
ÀÏÐÈÎÐÍÛÅ ÎÖÅÍÊÈ ÐÅØÅÍÈÉ ÑÌÅØÀÍÍÎÉ
ÇÀÄÀ×È ÄËß ÑÈÑÒÅÌÛ ÂËÀÑÎÂÀ-ÏÓÀÑÑÎÍÀ

Â ÁÅÑÊÎÍÅ×ÍÎÌ ÖÈËÈÍÄÐÅ
@ À.Ë.Ñêóáà÷åâñêèé
skublector@gmail.com

ÓÄÊ 517.957
DOI: 10.33184/mnkuomsh2t-2022-09-28.28.

Ðàññìîòðåíà ïåðâàÿ ñìåøàííàÿ çàäà÷à äëÿ ñèñòåìû óðàâíåíèé
Âëàñîâà�Ïóàññîíà, îïèñûâàþùåé êèíåòèêó âûñîêîòåìïåðàòóðíîé
ïëàçìû â òåðìîÿäåðíîì ðåàêòîðå ïðè âîçäåéñòâèè âíåøíåãî ìàã-
íèòíîãî ïîëÿ. Ïîëó÷åíà àïðèîðíàÿ îöåíêà äëÿ ðåøåíèÿ äàííîé
ñìåøàííîé çàäà÷è ñ êîìïàêòíûìè ïî ïðîñòðàíñòâåííûì ïåðåìåí-
íûì íîñèòåëÿìè ôóíêöèé ïëîòíîñòè ðàñïðåäåëåíèÿ çàðÿæåííûõ
÷àñòèö.
Êëþ÷åâûå ñëîâà: óðàâíåíèÿ Âëàñîâà�Ïóàññîíà, ñìåøàííàÿ çàäà÷à,
âíåøíåå ìàãíèòíîå ïîëå, àïðèîðíûå îöåíêè ðåøåíèÿ

A priory estimates of solutions to a mixed problem for the
Vlasov–Poisson system in infinite cylinder

We consider the first mixed problem for the Vlasov–Poisson system
describing a kinetics of high temperature plasma in a fusion reactor
with external magnetic field. It was obtained a priory estimate of solu-
tions of this problem with compact supports of distribution functions
with respect to space variables.

Keywords: the Vlasov–Poisson equations, mixed problem, external
magnetic field, a priory estimates

Â ðàáîòå ðàññìàòðèâàåòñÿ ïåðâàÿ ñìåøàííàÿ çàäà÷à äëÿ ñèñòåìû
Âëàñîâà�Ïóàññîíà ñ âíåøíèì ìàãíèòíûì ïîëåì îòíîñèòåëüíî âåêòîð�
ôóíêöèè {φ, f+, f−}, ðàññìàòðèâàåìîé â îáëàñòè Q×R3 × (0, T ). Çäåñü
Q = G × R, G ⊂ R2 � îãðàíè÷åííàÿ îáëàñòü ñ ãðàíèöåé ∂G ∈ C∞, φ =
φ(x, t) � ïîòåíöèàë ñàìîñîãëàñîâàííîãî ýëåêòðè÷åñêîãî ïîëÿ â òî÷êå
x ∈ Q ⊂ R3 â ìîìåíò âðåìåíè t ∈ (0, T ), f+ = f+(x, v, t) (f− = f−(x, v, t))
� ôóíêöèÿ ïëîòíîñòè ðàñïðåäåëåíèÿ ïîëîæèòåëüíî çàðàæåííûõ èîíîâ
(îòðèöàòåëüíî çàðÿæåííûõ ýëåêòðîíîâ) â òî÷êå x ∈ Q ñî ñêîðîñòüþ
v ∈ R3 â ìîìåíò âðåìåíè t ∈ (0, T ). Ïðåäïîëàãàåòñÿ, ÷òî φ|∂Q×(0,T ) = 0

è f±|t=0 = f±0 (x, v).
Ýòà çàäà÷à îïèñûâàåò êèíåòèêó âûñîêîòåìïåðàòóðíîé ïëàçìû â ïðî-

áî÷íîé ëîâóøêå. Åñëè äîñòàòî÷íî áîëüøîå ÷èñëî çàðÿæåííûõ ÷àñòèö
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ïîïàäàåò íà ñòåíêó ðåàêòîðà, òî ëèáî ðåàêòîð ðàçðóøàåòñÿ, ëèáî ïëàç-
ìà îñòûâàåò è òåðìîÿäåðíûé ñèíòåç ïðåêðàùàåòñÿ. Ïîýòîìó âîçíèêàåò
ïðîáëåìà óäåðæàíèÿ ïëàçìû íà íåêîòîðîì ðàññòîÿíèè îò ñòåíêè ðåàêòî-
ðà. Ñ òî÷êè çðåíèÿ äèôôåðåíöèàëüíûõ óðàâíåíèé íàì òðåáóåòñÿ íàéòè
ðåøåíèå ñìåøàííîé çàäà÷è äëÿ ñèñòåìû óðàâíåíèé Âëàñîâà�Ïóàññîíà ñ
êîìïàêòíûìè íîñèòåëÿìè ôóíêöèé ïëîòíîñòè ðàñïðåäåëåíèÿ f±(·, v, t)
â îáëàñòè Q. Ñóùåñòâîâàíèå òàêèõ ðåøåíèé îáåñïå÷èâàåòñÿ âëèÿíèåì
âíåøíåãî ìàãíèòíîãî ïîëÿ îïðåäåëåííîé ñòðóêòóðû, ñì. [1].

Äîêàçàíî, ÷òî â ñëó÷àå äîñòàòî÷íî ñèëüíîãî âíåøíåãî ìàãíèòíîãî
ïîëÿ, íàïðàâëåííîãî ïî îñè öèëèíäðà Q, ðåøåíèå ñìåøàííîé çàäà÷è
äëÿ ñèñòåìû óðàâíåíèé Âëàñîâà�Ïóàññîíà {φ, f+, f−} ñ êîìïàêòíûìè
ïî x íîñèòåëÿìè ôóíêöèé ïëîòíîñòè ðàñïðåäåëåíèÿ f± óäîâëåòâîðÿåò
àïðèîðíîé îöåíêå

max
0≤t≤T

∥|∇φ(·, t)|∥C(Q) ≤ c1 max
β=±

∥fβ0 ∥C(Q×R3),

ãäå c1 > 0 íå çàâèñèò îò fβ0 .
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