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Ðàññìàòðèâàþòñÿ ñâîéñòâà îäíîãî ìåòîäà äèíàìè÷åñêîé ðåãóëÿðèçàöèè äëÿ çà-
äà÷è âîññòàíîâëåíèÿ óïðàâëåíèÿ â äèíàìè÷åñêîé ñèñòåìå, íåëèíåéíîé ïî âðåìå-
íè è ñîñòîÿíèþ è ëèíåéíîé ïî óïðàâëåíèþ. Ïîëó÷åíà àñèìïòîòè÷åñêàÿ îöåíêà
òî÷íîñòè äëÿ ñëó÷àÿ, êîãäà ìàòðèöà êîýôôèöèåíòîâ ïðè óïðàâëåíèè èìååò ïî-
ñòîÿííûé îáðàç. Ðàññìîòðåíà âîçìîæíîñòü ïîëó÷åíèÿ ãàðàíòèðîâàííûõ îöåíîê
äëÿ ñëó÷àÿ, êîãäà èçìåíåíèå îáðàçà ìàòðèöû êîýôôèöèåíòîâ íå ñîïðîâîæäàåòñÿ
ñòðåìëåíèåì ê íóëþ åå ìèíèìàëüíîãî íåíóëåâîãî ñèíãóëÿðíîãî ÷èñëà.

Êëþ÷åâûå ñëîâà: äèíàìè÷åñêàÿ ðåãóëÿðèçàöèÿ, àñèìïòîòè÷åñêèé ïîðÿäîê òî÷íî-
ñòè.

Ðàññìàòðèâàåòñÿ çàäà÷à âîññòàíîâëåíèÿ íåèçâåñòíîãî âîçìóùåíèÿ v(t),
äåéñòâóþùåãî íà äèíàìè÷åñêóþ ñèñòåìó

x′(t) = f1(t, x(t)) + f2(t, x(t))v(t), x(t0) = x0, t ∈ [t0, T ]

ïî íåòî÷íîé èíôîðìàöèè ξ(ti) î äâèæåíèè: ‖x(ti)− ξ(ti)‖ 6 h ( ti � óçëû
ðàçáèåíèÿ [t0, T ], ti+1−ti = ∆ ). Çäåñü îòîáðàæåíèÿ f1 è f2 äåéñòâóþò èç
[t0, T ]×Rm â Rm è â ïðîñòðàíñòâî ìàòðèö m×q ñî ñïåêòðàëüíîé íîðìîé
ñîîòâåòñòâåííî; çíà÷åíèÿ v(t) ïðèíàäëåæàò âûïóêëîìó êîìïàêòó Q ⊂ Rq,
êàæäîå çíà÷åíèå x(t) ÿâëÿåòñÿ âíóòðåííåé òî÷êîé êîìïàêòà X ⊂ Rm.

Äëÿ ðåøåíèÿ ýòîé çàäà÷è áóäåì ïðèäåðæèâàòüñÿ ïîäõîäà, ïðåäëîæåí-
íîãî â Þ.Ñ. Îñèïîâûì è À.Â. Êðÿæèìñêèì [1], êîòîðûé ïðè óñëîâèè ëèï-
øèöåâîñòè f1(·), f2(·) ïîçâîëÿåò ôîðìèðîâàòü ïðèáëèæåíèå óïðàâëåíèÿ â
âèäå êóñî÷íî-ïîñòîÿííîé ôóíêöèè uh(·) â ðåæèìå ðåàëüíîãî âðåìåíè çà
ñ÷åò óïðàâëåíèÿ âñïîìîãàòåëüíîé ñèñòåìîé ìîäåëüþ wh(·). Ñîñòîÿíèå ìî-
äåëè â óçëàõ ðàçáèåíèÿ îïðåäåëÿåòñÿ ïðàâèëîì

wh(ti+1) = wh(ti) +
(
f1(ti, ξ(ti)) + f2(ti, ξ(ti))ui

)
∆, wh(t0) = ξ(t0),

ãäå uh(t) = ui � ïðîåêöèÿ âåêòîðà
1

α(h)
fT
2 (ti, ξ(ti))(wh(ti)− ξ(ti))
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íà êîìïàêò Q, α(h) : [0,∞) → [0,∞). Â òîé æå ðàáîòå áûëî óñòàíîâëåíî,
÷òî ïðè óñëîâèè ñîãëàñîâàíèÿ ïàðàìåòðîâ óêàçàííûé äèíàìè÷åñêèé àë-
ãîðèòì (D(1)

h ) ÿâëÿåòñÿ ðåãóëÿðèçèðóþùèì, òî åñòü ‖uh(t)− v∗(t)‖L2[t0,T ]

ñòðåìèòñÿ ê íóëþ âìåñòå ñ h, ãäå v∗(t)� óïðàâëåíèå, ïîðîæäàþùåå äâè-
æåíèå x(t), îáëàäàþùåå ìèíèìàëüíîé íîðìîé.

Â ðàáîòå óñòàíàâëèâàåòñÿ, ÷òî óïîìÿíóòûé ìåòîä ïîçâîëÿåò ïîëó÷àòü
ãàðàíòèðîâàííûå îöåíêè â ïðîñòðàíñòâå L1[t0,T ], íå èñïîëüçóÿ ïðîöåäó-
ðó ïðîåêòèðîâàíèÿ íà êîìïàêò, ïðè óñëîâèè ïîñòîÿíñòâà ïîäïðîñòðàíñòâà
ñîáñòâåííûõ âåêòîðîâ ìàòðèöû A(·) = f2(·)fT

2 (·) âäîëü äâèæåíèÿ.
Òåîðåìà 1. Ïóñòü âûïîëíÿþòñÿ óñëîâèÿ èç ðàáîòû [1], ïîäïðîñòðàí-

ñòâî ñîáñòâåííûõ âåêòîðîâ ìàòðèöû A(t) ïîñòîÿííî, v∗(t) îáëàäàåò
îãðàíè÷åííîé âàðèàöèåé íà [t0, T ] è ïðèíèìàåò çíà÷åíèÿ èç êîìïàêòà
Q, α = α(h), δ = δ(h),

h

α
,

α

δ
ñòðåìÿòñÿ ê íóëþ âìåñòå ñ h, ∆ = h,

k ∈ N. Òîãäà ñóùåñòâóþò ïîëîæèòåëüíûå êîíñòàíòû K1, K2, K3 è
h1(k) > 0 òàêèå, ÷òî äëÿ ëþáûõ h ∈ [0, h1(k)) ñïðàâåäëèâà îöåíêà

‖v∗(t)− uh(t)‖L1[t0,T ] 6 h

α
K1 +

(α

δ

)k
K2 + δK3, (1)

ãäå êîíñòàíòû K1, K2, K3 âûïèñûâàþòñÿ êîíñòðóêòèâíî.
Çàìåòèì, ÷òî ñ÷åò âûáîðà k, δ è α àñèìïòîòè÷åñêèé ïîðÿäîê òî÷íî-

ñòè ìîæåò áûòü ñäåëàí ñêîëü óãîäíî áëèçêèì ê 1/2.
Ïðè ïîëó÷åíèè óêàçàííîé îöåíêè âðåìåííîé ïðîìåæóòîê ðàçáèâàåòñÿ

íà äâå ÷àñòè: [t0, t] = [t0, t − δ) ∪ [t − δ, t], ïðè ýòîì íà ïåðâîì ïðîìåæóò-
êå ñóùåñòâåííî èñïîëüçóåòñÿ íåèçìåííîñòü ïîäïðîñòðàíñòâà ñîáñòâåííûõ
âåêòîðîâ A(·), ÷òî ïîçâîëÿåò îòäåëèòü îò íóëÿ ìèíèìàëüíîå íåíóëåâîå
ñîáñòâåííîå ÷èñëî A(·). Îäíàêî â ñëó÷àå ñìåíû ðàíãà íå óäàåòñÿ ïîëó÷èòü
îöåíêó óêàçàííûì ñïîñîáîì. Ïîýòîìó, ñëåäóÿ ïîäõîäó, àíîíñèðîâàííîìó â
[2], ïðåäëàãàåòñÿ ìîäèôèêàöèÿ D

(2)
h , ñóòü êîòîðîé ñîñòîèò â ñëåäóþùåì:

àëãîðèòì D
(1)
h ïðèìåíÿåòñÿ íà óêîðî÷åííûõ ïðîìåæóòêàõ [ti, ti + δ) ïðè

ti+δ < t, ñ íà÷àëüíûìè óñëîâèÿìè äëÿ ñèñòåì-ìîäåëåé wh(ti) = ξ(ti), ïðè
ýòîì íà ïðîìåæóòêå [t0, t0+δ) ðåçóëüòàò äåéñòâèÿ D

(2)
h ñîâïàäàåò ñ D

(1)
h .

Òåîðåìà 2. Ïóñòü ðàíã f2(t, x(t)), t ∈ [t0, T ] ìåíÿåòñÿ ëèøü â êîíå÷-
íîì ÷èñëå òî÷åê, ãäå íàðóøàåòñÿ åå íåïðåðûâíîñòü, à âíóòðè ïîëó÷åí-
íûõ èíòåðâàëîâ, íà êîòîðûå ðàçáèâàåòñÿ ïðîìåæóòîê [t0, T ] òî÷êàìè
ðàçðûâà, âûïîëíÿþòñÿ óñëîâèÿ òåîðåìû 1. Òîãäà äëÿ ëþáîãî p ∈ (0, 1/2)
ñóùåñòâóþò h2 > 0 è K4 > 0 òàêèå, ÷òî äëÿ âñåõ h ∈ [0, h2)

‖v∗(t)− uh(t)‖L1[t0,T ] 6 K4h
1/2−p, (2)

ãäå êîíñòàíòà K4 âûïèñûâàåòñÿ êîíñòðóêòèâíî.
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Áåç îãðàíè÷åíèÿ îáùíîñòè ïðåäïîëîæèì, ÷òî èìååòñÿ îäíà òî÷êà t∗
ñìåíû ðàíãà, êîòîðàÿ ÿâëÿåòñÿ âíóòðåííåé. Â ñâÿçè ñ òåì, ÷òî àïðèîðè îíà
íàì íåèçâåñòíà, äëÿ D

(2)
h ñòàíîâèòñÿ ñóùåñòâåííîé ïðîöåäóðà ïðîåêòèðî-

âàíèÿ íà êîìïàêò. Ïðè ýòîì äëÿ äîêàçàòåëüñòâà òåîðåìû ðàçîáüåì [t0, T ]
íà òðè ÷àñòè: [t0, t∗−δ)∪[t∗−δ, t∗+δ)∪[t∗+δ, T ]. Äëÿ ïåðâîãî è ïîñëåäíåãî
ïðîìåæóòêîâ ñïðàâåäëèâà îöåíêà òåîðåìû 1, òîãäà êàê äëÿ âòîðîãî, â ñèëó
ïðîåêòèðîâàíèÿ âûïîëíåíî ‖v∗(t) − uh(t)‖L1[t∗−δ,t∗+δ] 6 2δK5 (K5 > 0 ).
Ïåðåõîäÿ ê îöåíêå íà âñåì ïðîìåæóòêå, ïîëó÷àåì òðåáóåìûé ðåçóëüòàò.
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S. S. Rubleva
About modi�cation of one dynamic algorithm guaranteeing the restoration
of control in a dynamic system with singular matrix

The paper deals with the properties of one method of dynamic regularization for the
problem of restoration of control in a dynamic system, nonlinear in time and state
and linear in control. The asymptotic estimation of accuracy has been obtained for
the case where the matrix of factors at control has a constant image. The possibility
of obtaining guaranteed estimations is considered for the case where the change in
the image of a matrix of factors is not accompanied by tending to zero of its minimal
nonzero singular value.

Ðóáëåâà Ñâåòëàíà Ñåðãååâíà
Óðàëüñêèé ãîñóäàðñòâåííûé
ëåñîòåõíè÷åñêèé óíèâåðñèòåò
206001, Ðîññèÿ, ã. Åêàòåðèíáóðã,
óë. Ñèáèðñêèé òðàêò, 36
E-mail: rublevas@mail.ru


