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Ñó÷àñíi ïðîáëåìè ïðèðîäîçíàâñòâà ïðèçâîäÿòü äî íåîáõiäíîñòi ïîñòà-
íîâêè é äîñëiäæåííÿ ÿêiñíî íîâèõ çàäà÷, îäíèì ç ïðèêëàäiâ ÿêèõ ¹ íåëî-
êàëüíi êðàéîâi çàäà÷i äëÿ äèôåðåíöiàëüíèõ ðiâíÿíü ç ÷àñòèííèìè ïîõiäíè-
ìè. Öå ïîâ'ÿçàíî ïåðåäóñiì ç òèì, ùî ìàòåìàòè÷íèìè ìîäåëÿìè ðiçíîìà-
íiòíèõ ôiçè÷íèõ, õiìi÷íèõ i áiîëîãi÷íèõ ïðîöåñiâ ¹ çàäà÷i, â ÿêèõ çàìiñòü
êëàñè÷íèõ êðàéîâèõ óìîâ çàäà¹òüñÿ ïåâíèé çâ'ÿçîê çíà÷åíü øóêàíî¨ ôóí-
êöi¨ òà/àáî ¨¨ ïîõiäíèõ íà ìåæi îáëàñòi [1].

Íåõàé íà êîìïëåêñíîçíà÷íó ôóíêöiþ v : [0, T ] → C ç êëàñó C1[0, T ]
äiþòü ôóíêöiîíàëè

M1[v] ≡ a11v(0) + a12v(T ) + b11v
′(0) + b12v

′(T ),

M2[v] ≡ a21v(0) + a22v(T ) + b21u
′(0) + b22v

′(T ),
(1)

äå T > 0, aij , bij ∈ C, i, j = 1, 2, à ôîðìè M1 i M2 � ëiíiéíî íåçàëåæíi,
òîáòî ðàíã ìàòðèöi

A =

(
a11 a12 b11 b12

a21 a22 b21 b22

)
äîðiâíþ¹ 2.

Ìiíîð ìàòðèöi A, ÿêèé ñêëàäåíèé ç i-ãî òà j-ãî ñòîâïöiâ (i < j), ïîçíà-
÷èìî ÷åðåç dij .

Çàïðîâàäèìî ôóíêöi¨

fk(t) = cosλkt, gk(t) = sinλkt,
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ÿêi çàëåæàòü âiä ïàðàìåòðà k ∈ N, ïðè÷îìó λk > 0 i

λk = π
(
k − 1

4

)
+O

(
1
k

)
.

Çà äîïîìîãîþ ìåòðè÷íîãî ïiäõîäó [1, 1] îòðèìàíî òàêèé ðåçóëüòàò.

Òåîðåìà. ßêùî

|d12 + d34|+ |d14 − d23|+ |d13|+ |d24| 6= 0,

òî äëÿ ìàéæå âñiõ (ñòîñîâíî ìiðè Ëåáåãà â ïðîñòîði R) ÷èñåë T > 0
íåðiâíîñòi

∆k ≡
∣∣U1[fk]U2[gk]− U1[gk]U2[fk]

∣∣ ≥ λ−γk (2)

âèêîíóþòüñÿ äëÿ âñiõ (êðiì ñêií÷åííî¨ êiëüêîñòi) ÷èñåë k ∈ N ïðè γ > 1.

Âèðàçè ∆k, k ∈ N, ¹ ìàëèìè çíàìåííèêàìè, à âèêîíàííÿ äëÿ íèõ îöi-
íîê (2) ¹ îäíi¹þ ç óìîâ êîðåêòíî¨ ðîçâ'ÿçíîñòi çàäà÷i äëÿ ðiâíÿííÿ Ëàâðåí-
òü¹âà � Áiöàäçå (åëiïòè÷íî-ãiïåðáîëi÷íîãî òèïó) [3] ó ïðÿìîêóòíié îáëàñòi
Q = {(t, x) : t ∈ (0, T ), x ∈ (−1, 1)}:

utt + sgnx·uxx = 0, (3)

ç óìîâàìè çà çìiííîþ x

u(t,−1) = u(t, 1) = 0, u(t,−0) = u(t,+ 0), ux(t,−0) = ux(t,+ 0), (4)

i íåëîêàëüíèìè äâîòî÷êîâèìè óìîâàìè çà çìiííîþ t

a11u(0, x) + a12u(T, x) + b11ut(0, x) + b12ut(T, x) = ϕ1(x),

a21u(0, x) + a22u(T, x) + b21ut(0, x) + b22ut(T, x) = ϕ2(x).
(5)

Ó ðîáîòàõ [2, 4] äîâåäåíî êîðåêòíiñòü çàäà÷i (3)�(5) òiëüêè äëÿ îêðåìèõ
âèïàäêiâ íåëîêàëüíèõ óìîâ:

a12 = a22 = b12 = b22 = 0, d13 6= 0;

a11 = a21 = b11 = b21 = 0, d24 6= 0.
(6)
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Íåõàé x = (x1, . . . , xp), Dx =
(
− i ∂

∂x1
, . . . ,−i ∂

∂xp

)
, k = (k1, . . . , kp) ∈ Zp,

|k| =
p∑
j=1

|kj |, ïñåâäîäèôåðåíöiàëüíèé îïåðàòîð B(Dx) îòîòîæíþ¹òüñÿ ç ïî-

ñëiäîâíiñòþ êîìïëåêñíèõ ÷èñåë {B(k)}k∈Zp , B(Dx)ei(k,x) = B(k)ei(k,x).

Ïðè äîñëiäæåííi ðîçâ'ÿçíîñòi áàãàòîòî÷êîâî¨ íåëîêàëüíî¨ çàäà÷i

∂u(t, x)

∂t
−B (Dx)u(t, x) = 0, (t, x) ∈ (0, T )× (R/2πZ)p,

m∑
r=1

µr(τ)u(t, x)
∣∣∣
t=tr

= ϕ(x), 0 = t1 < t2 < . . . < tm−1 < tm = T ,

äå µr : [0, 1] → R, ϕ � çàäàíà ôóíêöiÿ, âèíèêà¹ ïðîáëåìà ìàëèõ çíàìåí-
íèêiâ [1], ïîäîëàííÿ ÿêî¨ ïîëÿãà¹ ó âñòàíîâëåííi äiîôàíòîâî¨ îöiíêè çíèçó∣∣∣∣∣

m∑
r=1

µr(τ)eB(k)tr

∣∣∣∣∣ ≥ |k|−γ max
(
1, eT ReB(k)

)
(1)
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