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Óêðà¨íñüêà àêàäåìiÿ äðóêàðñòâà
Ëüâiâñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Iâàíà Ôðàíêà

ÍÅÐIÂÍIÑÒÜ ÒÈÏÓ ÂIÌÀÍÀ ÄËß IÍÒÅÃÐÀËIÂ ËÀÏËÀÑÀ-ÑÒIËÒ'�ÑÀ

Îòðèìàíî íîâèé îïèñ âèíÿòêîâî¨ ìíîæèíè â àñèìïòîòè÷íié îöiíöi çâåðõó òèïó Âiìàíà
÷åðåç ìàêñèìóì ïiäiíòåãðàëüíî¨ ôóíêöi¨ äëÿ iíòåãðàëiâ Ëàïëàñà�Ñòiëò'¹ñà.

We obtain a new description of the exceptional set in an asymptotic estimate from above of
Wiman's type in terms of maximum of integrand function of the Laplace�Stieltjes integrals.

Çà òåîðåìîþ Âiìàíà-Âàëiðîíà [1,2] äëÿ
êîæíî¨ öiëî¨ ôóíêöi¨

f(z) =
+∞∑
n=0

anz
n

i äëÿ êîæíîãî ε > 0 iñíó¹ ìíîæèíà E ⊆
[1; +∞) ñêií÷åííî¨ ëîãàðèôìi÷íî¨ ìiðè (òîá-
òî
∫
E

1
r
dr < +∞), òàêà, ùî äëÿ âñiõ r ∈

[1; +∞) \ E âèêîíó¹òüñÿ íåðiâíiñòü Âiìàíà

Mf (r) ≤ µf (r)
(
lnµf (r)

) 1
2
+ε
, (1)

äå

Mf (r)=max
{
|f(z)| : |z|=r

}
,

µf (r) = max
{
|an|rn : n≥0

}
.

Ðiçíîìàíiòíi àíàëîãè öi¹¨ òåîðåìè äëÿ öi-
ëèõ ðÿäiâ Äiðiõëå îòðèìàíî â [3]. Â [4] îòðè-
ìàíî íåïîêðàùóâàíi äîñòàòíi óìîâè äëÿ
ñïðàâåäëèâîñòi àíàëîãiâ êëàñè÷íî¨ íåðiâíî-
ñòi Âiìàíà. Ïåâíèé àíàëîã íåðiâíîñòi Âiìàíà
äëÿ öiëèõ êðàòíèõ ðÿäiâ Äiðiõëå îòðèìàíî
â [5]. Ó ñòàòòÿõ [6,7] äîâåäåíî äåÿêi òâåðäæå-
ííÿ ïðî íåðiâíîñòi òèïó Âiìàíà äëÿ iíòåãðà-
ëiâ òèïó Ëàïëàñà�Ñòiëò'¹ñà âèãëÿäó

F (σ) =

∫
Rp
+

f(x)e⟨σ,x⟩ν(dx), (2)

äå ν � çëi÷åííî-àäèòèâíà íåâiä'¹ìíà íà Rp
+

ìiðà ç íåîáìåæåíèì íîñi¹ì, f � äîâiëüíà
íåâiä'¹ìíà ν-âèìiðíà ôóíêöiÿ íà Rp

+. ×åðåç
Ip(ν) ïîçíà÷èìî êëàñ ôóíêöié F : Rp → R,
çîáðàæóâàíèõ äëÿ âñiõ σ ∈ Rp iíòåãðàëîì
âèãëÿäó (2).

×åðåç ν(E) ïîçíà÷èìî ν-ìiðó ν-âèìiðíî¨
ìíîæèíè E ⊆ Rp. Äëÿ 0 ≤ a ≤ b < +∞
ïîêëàäåìî

ν0(a, b] = ν{x ∈ Rp : a < ∥x∥ ≤ b},

äå ∥ · ∥ � åâêëiäîâà íîðìà íà Rp.
Äëÿ F ∈ Ip(ν) i σ ∈ Rp ïîçíà÷èìî

µ∗(σ, F ) = sup{f(x)e<σ,x> : x ∈ supp ν},

äå supp ν � íîñié ìiðè ν.
Íåõàé L � êëàñ äîäàòíèõ íåïåðåðâíèõ íà

[0,+∞) ôóíêöié ψ(t), òàêèõ, ùî ψ(t) → +∞
(t → +∞); L+ � ïiäêëàñ L, â ÿêèé âõîäÿòü
ñòðîãî çðîñòàþ÷i äî +∞ ïðè t → +∞ ôóí-
êöi¨, L+

1 � ïiäêëàñ L+, ÿêèé ñêëàäà¹òüñÿ ç
ôóíêöié ψ ∈ L+, òàêèõ, ùî

+∞∫
0

dt

ψ(t)
< +∞.

Äëÿ ôóíêöi¨ ψ ∈ L+ ÷åðåç ψ−1 ïîçíà÷èìî
îáåðíåíó äî íå¨ ôóíêöiþ. ×åðåç L+

0 ïîçíà÷è-
ìî ïiäêëàñ L+, â ÿêèé âõîäÿòü òàêi ôóíêöi¨
h ∈ L+, ùî h(t) ≥ ln t (t ≥ t0), i îáåðíåíi
ôóíêöi¨ äî íèõ çàäîâîëüíÿþòü óìîâè

h−1(tε(t)) = o(h−1(t)) (t→ +∞),

(∀C > 0) : h−1(t+ C) = O(h−1(t)) (t→ +∞)

äëÿ êîæíî¨ ôóíêöi¨ ε(t) → +0 (t→ +∞).
Ó âèïàäêó, êîëè ìiðà ν ¹ ïðÿìèì äîáó-

òêîì çëi÷åííî-àäèòèâíèõ ìið νj íà R+, òîá-
òî

ν = ν1 × . . .× νp,
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â [6] îòðèìàíî àíàëîã íåðiâíîñòi Âiìàíà (1)
äëÿ iíòåãðàëiâ òèïó Ëàïëàñà-Ñòiëò'¹ñà çà ìi-
ðîþ ν.

Äëÿ äîâiëüíî¨ ìiðè ν i êëàñó Ip(ν) ïðè
p ≥ 2 â [7] äîâåäåíî òàêó òåîðåìó.
Òåîðåìà À. Íåõàé F ∈ Ip(ν). ßêùî äëÿ
ìiðè ν âèêîíó¹òüñÿ óìîâà

lim
t→+∞

1

ln t
ln ν({x ∈ Rp : t−

√
ψ(t) ≤ ∥x∥ ≤

≤ t+
√
ψ(t)}) ≤ β < +∞,

äå ψ ∈ L+
1 , òî äëÿ êîæíîãî ε > 0 çíàéäåòüñÿ

òàêà ìíîæèíà E ⊆ Rp, ùî äëÿ âñiõ σ ∈ Rp\E

F (σ) ≤ Cµ∗(σ, F )(lnµ∗(σ, F ))
β+ε

i

measp(E ∩ SR) = O(Rp−1) (R → +∞),

äå measp � ëåáåãîâà ìiðà íà Rp, SR � îáðàç
öèëiíäðà {x = (x1, . . . , xp) ∈ Rp : x22 + . . . +
x2p ≤ R2} ïðè òàêîìó ïîâîðîòi ñèñòåìè êîîð-
äèíàò íàâêîëî ïî÷àòêó êîîðäèíàò, ùî äîäà-
òíà ïiââiñü Ox1 ïåðåõîäèòü ó ïðîìiíü {x ∈
Rp : x1 = . . . = xp ≥ 0}.

Îá'¹êòîì ðîçãëÿäó â öié ñòàòòi ¹ êëàñ
Ip(ν) iíòåãðàëiâ òèïó Ëàïëàñà-Ñòiëò'¹ñà ç
äîâiëüíîþ çëi÷åííî-àäèòèâíîþ ìiðîþ ν íà
Rp ç íåîáìåæåíèì íîñi¹ì, à îñíîâíèì ðå-
çóëüòàòîì ¹ îòðèìàííÿ íåïîêðàùóâàíèõ
óìîâ äîñòàòíiõ äëÿ ñïðàâåäëèâîñòi àíàëî-
ãiâ êëàñè÷íî¨ íåðiâíîñòi Âiìàíà äëÿ êëàñó
Ip(ν).

Íàñòóïíà òåîðåìà ìiñòèòü íîâèé îïèñ âå-
ëè÷èíè âèíÿòêîâèõ ìíîæèí ó íåðiâíîñòÿõ
òèïó Âiìàíà äëÿ ôóíêöié F : Rp → R+ ç êëà-
ñó Ip(ν).
Òåîðåìà 1. Íåõàé F ∈ Ip(ν) i h ∈ L+

0 .
ßêùî âèêîíó¹òüñÿ óìîâà

+∞∫
0

dh(ν0(0, t])

t
< +∞, (3)

òî iñíó¹ òàêà ìíîæèíà E, ùî

νp(E ∩K) < +∞,

i ñïiââiäíîøåííÿ

F (σ) ≤ o(µ∗(σ, F )h
−1(lnµ∗(σ, F ))) (4)

âèêîíó¹òüñÿ ïðè |σ| → +∞, σ ∈ K\E
äëÿ êîæíîãî êîíóñà K ⊆ Rp

+ ç âåðøè-
íîþ â ïî÷àòêó êîîðäèíàò O, òàêîãî, ùî
K\{O} ⊆ Rp

+.
Íàì áóäå ïîòðiáíà òàêà ëåìà.
Ëåìà 1. ßêùî v(t) � íåâiä'¹ìíà äîäà-

òíà ïðè t > t0 ≥ 0 çðîñòàþ÷à íà [0,+∞)
ôóíêöiÿ, òàêà, ùî

+∞∫
0

v(t)

t2
dt < +∞, (5)

òî iñíó¹ òàêà äîäàòíà íåïåðåðâíà íà
[0,+∞), çðîñòàþ÷à äî +∞ ïðè t → +∞
ôóíêöiÿ ψ(t), ùî

+∞∫
0

dt

ψ(t)
< +∞

i

v(t) = o(ψ−1(t)) (t→ +∞).

Äîâåäåííÿ. Çàóâàæèìî ñïî÷àòêó, ùî,
íå çìåíøóþ÷è çàãàëüíîñòi ìiðêóâàíü, ìîæå-
ìî ââàæàòè, ùî ôóíêöiÿ v(t) ñòðîãî çðîñòà¹
íà [0,+∞). Äëÿ öüîãî äîñèòü âèáðàòè çà-
ìiñòü ôóíêöi¨ v(t) ôóíêöiþ v1(t) = v(t) +
ln(1 + t2). Çðîçóìiëî, ùî

+∞∫
0

v1(t)

t2
dt < +∞,

i v1(t) ≥ v(t) (t ≥ 0), òà ÿêùî

v1(t) = o(ψ−1(t)) (t→ +∞),

òî é
v(t) = o(ψ−1(t)) (t→ +∞).

Ïðèïóñêàþ÷è, ùî ôóíêöiÿ v(t) � ñòðîãî
çðîñòàþ÷à, âèáåðåìî ôóíêöiþ

V (t) =

et∫
0

v(x)

x
dx (t ≥ 0).

Çàóâàæèìî, ùî V (0) = 0 i

V (t) ≥
et∫
t

v(x)

x
dx ≥ v(t) (t ≥ 0), (6)

Áóêîâèíñüêèé ìàòåìàòè÷íèé æóðíàë. 2013. � Ò. 1, � 1-2. 59



à òàêîæ, ùî ç óìîâè (5) i ìîíîòîííîñòi v
âèïëèâà¹, ùî

v(t)

t
→ 0 (t→ +∞),

i òîìó

V (t)

t
→ 0 (t→ +∞).

Çâiäñè

+∞∫
0

v(et)

t2
dt =

+∞∫
0

1

t
dV (t) =

V (t)

t

∣∣∣∣∣
+∞

0

+

+

+∞∫
0

V (t)

t2
dt =

+∞∫
0

V (t)

t2
dt.

Òîáòî ç óìîâè (5) âèïëèâà¹, ùî

+∞∫
0

V (t)

t2
dt < +∞.

Ç îãëÿäó íà (6) çàëèøà¹òüñÿ âèáðàòè íåïå-
ðåðâíó äîäàòíó çðîñòàþ÷ó äî +∞ ôóíêöiþ
ψ, äëÿ ÿêî¨ âèêîíóþòüñÿ óìîâè

+∞∫
0

dt

ψ(t)
< +∞,

V (t) = o(ψ−1(t)) (t→ +∞).

Íåõàé

l(t) =

+∞∫
t

V (x)

x2
dx,

C(t) = (l(t))−
1
2 (t ≥ 0).

Âèáåðåìî òåïåð òàêó äîäàòíó íåïåðåðâíó
çðîñòàþ÷ó íà [0,+∞) ôóíêöiþ ψ, ùî îáåð-
íåíà äî íå¨

ψ−1(t) =

{
C(t)V (t), t ≥ 2,
C(2)V (2)(t− 1), t ∈ [1; 2].

Çðîçóìiëî, ùî ôóíêöiÿ ψ−1 � íåïåðåðâíà i
ñòðîãî çðîñòàþ÷à íà [1,+∞), òîìó òàêîþ æ
¹ íà [0,+∞) ôóíêöiÿ ψ, ïðè öüîìó ψ(0) = 1,
áî ψ−1(1) = 0.

Çàóâàæèìî òåïåð, ùî

+∞∫
1

ψ−1(t)

t2
dt =

2∫
1

C(2)V (2)(t− 1)

t2
dt+

+

+∞∫
2

C(t)V (t)

t2
dt = C(2)V (2)

(
ln 2− 1

2

)
−

−
+∞∫
2

dl(t)√
l(t)

= C(2)V (2)
(
ln 2− 1

2

)
+

+2
√
l(2) < +∞,

à, îñêiëüêè,

+∞∫
A

ψ−1(t)

t2
dt ≥ ψ−1(A)

A
,

òî ψ−1(t) = o(t) (t→ +∞). Òîìó, iíòåãðóþ÷è
÷àñòèíàìè, îòðèìà¹ìî

+∞∫
1

ψ−1(t)

t2
dt =

ψ−1(t)

t

∣∣∣∣∣
+∞

1

+

+

+∞∫
1

dψ−1(t)

t
=

+∞∫
0

dx

ψ(x)
,

òîáòî ôóíêöiÿ ψ çàäîâîëüíÿ¹ âñi ïîòðiáíi
óìîâè, ïîçàÿê, çà âèáîðîì, ïðè t→ +∞

v(t) ≤ V (t) ≤ 1

C(t)
ψ−1(t) = o(ψ−1(t)).

Ëåìó äîâåäåíî.
Äîâåäåííÿ òåîðåìè 1. Íåõàé F ∈

Ip(ν). Íå çìåíøóþ÷è çàãàëüíîñòi, ïðèïóñêà-
¹ìî, ùî F (0) = 1. Ñïðàâäi, çâàæàþ÷è íà òå,
ùî F (0) ̸= 0, ó âèïàäêó F (0) ̸= 1 äîñèòü
ðîçãëÿíóòè ôóíêöiþ

F1(σ) = F (σ)/F (0), F1(0) = 1.

Îñêiëüêè

µ∗(σ, F ) = F (0)µ∗(σ, F1)

i h ∈ L+
0 , òî â êîíóñi çðîñòàííÿ ñïiââiäíîøå-

ííÿ (4) âèêîíó¹òüñÿ òîäi i òiëüêè òîäi, êîëè

F1(σ) ≤ o(µ∗(σ, F1)h
−1(lnµ∗(σ, F1))).
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Äëÿ êîæíîãî ôiêñîâàíîãî σ0 ∈ Rp
+, |σ0| =

1, âèçíà÷èìî ôóíêöiþ

g(t) = gσ0(t) = lnF (tσ0), t ∈ R+.

Çà ëåìîþ 1, çàñòîñîâàíîþ äî ôóíêöi¨

v(t) =

{
h(ν0(0, t])− h(ν0(0, t0]), t ≥ t0;
h(ν0(0, t0]), t ∈ [0, t0],

äå t0 òàêå, ùî h(ν0(0, t0]) > 0, îòðèìó¹ìî, ùî

∃ψ ∈ L+
1 : h(ν0(0, t]) = o(ψ−1(t)) (t→ +∞).

Çàóâàæèìî òåïåð, ùî ç óìîâè (3) i òîãî,
ùî h(t) ≥ ln t (t → +∞) âèïëèâà¹, ùî âèêî-
íó¹òüñÿ óìîâà

+∞∫
0

d ln ν0(0, t]

t
< +∞, (7)

Òîìó, ââiâøè ÿê i â äîâåäåííi òåîðåìè 1 ([8]),
äëÿ ôiêñîâàíîãî σ0 ∈ K ìíîæèíó

E(σ0) =
{
σ = tσ0 : t > 0,

2

y∗
g′σ0

(t) >

> ψ
(gσ0(t)

2

)}
i

E =
∪

σ0∈S1

E(σ0),

äå S1 = {σ ∈ Rp
+ : |σ| = 1}, çà òåîðåìîþ 1

ç [8] îòðèìà¹ìî, ùî

τp(E ∩K) < +∞

i
lnF (σ) ≤ (1 + o(1)) lnµ∗(σ, F )

ïðè |σ| → +∞ (σ ∈ K\E). Çîêðåìà, ïðè
|σ| → +∞ (σ ∈ K\E)

1

2
lnF (σ) ≤ lnµ∗(σ, F ) (|σ| ≥ c0). (8)

Ç äîâåäåííÿ öi¹¨ æ òåîðåìè 1 ç [8], äëÿ
êîæíîãî ôiêñîâàíîãî σ0 ∈ Rp

+ (|σ0| = 1) i
äëÿ âñiõ t > 0 ìà¹ìî

F (tσ0) ≤ 2µ∗(tσ0, F )ν0

(
0,

2g′(t)

y∗

]
,

êðiì òîãî, ïðè t→ +∞

inf{g′σ0
(t) : σ0 ∈ S1 ∩K} → +∞. (9)

Òîäi ïðè |σ| → +∞, σ = tσ0, σ ∈ K, çàâäÿ-
êè (9) i óìîâi h ∈ L+

0 îòðèìó¹ìî

F (σ) ≤ 2µ∗(σ, F )ν0

(
0,

2g′(t)

y∗

]
≤

≤ 2µ∗(σ, F )h
−1
(
o
(
ψ−1

(2g′(t)
y∗

)))
=

= µ∗(σ, F )o
(
h−1
(
ψ−1

(2g′(t)
y∗

)))
.

Çâiäêè ïðè |σ| → +∞ (σ ∈ K\E) îäåðæó¹ìî

F (σ) ≤ µ∗(σ, F )·

·o
(
h−1
(
ψ−1

(
ψ
( lnF (σ)

2

))))
≤

≤ µ∗(σ, F )o
(
h−1
( lnF (σ)

2

))
,

à îòæå, çà íåðiâíiñòþ (8), ïðè |σ| → +∞ (σ ∈
K\E) îñòàòî÷íî îòðèìó¹ìî

F (σ) ≤ µ∗(σ, F )o
(
h−1
( lnF (σ)

2

))
≤

≤ o(µ∗(x, F )h
−1(lnµ∗(σ, F ))).

Òåîðåìó 1 äîâåäåíî.
Óìîâó (3) òåîðåìè 1 â êëàñi Ip(ν) ïîñëà-

áèòè, âçàãàëi êàæó÷è, íå ìîæíà. Ñôîðìóëþ-
¹ìî ñïî÷àòêó íàñëiäîê ó âèïàäêó h(t) = tq,
q ∈ (0,+∞).

Íàñëiäîê 1. Íåõàé F ∈ Ip(ν). ßêùî âè-
êîíó¹òüñÿ óìîâà

(∃ q > 0) :

+∞∫
t0

(ν0(0, t])
q

t2
dt < +∞, (10)

òî ñïiââiäíîøåííÿ

F (σ) ≤ o
(
µ∗(σ, F ) ln

1/q µ∗(σ, F )
)

(11)

âèêîíó¹òüñÿ ïðè |σ| → +∞, σ ∈ K\E
äëÿ êîæíîãî êîíóñà K â Rp

+ ç âåðøè-
íîþ â ïî÷àòêó êîîðäèíàò O, òàêîãî, ùî
K\{O} ⊆ Rp

+, ïðè÷îìó äëÿ ìíîæèíè E âè-
êîíó¹òüñÿ

τp(E ∩K) < +∞.
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Ñïðàâäi, âèùå âæå çàçíà÷àëîñü, ùî äëÿ
äîäàòíî¨ íåñïàäíî¨ íà [0,+∞) ôóíêöi¨ ψ∫ +∞ dψ(t)

t
< +∞ ⇐⇒

∫ +∞ ψ(t)

t2
dt < +∞.

Íàñòóïíà òåîðåìà, âêàçó¹ íà òå, ùî îöií-
êó (11) (â çàãàëüíîìó) i ñàìå òâåðäæåííÿ íà-
ñëiäêó 2 â êëàñi Ip(ν) iñòîòíî ïîêðàùèòè íå
ìîæíà.
Òåîðåìà 2. Äëÿ êîæíîãî q > 0 iñíóþòü

ìiðà ν, äëÿ ÿêî¨ âèêîíó¹òüñÿ óìîâà (10) i
äëÿ êîæíîãî η > 0

+∞∫
t0

(ν0(0, t])
q+η

t2
dt = +∞,

òà ôóíêöiÿ F ∈ Ip(ν), òàêi, ùî äëÿ êîæíî-
ãî ε > 0 i äëÿ êîæíîãî êîíóñà K ⊆ Rp

+ ç
âåðøèíîþ â ïî÷àòêó êîîðäèíàò O, òàêîãî,
ùî K\{O} ⊆ Rp

+, âèêîíó¹òüñÿ

F (σ)

µ∗(σ, F )(lnµ∗(σ, F ))1/q−ε
→ +∞

ïðè |σ| → +∞ (σ ∈ K).
Äîâåäåííÿ. Íåõàé λ0 = 0, n0 = 0,

λk = ek, nk =

(
ek

k ln2(k + 1)

)1/q

(k ≥ 1).

Ðîçãëÿíåìî öiëèé ðÿä Äiðiõëå

f(z) =
+∞∑
k=1

exp{−λk lnλk + zλk}.

Îñêiëüêè ïðè 1 ≤ k ↑ +∞

κk
def
=

λk lnλk − λk−1 lnλk−1

λk − λk−1

↑ +∞,

òî, ÿê äîáðå âiäîìî [3, c.19], ó öüîìó âèïàäêó
ïðè x ∈ [κk,κk+1]

µ(x, f) = exp{−λk lnλk + xλk}.

Çàóâàæèìî òåïåð, ùî äëÿ x ∈ [κk,κk+1]

ek

e− 1
≤ lnµ(x, f) ≤

(
1 +

1

e− 1

)
ek,

à òàêîæ

x− 1− 1

e− 1
≤ k ≤ x− 1

e− 1
.

Âèáåðåìî ìiðó ν, çîñåðåäæåíó â òî÷êàõ âå-
êòîðíî¨ ïîñëiäîâíîñòi λ̂k = (λk, . . . , λk) ∈ Rp

+

(k ≥ 1) i òàêó, ùî

ν({λ̂k}) = nk.

äëÿ êîæíîãî ôiêñîâàíîãî k ≥ 1
Áåçïîñåðåäíiìè îá÷èñëåííÿìè ïåðåâiðÿ¹-

òüñÿ âèêîíàííÿ óìîâè (10). Ñïðàâäi,

+∞∫
λ1

d(ν0(0, t])
q

t
=

+∞∑
k=1

∆k

λk
,

äå

∆k = (ν0(0, λk])
q − (ν0(0, λk − 0])q.

Çàóâàæóþ÷è, ùî ∆k ≍ (nk)
q, çâiäñè îòðèìó-

¹ìî, ùî óìîâà (10) âèêîíó¹òüñÿ.
Íåõàé ôóíêöiÿ f : Rp

+ → R+ òàêà, ùî

f(λ̂k) = exp{−λk lnλk}.

Ðîçãëÿíåìî ôóíêöiþ

F (σ) =

∫
Rp
+

f(x) exp⟨x, σ⟩dν(x).

Îñêiëüêè

F (σ) =
+∞∑
k=1

nk · f(λ̂k)e∥σ∥λk

i äëÿ êîæíîãî ôiêñîâàíîãî σ ∈ Rp
+

nk · f(λ̂k)e∥σ∥λk =

= exp{−(1 + o(1))λk lnλk} (k → +∞),

òî çðîçóìiëî, ùî F ∈ Ip(ν). Äàëi, äëÿ âñiõ
σ ∈ Rp

+

µ∗(σ, F ) =

= sup{f(x) exp⟨x, σ⟩ : x ∈ supp ν} =

= sup{f(λ̂k) exp⟨λ̂k, σ⟩ : k ≥ 1} =

= µ(∥σ∥, f).

Òîìó, äëÿ âñiõ k ≥ 1 i âñiõ σ ∈ Rp
+, òàêèõ,

ùî ∥σ∥ ∈ [κk,κk+1], îòðèìó¹ìî

F (σ) ≥ nk · µ(∥σ∥, f) ≥ dp,qµ∗(σ, F )×
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×

(
lnµ∗(σ, F )

ln lnµ∗(σ, F ) ln
2 ln lnµ∗(σ, F )

)1/q

, (12)

äå dp,q > 0 � äåÿêà ñòàëà, çàëåæíà ëèøå âiä
p i q. Îñêiëüêè, ÿê âñòàíîâëåíî âèùå,

lnµ∗(σ, F ) → +∞

ïðè |σ| → +∞ (σ ∈ K), òî ç íåðiâíîñòi (12)
îòðèìó¹ìî ïîòðiáíå ñïiââiäíîøåííÿ.

Òåîðåìó 2 äîâåäåíî.
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