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ÄÎÑËIÄÆÅÍÍß ÌÀÉÆÅ ÏÅÐIÎÄÈ×ÍÈÕ ÐIÇÍÈÖÅÂÈÕ ÐIÂÍßÍÜ Ç
ÄÈÑÊÐÅÒÍÈÌ ÀÐÃÓÌÅÍÒÎÌ, ÙÎ ÍÅ ÂÈÊÎÐÈÑÒÎÂÓ� H-ÊËÀÑÈ

ÖÈÕ ÐIÂÍßÍÜ

Îòðèìàíî óìîâè iñíóâàííÿ ìàéæå ïåðiîäè÷íèõ ðîçâ'ÿçêiâ ëiíiéíèõ i íåëiíiéíèõ ìàéæå
ïåðiîäè÷íèõ ðiçíèöåâèõ ðiâíÿíü, ùî íå âèêîðèñòîâóþòü H-êëàñè öèõ ðiâíÿíü.

We obtain conditions for the existence of almost periodic solutions of linear and nonlinear
almost periodic di�erence equations which does not use the H-classes of these equations.

1. Îñíîâíi ïîçíà÷åííÿ òà çàäà÷à. Íåõàé
Z � ìíîæèíà âñiõ öiëèõ ÷èñåë, R � ìíîæèíà
âñiõ äiéñíèõ ÷èñåë i E � áàíàõîâèé ïðîñòið
ç íîðìîþ ∥ · ∥E. Ïîçíà÷èìî ÷åðåç M áàíà-
õîâèé ïðîñòið äâîñòîðîííiõ ïîñëiäîâíîñòåé
x = (xn)n∈Z, äå xn ∈ E, äëÿ êîæíî¨ ç ÿêèõ

sup
n∈Z

∥xn∥E <∞,

ç íîðìîþ

∥x∥M = sup
n∈Z

∥xn∥E

i íóëüîâèì åëåìåíòîì 0.
Ó ïðîñòîði M âèçíà÷èìî îïåðàòîð çñóâó

Sm, m ∈ Z, ôîðìóëîþ

(Smx)n = xn+m, n ∈ Z. (1)

Åëåìåíò y ∈ M íàçèâà¹òüñÿ ìàéæå ïåðiî-
äè÷íèì (çà Áîõíåðîì) (äèâ. [1]), ÿêùî çàìè-
êàííÿ ìíîæèíè {Smy : m ∈ Z} ó ïðîñòîðiM
¹ êîìïàêòíîþ ïiäìíîæèíîþ öüîãî ïðîñòîðó.

Ìíîæèíà B ìàéæå ïåðiîäè÷íèõ åëåìåí-
òiâ ïðîñòîðó M ¹ ïiäïðîñòîðîì öüîãî ïðîñ-
òîðó ç íîðìîþ

∥x∥B = ∥x∥M.

Íåõàé Ω � îáëàñòü ïðîñòîðó E i K � ìíî-
æèíà âñiõ íåïîðîæíiõ êîìïàêòíèõ ïiäìíî-
æèí K ⊂ Ω.

Âèçíà÷èìî âiäîáðàæåííÿ F : Ωm+1 → M
ôîðìóëîþ

F(x0, x1, . . . , xm) = (Fn(x0, x1, . . . , xm))n∈Z,

äå (x0, x1, . . . , xm) ∈ Ωm+1 i Fn : Ωm+1 → E,
n ∈ Z, � íåïåðåðâíi âiäîáðàæåííÿ.

Áóäåìî ââàæàòè, ùî F çàäîâîëüíÿ¹ óìî-
âè:

1) F(x0, x1, . . . , xm) ÿê âåêòîðíà ôóíê-
öiÿ çi çíà÷åííÿìè â M íåïåðåðâíà ïî
(x0, x1, . . . , xm) íà Ωm+1 i, îòæå, ðiâíîìið-
íî íåïåðåðâíà ïî (x0, x1, . . . , xm) íà êîæíié
ìíîæèíi Km+1, äå K ∈ K (äèâ., íàïðèêëàä,
[2, ñ. 112]);

2) F(x0, x1, . . . , xm) � ìàéæå ïåðiîäè÷íà
ðiâíîìiðíî ïî (x0, x1, . . . , xm) íà êîæíié ìíî-
æèíi Km+1 (K ∈ K) ïîñëiäîâíiñòü.

Íåâàæêî ïîêàçàòè, ùî äëÿ êîæíî¨ ìíî-
æèíè K ∈ K

sup
(x0,x1,...,xm)∈Km+1

∥F(x0, x1, . . . , xm)∥M<+∞

(äèâ. [2, ñ. 113]) i äëÿ äîâiëüíî¨ ïîñëi-
äîâíîñòi (mk)k>1 öiëèõ ÷èñåë iñíó¹ ïiäïî-
ñëiäîâíiñòü (mkl)l>1, äëÿ ÿêî¨ ïîñëiäîâíiñòü(
Smkl

F(x0, x1, . . . , xm)
)
l>1

çáiãà¹òüñÿ ðiâíî-

ìiðíî íà ìíîæèíi Km+1.
Ââàæàòèìåìî, ùî ïîñëiäîâíiñòü(

Smkl
F(x0, x1, . . . , xm)

)
l>1

çáiãà¹òüñÿ ðiâ-

íîìiíî íà êîæíié ìíîæèíi Km+1 (K ∈ K) i
ãðàíè÷íå âiäîáðàæåííÿ G : Ωm+1 → M, ùî
âèçíà÷à¹òüñÿ ñïiââiäíîøåííÿìè

G(x0, x1, . . . , xm)=(Gn(x0, x1, . . . , xm))n∈Z,

Gn(x0, x1, . . . , xm) =

= lim
l→∞

Fn+mkl
(x0, x1, . . . , xm), n ∈ Z, (2)
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àáî ôîðìóëîþ

G(x0, x1, . . . , xm) =

= lim
l→∞

Smkl
F(x0, x1, . . . , xm), (3)

çàäîâîëüíÿ¹ óìîâè 1 i 2. Íàâåäåíà âèìîãà
âèêîíó¹òüñÿ, ÿêùî, íàïðèêëàä, ïðîñòið E
ñêií÷åííîâèìiðíèé (äèâ. àíàëîãi÷íi äîñëiä-
æåííÿ â [3, ñ. 429] ó âèïàäêó äèôåðåíöiàëü-
íèõ ðiâíÿíü). Çàçíà÷èìî, ùî ó ñòàòòi öÿ âè-
ìîãà âèêîíóâàòèìå äîïîìiæíó ðîëü i íå áóäå
âèêîðèñòîâóâàòèñÿ ïðè îòðèìàííi îñíîâíî-
ãî ðåçóëüòàòó.

Ìíîæèíà âñiõ âèçíà÷åíèõ ôîðìóëîþ (3)
âiäîáðàæåíü G íàçèâà¹òüñÿ H-êëàñîì âiäî-
áðàæåííÿ F i ïîçíà÷à¹òüñÿ ÷åðåç H(F).

Ðîçãëÿíåìî ðiçíèöåâå ðiâíÿííÿ

Fn(xn, xn+k1 , . . . , xn+km) = 0, n ∈ Z, (4)

äå k1, . . . , km � äîâiëüíi öiëi ÷èñëà. H-êëàñîì
öüîãî ðiâíÿííÿ íàçèâà¹òüñÿ ìíîæèíà âñiõ
ðiçíèöåâèõ ðiâíÿíü

Gn(xn, xn+k1 , . . . , xn+km) = 0, n ∈ Z,

äå Gn âèçíà÷à¹òüñÿ çà äîïîìîãîþ (2).
Ìåòîþ ñòàòòi ¹ âñòàíîâëåííÿ óìîâ iñíó-

âàííÿ ìàéæå ïåðiîäè÷íèõ ðîçâ'ÿçêiâ ðiâíÿ-
ííÿ (4) áåç âèêîðèñòàííÿ ìíîæèíè H(F).
Ïðè äîñëiäæåííi ðiâíÿííÿ (4) áóäåìî âèêî-
ðèñòîâóâàòè îäèí ôóíêöiîíàë, âèçíà÷åíèé
íà ìíîæèíi îáìåæåíèõ ðîçâ'ÿçêiâ öüîãî ðiâ-
íÿííÿ (ìíîæèíè çíà÷åíü öèõ ðîçâ'ÿçêiâ �
ïiäìíîæèíè êîìïàêòíèõ ìíîæèí K ∈ K).
Îçíà÷åííÿ öüîãî ôóíêöiîíàëà íàâåäåìî â
íàñòóïíîìó ïóíêòi.

2. Ôóíêöiîíàë δ. Âiäîêðåìëåíi òà
ñèëüíî âiäîêðåìëåíi ðîçâ'ÿçêè ðiâíÿ-
ííÿ (4). Çàôiêñó¹ìî äîâiëüíó ìíîæèíó
K ∈ K, ùî ìiñòèòü â ñîái áiëüøå, íiæ îäèí
åëåìåíò. Ïîçíà÷èìî ÷åðåç N (F, K) ìíî-
æèíó âñiõ ðîçâ'ÿçêiâ x = (xn)n∈Z ðiâíÿííÿ
(4), äëÿ êîæíîãî ç ÿêèõ çàìèêàííÿ R(x)
ìíîæèíè

R(x) = {xn : n ∈ Z}

¹ ïiäìíîæèíîþ ìíîæèíè K. Ââàæàòèìåìî,
ùî

N (F, K) ̸= ∅.

Çàôiêñó¹ìî äîâiëüíèé ðîçâ'ÿçîê x∗ ðiâíÿ-
ííÿ (4) çi çíà÷åííÿìè â K. Ïîêëàäåìî

r(x∗, K) =

= sup
{
∥x− y∥E : x ∈ R(x∗), y ∈ K

}
. (5)

Çàâäÿêè âèìîãàì äî ìíîæèíè K

r(x∗, K) > 0.

Çàôiêñó¹ìî ÷èñëî ε ∈ [0, r(x∗, K)]. Ïîçíà÷è-
ìî ÷åðåç Ω(x∗, K, ε) ìíîæèíó âñiõ åëåìåíòiâ
y ∈ M, äëÿ êîæíîãî ç ÿêèõ

R(x∗ + y) ⊂ K, (6)

i
∥y∥M > ε. (7)

Àíàëîãi÷íèì ÷èíîì âèçíà÷à¹ìî ìíîæè-
íó Ω(z, K, ε) äëÿ áóäü-ÿêîãî iíøîãî åëåìåíòà
z ∈ M, äëÿ ÿêîãî R(z) ⊂ K.

Ðîçãëÿíåìî ôóíêöiîíàë

δ(x∗, K, ε) = inf
y∈Ω(x∗,K,ε)

sup
n∈Z

∥Fn(x∗n+

+yn, x
∗
n+k1

+ yn+k1 , . . . , x
∗
n+km+ yn+km)

∥∥
E
. (8)

Îçíà÷åííÿ 1. Ðîçâ'ÿçîê z ∈ N (F, K)
ðiâíÿííÿ (4) íàçèâà¹òüñÿ âiäîêðåìëåíèì íà
ìíîæèíi Z×K, ÿêùî àáî öåé ðîçâ'ÿçîê ¹äè-
íèé íà ìíîæèíi Z×K, àáî äëÿ êîæíîãî ií-
øîãî ðîçâ'ÿçêó u = (un)n∈Z çi çíà÷åííÿìè â
K âèêîíó¹òüñÿ íåðiâíiñòü

inf
n∈Z

∥zn − un∥E > ρ > 0,

äå ρ � ñòàëà, çàëåæíà òiëüêè âiä z.
Îçíà÷åííÿ 2. Ðîçâ'ÿçîê z ∈ N (F, K)

ðiâíÿííÿ (4) íàçèâà¹òüñÿ ñèëüíî âiäîêðåì-
ëåíèì íà ìíîæèíi Z×K, ÿêùî

δ(z, K, ε) > 0

äëÿ êîæíîãî ε ∈ (0, r(z, K)).
Î÷åâèäíî, ùî êîæíèé ñèëüíî âiäîêðåì-

ëåíèé íà ìíîæèíi Z×K ðîçâ'ÿçîê z ðiâíÿ-
ííÿ (4) ¹ âiäîêðåìëåíèì íà ìíîæèíi Z ×K
ðîçâ'ÿçêîì öüîãî ðiâíÿííÿ. Îäíàê âiäîêðåì-
ëåíèé íà ìíîæèíi Z×K ðîçâ'ÿçîê z ðiâíÿ-
ííÿ (4) ìîæå íå áóòè ñèëüíî âiäîêðåìëåíèì
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íà Z×K ðîçâ'ÿçêîì öüîãî ðiâíÿííÿ. Öå ïiä-
òâåðäæó¹òüñÿ ðîçãëÿíóòèì ó [4] ïðèêëàäîì
ëiíiéíîãî ðiçíèöåâîãî ðiâíÿííÿ

xn+1 = anxn, n ∈ Z, (9)

ç ìàéæå ïåðiîäè÷íèì êîåôiöi¹íòîì

an = exp

{
∞∑
k=0

2

2k + 1

(
sin2 n+ 1

2(2k + 1)
−

− sin2 n

2(2k + 1)

)}
.

Ó [4] ïîêàçàíî, ùî íóëüîâèé ðîçâ'ÿçîê ðiâíÿ-
ííÿ (9) ¹ âiäîêðåìëåíèì íà êîæíié ìíîæèíi
Z × [−µ, µ], µ > 0, i íå ¹ ñèëüíî âiäîêðåì-
ëåíèì íà æîäíié iç öèõ ìíîæèí.

Çàñòîñóâàííÿ ôóíêöiîíàëà δ äî äîñëiä-
æåííÿ ìàéæå ïåðiîäè÷íèõ ðiçíèöåâîãî ðiâ-
íÿííÿ (4) òà àíàëîãi÷íîãî ëiíiéíîãî ðiçíè-
öåâîãî ðiâíÿííÿ ç äèñêðåòíèì àðãóìåíòîì
íàâåäåìî â íàñòóïíèõ ïóíêòàõ.

Àíàëîãi÷íi ôóíêöiîíàëè âèêîðèñòîâóâà-
ëèñÿ àâòîðîì ó ñòàòòÿõ [5]�[8] òà [4] äëÿ
äîñëiäæåííÿ íåëiíiéíèõ ìàéæå ïåðiîäè÷íèõ
ðiâíÿíü

f(t, x(t))=0, t ∈ R,

x(t+ 1) = f(t, x(t)), t ∈ R,

F (t, x(t), x(t−∆1), . . . , x(t−∆m))=0, t ∈ R,
dx(t)

dt
= f(t, x(t)), t ∈ R,

i
xn+1 = fn(xn), n ∈ Z,

äå f : R × Ω → E, F : R × Ωm+1 → E i
fn : Ω → E, n ∈ Z, � íåïåðåðâíi âiäîáðàæåí-
íÿ (òóò Ω � äîâiëüíà îáëàñòü ïðîñòîðó E) i
∆1, . . . ,∆m � äîâiëüíi äiéñíi ÷èñëà.

3. Îñíîâíèé ðåçóëüòàò. Íàâåäåìî óìî-
âè iñíóâàííÿ ìàéæå ïåðiîäè÷íèõ ðîçâ'ÿç-
êiâ ðiâíÿííÿ (4), ùî íà âiäìiíó âiä âiäî-
ìî¨ òåîðåìè Àìåðiî ïðî ìàéæå ïåðiîäè÷íi
ðîçâ'ÿçêè íåëiíiéíèõ äèôåðåíöiàëüíèõ ðiâ-
íÿíü (äèâ. [3], [9]) íå âèêîðèñòîâóþòü H-
êëàñ ðiâíÿííÿ (4) òà âiäîêðåìëåíiñòü îáìå-
æåíèõ ðîçâ'ÿçêiâ ðiâíÿíüH-êëàñó öüîãî ðiâ-
íÿííÿ.

Íåõàé Λ � îáìåæåíà ïiäìíîæèíà ïðîñòî-
ðó E. Âèçíà÷èìî äiàìåòð diam Λ ìíîæèíè
Λ ðiâíiñòþ

diam Λ = sup{∥x− y∥E : x, y ∈ Λ}.

Òåîðåìà 1. Íåõàé K ∈ K. ßêùî
äëÿ ðîçâ'ÿçêó z ∈ N (F, K) ðiâíÿííÿ (4)
diam R(z) ̸= 0 i âèêîíó¹òüñÿ ñïiââiäíîøå-
ííÿ

δ(z, K, ε) > 0 (10)

äëÿ êîæíîãî ε ∈ (0, r(z, K)), òî öåé ðîçâ'ÿ-
çîê ¹ ìàéæå ïåðiîäè÷íèì.

Çàóâàæåííÿ 1. Ðîçâ'ÿçîê z ∈ N (F, K)
ðiâíÿííÿ (4), äëÿ ÿêîãî diam R(z) = 0, ¹
ñòàëèì i, îòæå, ìàéæå ïåðiîäè÷íèì.
Äîâåäåííÿ òåîðåìè 1. Ïðèïóñòèìî, ùî

ðîçâ'ÿçîê z ∈ N (F, K) ðiâíÿííÿ (4) íå ¹ åëå-
ìåíòîì ïðîñòîðó B. Òîäi iñíó¹ òàêà ïîñëi-
äîâíiñòü

(
Smpz

)
p>1

, ùî êîæíà ïiäïîñëiäîâ-

íiñòü
(
Skpz

)
p>1

áóäå ðîçáiæíîþ. Îòæå,∥∥Skprz− Skqrz
∥∥
M

> γ, r > 1, (11)

äëÿ äåÿêèõ ÷èñëà γ ∈ (0, diamR(z)) i ïîñëi-
äîíîñòåé (pr)r>1, (qr)r>1 íàòóðàëüíèõ ÷èñåë.

Çàçíà÷èìî, ùî

diamR(z) 6 r(z, K).

Íå îáìåæóþ÷è çàãàëüíîñòi ìîæíà ââàæàòè,
ùî ïîñëiäîâíiñòü

(
SkpF(x0, x1, . . . , xm)

)
p>1

çáiãà¹òüñÿ ðiâíîìiðíî íà Km+1. Òîäi

lim
p,q→∞

sup
x0,x1,...,xm∈K

∥∥SkpF(x0, x1, . . . , xm)−
−SkqF(x0, x1, . . . , xm)

∥∥
M

= 0. (12)

Ðîçãëÿíåìî åëåìåíòè

yr = Skprz− Skqrz, r > 1,

ïðîñòîðó M. Î÷åâèäíî, ùî

yr ∈ Ω(Skqrz, K, γ), r > 1. (13)

Ïîêàæåìî, ùî

δ(z,K, γ) = 0. (14)
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Çàâäÿêè (8), (13) òà òîãî, ùî

Fn+kpr(zn+kpr , zn+kpr+k1 , . . . , zn+kpr+km)≡0

äëÿ êîæíîãî r > 1, âèêîíóþòüñÿ ñïiââiäíî-
øåííÿ

δ(z, K, γ) =

= inf
y∈Ω(z,K,γ)

sup
n∈Z

∥Fn(zn + yn,

zn+k1 + yn+k1 , . . . , zn+km + yn+km)∥E =

= inf
y∈Ω(Skqr

z,K,γ)
sup
n∈Z

∥Fn+kqr (zn+kqr + yn,

zn+kqr+k1 + yn+k1 , . . . , zn+kqr+km + yn+km)∥E 6
6 sup

n∈Z
∥Fn+kqr (zn+kqr + (zn+kpr − zn+kqr ),

zn+kqr+k1 + (zn+kpr+k1 − zn+kqr+k1), . . . ,

zn+kqr+km + (zn+kpr+km − zn+kqr+km))∥E =

= sup
n∈Z

∥Fn+kqr (zn+kpr , zn+kpr+k1 , . . . ,

zn+kpr+km)∥E 6 sup
n∈Z

∥Fn+kpr (zn+kpr ,

zn+kpr+k1 , . . . , zn+kpr+km)∥E+

+sup
n∈Z

∥Fn+kpr (zn+kpr , zn+kpr+k1 , . . . ,

zn+kpr+km)− Fn+kqr (zn+kpr , zn+kpr+k1 , . . . ,

zn+kpr+km)∥E =

= sup
n∈Z

∥Fn+kpr (zn+kpr , zn+kpr+k1 , . . . ,

zn+kpr+km)− Fn+kqr (zn+kpr , zn+kpr+k1 , . . . ,

zn+kpr+km)∥E,
ç ÿêèõ íà ïiäñòàâi (12) âèïëèâà¹ ñïiââiäíî-
øåííÿ (14), ùî ñóïåðå÷èòü (10).

Òàêèì ÷èíîì, ïðèïóùåííÿ, ùî ðîçâ'ÿçîê
z ∈ N (F, K) ðiâíÿííÿ (4) íå ¹ ìàéæå ïåðiî-
äè÷íèì, õèáíå.

Òåîðåìó 1 äîâåäåíî.
Çàçíà÷èìî, ùî âèêîíàííÿ â òåîðåìi 1

ñïiââiäíîøåííÿ (10) îçíà÷à¹, ùî ðîçâ'ÿçîê
z ∈ N (F, K) ðiâíÿííÿ (4) ¹ ñèëüíî âiäîêðåì-
ëåíèì íà ìíîæèíi Z×K. Òîìó ôîðìóëþâàí-
íÿ öi¹¨ òåîðåìè ìîæíà ïîäàòè â íàñòóïíîìó
âèãëÿäi.

Òåîðåìà 2. Íåõàé K ∈ K. ßêùî ðîç-
â'ÿçîê z ∈ N (F, K) ðiâíÿííÿ (4) ñèëüíî

âiäîêðåìëåíèé íà ìíîæèíi Z × K, òî öåé
ðîçâ'ÿçîê ¹ ìàéæå ïåðiîäè÷íèì.

Çàóâàæåííÿ 2. ßêùî ðîçâ'ÿçîê z ðiâíÿ-
ííÿ (4) íå ¹ ñèëüíî âiäîêðåìëåíèì íà ìíî-
æèíi Z×K, òî öåé ðîçâ'ÿçîê ìîæå áóòè ìàé-
æå ïåðiîäè÷íèì, òàê i íå áóòè ìàéæå ïåðiî-
äè÷íèì (äèâ. âiäïîâiäíi ïðèêëàäè â [4]).

4. Âèïàäîê ëiíiéíîãî ðiâíÿííÿ (4).
Ðîçãëÿíåìî ìàéæå ïåðiîäè÷íi ïîñëiäîâíîñòi
(Ak,n)n∈Z, k = 0,m, ëiíiéíèõ íåïåðåðâíèõ
îïåðàòîðiâ, ùî äiþòü ó ïðîñòîði E, ìàéæå
ïåðiîäè÷íèé åëåìåíò h = (hn)n∈Z ∈ M, äî-
âiëüíi öiëi ÷èñëà k1, . . . , km òà âiäïîâiäíå ëi-
íiéíå ðiçíèöåâå ðiâíÿííÿ

A0,nxn +
m∑
l=1

Ak,nxn+kl = hn, n ∈ Z. (15)

Îñêiëüêè öå ðiâíÿííÿ � îêðåìèé âèïàäîê
ðiâíÿííÿ (4), òî íà ïiäñòàâi òåîðåìè 2 ñïðàâ-
äæó¹òüñÿ íàñòóïíå òâåðäæåííÿ.

Òåîðåìà 3. Íåõàé K ∈ K. Ñèëüíî âi-
äîêðåìëåíèé íà ìíîæèíi Z × K ðîçâ'ÿçîê
z = (zn)n∈Z ðiâíÿííÿ (15), äëÿ ÿêîãî R(z) ̸=
K, ¹ ìàéæå ïåðiîäè÷íèì.

Çàçíà÷èìî, ùî â ðiâíÿííi (15) îïåðàòîðè
Ak,n, n ∈ Z, k = 0,m, ìîæóòü íå ìàòè îáåð-
íåíèõ íåïåðåðâíèõ îïåðàòîðiâ. Ïðèêëàäîì
òàêîãî ðiâíÿííÿ ¹ íàñòóïíå ðiçíèöåâå ðiâíÿ-
ííÿ

m∑
l=1

PlAlxn+kl = hn, n ∈ Z, (16)

äå Ak, k = 1,m � ëiíiéíi íåïåðåðâíi îïåðà-
òîðè, ùî ìàþòü íåïåðåðâíi îáåðíåíi îïåðà-
òîðè, i Pk, k = 1,m � ëiíiéíi íåïåðåðâíi îïå-
ðàòîðè, äëÿ ÿêèõ

PkPl = PlPk = δklPk, k = 1,m, l = 1,m,

(δkl � ñèìâîë Êðîíåêåðà),

m∑
k=1

Pk = I

i
PkAl = AlPk, k = 1,m, l = 1,m.
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Ëåãêî ïåðåâiðèòè, ùî ðîçâ'ÿçîê ðiâíÿííÿ
(16) ïîäà¹òüñÿ ó âèãëÿäi

xn =
m∑
l=1

A−1
l Plhn−kl , n ∈ Z.

Íà çàâåðøåííÿ çàçíà÷èìî, ùî íàâåäåíi
óìîâè iñíóâàííÿ ìàéæå ïåðiîäè÷íèõ ðîç-
â'ÿçêiâ ðiâíÿíü (4) i (15) ¹ íîâèìè, îñêiëü-
êè íà âiäìiíó âiä âiäîìèõ òåîðåì Àìåðiî [9]
i Ôàâàðà [10] ïðî ìàéæå ïåðiîäè÷íi ðîçâ'ÿç-
êè äèôåðåíöiàëüíèõ ðiâíÿíü â òåîðåìàõ 1,
2 i 3 íå âèêîðèñòîâóþòüñÿ H-êëàñè ðiâíÿíü
(4) i (15) òà óìîâà âiäîêðåìëåííÿ îáìåæå-
íèõ ðîçâ'ÿçêiâ ðiâíÿíüH-êëàñiâ öèõ ðiâíÿíü
i áàíàõîâèé ïðîñòið E ìîæå áóòè íåñêií÷åí-
íîâèìiðíèì.

Óìîâè iñíóâàííÿ îáìåæåíèõ ðîçâ'ÿçêiâ
íåëiíiéíèõ ðiçíèöåâèõ ðiâíÿíü (âèìîãà iñíó-
âàííÿ òàêèõ ðîçâ'ÿçêiâ ó òåîðåìàõ 1 i 2 ¹
ñóòò¹âîþ) îòðèìàíî â [11]�[15].
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