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Obuwee ypaBHeHUe ANHaAMUKN

PeweHne NMHENHOMU AMHAMUYECKOMN 324241 NPU BCEX BO3MOXHbIX NepemMeleHMAX Ya0BNeTBOPAET paBeHCTBAM
b(U" V)+cU" VY+aU,V)Y=qlV). (1)

a(uU)Vv), b(U,\Y), c(U,V) — cummeTpuyHble NONOKUTENBHO onpenenéHHble bunuHeiHble GYHKUMUOHANbI BO3SMOMKHbIX
PaboT BHYTPEHHUX U UHEPLMOHHbBIX CUN U CUN CONPOTUBNEHUA ABUKEHUIO, OHU COOTBETCTBYIOT MAaTPULLAM KECTKOCTH,
Mmacc u aemnduposanma, q(V) — nuHenHbln GYHKUMOHAN BO3MOXKHOM paboTbl BHEWHUX cun. lNepemeweHuna u
BHELIHUE CUNbl 3aBUCAT OT BpemeHu t, wTpuxamm obo3Havaetca auddepeHuuposanHue no t. [obasnaiotca
HaYa/IbHble YCNOBUA:

Uo0)y=U", U'0)=U". (2)

Mocne annpoKCcUMMaLu MM NO NPOCTPAHCTBEHHbLIM NepemMeHHbIM (0ObIMHO NPUMEHAETCA METOA, KOHEYHbIX 3/1eMEHTOB)
nonyyaem u3 (1) cuctemy o6bIKHOBEHHbIX AUPPepeHLMaNbHbIX YPABHEHUMN

MU"+CU' +KU = f . (3)

K, M, C — maTtpuubl }ecTKocTu, macc u gemnouposaHusa, f— BHewHUe cunbl.



[lony4yeHune pa3HOCTHOWU CXeMbl

O603Ha4YMM O — Wwar no BpemeHu,
t,=n-0.U =U(,),
AU=U ,-U . oU=A16.
BU=U,.,~U,)2:0)=,U)+86,,U))/2.
yU=WU ,-2U +U )6,

1n+1

a, (U =90, +(1-29U +39U, . 0<9<1/2.

PasHOCTHYIO cxemy nonyyvaem u3 (1) wnn (3), 3ameHuMB 3Ha4YeHMA QYHKUUMA M NPOU3BOAHLIX B TOYKax L,
COOTBETCTBYIOLLMMMU PA3HOCTHbIMU OTHOLLEHUAMM:

b(y, U V)+c(pUV)+a(a, DU, V)=q,TV). (4)
My U+CBU +Ka, (DU = f, (5)

HavanbHbie ycnoBua nonyyaem us (2):

U,=U°. U, ,=U"-0U". (6)



B 1959-m roay npeanoxeHa cxema, U3BeCTHaA Kak metoa HbromapkKa:

U . =U +0U +0*(1/12-HU"+9U".). 0<9<1/2. (7)
U.=U +60((1-0)U +7U’ ), 0t <1, (3)
MUH+1 +CU +1+KU fn+1* (9)

Cxema (7) — (9) npu T = 1/2 npuegeHa B Maghdid D. «Stability and accuracy of Newmark’s method» K cxeme (5).
YpasHeHue (9) 3anucbiBaetca TpuXKAabl, ana n+1, n u n-1, a (7) v (8) — pBakabl, ana n+1 wn n. U3 nony4eHHbIX cemu
YPaBHEHUW UCKNKOYAIOTCA WECTb HEU3BECTHbIX, NEPBbIE U BTOPbIE NPOU3BOAHbIE, U nony4vaeTca (5).



O cxognmocTu M NMNOrPelLIHOCTAX PA3HOCTHbLIX CXEeM

YCNoBUAMU CXOOQUMOCTU Pa3HOCTHOM CXeMbl ABANAIOTCA annpoKCUMaumna W
YCTONYUBOCTb. [MpumeHuB pasnoxeHue Tennopa, NOAYHYHMM, YTO Pa3HOCTHbIE
otHoweHuna B, U, v,U, a,(9)U (u Ttonbko oHu) annpoxkcumupytot U'(t,),
U''(t,), U(t,) ¢ norpelwHocTbio, NnponopunoHanbHok 4. Takum o6pasom,

NOrpeLHOCTb anNPoKCUMaLMmn metoga HotoMapKka NponopumuoHanbHa 84 TonbKo
nput =1/2.



O cxognmocTu M NMNOrPelLIHOCTAX PA3HOCTHbLIX CXEeM

MeToabl uccnenoBaHUA YCTOMYUBOCTU PA3HOCTHLIX CXeM NPOUANIOCTPUPYEM Ha YpasHeHUM (1). Monoxum V = U’ u
NMPUMEHUM 0YeBUAHbIE PAaBEHCTBA

d/ dubU' U 2=bU"U".
d/di(aU.U)/2=aU,U". (10)

06o3Hauum [(U) = (b(U',U") + a(U,V))/2, npumeHum B NpaBoOi 4acTU HepaBeHCTBO Kowu U NpOUHTErpupyem
nonyyeHHoe HepaBeHCTBO. Toraa

I(U(T)) < KDI](U(I))dt +K, . (11)

U3 nemmbl poHyonna cnepyet orpaHuderHoctb I (U).



YCTONYMBOCTb PAa3HOCTHOU CXeMbl

AHanoru4Ho, nonoxum 8 (4) V = B,U, npumeHum oueBmaHbIe paBeHCTBa

b, U, BU) = (B(S,U.8,U)~b(S, U5, UNN2-0). (12)
a(a, (DU, pU) =
@U, U, -aU, U, )+(1=29)-aAUAU) - (13)
+a(A, U A, LU)))/(46)
M CNOKMM NONy4eHHble paseHctBa oTn = 0 ao n = N . lpumeHuB HepaBeHCTBO Kowm U cnpaseanvMsoe npu i <

1
U< > HepaBeHCTBo,

aU, U )+aU, U)—(1-2%a(AU,AU,)>0.

n+1=

nonyyum aHanornyHoe (11) HepaBeHCTBO (3ameHa MHTerpana Ha cymmy). Toraa yCTOMYUBOCTb cxembl (5), T.e.
1 1
orpaHuveHHocte I(U,,) npu; <9< > CNeayeT U3 AUCKPETHOrO BapuaHTa 1eMMbl [poHyonna.



[lpyrme poKasaTtenbcrsa yctouumBoctn cxembl (5) npuseaeHbl B Maghdid D. «Stability
and accuracy of Newmark’s method» u Tremolieres R. «lnequations variationelles:
existence, approximation, resolution».

OtTmetm B 3aKkntoueHue, 4to B MK JIMPA cxema (5) npumensercanpu 9 = 1/2. B

3TOM C/lyyae BTOpoe csaraemoe B npaBoun 4yactu (13) paBHO HyAlo, AOKa3aTeNbCTBO
YCTOMYUBOCTU YNPOLLAETCA.
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