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�àññìàòðèâàåòñÿ äèíàìè÷åñêàÿ óïðàâëÿåìàÿ ñèñòåìà ñ ïîìåõîé. Çàäàíî ìíîæåñòâî ìîìåíòîâ êîððåê-

öèé óïðàâëåíèÿ. �àññìàòðèâàåòñÿ çàäà÷à óäåðæàíèÿ �àçîâîé òî÷êè â çàäàííîì ñåìåéñòâå ìíîæåñòâ

â ìîìåíòû êîððåêöèé. Äîïóñêàåòñÿ ìãíîâåííîå èçìåíåíèå ïîçèöèè. Íàéäåíû íåîáõîäèìûå è äîñòà-

òî÷íûå óñëîâèÿ âîçìîæíîñòè óäåðæàíèÿ. Â êà÷åñòâå ïðèìåðà ðàññìàòðèâàåòñÿ äèñêðåòíàÿ ëèíåéíàÿ

çàäà÷à óïðàâëåíèÿ ñ ïîìåõîé è îäíîìåðíîé öåëüþ. Óñëîâèå îäíîìåðíîñòè öåëè îçíà÷àåò, ÷òî ìîäóëü

çíà÷åíèÿ çàäàííîé ëèíåéíîé �óíêöèè îò �àçîâûõ ïåðåìåííûõ â �èêñèðîâàííûé ìîìåíò îêîí÷àíèÿ

ïðîöåññà óïðàâëåíèÿ íå äîëæåí ïðåâîñõîäèòü çàäàííîãî ÷èñëà. Äëÿ ýòîé çàäà÷è â ÿâíîì âèäå íàé-

äåíû íåîáõîäèìûå è äîñòàòî÷íûå óñëîâèÿ, âûïîëíåíèå êîòîðûõ ãàðàíòèðóåò ñóùåñòâîâàíèå äîïóñòè-

ìîãî óïðàâëåíèÿ, êîòîðîå îáåñïå÷èâàåò äîñòèæåíèå öåëè ïðè ëþáîé äîïóñòèìîé ðåàëèçàöèè ïîìåõè.

Ýòî óïðàâëåíèå ïîñòðîåíî â ÿâíîì âèäå, ïðè÷åì èí�îðìàöèÿ î ðåàëèçîâàâøåìñÿ çíà÷åíèè ïîìåõè

íå èñïîëüçóåòñÿ. Ïîñòðîåíà ïîìåõà, êîòîðàÿ ãàðàíòèðóåò íå äîñòèæåíèå öåëè ïðè ëþáîì äîïóñòèìîì

óïðàâëåíèè èç íà÷àëüíîãî ñîñòîÿíèÿ, íå óäîâëåòâîðÿþùåãî íàéäåííûì óñëîâèÿì.

Êëþ÷åâûå ñëîâà: óïðàâëåíèå, ïîìåõà, êîððåêöèÿ.
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Ââåäåíèå

Â ðàáîòàõ [1, 2℄ ðàññìàòðèâàëèñü äè��åðåíöèàëüíûå èãðû óäåðæàíèÿ, â êîòîðûõ öåëü îä-

íîãî èç èãðîêîâ çàêëþ÷àåòñÿ â òîì, ÷òîáû �àçîâàÿ òî÷êà íàõîäèëàñü â íåêîòîðûå ìîìåíòû

âðåìåíè â çàäàííûõ ìíîæåñòâàõ. Áûëà ïðåäëîæåíà ïðîöåäóðà ïîñòðîåíèÿ ìàêñèìàëüíîãî ñòà-

áèëüíîãî ìîñòà [3, 4℄ äëÿ òàêèõ çàäà÷ óäåðæàíèÿ.

Â äàííîé ñòàòüå ïðîâîäèòñÿ äàëüíåéøåå èññëåäîâàíèå çàäà÷ óäåðæàíèÿ, ïðè÷åì �îðìàëè-

çàöèÿ ýòèõ çàäà÷ äåëàåòñÿ äëÿ äèíàìè÷åñêèõ óïðàâëÿåìûõ ñèñòåì [5℄ ïðè íàëè÷èè íåêîíòðî-

ëèðóåìîé ïîìåõè. Äîïóñêàåòñÿ âîçìîæíîñòü ¾ìãíîâåííîãî¿ ïåðåõîäà �àçîâîé òî÷êè â íîâîå

ñîñòîÿíèå.

Òàêàÿ ñèòóàöèÿ âîçíèêàåò, íàïðèìåð, â äè��åðåíöèàëüíûõ èãðàõ ñ èìïóëüñíûì óïðàâëå-

íèåì [6�9℄. Ïîñòðîåíèå óïðàâëåíèÿ îñóùåñòâëÿåòñÿ ñ ïîìîùüþ ïðîöåäóðû åå êîððåêöèè [10,11℄.

Êàæäîìó ìîìåíòó âðåìåíè t ïîñòàâëåíî â ñîîòâåòñòâèå ìíîæåñòâî ìîìåíòîâ êîððåêöèé. Èñ-

ïîëüçóåòñÿ ïðîöåäóðà ðåêóððåíòíûõ èòåðàöèé. Â ñëó÷àå, êîãäà ìíîæåñòâî ìîìåíòîâ êîððåêöèé

íå �èêñèðîâàíî, ýòà ïðîöåäóðà èñïîëüçîâàëàñü ïðè ïîñòðîåíèè ìíîæåñòâ ðàçðåøèìîñòè è äëÿ

íàõîæäåíèÿ öåíû èãðû â ðàáîòàõ [1, 2, 4, 11℄.

� 1. Îïèñàíèå ïðîöåññà óïðàâëåíèÿ

Çàäàíû ìíîæåñòâî Z ïðîèçâîëüíîé ïðèðîäû è íåêîòîðîå íåïóñòîå ïîäìíîæåñòâî I ìíîæå-
ñòâà âåùåñòâåííûõ ÷èñåë R.

Çàäàíû ìíîæåñòâî P çíà÷åíèé óïðàâëåíèÿ u è ìíîæåñòâî Q çíà÷åíèé ïîìåõè v.

Êàæäîé ïàðå (z, t) ∈ Z × I è ëþáîìó ÷èñëó τ , t < τ ∈ I ïîñòàâëåíû â ñîîòâåòñòâèå ìíîæå-

ñòâà U τ
t (z) ïðîãðàììíûõ óïðàâëåíèé u : [t, τ ] → P è ìíîæåñòâî V τ

t (z) ïðîãðàììíûõ ðåàëèçà-

öèé v : [t, τ ] → Q ïîìåõè.

1

Èññëåäîâàíèå âûïîëíåíî ïðè �èíàíñîâîé ïîääåðæêå �ÔÔÈ â ðàìêàõ íàó÷íîãî ïðîåêòà � 18�01�00264 à.
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Çàäàíî ïðàâèëî ïåðåõîäà òî÷êè z, ñîãëàñíî êîòîðîìó äëÿ ëþáûõ (z, t) ∈ Z × I, t < τ ∈ I,
u(·) ∈ U τ

t (z), v(·) ∈ V
τ
t (z) â ìîìåíò âðåìåíè τ ðåàëèçóåòñÿ òî÷êà

z(τ) = Gτ
t (z, u(·), v(·)) ∈ Z. (1)

Äëÿ êàæäîé ïàðû (z, t) ∈ Z × I îïðåäåëåíî åùå ïðàâèëî ¾ìãíîâåííîãî¿ ïåðåõîäà, êîòîðîå

ñòðîèòñÿ ñ ïîìîùüþ ìíîæåñòâ P+(z, t) è Q+(z, t) çíà÷åíèé óïðàâëåíèÿ u+ è ïîìåõè v+ ¾ìãíî-

âåííîãî¿ ïåðåõîäà. Äëÿ êàæäûõ (z, t) ∈ Z × I, u+ ∈ P+(z, t), v+ ∈ Q+(z, t) îïðåäåëåíà òî÷êà

g(z, t, u+, v+) ∈ Z. Ïðè âûáðàííûõ u+ ∈ P+(z, t), v+ ∈ Q+(z, t) òî÷êà z ¾ìãíîâåííî¿ ïåðåõîäèò

â òî÷êó g(z, t, u+, v+).
Äëÿ êàæäîãî t ∈ I çàäàíî ìíîæåñòâî L(t) ⊂ I âîçìîæíûõ ìîìåíòîâ êîððåêöèé τ > t.
Ïðîöåññ óïðàâëåíèÿ ñòðîèòñÿ ñëåäóþùèì îáðàçîì. Â íà÷àëüíûé ìîìåíò âðåìåíè t0 ∈ I

çàäàíî íà÷àëüíîå ñîñòîÿíèå z(t0). Âûáèðàåòñÿ óïðàâëåíèå u+ ∈ P+(z(t0), t0). Ïðè ðåàëèçîâàâ-

øåéñÿ ïîìåõå v+ ∈ Q+(z(t0), t0) òî÷êà z(t0) ïåðåõîäèò â ñîñòîÿíèå z(t0+0) = g(z(t0), t0, u+, v+).
Åñëè t0 = L(t0), ïðîöåññ óïðàâëåíèÿ ñ÷èòàåòñÿ îêîí÷åííûì.

Ïóñòü L(t0) 6= t0. Òîãäà ìíîæåñòâî ÷èñåë τ ∈ L(t0) è τ > t0 íåïóñòî. Âûáèðàþòñÿ ÷èñ-

ëî t1 ∈ L(t0), t1 > t0 è óïðàâëåíèå u0(·) ∈ U t1
t0
(z(t0 + 0)). Òîãäà ïðè ðåàëèçîâàâøåéñÿ ïîìåõå

v0(·) ∈ V t1
t0
(z(t0+0)) ïî �îðìóëå (1) ïðè t = t0, z = z(t0+0) è τ = t1 ðåàëèçóåòñÿ ñîñòîÿíèå z(t1).

Îíî ïðèíèìàåòñÿ çà íà÷àëüíîå. Äàëåå óïðàâëåíèå ñòðîèòñÿ ïî ïðàâèëó, îïèñàííîìó âûøå.

� 2. Ïîñòàíîâêà çàäà÷è óïðàâëåíèÿ

Ïðè êàæäîì t ∈ I çàäàíî íåïóñòîå ìíîæåñòâî W (t) ⊂ Z. Öåëü óïðàâëåíèÿ çàêëþ÷àåòñÿ

â óäåðæàíèè òðàåêòîðèè z(t) âî ìíîæåñòâàõ W (t) â ìîìåíòû êîððåêöèé t = ti ïðè ëþáîé

äîïóñòèìîé ðåàëèçàöèè ïîìåõè.

Äëÿ ñòðîãîé �îðìàëèçàöèè çàäà÷è óäåðæàíèÿ ââåäåì îäíî ïîíÿòèå, êîòîðîå ó÷èòûâàåò

�àêò íàëè÷èÿ ¾ìãíîâåííîãî¿ ïåðåõîäà.

Îïðåäåëåíèå 1. Ïóñòü X ⊂ Z è t ∈ I. Òî÷êà z ∈ Mt(X) òîãäà è òîëüêî òîãäà, êîãäà

ñóùåñòâóåò u+ ∈ P+(z, t) òàêîå, ÷òî g(z, t, u+, v+) ∈ X äëÿ ëþáîãî v+ ∈ Q+(z, t).

Çàäà÷à 1. Ôèêñèðîâàíî öåëîå ÷èñëî k > 1. Òðåáóåòñÿ îïðåäåëèòü íà÷àëüíûå ñîñòîÿ-

íèÿ t0 ∈ I , z(t0) ∈ Z, îòêóäà âîçìîæíî îñóùåñòâèòü âêëþ÷åíèÿ

z(ti) ∈Mti(W (ti)), i = 0, k, (2)

ïðè ëþáûõ äîïóñòèìûõ ðåàëèçàöèÿõ ïîìåõè. Çäåñü ìîìåíòû êîððåêöèé óäîâëåòâîðÿþò óñëî-

âèÿì

t0 < t1 ∈ L(t0), t1 < t2 ∈ L(t1), . . . , tk−1 < tk ∈ L(tk−1), tk = L(tk). (3)

Çàäà÷à 2. Çàäàíî ìíîæåñòâî Y ⊂ Z è �èêñèðîâàíî ÷èñëî k > 1. Òðåáóåòñÿ îïðåäåëèòü

íà÷àëüíûå ñîñòîÿíèÿ t0 ∈ I, z(t0) ∈ Z, äëÿ êàæäîãî èç êîòîðûõ ìîæíî ïîñòðîèòü ìîìåíòû

êîððåêöèé (3) è óïðàâëåíèå òàê, ÷òîáû âûïîëíÿëîñü âêëþ÷åíèå z(tk) ∈ Mtk(Y ) ïðè ëþáûõ

äîïóñòèìûõ ðåàëèçàöèÿõ ïîìåõè.

� 3. �åøåíèå çàäà÷ óïðàâëåíèÿ

Ââåäåì â ðàññìîòðåíèå ìíîæåñòâî ìîìåíòîâ îêîí÷àíèÿ ïðîöåññà óïðàâëåíèÿ

I0 = {t ∈ I : t = L(t)}.

Äàëåå, ïðè êàæäîì k > 1 îáîçíà÷èì ÷åðåç Ik ìíîæåñòâî ÷èñåë t0 ∈ I, äëÿ êàæäîãî èç êîòîðûõ
íàéäåòñÿ íàáîð ÷èñåë ti, i = 1, k, óäîâëåòâîðÿþùèõ óñëîâèÿì (3).

Ïîëîæèì ïðè k > 1 è t ∈ I

Lk(t) = {τ ∈ I : t < τ ∈ L(t) ∩ Ik−1}. (4)

Îòìåòèì, ÷òî åñëè t ∈ Ik, òî òî÷êà t1 èç íàáîðà â (3) ïðèíàäëåæèò ìíîæåñòâó Lk(t).
Çà�èêñèðóåì ìíîæåñòâî X ⊂ Z è äâà ÷èñëà t < τ èç I.



76 Â.È. Óõîáîòîâ, È.Ñ. Ñòàáóëèò

ÌÀÒÅÌÀÒÈÊÀ 2018. Ò. 28. Âûï. 1

Îïðåäåëåíèå 2. Òî÷êà z ∈ Z ïðèíàäëåæèò ìíîæåñòâó N τ
t (X) òîãäà è òîëüêî òîãäà, êîãäà

ñóùåñòâóåò óïðàâëåíèå u(·) ∈ U τ
t (z) òàêîå, ÷òî âûïîëíåíî âêëþ÷åíèå Gτ

t (z, u(·), v(·)) ∈ X ïðè

ëþáîé ïîìåõå v(·) ∈ V τ
t (z). Äëÿ ïóñòîãî ìíîæåñòâà ∅ ïîëîæèì N τ

t (∅) = ∅.

Ïðè k > 0 ââåäåì â ðàññìîòðåíèå ìíîãîçíà÷íûå �óíêöèè Wk(t) ⊂ Z, t ∈ I. Åñëè k = 0, òî

W0(t) = ∅ ïðè t /∈ I0, W0(t) =Mk(W (t)) ïðè t ∈ I0. (5)

Åñëè k > 1, òî Wk(t) = ∅ ïðè t /∈ Ik è

Wk(t) =Mt(W (t))
⋂

Mt





⋃

τ∈Lk(t)

N τ
t (Wk−1(τ))





ïðè t ∈ Ik. (6)

Òåîðåìà 1. Ïóñòü k > 1. Äëÿ íà÷àëüíîãî ìîìåíòà âðåìåíè t0 ∈ Ik èç íà÷àëüíîãî ïîëî-

æåíèÿ z(t0) ∈ Z âîçìîæíî îñóùåñòâèòü âêëþ÷åíèå (2) ïðè ëþáîé äîïóñòèìîé ðåàëèçàöèè

ïîìåõè òîãäà è òîëüêî òîãäà, êîãäà

z(t0) ∈Wk(t0). (7)

Ä î ê à ç à ò å ë ü ñ ò â î. Ïóñòü âûïîëíåíî âêëþ÷åíèå (7). Òîãäà èç (6) ñëåäóåò âêëþ÷åíèå

z(t0) ∈Mt0(W (t0)) è

z(t0) ∈Mt0





⋃

τ∈Lk(t0)

N τ
t0
(Wk−1(τ))



. (8)

Èç âêëþ÷åíèÿ (8), èñïîëüçóÿ îïðåäåëåíèå 1, ïîëó÷èì, ÷òî ñóùåñòâóåò òàêîå óïðàâëåíèå

u+ ∈ P+(z(t0), t0), ÷òî

z(t0 + 0) = g(z(t0), u+, v+) ∈
⋃

τ∈Lk(t0)

N τ
t (Wk−1(τ)) (9)

äëÿ ëþáîé ïîìåõè v+ ∈ Q+(z(t0), t0). Èç âêëþ÷åíèÿ (9), èñïîëüçóÿ �îðìóëó (4) è îïðåäåëåíèå 2,
ïîëó÷èì, ÷òî ñóùåñòâóþò ìîìåíòû âðåìåíè t0 < t1 ∈ L(t0) ∩ Ik−1 è ïðîãðàììíîå óïðàâëåíèå

u(·) ∈ U t1
t0
(z(t0 + 0)) òàêèå, ÷òî

z(t1) = Gt1
t0
(z(t0 + 0), u(·), v(·)) ∈Wk−1(t1) (10)

äëÿ ëþáîé ðåàëèçàöèè ïîìåõè v(·) ∈ V t1
t0
(z(t0 + 0)).

Åñëè k = 1, òî t1 ∈ I0. Èç (5) è (10) ñëåäóåò ïðè t1 âêëþ÷åíèå (3).

Ïóñòü k > 1. Òîãäà, ïðîäîëæàÿ ïðåäûäóùèå ðàññóæäåíèÿ, ïîñòðîèì ìîìåíòû âðåìåíè

ti−1 < ti ∈ L(ti−1) ∩ Ik−i, i = 1, k, è óïðàâëåíèÿ òàê, ÷òî áóäóò âûïîëíåíû âêëþ÷åíèÿ

z(ti) ∈Wk−i(ti) ⊂Mti(W (ti))

ïðè ëþáûõ ðåàëèçàöèÿõ ïîìåõè. Îòìåòèì, ÷òî tk ∈ I0.

Ïóñòü âêëþ÷åíèå (7) íå âûïîëíåíî. Òîãäà, êàê ñëåäóåò èç (6), íå âûïîëíåíî ïðè i = 0
âêëþ÷åíèå (2) ëèáî íå âûïîëíåíî âêëþ÷åíèå (8). Â ïîñëåäíåì ñëó÷àå èç îïðåäåëåíèÿ 1 ñëåäóåò,

÷òî äëÿ ëþáîãî óïðàâëåíèÿ u+ ∈ P+(z(t0), t0) íàéäåòñÿ ïîìåõà v+ ∈ Q+(z(t0), t0) òàêàÿ, ÷òî
âêëþ÷åíèå (9) íå âûïîëíåíî. Îòñþäà, èñïîëüçóÿ (4) è îïðåäåëåíèå 2, ïîëó÷èì, ÷òî äëÿ ëþáîãî

ìîìåíòà âðåìåíè t0 < t1 ∈ L(t0) ∩ Ik−1 è äëÿ ëþáîãî óïðàâëåíèÿ u(·) ∈ U t1
t0
(z(t0 + 0)) íàéäåòñÿ

òàêàÿ ðåàëèçàöèÿ ïîìåõè v(·) ∈ V t1
t0
(z(t0 + 0)), ÷òî âêëþ÷åíèå (10) íå âûïîëíåíî.
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Ïðîäîëæàÿ ýòî ðàññóæäåíèå äàëüøå, ïîëó÷èì, ÷òî ëèáî z(ti) /∈ Mti(W (ti)) ïðè íåêîòîðîì

0 6 i 6 k − 1, ëèáî z(tk−1) ∈ Mtk−1
(W (tk−1)), íî z(tk−1) /∈ W1(tk−1). Â ïîñëåäíåì ñëó÷àå èç

�îðìóëû (6) ñëåäóåò, ÷òî

z(tk−1) /∈Mtk−1





⋃

τ∈L1(tk−1)

N τ
tk−1

(W0(τ))



.

Ñòàëî áûòü, äëÿ ëþáîãî óïðàâëåíèÿ u+ ∈ P+(z(tk−1), tk−1) íàéäåòñÿ v+ ∈ Q+(z(tk−1), tk−1) �
òàêàÿ ïîìåõà, ÷òî z(tk−1 + 0) /∈ N τ

tk−1
(W0(τ)) äëÿ ëþáîãî τ ∈ L1(tk−1). Ïîýòîìó äëÿ ëþáîãî

ìîìåíòà âðåìåíè tk ∈ L(tk−1)∩ I0, tk−1 < tk, è äëÿ ëþáîãî óïðàâëåíèÿ u(·) ∈ U tk
tk−1

(z(tk−1 +0))

ñóùåñòâóåò ïîìåõà v(·) ∈ V tk
tk−1

(z(tk−1 + 0)) òàêàÿ, ÷òî z(tk) /∈ W0(tk). Îòñþäà è èç (5) ñëåäóåò,

÷òî âêëþ÷åíèå (2) íå âûïîëíåíî ïðè i = k. �

�àññìîòðèì çàäà÷ó 2. Ïðè êàæäîì t ∈ I ïîëîæèì W (t) = Y , åñëè t ∈ I0, è W (t) = Z
â ïðîòèâíîì ñëó÷àå. Òîãäà Mt(W (t)) = Z ïðè t /∈ I0. Ñëåäîâàòåëüíî, âêëþ÷åíèÿ (2) äëÿ íàáîðà
ìîìåíòîâ êîððåêöèé (3) âûïîëíåíû òîãäà è òîëüêî òîãäà, êîãäà z(tk) ∈Mtk(Y ).

Èç �îðìóë (5) ïîëó÷èì, ÷òî W0(t) = ∅ ïðè t /∈ I0 è W0(t) = Mt(Y ), åñëè t ∈ I0. Ïðè k > 1
èç (6) ñëåäóåò, ÷òî Wk(t) = ∅, åñëè t /∈ Ik, è

Wk(t) =Mt





⋃

τ∈Lk(t)

N τ
t (Wk−1(τ))





ïðè t ∈ Ik. (11)

� 4. Äèñêðåòíàÿ ëèíåéíàÿ çàäà÷à óïðàâëåíèÿ

�àññìîòðèì äèñêðåòíûé óïðàâëÿåìûé ïðîöåññ [12, 13℄

x(t+ 1) = A(t)x(t)− f + φ, x(t) ∈ R
n, t = 0, p. (12)

Çäåñü ïðè êàæäîì t = 0, p A(t) � ìàòðèöà ñîîòâåòñòâóþùåé ðàçìåðíîñòè; f ∈ F (t) ⊂ R
n
�

óïðàâëåíèå è ïîìåõà φ ∈ Φ(t) ⊂ R
n
, ãäå ìíîæåñòâà F (t) è Φ(t) ÿâëÿþòñÿ ñâÿçíûìè êîìïàêòàìè.

Çàäàíû âåêòîð ψ∗ ∈ R
n
è ÷èñëà α ∈ R, ε > 0. Öåëü âûáîðà óïðàâëåíèÿ f çàêëþ÷àåòñÿ

â îñóùåñòâëåíèè íåðàâåíñòâà

|〈ψ∗, x(p)〉 − α| 6 ε. (13)

Çäåñü ïîñðåäñòâîì 〈·, ·〉 îáîçíà÷åíî ñêàëÿðíîå ïðîèçâåäåíèå â R
n
.

Îïðåäåëèì ïðè t = 0, p âåêòîð ψ(t) ñëåäóþùåé ðåêóððåíòíîé �îðìóëîé:

ψ(t) = A∗(t)ψ(t+ 1), ψ(p) = ψ∗.

Çäåñü A∗(t) � òðàíñïîíèðîâàííàÿ ìàòðèöà. Òîãäà èç (12) ïîëó÷èì, ÷òî

〈ψ(t+ 1), x(t+ 1)〉 = 〈ψ(t), x(t)〉 − 〈ψ(t + 1), f〉+ 〈ψ(t + 1), φ〉. (14)

Îáîçíà÷èì

a−(t) = min
f

〈ψ(t+ 1), f〉, a+(t) = max
f

〈ψ(t+ 1), f〉, f ∈ F (t);

b−(t) = min
φ

〈ψ(t+ 1), φ〉, b+(t) = max
φ

〈ψ(t + 1), φ〉, φ ∈ Φ(t).

Òîãäà, èñïîëüçóÿ óñëîâèå ñâÿçíîñòè êîìïàêòîâ F (t) è Φ(t), ïîëó÷èì, ÷òî

〈ψ(t + 1), f〉 =
a+(t) + a−(t)

2
+ a(t)u, |u| 6 1, a(t) =

a+(t)− a−(t)

2
, (15)
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〈ψ(t + 1), φ〉 =
b+(t) + b−(t)

2
+ b(t)v, |v| 6 1, b(t) =

b+(t)− b−(t)

2
. (16)

Îïðåäåëèì íàáîð ÷èñåë δ(t) ∈ R, t = 0, p, ñ ïîìîùüþ �îðìóë

δ(t) = δ(t+ 1)−
a+(t) + a−(t)

2
+
b+(t) + b−(t)

2
, δ(p) = 0 (17)

è ïåðåéäåì ê íîâîé ïåðåìåííîé

z(t) = 〈ψ(t), x(t)〉 − α+ δ(t). (18)

Òîãäà èç (14)�(17) ïîëó÷èì, ÷òî

z(t+ 1) = z(t)− a(t)u+ b(t)v, |u| 6 1, |v| 6 1. (19)

Îáîçíà÷èì S = {z ∈ R
n : |z| 6 1}. Èç (13) è (18) ñëåäóåò, ÷òî öåëü óïðàâëåíèÿ çàêëþ÷àåòñÿ

â îñóùåñòâëåíèè âêëþ÷åíèÿ

z(p) ∈ εS.

Èìååì L(t) = t+ 1 ïðè 0 6 t < p è L(p) = p. Äàëåå, Mt(X) = X ïðè ëþáîì t 6 p. Ïîýòîìó
W0(t) = ∅ ïðè t < p èW0(p) = εS. Çà�èêñèðóåì ÷èñëî k = 1, p. Èç (11) ïîëó÷èì, ÷òîWk(t) = ∅

ïðè t 6= p− k è

Wp−t(t) = N t+1
t

(

N t+2
t+1

(

. . . (Np
p−1(εS)) . . .

)

)

. (20)

Çà�èêñèðóåì ÷èñëî γ > 0 è âû÷èñëèì ìíîæåñòâî N τ+1
τ (γS) ïðè 0 6 τ < p. Èç îïðåäåëåíèÿ 2

è èç �îðìóëû (19) ïîëó÷èì, ÷òî

N τ+1
τ (γS) =

⋂

|v|61

(γS − b(τ)v) + a(τ)S.

Ñòàëî áûòü,

N τ+1
τ (γS) = ∅ ïðè γ < b(τ) è N τ+1

τ (γS) = (γ + a(τ)− b(τ))S, åñëè γ > b(τ). (21)

×òîáû çàïèñàòü â ÿâíîì âèäå ìíîæåñòâî (20), ïîëîæèì

a(p) = b(p) = 0 è c(t) = ε+

p
∑

i=t

(a(i) − b(i)), t = 0, p.

Îòñþäà è èç �îðìóë (20) è (21) ïîëó÷èì, ÷òî âêëþ÷åíèå z ∈ Wp−t(t) âûïîëíåíî òîãäà

è òîëüêî òîãäà, êîãäà

|z| 6 c(t) è c(τ) > a(τ) äëÿ âñåõ t 6 τ 6 p− 1. (22)

Ïîñòðîèì ñîîòâåòñòâóþùèå óïðàâëåíèå è ïîìåõó. Ïóñòü ïðè t = 0 è z = z(0) âûïîëíåíû
óñëîâèÿ (22). Ïîêàæåì, ÷òî óïðàâëåíèå

u(t, z) = 0 ïðè |z| = 0, v(t, z) =
z

|z|
ïðè |z| > 0 è |z| > a(t),

u(t, z) =
z

a(t)
ïðè 0 < |z| < a(t) (23)

îáåñïå÷èâàåò âûïîëíåíèå íåðàâåíñòâà |z(p)| 6 ε ïðè ëþáîé ðåàëèçàöèè ïîìåõè.
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Â ñàìîì äåëå, ïóñòü â ìîìåíò âðåìåíè 0 6 t < p âûïîëíåíû íåðàâåíñòâà (22) ïðè z = z(t).
Èç (19) ñëåäóåò, ÷òî ïðè ëþáûõ |u| 6 1 è |v| 6 1

|z(t+ 1)| 6 |z(t)− a(t)u|+ b(t).

Ïîäñòàâèì ñþäà óïðàâëåíèå (23).

Ïóñòü |z(t)| > 0 è |z(t)| > a(t). Òîãäà

|z(t+ 1)| 6 |z(t)| − a(t) + b(t) 6 c(t)− a(t) + b(t) = c(t+ 1).

Ïóñòü 0 < |z(t)| < a(t) èëè |z(t)| = 0. Òîãäà

|z(t+ 1)| 6 b(t) = b(t)− a(t) + a(t) = c(t+ 1)− c(t) + a(t) 6 c(t+ 1).

Çäåñü èñïîëüçîâàíî âòîðîå óñëîâèå â (22). Ïðè t = p áóäåì èìåòü |z(p)| 6 c(p) = ε.
Èñõîäíîå óïðàâëåíèå f â ñèñòåìå (12) îïðåäåëÿåòñÿ ñ ïîìîùüþ �îðìóëû (15).

Ïóñòü ïðè t = 0 è z = z(0) íàðóøåíî îäíî èç óñëîâèé (22). Ïóñòü |z(0)| > c(0). Âîçüìåì
ïîìåõó

v(t, z) =
z

|z|
ïðè |z| > 0 è ëþáîå v(t, 0) ñ |v(t, 0)| = 1. (24)

Èç (19) ñëåäóåò, ÷òî ïðè ëþáîì |u| 6 1 âûïîëíåíî íåðàâåíñòâî

|z(t+ 1)| > |z(t)| − a(t) + b(t).

Ïîýòîìó, åñëè |z(t)| > c(t) ïðè íåêîòîðîì t = 0, p − 1, òî |z(t + 1)| > c(t + 1). Ñòàëî áûòü, ïðè

t = p ïîìåõà (24) îáåñïå÷èâàåò âûïîëíåíèå íåðàâåíñòâà |z(p)| > ε.
Ïóñòü |z(0)| 6 c(0), íî c(τ) < a(τ) ïðè íåêîòîðîì 0 6 τ 6 p − 1. Ïîñëåäíåå íåðàâåíñòâî

ðàâíîñèëüíî òîìó, ÷òî c(τ +1) < b(τ). Ïîëîæèì â (24) t = τ , à z çàìåíèì íà z−a(τ)u. Ïîëó÷èì
ïîìåõó v(τ, z − a(τ)u). Èç (19) ïîëó÷èì, ÷òî

|z(τ + 1)| = |z(τ) − a(τ)u+ b(τ)v(τ, z − a(τ)u)| = |z(τ)− a(τ)u|+ b(τ).

Ñëåäîâàòåëüíî, |z(τ + 1)| > b(τ) > c(τ + 1). Ñòàëî áûòü, ïîìåõà (24) îáåñïå÷èâàåò âûïîëíåíèå

íåðàâåíñòâà |z(p)| > ε.
Îòìåòèì, ÷òî óñëîâèÿ (22) è �îðìóëû (23), (24) îñòàþòñÿ ñïðàâåäëèâûìè è äëÿ äèñêðåòíîãî

ïðîöåññà (19), â êîòîðîì z ∈ R
n
è |z| � íîðìà â R

n
.
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We onsider a dynami ontrol system under interferene. A set of orretion momenta of the ontrols is

given. The problem of phase point retention in a given olletion of sets at orretion momenta is onsidered.

Instantaneous hange of a position is admissible. Neessary and su�ient onditions for the possibility of

retention are found. As an example, we onsider a disrete linear ontrol problem under interferene and

with the one-dimensional aim. The ondition of one-dimensionality of the aim means that the modulus of the

value of a given linear funtion of the phase variables at a �xed moment of the ontrol proess end should not

be more than a given number. For this problem, neessary and su�ient onditions are found in an expliit

form, the ful�llment of whih guarantees the existene of an admissible ontrol that ensures the ahievement

of the aim for any admissible realization of the interferene. This ontrol is onstruted in an expliit form,

and information about the realized value of the interferene is not used. We onstruted the interferene

whih guarantees that the aim will not be reahed at any admissible ontrol from the initial state that does

not satisfy the obtained onditions.
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