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(15 MHz) αk, à á¯à®áâà ïîé¨åáï ¯¥à¯¥¤¨ªã«ïà®  ¯à ¢«¥¨î ¬ £¨â®£® ¯®«ïH. �¡ àã¦¥®,
çâ® ¢ ¯®«ïå H 6 600 Oe ¯¨ª αk á¬¥é ¥âáï ¢ áâ®à®ã ¨§ª¨å â¥¬¯¥à âãà,   á ¬® ¯®£«®é¥¨¥ à áâ¥â
¯®  ¡á®«îâ®© ¢¥«¨ç¨¥ á ã¢¥«¨ç¥¨¥¬ H. �  ®á®¢¥ ¤¨ ¬¨ç¥áª®£® áª¥©«¨£  ¯®ª § ®, çâ®
 ®¬ «ì®¥ ¯®¢¥¤¥¨¥ αk ¢ ¯®«ïå H 6 600 Oe ¬®¦¥â ¡ëâì ®¡êïá¥® ¢¢¥¤¥¨¥¬ ¬ £¥â®¯®«¥¢®£®

  «®£  à¥« ªá æ¨®®£® ¬¥å ¨§¬  � ¤ ã–� « â¨ª®¢ .

�à¨ íªá¯¥à¨¬¥â «ì®¬ ¨§ãç¥¨¨ ¢«¨ï¨ï ¬ £¨â-
®£® ¯®«ï H   à á¯à®áâà ¥¨¥ ã«ìâà §¢ãª®¢ëå

¢®« (��-¢®«) ¢¡«¨§¨ â®çª¨ �îà¨ Tc £ ¤®«¨¨ï

 ¬¨ ®¡ àã¦¥®  ®¬ «ì®¥ ¯®¢¥¤¥¨¥ ª®íää¨æ¨-
¥â  ¯®£«®é¥¨ï αk ¯à®¤®«ìëå ��-¢®«, ª®â®à®¥
§ ª«îç ¥âáï ¢ á«¥¤ãîé¥¬. � ª ¢¨¤® ¨§ à¨á. 1,
¯à¨ H = 0 ªà¨¢ ï â¥¬¯¥à âãà®© § ¢¨á¨¬®áâ¨ αk ¢
®¡« áâ¨ â®çª¨ �îà¨ ¯à®å®¤¨â ç¥à¥§  á¨¬¬¥âà¨çë©

¯¨ª. � ¯®«ïå H, ¯¥à¯¥¤¨ªã«ïàëå c-®á¨ ¨  ¯à -
¢«¥¨î à á¯à®áâà ¥¨ï ��-¢®« (c-®áì), § ç¥¨¥
αk ã¢¥«¨ç¨¢ ¥âáï,   á ¬  ªà¨¢ ï αk(T ) áâ ®¢¨âáï
á¨¬¬¥âà¨ç®©. � à®áâ®¬ H ¬ ªá¨¬ã¬ αk á¬¥é ¥â-
áï ¢ áâ®à®ã ¨§ª¨å â¥¬¯¥à âãà. �â® á¬¥é¥¨¥ ¨

à®áâ ¯¨ª®¢®£® § ç¥¨ï αk ¯à®¤®«¦ îâáï ¢¯«®âì

¤® H = 500−600 Oe. � «ì¥©è¥¥ ã¢¥«¨ç¥¨¥ H
¯à¨¢®¤¨â ª ãè¨à¥¨î ¬ ªá¨¬ã¬  ¨ ¥£® á¬¥é¥¨î ¢

áâ®à®ã ¢ëá®ª¨å â¥¬¯¥à âãà.
� áá¬®âà¨¬ ¯®¢¥¤¥¨¥ αk ¨ ¥£® ¬ ªá¨¬ã¬  ¢ ¬ £-

¨âëå ¯®«ïå ¤® 600 Oe. �¤¥áì ¯à¥¦¤¥ ¢á¥£® ¥®¡å®-
¤¨¬® ®â¬¥â¨âì, çâ® ¬ ªá¨¬ã¬ αk ª ª ¯à¨H = 0, â ª ¨
¯à¨ H 6= 0  ¡«î¤ ¥âáï ¢ ¬ £¨â®ã¯®àï¤®ç¥®© ä -
§¥. � íâ®© ®¡« áâ¨ â¥¬¯¥à âãà ¨ ¯®«¥© â¥¬¯¥à âãàë¥
§ ¢¨á¨¬®áâ¨ αk, áïâë¥ ¢ à §«¨çëå ¯®«ïå, ¨¬¥îâ
¬®£® ®¡é¥£® á § ¢¨á¨¬®áâï¬¨ αk(T ) ¯à¨ à §«¨çëå
ç áâ®â å. � â®¬ ¨ ¢ ¤àã£®¬ á«ãç ¥  ¡«î¤ ¥âáï à®áâ

¯¨ª®¢®£® § ç¥¨ï ¨ á¬¥é¥¨¥ ¬ ªá¨¬ã¬  ¢ áâ®à®ã

¨§ª¨å â¥¬¯¥à âãà á à®áâ®¬ ω ¨«¨ H, çâ® ¤ ¥â ®á®-
¢ ¨¥, ª ª ¨ ¢ á«ãç ¥ αk−ω−T -¤ ëå, ¨á¯®«ì§®¢ âì
¯à¥¤áâ ¢«¥¨ï à¥« ªá æ¨®®£® ¬¥å ¨§¬  � ¤ ã-
� « â¨ª®¢  [1] ¤«ï ®¡à ¡®âª¨ íªá¯¥à¨¬¥â «ìëå

¤ ëå, § ¬¥¨¢ ¢ ¨å ω   H. �®àà¥ªâ®áâì íâ®©

§ ¬¥ë ®¡ãá«®¢«¥  â¥¬, çâ® ¯à¨  «®¦¥¨¨ ¯®«¥©

H, ¯¥à¯¥¤¨ªã«ïàëå c-®á¨, ¢®§¨ª ¥â ¯à¥æ¥áá¨ï ®¤-
®à®¤®©  ¬ £¨ç¥®áâ¨ ¢®ªàã£  ¯à ¢«¥¨ï ¯®«ï,
ç áâ®â  ª®â®à®© «¨¥©® § ¢¨á¨â ®â H.
�à¥¤áâ ¢«¥ë¥   à¨á. 2 ¢ ¤¢®©®¬ «®£ à¨ä¬¨ç¥-

áª®¬ ¬ áèâ ¡¥ § ¢¨á¨¬®áâ¨ tmax ¨ αmax ®âH ¯®¤â¢¥à-
¦¤ îâ á¯à ¢¥¤«¨¢®áâì íâ®£® ¯à¥¤¯®«®¦¥¨ï. �¤¥áì ¨
¤ «¥¥ ¯®¤ H ¯®¤à §ã¬¥¢ ¥âáï ¢ãâà¥¥¥ ¬ £¨â®¥

¯®«¥ Hi = H − NpM , £¤¥ Np — à §¬ £¨ç¨¢ îé¨©

ä ªâ®à, ª®â®àë© ®¯à¥¤¥«ï«áï ¨§ íªá¯¥à¨¬¥â «ìëå
¤ ëå ¢®á¯à¨¨¬ç¨¢®áâ¨ χ, á®®â¢¥âáâ¢ãîé¨å ãá«®-
¢¨î 1/χ = Np. �¥©áâ¢¨â¥«ì®, íªá¯¥à¨¬¥â «ìë¥

â®çª¨ «®¦ âáï   ¯àï¬ë¥, á®®â¢¥âáâ¢ãîé¨¥ áâ¥¯¥-
ë¬ § ª®®¬¥à®áâï¬ H ∼ txmax (x = 1.25 ± 0.05) ¨
αmax ∼ H1+y ((1 + y) = 0.82± 0.06). �«¥¤®¢ â¥«ì®,
¢ á®®â¢¥âáâ¢¨¨ á® áª¥©«¨£®¢ë¬¨ ¯à¥¤áâ ¢«¥¨ï¬¨

íªá¯¥à¨¬¥â «ìë¥ αk−H−T -¤ ë¥ ¬®¦® ®¯¨á âì
®¤¨¬ ãà ¢¥¨¥¬

αk/αmax =
At−x

1 +A2t−2xH2
, (1)

£¤¥ At−xH ¢ëáâã¯ ¥â ¢ ª ç¥áâ¢¥ ωτ , A — ¥ª®â®à ï

¯®áâ®ï ï, ª®â®à ï ¥ § ¢¨á¨â ®â T ¨ H. �â®

ãà ¢¥¨¥ á¯à ¢¥¤«¨¢® â®«ìª® ¢ â®¬ á«ãç ¥, ª®£¤ 
¢à¥¬ï à¥« ªá æ¨¨ τ ¥ § ¢¨á¨â ®â H. �®, çâ® τ ¥

§ ¢¨á¨â ®â H,  ¬¨ ¡ë«® ¯®ª § ® ¢ [2].
�¥§ã«ìâ âë ®¡à ¡®âª¨ αk−H−T -¤ ëå ¢ á®®â¢¥â-

áâ¢¨¨ á (1) ¯à¥¤áâ ¢«¥ë   à¨á. 3. �ãçè¥¥ á®£« -
á¨¥ íªá¯¥à¨¬¥â «ìëå ¤ ëå á íâ¨¬ ãà ¢¥¨¥¬

 ¡«î¤ ¥âáï ¯à¨ x = 1.25 ¨ A = 7.5 · 10−6 ¤«ï T < Tc
¨ A = 1.25 · 10−6 ¤«ï T > Tc (èâà¨å®¢ ï «¨¨ï  

à¨á. 3), çâ® ¤ ¥â ¢®§¬®¦®áâì ãâ¢¥à¦¤ âì, çâ® ¥

â®«ìª® ¯à¨ T < Tc, ® ¨ ¯à¨ T > Tc ®á®¡¥®áâ¨ â¥¬-
¯¥à âãà®© § ¢¨á¨¬®áâ¨ αk ¢ à §«¨çëå ¬ £¨âëå
¯®«ïå (H < 600 Oe) ®¡ãá«®¢«¥ë à¥« ªá æ¨®ë¬

¬¥å ¨§¬®¬ � ¤ ã–� « â¨ª®¢ . � â ª®¬ á«ãç ¥

¬ ªá¨¬ã¬ αk ¯®ï¢«ï¥âáï ¯à¨ ωτ = AHt−x = 1.
�âáî¤  á«¥¤ã¥â, çâ® â¥¬¯¥à âãàãî § ¢¨á¨¬®áâì τ
¬®¦® ¢®ááâ ®¢¨âì ¨§ á¬¥é¥¨ï ¬ ªá¨¬ã¬  αk ¢

áâ®à®ã ¨§ª¨å â¥¬¯¥à âãà á à®áâ®¬ H. � ª ¢¨¤®

¨§ à¨á. 2, § ¢¨á¨¬®áâì H−1 ®â tmax,   á«¥¤®¢ â¥«ì®,
¨ § ¢¨á¨¬®áâì τ ®â tmax á®®â¢¥âáâ¢ãîâ áâ¥¯¥®©

§ ª®®¬¥à®áâ¨ á ¯®ª § â¥«¥¬ x = 1.25 ± 0.05 ¨

τ0 = 2.67 · 10−12 s. �à ¢¥¨¥ § ç¥¨© x ¨ τ0 á

¢¥«¨ç¨ ¬¨, ¯®«ãç¥ë¬¨ ¨§ αk−ω−T -¤ ëå, ¯®ª -
§ë¢ ¥â, çâ® ¢à¥¬ï à¥« ªá æ¨¨ ¢ ¬ £¨â®¬ ¯®«¥ ¯à¨

T → Tc ¨§¬¥ï¥âáï á¨«ì¥¥ (á¬. â ¡«. 1 ¢ [3]), â®£¤ 
ª ª  ¡á®«îâë¥ § ç¥¨ï τ0 ¥ ¯à¥â¥à¯¥¢ îâ áãé¥-
áâ¢¥ëå ¨§¬¥¥¨©. � íâ® ¢ á¢®î ®ç¥à¥¤ì ¯à¨¢®¤¨â ª

â®¬ã, çâ® ¤¨ ¬¨ç¥áª¨© ªà¨â¨ç¥áª¨© ¨¤¥ªá z = 1.76,
®æ¥¥ë© ¨§ á®®â®è¥¨ï z = x/ν (ª®àà¥«ïæ¨® ï
¤«¨  rc ∼ t−ν), ¡«¨§®ª ª § ç¥¨î ¤«ï ®à¬ «ì®©

¤¨¯®«ì®© ¤¨ ¬¨ª¨ (z = 2 [4]).
�à®¬¥ â®£®, ®â¬¥â¨¬, çâ® ª¢ ¤à â¨ç ï § ¢¨á¨-

¬®áâì ∆α ®â H, ¯à¥¤áª §ë¢ ¥¬ ï ¯®«ïà¨§ æ¨®ë¬
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¬¥å ¨§¬®¬ [5], á«¥¤ã¥â ¨§ ¯à®¯®àæ¨® «ì®áâ¨  -
¬ £¨ç¥®áâ¨ H, ª®â®à ï, ª ª ¯®ª §ë¢ îâ íªá¯¥-
à¨¬¥â «ìë¥ ¨áá«¥¤®¢ ¨ï ¬ £¨âëå á¢®©áâ¢ [6],
¥ ¢ë¯®«ï¥âáï ¯à ªâ¨ç¥áª¨ ¢® ¢á¥¬ ¨áá«¥¤®¢ ®¬

¨â¥à¢ «¥ â¥¬¯¥à âãà ¨, ®á®¡¥®, ¢¡«¨§¨ Tc. �®¦®
¯®ª § âì, çâ® ª¢ ¤à â¨ç ï ¯®«¥¢ ï § ¢¨á¨¬®áâì ∆α
á«¥¤ã¥â ¨§ à¥« ªá æ¨¨ ®¤®à®¤®©  ¬ £¨ç¥®áâ¨.
�à¨ «¨¥©®© á¢ï§¨ §¢ãª®¢ëå ¢®« á ¯ à ¬¥âà®¬

�¨á. 1. �¥¬¯¥à âãàë¥ § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥â  ¯®-
£«®é¥¨ï ã«ìâà §¢ãª®¢ëå ¢®« (15 MHz) ¤«ï c-®á¨ £ ¤®-
«¨¨ï ¢ ¬ £¨âëå ¯®«ïå H ⊥ c. H (Oe): 1 — 0, 2 — 100,
3 — 130, 4 — 300, 5 — 400, 6 — 500, 7 — 600, 8 — 750.

�¨á. 2. �¢®©ë¥ «®£ à¨ä¬¨ç¥áª¨¥ § ¢¨á¨¬®áâ¨ H−1
i ®â

tmax (1 ), τ (ω−1) ®â t (1 ′),   â ª¦¥ αc (T = Tc) (2 ) ¨ αmax

(3 ) ®â Hi. Hi — ¢ãâà¥¥¥ ¬ £¨â®¥ ¯®«¥.

�¨á. 3. �ª¥©«¨£®¢®¥ ¯à¥¤áâ ¢«¥¨¥ ¯®£«®é¥¨ï ¢ ¯®«ïå
H < 600 Oe. �®çª¨ à §«¨ç®© ª®ä¨£ãà æ¨¨ á®®â¢¥â-
áâ¢ãîâ § ç¥¨¥¬ H, ¯à¨¢¥¤¥ë¬   à¨á. 1.

¯®àï¤ª , á®£« á® � ¢ á ª¨ [7], ¨¬¥¥¬

αR(ω) = r2/ν−3
c ωf(rzcω). (2)

�âáî¤  ¯à¨ rzcω � 1 á«¥¤ã¥â, çâ® αR(ω) ∼ ω2r
2/ν−3+z
c ,

â ª ª ª ¢ íâ®¬ á«ãç ¥ f(x) ≈ x. � á« ¡®¬ ¯®«¥ (¯®«¥
áç¨â ¥âáï á« ¡ë¬, ¥á«¨ ¥£® í¥à£¨ï ¬¥ìè¥, ç¥¬

í¥à£¨ï ªà¨â¨ç¥áª¨å ä«ãªâã æ¨©) ª®àà¥«ïæ¨®ë©
à ¤¨ãá ¥ § ¢¨á¨â ®â ¬ £¨â®£® ¯®«ï [4],   ¯®íâ®¬ã
¯®«¥¢ ï § ¢¨á¨¬®áâì αk ®¯à¥¤¥«ï¥âáï ω, ª®â®à ï, ª ª
¨§¢¥áâ®, ¯à®¯®àæ¨® «ì  H.

�¢â®àë ¡« £®¤ àë �.�. �®à®¢¨ªã-�®¬ ®¢ã ¨

�.�. �¥¢¨â¨ã §  ¯®«¥§ë¥ ®¡áã¦¤¥¨ï.

� ¡®â  ¢ë¯®«¥  ¯à¨ ä¨ á®¢®© ¯®¤¤¥à¦ª¥ �®á-
á¨©áª®£® ä®¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ ¨© (ª®¤
¯à®¥ªâ  95-02-05170- ).
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