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ÐÎÇÂ'ßÇÍIÑÒÜ ÇÀÄÀ×I ÊÎØI ÄËß ÇËI×ÅÍÍÎ�
ÃIÏÅÐÁÎËI×ÍÎ� ÑÈÑÒÅÌÈ ÊÂÀÇIËIÍIÉÍÈÕ ÐIÂÍßÍÜ
ÏÅÐØÎÃÎ ÏÎÐßÄÊÓ

In this paper we proved theorem about a correct local solvability of the Cauchy problem for
countable system of quasi-linear hyperbolic equations of first order.

Â äàíié ñòàòòi äëÿ çëi÷åííî¨ ñèñòåìè ãiïåðáîëi÷íèõ êâàçiëiíiéíèõ ðiâíÿíü ïåðøîãî ïîðÿäêó
äîâåäåíî òåîðåìó ïðî êîðåêòíó ëîêàëüíó ðîçâ'ÿçíiñòü çàäà÷i Êîøi.

Âñòóï. Äèôåðåíöiàëüíi ðiâíÿííÿ â ïðîñòîði M îáìåæåíèõ ÷èñëîâèõ ïîñëi-
äîâíîñòåé íàçèâàþòü çëi÷åííèìè ñèñòåìàìè äèôåðåíöiàëüíèõ ðiâíÿíü â áàíàõî-
âèõ ïðîñòîðàõ i ¨õ âèâ÷åííÿ ðîçïî÷àëîñü iç ðîáiò À.Òèõîíîâà, Ê.Ïåðñèäñüêîãî,
Î.Æàóòèêîâà (äèâ. îãëÿä ëiòåðàòóðè, â [1,2]). Îðèãiíàëüíi ðåçóëüòàòè äëÿ òàêèõ
ñèñòåì ùîäî ïîáóäîâè òåîði¨ iíâàðiàíòíèõ òîðî¨äàëüíèõ ìíîãîâèäiâ, ïîâåäiíêè
ðîçâ'ÿçêiâ, òåîði¨ çâiäíîñòi, âèâ÷åííÿ çëi÷åííîòî÷êîâèõ íåëiíiéíèõ êðàéîâèõ çà-
äà÷ îäåðæàíî â ðîáîòàõ [1, 2].

Îäíàê, íàïðèêëàä, ïðè äîñëiäæåííi ñòiéêîñòi ðîçâ'ÿçêiâ çëi÷åííèõ ñèñòåì
çâè÷àéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü àáî ïðåäñòàâëåíi ðîçâ'ÿçêó íåëiíiéíîãî ðiâ-
íÿííÿ ÷åðåç íåñêií÷åííèé ðÿä Ôóð'¹ ïðèõîäèìî äî çëi÷åííèõ ñèñòåì ðiâíÿíü ç
÷àñòèííèìè ïîõiäíèìè ïåðøîãî ïîðÿäêó [3�5]. Çëi÷åííi ñèñòåìè ãiïåðáîëi÷íèõ
ðiâíÿíü âèíèêàþòü â áàãàòüîõ òåîðåòè÷íèõ òà ïðèêëàäíèõ ïðîáëåìàõ [5�7].

Ó öié ðîáîòi çà äîïîìîãîþ ìåòîäó õàðàêòåðèñòèê òà òåîðåìè Áàíàõà ïðî ñòè-
ñêóþ÷i âiäîáðàæåííÿ, âèêîðèñòîâóþ÷è ìåòîäèêó À.Ì.Ñàìîéëåíêà òà Þ.Â.Òåï-
ëiíñüêîãî äëÿ çëi÷åííèõ ñèñòåì çâè÷àéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü [1], äîâå-
äåíî òåîðåìó ïðî êîðåêòíó ðîçâ'ÿçíiñòü çàäà÷i Êîøi äëÿ çëi÷åííî¨ ãiïåðáîëi÷íî¨
ñèñòåìè êâàçiëiíiéíèõ ðiâíÿíü ïåðøîãî ïîðÿäêó ç äâîìà íåçàëåæíèìè çìiííè-
ìè.

1. Ôîðìóëþâàííÿ çàäà÷i. Â ñìóçi ΠT = {(x, t) :−∞<x<∞, 0≤ t≤T}
ðîçãëÿíåìî çàäà÷ó Êîøi äëÿ çëi÷åííî¨ êâàçiëiíiéíî¨ ãiïåðáîëi÷íî¨ ñèñòåìè äè-
ôåðåíöiàëüíèõ ðiâíÿíü

∂ui
∂t

+ λi(x, t, u1, u2, ...)
∂ui
∂x

= fi(x, t, u1, u2, ...), i ∈ {1, ...} (1)

ç ïî÷àòêîâèìè óìîâàìè

ui(x, 0) = gi(x), i ∈ {1, ...}. (2)

Íàäàëi áóäåìî âèêîðèñòîâóâàòè ïîçíà÷åííÿ u = (u1, u2, ...), λ = (λ1, λ2, ...),
f = (f1, f2, ...), g = (g1, g2, ...).

Çàäà÷ó ðîçãëÿäàòèìåìî â ïðîñòîði C∞, åëåìåíòàìè ÿêîãî ¹ ç÷èñëåííà ñóêó-
ïíiñòü íåïåðåðâíèõ ôóíêöié, îáìåæåíèõ äåÿêîþ ñòàëîþ. Â ïðîñòîði C∞ âèçíà-
÷èìî íîðìó äëÿ âåêòîðà u(x, t) = (u1(x, t), u2(x, t), ...)

||u|| = sup
i∈N

(x,t)∈ΠT

{|ui(x, t)|}.
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Äîñëiäèìî äîñòàòíi óìîâè ðîçâ'ÿçíîñòi çàäà÷i (1) - (2).
2. Óçàãàëüíåíèé ðîçâ'ÿçîê çàäà÷i. Ïîçíà÷èìî ÷åðåç φi[u](τ ;x, t) õàðà-

êòåðèñòèêè ñèñòåìè (1), òîáòî ðîçâ'ÿçîê çàäà÷i

dξ

dτ
= λi(ξ, τ, u1(ξ, τ), u2(ξ, τ), ...), i ∈ {1, ...} (3)

ç ïî÷àòêîâèìè óìîâàìè
ξ|τ=t = x. (4)

Ïðè âèêîíàííi óìîâ ãëàäêîñòi (äèâ. íèæ÷å íàâåäåíó òåîðåìó) ðîçâ'ÿçîê òà-
êî¨ çàäà÷i iñíó¹ i ¹äèíèé äëÿ äîâiëüíîãî ôiêñîâàíîãî íàáîðó u(x, t) [1]. Ó âèïàä-
êàõ, êîëè ïîòðiáíî íàãîëîñèòè íà çàëåæíîñòi φi[u](τ ;x, t) âiä x, t àáî u, áóäåìî
çàïèñóâàòè φi(τ ;x), φi(τ ; t) òà φi[u](τ), âiäïîâiäíî.

Ðîçâ'ÿçîê âèõiäíî¨ çàäà÷i áóäåìî øóêàòè ó ôóíäàìåíòàëüíié îáëàñòi D, òîá-
òî ìíîæèíi òî÷îê (x, t) ∈ ΠT òàêèõ, ùî óñi õàðàêòåðèñòèêè, ùî âèõîäÿòü ç
öèõ òî÷îê â íàïðÿìêó ïðÿìî¨ t = 0, ïåðåòèíàþòü ¨¨ ïðè äîâiëüíèõ çíà÷åííÿõ
u ∈ C∞.

Îçíà÷åííÿ 1. Ôóíêöiÿ f : R2 ×M → M çàäîâîëüíÿ¹ óìîâó Êîøi-Ëiïøèöÿ
çà çìiííèìè u1, u2, ..., un, ... ç äåÿêîþ íåïåðåðâíîþ ôóíêöi¹þ α : R2 → R+, ÿêùî
âèêîíó¹òüñÿ íåðiâíiñòü:

|fi(x, t, u′1, u′2, ..., u′n, ...)− fi(x, t, u
′′
1, u

′′
2, ..., u

′′
n, ...)| ≤ α(x, t) ·∆u,

äå ∆u = sup
i
{|u′i − u′′i |}, i ∈ {1, ...}.

Áóäåìî ââàæàòè, ùî ôóíêöiÿ f : R2 ×M → M çàäîâîëüíÿ¹ óìîâó Ëiïøèöÿ
çà çìiííîþ x â ΠT , ÿêùî fi ∈ Lipx(Π

T ) äëÿ äîâiëüíîãî íàáîðó u1, u2, ... òà äëÿ
âñiõ i ∈ {1, ...}.

Íàäàëi ñòàëi Ëiïøèöÿ äëÿ ôóíêöié u, λ, f, g ïîçíà÷àòèìåìî ÷åðåç L,Λ, F,G,
âiäïîâiäíî. Iíøi ñòàëi, à ñàìå áóêâè M òà E ç iíäåêñàìè, áóäåìî âèêîðèñòîâó-
âàòè äëÿ ïîçíà÷åííÿ êîìáiíàöi¨ âiäîìèõ ñòàëèõ ç ìåòîþ ñïðîùåííÿ ãðîìiçäêèõ
âèðàçiâ.

Ïðîiíòåãðó¹ìî êîæíå ç ðiâíÿíü ñèñòåìè (1) âçäîâæ âiäïîâiäíèõ õàðàêòåðè-
ñòèê φi[u](τ ;x, t) íà âiäðiçêó [0, t]. Ç óðàõóâàííÿì ïî÷àòêîâèõ óìîâ (2), îòðèìà-
¹ìî çëi÷åííó ñèñòåìó iíòåãðî-ôóíêöiîíàëüíèõ ðiâíÿíü

ui(x, t) = gi(φi[u](0;x, t))+ (5)

+

t∫
0

fi(φi[u](τ ; x, t), τ, u1(φi[u](τ ; x, t), τ), u2(φi[u](τ ;x, t), τ), ...)dτ i ∈ {1, ...}.

Îçíà÷åííÿ 2. Ôóíêöiþ u : D → M íàçâåìî óçàãàëüíåíèì ðîçâ'ÿçêîì
çàäà÷i (1)-(2), ÿêùî u ∈ C∞(D) ∩ Lipx(D) i çàäîâîëüíÿ¹ ñèñòåìó iíòåãðî-
ôóíêöiîíàëüíèõ ðiâíÿíü (5).

Äîâåäåííÿ êîðåêòíî¨ ðîçâ'ÿçíîñòi çàäà÷i (1)-(2) áóäå áàçóâàòèñÿ íà íèçöi
îöiíîê, ÿêi ñôîðìóëþ¹ìî ó âèãëÿäi ëåì.

3. Äîïîìiæíi ëåìè.

Íàóê. âiñíèê Óæãîðîä óí-òó, 2013, âèï. 24 , N 2



200 Ò. I. ÔIÐÌÀÍ

Ëåìà 1. Íåõàé λ : D ×M → M çàäîâîëüíÿ¹ óìîâè:
1) λ ∈ C(D) ∩ Lipx(D) ïðè ôiêñîâàíèõ u1, u2, ...;
2) Êîøi-Ëiïøèöÿ ç ôóíêöi¹þ α(x, t).
Òîäi äëÿ φi(τ ;x

1) òà φi(τ ;x
2) ñïðàâäæó¹òüñÿ íåðiâíiñòü

sup
i
{|φi(τ ; x

1)− φi(τ ; x
2)|} ≤ E1|x1 − x2|, E1 = e(Λ+AL)T . (6)

Äîâåäåííÿ. Íåõàé δ�äîâiëüíèé âiäðiçîê ïðÿìî¨ t = 0 ÿêèé ìiñòèòü òî÷êó x
òà òî÷êè φi(0;x, t). Ïîçíà÷èìî ÷åðåç Ω = δ× [0, T ]∩D i A = max

(ξ,τ)∈Ω
|α(ξ, τ)|, òîäi

|φi(τ ;x
1)− φi(τ ;x

2)| =
∣∣∣x1 − x2+

+

τ∫
t

(
λi(φi(s;x

1), s, u1(φi(s;x
1), s), u2(φi(s; x

1), s), ...)−

−λi(φi(s; x
2), s, u1(φi(s;x

2), s), u2(φi(s;x
2), s), ...)

)
ds
∣∣∣ ≤ |x1 − x2|+

+

∣∣∣∣∣
τ∫

t

∣∣∣λi(φi(s;x
1), s, u1(φi(s; x

1), s), u2(φi(s;x
1), s), ...)±

±λi(φi(s;x
1), s, u1(φi(s; x

2), s), u2(φi(s; x
2), s), ...)−

−λi(φi(s;x
2), s, u1(φ1(s; x

2), s), u2(φi(s; x
2), s), ...)

∣∣∣ds∣∣∣∣∣ ≤
≤|x1−x2|+

∣∣∣∣∣
τ∫

t

(
Λ|φi(s; x

1)−φi(s;x
2)|
)
ds+

τ∫
t

(
AL sup

i
{|φi(s;x

1)−φi(s;x
2)|}
)
ds

∣∣∣∣∣.
Îòæå,

sup
i
{|φi(τ ;x

1)−φi(τ ; x
2)|} ≤ |x1−x2|+(Λ+AL)

∣∣∣∣∣
τ∫

t

sup
i
{|φi(s;x

1)−φi(s;x
2)|}ds

∣∣∣∣∣.
Çà ëåìîþ Ãðîíóîëëà-Áåëëìàíà îòðèìà¹ìî

sup
i
{|φi(τ ;x

1)− φi(τ ; x
2)|} ≤ |x1 − x2|e(Λ+AL)T = E1|x1 − x2|.

Ëåìà 1 äîâåäåíà.

Ëåìà 2. Íåõàé λ : D ×M → M çàäîâîëüíÿ¹ óìîâè:
1) λ ∈ C(D) ∩ Lipx(D) ïðè ôiêñîâàíèõ u1, u2, ...;
2) Êîøi-Ëiïøèöÿ ç ôóíêöi¹þ α(x, t).
Òîäi äëÿ φi[u

1](τ) òà φi[u
2](τ) ñïðàâäæó¹òüñÿ îöiíêà

sup
i
{|φi[u

1](τ)− φi[u
2](τ)|} ≤M1T ||u1 − u2||, M1 = AE1. (7)
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Äîâåäåííÿ.

|φi[u
1](τ)− φi[u

2](τ)| ≤

∣∣∣∣∣
τ∫

t

∣∣∣λi(φi[u
1](s), s, u11(φi[u

1](s), s), u12(φi[u
1](s), s), ...)−

−λi(φi[u
2](s), s, u21(φi[u

2](s), s), u22(φi[u
2](s), s), ...)

∣∣∣ds∣∣∣∣∣ ≤
≤

∣∣∣∣∣
τ∫

t

∣∣∣λi(φi[u
1](s), s, u11(φi[u

1](s), s), u12(φi[u
1](s), s), ...)−

−λi(φi[u
2](s), s, u21(φi[u

2](s), s), u22(φi[u
2](s), s), ...)±

±λi(φi[u
2](s), s, u11(φi[u

1](s), s), u12(φi[u
1](s), s), ...)

∣∣∣ds∣∣∣∣∣ ≤
≤

∣∣∣∣∣
τ∫

t

Λ|φi[u
1](s)− φi[u

2](s)|ds

∣∣∣∣∣+
+

∣∣∣∣∣
τ∫

t

A sup
i
{|u1i (φi[u

1](s), s)− u2i (φi[u
2](s), s)± u1i (φi[u

2](s), s)|}ds

∣∣∣∣∣ ≤
≤

∣∣∣∣∣
τ∫

t

Λ|φi[u
1](s)− φi[u

2](s)|ds

∣∣∣∣∣+
∣∣∣∣∣

τ∫
t

AL sup
i
{|φi[u

1](s)− (φi[u
2](s), s)|}ds

∣∣∣∣∣+
+TA||u1 − u2||.

Çâiäêè é îòðèìà¹ìî îöiíêó

sup
i
{|φi[u

1](τ)− φi[u
2](τ)|} ≤ (AL+ Λ)

∣∣∣∣∣
τ∫

t

sup
i
{|φi[u

1](s)− (φi[u
2](s), s)|}ds

∣∣∣∣∣+
+TA||u1 − u2||.

Çà ëåìîþ Ãðîíóîëëà-Áåëëìàíà áóäåìî ìàòè

sup
i
{|φi[u

1](τ)− φi[u
2](τ)|} ≤ TA||u1 − u2||e(Λ+AL)T =M1T ||u1 − u2||.

Ëåìà 2 äîâåäåíà.

Ëåìà 3. Ïðèïóñòèìî, ùî:
1) λ : D × M → M çàäîâîëüíÿ¹ óìîâó Êîøi-Ëiïøèöÿ ç ôóíêöi¹þ α(x, t) i

λ ∈ C(D) ∩ Lipx(D) ïðè ôiêñîâàíèõ u1, u2, ...;
2) g : R → M çàäîâîëüíÿ¹ óìîâó Ëiïøèöÿ.
Òîäi ñïðàâäæóþòüñÿ ñïiââiäíîøåííÿ:

sup
i
{|gi(φi(τ ; x

1))− gi(φi(τ ;x
2))|} ≤ E2|x1 − x2|, E2 = GE1; (8)

sup
i
{|gi(φi[u

1](τ))− gi(φi[u
2](τ))|} ≤M2T ||u1 − u2||, M2 = GM1.
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Äîâåäåííÿ. Ïåðøà íåðiâíiñòü (8) âèïëèâà¹ ç îöiíîê

sup
i
{|gi(φi(τ ; x

1))− gi(φi(τ ;x
2))|} ≤ G sup

i
{|φi(τ ;x

1)− φi(τ ; x
2)|} ≤

≤ GE1|x1 − x2| = E2|x1 − x2|.

Àíàëîãi÷íî îäåðæèìî äðóãó íåðiâíiñòü

sup
i
{|gi(φi[u

1](τ))− gi(φi[u
2](τ))|} ≤ G sup

i
{|φi[u

1](τ)− φi[u
2](τ)|} ≤

≤ GM1T ||u1 − u2|| =M2T ||u1 − u2||.

Ëåìà 3 äîâåäåíà.
Î÷åâèäíî, ùî âiäíîñíî çàäàíî¨ íîðìè, ïðîñòið C∞ ¹ ïîâíèì. Òîìó äëÿ äîâå-

äåííÿ iñíóâàííÿ òà ¹äèíîñòi ðîçâ'ÿçêó çàäà÷i (1)-(2) ìîæíà ñêîðèñòàòèñÿ òåîðå-
ìîþ Áàíàõà ïðî ñòèñêóþ÷èé îïåðàòîð. Äëÿ öüîãî íà ïðîñòîði C∞ ðîçãëÿíåìî
ìíîæèíó E0, åëåìåíòîì ÿêî¨ ¹ ç÷èñëåííà ñóêóïíiñòü íåïåðåðâíèõ ôóíêöié, ùî
çàäîâîëüíÿþòü óìîâó Ëiïøèöÿ çà çìiííîþ x i îáìåæåíi äåÿêîþ ñòàëîþ. Íà
ìíîæèíi E0 ðîçãëÿíåìî êóëþ

E1 = {u : ||u− g|| ≤ P},

äå P äîñòàòíüî âåëèêå.
Ââåäåìî îïåðàòîð U : C∞ → C∞, ÿêèé âèçíà÷åíèé ñïiââiäíîøåííÿì

Ui{u}(x, t) = gi(φi[u](0;x, t))+ (9)

+

t∫
0

fi(φi[u](τ ; x, t), τ, u1(φi[u](τ ; x, t), τ), u2(φi[u](τ ;x, t), τ), ...)dτ i ∈ {1, ...},

äå u ∈ E1.
Ïîêàæåìî, ùî ïðè äîñòàòíüî ìàëîìó T, U ∈ E1.
Ñïî÷àòêó äîâåäåìî, ùî U ∈ C∞.

Ëåìà 4. Ïðèïóñòèìî, ùî:
1) λ, f : D × M → M çàäîâîëüíÿþòü óìîâó Êîøi-Ëiïøèöÿ ç ôóíêöiÿìè

α(x, t) òà β(x, t), âiäïîâiäíî i λ, f ∈ C(D) ∩ Lipx(D) ïðè ôiêñîâàíèõ u1, u2, ...;
2) sup

i
{|fi(x, t, 0, 0, ...)|} ≤ κ(x, t), äå κ(x, t) � äåÿêà íåïåðåðâíà ôóíêöiÿ;

3) g : R → M çàäîâîëüíÿ¹ óìîâó Ëiïøèöÿ.
Òîäi U{u}(x, t) ∈ C∞.

Äîâåäåííÿ. Íåõàé K = max
(ξ,τ)∈Ω

{|κ(ξ, τ)|} òà B = max
(ξ,τ)∈Ω

{|β(ξ, τ)|}.

Ëåãêî áà÷èòè, ùî óìîâè ëåìè 4 çàáåçïå÷óþòü îöiíêó [1]

|fi(x, t, u1, u2, ...)| ≤ B sup
i
{|ui(x, t)|}+K,

äëÿ âñiõ i ∈ {1, ...}.
Òîìó
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||U{u}|| = sup
i,(x,t)

{|gi(φi[u](0;x, t))+

+

t∫
0

fi(φi[u](τ ; x, t), τ, u1(φi[u](τ ; x, t), τ), u2(φi[u](τ ;x, t), τ), ...)dτ |} ≤

≤ ||g||+ T (B||u||+K) <∞.

Îòæå, U{u}(x, t) ∈ C∞.
Ëåìà 4 äîâåäåíà.
Äàëi ïîêàæåìî, ùî U ∈ E0.

Ëåìà 5. Ïðèïóñòèìî, ùî:
1) λ, f : D × M → M çàäîâîëüíÿþòü óìîâó Êîøi-Ëiïøèöÿ ç ôóíêöiÿìè

α(x, t) òà β(x, t), âiäïîâiäíî i λ, f ∈ C(D) ∩ Lipx(D) ïðè ôiêñîâàíèõ u1, u2, ...;
2) g : R → M çàäîâîëüíÿ¹ óìîâó Ëiïøèöÿ.
Òîäi U{u}(x, t) çàäîâîëüíÿ¹ óìîâó Ëiïøèöÿ çà çìiííîþ x.

Äîâåäåííÿ.

|Ui{u}(x1, t)− Ui{u}(x2, t)| ≤ |gi(φi(0;x
1))− gi(φi(0;x

2))|+

+

t∫
0

∣∣∣fi(φi(τ ;x
1), τ, u1(φi(τ ; x

1), τ), u2(φi(τ ; x
1), τ), ...)−

−fi(φi(τ ;x
2), τ, u1(φi(τ ; x

2), τ), u2(φi(τ ; x
2), τ), ...)

∣∣∣dτ ≤

≤ E2|x1 − x2|+
t∫

0

∣∣∣fi(φi(τ ;x
1), τ, u1(φi(τ ; x

1), τ), u2(φi(τ ; x
1), τ), ...)−

−fi(φi(τ ; x
2), τ, u1(φi(τ ;x

2), τ), u2(φi(τ ;x
2), τ), ...)±

±fi(φi(τ ;x
2), τ, u1(φi(τ ; x

1), τ), u2(φi(τ ; x
1), τ), ...)

∣∣∣dτ ≤

≤ E2|x1 − x2|+
t∫

0

F |φi(τ ;x
1)− φi(τ ;x

2)|dτ+

+

t∫
0

B sup
i
{|ui(φi(τ ; x

1), τ)− ui(φi(τ ;x
2), τ)|}dτ ≤ E2|x1 − x2|+

+(F +BL)

t∫
0

sup
i
{|φi(τ ;x

1)− φi(τ ; x
2)|}dτ ≤ (E2 + (F +BL)TE1)|x1 − x2|.

Ëåìà 5 äîâåäåíà.
Îòæå, |Ui{u}(x1, t)−Ui{u}(x2, t)| ≤ LU|x1−x2|, äå LU = (E2+(F +BL)TE1).
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Ëåìà 6. Ïðèïóñòèìî, ùî:
1) λ, f : D × M → M çàäîâîëüíÿþòü óìîâó Êîøi-Ëiïøèöÿ ç ôóíêöiÿìè

α(x, t) òà β(x, t), âiäïîâiäíî i λ, f ∈ C(D) ∩ Lipx(D) ïðè ôiêñîâàíèõ u1, u2, ...;
2) sup

i
{|fi(x, t, 0, 0, ...)|} ≤ κ(x, t), sup

i
{|λi(x, t, 0, 0, ...)|} ≤ γ(x, t), äå κ(x, t),

γ(x, t) � äåÿêi íåïåðåðâíi ôóíêöi¨;
3) g : R → M çàäîâîëüíÿ¹ óìîâó Ëiïøèöÿ.
Òîäi ïðè äîñòàòíüî ìàëîìó T > 0

U : E1 → E1.

Äîâåäåííÿ. Íåõàé Γ= max
(ξ,τ)∈Ω

{|γ(ξ, τ)|}. Óìîâè ëåìè 6 çàáåçïå÷óþòü îöiíêó

|λi(x, t, u1, u2, ...)| ≤ A sup
i
{|ui(x, t)|}+ Γ.

Îòæå, áóäåìî ìàòè

|Ui{u}(x, t)− gi(x)| ≤ |gi(φi[u](0;x, t))− gi(x)|+

+

t∫
0

∣∣∣fi(φi[u](τ ; x, t), τ, u1(φi[u](τ ; x, t), τ), u2(φi[u](τ ;x, t), τ), ...)
∣∣∣dτ ≤

≤ GT (A sup
i
{|ui(x, t)|}+ Γ) + T (B sup

i
{|ui(x, t)|}+K).

Òîìó
||U{u} − g|| ≤ T (E3||u||+ E4) ≤ P

ïðè äîñòàòíüî ìàëîìó çíà÷åííi T .
Ëåìà 6 äîâåäåíà.
Ñôîðìóëþ¹ìî òåïåð îñíîâíó òåîðåìó.

Òåîðåìà 1. Ïðèïóñòèìî, ùî:
1) λ, f : D × M → M çàäîâîëüíÿþòü óìîâó Êîøi-Ëiïøèöÿ ç ôóíêöiÿìè

α(x, t) òà β(x, t), âiäïîâiäíî i λ, f ∈ C(D) ∩ Lipx(D) ïðè ôiêñîâàíèõ u1, u2, ...;
2) sup

i
{|fi(x, t, 0, 0, ...)|} ≤ κ(x, t), sup

i
{|λi(x, t, 0, 0, ...)|} ≤ γ(x, t), äå κ(x, t),

γ(x, t) � äåÿêi íåïåðåðâíi ôóíêöi¨;
3) g : R → M çàäîâîëüíÿ¹ óìîâó Ëiïøèöÿ.
Òîäi ïðè äîñòàòíüî ìàëîìó T > 0 îïåðàòîð U íà êóëi E1 áóäå ñòèñêóþ÷èì.

Äîâåäåííÿ. Ðîçãëÿíåìî

|U{u1}i(x, t)− U{u2}i(x, t)| ≤ |gi(φi[u
1](0))− gi(φi[u

2](0))|+

+

t∫
0

∣∣∣fi(φi[u
1](τ), τ, u11(φi[u

1](τ), τ), u12(φi[u
1](τ), τ), ...)−

−fi(φi[u
2](τ), τ, u21(φi[u

2](τ), τ), u22(φi[u
2](τ), τ), ...)

∣∣∣dτ ≤M2T ||u1 − u2||+

+

t∫
0

∣∣∣fi(φi[u
1](τ), τ, u11(φi[u

1](τ), τ), u12(φi[u
1](τ), τ), ...)−
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−fi(φi[u
2](τ), τ, u21(φi[u

2](τ), τ), u22(φi[u
2](τ), τ), ...)±

±fi(φi[u
2](τ), τ, u11(φi[u

1](τ), τ), u12(φi[u
1](τ), τ), ...)

∣∣∣dτ ≤

≤M2T ||u1 − u2||+
t∫

0

F |φi(τ ;u
1)− φi(τ ;u

2)|dτ+

+

t∫
0

B sup
i
{|u1i (φi[u

1](τ), τ)− u2i (φi[u
2](τ), τ)± u1i (φi[u

2](τ), τ)|}dτ ≤

≤M2T ||u1 − u2||+ T 2(F +BL)M1||u1 − u2||+ TB||u1 − u2|| =

= T (M2 + T (F +BL)M1 +B)||u1 − u2||.

Òîäi îäåðæèìî

||U{u1} − U{u2}|| ≤ T (M2 + T (F +BL)M1 +B)||u1 − u2|| ≤ TM ||u1 − u2||.

Îòæå, ïðè äîñòàòíüî ìàëèõ çíà÷åííÿõ T iñíó¹ ¹äèíà íåðóõîìà òî÷êà îïåðà-
òîðà U. Çâiäêè é îäåðæó¹ì iñíóâàííÿ i ¹äèíiñòü ðîçâ'ÿçêó çàäà÷i (1) - (2).
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