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� ®â«¨ç¨¥ ®â è¨à®ª® ¨§¢¥áâ®£® ¬¥â®¤  ¦¥áâª¨å ¯®â¥æ¨ «®¢, à áá¬®âà¥  ¤¨äà ªæ¨ï í«¥ªâà®-
®¢   ¤¥ä®à¬ æ¨®®¬ (¬ï£ª®¬) ¯®â¥æ¨ «¥, ãç¨âë¢ îé¥¬ á¢®©áâ¢® ã¯àã£®© ¤¥ä®à¬¨àã¥¬®áâ¨

¥¯à¥àë¢®£® à á¯à¥¤¥«¥¨ï § àï¤®¢®© ¯«®â®áâ¨ ¢ ªà¨áâ ««¥. �â® á¢®©áâ¢® ¢ á«ãç ¥ â¥¯«®¢®£®

”ãè¨à¥¨ï” ªà¨áâ ««¨ç¥áª¨å ¯«®áª®áâ¥© ¢ ¬¥â ««¥ ¯à¨¢®¤¨â ª à §àë¢ ¬   £à ¨æ å §® �à¨««î-
í  ¢ á¯¥ªâà¥ í«¥ªâà®-ä®®®£® à áá¥ï¨ï ¨ ª íää¥ªâã ç áâ¨ç®£® ¯®¤ ¢«¥¨ï â ª®£® à áá¥ï¨ï
¢ áâ àè¨å §® å (¨«¨ ãá¨«¥¨ï — ¢ ¯¥à¢®© §®¥).

�¥á¬®âàï   á¢®î á« ¡ãî à¥ «¨áâ¨ç®áâì, ¯à¨-

æ¨¯ áã¯¥à¯®§¨æ¨¨  â®¬ëå ¯®â¥æ¨ «®¢ (¨«¨ ¬®¤¥«ì

¦¥áâª¨å ¨®®¢ �®à¤£¥©¬ ) ®ª § «áï ®ç¥ì ¯®«¥§ë¬,

â ª ª ª ¯®§¢®«¨« ®â®á¨â¥«ì® ¯à®áâ® ¨ ¢ ®¡é¥¬

¢¨¤¥ à¥è¨âì ¬®£¨¥ ¯à®¡«¥¬ë ¤¨äà ªæ¨¨, ¢ â®¬

ç¨á«¥ ¨ ¤«ï à¥è¥â®ª, ¨á¯ëâë¢ îé¨å â¥¯«®¢ë¥ ª®«¥-

¡ ¨ï. �§¢¥áâë à¥¤ª¨¥ ¯®¯ëâª¨ ¯à¨¬¥¨âì ¤àã£¨¥

¯à¨¡«¨¦¥¨ï ¯à¨ â ª¨å à áá¬®âà¥¨ïå. � ¯à¨¬¥à,

� ª £¨ [1]  àï¤ã á ¦¥áâª¨¬ ¨á¯®«ì§®¢ « ¯®â¥æ¨ «

¤¥ä®à¬¨àã¥¬ëå ¨®®¢ ¯® �«®åã, ®¤ ª® ¥  è¥«

¤«ï ¨å áãé¥áâ¢¥ëå ®â«¨ç¨© ¢ äãàì¥-á¯¥ªâà å

ä®®®£® à áá¥ï¨ï.

�¥«ìî  áâ®ïé¥© à ¡®âë ï¢«ï¥âáï à áá¬®âà¥¨¥

¯à®¡«¥¬ë ä®®®£® à áá¥ï¨ï í«¥ªâà®®¢ ¢ à ¬ª å

¡®«¥¥ à¥ «¨áâ¨ç®© ª®æ¥¯æ¨¨ ¬ï£ª®£® ¯®â¥æ¨ « .

�â®â ¯®¤å®¤ ãç¨âë¢ ¥â ¥¯à¥àë¢ãî ã¯àã£ãî ¤¥-

ä®à¬¨àã¥¬®áâì à á¯à¥¤¥«¥¨© § àï¤®¢ ¢ ªà¨áâ «« å.

�ï£ª¨© ¯®â¥æ¨ « ¬®¦® à áá¬ âà¨¢ âì ª ª ¥ª®-

â®à®¥ ®¡®¡é¥¨¥ (  á«ãç © «î¡ëå, ¢ â®¬ ç¨á«¥ ª®-

à®âª®¢®«®¢ëå, ª®«¥¡ ¨©) ¯®â¥æ¨ «  ¤¥ä®à¬ æ¨¨,

¢¢¥¤¥®£® � à¤¨ë¬ ¨ �®ª«¨ [2] ¢ ä¨§¨ª¥ ¯®«ã-

¯à®¢®¤¨ª®¢. �«ï ïá®áâ¨ ¨ ¯à®áâ®âë à áá¬®âà¥¨ï

¯à¨¬¥¬ ¬ ªá¨¬ «ì® ã¯à®é îé¨¥ ¯à¥¤¯®«®¦¥¨ï.

�â® ª¨¥¬ â¨ç¥áª ï § ¤ ç  à áá¥ï¨ï í«¥ªâà®  ¢

¢¨¤¥ ¯«®áª®© ¢®«ë   ¯®â¥æ¨ «¥, á®§¤ ¢ ¥¬®¬ á¢®-

¡®¤ë¬ í«¥ªâà®ë¬ £ §®¬ ¨ ¡¥áª®¥ç®© á¨áâ¥¬®©

¨®ëå ¯«®áª®áâ¥©, ¨á¯ëâë¢ îé¨å ¯à®¤®«ìë¥ ª®-

«¥¡ ¨ï ¢¤®«ì ®á¨ X á ¤«¨®© ¢®«ë λ ¨ ¬ «®©

 ¬¯«¨âã¤®© u � d, £¤¥ d — ¬¥¦¯«®áª®áâ®¥ à á-

áâ®ï¨¥. �à¥¥¡à¥¦¥¬ ¯®â¥àï¬¨ í¥à£¨¨ í«¥ªâà® 

¯à¨ à áá¥ï¨¨ ¨ ¯®¯ëâ ¥¬áï  ©â¨ ¢   «¨â¨ç¥áª®¬

¢¨¤¥ äãàì¥-á¯¥ªâàë í«¥ªâà®-ä®®®£® à áá¥ï¨ï

(®¯ãáª ï ®¡ëçë© ä §®-¢à¥¬¥®́© ¬®¦¨â¥«ì) ¤«ï

â®ª®£® ¬¥â ««¨ç¥áª®£® ªà¨áâ ««  ¨ áà ¢¨âì ¨å

¤«ï á«ãç ¥¢ ¤¨áªà¥âëå ¯«®áª®áâ¥© ¨ ¯«®áª®áâ¥©,

ãè¨à¥ëå ¨§-§  â¥¯«®¢ëå ª®«¥¡ ¨©.

1. �®¤¥«ì ¤¨áªà¥âëå ¯«®áª®áâ¥©

¢ í«¥ªâà®®¬ £ §¥

�á¯®«ì§ã¥¬ ®¤®¬¥àãî ¬®¤¥«ì � àâà¨ ¤«ï ¬¥-
â «« , ¢ ª®â®à®© ¯«®áª®áâ¨ § àï¦¥ë ¯®«®¦¨â¥«ì®

á ¯®¢¥àå®áâ®© ¯«®â®áâìî σ = edNV , £¤¥ e —
§ àï¤ ¨® ,   NV — ¨å ª®æ¥âà æ¨ï, ¨ ¯à®¨æ ¥¬ë
¤«ï ®¤®à®¤® à á¯à¥¤¥«¥ëå ¬¥¦¤ã ¨¬¨ í«¥ªâà®-
®¢. �® ¤¥ä®à¬ æ¨¨ ª®®à¤¨ âë ¯«®áª®áâ¥© à ¢ë

xk = kd − d/2,   ¯®á«¥ — x′k = xk + u(xk), £¤¥

u(xk) = u sin qxk, q = 2π/λ. �â ª, ¨® ï § àï¤®¢ ï
¯«®â®áâì à á¯à¥¤¥«¥  ¢ ªà¨áâ ««¥ ¢ ¢¨¤¥ ¤¥«ìâ -
äãªæ¨© ρ′

i
(x) = σ

∑
k δ(x − x′k),   í«¥ªâà® ï —

à ¢®¬¥à®: ρ′
e
(x) = −σ/d. �®£¤  à¥è ï ãà ¢-

¥¨¥ �ã áá®  ¤«ï k-© ïç¥©ª¨ á ¨á¯®«ì§®¢ ¨¥¬

æ¨ª«¨ç¥áª¨å £à ¨çëå ãá«®¢¨© ¨ áè¨¢ ¨ï à¥è¥¨©

  £à ¨æ å ¢á¥å ïç¥¥ª, ¯®«ãç¨¬ ¤«ï ¢®§¬ãé¥®£®

¯®â¥æ¨ «  (V)

V ′(x) =
∞∑

k=−∞

V ′k(x)Πk(x)

= C
∑
k

[
(x− kd)2

d2
−

u cos qkd

d sin(qd/2)

]
Πk(x), (1)

£¤¥ C = σd/2ε0 = ed2NV /2ε0, ε0 — ¤¨í«¥ªâà¨ç¥áª ï

¯®áâ®ï ï, Πk(x) = 1 ¯à¨ x′k ≤ x < x′k+1, Πk(x) = 0
¯à¨ x < x′k ¨ x ≥ x′k+1. �§¢¥áâ®, çâ® æ¨ª«¨ç¥áª¨¥
£à ¨çë¥ ãá«®¢¨ï ¯à¨¢®¤ïâ ª ¤¨áªà¥â®¬ã ¬®¦¥-
áâ¢ã ¤«¨ ¢®« ª®«¥¡ ¨© λ = 2Nd/p = rd/s, £¤¥N —
ç¨á«® ïç¥¥ª, p = 1, 2, . . . , N , r ¨ s ¢§ ¨¬® ¯à®áâë¥
ç¨á«  (s ≥ 1, r ≥ 2s). � áª« ¤ë¢ ï ¯®â¥æ¨ « (1)
¢ àï¤ �ãàì¥ ¯® ¤«¨¥ ¯¥à¨®¤¨ç®áâ¨ sλ, ¯®«ãç¨¬
á«¥¤ãîé¨¥ ¥ã«¥¢ë¥ äãàì¥-ª®íää¨æ¨¥âë ¯®â¥-
æ¨ « :

Vm = (−1)n2C/d2(ng)2, m = nr (n 6= 0), (2)
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Vm = ±(−1)n−1uC/d2(ng ± q),

m = nr ± s (n = 0, ±1, ±2, . . . ),
(3)

V0 = C/12 = σd/24ε0 ¤«ï m = 0, ¨ Vm = 0
¤«ï ®áâ «ìëå m, g = 2π/d — ¢¥ªâ®à ®¡à â®©

à¥è¥âª¨, n-¯®àï¤®ª ¡àí££®¢áª®£® ®âà ¦¥¨ï. �®à-
¬ã«  (2) ®¯à¥¤¥«ï¥â  ¬¯«¨âã¤ã ¡àí££®¢áª¨å ®âà -
¦¥¨©,   (3) — ä®®®£® à áá¥ï¨ï. �¥ ¬®¦®

§ ¯¨á âì ¤«ï  ¬¯«¨âã¤ë ä®®®£® à áá¥ï¨ï V (K)
ç¥à¥§ ¢¥ªâ®à à áá¥ï¨ï K ¨  ¬¯«¨âã¤ã ¤¥ä®à¬ æ¨¨

w = |∆d|max/d = 2(u/d) sin(qd/2)

V (K) =Vng±qδK,ng±q

=± (−1)n−1 wCδK,ng±q

2d(ng ± q) sin(qd/2)

=−
wC

2dK sin(Kd/2)
= −

Cw

4
F (K). (4)

�¤¥áì F (K) = [(Kd/2) sin(Kd/2)]−1 — ç¨áâ® áâàãª-
âãàë© (¤¥ä®à¬ æ¨®ë©) ä ªâ®à, ª®â®àë© ¥¯à¥-
àë¢¥ ¢¥§¤¥, ªà®¬¥ â®ç¥ª K = ng, ¨ ¯®ª §   

�¨á. 1. �ãàì¥-á¯¥ªâàë í«¥ªâà®-ä®®®£® à áá¥ï¨ï.
a) �®¤¥«ì ¤¨áªà¥âëå ¯«®áª®áâ¥© á ãç¥â®¬ (á¯«®è ï
ªà¨¢ ï) ¨ ¡¥§ ãç¥â  íªà ¨à®¢ ¨ï (¯ãªâ¨à ï ªà¨¢ ï).
b) �®¤¥«ì ¦¥áâª¨å ”ãè¨à¥ëå” ¯«®áª®áâ¥© á ãç¥â®¬

íªà ¨à®¢ ¨ï,   â ª¦¥ â¥¯«®¢®© ä ªâ®à. c) �®¤¥«ì

¬ï£ª¨å ”ãè¨à¥ëå” ¯«®áª®áâ¥© á ãç¥â®¬ íªà ¨à®¢ ¨ï

¢ ªà¨áâ ««¥ §®«®â , à ááç¨â  ï ¤«ï  ¯à ¢«¥¨© 〈110〉
(¯ãªâ¨à ï ªà¨¢ ï) ¨ 〈111〉 (á¯«®è ï ªà¨¢ ï),   â ª-
¦¥ á®®â¢¥âáâ¢ãîé¨©  ¯à ¢«¥¨î 〈111〉 ä ªâ®à �¥¡ ï–
�®««¥à .

à¨á. 1, a â®ç¥ç®© ªà¨¢®©. � áå®¤¨¬®áâ¨ ¢ ¡àí££®¢-
áª¨å ¯®«®¦¥¨ïå ¯à¨K = ng (n 6= 0) ®¡ãá«®¢«¥ë ¥-
¢ë¯®«¥¨¥¬ â ¬ ¬ «® ¬¯«¨âã¤®£® ¯à¨¡«¨¦¥¨ï,  
à áå®¤¨¬®áâì ¢ â®çª¥ K = 0 ¢ë§¢   ¨£®à¨à®¢ ¨¥¬
íªà ¨àãîé¥£® ¤¥©áâ¢¨ï á¢®¡®¤ëå í«¥ªâà®®¢. �®-
á«¥¤¨© íää¥ªâ ¬®¦® ãç¥áâì, ¢¢¥¤ï å àâà¨¥¢áªãî
¤¨í«¥ªâà¨ç¥áªãî ¯à®¨æ ¥¬®áâì ε(K) = 1 + κ2/K2,
£¤¥ κ2 — ¯ à ¬¥âà íªà ¨à®¢ ¨ï, ¨ § ¬¥ïï  ¬¯«¨-
âã¤ã à áá¥ï¨ï V (K) (¨«¨ ä ªâ®à F (K))   å àâà¨-
¥¢áªãî,  ¯à¨¬¥à, VH(K) = V (K)/ε(K). �ªà ¨à®-
¢ ¨¥, ª ª ¨§¢¥áâ® [3], ¯à¨¢®¤¨â ª ¯¥à¥à á¯à¥¤¥«¥-
¨î á¢®¡®¤ëå í«¥ªâà®®¢ ¨§ ®¡« áâ¥© à §à¥¦¥®©

à¥è¥âª¨ ¢ ®¡« áâ¨ á¦ â®© ¨, ª ª á«¥¤áâ¢¨¥, ª ¯®-
¤ ¢«¥¨î à áå®¤¨¬®áâ¨ ¯à¨ K = 0. �â® ¢¨¤® ¨§

á¯«®è®© ªà¨¢®©   à¨á. 1, a, ª®â®à ï ¡ë«  ¢ëç¨-
á«¥  ¯à¨ κ/g = 0.6. �â®â á¯¥ªâà ª ç¥áâ¢¥® ¥

®â«¨ç ¥âáï ®â í«¥ªâà®-ä®®®£® á¯¥ªâà  ¢ á«ãç ¥
¬®¤¥«¨, ¨á¯®«ì§ãîé¥© áã¯¥à¯®§¨æ¨î ¦¥áâª¨å  â®¬-
ëå ¯®â¥æ¨ «®¢ [3].

2. �®¤¥«ì ”ãè¨à¥ëå” ¨®ëå

¯«®áª®áâ¥© ¢ í«¥ªâà®®¬ £ §¥

�ç¥¢¨¤®, çâ® ¢ à¥ «ì®¬ âà¥å¬¥à®¬ ªà¨áâ ««¥

¯à®¥ªæ¨¨ ¯«®áª®áâ¥©   ®áìX ¡ã¤ãâ ãè¨à¥ë §  áç¥â

â¥¯«®¢ëå ¢®«, ¡¥£ãé¨å ¯® à §«¨çë¬  ¯à ¢«¥¨ï¬
¨ ¨¬¥îé¨å ¥ã«¥¢ë¥ X-¯à®¥ªæ¨¨  ¬¯«¨âã¤. �â¨

®âª«®¥¨ï ¨®®¢ ®â ¯®«®¦¥¨ï à ¢®¢¥á¨ï ¬®¦®

ãç¥áâì ¢ áà¥¤¥¬, ¢®á¯®«ì§®¢ ¢è¨áì áà¥¤¥ª¢ ¤à -
â¨ç®© ¯à®¥ªæ¨¥©  ¬¯«¨âã¤ë ª®«¥¡ ¨© 〈u2

x〉
1/2. �á-

¯®«ì§ãï áâ ¤ àâ®¥ £ ãáá®¢® à á¯à¥¤¥«¥¨¥ ¢¥à®ïâ-
®áâ¨ P (x) ¤«ï á¬¥é¥¨©, ¯®«ãç¨¬ ¤«ï ãè¨à¥ëå

â ª¨¬ ®¡à §®¬ ¯«®áª®áâ¥© á«¥¤ãîé¥¥ à á¯à¥¤¥«¥¨¥

¯«®â®áâ¨ ¨®®¢ ¨ ¥£® äãàì¥-ª®íää¨æ¨¥âë

ρi(x) = σ
∑
k

P (x− xk) = (σ/
√

2π〈u2
x〉)

×
∑
k

exp[−(x− xk)2/2〈u2
x〉] =

∑
n

Qn exp(ingx), (5)

Qn = (−1)n(σ/d) exp[−〈u2
x〉(ng)2/2]

= (−1)neNVW (ng), (6)

W (ng) = exp[−〈u2
x〉(ng)2/2]. (7)

W ¥áâì ®¡ëçë© ä ªâ®à �¥¡ ï–�®««¥à . �á¯®«ì-
§ãï ãà ¢¥¨¥ �ã áá® , «¥£ª® ¯®«ãç¨âì ¡àí££®¢áª¨¥
äãàì¥-ª®¬¯®¥âë ¯®â¥æ¨ « 

Vng =
(−1)nσ

ε0d(ng)2
W (ng) =

(−1)n2C

d2(ng)2
W (ng), (8)

ª®â®àë¥, ª ª ¢¨¤®, á â®ç®áâìî ¤® â¥¯«®¢®£® ä ª-
â®à  á®¢¯ ¤ îâ á (2). � «¥¥ ¨á¯®«ì§ã¥¬ ®¤®ä®-
®®¥ ¯à¨¡«¨¦¥¨¥, ¢ ç¥¬-â®   «®£¨ç®¥ ®¤®í«¥ª-
âà®®¬ã. �ã¤¥¬ à áá¬ âà¨¢ âì ¯®¢¥¤¥¨¥ ®â¤¥«ì®-
£® ä®®    ä®¥ ¢á¥å ¤àã£¨å ä®®®¢, ãáà¥¤¥®¥
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¤¥©áâ¢¨¥ ª®â®àëå   à¥è¥âªã ãç¨âë¢ ¥âáï  ¬¨ ¢

à ¬ª å ¨§®âà®¯®© ¬®¤¥«¨ �©èâ¥© , ¯à¨¢®¤ïé¥©
ª £ ãáá®¢ã ãè¨à¥¨î ¯«®áª®áâ¥©. � áá¬®âà¨¬ ¤¢  ¢ -
à¨ â  ¢®§¤¥©áâ¢¨ï á« ¡®© ¯à®¤®«ì®© ¤¥ä®à¬ æ¨¨

  à á¯à¥¤¥«¥¨¥ ¨®®¢.
 ) � ¯¥à¢®¬ ¢ à¨ â¥ ¡ã¤¥¬ áç¨â âì ¯«®áª®áâ¨-

£ ãáá¨ ë ¦¥áâª¨¬¨, â. ¥. ¯à¨ ª®«¥¡ ¨¨ ®¨ ¡ã¤ãâ

á¬¥é âìáï ª ª æ¥«®¥, ¡¥§ ¤¥ä®à¬ æ¨¨, çâ® á®®â¢¥â-
áâ¢ã¥â ª®æ¥¯æ¨¨ ¦¥áâª¨å ¨®®¢. � íâ®¬ á«ãç ¥ ¢á¥

 ¡áæ¨ááë k-© £ ãáá¨ ë ¯®«ãç â ®¤¨ ª®¢®¥ ¯à¨à -
é¥¨¥ uk = u sin qxk, £¤¥ xk — ¥¢®§¬ãé¥ ï ª®®à-
¤¨ â  ¥¥ æ¥âà . �®£¤  ¢®§¬ãé¥®¥ à á¯à¥¤¥«¥¨¥
¯«®â®áâ¨ ¨®®¢ ¬®¦® § ¯¨á âì â ª:

ρ′
i
(x) =

σ√
2π〈u2

x〉

∑
k

exp

[
−

[x− (xk + uk)2]

2〈u2
x〉

]
∼=

σ√
2π〈u2

x〉

∑
k

exp

[
(x− xk)2

2〈u2
x〉

]{
1 +

(x− xk)u sin qxk
〈u2
x〉

}
.

�¥à¢®¥ á« £ ¥¬®¥ ¯®à®¦¤ ¥â, ª ª ¬ë ã¦¥ ¢¨¤¥«¨,
¡àí££®¢áª¨¥  ¬¯«¨âã¤ë (8). �â®à®¥ á« £ ¥¬®¥, ï¢«ï-
îé¥¥áï ¢®§¬ãé îé¥© ¤®¡ ¢ª®© ª ¯«®â®áâ¨ ¨®®¢,
¯à¨¢®¤¨â ª á«¥¤ãîé¨¬  ¬¯«¨âã¤ ¬ ä®®®£® à á-
á¥ï¨ï

Vng±q = ±
(−1)n−1σu

2ε0d(ng ± q)
exp[−〈u2

x〉(ng ± q)
2/2]

= −
Cw

4
F (ng ± q)W (ng ± q). (9)

�ë ¯®«ãç¨«¨ å®à®è® ¨§¢¥áâë© ¨§ ¬®¤¥«¨ ¦¥áâ-
ª¨å ¯®â¥æ¨ «®¢ [3] à¥§ã«ìâ â, á¢¨¤¥â¥«ìáâ¢ãîé¨© ®¡
®á« ¡«¥¨¨ ª ¦¤®£® ä®®®£® á â¥««¨â  ¢ á®®â¢¥â-
áâ¢¨¨ á® á¢®¨¬ ä ªâ®à®¬ �¥¡ ï–�®««¥à . �ªà ¨à®-
¢ ¨¥ §¤¥áì ¬®¦® ãç¥áâì, ª ª ¨ ¢ ¯¥à¢®© § ¤ ç¥, ¯ã-
â¥¬ § ¬¥ë F (K)   FH(K). �  à¨á. 1, b ¯à¥¤áâ ¢«¥-
ë § ¢¨á¨¬®áâ¨ ®â K ª ª â¥¯«®¢®£® ä ªâ®à  W (K),
â ª ¨ ¥£® ¯à®¨§¢¥¤¥¨ï   áâàãªâãàë© ä ªâ®à —
|FH(K)W (K)|, ¢ëç¨á«¥ë¥ ¯à¨ 〈u2

x〉/d
2 = 0.01 ¨

κ/g = 0.6.
b) �® ¢â®à®¬ ¢ à¨ â¥ à áá¬®âà¨¬ ãè¨à¥®¥ à á-

¯à¥¤¥«¥¨¥ ¨®ëå § àï¤®¢ (5) ª ª áà¥¤ã, ª®â®àãî
¯à®¤®«ì ï ¢®«  ¤¥ä®à¬¨àã¥â ª ª ¥¯à¥àë¢®¥,
ã¯àã£®¥ â¢¥à¤®¥ â¥«®, çâ® á®®â¢¥âáâ¢ã¥â ª®æ¥¯æ¨¨

¬ï£ª¨å ¨®®¢ ¨«¨ ¬ï£ª®£®, ¤¥ä®à¬ æ¨®®£® ¯®â¥-
æ¨ « . �à¨ à¥è¥¨¨ íâ®© § ¤ ç¨ á« ¡ãî ¥¯à¥àë¢-
ãî ¤¥ä®à¬ æ¨î u(x) = u sin qx ¢¢¥¤¥¬ ¢ àï¤ �ãàì¥

(5) ¨ ¯®«ãç¨¬ ¢®§¬ãé îéãî ¤®¡ ¢ªã ª § àï¤®¢®©

¯«®â®áâ¨, ¯®¤®¡® â®¬ã, ª ª íâ® á¤¥« « � ©¥à«á [4]
¯à¨ à áá¬®âà¥¨¨ ¤¨äà ªæ¨¨ à¥â£¥®¢áª¨å «ãç¥©  

¥¯à¥àë¢®© ¨ ¤¥ä®à¬¨àã¥¬®© à áá¥¨¢ îé¥© ¯«®â-
®áâ¨

ρ
′i(x) = ρi(x) + ∆ρi(x) = ρi(x) −

∂

∂x
[ρi(x)u(x)]

=
∑
n

Qn exp(ingx)−
u

2

∑
n

Qn

{
(ng + q)

× exp[i(ng + q)x]− (ng − q) exp[i(ng − q)]
}
.

�¤¥áì Qn á®¢¯ ¤ ¥â á (6). �®«ãç¨¢ ¯®¤®¡ãî ä®à¬ã-
«ã, � ©¥à«á ®â¬¥â¨« ¯®ï¢«¥¨¥ ¯® ¯ à¥ á â¥««¨â®¢-
”¤ãå®¢” ®ª®«® ª ¦¤®£® ¡àí££®¢áª®£® à¥ä«¥ªá  ¨ ª®-
áâ â¨à®¢ « á®¢¯ ¤¥¨¥ íâ¨å à¥§ã«ìâ â®¢ á â¥®à¨¥©

� ªá¥ –�®««¥à , ®á®¢ ®©   ¬®¤¥«¨ áã¯¥à¯®§¨-
æ¨¨  â®¬ëå à áá¥¨¢ îé¨å á¯®á®¡®áâ¥©. � «¥¥, à¥-
è ï ãà ¢¥¨¥ �ã áá®  ¤«ï ¢®§¬ãé¥®© § àï¤®¢®©

¯«®â®áâ¨ ρ′(x) = ρi(x) + ∆ρi(x) + ρe(x), ¯®«ãç¨¬
¢®§¬ãé¥ë© ¯®â¥æ¨ « ¢ ¢¨¤¥ àï¤  �ãàì¥ á ª®íä-
ä¨æ¨¥â ¬¨

Vng =
Qn

ε0(ng)2
=

(−1)nσ

ε0d(ng)2
exp[−〈u2

x〉(ng)2/2]

=
(−1)n2C

d2(ng)2
W (ng), n 6= 0, (10)

Vng±q = ∓
uQn

2ε0(ng ± q)
=
±(−1)n−1uC

d2(ng ± q)
W (ng)

= −
Cw

4
F (K)W (ng)δK,ng±q. (11)

� ª ¢¨¤®, äãàì¥-ª®íää¨æ¨¥âë (10) ¨ (11) á®-
¢¯ ¤ îâ á (2), (3) ¨ (4) á â®ç®áâìî ¤® ¬®¦¨â¥«ï

W (ng). �à¨ 〈u2
x〉 → 0 W → 1 ¨ ®¨ á®¢¯ ¤ îâ

â®ç®. �à¨ 〈u2
x〉 6= 0 ¤«ï ¡àí££®¢áª¨å ®âà ¦¥¨©

(10) ¬ë ¯®«ãç¨«¨ ®¡ëç®¥ â¥¯«®¢®¥ ®á« ¡«¥¨¥ ¢

á®®â¢¥âáâ¢¨¨ á ä ªâ®à®¬ �¥¡ ï–�®««¥à . �¤ ª®

¤«ï ä®®ëå á â¥««¨â®¢ (11), ¯à¨ ¤«¥¦ é¨å §®¥
ng ± g/2 ¢¨¤®, çâ® ®¨, ª ª ¨ ¨å à®¤¨â¥«¨ — ¡àí£-
£®¢áª¨¥ ®âà ¦¥¨ï ¢ æ¥âà å íâ¨å §®, ®á« ¡¥¢ îâ

�¨á. 2. �§£¨¡ë¥ ¯®«®áë   á¢¥â«®¯®«ì®© ¬¨ªà®£à ä¨¨

(¢§ïâ  ¨§ [6]), ¯®«ãç¥®© ®â ä®«ì£¨ (110) §®«®â  á

¯®¬®éìî 1 MeV ¯ãçª  í«¥ªâà®®¢. �¨§ã ¤   ¨å ªà¨-
áâ ««®£à ä¨ç¥áª ï ¨¤¥â¨ä¨ª æ¨ï.
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�§¬¥à¥ë¥ ¨ â¥®à¥â¨ç¥áª¨¥ § ç¥¨ï ã£«®¢ ¬¥¦¤ã ¯«®áª®áâï¬¨, è¨à¨ ¯®«®á,   â ª¦¥ ®â®á¨â¥«ìëå ¨§£¨¡®¢ ¨

®â®á¨â¥«ìëå è¨à¨ ¯®«®á ¤«ï àï¤  á¨áâ¥¬ ¯«®áª®áâ¥©, ®â¬¥ç¥ëå   à¨á. 2

(hkl) αtheor,◦ αmeas,◦
R−1

(hkl)

R−1
(111)

Hmeas
(hkl), mm Hcorr

(hkl), mm
Hcorr

(hkl)/
√
h2 + k2 + l2

H meas
(111) /

√
3

220 −35.3 −40 0.9 3 2.7 0.51
551 −27.3 −31 0.9 7 6.3 0.48
331 −22.0 −25 0.9 4 3.6 0.45
442 −15.8 −18 0.9 6 5.4 0.49
553 −12.3 −13 0.9 7.5 6.75 0.48
111 0 0 1 3.2 3.2 1
335 14.4 12 1.3 4.6 6.0 0.49
224 19.5 16 1.5 3.2 4.8 0.53
113 29.5 21 2.0 1.8 3.6 0.59
115 39.1 25 2.6 2.5 6.5 0.67
200 54 30 3.2 1.2 3.8 1.03

á ®¤¨¬ ¨ â¥¬ ¦¥ ä ªâ®à®¬ W (ng), ª®â®àë© (á¬.
(7)) ¥ § ¢¨á¨â ®â q. �â® ¯à¨¢®¤¨â ª áâã¯¥ç â®¬ã

¨§¬¥¥¨î â¥¯«®¢®£® ä ªâ®à  ¨, á«¥¤®¢ â¥«ì®, ª
¯®ï¢«¥¨î à §àë¢®¢ ¨ áâã¯¥¥©   £à ¨æ å ¢á¥å

§® �à¨««îí  ¢ á¯¥ªâà¥ ä®®®£® à áá¥ï¨ï. �â®
¯®ª § ®   à¨á. 1, c, £¤¥ íªà ¨à®¢ ë¥ á¯¥ªâàë
¡ë«¨ ¢ëç¨á«¥ë ¯à¨ κ/g = 0.6 ¨ 〈u2

x〉/d
2 à ¢®¬

0.01 (á¯«®è ï ªà¨¢ ï) ¨ 0.065 (¯ãªâ¨à), ¯®ª § 
â ª¦¥ â¥¯«®¢®© ä ªâ®à ¤«ï ¯¥à¢®£® á«ãç ï. �®ï¢«¥-
¨¥ â ª¨å áª çª®¢ ¢ á¯¥ªâà¥ ®¡ãá«®¢«¥® ¢¢¥¤¥¨-
¥¬ ¥¯à¥àë¢®£® ®¡ê¥¬®£® à á¯à¥¤¥«¥¨ï § àï¤ ,
¤¥ä®à¬¨àã¥¬®£® ¯® § ª® ¬ ã¯àã£®£® ª®â¨ãã¬ .
�¨§¨ç¥áª¨ íâ® ®¡ãá«®¢«¥® ¥æ¥âà «ì®áâìî á¨«,
á¢ï§ë¢ îé¨å  â®¬ë ¢ ªà¨áâ ««¥, ª®¥ç®áâìî ¢à¥-
¬¥¨ ¦¨§¨ ä®®®¢ ¨ ®£à ¨ç¥®áâìî á¢¥àåã ¨å

¢®«®¢ëå ¢¥ªâ®à®¢ |q| ≤ qmax = g/2. �¯¨á ®¥ ï¢«¥-
¨¥ ¬®¦®  §¢ âì ¤¥ä®à¬ æ¨®ë¬ ¯®¤ ¢«¥¨¥¬

ä®®®£® à áá¥ï¨ï ¢ áâ àè¨å §® å ¨«¨ ãá¨«¥¨¥¬

¥£® — ¢ ¯¥à¢®© §®¥ �à¨««îí .

� ª ¢¨¤®, ®¯¨áë¢ ¥¬ë© íää¥ªâ ï¢«ï¥âáï § ç¨-
â¥«ìë¬ ¨,  ¢¥àïª , ¤®«¦¥ ¡ë« ¡ë  ¡«î¤ âìáï ¢
íªá¯¥à¨¬¥â¥. �   è ¢§£«ï¤, â ª¨¥ íªá¯¥à¨¬¥â «ì-
ë¥  ¡«î¤¥¨ï ¤ ¢® áãé¥áâ¢ãîâ ¢ í«¥ªâà®®©

¬¨ªà®áª®¯¨¨, ®, ¨«¨ ®áâ îâáï ¥®¡êïá¥ë¬¨, ¨«¨
¨ ç¥ ¨â¥à¯à¥â¨àãîâáï. � ¯à¨¬¥à, íâ®â íää¥ªâ

¤¥« ¥â ¯à®§à çë¬ ¨ «¥£ª® ®¡êïá¨¬ë¬ ¯®ï¢«¥¨¥

ª¨ªãç¨-¯®«®á   ª àâ¨ å ¤¨äà ªæ¨¨, ¢ â®¬ ç¨á«¥

¨ ¢ âàã¤® ¨â¥à¯à¥â¨àã¥¬ëå á«ãç ïå  ®¬ «ìëå

ª®âà áâ®¢ ¨ è¨à¨. � ¦¥ ¬®¦¥â á«ã¦¨âì ¯à¨ç¨®©
¯®ï¢«¥¨ï â¥¬ëå ¨§£¨¡ëå ¯®«®á   á¢¥â«®¯®«ì-
ëå ¬¨ªà®£à ä¨ïå â®ª¨å ¨§®£ãâëå ªà¨áâ ««®¢,
ª®â®àë¥ ®¡ëç® ®¡êïáïîâáï íää¥ªâ®¬  ®¬ «ì®-
£® ¯®£«®é¥¨ï ¢ ãá«®¢¨ïå ¤¨ ¬¨ç¥áª®© ¤¨äà ªæ¨¨

í«¥ªâà®®¢ [5]. � ¯®á«¥¤¥¬ á«ãç ¥ â¥¬ ï ¯®«®á 

à á¯®« £ ¥âáï ¬¥¦¤ã á¨¬¬¥âà¨çë¬¨ ¡àí££®¢áª¨¬¨

¯®«®¦¥¨ï¬¨ ªà¨áâ «« , ¯®íâ®¬ã ¥¥ è¨à¨  à ¢ 

¯à®¨§¢¥¤¥¨î ã¤¢®¥®£® ã£«  �àí££  2θhkl   à ¤¨ãá
¨§£¨¡  ä®«ì£¨ Rhkl, çâ® ¢ 2 à §  ¡®«ìè¥ è¨à¨, ¯à¥¤-

áª §ë¢ ¥¬ëå  è¥© â¥®à¨¥©, £¤¥ ãá¨«¥®¥ ä®®®¥
à áá¥ï¨¥ á®áà¥¤®â®ç¥® ¢ ¯¥à¢®© §®¥ �à¨««îí ,
â.¥. ¢ ®¡« áâ¨ ã£«®¢ ®â − 1

2θhkl ¤®
1
2θhkl. � á®¦ «¥¨î,

ãáâ ®¢¨âì á¢ï§ì ¬¥¦¤ã è¨à¨®© ¯®«®áë ¨ ã£«®¬

¨§£¨¡  ¯® ¬¨ªà®£à ä¨¨ ®¡ëç® ®ç¥ì ¥¯à®áâ® ¨§-
§  ®âáãâáâ¢¨ï ¢®§¬®¦®áâ¨ ¨§¬¥à¥¨ï ¯®á«¥¤¥£®.
�¤ ª® ¥áâì ¨ ¨áª«îç¥¨ï, ®¤¨¬ ¨§ ª®â®àëå,    è
¢§£«ï¤, ï¢«ï¥âáï ¬¨ªà®£à ä¨ï, ¢§ïâ ï ¨§ à ¡®âë [6] ¨
¯à¨¢¥¤¥ ï   à¨á. 2. �  ¡ë«  ¯®«ãç¥  ®â ãç áâª 
(110) ¯®¢¥àå®áâ¨ §®«®â®© ä®«ì£¨ á ¨á¯®«ì§®¢ ¨-
¥¬ 1 MeV ¯ãçª  ¨ ®¡êïáï« áì  ¢â®à ¬¨ á ¯®§¨æ¨©

¬®£®¢®«®¢®© ¤¨ ¬¨ç¥áª®© â¥®à¨¨ ¢ ãá«®¢¨ïå  ®-
¬ «ì®£® ¯®£«®é¥¨ï ¨ ®á®¡¥®áâï¬¨ ¤¨äà ªæ¨¨

¢ëá®ª®í¥à£¥â¨çëå í«¥ªâà®®¢.

�   è ¢§£«ï¤, ®¤ ª®, ¢®§¬®¦   «ìâ¥à â¨¢-
 ï ¨â¥à¯à¥â æ¨ï ¥ª®â®àëå ª®âà áâ®¢   íâ®©

ª àâ¨¥. �®«®á  (111) (¨ ®âç áâ¨ (200)) ¯®ª §ë¢ ¥â
¯®çâ¨ ¨¤¥ «ìãî, ¡¥á¯®£«®é â¥«ìãî ¤¢ãå¢®«®¢ãî

¤¨ ¬¨ç¥áªãî ¤¨äà ªæ¨î á å à ªâ¥àë¬ ”¬ ïâ¨-
ª®¢ë¬” à¥è¥¨¥¬ ¤«ï ªà¨¢®© ª ç ¨ï [5]. �® ¯¥-
à¨®¤ã ®áæ¨««ïæ¨© ¡ë«  ¨§¬¥à¥  â®«é¨  ä®«ì£¨

(t ∼= 340 nm),   ¯® è¨à¨¥ â¥¬ëå ¯®«®á ¡ë«  ¢¥áì¬ 
£àã¡® ®æ¥¥  íªáâ¨ªæ¨® ï ¤«¨  ¤«ï ®âà ¦¥¨ï

111 (ξ111
∼= 220 nm). �â ª, ¥á«¨ ¯à¨ïâì, çâ® æ¥âàë

â¥¬ëå ¯®«®á (111) ¨ (200) á®®â¢¥âáâ¢ãîâ ¡àí££®¢-
áª¨¬ ã£« ¬  ª«®  ä®«ì£¨ ¤«ï ãª § ëå ®âà ¦¥-
¨©, â® íâ® ¤ ¥â ¬ áèâ ¡ ¤«ï ¨§¬¥à¥¨ï ã£«®¢ëå

è¨à¨ ¯®«®á ¢ ¤àã£¨å ¬¥áâ å ª àâ¨ë. �¤ ª®, ¥-
¯®áà¥¤áâ¢¥®¥ ¨§¬¥à¥¨¥ è¨à¨ ¯®«®á ¥ª®àà¥ªâ®,
â ª ª ª ¨§£¨¡ ä®«ì£¨ ¥®¤®à®¤¥ ¯® ¯®¢¥àå®áâ¨.
�«ï ãç¥â  íâ®£® ä ªâ®à  ¡ë«¨ ¯à®¨¤¥â¨ä¨æ¨à®¢ -
ë ¢á¥ ¯®«®áë,  ¡«î¤ ¥¬ë¥   ª àâ¨¥, ¨ ¨§¬¥à¥ë
¢á¥ ã£«ë ¬¥¦¤ã ¨¬¨ (à¨á. 2). �à ¢¨¢ íâ¨ § ç¥-
¨ï á â¥®à¥â¨ç¥áª¨¬¨, ¡ë«  ®æ¥¥  ®â®á¨â¥«ì ï
ªà¨¢¨§  ä®«ì£¨ ¢ ¬¥áâ å à á¯®«®¦¥¨ï ¢á¥å ¯®-
«®á. �¥§ã«ìâ âë ¨§¬¥à¥¨© ã£«®¢ ¬¥¦¤ã ¯«®áª®áâï¬¨
αmeas, ¨å â¥®à¥â¨ç¥áª¨¥ § ç¥¨ï αtheor, ®â®á¨â¥«ì-
ë© ¨§£¨¡ R−1

(hkl)/R
−1
(111), ¨§¬¥à¥ ï (¢ mm) è¨à¨ 
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¯®«®á Hmeas
(hkl) ¨ ¨å ®âª®àà¥ªâ¨à®¢ ë¥   ¨§£¨¡ § -

ç¥¨ï Hcorr
(hkl) = H meas

(hkl) (R−1
(hkl)/R

−1
(111)) ¯à¥¤áâ ¢«¥ë ¢

â ¡«¨æ¥. �¡à â¨¬ ¢¨¬ ¨¥   ¯®á«¥¤îî ª®«®ªã

â ¡«¨æë. � ª ã¦¥ ®â¬¥ç «®áì ¢ëè¥, ¥á«¨ ª®âà áâ

¯®«®áë ®¡ãá«®¢«¥  ®¬ «ìë¬ ¯®£«®é¥¨¥¬ ¢ ãá«®-
¢¨ïå ¤¨ ¬¨ç¥áª®© ¤¨äà ªæ¨¨, â® è¨à¨  ¯®«®áë

¡ã¤¥â ¯à®¯®àæ¨® «ì 

H(hkl) ∝ 2θhkl = ghklλe/2π = λe/d(hkl)

= λe(h
2 + k2 + l2)1/2/d0,

£¤¥ λe — ¤«¨  ¢®«ë ¯ ¤ îé¥£® í«¥ªâà® ,
d0 — ª®áâ â  à¥è¥âª¨. �«¥¤®¢ â¥«ì®,
(H(hkl)/

√
h2 + k2 + l2) ∝ λe/d0 = const, â. ¥.

¥ § ¢¨á¨â ®â ¨¤¥ªá®¢ hkl. �â®è¥¨ï ¦¥

(H(hkl)/
√
h2 + k2 + l2)/(H(111)/

√
3) ¤®«¦ë ¡ëâì

à ¢ë ¥¤¨¨æ¥ ¤«ï ¢á¥å ¯«®áª®áâ¥©. �¤ ª®, ª ª

¢¨¤® ¨§ â ¡«¨æë, ¤«ï ¢á¥å ¯®«®á, ¨áª«îç ï

(200) ¨, ¥áâ¥áâ¢¥®, (111), íâ® ®â®è¥¨¥ à ¢®

∼ 0.5. � ª®¥ ¡®«ìè®¥ ®â«¨ç¨¥ ®â ¥¤¨¨æë ¥

¬®¦¥â ¡ëâì ®¡êïá¥® à §¡à®á®¬ ¢¥«¨ç¨ ¨

®è¨¡ª ¬¨ ¯à¨ ¨§¬¥à¥¨ïå. �«¥¤®¢ â¥«ì®, ã£«®¢ë¥
è¨à¨ë ¢á¥å ¯®«®á, ¨áª«îç ï (111) ¨ (200), à ¢ë
θhkl,   ¥ 2θhkl, çâ® ï¢«ï¥âáï,    è ¢§£«ï¤,
¢¥á®¬ë¬ ”£¥®¬¥âà¨ç¥áª¨¬” ¤®ª § â¥«ìáâ¢®¬ ¨å

¥¤¨ ¬¨ç¥áª®£® ¯à®¨áå®¦¤¥¨ï. �«¥¤ã¥â ãç¥áâì

â ª¦¥, çâ® ¤ ¦¥ ¤«ï á ¬®£® á¨«ì®£® ®âà ¦¥¨ï

111 íªáâ¨ªæ¨® ï ¤«¨  ¢á¥£® ¢ ∼ 1.5à § 
¬¥ìè¥ â®«é¨ë ä®«ì£¨. �§-§  § ç¨â¥«ì®£®

®á« ¡«¥¨ï ¤àã£¨å, ¡®«¥¥ ¢ëá®ª®¨¤¥ªáëå,
®âà ¦¥¨© ä ªâ®à®¬ �¥¡ ï–�®««¥à  (£àã¡ë¥ ¥£®

®æ¥ª¨ ¯®ª § «¨, çâ® I111(T )/I111(0) = W 2
111
∼= 0.2,

W 2
200
∼= 0.1, W 2

220
∼= 0.01, W 2

222
∼= 10−3, W 2

331
∼= 10−5,

¨ â.¤.), á®®â¢¥âáâ¢ãîé¨¥ ¨¬ íªáâ¨ªæ¨®ë¥

¤«¨ë  ¬®£® ¯à¥¢ëáïâ â®«é¨ã ä®«ì£¨ ¨

¯à¥®¡« ¤ îé¨¬ å à ªâ¥à®¬ à áá¥ï¨ï ¤«ï ¨å

¡ã¤¥â ª¨¥¬ â¨ç¥áª¨©. �®«®áë (220) ¨ ¡®«¥¥

¢ëá®ª®¨¤¥ªáë¥ ®¡à §ãîâáï, ¯®  è¥¬ã ¬¥¨î,
§  áç¥â íää¥ªâ  ãá¨«¥®£® ä®®®£® à áá¥ï¨ï ¢

á®®â¢¥âáâ¢ãîé¨å «¨¥©ëå ¯¥à¢ëå §® å �à¨««îí 

(á¬. à¨á. 1, c, £¤¥ ¯à¥¤áâ ¢«¥ë à áç¥âë ¤«ï

á«ãç ¥¢ g = g111 — á¯«®è ï ªà¨¢ ï ¨ g = g220 —
â®ç¥ç ï). �ç¨âë¢ ï, çâ® ¨â¥á¨¢®áâì ä®®®£®
à áá¥ï¨ï ¢ ¯®«®á¥ ¯à®¯®àæ¨® «ì  〈w2

hkl〉/|ghkl|,
¯®«ãç¨¬ ªà ©¥ ®á« ¡«¥®¥ ¢«¨ï¨¥ â¥¯«®¢®£®

à áá¥ï¨ï (¢¢¨¤ã íªáâà¥¬ «ì®© ¨§ª®¨¤¥ªá®áâ¨

¨ § ç¨â¥«ì®©  ¨§®âà®¯¨¨ ª®«¥¡ ¨©)   ¯®«®áë

(111) ¨ (200), § â¥¬ ãá¨«¥¨¥ â ª®£® à áá¥ï¨ï ¤«ï

¯®«®á (220) ¨ ¢ëè¥, ¨ ¤ «¥¥ ¯®áâ¥¯¥®¥ ¯®¨¦¥¨¥
ª®âà áâ  ¨§-§  ã¢¥«¨ç¥¨ï è¨à¨ë ¯®«®á.
� áâ®ïé¥¥ ®¡êïá¥¨¥ ¥ ¨áª«îç ¥â ¯®ï¢«¥¨ï

¨§£¨¡ëå ¯®«®á ¤¨ ¬¨ç¥áª®© ¯à¨à®¤ë ¨§-§   ®-
¬ «ì®£® ¯®£«®é¥¨ï,  ¯à¨¬¥à,   á¢ï§ ëå í«¥ª-
âà® å,   â ª¦¥ á«ãç ¥¢  «®¦¥¨ï ®¡®¨å íää¥ªâ®¢.
�«¥¤ã¥â ®â¬¥â¨âì, çâ® ª ãè¨à¥¨î ¯«®áª®áâ¥© ¨,
á«¥¤®¢ â¥«ì®, ª ¤¥ä®à¬ æ¨®ë¬ ª®âà áâ ¬, ¯®-
¤®¡ë¬ ã¯®¬ïãâë¬ ¢ëè¥, ¬®¦¥â ¯à¨¢¥áâ¨ â ª¦¥

¨ ¯à¨áãâáâ¢¨¥ àï¤  ¤¥ä¥ªâ®¢,  ¯à¨¬¥à, ¤¥ä¥ªâ®¢
á¬¥é¥¨ï ¨«¨ § ¬¥é¥¨ï, ®á®¡¥® ¢ á¯« ¢ å. � ª¨¬
®¡à §®¬, á¢®©áâ¢® ã¯àã£®© ¤¥ä®à¬¨àã¥¬®áâ¨ à áá¥¨-
¢ îé¥© áà¥¤ë, «¥¦ é¥¥ ¢ ®á®¢¥ ª®æ¥¯æ¨¨ ¬ï£ª®£®
¯®â¥æ¨ « , ¯à¨¢®¤¨â ª à §àë¢ ¬ ¢ ä®®ëå á¯¥ª-
âà å à áá¥ï¨ï í«¥ªâà®®¢.
�à¥¤«®¦¥ë© ¯®¤å®¤ ¤«ï ®¯¨á ¨ï à¥è¥â®ç®£®

à áá¥ï¨ï ¯à¨ ¤¨äà ªæ¨¨, ª ª ¯à¥¤áâ ¢«ï¥âáï, ¨¬¥¥â
®¡é¨© å à ªâ¥à ¨ ¬®¦¥â ¡ëâì ¯à¨¬¥¥ ¤«ï ¢®«

¨ ¥¯à¥àë¢® ¤¥ä®à¬¨àã¥¬ëå à¥è¥â®ª à §«¨ç®©

¯à¨à®¤ë.

�¯¨á®ª «¨â¥à âãàë

[1] S. Takagi. Proc. Soc. Jap. 13, 2, 278, 287 (1958).
[2] J. Bardeen, W. Shockley. Phys. Rev. 80, 1, 72 (1950).
[3] �¦. � ©¬ . �à¨æ¨¯ë â¥®à¨¨ â¢¥à¤®£® â¥« . �.

(1966). 416 á. (J.M. Ziman. Principles of the theory of
solids. University Press. Cambridge (1964)).

[4] �. �¦¥©¬á. �¯â¨ç¥áª¨¥ ¯à¨æ¨¯ë ¤¨äà ªæ¨¨ à¥â-
£¥®¢áª¨å «ãç¥©. �. (1950). 572 á. (R.W. James. The
optical principles of the diffraction of X-rays. G. Bell and
Sons. London (1948)).

[5] �. �¨àè, �. �®¢¨, �. �¨ª®«á®, �. �íè«¨, �. �í«-
« . �«¥ªâà® ï ¬¨ªà®áª®¯¨ï â®ª¨å ªà¨áâ ««®¢. �.
(1968). 575 á. (P.B. Hirsch, A. Howie, R.B. Nicholson,
D.M. Pashley, M.J. Whelan. Electron microscopy of the
thin crystals. Butterworths. London (1965)).

[6] C.J. Humphreys, J.S. Lally. J. Appl. Phys. 41, 1, 232
(1970).

�¨§¨ª  â¢¥à¤®£® â¥« , 1997, â®¬ 39, ò 1


