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CepmoKoaa C.H. PS - 10708 

CxeMa Pycaaoaa.11 ccnenoaaHHe ycTOii'-IHBOCTH s paBHOMepHofi 

MeTpHKe. Acu:MllTOl'KK8 B OKpeCTHOCTH uaonuposaHHOf'O pa3pb1B8 

B pa6ore uccneJ]yeTCSI yCTOfi'-IHBOCTb a paBHOMepHoH MerpHKe, s C, 
CXeMbI PycaHoaa, KOTopag WHpOKO HCil01Ib3yeTCSI npu peineHHH ypasHe-

HHit raaoaoit JlRHBMHKH. PeIUBHJ-iSI ypasHeHuii raaosoH JlHHaMHKH HM0lOT paa

pbIBbJ. HasecrHo, '-ITO npH ~rncneHHOM MO!lenuposaHHH paapbIBHhlX pemeHHH 
cnellyer u:cnonbaosaTb paaHOCTHh1e cxeMhI, ycroii:ttusble a C • B npe.unarae
Mofi pa6ore nocrpoeHhl BCHMllTOTHKH l{HCfleHHOf'O peweHHH s OKpeCTHOCTH 

uaom1posaHHOrO pa3pbIBa. LloK838HO, '-ITO Ha rpaHHUe ycrofitJHBOCTH B L 2 
ycrolitJHBOCTH B C Her H B OKpBCTHOCTH pa3pbIB8 IlOSIBflSIIOTCSI napa3HTH'-le

CKHe ocuunnSium1,CH.libHO HCK8}K8IO~He pemeaue. TeM C8MhlM AOK838HO, 'l{TO 
npH 'lJHCneHHOM pellieHHH pa3phlBHhIX pememdi: nu¢t¢epeHUH8RbHbJX ypaaaem-1H 
no cxeMe PycaHoaa cnenyeT ua6erarb BbIXo.a.a Ha rpaHHUy ycroiitrnaocru 
B L2 ; w=4a2 -a 4, O<a< 1. 

Pa6oTa BhlilORHeHa B na6oparopm1 BhiqucnuTenbHOii T8XHHKH H aarer
Maruaauuu OHHH. 

Coo61UeHHe 061.e)IHHeHHOro HHCTHTYT& ll.!lepHLIX accne.11osaHaii. ~y6Ha 1977 

Serdyukova S.I. PS - 10708 

The V.V.Rusanov Scheme. Investigation 
of ~tability in Uniform Metrics.Asymptotic 
Expansion in the Vicinity ·of Isolated 
Discontinuity 

There is investigated stability in C of the Rusanov 
scheme used widely in numerical solution of gas dynamics 
problems. Asymptotic expansions of numerical solution are 
constructed in the vicinity of isolated discontinuity. 
It is proved, that on the boundary of stability in L2 
w=4a 2 -a 4 , 0 <a< 1 stability in C is absent and in 
the vicinity of discontinuity there appear parasitic oscil+ 
lations deforming solution very strongly. ' 

The investigation has been performed at the 
Laboratory of Computing Techniques and Automation, 
JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1977 
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B pa60T8X B.B.Pyca.HOBa /I, 2/ 06CyJ1tJtaeTCH cxeua TpeTLero 
nop.il,l{Ka T011HOCTH, KOTOp8.H mHpOKO HCilOHLBY8TCH npH pemeHHH ypaB
HeHRtt raaoBott ~HHaURKH. Hccne~OBa.Ha ycTottqHBOCTL B le • HaBe
CTHO, qTo npH pemeHHH paapWIHHX pemeHHtt cne~yeT HCilOHLBOBaTL 
pa8HOCTHH8 CX8MH, ycTotttraBHe B paBHOM8pHOH MeTpHKe. B npe~na
raewott pa6oTe Hccne~yeTCH ycTOttllHBOCTL cxeMH PyCaHOBa D C. 
ITocTpoeHH acHMilTOTHKH B OKP8CTHOCTH H80HHpOB8.HHOrO paapima. 
YcTaHOBneHo, 1lTO Ha rp8.HH~e o6naCTH ycTOtttmBOCTH B lz ycTott
qHBOCTH B c. H8T H B. OKpeCT!f:OCTH paapHBa BOBHHKaJOT napaBHTH
qecKHe OC~HIDIH~HRi CHnLHO HCK8JtaJJll!He pemeHH8. 

]lnH ypaBHeHHH ut = Ux paccMaTpHBaeTCH /I ,2/ TaKaH pas -

HOCTH8.H annpoKCHMarurn: 

u :,-f = { I .. f~ ( - T2. + ST._ sr-l + r-2) + ~~ ( 72 - ZI + r-z) + 

v 3 ( 2, . -1 -z) w (T2. r -I -2.)j n -1-1.z_r-i:r,..zr-r -z,, -lf+GI-4Tf'T uJ 
(I) 

n~o V•O, ±.1, :!:. z 1 
X=v,fi. t=n-1: · u·f 

1 } 

,i. n 
rui = u~d. 
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XapaKT6PllCTBfleCKaH ~YHKUll.11 (I) l!M66T Bll)t! 

f (l'"J == 1-9i:, s-in.zlf -jw1in" t +oUin.<f (1. +j(1-u.i-,J.1m1.1;) 

If (ti"') /2 =1 + f {{ lto2 (i-O'.z/-(w-3Q",.l] c 2 -2[2ff2.(1-cr:iJ.2. + 

+ 3v .. r. ( w- uz. -2 J z + 3 ( w--4u" ... ol()}, .22 =- 1 + 9[!!J· :cz, <2> 

r,1le ft;, un.2 !{- • PasiiocTarui: cxeMa ( I) ycToittmBa B. lz , ec.JIH 

ll TOJIJ,KO 6CJlll! 

(] ~ 1. Ir rrz - o If ~ w ,, .3 • (3) 

]laJiee npe]tllOJiaraeTC.11, flTO YCJIOBB.11 YCTOltmBOCTll B l2 BHllOJIB.a

lOTC.11. Tor)ta / t (ei<f)/ ;;: 1. 1 0 ~ Cf,, 2 7Z • Cpasy BCKJllllll!M BS pac

CMOTpeHHH ;ztBa TPHBllaJIJ,HWC CJiyqrui:: (j'"'uJ=O B a:::i ' w=,3 • 
IlepBOMY CJiyflaJO OTBe'tlaeT T0llt1!6CTB6HH-06 npeodpasOBaHHe: U"i' = Li~ • 

Ur,+( rt 
BTOJ:>OMY C.lfYliaJO OTBet1e.eT a6COJilllTHO TO'llllaH cxeMa: ~ =U v+ 1 , 

I (t.'"J = e'" • llJIH Toro 11To6H accJie~oBan ycTolaimBocu, B c , 
HllltlteM Bee T011Kll 1 B KOTOpwc - //(["')I= J. • Ta.ItHe TOIIKB aaso-

Beu onpe,1l6JI.ll!lll!HMH • YCTOltmBOCTI, B . C SaBllCBT OT CTPYKTYPH xa

paKTepBCTB'll6CKOla ~yHKUBB B OKpeCTHOCTH onpe;zteJIHlllllU!X TO'lleK. 1=D 
.itJIH Bcex ( o ,w) aBJIHeTca onpe.iteJI.1110~ett To11Kola: /(i)=l • na

Jiee, /-(-i) := 1. -'- j w I TaK 'IITO '-1'=:Tl • HBJIHeTCH onpe)leJI.lllllll(ela TOIi

KOi npB u}=J • lIOK8.lt6M1 'IITO l3 OCT8JIJ,HWC T01iK8X e;ztHHH'IIHOla OK

pyZIIOCTR f/(el")/ .t. f. ,1lJI.II BCeX ( CT, W) 1 Y.1lOBJ16TBOp.BlllllU!X {3) • 
JlJIH a<roro .l(OCTaT01iHO ;llOKasain,, flTO 9°'(~);:,D (011.(2)) npH O<c<i.. 
3aMeTHM 1 'IITO Ha Koauax paccuaTpHBae11oro oTpesKa MHorouea CJ'(~) 

aeoTplluateJieH: 

g'(o) = uJ -402 
+ o"~ o, Pli)=J-(i-jwf ~o. 

IlpB w =- q(j'l--(jl/ MHOroueH 9'(2) l!M66T )lBa Kops.a: 

3!1=0 , 2 2"' __ 2._ <O 
1-Q''-

3aueTl!M 'AaJiee, 11To B paccuaTpBBaeuott o6JiaCTB usueHeHH.a (v,wJ 

0$:u!:i 1/(T:J..-(Tq!:- w :!: 3 • 

4 

I 
\} 
,,I\ ; } 
', 

I 

\} 
I \ 

w 

3 
2.-211'3+:z. 

2_ o• 
0 A 0 

o=l ]tOCTBraeTC.11 JIBWJ, npB w = 3 , ll STOT CJI]'lllllt BCKJIIO'll6H l!S 

paCCIIOTpeHHH. TaKHII odpaSOlfi 6CJill (u, uJ) npHH~JI6lltl!T rpaallue 

o6JiaCTB YCTOltJHBOCTB w = l((jz_ (Tl/ ' TO MHOroueH g>{;t) BM66T 

OTPBUaT6JIJ,Hl,lit KOP6HJ, • B 06JiaCTB G 1. : f (T
2

- u"< w < 3c;-.Z_.zo-
3
+2u, 

r,f03cpqlll~l!6HT npll r: 2 llOJIOlltl!T8Jl8H H TOr,lla BCJl8,llCTBHe HenpepllBHOC~ll 

'/'(lJ11Y.eex )lBa oxpmta:reJI1>H1,1X xopm1.EcJI11(6°;w)cG1 B .uJ CTpeWT

Cll K Jo"'-2u3 +2o I TO O;l!HH HS Kopaea q'(7') yXO]tHT l3 6ec

KOHelfflOCTJ,, a BTOpott CTpeMBTCH K npe'A6JIJ,HOMY saaqeHHIO 

----".3_ < 0 
'fcr{o-1..) • 

HanOMHHM, 1iTO c11y11att (j'=u) =0 OTBe1iaeT TOll;ll6CTB8HHOMY npeo6-

pasOBaHBIO H ~CKJID'lleH HS paCCMOTp8HBll. HaKOHeU, paCCYOTPBM 
# 

(<r,w)cSz: .3G":z.-Zu3 +Zrr<w~3. 

Tor;zta KOa®HUBeHT npB z.L OTpBUaTeJieH, COOTB8TCTB6HHO 9>{2) 

H11eeT KOPHH pasHlilX sHaKOB. iTaK, ycTaHOBJieao, 11To ecT:r, ;ztBe on-

pe;zteJIHl)ll(lle TOIIKB: l.f::;0 (npH BC8X u, w ) ll tf=: X (npll u.>=3} • 

B 01tpecTHOCTH c.p .. O cnpaBe].tJIHBO pasJIOlt6HB8: 

I rlrfJ = exp {iu<f'- w-;:r+ u" <t'' + i ra-rw-;t+u~) -(j{0-;1t1.._49tft 

+- ((1+301..J(uJ-lrv.1.~u~) _ ((2.(0.z-f}(<T.t-i,J)<f'-t- O(!f'") 1 
#4 ~1/ J J. 
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Ha rprurnne ycToli'lllllOCTH ll l 2 , w=4tr'--«+, m.aee1,1: 

f /{.icp) [· ""'" . u(trL-1Jfa'-1t) 10 s _ <T'{o-~1}(u.,__,,J ,o• O('o '1-'Jj 
\' = exp lu 1 - I, JZO .., 141, ., + T 

• s 
TaK KaK O < o < i I KO3wqiH~8HT npli tf OTJIHtJeH OT HyJia, a 

KO3wqiHUH8HT npH <f 6 OTPHUaTeJieH • YCTOlilfflllOCTli ll C HeT: 

ff Gn/fc ~ 
f 

nu. 

G - onepaTop nepexo.zta OT CJioa K CJIOJO sa.ztatJH KomH. IlpH uJ =.3 

eCTI, ell!e O,ItHa onpe,zteJifilOll!afi TOtJKa '-P= .7[ 1 ll OKpeCTHOCTH 3TOlit 

TOl!KH cnpaBe,Itm!llO pasJIOXeHHe: 

/ (e'<f) = e,rp [;,Ji +lu(lf-li) + luj' {1-tr.z)(t.f-7l> -

-{f.-uL) (J- gr·+ 2rJ{<t-Jif+o{<f-X)
3j_ 

/3/· 
TotJRa lf = 'Ji Y.ztOBJieTllOpaeT yCJIOBHfiM ycTOlitllillOCTH ll C ' HO 

8,It8CI, eCTI, H8CTaH.ztapTHWI JIOEHaH xapaKTepHCTliKa: 

n+vv+~().,)(1.-ot.J::.O, t+x+j(1-u2)x=O 

AcinmTOTHKa ll _OKpeCTHOCTH HSOJIHpOllaHHoro paapl,[]la 

B paoore/4/ c noMOll!LID uero~a nepeBana nocrpoeHu acHMnTOTHKH 
"pasHOCTHOlit CTYIT6HI,Kli 11 • B O6JiaCTH mHpHHll n. f; (npH u);,',G't.-{T~) 

H 11,'3' (npH w='t<T.:-<T"), Henocpe.ztCTll6HHO npHIINKaJOll!eli K xapaK

TepHCTHKe t + x = O , "pasHOCTHaa CTyneHI>Ka II OTJIHtJaeTCH OT c,:y

neHI,K.11 Ha llem!tJHHY nopa.ztKa I. Ilp.11 Ltu' - o~ <W =J ll OKpeCTHOCTH 

JIOEHOH xapaKTepHCTHKli :1111eeTca o6Jiacn 11CTeneHHWC OC~JIJla~li 11 • 

mHpHH!l nX CO Cll6HOli SHaKa OT TOtJKli K TOtJKe. IlpH L,(T'--u"~ w <:3 

cnpaBa OT xapaKTepHCTHKH H8XO,ItHTCH aoHa CTeneHHWC OC~JIJlfi~li 

mMpHH!l n., 1 • l(JIH OCTaJII,HllX V YKJIOH8HHe "pasHOCTHOit CTyneHI,-

KM II OT CTyneHI>KM E,; 3KCITOH8HUHMI,HO YaJIO • Hm1te Ha pHCYHKax 

6 

cxeMaTHtJe.cKH npe.ztCTal3Jl6HO IlOll8,It8HH8_ 11pa_SHOCTHOli CTyn8HI,KH 11 ll 

Tpex pasJIHtJH!lX cJiyqa.ax. IlpHB6,It8Hll rJiaBHlle tJJ16Hll aCHYilTOTHKH 

ll o6JiacTax 11CTeneHHllX OCUHJIJIH~tt" H OU8HKH CKOpOCTH pocTa £; 
B L1 np11 11. -oo. 

-2..> LJ.J > 'tu2 - u" , fl Grtllc ':::::: i 

---'-----F; . 
n,-1' t.+X•O 

3 = w,. l/v2.- u" // G "JI >< 1. , __ c_ 

~ n 1.. 
.L.!t~/-:::.n" 
~ 

-------.~j(H')M 

L . 

n• 
. 

n ~+ n. # _1. 

£~ = (-:) (21:n(J.-02.)(:t-fcr2.+fuv)) :z.(i+ o(i.)) 

In +vv .. f cr(d. -o-z)v / .(cn 1 2.. le.~ Jx n-!, 
~ V • 

I 

3 > uJ=:. t/u:i.-u" //<f"U x nu , __ c __ 

---;:-· 
nJ 

7 

t -f-X=O 



:<Iii 1. ·s J.. { B ·3 11 
f~n. "' z1

tff_ (>j_p) 1 
Un. (} { fin r- f )exp -(SA )h (fr) (i + oW), 

• 

j=~+<rn>cnf A- u(<r"--1 J<tr"--4) B _ ua.(o'--O(tT'--ltJ 
- f20 ' - {/.fl( ' 

L I£~ I>< n-!; 
~ 
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