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ÄÈÔÅÐÅÍÖIÀËÜÍÎ-ÔÓÍÊÖIÎÍÀËÜÍÈÕ ÐIÂÍßÍÜ

Ðîçãëÿäàcòüñÿ ñèñòåìà íåëiíiéíèõ äèôåðåíöiàëüíî-ôóíêöiîíàëüíèõ ðiâíÿíü. Ïðàâà ÷à-
ñòèíà ñèñòåìè çàäîâîëüíÿc iíòåãðàëüíó óìîâó Ëiïøèöÿ. Äîâåäåíî iñíóâàííÿ iíòåãðàëüíèõ
ìíîãîâèäiâ. Ïîêàçàíî, ùî âèõiäíó ñèñòåìó çà äîïîìîãîþ ãîìåîìîðôíî�� çàìiíè ìîæíà çâåñòè
äî ïðîñòiøîãî âèãëÿäó.

We consider a system of nonlinear functional di�erential equations. The right-hand side of the
system satis�es the integral Lipschitz condition. We prove the existence of an integral manifolds. It
is shown that the initial system can be reduced into simpler form by homeomorphic substitution.

Íåõàé Rn � n-âèìiðíèé ïðîñòið, C =
C[−∆, 0] � ïðîñòið íåïåðåðâíèõ íà [−∆, 0]
n-âèìiðíèõ âåêòîð-ôóíêöié. ×åðåç xt ïîçíà-
÷èìî åëåìåíò ïðîñòîðó C, çàäàíèé ïðè êî-
æíîìó ôiêñîâàíîìó t ôóíêöicþ xt(θ) = x(t+
θ), −∆ ≤ θ ≤ 0.

Ðîçãëÿíåìî ðiâíÿííÿ

dx

dt
= f(xt) + F (t, xt), (1)

äå x ∈ Rn; xt ∈ C, t ∈ R; f(xt)− ëiíié-
íèé íåïåðåðâíèé ôóíêöiîíàë, çàäàíèé â C;
F (t, xt)− íåëiíiéíèé ôóíêöiîíàë âiä xt iç
çíà÷åííÿìè â Rn.

Ïîðÿä ç (1) ðîçãëÿíåìî ëiíiéíå àâòîíîìíå
äèôåðåíöiàëüíî-ôóíêöiîíàëüíå ðiâíÿííÿ

du

dt
= f(ut). (2)

Íàâåäåìî äåÿêi âiäîìîñòi iç çàãàëüíî�� òåîði��
òàêèõ ðiâíÿíü [1 � 3].

Çãiäíî ç òåîðåìîþ Ðiññà ôóíêöiîíàë
f ìîæíà çîáðàçèòè ó âèãëÿäi iíòåãðàëà
Ñòiëòücñà f(ut) =

0∫
−∆

[dη(θ)]u(t + θ), äå ìà-

òðèöÿ η(θ) ìàc îáìåæåíó âàðiàöiþ âiäíîñíî
θ. Ïîçíà÷èìî ÷åðåç ut(ϕ) ðîçâ'ÿçîê ðiâíÿí-
íÿ (2) ç ïî÷àòêîâîþ ôóíêöicþ ϕ ∈ C ïðè
t = 0. Âèçíà÷èìî îïåðàòîð çñóâó çà ðîçâ'ÿç-
êàìè ðiâíÿííÿ (2) ñïiââiäíîøåííÿì T (t)ϕ =
ut(ϕ).

Õàðàêòåðèñòè÷íå ðiâíÿííÿ äëÿ ðiâíÿííÿ
(2) ìàc âèãëÿä

det Λ(λ) = 0, Λ(λ) = λE−
0∫

−∆

exp(λθ)dη(θ).

(3)
Ïðèïóñòèìî, ùî ðiâíÿííÿ (3) ìàc l êîðå-
íiâ íà óÿâíié îñi i â ïðàâié ïiâïëîùèíi (ç
óðàõóâàííÿì ��õ êðàòíîñòi), à ðåøòà êîðå-
íiâ ëåæàòü ó ëiâié êîìïëåêñíié ïiâïëîùè-
íi. Ïîçíà÷èìî âëàñíèé ïiäïðîñòið â C, ùî
âiäïîâiäàc êîðåíÿì íà óÿâíié îñi òà â ïðàâié
ïiâïëîùèíi, ÷åðåç P, à äîïîâíþâàëüíèé äî
íüîãî ïiäïðîñòið � ÷åðåç Q. Íåõàé Φ = Φ(θ),
−∆ ≤ θ ≤ 0− áàçèñ â P. Ðîçãëÿäàþ÷è ñïðÿ-
æåíå äî (2) ðiâíÿííÿ, ìîæíà àíàëîãi÷íî âè-
çíà÷èòè ôóíêöiþ Ψ = Ψ(θ), 0 ≤ θ ≤ ∆. Òî-
äi êîæíèé åëåìåíò xt ∈ C cäèíèì ñïîñîáîì
ìîæíà çîáðàçèòè ó âèãëÿäi

xt = xP
t +xQ

t = Φy(t)+zt, y ∈ Rl, zt ∈ Q, (4)

äå xP
t , xQ

t − ïðîåêöi�� xt âiäïîâiäíî íà P i Q.
Ðiâíÿííÿ (1) åêâiâàëåíòíå ñèñòåìi ðiâíÿíü

dy

dt
= By + Ψ(0)F (t, Φy + zt), zt =

= T (t−σ)zσ+

t∫

σ

T (t−s)XQ
0 F (s, Φy(s)+zs)ds,

(5)
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äå σ− äîâiëüíå äiéñíå ÷èñëî (ïî÷àòêîâèé
ìîìåíò äëÿ çàäà÷i Êîøi); XQ

0 − ïðîåêöiÿ íà
ïiäïðîñòið Q ôóíêöi�� X0(θ) = 0, −∆ ≤ θ <
0, X0(0) = E; B− ñòàëà ìàòðèöÿ, âëàñíi çíà-
÷åííÿ ÿêî�� çáiãàþòüñÿ iç çãàäàíèìè âèùå êî-
ðåíÿìè ðiâíÿííÿ (3) ç íåâiä'cìíèìè äiéñíè-
ìè ÷àñòèíàìè.

Êîðåíi, ùî ëåæàòü ó ëiâié ïiâïëîùèíi òà
êîðåíi ç íåâiä'cìíèìè äiéñíèìè ÷àñòèíàìè
ìîæíà, î÷åâèäíî, ðîçäiëèòè äåÿêîþ ïðÿìîþ
Reλ = −α, äå α > 0. Ñïðàâäæóþòüñÿ íåðiâ-
íîñòi

|T (t)ϕP | ≤ K|ϕP | exp[(β − α)t],

|T (t)XP
0 | ≤ K exp[(β − α)t], t ≤ 0,

|T (t)ϕQ| ≤ K|ϕQ| exp[−(β + α)t],

|T (t)XQ
0 | ≤ K exp[−(β + α)t], t ≥ 0, (6)

äå K ≥ 1, α > β > 0, ϕ ∈ C, | · |− íîðìà â C.
Ïîðÿä iç çâè÷àéíîþ íîðìîþ | · | â Rl ìè

áóäåìî âèêîðèñòîâóâàòè äàëi òàêîæ íîðìó
|y|1 = |Φy|, y ∈ Rl.

Òåîðåìà 1. Íåõàé ôóíêöiÿ F íåïåðåðâíà
çà t i çàäîâîëüíÿc óìîâè

F (t, 0) = 0, |F (t, ϕ)− F (t, ϕ′)| ≤ p(t)|ϕ− ϕ′|,

sup
t∈R

t+τ0∫

t

p(τ)dτ ≤ ντ0, (7)

äå ν > 0, τ0 > 0, t ∈ R, ϕ ∈ C, ϕ′ ∈ C. Òîäi
ïðè

ν <
1− exp(−βτ0)

4K2τ0

(8)

iñíóc ôóíêöiÿ g(t, y) ∈ Q, ùî âèçíà÷åíà íà
R× Rl, çàäîâîëüíÿc óìîâè

g(t, 0) = 0, |g(t, y)−g(t, y′)| ≤ 0, 5|y−y′|1 (9)

i òàêà, ùî ìíîæèíà S− = {(t, ϕ)|t ∈ R, ϕ =
Φy + ζ, y ∈ Rl, ζ = g(t, y), ζ ∈ Q} c iíòå-
ãðàëüíèì ìíîãîâèäîì ðiâíÿííÿ (1).

Äëÿ êîæíîãî ðîçâ'ÿçêó xt = Φy(t) +
g(t, y(t)) ðiâíÿííÿ (1), ùî ëåæèòü íà S−,
âèêîíócòüñÿ îöiíêà

|xt| ≤ 2K|y(σ)|1 exp(−α(t− σ)), t ≤ σ. (10)

Äîâåäåííÿ. Ïîðÿä iç ñèñòåìîþ (5) ðîç-
ãëÿíåìî ñèñòåìó iíòåãðàëüíèõ ðiâíÿíü

y(t) = eB(t−σ)c−
σ∫

t

eB(t−s)Ψ(0)F (s, Φy(s)+

+zs)ds, zt =

t∫

−∞

T (t− s)XQ
0 F (s, Φy(s)+

+zs)ds, (11)

çâiäêè îäåðæèìî

Φy(t) = T (t−σ)Φc−
σ∫

t

T (t−s)XP
0 F (s, Φy(s)+

+zs)ds, zt =

t∫

−∞

T (t− s)XQ
0 F (s, Φy(s)+ zs)ds.

Äîäàþ÷è öi ðiâíîñòi, ç óðàõóâàííÿì (4) çíà-
õîäèìî

xt = T (t− σ)Φc−
σ∫

t

T (t− s)XP
0 F (s, xs)ds+

+

t∫

−∞

T (t− s)XQ
0 F (s, xs)ds. (12)

Íàâïàêè, iç ðiâíÿííÿ (12) ìîæíà îäåðæàòè
ñèñòåìó ðiâíÿíü (11).

Iñíóâàííÿ ðîçâ'ÿçêó ðiâíÿííÿ (12) äîâå-
äåìî çà äîïîìîãîþ ìåòîäó ïîñëiäîâíèõ íà-
áëèæåíü:

x
(0)
t = 0, x

(n+1)
t = T (t−σ)Φc−

σ∫

t

T (t−s)XP
0 ×

×F (s, x(n)
s )ds +

t∫

−∞

T (t− s)XQ
0 F (s, x(n)

s )ds,

n = 0, 1, 2, ...

Iíäóêöicþ äîâåäåìî, ùî ñïðàâäæócòüñÿ
íåðiâíiñòü

|x(m)
t −x

(m−1)
t | ≤ K|c|1(νγ)m−1 exp[−α(t−σ)],

(13)
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äå m = 1, 2, ..., t ≤ σ, γ = 2Kτ0/[1 −
exp(−βτ0)].

Ïðè m = 1 íåðiâíiñòü (13) âèïëèâàc iç (6).
Íåõàé íåðiâíiñòü (13) ïðàâèëüíà ïðè m =

n. Òîäi, âðàõîâóþ÷è (6) òà (7), îäåðæèìî

|x(n+1)
t − x

(n)
t | ≤

σ∫

t

K exp[(β −α)(t− s)]p(s)×

×|x(n)
s −x(n−1)

s |ds+

t∫

−∞

K exp[−(β+α)(t−s)]×

×p(s)|x(n)
s − x(n−1)

s |ds ≤ K|c|1(νγ)n×
× exp[−α(t− σ)].

Îòæå, íåðiâíiñòü (13) ïðàâèëüíà ïðè m =
n+1, òîìó âîíà ñïðàâäæócòüñÿ ïðè âñiõ íà-
òóðàëüíèõ m. Ïîñëiäîâíi íàáëèæåííÿ çáiãà-
þòüñÿ äî ðîçâ'ÿçêó xt(σ, c) ðiâíÿííÿ (12) çà
óìîâè νγ < 1.

Âèáèðàþ÷è â ðiâíîñòi (12) çàìiñòü c ií-
øó ñòàëó c′, îäåðæèìî ðîçâ'ÿçîê xt(σ, c′).
Àíàëîãi÷íî íåðiâíîñòi (13) ìîæíà äîâåñòè,
ùî ïðè νγ < 0, 5 ñïðàâäæóþòüñÿ íåðiâ-
íîñòi |x(m)

t (σ, c) − x
(m)
t (σ, c′)| ≤ 2K|c −

c′|1 exp[−α(t− σ)], m = 1, 2, ..., t ≤ σ. Îòæå,

|xt(σ, c)−xt(σ, c′)| ≤ 2K|c−c′|1 exp[−α(t−σ)],

t ≤ σ. (14)

Ïiäñòàâëÿþ÷è â (11) t = σ, îäåðæèìî çî-
áðàæåííÿ iíòåãðàëüíîãî ìíîãîâèäó

y(σ) = c, g(σ, c) =

σ∫

−∞

T (σ − s)XQ
0 ×

×F (s, xs(σ, c))ds.

Äîâåäåìî îöiíêó ç (9). Ìàcìî

|g(σ, c)−g(σ, c′)| ≤
σ∫

−∞

K exp[−(α+β)(σ−s)]×

×p(s)|xs(σ, c)− xs(σ, c′)|ds ≤

≤ 2K2ντ0

1− exp(−βτ0)
|c− c′|1.

ßêùî çàäîâîëüíÿcòüñÿ óìîâà (8), òî
âèêîíócòüñÿ íåðiâíiñòü (9). Îöiíêà (10)
âèïëèâàc iç (14), ÿêùî ïîêëàñòè c′ = 0.
Òåîðåìà äîâåäåíà.

Òåîðåìà 2. Íåõàé âèêîíóþòüñÿ óìîâè
òåîðåìè 1. Òîäi iñíóc ôóíêöiÿ r(t, ζ) ∈ Rl,
ùî âèçíà÷åíà íà R×Q, çàäîâîëüíÿc óìîâè
r(t, 0) = 0, |r(t, ζ) − r(t, ζ ′)|1 ≤ 0, 5|ζ − ζ ′| i
òàêà, ùî ìíîæèíà S+ = {(t, ϕ)|t ∈ R, ϕ =
Φy+ζ, ζ ∈ Q, y = r(t, ζ), y ∈ Rl} c iíòåãðàëü-
íèì ìíîãîâèäîì ðiâíÿííÿ (1). Äëÿ êîæíî-
ãî ðîçâ'ÿçêó xt = Φr(t,Wt) + Wt ðiâíÿííÿ
(1), ùî ëåæèòü íà S+, âèêîíócòüñÿ îöiíêà
|xt| ≤ 2K|Wσ| exp[−α(t− σ)], t ≥ σ.

Äîâåäåííÿ òåîðåìè 2 ìîæíà ïðîâåñòè
òèì ñàìèì øëÿõîì, ùî é äîâåäåííÿ òåîðåìè
1.

Òåîðåìà 3. Íåõàé âèêîíóþòüñÿ óìîâè
òåîðåìè 1. Òîäi iñíóc ãîìåîìîðôíà çàìiíà
çìiííèõ, ÿêà çâîäèòü ñèñòåìó (5) äî âèãëÿ-
äó

du

dt
= Bu + Ψ(0)F (t, Φu + g(t, u)),

vt = T (t−σ)vσ+

t∫

σ

T (t−s)XQ
0 F1(s, u(s), vs)ds,

(15)
äå F1(t, u, v)− äåÿêà íåïåðåðâíà çà ñóêóïíi-
ñòþ àðãóìåíòiâ ôóíêöiÿ, ùî âèçíà÷àcòüñÿ
÷åðåç ôóíêöiþ F i çàäîâîëüíÿc óìîâè

F1(t, u, 0) = 0, |F1(t, u, v)− F1(t, u, v′)| ≤
≤ 2Kp(t)|v − v′|. (16)

Äîâåäåííÿ. Ïîçíà÷èìî ÷åðåç U(t, u)
ðîçâ'ÿçîê ïåðøîãî ðiâíÿííÿ ñèñòåìè (15) ç
ïî÷àòêîâîþ óìîâîþ U(σ, u) = u. Ó ñèñòå-
ìi (5) çðîáèìî çàìiíó çìiííèõ ξ = y − u,
vt = zt − g(t, u), òîäi
dξ

dt
= Bξ + F3(t, wt, Pt), vt = T (t− σ)vσ+

+

t∫

σ

T (t− s)XQ
0 F2(s, ws, Ps)ds, (17)

äå wt = Φξ(t)+vt, Pt = ΦU(t, u)+g(t, U(t, u)),
F2(t, ϕ, χ) = F (t, ϕ+χ)−F (t, χ), F3(t, ϕ, χ) =
Ψ(0)F2(t, ϕ, χ).
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Ðîçãëÿíåìî òàêîæ ñèñòåìó iíòåãðàëüíèõ
ðiâíÿíü

ξ(t) = −
∞∫

t

exp[B(t− s)]F3(s, ws, Ps)ds,

vt = T (t−σ)vσ +

t∫

σ

T (t−s)XQ
0 F2(s, ws, Ps)ds.

(18)
Äîìíîæèâøè ïåðøó ðiâíiñòü ç ñèñòåìè (18)
íà Φ i äîäàâøè öi ðiâíîñòi, îäåðæèìî

wt = T (t−σ)vσ+

t∫

σ

T (t−s)XQ
0 F2(s, ws, Ps)ds−

−
∞∫

t

T (t− s)XQ
0 F2(s, ws, Ps)ds. (19)

Íàâïàêè, iç ðiâíÿííÿ (19) ìîæíà îäåðæàòè
ñèñòåìó ðiâíÿíü (18).

Iñíóâàííÿ ðîçâ'ÿçêó ðiâíÿííÿ (19) äîâå-
äåìî çà äîïîìîãîþ ìåòîäó ïîñëiäîâíèõ íà-
áëèæåíü:

w
(0)
t = 0, w

(n+1)
t = T (t−σ)vσ +

t∫

σ

T (t− s)×

×XQ
0 F2(s, w

(n)
s , Ps)ds−

∞∫

t

T (t− s)×

×XP
0 F2(s, w

(n)
s , Ps)ds, n = 0, 1, 2, ...

Iíäóêöicþ äîâåäåìî, ùî ñïðàâäæócòüñÿ
íåðiâíiñòü

|w(m+1)
t − w

(m)
t | ≤ K21−m|vσ| exp[−α(t− σ)],

(20)
äå m = 1, 2, ..., t ≥ σ.

Ïðè m = 1 íåðiâíiñòü (20) âèïëèâàc iç (6).
Íåõàé íåðiâíiñòü (20) ñïðàâäæócòüñÿ ïðè

m = n. Òîäi, âðàõîâóþ÷è (6) i (7), îäåðæèìî

|w(n+1)
t − w

(n)
t | ≤

t∫

σ

|T (t− s)XQ
0 |p(s)|w(n)

s −

−w(n−1)
s |ds +

∞∫

t

|T (t− s)XP
0 |p(s)|w(n)

s −

−w(n−1)
s |ds ≤ µK21−n|vσ| exp[−α(t− σ)],

äå µ = 2νKτ0/[1 − exp(−βτ0]. Âèáåðåìî ν
òàê, ùîá âèêîíóâàëàñü óìîâà µ < 0, 5. Òî-
äi íåðiâíiñòü (20) ñïðàâäæócòüñÿ ïðè m =
n + 1, îòæå, âîíà ïðàâèëüíà ïðè âñiõ íàòó-
ðàëüíèõ m.

Iç (20) âèïëèâàc, ùî ïîñëiäîâíiñòü {w(m)
t }

çáiãàcòüñÿ ðiâíîìiðíî ïðè 0 ≤ t < ∞ äî ôóí-
êöi�� wt = wt(u, vσ)− ðîçâ'ÿçêó ðiâíÿííÿ (19).
Âèáèðàþ÷è â ðiâíîñòi (19) çàìiñòü vσ iíøó
ñòàëó v′σ, îäåðæèìî ðîçâ'ÿçîê wt(u, v′σ). Ïðè
µ < 0, 5 ñïðàâäæócòüñÿ îöiíêà

|wt(u, vσ)− wt(u, v′σ)| ≤
≤ 2K|vσ − v′σ| exp[−α(t− σ)]. (21)

Ââàæàþ÷è â (18) t = σ, ïîçíà÷èìî

j(σ, u, vσ) = −
∞∫

σ

exp[B(σ − s)]×

×F3(s, ws(u, vσ), Ps)ds.

Ôóíêöiÿ j(σ, u, vσ) íåïåðåðâíà çà ñóêóïíi-
ñòþ àðãóìåíòiâ ÿê ðiâíîìiðíà ãðàíèöÿ ïî-
ñëiäîâíîñòi íåïåðåðâíèõ ôóíêöié. Êðiì òî-
ãî, ôóíêöiÿ j(σ, u, vσ) çàäîâîëüíÿc óìîâó
j(σ, u, 0) = 0, à òàêîæ óìîâó Ëiïøèöÿ çà òðå-
òiì àðãóìåíòîì

|j(σ, u, vσ)− j(σ, u, v′σ)|1 ≤ 0, 5|vσ − v′σ|. (22)

Ïîçíà÷èìî

V (t, u, vσ) = T (t− σ)vσ +

t∫

σ

T (t− s)XQ
0 ×

×F2(s, ws(u, vσ), Ps)ds.

Ôóíêöiÿ ws(u, vσ) ìàc ïiâãðóïîâó âëàñòè-
âiñòü: ws(U(t, u), V (t, u, vσ)) = ws+t(u, vσ),
òîìó

j(t, U(t, u), V (t, u, vσ)) = −
∞∫

t

exp[B(t− s)]×
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×F3(s, ws(u, vσ), Ps)ds.

Âðàõîâóþ÷è (17), îäåðæèìî, ùî
(U(t, u) + j(t, U(t, u), V (t, u, vσ)), V (t, u, vσ) +
g(t, U(t, u))) áóäå ðîçâ'ÿçêîì ñèñòåìè (5)
ç ïî÷àòêîâîþ óìîâîþ (u + j(σ, u, vσ), vσ +
g(σ, u)).

Ðîçãëÿíåìî âiäîáðàæåííÿ Jσ(u, vσ) =
(u + j(σ, u, vσ), vσ + g(σ, u)). Ôóíêöiÿ Jσ

âiäîáðàæàc ðîçâ'ÿçîê ñèñòåìè (15) â ðîçâ'ÿ-
çîê ñèñòåìè (5), ÿêùî ïîêëàñòè F1(σ, u, v) =
F2(σ,wσ(u, v), Φu + g(σ, u)), wσ(u, v) =
v + Φj(σ, u, v). Òîäi ôóíêöiÿ F1(σ, u, v)
çàäîâîëüíÿc óìîâè (16).

ßê äîâåäåíî â [2], ñþð'cêòèâíiñòü âiä-
îáðàæåííÿ Jσ âèïëèâàc iç òåîðåìè Áðàóåðà.

Äîâåäåìî âçàcìíó îäíîçíà÷íiñòü âiäîáðà-
æåííÿ Jσ. Ïðèïóñòèìî, ùî Jσ íå c îäíî-
çíà÷íèì, òîáòî iñíóþòü u1, u2, v1, v2, u1 6=
u2, äëÿ ÿêèõ u1 + j(σ, u1, v1) = u2 +
j(σ, u2, v2), v1 + g(σ, u1) = v2 + g(σ, u2). Òîäi
U(t, u1)+j(t, U(t, u1), V (t, u1, v1)) = U(t, u2)+
j(t, U(t, u2), V (t, u2, v2)), îòæå,

eαt[U(t, u1)− U(t, u2)] = eαt[j(t, U(t, u2),

V (t, u2, v2))− j(t, U(t, u1), V (t, u1, v1))]. (23)

Çãiäíî ç íåðiâíîñòÿìè (21) òà (22) ïðàâà ÷à-
ñòèíà ðiâíîñòi (23) îáìåæåíà ïðè t ∈ [0,∞).
Âðàõîâóþ÷è (6) òà (7), ìîæíà äîâåñòè, ùî

|U(t, u1)− U(t, u2)|1 ≥ K−1|u1 − u2|1×

× exp[(β − α)(t− σ)− χ

t∫

σ

p(s)ds],

äå t ≥ σ, χ = K(Φ + 0, 5). Îòæå, ïðè νχ < β
ëiâà ÷àñòèíà ðiâíîñòi (23) íåîáìåæåíà íà
ïiâîñi [0,∞)]. Ñóïåðå÷íiñòü äîâîäèòü, ùî íà-
øå ïðèïóùåííÿ íåïðàâèëüíå. Òîìó u1 = u2,
îòæå, v1 = v2.

Ïîçíà÷èìî J1(u) = u + j(t, u, v), äå t òà
v ôiêñîâàíi, i ðîçãëÿíåìî îáåðíåíå âiäîáðà-
æåííÿ J−1

1 . Äëÿ äîâåäåííÿ íåïåðåðâíîñòi
J−1

1 ðîçãëÿíåìî òî÷êó u ∈ Rl. �Ié âiäïîâiäàc
J−1

1 (u) ∈ Rl. Âiçüìåìî çàìêíóòó êóëþ Bl ç
öåíòðîì ó òî÷öi J−1

1 (u). Îñêiëüêè Bl− êîì-
ïàêò, òî J1− ãîìåîìîðôiçì íà Bl [4, c. 191],
à öå çíà÷èòü, ùî J−1

1 íåïåðåðâíå â òî÷öi u.

Îñêiëüêè u− äîâiëüíà òî÷êà Rl, òî J−1
1 íå-

ïåðåðâíå íà Rl. Îòæå, âiäîáðàæåííÿ J−1 íå-
ïåðåðâíå. Òåîðåìà äîâåäåíà.

Çàóâàæåííÿ 1. ßêùî îäíó ñèñòåìó äè-
ôåðåíöiàëüíèõ ðiâíÿíü çà äîïîìîãîþ ãîìåî-
ìîðôíî�� çàìiíè ìîæíà çâåñòè äî iíøî��, òî
òàêi ñèñòåìè íàçèâàþòüñÿ äèíàìi÷íî åêâi-
âàëåíòíèìè [5].

Çàóâàæåííÿ 2. Àíàëîãi÷íî [5] ìîæíà
äîâåñòè, ùî ñèñòåìà (15) äèíàìi÷íî åêâi-
âàëåíòíà ñèñòåìi

du

dt
= Bu + Ψ(0)F (t, Φu + g(t, u)),

rt = T (t− σ)rσ, rσ ∈ Q, t ≥ σ.

Çàóâàæåííÿ 3. Ó öié ñòàòòi
âèêîðèñòîâócòüñÿ ìåòîäèêà ç ïpàöü
[2, 3, 5 � 7], àëå íà âiäìiíó âiä [2, 5] íà
ôóíêöiþ F íàêëàäàþòüñÿ áiëüø çàãàëüíi
óìîâè.
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