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Ïóñòü äëÿ óðàâíåíèÿ (1) íåëèíåéíûé îïåðàòîð F äóéñòâóåò èç ïðîñòðàíñòâà M̂γ
p â ïðîñòðàí-

ñòâî B, ãäå M̂γ
p ïîïîëíåíèå ïðîñòðàíñòâà Mγ

p . Òîãäà èìååò ìåñòî ñëåäóþùàÿ òåîðåìà.
Ò å î ð å ì à. Ïóñòü äëÿ óðàâíåíèÿ (3) äîïóñòèìà ïàðà (Mγ

p , B) è äëÿ ëþáîãî l > 0 íàéäåòñÿ
òàêîå δ > 0, ÷òî

||Fx||B 6 l||x||Mγ
p

ïðè âñåõ x ∈ Mγ
p , ||x||Mγ

p
6 δ. Òîãäà óðàâíåíèå (1) Mγ

p -óñòîé÷èâî.
Íà îñíîâå ïðåäûäóùåé òåîðåìû èññëåäóþòñÿ âîïðîñû p-óñòîé÷èâîñòè òðèâèàëüíîãî ðåøåíèÿ

äëÿ ðàçëè÷íûõ êëàññîâ óðàâíåíèé âèäà (1).
Abstract: the quastions of p-stability of nonlinear stochastic functional-di�erential equations trivial solution;

su�cient conditions of stability are obtained by the method of auxiliary equations.
Keywords: stability of solutions; stochastic di�erential equations; method of auxiliary equations.
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ÏÎÑÒÐÎÅÍÈÅ ÍÝØÅÂÑÊÈÕ ÐÅØÅÍÈÉ Â ÍÅÀÍÒÀÃÎÍÈÑÒÈ×ÅÑÊÎÉ
ÏÎÇÈÖÈÎÍÍÎÉ ÄÈÔÔÅÐÅÍÖÈÀËÜÍÎÉ ÈÃÐÅ ÄÂÓÕ ËÈÖ 1

c© À.Ô. Êëåéìåíîâ

Êëþ÷åâûå ñëîâà: íåàíòàãîíèñòè÷åñêàÿ ïîçèöèîííàÿ äèôôåðåíöèàëüíàÿ èãðà äâóõ ëèö; ðåøåíèå ïî
Íýøó; àëãîðèòì ïîñòðîåíèÿ.

Àííîòàöèÿ: Â ðàáîòå ïðåäëàãàåòñÿ ìîäèôèêàöèÿ ïðåäëîæåííîãî ðàíåå àâòîðîì ïîäõîäà ê çàäà÷å ÷èñ-
ëåííîãî ïîñòðîåíèÿ íýøåâñêèõ ðåøåíèé â íåàíòàãîíèñòè÷åñêîé ïîçèöèîííîé äèôôåðåíöèàëüíîé èãðå
äâóõ ëèö; ìîäèôèêàöèÿ ïîçâîëÿåò ïðèáëèæåííî íàéòè íå òîëüêî íåêîòîðûå íýøåâñêèå ðåøåíèÿ, íî è
âñå íýøåâñêèå ðåøåíèÿ, îïòèìàëüíûå ïî Ïàðåòî.

Â ðàáîòå [1] ïðåäñòàâëåí îäèí ïîäõîä ê ïîñòðîåíèþ ðåøåíèé íýøåâñêîãî òèïà (N� ðåøåíèé)
â íåàíòàãîíèñòè÷åñêîé ïîçèöèîííîé äèôôåðåíöèàëüíîé èãðå äâóõ ëèö. Ýòîò ïîäõîä îñíîâàí íà
èñïîëüçîâàíèè ïðèíöèïà íåóõóäøåíèÿ ãàðàíòèðîâàííûõ âûèãðûøåé èãðîêîâ âäîëü òðàåêòîðèè,
ïîðîæäàåìîé ðåøåíèåì, è íà èñïîëüçîâàíèè ïðàâèëà ìàêñèìàëüíîãî ñäâèãà â íàïðàâëåíèÿõ,
îïðåäåëÿåìûõ ðåøåíèÿìè íåêîòîðûõ âñïîìîãàòåëüíûõ áèìàòðè÷íûõ èãð. Íà îñíîâå ýòîãî ïîäõî-
äà áûë ðàçðàáîòàí è ïðîãðàììíî ðåàëèçîâàí àëãîðèòì ÷èñëåííîãî ïîñòðîåíèÿ ñîîòâåòñòâóþùèõ

1Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ÐÔÔÈ (ïðîåêò � 09-01-00313) è Ôåäåðàëüíîé ïðîãðàììû Ïðåçèäèóìà ÐÀÍ
�29 ¾Ìàòåìàòè÷åñêàÿ òåîðèÿ óïðàâëåíèÿ¿.
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N -ðåøåíèé. Â òî æå âðåìÿ ïîñòðîåííûå òàêèì îáðàçîì N -ðåøåíèÿ, âîîáùå ãîâîðÿ, íå ÿâëÿþòñÿ
íåóëó÷øàåìûìè ïî Ïàðåòî íà ìíîæåñòâå âñåõ N -ðåøåíèé.

Â äàííîé ðàáîòå ïðåäëàãàåòñÿ ìîäèôèêàöèÿ óïîìÿíóòîãî ïîäõîäà, ïðåäïîëàãàþùàÿ ââåäåíèå
ñåìåéñòâà âñïîìîãàòåëüíûõ áèìàòðè÷íûõ èãð, êàæäàÿ èç êîòîðûõ îðèåíòèðîâàíà íà ïîñòðîåíèå
ïðèáëèæåííîãî N -ðåøåíèÿ, ÿâëÿþùåãîñÿ íåóëó÷øàåìûì ïî Ïàðåòî.

Ïóñòü äèíàìèêà èãðû îïèñûâàåòñÿ óðàâíåíèåì

ẋ = A(t)x + B(t)u + C(t)v, t ∈ [t0, ϑ], x(t0) = x0, (1)

ãäå ôàçîâûé âåêòîð x ∈ R2, óïðàâëåíèÿ u ∈ P ∈ comp Rk è v ∈ Q ∈ comp Rl ïîä÷èíåíû èãðîêó
1 è èãðîêó 2 ñîîòâåòñòâåííî, à ϑ � ôèêñèðîâàííûé ìîìåíò îêîí÷àíèÿ èãðû. Èãðîê i ñòðåìèòñÿ
ìàêñèìèçèðîâàòü òåðìèíàëüíûé ïîêàçàòåëü êà÷åñòâà

Ii = σi(x(ϑ), i = 1, 2, (2)

ãäå ôóíêöèè σi(x) íåïðåðûâíû è âîãíóòû.
Ôîðìàëèçàöèÿ ÷èñòûõ ïîçèöèîííûõ ñòðàòåãèé èãðîêîâ è äâèæåíèé ñèñòåìû (1), èìè ïîðîæ-

äàåìûõ, ïðîèçâîäèòñÿ êàê â [2, 3], çà èñêëþ÷åíèåì òåõíè÷åñêèõ äåòàëåé [4]. Äàëåå, äëÿ êàæäîãî
i ∈ 1, 2 ââîäèòñÿ âñïîìîãàòåëüíàÿ àíòàãîíèñòè÷åñêàÿ äèôôåðåíöèàëüíàÿ èãðà Γi ñ äèíàìèêîé
(1), â êîòîðîé èãðîê i ìàêñèìèçèðóåò ïîêàçàòåëü Ii (2), à èãðîê 3 − i åìó ïðîòèâîäåéñòâóåò. Â
îáåèõ èãðàõ Γ1 è Γ2 ñóùåñòâóþò óíèâåðñàëüíûå ñåäëîâûå òî÷êè è íåïðåðûâíûå ôóíêöèè öåíû
γ1(t, x) è γ2(t, x) [2,3].

Îïèøåì ïðîöåäóðó ÷èñëåííîãî ïîñòðîåíèÿ N�ðåøåíèé. Ïóñòü ôèêñèðîâàíà ïîçèöèÿ (t∗, x∗)
èãðû. Íà îòðåçêå [t∗, t∗], t∗ = t∗+h, h � øàã äèñêðåòíîé ñõåìû, îïðåäåëèì ïîñòîÿííûå óïðàâëåíèÿ
u(t) ≡ u∗ è v(t) ≡ v∗ ñëåäóþùèì îáðàçîì. Îáîçíà÷èì ÷åðåç G(t∗; t∗, x∗) ìíîæåñòâî äîñòèæèìîñòè
ñèñòåìû (1) â ìîìåíò t∗ äëÿ ïîçèöèè (t∗, x∗), âçÿòîé â êà÷åñòâå íà÷àëüíîé. Ââåäåì ìíîæåñòâà
Wm1

1 (t∗; t∗, x∗) è Wm2
2 (t∗; t∗, x∗):

Wmi
i (t∗; t∗, x∗) = {x ∈ R2 : γi(t∗, x∗) 6 γi(t∗, x) 6 γi(t∗, x∗) + miδi,

γ3−i(t∗, x∗) 6 γ3−i(t∗, x)}, i = 1, 2

.
Çäåñü δ1 è δ2 � çàäàííûå ïîëîæèòåëüíûå ÷èñëà; m1,m2 ∈ N

⋃{0}, ïðè÷åì

mi 6 1
δi

max
x∈G(ϑ;t0,x0)

(γi(ϑ, x)− γi(t0, x0)) = Mi,

γ1(·) è γ2(·) � ôóíêöèè öåíû èãð Γ1 è Γ2.
Ïóñòü èíäåêñ i ∈ {1, 2} è ÷èñëî mi ∈ {0, 1, ...Mi} ôèêñèðîâàíû. Ââåäåì ìíîæåñòâî
H(t∗; t∗, xk|i,mi) = G(t∗; t∗, x∗)

⋂
Wmi

i (t∗, t∗, x∗).
Çàìåòèì, ÷òî ìíîæåñòâà Wmi

i ìîãóò áûòü íàéäåíû ïðèáëèæåííî ñ èñïîëüçîâàíèåì àëãîðèò-
ìîâ ïîñòðîåíèÿ ìàêñèìàëüíûõ ñòàáèëüíûõ ìîñòîâ â ñïåöèàëüíûõ èãðàõ ñáëèæåíèÿ � óêëîíåíèÿ.
Îáîçíà÷èì ÷åðåç wk(t∗; t∗, x∗|i,mi) òî÷êó ìàêñèìóìà ôóíêöèè γk(t∗, x) íà ìíîæåñòâå
H(t∗; t∗, xk|i,mi), k = 1, 2. Ðàññìîòðèì âåêòîðû sk(t∗; t∗, x∗|i,mi)=
= wk(t∗; t∗, x∗|i,mi)− x∗, k=1,2.
Íàéäåì óïðàâëåíèÿ u10, u20, v10, v10 èç óñëîâèé

max
u∈P,v∈Q

skT [B(t∗)u + C(t∗)v] = skT [B(t∗)ui0 + C(t∗)vi0] , k = 1, 2.
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Ââîäèòñÿ âñïîìîãàòåëüíàÿ áèìàòðè÷íàÿ 2 × 2 èãðà (A,B) [5]. Â ýòîé èãðå ïåðâûé èãðîê èìååò
äâå ñòðàòåãèè: ¾âûáðàòü u10¿ è ¾âûáðàòü u20¿. Àíàëîãè÷íî, âòîðîé èãðîê èìååò äâå ñòðàòåãèè:
¾âûáðàòü v10¿ è ¾âûáðàòü v20¿ . Ýëåìåíòû ìàòðèö A è B îïðåäåëÿþòñÿ òàê:

aij = γ1(t∗, x[t∗; t∗, x∗, ui0, vj0]), bij = γ2(t∗, x[t∗; t∗, x∗, ui0, vj0]), i, j = 1, 2.

Áèìàòðè÷íàÿ èãðà (A,B) èìååò ïî êðàéíåé ìåðå îäíî íýøåâñêîå ðàâíîâåñèå â ÷èñòûõ ñòðàòåãèÿõ.
Âûáðàâ íýøåâñêîå ðàâíîâåñèå, ïîëó÷àåì âåêòîð, â íàïðàâëåíèè êîòîðîãî èãðîêè îñóùåñòâëÿþò
ìàêñèìàëüíûé ñäâèã. Òàêèì îáðàçîì, ïîëó÷àåì ïîñòîÿííûå óïðàâëåíèÿ
u(t) ≡ u∗ è v(t) ≡ v∗ íà îòðåçêå [t∗, t∗]. Îïèñàííàÿ ïðîöåäóðà ïîçâîëÿåò öåëèêîì íàéòè àïïðîê-
ñèìàöèþ äâèæåíèÿ, ïîðîæäåííîãî N -ðåøåíèåì.

Ïåðåáèðàÿ ðàçëè÷íûå i ∈ {1, 2}, mi ∈ {0, 1, ...Mi}, ïîëó÷àåì ìíîæåñòâî ïðèáëèæåííûõ òðà-
åêòîðèé, ïîðîæäåííûõ N -ðåøåíèÿìè, ïðè÷åì ýòè ðåøåíèÿ áóäóò íåóëó÷øàåìûìè ïî Ïàðåòî.
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Abstract: in this paper modi�cation of early o�ered approach to the problem of numerical construction of
Nash solutions in two-person nonantagonistic positional di�erential game is o�ered; the modi�cation permits
us to �nd approximately not only some Nash solutions, but all optimal on Paretto Nash solutions.
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