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Îïòèìàëüíîå óïðàâëåíèå çàäà÷ îòíîñèòåëüíîýâîëþöèè îáëàñòèÕ. Äæ. Ýôåíäèåâà∗, Ë. À. ÐóñòàìîâàÀííîòàöèÿ. Â íàñòîÿùåé ðàáîòå ðàññìàòðèâàåòñÿ çàäà÷à îïòèìàëüíîãî óïðàâëåíèÿ,ñâÿçàííàÿ ñ èçìåíåíèåì ôîðìû òåëà. Äâèæåíèå îáëàñòè, õàðàêòåðèçèðóþùåå ôîðìó òåëà,îïèñûâàåòñÿ îäíèì äèôôåðåíöèàëüíûì óðàâíåíèåì. Òðåáóåòñÿ îïðåäåëèòü âíåøíèå ñèëûòåëà òàê, ÷òîáû åãî ôîðìà â êîíå÷íûé ìîìåíò âðåìåíè áûëà áëèæå ê çàðàíåå çàäàííîìóñîñòîÿíèþ. Äëÿ ýòîé çàäà÷è ïîëó÷åí àíàëîã ïðèíöèïà ìàêñèìóìà è, èñïîëüçóÿ ýòî,ïðåäëàãàåòñÿ ÷èñëåííûé àëãîðèòì äëÿ ðåøåíèÿ òàêèõ çàäà÷.Key Words and Phrases: îïîðíàÿ ôóíêöèÿ, îïòèìèçàöèÿ ôîðìû, ïðèíöèï ìàêñèìóìà,÷èñëåííîå ðåøåíèå.2000 Mathematics Subject Classi�cations: 49J20, 35B501. ÂâåäåíèåÈññëåäîâàíèÿ ýòèõ çàäà÷, êàê ïðàâèëî, èçó÷àþòñÿ èçìåíåíèÿ òî÷åê òåëàîòíîñèòåëüíî âðåìåíè. Îäíàêî ÷àñòî ïðåäñòàâëÿåò èíòåðåñ íå èçìåíåíèå òî÷åê òåëà,à èçìåíåíèå åãî ôîðìû. Èçó÷åíèå çàäà÷è â òàêîé ïîñòàíîâêå ñâÿçàíî ñ íåêîòîðûìèìàòåìàòè÷åñêèìè òðóäíîñòÿìè. Ýòî â ïåðâóþ î÷åðåäü ñâÿçàíî ñ îïðåäåëåíèåìñêîðîñòè èçìåíåíèÿ îáëàñòè, õàðàêòåðèçèðóþùåé ôîðìó òåëà.Äëÿ èññëåäîâàíèÿ òàêèõ çàäà÷ â ðàáîòå îïðåäåëÿåòñÿ ñêîðîñòü èçìåíåíèÿ ôîðìûîáëàñòè â ëèíåéíîì ïðîñòðàíñòâå ïàðû âûïóêëûõ ìíîæåñòâ.2. Ïðîñòðàíñòâî âûïóêëûõ ìíîæåñòâÏóñòü M - ñîâîêóïíîñòü âûïóêëûõ çàìêíóòûõ îãðàíè÷åííûõ ìíîæåñòâ â Rn.Ôóíêöèÿ

PD(x) = sup
l∈D

(l, x) , x ∈ D, (1)
∗Corresponding author.http://www.jcam.azvs.az 53 c© 2011 JCAM All rights reserved.



54 Õ. Äæ. Ýôåíäèåâà, Ë. À. Ðóñòàìîâàíàçûâàåòñÿ îïîðíîé ôóíêöèåé ìíîæåñòâà D ∈ M , ãäå PD(x) ÿâëÿåòñÿíåïðåðûâíî-âûïóêëîé è ïîëîæèòåëüíî îäíîðîäíîé ([3, ñòð.118]). Ôîðìóëà (1)êàæäîìó âûïóêëîìó çàìêíóòîìó îãðàíè÷åííîìó D ∈ M ñîïîñòàâëÿåò âûïóêëóþ,íåïðåðûâíóþ, ïîëîæèòåëüíî îäíîðîäíóþ ôóíêöèþ PD(x). Âåðíî è îáðàòíîå: äëÿêàæäîé íåïðåðûâíî-âûïóêëîé, ïîëîæèòåëüíî-îäíîðîäíîé ôóíêöèè P (x) ñóùåñòâóåòåäèíñòâåííîå çàìêíóòîå âûïóêëîå îãðàíè÷åííîå ìíîæåñòâî D ∈ M , òàêîå ÷òî P (x) =
PD(x). Ìíîæåñòâî D, ñîâïàäàåò ñ ñóáäèôôåðåíöèàëîì ôóíêöèè P (x) â òî÷êå 0 ∈ Rn([3]).Ïóñòü a = (A1, A2), b = (B1, B2), Ai, Bi ∈ M, i = 1, 2, B� åäèíè÷íûé øàð, SB = ∂B- åäèíè÷íàÿ ñôåðà. Â [3, ñ.112; 4, ñ.11] ïîêàçàíî, ÷òî ïðîñòðàíñòâî M ×M - ëèíåéíîå.Ñêàëÿðíîå ïðîèçâåäåíèå a • b â M ×M îïðåäåëèì ñëåäóþùèì îáðàçîì

a • b =
∫

SB

p(x)q(x)ds, (2)çäåñü
p(x) = pA1(x)− pA2(x), q(x) = pB1(x)− pB2(x),ãäå pAi

(x), pBi
(x) - îïîðíûå ôóíêöèè ìíîæåñòâ Ai è Bi, i = 1, 2, ñîîòâåòñòâåííî.Ïîêàçàíî, ÷òî a • b óäîâëåòâîðÿåò âñåì àêñèîìàì ñêàëÿðíîãî ïðîèçâåäåíèÿ.Ïðîñòðàíñòâî M × M ñî ñêàëÿðíûì ïðîèçâåäåíèåì (2) îáîçíà÷åíî ÷åðåç ML2.Ðàññòîÿíèå â ýòîì ïðîñòðàíñòâå ìåæäó ìíîæåñòâàìè A ∈ M è B ∈ M îïðåäåëÿåòñÿêàê íîðìà ýëåìåíòà a = (A, 0) − (B, 0) = (A,B)

‖a‖ML2
=

√
a • a =

(
∫

SB

[PA(x)− PB(x)]
2
ds

)1/2

. (3)Ïóñòü â ìîìåíò âðåìåíè t ∈ [0, T ] èçó÷àåìàÿ îáëàñòü èìååò ôîðìó D(t).Ïðè èçìåíåíèè t îáëàñòü D(t) òàêæå ìåíÿåòñÿ. Ñêîðîñòü èçìåíåíèÿ îáëàñòè D(t)õàðàêòåðèçèðóåòñÿ âåëè÷èíîé
∂PD(t)(x)

∂t
= lim

∆t→0

PD(t+∆t)(x)− PD(t)(x)

∆t
, x ∈ SB.Åñëè ñóùåñòâóþò îáëàñòè V1(t), V2(t) ∈ M, t ∈ [0, T ],òàêèå , ÷òî

∂PD(t)(x)

∂t
= PV1(t)

(x)− PV2(t)(x),òî âåëè÷èíó Ḋ(t) = (V1(t), V2(t)) ∈ M ×M ìû áóäåì íàçûâàòü ñêîðîñòüþ èçìåíåíèÿîáëàñòè D(t). Íàïðèìåð, åñëè D(t) = Bt ÿâëÿåòñÿ øàðîì ñ ðàäèóñîì t, ñ öåíòðîì âíà÷àëå êîîðäèíàò, òî PD(t) = t · ‖x‖ . Òîãäà Ḋ(t) = (B, 0).Åñëè D(t) åñòü ïðÿìîóãîëüíèê
D(t) = {(x1, x2) : 0 ≤ x1 ≤ 2t , 0 ≤ x2 ≤ t} ,òî Ḋ(t) = (D(1), 0).



Îïòèìàëüíîå óïðàâëåíèå çàäà÷ îòíîñèòåëüíî ýâîëþöèè îáëàñòè 55Äëÿ ëþáîãî t ðàññìîòðèì ïàðó d(t) = (D1(t),D2(t)) ∈ M ×M . Çàïèñûâàÿ
d(t) = (D1(t), 0) −D2(t), 0)è ïðåäïîëàãàÿ, ÷òî Ḋ1(t), Ḋ2(t) ∈ M ×M, ìû àíàëîãè÷íî îïðåäåëÿåì

d′(t) = Ḋ1(t)− Ḋ2(t) ∈ M ×M.3. Ïîñòàíîâêà çàäà÷è è îñíîâíîé ðåçóëüòàòÏóñòü îáëàñòü D(t), õàðàêòåðèçèðóþùàÿ èçó÷àåìûé îáúåêò ÿâëÿåòñÿ ðåøåíèåìñëåäóþùåé çàäà÷è
Ḋ(t) = a(t)D(t) + V (t), t ∈ [0, T ], (4)

D(0) = D0, (5)ãäå T > 0 - çàäàííîå ÷èñëî, ôóíêöèè a(t) , t ∈ [0, T ] è D0 ∈ M çàäàíû. Áóäåìïðåäïîëàãàòü, ÷òî ôóíêöèÿ a(t) íåïðåðûâíà ïî t íà [0, T ]. Ïîä D(t) è V (t) â ïðàâîé÷àñòè ìû ïîäðàçóìåâàåì (D(t), 0) ∈ M ×M è (V (t), 0) ∈ M ×M .Òðåáóåòñÿ íàéòè îáëàñòü V (t) ∈ M, t ∈ [0, T ], èçìåðèìóþ ïî t íà [0, T ] òàê, ÷òîáûâ ìîìåíò âðåìåíè T ôîðìà îáëàñòè D(T ) áûëà áëèæå ê çàðàíåå çàäàííîé îáëàñòè
Z ∈ M .Ìàòåìàòè÷åñêè ýòî çàäà÷à ïðèâîäèòñÿ ê ìèíèìèçàöèè ôóíêöèîíàëà

J(V ) =

∫

SB

∣

∣PD(T )(x)− PZ(x)
∣

∣

2
ds ,ïðè óñëîâèÿõ (4), (5).Ìû áóäåì ðàññìàòðèâàòü «âîçìóùåííûé ôóíêöèîíàë» ñëåäóþùåãî âèäà

J(V ) =

∫

SB

∣

∣PD(T )(x)− PZ(x)
∣

∣

2
ds + α

∫ T

0

∫

SB

∣

∣PV (t)(x)
∣

∣

2
dsdt. (6)Îáîçíà÷àÿ d = (D(T ), 0) , z = (Z, 0) , v = (V (t), 0), ýòîò ôóíêöèîíàë ìîæíîíàïèñàòü â êîìïàêòíîì âèäå

J(V ) = ‖d− z‖2ML2
+ α

∫ T

0
‖v‖2ML2

.Ïóñòü ìíîæåñòâî óïðàâëåíèé èìååò âèä
K =

{

V = V (t) ∈ K0, ∀̇t ∈ [0, T ]
} (7)ãäå K0 = {V ∈ M : V0 ⊂ V ⊂ V1}, V0, V1 ∈ M− çàäàííûå îãðàíè÷åííûå âûïóêëûåîáëàñòè.



56 Õ. Äæ. Ýôåíäèåâà, Ë. À. ÐóñòàìîâàÅñëè D(t) ∈ M , òî óðàâíåíèå (4) ìîæíî íàïèñàòü â ýêâèâàëåíòíîé ôîðìå
∂PD(t)(x)

∂t
= a(t)PD(t)(x) + PV (t)(x) , x ∈ SB . (8)Ëåììà. Äëÿ ëþáîãî çàäàííîãî V ∈ K çàäà÷ (4), (5) èìååò åäèíñòâåííîå ðåøåíèå

D(t) ∈ M, t ∈ [0, T ].Äîêàçàòåëüñòâî. Âîçüìåì
P (t, x) = exp

(
∫ t

0
a(τ)dτ

)[

PD0(x) +

∫ t

0
exp

(

−
∫ τ

0
a(s)ds

)

PV (τ)(x)dτ

] (9)è ïîêàæåì, ÷òî äëÿ ëþáîãî t ∈ [0, T ], ôóíêöèÿ P (t, x) - âûïóêëàÿ.Ó÷èòûâàÿ âûïóêëîñòü ìíîæåñòâ D0 è V (t), èç ïîñëåäíåãî ïîëó÷èì
P

(

t,
x1 + x2

2

)

= exp

(
∫ t

0
a(τ)dτ

)[

PD0

(

x1 + x2

2

)

+

+

∫ t

0
exp

(

−
∫ τ

0
a(s)ds

)

PV (τ)

(

x1 + x2

2

)

dτ

]

≤

≤ exp

(
∫ t

0
a(τ)dτ

)[

1

2
PD0(x1) +

1

2
PD0(x2) +

∫ t

0
exp

(

−
∫ τ

0
a(s)ds

)

×

×
(

1

2
PV (τ)(x1) +

1

2
PV (τ)(x2)

)

dτ

]

≤

≤ 1

2
exp

(
∫ t

0
a(τ)dτ

)[

PD0(x1) +

∫ t

0
exp

(

−
∫ τ

0
a(s)ds

)

PV (τ)(x1)dτ

]

+

+
1

2
exp

(
∫ t

0
a(τ)dτ

)[

PD0(x2) +

∫ t

0
exp

(

−
∫ τ

0
a(s)ds

)

PV (τ)(x2)dτ

]

=

=
1

2
P (t, x1) +

1

2
P (t, x2) .Ýòî ïîêàçûâàåò, ÷òî ôóíêöèÿ P (t, x) âûïóêëà ïî x ∈ Rn, ò.å. P (t, x) íåïðåðûâíî-âûïóêëàÿ, ïîëîæèòåëüíî-îäíîðîäíàÿ ôóíêöèÿ ïî x ∈ Rn. Òîãäà äëÿ ëþáîãî t ∈ [0, T ]ñóùåñòâóåò ìíîæåñòâî D(t) ∈ M, òàêîå. ÷òî P (t, x) = PD(t)(x). Ìíîæåñòâî D(t),ñîâïàäàåò ñ ñóáäèôôåðåíöèàëîì ôóíêöèè P (t, x) â òî÷êå 0 ∈ Rn ([3, ñòð.118]).Ïðîâåðÿÿ ìîæíî âèäåòü, ÷òî P (t, x) = PD(t)(x) óäîâëåòâîðÿåò óðàâíåíèþ (8) èíà÷àëüíîìó óñëîâèþ (5). Äîêàçàòü åäèíñòâåííîñòü ðåøåíèÿ çàäà÷è íå ïðåäñòàâëÿåòñëîæíîñòè. Ëåììà äîêàçàíà.Òåîðåìà. Ïóñòü V ∗ = V ∗(t) ∈ K äàåò ìèíèìóì ôóíêöèîíàëó (6) ïðè óñëîâèÿõ(4), (5). Òîãäà äëÿ ëþáîãî v = (V, 0), V ∈ K0

−g∗ • v∗(t) + α ‖v∗(t)‖2 ≤ g∗ • v + α ‖v‖2 , ∀̇t ∈ (0, T ). (10)
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∫
T

t
a(τ)dτ , v∗(t) = (V ∗(t), 0) è D∗ = D∗(t) ÿâëÿåòñÿðåøåíèåì çàäà÷è (4), (5) ïðè V = V ∗(t).Äîêàçàòåëüñòâî. Âîçüìåì ëþáîå V = V (t) ∈ K. Ðåøåíèå çàäà÷è (4), (5),ñîîòâåòñòâóþùåå V , îáîçíà÷èì ÷åðåç D(t).Âçÿâ
h(t) = (D(t),D∗(t))è çàïèñûâàÿ

h(t) = (D(t), 0) + (0,D∗(t)) = (D(t), 0) − (D∗(t), 0),èç (4), (5) ïîëó÷èì
h′(t) = a(t)h(t) + (V (t), V ∗(t)), (11)

h(0) = 0. (12)Óðàâíåíèå (11) ìîæíî íàïèñàòü â ñëåäóþùåé ýêâèâàëåíòíîé ôîðìå
∂PD(t)(x)

∂t
−

∂PD∗(t)(x)

∂t
= a(t)[PD(t)(x)− PD∗(t)(x)] + [PV (t)(x)− PV ∗(t)(x)], x ∈ SB ,(13)Âîçüìåì ëþáîå g(t) = (G1(t), G2(t) ∈ M × M . Óðàâíåíèå (13) óìíîæàåì íà

PG1(t)(x)− PG2(t)(x) è èíòåãðèðóåì ïî (0, T )× SB . Òîãäà
∫

SB

[

PG1(t)(x)− PG2(t)(x)
]

·
[

PD(t)(x)− PD∗(t)(x)
]

ds
/T

0
+

+

∫ T

0

∫

sb

[

− ∂

∂t

(

PG1(t)(x)− PG2(t)(x)
)

− a(t)
(

PG1(t)(x)− PG2(t)(x)
)]

×

×
[

PD(t)(x)− PD∗(t)(x)
]

dt−

−
∫ T

0

∫

SB

[

PV (t)(x)− PV ∗(t)(x)
] [

PG1(t)(x)− PG2(t)(x)
]

dsdt = 0. (14)Òåïåðü âû÷èñëÿåì ïðèðàùåíèå ôóíêöèîíàëà (6):
∆J ≡ J(V )− J(V ∗) = 2

∫

SB

[

PD(T )(x)− PZ(x)] ·
[

PD(T )(x)− PD∗(T )(x)
]

ds+

+
∫

SB

[

PD(T )(x)− PD∗(T )(x)
]2

ds+ α
∫ T
0

∫

SB

∣

∣PV (t)(x)
∣

∣

2
dsdt− α

∫ T
0

∫

SB

∣

∣PV ∗(t)(x)
∣

∣

2
dsdt.(15)Äîáàâëÿÿ (14) â (15) (òàê êàê ïðàâàÿ ñòîðîíà (14) ðàâíà íóëþ) è ó÷èòûâàÿ, ÷òîïî óñëîâèþ (12) PD(0)(x)− PD∗(0)(x) = 0, èìååì
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∆J = 2

∫

SB

[

PD∗(T)(x)− PZ(x)] ·
[

PD(T)(x)− PD∗(T)(x)
]

ds+

+

∫

SB

[

PD(T )(x)− PD∗(T )(x)
]2

ds.

+

∫

SB

[

PG1(T )(x)− PG2(T )(x)
]

·
[

PD(T )(x)− PD∗(T )(x)
]

ds+

+

∫ T

0

∫

sb

[

− ∂

∂t

(

PG1(t)(x)− PG2(t)(x)
)

− a(t)
(

PG1(t)(x)− PG2(t)(x)
)]

×

×
[

PD(t)(x)− PD∗(t)(x)
]

dt−

−
∫ T

0

∫

SB

[

PV (t)(x)− PV ∗(t)(x)
] [

PG1(t)(x)− PG2(t)(x)
]

dsdt+

+α

∫ T

0

∫

SB

∣

∣PV (t)(x)
∣

∣

2
dsdt− α

∫ T

0

∫

SB

∣

∣PV ∗(t)(x)
∣

∣

2
dsdt = 0. (16)Ïóñòü g(t) = (G1(t), G2(t) ∈ M ×M ÿâëÿåòñÿ ðåøåíèåì çàäà÷è

g′(t) = −a(t)g(t), t ∈ (0, T ], g(T ) = −2(D∗(T ), Z). (17)Ó÷èòûâàÿ îáîçíà÷åíèå h(t) = (D(t),D∗(t)) è îïðåäåëåíèå íîðìû (3), èç (16) ïîëó÷èì
∆J = −

∫ T

0
(v(t)− v∗(t)) • g(t)dt+ α

∫ T

0
‖v‖2 dt− α

∫ T

0
‖v∗‖2 dt+ ‖h(T )‖2ML2

. (18)Îáîçíà÷èì
r(t, x) = PD(t)(x)− PD∗(t)(x) .Òîãäà çàäà÷ó (11), (12) ìîæíî íàïèñàòü â ñëåäóþùåé ýêâèâàëåíòíîé ôîðìå

∂r(t, x)

∂t
= a(t)r(t, x) + [PV (t)(x)− PV ∗(t)(x)] , (19)

r(0, x) = 0, x ∈ SB. (20)Èíòåãðèðóÿ óðàâíåíèå (19) ïðè óñëîâèè (20), ïîëó÷èì
|r(t, x)| ≤ C1

∫ t

0
|r(τ, x)| dτ +

∫ t

0

∣

∣PV (τ)(x)− PV ∗(τ)(x)
∣

∣ dτ,ãäå C1 = ‖a‖C(0,T ). Çäåñü è â äàëüíåéøåì ÷åðåç Ci , i = 1, 2 , ..., áóäåì îáîçíà÷àòüêîíñòàíòû.Ïðèìåíÿÿ ëåììó Ãðîíóîëëà ([6, ñ.450]), ïîëó÷èì
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|r(t, x)| ≤ C2

∫ t

0

∣

∣PV (τ)(x)− PV ∗(τ)(x)
∣

∣ dτ, x ∈ SB.Ó÷èòûâàÿ îáîçíà÷åíèå r(t, x) = PD(t)(x)− PD∗(t)(x) , èç ïîñëåäíåãî ïîëó÷èì
∣

∣PD(T )(x)− PD∗(T )(x)
∣

∣

2 ≤ C2
2

(
∫ t

0

∣

∣PV (τ)(x)− PV ∗(τ)(x)
∣

∣ dτ

)2

. (21)Ïóñòü t ∈ [0, T ] ÿâëÿåòñÿ òî÷êîé Ëåáåãà ôóíêöèè
−(v (t)− v∗ (t)) • g(t) + α ‖v(t)‖2 − α ‖v∗(t)‖2 .Âîçüìåì ìàëîå ε > 0 è

V (τ) =

{

U, τ ∈ [t, t+ ε]
V ∗(t), τ ∈ [0, T ]\[t, t+ ε]

}

,ãäå U ∈ K0 - ïðîèçâîëüíàÿ âûïóêëàÿ îáëàñòü. Òîãäà èç (21) ïîëó÷èì
∣

∣PD(T )(x)− PD∗(T )(x)
∣

∣

2 ≤ C2
2

(
∫ t+ε

t

∣

∣PU (x)− PV ∗(τ)(x)
∣

∣ dτ

)2

≤

≤ εC2
2

∫ t+ε

t

∣

∣PU (x)− PV ∗(τ)(x)
∣

∣

2
dτ.Èíòåãðèðóÿ ïî SB è ó÷èòûâàÿ, ÷òî v(t) = (V (t), 0) è v∗(t) = (V ∗(t), 0), èç ïîñëåäíåãîèìååì

‖h(T )‖2ML2
≤ εC3

∫ t+ε

t
‖u− v∗ (t)‖2ML2

dt . (22)Çäåñü u = (U, 0) ∈ M ×M .Ïðèíèìàÿ âî âíèìàíèå, ÷òî V ∗ = V ∗(t) ∈ K ÿâëÿåòñÿ ðåøåíèåì çàäà÷è (4)-(6), èç(18) ïðè óñëîâèè (20) ïîëó÷èì
∆J = −

∫ t+ε

t
(u− v∗ (t)) • g(t)dt+ α

∫ t+ε

t
‖u‖2 dt− α

∫ t+ε

t
‖v∗‖2 dt+

+εC

∫ t+ε

t
‖u− v∗ (t)‖2ML2

dt ≥ 0.Ïîäåëèâ íà ε è ïåðåõîäÿ ê ïðåäåëó ïðè ε → +0, ïîëó÷èì
− (u− v∗ (t)) • g(t) + α ‖u‖2 − α ‖v∗(t)‖2 ≥ 0 , ∀t ∈ (0, T ).Ïðèíèìàÿ âî âíèìàíèå, ÷òî g(t) ÿâëÿåòñÿ ðåøåíèåì çàäà÷è (17), ïðèõîäèì êíåðàâåíñòâó (10). Òåîðåìà äîêàçàíà.



60 Õ. Äæ. Ýôåíäèåâà, Ë. À. Ðóñòàìîâà4. ÂûâîäûÂâîäÿ ïîíÿòèå ñêîðîñòè èçìåíåíèÿ îáëàñòè, èçó÷åíà çàäà÷à îïòèìàëüíîãîóïðàâëåíèÿ îòíîñèòåëüíî ýâîëþöèè îáëàñòè. Ïîëó÷åííûé àíàëîã ïðèíöèïàìàêñèìóìà äàåò âîçìîæíîñòü ÷èñëåííî ðåøàòü øèðîêèé êëàññ òàêèõ çàäà÷.Ñïèñîê ëèòåðàòóðû[1] Òðîèöêèé Â.À., Ïåòóõîâ Ë.Â. Ýêñòðåìàëüíûå çàäà÷è îïòèìèçàöèè ôîðìûóïðóãèõ òåë. � Ì.: Íàóêà, 1982, 432 ñ.[2] Ìóðàâåé Ë.À. Çàäà÷à óïðàâëåíèÿ ãðàíèöåé äëÿ ýëëèïòè÷åñêèõ óðàâíåíèé. Âåñò.Ìîñê. óí-òà, ñåð. 15, Âû÷èñë. ìàòåì. è êèáåðí., 1998, No 3, ñ. 7-13.[3] Äåìüÿíîâ Â.Ô., Ðóáèíîâ À.Ì. Îñíîâû íåãëàäêîãî àíàëèçà èêâàçèäèôôåðåíöèàëüíîãî èñ÷èñëåíèÿ. � Ì.: Íàóêà, 1990. 400 ñ.[4] Íèôòèåâ À.À., Àõìåäîâ Ý.Ð. Âàðèàöèîííàÿ ïîñòàíîâêà îáðàòíîé çàäà÷èîòíîñèòåëüíî îáëàñòè. Äèôôåðåíöèàëüíûå óðàâíåíèÿ. 2007, ò.43, No 10, ñ. 1410-1416.[5] Âàñèëüåâ Ô.Ï. Ìåòîäû ðåøåíèÿ. � Ì.: Íàóêà, 1981, 518 ñ.Õ. Äæ. ÝôåíäèåâàÁàêèíñêèé Ãîñóäàðñòâåííûé Óíèâåðñèòåò,óë. Ç. Õàëèëîâà, 23, Az 1148, Áàêó, ÀçåðáàéäæàíE-mail:rasyl1@rambler.ruË. À. ÐóñòàìîâàÁàêèíñêèé Ãîñóäàðñòâåííûé Óíèâåðñèòåò,óë. Ç. Õàëèëîâà, 23, Az 1148, Áàêó, ÀçåðáàéäæàíE-mail:lamia_rus@rambler.ruReceived 08 July 2015Accepted 14 August 2015


