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Êëþ÷åâûå ñëîâà: ïîëîæèòåëüíûé îïåðàòîð ïîäñòàíîâêè ñ âåñîì; äèôôóçíûé îïåðàòîð;
òåîðåìà Äàóãàâåòà.
Â ñòàòüå ñôîðìóëèðîâàíî ñëåäóþùàÿ òåîðåìà. Ïóñòü Lp = Lp(Ω, Σ, µ), p ∈ [1,∞], áàíà-
õîâî ïðîñòðàíñòâî íà ñåïàðàáåëüíîì ïðîñòðàíñòâå ñ áåçàòîìíîé ìåðîé. Òîãäà äëÿ ëþáî-
ãî ïîëîæèòåëüíîãî îïåðàòîðà ïîäñòàíîâêè ñ âåñîì S : Lp → Lp êàíîíè÷åñêèé ïðîåêòîð
RS : M(Lp) → M(Lp), ïîðîæäåííûé ïîëîñîé RS := {S}dd, èìååò åäèíè÷íóþ íîðìó. Èç
òåîðåìû ñðàçó ñëåäóåò ñëåäóþùåå óòâåðæäåíèå. Åñëè îïåðàòîð K ∈ M(Lp) èìååò ìàæî-
ðàíòó V , äèçúþíêòíóþ ñ S (íàïðèìåð, K � èíòåãðàëüíûé îïåðàòîð), òî ||S + K|| > ||S||.
Ýòî óòâåðæäåíèå çíà÷èòåëüíî óñèëèâàåò ìíîãî÷èñëåííûå îáîáùåíèÿ èçâåñòíîé òåîðåìû
È.Ê. Äàóãàâåòà. Íàèáîëåå èíòåðåñíûå ïðèìåíåíèÿ àíîíñèðîâàííàÿ çäåñü òåîðåìà ìîæåò
èìåòü â ñïåêòðàëüíîé òåîðèè îïåðàòîðíûõ àëãåáð ìàæîðèðîâàíûõ îïåðàòîðîâ, ïîðîæäåí-
íûõ ðåøåòî÷íûìè ãîìîìîðôèçìàìè.

Îäíîé èç ïåðâûõ ïóáëèêàöèé ïî ïðîáëåìàòèêå ÿâëÿåòñÿ ðàáîòà [1], âûçâàâøàÿ ñåðèþ èññëå-
äîâàíèé [2�5]. Ê ðåçóëüòàòàì ïîäîáíîãî òèïà îòíîñèòñÿ òåîðåìà Õàëìîøà-Ñàíäåðà ([6], òåîðåìà

447



Âåñòíèê ÒÃÓ, ò. 15, âûï. 1, 2010

8.6) î ðàññòîÿíèè ìåæäó îïåðàòîðîì óìíîæåíèÿ è èíòåãðàëüíûì îïåðàòîðîì, äåéñòâóþùèìè â
L2[0, 1], èç êîòîðîé, êñòàòè ãîâîðÿ, ñëåäóåò òåîðåìà Äèêñìüå î íåèíòåãðàëüíîñòè òîæäåñòâåííîãî
îïåðàòîðà [7] (ñì. òàêæå [6, ñ. 150]). Ïîñëåäíèå èññëåäîâàíèÿ ïî ýòîé òåìàòèêå, íàñêîëüêî íàì
èçâåñòíî, ïðèíàäëåæàò Øàìàåâó [8].

Îáîçíà÷èì ÷åðåç B(Lp) ïðîñòðàíñòâî ëèíåéíûõ íåïðåðûâíûõ îïåðàòîðîâ, äåéñòâóþùèõ â Lp.
Ëèíåéíîå ïðîñòðàíñòâî âñåõ ìàæîðèðóåìûõ îïåðàòîðîâ, äåéñòâóþùèõ â Lp, îáîçíà÷àåòñÿ êàê
M(Lp). Îáîçíà÷èì ÷åðåç L(Lp) ëèíåéíîå ïðîñòðàíñòâî ðåãóëÿðíûõ îïåðàòîðîâ, à ÷åðåç L+(Lp)
îáîçíà÷èì ïîëîæèòåëüíûå îïåðàòîðû. Íåîáõîäèìûå ñâåäåíèÿ èç òåîðèè ïîëóóïîðÿäî÷åííûõ ïðî-
ñòðàíñòâ è ðåãóëÿðíûõ îïåðàòîðîâ èìåþòñÿ â ãëàâå X ìîíîãðàôèè [9]. Íèæå ìû ïîëüçóåìñÿ
îïðåäåëåíèåì ñåïàðàáåëüíîãî ïðîñòðàíñòâà, êîòîðîå âçÿòî èç êíèãè ([10, ñ. 136]).

Ò å î ð å ì à. Ïóñòü S � ïîëîæèòåëüíûé îïåðàòîð ïîäñòàíîâêè ñ âåñîì. Òîãäà ïðè âñåõ
p ∈ [1,∞] B(Lp)−íîðìà êàíîíè÷åñêîãî ïðîåêòîðà

{S}dd : M(Lp) →M(Lp)

ðàâíà åäèíèöå.
Äîêàæåì ïðåäâàðèòåëüíî äâå ëåììû.
Ë å ì ì à 1. Ïóñòü

S = (o)
∞∑

i=1

Si, (1)

ãäå Si ∈ L+(Lp) äëÿ âñåõ i. Òîãäà äëÿ êàæäîãî ÷èñëà ε = k−1 > 0 íàéäóòñÿ öåëîå ÷èñëî mk è
èçìåðèìûå ìíîæåñòâà Ak è Bk òàêèå, ÷òî

max{µ(Ω \Ak)} < k−1 è ||χAk

∑

i>mk

SiχBk
||B(Lp) < k−1.

Ä î ê à ç à ò å ë ü ñ ò â î. Ðàññìîòðèì îïåðàòîð Si : Lp → Lp è äóàëüíûé ê íåìó îïåðàòîð
S
′
i : Lp, → Lp, . Ïî òåîðåìå íàéäåòñÿ èçìåðèìîå ìíîæåñòâî C òàêîå, ÷òî µ(Ω \ C) < 2−1k−1, à

îïåðàòîðû χCSi è χCS
′
i äåéñòâóþò â ïðîñòðàíñòâå L∞. Ââèäó ïîëîæèòåëüíîñòè ýòè îïåðàòîðû

îãðàíè÷åíû:
||χCSi||B(L∞) < ∞ è ||χCS

′
i ||B(L∞) = ||SiχC ||B(L1) < ∞.

Òàê êàê 0 6 χCSiχC 6 χCSi ∧ SiχCSi, òî îïåðàòîð SiχC = χCSi ∧ SiχCSi äåéñòâóåò â êàæäîì èç
ïðîñòðàíñòâ L∞ è L1. Èç ïðåäñòàâëåíèÿ (1) ñëåäóåò

m∑

i=1

(χCSi ∧ SiχC1)(ω) −→
m→∞ (Si1)(ω) ï.â.,

îòêóäà ∑

i>m

(χCSi ∧ SiχC1)(ω) −→
m→∞ 0 ï.â..

Ñîãëàñíî òåîðåìå Åãîðîâà ([9, ñ. 58]) íàéäóòñÿ èçìåðèìîå ìíîæåñòâî Dk è öåëîå ÷èñëî nk òàêèå,
÷òî µ(Ω \Dk) < 2−1k−1 è

||χDk∩C [
∑

i>m

SiχC ]||B(L∞) = ||
∑

i>m

χDk∩CSiχC1||L∞ < k−1 (2)

ïðè âñåõ m > nk.
Çàìåíÿÿ â ýòîì ðàññóæäåíèè îïåðàòîð SiχC îïåðàòîðîì S

′
iχC , íàéäåì èçìåðèìîå ìíîæåñòâî

Ek è öåëîå ÷èñëî lk òàêèå, ÷òî µ(Ω \ Ek) < 2−1k−1 è

||χC [
∑

i>m

SiχC∩Ek
]||B(L1) = ||χEk∩C [

∑

i>m

S
′
iχC ]||B(L∞) < k−1 (3)
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ïðè âñåõ m > lk.
Ïîëàãàåì Ak = Dk ∩ C, Bk = Ek ∩ C è mk = max{lk, nk}. Ïî ïîñòðîåíèþ

µ(Ω \Ak) = µ((Ω \Dk) ∪ µ(Ω \ Ck)) 6 µ(Ω \Dk) + µ(Ω \ Ck) <
1
2k

+
1
2k

=
1
k

è, àíàëîãè÷íî,
µ(Ω \Bk) <

1
k
.

Èç íåðàâåíñòâà ∑

i>m

χAk
SiχBk

6 (
∑

i>m

χAk
SiχC) ∧ (

∑

i>m

χCSiχBk
),

ó÷èòûâàÿ (2) è (3), ïîëó÷àåì, ÷òî

||χAk
[
∑

i>m

Si]χBk
]||B(Lr) 6 min{||χAk

[
∑

i>m

Si]χC ]||B(Lr), ||χC [
∑

i>m

Si]χBk
]||B(Lr)} <

1
k

ïðè r ∈ [1,∞]. Îòñþäà ââèäó èíòåðïîëÿöèîííîé òåîðåìû Ì. Ðèññà-Òîðèíà ([11, ñ. 37]) ñëåäóåò,
÷òî íåðàâåíñòâî

||χAk
(
∑

i>mk

Si)χBk
||B(Lr) < k−1

âåðíî ïðè âñåõ r ∈ [1,∞] (è, â ÷àñòíîñòè, ïðè r = p).
Ë å ì ì à 2. Ïóñòü {Si}∞i=1 � ñåìåéñòâî ïîïàðíî äèçúþíêòíûõ ïîëîæèòåëüíûõ d-ãîìîìîð-

ôèçìîâ ðåøåòêè Lp. Òîãäà íàéäóòñÿ ñåìåéñòâî áîðåëåâñêèõ ôóíêöèé ai : Ω → R+ è ñåìåéñòâî
áîðåëåâñêèõ îòîáðàæåíèé αi : Ω → Ω òàêèå, ÷òî 1) ïðè âñåõ i îïåðàòîð Si èìååò ïðåäñòàâëåíèå

(Sih)(ω) = ai(ω)h(αi(ω)), h ∈ Lp;

2) αi(ω) 6= αj(ω) ïðè i 6= j äëÿ âñåõ ω ∈ Ω.
Ä î ê à ç à ò å ë ü ñ ò â î. Ïîëîæèòåëüíûé d-ãîìîìîðôèçì Si äîïóñêàåò ïðåäñòàâëåíèå

(Sih)(ω) = ai(ω)h(γi(ω)), h ∈ Lp,

ãäå ai : Ω → R+, γi : Ω → Ω � áîðåëåâñêèå îòîáðàæåíèÿ, ïðè÷åì â ñèëó ïîðÿäêîâîé íåïðåðûâ-
íîñòè îïåðàòîðà Si âûïîëíåíî óñëîâèå ñîãëàñîâàíèÿ: åñëè A ∈ Σ µA = 0, òî µ((γ−1A) ∩ {ai(ω) 6=
6= 0}) = 0.

Îáîçíà÷èì Ai = {ai(ω) 6= 0}. Èç ñîîòíîøåíèÿ Si ∧Sj = 0 ïî òåîðåìå î ïðåäñòàâëåíèè ñëåäóåò
óñëîâèå äèçúþíêòíîñòè

µ{ω ∈ Ai ∩Aj : γj(ω) = γi(ω)} = 0.

Âûáåðåì ñ÷åòíûé íàáîð {ωi}∞i=1 ïîïàðíî ðàçëè÷íûõ òî÷åê èç Ω è îïðåäåëèì áîðåëåâñêèå
îòîáðàæåíèÿ ðàâåíñòâîì

βi(ω) =
{

γj(ω), ω ∈ Ai,
ωi, ω /∈ Ai (i = 1, . . . ).

Èç óñëîâèé ñîãëàñîâàíèÿ è äèçúþíêòíîñòè ñëåäóåò, ÷òî βi(ω) 6= βj(ω) ï.â. ïðè i 6= j . Òàêèì
îáðàçîì, ìíîæåñòâî A =

⋃
i6=j

{ω ∈ Ω : βi(ω) 6= βj(ω)} èìååò ìåðó íóëü. Çàêëþ÷åíèþ ïðåäëîæåíèÿ

óäîâëåòâîðÿåò ñåìåéñòâî áîðåëåâñêèõ îòîáðàæåíèé

αi(ω) =
{

βi(ω), ω ∈ Ω \A,
ωi, ω /∈ A (i = 1, . . . ).
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Ä î ê à ç à ò å ë ü ñ ò â î ò å î ð å ì û. Ïóñòü R ∈M(Lp). Ïðåäñòàâèì ìàæîðàíòó |R| ∈ L+(Lp)
â âèäå

|R| = (o)
∞∑

i=0

Si + V,

ãäå V � äèôôóçíûé îïåðàòîð [12], à ïðè âñåõ i = 0, 1, . . . îïåðàòîð Si åñòü ïîëîæèòåëüíûé
d-ãîìîìîðôèçì. Áóäåì ïðåäïîëàãàòü, ÷òî

S0 ∈ {S}dd è Si ∈ {S}dd ïðè âñåõ i > 1, ïðè÷åì Si ∧ Sj , åñëè i 6= j.
Ââèäó ðàçëîæèìîñòè àáñòðàêòíîé íîðìû | · | ñóùåñòâóþò îïåðàòîðû Pi ∈M(Lp)(i = 0, 1, . . . ),

Q ∈M(Lp) òàêèå, ÷òî

R =
∞∑

i=0

Pi + Q,

ãäå |Pi| = |Si| è |Q| = V . Ñîãëàñíî îïðåäåëåíèþ êàíîíè÷åñêîãî ïðîåêòîðà

{S}ddR = P0.

Â òåîðåìå óòâåðæäàåòñÿ, ÷òî
||P0|| > ||R||. (4)

Äîêàæåì ýòî íåðàâåíñòâî. Â ñèëó ëåììû 2 áåç îãðàíè÷åíèÿ îáùíîñòè ìîæíî ïðåäïîëàãàòü, ÷òî
ïðè êàæäîì i = 0, 1, . . . îïåðàòîð Si èìååò ïðåäñòàâëåíèå

(Sih)(ω) = ai(ω)h(αi(ω)), h ∈ Lp,

ïðè÷åì áîðåëåâñêèå îòîáðàæåíèÿ αi : Ω → Ω ìîæíî âûáðàòü òàê, ÷òîáû âûïîëíÿëîñü óñëîâèå
äèçúþíêòíîñòè:

αi(ω) 6= αj(ω) ïðè i 6= j äëÿ âñåõ ω ∈ Ω. (5)

Çàôèêñèðóåì íåêîòîðîå öåëîå ÷èñëî k > 1 è íàéäåì öåëîå ÷èñëî mk, êîìïàêò Ak è èçìåðèìîå
ìíîæåñòâî Bk òàêèå, ÷òî ñóæåíèå αi : Ak → Ω íåïðåðûâíî ïðè âñåõ i = 0, 1 . . . è

max{µ(Ω \Ak), µ(Ω \Bk)} < k−1, (6)

||χAk
[(o)

∑

i>mk

Si]χBk
|| < k−1. (7)

Ñóùåñòâîâàíèå òàêèõ mk, Ak è Bk ñëåäóåò èç ëåììû 1 è òåîðåìû Ëóçèíà ([9, ñ. 62]). Êðîìå òîãî
òàê êàê îïåðàòîð V äèôôóçíûé, òî ñîãëàñíî òåîðåìå ïðè âûáîðå êîìïàêòà Ak ìîæíî ó÷åñòü
äîïîëíèòåëüíî ñëåäóþùåå óñëîâèå:

åñëè Cn ∈ Σ è Cn −→
n→∞ 0, òî ||χAk

V χBk
|| −→

n→∞ 0.

Ðàññìîòðèì îïåðàòîðíóþ ïîñëåäîâàòåëüíîñòü

χAk

(
mk∑

i=0

Pi + Q

)
χBk

, k = 1, 2, . . . .

Ïî ïîñòðîåíèþ

||χAk
RχBk

−Rk|| 6 |||χAk
RχBk

−Rk||| 6 ||χAk
[(o)

∑

i>mk

Si]χBk
|| < k−1 . (8)

450



Âåñòíèê ÒÃÓ, ò. 15, âûï. 1, 2010

Îáîçíà÷èì P0k = χAk
RχBk

. Ïîêàæåì, ÷òî

||P0k|| 6 ||Rk|| (k = 1, 2, . . . ). (9)

Ââèäó òåîðåìû Õàëìîøà-Íåéìàíà-Ðîõëèíà î ìåòðè÷åñêîì èçîìîðôèçìå ñòàíäàðòíûõ ïðî-
ñòðàíñòâ ñ íåàòîìàðíîé ìåðîé [10, Ãëàâà 3, �1, ïðèìå÷àíèÿ ê ãëàâå 3] áåç îãðàíè÷åíèÿ îáùíîñòè
áóäåì ïðåäïîëàãàòü, ÷òî (Ω, Σ, µ) � îòðåçîê [0, 1] cî ñòàíäàðòíûìè σ-àëãåáðîé è ìåðîé Ëåáåãà.
×åðåç B îáîçíà÷èì çàìêíóòûé åäèíè÷íûé øàð ïðîñòðàíñòâà Lp.

Ïîëîæèì n = 0, Ωn = [0, 1]. Ðàçîáúåì îòðåçîê Ωn íà îòðåçêè Ω1
n è Ω2

n ðàâíîé äëèíû. Òàê êàê
îïåðàòîð P0k ñîõðàíÿåò äèçúþíêòíîñòü, òî

|P0kχΩ1
n
f | ∧ |P0kχΩ2

n
f | = 0

äëÿ âñåõ f ∈ Lp. Ñëåäîâàòåëüíî,

||P0kf ||p = ||P0kχΩ1
n
f ||p + ||P0kχΩ2

n
f ||p 6 (max

j=1,2
||P0kχΩj

n
||p)||f ||p .

Îòñþäà
||P0k|| 6 max

j=1,2
||P0kχΩj

n
|| .

Îáðàòíîå íåðàâåíñòâî î÷åâèäíî, ïîýòîìó

||P0k|| = max
j=1,2

||P0kχΩj
n
|| .

Èç ìíîæåñòâ Ωj
n, j = 1, 2 âûáåðåì ìíîæåñòâî Ωn+1 òàê, ÷òîáû

||P0k|| = ||P0kχΩn+1 || .

Çàòåì íàéäåì ýëåìåíò fn+1 = χΩn+1f ∈ B, óäîâëåòâîðÿþùèé íåðàâåíñòâó

||P0kfn+1|| > (1− 2−(n+1))||P0k|| .

Ïîëàãàÿ íîìåð n + 1 è ïðîäîëæàÿ ïîñòðîåíèå, ïîëó÷èì óáûâàþùóþ ïîñëåäîâàòåëüíîñòü
Ω1 ⊃ · · · ⊃ Ωn ⊃ . . . çàìêíóòûõ îòðåçêîâ, à òàêæå ïîñëåäîâàòåëüíîñòü f1 = χΩ0f1, . . . , fn =
= χΩnfn, . . . ýëåìåíòîâ øàðà B, äëÿ êîòîðîé

||P0kfn|| −→
n→∞ ||P0k|| .

Êðîìå ýòîãî, ïî ïîñòðîåíèþ
Ωn = 2−n −→

n→∞ 0.

ßñíî, ÷òî ïåðåñå÷åíèå ∩∞n=0Ωn ñîñòîèò èç åäèíñòâåííîé òî÷êè. Îáîçíà÷èì ýòó òî÷êó ÷åðåç ω0.
Ïðè êàæäîì i = 0, . . . , mk îòîáðàæåíèå αi : Ak → Ω íåïðåðûâíî. Ïîýòîìó èç (2) ñëåäóåò,

÷òî äëÿ íåêîòîðîé îòêðûòîé îêðåñòíîñòè U0 òî÷êè ω0 ìíîæåñòâà (α−1
0 U0) ∩Ak, . . . , (α−1

mk
U0) ∩Ak

ïîïàðíî äèçúþíêòíû. Ôèêñèðóÿ U0, íàéäåì òàêîå öåëîå ÷èñëî N , ÷òî Ωn ⊂ U0 ïðè âñåõ n > N .
Ïðè ýòèõ çíà÷åíèÿõ n

|[χAk
PiχBk

]fn| 6 ([χAk
SiχBk∩Ωn+1 ]|fn|)(ω) = χAk∩α−1

i (Bk∩Ωn+1)
|ai(ω)||fn(αi(ω))|.

äëÿ âñåõ i = 0, . . . , mk è äëÿ ï.â. ω ∈ Ω.
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Òåïåðü ñòàíîâèòñÿ î÷åâèäíûì, ÷òî ïðè n > N ôóíêöèè â íàáîðå {χAk
PiχBk

fn}mk
i=0 ïîïàðíî

äèçúþíêòíû. Îòñþäà

||P0kfn|| = ||χAk
P0χBk

fn|| 6 ||χAk

mk∑

i=0

PiχBk
fn|| .

Äàëåå, â ñèëó (5) è (8)

||χAk
QχBk

fn|| 6 ||χAk
V χBk

|fn||| 6 ||χAk
V χBk∩Ωn+1 || −→n→∞ 0 .

Òàêèì îáðàçîì,

||P0k|| 6 lim
−→

n→∞0
||P0kfn|| 6 lim

−→
n→∞0

||χAk

mk∑

i=0

PiχBk
fn|| 6

6 lim
−→

n→∞0
||[Rk − χAk

QχBk
]fn|| 6 ||Rk||+ lim

−→
n→∞0

||χAk
V χBk∩Ωn+1 || = ||Rk||.

Íåðàâåíñòâî (9) äîêàçàíî.
Èç (8) è (9) ñëåäóåò

||χAk
P0χBk

|| 6 ||χAk
RχBk

||+ k−1 .

Ýòî íåðàâåíñòâî ñïðàâåäëèâî äëÿ âñåõ k = 1, 2, . . . . Òàê êàê íîðìà Lp ïîðÿäêîâà íåïðåðûâíà
ïðè p ∈ [1,∞), òî èç (3) ñëåäóåò, ÷òî îïåðàòîðíàÿ ïîñëåäîâàòåëüíîñòü

χAk

(
mk∑

i=0

Pi + Q

)
χBk

, k = 1, 2, . . . .

ñõîäèòñÿ íà êàæäîì ýëåìåíòå f ∈ Lp. Îòñþäà â ñèëó íåðàâåíñòâà (9)

||P0|| 6 lim −→
n→∞

||χAk
P0|| .
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Ïîñòóïèëà â ðåäàêöèþ 5 îêòÿáðÿ 2009 ã.

Simonov P. M., Chistyakov A. V. To the Daugavet's theorem. In article it is formulated the following
theorem. Let Lp = Lp(Ω, Σ, µ), p ∈ [1,∞], is a Banach space on separable space with a nonatomic measure.
Then for any positive operator of substitution with weight S : Lp → Lp an initial projector RS : M(Lp) →
→ M(Lp), generated by a strip RS := [S]dd, has individual norm. From the theorem the following statement
at once follows. If the operator K ∈ M(Lp) has a majorant V , disjoint with S (for example, K is integrated
operator), ||S + K|| > ||S||. This statement considerably strengthens numerous generalisations of the known
theorem of I. K. Daugavet. The most interesting applications the theorem announced here can have in the
spectral theory of operational algebras majorizing the operators generated lattice homomorphism.

Key words: positive operator of substitution with weight; di�use operator; Daugavet's theorem.

ÓÄÊ 517.95

ÐÀÂÍÎÑÒÅÏÅÍÍÀß ÊÂÀÇÈÍÈËÜÏÎÒÅÍÒÍÎÑÒÜ: ÎÏÐÅÄÅËÅÍÈß,
ÏÐÈÇÍÀÊÈ, ÏÐÈÌÅÐÛ ÏÐÈÌÅÍÅÍÈß

c© Â.È. Ñóìèí

Êëþ÷åâûå ñëîâà: ðàâíîñòåïåííî êâàçèíèëüïîòåíòíîå ñåìåéñòâî îïåðàòîðîâ; âîëüòåððîâà
öåïî÷êà îïåðàòîðà; òåîðåìà îá ýêâèâàëåíòíîé íîðìå; óïðàâëÿåìîå âîëüòåððîâî ôóíêöèî-
íàëüíî-îïåðàòîðíîå óðàâíåíèå; óñëîâèÿ ñîõðàíåíèÿ ãëîáàëüíîé ðàçðåøèìîñòè.
Ââîäÿòñÿ ïîíÿòèÿ ðàâíîñòåïåííî êâàçèíèëüïîòåíòíîãî è ñóïåððàâíîñòåïåííî êâàçèíèëü-
ïîòåíòíîãî ñåìåéñòâà îïåðàòîðîâ. Ôîðìóëèðóþòñÿ ñîîòâåòñòâóþùèå ïðèçíàêè äëÿ ñëó÷àÿ
ôóíêöèîíàëüíûõ îïåðàòîðîâ. Îáñóæäàþòñÿ ïðèìåíåíèÿ ââåäåííûõ ïîíÿòèé è ñôîðìóëè-
ðîâàííûõ ïðèçíàêîâ â òåîðèè óïðàâëÿåìûõ ôóíêöèîíàëüíî-îïåðàòîðíûõ óðàâíåíèé.

Ïðèìåì ñëåäóþùèå îáîçíà÷åíèÿ:
Π ⊂ Rn � ôèêñèðîâàííîå èçìåðèìîå ïî Ëåáåãó, îãðàíè÷åííîå ìíîæåñòâî, èãðàþùåå ðîëü

îñíîâíîãî ìíîæåñòâà èçìåíåíèÿ íåçàâèñèìûõ ïåðåìåííûõ t = col{t1, . . . , tn};
Σ = Σ(Π) � σ-àëãåáðà èçìåðèìûõ ïîäìíîæåñòâ Π;
T � íåêîòîðàÿ ÷àñòü Σ;
E = E(Π) � íåêîòîðîå áàíàõîâî èäåàëüíîå ïðîñòðàíñòâî (ÁÈÏ) èçìåðèìûõ âåùåñòâåííûõ

ôóíêöèé, îïðåäåëåííûõ íà Π 1;
Em ≡ E × . . .×E︸ ︷︷ ︸

m
, ‖.‖Em− ñòàíäàðòíàÿ íîðìà ïðÿìîãî ïðîèçâåäåíèÿ;

1Íîðìèðîâàííîå ïðîñòðàíñòâî E = E(Π) èçìåðèìûõ íà Π ôóíêöèé íàçûâàåòñÿ èäåàëüíûì, åñëè ëþáàÿ èçìåðè-
ìàÿ íà Π ôóíêöèÿ x, íå ïðåâîñõîäÿùàÿ ïî ìîäóëþ íåêîòîðîé ôóíêöèè y ∈ E, ïðèíàäëåæèò E, ïðè÷åì ‖x‖ 6 ‖y‖
(ñì., íàïðèìåð, [1, ñ.139]).
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