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 !"!# $%&'()*'+,-. /-+0'(1
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:/ &*()* .& &;0)*<) (+,*#-.+&/ %3)/&2)/# #. # -*$0.#5 5#..+-)6 .3) 4.+5+=)( *#(+#!

.+&/ 3#0 .& ;) +/ .3) (+2)/0+&/0 &1 .3) +/.)*%5#/#* 0%#-+/9 >?7?@ A ?7B /2C DEEBF7
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%*)1)**#;5) H4Iα1 >λ J EBK7EL %2C #/( M&Iα1 >λ J NE7?N@ %2C6 1&* 0+/95) -*$0!

.#5 (+,*#-.+&/ M&Iα >λ J NE7?N@ %2C7 G3) %)*+&(+-#55$ #**#/9)( #.&20 &* +&/0

+/ # -*$0.#5 ;4+5( 4% # .3*)) (+2)/0+&/#5 (+,*#-.+&/ 9*#.+/96 &/ '3+-3 .3) +/!

-&2+/9  !*#$0 #*) (+0%)*0)(7 G& #-3+)<) -&/0.*4-.+<) +/.)*1)*)/-)6 .3) *).#*(#.+&/

;).'))/ .'& '#<)0 240. ;) #/ +/.)9)* 245.+%5) &1 .3) '#<)5)/9.37 O4) .& .3) .3*))

(+2)/0+&/#5 %)*+&(+-+.$ +/ # -*$0.#56 .3) (+0%)*0)( '#<)0 03&' #/95)!()%)/()/(

+/.)/0+.$ 2#P+2#6 '3+-3 -#40) 03#*% *)Q)-.+&/07 G3)0) -#/ ;) ()0-*+;)(  !" .3)

.3*)) R#4)!)S4#.+&/0 >TS4#.+&/ @7EC6 '3+-3 #55 3#<) .& ;) 145U55)( .& &;0)*<) #

*)Q)-.+&/7

a cos µa + a cos νa = n1 λ

b cos µb + b cos νb = n2 λ

c cos µc + c cos νc = n3 λ

>@7EC

 ! "! # !"##$%& '&($)* +,-. /-. 0-*$(&%#$)12

µa. µb. µc "13!& )4 $1%$*&1%&

νa. νb. νc *$5("%#$)1 "13!&

n1. n2. n3 *$5("%#$)1 )(*&(
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2 dhkl sin θhkl = n λ *,- .

dhkl !"#$%&'("(% )&(*!"+

θhkl ("+'$ ,- !"*!.$"*$ /0 .!1%(*#!," ("+'$2

  .!1%(*#!," ,%.$%

λ 3(4$'$"+#5
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∑

j
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*,-J.
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B<BA × B<BE × B<BP B<DC × B<DI × B<BR

WG#.!:$9.( *.+X*9+($?--

−1
P<QRC C<APR

5 3BBB7?+ DDFF DDRA

θ !%(@+? P<C Y PE<B P<C Y PF<R

O%(@+ 9( ;Z& ± DI6 ± DP6 ± IR ± DI6 KDP?[DC6 KPB?[IQ

U.$%& (.< !+\+*$9.(# DFBQR DERRE

]('+:+('+($ !+\+*$9.(# EICB 3Oint 4 B<BEDC7 ABBB 3Oint 4 B<BARR7

O+\+*$9.(# ^9$; ] _ Iσ3]7 CCER 3Oσ 4 B<BCCF7 EIEA 3Oσ 4 B<BFPI7

N%$%?:%!%-+$+!# EICB?PPE ABBB?PPE

WG#.!:$9.( *.!!+*$9.( -)&$9K#*%( 3 !"#$%"!& `DPPa7

b..'(+##K./K,$ 3$

2
7 D<BCQ D<BDP

59(%& O 9('9*+# 3] _ Iσ3]77 OD 4 B<BPEA OD 4 B<BCBD

^OI 4 B<BRRE ^OI 4 B<BRRE

O 9('9*+# 3%&& '%$%7 OD 4 B<BCFQ OD 4 B<BEDA

^OI 4 B<BQPB ^OI 4 B<BQEC

c%!@+#$ '9J< :+%Z6 '++:+#$ ;.&+?+·d−3
D<PPA?KB<RBC D<DFB?KD<BPQ
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4*F :$ F1: G<H:IJJ8K; G<HLG::8L; G<GFGM8:;

4*: :$ G G<GLLJH8K; G<IG:FH8L; G<GF:L8:;

4*H :$ G G<FN::J8K; G<:NMIN8L; G<GGKJ8:;

4*L :$ G G<IMJKF8K; G<FHGML8L; G<GGKK8:;

4*N :$ F1: G<IHHFF8J; G<LMGHG8L; G<GGJK8:;

4*M :$ G G<NNMF8:; G<HKJHM8L; G<GFL:8:;

5F L% G<FMLJ8N; G<:FG:8L; G<LFFF8:; G<GGNF8M;

5: L% G<H:K:8N; G<KI:8L; G<HLNJ8:; G<GGMH8M;

5H L% G<HHFI8M; G<HKJF8L; G<LKJI8:; G<GGNJ8I;

5L L% G<FM:K8N; G<KFNG8L; G<LMFL8:; G<GGNM8M;

5N L% G<FMJF8N; G<MLIH8L; G<NHJN8:; G<GGLN8I;

5M L% G<HHLJ8M; G<JN:M8L; G<GNIM8:; G<GGML8I;

5I L% G<HH:L8N; G<JKMM8L; G<NKNG8:; G<GGLJ8M;

5J L% G<FMI:8M; G<LKKG8L; G<:NFN8H; G<GGKI8I;

5K L% G<HHGM8N; G<:JIF8L; G<FJLH8:; G<GGM:8I;

5FG L% G<FM:L8N; G<LFH:8L; G<MHLN8:; G<GGNN8M;

5FF L% G<FMJH8M; G<IMJ:8M; G<:MKL8H; G<G:NL8K;

7 :$ F1: G<MLK8I; G<HGJ8:; G<G:H

6F L% G<HGLM8L; G<H:HJ8H; G<L:LK8:; G<GGIF8N;

6: L% G<FJJJ8L; G<F:L:8H; G<IIMM8:; G<GFFM8N;

6H L% G<FKNH8L; G<FIGG8H; G<FIGJ8:; G<GGMG8N;

6L :$ G G<L:GL8L; G<:LIL8:; G<GGJM8M;

6N :$ G G<IKHI8L; G<MJNM8:; G<GGMN8M;

6M :$ F1: G<GMHN8L; G<HHKL8:; G<GGKJ8I;

6I :$ G G<FGLI8L; G<NKFJ8:; G<GGNI8M;

6J L% G<HGMF8H; G<HJHJ8H; G<:NFJ8:; G<GGIG8L;

6K :$ G G<MGFL8L; G<NGJM8:; G<GGMI8M;

6FG L% G<HGJM8L; G<JJGK8H; G<LFFJ8:; G<GGJG8N;

6FF :$ F1: G<JNN:8L; G<NMLG8:; G<GGMJ8I;

6F: L% G<HGFN8H; G<NI::8H; G<LKLM8:; G<GGMN8L;

6FH :$ G G<:KMK8L; G<LGJ:8:; G<GGNI8M;

6FL L% G<FKHH8H; G<FFFM8H; G<HLHF8:; G<GGNN8L;

6FN L% G<FINH8L; G<MFMG8H; G<HFNG8:; G<GFGN8N;

6FM L% G<FKLF8L; G<M:MK8H; G<FJMF8:; G<GGKN8N;

6FI :$ G G<MLFG8L; G<GHGM8:; G<GGNM8M;

6FJ L% G<FKLN8L; G<K:IK8H; G<GKKH8:; G<GGMM8N;

6FK L% G<FMMJ8L; G<GKHF8H; G<LIJ:8:; G<GGNL8L;

6:G L% G<FKMJ8L; G<J:KG8H; G<NHKG8:; G<GGM:8N;

6:F L% G<FIIM8L; G<NKGN8H; G<MFJ:8:; G<GGMJ8N;

6:: L% G<FKHK8H; G<H:IK8H; G<NNIL8:; G<GGNM8N;

6:H :$ G G<JMNN8L; G<LHGN8:; G<GGMN8I;

6:L :$ G G<JLHF8N; G<:N:G8:; G<GFKN8I;

6:N :$ F1: G<NKF:8N; G<HNNF8:; G<GFKL8J;

6:M :$ G G<HMJJ8L; G<MMMH8:; G<GGNJ8M;



  !  !"#$%&'$()*+ ,*%)

 !"#$ %&%'(  !"#$% %""&'$()!*+ )(' *,-$.)/*(! $+"!&"0$% '$+0/)%*#*(! 0)&)#*!*&+  

 !

1 2

2
"3

4"

"

5

##

6

#$

67 8+0)%* 9&"-0 !"#:1;<   !

$+ '*=(*' )+ "(* !>$&' "3 !>* !&)%* "3 !>* "&!>"9"()/?

$@*'  

%&

!*(+"& 8+!)(')&' '*.$)!$"(+ $( 0)&*(!>*+*+;<

 !"# AB%C"D E B @  

 !

F"+$!$"(

4"G :$ G1: H<I:JKJ8L; H<IMGNH8I; H<HGHM8:;

4": :$ H H<HINJL8L; H<LHIJG8I; H<HGGI8:;

4"I :$ H H<GM:GN8L; H<:OJMK8I; H<HGHK8:;

4"M :$ H H<LLHKG8L; H<G:KLN8I; H<HHNN8:;

4"O :$ G1: H<LIMGN8L; H<MOKKH8I; H<HHN:K8N;

4"J :$ H H<OJGHH8K; H<INNIJ8I; H<HGOG8:;

5G M% H<GJOH8I; H<:GGO8M; H<MHNJ8:; H<HHK:8O;

5: M% H<I:L:8M; H<NL:K8M; H<IM:M8:; H<HHNL8O;

5I M% H<IIGN8I; H<INNL8M; H<MNNH8:; H<HHK:8O;

5M M% H<GJ:N8I; H<NGOM8M; H<MJHK8:; H<HHKK8M;

5O M% H<GJKI8M; H<JOHH8M; H<OING8:; H<HHKH8O;

5J M% H<IIOL8M; H<KOGI8M; H<HOLJ8:; H<HHKJ8O;

5L M% H<II:I8I; H<KNKN8M; H<ONOM8:; H<HHKK8O;

5K M% H<GJOH8I; H<MNMH8M; H<:OIJ8:; H<HGHN8O;

5N M% H<IIHL8M; H<:KO:8M; H<GKOK8:; H<HHKJ8O;

5GH M% H<GJGL8I; H<MGIL8M; H<JIMK8:; H<HHKJ8O;

5GG M% H<GJNO8M; H<LJH:8M; H<:JIL8:; H<HGJL8J;

7 :$ G1: H<J:M8L; H<IHL8:; H<HGJ

6G M% H<IHJI8:; H<I:IK8I; H<M:M:8:; H<HHNI8I;

6: M% H<GNII8:; H<G:MJ8I; H<LL:J8:; H<HGGI8I;

6I M% H<GNMN8:; H<GJJK8I; H<GL:I8:; H<HHNJ8M;

6M :$ H H<MGMH8I; H<:MLL8:; H<HHNG8O;

6O :$ H H<LNOH8M; H<JKOO8:; H<HHN:8O;

6J :$ G1: H<HJHI8M; H<IIMM8:; H<HGGM8O;

6L :$ H H<GHJG8M; H<ONII8:; H<HHKH8M;

6K M% H<IHJK8:; H<IKGL8I; H<:OMK8:; H<HHKM8I;

6N :$ H H<JHIL8M; H<OHNG8:; H<HHNI8O;

6GH M% H<IHKJ8:; H<KKHK8I; H<MGGM8:; H<HHNJ8I;

6GG :$ G1: H<KOOH8I; H<OJIJ8:; H<HHNH8O;

6G: M% H<IHGN8:; H<OLMI8I; H<MNIL8:; H<HHNJ8I;

6GI :$ H H<IHHJ8M; H<MHJI8:; H<HHN:8O;

6GM M% H<GNHN8:; H<GGHK8I; H<IMGK8:; H<HHKO8I;

6GO M% H<GL:K8:; H<JGLN8I; H<IGON8:; H<HGHJ8I;

6GJ M% H<GNIJ8:; H<JIH:8I; H<GKKJ8:; H<HGH:8M;

6GL :$ H H<JINO8I; H<HI:H8:; H<HHNH8O;

6GK M% H<GNIM8:; H<N:OJ8:; H<HNKK8:; H<HHKM8I;

6GN M% H<GJOM8:; H<HNIN8I; H<MLLK8:; H<HHKG8I;

6:H M% H<GNOO8:; H<KIH:8:; H<OINI8:; H<HHKH8I;

6:G M% H<GKHK8:; H<ONG:8:; H<JGNJ8:; H<HHKO8I;

6:: M% H<GNMO8:; H<IIHH8:; H<OOLM8:; H<HHKH8I;

6:I :$ H H<KJ:I8M; H<M:NO8:; H<HHKO8O;
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