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�0?@>?>=>20=> <5B>4 ?>1C4>28 V @>7@0EC=:C AB@C:BC@=>W AE5<8 A8AB5<8 
C?@02;V==O >1’є:B><, O:89 :>=AB@C:B82=> CB2>@5=> ?>A;V4>2=8< 7’є4=0==O< 
0?5@V>48G=>W ;0=:8 ?5@H>3> ?>@O4:C B0 V=B53@0B>@><, 0 D>@<0;V7>20=> 
>?8A0=> <0B5<0B8G=>N <>45;;N C 283;O4V 4>1CB:C 2V4?>2V4=8E ?5@540B>G=8E 
DC=:FV9. #>H8@5=>N B8?>2>W @50;V70FVєN 707=0G5=>3> >1’є:B0 C?@02;V==O 
<>65 A;C3C20B8 5;5:B@8G=89 4283C= 7 465@5;>< 2EV4=>W =0?@C38. 
�0?@>?>=>20=89 <5B>4 4>72>;Oє ?>1C4C20B8 A8AB5<C C?@02;V==O, 1;87L:C 4> 
>?B8<0;L=>W 70 H284:>4VєN. #@8G><C >?B8<0;L=VABL, 2 40=><C 28?04:C, 
287=0G0єBLAO B8<, I> >1’є:B 2 ?@>F5AV DC=:FV>=C20==O 2<8:0єBLAO 2 
@5;59=><C @568<V. #5@5EV4=89 ?@>F5A 4;O 287=0G5=>3> >1’є:B0 C?@02;V==O, 2 
C<>20E >?B8<0;L=>3> @568<C, O2;Oє A>1>N 420 5B0?8: @>73>=C B0 30;L<C20==O, 
O:V 74V9A=NNBLAO 70 <0:A8<0;L=8E 7=0G5=L 2EV4=>3> 2?;82C 5 B>1B> 2EV4=>W 
=0?@C38. �;O 287=0G5==O <><5=BV2 ?5@5<8:0==O 2EV4=>3> 2?;82C (A83=0;C) 
28:>@8AB0=> <5B>4 D07>2>W ?;>I8=8, 0 D07>28<8 :>>@48=0B0<8 ?@8 FL><C 
28ABC?0NBL: ?> >AV 01AF8A 5 28EV4=0 25;8G8=0 (4;O =02545=>3> ?@8:;04C 5 
G0AB>B0 >15@B0==O 20;C 4283C=0), 0 ?> >AV >@48=0B 5 H284:VABL 7<V=8 28EV4=>W 
25;8G8=8 (01> ?>EV4=0 2V4 G0AB>B8 >15@B0==O 20;C 4283C=0, B>1B> 2V4?>2V4=5 
?@8A:>@5==O). $>7@>1;5=> AB@C:BC@=C AE5<C A8AB5<8 C?@02;V==O, I> 
70157?5GCє @>73V= B0 30;L<C20==O >1’є:B0 ?@8 <0:A8<0;L=8E 7=0G5==OE 
2EV4=>3> A83=0;C ( 

maxU  B0 
maxU ). "?B8<0;L=VABL ?5@5EV4=>3> ?@>F5AC 

70157?5GCєBLAO B8<, I> ?>E81:0 C?@02;V==O ?>@V2=NєBLAO 7 A83=0;><, I> 
=04E>48BL 2V4 ;0=:8, =0;0HB>20=>W ;V=VW ?5@5<8:0==O. !02545=> D>@<C;8 
>1G8A;5==O ;V=VW ?5@5<8:0==O =0 D07>2V9 ?;>I8=V, 0 B0:>6 ?@>3@0<C 
@>7@0EC=:C ;V=VW ?5@5<8:0==O, =0?8A0=C 2 A5@54>28IV MATLAB C D>@<0BV m-

file. #@>2545=> <>45;N20==O A8AB5<8 C ?0:5BV MATLAB-Simulink, I> 
?V4B25@46Cє >?B8<0;L=VABL ?@>F5AC C?@02;V==O. 
�?юч>2і A?>20: AB@C:BC@=0 AE5<0, A8AB5<0 C?@02;V==O, ?5@540B>G=0 DC=:FVO, 

 

ВABC?. $>73;O=5<> >?B8<0;L=V A8AB5<8, 2 O:8E :@8B5@Vє< >?B8<0;L=>ABV є 
<V=V<0;L=89 G0A 2V4?@0FN20==O A8AB5<>N 7040=>3> A83=0;C. � O:>ABV >1’є:B0 
C?@02;V==O ?@89<0є<> 28:>=02G89 ?@8AB@V9 (=0?@8:;04, 4283C= ?>ABV9=>3> 
AB@C<C) 7 ?V4A8;N20G5< ?>BC6=>ABV. �2060є<>, I> @V2=O==O >1’є:B0 C?@02;V==O 
(B>1B> 9>3> <0B5<0B8G=0 <>45;L) <0є 283;O4: 

ø ùtuW
td

yd

td

yd
T 02

2

0 ý ,     (1) 

(C=:FV>=0;L=C AE5<C 70<:=CB>W >?B8<0;L=>W 70 H284:>4VєN A8AB5<8 
=02545=> =0 @8A.1. #@89<0є<> C<>2C, I> >1’є:B C?@02;V==O "' >?8ACєBLAO 
48D5@5=FV0;L=8< @V2=O==O< (1) V I> :>@5=V E0@0:B5@8AB8G=>3> @V2=O==O @5G>2V B0 
=54>40B=V. 
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$иA. 1. (C=:FV>=0;L=0 AE5<0 70<:=CB>W A8AB5<8. 
CG ― C?@02;ONG89 ?@8AB@V9; BG 5 >1’є:B C?@02;V==O 

�V4?>2V4=> 4> B5>@5<8 ?@> n -V=B5@20;V2 [1] 4;O 70157?5G5==O 
<0:A8<0;L=>W H284:>4VW 2 B0:V9 A8AB5<V A83=0; C?@02;V==O ø ùtu  ?>28=5= <0B8 420 

3@0=8G=> 4>?CAB8<V 7=0G5==O: 
maxU  B0 

maxU , 0 ?5@5EV4=89 ?@>F5A ?@8 FL><C 
A:;040єBLAO 7 42>E G0AB8=: @>73>=C B0 30;L<C20==O. 

�040G5N >?B8<0;L=>3> 70 H284:>4VєN C?@02;V==O 2 ?>AB0=>2FV, O:0 
@>73;O40єBLAO, є ?5@52545==O 28EV4=>3> A83=0;C (01> 5 2 B5@<V=0E B5>@VW 
C?@02;V==O 5 «28EV4=>W :>>@48=0B8») >1’є:B0 (4;O =02545=>3> ?@8:;04C 5 
G0AB>B8 >15@B0==O 20;C 4283C=0) 7 ?>G0B:>2>3> AB0=C (=0O2=>W G0AB>B8 >15@B0==O 
=0 ?>G0B>: <><5=BC C?@02;V==O) 2 :V=F5289 AB0= (4> 1060=>3> 7=0G5==O G0AB>B8 
>15@B0==O 70 =0A;V4:0<8 C?@02;V==O) 70 <V=V<0;L=89 G0A. �;3>@8B< >?B8<0;L=>3> 
C?@02;V==O 72>48BLAO 4> 287=0G5==O <><5=BV2 ?5@5<8:0==O A83=0;C C?@02;V==O 
ø ùtu  7V 7=0G5==O 

maxU  (B>1B> 7 @568<C @>73>=C) C 7=0G5==O 
maxU  (B>1B> C @568< 

30;L<C20==O).  ><5=B8 ?5@5<8:0==O <>6=0 287=0G8B8, @>72’O7CNG8 2V4?>2V4=V 
48D5@5=FV0;L=V @V2=O==O. %;V4 707=0G8B8, I> A?V;L=5 @>72’O7C20==O A8AB5<8 
48D5@5=FV0;L=8E @V2=O=L (287=0G5==O ?5@V>4C G0AC, I> 2V4?>2V40є @568<C 
@>73>=C B0 ?5@V>4C G0AC, I> 2V4?>2V40є @568<C 30;L<C20==O) ?@872>48BL 4> 
=5>1EV4=>ABV @>72’O7C20B8 B@0=AF5=45=B=V @V2=O==O [1 5 4]. 

!86G5 ?>:070=>, I> ?>1C4C20B8 A8AB5<C, 1;87L:C 4> >?B8<0;L=>W <>6=0, 
A9 687A4G4NG8 @B@9AF8 C9D9@8>4AAO. 

 еB0 @>1>Bи. М9FBN @>1>B8 є @>7@>1:0 C?@02;ONG>3> ?@8AB@>N >?B8<0;L=>W 70 
H284:>4VєN A8AB5<8, 9>3> AB@C:BC@=>W AE5<8 B0 <5B>4C @>7@0EC=:C, ?@8G><C 
B0:>3>, I> >AB0==V9 A9 68@474є 687A4G9AAO @B@9AFV6 C9D9@8>4AAO >9DGNGB7B 
E87A4?G V 28:>=0==O, C 72’O7:C 7 F8<, 3@><V74:8E >1G8A;5=L, ?>2’O70=8E 7 
@>72’O7:>< B@0=AF5=45=B=8E @V2=O=L. 
"A=>2=0 ч0ABи=0. %83=0; C?@02;V==O ø ùtu  (@8A.1) ?>28=5= 7<V=N20B8AO 70 
@5;59=8< 70:>=><, >B65, B0:0 A8AB5<0 є ACBBє2> =5;V=V9=>N. �;O >?8AC B0 
@>7@0EC=:C B0:>W A8AB5<8 28:>@8AB0є<> <5B>4 H47B6BW C?BI8A8. #@8 FL><C 
@>73;O40B8<5<> D07>2C ?;>I8=C, ?> :>>@48=0B=8E >AOE O:>W 2V4:;045=>: ?>E81:C 
C?@02;V==O ø ù ø ùtyytx n ý  5 2VAL 01AF8A, V H284:VABL 7<V=8 ?>E81:8 
ø ù ø ù tdtdxt ý  5 2VAL >@48=0B. 

$V2=O==O (1), 70?8A0=5 I>4> ?>E81:8, =01C20є 283;O4C: 
ø ù ø ù ø ùtuk

td

txd

td

txd
T 02

2

0 ý .     (2) 

)>1 ?5@59B8 2V4 48D5@5=FV0;L=>3> @V2=O==O A8AB5<8 (2) 4> @V2=O==O 2 
:>>@48=0B0E D07>2>W ?;>I8=8, ?>B@V1=> 7 @V2=O==O (2) 28:;NG8B8 =570;56=89 
?0@0<5B@ 5 G0A t . �;O FL>3> ?@54AB028<> 4@C3C ?>EV4=C 7<V==>W ø ùtx  =0ABC?=8< 
G8=><: 
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ø ù ø ù ø ù ø ù
ø ù

ø ù ø ù
ø ùtdx

tdt

tdx

tdx

td

td

td

td

td

txd 
ý


ý


ý

2

 01> (A?@>I5=>) 
ø ù

dx

d

td

txd 
ý

2

. 

#V4AB02;ONG8 2 @V2=O==O (2) ?5@HC B0 4@C3C ?>EV4=V 7<V==>W ø ùtx  

>B@8<0є<>, C :>>@48=0B0E D07>2>W ?;>I8=8 ø ù ø ùø ùttx ,  01> ø ù,x , =0ABC?=5: 

ø ùtuk
dx

d
T 00 ý


.     (3) 

$V2=O==O (3) O2;Oє A>1>N 48D5@5=FV9=5 @V2=O==O «7V 7<V==8<8, I> @>74V;ONBLAO». 
#VA;O >G5284=8E ?5@5B2>@5=L, >B@8<0є<>: 

uk

d
Tdx

0

0 


ý . 

� >AB0==L><C @V2=O==V A?@020 5 B01;8G=89 V=B53@0;. � @57C;LB0BV 
V=B53@C20==O, <0є<>: 

10000 ln CukukTTx ý ,    (4) 

45 1C  5 ?>ABV9=0 V=B53@C20==O. 
#> ACBV, 28@07 (4) >?8ACє AV<59AB2> @V2=O=L 5 D07>28E B@0є:B>@V9, :>6=5 7 

O:8E 287=0G0єBLAO ?>ABV9=>N V=B53@C20==O 1C  V 70;568BL 2V4 ?>G0B:>28E C<>2 
(O:V, 2 A2>N G5@3C, 2;0A=> V 287=0G0NBL :>=:@5B=5 7=0G5==O ?>ABV9=>W 
V=B53@C20==O 1C ). �87=0G8<> @V2=O==O D07>2>W B@0є:B>@VW, O:0 ?@>E>48BL G5@57 
F5=B@ :>>@48=0B. �;O FL>3> ?@89<5<> :V=F52V C<>28 ?5@5EV4=>3> ?@>F5AC: 

0:V=:V=:V= ýýý xx  . 

#V4AB0282H8 :V=F52V C<>28 2 @V2=O==O (4) 287=0G8<> 7=0G5==O ?>ABV9=>W 
V=B53@C20==O 1C : 

ø ù ø ùtuktukTC 0001 lný .     (5) 

�0;V, ?V4AB02;ONG8 7=0G5==O 1C  C @V2=O==O (4),>B@8<0є<>: 

ø ù ø ù ø ù ø ùtuktukTtuktukTTx 0000000 lnln ý .  (6) 

$V2=O==O (6) 5 F5 @V2=O==O D07>28E B@0є:B>@V9, O:V ?@>E>4OBL G5@57 F5=B@ 
:>>@48=0B, B>1B>: 0ýýx . 

$>73;O=5<> 420 28?04:8. 

1. !5E09 ?@8 0ýt , ø ù 0ýty  =0 2EV4 ?>40=> A83=0; ny . #@8 FL><C 
?>E81:0 C?@02;V==O 4>@V2=Nє ø ù nytx ý , C?@02;ONG89 ?@8AB@V9 2840є A83=0; 

maxmax UU ý . $V2=O==O D07>2>W B@0є:B>@VW, I> 2V4?>2V40є FL><C @568<C, 
>B@8<0є<> 7 @V2=O==O (6), ?V4AB0282H8 ø ù maxUtu ý . �;O FL>3> @568<C 22545<> 
?>7=0G5==O: ø ù 01 þý xtx , 01 üý , 01max0  Uk . $V2=O==O (6) =01C20є 
283;O4C: 

max0max001max0max00101 lnln UkUkTUkUkTTx ý .  (7) 

2. !5E09 ?@8 0ýt , ø ù 0ýty  =0 2EV4 ?>40=> A83=0; ny . #@8 FL><C 
?>E81:0 C?@02;V==O 4>@V2=Nє ø ù nytx ý , C?@02;ONG89 ?@8AB@V9 2840є A83=0; 

maxmax UU ý . /: V C ?>?5@54=L><C 28?04:C, 4;O FL>3> @568<C 22545<> 
?>7=0G5==O: ø ù 02 üý xtx , 02 þý , max020 Uk . &>4V @V2=O==O D07>2>W 
B@0є:B>@VW, I> 2V4?>2V40є FL><C @568<C, =01C20є 283;O4C: 
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max0max001max0max00202 lnln UkUkTUkUkTTx ý . (8) 

$>73;O=5<> ?@8:;04. !5E09 ?0@0<5B@8 >1’є:B0 C?@02;V==O <0NBL 7=0G5==O: 
25,00 ýk ; cT 5,00 ý ; BU 220max ý . 

�;O ?>1C4>28 B0 @>7@0EC=:C ;V=VW ?5@5<8:0==O 70 D>@<C;0<8 (7) B0 (8) 
A:>@8AB0є<>AO ?@>3@0<>N, =02545=>N =86G5. #@>3@0<C A:;045=> 70 4>?><>3>N 
?;0BD>@<8 MATLAB [5] B0 ?@54AB02;5=> C D>@<0BV m-file: 

T=0.5; k=0.25; Um=220; ku=k.*Um 

e1=[-55:0.1:0]; 

x1=-T.*e1-T.*ku.*log(abs(-ku+e1))+T.*ku.*log(ku); 

e2=[0:0.1:55]; 

x2=-T.*e2+T.*ku.*log(abs(+ku+e2))-T.*ku.*log(ku); 

e=[e1,e2]; 

x=[x1,x2]; 

plot(x,e); grid 

!0 @8A.2 ?>:070=> ;V=VO ?5@5<8:0==O D07>2>W ?;>I8=8 4;O 7040=>W 
A8AB5<8. 

!0 @8A.3 ?>:070=> D07>289 ?>@B@5B 70<:=CB>W A;V4:CNG>W A8AB5<8. �V=VO 
?5@5<8:0==O MON ?>4V;Oє 2AN D07>2C ?;>I8=C =0 42V G0AB8=8. #@02>@CG 2V4 ;V=VW 
?5@5<8:0==O ø ù maxUtu ý , ;V2>@CG 2V4 ;V=VW ?5@5<8:0==O ø ù maxUtu ý . 

#5@5EV4=89 ?@>F5A C A8AB5<V 2V4>1@060єBLAO =0 D07>2V9 ?;>I8=V @CE>< 
7>1@06CNG>W B>G:8 D07>2>W B@0є:B>@VW. �>6=0 B@0є:B>@VO 70;568BL 2V4 ?>G0B:>28E 
C<>2. #>B@0?82H8 =0 D07>2C B@0є:B>@VN, 7>1@06CNG0 B>G:0 @CE0єBLAO AB@>3> ?> 
=V9. #5@5EV4 =0 V=HC B@0є:B>@VN <>6;8289 ;8H5 ;V=VW ?5@5<8:0==O, O:>N є ;V=VO 
MON. ' 25@E=V9 G0AB8=V D07>2>W ?;>I8=8 ø ù ø ùø ù 0þý tdtxdt  =0?@O<>: @CEC 
AB0=>28BL «7;V20-=0?@02>», C =86=V9 G0AB8=V 5 «A?@020-=0;V2>». 

  

$иA. 2.  �V=VO ?5@5<8:0==O =0 D07>2V9 
?;>I8=V 

$иA. 3.  (07>289 ?>@B@5B A;V4:CNG>W 
A8AB5<8 

)>1 >B@8<0B8 0;3>@8B< DC=:FV>=C20==O >?B8<0;L=>W 70 H284:>4VєN 
A8AB5<8 =5>1EV4=> 70157?5G8B8 @CE 7>1@06CNG>W B>G:8 7 <0:A8<0;L=>N 
H284:VABN ?> 1C4L-O:V9 B@0є:B>@VW 4> ?5@5B8=C 7 ;V=VєN ?5@5<8:0==O. 

!0 D07>2><C ?>@B@5BV 284=>, I> :>6=0 D07>20 B@0є:B>@VO ?5@5B8=0єBLAO 7 
;V=VєN ?5@5<8:0==O. #>B@0?82H8 =0 ;V=VN ?5@5<8:0==O, 7>1@06CNG8 B>G:0 
=5<8=CG5 @CE0єBLAO 4> F5=B@C :>>@48=0B 7 <0:A8<0;L=>N H284:VABN. &0:8< 
G8=><, C?@02;ONG89 ?@8AB@V9 ?>28=5= 2<8:0B8 A83=0; C?@02;V==O 2 @5;59=><C 
@568<V ø ù maxUtu ý  (70;56=> 2V4 ?>G0B:>28E C<>2) V 2 <><5=B ?>?040==O 
7>1@06CNG>W B>G:8 =0 ;V=VN ?5@5<8:0==O @5;59=89 ?@8AB@V9 ?>28=5= ?5@5<8:0B8 



І!("$ �&��� &�  �&� �&�'!І  �&"�� �  "���.��!!І ▪ 2023 ▪ &>< 13, 7 1-2 

31 

?>B>G=89 A83=0; C?@02;V==O =0 72>@>B=89 70 7=0:><. &0:89 0;3>@8B< C?@02;V==O 
<>6=0 >B@8<0B8, O:I> ?>@V2=N20B8 ?>E81:C C?@02;V==O 7 25;8G8=>N, I> 
2V4?>2V40є ;V=VW ?5@5<8:0==O, V 4020B8 A83=0; =0 ?5@5<8:0==O C @07V, O:I> 
?>E81:0 =5 4>@V2=Nє =C;N. 

%B@C:BC@=C AE5<C 70<:=CB>W >?B8<0;L=>W 70 H284:>4VєN A8AB5<8 ?>:070=> 
=0 @8A.4. !0 AE5<V (@8A.4) ?@54AB02;5=> =0ABC?=V 1;>:8: 1;>: 1 5 @5;5, 1;>: 2 5 
DC=:FV>=0;L=89 1;>:, O:89 D>@<Cє ;V=VN ?5@5<8:0==O. &59 1;>: 70157?5GCє 
70;56=VABL 28EV4=>W 25;8G8=8 1;>:C (=0 AE5<V ?>7=0G5=> O:  x ) 2V4 ?>EV4=>W 
28EV4=>W 25;8G8=8 A8AB5<8 ø ùt . 

�;O B>3>, I>1 C=8:=CB8 <>6;828E 02B>:>;820=L C @5;59=V9 A8AB5<V, 
?>B@V1=> 225AB8 2 @5;59=C E0@0:B5@8AB8:C 7>=C =5GCB;82>ABV. #@8 FL><C 
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SYNTHESIS AND SIMULATION OF THE OPTIMUM 

ACCORDING TO THE SPEED OF THE TRACKING SYSTEM 

S. O. Bobrikov, L. L. Prokofieva, A. A. Saveliev 

 

National Odesa Polytechnic University , Shevchenko str., 1, Odesa, 65044  

bobrikov1932@gmail.com, luleopro@gmail.com, sanp277@gmail.com 

A method of construction and calculation of the structural scheme of the facility management system is 

proposed, which is constructively formed by the serial connection of the first-order aperiodic link and the 

integrator, and is formally described by a mathematical model in the form of a product of the 

corresponding transfer functions. An electric motor with an input voltage source can serve as a common 

typical implementation of the specified control object. The proposed method makes it possible to build a 

control system that is close to optimal in terms of speed. Moreover, optimality, in this case, is determined 

by the fact that the object in the process of functioning is turned on in relay mode. The transient process 

for a defined control object, under the conditions of the optimal mode, is two stages: acceleration and 

braking, which are carried out at the maximum values of the input influence - that is, the input voltage. To 
determine the switching moments of the input influence (signal), the phase plane method is used, and the 

phase coordinates are: on the abscissa axis, the output value (for the given example, the frequency of 

rotation of the motor shaft), and on the ordinate axis, the rate of change of the output value (or derivative 

from the rotation frequency of the motor shaft, i.e. the corresponding acceleration). A structural diagram 

of the control system was developed, which ensures acceleration and braking of the object at the 

maximum values of the input signal. The optimality of the transition process is ensured by the fact that 

the control error is compared with the signal coming from the link of the configured switching line. 

Formulas for calculating the switching line on the phase plane are presented, as well as the program for 

calculating the switching line, written in the MATLAB environment in m-file format. The system was 

modeled in the MATLAB-Simulink package, which confirms the optimality of the control process. 

Keywords: structural diagram, control system, transfer function, optimal system, speed, relay mode, 

phase plane, switching line, control error, simulation. 


