
ÇÀÏÀÑÛ ÓÑÒÎÉ×ÈÂÎÑÒÈ D-ÑÈÑÒÅÌ
À. Ã. Àëåêñàíäðîâ

Èíñòèòóò ïðîáëåì óïðàâëåíèÿ ÐÀÍ, Ìîñêâà, Ðîññèÿ

Â èññëåäîâàíèÿõ ïî àíàëèçó ñèñòåì è ïðè ïàðàìåòðè÷åñêèõ âîç-
ìóùåíèÿõ ìîæíî âûäåëèòü äâà íàïðàâëåíèÿ. Â ïåðâîì íàïðàâëå-
íèè ýòè âîçìóùåíèÿ îïèñûâàþòñÿ ÿâíî â âèäå çàäàííûõ èíòåðâàëîâ
(ëèáî èõ íîðì) âîçìîæíûõ çíà÷åíèé ïàðàìåòðîâ [1], [2]. Âî âòîðîì
íàïðàâëåíèè,êîòîðîå ðàññìàòðèâàåòñÿ â ðàáîòå, îíè îïèñûâàþòñÿ íå
ÿâíî è ìåðîé ÷óâñòâèòåëüíîñòè ñèñòåìû ê ïàðàìåòðè÷åñêèì âîçìó-
ùåíèÿì ñëóæàò çàïàñû óñòîé÷èâîñòè ïî ôàçå è ìîäóëþ.

Ðàññìîòðèì àñèìïòîòè÷åñêè óñòîé÷èâóþ ñèñòåìó, îïèñûâàåìóþ
óðàâíåíèÿìè:

y(n) + dn−1y
(n−1) + . . . + d0y = kmu(m) + . . . + k0u, m 6 n; (1)

gncu
(nc) + . . . + g0u = rmcy

(mc) + . . . + r0y, mc 6 nc, (2)
ãäå y(t) � èçìåðÿåìûé âûõîä îáúåêòà (1), u(t) � èçìåðÿåìûé âû-
õîä ðåãóëÿòîðà (2). Êîýôôèöèåíòû ñèñòåìû (1),(2)èìåþò âèä di =
d∗i + ∆di, kj = k∗j + ∆kj , gp = g∗p + ∆gp, rq = r∗q + ∆rq,

(i = 0, n− 1, j = 0,m, p = 0, nc, q = 0,mc), ãäå d∗i ,k∗j ,g∗p , g∗q -èçâåñòíûå
÷èñëà,ÿâëÿþùèåñÿ íîìèíàëüíûìè (ðàñ÷åòíûìè)çíà÷åíèÿìè êîýô-
ôèöèåíòîâ ñèñòåìû, ∆di,∆kj ,∆gp,∆rq, �íåèçâåñòíûå ÷èñëà, íàçûâà-
åìûå ïàðàìåòðè÷åñêèìè âîçìóùåíèÿìè.

Ïåðåäàòî÷íàÿ ôóíêöèÿ ýòîé ñèñòåìû

w(s) = −k(s)
d(s)

r(s)
g(s)

=
hβsβ + · · ·+ h1s + h0

`αsα + · · ·+ `1s + `0
=

h(1)(s)− ρ(s)
l(1)(s) + ρ(s)

, (3)

ãäå ρ(s)- ïîëèíîì ñòåïåíè γ < β, êîòîðûé íàçûâàåòñÿ àíóëèðóå-
ìûì, òàê êàê îí íå âëèÿåò íà õàðàêòåðèñòè÷åñêèé ïîëèíîì ñèñòåìû.

Ïåðåäàòî÷íàÿ ôóíêöèÿ (3) ïðè ïàðàìåòðè÷åñêèõ âîçìóùåíèÿõ
ïðèíèìàåò âèä

w(s) =
h(1)∗(s) + ∆h(1)(s) + [ρ∗(s) + ∆ρ(s)+]
l(1)∗(s) + ∆l(1)(s)− [ρ∗(s) + ∆ρ(s)−]

, (4)

ãäå ∆ρ(s)− è ∆ρ(s)+ -ïàðàìåòðè÷åñêèå âîçìóùåíèÿ ïîëèíîìà
ρ(s) .
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Îïðåäåëåíèå 1 .Ñèñòåìà (1),(2)íàçûâàåòñÿ ñèñòåìîé D-ñòðóêòóðû,
åñëè ïàðàìåòðè÷åñêèå âîçìóùåíèÿ àíóëèðóåìîãî ïîëèíîìà ρ(s) â
÷èñëèòåëå è çíàìåíàòåëå åå ïåðåäàòî÷íîé ôóíêöèè íå ðàâíû
(∆ρ(s)− 6= ∆ρ(s)+) ëèáî íåçàâèñèìû.

Î÷åâèäíî, ÷òî ñèñòåìà D-ñòðóêòóðû ìîæåò ñòàòü íåóñòîé÷èâîé
ïðè ñêîëü óãîäíî ìàëûõ ïàðàìåòðè÷åñêèõ âîçìóùåíèÿõ àíóëèðóå-
ìîãî ïîëèíîìà, åñëè îí ñîäåðæèò äîñòàòî÷íî áîëüøîé ïî ìîäóëþ
êîýôôèöèåíò, êîòîðûé íàçûâàåòñÿ äîìèíèðóþùèì.

Îïðåäåëåíèå 2.Ñèñòåìà (1),(2)íàçûâàåòñÿ D ñèñòåìîé , åñëè îíà
ÿâëÿåòñÿ ñèñòåìîé D-ñòðóêòóðû, à åå àíóëèðóåìûé ïîëèíîì ñîäåð-
æèò äîìèíèðóþùèé êîýôôèöèåíò.

Ðàäèóñ çàïàñîâ óñòîé÷èâîñòè � ýòî íàèáîëüøåå ïîëîæèòåëüíîå
÷èñëî r òàêîå, ÷òî [1 + w(−jω)] [1 + w(jω)] > r2. Ðàäèóñ ÿâëÿåòñÿ
îáîáùåíèåì ïîíÿòèé çàïàñîâ óñòîé÷èâîñòè ïî ôàçå è ìîäóëþ. Òàê,
åñëè r = 0, 75, òî çàïàñ ïî ôàçå ϕ3 = 45◦, çàïàñ ïî ìîäóëþ L = 1, 75.

Óòâåðæäåíèå . Äëÿ ëþáîãî çàäàííîãî ïîëîæèòåëüíîãî ÷èñëà εr

âñåãäà ñóùåñòâóåò äîñòàòî÷íî áîëüøîé ïî ìîäóëþ êîýôôèöèåíò ρq

(q ∈ 0, γ) àíóëèðóåìîãî ïîëèíîìà ρ(s), òàêîé, ÷òî ðàäèóñ çàïàñîâ
óñòîé÷èâîñòè D-ñèñòåìû áóäåò ìåíüøå ýòîãî ÷èñëà (r2 < ε2

r).
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STABILITY MARGIN OF D-SYSTEM
A. G. Alexandrov
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The aim of the paper is to investigate the phase and gain margins
of the systems,which have a D-structure: numerator and denominator of
its open-loop transfer function contain,as a addends, a polynomial with
di�erent signs. There is proved that the D-system may have the very
small margin.
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