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ÐIÂÍßÍÜ IÇ ÌÀËÈÌ ÏÀÐÀÌÅÒÐÎÌ ÄÎ ÏÐÎÑÒIØÎÃÎ ÂÈÃËßÄÓ

Ó ñòàòòi ïîáóäîâàíî àñèìïòîòè÷íèé ðîçâ'ÿçîê ñèñòåìè ëiíiéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü
ç ìàëèì ïàðàìåòðîì ïðè ÷àñòèíi ïîõiäíèõ i êîåôiöi¹íòàìè, çàëåæíèìè âiä öüîãî ïàðàìåòðà,
øëÿõîì çâåäåííÿ öi¹¨ ñèñòåìè äî ïðîñòiøîãî âèãëÿäó.

The article deals with the construction of asymptotic solution for the system of linear di-
�erential equations with a small parameter at a part of derivatives and coe�cients, which depend
on this parameter, by means of reduction of this system to a simpler form.

Ó ïðàöi [1] ðîçãëÿäàëàñü ñèñòåìà äèôå-
ðåíöiàëüíèõ ðiâíÿíü âèãëÿäó

u′ = A(x)u + A1(x)v, (1)

εv′ = (B(x) + εB1(x))v + εB2(x)u, (2)

i áóëî ïîáóäîâàíî àñèìïòîòè÷íèé ðîçâ'ÿçîê
øëÿõîì çâåäåííÿ öi¹¨ ñèñòåìè äî ïðîñòiøî¨

u′ = C(ε)v, (3)

εv′ = B(x)v + εD(ε)u, (4)

äå

C(ε) =
∑
n=0

εnCn, D(ε) =
∑
n=0

εnDn, (5)

Cn, Dn - ïîñòiéíi ìàòðèöi ñïåöiàëüíîãî âè-
ãëÿäó

C(ε) =
(

cn 0
)
, D(ε) =

(
0
dn

)
. (6)

Â [1] äëÿ ñèñòåìè (3), (4) ïîáóäîâàíî ïåðå-
òâîðåííÿ, ùî çâîäèòü öþ ñèñòåìó äî ùå ïðî-
ñòiøîãî âèãëÿäó, i çíàéäåíî ðîçâ'ÿçêè. Òà-
êèé ïiäõiä äà¹ çìîãó óçàãàëüíèòè ðåçóëüòà-
òè [2].

Ó äàíié ðîáîòi äîñëiäæó¹òüñÿ çàïðîïîíî-
âàíà â [1] çàäà÷à óçàãàëüíèòè îäåðæàíi ðå-
çóëüòàòè äëÿ ñèñòåìè (1), (2) ç êîåôiöi¹íòà-
ìè, çàëåæíèìè âiä ìàëîãî ïàðàìåòðà ε

u′ = A(x, ε)u + A1(x, ε)v, (7)

εv′ = εB1(x, ε)u + B(x, ε)v, (8)

äå u ∈ Rn, v ∈ R2, A, A1, B i B1 - ìàòðèöi,
ãîëîìîðôíi çà x, ε â îáëàñòi

|x| ≤ ρ, |ε| ≤ ε0 (9)

i òàêi, ùî ïðè |x| ≤ ρ ìàòðèöÿ B(x, 0) ãîëî-
ìîðôíî ïîäiáíà ìàòðèöi

B(x) =

(
0 1

xa(x) 0

)
, a(x) 6= 0, (10)

ε - ìàëèé ïàðàìåòð. Iç (10) âèïëèâà¹, ùî
detB(x, 0) = 0 ïðè x = 0. ßê i â [2], âèìà-
ãàòèìåìî, ùîá âèêîíóâàëàñü áiëüø æîðñòêà
óìîâà, à ñàìå, ùîá öåé íóëü áóâ ïåðøîãî ïî-
ðÿäêó, òîáòî d

dx
(detB(x, 0)) |x=0 6= 0.

Âèêîðèñòîâóþ÷è ðåãóëÿðèçóþ÷å ïåðåòâî-
ðåííÿ âiäîìîãî âèãëÿäó [2]

v =

(
1 0
0 w(x)

)
v∗ = T (x)v∗

i çàìiíó çìiííî¨ t = α(x), ëåãêî çâîäèìî ñè-
ñòåìó (7), (8) äî ñèñòåìè òàêîãî æ âèãëÿäó
ç ìàòðèöåþ

B(x) =

(
0 1
x 0

)
(11)

Ìîæíà ïðèïóñêàòè, ùî ñëiäè ìàòðèöü
A(x, ε) i B(x, ε) - òîòîæíi íóëi

trA(x, ε) = trB(x, ε) ≡ 0. (12)

Ïîáóäó¹ìî ïåðåòâîðåííÿ, ùî çâîäèòü ñè-
ñòåìó (7), (8) äî áiëüø ïðîñòîãî âèãëÿäó (3),
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(4). Öå ïåðåòâîðåííÿ øóêà¹ìî çà äîïîìîãîþ
çàìiíè (u, v) ñèñòåìè (7), (8) íà íîâi çìiííi
(u, v) ñèñòåìè (3), (4) ç ìàòðèöåþ çàìiíè

Φ(x, ε) =

=




U(x) +
∑
n=1

εnUn(x)
∑
n=1

εnVn1(x)
∑
n=1

εnUn1(x) V (x) +
∑
n=1

εnVn(x)


 .

(13)
Äëÿ ìàòðèöi Φ = Φ(x, ε) îòðèìó¹ìî ìà-

òðè÷íå ðiâíÿííÿ

εΦ′ +
(

0 εC(ε)
εD(ε) B(x)

)
=

=

(
εA(x, ε) εA1(x, ε)
εB1(x, ε) B(x, ε)

)
Φ. (14)

Iç (13), (14), à òàêîæ iç ãîëîìîðôíîñòi ìà-
òðèöü A(x, ε), A1(x, ε), B1(x, ε) i B(x, ε) îòðè-
ìó¹ìî ñèñòåìó ðiâíÿíü äëÿ ìàòðèöi Φ:

U ′ +
∑
n=1

εnU ′
n +

∑
n=1

εnVn1D(ε) =

=
∑
n=0

εnA0nU +
∑
n=0

εnA0n

∑
n=1

εnUn+

+
∑
n=0

εnA1n

∑
n=1

εnUn1, (15)

∑
n=1

εnV ′
n1 + UC(ε) +

∑
n=1

εnUnC(ε)+

+
∑
n=1

εn−1Vn1(B +
∑
n=1

εnB0n) =

=
∑
n=0

εnA0n

∑
n=1

εnVn1 +
∑
n=0

εnA1nV +

+
∑
n=0

εnA1n

∑
n=1

εnVn, (16)

∑
n=1

εnU ′
n1 + V D(ε) +

∑
n=1

εnVnD(ε) =

=
∑
n=0

εnB1nU +
∑
n=0

εnB1n

∑
n=1

εnUn+

+(B +
∑
n=1

εnB0n)
∑
n=1

εn−1Un1, (17)

εV ′ + ε
∑
n=1

εnV ′
n + ε

∑
n=1

εnUn1C(ε)+

+V B +
∑
n=1

εnVnB =

= ε
∑
n=0

εnB1n

∑
n=1

εnVn1+

+(B+
∑
n=1

εnB0n)V +(B+
∑
n=1

εnB0n)
∑
n=1

εnVn.

(18)
Ïðèðiâíþþ÷è êîåôiöi¹íòè ïðè íóëüîâîìó

ñòåïåíi ε, iç (5), (15)-(18) îäåðæèìî ðiâíÿííÿ

U ′ = A00U, (19)

UC0 + V11B = A10V, (20)

V D0 = B10U + BU11, (21)

V B = BV. (22)

Iç ïåðøîãî òà îñòàííüîãî ðiâíÿíü îòðèìó-
¹ìî

U(x) = Ωx
0 (A00),

V (x) = α0(x)I + β0(x)B(x), (23)

äå Ωx
0 (A00) - ìàòðèöàíò ðiâíÿííÿ (19),

α0(x), β0(x) - äîâiëüíi ãîëîìîðôíi â îáëàñòi
(9) ôóíêöi¨, I - îäèíè÷íà ìàòðèöÿ [2].

ßê i â [1], äëÿ âèçíà÷åííÿ ôóíêöié α0(x)
i β0(x) âèêîðèñòà¹ìî ñèñòåìó ðiâíÿíü, ùî
îäåðæó¹òüñÿ ç (5), (15)-(18), ïðèðiâíþþ÷è â
íié êîåôiöi¹íòè ïðè ïåðøîìó ñòåïåíi ïàðà-
ìåòðà ε:

U ′
1 + V11D0 = A01U + A00U1 + A10U11, (24)

V ′
11 + UC1 + U1C0 + V21B =

= A00V11 + A11V + A10V1, (25)

U ′
11 + V D1 + V1D0 =

= B11U + B10U1 + BU21 + B01U11, (26)

V ′ + V1B = B01V + BV1. (27)

Ïiäñòàâëÿ¹ìî âèðàç (23) ó (27) òà îòðèìà¹-
ìî:

α′0(x)I + β′0(x)B(x) + β0(x)B′(x) + V1B(x) =

= B01(α0(x)I + β0(x)B(x)) + B(x)V1. (28)
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äëÿ ðîçâ'ÿçíîñòi ðiâíÿííÿ (28), çãiäíî ç [2],
íåîáõiäíî é äîñèòü, ùîá âèêîíóâàëèñÿ íà-
ñòóïíi óìîâè:

tr(V ′(x)−B01(x)V (x)) ≡ 0. (29)

tr((V ′(x)−B01(x)V (x))B(x)) ≡ 0. (30)

Ç (29), (30) i (12) îäåðæó¹ìî ñèñòåìó ðiâíÿíü
äëÿ ôóíêöié α0(x) i β0(x) âèãëÿäó

2α′0 = b1(x)β0, 2xβ′0 + β0 = b1(x)α0. (31)

äå
b1(x) = tr(B01(x)B(x)). (32)

Çãiäíî ç òåîði¹þ ðåãóëÿðíèõ îñîáëèâèõ
òî÷îê ëiíiéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü [3],
ñèñòåìà (31) ìà¹ íåíóëüîâi ãîëîìîðôíi â
îáëàñòi (9) ðîçâ'ÿçêè, ÿêi çàëåæàòü âiä çíà-
÷åííÿ α0(0). Ïîêëàäåìî α0(0) = 1 i âèçíà÷è-
ìî îäíîçíà÷íî ïîòðiáíèé íàì ðîçâ'ÿçîê ñè-
ñòåìè ðiâíÿíü (31), (32):

α0 = α0(x), β0 = β0(x). (33)

Ïiäñòàâëÿþ÷è çíà÷åííÿ (23), (33) â ðiâíÿííÿ
(20), (21) ñèñòåìè ðiâíÿíü (19)-(22) äëÿ âè-
çíà÷åííÿ ìàòðèöü C0, D0, V11(x) i U11, îòðè-
ìó¹ìî ïîâíiñòþ âèçíà÷åíi ðiâíÿííÿ:

U(x)C0 + V11B(x) = A10(x)V (x), (34)

V (x)D0 = B10(x)U(x) + B(x)U11. (35)

Ç (34) ïiñëÿ éîãî äîìíîæåííÿ íà B(x) ñïðà-
âà ìàòèìåìî ðiâíÿííÿ

U(x)C0B(x) + xV11 = A10(x)V (x)B(x). (36)

Ïðè x = 0 ç (36) îòðèìó¹ìî ðiâíÿííÿ äëÿ
âèçíà÷åííÿ ìàòðèöi C0:

C0B(0) = A10(0)V (0)B(0), (37)

ç ÿêîãî âèïëèâà¹, ùî ÿêùî çàïèñàòè âiäïî-
âiäíi ìàòðèöi â (37) ïîêîîðäèíàòíî

C(0) =




c11 c12

... ...
cp1 cp2


 ,

A10(0)V (0) =




a11 a12

... ...
ap1 ap2


 ,

òî çíà÷åííÿ

c11 = a11, ..., cp1 = ap1,

c12 = 0, ..., cp2 = 0

çàâæäè çàäîâîëüíÿþòü ðiâíÿííÿ (37). Òà-
êèì ÷èíîì, âèáðàâøè C0 ó âèãëÿäi

C0 =
(

c0 0
)
, c0 =




a11

...
ap1


 , (38)

äëÿ âèçíà÷åííÿ ìàòðèöi V11 îòðèìó¹ìî öië-
êîì âèçíà÷åíå ðiâíÿííÿ âèãëÿäó

xV11 = F (x), (39)

äå F (x) - âiäîìà ìàòðèöÿ. Îñêiëüêè, çãiäíî
ç âèáîðîì C0, ìà¹ìî F (0) = 0, òî

F (x) =

1∫

0

d

dt
F (tx)dt = x

1∫

0

F ′(tx)dt, (40)

äå ÷åðåç F ′ ïîçíà÷åíî ïîõiäíó ôóíêöi¨ F (x)
çà x.

Ç óðàõóâàííÿì (39), (40) äëÿ V11 çíàõî-
äèìî çíà÷åííÿ

V11(x) =

1∫

0

F ′(tx)dt, (41)

ÿêå âèçíà÷à¹ ãîëîìîðôíèé â îáëàñòi (9)
ðîçâ'ÿçîê ðiâíÿííÿ (39).

Ç (35) ïiñëÿ éîãî äîìíîæåííÿ çëiâà íà
B(x) îòðèìó¹ìî ðiâíÿííÿ

B(x)V (x)D0 = xU11 +B(x)B10(x)U(x). (42)

Ïðè x = 0 ç (36) îòðèìó¹ìî ðiâíÿííÿ äëÿ
âèçíà÷åííÿ ìàòðèöi D0:

B(0)V (0)D0 = B(0)B10(0)U(0), (43)

ç ÿêîãî âèïëèâà¹ íàñòóïíå: ÿêùî çàïèñàòè
âiäïîâiäíi ìàòðèöi â (43) ïîêîîðäèíàòíî

D(0) =

(
d11 ... d1p

d21 ... d2p

)
,

B10(0)U(0) =

(
b11 ... b1p

b12 ... b2p

)
,
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òî çíà÷åííÿ
d21 = b21, ..., d2p = b2p,

d11 = 0, ..., d1p = 0

çàâæäè çàäîâîëüíÿþòü ðiâíÿííÿ (43). Òà-
êèì ÷èíîì, âèáðàâøè D0 ó âèãëÿäi

D0 =

(
0
d0

)
, d0 =

(
b21 ... b2p

)
, (44)

äëÿ âèçíà÷åííÿ ìàòðèöi U11 îòðèìó¹ìî öië-
êîì âèçíà÷åíå ðiâíÿííÿ âèãëÿäó

xU11 = G(x), (45)

äå G(x) - âiäîìà ìàòðèöÿ. Îñêiëüêè, çãiäíî
ç âèáîðîì D0 ìà¹ìî G(0) = 0, òî

G(x) = x

1∫

0

G′(tx)dt. (46)

Ç óðàõóâàííÿì (45), (46) äëÿ U11 çíàõî-
äèìî çíà÷åííÿ

U11(x) =

1∫

0

G′(tx)dt, (47)

ÿêå âèçíà÷à¹ ãîëîìîðôíèé â îáëàñòi (9)
ðîçâ'ÿçîê ðiâíÿííÿ (45). Áåçïîñåðåäíüîþ ïå-
ðåâiðêîþ ïåðåêîíó¹ìîñü, ùî çíàéäåíi iç ðiâ-
íÿíü (36) i (42) ìàòðèöi C0, D0, V11(x) i
U11(x) ¹ ðîçâ'ÿçêàìè ðiâíÿíü (34), (35). Òà-
êèì ÷èíîì, çíàéäåíî ïåðøi äîäàíêè ðîçêëà-
äiâ (11), (13). Äëÿ çíàõîäæåííÿ äðóãèõ äî-
äàíêiâ öèõ ðîçêëàäiâ ìè ìà¹ìî ñèñòåìó (24)-
(27).

Ç ðiâíÿííÿ (24) öi¹¨ ñèñòåìè, âèìàãàþ÷è
äîäàòêîâî âèêîíàííÿ óìîâè U1(0) = 0, çíà-
õîäèìî ìàòðèöþ U1(x) ó âèãëÿäi

U1(x) =

x∫

0

Ωx
τ (A00)[A01(t)U(t)+

+A10(t)U11(t)− V11(t)D0]dt.

Ðîçãëÿíåìî òåïåð ðiâíÿííÿ (27). Ç óðàõó-
âàííÿì óìîâ (29), (30) ðiâíÿííÿ (27) íàáóäå
âèãëÿäó

V1B(x) = B(x)V1 + F1(x), (48)

äå F1(x) - âiäîìà ìàòðèöÿ, ùî çàäîâîëüíÿ¹
óìîâè

trF1(x) = tr(F1(x)B(x)) ≡ 0, (49)

Iç (49) âèïëèâà¹, ùî F1(x) ìà¹ âèãëÿä ìà-
òðèöi

F1(x) =

(
f1(x) g1(x)
−xg1(x) −f1(x)

)
, (50)

äå f1(x), g1(x) - âiäîìi ãîëîìîðôíi â îáëàñòi
(9) ôóíêöi¨.

Ç óðàõóâàííÿì (50) çàãàëüíèé ðîçâ'ÿçîê
ðiâíÿííÿ (48) âèçíà÷à¹òüñÿ ôîðìóëîþ

V1(x) = α1(x)I + β1(x)B(x) + W1(x), (51)

W1(x) =

(
g1(x) 0
−f1(x) 0

)
,

äå α1(x), β1(x) - äîâiëüíi ãîëîìîðôíi â îáëà-
ñòi (9) ôóíêöi¨.

ßê i ó âèïàäêó ç âèçíà÷åííÿì ôóíêöié
α0(x), β0(x), äëÿ âèçíà÷åííÿ α1(x), β1(x) íå-
îáõiäíî çàïèñàòè ñèñòåìó ðiâíÿíü, ÿêó îòðè-
ìó¹ìî iç (5), (15)-(18) ïðèðiâíþþ÷è â íié êî-
åôiöi¹íòè ïðè äðóãîìó ñòåïåíi ïàðàìåòðà ε:

U ′
2 + (V11D1 + V21D0) =

= A00U2 + A10U21 + A11U11 + A01U1 + A02U,

V ′
21 + UC2 + (U2C0 + U1C1) + V31B =

= A00V21 + A01V11 + A12V + A10V2 + A11V1,

U ′
21 + V D2 + (V2D0 + V1D1) =

= B12U+B10U2+B11U1+BU31+B01U21+B02U11,

V ′
1+U11C0+V2B = B10V11+B02V +BV2+B01V1,

i ðîçãëÿíóòè îñòàíí¹ iç öèõ ðiâíÿíü, ùî ìi-
ñòèòü ïîõiäíó V1.

Ðiâíÿííÿ, ùî ðîçãëÿäàòèìåòüñÿ, ìàòèìå
âèãëÿä

V ′
1 + V2B = BV2 + B01V1 + F2, (52)

äå F2(x) - âiäîìà ìàòðèöÿ
F2(x) = B10(x)V11 + B02(x)V − U11(x)C0,

Óìîâè äëÿ ðîçâ'ÿçíîñòi ðiâíÿííÿ (52) íà-
ñòóïíi:

trV ′
1(x) = tr(B01(x)V1(x)) + trF2(x), (53)
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tr(V ′
1(x)B(x)) =

= tr(B01(x)V1(x)B(x))+tr(F2(x)B(x)), (54)

Ç (53), (54) iç óðàõóâàííÿì ôîðìóë (12) i
(51) îäåðæó¹ìî ñèñòåìó ðiâíÿíü äëÿ ôóí-
êöié α1 = α1(x) i β1 = β1(x) âèãëÿäó

2α′1 = b1(x)β1 + f ∗(x), (55)

2xβ′1 + β1 = b1(x)α1 + g∗(x). (56)

Ç [2] âiäîìî, ùî ñèñòåìà (55), (56) ìà¹ íå-
íóëüîâi ãîëîìîðôíi â îáëàñòi (9) ðîçâ'ÿçêè,
ÿêi çàëåæàòü âiä çíà÷åííÿ α1(0). Ïîêëàäåìî
α1(0) = 0 i âèçíà÷èìî îäíîçíà÷íî ïîòðiáíèé
íàì ðîçâ'ÿçîê ñèñòåìè ðiâíÿíü (55), (56):

α1 = α1(x), β1 = β1(x). (57)

Ïiäñòàâèâøè òåïåð çíà÷åííÿ (57) â ðiâíÿííÿ
(51) ìè îäíîçíà÷íî âèçíà÷èìî ðîçâ'ÿçîê ðiâ-
íÿííÿ (27), ãîëîìîðôíèé â îáëàñòi (9). Äëÿ
ðîçâ'ÿçàííÿ iíøèõ ðiâíÿíü ñèñòåìè (24)-(27)
ïiäñòàâèìî â íèõ çíàéäåíi çíà÷åííÿ ìàòðèöü
C0, D0, V (x), U(x), V1(x), U1(x), V11(x), U11(x)
i îòðèìà¹ìî ðiâíÿííÿ:

U(x)C1 + V21B(x) = F1(x), (58)

V (x)D1 = B(x)U21 + G1(x), (59)

äå F1(x) i G1(x) - âiäîìi ìàòðèöi, ãîëîìîðôíi
â îáëàñòi (5).

Ðiâíÿííÿ (58), (59) ìàþòü âèãëÿä ðiâíÿíü
(34), (35) i òîìó ðîçâ'ÿçóþòüñÿ òàêèì æå ìå-
òîäîì, ùî é ðiâíÿííÿ (34), (35). Öå äà¹ ìî-
æëèâiñòü îäíîçíà÷íî âèçíà÷èòè ìàòðèöi C1

i D1 àíàëîãi÷íî ìàòðèöÿì C0 i D0 âèãëÿäó
(6), à òàêîæ îäíîçíà÷íî âèçíà÷èòè ìàòðèöi
V21 = V21(x) i U21 = U21(x) àíàëîãi÷íî ìà-
òðèöÿì V11(x) i U11(x) âèãëÿäó i ãîëîìîðôíi
â îáëàñòi (9). Òàêèì ÷èíîì, ìè çàâåðøó¹ìî
ïðîöåñ ïîáóäîâè äðóãèõ äîäàíêiâ ðîçêëàäiâ
(5), (13).

Äëÿ ïîáóäîâè íàñòóïíèõ äîäàíêiâ ðîç-
êëàäiâ (5), (13) çàñòîñó¹ìî ìåòîä ïîâíî¨ ìà-
òåìàòè÷íî¨ iíäóêöi¨. Ç öi¹þ ìåòîþ çàïèøåìî
ðiâíÿííÿ, ùî îòðèìóþòüñÿ iç (5), (15)-(18),
ïðèðiâíþþ÷è â íié êîåôiöi¹íòè ïðè n-îìó
(n ≥ 2) ñïåïåíi ïàðàìåòðà ε:

U ′
n +

n∑

k=1

Vk1Dn−k =

= A00Un + A10Un1 + A0nU+

+
n−1∑

k=1

A0kUn−k +
n−1∑

k=1

A1kU(n−k)1, (60)

V ′
n1 + UCn +

n∑

k=1

UkCn−k + V(n+1)1B =

= A00Vn1 + A10Vn + A1nV +
n−1∑

k=1

A0kV(n−k)1+

+
n−1∑

k=1

A1kVn−k −
n∑

k=1

Vk1B0(n−k+1), (61)

U ′
n1 + V Dn +

n∑

k=1

VkDn−k =

= B10Un + B01Un1 + BU(n+1)1 + B1nU+

+
n−1∑

k=1

B1kUn−k +
n−1∑

k=1

B0kU(n−k+1)1, (62)

V ′
n +

n−1∑

k=1

Uk1Cn−(k+1) + VnB =

= BVn + B10V(n−1)1 + B01Vn−1 + B0nV +

+
n−2∑

k=1

B1kV(n−(k+1))1 +
n−1∑

k=2

B0kVn−k. (63)

ßê âèäíî iç âèêëàäåíîãî âèùå, ïðè
çàñòîñóâàííi ìàòåìàòè÷íî¨ iíäóêöi¨ ìè
íà íóëüîâîìó êðîöi âèçíà÷èëè ìàòðèöi
U, V, C0, D0, U11 i V11, íà ïåðøîìó êðîöi -
ìàòðèöi U1, V1, C1, D1, U21 i V21. Òîìó, ïðèïó-
ñêàþ÷è, ùî ìàòåìàòè÷íà iíäóêöiÿ çäiéñíåíà
äî (n-1)-ãî êðîêó âêëþ÷íî, ââàæàòèìåìî
âèçíà÷åíèìè íà (n-1)-ìó êðîöi ìàòðèöi
Un−1, Vn−1, Cn−1, Dn−1, Un1 i Vn1. Ïðè öüî-
ìó Vn−1 âèçíà÷åíî iç óìîâ ðîçâ'ÿçíîñòi
ðiâíÿííÿ (63).

Iç ðiâíÿííÿ (60) îäíîçíà÷íî âèçíà÷à¹ìî
Un ó âèãëÿäi

Un(x) =

x∫

0

Ωx
τ (A00)[Z(t)−

n∑

k=1

Vk1Dn−k]dt,

äå Z(t) - âiäîìà ìàòðèöÿ.
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Ç ðiâíÿííÿ (63) âèçíà÷à¹ìî Vn ó âèãëÿäi

Vn(x) = αn(x)I + βn(x)B(x) + Wn(x), (64)

äå αn(x), βn(x) - äîâiëüíi ñêàëÿðíi, Wn(x) -
âiäîìi ìàòðè÷íi ôóíêöi¨, ãîëîìîðôíi â îáëà-
ñòi (9). Äëÿ çíàõîäæåííÿ αn(x), βn(x) íåîá-
õiäíî ðîçãëÿíóòè ñèñòåìó ðiâíÿíü, îòðèìà-
íó iç (60)-(63) çàìiíîþ â íié iíäåêñó n íà
(n+1). Îñòàíí¹ ðiâíÿííÿ òàêî¨ ñèñòåìè ìà-
òèìå âèãëÿä

α′n(x)I + β′n(x)B(x) + βn(x)B′(x)+

+
n∑

k=1

Uk1Cn−k + Vn+1B =

= BVn+1 + B10Vn1 + R(x)+

+B01(αn(x)I + βn(x)B(x) + Wn(x)), (65)

äå R(x) - âiäîìà ìàòðè÷íà ôóíêöiÿ

R(x) = B0(n+1)V +

+
n−1∑

k=1

B1kV(n−k)1 +
n∑

k=2

B0kVn+1−k.

Óìîâè ðîçâ'ÿçíîñòi ðiâíÿííÿ (65) âèçíà÷à-
þòü ñèñòåìó äèôåðåíöiàëüíèõ ðiâíÿíü äëÿ
çíàõîäæåííÿ ôóíêöié αn(x) i βn(x).

2α′n = b1(x)βn + fn(x), (66)

2xβ′n + βn = b1(x)αn + gn(x), (67)

äå fn(x), gn(x) - âiäîìi ôóíêöi¨

fn(x) = tr(B10(x)Vn1(x) + B01(x)Wn(x)+

+R(x)−
n∑

k=1

Uk1(x)Cn−k),

gn(x) = tr(B10(x)Vn1(x)B(x)+

+B01(x)Wn(x)B(x) + R(x)B(x)−

−
n∑

k=1

Uk1(x)Cn−kB(x)),

ãîëîìîðôíi â îáëàñòi (9). Ïðèïóñêàþ÷è äî-
äàòêîâî αn(0) = 0, âèçíà÷à¹ìî iç (66), (67)
îäíîçíà÷íî ôóíêöi¨ αn(x), βn(x) ÿê ãîëîìîð-
ôíi â îáëàñòi (9) ðîçâ'ÿçêè ñèñòåìè (66),

(67). Ïiäñòàâëÿþ÷è çíàéäåíi çíà÷åííÿ αn(x)
i βn(x) ó ôîðìóëó (64), ìè îäíîçíà÷íî âèçíà-
÷à¹ìî ãîëîìîðôíèé â îáëàñòi (9) ðîçâ'ÿçîê
ðiâíÿííÿ (63).

Ðîçãëÿíåìî ðiâíÿííÿ ñèñòåìè (60)-
(63), ùî çàëèøèëèñÿ. Ïiäñòàâèìî â (61),
(62) âèçíà÷åíi âèùå âèðàçè äëÿ ìàòðèöü
Un(x), Vn(x). Ó ðåçóëüòàòi ðiâíÿííÿ (61),
(62) ìàòèìóòü âèãëÿä ðiâíÿíü:

U(x)Cn + V(n+1)1B(x) = Fn(x), (68)

V (x)Dn = B(x)U(n+1)1 + Gn(x), (69)

äå Fn(x), Gn(x), - âiäîìi ìàòðèöi, ãîëîìîð-
ôíi â îáëàñòi (9). Ðiâíÿííÿ (68), (69) ìà-
þòü âèãëÿä ðiâíÿíü (34), (35) i ðîçâ'ÿçóþ-
òüñÿ àíàëîãi÷íî. Öå äà¹ íàì îäíîçíà÷íi çíà-
÷åííÿ äëÿ Cn i Dn âèãëÿäó (38) i (44)

Cn =
(

cn 0
)
, Dn =

(
0
dn

)

i çíà÷åííÿ äëÿ ìàòðèöü U(n+1)1(x) i V(n+1)1(x)
âèãëÿäó (58) i (64).

Îòæå, çíàéäåíî ðîçâ'ÿçêè ðiâíÿíü (60)-
(63) i ìàòðèöi Cn, Dn. Òàêèì ÷èíîì, îáãðóí-
òîâàíî çàïðîïîíîâàíèé âèùå ìåòîä ïîáóäî-
âè âñiõ äîäàíêiâ ðîçêëàäiâ (5), (13) ãîëîìîð-
ôíèõ â îáëàñòi (9) i ìîæíà ñôîðìóëþâàòè
íàñòóïíó òåîðåìó.

Òåîðåìà. Íåõàé ïðàâi ÷àñòèíè ñèñòå-
ìè ëiíiéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü iç ìà-
ëèì ïàðàìåòðîì (7), (8) ãîëîìîðôíi â îáëà-
ñòi (9) i òàêi, ùî ïðè |x| ≤ ρ ìàòðèöÿ
B(x, 0) ãîëîìîðôíî ïîäiáíà ìàòðèöi (10).
Òîäi, âèêîðèñòîâóþ÷è ôîðìàëüíi ïåðåòâî-
ðåííÿ, ìîæíà çâåñòè ñèñòåìó (7), (8) äî
âèãëÿäó (3), (4).
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