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Çàïîðiçüêèé íàöiîíàëüíèé óíiâåðñèòåò, Çàïîðiææÿ

ÏÐÎ ÊÐÈÒÅÐIÉ ÊÎÌÏÀÊÒÍÎÑÒI
Â ÓÇÀÃÀËÜÍÅÍÈÕ ÏÐÎÑÒÎÐÀÕ ÃÅËÜÄÅÐÀ

Â ðîáîòi âñòàíîâëþþòüñÿ íåîáõiäíi é äîñòàòíi óìîâè êîìïàêòíîñòi ìíîæèí â óçàãàëüíå-
íèõ ïðîñòîðàõ Ãåëüäåðà ôóíêöié äâîõ êîìïëåêñíèõ çìiííèõ, çàäàíèõ íà çàìêíåíèõ êîíòóðàõ
Ëÿïóíîâà. Óìîâè ñôîðìóëüîâàíi â òåðìiíàõ ìîäóëiâ íåïåðåðâíîñòi, ÿêi ¹ ñòðóêòóðíîþ õàðà-
êòåðèñòèêîþ âêàçàíèõ ïðîñòîðiâ.

Necessary and su�cient conditions for compactness of sets in generalized H�older spaces of two
variables functions which de�ned on closed Lyapunov contours, are established. The conditions are
formulated in terms of moduli of continuity which are structure characteristics of the mentioned
spaces.

Çàäà÷à äîñëiäæåííÿ êîìïàêòíîñòi òi¹¨ ÷è
iíøî¨ ìíîæèíè â ìåòðè÷íîìó ïðîñòîði âèíè-
êà¹ äîâîëi ÷àñòî. Àëå âèêîðèñòàííÿ äëÿ öi-
¹¨ ìåòè óíiâåðñàëüíèõ êðèòåði¨â êîìïàêòíî-
ñòi íå çàâæäè çðó÷íå é äîöiëüíå, îñêiëüêè
òàêi êðèòåði¨ íå âðàõîâóþòü ñïåöèôiêó êî-
æíîãî êîíêðåòíîãî ïðîñòîðó, â ÿêîìó äîñëi-
äæó¹òüñÿ êîìïàêòíiñòü ðiçíîìàíiòíèõ ìíî-
æèí. Äëÿ êëàñè÷íèõ ïðîñòîðiâ âiäîìi êðè-
òåði¨ êîìïàêòíîñòi, íàïðèêëàä, òåîðåìà Àð-
öåëà � Àñêîëi äëÿ ïðîñòîðó íåïåðåðâíèõ
ôóíêöié, òåîðåìà Êîëìîãîðîâà äëÿ ïðîñòî-
ðiâ ñóìîâíèõ ôóíêöié Lp, p > 1. Â äàíié
ðîáîòi âñòàíîâëþ¹òüñÿ êðèòåðié êîìïàêòíî-
ñòi äëÿ ÷àñòî âèêîðèñòîâóâàíèõ (çîêðåìà,
ïðè ðîçâ'ÿçàííi áiñèíãóëÿðíèõ iíòåãðàëüíèõ
ðiâíÿíü) óçàãàëüíåíèõ ïðîñòîðiâ Ãåëüäåðà
ôóíêöié äâîõ êîìïëåêñíèõ çìiííèõ.

Íåõàé γ = γ1× γ2 � äîâiëüíèé çàìêíåíèé
êiñòÿê Ëÿïóíîâà (γ1 i γ2 � çàìêíåíi êîíòóðè
Ëÿïóíîâà íà êîìïëåêñíié ïëîùèíi), t ∈ γ1,
τ ∈ γ2. Äàëi, íåõàé ω(δ1, δ2) � äåÿêèé ìîäóëü
íåïåðåðâíîñòi, Ω1(δ), Ω2(δ) � âiäïîâiäíi éî-
ìó ïðîñòi ìîäóëi íåïåðåðâíîñòi [1], ÿêi çàäî-
âîëüíÿþòü óìîâè Çèãìóíäà � Áàði � Ñò¹÷êi-
íà. Ïîçíà÷èìî ÷åðåç Hω(γ) ≡ Hω óçàãàëü-
íåíèé ïðîñòið Ãåëüäåðà, òîáòî ïðîñòið íå-
ïåðåðâíèõ íà γ êîìïëåêñíîçíà÷íèõ ôóíêöié

ϕ(t, τ), ùî çàäîâîëüíÿþòü óìîâè:

H(ϕ; ω) = sup
δ2
1+δ2

2 6=0

ω(δ1, δ2; ϕ)

ω(δ1, δ2)
6 C1(ϕ),

H tτ (ϕ; ω) = sup
δ2
1+δ2

2 6=0

ω1,1(δ1, δ2; ϕ)

Ω1(δ1)Ω2(δ2)
6 C2(ϕ),

äå ω(δ1, δ2; ϕ) i

ω1,1 (δ1, δ2; ϕ) = sup
|t1−t2|6δ1
|τ1−τ2|6δ2

|ϕ(t1, τ1)− ϕ(t1, τ2)−

−ϕ(t2, τ1) + ϕ(t2, τ2)|
� ìîäóëü íåïåðåðâíîñòi i ìiøàíèé ìîäóëü
íåïåðåðâíîñòi äðóãîãî ïîðÿäêó âiäïîâiäíî
ôóíêöi¨ ϕ(t, τ); C1(ϕ), C2(ϕ) � öiëêîì âèçíà-
÷åíi ñòàëi, ùî çàëåæàòü òiëüêè âiä ôóíêöi¨
ϕ(t, τ). Íîðìà â Hω âèçíà÷à¹òüñÿ íàñòóïíèì
÷èíîì:

‖ϕ(t, τ)‖Hω =

= ‖ϕ(t, τ)‖C + H(ϕ; ω) + H tτ (ϕ; ω).

Âiäíîñíî öi¹¨ íîðìè ïðîñòið Hω ¹ áàíàõî-
âèì [2].

Â äàíié ðîáîòi âñòàíîâëþþòüñÿ íåîáõiäíi
òà äîñòàòíi óìîâè êîìïàêòíîñòi ìíîæèíè â
ïðîñòîði Hω.

Ïîçíà÷èìî ÷åðåç Q ìíîæèíó òèõ òî÷îê
((t1, τ1) , (t2, τ2)) äåêàðòîâîãî äîáóòêó γ × γ,
äëÿ ÿêèõ t1 6= t2 i τ1 6= τ2.
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Òåîðåìà. Äëÿ òîãî, ùîá ìíîæèíà M ⊂
Hω (γ) áóëà êîìïàêòíîþ, íåîáõiäíî i äîñòà-
òíüî âèêîíàííÿ íàñòóïíèõ óìîâ:
à) iñíó¹ ñòàëå ÷èñëî k > 0 òàêå, ùî

‖ϕ‖Hω
6 k

äëÿ áóäü-ÿêî¨ ôóíêöi¨ ϕ (t, τ) iç M ;
á) äëÿ áóäü-ÿêî¨ çàìêíåíî¨ ìíîæèíè Q1, ùî
ìiñòèòüñÿ â Q, i äëÿ áóäü-ÿêîãî ε > 0 iñíó¹
δ = δ (ε,Q1) > 0 òàêå, ùî ïðè áóäü-ÿêèõ
((t′1, τ

′
1) , (t′2, τ

′
2)) ∈ Q1, ((t′′1, τ ′′1 ) , (t′′2, τ

′′
2 )) ∈ Q1,

ÿêi çàäîâîëüíÿþòü íåðiâíîñòi
|t′1 − t′′1| < δ, |t′2 − t′′2| < δ,

|τ ′1 − τ ′′1 | < δ, |τ ′2 − τ ′′2 | < δ, (1)

âèêîíàíi ñïiââiäíîøåííÿ
∣∣∣∣∣

ϕ (t′1, τ
′
1)− ϕ (t′2, τ

′
2)

ω (|t′1 − t′2| , |τ ′1 − τ ′2|)
−

− ϕ (t′′1, τ
′′
1 )− ϕ (t′′2, τ

′′
2 )

ω (|t′′1 − t′′2| , |τ ′′1 − τ ′′2 |)

∣∣∣∣∣ < ε, (2)

∣∣∣∣
∆(t′1, τ

′
1, t

′
2, τ

′
2; ϕ)

Ω1 (|t′1 − t′2|) Ω2 (|τ ′1 − τ ′2|)
−

− ∆(t′′1, τ
′′
1 , t′′2, τ

′′
2 ; ϕ)

Ω1 (|t′′1 − t′′2|) Ω2 (|τ ′′1 − τ ′′2 |)

∣∣∣∣ < ε (3)

äëÿ äîâiëüíî¨ ϕ (t, τ) ∈ M . Â íåðiâíîñòi (3)
âèêîðèñòàíî ïîçíà÷åííÿ

∆(t1, τ1, t2, τ2; ϕ) = ϕ(t1, τ1)− ϕ(t2, τ1)−
−ϕ(t1, τ2) + ϕ(t2, τ2).

Äîâåäåííÿ. Íåîáõiäíiñòü. Íåõàé ìíî-
æèíà M êîìïàêòíà. Òîäi âîíà îáìåæåíà.
Â ñèëó òåîðåìè Ãàóñäîðôà äëÿ M iñíó¹ ε

3
-

ñiòêà. Íåõàé öÿ ñiòêà ñêëàäà¹òüñÿ ç ôóíêöié
ϕ1 (t, τ), ϕ2 (t, τ), . . . , ϕn (t, τ).

Íåõàé òåïåð Q1 ¹ áóäü-ÿêà çàìêíåíà ìíî-
æèíà iç Q. Òîäi äëÿ ε > 0 iñíó¹ δ =
δ (ε, Q1) > 0 òàêå, ùî äëÿ âñiõ òî÷îê
((t′1, τ

′
1) , (t′2, τ

′
2)) ∈ Q1, ((t′′1, τ ′′1 ) , (t′′2, τ

′′
2 )) ∈ Q1,

ùî çàäîâîëüíÿþòü óìîâó (1), âèêîíóþòüñÿ
íåðiâíîñòi

∣∣∣∣∣
ϕi (t

′
1, τ

′
1)− ϕi (t

′
2, τ

′
2)

ω (|t′1 − t′2| , |τ ′1 − τ ′2|)
−

−ϕi (t
′′
1, τ

′′
1 )− ϕi (t

′′
2, τ

′′
2 )

ω (|t′′1 − t′′2| , |τ ′′1 − τ ′′2 |)

∣∣∣∣∣ <
ε

3
, (4)

∣∣∣∣
∆(t′1, τ

′
1, t

′
2, τ

′
2; ϕi)

Ω1(|t′1 − t′2|)Ω2(|τ ′1 − τ ′2|)
−

− ∆(t′′1, τ
′′
1 , t′′2, τ

′′
2 ; ϕi)

Ω1(|t′′1 − t′′2|)Ω2(|τ ′′1 − τ ′′2 |)

∣∣∣∣ <
ε

3
, (5)

äå i = 1, 2, . . . , n.
Íåõàé ϕ (t, τ) � áóäü-ÿêà ôóíêöiÿ iç

Hω (γ). Îñêiëüêè ôóíêöi¨ ϕ1 (t, τ), ϕ2 (t, τ),
..., ϕn (t, τ) óòâîðþþòü ε

3
-ñiòêó, òî äëÿ ϕ (t, τ)

çíàéäåòüñÿ ϕj (t, τ) òàêà, ùî

‖ϕ− ϕj‖Hω
6 ε

3
. (6)

Íåõàé ((t′1, τ
′
1) , (t′2, τ

′
2)), ((t′′1, τ

′′
1 ) , (t′′2, τ

′′
2 )) �

áóäü-ÿêi òî÷êè iç Q1, ùî çàäîâîëüíÿþòü
óìîâó (1). Çàïðîâàäèìî ïîçíà÷åííÿ:

ψj(t, τ) = ϕ(t, τ)− ϕj(t, τ).

Òîäi ç (4) i (6) îäåðæó¹ìî:
∣∣∣∣∣

ϕ (t′1, τ
′
1)− ϕ (t′2, τ

′
2)

ω (|t′1 − t′2| , |τ ′1 − τ ′2|)
−

− ϕ(t′′1, τ
′′
1 )− ϕ(t′′2, τ

′′
2 )

ω(|t′′1 − t′′2|, |τ ′′1 − τ ′′2 |)

∣∣∣∣∣ 6

6
∣∣∣∣
ψ(t′1, τ

′
1)− ψ(t′2, τ

′
2)

ω(|t′1 − t′2|, |τ ′1 − τ ′2|)

∣∣∣∣ +

+

∣∣∣∣
ψ(t′′1, τ

′′
1 )− ψ(t′′2, τ

′′
2 )

ω (|t′′1 − t′′2| , |τ ′′1 − τ ′′2 |)

∣∣∣∣ +

+

∣∣∣∣∣
ϕj (t′1, τ

′
1)− ϕj (t′2, τ

′
2)

ω (|t′1 − t′2| , |τ ′1 − τ ′2|)
−

−ϕj (t′′1, τ
′′
1 )− ϕj (t′′2, τ

′′
2 )

ω (|t′′1 − t′′2| , |τ ′′1 − τ ′′2 |)

∣∣∣∣∣ < ε.

Àíàëîãi÷íî, íà ïiäñòàâi (5) i (6), äîâîäè-
òüñÿ âèêîíàííÿ íåðiâíîñòi (3) (âèêëàäêè íå
íàâîäÿòñÿ ç îãëÿäó íà ¨õíþ ãðîìiçäêiñòü).

Äîñòàòíiñòü. Íåõàé äëÿ ìíîæèíè M ⊂
Hω (γ) âèêîíóþòüñÿ óìîâè à) i á) òåîðåìè
i {ϕn (t, τ)} � äîâiëüíà ïîñëiäîâíiñòü iç M .
Òîäi ìà¹ìî:

‖ϕn (t, τ)‖C 6 k, H (ϕn; ω) 6 k,
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H tτ (ϕn; ω) 6 k, n = 1, 2, .... (7)

Çâiäñè, çãiäíî ç òåîðåìîþ Àðöåëà � Àñêî-
ëi, ïîñëiäîâíiñòü {ϕn (t, τ)} ¹ êîìïàêòíîþ
â C (γ). Áåç îáìåæåííÿ çàãàëüíîñòi ìîæíà
ââàæàòè, ùî {ϕn (t, τ)} çáiãà¹òüñÿ â ñåíñi
íîðìè ïðîñòîðó C (γ).

Íåõàé
((

t
(i)
11

, τ
(i)
1

)
,
(
t
(i)
2 , τ

(i)
2

))
� çëi÷åííà

ùiëüíà ìíîæèíà òî÷îê iç Q. Òîäi íà ïiäñòàâi
íåðiâíîñòåé (7)

sup
i





∣∣∣ϕn

(
t
(i)
1 , τ

(i)
1

)
− ϕn

(
t
(i)
2 , τ

(i)
2

)∣∣∣
ω

(∣∣∣t(i)1 − t
(i)
2

∣∣∣ ,
∣∣∣τ (i)

1 − τ
(i)
2

∣∣∣
)



 6 k,

sup
i





∣∣∣∆(t
(i)
1 , τ

(i)
1 , t

(i)
2 , τ

(i)
2 ; ϕn)

∣∣∣
Ω1

(∣∣∣t(i)1 − t
(i)
2

∣∣∣
)

Ω2

(∣∣∣τ (i)
1 − τ

(i)
2

∣∣∣
)



 6 k.

Iç öèõ íåðiâíîñòåé çà äîïîìîãîþ äiàãî-
íàëüíîãî ïðîöåñó Êàíòîðà ìîæíà âèáðàòè
òàêó ïîñëiäîâíiñòü {ϕnk

(t, τ)}, ùî ïîñëiäîâ-
íîñòi





ϕnk

(
t
(i)
1 , τ

(i)
1

)
− ϕnk

(
t
(i)
2 , τ

(i)
2

)

ω
(∣∣∣t(i)1 − t

(i)
2

∣∣∣ ,
∣∣∣τ (i)

1 − τ
(i)
2

∣∣∣
)



 , (8)





∆(t
(i)
1 , τ

(i)
1 , t

(i)
2 , τ

(i)
2 ; ϕnk

)

Ω1

(∣∣∣t(i)1 − t
(i)
2

∣∣∣
)

Ω2

(∣∣∣τ (i)
1 − τ

(i)
2

∣∣∣
)



 (9)

çáiãàþòüñÿ äëÿ êîæíî¨ òî÷êè((
t
(i)
11

, τ
(i)
1

)
,
(
t
(i)
2 , τ

(i)
2

))
.

Äàëi, âðàõîâóþ÷è ùiëüíiñòü ìíîæèíè{((
t
(i)
11

, τ
(i)
1

)
,
(
t
(i)
2 , τ

(i)
2

))}
â Q i óìîâó á) òåî-

ðåìè, äëÿ áóäü-ÿêî¨ òî÷êè ((t1, τ1) , (t2, τ2)) ∈
Q ìà¹ìî:

∣∣∣∣∣
ϕnk

(t1, τ1)− ϕnk
(t2, τ2)

ω (|t1 − t2| , |τ1 − τ2|) −

−ϕnm (t1, τ1)− ϕnm (t2, τ2)

ω (|t1 − t2| , |τ1 − τ2|)

∣∣∣∣∣ 6

6
∣∣∣∣∣
ϕnk

(t1, τ1)− ϕnk
(t2, τ2)

ω (|t1 − t2| , |τ1 − τ2|) −

−
ϕnk

(
t
(i)
1 , τ

(i)
1

)
− ϕnk

(
t
(i)
2 , τ

(i)
2

)

ω
(∣∣∣t(i)1 − t

(i)
2

∣∣∣ ,
∣∣∣τ (i)

1 − τ
(i)
2

∣∣∣
)

∣∣∣∣∣+

+

∣∣∣∣∣
ϕnk

(
t
(i)
1 , τ

(i)
1

)
− ϕnk

(
t
(i)
2 , τ

(i)
2

)

ω
(∣∣∣t(i)1 − t

(i)
2

∣∣∣ ,
∣∣∣τ (i)

1 − τ
(i)
2

∣∣∣
) −

−
ϕnm

(
t
(i)
1 , τ

(i)
1

)
− ϕnm

(
t
(i)
2 , τ

(i)
2

)

ω
(∣∣∣t(i)1 − t

(i)
2

∣∣∣ ,
∣∣∣τ (i)

1 − τ
(i)
2

∣∣∣
)

∣∣∣∣∣+

+

∣∣∣∣∣
ϕnm (t1, τ1)− ϕnm (t2, τ2)

ω (|t1 − t2| , |τ1 − τ2|) −

−
ϕnm

(
t
(i)
1 , τ

(i)
1

)
− ϕnm

(
t
(i)
2 , τ

(i)
2

)

ω
(∣∣∣t(i)1 − t

(i)
2

∣∣∣ ,
∣∣∣τ (i)

1 − τ
(i)
2

∣∣∣
)

∣∣∣∣∣ 6

6 2ε +

∣∣∣∣∣
ϕnk

(
t
(i)
1 , τ

(i)
1

)
− ϕnk

(
t
(i)
2 , τ

(i)
2

)

ω
(∣∣∣t(i)1 − t

(i)
2

∣∣∣ ,
∣∣∣τ (i)

1 − τ
(i)
2

∣∣∣
) −

−
ϕnm

(
t
(i)
1 , τ

(i)
1

)
− ϕnm

(
t
(i)
2 , τ

(i)
2

)

ω
(∣∣∣t(i)1 − t

(i)
2

∣∣∣ ,
∣∣∣τ (i)

1 − τ
(i)
2

∣∣∣
)

∣∣∣∣∣.

Àíàëîãi÷íèì ÷èíîì äëÿ áóäü-ÿêî¨ òî÷êè
((t1, τ1) , (t2, τ2)) ∈ Q îäåðæó¹ìî

∣∣∣∣∣
∆(t1, τ1, t2, τ2; ϕnk

)

Ω1 (|t1 − t2|) Ω2 (|τ1 − τ2|)−

− ∆(t
(i)
1 , τ

(i)
1 , t

(i)
2 , τ

(i)
2 ; ϕnm)

Ω1 (|t1 − t2|) Ω2 (|τ1 − τ2|)

∣∣∣∣∣ 6

6 2ε +

∣∣∣∣∣
∆(t

(i)
1 , τ

(i)
1 , t

(i)
2 , τ

(i)
2 ; ϕnk

)

Ω1

(∣∣∣t(i)1 − t
(i)
2

∣∣∣
)

Ω2

(∣∣∣τ (i)
1 − τ

(i)
2

∣∣∣
)−

− ∆(t
(i)
1 , τ

(i)
1 , t

(i)
2 , τ

(i)
2 ; ϕnm)

Ω1

(∣∣∣t(i)1 − t
(i)
2

∣∣∣
)

Ω2

(∣∣∣τ (i)
1 − τ

(i)
2

∣∣∣
)

∣∣∣∣∣.

Îòæå, ç óðàõóâàííÿì çáiæíîñòi ïîñëiäîâ-
íîñòåé (8) i (9) ìà¹ìî:

lim
m,k→∞

sup
((t1,τ1),

(t2,τ2))∈Q

∣∣∣∣∣
ϕnk

(t1, τ1)− ϕnk
(t2, τ2)

ω (|t1 − t2| , |τ1 − τ2|) −
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−ϕnm (t1, τ1)− ϕnm (t2, τ2)

ω (|t1 − t2| , |τ1 − τ2|)

∣∣∣∣∣ = 0,

lim
m,k→∞

sup
((t1,τ1),

(t2,τ2))∈Q

∣∣∣∣∣
∆(t1, τ1, t2, τ2; ϕnk

)

Ω1 (|t1 − t2|) Ω2 (|τ1 − τ2|)−

− ∆(t1, τ1, t2, τ2; ϕnm)

Ω1 (|t1 − t2|) Ω2 (|τ1 − τ2|)

∣∣∣∣ = 0.

Òàêèì ÷èíîì, îäåðæó¹ìî

lim
k,m→∞

‖ϕnm − ϕnk
‖Hω

= 0.

Iç ïîâíîòè ïðîñòîðó Hω (γ) âèïëèâà¹ çái-
æíiñòü ïîñëiäîâíîñòi {ϕnk

(t, τ)}, ùî i òðåáà
áóëî äîâåñòè.

Ñëiä çàóâàæèòè, ùî êðèòåðié êîìïàêòíî-
ñòi äëÿ ïðîñòîðó Hn

α [0, 1] (òîáòî äëÿ áàíà-
õîâîãî ïðîñòîðó ôóíêöié îäíi¹¨ çìiííî¨, ÿêi
âèçíà÷åíi íà âiäðiçêó [0, 1] òà ìàþòü íåïå-
ðåðâíi ïîõiäíi äî ïîðÿäêó n, ïðè÷îìó n-à
ïîõiäíà çàäîâîëüíÿ¹ óìîâó Ãåëüäåðà ç ïî-
êàçíèêîì α) ç íîðìîþ

‖ϕ‖Hn
α [0,1] = ‖ϕ‖C[0,1] +

n∑

k=1

∥∥ϕ(k)
∥∥

C[0,1]
+

+ sup
06x,y61

x6=y

∣∣ϕ(n) (x)− ϕ(n) (y)
∣∣

|x− y|α

áóâ äîâåäåíèé Ñ.Ð.Ôiðøòåéíîì â ðîáîòi
[3]. Äëÿ óçàãàëüíåíèõ ïðîñòîðiâ Ãåëüäåðà
Hω [a, b] ôóíêöié îäíi¹¨ çìiííî¨, çàäàíèõ íà
âiäðiçêó [a, b], ç íîðìîþ

‖ϕ‖Hω [a,b] = ‖ϕ‖C[a,b] +

+ sup
a6x,y6b

x 6=y

|ϕ (x)− ϕ (y)|
ω (|x− y|) ,

àíàëîãi÷íà òåîðåìà áóëà âñòàíîâëåíà â ìî-
íîãðàôi¨ [4]. I íàðåøòi, âèïàäîê ôóíêöié
äâîõ çìiííèõ, î÷åâèäíî, ïðèíöèïîâî âiäði-
çíÿ¹òüñÿ âiä âèïàäêó ôóíêöié îäíi¹¨ çìiííî¨
(öå ïîâ'ÿçàíî ç òèì, ùî â îçíà÷åííi íîðìè
ç'ÿâëÿþòüñÿ äîäàòêîâi äîäàíêè, ÿêi âêëþ÷à-
þòü ìiøàíi ìîäóëi íåïåðåðâíîñòi âèùèõ ïî-
ðÿäêiâ, i ÿê íàñëiäîê îöiíêè, ùî ïðîâàäÿòüñÿ

çà îäíi¹þ çìiííîþ, ïîâèííi áóòè ðiâíîìiðíè-
ìè âiäíîñíî iíøî¨ çìiííî¨); îäíàê ïðè öüîìó
ïîøèðåííÿ îäåðæàíèõ ðåçóëüòàòiâ íà âèïà-
äîê ôóíêöié áàãàòüîõ êîìïëåêñíèõ çìiííèõ
âèêëèêà¹, â îñíîâíîìó, òiëüêè òåõíi÷íi òðó-
äíîùi. Òîìó â äàíié ðîáîòi ðîçãëÿíóòèé ñà-
ìå âèïàäîê ôóíêöié äâîõ çìiííèõ.
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