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Îá îäíîì ïðèáëèæåííîì ìåòîäå íàõîæäåíèÿ ðåøåíèÿ íåëîêàëüíîé êðàåâîé
çàäà÷è äëÿ ñèñòåì íàãðóæåííûõ ãèïåðáîëè÷åñêèõ óðàâíåíèé

Â ñòàòüå èññëåäóþòñÿ âîïðîñû ñóùåñòâîâàíèÿ, åäèíñòâåííîñòè ðåøåíèÿ ëèíåéíîé íåëîêàëü-

íîé êðàåâîé çàäà÷è äëÿ ñèñòåì íàãðóæåííûõ ãèïåðáîëè÷åñêèõ óðàâíåíèé è ïîñòðîåíèÿ åå

ïðèáëèæåííûõ ðåøåíèé. Íåëîêàëüíàÿ êðàåâàÿ çàäà÷à äëÿ ñèñòåì íàãðóæåííûõ ãèïåðáîëè÷å-

ñêèõ óðàâíåíèé ñâîäèòñÿ ê ýêâèâàëåíòíîé çàäà÷å, ñîñòîÿùåé èç ñåìåéñòâà äâóõòî÷å÷íûõ êðà-

åâûõ çàäà÷ äëÿ ñèñòåì íàãðóæåííûõ îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé è ôóíê-

öèîíàëüíûõ ñîîòíîøåíèé. Ñåìåéñòâî äâóõòî÷å÷íûõ êðàåâûõ çàäà÷ äëÿ ñèñòåì íàãðóæåííûõ

îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé èññëåäóåòñÿ ìåòîäîì ïàðàìåòðèçàöèè ñ íåðàâ-

íîìåðíûì ðàçáèåíèåì èíòåðâàëà ìåæäó òî÷êàìè íàãðóæåíèÿ. Äëÿ ýòîé öåëè îñóùåñòâëÿåòñÿ

ïåðåõîä ê ýêâèâàëåíòíîìó ñåìåéñòâó ìíîãîòî÷å÷íûõ êðàåâûõ çàäà÷ ñ ôóíêöèîíàëüíûìè ïà-

ðàìåòðàìè. Ôóíêöèîíàëüíûå ïàðàìåòðû ââîäÿòñÿ êàê çíà÷åíèÿ íåèçâåñòíîé ôóíêöèè v(x, t)
íà ëèíèÿõ ðàçáèåíèÿ. Ïðåäëàãàåòñÿ àëãîðèòì íàõîæäåíèÿ ðåøåíèÿ ñåìåéñòâà êðàåâûõ çà-

äà÷ ñ ôóíêöèîíàëüíûìè ïàðàìåòðàìè. Îñíîâíûì óñëîâèåì îñóùåñòâèìîñòè è ñõîäèìîñòè

àëãîðèòìà ÿâëÿåòñÿ îáðàòèìîñòü ìàòðèöû Qν(a, x) ñïåöèàëüíîé ñòðóêòóðû, ïîñòðîåííîé ïî

ìàòðèöàì Aj(x, t), j = 0,m+ 1, P2(x), S2(x), (x, t) ∈ Ω̄, è ñ ó÷åòîì ïîâåäåíèÿ ìàòðèöû A0(x, t)
ìåæäó òî÷êàìè íàãðóæåíèÿ. Íåèçâåñòíûå ôóíêöèè îïðåäåëÿþòñÿ ñ ïîìîùüþ ðåêóððåíòíûõ

ôîðìóë íàõîæäåíèÿ ïðèáëèæåííûõ ðåøåíèé çàäà÷ Êîøè.

Êëþ÷åâûå ñëîâà: íåëîêàëüíàÿ êðàåâàÿ çàäà÷à, íàãðóæåííîå ãèïåðáîëè÷åñêîå óðàâíåíèå,

ìåòîä ïàðàìåòðèçàöèè, ôóíêöèîíàëüíûé ïàðàìåòð, ñåìåéñòâî àëãîðèòìîâ.

Zh.M. Kadirbayeva

On an approximate method for �nding of solution of nonlocal boundary value problem for

systems of loaded hyperbolic equations

Questions of existence, uniqueness of the solution of linear nonlocal boundary value problem

for systems of loaded hyperbolic equations and constructing of its approximate solutions are

investigated in the article. Nonlocal boundary value problem for systems of loaded hyperbolic

equations is reduced to the equivalent problem, consisting of a family of two-point boundary

value problems for systems of loaded ordinary di�erential equations and functional relations. The

family of two-point boundary value problems for systems of loaded ordinary di�erential equations

is investigated by parametrization method with nonuniform partition of interval between points

of load. For this purpose transition to equivalent family of multipoint boundary value problems

with functional parameters is carried out. Functional parameters are entered as values of unknown

function v(x, t) on the lines of partition. The algorithm for �nding of solutions of the family of

boundary value problems with functional parameters is o�ered. The main condition of feasibility

and convergence of algorithm is invertibility of matrix Qν(a, x) of the special structure constructed
by matrices Aj(x, t), j = 0,m+ 1, P2(x), S2(x), (x, t) ∈ Ω̄, and taking into account behavior of

matrix A0(x, t) between points of load. Unknown functions are de�ned by the recurrent formulas

for �nding of approximate solutions of Cauchy problem.

Key words: nonlocal boundary value problem, loaded hyperbolic equation, parametrization

method, functional parameter, family of algorithms.
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Æ³êòåëãåí ãèïåðáîëàëû© òåäåóëåð æ³éåñi ³øií áåéëîêàë øåòòiê åñåïòi øåøiìií

òàáóäû áið æóû©òàó ºäiñi òóðàëû

Ìà©àëàäà æ³êòåëãåí ãèïåðáîëàëû© òåäåóëåð æ³éåñi ³øií ñûçû©òû áåéëîêàë øåòòiê åñåï-

òi øåøiìi áîëóû, æàë©ûëû¡û æºíå îíû æóû©òàë¡àí øåøiìií ò´ð¡ûçó ìºñåëåëåði çåðò-

òåëåäi. Æ³êòåëãåí ãèïåðáîëàëû© òåäåóëåð æ³éåñi ³øií áåéëîêàë øåòòiê åñåï æ³êòåëãåí

æºé äèôôåðåíöèàëäû© òåäåóëåð æ³éåñi ³øií åêi í³êòåëi øåòòiê åñåïòåð ºóëåòiíåí æºíå

ôóíêöèîíàëäû© ©àòûíàñòàðäàí ò´ðàòûí ïàðà-ïàð åñåïêå êåëòiðiëåäi. Æ³êòåëãåí æºé äèô-

ôåðåíöèàëäû© òåäåóëåð æ³éåñi ³øií åêi í³êòåëi øåòòiê åñåïòåð ºóëåòi æ³êòåëãåí í³êòå-

ëåð àðàñûíäà¡û àðàëû©òû áið©àëûïòû åìåñ á°ëó àð©ûëû ïàðàìåòðëåó ºäiñiìåí çåðòòåëåäi.

Îñû ìà©ñàòòà ïàðà-ïàð ôóíêöèîíàëäû ïàðàìåòðëi ê°ï í³êòåëi øåòòiê åñåïòåð ºóëåòiíå ê°øó

æ³çåãå àñûðûëàäû. Ôóíêöèîíàëäû ïàðàìåòðëåð áåëãiñiç v(x, t) ôóíêöèÿñûíû á°ëó ñûçû-

©òàðûíäà¡û ìºíäåði ðåòiíäå åíãiçiëåäi. Ôóíêöèîíàëäû ïàðàìåòðëi øåòòiê åñåïòåð ºóëåòiíi

øåøiìií òàáóäû àëãîðèòìi ´ñûíûëàäû. Àëãîðèòìíi æ³çåãå àñûðûëóûíû íåãiçãi øàðòû

Aj(x, t), j = 0,m+ 1, P2(x), S2(x), (x, t) ∈ Ω̄ ìàòðèöàëàðû áîéûíøà æºíå æ³êòåëãåí í³êòå-

ëåðäi àðàñûíäà A0(x, t) ìàòðèöàñûíû ©àñèåòií åñêåðå îòûðûï ©´ðûë¡àí Qν(a, x) ìàòðè-
öàñûíû ©àéòàðûìäûëû¡û áîëûï òàáûëàäû. Áåëãiñiç ôóíêöèÿëàð Êîøè åñåáiíi æóû©òàó

øåøiìií òàáóäû ðåêóððåíòòiê ôîðìóëàëàðû àð©ûëû àíû©òàëàäû..

Ò³éií ñ°çäåð: áåéëîêàë øåòòiê åñåïòåð, æ³êòåëãåí ãèïåðáîëàëû© òåäåóëåð, ïàðàìåòðëåó

ºäiñi, ôóíêöèîíàëäû© ïàðàìåòð, àëãîðèòìäåð ºóëåòi.

Ââåäåíèå

Â ïîñëåäíèå ãîäû â ñâÿçè ñ èíòåíñèâíûì èññëåäîâàíèåì çàäà÷ îïòèìàëüíîãî óïðàâ-
ëåíèÿ, äîëãîñðî÷íîãî ïðîãíîçèðîâàíèÿ è ðåãóëèðîâàíèÿ óðîâíÿ ãðóíòîâûõ âîä è ïî÷âåí-
íîé âëàãè âîçíèêëà íåîáõîäèìîñòü â èçó÷åíèè íàãðóæåííûõ óðàâíåíèé. Âïåðâûå ýòîò
òåðìèí áûë èñïîëüçîâàí â ðàáîòàõ À.Ì.Íàõóøåâà, â êîòîðûõ äàíî íàèáîëåå îáùåå îïðå-
äåëåíèå íàãðóæåííîãî óðàâíåíèÿ è ïîäðîáíàÿ êëàññèôèêàöèÿ ðàçëè÷íûõ íàãðóæåííûõ
óðàâíåíèé: íàãðóæåííûõ äèôôåðåíöèàëüíûõ, èíòåãðàëüíûõ, èíòåãðî-äèôôåðåíöèàëü-
íûõ, ôóíêöèîíàëüíûõ óðàâíåíèé, à òàêæå èõ ìíîãî÷èñëåííûå ïðèëîæåíèÿ. Èìåííî ðå-
çóëüòàòû A.M.Íàõóøåâà è åãî ó÷åíèêîâ äàëè íà÷àëî èíòåíñèâíîìó èçó÷åíèþ êðàåâûõ
çàäà÷ äëÿ íàãðóæåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé [1-2].

Íåêîòîðûå êëàññû êðàåâûõ çàäà÷ äëÿ íàãðóæåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé
ñ ÷àñòíûìè ïðîèçâîäíûìè èññëåäîâàëèñü â ðàáîòàõ Ì.Õ.Øõàíóêîâà, À.Â.Áîðîäèíà,
Â.Ì.Êàçèåâà, À.Õ.Àòòàåâà, Ì.Ò.Äæåíàëèåâà, Ë.Ñ.Ïóëüêèíîé, Ä.Ì.Êóðüÿçîâà, Ì.Ã.Âîëû-
íñêîé, Ì.È.Ðàìàçàíîâà è äð [3-5].

Êðàåâûå çàäà÷è äëÿ íàãðóæåííûõ ãèïåðáîëè÷åñêèõ óðàâíåíèé âïåðâûå áûëè ðàñ-
ñìîòðåíû â ðàáîòàõ À.M.Íàõóøåâà [6]. Íà îñíîâå ñâåäåíèÿ ê èíòåãðàëüíûì óðàâíåíèÿì
Ôðåäãîëüìà ïîëó÷åíû äîñòàòî÷íûå óñëîâèÿ ñóùåñòâîâàíèÿ êëàññè÷åñêîãî ðåøåíèÿ êðà-
åâûõ çàäà÷ äëÿ íàãðóæåííûõ ãèïåðáîëè÷åñêèõ óðàâíåíèé.

Ñîâðåìåííûå çàäà÷è åñòåñòâîçíàíèÿ ïðèâîäÿò ê íåîáõîäèìîñòè îáîáùåíèÿ êëàññè-
÷åñêèõ çàäà÷ ìàòåìàòè÷åñêîé ôèçèêè, à òàêæå ê ïîñòàíîâêå íîâûõ çàäà÷ è ðàçðàáîòêå
ìåòîäîâ èõ èññëåäîâàíèÿ. Îäíèì èç êëàññîâ êà÷åñòâåííî íîâûõ çàäà÷ ÿâëÿþòñÿ íåëî-
êàëüíûå çàäà÷è äëÿ äèôôåðåíöèàëüíûõ óðàâíåíèé.

Â ñâÿçè ñ ýòèì ïðèîáðåòàþò îñîáóþ àêòóàëüíîñòü íåëîêàëüíûå êðàåâûå çàäà÷è äëÿ
ñèñòåì íàãðóæåííûõ ãèïåðáîëè÷åñêèõ óðàâíåíèé.

Âåñòíèê ÊàçÍÓ. Ñåðèÿ ìàòåìàòèêà, ìåõàíèêà, èíôîðìàòèêà �3(82)2014



28 Æ.Ì. Êàäèðáàåâà

Ïîñòàíîâêà çàäà÷è.

Â íàñòîÿùåé ðàáîòå íà Ω̄ = [0, ω]×[0, T ] ðàññìàòðèâàåòñÿ íåëîêàëüíàÿ êðàåâàÿ çàäà÷à
äëÿ ñèñòåìû íàãðóæåííûõ ãèïåðáîëè÷åñêèõ óðàâíåíèé

∂2u

∂t∂x
= A0(x, t)

∂u

∂x
+ B0(x, t)

∂u

∂t
+ C0(x, t)u+

m+1∑

i=1

Ai(x, t)
∂u(x, θi−1)

∂x
+

+
m+1∑

i=1

Bi(x, t)
∂u(x, t)

∂t

∣∣∣
t=θi−1

+
m+1∑

i=1

Ci(x, t)u(x, θi−1) + f(x, t), (x, t) ∈ Ω, u ∈ R
n, (1)

u(0, t) = ϕ(t), t ∈ [0, T ], (2)

P2(x)
∂u(x, 0)

∂x
+ P1(x)

∂u(x, t)

∂t

∣∣∣∣
t=0

+ P0(x)u(x, 0)+

+S2(x)
∂u(x, T )

∂x
+ S1(x)

∂u(x, t)

∂t

∣∣∣∣
t=T

+ S0(x)u(x, T ) = ψ(x), x ∈ [0, ω], (3)

ãäå (n×n)-ìàòðèöûAj(x, t),Bj(x, t), Cj(x, t), j = 1,m+ 1, Pk(x), Sk(x), k = 0, 2, n-âåêòîð-
ôóíêöèè f(x, t), ψ(x) íåïðåðûâíû íà Ω̄, [0, ω] ñîîòâåòñòâåííî è n-âåêòîð-ôóíêöèÿ ϕ(t)
íåïðåðûâíî äèôôåðåíöèðóåìà íà [0, T ], 0 = θ0 < θ1 < ... < θm < θm+1 = T .

Íîðìû ýëåìåíòà R
n è (n× n)-ìàòðèöû îïðåäåëÿåì ðàâåíñòâàìè:

||u|| = max
s=1,n

|us|, ||A(x, t)|| = max
s=1,n

n∑

k=1

|ask(x, t)|.

×åðåç C(Ω̄,Rn) (C([0, ω],Rn)) îáîçíà÷èì ïðîñòðàíñòâî íåïðåðûâíûõ íà Ω̄ ôóíêöèé
u : Ω̄ → R

n (ψ : [0, ω] → R
n) ñ íîðìîé ||u||0 = max

(x,t)∈Ω̄
||u(x, t)|| (||ψ||1 = max

x∈[0,ω]
||ψ(x)||).

Îïðåäåëåíèå 1.Ôóíêöèÿ u(x, t) ∈ C(Ω̄, Rn), èìåþùàÿ ÷àñòíûå ïðîèçâîäíûå
∂u(x, t)

∂x
-

∈ C(Ω̄, Rn),
∂u(x, t)

∂t
∈ C(Ω̄, Rn),

∂2u(x, t)

∂t∂x
∈ C(Ω̄, Rn), íàçûâàåòñÿ êëàññè÷åñêèì ðåøå-

íèåì çàäà÷è (1) � (3), åñëè îíà óäîâëåòâîðÿåò ñèñòåìå (1) ïðè âñåõ (x, t) ∈ Ω̄ è âû-
ïîëíÿþòñÿ êðàåâûå óñëîâèÿ (2), (3). Íåëîêàëüíàÿ êðàåâàÿ çàäà÷à ñ äàííûìè íà õàðàê-
òåðèñòèêàõ äëÿ ñèñòåìû ãèïåðáîëè÷åñêèõ óðàâíåíèé áåç ñëàãàåìûõ ñ íàãðóæåíèÿìè è
ñ óñëîâèÿìè (2), (3) ðàññìîòðåíà â [7]. Ìåòîäîì ââåäåíèÿ ôóíêöèîíàëüíûõ ïàðàìåòðîâ
áûëè óñòàíîâëåíû êîýôôèöèåíòíûå äîñòàòî÷íûå óñëîâèÿ ñóùåñòâîâàíèÿ åäèíñòâåííî-
ãî êëàññè÷åñêîãî ðåøåíèÿ íåëîêàëüíîé êðàåâîé çàäà÷è äëÿ ñèñòåìû ãèïåðáîëè÷åñêèõ
óðàâíåíèé. Â ðàáîòå [8] äëÿ ðåøåíèÿ ëèíåéíîé íåëîêàëüíîé êðàåâîé çàäà÷è äëÿ ñèñòåì
íàãðóæåííûõ ãèïåðáîëè÷åñêèõ óðàâíåíèé (1) - (3) áûë ïðåäëîæåí ìåòîä, îñíîâàííûé
íà ñâåäåíèè ê ýêâèâàëåíòíîé çàäà÷å, ñîñòîÿùåé èç ñåìåéñòâà äâóõòî÷å÷íûõ êðàåâûõ
çàäà÷ äëÿ ñèñòåì íàãðóæåííûõ îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé è ôóíê-
öèîíàëüíûõ ñîîòíîøåíèé. Áûëè óñòàíîâëåíû äîñòàòî÷íûå óñëîâèÿ îäíîçíà÷íîé ðàçðå-
øèìîñòè çàäà÷è (1) - (3) â òåðìèíàõ èñõîäíûõ äàííûõ è ïîñòðîåíû àëãîðèòìû íàõîæ-
äåíèÿ ïðèáëèæåííûõ ðåøåíèé. Â äàííîé ñòàòüå çàäà÷à (1) - (3) ïóòåì ââåäåíèÿ íîâûõ
íåèçâåñòíûõ ôóíêöèé v(x, t), w(x, t) ñâîäèòñÿ ê ýêâèâàëåíòíîé çàäà÷å, ñîñòîÿùåé èç
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ñåìåéñòâà äâóõòî÷å÷íûõ êðàåâûõ çàäà÷ äëÿ ñèñòåì íàãðóæåííûõ îáûêíîâåííûõ äèô-
ôåðåíöèàëüíûõ óðàâíåíèé è ôóíêöèîíàëüíûõ ñîîòíîøåíèé. Ñåìåéñòâî äâóõòî÷å÷íûõ
êðàåâûõ çàäà÷ äëÿ ñèñòåì íàãðóæåííûõ îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé
èññëåäóåòñÿ ìåòîäîì ïàðàìåòðèçàöèè ñ íåðàâíîìåðíûì ðàçáèåíèåì èíòåðâàëà ìåæäó
òî÷êàìè íàãðóæåíèÿ. Ïðåäëàãàåòñÿ ìîäèôèöèðîâàííûé àëãîðèòì íàõîæäåíèÿ ðåøåíèÿ
ñåìåéñòâà äâóõòî÷å÷íûõ êðàåâûõ çàäà÷ äëÿ ñèñòåì íàãðóæåííûõ îáûêíîâåííûõ äèôôå-
ðåíöèàëüíûõ óðàâíåíèé. Óñòàíîâëåíû êîýôôèöèåíòíûå äîñòàòî÷íûå óñëîâèÿ ñóùåñòâî-
âàíèÿ åäèíñòâåííîãî ðåøåíèÿ çàäà÷è (1) - (3). Äëÿ ñåìåéñòâà ïåðèîäè÷åñêèõ êðàåâûõ
çàäà÷ äëÿ ñèñòåì íàãðóæåííûõ îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé íà îñíîâå
ìåòîäà ïàðàìåòðèçàöèè ðàíåå áûëè ïîëó÷åíû óñëîâèÿ îäíîçíà÷íîé ðàçðåøèìîñòè èñ-
ñëåäóåìîé çàäà÷è â òåðìèíàõ èñõîäíûõ äàííûõ [9]. Àëãîðèòìû íàõîæäåíèÿ ðåøåíèÿ
ñåìåéñòâî ïåðèîäè÷åñêèõ êðàåâûõ çàäà÷, ïðåäëîæåííûå â óêàçàííîé ðàáîòå, âêëþ÷àëè
ïóíêò, ãäå ðåøàëàñü çàäà÷à Êîøè äëÿ îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé.
Â îòëè÷èå îò [9] â äàííîé ðàáîòå ìîäèôèöèðîâàííûé àëãîðèòì âêëþ÷àåò ïóíêò, ãäå
èñïîëüçóþòñÿ ïðèáëèæåííûå ðåøåíèÿ çàäà÷è Êîøè â âèäå ðåêóððåíòíûõ ôîðìóë.

Ïåðåõîä ê ñåìåéñòâó äâóõòî÷å÷íûõ êðàåâûõ çàäà÷

Ââåäåì íîâûå íåèçâåñòíûå ôóíêöèè v(x, t) =
∂u(x, t)

∂x
, w(x, t) =

∂u(x, t)

∂t
è âìåñòî

(1) � (3) ðàññìîòðèì ñëåäóþùóþ çàäà÷ó

∂v

∂t
= A0(x, t)v +

m+1∑

i=1

Ai(x, t)v(x, θi−1) + F (x, t, w, u, θ), (x, t) ∈ Ω, (4)

P2(x)v(x, 0) + S2(x)v(x, T ) = d(x, w(x, 0), u(x, 0), w(x, T ), u(x, T )), x ∈ [0, ω], (5)

u(x, t) = ϕ(t) +

x∫

0

v(ξ, t)dξ, w(x, t) = ϕ̇(t) +

x∫

0

∂v(ξ, t)

∂t
dξ, (6)

ãäå F (x, t, w, u, θ) = B0(x, t)w(x, t) + C0(x, t)u(x, t) + f(x, t)+

+
m+1∑

i=1

Bi(x, t)w(x, θi−1) +
m+1∑

i=1

Ci(x, t)u(x, θi−1),

d(x, w(x, 0), u(x, 0), w(x, T ), u(x, T )) =
= ψ(x)− P1(x)w(x, 0)− P0(x)u(x, 0)− S1(x)w(x, T )− S0(x)u(x, T ).

Çäåñü óñëîâèå u(0, t) = ϕ(t) ó÷òåíî â ñîîòíîøåíèÿõ (6).
Òðîéêà íåïðåðûâíûõ íà Ω̄ ôóíêöèé {v(x, t), u(x, t), w(x, t)} íàçûâàåòñÿ ðåøåíèåì çà-

äà÷è (4) � (6), åñëè ôóíêöèÿ v(x, t) ∈ C(Ω̄, Rn) èìååò íåïðåðûâíóþ íà Ω̄ ïðîèçâîäíóþ ïî
t è óäîâëåòâîðÿåò îäíîïàðàìåòðè÷åñêîìó ñåìåéñòâó äâóõòî÷å÷íûõ êðàåâûõ çàäà÷ äëÿ
ñèñòåì íàãðóæåííûõ îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé (4), (5), ãäå ôóíê-

öèè u(x, t), w(x, t) ñâÿçàíû ñ v(x, t),
∂v(x, t)

∂t
ôóíêöèîíàëüíûìè ñîîòíîøåíèÿìè (6).

Çàäà÷è (1) � (3) è (4) � (6) ýêâèâàëåíòíû òîì ñìûñëå, ÷òî åñëè u(x, t) � êëàññè-
÷åñêîå ðåøåíèå çàäà÷è (1) � (3), òî òðîéêà ôóíêöèé {v(x, t), u(x, t), w(x, t)}, ãäå

v(x, t) =
∂u(x, t)

∂x
, w(x, t) =

∂u(x, t)

∂t
, ÿâëÿåòñÿ ðåøåíèåì çàäà÷è (4) � (6). È íà-

îáîðîò, åñëè òðîéêà ôóíêöèé {v(x, t), u(x, t), w(x, t)} � ðåøåíèå çàäà÷è (4) � (6), òî
u(x, t) ÿâëÿåòñÿ êëàññè÷åñêèì ðåøåíèåì çàäà÷è (1) � (3).
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Ñåìåéñòâî äâóõòî÷å÷íûõ êðàåâûõ çàäà÷ äëÿ ñèñòåì íàãðóæåííûõ îáûê-
íîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé

Ïðè èçâåñòíûõ w(x, t), u(x, t) â çàäà÷å (4), (5) òðåáóåòñÿ íàéòè ðåøåíèå îäíîïàðà-
ìåòðè÷åñêîãî ñåìåéñòâà äâóõòî÷å÷íûõ êðàåâûõ çàäà÷ äëÿ ñèñòåì íàãðóæåííûõ îáûêíî-
âåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé. Ïîýòîìó ñíà÷àëà ðàññìîòðèì ñåìåéñòâî äâóõ-
òî÷å÷íûõ êðàåâûõ çàäà÷ äëÿ ñèñòåì íàãðóæåííûõ îáûêíîâåííûõ äèôôåðåíöèàëüíûõ
óðàâíåíèé

∂v

∂t
= A0(x, t)v +

m+1∑

i=1

Ai(x, t)v(x, θi−1) + F (x, t), (x, t) ∈ Ω, (7)

P2(x)v(x, 0) + S2(x)v(x, T ) = d(x), x ∈ [0, ω], (8)

ãäå F (x, t) ∈ C(Ω̄,Rn), d(x) ∈ C([0, ω],Rn).
Ïðè ôèêñèðîâàííûõ x ∈ [0, ω] çàäà÷à (7), (8) ÿâëÿåòñÿ ëèíåéíîé äâóõòî÷å÷íîé êðà-

åâîé çàäà÷åé äëÿ íàãðóæåííûõ îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé, êîòîðàÿ
áûëà èññëåäîâàíà ðàçëè÷íûìè ìåòîäàìè. Â ðàáîòå [10] äëÿ ðåøåíèÿ ëèíåéíîé äâóõ-
òî÷å÷íîé êðàåâîé çàäà÷è äëÿ ñèñòåì íàãðóæåííûõ îáûêíîâåííûõ äèôôåðåíöèàëüíûõ
óðàâíåíèé áûë èñïîëüçîâàí ìåòîä ïàðàìåòðèçàöèè [11]. Àëãîðèòìû ìåòîäà ïàðàìåòðè-
çàöèè áûëè ïîñòðîåíû áåç ó÷åòà ïîâåäåíèå ìàòðèöû äèôôåðåíöèàëüíîé ÷àñòè: èíòåðâà-
ëû ìåæäó òî÷êàìè íàãðóæåíèÿ ðàçáèâàëèñü íà îäèíàêîâîå êîëè÷åñòâî ïîäèíòåðâàëîâ
- l ÷àñòåé ïðè âñåõ i = 1,m+ 1. Ïîëó÷åíû íåîáõîäèìûå è äîñòàòî÷íûå óñëîâèÿ îäíî-
çíà÷íîé è êîððåêòíîé ðàçðåøèìîñòè èññëåäóåìîé çàäà÷è â òåðìèíàõ èñõîäíûõ äàííûõ
è ïðåäëîæåíû àëãîðèòìû íàõîæäåíèÿ åå ðåøåíèÿ.

Ïðè èçìåíåíèè ïåðåìåííîé x íà [0, ω] ïîëó÷èì ñåìåéñòâî äâóõòî÷å÷íûõ êðàåâûõ
çàäà÷ äëÿ ñèñòåì íàãðóæåííûõ îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé.

Íåïðåðûâíàÿ ôóíêöèÿ v : Ω̄ → R
n, èìåþùàÿ íà Ω̄ íåïðåðûâíóþ ïðîèçâîäíóþ ïî t,

íàçûâàåòñÿ ðåøåíèåì êðàåâîé çàäà÷è (7), (8), åñëè îíà óäîâëåòâîðÿåò ñåìåéñòâó ñèñòåì
íàãðóæåííûõ îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé (7) è êðàåâîìó óñëîâèþ (8).

Çàäà÷ó (7), (8) èññëåäóåì ìåòîäîì ïàðàìåòðèçàöèè ñ íåðàâíîìåðíûì ðàçáèåíèåì
èíòåðâàëà [θi−1, θi), i = 1,m+ 1. Ïóñòü ∥Aj(x, t)∥ ≤ αj(x, t), ãäå αj(x, t), j = 0,m+ 1,
íåïðåðûâíû íà Ω̄, è max

x∈[0,ω]
α0(x, t) = α(t). Âîçüìåì ÷èñëî a > 0, ïðåäïîëîæèì, ÷òî

θi−1,0 = θi−1 è ÷åðåç ki−1 îáîçíà÷èì ÷èñëî ðàçáèåíèÿ ïðîìåæóòêà [θi−1, θi), ïðè êîòîðîì

èìååò ìåñòî íåðàâåíñòâî
θi∫

θi−1,ki−1−1

α(τ)dτ ≤ a. Ïóñòü p0 = 0, pl+1 =
l∑

s=0

ks, l = 0,m è

[0, ω] × [0, T ) = [0, ω] ×
pm+1∪
r=1

[tr−1, tr), ãäå t0 = θ0 = 0, t1 = θ0,1, t2 = θ0,2, ..., tp1 = θ1,

tp1+1 = θ1,1, ..., tp2 = θ2, ..., tpm+1
= T.

Ñóæåíèå ôóíêöèè v(x, t) íà Ωr = [0, ω] × [tr−1, tr), r = 1, pm+1, îáîçíà÷èì ÷åðåç
vr(x, t), r = 1, pm+1. Ââåäÿ äîïîëíèòåëüíûå íåèçâåñòíûå ôóíêöèè λr(x) = vr(x, tr−1),
r = 1, pm+1, x ∈ [0, ω], è íà êàæäîé îáëàñòè Ωr, r = 1, pm+1, ïðîèçâåäÿ çàìåíó
ṽr(x, t) = vr(x, t) − λr(x), r = 1, pm+1, ïîëó÷èì êðàåâóþ çàäà÷ó ñ ôóíêöèîíàëüíûìè
ïàðàìåòðàìè λr(x):

∂ṽr

∂t
= A0(x, t)[ṽr + λr(x)] +

m+1∑

i=1

Ai(x, t)λpi−1+1(x) + F (x, t), (x, t) ∈ Ωr, (9)
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ṽr(x, tr−1) = 0, x ∈ [0, ω], r = 1, pm+1, (10)

P2(x)λ1(x) + S2(x)λpm+1
(x) + S2(x) lim

t→T−0
ṽpm+1

(x, t) = d(x), x ∈ [0, ω], (11)

λs(x) + lim
t→ts−0

ṽs(x, t) = λs+1(x), x ∈ [0, ω], s = 1, pm+1 − 1. (12)

Ïóñòü C(Ω̄,Ωr,R
npm+1) � ïðîñòðàíñòâî ñèñòåì ôóíêöèé

v(x, [t]) = (v1(x, t), v2(x, t), ..., vpm+1
(x, t)), ãäå ôóíêöèÿ vr : Ωr → R

n íåïðåðûâíà è ðàâ-
íîìåðíî îòíîñèòåëüíî x ∈ [0, ω] èìååò êîíå÷íûé ëåâîñòîðîííèé ïðåäåë lim

t→tr−0
vr(x, t),

r = 1, pm+1 ñ íîðìîé ||v||1 = max
r=1,pm+1

sup
(x,t)∈Ωr

||vr(x, t)||.

Ðåøåíèåì çàäà÷è (9) - (12) ÿâëÿåòñÿ ïàðà (λ∗(x), ṽ∗(x, [t])), ñ ýëåìåíòàìè
λ∗(x) = (λ∗1(x), λ

∗

2(x), ..., λ
∗

pm+1
(x)) ∈ C([0, ω],Rnpm+1),

ṽ∗(x, [t]) = (ṽ∗1(x, t), ṽ
∗

2(x, t), ..., ṽ
∗

pm+1
(x, t)) ∈ C(Ω̄,Ωr,R

npm+1), ãäå ôóíêöèè ṽ∗r(x, t) íåïðå-

ðûâíî äèôôåðåíöèðóåìû íà Ωr, è ïðè λr(x) = λ∗r(x), r = 1, pm+1, λpi−1+1(x) = λ∗pi−1+1(x),

i = 1,m+ 1, óäîâëåòâîðÿåò ñåìåéñòâî îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé (9)
è óñëîâèÿì (10) � (12).

Çàäà÷è (7), (8) è (9) - (12) ýêâèâàëåíòíû â ñëåäóþùåì ñìûñëå. Åñëè ïàðà (λ(x), ṽ(x, [t])),
ãäå λ(x) = (λ1(x), λ2(x), ..., λpm+1

(x)), ṽ(x, [t]) = (ṽ1(x, t), ṽ2(x, t), . . . ,
ṽpm+1

(x, t)) � ðåøåíèå çàäà÷è (9) � (12), òî ôóíêöèÿ v(x, t) îïðåäåëÿåìàÿ ðàâåíñòâàìè
v(x, t) = ṽr(x, t) + λr(x), (x, t) ∈ Ωr, r = 1, pm+1, v(x, T ) = λpm+1

(x) + lim
t→T−0

ṽpm+1
(x, t),

ÿâëÿåòñÿ ðåøåíèåì çàäà÷è (7), (8). È íàîáîðîò, åñëè v∗(x, t) ÿâëÿåòñÿ ðåøåíèåì çà-
äà÷è (7), (8), òî ïàðà (λ∗(x), ṽ∗(x, [t])), ãäå λ∗(x) = (v∗(x, 0), v∗(x, t1), ..., v

∗(x, tpm+1−1)),
ṽ∗(x, [t]) = (v∗(x, t)− v∗(x, 0), v∗(x, t)− v∗(x, t1), ..., v

∗(x, t)− v∗(x, tpm+1−1)) áóäåò ðåøåíè-
åì çàäà÷è (9) - (12).

Ïðè ôèêñèðîâàííûõ λr(x) ôóíêöèÿ ṽr(x, t) ÿâëÿåòñÿ ðåøåíèåì çàäà÷è Êîøè (9),
(10), ýêâèâàëåíòíîé ñåìåéñòâó ñèñòåì èíòåãðàëüíûõ óðàâíåíèé:

ṽr(x, t) =

t∫

tr−1

{
A0(x, τ)

[
ṽr(x, τ) + λr(x)

]
+

m+1∑

i=1

Ai(x, τ)λpi−1+1(x)+

+F (x, τ)
}
dτ, (x, t) ∈ Ωr, r = 1, pm+1. (13)

Ïîäñòàâèâ âìåñòî ṽr(x, τ), r = 1, pm+1, ïðàâóþ ÷àñòü (13) è ïîâòîðèâ ýòîò ïðîöåññ
ν (ν = 1, 2, . . . ) ðàç ïîëó÷èì:

ṽr(x, t) = D0
ν,r(a, x, t)λr(x) +

m+1∑
i=1

Di
ν,r(a, x, t)λpi−1+1(x)+

+F̂ν,r(a, x, t) +Gν,r(a, x, t, ṽ), (x, t) ∈ Ωr, r = 1, pm+1, (14)

ãäå Di
ν,r(a, x, t) =

t∫
tr−1

Ai(x, τ1)dτ1 + ...+
t∫

tr−1

A0(x, τ1)...
τν−2∫
tr−1

A0(x, τν−1)×

×
τν−1∫
tr−1

Ai(x, τν)dτνdτν−1...dτ1, i = 0,m+ 1, r = 1, pm+1,

F̂ν,r(a, x, t) =
t∫

tr−1

F (x, τ1)dτ1 +
t∫

tr−1

A0(x, τ1)
τ1∫

tr−1

F (x, τ2)dτ2dτ1 + ...+
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+
t∫

tr−1

A0(x, τ1)...
τν−2∫
tr−1

A0(x, τν−1)
τν−1∫
tr−1

F (x, τν)dτνdτν−1...dτ1, r = 1, pm+1,

Gν,r(a, x, t, ṽ) =
t∫

tr−1

A0(x, τ1)...
τν−2∫
tr−1

A0(x, τν−1)×

×
τν−1∫
tr−1

A0(x, τν)ṽr(x, τν)dτνdτν−1...dτ1, r = 1, pm+1.

Ïåðåõîäÿ â ïðàâîé ÷àñòè (14) ê ïðåäåëó ïðè t → tr − 0, è ïîäñòàâèâ ñîîòâåòñòâó-
þùèå èì âûðàæåíèÿ â óñëîâèÿ (11), (12), ïîëó÷èì ñèñòåìó óðàâíåíèé îòíîñèòåëüíî
ôóíêöèîíàëüíûõ ïàðàìåòðîâ λr(x), r = 1, pm+1 :

P2(x)λ1(x) + S2(x)[I +D0
ν,pm+1

(a, x, T )]λpm+1
(x) + S2(x)

m+1∑

i=1

Di
ν,pm+1

(a, x, T )λpi−1+1(x) =

= d(x)− S2(x)F̂ν,pm+1
(a, x, T )− S2(x)Gν,pm+1

(a, x, T, ṽ), (15)

[I +D0
ν,s(a, x, ts)]λs(x) +

m+1∑

i=1

Di
ν,s(a, x, ts)λpi−1+1(x) =

= −F̂ν,s(a, x, ts)−Gν,s(a, x, ts, ṽ), x ∈ [0, ω], s = 1, pm+1 − 1. (16)

Ñîîòíîøåíèÿ (15), (16) ÿâëÿþòñÿ ñèñòåìîé ëèíåéíûõ ôóíêöèîíàëüíûõ óðàâíåíèé îò-
íîñèòåëüíî ïàðàìåòðîâ λr(x), r = 1, pm+1.

Îáîçíà÷èâ ÷åðåç Qν(a, x) ìàòðèöó, ñîîòâåòñòâóþùóþ ëåâîé ÷àñòè ñèñòåìû (15), (16)
è ââåäÿ âåêòîðû
F̂ν(a, x) =

(
− d(x) + S2(x)F̂ν,pm+1

(a, x, tpm+1
), F̂ν,1(a, x, t1), . . . , F̂ν,pm+1−1(a, x, tpm+1−1)

)
,

Gν(a, x, ṽ) =
(
S2(x)Gν,pm+1

(a, x, tpm+1
, ṽ), Gν,1(a, x, t1, ṽ), . . . , Gν,pm+1−1(a, x, tpm+1−1, ṽ)

)
,

çàïèøåì ñèñòåìó (15), (16) â âèäå:

Qν(a, x)λ(x) = −F̂ν(a, x)−Gν(a, x, ṽ). (17)

Àëãîðèòì ðåøåíèÿ çàäà÷è (9) - (12)

Ðåøåíèå êðàåâîé çàäà÷è ñ ïàðàìåòðîì (9) - (12) � ïàðó (λ∗(x), ṽ∗(x, [t])) íàõîäèì êàê
ïðåäåë ïîñëåäîâàòåëüíîñòè (λ(k)(x), ṽ(k)(x, [t])), k = 0, 1, 2, ..., îïðåäåëÿåìîé ïî ñëåäóþ-
ùåìó àëãîðèòìó:
0 - Øàã. a) Ïðåäïîëàãàÿ, ÷òî ïðè âûáðàííûõ a > 0, ν ∈ N, ìàòðèöà
Qν(a, x) : R

npm+1 → R
npm+1 îáðàòèìà äëÿ âñåõ x ∈ [0, ω], íà÷àëüíîå ïðèáëèæåíèå λ(0)(x) =

(λ
(0)
1 (x), λ

(0)
2 (x), ..., λ

(0)
pm+1(x)) îïðåäåëÿåì èç ñèñòåìû ëèíåéíûõ óðàâíåíèé Qν(a, x)λ(x) =

−F̂ν(a, x), x ∈ [0, ω]. á) Íà Ωr îïðåäåëèì êîìïîíåíòû ñèñòåìû ôóíêöèé ṽ
(0)
r (x, [t]) èç

ñëåäóþùèõ ñîîòíîøåíèé:

ṽ(0)r (x, t) = D0
ν,r(a, x, t)λ

(0)
r (x) +

m+1∑

i=1

Di
ν,r(a, x, t)λ

(0)
pi−1+1(x) + F̂ν,r(a, x, t).

1 - Øàã. a) Ïîäñòàâèâ âìåñòî ṽ(x, [t]) íàéäåííóþ ôóíêöèþ ṽ(0)(x, [t]) èç ñèñòåì óðàâíå-

íèé (17) îïðåäåëÿåì λ(1)(x) = (λ
(1)
1 (x), λ

(1)
2 (x), ..., λ

(1)
pm+1(x)), x ∈ [0, ω]. á) Íà Ωr îïðåäåëèì

êîìïîíåíòû ñèñòåìû ôóíêöèé ṽ
(1)
r (x, [t]) èç ñëåäóþùèõ ñîîòíîøåíèé:
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ṽ
(1)
r (x, t) = D0

ν,r(a, x, t)λ
(1)
r (x) +

m+1∑
i=1

Di
ν,r(a, x, t)λ

(1)
pi−1+1(x)+

+F̂ν,r(a, x, t) +Gν,r(a, x, t, ṽ
(0)), r = 1, pm+1.

È ò. ä.
Äîñòàòî÷íûå óñëîâèÿ îäíîçíà÷íîé ðàçðåøèìîñòè çàäà÷è (7), (8) è ñõîäèìîñòü ïðåä-

ëîæåííîãî àëãîðèòìà äàåò ñëåäóþùàÿ
Òåîðåìà 1. Ïóñòü ïðè íåêîòîðûõ a > 0, ν ∈ N, ìàòðèöà Qν(a, x) : R

npm+1 → R
npm+1

îáðàòèìà äëÿ âñåõ x ∈ [0, ω] è âûïîëíÿþòñÿ íåðàâåíñòâà:

∥[Qν(a, x)]
−1∥ ≤ γν(a, x), (18)

qν(a, x) =
{
γν(a, x)max(1, ∥S2(x)∥)

[ ν∑

l=1

al

l!
+

+ĥ
ν−1∑

l=0

al

l!

m+1∑

i=1

max
r=1,pm+1

sup
t∈[tr−1,tr)

αi(x, t)
]
+ 1

}aν
ν!
< 1, (19)

ãäå γν(a, x) - ïîëîæèòåëüíàÿ, íåïðåðûâíàÿ ïî x ∈ [0, ω] ôóíêöèÿ, ĥ = max
r=1,pm+1

(tr − tr−1).

Òîãäà ñåìåéñòâî äâóõòî÷å÷íûõ êðàåâûõ çàäà÷ äëÿ íàãðóæåííûõ îáûêíîâåííûõ äèô-
ôåðåíöèàëüíûõ óðàâíåíèé (7), (8) èìååò åäèíñòâåííîå ðåøåíèå.

Äîêàçàòåëüñòâî òåîðåìû ïðîâîäèòñÿ àíàëîãè÷íî äîêàçàòåëüñòâó òåîðåìû 1 èç [12].
Ïðåäåëîì ïàðû ïîñëåäîâàòåëüíûõ ïðèáëèæåíèé (λ(k)(x), ṽ(k)(x, [t])), îïðåäåëÿåìûõ

àëãîðèòìîì, ïðè k → ∞ áóäåò ïàðà (λ∗(x), ṽ∗(x, [t])), ãäå λ∗(x) = (λ∗1(x), λ
∗

2(x), ..., λ
∗

pm+1
(x)),

ṽ∗(x, [t]) = (ṽ∗1(x, t), ṽ
∗

2(x, t), ..., ṽ
∗

pm+1
(x, t)), è ÿâëÿåòñÿ ðåøåíèåì çàäà÷è (9) - (12), à ðåøå-

íèå çàäà÷è (7), (8) - ôóíêöèÿ v∗(x, t) îïðåäåëÿåòñÿ ðàâåíñòâàìè: v∗(x, t) = ṽ∗r(x, t)+λ
∗

r(x),
(x, t) ∈ Ωr, r = 1, pm+1, v

∗(x, T ) = λ∗pm+1
(x) + lim

t→T−0
ṽ∗pm+1

(x, t).

Ðåøåíèå çàäà÷è (1) - (3).
Äëÿ íàõîæäåíèÿ ðåøåíèÿ çàäà÷è (1) - (3) èñïîëüçóåì ýêâèâàëåíòíóþ ê (1) - (3) çà-

äà÷ó (4) - (6). Ðåøåíèå çàäà÷è (4) - (6) îïðåäåëÿåòñÿ êàê ïðåäåë ïîñëåäîâàòåëüíîñòè
òðîåê {v(k)(x, t), u(k)(x, t), w(k)(x, t)}, k = 1, 2, ..., îïðåäåëÿåìîé ïî ñëåäóþùåìó àëãîðèò-
ìó:
Ôóíêöèþ v(0)(x, t) íàéäåì ðåøàÿ ñåìåéñòâî äâóõòî÷å÷íûõ êðàåâûõ çàäà÷ äëÿ íàãðóæåí-
íûõ îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé

∂v

∂t
= A0(x, t)v +

m+1∑

i=1

Ai(x, t)v(x, θi−1) + F (0)(x, t, w, u, θ), (x, t) ∈ Ω, (20)

P2(x)v(x, 0) + S2(x)v(x, T ) = d(0)(x, w(x, 0), u(x, 0), w(x, T ), u(x, T )), x ∈ [0, ω], (21)

ãäå F (0)(x, t, w, u, θ) = B0(x, t)ϕ̇(t) + C0(x, t)ϕ(t) + f(x, t)+

+
m+1∑

i=1

Bi(x, t)ϕ̇(θi−1) +
m+1∑

i=1

Ci(x, t)ϕ(θi−1),

d(0)(x, w(x, 0), u(x, 0), w(x, T ), u(x, T )) =
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= ψ(x)− P1(x)ϕ̇(0)− P0(x)ϕ(0)− S1(x)ϕ̇(T )− S0(x)ϕ(T ).

Ôóíêöèè u(0)(x, t), w(0)(x, t) íàõîäèì ÷åðåç ϕ(t), v(0)(x, t) ïî ôîðìóëàì

u(0)(x, t) = ϕ(t) +

x∫

0

v(0)(ξ, t)dξ, w(0)(x, t) = ϕ̇(t) +

x∫

0

∂v(0)(ξ, t)

∂t
dξ.

k-îå ïðèáëèæåíèå v(k)(x, t) îïðåäåëÿåòñÿ êàê ðåøåíèå çàäà÷è

∂v

∂t
= A0(x, t)v +

m+1∑

i=1

Ai(x, t)v(x, θi−1) + F (k)(x, t, w, u, θ), (x, t) ∈ Ω, (20)

P2(x)v(x, 0) + S2(x)v(x, T ) = d(k)(x, w(x, 0), u(x, 0), w(x, T ), u(x, T )), x ∈ [0, ω], (21)

ãäå F (k)(x, t, w, u, θ) = B0(x, t)w
(k−1)(x, t) + C0(x, t)u

(k−1)(x, t) + f(x, t)+

+
m+1∑

i=1

Bi(x, t)w
(k−1)(x, θi−1) +

m+1∑

i=1

Ci(x, t)u
(k−1)(x, θi−1),

d(k)(x, w(x, 0), u(x, 0), w(x, T ), u(x, T )) =

= ψ(x)−P1(x)w
(k−1)(x, 0)−P0(x)u

(k−1)(x, 0)−S1(x)w
(k−1)(x, T )−S0(x)u

(k−1)(x, T ).

Ôóíêöèè u(k)(x, t), w(k)(x, t) îïðåäåëÿþòñÿ ðàâåíñòâàìè

u(k)(x, t) = ϕ(t) +

x∫

0

v(k)(ξ, t)dξ, w(k)(x, t) = ϕ̇(t) +

x∫

0

∂v(k)(ξ, t)

∂t
dξ,

ãäå k = 1, 2, ....

Ïðè âûïîëíåíèè óñëîâèé òåîðåìû 1 ïîñëåäîâàòåëüíîñòü òðîåê {v(k)(x, t), u(k)(x, t),
w(k)(x, t)}, k = 1, 2, .... ñõîäèòñÿ ê {v∗(x, t), u∗(x, t), w∗(x, t)} - åäèíñòâåííîìó ðåøåíèþ
çàäà÷è (4) -(6). Èç ýêâèâàëåíòíîñòè çàäà÷ (4) - (6) è (1) - (3) âûòåêàåò

Òåîðåìà 2. Ïóñòü ïðè íåêîòîðûõ a > 0, ν ∈ N, ìàòðèöà Qν(a, x) : R
npm+1 → R

npm+1

îáðàòèìà äëÿ âñåõ x ∈ [0, ω] è âûïîëíÿþòñÿ íåðàâåíñòâà (18), (19) òåîðåìû 1. Òîãäà
íåëîêàëüíàÿ êðàåâàÿ çàäà÷à äëÿ ñèñòåì íàãðóæåííûõ ãèïåðáîëè÷åñêèõ óðàâíåíèé (1) -
(3) èìååò åäèíñòâåííîå êëàññè÷åñêîå ðåøåíèå u∗(x, t).

Äîêàçàòåëüñòâî òåîðåìû 2 ïðîâîäèòñÿ íà îñíîâå ïîñòðîåííîãî àëãîðèòìà.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, â ðàáîòå ïîëó÷åíû äîñòàòî÷íûå óñëîâèÿ ñóùåñòâîâàíèÿ åäèíñòâåí-
íîãî ðåøåíèÿ çàäà÷è (1) - (3) è ïðåäëîæåí íîâûé àëãîðèòì íàõîæäåíèÿ ïðèáëèæåííûõ
ðåøåíèé èññëåäóåìîé çàäà÷è. Àëãîðèòì ó÷èòûâàåò ïîâåäåíèå è çíà÷åíèå íîðìû ìàòðè-
öû äèôôåðåíöèàëüíîé ÷àñòè, èãðàþùåé âàæíóþ ðîëü ïðè ïîñòðîåíèè ïðèáëèæåííûõ
è ÷èñëåííûõ ìåòîäîâ íàõîæäåíèÿ ðåøåíèÿ êðàåâîé çàäà÷è.
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