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Â äàííîé ðàáîòå ïðèâîäèòñÿ àíàëèç âëèÿíèÿ øèðèíû ôðîíòà óäàðíîé âîëíû íà

âåëè÷èíó èìïóëüñà, ïåðåäàâàåìîãî íåïîäâèæíîé òâåðäîé ïîâåðõíîñòè. Ïðîôèëü óäàð-

íîé âîëíû áûë ðàññ÷èòàí ìîäèôèöèðîâàííûì ìåòîäîì êðóïíûõ ÷àñòèö, êîòîðûé ïîç-

âîëÿåò ïðîâîäèòü ðàñ÷åòû ðàñïðîñòðàíåíèÿ óäàðíûõ âîëí áåç ÿâíîãî ââåäåíèÿ èñ-

êóññòâåííîé âÿçêîñòè. Ïîêàçàíî, ÷òî øèðèíà ¾ðàçìàçàííîãî¿ ôðîíòà óäàðíîé âîëíû,

ðàññ÷èòàííàÿ ìîäèôèöèðîâàííûì ìåòîäîì êðóïíûõ ÷àñòèö, íå çàâèñèò îò èíòåíñèâ-

íîñòè óäàðíîé âîëíû. Ïîäîáíàÿ êàðòèíà íàáëþäàåòñÿ, åñëè â ÷èñëåííûõ ìåòîäàõ äëÿ

ðàñ÷åòà ïîâåäåíèÿ óäàðíûõ âîëí èñïîëüçóåòñÿ â ÿâíîì âèäå êâàäðàòè÷íàÿ èñêóññòâåí-

íàÿ âÿçêîñòü. Äëÿ ïðîâåäåíèÿ ñåðèéíûõ ðàñ÷åòîâ ïî èññëåäîâàíèþ ïåðåäà÷è èìïóëüñà

óäàðíûõ âîëí òâåðäîé íåïîäâèæíîé ñòåíêå, â äàííîé ðàáîòå ïîëó÷åíî àíàëèòè÷åñêîå

ðåøåíèå äëÿ ïðîôèëÿ äàâëåíèÿ â óäàðíîì ïåðåõîäå â ñëó÷àå êâàäðàòè÷íîé èñêóññòâåí-

íîé âÿçêîñòè â ïåðåìåííûõ Ýéëåðà. Äëÿ óäàðíîé âîëíû ñ òðåóãîëüíûì ïðîôèëåì áûëî

ïîêàçàíî, ÷òî âåëè÷èíà èìïóëüñà, ïåðåäàâàåìîãî òâåðäîé ñòåíêå, íå çàâèñèò îò øèðè-

íû óäàðíîãî ïåðåõîäà.

Êëþ÷åâûå ñëîâà: ÷èñëåííûé ìåòîä; ìàòåìàòè÷åñêàÿ ìîäåëü; çàêîíû ñîõðàíåíèÿ;

óäàðíûå âîëíû; ÷èñëî Êóðàíòà.

Ââåäåíèå

Àêòèâíîå ïðèìåíåíèå áûñòðîïðîòåêàþùèõ ïðîöåññîâ â ðàçëè÷íûõ îáëàñòÿõ íàó-
êè è òåõíèêè òðåáóåò ïîâûøåííîãî âíèìàíèÿ ê îáåñïå÷åíèþ áåçîïàñíîñòè ïðè ðàáîòå
íà ñîçäàâàåìûõ óñòàíîâêàõ. Ðàçâèòèå ìàòåìàòè÷åñêèõ ìîäåëåé è óâåëè÷åíèå áûñòðî-
äåéñòâèÿ âû÷èñëèòåëüíîé òåõíèêè ïîçâîëÿåò ïðîñ÷èòûâàòü ìíîãèå àâàðèéíûå ñèòóà-
öèè. Ïîÿâëåíèå íîâûõ ìàòåìàòè÷åñêèõ ìîäåëåé, ñ îäíîé ñòîðîíû, ñâÿçàíî ñ ïîÿâëåíè-
åì íîâûõ ñëîæíûõ ïðàêòè÷åñêèõ çàäà÷. Ñ äðóãîé ñòîðîíû, ðàçâèòèå âû÷èñëèòåëüíîé
òåõíèêè ïîçâîëÿåò ïîëó÷àòü ÷èñëåííûå ðåøåíèÿ äëÿ âñå áîëåå ñëîæíûõ ìàòåìàòè-
÷åñêèõ ìîäåëåé ìåõàíèêè ñïëîøíûõ ñðåä.

Ïðîáëåìà îïðåäåëåíèÿ èìïóëüñà, ïåðåäàâàåìîãî óäàðíûìè âîëíàìè òâåðäîé ñòåí-
êå, çàêëþ÷àåòñÿ â òîì, ÷òî ñóùåñòâóþùèå ÷èñëåííûå ìåòîäû ðàçìàçûâàþò ôðîíò
óäàðíîé âîëíû çà ñ÷åò ñõåìíîé âÿçêîñòè ðàçíîñòíîãî ìåòîäà ëèáî ïóòåì ââåäåíèÿ
èñêóññòâåííîé âÿçêîñòè â óðàâíåíèÿ ñîõðàíåíèÿ èìïóëüñà è ýíåðãèè. Åñëè øèðèíà
óäàðíîé âîëíû äëÿ ðåàëüíîãî ãàçà èìååò ïîðÿäîê äëèíû ñâîáîäíîãî ïðîáåãà â ãàçå,
òî øèðèíà óäàðíîé âîëíû, ïîëó÷àåìàÿ â ðàñ÷åòàõ, ìîæåò áûòü 5 � 10 ÿ÷ååê. Ýòî
çíà÷èòåëüíî áîëüøå äëèíû ñâîáîäíîãî ïðîáåãà. Ïîÿâëÿåòñÿ ïðîáëåìà äîñòîâåðíîñòè
ðåçóëüòàòîâ ðàñ÷åòîâ ïî îïðåäåëåíèþ èìïóëüñà, ïåðåäàâàåìîãî óäàðíûìè âîëíàìè
òâåðäîé ñòåíêå, è àäåêâàòíîñòè èõ ðåàëüíîé ñèòóàöèè.

Óñïåøíîå ðåøåíèå ìíîãî÷èñëåííûõ çàäà÷ ãàçîâîé äèíàìèêè è àýðîäèíàìèêè ìå-
òîäîì êðóïíûõ ÷àñòèö [1] è åãî ìîäèôèêàöèÿìè [2�4] ïîçâîëÿåò íàäåÿòüñÿ íà òî, ÷òî
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ïðèìåíåíèå ìåòîäà êðóïíûõ ÷àñòèö ïîçâîëèò ðåøèòü çàäà÷ó î ïåðåäà÷å èìïóëüñà
óäàðíîé âîëíîé, ðàñïðîñòðàíÿþùåéñÿ ïî ãàçó, òâåðäîé ñòåíêå. Öåëüþ äàííîé ðàáîòû
ÿâëÿåòñÿ àíàëèç ðåçóëüòàòîâ ðàñ÷åòîâ âçàèìîäåéñòâèÿ óäàðíûõ âîëí, ðàñïðîñòðàíÿ-
þùèõñÿ â ãàçàõ, ñ íåïîäâèæíîé òâåðäîé ñòåíêîé.

1. Àíàëèç ïðîôèëÿ óäàðíîé âîëíû

Ðàññìîòðèì îäíîìåðíûé ïëîñêèé ñëó÷àé òå÷åíèÿ ãàçà. Ñèñòåìà çàêîíîâ ñîõðàíå-
íèÿ ìàññû, èìïóëüñà è ýíåðãèè â ïåðåìåííûõ Ýéëåðà èìååò ñëåäóþùèé âèä

∂ρ

∂t
+
∂ρv

∂x
= 0, (1)

∂ρv

∂t
+
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∂x
= −∂p

∂x
, (2)

∂ρE

∂t
+
∂ρEv

∂x
+
∂ρv

∂x
= 0, E = e+

v2

2
. (3)

Ñèñòåìà óðàâíåíèé (1) � (3) çàìûêàåòñÿ óðàâíåíèÿìè ñîñòîÿíèÿ

e =
p

(k − 1)ρ
. (4)

Â äàííîé ðàáîòå íå ðàññìàòðèâàþòñÿ áîëåå ñëîæíûå óðàâíåíèÿ ñîñòîÿíèÿ [5, 6].
Çäåñü ρ, v, p, e, E, x, t � ïëîòíîñòü, ñêîðîñòü, äàâëåíèå, âíóòðåííÿÿ è ïîëíàÿ ýíåð-
ãèÿ, ýéëåðîâà êîîðäèíàòà, âðåìÿ ñîîòâåòñòâåííî; k � ïîêàçàòåëü àäèàáàòû Ïóàññîíà.
Óðàâíåíèÿ: (1) � óðàâíåíèå íåðàçðûâíîñòè; (2) � óðàâíåíèå ñîõðàíåíèÿ èìïóëüñà;
(3) � óðàâíåíèå ñîõðàíåíèÿ ïîëíîé ýíåðãèè.

Äëÿ îïðåäåëåíèÿ ñòðóêòóðû óäàðíîãî ïåðåõîäà âîñïîëüçóåìñÿ ìîäèôèêàöèåé ìå-
òîäà êðóïíûõ ÷àñòèö [2], êîòîðàÿ ïîçâîëÿåò ïðîâîäèòü ðàñ÷åòû ïî ðàñïðîñòðàíåíèþ
óäàðíûõ âîëí áåç ÿâíîãî ââåäåíèÿ èñêóññòâåííîé âÿçêîñòè äàæå äëÿ ãàçîâçâåñåé [3,
4] ïðè áîëüøèõ çíà÷åíèÿõ ÷èñëà Êóðàíòà. Íà ðèñ. 1 ïðèâåäåíà ñòðóêòóðà ñòàöèî-
íàðíûõ óäàðíûõ âîëí äëÿ òðåõ çíà÷åíèé áåçðàçìåðíîãî äàâëåíèÿ p/p0 = 5, 10, 20
ñîîòâåòñòâåííî, dx � øàã ïî ïðîñòðàíñòâó. Íà ðèñóíêå âèäíî, ÷òî øèðèíà óäàðíîãî
ïåðåõîäà íå çàâèñèò îò èíòåíñèâíîñòè ñòàöèîíàðíîé óäàðíîé âîëíû. Ñëåäîâàòåëüíî,
ñõåìíàÿ âÿçêîñòü ìîäèôèêàöèè ìåòîäà êðóïíûõ ÷àñòèö [2] ðàáîòàåò òàêèì îáðàçîì,
÷òî øèðèíà óäàðíîãî ïåðåõîäà ÿâëÿåòñÿ âåëè÷èíîé ïîñòîÿííîé, íå çàâèñÿùåé îò èí-
òåíñèâíîñòè óäàðíîé âîëíû.

Êðåñòèêàìè íà ðèñ. 1 îáîçíà÷åíû òî÷êè ïåðåãèáà êðèâûõ â çîíå óäàðíîãî ïåðå-
õîäà, êîòîðûå ñîâïàäàþò ñ òî÷íîñòüþ äî dx/2 ñ ïîëîæåíèåì ñòàöèîíàðíûõ óäàðíûõ
âîëí â ñîîòâåòñòâóþùèé ìîìåíò âðåìåíè, ðàññ÷èòàííûì èç óñëîâèÿ Ãþãîíèî [7, 8].
Ïîäîáíàÿ êàðòèíà íàáëþäàåòñÿ, åñëè â ÷èñëåííûõ ìåòîäàõ äëÿ ðàñ÷åòà ïîâåäåíèÿ
óäàðíûõ âîëí èñïîëüçóåòñÿ â ÿâíîì âèäå êâàäðàòè÷íàÿ èñêóññòâåííàÿ âÿçêîñòü [8].
Äëÿ ïðîâåäåíèÿ ñåðèéíûõ ðàñ÷åòîâ ïî èññëåäîâàíèþ ïåðåäà÷è èìïóëüñà óäàðíûõ
âîëí òâåðäîé íåïîäâèæíîé ñòåíêå, ïîëó÷èì àíàëèòè÷åñêîå ðåøåíèå äëÿ ïðîôèëÿ
äàâëåíèÿ â óäàðíîì ïåðåõîäå â ñëó÷àå êâàäðàòè÷íîé èñêóññòâåííîé âÿçêîñòè â ïåðå-
ìåííûõ Ýéëåðà. Â ñëó÷àå ïåðåìåííûõ Ëàãðàíæà àíàëîãè÷íîå ðåøåíèå áûëî ïîëó÷å-
íî â ìîíîãðàôèè À.À. Ñàìàðñêîãî, Þ.Ï. Ïîïîâà [8]. Ñ ýòîé öåëüþ âûäåëèì â ÿâíîì
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Ðèñ. 1. Ñòðóêòóðà ñòàöèîíàðíîé óäàðíîé âîëíû (x/dx)

âèäå â óðàâíåíèÿõ (2) è (3) âûðàæåíèÿ, ñâÿçàííûå ñ êâàäðàòè÷íîé èñêóññòâåííîé
âÿçêîñòüþ. Ïîëó÷èì ñëåäóþùèå óðàâíåíèÿ

∂ρv

∂t
+
∂ρvv

∂x
= −∂p

∂x
− ∂g

∂x
, (5)

∂ρE

∂t
+
∂ρEv

∂x
+
∂ρv

∂x
+
∂gv

∂x
= 0, g = µρ

∂v

∂x

∂v

∂x
. (6)

Êîýôôèöèåíò âÿçêîñòè µ ñ÷èòàåì ïîñòîÿííûì. Ñ÷èòàåì, ÷òî óäàðíàÿ âîëíà ðàñïðî-
ñòðàíÿåòñÿ ïî ãàçó ñ ïîñòîÿííîé ñêîðîñòüþD. Íà÷àëüíîå ñîñòîÿíèå ãàçà îïðåäåëÿåòñÿ
èçâåñòíûìè ïàðàìåòðàìè ρ0, v0, p0, e0, êîòîðûå ðàñïîëîæåíû ñïðàâà îò óäàðíîé âîëíû
è ïðîñòèðàþòñÿ â ïîëîæèòåëüíîì íàïðàâëåíèè îñè x äî +∞. Áóäåì ñ÷èòàòü, ÷òî ãàç
ïåðåä óäàðíîé âîëíîé ïîêîèòñÿ v0 = 0. Ïîëàãàåì òàêæå, ÷òî íà îáåèõ áåñêîíå÷íîñòÿõ
èìååò ìåñòî óñòàíîâèâøååñÿ òå÷åíèå(

∂f

∂x

)∣∣∣∣
x→±∞

= 0, (7)

ãäå f � ëþáîé èç ïàðàìåòðîâ: ρ, v, p, e.
Áóäåì èñêàòü ðåøåíèå çàäà÷è î ñòðóêòóðå ôðîíòà óäàðíîé âîëíû â âèäå

f(x, t) = f(s), s = x−Dt. (8)

Çàìåíà ïåðåìåííûõ (8) ïîçâîëÿåò âûðàçèòü ïðîèçâîäíûå ïî x è t ÷åðåç ïðîèçâîäíóþ
ïî s ïî ôîðìóëàì

∂

∂t
= −D d

ds
,

∂

∂x
=

d

ds
(9)

è ñâåñòè ñèñòåìó óðàâíåíèé â ÷àñòíûõ ïðîèçâîäíûõ (1), (5), (6) ê ñèñòåìå îáûêíî-
âåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé:

d

ds
(ρ(v −D)) = 0, (10)

Âåñòíèê ÞÓðÃÓ. Ñåðèÿ ≪Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå
è ïðîãðàììèðîâàíèå≫ (Âåñòíèê ÞÓðÃÓ ÌÌÏ). 2016. Ò. 9, � 2. Ñ. 29�36

31



Þ.Ì. Êîâàëåâ, Å.Å. Ïèãàñîâ

d

ds
(ρv(v −D)) = −dp

ds
− dg

ds
, (11)

d

ds

(
ρ(v −D)

(
e+

v2

2

))
= −dpv

ds
− dgv

ds
, g = µρ

dv

ds

dv

ds
. (12)

Ðàâåíñòâî (7) èãðàåò ðîëü ãðàíè÷íûõ óñëîâèé è èìååò ñëåäóþùèé âèä

df

ds

∣∣∣∣
s→±∞

= 0. (13)

Èíòåãðèðóÿ óðàâíåíèÿ (10) � (12) îò s = +∞ äî íåêîòîðîãî òåêóùåãî çíà÷åíèÿ, ïîëó-
÷èì ñèñòåìó àëãåáðàè÷åñêèõ óðàâíåíèé äëÿ îïðåäåëåíèÿ ñòðóêòóðû ôðîíòà óäàðíîé
âîëíû

ρ(v −D) = −ρ0D, (14)

ρv(v −D) = −p− g − p0, (15)

ρ(v −D)

(
e+

v2

2

)
+ ρ0e0D = −(p+ g)v, (16)

g = µρ
dv

ds

dv

ds
, e =

p

(k − 1)ρ
. (17)

Ïåðåõîäÿ â ñèñòåìå óðàâíåíèé (14) � (17) îò ïëîòíîñòè ê óäåëüíîìó îáúåìó V =
1/ρ è èñêëþ÷àÿ èç ñèñòåìû óðàâíåíèé âñå íåèçâåñòíûå êðîìå óäåëüíîãî îáúåìà V è
äèññèïàòèâíîãî ÷ëåíà g, ïîëó÷èì ðàâåíñòâî

g
DV

(k − 1)
=

(k + 1)D3

2(k − 1)V 2
0

(V0 − V )

[
V −

(
(k − 1)

(k + 1)
V0 +

2kp0V
2
0

(k + 1)D2

)]
. (18)

Ó÷èòûâàÿ òîò ôàêò, ÷òî çà óäàðíîé âîëíîé äèññèïàòèâíûé ÷ëåí g (èñêóññòâåííàÿ
âÿçêîñòü) ðàâåí íóëþ, òî çíà÷åíèå óäåëüíîãî îáúåìà çà óäàðíîé âîëíîé äîëæíî áûòü
ðàâíî

V1 =
(k − 1)

(k + 1)
V0 +

2kp0V
2
0

(k + 1)D2
.

Ïîäñòàâëÿÿ äàííîå âûðàæåíèå â ðàâåíñòâî (18), ïîëó÷èì

g
DV

(k − 1)
=

(k + 1)D

2(k − 1)V0
(V0 − V )(V − V1). (19)

Åñëè â óðàâíåíèè (19) ïåðåéòè ê ïåðåìåííûì Ëàãðàíæà äëÿ äèññèïàòèâíîãî ÷ëå-
íà è ìàññîâîé ñêîðîñòè óäàðíîé âîëíû, òî óðàâíåíèå (19) ñîâïàäåò ñ óðàâíåíèåì äëÿ
äèññèïàòèâíîãî ÷ëåíà, ïîëó÷åííûì â ìîíîãðàôèè À.À. Ñàìàðñêîãî, Þ.Ï. Ïîïîâà [8].

Ïîäñòàâëÿÿ â ðàâåíñòâî (19) âûðàæåíèå äëÿ èñêóññòâåííîé âÿçêîñòè g (17), ïî-
ëó÷èì äèôôåðåíöèàëüíîå âûðàæåíèå äëÿ îïðåäåëåíèÿ ïðîôèëÿ óäåëüíîãî îáúåìà
V (s)

dV

ds
=

√
(k + 1)

2µ
(V0 − V )(V − V1). (20)
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Èíòåãðèðóÿ óðàâíåíèå (20), ïîëó÷èì âûðàæåíèå äëÿ ïðîôèëÿ óäåëüíîãî îáúåìà

V (s) =
(V0 + V1)

2
+

(V0 − V1)

2
cos

(√
(k + 1)

2µ
s+ C1

)
, (21)

ãäå C1 � ïîñòîÿííàÿ èíòåãðèðîâàíèÿ, îïðåäåëÿþùàÿ ïîëîæåíèå íà÷àëà ñèñòåìû êî-
îðäèíàò. Çíà÷åíèÿì C1 = è s = 0 ñîîòâåòñòâóåò òî÷êà ïåðåãèáà ïðîôèëÿ óäåëüíîãî
îáúåìà V (0) = (V0+V1)/2, à çíà÷åíèÿì C1 = 0 è s = 0 � íà÷àëüíîå çíà÷åíèå óäåëüíî-
ãî îáúåìà V0. Çíàÿ ïðîôèëü óäåëüíîãî îáúåìà, èç ðàâåíñòâà (21) ëåãêî îïðåäåëÿåòñÿ
øèðèíà óäàðíîãî ïåðåõîäà

δ =

√
2µ

(k + 1)
· π. (22)

Äëÿ èçâåñòíîé òîëùèíû óäàðíîãî ïåðåõîäà δ èç âûðàæåíèÿ (22) îïðåäåëÿåòñÿ
çíà÷åíèå êîýôôèöèåíòà êâàäðàòè÷íîé âÿçêîñòè

µ =
1

2
(k + 1)

(
δ

π

)2

. (23)

Ñëåäîâàòåëüíî, ïðîôèëü óäåëüíîãî îáúåìà äëÿ èçâåñòíîé òîëùèíû óäàðíîãî ïå-
ðåõîäà δ è C1 = 0 èìååò ñëåäóþùèé âèä

V (s) =
(V0 + V1)

2
+

(V0 − V1)

2
cos
(π
δ
s
)
. (24)

Çíàÿ ïðîôèëü óäåëüíîãî îáúåìà â çîíå óäàðíîãî ïåðåõîäà, ëåãêî ïîëó÷èòü ðàñ-
ïðåäåëåíèå ñêîðîñòè è äàâëåíèÿ ïî ôîðìóëàì

v = D(1− ρ0V (s)), p = p0 +Dρ0V (s). (25)

2. Ïîñòàíîâêà çàäà÷è

Ðàññìîòðèì çàäà÷ó î ïåðåäà÷å èìïóëüñà òâåðäîé ñòåíêå óäàðíîé âîëíîé ñ òðå-
óãîëüíûì ïðîôèëåì, ñîñòîÿùèì èç óäàðíîãî ñêà÷êà è ïðèìûêàþùåé ê íåìó âîëíû
ðàçðåæåíèÿ. Ïàðàìåòðû ãàçà íà ôðîíòå óäàðíîé âîëíû ñâÿçàíû ñ ïàðàìåòðàìè ãàçà
ïåðåä ôðîíòîì ñîîòíîøåíèÿìè Ãþãîíèî. Â íà÷àëüíûé ìîìåíò âðåìåíè t = 0 â îáëà-
ñòè 0 < x < xB ïàðàìåòðû ãàçà çà ôðîíòîì óäàðíîé âîëíû â çîíå âîëíû ðàçðåæåíèÿ
çàäàþòñÿ íà îñíîâå èçîýíòðîïè÷åñêèõ çàâèñèìîñòåé äëÿ ïðîñòîé âîëíû Ðèìàíà ñ ëè-
íåéíûì ïðîôèëåì ñêîðîñòè ãàçà

v = vB

(
x

xB

)
. (26)

Îñòàëüíûå âåëè÷èíû îïðåäåëÿþòñÿ èç óñëîâèÿ àäèàáàòè÷íîñòè òå÷åíèÿ óðàâíåíèÿìè

C = CB − k − 1

2
vB

(
1− x

xB

)
, C2

B = k
pB
ρB
, (27)

ρ = ρB

(
C

CB

) 2
k−1

, e = eB

(
C

CB

)2

, p = (k − 1)ρe, (28)

ãäå C � ñêîðîñòü çâóêà, à èíäåêñîì B îáîçíà÷åíû ãàçîäèíàìè÷åñêèå ïàðàìåòðû â
òî÷êå B.

Âåñòíèê ÞÓðÃÓ. Ñåðèÿ ≪Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå
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Ïðè t ≥ 0 íà ïðàâîé ãðàíèöå x = xA çàäàíî óñëîâèå u = 0, íà ëåâîé ãðàíèöå ïðè
x = 0 óñëîâèå ñâîáîäíîãî ïðîòåêàíèÿ ãàçà.

Â äàííîé ðàáîòå áûëè ðàññìîòðåíû äâà ñëó÷àÿ ïåðåäà÷è èìïóëüñà ïðè âçàèìî-
äåéñòâèè óäàðíûõ âîëí ñî ñòåíêîé:

1. Óäàðíûé ñêà÷îê ðàñïîëàãàåòñÿ íåïîñðåäñòâåííî ó ñòåíêè (ðèñ. 2);

2. Óäàðíûé ïåðåõîä èìååò ïðîôèëü, îïðåäåëåííûé ôîðìóëàìè (24), (25), ïðåä-
ñòàâëåí íà ðèñ. 3.

Ðèñ. 2. Íà÷àëüíîå ïîëîæåíèå óäàðíîé âîëíû (ñëó÷àé 1)

Ðèñ. 3. Ïðîôèëü äàâëåíèÿ â íà÷àëüíûé ìîìåíò âðåìåíè (ñëó÷àé 2)

Äëÿ ïåðâîãî ñëó÷àÿ çíà÷åíèÿ xA è xB ñîâïàäàþò. Íà ðèñ. 3 øòðèõîâîé ëèíèåé
îáîçíà÷åíî èñòèííîå ðàñïîëîæåíèå óäàðíîãî ñêà÷êà.

Âåëè÷èíà èìïóëüñà, ïåðåäàâàåìàÿ óäàðíûìè âîëíàìè ñòåíêå, âû÷èñëÿëàñü ïî
ôîðìóëå

I =

∫ τ

0

(p− p0)dt. (29)

34 Bulletin of the South Ural State University. Ser. Mathematical Modelling, Programming
& Computer Software (Bulletin SUSU MMCS), 2016, vol. 9, no. 2, pp. 29�36



ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ

Ðàñ÷åòû èìïóëüñà, ïåðåäàâàåìîãî ñòåíêå óäàðíûìè âîëíàìè, ïðîäîëæàëèñü äî
òåõ ïîð, ïîêà äàâëåíèå íà ñòåíêå íå ñòàíîâèëîñü ðàâíûì íà÷àëüíîìó çíà÷åíèþ. Â
ðåçóëüòàòå ïðîâåäåííûõ ðàñ÷åòîâ áûëî ïîêàçàíî, ÷òî âåëè÷èíà èìïóëüñà, ïåðåäàâà-
åìîãî íåïîäâèæíîé ñòåíêå, äëÿ ñëó÷àåâ 1 è 2 ðàçëè÷àåòñÿ ìåíåå 2%. Ñëåäîâàòåëüíî,
ìîæíî ñäåëàòü âûâîä î òîì, ÷òî âåëè÷èíà èìïóëüñà, ïåðåäàâàåìîãî íåïîäâèæíîé
ñòåíêå, íå çàâèñèò îò øèðèíû è ïðîôèëÿ óäàðíîãî ïåðåõîäà.

Àâòîðû âûðàæàþò ñâîþ áëàãîäàðíîñòü ïðîôåññîðó Â.Ô. Êóðîïàòåíêî çà ïîëåç-
íûå îáñóæäåíèÿ è èíòåðåñ ê ðàáîòå.
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Mathematical Modelling of In�uence of Circuit Viscosity
of Numerical Methods on a Value of the Impulse Transferred
by Shock Waves
Yu.M. Kovalev, South Ural State University, Chelyabinsk, Russian Federation,
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The analysis of in�uence of width of the front of a shock wave to the size of the impulse

transferred by a motionless �rm surface is provided in this work. The pro�le of a shock

wave has been calculated by the modi�ed method of large particles which allows to carry

out calculations of distribution of shock waves without obvious introduction of arti�cial

viscosity. It is shown that the width of the "smeared" front of a shock wave calculated by

the modi�ed method of large particles doesn't depend on intensity of the shock wave. The

similar picture is observed if in numerical methods for calculation of behavior of shock waves

square arti�cial viscosity is used in an explicit form. For carrying out serial calculations for

research of transfer of an impulse of shock waves to a �rm motionless wall, in this work

the analytical solution for pressure pro�le in shock transition in case of square arti�cial

viscosity in Euler's variables is received. For a shock wave with a triangular pro�le it has

been shown that the size of the impulse transferred to a �rm wall doesn't depend on the

width of the shock transition.

Keywords: numerical method; mathematical model; conservation laws; shock waves;

Courant's number.
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