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Íåõàé L = −
p∑

i,j=1

∂xi(pij(x)∂xj)+ q(x), äå pij(x) = pji(x) > 0, i, j ∈

{1, . . . , p}, q(x) ≥ 0, x ∈ Q, Q ⊂ Rp; λk, k ∈ N, òà Xk(x), k ∈ N, âëàñíi
çíà÷åííÿ òà âiäïîâiäíi ¨ì âëàñíi ôóíêöi¨ çàäà÷i LX = λX, X(x)

∣∣
∂Q

= 0;

Eα, α ∈ R, � ïðîñòið ðÿäiâ φ(x) =
∞∑
k=1

φkXk(x) äëÿ ÿêèõ ∥φ;Eα∥2 =

∞∑
k=1

|φk|2λ2α
k < ∞; E4

α � ïðîñòið ðÿäiâ u(t, x) =
∞∑
k=1

uk(t)Xk(x), êîåôi-

öi¹íòè uk(t) ÿêèõ ¹ àíàëiòè÷íèìè çà t íà [0, T ], ç íîðìîþ ∥u;E4
α∥2 =

∞∑
k=1

4∑
j=0

max
t∈[0,T ]

|u(j)
k (t)|2λ2α

k < ∞; Jn(t), n ∈ R, � ôóíêöiÿ Áåññåëÿ I-ãî ðîäó

ïîðÿäêó n.
Óìîâè êîððåêòíî¨ ðîçâ'ÿçíîñòi â ïðîñòîði E4

α çàäà÷i äëÿ ðiâíÿííÿ ç
îïåðàòîðîì Áåññåëÿ

2∏
q=1

(
∂2
t + 2ν

t ∂t − aqL
)
u(t, x) = 0, (t, x) ∈ (0, T )×Q, (1)

u(t1, x) = φ1(x), u(t2, x) = φ2(x), x ∈ Q, 0 < t1 < t2 ≤ T, (2)

u(t, x)
∣∣∣
Σ
= 0, Lu(t, x)

∣∣∣
Σ
= 0, Σ = [0, T ]× ∂Q, (3)

äå, ν ∈ N, a1, a2 > 0, a1 ̸= a2, ïîâ'ÿçàíi ç âëàñòèâîñòÿìè âèçíà÷íèêiâ

∆(k) =
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2
(
√
a1λkt1) Jν− 1

2
(
√
a2λkt2)

Jν− 1
2
(
√
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2
(
√
a2λkt2)

∣∣∣∣∣ , k ∈ N.

http://www.iapmm.lviv.ua/chyt2025



Êîíôåðåíöiÿ ìîëîäèõ ó÷åíèõ ¾Ïiäñòðèãà÷iâñüêi ÷èòàííÿ � 2025¿

27�29 òðàâíÿ 2025 ð., Ëüâiâ

Âèðàçè ∆(k), âõîäÿòü çíàìåííèêàìè ó ôîðìóëó äëÿ êîåôiöi¹íòiâ ðÿäó
Ôóð'¹, ÿêèì çîáðàæó¹òüñÿ ðîçâ'ÿçîê çàäà÷i (1) � (3). Áóäó÷è âiäìiííè-
ìè âiä íóëÿ, âîíè ìîæóòü ñòàâàòè, ÿê çàâãîäíî ìàëèìè çà ìîäóëåì äëÿ
íåñêií÷åíííî¨ êiëüêîñòi íàòóðàëüíèõ k, ùî çóìîâëþ¹ ðîçáiæíiñòü öüîãî
ðÿäó Ôóð'¹. Âàæëèâèì ¹ äîñëiäæåííÿ ïèòàííÿ ïðî îöiíêè çíèçó ìîäóëiâ
âèçíà÷íèêiâ ∆(k), k ∈ N. Çà äîïîìîãîþ ìåòðè÷íîãî ïiäõîäó [1] òà âëàñòè-
âîñòåé ôóíêöié Áåññåëÿ âñòàíîâëåíî ðåçóëüòàò.

Òåîðåìà 1. Äëÿ ìàéæå âñiõ (ñòîñîâíî ìiðè Ëåáåãà â R2) âåêòîðiâ
(t1, t2) ∈ [T0, T ]

2, T0 > 0 íåðiâíiñòü

|∆(k)| > λ−ω
k

âèêîíó¹òüñÿ äëÿ âñiõ (êðiì ñêií÷åííî¨ êiëüêîñòi) íàòóðàëüíèõ k ïðè ω >
(ν + 1)(2ν + 3p

2 + 5
4 ) + p+ 1

4 .

ßêùî φ1, φ2 ∈ Eα1
, äå α1 = α1(α, ν, p), òî äëÿ ìàéæå âñiõ (ñòîñîâíî

ìiðè Ëåáåãà â R2) âåêòîðiâ (t1, t2) ∈ [T0, T ]
2, iñíó¹ ¹äèíèé ðîçâ'ÿçîê çàäà÷i

(1) � (3) ç ïðîñòîðó E4
α, ÿêèé íåïåðåðâíî çàëåæèòü âiä ôóíêöié φ1, φ2.

Ðåçóëüòàòè òåîðåìè 1 ðîçøèðþþòü òà äîïîâíþþòü äiîôàíòîâi îöiíêè
ôóíêöié Áåññåëÿ [2].
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METRIC ESTIMATES OF THE CHARACTERISTIC

DETERMINANT OF THE TWO-POINT PROBLEM FOR THE

FOURTH-ORDER HYPERBOLIC EQUATION WITH THE

BESSEL OPERATOR

The estimates from below are established for the characteristic determinant of the
problem with two-point problem in the time variable with Dirichlet-type conditi-
ons in the spatial coordinates for a 4th-order hyperbolic equation with the Bessel
operator in a bounded cylindrical domain. The metric approach is used to establi-
sh lower bound estimates for expression values involving Bessel functions of a
half-integer index.
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