YIK 519.688

ITAPAJIJIEJIBHOE BBIYUCJIEHVE OBIIIEI'O PEITTEHU A
HEOJHOPOJHOI CUCTEMBI OBBIKHOBEHHBIX JIMHENHBIX
JINO®PEPEHIINAJIBHBIX YPABHEHIUI C IIOCTOSIHHBIMU
KOO PNITNEHTAMN
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Karouesvie cao6a: HEOHOPOIHASL CUCTEMA OOBIKHOBEHHBIX JIMHENHBIX i depeHiimaib-
HBIX yPaBHEHWI C MOCTOAHHBIME KO3 duimentamu; mpeodpasosanue Jlammaca; mapaJ-
JICJIBHBIA ajIrOpUTM.

Ob6cy:kmaeTcst mapaje bHbBI AJTOPUTM TOJTYUEHUST CUMBOJIBHOTO aHATUTHIECKOTO pPe-
IIEHUsT HEOJHOPOIHON CHCTEMBI OOBIKHOBEHHBIX JIMHENHBIX JudHepeHIinaabHbIX ypaB-
HEHUH ¢ IIOCTOIHHBIMHI KOSCb(I)I/ILU/IeHTaMI/I. PeH_[eHI/Ie CHCTEMDbI HaXOAUTCA B aHAJIUTHYC-
CKOM BHJIe U MOXKeT ObITh HaiijileHo ¢ Tpebyemoit TounocThio. IlosydenHblit ajgropurm
spdexTuBen 1y pertenns cucreM mudepeHInaabHbIX YPABHEHUN 00/IBITIOT0 pa3Me-
pa. AJITopuT™M BXOIUT B cOCTaB GUHIMOTEKN aaropuTMOB cucteMbl Mathpar.

1 IlocranoBka 3agaun

[IycTh 3amaHa HEOTHOPOTHAS CHCTeMa OOBIKHOBEHHBIX JIMHEWHBIX IuddepeHnaTbHbIX
yPaBHEHUH ¢ HOCTOSHHBIMU KO puimenramu:

Z Dﬂ(t)l’l(t> = fl(t), Dﬂ(t) = Zakﬁﬁ, 1 = 1, NN IS akﬂ € R,n,m € N, (1)
j=1 k=0
rae agjy; — AeficrBuresbusie yncaa, f;(t),x;(t) — orpanmdennsie na Ry dyukimu, umeomue

KOHEeYHOe YHCJI0 TOYeK pa3pbiBa | pona u ymosiaerBopsoniue yeaosusam: f;(t) =0 mpu ¢ <0,
|fi(t)] < Me®" npu t >0, rme M >0, so =0 — HEKOTOPbIE JeiiCTBUTEIBHBIE TOCTOSTHHBIE.
O6oznaunm A(t) = (D;;(t)) cucremy (1), u 3amumreM B MATPUIHOM BHJE:

AB)X () = F(t), X (t) = [z1(1), ...,z ()], F () = [fi(t), .., ful®)]".
[MycTs xl(k)(t) obozmavaer k-yio mpoussoanyio GyHkmm z;(t), a uncaa xk, ompemensior
HaYaJbHBIC YCIOBHA:
k
2 (0) = af, (2)

%

rme k=1,2,....m—1,i=1,2,....,m, zk € R.



Bynem nonarars, 9to B obmmem ciaydae Kaxkaas u3 GyHkuuii f;(t) B IpaBoit 9acTH MOXKeT
UMEeTh BUJ KOHEYHOM CYMMBI:

fit) = Zpij(t)e‘s"'jt sin® (y;;t) cos” (B;;1)UnitStep(t — aj),
J

rae oGj, Bijs Vi, 0ij € R, i, vi5 € Nyp;;j(t) — noamuoMm mepemennoii t, dyuxuusa UnitStep(t)
NPUHUMAET 3HaYeHue 1 Jisi HeOTPUIATENbHBIX aPTYMEHTOB U 3Hadenue () JJIsi OCTATbHBIX.

Tpebyercst Haiitu pemenne X (t) cucremsbr (1), yaoBieTBopsioliee yeaoBuaM (2), B aHAJH-
THYECKOM BHJIE.

2 Auaropumrm Jlamgaca

Asroput™ coctonT u3 Tpéx sramnos [1-3].

Otan 1. IIpamoe ipeodbpazoBanue Jlanaaca cucremsl auddepeHnaabHbIX yYpaB-
HEHUII.

[Ipeobpazosanus Jlamaaca ansa dbyuaknnn f(t):

Flp) = /0 T FBerdt, pec. (3)

B pesyabrare mpeobpasoBanust GYHKIHH, CTOSIINX B JICBOH U MPABON YACTIX CHCTEMBI [TH -
dbepennuanbubix ypasuernii (1), n HavaIbHBIX yeaoBuii (2) mo dhopmyite (3) mosydaem cucremy
ajireOpanvyecKux ypaBHeHUIl:

A(p)X (p) — B(p) = F(p). (4)

Buecs A(p) — o6pas sesoit yactu cucremst (1), F(p) — obpa3 upasoii qactu cucremsi (1),
B(p) — BEKTOD, MOSBJSIONUIICS P BBEJEHHH HAYAJBHBIX YCIOBHA (2).

Oran 1I. Pertenne nosrydeHHO# ajaredbpamdyeckoit CucTeMbl.

Perenne anrefpandeckoil cucteMsl (4) UireM B BHIE

X(p) = A(p)~ (F(p) + B(p))- (5)

PesyabraToM gBIgeTCd BEKTOP APOOHO-pANMOHAJBHBIX (DYHKIWMIA OT P .
Aran III. O6parHoe npeobpa3oBanue Jlamaca.
O6patnoe npeobpazosanue Jlamraca ans dynkmun F(p) :

;OO

[ty =L Y{F}= L / e’ F(p)dp.

21 ) oo

Hckomoe perenne cucremst (1) 3amaercs Bekropom X (1) :

X0 =5 | " x(p)dp. (©)



3 IlapaJjajeabHBbIii aJrOpUTM

[Iycts umeercst kaactep ¢ n npormeccopamu ¢ Homepamu 0,1,2,... (n —1).
Bynem cunrarh, uro mpomeccop ¢ HomepoM () — KOpHEBOIA.

PaszpaboranHbiii napaJjute/IbHbI aJrOPUTM COCTOUT U3 CJIELYIOIINAX MAroB.

IMIar 1.

IIpamoe npeobpasosarue Jlanaaca ucrodrnots cucmemo, dupdeperuuaivroir ypasreru.

[Iycts F(p) — obpas dbyukmun f(t) mpu npsimom npeobpaszosanun Jlamnaca. B pesynbra-
Te MPsAMOro mpeobpa3oBanus Jlammaca mpou3BoaHONl n-0ro mopsaka ¢byuknun f(t) moaydnm
HOJIMHOM CTEIIeHU 7 .

B pesyabrare npsamoro npeodbpazoBanud Jlamiaca Jjiepas 4acTb cucTeMbl auddepeHIuaib-
HBIX ypaBHeHuil mpeobpasyercs B Marpuiy moinaomos A(p) = (D;;(p)) oamoii meifctBuTebHOI
IepeMeHHon p .

PesybraroM mnpsimoro npeobpazosanust Jlamiaca (3) npapoii qactu Gyer BeKTOp (yHKIHIA.

f(p) = [fl(p)7 cee 7fn(p>]T‘

Kaxnas w3 dbyakuuii f;(p) sBiasiercst cyMMOii TpOU3BeIeHn Il SKCMOHEHIIMATBHBIX U JIPOGHO-
PAIMOHAJBHBIX (PYHKITAI.

Pesysbratom mpeobpasoBanust HAYAIbHLIX yeaoBuit Oymer B(p) — cymva Tpou3BeaeHui
IIOJITHOMOB OT P Ha CBODOJIHBIE TIepeMeHHbIe, 0003HAYAIONINE HAYATbHBIE YCIOBUsT (2).

B pesyabrare npeodbpasoanus Jlamsiaca cucreMbl OObIKHOBEHHBIX JIMHEHHBIX guddepeHiim-
AJTbHBIX YPaBHEHUI NOJIydaeM ajareOpandeckyio CUCTEMY JIUHEHHBIX ypaBHEHUI

Alp) - X(p) = F(p) + B(p).

Bce BbIUHC/IeHHsT HA 9TOM IIare MOIYT ObITh BBINOJIHEHBI HA HYJIEBOM IIPOIECCODE.

IMTar 2.

Pewenue anzebpauieckoli cucmemv, AuHeUHOT YpasHenul B KOJIbIE MOJUHOMOB — aJro-
PUTMHIECKH CJIOZKHAS 3371294, /I PEIIeHrs] KOTOPOi Oy/yT MCII0Jb30BAaHbI BCE HPOIECCOPDI
KJIacTepa.

Hst marpuisl nonuaoMoB A(p) € Cp]™*™ soraucasiem onpeaenutens det(A(p)) n obpar-
nyio marpury A~ (p) = A*(p)/det(A(p)), roe A*(p) — nmpucoennnénnas MaTpuna. Bocmoss-
3yeMcsl TapasleIbHBIMU aaropurMamu [12].

Marpuny A~!(p) noayuum Ha HyJIeBOM IIPOIECCODE.

ITar 3.

[Tosmuom det(A(p)) packiaipiBaeM Ha CBOGOIHbBIE OT KBAIPATOB MHOKUTEH.

Bazaua HakTOPU3ANAN TTOJMHOMA PACTIAPAJLIETUBAETCS U UCIIOIB3YIOTCS BCE Y3JIbl KJIacTe-
pa.

O6J1acThb TONCKA KOMILIEKCHBIX KOPHEll pa3fuBaeTcs Ha CEKTOPA, KOJUIECTBO CEKTOPOB PaB-
HO KOJIMUecTBY mporieccopoB. Hymesoit mpomeccop paccoiiaer det(A(p)) Bcem mporieccopam.
Kazkaplit mporeccop Geper CaydaifHYIO TOYKY B CBOEM CEKTOpe W 10 MeTojy Hbrorona Ha-
YUHAET CIYCK K KOPHIO ypaBHeHus. Takum obpas3oM, KOrJa HyJIeBOH MpOIEccop mosydaer k
PA3JIMUHBIX KOMILIEKCHBIX KODHEH, BCE IPOIECCOPBI HOJLYYAI0T COODIIEHNE O IPEKPAIIEHUU Bbl-
aucaennii [13].

B pesyabrare pasznoxenns noawnoma det(A(p)) Ha aunelinble comOkuTE M B 0b1actn C

IIOJIyYHUM:
T

det(A(p)) = [ [(p — ), tae r <nm, p. € C, g €N. (7)

k=0



IMIar 4.
Packmapisaem n1po6n 1/det(A(p)) B cymmy npocthix apobeii B obaactn C :

—1 = —Ck rae
det(A(p)) kZ:O b—po TR ®

Ha mynesom nporeccope cobnpaem marpuily M;; TOTy4YeHHYIO B Pe3yJbTaTe PerleHnsd JaH-
HOM 3a/]a41 ¢ HOMOIIILIO MeTO/a Heolpe/lesleHHbIX Koad dunuenros. Marpuny M;; dopmupyem
CJIeYIONIM 00pa3oM: KOJTHIECTBO CTOJIONOB paBHO k + 1, a KOJTHYECTBO CTPOK PAaBHO CTap-
meii crenenn det(A(p)), B nepBoix k croabnax OyayT 3amucaHbl KOIMOUIHEHTH HOJIMHOMA
[Li—o(p — pk)* s k # j, B nocaenuem cronbue 3anucansl Kosddumnuentsr det(A(p)) .

Pemnraem napaJiiejibHO 33124y U IIOJIyYeHHbIe Ha KarkKJI0M LIPOLECCOPE HeOolpe/iesIeHHble KO-
apdbunuenTsr (, cobupaem Ha HYJIEBOM IPOIECCOPE.

Tar 5.

O6oznaunm uepes H(p) = F(p) + B(p) u H(p) = [h1,. .., h,)" . Torna, nomyaum:

@iip n m—1 ‘
h= 3 Qe Qw S ot ) = S e
7=1 i=1 k=0 i=k
Haitnem pemrenue

X(p) = A(p) - H - (1/det(A(p))- (9)

Iycrs X(p) = [x1,-- -, xa)"- Torma xi(p) = > 1_p p’“ep]: =, e n, € C.
s xazkaoro saementa sekTopa X (p) = [x1(p), ..., xn(p)]’ HAXOAMM 0GpaTHOE Ipeobpa-

sopanume Jlamnaca (6) X (t) = [x1(t),..., 2, (t)]"

zi(t) = L7 {a(p)}, trei=1,2,...,n. (10)

YMHOKeHHe MATPUITHl Ha BekTOp (9) u obpaTHOe mpeobpasopanue Jlamiaca (10) BeIIOTHIM
CCAYIONMM 00Pa30M: /IS STOrO MPOM3BOAUM PACCHLIKY Ha KAsKABIH y3esa Kiaacrepa k CTPOK
marpuusl A*(p), Bexrop H(p) m cymmy npobeii (8), rae k = %+, n — 4UCIO CTPOK MaTpPHIIbL
A*(p), a N — KOIM4YeCTBO TPOIECCOPOB. [IIsT TOMYUYeHHBIX HA KayKJIOM W3 MPONEccopoB k
sementoB BekTopa X;(p) = [Xn. (P),- -, Xa,(p)] Haxomum obparHoe mpeobpazopanue Jlamia-
ca (6). BareM HyJIeBO Mpomeccop O0beJUHSIET MOJYUYEHHBIE Pe3YJIbTATHl B HCKOMOE DeIleHue
cucteMbl nudepeHInaIbHBIX YPaBHEeHUI.
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Rybakov M.A. PARALLEL COMPUTATION OF THE GENERAL SOLUTION
OF THE INHOMOGENEOUS SYSTEM OF ORDINARY DIFFERENTIAL EQUATIONS WITH
CONSTANT COEFFICIENTS.

We discuss a parallel algorithm to obtain numerical-analytical solutions of the inhomogeneous
system of ordinary differential equations with constant coefficients. The solution of the system can be
found with the required accuracy. This algorithm is effective for solving large systems of differential
equations. The algorithm is part of the library of algorithms Mathpar.

Key words: inhomogeneous system of ordinary differential equations with constant coefficients,
Laplace transform, parallel algorithm.



