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Â èññëåäîâàíèÿõ ïî àíàëèçó óñòîé÷èâîñòè ñèñòåì óïðàâëåíèÿ ïðè
ïàðàìåòðè÷åñêèõ âîçìóùåíèÿõ ìîæíî âûäåëèòü äâà íàïðàâëåíèÿ.
Â ïåðâîì ýòè âîçìóùåíèÿ îïèñûâàþòñÿ çàäàííûì ìíîæåñòâîì âîç-
ìîæíûõ çíà÷åíèé ïàðàìåòðîâ [1]. Âî âòîðîì íàïðàâëåíèè ïîêàçàòå-
ëÿìè ÷óâñòâèòåëüíîñòè ñèñòåìû ê ïàðàìåòðè÷åñêèì âîçìóùåíèÿì
ñëóæàò çàïàñû óñòîé÷èâîñòè ïî ôàçå è ìîäóëþ , îáîáùåíèåì êîòî-
ðûõ ÿâëÿåòñÿ ðàäèóñ çàïàñîâ óñòîé÷èâîñòè [2], èñïîëüçóåìûé íèæå.

Öåëü ðàáîòû ñîñòîèò â îïðåäåëåíèè îáëàñòåé êîðíåé ìîäàëüíîãî
ïîëèíîìà, â êîòîðûõ ñèñòåìà óïðàâëåíèÿ îáëàäàåò çàïàñîì óñòîé-
÷èâîñòè.

Ðàññìàòðèâàåòñÿ ñèñòåìà óïðàâëåíèÿ, îïèñûâàåìàÿ óðàâíåíèÿìè

(1) d(s)y = k(s)u, g(s)u = r(s)y,

ãäå s�ñèìâîë äèôôåðåíöèðîâàíèÿ ëèáî ñèìâîë ïðåîáðàçîâàíèÿ ïî
Ëàïëàñó ïðè íóëåâûõ íà÷àëüíûõ óñëîâèÿõ, d(s) = sn +

∑n−1
i=0 dis

i =∏n
i=1(s + si), k(s) =

∑m
i=0 kis

i, m < n, g(s) =
∑n−1
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i. Ïîëèíîìû g(s) è r(s) ðåãóëÿòîðà íàõîäÿòñÿ êàê

ðåøåíèå òîæäåñòâà Áåçó: d(s)g(s) − k(s)r(s) =
∏n−1

i=1 (eiηs + 1)ψ(s),
â êîòîðîì ψ(s) = sn +

∑n−1
i=0 ψis

i =
∏n

i=1(s + pi)� çàäàâàåìûé ìî-
äàëüíûé ïîëèíîì , âñå êîðíè (ïîëþñà) êîòîðîãî îòðèöàòåëüíûå âå-
ùåñòâåííûå ÷èñëà, ei (i = 1, n− 1)�çàäàííûå ïîëîæèòåëüíûå ÷èñëà,
η�äîñòàòî÷íî ìàëîå ïîëîæèòåëüíîå ÷èñëî òàêîå, ÷òî ÷èñëà (eiη)−1 >
max1≤i≤n(pi), (i = 1, n− 1).

Ðàäèóñ çàïàñîâ óñòîé÷èâîñòè îïðåäåëÿåòñÿ êàê

(2) r2 = inf
06ω6∞

[1 + w(−jω)] [1 + w(jω)] , w(s) = −k(s)
d(s)

r(s)
g(s)

.

Ñèñòåìà(1) èìååò çàïàñ óñòîé÷èâîñòè, åñëè r > r∗, ãäå r∗ = 0.75
Ñëó÷àé k(s) = 1
Óòâåðæäåíèå 1. Åñëè ψ0 ≤ r∗|d0|, òî ñèñòåìà (1) íå îáëàäàåò çà-

ïàñîì óñòîé÷èâîñòè: r < r∗

Óòâåðæäåíèå 2.Åñëè pi > |si|, (i = 1, n), òî ñèñòåìà (1) èìååò çà-
ïàñ óñòîé÷èâîñòè:r ≥ r∗.
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Óòâåðæäåíèå 3. Åñëè pi > |si|, (i = 2, n), |s1| > p1 > max2≤i≤n(pi),
òî âñåãäà ñóùåñòâóåò äîñòàòî÷íî áîëüøîé ïî ìîäóëþ êîðåíü s1 , ÷òî
ñèñòåìà (1) íå èìååò çàïàñà óñòîé÷èâîñòè:r < r∗.

Ñëó÷àé k(s) = −Ts + 1
Óòâåðæäåíèå 4. Åñëè pi > |si|, (i = 1, n) , òî ñóùåñòâóåò äîñòà-

òî÷íî ìàëàÿ ïîñòîÿííàÿ âðåìåíè T , óäîâëåòâîðÿþùàÿ íåðàâåíñòâàì
|T−1| > max1≤i≤n pi, |T−1| > max1≤i≤n |si| òàêàÿ, ÷òî ñèñòåìà (1)
èìååò çàïàñ óñòîé÷èâîñòè: r > r∗.

Óòâåðæäåíèå 5. Åñëè T > 0 , à êîðíè ìîäàëüíîãî ïîëèíîìà óäî-
âëåòâîðÿþò íåðàâåíñòâàì pn ≥ pn−1 ≥ ... ≥ p1 > T−1 > |sn| ≥
|sn−1| ≥ ... ≥ |s1|, òî ñóùåñòâóþò ÷èñëà T , sn òàêèå, ÷òî ñèñòåìà (1)
íå îáëàäàåò íåîáõîäèìûì çàïàñîì óñòîé÷èâîñòè: r < r∗.
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The phase and gain margins of stability of the control system designed
by the pole placement technique are investigated. This technique allows
to �nd a feedback for the case when all poles of the closed-loop system
are speci�ed.

The pole placement regions , where the margins are less the admissible
values, are derived. These regions depend on poles of the plant transfer
function.
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