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Abstract: usage of modula arithmetics, particularly, of the Chinese remainders theorem for parallel calculations
is substantiated; advantages of modula methods are demonstrated through results of experiments on the cluster
using the library MPI, intended for a support of parallel processes in terms of message passing.

Keywords: modula arithmetics; Chinese remainders theorem; parallel calculations; message passing.

Ïåðåñëàâöåâà Îêñàíà Íèêîëàåâíà
àñïèðàíò
Òàìáîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò
èì. Ã.Ð. Äåðæàâèíà
Ðîññèÿ, Òàìáîâ
e-mail: Pereclavtseva@rambler.ru

Oxana Pereslavtseva
post-graduate student
Tambov State University
named after G.R. Derzhavin
Russia, Tambov
e-mail: Pereclavtseva@rambler.ru

ÓÄÊ 517.95

ÐÀÑØÈÐÅÍÈÅ ÇÀÄÀ×È ÎÏÒÈÌÀËÜÍÎÃÎ ÓÏÐÀÂËÅÍÈß ÑÈÑÒÅÌÎÉ
ÃÓÐÑÀ-ÄÀÐÁÓ 1

c© Í.È. Ïîãîäàåâ

Êëþ÷åâûå ñëîâà: îïòèìàëüíîå óïðàâëåíèå; Ãóðñà-Äàðáó; ñèñòåìû ñ ðàñïðåäåëåííûìè ïàðàìåòðàì.
Àííîòàöèÿ: Â äîêëàäå ñòðîèòñÿ ðàñøèðåíèå â ñìûñëå Èîôôå-Òèõîìèðîâà äëÿ çàäà÷è îïòèìàëüíîãî

óïðàâëåíèÿ ñèñòåìîé Ãóðñà-Äàðáó.

Ïóñòü íà ìåòðè÷åñêîì ïðîñòðàíñòâå V îïðåäåëåí ôóíêöèîíàë I, à íà ìåòðè÷åñêîì ïðîñòðàí-
ñòâå W � ôóíêöèîíàë J . Íàçîâåì çàäà÷ó inf

w∈W
J (w) ðàñøèðåíèåì [1] çàäà÷è inf

v∈V
I(v), åñëè ñó-

ùåñòâóåò íåïðåðûâíîå îòîáðàæåíèå i : V → W , ïðè êîòîðîì: 1) i(V ) ïëîòíî â W ; 2) J (i(v)) 6
6 I(v) äëÿ âñåõ v ∈ V ; 3) äëÿ ëþáîãî w ∈ W ñóùåñòâóåò ïîñëåäîâàòåëüíîñòü vk ∈ V òàêàÿ, ÷òî
lim

k→∞
i(vk) = w è lim

k→∞
I(vk) = J (w). Â ÷àñòíîñòè, èç ýòîãî îïðåäåëåíèÿ ñëåäóåò, ÷òî

inf
v∈V

I(v) = inf
w∈W

J (w).

Ââåäåì ñëåäóþùèå îáîçíà÷åíèÿ: I1 = [0, a], I2 = [0, b], a, b > 0, Ω = I1 × I2; X = Rn, Y = Rm;
C(Ω;X) � ïðîñòðàíñòâî íåïðåðûâíûõ ôóíêöèé z : Ω → X; Lp(Ω;X) � ïðîñòðàíñòâî ôóíêöèé
u : Ω → X, èíòåãðèðóåìûõ ïî Ëåáåãó ñî ñòåïåíüþ p (1 < p < ∞); L(Y, X) � ïðîñòðàíñòâî
íåïðåðûâíûõ ëèíåéíûõ îïåðàòîðîâ (ìàòðèö) A : Y → X.

Íà ïðÿìîóãîëüíèêå Ω ðàññìîòðèì óïðàâëÿåìóþ ñèñòåìó

zxy = c1(x, y, z)zx + c2(x, y, z)zy + c3(x, y, z)u + c4(x, y, z), (1)

z(x, 0) = ϕ(x) +
∫ x

0
u1(s) ds, z(0, y) = ψ(y) +

∫ y

0
u2(t) dt, (2)

u1(x) ∈ U1(x,V1(z)(x)), u2(y) ∈ U2(y,V2(z)(y)), u(x, y) ∈ U(x, y, z(x, y)), (3)
1Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ÑÎ ÐÀÍ (èíòåãðàöèîííûé ïðîåêò ÑÎ ÐÀÍ�ÓðÎ ÐÀÍ � 85).
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ãäå x ∈ I1, y ∈ I2, z ∈ X; u ∈ Y � ðàñïðåäåëåííîå, u1, u2 ∈ X � ãðàíè÷íûå óïðàâëåíèÿ; c1, c2 : Ω×
×X → L(X; X), c3 : Ω×X → L(Y ; X), c4 : Ω×X → X � îäíîçíà÷íûå îòîáðàæåíèÿ; U : Ω×X → X,
U1 : I1 × X → X, U2 : I2 × X → X � ìíîãîçíà÷íûå îòîáðàæåíèÿ ñ íåâûïóêëûìè êîìïàêòíûìè
çíà÷åíèÿìè; V1 : C(Ω;X) → C(I1; X), V2 : C(Ω; X) → C(I2;X) � íåïðåðûâíûå îïåðàòîðû; ϕ : I1 →
→ X, ψ : I2 → X � àáñîëþòíî íåïðåðûâíûå ôóíêöèè, ϕ(0) = ψ(0).

Î ï ð å ä å ë å í è å. Ðåøåíèåì ñèñòåìû (1)�(3) íàçîâåì ÷åòâåðêó (z, u, u1, u2), z ∈ C(Ω;X),
u ∈ Lp(Ω;Y ), u1 ∈ Lp(I1; X), u2 ∈ Lp(I2; X), òàêóþ, ÷òî

z(x, y) = ϕ(x) + ψ(y)− ϕ(0) +
∫ x

0
u1(s) ds +

∫ y

0
u2(t) dt +

∫ x

0

∫ y

0
v(s, t) ds dt, (4)

ãäå

v(x, y) = c1(x, y, z(x, y))zx(x, y) + c2(x, y, z(x, y))zy(x, y) + c3(x, y, z(x, y))u(x, y) + c4(x, y, z(x, y)),

è ïî÷òè âñþäó èìåþò ìåñòî âêëþ÷åíèÿ (3). Ìíîæåñòâî âñåõ ðåøåíèé îáîçíà÷èì ÷åðåç R.
Äàííîå îïðåäåëåíèå êîððåêòíî, ïîñêîëüêó äëÿ ôóíêöèé, óäîâëåòâîðÿþùèõ ðàâåíñòâó (4),

ñóùåñòâóþò ÷àñòíûå ïðîèçâîäíûå zx, zy, zxy (ñì. [2]), ïðè÷åì zxy = v.
Ïóñòü g : Ω×(X×Y ) → R, gi : Ii×(X×X) → R, i = 1, 2, � ôóíêöèè Êàðàòåîäîðè, íåâûïóêëûå

ïî òðåòüåé ïåðåìåííîé. Ðàññìîòðèì ôóíêöèîíàë J , îïðåäåëåííûé ðàâåíñòâîì

J(z, u, u1, u2) =
∫

I1

g1(x,V1(z)(x), u1(x)) dx +
∫

I2

g2(y,V2(z)(y), u2(y)) dy +

+
∫

Ω
g(x, y, z(x, y), u(x, y)) dx dy, (5)

ãäå z ∈ C(Ω;X), u ∈ Lp(Ω;Y ), u1 ∈ Lp(I1; X), u2 ∈ Lp(I2; X).
Ïîñòàâèì ñëåäóþùóþ çàäà÷ó: ìèíèìèçèðîâàòü ôóíêöèîíàë (5) íà ìíîæåñòâå R ðåøåíèé ñè-

ñòåìû (1)�(3):
inf
r∈R

J(r). (6)

Îòìåòèì, ÷òî äàííàÿ çàäà÷à ÿâëÿåòñÿ íåâûïóêëîé (ðàññìàòðèâàþòñÿ íåâûïóêëûå îãðàíè÷åíèÿ
íà ðàñïðåäåëåííîå è ãðàíè÷íûå óïðàâëåíèÿ, à òàêæå íåâûïóêëûå ïî óïðàâëåíèþ èíòåãðàíòû).
Ïîýòîìó, âîîáùå ãîâîðÿ, çàäà÷à (6) íå èìååò ðåøåíèÿ. Ïðè îïðåäåëåííûõ ïðåäïîëîæåíèÿõ â
ðàáîòå ïîñòðîåíî òàêîå ðàñøèðåíèå çàäà÷è (6), êîòîðîå èìååò ðåøåíèå.
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Abstract: an extension of optimal control problem for Goursat-Darboux system is constructed.
Keywords: optimal control; Goursat-Darboux; distributed parameter systems.
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