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1. Ц5;P 8 ?;0=8@C5<O5 @57C;PB0BO >A2>5=8O 48AF8?;8=O 

*9?PR BE6B9A<S 8<EJ<C?<AO S6?S9FES HBD@<DB64A<9 E?98GRM<I >B@C9F9AJ<=: 
– "#�-10 – %CBEB59A 4A4?<;<DB64FP F9A89AJ<< D4;6<F<S @9FB8B6 < ED98EF6 

>D<CFB7D4H<K9E>B= ;4M<FO <AHBD@4J<<, <ECB?P;B64FP ED98EF64 >D<CFB7D4H<K9E>B= 
;4M<FO <AHBD@4J<< CD< D9L9A<< ;484K CDBH9EE<BA4?PAB= 89SF9?PABEF<. 

– "#�-13 – %CBEB59A D4;D454FO64FP >B@CBA9AFO CDB7D4@@AOI < CDB7D4@@AB-
4CC4D4FAOI ED98EF6 ;4M<FO <AHBD@4J<< 6 >B@CPRF9DAOI E<EF9@4I < CDB6B8<FP 4A4?<; 
<I 59;BC4EABEF<. 

– #�-3 – %CBEB59A CDB9>F<DB64FP CDB7D4@@AB-4CC4D4FAO9 ED98EF6 ;4M<FO 
<AHBD@4J<< >B@CPRF9DAOI E<EF9@ < E9F9=. 

$9;G?PF4F4@< BE6B9A<S 8<EJ<C?<AO S6?SRFES E?98GRM<9 <A8<>4FBDO 8BEF<:9A<S 
>B@C9F9AJ<=: 

�"#�-10.1 "EGM9EF6?S9F 4A4?<; F9A89AJ<= D4;6<F<S @9FB8B6 < ED98EF6 
>D<CFB7D4H<K9E>B= ;4M<FO <AHBD@4J<<. 

�"#�-10.2 #D<@9AS9F ED98EF64 >D<CFB7D4H<K9E>B= ;4M<FO <AHBD@4J<< CD< 
D9L9A<< ;484K CDBH9EE<BA4?PAB= 89SF9?PABEF<. 

�"#�-13.1 #D98CD<A<@49F A9B5IB8<@O9 89=EF6<S CB E5BDG < 4A4?<;G <EIB8AOI 
84AAOI 8?S CDB9>F<DB64A<S >B@CBA9AF CDB7D4@@AOI < CDB7D4@@AB-4CC4D4FAOI ED98EF6 
;4M<FO <AHBD@4J<< 6 >B@CPRF9DAOI E<EF9@4I. 

�"#�-13.2 "CD989?S9F C4D4@9FDO HGA>J<BA<DB64A<S, 4DI<F9>FGDG < <AF9DH9=EO 
>B@CBA9AF CDB7D4@@AOI < CDB7D4@@AB-4CC4D4FAOI ED98EF6 ;4M<FO <AHBD@4J<< 6 
>B@CPRF9DAOI E<EF9@4I. 

�"#�-13.3 #DB6B8<F 4A4?<; >B@CBA9AF CDB7D4@@AOI < CDB7D4@@AB-4CC4D4FAOI 
ED98EF6 ;4M<FO <AHBD@4J<< 6 >B@CPRF9DAOI E<EF9@4I E J9?PR BCD989?9A<S GDB6AS 
B59EC9K<649@B= <@< ;4M<M9AABEF< < 8B69D<S. 

�#�-3.2 $4;D45BF>4 CDB9>FB6 CDB7D4@@AOI < 4CC4D4FAOI ED98EF6 ;4M<FO 
<AHBD@4J<< 6 EBBF69FEF6<< E F9IA<K9E><@ ;484A<9@. 

2. �040G8 >A2>5=8O 48AF8?;8=O 

 %HBD@<DB64FP >B@C9F9AJ<< 6 B5?4EF< CDB9>F<DB64A<S, CD<@9A9A<S < 4A4?<;4 
59;BC4EABEF< CDB7D4@@AB-4CC4D4FAOI ED98EF6 >D<CFB7D4H<K9E>B= ;4M<FO 
<AHBD@4J<<: 1) EHBD@<DB64FP A46O>< <ECB?P;B64A<S <AEFDG@9AFB6 
46FB@4F<;<DB64AAB7B CDB9>F<DB64A<S J<HDB6OI GEFDB=EF6 A4 BEAB69 
CDB7D4@@<DG9@OI ?B7<K9E><I <AF97D4?PAOI EI9@; 2) EHBD@<DB64FP A46O>< 
<ECB?P;B64A<S S;O>4 VHDL CD< CDB9>F<DB64A<< ED98EF6 ;4M<FO <AHBD@4J<< < 
4CC4D4FAB= D94?<;4J<< >D<CFB7D4H<K9E><I 4?7BD<F@B6. 

3. М5AB> 48AF8?;8=O 2 AB@C:BC@5 >1@07>20B5;P=>9 ?@>3@0<<O 

�<EJ<C?<A4 BFABE<FES > K4EF< B5D4;B64F9?PAB= CDB7D4@@O, HBD@<DG9@B= 
GK4EFA<>4@< B5D4;B64F9?PAOI BFABL9A<=. �<EJ<C?<A4 6IB8<F 6 @B8G?P 
«%C9J<4?<;4J<S». 

4. %5<5AB@(O) >A2>5=8O 8 D>@<0(O) ?@><56CB>G=>9 0BB5AB0F88 ?> 48AF8?;8=5 

�96SFO= E9@9EFD, ;4K9F E BJ9A>B= 

5. ВE>4=O5 B@51>20=8O 4;O >A2>5=8O 48AF8?;8=O 

�?S GEC9LAB7B BE6B9A<S 8<EJ<C?<AO FD95GRFES D9;G?PF4FO B5GK9A<S CB 
E?98GRM<@ 8<EJ<C?<A4@: �<E>D9FA4S @4F9@4F<>4, &9BD<S 46FB@4FB6,  1?9>FDBA<>4 < 
EI9@BF9IA<>4,  9FB8O < ED98EF64 >D<CFB7D4H<K9E>B= ;4M<FO <AHBD@4J<<. 



6. /7O: @50;870F88 

$GEE><= 

7. �1N5< 48AF8?;8=O 

"5M4S FDG8B9@>BEFP 8<EJ<C?<AO EBEF46?S9F 3 ;.9., 108 K4EB6, <; >BFBDOI: 
-?9>J<<: 32 K. 
-?45BD4FBDAO9: 32 K. 
   6 FB@ K<E?9 CD4>F<K9E>4S CB87BFB6>4: 32 K. 
"5N9@ E4@BEFBSF9?PAB= D45BFO EFG89AF4 BCD989?9A GK95AO@ C?4AB@. 

8. %>45@60=85 48AF8?;8=O, AB@C:BC@8@>20==>5 ?> B5<0< 

 

&9@4 1. "EAB6O F9IAB?B7<< #��% 

 �?4EE<H<>4J<S < 4DI<F9>FGD4 #��%.  
 #DB<;6B8<F9?< < B5?4EF< CD<@9A9A<S #��%. 
 "5;BD I4D4>F9D<EF<> #��% D4;AOI CDB<;6B8<F9?9=.  

 

&9@4 2. "EAB6O CDB9>F<DB64A<S J<HDB6OI GEFDB=EF6 
 �4;B6O9 Q?9@9AFO J<HDB6OI GEFDB=EF6 
 #DB9>F<DB64A<9 >B@5<A4J<BAAOI EI9@.  
 #DB9>F<DB64A<9 CBE?98B64F9?PAOI EI9@.  
 $94?<;4J<S >BA9KAOI 46FB@4FB6 A4 #��% 

&9@4 3. 3;O> BC<E4A<S 4CC4D4FGDO VHDL 

 %FDG>FGDAB9 < CB6989AK9E>B9 BC<E4A<9 J<HDB6B7B GEFDB=EF64.  
 �AF9DH9=E < 4DI<F9>FGD4. "C9D4FBDO. (GA>J<<. #DBJ98GDO.   
 #BE?98B64F9?PAO9 BC9D4FBDO.  
 #4D4??9?PAO9 BC9D4FBDO.  
 "CF<@<;4J<S C4D4@9FDB6 CDB9>F4.  
 

&9@4 4. %�#$ Xilinx WebPack ISE 

 %B;84A<9 CDB9>F4.  
 #B6989AK9E>B9 BC<E4A<9 CDB9>F4.  
 %FDG>FGDAB9 BC<E4A<9 CDB9>F4.   
 (GA>J<BA4?PAB9 @B89?<DB64A<9 CDB9>F4.  
 

&9@4 5. �D<CFB7D4H<S A4 #��% 

 "EAB6O 4CC4D4FAB= D94?<;4J<< 5?BKAOI < CBFBKAOI L<HDB6 
 �CC4D4FA4S D94?<;4J<< Q?9@9AFB6 5?BKAOI < CBFBKAOI L<HDB6 A4 #��% 

 �DI<F9>FGD4 >D<CFB7D4H<K9E>B7B EBCDBJ9EEBD4 A4 #��%. 
  

&9@4 6. %D98EF64 ;4M<FO <AHBD@4J<< A4 #��% 

 �B69D9AA4S ;47DG;>4 "% A4 54;9 #��%. 1?9>FDBAAO9 ;4@><. 
 �4M<F4 <AHBD@4J<< A4 54;9 4CC4D4FAOI L<HD4FBDB6 
 

9. &5:CM89 :>=B@>;P ?> 48AF8?;8=5 

&9>GM<= >BAFDB?P CB 8<EJ<C?<A9 CDB6B8<FES CGF9@ >BAFDB?S CBE9M49@BEF<, 
CDB6989A<S ?45BD4FBDAOI D45BF, 6OCB?A9A<S >BAFDB?PAOI ;484A<= CB <;GK9AAB@G 
?9>J<BAAB@G @4F9D<4?G < H<>E<DG9FES 6 HBD@9 >BAFDB?PAB= FBK>< A9 @9A99 B8AB7B D4;4 6 
E9@9EFD. 



#D4>F<K9E>4S CB87BFB6>4 BJ9A<649FES CB D9;G?PF4F4@ 6OCB?A9AAOI ?45BD4FBDAOI 
D45BF. 

 

&<CB6O9 64D<4AFO ;484A<= 8?S ?45BD4FBDAOI D45BF:  
 

1. "EAB6O D45BFO 6 %�#$ WebPack ISE. �;GK<FP QF4CO CDB9>F<DB64A<S J<HDB6OI 
GEFDB=EF6 A4 54;9 #��% < 6B;@B:ABEF< CB?P;B64F9?PE>B7B <AF9DH9=E4 %�#$ 
WebPack ISE.  

2. $94?<;4J<S A4 #��% >B@CBA9AF EB6D9@9AAOI 5?BKAOI L<HDB6.  "FD45BF4FP A46O>< 
EFDG>FGDAB7B (6 6<89 ?B7<K9E>B= EI9@O) < CB6989AK9E>B7B (A4 S;O>9 VHDL) 
BC<E4A<S >B@CBA9AF EB6D9@9AAOI 5?BKAOI L<HDB6: P-5?B>B6, S-5?B>B6 < 8D., 4 
F4>:9 BFD45BF4FP A46O>< HGA>J<BA4?PAB7B @B89?<DB64A<S CDB9>FB6 6 %�#$ 
WebPack ISE.  

3. $94?<;4J<S A4 #��% >B@CBA9AF EB6D9@9AAOI CBFBKAOI L<HDB6. �;GK<FP BEAB6O 
CDB9>F<DB64A<S CBFBKAOI L<HDB6 A4 54;9 D97<EFDB6 E86<74 E ?<A9=AB= B5D4FAB= 
E6S;PR, BFD45BF4FP A46O>< EFDG>FGDAB7B < CB6989AK9E>B7B BC<E4A<S >B@CBA9AF 
EB6D9@9AAOI CBFBKAOI L<HDB6 

4. $4;D45BF>4 4CC4D4FAB7B 4AF<6<DGE4 A4 54;9 J<>?<K9E>B7B <;5OFBKAB7B >B84. 
#B?GK<FP A46O>< CDB9>F<DB64A<S 4CC4D4FAOI ED98EF6 ;4M<FO <AHBD@4J<<, 
BFD45BF4FP A46O>< BC<E4A<S < @B89?<DB64A<S CDB9>FB6 6 %�#$ WebPack ISE. 

5. $94?<;4J<S A4 #��% 46FB@4FAB7B L<HD4FBD4. �;GK<FP BEAB6AO9 CBASF<S F9BD<< 
46FB@4FAOI L<HDB6, ECBEB5O BC<E4A<S J<HDB6OI 46FB@4FB6 A4 S;O>9 VHDL, 
ECBEB5O >B8<DB64A<S EBEFBSA<= J<HDB6B7B 46FB@4F4, CB?GK<FP A46O>< 
CDB9>F<DB64A<S J<HDB6OI 46FB@4FB6, BFD45BF4FP A46O>< BC<E4A<S < @B89?<DB64A<S 
CDB9>FB6 6 %�#$ WebPack ISE. 

 

&<CB6O9 >BAFDB?PAO9 ;484A<S 8?S F9>GM97B >BAFDB?S:  
 

1. �DI<F9>FGD4 #��%. �O5D4FP #��% >BA>D9FAB7B CDB<;6B8<F9?S < >BA>D9FAB7B 
E9@9=EF64 (?<A9=><). �ECB?P;GS CD98BEF46?9AAO9 <EFBKA<>< <AHBD@4J<< (E4=FO 
CDB<;6B8<F9?9= #��%, B5;BDAO9 EF4FP< < 8D.), <;GK<FP 4DI<F9>FGDG < 
I4D4>F9D<EF<>< #��%,  A4C<E4FP @<A<-D9H9D4F < <;4M<F<FP= 97B CD9CB8464F9?R. 

2. %<AF9; GEFDB=EF64 GCD46?9A<S >BH9-@4L<AB=. "C<E4FP A4 A9HBD@4?PAB@ S;O>9 
CB6989A<9 GEFDB=EF64 GCD46?9A<S >BH9-@4L<AB=, >BFBD4S 6O849F 864/FD< 6<84 
A4C<F>B6 (>BH9, K4=, >64E) D4;AB= EFB<@BEF<, ;4F9@ CBEFDB<FP @B89?P GEFDB=EF64 A4 
BEAB69 >BA9KAB7B 46FB@4F4, 84?99 E<AF9;<DB64FP EFDG>FGDAO= 46FB@4F >BH9-@4L<AO 
< <;4M<F<FP= CDB9>F. 

3. %B6D9@9AAO9 <EE?98B64A<S 6 B5?4EF< 4CC4D4FAOI D94?<;4J<= >D<CFB7D4H<K9E><I 
4?7BD<F@B6. �ECB?P;GS CD98BEF46?9AAO= 54A> A4GKAOI EF4F9=, 6O5D4FP A9E>B?P>B 
EF4F9= CB <AF9D9EGRM9= F9@4F<>9, <;GK<FP < CDB69EF< >D<F<K9E><= 4A4?<; 
@4F9D<4?4, D4;D45BF4FP CD9;9AF4J<R 8B>?484, 6OEFGC<FP E 8B>?48B@, BF69F<FP A4 
6BCDBEO, 6OE?GL4FP < BJ9A<FP 6OEFGC?9A<S 8DG7<I GK4EFA<>B6 A4GKAB7B E9@<A4D4.   

 

�OCB?A9A<9 ?45BD4FBDAB= D45BFO/>BAFDB?PAB7B ;484A<S BJ9A<649FES 6 100 54??B6: 
0-20 %FG89AF A9 D4;5<D49FES 6 ;484K9, A9 ;A49F @9FB8B6 D9L9A<S, A9 BF69K49F, ?<5B 

BF69K49F, AB E 7DG5O@< BL<5>4@< A4 6BCDBEO CD9CB8464F9?S.  



21-40 %FG89AF E?45B D4;5<D49FES 6 ;484K9, C?BIB ;A49F @9FB8O D9L9A<S, A9 
BF69K49F, ?<5B BF69K49F, AB E BL<5>4@< A4 6BCDBEO CD9CB8464F9?S.  

41-60 %FG89AF 6 J9?B@ G8B6?9F6BD<F9?PAB D4;5<D49FES 6 ;484K9, <ECB?P;G9F @9FB8O 

D9L9A<S CD< CB8E>4;>9 CD9CB8464F9?S, BF69K49F A4 6BCDBEO A9G69D9AAB, AB E A97DG5O@< 
BL<5>4@<. #D98EF46?S9F D45BFG A4 ;4M<F9 G8B6?9F6BD<F9?PAB.  

61-80 %FG89AF  6  J9?B@  G69D9AAB  D4;5<D49FES  6  ;484K9,  ;A49F  <  <ECB?P;G9F  
@9FB8O D9L9A<S  CD4>F<K9E><  E4@BEFBSF9?PAB,  BF69K49F  A4  6BCDBEO  E  ;4@9K4A<S@<. 
#D98EF46?S9F D45BFG A4 ;4M<F9 6 J9?B@ IBDBLB, E ;4@9K4A<S@<.  

81-100 %FG89AF  BF?<KAB  D4;5<D49FES  6  ;484K9,  ;A49F  <  <ECB?P;G9F  @9FB8O  
D9L9A<S E4@BEFBSF9?PAB, BF69K49F A4 6BCDBEO G69D9AAB. #D98EF46?S9F D45BFG A4 ;4M<F9 
BF?<KAB, G69D9AAB.  

 

�BCGE>B@ 8B ;4K9F4 E BJ9A>B=  S6?S9FES  6OCB?A9A<9  80%  ?45BD4FBDAOI  D45BF < 
>BAFDB?PAOI ;484A<=, E  BJ9A>B=  ;4 >4:8GR A9 @9A99 55 54??B6. 

10. �>@O4>: ?@>2545=8O 8 :@8B5@88 >F5=820=8O ?@><56CB>G=>9 0BB5AB0F88 

#DB@9:GFBKA4S 4FF9EF4J<S BEGM9EF6?S9FES A4 BEAB69 6OCB?A9A<S >BAFDB?PAOI 
;484A<= < ?45BD4FBDAOI D45BF, 4 F4>:9 CB D9;G?PF4F4@ BF69FB6 EFG89AF4 6 
GEFAB=/C<EP@9AAB= HBD@9 A4 A9E>B?P>B >BAFDB?PAOI 6BCDBEB6 CB 6E9@G >GDEG.  

 

#D<@9DAO= C9D9K9AP 6BCDBEB6 > ;4K9FG E BJ9A>B=:    

 

1. "5M<9 E6989A<S B5 <AF97D4?PAOI EI9@4I. 
2. #D98L9EF69AA<>< @<>DBEI9@ CDB7D4@@<DG9@B= ?B7<><.  
3. #DBEFO9 CDB7D4@@<DG9@O9 ?B7<K9E><9 GEFDB=EF64.  
4. %?B:AO9 CDB7D4@@<DG9@O9 ?B7<K9E><9 GEFDB=EF64.  
5. �?4EE<H<>4J<S <AF97D4?PAOI EI9@ CDB7D4@@<DG9@B= ?B7<><.  
6. �DI<F9>FGD4 #��%.  
7. �BAH<7GD<DG9@O= ?B7<K9E><= 5?B> 
8. "5M<9 E6989A<S B CDB9>F<DB64A<< >B@5<A4J<BAAOI EI9@.  
9. "5M<9 E6989A<S B CDB9>F<DB64A<< CBE?98B64F9?PAOI EI9@.  
10. &<CB6O9 HGA>J<BA4?PAO9 G;?O J<HDB6OI GEFDB=EF6.  
11. 1F4CO D4;D45BF>< J<HDB6OI GEFDB=EF6 A4 #��%. 
12. "EAB6AO9 CDB<;6B8<F9?< #��% (54;B6O9 I4D4>F9D<EF<><).  
13. "5?4EF< CD<@9A9A<S #��%.  
14. 3;O> VHDL. %FDG>FGDAB9 BC<E4A<9 J<HDB6B7B GEFDB=EF64.  
15. 3;O> VHDL. #B6989AK9E>B9 BC<E4A<9 J<HDB6B7B GEFDB=EF64.  
16. 3;O> VHDL. &<CO 84AAOI.  
17. 3;O> VHDL. �AF9DH9=E < 4DI<F9>FGD4 B5N9>F4.  
18. 3;O> VHDL. #BASF<9 E<7A4?4.  
19. 3;O> VHDL. #BE?98B64F9?PAO9 BC9D4FBDO.  
20. 3;O> VHDL. #4D4??9?PAO9 BC9D4FBDO.  
21. 3;O> VHDL. (GA>J<<.  
22. 3;O> VHDL. #DBJ98GDO.  
23. 3;O> VHDL. �B@CBA9AFO.  
24. %�#$ Xilinx WebPack ISE. %B;84A<9 CDB9>F4.  
25. %�#$ Xilinx WebPack ISE. #B6989AK9E>B9 BC<E4A<9 CDB9>F4.  
26. %�#$ Xilinx WebPack ISE. %FDG>FGDAB9 BC<E4A<9 CDB9>F4.   
27. %�#$ Xilinx WebPack ISE.  (GA>J<BA4?PAB9 @B89?<DB64A<9 CDB9>F4.  
28. �BEFB<AEF64 < A98BEF4F>< 4CC4D4FAB= D94?<;4J<S >D<CFB7D4H<K9E><I 4?7BD<F@B6. 
29. "EAB6O 4CC4D4FAB= D94?<;4J<< L<HDB6 A4 CD<@9D9 DES.  
30. �CC4D4FA4S D94?<;4J<S CBFBKAOI L<HDB6 A4 54;9 LFRS.  



31. �CC4D4FAO9 L<HD4FBDO < Q?9>FDBAAO9 ;4@><.  
32. "F9K9EF69AAO9 4CC4D4FAO9 ED98EF64 ;4M<FO <AHBD@4J<<. 

$9;G?PF4FO ;4K9F4 E BJ9A>B= BCD989?SRFES BJ9A>4@< «BF?<KAB», «IBDBLB», 
«G8B6?9F6BD<F9?PAB», «A9G8B6?9F6BD<F9?PAB». �D<F9D<< 6OEF46?9A<S BJ9AB>:  

"F?<KAB - EFG89AF 6 EB69DL9AEF69 B6?489? 6E9@< F9BD9F<K9E><@< 6BCDBE4@< 
B5S;4F9?PAB7B @4F9D<4?4 CB D4;89?4@ ?9>J<BAAB7B >GDE4, CB>4;4? 6E9 FD95G9@O9 G@9A<S < 
A46O>< CD< 6OCB?A9A<< ;484A<= A4 ?45BD4FBDAOI ;4ASF<SI. 

)BDBLB - EFG89AF B6?489? B5S;4F9?PAO@ @4F9D<4?B@ CB D4;89?4@ ?9>J<BAAB7B 
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A46O>< CD< 6OCB?A9A<< ;484A<= A4 ?45BD4FBDAOI ;4ASF<SI. 

'8B6?9F6BD<F9?PAB - EFG89AF <@99F A98BEF4FBKAB 7?G5B><9 ;A4A<S CB 
F9BD9F<K9E><@ D4;89?4@ B5S;4F9?PAB7B @4F9D<4?4 8<EJ<C?<AO, AB CB>4;4? 6E9 FD95G9@O9 
G@9A<S < A46O>< CD< 6OCB?A9A<< ;484A<= A4 ?45BD4FBDAOI ;4ASF<SI. 

!9G8B6?9F6BD<F9?PAB - EFG89AF  <@99F EGM9EF69AAO9 CDB59?O CB BF89?PAO@ 
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A46O>< CD< 6OCB?A9A<< ;484A<= A4 ?45BD4FBDAOI ;4ASF<SI. 
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�?S 6OCB?A9A<S ?45BD4FBDAB= D45BFO A9B5IB8<@B: 
1. �;GK<FP @9FB8<K9E><9 G>4;4A<S CB 6OCB?A9A<R ?45BD4FBDAB= D45BFO. 

2. $94?<;B64FP A4 #��% A9B5IB8<@O= >B@CBA9AF EB6D9@9AAB7B L<HD4. 
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