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1. Ââåäåíèå
Ðàññìîòðèì çàäà÷ó ñèíòåçà îãðàíè÷åííûõ ïîçèöèîííûõ óïðàâëåíèé äëÿ

óïðàâëÿåìîãî ïðîöåññà, îïèñûâàåìîãî óðàâíåíèåì

dx

dt
= Ax + Bu, x ∈ X, u ∈ Ω ⊂ U, 0 ∈ int Ω, (1)

ãäå X, U � ãèëüáåðòîâû ïðîñòðàíñòâà, îïåðàòîð A ñ îáëàñòüþ îïðåäåëåíèÿ
D(A) ïîðîæäàåò ñèëüíî íåïðåðûâíóþ ãðóïïó îïåðàòîðîâ

{
eAt

}
−∞<t<+∞ ,

B � îãðàíè÷åííûé îïåðàòîð, äåéñòâóþùèé èç U â X.

Çàäà÷à ñîñòîèò â ïîñòðîåíèè ïîçèöèîííîãî óïðàâëåíèÿ u = u(x) òàêîãî,
÷òîáû u(x) ∈ Ω äëÿ âñåõ x èç íåêîòîðîé îêðåñòíîñòè Q íà÷àëà êîîðäèíàò, è
òàêîãî, ÷òîáû äëÿ ïðîèçâîëüíîé òî÷êè x0 ∈ Q ðåøåíèå x(t) çàäà÷è Êîøè

dx

dt
= Ax + Bu(x), x(0) = x0,

ñóùåñòâîâàëî è óäîâëåòâîðÿëî óñëîâèÿì:
1) lim

t→T (x0)
x(t) = 0 äëÿ íåêîòîðîãî T (x0) < ∞;

2) x(t) ∈ Q äëÿ âñåõ t ∈ [0, T (x0)).
Åñëè Q = X, òî áóäåì ãîâîðèòü î ãëîáàëüíîì ñèíòåçå, è î ëîêàëüíîì � â

ïðîòèâíîì ñëó÷àå.
Î÷åâèäíî, ÷òî äëÿ ðåøåíèÿ ýòîé çàäà÷è íåîáõîäèìî, ÷òîáû óðàâíåíèå (1)

áûëî òî÷íî 0-óïðàâëÿåìûì çà ñâîáîäíîå âðåìÿ. Ïîýòîìó, íå îãðàíè÷èâàÿ
îáùíîñòè, áóäåì ñ÷èòàòü, ÷òî óðàâíåíèå (1) ÿâëÿåòñÿ òî÷íî 0-óïðàâëÿåìûì
çà ñâîáîäíîå âðåìÿ.

Èññëåäîâàíèÿ çàäà÷è ïðîâîäÿòñÿ íà îñíîâå ìåòîäà ôóíêöèîíàëà óïðàâ-
ëÿåìîñòè [1, 2].

Â ðàáîòå [1] ïîëó÷åíî êîíñòðóêòèâíîå ðåøåíèå çàäà÷è ëîêàëüíîãî ñèíòå-
çà îãðàíè÷åííîãî óïðàâëåíèÿ äëÿ óðàâíåíèÿ (1) â ñëó÷àå, êîãäà A ÿâëÿåòñÿ
îãðàíè÷åííûì îïåðàòîðîì è Ω = {u ∈ U : ‖u‖ ≤ d}. Ïîêàçàíî, ÷òî ðåøå-
íèåì ýòîé çàäà÷è ÿâëÿåòñÿ óïðàâëåíèå u(x) = −1

2B∗N−1 (1/Θ(x))x. Çäåñü
Θ(x) � ôóíêöèîíàë óïðàâëÿåìîñòè, îïðåäåëÿåìûé ïðè x 6= 0 êàê åäèíñòâåí-
íîå ïîëîæèòåëüíîå ðåøåíèå óðàâíåíèÿ 2a0Θ =

(
N−1

(
1
Θ

)
x, x

)
(a0 > 0), ãäå

N(λ) =

∞∫

0

e−λte−AtBB∗e−A∗tdt, λ > 2ω0(−A)
(

ω0(−A) = lim
t→+∞

ln ‖e−At‖
t

)
.

Ðåçóëüòàòû ðàáîòû [1] ïîëó÷èëè äàëüíåéøåå ðàçâèòèå. Òàê, â ðàáîòå [3]
äàíî îïèñàíèå ìíîæåñòâà îãðàíè÷åííûõ ïîçèöèîííûõ óïðàâëåíèé, ðåøàþ-
ùèõ çàäà÷ó ëîêàëüíîãî ñèíòåçà. Ïîêàçàíî, ÷òî êàæäàÿ ôóíêöèÿ f ∈ Fm(A)
ïîðîæäàåò óïðàâëåíèå uf (x), ðåøàþùåå çàäà÷ó äîïóñòèìîãî ñèíòåçà îãðàíè-
÷åííîãî óïðàâëåíèÿ â íåêîòîðîé îáëàñòè Qc.
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Äàííàÿ ðàáîòà ÿâëÿåòñÿ ðàçâèòèåì ðåçóëüòàòîâ ðàáîò [3, 5]. Ðàçâèòèå ðå-
çóëüòàòîâ ðàáîòû [3] ñîñòîèò â ðåøåíèè çàäà÷è ãëîáàëüíîãî äîïóñòèìîãî ñèí-
òåçà óïðàâëåíèÿ, à ðàáîòû [5] � â îïèñàíèè áîëåå øèðîêîãî êëàññà ôóíêöèé,
êàæäàÿ èç êîòîðûõ ïîðîæäàåò óïðàâëåíèå, ðåøàþùåå ýòó çàäà÷ó.

2. Èñõîäíûå ðåçóëüòàòû

Ñëåäóÿ ðàáîòå [3], äëÿ ïðîèçâîëüíîé íåâîçðàñòàþùåé íåîòðèöàòåëüíîé íà
ïîëóîñè [0,∞) ôóíêöèè f(s), óäîâëåòâîðÿþùåé óñëîâèþ

lim
s→∞

[
− ln f(s)

s

]
= f0 > 0 (2)

(ïîñòîÿííàÿ f0 ìîæåò ðàâíÿòüñÿ +∞, íàïðèìåð, äëÿ ôèíèòíîé ôóíêöèè f),
ðàññìîòðèì ïðè λ > λ0 = max

{
0, 2ω0(−A)

f0

}
ïîëîæèòåëüíî îïðåäåëåííûé

îïåðàòîð

Nf (λ)x =

∞∫

0

f(λt)e−AtBB∗e−A∗txdt, x ∈ X. (3)

Âûáåðåì ïîëîæèòåëüíîå ÷èñëî Θf , êîòîðîå íå ïðåâûøàåò 1/λ0. Îáîçíà÷èì
R = δ

√
2a0Θf/‖N−1

f ( 1
Θf

)‖ (δ ∈ (0, 1)) è ðàññìîòðèì îáëàñòü Q1 = {x ∈ X :

‖x‖ ≤ R}. Îïðåäåëèì â îáëàñòè Q1 \ {0} ôóíêöèîíàë óïðàâëÿåìîñòè Θ(x) èç
óðàâíåíèÿ

2a0Θ =
(
N−1

f

(
1
Θ

)
x, x

)
, a0 > 0, (4)

èìåþùåãî åäèíñòâåííîå ïîëîæèòåëüíîå íåïðåðûâíî äèôôåðåíöèðóåìîå ðå-
øåíèå Θ(x), êîòîðîå, ïðè óñëîâèè Θ(0) = 0, ÿâëÿåòñÿ íåïðåðûâíûì ïðè x = 0.

Ðàññìîòðèì óïðàâëåíèå

uf (x) = −1
2
f(0)B∗N−1

f

(
1

Θ(x)

)
x, x ∈ Q1 \ {0}. (5)

Ýòî óïðàâëåíèå â êàæäîé îáëàñòè K(ρ1, ρ2) = {x : 0 < ρ1 ≤ ‖x‖ ≤ ρ2 < R}
óäîâëåòâîðÿåò óñëîâèþ Ëèïøèöà ñ ïîñòîÿííîé L(ε, ρ2) → +∞ ïðè ε → 0
(0 < ε < ρ2).

Äëÿ óðàâíåíèÿ (1) ñ îãðàíè÷åííûì îïåðàòîðîì A, â ñèëó åãî òî÷íîé
óïðàâëÿåìîñòè, íà îñíîâàíèè òåîðåìû 2 [4], ñóùåñòâóåò íåêîòîðîå öåëîå ÷èñ-
ëî m ≥ 0 òàêîå, ÷òî âûïîëíåíî ñîîòíîøåíèå

Span {BU, ABU, . . . , AmBU} = X. (6)

Ïóñòü m � íàèìåíüøåå ÷èñëî, äëÿ êîòîðîãî âûïîëíåíî ñîîòíîøåíèå (6).
Îáîçíà÷èì ÷åðåç Fm(A) êëàññ íåâîçðàñòàþùèõ íåîòðèöàòåëüíûõ íà ïîëó-
îñè [0, +∞) ôóíêöèé f , èìåþùèõ, ïî êðàéíåé ìåðå, (m+1) òî÷åê óáûâàíèÿ
è óäîâëåòâîðÿþùèõ óñëîâèþ (2).
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Â ðàáîòå [3] óñòàíîâëåíî, ÷òî ïðè âûáîðå â óðàâíåíèè (4) ÷èñëà a0 èç
óñëîâèÿ

0 < a0 ≤ af =
2lµ1d

2

f2(0)
, lµ1 > 0, (7)

êàæäàÿ ôóíêöèÿ f ∈ Fm(A) ïîðîæäàåò óïðàâëåíèå uf (x) âèäà (5), êîòîðîå
ðåøàåò çàäà÷ó ëîêàëüíîãî ñèíòåçà è óäîâëåòâîðÿåò îãðàíè÷åíèþ

‖uf (x)‖ ≤ d, x ∈ Qc = {x : Θ(x) ≤ cf} ⊂ intQ1. (8)

Ïðè ýòîì óñòàíîâëåíà íåïðåðûâíîñòü ôóíêöèîíàëà Ψf (x0) = Φt(x0, 0) äëÿ
ëþáîãî x0 ∈ Qc \ {0}, ãäå Φ(x0, t) = Θ(x(t)), x(t) � ðåøåíèå çàäà÷è Êîøè

dx

dt
= Ax + Buf (x), x(0) = x0 ∈ Qc \ {0};

ïîêàçàíî, ÷òî ôóíêöèîíàë Ψf (x) èìååò âèä

Ψf (x) =
Θ(x)

(
N̂f

(
1

Θ(x)

)
ϕ(x), ϕ(x)

)
(
Nf

(
1

Θ(x)

)
ϕ(x), ϕ(x)

)
+

(
Ñf

(
1

Θ(x)

)
ϕ(x), ϕ(x)

) , (9)

ãäå ϕ(x) = N−1
f

(
1

Θ(x)

)
x, îïåðàòîðû N̂f (λ), Ñf (λ) çàäàþòñÿ ñîîòíîøåíèÿìè

N̂f (λ)x =
∞∫
0

e−AtBB∗e−A∗txd(−f(λt)), Ñf (λ)x =
∞∫
0

te−AtBB∗e−A∗txd(−f(λt)),

è óäîâëåòâîðÿåò íåðàâåíñòâó

Ψf (x) ≤ −βf ïðè x ∈ Qc \ {0} (βf > 0). (10)

3. Îñíîâíîé ðåçóëüòàò
Ðàññìîòðèì ñëó÷àé, êîãäà îïåðàòîð A â óðàâíåíèè (1) ÿâëÿåòñÿ îãðàíè-

÷åííûì êîñîñàìîñîïðÿæåííûì, ò. å. (Ax1, x2) = −(x1, Ax2). Èçâåñòíî, ÷òî
âñÿêèé êîñîñàìîñîïðÿæåííûé îïåðàòîð A ïîðîæäàåò ñèëüíî íåïðåðûâíóþ
ãðóïïó óíèòàðíûõ îïåðàòîðîâ

{
eAt

}
−∞<t<∞ [6, ñòð. 247], [7, ñòð. 350]. Â ýòîì

ñëó÷àå îïåðàòîðû Nf (λ), N̂f (λ), Ñf (λ) îïðåäåëåíû íà âñåé ïîëîæèòåëüíîé
ïîëóîñè λ > 0, óðàâíåíèå (4) èìååò åäèíñòâåííîå ïîëîæèòåëüíîå ðåøåíèå
Θ(x) � ôóíêöèîíàë óïðàâëÿåìîñòè, îïðåäåëåííîå äëÿ âñåõ x ∈ X \ {0}, ïî-
ñêîëüêó ôóíêöèÿ G1(Θ) = 2a0Θ −

(
N−1

f

(
1
Θ

)
x, x

)
ìîíîòîííî âîçðàñòàåò íà

(0,+∞) è lim
Θ→+0

G1(Θ) = −∞, lim
Θ→+∞

G1(Θ) = +∞. Óïðàâëåíèå uf (x) âèäà (5)
è ôóíêöèîíàë Ψf (x) òàêæå îïðåäåëåíû äëÿ âñåõ x ∈ X \ {0}. Ýòî îçíà÷àåò,
÷òî Qc = Q1 = X.

Ïðèâåäåì óñëîâèÿ âûáîðà ôóíêöèè f è ÷èñëà a0, ïðè âûïîëíåíèè êîòîðûõ
óïðàâëåíèå uf (x) âèäà (5) ðåøàåò çàäà÷ó ãëîáàëüíîãî ñèíòåçà.
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Îáîçíà÷èì ÷åðåç F ′m(A) ïîäêëàññ âñåõ ôóíêöèé f(s) èç êëàññà ôóíêöèé
Fm(A), äëÿ êàæäîé èç êîòîðûõ ñóùåñòâóþò ÷èñëà Tf ≥ 0 è εf > 0 òàêèå, ÷òî
íà îòðåçêå [Tf , Tf + εf ] ôóíêöèÿ èìååò ïðîèçâîäíóþ f ′(s) < 0.

Äëÿ Θ ≥ cf âûáåðåì íàòóðàëüíîå ÷èñëî n = n(Θ) ∈ [Θ, Θ + 1]. Îòñþäà è
èç òîãî, ÷òî s/(s+1) ÿâëÿåòñÿ âîçðàñòàþùåé ôóíêöèåé, èìååì

εf ≥ Θ
n

εf ≥ Θ
Θ + 1

εf ≥
cf

cf + 1
εf . (11)

Èç òî÷íîé óïðàâëÿåìîñòè óðàâíåíèÿ (1) ñëåäóåò, ÷òî äëÿ ëþáîãî T0 > 0

îïåðàòîð NT0 , çàäàâàåìûé ñîîòíîøåíèåì NT0x =
T0∫
0

e−AtBB∗e−A∗txdt, x ∈ X,

ÿâëÿåòñÿ ïîëîæèòåëüíî îïðåäåëåííûì [8], ò. å.

(NT0x, x) ≥ δ(T0)‖x‖2, δ(T0) > 0. (12)

Ïîñêîëüêó ïîëîæèòåëüíàÿ ôóíêöèÿ δ(T0) ìîæåò áûòü âûáðàíà ìîíîòîííî
íåóáûâàþùåé ôóíêöèåé íà îòðåçêå

[
cf

cf+1εf , εf

]
, òî, ïðè óêàçàííîì âûáîðå

÷èñëà n, äëÿ ëþáîãî Θ ≥ cf èç (11) èìååì íåðàâåíñòâà

δ

(
εfΘ
n

)
≥ δ

(
εfcf

cf + 1

)
≡ δf ,

n

Θ
≥ 1. (13)

Ïóñòü ÷èñëî ε > 0 òàêîå, ÷òî äëÿ ôóíêöèè f ∈ F ′m(A) âûïîëíåíî óñëîâèå
f(ε) > 0. Îáîçíà÷èì

a′f =
2δff(ε)d2

f2(0)‖B‖2
. (14)

Òåîðåìà. Ïðåäïîëîæèì, ÷òî óðàâíåíèå (1), ãäå X, U � ãèëüáåðòîâû
ïðîñòðàíñòâà, A ∈ [X,X], B ∈ [U,X], Ω = {u ∈ U : ‖u‖ ≤ d} (d > 0 � ëþáîå
çàäàííîå ÷èñëî), ÿâëÿåòñÿ òî÷íî 0-óïðàâëÿåìûì. Ïóñòü îïåðàòîð A ÿâëÿ-
åòñÿ êîñîñàìîñîïðÿæåííûì, ôóíêöèÿ f ∈ F ′m(A), ÷èñëî a0 óäîâëåòâîðÿåò
óñëîâèþ

0 < a0 ≤ â′f = min{af , a′f}, (15)
ôóíêöèîíàë Θ(x) ïðè x 6= 0 ÿâëÿåòñÿ ïîëîæèòåëüíûì ðåøåíèåì óðàâíåíèÿ
(4) è Θ(0) = 0.

Òîãäà óïðàâëåíèå uf (x) âèäà (5) ðåøàåò çàäà÷ó ãëîáàëüíîãî ñèíòåçà, ïðè-
÷åì T (x0) ≤ Θ(x0)/β̂′f (β̂′f > 0).

Äîêàçàòåëüñòâî. Â ñèëó ïðåäïîëîæåíèé òåîðåìû, ñîãëàñíî ðàáîòå [3],
êàæäàÿ ôóíêöèÿ f ∈ F ′m(A) ⊂ Fm(A) ïîðîæäàåò óïðàâëåíèå âèäà (5), êî-
òîðîå ðåøàåò çàäà÷ó äîïóñòèìîãî ëîêàëüíîãî ñèíòåçà â îáëàñòè Qc è, ïðè
âûáîðå ÷èñëà a0 èç óñëîâèÿ (7), óäîâëåòâîðÿåò îãðàíè÷åíèþ (8). Ïîêàæåì,
÷òî ÷èñëî a0 > 0 (4) ìîæåò áûòü âûáðàíî òàêèì, ÷òî ýòî óïðàâëåíèå ðåøàåò
çàäà÷ó ãëîáàëüíîãî äîïóñòèìîãî ñèíòåçà.
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Óñòàíîâèì ïðè íåêîòîðûõ α > 0 è β > 0 íåðàâåíñòâî

Ψf (x) ≤ −βΘ1− 1
α (x) (16)

â ãëîáàëüíîì ñìûñëå, ò. å. äëÿ âñåõ x ∈ X \ {0}. Â ðàáîòå [3] ïîêàçàíî, ÷òî
ôóíêöèîíàë Ψf (x) óäîâëåòâîðÿåò íåðàâåíñòâó (10) â îáëàñòè Qc \ {0}. Ïóñòü
Θ = Θ(x) ≥ cf . Èìååì

1
Θ

(
Ñf

(
1
Θ

)
ϕ,ϕ

)
=

∞∫

0

t

Θ
‖B∗e−A∗tϕ‖2d

(
−f

(
t

Θ

))
≤

≤ ‖B∗‖2‖ϕ‖2

∞∫

0

t

Θ
d

(
−f

(
t

Θ

))
= If‖B‖2‖ϕ‖2, (17)

1
Θ

(
Nf

(
1
Θ

)
ϕ, ϕ

)
=

1
Θ

∞∫

0

f

(
t

Θ

)
‖B∗e−A∗tϕ‖2dt ≤

≤ ‖B∗‖2‖ϕ‖2

∞∫

0

f(τ)dτ = If‖B‖2‖ϕ‖2, (18)

ãäå If =
∞∫
0

f(τ)dτ < ∞ � ïîëîæèòåëüíàÿ ïîñòîÿííàÿ. Ïîëó÷èì îöåíêó

ñíèçó äëÿ
(
N̂f

(
1
Θ

)
ϕ,ϕ

)
. Äëÿ âûáðàííîé ôóíêöèè f ∈ F ′m(A) îïðåäåëèì

ïîñòîÿííóþ f ′min = min
s∈[Tf ,Tf+εf ]

(−f ′(s)) > 0. Òîãäà äëÿ ëþáîãî Θ ≥ cf èìååì

(
N̂f

(
1
Θ

)
ϕ,ϕ

)
=

∞∫

0

‖B∗e−A∗tϕ‖2d

(
−f

(
t

Θ

))
≥

≥
(Tf+εf )Θ∫

TfΘ

‖B∗e−A∗tϕ‖2

(
−f ′

(
t

Θ

))
dt

Θ
≥ f ′min

εfΘ∫

0

‖B∗e−A∗(t+TfΘ)ϕ‖2 dt

Θ
.

(19)
Â ñèëó íåðàâåíñòâ (11), (12) è óíèòàðíîñòè ãðóïïû

{
e−A∗t}

−∞<t<∞ , èç (19)
ïîëó÷àåì

(
N̂f

(
1
Θ

)
ϕ,ϕ

)
≥ f ′min

n−1∑

k=0

(k+1)Θεf /n∫

kΘεf /n

‖B∗e−A∗(t+TfΘ)ϕ‖2 1
Θ

dt =

= f ′min

n−1∑

k=0

Θεf /n∫

0

‖B∗e−A∗(t+TfΘ+kΘεf /n)ϕ‖2 1
Θ

dt =
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= f ′min

n−1∑

k=0

(
N εfΘ

n

e−A∗(Tf+kεf /n)Θϕ, e−A∗(Tf+kεf /n)Θϕ

)
1
Θ
≥

≥ f ′minδ

(
εfΘ
n

) n−1∑

k=0

‖e−A∗(Tf+kεf /n)Θϕ‖2 1
Θ
≥ f ′minδ

(
εfΘ
n

)
n

Θ
‖ϕ‖2. (20)

Â ñèëó íåðàâåíñòâà (13), èç (20) ïîëó÷àåì
(

N̂f

(
1
Θ

)
ϕ,ϕ

)
≥ f ′minδf‖ϕ‖2, Θ ≥ cf . (21)

Ïîýòîìó, íà îñíîâàíèè (17)�(21), äëÿ ôóíêöèîíàëà Ψf (x) èìååì íåðàâåíñòâî

Ψf (x) ≤ −β′f , x ∈ {x : Θ(x) ≥ cf}, (22)

ãäå ÷èñëî β′f = δff ′min/(2If‖B‖2) > 0. Ñëåäîâàòåëüíî, ñîãëàñíî (10) è (22),
îêîí÷àòåëüíî ïîëó÷àåì, ÷òî ôóíêöèîíàë Ψf (x) óäîâëåòâîðÿåò íåðàâåíñòâó

Ψf (x) ≤ −β̂′f , x ∈ X \ {0},

ãäå β̂′f = min
{

βf , β′f
}

.

Òàêèì îáðàçîì, äëÿ ôóíêöèîíàëà Ψf (x) íåðàâåíñòâî (16) ïðè α = 1 è
β = β̂′f óñòàíîâëåíî â ãëîáàëüíîì ñìûñëå.

Óñòàíîâèì, ÷òî ïðè âûáîðå ÷èñëà a0 èç óñëîâèÿ 0 < a0 ≤ a′f óïðàâëåíèå (5)
óäîâëåòâîðÿåò îãðàíè÷åíèÿì ‖uf (x)‖ ≤ d ïðè x ∈ {x ∈ X : Θ(x) ≥ cf}. Ïîëó-
÷èì îöåíêó ñíèçó äëÿ 1

Θ

(
Nf

(
1
Θ

)
ϕ,ϕ

)
ïðè Θ ≥ cf . Ïîñêîëüêó äëÿ ôóíêöèè

f ∈ F ′m(A) âûïîëíåíî óñëîâèå f(ε) > 0, òî èìååì

1
Θ

(
Nf

(
1
Θ

)
ϕ,ϕ

)
≥ 1

Θ

εΘ∫

0

f

(
t

Θ

)
‖B∗e−A∗tϕ‖2dt ≥ f(ε)

1
Θ

εΘ∫

0

‖B∗e−A∗tϕ‖2dt,

îòêóäà, êàê è äëÿ (19)�(21), ïîëó÷àåì

1
Θ

(
Nf

(
1
Θ

)
ϕ, ϕ

)
≥ f(ε)δf‖ϕ‖2, Θ ≥ cf . (23)

Èñïîëüçóÿ ðàâåíñòâî (4) è íåðàâåíñòâî (23), èìååì

‖uf (x)‖2 =
1
4
f2(0)‖B∗ϕ‖2 =

1
2
f2(0)a0

‖B∗ϕ‖2

1
Θ(x)

(
Nf

(
1

Θ(x)

)
ϕ, ϕ

) ≤

≤ f2(0)‖B∗‖2‖ϕ‖2

2f(ε)δf‖ϕ‖2
a0 =

f2(0)‖B‖2

2δff(ε)
a0. (24)
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Âûáåðåì ÷èñëî a0 èç óñëîâèÿ 0 < a0 ≤ a′f , ãäå a′f îïðåäåëåíî ðàâåí-
ñòâîì (14). Òîãäà èç (24) ïîëó÷àåì

‖uf (x)‖ ≤ d äëÿ âñåõ x ∈ {x ∈ X : Θ(x) ≥ cf}. (25)

Òàêèì îáðàçîì, íà îñíîâàíèè (8) è (25), ïîëó÷àåì, ÷òî ïðè âûáîðå ÷èñëà
a0 èç óñëîâèÿ (15) óïðàâëåíèå uf (x) óäîâëåòâîðÿåò çàäàííûì îãðàíè÷åíèÿì

‖uf (x)‖ ≤ d äëÿ âñåõ x ∈ X.

Òîãäà ïî òåîðåìå 1 [1, 2] ñëåäóåò óòâåðæäåíèå äàííîé òåîðåìû. 2
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