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5) CBEFDB<FP K4EFBFAO= 7B8B7D4H !4=>6<EF4 W(iω). 

�BDя8B> 6OCB?A9A<я ?45BD4FBDAB= D45BFO 

1) <;GK<FP F9BD9F<K9E><9 E6989A<S; 
2) ;4CGEF<FP E<EF9@G MATLAB; 
3) EB;84FP tf-B5N9>F, 6 EBBF69FEF6<< E ;484AAO@ 64D<4AFB@. 
4) EBEF46<FP 8<HH9D9AJ<4?PAB9 GD46A9A<9, BCD989?SRM99 HGA>J<BA<DB64A<9 %�'; 
5) BCD989?<FP CB?RE4 C9D984FBKAB= HGA>J<< E <ECB?P;B64A<9@ >B@4A8O pole; 

6) BCD989?<FP AG?< C9D984FBKAB= HGA>J<< E <ECB?P;B64A<9@ >B@4A8O zero; 

7) <ECB?P;GS LTI-viewer, <?< EBBF69FEF6GRM<9 >B@4A8O (F45?.1.1) CB?GK<FP 8<A4@<K9-
E><9 I4D4>F9D<EF<>< – C9D9IB8AGR HGA>J<R h(t), <@CG?PEAB-C9D9IB8AGR HGA>J<R w(t) < K4-
EFBFAO9 I4D4>F9D<EF<>< – 8<47D4@@G �B89, K4EFBFAO= 7B8B7D4H !4=>6<EF4; 



8) CB?GK<FP CD98EF46?9A<9 <EIB8AB= HGA>J<< 6 6<89 CDB<;6989A<S F<CB6OI ;69AP96; 
9) BF69F<FP A4 >BAFDB?PAO9 6BCDBEO; 
10) BHBD@<FP BFK9F; 
11) E84FP BFK9F CD9CB8464F9?R < ;4M<F<FP D45BFG. 

 

�45BD4FBDA4я D45BF4 №2 

�EE?98B64A<9 8<A4@<K9E><I I4D4>F9D<EF<> F<CB6OI 8<A4@<K9E><I ;69AP96 

&9?P D45BFO: #B?GK9A<9 6D9@9AAOI < K4EFBFAOI I4D4>F9D<EF<>< F<CB6OI 8<A4@<K9-
E><I ;69AP96;<;GK9A<9 6?<SA<S <;@9A9A<S C4D4@9FDB6 C9D984FBKAOI HGA>J<= A4 6<8 QF<I I4-
D4>F9D<EF<>. 

�BEF4AB6>4 ;484K<: 6 >4K9EF69 B5N9>F4 <EE?98B64A<S 6OEFGC4RF F<CB6O9 8<A4@<K9-
E><9 ;69APS: 

1) CB;<J<BAAO9 (4C9D<B8<K9E>B9, >B?954F9?PAB9); 
2) <AF97D<DGRM<9 (<894?PAB9, E ;4C4;8O64A<9@, <;B8DB@AB9); 
3) 8<HH9D9AJ<DGRM<9 (<894?PAB9, E ;4C4;8O64A<9@). 
!9B5IB8<@B: 
1) CB?GK<FP C9D984FBKAO9 HGA>J<< <EE?98G9@OI ;69AP96; 
2) BCD989?<FP C9D9IB8AO9 I4D4>F9D<EF<>< <EE?98G9@OI ;69AP96; 
3) BCD989?<FP <@CG?PEAO9 C9D9IB8AO9 I4D4>F9D<EF<><; 
4) BCD989?<FP ?B74D<H@<K9E><9 C9D9IB8AO9 I4D4>F9D<EF<><; 
5) BCD989?<FP 4@C?<FG8AB-H4;B6O9 I4D4>F9D<EF<>< <EE?98G9@OI ;69AP96; 
6) CDB<;69EF< 4A4?<; 6?<SA<S A4 6D9@9AAO9 < K4EFBFAO9 I4D4>F9D<EF<>< 69?<K<AO >B-

QHH<J<9AF4 GE<?9A<S < CBEFBSAAOI 6D9@9A<. 
�BDя8B> 6OCB?A9A<я ?45BD4FBDAB= D45BFO 

�?S 6OCB?A9A<S ?45BD4FBDAB= D45BFO <ECB?P;G9FES C4>9F CD<>?48AOI CDB7D4@@ (###) 
ControlSystemToolbox, CD98A4;A4K9AAO= 8?S D45BFO E LTI-@B89?S@< 
(LinearTimeInvariantModels) E<EF9@ GCD46?9A<S. 

 $45BF4 6OCB?AS9FES 6 E?98GRM9= CBE?98B64F9?PABEF<: 
1) <;GK<FP F9BD9F<K9E><9 E6989A<S; 
2) ;4CGEF<FP E<EF9@G MATLAB; 
3) CB?GK<FP C9D984FBKAO9 HGA>J<< 4C9D<B8<K9E><I ;69AP96 E D4;?<KAO@< >BQHH<J<9A-

F4@< GE<?9A<S 6 EBBF69FEF6<< E ;484AAO@ 64D<4AFB@; 
4) BCD989?<FP 6D9@9AAO9 < K4EFBFAO9 I4D4>F9D<EF<>< 4C9D<B8<K9E>B7B ;69A4, E89?46 

4A4?<; 6?<SA<S >BQHH<J<9AF4 GE<?9A<S; 
5) CB?GK<FP C9D984FBKAO9 HGA>J<< 4C9D<B8<K9E><I ;69AP96 E D4;?<KAO@< CBEFBSAAO@< 

6D9@9A< 6 EBBF69FEF6<< E ;484AAO@ 64D<4AFB@; 
6) BCD989?<FP 6D9@9AAO9 < K4EFBFAO9 I4D4>F9D<EF<>< 4C9D<B8<K9E>B7B ;69A4, E89?46 

4A4?<; 6?<SA<S 69?<K<AO CBEFBSAAB= 6D9@9A<; 
7) CB?GK<FP C9D984FBKAO9 HGA>J<< < 8<A4@<K9E><9 I4D4>F9D<EF<>< 8?S >B?954F9?PAB7B, 

<AF97D<DGRM<I < 8<HH9D9AJ<DGRM<I ;69AP96. 
 

�45BD4FBDA4я D45BF4 №3 

�EE?98B64A<9 ?<A9=AOI E<EF9@ D97G?<DB64A<я 

&9?P D45BFO: 'EF4AB6?9A<9 ;46<E<@BEF9= @9:8G K4EFBFAO@< I4D4>F9D<EF<>4@< D4;B-
@>AGFB= E<EF9@O, >BFBDO9 @B7GF 5OFP CB?GK9AO >4> Q>EC9D<@9AF4?PAB, F4> < 4A4?<F<K9E><, < 
CB6989A<9@ E<EF9@O 6 ;4@>AGFB@ EBEFBSA<<. 

�BEF4AB6>4 ;484K<: <EIB8AO@< 84AAO@< 8?S D4EK9F4 E<EF9@O A4 GEFB=K<6BEFP S6?SRF-
ES I4D4>F9D<EF<K9E>B9 GD46A9A<9 ;4@>AGFB= E<EF9@O, <?< �() D4;B@>AGFB= E<EF9@O, >BFB-
DO9 @B7GF 5OFP CB?GK9AO Q>EC9D<@9AF4?PAB <?< 4A4?<F<K9E><. 

!9B5IB8<@B: 
1) CBEFDB<FP 7B8B7D4H !4=>6<EF4 8?S D4;B@>AGFB= E<EF9@O; 
2) CB 6<8G CB?GK9AAB= >D<6B= BJ9A<FP GEFB=K<6BEFP E<EF9@O 6 ;4@>AGFB@ EBEFBSA<<; 



3)  CB8F69D8<FP CB?GK9AAO= 6O6B8 B5 GEFB=K<6BEF< ;4@>AGFB= E<EF9@O, CBEFDB<6 8?S 
A99 7D4H<>< C9D9IB8AOI CDBJ9EEB6. 

�BDя8B> 6OCB?A9A<я ?45BD4FBDAB= D45BFO 

�?S 6OCB?A9A<S ?45BD4FBDAB= D45BFO <ECB?P;G9FES C4>9F CD<>?48AOI CDB7D4@@ (###) 
ControlSystemToolbox, CD98A4;A4K9AAO= 8?S D45BFO E LTI-@B89?S@< 
(LinearTimeInvariantModels) E<EF9@ GCD46?9A<S. 

$45BF4 6OCB?AS9FES 6 E?98GRM9= CBE?98B64F9?PABEF<: 
1) <;GK<FP F9BD9F<K9E><9 E6989A<S; 
2) ;4CGEF<FP E<EF9@G MATLAB; 

3) ;4C<E4FP C9D984FBKAGR HGA>J<R 4C9D<B8<K9E>B7B ;69A4 6 EBBF69FEF6<< E ;484AAO@ 
64D<4AFB@; 

4) BCD989?<FP K4EFBFAO9 I4D4>F9D<EF<>< �(), ��+), �(+) 4C9D<B8<K9E>B7B ;69A4; 
5) ;4C<E4FP C9D984FBKAGR HGA>J<R >B?954F9?PAB7B ;69A4 6 EBBF69FEF6<< E ;484AAO@ 64-

D<4AFB@; 
6) BCD989?<FP K4EFBFAO9 I4D4>F9D<EF<>< �(), ��+), �(+) >B?954F9?PAB7B ;69A4; 
7) BCD989?<FP K4EFBFAO9 I4D4>F9D<EF<>< CBE?98B64F9?PAB EB98<A9AAOI 4C9D<B8<K9E>B-

7B < >B?954F9?PAB7B ;69AP96; 
8) <ECB?P;GS >D<F9D<= !4=>6<EF4, EBEF46<FP CDB7AB; A4 CB6989A<9 E<EF9@O 6 ;4@>AGFB@ 

EBEFBSA<<; 9E?< �() D4;B@>AGFB= E<EF9@O BI64FO649F FBK>G (-1; i0), FB <;@9A9A<9@ C4D4@9F-
DB6 8B5<FPES GEFB=K<6BEF< E<EF9@O 6 ;4@>AGFB@ EBEFBSA<<; 

9) BCD989?<FP K4EFBFG ED9;4 ωE < ;4C4E GEFB=K<6BEF< CB H4;9; 
10) 8?S BFD<J4F9?PAB= 98<A<KAB= B5D4FAB= E6S;< BCD989?<FP CB6989A<9 E<EF9@O 6 ;4-

@>AGFB@ EBEFBSA<<; 
11) <;@9A9A<9@ C4D4@9FDB6 4C9D<B8<K9E>B7B < >B?954F9?PAB7B ;69AP96, 8B5<FPES, KFB5O 

�() D4;B@>AGFB= E<EF9@O BI64FO64?4 FBK>G E >BBD8<A4F4@< -1, i0, KFB EBBF69FEF6G9F A9-
GEFB=K<6B= E<EF9@9 6 ;4@>AGFB@ EBEFBSA<<; 

12) BCD989?<FP K4EFBFG ED9;4 ωE < H4;B6O= E86<7 8?S A9GEFB=K<6B= E<EF9@O. 
 

�45BD4FBDA4я D45BF4 №4 

�A4?<; < E<AF9; !�# @9FB8B@ >BDA96B7B 7B8B7D4H4  
&9?P D45BFO: #DB4A4?<;<DB64FP CB6989A<9 ;4@>AGFB= E<EF9@O 6 ;46<E<@BEF< BF D4ECB-

?B:9A<S 99 >BDA9= A4 >BDA96B@ 7B8B7D4H9 < 6O5D4FP BCF<@4?PAO= >BQHH<J<9AF GE<?9A<S 
CDBCBDJ<BA4?PAB7B D97G?SFBD4. 

�BEF4AB6>4 ;484K<. �4A4 @B89?P D4;B@>AGFB= E<EF9@O, ;4C<E4AA4S 6 6<89 BFABL9A<S 
CDB<;6989A<= F<CB6OI ;69AP96.. 

!9B5IB8<@B: 
1) CBEFDB<FP >BDA96B= 7B8B7D4H; 
2) CB?GK<FP >BQHH<J<9AF GE<?9A<S, CD< >BFBDB@ E<EF9@4 A4IB8<FES A4 7D4A<J9 GEFB=-

K<6BEF<; 
3) 6OK<E?<FP K4EFBFG ω>D, CD< >BFBDB= 6 E<EF9@9 6B;A<>4RF A9;4FGI4RM<9 >B?954A<S; 
4) A4A9EF< A4 69F6< >BDA96B7B 7B8B7D4H4 ;A4K9A<S CB?REB6 ;4@>AGFB= E<EF9@O, EBBF-

69FEF6GRM<9 0.5�>D < 0.25�>D; 
5) CD<69EF< 6OD4:9A<S 8?S W;(p) 6 6<89 CDB<;6989A<S F<CB6OI ;69AP96. 
�BDя8B> 6OCB?A9A<я ?45BD4FBDAB= D45BFO 

�?S 6OCB?A9A<S ?45BD4FBDAB= D45BFO <ECB?P;G9FES C4>9F CD<>?48AOI CDB7D4@@ 
ControlSystemToolbox E<EF9@O MatLab.  

$45BF4 6OCB?AS9FES 6 E?98GRM9= CBE?98B64F9?PABEF<: 
1) <;GK<FP F9BD9F<K9E><9 E6989A<S; 
2) ;4CGEF<FP E<EF9@G MATLAB; 

3) EB;84FP B5N9>F 6 EBBF69FEF6<< E ;484A<9@; 
4) CBEFDB<FP >BDA96B= 7B8B7D4H; 



5) 6O5D4FP A4 >BDA96B@ 7B8B7D4H9 A9E>B?P>B FBK9>, EBBF69FEF6GRM<I A9GEFB=K<6B= E<-
EF9@9, GEFB=K<6B= E<EF9@9 < E<EF9@9, A4IB8SM9=ES A4 7D4A<J9 GEFB=K<6BEF<, BCD989?<FP EB-
BF69FEF6GRM<9 ;A4K9A<S >BQHH<J<9AF4 �; 

6) 8?S D4;?<KAOI >BQHH<J<9AFB6 GE<?9A<S CBEFDB<FP ?B74D<H@<K9E><9 K4EFBFAO9 I4-
D4>F9D<EF<>< < BCD989?<FP ;4C4E CB H4;9 < 4@C?<FG89; 

7) BCD989?<FP C9D9IB8AGR I4D4>F9D<EF<>G ;4@>AGFB= E<EF9@O 8?S D4;?<KAOI >BQHH<-
J<9AFB6 GE<?9A<S; 

8) E6S;4FP ;4C4EO GEFB=K<6BEF< E >4K9EF6B@ C9D9IB8AB7B CDBJ9EE4 < E89?4FP 6O6B8O; 
9) BHBD@<FP BFK9F < ;4M<F<FP ?45BD4FBDAGR D45BFG. 

 

�45BD4FBDA4я D45BF4 №5 

 4EK9F >B@5<A<DB64AAB= E<EF9@O 46FB@4F<K9E>B7B GCD46?9A<я 

&9?P D45BFO: A4GK<FPES D4EEK<FO64FP >B@5<A<DB64AAO9 E<EF9@O 46FB@4F<K9E>B7B 
GCD46?9A<S. 

�BEF4AB6>4 ;484K<. '8B6?9F6BD<F9?PAB9 >4K9EF6B D97G?<DB64A<S 6 CDBEF9=L9= B8AB-
>BAFGDAB= E<EF9@9 E <ECB?P;B64A<9@ EF4A84DFAOI ;4>BAB6 D97G?<DB64A<S @B:AB B59EC9K<FP 
?<LP CD< 5?47BCD<SFAOI 8<A4@<K9E><I I4D4>F9D<EF<>4I B5N9>F4. "8A4>B 5B?PL<AEF6G CDB-
@OL?9AAOI B5N9>FB6 I<@<K9E>B= F9IAB?B7<< E6B=EF69AAO ;A4K<F9?PAB9 K<EFB9 ;4C4;8O64-
A<9 < 5B?PL<9 CBEFBSAAO9 6D9@9A<. � F4><I E?GK4SI 84:9 CD< BCF<@4?PAOI A4EFDB=>4I D97G-
?SFBDB6 B8AB>BAFGDAO9 �%$ I4D4>F9D<;GRFES 5B?PL<@< 8<A4@<K9E><@< BL<5>4@<, A<;>B= 
K4EFBFB= D97G?<DB64A<S < 8?<F9?PAO@< C9D9IB8AO@< CDBJ9EE4@<. 

!9B5IB8<@B:  
1) C9D9=F< BF B8AB>BAFGDAB= �%$ > >B@5<A<DB64AAB= E<EF9@9 E 8BCB?A<F9?PAO@ >BD-

D9>F<DGRM<@ <@CG?PEB@; 
2) CDB69EF< D4EK9F A4EFDB9> D97G?SFBD4; 
3) CB?GK<FP C9D984FBKAGR HGA>J<R 8<A4@<K9E>B7B >B@C9AE4FBD4. 
�BDя8B> 6OCB?A9A<я ?45BD4FBDAB= D45BFO 

1) D4EEK<F4FP A4EFDB=>< D97G?SFBD4 < BCD989?<FP D45BKGR K4EFBFG 6 B8AB>BAFGDAB= E<-
EF9@9 D97G?<DB64A<S; 

2) 6O69EF< C9D984FBKAGR HGA>J<R <894?PAB7B >B@C9AE4FBD4 <; GE?B6<S <A64D<4AFAB-
EF< < 4A4?<; 97B D94?<;G9@BEF<; 

3) 6O5D4FP D94?PAO= >B@C9AE4FBD < BCD989?<FP 97B C4D4@9FDO <; GE?B6<S CD<5?<:9A-
AB= <A64D<4AFABEF< 6 A4<5B?99 EGM9EF69AAB@ 8?S E<EF9@O 8<4C4;BA9 K4EFBF; 

4) CBEFDB<FP C9D9IB8AO9 CDBJ9EEO 6 B8AB>BAFGDAB= �%$ < 6 E<EF9@9 E 8BCB?A<F9?PAO@ 
<@CG?PEB@ CB 6B;@GM9A<R; 

5) ED46A<FP CB?GK9AAO9 C9D9IB8AO9 CDBJ9EEO @9:8G EB5B=. 
 

�45BD4FBDA4я D45BF4 №6 

 4EK9F >4E>48AOI E<EF9@ 46FB@4F<K9E>B7B D97G?<DB64A<я 

&9?P D45BFO: A4GK<FPES D4EEK<FO64FP >4E>48AO9 �%$ CB <;69EFAO@ C9D984FBKAO@ 
HGA>J<S@ B5N9>F4. 

�BEF4AB6>4 ;484K<: >4E>48AO9 E<EF9@O CD<@9ASRF 8?S 46FB@4F<;4J<< B5N9>FB6, B5?4-
84RM<I 5B?PLB= <A9DJ<BAABEFPR CB >4A4?G D97G?<DB64A<S, 9E?< @B:AB 6Ḃ5D4FP @9A99 
<A9DJ<BAAGR CB BFABL9A<R CB BFABL9A<R > A4<5B?99 BC4EAO@ 6B;@GM9A<S@ CDB@9:GFBK-
AGR >BBD8<A4FG < <ECB?P;B64FP 8?S A99 FB :9 D97G?<DGRM99 6B;89=EF6<9, KFB < 8?S BEAB6AB7B 
6OIB84 B5N9>F4. 

!9B5IB8<@B BCD989?<FP A4EFDB=>< BEAB6AB7B < 6ECB@B74F9?PAB7B D97G?SFBDB6 CD< ;4-
84AAOI 8<A4@<K9E><I I4D4>F9D<EF<>4I B5N9>F4 CB BEAB6AB@G < 6ECB@B74F9?PAB@G >4A4?4@. 

�BDя8B> 6OCB?A9A<я ?45BD4FBDAB= D45BFO 

1) D4EEK<F4FP CD<5?<:9AAO9 A4EFDB=>< BEAB6AB7B #�-D97G?SFBD4, <ECB?P;GS C9D984-
FBKAGR HGA>J<R Q>6<64?9AFAB7B B5N9>F4; 



2) D4EEK<F4FP CD<5?<:9AAO9 A4EFDB=>< 6ECB@B74F9?PAB7B #-D97G?SFBD4, <ECB?P;GS C9-
D984FBKAGR HGA>J<R Q>6<64?9AFAB7B B5N9>F4; 

3) GFBKA<FP A4EFDB=>< BEAB6AB7B < 6ECB@B74F9?PAB7B D97G?SFBDB6, <ECB?P;GS C9D984-
FBKAO9 HGA>J<< Q>6<64?9AFAOI B5N9>FB6; 

4) CBEFDB<FP 7D4H<>< C9D9IB8AOI CDBJ9EEB6 6ECB@B74F9?PAB= >BBD8<A4FO (BEAB6AB= 
D97G?SFBD BF>?RK9A), BEAB6AB= >BBD8<A4FO 6 B8AB>BAFGDAB= �%$ < 6 >4E>48AB= �%$.  
 

�45BD4FBDA4я D45BF4 №7 

�DB9>F<DB64A<9 D97G?яFBD4 8?я ?<A9=AB= E<EF9@O 

&9?P D45BFO: BE6B9A<9 @9FB8B6 CDB9>F<DB64A<S D97G?SFBD4 8?S  B8AB@9DAB= ?<A9=AB= 
A9CD9DO6AB= E<EF9@O E CB@BMPR ED98O MATLAB. 

�BEF4AB6>4 ;484K<: A4GK<FPES EFDB<FP @B89?< EB98<A9A<= ?<A9=AOI ;69AP96; A4GK<FP-
ES <ECB?P;B64FP @B8G?P SISOTool 8?S CDB9>F<DB64A<S CDBEF9=L<I D97G?SFBDB6. 

�BDя8B> 6OCB?A9A<я ?45BD4FBDAB= D45BFO 

ЭF4C 6OCB?A9A<я ;484A<я �B@4A8O MATLAB 

1. �698<F9 C9D984FBKAGR HGA>J<R @B89?< B5N9>F4 

)1sT(s

K
)s(P

s 
  >4> B5N9>F tf.  P = tf ( K, [Ts 1 0] ) 

2. �698<F9 C9D984FBKAGR HGA>J<R <AF97D<DGRM97B ;69A4 

sT

1
)s(R

R
0  . R0 = tf( 1, [TR 0] ) 

3. #BEFDB=F9 C9D984FBKAGR HGA>J<R CD<6B84, ;4@>AG6 
<AF97D4FBD 98<A<KAB= BFD<J4F9?PAB= B5D4FAB= E6S;PR. R = feedback ( R0, 1 ) 

4. #BEFDB=F9 C9D984FBKAGR HGA>J<R CBE?98B64F9?PAB7B 
EB98<A9A<S B5N9>F4 E CD<6B8B@. G = P * R 

5. #BEFDB=F9 C9D9IB8AGR I4D4>F9D<EF<>G 8?S CB?GK9AAB= 
@B89?< < E>BC<DG=F9 99 6 BFK9F K9D9; 5GH9D B5@9A4. "5N-
SEA<F9, CBK9@G HGA>J<S 59E>BA9KAB 6B;D4EF49F < EFD9@<F-
ES > CDS@B=. �4>B6 >BQHH<J<9AF A4>?BA4 QFB= CDS@B=? �4-
>DB=F9 B>AB E 7D4H<>B@. 

step ( G ) 

6. #BEFDB=F9 C9D984FBKAGR HGA>J<R <;@9D<F9?PAB7B 
GEFDB=EF64 

1sT

1
)s(H

oc 
 . H = tf ( 1, [Toc 1] ) 

7. #BEFDB=F9 C9D984FBKAGR HGA>J<R D4;B@>AGFB7B >BA-
FGD4. L = G * H 

8. #BEFDB=F9 ��(+) D4;B@>AGFB= E<EF9@O.  bode ( L ) 

9. "F@9FPF9 FBK><, BCD989?SRM<9 C9D9E9K9A<9 ��+) E 
CDS@B= 0 8� < C9D9E9K9A<9 �(+) E CDS@B= -1800.  

 
#�  – Characteristics – Stability 

(Minimum Crossing) 

10. "CD989?<F9, S6?S9FES ?< ;4@>AGF4S E<EF9@4 GEFB=-
K<6B=? �4>B6O ;4C4EO GEFB=K<6BEF<  CB 4@C?<FG89 (Gain-

margin) < H4;9 (Phasemargin)? �4>B= D97G?SFBD A9S6AB <E-
CB?P;G9FES 6 QFB@ E?GK49? %>BC<DG=F9 7D4H<> ��(+) 6 
BFK9F. 

 
��  A4 @9F>4I->DG:>4I 

11. !4=8<F9 @4>E<@4?PAO= >BQHH<J<9AF GE<?9A<S 
D4;B@>AGFB= E<EF9@O.  "5NSEA<F9 QFBF D9;G?PF4F. 

 
#�  – Characteristics – 

Peak Response 

12. �4>DB=F9 B>AB E ��(+) < ;4CGEF<F9 @B8G?P 
SISOTool. 

sisotool 

13. �@CBDF<DG=F9 C9D984FBKAGR HGA>J<R G >4> @B-
89?P B5N9>F4 (Plant) < H >4> @B89?P 84FK<>4 (Sensor). �?B>< 

 
File - Import 



ЭF4C 6OCB?A9A<я ;484A<я �B@4A8O MATLAB 

F (CD98H<?PFD) < C (D97G?SFBD) BEF46PF9 59; <;@9A9A<= 
(D46AO@< 1). 
14. "F>?RK<F9 <;B5D4:9A<9 >BDA96B7B 7B8B7D4H4 F4>, 
KFB5O 6 B>A9 BEF4?4EP FB?P>B ��(+).  

 
View – Root Locus (BF>?RK<FP) 

15. �?S FB7B, KFB5O ED4;G 6<89FP <;@9A9A<S C9D9IB8AOI 
CDBJ9EEB6, ;4CGEF<F9 LTIViewer <; 69DIA97B @9AR B>A4 
SISOTool. $4ECB?B:<F9 864 B>A4 DS8B@, KFB5O BA< A9 C9-
D9>DO64?< 8DG7 8DG74. 

 
Analysis – 

Response to Step Command 

16. "EF46PF9 FB?P>B 7D4H<> C9D9IB8AB7B CDBJ9EE4 A4 
6OIB89, BF>?RK<6 6O6B8 E<7A4?4 GCD46?9A<S. 

 
#�  – Systems – 
Closed loop r to u 

17. "CD989?<F9 C9D9D97G?<DB64A<9   < 6D9@S C9D9IB8-
AB7B CDBJ9EE4 pT . %>BC<DG=F9 7D4H<> 6 BFK9F. 

 
#�  – Characteristics – 

 Peak Response 

 Settling Time 

18. #9D9=8<F9 6 B>AB SISOTool. "CD989?<F9 >BQHH<J<-
9AF GE<?9A<S, CD< >BFBDB@ C9D9D97G?<DB64A<9 CD<@9DAB 
D46AB 10%. �4> <;@9A<?BEP 6D9@S C9D9IB8AB7B CDBJ9EE4? 
�4>B6O ;4C4EO GEFB=K<6BEF< 6 QFB@ E?GK49? %>BC<DG=F9 
7D4H<> 6 BFK9F. 

 
C9D9F4E><64A<9 @OLPR ��+), 
D984>F<DB64A<9 6 CB?9 Cur-

rentCompensator 

19. #9D9=8<F9 6 B>AB ED98O MATLAB < 6698<F9 C9D984-
FBKAGR HGA>J<R CDBCBDJ<BA4?PAB-8<HH9D9AJ<4?PAB7B 

(#�) D97G?SFBD4 
1sT

sT
1)s(C

v

s
pd 

 ,  

789 1Tv  E9>, sT  – CBEFBSAA4S 6D9@9A< B5N9>F4. 

Cpd = 1 + tf ( [Ts 0], [Tv 1] ) 

20. #9D9=8<F9 6 B>AB SISOTool. �@CBDF<DG=F9 D97G?S-
FBD Cpd >4> 54;B6GR @B89?P 8?S 5?B>4 C. 

 
File – Import, Cpd -> C 

21. "CD989?<F9 8BCB?A<F9?PAO= >BQHH<J<9AF GE<?9-
A<S, CD< >BFBDB@ C9D9D97G?<DB64A<9 CD<@9DAB D46AB 10%. 
!4=8<F9 6D9@S C9D9IB8AB7B CDBJ9EE4 < ;4C4EO GEFB=K<6B-
EF<. %D46A<F9 CDBCBDJ<BA4?PAO= < #�-D97G?SFBDO. %>B-
C<DG=F9 6 BFK9F 7D4H<> C9D9IB8AB7B CDBJ9EE4. 

 
C9D9F4E><64A<9 @OLPR ��+), 
D984>F<DB64A<9 6 CB?9 Cur-

rentCompensator 

22. "CD989?<F9 8BCB?A<F9?PAO= >BQHH<J<9AF GE<?9-
A<S, CD< >BFBDB@ 6D9@S C9D9IB8AB7B CDBJ9EE4 @<A<@4?P-
AB. %>BC<DG=F9 6 BFK9F 7D4H<> C9D9IB8AB7B CDBJ9EE4. 

 
C9D9F4E><64A<9 @OLPR ��+), 
D984>F<DB64A<9 6 CB?9 Cur-

rentCompensator 

23. #BEFDB=F9 C9D984FBKAGR HGA>J<R CB?GK9AAB= ;4-
@>AGFB= E<EF9@O.  W = C*G / (1 + C*G*H) 

24. #BEFDB=F9 @<A<@4?PAGR D94?<;4J<R C9D984FBKAB= 
HGA>J<< W. 

W = minreal(W) 

25. "CD989?<F9 CB?RE4 C9D984FBKAB= HGA>J<< ;4@>AG-
FB= E<EF9@O. +FB B;A4K49F 5?<;BEFP A9>BFBDOI CB?REB6 > 
@A<@B= BE<? �9DAB ?<, KFB 6 QFB@ E?GK49 5G89F @4?O= ;4-
C4E GEFB=K<6BEF<?  

pole ( W ) 

26. !4=8<F9 >BQHH<J<9AF GE<?9A<S E<EF9@O 6 GEF4AB-
6<6L9@ES D9:<@9. "5NSEA<F9 D9;G?PF4F. �EFP ?< G F4>B= 
E<EF9@O EF4F<K9E>4S BL<5>4 CD< BFE?9:<64A<< CBEFBSAAB-
7B E<7A4?4?  

dcgain ( W ) 

27. #BEFDB=F9 @<A<@4?PAGR D94?<;4J<R C9D984FBKAB= 
HGA>J<< ;4@>AGFB= E<EF9@O BF 6IB84 > E<7A4?G GCD46?9- Wu = minreal(C/ (1 + C*G*H)) 



ЭF4C 6OCB?A9A<я ;484A<я �B@4A8O MATLAB 

A<S (6OIB8G D97G?SFBD4). 
28. #BEFDB=F9 <;@9A9A<9 E<7A4?4 GCD46?9A<S CD< 98<-
A<KAB@ EFGC9AK4FB@ 6IB8AB@ E<7A4?9 < E>BC<DG=F9 7D4H<> 
6 BFK9F. "5NSEA<F9, CBK9@G E<7A4? GCD46?9A<S EFD9@<FES > 
AG?R. 

step ( Wu ) 

 

�45BD4FBDA4я D45BF4 №8 

�CD989?9A<9 A4EFDB9> D97G?яFBD4 @9FB8B@ D4EL<D9AAOI K4EFBFAOI I4D4>F9D<EF<> 

&9?P D45BFO: A4GK<FES D4EEK<FO64FP A4EFDB9KAO9 C4D4@9FDO D97G?SFBDB6 @9FB8B@ 
D4EL<D9AAOI K4EFBFAOI I4D4>F9D<EF<>. 

�BEF4AB6>4 ;484K<: 6 >4K9EF69 B5N9>F4 <EE?98B64A<S 6OEFGC49F B5N9>F GCD46?9A<S, >B-
FBDO= BC<EO649FES 4C9D<B8<K9E><@ ;69AB@ C9D6B7B CBDS8>4 E ;4C4;8O64A<9@. 

!9B5IB8<@B: 
1) D4EEK<F4FP D4EL<D9AAO9 K4EFBFAO9 I4D4>F9D<EF<>< B5N9>F4 8?S ;484AAB= EF9C9A< >B?954-
F9?PABEF< m; 
2) BCD989?<FP A4EFDB9KAO= C4D4@9FD # – D97G?SFBD4; 
3) D4EEK<F4FP < CBEFDB<FP >D<6GR D46AB= >B?954F9?PABEF< 6 C?BE>BEF< C4D4@9FDB6 %1 < %0 
8?S #� – D97G?SFBD4; 
4) D4EEK<F4FP < CBEFDB<FP >D<6GR D46AB= >B?954F9?PABEF< 6 C?BE>BEF< C4D4@9FDB6 %1 < %2 
8?S #� – D97G?SFBD4; 
5) 6O5D4FP D45BKGR K4EFBFG < EBBF69FEF6GRM<9 9= BCF<@4?PAO9 A4EFDB=><; 
6) CBEFDB<FP C9D9IB8AO9 CDBJ9EEO 6 E<EF9@9 E #-, #�-, #� – D97G?SFBD4@<. 

�BDя8B> 6OCB?A9A<я ?45BD4FBDAB= D45BFO 

1) CB 7D4H<>G >D<6B= D4;7BA4 B5N9>F4 BCD989?<FP C9D984FBKAGR HGA>J<R B5N9>F4; 
2) D4EEK<F4FP D4EL<D9AAO9 K4EFBFAO9 I4D4>F9D<EF<>< B5N9>F4 8?S ;484AAB= EF9C9A< >B?954-
F9?PABEF< m = 0.221; 
3) BCD989?<FP A4EFDB9KAO= C4D4@9FD # – D97G?SFBD4; 
4) D4EEK<F4FP < CBEFDB<FP >D<6GR D46AB= >B?954F9?PABEF< 6 C?BE>BEF< C4D4@9FDB6 %1 < %0 
8?S #� – D97G?SFBD4; 
5) 6O5D4FP BCF<@4?PAGR C4DG A4EFDB9>, EBBF69FEF6GRM<9 D45BK9= K4EFBF9; 
6) D4EEK<F4FP < CBEFDB<FP >D<6GR D46AB= >B?954F9?PABEF< 6 C?BE>BEF< C4D4@9FDB6 %1 < %2 
8?S #� – D97G?SFBD4; 
7) 6O5D4FP BCF<@4?PAGR C4DG A4EFDB9>, EBBF69FEF6GRM<9 D45BK9= K4EFBF9; 
8) ;4CGEF<FP E<EF9@G MatLab; 
9) CB?GK<FP C9D984FBKAO9 HGA>J<< ;4@>AGFOI E<EF9@, EBEFBSM<I <; ;484AAB7B B5N9>F4 < CB-
?GK9AAOI D97G?SFBDB6; 
10)CBEFDB<FP C9D9IB8AO9 CDBJ9EEO 6 E<EF9@9 E #-, #�-, #� – D97G?SFBD4@<. 

 

�D<F9D<< BJ9A><: �B?<K9EF6B 54??B6, >BFBDB9 @B:AB CB?GK<FP ;4 ?45BD4FBDAGR D45BFG, 
CD98EF46?9AB 6 F45?. 

�45BD4FBDA4S D45BF4 �4?? 
4 E9@9EFD 5 E9@9EFD 

№1 12-18  

№2 12-18  

№3 12-18  

№4 12-18  

№5 12-18  

№6  12-16 

№7  12-17 

№8  12-17 

�&"�" 60-90 36-50 



 �!"�$!�'�� $"%%�� 
!<:A9>4@E><= I<@<>B-F9IAB?B7<K9E><= <AEF<FGF (H<?<4?)  

H989D4?PAB7B 7BEG84DEF69AAB7B 5R8:9FAB7B B5D4;B64F9?PAB7B GKD9:89A<S 
6OEL97B B5D4;B64A<S 

«�4;4AE><= A4J<BA4?PAO= <EE?98B64F9?PE><= F9IAB?B7<K9E><= GA<69DE<F9F» 
 

Ф4>G?PF9F ИAHBD@4J<BAAOI F9IAB?B7<= 

К4H98D4 ИAHBD@4J<BAAOI E<EF9@ < F9IAB?B7<= 

 

!4CD46?9A<9 CB87BFB6><: 27.03.04  'CD46?9A<9 6 F9IA<K9E><I E<EF9@4I 
#DBH<?P: %<EF9@O < ED98EF64 46FB@4F<;4J<< F9IAB?B7<K9E><I  CDBJ9EEB6 

 

�B@C?9>F ;484A<= 8?я >GDEB6B= D45BFO  
CB 8<EJ<C?<A9 «&9BD<S 46FB@4F<K9E>B7B GCD46?9A<S» 

 

 4EK9F < <EE?98B64A<9 C4D4@9FDB6 !�# 

�BDя8B> 6OCB?A9A<я ?45BD4FBDAB= D45BFO 

�?S EFDG>FGDAB= EI9@O %�', EBBF69FEF6GRM9= 6O5D4AAB@G 64D<4AFG, 6OCB?A<FP E?9-
8GRM<9 89=EF6<S: 

1. �;546<FPES BF 6E9I C9D9>D9EFAOI C4D4??9?PAOI < B5D4FAOI E6S;9=, CD<69EF< EFDG>-
FGDAGR EI9@G > EF4A84DFAB@G 6<8G. "CD989?<FP C9D984FBKAGR HGA>J<R D4;B@>AGFB= E<EF9-
@O, ;4C<E4FP 99 6 EF4A84DFAB= HBD@9. "CD989?<FP EF9C9AP 4EF4F<;@4 E<EF9@O. 

2. "CD989?<FP 4@C?<FG8AB-H4;B6GR, 69M9EF69AAGR < @A<@GR K4EFBFAO9 I4D4>F9D<-
EF<>< D4;B@>AGFB= E<EF9@O. 

3. #BEFDB<FP 7B8B7D4H �(+) D4;B@>AGFB= E<EF9@O. 
4. !4=F< 6OD4:9A<S 8?S 4E<@CFBF<K9E>B= ��+) < �(+) D4;B@>AGFB= E<EF9@O. 
5. #BEFDB<FP 6 @4ELF459 ��+) < �(+) D4;B@>AGFB= E<EF9@O. 
6. "CD989?<FP GEFB=K<6BEFP ;4@>AGFB= %�' E CB@BMPR >D<F9D<S !4=>6<EF4 < ?B74-

D<H@<K9E><I K4EFBFAOI I4D4>F9D<EF<>. 
7. !4=F< ;4C4EO GEFB=K<6BEF< E<EF9@O CB H4;9 < CB 4@C?<FG89. 
8. !4=F< C9D984FBKAGR HGA>J<R ;4@>AGFB= E<EF9@O < CDB69D<FP 6O6B8O CGA>F4 6 E 

CB@BMPR K4EFBFAB7B >D<F9D<S  <I4=?B64. 
9. "CD989?<FP 69?<K<AG CBCD46BKAB7B >BQHH<J<9AF4 GE<?9A<S, CD< >BFBDB@ EF4F<K9-

E>4S BL<5>4 ;4@>AGFB= E<EF9@O 5G89F A9 5B?PL9 0.1; C9D9D97G?<DB64A<9 6 E<EF9@9 EBEF46<F 
12 %; 6D9@S C9D9IB8AB7B CDBJ9EE4 5G89F @<A<@4?PAO@. 

10. #BEFDB<FP E C9D9IB8AGR HGA>J<R ;4@>AGFB= E<EF9@O < BJ9A<FP BEAB6AO9 CB>4;4-
F9?< >4K9EF64 D97G?<DB64A<S (C9D9D97G?<DB64A<9 < 6D9@S D97G?<DB64A<S) 6 E<EF9@9. 

11. #D9B5D4;B64FP CB?GK9AAGR E<EF9@G 6 J<HDB6GR HBD@G < CBEFDB<FP C9D9IB8AO9 
CDBJ9EEO 8?S D4;?<KAOI ;A4K9A<= L474 >64AFB64A<S. 

�EIB8AO9 84AAO9  
�4D<4AF %I9@4 k1 k2 k3 k4 k5 T1 T2 T3 T4 T5 T6 ξ 
1.  (f) 7 5 10 6  0.9 0.2 0.5 0.8 0.1 0.3  

2.  (a) 5 1 2 5 0.5 0.5 0.4 0.6 0.1 0.8  0.5 

3.  (e) 0.2 2 2 30 2 0.5 0.8 0.2 0.75    

4.  (b) 2 0.2 2 10 3 0.5 0.5 0.9 0.75    

5.  (c) 0.5 5 4 10 0.25 0.8      0.5 

6.  (d) 0.7 2 2 9 0.7 0.2 0.5 0.4 0.55    

7.  (f) 2 2 15 19  0.5 0.7 0.2 0.6 0.15 0.75  

8.  (c) 0.2 4 5 10 0.25 0.7      0.5 

9.  (a) 1 5 2 4 0.2 0.1 0.4 0.2 0.25 0.922  0.5 

10.  (b) 0.5 6 3 25 0.3 0.1 0.01 0.3 0.25    



�4D<4AF %I9@4 k1 k2 k3 k4 k5 T1 T2 T3 T4 T5 T6 ξ 
11.  (e) 1.1 3 5 12 0.7 0.1 0.95 0.3 0.6    

12.  (a) 2 0.8 4 15 2 0.75 0.15 0.95 0.1 0.6  0.4 

13.  (d) 1.5 5 0.5 5 2 0.1 0.1 0.2 0.75    

14.  (f) 5 7 15 4  0.5 0.5 0.6 0.9 0.2 0.7  

15.  (b) 0.7 10 2 20 0.5 0.2 0.3 0.6 0.5    

 

!FDG>FGDAO9 EI9@O !�# 
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�D<F9D<< BJ9A><  
#D< BJ9A>9 D9;G?PF4FB6 6OCB?A9A<S >GDEB6B= D45BFO 6 D4@>4I 8<EJ<C?<AO «&9BD<S 

46FB@4F<K9E>B7B GCD46?9A<S»  <ECB?P;G9FES D9=F<A7B64S E<EF9@4. 
 4>E<@4?PAB9 ;A4K9A<9 BJ9A>< >GDEB6B= D45BFO D46AB 100 5. �GDEB64S D45BF4 EK<F4-

9FES E84AAB=, 9E?< EFG89AF CB?GK<? ;4 A99 A9 @9A99 – 60 5. �D<F9D<< BJ9A>< CD98EF46?9AO 6 
F45?. 

�D<F9D<< BJ9A>< �B?<K9EF6B 54??B6  
�BDD9>FABEFP EBEF46?9A<S @4F9@4F<K9E>B= @B89?< 0-20 

#DB7D4@@A4S D94?<;4J<S  0-20 

�D4H<K9E>B9 CD98EF46?9A<9 D9;G?PF4FB6 0-20 

#D46<?PABEFP K<E?9AAOI D9;G?PF4FB6  0-20 

"HBD@?9A<9 BFK9F4 0-10 

%6B96D9@9AABEFP E84K< >GDEB6B= D45BFO 0-10 

�&"�" 0-100 

 

 

 

 

 

 

 

 

 

 

 

 



 �!"�$!�'�� $"%%�� 
!<:A9>4@E><= I<@<>B-F9IAB?B7<K9E><= <AEF<FGF (H<?<4?)  

H989D4?PAB7B 7BEG84DEF69AAB7B 5R8:9FAB7B B5D4;B64F9?PAB7B GKD9:89A<S 
6OEL97B B5D4;B64A<S 

«�4;4AE><= A4J<BA4?PAO= <EE?98B64F9?PE><= F9IAB?B7<K9E><= GA<69DE<F9F» 
 

Ф4>G?PF9F ИAHBD@4J<BAAOI F9IAB?B7<= 

К4H98D4 ИAHBD@4J<BAAOI E<EF9@ < F9IAB?B7<= 

 

!4CD46?9A<9 CB87BFB6><: 27.03.04  'CD46?9A<9 6 F9IA<K9E><I E<EF9@4I 
#DBH<?P: %<EF9@O < ED98EF64 46FB@4F<;4J<< F9IAB?B7<K9E><I  CDBJ9EEB6 

 

�B@C?9>F F9EFB6OI ;484A<=  
CB 8<EJ<C?<A9 «"9BD<я 46FB@4F<K9E>B7B GCD46?9A<я» 

 
�4D<4AF №1 

'4EFP I. �484A<9 E 6O5BDB@ A9E>B?P><I 69DAOI BF69FB6 

1.1. "EAB6AO9 CD<AJ<CO  46FB@4F<K9E>B7B GCD46?9A<S: 
1) D4;B@>AGFB9 GCD46?9A<9; 
2) CD<AJ<C @4>E<@G@4; 
3) CD<AJ<C >B@C9AE4J<<; 
4) 8BCGEF<@B9 GCD46?9A<9; 
5) CD<AJ<C B5D4FAB= E6S;<. 
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