
�¨§¨ª  â¢¥à¤®£® â¥« , 1997, â®¬ 39, ò 2

�¥¦¤ã¨®®¥ ®¡¬¥®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ¢ á¨áâ¥¬ å AII
1−xMxBVI

c© �.�. �¥«ì¨çãª, �.�. �¨å ©«¥¢áª¨©, �.�. � ¢çãª, �.�. �à¨ä®¥ª®

�¥à®¢¨æª¨© £®áã¤ àáâ¢¥ë© ã¨¢¥àá¨â¥â,
274012 �¥à®¢æë, �ªà ¨ 

(�®áâã¯¨«  ¢ �¥¤ ªæ¨î 10 ¬ àâ  1996 £.
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�áá«¥¤®¢  ¨â¥£à « á¢¥àå®¡¬¥®£® ¢§ ¨¬®¤¥©áâ¢¨ï JNN ¢ ¯®«ã¬ £¨âëå ¯®«ã¯à®¢®¤¨ª å

â¨¯  AII
1−xMxBVI, £¤¥ ¢ ª ç¥áâ¢¥ ¬ £¨â®© ª®¬¯®¥âë M à áá¬ âà¨¢ îâáï ¨®ë Mn, Fe, Co.

� áç¥âë ¢ë¯®«¥ë ¢ à ¬ª å ¬®£®ç áâ¨ç®© â¥®à¨¨ � ª  á ãç¥â®¬ ®á®¢ëå ®à¡¨â «ìëå

á®áâ®ï¨© ¨®®¢ M ¢ ªã¡¨ç¥áª®¬ ªà¨áâ ««¥. �¥§ã«ìâ âë ¯à®¢¥¤¥®£® à áç¥â  áà ¢¨¢ îâáï á

ã¦¥ ¨§¢¥áâë¬¨ íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨ ¨ á à¥§ã«ìâ â ¬¨ ¯à®¢¥¤¥®£® ¨áá«¥¤®¢ ¨ï â¥¬-
¯¥à âãà®© § ¢¨á¨¬®áâì ä à ¤¥¥¢áª®£® ¢à é¥¨ï. �®ª § ®, çâ® ¬¥å ¨§¬ á¢¥àå®¡¬¥  ¯®§¢®«ï¥â

®¡êïá¨âì ª®àà¥«ïæ¨î ªà¨â¨ç¥áª¨å § ç¥¨© x∗ ¤«ï á¨áâ¥¬ Cd1−xMnxTe ¨ Cd1−xFexTe, ¯à¨

ª®â®àëå ¬¥¦¤ã¨®®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ áâ ®¢¨âáï áãé¥áâ¢¥ë¬.

1. �ï¤ ã¨ª «ìëå á¢®©áâ¢ ¯®«ã¬ £¨âëå ¯®«ã-
¯à®¢®¤¨ª®¢ (���) â¨¯  AII

1−xMxBVI (£¤¥ M = Mn,
Fe, Co) ®¯à¥¤¥«ï¥âáï ®¡¬¥ë¬ ¢§ ¨¬®¤¥©áâ¢¨¥¬

¬¥¦¤ã «®ª «¨§®¢ ë¬¨ ¬ £¨âë¬¨ ¬®¬¥â ¬¨ ¨

á¯¨ ¬¨ §®ëå ®á¨â¥«¥© [1]. �à®¬¥ ãª § ®-
£® ¢§ ¨¬®¤¥©áâ¢¨ï ¢ ¤ ëå á¨áâ¥¬ å áãé¥áâ¢ã¥â

â ª¦¥ ¬¥¦¤ã¨®®¥ ®¡¬¥®¥ ¢§ ¨¬®¤¥©áâ¢¨¥. �à¨
¨§ª¨å ª®æ¥âà æ¨ïå (x < 0.001) ¢§ ¨¬®¤¥©áâ¢¨¥

¬¥¦¤ã ¬ £¨âë¬¨ ¨® ¬¨ ¬®¦® ¥ ãç¨âë¢ âì ¨

à áá¬ âà¨¢ âì ¨å ª ª ¨§®«¨à®¢ ë¥ æ¥âàë, ®á®¢-
ë¥ á®áâ®ï¨ï ª®â®àëå ®¯à¥¤¥«ïîâáï á¨¬¬¥âà¨¥©

á®®â¢¥âáâ¢ãîé¥£® ªà¨áâ ««¨ç¥áª®£® ¯®«ï. �à¨ ã¢¥-
«¨ç¥¨¨ ª®æ¥âà æ¨¨ ¬ £¨â®© ª®¬¯®¥âë ®¡-
¬¥®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ¯à¨¢®¤¨â ª ¢®§¨ª®¢¥¨î

ª« áâ¥à®¢. �à¨à®¤  ¨ ¢¥«¨ç¨  ®¡¬¥®£® ¨â¥£à « 
JNN , ª®â®àë© á¢ï§ë¢ ¥â ¡«¨¦ ©è¨¥ ¬ £¨âë¥ ¨®ë
ª« áâ¥à , ï¢«ïîâáï ¯à¥¤¬¥â®¬ íªá¯¥à¨¬¥â «ìëå

¨áá«¥¤®¢ ¨© ¯® à ¬ ®¢áª®¬ã à áá¥¨¢ ¨î,  ¬ £-
¨ç¥®áâ¨ ¢ ¬ £¨âëå ¯®«ïå, ¥ã¯àã£®¬ã à áá¥¨¢ -
¨î ¥©âà®®¢, â¥¯«®¥¬ª®áâ¨ [2]. �¡¬¥®¥ ¢§ ¨¬®-
¤¥©áâ¢¨¥ ¨®®¢ ¢ ª« áâ¥à¥ ®¯¨áë¢ ¥âáï, ª ª ¯à ¢¨-
«®, £ ¬¨«ìâ®¨ ®¬ �¥©§¥¡¥à£  H = −

∑
ij JijSiSj .

�ª« ¤ ¢ ®¡¬¥ë© ¨â¥£à « J ®¡ãá«®¢«¥ ª ª ¯àï-
¬ë¬ d−d-¢§ ¨¬®¤¥©áâ¢¨¥¬, â ª ¨ àï¤®¬ ¤àã£¨å ¥-
¯àï¬ëå ¯à®æ¥áá®¢. �®áª®«ìªã ¯¥à¥ªàëâ¨¥ ¢®«®¢ëå
äãªæ¨© 3d-¨®®¢ ï¢«ï¥âáï á« ¡ë¬ ¤«ï ¤ ëå ¬ -
â¥à¨ «®¢, ¯àï¬®© ®¡¬¥ ¬ «®íää¥ªâ¨¢¥. �à¥¤¨ ¥-
¯àï¬ëå ¬¥å ¨§¬®¢ ®¡¬¥  ¢ë¤¥«ïîâ á¢¥àå®¡¬¥

¬¥¦¤ã ¬ £¨âë¬¨ ¨® ¬¨ ç¥à¥§ ¯à®¬¥¦ãâ®çë©

¥¬ £¨âë©  â®¬, ¬¥å ¨§¬ �«®¬¡¥à£¥ –�®ã« ¤ 
(��), ª®â®àë© ®¡ãá«®¢«¥ ¢¨àâã «ìë¬¨ ¬¥¦¤ã§®-
ë¬¨ ¯à®æ¥áá ¬¨, ¨ ¬¥å ¨§¬ �ã¤¥à¬  –�¨ââ¥«ï–
�®áãï–�®á¨¤  (����) — ¢§ ¨¬®¤¥©áâ¢¨¥ ¬ £¨âëå

¬®¬¥â®¢ ç¥à¥§ á¢®¡®¤ë¥ ®á¨â¥«¨ § àï¤ . �á«¨ ¬¥-
å ¨§¬ �� ï¢«ï¥âáï áãé¥áâ¢¥ë¬ ¤«ï ã§ª®é¥«¥¢ëå

¬ â¥à¨ «®¢,   ¬¥å ¨§¬ ���� — ¤«ï ¬¥â ««®¢, â®
¤«ï è¨à®ª®§®ëå ���  ¨¡®«¥¥ áãé¥áâ¢¥ á¢¥àå-
®¡¬¥ [3].

� £ ¬¨«ìâ®¨ ¥ �¥©§¥¡¥à£  ãç¨âë¢ ¥âáï, ª ª

¯à ¢¨«®, ®¡¬¥ ï ç áâì ªã«®®¢áª®£® ¢§ ¨¬®¤¥©-

áâ¢¨ï ¤«ï á«ãç ï ¤¢ãå í«¥ªâà®®¢,  å®¤ïé¨åáï ¢

S-á®áâ®ï¨¨ [4]. �®á«¥ ¯®ï¢«¥¨ï ¬¥â®¤¨ª¨ � ª  [5]

¢ â¥®à¨¨ á¨«ì®¬ £¨âëå ¬ â¥à¨ «®¢ ¬®¤¥«ì �¥©-

§¥¡¥à£  ¡ë«  ®¡®¡é¥    á«ãç © ¬®£®í«¥ªâà®ëå

 â®¬®¢ á ãç¥â®¬ ¨å ®à¡¨â «ìëå á®áâ®ï¨© [6,7].

� ¤ ®© à ¡®â¥ áç¨â ¥âáï, çâ® ¬ £¨âë¥ ¨®ë

(Mn2+, Co2+ ¨ Fe2+) ¢ ���  å®¤ïâáï ¢ ®á®¢ëå

®à¡¨â «ìëå á®áâ®ï¨ïå ¢ ªà¨áâ ««¨ç¥áª®¬ ¯®«¥ Td
á¨¬¬¥âà¨¨ ¨ á¢ï§ ë á¢¥àå®¡¬¥ë¬ ¢§ ¨¬®¤¥©áâ¢¨-

¥¬ ç¥à¥§ ¥¬ £¨âë¥  ¨®ë Te, Se ¨«¨ S. �«ï ®¯à¥-

¤¥«¥¨ï ¨â¥£à «  á¢¥àå®¡¬¥®£® ¢§ ¨¬®¤¥©áâ¢¨ï

JNN ¨á¯®«ì§ã¥âáï ¬¥â®¤, ª®â®àë© à §¢¨â ¨ ¤¥â «ì®

®¯¨á  ¢ [8].

�¥§ã«ìâ âë à áç¥â  áà ¢¨¢ îâáï á íªá¯¥à¨¬¥-

â «ìë¬¨ ¤ ë¬¨ ¤«ï ¨â¥£à «  ®¡¬¥ , ¨§¢¥áâë-

¬¨ ¨§ «¨â¥à âãàë ¨ ¨§¬¥à¥ë¬¨ á ¯®¬®éìî íää¥ª-

â  � à ¤¥ï ¤«ï Cd1−xFexTe.

2. � ¯®«ã¯à®¢®¤¨ª®¢ëå â¢¥à¤ëå à áâ¢®à å

AII
1−xMxBVI  â®¬ ¬ £¨â®© ª®¬¯®¥âë M § ¬¥é ¥â

ª â¨® A ¨  å®¤¨âáï ¢ ªà¨áâ ««¨ç¥áª®¬ ¯®«¥,

ª®â®à®¥ á®§¤ ¥âáï £« ¢ë¬ ®¡à §®¬ ¥¬ £¨âë¬¨

 ¨® ¬¨ ¡«¨¦ ©è¥£® ®ªàã¦¥¨ï (à¨á. 1).

� ¨¬¥ìè¥¥ à ááâ®ï¨¥ ¬¥¦¤ã ¬ £¨âë¬¨ ¨® ¬¨

M–M à ¢® ¯®«®¢¨¥ ¯®áâ®ï®© à¥è¥âª¨ a/2.

�ë¤¥«¨¬ ¢ ªà¨áâ ««¨ç¥áª®© à¥è¥âª¥ á¨áâ¥¬ã

M–B–M ¨ à áá¬®âà¨¬ á¢¥àå®¡¬¥®¥ ¢§ ¨¬®¤¥©áâ¢¨¥

¬ £¨âëå ¨®®¢ M ç¥à¥§ ¥¬ £¨âë© ¨® B.

�®£®í«¥ªâà®ë¥ á®áâ®ï¨ï ¨§®«¨à®¢ ëå  â®¬®¢

à áá¬®âà¨¬ ¢ ¯à¨¡«¨¦¥¨¨ à áá¥«-á ã¤¥àá®¢áª®©

á¢ï§¨. �®£¤  ª¢ â®¢ë¥ á®áâ®ï¨ï  â®¬  á N

í«¥ªâà® ¬¨   3d-®¡®«®çª¥ ª®ä¨£ãà æ¨¨ lN

®¯¨áë¢ îâáï  ¡®à®¬ ª¢ â®¢ëå ç¨á¥« SLMSML. �

à¥§ã«ìâ â¥ ¤¥©áâ¢¨ï ªà¨áâ ««¨ç¥áª®£® ¯®«ï ¨¬¥¥â

¬¥áâ® à áé¥¯«¥¨¥ åã¤®¢áª®£® ®á®¢®£® á®áâ®ï¨ï

¨§®«¨à®¢ ®£®  â®¬    ªà¨áâ ««¨ç¥áª¨¥ â¥à¬ë Γγ ,
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�¨á. 1. �à®áâà áâ¢¥®¥ à á¯®«®¦¥¨¥ ¡«¨¦ ©è¨å ¬ £-
¨âëå ¨®®¢ ¢ ªà¨áâ ««¨ç¥áª®© à¥è¥âª¥ á® áâàãªâãà®©

áä «¥à¨â . 1 — ª â¨®, 2 —  ¨®, 3 — ¬ £¨âë© ¨®.

¢®«®¢ë¥ äãªæ¨¨ ª®â®àëå

Ψ(SMSαΓγ) =
∑
ML

C
αΓγ
LML

Ψ
(
nlNSLMSML

)
. (1)

�®íää¨æ¨¥âë C
αΓγ
LML

¤«ï à §«¨çëå  â®¬ëå á®áâ®-

ï¨© ¨ ªà¨áâ ««¨ç¥áª¨å ¯®«¥© ¯à¨¢¥¤¥ë ¢ [9].

�àï¬ë¬ ¢§ ¨¬®¤¥©áâ¢¨¥¬ í«¥ªâà®®¢ ¬ £¨âëå

 â®¬®¢ ¡ã¤¥¬ ¯à¥¥¡à¥£ âì ¨ ãçâ¥¬ ¢ ª ç¥áâ¢¥ ¢®§¬ã-

é¥¨ï á¨áâ¥¬ë ¤¢ãå ¬ £¨âëå  â®¬®¢, ª®â®àë¥  -

å®¤ïâáï ¢ ®á®¢®¬ á®áâ®ï¨¨, ®¡¬¥ãî ç áâì ªã«®-

®¢áª®£® ¢§ ¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã í«¥ªâà® ¬¨ ¨®®¢

M ¨ B. � â¥à¬¨ å ®¯¥à â®à   â¨á¨¬¬¥âà¨§ æ¨¨ [10]

íâ® á®®â¢¥âáâ¢ã¥â ãç¥âã ¯¥à¥áâ ®¢®ª PiαPjβ (i, j

®â®áïâáï ª ¬ £¨âë¬ æ¥âà ¬, α, β — ª ¥¬ £¨â-

®¬ã æ¥âàã B). �á«¨ à áá¬ âà¨¢ âì â®«ìª® ®á®¢ë¥

á®áâ®ï¨ï ¬ £¨âëå ¨®®¢ (¬¥å ¨§¬ �¬ è¨â –

�®¤®) ¨ ¯à¥¥¡à¥çì ¢®§¬®¦®áâìî ¨å ¯¥à¥å®¤®¢

¢ ¢®§¡ã¦¤¥ë¥ á®áâ®ï¨ï (¬¥å ¨§¬ë �«¥ââ¥à  ¨

�à ¬¥àá –�¤¥àá® ), â® ¤«ï ®¯¥à â®à  ¯®«ãç¨¬ ¢ë-

à ¦¥¨¥ [8]

W =
∑
d1d2dδ

I(1d1d2dδ)R
1d1
χ1
R1d2
χ2

(
V 1 (S1) V 2 (S2)

)
×
[
V d1(Γ1)× V d2(Γ2)

]d
δ
, (2)

£¤¥ 0 6 d1 6 2L1, 0 6 d2 6 2L2, |d1 − d2| 6 d 6 d1 + d2,

V d(J) — ¥¤¨¨çë¥ ¥¯à¨¢®¤¨¬ë¥ â¥§®àë¥ ®¯¥à -

â®àë à £  d, R1d
χ — ¯ à ¬¥âàë � ª ,

R1d
χ =

∑
L1S1

3N [d][L][S]GLSL1S1
(−1)L1+L+l+d+S1+S+3/2

×

{
l l d
L L L1

}{
1/2 1/2 1
S S S1

}
, (3)

{
...
...

}
— 6j-á¨¬¢®«ë �¨£¥à , GLSL1S1

— £¥¥ «®£¨ç¥-
áª¨¥ ª®íää¨æ¨¥âë [11], [d] = 2d+ 1,

I(1d1d2dδ) =
∑

δ1,δ2,δ0

[
d1 d2 d
δ1 −δ2 δ

]

×R10
χ0
Ed10
δ1δ0

(R1)Ed20
δ2−δ0

(R2), (4)[
...
...

]
— ª®íää¨æ¨¥âë �«¥¡è –�®à¤® , ¨¤¥ªáë χ0,

χ á¨¬¢®«¨§¨àãîâ ãç¥â ®á®¢®£® á®áâ®ï¨ï ¥¬ £-
¨â®£® ¨ ¬ £¨â®£® ¨®®¢ á®®â¢¥âáâ¢¥®,

Ed10
δ1δ0

(R1) =
∑
m0,m

′
0

m1,m′1

(−1)l0+m0+l1+m1

(
l1 d1 l1
m1 −δ1 −m′1

)

×

(
l0 0 l0
m0 −δ0 −m′0

)〈
l1m1l0m0

∣∣∣∣ e2

riα
Piα

∣∣∣∣ l1m′1l0m′0〉, (5)

Ed20
δ2δ0

(R2) =
∑
m0,m

′
0

m2,m′2

(−1)l0+m0+l2+m2

(
l2 d2 l2
m2 −δ2 −m′2

)

×

(
l0 0 l0
m0 −δ0 −m′0

)
〈l2m2l0m0 |Pjβ | l2m

′
2l0m

′
0〉 , (6)

〈l1m1l0m0

∣∣∣ e2riαPjα∣∣∣ l1m′1l0m′0〉 — ¤¢ãåæ¥âà®¢ë¥

®¡¬¥ë¥ ¨â¥£à «ë, ª®â®àë¥ ¡¥àãâáï

  ®¤®í«¥ªâà®ëå ¢®«®¢ëå äãªæ¨ïå,
〈l2m2l0m0 |Pjβ | l2m′2l0m

′
0〉 — á®®â¢¥âáâ¢ãîé¨¥

¨â¥£à «ë ¯¥à¥ªàëâ¨ï.
�¯¥à â®à (2) ï¢«ï¥âáï ¤®áâ â®ç® ®¡é¨¬. � ãç¨-

âë¢ ¥â ªà®¬¥ ¨§®âà®¯®£® ®¡¬¥®£® ¢§ ¨¬®¤¥©áâ¢¨ï

à §«¨çë¥  ¨§®âà®¯ë¥ ¢ª« ¤ë ª ª ®à¡¨â «ì®£®,

�¨á. 2. � ¢¨á¨¬®áâì ®¡à â®© ¢¥«¨ç¨ë ã£«  ä à ¤¥¥¢-
áª®£® ¢à é¥¨ï ¢ ªà¨áâ ««¥ Cd0.97Fe0.03Te ®â â¥¬¯¥à âã-
àë. H = 15 kOe, d = 0.1 cm, E/E0 = 0.9.
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�â¥£à «ë á¢¥àå®¡¬¥®£® ¢§ ¨¬®¤¥©áâ¢¨ï JNN (K)

M

� â¥à¨ « Mn Fe Co

â¥®à¨ï íªá¯¥à¨¬¥â â¥®à¨ï íªá¯¥à¨¬¥â â¥®à¨ï íªá¯¥à¨¬¥â

CdMTe 6.6 6.2 26.7 — — —
CdMSe 9.6 7.6, 8.1 24.8 19.0 44.2 37.0
CdMS 7.2 9.7, 11.0 18.3 — 26.0 —
ZnMSe 15.0 12.3 25.5 22.3 56.3 49.5
ZnMS 19.4 16.1 31.2 > 22.0 53.5 47.5

á¯¨®¢®£®, â ª ¨ á¬¥è ®£® â¨¯®¢, ª®â®àë¥ ¥ ¡ã-
¤¥¬ ãç¨âë¢ âì ¢ ¤ ®© à ¡®â¥. �ë¤¥«¨¬  ¨¡®«¥¥

¢ ¦ãî ¨§®âà®¯ãî ç áâì ®¡¬¥®£® ¢§ ¨¬®¤¥©áâ¢¨ï

¢ ®¯¥à â®à¥ (2) ¨  ©¤¥¬ ¤¨ £® «ìë¥ ¬ âà¨çë¥

í«¥¬¥âë ¤ ®£® ®¯¥à â®à    ¢®«®¢ëå äãªæ¨ïå

®á®¢ëå á®áâ®ï¨© (1) ¯ àë ¬ £¨âëå ¨®®¢ [8].
�®£¤  ¨â¥£à « á¢¥àå®¡¬¥  ¢ á¨áâ¥¬¥ M–B–M ¯à¨-
¬¥â ¢¨¤

JNN =
I(10000)

(
R10
χ

)2
(2S + 1)

×

(
1 +

∑
d1d2

d δ

I(1d1d2dδ)R
1d1
χ R1d2

χ

I(10000)
(
R10
χ

)2 (
Qdδ
)

ΓγΓγ

)
, (7)

Γγ — ¥¯à¨¢®¤¨¬®¥ ¯à¥¤áâ ¢«¥¨¥, å à ªâ¥à¨§ãîé¥¥
®á®¢®¥ á®áâ®ï¨¥ á®®â¢¥âáâ¢ãîé¥£® ¬ £¨â®£® ¨®-
  ¢ ªà¨áâ ««¨ç¥áª®¬ ¯®«¥. � á«ãç ¥ Mn2+ íâ® ¡ã¤¥â

¯®«®á¨¬¬¥âà¨ç®¥ á®áâ®ï¨¥ 6A1, ¢ á«ãç ¥ Co2+ —
3A2,   ¢ á«ãç ¥ Fe2+ — 5E,(
Qdδ
)

ΓγΓγ
=

∑
δ1δ2
m1m2

m′1m
′
2

C
Γγ
L1m1

C
Γγ
L1m′1

C
Γγ
L2m2

C
Γγ
L2m′2

× (−1)d1−d2+δ+L1+L2−m1−m2
√

2d+ 1

(
d1 d2 d
δ1 δ2 δ

)
×

(
L1 d1 L1

−m1 δ1 m′1

)(
L2 d2 L2

−m2 δ2 m′2

)
, (8)

I(1d1d2dδ) ¤ ¥âáï ¢ëà ¦¥¨¥¬ (4).
3. �  ®á®¢ ¨¨ ¢ëà ¦¥¨© (7), (8) ¯à®¢¥¤¥ë

ç¨á«¥ë¥ à áç¥âë ¤«ï àï¤  ���. �ã«®®¢áª¨¥ ¨-
â¥£à «ë ¨ ¨â¥£à «ë ¯¥à¥ªàëâ¨ï à ááç¨âë¢ «¨áì  

®¤®í«¥ªâà®ëå ¢®«®¢ëå á«íââ¥à®¢áª¨åäãªæ¨ïå,
à ¤¨ «ì ï ç áâì ª®â®àëå [12] ¥áâì

Rn(r) = Arn
∗−1e−ξr, (9)

A — ª®áâ â  ®à¬¨à®¢ª¨. �«ï ã¯à®é¥¨ï ç¨á«¥-
ëå à áç¥â®¢ à ¤¨ «ìë¥ ç áâ¨ ¢®«®¢ëå äãªæ¨©

(9)  ¯¯à®ªá¨¬¨à®¢ «¨áì  ¡®à®¬ £ ãáá®¢ëå äãªæ¨©

Rn(r) =
∑
i

ciϕi(r), ϕi(r) = rn−1e−αir
2

. (10)

�®íää¨æ¨¥âë ci ¨ ¯ à ¬¥âàë αi ®¯à¥¤¥«ï«¨áì ¯®
¬¥â®¤¨ª¥ [12],   3j-, 6j-á¨¬¢®«ë �¨£¥à  ¨ £¥¥ «®£¨-
ç¥áª¨¥ ª®íää¨æ¨¥âë GLSL1S1

¡ë«¨ ¢§ïâë ¨§ [11]. � ª
¯®ª §ë¢ îâ ç¨á«¥ë¥ à áç¥âë, ¨§  ¡®à  ¢¥«¨ç¨
I(1d1d2dδ) ¬ ªá¨¬ «ìë¬¨ ï¢«ïîâáï I(10 000), çâ®
á®£« áã¥âáï á ¨§¢¥áâë¬ ”§ ¬®à ¦¨¢ ¨¥¬” ®à¡¨-
â «ìëå ¬®¬¥â®¢ ¢ ªà¨áâ ««¨ç¥áª®¬ ¯®«¥ [4]. �¥-
§ã«ìâ âë à áç¥â®¢ JNN ¢ à §«¨çëå ��� ¯à¨¢¥¤¥ë

¢ â ¡«¨æ¥.
� ª ¢¨¤® ¨§ à áç¥â®¢, ¢¥«¨ç¨  JNN áãé¥áâ¢¥®

§ ¢¨á¨â ®â â¨¯  ¬ £¨âëå ¨®®¢ ¨ ¢®§à áâ ¥â ¢

àï¤¥ Mn–Fe–Co, çâ®  å®¤¨âáï ¢ ¥¯«®å®¬ á®£« á¨¨

á íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨, ¢§ïâë¬¨ ¨§ ®¡§®-
à  [2]. �ç¥¢¨¤®, ¢¥«¨ç¨ã JNN ®¯à¥¤¥«ïîâ ª®«¨ç¥-
áâ¢® í«¥ªâà®®¢   3d-®¡®«®çª¥ ¨ â¨¯ ®à¡¨â «ì®£®

á®áâ®ï¨ï.
4. �ªá¯¥à¨¬¥â «ìë¥ § ç¥¨ï JNN , ¯à¨¢¥¤¥ë¥

¢ â ¡«¨æ¥, ¯®«ãç¥ë à §«¨çë¬¨ ¬¥â®¤ ¬¨. �à¥¤-
áâ ¢«ï¥â ¨â¥à¥á ¨§¬¥à¨âì ª®áâ âã ¬¥¦¤ã¨®®£®

®¡¬¥®£® ¢§ ¨¬®¤¥©áâ¢¨ï áà ¢¨â¥«ì® ¬ «®¨§¢¥áâ-
ë¬ ¬¥â®¤®¬ íªáâà ¯®«ïæ¨¨ â¥¬¯¥à âãà®© § ¢¨á¨-
¬®áâ¨ ä à ¤¥¥¢áª®£® ¢à é¥¨ï ¢ ���. � á®®â¢¥â-
áâ¢¨¨ á [13] ã£®« ä à ¤¥¥¢áª®£® ¢à é¥¨ï θF ¢ ���

â¨¯  AII
1−xMxBVI ¤«ï ®¡« áâ¨ ¢ëá®ª¨å â¥¬¯¥à âãà T

¨ ¨§ª¨å ¬ £¨âëå ¯®«¥© H   «¨â¨ç¥áª¨ ¬®¦®

®¯¨á âì á®®â®è¥¨¥¬

θF =
F0d

2~c
β − α

gmµB

C0x

T + θ0x
H

E2

(E2
0 −E

2)
3/2

, (11)

£¤¥ F0 — ª®áâ â , § ¢¨áïé ï ®â á¨«ë ®áæ¨««ïâ®à 

íªá¨â®®£® ¯¥à¥å®¤ , E0 — í¥à£¨ï ¯¥à¥å®¤   

íªá¨â®ë© ãà®¢¥ì, E — í¥à£¨ï ä®â®®¢, gm —
ä ªâ®à á¯¥ªâà®áª®¯¨ç¥áª®£® à áé¥¯«¥¨ï í«¥ªâà®-
®¢ ¬ £¨â®£® ¨®  M, µB — ¬ £¥â® �®à , α, β —
¨â¥£à «ë ®¡¬¥®£® ¢§ ¨¬®¤¥©áâ¢¨ï ¨®®¢M á í«¥ª-
âà® ¬¨ ¨ ¤ëàª ¬¨ á®®â¢¥âáâ¢¥®, C0 ¨ θ0 — ª®-
áâ âë ¢ § ª®®¬¥à®áâ¨ �îà¨–�¥©áá  ¤«ï ¬ £¨â-
®© ¢®á¯à¨¨¬ç¨¢®áâ¨.
�§ ¢ëà ¦¥¨ï (11) á«¥¤ã¥â, çâ® â¥¬¯¥à âãà ï

§ ¢¨á¨¬®áâì íää¥ªâ  � à ¤¥ï ®¯à¥¤¥«ï¥âáï â ª®¢®©

¢ á®¬®¦¨â¥«¥ C0x/(T + θ0x) ¨ § ¢¨á¨¬®áâìî ®â

â¥¬¯¥à âãàë í¥à£¨¨ íªá¨â®  E0. �«¨ï¨¥ ¨§¬¥-
¥¨ï á â¥¬¯¥à âãà®© ¢¥«¨ç¨ë E0   θF (T ) ¬®¦®
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á¢¥áâ¨ ª ¬¨¨¬ã¬ã, ¥á«¨ ¨á¯®«ì§®¢ âì ¤ ë¥ ¤«ï

θF , ¨§¬¥à¥ë¥ ¯à¨ ¯®áâ®ï®¬ ®â®è¥¨¨ E/E0. �
íâ®¬ á«ãç ¥, ª ª íâ® ¯®ª § ® ¢ [14], â¥¬¯¥à âãà-
 ï § ¢¨á¨¬®áâì θF ¯®«®áâìî ®âà ¦ ¥â § ¢¨á¨¬®áâì

 ¬ £¨ç¥®áâ¨ ¬ £¨â®© ¯®¤á¨áâ¥¬ë ¢ ��� ®â

â¥¬¯¥à âãàë.
�à¨¢¥¤¥ë©   à¨á. 2 ¯à¨¬¥à â¥¬¯¥à âãà®© § ¢¨-

á¨¬®áâ¨ ®¡à â®© ¢¥«¨ç¨ë ä à ¤¥¥¢áª®£® ¢à é¥¨ï

¤«ï ®¡à §æ  Cd1−xFexTe á x = 0.03 ¤¥¬®áâà¨àã¥â,
çâ® ¢ ¨â¥à¢ «¥ â¥¬¯¥à âãà 70 < T < 250 K ¨¬¥¥â ¬¥-
áâ® ¢ë¯®«¥¨¥ § ª®®¬¥à®áâ¨ �îà¨–�¥©áá .�ãâ¥¬
íªáâà ¯®«ïæ¨¨ «¨¥©®£® ãç áâª  ¯®«ãç¥® § ç¥¨¥

¯ à ¬¥âà  θ0x = −(35±3) K. � á¢®î ®ç¥à¥¤ì   ®á®¢¥

¨§¢¥áâ®£® ¢ëà ¦¥¨ï

θF = −
8S(S + 1)JNN

kB
, (12)

£¤¥ S = 2 ¢ ¨áá«¥¤ã¥¬®¬ á«ãç ¥ ¤«ï ¨®  Fe2+,
 å®¤¨¬ ª®áâ âã ®¡¬¥®£® ¢§ ¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã

íâ¨¬¨ ¨® ¬¨ JNN = 24.3 ± 2 K, çâ®  å®¤¨âáï ¢

ã¤®¢«¥â¢®à¨â¥«ì®¬ á®£« á¨¨ á à¥§ã«ìâ â ¬¨ à áç¥â 

(á¬. â ¡«¨æã).
�®«¥¥ á«®¦ë© å à ªâ¥à ¨¬¥¥â â¥¬¯¥à âãà ï § -

¢¨á¨¬®áâì ä à ¤¥¥¢áª®£® ¢à é¥¨ï ¤«ï Cd1−xFexTe
¢ ¨§ª®â¥¬¯¥à âãà®¬ ¨â¥à¢ «¥ 4.2 < T < 70 K
(à¨á. 3). � ¥¥  ¬¨ ã¦¥ ®â¬¥ç «¨áì [15] ®á®¡¥-
®áâ¨ θF (T ) ¢ ®¡« áâ¨ £¥«¨¥¢ëå â¥¬¯¥à âãà, ®¡-
ãá«®¢«¥ë¥ ¢ -ä«¥ª®¢áª¨¬ ¯ à ¬ £¥â¨§¬®¬ Fe-
á®¤¥à¦ é¨å ���.
�á«¨ ¢ ªà¨áâ «« å Cd1−xMnxTe, ¯® ¤ ë¬ ¨á-

á«¥¤®¢ ¨ï íää¥ªâ  � à ¤¥ï [16], ªà¨â¨ç¥áª®¥ § -
ç¥¨¥ x∗, ¯à¨ ª®â®à®¬ ®¡¬¥®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ¬¥-
¦¤ã ¨® ¬¨ áâ ®¢¨âáï áãé¥áâ¢¥ë¬, á®áâ ¢«ï¥â

�¨á. 3. �¥¬¯¥à âãà ï § ¢¨á¨¬®áâì ª®áâ âë �¥à¤¥ ¤«ï

ªà¨áâ ««®¢ Cd1−xFexTe à §«¨ç®£® á®áâ ¢ . x: 1, 2 —
0.03; 3 — 0.01; 4 — 0.05. E (eV): 1, 3 — 1.512; 2, 4 —
1.494.

�¨á. 4. � ¢¨á¨¬®áâì ¨â¥£à «  JNN ®â à ááâ®ï¨ï ¬¥¦¤ã

¬ £¨âë¬¨ ¨® ¬¨.

¯à¨¬¥à® 0.3, â® ¤«ï Cd1−xFexTe, á®£« á®  è¨¬

¨áá«¥¤®¢ ¨ï¬, ®¡¬¥®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ áãé¥áâ¢¥-
® ã¦¥ ¯à¨ x∗ ≈ 0.03. �àã£¨¬¨ á«®¢ ¬¨, ®¡¬¥
Fe–Fe ¯à¨ § ¤ ®¬ à ááâ®ï¨¨ ¬¥¦¤ã ¬ £¨âë¬¨

¨® ¬¨ § ç¨â¥«ì® ¡®«ìè¥ ®¡¬¥  Mn–Mn ¯à¨ â®¬

¦¥ à ááâ®ï¨¨. �à¨¢¥¤¥ë¥ ¢ â ¡«¨æ¥ à¥§ã«ìâ âë

á¯à ¢¥¤«¨¢ë ¤«ï ä¨ªá¨à®¢ ®£® à ááâ®ï¨ï ¬¥¦¤ã

¨® ¬¨ M–B–M. �â¥à¥áë¬ ¯à¥¤áâ ¢«ï¥âáï à áç¥â

§ ¢¨á¨¬®áâ¨ ¢¥«¨ç¨ë JNN ®â à ááâ®ï¨ï ¬¥¦¤ã

¬ £¨âë¬¨ æ¥âà ¬¨. �  à¨á. 4 ¯à¨¢¥¤¥ à¥§ã«ìâ â
â ª®£® à áç¥â  ¤«ï ¢¥«¨ç¨ á¢¥àå®¡¬¥®£® ¨â¥£à -
«  á¨áâ¥¬ Fe–Te–Fe ¨ Mn–Te–Mn ¢ § ¢¨á¨¬®áâ¨ ®â

à ááâ®ï¨ï ¬¥¦¤ã ¬ £¨âë¬¨ ¨® ¬¨. �«ï à ááâ®ï-
¨ï ¯®àï¤ª  a/2 ®â®è¥¨¥ ¨â¥£à «®¢ á¢¥àå®¡¬¥-
®£® ¢§ ¨¬®¤¥©áâ¢¨ï JFe

NN/J
Mn
NN á®áâ ¢«ï¥â ¢¥«¨ç¨ã

≈ 3.

� ª¨¬ ®¡à §®¬, â¥¤¥æ¨ï ¢®§à áâ ¨ï JNN ¯®

àï¤ã Mn–Fe–Co ¨ ª®«¨ç¥áâ¢¥ ï ¡«¨§®áâì íªá¯¥à¨-
¬¥â «ìëå ¨ à áç¥âëå § ç¥¨© JNN ¤«ï à §«¨ç-
ëå ¬ â¥à¨ «®¢ ¨ ¬ £¨âëå ¨®®¢ ¤®ª §ë¢ îâ, çâ®
á¢¥àå®¡¬¥®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã ¬ £¨âë¬¨

¨® ¬¨ ç¥à¥§ ¥¬ £¨âë©  ¨® ï¢«ï¥âáï ®á®¢ë¬

®¡¬¥ë¬ ¢§ ¨¬®¤¥©áâ¢¨¥¬ ¢ ¤ ëå ¬ â¥à¨ « å.
�®¤å®¤ ¯®§¢®«ï¥â â ª¦¥ ®æ¥¨âì ¢¥«¨ç¨ã JNN ¤«ï

à §«¨çëå ª®æ¥âà æ¨© ¬ £¨â®© ª®¬¯®¥âë ¢

��� AII
1−xMxBVI.
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