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ÄÎ ÎÇÍÀ×ÅÍÜ ÌÀÉÆÅ ÏÅÐIÎÄÈ×ÍÈÕ ÎÏÅÐÀÒÎÐIÂ

Ðîçãëÿíóòî êëàñ ìàéæå ïåðiîäè÷íèõ îïåðàòîðiâ, åëåìåíòè ÿêîãî ìîæóòü íå áóòè ìàéæå
ïåðiîäè÷íèìè çà Áîõíåðîì.

Considered class of almost periodic operators, elements of which may not be for Bochner almost
periodic.

Íåõàé N � ìíîæèíà íàòóðàëüíèõ ÷èñåë,
K � ïîëå R àáî C äiéñíèõ àáî êîìïëåêñíèõ
÷èñåë âiäïîâiäíî i E � äîâiëüíèé áàíàõîâèé
ïðîñòið íàä ïîëåì K ç íîðìîþ ∥ · ∥E. Ïî-
çíà÷èìî ÷åðåç C0 áàíàõîâèé ïðîñòið îáìå-
æåíèõ i íåïåðåðâíèõ íà R ôóíêöié x = x(t)
çi çíà÷åííÿìè â E ç íîðìîþ

∥x∥C0 = sup
t∈R

∥x(t)∥E,

à ÷åðåç Cn, äå n ∈ N, � áàíàõîâèé ïðî-
ñòið ôóíêöié x ∈ C0, äëÿ êîæíî¨ ç ÿêèõ
dx

dt
, . . . ,

dnx

dtn
∈ C0, ç íîðìîþ

∥x∥Cn =

= max

{
∥x∥C0 ,

∥∥∥∥dxdt
∥∥∥∥
C0

, . . . ,

∥∥∥∥dnxdtn
∥∥∥∥
C0

}
.

Ó ïðîñòîðàõ C0, C1, . . . , Cn âèçíà÷èìî
îïåðàòîð çñóâó Sh, h ∈ R, çà äîïîìîãîþ ñïiâ-
âiäíîøåííÿ

(Shx)(t) = x(t+ h), t ∈ R.

Îçíà÷åííÿ 1. Åëåìåíò y ∈ Ck, k ≥ 0,
íàçèâà¹òüñÿ ìàéæå ïåðiîäè÷íèì (çà Áîõ-
íåðîì [1]�[3]), ÿêùî çàìèêàííÿ ìíîæèíè
{Shy : h ∈ R} ó ïðîñòîði Ck ¹ êîìïàêòíîþ
ïiäìíîæèíîþ öüîãî ïðîñòîðó, òîáòî ç êîæ-
íî¨ ïîñëiäîâíîñòi (Shny)n≥1 ìîæíà âèäiëèòè
çáiæíó â Ck ïiäïîñëiäîâíiñòü.

Ìíîæèíè ìàéæå ïåðiîäè÷íèõ åëåìåíòiâ
ïðîñòîðiâ C0, C1, . . . , Cn ¹ ïiäïðîñòîðàìè
öèõ ïðîñòîðiâ âiäïîâiäíî ç íîðìàìè ∥ · ∥C0 ,
∥ · ∥C1 , . . . , ∥ · ∥Cn . Öi ïiäïðîñòîðè áóäåìî ïî-
çíà÷àòè ÷åðåç B0, B1, . . . , Bn âiäïîâiäíî.

Íåõàé BCn [a, r] � çàìêíóòà êóëÿ â Cn ç
öåíòðîì ó òî÷öi a ∈ Cn i ðàäióñîì r, òîáòî
ìíîæèíà {x ∈ Cn : ∥x− a∥Cn ≤ r}.
Îçíà÷åííÿ 2. Îïåðàòîð H : Cn → Cm,

äå n,m ∈ N∪{0}, íàçèâà¹òüñÿ ìàéæå ïåðiî-
äè÷íèì, ÿêùî äëÿ êîæíèõ åëåìåíòà a ∈ Cn,
÷èñëà r ∈ (0,+∞) i ïîñëiäîâíîñòi (hk)k≥1

äiéñíèõ ÷èñåë iñíó¹ òàêà ïiäïîñëiäîâíiñòü
(hkl)l≥1, ùî

lim
l1→∞, l2→∞

sup
x∈BCn [a,r]

∥∥∥Shl1HS−hl1x −

− Shl2HS−hl2x
∥∥∥
Cm

= 0.

Öå îçíà÷åííÿ ó âèïàäêó ëiíiéíîãî ìàéæå
ïåðiîäè÷íîãî îïåðàòîðà H ðiâíîñèëüíå îç-
íà÷åííþ, ùî âèêîðèñòîâóâàëîñÿ Å. Ìóõàìà-
äi¹âèì [4,5] ïðè äîñëiäæåííi îáîðîòíîñòi ëi-
íiéíèõ ôóíêöiîíàëüíèõ îïåðàòîðiâ ó ïðîñ-
òîði C0.

Îçíà÷åííÿ 3. Îïåðàòîð H : Cn → Cm,
äå n,m ∈ N∪{0}, íàçèâà¹òüñÿ àâòîíîìíèì,
ÿêùî ShHS−h = H äëÿ âñiõ h ∈ R.

Î÷åâèäíî, ùî àâòîíîìíèé îïåðàòîð ¹
ìàéæå ïåðiîäè÷íèì ó ñåíñi îçíà÷åííÿ 2.

Ðîçãëÿíåìî ìàéæå ïåðiîäè÷íi îïåðàòî-
ðè, ùî ìîæóòü íå áóòè ìàéæå ïåðiîäè÷-
íèìè â ñåíñi îçíà÷åííÿ 2.

Íåõàé K � ìíîæèíà âñiõ íåïîðîæíiõ êîì-
ïàêòíèõ ïiäìíîæèí K ⊂ E i R(x) � ìíî-
æèíà çíà÷åíü ôóíêöi¨ x = x(t), òîáòî ìíî-
æèíà {x(t) : t ∈ R}. Äëÿ êîìïàêòíèõ ìíî-
æèí K0, K1, . . . , Kn ∈ K ïîçíà÷èìî ÷åðåç
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DK0,K1,...,Kn ìíîæèíó âñiõ åëåìåíòiâ x ∈ Cn,
äëÿ êîæíîãî ç ÿêèõ

R(x) ⊂ K0,

R

(
dx

dt

)
⊂ K1, . . . ,

R

(
dnx

dtn

)
⊂ Kn.

Âèêîðèñòà¹ìî ìíîæèíó

Sn =
∪

K0,K1,...,Kn∈K

DK0,K1,...,Kn .

Öÿ ìíîæèíà ¹ ïiäïðîñòîðîì ïðîñòîðó
Cn.

Ñïðàâäi, ÿêùî x, y ∈ Sn i α ∈ K, òî, î÷å-
âèäíî, x+ y, αx ∈ Sn. Òîìó Sn � âåêòîðíèé
ïðîñòið. Öåé ïðîñòið, î÷åâèäíî, òàêîæ ¹ íîð-
ìîâàíèì ïðîñòîðîì ç íîðìîþ ∥ · ∥Cn .

Ïîêàæåìî, ùî ïðîñòið Sn ïîâíèé, òîá-
òî äëÿ êîæíîãî åëåìåíòà x ∈ Sn ìíîæèíè

R(x), R

(
dx

dt

)
, . . . , R

(
dnx

dtn

)
¹ êîìïàêòíèìè

ìíîæèíàìè.
Íåõàé z ∈ Sn i ε � äîâiëüíå äîäàòíå ÷èñ-

ëî. Iñíó¹ åëåìåíò w ∈ Sn, äëÿ ÿêîãî

∥z − w∥Cn <
ε

2

i òîìó

inf
{
∥a− b∥E : a ∈ R(z), b ∈ R(w)

}
<
ε

2
,

inf

{
∥a− b∥E : a ∈ R

(
dz

dt

)
,

b ∈ R

(
dw

dt

)}
<
ε

2
, . . . ,

inf

{
∥a− b∥E : a ∈ R

(
dnz

dtn

)
,

b ∈ R

(
dnw

dtn

)}
<
ε

2
.

Íåõàé M0, M1, . . . , Mn � ñêií÷åíi
ε

2
-ñiòêè äëÿ êîìïàêòíèõ ìíîæèí R(w),

R

(
dw

dt

)
, . . . , R

(
dnw

dtn

)
âiäïîâiäíî. Òîäi íà

ïiäñòàâi ïîïåðåäíiõ íåðiâíîñòåé ìíîæèíè
M0, M1, . . . , Mn áóäóòü ñêií÷åíèìè ε-ñiòêà-

ìè äëÿ ìíîæèí R(z), R

(
dz

dt

)
, . . . , R

(
dnz

dtn

)
âiäïîâiäíî.

Îòæå, çàâäÿêè äîâiëüíîñòi âèáîðó ÷èñëà

ε > 0 ìíîæèíè R(z), R

(
dz

dt

)
, . . . , R

(
dnz

dtn

)
êîìïàêòíi, iSn � ïiäïðîñòið áàíàõîâîãî ïðî-
ñòîðó Cn.

Çðó÷íèìè äëÿ äîñëiäæåííÿ ìàéæå ïåði-
îäè÷íèõ ðîçâ'ÿçêiâ ôóíêöiîíàëüíèõ, ôóíê-
öiîíàëüíî-äèôåðåíöiàëüíèõ òà äèôåðåíöi-
àëüíèõ ðiâíÿíü ¹ íàñòóïíi îçíà÷åííÿ ìàé-
æå ïåðiîäè÷íèõ îïåðàòîðiâ, ùî âèêîðèñòî-
âóþòü âëàñòèâiñòü ìàéæå ïåðiîäè÷íîñòi îïå-
ðàòîðiâ ëèøå íà ïiäïðîñòîði Sn ïðîñòîðó
Cn àáî íà ìíîæèíàõ DK0,K1,...,Kn ⊂ Sn, äå
K0, K1, . . . , Kn ∈ K.
Îçíà÷åííÿ 4. Îïåðàòîð H : Cn → Cm,

äå n,m ∈ N∪{0}, íàçèâà¹òüñÿ ìàéæå ïåðiî-
äè÷íèì, ÿêùî äëÿ êîæíèõ åëåìåíòà a ∈ Cn,
÷èñëà r ∈ (0,+∞) i ïîñëiäîâíîñòi (hk)k≥1

äiéñíèõ ÷èñåë iñíó¹ òàêà ïiäïîñëiäîâíiñòü
(hkl)l≥1, ùî

lim
l1→∞, l2→∞

sup
x∈Sn, x∈BCn [a,r]

∥∥∥Shl1HS−hl1x −

− Shl2HS−hl2x
∥∥∥
Cm

= 0.

Îçíà÷åííÿ 5. Îïåðàòîð H : Cn → Cm,
äå n,m ∈ N ∪ {0}, íàçèâà¹òüñÿ ìàéæå ïåðiî-
äè÷íèì, ÿêùî äëÿ êîæíèõ êîìïàêòíèõ
ìíîæèí K0, K1, . . . , Kn ∈ K i ïîñëiäîâíîñòi
(hk)k≥1 äiéñíèõ ÷èñåë iñíó¹ ïiäïîñëiäîâíiñòü
(hkl)l≥1, äëÿ ÿêî¨

lim
l1→∞, l2→∞

sup
x∈DK0,K1,...,Kn

∥∥∥Shkl1HS−hkl1
x−

−Shkl2HS−hkl2
x
∥∥∥
Cm

= 0.

Çàçíà÷èìî, ùî ìàéæå ïåðiîäè÷íi îïåðà-
òîðè â ñåíñi îçíà÷åííÿ 5 óâåäåíî â ðîçãëÿä
àâòîðîì ó [6] ó âèïàäêó äèñêðåòíèõ ðiâíÿíü.
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Ìàéæå ïåðiîäè÷íi â ñåíñi îçíà÷åííÿ 4
àáî 5 îïåðàòîðè ìîæóòü íå áóòè ìàéæå
ïåðiîäè÷íèìè â ñåíñi îçíà÷åííÿ 2.

Ïðèêëàä 1. Íåõàé dimE = ∞. Çàâäÿêè
íåêîìïàêòíîñòi êóëi {x ∈ E : ∥x∥E ≤ 1}
(äèâ., íàïðèêëàä, [7]) iñíó¹ åëåìåíò ω = ω(t)
ïðîñòîðó Cn, ïîñëiäîâíiñòü (hm)m≥1 äiéñíèõ
÷èñåë i ÷èñëî µ > 0, äëÿ ÿêèõ

inf
m1,m2∈N, m1 ̸=m2

∥ω(hm1)− ω(hm2)∥E ≥ µ.

Çàôiêñó¹ìî äîâiëüíèé âåêòîð a ∈ E i ðîç-
ãëÿíåìî åëåìåíò b = b(t) ïðîñòîðó C0, äëÿ
ÿêîãî b(t) = a äëÿ âñiõ t ∈ R.

Âèçíà÷èìî îïåðàòîð H : Cn → C0 ðiâíiñ-
òþ

Hx =

{
b, ÿêùî x ∈ Sn,
ω, ÿêùî x ∈ Cn \Sn.

Î÷åâèäíî, ùî öåé îïåðàòîð íå ¹ íåïåðåðâ-
íèì íà Cn.

Òàêîæ î÷åâèäíî, ùî

{ShHS−hx : h ∈ R, x ∈ DK0,K1,...,Kn} =

= {ShHS−hx : h ∈ R, x ∈ Sn} = {b}
äëÿ âñiõ K0, K1, . . . , Kn ∈ K. Òîìó îïåðàòîð
H ¹ ìàéæå ïåðiîäè÷íèì ÿê ó ñåíñi îçíà÷åí-
íÿ 4, òàê i â ñåíñi îçíà÷åííÿ 5. Îäíàê, öåé
îïåðàòîð íå ¹ ìàéæå ïåðiîäè÷íèì ó ñåíñi îç-
íà÷åííÿ 2. Ñïðàâäi, çàôiêñó¹ìî äîâiëüíèé
åëåìåíò z ∈ C0 \Sn. Î÷åâèäíî, ùî

ShHS−hz = Shω (1)

äëÿ êîæíîãî h ∈ R. Òîìó∥∥Shm1
ω − Shm2

ω
∥∥
C0 =

= sup
t∈R

∥ω(t+ hm1)− ω(t+ hm2)∥E ≥

≥ ∥ω(hm1)− ω(hm2)∥E ≥ µ,

ÿêùî m1 ̸= m2.
Îòæå, ÿêùî {Shz : h ∈ R} ⊂ BCn [b, r], äå

r > ∥z − ω∥Cn , òî

sup
x∈BCn [b,r]

∥∥Shm1
HS−hm1

x−

−Shm2
HS−hm2

x
∥∥
C0 ≥ µ > 0,

äëÿ âñiõ m1,m2 ∈ N (m1 ̸= m2). Çâiäñè, iç
ñïiââiäíîøåííÿ (1) i îçíà÷åííÿ 2 âèïëèâà¹,
ùî îïåðàòîð H íå ¹ ìàéæå ïåðiîäè÷íèì ó
ñåíñi îçíà÷åííÿ 2.

Ïðèêëàä 2. Áóäåìî ââàæàòè, ùî E = l1,
äå l1 � áàíàõîâèé ïðîñòið îáìåæåíèõ ÷èñëî-
âèõ ïîñëiäîâíîñòåé z = ⟨z1, z2, . . . , zm, . . .⟩,
äëÿ êîæíî¨ ç ÿêèõ

∞∑
m=1

|zm| <∞, ç íîðìîþ

∥z∥l1 =
∞∑
m=1

|zm|.

Ðîçãëÿíåìî íåïåðåðâíó òà îáìåæåíó íà
R ôóíêöiþ A(t) çi çíà÷åííÿìè â L(l1, l1), ùî
âèçíà÷à¹òüñÿ ñïiââiäíîøåííÿì

A(t)z =
⟨
eitz1, e

it/2z2, . . . , e
it/mzm, . . .

⟩
. (2)

Òóò t ∈ R i z ∈ l1.
Ëåãêî ïåðåâiðèòè, ùî ôóíêöiÿ A(t) ìà¹

íàñòóïíi âëàñòèâîñòi:
1) ∥A(t)∥L(l1,l1) = 1 äëÿ âñiõ t ∈ R;
2) äëÿ êîæíîãî z ∈ l1 ôóíêöiÿ A(t)z ¹ åëå-
ìåíòîì ïðîñòîðó B0;
3) äëÿ êîæíèõ êîìïàêòíî¨ ìíîæèíè K ⊂ l1
i ïîñëiäîâíîñòi (hm)m≥1 äiéñíèõ ÷èñåë iñíó¹
ïiäïîñëiäîâíiñòü (hml

)l≥1, äëÿ ÿêèõ

lim
k,l→∞

sup
z∈K

sup
t∈R

∥A (t+ hmk
) z−

−A (t+ hml
) z∥l1 = 0.

4) ôóíêöiÿ A(t) çi çíà÷åííÿìè â L(l1, l1) íå
¹ ìàéæå ïåðiîäè÷íîþ â ñåíñi îçíà÷åííÿ 1.

Ðîçãëÿíåìî ëiíiéíèé íåïåðåðâíèé îïåðà-
òîð A : C0 → C0, ùî âèçíà÷à¹òüñÿ ñïiââiä-
íîøåííÿì

(Ax)(t) = A(t)x(t), t ∈ R,

Öåé îïåðàòîð íå ¹ ìàéæå ïåðiîäè÷íèì ó
ñåíñi îçíà÷åííÿ 2 i ¹ ìàéæå ïåðiîäè÷íèì ó
ñåíñi îçíà÷åííÿ 5.

Ñïðàâäi, äëÿ äîâiëüíèõ h ∈ R i x ∈ C0

(ShAS−hx)(t) = A(t+ h)x(t), t ∈ R.

Çâiäñè íà ïiäñòàâi òðåòüî¨ âëàñòèâîñòi ôóíê-
öi¨ A(t) îòðèìó¹ìî, ùî äëÿ êîæíèõ ïîñëi-
äîâíîòi (hm)m≥1 äiéñíèõ ÷èñåë i êîìïàêòíî¨
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ìíîæèíè K ⊂ l1 iñíó¹ ïiäïîñëiäîâíiñòü
(hml

)l≥1 ⊂ (hm)m≥1, äëÿ ÿêèõ

lim
k,l→∞

sup
z∈C0, R(z)⊂K

sup
t∈R

∥A (t+ hmk
) z(t)−

−A (t+ hml
) z(t)∥l1 = 0.

Öå îçíà÷à¹, ùî îïåðàòîð A : C0 → C0 ¹ ìàé-
æå ïåðiîäè÷íèì ó ñåíñi îçíà÷åííÿ 5.

Îäíàê îïåðàòîð A íå ¹ ìàéæå ïåðiîäè÷-
íèì ó ñåíñi îçíà÷åííÿ 2. Ñïðàâäi, äëÿ ôóíê-
öi¨ ω ∈ C0, äëÿ ÿêî¨

∥ω∥C0 = 1, (3)

i
ω(l) = el, l ≥ 1, (4)

i êîæíî¨ ïàðè (k, l) íàòóðàëüíèõ ÷èñåë, äëÿ
ÿêèõ k > l, âèêîíóþòüñÿ ñïiââiäíîøåííÿ

∥SkAS−k − SlAS−l∥L(C0,C0) ≥

≥ ∥SkAS−kω − SlAS−lω∥l1 =

= sup
t∈R

∥A(t+ k)ω(t)− A(t+ l)ω(t)∥l1 ≥

≥ ∥A(k−l+k)ω(k−l)−A(k−l+l)ω(k−l)∥l1 =

= ∥A(2k − l)ek−l − A(k)ek−l∥l1 =

=
∣∣ei(2k−l)/(k−l) − eik/(k−l)

∣∣ = ∣∣ei − 1
∣∣ =

= 2 sin
1

2
> 0.

Çâiäñè âèïëèâà¹, ùî îïåðàòîð A íå ¹ ìàéæå
ïåðiîäè÷íèì ó ñåíñi îçíà÷åííÿ 2.

Iç âèêîðèñòàííÿì îçíà÷åííÿ 5 ìîæíà ç'ÿ-
ñîâóâàòè óìîâè iñíóâàííÿ ìàéæå ïåðiî-
äè÷íèõ ðîçâ'ÿçêiâ çâè÷àéíèõ äèôåðåíöiàëü-
íèõ ðiâíÿíü, ôóíêöiîíàëüíî-äèôåðåíöiàëü-
íèõ ðiâíÿíü çàãàþâàëüíîãî, íåéòðàëüíîãî i
âèïåðåäæàëüíîãî òèïiâ (äèâ. êëàñèôiêàöiþ
ðiâíÿíü, íàïðèêëàä, ó [8]), à òàêîæ ðiâíÿíü
çàãàëüíîãî òèïó ç âiäõèëüíèì àðãóìåíòîì,
ùî çàëåæèòü ÿê âiä ÷àñó, òàê i âiä ðîçâ'ÿç-
êó. Óñi öi ðiâíÿííÿ ¹ îêðåìèìè âèïàäêàìè
çàãàëüíîãî ôóíêöiîíàëüíîãî ðiâíÿííÿ

Fx = y, (5)

äå F : Cn → C0 � ìàéæå ïåðiîäè÷íèé ó ñåíñi
îçíà÷åííÿ 5 îïåðàòîð i y ∈ B0.

Âèêîðèñòà¹ìî îäèí ôóíêöiîíàë, âèçíà÷å-
íèé íà ìíîæèíi ðîçâ'ÿçêiâ öüîãî ðiâíÿííÿ,
ùî ¹ åëåìåíòàìè ïðîñòîðó Sn.

Çàôiêñó¹ìî ìíîæèíè K0, K1, . . . , Kn ∈ K.
Ïîçíà÷èìî ÷åðåç N(F , K0, K1, . . . , Kn) ìíî-
æèíó âñiõ ðîçâ'ÿçêiâ ðiâíÿííÿ (5), äëÿ êîæ-
íîãî ç ÿêèõ

R(x) ⊂ K0,

R

(
dx

dt

)
⊂ K1, . . . ,

R

(
dnx

dtn

)
⊂ Kn.

Ïðèïóñòèìî, ùî

N(F , K0, K1, . . . , Kn) ̸= ∅.

Íåõàé x∗ ∈ N(F , K0, K1, . . . , Kn) i äià-
ìåòð diamR (x∗) ìíîæèíè R (x∗), òîáòî ÷è-
ñëî sup{∥x1 − x2∥E : x1, x2 ∈ R (x∗)}, íå äî-
ðiâíþ¹ 0. Ðîçãëÿíåìî äîäàòíå ÷èñëî

r(x∗, K0, K1, . . . , Kn) =

= max
l∈{0,1,...,n}

sup

{
∥xl − yl∥E : xl ∈ R

(
dlx∗

dtl

)
,

yl ∈ Kl

}
,

äå
d0x∗

dt0
= x∗. Çàôiêñó¹ìî äîâiëüíå ÷èñëî

ε ∈ (0, r(x∗, K0, K1, . . . , Kn)].
Ïîçíà÷èìî ÷åðåç Ω(x∗, K0, K1, . . . , Kn, ε)

ìíîæèíó âñiõ åëåìåíòiâ z ∈ Cn, äëÿ êîæíî-
ãî ç ÿêèõ

R(z) ⊂ K0,

R

(
dz

dt

)
⊂ K1, . . . ,

R

(
dnz

dtn

)
⊂ Kn

i
∥z − x∗∥Cn ≥ ε.

Ðîçãëÿíåìî ôóíêöiîíàë

δ(x∗, K0, K1, . . . , Kn, ε) =

= inf
z∈Ω(x∗,K0,K1,...,Kn,ε)

∥Fz −Fx∗∥C0 .

Ñïðàâäæó¹òüñÿ íàñòóïíå òâåðäæåííÿ.
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Òåîðåìà. ßêùî îïåðàòîð F : Cn →
C0 ¹ ìàéæå ïåðiîäè÷íèì ó ñåíñi îçíà-
÷åííÿ 5, y ∈ B0, K0, K1, . . . , Kn ∈ K,
x∗ ∈ N(F , K0, K1, . . . , Kn), diam R (x∗) ̸= 0 i

δ(x∗, K0, K1, . . . , Kn, ε) > 0

äëÿ êîæíîãî ε ∈ (0, r(x∗, K0, K1, . . . , Kn)),
òî x∗ ∈ Bn.

Äîâîäèòüñÿ òåîðåìà àíàëîãi÷íèì ÷èíîì,
ÿê i âiäïîâiäíi òâåðäæåííÿ ñòàòåé [9]�[22].

Çàçíà÷èìî, ùî íàâåäåíi óìîâè iñíóâàííÿ
ìàéæå ïåðiîäè÷íèõ ðîçâ'ÿçêiâ ðiâíÿííÿ (5)
íà âiäìiíó âiä òåîðåìè Àìåðiî ïðî ìàéæå
ïåðiîäè÷íi ðîçâ'ÿçêè íåëiíiéíèõ äèôåðåí-
öiàëüíèõ ðiâíÿíü [3,23] íå âèêîðèñòîâóþòü
H-êëàñ ðiâíÿííÿ (5) òà óìîâó âiäîêðåìëå-
íîñòi ðîçâ'ÿçêiâ ðiâíÿíü H-êëàñó öüîãî ðiâ-
íÿííÿ.
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