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-4$122C= -#?!"A94-4$ !%9124$"#24, 794 -#?!"A94- % G'&%'-4$122C;' @1-1;#9-1;' 2# @4D$4"A#9 49-1F4919: $#%: 3'1@1D42 'D-
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-#?!"A94-4$ @-' 'D;#2#2'' @1-1;#9-4$ 21?-!D&' @4 %'?21"1;, @4%9!@1IJ'; 49 %'%9#;C !@-1$"#2'A. H-' <94; 3"A 4F#%@#7#-

2'A F4"## K'-4&4?4 3'1@1D421 3#(%9$'A -#?!"A94-1 $ -#E';# 24;'21":2C= 21?-!D4& @-#3"4E#24 '%@4":D4$12'# @4"4E'9#":-

24( $4":9-34F1$&', $#"'7'21 &494-4( 4@-#3#"A#9%A 9#=2'7#%&' 'D;#-A#;C; G1D2C; 94&4; $C=4324?4 G'":9-1 1$9424;24?4 

'2$#-94-1 21@-AE#2'A.  1F491 @4"!7#22C= -#?!"A94-4$ @-4$#-A"1%: 21 ';'91B'4224( ;43#"' %'%9#;C <"#&9-4@'912'A 9#"#-

!@-1$"A#;4?4 ?"!F4&4$4324?4 1@@1-191, -#1"'D4$1224( $ %-#3# Matlab. 

������ � "�#�$: %'%9#;1 <"#&9-4@'912'A, 1$9424;2C( 4FL#&9, %!F4@9';1":2C( -#?!"A94-, E#"1#;1A @#-#3194721A 
G!2&B'A, %91F'"'D1B'A 21@-AE#2'A, &4;F'2'-4$122C( -#?!"A94-, ;19#;19'7#%&4# ;43#"'-4$12'#, 1@@-4&%';1B'A, 
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*1E2C;' 9#23#2B'A;' $ @-4$#3#2'' 21!72C= '%-
%"#34$12'( $4 ;24?'= %9-121= ;'-1 A$"A#9%A %4$#--

K#2%9$4$12'# ' ;43#-2'D1B'A 9#"#!@-1$"A#;C= @43-

$432C= 1@@1-194$ %@#B'1":24?4 21D217#2'A [1-3]. >1-
&'# 1@@1-19C 4FC724 4%21J#2C ?'3-41&!%9'7#%&4( 

'D;#-'9#":24( 1@@1-19!-4(, @-4G'"4?-1G1;' ' 12-

9#221;' F4&4$4?4 4FD4-1. N2' B#"#%44F-1D2C 3"A $C-

@4"2#2'A -1F49 @4 @4'%&! -1D"'72C= D1942!$K'= 4FL-

#&94$ 21 F4":K'= @"4J13A= @4'%&1 $ -#1":24; $-#;#-
2', 1 91&E# @4$#3#2'A '2%@#&B'' 9-!F4@-4$434$ ' &1-

F#"#( %$AD#(. �"A 91&'= 1@@1-194$ '%@4":D!I9 %'%9#-
;C <"#&9-4@'912'A % @#-#317#( <2#-?'' @#-#;#224?4 

@4 &1F#":-9-4%! [4-6], $ &494-C= %!J#%9$!#9 @-4F"#;1 

4F#%@#7#2'A 9-#F!#;4?4 &17#%9$1 @'91IJ#?4 21@-A-

E#2'A 21 !31"#224( <"#&9-4;#=12'7#%&4( 21?-!D&# [7-

14]. * @#-$!I 47#-#3: <91 @-4F"#;1 4@-#3#"A#9%A 2#-
$4D;4E24%9:I 4-?12'D1B'' %91F'"'D'-!IJ'= -#?!"A-

94-4$ % '%@4":D4$12'#; 3197'&4$ 21@-AE#2'A ' 94&1, 

!%9124$"#22C= 21 !31"#224( 49 '%9472'&1 <2#-?'' 

@4"#D24( 21?-!D&'. �-4;# 94?4, %"4E24%9: ;19#;19'-

7#%&4?4 4@'%12'A $%#?4 9-1&91 @-#4F-1D4$12'A ' @#-#-

317' <2#-?'' $ 91&'= %'%9#;1= D217'9#":24 D19-!32A#9 

@4"!7#2'# $ 121"'9'7#%&4; $'3# D1&424$ -#?!"'-4$1-

2'A 21@-AE#2'A.  
* %919:# -1%%;19-'$1#9%A @4%9-4#2'# %!F4@9';1":-

24?4 -#?!"A94-1 21@-AE#2'A $ %'%9#;# <"#&9-4@'912'A 
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(PQH) ?"!F4&4$4324?4 1@@1-191 % @#-#317#( <2#-?'' 

@#-#;#224?4 94&1 @4 &1F#":-9-4%!. >#-;'2 «%!F4@9'-

;1":24%9:» =1-1&9#-'D!#9 34@!%9';!I %9#@#2: !@-4-

J#2'A ;43#"' PQH 3"A -#K#2'A D1317' %'29#D1 4@9'-

;1":24?4 -#?!"A94-1. �-4;# 94?4, 9#=2'7#%&1A 2#$4D-
;4E24%9: @4"!7#2'A 34%94$#-24( '2G4-;1B'' 4 -#?!-

"'-!#;4( $#"'7'2# 21@-AE#2'A 21 !31"#224( 21?-!D&# 
PQH 2# @4D$4"A#9 $C@4"2'9: 2#4F=43';C# !%"4$'A 
<&%9-#;1":24%9' &-'9#-'A &17#%9$1 3'21;'7#%&'= @-4-

B#%%4$ $ &"1%%'7#%&4( 9-1&94$&# 9#4-'' 4@9';'D1B''. 

>1&'; 4F-1D4;, 21 @!9' %4D312'A 4@9';1":24?4 -#?!"A-

94-1 3"A -1%%;19-'$1#;4( %'%9#;C <"#&9-4@'912'A 
';#I9%A 4?-12'7#2'A, 2# @4D$4"AIJ'# @4"!7'9: @-#-
3#":2C# D217#2'A &17#%9$#22C= @4&1D19#"#( -#?!"'-4-

$12'A @-' %91F'"'D1B'' $C=4324?4 21@-AE#2'A. M%%"#-
34$12'A @4&1D1"', 794 $ 21K#; %"!71# %"4E21A ;43#": 
%'%9#;C <"#&9-4@'912'A ;4E#9 FC9: 1@@-4&%';'-4$121 
F4"## @-4%94( ;43#":I, @4D$4"AIJ#( @-';#2'9: =4-

-4K4 1@-4F'-4$122!I 9#4-'I 4@9';1":24?4 !@-1$"#-

2'A "'2#(2C;' 4FL#&91;' [11,15,16]. 
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%91$"#21 21 :1;. 1, ?3# UM6 – 9-#=G1D2C( 1$9424;2C( 

'2$#-94- 21@-AE#2'A % K'-4924-';@!":%24( ;43!"A-

B'#(, 21 $=43 &494-4?4 7#-#D LC-G'":9- % @1-1;#9-1;' 

Rs, Ls, Cs (F"4& «G'":9- 1») @4%9!@1#9 @4%94A224# 
21@-AE#2'# Us. M2$#-94- G4-;'-!#9 9-#=G1D2!I %'-

%9#;! "'2#(2C= 21@-AE#2'( uAB(t), uBC(t), uCA(t). �"A 
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%?"1E'$12'A @!":%1B'( 21@-AE#2'A 21 $=43# &1F#":-

9-4%1 ;#E3! '2$#-94-4; ' @4$CK1IJ'; 9-12%G4-;1-

94-4; >1 $&"I7#2 LC-G'":9- % @1-1;#9-1;' Ra, La, Ca 

(«G'":9- 2»). 61@-AE#2'# 21 &42B# &1F#":-9-4%1 @4-

2'E1#9%A 9-12%G4-;194-4; >2. H!":%1B'' 21@-AE#-
2'A, $CD$122C# &4;;!91B'#( &"I7#( $C@-A;'9#"A *1, 

%?"1E'$1I9%A G'":9-4; 3 % @1-1;#9-1;' Ld, Cd. �"'21 
&1F#":-9-4%1 PQH 2# @-#$CK1#9 6 &; ' @-' -1%7#91= 

!7'9C$1#9%A &1& "'2'A % %4%-#34947#22C;' @1-1;#9-
-1;' Rak, Lak, Cak. �"A &4;@#2%1B'' #;&4%924( %4%91$-

"AIJ#( 94&1 &1F#":-9-4%1 $ %=#;! $$#3#24 &4;@#2%'-

-!IJ## !%9-4(%9$4 % @1-1;#9-1;' Rm, Lm. H4"#D21A 

21?-!D&1 %'%9#;C <"#&9-4@'912'A ';##9 1&9'$2C( =1-

-1&9#- ' 21 %=#;# @-#3%91$"#21 %4@-49'$"#2'#; Rn. 

P'29#D'-!#;C( -#?!"A94- 34"E#2 4F#%@#7'$19: 

%"#3!IJ'# @1-1;#9-C @#-#=4324?4 @-4B#%%1, $CD$12-

24?4 'D;#2#2'#; 21?-!D&' $ %'%9#;# <"#&9-4@'912'A: 

– @-' 3"'9#":24%9' -#?!"'-4$12'A tp=20 ;% 49&"4-

2#2'# 21@-AE#2'A 21 21?-!D&# 49 !%9124$'$K#?4%A 

D217#2'A 2# 34"E24 @-#$CK19: [=10%; 

– $#"'7'21 @#-#-#?!"'-4$12'A \ 34"E21 %4%91$-

"A9: 2# F4"## 20%. 

61 4%24$# 121"'D1 =1-1&9#-'%9'& -#1":24( PQH 

3"A @4%"#3!IJ#?4 @4%9-4#2'A -#?!"A94-1 -1D-1F4912C 

;19#;19'7#%&'# ' ';'91B'422C# ;43#"', @4D$4"AI-

J'# % 34%9194724( 94724%9:I ;43#"'-4$19: ## 4%24$-

2C# -#E';C -1F49C @-' -1D"'72C= &4<GG'B'#291= 

;43!"AB'' km UM6 [12,13].  

�"A @4%9-4#2'A ;19#;19'7#%&4( ;43#"' %'%9#;C 

'%@4":D4$1"%A ;#943 @#-#;#22C= %4%94A2'A, @4D$4"A-

IJ'( @-';#2'9: %4$-#;#22!I 9#4-'I !@-1$"#2'A 3"A 

@4%9-4#2'A <GG#&9'$2C= -#?!"A94-4$ $ D1;&2!94( 

%'%9#;# [14]. N@-#3#"AIJ#( 9#23#2B'#( -1D$'9'A <94-

?4 @43=431 3"A ;24?4;#-24?4 4FL#&91 F4":K4?4 @4-

-A3&1 ;4E24 %7'919: #?4 4@'%12'# $ $'3# 1@@-4&%';'-

-!IJ'= @#-#319472C= G!2&B'( [11,15,16]. >1&4( @43-

=43 @4D$4"A#9 D217'9#":24 !;#2:K'9: &4"'7#%9$4 

3'GG#-#2B'1":2C= !-1$2#2'(, '%@4":D!IJ'=%A 3"A 

%'29#D1 %!F4@9';1":24?4 -#?!"A94-1.  

P'29#D -#?!"A94-1 @4 E#"1#;4( @#-#3194724( 

G!2&B'' 4%24$12 21 !%"4$'' !%94(7'$4%9', %4?"1%24 

&494-4;! '%%"#3!#9%A -1%@-#3#"#2'# &4-2#( =1-1&-

9#-'%9'7#%&4?4 !-1$2#2'A. * %$4I 47#-#3:, &4-2' 

4324D21724 D1$'%A9 49 &4<GG'B'#294$ =1-1&9#-'-

%9'7#%&4?4 !-1$2#2'A, @4<94;! ;431":24# !@-1$"#-

2'# ;4E24 9-1&94$19: &1& B#"#21@-1$"#224# 'D;#-
2#2'# &4-2#( =1-1&9#-'%9'7#%&4?4 !-1$2#2'A 4FL#&-

91 % B#":I 4F#%@#7#2'A 9-#F4$12'(, @-#3LA$"A#;C= 

& &17#%9$! @#-#=432C= @-4B#%%4$ $ D1;&2!94( -#?!-

"'-!#;4( %'%9#;# [17]. 

�"A @4%9-4#2'A -#?!"A94-1 @4 ;#943! E#"1#;4( 

@#-#3194724( G!2&B'' [18] @#-#3194721A G!2&B'A 

4FL#&91 D131#9%A $ $'3# 

0

( ) ( ) ( )
( ) ,

( ) ( ) ( )

P s P s P s
W s

R s R s R s
 (1) 

?3# P-(s), R-(s) – @4"'24;C % "#$C;' 2!"A;';  

P+(s), R+(s) – @4"'24;C % @-1$C;' ' 2#(9-1":2C;' 

2!"A;', @-' <94; $CF-1221A @-4#&9'-4$J'&4; E#"1#-
;1A @#-#3194721A G!2&B'A D1;&2!94( %'%9#;C WE(s) 

34"E21 FC9: G'D'7#%&' 4%!J#%9$';1, 9.#. !34$"#9$4-

-A9: %"#3!IJ'; !%"4$'A;: 

E E

( ) ( ) ( ) ( )
( ) ; 1 ( )

( ) ( )

P s M s R s N s
W s W s

G s G s
, (2) 

?3# G(s) – D21;#219#": E#"1#;4( @#-#3194724( G!2&-

B'', @4-A34& ' &4<GG'B'#29C &494-4?4 4@-#3#"AI9%A 

9-#F4$12'A;' & &17#%9$! @#-#=4324?4 @-4B#%%1 @-4#&-

9'-!#;4( %'%9#;C; M(s), N(s) – 2#4@-#3#"#22C# @4"'-

24;C, &4<GG'B'#29C &494-C= 21=43A9%A 'D @4"'24-

;'21":24?4 !-1$2#2'A [18]: 

( ) ( ) ( ) ( ) ( ).
r

P s M s R s N s s G s  (3) 
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>4?31 @#-#3194721A G!2&B'A -#?!"A94-1, 4F#%@#7'-

$1IJ#?4 E#"1#;4# -1%@4"4E#2'# &4-2#( =1-1&9#-'%9'-

7#%&4?4 !-1$2#2'A D1;&2!94( %'%9#;C, D1@'K#9%A $ $'3# 

-

( ) ( )
( ) ,

( ) ( ) r

R s M s
W s

P s N s s
 (4) 

?3# r – @4-A34& 1%919'D;1 4924%'9#":24 $4D;!J#2'A. 

N32'; 'D $1E2#(K'= <91@4$ %'29#D1 -#?!"A94-1 

A$"A#9%A &4--#&92C( $CF4- E#"1#;4( @#-#3194724( 

G!2&B'', $ 71%924%9' ## $'3 ' @4-A34&, &494-C( 4@-#-
3#"A#9%A '%=43A 'D D13122C= 9-#F4$12'( & &17#%9$! 

-#?!"'-!#;4?4 @-4B#%%1.  

* "'9#-19!-# @-'$43A9%A %91231-92C# 24-;'-4-

$122C# @#-#319472C# G!2&B'', @-#3%91$"#22C# $ $'3# 

1

0 1

2 1

1 1

( ) ,
1

m m

m

n n

n

b q b q b
W q

q a q a q
 (5) 

3"A &494-C= 4@-#3#"#2C @4"'24;C D21;#219#"#( 1-8 

@4-A3&4$ G(s), $-#;A -#?!"'-4$12'A ' @#-#-#?!"'-4-

$12'#, 1 91&E# @-#3%91$"#2C %449$#9%9$!IJ'# '; 

?-1G'&' @#-#=432C= @-4B#%%4$ [19, 20]. V#"1#;1A @#-
-#3194721A G!2&B'A @-'$43'9%A & $'3! 

1

0 1

E 1

0 1

( ) ,
1

m m

m

n n

b s b s b
W s

a s a s
 (6) 

@-' <94; ## &4<GG'B'#29C %$AD12C % &4<GG'B'#291;' 

24-;'-4$1224( @#-#3194724( G!2&B'' %"#3!IJ';' 

%44924K#2'A;': 

0

, , 0,1 ;

, , 1, 1,2 1.

m i

i i

n n k

k k n

q s b b i m

a a a a k n
 (7) 

�4<GG'B'#29 ]=t-/_-, @4<94;! 9-#F!#;4# $-#;A -#-
?!"'-4$12'A t- F!3#9 4F#%@#7#24 @-' $C7'%"#2'' &4-

<GG'B'#294$ @4 G4-;!"1; (7). 

H-' $CF4-# =1-1&9#-'%9'7#%&4?4 @4"'24;1 -1%%;19-
-'$1"'%: @#-#319472C# G!2&B'' (HY) % 43'21&4$C;' 

@4"I%1;', D1@'%122C# 21 4%24$12'' @4"'24;4$ 6:I94-

21, 1 91&E# HY % @4"'24;1;' ,199#-$4-91 [19, 20]. *%# 
<9' G!2&B'' 2# ';#I9 2!"#(, '= 7'%"'9#"' A$"AI9%A 

&42%91291;', 794 @4D$4"A#9 4F#%@#7'9: @-4%949! -#1"'-

D1B'' %'29#D'-!#;4?4 -#?!"A94-1. 
H4 @#-#=4324( =1-1&9#-'%9'&#, @-#3%91$"AIJ#( 

%4F4( 4924K#2'# 21@-AE#2'A 21 21?-!D&# uCd(t) & 

$=4324;! 21@-AE#2'I Us F#D !7#91 G'":9-1 21 $=43# 

1$9424;24?4 '2$#-94-1 21@-AE#2'A @-' &4<GG'B'#29# 

;43!"AB'' -1$24; 0,7 ' 24;'21":24; %4@-49'$"#2'' 

21?-!D&' 21 ';'91B'4224( ;43#"', @4%9-4#224( $ @-4-

?-1;;24( %-#3# ;43#"'-4$12'A Matlab [12], @4"!7#2C 

@#-#319472C# G!2&B'', @-' <94; 7'%"4 @4"I%4$ 'D;#-
2A"4%: 49 3$!= 34 9-#=.  

H-' ;43#"'-4$12'' %'%9#;C <"#&9-4@'912'A ?"!-

F4&4$4324?4 1@@1-191 ;4J24%9:I 48 &*9 '%@4":D4$1-

"'%: %"#3!IJ'# @1-1;#9-C <"#&9-'7#%&4( %=#;C D1-

;#J#2'A, @-#3%91$"#224( 21 :1;. 1:  

$=4324# 21@-AE#2'# @'912'A Us=512 *;  

71%9491 &4;;!91B'( UM6 fK';=48 &/B; 71%9491 $C-

=4324?4 21@-AE#2'A UM6 f=1000 /B;  

@1-1;#9-C G'":9-1 1: Rs=0,12 N;, Ls=0,7 ;/2, 

Cs=7720 ;&Y;  

@1-1;#9-C G'":9-1 2: Ra=0,01 N;, La=0,1 ;/2, 

Ca=108 ;&Y;  

&4<GG'B'#29 9-12%G4-;1B'' '3#1":24?4 @4$C-

K1IJ#?4 9-12%G4-;194-1 >1: kT1=0,5;  

&4<GG'B'#29 9-12%G4-;1B'' '3#1":24?4 @42'E1-

IJ#?4 9-12%G4-;194-1 T2: kT2=2,22;  

@1-1;#9-C &1F#":-9-4%1: Rak=19,2 N;, Lak=2 ;/2, 

Cak=3,6 ;&Y;  

@1-1;#9-C G'":9-1 3: Ld=0,3 ;/2, Cd=2000 ;&Y. 

�31"#22C( <"#&9-4;#=12'7#%&'( 4FL#&9 ';'9'-4-

$1"%A 1&9'$24( 21?-!D&4( % 24;'21":2C; %4@-49'$"#2'-

#; Rn24;=7,66 N;. � $C=43! @4$CK1IJ#?4 9-12%G4-;1-
94-1 @43&"I7#24 &4;@#2%'-!IJ## !%9-4(%9$4 % @1-1-
;#9-1;' Rm=20 N;, Lm=21 ;/2, @4D$4"AIJ## &4;@#2%'-

-4$19: -#1&9'$2!I #;&4%92!I %4%91$"AIJ!I 94&1 &1-
F#":-9-4%1. M23!&9'$24%9' -1%%#A2'A ' 1&9'$2C# %4@-4-

9'$"#2'A 4F;494& 9-12%G4-;194-4$ 2# !7'9C$1"'%:. 

 5R�S`>U>a +U>5+U>MX5P�N/N +N�5SM N*U6MT 

�1& @4&1D1"' @-4$#3#22C# '%%"#34$12'A, 94724%9: 

1@@-4&%';1B'' @#-#=4324( =1-1&9#-'%9'&' @#-#31-

94724( G!2&B'#( % 9-#;A @4"I%1;':  

10 3 7 2 3

0,923
( )

2,2 10 8,54 10 9,4 10 1
W s

s s s
 

%4%91$'"1 99,25%, % 3$!;A @4"I%1;' – 99,22%: 

7 2 3

0,923 ( )
( )

8,7 10 9,36 10 1 ( )

R s
W s

s s P s
. 

�"A 31":2#(K#?4 %'29#D1 -#?!"A94-1 $CF-121 @#-

-#=4321A =1-1&9#-'%9'&1, @4%9-4#221A @4 @#-#31947-

24( G!2&B'' % 3$!;A @4"I%1;' (:1;. 2, &-'$1A 1), 794 

@4D$4"A#9 D217'9#":24 !@-4%9'9: $'3 -#?!"A94-1 F#D 
@49#-' &17#%9$1 %91F'"'D1B''. 

H#-#319472C# G!2&B'' (HY) % 43'21&4$C;' @4"I-

%1;' 4F"131I9 ;4249422C;' @#-#=432C;' =1-1&9#-'-

%9'&1;', @-' <94; !;#2:K#2'# $-#;#2' -#?!"'-4$12'A 
$CDC$1#9 !$#"'7#2'# @#-#-#?!"'-4$12'A $ %'%9#;#.  

* &17#%9$# @-';#-1 21 :1;. 2 @-#3%91$"#2C @#-#=432C# 
=1-1&9#-'%9'&' 3"A HY % 43'21&4$C;' @4"I%1;' 3"A 
@4"'24;1 $94-4?4 @4-A3&1. H4$CK#2'# @4-A3&1 =1-1&-

9#-'%9'7#%&4?4 @4"'24;1 D19A?'$1#9 3"'9#":24%9: @#-
-#=4324?4 @-4B#%%1. �"A 31":2#(K#?4 '%%"#34$12'A 
$CF-12C =1-1&9#-'%9'7#%&'# @4"'24;C $94-4( %9#@#2' 

% $-#;#2#; -#?!"'-4$12'A 0,02 ' 0,025 %. 

 

 1;. 2. �@:@DHIAJ@ D>:><B@:1;B1<1 I?C �K  

; HI1A><H=JE1 LH?M;>E1 (<:1=>C 1 – D>:><B@:1;B1<> 

1;;?@IN@EHO ;1;B@EJ EHGAH;BPM 48 <.B;  

<:1=>C 2 – L:1 tp=0,015 ;; 3 – tp=0,02 c; 4 – tp=0,025 c)  



��  !!""##$$%%&&''''(())  **%%&&++,,  !!''--++((,,  ((..,,!!""((,,--++((  --  //--//,,&&""##  00��  ((..%%&&''--)) 
 

50 */1+. 23(40). 2018 
 

H4"'24;C ,199#-$4-91 4FC724 D1@'%C$1I9%A $ 
$'3# %44924K#2'( % $#J#%9$#22C;' &4<GG'B'#291;' 
' 24-;'-!I9%A @4 71%949# %-#D1 b%=1 [19]. �"A $CF4-1 
E#"1#;4( @#-#3194724( G!2&B'' -1%%;19-'$1"'%: 
@4"'24;C $94-4?4 ' 9-#9:#?4 @4-A3&4$. X1%9491 %-#D1 
$CF'-1"1%: @4 SUXc '%%"#3!#;4( %'%9#;C ' $1-:'-4-
$1"1%: 49 100 34 300 -13/% (:1;. 3).  

U21"'D @#-#=432C= =1-1&9#-'%9'&, @-#3%91$"#22C= 
21 :1;. 3, @4&1D1", 794 % -4%94; 71%949C %-#D1 !;#2:K1-
#9%A $-#;A @#-#=4324?4 @-4B#%%1, 24 $;#%9# % 9#; -1%9#9 
$#"'7'21 @#-#-#?!"'-4$12'A ' &4"#F19#":24%9:.  

61 :1;.  4 @-#3%91$"#2C @#-#=432C# =1-1&9#-'-
%9'&' @-' 71%949# %-#D1, -1$24( 250 -13/% 3"A G'":-
9-4$ $94-4?4 (n=2) ' 9-#9:#?4 (n=3) @4-A3&1. �1& $'3-
24 'D @-#3%91$"#22C= ?-1G'&4$, !$#"'7#2'# @4-A3&1 
G'":9-1 !$#"'7'$1#9 @#-#-#?!"'-4$12'# ' @4$CK1#9 
&4"#F19#":24%9: %'%9#;C. >1&E# % @4$CK#2'#; @4-
-A3&1 G'":9-1 !$#"'7'$1#9%A 3"'9#":24%9: @#-#=43-
24?4 @-4B#%%1.  

H-4$#3#22C# '%%"#34$12'A @4&1D1"', 794 3"A 312-
24( D1317' B#"#%44F-1D24 21%9-4'9: %'%9#;! % @-';#-
2#2'#; G'":9-1 $94-4?4 '"' 9-#9:#?4 @4-A3&1. P"#3!A 
-#&4;#231B'A;, @-'$#3#22C;' $ [18], @4-A34& G'":-
9-1 FC" @-'2A9 -1$2C; %9#@#2' =1-1&9#-'%9'7#%&4?4 
@4"'24;1 2#'D;#2A#;4( 71%9' '%%"#3!#;4( %'%9#;C 
(n=2), 1 $ &17#%9$# E#"1#;4( $CF-121 @#-#3194721A 
G!2&B'A, -1%%7'91221A @-' 71%949# %-#D1, -1$24( 
250 -13/%. >1&E# @-' @4%9-4#2'' -#?!"A94-4$ ;4E24 
'%@4":D4$19: @#-#319472C# G!2&B'', @4%9-4#22C# 21 
@4"'24;1= 6:I9421 @-' t- = 0,02 ' 0,025%. 

�"A $CF-122C= @#-#319472C= G!2&B'( @4 $CK#-
'D"4E#224( ;#943'&# %'29#D'-4$124 2#%&4":&4 -#?!-
"A94-4$, $ 4%24$! &494-C= FC"' @4"4E#2C @4"'24;C 
,199#-$4-91 ' @4"'24;C 6:I9421.  1F491 @4"!7#22C= 
-#?!"A94-4$ @-4$#-A"1%: 21 ';'91B'4224( ;43#"' 
%'%9#;C <"#&9-4@'912'A 9#"#!@-1$"A#;4?4 @43$4324-
?4 1@@1-191, -#1"'D4$1224( $ %-#3# Matlab [12]. 

 
 1;. 3. �@:@DHIAJ@ D>:><B@:1;B1<1 I?C Q1?PB:> 

5>BB@:=H:B> B:@BP@RH LH:CI<>  

(<:1=>C 1 – D>:><B@:1;B1<> 1;;?@IN@EHO ;1;B@EJ; 

<:1=>C 2 – L:1 T;=100; 3 – T;=200; 4 – T;=250; 5 – T;=300) 

 
 1;. 4. �@:@DHIAJ@ D>:><B@:1;B1<1 I?C Q1?PB:> 

5>BB@:=H:B> L:1 T;=250 (<:1=>C 1 – D>:><B@:1;B1<> 

1;;?@IN@EHO ;1;B@EJ; <:1=>C 2 – n=2; 3 – n=3) 

�1& @4&1D1"' <&%@#-';#29C, @-'#;"#;4# &17#%9$4 

@#-#=4324?4 @-4B#%%1 4F#%@#7'$1#9 -#?!"A94-, @4%9-4-

#22C( 21 @4"'24;# ,199#-$4-91 @-' 71%949# %-#D1 

250 -13/%. 
* -#D!":919# @-4$#3#22C= '%%"#34$12'( FC"4 

!%9124$"#24, 794 43'2 -#?!"A94- 2# @4D$4"A#9 49-1F4-

919: $#%: 3'1@1D42 'D;#2#2'A 21?-!D&' ' 4F#%@#7'9: 

9-#F!#;4# &17#%9$4 21@-AE#2'A. >1&, -#?!"A94-, @4-

%9-4#22C( 21 4%24$12'' @4"'24;1 ,199#-$4-91 @-' 

71%949# %-#D1 250 -13/% ' @#-#=4324( G!2&B'', %2A94( 

3"A 24;'21":24?4 -#E';1, 2# @4D$4"A#9 4F#%@#7'9: 

@-'#;"#;4# &17#%9$4 %91F'"'D1B'' $C=4324?4 21@-A-

E#2'A @-' 'D;#2#2'' %4@-49'$"#2'A 21?-!D&' 49 

2,5Rn24; 34 3Rn24;, ?3# Rn24; – 24;'21":24# %4@-49'$"#-
2'# 21?-!D&'. 

 #K#2'#; @-4F"#;C A$"A#9%A -#?!"A94- % 'D;#2A-

#;C;' @1-1;#9-1;' $ %449$#9%9$'' % 21?-!D472C;' 

-#E';1;' -1F49C. >1&'; 4F-1D4;, 2#4F=43';4 %'29#-
D'-4$19: &1& ;'2';!; 3$1 -#?!"A94-1,  &1E3C( 'D &4-

94-C= F!3#9 21%9-4#2 21 4@-#3#"#22C( -#E'; -1F49C 

%'%9#;C: 21@-';#-, @#-$C( -#?!"A94- -1F491#9 $ -#-
E';# @42'E#22C= 21?-!D4& @-' 'D;#2#2'' %4@-49'$-

"#2'A 49 10Rn24; 34 3Rn24;, $94-4( 34"E#2 4F#%@#7'9: 

%91F'"'D1B'I 21@-AE#2'A @-' 'D;#2#2'' Rn 49 

2,9Rn24; 34 0,95Rn24;. 

P=#;1 %'%9#;C <"#&9-4@'912'A 3"A %'%9#;C ;4J-

24%9:I 48  &*9 % &4;F'2'-4$122C; -#?!"A94-4; 3"A 

%91F'"'D1B'' 21@-AE#2'A uCd(t) 21 21?-!D&# (6) @-#3-

%91$"#21 21 :1;. 5, ?3# Y1, Y2, Y3 – LC G'":9-C; �> – 

&1F#":-9-4%; P� – %'%9#;1 !@-1$"#2'A; H� – @#-#&"I-

71IJ## !%9-4(%9$4. 61@-AE#2'# !%91$&' U!%9 D131$1-

"4%: -1$2C; 24;'21":24;! 21@-AE#2'I, D217#2'# 

&494-4?4 3"A %'%9#;C <"#&9-4@'912'A ;4J24%9:I 48 

&*9 %4%91$"A#9 600 *. 

61 :1;.  6 @-#3%91$"#21 &-'$1A 21@-AE#2'A 21 

21?-!D&# @-' 3#(%9$'' -#?!"A94-1 % @#-#;#22C;' @1-

-1;#9-1;', %'29#D'-4$1224?4 21 4%24$12'' @4"'24;4$ 

,199#-$4-91 % 71%9494( %-#D1 250 -13/%, @-' <94; @#-#-
319472C# G!2&B'' -#?!"A94-4$ @-#3%91$"#2C $ $'3#: 

4 2 2

p1 5 2 3

0,1 10 1,57 10 1
( )

1,69 1,6 10 6,6 10

s s
W s

s s
;  

7 2 3

p2 5 2 3

8,7 10 9,36 10 1
( )

0,923 1,6 10 6,6 10

s s
W s

s s
. 

H-' ;43#"'-4$12'' @-'2';1"4%:, 794 $&"I7#2'# 

%'%9#;C <"#&9-4@'912'A @-4'%=43'9 @-' -1F49# 1$94-

24;24?4 4FL#&91 $ -#E';#, F"'D&4; & =4"4%94;! =43! 

Rn=10Rn24;, @-' <94; %'%9#;1 !@-1$"#2'A P� $C31#9 
!@-1$"AIJ'( %'?21" S=01, ' @#-#&"I71IJ## !%9-4(-

%9$4 H� $$43'9 $ 3#(%9$'# -#?!"A94-  1, 21%9-4#22C( 

21 3122C( -#E';, &494-C( %91F'"'D'-!#9 21@-AE#2'# 

$ %449$#9%9$'' % D13122C;' 9-#F4$12'A;' (%;. -'%. 6). 

R19#;, $ ;4;#29 $-#;#2' t=50 ;%, 21?-!D&1 !$#"'7'$1-
#9%A 34 24;'21":24(, P� G4-;'-!#9 24$C( !@-1$"A-

IJ'( %'?21" S=10, @1-1;#9-C -#?!"A94-1 'D;#2AI9%A 

' 217'21#9%A 24$C( @-4B#%% %91F'"'D1B''. �"A 31224-

?4 -#E';1 $#"'7'21 @#-#-#?!"'-4$12'A ;#2:K# 10%, 1 

7#-#D 20 ;% @4%"# @43&"I7#2'A 24;'21":24( 21?-!D&' 

94724%9: %91F'"'D1B'' %4%91$"A#9 98%. 
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 1;. 5. /D@E> ;1;B@EJ U?@<B:HL1B>A1C EHGAH;BPM 48 <.B ; <HEV1A1:H=>AAJE :@RN?CBH:HE

 

 1;. 6. '>L:CW@A1@ A> A>R:NF<@ L:1 I@O;B=11  

:@RN?CBH:> ; L@:@E@AAJE1 L>:>E@B:>E1 L:1 1FE@A@A11 

A>R:NF<1 HB :@W1E>, V?1F<HRH < DH?H;BHEN DHIN,  

IH AHE1A>?PAHRH 

 #?!"A94-  1, 21%9-4#22C( 21 -#E'; @42'E#22C= 
21?-!D4&, @4D$4"A#9 %91F'"'D'-4$19: 21@-AE#2'# @-' 
'D;#2#2'' 21?-!D&' 49 10Rn24; 34 3Rn24; % @4?-#K24-
%9:I 49 1 34 10%. *94-4( -#?!"A94-  2, 21%9-4#22C( 
21 -#E'; 24;'21":2C= 21?-!D4&, %4@-49'$"#2'# &494-
-C= ;#2A#9%A 49 2,9Rn24; 34 0,95Rn24;, 4F#%@#7'$1#9 
D13122C# 9-#F4$12'A & &17#%9$! 21@-AE#2'A, @-' <94; 
@4?-#K24%9: %91F'"'D1B'' 7#-#D 10 ;% 49 2171"1 @#-#-
&"I7#2'A 2# @-#$CK1#9 10%.  

�"A %'%9#;C <"#&9-4@'912'A ;4J24%9:I 21 &*9, 
';#IJ#( 91&!I E# %9-!&9!-!, &1& @-#3%91$"#21 21 
:1;.  1, @1-1;#9-C &494-4( @-'$#3#2C $ -1F49# [13], 

91&E# @4 E#"1#;4( @#-#3194724( G!2&B'' 21 4%24$1-
2'' @4"'24;1 ,199#-$4-91 $94-4?4 @4-A3&1 @-' 71%94-
9# %-#D1 250 -13/% %'29#D'-4$12 &4;F'2'-4$122C( -#-
?!"A94-, @4D$4"AIJ'( %91F'"'D'-4$19: 21@-AE#2'# 21 
21?-!D&# $ D13122C= @-#3#"1=. 61@-AE#2'# !%91$&' 
U!%9 D131$1"4%: -1$2C; 300 *. 

P=#;1 %'%9#;C <"#&9-4@'912'A ;4J24%9:I 21 &*9 
% &4;F'2'-4$122C; -#?!"A94-4; @-#3%91$"#21 21 :1;. 7, 
?3#  1  –  -#?!"A94-,  21%9-4#22C( 21 -#E'; ;1"C= 
21?-!D4& ' =4"4%94( =43 (3Rn24;dRn�10Rn24;);  2 – -#-
?!"A94-, 21%9-4#22C( 21 -#E'; 24;'21":2C= 21?-!D4& 
(0,95Rn24;dRn�2,9Rn24;);  *2 – 4324G1D2C( $C@-A;'9#": 
% LC-G'":9-4; (Y4), @-#321D217#22C( 3"A $C@-A;"#-
2'A G1D24?4 94&1 G'":9-1 iG, &494-C( '%@4":D!#9%A $ 
-#?!"A94-#  2 $ &17#%9$# @4"4E'9#":24( $4":9-
34F1$&' 3"A 4F#%@#7#2'A F4"## K'-4&4?4 3'1@1D421 
3#(%9$'A -#?!"A94-1 $ -#E';# 24;'21":2C= 21?-!D4&. 
H#-#319472C# G!2&B'' -#?!"A94-4$ D1@'%12C $ $'3#: 

4 2 2

p1 5 2 3

0,23 10 1,3 10 1
( )

1,6 10 6,6 10

s s
W s

s s
;  

4 2 2

p2 5 2 3

0,11 10 1 10 1
( )

0,72 1,6 10 6,6 10

s s
W s

s s
. 

 

 1;. 7. /D@E> ;1;B@EJ U?@<B:HL1B>A1C EHGAH;BPM 21 <.B ; <HEV1A1:H=>AAJE :@RN?CBH:HE 
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 #D!":919C -1F49C -#?!"A94-1 @-#3%91$"#2C 21 

:1;.  8. *&"I7#2'# %'%9#;C @-4'D$43'9%A $ -#E';#, 
F"'D&4; & =4"4%94;! =43!,  D19#; 7#-#D 40 ;% @43&"I-

71#9%A 21?-!D&1 (%;. -'%. 8, 1 – Rn=5Rn24;; F – Rn=Rn24;) 

@-' <94; @-4'%=43'9 @43&"I7#2'# -#?!"A94-1, 21%9-4-

#224?4 21 3122C( -#E'; -1F49C. 

*&"I7#2'# $ %=#;! @4"4E'9#":24( $4":9-34F1$&' 

' -1F491 &1E34?4 'D 3$!= %'29#D'-!#;C= -#?!"A94-4$ 

$ %$4#; 3'1@1D42# 'D;#2#2'A 21?-!D&' 4F#%@#7'$1#9 

%91F'"'D1B'I 21@-AE#2'A %'%9#;C <"#&9-4@'912'A % 

@4?-#K24%9:I, 2# @-#$CK1IJ#( 10% $ !%9124$'$-

K#;%A -#E';#. H-' <94; @#-#-#?!"'-4$12'# 2# @-#-
$CK1#9 20% 7#-#D 10 ;% @4%"# 2171"1 @#-#=4324?4 

@-4B#%%1. 

�"A 31":2#(K#?4 @-1&9'7#%&4?4 @-';#2#2'A @4-
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In this paper, the approach to creating of the suboptimal 
voltage regulator in the power supply of deep-water vehicle was 
represented, this approach is based on the desired transfer 
function. In the construction of regulator, polynomials of Newton 
and Butterworth second and third orders are used; the optimal 
order of the polynomials, settling time and cutoff frequency are 

identified. These parameters make it possible to obtain the 
specified requirements for the transition process duration in the 
power supply without significant overshoot. It was suggested to 
use the polynomials of the second order. This solution greatly 
simplifies the type of controller without any loss of stabilization 
quality. The results of the research of various developed 
regulators were shown. The regulator with fixed parameters 

doesn't ensure the correct operation of the power supply in the 
entire load range. To expand the limits of voltage stabilization, 
the regulator with variable parameters was proposed. It is 
implemented in the form of two regulators operating within the 
specified load range. For real power supply systems with output 
power of 48 kW and 21 kW, combined regulators are 

synthesized. They allow us to stabilize the voltage at the load 
with the given error in a wide range of changes. The algorithm 
for switching regulators was developed and this algorithm is 
based  on  changing  the  load  parameters.  At  the  same  time  with  
providing a wider range of controller operation in the nominal 
loads mode, a positive accessory voltage is proposed. The 
accessory voltage value is determined by the technically 
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measured phase current of the output filter of the Autonomous 
voltage inverter. The work of the obtained regulators was tested 
on the simulation model of the power supply of the remote 

operating underwater vehicle, the model was implemented in 
Matlab/Simulink environment. 

Keywords: power supply, autonomous object, suboptimal 
regulator, desired transfer function, voltage stabilization, 
combined regulator, mathematical modeling, approximation, 
Matlab/Simulink. 
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