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Jlsl IpUMEHeHus] YMCIICHHBIX METOOB, pa3padOTaHHBIX JJISI CHCTEM OOBIKHOBEH-
HBIX IU(QepeHnanbHBIX YpaBHEHUH C BBIPOXKACHHON MaTpuIled Inepes riIaBHOH
YacThi0, HEOOXOMMO 3a/1aBaTh HA4YalIbHOE yCIOBHE. B oTimume oT cucreM OOBIK-
HOBEHHBIX JTU(QepeHIHaNbHBIX ypaBHEHHH B HOPMANbHOH (opMe, 3TO yCIIOBHE
HeJIb3s1 33/1aBaTh NPOM3BOIBHO, M OHO JTOJKHO OBITH COTIACOBAHO C MPABON YaCThIO
cucTeMbl. B craThe mpezyaraeTcst aNropuT™ BEIOOpa HETOCTAIOIINX HAYaJIbHBIX YC-
JIOBUH IJIS1 CiTydasi, KOTAa HadallbHBIE YCIOBHS 3a7aHbl HE CTaHAAPTHBIM 00pa3oM, a
npeacTaBisioT coboit yenosue Lloyontepa-CumopoBa. JlaHHBIN anroput™M OCHO-
BBIBAa€TCS Ha HEKOTOPHIX (paKTax U3 TEOPHH MPOEeKTOpoB. OCHOBHOH pe3yibTaT CTa-
TBY MPOUJUTIOCTPUPOBAH MTPOCTHIM IPUMEPOM.

Knrwouegsle cnosa: nuddepennnansHo-anredOpandeckne ypaBHEHHs, HaYaJIbHOE yc-
JIOBHE.

1. BBenenue
Paccmorpum crucremy nuddepeHIraibHbIX YpaBHEHUN

A@®)y' @)+ B()y(1) = (1), 1 €[0.]], ()

rie A(t) " B(t) — (nx n)—ManI/ILU:I, IpUYEM
det A(t)=0. Q)
Takue 3amaum NPUHATO Ha3bIBaTh AU(QepeHIHnanbHO-aNre0panyecKuMu

ypaBHeHussMHU. [Ipeanonaraercs, 4To JaHHAsl CHUCTEMa UMEET CEMENCTBO pellie-
Huit Tuna Komwu [1]

W(t,0) = O+ [ Ko (6,7) f(@)dr+ Y K (0 V70, 3)
0 Jj=0
rre  O@), K, (t7).K/(1),...K.(t) — (nxn)—ManI/IuLI, rank®(t) =

=r=const Vte[0,]],ce R", u ma moGom unreppane [«,s]c[0,1] Her perre-
HU, OTJIMYHBIX OT (3). B 3TOM ciydae » MpPUHSTO HA3BIBATH HHICKCOM HUCXOJI-
Hoit cucrembl (1). Tlpm r=0wumeem cucremy c ycnoBueMm det A(t);t 0,

' Pabora BbmoNHEHA npu ¢uHaHCOBOM moanepxkke PODU, npoextsr Ne 16-51-
540002-Boer_a, Ne 15-01-03228-a
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Vte[O,l], T.. CHUCTEMY, KOTOPYI0O MOXHO [epenucatb B  BHUJIE

V(@) + A OB ()= =4 f(t), a dopmyna (3), comepkamas TOIBKO
TIEpBBIC JIBA ClaraeMbIX, OyJeT U3BECTHON (popMyIoil o0IIero perieHnus TaKux
cucreM (cM., Hamp., [2]). s Toro 4roObl BRIIEIUTh €AUHCTBEHHOE PEIICHHE
cucremsl (1) ¢ ycnoBueM (2) 3agaror HayanbHoe yciaosue »(0)= y,, KOTopoe B
OTJIMYME OT KJIACCHYECKOTO CiIydas HeENb3s BBIOMpATh MPOWU3BOIBHO, W OHO
JIOJDKHO OBITh COTJIACOBAHO ¢ MpaBoi yacThio. OHaKo B psne cirydaeB st (1)
3a/Ial0T Ha4aIbHBIE YCIIOBUS
(0)=d, 4

rore C — (mx n) -MaTpula, U m<n.

VYcnorue (4) mns ypaBHeHHit COOOJIEBCKOTO THIA HA3BIBAIOT YCIOBHEM
[oyonTtepa-Cunoposa [3]. TunuuHo# moctaHoBkoi 3amad (1), (4) seusercs
3a1ada GUIBTpauny IByX(pa3zHOH HeC)KUMAEMOU KHUIKOCTH [4]

ou(x,t)/ 0t —ov(x,t)/ Ot = divR,gradu(x,t) + f,, (5)
ou(x,t)/ 0t —ov(x,t)/ Ot = divR, gradu(x,t) + f,,
xe[01], t<[0,1],
C YCIIOBHEM
u(x,0) —v(x,0) = g(x). (6)
[Tocne npocreiime AMCKpETU3aUH 110 IPOCTPAHCTBEHHON MEPEMEHHON X,
x;=jh,j=0L..,N, h=1/N,

divR,gradu(x,t)

2
v, @ Ry (Ui = 2u; +u; )/ h*,

divR,gradu(x,t)| ., ~ R, (u;, —2u; + u, )/ h*,

rae u,(t) =u(x;,t),v,(t) =v(x;,t), 3ama4a (5),(6) Oyzner uMeTb BUA
Ay'() + By(1) = g(2),  €[0,1],
Cy(0)=d,
tie y = (U (t),uy (t)serestey (£),v, (), vy (£),..otty ()" . Matpunsl 4, B u C He
MPUBOATCS B CHITY UX TPOMO3JIKOCTH.

K nacrosimemy BpeMeHHU pa3pabOTaHbl YMCICHHBIE METOABI PELICHUS pas3-
nuuHBIX KiaccoB JAY c¢ 3agaHHBIME HadaiubHbIMH ycioBusmu  )(0) (cMm.,

Hanp.,[5],[6]). Bo3Hukaer Bonpoc, Kak MPUMEHSATh AaHHBIE AITOPUTMBI, €CITU
HavyallbHBIC YCIIOBUS 3a7aHbl B BuJe (4)? DTOM 3a7a4e MOCBSIIEH CICAYOIHMA

naparpad.

2. Be160p HAYAJIBHBIX YCJIOBUH
HauneMm c onpenenenuii u BCnoMoraTelbHbIX pe3yJIbTaTOB.

Onpenenenne [7]. Matpuna A~ Ha3bpIBaeTcs MOMyOOpaTHON K MaTpule A,

€CIIN OHA yJIOBJIETBOPSET MATPUYHOMY YpaBHEHHIO A4~ A = A.
[ocnennroro Gopmyiny nepenuiieM B BUIE

(E—A47)A4=0. (7)
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3,I[€CI> E — equHnyHas MaTpula HOHXOI[HLHCﬁ PasMEpHOCTH.

Jlemma. Ecu ker D nker G =@, To det(D'D + GTG) #0,tme D u G —
BEIIECTBEHHBIC MATPHILIBI Pa3MEPOM [ X n M M X1, COOTBETCTBEHHO.

Joka3zatesabcTBo. B crity ycnosus semmsl 1

(Dx,Dx)+(Gx,Gx) >0 Vx = 0.
W3 mocnenHero HepaBeHCTBA BBITEKAET, YTO
(Dx, Dx)+(Gx,Gx) = (D" Dx,x)+ (G" Gx, x) =
=((D"D+G"G)x,x)>0 Vx =0,

1.e. D' D+G"G sBnsercs HeBbIpOKIEHHOI. Jlemma dokazana.

W3 nanHO#M neMMBI 1 onpeAereHus 1 ciemyer anropuT™ BeIOOpa HadadbHBIX
yenosuit y(0) ans 3apaun (1),(4).

Yr1Bep:xknenne. Eciu mis 3amaun (1),(4) BEIMOIHEHO yCIIOBUE
ker C nker(E — A(0)4(0))B(0) =@,
To y(0) HaxXOOUTCS SAUHCTBEHHBIM 00Pa30M U3 CUCTEMbI TUHEWHBIX anred-
panvecKkux ypaBHEHUH
[CTC+(E~ 4(0)4 (0)B(0)]" (E — A(0)4™ (0)B(0)](0) = ®)
=[(E~A4(0)47(0)B(0)]" (E — A4") £ (0).
Joxa3zareanctBo. [lonaras B (1) t =0 u ymMHOXas 00e YacTH HAa MATPHILY
E—A4(0)4(0) . B cuny dpopmymsl (7) umeeMm
(E—-A(0)4"(0)B(0)y(0) = (£ - 4(0)4"(0)) f(0).
Jannast cucrema u ycinoBus (4) garoT cucremy (8), KoTopas BCICACTBHE YC-
JIOBUH YTBEPKACHUS M JIEMMBI UMEET €MHCTBEHHOE pELIeHHEe. Ymeepacoenue

00KA3aHO.
B 3akioueHre MpUBEAEM HILTFOCTPATUBHBIN TPUMED.

b o)
1 T » Y f2(0) ’
1,(0)+¢,»,(0)=d.
BbIsicHuM, IIpH KakMX 3HAYEHHSAX ¢, JaHHAS 3a]ada UMEET CAUHCTBEHHOE

IIpumep.

penienue?
YMHOXKasl JaHHYIO CUCTEMY Ha MAaTPHILY

MOJIyYuM
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anreOpanyecKux ypaBHEHHH
y 1 —1 yl(O) _ 0
2(-1 1 )\»n0) o)

31ech B KauecTBE MONXYOOpPaTHOM MaTpHUIBI BBICTYHAET ICEBI00OpaTHAs
matpuna [2], [7].

Snpo atoit Matpuis 6yaer (c,c)’, ¢ #0. Sapom MaTpuIE! (1 c, ) , Oynet

BeKTop(c2 -1 ) Taxum obpasom, npu c, =—1 nepeceueHueM saep MaTpPUIL

C nu E-A4(0)4 (0)B(0) Oyner HemycTHIM M, KaK HETPYOHO 3aMETUTh, MpU
f(®)=0 panHHas 3agaya WMeEeT MHOXECTBO pPEIICHUH BUAA yl(t)zcef%,

_1
y,(t)=ce % (d =0), rme ¢ — MPOM3BOJIEHOE YHCIIO, U HE UMEET PEIICHUN pu
d#0. Ilpu c,#—1 peuieHne ogHOPOAHON 3amauu OyIeT €AUHCTBEHHBIM U
paBHO

%

e, n() =30,

£ =
»n (@) 4G,

3akiouenune
[IpennoxeHHBI aITOPUTM MOXKHO HMPUMEHSTH TONBKO i 3axad (1),(4), y
KoTOpbIX rankA (t) = deg det( 24(¢) + B(¢)) =m (ycnoBue «paHT-CTEIICHB)

[1]) u rankC = m . Jlng 3aga4, KOTOpPbIC HE YAOBJICTBOPSIOT STOMY YCIOBUIO,
BBIYHCIICHUE KOPPEKTHBIX HAYaJbHBIX YCIIOBHH IIJIaHHPYETCS MPOBECTU B
NanbHEUIIEeM.
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SAMPLING THE INITTAL CONDITIONS
FOR DIFFERENTIAL-ALGEBRAIC EQUATIONS

Lubov S. Solovarova

Cand. Sci. (Phys. and Math.)

Matrosov Institute for System Dynamics and Control Theory, SB RAS
134 Lermontov St., Irkutsk 664033, Russia

To apply the numerical methods developed for systems of ordinary differential
equations with a degenerate matrix in front of the principal part, it is necessary to
set the initial condition. In contrast to the systems of ordinary differential equations
in normal form, this condition cannot be set arbitrarily, and it should be consistent
with the right part of the system.

An algorithm is proposed for sampling of deficient initial conditions for the case
when the initial conditions are given not in the standard way, but represent the
Showalter-Sidorov condition. This algorithm is based on some facts from the theory
of projectors. In the article we have illustrated the results by a simple example.
Keywords: differential-algebraic equations, initial condition.

22



