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ê úë û
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E&: 0, , P,jh h j d=  – ?=ABB*J*:7>9 F+*H:7*1 %HE=;*>D%T ( )>> >
y D,= -e N m x

) ) )
 – m-D:;79@ 

/:?>=; =L*<?* * >p  – m-D:;7%1 +>;=?% /:+=/9C ?=ABB*J*:7>=/, >%?*C, ?%? / /9;%K:7** 

(_), 
jpf – D%K=;*;FMN*: BF7?J**, >%?*:, ?%? / (8). 

•. %•9:=5+= +•+9#;•2+= 6;6#•5+ "9:+•'•2;= 6 6;32+'(2$ 2+6#:+;•+• 5$8 5$••A
'(@, 5+?$:;:"@B;5; C"2)D;=5; ; 2+•'@•+#•'•5 •'= "9:+•'•2;= 52$3$5+66$•75 
2•';2•8275 "9:"3;5 5•E+2;>•6);5 $•<•)#$5 @ `7% +=&:;K*>R  

P. K"#%&"'(",$.) $50,4C  mIE= G=;1&?% /*&% 
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2U!K"84)0"%,4C m-E= G=;1&?% /*&% (5). 
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3. L"/52 #'62"4C257 2"#%&57/' 7%+>;%*/%:D=@ D=&:H* / /*&: m-D:;7=E= /:?>=;% 
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U. b=+>%/7=: %&%G>*/7=-H*7:@7=: FG;%/H:7*: 

 ( ) ( ) ( )0
H( ) zu t u t u t u t= + +a . (P2) 

L"$,+"2',@ W%K7= =>D:>*>O, '>= ëu  / (P2), / =>H*'*: => (6), +=+>=*> *4 =<;%>79C +/1-

4:@, B=;D*;F:D9C 7: *4 G:;:D:779C, /9;%<%>9/%:D9C 7%<HM&%>:H:D (5), ?=>=;9@ 4&:+O 
*E;%:> /+G=D=E%>:HO7FM ;=HO / ;:%H*4%J** 4%?=7% %&%G>%J** (PP) 7%+>;%*/%:D=@ D=&:H* 
(P0), % *4 G:;:D:779C 7%+>;%*/%:D=@ D=&:H* 
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>> > > > >

H y P 2 y, .u t é ù= = +
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5. L"/52 #'62"4C257 "0"1%"?''  =<I:?>% /9'*+H1:>+1 G= F;%/7:7*M 

 c D( ) ( ),z
zu t t+= - b u  (PU) 

*H*, + F':>=D +>;F?>F;9 +>=H<J% Db , *D:MN:E= =&*7 7*K7*@ 7:7FH:/=@ AH:D:7> mk , * 

F;%/7:7*1 (PP), <F&:> /9;%K%>O+1 / /*&: 
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P
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d
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j
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=
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d&%G>*/7=: FG;%/H:7*: (PU), (P5) D=K7= G=&/:;E7F>O «+EH%K*/%7*M» (F+;:&7:7*M)R 

 c D( ) ( ),zu t t+= - b X  { } P ( ) ( ) ( ),m
i zt t tt + =diag X X u&  (P6) 

*H*, F'*>9/%1 +>;F?>F;F +>=H<J% Db , 

 P
c D( ) e ( ),z

mu t k t-= -  e ( ) e ( ) [ ( )] .m m m z mt t tt + = u&  (PY) 

W /9;%K:7*1C (P0)–(PY) =<=47%':7=R
>> > > > >

y y ( ) ( , ) ( , )t é ù= -
ë û

W k N m N m
) ))

– m-D:;79@ 

/:?>=; =L*<?* =J:7=? 7%<HM&%>:H1 (5) * 7%+>;%*/%:D=@ D=&:H* (P0)T T! –( )m m´ -D:;7%1 

D%>;*J% B=;D*;=/%7*1 7:4%/*+*D=@ &*7%D*?* 7%+>;%*/%:D=@ D=&:H*, 0>T T jh,h0 , 

dj P,=  – G=H=K*>:HO79: ?=ABB*J*:7>9 F+*H:7*@T d – '*+H= //=&*D9C D%K=;*;FMN*C 

BF7?J*@ ( P-£ nd )T *  –( )mm´ -D:;7%1 D%>;*J% *4 F;%/7:7*1 f1GF7=/% /*&% 

 
>>

D D( ) ( ) T 0- + - = - = >S T V V S T Y Y Y ,   

0>V , y( )pj jf m
)

 – D%K=;*;FMN*: BF7?J**, G%;*;FMN*: /H*17*: 4%4=;=/, >%?*: ?%? (8)T 

>
mp  – m-D:;7%1 7*K711 +>;=?% D%>;*J9 * T [ ( )]z mtu – 7*K7*@ AH:D:7> +>=H<J% )(tzu  *4 

/9;%K:7*1 (PP)T mt  – ••••• ••!"••##•• $%&•&#' '( )'•*•#••+#•, ••"%'-. /%•$#&#' • 
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0'•+"%•$ 12*• ••%•)3• 4165; 54t• – /!%&)#&#'& %•(%.$#•, 0/#3-'' 54tzu  4m-•&%#•• $&32

"•%20/#3-'•5; 54tmm  – && #'7#', 9•&•&#": 

•. •••••!"• "#"•$%&'"• (%($•!" ( (%)'"*+', '"($•"%& "•!,- !,#•*+/ 0•1 '"0*/#"2
$•*•.  <•=•!"/> ! -&•+> /•%•?&#'• '( #&•%••.@ !"%/3"/% ! ! '*#••+#•, 4' ••%••&"%'=&!3•,5 
•)••"•-'&, ••7#• '!3•>='"+ #•A•>)•"&•+ 4B5: C•*)• ) •• %&••'(•-'' /%•$#&#', 41D5E 4115E 41B5 
•)••"'$#•, !'!"&•. •• •/#3"/ 3 •F'A3• 54t )  $!>)/ (••&#•&"!• #• •F'A3/ •• $.@•)/ 

 " " " "
y4 5 G Gk kyé ù- = -

ë û
c ! m E  

*)& $ #•F&• =•!"#•• !•/=•& kG  – k2• '(•&%•&••• )•"='3•• !3•%•!"+ /•%/*•*• •AH&3"• 415E 

• •A?&• !•/=•& ! – $.@•)#•• •&%&•&##••; "c – 4 1´m 52•&%#•• ••"%'-• /%•$#&#'• '(•&%&2
#'•E • •&%&•&##.& #•A•>)•"&•• 4B5 $!>)/ (••&#•>"!• #• •&%& •&##.& #•!"%•'$•&••, ••2

)&•' 4()&!+ jmy
)

 (••&#•&"!• #• jmy E dj 1E=  $ $.%•7&#'•@ 4115E 41B55: I%' 9"•• ••"%'-. " E#

L (••&#•>"!• #• $&3"•%. !••"$&"!"$/>?'@ %•(•&%#•!"&, ' $. A'%•>"!• ! /=&"•• #&3•"•2
%.@ )••••#'"&•+#.@ !••A%•7&#',: 

I•!"%•&##.& •)••"'$#.& !"%/3"/%. ••*/" A."+ %•!!••"%&# . 3•3 •!#•$•••••*•>2
?'& )•• %•(%•A•"3' #• '@ A•(& !&•&,!"$• •)••"'$#.@ %&*/ ••"•%•$E •A&!•&='$•>?'@ (#•2
='"&•+#•& ••$.F&#'& "•=#•!"' ' A.!"%•)&,!"$'• 9•&3"%••& @•#'=&!3'@ !'!"&• $ %•(•'=2
#.@ •"%•!••@ •%••.F•&##•!"'E • "•37& !'!"&• *'%•!3••'= &!3•, !"•A'•'(•-'' ' #•$&)&2
#'•E •%•'($•)'•.@ JKJ «LMN<» ' )%/*'•' •%&)•%'•"'••': 

OIPOJL QPCRSKCTSU 

1: I/"•$ V: V: S•($'"'& A&!••'!3•$.@ •)••"'$#.@ •&"•)• $ ' '@ •%'••7&#'• 3 (•)•=•• /•%•$•&#'• 
!••7#.•' •&@•#'=&!3'•' •AH&3"••' WW K$'•3•!•'=&!3•& •%'A •%•!"%•&#'&: XDDY: Z B: O: Y1–[1: 

X: I/"•$ V: V:E \&•/)+3• V: ]: K)••"'$#.& !'!"&•. /•%•$ •&#'• #&•'#&,#.•' •&@•#'=&!3'•' •AH&32
"••' ! •#•*•%&(•#•#!#.•' /•%/*'•' )&0•%••-'••' WW N&@• "%•#'3•: XDD1: Z Y: O: 11–1^: 

Y: I/"•$ V: V: K)••"'$#•& /•%•$•&#'& )'#••'3•, !••7#.@ •&@•"%•##.@ !'!"&• WW N&@•"%•#'3•: XDDD: 
Z 1: O: XD–X6: 

[: I/"•$ V: V:E Q&A&)&$ V: V:E L•(••$ _: L: I%'A•'7&##.&  A&!••'!3•$.& •)••"'$#.& •&"•). ' '@ •%'2
••7&#'• 3 (•)•=•• /•%•$•&#'• ••)$'7#.•' •&@•#'=&!3'•' • AH&3"••' %•(•'=#•*• #•(#•=&#'• WW 12• V!&%•!: 
#•/=:2"&@#: 3•#0: ! •&7)/#•%: /=•!"'&• «N&@•"%•#'3•E •$"•••"'(•-'•E /•%•$•&#'&» 4NKT XDD[5: V••)'•'%: 
XDD[: O: 68–6^: 

B: I/"•$ V: V:E L•(••$ _: L:E Q&A&)&$ V: V: I%••.& ' #& •%••.& •)••"'$#.& !'!"&•. ! !'*#••+#•, #•2
!"%•,3•,E ••!"%•&##.& #• •!#•$& •%'A•'7&##.@ ••'!•#', #&•' #&,#.@ •AH&3"•$ ! ••••?+> ••7•%'%/>2
?'@ 0/#3-', WW X2• V!&%•!: #•/=:2"&@#: 3•#0: ! •&7)/#•%: /=•!"'&• «N&@•"%•#'3•E •$"•••"'(•-'•E /•%•$•&2
#'&» 4NKT XDDB5: T0•: XDDB: O: `–8: 

6: I/"•$ V: V:E L•(••$ _: L:E \&•/)+3• V: ]: I%••.& ' # &•%••.& •)••"'$#.& !'!"&•. ! !'*#••+#•, 
#•!"%•,3•,E ••!"%•&##.& #• •!#•$& •&"•)• ••7•%'%/>?'@ 0/#3-' , WW P($&!"'• OIAaMCT «QMCP»: O&%: 
K$"•••"'(•-'• ' /•%•$•&#'&: XDDB: Z 1: O: X–^: 

V. V. Lebedev, V. V. Putov, V. N. Sheludko, V. P. Kozakov, Ch. A. Zung 

FAMILY OF ADAPTIVE CONTROL SYSTEMS OF MULTIMASS NONLINEAR ELASTIC MECHANICAL OBJECT 
WITH UNCERTAIN PARAMETERS AND INCOMPLETE MEASUREMENTS 

Four structures of adaptive control systems by multimass elastic nonlinear mechanical 
object with uncertain parameters and incomplete measurements which will form a basis for 
development on their base of family of practically sold adaptive watching(keeping up) systems 
of prompting by mobile objects with elastic deformations are considered(examined). 

Multimass#elastic#object#with#the#uncertain#description#and#incomplete#measurements,#adaptive#watching#
(keeping#up)#systems#of#prompting,#mobile#objects#with#elastic#deformations##
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TbL 6X1:Y1Y:YXX 

•. 4. 5,*•6,&7 8. 9. 5•%6,#+:,7 9. 9. ;"•"<•&  

"$%"$&'*+$#-#-../01'2$3-0#&0.40*'5367#
.-.*08#2'%&9:103-;#3$#&$%0#3050*+'<#/'=-+-#

"#$%&'&*!+/01 *$'%&2#34 0/*!5/!*3 #424/5&6 *47!%1/8*89 98':!;<4#&1  
:40=4/82#36 0&#6*8##36 74#4*$/8*89 9 080/$94 >#4*780&0/4?3. @*4<%$7$4/01 
?4/8<&5$ 0&#/4'$ #424/5&6 *47!%1/8*89 #$G*1;4#&1 & 0&0/4?#36 0/$:&%&'$/8*89. 
Q$'*$:8/$##34 :40=4/82#34 0&0/4?3 98':!;<4#&1 #$ :$'4 #424/58X % 87&5& 0*$9#&-
9$+/01 0 089*4?4##3?& *800&X05&?& 0&0/4?$?& 98':!;<4#&1.1 

.>?@ABC#DEFGHIJAK>N,#GA?OA@EPKCN#?>?@ABC#DEFGHIJAK>N,#?>KQREKKST#UAKARC@ER,#KAPA@VCN#WEU>VC,#
KAPA@VEA#HXRCDWAK>A#

C&#)&#-'• %•($'"'• !•$%&•&##.@ !'!"&• $•(A/7)&#'• – 9"• - '0%•$.& !'!"&•.E ••2
!"%•&##.& #• A•(& •'3%•3•#"%•••&%•$ ! •"3%."•, A••=#•2 ••)/•+#•, •%@'"&3"/%•,: V&2
)/?'& •%•'($•)'"&•' •%' %•(%•A•"3& #•$.@ %&F&#', !"%&••"! • #•)&•'"+ !'!"&•. $•(A/2
7)&#'• %•(•'=#•, !"&•&#+> '#"&••&3"/••'(•-'': P($&!"#•  •#•7&!"$• •%'•&%•$ '!•••+2
(•$•#'• •&"•)•$ #&=&"3•*• /•%•$•&#'• $ 9•&3"%•9#&%*&"'3&E •)#•3• $••%•!. •%•&3"'%•2
$•#'• ' •%•3"'=&!3•, %&••'(•-'' #&=&"3'@ %&*/••"•%•$ $ !' !"&••@ $•(A/7)&#'• )• !'@ 
•!"•>"!• )•!"•"•=#• !••7#•, (•)•=&,: V !'!"&••@ $•(A/ 7)&#'• A••3 0•%!'%•$3'E A••3 
•A&!•&=&#'• •'#'•••+#•*• $•(A/7)&#'•E !'!"&•• •*%•#'=&# '• ' (•?'". ••%&)&••>"!• $ 
•!#•$#•• •%&)&•+#• )••/!"'•.•' ••%••&"%••' !'••$•*• • A•%/)•$•#'•E "&@#•••*'=&2
!3'•' %&7'•••' %•A•". !'#@%•##•*• *&#&%•"•%•E 9•&3"%•!&"+> ' )%/*'•' 0•3"•%••': 
I•9"••/E 3•3 •%•$'••E 9"' ••)!'!"&•. ' '@ ••%••&"%. $.A '%•>"!• (•%•#&& ' #& •&#•>"!• 
$ •%•-&!!& 93!••/•"•-'' !'!"&•. $•(A/7)&#'• c1d: I%'•&# &#'& #&=&"3'@ %&*/••"•%•$ 
900&3"'$#• $ %&*/••"•%•@ #••%•7&#'• ' !'!"&•#.@ !"•A'•'(• "•%•@ cXd–c[d: V %•A•"& 
•%&)!"•$•&#. •!#•$#.& %&(/•+"•". %•(%•A•"3' ' '!!•&)•$• #'• A&!?&"•=#.@ !'!"&• $•(2
A/7)&#'• #• A•(& #&=&"3•, ••*'3': 

b•• •%•$&)&#'• '!•."•#', ' !%•$#&#'• 900&3"'$#•!"' %•A•". %•(•'=#.@ %&*/••"•2
%•$ $•(A/7)&#'• %•(%•A•"•#• ••)&•+ '!!•&)/&••, 9#&%*•!'!"&• . 4!•: %'!/#•35: ]• •&%$•• 
9"••& '!!•&)•$••!• #&=&"3', %&*/••"•% #••%•7&#'• $ !•!"•$&  "'%'!"•%#•, !'!"&•. $•(2
A/7)&#'• KSV2ObI1E !'!"&•#., !"•A'•'(•"•% •%' 9"•• '•&• 0'3!'%•$•##.& !"•#)•%"2
#.& #•!"%•,3': e.•' !•()•#. #&=&"3'& %&*/••"•%. #•'A ••&& %•!•%•!"%•#&##.@ ' '(/=&#2
#.@ $ "&•%'' #&=&"3'@ !'!"&• !"%/3"/%f N••)•#'E g/3•• •"• ' O/*&#• #/•&$•*• ' •&%$•*• 
••%•)3•$ cBdE c6d: I•%••&"%. •&%$•*• %&*/••"•%• O/*&#• #/•&$•*• ••%•)3• A.•' $.A%•#. 
$%/=#/>: I•%••&"%. $"•%•*• %&*/••"•%• O/*&#• #/•&$•*• ••%•) 3• ' %&*/••"•%• •&%$•*• 
••%•)3• #•!"%•'$••'!+ ! ••••?+> •)••"'$#•, #&,%•2#&=&"3 •, !'!"&•. ANFISE $ 3•=&!"$& 
9"•••#• •%' •A/=&#'' 3•"•%•, •%'#•"• %•A•"• !'!"&•. ! • '#&,#.• %&*/••"•%•• #••%•2
7&#'• $ #••'#••+#•• %&7'•& !'#@%•##•*• *&#&%•"•%• c`d: b• • $!&@ %&*/••"•%•$ $.A%•#. 
•)'#•3•$•& 3••'=&!"$• ' 0•%•• 0/#3-', •%'#•)•&7#•!"'E  • "•37& 3••'=&!"$• •%•$'• 
/•%•$•&#'•f •• "%' $@•)#.@ 0/#3-'' •%'#•)•&7#•!"' "%&/* ••+#•, 0•%•. #• 3•7)., 
'( )$/@ $@•)•$E $.@•)#.& 0/#3-'' $ 0•%•& !'#*•"•#•$ ' ) &$•"+ •%•$'• /•%•$•&#'•: 
                                                
1 S•A•"• $.•••#&#• •%' 0'#•#!•$•, ••))&%73& *%•#"•$ N'#' !"&%!"$• •A%•(•$•#'• ' #•/3' Sh Z `B[Y6 ' 
I%•$'"&•+!"$• O•#3"2I&"&%A/%*•  Z NDB2Y:1L2X[B: 
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•%•7&#'•E )•• •-&#3' %•A•!"#•!"' %&*/••"•%• •&#••'!+ 3•900 '-'&#". /!'•&#'• 3•#•••$ 
%&*/•'%•$•#'• ' •A?&*• 3•#"/%#•*• 3•900'-'&#"• %&*/••"•%• #••%•7 &#'•: J-&#3• 900&32
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4t% U5E ••3•(•"&•+ )&••0'%•$•#'• =•!"•". #••%•7&#'• 4 n5 ' •&%&%&*/•'%•$•#'& #••%•7&2

#'• 4 s5: b•• •%•-&!!•$ $')• D4 5 4 5ty t Ae t-a= w + j  ••3•(•"&•+ )&••0'%•$•#'• %•!!='".2

$••!• 3•3 1 Xn A A=  4"•A•: 15: ]• •!#•$& •#••'(• •'#'•••+#.@E !%&)#'@ ' • •3!'•••+#.@ 

••3•(•"&•&, 3•=&!"$• •&%&@•)#.@ •%•-&!!•$ #&=&"3'& !"%/3"/%. %•#7'%•$••'!+ $ ••%•)3& 
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THE DEVELOPMENT AND STUDY OF BRUSHLESS EqCITATION SYSTEMS ON BASIS OF FUZZY LO|IC 

The diverse fuzzy regulators structures of brushless synchronous generator excitation 
systems in power system are analyzed. The fuzzy voltage regulators and system stabilizers 
development techni}ue is proposed. The brushless excitation systems on basis of fuzzy logic 
are compared with modern Russian excitation systems. 
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Yu. A. Lukomski, Le Thanh Tung, A. |. Shpektorov 

NEURAL NETWORK APPLICATION FOR HI|H-SPEED VEHICLE MOTION CONTROL SYSTEM DESI|N 

The structure of two-leveled control system for high-speed vehicle motion is considered. 
The possibility of neural network (NN) using for system design is observed. The structure of 
multi-layered NN used to stability’s area approximation is investigated. The control system 
based on NN using for high-speed stabilization and accidental prevention maneuvering 
 is developed.  

Motion#control#system,#highˆspeed#vehicles,#neural#network#

•••. 621.313.001.63  

•. •. ••••!"#, $•% &'"( )*%+ 

•••••• •!"!# "!•!•"!$! %•&'"•()* 
•#•!(!&(!$! +)%•,-.$•(••••!•• 
• /!&!0-1 /•"••• MATLAB 
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The purpose of the work is to create the macromodels of syste5 which consists of the 
synchronous generator with the automatic voltage regulator5 diesel with the automatic rotation 
frequency regulator5 asynchronous motor and static loadB These macromodels are destined for 
the processes in the short circuit regime on main switchboard by Matlab simulationB 
Macromodels are used in the form separate blockB 

Shipboard electric power systemF the short circuitF synchronous generatorF asynchronous engineF Matlab 
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B#$$,!%+-, /+-*(7(""8( $%+54%5+8 uTT. 
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Snput9output unit of ship control5 alarm and monitoring system are describedB Zeliability 

estimates of the input9output unit in according to unit structure and unit module set are obtainedB 
Ship controlF alarm and monitoring systemF input.output unitF controllerF input.output moduleF reliabilityF 
data acquisition 

••• 6N1.M1 

9. :. •*••02••; 

/,•()•!#•()• !/••••)#(!$! N/••#,•()* 
•••(•/!••('& /•!W•••!&  
(• #(N•••(()P #!+('P /N•*P 

D'..3'*&2-'"*., /'0';' 3)0"#2&)-'12, *"4<6":) =#'12&)-'12, =)&,04' 
=&)8)>0"12, .<0)- =) -1<*&"1123 -)01+3 =<*,3 =&2 )="&'*2-1)3 02.="*;" &.4)3 
<=&'-#"122 *&'1.=)&*1+3 =&)?"..)3~ )=&"0"#,%*., <.#)-2, .):#'.)-'11):) 2  
1"=&"&+-1):) 0-<1'=&'-#"11):) 0-2>"12, .<0)-B 

•=6>DQ4=<F <=6>DQ4=<>HJ Q=4V:DDF Q96>@=456>@:F 4Q:=6<@5>4: 2Q=659:>@: 

F"%("$-*"!$%< 7*-P("-& +(?"!)! %+#"$/!+%# 7!$%#%!?"! *8$!4# - /+!7!;P#(% +#$%-. 
T"5%+(""-( *!7"8( /5%- /+- /(+(*!@4( )+5@!* /+(7$%#*;& J% $!:!S +(#;<"5J #;<%(+"#%-*5 /(>
+()+5P(""!S 7!+!P"!S $(%-. T =%-9 5$;!*-&9 %+(:5(%$& !$5'($%*-%< =hh(4%-*"!( 7-$/(%?(+>
$4!( 5/+#*;("-( 7*-P("-(, $57!* j1kR !:($/(?-*m /!*8Q(" -( 5+!*"& :(@!/#$"!$%- $57!9!7$%*# 
- "#7(P"!$%- /(+(*!@!4 "# *"5%+(""-9 *!7"89 /5%&9g 5*(; -?("-( $+(7"(S $4!+!$%- /+!9!P7(>
"-& *!7"!)! /5%-g 5,("<Q("-( *+(,("- /+!9!P7("-& 4#"# ;!* %+#"$/!+%"8,- $+(7$%*#,-. 

T !$"!*( ;J:!S $-$%(,8 5/+#*;("-& ;(P#% %+- $*&@#""89 ,(P75 $!:!S /+!A($$# – 
/;#"-+!*#"-(R -@,(+("-( %(45'()! $!$%!&"-& !:‰(4%# 5/+# *;("-& - +()5;-+!*#"-(R !:+#>
@5J'-( h5"4A-!"#;<"! /!;"8S !/(+#%!+"8S :#@-$ $-$%(, 5/+#*;("-& j2k. 

E#$%!&'#& $%#%<& /!$*&'("# /(+*!S $!$%#*;&J'(S !/(+#%!+"! )! :#@-$# – /;#"-+!>
*#"-J. š%! * @"#?-%(;<"!S ,(+( !/+(7(;-% /!$;(75J'-S 9!7 %+#"$/!+%"!)! /+!A($$#. 

u;#"-+!*#"-( *+(,("- /+!9!P7("-& %+#"$/!+%"!)! $+(7$%*# dL BKf /! *"5%+(""-, 
$57!9!7"8, 4#"#;#, *4;J?#(% * $(:&m 

• h!+,-+!*#"-( $5%!?"!)! /!+%h(;& @#&*!4g 
• /!$%+!("-( *+(,(""89 %#:;-A $!);#$!*#""!)! 7*-P("-& $57!*g 
• /!$%+!("-( /+(7/!;#)#(,89 )+#h-4!* 7*-P("-& $57!*g 
• -"h!+,-+!*#"-( 7-$/(%?(+!* Q;J@!* - 4#/-%#"!* $57! * ! /;#"!*!, *+(,("- 

Q;J@!*#"-& $57!* - ! $4!+!$%- -9 7*-P("-& "# !%7(;<" 89 5?#$%4#9 %+#$$8g 
• /!$%+!("-( *+(,(""óS %#:;-A8 $*!:!7"89 Q;J@!*. 



 2`  

u+(7;#)#(%$& ,!7(;< $-$%(,8 /;#"-+!*#"-&R * !$"!*( 4!%!+!S ;(P-% !/+(7(;(>
"-( $+(7"(S $4!+!$%- 7*-P("-& $57"# "# 5?#$%4#9 ,(P75 7*5,& /5"4%#,- !:$;5P->

*#"-&R # %#4P( /!$%!&""!( /+-"&%!( *+(,& Q;J@!*#"-&  0T R 4!%!+!( !/+(7(;&(% 7-$>

4+(%"!$%< /+!A($$# 7*-P("-&. 
•*# h5"7#,("%#;<"89 /+-"A-/#R !$*!:!P7#J'-( %+#"$/!+%" 8S /+!A($$ !% «/+!>

:!4» - «@#%!+!*» * 7*-P("-- j3kR !/+(7(;&J% ,(%!7!;!)-?($ 45J !$"!*5 /!$%+!("-& -$>
4!,!S ,!7(;- – /+-"A-/8 $!);#$!*#""!$%- 7*-P("-& *$% +(?"89 /!%!4!* %+#"$/!+%"89 
$+(7$%* - "(/+(+8*"!$%- %+#"$/!+%"!)! /+!A($$#. 

]-$;! 5@;!* "# 4#P7!, 5?#$%4( %+#$$8 1jjN +  7!;P"! :8%< A(;8, - 7!;P"! $!:;J>

7#%<$& $!!%"!Q("-( 

1 /; 1 7!/ Rjj jjV V+ +<  

)7( 1 /; 1 7!/Rjj jjV V+ +  – /;#"-+5(,#& - 7!/5$%-,#& $4!+!$%- 7*-P("-& LBK "# =% -9 5?#$%4#9.  

L!)7# 5$;!*-( $!);#$!*#""!$%- 7*-P("-& LBK ,!P"! *8+#@-% < $!!%"!Q("-&,- *-7# 

 *9 *89 *9 *9 /; 0ij pj i pT T T T T
® ¬ ® ¬é ùæ ö æ ö

+ - + - =ê úç ÷ ç ÷ç ÷ ç ÷ê úè ø è øë û
R d1f 

 
*9 *89 *89 *9

0 0
2

ij pj ij pjT T T T

T

® ¬ ® ¬
- - -

- =  d2f 

/+- i € 1R ng p € 1R kg 

 1 /; 1 /; Rjj j jV V
® ¬

+ +=  d3f 

# 5$;!*-( "(/+(+8*"!$%- – $!!%"!Q("-(, 

/;
$+ h

0R
N

T
V

- =      dxf 

)7( ïëT  – /;#"!*!( *+(,& /+!9!P7("-& LBK ;-"(S"!S %+#"$/!+%"!S 4 !,,5"-4#A-- 

dL•Hfg *9 *89 *89 *9R R d R fij pj ij pjT T T T  – $!!%*(%$%*(""! *+(,("# /+-9!7# i>)! LBK * j>S 

/5"4% !:$;5P-*#"-& - *89!7# -@ "()!g *9 *9Ri pT T  – *+(,("# *9!7# * L•Hg $+ hRN V  – 

/+!%&P(""!$%< L•H - $+(7"(*@*(Q(""!( /! 7;-"#, (( 5?# $%4!* @"#?("-( h#4%-?($4!S 
$4!+!$%- 7*-P("-& LBK. 

•$;!*-( d1f !@"#?#(%R ?%! 7;& ;J:!S /#+8 LBK -@ ,"!P( $%* n - k $5,,8 *+(,(" 
/+-9!7# * j>S /5"4% -9 !:$;5P-*#"-& - *89!7# -@ "()! @# *8?(%!, *+( ,(" *9!7# LBK * 
L•H ($%< *(;-?-"# /!$%!&""#& 7;& *8:+#""!)! Q#)# 0Th = R +#*"#& 

 /; 0 RT zT=  dMf 

)7( z – !:'(( 4!;-?($%*! 5@;!* #//+!4$-,#A--. 
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•$;!*-( d2f $*-7(%(;<$%*5(% ! "#;-?-- - /!$%!&"$%*( * +(,(""!)! $7*-)# /! "#/+#*>

;("-&, * !7"5 - 7+5)5J $%!+!"5 d ¬® R f 7*-P("-& LBK "# *(;-?-"5 0T R 5$;!*-( d3f –  

! +#*("$%*( $4!+!$%(S "# 4#P7!, 5?#$%4( L•HR # 5$;!*-( dxf – ! %!,R ?%! h#4%-?($4!( *+(>

,& /+(:8*#"-& LBK "# !:$;5P-*#"-- * L•H "( /+(*8Q#(% . ïëT  u+- =%!, 7;-"# *+(,(""!>

)! -"%(+*#;# /+-(,# LBK "# !:$;5P-*#"-( * L•H /+-"&%# +#*"!S 4#;("7#+"8, $5%4#,.  
E#?#;<"8( 7#""8( ! %+#$$( $57!/+!/5$4# $!$%!&% -@ "#@*#"-S d"!,(+!*f 5@;!*R *+(>

,(" Q;J@!*#"-& dQ#) 7-$4+(%-@#A--fR +#$$%!&"-S ,(P75 5@;#,-R $4!+!$%(S - *+(,(" 
7*-P("-& "# =%-9 5?#$%4#9. •#""8( ,!)5% :8%< /+(7$%#*;("8 * *-7( %#:;-A8. 

T8?-$;(""8( /! h!+,5;#, 

 *9 0 *89 0Rij pjT xT T yT= =   

*+(,("# /+-9!7!* LBK * /5"4%8 !:$;5P-*#"-& 57!:"! /!,($% -%< * ,#%+-A8 &X d"#/+#*>
;("-( ® f d%#:;. 1f - &Y d"#/+#*;("-( ¬ f d%#:;. 2fR )7( xR y – 4!;-?($%*! 5@;!* #//+!4>

$-,#A-- 7! j>)! /5"4%# * "#/+#*;("-&9 ®  - ¬  $!!%*(%$%*(""!R # ( ) zyx =+  – *(;-?-"# 

/!$%!&""#& 7;& /+-"&%!S $9(,8. K%+!?"8( @"#?("-& ,#%+-A - +(4!,("75(,8( $4!+!$%- 
7*-P("-& "# 4#P7!, 5?#$%4( L•H $!!:'#J%$& *!7-%(;&, LBK R # $%!;:A(*8( – 7-$/(%?(>
+#, /5"4%!* !:$;5P-*#"-&.  

|'(#2?' E 

E!,(+ 5@;# E#-,("!*#>
"-( $57"# 

K!$%!&>
"-(  

$57"# 0 1 2 3 x M 6 ‚ N ` 

*9. 0m30 1m00 2m00 3m00 xm30 Mm30 6m30 ‚m30 Nm30 `m30 L“9 œ-Q>
4-" 

*89. 0m30 1m30 2m30 3m30 Mm00 6m00 ‚m00 Nm00 `m00 10m00 

*9. 3m30 xm00 Mm00 6m00 ‚m30 Nm30 `m30 10m30 11m30 12m30 K%. E!)#%->
"! 

*89. 3m30 xm30 Mm30 6m30 Nm00 `m00 10m00 11m00 12m00 13m00 

*9. xm30 Mm00 6m00 ‚m00 Nm30 `m30 10m30 11m30 12m30 13m30 L“9 B#P(* 
*89. xm30 Mm30 6m30 ‚m30 `m00 10m00 11m00 12m00 13m00 1xm00 

*9. 6m30 ‚m00 Nm00 `m00 10m30 11m30 12m30 13m30 1xm30 1Mm30 B57!*!@>x` 
*89. 6m30 ‚m30 Nm30 `m30 11m00 12m00 13m00 1xm00 1Mm00 16m00 

|'(#2?' F 

E!,(+ 5@;# E#-,("!>
*#"-(  
$57"# 

K!$%!&>
"-( 

$57"# ` N ‚ 6 M x 3 2 1 0 

*9. 11m00 12m00 13m00 1xm00 1Mm00 16m00 1‚m30 1Nm30 1`m30 20m30 T>E(h%<>
1M1 

*89. 11m30 12m30 13m30 1xm30 1Mm30 16m30 1Nm00 1`m00 20m00 – 

*9. 13m00 1xm00 1Mm00 16m00 1‚m00 1Nm00 1`m30 20m30 21m30 22m30 T>E(h%<>
1x` 

*89. 13m30 1xm30 1Mm30 16m30 1‚m30 1Nm30 20m00 21m00 22m00 – 

*9. 1xm30 1Mm30 16m30 1‚m30 1Nm30 1`m30 21m00 22m00 23m00 0m00 T>E(h%<>
2M1 

*89. 1Mm00 16m00 1‚m00 1Nm00 1`m00 20m00 21m30 22m30 23m30 – 

*9. 16m00 1‚m00 1Nm00 1`m00 20m00 21m00 22m30 23m30 0m30 1m30 T>E(h%<>
2M0 

*89. 16m30 1‚m30 1Nm30 1`m30 20m30 21m30 23m00 0m00 1m00 – 
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C5"4A-- 7-$/(%?(+# !+)#"-@#A-!""! /!7+#@7(;&J%$& "# 7*( $!$%#*;&J'-(m 
• $;5P:5 7-$/(%?(+# /5"4%# !:$;5P-*#"-& d5+!*("< ;!4#; <"!)! 5/+#*;("-& %+#"$>

/!+%"8, /+!A($$!,fg 
• $;5P:5 );#*"!)! 7-$/(%?(+# d5+!*("< A("%+#;-@!*#""!)! 5/+#*;("-&f.  
•;& 57!:$%*# 4!"%+!;& 9!7# Lu * $-$%(,( !:$;5P-*#"-& LBK  - ()! /!$;(75J'()! +(>

)5;-+!*#"-& $!$%#*;&(%$& ,#%+-A# $!!%*(%$%*-& "!,(+!* LBK *$%+(?"89 /!%!4!* 7*-P("-& 
"!,(+#, /5"4%!* !:$;5P-*#"-& duIf. v57(, $?-%#%<R ?%! * +(,(""8( !%4;!"("-& h#4%-?(>
$4!)! Lu !% /;#"!*!)! !:5$;!*;("8 /+(-,5'($%*(""! *+(,("(, !:$; 5P-*#"-& LBK * uI. 

•*-7(%< 54#@#""8( !%4;!"("-& /! ,#%+-A#, &X - &Y /!@*!;&% )+#h-4- 45$!?"!>
;-"(S"89 h5"4A-S * 4!!+7-"#%#9 «"!,(+ uI – *+(,&»R !%+#P# J'-( *+(,(""8( %+#(4%!>
+-- 7*-P("-& LBK d+-$5"!4f. 

 

 %“9 œ-Q4-" 
 K%. E!)#%-"! 
 %“9 B#P(* 

B57!*!@>x` 
B57!*!@>1‚ 
  %“9 T!;)#+<R 6 

T>E(h%<>1M1 
T>E(h%<>1x` 
 T>E(h%<>2M1 
 

T>E(h%<>2M0 
T>E(h%<>260 
 B57!*!@>1N 
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‚  
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`  

0m00 1m30 3m00 xm30 6m00 ‚m30 `m00 10m30 13m30 12m00 1Mm00 16m30 1Nm00 1`m30 

 

I$< #:$A-$$ )+#75-+!*#"# *(;-?-"!S 0h T= R !$< !+7-"#% – ?-$;#,- "#%5+#;<"!)! +&7# 

$ +#*"8,- !$(*8,- 7;-"#,- ,(P75 "-,-R /!$4!;<45 @"#?(" -& +#$$%!&"-S ,(P75 uI - $4!>
+!$%- 7*-P("-& LBK !%+#P#J%$& * "#4;!"#9 $!!%*(%$%*5J'-9 ;-"(S"89 5?#$%4!* )+#h-4!* 
h5"4A-S. uI $ "5;(*8, *+(,("(, !:$;5P-*#"-& !%!P7($%*- , $ 4!"A(*8,- /5"4%#,- L•H. 

L!)7# *(+%-4#;<"8S $+(@ )+#h-4!* /! 4!!+7-"#%( /; 0d 0R2x m fkT k T=  !:+#@5(% *(4%!+ 

 1 2 1d R R ...R R ...R fRk k k l k m ky y y y +=y  d6f 

!/+(7(;&J'-S $!$%!&"-( !:‰(4%# 5/+#*;("-& * k>S ,!,("% *+(,("-. u+- =%!, 

 
1R($;- LBK "#9!7-%$& * uIR

0R * /+!%-*"!, $;5?#(.jky
ì

= í
î

  

u+- 1=kjy m 

#f *8?-$;&J%$& @"#?("-& *+(,(""89 !%4;!"("-Sm 

 /; h R 1R Rj k k ijd T T j m= - =   
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)7( /; hRk ijT T  – $!!%*(%$%*(""! /;#"!*!( - h#4%-?($4!( @"#?("-& *+(,("- "#9!P7("-& i>)! 

LBK * j9, uIg 

:f !/+(7(;&(%$& *+(,(""#& -$%!+-& yjX  +#:!%8 j>)! uIm 

 R 1R 2R ...gjy jk
k

X d k= =å   

*f !$5'($%*;&(%$& ;!4#;<"!( *+(,(""!( +()5;-+!*#"-( 7*-P( "-& LBK "# $!!%*(%$%>

*5J'-9 (7-"-?"8, @"#?("-&, 4!,/!"("% *(4%!+# ky  d6f 5?#$%4#9 L•H. 

T /!$;(7"(, $;5?#( *!@,!P"8 $;(75J'-( 5/+#*;&J'-( *!@7 (S$%*-&. 

1. †$;- •ažjyj dTX < R 

 
1 1 •až

•až
1 1 7!/

jj jj
j

jj jj

N dV
dT

V V
+ +

+ +
= R  

 1 •až 1 7!/ 1 %(4jj jj jjdV V V+ + += - R  

)7( •až1•až R +jjj dVdT  – @#7#""8( @#/#$8 /! *+(,("- - $4!+!$%- 7*-P("-&R %! *8?-$;&>

J%$& $4!+!$%- 7*-P("-& LBKm 

 

1

0
1

1

0

R($;- 0R

R($;- 0.

jj
j

j
jj

jj
j

j

N
d

kT d
V

N
d

kT d

+

+
+

ì
<ï +ï

= í
ï >ï -î

  

2. †$;- •ažj y jX dT> R %! *!@,!P"8 %#4-( 7(S$%*-& !/(+#%!+# uIm 

#f ($;- 4 ,!,("%5 /!&*;("-& h#4%# «/(+(/!;"("-&» yjX  * +#:!%( uI /!&*-;!$< 

*+(,(""!( «!4"!» d4!)7# uI $*!:!7"! !% !:$;5P-*#"-& L BKfR %! @"#?("-( yjX  !:"5;&>

(%$&R !%"!$-%(;<"!( *+(,& +#:!%8 uI *"!*< $%#"!*-%$& +#*"8, /;#"!*!,5 - %+#"$/!+%>
"8S /+!A($$ /+!7!;P#(%$&g 

:f /+- !%$5%$%*-- %#4!)! «!4"#» $57"! *8*!7-%$& -@ LuR 7;& "()! /! ,#%+-A( &Z  
@"#?("-S $*!:!7"!)! *+(,("- uI *8?-$;&J%$& "!*8( *+(,( "# 7*-P("-& /!$;(7"-9R @"#>

?("-( jyX  !:"5;&(%$& - Lu /+!7!;P#(%$&. 

\"#;!)-?"! !A("-*#(%$& - $!$%!&"-( X  *$(S ;-"(S"!S L•H.  
L#4-, !:+#@!,R !/(+#%-*"!( 5/+#*;("-( %+#"$/!+%"8, /+!A( $$!, $!$%!-% -@ /+->

*(7(""!S 7#;(( /!$;(7!*#%(;<"!$%- 7(S$%*-Sm  
1f /+!A($$ 5/+#*;("-& 7*-P("-(, LBK "#?-"#(%$& $ ,!,("%#  h!+,-+!*#"-& /!+%>

h(;& @#&*!4 !% %+#"$/!+%"89 4!,/#"-S "# /+!9!P7("-( L•H - 4!++(4%-+!*4- *+(,(" 
/!79!7# LBK 4 (( "#?#;5 * $!!%*(%$%*-- $ 5$;!*-&,- $! );#$!*#""!$%- d1f - d2fg 

2f /+!-@*!7-%$& +#$?(% *+(,(""89 ,#%+-A &XR &Y - &Z R @"#?("-& -9 =;(,("%!* - 
+(4!,("75(,8( $4!+!$%- 7*-P("-& "# 4#P7!, 5?#$%4( %+#$$ 8 /(+(7#J%$& *!7-%(;&, LBK 
- !/(+#%!+#, uI 7;& 4!"%+!;& "#7 9!7!, %+#"$/!+%"!)! /+!A ($$#g 
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3f /! ,#%+-A#, &X - &Y $%+!&%$& *+(,(""8( )+#h-4- /+(7/!;#)#(,!)! 7*-P("-&  $57!*g 
xf * $;5?#( !%4;!"("-& %(45'-9 *+(,(""89 %+#(4%!+-S 7*- P("-& LBK !% /;#"!*89 

*8?-$;&J%$& @"#?("-& =%-9 !%4;!"("-S - $!!:+#@"! -,(J'-, $& @#/#$#, 5/+#*;("?($4-9 
+($5+$!* !/(+#%!+#,- uI /+-"-,#J%$& "(!:9!7-,8( +(Q("-& 7;&  4!,/("$#A-- *!@"-4>
Q-9 *+(,(""89 !%4;!"("-Sg 

Mf /! -$?(+/#"-- 5/+#*;("?($4!)! +($5+$# 5/+#*;("-( /(+(7 #(%$& $ ;!4#;<"!)! 
5+!*"& "# A("%+#;-@!*#""8S. 

•+-%(+-(, 5/+#*;("-& %+#"$/!+%"!)! /+!A($$# * =%!, $;5?#(  &*;&(%$& @"#?("-( !%>
4;!"("-& h#4%-?($4!)! *+(,("- 7*-P("-& LBK !% /;#"!*!) !. 

K!);#$!*#""!$%< *$%+(?"89 /!%!4!* $57!* -;;J$%+-+5(%$ & $;(75J'-, /+-,(+!,. 

T8:(+(, -@ ,#%+-A8 &XR /+-*(7(""!S * %#:;. 1R *+(,("# /+-9!7# d x.N*9T =1xm30f - 

*89!7# d x.N*89T  € 1Mm00f x>)! $57"# * N>S Q;J@ - *+(,& *9!7# dx *9T  € 6m30f * 4#"#;R # -@ 

,#%+-A8 &YR /+-*(7(""!S * %#:;. 2R %#4-( P( /! "#@*#"-J *+(,(" # 7;& 6>)! $57"# - %!)! 

P( Q;J@# 6.N*9T  € 1`m00R 6.N*89T  € 1`m30 - 6 *9T  € ‚m00. 

K!!%"!Q("-( d1f *8/!;"&(%$&R /!$4!;<45  
d1xm30 U 1`m30f – d6m30 U ‚m00f – 20m30 dL•• ) = 34:00 – 13:30 – 20:30 = 0. 

•••••!"• (5), # ••  = 41 / 0,5 = 20:30.  

•••$"•%&"'& (2) $•*& +-•6•&$6•78&$!8: 
(||14:30 – 19:30| – |15:00 – 19:00||) / 2 – 0,5 = (5:00 – 4:00) / 2 – 0,5 = 0. 
••&-•6•$&•;"•, 67&<8 -6'*&"'8 !+-•6 !••••!•6•"•. #•>•8 *& !••••!•6•""•!$; •7'?

!+@• ' 6!&< •!$••;"A< ••7•< !+-•6. B&•7&7A6"•!$; -6'*& "'8 !+-•6, ••7&-&•8&<•8 !••$?
"•%&"'&< (4), $•>*& !•C•D-•&$!8, ••!>••;>+ 100,9 / 4,92  – 20:30 = 20:30 – 20:30 = 0. 

E7&-!$•6•&""•8 !'!$&<• •••"'7•6•"'8 ••F6••8&$ !•F-•6•$ ; ' •"••'F'7•6•$; 7•F•'G?
"A& 6•7'•"$A !$7•$&•'H -•8 I•7<'7•6•"'8 $7•"!••7$"AJ ••$• >•6 ' 6AC•7• "•'C••&& 7•?
K'•"••;"•••. •'!$&<• •7&-"•F"•G&"• -•8 •••6"AJ -'!•&$G& 7•6 $7•"!••7$"•H >•<<+"'>•?
K'', -'!•&$G&7•6 •+">$•6 •C!•+*'6•"'8, • $•>*& 6•-'$&• &H $7•"!••7$"AJ !7&-!$6. 

L!& •7'6&-&""A& !••$"•%&"'8 <••+$ CA$; 7•!!G'$•"A ! ••<•@ ;D !•67&<&""AJ 
8FA>•6 •7••7•<<'7•6•"'8 '•' $•C•'G"AJ !'!$&<, $•>'J >•>  MS Nx!el. 
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O. Yu. Lukomskaya 

PLANNING THE OPERATIVE CONTROL OF TRANSPORTATION PROCESS OVER INLAND WATER 

Problem of arterial navigation planning as a part of transportations’ operative control is 
considered. Conditions of coordinated, continuous, and bidirectional river crafts navigation 
are figured out. 

Transport , transport process, planning, operative control 
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'"0'"B%&7/ -'%8'"$$)%M:*6/#3/&(34)%8% 7%$-3(7#" +32 (( '("3/0"1// : # '(+( Qatlab.  
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T!•' !••*'$; 6!& !•C!$6&""A& (6"+$7&""'&) F•$7•$A (4) ' 6!& •&7&>7&!$"A& F•$7•$A 
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L I•7<+•& (9) 66&-&"A n $•> "•FA6•&<AJ 7&H$'"••6AJ >•bII'K'&"$•6  
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O"$&•7••;"•8 7&H$'"••6•8 •K&">• -&8$&•;"•!$' WBOQ 6A7•*•&$ !8 !+<<•H G•!$"AJ 
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#•>'< •C7•F•<, ••'!•""•8 I•7<••'F•K'8 -&8$&•;"•!$' O Q •7'6&•• > •'"&H"•H 
<•$&<•$'G&!>•H <•-&•' (1), (2), (f), (_), (11), ' F•-•G•  ••$'<'F•K'' -&8$&•;"•!$' OQ 
+>••-A6•&$!8 6 7•<>' J•7•%• 7•F6'$•H $&•7'' •'"&H"••• • 7••7•<<'7•6•"'8 ' !•6••?
-•&$ ! $•> "•FA6•&<•H >•"•"'G&!>•H I•7<•H <•$&<•$'G& !>•H ••!$•"•6>' F•-•G' ••$'?
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8•6+&•-6•"/• 3•0••- •2*-+-3•4-- 0)(*)•1!•'*- 9: . •I•7<+•'7+&< F•-•G+ ••$'?
<'F•K'' -&8$&•;"•!$' OQ !•&-+D@'< •C7•F•<: •7' F•-•""A J 6&•'G'"•J (f) I'"•"!•6AJ 
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6•&<•H 6$•7•H I•7<& F••'!' >7'$&7'8 &•• ••$'<••;"•!$ ' `4a, `5a. 
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"A& >•bII'K'&"$A +-&•;"AJ F•$7•$ (2), ••7&-&•&"A F"•G& "'8 '"6&!$'K'H (f) ' 6&!•?
6A& >•bII'K'&"$A •'"&H"•H I•7<A (11). 

U•F7•C•$•""•8 <&$•-'>• ••!•+*'•• '"!$7+<&"$•< 7•F7•C•$>' ' •$••->' •7••7•<<"•?
6AG'!•'$&•;"••• >•<••&>!• -•8 G'!•&""••• 7&%&"'8 F•-• G' ••$'<'F•K'' -&8$&•;"•!$' OQ, 
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F•K'8<', b$• +*& !$•6'$ '!!•&-•6•$&•8 -&8$&•;"•!$' $•>' J !$7+>$+7 6 •7&-••7&-&•&""A& 
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N. N. Qolchanov, T. L. Rusyaeva 

QETHODS OF OPTIQI\ATION OF INNOVATIVE ]NIVERSITIES ACTIVITY ON THE ^ASIS OF INTEGRATED 
RATING CRITERIA 

Qethods of optimization of activity of technical university as innovative universities are 
considered on the basis of rating criteria. The mathematical model of optimization of activity 
of innovative university is under construction and the problem of its optimization in an initial 
form of a problem of linear programming is formulated and solved. The technique basing on 
soMcalled expanded QMproblem is stated, and questions of development of the computer for its 
realization in Qatlab environment are discussed. It is given an example, basing concrete model 
of activity SPb ET]. 

Pethods of optimization, rating criteria, mathematical model of optimization, a problem of linear 
programming, an additive weight principle of convolution of values of independent parameters 

W]Q ^2?_3?523 (^2.50) 
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1?I:9@= BE:;@B:?L9IG;K; X>JBEH9D?M IG;HNY9D?9@, ?A@9J?:9HND;9 G;H9I; @;Z?HND;F 
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>/*&••1!•'*1 26•B•)+; ] E•!•&-"&& -&!8$'•&$'& •$<&G&"• F"•G'$&•;"A< 7•!?
$•< •6•7'H"•!$' 6•F-+%"••• ' "•F&<"••• $7•"!••7$• >•>  6 U•!!'', $•> ' 6• 6!&< <'?
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-•D$ +•7•F+ 6•F"'>"•6&"'8 "&%$•$"AJ !'$+•K'H ' •6•7'H  6•F-+%"AJ ' •6$•$7•"!?



 39 
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2. E•!$7•&"• <•$&<•$'G&!>•8 <•-&•; •VW b•&>$7•<&J•"'G &!>'< +!$7•H!$6•< $•7?
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$•7<•F"A< •&"&7•$•7•< •$ $•>• 8>•7"•H K&•' ' ••$•>• 6•F C+*-&"'8 •&"&7•$•7•, 6 !6•D 
•G&7&-; !68F•""••• ! $•>•< 6•FC+*-&"'8 "&•'"&H"•H J•7•>$& 7'!$'>•H "•<••"'G'6•"'8. 

3. U•F7•C•$•"• <&$•-'>• 7•!G&$• $7&J>•"$+7"•H •VW, C•F'7+D@•8!8 "• %'7•>• 7•!•7•?
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I7'>K'•""AJ !6•H!$6 6F•&$"•?••!•-•G"•H ••••!A / L. L. E+ $•6, L. B. s&•+-;>•, V. L. B'F•6•H, V. L. E+?
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"'&» (\VW 2005). WI•, 2005. 

4. E+$•6 L. L. V-••$'6"•& ' <•-••;"•& +•7•6•&"'& <&J• "'G&!>'<' •Cw&>$•<' ! +•7+•'<' -&I•7<•K'8?
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V. N. Sheludko, A. V. Putov, E. V. Druyan  

A SYSTEQ OF A]TOQATIC CONTROL OF THE ELECTROQECHANICAL CASCADE OF ^RA{ING OF A 
TOWED WHEEL IN RESEARCH PRO^LEQS OF AIR FIELD AND ROAD COVERINGS  

}uestions of system engineering of automatic control by sliding of a measuring ~heel of 
mobile electromechanical installation of ne~ generation for measurement of factor of coupling 
are considered XexaminedZ. The nonlinear mathematical model of the electromechanical 
cascade of braking on base the included electric machines ~ith independent excitation is under 
construction. The threeMplanimetric system is developed by sliding and formulas of adjustments 
XoptionsZ of planimetric regulators of the system determining a base XminimalZ configuration, 
providing regulation of sliding are deduced. 

^ystems of automatic control of sliding of a measuring wheel of mobile electromechanical installation of new 
generation, factor of coupling, nonlinear mathematical model of the electromechanical cascade of braking, 
threeOplanimetric system, base system of automatic control 
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MECHATRONIC SERVOVALVE WITH DIGITAL CONTROL 

Proportional electro-hydraulic valve with embedded digital controller has been 
presented. Software and hardware problems in realization of the mechatronic hydraulic units 
with dynamic identification of servovalve characteristics and automatic control law synthesis 
in closed-loop system have been worked out.  

Mechatronics, digital control, parameter identification, dynamic synthesis, controller 
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0$"*&!"1&'&/ (%(*2!')&/ "!"2$.3  
" *(+(.$2+!4$"1&/ )("2+&/1&/  
%#- 5*+('#$)!- %'56.(""&'3.! )$#!)$/)3.! 
5*+57!.! 8#$12+&.$6()!4$"1!.! &09$12(.! 

$##%&'(&)#* +//&0)"124#)5 64'71%&2"* (68(9": 04%&;72"<, 14=2"07>?": 1 '1(:-
@7##41F: 2&%"2&<2F: 2&#)7Q"42782F: (68(9": +%&0)84@&:72"U&#0": 4;X&0)7: @&)4'7-
@" @4'7%52494 " 7'76)"12494 (6871%&2"* # 6787@&)8"U&#04< 27#)84<04< " 27;%>'7-
)&%&@ #4#)4*2"*. !7##@7)8"17&)#* "#64%5=4172"& @7Y48"8(>?": /(20Q"< 1 =70427: 
(6871%&2"* '%* 04@6&2#7Q"" 1%"*2"* 2&%"2&<24#)&< " 641FZ&2"* 07U&#)17 (6871%&2"*. 

):;<=:>=?> @AB@C<> D;:EFBGH:IJ=<K:LE<> GNO:EF, HGPJ;Q=G: @ABJR;:=<:, =JN;SPJF:;Q LGLFGT=<T, 
DFJ;G==JT HGP:;Q, ABTHG: JPJAF<R=G: @ABJR;:=<:, AJBJH:FB<K:LEJT =JLFBG>EJ, HJUGB<B@SV<: 
W@=EX<< 

f)>>?)+#$()"+>- &(8N?)>>%(G6 *"9$*"6*G6 *">+)@$%*)#*G6 8!#87$6 F9"'+#%?"N)M
*$A">'$6 %:B"'+ > &(8N'%*+8#*G? !%&A$*"**G? 8!#)(9"*$"? !% >'%#%>+$ $ !%9%S"*$<. 
UA+"? *"'%?!"*>$#8"?8< F9"'+#%?)7*$+*8< !%>+%-**8< (#"? "*$ @"!$ -'%#- $>!%9*$M
+"9H*%7% &($7)+"9- $ (%;?8="*$" *)7#8;'$ ( ($&" ?%?"*+) >%!#%+$(9"*$-. •9"?"*+G *"M
9$*"6*%>+"6 (("&"*G ( ($&" ;);%#) ( 8!#87%6 >(-;$ $ >8N%7% +#"*$-. Ž)+"?)+$A">'%" 
%!$>)*$" 8!#87%7% F9"'+#%?"N)*$A">'%7% %:B"'+) > !%&A$*"**G? 8!#)(9"*$"? !#"&>+)(M
9-"+ >%:%6 >$>+"?8 &$55"#"*@$)9H*GN 8#)(*"*$6 A"+("#+%7% !%#-&') ($&) [2] 
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7&" 1‘ , 2w  – 879%(G" >'%#%>+$ !"#(%7% $ (+%#%7% &$>'%(’ 8m  – 8!#87$6 ?%?"*+ !#$ %+M

>8+>+($$ ;);%#)’ -i  – +%' -'%#-’ Šf  – 8!#87$6 ?%?"*+ !#$ *)9$A$$ ;);%#) ( 8!#87%6 >(-;$’ 

|M  – ?%?"*+ >%!#%+$(9"*$- *)7#8;'$’ >NM  – ?%?"*+ >8N%7% +#"*$-’ 1J , 2J  – ?%?"*+G 

$*"#@$$ !"#(%7% $ (+%#%7% &$>'%(’ p – '%F55$@$"*+ 8!#87%>+$’ -L , -R  – $*&8'+$(*%>+H 

$ )'+$(*%" >%!#%+$(9"*$" -'%#*%6 @"!$’ ek , mk  – !%>+%-**G" '%F55$@$"*+G, %!#"&"M

9-"?G" '%*>+#8'+$(*G?$ &)**G?$ F9"'+#$A">'%6 ?)O$*G’ Šk  – '%F55$@$"*+ !"#"&)A$ 

8>$9$+"9- ?%=*%>+$’ |k  – '%F55$@$"*+ !"#"&)A$ &)+A$') %:#)+*%6 >(-;$ !% >'%#%>+$’ 

|E  – '%F55$@$"*+ 8>$9"*$- #"789-+%#) >'%#%>+$’ uS  – >8??$#8<=$6 8!#)(9-<=$6 >$7M

*)9, 0 9 ou u u uS = + + ’ 0u  – ;)&)<="" (%;&"6>+($" C( &(8N'%*+8#*%? !%&A$*"**%? 8!#)(M
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9"*$$ F+% (GN%&*%6 >$7*)9 ïu  #"789-+%#) !%9%S"*$-D’ 9u  $ ou  – >%%+("+>+("**% 9$*"6M

*%" C?%&)9H*%"D $ )&)!+$(*%" 8!#)(9"*$-, !%&9"S)=$" %!#"&"9"*$<.  
L %:="? >98A)" ?%?"*+G $*"#@$$ $ '%F55$@$"*+ 8!#87%>+$ -(9-<+>- *"%!#"&"9"*M

*G?$, !%F+%?8 #)>>?%+#$? $N !#$:9$S"*$" > *"'%+%#G?$ 8>#"&*"**G?$ ;*)A"*$-M

?$X 1 01 2 02 0, , .J J J J p p= = =  T%9%S$? 1a = 021 J ’ 2 0a p= ’ 3a = 011 J- ’ 4a = 01mk J ’ 

( )Q | Š | -Eea k k k L= - + ’ \a = - -R L- ’ b = Š | -Ek L ’ |c k= . 

f)>>?%+#$? 9$*"6*G6 )*)9%7 >$>+"?G C1D–C4D > 8>#"&*"**G?$ !)#)?"+#)?$ $ !"#"M
!$O"? "" ( ("'+%#*%M?)+#$A*%? ($&" 
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7&" x  – ("'+%# >%>+%-*$-’ y = c x  – 8#)(*"*$" $;?"#"*$- C;&">H &%>+8!*%6 $;?"#"*$< > 

!%?%=H< &)+A$') >A$+)"+>- !"#()- >'%#%>+H 1w D. 

()#*+#•* -/•0"1%#•*2 •34"•1*#)* 0••5/"66••7/ •34•')/ 81*9•4•/* 5"#):*69)/ 
•;<*9••/ Z “)&)A) 9$*"6*%6 C?%&)9H*%6D >%>+)(9-<="6 9u  ;)'%*) 8!#)(9"*$- –  !%&)(9"M

*$" 8!#87$N '%9":)*$6 $ %:">!"A"*$" ;)&)**%7% :G>+#%&"6>+($- !"#"N%&*GN !#%@">>%( 
F9"'+#%?"N)*$A">'%6 >9"&-="6 >$>+"?G. Ž%&)9H*G6 #"789-+%# &9- 9$*")#$;%()**%7% 
%:B"'+) CQD $?""+ ($& %:#)+*%6 >(-;$ !% >%>+%-*$<X 

 9u = k x ’ 1 2 3 4[ ]k k k k=k , C\D 

7&" k – ("'+%# '%F55$@$"*+%( %:#)+*GN >(-;"6, #)>>A$+G()"?GN $; 8>9%($- %:">!"A"*$- 
S"9)"?%7% #)>!#"&"9"*$- '%#*"6 N)#)'+"#$>+$A">'%7% 8#)(*"*$- ;)?'*8+%6 >$>+"?G. 
•9- !%&)(9"*$- '%9":)*$6 :G9% (G:#)*% +)'%" #)>!#"&"9"*$ ", !#$ '%+%#%? (>" '%#*$ 

-(9-<+>- ("=">+("**G?$ A$>9)?$, #)(*G?$ &#87 &#878X pm ” [ 0w-  0w-  0w-  0w- ], 7&" 

pm – ("'+%# S"9)"?GN '%#*"6 N)#)'+"#$>+$A">'%7% 8#)(*"*$-’ 0‘  – S"9)"?)- !%9%>) 

!#%!8>')*$- ;)?'*8+%6 >$>+"?G. 
=";1>0"•*1% 6•6••?#)? •34•'•'• 81*9•4•/*5"#):*69•'• •;<*9•" Z Ž%&)9H*%" 

8!#)(9"*$" C\D ?%S"+ :G+H #")9$;%()*% +%9H'% !8+"? *"!%>#"&>+("**%7% $;?"#"*$- (>"N 
!"#"?"**GN >%>+%-*$-. c)' ')' ( &)**%6 >$>+"?" &%>+8!*) $;?"#"*$< +%9H'% !"#()- >'%M

#%>+H 1w , +% &9- %>8=">+(9"*$- ?%&)9H*%7% $ )&)!+$(*%7% 8!#)(9"*$- *"%:N%&$?% $>M

!%9H;%()+H )>$?!+%+$A">'$" %@"*'$ F+$N !"#"?"**GN, (G#):)+G()"?G" *):9<&)+"9"? 

>%>+%-*$-. P):9<&)+"9H !% $;?"#"*$< 1w  9$*")#$;%()**%7% %:B"'+) CQD $?""+ ($& 

 S+-+= ubxxlcxYx D•C••& , C‹D 
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7&" x•  – ("'+%# %@"*%' !"#"?"**GN >%>+%-*$-’ [  – ("'+%# '%F55$@$"*+%( %:#)+*GN >(-M
;"6 *):9<&)+"9-. •+$ '%F55$@$"*+G &%9S*G %:">!"A$+H ;)&)**%" S"9)"?%" #)>!#"&"9"M
*$" '%#*"6 N)#)'+"#$>+$A">'%7% 8#)(*"*$- *):9<&)+"9-, ;)? '*8+%7% !% %O$:'" *):9<M

&"*$-. •+% #)>!#"&"9"*$" '%#*"6 $?""+ ($& pi ” [ *-w  *-w  *-w  *-w ], 7&" pi – ("'+%# S"M

9)"?GN '%#*"6 N)#)'+"#$>+$A">'%7% 8#)(*"*$- *):9<&)+"9-’ *w  – S"9)"?)- !%9%>) !#%M

!8>')*$- *):9<&)+"9-, '#)+*)- S"9)"?%6 !%9%>" !#%!8>')*$- 0w  8!#87%7% %:B"'+) CQDX 

* 0qw = w , q  – '%F55$@$"*+ '#)+*%>+$, %:">!"A$()<=$6 !%(GO"*$" :G>+#%&"6>+($- *)M

:9<&)+"9-, 1³q . “)'%* ?%&)9H*%7% 8!#)(9"*$- :8&"+ $?"+H ($& 

 9 •u = k x . C_D 

@•"1•##"? /•0*1% Z L ')A">+(" F+)9%**%6 ?%&"9$ (G:$#)"+>- ;)?'*8+)- >$>+"?) 
?%&)9H*%7% 8!#)(9"*$-, !%>+#%"**)- #)*"". L +)'%? >98A)" F+)9%**)- ?%&"9H $?""+ ($& 

 ‰ ‰ ‰ ‰ 0u= +x Y x b& , CŒD 

7&" ‰x  – ("'+%# !"#"?"**GN F+)9%**%6 ?%&"9$’ ?)+#$@G ‰Y  $ ‰b  %!#"&"9-<+>- $; 

;)?'*8+%6 >$>+"?G > %:#)+*G?$ >(-;-?$ !% >%>+%-*$< 9$*")#$;%()**%7% %:B"'+) CQDX 

 ‰ = +Y Y bk , ‰ =b b . C10D 

•4?/•* "0"3•)•#•* •34"•1*#)* 6 3"4"/*•4):*69•+ #"6•4•+9•+ ) /"A•4)4•>B
C)/) D•#9E)?/) Z ̀>N%&*G6 #)>>?)+#$()"?G6 8!#87$6 %:B"'+ -(9-"+>- *"9$*"6*G? $ 
*">+)@$%*)#*G?, !%F+%?8 ( ;)&)A" !%&)(9"*$- 8!#87$N &"5%#?)@$6 @"9">%%:#);*% !#$M
?"*"*$" )&)!+$(*%7% 8!#)(9"*$- > $>!%9H;%()*$"? ?)S%#$#8<=$N 58*'@$6. I&)!+$(M
*G6 ;)'%* 8!#)(9"*$- !%;(%9-"+ !%&)($+H '%9":)*$- &)S" !#$ $;?"*-<=$N>- (% (#"?"*$ 

!)#)?"+#)N 1J , 2J  $ p . T#$?"*"*$" ?)S%#$#8<=$N 58*'@$6 ( ;)'%*)N )&)!+)@$$ '%?M

!"*>$#8"+ (9$-*$" ;);%#) $ >8N%7% +#"*$-, !#$>8+>+(8<=$N ( 8!#87%? %:B"'+", $ !#$(%M
&$+ ' !%(GO"*$< +%A*%>+$ >9"&-="6 >$>+"?G. R+#8'+8#) !#-?%6 )&)!+$(*%6 >$>+"?G > 
!)#)?"+#$A">'%6 *)>+#%6'%6, F+)9%**%6 ?%&"9H< $ ?)S%#$#8<=$?$ 58*'@$-?$ :G9) 
(!"#(G" %:%>*%()*) ( [1], ) +)'S" #)>>?)+#$()9)>H ( [2],  [3]. I&)!+$(*)- >%>+)(9-<=)- 

ou  ;)'%*) 8!#)(9"*$- Su  $?""+ >9"&8<=$6 ($&X 

 { }o — 2 Š 0 9• • •C D, C D, 1, 1 C D,bu f f m k u u= w + +k diag x  C11D 

7&" D•CD,•C Š2 mff w  – >')9-#*G" 58*'@$$, 8&%(9"+(%#-<=$" 8>9%($-? ?)S%#$#%()*$- [2]’ 

—k , bk  – ("'+%# $ >')9-# *)>+#)$()"?GN '%F55$@$"*+%(, %!#"&"9-"?G" !% &$55"#"*@$M

)9H*G? 8#)(*"*$-? ($&) 

 { }+ +
— — ‰ 2 Š — —• •• •C D, C D,1,1f f m= -g w - lk b \ex diag k& ’ C12D 

 +
‰ 0 9•C Db b b bk u u k= -g + - lb \e& ’ C13D 
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‰•• xxe -=  – ("'+%# %O$:%'’ bb lglg ,,, ——  – !%9%S$+"9H*G" '%F55$@$"*+G 8>$9"*$6 

*)>+#%"'’ \  – >$??"+#$A*)- !%9%S$+"9H*% %!#"&"9"**)- ?)+#$@), 8&%(9"+(%#-<=)- 
8#)(*"*$< b-!8*%() ($&) 

 +
‰ ‰+ = -Y \ \Y ] , + 0= >] ] . C14D 

P) %>*%()*$$ 8#)(*"*$6 C1D–C14D ( ‰otpoyM•lˆ{pln˜ :G9) !%>+#%"*) !#%7#)??) ?%M
&"9$#%()*$- F9"'+#%?"N)*$A">'%6 >$>+"?G 8!#)(9"*$- *"9$*"6*G? *">+)@$%*)#*G? 
&(8N?)>>%(G? 8!#87$? ?"N)*$A">'$? %:B"'+%?, >%>+%-="6 $; *):9<&)+"9-, ?%&)9H*%7% 
#"789-+%#), F+)9%**%6 ?%&"9$ $ )&)!+$(*%7% #"789-+%#) > !)#)?"+#$A">'%6 *)>+#%6'%6 $ 
?)S%#$#8<=$?$ 58*'@$-?$. 

F*G•1%•"•7 /•0*1)4••"#)? 4"G1):#75 4*A)/•• 4";••7 6)6•*/7. •(8N?)>>%(G6 
8!#87$6 %:B"'+ > !%&A$*"**G? 8!#)(9"*$"?, :"; ?%&)9H*%M)&)!+$(*%7% #"789-+%#). T"#"M
N%&*G" !#%@">>G 879%(%6 >'%#%>+$ (+%#%7% &$>') $ 879) !%(%#%+) *)7#8;'$ !#"&>+)(9"*G 
*) #$>. 1 $ 2 >%%+("+>+("**%. “)&)<="" ;*)A"*$" &9- >9"&-="6 >$>+"?G (G:#)*% #)(*G? 
0.2 #)&. `; 7#)5$'%( ($&*%, A+% !%-(9-<+>- 8!#87$" '%9":)*$-, A)>+%+) '%+%#GN &9- 9$M
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 Q1 

T#$ $&")9H*GN *"$;?"**GN !)#)?"+#)N %:B"'M
+) ?%&)9H*%" 8!#)(9"*$" 8>!"O*% !%&)(9-"+ '%9"M
:)*$- ( &(8N?)>>%(%? 8!#87%? %:B"'+", A+% ($&*% $; 
!%98A"**GN 7#)5$'%(. 

_8712")&%52F< 727%"= 87;4)F 27;%>'7)&%* 
#4#)4*2"*.  `>>9"&8"? #);*G" #"S$?G #):%+G ?%M
&)9H*%7% #"789-+%#) :"; *):9<&)+"9- $ > *):9<&)+"M
9"? >%>+%-*$-. •9- *):9<&)+"9- (G:$#)<+>- #);*G" 
;*)A"*$- !%9%>G !#%!8>')*$-. P) #$>. Q !%');)*G '#$(G"  !"#"N%&*GN !#%@">>%( &9- 879) !%M
(%#%+) :"; *):9<&)+"9-, > *):9<&)+"9"? !#$ 0í w=w  $ > *):9<&)+"9"? !#$ 0í 3w=w . aA"M

($&*%, A+% F+$ '#$(G" :9$;'$ &#87 ' &#878. R9"&%()+"9H*%, $>!%9H;%()*$" *):9<&)+"9- >%M
>+%-*$- !#$ 0í w³w  &)"+ 8S" (!%9*" 8&%(9"+(%#$+"9H*G6 #";89H+)+. 

[4'7%524-7'76)"124& (6871%&2"& # 6787@&)8"U&#04< 27#)84<04<. L #)>>?%+#"**%? 
%:B"'+" ?*%7$" !)#)?"+#G *"%!#"&"9"**G. L'9<A"*$" )&)!+ $(*%7% #"789-+%#) > !)#)?"+M
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A RESEARCH INTO DIRECT SEARCHLESS ADAPTIVE S~STEM WITH PARAMETRIC T•NING €OR 
CONTROL O€ TWO-MASS NONLINEAR ELASTIC ELECTROMECHANICAL OBJECTS 

The efficiency of elimination of elastic oscillations happened in two-mass nonlinear 
nonstationary elastic electromechanical ob•ects by modal and adaptive control with 
parametric tuning and state identificator. The problems of using ma•orizing functions in 
control rules are considered for compensation of some nonlinearities and perfecting 
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MOTION$RESEARCH$AUTOMATION$FOR$BALLISTIC$OBJECTS$$

A$ problem$ of$ motion$ research$ automation$ for$ ballistic$ objects$ is$ considered6$
Mathematical$ models$ of$ the$ ballistic$object$ flight$ and$ the$structure$ of$ bundled$ software$ for$
conducting$a$research$are$presented6$

Kallistic#object<#differential#equation#system<#simulation<#bundled#software#
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E. V. Bovicheva, V. B. Vtorov 

ON A APPROACH TO PARAMETRIC DESIGN OF MODEL REFERENCE ADAPTIVE SYSTEMS 

A problem of adaptive mechanism parameters determination for model reference system 
(MRS) with parametric type of adaptation has been analyzed. Presently the problem is solved 
almost solely by MRS computer simulation. A procedure formalization for determination of 
adaptive mechanism parameters is suggested based on the linearizing the adaptive system 
equations followed by the use of parametric optimization methods. 
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