
 !"#$%&'

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

 !"#$%&'#()*+,#)-.#/0*+)/1#!"2#34.-*5/56)(7#()*+,#8,.6#59

-.,56.915)(#:)1.-#)96#)5-#65,59;./1509#8951,<# =.#/0*+)/1#,5>.#0;#1=.

()*+#)((0:,#;0-#)#,*)((#,?,1.*#6.,549#)96#6.,549#;(.@5A5(51?<# !"#$%&'

()*+,#0;;.-#/09,1)91#!"#081+81#0B.-#1=.5-#/0*+(.1.#(5;.15*.C#;0-

*)@5*8*#,./8-51?#0;#65,59;./1509#)96#=54=#,?,1.*#.;;5/)/?<# =)9D,#10

1=.#,594(.&.96.6#()*+#A),.C#()*+#-.+()/.*.91#5,#.),?<

$./0123#0434

E F.9.-)(#2=)-)/1.-5,15/,

2)+&G),. FHI
2)+&G),.#J9;0-*)1509 H#$59,
G8(A H@ KH
L@./81509 H#$59,
M)59#N++(5/)1509 O5,59;./1509
!,.;8(#%5;. PQQQ#=-

E %54=1# ./=95/)(#2=)-)/1.-5,15/,

20(0-#206.  !"
20(0-#O.,549)1509
31.@17

&

E L(./1-5/)(#2=)-)/1.-5,15/,

%)*+#R)11)4. S#R
%)*+#R)11)4.# ./=&
95/)(

S<S#R

%)*+#"0(1)4. IT#"
%)*+#28--.91 Q<KU#N

E !"&-.()1.6#2=)-)/1.-5,15/,

!"&2#V)65)1509 K<K#R

E $-068/1#O5*.9,509,

G),.#W)/.#10#G),.
W)/.#N

XY#3*)@7#**

J9,.-1509#%.941=#G UI#3*)@7#**
ZB.-)((#%.941=#2 KQS#3*)@7#**
O5)*.1.-#O HU#3*)@7#**
O5)*.1.-#OK KI#3*)@7#**

E $-068/1#O)1)

Z-6.-#/06. PHYPQQSQTQQY
W8((#+-068/1#/06. PHYPQQSQTQQY
W8((#+-068/1#9)*.  !"#$%&'#SR[H$#K2 
Z-6.-#+-068/1#9)*.  !"#$%&'#SR[H$#K2 [X\KQGZ\
$5./.,#+.-#+)/D K
$)/D594#/09;548-)1509 X\KQ22
$)/D,#+.-#081.-A0@ XQ
G)-#/06.#09#+)/D#&
LN]K

UYKKSQQXTHTUX

G)-#/06.#09#591.-&
*.65)1.#+)/D594#&
LN]H

UYKKSQQXTHTPI

G)-#/06.#09
081.-A0@#&#LN]I

UYKKSQQXTHSQP

%045,15/#/06.3,7#&
KH]2

PHYPQQSQTQQY

].1#:.54=1#+.-#+5./. HH<QQQ#4-

56789:6/94;#0.4<69=



56789:6/94;#0.4<69=

A

B

C

D1D
 !"#$%&'#SR[H$#K2 

$./0123 >#?@4AB C#?@4AB -#?@4AB 5#?@4AB 5,#?@4AB

 !"#$%&'#()*+$ DE FG ,H( +F ,G

23

I+G

$J/3/783.62#0434

200 300 400 500 600

20

40

60

80

700

100%

lnm

 !"

200 300

100

  80

  60

  40

  20

400 500 600 700 λ [nm]

%

 !"

 !"#$%&'

^#HQKI#_0959D(5`D.#$=5(5+,#]<"<#3V0?)(#$=5(5+,7
N((#-54=1,#-.,.-B.6<

'+./5;5/)1509,#)-.#,8A`./1#10#/=)94.#:51=081#9015/.<# -)6.*)-D,#)-.#1=.#+-0+.-1?#0;#_0959D(5`D.
$=5(5+,#]<"<#3V0?)(#$=5(5+,7#0-#1=.5-#-.,+./15B.#0:9.-,<

   !"#$%$"&!'()*%$+#,$-+ HQKIC#a8(?#P
6)1)#,8A`./1#10#/=)94.


