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� §¢¨â ¬¥â®¤ ¢ëå®¤  §  à ¬ª¨ ®¤®§®®£® ¯à¨¡«¨¦¥¨ï á ãç¥â®¬ à áá¥ï¨ï   ª« áâ¥à å.
�¥â®¤ ®á®¢    ª« áâ¥à®¬ à §«®¦¥¨¨ ¤«ï ãáà¥¤¥®© äãªæ¨¨ �à¨  á¯« ¢ . �®ª § ®, çâ®
¢ª« ¤ë ¯à®æ¥áá®¢ à áá¥ï¨ï ã¡ë¢ îâ á ã¢¥«¨ç¥¨¥¬ ç¨á«  ç áâ¨æ ¢ ª« áâ¥à¥ ¯® ¥ª®â®à®¬ã ¬ «®¬ã

¯ à ¬¥âàã. � ¯à¨¡«¨¦¥¨¨ ¤¨ £® «ì®£® ¡¥á¯®àï¤ª  ¢ ¬®£®§®®© s−d-¬®¤¥«¨ ¯à®¢¥¤¥ë ç¨á«®-
¢ë¥ ¨áá«¥¤®¢ ¨ï ®á®¡¥®áâ¥© í«¥ªâà®®© áâàãªâãàë ¨ í«¥ªâà®¯à®¢®¤®áâ¨ ã¯®àï¤®ç¨¢ îé¨åáï

á¯« ¢®¢.

� ç¨â¥«ìë¥ ãá¯¥å¨ ¢ ®¡êïá¥¨¨ á¢®©áâ¢ á¯« ¢®¢

¨ ¤àã£¨å ¥ã¯®àï¤®ç¥ëå ª®¤¥á¨à®¢ ëå á¨áâ¥¬

á¢ï§ ë á ¯à¨¬¥¥¨¥¬ ¬¥â®¤®¢ â¥®à¨¨ ¬®£®ªà â®-
£® à áá¥ï¨ï, ¨ ¢ â®¬ ç¨á«¥ ®¤®ã§¥«ì®£® ¯à¨¡«¨¦¥-
¨ï ª®£¥à¥â®£® ¯®â¥æ¨ «  (���) [1]. �¤ ª® ¤«ï
ãç¥â  áâ â¨áâ¨ç¥áª¨å ª®àà¥«ïæ¨© ¯à¨ ¬®£®ªà â®¬

à áá¥ï¨¨ í«¥ªâà®®¢   à §ëå ã§« å à¥è¥âª¨,  
â ª¦¥ ¡«¨¦¥£® ¯®àï¤ª  ¢ à á¯®«®¦¥¨¨  â®¬®¢ âà¥-
¡ã¥âáï ¢ë©â¨ §  à ¬ª¨ ®¤®ã§¥«ì®£® ¯à¨¡«¨¦¥¨ï,
â. ¥. ãç¥áâì à áá¥ï¨¥   ª« áâ¥à å.

�« áâ¥àë¥ ®¡®¡é¥¨ï ���, ®á®¢ ë¥   à á-
á¬®âà¥¨¨ ®¤¨®ç®£® ª« áâ¥à  ¢ íää¥ªâ¨¢®© áà¥-
¤¥, ¥ £ à â¨àãîâ   «¨â¨ç®áâ¨ ¨ âà á«ïæ¨®®©
¨¢ à¨ â®áâ¨, ãáà¥¤¥®© ¯® à §«¨çë¬ à á¯®«®-
¦¥¨ï¬  â®¬®¢ äãªæ¨¨ �à¨  [2]. � à §¢¨â®¬ ¢

à ¡®â¥ [3] ¯à¨¡«¨¦¥¨¨ ”¡«ã¦¤ îé¥£® ª« áâ¥à ” à¥-
è¥  § ¤ ç  ¯®áâà®¥¨ï á ¬®á®£« á®¢ ®©  ¯¯à®ª-
á¨¬ æ¨¨, ãç¨âë¢ îé¥© à áá¥ï¨¥   ª« áâ¥à å ¯à¨

á®åà ¥¨¨   «¨â¨ç®áâ¨ ¨ âà á«ïæ¨®®© ¨¢ -
à¨ â®áâ¨, ãáà¥¤¥®© ¯® ª®ä¨£ãà æ¨ï¬ äãªæ¨¨
�à¨  á¨áâ¥¬ë. �¤ ª® ¢ íâ®¬ ¬¥â®¤¥ ¥ ãç¨âë¢ îâ-
áï ª®àà¥«ïæ¨¨ ¢ à á¯®«®¦¥¨¨  â®¬®¢ (¡«¨¦¨© ¨

¤ «ì¨© ¯®àï¤®ª). �¥â®¤ ¯à¨á®¥¤¨¥®£® ¯à®áâà -
áâ¢  [4,5], íª¢¨¢ «¥â®áâì ª®â®à®£® ¬¥â®¤ã [3] ¤®ª -
§   ¢ [6], à §¢¨â â ª¦¥ ¤«ï ¥ã¯®àï¤®ç¥ëå á¨áâ¥¬.
�ãé¥áâ¢ãîé¨¥ ¯®¯ëâª¨ ®¡®¡é¥¨ï íâ®£® ¬¥â®¤   

á«ãç © á¯« ¢®¢ á ¡«¨¦¨¬ ¯®àï¤ª®¬ [7–10] á¢ï§ ë
á® § ç¨â¥«ìë¬¨ âàã¤®áâï¬¨.

�¥®¡å®¤¨¬® â ª¦¥ ¯®¤ç¥àªãâì, çâ® ¢ ã¯®¬ïãâëå
¯®¤å®¤ å âàã¤® ®æ¥¨âì â®ç®áâì á¤¥« ëå ¯à¨-
¡«¨¦¥¨©, ¯®áª®«ìªã ¥ ¢¢®¤¨âáï ª ª®©-«¨¡® ¬ «ë©
¯ à ¬¥âà.

�¡®¡é¥¨ï ���, ¨á¯®«ì§ãîé¨¥ à §«®¦¥¨¥ ¢ë-
à ¦¥¨ï ¤«ï ¯®«®© T -¬ âà¨æë à áá¥ï¨ï ¨«¨ ¬ á-
á®¢®£® ®¯¥à â®à  ¯® ¥ª®â®à®¬ã ¬ «®¬ã ¯ à ¬¥âàã,
¯®§¢®«ïîâ à ááç¨â âì ¯®¯à ¢ª¨ ª ��� ¨ ®æ¥¨âì

â®ç®áâì ¬¥â®¤ . �â¬¥â¨¬ §¤¥áì à §¢¨âë© ¢ à ¡®-
â å [11–13] ¬¥â®¤ à §«®¦¥¨ï ¯® R−3

0 (R0 — ¤«¨  § -
âãå ¨ï ¨â¥£à «  ¯¥à¥áª®ª  ¢ ¥¤¨¨æ å ¯®áâ®ï®©

à¥è¥âª¨ á¯« ¢ ). �¤ ª® ¯à¨¬¥¥¨¥ íâ®£® ¬¥â®¤ 

®£à ¨ç¥® âà¥¡®¢ ¨¥¬ ¡®«ìè®£® R−3
0 .

� [14–18] à §¢¨â ¬¥â®¤ ãç¥â  áâ â¨áâ¨ç¥áª¨å ª®àà¥-
«ïæ¨© ¯à¨ à áá¥ï¨¨ í«¥ªâà®®¢ ¢ á¯« ¢¥, ®á®¢ -
ë©   ª« áâ¥à®¬ à §«®¦¥¨¨ ¤«ï ª®ä¨£ãà æ¨®-
® ãáà¥¤¥®© äãªæ¨¨ �à¨ . � ª ç¥áâ¢¥ ã«¥¢®£®

®¤®ã§¥«ì®£® ¯à¨¡«¨¦¥¨ï ¢ íâ®¬ ¬¥â®¤¥ ¢ë¡¨à -
¥âáï ���, ª®â®à®¥ ¯à¨£®¤®, ¢®®¡é¥ £®¢®àï, ¤«ï

«î¡ëå ª®æ¥âà æ¨© ª®¬¯®¥â  á¯« ¢ . � â¥¬  å®-
¤ïâáï ¯®¯à ¢ª¨ ª ��� ¯ãâ¥¬ áã¬¬¨à®¢ ¨ï ¢ª« ¤®¢

¯à®æ¥áá®¢ à áá¥ï¨ï   ª« áâ¥à å ¨§ ¤¢ãå, âà¥å ¨

â.¤.  â®¬®¢. �®ª § ®, çâ® ¢ª« ¤ë á®®â¢¥âáâ¢ãîé¨å

¯à®æ¥áá®¢ à áá¥ï¨ï ã¡ë¢ îâ á ã¢¥«¨ç¥¨¥¬ ç¨á« 

ç áâ¨æ ¢ ª« áâ¥à¥ ¯® ¥ª®â®à®¬ã ¬ «®¬ã ¯ à ¬¥âàã.
�áá«¥¤®¢ ¨¥ íâ®£® ¯ à ¬¥âà  ¯®ª §ë¢ ¥â, çâ® ®

¬®¦¥â ¡ëâì ¬ «ë¬ ¢ è¨à®ª®© ®¡« áâ¨ ¨§¬¥¥¨ï å -
à ªâ¥à¨áâ¨ª á¯« ¢  (¢ª«îç ï ª®æ¥âà æ¨î ª®¬¯®-
¥â®¢), §  ¨áª«îç¥¨¥¬ ã§ª®£® ¨â¥à¢ «  § ç¥¨©

í¥à£¨¨   ªà î §®ë [17,18].

�¥«ìî ¤ ®© à ¡®âë ï¢«ï¥âáï ¢ëå®¤ §  à ¬ª¨

®¤®§®®£® ¯à¨¡«¨¦¥¨ï á ãç¥â®¬ à áá¥ï¨ï  

ª« áâ¥à å. � ¬®£®§®®© s−d-¬®¤¥«¨ ¢ ¯à¨¡«¨¦¥-
¨¨ ¤¨ £® «ì®£® ¡¥á¯®àï¤ª  ¨áá«¥¤®¢ ® ¢«¨ï¨¥

¡«¨¦¥£® ã¯®àï¤®ç¥¨ï   í¥à£¥â¨ç¥áª¨© á¯¥ªâà ¨

í«¥ªâà®¯à®¢®¤®áâì á¯« ¢®¢ ¯¥à¥å®¤ëå ¬¥â ««®¢.

1. �«®â®áâì í«¥ªâà®ëå á®áâ®ï¨©

� ¬¨«ìâ®¨ , ®¯¨áë¢ îé¨© ®¤®í«¥ªâà®ë¥ á®-
áâ®ï¨ï á¯« ¢  ¢ ã§¥«ì®¬ ¯à¥¤áâ ¢«¥¨¨, ¨¬¥¥â ¢¨¤

H = H0 + V,

H0 =
∑
γ1,γ2

(i1n1),(i2n2)6=(i1n1)

|γ1i1n1〉h
γ1γ2

i1n1i2n2
〈γ2i2n2|,

V =
∑
(in)

Vin, Vin =
∑
γ1,γ2

|γ1in〉V
γ1γ2

in 〈γ2in|, (1)
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£¤¥ hγ1γ2

i1n1i2n2
— ¥¤¨ £® «ìë© ¯® ¨¤¥ªá ¬ ã§«®¢

à¥è¥âª¨ (in) ¬ âà¨çë© í«¥¬¥â âà á«ïæ¨®®-
¨¢ à¨ â®© ç áâ¨ £ ¬¨«ìâ®¨   (¨â¥£à « ¯¥-
à¥áª®ª ); ª®â®àë© ¢ ¯à¨ïâ®¬ §¤¥áì ¯à¨¡«¨¦¥¨¨

¤¨ £® «ì®£® ¡¥á¯®àï¤ª  ¥ § ¢¨á¨â ®â á«ãç ©®£®

à á¯à¥¤¥«¥¨ï  â®¬®¢, V γ1,γ2

in — ¤¨ £® «ìë© ¯® ¨-
¤¥ªá ¬ ã§«®¢ ¬ âà¨çë© í«¥¬¥â á«ãç ©®© ç áâ¨ £ -
¬¨«ìâ®¨   á¯« ¢ , ¯à¨¨¬ îé¨© § ç¥¨ï V A

γ1γ2
in

¨«¨ V B
γ1γ2
in ¢ § ¢¨á¨¬®áâ¨ ®â â®£®, ª ª®©  â®¬, A ¨«¨

B,  å®¤¨âáï ¢ ã§«¥ (in), |γ1i1n1〉 — á®¡áâ¢¥ë©

¢¥ªâ®à � ì¥, γ1 — ¨¤¥ªá í¥à£¥â¨ç¥áª®© §®ë,
i1 — ®¬¥à ¯®¤à¥è¥âª¨, n1 — ®¬¥à ã§«  ¯®¤à¥è¥âª¨.
�¢¥¤¥¬ ¤¨ £® «ìë© ¯® ¨¤¥ªá ¬ ã§«®¢ à¥è¥âª¨

âà á«ïæ¨®®-¨¢ à¨ âë© ®¯¥à â®à

σ =
∑

γ1γ2,(in)

|γ1in〉σ
γ1γ2

i 〈γ2in|, (2)

¯à¥¤áâ ¢«ïîé¨© ¯®â¥æ¨ « (ª®£¥à¥âë© ¯®â¥æ¨-
 «) ¥ª®â®à®© íää¥ªâ¨¢®© ã¯®àï¤®ç¥®© áà¥¤ë.
� ç¥¨ï ¢¥«¨ç¨ σγ1γ2

i ®¯à¥¤¥«¥ë ¤ «¥¥.
�®¡ ¢«ïï ¨ ¢ëç¨â ï ¢ ¢ëà ¦¥¨¨ (1) ®¯¥à â®à σ,

£ ¬¨«ìâ®¨  á¯« ¢  ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥

H = H̃ + Ṽ ,

H̃ = H0 + σ =
∑
γ1,γ2

(i1n1),(i2n2)6=(i1n1)

|γ1i1n1〉h
γ1γ2

i1n1i2n2
〈γ2i2n2|

+
∑

γ1,γ2,(in)

|γ1in〉σ
γ1γ2

i 〈γ2in|,

Ṽ = V − σ =
∑
(in)

Ṽin,

Ṽin = Vin − σi =
∑
γ1,γ2

|γ1in〉(V
γ1γ2

in − σγ1γ2

i )〈γ2in|. (3)

� ¯ §¤ë¢ îé ï äãªæ¨ï �à¨  á¯« ¢ 

G(E) = (E − H)−1,   «¨â¨ç ï ¢ ¢¥àå¥©

¯®«ã¯«®áª®áâ¨ § ç¥¨© ª®¬¯«¥ªá®© í¥à£¨¨

E, ã¤®¢«¥â¢®àï¥â ãà ¢¥¨î � ©á® 

G = G̃+ G̃Ṽ G, (4)

£¤¥

G̃ = (E − H̃)−1 (5)

— äãªæ¨ï �à¨  ¤«ï íää¥ªâ¨¢®£® £ ¬¨«ìâ®¨  

H̃ ¢ ä®à¬ã«¥ (3).
�¯¥à â®à T -¬ âà¨æë à áá¥ï¨ï   á«ãç ©®¬ ¯®-

â¥æ¨ «¥ Ṽ ®¯à¥¤¥«ï¥âáï á®®â®è¥¨¥¬

G = G̃+ G̃T G̃ (6)

¨ ã¤®¢«¥â¢®àï¥â ãà ¢¥¨î

T = Ṽ + Ṽ G̃T, (7)

á«¥¤ãîé¥¬ã ¨§ ä®à¬ã« (4), (6).

�«ï «î¡®£® ®¯¥à â®à  A á¯à ¢¥¤«¨¢® ¥¯®áà¥¤-
áâ¢¥® ¯à®¢¥àï¥¬®¥ â®¦¤¥áâ¢®

BinABjm = BinAinjmBjm, (8)

£¤¥

Bin =
∑
γ1,γ2

|γ1in〉B
γ1γ2

inin 〈γ2in|,

Ainjm =
∑
γ1,γ2

|γ1in〉A
γ1γ2

injm〈γ2jm|.

�à¥¤áâ ¢¨¬ T -¬ âà¨æã à áá¥ï¨ï ¢ ¢¨¤¥

T =
∑
(in)

Tin. (9)

�á¯®«ì§ãï â®¦¤¥áâ¢® (8), ¯®¤áâ ¢¨¬ ¢ëà ¦¥¨¥

(3) ¤«ï ¯®â¥æ¨ «  à áá¥ï¨ï Ṽ ¨ ¢ëà ¦¥¨¥ (9) ¢
ãà ¢¥¨¥ (7); ¢ë¤¥«ïï ¢ ¯®á«¥¤¥¬ á« £ ¥¬ë¥ á Tin
¨ à¥è ï ¥£® ®â®á¨â¥«ì® Tin, ¯®«ãç¨¬

Tin = tin + tin
∑

(jm)6=(in)

G̃ijnmTjm, (10)

£¤¥

tin = (I − ṼinG̃
ii
nm)−1Ṽin, (11)

I — ¥¤¨¨çë© ®¯¥à â®à.
�à®¤®«¦¨¬ ¢ë¤¥«¥¨¥ ®¯¥à â®à  Tin ¨§ á¨áâ¥¬ë

ãà ¢¥¨©, á®áâ®ïé¥© ¨§ ãà ¢¥¨© (10) ¨   «®£¨ç-
ëå ãà ¢¥¨© ¤«ï Tjm ¯à¨ (jm) 6= (in). �«ï íâ®£® ¢
ãà ¢¥¨ïå ¤«ï Tjm ¢ë¤¥«¨¬ á« £ ¥¬®¥, á®¤¥à¦ é¥¥
Tin, ¯®¤áâ ¢¨¬ íâ¨ ¢ëà ¦¥¨ï ¤«ï Tjm ¢ ¢ëà ¦¥¨¥

(10) ¨ à¥è¨¬ ¯®«ãç¥®¥ ãà ¢¥¨¥ ®â®á¨â¥«ì® Tin.
� à¥§ã«ìâ â¥ ¯®«ãç¨¬

T =
∑

(i1n1)

Ti1n1

=
∑

(i1n1)

(I − li1n1)−1

[
ti1n1 +

∑
(i2n2)6=(i1n1)

ti1n1G̃
i1i2
n1n2

ti2n2

+
∑

(i2n2)6=(i1n1)
(i3n3)6=(i2n2),(i1n1)

ti1n1G̃
i1i2
n1n2

ti2n2G̃
i2i3
n2n3

Ti3n3

]
,

li1n1 =
∑

(i2n2)6=(i1n1)

ti1n1G̃
i1i2
n1n2

ti2n2G̃
i2i1
n2n1

. (12)

�à¥¥¡à¥£ ï ¯à®æ¥áá ¬¨ à áá¥ï¨ï   âà¥å ¨ ¡®«¥¥

æ¥âà å, âà¥âì¥ á« £ ¥¬®¥ ¯à ¢®© ç áâ¨ ¢ëà ¦¥¨ï

(12) ¬®¦® ¥ ãç¨âë¢ âì,   ¢ ¯¥à¢ëå ¤¢ãå á«¥¤ã¥â

ãç¥áâì â®«ìª® áã¬¬ë ¯® ®¤®¬ã (i1n1) ¨ ¤¢ã¬ ¨¤¥ª-
á ¬ (i1n1), (i2n2) 6= (i1n1).
� à¥§ã«ìâ â¥ ¯®«ãç¨¬

T =
∑

(i1n1)

ti1n1 +
∑

(i1n1)
(i2n2)6=(i1n1)

(I − ti1n1G̃
i1i2
n1n2

ti2n2G̃
i2i1
n2n1

)−1

× ti1n1G̃
i1i2
n1n2

ti2n2(I + G̃i2i1n2n1
ti1n1). (13)
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�«®â®áâì í«¥ªâà®ëå á®áâ®ï¨© ¨ í«¥ªâà®¯à®¢®¤®áâì ã¯®àï¤®ç¨¢ îé¨åáï á¯« ¢®¢... 403

�à¨ ¥®¡å®¤¨¬®áâ¨ ãç¥â  ¯à®æ¥áá®¢ à áá¥ï¨ï  

âà¥å ¨ ¡®«¥¥ æ¥âà å ¨§«®¦¥ãî ¢ëè¥ ¯à®æ¥¤ã-
àã ¢ë¤¥«¥¨ï ®¯¥à â®à®¢ Tin á«¥¤ã¥â ¯à®¤®«¦¨âì

(á¬. [15,19]).
�«®â®áâì í«¥ªâà®ëå á®áâ®ï¨© ®¯à¥¤¥«ï¥âáï

ãáà¥¤¥®© ¯® à §«¨çë¬ à á¯®«®¦¥¨ï¬  â®¬®¢

(ª®ä¨£ãà æ¨®® ãáà¥¤¥®©) äãªæ¨¥© �à¨ 

á¯« ¢  (6).
�áà¥¤¨¬ ¢ëà ¦¥¨¥ (13) ¯® à §«¨çë¬ ª®ä¨£ã-

à æ¨ï¬ á ãç¥â®¬ áâ â¨áâ¨ç¥áª¨å ¬¥¦ â®¬ëå ª®àà¥-
«ïæ¨©. �®ä¨£ãà æ¨®®¥ ãáà¥¤¥¨¥ ¬®¦® ®¯à¥-
¤¥«¨âì, ¨á¯®«ì§ãï á«ãç ©ë¥ ç¨á«  § ¯®«¥¨ï cλin,
¯à¨¨¬ îé¨¥ § ç¥¨¥, à ¢®¥ ¥¤¨¨æ¥ ¨«¨ ã«î, ¢
§ ¢¨á¨¬®áâ¨ ®â â®£®, ¯à¨áãâáâ¢ã¥â ¨«¨ ¥â ¢ ã§«¥ (in)
 â®¬ á®àâ  λ. �®£¤  «î¡ ï á«ãç © ï ¢¥«¨ç¨ 

Xi1n1i2n2...ilnl , § ¢¨áïé ï ®â ¨¤¥ªá®¢ ã§«®¢ (i1n1),
(i2n2), . . . (ilnl), ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥  ¢ ¢¨¤¥

Xi1n1i2n2...ilnl =
∑

λ1λ2...λl

cλ1
i1n1

cλ2
i2n2

. . . cλlilnlX
λ1λ2...λl
i1n1i2n2...ilnl

,

(14)
£¤¥ Xλ1λ2...λl

i1n1i2n2...ilnl
— á¯¥ªâà § ç¥¨© ¤ ®© á«ãç ©-

®© ¢¥«¨ç¨ë. �á¯®«ì§ãï á¢®©áâ¢® á«ãç ©ëå ç¨á¥«∑
λ

cλin = 1,

¬®¦® ¯®ª § âì, çâ® ¤«ï ¡¨ à®£® á¯« ¢ 

cλin = cλi + (cBin − c
B
i )(δλB − δλA), λ = A, B,

P̄λ1λ2...λl
i1n1i2n2...ilnl

= P̄BB...Bi1n1i2n2...ilnl
(δλ1B − δλ1A)

× (δλ2B − δλ2A) . . . (δλlB − δλlA), (15)

£¤¥

cλi ≡ 〈c
λ
in〉,

P̄λ1λ2...λl
i1n1i2n2...ilnl

≡ 〈(cλ1
i1n1
−cλ1

i1
)(cλ2

i2n2
−cλ2

i2
) . . . (cλlilnl−c

λl
il

)〉,

cAi = xi, c
B
i = yi — ¢¥à®ïâ®áâ¨ § ¬¥é¥¨ï ã§«®¢

i-© ¯®¤à¥è¥âª¨  â®¬ ¬¨ A, B, à ¢ë¥ (¢ á«ãç ¥

ªà¨áâ ««®¢ ªã¡¨ç¥áª®© á¨¬¬¥âà¨¨)

xi = x−
ν2

ν
η, yi = 1− xi

¤«ï ν1 ¯®¤à¥è¥â®ª ¯¥à¢®£® â¨¯  ¨

xi = x+
ν1

ν
η

¤«ï v2 ¯®¤à¥è¥â®ª ¢â®à®£® â¨¯ , ν1 + ν2 = ν, η —
¯ à ¬¥âà ¤ «ì¥£® ¯®àï¤ª , x, y = 1 − x — ª®æ¥-
âà æ¨¨ ª®¬¯®¥â®¢A, B á¯« ¢ , δλA, δλB — á¨¬¢®«ë

�à®¥ª¥à . �ª®¡ª¨ 〈. . . 〉 ¢ ä®à¬ã«¥ (15) ®¡®§ ç îâ
ª®ä¨£ãà æ¨®®¥ ãáà¥¤¥¨¥.
�®áª®«ìªã ¢ ª ç¥áâ¢¥ ã«¥¢®£® ¯à¨¡«¨¦¥¨ï ¢ë-

¡à   áà¥¤ , å à ªâ¥à¨§ã¥¬ ï ª®£¥à¥âë¬ ¯®â¥æ¨-
 «®¬ (á¬. (2)–(6)), ¯®âà¥¡ã¥¬, çâ®¡ë ¢ª« ¤ ¢ ª®ä¨-
£ãà æ¨®® ãáà¥¤¥ãî T -¬ âà¨æã ¯à®æ¥áá®¢ à áá¥-
ï¨ï   ª ¦¤®¬ ®â¤¥«ì®¬ ã§«¥ ¡ë« à ¢¥ ã«î, â. ¥.

〈tin〉 = 0, 〈tin〉 = xit
A
in + yit

B
in, (16)

£¤¥

tλin =
[
I−(V λin−σi)G̃

ii
mn

]−1

(V λin−σi), λ = A, B. (17)

�ë¯®«¥¨¥ ãá«®¢¨ï (16) ¯à¨¢®¤¨â ª ãà ¢¥¨î

¤«ï ª®£¥à¥â®£® ¯®â¥æ¨ « 

σi = 〈Vi0〉 −
(
V Ai0 − σi

)
G̃ii00

(
V Bi0 − σi

)
,

〈Vi0〉 = xiV
A
i0 + yiV

B
i0 . (18)

�¥«¨ç¨ë tλin, ¢®§¤¨ª îé¨¥ ¯à¨ ª®ä¨£ãà æ¨®-
®¬ ãáà¥¤¥¨¨ T -¬ âà¨æë, ã¤®¢«¥â¢®àïîâ ¢ëâ¥ª -
îé¨¬ ¨§ ãá«®¢¨ï (16) á®®â®è¥¨ï¬

tAin = −yi
(
tBin − t

A
in

)
, tBin = xi

(
tBin − t

A
in

)
. (19)

� âà¨çë¥ í«¥¬¥âë äãªæ¨¨ �à¨  íää¥ªâ¨¢-
®© áà¥¤ë (5) ®¯à¥¤¥«ïîâáï ¢ëà ¦¥¨¥¬ (á¬. (8))

G̃γ1γ2

i1n1i2n2
≡ 〈γ1i1n1|G̃|γ2i2n2〉 = N−1

∑
k

G̃γ1i1γ2i2
k

× exp
[
ik(rn1 + ρi1 − rn2 − ρi2)

]
, (20)

£¤¥ ¢¥«¨ç¨ë G̃γ1i1γ2i2
k , ®¯à¥¤¥«ïîé¨¥ äãªæ¨î �à¨-

  ¢ k-¯à¥¤áâ ¢«¥¨¨, ï¢«ïîâáï í«¥¬¥â ¬¨ ¬ âà¨æë

G̃k =
∥∥∥(Eδγ1γ2 − σ

γ1γ2

i1
)δi1i2 − h

γ1i1γ2i2
k

∥∥∥−1

,

hγ1i1γ2i2
k — äãàì¥-®¡à § ¨â¥£à «  ¯¥à¥áª®ª 

hγ1γ2

i1n1i2n2
, rn1 ®¯à¥¤¥«ï¥â  ç «® ª®®à¤¨ â n1-©

í«¥¬¥â à®© ïç¥©ª¨ ã¯®àï¤®ç¥®£® á¯« ¢ , ρi1 —
¯®«®¦¥¨¥ ã§«  i1-© ¯®¤à¥è¥âª¨ ¢ í«¥¬¥â à®©

ïç¥©ª¥, N — ç¨á«® í«¥¬¥â àëå ïç¥¥ª. �®«®¢®©
¢¥ªâ®à k ¢ ä®à¬ã«¥ (20) ¨§¬¥ï¥âáï ¢ ¯à¥¤¥« å

¯¥à¢®© §®ë �à¨««îí  ã¯®àï¤®ç¥®£® á¯« ¢ .
�®ä¨£ãà æ¨®®¥ ãáà¥¤¥¨¥ áâ ®¢¨âáï ¡®«¥¥

 £«ï¤ë¬, ¥á«¨ ¯à¥¤áâ ¢¨âì ãáà¥¤¥ãî T -¬ â-
à¨æã ¢ ¢¨¤¥ ¤¨ £à ¬¬ (à¨á. 1), ¯à¨æ¨¯ ¯®áâà®¥¨ï

ª®â®àëå ¢ëâ¥ª ¥â ¨§ ¢ëà ¦¥¨© (9), (10), (14)–(16).
�àï¬ ï «¨¨ï á â®çª®© ®¡®§ ç ¥â ®¯¥à â®à à áá¥-
ï¨ï ¤«ï  â®¬  á®àâ  λ ¢ ã§«¥ (in) tλin (17), ¯à¨-
ç¥¬ à §ë¬ â®çª ¬ á®®â¢¥âáâ¢ãîâ à §«¨çë¥ ã§«ë

à¥è¥âª¨. �®à¨§®â «ì ï «¨¨ï ¨§®¡à ¦ ¥â G̃i1i2n1n2
.

�®çª ¬, á®¥¤¨¥ë¬ ¢®«¨áâ®© «¨¨¥©, ¯à¨¯¨áë¢ -
¥âáï ¬®¦¨â¥«ì P̄λ1λ2...λl

i1n1i2n2...ilnl
, ª ¦¤®© ¨§ ®áâ «ìëå

â®ç¥ª — 〈cλin〉 = cλi . �® ¢ãâà¥¨¬ ¨¤¥ªá ¬ (i1n1),
(i2n2), . . . ,   â ª¦¥ ¯® λ1, λ2, . . . ¯à¥¤¯®« £ ¥âáï áã¬-
¬¨à®¢ ¨¥. �  à¨á. 1, a, b ¨§®¡à ¦¥ë ç«¥ë ãáà¥¤-
¥®© T -¬ âà¨æë, ®¯¨áë¢ îé¨¥ à áá¥ï¨¥   ¯ à å
ã§«®¢. �à¨ íâ®¬   à¨á. 1, a ¯à¥¤áâ ¢«¥ë ç«¥ë

¡¥§ ãç¥â  áâ â¨áâ¨ç¥áª¨å ¬¥¦ â®¬ëå ª®àà¥«ïæ¨©.
�à ä¨ª¨   à¨á. 1, b ãç¨âë¢ îâ ¯ àë¥ ª®àà¥«ïæ¨¨,
®¯à¥¤¥«ï¥¬ë¥ ¯ à ¬¥âà ¬¨ ª®àà¥«ïæ¨© P̄BBinjm ≡ ε

ij
nm.

�  à¨á. 1, c ¯à¨¢¥¤¥ë â ª¦¥ ¯¥à¢ë¥ ¤¨ £à ¬¬ë,
®¯¨áë¢ îé¨¥ ¯à®æ¥ááë à áá¥ï¨ï   £àã¯¯ å ¨§ âà¥å

 â®¬®¢.
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�¨á. 1. �¨ £à ¬¬ë© àï¤ ¤«ï ª®ä¨£ãà æ¨®® ãáà¥¤-
¥®© T -¬ âà¨æë à áá¥ï¨ï.

�á«¨ ®¯à¥¤¥«¨âì ª®£¥à¥âë© ¯®â¥æ¨ « σi á ¯®-
¬®éìî ãá«®¢¨ï (16), â® ¢á¥ ¤¨ £à ¬¬ë, á®¤¥à¦ é¨¥
â®çªã á ®¤®© ¢ëå®¤ïé¥© «¨¨¥©, ¢®áïâ ã«¥¢®©

¢ª« ¤. �ª § ë¥ ¤¨ £à ¬¬ë   à¨á. 1 ®âáãâáâ¢ãîâ.
�ç¨âë¢ ï (19), ¢ª« ¤ë ¤¨ £à ¬¬ (à¨á. 1, a, b), ®¯¨-
áë¢ îé¨å à áá¥ï¨¥   ¯ à å ã§«®¢, ¬®¦® á¢¥áâ¨
ª â®ç® áã¬¬¨àã¥¬ë¬ àï¤ ¬ £¥®¬¥âà¨ç¥áª®© ¯à®-
£à¥áá¨¨. � íâ®¬ã ¦¥ à¥§ã«ìâ âã ¯à¨¢®¤¨â ãáà¥¤¥¨¥

¢ëà ¦¥¨ï (13) ¤«ï T -¬ âà¨æë á ¯®¬®éìî ä®à¬ã«

(14)–(16), (19).
� ª¨¬ ®¡à §®¬, ¤«ï ª®ä¨£ãà æ¨®® ãáà¥¤¥®©

T -¬ âà¨æë ¢ ¯à¥¥¡à¥¦¥¨¨ ¢ª« ¤®¬ ¯à®æ¥áá®¢ à á-
á¥ï¨ï   ª« áâ¥à å ¨§ âà¥å ¨ ¡®«¥¥  â®¬®¢ ¯®«ãç¨¬

〈T 〉i1i2k =
∑

(jm)6=(i10)

(
Ai1j0m

)−1(
xi1xjyi1yja

i1j
0ma

ji1
m0 + εi1j0m

)

×

{[
xj1 − yj1 + xi1yi1(xj − yj)a

i1j
0ma

ji1
m0

]
×ai1j0ma

ij1
m0

(
tBi10− t

A
i10

)
δi1i2 +

[
1− xi1xjyi1yj

(
ai1j0ma

ji1
m0

)2
]

×ai1j0m

(
tBj0 − t

A
j0

)
e

[
ik(rm+ρ

i2
−ρ

i1
)
]
δji2

}
, (21)

£¤¥

Aij0m =
(
I − yiyja

ij
0ma

ji
m0

)(
I + xjyja

ij
0ma

ji
m0

)
×
(
I + xiyia

ij
0ma

ji
m0

)(
I − xjyja

ij
0ma

ji
m0

)
,

aij0m = (tBi0 − t
A
i0)G̃ij0m. (22)

�¥«¨ç¨ë, áâ®ïé¨¥ ¢ ¢ëà ¦¥¨ïå (21), (22), ï¢«ï-
îâáï ¬ âà¨æ ¬¨ ¯® ®â®è¥¨î ª ¨¤¥ªá ¬ í¥à£¥â¨-
ç¥áª¨å §® γ1, γ2.
�«®â®áâì í«¥ªâà®ëå á®áâ®ï¨©, ¯à¨å®¤ïé ïáï

  ®¤¨  â®¬, à ¢ 

g(E) = −
2

πNν
ImSp〈G(E)〉 = −

2

πNν
Im
∑
γik

〈G〉γiγik ,

(23)
£¤¥

〈G〉k = G̃k + G̃k〈T 〉kG̃k. (24)

2. �«¥ªâà®¯à®¢®¤®áâì á¯« ¢ 

�«ï à áç¥â  â¥§®à  áâ â¨ç¥áª®© í«¥ªâà®¯à®¢®¤-
®áâ¨ á¯« ¢  ¯à¨ ãç¥â¥ â®«ìª® ã¯àã£®£® à áá¥ï¨ï

¢®á¯®«ì§ã¥¬áï ä®à¬ã«®© �ã¡®–�à¨¢ã¤  [20]

σαβ = −
e2~

2πNνΩ0

+∞∫
−∞

dE

(
−
∂f

∂E

)
× Sp

[
vα
(
G(E+)−G(E−)

)
vβ
(
G(E+)−G(E−)

)]
,

(25)
£¤¥

G(E±) ≡ G(E ± iδ) = (E± −H)−1

— § ¯ §¤ë¢ îé ï (á®®â¢¥âáâ¢ãîé ï § ªã +) ¨ ®¯¥-
à¥¦ îé ï äãªæ¨¨ �à¨  á¨áâ¥¬ë, δ → +0, f(E) —
äãªæ¨ï �¥à¬¨, vα — ®¯¥à â®à α-ª®¬¯®¥âë ¢¥ª-
â®à  áª®à®áâ¨ í«¥ªâà® , α, β = x, y, z, e — § àï¤

í«¥ªâà® , ~ — ¯®áâ®ï ï �« ª , Ω0 —  â®¬ë©

®¡ê¥¬.
�á¯®«ì§ãï á¢®©áâ¢® á ¬®ãáà¥¤ï¥¬®áâ¨ â¥§®à 

í«¥ªâà®¯à®¢®¤®áâ¨ ¨ ãç¨âë¢ ï, çâ® ¯à¨ ã«¥¢®©

â¥¬¯¥à âãà¥ −∂f(E)
∂E

= δ(E−µ) (µ — ãà®¢¥ì �¥à¬¨),
¯¥à¥¯¨è¥¬ ¢ëà ¦¥¨¥ (25) ¢ ¢¨¤¥

σαβ =
e2~

2πNνΩ0
Sp

∑
s,s′=+,−

(2δ+ss
′ − 1)

× vαK(Es, vβ , E
s′)|E=µ, (26)

£¤¥

K(Es, vβ , E
s′) = 〈G(Es)vβ(Es

′

)〉.

�®¤áâ ¢«ïï ä®à¬ã«ã (6) ¢ (26), ¯®«ãç¨¬

σαβ = −
e2~

2πNνΩ0
Sp

∑
s,s′=+,−

(2δss′ − 1)
[
vαK̃(Es, vβ , E

s′)

+ K̃(Es
′

, vα, E
s)vβG̃(Es

′

)〈T (Es
′

)〉

+ K̃(Es, vβ , E
s′)vαG̃(Es)〈T (Es)〉

+ K̃(Es
′

, vα, E
s)〈T (Es)K̃(Es, vβ , E

s′)T (Es
′

)〉
]
E=µ

,

(27)
£¤¥

K̃(Es, vβ , E
s′) = G̃(Es)vβG̃(Es

′

).
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�¨á. 2. �¨ £à ¬¬ë© àï¤ ¤«ï ª®ä¨£ãà æ¨®®£® áà¥¤-
¥£® ®â ¯à®¨§¢¥¤¥¨ï T -¬ âà¨æ.

� âà¨æë K̃ij
0m(Es, vβ , E

s′) ¢ ¢ëà ¦¥¨¨ (27) ¢ëç¨-
á«ïîâáï ¯® ä®à¬ã«¥ (á¬. (20))

(K̃ij
0m)γ1γ2(Es,vβ , E

s′)

= N−1
∑
k

[
G̃k(Es)vβkG̃k(Es

′

)
]γ1iγ2j

× exp[ik(ρi − rm − ρj)], (28)

£¤¥ ®¯¥à â®à áª®à®áâ¨ í«¥ªâà®  vβk ®¯à¥¤¥«ï¥âáï

¢ëà ¦¥¨¥¬ [18,19]

vγ1i1γ2i2
βkk′ =

1

~
∂hγ1i1γ2i2

k

∂kβ
δkk′ .

�¥§®à í«¥ªâà®¯à®¢®¤®áâ¨ á¯« ¢  ¬®¦® ¢ëç¨-
á«¨âì, ¥á«¨ ¢®á¯®«ì§®¢ âìáï ¨§«®¦¥ë¬ ¢ëè¥ ª« -
áâ¥àë¬ à §«®¦¥¨¥¬ ¤«ï T -¬ âà¨æë à áá¥ï¨ï ¨

¯à®¢¥áâ¨ ¢ ¢ëà ¦¥¨¨ (27) ª®ä¨£ãà æ¨®®¥ ãáà¥¤-
¥¨¥ ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬ã« ¬¨ (14)–(16), (19).
� ¯à¥¥¡à¥¦¥¨¨ ¢ª« ¤®¬ ¯à®æ¥áá®¢ à áá¥ï¨ï  

ª« áâ¥à å ¨§ âà¥å ¨ ¡®«¥¥  â®¬®¢ á«¥¤ã¥â ¯®¤áâ ¢¨âì

¢ëà ¦¥¨¥ (13) ¤«ï T -¬ âà¨æë ¢ ä®à¬ã«ã (27) ¨

á®åà ¨âì ¢ ¯®á«¥¤¥© â®«ìª® áã¬¬ë ¯® ®¤®¬ã (i1n1)
¨ ¤¢ã¬ ¨¤¥ªá ¬ (i1n1), (i2n2) 6= (i1n1).
�®ä¨£ãà æ¨®®¥ áà¥¤¥¥ ®â ¯à®¨§¢¥¤¥¨ï

T -¬ âà¨æ 〈T (Es)K̃(Es, vβ , E
s′)T (Es

′
)〉 ¢ ¢ëà ¦¥¨¨

(27) ¤«ï â¥§®à  í«¥ªâà®¯à®¢®¤®áâ¨, â ª ¦¥

ª ª ¨ à áá¬®âà¥®¥ ¢ëè¥ ª®ä¨£ãà æ¨®®¥

áà¥¤¥¥ ®â T -¬ âà¨æë 〈T (E)〉, ¬®¦® ¯à¥¤áâ ¢¨âì

¢ ¢¨¤¥ ¤¨ £à ¬¬ (à¨á. 2), ¯à¨æ¨¯ ¯®áâà®¥¨ï

ª®â®àëå á«¥¤ã¥â ¨§ ä®à¬ã« (9), (10), (14)–(16).
�¨ £à ¬¬ë (à¨á. 2, a, b) ®¯¨áë¢ îâ ¢ª« ¤ë

¢ í«¥ªâà®¯à®¢®¤®áâì ¯à®æ¥áá®¢ à áá¥ï¨ï  

ª« áâ¥à å ¨§ ®¤®£® ¨ ¤¢ãå  â®¬®¢. �¨ £à ¬¬ë,
¯®ª § ë¥   à¨á. 2, a, ¨§®¡à ¦ îâ ¢ª« ¤ë

¯à®æ¥áá®¢ à áá¥ï¨ï ¡¥§ ãç¥â  áâ â¨áâ¨ç¥áª¨å

¬¥¦ â®¬ëå ª®àà¥«ïæ¨©. �¨ £à ¬¬ë, ¯à¨¢¥¤¥ë¥
  à¨á. 2, b, ®¯¨áë¢ îâ ç«¥ë, ®¡ãá«®¢«¥ë¥

¯ àë¬¨ ¬¥¦ â®¬ë¬¨ ª®àà¥«ïæ¨ï¬¨. �¨ £à ¬¬ë,
¯à¥¤áâ ¢«¥ë¥   à¨á. 2, c, á®®â¢¥âáâ¢ãîâ

à áá¥ï¨î   ª« áâ¥à å ¨§ âà¥å  â®¬®¢. �¢®© ï
£®à¨§®â «ì ï «¨¨ï ¨§®¡à ¦ ¥â ®¯¥à â®à

K̃i1i2
n1n2

(Es, vβ , S
s′). �áâ «ìë¥ ®¡®§ ç¥¨ï  

à¨á. 2 á®¢¯ ¤ îâ á ®¡®§ ç¥¨ï¬¨   à¨á. 1.
�¢®© ï £®à¨§®â «ì ï «¨¨ï ¤¥«¨â ¤¨ £à ¬¬ã  

¤¢¥ ç áâ¨. �¥«¨ç¨ë, ®¯¨áë¢ ¥¬ë¥ «¥¢®© ç áâìî

¤¨ £à ¬¬ë, á®®â¢¥âáâ¢ãîâ § ç¥¨î í¥à£¨¨ Es,
¯à ¢®© ç áâìî — Es

′
. �  à¨á. 2 ®âáãâáâ¢ãîâ

¤¨ £à ¬¬ë, á®¤¥à¦ é¨¥ â®çª¨ á ®¤®© ¢ëå®¤ïé¥©

«¨¨¥©. � á¨«ã ãá«®¢¨ï (16) íâ¨ ¤¨ £à ¬¬ë ¥

¢®áïâ ¢ª« ¤  ¢ í«¥ªâà®¯à®¢®¤®áâì á¯« ¢ . � 

à¨á. 2 ®âáãâáâ¢ãîâ â ª¦¥ ¤¨ £à ¬¬ë á ®¤¨ ª®¢ë¬¨

¢¥è¨¬¨ ¨¤¥ªá ¬¨ â®ç¥ª ¨«¨ ®¤¨ ª®¢ë¬¨

¢ãâà¥¨¬¨ ¨¤¥ªá ¬¨ â®ç¥ª   ªà ïå ¤¢®©®©

£®à¨§®â «ì®© «¨¨¨. �ª« ¤ë íâ¨å ¤¨ £à ¬¬ ¢

í«¥ªâà®¯à®¢®¤®áâì á¯« ¢  (27) ¯à®¯®àæ¨® «ìë

K̃ii
00(Es

′
, vα, E

s). �«ï ªà¨áâ ««®¢ ªã¡¨ç¥áª®©

á¨¬¬¥âà¨¨ ¢ë¯®«ï¥âáï ãá«®¢¨¥ K̃ii
00(Es

′

, vα, E
s) = 0

(á¬.,  ¯à¨¬¥à, [18,19]). � á¨«ã íâ®£® ¢ª« ¤ë

ãª § ëå ¤¨ £à ¬¬ ¢ í«¥ªâà®¯à®¢®¤®áâì

®¡à é îâáï ¢ ã«ì. � ¯à¨¡«¨¦¥¨¨ ¤¨ £® «ì®£®

¡¥á¯®àï¤ª  ¤¨ £à ¬¬ë, ¯à¨¢¥¤¥ë¥   à¨á. 2,
á®®â¢¥âáâ¢ãîâ ¢á¥¬ ¢®§¬®¦ë¬ ¤¨ £à ¬¬ ¬,
¯à¥¤áâ ¢«¥ë¬   à¨á. 1, á à §«¨çë¬¨ ¢¥è¨¬¨

¨¤¥ªá ¬¨ ã§«®¢ (in), (jm), ¢ ª®â®àëå ®¤  ¨§

£®à¨§®â «ìëå «¨¨© (G̃i1i2n1n2
(E)) § ¬¥¥   

¤¢®©ãî £®à¨§®â «ìãî «¨¨î (K̃i1i2
n1n2

(Es, vβ , E
s′)).

� ¯à¥¥¡à¥¦¥¨¨ ¢ª« ¤ ¬¨ ¯à®æ¥áá®¢ à áá¥ï¨ï

  ª« áâ¥à å ¨§ âà¥å ¨ ¡®«¥¥  â®¬®¢ ¢ëà ¦¥¨¥

〈T (Es)K̃(Es, vβ , E
s′)T (Es

′
)〉 (¤¨ £à ¬¬ë, ¯®ª § ë¥

  à¨á. 2, a, b) á ãç¥â®¬ á®®â®è¥¨© (19) á¢®¤¨âáï

ª â®ç® áã¬¬¨àã¥¬ë¬ àï¤ ¬ £¥®¬¥âà¨ç¥áª®©

¯à®£à¥áá¨¨. �â®â ¦¥ à¥§ã«ìâ â ¤ ¥â ãáà¥¤¥¨¥

¢ëà ¦¥¨ï 〈T (Es)K̃(Es, vβ , E
s′)T (Es

′
)〉 ¯® ä®à¬ã« ¬

(13)–(15), (19).
� ª¨¬ ®¡à §®¬, ¢ ¯à¥¥¡à¥¦¥¨¨ ¢ª« ¤®¬ ¯à®æ¥á-

á®¢ à áá¥ï¨ï   ª« áâ¥à å ¨§ âà¥å ¨ ¡®«¥¥  â®¬®¢

¯®«ãç¨¬

〈T (Es)K̃(Es, vβ, E
s′)T (Es

′

)〉i1i2k

=
∑

(i2m)6=(i10)

Mn
i10i2m(Es, vβ , E

s′)e
ik
(
rm+ρi2−ρi1

)
, (29)

£¤¥

Mn
i0jm(Es, vβ , E

s′) = (xixj + εij0m)MnAA
i0jm(Es, vβ , E

s′)

+ (xiyj − ε
ij
0m)MnAB

j0 (Es, vβ , E
s′)

+ (yixj − ε
ij
0m)MnBA

i0jm (Es, vβ , E
s′)

+ (yiyj + εij0m)MnBB
i0jm (Es, vβ , E

s′),
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Mnλ1λ2
i0jm (Es, vβ , E

s′) = pλ1
i p

λ2
j

(
tBi0(Es)− tAi0(Es)

)
× K̃ij

0m(Es, vβ , E
s′)
(
tBi0(Es

′

)− tAi−0(Es
′

)
)

+ pλ1
i

(
tBi0(Es)− tAi0(Es)

)
K̃ij

0m(Es, vβ , E
s′)T dλ2λ1

jm0 (Es
′

)

+
[
T dλ1λ2
i0jm (Es)K̃(Es, vβ, E

s′)

+ Tnλ1λ2
i0jm (Es)K̃jj

mm(Es, vβ , E
s′)
]

×
[
pλ2
j

(
tBj0(Es

′

)− tAj0(Es
′

)
)

+ T dλ2λ1
jmi0 (Es

′

)
]

+ Tnλ1λ2
i0jm (Es)K̃ji

m0(Es, vβ , E
s′)Tnλ1λ2

i0jm (Es
′

),

T dλ1λ2

i0jm

= (pλ1
i )2pλ2

j (I − pλ1
i p

λ2
j a

ij
0ma

ji
m0)−1aij0ma

ji
m0(tBi0 − t

A
i0),

Tnλ2λ1

jmi0 = pλ1

i p
λ2

j (I − pλ1

i p
λ2

j a
ji
m0a

ij
0m)−1ajim0(tBi0 − t

A
i0),

λ1λ2 = A, B, pAj = −yi, pBi = xi. (30)

�¥«¨ç¨ë, áâ®ïé¨¥ ¢ ¢ëà ¦¥¨ïå (29), (30), ï¢«ï-
îâáï ¬ âà¨æ ¬¨ ¯® ®â®è¥¨î ª ¨¤¥ªá ¬ í¥à£¥â¨-
ç¥áª¨å §® γ1, γ2.
�à®¢¥ì �¥à¬¨ µ ¢ ¢ëà ¦¥¨¨ ¤«ï í«¥ªâà®¯à®¢®¤-

®áâ¨ (27) ®¯à¥¤¥«ï¥âáï ãà ¢¥¨¥¬

xZA + yZB =

µ∫
−∞

g(E)dE, (31)

£¤¥ ZA, ZB — ç¨á«® í«¥ªâà®®¢    â®¬ ¢ à áá¬ -
âà¨¢ ¥¬ëå í¥à£¥â¨ç¥áª¨å §® å ª®¬¯®¥â®¢ A, B

á¯« ¢ .
�â ª, ¢ëà ¦¥¨¥ ¤«ï í«¥ªâà®¯à®¢®¤®áâ¨ (27)

¨¬¥¥â á«¥¤ãîé¨© ®ª®ç â¥«ìë© ¢¨¤:

σαβ = −
e2~

2πνΩ0
Sp
∑
i

∑
s,s′=+,−

(2δs,s′ − 1)

×

{[
vαK̃(Es, vβ, E

s′)
]ii

00

+
∑

(jm)6=(i0)

[[
K̃(Es, vα, E

s′)vβG̃(Es
′

)
]ii

00
T di0jm(Es

′

)

+
[
K̃(Es, vβ , E

s′)vαG̃(Es)
]ii

00
T di0jm(Es)

+
[
K̃(Es, vα, E

s′)vβG̃(Es
′

)
]ij

0m
Tnjmi0(Es

′

)

+
[
K̃(Es, vβ , E

s′)vαG̃(Es)
]ij

0m
Tnjmi0(Es)

+ K̃ij
0m(Es

′

, vα, E
s)Mn

jmi0(Es, vβ , E
s′)

]}
E=µ

, (32)

£¤¥

T di0jm = (Aij0m)−1(xixjyiyja
ij
m0a

ij
m0 + εij0m)

×
[
xi−yi + xiyi(xj−yj)a

ij
0ma

ji
m0

]
aij0ma

ji
m0(tBi0−t

A
i0),

Tni0jm = (Aij0m)−1(xixjyiyja
ij
0ma

ji
m0 + εij0m)

×
[
1− xixjyiyj(a

ij
0ma

ji
m0)2

]
aij0m(tBj0 − t

A
j0),

  ¢¥«¨ç¨ë Mn
jmi0(Es, vβ , E

s′) ®¯à¥¤¥«ïîâáï ä®à¬ã-
«®© (30).

3. � «ë© ¯ à ¬¥âà

� ¢ëà ¦¥¨¨ (21) ¤«ï ãáà¥¤¥®© T -¬ âà¨æë ¨

¢ ¢ëà ¦¥¨ïå (27), (29) ¤«ï â¥§®à  í«¥ªâà®¯à®¢®¤-
®áâ¨ á¯« ¢  ¥ ãçâ¥ë ¢ª« ¤ë ¯à®æ¥áá®¢ à áá¥ï¨ï

  ª« áâ¥à å ¨§ âà¥å ¨ ¡®«¥¥  â®¬®¢. �â®á¨â¥«ìë¥
¢¥«¨ç¨ë ¥ãçâ¥ëå ¢ª« ¤®¢, à ááç¨â ë¥ ¯® ¯¥à-
¢ë¬ £« ¢ë¬ ¤¨ £à ¬¬ ¬, ¯®ª § ë¬   à¨á. 1, c
¨ 2, c, ®æ¥¨¢ îâáï ¯ à ¬¥âà ¬¨

pγij0m = p
(1)γij
0m

[
1 +

∑
γ1 6=γ

(V B
γγ1
i0 − V A

γγ1
i0 )

× (V B
γ1γ

i0 − V A
γ1γ

i0 )(V B
γγ
i0 − V A

γγ
i0 )−2

]
, (33)

� áá¬®âà¥®¥ ¢ëè¥ ª« áâ¥à®¥ à §«®¦¥¨¥ ¤«ï

ãáà¥¤¥®© äãªæ¨¨ �à¨  á¨áâ¥¬ë á¯à ¢¥¤«¨¢®

¯à¨ ãá«®¢¨¨ ¬ «®áâ¨ ¢¥«¨ç¨ pγij0m (33), ª®â®àë¥

¨£à îâ à®«ì ¬ «ëå ¯ à ¬¥âà®¢ â¥®à¨¨. � «ë¬¨ ¯ -
à ¬¥âà ¬¨ â¥®à¨¨ ï¢«ïîâáï â ª¦¥ ¯ à ¬¥âàë ¬¥¦-
 â®¬ëå ª®àà¥«ïæ¨© εij0m. �¥«¨ç¨ë pγij0m ï¢«ïîâáï

¬ «ë¬¨ ¯à¨ ãá«®¢¨¨ ¬ «®áâ¨ ¯ à ¬¥âà®¢ p
(1)γij
0m ®¤®-

§®®© ¬®¤¥«¨ [17,18] ¨ ¥ á«¨èª®¬ ¡®«ìè¨å § ç¥¨©
¯ à ¬¥âà®¢ £¨¡à¨¤¨§ æ¨¨

(V B
γγ
i0 − V A

γγ
i0 )(V B

γγ
i0 − V A

γγ
i0 )−1 < 1.

� ª ¡ë«® áª § ® à ìè¥, ¯ à ¬¥âàë p
(1)γij
0m ¬®£ãâ

¡ëâì ¬ «ë¬¨ ¢ è¨à®ª®© ®¡« áâ¨ ¨§¬¥¥¨ï å à ª-
â¥à¨áâ¨ª á¯« ¢  (¢ª«îç ï ª®æ¥âà æ¨î ª®¬¯®¥-
â®¢), §  ¨áª«îç¥¨¥¬ ã§ª®£® ¨â¥à¢ «  § ç¥¨©

í¥à£¨¨   ªà î §®ë [17,18].

4. �¨á«®¢ë¥ à¥§ã«ìâ âë

�  à¨á. 3, 4 ¯à¥¤áâ ¢«¥ë à¥§ã«ìâ âë à áç¥â  ¯«®â-
®áâ¨ í«¥ªâà®ëå á®áâ®ï¨© ¨ í«¥ªâà®¯à®¢®¤®áâ¨

¡¨ àëå ¥ã¯®àï¤®ç¥ëå (η = 0) á¯« ¢®¢ § ¬¥é¥-
¨ï á ���-à¥è¥âª®© (ν1 = ν2 = 1), ¢ë¯®«¥ë¥
¢ ¬®£®§®®© s−d-¬®¤¥«¨ ¢ ¯à¨¡«¨¦¥¨¨ ¤¨ £®-
 «ì®£® ¡¥á¯®àï¤ª  ¯® ä®à¬ã« ¬ (23), (24), (31),
(32). �¤¥ªá í¥à£¥â¨ç¥áª®© §®ë γ ¢ ¬®£®§®®©

s−d-¬®¤¥«¨ ¤«ï ªà¨áâ ««®¢ ªã¡¨ç¥áª®© á¨¬¬¥âà¨¨
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�¨á. 3. �¥à£¥â¨ç¥áª ï § ¢¨á¨¬®áâì ¯«®â®áâ¨ í«¥ªâà®ëå á®áâ®ï¨© ¥ã¯®àï¤®ç¥ëå á¯« ¢®¢.

�¨á. 4. � ¢¨á¨¬®áâì í«¥ªâà®¯à®¢®¤®áâ¨ ¥ã¯®àï¤®ç¥ëå á¯« ¢®¢ ®â ¯®«®¦¥¨ï ãà®¢ï �¥à¬¨.
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�¨á. 5. �¥à£¥â¨ç¥áª ï § ¢¨á¨¬®áâì ¯«®â®áâ¨ í«¥ªâà®ëå á®áâ®ï¨© ã¯®àï¤®ç¨¢ îé¨åáï á¯« ¢®¢ ¤«ï à §«¨çëå

§ ç¥¨© ¯ à ¬¥âà  ¤ «ì¥£® ¯®àï¤ª  η (ε12
00 = 0).

¯à¨¨¬ ¥â § ç¥¨ï γ = (s, t, e), £¤¥ ¨¤¥ªá s ®¡®-
§ ç ¥â á®áâ®ï¨¥ s-§®ë,   ¨¤¥ªáë t, e — á®®â¢¥â-
áâ¢¥® á®áâ®ï¨ï á âà¥å- ¨ ¤¢ãåªà â® ¢ëà®¦¤¥ë-
¬¨ § ç¥¨ï¬¨ í¥à£¨¨ d-§®ë [1]. �¥à£¥â¨ç¥áª¨©

á¯¥ªâà í«¥ªâà®®¢ ç¨áâ®£® ªà¨áâ ««  § ¤ ¢ «áï ¢

¢¨¤¥

hγ1iγ2j
k = hγ1ij

k δγ1γ2 ,

hγ12
k = hγ21

k = 8hγ12
00 cos

kxa

2
cos

kya

2
cos

kza

2
,

hγ11
k = hγ22

k = 0,

£¤¥ hγ12
00 — ¨â¥£à « ¯¥à¥áª®ª  ¤«ï ¡«¨¦ ©è¨å ã§«®¢,

a — ¯®áâ®ï ï à¥è¥âª¨.
�¥à£¨ï ¨§¬¥àï« áì ¢ ¥¤¨¨æ å ¯®«ãè¨à¨ë

s-§®ë ç¨áâ®£® ¬¥â ««  ws = 8|hs12
00 | = 10−18 J.

�®«ãè¨à¨  d-§®ë wd = 0.5, V B ss = 0,
V Att = V Aee = 0.35, V A,B te = V A,B et = 0,
V Ast = V Ase = 0.03, V B ss − V Ass = V B tt − V Aee =
V B ee−V Aee= −0.3, V B st − V Ast = V B se − V Ase =
−0.02. �®æ¥âà æ¨ï á¯« ¢®¢ y = 0.5. �®áâ®ï ï

à¥è¥âª¨ a = 3.5 · 10−10 m.
�  à¨á. 3, a ¯à¥¤áâ ¢«¥  í¥à£¥â¨ç¥áª ï § ¢¨á¨-

¬®áâì ¯«®â®áâ¨ í«¥ªâà®ëå á®áâ®ï¨© g(E) ¯®«®-
áâìî à §ã¯®àï¤®ç¥®£® á¯« ¢  (á¯«®è ï ªà¨¢ ï) ¨
á¯« ¢  á ¡«¨¦¨¬ ¯®àï¤ª®¬ (¯ à ¬¥âà ¯ àëå ¬¥¦-
 â®¬ëå ª®àà¥«ïæ¨© ¤«ï ¯¥à¢®© ª®®à¤¨ æ¨®®©

áä¥àë ε12
00 = −0.05). �«ï áà ¢¥¨ï   à¨á. 3, b ¯à¨¢¥-

¤¥    «®£¨ç ï § ¢¨á¨¬®áâì ¯ àæ¨ «ì®© ¯«®â®-
áâ¨ s-á®áâ®ï¨© gs(E) ãª § ®£® á¯« ¢ . �  à¨á. 4, a
¨§®¡à ¦¥ë § ç¥¨ï í«¥ªâà®¯à®¢®¤®áâ¨ σ(µ) ¢ § -
¢¨á¨¬®áâ¨ ®â ¯®«®¦¥¨ï ãà®¢ï �¥à¬¨ µ ¢ í¥à£¥-
â¨ç¥áª®¬ á¯¥ªâà¥ á¯« ¢®¢ á à §«¨ç®© í«¥ªâà®®©

ª®æ¥âà æ¨¥©. �¯«®è ï ªà¨¢ ï ®¯¨áë¢ ¥â à §ã¯®-
àï¤®ç¥ë¥ á¯« ¢ë, èâà¨å®¢ ï — á¯« ¢ë á ¡«¨¦¨¬

¯®àï¤ª®¬ (ε12
00 = −0.05). �«ï áà ¢¥¨ï   à¨á. 4, b

¯à¨¢¥¤¥ë   «®£¨çë¥ § ç¥¨ï ¢ª« ¤  ¢ í«¥ªâà®-
¯à®¢®¤®áâì s-á®áâ®ï¨© σs(µ) íâ¨å á¯« ¢®¢.

�à¨ ¡«¨¦¥¬ ã¯®àï¤®ç¥¨¨ á¯« ¢    ªà¨¢ëå

í¥à£¥â¨ç¥áª®© § ¢¨á¨¬®áâ¨ ¯ àæ¨ «ìëå ¯«®â®-
áâ¥© í«¥ªâà®ëå á®áâ®ï¨© ¢®§¨ª îâ å à ªâ¥àë¥

¯à®¢ «ë (à¨á. 3). � ª ¢¨¤®   à¨á. 5, £¤¥ ¯à¥¤-
áâ ¢«¥  ¯«®â®áâì í«¥ªâà®ëå á®áâ®ï¨© g(E) ã¯®-
àï¤®ç¨¢ îé¥£®áï á¯« ¢  ¤«ï à §«¨çëå § ç¥¨©

¯ à ¬¥âà  ¤ «ì¥£® ¯®àï¤ª  η, ¯à¨ ãáâ ®¢«¥¨¨

¤ «ì¥£® ¯®àï¤ª  ¢ ®¡« áâ¨ ãª § ëå ¯à®¢ «®¢,
¯®«®¦¥¨ï ª®â®àëå ¢ ®¡é¥¬ á«ãç ¥ ¥ á®¢¯ ¤ îâ,
®¡à §ãîâáï ¤¢¥ í¥à£¥â¨ç¥áª¨¥ ª¢ §¨é¥«¨.

� à ªâ¥à ¨§¬¥¥¨ï í«¥ªâà®¯à®¢®¤®áâ¨ á¯« ¢ 

¯à¨ ¡«¨¦¥¬ ã¯®àï¤®ç¥¨¨ (à¨á. 4) § ¢¨á¨â ®â ¯®«®-
¦¥¨ï ãà®¢ï �¥à¬¨ ¯® ®â®è¥¨î ª ãª § ë¬ ¯à®-
¢ « ¬. � á«ãç ¥ ª®£¤  ãà®¢¥ì �¥à¬¨  å®¤¨âáï ¢¥

®¡« áâ¨ ¯à®¢ «®¢, í«¥ªâà®¯à®¢®¤®áâì ¯à¨ ã¯®àï¤®-
ç¥¨¨ á¯« ¢®¢ ã¢¥«¨ç¨¢ ¥âáï. �®£¤  ãà®¢¥ì �¥à¬¨
¯®¯ ¤ ¥â ¢ ®¡« áâì ®¤®£® ¨§ ¯à®¢ «®¢, ¨¬¥¥â ¬¥-
áâ®  ®¬ «ì®¥ ¨§¬¥¥¨¥ í«¥ªâà®¯à®¢®¤®áâ¨: ¯à¨
¡«¨¦¥¬ ã¯®àï¤®ç¥¨¨ í«¥ªâà®¯à®¢®¤®áâì ã¬¥ì-
è ¥âáï. �ª § ë¥  ®¬ «¨¨ ¢ ¯®¢¥¤¥¨¨ í«¥ªâà®-
¯à®¢®¤®áâ¨ ¯à¨ ã¯®àï¤®ç¥¨¨ á¯« ¢ , á¢ï§ ë¥ á
¢ª« ¤®¬ ¢ í«¥ªâà®¯à®¢®¤®áâì ¨§¬¥¥¨ï í¥à£¥â¨-
ç¥áª®£® á¯¥ªâà  í«¥ªâà®®¢ ¯à¨ ¥¡®à®¢áª®¬ å à ª-
â¥à¥ à áá¥ï¨ï, ¡ë«¨ à ¥¥ ¤¥â «ì® ¨áá«¥¤®¢ ë ¢

®¤®§®®© ¬®¤¥«¨ (á¬.,  ¯à¨¬¥à, [16,18,21,22]). �¤-
 ª® ¢ á®®â¢¥âáâ¢¨¨ á ¨§«®¦¥ë¬ ¢ëè¥ ¢ à¥ «ì®©

á¨âã æ¨¨ ¢ í¥à£¥â¨ç¥áª®¬ á¯¥ªâà¥ í«¥ªâà®®¢ ¯à¨
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�¨á. 6. � ¢¨á¨¬®áâì í«¥ªâà®¯à®¢®¤®áâ¨ á¯« ¢®¢ ¨ ¯®«®¦¥¨ï ãà®¢ï �¥à¬¨ (¨¦ïï ç áâì c, d ®â ¯ à ¬¥âà  ¤ «ì¥£®
¯®àï¤ª  ¯à¨ Z = 0.36 (a), 1.67 (b), 0.83 (c), 5.01 (d). 1 — «¥¢ë© ªà © é¥«¨ ¢ s-§®¥, 2 — â® ¦¥ ¢ d-§®¥.

�¨á. 7. �¥à£¥â¨ç¥áª ï § ¢¨á¨¬®áâì ¯«®â®áâ¨ í«¥ªâà®ëå á®áâ®ï¨© á¯« ¢  Ni–Cr.
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�¨á. 8. �®æ¥âà æ¨® ï § ¢¨á¨¬®áâì ®áâ â®ç®£®

ã¤¥«ì®£® í«¥ªâà®á®¯à®â¨¢«¥¨ï ρ á¯« ¢®¢ Ni–Cr.

ã¯®àï¤®ç¥¨¨ á¯« ¢®¢ ¢®§¬®¦® ¢®§¨ª®¢¥¨¥ ¥

®¤®© é¥«¨,   ¥áª®«ìª¨å ª¢ §¨é¥«¥©.

�  à¨á. 6 ¯à¥¤áâ ¢«¥  § ¢¨á¨¬®áâì í«¥ªâà®¯à®-
¢®¤®áâ¨ ®â ¯ à ¬¥âà  ¤ «ì¥£® ¯®àï¤ª  η (ε12

00 = 0)
¯à¨ à §«¨çëå § ç¥¨ïå áà¥¤¥£® ç¨á«  í«¥ªâà®®¢

   â®¬ Z = xZA + yZB (á¬. (31)), èâà¨å®¢ë¥

ªà¨¢ë¥ ¯à¥¤áâ ¢«ïîâ à áç¥âë, ¯à®¢¥¤¥ë¥ ¢ ���.
� á«ãç ¥ ª®£¤  ãà®¢¥ì �¥à¬¨  å®¤¨âáï ¢¥ ®¡« -
áâ¨ ª¢ §¨é¥«¥©, í«¥ªâà®¯à®¢®¤®áâì á ã¢¥«¨ç¥¨¥¬
áâ¥¯¥¨ ¤ «ì¥£® ¯®àï¤ª  ¢®§à áâ ¥â (à¨á. 6, a, b).
�®£¤  ãà®¢¥ì �¥à¬¨ ¯®¯ ¤ ¥â ¢ ®¡« áâ¨ ®¤®£® ¨§

¯à®¢ «®¢, ¨¬¥¥â ¬¥áâ®  ®¬ «ì®¥ ¨§¬¥¥¨¥ í«¥ª-
âà®¯à®¢®¤®áâ¨: ¯à¨ ã¯®àï¤®ç¥¨¨ í«¥ªâà®¯à®¢®¤-
®áâì ã¬¥ìè ¥âáï (à¨á. 6, c, d). �®«®¦¥¨¥ ãà®¢ï

�¥à¬¨ µ § ¢¨á¨â ®â ¯ à ¬¥âà  ¤ «ì¥£® ¯®àï¤ª  η,
¨ ¯à¨ ¥ª®â®à®¬ § ç¥¨¨ η ãà®¢¥ì �¥à¬¨ ¢ëå®¤¨â

§  ¯à¥¤¥«ë á®®â¢¥âáâ¢ãîé¨å ª¢ §¨é¥«¥© (¨¦ïï
ç áâì à¨á. 6, c, d). �â¨¬ ®¡êïáï¥âáï ¥¬®®â®®¥

¯®¢¥¤¥¨¥ í«¥ªâà®¯à®¢®¤®áâ¨ ¯à¨ ã¯®àï¤®ç¥¨¨ ¢

¤ ëå á«ãç ïå (à¨á. 6, c, d).

�à¥¤áª § ë¥ ¢ëè¥ íää¥ªâë ¢ ¯®¢¥¤¥¨¨ í«¥ª-
âà®¯à®¢®¤®áâ¨ á¯« ¢®¢ ¯à¨ ã¯®àï¤®ç¥¨¨ ¤ îâ

¢®§¬®¦®áâì ®¡êïá¨âì ¯à¨à®¤ã  ®¬ «ì®£® ¨§-
¬¥¥¨ï í«¥ªâà®ëå å à ªâ¥à¨áâ¨ª á¯« ¢®¢ ¯à¨

áâàãªâãà®-ä §®¢ëå ¯à¥¢à é¥¨ïå, ¢ ç áâ®áâ¨

á¯« ¢ë Ni–Cr [23]. � «¥¥ ¯à¥¤áâ ¢«¥ë à¥§ã«ìâ âë

à áç¥â®¢ ¯«®â®áâ¨ í«¥ªâà®ëå á®áâ®ï¨© ¨ í«¥ª-
âà®¯à®¢®¤®áâ¨ á¯« ¢®¢ Ni–Cr, ¯à®¢¥¤¥ëå ¢ ¬®-
£®§®®© s−d-¬®¤¥«¨ ¢ ¯à¨¡«¨¦¥¨¨ ¤¨ £® «ì®£®

¡¥á¯®àï¤ª  ¯® ä®à¬ã« ¬ (23), (24), (31), (32).

�  à¨á. 7, a ¯à¥¤áâ ¢«¥ë à¥§ã«ìâ âë à áç¥â  ¯«®â-
®áâ¨ í«¥ªâà®ëå á®áâ®ï¨© g(E) á¯« ¢  Ni–Cr
(���-à¥è¥âª ) áâ¥å¨®¬¥âà¨ç¥áª®£® á®áâ ¢ . �¯«®è-
®© ªà¨¢®© ¯à¥¤áâ ¢«¥ ¯®«®áâìî à §ã¯®àï¤®ç¥-
ë© á¯« ¢, èâà¨å®¢®© — á¯« ¢ á ¡«¨¦¨¬ ¯®àï¤-
ª®¬ (¯ à ¬¥âà ¯ àëå ¬¥¦ â®¬ëå ª®àà¥«ïæ¨© ¤«ï
¯¥à¢®© ª®®à¤¨ æ¨®®© áä¥àë ε12

00 = −0.056). �«ï

áà ¢¥¨ï   à¨á. 7, b ¯à¨¢¥¤¥    «®£¨ç ï § ¢¨á¨-
¬®áâì ¯ àæ¨ «ì®© ¯«®â®áâ¨ s-á®áâ®ï¨© gs(E) ãª -
§ ®£® á¯« ¢ . �¥à£¨ï ¨§¬¥àï« áì ¢ ¥¤¨¨æ å ¯®-
«ãè¨à¨ë s-§®ë ç¨áâ®£® ¨ª¥«ï ws = 13.19 · 10−18 J.

� âà¨çë¥ í«¥¬¥âë £ ¬¨«ìâ®¨   á¯« ¢  ¡ë«¨

¯®«ãç¥ë   ®á®¢¥ ¢®«®¢ëå äãªæ¨© ¨  â®¬ëå

¯®â¥æ¨ «®¢ ¨§®«¨à®¢ ëå  â®¬®¢, à ááç¨â ëå ¢
Xα-¯à¨¡«¨¦¥¨¨ ¤«ï ®¡¬¥®-ª®àà¥«ïæ¨®®£® ¯®-
â¥æ¨ « . �®áâ®ï ï à¥è¥âª¨ a = 2.79 · 10−10 m.

� ª á«¥¤ã¥â ¨§ à áç¥â®¢, ãà®¢¥ì �¥à¬¨ ¢ á¯« ¢ å
Ni–Cr ¯®¯ ¤ ¥â ¢ ®¡« áâì ¯à®¢ «    ¯«®â®áâ¨ í«¥ª-
âà®ëå á®áâ®ï¨©, ¢®§¨ª îé¥£® ¯à¨ ¡«¨¦¥¬ ã¯®-
àï¤®ç¥¨¨. � á®®â¢¥âáâ¢¨¨ á ¨§«®¦¥ë¬ ¢ëè¥, ¯à¨
¢®§à áâ ¨¨ áâ¥¯¥¨ ¡«¨¦¥£® ¯®àï¤ª  ¢ í«¥ªâà®¯à®-
¢®¤®áâ¨ ãª § ëå á¯« ¢®¢  ¡«î¤ ¥âáï  ®¬ «ì-
®¥ ¯®¢¥¤¥¨¥. �  à¨á. 8 ¯à¥¤áâ ¢«¥  ª®æ¥âà æ¨-
® ï § ¢¨á¨¬®áâì ®áâ â®ç®£® í«¥ªâà®á®¯à®â¨¢«¥-
¨ï ρ(y) (ρ = σ−1) á¯« ¢®¢ Ni–Cr. �¨¤®, çâ® ®áâ -
â®ç®¥ í«¥ªâà®á®¯à®â¨¢«¥¨¥ ã¯®àï¤®ç¥®£® á¯« ¢ 

(4) ¡®«ìè¥ í«¥ªâà®á®¯à®â¨¢«¥¨ï à §ã¯®àï¤®ç¥®£®
á¯« ¢  (3). � ç¥¨ï ¯ à ¬¥âà®¢ ¡«¨¦¥£® ¯®àï¤ª 

¤«ï ¯¥à¢®© ª®®à¤¨ æ¨®®© áä¥àë Ni–Cr ¢§ïâë ¨§

à ¡®âë [24]. �  à¨á. 8 ¯à¨¢¥¤¥ë â ª¦¥ íªá¯¥à¨-
¬¥â «ìë¥ ª®æ¥âà æ¨®ë¥ § ¢¨á¨¬®áâ¨ ®áâ â®ç-
®£® ã¤¥«ì®£® í«¥ªâà®á®¯à®â¨¢«¥¨ï ã¯®àï¤®ç¥®-
£® (ªà¨¢ ï 2) à §ã¯®àï¤®ç¥®£® (ªà¨¢ ï 1 ) á¯« ¢ 
Ni–Cr. �¯®àï¤®ç¥¨¥ á¯« ¢®¢ ¤®áâ¨£ «®áì ¯ãâ¥¬

®â¦¨£  ¯à¨ 900◦C á ¯®á«¥¤ãîé¨¬ ¬¥¤«¥ë¬ ®å« -
¦¤¥¨¥¬ ¤® ª®¬ â®© â¥¬¯¥à âãàë [23]. �à¥¤áâ -
¢«¥ë¥   à¨á. 8 à¥§ã«ìâ âë  å®¤ïâáï ¢ ª ç¥áâ¢¥-
®¬ á®£« á¨¨ á íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨. �«ï
«ãçè¥£® á®£« á¨ï á íªá¯¥à¨¬¥â®¬ ¢ ¤ «ìè¥©è¥¬,
¯®-¢¨¤¨¬®¬ã, á«¥¤ã¥â ãç¨âë¢ âì ¨ ¥¤¨ £® «ìë©

¡¥á¯®àï¤®ª.

� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥ ����.
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