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Íåñòàöèîíàðíîå äèññèïàòèâíîå óðàâíåíèå â ÷àñòíûõ

ïðîèçâîäíûõ ïåðâîãî ïîðÿäêà ïëîòíîñòè äèñëîêàöèé ñ

êâàäðàòè÷íîé íåëèíåéíîñòüþ

c⃝ Ñ.Í. Àëåêñååíêî 1, Ñ.Í. Íàãîðíûõ 2, H.C. Àëåêñååíêî 3

Àííîòàöèÿ. Ðàññìîòðåíû âàðèàíòû óñëîâèé íà õàðàêòåðèñòèêè ñòîêîâ è èñòîêîâ ïëîòíî-
ñòè äèñëîêàöèé â çàäà÷å ïî âû÷èñëåíèþ äèôôóçèîííîé ïîëçó÷åñòè. Ïîëó÷åíî äèôôåðåíöè-
àëüíîå óðàâíåíèå â ÷àñòíûõ ïðîèçâîäíûõ ïåðâîãî ïîðÿäêà ñ êâàäðàòè÷íîé íåëèíåéíîñòüþ
â ñâîáîäíîì ÷ëåíå. Ñ ïðèìåíåíèåì ìåòîäà äîïîëíèòåëüíîãî àðãóìåíòà îïðåäåëåíû óñëîâèÿ
ëîêàëüíîé ðàçðåøèìîñòè è íåëîêàëüíîé îãðàíè÷åííîñòè ðåøåíèÿ è åãî ïåðâûõ ïðîèçâîäíûõ.

Êëþ÷åâûå ñëîâà: ïëîòíîñòü äèñëîêàöèé, íåëèíåéíîå óðàâíåíèå ïåðâîãî ïîðÿäêà, ëîêàëü-
íàÿ ðàçðåøèìîñòü, ìåòîä äîïîëíèòåëüíîãî àðãóìåíòà, îãðàíè÷åííîñòü.

Â ðàáîòå [1] ïðè âû÷èñëåíèè êðóòèëüíîé æ¼ñòêîñòè ñòåðæíåé íà îñíîâå äèíàìèêè äèñ-
ëîêàöèé è òåîðèè óïðóãîãî êðó÷åíèÿ [2] ïîëó÷åíî íåñòàöèîíàðíîå íåëèíåéíîå óðàâíåíèå
ïëîòíîñòè ïåðåïîëçàþùèõ äèñëîêàöèé (ÏÄ) âèäà:

ν̇ + αν(∇ν)2 + f(ν) = 0, (1.1)

ãäå (∇ν)2 = (∂x1ν)
2 + (∂x2ν)

2; f(ν) = (a(ν) − ε(ν)bL−1)ν, b, L, α - ïîñòîÿííûå âåëè÷èíû;
ε(ν), a(ν) - ôóíêöèè, õàðàêòåðèçóþùèå ïîëíóþ äåôîðìàöèþ è ñòîê ÏÄ. Èñêîìàÿ ôóíêöèÿ
ν - ïëîòíîñòü ÏÄ, çàâèñèò îò âðåìåíè t ∈ [0, T ] è êîîðäèíàò x1, x2, ïðèíàäëåæàùèõ êðóãó
x21+x

2
2 ≤ R2 . Óðàâíåíèå (1.1) îïèñûâàåò èçìåíåíèå ïëîòíîñòè ÏÄ ñ òå÷åíèåì âðåìåíè ïðè

çàäàííîì íà÷àëüíîì çíà÷åíèè

ν(0, x1, x2) = ψ(x1, x2), x21 + x22 ≤ R2. (1.2)

Ñ ïîìîùüþ ìåòîäà äîïîëíèòåëüíîãî àðãóìåíòà çàäà÷à Êîøè â [1] áûëà ñâåäåíà ê ñè-
ñòåìå èíòåãðàëüíûõ óðàâíåíèé ñ äîïîëíèòåëüíûì àðãóìåíòîì. Ñôîðìóëèðîâàíà òåîðåìà
î ëîêàëüíîé ðàçðåøèìîñòè. Â ôîðìå çàìå÷àíèÿ óêàçàíî, ÷òî ïîëó÷åííàÿ ñèñòåìà èíòå-
ãðàëüíûõ óðàâíåíèé ìîæåò áûòü èñïîëüçîâàíà äëÿ íàõîæäåíèÿ ÷èñëåííîãî ðåøåíèÿ â
èñõîäíûõ êîîðäèíàòàõ.

Â íàñòîÿùåé ðàáîòå ðàññìàòðèâàþòñÿ ïðèëîæåíèÿ äèíàìèêè äèñëîêàöèé ê òåìïåðà-
òóðíî çàâèñèìûì ÿâëåíèÿì òàêèì êàê äèôôóçèîííàÿ ïîëçó÷åñòü. Â ñîîòâåòñòâèè ñ ôåíî-
ìåíîëîãè÷åñêîé ìîäåëüþ [3] êèíåòèêè ïëîòíîñòè ñêîëüçÿùèõ äèñëîêàöèé (ÑÄ) äîïóñòèì,
÷òî ïîëíàÿ äåôîðìàöèÿ ñðåäû ε(ν) îïðåäåëÿåòñÿ çàâèñèìîñòüþ âèäà

εb

L
=

Gb

aδ + bν
, (1.3)

ãäå aδ - êîýôôèöèåíò ëèíåéíîãî ñòîêà ÑÄ, G - èñòî÷íèê ïëîòíîñòè ÑÄ (â åäèíèöó âðå-
ìåíè), b - êîýôôèöèåíò ñòîëêíîâåíèé ÑÄ è ÏÄ â åäèíèöó âðåìåíè, ïðåâðàùàþùèé ÑÄ
â ÏÄ.
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Ïðèìåì, ÷òî aδ ≫ b èëè ν ≪ aδb
−1 â (1.3). Ôóíêöèþ a(ν) , õàðàêòåðèçóþùóþ ñòîê ÏÄ

íà ïîðàõ, ãðàíèöàõ çåðåí èëè èíûõ ñòðóêòóðíûõ îñîáåííîñòÿõ êðèñòàëëîâ, áóäåì ñ÷èòàòü
ïðèíèìàþùåé ïîñòîÿííîå çíà÷åíèå a(ν) = a0 = const.

Êîýôôèöèåíò α èç óðàâíåíèÿ (1.1) â ðàáîòå [1] èìååò âèä:

α =
2µτ 2b

σ(ν)L
, (1.4)

ãäå µ - ìîäóëü ñäâèãà; τ = dφ
dz
, φ -óãîë êðó÷åíèÿ ñòåðæíÿ äëèííîé dz è ïîëíîé äëèííîé

L ; σ - êîìïîíåíòà íàïðÿæåíèÿ, äåéñòâóþùàÿ íà ñêàëÿðíóþ ïëîòíîñòü äèñëîêàöèé.
Îïðåäåëèì ôóíêöèþ σ(ν) èç ñîïîñòàâëåíèÿ ñêîðîñòè äèôôóçèîííîé ïîëçó÷åñòè ïðè

ðàñòÿæåíèè [4]
ε̇ = Fσ (1.5)

ñ ïðîèçâîäíîé ïî âðåìåíè îò ε , îïðåäåëÿåìîé ïîñðåäñòâîì (1.3).
Â ðàâåíñòâå (1.5)

F =
2Dc3

d2kT
,

ãäå D - êîýôôèöèåíò äèôôóçèè, c - ïåðèîä ðåø¼òêè, d - ðàçìåð çåðíà, k - ïîñòîÿííàÿ
Áîëüöìàíà, T - òåìïåðàòóðà.

Â îäíîðîäíîì ñëó÷àå, ðàñêëàäûâàÿ â ðÿäû íåëèíåéíûå ÷ëåíû è îãðàíè÷èâàÿñü ïåðâûì
ïîðÿäêîì, ïîëó÷èì ïðèáëèæåííîå ðàâåíñòâî

ε̇ ∼=
GbL

a2δ
(a0 −

Gb

aδ
)ν. (1.6)

Â âûðàæåíèè a0 − Gb
aδ

âû÷èòàåìîå ÿâëÿåòñÿ îòíîñèòåëüíûì èñòî÷íèêîì ÏÄ, êîòîðîå ïðè
ìàëûõ G äà¼ò ε̇ > 0, à ïðè áîëüøèõ G äà¼ò ε̇ < 0. Ýòîò ýôôåêò, âîçíèêàþùèé èç êîí-
êóðåíöèè âíåøíåãî íàïðÿæåíèÿ è ïîâåðõíîñòíîãî íàòÿæåíèÿ, ðàññìîòðåí â [4]. Â íàøåé
èíòåðïðåòàöèè ïðåäïîëàãàåòñÿ, ÷òî bGa−1

δ − a0 > 0. Íàïðÿæåíèå ðàñòÿæåíèÿ èëè ñæàòèÿ
σ(ν) îïðåäåëÿåòñÿ èç (1.5) è (1.6) ôîðìóëîé

σ(ν) =
GbL

F a2δ
(a0 −

Gb

aδ
)ν.

Ïîäñòàâèâ σ(ν) â (1.4), ïîëó÷èì

α =
2µτ 2Fa2δ

GL2(a0 − bGa−1
δ )ν

.

Îáîçíà÷èâ

δ =
2µτ 2Fa2δ

GL2(a0 − bGa−1
δ )

=
4µτ 2Dc3a2δ

d2kGL2(a0 − bGa−1
δ )T

è ïîäñòàâèâ a(ν) = a0,
εb

L
=

Gb

aδ + bν
∼=
Gb

aδ

(
1− bν

aδ

)
â (1.1), ïîëó÷èì, ÷òî â ñôîðìóëèðîâàííûõ óñëîâèÿõ óðàâíåíèå (1.1) ïðèìåò âèä:

ν̇ + δ(∇ν)2 − Aν +Bν = 0, (1.7)

ãäå A = bGa−1
δ − a0, B = Gb2a−2

δ ÿâëÿþòñÿ ïîñòîÿííûìè ïîëîæèòåëüíûìè âåëè÷èíàìè.
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Ñäåëàåì åù¼ îäíî óïðîùàþùåå ïðåäïîëîæåíèå. Ïðè èçó÷åíèè ïîâåäåíèÿ ðåøåíèÿ çà-
äà÷è (1.1)-(1.2) îòäåëüíûå èññëåäîâàíèÿ íåîáõîäèìû, ÷òîáû îïðåäåëèòü óñëîâèÿ, ïðè êî-
òîðûõ ðåøåíèÿ äèôôåðåíöèàëüíîãî óðàâíåíèÿ ïåðâîãî ïîðÿäêà (1.1) íå âûõîäÿò èç êðóãà
x21 + x22 ≤ R2 . Â äàííîé ðàáîòå ýòîãî àñïåêòà çàäà÷è êàñàòüñÿ íå áóäåì è ïðèìåì, ÷òî
(x1, x2) ∈ R2 , ãäå R2 - ýòî âñÿ äâóìåðíàÿ ïëîñêîñòü. Òàê ÷òî íà÷àëüíîå óñëîâèå (1.2)
ïðèìåò âèä:

ν(0, x1, x2) = φ0(x1, x2), (x1, x2) ∈ R2. (1.8)

Ïî ñâîåìó ôèçè÷åñêîìó ñìûñëó ôóíêöèÿ ν(t, x1, x2) ÿâëÿåòñÿ âåëè÷èíîé ïîëîæèòåëüíîé,
òàê ÷òî â êà÷åñòâå èñõîäíîãî óñëîâèÿ ïðèìåì, ÷òî

φ0(x1, x2) > 0.

Òàê æå, êàê â [1], ïðèìåíèì äëÿ èññëåäîâàíèÿ ðàçðåøèìîñòè çàäà÷è (1.7)-(1.8) ìå-
òîä äîïîëíèòåëüíîãî àðãóìåíòà. Â ñîîòâåòñòâèè ñ èçëîæåííîé â [1] ñõåìîé âíà÷àëå ïðå-
îáðàçóåì çàäà÷ó (1.7)-(1.8) ê ñèñòåìå êâàçèëèíåéíûõ óðàâíåíèé. Äëÿ ýòîãî ïðîäèô-
ôåðåíöèðóåì (1.7) ïî x1 è x2 è ââåäÿ íîâûå íåèçâåñòíûå ôóíêöèè p1(t, x1, x2) =
∂x1ν(t, x1, x2), p2(t, x1, x2) = ∂x2ν(t, x1, x2) , ïðèä¼ì ê ñèñòåìå óðàâíåíèé

∂pi
∂t

+ 2δ

(
p1
∂pi
∂x1

+ p2
∂pi
∂x2

)
= Fi(t, ν, p1, p2), (i = 1, 2), (1.9)

ãäå Fi(t, ν, p1, p2) = −(2Bν − A)pi .
Èç (1.7) "ñêîíñòðóèðóåì"åù¼ îäíî óðàâíåíèå ñ òåì æå ñàìûì äèôôåðåíöèàëüíûì îïå-

ðàòîðîì:
∂ν

∂t
+ 2δ

(
p1
∂ν

∂x1
+ p2

∂ν

∂x2

)
= F0(t, ν, p1, p2), (1.10)

ãäå F0(t, ν, p1, p2) = −Bν2 + Aν + δ(p21 + p22) . Èç (1.8) åñòåñòâåííûì îáðàçîì ñëåäóþò íà-
÷àëüíûå óñëîâèÿ äëÿ p1 è p2 :

pi(0, x1, x2) = φi(x1, x2), (i = 1, 2), (1.11)

ãäå φi(x1, x2) = ∂xi
φ0(x1, x2) .

Ñîñòàâèì äëÿ çàäà÷è (1.8) - (1.11), ðàñøèðåííóþ õàðàêòåðèñòè÷åñêóþ ñèñòåìó ñ äî-
ïîëíèòåëüíûì àðãóìåíòîì:

dη1(s, t, x1, x2)

ds
= 2δw1(s, t, x1, x2), η1(t, t, x1, x2) = x1,

dη2(s, t, x1, x2)

ds
= 2δw2(s, t, x1, x2), η2(t, t, x1, x2) = x2,

dwi(s, t, x1, x2)

ds
= Fi(s, w0, w1, w2), (i = 0, 1, 2), (1.12)

wi(0, t, x1, x2) = φi(η1(0, t, x1, x2), η2(0, t, x1, x2)), (i = 0, 1, 2). (1.13)
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Òàê êàê â ïðàâóþ ÷àñòü (1.12) ôóíêöèè ηi, i = 1, 2, ÿâíûì îáðàçîì íå âõîäÿò, òî ìû
ïðèõîäèì ê ñèñòåìå òðåõ èíòåãðàëüíûõ óðàâíåíèé îò òðåõ íåèçâåñòíûõ ôóíêöèé:

wi(s, t, x1, x2) = φi(x1 − 2δ

t∫
0

w1(τ, t, x1, x2)dτ, x2 − 2δ

t∫
0

w2(τ, t, x1, x2)dτ) +

+

s∫
0

Fi(τ, wo(τ, t, x1, x2), w1(τ, t, x1, x2), w2(τ, t, x1, x2))dτ, (1.14)

(i = 0, 1, 2).

Ëîêàëüíîå ñóùåñòâîâàíèå íåïðåðûâíî äèôôåðåíöèðóåìîãî ðåøåíèÿ ñèñòåìû èíòå-
ãðàëüíûõ óðàâíåíèé (1.14) äîêàçûâàåòñÿ ñ ïîìîùüþ ìåòîäà ïîñëåäîâàòåëüíûõ ïðèáëè-
æåíèé. Ïðè ýòîì ïðîìåæóòîê ðàçðåøèìîñòè 0 < t ≤ T0 îïðåäåëÿåòñÿ àëãåáðàè÷å-
ñêè íà îñíîâàíèè èçâåñòíûõ âåëè÷èí, âõîäÿùèõ â çàäà÷ó Êîøè (1.7)-(1.8). Âîçìîæíîñòü
îïðåäåëåíèÿ ãðàíèö îáëàñòè ðàçðåøèìîñòè ðàññìàòðèâàåìîé çàäà÷è â èñõîäíûõ êîîð-
äèíàòàõ ÿâëÿåòñÿ îäíèì èç ïðåèìóùåñòâ ìåòîäà äîïîëíèòåëüíîãî àðãóìåíòà. Ôóíêöèè
pi(t, x1, x2) = wi(t, t, x1, x2), i = 1, 2, ν(t, x1, x2) = w0(t, t, x1, x2) äàäóò ðåøåíèå çàäà÷è
(1.8) - (1.11), à ôóíêöèÿ ν(t, x1, x2) áóäåò ðåøåíèåì çàäà÷è (1.7) - (1.8). Ñôîðìóëèðóåì
ñîîòâåòñòâóþùóþ òåîðåìó.

Ò å î ð å ì à 1.1. Ïóñòü φ0 ∈ C 2
(R2). Òîãäà ñóùåñòâóåò òàêîå ÷èñëî Υ > 0 ,

÷òî ïðè 0 < t < Υ çàäà÷à Êîøè (1.7) - (1.8) èìååò ðåøåíèå ν(t, x1, x2) ∈ C 1,2
([0,Υ] ×

R2) , êîòîðîå îïðåäåëÿåòñÿ èç ðåøåíèÿ ñèñòåìû èíòåãðàëüíûõ óðàâíåíèé (1.14) â âèäå
ν(t, x1, x2) = w0(t, t, x1, x2).

Ç à ì å ÷ à í è å 1.1. Ñèñòåìà èíòåãðàëüíûõ óðàâíåíèé (1.14) ìîæåò áûòü èñ-
ïîëüçîâàíà äëÿ íàõîæäåíèÿ ÷èñëåííîãî ðåøåíèÿ çàäà÷è (1.7),(1.8) â èñõîäíûõ êîîðäèíà-
òàõ.

Ñèñòåìà èíòåãðàëüíûõ óðàâíåíèé (1.14) âûâîäèòñÿ èç çàäà÷è (1.8) - (1.11) ñ ïîìîùüþ
íåïîñðåäñòâåííîãî èíòåãðèðîâàíèÿ ñîîòâåòñòâóþùèõ óðàâíåíèé. Îäíàêî, äåòàëüíîå èñ-
ñëåäîâàíèå ñâîéñòâ ðåøåíèé çàäà÷è (1.8) - (1.11) äà¼ò âîçìîæíîñòü óêàçàòü óñëîâèÿ, ïðè
êîòîðûõ ðåøåíèå èñõîäíîé çàäà÷è áóäåò îáëàäàòü òåìè èëè èíûìè ñâîéñòâàìè.

Â ðàáîòå [5] ïîäîáíûå èññëåäîâàíèÿ ïîçâîëèëè îïðåäåëèòü óñëîâèÿ, ïðè êîòîðûõ óðàâ-
íåíèå âèäà ∂tv+ v∂xv = f(t, x, v) èìååò ðåøåíèå íà çàäàííîì ïðîìåæóòêå èçìåíåíèÿ t , à
â ðàáîòå [6] îïðåäåëèòü óñëîâèÿ, ïðè êîòîðûõ ñòàöèîíàðíîå óðàâíåíèå (∇v)2 = f(x1, x2, v)
èìååò íåëîêàëüíîå ðåøåíèå â çàäàííîé îáëàñòè, îïðåäåëÿåìîé ôèçè÷åñêèìè õàðàêòåðè-
ñòèêàìè çàäà÷è.

Îïðåäåëèì çäåñü óñëîâèÿ, ïðè êîòîðûõ íà ëþáîì ïðîìåæóòêå ñóùåñòâîâàíèÿ ðåøå-
íèÿ çàäà÷è (1.8) - (1.11) ôóíêöèè wi, i = 0, 1, 2, à çíà÷èò è ôóíêöèè ν, p1, p2 , áóäóò
îãðàíè÷åíû âåëè÷èíàìè, íå çàâèñÿùèìè îò ïðîìåæóòêà èçìåíåíèÿ t .

Èç (1.12)-(1.13) ïðè i = 1, 2 áóäåì èìåòü

wi(s, t, x1, x2) = φi(η1, η2)exp

[
−
∫ s

0

(2Bw0 − A)dτ

]
. (1.15)

Ñëåäîâàòåëüíî, ïðè A ≤ 2Bw0 ôóíêöèè |wi|, i = 1, 2, áóäóò îãðàíè÷åíû âåëè÷èíàìè

|φi|, i = 1, 2, åñëè |φi| îãðàíè÷åíû, ÷òî ìû è ïðåäïîëàãàåì â óñëîâèè φ0 ∈ C 2
(R2).

Äëÿ w0 ó íàñ èìååòñÿ çàäà÷à Êîøè

dw0(s, t, x1, x2)

ds
= −Bw2

0 + Aw0 + δ(w2
1 + w2

2), (1.16)
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w0(0, t, x1, x2) = φ0(η1(0, t, x1, x2), η2(0, t, x1, x2)). (1.17)

Òàê êàê íåðàâåíñòâî A ≤ 2Bw0 òðåáóåò äëÿ w0 îöåíêè ñíèçó, ñîñòàâèì äëÿ (1.16) ìèíî-
ðàíòíîå óðàâíåíèå

dw̌0(s, t, x1, x2)

ds
= −Bw̌2

0 + Aw̌0 (1.18)

ñ òåì æå ñàìûì íà÷àëüíûì óñëîâèåì

w̌0(0, t, x1, x2) = φ0(η1(0, t, x1, x2), η2(0, t, x1, x2)). (1.19)

Çàäà÷à Êîøè (1.18)-(1.19) ðåøàåòñÿ â ÿâíîì âèäå

w̌0(s, t, x1, x2) =
Aφ0(η1, η2)

Bφ0(η1, η2)− (Bφ0(η1, η2)− A)exp[−As]
. (1.20)

Òàê êàê Bφ0−A < Bφ0 è ñ óâåëè÷åíèåì s çíà÷åíèå (Bφ0−A)exp[−As] áóäåò òîëüêî
óìåíüøàòüñÿ (èëè íå óâåëè÷èâàòüñÿ), òî çíàìåíàòåëü â (1.20) â íóëü íå îáðàùàåòñÿ è

w̌0 ≥
Aφ0

Bφ0 −Bφ0 + A
= φ0.

Ñëåäîâàòåëüíî w0 ≥ w̌0 ≥ φ0.
Òàêèì îáðàçîì, ïðè óñëîâèè

φ0 ≥
A

2B
äëÿ âñåõ (x1, x2) ∈ R2 (1.21)

íåðàâåíñòâî A ≤ 2Bw0 áóäåò ñïðàâåäëèâî íà ëþáîì ïðîìåæóòêå ñóùåñòâîâàíèÿ ðåøåíèÿ
çàäà÷è (1.8) - (1.11).

Ïðè âûïîëíåíèè ýòîãî íåðàâåíñòâà èç (1.15) âûòåêàåò àïðèîðíàÿ îöåíêà

|wi(s, t, x1, x2)| ≤ N1, i = 1, 2, (1.22)

ãäå N1 = max{sup
R2

|φ1|, sup
R2

|φ2|}.

Òåïåðü èç âûâåäåì îöåíêó ñâåðõó äëÿ w0. Ñ ýòîé öåëüþ ïîñòðîèì äëÿ (1.16) ìàæî-
ðàíòíîå óðàâíåíèå

dŵ0(s, t, x1, x2)

ds
= −Bŵ2

0 + Aŵ0 + 2δN2
1 (1.23)

ñ òåì æå ñàìûì íà÷àëüíûì óñëîâèåì

ŵ0(0, t, x1, x2) = φ0(η1(0, t, x1, x2), η2(0, t, x1, x2)). (1.24)

Ïðàâàÿ ÷àñòü (1.23) ìîæåò áûòü ïðåäñòàâëåíà â âèäå

−Bŵ2
0 + Aŵ0 + 2δN2

1 = − B(ŵ0 − ŵ01)(ŵ0 − ŵ02),

ãäå ŵ01 è ŵ02 êîðíè óðàâíåíèÿ Bŵ2
0 − Aŵ0 − 2δN2

1 = 0 èëè

ŵ01 =
A−

√
A2 + 8BδN2

1

2B
, ŵ02 =

A+
√
A2 + 8BδN2

1

2B
.

Çäåñü ìåíüøèé êîðåíü ŵ01 < 0, à φ0(x1, x2) > 0. Êàê ïîêàçàíî â [5], [6] (â ÷¼ì, âïðî÷åì,
ìîæíî óáåäèòüñÿ èç ÿâíîãî âèäà ðåøåíèÿ çàäà÷è Êîøè (1.16) - (1.17)) ïðè φ0(x1, x2) > ŵ01.
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áóäåò âûïîëíÿòüñÿ íåðàâåíñòâî ŵ0 ≤ N2, ãäå N2 = max{ŵ02, sup
R2

φ0}. Ñëåäîâàòåëüíî

áóäåò ñïðàâåäëèâà îöåíêà w0 ≤ ŵ0 ≤ N2.
Òàêèì îáðàçîì, äëÿ w0 èìååò ìåñòî äâóñòîðîííÿÿ îöåíêà

A

2B
≤ w0 ≤ N2 (1.25)

íà ëþáîì ïðîìåæóòêå ñóùåñòâîâàíèÿ ðåøåíèÿ çàäà÷è (1.8) - (1.11).
Îöåíêè (1.22) è (1.25) âûïîëíÿþòñÿ ïðè âñåõ 0 < s ≤ t , à çíà÷èò áóäóò ñïðàâåäëè-

âû è äëÿ ôóíêöèé pi(t, x1, x2) = wi(t, t, x1, x2), i = 1, 2, ν(t, x1, x2) = w0(t, t, x1, x2) ,
óäîâëåòâîðÿþùèõ çàäà÷å Êîøè (1.8) - (1.11). Â èòîãå ïðèõîäèì ê ñëåäóþùåé ëåììå.

Ë å ì ì à 1.1. Ïóñòü φ0 ∈ C 2
(R2) è âûïîëíåíî óñëîâèå (1.21). Òîãäà íà ëþáîì

ïðîìåæóòêå ñóùåñòâîâàíèÿ ðåøåíèÿ çàäà÷è Êîøè (1.8) - (1.11) áóäóò ñïðàâåäëèâû îöåí-
êè

A

2B
≤ ν ≤ N2, |pi| ≤ N1, i = 1, 2. (1.26)

Ç à ì å ÷ à í è å 1.2. Îöåíîê (1.26) íåäîñòàòî÷íî äëÿ îáîñíîâàíèÿ ñóùåñòâîâà-
íèÿ íåëîêàëüíîãî ðåøåíèÿ çàäà÷è (1.7) - (1.8) íà ëþáîì çàäàííîì ïðîìåæóòêå [0,Υ] .
Íóæíû åù¼ îöåíêè äëÿ âòîðûõ ïðîèçâîäíûõ. Èõ âûâîä, êàê âèäíî íà ïðèìåðå ñòàòüè
[6], òðåáóåò äîñòàòî÷íî äëèííûõ âûêëàäîê. Ïîýòîìó â äàííîé ðàáîòå ìû îãðàíè÷èëèñü
èçëîæåíèåì ïåðâîãî ýòàïà â ïîèñêàõ óñëîâèé íåëîêàëüíîé ðàçðåøèìîñòè. Õîòÿ îöåíêè
âèäà (1.26) èìåþò è îïðåäåë¼ííîå çíà÷åíèå ñàìè ïî ñåáå, ò.ê. õàðàêòåðèçóþò êà÷åñòâåí-
íûå ñâîéñòâà ðåøåíèé.
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The nonstationary dissipative �rst-order partial di�erential

equation of the dislocation density with a quadratic

non-linearity

c⃝ S.N. Alekseenko4, S.N. Nagornykh5, N. S. Alekseenko6

Abstract. Variants of hypotheses on characteristics of sinks and sources of the dislocation density
in the problem of calculating the di�usion creep are considered. A �rst-order partial di�erential
equation with a quadratic non-linearity in the constant term is obtained. Conditions of the local
solvability and non-local boundedness of the solution and its �rst derivatives are determined with
using the method of an additional argument.

Key Words: dislocation density, nonlinear �rst-order equation, local solvability, method of an
additional argument, boundedness.
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