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6. PeweHune gudcpepeHumansHbIX ypaBHEHUN

6.1 O6bwue ceedeHus

Jns pemenus nuddepeHIaNbHBIX YpaBHCHAN TOIB30BATEIIO MPEia-
raetcs OoxpIold HabOp (QYHKIMI, OCHOBHOE KOJHYECTBO KOTOPBIX PacIo-
noxxeno B oubnmoreke DEtools.

Pemmuts nuddepenmansHoe ypaBHEHNE HITH CUCTEMY YPaBHEHUA MOXKHO C
ITOMOIIBI0 BCTPOCHHOH KOMaHBI dsolve.

dopmaT KOMaHIbI:

dsolve(deqns, vars) niam

dsolve(deqns, vars, eqns),

rie deqns — o1HO M depeHIuaTbHOE YPABHEHHE UITH MHOKECTBO YPAaBHEHHIN
W/WIK HAYAIbHBIX YCIIOBUIA, Vars — IepeMEeHHAst WK MHOXKECTBO HEU3BECTHBIX I1e-
PEMEHHBIX, eqNns — HeoOs3aTeIbHbIC BRIPAXKEHHS B POpMe Kiiouegoe closo = 3na-
uenue.

Komanna dsolve mo3BosieT onpeaenuTh peneHne MHOTHX TuddepeHnnans-
HBIX ypaBHeHHH. [To ymomuanuio dsolve mocrapaercst HAliTH TOYHOE pEIICHHE
muddepennuansHoro ypaBHeHHs. OHAKO, €CIIH TOYHOE PEIICHNE HE MOXKET OBITh
MIOJTY4€HO, TO MOKHO MOMIBITATHCSI HAWTH MTPUOIKEHHOE PEIICHNE C TIOMOIIBIO
PpasIoXKEHUs €To B sl (apaMeTp fype=series) WIN YACICHHBIM METOJIOM (T1apa-
METp type=numeric).

Ipumepr:
Pemmm nuddepennmanpaoe ypaBHeHHE 0e3 Ha9albHBIX yCIOBHMI:

>dsolve (t*diff (y(t) ,t) -t*2*y(t)=cos(t) ,y(t) ).

1
%12E &3%512 Ecos(t)

y(t)=e dt+ ClI

1 Y
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Haiinem npubnmKkeHHOE pelIeHHe TOTO JKe YPaBHEHHSI C HaYaJIbHBIMU YCIIOBH-
SIMU TIPH [TOMOIIIY TTapaMeTpa type=series. UNCIO YICHOB psija MOXKHO H3MEHUTD,
npucBouB napameTpy Order TpedyemMoe KOIMYECTBO WICHOB Psijia:
>Order:=4;

Order =4
>dsolve ({t*diff (y(t) ,t)-t*2*y(t)=sin(t),
y(0)=1},y(t) , type=series) ;

12 53 4
HD=1+t+—t"+—t" +0(¢
y(t) 5 18 (t)

BakHO OTMETUTD, YTO HAYAIILHBIC YCIOBUSL, 33JaHHbIC IIPOU3BOIHBIMH, 3aIIH-
CBIBAIOTCS B CJIE/YIOIIEM BUJIE, HATIPHMED, BTOpast IPOU3BO/IHAS OT Y B TOUKE HOJIb:
D(D(y))(0) mm (D@@2)(y)(0)-

Jis perrenns quddepeHnraisHbIX ypaBHEHHH, conepxkanmx Gpynkuuu Jupa-
Ka WK XeBHcaiia, MOKHO UCITOJIB30BaTh OMLHt0 method=laplace. [Tpu aToM npu
peteHrH T PEePeHINATEHOTO YPaBHEHHUS OyIET HCIIOIB30BaThCs TPeodpa3oBa-
Hue Jlamnaca.

ITlpumep:
>DifEqnl := diff(y(t),t$2) + S5*diff(y(t),t) +
6*y (t) = Heaviside(t);
2
DifEgnl = 5 y(t)E+ 5 %%y(t)%+ 6 y(t) = Heavisid€?)
t

>dsolve ({DifEqnl, y(0)=0, D(y) (0)=1}, y(t),
method=laplace) ;

1 2 (31) 1 (=21)
y)=—-_e +_e
6 3 2

C MoMOIIBI0 KOMAaHIBI dsolve MOJKHO HaXOAUTh PEIIeHUE TU(GepeHIIHaTbHO-
T'O YpaBHEHHMS YUCIICHHBIM MeToioM. [Tonb3oBarento npeasaraercs 6 6a30BbIX Me-
To0B. CllelyeT OTMETHUTD, YTO KaX[bIi METOJ IMEET OIPOMHOE KOJIMYECTBO OI-
LMiA, TTOAPOOHYIO HHPOPMALINIO O KOTOPHIX MOXKHO MOIYYUTh B CIIPABOYHOM CH-
creme Maple V Release 4 wiu B xuure [Ipoxopos I'B., Jlenenés M. A., Konbees
B.B. ITaket cumBosbHBIX BhuncicHuit Maple V. - M.: Komnauus “Tlerut”, 1997.
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HazBanue onuun Onucanue merona
method=rkf45 Meton Pynre-Kyrra 4eTBEpTOrOo—msTOro
nopska (mapamerp 1o yMOJIYaHUIO).
method=dverk?78 Meton Pynre—-Kyrra cenpbmoro—BocsMoro
TOpsJKa.
method=classical[meTox] Conepxur HECKOJILKO OCHOBHBIX
METOJ0B:

foreuler — npsimoit Mmetox Diepa;
heunform — ycoBeplIeHCTBOBAaHHBIN METOJ
Diinepa;

impoly — MoOIU(DUIMPOBAHHBIA METO[
Ditnepa

rk2 — xmaccudeckuit meton Pynre—Kyrra
BTOPOTO MOPSIJIKA;

rk3 — xmaccudeckuit meton Pynre—Kyrra
TPEThero MopsIKa;

rk4 — xknaccuyeckuir meton Pynre—Kyrra
YETBEPTOTO MOPSJIKA;

adambash - wmeron Anamca—bamdopna
(MeTo «IIpoTHO3a);

abmoulton — wmeron Anamca-MoyntoHa
(METOJ «IPOTHO3a i KOPPEKLIHUY).
method=gear OpHowmaroBslii Mmerox ['upa

method=mgear MHuoromarossiii Mmeton I'mpa
method=Isode Merton peumienus Jlusepmopa Ctudda.

ITlpumep:
>syst:=diff (y (x) ,x)=£(x) -y (x)-x,diff (£(x) ,x)= y(x):
>func := {y(x), £(x)}:
>Fout := dsolve({syst,y(0)=0,£(0)=1}, func,
type=numeric,method=classical[rk4]) ;

Fout :=prodx_classical) ... end

I[EU'ICG MOKHO pacneqyaTraTb 3HAYCHNUEC PCIICHUS B J'IIO6OI7[ TOYKEC:
>Fout (1) ;

[x = 1, y(x) =.3437314050154296, f{x ) = 1.258972078481968 ]

© I[Ipoxopos I.B., Konbeer B.B., XXemxos K.1., JIenenes M.A., 1998
«Matematrueckuii maket Maple V Release 4».
[pu nepeneyarke cchliKa Ha IEPBOMCTOYHHUK 00s3aTEbHA.
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6.2 PeweHue dupgepeHyuanbHbIX ypasgHeHUl C
4acMmHbIMU NMPOU3800HbIMU

Jnsa pemenns nuddepeHINANbHBIX yPaBHEHUH C YaCTHBIMH IPOM3BOJ-
HBIMH CITy>)KUT KOMaHza pdesolve.

DopmMar KOMaHIbI:

pdesolve(deqns, vars),

rne deqns — quddepeHHanbHOe ypaBHEHHE C YACTHBIMHU IPOU3BOIHBI-
MH, Vars — HeH3BECTHbBIC MEPEMCHHBIC.

Komanna pdesolve mo3BossieT HaliTH pemieHns MHOTHX ypaBHEHHH C
YaCTHBIMH TPOM3BOAHBIMU. IIpon3BoibHBIE (QYHKIHH BBIBOJATCS B
Buge: F1, F2 u . g

Ipumepor:
>pdesolve (y*diff (F(x,y) ,x)+x*diff (F(x,y) ,y)=0,
F(xIY)) ’

F(x,y)= Fl(-=x” +)°)

>pdesolve( 3*diff(g(x,y),x,x)+7*diff(g(x,y) ,x
Y)=x*y, g(x,y) )i

7

4 1 3
,V)=———Xx + — + F1 + F2(3y-7
g(x, ) 26 T1g* Y- W+ _F2(3y-7x)

Jlns monydeHus aetaiabHOi nHpopMaruu o nuddepeHInaIbHOM YPaBHEHUH
M 9Tamax ero PemieHus CIeAYeT BBITOTHUTD KOMaHIy:

>infolevel [pdesolve] :=5:

U 3atem pernth audhepeHinaasHoe ypaBHEHHUE.
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6.3 bubnuomeka DEtools
Conepxut 17 dpynkumii 17151 pa®oTs ¢ AndGepeHnatbHBIME YPaBHEHHSIMH 1
JUISl IOCTPOEHUS penieHui M hepeHIInaIbHBIX ypaBHEHUH

OYHKINA JIEUCTBUE

Denormal Bospainaer “HopManu3zoBaHHyr” Gopmy audde-
PEHIMAIBHOTO YPABHEHHUSI.

Deplot [ocTpoenue rpaduka pemenus anddepeHraib-
HOTO ypaBHEHMS WIH cUcTeMbl muddepeHimas-
HBIX ypaBHEHUI.

DEplot3d IToctpoenue pemieHus cUcTeMbl auddepeHnnas-
HbIX YPaBHEHHIA B BUJIE TPEXMEPHOTro rpaduka.

Dchangevar 3aMeHa TEPEMEHHBIX B OOBIKHOBCHHOM aude-
PEHIMAIBLHOM YpaBHEHHH.

PDEchangecoords| TIlepexon k apyroit cucreme koopauHat B audde-
PCHIMATBHOM YPaBHEHHH B YAaCTHBIX IPOH3BOI-
HBIX.

PDEplot [MocTpoenue pemienus au¢pepeHINaIbHOTO ypaB-
HEHUsI C YaCTHBIMH IIPOU3BOTHBIMHU.

autonomous Onpenersier, sBiseTCs U cuctema auddepeHiu-
aJIbHBIX YPaBHEHUI aBTOHOMHOM.

convertAlg Bosppamaer crmcok ko3dduimento auddepen-
[HAJIBHOTO YPaBHCHHUSL.

convertsys [Ipeobpazyer cucremy anddepeHIHanbHBIX ypaB-
HEHHH K CHCTEME TIEPBOr0 MOPSIKA.

dfieldplot [MocTpoeHue 1oss perieHus At cucteMbl audde-
pEHLHUAIBLHBIX YPAaBHEHUH.

phaseportrait IToctpoenue pemreHust TUPPEPEHIUATEHOTO ypaB-
HEHHUSL.

reduceOrder [IpumeHAT MeTon TMOHMKEHHs Topsaka K audde-
PEHIMATIbHOMY YPaBHEHHIO.
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Pemenune nuddepenunanbupIx ypaBHEHUH 71

@ynxyus DEnormal.
BosBparaer “Hopmanu3oBanHyo” Gopmy audhepeHIIHanIbHOT0 YPaBHEHHS.

dopmar KOMaH/IbI:

DEnormal(des,ivar,dvar),

rae des — nudhepeHInanIbHOe YpaBHEHHE HITH CITMCOK K3 OIICPaTopoB, ivar —
HE3aBHUCHMBIC IIEpeMEHHBIC, dvar — 3aBUCHMBbIC TICPEMCHHBIC.

ITon “HopManm3anueii” MOHUMAETCS TO, YTO KOG GHUIHEHTH AU depeHITH-
aJIbHOTO ypaBHEHHMs, crucka quddepeHInalbHbIX ONIepaToOpOB MM Pe3ynbraTa
BhInonHeHust koman el DEtools[convertAlg] mpencraBistorcst B BUjie IOJIMHOMOB.
>with (DEtools) :

DE := 2% (-2*x"3)/(x-5)*y(x) + 4*(x*2)/
(x+1) *x*D (y) (x) +5*x*3/ (x-1) *2* (D@R2) (y) (x) =
xX*;

2
I R O
+4 +5 =X
x-=5 x+1

(x - 1)

>DEnormal (DE,x,y (x)) ;

2
(4x3 —28xz+44x—20)%y(x)%+(5xz—20x—25)%y(x)§—4y(x)x3

2 2 6 5
+4y(x)x"+4y(x)x -4y(x)=x —6x+4+———2
X
x

@ynxyus DEplot
[MocTpoenue rpaduka pemenns AupepeHIHATBHOT0 YPAaBHEHNS WIIH CUCTe-
MBI 1A depeHITIATEHBIX ypaBHEHHH.

®dopmar KOMaH/IbL:
DEplot(deqns, vars, trange, eqns)
DEplot(deqns, vars, trange, inits, eqns)
DEplot(deqns, vars, trange, yrange, xrange, eqns)
DEplot(deqns, vars, trange, inits, Xxrange, yrange, eqns),
© I[Ipoxopos I'.B., Konbeer B.B., XXemxos K., JIenene M.A., 1998
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72 I'maBa 6

rae deqns — CIIMCOK MM MHOXKECTBO U (PepeHIINabHBIX YPAaBHEHHUI IEPBOTO
nopsiaka wik qudhepeHIraIbHOe ypaBHEHHE TI000ro NOpsIKa, Vars — 3aBucuMast
IIepeMEHHast, CIIMCOK MJIM MHOXKECTBO 3aBUCUMBIX IEPEMEHHBIX, trange — 001acTb
M3MEHEHHUs HE3aBUCUMOM MIepEeMEHHOM, inits — HauanbHbIC YCIOBUS TS KPUBOH
pemieHus, yrange — 00J1acTh H3MEHEHUS IEPBOi1 3aBHCUMOH TIEpeMEHHOI1, Xrange
— 00J1aCTh U3MCHEHUS BTOPO# 3aBUCHUMOM IEPEMEHHOH, eqns — HeoOs13aTeIbHOS
BBIpaKeHUE BUaa keyword=value.

Ilpumep:
>DEplot ({diff (y(x) ,x$3)-diff (y(x),x$2)+diff
(v (x) ,x)=y(x)-x},{y(x)},x=-2.5..1.4,[[y(0)=1,
D(y) (0)=2, (DRR2) (y) (0)=1]],y=-4..5,stepsize
=.05);

W)

@ynxyus DEplot3d
[Moctpoenwue pemenust cucteMsl AnQdepeHInaNEHBIX YPaBHEHHH B BUIE TPEX-
MepHOro rpaduka.

dopmar KOMaHIBI:

DEplot3d(deqns, vars, trange, initset, options),

DEplot3d(deqns, vars, trange, yrange, xrange, initset, options),

r71e deqns — CIIMCOK MIT MHOYKECTBO OOBIKHOBEHHBIX (P (hepeHIIaIbHBIX YpaB-
HEHUH, vars — 3aBUCHMBIC IIEpPEMEHHBIC, trange — 001acTh N3MEHEHHS HE3aBHUCH-
MOH IepeMeHHOH, yrange — 001acTh MU3MEHEHUS IIEPBOI 3aBHCUMOI TIepeMeH-
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HOM, Xrange — 00JacTh U3MEHEHHUsI BTOPOM 3aBUCHMOI IepeMeHHOH, initset
— MHOKECTBO HayaJbHBIX YCIOBHH AN KPUBOM peuieHus, options — Heo-
0s13aTebHOE BBIpaXKCHHUE BHIa keyword=value.

J1u1s1 3a1aHHOM CHCTEMbI OOBIKHOBEHHBIX AU(D(GEePSHIATBHBIX YPAaBHCHHUH YHC-
JICHHBIM METOJIOM CTPOUTCS KpuBas perieHus. [1o ymoauaHuio HCoiabp3yeTcs Me-
ton Pynre — Kytta 4-ro nopsaka. Ciemyer OTMETUTD YTO B CUCTEME TOJIKHA OBITH
TOJIBKO OJJHA HE3aBUCUMas IepeMeHHasl.

Ilpumep:
>DEplot3d({diff (x(t),t)=-sin(t) ,diff(y(t),t)=
cos(t)},{y(t),x(t)},t=-2*Pi. .0, [[y(0)=0,x(0)=1]
1)

0.5

wiEn

0.5

@ynxyus Dchangevar
3aMeHa epeMeHHBIX B OOBIKHOBEHHOM (P (EpeHINaTEHOM YPaBHEHHH.

®dopmaT KOMaHIBL:

Dchangevar(trans, deqns, c_ivar, n_ivar),

Dchangevar(tranl, tran2, ..., tranN, deqns, ¢_ivar, n_ivar),

e trans — CIIFCOK WITH MHOXECTBO BEIPKCHUH, TTOACTABISIEMBIX B ypaBHE-
Hue, tranl, tran2, ..., tranN — BelpakeHus1, IOACTaBJsIEMbIE B ypaBHEeHUE, deqns —
mudpepeHInANTEHOS YpaBHEHHUE, ¢_ivar — IMs CYIICCTBYIOIICH He3aBUCHMO TTe-
PEMEHHOM, n_ivar — uMsi HOBOW HE3aBUCHMOM IEepeMEHHON (HeoOs3aTebHbIH
rapameTp).

C moMoIIbI0 TAaHHOM KOMaHIb MOJKHO IPOBECTH 3aMEHY IIEPEMEHHBIX B T (]-
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(hepeHIaTbHOM YpaBHEHUH HITH CHCTEME MU PepeHIINATBHBIX YPaBHCHUH.
Bo3MOoKHBI TpU cCUTyaluu:
1. 3MeHeHue nMEeHHU 3aBUCUMON IEPEMEHHOM. DTO 03HaYaeT U3MEHEHUE 3a-
BHUCHUMO nepeMeHHoil. OlHako He3aBUCHUMAsl IEPEMEHHAsI HE U3MEHSIETCSL.
2. 3amMeHa He3aBUCUMOI nepeMeHHoi. [Ipu 3ToM crapas mepemeHHas OyneT
3aMEHEHA HOBBIM BBIPAKEHUEM.
3. I3meHeHue 3aBUCUMOi IepeMEHHON Ha IEPEMEHHYI0, 3aBUCSIILYIO OT ApPY-
TUX apTyMEHTOB.
Ipumepor:
[IpeoOpa3oBaHus, ONMCAHHEBIC B TYHKTE 1:
>Dchangevar (m(x)=1 (x) *sin (x) ,n (x)=k (x) , [D (m) (x)=m(x) ,
(D@R2) (n) (x)=n(x)"2],x);

2
[D(/)(x) sin(x ) + 1(x ) cos(x) = 1(x) sin(x ), (D( ))(k)(X) =k(x)’]

IIpeoOpa3oBaHusi, ONMCAHHBIC B IIYHKTE 2:
>Dchangevar (t=arctan (tau) ,diff (x(t) ,t)=sin(t) ,t, tau);

D(x )(arctan(t)) = sin(arctan(1))

[IpeoOpa3oBaHus, ONMCAHHEBIC B TYHKTE 3:
>Dchangevar (x (t)=L*y(phi) ,diff (x(t) ,t$3) =
tan(t) ,t,phi);

3

0
—3L y(@) = tan(@)

0

@Dynxyus PDEchangecoords

[Mepexon k Ipyroi cucteme KOOpAUHAT B TU(depeHInaIbHOM YPaBHEHNH B
YaCTHBIX TPOU3BOIHBIX.
dopMat KOMaH/bl:

PDEchangecoords(pdes, ¢_ivar,c_name, n_ivar),

rae pdes — auddepeHnranbHoe ypaBHEHHE C YaCTHBIMH IPOU3BOJAHBIMU
Wi cuctema quddepeHInaIbHbIX ypaBHEHHH, ¢_ivar — CIIUCOK CYIIECTBY-
IOUIMX HE3aBHCUMBIX MEPEMEHHBIX, C_Name — MMs HOBOIl CHCTEMbI KOOPAH-
HaT, N_ivar — CIHCOK HOBBIX HE3aBUCHMBIX MEPEMEHHBIX (HE0O0sI3aTeNbHBIN
napaMerTp).
© IIpoxopos I'B., Kon6ees B.B., Xennos K.1., Jlenenes M.A., 1998
«Matematrueckuii maket Maple V Release 4».
[pu nepeneyarke cchliKa Ha IEPBOMCTOYHHUK 00s3aTEbHA.




Pemenune nuddepenunanbupIx ypaBHEHUH 75

OcymiecTBIsIeTCS Mepexo K HOBOHW CHCTeMe KOOpAMHAT B TEPMHHAX Ya-
crHoro nuddepeniupopanus. s IByXMEpHBIX CHCTEM BO3MOJKEH Iepe-
X0Zl K 14 HOBBIM cucTeMaM. BOT HEKOTOpbIE U3 HHX:

bipolar — OumnosspHas;
hyperbolic — runepoOoInIecKas;
logarithmic — norapudmuyeckas;
parabolic — mapaboJInIecKas;
polar — MOJISIPHAsL.

J1Jist TpeXMEpHBIX CHCTEM BO3MO)KHA TpaHChopmarius B 29 HOBBIX CUCTEM KO-
opAuHAT. BOT muIs HeKOTOphIe U3 HUX:

conical — KOHHUYECKas;
cylindrical — IWJIMHIpUYECKast;
spherical — chepuueckas;
toroidal — TOPOHIAJIbHAS.

Jlnst monmyveruns 6onbieii HHGOpMAaIiK 0 CHCTEMaX KOOPIHHAT CiieayeT 00pa-
TUTBCS K CIIPaBOYHOI cucteme Maple V no kiroueBomy ciioBy “coords”.

Ilpumepor:
>PDEchangecoords (diff (z(x,y) ,x), [x,y] ,polar);

cos(y) %% Z(x,y)Ex —sin(y) %% Ax,y)

X

@yuxyus PDEplot

[Moctpoenue pemenus qudhepeHInaTbHOrO YpaBHEHNUS B YACTHBIX IPOU3BO/I-
HBIX.
dopmar KOMaH/IbI:

PDEplot(pdiffeq, vars,i_curve, srange, options),

PDEplot(pdiffeq, vars,i_curve, srange, xrange, yrange, urange, options),

rae pdiffeq — nuddepenunanbHoe ypaBHEHHE ¢ YACTHBIMH MPOU3BOJI-
HBIMH TIEPBOTO TIOPSIKA, Vars — 3aBHCHMBIC IIEpPEMEHHbIE, i_curve — Ha4dalb-
HBIC YCIIOBHUs, srange — 00JacTh M3MEHEHUS MMapaMeTpPOB HAYalbHBIX YC-
JIOBHIA , Xrange — o0JacTb U3MEHEHHUS MMEPBO HE3aBUCHUMOMN MEPEMEHHOM,
yrange — o0JIacTh M3MEHEHHs BTOPOIl HE3aBHCUMOI IMEpeMEHHOH, urange —
00J1aCTh U3MEHEHHS 3aBHCHMOU MEepEeMEHHOM.

Jln1s ypaBHEHHUS ¢ YaCTHBIMHU IIPOU3BOJHBIMU CTPOUTCS KpHUBas pele-
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Hus. HeoOXoquMo MOMHHTH, YTO HAadallbHbIEC YCIOBHS 3aJal0TCS B BHJE
CIHUCKA U3 TPEX 3JIEMEHTOB, KOTOpPbIE O3HAYAIOT MapaMeTPUUecKyo Gopmy
KpUBOW B TPEXMEPHOM IIPOCTPAHCTBE.

Ilpumep:

>PDEplot (D[1] (u) (x,y) +cos (2*x) *D[2] (u) (x,y)=-

Q‘ZW@Y’) C}MC(WWQ’S, [0,s, 1+SA2] ,8=-2..2);

Omnpenenser, sIBISIETCS JIM MHOXECTBO AU GepeHIIaIbHBIX YPABHEHUI aBTO-
HOMHBIM.
dopmart BbI30Ba:

autonomous(des,vars,ivar),

rae des — muddepeHIanbHOe BhIpakeHUe (HIIH MHOYKECTBO), Vars — CIIHCOK
HJTA MHOYKECTBO 3aBUCUMBIX IEPEMCHHBIX, ivar — CIIMCOK WJIK MHOXKECTBO HE3aBHU-
CHMBIX [ICPEMEHHBIX.

Ilpumep:
>autonomous (sin(z (t) -z (t) *2) * (DQR4) (z) (t) -cos
(z(t))—5,z,t) ’

true

Qynryus convertAlg

Bo3sBpaimaer cincok ko3 puieHToB 1udQepeHIHansHOr0 ypaBHEHHS.
dopmar BbI30Ba:

convertAlg(des,dvar),

rae des — mupdpepeHmanpHOE BeIpaxkeHue, dvar — 3aBucuMast nepeMeHHast.
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Ilpumep:
>convertAlg (diff (x(t) ,t) *sin(t)+5*x(t)=cos(t) ,x(t));

[[5, sin(7)], cos(7)]

Dyukyus convertsys

[Tpeobpasyer cucremy nuddepeHnnanbHbIX ypaBHEHHH K CHCTEME TIEPBOTO
MOpSIKA.
dopmar KOMaH/IbI:

convertsys(deqns, inits, vars, ivar, yvec, ypvec),

rae deqns — 00bIKHOBEHHOE TU((HEpeHITHATBHOE YPaBHEHHE, CUCTEMA HJIH MHO-
XKecTBO HU(depeHInanbHbIX YpaBHEHHIA, inits — MHOXKECTBO HITH CITHCOK HaYallb-
HBIX YCJIOBHH, Vars — 3aBHCUMasi [IEpeMEHHasi WK IEpEeMEHHBIC B CUCTEME, ivar —
HE3aBHCUMBIE NIEpPEMEHHBIE, YVeC — M1, KOTOPOe Oy/IeT UCIIOIB30BaThCS IS BEK-
TOpa pelleHNs B CUCTEME MIEPBOTO MOPSIJIKa, YPVeC — TOKE CaMoe JJIs ero Mpom3-
BOJHOH.

OyHKIUA Ipeodpa3yeT OHO YpaBHEHUE HWIIH CHCTEMY TU(hepeHIIMaIbHBIX
YpaBHEHHH K cCHCTeMe MepBoro nopsiaka. CooTBETCTBYOIINE HauallbHbIC YCIOBUS
TaKXKe MPeodpasyroTcs.

BrIX01HOH CITUCOK UMEET BUI;

[eqnlist, Ydefs, x0, YO], rae eqnlist — crincok Beipaxxeruii Buaa Y'(x) = f(x,Y(x)),
Ydefs — BekTOp HEM3BECTHBIX MAPAMETPOB B cUCTEME, X() — TOUKAB KOTOPOH ompe-
JIeJICHbI Ha4aNbHbIe yci10Bus, Y 0 — 3HaUCHUsI HAYaJIbHBIX YCIOBHH.

Ilpumep:
> deql:=diff (y(t), t$2)=y(t)-x(t), diff(x(t) ,

t) = x(t):
> initl := y(0) =1, D(y)(0) = 2, x(0) = 3:
> convertsys({deql}, {initl}, {x(t), y(t)}, t,

Y, Y_P) 7

0
EYJ’] =Y, Y py=Y3, Y py=Y + Y1, 2 =x(1), Y = y(¢), Y3:EY(t)%05[1,0, 1]%

Qynxyus dfieldplot

[MocTpoeHune oSt peIIeHAs U CUCTEMBI TP PEePeHINATBEHBIX YPaBHCHHA.
®opmar KOMaH]Ibl:
ananornueH komauae DEplot.
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Ilpumep:

>dfieldplot (diff (y(x) ,x)=1/2* (-x- (x"2+4*y (%))

~(1/2)) ,y(x) ,x=-3..3,y=-3..2);
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Dynuxyus phaseportrait

[MocTpoenue pemenns auhepeHInaIbHOT0 ypaBHEHHS.

(I)OpMaT KOMaH/IbI:

ananmormueH komane DEplot.

Ipumep:
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@yuxyusa reduceOrder

[TpumeHsT MeTO MOHWKEHHS OpsiKa K Au( depeHIInaIbHOMY YPaBHEHUIO.
®dopmar BbI30Ba:

reduceOrder(des,dvar,partsol, solutionForm),

rae des — oObIKHOBEHHOE I depeHInanbHoe ypaBHeHue, dvar — 3aBucumas
nepeMeHHasi, partsol — oHO U3 pelieHuii b PepeHIIaTIBHOTO YPABHEHUS UITH
CIIHCOK M3 HECKOJIBKHX pereHui, solutionForm — durar, o3Hauarorumii, 4o Oyaet
BBIBEZICHO TOYHOE PELICHHE.

Ecnu He ucnons3yercst duar solutionForm, To Oynet HaitneHo auddhepeHiu-
aNpHOe YpaBHEHHUE OoJiee HU3KOTO MOpsKa, eciiu duar solutionForm ycTaHOBUTh
B 3HaucHHeE basis, To OyaeT IPUMEHEH METO TOHMKCHHUS MTOPSAKA JJIS PCIICHHSI
nudhepeHINaTbHOTO YPABHEHHS.

Ilpumep:
>de := diff(y(x),x$3) - 6*diff(y(x),x$2) + 11*
diff(y(x),x) - 6*y(x);

9° 9
de : 3wx) -6 y(x) +11%;y0ﬂ%—6ﬂx)
. X
>sol := exp(x);
sol :=e”~

>reduceOrder( de, y(x), sol);
2

T3 02300

X

Jliist pereHus ypaBHEHHSI BOCIIONIB3YeMCs ITapaMeTpoM basis:
>reduceOrder( de, y(x), sol, basis);

%x (2x) 1 (3x>E
, € , "€
2
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6.4 [lpumep u3 meopuu aemomMamu4ecKo20 yrnpaesieHusi

B teopun aBromarndeckoro ympasieHus (TAY) mmpoko MCHONB3YIOTCS
BPEMEHHBIE XapaKTePUCTUKU HCCIEAYEeMON cucTeMsl ynpasineHus. OgHa u3
TaKUX XapaKTepUCTHK — MUMIyJbcHas nepexoanas pysknus (UIID), ko-
TOpasi NMOKa3bIBaeT PEAKIHMIO CHCTEMBl Ha MMITYJIbCHOE BO3JACHCTBHUE (T.€.
BXOJHOW CUTHANl — AeibTa-QyHKIH).

B kauectBe npumepa nocrpoum VIO nuHedHON HECTAIMOHAPHON CUCTEMBI
YIPaBICHHUS.

PaccMoTpuM mpocTeiinyio cucteMy — Koje0arelbHOe 3BEHO ¢ M3MEHSFOIIH-
MHUCS BO BPEMEHH NapaMeTpaMu:
> restart:
> xi:=sin(t): T1:=0.6*(1.22t+0.01):

OnuureM cucTeMy yrpasieHus 1udepeHIraIbHbIM yPaBHEHUEM:
> eq:=T1*diff (x(t),t$2)+xi*diff(x(t),t)+x(t)=
10*Heaviside (t-tau) ;

2
_ t Ea . 0 _ o
eq = (.6 122" + .006) tz x(t)%sm(t)%x(t)%&x(t)- 10 Heavisidd t — 1)

e t — TeKyIee Bpems;
T — BpeMsl ITIOCTYIUICHUS Ha BXOJ CHCTEMBI BO3JICHCTBHSI.

Ilpumeyanue: u3-3a ocobennocre pyHkuuu dsolve B KayecTBe BXOIHOTO
BO3JCHCTBHS UCTOJIb3yeTcs ennHuuHas Qynknus. [locie pe-
menns auddepeHIanbHOr0 ypaBHEHUSI B Ka4eCTBE PE3yJlb-
Tata Hajo OpaTh He QYHKIHIO X(t), a ee MepBYIO NMPOMU3BOJI-
HYIO TI0 BPEMEHH.

T.k. k03¢ ¢pumenTs! quddepeHIanEHOTo ypaBHEHHUS 3aBUCST OT BPEMEHH, TO
PCUINTD TAKOC YPABHCHNUE MOXKHO TOJIBKO YU CJICHHBIM MCTOA0M.
> r:=dsolve({eq,x(0)=0,D(x) (0)=0},x(t),
type=numeric) ;

r:=proc(rkf45 x) ... end

IToctpoum nBe UTTD 151 pa3HbIx 3HAUEHUH T:
> tau:=0:
> ppl:=plots[odeplot] (r, [t,diff(x(t),t)],
0..10):
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> tau:=5:
> pp2:=plots[odeplot] (r, [t,diff (x(t) ,t)],0..10):
> plots[display] ({ppl,pp2},title="UlI®") ;

HII®

A Teneps noctpouM Bcto UIID ans 3amanHol cucteMbl. PaccMaTpuBaemast
cucrtema HectanuoHapHasi, moatomy UII®D 3aBucuT OT ABYX NepeMeHHBIX: t U T.
CnenosatenbHo, rpaduk U1 momydutcs TpeXMepHBIM, IPUYEM, B CIICACTBUE JTH-
HEHHOCTHU CHCTEMBI TOBEPXHOCTh Oy/IeT ITIaIKOH.

> a:=array(0..20,0..20);
a:=array(0.. 20,0.. 20, 1)

> for x from 0 to 20 do

> for y from 0 to 20 do

> tau:=x/2:

> a[x,y]l:=rhs(op(3,r(y/2))):
> od:

> od:

> 1lst:= [seq([seq( [i/2,3j/2,ali,3j]1], i=0..20)],
j=0..20)1]:

> with(plots):

> surfdata(lst,axes = framed, labels =
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['Tau, "t , "'k(t,Tau) '],orientation=[55,55],
style=patch,title="UlI®") ;

HIID
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