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Àííîòàöèÿ. Â ðàáîòå èññëåäîâàíà îäíîçíà÷íàÿ ðàçðåøèìîñòü çàäà÷è òèïà çàäà÷è Áèöàäçå � Ñà-

ìàðñêîãî äëÿ óðàâíåíèÿ òðåòüåãî ïîðÿäêà ñ ðàçðûâíûìè êîý��èöèåíòàìè â îäíîñâÿçíîé îáëàñòè.

Êðàåâîå óñëîâèå ïîñòàâëåííîé çàäà÷è ñîäåðæèò îïåðàòîð äðîáíîãî èíòåãðî-äè��åðåíöèðîâàíèÿ

ñ ãèïåðãåîìåòðè÷åñêîé �óíêöèåé �àóññà, îò çíà÷åíèé ðåøåíèÿ íà õàðàêòåðèñòèêàõ ïîòî÷å÷íî ñâÿ-

çàííûõ ñî çíà÷åíèÿìè ðåøåíèÿ è ïðîèçâîäíîé îò íåãî íà ëèíèè âûðîæäåíèÿ. Ïðè îïðåäåëåííûõ

îãðàíè÷åíèÿõ òèïà íåðàâåíñòâà íà çàäàííûå �óíêöèè è ïîðÿäêè äðîáíûõ ïðîèçâîäíûõ â êðàå-

âîì óñëîâèè, ìåòîäîì èíòåãðàëîâ ýíåðãèè, äîêàçàíà åäèíñòâåííîñòü ðåøåíèÿ ïîñòàâëåííîé çàäà÷è.

Ïîëó÷åíû �óíêöèîíàëüíûå ñîîòíîøåíèÿ ìåæäó ñëåäîì èñêîìîãî ðåøåíèÿ è ïðîèçâîäíîé îò íåãî,

ïðèíåñåííûå íà ëèíèþ âûðîæäåíèÿ èç ãèïåðáîëè÷åñêîé è ïàðàáîëè÷åñêîé ÷àñòåé ñìåøàííîé îá-

ëàñòè. Ïðè âûïîëíåíèè óñëîâèé òåîðåì åäèíñòâåííîñòè, äîêàçàíî ñóùåñòâîâàíèå ðåøåíèÿ çàäà÷è

ïóòåì ýêâèâàëåíòíîé ðåäóêöèè ê èíòåãðàëüíûì óðàâíåíèÿì Ôðåäãîëüìà âòîðîãî ðîäà îòíîñèòåëüíî

ïðîèçâîäíîé îò ñëåäà èñêîìîãî ðåøåíèÿ, áåçóñëîâíàÿ ðàçðåøèìîñòü êîòîðîãî çàêëþ÷àåòñÿ èç åäèí-

ñòâåííîñòè ðåøåíèÿ çàäà÷è. Òàê æå îïðåäåëåíû ïðîìåæóòêè èçìåíåíèÿ ïîðÿäêîâ îïåðàòîðîâ äðîá-

íîãî èíòåãðî-äè��åðåíöèðîâàíèÿ, ïðè êîòîðûõ ðåøåíèå çàäà÷è ñóùåñòâóåò è åäèíñòâåííî. Óñòà-

íîâëåí ý��åêò âëèÿíèÿ êîý��èöèåíòà ïðè ìëàäøåé ïðîèçâîäíîé â óðàâíåíèè íà ðàçðåøèìîñòü

ïîñòàâëåííîé çàäà÷è.
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1. Ââåäåíèå

Òåîðèÿ êðàåâûõ çàäà÷ äëÿ âûðîæäàþùèõñÿ óðàâíåíèé ãèïåðáîëè÷åñêîãî è ñìåøàííî-

ãî òèïîâ â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ îäíèì èç âàæíåéøèõ ðàçäåëîâ òåîðèè äè��åðåíöè-

àëüíûõ óðàâíåíèé ñ ÷àñòíûìè ïðîèçâîäíûìè. Ýòî îáóñëîâëåíî êàê íåïîñðåäñòâåííûìè

ñâÿçÿìè óðàâíåíèé ñìåøàííîãî òèïà ñ ïðîáëåìàìè òåîðèè ñèíãóëÿðíûõ èíòåãðàëüíûõ

óðàâíåíèé, òåîðèè èíòåãðàëüíûõ ïðåîáðàçîâàíèé è ñïåöèàëüíûõ �óíêöèé, òàê è ïðè-

êëàäíûìè çàäà÷àìè ìåõàíèêè è ìàòåìàòè÷åñêîé �èçèêè, ñâîäÿùèìèñÿ ê òàêèì óðàâíå-

íèÿì. Îñíîâû ýòîé òåîðèè áûëè çàëîæåíû â òðóäàõ Ô. Òðèêîìè [1℄ è Ñ. �åëëåðñòåäòà [2℄.
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Ñëåäóþùèì ýòàïîì â ðàçâèòèè òåîðèè óðàâíåíèé ñìåøàííîãî òèïà ñòàëè ðàáîòû

Ô. È. Ôðàíêëÿ [3, 4℄, ãäå îí çàìåòèë âàæíûå ïðèëîæåíèÿ çàäà÷è Òðèêîìè è äðóãèõ ðîä-

ñòâåííûõ åé çàäà÷ â òðàíñçâóêîâîé ãàçîäèíàìèêå. Àêàäåìèê È. Í. Âåêóà óêàçàë íà âàæ-

íîñòü óðàâíåíèé ñìåøàííîãî òèïà ïðè ðåøåíèè çàäà÷, âîçíèêàþùèõ â òåîðèè áåñêîíå÷íî

ìàëûõ èçãèáàíèé ïîâåðõíîñòåé, à òàê æå â áåçìîìåíòíîé òåîðèè îáîëî÷åê ñ êðèâèçíîé

ïåðåìåííîãî çíàêà.

Òðåõìåðíûé àíàëîã çàäà÷è Òðèêîìè áûë âïåðâûå ïðåäëîæåí À. Â. Áèöàäçå [5℄ â ñëó-

÷àå, êîãäà ïîâåðõíîñòü èçìåíåíèÿ òèïà óðàâíåíèé ÿâëÿåòñÿ ïîâåðõíîñòüþ âðåìåííîãî òè-

ïà. Â çàäà÷å Òðèêîìè ÷àñòü õàðàêòåðèñòè÷åñêîãî ìíîãîîáðàçèÿ Γ ñâîáîäíà îò ãðàíè÷íûõ
óñëîâèé. Ñëåäîâàòåëüíî, òî÷êè Γ íå ÿâëÿþòñÿ ðàâíîïðàâíûìè êàê íîñèòåëè ãðàíè÷íûõ

äàííûõ. Ýòîò �àêò íå äàåò âîçìîæíîñòü íàéòè íåïîñðåäñòâåííûé àíàëîã çàäà÷è Òðèêî-

ìè äëÿ óðàâíåíèé ñìåøàííîãî òèïà â ìíîãîìåðíûõ îáëàñòÿõ, îñîáåííî â ñëó÷àå, êîãäà

ïîâåðõíîñòü èçìåíåíèÿ òèïà ïðîñòðàíñòâåííî îðèåíòèðîâàíà.

Â ñâÿçè ñ ýòèì â øåñòèäåñÿòûõ ãîäàõ À. Â. Áèöàäçå áûëà âûäâèíóòà ïðîáëåìà ïî-

èñêà ïðàâèëüíîé ïîñòàíîâêè êðàåâûõ çàäà÷ äëÿ ãèïåðáîëè÷åñêîãî è ñìåøàííîãî òèïîâ

óðàâíåíèé âòîðîãî ïîðÿäêà ñ äâóìÿ íåçàâèñèìûìè ïåðåìåííûìè, êîãäà âñå òî÷êè õàðàê-

òåðèñòè÷åñêîé ÷àñòè ãðàíèöû ðàâíîïðàâíû êàê íîñèòåëè êðàåâûõ äàííûõ.

Â 1969 ã. À. Ì. Íàõóøåâ [6, 7℄ ïðåäëîæèë ðÿä íåëîêàëüíûõ çàäà÷ íîâîãî òèïà, êîòî-

ðûå ÿâèëèñü íåïîñðåäñòâåííûì îáîáùåíèåì çàäà÷è Òðèêîìè è âîøëè â ìàòåìàòè÷åñêóþ

ëèòåðàòóðó ïîä íàçâàíèåì êðàåâûõ çàäà÷ ñî ñìåùåíèåì. Îíè ÿâëÿþòñÿ îáîáùåíèåì çà-

äà÷è Òðèêîìè, à òàêæå ñîäåðæàò øèðîêèé êëàññ êîððåêòíûõ ñàìîñîïðÿæåííûõ çàäà÷.

Ýòè çàäà÷è ñðàçó âûçâàëè áîëüøîé èíòåðåñ ìíîãèõ àâòîðîâ.

Â ïîñëåäíèå ãîäû èññëåäîâàíèÿ çàäà÷ ñî ñìåùåíèåì äëÿ óðàâíåíèé ñìåøàííîãî è ãè-

ïåðáîëè÷åñêîãî òèïà âåäóòñÿ îñîáåííî èíòåíñèâíî. Íî â ýòèõ ðàáîòàõ êðàåâûå óñëîâèÿ,

êàê ïðàâèëî, ñîäåðæàò êëàññè÷åñêèå îïåðàòîðû �èìàíà � Ëèóâèëëÿ. Íåëîêàëüíûì êðà-

åâûì çàäà÷àì, ñîäåðæàùèì îïåðàòîðû áîëåå ñëîæíîé ñòðóêòóðû, ïîñâÿùåíî ñðàâíè-

òåëüíî ìàëî ðàáîò. Íà÷àëî èññëåäîâàíèé êðàåâûõ çàäà÷ ñî ñìåùåíèåì äëÿ ãèïåðáîëè-

÷åñêîãî óðàâíåíèÿ Ýéëåðà � Äàðáó � Ïóàññîíà, ãäå èìåþòñÿ îáîáùåííûå îïåðàòîðû

äðîáíîãî èíòåãðî-äè��åðåíöèðîâàíèÿ, áûëî ïîëîæåíî ðàáîòàìè ÿïîíñêîãî ìàòåìàòèêà

Ì. Ñàéãî [8℄.

�åçóëüòàòû Î. À. �åïèíà [9℄ ÿâëÿþòñÿ ïðîäîëæåíèåì èññëåäîâàíèé â ýòîì íàïðàâ-

ëåíèè è ïîñâÿùåíû ëîêàëüíûì è íåëîêàëüíûì êðàåâûì çàäà÷àì äëÿ óðàâíåíèé ãè-

ïåðáîëè÷åñêîãî è ñìåøàííîãî òèïîâ ñ âûðîæäåíèåì ïåðâîãî è âòîðîãî ðîäà. Ïîñòàâ-

ëåííûå è èññëåäóåìûå çàäà÷è îòëè÷àþòñÿ îò èçó÷àâøèõñÿ äðóãèìè àâòîðàìè ïðåæäå

âñåãî òåì, ÷òî êðàåâûå óñëîâèÿ ñîäåðæàò îáîáùåííûå îïåðàòîðû äðîáíîãî èíòåãðî-

äè��åðåíöèðîâàíèÿ ñ ãèïåðãåîìåòðè÷åñêîé �óíêöèåé �àóññà.

Â ðàáîòàõ äëÿ âûðîæäàþùèõñÿ ãèïåðáîëè÷åñêèõ è ýëëèïòèêî-ãèïåðáîëè÷åñêîãî òè-

ïîâ óðàâíåíèé ìíîãèìè àâòîðàìè èññëåäîâàëèñü çàäà÷è ñî ñìåùåíèåì (ïî òåðìèíîëîãèè

À. Ì. Íàõóøåâà) è çàäà÷è òèïà çàäà÷è Áèöàäçå � Ñàìàðñêîãî, êîãäà íà ãèïåðáîëè÷å-

ñêîé ÷àñòè ãðàíèöû îáëàñòè çàäàíî ëîêàëüíîå óñëîâèå, ïîòî÷å÷íî ñâÿçûâàþùåå çíà÷å-

íèÿ èñêîìîãî ðåøåíèÿ èëè ïðîèçâîäíîé, âîîáùå ãîâîðÿ, äðîáíîé îïðåäåëåííîãî ïîðÿäêà,

çàâèñÿùåãî îò ïîðÿäêà âûðîæäåíèÿ óðàâíåíèÿ. Ýòèìè àâòîðàìè íå áûëè ðàññìîòðåíû

çàäà÷è ñî ñìåùåíèåì, êîãäà â êðàåâûõ óñëîâèÿõ ó÷àñòâóþò äðîáíûå ïðîèçâîäíûå èëè

èíòåãðàëû ïðîèçâîëüíûõ ïîðÿäêîâ, íå çàâèñÿùèõ îò ïîðÿäêà âûðîæäåíèÿ óðàâíåíèÿ [9,

10℄.

Åñòåñòâåííûì îáîáùåíèåì òåîðèè íåëîêàëüíûõ êðàåâûõ çàäà÷ ÿâèëèñü íåëîêàëüíûå

çàäà÷è äëÿ âûðîæäàþùèõñÿ ãèïåðáîëè÷åñêèõ è ñìåøàííîãî òèïîâ óðàâíåíèé ñ îïåðàòî-

ðàìè áîëåå ñëîæíîé ñòðóêòóðû � îáîáùåííûìè îïåðàòîðàìè äðîáíîãî èíòåãðî-äè��å-
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ðåíöèðîâàíèÿ ñ ãèïåðãåîìåòðè÷åñêîé �óíêöèåé �àóññà. Ýòîìó íàïðàâëåíèþ ïîñâÿùåíî

íåìàëî ðàáîò, ñðåäè êîòîðûõ ðàáîòû òàêèõ àâòîðîâ êàê Ì. Ñ. Ñàëàõèòäèíîâà, Î. À. �å-

ïèíà, Ñ. Ê. Êóìûêîâîé, À. Â. Ïñõó è äð. Â îïóáëèêîâàííûõ ðàáîòàõ, êðàåâûå óñëîâèÿ

ñîäåðæàò êëàññè÷åñêèå îïåðàòîðû èëè îïåðàòîðû äðîáíîãî â ñìûñëå �èìàíà � Ëèóâèë-

ëÿ èíòåãðî-äè��åðåíöèðîâàíèÿ [10�15℄.

Â äàííîé ðàáîòå ðàññìàòðèâàåòñÿ ñìåøàííîå ãèïåðáîëî-ïàðàáîëè÷åñêîå óðàâíåíèå

ñ ðàçðûâíûìè êîý��èöèåíòàìè, êðàåâîå óñëîâèå êîòîðîãî ñîäåðæèò îïåðàòîð äðîáíî-

ãî èíòåãðî-äè��åðåíöèðîâàíèÿ. Ïóòåì ðåäóêöèè çàäà÷è ê èíòåãðàëüíîìó óðàâíåíèþ

Ôðåäãîëüìà âòîðîãî ðîäà îïðåäåëåíû ïðîìåæóòêè èçìåíåíèÿ ïîðÿäêîâ îïåðàòîðîâ äðîá-

íîãî èíòåãðî-äè��åðåíöèðîâàíèÿ, ïðè êîòîðûõ ðåøåíèå ñóùåñòâóåò è åäèíñòâåííî. Òàê-

æå óñòàíîâëåí ý��åêò âëèÿíèÿ êîý��èöèåíòà ïðè ìëàäøåé ïðîèçâîäíîé â óðàâíåíèè

íà ðàçðåøèìîñòü çàäà÷è.

2. Ïîñòàíîâêà çàäà÷è

�àññìîòðèì óðàâíåíèå

0 =

{

cuxxx + p2(x, y)uxx + p1(x, y)ux + p0(x, y)u− uy, y > 0,

(−y)muxx − uyy + p(−y)
m

2
−1ux, y < 0, m > 2,

(1)

ãäå p = const 6= 0 � âåùåñòâåííàÿ ïîñòîÿííàÿ â îäíîñâÿçíîé îáëàñòè Ω, îãðàíè÷åííîé
îòðåçêàìè AA0, A0B0, B0B ïðÿìûõ x = 0, y = 1, x = 1 ñîîòâåòñòâåííî ïðè y > 0, è
õàðàêòåðèñòèêàìè

AC : x−
2

m+ 2
(−y)

m+2

2 = 0, BC : x+
2

m+ 2
(−y)

m+2

2 = 1

óðàâíåíèÿ (1) ïðè y < 0.

Ïóñòü Ω1 = Ω∩ (y > 0), Ω2 = Ω∩ (y < 0), I ≡ AB � èíòåðâàë 0 < x < 1 ïðÿìîé y = 0;

Θ0(x) =
x
2
− i

[

m+2

4
x
]

2

m+2
� òî÷êà ïåðåñå÷åíèÿ õàðàêòåðèñòèêè óðàâíåíèÿ (1) ïðè y < 0,

âûõîäÿùåé èç òî÷êè (x, 0) ∈ I ñ õàðàêòåðèñòèêîé AC.

Çàäà÷à 1. Íàéòè �óíêöèþ u (x, y) òàêóþ, ÷òî

u(x, y) ∈ C(Ω) ∩C1(Ω) ∩ C3,1
x,y(Ω2) ∩C2,2

x,y(Ω2),

ÿâëÿþùóþñÿ ðåøåíèåì óðàâíåíèÿ (1) â îáëàñòè Ω ïðè y 6= 0 è óäîâëåòâîðÿþùåé óñëî-

âèÿì

u(0, y) = ϕ1(y), u(1, y) = ϕ2(y), ux(0, y) = ϕ3(y), 0 6 y 6 1, (2)

p(x)Da
0xδ(x)u [Θ0(x)] + c(x)u(x, 0) − γ(x)uy(x, 0) = f(x) (∀x ∈ I), (3)

ãäå c(x), p(x), γ(x), f(x), ϕi(y) (i = 1, 2, 3) � çàäàííûå èçâåñòíûå �óíêöèè, ïðè-

÷åì c(x), p(x), γ(x), f(x) ∈ C ′(I) ∩ c3(I); pi(x, y) ∈ Ci(Ω); âûïîëíÿåòñÿ íåðàâåíñòâî

c2(x) + p2(x) + γ2(x) 6= 0; ϕi(y) ∈ C[0, 1] ∩ C2]0, 1[; Da
0x � îïåðàòîð äðîáíîãî èíòåãðî-

äè��åðåíöèðîâàíèÿ [4℄.

Ïîäîáíîãî òèïà çàäà÷è èçó÷àëèñü ðàíåå â ðàáîòàõ �åïèíà Î. À. [9℄, Êóìûêî-

âîé Ñ. Ê. [10℄.
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3. Îñíîâíûå ðåçóëüòàòû

Îáîçíà÷èì

α =
m− 2p

2(m+ 2)
, β =

m+ 2p

2(m+ 2)
, ε = α+ β =

m

m+ 2
, γ =

2

m+ 2
.

Òåîðåìà 1. Ïóñòü |p| < m
2
. Òîãäà ðåøåíèå çàäà÷è (1)�(3) â Ω åäèíñòâåííî, åñëè

âûïîëíÿþòñÿ ñëåäóþùèå óñëîâèÿ:

p2(x, 0) > 0, p′′2x(x, 0) − p′1x(x, 0) + 2p0(x, 0) 6 0, pi(x, y) ∈ Ci(Ω1), (4)

è â ñëó÷àå

a = α, δ(x) = x−γ
(5)

âûïîëíÿþòñÿ óñëîâèÿ

A1(x) =
Γ (ε)p(x)

Γ(β)
+ c(x)x1−β 6= 0 (∀x ∈ I), (6)

p(1) = 0,
sin(πε)

2

(

p(x)

A1(x)

)

′

6 0;
x1−βγ(x)

A1(x)
> 0, (7)

à â ñëó÷àå

a = 1− β, δ(x) = 1 (8)

âûïîëíÿþòñÿ óñëîâèÿ

A2(x) = p(x) + l1x
αγ(x) 6= 0 (∀x ∈ I) (9)

p(1) = 0, sin
πε

2

(

p(x)

A2(x)

)

′

6 0,
xαc(x)

A2(x)
> 0 (∀x ∈ I), (10)

ãäå

l1 =
Γ(1− α)

Γ(2− ε)

(

4

m+ 2

)γ

.

⊳ Óñòðåìëÿÿ y → +0 â óðàâíåíèè (1), ïîëó÷èì îñíîâíîå �óíêöèîíàëüíîå ñîîòíîøå-

íèå ìåæäó �óíêöèÿìè τ(x) = u(x, 0) è v(x) = uy(x, 0), ïðèíåñåííîå íà I èç Ω1 â âèäå [16℄

v(x) = τ ′′′(x) + p2(x, 0)τ
′′(x) + p1(x, 0)τ

′(x) + p0(x, 0)τ(x), (11)

ïðè ýòîì ãðàíè÷íûå óñëîâèÿ (2) ïðèíèìàþò âèä

τ(0) = ϕ1(0), τ(1) = ϕ2(0), τ ′(0) = ϕ3(0).

Óìíîæèì âûðàæåíèå (11) íà v(x) è, èíòåãðèðóÿ îò 0 äî 1, ïîñëå íåêîòîðûõ ïðåîáðà-
çîâàíèé ïîëó÷èì

J∗ =

1
∫

0

τ(x)v(x) dx = −
1

2
(τ ′(1))

2
−

1
∫

0

p2(x, 0)τ
′2(x) dx

+
1

2

1
∫

0

(

p′′2x(x, 0) − p′1x(x, 0) + 2p0(x, 0)τ
2(x) dx

)

= 0. (12)
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Ïðè âûïîëíåíèè óñëîâèé (4) òåîðåìû 1 ïîëó÷àåì, ÷òî

J∗ =

1
∫

0

τ(x)v(x) dx 6 0.

�åøåíèå çàäà÷è Êîøè äëÿ óðàâíåíèÿ (1) â îáëàñòè Ω2 èìååò âèä [17℄

u(x, y) =
Γ(ε)

Γ(α)Γ(β)

1
∫

0

τ
[

x+ γ(−y)
m+2

2 (2t− 1)
]

tβ−1(1− t)α−1 dt

+
Γ(2− ε)

Γ(1− α)Γ(1 − β)
· (−y)

1
∫

0

v
[

x+ γ(−y)
m+2

2 (2t− 1)
]

t−α(1− t)−β dt.

Óäîâëåòâîðÿÿ ïîñëåäíåå óñëîâèþ (3), ïîëó÷èì �óíêöèîíàëüíîå ñîîòíîøåíèå ìåæäó

τ(x) è v(x), ïðèíåñåííîå íà ëèíèþ AB èç Ω2 âèäà [17, 18℄

− p(x)
Γ(2− ε)

Γ(1− α)

(

m+ 2

4

)γ

Da
0xδ(x)D

b−1

x1 x−αν(x)

+ p(x)
Γ(ε)

Γ(β)
Da

0xδ(x)x
γD−α

0x xβ−1τ(x)− γ(x)v(x) + c(x)τ(x) = f(x).

Ïðè âûïîëíåíèè óñëîâèÿ (5) òåîðåìû 1 ïîñëåäíåå ñîîòíîøåíèå ïðèíèìàåò âèä

[

Γ(ε)

Γ(β)
p(x)xβ−1 + c(x)

]

τ(x)

=
Γ(2− ε)

Γ(1− α)

(

m+ 2

4

)γ

p(x)Dα
0xx

−γD
β−1

0x x−αv(x) + γ(x)v(x) + f(x). (13)

Òàê êàê

J1 = Dα
0xx

−γx−αv(x) = γ
Γ(2− ε)Γ(1− ε)

[Γ(1− α)(1 − β)]2
x−α−γDε−1

0x v(x),

òî ïîñëå íåêîòîðûõ ïðåîáðàçîâàíèé (13) ïðèíèìàåò âèä [2℄

τ(x) = B(x)Dε−1
0x v(x) + γ1(x)v(x) + f1(x), (14)

ãäå

B(x) =
K · p(x)

A1(x)
, K =

1

2

(

m+ 2

4

)

−
m

m+2 Γ2(2− ε)Γ(1− ε)

Γ3(1− α)Γ2(1− β)
,

A1(x) =
Γ(ε)

Γ(β)
p(x) + c(x)x1−β 6= 0, f1(x) =

x1−βf(x)

A1(x)
, γ5(x) =

x1−βγ(x)

A1(x)
.

Âûðàæåíèå (14) åñòü îñíîâíîå �óíêöèîíàëüíîå ñîîòíîøåíèå ìåæäó �óíêöèÿìè τ(x) è
γ(x), ïðèíåñåííîå íà AB èç Ω2.
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Ïóñòü âûïîëíåíû óñëîâèÿ (6), (7) òåîðåìû 1. Óìíîæàÿ (14) íà v(x), â ñëó÷àå (5) ïðè
f1(x) = 0, è ðàññìàòðèâàÿ èíòåãðàë

J∗ =

1
∫

0

τ(x)v(x) dx,

ïîëó÷èì, ÷òî J∗ > 0 äëÿ ëþáîãî x ∈ I. Ñëåäîâàòåëüíî, J∗ ≡ 0 ⇒ v(x) = 0 è èç (14)

ïðè f1(x) = 0 ïîëó÷àåì τ(x) = 0. Òàêèì îáðàçîì, u(x, y) ≡ 0 â Ω2, êàê ðåøåíèå çàäà÷è

Êîøè óðàâíåíèÿ (1) ñ íóëåâûìè äàííûìè, à â Ω1 � u(x, y) ≡ 0, êàê ðåøåíèå îäíîðîäíîé
çàäà÷è (1), (2).

Äëÿ äîêàçàòåëüñòâà ñóùåñòâîâàíèÿ ðåøåíèÿ çàäà÷è â ñëó÷àå (5) ïðîèíòåãðèðóåì òðè-

æäû ñîîòíîøåíèå (11) îò 0 äî x. Ñ ó÷åòîì êðàåâûõ óñëîâèé (2) ïîëó÷àåì

τ(x)−
x2

2

1
∫

0

k(1, t)τ(t) dt +
1

2

x
∫

0

k(x, t)τ(t) dt

=
1

2

x
∫

0

(x− t)2v(t) dt−
x2

2

1
∫

0

(1− t)2v(t) dt + g(x), (15)

ãäå

k(x, t) = 2p2(t, 0) + 2(x− t)
[

p1(t, 0)− 2p′2(t, 0)
]

+ (x− t)2
[

p0(t, 0)− p′1(t, 0) + p”2(t, 0)
]

;

g(x) = ϕ3(0)(x − x2) + ϕ2(0)x
2 + ϕ3(0)(1 − x2 + p2(0, 0)(x − x2)).

Ïîäñòàâëÿÿ (14) â (15) è ïðîäåëàâ íåêîòîðûå ïðåîáðàçîâàíèÿ, ïîëó÷èì

v(x) +

1
∫

0

N(x, t)v(t) dt = M(x), (16)

ãäå

N(x, t) =

{

N1(x, t), 0 6 t < x;

N2(x, t), x < t 6 1,

N1(x, t) =
x2

2
K1(1, t)γ1(t) +

1

2
K(x, t)γ1(t) +

B(x)

Γ(1− ε)(x− t)2

+
1− x2

2Γ(1 − ε)

t
∫

0

K(1, z)B(z)

(z − t)ε
dz −

1

2
(x− t)2 +

x2

2
(1− t)2,

N2(x, t) = −
x2

2
K(1, t)γ1(r)−

x2

2Γ(1− ε)

t
∫

0

K(1, z)B(z)

(z − t)ε
dz +

x2

2
(1− t)2,

M(x) = g(x)− f1(x) +
x2

2

1
∫

0

K(1, t)f1(t) dt−
1

2

x
∫

0

K(x, t)f1(t) dt.
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Óðàâíåíèå (16) åñòü óðàâíåíèå Ôðåäãîëüìà 2-ãî ðîäà îòíîñèòåëüíî �óíêöèè v(x),
áåçóñëîâíàÿ ðàçðåøèìîñòü êîòîðîãî ñëåäóåò èç åäèíñòâåííîñòè ðåøåíèÿ ïîñòàâëåííîé

çàäà÷è. Åäèíñòâåííîå ðåøåíèå óðàâíåíèÿ (16) íàõîäèòñÿ ïî �îðìóëå

v(x) = F (x) +

1
∫

0

R(x, t)F (t) dt,

ãäå R(x, t) � ðåçîëüâåíòà ÿäðà N(x, t).
Ïðè âûïîëíåíèè óñëîâèé (9)�(11) äîêàçàòåëüñòâî åäèíñòâåííîñòè è ñóùåñòâîâàíèÿ

ðåøåíèÿ çàäà÷è ïðîâîäèòñÿ àíàëîãè÷íûì îáðàçîì. ⊲

Ïóñòü òåïåðü p = ±m
2
.

Òåîðåìà 2. Â îáëàñòè Ω ñóùåñòâóåò åäèíñòâåííîå ðåøåíèå çàäà÷è (1)�(3), åñëè âû-

ïîëíÿþòñÿ óñëîâèÿ (4) òåîðåìû 1, è ïðè p = m
2
âûïîëíÿþòñÿ óñëîâèÿ

a = 1− ε, δ(x) ≡ 1, p(1) = 0, sin
πε

2

(

p(x)

f(x)

)

′

> 0,
c(x)

A7(x)
6 0,

A3(x) = Γ(1− ε)p(x)− nγ(x) 6= 0, n =
m+ 2

2

(

m+ 2

4

)

−γ

,

à ïðè p = −m
2
âûïîëíÿþòñÿ óñëîâèÿ

a = 1, δ(x) ≡ 1,
c(x)

A4(x)
6 0, A4(x) = p(x)− nxεγ(x) 6= 0.

⊳ Äîêàçàòåëüñòâî àíàëîãè÷íî äîêàçàòåëüñòâó òåîðåìû 1. ⊲
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Abstrat. In this paper, unique solvability of a Bitsadze�Samarsky type problem for a third-order

equation with disontinuous oe�ients in a simply onneted domain is investigated. The boundary ondition

of the problem ontains the frational integro-di�erentiation operator with the Gauss hypergeometri funtion.

Under ertain inequality type onstraints on given funtions and orders of frational derivatives in the boundary

ondition, the energy integrals method enables one to proved the uniqueness of the solution of the problem.

The funtional relations between the trae of the desired solution and its derivative are obtained, whih

are brought to the degeneration line from the hyperboli and paraboli parts of the mixed region. Under

the onditions of the uniqueness theorem the existene of a solution to the problem is proved by equivalent

redution to the seond kind Fredholm integral equations with the derivative of the sought funtion as an

unknown, the unonditional solvability of whih is dedued from the uniqueness of the solution of the problem.

The limits of the hange of orders of frational integro-di�erential operators in whih the solution of the problem

exists and is unique are also determined. The e�et of the oe�ient of the lowest derivative in the equation

on the solvability of the problem is established.
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