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×åðíiâåöüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Þðiÿ Ôåäüêîâè÷à

ÀÑÈÌÏÒÎÒÈ×ÍÀ ÄÅÊÎÌÏÎÇÈÖIß ÑÈÍÃÓËßÐÍÎ ÇÁÓÐÅÍÈÕ
ÑÈÑÒÅÌ

Íàâåäåíà ñõåìà ðîçùåïëåííÿ ëiíiéíèõ ñèíãóëÿðíî çáóðåíèõ ñèñòåì ç äâîìà ìàëèìè ïàðà-
ìåòðàìè. Äîñëiäæåíà çàäà÷à ïðî ïîáóäîâó àñèìïòîòè÷íèõ ðîçêëàäiâ ðîçùåïëþþ÷îãî ïåðå-
òâîðåííÿ.

We provide a splitting scheme for linear singularly perturbed systems with two small parameters.
We also �nd asymptotic expansions of the splitting operator.

Âñòóï
Äåêîìïîçèöiÿ ëiíiéíèõ ñèíãóëÿðíî çáóðå-

íèõ ñèñòåì äèôåðåíöiàëüíèõ ðiâíÿíü ðîç-
ãëÿäàëàñü áàãàòüìà àâòîðàìè. Çðó÷íèì àïà-
ðàòîì, ÿêèé äîçâîëÿ¹ åôåêòèâíî ðîçâ'ÿçó-
âàòè âàæëèâó äëÿ çàñòîñóâàíü çàäà÷ó ïî-
íèæåííÿ ðîçìiðíîñòi, ¹ ìåòîä iíòåãðàëüíèõ
ìíîãîâèäiâ [1�3]. Äëÿ ëiíiéíèõ ñèíãóëÿðíî
çáóðåíèõ ñèñòåì ìåòîä iíòåãðàëüíèõ ìíîãî
âèäiâ äîçâîëÿ¹ çäiéñíèòè ðîçùåïëåííÿ âèõi-
äíî¨ ñèñòåìè íà íåçàëåæíi øâèäêó i ïîâiëü-
íó ïiäñèñòåìè [4�5].

Àíàëîãi÷íi çàäà÷i äëÿ ëiíiéíèõ ñèíãóëÿð-
íî çáóðåíèõ ñèñòåì ç äåêiëüêîìà ìàëèìè ïà-
ðàìåòðàìè äîñëiäæóâàëèñü â ðîáîòàõ [6�8].

Ó äàíié ðîáîòi äëÿ ëiíiéíèõ ñèíãóëÿðíî
çáóðåíèõ ñèñòåì ç äâîìà ìàëèìè ïàðàìåòðà-
ìè äîñëiäæó¹òüñÿ ïîáóäîâà àñèìïòîòè÷íèõ
ðîçêëàäiâ iíòåãðàëüíèõ ìíîãîâèäiâ, çà äîïî-
ìîãîþ ÿêèõ çäiéñíþ¹òüñÿ ðîçùåïëåííÿ âèõi-
äíî¨ ñèñòåìè.
1. Ñõåìà ðîçùåïëåííÿ
Ðîçãëÿíåìî ëiíiéíó ñèíãóëÿðíî çáóðåíó

ñèñòåìó

ẋ0 = A00x0 + A01x1 + A02x2,
ε1ẋ1 = A10x0 + A11x1 + A12x2,
ε1ε2ẋ2 = A20x0 + A21x1 + A22x2,

(1)

äå xi ∈ Rni , Aij = Aij(t), i, j = 0, 2 � ni × nj
ìàòðèöi, ε1, ε2 � ìàëi äîäàòíi ïàðàìåòðè.

Íåõàé äëÿ ñèñòåìè (1) ñïðàâäæóþòüñÿ
óìîâè:

I) ìàòðèöi Aij(t), i, j = 0, 2 ðiâíîìiðíî
îáìåæåíi äëÿ t ∈ R äîäàòíîþ ñòàëîþ M ;

II) âëàñíi çíà÷åííÿ ìàòðèöi A22(t) çàäî-
âîëüíÿþòü íåðiâíiñòü

Reλi(A22) ≤ −2β, β > 0.

Ðîçùåïëåííÿ ñèñòåìè (1) çäiéñíþ¹òüñÿ ó
äâà åòàïè [6, 7]. Íà ïåðøîìó êðîöi çà äîïî-
ìîãîþ çàìiíè çìiííèõ

x0 = y0 + ε1ε2H0w,
x1 = y1 + ε2H1w,
x2 = w + P0x0 + P1x1

(2)

ñèñòåìà (1) çâîäèòüñÿ äî âèãëÿäó

ẏ0 = B00y0 +B01y1,
ε1ẏ1 = B10y0 +B11y1,
ε1ε2ẇ = B22w,

(3)

äå Bij = Aij + Ai2Pj, i, j = 0, 1, B22 = A22 −
ε1ε2P0A02 − ε2P1A12.

Ïðè öüîìó ìàòðè÷íi ôóíêöi¨ P0, P1 �
îáìåæåíi ðîçâ'ÿçêè ñèñòåìè ðiâíÿíü

ε1ε2Ṗ0 = A20 + A22P0 − ε1ε2P0A00−
−ε1ε2P0A02P0 − ε2P1A10 − ε2P1A12P0,

ε1ε2Ṗ1 = A21 + A22P1 − ε1ε2P0A01−
−ε1ε2P0A02P1 − ε2P1A11 − ε2P1A12P1,

(4)

à ìàòðè÷íi ôóíêöi¨ H0, H1 � îáìåæåíi
ðîçâ'ÿçêè ñèñòåìè

ε1ε2Ḣ0 = ε1ε2A00H0 + ε2A01H1+
+A02R1 −H0R2,

ε1ε2Ḣ1 = ε1ε2A10H0 + ε2A11H1+
+A12R1 −H1R2,

(5)

äå R1 = (E+ε1ε2P0H0+ε2P1H1), R2 = (A22−
−ε1ε2P0A02 − ε2P1A12).
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Íà äðóãîìó êðîöi ðîçùåïëåííÿ ïðèïóñêà-
¹ìî, ùî ñïðàâäæó¹òüñÿ óìîâà

III) âëàñíi çíà÷åííÿ ìàòðèöi B11(t, ε1, ε2)
çàäîâîëüíÿþòü íåðiâíiñòü

Reλi(B11) ≤ −2γ, γ > 0.

Òîäi çà äîïîìîãîþ çàìiíè

y0 = u+ ε1Hv, y1 = v + Py0 (6)

ñèñòåìà iç ïåðøèõ äâîõ ðiâíÿíü ñèñòåìè (3)
çâîäèòüñÿ äî íåçàëåæíèõ ïiäñèñòåì [4,7]

u̇ = (B00 +B01P )u,
ε1v̇ = (B11 − ε1PB01)v.

(7)

Ìàòðè÷íi ôóíêöi¨ P,H ¹ ðiâíîìiðíî
îáìåæåíèìè ðîçâ'ÿçêàìè ñèñòåìè

ε1Ṗ = ε1(B00 +B01H)P +B01−
−P (B11 − εHB01),

ε1Ḣ = B10 +B11H − ε1H(B00+
+B01H).

(8)

Ìà¹ ìiñöå íàñòóïíà òåîðåìà.
Òåîðåìà 1 [7]. Íåõàé âèêîíóþòüñÿ óìî-

âè I)�III). Òîäi äëÿ äîñòàòíüî ìàëèõ ε1, ε2
iñíó¹ íåâèðîäæåíà çàìiíà çìiííèõ çà äîïî-
ìîãîþ ÿêî¨ ñèñòåìà (1) çâîäèòüñÿ äî òðüîõ
íåçàëåæíèõ ïiäñèñòåì

u̇ = (B00 +B01P )u,
ε1v̇ = (B11 − ε1PB01)v,
ε1ε2ẇ = B22w.

(9)

Çàóâàæåííÿ 1. Óìîâà III) ¹ ñêëàäíîþ
äëÿ ïåðåâiðêè, îñêiëüêè ìàòðèöi P0 òà P1

âäà¹òüñÿ çíàéòè â ÿâíîìó âèãëÿäi òiëüêè ó
íàéïðîñòiøèõ âèïàäêàõ. Ëåãêî ïåðåêîíàòè-
ñÿ, ùî óìîâà III) áóäå ñïðàâäæóâàòèñÿ ïðè
ìàëèõ ε1, ÿêùî A12 = ε1Ā12, i âëàñíi çíà÷å-
ííÿ ìàòðèöi A11 çàäîâîëüíÿþòü íåðiâíiñòü

Reλi(A11) ≤ −2γ, γ > 0.

2. Àñèìïòîòè÷íi ðîçêëàäè ðîçùå-
ïëþþ÷îãî ïåðåòâîðåííÿ

Çíàéòè òî÷íèé âèãëÿä êîåôiöi¹íòiâ ðîç-
ùåïëþþ÷îãî ïåðåòâîðåííÿ (2), (6) âäà¹òüñÿ
òiëüêè ó íàéïðîñòiøèõ âèïàäêàõ, òîìó ïðåä-
ñòàâëÿ¹ iíòåðåñ âèïèñàòè âiäïîâiäíi ðîçùå-
ïëåíi ñèñòåìè ïðè íàáëèæåíîìó çíàõîäæåí-
íi àñèìïòîòè÷íèõ ðîçêëàäiâ öèõ êîåôiöi¹í-
òiâ.

IV) Íåõàé ìàòðèöi Aij(t), i, j = 0, 2,
A−1

22 (t) ðiâíîìiðíî îáìåæåíi äëÿ t ∈ R ðà-
çîì iç ñâî¨ìè ïîõiäíèìè äî (n + 1) ïîðÿäêó
âêëþ÷íî.

Ðîçãëÿíåìî äèôåðåíöiàëüíèé âèðàç

T (u) = A20x0+A21x1+A22u− ε1ε2
d

dt
u. (10)

Ïîêàæåìî, ùî iñíó¹ ôóíêöiÿ
u(t, x0(t), x1(t), ε2), ÿêó ìîæíà ïðåäñòà-
âèòè ó âèãëÿäi

u = P 0(t, ε2)x0 + P 1(t, ε2)x1 =
= (P 0

0 (t) + ε2P
1
0 (t) + ...+ εn2P

n
0 (t))x0+

+(P 0
1 (t) + ε2P

1
1 (t) + ...+ εn2P

n
1 (t))x1,

(11)
äå P i

0(t), P
i
1(t), i = 0, n � ðiâíîìiðíî îáìåæå-

íi ðàçîì iç ñâî¨ìè (n−i+1) ïîõiäíèìè, òàêà,
ùî íà îáìåæåíèõ ðîçâ'ÿçêàõ ñèñòåìè (1)

T (u) = o(εn+1
2 ).

Ïiäñòàâèìî ñïiââiäíîøåííÿ (11) ó ðiâ-
íiñòü (10) i ïiäáåðåìî ôóíêöi¨ P i

0(t), P
i
1(t),

i = 0, n òàê, ùîá ó ðiâíîñòi (10) ïåðåòâîðè-
ëèñÿ â íóëü âñi ÷ëåíè, ùî ìiñòÿòü ε2 â ñòå-
ïåíi, ìåíøié, íiæ n+ 1. Îáãðóíòóâàííÿ ìî-
æëèâîñòi òàêîãî âèáîðó íåâàæêî ïðîâåñòè
çà iíäóêöi¹þ. Ïðè öüîìó äëÿ êîåôiöi¹íòiâ
ó ïðåäñòàâëåííi (11) îäåðæó¹ìî àëãåáðà¨÷íi
ñïiââiäíîøåííÿ

P 0
0 (t) = −A−1

22 (t)A20(t),
P 0
1 (t) = −A−1

22 (t)A21(t),

P k
0 (t) = A−1

22 (t)
(
ε1Ṗ

k−1
1 (t) + ε1P

k−1
0 (t)A00(t)+

+ε1
k−1∑
i=0

P i
0(t)A02(t)P

k−i−1
0 (t) + P k−1

1 (t)A10(t)+

+
k−1∑
i=0

P i
1(t)A12(t)P

k−i−1
0 (t)

)
,

P k
1 (t) = A−1

22 (t)
(
ε1Ṗ

k−1
1 (t) + ε1P

k−1
0 (t)A01(t)+

+ε1
k−1∑
i=0

P i
0(t)A02(t)P

k−i−1
0 (t) + P k−1

1 (t)A11(t)+

+
k−1∑
i=0

P i
1(t)A12(t)P

k−i−1
1 (t)

)
, k = 1, 2, ..., n.

(12)
Îáìåæåíiñòü P i

0, P
i
1 òà ¨õ ÷àñòèííèõ ïî-

õiäíèõ äî (n − i + 1) ïîðÿäêó âèïëèâà¹ iç
óìîâè IV). ßêùî ôóíêöi¨ P i

0, P
i
1 âèáðàíi çà
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ôîðìóëàìè (12), òî äèôåðåíöiàëüíå ñïiââiä-
íîøåííÿ (10) íàáóäå âèãëÿäó

T (u) = εn+1
2 (η0(t, ε1, ε2)x0 + η1(t, ε1, ε2)x1),

äå η0, η1 � ðiâíîìiðíî îáìåæåíi ôóíêöi¨.
ßêùî ó âèõiäíié ñèñòåìi (1) çðîáèòè çà-

ìiíó
x2 = P 0x0 + P 1x1 + εn+2

2 z,

òî äëÿ çìiííèõ x0, x1, z îäåðæèìî ñèñòåìó

ẋ0 = (A00(t) + A02(t)P 0)x0 + (A01(t)+
+A02(t)P 1

)
x1 + εn+1

2 A02(t)z,
ε1ẋ1 = (A10(t) + A12(t)P 0)x0 + (A11(t)+
+A12(t)P 1

)
x1 + εn+1

2 A12(t)z,
ε1ε2ż = η0(t, ε1, ε2)x0 + η1(t, ε1, ε2)x1+
+A22(t)z.

(13)
Ñèñòåìà (13) � öå ñèñòåìà òèïó (1), äëÿ

ÿêî¨ iñíó¹ iíòåãðàëüíèé ìíîãîâèä [7]

z = P ∗
0 (t, ε)x0 + P ∗

1 (t, ε)x1, (14)

äå P ∗
0 , P

∗
1 � ðiâíîìiðíî îáìåæåíi ôóíêöi¨.

ßêùî ñèñòåìà (13) ìà¹ iíòåãðàëüíèé ìíî-
ãîâèä (14), òî ñèñòåìà (1) ìà¹ iíòåãðàëüíèé
ìíîãîâèä

x2 = (P 0 + εn+1
2 P ∗

0 )x0 + (P 1 + εn+1
2 P ∗

1 )x1 =

= P0x0 + P1x1,

äëÿ ÿêîãî ñïðàâåäëèâèé àñèìïòîòè÷íèé
ðîçêëàä

x2 = (P 0
0 + ε2P

1
0 + ...+ εn2P

n
0 + εn+1

2 P ∗
0 )x0+

+(P 0
1 + ε2P

1
1 + ...+ εn2P

n
1 + εn+1

2 P ∗
1 )x1. (15)

Çäiéñíèìî â ñèñòåìi (1) çàìiíó çìiííèõ

x2 = P0x0 + P1x1 + w,

îäåðæèìî ñèñòåìó

ẋ0 = (A00 + A02P0)x0+
+(A01 + A02P1)x1 + A02w,
ε1ẋ1 = (A10 + A12P0)x0+
+(A11 + A12P1)x2 + A12w,
ε1ε2ẇ = (A22 − ε1ε2P0A02−
−ε2P1A12)w.

(16)

Ðîçãëÿíåìî òåïåð äèôåðåíöiàëüíi âèðàçè

T0(u0, u1) = ε1ε2(A00 + A02P0)u0+
+ε2(A01 + A02P1)u1 − ε1ε2

d
dt
u0 + A02w,

T1(u0, u1) = ε1ε2(A10 + A12P0)u0+
+ε2(A11 + A12P1)u1 − ε1ε2

d
dt
u1 + A12w.

(17)
Ïîêàæåìî, ùî iñíóþòü ôóíêöi¨

u0(t, ε2, w), u1(t, ε2, w), ÿêi ìîæíà ïðåä-
ñòàâèòè ó âèãëÿäi

u0 = H0w =
n∑
i=0

εi2H
i
0w,

u1 = H1w =
n∑
i=0

εi2H
i
1w,

(18)

äå H i
0, H

i
1, i = 0, n � ðiâíîìiðíî îáìåæåíi

ðàçîì iç ñâî¨ìè (n − i + 1) ïîõiäíèìè, òàêi
ùî

T0(u0, u1) = o(εn+1
2 ), T1(u0, u1) = o(εn+1

2 ).

Ïiäñòàâèìî ñïiââiäíîøåííÿ (18) ó ðiâíî-
ñòi (17) i ïiäáåðåìî ôóíêöi¨ H i

0, H
i
1, i = 0, n

òàê, ùîá â ðiâíîñòÿõ (17) ïåðåòâîðèëèñü â
íóëü âñi ÷ëåíè, ùî ìiñòÿòü ε2 â ñòåïåíi ìåí-
øié, íiæ n+1. Äëÿ êîåôiöi¹íòiâH i

0,H
i
1 îäåð-

æó¹ìî àëãåáðà¨÷íi ñïiââiäíîøåííÿ

H0
0 = A01A

−1
22 ,

H0
1 = A12A

−1
22 ,

Hk
0 = (ε1A00H

k−1
0 + A01H

k−1
1 +

+ε1A02

k−1∑
i=0

P i
0H

k−1−i
0 + A02

k−1∑
i=0

P i
1H

k−1−i
1 +

+ε1
k−1∑
i=0

H i
0P

k−1−i
0 A02 +

k−1∑
i=0

H i
0P

k−1−i
1 A12−

−ε1Ḣk−1
0 )A−1

22 ,
Hk

1 = (ε1A10H
k−1
0 + A11H

k−1
1 +

+ε1A12

k−1∑
i=0

P i
0H

k−1−i
0 + A12

k−1∑
i=0

P i
1H

k−1−i
1 +

+ε1
k−1∑
i=0

H i
1P

k−1−i
0 A02 +

k−1∑
i=0

H i
1P

k−1−i
1 A12−

−ε1Ḣk−1
1 )A−1

22 , k = 1, 2, ..., n.
(19)

Îáìåæåíiñòü H i
0, H

i
1 òà ¨õ ÷àñòèííèõ ïî-

õiäíèõ âèïëèâà¹ iç óìîâè IV). Ó öüîìó âè-
ïàäêó äèôåðåíöiàëüíi âèðàçè (17) íàáóâà-
þòü âèãëÿäó

T0(u0, u1) = εn+1
2 µ0(t, ε1, ε2)w,
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T1(u0, u1) = εn+1
2 µ1(t, ε1, ε2)w,

äå µ0, µ1 � ðiâíîìiðíî îáìåæåíi ôóíêöi¨.
ßêùî òåïåð ó ñèñòåìi (16) çðîáèòè çàìiíó

x0 = εn+1
2 y0 + ε1ε2H0w,

x1 = εn+1
2 y1 + ε2H1w,

òî äëÿ çìiííèõ y0, y1, w îäåðæèìî ñèñòåìó

ẏ0 = (A00 + A02P0)y0+
+(A01 + A02P1)y1 + µ0w,
ε1ẏ1 = (A10 + A12P0)y0+
+(A11 + A12P1)y1 + µ1w,
ε1ε2ẇ = (A22 − ε1ε2P0A02−
−ε2P1A12)w,

(20)

òèïó (1), äëÿ ÿêî¨ iñíóþòü iíòåãðàëüíi ìíî-
ãîâèäè [7]

y0 = ε1ε2H
∗
0w, y1 = ε2H

∗
1w. (21)

ßêùî ñèñòåìà (20) ìà¹ iíòåãðàëüíi ìíîãî-
âèäè (21), òîäi ñèñòåìà (16) ìà¹ iíòåãðàëüíi
ìíîãîâèäè

x0 = ε1ε2(H0 + εn+1
2 H∗

0 )w = ε1ε2H0w,

x1 = ε2(H1 + εn+1
2 H∗

1 )w = ε2H1w,

äëÿ ÿêèõ ñïðàâåäëèâi àñèìïòîòè÷íi ðîçêëà-
äè

x0 = ε1ε2

(
n∑
i=0

εi2H
i
0 + εn+1

2 H∗
0

)
w,

x1 = ε2

(
n∑
i=0

εi2H
i
1 + εn+1

2 H∗
1

)
w.

Çäiéñíèâøè â ñèñòåìi (6) çàìiíó çìiííèõ

x0 = y0 + ε1ε2H0w, x1 = y1 + ε2H1w,

îäåðæèìî ñèñòåìó (3) i çàâåðøó¹ìî ïåðøèé
åòàï ðîçùåïëåííÿ ñèñòåìè (1).
Òåîðåìà 2. Íåõàé ñïðàâäæóþòüñÿ óìî-

âè I), II), IV). Òîäi äëÿ äîñòàòíüî ìàëèõ
çíà÷åíü ε2 iñíó¹ çàìiíà çìiííèõ (2), çà äî-
ïîìîãîþ ÿêî¨ ñèñòåìà (1) çâîäèòüñÿ äî âè-
ãëÿäó (3), i êîåôiöi¹íòè àñèìïòîòè÷íèõ
ðîçêëàäiâ ïåðåòâîðåííÿ (2) ìîæíà îäíîçíà-
÷íî çíàéòè iç àëãåáðà¨÷íèõ ñïiââiäíîøåíü
(12), (19).

Ïðåäñòàâëåííÿ ôóíêöié P,H iç ðiâíîñòåé
(6) ó âèãëÿäi àñèìïòîòè÷íèõ ðîçêëàäiâ

P (t, ε1) = P0(t) + ε1P1(t) + ...,
H(t, ε1) = H0(t) + ε1H1(t) + ...,

(22)

âñòàíîâëåíî ó ïðàöÿõ [2, 4, 9].
Ïðè öüîìó êîåôiöi¹íòè ðîçêëàäiâ (22)

îäíîçíà÷íî çíàõîäÿòüñÿ iç àëãåáðà¨÷íèõ
ñïiââiäíîøåíü

P0(t) = −B−1
11 B10, H0(t) = B01B

−1
11 ,

Pk(t) = B−1
11 (Ṗk−1 + Pk−1B00+

+
k−1∑
i=0

PiB01Pk−1−i),

Hk(t) = (B00Hk−1 +
k−1∑
i=0

B01PiHk−1−i+

+
k−1∑
i=0

MiPk−1−i +B01 − Ṁk−1)B
−1
11 .

(23)
Îáìåæóþ÷èñü ó ñïiââiäíîøåííÿõ (2) òà

(6) òiëüêè íóëüîâèìè êîåôiöi¹íòàìè àñèì-
ïòîòè÷íèõ íàáëèæåíü îäåðæó¹ìî òàêå íó-
ëüîâå íàáëèæåííÿ ðîçùåïëåíî¨ ñèñòåìè

u̇ = (A00 − A02A
−1
22 A20 + A01−

−A02A
−1
22 A21)u,

ε1v̇1 = (A11 − A12A
−1
22 A21)− ε1×

×(A01 − A02A
−1
22 A21)(A11 − A12A

−1
22 A21)

−1×
×(A01 − A02A

−1
22 A21))v,

ε1ε2ẇ = (A22 + ε1ε2A
−1
22 A20A02+

+ε2A
−1
22 A21A12)w.

(24)
3. Ðîçùåïëåííÿ ïî÷àòêîâèõ óìîâ
Âèõîäÿ÷è iç ñïiââiäíîøåíü (2), (6), äiñòà-

¹ìî ðiâíÿííÿ, ùî çâ'ÿçóþòü ïî÷àòêîâi óìîâè
äëÿ âèõiäíî¨ ñèñòåìè ç ïî÷àòêîâèìè óìîâà-
ìè äëÿ ðîçùåïëåíî¨ ñèñòåìè

x00 = u0 + ε1Hv0 + ε1ε2H0w0,

x10 = Pu0 + (E + ε1PH)v0 + ε2H1w0, (25)

x20 = (P0+P1P )u0+(P1+ε1(P0+P1P )H)v0+

+(E + ε1ε2P0H0 + ε2P1H1)w0.

Ðîçâ'ÿçóþ÷è ñèñòåìó (25), äiñòà¹ìî

u0 = (E + ε1HP − ε1ε2(−(E + ε1HP )H0+

+HH1)P0)x00 + (−ε1H−
−ε1ε2(−(E + ε1HP )H0 +HH1)P1)x10+
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+ε1ε2(−(E + ε1HP )H0 +HH1)x20,

v0 = (−P − (ε1ε2PH0 − ε2H1)P0)x00+

+(E+ε1ε2PH0−ε2H1)x10+(ε1ε2PH0−ε2H1)x20,

w0 = −P0x00 − P1x10 + x20.

ßêùî âðàõîâóâàòè òiëüêè íóëüîâi ÷ëåíè
àñèìïòîòè÷íèõ ðîçêëàäiâ (12), (19), (23), òî
îäåðæèìî òàêi ïî÷àòêîâi óìîâè äëÿ ñèñòåìè
(24)

u0 = (E + ε1B01B
−2
11 B10 +R1A

−1
22 A20)x00+

+(−ε1B01B
−1
11 +R1A

−1
22 A21)x10 +R1x20,

v0 = (B−1
11 B10−R1A

−1
22 A20)x00+(E+R2)x10+

+R2x20,

w0 = A−1
22 A20)x00 + A−1

22 A21x10 + x20,

äå

R1 = ε1ε2((ε1B01B
−2
11 B10 − E)A02A

−1
22 +

+B01B
−1
11 A12A

−1
22 ),

R2 = −ε1ε2B−1
11 B10A02A

−1
22 − ε2A12A

−1
22 ).
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