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I. Ñòðóêòóðà åëåìåíòiâ ôóíäàìåíòàëü-
íî¨ ìàòðèöi, ùî âiäïîâiäà¹ êâàçi-
äèôåðåíöiàëüíîìó ðiâíÿííþ

Íà âiäêðèòîìó iíòåðâàëi I(ñêií÷åííîìó, ÷è íå-
ñêií÷åííîìó) äiéñíî¨ îñi ðîçãëÿäà¹òüñÿ êîðåêòíå[1, 2]
îäíîðiäíå êâàçiäèôåðåíöiàëüíå ðiâíÿííÿ (ÊÄÐ)q-ãî
ïîðÿäêó, q = m + n,

Lmn [y]≡
n∑

i=0

m∑

j=0

(−1)n−j
(
aij (x) y(n−i)

)(m−j)

= 0, (1)

äå êîåôiöi¹íòè aij (x) ñïðàâäæóþòü òàêi óìîâè:
1) a−1

00 (x) � ëîêàëüíî îáìåæåíà i âèìiðíà âI ôóí-
êöiÿ;

2) ai0 (x) , a0j (x) ∈ L2 (I) , i = 1, n, j = 1, m;
3) aij (x) = b′ij (x), bij (x) ∈ BVloc + (I), i = 1, n,

j = 1,m.
Îçíà÷åííÿ ðîçâ'ÿçêó ÊÄÐ (1) ìîæíà çíàéòè â

ðîáîòàõ [1, 2].
Âiäîìî [2], ùî ôóíêöi¹þ Êîøi ÊÄÐ (1) íàçèâà¹-

òüñÿ ôóíêöiÿ äâîõ çìiííèõ K (x, α), ÿêà çà çìiííîþ
x ñïðàâäæó¹ ÊÄÐ (1) i ïî÷àòêîâi óìîâè:

K [i]
x (α, α) = 0, i = 0, q − 2, K [q−1]

x (α, α) = 1, (2)

äå ñèìâîë [i] îçíà÷à¹ êâàçiïîõiäíó [1, 2] i-ãî ïîðÿäêó
çà çìiííîþ x â ñåíñi ÊÄÐ (1).

Ó ðîáîòi [3] âñòàíîâëþ¹òüñÿ òàêèé ðåçóëüòàò: íå-
õàé K [i]{j} (x, α) � �ìiøàíà êâàçiïîõiäíà� ôóíêöi¨
K (x, α), äå ñèìâîë [i]{j} (

i = 0, q − 1, j = 0, q − 1
)

îçíà÷à¹, ùî âiä ôóíêöi¨ K (x, α) ñïî÷àòêó áåðåòüñÿ
i-òà êâàçiïîõiäíà çà çìiííîþx â ñåíñi âèõiäíîãî ÊÄÐ
(1), à ïîòiì j-òà êâàçiïîõiäíà çà çìiííîþ α â ñåíñi
ñïðÿæåíîãî äî ÊÄÐ (1) êâàçiäèôåðåíöiàëüíîãî ðiâ-
íÿííÿ L∗mn [z] = 0.

Íåõàé

Y ′ = C ′Y (3)

� ñèñòåìà äèôåðåíöiàëüíèõ ðiâíÿíü ïåðøîãî ïîðÿä-
êó, ùî âiäïîâiäà¹ ÊÄÐ (1), äå ìàòðèöÿC (x) ðîçìiðó
q×q ìà¹ åëåìåíòè ç êëàñóBV +

loc (I) i ñïðàâäæó¹ óìî-
âó êîðåêòíîñòi:

(∆C (x))2 = 0, ∀x ∈ I, (4)

à Y (x) = colon
(
y (x) , y[1] (x) , ..., y[q−1] (x)

)
,

q = m + n [1, 2] . Òîäi ôóíäàìåíòàëüíà ìàòðèöÿ (ìà-
òðèöÿ Êîøi)B (x, α) ñèñòåìè (3) ìà¹ òàêó ñòðóêòóðó:

B (x, α) =




K{q−1} (x, α) K{q−2} (x, α) . . . K (x, α)
K [1]{q−1} (x, α) K [1]{q−2} (x, α) . . . K [1] (x, α)
...

...
...

...
K [q−1]{q−1} (x, α) K [q−1]{q−2} (x, α) . . . K [q−1] (x, α)


 . (5)

*Àâòîð-ðåñïîíäåíò

Ìàòåìàòèêà c© Â. Êiñiëåâè÷ , Ì. Ñòàñþê, Ð. Òàöié, 2004
Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua



Â. Êiñiëåâè÷ , Ì. Ñòàñþê, Ð. Òàöié

Ïîêàæåìî, ùî åëåìåíòè ìàòðèöi B (x, α) ìîæíà âèðàçèòè ÷åðåç ôóíäàìåíòàëüíó ñèñòåìó ðîçâ'ÿçêiâ [2]
ÊÄÐ (1).

Òåîðåìà 1. Íåõàé yk (x), k = 1, q � äîâiëüíà ôóíäàìåíòàëüíà ñèñòåìà ðîçâ'ÿçêiâ ÊÄÐ (1), à
W (y1 (x) , y2 (x) , ..., yq (x)) = W (x)

� ¨¨ êâàçiâðîíñêiàí [4]. Òîäi

K [i]{j} (x, α) =
1

W (α)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

y1 (α) y2 (α) . . . yq (α)
y
[1]
1 (α) y

[1]
2 (α) . . . y

[1]
q (α)

...
...

...
...

y
[q−j−2]
1 (α) y

[q−j−2]
2 (α) . . . y

[q−j−2]
q (α)

y
[i]
1 (x) y

[i]
2 (x) . . . y

[i]
q (x)

y
[q−j]
1 (α) y

[q−j]
2 (α) . . . y

[q−j]
q (α)

...
...

...
...

y
[q−1]
1 (α) y

[q−1]
2 (α) . . . y

[q−1]
q (α)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

, (6)

äå ðÿäîê
(

y
[i]
1 (x) y

[i]
2 (x) . . . y

[i]
q (x)

)
ìà¹ íîìåð q − j (àáî j + 1, ðàõóþ÷è çíèçó).

¤ Äîâåäåííÿ. Ïîçíà÷èìî åëåìåíòè ìàòðèöi
(5) ÷åðåç Cij (x, α) i çàóâàæèìî, ùî K [i]{j} (x, α) ≡
≡ Ci+1,q−j (x, α) , i, j = 0, q − 1. Òîäi, ÿêùî

Y (x)=




y1 (x) y2 (x) . . . yq (x)
y
[1]
1 (x) y

[1]
2 (x) . . . y

[1]
q (x)

...
...

...
...

y
[q−1]
1 (x) y

[q−1]
2 (x) . . . y

[q−1]
q (x)


 (7)

iíòåãðàëüíà ìàòðèöÿ ñèñòåìè äèôåðåíöiàëüíèõ ðiâ-
íÿíü (3), òî, ÿê âiäîìî[5],

B (x, α) = Y (x) Y −1 (α) =
1

W (α)
Y (x)A (α) , (8)

äå A (α) = ‖alk (α)‖ , à åëåìåíòè alk (x) , l, k = 1, q

� àëãåáðà¨÷íi äîïîâíåííÿ äî åëåìåíòiâ y
[l−1]
k (x) ií-

òåãðàëüíî¨ ìàòðèöi (7). Ç (8) âèïëèâà¹, ùî

K [i]{j} (x, α) ≡ Ci+1,q−j (x, α) =

=
1

W (α)

q∑

k=1

y
[i]
k (x) a q − j k (α) .

Îñòàíí¹ ñïiââiäíîøåííÿ ¹ ðîçêëàäîì âèçíà÷íèêà
(6) çà åëåìåíòàìè (q − j)-ãî ðÿäêà. ¥

Íàñëiäîê 1

K (x, α)=
1

W (α)

∣∣∣∣∣∣∣∣∣∣∣

y1 (α) y2 (α) . . . yq (α)
y
[1]
1 (α) y

[1]
2 (α) . . . y

[1]
q (α)

...
...

...
...

y
[q−2]
1 (α) y

[q−2]
2 (α) . . . y

[q−2]
q (α)

y1 (x) y2 (x) . . . yq (x)

∣∣∣∣∣∣∣∣∣∣∣

.

(9)
Çàóâàæèìî, ùî (9) � öå �êâàçiäèôåðåíöiàëüíèé� àíà-
ëîã âiäîìî¨ ôîðìóëè äëÿ ôóíêöi¨ Êîøi çâè÷àéíîãî
äèôåðåíöiàëüíîãî ðiâíÿííÿ [6].

Íàñëiäîê 2

K{j} (x, α) =
1

W (α)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

y1 (α) y2 (α) . . . yq (α)
y
[1]
1 (α) y

[1]
2 (α) . . . y

[1]
q (α)

...
...

...
...

y
[q−j−2]
1 (α) y

[q−j−2]
2 (α) . . . y

[q−j−2]
q (α)

y1 (x) y2 (x) . . . yq (x)
y
[q−j]
1 (α) y

[q−j]
2 (α) . . . y

[q−j]
q (α)

...
...

...
...

y
[q−1]
1 (α) y

[q−1]
2 (α) . . . y

[q−1]
q (α)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

, j = 0, q − 1 (10)

óòâîðþþòü íîðìàëüíó äëÿ x = α ôóíäàìåíòàëüíó ñèñòåìó ðîçâ'ÿçêiâ ÊÄÐ (1). Öå âèïëèâà¹ ç òîãî ôàêòó, ùî
K{j} (x, α) , j = 0, q − 1 ¹ åëåìåíòàìè ïåðøîãî ðÿäêà ìàòðèöi Êîøi (5).
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II. Êîíñòðóêòèâíà ïîáóäîâà åëåìåí-
òiâ ôóíäàìåíòàëüíî¨ ìàòðèöi

Óòî÷íèìî òåïåð ñòðóêòóðó êîåôiöi¹íòiâ ÊÄÐ (1).
Ïðèïóñòèìî, ùî a00 (x), ai0 (x), a0j (x), i = 1, n,
j = 1,m � êóñêîâî-íåïåðåðâíi íà iíòåðâàëi [a, b) ôóí-
êöi¨, ÿêi ìîæíà ïîäàòè ó âèãëÿäi

a00 (x) =
p∑

s=0
as
00 (x) θs (x) ,

ai0 (x) =
p∑

s=0
as

i0 (x) θs (x) ,

a0j (x) =
p∑

s=0
as
0j (x) θs (x) ,

(11)

äå x1, ..., xs, ..., xp(a = x0 < x1 < x2 < ... < xs < ... <
< xp < xp+1 = b) � òî÷êè ðîçðèâiâ êîåôiöi¹íòiâ
a00 (x) , ai0 (x) , a0j (x) , à

θs (x) =
{

1, x ∈ [xs, xs+1) ,
0, x /∈ [xs, xs+1)

(12)

� õàðàêòåðèñòè÷íà ôóíêöiÿ ïðîìiæêó [xs, xs+1),
s = 0, p. Êîåôiöi¹íòè æ aij (x), i, j 6= 0 ìàþòü òàêèé
âèãëÿä:

aij (x) = αij (x) +
p∑

s=1

βs
ijδ (x− xs) , (13)

äå αij (x) =
p∑

s=0
as

ij (x) θs (x) � êóñêîâî-íåïåðåðâíà
êîìïîíåíòà êîåôiöi¹íòà aij (x), à δ (x− xs) � ôóíê-
öiÿ Äiðàêà ç íîñi¹ì â òî÷öi xs, βs

ij � äiéñíi ÷èñëà.
Çàóâàæèìî [7], ùî ñòðóêòóðà êîåôiöi¹íòiâ (11), (13)
äîçâîëÿ¹ âñòàíîâèòè é ñòðóêòóðó ôóíäàìåíòàëüíî¨
ñèñòåìè ðîçâ'ÿçêiâ y1 (x) , y2 (x) , . . . yq (x) ÊÄÐ (1) òà
¨¨ êâàçiïîõiäíèõ i ïîäàòè ¨õ ó âèãëÿäi ñïëàéíiâ

y
[i]
k (x)=

p∑
s=0

y
[i]
ks (x) θs (x) , k=1, q , i=0, q−1, (14)

äå ôóíêöi¨ y
[i]
ks (x) � íåïåðåðâíi íà ïðîìiæêàõ

[xs, xs+1).
Âèêîðèñòîâóþ÷è âèãëÿä ôóíêöié (14), ìîæåìî

âñòàíîâèòè ñòðóêòóðó åëåìåíòiâ K [i]{j} (x, α) ôóí-
äàìåíòàëüíî¨ ìàòðèöi (5) â êâàäðàòi a ≤ x < b,
a ≤ α < b.

Òåîðåìà 1. Íåõàé êîåôiöi¹íòè ÊÄÐ (1) ñïðàâäæóþòü óìîâè (11), (13) i äîâiëüíà ôóíäàìåíòàëü-
íà ñèñòåìà ðîçâ'ÿçêiâ y1 (x) , y2 (x) , ..., yq (x) öüîãî ðiâíÿííÿ òà ¨¨ êâàçiïîõiäíi y

[i]
1 (x) , y

[i]
2 (x) , ..., y

[i]
q (x),

i = 0, q − 1, çîáðàæàþòüñÿ ó âèãëÿäi (14), òîáòî

y
[i]
k (x) =

p∑
s=0

y
[i]
ks (x) θs (x) , k = 1, q , i = 0, q − 1.

Òîäi

K [i]{j} (x, α) =
p∑

s=0

p∑

l=0

K
[i]{j}
sl (x, α) θsl (x, α) , (15)

äå

K
[i]{j}
sl (x, α) =

1
Wl (α)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

y1l (α) y2l (α) . . . yql (α)
y
[1]
1l (α) y

[1]
2l (α) . . . y

[1]
ql (α)

...
...

...
...

y
[q−j−2]
1l (α) y

[q−j−2]
2l (α) . . . y

[q−j−2]
ql (α)

y
[i]
1s (x) y

[i]
2s (x) . . . y

[i]
qs (x)

y
[q−j]
1l (α) y

[q−j]
2l (α) . . . y

[q−j]
ql (α)

...
...

...
...

y
[q−1]
1l (α) y

[q−1]
2l (α) . . . y

[q−1]
ql (α)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

, (16)

Wl (α) � êâàçiâðîíñêiàí ôóíäàìåíòàëüíî¨ ñèñòåìè ðîçâ'ÿçêiâ ÊÄÐ (1) íà ïðîìiæêó[xl, xl+1), à θsl (x, α) �
õàðàêòåðèñòè÷íà ôóíêöiÿ ïðÿìîêóòíèêàΩsl = {(x, α) : xs ≤ x < xs+1, xl ≤ α < xl+1}, s, l = 0, p, à ñàìå:

θsl (x, α) =
{

1, (x, α) ∈ Ωsl,
0, (x, α) /∈ Ωsl.

(17)
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¤ Äîâåäåííÿ. Ïðèïóñòèìî ñïî÷àòêó, ùî ñïëàéí (14) ìà¹ ëèøå äâà äîäàíêè
(
s = 0, 1

)
. Òîäi çà òåîðåìîþ

1 ìà¹ìî

K [i]{j} (x, α) =
1

W (α)

q∑

k=1

y
[i]
k (x)

(
1∑

l=0

∆j
kl (α) θl (α)

)
=

=
1

W (α)

q∑

k=1

((
1∑

s=0

y
[i]
ks (x) θs (x)

)(
1∑

l=0

∆j
kl (α) θl (α)

))
= (18)

=
1∑

s=0

1∑

l=0

(
q∑

k=1

y
[i]
ks (x)∆j

kl (α)
1

Wl (α)

)
θs (x) θl (α),

äå

∆j
kl (α) =

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

y1l (α) . . . y k − 1 l (α) y k + 1 l (α) . . . yql (α)

y
[1]
1l (α) . . . y

[1]

k − 1 l
(α) y

[1]

k + 1 l
(α) . . . y

[1]
ql (α)

...
...

...
...

...
...

y
[q−j−2]
1l (α) . . . y

[q−j−2]

k − 1 l
(α) y

[q−j−2]

k + 1 l
(α) . . . y

[q−j−2]
ql (α)

y
[q−j]
1l (α) . . . y

[q−j]

k − 1 l
(α) y

[q−j]

k + 1 l
(α) . . . y

[q−j]
ql (α)

...
...

...
...

...
...

y
[q−1]
1l (α) . . . y

[q−1]

k − 1 l
(α) y

[q−1]

k + 1 l
(α) . . . y

[q−1]
ql (α)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

,

1
W (α)

=
1∑

l=0

1
Wl (α)

θl (α) .

Ïîçíà÷èìî
q∑

k=1

yi
ks (x)∆j

kl (α)
1

Wl (α)
÷åðåç K

[i]{j}
sl (x, α) i çàóâàæèìî, ùî äîáóòîê θs (x) θl (α) ¹ õàðàêòåðè-

ñòè÷íîþ ôóíêöi¹þ (17). Òîäi, âèêîðèñòàâøè (18), ïðèõîäèìî äî çîáðàæåííÿ åëåìåíòiâ ôóíäàìåíòàëüíî¨ ìà-
òðèöi K [i]{j} (x, α) ó âèãëÿäi äâîâèìiðíèõ ñïëàéíiâ (15) ç êîìïîíåíòàìèK

[i]{j}
sl (x, α) , ÿêi ¹ ðîçêëàäàìè âèçíà-

÷íèêiâ (16) çà åëåìåíòàìè (q − j)-ãî ðÿäêà. Íà çàâåðøåííÿ äîâåäåííÿ äîñèòü ñêîðèñòàòèñü ìåòîäîì ìàòåìà-
òè÷íî¨ iíäóêöi¨ çà iíäåêñîì s. ¥

Âëàñòèâîñòi ôóíêöi¨ K (x, α) òà ¨¨ êâàçiïîõiäíèõ
äëÿ ÊÄÐ (1) äåòàëüíî îïèñàíi ó [8].

III. Ïîáóäîâà ôóíäàìåíòàëüíî¨ ñèñòå-
ìè ðîçâ'ÿçêiâ ÊÄÐ (1)

Ïîïåðåäíi âèêëàäåííÿ ïåðåäáà÷àëè, ùî ôóíäà-
ìåíòàëüíà ñèñòåìà ðîçâ'ÿçêiâ ÊÄÐ (1) � âiäîìà. Ïî-
êàæåìî, ÿê ¨¨ çíàéòè çà óìîâ (11), (13) íà êîåôiöi¹í-
òè ðiâíÿííÿ aij (x) , i = 0, n, j = 0, m. Äëÿ öüî-
ãî ðîçãëÿíåìî ñèñòåìó äèôåðåíöiàëüíèõ ðiâíÿíü ïåð-
øîãî ïîðÿäêó (3), ùî âiäïîâiäà¹ ÊÄÐ (1). Çàóâàæè-
ìî, ùî ñòðèáêè ∆C (x) ìàòðèöi C (x) ç (3) çà óìîâ
(11) i (13) íà êîåôiöi¹íòè ÊÄÐ (1) ¹ òiëüêè â íîñiÿõ
xs ôóíêöié Äiðàêà δ (x− xs). Ïîðÿä ç ñèñòåìîþ (3)
ðîçãëÿíåìî ñèñòåìó äèôåðåíöiàëüíèõ ðiâíÿíü ïåð-
øîãî ïîðÿäêó, ùî âiäïîâiäà¹ ÊÄÐ (1) ç êîåôiöi¹í-

òàìè aij (x) = αij (x) , ÿêi íå ìiñòÿòü óçàãàëüíåíèõ
ñêëàäîâèõ (äèâ. ôîðìóëó (13)). Öþ ñèñòåìó ìîæíà
çàïèñàòè [9] ó âèãëÿäi

Y ′ =

(
p∑

s=0

As (x) θs (x)

)
Y, (19)

äå ìàòðèöi As (x) � íåïåðåðâíi íà ïðîìiæêàõ
[xs, xs+1) , à θs (x) � õàðàêòåðèñòè÷íi ôóíêöi¨ (12) öèõ
ïðîìiæêiâ. Ñèñòåìà (19) iíäóêó¹ íà êîæíîìó ç ïðî-
ìiæêiâ [xs, xs+1) ñèñòåìó äèôåðåíöiàëüíèõ ðiâíÿíü

Y ′ = As (x)Y, s = 0, p. (20)
Ïîçíà÷èìî ìàòðèöþ Êîøi ñèñòåìè (20) ÷åðåç

B̃s (x, α) i ââàæàòèìåìî ¨¨ âiäîìîþ äëÿ äîâiëüíîãî
s = 0, p. Òîäi ðåêóðåíòíi ñïiââiäíîøåííÿ

B0 (x, a) = B̃0 (x, a) , x ∈ [a, x1)

Bs (x, a) = B̃s (x1, xs − 0) (E + ∆C (xs))Bs−1 (xs, a) , x ∈ [xs, xs+1) (21)
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ðåàëiçóþòü ñêëåþâàííÿ ðîçâ'ÿçêiâ [10] ñèñòåìè äèôå-
ðåíöiàëüíèõ ðiâíÿíü (3) â òî÷êàõxs i äîçâîëÿþòü ïî-
äàòè ¨¨ ìàòðèöþ Êîøi B (x, α) íà ïðîìiæêó [a, b) ó
âèãëÿäi ñïëàéíó çà çìiííîþ x, òîáòî

B (x, a) =
p∑

s=0

Bs (x, a) θs (x). (22)

Åëåìåíòè ïåðøîãî ðÿäêà ìàòðèöi (22) óòâîðþ-
þòü íîðìàëüíó â òî÷öi x = a ôóíäàìåíòàëüíó ñè-
ñòåìó ðîçâ'ÿçêiâ ÊÄÐ (1), à íàñòóïíi ðÿäêè � ¨¨
êâàçiïîõiäíi.

IV. Ïðèêëàä ïîáóäîâè ôóíêöi¨ Êî-
øi êâàçiäèôåðåíöiàëüíîãî ðiâíÿí-
íÿ äðóãîãî ïîðÿäêó

Çíàéäåìî ôóíêöiþ Êîøi K (x, α) ÷àñòêîâî âèðî-
äæåíîãî ÊÄÐ

(a (x) y′)′ + Mδ (x− x1) y = 0, x ∈ [0, b) (23)

ç êîåôiöi¹íòîì

a (x) =
1∑

s=0

as (x) θs (x) ,

äå a−1
s (x) � íåïåðåðâíi ôóíêöi¨ íà ïðîìiæêàõ

[xs, xs+1) , s = 0, 1, 0 = x0 < x1 < b.
Ñïî÷àòêó âiäøóêà¹ìî ôóíäàìåíòàëüíó ñèñòåìó

ðîçâ'ÿçêiâ ÊÄÐ (23) çà ñõåìîþ ïîïåðåäíüîãî ïóíêòó.
Ñèñòåìà (3) â öüîìó âèïàäêó ìà¹ ìàòðèöþC ′ âèãëÿ-
äó

C ′ (x) =
(

0 a−1 (x)
−Mδ (x− x1) 0

)
,

òîìó ìàòðèöÿC (x)ìà¹ ñòðèáîê∆C (x) òiëüêè â òî÷öi
x1, òîáòî

∆C (x1) =
(

0 0
−M 0

)
.

Çàóâàæèìî, ùî ìàòðèöÿ ∆C (x) ñïðàâäæó¹ óìî-
âó êîðåêòíîñòi (4), à ìàòðèöi As ç ôîðìóëè (20) äëÿ
ñèñòåìè äèôåðåíöiàëüíèõ ðiâíÿíü ïåðøîãî ïîðÿäêó,
ùî âiäïîâiäà¹ ÊÄÐ (23) ìàþòü âèãëÿä

As (x) =
(

0 a−1
s (x)

0 0

)
, s = 0, 1.

ßêùî ââåñòè ïîçíà÷åííÿ

ϕs (x, α) =

x∫

α

a−1
s (t) dt,

òî ìàòðèöi Êîøi B̃s (x, α) ëåãêî çíàõîäÿòüñÿ, à ñàìå:

B̃s (x, α) =
(

1 ϕs (x, α)
0 1

)
, s = 0, 1.

Çàïèñàâøè ðåêóðåíòíi ñïiââiäíîøåííÿ (21) â öüîìó
âèïàäêó, îòðèìà¹ìî

B0 (x, 0) =
(

1 ϕ0 (x, 0)
0 1

)
, x ∈ [0, x1) ,

B1 (x, 0) =
(

1 ϕ1 (x, x1)
0 1

)(
1 0
−M 1

)(
1 ϕ0 (x1, 0)
0 1

)
=

(
α1 (x) α2 (x)
α

[1]
1 (x) α

[1]
2 (x)

)
, x ∈ [x1, b) ,

äå α1 (x) = 1−Mϕ1 (x, x1), α2 (x) = ϕ0 (x1, 0)+ϕ1 (x, x1) (1−Mϕ0 (x1, 0)), α[1]
1 (x) = −M , α[1]

2 (x)=1−Mϕ0 (x1,0).
Îòæå, ìàòðèöþ Êîøi äëÿ ÊÄÐ (23) ìîæíà ïîäàòè ó âèãëÿäi

B (x, 0) =
(

1 ϕ0 (x, 0)
0 1

)
θ0 (x) +

(
α1 (x) α2 (x)
α

[1]
1 (x) α

[1]
2 (x)

)
θ1 (x) ,

à òîìó ôóíêöi¨
y1 (x) = 1 · θ0 (x) + (1−Mϕ1 (x, x1)) θ1 (x) ,

y2 (x) = ϕ0 (x, 0) θ0 (x) + [ϕ0 (x1, 0) + ϕ1 (x, x1) (1−Mϕ0 (x1, 0))] θ1 (x) (24)
óòâîðþþòü ôóíäàìåíòàëüíó ñèñòåìó ðîçâ'ÿçêiâ ÊÄÐ (23), íîðìàëüíó â òî÷öix = 0.

Âèêîðèñòîâóþ÷è âèãëÿä ôóíäàìåíòàëüíî¨ ñèñòåìè ðîçâ'ÿçêiâ (24) i òåîðåìó 2, çíàéäåìî êîìïîíåíòè ñïëàé-
íó (15) çà ôîðìóëàìè (16)

K00 (x, α) =
∣∣∣∣

1 ϕ0 (α, 0)
1 ϕ0 (x, 0)

∣∣∣∣ = ϕ0 (x, α) ,

K10 (x, α) =
∣∣∣∣

1 ϕ0 (α, 0)
1−Mϕ1 (x, x1) ϕ0 (x1, 0) + ϕ1 (x, x1) (1−Mϕ0 (x1, 0))

∣∣∣∣ =

= ϕ0 (x1, α) + ϕ1 (x, x1)−Mϕ0 (x1, α) ϕ1 (x, x1) ,
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K01 (x, α) =
∣∣∣∣

1−Mϕ1 (α, x1) ϕ0 (x1, 0) + ϕ1 (α, x1) (1−Mϕ0 (x1, 0))
1 ϕ0 (x, 0)

∣∣∣∣ =

= ϕ0 (x, x1)− ϕ1 (α, x1)−Mϕ0 (x, x1)ϕ1 (α, x1) ,

K11 (x, α) =
∣∣∣∣

1−Mϕ1 (α, x1) ϕ0 (x1, 0) + ϕ1 (α, x1) (1−Mϕ0 (x1, 0))
1−Mϕ1 (x, x1) ϕ0 (x1, 0) + ϕ1 (x, x1) (1−Mϕ0 (x1, 0))

∣∣∣∣ = ϕ1 (x, α) .

Îòæå, ôóíêöiþ K (x, α) ÊÄÐ (23) â êâàäðàòi 0 ≤ x < b, 0 ≤ α < b ìîæíà ïîäàòè ó âèãëÿäi ñïëàéíó

K (x, α) = ϕ0 (x, α) θ00 (x, α) + [ϕ0 (x1, α) + ϕ1 (x, x1)−Mϕ0 (x1, α)ϕ1 (x, x1)] θ10 (x, α)+

+ [ϕ0 (x, x1)− ϕ1 (α, x1)−Mϕ0 (x, x1) ϕ1 (α, x1)] θ01 (x, α) + ϕ1 (x, α) θ11 (x, α) .

Çàóâàæèìî, ùî çîáðàæåííÿ ôóíêöi¨ K (x, α) ó âèãëÿäi ñïëàéíó (15) äîçâîëÿ¹ êîíñòðóêòèâíî áóäóâàòè
ðîçâ'ÿçîê íåîäíîðiäíîãî ðiâíÿííÿLmn [y] = f (x) .
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