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� ááç¨â ë ªà¨¢ë¥  ¬ £¨ç¨¢ ¨ï  á ¬¡«ï áã¯¥à¯ à ¬ £¨âëå ¢§ ¨¬®¤¥©áâ¢ãîé¨å ç áâ¨æ,
à áá¥ïëå ¢ â®ª®¬ á«®¥ ª®¥ç®£® à §¬¥à . �à®  «¨§¨à®¢ ® ¢«¨ï¨¥ ¢§ ¨¬®© ®à¨¥â æ¨¨

¯®«ï ¨ á«®ï. �®«ãç¥® å®à®è¥¥ á®£« á¨¥ á íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨.

�¤®© ¨§ ¢ ¦ëå § ¤ ç ¢ â¥®à¨¨ ¬ £¥â¨§¬  ï¢«ï-
¥âáï ¨§ãç¥¨¥  á ¬¡«¥© ã«ìâà ¤¨á¯¥àáëå ¬ £¨â-
ëå ç áâ¨æ, à áá¥ïëå ¢ â®ª®¬ á«®¥ (á¬.,  ¯à¨-
¬¥à, [1,2]). �â® á¢ï§ ® á ¨â¥á¨¢ë¬ à §¢¨â¨¥¬

â¥®à¨¨ ®á¨â¥«¥© ¬ £¨â®© § ¯¨á¨,   â ª¦¥ â ª¨å

®âà á«¥© ä¨§¨ª¨, ª ª â¥®à¨ï ¬ ªà®á¯¨®¢ëå áâ¥ª®«
¨ â®ª¨å ¯«¥®ª.
� áá¬®âà¨¬ ªà¨¢ë¥  ¬ £¨ç¨¢ ¨ï  á ¬¡«ï áã-

¯¥à¯ à ¬ £¨âëå ¢§ ¨¬®¤¥©áâ¢ãîé¨å ç áâ¨æ, à á-
á¥ïëå ¢ â®ª®¬ á«®¥ â®«é¨®© D ¨ à ¤¨ãá®¬ R.
�ã¤¥¬ áç¨â âì, çâ® ¢¥è¥¥ ¯®«¥ He ¨ ”«¥£ª¨¥”
®á¨ ç áâ¨æ ¯ à ««¥«ìë ¤àã£ ¤àã£ã ¨  ¯à ¢«¥ë

«¨¡® ¯¥à¯¥¤¨ªã«ïà®, «¨¡® ¯ à ««¥«ì® á«®î. �«ï
ª®àà¥ªâ®£® à áç¥â   ¬ £¨ç¥®áâ¨ á«¥¤ã¥â ãç¥áâì

¢«¨ï¨¥ ¬ £¨â®áâ â¨ç¥áª®£® ¢§ ¨¬®¤¥©áâ¢¨ï ç áâ¨æ

 á ¬¡«ï. �â® ¤®áâ¨£ ¥âáï ®áà¥¤¥¨¥¬ ¬®¤ã«ï ¬ £-
¨â®£® ¬®¬¥â  ç áâ¨æë m ¨  ¬ £¨ç¥®áâ¨ á¨-
áâ¥¬ë I ¯® á«ãç ©ë¬ ¯®«ï¬ ¢§ ¨¬®¤¥©áâ¢¨ï Hi.
�ãªæ¨ï ¯«®â®áâ¨ à á¯à¥¤¥«¥¨ï á«ãç ©ëå ¯®«¥©

¢§ ¨¬®¤¥©áâ¢¨ï W (Hi) ¬®¦¥â ¡ëâì ¯®«ãç¥  ¬®¤¨-
ä¨æ¨à®¢ ë¬ ¬¥â®¤®¬ ¬®¬¥â®¢ ¢ ¢¨¤¥ à §«®¦¥¨ï

¯® ¥¥ ¬®¬¥â ¬ ¢  á¨¬¯â®â¨ç¥áª¨© àï¤ �¤¦¢®àâ  ¨«¨

�à ¬ –� à«ì¥ [3].
� £¨âë¥ ¬®¬¥âë ç áâ¨æ,   ª®â®àëå

Hi > H0 −He, ®à¨¥â¨àãîâáï ¯® ¢¥è¥¬ã ¯®«î,
  ç áâ¨æë,  å®¤ïé¨¥áï ¢ ¯®«ïå Hi 6 −(H0 + He),
 ¬ £¨ç¨¢ îâáï ¯à®â¨¢ ¯®«ï He. �¤¥áì H0 —
ªà¨â¨ç¥áª®¥ ¯®«¥ ç áâ¨æë. �¨á«® ç áâ¨æ, ¬ £¨âë©
¬®¬¥â ª®â®àëå ¯ à ««¥«¥ N+ ¨«¨  â¨¯ à ««¥«¥

N− ¢¥è¥¬ã ¯®«î, «¥£ª® ¯®¤áç¨â âì

N+ = N

∞∫
H0−He

W (Hi)dHi, N− = N

−(H0+He)∫
−∞

W (Hi)dHi,

(1)
£¤¥ N — ª®«¨ç¥áâ¢® ç áâ¨æ ¢  á ¬¡«¥. � §®áâì
N+−N− ®¯à¥¤¥«ï¥â  ¬ £¨ç¥®áâì ¤ ®£® á«®ï [4]

I =
〈m̄〉N

V

H0+He∫
H0−He

W (Hi)dHi, (2)

£¤¥ V — ®¡ê¥¬  á ¬¡«ï. �«ï ç áâ¨æ á ®¤¨ ª®¢ë¬
®¡ê¥¬®¬ ãáà¥¤¥ë© ¯® ¢à¥¬¥¨ ¨ ¯®«ï¬ Hi ¬®¤ã«ì

¬ £¨â®£® ¬®¬¥â  〈m̄〉 ¢® ¢¥è¥¬ ¯®«¥ He à ¢¥ [5]

〈m̄〉 = m

+∞∫
−∞

∣∣∣th(m (Hi +He)/(kT )
)∣∣∣W (Hi)dHi. (3)

�®áª®«ìªã ¥ç¥âë¥ ¬®¬¥âë äãªæ¨¨ à á¯à¥¤¥«¥-
¨ï W (Hi) § ¢¨áïâ ®â  ¬ £¨ç¥®áâ¨ [3], ¤«ï ¯®-
áâà®¥¨ï ªà¨¢ëå  ¬ £¨ç¨¢ ¨ï  á ¬¡«ï ¥®¡å®-
¤¨¬®  ©â¨ à¥è¥¨ï á¨áâ¥¬ë ãà ¢¥¨©

ξ = λ

H0+He∫
H0−He

W (Hi)dHi.

λ = 〈m̄〉/m.

 (4)

�¤¥áì ξ = I/(Isη), η — ®¡ê¥¬ ï ª®æ¥âà æ¨ï

ç áâ¨æ, Is —  ¬ £¨ç¥®áâì  áëé¥¨ï. � à¥§ã«ì-
â â¥ à¥è¥¨ï á¨áâ¥¬ë ¨â¥£à «ìëå ãà ¢¥¨© (4)
¯®«ãç¥ë § ¢¨á¨¬®áâ¨ ξ(he), £¤¥ he = He/Is, ¯à¥¤-
áâ ¢«¥ë¥   à¨á. 1–3 (¢áî¤ã ¢§ïâë D = 10−4 cm,
R = 10−1 cm; ¤«ï ¯à¨¬¥à  à áá¬ âà¨¢ «¨áì ¬ £¥â¨-
â®¢ë¥ ç áâ¨æë).

�¨á. 1. �à¨¢ë¥  ¬ £¨ç¨¢ ¨ï ¤«ï ç áâ¨æ á à §¬¥à®¬

d > dc. �¥è¥¥ ¯®«¥ ¯¥à¯¥¤¨ªã«ïà® á«®î.
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�¨á. 2. �à¨¢ë¥  ¬ £¨ç¨¢ ¨ï ¤«ï ç áâ¨æ á à §¬¥à®¬

d > dc. �¥è¥¥ ¯®«¥ ¯¥à¯¥¤¨ªã«ïà® á«®î.

�¨á. 3. �à¨¢ë¥  ¬ £¨ç¨¢ ¨ï ¯¥à¯¥¤¨ªã«ïà® (1 ) ¨
¯ à ««¥«ì® (2 ) á«®î ¤«ï ç áâ¨æ á à §¬¥à®¬ d < dc.
�®æ¥âà æ¨ï η = 0.01.

�î¡®¯ëâ® ®â¬¥â¨âì, çâ® à®áâ  ¬ £¨ç¥®áâ¨

ξ ¯à®¨áå®¤¨â ¢ à¥§ã«ìâ â¥ ¤¢ãå ¯à¨ç¨. �®-¯¥à¢ëå,
¯à¨ ã¢¥«¨ç¥¨¨ ¢¥è¥£® ¯®«ï ¢á¥ ¡®«ìè¥¥ ç¨á«®

ç áâ¨æ ¯¥à¥®à¨¥â¨àã¥âáï ¯® ¯®«î; ¢®-¢â®àëå, ¯à¨
ã¢¥«¨ç¥¨¨ He ¯à®¨áå®¤¨â à®áâ áà¥¤¥£® ¬®¬¥â 

〈m̄〉 ¨ ¤®áâ¨¦¥¨¥ ¨¬ ¯à¨ ¥ª®â®à®¬ ¯®«¥  áëé¥-
¨ï 〈m̄〉 = m.
� áá¬®âà¨¬ ªà¨¢ë¥ ξ(he)   à¨á. 1, 2, à ááç¨â ë¥

¤«ï ”¯¥à¯¥¤¨ªã«ïà®£®”  ¬ £¨ç¨¢ ¨ï ¯à¨ ª®-
æ¥âà æ¨ïå 1% ¨ 10% ¨ ¯à¨ à §¬¥à å ç áâ¨æ ¬¥ìè¨å

(à¨á. 1) ¨ ¡®«ìè¨å (à¨á. 2) ªà¨â¨ç¥áª®£® à §¬¥à 

áã¯¥à¯ à ¬ £¥â¨§¬  dc. �¨¤®, çâ® à §¬¥à ç áâ¨æ

áãé¥áâ¢¥® ¢«¨ï¥â    ç «ìë¥ ãç áâª¨ ªà¨¢ëå

 ¬ £¨ç¨¢ ¨ï. �  à¨á. 1 ¨§®¡à ¦¥ë ªà¨¢ë¥ ¤«ï

ç áâ¨æ à §¬¥à®¬ d = 3 · 10−7 cm < dc. �à¨ ¬ «ëå

¯®«ïå ¯à®¥ªæ¨ï ¬ £¨âëå ¬®¬¥â®¢    ¯à ¢«¥¨¥

¢¥è¥£® ¯®«ï ¥ ¨¬¥¥â áâ ¡¨«ì®© ®à¨¥â æ¨¨ ¨,

á«¥¤®¢ â¥«ì®, ξ ≈ 0. �¤ ª® ¯à¨ ¤ «ì¥©è¥¬ ã¢¥«¨-
ç¥¨¨ He í¥à£¨ï ¬ £¨â®£® ¬®¬¥â  ¢ áã¬¬ à®¬

¯®«¥ ¯à¥¢ëá¨â í¥à£¨î â¥¯«®¢ëå ä«ãªâã æ¨© kT ¨

¯à®¨§®©¤¥â ¯¥à¥å®¤ ¢ áã¯¥à¯ à ¬ £¨â®¥ á®áâ®ï¨¥.
� ç¥âáï à®áâ  ¬ £¨ç¥®áâ¨ ξ. �§®¡à ¦¥ë¥  
à¨á. 2 ªà¨¢ë¥  ¬ £¨ç¨¢ ¨ï á®®â¢¥âáâ¢ãîâ ç áâ¨-
æ ¬ ¯à¨ d = 10−6 cm > dc. �¨¤®, çâ® ¢ íâ®¬ á«ãç ¥

¤«ï «î¡ëå ª®æ¥âà æ¨© à®áâ  ¬ £¨ç¥®áâ¨  -
ç¨ ¥âáï ã¦¥ ¯à¨ ¬ «ëå ¢¥è¨å ¯®«ïå.
�§ ¨¬ ï ®à¨¥â æ¨ï ¯®«ï ¨ á«®ï áãé¥áâ¢¥®

¢«¨ï¥â   ¢¨¤ ªà¨¢ëå  ¬ £¨ç¨¢ ¨ï — ¯à¨ ¨å

¯¥à¯¥¤¨ªã«ïà®© ®à¨¥â æ¨¨ ªà¨¢ë¥ ¯®«ãç îâáï

¡®«¥¥ ¯®«®£¨¬¨ (à¨á. 3).
�à ¢¥¨¥ ªà¨¢ëå  ¬ £¨ç¨¢ ¨ï ¤«ï  á ¬¡«¥©

áã¯¥à¯ à ¬ £¨âëå ç áâ¨æ, ¯®«ãç¥ëå ¯à¨ ¨á-
¯®«ì§®¢ ¨¨ ¬®¤¨ä¨æ¨à®¢ ®£® ¬¥â®¤  ¬®¬¥â®¢, á
íªá¯¥à¨¬¥â «ìë¬¨ [1,2] ¯®ª §ë¢ ¥â å®à®è¥¥ á®£« -
á¨¥.
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