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3.1 &8?>2>5 :>=B@>;P=>5 7040=85 4;S @5H5=8S @07=>C@>2=52OE 7040G 

 

�4D<4AFO D4;ABGDB6A96OI ;484A<= 6O?B:9AO 6 Q?9>FDBAAB= <AHBD@4J<BAAB-
B5D4;B64F9?PAB= ED989 �45��&, 8BEFGCAB= B5GK4RM9@GES K9D9; 97B ?<KAO= >45<A9F. 

!<:9 CD<6989A B5D4;9J F<CB6B7B 64D<4AF4 D4;ABGDB6A96B= ;484K< CB F9@9, CD98GE@BFD9AAB= 
D45BK9= CDB7D4@@B=. 

 

"5D4;9J F<CB6B7B 64D<4AF4 D4;ABGDB6A96B7B ;484A<S 
CB F9@9 «%F4F<K9E><9 @B89?<» 

 

�040=85 @5:>=AB@C:B82=>3> C@>2=S 
 

#B ;484AAB@G 64D<4AFG D9L<F9 E<EF9@G ?<A9=AOI GD46A9A<= @9FB8B@ CDB7BA>< %��': 

1. 

     
      

       
      
   

ü

ý

ÿ
ÿÿ

þ

ÿ
ÿ
ÿ

11 9 122

5 15 2 48

8 11 3 14

6 15 4 50

3 6 42

1 2

1 2 3

2 3 4

3 4 5

4 5

x x

x x x

x x x

x x x

x x

             2.

10 5 120

3 10 2 91

2 9 5 5

5 16 4 74

8 16 56

1 2

1 2 3

2 3 4

3 4 5

4 5

    
      

     
      
     

ü

ý

ÿ
ÿ
ÿ

þ

ÿ
ÿ
ÿ

x x

x x x

x x x

x x x

x x

 

 

 

3.2 #5@5G5=P B8?>2OE 2>?@>A>2 =0 A>15A54>20=85 
 

"5D4;9J F<CB6B7B 64D<4AF4 EB59E98B64A<S CB D4;89?G $0745; 2. %B0B8G5A:85 ;8=59=O5 8 
=5;8=59=O5 <>45;8. 

 

1. +FB CD98EF46?S9F EB5B= @9FB8 8<HH9D9AJ<4?PAOI GD46A9A<=? 

2. +FB CD98EF46?S9F EB5B= @9FB8 H4;B6B7B CDBEFD4AEF64? 

3. "EB59AABEF< CD<@9A9A<S @9FB84 H4;B6B= C?BE>BEF< 8?S ?<A9=AOI E<EF9@? 

4. +FB CD98EF46?SRF EB5B= @9FB8O CBEFDB9A<S H4;B6OI CBDFD9FB6? 

5. "EB59AABEF< CBEFDB9A<S H4;B6B7B CBDFD9F4 A9?<A9=AB= E<EF9@O? 
 

3.3 #5@5G5=P B8?>2OE 2>?@>A>2 : ;01>@0B>@=O< @01>B0< 

 

�4D<4AFO 6BCDBEB6 8?S ;4M<FO ?45BD4FBDAOI D45BF 6O?B:9AO 6 Q?9>FDBAAB= 
<AHBD@4J<BAAB-B5D4;B64F9?PAB= ED989 �45��& �D�'#%, 8BEFGCAB= B5GK4RM9@GES K9D9; 97B 
?<KAO= >45<A9F. !<:9 CD<6989A B5D4;9J F<CB6OI 64D<4AFB6 ;484A<= 8?S ;4M<FO ?45BD4FBDAOI 
D45BF, CD98GE@BFD9AAOI D45BK9= CDB7D4@@B=. 

 

�45BD4FBDA4S D45BF4 №1. *9C< CBEFBSAAB7B FB>4 6 ED989 Matlab 

 

�BCDBEO 8?S ;4M<FO ?45BD4FBDAB= D45BFO: 
1.  9FB8B@ >BAFGDAOI FB>B6 D4EEK<F4=F9 FB>< 6 69F6SI EI9@O < ED46A<F9 CB?GK9AAO9 ;A4K9A<S E 

D9;G?PF4F4@< @B89?<DB64A<S. 
2. $4EEK<F4=F9 C489A<S A4CDS:9A<= A4 D9;<EFBD4I R3 < R4 < ED46A<F9 CB?GK9AAO9 ;A4K9A<S E 

CB>4;4A<S@< 6B?PF@9FDB6. 
3. �4><@ B5D4;B@ <; FD9I>B@CBA9AFAB7B RLC-5?B>4 CB?GK49FES B8AB>B@CBA9AFAO= R-5?B>? 

 



3.4 &8?>2O5 :>=B@>;P=O5 7040=8S 4;S ?@>2545=8S B5AB8@>20=8S 

 

#D< D4;D45BF>9 (&� CB 8<EJ<C?<A9 <ECB?P;B64A4 E?98GRM4S EI9@4: D4;89? 8<EJ<C?<AO, 
F9@O D4;89?4 8<EJ<C?<AO, >B?<K9EF6B F9EFB6OI ;484A<= < <I F<CO A4 >4:8GR F9@G, BHBD@?9AA4S 
6 6<89 F45?<JO «%FDG>FGD4 F9EFB6OI @4F9D<4?B6 CB 8<EJ<C?<A9 « 4F9@4F<K9E>B9 @B89?<DB64A<9 
E<EF9@ < CDBJ9EEB6»». 

%FDG>FGD4 F9EFB6OI @4F9D<4?B6 CB 8<EJ<C?<A9 
« 4F9@4F<K9E>B9 @B89?<DB64A<9 E<EF9@ < CDBJ9EEB6» 

$4;89? 8<EJ<C?<AO &9@4 D4;89?4 

�B?<K9EF6B 
F9EFB6OI 

;484A<=, F<CO 
&� 

$4;89? 1. #BASF<9 @B89?<, 
@B89?<DB64A<S. 
 4F9@4F<K9E>B= @B89?<. 

"EAB6AO9 CBASF<S < BCD989?9A<S. *9?< @B89?<DB64A<S.  
%6B=EF64 @B89?9=. #D<AJ<C 6O5BD4 @B89?<.  

)4D4>F9D<EF<>< FBKABEF< @B89?9=. 

64 – F<C � 

4 – F<C � 

4 – F<C % 

4 – F<C D 

$4;89? 2. %F4F<K9E><9 
?<A9=AO9 < A9?<A9=AO9 
@B89?<. 

$9L9A<9 E<EF9@O ?<A9=AOI GD46A9A<= @9FB8B@ CDB7BA>< %��'. 

$9L9A<9 E<EF9@O ?<A9=AOI GD46A9A<= @9FB8B@ �4GEE4. 

64 – F<C � 

4 – F<C � 

4 – F<C % 

4 – F<C D 

$4;89? 3. �<A4@<K9E><9 
@B89?< 

 B89?<DB64A<9 8<A4@<K9E><I E<EF9@. �@<F4J<BAAB9 
@B89?<DB64A<9 Q?9>FDBQA9D79F<><. 
'DB6A< 8BEFB69DABEF< @4F9@4F<K9E><I @B89?9=. 

64 – F<C � 

4 – F<C � 

4 – F<C % 

4 – F<C D 

$4;89? 4. %FDG>FGDAB9 
@B89?<DB64A<9. 

�A4>B@EF6B E CDB7D4@@B= MatLab. �A4>B@EF6B E CDB7D4@@B= 
MathCad. 

"EB59AABEF< @B89?<DB64A<S J9C9= CBEFBSAAB7B FB>4. 
"EB59AABEF< @B89?<DB64A<S J9C9= B8ABH4;AB7B C9D9@9AAB7B 
FB>4. "EB59AABEF< @B89?<DB64A<S J9C9= FD9IH4;AB7B 
C9D9@9AAB7B FB>4. "EB59AABEF< @B89?<DB64A<S E?B:AOI E<EF9@. 
 9FB8 8<HH9D9AJ<4?PAOI GD46A9A<=. 

 9FB8 H4;B6B7B CDBEFD4AEF64. 
#D<@9A9A<9 @9FB84 H4;B6B= C?BE>BEF< 8?S ?<A9=AOI E<EF9@. 

 9FB8O CBEFDB9A<S H4;B6OI CBDFD9FB6. 
�OCB?A9A<9 D97D9EE<BAAB7B 4A4?<;4 8?S ;484AAB7B GD46A9A<S 
?<A9=AB= D97D9EE<<. 

"CD989?9A<9 A4CD46?9A<S E6S;< @9:8G C9D9@9AAO@< ;484AAB7B 
GD46A9A<S ?<A9=AB= D97D9EE<<. 

�A4?<; B5M97B >4K9EF64 ;484AAB7B GD46A9A<S ?<A9=AB= 
D97D9EE<<. 

"CD989?9A<9 C4D4@9FDB6 GD46A9A<S ?<A9=AB= D97D9EE<< E 
CB@BMPR MS Ecxel. 

63 – F<C � 

3 – F<C � 

3 – F<C % 

3 – F<C D 

�6FBD: 
 

 4A<>B6E><= �.%. 

�FB7B 300: 

255 – F<C � 

15 – F<C � 

15 – F<C % 

15 – F<C D 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



%FDG>FGD4 <FB7B6B7B F9EF4 CB 8<EJ<C?<A9 
« 4F9@4F<K9E>B9 @B89?<DB64A<9 E<EF9@ < CDBJ9EEB6» 

 

$4;89? 8<EJ<C?<AO &9@4 D4;89?4 

�B?<K9EF6B 
F9EFB6OI 

;484A<=, F<CO 
&� 

$4;89? 1. #BASF<9 @B89?<, 
@B89?<DB64A<S. 
 4F9@4F<K9E>B= @B89?<. 

"EAB6AO9 CBASF<S < BCD989?9A<S. *9?< @B89?<DB64A<S.  
%6B=EF64 @B89?9=. #D<AJ<C 6O5BD4 @B89?<.  

)4D4>F9D<EF<>< FBKABEF< @B89?9=. 

5 – F<C � 

1 – F<C � 

1 – F<C % 

1 – F<C D 

$4;89? 2. %F4F<K9E><9 
?<A9=AO9 < A9?<A9=AO9 
@B89?<. 

$9L9A<9 E<EF9@O ?<A9=AOI GD46A9A<= @9FB8B@ CDB7BA>< %��'. 

$9L9A<9 E<EF9@O ?<A9=AOI GD46A9A<= @9FB8B@ �4GEE4. 

5 – F<C � 

0 – F<C � 

0 – F<C % 

0 – F<C D 

$4;89? 3. �<A4@<K9E><9 
@B89?< 

 B89?<DB64A<9 8<A4@<K9E><I E<EF9@. �@<F4J<BAAB9 
@B89?<DB64A<9 Q?9>FDBQA9D79F<><. 
'DB6A< 8BEFB69DABEF< @4F9@4F<K9E><I @B89?9=. 

4 – F<C � 

0 – F<C � 

0 – F<C % 

0 – F<C D 

$4;89? 4. %FDG>FGDAB9 
@B89?<DB64A<9. 

�A4>B@EF6B E CDB7D4@@B= MatLab. �A4>B@EF6B E CDB7D4@@B= 
MathCad. 

"EB59AABEF< @B89?<DB64A<S J9C9= CBEFBSAAB7B FB>4. 
"EB59AABEF< @B89?<DB64A<S J9C9= B8ABH4;AB7B C9D9@9AAB7B 
FB>4. "EB59AABEF< @B89?<DB64A<S J9C9= FD9IH4;AB7B 
C9D9@9AAB7B FB>4. "EB59AABEF< @B89?<DB64A<S E?B:AOI E<EF9@. 
 9FB8 8<HH9D9AJ<4?PAOI GD46A9A<=. 

 9FB8 H4;B6B7B CDBEFD4AEF64. 
#D<@9A9A<9 @9FB84 H4;B6B= C?BE>BEF< 8?S ?<A9=AOI E<EF9@. 

 9FB8O CBEFDB9A<S H4;B6OI CBDFD9FB6. 
�OCB?A9A<9 D97D9EE<BAAB7B 4A4?<;4 8?S ;484AAB7B GD46A9A<S 
?<A9=AB= D97D9EE<<. 

"CD989?9A<9 A4CD46?9A<S E6S;< @9:8G C9D9@9AAO@< ;484AAB7B 
GD46A9A<S ?<A9=AB= D97D9EE<<. 

�A4?<; B5M97B >4K9EF64 ;484AAB7B GD46A9A<S ?<A9=AB= 
D97D9EE<<. 
"CD989?9A<9 C4D4@9FDB6 GD46A9A<S ?<A9=AB= D97D9EE<< E 
CB@BMPR MS Ecxel. 

4 – F<C � 

0 – F<C � 

0 – F<C % 

0 – F<C D 

�6FBD: 
 

 4A<>B6E><= �.%. 

�FB7B 18: 

15 – F<C � 

1 – F<C � 

1 – F<C % 

1 – F<C D 

 
"?8A0=85 B@51>20=89, 2O?>;=5=85 :>B>@OE =5>1E>48<> 4;S CA?5H=>3> 2O?>;=5=8S B5AB0 

�=0BP:  
- @9FB8O < CDB7D4@@AO9 GEFDB=EF64, <ECB?P;G9@O9 6 CDBJ9EE9 @4F9@4F<K9E>B7B @B89?<DB64A<S 
- BEAB6AO9 @9FB8O 4A4?<;4 < E<AF9;4 E<EF9@ < CDBJ9EEB6 GEFDB=EF6 :9?9;AB8BDB:AB7B FD4AECBDF4 
'<5BP:  
- <ECB?P;B64FP <AHBD@4J<BAAO9 E<EF9@O < ED98EF64 6OK<E?<F9?PAB= F9IA<>< 6 D9L9A<< ;484K E5BD4, C9D984K<, 
ID4A9A<S < B5D45BF>< F9IA<K9E>B= <AHBD@4J<< 

- CB?P;B64FPES D4;?<KAO@< >B@CPRF9DAO@< CDB7D4@@4@< 8?S @4F9@4F<K9E>B7B @B89?<DB64A<S E<EF9@ < CDBJ9EEB6 
�;045BP: 
- A46O>4@< >B@CPRF9DAB7B @B89?<DB64A<S, A46O>4@< CB?P;B64A<S 5<5?<BF9>4@< CD<>?48AOI CDB7D4@@ 8?S D9L9A<S 
@4F9@4F<K9E><I ;484K 
"1I55 :>;8G5AB2> B5AB>2OE 7040=89: 18 (15 - F<C4 �, 1 - F<C4 �, 1 - F<C4 %, 1 - F<C4 D). &9EFO HBD@<DGRFES <; 
HBA84 F9EFB6OI ;484A<= CB 8<EJ<C?<A9 CGF9@ CDB<;6B?PAB= 6O5BD>< <; (&� 
�@5<S ?@>2545=8S B5AB0: 30 @<AGF 
#@>E>4=>9 10;;: "5GK4RM<=ES A45D4? CD< F9EF<DB64A<< 5B?99 69 54??B6 
�>?>;=8B5;P=O5 B@51>20=8S: #D< 6OCB?A9A<< F9EF4 CB?P;B64FPES GK95A<>4@<, ECD46BKA<>4@<, >BAEC9>F4@< 
?9>J<=, F9FD48S@< 8?S CD4>F<K9E><I ;4ASF<= A9 D4;D9L9AB 

 



(&�, CDBIB8AB= 54??, >D<F9D<< BJ9A><, >B?<K9EF6B 6BCDBEB6 6 F9EFB6B@ ;484A<< 
EBBF69FEF6G9F ("% 8<EJ<C?<AO, 6OEF46?9AAB@G 6 Q?9>FDBAAB= <AHBD@4J<BAAB-B5D4;B64F9?PAB= 
ED989 �45��& �D�'#%, 8BEFGCAB= B5GK4RM9@GES K9D9; 97B ?<KAO= >45<A9F. 

!<:9 CD<6989A B5D4;9J F<CB6OI 64D<4AFB6 F9EFB6OI ;484A<=, CD98GE@BFD9AAOI D45BK9= 
CDB7D4@@B=. 

 

"5D4;9J F<CB6OI 64D<4AFB6 F9EFB6OI ;484A<=,  
CD98GE@BFD9AAOI D45BK9= CDB7D4@@B= 

 

&5AB>2O5 7040=8S 4;S >F5=:8 7=0=89 

 

1. +FB B;A4K49F 6OD4:9A<9 HBD@4?<;4J<S ;484K<? 
1. CBEFDB9A<9 
2. <EE?98B64A<9 
3. <ECB?P;B64A<9 
4. BJ9A>4 

 

2. �4>B9 >B?<K9EF6B CD<AJ<CB6 @B89?<DB64A<S EGM9EF6G9F? 
1. 5 

2. 2 

3. 7 

4. 3 

 

3. %CBEB5ABEFP E<EF9@O 6B;6D4M4FPES > D46AB69EAB@G EBEFBSA<R A4;O649FES? 
1. GEFB=K<6BEFPR 

2. EF45<?PABEFPR 

3. 6B;6D4FABEFPR 

4. D979A9D4J<9= 

 

4. �4> A4;O64RFES ;484K<, BF69K4RM<9 A4 6BCDBE: KFB 5G89F, 9E?< 6 ;484AAOI GE?B6<SI 
6O5D4FP A9>BFBDB9 D9L9A<9 )? 

1. CDS@O9 
2. >BE69AAO9 
3. A9BCD989?9AAO9 
4. B5D4FAO9 

 

5. �4><@< 86G@S 5G>64@< B5B;A4K49FES CBEFBSAAO= FB> 6 CDB7D4@@4I Matlab < Electronics 
Workbeanch? 

1. DC 

2. AC 

3. BC 

4. IC 

 

6. �4> A4;O649FES CD<?B:9A<9 CDB7D4@@AB7B >B@C?9>E4 Matlab, CD98A4;A4K9AAB7B 8?S 
<@<F4J<BAAB7B @B89?<DB64A<S? 

1. Simulink 

2. SimPowerSystem 

3. Simulink Extras 

4. Sources 

 

7. �4>B9 >B?<K9EF6B J9?9= @B89?<DB64A<S EGM9EF6G9F? 
1. 3 

2. 1 

3. 5 



4. 4 

 

8. �484K4, EBEFBSM4S 6 FB@, KFB5O A4=F< ;A4K9A<S HGA>J<<, ;484AAB= F45?<KAB, 6 ?R5B= 
CDB@9:GFBKAB= FBK>9, A4;O649FES? 

1. <AF9DCB?SJ<S 
2. Q>EFD4CB?SJ<S 
3. FD4AECB?SJ<S 
4. FD4AECB;<J<S 

 

9. �4> 9M9 A4;O64RF @9FB8 CDS@BG7B?PA<>B6? 
1. @9FB8 !PRFBA4-�BF9E4 
2. @9FB8 %<@CEBA4 
3. @9FB8 $GA79-�GFFO 

4. @9FB8 8<IBFB@<< 
 

10. %BK9F4A<9@ >4><I >?46<L @B:AB CB69DAGFP 5?B> 6 CDB7D4@@9 Matlab A4 90°? 
1. Ctrl + R 

2. Ctrl + # 

3. alt + R 

4. Ctrl + P 

 

11. �4>B7B 6<84 @B89?<DB64A<S A9 EGM9EF6G9F? 
1. 4A4?B7<KAB7B 
2. 4A4?<F<K9E>B7B 
3. @4F9@4F<K9E>B7B 
4. <@<F4J<BAAB7B 

 

12. �; >4>B7B >B?<K9EF64 QF4CB6 EBEFB<F @B89?<DB64A<9 CB @9FB8G «#DB;D4KAB7B SM<>4»? 
1. 3 

2. 4 

3. 2 

4. 1 

 

13. $4;5<9A<9 E<EF9@O A4 @AB:9EF6B CB8E<EF9@ 8?S ?GKL97B D9L9A<S, A4;O649FES? 
1. 89>B@CB;<J<9= 
2. FD4AECB;<J<9= 

3. 8DB5?9A<9@ 

4. >B@CB;<J<9= 
 

14. �4><I CDB7AB;B6 A9 EGM9EF6G9F? 
1. @7AB69AAO9 
2. >D4F>BEDBKAO9 
3. ED98A9EDBKAO9 
4. BC9D4F<6AO9 

 

15.  9DBCD<SF<9, A4CD46?9AAB9 A4 8BEF<:9A<9 >4>B=-FB J9?<, A4;O649FES? 
1. BC9D4J<S 
2. CB87BFB6>4 
3. EFD9@?9A<9 
4. BD74A<;4J<S 

 

16. �484K4, EBEFBSM4S 6 FB@, KFB5O A4=F< ;A4K9A<S HGA>J<<, ;484AAB= F45?<KAB 6 FBK>4I, 
?9:4M<I 6A9 BFD9;>4, A4;O649FES? 

<&..> 



 

17. '>4:<F9 EBBF69FEF6<9 @9:8G C4D4@9FD4@< @B89?< < <I BCD989?9A<9@ 

�AGFD9AA<9 #4D4@9FDO Q?9@9AFB6, <; >BFBDOI EBEFB<F 
CDB9>F<DG9@B9 GEFDB=EF6B 

�OIB8AO9 #4D4@9FDO GEFDB=EF64, CB >BFBDO@ BJ9A<649FES 97B 
>4K9EF6B 

�IB8AO9 #4D4@9FDO 89=EF6GRM<I A4 GEFDB=EF6B 6A9LA<I 
<AHBD@4J<BAAOI E<7A4?B6 

�A9LA<9 #4D4@9FDO B>DG:4RM9= ED98O 

 

18. �4>B6 CBDS8B> BEAB6AOI QF4CB6 D4;D45BF>< < <EE?98B64A<S @B89?9= A4 >B@CPRF9D9? 

1. "C<E4F9?PA4S <AHBD@4J<BAA4S @B89?P, (BD@4?<;B64AA4S @B89?P, �B@CPRF9DA4S @B89?P, 
�B@CPRF9DAO= Q>EC9D<@9AF, �A4?<; CB?GK9AAOI D9;G?PF4FB6 < >BDD9>F<DB6>4 <EE?98G9@B= 
@B89?< 

2. �B@CPRF9DAO= Q>EC9D<@9AF, �A4?<; CB?GK9AAOI D9;G?PF4FB6 < >BDD9>F<DB6>4 
<EE?98G9@B= @B89?< 

3. "C<E4F9?PA4S <AHBD@4J<BAA4S @B89?P, (BD@4?<;B64AA4S @B89?P, �B@CPRF9DA4S 
@B89?P, �B@CPRF9DAO= Q>EC9D<@9AF 
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