãî ®¡« áâì

ªà¨áâ ««¨ç¥áª®£® £à ä¨â  — ¨­â¥àª «¨à®¢ ­¨¥ —
¯®§¢®«ï¥â á¨­â¥§¨à®¢ âì ­®¢ë¥  ­¨§®âà®¯­ë¥ ¬ â¥-
à¨ «ë, ¢ ¦­ë¥ ¤«ï ¬­®£¨å ¯à¨¬¥­¥­¨© [1]. �à¨

íâ®¬ ¨á¯®«ì§ã¥âáï ¢ëá®ª®®à¨¥­â¨à®¢ ­­ë© ¯¨à®«¨-
â¨ç¥áª¨© £à ä¨â (HOPG) [2]. � àï¤ã á ¨­â¥àª «¨-
à®¢ ­­ë¬¨  â®¬ ¬¨ (­ ¯à¨¬¥à, ¬¥¤¨) ­  £¥ªá £®­ å
£à ä¨â®¢ëå ¯«®áª®áâ¥© ¬®£ãâ áãé¥áâ¢®¢ âì ¨  â®¬ë

¤àã£®£® á®àâ , ­ ¯à¨¬¥à ª¨á«®à®¤ . � [3] ¡ë«® ¯®ª -
§ ­®, çâ® ¯à¨ â¥¬¯¥à âãà å ­¨¦¥ ª®¬­ â­®© ª¨á«®-
à®¤ ¨­â¥àª «¨àã¥â ¢ £à ä¨â ¨ ¯à¨ íâ®¬ ¨£à ¥â à®«ì

 ªæ¥¯â®à .�à¨ íâ®¬ ¢ ¬¥¦¯«®áª®áâ­®¬ ¯à®áâà ­áâ¢¥
£à ä¨â  ®¡à §ãîâáï 2D- ¬®­®á«®ï Cu–O.
� ¤ ­­®© à ¡®â¥ ¯à¨¢¥¤¥­ë à¥§ã«ìâ âë ¨áá«¥¤®-

¢ ­¨ï ¯à®¢®¤¨¬®áâ¨ ­  á¢¥àå¢ëá®ª¨å ç áâ®â å ªà¨-
áâ ««¨ç¥áª®£® £à ä¨â , ¨­â¥àª «¨à®¢ ­­®£® ¬¥¤ìî ¨

ª¨á«®à®¤®¬, ¢ ¨­â¥à¢ «¥ â¥¬¯¥à âãà 80–400 K.

1. �¡à §æë ¨ ¬¥â®¤¨ª 

� ª ç¥áâ¢¥ ®¡à §æ®¢ ¨á¯®«ì§®¢ «áï HOPG à §¬¥-
à®¬ 10× 10× 1 mm. �­â¥àª «¨à®¢ ­¨¥ ¬¥¤ìî ®áãé¥-
áâ¢«ï«®áì ¢ë¤¥à¦ª®© HOPG ¢ à á¯« ¢ ¬¥¤¨ ç¨áâ®âë

9.99% ¯à¨ T = 1473 K ¢ â¥ç¥­¨¥ 20 min ¢ ¢ ªãã¬¥

­¥ åã¦¥ 10−3 Torr. �­â¥àª «¨à®¢ ­¨¥ ª¨á«®à®¤®¬

¯à®¨áå®¤¨«® ¯à¨ ¢ë¤¥à¦ª¥ ®¡à §æ  ¢ â¥ç¥­¨¥ ¤¢ãå

áãâ®ª ­  ¢®§¤ãå¥ ¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥.
�«®ª-áå¥¬  ¨§¬¥à¨â¥«ì­®© ãáâ ­®¢ª¨ ¯à¥¤áâ ¢«¥-

­  ­  à¨á. 1. �à®¢®¤¨¬®áâì ¨§¬¥àï« áì á ¨á¯®«ì-
§®¢ ­¨¥¬ ª® ªá¨ «ì­®£® λ/4-à¥§®­ â®à  ­  ®á­®¢¥

á¨¬¬¥âà¨ç­®© ¤¢ãå¯à®¢®¤­®© «¨­¨¨ ¢­ãâà¨ ªàã£«®£®

íªà ­  á ¢®§¤ãè­ë¬ ¤¨í«¥ªâà¨ª®¬ [4] (à¨á. 1,b). �«ï
¯®¢ëè¥­¨ï çã¢áâ¢¨â¥«ì­®áâ¨ ¬¥â®¤  ®¡à §¥æ ¯®¬¥-
é «áï ¢ æ¥­âà ®âªàëâ®£® ¯àï¬®ã£®«ì­®£® à¥§®­ â®-
à , ¨§£®â®¢«¥­­®£® ¨§ ¬¥¤¨ ¨ â¥à¬®¨§®«¨à®¢ ­­®£®

á­ àã¦¨ ¯¥­®¯« áâ®¬. �â®â à¥§®­ â®à ®¤­®¢à¥¬¥­­®
¨£à « à®«ì â¥à¬®áâ â  ¯à¨ ¯à®¢¥¤¥­¨¨ ­¨§ª®â¥¬¯¥à -
âãà­ëå ¨§¬¥à¥­¨©.
�® ªá¨ «ì­ë© à¥§®­ â®à ¨£à « à®«ì §®­¤  ¨ ¬®£

¯¥à¥¬¥é âìáï ¯® ¯«®áª®áâ¨ ®¡à §æ . �à¨ ¯à®¢¥¤¥­¨¨

¨§¬¥à¥­¨© â®à¥æ §®­¤ -à¥§®­ â®à  ¯à¨¢®¤¨«áï ¢ ª®­-
â ªâ á ¯®¢¥àå­®áâìî ®¡à §æ . �  à¨á. 2 ¯®ª § ­ë

ç áâ®â­ ï å à ªâ¥à¨áâ¨ª  á¨£­ «  P (F ) ¨§¬¥à¨â¥«ì-
­®£® ¡«®ª  ãáâ ­®¢ª¨ (a) ¨ § ¢¨á¨¬®áâì Pmax ®â

à ááâ®ï­¨ï §®­¤  ®â ¯®¢¥àå­®áâ¨ ®¡à §æ  h (b).
�«ï ¯®«ãç¥­¨ï ª®«¨ç¥áâ¢¥­­ëå à¥§ã«ìâ â®¢ ¯à®-

¢®¤¨« áì ª «¨¡à®¢ª  ãáâ ­®¢ª¨ á ¨á¯®«ì§®¢ ­¨¥¬

¬¥â ««®¢ á ¨§¢¥áâ­ë¬ ã¤¥«ì­ë¬ ¯®¢¥àå­®áâ­ë¬ á®-
¯à®â¨¢«¥­¨¥¬ rs. � ¢¨á¨¬®áâì Pmax ®â rs ­  ç áâ®â¥
0.84 GHz ¯à¨¢¥¤¥­  ­  à¨á. 2,c.
�®¯®«­¨â¥«ì­® ¯à®¢®¤¨«¨áì ¨§¬¥à¥­¨ï ¯à®¢®¤¨¬®-

áâ¨ ®¡à §æ®¢ á ¨á¯®«ì§®¢ ­¨¥¬ ¨¬¯ã«ìá®¢ ­ ¯àï¦¥-
­¨ï ­ ­®á¥ªã­¤­®© ¤«¨â¥«ì­®áâ¨ ¯® ¬¥â®¤¨ª¥, ®¯¨-
á ­­®© ¢ [5]. �«¨â¥«ì­®áâì ¯ ¤ îé¥£® ­  ®¡à §¥æ

¨¬¯ã«ìá  ­ ¯àï¦¥­¨ï Ui á®áâ ¢«ï«  4 ns, ¨§¬¥à¥-
­¨ï ¯à®¢®¤¨«¨áì ¢ ª®­æ¥ ¨­â¥à¢ «  ¤«¨â¥«ì­®áâ¨

¨¬¯ã«ìá . �®¯à®â¨¢«¥­¨¥ ®¡à §æ  ®¯à¥¤¥«ï«®áì ¯®

ä®à¬ã«¥

R = Z0(Ui + Ur)/(Ui − Ur),

£¤¥ Z0 = 50 Ω, Ur — ®âà ¦¥­­ë© ®â ®¡à §æ  ¨¬¯ã«ìá

­ ¯àï¦¥­¨ï.
�¥¬¯¥à âãà­ë¥ ¨§¬¥à¥­¨ï ¯à®¢®¤¨«¨áì ¢ ¨­â¥à¢ -

«¥ 80–400 K á ¨á¯®«ì§®¢ ­¨¥¬ ¬¥¤ìª®­áâ ­â ­®¢®©

â¥à¬®¯ àë. �ª®à®áâì ¨§¬¥­¥­¨ï â¥¬¯¥à âãàë á®áâ -
¢«ï¥â 1 K/min.

2. �¥§ã«ìâ âë ¨ ®¡áã¦¤¥­¨¥

�  à¨á. 3 ¯à¨¢¥¤¥­ë â¥¬¯¥à âãà­ë¥ § ¢¨á¨¬®áâ¨

Pmax ¤«ï ªà¨áâ ««¨ç¥áª®£® £à ä¨â  ¯à¨ ¤¢ãå ®à¨-
¥­â æ¨ïå ¡ §®¢®© ¯«®áª®áâ¨ ®â­®á¨â«¥ì­® í«¥ªâà¨-
ç¥áª®£® ¬¨ªà®¢®«­®¢®£® ¯®«ï: ¢¤®«ì ¯«®áª®áâ¨ (ªà¨-
¢ ï 1 ) ¨ ¯¥à¯¥­¤¨ªã«ïà­® ¥© (ªà¨¢ ï 2 ).
� ª ¢¨¤­® ¨§ íâ®£® à¨áã­ª , ¯à¨ ¨§¬¥à¥­¨¨ ���-

¯®â¥àì ¢¤®«ì ¯«®áª®áâ¨ ®¡à §æ  Pmax ã¬¥­ìè ¥âáï,
  á«¥¤®¢ â¥«ì­®, á®¯à®â¨¢«¥­¨¥ rs ®¡à §æ  ã¢¥«¨ç¨-
¢ ¥âáï (à¨á. 2,c) ¯à¨ ¯®¢ëè¥­¨¨ â¥¬¯¥à âãàë ¢ëè¥

300 K, çâ® á®¢¯ ¤ ¥â á à¥§ã«ìâ â ¬¨ ¯® ¤¥á®à¡æ¨¨

ª¨á«®à®¤  ¢ ¯®à®èª®®¡à §­®¬ £à ä¨â¥ [3] ¨ äã««¥-
à¥­¥ [6]. �¥§ª¨© á¯ ¤ ¯à¨ T ∼ 320 K ¢ ¤ ­­®¬ á«ãç ¥
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�¨á. 1. a) �«®ª-áå¥¬  ãáâ ­®¢ª¨: §®­¤-à¥§®­ â®à (1 ), á®£« áãîé¨© âà ­áä®à¬ â®à 31-46 (2 ), ¯à¨¡®à ¤«ï ¨áá«¥¤®¢ ­¨ï
��� â¨¯  XI-43 (3 ), á ¬®¯¨á¥æ Endim 622101 (4 ), ¢®«ìâ¬¥âàë �7-21� (5, 6 ), ªà¥©â-ª®­âà®««¥à (7 ), �� IBM (8 ),
â¥à¬®¯ à  (9 ), ®¡à §¥æ (10 ), ¯àï¬®ã£®«ì­ë© à¥§®­ â®à-â¥à¬®áâ â (11 ). b) �®­¤-à¥§®­ â®à: D = 1 mm, d = 0.16 mm,
L = 0.5 mm.

�¨á. 2. � ¢¨á¨¬®áâì P (F ) ¤«ï Cu (a), Pmax ®â h (b) ¨ ®â rs ¤«ï à §«¨ç­ëå ¬¥â ««®¢ (c).

¬®¦¥â ¡ëâì ®¡ãá«®¢«¥­ ã¢¥«¨ç¥­¨¥¬ â®«é¨­ë áª¨­-
á«®ï ¯à¨ ¤¥á®à¡æ¨¨ ª¨á«®à®¤  ¨§ ¯à¨¯®¢¥àå­®áâ­®©

®¡« áâ¨ ®¡à §æ  ¨ ¯à®­¨ª­®¢¥­¨¥¬ ���-¯®«ï ¢ á«®¨,
¨§ ª®â®àëå ¤¥á®à¡æ¨ï ª¨á«®à®¤  § âàã¤­¥­ , â. ¥. ¢
¢ëá®ª®¯à®¢®¤ïéãî ®¡« áâì ®¡à §æ .
�  â¥¬¯¥à âãà­®© § ¢¨á¨¬®áâ¨ ¯®¯¥à¥ç­®© ¯à®-

¢®¤¨¬®áâ¨ ¨áå®¤­®£® ®¡à §æ  (ªà¨¢ ï 2 ­  à¨á. 3)
®á®¡¥­­®áâ¥© ­¥ ­ ¡«î¤ ¥âáï.

�¡à §æë, ¨­â¥àª «¨à®¢ ­­ë¥ ¬¥¤ìî, ¯®á«¥ ¯à¨£®-
â®¢«¥­¨ï ¢ë¤¥à¦¨¢ «¨áì ­  ¢®§¤ãå¥ ¢ â¥ç¥­¨¥ ¤¢ãå

áãâ®ª. �®á«¥ íâ®£® ¯à®¢®¤¨«®áì ¨áá«¥¤®¢ ­¨¥ ¯®¢¥àå-
­®áâ­®£® á®¯à®â¨¢«¥­¨ï ¯® ¡ §®¢®© ¯«®áª®áâ¨ ®¡à §-
æ  á ¯®¬®éìî ���-§®­¤ . �à¨ íâ®¬ ¢ æ¥­âà «ì­®©

ç áâ¨ ¯®¢¥àå­®áâ¨ ªà¨áâ ««  ¢¥«¨ç¨­  ¯®¢¥àå­®áâ-
­®£® (­  £«ã¡¨­¥ áª¨­-á«®ï) á®¯à®â¨¢«¥­¨ï ¨ ¥£®

â¥¬¯¥à âãà­ ï § ¢¨á¨¬®áâì ¡ë«¨ â ª¨¬¨ ¦¥, ª ª ¨
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�«¥ªâà¨ç¥áª¨¥ á¢®©áâ¢  ¬®­®á«®¥¢ Cu–O, ¨­â¥àª «¨à®¢ ­­ëå ¢ ªà¨áâ ««¨ç¥áª¨© £à ä¨â 99

�¨á. 3. � ¢¨á¨¬®áâì P (T ) ¤«ï ¨áå®¤­®£® HOPG ¢¤®«ì (1 )
¨ ¯®¯¥à¥ª (2 ) ¡ §¨á­®© ¯«®áª®áâ¨. F = 1.12 GHz.

¤«ï ¨áå®¤­®£® ®¡à §æ  HOPG. �¤­ ª® ¯® ¯¥à¨¬¥âàã
®¡à §æ  ­  à ááâ®ï­¨ïå ®â ªà ï ¤® ≈ 1 mm ¢ £«ã-
¡¨­ã (à ááâ®ï­¨¥, ­  ª®â®à®¥ ¨­â¥àª «¨à®¢ «  Cu)
á®¯à®â¨¢«¥­¨¥ ¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥ ®ª § «®áì

¡®«¥¥ ç¥¬ ­  ¯®àï¤®ª ¢¥«¨ç¨­ë ¢ëè¥. �à¨ íâ®¬

­¨ª ª¨å  ­®¬ «¨© ¯à¨ T > 300 K ¢ â¥¬¯¥à âãà­®©

§ ¢¨á¨¬®áâ¨ á®¯à®â¨¢«¥­¨ï ­¥ ­ ¡«î¤ «®áì.

�¥®¡å®¤¨¬® ¯®¬­¨âì, çâ® áà §ã ¯®á«¥ ¯à¨£®â®¢«¥-
­¨ï ®¡à §æ  ¥£® á®¯à®â¨¢«¥­¨¥ ­  ªà ïå ­¥ ®â«¨ç -
«®áì ¯® ¢¥«¨ç¨­¥ ®â á®¯à®â¨¢«¥­¨ï ¢ æ¥­âà¥.�®íâ®¬ã
ã¢¥«¨ç¥­¨¥ á®¯à®â¨¢«¥­¨ï ­  ªà ïå á«¥¤ã¥â ®â­¥áâ¨

ª á®¢¬¥áâ­®¬ã ¢«¨ï­¨î ¬¥¤¨ ¨ ª¨á«®à®¤ , ª®â®àë©,
ª ª ¨§¢¥áâ­® [3],  ªâ¨¢­® ¨­â¥àª «¨àã¥â ¢ £à ä¨â ¯à¨
ª®¬­ â­®© â¥¬¯¥à âãà¥.

�®¦­® ¯à¥¤¯®«®¦¨âì, çâ® ¬¥¤ì ¨ ª¨á«®à®¤ å¨¬¨-
ç¥áª¨ á¢ï§ë¢ îâáï ¢ ¬¥¦¯«®áª®áâ­®¬ ¯à®áâà ­áâ¢¥

£à ä¨â , ®¡à §ãï ¯à¨ íâ®¬ ¬®­®á«®¨ Cu–O, ª®â®-

�¨á. 4. � ¢¨á¨¬®áâì Pmax(T ) ¤«ï HOPG:Cu,O. �à¨-
¢ë¥ 1–4 — â¥à¬®æ¨ª«¨à®¢ ­¨¥ ¢ ¨­â¥à¢ «¥ â¥¬¯¥à âãà

80–270 K.

àë¥ ¨ ®¯à¥¤¥«ïîâ í«¥ªâà¨ç¥áª¨¥ á¢®©áâ¢  ®¡à §æ®¢

HOPG:Cu,O. �à¨ íâ®¬ ­¥«ì§ï ¨áª«îç¨âì ¢«¨ï­¨¥

pz-®à¡¨â «¥©  â®¬®¢ ã£«¥à®¤  ¢ ­ ¯à ¢«¥­¨ïå, ¯¥à-
¯¥­¤¨ªã«ïà­ëå £à ä¨â®¢ë¬ ¯«®áª®áâï¬, ­  á¢®©áâ¢ 
®¡à §æ , ¯®áª®«ìªã ¯à®¢®¤¨¬®áâì ¯® π-§®­¥ £à ä¨â 
¯à ªâ¨ç¥áª¨ ¨áç¥§ ¥â ¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥ ¨

¢ëè¥.
� ¨¡®«ìè¨© ¨­â¥à¥á, á ­ è¥© â®çª¨ §à¥­¨ï, ¯à¥¤-

áâ ¢«ï¥â â¥¬¯¥à âãà­ ï § ¢¨á¨¬®áâì ¯®¢¥àå­®áâ­®£®

á®¯à®â¨¢«¥­¨ï ®¡à §æ  HOPG:Cu,O ¢ ®¡« áâ¨ ­¨§ª¨å

â¥¬¯¥à âãà. � ª, ¯à¨ ®å« ¦¤¥­¨¨ ¤® â¥¬¯¥à âãàë

¦¨¤ª®£®  §®â  (77 K) á®¯à®â¨¢«¥­¨¥ ®¡à §æ  áâ ­®-
¢¨âáï á â®ç­®áâìî ¤® ¯®£à¥è­®áâ¨ ¨§¬¥à¥­¨ï à ¢-
­ë¬ á®¯à®â¨¢«¥­¨î ¨áå®¤­®£® ®¡à §æ . �à¨ ­ £à¥¢¥
®¡à §æ  ¢ ¨­â¥à¢ «¥ â¥¬¯¥à âãà 95–130 K ¯à®¨áå®-
¤¨â ã¢¥«¨ç¥­¨¥ á®¯à®â¨¢«¥­¨ï ¡®«¥¥ ç¥¬ ­  ¯®àï¤®ª

¢¥«¨ç¨­ë, ª ª íâ® ¯®ª § ­® ­  à¨á. 4 (ªà¨¢ ï 1 ).
�®¢â®à­ë¥ ¨§¬¥à¥­¨ï â¥¬¯¥à âãà­®© § ¢¨á¨¬®áâ¨ rs
(â¥à¬®æ¨ª«¨à®¢ ­¨¥) ¯à¨¢®¤ïâ ª à §¬ëâ¨î ¯¥à¥å®¤ 

¨ ã¬¥­ìè¥­¨î ¯®¢¥àå­®áâ­®£® á®¯à®â¨¢«¥­¨ï ¯à¨

­¨§ª®© â¥¬¯¥à âãà¥ (ªà¨¢ë¥ 2–4 ­  à¨á. 4). �â® ¬®-
¦¥â ¡ëâì á¢ï§ ­® á ¯à®­¨ª­®¢¥­¨¥¬ ¢ ®¡à §¥æ ¯ à®¢

¢®¤ë, ¯®áª®«ìªã ¨§¬¥à¥­¨ï ¯à®¢®¤¨«¨áì ¢ ®âªàëâ®©
á¨áâ¥¬¥.
�­ «®£¨ç­ë¥ § ¢¨á¨¬®áâ¨ rs(T ) ¡ë«¨ ¯®«ãç¥­ë

¯à¨ ¨§¬¥à¥­¨¨ á®¯à®â¨¢«¥­¨ï ®¡à §æ®¢ HOPG:Cu,O
á ¨á¯®«ì§®¢ ­¨¥¬ ­ ­®á¥ªã­¤­ëå ¨¬¯ã«ìá®¢ ­ ¯àï-
¦¥­¨ï (à¨á. 5).
� ª¨¬ ®¡à §®¬, ¯à¨ ¯®¢ëè¥­¨¨ â¥¬¯¥à âãàë ®â

77 K ¢ ®¡à §æ å ¯¨à®«¨â¨ç¥áª®£® £à ä¨â  (HOPG),
¨­â¥àª «¨à®¢ ­­®£® ¬¥¤ìî ¨ ª¨á«®à®¤®¬, ­ ¡«î¤ -
¥âáï ¯¥à¥å®¤ ¨§ ¬¥â ««¨ç¥áª®£® á®áâ®ï­¨ï ¢ á®áâ®ï-
­¨¥, ª®â®à®¥ ¬®¦­® áç¨â âì ¯® ªà ©­¥© ¬¥à¥ ¯®«ã-
¯à®¢®¤­¨ª®¢ë¬ (¨«¨ ¤¨í«¥ªâà¨ç¥áª¨¬).
�à®¢¥¤¥­­ë¥ ¨áá«¥¤®¢ ­¨ï ¬¨ªà®¢®«­®¢®£® ¯®£«®-

é¥­¨ï (9.7 GHz) ¢ ­ã«¥¢ëå ¬ £­¨â­ëå ¯®«ïå ­  ãáâ -

�¨á. 5. � ¢¨á¨¬®áâì R/Z0(T ) ¤«ï ¡ §¨á­®© ¯«®áª®áâ¨

®¡à §æ  HOPG:Cu,O. �à¨¢ë¥ 1–3 — â¥à¬®æ¨ª«¨à®¢ ­¨¥

¢ ¨­â¥à¢ «¥ â¥¬¯¥à âãà 80–270 K.
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­®¢ª¥ ��� ¢ëï¢¨«¨ ¯à¨ T = 8 K ­ «¨ç¨¥ í«¥ªâà®-
¬ £­®£® íää¥ªâ , á¢®©áâ¢¥­­®£® á¢¥àå¯à®¢®¤ïé¥¬ã

á®áâ®ï­¨î [7–9]. �à¨ T = 260 K ¤ ­­ë© íää¥ªâ ­¥

à¥£¨áâà¨àã¥âáï.

�¢â®àë ¢ëà ¦ îâ ¡« £®¤ à­®áâì �.�.�â¥«ì¬ åã

§  ¯à®¢¥¤¥­¨¥ ���-íªá¯¥à¨¬¥­â .

� ¡®â  ¯®¤¤¥à¦ ­  � ãç­ë¬ á®¢¥â®¬ ¯® ­ ¯à -
¢«¥­¨î ”�ã««¥à¥­ë ¨  â®¬­ë¥ ª« áâ¥àë” (¯à®¥ªâ
ò 94017 ”�®­ ”) ¨ �®áá¨©áª¨¬ ä®­¤®¬ äã­¤ ¬¥­-
â «ì­ëå ¨áá«¥¤®¢ ­¨© (£à ­â ò 96-02-16886 ).
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