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Ïðåäëîæåí àëãîðèòì âîññòàíîâëåíèÿ íåïðåðûâíûõ âõîäíûõ ñèãíàëîâ â èíåðöèîííûõ

êàíàëàõ óïðàâëåíèÿ áàçîâîãî è ìîäåëèðóåìîãî îáúåêòîâ ïî èçâåñòíîìó âçàèìíîìó îòîá-

ðàæåíèþ èõ âûõîäíûõ ñèãíàëîâ.

Çàïðîïîíîâàíî àëãîðèòì â³äíîâëåííÿ íåïåðåðâíèõ âõ³äíèõ ñèãíàë³â â ³íåðö³éíèõ êàíàëàõ

êåðóâàííÿ áàçîâîãî îá’ºêòó ³ îá’ºêòó, ùî ìîäåëþºòüñÿ, çà â³äîìèì âçàºìíèì â³äîáðà-

æåííÿì ¿õí³õ âèõ³äíèõ ñèãíàë³â.

Ê ë þ ÷ å â û å ñ ë î â à: ìîäåëèðîâàíèå, èíåðöèîííîñòü, óïðàâëåíèå.

Äëÿ ðåøåíèÿ çàäà÷è îáåñïå÷åíèÿ äèíàìè÷åñêîãî ïîäîáèÿ ïîäâèæíûõ

îáúåêòîâ ðàçðàáîòàí àëãîðèòì îòîáðàæåíèÿ ðåæèìîâ äèíàìèêè ìîäåëè-

ðóåìîãî è áàçîâîãî îáúåêòîâ ïðè óñëîâèè áåçûíåðöèîííîñòè êàíàëîâ

óïðàâëåíèÿ [1, 2]. Ñíèìåì ýòî îãðàíè÷åíèå, ïðèíÿâ â êà÷åñòâå ìîäåëåé

ñâÿçè âõîäíûõ è âûõîäíûõ ïåðåìåííûõ âñåõ êàíàëîâ óïðàâëåíèÿ èíåð-

öèîííûå çâåíüÿ:

� g

g

g g

du

dt
u x t� � ( ), g s b�{ , }.

(1)

Çäåñü us è u
b

— âåêòîðû óïðàâëåíèé ìîäåëèðóåìîãî è áàçîâîãî îáúåêòîâ;

� g — äèàãîíàëüíàÿ ìàòðèöà ïîñòîÿííûõ âðåìåíè êàíàëîâ; x g — âåêòîð-

ôóíêöèÿ óïðàâëÿþùèõ ñèãíàëîâ, ïîñòóïàþùèõ íà îðãàíû óïðàâëåíèÿ.

Äëÿ ðàññìàòðèâàåìîãî â [1, 2] ïðèìåðà ïîñòîÿííûå âðåìåíè � � �
1 4
, ... , , s

èìåþò çíà÷åíèÿ ïîðÿäêà ñåêóíä, à � � � �e d a z, , , — ïîðÿäêà äåñÿòûõ äîëåé

ñåêóíäû [3].
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Óïðàâëåíèÿ ug îãðàíè÷åíû ïî âåëè÷èíå è ñêîðîñòè íàðàñòàíèÿ. Îáëàñ-

òè èõ îïðåäåëåíèÿ èìåþò âèä

R u uu g gg
� [ , ]

min max
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du

dt

du

dt
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g / ( )
min, max�
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.

(2)

Êàê è â [1, 2], äîïóñêàåìûå â ýòèõ îáëàñòÿõ óïðàâëåíèÿ ug áóäåì

ñòðîèòü â âèäå òðàïåöèåâèäíûõ äîáàâîê ê áàëàíñèðîâî÷íûì çíà÷åíèÿì.

Îäíàêî â ñâÿçè ñ èíåðöèîííîñòüþ óïðàâëåíèé ug àëãîðèòì îòîáðàæåíèÿ

u us b
� äîëæåí áûòü äîïîëíåí îòîáðàæåíèåì x xs b

� . Ýòó ïîäçàäà÷ó

ñóùåñòâåííî óïðîùàåò òîò ôàêò, ÷òî âûõîäíûå ñèãíàëû êàíàëîâ óïðàâ-

ëåíèÿ èìåþò êóñî÷íî-ëèíåéíóþ ôîðìó. Òàêèì îáðàçîì, òðåáóåìûå çíà÷å-

íèÿ ug , du dtg / äëÿ ðåàëèçàöèè çàäà÷è, îáðàòíîé ïî îòíîøåíèþ ê (1),

èçâåñòíû, è ïîëó÷åíèå îòîáðàæåíèÿ u xg g� áûëî áû òðèâèàëüíûì, åñëè

áû ìîæíî áûëî ðåàëèçîâàòü ðàçðûâû âõîäíûõ ôóíêöèé x g â ìîìåíòû t
J
,

ñîîòâåòñòâóþùèå èçëîìàì óïðàâëåíèé ug (òî÷êàì, â êîòîðûõ ïðîèçâîä-

íûå du dtg / òåðïÿò ðàçðûâ). Òðåáîâàíèå íåïðåðûâíîñòè ñèãíàëîâ x g ïðè-

âîäèò ê ñìÿã÷åíèþ êðèòè÷íîñòè ðåæèìîâ â îêðåñòíîñòÿõ ìîìåíòîâ

èçëîìà óïðàâëåíèé. Ïðè ýòîì ìèíèìàëüíîå îòêëîíåíèå îò êðèòè÷åñêîãî

ðåæèìà äîñòèãàåòñÿ ïðè êóñî÷íî-ëèíåéíîì ñèãíàëå â èíòåðâàëå[ , ],t t
J J �1 1

ñîäåðæàùåì ìîìåíò t
J

èçëîìà óïðàâëåíèÿ. Îñòàåòñÿ íàéòè îòîáðàæåíèå

u t x tg J g J
( ) ( )� .

Ñòàíäàðòíîå äèôôåðåíöèàëüíîå óðàâíåíèå ïåðâîãî ïîðÿäêà

dy dt p t y q t/ ( ) ( )� �

ñ íåïðåðûâíûìè ôóíêöèÿìè p t( ), q t( ) è åãî ðåøåíèå

y y q x e dx e
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(4)

ãäå îïóùåíû èíäåêñû êîìïîíåíò u, ïîñòîÿííûõ âðåìåíè� è êîìïîíåíò q).

Òàêèì îáðàçîì, íà èíòåðâàëå [ , ]t t
J J �1 1

âõîäíûå ñèãíàëû q t( ) èìåþò

âèä

q b b t ts� � 
0 1

( ) ,
dq

dt
b�

1
,

d q

dt

2

2
0� .

(5)
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Èíòåãðàë â (4) äëÿ q, îïðåäåëÿåìîãî âûðàæåíèåì (5), ïðèíèìàåò çíà÷åíèå
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Ïîñëå ïîäñòàíîâêè (7) â (8) íàõîäèì èñêîìîå çíà÷åíèå âõîäíîãî ñèãíàëà
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Òàêèì îáðàçîì, â ìîìåíòû t
J
, ñîîòâåòñòâóþùèå ðàçðûâàì ïðîèçâîä-

íûõ du dtg / óïðàâëåíèé, ïîëó÷åííûõ îòîáðàæåíèåì u us b
� áåç ó÷åòà

èíåðöèîííîñòè êàíàëîâ óïðàâëåíèÿ, èñêîìîå îòîáðàæåíèå íåïðåðûâíûõ
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âõîäíûõ è âûõîäíûõ ñèãíàëîâ ñ ó÷åòîì èíåðöèîííîñòè êàíàëîâ óïðàâëå-

íèÿ èìååò âèä

x t q t u t
J J J

( ) ( ) ( )� �� , (10)

ãäå q t
J

( ) è u t
J

( ) âû÷èñëÿþòñÿ ïî (9) è (7).

Â òî÷êàõ tc íåïðåðûâíîñòè ïðîèçâîäíûõ du dtg / óïðàâëåíèé, ïîëó-

÷åííûõ îòîáðàæåíèåì u us b
� áåç ó÷åòà èíåðöèîííîñòè êàíàëîâ óïðàâ-

ëåíèÿ, ïî-ïðåæíåìó îñòàåòñÿ

x t
du t

dt
u tc

c
c( )

( )
( )� �� .

(11)

Ñîîòíîøåíèÿ (7) — (11) îïðåäåëÿþò èñêîìîå îòîáðàæåíèå x xs b
�

íåïðåðûâíûõ çàêîíîâ óïðàâëåíèÿ ìîäåëèðóåìûì è áàçîâûì îáúåêòàìè ñ

ó÷åòîì èíåðöèîííîñòè êàíàëîâ óïðàâëåíèÿ. Àíàëîãè÷íî ìîæíî ïîñòðîèòü

îòîáðàæåíèå óïðàâëåíèé ïðè ñâÿçÿõ âõîäíûõ è âûõîäíûõ ïåðåìåííûõ

êàíàëîâ óïðàâëåíèÿ, îïðåäåëÿåìûõ äèôôåðåíöèàëüíûìè óðàâíåíèÿìè

âûøå ïåðâîãî ïîðÿäêà.

The algorithm of continuous input signals restoration in the inertia control channels is offered for

base and modeled objects by the known mutual reflection of their output signals.
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