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ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʣʝʢʮʠʷ ˉ 7 

ʉʪʨʦʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ 

ʭʠʤʬʘʢ ʄɻʋ, ʚʝʩʥʘ 2017 



ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ  

ʩ ʙʣʠʟʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ  

a=8.122(9), b=10.457(4), c=12.145(5) Ȕ, 

NH 

CH3 CH2 

O 

a=8.205(2), b=10.253(4), c=12.101(5) Ȕ, 

NHCCH3 

Br 

O 

O 

O 



ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ) 

Å ʄʦʥʦʢʨʠʩʪʘʣʣ, ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʧʦʚʦʨʦʪʳ 

ʢʨʠʩʪʘʣʣʘ ʥʘ ʪʨʝʭʢʨʫʞʥʦʤ ʠʣʠ 4-ʢʨʫʞʥʦʤ ʛʦʥʠʦʤʝʪʨʝ 

Å ʈʝʛʠʩʪʨʘʮʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʝʬʣʝʢʩʦʚ 

Å ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ 

ʢʨʠʩʪʘʣʣʘ (ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ) ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ 

Å ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ CSD (>800 ʪʳʩ. 

ʩʪʨʫʢʪʫʨ) 

Å ɹʘʥʢ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ICSD          

(~250 ʪʳʩ. ʩʪʨʫʢʪʫʨ) 

Å ɹʘʥʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʙʝʣʢʦʚ PDB (>100 ʪʳʩ. 

ʩʪʨʫʢʪʫʨ) 



ʏʪʦ ʪʘʢʦʝ ʦʙʨʘʪʥʘʷ ʨʝʰʝʪʢʘ 

(çʨʝʰʝʪʢʘ ʨʝʬʣʝʢʩʦʚè) 



ʏʝʤ ʤʝʥʴʰʝ ʜʣʠʥʘ ʚʦʣʥʳ , ʪʝʤ ʙʦʣʴʰʝ ʦʪʨʘʞʘʶʱʠʭ  

ʩʠʩʪʝʤ ʧʣʦʩʢʦʩʪʝʡ { dhkl} , ʪ.ʝ. ʨʝʬʣʝʢʩʦʚ  

(ʥʦ ʪʝʤ ʥʠʞʝ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ { I hkl})  

2dhkl sin  = 

[2 1] 

[2 4] [ 1 3 ] 

[u v w]: ʚʝʢʪʦʨʳ ʚ ʨʝʰʝʪʢʝ 

aX 

h = a / aX , k = b / bY 

bY 

(h k l): ʧʣʦʩʢʦʩʪʠ ʚ ʨʝʰʝʪʢʝ 

ʀʥʜʝʢʩʳ (hkl ) ʨʝʬʣʝʢʩʦʚ { I hkl}  ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʫʟʣʦʚ ʚ ʥʝʢʦʪʦʨʦʡ ʘʙʩʪʨʘʢʪʥʦʡ ʆɹʈɸʊʅʆʁ ʈɽʐɽʊʂɽ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚʩʝ ʫʟʣʳ, ʧʦʧʘʜʘʶʱʠʝ ʚ 

çʩʬʝʨʫè ʨʝʬʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʷʚʠʪʴʩʷ  

ʧʨʠ ʜʘʥʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ 



ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ SeGe2O4 (Mo K  + K ) 

ʫʟʝʣ 

h,k,l 

ɺ ʫʟʣʘʭ ʦʙʨʘʪʥʦʡ 

ʨʝʰʝʪʢʠ  

ʨʘʩʧʦʣʘʛʘʶʪʩʷ çʧʷʪʥʘè 

ʨʝʬʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʨʘʟʥʫʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ:  

çʥʝʧʝʨʠʦʜʠʯʝʩʢʘʷ 

ʨʝʰʝʪʢʘè



ɼʠʬʨʘʢʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ( ~0.05 ¡) ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ 

 



s010 

s020 

s030 

s040 

ʆʙʨʘʪʥʘʷ ʨʝʰʝʪʢʘ: ʧʨʠʥʮʠʧ 

2dhkl sin  = 2sin = 1/dhkl = shkl 

|shkl| = 1/d, 2/d, 3/d, ...  

ʚʝʢʪʦʨ ʨʘʩʩʝʷʥʠʷ  

ʆʙʨʘʪʥʘʷ ʨʝʰʝʪʢʘ {shkl}  

ʧʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ 

(a*, b*, c*, )  

(a,a*)=(b,b*)=(c,c*)=1 

(a,b*)=(a,c*)=é=0 

ʨʝʬʣʝʢʩ ź ʚʝʢʪʦʨ ʚ ʦʙʨʘʪʥʦʡ ʨʝʰʝʪʢʝ 

(ha*, kb*, lc*) 



(100) 

(010) 

(110) 
(120) 

(310) 

hkl = nh nk nl  

ʆʙʨʘʪʥʘʷ ʨʝʰʝʪʢʘ: ʧʦʩʪʨʦʝʥʠʝ 

2sin = shkl = 1/ dhkl  

a*, b*, c* [¡-1] 

aĀa* = bĀb* = cĀc* = 1 

çʆʙʨʘʪʥʘʷ ʷʯʝʡʢʘè 

ʚʩʝ ʦʩʪʘʣʴʥʳʝ 

aĀb* = é= cĀa* = 0 



ʉʬʝʨʘ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʨʝʬʣʝʢʩʦʚ 

2sin  /  = shkl = 1/dhkl  

ʩʬʝʨʘ ʨʘʜʠʫʩʘ 2/

ʩʬʝʨʘ ʨʘʜʠʫʩʘ 2/

shkl < 2/   

ʤʝʥʴʰʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ï  

ʨʝʬʣʝʢʩʦʚ ʙʦʣʴʰʝ  

(ʥʦ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʠʞʝ) 

[ (CuK )/ (MoK )]3 =(1.54/0.71)3 å 10.2 

ʚʳʙʝʨʝʤ ʫʟʝʣ (0 0 0) ʚ ʦʙʨʘʪʥʦʡ ʨʝʰʝʪʢʝ 

R=2/ : ʩʬʝʨʘ ʦʛʨʘʥʠʯʝʥʠʷ 

( 0 0 0 ) 



ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʛʘʩʘʥʠʷ ʨʝʬʣʝʢʩʦʚ 



ʆʪʢʨʳʪʳʝ ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ: 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʛʘʩʘʥʠʷ ʨʝʬʣʝʢʩʦʚ 

2dhklsin  = 

ʧʨʠʤʝʨ: ʦʩʴ 21 || a 

ʨʝʬʣʝʢʩ 100: ʨʘʟʥʦʩʪʴ ʭʦʜʘ ʣʫʯʝʡ 

ʦʪ ʩʦʩʝʜʥʠʭ ʧʣʦʩʢʦʩʪʝʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ a,  

=2AC=  (ʩʤ. ʚʳʚʦʜ ʬ-ʣʳ ɹʨʝʛʛʘ), ʥʦ ʠʟ-ʟʘ ʦʩʠ 21 

ʝʩʪʴ ʘʪʦʤʥʳʝ ʧʣʦʩʢʦʩʪʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʘ/2  

ʩ 2AC'=  ï ʨʝʬʣʝʢʩ 100 ʧʦʛʘʰʝʥ 

ɼʣʷ ʦʪʨʘʞʝʥʠʡ 200 (ʜʨʫʛʦʡ ʫʛʦʣ !) ʦʪ ʧʣʦʩʢʦʩʪʝʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʯʝʨʝʟ ʘ,  , ʘ ʝʩʣʠ ʯʝʨʝʟ ʘ/2 

- ʪʦ , ʪ.ʝ. ʨʝʬʣʝʢʩ 200 ʥʝ ʧʦʛʘʰʝʥ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʣʷ ʦʩʠ 21 || a ʥʝʥʫʣʝʚʫʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʦʛʫʪ ʠʤʝʪʴ ʪʦʣʴʢʦ ʨʝʬʣʝʢʩʳ  

h00 ʩ h=2n 

a 
a/2 

A 

B 

C 

C' 

A' 

100 

200 



ʇʨʘʚʠʣʘ ʧʦʛʘʩʘʥʠʷ ʨʝʬʣʝʢʩʦʚ: 

ʩʚʷʟʴ ʩ ʦʪʢʨʳʪʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʠʤʤʝʪʨʠʠ 

ʎʝʥʪʨʠʨʦʚʘʥʥʳʝ ʨʝʰʝʪʢʠ: ʨʝʬʣʝʢʩʳ ʦʙʱʝʛʦ ʠʥʜʝʢʩʘ hkl (h,k,lÍ0) 

A-ʨʝʰʝʪʢʘ: k+l=2n, B: h+l=2n; ʉ: h+k=2n; I: h+k+l=2n ;  

F: h+k=2n, h+l=2n, k+l=2n (ʚʩʝ ʯʝʪʥʳʝ ʠʣʠ ʚʩʝ ʥʝʯʝʪʥʳʝ),  

çʛʝʢʩʘʛʦʥ. Rè:  īh+k+l=3n 

ʇʣʦʩʢʦʩʪʠ ʩʢʦʣʴʟʷʱʝʛʦ ʦʪʨʘʞʝʥʠʷ:  

a(xz): h0l, h=2n; a(xy): hk0, h=2n; n(yz): 0kl, k+l=2n, d(yz): 0kl, k+l=4n, ʠ ʪ.ʜ.  

ɺʠʥʪʦʚʳʝ ʦʩʠ: 

21 || x: h00, h=2n, 21 || y: 0k0, k=2n, 21 || z: 00l, l=2n; 31(32) || z: 00l, l=3n, 

41(43) || z: 00l, l=4n; 42 || z: 00l, l=2n; 61(65) || z: 00l, l=6n; 62(64): 00l, l=3n, 

63 || z: 00l. l=2n. (ʇʦʨʘʡ-ʂʦʰʠʮ, ʛʣ. 3,  2) 

ʇʨʠʤʝʨ 1: ʩʠʤʤʝʪʨʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ (ʢʣʘʩʩ ʃʘʫʵ) 2/m,  

ʨʝʬʣʝʢʩʳ hkl ʥʝ ʧʦʛʘʰʝʥʳ, h0l: l=2n, 0k0: k=2n Ÿ ʧʨʦʩʪʨ. ʛʨʫʧʧʘ ʈ21/ʩ 

 ʇʨʠʤʝʨ 2: ʪʦ ʞʝ, ʥʦ hkl ʠ h0l ʥʝ ʧʦʛʘʰʝʥʳ, 0k0: k=2n  

Ÿ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʨʫʧʧʳ P21 ʠʣʠ ʈ21/m 

122 ʥʘʙʦʨʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʘʩʘʥʠʡ: çʜʠʬʨʘʢʮʠʦʥʥʳʝ ʛʨʫʧʧʳè. 

ʀʟ ʥʠʭ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ 59 ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ 



h k l 

h k l 

I(  h k l ) å I( h k l ) 

ʟʘʢʦʥ ʌʨʠʜʝʣʷ 

ʅʘʨʫʰʝʥʠʝ ʟʘʢʦʥʘ ʌʨʠʜʝʣʷ ʠʟ-ʟʘ ʘʥʦʤʘʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ 

ʪʷʞʝʣʳʭ ʘʪʦʤʘʭ (~ ʦʪ 3p-ʵʣʝʤʝʥʪʦʚ) ʧʦʟʚʦʣʷʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ  

ʦʧʨʝʜʝʣʠʪʴ ʘʙʩʦʣʶʪʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʭʠʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʠ (ʠʣʠ)  

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ (ʇʦʨʘʡ-ʂʦʰʠʮ, ʛʣ. 4, 2; ʛʣ. 5, 3) 

ɼʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʠ ʩʠʤʤʝʪʨʠʷ ʢʨʠʩʪʘʣʣʘ 

ʊʦʯʝʯʥʘʷ ʩʠʤʤʝʪʨʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ: 11 ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʭ  

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʛʨʫʧʧ (ʢʣʘʩʩʳ ʃʘʫʵ) 

1, 2/m, mmm, 3, 3m, 4/m, 4/mmm, 6/m, 6/mmm, m3, m 3 m 

ɽʩʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʩʦʜʝʨʞʠʪ ʮʝʥʪʨʳ ʩʠʤʤʝʪʨʠʠ, ʟʘʢʦʥ 

ʌʨʠʜʝʣʷ ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʯʥʦ: Ihkl = I h k l 



ʈʘʩʩʝʷʥʠʝ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʘʪʦʤʝ ʠ ʥʘ ʢʨʠʩʪʘʣʣʝ 



ʈʘʩʩʝʷʥʠʝ ʧʣʦʩʢʠʭ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʚʦʣʥ 

 ʩʬʝʨʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʳʤ ʥʝʧʦʜʚʠʞʥʳʤ ʘʪʦʤʦʤ 

ʨʘʟʤʝʨʳ ʨʘʩʩʝʠʚʘʪʝʣʷ d ~ ï  

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʧʘʜʘʝʪ  

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ 2  (ʨʝʥʪʛʝʥ) 

2

ʩʬʝʨʠʯʝʩʢʘʷ ʩʠʤʤʝʪʨʠʷ: 

F(S) ï ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʩʢʘʣʷʨʥʘʷ ʬʫʥʢʮʠʷ  

sin  

f 

ʵʣʝʢʪʨʦʥʳ 

ʥʝʡʪʨʦʥʳ 

ʨʝʥʪʛʝʥ 

ʨʘʟʤʝʨʳ ʨʘʩʩʝʠʚʘʪʝʣʷ d << ï  

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʧʦʩʪʦʷʥʥʘ 

ʥʘ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʘ 2  (ʥʝʡʪʨʦʥʳ) 



ɸʪʦʤʥʳʝ ʬʘʢʪʦʨʳ ʨʘʩʩʝʷʥʠʷ f(S/4 ) ʠʣʠ f(sin / ) 

ʌʦʪʦʥʳ ʨʘʩʩʝʠʚʘʶʪʩʷ ʥʘ ʵʣʝʢʪʨʦʥʘʭ. 

ʊʷʞʝʣʳʝ ʘʪʦʤʳ ʨʘʩʩʝʠʚʘʶʪ ʣʫʯʰʝ. 

ʉʘʤʳʡ ʩʣʘʙʳʡ ʨʘʩʩʝʠʚʘʪʝʣʴ ï ʘʪʦʤ ʅ. 

ʅʘ ʙʦʣʴʰʠʭ ʫʛʣʘʭ 2  ʚ ʦʩʥʦʚʥʦʤ  

ʨʘʩʩʝʠʚʘʶʪ ʚʥʫʪʨʝʥʥʠʝ ʵʣʝʢʪʨʦʥʳ (1s) 

f-ʢʨʠʚʳʝ ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ ʨʘʟʣʠʯʘʶʪʩʷ ʤʘʣʦ 

K+ 

Clï 
Cl0\\\

\\\\\\\\\\\\

\\\\0\\\\\\

\\\\\\\\\\\\

\\\\\\\\\\\\

\\0\ 

O 

sin , ¡ï1  



ʈʘʩʩʝʷʥʠʝ ʧʣʦʩʢʠʭ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʚʦʣʥ 

 ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ ʩ ʦʜʥʠʤ ʘʪʦʤʦʤ ʚ ʷʯʝʡʢʝ 

(h k l) 

2dhklsin = 



ʈʘʩʩʝʷʥʠʝ ʧʣʦʩʢʠʭ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʚʦʣʥ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʤ ʩ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʘʪʦʤʘʤʠ ʚ ʷʯʝʡʢʝ: 

ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʦʪ ʜʚʫʭ ʩʠʩʪʝʤ ʘʪʦʤʥʳʭ ʧʣʦʩʢʦʩʪʝʡ 

ʩʜʚʠʛ x, y, z 

ʠʥʪʝʨʬʝʨʝʥʮʠʷ 

ʈʘʩʩʝʠʚʘʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʘʪʦʤʦʚ ʤʦʛʫʪ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ 

ʈʘʟʥʦʩʪʴ ʬʘʟ  ʚʣʠʷʝʪ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʝʬʣʝʢʩʘ Ihkl,  

ʥʦ ʩʘʤʘ ʦʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

Ihkl ~ |Fhkl|
2, ʛʜʝ Fhkl = |Fhkl|exp(i hkl) ï ʢʦʤʧʣʝʢʩʥʘʷ 

ʚʝʣʠʯʠʥʘ 



CsCl 

CsBr 

CsI 

100 

110 

111 210 200 
211 

110 

200 
211 

110 

200 
211 

100 111 210 

100 111 210 

ʪʠʧ CsCl 

ʥʝʪ ʧʦʛʘʩʘʥʠʡ 

ʆʎʂ: 

h+k+l=2n 

ʀʥʪʝʨʬʝʨʝʥʮʠʷ ʨʘʩʩʝʷʥʥʳʭ ʚʦʣʥ 

ʀʥʪʝʨʬʝʨʝʥʮʠʷ ʚʦʣʥ, ʨʘʩʩʝʷʥʥʳʭ ʨʘʟʥʳʤʠ ʘʪʦʤʘʤʠ, 

 ʤʦʞʝʪ ʙʳʪʴ ʜʝʩʪʨʫʢʪʠʚʥʦʡ 

Cs: 55 e 

  I:  53 e 



ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʝʜʥʦʛʦ ʢʫʧʦʨʦʩʘ  

CuSO4Ā5H2O 

ʘʪʦʤʳ ʤʝʜʠ 

ʤʦʣʝʢʫʣʳ 

ʚʦʜʳ 

SO4-ʛʨʫʧʧʳ 

ʵʣʝʤʝʥʪʘʨʥʘʷ 

ʷʯʝʡʢʘ ʢʨʠʩʪʘʣʣʘ 



ʇʨʝʜʩʪʘʚʠʤ ʵʪʫ ʩʪʨʫʢʪʫʨʫ ʪʘʢ: 

ʈʘʩʩʝʠʚʘʶʱʘʷ ʝʜʠʥʠʮʘ ï ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ. 

ɺʩʝ ʷʯʝʡʢʠ ʨʘʩʩʝʠʚʘʶʪ ʢʦʛʝʨʝʥʪʥʦ (ʚ ʬʘʟʝ) 



çʉʠʣʘè ʨʘʩʩʝʷʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʦʡ: 

ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʢʪʦʨ |Fhkl| ʠʣʠ |Fhkl|
2 

Ihkl= |Fhkl|
2 

ʂʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ ʨʘʩʩʝʷʥʠʷ: 

ʩʪʨʫʢʪʫʨʥʘʷ ʘʤʧʣʠʪʫʜʘ Fhkl
 

ʋ ʢʘʞʜʦʛʦ ʨʝʬʣʝʢʩʘ ʩʚʦʷ ʩʪʨʫʢʪʫʨʥʘʷ  

ʘʤʧʣʠʪʫʜʘ Fhkl, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ  

ʧʨʠʨʦʜʦʡ ʘʪʦʤʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʨʠʩʪʘʣʣ,  

ʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ 



ʈʘʩʩʝʷʥʠʝ ʥʘ ʢʨʠʩʪʘʣʣʝ 

ɼʠʩʢʨʝʪʥʳʝ ʨʝʬʣʝʢʩʳ. ʀʭ ʧʦʣʦʞʝʥʠʝ ʟʘʜʘʝʪ ʚʝʢʪʦʨ ʦʙʨʘʪʥʦʡ ʨʝʰʝʪʢʠ shkl  

shkl=2sin =1/dhkl (h,k,l ï ʠʥʜʝʢʩʳ ʨʝʬʣʝʢʩʦʚ) 

shkl= ha*+kb*+l c*   

a*, b*, c* - ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʪʥʦʡ ʨʝʰʝʪʢʠ: 

Fhkl= A Ú Ú Ú ʵʣ(xyz)exp[2 i(hx/a+ky/b+lz/c)]dxdydz 
ʧʦ ʵʣ. 

ʷʯʝʡʢʝ 

ɽʩʣʠ ʵʣ(xyz) =  ʘʪ(xjyjzj), ʪʦ 
ʧʦ ʷʯʝʡʢʝ 

Ihkl~|Fhkl|
2 

Fhkl  = j fj exp[2 i(hxj+ky j+lzj)] ʩʪʨʫʢʪʫʨʥʘʷ ʘʤʧʣʠʪʫʜʘ 

(xj, yj, zj ï ʬʨʘʢʮʠʦʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ, 

f j ï ʘʪʦʤʥʳʝ ʬʘʢʪʦʨʳ ʨʘʩʩʝʷʥʠʷ) 

ʵʣ(xyz) ~  Fhkl exp[ï2 i(hx+ky+lz)] 

ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ 

Ihkl ~|Fhkl|
2 Ÿ Fhkl=|Fhkl| exp i hkl: ʧʨʦʙʣʝʤʘ ʬʘʟ 

ʇʨʷʤʘʷ ʟʘʜʘʯʘ ʪʝʦʨʠʠ ʨʘʩʩʝʷʥʠʷ 

ʆʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʪʝʦʨʠʠ ʨʘʩʩʝʷʥʠʷ (ʨʝʰʘʝʪʩʷ ʚ ʈʉɸ) 



ʇʦʣʫʯʝʥʠʝ ʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ  

ʚ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʤ ʘʥʘʣʠʟʝ 



ʄʦʥʦʢʨʠʩʪʘʣʴʥʳʡ ʜʠʬʨʘʢʪʦʤʝʪʨ SMART (ʀʅʕʆʉ ʈɸʅ) 




