
�>?<F<>?<G9E><9 
4D>@4F<G9E><9 
G7?96>8>D>8O
�4DF4?<=, �=FD4F5=, $5=4=FD5=



'B> B4>>9 ?>?<F<>?<G9A><9 4@>@4B<G9A><9 
C7?96>8>@>8O?

%FDB5A<5

�D74A<G9E><9 EB98<A9A<S <; 86GE 

< 5B?99 >BA89AE<DB64AAOE 

59A;B?PAOE >B?9F

-?5>FDBAA4O E<EF5@4

�EB54S GEFB=G<64S Ã-Q?9>FDBAA4S 

E<EF9@4 89?B>4?<;B64AAOE 

Q?9>FDBAB6

�A4G5A<5

�4:AO 6 BD74A<G9E>B= E<@<<, 

Q>B?B7<< < CDB@OH?9AAB@ 

CDB<;6B8EF69

��' CD98EF46?SRF EB5B= >?4EE EB98<A9A<=, >BFBDO9 <7D4RF >?RG96GR DB?P 6 EB6D9@9AAB= E<@<< < FD95GRF BEB5B7B 

6A<@4A<S <;-;4 <E 6?<SA<S A4 B>DG:4RIGR ED98G.



%FDG>FGD4 55A7B?4 4 BEAB64 4DB@4F8GABEF8

�?NG56O5 BEB55AABEF8:

sp²-785@88874F8O 4B><>6 C7;9@>84

�9;>:4;87>64==4O Ã-A8AB9<4 87 6 

Q;9:B@>=>6

�;>A:4O AB@C:BC@4 <>;9:C;O

�OA>:4O CAB>9G86>ABP : @94:F8O< 

?@8A>988=9=8O



�4DB4;8=: ?@>AB59H89 ��'

�>;5:C;O@=4O D>@<C;4

C  H  10 8

(878G5A:85 A6>9AB64:

�9?O9 >D<EF4??O

%4D4>F9DAO= D9;><= ;4C4E

&9@C9D4FGD4 C?46?9A<O: 80°C

�9FGG CD< >B@A4FAB= F9@C9D4FGD9

�@8<5=5=85:

�DB<;6B8EF6B <AE9>F<F<8B6, D4EF6BD<F9?9=, 

CDB@9:GFBGAOE CDB8G>FB6 BD74A<G9E>B7B E<AF9;4



�=FD4F5=: ?<=5==4O EFDG>FGD4

%FDG>FGD4

&@8 ;8=99=> :>=89=A8@>64==OE 

59=7>;P=OE :>;PF4

C  H  14 10

%6>=EF64

�>;C54O D;C>@9AF9=F8O ?@8 '(-

>5;CG9=88, 5>;99 

@94:F8>==>A?>A>59= G9< 

=4DB4;8=

�D<<5=5=<5

�@74=8G9A:4O Q;9:B@>=8:4 (OLED-

88A?;98), A8=B97 :@4A8B9;99 8 

?;4AB<4AA



$5=4=FD5=: G7?>64O >>=H<7GD4F<O

�B?5>G?ODA4O HBD@G?4

C  H  14 10

�7><5@ 4=B@4F5=4 A C7;>6O< 

@4A?>;>65=85< :>;5F

�F?8G8O BF 4AFD4F5A4

$>@<4 <>;5:C;O 6;8O5B =4 

E8<8G5A:CN 4:B86=>ABP 8 D878G5A:85 

A6>9AB64

�DB@OH?5AAB5 7A4G5A85

%8=B57 ?;4AB<4AA, :@4A8B5;59 8 

D4@<4F56B8G5A:8E ?@5?4@4B>6



%D46=5=<5 EFDG>FGD ��'

�4HF4?<=

2 >>?LF4

C  H  10 8

�=FD4F5=

3 >>?LF4 (?<=5==>)

C  H  14 10

(5=4=FD5=

3 >>?LF4 (G7?>6>5)

C  H  14 10



�D><4F<G=>EFL < GEF>=G<6>EFL ��'

�D46<?> %N>>5?O

4n+ 2 = G<E?> Ã-M?5>FD>=>6

789 n = 0, 1, 2, 3...

�5?B>4?874F8O M?5>FDBAB6

Ã-Q;9:B@>=O @4A?@989;9=O ?> 6A99 

A8AB9<9 :>;9F

%F458?LABEFL @B?5>G?

�OA>:4O Q=9@78O @97>=4=A4 

?@884UB CAB>9G86>ABP

$54>F8BAA4O ECBEB5ABEFL

�@98<CM9AB69==> @94:F88 

74<9M9=8O, 4 =9 ?@8A>988=9=8O



%<<<G5E><5 D54>F<< ��'
01

-?5>FDBD8?LAB5 
74@5M5A85

�<FDB64A<9, 74?B79A<DB64A<9, 

EG?PH<DB64A<9 4 4F4>4 

Q?9>FDBH<?PAO@< K4EF<J4@<

02

�84D8DB64A85

�D<EB98<A9A<9 6B8BDB84 CB8 

846?9A<9@ E >4F4?<;4FBDB@, 

CD96D4M9A<9 6 J<>?B4?>4AO

03

�>8E?5A85

�5D4;B64A<9 ><E?BDB8EB89D:4M<I CDB<;6B8AOI 4 I<ABAB6, 

H9AB?B6, ><E?BF



->>?>78G5A>4O >?4A=>ABL ��'

�AB>G=8>8 >5@47>64=8O:

�9CB?AB9 E7BD4A<9 FBC?<64

�9EAO9 CB:4DO

�DB@OH?9AAO9 6O5DBEO

&454GAO= 8O@

�OE?BCAO9 74;O

�8>?>78G5A>4O 4>B86=>ABL:

�=>7<5 ��' 4 >4=F5D>75=O < <GF475=O

�9A;B[a]C<D9A 4 B8<A <; E<?PA9=H<E >4AF9DB79AB6, 

CB6D9:84RI<= ��� >?9FB>. �4>4C?<649FES 6 BD74A<;@9 < 

B>DG:4RI9= ED989.

�BAFDB?P 6O5DBEB6 ��' >D<F<G9E>< 64:9A 8?S ;4I<FO ;8BDB6PS A4E9?9A<S < Q>BE<EF9@.



�EF>G=8>8 747DO7=5=8O 
4F<>ED5DO ��'

16
�D8>D8F5F=OE 

��'

�?@989?9=O EPA >4> 

=4<5>?99 >?4A=O9 

;47@O;=<B9?<

90%
�7 4F<>ED5DO

�>?O ��', 

?>?484NM<E 6 

>>@C:4NMCN A@98C 

G9@9; 6>;8CE

200+
�84>6 ��'

�5=4@C:9=> 6 

@4;?<G=OE >5N9>B4E 

>>@C:4NM9= A@98O



�D<@5A5A<5 ��' 6 CDB@OL?5AABEF<

�D4E<F5?< < C<7@5AFO

 %<AF9; 4?<;4D<A4, <A8<7B < 8DG7<I BD74A<K9E><I

>D4E<F9?9= A4 BEAB69 4AFD4J9A4 < H9A4AFD9A4

�D74A<G5E>4O M?5>FDBA<>4

�AFD4J9A 6 CDB<;6B8EF69 OLED-8<EC?996 < BD74A<K9E><I 

CB?GCDB6B8A<>B6

$4D@4F56F<>4

�DB@9:GFBKAO9 CDB8G>FO 8?O E<AF9;4 ?9>4DEF69AAOI 

CD9C4D4FB6

$4EF6BD<F5?<

�4HF4?<A < 97B CDB<;6B8AO9 6 I<@<K9E>B= 

CDB@OL?9AABEF<



�57>?4A=>ABL ?@8 @45>B5 A ��'

¦  &>>E8G=>EFL

��' B5?484RF >4AJ9DB79AAO@< < @GF479AAO@< 

E6B=EF64@<, FD95GRF EFDB7B7B EB5?R89A<S @9D 

CD98BEFBDB:ABEF<

×  �=88688G4?L=4O 74M8F4

�5S;4F9?PAB9 <ECB?P;B64A<9 C9DK4FB>, 

D9EC<D4FBDB6, ;4M<FAOI BK>B6 < I4?4FB6 CD< D45BF9

K  �9=F8?OF8O

 45BF4 FB?P>B 6 6OFS:AOI L>4H4I E QHH9>F<6AB= 

E<EF9@B= G84?9A<S C4DB6 < 4QDB;B?9=

r  �>=8F>D8=7

 97G?SDAO= >BAFDB?P >BAJ9AFD4J<= ��' A4 D45BK<I 

@9EF4I < 6 B>DG:4RM9= ED989



�FB78 87GG5AAB7B @4F5D84?4

%FDG>FGD4 ��'

'A<>4?PAO= >?4EE 4DB@4F<K9E><I 

G7?96B8BDB8B6 E 

>BA89AE<DB64AAO@< 

59A;B?PAO@< >B?PJ4@<

&D< CD54EF46<F5?O

�4HF4?<A (2 >B?PJ4), 4AFD4J9A (3 

?<A9=AB), H9A4AFD9A (3 G7?B6B9) 4 

D4;A4S >BA89AE4J<S

,<DB>B5 CD<@5A5A<5

�?<SA<9 A4 I<@<R, 

CDB@OL?9AAB9 CDB<;6B8EF6B < 

Q>B?B7<K9E>B9 EBEFBSA<9 C?4A9FO

�BA<@4A<9 E6B=EF6 < CB6989A<S ��' A9B5IB8<@B 8?S D4;6<F<S EB6D9@9AAOI F9IAB?B7<= < ;4M<FO B>DG:4RM9= 

ED98O



�>?@>AO 4?O >5AG645=<O

1 %D46=8F5;P=O9 4=4;87

%@46=8B9 AB@>9=89 8 E8<8G9A:89 A6>9AB64 =4DB4;8=4, 

4=B@4F9=4 8 D9=4=B@9=4. �4: AB@C:BC@4 6;8S9B =4 

@94:F8>==CR A?>A>5=>ABP?

2 �EE;54>64=85 >:DG64NM59 ED54O

�4988B9 ?@8<9@O ?@8ACBAB68S ��' 6 64H9< @978>=9 8 

?@><OH;9==OE ?@>876>8AB64E

3 �><4L=55 7444=85

�>87>B>6PB9 :@4B:89 8>:;48 > 6@989 ��' 8;S 78>@>6PS 

G9;>69:4 8 A?>A>54E 74I8BO >B 6>7899AB68S QB8E 69I9AB6


