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#DB7D4@@4 EBEF46?9A4 A4 BEAB69 (�"% B" CB A4CD46?9A<R 11.03.04 «1?9>FDB- 
A<>4 < A4ABQ?9>FDBA<>4» CB 8<EJ<C?<A4@, S6?SRM<@ES 54;B6O@< 8?S B5GK9A<S 6 
@47<EFD4FGD9 CB A4CD46?9A<R 11.04.04 «1?9>FDBA<>4 < A4ABQ?9>FDBA<>4»  

. 

 

I. �9D9K9AP Q?9@9AFB6 EB89D:4A<S, 
CDB69DS9@OI A4 6EFGC<F9?PAB@ <ECOF4A<< 

 

 4;89? 1. « 4F9D<4?O Q?9>FDBAAB= F9IA<>< < H<;<>4 CB?GCDB6B8A<- 

>B6» 

1. �?4EE<H<>4J<S CB?GCDB6B8A<>B6OI @4F9D<4?B6. )<@<K9E>4S E6S;P, 
F<CO >D<EF4??<K9E><I D9L9FB>, >D<EF4??<K9E>4S EFDG>FGD4, <A89>EO  <??9D4. 
�4>BAB@9DABEF< <;@9A9A<S Q?9>FDBH<;<K9E><I E6B=EF6 6 @9F4??4I, CB?GCDB6B8- 

A<>B6 < 8<Q?9>FD<>B6 [1-3]. 

2. 1?9@9AF4DAO9 CB?GCDB6B8A<><. )<@<K9E>4S E6S;P, >D<EF4??<K9E>4S 
EFDG>FGD4, Q?9>FDBH<;<K9E><9 E6B=EF64 >D9@A<S < 79D@4A<S.  4D><DB6>4 >D9@- 

A<S < 79D@4A<S [1-3]. 

3. #B?GCDB6B8A<>B6O9 EB98<A9A<S F<C4 �3B5. )<@<K9E>4S E6S;P, >D<- 

EF4??<K9E>4S EFDG>FGD4, Q?9>FDBH<;<K9E><9 E6B=EF64. #D<@9A9A<9 CB?GCDB6B8- 
A<>B6 F<C4 �3B5 [1-3]. 

4. #B?GCDB6B8A<>B6O9 F69D8O9 D4EF6BDO. 'E?B6<S B5D4;B64A<S F69D8OI 
D4EF6BDB6 E A9B7D4A<K9AAB= D4EF6BD<@BEFPR. �4>BA B974D84. 1?9>FDBH<;<K9E><9 
E6B=EF64 CB?GCDB6B8A<>B6OI F69D8OI D4EF6BDB6 [1-3]. 

5. 'D46A9A<9 ,D98<A79D4 8?S >D<EF4??4. $9L9A<9 GD46A9A<S 6 CD<5?<- 

:9A<< E<?PAB= < E?45B= E6S;<. �BAO �D<??RQA4. #BASF<9 QHH9>F<6AB= @4EEO 
Q?9>FDBA4 6 >D<EF4??9 [1-3]. 

6. �<HD4>J<BAAO9 @9FB8O BCD989?9A<S C4D4@9FDB6 >D<EF4??B6 [3]. 

7. �9H9>FO 6 F69D8OI F9?4I < <I 6?<SA<9 A4 E6B=EF64 >D<EF4??B6 [3]. 

8. (<;<K9E>4S CD<DB84 GCDG7B= < C?4EF<K9E>B= 89HBD@4J<= F69D8OI F9? 
[3]. 

9. &9C?B9@>BEFP F69D8OI F9? < F9C?B6B9 D4EL<D9A<9 [3]. 

10.  9I4A<;@O 6;4<@B89=EF6<S E69F4 E F69D8O@ F9?B@. �4>BAO EBID4A9- 
A<S [3]. 

11. (BFB?R@<A9EJ9AJ<S < HBFBCDB6B8<@BEFP F69D8OI F9? [3]. 

12. 36?9A<9 C9D9ABE4 6 CB?GCDB6B8A<>4I, 6D9@S :<;A< A9D46AB69EAOI 
ABE<F9?9= ;4DS8B6 [3]. 

13. (<;<K9E><9 E6B=EF64 8<Q?9>FD<>B6 < @9I4A<;@O CB?SD<;4J<< [3]. 
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[3]. 

14. #P9;BQ?9>FD<K9E><= < E97A9FBQ?9>FD<K9E><= QHH9>FO 6 >D<EF4??4I 

 

 4;89? 2. «Ф<;<K9E><9 BEAB6O Q?9>FDBA<><» 

1. 1?9>FDBAAB-8ODBKAO= C9D9IB8 6 EBEFBSA<< F9D@B8<A4@<K9E>B7B D46AB- 
69E<S. #DS@B9 < B5D4FAB9 6>?RK9A<9 p-n C9D9IB84 [4-7]. 

2. &9BD9F<K9E>4S < D94?PA4S 6B?PF-4@C9DAO9 I4D4>F9D<EF<>< p-n C9D9IB84. 
#DB5B= p-n C9D9IB84 [4-7]. 

3. "EAB6AO9 6<8O CB?GCDB6B8A<>B6OI 8<B8B6: 6OCDS@<F9?PAO=, EF45<?<- 

FDBA, 64D<>4C. �I I4D4>F9D<EF<>< < C4D4@9FDO [4-7]. 

4. �<CB?SDAO= FD4A;<EFBD. #D<AJ<C 89=EF6<S, EI9@O 6>?RK9A<S, I4D4>F9- 
D<EF<>< [4-6]. 

5. &<D<EFBD. #D<AJ<C 89=EF6<S, I4D4>F9D<EF<>< [4-7]. 

6.  �#-EFDG>FGD4, D9:<@O E@9M9A<S [4-7]. 

7. BB?PF-H4D48A4S I4D4>F9D<EF<>4  �#-EFDG>FGDO. 
8. #B?96B= FD4A;<EFBD E GCD46?SRM<@ p-n C9D9IB8B@, CD<AJ<C 89=EF6<S, 

BEAB6AO9 I4D4>F9D<EF<>< [4-7]. 

9.  �#-FD4A;<EFBD E <A8GJ<DB64AAO@ >4A4?B@, CD<AJ<C 89=EF6<S, BEAB6- 
AO9 I4D4>F9D<EF<>< [4-7]. 

10.  �#-FD4A;<EFBD E 6EFDB9AAO@ >4A4?B@, CD<AJ<C 89=EF6<S, BEAB6AO9 
I4D4>F9D<EF<>< [4-7]. 

 

 4;89? 3. «�EAB6O F9IAB?B7<< Q?9>FDBAAB= >B@CBA9AFAB= 54;O» 

1.  9I4A<K9E>4S B5D45BF>4 CB?GCDB6B8A<>B6OI @4F9D<4?B6: D9;>4, L?<- 

HB6>4, CB?<DB6>4 [1]. 
2. )<@<K9E>4S B5D45BF>4 CB?GCDB6B8A<>B6. %CBEB5O FD46?9A<S < CDB@O6>< 

[1,2]. 

3. #?4;@BI<@<K9E>B9 FD46?9A<9 [1]. 

4. &9D@<K9E>B9 B><E?9A<9 >D9@A<S, ;4>BAB@9DABEF< DBEF4 SO2 [1]. 

5. (BFB?<FB7D4H<S. "EAB6AO9 CDBJ9EEO < B5BDG8B64A<9 [1]. 

6. 1C<F4>E<S. "EAB6AO9 ;4>BAB@9DABEF<. �97<DB64A<9 6 CDBJ9EE9 QC<F4>- 
E<< [1]. 

7. �<HHG;<S CD<@9E9=. (<;<K9E><9 BEAB6O < F9IA<>4 CDB6989A<S 8<HHG;<< 
[1]. 

8. �BAA4S <@C?4AF4J<S. &9IAB?B7<S < B5BDG8B64A<9 [1]. 

9. 1?9>FDBI<@<K9E>4S B5D45BF>4 CB69DIABEF< CB?GCDB6B8A<>B6 [1]. 

10. &9D@<K9E>B9 <EC4D9A<9 @9F4??B6. �;7BFB6?9A<9 >BAF4>FB6 [1]. 

11. �4FB8AB9 D4ECO?9A<9 @9F4??B6 [1]. 
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12. %5BD>4 < 79D@9F<;4J<S CB?GCDB6B8A<>B6OI CD<5BDB6 < <AF97D4?PAOI 
@<>DBEI9@[1] . 

13. &9IAB?B7<S <;7BFB6?9A<S EFDG>FGD A4 CB?GCDB6B8A<>B6OI EB98<A9A<SI 
F<C4 �3B5 [1]. 

14. &9IAB?B7<S <;7BFB6?9A<S < @9FB8O <;B?SJ<< 5<CB?SDAOI <AF97D4?PAOI 
@<>DBEI9@ [4,5]. 

15. &9IAB?B7<S  �# <AF97D4?PAOI @<>DBEI9@ [4,5]. 

 

 4;89? 4. «!I9@BF9IA<>4» 

 

1. �?4EE<H<>4J<S E<7A4?B6. �A4?B7B6O9, 8<E>D9FAO9 < J<HDB6O9 E<7A4?O. 
%CBEB5O CD98EF46?9A<S J<HDB6B= <AHBD@4J<<. �D<H@9F<K9E><9 >B8O [4,5,8,9]. 

2. "EAB6O 5G?96B= 4?795DO. �B7<K9E><9 HGA>J<<. %CBEB5O @<A<@<;4J<< < 
89>B@CB;<J<< HGA>J<= [4-6,8,9]. 

3. �B7<K9E><9 Q?9@9AFO, <I BEAB6AO9 I4D4>F9D<EF<>< < C4D4@9FDO. &<CB- 

6O9 >4E>48O ?B7<K9E><I EI9@. �B7<K9E><9 EI9@O A4 n->4A4?PAOI < >B@C?9@9A- 

F4DAOI  �#-FD4A;<EFBD4I, 4A4?<; <I I4D4>F9D<EF<>[4,5,8,9]. 
4. �B@5<A4J<BAAO9 EI9@O. ,<HD4FBDO < 89L<HD4FBDO.  G?PF<C?9>EBDO 

< 89@G?PF<C?9>EBDO [4-6,8,9]. 

5. #B?GEG@@4FBDO < EG@@4FBDO. �B@5<A4J<BAAO9 EG@@4FBDO.  AB7BD4;- 
DS8AO9 EG@@4FBDO E GE>BD9AAO@ C9D9ABEB@ [4,5,8,9]. 

6. #BASF<S B CBE?98B64F9?PABEFAOI ?B7<K9E><I EI9@4I. &D<779DO >4> CDB- 

EF9=L<9 ?B7<K9E><9 46FB@4FO. �<EF45<?PAO9 SK9=>< C4@SF<, 4A4?<; D45BFO. "E- 
AB6AO9 F<CO FD<779DB6 [4-6,8,9]. 

7. $97<EFDO. %K9FK<>< <@CG?PEB6 [4-6,8,9]. 

8. �?4EE<H<>4J<S �% CB?GCDB6B8A<>B6B= C4@SF<. "5M4S EFDG>FGD4 �% 
BC9D4F<6AB= C4@SF<, <I BEAB6AO9 C4D4@9FDO. %F4F<K9E><9 < 8<A4@<K9E><9 BC9- 
D4F<6AB ;4CB@<A4RM<9 GEFDB=EF64 ("�') E CDB<;6B?PAB= 6O5BD>B= [8,9]. 

9. �% CBEFBSAAOI ;4CB@<A4RM<I GEFDB=EF6 (#�'). #DB7D4@@<DG9@O9 
(##�') < D9CDB7D4@@<DG9@O9 #�' (%##�'). %FDG>FGD4 < Q?9@9AFO C4@SF< #�'. 

10. #D<AJ<CO 4A4?B7B6B= EI9@BF9IA<><. �<HH9D9AJ<4?PAO9 >4E>48O (��) 
[8,9]. 

11. "C9D4F<6AO9 GE<?<F9?< ("') < 4A4?B7B6O9 GEFDB=EF64 A4 <I BEAB69. 
%I9@BF9IA<K9E><9 64D<4AFO "' [4,8,9]. 

12. "EAB6AO9 I4D4>F9D<EF<>< < C4D4@9FDO "'. "EAB6AO9 ECBEB5O 6>?RK9- 
A<S "'. %G@@<DGRM<9 GE<?<F9?<. �B74D<H@<K9E><9 CD9B5D4;B64F9?<. �AF97D4- 
FBDO < 8<HH9D9AJ<4FBDO [4,8,9]. 

13. �A4?B7B-J<HDB6O9 < J<HDB-4A4?B7B6O9 CD9B5D4;B64F9?< (�*# < *�#). 
#DBEF9=L<9 64D<4AFO *�# [4,8,9]. 

14. %B6D9@9AAO9 >BAEFDG>J<< *�#. "EAB6AO9 C4D4@9FDO *�#. �?4EE<H<- 

>4J<S �*#. �*# CBE?98B64F9?PAB7B CD<5?<:9A<S [8,9]. 
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 4;89? 5. «�EAB6O CDB9>F<DB64A<S Q?9>FDBAAB= >B@CBA9AFAB= 54;O» 

1. "5M4S I4D4>F9D<EF<>4 CDBJ9EE4 CDB9>F<DB64A<S. B<8O < ECBEB5O CDB9>- 
F<DB64A<S Q?9>FDBAAB= >B@CBA9AFAB= 54;O [10-12]. 

2.  B89?< Q?9>FDBAAB= >B@CBA9AFB= 54;O A4 D4;?<KAOI QF4C4I CDB9>F<DB- 
64A<S [10-12]. 

3. �A4?<; < CDB9>F<DB64A<9 BEAB6AOI 64D<4AFB6  "# <A69DFBDB6 [12,13] 

4. �G?964 4?795D4 < ?B7<K9E>B9 @B89?<DB64A<9 [6] 

5.  9FB8B?B7<S CDB9>F<DB64A<S J<HDB6OI ��% [12,13]. 

6.  9FB8B?B7<S CDB9>F<DB64A<S 4A4?B7B-J<HDB6OI ��% [10-13]. 

7.  9FB8B?B7<S CDB9>F<DB64A<S J<HDB6OI GEFDB=EF6 6 54;<E9 #��% [10- 
13]. 

8.  B89?< E<7A4?B6 < @B89?< 54;B6OI ?B7<K9E><I Q?9@9AFB6 [10-13]. 

9. #DB9>F<DB64A<9 ;4>4;AOI J<HDB6OI � "# ��% E <ECB?P;B64A<9@ @9- 
FB84 EF4A84DFAOI SK99> [10-13]. 

10. #BASF<9 B >BAEFDG>F<6AB-F9IAB?B7<K9E><I ABD@4I @4ELF45<DG9@B= 
� "#-F9IAB?B7<< < BEAB6AO9 Q?9@9AFO >BAEFDG>J<< FBCB?B7<< � "# � � < 
;4>4;AOI ��%. �<;4=A FBCB?B7<< [10-13]. 

 

II. "D95B64A<S > GDB6AR CB87BFB6>< CBEFGC4Rщ97B 

#BEFGC4RM<= 8B?:9A: 
зAаmь: 
H<;<K9E><9 CD<AJ<CO D45BFO CD<5BDB6 < GEFDB=EF6 @<>DB- < A4ABQ?9>FDB- 

A<><; @9FB8O CDB9>F<DB64A<S F69D8BF9?PAOI CD<5BDB6 < GEFDB=EF6 @<>DB- < A4- 
ABQ?9>FDBA<><; @4F9D<4?O < F9IAB?B7<K9E><9 CDBJ9EEO <ECB?P;G9@O9 A4 QF4C4I 
D4;D45BF>< < CDB<;6B8EF64 CD<5BDB6 < GEFDB=EF6 @<>DB- < A4ABQ?9>FDBA<><; BE- 
AB6AO9 CBASF<S, ;4>BAB@9DABEF< < @9FB8O @4F9@4F<K9E>B7B @B89?<DB64A<S, 
CD<@9AS9@O9 8?S @B89?<DB64A<S @<>DB- < A4AB>B@CBA9AFB6 <AF97D4?PAOI EI9@; 
B5MGR I4D4>F9D<EF<>G CDBJ9EE4 CDB9>F<DB64A<S Q?9>FDBAAB= >B@CBA9AFAB= 54- 
;O; CDB7D4@@AO9 ED98EF64 @B89?<DB64A<S B5N9>FB6 < CDBJ9EEB6 6 Q?9>FDBA<>9 < 
A4ABQ?9>FDBA<>9; BEAB6AO9 I4D4>F9D<EF<>< 4A4?B7B6OI < J<HDB6OI GEFDB=EF6; 
BEAB6O 6OEB>BGDB6A96OI S;O>B6 BC<E4A<S 4CC4D4FAOI ED98EF6 VHDL/Verilog 8?S 
CDB9>F<DB64A<S J<HDB6OI GEFDB=EF6; BEAB6AO9 CBASF<S F9BD<< A489:ABEF< <A- 

F97D4?PAOI EI9@; 
y@emь: 
EFDB<FP H<;<K9E><9 < @4F9@4F<K9E><9 @B89?< CB?GCDB6B8A<>B6OI CD<5B- 

DB6, EI9@ < GEFDB=EF6 Q?9>FDBA<>< < A4ABQ?9>FDBA<>< D4;?<KAB7B HGA>J<BA4?P- 
AB7B A4;A4K9A<S, 4 F4>:9 <ECB?P;B64FP A4 CD4>F<>9 ED98EF64 %�#$ 8?S <I >B@- 

CPRF9DAB7B @B89?<DB64A<S; 6OCB?ASFP D4EK9F < CDB6B8<FP CDB9>F<DB64A<9 CB?G- 
CDB6B8A<>B6OI CD<5BDB6, EI9@ < GEFDB=EF6 D4;?<KAB7B HGA>J<BA4?PAB7B A4;A4- 
K9A<S 6 EBBF69FEF6<< E F9IA<K9E><@ ;484A<9@ E <ECB?P;B64A<9@ ED98EF6 %�#$ 
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в?а45ть: 
F9BD9F<K9E><@< E6989A<S@<, A9B5IB8<@O@< 8?S 6O5BD4 @4F9D<4?4 < >BA- 

EFDG>J<< CB?GCDB6B8A<>B6OI CD<5BDB6; @9FB84@< D4EK9F4 C4D4@9FDB6 < BEAB6- 
AOI I4D4>F9D<EF<> @B89?9= CD<5BDB6 < GEFDB=EF6 @<>DB- < A4ABQ?9>FDBA<><; @9- 
FB84@< @4F9@4F<K9E>B7B @B89?<DB64A<S CD<5BDB6 < F9IAB?B7<K9E><I CDBJ9EEB6; 
@9FB84@< CDB9>F<DB64A<S EB6D9@9AAB= Q?9>FDBAAB= >B@CBA9AFAB= 54;O < F9IAB- 

?B7<K9E><I CDBJ9EEB6 Q?9>FDBA<>< < A4ABQ?9>FDBA<><; CDB7D4@@AO@< ED98EF64- 
@< @B89?<DB64A<S, BCF<@4?PAB7B CDB9>F<DB64A<S < >BAEFDG<DB64A<S CD<5BDB6, 
EI9@ < GEFDB=EF6 Q?9>FDBA<>< < A4ABQ?9>FDBA<>< D4;?<KAB7B HGA>J<BA4?PAB7B 
A4;A4K9A<S; 

 

III. �D<F9D<< BJ9A<64A<S D45BF CBEFGC4Rщ<I 

BEFGC<F9?PAB9 <ECOF4A<9 6 @47<EFD4FGDG CDBIB8<F 6 6<89 C<EP@9AAB7B 
F9EF<DB64A<S. $9;G?PF4FO F9EF<DB64A<S BJ9A<64RFES CB 100-54??PAB= L>4?9. 

�4:8O= 5<?9F EB89D:<F 15 F9EFB6OI 6BCDBEB6. BBCDBEO 89?SFES CB >4F97B- 
D<S@ E?B:ABEF<: 10 6BCDBEB6 >4F97BD<< � (BJ9A<64RFES CB 5 54??B6 >4:8O=) < 5 
6BCDBEB6 >4F97BD<< B (BJ9A<64RFES CB 10 54??B6 >4:8O=). %G@@4DA4S BJ9A>4 A9 
CD96OL49F 100 54??B6. 

#DB8B?:<F9?PABEFP 6EFGC<F9?PAB7B <ECOF4A<S – 2 4>489@<K9E><I K4E4 (90 

@<AGF). 
 

 

IV. �D<@9DO F9EFB6OI ;484A<= 

�484A<S >4F97BD<< A 

���Е" №1 

�BCDBE 1. 

�4><9 CB?GCDB6B8A<>< BFABESFES > EB98<A9A<S@ �3B5 

1 2 3 4 

GaAs, InP ZnS, CdS ZnO, SnO2 Si, Ge 

ПравuлPнO= oтвет: № 1 

 

�BCDBE 2. 

BO59D<F9 �*� CDBEFD4AEF69AAGR D9L9F>G >D<EF4??<K9E><I E<EF9@ 

1 2 3 4 
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1. 1100 

2. 0100 

3. 0001 

4. 1110 

A 0 0 1 1 

B 0 1 0 1 

Y ? ? ? ? 

 

Прав<лPнO= oтвет: № 3 

�484A<S >4F97BD<< A 

���Е" № 2 

�BCDBE 1. 

�4><9 FBK9KAO9 89H9>FO 6 F69D8B@ F9?9 S6?SRFES F9D@B8<A4@<K9E>< D46- 
AB69EAO@<: 

1. FD4AE@GF4J<BAAO9; 
2. D48<4J<BAAO9; 
3. F9D@<K9E><9 ; 
4. <BAAB-<@C?4AF<DB64AAO9 

Прав<лPнO= oтвет: № 3 

�BCDBE 2. 

'>4:<F9 C?BE>BEFP (010) 6 >G5<K9E>B@ >D<EF4??9 E CB@BMPR <A89>EB6  <??9D4 
 

1 2 3 4 

  
  

Прав<лPнO= oтвет: № 2 

�484A<S >4F97BD<< � 
���Е" №1 

�BCDBE 1. 

%C9>FD HGA84@9AF4?PAB7B BCF<K9E>B7B CB7?BM9A<S >D9@A<S BC<EO64RFES ;4- 
6<E<@BEFPR >BQHH<J<9AF4 CB7?BM9A<S BF QA9D7<< >64AF4 E69F4 6<84: 

1 2 3 4 

α ~ f(hν)2 α ~ f(hν)1/2 α ~ f(hν)3/2 α ~ f(hν) 
Прав<лPнO= oтвет: 1 

�BCDBE 2. 

#B ?B7<K9E>B= EI9@9 69AF<?S ;4CB?A<F9 97B F45?<JG <EF<AABEF< 
 



8 

 (��"' B" «B�&'», B�&' 

#$"�$�  � 

B%&'#�&��0!"�" �%#/&�!�3 #$� #$�� � !� "�'+�!�� #" #$"�$�  �   ���- 

%&$�&'$/  !�#$�B��!�3 11.04.04 «Э?9>FDBA<>4 < A4ABQ?9>FDBA<>4» 

 

 

Прав<лPнO= oтвет: 4 

�484A<S >4F97BD<< � 
���Е" №2 

�BCDBE 1. 

�4>B= C4D4@9FD HBD@G?O BG?PH4-�DQ77B6 2dSinӨ = kλ <;@9AS9FES CD< 8<- 

HD4>J<< �954S-,9D9D4: 
1. D4;@9DO >D<EF4??B6; 
2. @9:C?BE>BEFAO9 D4EEFBSA<S d; 

3. G7B? Ө; 
4. 8?<A4 6B?AO D9AF79AB6E>B7B <;?GK9A<S λ. 

Прав<лPнO= oтвет: № 3 

�BCDBE 2. 

'CDBEF<F9 HGA>J<R Y = F (A, B, C) <ECB?P;GS >4DFG �4DAB. 

 

Прав<лPнO= oтвет: № 1 

1. AC + B 

2. AC + B 

3. A + BC 

4. A + BC 
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 (��"' B" «B�&'», B�&' 

#$"�$�  � 

B%&'#�&��0!"�" �%#/&�!�3 #$� #$�� � !� "�'+�!�� #" #$"�$�  �   ���- 

%&$�&'$/  !�#$�B��!�3 11.04.04 «Э?9>FDBA<>4 < A4ABQ?9>FDBA<>4» 
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