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1.  B:9F ?< B8<A B5N9>F <@9FP @AB:9EF6B @B89?9=? 
4) A9F; 
5) @B:9F 6E9784; 
6) ;46<E<F BF A4;A4K9A<S @B89?<; 
7) ;46<E<F BF E6B=EF6 BD<7<A4?4. 

 

2. �EE?98G9@O= B5N9>F, CB BFABL9A<R > >BFBDB@G <;7BF46?<649FES @B89?P, A4;O649FES 
<___>  

 

3. �AHBD@4J<BAAB= @B89?PR S6?S9FES: 
4) @4>9F Q?9>FDB6B;4; 
5) Q?9>FD<K9E>4S EI9@4; 
6) 4A4FB@<K9E><= @G?S:; 

7) ?<A9=>4. 
 

4.  B89?P, CD98EF46?9AA4S E<EF9@B= 8<HH9D9AJ<4?PAOI GD46A9A<= S6?S9FES <___> (B=) 
@B89?PR. 

 

5.  B:AB ?< Q?9>FDB@47A<FAB9 D9?9 D4EE@4FD<64FP >4> Q?9>FDB@9I4A<K9E>GR E<EF9@G? 
4) @B:AB 6E9784; 
5) A9?P;S; 
6) @B:AB, 9E?< FB?P>B QFB – A9 D9?9 6D9@9A<; 

7) @B:AB, 9E?< FB?P>B QFB – 8<HH9D9AJ<4?PAB9 D9?9. 
 

6. �?S Q?9>FDB@9I4A<K9E>B= E<EF9@O @B:AB CBEFDB<FP <___> @B89?9= (%>B?P>B?) 



 

7. Simulink CD98A4;A4K9A 8?S: 
4) 6OCB?A9A<S A9EF4A84DFAOI @4F9@4F<K9E><I D4EK9FB6; 
5) 6<;G4?<;4J<< D9;G?PF4FB6 D4EK9FB6, CDB6989AAOI 6 MatLab; 

6) CDB6989A<S CD9864D<F9?PAOI D4EK9FB6; 
7) <EE?98B64A<S B5N9>F4 CBED98EF6B@ CBEFDB9A<S 97B <@<F4J<BAAB= @B89?< < 

84?PA9=L97B <ECB?P;B64A<S 99. 
 

8. �<5?<BF9>4 SimPowerSystem EB89D:<F 6 E959 Q?9@9AFO 8?S @B89?<DB64A<S <___> 
GEFDB=EF6 
 

9. �4><9 CB?GCDB6B8A<>B6O9 Q?9@9AFO 6OCB?ASRF DB?P GCD46?S9@OI Q?9>FDBAAOI >?RK9= 6 
EI9@9 ��# Q?9>FDB6B;4 2-%5�? 
4) 8<B8O; 

5) B8ABBC9D4J<BAAO9 F<D<EFBDO; 

6) 86GIBC9D4J<BAAO9 F<D<EFBDO; 

7) IJBT FD4A;<EFBDO. 

 

10. �?S D94?<;4J<< D9>GC9D4F<6AB7B FBD@B:9A<S A4 Q?9>FDB6B;9  2-%5� CD<@9AS9FES <___> 
<A69DFBD (&<C <A69DFBD4) 
11. �4>GR HGA>J<R A9 6OCB?AS9F Q?9>FDBAA4S E<EF9@4 GCD46?9A<S 6OCDS@<F9?9@? 
4) HBD@<DB64A<9 <@CG?PEB6 FB>4 GCD46?9A<S F<D<EFBD4@<; 
5) <;@9A9A<9 G7?4 GCD46?9A<S ; 
6) <;@9A9A<9 H4;O CB84K< <@CG?PEB6 GCD46?9A<S; 
7) E?9:9A<9 ;4 G7?B@ ;4C4E4. 

 

12. %<EF9@4 GCD46?9A<S ��# HBD@<DG9F <@CG?PEO FB>4 <___> F<D<EFBD4@< 

 

13.  4F9@4F<K9E><@ 4CC4D4FB@ @B89?<DB64A<S 5?B>4 «DC Machine» Simulink S6?S9FES: 
4) ?<A9=AB9 CDB7D4@@<DB64A<9; 
5) K<E?9AAO9 @9FB8O D9L9A<S 8<HH9D9AJ<4?PAOI GD46A9A<=; 
6) @9FB8 A4<@9APL<I >648D4FB6; 
7) F9BD<S 69DBSFABEF<. 

 

14. "8A<@ <; ECBEB5B6 D97G?<DB64A<S D9:<@B@ D45BFO 86<74F9?9@ CBEFBSAAB7B FB>4 
S6?S9FES <;@9A9A<9 <___>, CB86B8<@B7B > 86<74F9?R 

 

15. %?98G9F ?< GK<FO64FP A4?<K<9 < GDB69AP CG?PE4J<< A4CDS:9A<S C<F4A<S J9C< FS7B6B7B 
Q?9>FDB86<74F9?S CBEFBSAAB7B FB>4 CD< @B89?<DB64A<< 97B FS7B6OI E6B=EF6? 
4) E?98G9F, 9E?< >BQHH<J<9AF CG?PE4J<< CD96OL49F 50%; 
5) E?98G9F, 9E?< >BQHH<J<9AF CG?PE4J<< CD96OL49F 20%; 

6) A9 E?98G9F 6 E<?G <I @4?B7B 6?<SA<S A4 FS7B6O9 E6B=EF64; 
7) E?98G9F, 9E?< 86<74F9?P C<F49FES BF ��#. 

 

16.  4F9@4F<K9E>4S @B89?P, 8?S <;GK9A<S >4>B7B-?<5B 8<A4@<K9E>B7B CDBJ9EE4 6 86<74F9?9 
CBEFBSAAB7B FB>4 B5S;4F9?PAB 6>?RK49F IBFS 5O B8AB <___> GD46A9A<9 (F<C GD46A9A<S) 
 

17. �4>4S D4;AB6<8ABEFP 4E<AIDBAAOI 86<74F9?9= CD<@9AS9FES A4 -#% 6 >4K9EF69 FS7B6OI 
86<74F9?9=? 
4) 86<74F9?P E H4;AO@ DBFBDB@; 

5) 86<74F9?P E >BDBF>B;4@>AGFO@ DBFBDB@; 

6) >BA89AE4FBDAO= 86<74F9?P; 



7) >B??9>FBDAO= 86<74F9?P. 
 

18. '7?B64S E>BDBEFP 6D4M9A<S DBFBD4 4E<AIDBAAB7B Q?9>FDB86<74F9?S ;46<E<F BF K<E?4 
<___> CB?REB6. 
 

3.4 #5@5G5=P B5>@5B8G5A:8E 2>?@>A>2 : 70G5BC 
(8?S BJ9A>< GDB6AS ;A4A<=) 

 

1. �4><9 ;4>BAO Q?9>FDBF9IA<>< 5O?< <ECB?P;B64AO CD< EBEF46?9A<< @4F9@4F<K9E>B= 
@B89?<? 
2. #BSEA<F9 CD98?B:9AAGR @4F9@4F<K9E>GR @B89?P C9D9IB8AB7B CDBJ9EE4. 
3. #BSEA<F9 CBDS8B> EBEF46?9A<S @4F9@4F<K9E>B= @B89?< CDBJ9EE4, D4EE@BFD9AAB7B 6 
>BAFDB?PAB@ ;484A<<. 
4. �4><9 A4K4?PAO9 GE?B6<S <ECB?P;B64?<EP CD< @B89?<DB64A<<? 
5. �4>B= K<E?9AAO= @9FB8 D9L9A<S GD46A9A<S @4F9@4F<K9E>B= @B89?< <ECB?P;B64?ES? 
6. #BSEA<F9 F9D@<A «CBEFBSAAO= L47 <AF97D<DB64A<S». 
7. #D<698<F9 CD<@9D D94?PAB7B B5N9>F4, >BFBDO= @B7 5O D4EE@4FD<64FPES 6 >4K9EF69 
BD<7<A4?4 8?S CD98?B:9AAB= ;484K<. 
8. "F K97B ;46<E<F CB7D9LABEFP @B89?<DB64A<S? 
9. �4> CDB69DS9FES 489>64FABEFP @4F9@4F<K9E>B= @B89?<? 
10. #DB>B@@9AF<DG=F9 CB?GK9AAO9 D9;G?PF4FO @B89?<DB64A<S. 
 

3.5 #@8<5@O B8?>2OE ?@>ABOE ?@0:B8G5A:8E 7040=89 : 70G5BC 
(8?S BJ9A>< G@9A<=, A46O>B6 < (<?<) BCOF4 89SF9?PABEF<) 

 

�4D<4AFO ;484A<=: 
 

�4D<4AF ;484A<S �4D<4AF ;484K< �4D<4AF <EIB8AOI 84AAOI 
1 �484K4 1 1 

2 �484K4 2 2 

3 �484K4 3 3 

4 �484K4 1 4 

5 �484K4 2 5 

6 �484K4 3 6 

7 �484K4 1 7 

8 �484K4 2 8 

9 �484K4 3 9 

10 �484K4 1 10 

11 �484K4 2 11 

12 �484K4 3 12 

13 �484K4 1 13 

14 �484K4 2 14 

15 �484K4 3 15 

16 �484K4 1 16 

17 �484K4 2 17 

18 �484K4 3 18 

19 �484K4 1 1 

20 �484K4 2 2 

21 �484K4 3 3 

22 �484K4 1 4 

23 �484K4 2 5 

24 �484K4 3 6 

25 �484K4 1 7 

26 �484K4 2 8 

27 �484K4 3 9 

28 �484K4 1 10 



29 �484K4 2 11 

30 �484K4 3 12 

 

�040G0 1. 
�@99FES Q?9>FD<K9E>4S EI9@4, CD<6989AA4S A4 D<EGA>9.  #4D4@9FDO Q?9@9AFB6 J9C< 

CD<6989AO 6 F45?<J9 A<:9. 

 
&Dе5GеFEя: 
1. %BEF46<FP @4F9@4F<K9E>GR @B89?P C9D9IB8AB7B CDBJ9EE4 6 J9C< 6B;A<>4RM97B CBE?9 
;4@O>4A<S >?RK4 �. 
2. $94?<;B64FP @B89?P, <ECB?P;GS 54;B6GR 5<5?<BF9>G Q?9@9AFB6 C4>9F4 Simulink. 
3. #DB69EF< BF?48>G 5?B>-EI9@O @B89?<. 
4. �OCB?A<FP <EE?98B64A<9 <;@9A9A<S ;484AAOI 69?<K<A 6 IB89 C9D9IB8AB7B CDBJ9EE4. 
5. $94?<;B64FP @B89?P, <ECB?P;GS 5<5?<BF9>G Q?9@9AFB6 SimPowerSystems. 

6. �OCB?A<FP <EE?98B64A<9 <;@9A9A<S ;484AAOI 69?<K<A 6 IB89 C9D9IB8AB7B CDBJ9EE4. 
7. %D46A<FP CB?GK9AAO= D9;G?PF4F E D9;G?PF4FB@, CB?GK9AAO@ 6 C.4. 
 

�0@80=BO 8AE>4=OE 40==OE 
 

�4D<4AF E, � R, "@ L, @�A !4K4?PAO9 
GE?B6<S 

�EE?98G9@O9 
69?<K<AO 

1 100 5 300 - i(t), uL(t) 

2 90 4 100 - i(t), uRt)  

3 80 5 150 - i(t), uL(t) 

4 70 3 200 - i(t), uRt)  

5 60 2 600 - i(t), uL(t) 

6 50 6 700 - i(t), uRt)  

7 100 5 700 - i(t), uL(t) 

8 90 4 600 - i(t), uRt)  

9 80 5 200 - i(t), uL(t) 

10 70 3 150 - i(t), uRt)  

11 60 2 100 - i(t), uL(t) 

12 50 6 700 - i(t), uRt)  

13 100 50 300 - i(t), uL(t) 

14 90 40 100 - i(t), uRt)  

15 80 50 150 - i(t), uL(t) 

16 70 30 200 - i(t), uRt)  

17 60 22 600 - i(t), uL(t) 

18 50 60 700 - i(t), uRt)  

 

  



�040G0 2. 
�@99FES Q?9>FD<K9E>4S EI9@4, CD<6989AA4S A4 D<EGA>9. #4D4@9FDO Q?9@9AFB6 J9C< 

CD<6989AO 6 F45?<J9 A<:9. 

 
&Dе5GеFEя: 
1. %BEF46<FP @4F9@4F<K9E>GR @B89?P C9D9IB8AB7B CDBJ9EE4 6 J9C< 6B;A<>4RM97B CBE?9 
;4@O>4A<S >?RK4 �. 
2. $94?<;B64FP @B89?P, <ECB?P;GS 54;B6GR 5<5?<BF9>G Q?9@9AFB6 C4>9F4 Simulink. 
3. #DB69EF< BF?48>G 5?B>-EI9@O @B89?<. 
4. �OCB?A<FP <EE?98B64A<9 <;@9A9A<S ;484AAOI 69?<K<A 6 IB89 C9D9IB8AB7B CDBJ9EE4. 
5. $94?<;B64FP @B89?P, <ECB?P;GS 5<5?<BF9>G Q?9@9AFB6 SimPowerSystems. 

6. �OCB?A<FP <EE?98B64A<9 <;@9A9A<S ;484AAOI 69?<K<A 6 IB89 C9D9IB8AB7B CDBJ9EE4. 
7. %D46A<FP CB?GK9AAO= D9;G?PF4F E D9;G?PF4FB@, CB?GK9AAO@ 6 C.4. 

 

�4D<4AFO <EIB8AOI 84AAOI 
�4D<4AF E, � R, "@ %, @>( !4K4?PAO9 

GE?B6<S 
�EE?98G9@O9 
69?<K<AO 

1 100 5 1 Uc(0)=0 i(t), uc(t) 

2 90 4 2 Uc(0)=10 i(t), uc(t) 

3 80 5 3 Uc(0)=-10 i(t), uR(t) 

4 70 3 4 Uc(0)=0 i(t), uR(t) 

5 60 2 5 Uc(0)=10 i(t), uc(t) 

6 50 6 6 Uc(0)=-10 i(t), uc(t) 

7 100 5 1 Uc(0)=0 i(t), uR(t) 

8 90 4 2 Uc(0)=10 i(t), uc(t) 

9 80 5 3 Uc(0)=-10 i(t), uc(t) 

10 70 3 4 Uc(0)=0 i(t), uR(t) 

11 60 2 5 Uc(0)=10 i(t), uc(t) 

12 50 6 6 Uc(0)=-10 i(t), uc(t) 

13 100 5 1 Uc(0)=0 i(t), uc(t) 

14 90 4 2 Uc(0)=10 i(t), uR(t) 

15 80 5 3 Uc(0)=-10 i(t), uR(t) 

16 70 3 4 Uc(0)=0 i(t), uc(t) 

17 60 2 5 Uc(0)=10 i(t), uc(t) 

18 50 6 6 Uc(0)=-10 i(t), uR(t) 

 

�040G0 3 
 

�@99FES 86<74F9?P CBEFBSAAB7B FB>4 E A9;46<E<@O@ 6B;5G:89A<9@. #DB<;6B8<FES CGE> 
86<74F9?S A4 IB?BEFB@ IB8G CGF9@ CB84K< A4CDS:9A<S A4 J9CP S>BDS 86<74F9?S CD< G:9 
B5F9>49@B= FB>B@ B5@BF>9 6B;5G:89A<S. 
 4F9@4F<K9E>4S @B89?P, EB;84AA4S E <ECB?P;B64A<9@ ;4>BAB6 Q?9>FDBF9IA<>< < 

Q?9>FDB@9I4A<><, 6>?RK49F 6 E95S 864 GD46A9A<S: 



dt

di
LФCRiU

a

aaa
 

0
   (1) 

cэ< M
dt

d
JМ 


 <?< 

ca
M

dt

d
JФi% 


0

 (2) 

 

�89EP B5B;A4K9AB: %0 – >BAEFDG>F<6A4S CBEFBSAA4S 86<74F9?S, Ra – EBCDBF<6?9A<9 J9C< 
S>BDS, L0 – <A8G>F<6ABEFP J9C< S>BDS, J – @B@9AF <A9DJ<< S>BDS, U0 – A4CDS:9A<9 A4 
6O6B84I S>BDS,  A – @B@9AF EBCDBF<6?9A<S 6D4M9A<R S>BDS, ia -.FB> J9C< S>BDS, ( – 
@47A<FAO= CBFB>, Ua – A4CDS:9A<9, CB84AAB9 A4 J9CP S>BDS. 

 

 
$<EGAB>. �?B>-EI9@4 <@<F4J<BAAB= @B89?<. 

 

!4 D<EGA>9 CD<6989A4 5?B>-EI9@4 <@<F4J<BAAB= @B89?<, D94?<;GRM4S @4F9@4F<K9E>GR 
@B89?P. � QFB= EI9@9 <@9RFES BL<5><. 
&D95G9FES: 
1. !4=F< < GEFD4A<FP BL<5>< A4 5?B>-EI9@9 (EI9@4 8B?:A4 EBBF69FEF6B64FP 

@4F9@4F<K9E>B@G BC<E4A<R). 
2. 'EF4AB6<FP C4D4@9FDO Q?9@9AFB6 @B89?< 6 EBBF69FEF6<< E 64D<4AFB@ <EIB8AOI 

84AAOI, CD<6989AAOI 6 F45?<J9 A<:9. 
3. #B?GK<FP D9;G?PF4FO @B89?<DB64A<S. 
4. %HBD@G?<DB64FP 6O6B8O. 

 

�4D<4AFO <EIB8AOI 84AAOI 8?S D9L9A<S ;484K< 
 

�4D<4AF Ua, � Ra, "@ La, �A Co (, �5 J, >7*@2
  E, A*@ 

1 80 0,07 0,075 110 0,04 55 200 

2 80 0,09 0,085 100 0,05 50 200 

3 80 0,09 0,08 120 0,05 40 100 

4 70 0,1 0,085 100 0,06 40 50 

5 50 0,1 0,1 80 0,04 30 20 

6 25 1 0,3 80 0,01 10 10 

7 80 1 0,3 70 0,005 2 5 

8 80 0,07 0,085 100 0,04 40 20 



9 80 0,085 0,08 80 0,01 30 10 

10 70 0,08 0,3 70 0,005 2 2 

11 50 0,1 0,085 100 0,06 40 50 

12 25 0,1 0,1 80 0,04 30 20 

13 80 1 0,3 80 0,01 10 10 

14 80 1 0,3 70 0,005 2 5 

15 80 0,07 0,09 105 0,045 42 20 

16 70 0,09 0,085 100 0,05 50 200 

17 50 0,1 0,08 120 0,05 40 100 

18 25 0,5 0,5 50 0,005 3 2 

 

#D<@9DAO= C9D9K9AP 6BCDBEB6 8?S ;4M<FO ;484K: 
 

1. �4> �O ;48464?< C4D4@9FDO Q?9@9AFB6 5?B>-EI9@O @B89?<? 
2. �4> A4EFDB<FP B>AB Q?9@9AF4 «Scope» 8?S BFB5D4:9A<S D9;G?PF4FB6 @B89?<DB64A<S? 
3. �4><9 Q?9@9AFO 5<5?<BF9>< SimPowerSystem <ECB?P;B64?<EP CD< @B89?<DB64A<< 
C9D9IB8AB7B CDBJ9EE4? 
4. #BSEA<F9 A4;A4K9A<9 BF89?PAOI Q?9@9AFB6 5?B>-EI9@O @B89?<. 
5. �4=F9 ED46A<F9?PAGR BJ9A>G D9;G?PF4FB6 @B89?<DB64A<S 86G@S ECBEB54@<. 
6. �4> EBID4A<FP D9;G?PF4FO @B89?<DB64A<S 6 6<89 H4=?4? 
7. �4> <;@9A<FP C4D4@9FDO BF89?PAOI Q?9@9AFB6 5?B>-EI9@O @B89?<? 
8. �4> B5N98<A<FP A9E>B?P>B Q?9@9AFB6 6 CB8E<EF9@G? 
9. �4><@ CGF9@ @B:AB G@9APL<FP BL<5>G CD< @B89?<DB64A<<? 
10. �4> @B:AB EB;84FP Q?9@9AF, D94?<;GRM<= A9B5IB8<@GR HGA>J<R. 
 

  



4  5B>48G5A:85 <0B5@80;O, >?@545;SRI85 ?@>F54C@C >F5=820=8S 

7=0=89, C<5=89, =02O:>2 8 (8;8) >?OB0 45SB5;P=>AB8, E0@0:B5@87CRI8E 
QB0?O D>@<8@>20=8S :><?5B5=F89 

 

� F45?<J9 CD<6989AO BC<E4A<S CDBJ98GD CDB6989A<S >BAFDB?PAB-BJ9ABKAOI 
@9DBCD<SF<= < CDBJ98GD BJ9A<64A<S D9;G?PF4FB6 B5GK9A<S E CB@BMPR BJ9ABKAOI ED98EF6 6 
EBBF69FEF6<< E D45BK9= CDB7D4@@B= 8<EJ<C?<AO. 

 
!4<@9AB64A<9 
BJ9ABKAB7B 
ED98EF64 

"C<E4A<S CDBJ98GDO CDB6989A<S >BAFDB?PAB-BJ9ABKAB7B @9DBCD<SF<S 
< CDBJ98GDO BJ9A<64A<S D9;G?PF4FB6 B5GK9A<S 

�4M<F4 ?45BD4FBDAB= 
D45BFO 

�4M<F4 ?45BD4FBDAOI D45BF CDB6B8<FES 6B 6D9@S ?45BD4FBDAOI ;4ASF<=. �B 
6D9@S CDB6989A<S ;4M<FO  D45BFO CB?P;B64FPES GK95A<>4@<, ECD46BKA<>4@<, 
>BAEC9>F4@< ?9>J<=, F9FD48S@< A9 D4;D9L9AB. 
#D9CB8464F9?P A4 ?45BD4FBDAB= D45BF9, CD98L9EF6GRM9= ;4ASF<R CDB6989A<S 
;4M<FO ?45BD4FBDAB= D45BFO, 8B6B8<F 8B B5GK4RM<IES: AB@9D ;4M<M49@B= 
D45BFO, 6D9@S A4 ;4M<FG D45BFO. 
#D9CB8464F9?P <AHBD@<DG9F B5GK4RM<IES B D9;G?PF4F4I ;4M<FO ?45BD4FBDAB= 
D45BFO ED4;G CBE?9 99 >BAFDB?PAB-BJ9ABKAB7B @9DBCD<SF<S 

�BAFDB?PA4S D45BF4 

�BAFDB?PAO9 D45BFO (�$), CD98GE@BFD9AAO9 D45BK9= CDB7D4@@B= 8<EJ<C?<AO, 
6OCB?ASRFES B5GK4RM<@<ES ;4BKAB= HBD@O B5GK9A<S CD< CB87BFB6>9 > E9EE<<. 
�B 6D9@S 6OCB?A9A<S �$ B5GK4RM<9ES @B7GF CB?P;B64FPES GK95A<>4@<, 
ECD46BKA<>4@<, >BAEC9>F4@< ?9>J<=, F9FD48S@< 8?S CD4>F<K9E><I ;4ASF<=. 
�4D<4AFB6 �$ A9 @9A99 CSF<. #D9CB8464F9?P A4 GEF4AB6BKAB@ ;4ASF<< 8B6B8<F 
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