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BBeneHune

B nocnennune rosibl CHCTEMb! KOMITLIOTEPHOH anredpbi (CHMBOJIbHBIX
WIIM aHAJIMTUYECKHX BbIYUCIEHHH) CTanu NOCTYNHbl HE TOJILKO Y3KOMY
Kpyry CrneudasucToB, HO W BceM oOnajaTelsM NepcOHambHbIX
koMnbloTepoB. Celfyac HECKONbLKO KOMMNAHUW MpeAnaraioT MouiHble U
pasBuTbie naxetbl: Axyom, Derive, Macsyma, Maple, Mathematica,
Reduce u gp. laHHas kHWra nocesieHa nakery Maple, koTopbiii aBjsercs
OIHMM 43 JMIEPOB Cpeay YHHMBepCadbHBIX cucTeM U obecneyusaer
nonb3oBaTeN0  YAOOHYH0 M HMHTEJUIEKTYalbHYH0  cpely  Afd
MaTeMaTUYecKHX HccnegoBaHuil. Kpome Toro, cMMBOJIbHBIA aHanu3aTop
Maple BkloueH B paj NAaKeTOB BbIYUCIUTENILHOIO XapakTepa, TaKUX, Kak
MathCad u Matlab, u BXoguT B cOCTaB NakeToB NHOATOTOBKK Hay4HbiX
nybauxauuii (Scientific WorkPlace u Math Office).

Ilaxer Maple — coBMecTHOe AeTHiue yHUBepcHTeTa BaTepnoo (wrar
Onrapno, Kanana) u Beicuied texHuyeckod tukosnsl (ETH, Iliopux,
Uiseiiuapus). Ha aHrmuiickoM s3bike Bbiluno Oosiee 60 KHUT, onuchIBaiO-
wux Maple u ero MHOrOUYHMCIIEHHbIE MPUMEHEHHA B HayUHbIX HCCIEIOBa-
HMAX U JJI OpenofaBaHus pa3sHooOpa3HbIX npeaMeToB. CaM MakeT LHpo-
KO PAcnpOCTPaHEH B YHUBEPCUTETAX BEAYLUMX HAYUYHbIX JEPXKAB, HCCIENO-
BaTENbCKHX LEHTpax U koMnaHusax. [Ipu stom naker Maple pa3zBusaercs,
BOUpas B ceOs HOBble yMEHHS, HOBbIE pa3jiesibl MAaTEMAaTHKH M obecrnieduBas
nyuwyro cpeny ms pabotbl. bonee noapobHo o passutun Maple, o ero
BO3MOXHOCTAX ¥ nepenekTuBax oM. B ra. 11 "3akmoueHue”.

Maple coctout u3 sapa — npoueayp, HanucaHHbIX Ha A3bike C U B
BbICHIEl CTENeHW ONTHMHU3UPOBAHHBIX, OMOMMOTEKHM, HanmMcaHHOW Ha
Maple-sa3bixe, ¥ uHTepheiica. S apo BbIMOMHAET OOMLIIMHCTBO Oa3HCHBIX
onepauuii. bubnuoTtexka coOAEPXUT MHOXKECTBO KOMAaHA — MPOUEHYP, Bbl-
NnoJjHAeMblX B pexuMme HHTepnperauuu. [Iporpammupys coOCTBeHHbIe
npoueaypsl, NOAL30BaTEdb MOXET MOMOIHATL UMH CTAHAAPTHBIA HAbOD H,
TaknMm o0pasoM, pacliupsaTh BO3MOXHOCTH Maple.

Hutepdeiic Maple B HacTofllee BpeMs 3aBUCUT OT HCIOIb3YEMOH
TeXHUKH. B 3TOH KHUre peyb B OCHOBHOM Mnoiiner o Maple-a3bike, KOTO-
pblif He MeHfeTcss NpH nepexoje OT MamMHbl K MaluHe. IIpuBonumbie
npuMepb! Ol onpoGoBanbl Ha IBM PC nna Windows-Bepcun, cenenns
00 uHTepdeiice koTopoil naHbl B IIpunoxeHnn. 3ToT HHTepdeiic ocHOBaH



6 BBegpeHue

Ha KoHIemy padodero noig (worksheet) umd JOKYMEHTa, COACpXa-
MEro CTPOKY BBOJIa, BEIBOJIA M TCKCT, a TakKxke rpadio:y.

0.1. MNepBbie KOMaHAb}

[pensapsaa 6olice (WM MeHee) PeryIpHOE W3JI0KEHUE BO3MOXKHO-
cTeil makera Maple, rorpo6yeM Ha MpHMEpPE HECKOILKHUX KOMAHJ HoKa-
3aTh, 9TO 3TO MPOCTOH, UHTYUTHBHO MOHATHBIA U YHOOHBIN NporpaMm-
HBIH IIPOJIYKT.

Pabora ¢ makeroM MHpoHCXOMMT B peXHUMe HHTEpIperaTopa. B
CTPOKE BBOJIa MMONb3OBATENL 3aJlaeT KOMaHLy, HaXkHMaeT KlaBuury Enter
H MOJyJaeT Pe3ybTaT — CTPOKY (CTPOKH) BhIBoAa /3160 coobmeHue ob
omubo4Ho BBeACHHOH KoMaHIe. TyT ke BbUIACTCS NMPHUTIAalleHHE BBOUThH
HOBYIO KOMaHJY U T.J.

B sToit xHUre mpHMepsl paboTbl MakeTa BBUICISIIOTCS 4YepToH
cOoKy, a CTPOKH BBOLA KOMaHJ] 0TMe4aloTcs nmpedukcoM ().

IMocraBmaeMelii maker Maple cHabxen ¢aiiimom quicktour.ms -
HOYYATELHOM M MH)OPMATHBHOM SKCKYpCHEH 10 BO3MOXKHOCTSM MaKe-
Ta, KOTOPYI0 MBI PEKOMEHIYeM COBEPLIMTD KaxxoMy. HadneM HioxcHme
€O 3HAKOMCTBa ¢ KPaTKHM aHAIOroM 3TOro JNOKyMeHTa. MBI HalecMcd,
4YTO MPOCTOTa ¥ HHTYUTHBHAS ACHOCTb OOJIENIMHCTBA KoMaHj Maple u
HEKOTOPbIC IMTOACHEHHs IOMOTYT NOHATH COJEPKaHHE IPHMEPOB.

Boapic/viM cyMMY KBaJIpaToB Lienbix 9ucell oT 1 mo 1996 u npucso-
MM pesyiIbTaT nepeMesHoit S. 3nech U Janee ABe TOYKH MOJPS/L ompese-
JIOT TUAMA30H H3MCHEHUS MEPEeMEHHOH.

> S:=sum(k”2,k=1..1996);
S := 2652690986

PassoxuM MOJIYHMCHHOC YUCIIO Ha IIPOCThIC MHOXKUTCIH.

> ifactor(8);

(2)(11)*(499)(1997)

PerriM crcTeMy /IBYX THMHEHHBIX YpaBHEHHIT ¢ REMIBECTHLIMH X, Y H
TpeMs IapaMeTpaMu a, b U c.

> z:=solve({a*x+b*y=1, -b*xt+a*y=c}, {(x,v});
_{ -a+be b+ca?r
Z:=9x=

Tl ol T alv e



BBepneHune 7

IToncraBM B PEUICHHC UIA X YCIIOBHE, YTO CyMMa KBaJIpaToB ¢ U b
paBHa ¢IHMHHIXC.

> subs(a*2+b”*2=1, z([1]1);
x=a-bec
Ipomuddepentmpyem dynximro Beccens nepeoro poja i pesyin-
TaT MPHCBOHM TIepeMeHHOH f.
> f:=diff (Besseld(n,2*x) ,x);

n Bessell(n, 2 x)

f:: -2 BCSSCIJ(n+1,2x)+ x

JamiM mapaMeTpy n KOHKPETHOE 3HauYeHHe.
> n:=1;

n:=1

C y4eToM BBEJEHHOIO N Pa3ioXHM BLIpakeHMe f, sSBILHOLIEECH pe-
3yIbTaToM b depenuriposanus GpyHkuuu Beccens, B psn Teitnopa.

> p:=tayler(f,x);

=1_3,2,2 4 5
p:=1 XA +0O(x)

MpeobpasyeM MoMyYEHHOE PA3IIOKEHHE B TIOIHHOM.
> p:=convert (p,polynom) ;

=132, 4
p=1 S Xt g X

BuruncimM OH])C].ICIICHHLIﬁ HUHTECIpall.

> Int(p,x=0..1)=int(p,x=0..1);

1
3 2.5 4y T
1—2x +12x dx-12

0

3ajmaguM JHeHHoe M depeHIaNibHOe YPaBHEHHE TPETHEro Mo-
PAKa.
> de:=diff(y(x) ,x,x,x)-diff (y(x) ,x,x)+
> diff (y(x) ,x) -y (x)=-exp(Pi)/2;



8 BeeneHve

o o G 1
de := (@ y(X))— (a—x‘z y(X))+ (a y(x))— y(x)=-5e"
HaiiyieM pemieHue KpaeBoii 3a1a4u.

> sol:=dsolve({de,y(0)=-1,D(y) (0)=-1,y(Pi)=0}
> Y (x));

sol .= y(x)= % e’ —e¥- L e™ cos(x)

2

HapucyeMm rpadux pemenus. Jig 3Toro NmpH HOMOLIM KOMaHJIb
rhs U3BJIEYEM [IPABYIO YacTh M3 PE3yiIbTaTa OpeablIyIncH KOMaHIbI.

> plot(rhs(sol) ,x=-Pi..Pi);

Mo axkmodnM GHOMOTEKY OPTOTOHANBHBIX [TOJITHOMOB.
> with (orthopoly) ;
[G,H L, P, T, U]
HapucyeMm TpexMepHy o IIOBEPXHOCTD, 3alaHHYIO ITPH ITOMOIIM 10~
mHoMa YeObIlIeBa IICPBOro poja.

| > plot3d(T(3,x*2*%y) ,x=-1..1,y=-1..1);
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[TpuBeaCHHBIMY NPUMEpPaMH JAJIEKO HE MCHEPTILIBASTCA MOUIDL Ta-
Kera Maple; omicaHude WCHOML30BAHHBIX B 3TUX TPHMEpPax U MHOIHX
JpYIHX KOMaHI Oy/eT IaHo HIDKeE.

0.2. CTpyKTypa KHUrU

KHHTa COCTOHT U3 MPCIHCIIOBHA, JECATH 1I1aB, 3ak/aro4eHus, Ipu-
JIOKEHHA, CTIHCKA JINTEPATYPHI U alihaBUTHOI O yKA3aTEIN.

B mepBoii ri1aBe onucaHd cpejld NAKeTa: CTPYKTYpa [MaKeTa, PeKUM
pa6oThl, 06beKThI. OOBACHEHBI TIPABHIIA TIOCTPOCHHMA BBIP aXKCHHH U CIIO-
co0Opl oOpalleHHs K CripaBo4dHON cucreMe. B KOHIle MpUBEACH MepeqcHb
0OBIYHBIX M CTICIHAIBHBIX (YHKIMEA, H3BecTHBIX Maple.

Bropas riaBa mocBsillcHa aHAMTHYECKUM MpeodpasopanuaM Qop-
Myl B OOCYXACHHIO 0OCIYKUBAIOIMX JTH NpeoOpasoBauud KoMani.
3Reck onmcAaHbl KOMaHJbl MpeolpazoBaHud BbIPakeHUM, MOJICTaHOBKH,
yIIPOLICHHUS, TIepeBo/ia B IPYroi popMat NpejcTaBIcHus JaHHbIX.

Tperbst r1aBa MOCBAILICHA TOMY, 4TO C HEKOTOPOH HaTKKOM
MOKHO HasBaTh 2dJIeMcHTapHoil MaTemMaTukol. CroJa BKIIIOYEHLI oMepa-
LMY ¢ MOJIMHOMAMH, MaTepHai 0 PeHICHHH allreOpandecKuX YPaBHEHHH M
HEPABCHCTB, a TAKXKe CBCICHHS O FeoMeTpUYecKHX makeTax Maple.

B deTBepToH Ii1aBe W3IIOXCHBI KOMAH/IbI, PEATH3YIOUHC COMCPKA-
HHe KIACCHYECKOro MaTeMaTH4Yeckoro aHamiza: THdQepcHUMpoBaHue,
HHTCTPUPOBAHNUEC, BLIYMCIECHHE TIPENENOB, CYMMHUPOBAHHE, Pa3IoKCHHC B
pAJmBI 1 p.



10 BseneHue

B maro#i ruaBe onmrcaHbl KOMaH/bl IMHEHHOH anredpel 1 6ubmio-
Teka linalg. 310 MOINHbBINA HHCTPYMEHT JUIA IP OBEICHUSA BCEBO3MOXHBIX
MaTPUYHBIX ONepalliii, PpeIIeHds CHCTeEM JMHEHHBIX YypaBHEHHIA,
BBLIGHCIICHISA COOCTBEHHBIX 3Ha4CHHUI H BEKTOPOB.

B mecroit mraBe mpeacrasiIcHBl BO3MOXHOCTH Maple uis aHanm-
THYECKOr0, NPHUOIMKEHHOT0 U YHCICHHOIO pelleHus cucTeM mHddepen-
[MaIbHBIX ypaBHCHMH. PaccMoTpeHBI criocoObl 3aJaHMs ypaBHEHH,
HagYaIbLHBIX M KPacBHIX YCIOBMI, ONKcaHa CeyalbHass KOHCTPYKIMA Il
AHATIMTHYIECKOI paboTEI ¢ pelIcHUEM. :

Omicanue 6ubiMoTex makera Maple faHo B cebMoid riaBe. MHo-
xKecTBo KoMaH Maple juisa perieHHs 3aiad KOMOHHATOPHKY, TEOPHH Ipa-
(poB, MaTeMaTHYECKOH JIOTMKH, CTATUCTHKU H Ip. 6€rI0 U3II0KEeHO B HTOM
riase.

B BocbMoii ri1aBe, TTOCBAINCHHOH NPOrpaMMHPOBAHHMIO Ha SA3BIKE
Maple, nepedricaeHsl OCHOBHBIE KOHCTPYKIHH IHKJIOB M YCIIOBHBIX OTIe-
paTopoB, olMcaHBl NPaBHia ITOCTpoeHHs Npouexyp M ¢yHxknmii. [Ipo-
cToTa U THbKoCTh s3pIka Maple N03BOISIOT JIETKO NPEOIONCBATD TPYIHO-
CTH 0 aBTOMATH3alHU HCCIIel0BATeMbCKOH paboThI.

JeBsitas rinaBa MNocBslleHa rpadM4eckyM BO3MOXHOCTAM ITAKeTa.
Pasnoo6pa3sue kxoMaH IByMepHOI U TpexMepHo#i rpaduky, a Taxxke xKe-
JaHHC OCBETUTH CYLIECTBEHHYIO HMX YacTh OOBACHAIOT KOHCIICKTHBHOCTh
H3JI0XEHUA.

B gecaroit ritaBe MpuBEICHb! IIPYMEPBI MUHU-HCCICAOBAHMIA — BbI-
ITOJIHCHHBIX cpelcTBaMH Maple paboT Ho HM3y4eHWIO CBOWCTB JI0TH-
CTHHECKOT0 0TOOpakeHHs, M0 HUCCIICIOBAHMIO CHCTeMBbI T depEHIEANb-
HBIX YpaBHEHHM, ONUCHIBAIOMIEH OCIIMIUIATOD ¢ MeHsroLIeHcs gopMoit no-
TCHIMAILHOM AMBbI, a TaKXe 10 NMpHUMEHEHMI0 Merofda lanepkuna Uis
pacdyera CTallHOHAPHOI'O TeYcHUd BS3KOHM JKHWAKOCTH B KaHale KBajpar-
HOT'O CEUCHMA.

3aKmodYeHre coJEpKUT pa3HooOpasHbic CBEICHHI: HOBOCTH O IO-
CHECITHCH peanu3aiy naKeTa, MHGOPMAIIMIO 0 pasBUTHH MPOIPaMMHOTO
obecrreqenys hupmbl Maple Software, HekoTopble afipeca, JAICLIHE JGC-
Ty k Maple-kiragoBoit Internet.

B TlpwioxeHnu onmmcal UHTepdeiic mus Maple for Windows u ero
cucTeMa MEHIO.

Kuura opraHu3oBaHa TakuM oOpasoM, 4ToObl YHTATENh MO Io-
JY4YATh OCHOBHEIC CBeJicHHMA o Maple, He oTBJEKaidCh Ha NOapobHoe
H3ydeHHe Kaxaoi koManapl. Tak Kak HEKOTOpbie KOMaH/Ibl HIMEIOT HUpPO-
KH#i CIIEKTP BO3MOXKHOCTEH W NPUMCHIIOTCA BO MHOTHX pa3jieniax Maple-
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MaTeMaTHKH, TO UX OIHMCAHHEC NACTCA II0 XOLY M3JIOXKCHHA MaTcpHalia B
Pa3sHBIX IjaaBax. B xoHHOe KHHTH JaH aJI(i)aB}ITI{LIﬁ yKa3aTeiab BCCX OIH-
CAaHHbBbIX B KHHUI'¢ KOMaHJIL.

0.3. BnaropapHocTn

OrnsaasBasichk Hazall, aBTOPHI C YAOBOJILCTBACM BCIOMHHAIOT, 4TO
5Ta KHUra He ObUTa 0Bl HampcaHa 0e3 TTOJJIEPKKH, NPAMOH HWIM KOCBEH-
Ho#, 6ombmoro Yncina Xopoumx mojieH. Cniacubo yM Beem.

Mps1 npusHaTebHB pupMe Waterloo Maple Inc. 1 ee cnenpami-
cram, cHaOXaBINAM Hac ICHHOM U cBOEBpeMeHHON uH(popMaIei, a rias-
HO€ — CO3/IaBIIMM M PasBHBAIOIIUM TaKoH 3amMedaTellbHbIH HpoaykT [1,2].

M1 6marojapHbl KojUleraM M ToBapHillaM o pabore B Poc-
TOBCKOM T'OCY/IApCTBCHHOM YHHBEPCHTETE 3a COBETHI H 000ApeHHe.

Cracubo opranmzaropaM mpoekTa EmNet/NIS Phase 11, nanpas-
JICHHOT0 Ha pa3BUTHE MaTeMaTHHccKOH HMH(PacTpyKTYpHI B TOCYJapcCT-
BaX, senmequrx U3 Coberckoro Corosa, v ¢uHaHCHpYIONICH 3TO0 IET0 €B-
poneiickoi opranmaimm INTAS.

OToll KHMI€ HE CyXJeHo ObUlo OBl BBIMTH 0€3 IMOMOINM HAIUMX
ceMeif, H MBI O9CHB pajibl TAKOH 3aBHCHMOCTH.

[TpuaTHo co3HaBaTh, 9T0 paboTa OKOHYEHA, XOTH, BOZMOXHO, H HE
BCe ONHCKH H OIPeXH yCTPaHeHbL. ABTOPHI OVIyT GiIarojlapHbl BceM 3a-
MEYaHHMAM YMTATENeH, a TaKXe MPEUTOXKCHUIM H KOMMeHTapiaM. Haru
ampec A TepeTHCKH:

maple-gts@mmf.unird.ac.ru
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\%‘/ 1. Cpena Maple

HauneM ¢ TexHudeckuX TpeboBanmii. B maHHoll kHUre omuchIBacr-
cq cucreMa Maple V Release 3, paboratomas va IBM PC nop ympasne-
ureM Windows 3.1. Q1o cBa3aHo ¢ pacapocrpaHcHHOCThI0 IBM-coBMmec-
THMBIX MallIuH B Poccun H yKOPEHHBIIMMCS CTaHAAPTOM Ha HCTIOIb30BA-
Hue rpadirgecknx obomodex tHna Windows. B 1o xe BpeMa Gombiuas
4acTh KHUTH NOCBSILEHA KoMaHaM, S3bIKY H TeM BOIMOXHOCTsiM Maple,
KOTOPBIC HE 3aBUCAT OT THa Hcnosb3yeMoi twiatdopMel (SUN, Mac u
ap.).

AN ycTaHOBKH TIakeTa HYyX€H KOMITBIOTEp C FPOLIECCOPOM OT
80386, c 13 MerabaiiTaMu Ha XECTKOM JUCKC U MHHHMYM c 4 meraOaii-
TaMy onepaTHBHON namsTd. Hamvume rydineil MalidHbl, O0/bLITHX Tak-
TOBO# YacTOTH! U OTIEpPATHBHOI NaMATH MORLIIIAET KoMopTHOCTH pado-
ThI 1 Ja€T BO3MOXHOCTDL peliaTh Boliee cII0XKHbIE 3aqalH.

Pa6oTa B Maple npoXomuT B pexuMe ceccHU (session) — TIONb-
30Batelb BBOMMT MPEATOKEHHS (KOMaHAR], BBIPaKeH s, [P OLC/AYPhI), KO-
TOpBIE BOCHPHIINMAaIOTed ¥ HHTEpIperHpyloTes Maple. To, uro npu sTom
TOABICTCS HA JKpaHe JUCINIeS, YCTIOBHO pasjielsieTcs Ha TPH JacTH: 00-
7acTh BBoJa (Input Region), KOTOpAs COCTOUT U3 HaGUpaeMbiX Tpeil-
JIOXKEHUH, 00JIacTh BhIBoAA (Output Region) U TEKCThl KOMMEHTAPHER
(Text Region). O61acTh BBIBOAA MOXET BKIOYATh pPE3YIbTATHI Rbl-
MMOJIHEHHST MAaTeMaTHYeCKHUX M alNTOpUTMHYECKHX ONEpali, a Takxe
rpagudeckue obpaspl (IByMcpHas u TpexMmepHas rpaduxa). Objnacts
BBOJAa M BHIBOJIA BMECTE C COMYTCTBYIOIMMM KOMMEHTAPWSMH Ha3blBa-
erci rpymnoif  (Group). [pynmsi pazgensioTes  cemapaTopamu
{separator).

Haxatne xiasmny Enter 3amyckaer WCMosIHeHHE MPEMIONKCHUS.
Ecy BBe/IcHO 3aKOHYCHHOE TIPEIUIOKEHHE, TO CJEAYEeT BBIMOJIHCHHUE,
nHavye — Maple oxuaer ero sapepieHus. ObHapyxus ommdky, Maple
neyaTaeT Ha clleyrouielt cTpoke coobIieHHe o Held; MpH CHHTAKCMIeCKoH
o1mHOKe cHMBoJIOM """ oTMeTaeTces MepBas Hey3HaHHAas JuTepa.

PesymbraTel pabothl MOryT OBITH cOXpaHeHB! B daiiax pasiH4HbIX
¢dopmarton. UMerotes aa Buma Maple-daiinos. ITo ymMomuaHHIO BCe pe-
3YIBTaTLl paboThl (0OJIacTH BBOJA H BLIBOJIA, KOMMCHTAPHH) 3aIIHChIBi-
oted B (aiin ¢ paciuupeHdeM 'ms'. Eciid 3ajlaH pexsM coXpaHeHHd co-
CTOSIHHS ce¢ccHH (aKTHBeH pexuM 'Save Kernel'), To, kpoMe Toro, B Qaiisie
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¢ pacIIMpeHsieM ‘m' OyoyT 3anucaHbl TEKYINHC Ha3sHAYCHWS TICPEeMEHHBIX 1
KoJpl BBEIICHHBIX Npolieayp. [Ipy 3ammcu B afiirel ¢ ApyruMu pacumpe-
HHSIMH COXPAHSIOTCS TOJNBKO 06/1acTH BBOJA U TEKCThI KOMMEHTapHEB.

1.1. O61BbeKTbI

[IpocretinmmMu o6bekTaMu B Maple SBIIOTCS 9HCHa, KOHCTAaHTHI,
CTPOKH U MMeHa. Uncita MOTyT OBbITh LEIbIMH, PAIFIOHAIbHBIME, KOPHIMH
M YHCIIaMH C [UIaBaONICH 3aIATOH, HalpuMep:

589, 12/7, '\/5, 3.34562134568906 EO

Onepaiy ¢ palldoOHaIbHBIMH YHCIaMH W KOPHAMH MO3BOISIOT
NPOBOJUTE aOCOIFOTHO TOYHBIE BBIYUCIICHHS, TaK KaK OTCYTCTBYeT MO-
rpelnHocTh OKpyriieHus. Orepaliiyl ¢ BENIECTBEHHBIMH 4HCIaMH MPOBO-
JUITCS 110 YMOJMAHHIO € JIECATHIO 3HaYaluMU IMdpaMu, HO, Hepeorpene-
JMB 3ape3cpBUPOBaHHYIO KOHCTAaHTY Digits, MoXHO padoraTh ¢ mobo¥i
MaHTHccoH. 3TO MOXET OBIThH MONE3HO M MPU CUMBOJBHBIX BBIYHCICHHIX,
[MOCKOJIGKY OIlepalidid ¢ PallMOHAaTbHBIMH YHCIIaAMH BBIIOTHAIOTCH MeJI-
acHHee. [Jaxe B cryleHdeckoid Bepcru (Student Version) mocrymHbI orme-
paum ¢ ynciamu 1o 100 3HakoB.

B Maple npexacraBiieHbl Bce OCHOBHEK: MATEMaTHYECKHE KOH-
craHThl. [lepeynciM BaxHeMHInMe U3 HUX:

Pi — 4HCIO T,

E — e (ocHOBaHME HATYPaILHOTIC jtul aprdma),
I — MHUMAas ¢OUHHIIA,

infinity — 0ECKOHEYHOCTH,

gamma — KOHCTaHTa Jilepa,

true, false — OyICREKME BETHYUHBI.

HMMeHa 3THX KOHCTAaHT ABILIIOTCA 31D¢3¢pPBHPOBAHHBIMH, a HX
3Ha4YeHHS HEe MOTYyT OBITh MepeollpeleneHbl, § OT/IMIUE OT psga YIpaB-
TTIOIMX KOHCTAHT (Digits, Order).

Crpokodl (string) saBmicTcad moboit Habop CHMBOJIOB, 3a-
KITIOYcHHbIA B 0OpaTHbIE KaBhlyku. Hanpumep:

"This is a Maple string"

Kaxgas nepeMeHHas Maple umeer umMs - Habop CHMBONOB,
HaYMHAOUMHACT ¢ OykBbl, TpUdeM OomnbloHe U Maible OYKBBI
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pasnmmuatorcs. Kpome OykB Moryr ymoTpebmaThes LHQPEI H 3HaK
TofacpkuBaHus. [IpuBesieM MpUMephl pa3IndHbIX AMEH:

NewValue, newvalue, new value, nl

B xadecrBe MMEH IEpeMEHHBIX 3aIpEIlleH0 HCTIONb30BATH CJIOBA
Maple-a3bIKa:

and, by, do, done, elif, else, end, fi, for, from,
if, in, intersect, local, minus, mod, not, od,
option, options, or, proc, quit, read, save, stop,
then, to, union, while.

KI)OMC TOro, psii MMCH KOMaH/A TaKXe 3alipeillcHO HCNOoJIb30BaTh B
Ka4YcCcTBC MMCH.

1.2. Tunbl NnepeMeHHbIX

B Maple cymecTByeT MHOXECTBO THIOB IEPEMEHHBIX: OT H3BECT-
HBIX BenlecTBeHHOTO (float), menoro (integer) M MaccuBa (array)
0 TeX, KOTOpble HEOOXOMHMEBI B aHAMHTHYCCKUX NpeobpazoBaHUAX:
Ipobb (fraction), ¢yHKiMA (function), HMHJCKCHAasA TepeMeHHas
(indexed), mpouenypa (procedure), cTpoka (string), MHOXECTBO
(set), pasnoxeHHe (series), IIOCHCIOBATEILHOCTh BbIPAXCHHIHA
(exprseq) u HeKoTophie Apyrae. HampmMep, BaxHbIM 37ieMenToM Maple
SIBTLIOTCA TIOCTIC/IOBATEIILHOCTH WIH CIHCKH (TIEpeMCHHBIC THIIA list),
HWAcaTbHO TIONXOJAINUE 11 XpaHeHHA Ko03(hIUMIMEHTOB TOIMMHOMOB,
ACHMIITOTHYICCKHX PasIoKCHUI U T.]I.

Mo yMomyaHuzo IepeMeHHas CHUWMTAeTcs CKaldpHOH H MMelollei
THN string. OT0 (dakTHYecKH MaTeMaTHYecKasd MepeMcHHas, KaKk X B
dopmyne f(x). g 3agaAnd ICpEeMeHHBIX IPYTUAX THIIOB Tpebyercs siBHOE
HX ompeeNieHde: MpyU IOMOINM ollepaTopa NMpHCBaMBaHWI UM KOMaHJ,
npeobpasyroumx Tem. HampuMep, Ay 3aBeicHHs MaccHBa W3 Tpex Sie-
MEHTOB C IMEHEM a HCIIOJL3YETCs CICAYIOINAs KOHCTP KIS

> a:=array(l..3);
a:=array(1.3,[])

31ech U Jaliee B TEKCTe 3HaKoM "Ooibine” (>), Kak yXe TOBOPHIIOCH,
OTMEYEHO IPUITAIICHHE BBOJIA.
Cama nepeMeHHas a IpH 3TOM CYHTAaETcsd CTpOKoBol (string), a

moboli >MeMEHT MaccMBa — MHJIEKCHOH nepeMeHHol (indexed). Ecm
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BBECTH Yepe3 3aMaThlec HECKOIBKO BEIHYMH U B3SATh UX B (PUTYPHBIE CKOO-
KH, TO TOJIY4UTCH TIEPEMEHHAs THIa set (MHOXeCTBO). MIMeHHO Takum
obpasoM mpencraloT Iepel MoibioBaTelieM HalieHHbIe Maple kopHH
YpaBHEHWS U 3a1a10TCS CHCTEMBI YPaBHEHUH.

HudopMmammo o Time ToH WIM WHOM NEepeMeHHOH MOXHO ITo-
JIyMUTH TIPU IOMOITM KOMaH/bI whattype.

1.3. BbipaxeHus

Hcenonb3ys nepeMeHHbIE U 3HAKH apHU(PMEeTHIECKUX UM IPYTHX Ofle-

parii, MOXKHO COCTABIATH BhIpaXeHHd. 3HaKaMM oNepalidil SBIHOTCA:
+ — CIOXEHME,

- — BBIYMATAHHE,
* — YMHOXCHHE,
| — nenenue,
A —BO3BEJCHUE B CTENCHD,
! — ¢akropuai.

TlocnenoBaTeHHOCTh BHTIONHEHHS apudMeTHdeckux onepauyii
COOTBETCTBYET CTaHAAPTHHIM MaTeMaTHYCCKHM IpaBWIaM: CHadasa IIpo-
BOJIATCS BO3BEJCHHE B CTCIIEHD, 3aTeM YMHOXEHUE H JICTICHUE, a B KOHIIE —
cilioxeHWe U BbhluMTaHuie. Onepaniuy BHOIONHAIOTCSA clieBa HanpaBo, JUIS
HM3MEHEHUS TTOPSIKa HCIOIb3YIOTCA KPYTIIble CKOOKH.

B OyseBbIX omepammax Takke MPUMEHAIOTCI 3HAKKA >, <, >=,
<=, <>, =

J1 paboThl cO MHOXECTBAMH MMEIOTCH CIEIMaIbHble onepaLiiH
intersect (nepeccdeHue), minus (Pa3sHOCTh), union (00bCIHHEHNUE).

1.4. KomaHabi Maple

BripakeHHS U TIepeMeHHEIC OOBITHO CITYXAT MapaMeTpaMH KOMaH[I
Maple. CrangapTHas KoMaH/1a BRITTSJHT CICAYIOITHM 06paioM:

command (parl,par2,...,parn);

3neck command — UMS KOMaHjsl, a parl,par2,...,parn — €€
napaMeTphl.
YacTts koMaHz Maple BeI3biBacTCd aBTOMATHYECKH, MEPE]] HCNOIL-

30BaHHEM JPYIHX HEOOXOMMO 3arpy3uTb HMX B IaMATh KoMaHIOH
readlib. Kpome Toro, MHOIrHMEe KoMaHAB! ABIMIOTCA YaCThIO IAKETOB
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(bubmoTeK), 1 J0 3amycka KOMaHIp! MaKeT HoJ/DKeH ObITh 3arpyxeH Ko-
MaHaoH

with (package) .

3xeck package — HMA mnakera. T[aKUMM TakeTaM# IBIIOTCA:
DEtools, Gausslnt, genfunc, geometry, geom3d, group,
liesymm, logic, networks, NPspinor, numapprox, padic,
projgeom, totorder.

Ecmm HyXeH BBI3OB €IMHCTBEHHOH KOMaH[IM command M3 IaKeTa
package, TO MOXHO NOJIb30BaThCS CICAYIOIMUME KOHCTP YKITMSAMH:

with (package, command) ,
WM

package [command] (parl,par2,...,parn),

rae package — UM1 Makera, parl, par2,..., parn — fiapaMeTpbl KO-
MaHJbL.

3aMeruM, UTO B MOCHEAHHX PealU3alMiaX MOSBUINCH ITOMAKEThi,
crioco0bl o0palleHus ¢ KOTOPHIMH MOXHO Y3HaTh, Hampumep obpaTus-
LIKCh K JOKYMEHTAIMH 110 aKeTy stats.

HekoTopsie koMaHIbI NEpeOPEIe/IIOTCSA TIPH MOKIMOY9CHHUN pAda
NaKeToB, TaK, HalpUMep, KOMaHIA TPAcCHPOBKM trace Mnociae IOJ-
KJIIOYeHHs TakeTa jHHeliHoH anreOpbl linalg 3aMelnaeTcd KOMaHIOMH
BBIMUCIICHUA clicia MaTpHIbL [lpemympexieHue o nepeonpeaesiCHHbIX
KOMaH/IaX BbIIacTcd PH 3arpy3ke Iakera.

ITpemynpemiM 06 oOMacHOCTH HNPOH3BOJLHOIO HA3HA4YCHHA HUMEH
nepeMeHHBIX. Ecli UMA mepeMeHHOH coBnagaer ¢ MMeHeM KaKoi-HHOYIb
KOMaH/Ibl, TO TaKast KOMaH/ia CTaHOBHUTCA HEJAOCTYIIHOM B TEKyINeM ceaH-
ce. [loaToMy miepen BBEICHHEM HOBOM INEPEMEHHOH name TIOJIE3HO YHO-
CTOBEPHUTHLCSA, UYTO UMA HE 3aHATO, KOMaHIo#

?name

[TossBneHne oxolnka cOopaBKH OyAeT o03Ha4aTh CYLIECTBOBAHUE KO-
MaHJ(bl C AMEHEM name.

Ecmm xoManja BBefeHa MPaBHIBLHO U IOJHOCTHIO, To Maple BbI-
MOJHACT e¢ U MPUBOAUT B CICAYIOIMMX CTPOKax pe3yibraT. Ecim mossu-
JI0Ch 3X0 BBENCHHOW KOMaHABI WIM obJacTh BbIBOJAa MycTa, To JMOo
Maple oTkaspiBaeTcs BHINOIHUT, KOMaHLy H3-3a HEMOJHOTH HHpOPMa-
11, 60 He MOXKET e€ UCTIONHHTH (ypaBHEHHE He periaeTcsd, HHTerpal He
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Oepercs 1 T.11.). B 5TOM ciydae mose3Ho 3amyMaThcd O TOM, 4TO Aelaercs:
MOAKIOYCHA JIA HyXHas 6nbamoTeka, pelaercs U B IIPHHITHIC I0CTAB-
JICHHAA 3a/1a’ya, HeT I IPYIrUX MOJX0I0B, METOI0B, KOMaH]I,

Hai coBer HaUMHAIOMEMY MOMH30BATCIIO: BHEMATEILHO YMTAMTE
pesyabTaT BLIIONHEHUS KoMaHael. Maple — odeHp rufkas cucreMa, CTa-
parInascs BHIOTHHTE H00YI0 BBEICHHYIO KOMaH/IY; TaK 9TO JaXe CCM
BbI, HAIIpAMeEp, He TOATPY3MIN OHOIHOTEKY, TO KaKOH-TO pe3yabTaT BCe
paBHO Oyzer. Beerlia mpoBepstiiTe MoIydeHHOE PasMBIIUICHAEM, BEIL HC-
FI0JIb30BaHME CUCTEMBI AHATUTHIYCCKIX BBIIHCTCHMI He OTMEHSeT MBICIH-
TeBHOT0 Mpoliecca, a ToIhKo ToMoraer eMy. Hanpumep, ecnmm B crpoke
BBOJIa OITYCTHThH 3HAK YMHOKECHHA Nepeyl KPYITTOH cKOOKOH B BBIpaKeHHH
x*(y-1), To Maple nocauraer, 9ro y-/ ABiAsgeTCS apryMEHTOM HEKOTOPOL
dymxapn x(y-1).

1.5. CuHTakcuc

Kaxnas koMaHAa AOJDKHA 3aBeplIaThes pa3fenuTeneM: TOUKol ¢
sanaToi (;) wm msoerouneM (:). Eciu BBoA IIpeAioXeHus 3aBepuiacTes
pazaemureneM (;), To B CTpoKe MO IPESUIOKEeHHEM cpal3y Oyaer OTKIHK:
PE3yNBTAT MCHOJHEHUS KOMaHAbl Wy coobmcHue o6 ommbOke. Pazmenm-
Telb (:) HCImoNnb3yeTcs I OTMEHLI BHIBOJA, KOTJ[@ KOoMaH/a BBIIOIHA-
€TCS CUCTeMOH, HO ee pe3yiIbTaT He BBEIBOUTCS Ha 3Kpall.

B Maple nmpuMeHsioTCs Kpyrible, KBaJpaTHble H (PUI'YpPHBIE CKOO-
KU. Haznavende KpyribIX ckoOoK — 3aaBaTh MOPAHOK MPH ITOCTPOCHHH
MaTeMaTH4ecKUX BBIpaKeHUI M oOpaMiIaTh apryMeHTHl QyHKIMHA W ma-
paMeTphl B 3amucH KomaHa. KBagpaTHbic cKOOKHA HYXHBI IS paboThi ¢
VHJEKCHbIMH BeWdHaMu. PurypHule ckobku Henomb3yioTes st dop-
MHpPOBaHUs MHOXXECTB, HAIPHAMEpP CHCTEMB! YpaBHCHUI.

Hna nocrpoeHns Maple-nipeyioxeHHid HYXHBI: 3HAK paBeHCTBA
(=) nipu GOpMHPOBAHHH YpaBHeHHWIT M 3HAK MPHUCBOCHUA (: =) TIPH 3a/ia-
HUH 3Ha9cHUIi NepeMeHHbIX. Pasiiyme B HX UCHONBE30BaHUH MOXHO HIpo-
WITIOCTPUPOBATD CIE/IYIOMIMM HIPUMEPOM PEINCHUS CHCTEMBI IBYX YpaB-
HEHHMA. APryMEHTaMH KOMAaHJbl PElleHUs YpaBHCHHH solve SBIISIOTCA
MHOXECTBO YpaBHEHHH (3aKOYeHHbIC B (UTYPHBIC CKOOKH H pa3JiciieH-
HbIE 3aII9TOH /Ba YPaBHEHHA) H MHOXXECTBO NEPEMEHHBIX, V11 KOTOPBIX
HIIETCS pelleHHe. PelynbTaT pelleHMs IIpUCBaHBacTcd HEKOTOpoH mepe-
MeHHOU sols.

> sols:=solve ({x+y=3,2*x=y},{x,¥});
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B pe3yibTaTe MOIy9aeTcs MHOKECTBO PeleHIHA
sols ={x=1,y=2}

Kax Bumno, mogydaeMble pelieHHs TPeACTaBILIOT co6oii Habop
yPaBHEHHI UM YKa3aHHBIX NepeMeHHbIX. Ecim pelmeHHii HeckombKo, TO
BBIal0TCH Bce Hail/ieHHBIE pelueHud (3aMeTHM, 4To 5TO He 00A3aTeIbHO
Bce peicHus). IlepeMeHHbIE x B y, 0J]HaKO, OCTalOTCH HeHa3HAYEHHBIMH

(HeompeaeneHHbIMK). g Toro 4To6sl UX ONMPEHCINATSH, HYXKHO BOCIIOINL-
30BaThCI KOMAHJIOH assign:

> assign(sols); x;
1

B 3TOM mpUMepe CTpOKa BBOJa COCTOMUT M3 JABYX KOMAHII, MPUIEM BTOpas
BbIIaeT 3HAYCHHE NICPEMEHHO X.

BooOe, i BeiZadd 3HadgeHHA MO60H ckamgpHOM mepeMeHHO
JOCTAaTOYHO B CTPOKE BBOJA YKa3aTh MM caMoil IepeMeHHOI M 3aBep-
IOUTh KOMaHIy pazpermmreneM (;). JUid npocMoTpa cOlepXUMOTO HHICKC-
HBIX IEPEMEHHBIX (HAIIpHMeEp, C HIMCHEM arr) HCITOb3yeTcsd KoMaHaa

eval (arr) .

'HPI/IBCIICM npuMep 3anaHud JBYMEPHOI'0O MacCHBa H BbLIA4YH €ro
COJIEP XUMOT'O. 33M6TI{M, 9T0 Ha BBCACHHOC MMS MacCHBa TIOCICAOBaJIoO
TOJBKO €I'0 3XO0.

> A:=array(l..2,1..2,[[a,b], [c,d]]): A;
A

A

3neck A ykasaHMS pa3MEpHOCTH MaccHMBa HCIONB30BAH 3HAK
IMama3oHa — JBe WAYLIHe moapsy Touku. Boobme, B Maple mse nmocreno-
BaTeNbHbIC TOYKH B OIMIMAX KOMAaHJ MPUMEHAIOTCS TSI OTIPEACIICHUS UH-
TepBana U3MEHECHH MEPEMEHHBIX.

Temepb pacckaxeM O TpeX BHAaX KaBbldeK, BCTPEYaOIHAXCS B
Maple. Hasnadenue nBoiiHbIX KaBhideKk — SKOHOMMThL YCWIMS IpH obpa-
IIEHUH K MOJy4eHHBIM pe3yiibTaTaM BbrarciieHu. [Ipocro mBoiiHbiMu ka-
BrrakaMi (") o6o3Hauaerca mpemmecTBYromuH BhBoA. [lapa mBoOWHBIX

> eval(A);
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KaBbIUEK OTCHUIACT K MPEANOCIEHEMY pe3yinbTaTy. HakoHerl, mpemmect-
BEHHHK TIPEIIOCIHeHero pe3yilbTaTa 0003HAYacTCa TPeMs KaBBIMKaMM.
Ora HOTanWsA MoxXeT OBITh yI0OHa TpH MocieoBaTeabHOMH paboTte ¢ Jo-
KYMEHTOM, HO 4peBaTa HEINPHATHOCTIMH MPH CBOOOIHOM ITepeMElIeHHA
I10 TEKCTY, KOrJia KOMaH bl BROTONHIAIOTCA B TP OH3BOILHOM TTOPSIIKE.

Ob6paTHbIc KaBHMKH () yKa3bIBalOT Ha CTPOKY CHMBOJIOB, IIPHIEM
IBe oOpaTHbIC KaBBIMKHU MOPAA MO3BOIIOT BK/IIQYUTH caMy KaBbIUKY B
CTPOKY.

ITpsMele kaBpIaKH (') (armocTpod) MCHOMBIVIOTCA AU TOTO, YTOOBI
0cBOBOUTE IIEPEMEHHYIO 0T IPEAUICCTBYIOIMX HasHadeHui. Hampumep:

> expr:=x"2+exp(y): expr;
xt+e”
> expr:='expr': expr;
expr
KpoMe Toro, mpsMele KaBBIUKH NOJC3HBI AT TIPEAYIIPEXKICHUS
onmbKH B TOM ciTydae, Korfla Juid BbIIOJIHEHHA KOMAaHAbI HCIOJb3yeTcs

nepEMEHHas, MOJIyIuBIIas 3HA4YCHUC paHEe. Hanprmep. nociacaoBaTcib-
HOCTHh KOMaH]J1,

> i:=3;
ii=3
> sum(i*2,i=1..6);

TIpEBEleT K ommubke, mockonbky Maple BocripuMer BTOpOH apryMeHT
B KOMAaHJE CYMMHpOBaHHA sum Kak 3=1..6. IlpuMeHeHHe KaBhbrdek

acT MpaBWIbHBLIA pe3yibTaT:
> sum('i*2','i'=1..6);

91

TIpu paboTe ¢ MaKeToM CICAYeT AMETh B BHIY, YTO HHOIJa B OTBe-
Te (Output Region) Maple ncnonbiyer crienmanbHble o6osHaueHns. it
YKa3aHMA HEOIpeelicHHBIX KOHCTAaHT B pellieHUH JMddepeHIHaTEHOTO0
ypaBHeHAS nipuMeHaroTces cumBoibl _Cl, _C2 u 1.1, Llenas xoHcraHTa
obosznagacrca kak _NI, _N2, .., a XoMIUIeKCHag BeJIWYHHA COOT-
BETCTBEHHO Kak _Z1, _Z2 v 1.1. IIpu BBIBOJIc BbIpaXXeHHA UII COKpamle-
HHA 3aITHCH TaKKe BBOAATCA MepeMeHHbIe ¢ mMeHaMu %o, %62 1 1.8, DTN
TepeEMEHHBIE MOXHO HCIOIb30BaTh HE3aBHCHMO OT CaMOI'0 BEIPaXXCHMIL
Cremyrolnuii puMep MOKa3pIBacT, KAK BO3ZHUKAET BCIIOMOraTelabHas Iie-
peMerHas %] TpH OpefCTARIICHHUH KOPHA Kybudeckoro ypasHEHHA. 3iech
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yKazaHMe 2 B KBaJI[paTHBIX CKOOKax roBOPHT 0 TOM, 4To Tpebyercs BbI-
JIaTh BTOPOI KOpEHb (pe3yabTaToM KoMaHAb! solve B o61meM citygae sBiis-
€Tcs MaccuB PEINCHUIL).

> solve (x*3-x-a,x) [2];

-l%pﬁ_l 1 IIJj(%pﬂ_% 1 )

2 6 %I 7

%1 :=%a+T1§J-12+81 a?

1.6. CtanpapTHble PyHKLUUMN

ObpalneHne K cTaHAapTHOH (yHKIMM — 3jeMcHTapHas MaTeMa-
THYecKas oTepalys, eclii M3BecTHO MMs HyxXHo# ¢yHxamu. CrMcox w3-
HavaJibHO OITpeNieIcHHMX B Maple ¢yHKLMIA BeIMK, IT03TOMY IPOCTO Tie-
PEIHCTIIM TOCTATOYHO MPEACTaBUTEbHOE NOJMHOXECTBO M3 H3BECTHBIX
dyuxrmii. HauneM ¢ Tabmpl, yeTaHABIUBAKOIICH COOTBETCTBHE MEXK/LY
HECKOJIbKMMH MaTeMaTHYecKMMH (QYHKIMAMH H COOTBETCTBYIOIMMU
aMeHaMH GyHKImI Maple:

MartemaTHyecKas 3alHCh Maple-3ammch
o~ exp (x)
Inx In(x) wm log(x)
log,, x 10g10 (x)
log, x log[a] (x)
\[; sqrt (x)
x] abs (x)
sgn x signum(x)
n! n!

Jajee mepednciMM HECKOJIBLKO ceMeHcTB YHKIWMA, i1 KOTOPHIX
JIOCTATOYHO YKa3aTh MM,
TpuronoMerpuaeckue (yHKIHH (apTYMEHTHI B paAHaHAaX):

sin, cos, tan, cot, sec, csc.
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O6paTHbic TPUrOHOMeTpHUYeckUe PYHKIHM:

arcsin, arccos, arctan, arccot, arcscs, arccsc.

I'umiepbonmdeckue pyHKITAN:

sinh, cosh, tanh, coth, sech, csch.

O6paTHbie TUNIEP 0 0TAYEeCcKHEe §YHKIIIH:

arcsinh, arccosh, arctanh, arccoth, arcsech, arccsch.
HemTa-byuxims Jupaka n ¢pynxims Xepucaiina:
(1) - Dirac(t),

H(1) - Heaviside(t).
Beccenenrl GpyHKIIIN:

Jp(x) -~ BesselJd(p,x),

K(@ ~ BesselY (p,x),

Ip(x) - Bessell (p,x),

ﬁ;(@ - BesselK(p,x) .

'amMa- u 6eta-PpyHKIIIH:
GAMMA (z) U GAMMA (a,x),

Beta(x,y).
Mzera-dynxind Pumana:
Zeta(z) .
Hurterpan omubox:
erf (x).

OnnunThyeckye HHTErpansl B popMe Jlexxanapa nepporo, BTOporo u
TpeThero pojla:
LegendreF, LegendreE, LegendrePi.
ITonusle amunTHYeckue mHTerpanel r opme Jlexanapa mepsoro,
BTOPOTO U TPETHEr0 pojia:
LegendreRc, LegendreEc, LegendrePic.

Copasky o Bcex HMelolupxcst B Maple QyHKIMAX MOXXHO NOIY4HTH,
BBITTOJHMB KOMaHIY

?inifunction.
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1.7. CnpaBKa

Xopolnmag cnpaBo4das cucreMa Maple JocTynmHa Kax depes3 MyHK-
ol MeHIO (cM. [IpUIIOKEHHE), TAK W HEMOCPEACTBCHHO H3 KOMAHAHOH
crpokd. Just sToro ygoOHo WCHONB30BATh cCrelMalbHBIA  (opMaT
CIPABKI — CTPOKY M3 BOIIPOCHTENBHOr0 3HaKa W UIMEHH KOMaHJIpl, HO Oe3
pasnenmrTeii B KoHle. Hampumep, 3ampoc o makere, KOMaHAe MIH CIIy-
XeOHOM CIIOBE topic BRINSIMT CIIETYIOUIM 06pa3oM:

?topic

3aMeTbTe, 4TO 3Ta KOMAaHJa He 3aBepilaeTcs pasacnurencMm. Uepes
3aMSTYI0 WM B KBajpaTHBIX cKoOKaX MOXHO YyKa3aTb CJIOBO
(moxTeMy) M3 HexoToporo obmero pasjena (TeMsl). Eciom 3anpammusa-
eTcs UBdopMalig o KoMaHlle subtopic U3 makera topie, TO COOT-
BETCTBYIOIINHA 3anpoc odopMiseTcs NpHU MOMOIIH KOMaH

?topic,subtopic

?topic[subtopic]

K aHaJorH4HBIM CIpaBKaM TPHUBEAET HMCIOJb30BAHHE KOMaHMbI
help c oOBMIHBIM pasgeiHTeneM (;) B KOHLE:

help(topic) ;
help(topic,subtopic) ;

help(topic[subtopic]);

Ecmm npu Habope MMeHM KOMaH[bI, 0 KOTOpPOH 3ampaluvBaeTrcs
nHpopMarys, Oplla clienada ommbka, To Maple BbIIACT mepeyeHs HMEH,
KOTOpBIE MOI'YT HMETh OTHOILIEHHE K 3amIpocy. DTo OKaXeTcy IMOJIe3HbIM,
€CIIM BBI HE TIOMHHTE TTOJIHOCTHI0 MMCHH KOMaH[bI, a TaKke TIPH HHTYH-
THBHOM criocofe ocBocHHI Maple, xoraa nomb3oBaTenb Ipearionaraer,
YTO JUI HEKOTOPOH OIEPALHH MOXKET CYIIECTBOBATH KOMaH/la ¢ TAKHUM-TO
HMEHEM.

Kcratn, HauuHas paboty ¢ Maple, ronesHo cripaBUThCA O TIOCTEA-
HHX HOBOCTSX peany3allfii, KoTopble MOIVIH ObITh HE OTMEYEHbI B PYKO-
BOJICTBE. 3[€Ch TIOMOXET 3aMpoc

?updates
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Kaxk Bcsikoe urevrue pacimgpsieT Kpyro3lop, Tak U JaHHas CIIpaBKa
MOXCT COO6HII/ITI: MHOI'0 HHTEPCCHOI'O U3 TOIr'0, Y€M HE CTAHCIIL HHTEpPC-
COBATHC CIICIMATTBbHO. HmMenHHO mocne OPOYTCHHA IMOCICHUX HOBoOCTEH

aBTOPHI YIHAJHM 0 CHCAYIOIINX JBYX 3aIpocaX, MpeHa3HAYCHHBIX I BbI-
Bojia uadopMaIK o GopMaTe KOMaH/BI topic

??topic

usage (topic) .

OxouIKo crpaBKH ¢ IpHMepaMu JIsI KOMaHAB! topic MOSABHUTCA
MoCIe BBOAa KOHCTP YKITHH

???topic
Him
example (topic) ;

Haxownen, cBeicHHS 0 POIACTBCHHBIX I topic KoMaHAax BO3HHKHYT
B 00mactTH BBIBO/JIA ITOCJIC 3aI1poca

related (topic).



bi=x"2-a"2

factor b} | 2. AHaNUTUYeckue npeobpaszoBaHunA

(x-a)(x+a)

XoTs HEKOTOphIe CBEACHHA 0 KoMaHAaX Maple mosBwiMch B Ipe-
JBIAYINHX TIaBaX, UMEHHO C JIAHHOH I7TaBbl HAUMHACTCH M3I0XCHHE TOro
pasHoobpasns BosMoxHocTell cucTeMbl Maple, KoTopoe 3aKiIIO9eHO B ¢
KoMaHjax ¥ makerax. Hambolee 9acTo MCHONL3yeMble OCHOBHBIE MaTe-
MaTHYeCKHe H 00IeCHCTeMHbBIC KOMaHIbl HaXoIITCA B cTaHapTHOH 610-
JoTeKe, KoTopas aBTOMaTHUYECKH Mo IKIouacTes Tiocie 3amycka Maple.

Cilenyrolmye riasbl ITOCBAINCHH! OMMCAHWIO KOMAHJ, BBIIONHSIO-
IMMX OCHOBHBIE MaTeMaTWIECKHE ONepalii UHTErpupoBanus, auddepen-
AP OBaHHS, Pa3IoKCHUS B PSibl, CYMMHpPOBaHHW, PEIICHUS YPaBHEHUH K
HEpaBeHCTB H T.A., 3/cCh K¢ OCTAHOBHMCS Ha KoMaHjgax oOimero Ha-
3HadeHud. HauHeMm ¢ omnmcanud pgja KoMaHJ, JUIA Tpeodpa3oBaHus BhI-
paxeHwmii (YIpolmeHus, MOJCTAHOBKH, NPUBC/ICHHS K HYXHOMY BHIY K
ZIp.), a TaXXKe I W3MeHEHHS WX THITOB.

2.1. Onepauumn c hopmynammu

Ipu npeoOpa3oBaHUM MaTeMaTHYECKAX BBIPAaXCHHH 0OBIIHO OpH-
XOJUTCS ICNATh Pl pYTHHHBIX OMEpalldil: MPUBOINTh TOHO0OHbIE YIEeHBI,
packiajpIBaTh Ha MHOXUTEIH ((PaKTOpHU30BaTh), PAacKphIBaTh CKOOKH,
JIETIATH TIOJICTAHOBKY M ip. Maple o061afaer mupoKUMH BO3MOXKHOCTIMH
JUTS TIPOBEICHUS BLIKIIATOK — AHAJMTHYCCKUX TpeobpasoBaHMi MaTeMa-
TAYeCKUX QopMyl. MIMeHa KoMaHJ, peadn3ylolUX 3TH OIepalldd, COOT-
BETCTBYIOT aHTIMICKUM TEPMBHAM U nipocThl: factor — g akTopusa-
1M, expand — I PacKpbITHA CcKOOOK, simplify — mua YIPOINCHUS
BbIpakeHUd, subs — 14 MTOJACTAHOBKH U T.J.

HawneM ¢ npocThIX MPUMEPOR, HIUTFOCTPUPYIOIIMX TPUMCEHEHHE He-
KOTOPBIX KoMaHH JUIs paboTel ¢ alrebpandecKkuMH BhIpaxeHUIMH. bymem
TIpeqBapsITh MPUMEPH] caMUX KOMAHJIBI M Pe3yibTaThl UX paboTsl KOpoT-
KHUMH TIOSCHEHWAMU.

IpucBouM nepeMeHHod w Ipobk, ¥ KOTOPOH 4HCIATENs W 3HaMe-
HaTelb SBIAIOTCS anTebpanyecKMH BhIpaXXeHWAMH oT x B y. Uit pasio-
JKEHHS Ha MHOXXHTEIIH 3TOr0 BRIpaXeHUd MPUMEHNUM KoMaHTy factor.

| > wi=(x"2+y*2) / (x*4-y"4) ; z:=factor(w);
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_x+y?
x4__y4
1

TN Gy

Buaso, 9To ioMuMo (akTOpH3aLMK BBIIONHECHA M HOpMaIM3alys
(coxpanieHue OJMHAKOBLIX MHoXHTencH apobm). IIpocro s coxpatie-
HAA (HOpMaM3alluM) IpoOu MMeeTcd KoMaHAa normal, a KoMaHIBI
numer U denom TO3BONAKT BbIIEIUTh COOTBETCTBEHHO YHMCIMTENL U
3HaMeHaTellb Apobm.

> normal (w) ; numer(z); d:=denom(z);

d:=(x-y)(x+y)

Jaiee packpoeM ckoOKk¥l B BBIpa’KCHUH ¢ AMeHeM d IpH IDOMOIIHM
KoMaH[Ipl expand M IPOBEIEM MOJICTaHOBKY, 3aMCHHB X H y TPHI'OHO-
MeTpHYecKiME QyHKIMSME apryMeHTa t.

> expand(d) ;u:=subs({x=cos(t) ,y=sin(t)},d);
x2—y2
u = (cos(t) — sin(t)) (cos(t) + sin(r))

HaxoHen, mpy moMolny KoMaHIp! simplify YIIpoCTHM IOCIeAHES
I0JIydEHHOE BBIPaXeHHE

> simplify(u);
2 cos(2)? - 1

[IpuBeacHHbBIE IIPUMEPHI TOKA3BIBAIOT €CTECTBEHHOCTH ITPHHATOIO
B Maple dopMaTa KoMaHA M HpPOCTOTY IPOBEACHHMA BbIKMalok. Ha-
3HaYCHME Pia PYrAX KOMaHI MOXHO IIOHATh M3 HIKEPUBOMMOIO Tie-
peIHSI KOMaHJ, JJaHHOT0 B aji)aBUTHOM IIOPSJIKE.

collect (expr,var) -— NpHUBCICHHE 10500HEIX YICHOB B BBIp aXXCHMH
expr OTHOCHUTENBbHO MNEPEMEHHOH var.
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combine (expr) — INpUBEAeHHE NOJOOHLIX 4YIEHOB B BbIPAXKEHUH
expr, COIepKalleM W3BeCTHble (QYHKUHH, Hanpuep,
sin, exp. «

denom (rat) — BbifeneHye 3HAMEHATENA paMOHaNbHOK Ipobu rat.

expand (expr) — packpbiTHe ckoboK.

factor (expr) -— pa3jioKeHHe BbIPAXCHHS HA MHOXHTEIIH.

isolate (eqn,expr) — ONpeAEIEHNE BbIpaXXEHHUA €Xpr M3 ypaBHEHHs
eqn. Ilepex ucnonb3oBaHHEM KkoMaHJa OOJDKHA ObiTh
NOArpyXeHa KOMaHAol readlib (isolate).

1lhs (eqn) — BbLIEIEHUE JIEBOM YACTH U3 YPABHEHHUS egn .

normal (rat) — HopMmamu3alus ApoOH — cokpauieHue OOIHX MHOXKH-
Tesleil U NpUBeAEHKHE K BUAY YHCIMTENb/3HAMEHATENb.

numer (rat) -— BbiA€NEHHE YACAUTENA palHOHANIbHOR JpobU rat.

rhs (expr) -— BbIIENEHME NIPABOM YacTH YpaBHEHMA egn .

simplify (expr,<optl,...,optn>) — ynpolieHHe BbIpaXKEHHA
expr COrNacHO 3ajaHHbiM onuuam (@, Ei, exp,
GAMMA, hypergeom, 1n, polar, power,
radical, RootOf, sqrt, trig). Hampumep, npu
yKasaHHH ONUMM trig ynpoueHHe [POU3BORUTCA C
MCnonb3oBaHueM OONbIUErO YUCIA TPHUrOHOMETPHYECKHX
cooTHOWEeHHH, B kauecTBe onuuii MOXHO 3aJlaBaTh TAKXKe
COOTHOIUEHHS B BHAE PABEHCTB, TOTAA YNpollieHue OyaeT
MIPOBOAMUTLCH € YUETOM ITHX COOTHOLUICHMIA.

subs (old=new, expr) — TMNOACTAHOBKA BLIPAXKEHHS new BMECTO
old B BbIpaXeHHE expr.

trigsubs (expr) -— BblJa4a BCEX TPUIOHOMETPHYECKHUX 3KBUBAJIEHTOB
BuipaxXenns expr. llepen Henonb3oBaHHeM KOMaHZa
JOIDKHA ObITh NMOArPYXeHa KOMaHAOH readlib.

3aMeTHM, YTO NMPOCTblE MOACTAHOBKH MOXHO JENaTb NPH IOMOLIH
onepaTopa MpPHUCBaHBAHHSA, KOTAA NEPEMEHHONH MPHCBAUBAETCH HEKOTOPOE
BbipaxeHue. OgHakKo B 3ITOM CJlydae BBEAEHHAA I[OJACTAHOBKA
paclpOCTPAHUTCS W Ha CAENYIOLME OMepauuu ¢ Yy4acTHEM 3ITOMH
NEpeMeHHOI.

IIpounmocTpupyem JaeiicTBMe pAna KOMaHA Ha OIEPALMAX C
TPUTOHOMETPHUUECKUMH QYHKLNAMHE,

> eq:=sin(4*x)+sin (2*x)+sin (x)=cos (2*x) ;

eq = sm(4 x) +sin(2 x) + sin(x) = cos(2 x)
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> trigsubs(rhs({eq)); factor(simplify (lhs(eq),trig));
[cos(flx), cos(2x), 2 cos(x)?~ 1, 1 — 2 sin(x)?, cos(x)? - sin(x)?

1 1 1 - tan(x)* _1_8(2!x)+_1_e(-21x)]
sec(2x)” sec(2x)’ 1 +tan(x)?’ 2 2
> readlib(isolate): isolate(eq,sin(x));
sin(x) = cos(2 x) — sin(4 x) — sin(2 x)

Ana  xkBanudunuupoBanHoil paboTsl ¢ GopMymamu TpebyioTcs
HEKOTOpble 3HaHHA O CTpYKTypax Maple. Bo BHyTpeHHeM NpeAcTaBIeHHH
Maple-0b6bexT menmuTca Ha nonoObEKTHI M T.J., BIUIOTb O Oa3ucHBIX
3JIEMEHTOB, TaK YTO MOJTy4aeTcs BeTBAlladcA, APEBONONOOHas CTPYKTypa.
Ilpu pabore ¢ OoNblIMMH BbIPAXKEHHAMHM 4acTo TpeOyeTcs M3BleKarthb
OTHENMbHBIC IEMEHTHI CTPYKTYPHI M npeoOpazoBbiBaTh ux. KoManaa nops
cooblaeT 0 KOJIMYecTBe 0OBLEKTOB MEPBOrO YPOBHS, @ KOMaH/A Op BbIAAET
HX B BUJE NOCIEN0BATEIbHOCTH BbIpaXKeHUH,

[MpounmocTpupyem ckazaHHOE (IPUMEPOM:

> object:=x"2+2%*x-3;
object =x*+2x-3
> nops (object) ;

> op(object) ;
x%2x,-3

Kpome Toro, mpu noMoiM KOMaHIbI Op MOXHO H3BJIEKATH
NOABLIPAXEHHMA, YKa3biBas HOMEDP 00bexkTa nepBoro yposHs. Hanpumep,

> op(l,object) ;

%2
JIJisi noACTaHOBKHM BLIPAXKEHNA new B n-it ONepaHy| NepBoro yposHd

BbIpAXEHHA expr MHCHOJB3YETCA KOMaHaa

subsop (n=new,expr) .

MoxeT nonyunTbes, yTo Maple BbigacT BbipaXeHHe He B TOM
GbopMe, KOTOPYIO Bbl OXMIAAIH MM npeanounrtaere. YToObl ynpoOCTHTh
BbIPAXEHHE, MEPelTH OT IKCMNOHEHUMANbHBIX GYHKUMH K TPUrOHOMET-
PHYECKHM M T.I., MOXKET NMPHMEHATbCS KOMaHJa convert, KOTOpas
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OyleT onucana Huxke. KpoMe nepeuncieHHbIX NIMEIOTCS H IPYTHE KOMAH]ibl
npeobpazoBands  (GopMmyn, HanpuMep MO3BONAIOLIKME paboTath ¢
BHYTpEHHeR CTPYKTYpoH BbipaxkeHus. HIRpopMauMio 0 Ha3HAYeHHUU M
dopMaTax KOMAH MOXHO NONY4UTh, 0OpaTuBIIKCh k CrnipaBke Maple.

2.2. NpeobGpa3oBaHua TUNOB

Kaxaas komanma Maple pabGotaer TONbko ¢ ONpeAeNeHHbIMH
THNAMH JAHHBIX, TO3TOMY E€CIH THN (PaKTHYECKOTO MNapaMmeTpa He
OTBeyaer [AOMYCTHMOMY i [AaHHONH KOMaHIbl, TO OyHeT BbIAAHO
coobuenue 06 owmbxe. B 3ToM cnyuae mepen HCMNOJib30BAHHEM KOMAaHIb
cneayer npeobpa3zoBaTh BhipaXKeHUe, NPUBE/A €0 K HYKHOMY THUIY.

OcCraHOBUMCS Ha JBYX BaXHbiX KOMaHJaX, [OMOTalouux
pa3obparbcs ¢ THNaMM BbipaXeHui. [lig sneMeHTapHbIX AeHCTBUE 3TH
KOMAaHZbl HE OuUEHb HYXHbl, HO 00s3aTeNbHbl [ KBAIHPULUPOBAHHOTO
ucnonb3oBaus Maple.

type (expr,kind) -— BbIICHEHHE BOIIpOCA, SBIFETCA JIM Bblpa)eHHe
expr o0bexToM THia kind, rae kind MoxeT ObiTh
OJHMM M3 CJleAYIOLIHX TepMHHOB. const, form,
laurent, scalar, series, taylor.
ITonHblif CNHCOK TEPMMHOB MOXHO MOJYYHUTh, OOPATHBLIMCL K
CrnipaBke, a2 s M3BJIEYEHNS TOMHOTO 3HAaYeHHA Noboro tepMmuHa kind
CHENYET 3aMPOCUTh CIPABOUHYIO CUCTEMY, HAOpaB KOMaHay

?typel[kind].
whattype (expr) — OnpeleneHHME THUNMA  BbIPAXKEHUA  expr.
Pesynnratom OyneT BhiZaua OJHOTO U3 TEPMUHOB: * , +,
e, <, <=, <>, =, *, and, array,
exprseq, float, fraction, function,
indexed, integer, list, not, or,
procedure, series, set, string, table,

uneval.

Huxe npuBefed npuMep, B KOTOPOM XOMaHia whattype
NIOMOTAET BbSICHUThL MPUYKMAY OWNOKH NPY NPUMEHEHUU KOMaH[Ibl coeff

Juis onpeneiieHus koddduumenta npu kBaaparte nepemeHHoii x. ITocne
JAeHCTBUS KoMaHabl  simplify  NOJNy4eHO  BBIPAXKEHHE  THIIA

NpOU3BEJCHUA, NO3ITOMY HeobxomuMo cobpaTh KO3DOHLHEHTHI MPH
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OMHAKOBBIX CTEMEHAX X, MpeoOpa3oBaB BbIpaXeHHE B MONHHOM, 4TOObI
3aTeM ONPEAEIHTb HY)XKHOE.

> f£:=simplify (x*2/a+x-1);
_x’+xa-a
S
> coeff (f,x"2);
Error, unable to compute coeff
> whattype(f) ;

*
> g:=collect(f,x) ;

2

g=—+x-1

> whattype(q) ;

+
> coeff (g,x"2);

1

a

Teneps nepeiineM K KOMaHAe convert, Ha3HAueHHEe KOTOPOH
npeobpa3cBbIBaTh OJHH OOBEKTHI B APYTHE C U3MEHEHUEM UX THUMA .

convert (expr,option) — npeobpazoBaHuE BHIPAKEHUSA expr
CO-TJIACHO 3aJaHHOI OMUHUHU.

B «xauyectBe oOnuUMM option MOryT BbICTYNaTh CJIEAYIOIIHE
TepMHHBL: "+, “*°, D, base, binary, binomial, confrac,
decimal, degrees, diff, double, equality, exp, expln,
expsincos, factorial, float, fraction, GAMMA, hex,
horner, hostfile, hypergeom, 1lessthan, lessequal,
list, 1listlist, 1n, matrix, metric, mod2, multiset,
name, octal, parfrac, @polar, polynom, radians,
radical, rational, ratpoly, RootOf, set, sincos,
sqgrfree, tan, trig, vector.

IMosicHUM HEKOTOPBIE CITyuan ynoTpebaeHns KOMaH bl

convert (list,array) — npeoOpa3oBaHue crucka list B OfHOMEp-
Hbll MACCUB array € TEMU XXE IJIEMEHTAMH.
convert(list,vector) — npeoﬁpaaona}me crucka list B BEKTOp

vector C TEMH Xe 3JIEMEHTaAMHU.
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convert(listl,...,listn,matrix) — npeobpa3oBaHHE CIIMCKOB
listl,...,listn B MaTpHly matrix.

convert (s,poly) — npeobpa3oBaHMe CIINCKA S B IOJIMHOM poly.

convert(s,ratpoly) -— npeofpa3oBaHue CUCKa 8 B NONMHOMHUANb-
HO€ BbipaXXeHHe ¢ paHOHAJIbHBIMH KO3 ULIMeHTaMU.

convert (poly,list) — npeobpa3oBaHHE MOJIHHOMA poly B CIIMCOK
list.

MHeMOHUKA [IOMOTaeT MOHATL Ha3HAYEHWE YacTH TEPMHUHOB:
(binary, float, radians), 0 HEKOTOPbIX Pa3HOBUIHOCTAX KOMaHbI
convert OyIeT paccka3aHO HUXE, a 3a MOJNyYeHHEM TOYHOTO 3HaYeHHA
moboro TepMHHa termin cienyer oOpaTHTbCA K CHPaBOYHOM CUCTEME,
HabpaB KOMaHIY

?convert[terminf.

Crnenyoliuii NprMep TNOKa3biBaeT KaK, BLIYMCIMB paslOXEHHE
¢yHkuHM cos B pan TeHnopa, nepeBecTd €ro B IOJHHOM H HaHTH
YETBEPTHIN 4JIEH pAlia, BOCNONL30BABLIMCH JUIA 3TOI0 KOMaHIOH convert

> g:= series(cos(x),x,7);
— l 2 l_ 4___1_ 6 7
s:=1 S ¥+ X~ 3 ¥ +O(x>
> p:=convert(s,polynonm) ;
—y Lo 1 4 1
p=1 X X 720* -
> qg:=convert (p,list);
I IS U ISR N
9= L3 s 4 %70 %
> ql4];

2.3. Onepauuu oueHUBaAHUA

Llenoe ceMeiCTBO KOMaHA MOCBSAIIEHO OMEPALMAM OLEHHBAHUA.
Tonbko [ns NEPeMEHHON CKANAPHOTO THAA e 3HayeHHe OYHAET BbIIAHO,
€CId B CTPOKE BBOJA YKa3aTb HMSA MnepeMeHHOM. J{nd NepeMeHHbIX
CIIOXKHBIX THMOB aHAJIOTHYHAsA CTPOKAa BBOJA BbI30BET 0ONMAcTh BbIBOJA,
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COCTOALUYKD TOJIbLKO H3 HMEHH HCpCMCHHOﬁ. Yrtobni NnoCMOTPETDL
COACPIKUMOC TAaKHX NEPEMEHHBIX, HY’)KHA KOMaHa eval.

eval (array) -— BbLlaya COAEPXKHUMOrO MacCHBA array.

Pan  xOMaHX  CIYXHT JUIS  BBLIYUCIEHWA  BBIDAXEHHS ¢
npeobpa3oBaHHeM K HY)XHOMY Tumy. Eclin B BhipaxxeHHH expr Bce YHCIIa

3a1aHbl TIPHU MOMOILK PallHOHANBHBIX BbIpaXeHHWit (Apobu, cTeneHn), To
JUTs epexojia K YHCiiaM ¢ MiaBaromleid 3anaroii npuMeHseTca KoOManaa

evalf (expr)

Kpowme Toro, anst yckOpeHHs BBIMUCIEHHH € MITABAIOLICH 3aNITOH NMEETCs
KoMaHjga evalhf, wucnone3ywluas apudmeruky xomnbioTepa. Ilo

YMOJIYaHUIO BCe Onepalnu B Maple npon3BoasTCs CHMBOJIBHO.

ﬂflﬂ BbIYUCJIEHUA 3HAUYCHHUA KOMIUJIEKCHOI'O BbIPaXEHHUA cmplx
HCIIOJIb3YETCA KOMaHOa

evalc (cmplx)

Jns BbIYMCTEHUS MATPHYHOIO BBLIPAXKEHHS expr C MaTpULAMH B
KayecTBE OMEPAaHIOB U NONYyCTUMbIMKM omnepaTopaMu (&%), (+), (-), ()
HUMeeTCs KOMaHaa

evalm (expr) .

Hns onepauuii ¢ BelIECTBEHHBIMH YHCIAMH HEOOXOOMMBI CIEyIO-
HIMe KOMaH/IbL:

frac (expr) — BblYHC/IEHHE APOOHON 4acTH ACHCTBUTENBHOTO BhIpaxe-
HMA expr.

round (expr) — OKpPYIJIEHHUE ACHCTBUTEILHOTO BbIPAXKEHHA expr.

trunc (expr) -— BbIYUCEHUE LIENO# YaCTH BbIPaXKEHHU expr.

I[Hﬂ pa6OTbl C KOMHOJNIEKCHBIMU 4YMUCIAMH- NOJE3HO NOMHHTh O
KoOMaHaax:

conjugate (cmplx) — BBIYKUCACHHUE KOMIUIEKCHO-COMPMKEHHOR BeEJIN-
YHHbBI JUTH KOMAJIEKCHOTO BbIpaXXeHHUS cmplx.

Im (cmplx) — onpeaeneHHe MHUMOR YaCTH BbIPaXEHUS cmplx.

polar (cmplx) — npeobpa3oBaHHEe KOMIUJIEKCHOTO BbIpaXKeHHS cmplx
B IMOJSIPHbIE KOOPAWHATLL.

Re (cmplx) — onpexaesneHue IeCTBUTEILHON YACTH BhIPAXXEHHA cmplx.

ITpuseneM npuMep, HCTIONB3YIOIMA HEKOTOPBIE M3 3TUX KOMAHA,
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> a:=2/3% (x+I*y) *2+sin(Pi*sqrt(3)); evalf(a);
a :=%(x+]y)2+sin<nf3_>
6666666667 (x+ 1. Ty)2— 7458348278
> Re(a); evalc(Re(a));

%ER((x+Iy)2) +sin{n J3)

xz—%y2+sin<n\/§)

Heckonbko IpOCTbIX KOMaHA 06].1.[61"0 HA3HAUYEHNA HE Tp€6y10T
ocoboro KOMMCHTAapHUi.

Wik

array(l..n,list) — CO3AaHME BEKTOPA (OAHOMEPHOTO MACCHBa) M3 N
3JIEMEHTOB CMHCKA list.
length (str) — BbIUHCIECHHE JNIMHbI CTPOKOBOH NEPEMEHHON str.

max (expl,..expn) — HaxOXJEHHE MaKCHMyMa M3 BbIpaXKeHHH
expl, ...,expn.

min(expl,..expn) — HAaxOXIECHUE MHHUMyMa U3 BbipaXKEHUH
expl, ..., expn.

sort(list) -— COPTHPOBKA MOCICAOBATEILHOCTH 1list.

Crenyoluyie TpH KOMaHAbl MOHAZOOATCA NS NpOBedeHUS
BCEBO3MOXHbIX Pa3JIOXEHHUH.

order (s) — BBIBOJ TEKYyUIEro 3Hau4€HUA NMOPAAKA YCEUEHUS IUIA MOCie-
JOBAaTENIbHOCTH 8 (MIEPEMEHHAs THUIA series, HanpuMep
pe3yabTaT pa3sioXeHus Bbipaxenus B paj Telinopa).

Order:=n — onpejieneHHe 3HaYeHns robanbLHOH nepeMeHHo# Order.

Digits:=n — onpeleneHue MIMHbBI MAaHTHCCHl IS ONepauuil ¢ MiaBa-
IOLLEH 3anaToM.

IlpuBeneM npocToi mNpHMEp, HCHOJBL3YIOUHI HEKOTOpbie U3
OMHCAHHBIX KOMaHA W JEMOHCTPHUDPYIOLUMH HUCNONb30BaHHE QUIYPHBIX M
KBaJpaTHbIX CKOOOK U NpeBpalleHHs MOCIeJOBATENLHOCTH BbIPAXKEHUM
(3meck 310 yucna 1,9,9,6) B nepeMeHHbie THNA set (MHOXECTBO) M list

(cnucok).
> year:=1,9,9,6; whattype(year);
year =1,9,9,6
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exprseq
> whattype([year]); whattype({year});
list
set
> max (year) ; a:=sort([year]);
9
a=[1,6,9,9]
> convert(a,set); {year};
{1,6,9}
{1,6,9}
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x_g |3 OnemeHTapHas MaTemaTuka

Onpenpenenue "yeMeHTapHas" B Ha3BaHWH 3TOH I7aBBI OTHOCHTCS
K dyHmaMeHTaIbHOMY IS MaTeMAaTHKU Ha0opy KOMaHJI, BXOJAIUX B I
po Maple — crangapTHyro OHO6MIOTEKY. 3€ECh OIMMCAaHBI OIiepallMH C I10-
JMHOMaMKi ¥ KOMaHJBI PEIICHM anre0panvecKUX YpPaBHECHHII W Hepa-
BeHCTB. Bo BTopoii dacTw IiaBhl ONKCaHBl I'€OMETPHYECKUC MaKEThI
Maple.

3.1. Onepauuu c nonMHOMamMu

JliIg Bcex MaKeToB aHAMTHYICCKHX BBIYUCIICHUH oIlepallid ¢ MOIH-
HOMaMH SBILTIOTCA 6a30BBIMU K 9ACTO UCIIONB3YIOTC MpU JPYTHX Hpeod-
pazoBanuax ¢opmyn. Ilog mommHoMoM B Maple nmoHMMaeTcst cymMMa BbI-
POKEHHI ¢ HEOTPHIIATEILHBIMU CTEMEHIMH, TaK 9TO IOIMHOMAaMH SBILI-
FOTCH KOHCTaHTa, MpocTas IepeMeHHas M BhIpaxeHue. [1omiHoMEI ObiBa-
JOT OJIHOI U HECKOJIbKHX ITEPEMEHHbIX.

Huxe nano mpeicraBUTebHOE ITOJMHOXECTBO KOMaHJ paboThl ¢
MOMAHOMAaMH, KOTopoe MpeaBapsercd AOCTATOYHO MPOCThIM ITPHMEPOM.
BBeneM OMMHOM p IBYX HEPEMEHHBIX X M ¥, YMHOXHM €ro Ha BhIpaxe-
HHe x+1, HCTOJb3yeM KOMaHIy expand JUIT PackphIiTHS ckoGok # pe-
3yIbTaT TIPUCBOMM TNIEPEMEHHOM g. 3aTeM Ip¥ TNOMOINMA KOMaHJpI
divide pa3genyM IoJyduBlNeecs BhIpakeHHe Ha moiuHoM y+1. [lanee
BLIBEJICM IMOIYYEHHBIH B pe3yibTaTe NENeHHS TOJIHHOM pl, OIpe/elM
€ro cTemedb (koMaHia degree) M K03(hGUIMEBT NpH cTapined cTEeHH
(komaHla lcoeff). HakoHell, pH NOMOIU KOMaH bl ged HaljieM Hau-

O0JIHIIHI 061t JenuTeNs MoMMHOMA pl U IOJIUMHOMA x?-2x.
> pi=x*y+x-2*y-2;
p=xy+x-2y-2
> qi=expand(p* (x+1)) ;
q=xly-xy+x*-x-2y-2
> divide(q,y+1,pl);
true

> pl; degree(pl);

2+x?-x
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> lcoeff (pl) ;

> ged(pl,x*2-2*x) ;

x—-2
Ternepb NPUBEIEM CMUCOK KOMAHA ¢ KOPOTKAMU MOSCHEHUAMH.

coeff (poly,var,int) - BbluHcieHHe kodhduuMeHTa NpU n-oii
CTEMEHU NEPEMEHHOM var Jjia NoJMHOMA poly .

coeffs (poly,var) - BblUMCIEHHE KOI(DPHUMEHTOB NONMHOMA poly
NpU NepeMenHol (nepeMeHHbIx) var. PesynbTaToM Oyner
nepeMeHHas Tuna list, coaepxailas HEYNopaooUeHHbIE
Ko3pPHULMEHTBI. I8 MONyyeHHs COOTBETCTBUS MEXAY
K03pPHULIHEHTaAMU U CTENEHAMHU NMEPEMEHHONH var HYXHO
UCNONb30BaTb pAacLIMpEHHbI ¢opMaT KoOMaHIbl ¢
yKa3aHHWeM TPETbEro napaMeTpa, CM. IpUMep.

> coeffs (x"2+y*x-x 4+y*2,x,"8"); s;

yZ’ l, Y, -1
1, x2, x, x*
degree (poly,var) — BbIUWCICHHE CTEMNEHW IMONMHOMA poly Mo

MEPEeMEHHON var.

discrim (poly,var) - BbIUMCIEHHE JNCKPUMHHAHTA NOJMHOMA poly
10 NepeMeHHOH var .

divide (polyl,poly2,name) - BbIYUCIIEGHWE YACTHOrO OT JEJIEHHUS
JABYX TIIOJIHHOMOB polyl U poly2 npuCBauBaeT
nepeMeHHOH name. Pe3ynbTaT true npu ycnewHOM
neneHny U false — NPHU HeyAauye.

factor (poly) - pasoXeHHe NOJIMHOMa Ha MHOXHTEIH.

ged(polyl,poly2) - BbluMcleHHe Haubonbluero obuiero AenuTens
IBYX MOJIHHOMOB.

lcoeff (poly,options) - BblUUCIEHME CTaplero kKolpduuuenta
NMoJaMHOMa.

ldegree (poly,var) - BbIYMCIEHHE HAHMMEHbIUEH CTENEHH MOJIMHOMA
OTHOCUTEJILHO NEPEMEHHON var.

quo (polyl,poly2,var) — BbIYUCIEHHE YACTHOTO OT JEJICHHUSA IOBYX
TIOJINHOMOB.
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rem (polyl,poly2,var) - BbIYMCJIIEHHE OCTaTKa OT JEJNEHUsA MABYX
MIOJIKHOMOB.

KoMmanga convert Jns oOnepaudid c. MNOJMHOMAMU HMMeEET
HECKOJIbKO crieliupuyecKkyx BUIOB!

convert (poly, horner,var) - npeobpa3oBaHHE NOJIUHOMA 110 CXEME
T'opnepa.
convert (poly,mathorner,var) - npeofpa3oBaHue MOJMHOMA IO

MaTpuuHoii popme cxembl I'opHepa.
convert (poly, sqrfree,var) - pa3joxeHHe MONMHOMA poly Ha

KBa[PATHbIE TPEXUJIEHBDI.

Tlepen 3anmyckom OBYX CIENYIOL{MX KOMaH] proot U psgrt HX

HYXHO TNOArPY3UTh W3 CTaHIAPTHOH OMOIMOTEKN NPH MOMOLIM KOMAaHX
readlib.

proot (poly,n) — HaxOXAEHWE KOPHA n-Of CTENEHU U3 MOJIHHOMA.
psqrt (poly) - HaxoXxJeHHe KBaJAPATHOI'O KOPHA M3 NOJIHHOMa.

B 3aknioueHue NPHUBEAECM €1UE NBE NMOJIE3HbIE KOMAH/bI:

randpoly (var) - co3aHHe cay4yaiiHOTO NMOJIMHOMA NIEPEMEHHON var.
realroot (poly)— BBIYHCICHHE UHTEpBala, rAc JIEXarT BELIECTBEHHbIE
KOPHM [I0JIMHOMA poly .

Jns onepanmit ¢ MOJMHOMAMH MOTYT ObITh MOJIE3HBI TaKXKe
KOMaHObl M3 nakera paboTbl € OPTOrOHANBHLIMU  TIOJMHOMAMH
orthopoly, HEKOTOpble BO3MOXHOCTH KOTOPOIO OIMCAHbI B T 7

"MareMaThueckne OnbnroTeKkn".

3.2. PeweHue ypaBHEeHUNA n
HepaBeHCTB

Jns  aHaIMTHYeCKOTO pelleHWa anrebpanyeckux ypaBHEHHH
MCTIONB3YETCH KOMaHaa

solve (eqns,vars)

3nech egns -~ ypaBHEHHE MIIM CHCTEMa YpaBHEHMH, a vars -
nepeMeHHas WIIM TPyNna nepeMeHHbIX B QUrypHbix ckobkax. CucreMa
yPaBHEHHH 3amaeTca B BUAE MHOXecTBa. HanmoMHHUM, 4TO MHOXECTBOM
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ABJAETCA COBOKYIHOCTb pa3feNieHHbIX 3aMATbIMM 0OBEKTOB, B3ATas B
¢purypHbie cko6KH.

VpaBueHHs MOTYT ObITh 3aAaHbl HEMOCPEICTBEHHO B TEJIE KOMaH/IbI,
a MOryT OBbITb BBeJeHbl MpPUPABHUBAHHEM BbIPAXKEHUH HEKOTOPOMH
NEePEMEHHOMN, HanpuMep egns. EciM B KauecTse NepBOro napamerpa
KOMaHabl solve BBECTH BbIpaXeHWe, TO TNPUPABHHBAHHE ITOTO
BbIPaXEHHs HYJIIO NPOU3BOAUTCA ABTOMATHYECKH.

Js xpaHeHus pelueHuii yno6Ho BBECTH epeMEHHYIO 1 00pallaThes
K KOHKPETHOMY pELEHHIO 0 HHAEKCY, HallpUMep:

> sols:=solve (x"3+x=0,x) ;
sols =0,1,-1
> sols[2];
I

OTMETHM, 4TO pe3yIbTATOM pelIeHUS OAHOr0 ypaBHeHHWs Oyaer
nepeMeHHas THUNA exprseq, a4 €CJIM B KayeCcTBE napaMeTpa KOMaH.bi
solve B3aTb ypaBHeHHe B QUIypHbIX ckoOkax, TO pe3ynbTaToM Oyner
nepeMeHHas THna set.

sols:=solve ({x"3+x=0},x) ;

sols:= {x=0}, {x=1}, {x=-1}

Ansg Ttoro utobbl NPUCBOMTL HaWAEHHble 3HAUEHHS MEPEMEHHBIM,
OTHOCUTEILHO KOTOPBIX MCKaJlOCh peEIUEHHE, NPUMEHAETCd KOMaHJIa
assign. OTa KOMaHOa 5KBUBAJIEHTHA ONEPAaLMH npucBauBaHug. Jlng
OTMEHbl Ha3HaYeHUs MEPEMEHHOM NMPUMEHAETCA KOMaHIa unassign KM
3KBUBAJIEHTHAs ONEPaLsd NPUCBaHBAHKS IEPEMEHHOI €€ HMEHH, B3ATOTO B
KaBblYKW. Hikecnenyroumui npuMep IeMOHCTPHPYET 3TO.

> s:=solve({a*x-y=sqrt(3), 5*x+a*y=1},{x,y});

s;{y:_ﬂ+5J§ _aJ§+1}

X =
al+s al+5

> assign(s); x; y;

a3 +1
al+s

-a+5J3
al+5s

> unassign('x'); y:='y': x; y;
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[Mpu gocraTodHOM KONMYeCTBe BpeMeHH W maMsaTh Maple Bceria
OTHIIIET PCINCHHE CHCTEMbBI JIMHEHHBIX ypaBHeHW. /J{19 HemMHEHHBIX
VpaBHEHHIA MoOXeT ObITh HaMiIeHO HECKOJNBKO perucHMit (Ho He
06s3aTeILHO BCE), 8 MOXKET 0Ka3aThCs, 9TO pelieHne He HalineHo. Tornaa
Maple mpocTo BhITAacT MpHITIAIEHHE BBOJAa, OXWIasi HOBOH KOMAaHIBIL
Ecii He yka3zaHBl HEepPEeMEHHBIE, OTHOCHTEIHO KOTOPBIX JOUKHO OBITH
Ha#JIeHO peIIcHHE, TO OTBET OYeT BhIaH U BCEX IICPEMEHHBIX.

> solve (a*x+b=0) ;
{b=-ax,x=x,a=a}

Ecim B BhIpaXeHHH oTBeTa HosBWiIach QYHKIHA RootOf, 3TO
o3HadaeT, 4To Maple He MOXeT BBIpa3sUTh KOPHM B pajuKalax, H
PeIIeHHKe BhIpaXXaeTcs Yepe3 KOpHHM apryMeHTa 3ToH QyHKImu.

KoHcTpyKkims RootOf (a (x)=0,x) WCIIONb3yeTCs piui|
0603Ha"eHN Mo60ro KOPHA ypaBHEHHA a (x) =0. PacmupeHHbIH dopMaT

KOMaH/ipl IIO3BOJMIET YKa3aTh TOT KOPEHb H3 MHOXCCTBaA KOPHCﬁ,
KOTOI)LIﬁ HaXOJUTCA BOJIM3H 3HAYECHNS Z

RootOf (a(x)=x,x,2z).

HPH 3TOM MOXHO BBIICIATE TAKXC KOMIDICKCHBIC KOPDHH, 3aaBas
KOMITTICKCHBIC 3HAaUCHHUA I Z. Hanpmep,

> yl:=RootOf (x*4-16=0,x,3); evalf(yl);
y1:=RootOf _Z*-16,3)
2.
> y2:=RootOf (x*4-16=0,x,-1.7*1); evalf(y2);
y2 = RootOf{_Z*-16,-1.71)

-2.000000000 7

Joii  uncneHHOro  pelleHMs — CHCTEMBI  YPaBHEHHH  eqgns
OTHOCHUTELHO TIEPEMEHHBIX vars HCIob3yeTcd KoMaHna £solve

fsolve (egns,vars,option).

3mech IIpU TOMOINM MapaMeTpoB option MoOryT ObITH 3afaHBI
JOTOJTHUTEIILHBIE YCIOBHS, YCTAHABIMBAIOIIHUE, ITO
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complex — pPa3bICKUB2{0TCA KOMIUIEKCHbIE KOPHH;
a..b — g mmoucka KopHe# 3aj{aH UHTepBan [a,b];
maxsols=n — ONpeIeiIeHO YUCIO Pa3bICKUBAEMBIX PeIICHHIA;
fulldigits - Hcmodb3yercd apudMeTHKa ¢ MaKCHMalbHOM
MaHTHCCOH.

ITo ymoimganmio Maple cTapacrcs HailTH Bce BEIIECTBEHHbIE KOPHH.

> fsolve (x*4-x"3-x*2-x-2,x);
-1, 2.
> fsolve(cos (x)=x);

7390851332

ITompMo ommcaHHBIX KoMaHI solve U fsolve HMeeTcs Pl
CIIENHATM3HPOBAHHBIX KOMaHNA: isolve(eqn) - /i1 OTBICKAHMA
pCllicHNi ypaBHEHUS eqn B HENbIX HHclaX, msolve (eqn,m) — g
HaXOXICHU peHicHUH ypaBHCHMS eqn 110 MOLY/IO m.

Jnd HaXoXJCHUA PeIeHUN CcACTeM JHHEHHBIX Pa3HOCTHBIX
YPaBHEHUI ¢ OCTOSHHBIMHU K03 HAIHMEHTaMA 1 HEKOTOPBIX HEMMHEHHBIX
Pa3HOCTHBIX ypaBHEHHH (PEKYPPEHTHBIX COOTHOINCHM) HMeeTcs
KOMaHJa

rsolve (eqns, fnecs).

3necy fcecns — M GyHxiME (Habop UMeH (YHKIMI), OTHOCHTEIHLHO

KOoTOopoii (KOTOpHIX) GyaeT pemaThcd Pa3HOCTHOE ypaBHEHHE (cHCTeMa
ypaBHeHuil) egns. Fciu pemeHde Moxer OBITH moiydeHo, To Oyner

BHIIAaH OTBET B BHJE (QYHKOHMH oT mnapaMerpa. I[loMHMo caMmx
YpaBHEHHH B eqns TakXe MOTYT COJCpXaTbCi HadalbHbBIE WM

rpaHAYHbIe ycimoBus. [Ipd UX oTcyTcTBMM Maple mocrapaercs BBIAATH
orBeT B obmeM BHae. Crreaylommuili puUMep HOKa3blBaeT, Kak
moxy4aercd pelleHHe NHHECHHOI'o Pa3sHOCTHOI'0 ypaBHEHHSA BTOPOIO
opsAgKa.

> eq:=2*f (n)=3*f (n-1) -£(n-2):

> rsolve({eq,£f(1)=0,£(2)=1},£f);

(0

KoMaHza seolve mpHUMeHseTcS TaKke /UL PELICHWS HEPAaBEHCTB.
Hanpumep,
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> solve (2*1n(x*2-3)<3-1n(x*2-3)*2,x);
{x< Je® 13, Je+3 <x},

{,/e('3)+3 <x,x<./c+3}

Jis pemneHms 3aJad ¢ HECKONBKMMH HEPaBCHCIBaMH, HaIpUMeED
U1 38529 TMHEHHOT 0 ITporpaMMHpOBaHUS, UMeeTCS MaKeT simplex.

3.3. F'eomeTpuyeckue nakertbl

Y Maple ectb TpU TeOMETPHYECKHMX IMaKeTa: geometry — UM
3a/(ad IIaHUMeTpHH, geom3d ~ [ 3aj(a4 CTEPCOMETPHUA U projgeom —
UL MpOoeKTHBHOM reoMerpum. [lepenr oOpalmeHreM K KoMaHAaM IakeTa
€aM IakeT AOJDKEH OBITh NMOATPYXKeH ITPH NMOMOIIM KoMaHAhl with. B
KaxJaoM HakeTe KpOMe KOMaHJ 3aJaHHus TeOMCETPHYCCKUX OODBEKTOB
(IMHEAH, TUTOCKOCTH, OKPYXHOCTH, cdephl U T.J.) IMEIOTCS KOMaHIbl U1
OTpeelIcHIT HEKOTOPBIX XapaKTEePHBIX BEMWIHH (TIomafb, 00bheM U IIp.),
a Taloke psfia McHee CTAHXAPTHBHIX BEeNWUUH (HApUMep THHUY Jitnepa).
Bce reoMerpudeckue cTpYKTYpBI, oNpelclicHHbIC IIPH ITOMOIIH OJHOTO H3
3TUX MAaKEeTOB, MOTYT HCHOIB30BAThCA TOJILKO B TIpeAenax IcHCTBUA
JaHHoro Iakera. Heimb3si, HallpuMep, B KoMaHIE IaKeTa geom3d
CChIIATHCS Ha TOYKY, 3aJaHHYIO TpPH IOMOIIM KOMaHIbI M3 TMaKeTa
geometry.

JUia BceX TeoMETpHYCCKMX TIAKETOB XapaKTepeH CIIeNYIoIMi
croco® ompefieieHHs 0OBEKTOB: TIEPBLIit TapaMeTp KOMaHIbI 3afacT AMd
obbexTa M Janee cliegyeT coOCTBeHHO HH(popMammsa o6 oObekTe. ITHM
reoMeTpHYECKHE MNakKeThl omm4apTes oT obemHoro B Maple
olpeeNicHIs KaKoH-HAOyIp HMEePeMEHHOH WM CTPYKTYpPhI IIPH OMOIIH
onepalMy IIpUCBawWBaHUA. 3Jeck Takke JeHCTBYET NPaBWIO OILICHKH
FIOCITe/THEr0 WMEHH, KaK M JUI BCeX TablmmaHO 3aaBaéMbIX CTPYKTYPp.
Hanpumep, mm mpocMoTpa molled CTPYKTYPHI, OHMCBHIBAIOHMIEH TOYKY,
HYXXHO HCII0/IF30BaTh KOMaHAy op.

> with(geometry) :
> point(p, [1,2]);
> p;
P
> op(p);
table([
x=1
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form=point
y=2
'y
> ptx];
1

Jlamee KOPOTKO OXapaKTCpH3yeM KOMAaHIBl TeOMETPHICCKHX
makeToB. KOHCIEKTUBHOCTL H3T0XKEHHS OOBACHACTCS HaMepeHHeM
KOMITaHWH, NpousBojmedi Maple, mepemucaTh 3TH TaKeThl B HOBBIX
pPeanH3aliix.

3.4. NMnaHumMmeTpusn

[Taker geometry coOcpXUT KOMaHIBl LI peIICHUA 3agad
JBYMEpHOH eBKIMAOBOM reomerpud. [lepes HadamoM paboTbl MakeT
HYXHO NOArpy3uTh. JlaTHHckBe OYKBFI x W y HCIONB3YIOTCA Kak
rnofalbHBIE TMEPEeMEHHBIE I KOOPAMHAT TOYEK, a TaKkKe B KadecTBe
IEpEMEHHBIX B YPaBHEHHAX MPAMBIX U OKpYXHocTel. I'eoMeTpHdeckue
00BEKTHI OMpeNelHOTC OOBIMHBIM oOpa3zoM: TodKa 3aJaeTcsi CBOMMH
KoopauHaTaMu (KoMaHIa point), OpsMmas — JIByMI TOYKaMH WU
ypaBHeHHEM (KoMaHa line), OKPYXHOCTH (circle) — TpeMd TOUYKaMH,
ypaBHEHHEM, 3aJaHHEM LEHTPAa U pajMyca, JAaMeTPOM.

Lenpli pAx KOMaHJ MakeTa TPOBepSeT BBIIOIHEHHE TOI0 IIH
HHOTO YCIIOBHA IS T[E€OMETPHYECKUX OOBEKTOB. MHEMOHHMKA 3j€ch
BIIOJIHE TIOHATHA4, W TIPH BO3MOXHOCTH OIIPEHCNICHHOTO OTBETa
pe3yibTaToOM sBiseTcd OyieBckas KoHcTaHTa (true wm false); B
HEKOTOPBIX CIydasX BBIJAIOTCA KOOPAMHATHI 00ObekTa (HampuMep,
TOYKHM), IpPHU KOTOPHIX OyJeT BBLIIOJHEHO IPOBEPSEMOE YCIOBHE.
[MpuBemeM psia KOMaHA, ONycKas [apaMeTpbl, €CIA HX KOJMYECTBO M
HalHadeHHC CICAYIOT U3 MOACHCHHSA.

are_collinear — npoBepkKa, jieXaT JIM TPH TOYKH Ha OJJHOM NPAMOH.

are_ concurrent — IpoBepka, MPOXO/AT JIH TPH MPSAMBIC Yepes OJHY
TOYKY.

are _harmonic - TpoBepka JBYX TOYeK Ha TapMOHHYCCKYIO
COMPSKEHHOCTD JIBYM JPYIHM TOYKaM.

are_orthogonal - IpoBepKa ABYX OKPYXHOCTeH Ha OPTOrOHAIBHOCTS.

are parallel — IIpoBepKa NapaulelbHOCTH ABYX NPAMBIX.

are perpendicular - IpOBEpKa NEPICHAUKYIIPHOCTH JIBYX ITPAMBIX.
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are_ similar - MpoBepKa ABYX TPEYTOJLHUKOB Ha MOAOOHE.

are tangent(line,circle) — IpoBepka, KacaTelbHa JIA NpsMad
line OKpPYXHOCTH circle.

concyclic — TIIpoBepKa CyIIECTBOBAHHSA OKPYXHOCTH, KOTOpOH
IIPUHANIEKAT YSTRIPE TOYKH.

is_equilateral — NpoBepKa TPEYroJIbHUKA HA PABHOCTOPOHHOCTS.

is_right - OpoBepka TpeYronbHUKA Ha IPSMOYTOIBHOCTD.

on_circle(pt,circle) — MpoBepKa NPUHALICKHOCTH TOYKH pt
OKPYXHOCTH circle.

on_line(pt,line) - NpoBepKa MPHWHAJUIERKHOCTH TOYKH pt IpsaMoi
line.

Jis MHOTMX KOMaHJ pPe3ylbTaT JCHMCTBUA TpUCBauBaeTcs
fepeMeHHOM ¢ UMeHEM name. 3ajaHMe OONBINMHCTBA I'€OMETPHYECKUX

00beKTOB (BEPIIMHBI TPEYrOJIbHUKA, TOUYKH OTpe3Ka M Jp.) He NOJDKHO
CoJiepKaTh HIKAKHX CHMBOJIIYECKUX IEPEMEHHBIX.

area — BHITMCIICHAC IIOIMAM 3aJaHHOTO0 00beKTa (TpeyroibHUKa, Kpyra
WM KBajpaTta).

bisector(tri,pt,name) — BbHUUCICHHE OTpe3Ka OT BepUIHHBI pt 0
cepeiMHbI POTHBOTIONIOAKHOM CTOPOHB! TPEYIOJIbHUKa tri. VY
3To# KOMaH/IBI HMEeTCsl CHHOHMM — median.

center (circle) - oIpeleleHHE IEHTPa OKPYXHOCTH, Ppe3yiabTaT
MPHCBaUBacTCd IIEPEMCHHOH center circle.

centroid(tri,name) — BEHUCICHUC BCHTPa TAKCCTH TPEYTOJIbHHAKA.

circle (name, [pt,expr]) - BBEIUHCICHHE OKPYXHOCTH ¢ IIEHTPOM B
TOYKE pt M PaJUyCOM expr.

circle (name, [ptl,pt2,pt3]) - BLIYHCIICHHAC OKpYXHOCTH,
pOXoAdAlneH depe3 TPH TOIKH.
circumcircle (name,tri) ~ BbIYMCIICHHE ONHCAaHHOH BOKpYT

TpeyrojibHMKa tri oKpyXHOCTH.

convexhull — BEIMHCICHUE OKPYXHOCTH, IIPOXOIAINICH Yepe3 TPH TOYKH
3 3aIJaHHOT'0 MHOXKECTBA TOYEK TaK, YTO BCE OCTaJbHBIC TOYKH
cofepxarcd BHYTPH OKPYXHOCTH.

coordinates (pt) — BBIBOJ KOOPJMHAT TOYKH pt.

detailf (arg) - BbIBOJ UHOpMaIMA 00 apryMeHTe arg, B KadecrBe
KOTOPOTO MOXET OBITh TOUKA, IPAMas MK OKPYKHOCTD.

diameter — BbIUHCIICHHE [MaMerpa Kpyra, coJepkallero 3aJaHHbIC
TOYKH.
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distance (pt,line) — BBEMHCICHHE PACCTOAHHSA MEXIY TO4YKOH pt H
npsaMoH line.
ellipse (name, []) - OMNpeAclicHHE 3JINZIICA OMHHM H3 CICIYIOIDHX

CTI0CcO60B: 10 HATH TOYKaM, M0 LIEHTPY U JIBYM IIOAYOCAM HIH
TIPH DOMOLIM YPABHEHUS.

find _angle — BRMMCIECHHE Yrila MeXIY IBYMS IPAMBIMH WM JBYMSA

OKPYXHOCTAMU.

incircle (tri,name) - BBIYMCJICHHE BIIMCAHHOM B TPEYrONLHUK tri
OKPYXHOCTH.

inter(linel,line2) - BbLMHCICHHE TOYKH IIEPECEdCHNA JIBYX
IPAMBIX.

inversion(pt,circle,name) — BBIMCIECHHC UII TOYKA pt TOYKH
HHBEPCHH OTHOCHTENLHO OKPYKHOCTH circle.

midpoint (ptl,pt2,name) — BEMMHCICHHE cpeAHeEl TOYKH Ha OTpe3Ke,
3aJJaHHOM OBYMS TOYKaMH ptl u pt2.

parallel (pt,line,name) - BBIYMCICHHE IOPAMOH, IpoxomsMmcH
gepes TOYKY pt H MapaluicIbHOH IpsAMoH line.
perpen_bisector(ptl,pt2,name) - BBIYMCIICHHE TIPSAMOH,

NpoXoJdINesl d9epe3e cepelMHy OTpe3Ka, 3aJaHHOTro JBYMS
ToYKaMH ptl ¥ pt2, U OPTOrOHAaNBLHOM EMY.

perpendicular (pt,line,name) - BbIYHMCIICHHAE NpsSIMOH,
NpoxXo/uled dYepe3 TOoUKY pt H NEpHEeHAHKYISPHOH mpsMoi
line.

projection(pt,line,name) — BBMHUCICHHAE IIPOCKIIMKA TOYKH pt
Ha TIpsAMYIO line.

radius — BBRIYHCICHHC pajiyca OKpPYKHOCTH.

randpoint (line,name) — 3aJaHde coy4aiHOH TOYKH Ha NpSIMOH
line.
reflect (pt,line,name) - BBIYHCIIEHHE TOYKH, 3€pKajbHO

CHUMMETPHYHOM TOYKE pt OTHOCHTEIBHO NPAMOH 1line.
sides — BBIYHCIICHHEC [TEpYIMETPa TPEYrobHUAKA.
symmetric(pt,line,name) —  BBIYHCICHHE TOYKH, KoTopas
CHMMETpHYHA To9Ke pt I10 OTHOIIEHMIO K IIPSIMOH line.
tangent (pt,circle, namel,name2) — BBMHCICHHC JBYX IPAMBIX,
OpOXOoMAIMX depe3 TOYKY pt M KacaTelbHBIX K OKPYXHOCTH
circle; pe3ylbTaT TNpHCBaMBacTcd IICPEMCHHBIM namel H
name?2 .
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tangentpc (pt,circle,namel) - BbIAHCICHHE KacaTenbHOH K
OKPYXHOCTH circle, IPOXOAIIEH Yepe3 TOYKY pt.

MosicHuM sielicTBHe psxa KoMaHA mpuMepoM. [locie moikirogeHus
IeOMETPHIECKOr0 ITAKeTa 3aaJM TPH TOYKH A, B, F, 3aTeM onpemernm
poxofdimye Heped HUX mpsMble AB, AF, a mpamyro CD BBefieM ¢
ToMotpl0 ypaBHeHWs. [lasiee NMpoOBEPHM Mapa/UICIbHOCTh NPAMBIX H
RBIYHCIIMM PAacCTOSIHHE OoT TOoYKH F go mpaMoit CD. B 3amoueHHe
OTIPEICIAM TPEYroNLHHK U HaiileM ero miomans.

> with (geometry) :
> point (A, [0,1]); peint(B,[1,0]): point(F,[1,1]):
A
> line(AB, [A,B]); line(AF,[A,F]): line(CD, [x+y=2]):
AB
> are parallel (AB,CD);
true
> are parallel (AB,AF) ;
falge
> distance (F,CD) ;
0
> triangle(ABS, [A,B,point(S,[b,a])]): area(ABS);
-%+%a+%b

3.5. CtepeomeTpusn

KoMaHmpl makera TpexMepHOH reoMerpyM geom3d IIOXOXH Ha
paccMoTpeHHbIe KOMAHABI ABYMEPHOM NeOMETPHH.

JUit  ompenmeneHMs TOUKHM, MpAMOH, IMOCKOCTH H  cephl
NPUMEHAIOTCS cOOTBETCTBEHHO GYyHKIMHM point3d, line3d, plane u
sphere. g makera geom3d HICHTUGHKATOPEI X, y, Z H _t
HCIONB3YIOTCA INo0abHO I YKa3aHHUA KOOPIWHAT TOYEK, a TAKKE B
VpaBHEHUSAX MpSMbIX, TUIOCKOCTER 1 cdep.

AHalToTUMHO KOMaHJaM JIBYMEDHOH IcOMETPHH pPAA KOMaHJ
BBITOJIHAET IIPOBEPKY HEKOTOPHIX I'eOMETPHIECKHUX YCIIOBHIA.

are collinear - IIPOBepKa,jIexKaT JIM TPH TOYKH HA OJHOH NPAMOH.

are concurrent — IPOBEpKa, MPOXOJAT M TPH IPAMBIC YepE3 OIHY
TOUKY.
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are parallel — IIpoBepKa MMapajuICIbHOCTH BYX MPSIMBIX.
are_perpendicular - IpoBepKa NEPTICHMMKYIIPHOCTH IBYX MPAMBIX.
are_similar -IpoBepKa ABYX TPEYTONLHAKOB Ha MOJ00HE.

are tangent —IIpoBepKa, KacaTelbHa M MpaMas cdepe.

coplanar - olnpedelcHHe NPHHAMIEKHOCTA YEThIpeX TOYEK OIHOU
IUTOCKOCTH.

on_plane(pt3d,plane) - mpoBepKa NMPUHAJJICKHOCTH TOIKHA pt3d
IIIOCKOCTH plane.

on_sphere (pt3d,sphere) - mnpoBepKka MPHHANICKHOCTH TOUKH

pt3d cdepe sphere.

B CIICYIOIIUX KOMaHaX, ¢CJIU 3TO HE OI'OBOPCHO 0C060, pe3yibTaT
JCHCTBUA OpucBanuBacTCa HCPGMGIH{Oﬁ C HMCHCM name. 3ajanne

D0JBITHHCTBA FEOMETPHICCKUX OOBEKTOB (BCPIIMHBI TPEYrolbHUKA MU

TeTpaspa, TOYKU OTpe3Ka W Jp.) He NOIDKHO COEPXAaTh HHUKAaKHX
CHMBOJIHIECKHX ITEPEMEHHBIX.

angle — BBIYHMCIICHUC HAMMEHBIICTO YI71a MEXIY IBYMS IIPAMBIMU.

area — BRIYHCICHHE VIO TPCYTOJIbHUKA.

center — BEIUHCICHHC LIEHTPA cephI.

coordinates — Bhiaya KOOpAHUHAT TOYKH.

distance — BEIYHCIICHHE PACCTOAHUSA MEXEY ABYMS TOIKaMH.

inter — BBLIYHCIIEHHE TOYKH TIEPECCUCHMS ABY X MPAMBIX.

midpoint — BBIYHCIICHME MpPSIMOH, NMpoXoJAllleH 4Yepel 3alJaHHbIC IBC

TOYKH.

parallel (pt3d,plane,name) - BbIYUCIEHHE TUIOCKOCTH,
TIpOXO/UAIIeH dYepe3 TOYKY pt3d H NapalUleIbHOH IIITOCKOCTH
plane.

perpendicular (pt3d,plane, name}) -~ BBMHCICHHEC IUIOCKOCTH,
nmpoxojdAlnel  depe3 To4YKy pt3d H IEpNeHIMKYILIPHOR
IUIOCKOCTU plane.

projection — BbIYICICHHE MPOCKIINY TOYKH Ha MIIOCKOCTD.

radius — BEIUHUCICHHE pagayca cephl.

reflect (pt3d,plane,name) — BBMUCICHHC TOYKH, 3C¢pPKajlIbHO
CHUMMETPHMYHOHM ToYke pt3d OTHOCHTEILHO MIOCKOCTH plane.

sphere (name, [pt3d,expr]) - ompeaencHue cepbl ¢ HEHTPOM B
Toyke pt3d 1 pauycoM expr.

symmetric (pt3d,plane,name) - BBIYHMCIICHHUE TOYKH,
CUMMETPUYHOI ToYKe pt3d OTHOCHTEILHO INIOCKOCTH plane.
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tangent (pt3d, sphere,name) - BBIMHMCIICHHE KacaTelabHoOM
I0cKocTH K cdepe sphere, npoxoadmeH yepes Todky pt3d.

tetrahedron — BRIMHUCICHHUC TCTPasdapa O YCTHIPEM TOUKaM.

triangle3d - BBIMHCICHHC TPEYTOJbHHAKA I10 TPEM TOUKaM.

volume - BBRIYMCIEHHE 00beMa Cephl.

TTpuBeneM mpHMep  AEHCTBHUA HEKOTOPBIX KOMaH/, 3anamM chepy
S, BBIUHCIIAM €¢ pagiyc U 00beM, a 3aTeM NPOBEpHM, IPUHAIJICKUT T el
Touka A. Kak BWIHO, BBIYMCICHHBIE paguyc W 0o0BeM 3aBHCAT OT
CUMBOJILHOM KOHCTAHTHI ¢, a Pe3yIbTaToM IocHeHed KOMaH/Ip] ABIIfeTCS
VCIIOBHE MIPHHAIEXXKHOCTH TOYKH cdepe.

> with (geom3d) :
> sphere (S, [x*2+y*2+2*2-a=0]) ;
S

> radius (S); volume (S);
Ja
%n 2312
> on_sphere (point3d(a,{-1,0,1]),8);

THE POINT 15 ON THE SPHERE IF :
2-¢=0
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B sToil rnaBe M3I0’KeHbl KoMaHp!l Maple, peamusyronmue ocHOB-
HbIe MaTeMaTHIeCKUE OTICPAIlH, H3BECTHBIC YUTATCIIAM B OCHOBHOM H3
OJJHOMMEHHOT 0 Kypca B By3e. Mbl IpeonaraeM, 4To 4eJI0BEK, B3SABIIUI
B PYKH 3Ty KHHUT'Y, HMeeT 3a IUIeYaMH 110 KpaHHeH Mepe OJIH Kype YHH-
BEpCUTeTa WM TEXHIYECKOTO By3a U, CIICIOBATEeILHO, 3HAKOM C 3a-
jJagHukamu Jemumosuda, Kynpseriea u apyrux aBTopos. [IpuMepamu
u3 XHUr JeMumoBHYa I YHEBEpcUTeToB [3] ¥ BTY30B [4] MBI B 6ymeM
WUHOCTpHpOBaTh patoTy Maple, 0603Ha9as mpuMephl U3 NepBOH KHITH
OyKBoOIi /], a U3 BTOpoii — 0, cTaBs Imociie OYKBBI HOMEP YITpaKHCHHS.

B Maple s HEKOTOPBIX MaTeMaTHICCKUX OoNepalyil CyiecTByeT
10 B KOMaHJBL: OJfHA MPSAMOTI0, a IPyrad — OTII0KECHHOI'0 UCIIOTHEHH,
MpUYeM MMeHa 3THX KOMAaHJ COCTOAT M3 OJHHAKOBBIX OykB. KoMaHIBI
TIPAMOT'0 HUCTIOMHEHNS HAYNHAIOTCS ¢ MalleHbKOH OYKBBI ¥ BBIMOJHAIOTCS
HeMeAjieHHo. OTJI0XEeHHBbIE KOMAHIB Ha4uHAIoTes ¢ OOJbINoN OYKBHI.
[Mocne obpalmeHs K OTIOXEHHOM KoMaHJAC 3aJaHHAs MaTeMaTidecKas
orepanus (MHTErpai, MPON3BOJHAA, MpPeAeT U T.J.) BBIBOJUTCA B CTaH-
JAapTHOM MaTeMAaTH4YeCKOM BHJE H cpa3y He BerucaseTcd. g BbutoHe-
HAS OTIIOKEHHOH ollepalyi HYXHO HCIIONB30BaTh KOMaHAYy value. [le-
Pel HCIONB30BAaHUEM HEKOTOPBIX KOMaHI HE0OXOIMMO HUX IpeIBapH-
TeTbHO BBI3BATh W3 CTAaHZAPTHOH OMOIMOTEKH TIPU MOMOILIM ONEparyy
readlib WM TOIKIIOYUTE COOTBETCTBYIOIIYI0 OMOMMOTEKY MpH IIO-
Mol with.

Yacro WA 3aJaHud 0071acTH ompeIercHIs GYHKIN W B IPYTHUX
cITyJasx Heo6XoIMMOo HaloXUTh YCJIOBHA Ha TIEpeMEHHbIe, U B Maple sTo
JErKO cIeNaTh, UCHOML3yd KOMaHAy assume (rel), riae rel — Jo-
rUYecKoe BhIpaxeHde. HampuMep, mocne koMaHIpl

> assume (a>0) ; I

Beslie, rae Oymer BCTpedaThes MepeMeHHasd a, OHa OyleT obo3HadaTbcs
a~ ¥ CYUTATHCA IOMOXHUTEIILHOM.

4.1. Mpepensl, cyMMbl, paabl

O0BIgHO Kypc MaTeMaTHIECKOT'0 aHAa/IM3a HAYHHACTCA ¢ NOHATHA
Ipeaeiia nmocaeaoBaTelIbHOCTH U (I)yH](I_[I/I[/I HJB{ BBIMHCIICHUA TIPEACIIOB B
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Maple  cymecTByloT KoMaHmhl limit (expr,x=val,dir) u
Limit (expr,x=val,dir), 310eck expr — BBIpax€HHE, L1 KOTOPOIro
BbIUMCIeTcd mpefen (PYHKIMI WM n-il WIeH NOoCIeAoBaTEeIbHOCTH),
x=val — 3Ha4eHHE TOYKH, /UL KOTOPOH BBIYHCIICTCA Ipelel, a dir —

HeoO3aTebHBIA MapaMeTp, KOTOpPbIi MOXET NMPUHHMATH CIICAYIOLTHE
sHadeHHs: left (mpemen crheBa), right (mpemen cmpaBa), real
(meficTBUTETEHBA) WM complex (KoMiulekcHsht). [TpoummocTpupyem
CKa3aHHOE TIPYIMeEP aMK:

. . nsin(n!)
0180. Haiimu npeden: lﬂ—rﬂl—
> Limit(n*sin(n!)/(n*2+1) ,n=infinity); value(");
lim 2 sm{x!)
n-—>w n2+1
0

In(nx+ NI )
H540.1. Haiimu npeden: lim .
% Inlx++/1- f)
> limit (In(n*x+sqrt (1-n"2*x*2))
> /1n (x+sqrt(1-x~2)) ,x=0) ;

L !
1+e* l1+e”
> limit(1/ (1+exp(1/x)) ,x=0,left) ;
1
> limit(1/(1+exp(1/x)) ,x=0,right);
0

J596. Haitmu: a) lim

Jns  omepalMd CYMMHpPOBAHMS  HCHONLIYIOTCA  KOMaHIbI
sum(expr,var=varl..var2) ©U Sum(expr,var=varl..var2),

[JIc expr — BhIpaXCHHE, 3aBUCAIICe OT IEPEMEHHONH CyMMHUPOBAHHA var,
a varl,.var2 — Mpefelsl CyMMHpPOBaHUA. Pa3midme MexIy 3THMH
JBYMS KOMaHJaMH 3aKiodaercs B TOM, 4YTO B BapHaHTe,

HaYAHAIOIICMCS ¢ MalleHbKOH 6YKBBI, CYMMHpPOBAaHHE MIPOBOJUTCS cpasy,
a st Sum HYKHO JOTIOJHUTEILHO AaTh KoMaHIy value. Ilpenensl cyM-

MHUpOBaHMUSA MOIL'YT OBITH Kak KOHCYHLIMH, TaK H OCCKOHEIHBIMH H 3Ta
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KOMaH/Ia MOXET ObITh MCIIOIb30BaHAa TAKXE W i1 CYMMHPOBaHUA pi-
oB. Hanmpumep:
> sum(2*n* (n+1) /n!,n=0..30) ;

87617409000727554149125201
3952575621190533915703125

J13012. Haiimu cymmy pﬂ()a:Zn(n +2)x".
n=1
> Sum(n* (n+2) *x*n,n=1. .infinity);
o0
2 nn+2)x”
n=1
> simplify (value("));
(x—-3)x
(x=1)7

AHajormgHeIM 00pazoM Ui BBRIYUCICHHS OCCKOHEYHBIX H KO-
HEIHbIX pon3BeACHAN WUCTIONB3YIOTCA - JIBE KOMaHJIbI:
product (expr,k) U Product (expr,k=k1l. .k2), 3jech expr — k-i
qjIcH IpOU3BeACHUA, k — HHAEKC, a k1 U k2 3a1al0T MHTEpBajl H3MCHe-
HIsL AHAcKkca. Hampumep:

J13051. [loxazamv pasencmeo: H(l - —17) = l

n=2 n

> limit (product(1-1/n*2,n=2. .k) ,k=infinity);
1

2

4.2. iccnepoBanne pyHKUNNA

Kak u3BecTHO, HcceloBaHUe (PYHKIMH HEoOXOAMMO Ha4UHATD C
BBISICHEHHS c¢ 00/IaCTH ONPEIe/ICHHs, HO, K COXAJICHHIO, 3TO TPY/HO aB-
TOMATH3HpyeMast Oepallis, U PelcHHe JaHHOM 3a14a91 HE MOXCT OBITH
MOKa IOJIHOCTHIO MeperoxeHo Ha redd Maple. O6pr9HO IpH paccMoT-
PEHUM 3TOr0 BOMpOca MPHXOMHUTCA pellaTh HEPABEHCTBA, & € 3THUM, KaK
[I0Ka3aHo B I'I. 3 "DileMeHTapHasd MaTeMaTuKa', 3TOT MakKeT JOBOJLHO
VCIEITHO CIpaBaseTcs.
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JUTd cee1oBaHMA SKCTpeMyMoB (G YHKIINH KaK OJHOH, TaK H MHO-
Ir'HX TEepEeMCHHBIX HCIOJB3YETCI KOMaHAa extrema (expr,constr,

vars,nv), IJIc expr — BHIpaXEHHE, IKCTPEMYMbI KOTOPOro HYXKHO
HaliTd, constr — OrPaHHYCHHA, vars — [EPEMEHHbIE, [0 KOTOPRIM pa-
3BICKHBACTCS IKCTPEMYM, a nv — HUMs [IepeMEHHOM, KoTopoi 6yayT mpu-

CBOCHEI KOOPAHMHATHI ToYeK 3KcTpeMyMoB. [lepen obpaineHueM K ¢yHx-
M extrema ee HE0OXO/MMO BLI3BaTh M3 CTAHIApTHOH OMOMHOTEKH
KoMaHIo0i readlib. CooTBETCTBYIONIMIT pUMEp:

Z1442. Haimu sxcmpemys gyuxyuu y = arctan (x) - 1n (l + x2).

> readlib(extrema) :
> extrema(arctan(x)-1ln(1+x*2)/2, {} ,x,'s'); s;

{%n—%ln(Z)}
{{x=1}}

Jig morcka MHHAMYMa H MakcuMyMa QYHKIHAH HCIIOMb3YIOTCH
COOTBETCTBCHHO KOMAaHIBI: minimize (expr,vars,ranges) H
maximize (expr,vars,ranges), I'ic expr — BbIpaXcHHe, vars —
HEpEMEHHEBIE, TI0 KOTOPHIM MINETCId MHHHMYM WIH MAaKCHMYM, a
ranges — HHTEPBANl U3MCHEHHS IEPEMEHHBIX, IIPUYEM 3/I€Ch MOXET
CTOSTH CTPoKa 'infinite', T.e. MUHIMYM HJIM MaKCHMYM OyJIeT pa-
3BICKMBATBHCA Ha BCEM YUCTIOBOM OCH.

[IpoBepUTH HEMPEPHIBHOCTH aNreGpanvecKoro BhIpaXeHHs, 3aBU-
cALEro oT MEPEMEHHOM x, Ha oTpedke [x1,x2] MOXHO IPH TTOMOINH
KOMaH/bl iscont (expr,x=x1..x2); pesyibTaToM Oyaer GyimeBckas
KOHCTaHTa 'HCTMHA' (true) wm Toxp' (false). [us omnpenesicHHsA
TOYeK, B KOTOPHIX Hapyllaerci HEMPEPBIBHOCTH BBIPAXEHHS expr IIO
MEpEMEHHON x, HCOJIL3YeTCA KoMaHj[a discont (expr, x).

0323. Hecnedosamy Ha HenpepblHOCMb QYHKYUIO Y = ln(cosx),
> readlib(iscont): readlib(discont):
> iscont(ln(cos(x)) ,x = —-infinity..+infinity);
> discont(ln(cos(x)) ,x);
false
1
in a1}

3peck _Z 1~ o3xagaer modoe 1enoc MO0 KATCTLHOE IUCTO.
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Kpome Toro, aro6bl HaliTH TOUKH pa3pbBa (GYHKIIHH, MOXHO 00-
PATHTBCA K KOMaHJAe singular (expr,vars), 37ech expr — BhIpaxe-
HHe, 3aBHCSINEe OT MEPEMEHHBIX vars, IPHYeM expr MOXKCET 3aBUCETh M
OT JAPYTHUX MEepPEMEHHBIX, HallpUMep:

> readlib(singular): singular (tan(x/(x~y)) ,x);

{ _ -2 N'nz—nz}{ _
T 242 Nm+n x=y}

3mecy _N osHagaer mo6oe IeIoe Yo,

Berger anreGpaddeckoro BhIpaXeHHS expr IpH  x=a
BBIYUCIIAETCS ITPH IIOMOIIM KOMaH/IbI residue (£, x=a).

4.3. OudcepeHuupoBarue n
MHTerpupoBaHue

BrrauciieHre MpoH3BOHON BBIpaXXeHWSI expr IT0 MEPEMEHHOH x
OCYINECTBIIACTCA IpH IIoMoINM KoMaHA diff (expr,x) WM
Diff (expr,x). OTMeTHM, YTO 3TH KOMAaHbl MOTYT HCIIOJL30BaThCI B
IUTA BHIMHUCIICHUS YaCTHBIX NPOU3BOJHBIX (PYHKIMIX MHOTHX IEPEMEHHDIX,
B 9TOM  cIydae MACHOONB3yeTcd  caeqylommiik. ux  dopMat:
diff (expr,x1$nl,x2$n2,...), 3/lech expr — BbIpaXeHHE, 3aBHCH-
Imee OT IEpeMeHHBIX x1,x2,..., 4 n1,n2,... — nopauku 1udpdepeHiypona-
HHS IO COOTBETCTBYIOINMM mepeMeHHbIM. [lind KoMaHapl Diff mapa-
MeTphl aHajgorndssl. Onepaimsa diff ucnoimb3yercd U BO MHOTHX JIpY-
THX CIIy4asx (HampyuMep, CM. TL. 6 "Ilmb(pepemmamnme ypaBHEHH").

J1523. Haiimu npouseodnyio @ynxyuu: y = — lnt x_1 cosx

2 2sin’x

> Diff (1ln(tan(x/2))/2-cos (x) /sin (x)*2/2,x);

& (e(r(37) -3 2

sin(x)

> simplify(value("));
1

) (cos(x)2 - 1) sin(x )
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J{1813. Haiimu wacmmuste npousgodnsie dynxyuu U = z'. (Jlonoanum smom
RpUMED BbIMUCTEHUEM BMOPOT NPOU3BOOHOT No 2. )

> ur=z” (x*y): diff(u,x); diffl{u,y); diff(u,z);
z(xy)_yln(z)

z(xy) x In(z)
L5y
z
> factor(diff (u,z$2));

z(xy)xy(xy— 1)

z

A 3apanns nuddgepeHIMansHOro onepaTopa UCHoIb3yeTcs CHM-
Bon D. YtoOpl mpeobpaszoBaTh BhIpakCHHE ¢ ONIEpaTOpoOM D K BUIY, Hc-
nonp3yiomeMy koMaHny diff, npuMeHseTcs KoMaHIa convert. Ona
Ke UCIoJib3yered v it obpaTHoro mpeodpasopanus. [JodcAuM ckaszaH-
HOE CIIC/IYIOIIIMI IPYIMEPaMHU:
> D(sin); D(ln-arcsin);
cos

(3

> f:=diff (y(x),x$7); convert(f,D);

.
d

=—=y(x)
6x7

o6

Tenepp mepetigeM K MHTErpApoBaHuio GyHKIWH. U 5THX Iemei
B MakKere IPEAYCMOTPEHO HECKONBKO KOMaHJ, HaXoLJluxcd B
pasnunbix oubmmorekax. B cranmapTHoH 6ubmoTeke HaxoAATcs Mpo-
Heayphl int (expr,par) U Int (expr,par), KOTOpbIc B 3aBHCUMOCTH
0T IapaMeTPOB pax MOrYT MCIONb30BaThed JUIL TOHCKA HEOoIpeJIelieH-
HBbIX HMHTEIPAJIOB, aHATUTHYECKOI'0 WM YHCIIEHHOI'O BRIYHCIIEHMS OITpe-
JIENICHHBIX, COOCTBEHHBIX M HecOOCTBEHHBLIX WHTerpanop. s Inowcka
HEOITPCICTICHHBIX MHTCIPAIOB UCTIONIB3YETCs cleayIomas KoMaHaa:

int (expr,var),
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3JIECh expr — HHTErPUPYEMOE BhIPAXKEHHE, a4 var — NepeMeHHasA HHTCrPH-
posaHus. i oTII0KEHHOW KOMaHbI Int Bce aHAJOTHYHO.

J12165. Hailmu unmezpan: J]Lme’dx
+cosx

> int((1+sin (x)) *exp (x) / (1+cos (x)) ,x) ;
ex tan(% X)

JUst BBIMUCICHHUS ONPENEIICHHBIX MHTErPAJiOB HMCIOJL3YETCH KO-
MaHa int (expr,var=a..b), I'I¢ expr — HHTEIPUPYEMOE BBIpaXKe-
HHE, var — [IepeMeHHas HHTErPUPOBaHUA U (a,b) ~ 0TPe30K HHTEPHPO-
BaHHA. {11 BHIYMCIICHHS ABOMHBIX, TPOHHBIX U T.JI. HHTEIPATOB HYXHO
[PEMCHHTH 3Ty KOMaH/Iy HECKOIIbKO pa3. [ToSCHUM 3To mpHMepaMHu:

in2
J[2280. Bywucaumy unmezpan: J'sinh" xdx,
0

> int(sinh(x)*4,x=0..1n(2) );

225

“1024 73 2 In(2)

3 S
02117. Byruucaumy noemopnsiil unmezpan: de j(x«i— 2y)dx.
-3 ),ZA4

> Int(Int(x+2*y,x=y*2-4..5) ,y=-3..3);

3 a5
J'f x+2ydxdy

32y
> evalf (value("));

50.40000000

Yro0Bl MOCYMTATh NATETPAI YUCIIEHHO, HEOOXOUMMO BBINOJHUTH
KOoMaH/ly evalf (int (expr) ,x=a..b,digits, flag). 3mech ob43a-
TeIHHLIMH TIapaMeTpaMu ABJIMIOTCS MOJMHTETpalbHas (GyHKIMA expr,
3aBHCAIIASA TOJMBLKO OT IEPEMEHHOH X, a U b — mpeeabl HHTEIpUpOBa-
HHUg, a HeoOA3aTebHBLIMH — digits - TOYHOCTh BBIYMICICHHA (IT0
YMOJT9aHUI0 paBHAa KOHCTaHTe Digits) u flag — Ko YHCIEHHOIO Me-
TOJIA.

Heckonmbko KomaHA HHTCTPHPOBAHHSA HMeeTcd B OmbmoTexe
student, KOTOPYIO IpeABAPHTENLHO HYXHO IMOJIKIHOYATE IIPH TTOMOINH
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with(student). OTMeTHM, YTO BCE 3TH KOMaHABI OTIOXEHHOT0 JeHCT-
. KpaTko ux Iepeurcimm:

Int (expr,x) — UHTCIPHPOBAHMUE; 3JIECh eXpr — HHTETPHPYEMOE
BbIpaXXCHHE, a X — TIepeMEHHas HHTErpUpPOBaHHAL;

Doubleint (expr,x,y,Domain) — IBOMHOC HHTEIPHMPOBaHHUE
BEIpaX€HH eXpr [0 MEPEMEHHBIM X U y B 00JiacTi Domain;

Lineint(£f(x,y) ,x,y) — BbIYHCICHHE JIHAHEHHOTO MHTEIpalla.
[TepemeHHAas x CYMTAETCS 3aBHCSLNEH OT MEPEMEHHOH y, a €M Hepe-
MEHHBIX O0JIbIlIe, TO BCE OHM CIUTAXOTCA 3aBUCAIAMH OT HOCIIEAHEH;

Tripleint(g,x,y,z) — BbLIYMCICHHE TPOHHOrO HHTEIPAJa;

changevar (s, f,u) —3aMcHa ICPEMCHHEIX, I'/Ie s — BLIpaXCHHE,
3ajaromee 3aMeHy KoopJuHAT, £ — oJ/Ha U3 NMepeYUCIeHHBIX KOMaH NH-
TerpUpOBaHKA M3 MakeTa student, a u — CIMCOK HOBHIX IEPEMEHHBIX
VHTEIPAPOBaHMA;

intparts (f,u) - UHTErpUpOBaHUE MO 4acTaM, 3Jech £ — BhbI-
paxenne Int[student], a u — JacTh MOIMHTErpalbHOTO BHIpaXKEHHA,
KoTopas Oyaer muddeperimpoBaThbes.

TTosicHUM HeKOTOpPBIE B3 ITHX KOMaH/ ITpAMepaMH.

01585. Ilpumensas noocmaHosxy tan(%):t, BbIMUCIUMD  UNMeEZPan
]" dx

3+2cosx

0

> with (student):
> changevar (tan(x/2)=t,Int(1/ (3+2*cos(x)),
> x=0..Pi),t);
00
1

dt
(3+2 cos(2 arctan(£))) {1 +12)

2

> value(");

1
557t

4x—y2
2 Wx 2

02245. Boraucnums unmezpan jdx J dy J xdz
0 0 0

> Tripleint(x,z=0..sqrt((4*x-y*2)/2),
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=0 . .2%*sqrt (x) ,x=0..2);
7 ez
f f f xdzdydx

> simplify (value (") )

427:

T
H2240. Haiimu unmezpan stinx dx.

> intparts(Int(x*sin(x), x=0..Pi), x); value(");

T
- J. -cos(x) dx
4]
T

4.4. Pa3noxeHue n npubnuxeHue
pyHKUMA

[pu omepanmsax pa3noxeHus GyHKIHHA B Psjibl ITOPSJIOK pPasio-
KEHMS [0 YMOJTYAHHIO OTIPeersaeTcs 3HaYCHHEM 3ape3epBHUpPOBAaHHOM
KOHCTaHTHI Order, KOTOpas MOXKET MEPEONPEAENITHCS MOIb30BATEIEM

B nporiecce padoThl.

Komanya series (expr, eqn, n) BBUIACT Pa3JI0OKEHUE BbI-
paxeHus expr B CTENICHHOM psj, 3/IcCh eqn — BRIpaXeHHE BHAA X=a,
I/le x — MepeMeHHas pasioXeHHs, @ — TOYKa, B OKPECTHOCTH KOTOpPOK
BHIMCBIBACTCA pa3llokeHUe, n — mopauok. IIpuBemeM cooTBeTcTBYIO-

Ui ITpUMep:

1
J12848. Hanucamv mpu unena paznosicenus gynryun f(x)={1+x)x.

> series((1+x)”*(1/x),x=0,3);

e«-%eer—ex +O( 3)

Teneps, cnenys 3agavHvKy, repetineM k psay Teiinmopa. g pas-
JIOKEHHA BBIPAXKEHWS €XPr, 3aBUCHIIET0 OT IiepeMeHHoi x, B pal Teii-
J0pa B TOYKE x=x0 JI0 WICHOB MOPAAKA n, MOXHO BOCHONb30BATHCA
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KoMaHJIoli taylor (expr,x=x0,n), OpHYeM ecIM NOCIEMHUI mapa-

METp He yKa3aH, TO ITOPANOK PAa3IoKCHIM ONpeleacTess 3HAYECHHEM
KOHCTaHThI Order.

H1383. Hanucamy pasnoorcenue d)yukyuu sinx? ()o unena ¢ x*.

> Order:=14; taylor(sin(x*3)"(1/3),x,14);

x- %x'] 32140 13 + O(xM)

BeipaxeHus, 3aBHCAIIME 0T HECKOJILKHX NEPEeMEHHbIX, paliara-
10TCsH B paL Tetinopa pu TIOMOLIH KoMaH/Ipl
mtaylor (expr,vars, k,w); 3/iech expr - paijjgaracMoe B psall Bbl-
paxeHue, vars ~ CIHCOK MMCH MepPeMEHHBIX PalioxXeHud, k — MopSI0K
pasioxeHus, a w — Bec. KoMaHay Heo6X0/HMO IpeBapHTelbHO MO-
IPy3UTh, BbI3BaB readlib (mtaylor). [IpowwnmocTpupyeM jeiicTBue
KOMaH/Ibl Ha CIIeyI0OLIeM [IpUMepe:

02669. Hanucamp uemvipe nepevix uleHad Pa3lodCeHUs N0 CMeneHsm X u 'y
@ynxyuu e* cos y.

> readlib (mtaylor) :mtaylor (exp (x) *cos(y) , [x=0,y],5) ;

12 12,13 1 2 1.4 122 1 4
1+x Sy tax ts* XY +24y RN +tog%

[TpakTHYecKH aHaIOrU4YHa IPeAbITYINEH Mo cBoeMy JEMCTBHIO KO-
MaHpa poisson(f,v,n,w) H or4yacTcd IpeicTaBICHHEM TPUIOHO-
METpHYECKUX (PYHKIIMI B Pa3jioXKCHHH.

Ecm¥ HyXHO MOTY4YUTh TONBKO KO3 (HUIIMEHT NPH WicHe HOopaIKa
k, TO JIydile BOCHOIb30BATLCI KOMaHI0H coeftayl (expr,vars, k),
IJA¢c vars — CIIMCOK MMEH TIEPEMEHHBIX Pa3ilokKeHHs, k — MOPAIOK WicHa
pasiaoxenus, Ko3(gduiinenT Ipu KoTopom BemHucbiBaeTed. i GyHkmu
HECKOJLKUX NEPEeMEHHBIX TTapaMeTp k SBILIETCH CIIHCKOM.

Jns pasitokeHHs BbIpaXeHuss expr B psji JlopaHa MOXHO Hc-
MMoab30BaTh KOMaHJy laurent(expr,x=a,n) u3 OHOMMOTEKH
numapprox ¢ MapaMeTpaMH, KOTOpPhIE aHAIIOTUYHBI NapaMerpaM Ko-
MaH/[ILl taylor.

[Tpu nomoinu Maple MOXHO peinath 3ana‘m npubmokeHns PyHK-
oy, JInsg padioxeHds BbIPaXeHWs B P Mo IojmHoMaM YcOpniesa B
MakeTe CyHmecTByeT KoManJa chebyshev. KoManga asympt (£,x,n)
IMO3BOJIACT BBUTHC&TH ACHMMIITOTHIECKOE Pa3jIokKeHUE BbIpaXeHus £ 110
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CTETICHAM IIepeMEHHOH x NoOpAiKa n, KOrja x CTpeMuTes K Oecc-
KOHEYHOCTH.

EcrectBenHo, onmcaHHbIe KOMaHIpl HE HCUEpIIBIBAIOT BCEX BO3-
MoxHocTed Maple B obnacrr MaTeMaTHdecKoro aHaim3a. boubluoe
YHCIIO KOMaHM, ¥ Jaxe Ou0mioTeK, HANMMCAHO MHOTOYHMCICHHBIMH N0 -
30BaTEISIMH M PacHpocTpaHAeTcs 0 KOMIBbIOTEPHbIM ceTsiM. OCBOCHHE
TOT0 MaTepHalia TpeOyeT 3aTpaT BpeMEHH, M HHOIJA OKasbIBaercs
IIPOINe HAIMCaTh CBOH IPOrPaMMBI, peallM3yIoNHe T¢ WM HHbIC oNlepa-
. B xayecrse npumepa B i1 10 "MuHH-HccieioBaBUg" NpUBEIcHa
KOMaHj1a pasnoxeHns yHKIMA B psij Dypbe.



t G4y Gy Gy
o & @l 5, JInHeWHana anrebpa
Gy Gy G

TTocrne onmucaHms BO3MOXHOCTEH Makera Maple Ajid peliesus 3aay
MaTeMaTHYCCKOr0 AHAIM3a €CTECTBEHHO MEPEHTH K PACCMOTPCHHIO JIpY-
roro KJIaccu4eckoro MaTeMaTH4eCKOro Kypca — MMHEHHOH anredphl. Ml
HE CTaBHAM CBOCH IIETBbIO IT0JpoOHO paccKa3aThb 37ech 0 BCeX MMCIOIIMXCH
B Maple xoMaHgax AMHEHHOH anre6pel, a MPEACTaBUM TOJNBKO KpaTKUH
0630p OCHOBHBIX H Haubollee YIOTpeOHMBIX ¢ HalileH ToukH 3peHms. He-
OobInas 9acTh KOMaHJI I PEIIeHU 3ajad JMHCiHOH anredpsl comep-
KATCA B CTaHJapTHoH OMOmMIoTeke M Imakere student, Gonbimast xe
44cTh HAXOUTCA B 6H6moTeke 1inalg.

OcHoBHPIMM 0OBEKTaMH KOMAaHJ JUHeHHOH amreOpni ABJMIOTCS
MATpHIH ¥ BeKTophl. MaTpuieil B Maple cunraercs IByMEpHBIH MaccHB,
¥ KOTOPOI'o MHAEKCH] H3MEHSIOTCS OT €MHULIBI, TaK 9T0, HAIIpHMeEp, TIepe-
MEHHas, onpcaHHas KaK array(0..3,1..4), MaTpulleil He gBAsSeTCH.
MoxHO HCIoNL30BaTh ABa criocoba 3aJaHUd MaTPHUIL: NIPH MOMOINH KO-
MaHJ-onMcaTeledl matrix W array. Koporko dopmaT ommcatens
array yxe obcyxaaics B 1.1 "Cpeaa Maple", TomoHUTETLHO OTMETHM,
YTO TIPH TIOMOIMM 3TOH KOMaHIbI MOXHO 3aJaBaTh MaTPHIILI CHCIIAAIL-
Horo Bupa. Ilapamerprl symmetric U antisymmetric ykassBaroTcs
JUIY ONPEACTICHHS CHMMETPHIHBIX ¥ KOCOCHMMCTPHIHBIX MAaTpHIl, a At
onpeIeneHus EAMHUYHBIX U JUaroHallbHbIX MATPHI] MCOOIL3YIOTCA COOT-
BECTCTBEHHO MMapaMeTphl identity M diagonal.

KoMmaHna-onmcatens matrix u3 6ubmoreku ImHEHHOM anrebpsl
HAMEET BHL

matrix(n,m, [vall,val2,...])
3/lech n — 9HCI0 CTPOK, m — YHCI0 cToAOI[0B MAaTpHITLL, a vall,val2,... —
3HA4YEeHUS JJIEMEHTOB MaTpMIBl. BMecTe ¢ TeM cyIecTBYIOT M JApyrue
$OpMEI 3TOro ONHCATENs, HaTIpHMep: matrix (n,m,f), 3nech £ — PyHK-
LHA OT ABYX LIENBIX IICPEMEHHBIX (MHICKCOB MATPHIIBI), ¢ TIOMOIIBIO KOTO-
poii IpHAcBaUBaIOTCA 3HAYCHNS 2ICMEHTAM MaTPHUIThI.

BektopoM B Mapie cunracres OAHOMEPHBIM MAaccuB, KOTOPBI
MOXHO OIIpCACHHTh MHpPH TIOMOINW omHcaTeld array(l..n, [vall,
val2,...]1), rge n — ero pasMcpHOCTh, a vall, val2,.. — 3HadcHUA
aneMeHToB. Jpyroi croco6 omicarMsi BeKTOpa HCIOML3YeT KOMaHIIY
vector u3 nakera linalg:

vector(n, [vall,val2,...])
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37IeCh n — Pa3sMEpHOCTh BEKTOpa, a vall, val2...— 3HaYeHMA 3JIEMEHTOB,
Opu4eM ec/IM OIIyCTHTEH MapaMeTp PasMEPHCCTH, TO PasMEPHOCTD BEKTOPa
OIpeAciieTcs YACIIOM ero 371eMeHToR. CylisecTByeT TakXe Ipyroil Bapu-
aHT 3TOro oImcarels: vector (n,f); 3meck £ — QYHKIMA 0T HHJIeKca,
HUCNoJIk3yeMas I FeHepalii BEKTopa.

3HadeHHsA 3JIEMEHTOB MaTpHIl H BEKTOPOB MOXHO 3a/{aBaTh Kak
IIpY OMMCaHHM, TaK H B Xojie paboThl IpH MOMOIIH OIIEPATOPa IPHACBaH-
BaHUJ, IPY 5TOM YacTh 3JIEMEHTOB MaccHBa (MaTPHULbL, BEKTOPa) MOXHO
He onpeaeiTh. B mocmemHeM ciydae Maple 3amogHUT BaKaHCHH Tiepe-
MEHHBIMH I10 yMordanuio. HarmoMHHM, 9T0 jI IPOCMOTPa COACPKHMOI0
COCTaBHbIX IIEPEMEHHBIX HY)KHO HCIIOIL30BATh KOMaHLy eval HIH op.

Ilpn wurocTpar AeHcTBUS KOoMaHA B 3Toil TliaBe Mbl OyieM
CYMTaTh, YTO Pe3yIbTaThl paHee MPHBOIMMBIX IIPHMEPOB COXPaHAIOTCA

JUTS YIOCTIE[{YTOIIHX.
TIpuBeieM HECKOBKO TIPUMEPOB 3aJaHus MATPHIL ¥ BEKTOPOB.

> A:=matrix(4,3,[[a,b,c],[],I1,2,3]},[x,y,2]]);

A= 2,1 2,2 2,3

> fun:=(i,3)->x"i/y*j; B:=matrix(2,3,fun);

Jun =0, —)1(i

X X X
2 3
5oe Yooy oy
- byl
2 2 £
y y2 y3

> u:=array(l..3); v:=vector(la,b,cl);
u=array(1..3,[ ]
v=[a b c]

> F:=array(1..3,1..3,antisymmetric): eval(F);
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0o 7 ?
1,2 1,3
2 0o 7
1,2 2,3
9 ? 0
1.3 2,3

B nmocneaneM npuMepe 3HaK BOIIpoca O3HaYaeT HEONPEHCIICHHOCTD
31EMEHTOB MaTPHIIBL.

KpoMe Toro, oObeKTsl JMHEHHOH anreGphl (MATPHIBI, BEKTODBI)
MOTYT OBITH TOJYYcHBI KaK pe3yihbTaT IpeobpazoBaHhAs MAacCHBOB, CITH-
ckoB, Tabmmf m 1.4 Hampmmep, koMaHJa convert(list,vector)
npeobpasyer HepeMeHHYI0 THIT2 list B BeKTOp, a 4 IpeoOpa3oBaHHd
Habopa TepeMeHHBIX TWUIMA list B MATPHIy HCIONB3yeTcs KOMaHIa
convert ([listl,...,listn]  matrix).

CyInecTBYIOT TAKXe KOMaH[IbI, TI03BoJsIoie GopMHpoOBaTh MaT-
PHLBI coenpanbHoro Buga. Tak, koMania hilbert (n,expr) reHepH-
pyeT TWIL0EePTOBY MATPHILY Pa3sMEPHOCTH nxn IS BIPaXXeHUs expr. g
3ajaHusg OOYHOM MaTpHIBI MCHOJB3yercs KoMaH/Ia blockmatrix,
cIy4yaliHasl MaTpHIla 3a/iaercs KOMaHJIoi randmatrix.

B Maple peamusoBaHbl Bee oreparyu uHeliHol anmredpsi. Huke
TpUBoIUTCA omMcaHHe Maple-koMaH] [yt GoJblIeil YacTH BO3MOXHBIX
onepaimii. Boiree moApobHYI0 HHPOPMAINTO O KOMaHAaX OHOIHOTEKH
linalg MOXHO HOJYYUTH, 0OpaTUBIIHCE K cnipaBKe: ?21linalg.

5.1. PaboTa co CTPYKTYpO#Hh MaTpulbl
M BeKTopa

ITepeuncM HEKOTOPBIE KOMaH/bI, JIO3BOJISIOIIME T10;TydaTh HMH-
dbopMalyio 0 MaTPUYHBIX H BEKTOPHBIX NEPEMEHHBIX, KOPPEKTHPOBATH
3TH 00BbCKTHI M PA0OTATH ¢ OTICILHLIMA CTPOKAMH H CTONOIIaMH.

JAns BbIACHEHMs PpasMepHocTel MaTpuipl M uMmeoTed jiBe KO-
MaHIpL: rowdim (M) -— BBIMACT YHCI0 CTPOK MaTpHIIhL] M U coldim (M)
— qHelIo cronbdios. HanpuMep:

> rowdim(A) ; coldim(A);

3

Yuco 37IeMEHTOB BEKTOpa V MOXHO Y3HaTh IIPH ITOMOIIM KO-
MaHpl vectdim(v).
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Janee mepednciiiM KOMaH/Ipl, MO3BOJBIIOUINE HU3AMEHATH Pa3MEpHO-
CTM MaTpuIl, jI00aBIITh WIM YAANATh CTPOKH H cToabnpl. i Toro
9T0o0bl YAATUTh U3 MaTpuUbl M cTpokHM ¢ HOMepaMH OT i JO j, HYXHO
BOCIIONB30BAThC KOMaHIoNW delcols(M,i..Jj), a g yIalcHHd
cToNbII0B MpuMeHgeTcd KoMaHAAa delrows(M,i..Jj). Ilpusemem
TIpUMep yHaTeHud BTOPOH CIPOKM U3 MaTPHIIHL A:

> C:=delrows(A,2..2);
a b ¢
c=it 2 3
x y z

YBE/IUYUTh Pa3MEPHOCTE MATPHUILI M MOXHO IIPH TIOMOHIM KO-
MaHlbl extend (M, m,n,x); 3/lCb m — 9HCIO JOOABIIEMBIX CTPOK, n —
YHCITO T00aBISEMBIX CTOJIOLOB, X — 3HaAYEHHE 3aNoHATeNg. g Konupo-
BaHHUA MATPHIGI A B MaTpHLY B, HaYMHAaA ¢ dJleMeHTa ¢ HOMEpPOM i, 3,
HCITOb3yeTcd KOMaH/Ia copyinto (A,B,i,3). [Ipu noMoimu KoMaHIH
concat (M1,M2) MOXHO TOJYYHUTh HOBYI0O MAaTpHIy, ABJITIOILYIOCA
FOPU3OHTAILHBIM CIHAHHEM ABYX MaTpHil M1 ¥ M2, HMEIOIINX OJTHHAEKO-
BOE YMCIIO CTPOK. {11 BEPTUKANBHOTO CIIMAHUSA MaTPHIL A U B MCHONb3Y-
erca KoMaHjJa stack (A,B). HarIpnMep:

> G:=concat(C,F);

a b ¢ 0 Ia b
1,2 13

i1 2 3 .F ¢ F
q= 1,2 2,3

, -F F 0
Y2 N P ]

Ytobs! BeLIENTE (D3 yIalleHHs) U3 MaTpulbi M CTPOKY ¢ HOMe-
poM i, ucnomp3yercs KoMaHIa row (M, i) , a Juid BBIIETEHU cToIOIa ©
HOMEPOM i HCHOIBL3yeTcsl KoMaHjaa col (M,i). Jms dopMmupoBaHus
MOAMATPHIBI, BKIIOYAToleit 37eMeHTs! cToiIf1ior ¢ HOMepaMH oT il o
i2 W cTpox Cc HoOMepaMH oT Jj1 Ho j2, mpeXycMoTpeHa KoMaHJa
submatrix(M,il..i2,31..32). KomaHna subvector(v,i..Jj)
BBUICITACT MOJABEKTOP € 37ieMeHTaMH v[i],...,v[j] 13 BekTopa v. Bbige-
JICHHE MHUHOPa MaTpHLLI M Ik 2JIEMEHTa ¢ MHIEKCaMH i,J OCYIIecTBIIA-
ercd KoMaHJioH minor (M,i,Jj). [IpuseneM mpuMep BBLACICHHS IOJ-
MaTpHULbL:

> submatrix(G,2..3,3..4); |
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3 F

{ 1,2]
-F

Z s

Temepp omMIlEM HEKOTOPHIE KOMaHIR!, IO3BONAIOINME OIEPHPO-
BaTh CO CIPOKaMH M crondllaMH MaTpHupl. Tak, KoMaHIa
addcol (M,il,i2,expr) ¢opMHpyeT HOBYIO MAaTpHILy, TIOydaeMyio
W3 MAaTpHILILI M IpubaBiIeHHAEM K cTOIOIY ¢ HOMEpOM i2 cTonbia ¢ HoMe-
POM i1, yMHOXEHHOI'O Ha BhIpaXCHHE expr. AHAJJOTMYHAd KOMaHAA U1t
CTPOK MMeeT BUA; addrow (M,il,i2,expr) . Jlng yMHOXCHII CTOI0IA
MaTpHIEI M ¢ HOMEpPOM i Ha BhIpaXkeHHE expr NpHMEHAeTCd KoMaHAa
mulcol (M,i,expr). AHallorndHas KOMaHIa JUIS YMHOXEHHS CTPOKH
AMeeT BUI: mulrow (M, i,expr). YToObI mepecTaBUTL MECTaMH CTPOKH
Marpuibl M ¢ HOMepaMH il H i2, HYyXHO BLIIOJHHTR KOMaHIY
swaprow(M,rl,r2), a i1 TEPECTAHOBKH CTOJI0MOB HCHOIBL3YETCS
KoMaHJa swapcol (A, cl, c2).

5.2. OcHOBHble MaTpUUYHLIe U
BeKTOpPHble onepauumn

IlepelineM K KoMaHaM, KOTOPAIE peajl3yIoT OCHOBHBIE BEKTOPHBIC
¥ MaTpHUIHBIC onepanii. HadHeM ¢ caMBIX IPOCTHIX ¥ 9acTO HEOOXOM-
MBIX oHepanyi JMHeHHOH amrebph! — JeficTBUI ¢ caMAMM MaTpHIlaMH 4
BEKTOpaMH.

Jlna croxenns aByx MaTpull (BEKTOpOB) A H B 0JIMHaKOBOI pa3-
MEpPHOCTH MOXHO MWCIOIb30BaTL [Be KoMaHIpL add(A,B) WM
evalm(A+B), Impu4eM i KoMaHApl add CyIIeCTBYeT PpacIIMpeHHBIH
BapraHT: add (A,B,c,d) — ClIoXeHHe MaTpull (BEKToposB) A U B co
CKAIpHBIMM MHOXMTEIIMH < M d, T.e. BBIYHCIIETCS BBRIPaXCHHE
(c*A+d*B).

YMHOXHATE MaTpHITy A Ha MaTpHILYy (BEKTOP) B ToXe MOXKHO JBYMS
cnocobaMu: multiply (A,B) WM evalm(A&*B). IIpownnocTpupy-
eM CKa3aHHOe ITpUMepaMu:

> add(C,F,x,y); evalm(C&*u);

b+yF +y F
xa xb+y 1.2 xc+y 13
-y F 2 3x+yF
e * s
xz—yF - xy~yF Xz

1,3 2,3
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[aul+bu2+c33 u1+2u2+3u3 xul+yu2+zu3] l

Bo3Be/leHHe MaTpHLBL M B CTEIICHb n OCYLIECTBISETCS KOMAHJIOH:
evalm(M*n). ObpaTHyl0o MaTpuIly K MaTpurie M MOXHO BBIYHCIHTH
Takxe AByMA cocobaMu: inverse (M) WM evalm(1/M). TpaHcnoHu-
poBaTh MaTpHIly M MOXXHO TpH IMOMOIIM KOMaHIBI transpose (M).
BBIYMCINTE 3PMUTOBY TPAHCIIOHUPOBAHHYIO MaTPHI[y MOXHO KOMaHIOM
htranspose (A). /Ui BBIMHCIIEHHS CONPAXKCHHON MaTpUilbl HCIIOL3Y-
foTcs KoMaHIB! adjoint (M) u adj (M). [IpuBelieM HeCcKOIBKO HpHMe-
poB:

> adjoint(C) ;
2z-3y -bzt+cy 3b-12c
Z+3x az-xc -3a+tc
y=2x -ay+xb 2a-b

> transpose (F) ;

0 -F -F
1,2 1,3
0 -F
1,2 2,
F 0
1,3 2,3

Y1065l BHIYUCITUTE ONPEICTHTEh MATPUIIBI M, JOCTATOYHO BBHIIOII-
HHTb KoMaHJy det (M) u3 maxera linalg WM OTIOXEHHYIO KOMaHIy
Det (M) u3 craHjapTHoH 6uOmioTeky. s BBIMHCIEHUI YHcIa 00YCIoB-

JICHHOCTH HCMONb3yeTcd KoMaHIa cond (M), a JUId BEIMMCIIEHUA clela —
KoMaHIa trace(M). Panr MaTpuiel M BbMUCISCTCI KOMaHIOH
rank (M) . Hampumep:
> det(F); rank(F); trace(C);
0
2
a+2+z

5.3. PeweHue 3sagay nuHeHoONn
anrebpbi

OToT pa3fell HadHEM C U3MOXKEHHA KOMAaHJ, TIO03BOJDIIOLIUX
M3Y4UTh CIEKTp KBagpaTHo# Matpunsl M. B cranmapTHoH 6mbmmotexe
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JUTA TIOWICKa COOCTBEHHBIX 4YHICeNl 1 COOCTBEHHBIX BEKTOPOB qUCIIOBOM
MAaTPHIBI CYIIECTBYET KOMaHAa ¢ OTJIOKCHHLIM UCTIOJTHCHHEM

Eigenvals (M,vects);

37ech M — KBaJpaTHas IMCI0Basg MAaTpHlla, a vects — HeoOA3aTembHbIH
napaMeTp, HallM9Hie KOTOPOro TOBOPHUT O TOM, YFo KpoMe cOOCTBEHHBIX
qHCeT BHMMHCIITIOTC W COOCTBEHHBIE BEKTOPHI. Pe3yimpraToM ACHCTBUL KO-
MaHJIBI IBITIOTCS COOCTBEHHBIC YHCIIA, & COOTRETCTRYIONME COOCTBEHHBIC
BEKTOPHI OYAYT HAaXOJAHUTHCH B KOJNIOHKAX MaTpwibl vects. [lpmBemem

mpuMep oOpallicHAs K JaHHOH KoMaHIe:

> AA:=array(l..2,1..2,[[23/25,36/25],[36/25,2/25]1]):
> vv:=evalf (Eigenvals (AA ,W)); eval(W);
vy = [-1.0000000 2.0000000 ]

[.60000000 -.80000000]
-.80000000  -.60000000

JI71s1 mccnefoBaHUA cieKTPa CHMBOTbHOM MaTPHITHI 1Y AHO HCITOMb-
30BaThL KOMaHAel M3 OHOMOTeKH linalg. 7S BRIYMCIICHUS COOCTBEH-
HBIX 9pcell MaTpHIlel M HcIlonb3yeTces KOMaHa eigenvals (M), U pe-
3yIBTaTOM e¢ JCHCTBHS SBIACTCA MacCHB, cOliepXallyii coOGCTBEHHBIE
gncna. J{ng moricka coOCTBEHHBIX THCEN A COOCTBEHHBIX BEKTOPOB IIPUME-
HAeTCH KOMaHa eigenvects (M), npH9eM pe3yabTaT BRINACTCA B BHIC

MaccHBa, KaX/Jas cTpoKa KOTOPOro COCTOUT M3 COOCTBEHHOI0 WHCTa, €ro
KpaTHOCTH H COOTBETCTBYIOINEro cobcrpeHHOro Bexropa. [loscHuM cka-
3aHHOE IPUMEPOM:
> CC:=array(1l..3,1..3,[[x,0,y],Ix,y,0],[y,0,x1]);
x 0 y
CC:=\x y 0
0 x

> linalg[eigenvects] (CC) ;
[x+p, L{I1 1 11}}
R
b, L{0 1 0]}]

HIISI BLIYHACIICHAA XapaKTCpHUCTHICCKOr0 MHOI'OWIEHA MaTpHIIBI M
OTHOCHTCIIBPHO IICpCMCHHOf;I A HCTIONb3YETCH KOMaH/1a
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charpoly (M, lambda). BEICHUTD MOJIOXUTEILHYIO HWIH OTPHIIATEND-
HYI0 ONpeIcICHHOCTh MaTpHIfbl MOXHO IIPH IIOMOIOM KOMAaHJpI
definite (M, kind). 3neck M — kBaJpaTHad MaTpHIa, a kind — napa-
METp, KOTOPHIA MOXCT NPHHMMATh 3HA4YCHHI 'positive def!',
'positive_semidef’, 'negative def' U 'negative semidef’.
PesymrTaToM neHcerBus xoMaHOpl 6ymer OyieBckad KoHcTaHTa (true
wm false). Sipo MaTpHIBI M BEIYHCISETCA MU IIOMOIMM KOMAaHIbI
kernel (M) . Hanpumep:

> F:=array(l..3,1..3,antisymmetric): kernel(F);
F F
{|;1 ' 1’3 1,2}}
F F
2,3 2,3

B Maple peam3oBaHbl IPaKTHYCCKA Bce alrOPHTMBI IIPUBCACHHA
MaTpHIl K pa3IMIHbIM cItelHanbHeIM GopMaM. [t mpuBeIeHHS MaTPUIIbI
M K xopJaHoBoii ¢opMe HcITomb3yeTcs KoMaHia jordan (M) . PesymsTa-
TOM BHI30Ba KOMaHJIbl gausselim (M) OynmeT MaTpuila, TIpUBEJIEeHHAN K
TpeyrolbHOMY BHAY. [IpUMEHHTE K MaTpHIle M allrOpPUTM TayccoBa HC-
KmodeHus Oe3 JeleHus MOXHO KoMaHmoil ffgausselim(M). KomaHa
MPUBEICHUT MATPHIIGL M K TPEYTOIbHOMY BHJLY ITPU IIOMOLTM aJMOpHUTMAa
laycca—XKopaana Ha3sBaeTcs gaussjord. YToORI OIYIUTH SPMUTOBY
(opMy MaTpPHIIBI M, 3JIEMEHTEI KOTOPO# 3aBHCAT 0T TIEPEMEHHOM x, HYXHO
o6paTHThCA K KoMaH/le hermi te (M, x) . TIpuBeieM JBa mpuMepa:

> C:=array(1l..3,1..3,[[a,b,c],[1,2,3],[x,y,2]1]):
> gaussjord(C) ;

1 0 0

0o 0 1
> ffgausselim(C) ;

a b ¢
0 2a-b 3a-c
0 0 3ya+2az+3bx-hz-2zxc+yc

OtMeruM, 9TO 1T paboTh ¢ CHMBOJILHBIMI MaTpUIlaMH KOMaHj(a
ffgausselim NpeaIOYTHTENbHEE, ITOCKOIILKY HE ITPOH3BOJUT HOPMU-
POBKY 3JIEMEHTOB H MCKIXOYAcT BO3MOXHBIE OIMMOKH, CBA3aHHEIE C JICIIE-
HHEM Ha HYJTIb.

Crnemyrolnas rpymmna KOMaHJ II03BOJSCT U3y4aTh BEKTOPHOE IIPO-
CTPAHCTBO, OpOKAaeMoe MaTpHrie M. Tak, AId onpe/IeieHus pasMepHO-
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CTH BEKTOPHOI'0 IIPOCTPAHCTBA, OPOXKISHHOIO CTOI0aMU MATPHILIBI, HC-
MOJIb3yeTcs KOMaHa colspace (M), a aHallorMYHas KOMaHAa JjId CTPOK
HaspiBaeTcs rowspace (M). UToObI NpoBepuTh OPTOrOHANLHOCTH MaT-
PHIIBI M, 10CTaTOYHO BHI3BATh KOMaHIY orthog (M) . HampumMep:

> fun:=(i,3)->x*i/y*j: B:=matrix(2,3,fun);

x  x  x

2 3

Ly ¥ty
Bl » »
y oyt oy

> colspace (B) ;

{1 =]}

Temepr nepeiifieM K BEKTOPHBIM onieparsM. HopMupoBaTh BeKTop
Vv MOXHO IIPH IOMOHIIH KoMaHJBF! normalize (v). UTo6BI BHIYHCIUTH
yrol MeXIy JBYMS BEKTOpaMH v M u, HYXHO BBIIOIHWUTH KOMaHIY
angle (v,u). [Ipu noMolmu koMaHAK GramSchmidt ([vl,v2,...1])
MOXHO copMIpOBaTh OPTOTOHANbHBIH 6a3sHc BEKTOPHOI'O NpPOCTpaH-
CTBa, TEHCPHUPYEMOI0 IMHCHHO-HE3aBUCHMBIMH YHCIOBBIMM BEKTOPaMHU
vl,v2,.. KoManga basis([vl,v2,...vk]) onpegemser 6asuc s
HabGopa BeKTOpOB v1,v2,..,vk. [IpuBeaeM HWUHOCTPHPYIOLIHH HOCICIHHE
JIBe KOMaHJIBI IIPAMEP:
> vl:=vector([1,2,3]): v2:=vector([-1,2,3]):
> v3:=vector([11,12,13]): v4:=vector([1,1,1]):
> bas:=basis([vl,v2,v3,vd]);

bas:=[vl, v2, v3]

> GramSchmidt (bas) ;

-13 2 3 306 -20
[[1 2 31'[7 7 7“0 3 ‘ﬁ]]
Kpome Toro, B makere linalg UMEOTCAd KOMaHIBl PEMICHUS CHC-
TeM JIMHEWHBIX YpaBHEHUH, OTVIMYHBIE OT KOMaHALI solve U3 CTaHIAPT-
Ho#l OuOimoTeku. IS PEINCHAS CHCTEMbBl JTHHEHHBIX aireOpandecKux
ypaBHeHMH Mx =B, rae M — MaTpulia, a 5 — BEeKTOp WIM MaTpHiia npa-
BBIX qacTei, CYINECTBYIOT KOMaH/IbI linsolve (M,B) "
leastsqgrs (M,B) (Meroa HaMMEHbIONX KBaapatoB). [TpuBegeM mpuMep
pelleHMs CHCTEMBI TMHEHHBIX YpaBHEHMN:

> CC:=array(1..3,1..3,[[x,0,y], [x,y,0],1y,0,x]1]);
> linalg[linsolve] (CC, Vv);
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Ii-zc+ax byl+bxl+yxe—ax? xc-y ai'
i+ x? (92+x2)p i+ x?

5.4. BeKTOpHbIA aHanus

CkaiipHoe IpOM3BE/ICHHE ABYX BEKTOPOB U U Vv BBIYHCIICTCS KO-
MaHIol dotprod{(u,v), a BeKTOpPHO¢ IPOM3BEJCHUE - KOMaHIOH
crossprod (u,v). [ BBIYHCICHUSI HOPMBI BEKTOPOB M MaTpHI[ HC-
moab3yercs KoMaHAa norm (M) . [IpuBexeM npuMepst:

> w:=crossprod(u, [a,b,c]);
w:=[u c—u b u a-uc u b-u a:]
2 3 3 1 1 2
> simplify (dotprod(u,w));
0

MMepeitnem Teneps k maddiepeHIiMaIbHEIM onepaTopaM BEKTOPHOTO
aHayy3a. YToOBl BHIMHUCINATE TpajieHT cKamdpHoi dyHkimM £, 3aBucs-
welt oT Habopa TeEpeMEHHBIX X, HYXHO BBLIIOIHHTL KOMaHIY
grad (£ ,X). [luBepreHimio BexTopHoH (yHKIMH F, 3aBHCAIcH oT Ha-
Gopa ImepeMeHHBIX X, MOXHO IONy9UTh MPH IIOMOINM KOMAaHIbI
diverge (F,X). Hanpumep:

> f£:=x*2+y*2+sin(z):
> grd:=grad(f, [x,y,z]);
grd:=[2x 2y, cos(z) |
> diverge({grd, [x,y,z]);
4-sin(z)

U eme Tpu BaxHbIX G QepeHIINATBHBIX oIlepaTopa U COOTBETCT-
Bytolme Maple-koMaHabL:

curl (v,x) - BBIYHUCICHHC poTOpa TPCXMEPHOTO BEKTOpa v II0
TpeM MepEMEHHBIM X;

laplacian(f,x) - BBIYHCIICHEHE Jamiaciana ¢yHxkumu £ no me-
PEMEHHBIM X;

jacobian (v,x) — BHUWCICHHC MaTPULEI SIKoOH [T BeKTOpa v
T10 NEPEMEHHBIM X.

JamiM mpuMepel UCTIONB30BaHUA ITHX KOMaH:

> curl(grd, [x,y,2]);
[0,00]
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> laplacian(f, [x,y,z]);
4-sin(z)
> jacobian(grd, [x,y,z]);
20 0
0 2 0
0 0 -sin(z)

B 3axmodeHue NmpuBeAecM HEKOTOPhIE KOMaHALI HakeTa linalg
U1t paboThI ¢ TOJMHOMAMU H YpaBHCHUAMU:

sylvester (poll,pol2,x) - BbMHHcIcHHE MaTpHIbl CHIbBECT-
pa It IToIMHOMOB poll H pol2, 3aBUCAINHX OT IICPEMERHOMN x;

bezout (poll,pol2,x) — ¢opMupoBaHre MaTpupl bely aByx
MTOJIHHOMOB;

genmatrix (egns,vars) — (opMHpOBaHHE MaTpHIlbI CHCTEMEI
i1 Habopa ypaBHEHUI egns I10 IICPEMEHHBIM vars.



6. AuddepeHunanbHble ypaBHeHUA

B nmanHOIl rimaBe pedb moiiier o pemeHmM mudQepeHIManbHbIX
ypapHeHmii. BHadane Oyger ommcaHa MHOToIElIcBag KOMaHIa dsolve,
HCHoJb3yeMast U1 aHAIATHISCKOI0 M YHCIICHHOTO PElleHNA 0GhIKHOBEH-
HBIX JrddepeHnHaNbHBIX YpaBHeHHH. 3aTeM OyAeT ommMcaHa CIIEIHANb-
Haji CTpPyKTypa DESol, mNpeIocTaBIIOINas BO3MOXHOCTE  aHa-
JIITHYECKOT'0 ONEPMPOBAHMS C HEIBHO 3aJaHHbIM pelllcHHeM muddepeH-
ManbHoro ypaBHeHHs. Hakoden, OyayT ormicaHsl KOMaHBI ITaKeTa
DEtools, OpHEHTHPOBAHHOI'O ITIaBHBIM 06pa3oM Ha YHUCIICHHOE PEeIHeHHE

sagauy Korm mia quddepeHImanbHeIX YpaBHEHHH.

6.1. ToyHble U NPUBINXKEHHbIe
peweHus

Jna HaxoXIOeHHA aHANMTUYECKHX pelleHMi g depeHmpammHbIX
YpaBHEHHII KaK B KBaJApaTypax, TaKk H TpUOIDDKEHHO, a TakKXke It
9UCAEHHOr0 pelleHus 3ajadd Kollln mpuMeHseTcs KoMaHAa dsolve,

[IPMYEM JiJIA BCeX CIIydacB MCIIONb3YeTC €MHBIN opMaT KOMaHIpI:

dsolve (eqns,vars,option).

3meck eqns — omHo IH(depeHIMambHOC YpaBHCHHE WM CHCTEMa
ypaBHEHHI OTHOCHTEIHHO HEH3BECTHBIX (JYHKIMI vars, a option —
JMOIIOJIHUTEIHHBIC YCIOBUA, TO3BOJIAIONMME YKa3aTh METOH pelICHHA
3adadd (HampuMep, type=numeric — IUIS YHCICHAOT 0 PEINCHA) .

Eci 1onoHUTENbHBIX YCIOBHH Her, To Maple meiraercs HaiTh
aHAJIITHYECKOC PElleHHe 3aavd, TaK KaK 10 YMOTYAaHHIO TIPHHATO, YTO
type=exact. Ilpu 3TOM BhiIaBacMoe pelIcHue OYaeT colepXaTh HEOll-
peaenenuste KoHcTanTEl _Cl, _C2, ... (1 T.1.), W nmapaMeTp _T B ToM
CIydae, KOrja pellieHue BhIIacTcd B HesBHOM BraAe. Ecrm Tpebyercs perme-
HUE B ABHOM BHJE, T.c. 11 PyHKIWi vars, To He0OXOIUMO yKazaTh JO-
ITOJTHUATCITLHOC YCTIOBUE type=explicit (WM explicit).

Jna zagaamn Komm B ypaBHCHHs egns HYXHO BKIIOYMTH TakXKe
HadalbHbIe YCIIOBMSA, a [UIA KpacBoi 3aJladd — COOTBETCTBCHHO KPacBEHIC
vemosus. Ecmi Maple MoxeT HalTH peilieHMe, HO 9HCIIO KPaeBBIX HIIH
Ha4aJbHBIX YCIAOBMI MEHBINE IIOPAMIKA CHCTEMBI, TO B 0TBeTe OymyT dury-
PHpPOBATH HEONPEAEICHHbBIE KOHCTAHTHL.
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[Tpu cocrasieHuy ypaBHEHMI IS yKa3aHUA MPOU3BOTHOM ITpyMe-
HAOTCd KoManipl diff W D, a g obo3HadeHHS IIPOM3BOJHONH B
HadaJIbHBIX ¥ KPACBBIX YCIIOBHAX HCIIOJIb3yeTcd KoMaHia D.

PaccMoTpuM npuMep 3ajaHus MdQepeHLMaNIbHOIO YPaBHEHUS M
obpamenys Kk KoMaHJe dsolve i ero pemeHwi. O6paTM BHAMaHHE

Ha TO, YT0 IIpH HENOIHOM 3a/laHI¥ YpaBHCHMS (OTCYTCTBYET 3HAaK paBeH-
CTBa M mpaBas 9acrb) cucreMa Maple NonoimHseT ypaBHEHHE HYJIEBOH
MpaBo# (MK JIEBOH) 9aCThIO.

> deqn:=diff (y (x) ,x52)+3*diff (y(x) ,x)+2*y(x) ;

9? 8
degn = (a—x—z y(x)) +3 (6_76 y(x)) +2y(x)
> dsolve(deqn,y(x));
y(x)=_Clel?® 4 (C2el®
Permenvie imHcHHOrO ypaBHEHUS BTOPOro MOPSIKa BLIIAHO B BUAC CYMMBI

3KCIOHCHT € MPOM3BOJILHBIMA KOHCTaHTaMH. BaMCTI/IM, 4TO0 JaHHOC YpaB-
HEHHE IIpH IIOMOINH oIlepaTopa D MOXET OpITH 3amMCaHO B CIIEAYIOLIEM

BUHJIC:
> deqgn:=(DRE2) (y) (x)+3*D (y) (x)+2*y(x) ;
degn = D*)(y)(x) +3 D(¥)(x) + 2 y(x)

PaccMoTpHM KpaeByIo 3allady AU TOro Xe ypaBHeHus. Onpenemam
KpacBhIe YCIIOBUA M BOCIIONL3YeMcd KOMaHJoH dseolve:

> bvp:=y(0)=0,y(1)=1;

by =y(0)=0,y(1)=1
> dsolve ({deqgn,bvp},y(x));
e('zx) e('x)
y(x) = el gt T o(2)_ o1

OTMeTHM, YI0o TMepeMeHHas bvp HMeeT THI exprseq
{ImocemoBaTELHOCTL BHIpaXKeHHil), 1 oObeIMHEHHE €€ ¢ ypaBHEHHEM
degn 110Tpe6HOBAIO 3AKIOYCHHUS AX B (JUrypHbIC CKOOKH It odopmire-
HUS BRIpaXKeHUS THIIAa set (MHoXecTBo). Ecim xe nepeMenHyIo bvp on-
pelemTh Kak MHOXKECTBO, TO HCPBBIH apryMeHT KCMaHJbI dsolve [0-
xeH ObITh 0OPMIICH KaK CyMMa MHOXecTB. [JJI1 3Toro HyXHO B3ATh ITe-
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peMcHHYIO deqgn B GUTypHBIE cKOOKH 1 IPHMCHUTH CHEMalIbHYIO oIepa-
IO CIIOKEHUS (union):

> bvp:={y(0)=0,y(1)=1};
> dsolve ({degn} union bvp,y(x));

Komagjia dsolve npeAocTaBIIET BOZMOXHOCTD OIPE/ICIICHISA 6a-
3HCHBIX GyHKIDI ¢yHIaMeHTAbHOIO pelleHus A depeHIHaILHOTO
ypasHeHNd. [IpuBefieM coOTBETCTBYIONIMA NpPHMED, 3a0/IHO HAIlOMHHB,
gyro Maple nerko obpabaTpiBacT CHMBOJIbHBIC BBIpaXeHHS, rjic 6b1 OHU
HYl BCTPETHIIMCh: 3/icch TIEPBBII NMapaMeTp KoMaHAbl COJEPKUT BBIpaXxe-
HHE, 3aJarollice HOBoe, 9yTh U3MEHCHHOE YpaBHEHHE.

> dsolve (degn-a*exp (x) ,y (x) ,output=basis) ;
e, e Laer |

Ecm mis muddepenimansHoro ypaBHeHUs He yaaeTcs GpakToOpH30-
BaTh XapaKTePUCTHYCCKHI MONHHOM, TO OTBET BBIAACTCA IIPH MOMOINMU
¢yaxkimn RootOf. Hampumep, A1l muddepeHImaibHOIO ypaBHEHMA
YeTBEPTOrO TIOPSIKA UMEEM

> ode:=diff (y(x) ,x$4)-diff (y (x) ,x$3)
> +a*diff (y(x) ,x)-a*y(x):
> dsolve (ode,y(x));

y(x)=_C2 ex+[ Z _cz_Re(—Rx)J

R=%1

%1 := Root(:)i(_Z3 +’a)

O6paTiM BHMMaHHWE, 9TO TMOCKOILKY B KadeCTBE PA3JICTUTENT B3ATO
IBOETOYHE, TO OTCYTCTByeT o0macTh BBIBOAa JIIA 3ajarolnei
InddepeHunalbHOE ypaBHeHHEe KOMaHABL. 3Jlech M Jajlee B MPOCTHIX
CIIyyasX KOMAaHJbl C ONYIICHHBIM BBIBOJOM. HCIIONB3YIOTCA JUIA
cOKpauleHns Qy0impyeMoii B 007acTaX BBOJA U BbIBOAA MHGPOPMALIHH.

JIiiq pelneHus HeMHENHHbIX 3a/ad, KOTOphle He MOJAI0OTCA aHAIIH-
THYECKHM METOJIaM, MOTYT OBITh HCIIOb30BaHbl YHACIICHHEIE IIPOLE/LYPBI.
[Ipn sToM, omHako, JOIDKHBI OBITH onpefielicHbl Bee MapaMeTphl. Korpa
pellcHES B 3aMKHYTo# (opMe HET, a YHCIICHHbIE TI0XOIBI HEBO3MOXKHBI
WM HEXEIATENLHBI, TO MOI'YT OBITH HCITONb30BaHbl IIPUO/IMKEHHBIE Me-
Toapl. JI7Ia aTOro XoMaHla dsolve HMeeT OMIMI0 series IS ITOHCKA
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peIlcHHA B BHIE pa3IoXeHHUA B pAI H OMMIIHIO laplace I1 OpHMCHCHHA
MeTojIa ipeodpaszopanus Jlamnaca.

[TpuseneM NpuMepsl obpallicHUA K KoMaHZe dsolve ¢ ormmeit
series. BHagale nepeornpelciviM 3HA4YCHHUE NEpeMEHHOM Order, 3a-
JIAIOIICH TTOPAIOK MaJIOCTH, 0 KOTOpPoro OyJeT BBIYHCIATHCHA Pa3lIoxe-
HHE, a 3aTeM TIOJIYYMM PEIHCHUA.

> Order:= 4:
> dsolve (diff (y(x) ,x$2) -y (x) *2=1,y (x) ,series) ;

y(x)=y(0)+D(y¥0)x+ (% }'(0)2 +%Jx2

+23(0) D(y)(0) x>+ O(x*)
> dsolve ({diff (y (x) ,x) ~b*sin(y(x))=x,y(0)=0},

> y{x) , series);

y(x)= %xz + é— bx>+0(x*)

6.2. YUncneHHble pewieHnn

Jg momydeHHs 9UCIHCHHOI'O penleHns cHeTeMbl auddepeRima.-
HbIX YpaBHEHHH KoMaHJa dsolve [o/DkHa ObITh 3amyimeHa ¢ oIIIHcH
numeric. B pesymraTe 6yaer co3laHa npolledypa, K KOTOpoil MOXHO
obpamarTbcd T BBMMMCICHHAA OTACIBHBIX 3HAYCHHH U JUIA TIOCTPOCHHS
rpaduka pelreHus Ha 3a/JaHHOM MPOMEXYTKE.

[MpuseneM mpuMep pemreHus 3ajadu Koimm JuId paccMoTPEHHOro
BHIIIIE JIHHEHHOTO YpaBHEHUA BTOPOI'0 MOPAAKA

> deqn:=(DRR2) (y) (x)+3*D(y) (x)+2*y(x):
> init:=y(0)=0,D(y) (0)=1;

init . =y(0)=0,D(y)(0)=1
> F:=dsolve({degn,init},y(x) ,numeric) ;

F.=proc(rkf45_x) ... end
> F(1.5);

[x = 1.5, y(x)=.1733430934268153,

agx y(x)=- 1235560268235766]
> plotsodeplot] (F, [x,y(x)],0..7,1labels=[x,y]);
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B mpmBeieHHOM npHMepe I MOCTpoeHws Tpaduka pelicHUs Hc-
noib3oBaHa KoMaHAa odeplot H3 makera plots, a KpoMe Toro, B
Maple umMeeTcs MHCTPYMEHTaIbHBIM MaKeT I IpelcTaBlIcHA] Pe3yibTa-
TOB peIeHHA m«bd)gpcmmammlx ypaBHCHMH DEtools, 0 KOTOpOM
pedb MoiMAeT HUXe .

Ecmm ykaszaTth omuio output=listprocedure, To B pelyibTa-
Te chopMHpYeTCs CIHCOK MpOLEAyp — M0 Mpouedype Ha KaXIyrw Tepe-
MEHHYIO:

> p:=dsolve ({diff (x(t),t)=y(t)  diff(y(t),t)=—x(t),
> x(0)=1,y(0)=0},{x(t),y(t)},
> type=numeric,output=listprocedure) ;
p:=[t=proc(t) .. end,
y(t) =proc(t) ... end,
x(t) =proc(t) ... end]

Ilamee x pelmeHHI0 MOXHO obpamaThes, yka3biBas HYXKHYIO Hepe-

MeHHyI0. 719 Toro 4To6b! BHIATH rpadHK PEIleHHs, CleayeT HCIIONb30-
BaTh IapaMeTpHiecKyto dopmy

> X:=subs(p,x(t)): Y:=subs(p,y(t)):
> plot([X,Y,0..2*Pi]);

3aaHHasd cHCTeMa TMpeAcTaBideT coboif ypaBHeHMA MaTeMa-
THYECKOr0 MagTHHKA, TaK 9T0 Ha IpaduKe MOIydnTcs OKPYXKHOCTD.

Ipn noMormu KoMaH/IB! dsolve MOXHO ITOIYIUTh PEilicHHE B BHIE
Tabmmuel. 14 3TOro cuemyer ykazaTh om0 value=X, rjie MaccHB X
COEPXHUT TOYKH, B KOTOPHIX OyJeT BBHIMHCICHO pelleHHe (CM. IPHMEp B
1. 10 "Muau-nceneioBaana').
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OcranoBimMcs nopobHEC Ha MPUMEHEHWH KOMaHIH dsolve A

gucIIcHHOTo pentennd TuddepeHIMansHEIX ypaBHeHU. BoaMoxHp! 1Ba
BapHaHTa COOTBETCTRYIOIIEIO YKa3aHAS

dsolve (eqns,vars,numeric)

dsolve (eqns,vars, type=numeric,option}) .

3nech HOMONHUTENbHBIC HapaMeTpEl (option) HYXKHEI II 3aJaHuA
MeTo/la YUCIICHHOTo pemieHMs 3anadd Kommi: method=rk£45 (MeTox
Pyare-Kyrra—®embepra — PKO, nopamka 4-5) wim method=dverk78
(MeTojx Pyare—Kyrra, mopska 7-8) U JyIg oIpe/leJcHAS JOTIOMHUTEBHbIX
apaMeTpoB STHX MeToAoB. 1o yMoTdaHMIO HcMoNb3yeTes MeToI PyHre—
KyrTa—®embepra.

[IpuBeneM pan AONMOIHMTENBHBIX MMAapaMeTpoB I Meroa PK®
BMECTE C KpaTKUMH MOSCHEHUAMH: 'abserr'=aerr — BenndWHa abco-
TOTHOH TIOTPEIHOCTH, o YMOIT9aHVIO OpUHATO, 910
aerr=Float(1l,2-Digits); 'minrel'=minr — MHMHUMAaIbHAas Be-
JUYMHA OTHOCHUTENHHOH ITOTPEIMHOCTH  (BEIIECTBEHHOE HHCIIO), TI0
YMOIT9aHHIO TIPUHATO, YyTO aerr=Float(1l,1-Digits);
‘relerr'=rerr — BeIAYUMHA OTHOCHTECILHOH DIOIPEHIHOCTH, IIO
YMOI9aHUIO NPHHATO, 9TO0 rerr=Float (1,2-Digits). 3mech mepBriM
TapaMeTpoM KoMaHIbI Float 3ajaeTcd MaHTHCCA, 3 BTOPBIM — IOPSIOK
thopMHUpyeMOro JHCIIA.

6.3. Ctpykrypa DESol

Ana pabotel ¢ auddepeHimabHLIMA ypaBHCHHAMH B Maple V
Release 3 BBejieH crnelianbHbLIl 06beKT DESol — peuieHHe JH(pdepenH-
aTbHOTO ypaBHEHUA

DESol (deqs,vars,inits)

Jamnast cTpyKTypa Ho3BolsieT paboTath ¢ pellicHHEM, HE HMes ero
B SBHOM BHJEC. DT0 cBocobpasHoe pa3BuTHE GyHKIIMM RootOf NpHUMEHH-
TenpbHO K JpddepenimamsHeM ypaBHeHHSM. O0beKT DESol MOXHO HH-
TerpupoBath, muddepeHIHpoBaTh, HAXOJUTh JULT HET'0 Pa3joXeHHS H,
KOHEYHO, TOMydaTh THCICHHOE PElICHHE.

Tax, MOXHO TPOBEPUTH, ABILICTCH JIA HEKOTOPOE BhIpa’kKeHME HH-
TErpajoM JaHHOI'0 YPaBHEHHA.
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> so0l:=DESol (diff (y(x) ,x,x)+a*y(x) ,y(x));
62
sol := DESOI({(Wy(x)J+ e y(x)}, {y(x)})
> integ:=diff (éol ;X) *2+a*sol”2;
_ ) o? : 2
integ := [5; DESOI({(@ y(x))+ a y(x)}, {y(x)}D
62 2
+aDESol({{ 23900 +ay(o)}, (30} |

> diff (integ,x) ;

0

Cnexyrommmii npuMep nokaskiBaer, 9To 00beKT DESol Moxer BbI-
CTYNaTh apryMeHTOM KOMaHIbl Pa3NoXeHUA B pAX series Kak oGbMHAA

dynaxims. Bradane 3ajaxuM ypaBHEHHE, HaAUaldbHBIC YCIOBHS W OIpeEle-
MM caM 00BEKT

> ode:=diff (y(x) ,x,x)+y(x) *3=8in (x) ;
> ini:={y(0)=0,D(y) (0)=1};

2
ode = (_O?x—z y(x)J +y(x)? = sin(x)

ini ={y(0)=0,D(y)0)=1}
> dde:=DESol (ode,y(x) ,ini) ;

dde := DESOI({(% y(x)]+ y(x) - sin(x)},

{y(x)}, {¥(0)=0, D(y)0)= 1})

Hecnmoxao y6emuThed, 9T0 3aITyck KOMaH/IbI
> dsolve({ode} union ini, y(x)); |

0CTaBHT o0IacTh BbIBojAa ITycToit — Maple HE MOXET HaWTH aHaIH-
THYEeCKOe pellieHHe aagHoM 3ajgagu Kommm. Ocraercd mompoOoBaTh
9HCICHHOE pelieHHe W pasioxeHue B pan. Crexyoomas CI0XHO-
COYMHEHHAsA KOMaH/a, BO-IIEPBBIX, BEHITHCIAECT HECKOIBKO WICHOB pAla
(koMaHJla series), a BO-BTOPBIX, MNpeobOpasyer I[oOIydeHHOE B
[IOJITHOM TIPH TIOMOIIIH KOMaH/IBI convert

> poly:=convert (series (dde,x=0) ,polynom) ; 1



76 naea 6

’ poly:=x+-é—x3—mx5

3aTeM maeTcd KOMaHa O YHCICHHOM PEIICHMH 3a[ad¥l, U TeHEpH-
pyeTed mpollenypa, ofpamasch K KOTOPOH, MOXHO 3TO peIICHHE Mo-
Tyaath. O6paTiM BHHUMaHUE Ha To, KaK 3ajacrcs 3afada Komu: ypapHe-
HHE ode NpH oMol (UTYPHBIX CKOOOK MpeBpaImacTcs B MHOXKECTBO M
00 beMHIeTC ¢ MHOXKECTBOM HAYaAIBHLIX YCIOBUH indi.

> f:= dsolve({ode} union ini, y(x),type=numeric);
fr=proc(rkf45_x) ... end

Haxonen, moaximodaercd nmaker rpagukl plots, IpH NoMolnd

PasHBIX FpadyHecKuX KOMaHJ cTposTcs rpa@uKH-B eAWHOM Maciirabe u
CBOJATCA BOCQMHO [IpU IoMoiuy KoMaHIk! display.

> with(plots):
> d_f:=odeplot(f, [x,y{(x)1,0..2.5, thickness=2) :
> d_p:=plot(poly,x=0..2.5): display({d p,d f});

B pesympTaTe momywaercsi rpaduk ¢ IBYMS KDHBBLIMH, TIJie
THCIICHHOE PEIIcHNE 3aavH NIPEACTaBIIcHo 6oiee JKMPHOH KPHBOH.
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6.4. Naker DEtools

Jig wacineHHOTO peiticHUs 3afgayn Ko, mocTpoeHHs (ha3oBBIX
MOPTPETOB Y BEKTOPHBIX MoJIei HMeeTcs NakeT DEtools, COCTOAIIMI W3

CeMH KOMaHJI:
DEplot — pucoBaHHe rpadukoB pelmeHni M depeHMaIbHOr0
YpaBHEHWIS WV CUCTEMBI ypaBHEHUH;




OunddpepeHumanbHble ypaBHeHUA 77

DEplotl — prcoBaHue I'paduKoB penreHuit g depeHIMaILHOTO
ypaBHEHMs NIEPBOI'0 MOPSJIKa;

DEplot2 - pucoBaHue rpadukoB pemreHHs auddepeHITaEHOTO
ypaBHEHHS BTOPOT'0O NMOPAIKA;

Dchangevar — 3aMcHa IIEPEMEHHBIX B () (pepeHIMaIbHOM YpaBHCHHH,;

PDEplot — pHCOBaHHE TPEXMEPHOI'0 rpaduka pelﬁcmdx KBa3sHIMHEHHOTO
YpaBHEHMS TIEPBOT0 NMOPAIKA B JaCTHBIX IPOU3BOIHBIX;

dfieldplot — pUcOBaHHE ABYMCPHOT 0 MO HAIIP ABIICHHI (BEKTOPHOIO
I0JI4);

phaseportrait — prcoBanue $a3oBoro NOPTPETa A1 CUCTEMBI ABYX
YpaBHEHHI NepBOro HOpsAKa.

Jma vcnonb3oBanusd KoMaH[ M3 Takera DEtools HYXHO JM0O

HOJKIIOYUATE BECh NAKeT IIPH IMTOMOIMHA KOMaH bl
with (DEtools),
mbo obpamaThbed K HyXXHOH KOMaHIe command IIpH IIOMOINH BHI30Ba
with (DEtools,command) .

Ecim uMiI command KOH(IHMKTYET C HMEHEM JpYrod KoMaHIpI, TO
BO3MOJKHO HCIONL30BaHUE CICAYIOINEH KOHCTPYKIIMH:

readlib (DEtools) [command] .

Haunem omucaHue mnakera DEtools ¢ KoMaHAb! DEplot,
MpejHa’HadeHHoH W1 BHBOAa rpadUKOB  pPCEIIEHHMIT  CHCTEMBI
mddepeHIManbHBIX YpaBHeHHH. Bo3Moxubie GopMaThl obpallleHHs K
KOMaHJEc AMEFOT BUL

DEplot (degn,vars,trange,inits,options)
u
DEplot (deqn,vars, trange,inits,xrange,yrange,options)

3mech ONPUHSTH clexyiomue 0603HadYeHU i1 napaMerpos: degn —
CHCTEMAa n YpaBHEHUH IEpBOro Mopsika HIH OJHO YPaBHEHHE Nn-ro
NOPAIKa; vars — AMEHA [CPEMEHHbIX; trange — 00JacTh H3IMEHEHHS
HE3aBUCHMOH nepeMeHHoH; inits — HadalbHblC YCIOBHS, Xxrange —
MacioTa® JUId He3aBHCHUMOM TepeMeHHOH; yrange — MacmrTab mmi
MepeMEHHbIX PEllcHHS; options ~ JNOMONHHUTENbHBIE YCIOBUA (MOLYT
OTCYTCTBOBATD).
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Ilpy 3ajlaHUM ypaBHEHWH He JOJDKHBI HCIIONB30BAThCS HHKaKHe
CHMBOJIMYCCKHE IIepeMeHHbIe. IlepBBIi  apryMeHT degn  MOXET
MPUHUMATH pa3Hble GopMbl. HampuMep, mia cucTeMbl U3 ABYX YpaBHEHHE
TIEPBOTO MTOPAKA AOILYCTHMBI CICAYIOINHE BAPHAHTEL:

[diff(x(t),t)=f1(t,x,y), diff(y(t),t)=£2(t,x,y)],
[diff(x(t),t)-f1(t,x,y)=0, diff(y(t),t)-£f2(t,x,y)=0],
[diff(x(t),t)-f1(t,x,y), diff(y(t),t)-£f2(t,x,y)1,

W’
[D(x) (t)=£1(t,x,y), D(y) (t)=f2(t,x,y)].

3meck mpu nomomu £1(t,x,y), £2(t,x,y) 0003HadeHBI IpaBLIC
gyacTl uddepeHIMaTLHBIX ypaBHeHHH, B  KOTOPBIX  MOTYT
OpPUCYTCTBOBATh He3aBUCHMas TepeMeHHAd (t), MCKOMBIe ()YHKIIMH
(x, y) ¥ KOHCTaHTHIL. [Ina ypaBHCHMII BBICOKHX ITOPAIKOB BaXHa
BBIICIEHHOCTD cTaplieii p om3BoaHoH

[diff (x(t),t¥n)=£(t,x)],
[diff (x(t),t$n) -£(t,x)=0].

3peck GyHKIMA £ (t,x) MOXET BKIIOYATh TakKke IMPOUIBOJHBIE OT
MepeMeHHOl x; n - I@emoe 4HCIo, W 3HakoM (3) oTMeuRercs
ITpOM3BOIHaA MOPIKa n.

ApPryMeHT wvars [MepeuHcadeT HMEHa IIepeMeHHBIX. Jma
HeaBTOHOMHOM CHCTEMbl YpaBHEHMII BO3MOXHBI JBE (opMBI 3agaHus
vars: [t,x,y,...] Wm [x(t),y(t),...]1. JAnga aBTOHOMHBIX
YpaBHEHHH ClleyeT HCIONb30BaTh 3amuch [x,yl, €ciH HeoOXomuMo
mobpaxeHue QazoBoro moprpera. 3aMeTUM TakXke, 9TO 3TO YCKOpAeT
BBIMHCIICHIE T10JI1 HallpaBICHUH [T aBTOHOMHBIX CHCTEM.

ApryMeHT trange ompe/eiieT HHTEPBa H3IMEHCHNS He3aBUCAMOI
TICpEMEHHOM 1 MOXeT 3aJaBaThcsd B BUIE a. . b WM t=a. .b, mpuieM a u
b TOIDKHBI OBITH BEINECCTBEHHBIMHA KOHCTAHTAMHU.

APpPryMeHT inits 3ajmacT HaGop HadaJdbHBIX YCI0BHE B OHON H3

CIELYIOMUX GOopM:
{{t0,x0,y0],[t1,x1,y1], ...}

uim
{[x(t0)=x0,y(t0)=y0], [x(tl)=x1,y(tl)=yl],...}

BujHo, 4TO CTapTOBbIe 3HaueHHS He3aBHUCHMOM rnepeMeHHo# (t) ans

Pa3HBIX Ha4vallbHLIX TOYEK MOryT HC CcoBIIajgaTh, PpPCIICHHE ONIA
IMCPEMEHHBIX 6yI[CT IIOJIy4eHO [JIA BCECTO HHTEpBana trange, a
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3alaHie HAYAJIbHOrO 3HA4YeHUs crneuMGUUUPYET HHTErpajibHYIO
KPHUBYIO.

Ins ypaBHeHHs n-TrO MNOpAAKA OTHOCUTENBHO QYHKUHM x (t)
BHauaje 3aJaeTcs 3HayeHWe He3aBUCHUMOW MepeMeHHON, a pganee —
3HAuYeHUs QPYHKUUHN U NPOU3BOJAHBIX: [t0,x0,x'0,x''0,...].

Ecnn yncno HayanbHbIX YCIIOBHIl MeHblle 4uCia MEPEMEHHBIX, TO
HEeQOCTALME 3HAUeHUs OyAyT BbIOpaHbl HYJIEBBIMH U OYAYT BbLAAHbI
npeaynpexaawolue coodbieHus. Ecin HauanbHble YCIOBUA HE 3a/laHbl, TO
OYAET BbIAAHO TOJILKO noje HanpaeneHuW. IIpu aToM foMmkHbI ObITb
clenaHbl BCE Ha3zHauyeHWs JUIs wu3obpaxkenus asroro nons. Ilonde
HarpaBJeHUH HE BbIAAETCS IS TPEXMEPHbBIX KapTHH.

Undopmanuio o Bcex ONLHUAX KOMaHbl DEplot MOXHO MONYyYUTb,
00paTUBLIHUCH K CIIPABKE:

?DEtools{options]

ITo yMouaHuO i1 HEABTOHOMHBIX YPaBHEHUH BbIAAIOTCA KPUBbIE
pelleHUil B TPEXMEPHOM [IPOCTPAHCTBE MEPBbIX TPEX MEPEMEHHBIX vars.
3agaHueM napaMmeTpa CleHbl (scene=. ..) MOXHO NOJYYHTb JByMepHbIE
NpoeKUMH Wi rpaduky [ pa3iMyHbIX NepeMeHHbIX. B cnyyae cucTeMbi
JBYX @aBTOHOMHBIX YPaBHEHWI MO yMOM4YaHWK BblaaeTcs (a3oBbIA
NOPTPET I UCXOAHbBIX NEPEMEHHBIX.

B koManmax mnakera DEtools MOXHO HCMONb30BaTh OfLMH,
KOTOpbI€ UMEIOTCA B MaKeTax ABYMEPHOW M TpexmepHOM rpagmku. Tak,
HANpUMEp, AN 3aJaHus 3arojoBKa MOXHO MPUMEHATb KOHCTPYKLHIO
title=string. OnucaHue NpegoCTaBIgEMbIX MPH ITOM BO3MOXHOCTE U
npumeps! OyayT AaHsl B 1. 9 "I'paduxa B Maple".

OnuiueM onuuu nakera DEtools.

x=cl..dl, y=c2..d2 - rpaHuubl BbIBOZA [JI1 NEPEMEHHBLIX X U Yy
YKa3biBaIOTCS NP MOMOLLM BEIIECTBEHHbIX KOHCTAHT.

stepsize=h - 3ajanue wara HHTerpupoBanud. Ilo ymonuanuro Oepercs
(b-a) /20, rae [a,b] — OTPe30K HHTErPUPOBAHMA.
ITockonbky Maple He sBIseTcs CcreUHANA3UPOBAHHOM
OporpaMMoH Ui peLieHus cUcTeM auddepeHUHaTbHBIX
YyPaBHEHH, TO HYXHO MMETb B BUIY, YTO YMEHbILEHUE
uiara JaeT HE TOJbKO MOBbILIEHWE TOYHOCTH U [NaJKOCTH
NOJIy4a€eMbIX KPUBBIX, HO 1 YBEJIMUEHHE BDEMEHH pacyeTa.
Tak xak Bce BbIBOANUMbIE HA Tpad MK TOUKH 3aNaCalOTCs B
NaMATH, TO BMOJHE BO3MOXKHA CUTYALlUsl €€ HCUEPIIAHHA.
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iterations=n - YHUCJIO L1aroB MHTETPUPOBAHHA MEXIY BbIBOAUMBLIMH
toykaMu. Ilo yMoNnyaHMi0 OHO PpaBHO eAMHHULE. JTa
OMNUMS TOJNE3HA MJIS TOBLIWIEHWS TOYHOCTH PACYETa,
NOCKOJIBKY T€ TOYKH, KOTOPbIE HE BbIBOOATCA HAa rpaduk,
He HaKalIMBaIOTCH B aMATH.

arrows=type - THN CTPEIOK Mpu W300pakeHHH MOJS HANPaBICHWHA,
34ech type — OQMH W3 CIEAYIOLIMX TEPMHHOB: NONE (mo
yMOJI4YaHH0), THIN, SLIM, THICK, LINE.

grid=[n, m] — CeTka JNf DUCOBAaHWS TIONA HaNpaBIEHWH, NO
YMOJIYaHHIO MpHHATO [10,10].

limitrange=true - ONUUA, NO3BOJNAIOLIAA NPEKPATHTL pacyeT, eclnu
HHTerpanbHas KpyUBas BbllUNA 32 I'PaHUNbl BbIBOAA s
nepeMeHHod x wWnu y. [lo yMonuaHuiO 3ajaHo
limitrange = false. Ecim rpaHunel 1jis X U y He
OfpefeNieHbl, TO pacueT BEJETCH HE3aBUCUMO OT 3alaHHON
ONLHHU.

Ha3zHaueHHue ceayrouied onuuH — 3akaBaTh BUR PHCYHKA, HANIpUMeEp

scene=[x,y] 03HaYacT U300paxKeHHe ABYMepHOTO $a3oBOro Noprpera
(rpadmk  ¢yHkUHHM y(x)), a .scene=[t,x,y]l u
scene={x,y,t] 03Ha4yalOT TpEeXMEPHbIE KapTWHbI C
Pa3’aNYHbIM PACNIOJIOKEHUEM OCeil.

arraysize=n - OnpeleneHHe pa3Mepa pabodero MaccuBa IS XpaHeHUs
Pe3yAbTaTOB UHTErPHPOBAHMA.

method=scheme — 3ajJaHHe METOAA WHTECPHPOBAHUA, 3JECh B KAueCTBE
scheme BbLICTYNaeT Ha3BaHHE OJHOIO M3 METOMAOB:
‘euler’, 'backeuler’, 'impeuler'’ WU
'rkf45'. 3amerdM, 4TO I [PEAYNPEKACHUA
KOH(IUKTA ¢ IPYTHMHU TEPMUHAMH, UCTIONIB3YIOLIMMHA UM
Oiinepa, Ha3BaHMe 'euler' cielyeT NPHBOAHUTbL B
KaBbIYKaX.

OTMeTHM, UYTO MOXHO Hanucats COOCTBEHHYIO npouenypy
MHTErPUPOBAaHUA, YKka3aB onuuio method=My Scheme. 3arosioBok
npouenyphbl npM  3TOM  JAOIDKEH  WMeETb  CIEAyIolnA  BHA
My Scheme:=proc{ndvar,h,endpt,iter,pt,F), ndvar - 4HcI0
NEpEMEHHbIX, h —~ War HUHTErpHpOoBaHWdA, endpt - JJIMHA OTpE3Ka
MHTECPUPOBAHUS, iter — YUCIO LIAr0B MEXIY TOYKAMH, 3aMacacMbiMK B
MaccuBe pt AJis BbiBoJa Ha rpaduk (xaxnad Touka — 3TO Tpoiika
[t,x,y¥]), F — OyHKUuA, BBLIYMCISIOW[AS MpPaBbie 4YacTH CUCTEMbI
nuddepeHUHaIbHbIX YPaBHEHWIA.
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IlpuBeneM npuMepb! HCMONB3OBAHWS KOMaHAbl DEplot mis
pacuera ypaBHenus Bau nep Ilons ¢ BbiHyxjAalOlwEeH rapMOHHYeCKO
cuioif. Tak kax peliaeTcs HEAaBTOHOMHOE YPaBHEHHE, TO 10 YMOIYAHHIO
BbIIA€TCA TPAEKTOPUS B MMPOCTPAHCTBE (t,x.Yy), 4 IPH MEpeHA3HAUCHUH
napamerpa cueHbl — Gpa3oBbli IOPTpeT.

> with (DEtools):
> ode:=[y,~-x+y*(1-x"2)+2.5*sin(1.7*t) ];
ode =y, x+y{(1-x*)+25sn(1.71) ]
> ini:={[0,3,-31};
ini ={[0,3,-3]}
> DEplot(ode, [t,x,y],0..50,1ini,stepsize=.2) ;

> DEplot(ode, [t,x,y],0..50,ini,stepsize=.2,
> scene=[x,y] ,axes=boxed) ;

24

y O
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KomMangp! DEplotl B DEplot2 uUMcEIOT TOT Xe¢ ¢opmat, 9To U
paccMOTpeHHasT koMaHAa DEplot, HO ¢ IMONpPaBKoi Ha 3aJaHHYIO
HOMEPOM PpasMEPHOCTh pelllaeMblX ypaBHeHWiA. Ilpu pemuenmm 3amag
MaJbIX pasMepHocTel KoMaHia DEplot ofpamaercd K 5THM KOMaHIaM.

Jng cucTeMb! IBYX ypaBHEHHI IEPBOro MOPHJKa, pa3spellCHHLIX
OTHOCUTE/ILHO ITPOM3BOJHBIX, MOXHO He BBOIMTE CaMM YypaBHEHHSA, a
3aIaTh UX IPaBbie IaCTH. TO MOXET OBITh CETAHO IIPH ITOMOINH OJTHOTO
M3 CIEAYIONMX CIIoco60B:

[fl(terY) I fz(trle)]r
[(t,x,y)->f1(t,x,y), (t,x,y)->£2(t,x,y)],
(t,x,y)>[f1(t,x,y), £2(t,x,y)].

Jns aBTOHOMHBIX ypaBHeHHiHl MHACHTHQHKATOpP  He3aBHCHMOM
rmepeMeHHOM (HampuMep, t) MoKeT 6BITh ONYINEH:

[(x,y)->x+y, (x,y)->x-vy].

Baxudo, 9roOBl YHCII0O APryMEHTOB (YHKIMM COOTBETCTBOBAIIO
YHCHYy MCPESMCHHBIX, ONPENCICHHOMY 3aJaHWEM IlapaMeTpa vars.
HakoHell, cHCTeMy JBYX JWHEHHBIX YpaBHEHMI{ TakXe MOXKHO 3aj1aTh,
MpHBEIl YHCIOBYIO MaTpurly kKo>(QQUIeHToB 19 TpaBoi dYacTH
ypaBHeHuid. HampuMmep, mocTpoeHHe TIoJIA HarpaBleHAH W HECKONBKUX
TPaeKTOPHH, BEAYIIHX K YCTOMIMBOMY (OKYCY, JIETKO PEaTH3yeTCs IpH
[IOMOIMH CIHEAYIOIMUX KOMaHT:

> A:= linalg[matrix] (2,2,[-1,1,-2,0]):

> readlib (DEtools) [DEplot2] (A, [x,y],-2..6,

> {[o,0,3},[0,-5,0], [O,0,-3],[0,5,0]},

> stepsize=.1l,scene=[x,y], x=-5..5, y=-5..5);
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OO6paTuM BHUMAaHHUE Ha TO, YTO FpapuKH y (%) BBUIAHBI A1 BCEro
HHTCpBaJIa H3MEHCHMA HezaBHCHMO#R mepeMenHod t ([-2..6]), xota
HagaJbHBIC YCHOBHS 3aJaHBl B To4YKe t=0. 3[ech HavallbHBIC YCIOBHA
BBIICIAIOT T¢ HHTErpabHBIC KPUBEIE, KOTOpPBIE CTPOUT Maple.

[TpuBeacHHBIC BOZMOXHOCTH SBIIIOTCA HOBONLHO CICTIHaIbHBIMM,
HO, pa3BUBasgCch 0T MPOCTOI'0 K MeHee IIPOCTOMY, cHcTeMa Maple
obperaer 6olee BHICOKYI0 MAaTEMaTHYECKYI0O KBAaTU(PUKALMIO, H,
ClIeIOBaTENIbHO, MOXHO OXUJAaTh PAacOpoCTpaHCHHA 3THX YMEHWIl Ha
CHCTEMBI 60JIee BEICOKHX Pa3MEPHOCTEH.

KomaHna phaseportrait mpemHasHadeHa id H3o0pakeHHA
(a30BBIX KpUBBIX Ha IUIOCKOCTH M obpammaerca K KoMaHI¢ DEplotl,
€CIM 3aJaHO OJHO YpaBHCHHE, M K DEplot2 i CHCTEMBI JBYX
VpaBHEHHIA IEPBOTo MOPsIKa. ITa KOMaHAa HMeeT clle[yroiuii ¢gopMat:

phaseportrait(deqn,vars, trange,inits,options)

3neck mo-mpexHeMy degqn — muddepeHIManbHOE YpaBHEHHE HIH
cHcTEMa JIBYX YpaBHEHMII MepBOro MopsgKa, vars — HMeHa IepeMeHHBIX
B KBaJpaTHBIX CKOOKaxX, trange — HHTcpBal HM3MEHEHWS HE3aBUCHUMOM
nepeMeHHOH, inits — MHOXECTBO HaYajibHBIX YyCIOBMI, options -

JOTONHHTEIBHBIE TAPaMeTPhl, YACTHIHO OTIHCAHHBIC BHIINE JI KOMAaHJIbI
DEplot. [IpH 3aJaHuH ypaBHEHHIA 3/IeCh JIOCTATOYHO YKa3aTh MX [IPaBbIe

gacTd. [IpuBefeM mpuMep MOCTpPocHUS (a30BBIX KPHUBBIX II CHCTEMBI
ypaBHeHwmii Jlotku—BombTeppa.

> with(DEtools): f:=[2%*x*(1-y) ,y*(x-1)1:

> phaseportrait(f, [x,y},0..5,{[0,2,1],([0,1,2]},

> stepsize=.1,title="Lotka-Volterra equation’);

¥

164

Lotka-Volterra equation

1.4
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Komanya dfieldplot mnpeiHa3HadeHa N9 M3o0pakeHMA
BEKTOPHOTO IT0TIA (I10JI HarpaslieHHit) H corIacoBaHa I0 TapaMeTpaM ¢
KoMaHJIol DEplot, 3a HCKIIFOYCHNEM HadalbHBLIX YCIOBHH inits, 3ajaHuA
KOTOpBIX HEe HYXHo. MoXHo cKa3aTh, 9TO KoMaHAa DEplot2 ecTh
o0bemHeHNe KoMaHI dfieldplot M phaseportrait.

Komanga Dchangevar (expr,deqn,cns) MO3BOJET MpPOBO-
JMThH 3aMeHY TIepeMeHHbIX B TuddepeHImansHOM ypaBHEHUH. 3/iech expr
— Habop COOTHONICHWI, 3a/JlalOIIMX 3aMEHY NIEPEMEHHBbIX, degn -
muddepeHIManbHOES YPaBHECHUE, cns — JOMONHHTENLHBIA CIIHCOK HMEH
repeMeHHbIX, KOTOphIE CYHMTAIOTCI KOHCTAHTaMH IIPH 3aMEHE IIEpPEMEH-
He1X. JlaHHas KoMaHAa HeoOXommMa, TOCKOIBKY KOMaHIa MoJICTaHOBKH
subs HE MO3BOJMET IPOBOJUTH 3aMCEHY B BBIPaXCHUM ITPOMU3BOIHOMA.
[MpuBomaMbIl mpuMep 3aMeHbl IEPEMEHHBIX JUIA YPaBHEHHsA Trap-
MOHHYECKOT0 OCITAIUIATOPa HWIUHOCTPUpYeET paboTy KoMaH/Ibl.
> with(DEtools): de:=diff (x(t),t,t)/a*2+x(t)=0;

2 .
2 x(1)
de:=7—+x(t):0

> Dchangevar ({t = tau/a,x(t) = y(tau)},de,{a});

(%Y(t)}“y(t):o



7. MaTeMaTudyeckue 6MbnuoTeku

O BO3MOXHOCTAX TMAKETOB  AHAJIUTHYSCKUX  (CHMBOILHBIX)
BBIMHCIICHH CYJAT [0 UX YMEHMIO pelIaTh caMple pasHooOpasHble MaTe-
MaTH4Yeckie 3afadd. Maple ocHauieH OONbIMAM KOJIMYECTBOM KOMaH,
OpPraHHU30BAHHBIX B 6MO/MOTEKN (AKETHI), CHCIMAIN3UPOBAaHHBIC IO Te-
MaM.

B mpenpiaymux riraBax ObUIM paccMOTpPeHBI KOMaHbl H GHOHO-
TekH, 6e3 KOTOpBIX, IT0 HAlleMy MHEHHIO, HEBO3MOXHO COJicpXKaTelbHoe
BBelicHUe B makeT Maple. Tlompo6bHoe H3loXeHHE B paMKax JaHHOH
KHHTH BceX KOMAaH/ CTaHJAapTHOH OMOMMOTEeKH M HAIONHEHUI APYTHX
OUOMHOTEK He NpeAcTaBlsdeTcs Bo3MOXHBIM. IloaTomy orpaHmumMcs
OTHCaHHEM HEKOTOPHIX KOMaHJI CTAHZAPTHOH OHOMHMOTEKH M 3CKH3HBIMH
XapakTepHcTUKaMH 6olbimuHCTBA 6ubmoTek. HamoMHamMM, 9To mIg 006-
paIeHUs K KOMaH/1aM MaKeTa ¢ IMeHeM package €ro Hy)XKHO NOATPY3UTh
TIPH MOMOIH KOMaH/Ibl

with (package) .

7.1. OnpeaeneHue abCcTpaKTHbIX
onepatopoB

B Maple cymecTByeT BO3MOXHOCTh paboThl ¢ abCTpaKTHBIMM, He
3aJlaHHBIMH SBHO MAaTeMaTW4eCKUMH omepaTopaMu. Jlns ompeneneHus
omepaTopa U e€ro cBOMCTB HcrobiyeTcd koMaHa define:

define (Linear (oper)) — I ompeleicHUs NMHEHHOTO olepaTopa
oper,;

define (Group (oper,Identity,Inverse)) - And 3ajJaHdas
rpynmsl. 3[iech oper — UM oficpaTopa, Identity — HyleBoil
3JICMEHT, Inverse — OIIEPATOP, BHITHCISIONMIL 0OpaTHBLIH.

IMpuseneM mpuMepbl HCNOML30BaHUA ITHX KOHCTPYKITHH,

> define(Linear(A));

> A(x*sin (x)+5*y*v) ;
A(xsin(x))+5A(yv)

> define (Group(G,II , F));
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> expand(F(G(a,b,c)));

G(F(c), F(b), F(a))
> G{a,F(G(a)));

I

KoManna define uMeer TaKxe CICAyIONMI Q)opMaT:
define (oper,propertyl ,property2, ...).

3[ech oper — omiepaTop, a B KauecTBe 3aJlalOlUX CBOKMCTBa omepaTopa

oIllMii propertyl, property2,... MOTYT BBICTYIIATh 3ape3epBUPOBaH-

HbIE CJ’Iy)I(CGHLIC CIIOBa, YPaBHCHHA H COOTHOIICHUA BUAA f(x) = value.

[MepeuncnyM cirysxeOHBIC CIIOBa:

unary — orepaTop JAcHCTBYET Ha OJHH apryMeHT;

binary — onepaTop JeliCTBYET Ha IBa apryMeHTa;

associative — omeparop SBJISETCA AcCOUMATHBHBEIM, T.c. f(x,f(y,z))=
JU(xy).2) =f(xy.2);

commutative WM symmetric — oHEpaTop CHMMETPHYEH, T.¢. f(Xx,y) =
J(y.x);

antisymmetric — onepaTop KOCOCHMMETPHYCEH , T.€. f(X,}) = -f(y.x);

inverse=g — ONpEJCIICT ONEPATOP g, 0OpaTHBIN K OIIpeEIIEMOMY;

identi ty=x — oIpcaeideT HylIb 1A onepaTopa,

Zero=expr — 3aJlacT BHIPaXCHUE expr 1 oIllepaTopa CO CBOMCTBOM:
f(expr)=expr.

TlosicHHM cKa3zaHHOE nmpuMepaMu:

v

define (f,associative,antisymmetric, zero=x"2) ;
fix,z,y)+£(z,x,y);

v

0
> £(x*2,x"2,z,y);

(0, z, y)
define (  &v’ ,associative,commutative,

> inverse=qg,identity=II) ;
> x &v (y &v 2) &v (II &v X);

v

&v(y,x,x,z)
> x &v gly) & y;
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Jlng 3agaHMs  HEKOTOPBIX CBOWCTB ONEpaTopa MCHOIb3YIOTCS
ypaBHeHHs. UTOObI CBOHCTBO BLINOMHAIOCH /J1 BCEX APTYMEHTOB MK JUIS
apryMeHTOB M3 HEKOTOPOTO Kiacca, MCTONb3yeTcs onmucaTens forall.

Hcnonb3oBaHHWe YpaBHEHWi JUIs OMpeJeNeHHs CBOMCTB onepaTopa H
onucatens forall WIMIOCTPHPYET CIEAYIOLIMI NPUMED:

> define (F,unary,F(2)=25,
> forall (integer (x) ,F(x)=x-1)) ;
> F(235); F(2); F(1/34);

234
25

&

7.2. UHTerpanbHblie npeobpa3zoBaHus

Psa BaxKHbIX KOMaHJ{ CTaHAapTHOH OMOIMOTEKY NpenHa3HAYEH Ui
NPOBEJICHUA MHTErpalibHbIX npeobpasopanuit Pypee, Jlanmaca, Mennuna
U ap.

Hanpumep, 1ns Beluuciienns npeobpasosanus @ypoe

F(w)= Jf(t)exp(—itw)dt
IPUMEHSAETCS CJIEAYIOas KOMaHaa:
fourier(f,t,w),

KOTOPYIO  mepen UCMONBb30BAHHEM HYXHO BbI3BATb KOMaHIOH
readlib (fourier). BblpaxeHue £ MOXET BKIHYATb 3IKCMNOHEHTHI,
NOJIMHOMBI, TPUrOHOMeTpudeckue ¢(yHkuuM, mensta-¢pyHkuuio Jupaka
(Dirac(t)), dyHkuuoo XeBucaiza (Heaviside(t)), a Takke MpPOM3-
BOJHbIE M MHTerpaibl. MOXHO 3ajaBaTh TakXe HeCTaHOApPTHBIC (ypbe-
npeodpa3zoBaHus.

Hanee nepeyricnuM B aihaBUTHOM NOPAIKE APYrHUe KOMaH/IbI.

FFT(n,aRe,alm) —— BbiuMCIeHHEe ObicTporo npeobpasosauus PDypee,
aRe M aIm — MacCHBbl JCHCTBUTENbHBIX M MHHUMbIX YacTei
Pa3MEpPHOCTH 2" Hysxen mpeaBapuTenbHbIA BbI30B NPY NOMOLM
KOMaHabl readlib (FFT).
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iFFT(n,aRe,alm) — obpaTHOE ObIcTpOE NpeobpasoBanue Pyphe; aRe

1 alm — MacCHBH JCHCTBUTEIBHBIX M MHHMBIX dYacTeH

n

pa3MepHOCTH 2.
invfourier (exp,var, name) —— obpaTHoe mpeobpaszoBanue Dyphe

JUI1 BBIpaXEHUd expr 10 TEPEMEHHOM var U ¢ HOBOM
rnepeMeHHON name.

invlaplace (exp,var,name) -— obpaTHoe nmpeobpazoBanme Jlamaca
BBIpaXX€HH4 expr 110 IIepeMEHHOH var U ¢ HOBOH IlepeMeHHOH
name.

mellin(exp,var,name) — mOpeoOpa3oBaHHe MelUHHA BBIpaXCHUA
expr Mo MepeMeHHON var U ¢ HOBOH NnepeMEeHHON name.

[lpuBenieM mnpmMep obpaiieHMs K  IIpoliedype  OBICTpOro
mpeobpasopanua Oypee

> readlib(FFT); x := array([7.,5.,6.,9.]):
>y := array([0,0,0,0]): FFT(2,x,y):
4
> print(x);
[27,1,-1,1]
> print(y);
[0, 4,0 -4 ]

7.3. UuTepnonsauma

B Maple nMeerca HeCKONbKO KOMaHJ, PealM3yIOINMX OOBIMHYIO ¥
CIUTaiH-HHTEPHOILIIAI0. MaccHBbl, 3aJaloIFe Y3Ibl HHTEPTIOSIH, MO-
ryT OBITh HE YIOPAMOYEHB], HO HE JO/DKHBI COJEPXKAThH ONMHAKOBBIX 3JIe-
MEHTOB.

Jl7s1 mocTpoeHus MHTEPHOISIHOHHOI0 MHOTOWIEHa OTHOCUTENbHO
IepeMeHHol var 1o Tabimile, 3alaHHOH BeKTOpaMH X, Y, UCIOJH3yeTcst
KoMaHJa interp(X,Y,var).

IlocTpoenue cruraifHa OTHOCHTEILHO IlepeMeHHOM var mo Tab-
7vIle, 3aJaHHON BeKTOopaMH X, Y, DPOH3BOJUTCA TTLH MOMOIMMA KOMaHJIbI
spline (X,Y,var,d). 3maech napaMerp d  OmpeAesieT MNOPANOK
CIUIaiiHa, KOTOPHIH MoXeT ObITh mHeHHbEM (linear), KBaJIpaTHYHHIM
(quadratic), kybuteckuM (cubic) U yerBepTOl creneHH (quartic).
[To yMomiaHMIO cTpoHWTCca CIIaHH TpeTbero nopsaka. Ilepen ucriomwso-
BaHueM KOMaH/Ibl Tpeﬁye’rca €e BBI3OB: readlib (spline). PesyibTa-
TOM JICHCTBHS KOMaHbI OYJEeT MOCTpoeHHe cIllaiiHa B BHJE YCIOBHOI'O
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BBIpaXXCHHs, HAOPHMEP MPHUCBOCHHOr0 HMeHH rez. [ odopmircHus
cIUTaifHa B BHJC ITPOLEQyPHI HYXXHO HCIONB30BATH CICAYIOINYIO KOHCT-
PYKIIHIO:

s:="spline/makeproc” (rez,x).

3xeck 8 — MM GopMEpyeMoit P OLle/LyphI, X — HE3ABUCHMAA [IepEMEHHAS.
[TprMep rpUMEHEHHS CIUTAMH-UHTEPIOISAIMY AaH B T 10 "MuHu-uccne-
JloBaHUs" .

7.4. OpToroHanbHbie MOJIMHOMbI

ITaker orhtopoly yMeeT onepupoBaTh CO CICIYIOIHME BHIAMH
OpPTOrOHAJBHBIX ITOJIMHOMOB!
G(n,a,x) — n-it mommoM lerenbayspa (cemelicTBo yIbTpachepmdeckux
OJMHOMOB).
H(n,x) - n-if MHOTOWICH DpMHTa.
L(n,x) - n-ii MHorowieH Jlareppa.
L(n,a,x) - n-if 0606meHnbI MHOTO4IeH Jlareppa.
P(n,x) - n-HMHorowieH Jlexannpa.
P(n,a,b,x) - n-if MHorowieH Jxo6u.
T(n,x) - n-i 0600meHHbIH MHOrowIeH YeOkiena.
U(n,x) - n-ii MHorowieH YecOblmeBa BTOPOro poJia.
Bonee merampHOE oIMHcaHUE KaXAOTo IMOJIMHOMa MOXET ObITh ITo-
JAYYCHO TPH ITOMOIIU KOMaHBI CIIPaBKy

?orthopeoly[letter],

rre letter osgagaer HavYa/IbHYIO 6yKBy COOTBCTCTBYIOIICTO MMOJIHHOMA.

7.5. Teopus uucen

[Taker Maple mMeer MHOTO KoMaHJ it 3¢ dexTuBHOM paboThl B
TCOPUU UHcell. HekoTopble M3 3THX KOMaHJ HaXoJATcAd B CTaHJapTHOM
6ubnmoTeke, HO OONBINMHCTBO COJEPAKUTCA B TpeX OMOIMOTEKAX:
numtheory, GaussIn u padic. B ocHOBHOM ¥ BXOOHBIMH Tapa-
METPaMH, U pe3yIbTaTaMu ACHCTBHA 3THX KOMaHJ BBICTYIAIOT “Hc/a
elbie, pallioHalIbHbIC, TIEMHbIC OPo6H, TayccoBhl HENMble (KOMITICKCHBIC
Liebie), p-afHuecKue, MPOCThie, 8 TakXkKe HECKONbKO W3BECTHBIX Uppa-
[MOHAIBHBIX YHCEIL
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JUIS BRUISIICHHS THCIUTENS W 3HAMCHATE PalMoHaILHON ApobH
MOXHO HCIOIb30BATL KOMaHABI CTAaHAAPTHOH OHOMMOTEKH numer M
denom. Eciin 1iesioe wucimo (3HaMeHaTenb, 9UCTUTENh) HE TOMEINAeTcs B
CTpOKe BBIBOJA, TO OHO IEPEHOCHTCI Ha CICOYIOIIyI0 CTPOKY, a B
KayecTBe 3HaKa IepeHoca craBUTcs obpaTHbii o (V). Maple mpemoc-
TaB/IsIeT BO3MOXHOCTbL PaboTHl ¢ LEMBIMHU TUCIaMH, ¥ KOTOPHIX Goce -
tHcoT Thicsd (500000) mudp, HO mpu omepalMsAx ¢ TAKMMHU 9HCIaMHd Ha
MepCcOHaTbHOM KOMIBIOTEPE, CKOpee BCEr0, BOIHUKHYT MPOOIEMBI ¢ Ma-
HIMHHBIM BPEMEHEM U ITAMATHIO.

IMpuBeneM npuMepbl HEKOTOPBIX BO3MOXHOCTEH JaHHLIX ITAKETOB.
Jns pelneHHs TOIMHOMHANLHBIX YPaBHEHHI ¢ palMOHadbHHIMH Ko3(-
(UIIMEHTaMH MOXHO HCIIONB30BaTh KoMaHly cfracpol U3 6ubmioTeku
numtheory. B 3ToM cirydae oTBeT BRIIaeTcsS MpH MOMOIIM HEITHBIX JPO-
Ocif; xoMaHAa cfrac CIIyXuT A rpeobpa3zoBaHus oOBMMHON JpoOH B

IIEMHYI0 U HA060poT.

> with (numtheory) :

> a:=cfracpol (68*x”*4+364*x*3-281*x*2~

> 91*x+66,20) ;
a:=[-1,2],[0,2],{0,1,1,1,5],[-6]

> b:=cfrac(a[3]); cfrac(b);

_u
b“17

1

JU1 leMoHCTpaIlK Bo3MOXHOCTeH O0MOIHoTeKH numtheory IIpH
TIOMCKE TPOCTHIX YHCETI BOCHOJB3YeMCS CIICAYIOINHMM TPHBHAILHBIM IIPH-
MEpPOM: 9HCIO OpOBEPSCTC Ha MPOCTOTY H HINETCS CICAYIOIIee 3a HUAM
[IPOCTOE JUCTO .

> d:=7654321: isprime(d); nextprime(d);
false
7654337
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IMonck 6mrkalmero rayccoBa 4HclIa H IPOBEPKY CYMMBI 3TOIO
4gyicia U MHAMOH J0o0aBKH Ha NPOCTOTY WUIIOCTPHPYET CIICHYIOTTHE
IpHAMED:

> with(GaussInt):
> g:=GInearest (sqrt(3+I1*5)); GIprime (g+I*4);
g=2+7
true
Jna p-agpdeckux dHcen MMeeTcd COOCTBEHHOE JOBOJIBHO CIIE-

mrAdUIeckoe MpeAcTaBlIcHUe; I IpeoOpa3oBaHUus B JaHHBIE APYTHX TH-
TIOB HYXHO MCIIOIb30BaTh KOMaHAY op, KOTOpas BRUIACT BHYTPCHHIOK

CTPYKTYpPY YMCHa ¥ IPEAOCTAaBNIeT AOCTYI K €0 ONicpaHiaM.
IIpuBeseM npuMep MCHONL30BAaHMS pP-aJMYeCKUX 9HceT I JeiicT-
BHIH C 9KCIIOHEHTOH U Jorapudmom.
> with(padic):
> Digitsp:=6; evalp(exp(5),5); logp (");
Digitsp =6
14+5+352+435%+45°+0(5%)
5+0(5°%)

7.6. CtaTucTMKa

CraTHcTHKa MMeeT CBOIO, PasBUTYI0 CHCTEMY HMAKeTOB /Uit oOCiy-
KUBAHUA TPHKIIAZHBIX 3adad. KoMammsl Maple 11 cTaTHCTHYECKHX
pa®oT mperHa3Ha4eHbl TeM KaTErOPHSIM MONIb30BaTeleH, KOTOphle HYX-
IaloTCA B Cpejie, MO3BOIAIONICH JIETKO MEPEXOAUTH OoT o/HoW MareMa-
THYECKOH criermanm3anmy K Ipyrod, He pacxoiyd JHUITHEN0 BPEMEHH Ha
TpaHCOpMaIFIO JaHHBIX F OCBOCHHE Pa3IMIHBIX IIPOrPaMMHBIX CPEICTB.

Tlaker stats mpegocTapisieT Xopoluwi Habop KomaHA Ui aHa-
m3a JIAaHHBIX ¢ BBMMHCICHHEM Pa3iNWdHBIX CPEHHX H KBaHTWICH,
rpadudeckoro mpeAcTaBlIcHHS JAHHBIX B BHJE THMcTorpaMMm u rpaduxos
paccesiHAA, a Takxe Ul 06paboTKH TaHHBIX.

ITakeT cocTOHT H3 MHOXeCTBa KOMaH, 0ObeTHHEHHBIX B MTOXOHO-
JHOTEKH aHalm3a JaHHLIX (describe), crmaxuBanug (£it), npeobpa-
30BaHUA JaHHBIX (transform), FeHepalldH cIy9aiHBIX YHced COTAacHO
3aJJAHHBIM pacmpelieieHNsM (random), YHCICHHOH OHEHKH CTaTH-
CTHYECKHX pacrpeficinennii (stateval f) u rpaduxn (statplots), wmoc
KOMAaHJIa CYHTHIBAHKA JJaHHBIX B3 ¢afina importdata .
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Bcernreernue Takoi opraHHM3allMH DakeTa IjId BbI30Ba KOHKPETHOH
KOMaHahl command W3 TOAOHOIMOTEKH subpackage, 0coOeHHO B
cifyyae KOHQUIMKTa WCIOJIb3yEMBIX B CECCHH HMMCEH, MPHXOMMTCA TIpHUMe-
HATH OJIMH U3 CJICIYIOIMX (JOpMaTOB: '

subpackage [command] (args),
€CITH TTpeIBapUTENbLHO 3arpyXeH BeCh MakeT stats, U
stats [subpackage,command] (args),

€CIIM ITaKeT stats He 3arpyXeH.
HyxHyio moabubmioreKy MOXHO 3arpy3suTh OpH HOMOIOM KO-
MaBApl

with (stats, subpackage) .

Jlis  moiydeHas MHPOPMAIMMT O KOMaHAax HOII6PI6IMOT€KH
subpackage clIe[fyeT BOCIOIL30BaThCA CIIPaBKOH

?stats[subpackage]

WM TIOCMOTPeTh cooTBeTcTBylomyio TeMy B Help Browser. Tam xe
MOXHO TIONYdWTb CBCACHMS O IIPEACTABICHHM JaHHBIX (data) U 06
AMEIOIIFIXCA CTATHCTHYECKUX pachpelieiicHusx (distributions). Ha-
KOHell, BCerjia TIONE3HO COPaBUTHbCS 00 M3MEHCHHMAX B CHCTEME
(updates).

TpuBeneM npuMep HCHONB30BAHHA KOMaHX HakKeTa stats A
afmpOKCHMAIFH GYHKIMM CHHYca KBaJpaTHYHBIM IOJMHOMOM. BHauane
MOIrpyXaercs caM MaKeT, ycTaHABIMBAacIcd pas3pANHOCTh, ¢ KOTOPOH
Oy/yT TpoBOJMTHCA BBHIYHCICHMA, M NOIroTaBlMBaloTcs ABa Habopa
JaHHBIX — abClpcchl M OpAMHATHL. 3aTeM METoI0M HAUMCEHBIIWX KBajgpa-
ToB Haxomarcd Ko3dPMIMCHTH 3aJaHHOTO IOJIMHOMA, MOATPYXaeTcd
rpadudeckas noabuOMI0oTEKa W TP NMOMOIIHM KoMaH#p! display H3
rpadugeckoro nmakera plots Ha OJJHOM PHCYHKE H300paxaroTcs HCXOM-
HbIe TOYKM (KoMaHIa scatter2d) u rpaduk KBagpaTHIHOrO MOJIHOMAa
(koManga plot). 3mech obpaTM BHHMaHMC Ha OQOPMIEHHE BBI30OBa
HYXHBIX KOMaH[: JJIF 3aI1ycKa KoMaH/bl leastsquare IPAMEHEH BbI3OB
¢ npeduxcom noxdbudimoTeky £it, a mepes HCIOIb30BAHUEM KOMAaH[bI
scatter2d noarpyxena rpadudeckas moaonbIMoTeKa statplots.

> with(stats): Digits:=3:
> xx:=[evalf (seq(.3*j,3=1..8))1:
> yy:=[evalf (seq(sin(.3*j) ,3=1..8))]:
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> f:=fit[leastsquare[[x,y] ,y=a*x*2+b*x+c]]

> ([xx,yy]);
fi=y=-4425x?+1385x—.0933

> with(stats[statplots]):

> plots[display] ({plot(rhs (f) ,x=0..2.3,y=0..1),

> scatter2d (xx,yy) } ,symbol=circle) ;

0.4

il

0p 0.8 1 1.6 2 2.5

7.7. CteneHHble pa3noXeHus

TMaker powseries COJCPXHT KOMaHIpl U1 paboThl ¢ dop-
MAaTbHBIMH CTEIICHHBIMH Pa3ioXeHUSIMH. B ImaxeTe okxoio ABaiiaTH Ko-
MaHJI, KOTOpPbIE TTO3BOJIIIOT 3aJaBaTh Pa3jIOXECHHUS KaK MOCPEACTBOM pe-
KYPPCHTHBIX dopMyl (powcreate), Tak U Heped OOBIMHBIE ITOIHHOMBI
(powpoly), a Takxe TPOBOJUTH ¢ HUMH pasiMyHBle omeparmm. Jlms
XpaHeHHA Pa3IoXCHHM HMCITONB3YeTes CHEIMAaNbHEN (gopMaT, MO3TOMY
IUIs MPOCMOTPAa MX HYXHO TIEpeBOJUTH B OOBIYHBIE PSBI NP IOMOLIH
KoMaHIp! (tpsform).

KopoTko omuimeM HMeroluecs B IaKeTe KOMaHBI. 3afaBacMbIe
PA3IOXCHHUA IMOIydaloT UMCHa, KOTOphIC Jajee MPEACTaBIBOT pa3iloxkKe-
HAY B apryMeHTaXx CHeHylolMX KOMAaH[: BBHIUACICHHA CyMMbl (add) H
pasHocTH (subtract), YMHOXEHHS Ha 3aJaHHOE BBIpaXcHUE
(multconst), npousBelcHud (multiply) W jeneHus (quotient),
madpdepenimpoBans (powdiff) M HMHTErpHpoBaHMA (powint),
BBIYMCIEHUA OKCIIOHEHTHl (powexp) W HaTypalbHOIo JorapudMa
(powlog), BBHIUHMCIEHUS MYILTAIUIMKATHBHOIO (inverse) M a/UIMTHB-
Horo (negative) o6paTHBIX, KOMIIOZHIMH (compose) H 00paTHOIo K
KOMITO3HITHH Pa3IoKeHU] (reversion).
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HMeercs Takxke aHallOr KOMaHIbl eval — KOMaHIa evalpow, 1o-
3BOBIIOUIAA BBIYMCIIATH CIIOXHBIC BBIPAXEHHA, B KOTOPHIX Y4YacCTBYIOT
PasIoXECHUA H UCIIOJIb3YIOTCA oObIYHbIE 3HAKH JUIA CIIOKEHNS, BEIMATaHUA
M YMHOXEHHH, a TaKXe cIelHalbHbe onepali (powexp, powinv,
powlog, powneg, powrev, powdiff, powint, powquo). g pemenns
muHelHOro AU QepeHIMaIbHOr0 YpaBHEHHS B BMie (POpPMabHOTO
pasioxkeHHs MPUMeHAETCS KOMaH/ia powsolve.

IpomeMoHcTpHpyeM paboTy makera Ha IIpUMepe HOCTPOCHHS
dopMankbHOro pasioxeHus HIA peiieHusS AU(QepeHIMAaTbHOIO ypaBHe-
Hug. O6paTHM BHHMaHUE, 9TO IIPH MOCTAHOBKE Ha4a/bHBIX YCIIOBHH OT-
CYTCTBOBAIIO YCIOBHE I TPEThEH MMPOM3BOIHOM, W B OTBETE BO3HHKIA
KoHcTaHTa C3.

> with (powseries) :
> eq:=diff (y(x,x$5)=-y(x,y(0)=0,
> D(y(0)=-1,D(D(y)) (0)=-2;

eq ;:%y(x) = -y(x), y(0) = 0, D(y)(0) = -1, DD(y)(0) = -2

> v:=powsolve ({eq,D(D(D(D(y)))) (0)=4}):
> tpsform(v,x,5);

—x—x2+éC3x3+éx“+O<x5>

7.8. lluHeHaa onTUMMU3auuna

INaker simplex coAcpXHT KOMaH/bl JUIA PEIICHHA 3a/ad JIHHEH-
HOM ONTHMH3aLMH DPH ITOMOIIH CHMIUIEKC-MeTojia. [lepen oOparnenyeM k
KOMaHj[aM IIaKeTa ero HyXHO NOATPY3UTh WM MCNOJH30BAaTh BHI3OB
KOMaHJIb! ¢ IpedrKCcOoM NaKeTa.

J1a ompeneneHnAs MakcMMyMa JIMHCHHOW ¢yHKImHM £ mpH orpa-
HUYeHRIX h IpuMeHseTcs KoMaHJIa maximize (£f,h). 19 noucka Mu-
HUAMyMa HCIOJIb3yeTcd KoMaHAa minimize, a kKoMaHAa feasible
npeqHasHadeHa JUIS BBIICHEHUA BOIpoOca, CYMIECTBYET JIM PeEllcHUE I
JIaHHOU CHCTeMBbI orpaHW4YcHHMU. [Ipyrue KoMaHJBI MO3BOBIIOT BBUIOIN-
HATH OICpalliy, peaji3yIoIye OTelbHbIE [IaTH cuMIyiekc-MeTona. Ile-
PEHHCIHM HX.
setup — 3aJlaHUE CHCTEMbI JHMHCHHBIX YpaBHEHUH V11 ITOCICHYIOLIErO

ompeneneHns ©Oa3uca (HepedHs IepeMEHHBIX) NpH IIOMOIIU
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KoMaHObl basis; ypaBHEHHA 3aJaloTcd TaK, 49TO KaXAasd H3
TiepeMEHHbIX 6a3¥ca BXOMHUT B JIEBYIO 9aCTh OJHOT'0 YPaBHCHMI,
convexhull — BEIYMCIIEHHE BBIMYKIIOH 0b0iIouky 11t Habopa Tovex;
cterm — ompejelcHHe KOHCTAHT JUIS CHCTEMBl YypaBHCHHH WM
HEPaBEHCTB;
define zero — onpefieleHre HAUMEHBINET0 HEHYIEBOro 3HAYEHHS (o
YMOJI9aHHIO CBA3aHO ¢ KOHCTaHTOH Digi ts);
display — BbIAa4a 3aJaHHBIX JIMHCHHBIX YpaBHCHHH M HEPaBEHCTB B
MaTpH4HO# dopme;
dual — BbIjada COTIPSKECHHON 3a1a4H;
pivot — KOHCTPpYHPOBaHME HOBOM CHCTEMBI YpaBHCHUI C 3aJaHHBIM
[JIABHBIM 3JIEMEHTOM;
pivoteqn — BhIlada MOACUCTEMBI IS 3aJaHHOTO TTIABHOI'O JIEMCHTA;
pivotvar - Bbllada IICPEMEHHBIX, UMCEIOINUX MOJIOXUTEIbHBIC
K03(UIMEHTHI B BLIPAXXKEHUAH LIENICBOH GYHKIRIH;
ratio — Bbla4a OTHOLIECHWI /I ONpeAciieHHd Haubojiee XECTKOIo
orpaHUYeHUS;
standardize - IIpuBeJeHHE 3aJaHHOM CUCTEMBl YpABHEHUH WU
HEpaBeHCTB K cTaHIapTHOH (B BUJIC HepaBeHCTB) dopMe.
IIpuBenem mpocToi MpUMep.
> with(simplex) : obj:=-x+2*y+3%*z:
> cns:={x+2*%*y-3*z<=4,5*x-6*y+7*z<=8,9*x+10*z<=11}:
> maximize (obj,cns union {x>=0,y>=0}) ;

73 11 1
%y“zo’z‘ 100*=9]

7.9. MaTeMmaTnueckasn noruka

Ji1d ucnolb3oBaHUA KoMaHABl Makera logic HyXHO 3arpy3HTh
100 Bech MaKeT MpH oMo KoMaHAe! with (logic), b0 HYXHYIO
KOMaHIy - with (logic,command) . Taxxe JonycKaercs
HemocpecTBeHHOE 0O palllcHHe K KOMaHe ¢ YKazaHWeM MpeduKca ImaKeTa
logic[command] (arg), I'/ic arg — apryMeHTHI KOMaH/IbI.

ITaker MaTeMaTH4ecKOH JIOTMKH logic COCTOMT H3 HECKOIBKHX
KOMaHJ: bequal - TMpoBepka OSKBHUBAJICHTHOCTH MHBYX JIOIMYECKHX
BEIPaXCHHIA, bsimp — ymponicHuWe 6yJIeBCKOro BHIpaXeHHsA, canon —
IpEACTAaBIICHHE BBHIPAXEHHS B KAHOHHMYCCKOM BHIE, distrib -
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TIpCIICTABIICHHE B BUJAC CYMMBl  TPOM3BEINCHHN  (MM3BIOHKITHA,
KOHBIOHKITWA), dual — BHMUCICHHE JBOWCTBEHHOIO JaHHOMY
BBIpaXeHWs, environ — 3aJJaHe YPOBHA aBTOMAaTHYECKOI'0 YIPOINCHUS
BEIpaxeHntt (0 — 0e3 ympomreHus), randbool — MOCTPpOEHUE CITYIalHOT0
OylIeBCKOrO BBIPAXEHWS IS 3aJaHHBIX JNOTMYECKUX TICPEMEHHBIX,
satisfy - moabop 3Ha4YeHMH TepeMEHHEBIX, YIOBIICTROPSIOUTHX
HCTHMHHOCTH 3aJlaHHOTO BBIpakeHWs, tautology — TIpoBcpka Ha
TOXIECTBEHHYI0 HCTHHHOCTh. HakoHell, UMeeTcd HECKOJILKO BapHaHTOB
KOMaHJIpl convert I TpeoOpa3oBaHUA JIOTHYCCKHX BBIpakKeHHH K
0DIMEeCHCTEMHBIM.

ITpu mocTpoeHHN JIOTHIecKHX BHIPaXXeHHMH JOIYCTHMBI CIIE/IYIOIIe
OymeBckHe ollepalui: &and (H), &or (WH), &not (oTpHitanue), &iff
(ecw ¥ TONRKO €cH), &nor (OTpHIlaHWE W), &nand (OTpUIlaHHE H),
&xor (MCKITIOYAIoNce WIH) U &implies (MMIUIMKAIMS).

IMpoummocTpupyeM paboTy makeTa Ha TIpUMepe ITOCTPOCHHS M
yIpOILNEeHUs CIIydalHOT0 BHIpakeHUS 19 ABYX OYIIeBCKHX TIEpEeMEHHBIX.

> with(logic): )
> qg:=randbool ({a,b} ,CNF); bsimp(q) ;

q = (&not(a) &or &not(b)) &and (a &or &not(h))
&not(b)

7.10. Teopus rpacosB

Jma pabotel ¢ rpadaMu mpemHa3HadeH naker Networks. ['pad
3ajacTcs [IPH oMol KOMaHJ new, complete, cycle i petersen
U COCTOMT H3 BepIIMH U pebep (MPOCTHIX, KPaTHBIX U meTemb). ['pad
IIpPeCTaBIseTCS B BUJIE MPOTIEAYpH! THIla GRAPH, Tello kKoTopoit oObMHO
HE BBIBOJMTCS, TaK KaK IO YMONYaHWIO 33JaH DPEXHUM II0JaBIICHHAA
BbIBOJA: interface (verboseproc=0).

Jis co3maHms KormH rpada HMMeeTcs KoMaHaa duplicate,
TIpHYeM TTOCHCAYIoNHe MoIUKaIHA UCX0oJHOT0 rpada He 3aTParuBaoT
Kormmau. Co3TaHHbI rpath MoXeT OBITh H3MEHEH MPY NOMOIMH Pa3IMIHbIX
KoMaHJ: s o6aBieHNs BEpPINVH H pebep clIykaT KoMaHIb addvertex
# addedge COOTBCTCTBCHHO, A yAalcHHI — delete. [lo yMomuaHuro
Bec BepIIHHBI TIPUHAT paBHBIM HYMO, a HMEHa BEpIIMH 3aJaroTcs
qHCIaMK, HO MOTYT HMeTh MoOble nomyckaeMple Maple mMeHa. KIMeHa
pebep 1o yMoaT4aHMIo Jatores B GopMaTe e. (1. .m) (T.c. el, e2 U T.1.),
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Takxke JOIYCKAloTcd MoOble, HauMHaIoOMmMMeca ¢ OVkBbl ‘¢ uMena. Ilo
yMoIMaHMIO Bec pebpa paBeH emuHMIIE, HO MoxeT OwITh Maple-
BBIPAKCHHUCM.

KpoMe Toro, cymecTByeT MHOTO KOMAaHJ, KOTOPEIC PeaM3VIOT
OCHOBHBIE Oftepaliuyi paboTH ¢ FpadhaMu: BHIYWCIIEHNE FIOTOKOB B CETHX,
oTipeJlelicHHE CBSI3HOCTH, MOWCK IOKPHIBAIOIINX JEPEBHEB, pacueT BcexX
KpaT49alImux nyTei ¥ T.11.

Jng resepanmy cirydaifHoro rpada CJIy)KHT KoMaH/ia random. [{ims
OIpe/IeicHHs. XapaKTepUCTHK rpada mpelHa3HaueHbI KOMaHIN edges H
vertices. [Ipusenem mpocroi nmpuMep. OnpenemmiM rpad Ilerepcena n
HapHcyeM ero. 3aTeM yJalluM HEecKOIBKO pedep M BEpIIHH H BBITaIUM
XapaKTepHCTHKH MouumpoBaHHoro rpada. B saxmodeHne mocinracM
CBS3HOCTE U YHCI0 BO3MOXKHBIX Pa3pe3oB.

> with (networks): G:=petersen(): draw(G);

> delete({e.(1,4,7,12)},G): delete({2,10},G):
> vertices (G); edges(G); ends(G);

{7,8,9,1,3,4,5,6}
{e3,el4,el5,ell, e8, e6,e5}
{{1,6},{7,41,{9,5},{1,5},(3,4},{7,6},{8,9}}

> connectivity(G); countcuts (G);
1
7
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7.11. Annpokcumaumns PyHKLNNA

B mnakere numapprox coOpaHsl KoMaHIbl I8 IpHOIDDKECHHA
(pyHKIHMI paroHaibHLIMY TTIoNMHOMAMH. [TepeavcimmM ux:
chebpade — BRMHCICHHE aIrlIpoKCHMAalldy M I1aJC-aniIpoKCHMaii IpH
HOMOLIH NoJIMHOoMoB YeObmena,
confracform — npeobpazoBaHre palTAOHAIBHOM (PYHKITH B LIEIHYO Ipobb,
hornerform — npeodpazoraHue nomHoMa 1o cxeMe ['opHepa,
infnorm — BRIMHCIICHAC HOPMHI [, ,
laurent — pasnoxeHue GyHKIIMHE B psx JlopaHa,
minimax — BHYHCICHHE HaWIydIeli MHHMMAaKCHOH palMOHALHOMH
anmpoKcAMallyH,
pade — BBMMUCICHHE I1a/Ic-aIP OKCAMAaLHH,
remez — BBLUMCICHHE HAWIyYIDe MHHHMAKCHOM panMOHAaIbHON
anmnpoKCcCUMald# ITo aropuTMy Pemesa. :
[TpuBeaem mpuMeps! obparmenys K KoMaHAaM NaKeTa, BbIOpaB cu-
HyC B KadecTBe alIIpOKCUMUPYeMOif U olicHUBaeMo¥l QyHKIMH. BHauase
MOJy49rM OOBIMHOE pa3iiokKeHHe B psald JlopaHa U IpeBpaTHM €ro B pa-
IMOHATHHYO Apo6b.
> with (numapprox) :
> c:=laurent (sin(x) ,x); convert(c,ratpoly);

c :=x—%x3+%6x5+0(x7)

A
;gox +x

1 2
1+20x

3aTeM BBUHCIHM MaJc-alIpOKCUMAaIMI0O M IpeobpasyeM ITo-
JIYYCHHOE B TIEITHYI0 APOOH.
> p:=pade (sin(x) ,x,[3,3]); confracform(p);

A
GoX T
pl:_—l—‘
= L2
1+20x
7 200 1

-IxX+
3 3 x+20-1—
X
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BeraviciiuM HopMy [ U1 CHHYca Ha 3aJaBHOM OTPe3Ke ¥ HalaeM
TOYKY, B KOTOPOH JIOCTHraeTcs MAKCHMYM.
> infnorm(sin,-2..2, 'xmax'),; xmax;
1.0
-1.570796328
[IpoBeneM aHalormdHoe BBMMUCICHUE [UIS Iaje-aTdIpOKCHAMAITAM

CHHYyca; TOPH 3TOM HCIIONb3yeM KoMaHAy unapply i1 TpeBpamieHUS
BBIpaXeHWs B QYHKIDAO, TaK KaK KoMaHia infnorm OICHMBACT HOPMY

Gymamm.
> infnorm(unapply(p,x),-2..2, 'xmax'); xmax;
9959222950
-1.554010892
Haiee obpaTiMes K KoOMaH/E minimax JUIA MOTydeHHs HaWTyduIei
anrnpoxKcuManuy CHHyca ImoJMHOMOM IIATOM CTENECHH.
> minimax(sin(x), x=-2..2,5);
-.102427 10°® + { 9987651408 + { -.2730800000 10°.
+{-.1641538513 + (.2284050000 10~ + 007042122100 x ) x ) x ) x )

Haxonerr, wcrmonbiyeM IS alpPOKCHMAallMH  TIOJHHOMBI
YeOonuena, IPAYEM JUII COKpaIeHUs Yucia (P yMEHbIIHM MaHTHCCY.
> Digits:=5: ch:=chebpade(sin(x) ,x,3);
> chebpade (sin(x) ,x, [3,3]);
ch:= 88010 T(1,x) - .039127 T(3, x)
89083 T(1,x) - .027887 T(3, x)
T(0, x) +.025529 T(2, x)

7.12. Kom6buHatopuka

OneMeHTapHbIe KOMOMHATOPHBIE ONEPAllMH MOKHO IIPOBOJUTH NIPH
TIOMOIMM KOMAaHJT CTaHAapTHOH 6ubmoTeku. Tak, mpu moMoly KOMaHabl
binomial (n,r) BEMUCIIOTCI OHHOMHANBHBIE K03 () PHUIIMEHTHI
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Ecm 0 < r < n, TO 3T0 9MCI0 BBIGOPOB ¥ 0OBEKTOB U3 N 0GDBEKTOB,
JUIS BeeX IPYPHX CIIy9aeB UCIIOIb3yeTcd popMyiia

_ [(n+1)
" I(r+1)T(n-r+1)

Ecim B xadecTBe apryMeHTOB 3aJlaHbl CHMBOIIbHBIE IIEpEeMEHHBIC, TO 3a
t

HCKIDOYCHUEM TIPOCTHIX CIIy4aeB THIIA Cn BO3BpaljaeTcd HEOIECHEHHOE

BhIpaxeHHe. IIpuBeieM IpoCcThie IIPUMEDPBI.

> binomial (5,2);

10
> binomial(n,2);

binomial(n, 2)
> expand (") ;

%(n—l)n

MHoxecTBo pa3HBIX KoMaHJ| cobpaHo B KOMOMHATOpPHBIA DakKeT
combinat. K ero xoMaHmaM MoXHoO 0OpaniaThcs 110 HIMEHN

command (args),

el TIPCBAPUTENLHO 3aTPyKeH Bech MaKeT, WM, yKasbiBas IpegHKc
TaKeTa Tepel KOMaHIol,

combinat [command] (args) .

TMepeuncM  HeKOTOpHIE KOMaHIBI makeTa. [lnd BBITHCICHHS
COYCTAHHH W 9MCIA COYCTAHMHA MPHMEHMIOTCY KOMaHIhl choose H
numbcomb, a I BEIIHCICHHA MEPECTAHOBOK H HX 9HCIa HMEOTCA KO-
MaHIbl permute ¥ numbperm COOTBETCTBCHHO; KoMaHOa fibonacci
CITYKAT IS ofpeielieHus n-ro yucia Gudonaqun.

IIpuBeaeM npaMep MCTIONB30BaHUS IICPEYHCIICHHBIX KOMaHI:
> with (combinat):
> choose([a,b,c]); numbcomb([a,b,c]);

([ I, (a], [2], [a, 8], [c], (&, c], [, ], [4, b, c]]
8
> permute([a,b,c]); numbperm([a,b,c]);
[{a, b, c],[a,c, b],[b,a,cl [b ¢ al lca b]{c b all
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7.13. 'pynnbl 1 ¢popMbl

TTaker difforms mpeAocTaB/ieT KOMAaHAB VA co3aHud udde-
peHMansEBIX Gopm H paboTel ¢ HMMH. HampuMep, MoXHO oNpeneimnTh
6a3uc mpu moMomM KoMaHAbl defform M HCIONB30BaTh OHNEpAaIlMH
BHEINHEro YMHOxeHAS (&*) ¥ Ipou3BoHoIM (d).

Ja momydeHus cBelieHH 06 HCMOIb3yeMBIX MAKeTOM THIIaX Clie-
ayer 06paTHTLC$I K cripaBke ?difforms[type], I'lic B KayecTBe type
MOI'yT BBICTYIIATh const, scalar WiH form.

B makete 1liesymm, 03BOISIOLIEM paboTaTh ¢ cUIMMeTpHIMHE Jin,
HCIIONB3YIOTCSA CBOS BHEIIHAA Mpou3BoHas (d) U BHENIHEE ITPOMN3BEICHHE
(&%), He 3aBUCHMEIC OT HMeEIOIMUXcA B nakere difforms. OmpenciteHue
CTIMCKa KOOPJMHATHRIX TIEPEMEHHbIX (HYTH-QOpM) NMPOUIBOAUTCS TIPH
TOMOIM KOMaH/pl setup, I BRMHCIICHHS TPOXM3BOMHOHN JIM CIyXuT
KoMaHJla Lie, KoMaHIa wcollect mpuMeHsercd It IIpEACTaBIICHUS
¢opMsl B BUze cyMMBl dopM. [ing mpeobpazosanus dopM M ImpecTaBite-
HHA pe3yllbTaToB HMMEIOTCI KOMaHABRl choose, getcoeff, mixpar,
wdegree, wedgeset U value.

KoManyp! makera He TPeOYIOT HEMOCpeICTBEHHOH paboThI ¢ -
¢epemimamsabiMu popmamMu. Ecim 3agan Habop muddepeHITHAILHBIX
YpaBHEHMIA, TO MpPH NOMOINM KOMaH[bl determine OMpeACIAiOTCS A KO-
opauHaTh U JupdepeHimamsubie dopmbl. g o6o3HAYCHUS YaCTHBIX
TIpOM3BOHBIX JIYUIIC HCNIONIL30BaTh KoMaHAy Diff, yueM xoMaHapl diff
u D. Jing ompelelcHHs HyXKHOIO NOPSAAKa CMENIAHHBIX MPOW3BOIHBIX
MOXHO HCIIONB30BaTh KOMaHAy mixpar, a UI1 KOHBEPTHPOBAHHA MpoO-
H3BOJHEIX Diff B npoHu3BoHBIC diff NpH IpEeACTaBIICHUH PE3yILTAaTOB
paboTHI KoMaH/Ibl determine HYXXHO HCMOJIF30BaTh KOMaHIY value.

B makere group coOpaHEI KOMaH[pBI, pealM3YIONIHAE OMNEpAIX
paboThl ¢ TpyIIaMu.

7.14. [ipyrve nakeTbl

KoMaHp! nakera totorder Mo3BoiBioT YHOpSAOYMBATH IEpe-
MEHHbBIE COITIACHO 3aJaHHbIM HepaBeHcTBaM. KoMaHja tassume BBOAMT
OTHOILLUCHUS MEXIy HMEHaMH, KOMaHlla ordering BBIACT TEKYyINce YIIO-
panogecrne. KoManaa tis CIyXHT I onpeeeHHs MICTHHHOCTH BBICKA-
3bIBaHHA 0 HepaBeHCTBe. KoMaHia forget yHMYTOXaeT OTHOLICHUS JUIA
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oJio# TepeMeHHOH, a init cOpackiBaeT Bce HasHadeHHs. PaboTy sToro
MaKeTa BIOJHE XapaKTepu3yeT IPUBOIHMBIA NpUMeEp
> with(totorder): tassume( a<b,c<b, b=d);
assumed,a<b,c<b,b=d
> tassume (g>b,f=c); ordering(); tis(f<qg);
assumed, b< g, f=c
a<f.f=c,c<b,b=d, d<g
true

[TaxeT Gauss SBICTCA MHCTPYMEHTAILHBIM CPEACTBOM I pea-
JTM3A0MH CIIOXHBIX aJirOPpHTMOB. Pa3spaGoTumxu Maple camrator, 9ro
3aJ0XEHHBIE B 9TOM MAKEeTe BO3MOXHOCTH [10 KOHCTPYHPOBAHMIO
"06JIaCTH BBIYHCIICHAI" TT03BOJIAIOT IMCcaTh Oydinne Xojbl. [Ipeamomnara-
ercd, yro B Oyaymux Bepcrsax Maple mpou3oHayT M3MeHeHHd, OCHOBaH-
Hble Ha KoJIaX 3TOrc MaKera.

Benen 3a ¢upmoit Waterloo Maple Inc. U HenocpencrseHHo M.
MomnaraHoM MbI I0JIaracM, 470 3aMHTPHIOBAHKBIH 4UTaTelb MTOCMOTPHAT

(haiiI cIIpaBKy € COOTBETCTBYIOLIMM TIPHMEPOM

?Gauss,example.

Kpome Toro, uMerorcs clemyrolye MakeThl: genfunc — il pa-
60THI ¢ paioHANbHLIMH NPOM3BOIMINMMH (YHKUMAMH, rakeT GF i
onpeeacHHs KoHeuHoro noms ['aifya u onmepalmii Haj ero KOHCTaHTaMH
U QYHKIMAMM, grobner /Ui BRIYHCIICHHH C HCIOIb30BaHMeM Oasmca
I'pebHepa, maker NPspinor st obcayxuBanus ¢opMmamiMa Hero-
MaHa-[lenpoysa.

HaxoHel1, 607b110€ 9MCcI0 BCEBO3MOXKHBIX KOMaH MOKHO HalTH B
CBOOOMHO pACIpOCTpaHseMOM MporpaMMHoOM olecreucHun (shareware),
KoTopoc b0 BKIOYaeTcs B MocTaBKy ¢upMoit Maple, mibo HammcaHo
MHOTOTHCIICHHBIMHU TIONB30BaTeIMU H pacOpocTpangercd o Internet. B
. 11 "3axirodeHue" npuBefieHa MHG(popMalsa, KOTopas IIOMOXET Ha
HaYaJI-HOM 3Talle OCBOESHHS CeTeBoIo IIpocTpancTBa Maple.



ir DO
thenwhile) 8.MporpaMMupoBaHue
else end

O Thmax NepeMEHHBIX, 3ape3€PBUPOBAHHBIX CIIOBAX, OMEPAlHAX U
CTaHIApTHHIX GyHKINAX Maple-s13pIka ToBOPHIIOCH B TIPEABIIYINNX IJIa-
BaxX. 3mech peds Moiiler 0 HaNMcaHWH NONb3oBaTelleM Ha Maple-sa3pike
COOCTBEHHBIX MPOIpaMM, ITPOTIEAYP, co3Manuu 6ubmmorek. [ng sToro B
[aKere CynecTBYeT TOBOJBHHO IMUPOKHMIt Habop KOMaHI M KOHCTPYKIIHIA,
AHAJIOTMMHBIH CYINECTBYIOIMAM B U3BECTHBIX S3BIKaX IPOTrPAMMHAPOBAHKA
(aanpumMep, B s3bike PASCAL). Hike MBI TTOCIeOBATELHO TTEPCIHCIIIM
TH KOHCTPYKIMM W KOMaHIBI, COMPOBOXIas H3I0XEHHE KOPOTKUMH
npaMepamMu. Bollee coziepxaTenbHbIE TIPHMeps! OyayT AaHsl B T 10
"MuHH-HCcCIIeNOBaHA "

8.1. YcnoBHbLIN onepaTop

VYenoBHbI onepaTop B Maple HauMHaeTcs ¢ 3ape3epBUPOBAHHOIO
cloBa if U 00A3aTEIbHO TOJDKEH 3aKaHIHBaThcd clIoBoM £i :

if bool then exprl else expr2 £fi;

Orta KOHCTPYKIMSA J4€T BO3ZMOXHOCTD B 3aBUCAMOCTH OT 3HAYEHUS
JIOTFYEeCKOr0 YCHOBHA bool BHIIONHATH BhIpaXeHHWe exprl (Korga

booll=true) WM BLIpaXcHHE expr2 (booll=false). B kadecTBe BhIpa-
XKeHHi exprl H expr2 3jech MOXET BRICTYNIaTh Mobad MoCIcI0BaTENb-

Hocth Maple-komana. OTMeTHM, 9TO YCIOBHBIH OICpaTOp MOXET HMCTh
COKpanicHHLI BUI: if bool then expr fi; mpuBemeM OpHMeED:

> x:=2;
x:=2
> if x>2 then print('x>2"); else x:=x"2;
> print (2*x) ;fi:
8

Jnd peanu3aliv| CIIOXKHBIX YCIIOBHI MOKHO HMCIIONB30BaTh IOJHEL
BapUaHT YCIOBHOIO ONEPAaTOpa, KOTOPHINA HMeeT CIEAYIOLIHMMA BH/T:
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if bool_l then expr_1
elif bool_2 then expr_2 ...
elif bool_n then expr_n else expr_0 £i;

Taxum 06pa3oM, BIIOKEHHOCTh YCIIOBHE MOXET ObITh MPpaKkTHYECKH
HeOrpaHHUYeHHOH M pealu3yeTcs ITPH MOMOIIH BcTaBkH elif. B xadecTBe

BBIP aXCHHH expr 0, expr 1,.., expr_n MOIYT BbICTYIIaTh mmobrie mo-
ciaeoBaTensHocTH Maple-komann, IlpuseneM mpuMep momHoro ycioB-
HOI'0 oreparopa:

> x:=7:

> if x<0 then x:=a; elif x=0 then x:=b;
> elif x<10 then x:=c;
> else x:=d; fi;

X =C

8.2. OnepaTropb! UuKna

TepeiimeM K H3JI0KEHMIO CyLIECTBYIOMMX B Maple omepaTopoB
makna. Becero WX deThipe, a JUIA WX 3allMICA MCHOMBL3YIOTCH CIIyXeOHbIC
cioBa for, from, by, to, while, do m od. TelioM Bcex onepaTopoB
IMKIIA ABAIETCS MOCIEAOBATEIbHOCTh KOMAaH]l, 3aK/IIOUYCHHBIX MEXIy do H
od. HauneM c IMKJa THIA IECPCIUCICHHA, KOTOPBHIHA €CTh MPaKTHICCKH
BO BCEX Al OPUTMHUIECKHX A3BIKAX.

for var from vall by val2 to val3 do expr od;

Telo 1mMKIa expr BHIIONHACTCA IPH KaXJIOM 3Ha4YeHHWM mHapa-
MeTpa [IUKIIa var , KOTOPEIM M3MEHIeTcd OT vall ¢ ImaroM val2 1o Tex
rop, HoKa He cTager 6oibime val3. OTMeTHM, 9T0 €C/M IIar H3MeHEHHs
val2 paBeH eJUHHIIE, TO OIEpaTOp LFIUJIA JONYCKaeT COKPAaIlcHHYIO
dopMy: for var from vall to val3 do expr od; npuBeseM IIPUMEP oOIe-
paTopa IUKJIa:

> for i from 0 by 4 to 8 do i; od;
0

4
8

OrrepaTop muKiIa THNa Tioka' B Maple mMeer BHa;
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while bool do expr od;

Teno muxTa expr BHIIONHACTCS, ITOKa 3HaUeHHC '[0THIECKOTO BhIpa-
xkeHud bool ncTHHHO (true). W BLIOIOAHECHHME MpeKpalaeTes, ecid bool
g0xHO0 (£alse). [IpuBeneM coOTBETCTBYIOMIMIA IIpUMeEp:

> j:=0:

> while j<5 do j:=(3+1)*j od;
1
2
9

Cnemyronmuii omepatop IHKila ABISETCS HEKOTOPHIM CHMOHO30M
JBYX OPEIpIIyITHX:

for var from vall by val2 while bool
do expr od;

Teno miIa expr BBIOIOAHAETCH, IToKa JIOTHIECKOE BBIpa)KCHHE
bool sBIdeTcd UCTHHHBIM, a TicpeMEHHas var H3MEHAeTCs OT 3Ha4eHHS
vall c maroM val2. HanpuMep:

> for x from 1 by 2 while x<6 do print(x) od;
1
3
5

YeTBepThIil ollcpaTop IMKIA OPHEHTHpPOBaH Ha pabory ¢ aHa-
JTMTAYCCKAMHA BHIPaKeHHAMH H HMeeT cIeayonryio ¢gopmy:

for var in exprl do expr2 od;

Teno miukna expr2 (MOCIEOBATEIFHOCTh KOMaHI MEXAy do H
od), BbMoHsAeTcd, KOIla CUMBOJIbHAS TlepeMeHHAad var NocIeAoBaTeb-
HO TIPUHMMACT 3HAYCHM KaXXI0ro M3 OTIEPAHIOB aareOpaHuecKOro BHI-
paxenus exprl. EcrecTBeRHo, pa0oTa 3Toif KOHCTPYKIMH 3aBHCHT OT
BHYTpEHHEr0 ITpeACTaBIICHUA BoIpaxeHns exprl. Ecim exprl cymMa, To
TepeMeHHas var DpHHMMacT MoodepefHOo 3HAUCHMS KaXxAoro cruarac-
MOro, ecjI MPOU3BeJeHHE — TO KaXKAOro COMHOXHTENA, H T.A. IlodcHuM
CKa3aHHOe IIPHMEPOM:

> £:=x"2+3*x+1/x; g:=simplify(f); |
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1

f:=x2+3x+;

A=x3+3x2+1
' x
> for s in f do s; od;

%2

3x
1
x

> for s in g do s; od;

x2 432241

1
x

8.3. MNMpouepypbi-pyHKLUN

ITpouenypri-yaxivm B Maple MoXHo 3afaBaTh HECKONLKHMH
ciocobamu. ITepBhic qBa aHATIOTHYHLI IO CMBICTY M OTIIMYAIOTCI TOIBKO
cuHTakcHcoM. OIHH UCITONb3YET CAMBON (—>):

name:= (varl,var2,...) —> expr;

3nech name — uMs QYHIKIMH, varl, var2,... — UMeHa GopMalbHBIX
TapaMeTpoB, a expr — BbIpaxXcHHE, pealH3ylolllee Tel0 IpOLEXyphI-
¢dyaxipm. HemmnoHe HaNoMHWTE, 9T0 THIIB! OPMAaJbHBIX MapaMeTPoB U
pesymbTaTa paboThl MPONELYPhl MOTYT ObITH J06sIMH. Jpyroii BapHaHT
UMeeT BHI!

name:=< expr | varl,var2,...>;

IlpuBesieM JiBa mpyuMepa 3aj1aHU ApoLneayp-OyHKIimH.
> £:1=(x,y) ->simplify (x*2+y*2) ;
JF=(xy)= simplify(x2 +y2)

> f(sin(x) ,cos(x));

> fi=<xtylix, y>;
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F=(x+y | xy)
> £(-x,x);
0

Btopoii coco6 3asaHus poleyphl-p yHKITNH MCITOIB3YET KOMaH-
Iy unapply

name:=unapply(expr,varl,var2,...);

3necy varl, var2,.. — IepeMeHHbIC, 3 expr — BbIpa’kCHUE I
omepalmi. JTa KoMaHJa TOJec3Ha IPH ONpeNelicHHH HOBOH (yHKITMH
gepe3 U3BECTHYIO, MIIH KOI/la BHIIHMCICHHOE BBIpaXeHHE Mpelronaraercs
MCITONb30BaTh Kak ¢yHKaro. HanpuMep,

> f£:=unapply (diff (z(x)*2,x)-2,z);
=z 22x) (a—iz(x))— 2

> £(sin);
2 sin(x) cos(x) — 2

8.4. Npouenypobl

Besxas npoiefypa B Maple HaulHaeTcs ¢ 3aroiloBka. 3aroioBoK
COCTOMT M3 HMCHH HPOICAYPHI, 38 KOTOPBIM CIIENyeT 3HAK MPYCBaHBaHUA
H cIrye0Hoe cJI0BO proc, 3aTeM B KPYITIBIX CKOOKaX uepes 3alATYIO YKa-
3pBaoTes (hopMalbHBIC MapaMmeTphi. [Ipoieaypa HoiDkKHa 006s3aTelbHO
3aKaH4MBaThCA onepaTopoM end. Bee KoMaH/IbI H BHIPaKeBUS, CTOSLIME
focjie 3aroioBKa M JIo olecpaTopa end, COCTAaBIMIOT TEIO IIPOLIEYPHIL.

[Ipocrelitnas npoleAypa UMeeT CIICAYIOIUMA BHIT:

name:=proc( varl, var2, ...);
exprl; expr2; ... end;

3/lech name — MM PYHKIMH, varl, var2, ... — UIMcHa opMalbHBIX Iapa-
METPOB, a exprl, exp2, ... — BBIPAXCHM, pea3yloiHe Telo ITpOoIie-
JYpBL

TMocite Toro XaK Hpormexypa 3arpyXcHa, ce BbI30B OCYIIECTBIIACTCS
mo muMeHHM. Bo3BpamaeMbIM 3HadeHHeM @O YMOJHAHMIO SBIACTCH
3Ha4YeHUe TOCIEHEro oliepaTopa U3 Tela MpoleAypsl. Twll pe3yinpTaTa
paboThI TpolieypH! 3aBHCHT OT THIIa BO3BpamjaeMoro sHadeHusa. Ha-
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MpHMEP, MPoLeAypa ¢ MMeHeM f, BoaMcHsomas cyMMy IepeMEHHBIX X U Y,
BLITJBLIUT CIICTYIOIHAM 00pa3oM:

> f:=proc(x,y);
> x+y;
> end:

f:=proc(x,y) x+y end

TIpuBeieM pe3ynnbpTaT o6p alllcHUA K ITpoIieaype.
> f(u,sin(v));

#+sin(v)

J11s1 HarcaHus ponefyp B Maple Meercs psax KOMaHA B CITyxke0-
HBIX CIIOB, KpOME YKa3aHHOI'O BBIIE 00A3aTEHHOr0 MHHAMAILHOTO Ha-
6opa. OTH KoMaHABI NO3BOIITIOT OHHUCHIBATH HIEPCMCHHBIC, YIIPABIATH BBI-
XO0JOM U3 IPOIEAYyphl, coobrmaTh 06 ormmobKax.

ITpu ormcanuy ¢opMaIbHOr0 IapaMeTpa IMPOLECAYPHl MOXHO SBHO
YKa3bIBaTh €I'0 THI NOCIE JBOCTOYMS, CICAYIOIIErO 3a HMCHEM Mapa-
merpa. [Ipum TaxoM ommcanum Maple aBTOMATHYECKH TpOBEpsieT THII
(daxTrgeckoro napaMeTpa M BhIIaeT coobIneHre o6 ommbKke B cinydae ero
HECOBHAIEHNS ¢ THIIOM $opMalbHOT0 IapaMeTpa.

Tlocie 3aromoBka HpOLEAYPHI MOXET CIE/0OBAaTh ONHMcaTeIbHaA
4acTh MpOLEHYpPHl, OTASIIOOLIAsACT OT Hero mpobemoM. i ompeneneHus
JIOKAJIFHBIX, UCTIOIb3YEMBIX TOJIBKO BHYTPH NaHHOH Hpoleayphl, mepe-
MCHHBIX IIPHMEHACTCA omMcaTellh local wvarl, var2, ..; sfiechk varl,
var2 — UMEHa JIoOKalLHBIX IlepeMeHHbIX. Bo M3bexanwe HaKIIaJoK ¢ Mc-
HOJb30BAHWEM HMEH PpEKOMEHIYeTc OIMCHIBATH Bce IEPEeMEHHBIE,
BCcTpedalolyecsd B IPoIeIype, B TOM ducie U Iriobanmbheie. [lepemicars
HCHOJIB3YeMble II00aNbHbIC IEPEMEHHBIC MOXHO IPH IMOMOIIH ONACATENS
global, KOTOpBIA OJDKEH pasMelaThes B OIMcaTEIbHONW 9acTH 1IPoIle-
JypBL.

ITocne ommcatenedd B Mpoueaype MOXET CTOATh yKalaTellb Ha Ofl-
IIHH options opt_sec; BeIpaXXcHHE opt_sec MPHHMMAaeT OIHO M3 ClIic-
IYIOIMAX 3HAaYeHUH: remember (Helaer Gomee 3peKTHBHBLIM BHIIOIHE-
HH¢ PeKYPCUBHBIX MPONENYp), operator (aHaIOrMYCH 3a/IaHAIO oriepa-
Topa-yHKIIMM) H HeKoTopble Apyrue (builtin, system, arrow,
angle, trace, package i Copyright).

JIn4 BEIXOA W3 MPOIEAYPH B OOGOM MecTe ee Tella U IIPHCBOCHHS
pe3yIbTATY e paboThl PalMIHbIX BEJIMYMH B 3aBHCHMOCTH OT YCIIOBMIH
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HACHONB3YyeTcs KoMaHJa RETURN (val). 3jmeck val — Bo3sBpalmaeMoe
3Ha4YeHHE, KOTOPOE MOXKET MMETh Pa3iIMIHbIM THII ITPH BHIXOIE U3 Pa3HBIX
MECT HpOIEAYpHI.

Jl711 aBapuiiHOTO BHIXOJa U3 MPOIICAYPHI B cIydac BOSHAKHOBEHHS
OImMOKM © COoOOINEeHMA O - CIyHHBIIEMCS HCIONb3yeTcd KoMaHIa
ERROR( "string’), ric string —~ coo0meHne, KOTOPoe JOJIDKHO ITOS-
BHTBLCS Ha SKpaHe B aBaphiHON chaTyaimi. MTak, cxeMaTHdHO oOImuii
BHJI OPOLICAYPHl MOXKHO N300Pa3UTh CIEAYIOIIAM 06pa3oM:

name :=proc(parl,...,park) local vall,...,valn;
global varl,...,varm; options opt_s;
exprl; expr2;... RETURN(resl); ...
ERROR( Error in procedure name’);...exprp; end;

TIpuBeneM npuMep, HCIOIL3VIOMMH BCe BOZMOXHOCTH VIS KOHCT-
pyupoBaHus npolexyp. OnucsiBacMad nmporeaypa mmpeodpasyer oTpHlla-
TEMHHOE YHCIIO B MONOXUTeNMbHOE. Eciii BXOJHBIM ITapaMeTpoM SIBIISETCS
HYJIb, TO BBITacTCA cOoOOIMeHMe 06 ommMOKe; I MOJIOKUTEILHBIX YHCeN
BBIJAETCSA MACCHB, COJEPKAINMIA caMo YHCIIO, €r0 KBaapaT U Ky0.

> examp:=proc (x:float) global z; local y,w;
options remember;

if %<0 then RETURN(-x) ;

elif x=0 then ERROR( Variable x=0"); fi;
[x,x*2,x*3];

end;

VVVVYVY

examp :=

proc(x:float)

local y,w;

global z;

options remember;

if x <0 then RETURN(-x)
elif x = 0 then ERROR(Variable x=0")
ﬁ’.
[xx"2,x"3]
end

> examp (-1) ;

> examp (0) ;
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Error, (in examp) Variable x=0
> examp (3) ;
[3,9,27]

8.5. KomaHabl BBoAa/BbiBOAA

B rm. | "Cpena Maple" peun 1mma o coxpaHeHnu daitina Bcero ceaH-
ca paboThl Ha /HCK, HO JacTo ObIBaeT HYXHO COXPaHHTH TOJHKO KO-
HEYHBIHA pe3ynbTaT paboThl, a He BECh X0JL peleHrsd. DT0 CTAHOBUTCA 0CO-
0€HHO aKTyallbHBIM, €CJIH JUIA TIONY4YeHHs pe3yabTaTa MpOBOMMICH GoMib-
ol 00beM CHMBONHHBIX BHIYHCICHHH W MaHUIyasimit ¢ ¢opMyraMu.
Jia aTux neneii B Maple cyimecTByer koMaHja save. Ecom pesymbTa-
TaMH paboTH ABILIOTCH 3HAYECHHUS IMEPEMEHHBIX varl, var2,.., TO WA
coOXpaHeHHs Mx B ¢aiil ¢ HIMeHEM name ¥ pacIIMpeHHEM ext HYXHO JaTh

KOMaH/Iy:

save varl,var2,..., name.ext’;

ITpeacraBiaenue coxpandeMoit nHbopMayu B daiine 3aBUCAT OT paciy-
peHus ext. Eci B kadgecTBe paclidpeHus yKa3aHo 'm’, To ¢alin 3ami-
mwercst Bo BHyTpeHHeM Maple-gopMate, mpH BeeX JpyrUx paclIMpeHHIx B
TeKcToBOM (popMaTe 3amuiryTes KoMaHabl Maple.
JU1 BBojia coxpaHeHHOH uHGopMalmy 3 daiina c IMEHEM name U
pacimipeHHeM ext WCIOIb3yeTcs KOMaHIa
read "name.ext";

J1s 3armmcK pe3yabTaToB paboTel B daiil MMerOTCA ABe KOMaHIbL:

writeto( name.ext’)
51
appendto ("name.ext’) .

IMocre 3TUX KOMaHJL Bce BBOJMMOE M Pe3yIbTATHI OYAyT 3anucaHsl B daiin
¢ UMeHEM name. Tun ¢aiina Mo-rpeXHeMy 3aBHCHT OT YKa3bIBaeMOIO
pacHmpeHus ext. PasHilla Mexay ABYMfA YKa3aHHBIMM KOMaHIaMH B
TOM, YTO €CITH BbI3BaHa IepBas KOMaHAa, To HHPOpMAIUs 3aIMHCHIBAETCA
¢ Hadana ¢aitna, a B cirydac BbI30Ba BTOPOil — HHGOpMALM TOIMCEHIBA-
eTcs B KoHen daiina. Jing BoccTaHOBICHMA BBIIa49H Ha 3KpaH HYXXHO I10-
BTOpPHO 00paTHUThCA K KOMaH/E writeto, YyKazaB B KadecTBE HMEHH
¢dalina terminal (T.e. mocie KOMaHIb! writeto( terminal’) Bce pe-
3yILTaTHl CHOBA BRIBOATCA Ha 3KpaH).

CymecTByeT TakKe BO3MOXXHOCTE 3alHCH Pe3yibTaToB B daiin npy
NIOMOIIHM CICAYIOLHX KOMaH;
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open( name.ext’) — OTKpHITH ¢ai ¢ UIMEHEM name U pacliu-
peHMeM ext.

write (exprl,expr2,...) - 3amnmcaTk BBHIpaXcHUI exprl,
expr2,... B OTKPBITHIH i 3armicu (aiin.
writeln (exprl,expr2,...) — 3amucaTh BbIpaXXeHUs exprl,

expr?2,..., HAUMHAag ¢ HOBO¥ CTPOKH B OTKPBITHIHA I 3armicy daii.
close( name.ext’) — 3aKpHITh ¢aiil name . ext.

Yacro NMpH HaWCaHUM NporpaMMbl HeoOXogUMo BHIBOJUTH HH-
dopMaImIo 0 Xofe peleHus, Pe3yILbTaThl, aBapHiHbIe COOOMICHAS U TIp.
J14 9TUX 1eneii B makeTe NpexycMoTpeH PpAx koMaH[ edaTd. Hauboree
TIpocToit ABIIIeTCI KOMaHAA print, oOpaieHue K KoTOpoii mMeeT BHI:

print (exprl,expr2,...,exprn),

3/lech exprl,expr2,...exprn — mobslc Maple-BhIpaxeHnua. Ecim mepe-
MEHHOM HWYEr0o He IPUCBOCHO, TO Ie4aTaeTcd MPOCTO UM IIEPEMEHHOIH, B
MPOTHBHOM CiIydae IedaTaeTcs ee cojiepxuMoc. [IpuseneM mpumep 06-
paimeHus K KOMaH/Ie neJaTh:

> x:=y*2: print(x, Information’,y,factor (x-3*y)):

»2, Information ,y,y (y — 3)

B oTiM4me oT KoMaHIpl print, KOTOpas NedaTacT BBIpaXeHHS
gyepe3 3arsiTyI0 B €CTECTBCHHOM MaTeMaTHYeCKOM BHJE, KOMaHIa
lprint(exprl,expr2,...) BBIBOIUT HHPOPMAIMIO B CTHIE CTPOKHU
BBOJIa U pasHble BHIPAXEHW OTACIIIOTCS APYI OT JApyra TpeMs mpobe-
mamMu. Hanpumep:

> x:=y”*2: lprint(x, Information’,y,factor (x-3*y)):
y*2 Information y y*(y-3)

Kpome xomanpg 6echopMaTHOro BhIBoJa print U lprint B
Maple ectp eme koMaHAa printf (fmt,exprl,expr2,...); 3lech
fmt - cnemadukanus dgopMara BBIBOJa, NOJHOCTBIO MICHTHYHAs aHa-
JIOTHYHOI KoMaH/¢ A3biKa C.

Jlns yno6crBa HCMoMb30BaHAA B APYIHX IPOrPaMMax pe3ylbTaToB
aHAJMTH9eCKUX IipeobpasoBaHmii B makere Maple mpemycMoTpeHa BO3-
MOKHOCTB IIPEICTABIATH H COXPaHATh BhIPaXeHHS B CICIYIOIMMX dopMa-
Tax: B ¢opMmate smbika C, B dopmare s3pika FORTRAN, B dopmare
LaTeX. Booj Boipaxenusa B Bujie FORTRAN-omepaTopoB ocylIleCTBIIA-
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ercd 1o koMaHJe fortran (expr,options), rlic B Ka9eCTBE expr MO-
I'yT BBHICTYHATh BBHIpaXXCHHAE, MACCHB BBIPAXCHUH MIH CIHCOK YPaBHEHHH.
IlapaMerppl options MOryT MNpPHHAMATh CICAYIOINAE 3HAYCHUS:
filename="name.ext" (pe3ylbTaT BHIBOJUTCI B (haiin), optimized
(FORTRAN-BBIpaxeHHs ONTHMH3UPYIOTCH, BBOAATCS BCIIOMOTraTEbHBIE
TiepeMeHHbIE), digits H mode (3aJlaHHe TOYHOCTH BHYHCICHHAI).

Yr1oObI 3amucaTh BhIpaxkeHMe Ha sa3blke C HeobXxoapMo IOJ-
KIIOYUTh HYXHYI0 KOMaHAY mpu roMormm readlib(C), mocie dero
MOXHO MOJIb30BaThcs KoMaHIoH C (expr,options), ¢ ITapaMeTpaMH,
AHAJIOTHYHBIMH OTIHCaHHbIM I3 KOMaHabl fortran.

Jlna nepeBoia BHIpaKeHHs eXpr B GopMaT CHCTeMbl peaKTHpOBa-
s LaTeX HCOONB3yeTci  KoMaHAa latex(expr) WM
latex (expr, ‘name.ext’). Bo BTOpOM BapHaHTe pe3yibTAT BBIBO-
Iutcs B dait

Temeps MpHUBEACM MpHMEP HCIONB30BAHAA HEKOTOPBIX M3 Iie-
PeYHCIIEeHHbIX KOMaHT:

> x:=a+b*5*sin (b*3) ;
x=qa +b5 sin(b3)
> fortran(x,optimized,filename="res.for")

> readlib(C): C(x);
10 = a+pow(b,5.0) *sin(b*b*b);
> readlib(write): open( 'res.ltx’);

> latex ("Expression x:'); writeln(); latex(x);
> close('res.ltx’);

B pe3ynbTaTe THX KOMaHJ Oyner cospan a#in ‘res.for' co cnemyro-
MM TEKCTOM:

tl =b**2

12 =1*%2
17 = a+t2*b*sin(t1*b)
u daiin ‘res.ltx' ¢ TekcToM B popmaTe LaTeX:

Imbox {{\tt "Expression x:"}}

at{b}{SHsin({6}*{3})

IMaker Maple MoXHO HcIIONE30BaTh HI1 aHa/mM3a U rpadudeckoi
HHTEpIperanagy 9ucioBofl mHpOpMalM, HaxoifImeHcad B TEKCTOBOM
daite m roaydeHHOR Kak NpH MOMOINM caMoro IlaKkeTa, TaK | JPYrux
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nporpaMM. O0brgHO B TekcToBOM daiiiie 9iciia 3anucatsi 110 CTPOKaM, 110
HECKOJIbKY 4Fice B crpoke. [ cuuThBadAKRs quciosoil HHOpMAaUMA H3
thalima Hcnob3yeTcs KOMaHAa:

readdata (name,options,posint),

rie name — AMs% (aiia, options — THI IIEpeMeHHBIX (integer /float
—~ YCTaHOBKAa II0 YMOJHMaHHIC), posint — CYeTYHK YHCEIT (CKOJIBLKO
CUHTHIBATH YWCENl M3 cTpoxH). CunradHas uHGCpPManMa MpeAcTaBIseTcs
B BHJe TepeMeHHOH Ttuma list. llepen ucmonb3oBaHMEM KOMaHTY
readdata HEOOXOIMO O KIOIATE apu TIOMOIIHA
readlib(readdata).

HanpumMep, niycTh B TekcTokoM dailne ‘a.7xt’ B CTPOKE HaXomATcs
gacna: 123456789 Cuwraem pasHy® undopMamno us daiira u sa-
HeceM ee B ICPEMEHHYI0 dala.

> readlib (readdata) :
> data:=zreaddata({ a.txt’ ,integer,9) ;
data'={!1,2,3456,7.89]/

JBoliHas nHjieKcalus y TIePeMEHHOM data casizafa ¢ TeM, ITO THCIia
3aIMCHIBAIOTCA B [BYMCPHBIM MaccHB, TaK HYTO YHCIO CTPOK MAaccHBa
PaBHO YKCITYy CHATAHHLIX CIPOK, @ TUCI0 CcTONOI0B ONpeJelicHO mapaMeT-
poM posint.

s caureiBaHUs CTPOKM W3 dailria name.ext nDpuUMEHSercs Ko-
MaHJla readline (“name.ext ). Peiyiprar AelcTBHA KOMaHIBI IIpH-
cBaWBacTCA TepeMeHHOU THa string. Ecmm B KadecTBe AMCHM (aiina
yKa3aTh terminal, To mporpaMMmes oXwnacT BBOJA ¢ JKpaHa.

Kpome Toro, B makere stats MMeeTcs KOMapJla readstat It
BBOJA CTATHCTHYCCKOM HHQOPMAIIHY.

8.6. CoszgaHue cob6CcTBEHHbIX
BubnunoTtek

31ech pedb NOHIET © CO3RARMM cOOCTREHHOTO nakera. B cozmabae-
MBI MMaKeT AMEET CMBICT ITOMEINAaTh Y)XKe OTIaXeHHbIE U OTTECTHPOBaH-
HbIC ponexypsl. HamoMHuM, 9T0 0JMH U3 BapHaHTOB ofpallleHus K KO-
MaHIaM, HaXO[IIPMcd B I1aKeTaX, BRIIJIUMT CISAYIOIAM ofpasoM:
name pack [name_ﬂcom] (optiong), TI¢ name pack — HM4 NaKera,
name com — AMs KOMaH/Ibl. [lonHoe WMl KOMaH/IbY, BXO/UIICH B TIaKeT,
COCTOHMT M3 UMEHH 9TOro TakeTa M HMEHH caMoif KoMaHpl. TaxuM oOpa-
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30M HaKeT IPeACTaBBIeT co6oM Kak Obl MaccHB, 3IEMEHTaMH KOTOPOro
SBIBTIOTCA KOMaHJbI.

[ co3gaHys Maxera HyXHO IIPOIeypy IIPHCBOUTH NEepeMeHHoH ¢
COCTaBHBLIM MMeHeM. [lociie Toro xak maker HamucaH, ero HYXHO coxpa-
HHATH Ha JAcKe B ¢aitne ¢ pacimmpeHdeM 'm' (HampuMep, ¢ WMEHeM
namefile) NpH NOMOIIM KOMAaH/Bl save name pack, ‘namefile.m".
B mocnemyolnux ceaHcax, Iepel, MOJK0OYCHUEM, ITaKET NPEIBapHTEILHO
HY)KHO CYMTBIBaTh € JIACKa TIpY TIOMOIDM KOMaHIp! read
‘namefile.m’. [N NOAKIIOYEHHMA IIAKETa HCIOIblyercd KOMaHIa
with.

B Maple nMeercs BO3IMOKXHOCTL COMPOBOX/JIaTh HaltMCaHHBIE KO-
MaB/Ibl TEKCTAMU CIIpaBKu. L/ 3TOr0 HCMOIb3YIoTes KoMaspl TEXT UMK
makehelp. 11 co3iaHuA cOpaBKH K KOMaHIE my com pH NMOMOIIH
TEXT  HCOOMB3YeTCS  KOHCTPYKITHA: “help/text/my com’ :=
TEXT (strl,str2,...),rac strl, str2,... - CTPOKH TEKCTA CHPABKH.

(GopMaT KoMaHIplI makehelp HHOH: makehelp (topic,
txtfile, library), 3lcch topic — UMI KOMaHIpl, U191 KOTOPOH cO3-
JaeTcs crIpaBKa, txtfile — UMd TekcToBoro daiina, COAEPKAIIEro TEKCT
CIpaBKH, library — uMs 6u0mHoTEKH, colepRarnei KOMaHTy.

IMpuBeneM mpuMep HamicaHUd HebombuIoro rnakera. Co3amM na-
KET exam_pack U3 Tpex ONpouUeayp ¢ HMeHaMu procl, proc2, proc3 ¥ cHab-
auM ero crpapkol. IlakeT coxpanseTcs B Qaiine ‘exam_pack.m’' u mog-
KIIo9aeTcs, TOCle 9eT0 CTAHOBATCA AOCTYIHBI BCE €0 KOMaHBI.

> exam pack [procl]:=

> proc(a) local s; s:=2*a; print('procl: °,s);
> RETURN(s); end:

> exam pack [proc2]:=

> proc(a) local s; s:=a”2; print(‘procl: °,s);
> RETURN(s); end:

> exam_pack [proc3]:=

> proc{a,b) local s; s:=(a+b)/2;

> print( proc3: °,s);

> RETURN(s); end:

> “help/text/exam pack’ :=TEXT(

> “Sro npuMep cospaHmMs COOGCTBEHHOM OMGmMOTENM ,
> "B 6uBimMoTexy BXOQUT TpM NpoUemypH: ,

> ‘procl - yMHOXaeT BXONHOM NapaMeTp Ha 2,

> nevaTaeT M BoSBpamaer ,

> ‘proc2 - BOSBOAMT BXOOHOM NapaMeTp
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> B xBagpaT, nevaTaeT M BoSBpamaerT ,
> ‘proc3 - cuMTaeT NOAYCYMMY BeMMuUMH a M b’ ) ;
> save exaanack,‘exaanack.m‘;

Ecim Hy%Ho HCIOIB30BaTh MpPONEAYPHI MaKeTa B APYroi Ipo-
rpaMme, TO IaKeT HyXHO CYATATh ¢ IACKa KOMaH/I0ii read.

> read ‘exam pack.m’:
> with (exam pack) :

Ecim monmb30oBaTelleM HammyCaHBI U HCITONB3YIOTCA HECKOILKO OG-
CTBEHHBIX IAKETOB, TO IiejiecoobpasHo co3gaTh coOCTBeHHYO 6mbimHo-
TeKy. B koMmiekc nmporpamMM Maple BXOMMT pA/l BHINOIHAEMBIX IIPO-
rpaMM, oJJHa M3 KOTOPBIX march.exe SBIAETCH CEPBHCHOM MporpaMMoi
A co3apmsa 6ubmiorexk. C moMompio 3TO# IMporpaMMbl MOJb30BATENb
MOXET CO3/1aBaTh OHOIHOTEKH, J0OABIATH H YAAIITH MAaKEThL

8.7. OTnaaka nporpamMm

B 3ToM myHKTEe MBI pacCMOTPHM BO3MOXHOCTU MONYydeHHA Golrce
nogpo6Hoi uHHbOpMalMKM O cTaHZapTHBIX Maple-koMaHAax u Xone
BBIYHCIICHMI, WCMONB3YEMBIX pecypcax KOMIbIOTepa M ommOKax, IIe-
PeUrCcIIM KOMaH/Ibl YIIPaBIICHUS BHIBOIOM Pe3ydhTaToB.

Ha4HeM ¢ crcTeMHOI ItepeMeHHOMH printlevel, KoTopas 3ajaeT
JeTaJIbHOCTD MedaTH coolmenwit o Xoae mpeoOpazopanwii. Ecomm
3Ha4YeHHe 3TOH MepeMEHHO HaxouTcs B HHTepBaie oT 1 o 5, To BHIBO-
Iares vHQopManusa o JaHHONW KoMaHjge, ecoH oT 6 Ko 10 — To ¥ o BEDBI-
BacMOH BNOXEHHOH KOMaHJE MepBoro ypoBHs, ¥ T.A. i Toro 9ro6nl
BbIBOIach MHGOPMAId o paboTe KOMaHJIBI ¢ YPOBHEM BIIOKECHHOCTH K,
3HadYeHHe printlevel JomxHo ObITH paBHo 5*k. Ilo yMommgaHmmo
printlevel=|, a 3T0 3HaYUT, 9T0 BLIBOAUTCH pe3yIbTAaT TONBKO HEMo-
CPEICTBEHHO BhI3bIBacMoii koMaHIbl. [Ipu 3HadeHnH printlevel=1(0
BHIBOAMTCS MHGpOpMaIms o paboTe BceX KoMaH.

Jma momyvenns nmoapo6Ho#t uH(opMarmm o pabore HEKOTOpOi
KOMaHAhl comm MOXHO HCIOAL30BATh BLIZOB trace (comm); nocie
3TOH KOMaHIBI IIPH o0palieHHH K comm 0Y/IeT BHIBOJATHCA HHGOpMaud
o ee pabore. OTMEHUTH JiclicTBHC KOMaHBI trace MOXHO MPH ITOMOLIH
KOMaH/IBl untrace ¢ aHaNOrHIHBIMH NTapaMeTpaMH. Harpumep:

> trace(diff);
> printlevel:=5;
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> diff (x*sin(x) ,x);
{--> enter sin, args =x
<-- exit sin (now at top level) =sin(x)}
{--> enter diff, args = x*sin(x), x .
{--> enter diff, args = x, x
1
<-- exit diff (now in diff/sin) = 1}
sin(x) + x cos(x)
<-- exit diff (now at top level) =sin(x)+x*cos(x)}
sin(x) + x cos(x)

YnpapiaTs IPE/ICTaBICHHEM PE3YIbTaTa paboThl KOMaHI Ha JKpa-
He MOXHO P oMol KoMaHAsl interface (argl,arg2,...), rae
mapaMeTphl arg UMeIoT BUJ name=val. [IpuBegeM Tonbko HekoTopble
BO3MOXHBIC 3Ha4CHUS NEPeMEHHBIX name U val. Beps B KadecTBe name
UMs prettyprint U 3ajlaBas 9uCIIO val, IOIH30BATEIbL MOXKET YIIpaB-
JATH BAAOM CTaHAPTHHIX cooOleHuit Ha skpaHe (prettyprint=0 -
HCII0Ab3yeTess KoMaHAa lprint). Ykazanne verboseproc=n 3ajacr
cTeneHb TOAPOOHOCTH IedaTH TEKCTOB MpOLEAyp: HpH n=0 Tekcr He
medaTaercs, IpH n=] medaTaercd TOIbKO TEKCT IOIb30BATENHCKHAX IIPO-
Heyp, pU n=2 nedqaTaercd TeKCT BeeX Mpoiienyp. Ecii B kadecTBe name
HCIoJbL3yeTesl plotdevice, ToO B 3aBUCMMOCTH OT 3HA4Y€HHS CTPOKOBOM
TIepeMeHHOH val MOXHO yKasaTh THI BbIBoJa rpadux (gif — B dop-
Marte gif, laserjet — B popmaTe HP LaserJet npunrepa u 1.7).

VYkazate mMs daita m1g BeBoAa rpadUKd MOXKHO MPH TIOMOTIH
KOHCTPYKUIUH: plotoutput="namefile.ext’. Harmpumep, mocne koMan;

> interface (plotdevice=gif ,plotoutput="ggg.gif’);
> plot3d(sin(x*y) *y,x=-4..4,y=-4..4);

Ha JpcKe iosBuTca daiin ggg. gif ¢ rpadmueckoii kommei sxpaHa B gopMa-
te GIF. O0paTuM BHUMaHHE Ha TO, 4TO, [TIOKa 3HaYcHHE plotoutput He
OymeT mepeompeNeieHo, pesyIbTaThl BeeX KoMaH rpaduku OyayT 3amm-
ChIBATHCS B OJTUH paidi.

Yacro OpIBaeT HHTEPECHBIM, a HHOT/[Aa H HEOOXOAMBIM 3HATh TCK-
CTHI CTAaHJAPTHHIX Maple-koManJ. BbiBecTH Ha 3KpaH TeKCT HYXHOH Mpo-
TIEAYPHI, pealyu3yIoNmed KoMaHIy comm, MOXHO IIPH ITOMOINN KOMaHIBI
print (comm) . [lepen 3TUM HYXHO OIpeJe/IUThL MapaMeTphbl BbIBOJA KO-
MaHIo# interface. [IpuBemeM Habop KOMaHJ, B pe3yAbTaTe KOTOPBIX
BBIBOJUATCA TEKCT KoMaHpl collect.
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> interface (verboseproc=2,prettyprint=1,version) ;

SCG2
> print(collect) ;

proc(p,x)
local t, form, fun,v;
options “Copyright 1991 by the University of Waterloo';

if type(p, {relation,set,list} ) then RETURN (map (collect,args) )

ﬁ,'
if not type(p,algebraic) then ERROR (invalid Ist argument ’,p)
ﬁ.'
if type(x, {set,list}) thenv :=op(x) else v := x fi;
Jortin [v] do ifnot type(t, {function name})
then ERROR (“cannot collect’,t) fi od;
JSorm := 'recursive’;
Jun := <x|x>;
Jortin [args[3 .. nargs]] do
if t = 'recursive’ then next
elif 1 = distributed’ then form := 'distributed’
else fun :=1
fi
od:
if form = ‘recursive’ then “collect/recursive (p,op(fun),v)
else “collect/distributed” (p,op (fun), v}
fi
end

Jiaa obpaboTkn ommbok BermcIcHH B Maple mpejycMoTpeHBL
KOMaH/la traperror M cHCTeMHas IepeMeHHad lasterror. B mepe-
MEHHOH lasterror coxpaHsieTcs cooOIeHre 0 HOCICAHEH CIlyIuBIICH

olMOKe, IPHIEM COIEPKUMOE MEPEMEHHOM 0YAIMAETCs TIPH oOpanieHHH K

traperror. [JosSCHAM cKa3aHHOE HIPHMED OM:

> 1/0:

Error, division by zero
> lasterror; 1/4; lasterror;

division by zero
1

4

division by zero
> traperror(l/4) ;lasterror;
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1

4
lasterror

CyimecTByeT psaj KoMaH, MO3BOJIIONMX CIIEIATH 3a HCIIOIL30Ba-
HHEM pecypcoB KoMmbioTepa. Tak, koMaHIa time() mokasbiBaeT BpeMsA
npolieccopa, UCIoNb3yeMoe ¢ Hadajla TeKyIiero ceanca paborsl ¢ Maple.
Bpems BbITOJHEHMS KaXAoi KOMaHOBI OyIeT MoKa3hBaThCA MOCIE 3a-
Tycka KoMaHIsl showtime(), KOTOPYIO HyXHO IIPEABAPHATELHO NOITPY-
3UTh KOMaHAOM readlib. KomndecTso Hcromp3yeMo¥ maMaTH MOXHO
TOCMOTPETh NPH MOMOINY KOMaHIbl words().

KoneuHo, HaMH TiepednciIeHs! 1aneko He Bce BO3MOXXHOCTH IO OT-
TajJKe U AMarHOCTHKE ITporpaMM. Tak, B IIocTaBKy nmakera Maple BxomuT
nporpamMMa mint . exe, KOTOpad MO3BOJIACT JUarHOCTHPOBATh HaIlMCcaH-
HBIE IPOrpaMMbl, aHAJHI3UPOBATH CUHTAKCHYSCKHE OINHUOKHM, HCITONb30Ba-
HHE IIEPeMEHHBIX B ONTHMAaNbHOCTh HAaNMHCAHHBIX npouexyp. Ilpm obpa-
IIEHUM K HEH HYXHO YKa3aTb COOTBETCTBYIOIUME KIBOYH (CM. CIIpaBKY
mint) 1 uMa daiina, cofepKamero HCXOHbI TeKeT Maple-nporpaMMEL.
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9. N'paduka B Maple

OmauM M3 MHTEpEcHBIX H 3(peKTHBIX NpIMEHEHMH HAKETOB KOM-
OBIOTEPHOH anreOphl ABIACTCA HCTIOMh30BaHAE BX rpadUIecKuX BO3MOX-
HOCTeH IpH pellicHHH Pas/IM4HEIX 3a/ia4: 11 BU3yali3alliy pe3y/ibTaToB
HcClle/loBaHmAi, rpaddeckoll HHTepIpeTalM JaHHBIX | T.1. Ecma maxe
orbpocuTs Bce IpPyrHMe BO3MOXHOCTH Maple M H3y4uMTh TOJBKO
rpaguyecKkyue KOMaHabl, TO 3TH 3HaHUA MO3BOJIAT IMOJIb30BaTemo dddek-
TUBHO ITPUMEHATH BO3MOXHOCTH KOMITEIOTEPHOH rpadHKu OT PHCOBaHUS
npocToro rpaduka GyHKIH 10 cO3/[aHUI MY/ THIILMOB.

HcxogapIMu JaHHBLIMH I IOCTPOoeHAA rpadudeckix o6pa3oB Mo-
ryT OBITH KOHCTpYKIMH Maple (PpyHKIMH, MaccHBEI, rpadHIecKHe CTPYK-
TYpBI), @ TAKXKe Pe3yIbTaThl BLITUCICHHIH, ITOIyI¢HHbBIE IIPH HOMOIIH ApY-
TAX OporpaMM H 3allicaHHBIC B TeKCTOBOM (aitre. B kadecTBe mapamer-
POB IIpH BBI30BE I'padi¥ecKUX KOMaH/ yKa3bIBaeTcd BHIBOJUMBIA 06BEKT
(byrxms, Habop Todek, MHOXECTBO), HHTCPBAJIBI M3MEHEHU TIEpeMeH-
HBIX ¥ ONIIMH BHIBOJIA, YIIPaBILIOIIHE BHAOM H300paXeHH .

B makere Maple nMeerca GoraTeii Habop KoOMaHa AByMEpHOHN H
TpexMepHoit rpaduku. B 3Tolf raBe B 0CHOBHOM 'pedb MOMACT 0 KOMaH-
Jax u3 6mbmuoTekn plots. Pan rpadudeckux xoMamj, opHCHTHpOBaH-
HBIX Ha peleHHE CIielMallbHbIX 3a/1a4, HAX0JUTcs B IpYTUX OHOMIoTEKaX,
M 0 HEKOTOPHIX W3 HUX OyJeT cKazaHo B KOHIle 3TOM IJaBbl A B JIPYTHX
IJIaBax.

Hawnbonee yHuBEpcadbHBIE H 9acTO HCIONB3YEMBIE KOMAaHJIBI
rpadmaeckoii 6ubMMOTEKH plots JOCTYNHBI IOJB30BAaTEMO IIO
ymomdanmo. Ilepen obpalneHyieM K ApYTHM KOMaHAaM HYXHO WA TOAd-
KIIFOYUTH BCIO OHOIHOTEKY

with (plots),
WJIHA UCIIONb30BaTh HMPH BhI30BC KOHKPETHON KOMaHAbI KOHCTP YKITHIO
plots [mMa xomaugu] (mapameTpn) .

Pe3yapTaToOM IIpaBHIBHO BBEJCHHON KOMaHIBI OyAET HOCTPOCHHE
pPHCYHKa B oTHenbHOM Windows-oKkHe, HMEIOIEM CBOEc MEHIO (MEHIO Tpa-
¢uxu). [Ipy noMolM MyHKTOB 3TOI'0 MEHIO MOXXHO HHTEPAKTHBHO M3Me-
HATH HOCTPOeHHOE M300paxeHre (MCHATH paKypc, nseT U 1p.). OqHako u3
3TOr0 MEHIO BO3MOXKHO TOJIFKO YaCTHYHOE YIIPaBJICHAE BUIOM H300paske-
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HU, a II0JIHOC VIpaBicHUC pea3yercd TIpW Ha3HAUYeHWW  OTINE
rpadraeckoil komanwl. B Windows-Bepcnir 11 epeHoca MOIy9eHHOTO
pHCYHKa B TekcT Maple-lokyMeHTa HYXHO BHIIONHHTS CIeOyIOLIHe Iek-
CTBHA: 3aHecTH obpaz B Cydep, maxas xomOunaimro knasum CTRL-C
WM BHIOpaB 3TOT IyHKT B MCHIO IpadKky, 3aTcM MCpelTH B PeXuM pa-
OOTHI ¢ ZOKYMCHTOM ¥ CKOTTHPOBATH cofiepXuMoe Oydepa, Haxas CTRL-
V uma ykazas nyHKT PASTE ocnopHoro merto. INompobHee o IyHKTax
MEHIO MOXHO TIpounTaTh B [IpHIoXeHu M.

ITo yMomdaHmio ycTpoiicTBOM BuIBOja I'padMKy sSBIETC MOHH-
TOp, HO YacTo PUCYHKU HYXHO CKOTMpPORATL, BCTaBUTh B CTaThH H
0TYeThl, COXPaHUTh Ha JUCKE B IOHSITHOM JIPYIMM OporpaMMam gopmare.
Bce mepeunicieHHBle TOXENAHHS MOXHO WCIOIHUTE IPH  [TOMOINM
KOMaHOp! interface U JByX ec omyiii plotdevice U plotoutput
(cM. 1. 8 "[Iporpammuposanue”).

OOpaTuM BHMMaHHE Ha To, YTo IMpY oOpailleHHH K rpaduIeckuM
KOMaHJ[aM B BBIPAKEHHIX, KOTOphie 3aaloT pHcyeMble OOBEKTBI, He
JOIDKHO OBITH HeorlpeleIeHHBIX MepeMeHHbIX. Ecmm aTo He Tak, To Maple
BBLIIACT coOBIMEHNE 0 HEBO3MOXHOCTH ocTpoeHnd rpaduka. Jng BeiBoa
rpadMKoB HECKOJILKHX OJHOTHITHBIX BLIPAXKECHHI Ha OJHOM PHCYHKE J0C-
TATOYHO 3TH BHIPAXCHWS 3aKTIOUNTS: B (UTYPHEIC CKOOKH M yKa3aTh B
KagecTBe rapaMerpa Ipadiracckoil KoMaHpb!.

Hmxe noapobHo paccMoTperni OCHOBHBIC KOMAHIBI, ONMIMH H
CTPYKTYPBI JBYMEPHOH W TpexMepHoll rpaduxuy, Ho, nepea TeM Kak Me-
pPefiTH K MX H3TOXKEHVIO, IpuReaeM He3 KOMMEHTAPHER CaMblii pocToi
BapHAHT pucoBaHus rpadmks GyAxmY oxroil nepeMerHoi f(X) B MHTEp-
Bajie a<x<b:

plot(f(x) ,x=a..b);

9.1. Onuumn RBYMEepHON rpaduku

TMoury Bee oNIWK JBYMepyoil 1paduky, 3a NCKITIOYCHHEM CIICAa-
JH3HPOBAHHBIX, IPHUMEHHMBI JUI$ BCeX PAccMaTPHBACGMBIX KOMaHZ W TIo-
3BOJIIOT YIIPARJIATE OPEcTaBies ey M3ofpakeHUS: TeTalbHOCTRIO Ipa-
dHKa, THIIOM BBIBOAMMEIX TAHME @ szmorsuTenci, pasMelieHHeM HaIIH-
ceil v .0, O cIeAyioT ¢pasy 3a o6A3aTCIBEHEMU NapaMeTPaMy B Ko-
MaHmax, [pHYeM B CIydac MX CTCYTCTBHA HCHOGIL3YIOTCd YCTAHOBKH I10
yMo4atio (B TeKele 0TMedeHs! ToacpruBapiem). OTMeTHM, 9T0 MoJIb-
30BATEL, MOXET MEPCOipaIeiaTh yOTanu Ky HA (eafnc TPU IIOMOLIH KO-
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MaHIbl setoptions (options). [lepeducniM U TPOKOMMEHTHpPYEM
OCHOBHBbIC OTTIHU:

title="Name  — 3aroJIOBOK PUCYHKA.
coords=polar — THII KOOPMHAT (IIONSPHbIC A JCKAPTOBbI).

axes=val -~ THII BBIBOJMMBIX occH KoopauHar. BemuduHa val
MOXKET TIPUHHUMATh OjIHO K3 3Ha4YeHUi: NORMAL — 0OBIYHBIC OCU KOOPIM-
HaT, BOXED — rpaduk 3axmodacrTcsi B paMKy ¢ HAaHECEHHOH INKajou,
FRAME — oCH ¢ LICHTPOM B JICBOM HHXXHEM YIJIy PUCYHKa, NONE — BbIBOJ
6¢3 HaHeceHH Ocei.

scaling=val — Tun Macumraba pucyska. Ecim val mpuHUMaeT
3HaueHHe CONSTRAINED, To rpadHK BBIBOJWMTCHE C ¢ JHHAKOBBIM Mac-
mTaboM Mo ociAM KOOPAHHAT, a IpPH 3HaUYeHHN UNCONSTRAINED - Ipa-
¢k MacinTabupyercs 1o pasMepy rpa¢puIecKoro oKHa.

style=LINE/POINT — BBIBOJ JIHHUAMH MM TOIKAMH.

numpoints=n - YHMCI0 BBYHCIAEMBIX ToUeK Trpaduka (o
YMOJMAHUIO paBHO 49).

resolution=n - rOPM3OHTAJILHOE PaspellicHHe JINCINIEd B TIHK-
ce/Ix (Mo yMordanaio 200).

color=colorvalue - IBeT BhIBOJa. B KadecTBe colorvalue
MOXET BBICTYIIaTh OJHO U3 CICAVIOUHMX 3ape3epBHPOBaHHBIX B Maple
Ha3BaHHH IIBCTOB:

aquamarine, black, blue, navy, coral, cyan,

brown, gold, green, gray, grey, khaki,
magenta, maroon, orange, pink, plum, red,
sienna, tan, turquoise, violet, wheat, white,
yellow,

KpOME TOTO, CYHIECTBYET BO3ZMOXHOCTb OTIPEIIENCHIS COOCTBEHHBIX IIBe-
TOB.

xtickmarks=nx — 9lCii0 Haceyek no ocH aberuce (X).
ytickmarks=ny — 9HcI0 HacedeK 1o ocu opauHat (Y).

thickness=n — ToIIMHA JHMHHM; 3[ICCb n MOXET HPHHMMATH
sHadenud 1,2,3,....
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linestyle=n - THI BHBOAWMO} JTUHMH (HEeOmpephbIBHAas, IYHK-
THD, ...), IO YMOIMMaHUIO — HEITpephIBHAS JIMHNUA ITpH n=1.

symbol=s — THIT CHMBOJIa, KOTOPBIM IOMEYAIOTCA TOYKH, 3/(eCh §
MOXeT IPAHUMATDh OJHO H3 CIICAYIOMUX 3HaYcHHI: BOX, CROSS, CIRCLE,
POINT, DIAMOND.

font=[vfon,style,size] - 3aganue mpudTa U1 BBHIBOJA
TEKCTa. 3ech NMepeMeHHas vEon 3ajjaeT Mg mpudTa (TIMES, COURIER,
HELVETICA uiM SYMBOL), mepeMeHHas style olpefenseT CTHIb

mpudra (cM. cripaBky Maple), a 9uciio size — pa3Mep cCUMBOTA.
labels=[str X,str_ Y] - HaJUHCH 10 OCAM KOOPIAHHAT.

Brllne mepevrciicHbl BaXHEHIINE YHUBEpcaibHbie, 00IIHe 1A BCeX
KOMaH;jI, oMUY ABYMEpHOM rpadyki, 06 ocTaJbHBIX MOXHO Y3HaTh, 00-
PATHUBIINICH K CITpaBKE. YKaXeM ellle HECKOJIbKO cHelM(pHIIecKax, HO Bax-
Heix ommpii. Jlma komaHn fieldplot U gradplot cylnecTByeT HOIOI-
HHATENbHasA OIIUA, KOTOpas 3a/IacT THII CTPEIIOK Ui H300pa’keHHsS BEK-
TOopa:

arrows= thin (W line,slimthick).

Jdm1 xoMaHn fieldplot, gradplot U implicitplot
CYIIECTBYET ORHMA, 3a3jalolasd pa3Mepbl CETKM I BHIMHCICHHSA BEKTOD-
HOTO 1011 B HeIBHO 3aaHHOH QYHKIMH Ha IUIOCKOCTH:

grid=[intl,int2], rie intl — 9uCII0 y3JI0B N0 ocHd X, int2 —
mo ocu Y. ITo ymomgaHMio ripuEsito _grid=[20..20].

B Windows-BepcHH MHOrHe OIMHM BBIBOJA MOIYT IHepeollpelic-
JITHCI MHTEPAKTHBHO B MeHIO rpadukd (cM. [Ipumoxenue). OTMeTnM,
9YTO B MEHIO U3MEHSIOTCS TOJILKO BHEIMHHAE aTPUOYThI pHCYHKa (THII Oceid,
BHJI MaciiTaba ¥ mp.), a HauboJee BaKHbIE ONIMM MOXHO ONpCACIMTH
TOJBKO MPH 3aJaHHU KoMaHAbL. B rpadmdeckoM MeHIO Hellb3d BCTABHTH
I OTPEAaKTHPOBATh HAJIMCH, H3MCHUTE 9HCIIO Y37IOB, IOMEHATH IBET
maHui 7 T.4. Boiee Toro, HempaBHIbHOE MM HEBHHMAaTEHHOE Ha-
3HAaYCHUE OIMIMI MOXKeT IPHUBECTH K HeTodHocTAM. IlpuBeneM mpmMep,
HUTOCTPAPYIOUHH, TT0 MOXET MOJIYIUTHCA, €CIH NPH IMOCTPOCHHN T'pa-
¢dVKa CHIbHO OCHIUUIMPYIOWEH QYHKIMM MCIOIb30BATh YHCIIO Y3JIOB I10
YMONTYaHMIO ([IepBBIi pPHCYHOK) H KaK H3MEHMTCS KapTHHKAa IIpH
VBEIHYCHUH UX YMCIIa (BTOPOL PUCYHOK).

| > plot(sin(1/(abs(x)+0.02)) ,x=-0.1..0.1);
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> plot(sin(1/ (abs (x)+0.02)),

> x=-0.1..0.1,numpoints=999) ;
14
0]
0]
0]
" '01008 006 004 D02 0 002 004 006 008 0.1

[IprMephl MCITIONB30BAHMA ONMCAHHBIX OMNIMI OyayT JaHBI HHXE
BMECTe ¢ IIPUMEpaMH ACHCTBUS KOMaH/I ABYMEPHOH IrpadyKu.

9.2. KomaHabl ABYMepHOMW rpacduku

OcHoBHOIf KoMaHHOH ABYMEpPHOH IpaHKé sBiISEeTCS KOMaHAA
plot, KOTOpasd HAXOJMTCA B CTaHAapTHo# OMOIMOTeKe W He Tpedyer
IIpeBapUTEIHLHOr0 BHI30BA. B 3aBUCHMOCTH OT MPEJCTABIICHUA BXOJHBIX
mapaMeTpPoOB OHa JO3BOJISET PHCOBATh rpadwku ¢GyHKIM omHOH mnepe-
MCHHO#, ITapaMeTpHIecKH 3aaHHbIX QyHKIMI, Habopa To4eK U T.1.

HauneM ¢ mocTpocHus rpadukos yHKIAI oXHONA MEPEMEHHOH, 3a-
JaHHBIX IBHOMH GopMynoii. B 3ToM cirydae koMaHla plot UMeeT BHA;

plot ({funcl, func2...},x=a..b,y=c..d,<options>);
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3feck funcl, fune2, ... - BBIpaXcHWd, 3aBUCAINME OT IIepeMEHHON x,
a..b — uHTepBaJ M3MEHEHHS TepeMcHHON X (0Tpe3ok ocu abcrmcc),
c. .d — BBIBOJIMMBII HHTEPBAN 10 OCH OpJMHAT. 3/IeCch U Jajiee B YIVIOBBIX
ckobKax yKa3aHBl apr'yMeHTH]l, KOTOpPBIE MOT'YT OTCYTCTEOBaTh. Ecim on-
HHM K3 KOHIIOB WHTepBajIa M3MCHCHHA X SABIACTCS OCCKOHETHOCTD, TO BbI-
BOIUTCS TpadUK acUMITOTHYeCKOoro mnoseleHus ¢yuxkimu. [Ipuseem
pUMep MOCTpoeHUA rpaduKoB Tpex (PyHKIMH, UCII0/IL3Ys ONIHH IS SB-
HOr0 yKasaHMd YUCIIa HacedeK I10 ocaM KOOPIMHAT, BHJIa 0cell KoopiH-
HaT, [IReTa JIMHUN U 3ar0I0BKa:

> plot({x,x"2,exp(x)},x=~3..3,y=-5..12,
> title='Graphs of functions y=x,y=x"2,y=exp(x) ",

> axes=FRAME ,xtickmarks=7,
> ytickmarks=9,color=black) ;
o Graphs of functions y==%, y=x"2,y=¢xp(x).
T
104
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Jt BBIBOJIa TIapaMeTPUYECKH 3alaHHOM KPHBOH HCIIOIB3yeTCS
caemyromuii gopMaT KoMaHIH plot:

plot ([funx(t) ,funy(t),t=a..b] ,<options>),

rjge funx(t) , funy(t) - QyHKIHM KOOPIMHAT, 3aBHCAINNEC OT Iapa-
MeTpa t; a M b — HHTEepBaJ U3McHeHHs napaMerpa. Hampumep:

> plot( [cos(10*t) ,t,t=0..2*Pi], numpoints=1200,
> title ="Parametric curve’', axes= boxed,
style=point, symbol=POINT, coords=polar,
scaling=CONSTRAINED,
titlefont=[TIMES,ITALIC,20]);

vVVYy
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Parameltric curve
INEA)

05

B mnpuseAcHHOM mOpuMepe HCIONB3OBAHBL CHEAYIOINHE OIIHH:
numpoints — I yKa3zaHWsl 4ucla TOYECK IIPA MOCTPOCHHHM KpHBOH,
title — I1 BBEJECHUS 3arojioBKa, axes — JUIA ONIpeJIelieHUs THMa occii
KOOPIMHAT, style 1 symbol — I 3aJaHHs BHZa U3oOpaxaeMoi KpH-
BOH, coords — /I YKa3aHUA IOIAPHON CHCTEMBI KOOPJHMHAT, scaling
— Ui U300paxXeH s ¢ 0JHHAKOBLIM MacirraboM 1o ocaM, titlefont —
IUIA oTpe/ierieHHs ImprdTa 3arojIoBKa.

Jiig m3obpaxkeHus Habopa TOYEK HCHOLYeTes KOMaHa:

plot([x1,yl,x2,y2,...],x=a..b,y=c..d,<options>),
rae [x1,yl,x2,y2,...] — Habop Toueck. DToT Habop MOXET TaKxke
3agaBaThed B Buje: [[x1,y1], [x2,v2},...,]1, s;ech x1,x2,... —

abcrpacenl, a y1,y2, ... — OpJIMHATHL.
OrMernM, 4TO XoMaHja plot MMeeT U JIPYrYHC RO3IMOXHOCTH UL
oCcTpocHUS IPpaMKOB caMbIX pa3HoobpasHbIX Maple—BpIpaskeHui.
KpoMe MHOro(pyHKIMOHAIBHOH KCMaHIb plot B TIaKeTe HME-
JOTCS CIIE/YIOIHC KOMaH bl IBYMEpHOii rpadmxis:

logplot (expr,varl=a..b,<options>) — NOCTpOECHHE Ipa-
(pUKA BEIpaXXeHUS expr B JIOrapAPMHUYECKOM MacliTabe o ocH Y.

loglogplot (expr,varl=a..b,<options>) - M[OCTPOCHHE
rpadHka BLIpAXKEHHS expr B JorapudMuYecKoM MacinTabe Kak IO OCH
X, TAK M 10 OCcH Y.

poligonplot([ptl,pt2,...],<options>) - NMOCTPOCHHE -
YroNbHUKA, 3aJaHHOTO BCPIMHAMH ptl,pt2,.., HpUYEM IIOCIETHAA
TOYKa COCIUHACTCA ¢ IEpBOi.
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conformal (F,rl,r2,<options>) — H3oOpaxeHNEe KOHPOPM-
HOT'0 0TOOpa)keH! KOMIUICKCHO3HaYHOH ¢YHKITHH F.

textplot ([exprx,expry,string] ,<options>) - BbBOJ]
TEKCTOBOM CTPOKH string, HAYMHAd ¢ TOYKHA C KOOPIMHATAMH exXprX,
expry.

polarplot([rad,ang,var=a..b] ,<options>) - BBBOI

rpad¥Ka B NMOIAPHBIX KOOPAWHATaX, rAc GyHKIMA paquyca rad W yria
ang 3aBHCAT OT MepeMeHHO var, H3MEHAIONIeHcT Ha oTpeske [a, b].

implicitplot (ex=f,varl=a..b,var2=c..d,<options>)
— m300paxkeHUe MHUM YPOBHS 3HaueHHd £ I QyHIIMHM ex B IIPIMO-
yroibHUKE [a,bix[e,d].

[TpuBefieM mpuMep INOCTPOEHHA IBYX JIMHMIA YpOBHH, HCHONBL3YS
s 6orpiued merammsaipu ompno grid. Ompis labels no3soideT
CHaOIUTh OCH KOOPAWHAT HATIMCAMH.

> implicitplot ({sin(x)*sin(y)=1/40,

> sin (x) *sin(y)=1/2}, x=~2*Pi..2*Pi,
> y=-2*Pi..2*Pi , axes=BOXED,grid=[70,70],
> labels=["X-axis ', Y-axis']);
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densityplot (expr,varl=a..b,var2=c..d,<options>) —
pucoBaHHe (GYHKIMM IIOTHOCTH JIMHWI YPOBHA IS BBIPAXXEHHS expr,
3aBHUCANICTO OT MEpPEMEHHBIX varl U var2.

fieldplot ([exprl,expr2] ,x=a..b,y=c..d,<options>)
— IMOCTPOEHHE BEKTOPHOT'O IO, OIPENEIIEMOr0 BEIPAXKEHIIMU exprl U
expr2; NepeMeHHbIE X U y U3MeHMIoTCS Ha oTpeskax [a,b] u [c,d] coot-
BETCTBCHHO.

sparsematrixplot (A,<options>) - m300paxeHHe HEHyJIe-
BBIX 3JIEMCHTOB MaTpHibl A. KoMmaHa molie3Ha I BU3YaIU3alii Mat-
PHII, BOHHUKAIOIINX B YHCICHHBIX MPHIIOKCHHSIX (METOIbI KOHEYHBIX pa3-
HOCTel M KOHEYHBIX 3JIEMEHTOB).

B cneayrolneM npuMepe Hpy MOMOINY KOMAaHJ U3 TIAKETa JTMHEHHOH
amrebpbl linalg ciy4aliHEIM o0pazoM ¢opMmupyeTcd MaTpHna A,
KOTopas 3aTeM IPHMBOJMTICA K TpeyroibHoMy Buay. [locie storo msym

3JIEMEHTaM NPUCBaUBAIOTCS HEHYJIEBbIE 3HAYEHAA M MOJIydeHHAS MaTpHIa
B uzobpaxaerca koMaH/ioll sparsematrixplot.

> with(plots): with(linalg):

> A:=randmatrix(30,30): B:=gausselim(A);
> B[10,1]:=1/10: B[28,21}:=1:

> sparsematrixplot (B, symbol=DIAMOND) ;
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gradplot (expr,varl=a..b,var2=c..d,<options>) —
n306paxeHre BEKTOPHOI'O NOJI, 3aJIABAEMOT0 T'PAJUCHTOM BbIPaXCHHS
expyr, BRBIYHCIICMOr0 T10 IICPEMCHHBIM varl, var2.

odeplot(s,vars,rl,r2,<options>) - H300paxeHue pe-
meHus  JuddepeHIMalbHOTO  ypaBHeHMs {(cM.  flpuMep B T 6
" MuddepeHiaabHbIe YpaBHEHUS ).

replot (p,<options>) - HOCIPOCHHe  pHUCYHKa  UIA
rpadu4eckoii CTpYKTYpbl p, B KOTOPOH H3MEHEH Psill OTTIUIA.

Yacro 6p1BacT HYXXHO COBMECTHTE Ha ONHOM PHCYHKE FpadHdecKite
00passl, TOIYYEHHBIC TPH MIOMOIIH PAa3MYHBIX PadUIECKHX KOMAHI.
Jing sroro pesymbrar NeHCIBUST KaXxod KOMaHIR thXeH OBITh TIPUCBO-
€H HeKoTopoif repeMeHHoR. [TpH 3TOM BBIBOAZ 1:8 IKPAH He MPOUCKXOTUT.
JI71s1 BBIBO/IA MOJY9eHHBIX Mpadudeckux o0pasoB cOyKUT KoMaHa:

display([picl,pic2,...] ,<options>)

3neck obpa3nbl picl,pic2,... BRIBOJATCI Ha OIHOM PHCYHKE B OOHIMX 0CAX
koopmuHat. [lpM ykasapuu ommH insequence=true ofpa3bl
picl,pic2,... OyIyT OOKa3biBaThCd OJMH 23a JAPYIHAM, COCTAaBIIAA
KaJpbl MyILTHHIbMA.

Ji1d IRyMepHOM MYIIhTHIUIMKAIMH MOXET NPAMEHATHCS TaKXe Ko-
MaHa:

animate (F,x=a..b,t=c..d,frame=n) - 38ecy F - Bhipaxe-
HHUe, 3aBHCAINEE 0T IICPEMEHHBIX X H t, KOTOPHIC HIMECHAKOTCA COOTBETCT -
BEHHO B MHTepBanax [a,bl v [c,d]. [lepeMennas x oTBedaeT ocH abeimce,
t ~ nepeMeHHasg BpeMeHH, a onlyd £rame 3agacT IUCIIO KaJpoB.

PaboTy HEKOTOPHIX NEpEYHCICHHBIX KOMaHI IPOJCMOHCTPHPYEM
TIpAMEPOM, B KOTOPOM Ha OJHOM PHCYHKE COBMEIAIOTCA REKTOPHOE MOJIC
rpajcHTa QYHKIWH f, H300paXeHne INIOTHOCTH JHHUM VpOBHS 3ToH
byaxknym 6e3 HaHeceHHs ceTKU (omMilusA style), BBIBOJL IPEIBapUTEIILHO
BBIYHMCICHHON TOUYKH 3KCTpeMyMa (YHKIMH f, KoTopas cHabxkaeTcs Hal-
NHCHIO.

> with(plots):

> f:=8in(Pi*x)+1.2*sin(Pi*y):

> picl:=gradplot(f,x=-1..1,y=-1..1,grid=[13,13],
> arrows=THICK, axes=FRAMED) :

> pic2:=densityplot(f,x=-1..1,y=-1..1,
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extr{l]:=rhs{uuf2]}): extr[2]:=rhs(uufl}]):
pic3:=plot([extr([1],extr[2]],style=POINT,
symbol=DIAMOND, color=black) :
picéd:=textplot([extr[1]+40.02,extr([2]+0.01,
"Extreme point’],color=blue,
font=[COURIER,OBLIQUE,10],align = {RIGHT}) :
display ([pic2,picl,picd,pic3],axes=FRAMED,
titlefont=[TIMES,ITALIC,16],
title= Demonstration of display command’) ;

VVVVVVVVYV

Demonstration of display command

JISELY

9.3. IByMepHbie rpacduueckue
CTPYKTYpbI

KoMaHzbl, 0 KOTOpbIX peddb Hifa Bbllle, B OCHOBHOM npeobpasyor
BXO/JHbIE JAHHbBIE B IpapyuecKHe CTPYKTYPbl U BBIBOAST UX HA 3KPAH MpH
fIOMOLLY KOMaH/Ibl PUCOBaHHs PLOT.

IlepeuncinM AByMepHbIe rpaduyecKre CTPYKTYPhI:

POINTS ([x1,y1],[x2,y2],...) — HAabOp TOHEK ¢ KOOpAHHA-
Tamu [x1,y1l], [x2,y2]...
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POINTS ([x1,yl], [x2,y2],...) — Ha0Op TOUEK ¢ KOOpIMHA-
TaMu [x1,y1], [x2,y2]..

CURVES ([ [x11,y11],...,[x1ln,yin]], [[x21,y21],...,
[(x2n,y2n]},...,[[xml1,yml],..., [xmn,ymn]l]) — m HaGopos

MO0 n TOYEK, ONPEACIMIONMX He3aMKHYTBIC KpHBBIC. TOUKH KaXIOI'o ¥3
Hab0poB OYIyT MOCHEAOBATENHHO COSMHEHB! 0TPE3KaMH.

POLYGONS ([ [x11,y11],..., [x1n,y1ln]], [ [x21,y21],..
., [%x2n,y2n1],...,[[xml,yml],... [xmn,ymn]]) - m HaGopom
IO n TOYCK, ONPCACILAIOINNX 3aMKHYTBIC KPpHABBIC. Touxu KaxJaoro 3 Ha-
6opos OYIyT MoCIIEROBATENLHO COCTHHEHBI OTPE3KaMH, IIpAYEM ITOCTIeN-
Hs% ToYKa Habopa CoeqHHIETCS ¢ IEPBOM.

TEXT([x,y], string  ,horizontal,vertical) -
rpaduyeckiii BBIBOJ TeKCTa, HA9MHAs C MO3HAIMH, ONPEAEIIeMOil Koop-
JMHaTaM| (x,y]. Ommg horizontal onpenenseT BUI FOpH3OHTALHO-
T0 BRIpAaBHMBAHHUS W MOXCT MPHHUMATH O/JJHO M3 3HadcHUil: ALIGNLEFT
Wi ALIGNRIGHT. Crioco0 BepTHKaIbHOIO BHIDABHHBAHUA 3ajacT Tia-
paMeTp vertical (ALIGNABOVE Wi ALIGNBELOW).

[ sbmBoaa rpadHueckuX CTPYKTYp strl,...,strn Ha 3KpaH
HCIIoIb3yeTcs KOMaHIa CTaHAapTHON OUbMoTeK:

PLOT({strl,...,strn});

Ilpu 3agapmy rpadudecKuX CIpYKTYp HCIIONBL3YIOTCS ONIMM, aHa-
JOTMYHBIC MEePESIHCIICHHBIM BBINE, HO OTIHYaloImuecs caHTakcucoM. He-
KOTOPBIC IPAMEPHI 3aaHUS 3THX OIIMHA NPHUBEICHHI HIDKE; IpH HeobXo-
JMMOCTH IT0JIL30BATENb MOXET OOpPATATHCA K CIpaBKe ? PLOT.

[lpuBeneM nppMep, B KOTOPOM HCITOJI30BAHBI BCE JBYMCEPHBIC
CTPYKTYPBL.

> varl:=POLYGONS([{0,0]1,(1,1],(2,1],

> [2,1/2],[1/2,0]],COLOUR(RGB,l,O,l.0,0.0)):
> var2:=POINTS ({1/10,1},[1.2,1.8],[1.9,1/4],

> SYMBOL (CIRCLE) ) :

> var3:=TEXT([0.5,1.5], Structures PLOT ,

> FONT (TIMES ,ROMAN, 16) ) :

> var4d:=CURVES([[0,0.5),[0.8,1.2},[1.0,1.5],

> [2,1.2]],THICKNESS (2) ,COLOR (HUE,0)) :
> PLOT(varl,varx2,var3,var4,AXESSTYLE (BOX)) ;
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18 5
1.64 1

] Structures PLOT — '
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9.4. Onuuu TpexmMmepHoOn rpacukn

B xoManpmax TpexmMepHo# rpadukul JUIi ynpaBileHHS BHIOM pPH-
CYHKA UCHOMBL3VIOTCA OIIIMM, YaCTUYHO COBNAJAIoIUe C ONIUAMR IBY-
MepHO# rpaduxy. KopoTko NepeHHcIMM OCHOBHBIE OIIMH TPEXMEPHOH
rpadUku, He OCTaHABIMBAACH Ha YXE€ ONMCAHHBIX BhlUIE. [lo-rpexkHemy
YCTaHOBKH 110 YMOTYaHHKO OTMEYEHEI B TCKCTE MOAUCPKUBAHHEM,

coords=opt — 3aJaHUe THUINA UCITOIb3YEMOI CHCTEMBI KOOPJIHHAT
(CARTESIAN, SPHERICAL HIH CYLINDRICAL), -

title=string - BBIBOJ 3arojloBKa, coJicpXalierocsa B CTPOKE
string,

axes=opt — 3aJlaHHC THUIA OceH KoopjuHaT (FRAME, NORMAL,
BOXED, NONE),

scaling=opt - 3a/laHAE THITa MaclITabupoBaHUs
(UNCONSTRAINED, CONSTRAINED),
orientation=[anglel,angle2] - 3aJaHue paxKypca; yribl

anglel,bangle2 paloTcd B Ipagycax,

view—az..bz W view=[ax. .bx,ay. .by,az..bz] ~ onpe-
JielieHye BRIBOIAMOM Ha pHCYHOK o6acTH (Bce 3a ee Ipe/ieiiaMi OTceKa-
eTcs),

projection=n - 3ajJlaHHe THMa TPOCKIMU (MEPCHEKTHBA), ne€
[0,1},

style=opt - 3ajaHyic cTUIS BbBOjJa (POINT — TOYKH, LINE —
JMHVE, HIDDEN ~ ceTKa ¢ yJajJeHHeM HeBHIMMBIX JTMHHWHA, PATCH - 3a-
[OJHUATEN,, WIREFRAME — CeTKa C BBIBOJOM HEBHIHMMAIX JIMHHA,
CONTOUR — JHMHHH ypoBHSA, PATCHCONTOUR — 3ajlojHUTeb H JIHHUH

ypoBHsi),
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shading=opt - 3agaHue QYHKIMH HHTCHCHBHOCTH 3aIl0JHHTES;
mapaMeTp opt MOXeT NPUHMMAaTh ciejlylollde 3HaYeHus: Z  (pyHkims
KoopaiHaThl Z) , XY (pyukims koopmaHaT X B Y), XYZ (GyHKIMs Tpex
KOOpIUHAT), ZGREYSCALE, ZHUE, NONE (6e3 pacKpacku),

grid=[m,n] - 3ajaHhe 4YMcIa yUIOB Mo ocsM X WM Y s
BEIMUCIICHHUA MTOBEPXHOCTH (grid=[25,25]),

numpoints=n — 3aJjaHde YUClIa Y3JI0B /I BLIYMCIICHUS TOBEPX-~
HOCTH; 9Ta OIS SKBUBAJICHTHA OIMIpHK grid=[J/n,/n],

color=opt - 3ajfaHic I{BETA TOBEPXHOCTH (red,blue, . .),

light=[angll, angl2, numr, numg, numb] - 3aJaHHE
TOJICBETKH, CO3{aBaeMOH MCTOYHMKOM CBEeTa M3 TOYKH €O CPepUICCKIMH
KoopJuHaTaMu angll, angl2. llper onpejengercs AOMIMH  KPacHOTO
(numr), 3ereHOro (numg) M CUHEro (numb) BETOB, KOTOPHIC HAXOAATCH B
nHTepsaie ot 0 o 1,

ambientlight=[numr,numg, numb] - 3aJaHue¢ IBETHOCTH
miobpaxeHus. LBer onpenmendercs MoIsIMH KpacHoOTo (numr), 3eJICHOT0
(numg) ¥ cuHEro (numb) IBETOB, KOTOPbIe HAXOATCS B HHTEpBaie oT 0
Io 1,

tickmarks=[il, 12, i3] - 3ajJaHue 4YUCIa HACCUYEK TIO OCSIM
KOOpIMHAT,

labels=[strl,str2,str3] — HaJIIHMCH IO OCIM KOOPIWHAT,
3ajlaBaeMblc CTPOKAaMH strl,str2,str3.

TTomb3oBaTenh MOXET IEpeolpeliciaTh YCTAaHOBKM Ha ceaHc TIpU
IIOMOIIY KOMaHIbl setoptions3d(optl=vall,..., optn=valn).

9.5. CTpyKTYpbl TpexMmepHon rpadpukm

Jna co3maHHA TPeXMEpPHBIX M3006paXeHHH MOKHO HMCIOIb30BATH
KaK cIienyanbapie rpadudeckyue CTPYKTYpbI, TaK H OCHOBAaHHBIC Ha HHUX
KOMaH/bI Nakera plots. Crpyxrypsl POINTS, CURVES, POLYGONS,
TEXT aHaJOTHYHBE! COOTBETCTBYIONIUM JIBYMEPHBIM CTPYKTYpaM (CM. Bbl-
Iie) | UMCIOT Ha OJHY pa3MepHocTh OoJblle TIPH 3aflaHUM KOOPIHHAT
Todek. OmuiieM HHXE CHEIHPUICCKH TpexMepHbie rpadHIecKde CTPYK-
TYPHL.

GRID(a..b,c..d,[[=z11,...z1n],[221,...22n],...,[2
ml,..zmn]]) - 3ajJaHHe TTOBEPXHOCTH HaJl Y4acTKOM KOOpJAMHATHOH
mIockocTH [a,b]x[e,d] mpy moMmoum nepeMeHHoll Tvma listlist.
PazMepHOCTH 3TOH MEPEMEHHON n H m OIPEACIIAIOT THCIO PaBHOOTCTO-
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iux y3noB no ociM X ¥ Y cooTBeTcTBeHHO. Kax bl aneMeHT nepemeH-
Ho#t [[zl1ll,...2z1ln],[221,...22n], ...,[zml...zmn]] 3azaer
KOOPAMHATY Z B COOTBETCTBYIOLLEM Y3JIE.

MESH([[[x11,vy11,211],...,[x1n,yln,z1ln]], [[x21,y2
1,z213,...,[%x2n,y2n,2z2nl),...,[[xml,yml,zml]). .. [xmn,y
mn,zmn]]]) — 3aaHde NMOBEPXHOCTH MpPH NMOMOLUM TEpPEMEHHOW THNa
listlist. B otinuune oT npenbilyiieil KOMaHb! 376Ch YKA3bIBAIOTCS BCE
TPU KOOPAMHATHl TOYEK MOBEPXHOCTH, YTO NMO3BOJSET UCMONL30BATL He-
PaBHOMEPHYIO CETKY.

bonbniMHCTBO oniuid ABNAOTCA OOWMMHU Ji7ist CTPYKTYP ABYMEepHO#
1 TpexMepHOi rpaduku, U UX UMeHa BIU3KKM K ONUMUAM IpadHuecKUx Ko-
maHA. IIposeMOHCTpUpYEM HCNOJIb30BAHUE BCEX CTPYKTYD TPEXMEPHOM
rpaQyky ¥ MPUMEHEHWE HEKOTODbIX OMNUMK NpU MOMOLIM CAeLYIOUIero
npuMepa. BHauajie koMaHIOH Nakera NMMHeHHOH anrebpbi reHepuHpyercs
MaTpulia CO CIyuaiiHbIMM DJIEMEHTAMH M Npeobpa3yeTcs B NEpeMEHHYI0 A
Tina listlist, 3ateM (OpMHUPYIOTCS CTPYKTypbl GRID, MESH #
POLYGONS, 3ajafoliue Tpy nosepxHocTd. Jlanee onpenensiorcs liecTb
TO4YeK (cTpykTypa POINTS), NpPOCTPARHCTBEHHbIE KpHBas M NpsaMas
(cTpyKTypbl CURVES) U TeKCT (CTpPyKTYpa TEXT). Bce 3TH CTPYKTYpB! IpH
NOMOLIM KOMaHAbl PLOT3D BLIBOAATCY HA OAHOM DHCYHKE, NPH OTOM
yKa3biBAOTCS JONOJHHTEIbHBIE ONLIMH.

> A:=convert(evalm{linalg[randmatrix] (30,20) /20)
> ,listlist):

> picl:=GRID(-2..1,-2..1,A):

> pic2:=MESH([[([-2,-1,-14],[-2,2,-14]],[[-1,-1,
> -171,[-1,2,-17]1),I((%,-1,-10],[%,2,-10]],
> [[21_.1[-6][[2[2I_6}]I[[3I_1I-16]I[3I2I_16]]]I
> GRIDSTYLE (TRIANGULAR) ) :

> pic3:=POLYGONS({[-1,0,25],[-2,0,25}],

> [_21_2r25]r[or—2125]1[11_2130]1[11—0132]]):
> picd:=POINTS([2,-2,-13},[1.8,-1.7,-6],

> [1.9,-1.2,-3.5},[2,-1.5,4},

> [2.1,-1.9,15],[1.7,-1,35],

> SYMBOL (DIAMOND) ,COLOR(HUE,3.7)) :
> pic5:=CURVES ([seq([evalf(1.8+0.2*sin(x/4)),

> -1.8+40.2*evalf (cos (x/4)) ,x-7] ,x=~12..35) ],
> COLOR(RGB,0.1,0.1,0.1)):

> pic6:=CURVES([[-2,2,-12],[-2,0,35]],
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> THICKNESS (3) ) :
> pic7:=TEXT([3,-2,30], DEMONSTRATION",
> ALIGNRIGHT, FONT (HELVETICA, OBLIQUE,8) ,
> ALIGNABOVE,COLOR(RGB,0.5,0.5,0.5)):
> PLOT3D( picl,pic2,pic3,pic4,pich,pic6,pic’,
> AXES (FRAME) ,TITLE ( 3-D structures’),
> STYLE (PATCH) ,COLOUR(ZHUE) ) ;

3-D structures

30} oemowsTRaTION

9.6. KomaHAabl TpexmepHou rpadpukmn

B ngaHHOM pasfeiie NpUBORATCA Haubosiee TNOMYJSAPHbIE KOMaHAbI
TpexMepHOM rpaduky. MHorue u3 HUX aHAJIOTMYHbl KOMaHIaM JByMep-
HOU rpadUKy u HMEIT uMeHa ¢ okoHvaHuamu '3d'. Hpu sTom yucno na-
PaMeTpoB, Kak MpaBuio, OoNblie Ha EJMHULY, a TOYKH OINpEeIIAITCA
Tpema koopauHaTamu. Kak u B ciyuae aBymepHoil rpaduky, rie GyHKuus
plot BLINONHAET CaMble PasHOO0pa3Hbie (yHKUMH, B TPEXMEDPHOM CIIydae
CyLIeCTBYET MHOTO(YHKUHOHAIbHASY KOMAH/A!

plot3d({exl,ex2,...},varl=a..b,var2=c..d,<options>).

3necs NpuBeeH 00K BHA KOMaH/bt, NO3BOJIAIOIIEH BhIBOAUTL HA OAHOM
PHCYHKE HECKOJILKO MOBEPXHOCTEH, 3a[aBacMblX OJHOTHIMHbiMKM Maple-
BbIP@KEHUIMH exl, ex2,... . DTH BbIPAXKEHUS JOJDKHbI 3aBHCETh OT ABYX
nepeMeHHbix varl W var2. [ToBepXHOCTM pPHCYOTCS AN MPAMO-
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yroibHuka varlela,b], var2efe,d]. Bum npeicraBieHus pucyHka
MOXHO MEHATb NpPH NomoluM onuuil (options). Ilpusenem npumep uc-
NOJIb30BAHHSA 3TON KOMAH/Ibl VIS H300paXKeHHs ABYX NOBEPXHOCTEH:

> plot3d({x*sin(2*y)+y*cos (3*x) ,sgrt (x*2+y"2) -7},

> x=-Pi..Pi,y=-Pi..Pi,

> grid=[30,30]},title="plot3d demo’,

> axes=FRAMED, orientation=[20, 65] ,color=x+y) ;

plot3d demo

IIpy nocTpoeHUH CIOXKHBIX TPEXMEPHbIX H300paKeHHil MoNe3HO
HCNOJIL30BATh BO3MOXHOCTH MeHio rpaduku Windows-Bepcuu jujis MHTe-
pakTuBHOTO Moadopa 3HAYeHHH HexoTOpbIX onuuid. Tak, ynpaBnss Mbl-
{IBKO, MOXHO MoA0OpaTh JNy4lIHi pakypc (onuus orientation), a npu
NOMOWM TMYHKTOB MEHIO OMNpPEACIUTb ONTHMMAaJbHble 3HAYEHHS ONUUH
(style, shading, axes 1 T.1.). DTH Ha3HAUYEHHUs 3aTEM MOXKHO BCTABHTh
B koMany. OIHAKO PAJ ONLME MOXHO 3a/1aTh, TOJIBKO ABHO yKa3bIBasd UX
ApH BbI30Be KOMaHIbl. Hanpumep, TakMMU ONuUMAMH ABISIOTCA title,
view, light. Huxe npencrasned npuMep komananl plot3d, B KoTOpoM
0pd [OMOUIM 3THX OINUHMI onpelendoTcs obnacTb BbIBoJa (view) U
noaceeTka (light).

> plot3d( 1/ (x"2+y*2)+0.2/ ((x+1.2)"2+(y-1.5)"2)+
0.3/ ((x-0.9)"2+(y+1.1)"2), x=-2..2,y=-2..2.5,
> view=[-2..2,-2..2.5,0..6],

> grid=[60,60] ,shading=NONE,

> light=[100,30,1,1,1],axes=NONE,

v
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> orientation=[65,20], style=PATCHCONTOUR) ;

IIpu nomoum koMaHabt plot3d MoOXHO M300pa3UThL TakXke na-
pPaMETPUYECKH 3aJaHHYIO MOBEPXHOCTb!

plot3d([exprl,expr2,expr3] ,varl=a. .b,var2=c. .d),
rJe KOOpAMHAThl 3aJaHbl BbIPaXEHUSAMH exprl.,expr2.expr3 OT ABYX
NepeMeHHbIX varl U var2, KOTOpble U3MEHAIOTCA Ha OTpe3Kax [a,b] u
[e,d] cooTBEeTCTBEHHO.

Hanpumep:

> plot3d([ (5+cos (t/2) *u) *cos (t),

> (5+cos(t/2) *u) *sin(t) ,sin(t/2) *ul, t=0..2*Pi,
> =-1..1, grid=[60,10], scaling=CONSTRAINED,
> orientation =[-106,70],

> title="Moebius band.’, axes = FRAMED,

> shading=2GREYSCALE, tickmarks= [5,8,3],

> labels=["X-axis , Y-axis , Z-axis']);

Moebius band.
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Ilpn nomomu koManzabl plot3d MOXHO OCYLIECTBAATbL H HEKOTO-
peie apyrue onepauuu (cM. Cnpaeky no pabote ¢ Maple).

Kpome ¢yHkuum plot3d B nporpamme Maple nmerorcs ciemyio-
LL{He MPOLEAYPb! TPEXMEPHOIA rpaduku:

contourplot (expr,varl=a. .b,var2=c. .d,<options>) -
NOCTPOCHNE JIMHMI YpOBHS (YHKUMM expr ABYX NepeMeHHbIX varl u
var2 B npsaMmoyrojibHuke [a,b]x[ec,d] (unenTHyHa koManae plot3d ¢
onuueld style=CONTOUR).

cylinderplot (expr,varl=a..b,var2=c..d,<options>)
— TOCTPOEHHE MOBEPXHOCTH, OMPENETIAEMON BbIpaXEHHEM expr, 3aJaH-
HbIM B LILIMHAPHYECKHX KOOPAMHATAX.

fieldplot3d([exprl,expr2,expr3], varl=a..b,
var2=c..d, var3=e..f, <options>) — NOCTPOEHHE B napaiene-
nunene [a,b]x[c,d]x[e, £] TpeXMEPHOTO BEKTOPHOrO NONS € KOMIOHEH-
TaMM, 33/laHHbIMK BbIDAXEHMIMM exprl, expr2, expr3, KOTOpbie
3aBHCAT OT MepeMeHHbIX varl, var2, var3.

gradplot3d(expr,varl=a. .b,var2=¢..d,var3=e..f,<o
ptions>) — u300paxeHUE TPEXMEPHOrO NOJA rpajveHTa BbIpaXKeHWs
expr, 3aBUCALIECTO OT TPEX MEePEMEHHbIX varl, var2, var3. [lepemennnlie
U3MEHAIOTCS B 3aJaHHbIX HHTEPBajax.

implicitplot3d(expr=g,varl=a..b,var2=c..d,var3=e

.£, <options>) - MNOCTPOEHHE HEABHO 3aJAAHHOH MNOBEPXHOCTH

expr=g B napawieienunese [a,blx[e, d]x[e, £]. 3xect BoipakeHue expr
3aBUCUT OT MepeMeHHbIX varl, var2, var3.

matrixplot (M,<options>) - MNOCTPOEHHE MOBEPXHOCTH, 3a-
naHHo# matpuued M. Ilpy 3azannu onuud heights=histogram
CTPOMTCS TPEXMEPHAaf TUCTOTPaAMMa.

odeplot(s,vars,rl,r2,<options>) — H300paxeHue pelie-
Hus nuddepeHUNANbHOTO ypaBHeHHs (CM. npuaMepbl B T, 10 "Mutu-uc-
cnepoBanus” U ra. 6 "AuddepeHumanstbie ypaBHeHUS").

pointplot([[x1,yl,z1],...,[xn,yn,zn]], <options>)
— BbIBOJ| TOYEK, 3aAaHHBIX CBOMMM KOOPAUHATAMH.

polygonplot3d({pntl,...,pntn]) -~ NOCTPOCHHE TpPEXMep-
HOr0O N-yronbHUKa, 33JaHHOT0 TOYKaMH pntl, ..., pntn, NpH4YeM nep-
Bas TOYKA COCAHUHAETCA C MOCIENHEN.

polyhedraplot (L,<options>) — H300paxeHHe Habopa TOUYEK
B BH/E TPEXMEPHbIX reoMeTpuueckux gpuryp. 3aecs L — nepeMeHHas THna
listlist, B KOTOpOH HaxoHATCA KOOpAMHAThl Touek. Kaxigas Touka
ABJIAETCS UEHTPOM u3o0paxaemoil ¢urypsl. Onuus polyscale=n
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3ajaeT pasMep purypnl (no ymonyasuio n=1), a onuus polytype=set
onpenenseT BHX (QUIYpbl, A€ set MOXET MPHHUMATb ClEAYIOLHEe
3HAYEHHUA: tetrahedron, octahedron, hexahedron,
dodecahedron, icosahedron.

[MpuBOAMMBIH NPUMEP COCTOMT M3 ABYX Komanxa. CHawana mipu rio-
MOLIM KOMaHIbl seq GOPMUPYETCS MOCIETOBATEIBHOCTL TOYEK, 3aJAi0-
uias cnupaib. 3aTeM KOMaH[0#l polyhedraplot 3Ta nocjieaoBaTeNb-
HOCTb BBIBOAMTCH TaK, YTO Kax/[as TOUKA NpeBpalllaercs B AOAEKA3Ap.
OTMeTHM, UTO 3A€Ch UCTIONB30BAHA OMLUI projection Ad ONpeaeneHus
61M3K0M NepcnekTUBbI U ONUUS scaling And 3ajaHus Mmacuraba.

> p:=seq([B8*cos(t/2.5),

> 8*sin(t/2.5) ,t/3.5],t=0..75):

> polyhedraplot([p], polyscale=l.4,

>  polytype= dodecahedron, scaling=CONSTRAINED,
> orientation=[55,55], title= Picture’,

> projection=1/10, labels=[ X-axis , Y-axis',
> ‘Z-axis '] ,axes=FRAMED) ;

Picture

spacecurve ( [expx,expy,expz] ,var=a. .b,<options>) -
NOCTPOEHUE KPUBOW B TpexMepHOM rnpocTpancTBe. Kpusas 3ajaerca na-
paMETPHUYECKH BbIPAKEHUIMU expx, expy H expz (X, Y u Z —koopau-
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HaTbl), 3aBHCALLMMHU OT OIHOU NEpeMeHHOW var, W3MeHsIouieics Ha MH-
TepBaie [a,b].

sphereplot (expr,varl=a. .b,var2=c..d,<options>) -
NOCTPOEHHE MOBEPXHOCTH, 3aJJaHHOH B cdepHueckux KOOpAMHATAX. Bbi-

paXeHHE expr 3aJJacT PAAUYC, 3aBUCALIIMHA OT JBYX YITOBBIX NEPEMEHHBIX
varl U var2.

surfdata([[[x11,y11,211],...,[x1n,yln,2z1ln]], [[x2
1,y21,221},...,[%x2n,y2n,22n}],...,[[xml1,yml,2zml]...[x
mn,ymn,zmn}]],<options>) — NOCTPOEHHE NMOBEPXHOCTH, 3aAaHHOMN
nepeMeHHoOM Tuna listlist.

textplot3d ([expx,expy,expz] ,string,<options>) -
BLIBOJ TEKCTOBOH CTPOKH string ¢ LEHTPOM B IO3MLHMH, 3aJaBaeMoii
KOOPAHHATAMH exXpx, expy H expz.

tubeplot ([exprx,expry,exprz] ,var=a. .b, ,radius=r,
<options>) — NOCTPOEHHE MOBEPXHOCTH BPAILEHHA, MONY4YEHHOH 0bpa-
IEHMEM pajinyca r BOKPYT NapaMeTPHUecKH 3alaHHOM MPOCTPaHCTBEHHOM
KpuBOii. KpuBas onpezensercs BbIpaXEHUAMH eXprx, expry H exprz
X, Y u Z -xoopauHaThbl), 3aBUCALIMMH OT OJHOIt NepeMeHHOH var,
M3MeHsoLelcs Ha HHTepBae [a, b].

setoptions3d(optionsl=expl,...,optionsn=expn) -
Ha3HayeHUeE oMLK TpexMepHOH rpad kK Ha ceaHc.

display3d([picl, ... ,picn] ,<options>) - BLIBOA TpeEx-
MepHbIX rpaduyecknx obpa3os picl,...,picn B 06uieM MacwTabe. Creuu-
¢dbuyeckre oNnUMM ITOH KOMAHAbI AHAJIOTHYHBI COOTBETCTBYIOUIMM OMNLUAM
JBYMEpPHOH KOMaHbl display.

KopoTko KOCHEMCA BO3MOXHOCTEH TPEXMEPHON MYJbTHUIMIIHKALIMK.
OmH cnocob 3akioyaeTcd B UCMONbL3OBAHWM KOMaHAb display3d ¢
UCMOJIb30BAHUEM OMNLKMH insequence=true, a APYrod HcnoiIb3yer
KOMaHJy:

animate3d( F, x=a..b, y=c..d, t=tl..t2, frame=n,
<options>) - 31ech F — BbIPAXEHHE, 3aBUCALILEE OT EPEMEHHBIX X,y H
t, KOTOpble M3MEHSAIOTCA COOTBETCTBEHHO B HHTepBalax [a,b], [c,d] u
[t1, t2]. [TepeMeHHble x M y OTBEYAIOT OCH abCLMCC U OPAMHAT COOTBET-
CTBEHHO, t — MEPEMEHHAs BPEMEHHU, a onuus frame 3aJaeT YUCIO KaJpOB.

IlpuBenem mnpuMep, AEMOHCTPHPYIOUIHK paboTy HEKOTOPBIX KO-
MaHn TpexMmepHoit rpaduky. Ilpn nomolun xoManast display3d Ha of-
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HOM PHCYHKe M300paKeHbl OCTPOEHHAA C UCTIOIb30BAHUEM CepHUYECKHX
KOOPAMHAT MOBEPXHOCTD (picl), NOBEPXHOCTb BpaileHns (pic4) v 3aaaHHas
cinyyaiHO# MaTpuuel NOBEpXHOCTb (pic6). 3aech >k€ MpeAcTaBieHA
NPOCTPAHCTBEHHAas KpMBas (pic5), ABe NOMEYEHHbIE KPECTHKAMH TOUYKH
(pic2), u HaHeceHbl HaanUcK (pic3 U pic7). OTMETHM, YTO JUIS PAcKpacku
IOBYX rnoBepxHocTell (pic4 M pic6) WCMONb3OBAHbI CIELIMAJIbHO BBEACHHbBIE

¢yHkuuu usera (F u f1 COOTBETCTBEHHO).

VVVY VV V VVVYV VV VVVVYVY VVVY VVVYV

with(plots):

picl:=sphereplot((1.3)“z*sin(theta),
z=-1..2*Pi, theta=0..Pi,
style=HIDDEN, shading=NONE) :

pic2:=pointplot([[6,-3,2],[-2,3,~-1]1],

color=blue, symbol=CROSS) :

pic3:=textplot3d([6,-3,3.0, Pointl'},
color=black, font=[TIMES,ITALIC,10]):

F:=(x,y) ~->sin(x) :

picd:=tubeplot([-3+5*cos(t) ,-3+5*sin(t) ,4,
t=Pi..2%Pi,radius=0.5* (t-Pi)],
tubepoints=18, ‘
color=F, style=PATCHNOGRID) :

pic5:=spacecurve([~6+1.5%cos(t/2) ,1.5*sin(t/2)
,£/71, t=-10..30,color=black):

fl:=(x,y) ->(x*2+y"2):

dd:=rand (0. .20):

A:=seq([seq([i/3,3/3,~-10+evalf(dd() /10)1,
i=-18..18)1, j=-18..18):

pic6:=surfdata ([A], color=£fl):

pic7:=textplot3d([-3,-3,4.5, Tubeplot’],
color=black,font=[{TIMES,BOLD,9]):

display3d([picl,pic2,pic3,picd,pic5,picé,pic7]
,axes=FRAMED,orientation=[60,60],
scaling=CONSTRAINED, title= DEMO’) ;



F'pacdmka B Maple 141

Pointl

9.7. AnncTpaTuBHbLIE rpathuyecKkne
KOMaHAbl

B npenpiayinux pasjenax peub uiia 0 kKomanpax obulero Ha-
3HaueHus rpaduueckoro nakera plots. B coctas apyrux nakeros Maple
TAKXe BXOAAT rpaduueckue KoMaHIbi. OOBIYHO OHM fIPEAHA3ZHAYEHB] 11
WIRIOCTPHPOBAHUS PE3YILTATOR PABOTH MareMATHYECKUX KOMAHJ COOT-
BETCTBYWOINMX nakeroB. ONHUIEM HEKOTOpble CNEUMaTIN3UPOBAHHbBIE
rpadguieckue KOMaH/bl, Hauas ¢ nakera student.

Jlns wmocTpaudy YHMCIIEHHOTO HHTE pPHPOBAHHUA QyHkuuK £ (x)
Ha uHTepBane [a,b] npud noMown pazduesus Ha N APAMOYTOJILHUKOB
UMEIOTCH CHEAYIOIHE KOMAHIbIL:

leftbox {(f(x) ,x=a..b,n,<options>) - MeTOJ JEBbIX NP~

MOYTOJIbHUKOB.

rightbox (f(x) ,x=a..b,n,<options>) -~ METOJA NOpaBbIX
NPSAMOYTOJbHHKOB.

middlebox (f (x) ,x=a..b,n,<options>) - METOA UEeH-

TpaJbHbIX NPAMOYI'OJIbHHKOB.
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Jlns noctpoeHus kacatenbHOW x QyHkuuu f£(x) B TOuke a HC-
MoJib3yeTCs KOMaHAa showtangent (f (x) ,x=a,<options>).
IIpuBenem npuMepsi:
> pl:=student|leftbox] (sin(x) ,x=0..Pi,20):
> p2:=student[middlebox] (sin(x) ,x=0. .Pi,6):
> p3:=plot(sin(x) ,x=0..Pi, thickness=2):
> plots[display] ({pl,p2,p3});

11 :
sl ff N

064

8.4 l Z
2.24 2 \

B cratucrHueckom nakere stats ecTh uenas noabubmavortexa
statplots WIIIOCTPATUBHBIX rpaduuecKMX KOMaHH, NMPHBEIEM IBE M3
HUX: .

histogram(xdata) — MNOCTPOEHHE THCTOrpaMMbl I Habopa
IOaHHbIX Xxdata THNA list,

scatter2d(xdata,ydata) — u3obpaxenue Toyex ¢ abcumc-
caMi xdata ¥ opauHaTaMH ydata.

IIpuBomuMblii MpUMep BLIBOJA INMOCHIEAOBATENIbHOCTH TOYEK MOKa-
3BIBAET TaKXe, Kak B Maple reHepupoBaTh HabOpbi CITy4aifHbIX YHCEN MIPH
MOMOLIM KOMaHIbl seq.

> with(stats): dd:=rand(0..1000);

> xdata:=[seq(evalf (dd() /100) ,i=1..200)1];
> ydata:=[seq{evalf (dd() /100),i=1..200)];
> statplots[scatter2d] (xdata,ydata) ;
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B 3akmroyeHue 3TOi IMaBbl NPUBEJIEM TPHUMEP HCIONbL30BaHUA Oll-
HOM KOMaHIB u3 6ubnHoTeKH share. JT1a KOMaHAa NMpeJHa3HayYeHa Ui
U300paXKeHNA NepeceueHus ABYX MOBEPXHOCTEN.

> with(share) ;
> readshare (intplot, plots);
intpiot
> intersectplot (x*2+y*2-1,x"2+y"2+272-2,
> [x,y,2z] ,shading=2HUE , axes=FRAMED,
> title="Sphere-hyperboloid intersection’);

Sphere-hyperboloid intersection




10. MuHu-nccnengoBaHu”A

B nmaHHOW riaBe paccMOTpPeH pSA MUHH-WCCIEAOBAHUA — BbITNOJ-
HeHHbIX cpeacTBaMM Maple 3aKOHUEHHBIX padoT N0 PelieHUI0 HHTEPECHDIX
npodbseM. B kauecTBe TeM BbIOpaHbl M3BECTHBIY O0BEKTbl TEOPHH MH-
HaMH4YECKHUX CUCTEM — JIOTMCTHUECKOE 0ToOpaxeuue u cucrema JlopeHua,
¢u3nyeckas 3agavya o CrallMOHAPHOM TEHEHHU BS2KOH XUJAKOCTH B KaHale
M MaTeMaTHyeckas 3ajada pasnoxeHust pyHkuuu 8 psaa Oypee.

HaznayeHne 3THX NpUMEpPOB — MoKa3aTh BO3MOXKHOCTH Maple s
pellieHUs CJOXHBIX NMPoOJIeM M MOMYTHO NMPOMILIFOCTPUPOBATH JAelcTBUE
BO3MOXHO OOJIbILIETO YHCIIA KOMAH/, NMPU 3TOM HE BCETJa UCTONb30BaAHUE
TOH WKW MHOW KOMaHIbl OOBACHAETCH ee HEOOXOAMMOCTHIO, a WHOrAa
BbI3BAHO Y Halllel MONMbITKOR 00BATH HEOOBATOE.

10.1. NNorucTtuyeckoe ortobpaxeHue

JaHHbIA npuMep NMOCBAUIEH WCCIEAOBAHHIO JIOTUCTMYECKOTO OTO-
OpaxkeHUd — OYeHb MOMYIAPHOro OObEKTa A JEMOHCTpAalMu Xaoca B
JMHaMHuyecKkux cucremax [5,6]. DTa 3agaua 6bina B YMCIIe MEPBbIX ABAKLA-
TH 3a74a4, KOTOpbIe ObIIM NPEANIOKEHbI s pelieHus Ha 9BM, uactuuHo
ocBODOXAEHHONW OT pacueta atomHoh GomObl B CHIA. Jlorucruueckoe
oToOpaxeHHe SBNAETCA MPEKPACHBIM MPUMEPOM IS H3YUYeHMs Kackala
YIABOEHHH — NMOCHeN0BATEIBHOCTH OUYPKALUH POXKIACHHS TIEPUOTHUECKHUX
PEXUMOB, Belylleld K xaocy.

H3yuuM BO3MOXHOCTH SBHOIO OINpEHeNeHHs NEPHOIUYECKUX pe-
KUMOB H BBIYMCIEHMS WX YCTOMYMBOCTH, MPOBEPUM cniocobHocTh Maple
pacCUMTBLIBATL WTepaluu oToOpaxenus u nap. Haxoseu, mpu nomouiu
JAHHOTO TpUMepa MPOJAEMOHCTPUPYEM CllefyIoLIne BO3MOXHOCTH Maple:
3aAaHne QYHKLKH, CMMBONLHOE AN (pEepeHINPOBAHHE U UHTETPHPOBAHHE,
AHAJIMTUYECKOE M UUCIIEHHOE OINpellesieHHe KOPHEH NOJUHOMOB, pelleHue
ypaBHEHUH, NPOrpaMMHUPOBAHUE NIPOLUEAYD, ONEPATOPOB LMKJIA H YCIOB-
HbIX BbIpa)KeHUH, HCMOIb30BaHUE ABYMEPHOU rpaduky.

3anuiem JOTMCTHYECKOE OTOOPaXKEHNE B BUJIE

Xt - f(xn) :bxn(l—xn)’ (1)
secw x €[0,1], b €[0,4].



Muuu-uccnegoBsaHus 145

Henonpuxseie Toyku oToOpaxceHHus (1) yaoBIETBOPSIOT ypaBHe-
HUIO X = f (x) ITuknOM nepuofa p Ha30BEM TAKYIO MOCIHEAOBATENLHOCTD

TOYEK {xnng---,xp}, 4TO

X, =f(x,),...,xl, =f(xp‘l),xl,=f(xp).

Ilpu aToM [uis oTOOpaxeHHd x —» f”(x) = f(f(f(x))) Kaxnas

M3 TOYEK X,,X,,..., X, ABIAETCH HEMOABIKHOM:

x = F7(x) = £ flx))),

Cpenu pewenuit x, = f ”(xk) KpOMe TOYeK, COCTaBIMIOLHX LMKII
nepuona p, OyAyT TakKe HAXOAUTLCA HEMOABHXHbIE TOUKH IEPHOIOB, KO-
TODBIE BLICTYMAIOT JENTUTENAMH YUCIA P.

1Inkn Ha3biBAa€TCA YCTOHYMBBIM, €CITM 3HAYEHHE MYJIbTHILIMKATOpPA
M0 MORYIO MEHbLIE €AMHULBI. [T ONHOMEPHBIX OTOOPaXKEHHH MYJTbTHI-
JIMKATOP PACCYMTHLIBAETCA OUEHDb NPOCTO: 3TO NMPOH3BEAEHHUE MPOM3IBOIHBIX
BO BCEX TOYKAX, COCTABIAIOMINX LMK

gf'(m.

Janee npuseneM ¢parMeHTbl U3 MPOTrPaMMBbi, NpeABapss WX KpaTt-
KHMMH TIOSCHEHHAMM.

Buauane 3amaguM caMo oTtoOpaxeHue, UCMONb3YS CHELUanbHYIO
KOHCTPYKLMIO, H BBIYMCIIMM MPOM3BORHYIO MpPABOH 4acTH OTOOpaxKeHus,
NPUMEHHB KOMaHJy unapply, NOCKONbKY HOBas (GyHKUHS ONMpefensiercsd

depe3 U3BECTHYKO. 3aMeTHUM, UTO MO XOAY 3aJaHus HOBOW (PYHKLMU WcC-
nons30BaHa koMaHaa factor Ans BbifeneHUs cOMHOXxHUTenel. ScHo, yTo

XOpolllas OpraHW3auus BbipaxeHHs (ynpolueHue, dakToOpu3aulus M Ap.)
YCKOPAET NOCIERYIOLLYIO paboTy ¢ HUM, Aa K GOpMYJIbI JIerde YHTAIOTCS.

> £f.=x%~-Db*x* (l-x);
f=x—->bx(l-x)
> df:=unapply (~factor (D (£) (x)) ,x) ;

df =x—>b(-1+2x)
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Haligem npejensHoOe 3HaY€HHE MApaMeTpa b, MPH KOTOPOM OTPE3OK
[0, 1] oTobOpaxaercs B cebs. 3mech MOXXHO 0OpaTHTh BHUMAHKE HA TO, YTO

KOMaH[b! BKJIAAbIBAIOTCA APYr B IpYyra, M Pe3yiIbTaT pelleHHs OXHOrO
ypaBHEHHS yYaCTBYET B 3aJJaHUH JPYroro ypaBHeHHs .

> b lim:=solve( 1=f£( solve(df(x)=0,x) ) , b );
b lim:=4

Jlanee BBIYMCIIMM HEMOJBHKHBIE TOYKH KBaApaTa 0TOOpaXeHUs MpH
MOMOLUHY KOMaH/Ibl solve, pe3ylbTaTbl TOMECTHM B NepeMeHHYI0 fixed n
NPOBEPUM TpAMON MNOACTAHOBKOH, 4YTO BTOpas W3 HAWJEHHBIX TOYEK
ABAETCA HENOABHXHOH Toukoi oTobpaxeHus. OTMETUM, YTO PE3ynbTaT
NOJIy4eH B BHJIE HEKOTOPOTO BBIPAXKEHMUA, raec GUrypHpyeT mapamerp b.
BoiukciiM 3HauyeHME MYJAbTHILIMKATOpPA IS HENOABMXKHON TOYKH, H
peliMM  HEPaBEHCTBO, ] f ’(x)' <1, #3 KOTOpOro HailleM HWHTepBan

YCTOﬁ‘lHBOCTH HEMOABUKHOW TOYKH.

> fixed:=solve (x=f (f(x)) ,x);

fixed =0, - 1-b 1 b2+b+ b~ 25°-3 b2

b 2 b2 ?
16%+6-Jb* 2867357
2 b2
> simplify( £ (fixed[2]) )=simplify( fixed[2] );
146 -1+5
b b
> r_f:=simplify(df (fixed{2]));
rf=5b-2

> solve(abs(r_£)<1,b);
{1<b,b<3}

HerpyaHo yOemuThes, 4TO TPEThE M YETBEPTOE 3HAUECHHA U3 fixed
AAKOT LMK MEpUOJIa JBa /I HCXOJHOTO OTOOpaKeHHS.

Onpenenuth 06nacTh ycTORYMBOCTH LMKIA MepHola ABA MOXHO
AHAIOTHYHO. BbIYMCIIMM MYJLTHIJIMKATOP M PELIHM COOTBETCTBYIOLUEE
HepaBeHCTBO.  Ilocne  3TOrO  BbLIAENMM  MOAXOAAINEE  peElleHHE
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(oTpHUaTeNbHbIE 3HAYEHHI NapaMerpa b HE PaccMaTpUBAKOTCH) U Npeob-
pa3yeM OTBET, COIEPXKAILMH PAHKa, B BELIECTBEHHOE YHUCIIO.

> bb:=expand( df (fixed[3]) * df (fixed[4]) );
bb=4-b2+2b
> stab 2:=solve(abs (bb)<1,b);
stab*2:={1—J6_<b,b<-l},{3<b,b< 1 +f5}
> ss:=rhs(convert(stab 2[2][2],equality));

> evalf (ss);
ss=1 +J€
3.449489743

Hanee onpenenum kyd oToOpaeHHs U ero NPOU3BOIHYIO.
> £3:=unapply(£(£(£(x))) ,x);

B=xb2x(1-x)(1-bx(1-x))
(1-P2x(1-x)(1-bx(1-x)))

> df3:=unapply(-factor (D (£3) (x)) ,x);

a3 =x—>b3(-1+2x)(2bx*~2bx+1)
(2B3x" -4 b3 x3+2b°x2+2b7x2 - 2b%x+1)

Ha npumepe 1nukia mepHoja TpH MOKaXeM, KaK HCMOIbL3OBATh
rpadHk JUIs NTOUCKa LUKIOB Pa3IMUHBIX NEPHOOB. [IJs 3TOrO ONpeaenum
npAMy0 y = x, fepeceyeHUs ¢ KOTopoil rpaduxa kyba oTobpaxeHus

YKaXyT Ha CyLLECTBOBaHWE HYXHOro uukna. J[ns pucoBanus Tpebyercs
ONPERENEHHOCTb BCEX NEPEMEHHBbIX (KpOME Xx), MOITOMY HYXHO 3aIaTh
KOHKPETHOE 3HayeHue napamerpa b.
> bis:=x->x; b:=3.828428;
bis =x—>x
b :=3.828428
> plot({£f3,bis},0..1,0..1,axes=BOXED,
> scaling=constrained) ;
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Korma Ha rpaduke UMEIOTCS TPH NApHbIX NEPECEYEHUs TNPAMOM
¥y =X, TO 3TO TOBOPHT O HAHYMH LMKNA Nepuoaa Tpu. s YACIEHHOTO
MOMCKa TOYEK LKKIA MOXHO oOpaTuthecs K koMmaHne fsolve. Ilo pu-
CYHKY, NPUMEPHO MPEACTABUB TOT WHTEPBaj, I[JE€ pacrojaraercsa napa
KOpHel, 3aJaliM €ro, ynpoCTHB 3afiayy HaxoXAEHHA DelleHHH. 3aTem
BBIYKMCIIMM BCE TOYKU LMKIOB M BbIACHHM YCTOHUMBOCTb CaMHMX ILHKIIOB.

Hcnonb3ys Bo3amoxHocTs Maple ycraHapnuBaTh mobyio JUIMHY MAHTHCCBI,
MeHss 3HaueHHe nepeMeHHOH Digits, MPOBEPHM pe3yNbTaT, YBEINYHB

KONUYECTBO 3HaYalmx uudp.
> £ff:=fsolve (£3(x)=x,x,0.1..0.3); 1
S =.1598419562, .1600156014

> Digits:=25; fsolve(f3(x)=x,x,0.1..0.3);
Digits ;=125
.1598411865655579342623021,
.1600163732536228089929147
> Digits:=10;
Digits .= 10

> df3(£££[1]); Af3(f££[2]);
-.9845561276
-1.015433828

KoneyHo, sBasch CHCTEMO CMMBOJIbHBIX BbiduciIeHuid, Maple yc-
Tynaer B CKOPOCTH CNELHAlM3MPOBAHHBIM MPOrpaMMaM pacyera AuHa-
MMYECKUX CHCTEM Ul UTepupoBaHus orobpaxenuil. Omqnako Maple npe-
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JOCTABJIAET BO3MOXHOCTh COYETAHHA AHAINTHYECKUX U YUCIEHHBIX METC-
0B MccienoBaHua. [IpuBoaMmas mnpouenypa MOKa3bIBaeT, YTO [if
BbIYHMCICHUA uTepauuii 0ToOpaXkeHHs MOXHO BOCHONL30BATHCA Nackane-
nofoOHBIM A3bIKOM MporpaMmHposanus Maple. Cienyer ob6paTuts BHH-
MaHHE Ha KOMaHIy convert ms npeobpa3oBaHus NaHHbIX k dopMmarty,
yaobHoMmy [U1s AaibHeiiuero nocrpoeHus rpaduka.

> Iterates := proc(n,x)
local It,i; It:= array(-1..2*n);
if n<0 or x<0 or x>1 then

ERROR( invalid argument’) f£fi;
It[-1]:=0; It[0]:=x;
for i from 1 to n do It[2%i-1]:=i;
It[i*2]:=£(It[2%i-2]) od;
RETURN (convert (It,list)) end;

VVVVVVYV

Herates := proc(n,x)
local 1t,i;
It :=array(-1..2*n);
ifn<Oorx<O0orl<xthen
ERROR(invalid argument °)

fi:
It[-1] :=0;
Itf0] :=x;
Joritondo
Itf2%-1] :=i; Itf2%] :=f(1t[2%-2])
od;
RETURN (convert(1tlist))
end

PesynsTaT paboThl mpouenypbl B Bule rpauka 3aBHCUMOCTH Me-
pPEMEHHOM X OT HOMEPa UTEpaUMH /1 MPEAEIbHOTO 3HAUYEHNS NTaPAMETPa
b npuBeneH Hike. BuaHo, 4TO NoBefeHHE CHCTEMbBI XaOTHYHO.

> b:i=4;
b.=4
> n:=2000;
> plbt(Iterates (n,0.1) ,x=0..n,y=0..1,8tyle=POINT) ;
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BaxHoii npu u3yueHnu xaoca {6] B uHaMuyeckoit cucreme ObiBaeT
uHpopMaLus o0 MHBApHAHTHOH Mepe WM TIOTHOCTH PpacrpeleiieHus
TOYeK Ha oTpe3ke. Cneayloluii GparMeHT MOKa3biBAET, YTO 3KCIIEPH-
MEHTAbHOE PAacHpefeieHHEe TOYEK NO OTPE3KYy MOXHO HAaWTH, HAamNHCaB
HeGONBIIYI0 NPOUEAYPY CO CIAEAYIOLIHMH NapaMeTpaMH: N — YHCIO HTe-
paunii oToOpaxceHusi W3 HayaJlbHON TOUYKH X, @ M — YHCIO pa3dbueHui
eIMHUYHOTO OTpe3Ka Ha MHTepBanbl. PedymbraToM paboThl mpoueaypsbl
ABJIAETCA MACCHB YacCTOThI ONAAaHUA TOYEK B 3a1aHHbLIE HHTEPBATIbI.

> Density := proc(n,m,x) local It,count,i, k;
> It:=array(-1l..2*n); count:= array(l..2%m);
> if n<0 or x<0 or x>1 or m<1 then
> ERROR( invalid argument ")
> fi; It:=Iterates(n,x);
> for i from 1 to m do count[2*%i-1]:=(i-1/2)/m;
> count{2*i] :=0;0d;
> for i from 1 to n do k:=2+2*floor (m*It[i*2]) ;
> countik] :=count{k]+m/n; od;
> RETURN (convert (count,list)) end;
Density :=
proc(n,mx)
local It,count,ik;
It :=array(-1.. 2*n);
count :=array(1 .. 2*m);
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ifn<Oorx<Qorl<xorm<]then
ERROR( invalid argument °)
ﬁ,'
It := Iterates(n,x);
foritomdo
count[2%i-1] := (i-1/2)/m; count[2*i] := 0
od,
foritondo
k :=2+2%floor (m*It{2*i]);
count[k] := countfk]+m/m
od;
RETURN (convert(count,list))
end

PucyHok e nokaselBaeT, YyTO Ha TpaduKe JIETKO COCENCTBYIOT
TabIMyHO 3anaHHas QYHKUMS TUIOTHOCTH W HMeolleecs A 3TOTO
3HaYEHUA napameTpa b aHAINTUYECKOE BbIPAXEHWE [UIS MHBAPUAHTHOH
NJIOTHOCTH, Aaxe ¢ 0COGEHHOCTAMH Ha KOHLaX NHTepBaa.

> rho:=1/Pi/sqgrt(x* (1-x)); int(rho,x=0..1);
1
P ndx J1-x
1

> plot({rho,Density(2000,10,.1)},x=0..1,y=0..2);

TlocienHUM PUCYHKOM JaHHOTO NpHMepa sBiseTcs OudypkalloH-
Hadg AUarpaMma, NMoKa3blBamouias, KakHe aTTPakTOpbl PealM3yioTCs INpH
W3MEHEHHUS MapaMeTpa 3a1ayu. AJITOPUTM pacyera AHarpaMmbl PocT: JUis
KOHKDPETHOrO0 3HAaYEHHA mnapaMeTrpa b TNpPOBOJWTCA pacyeT Ha ycra-
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HOBIiEHHE, a4 3aTEM COBEpHIAETCS HEKOTOPOE KONHYECTBO HTepauMi, cro-
COOHbIX JaTh MpPEACTABICHHE O COOTBETCTBYIOIEM aTTpakTope. [loHATHO,
YTO IS LMKIOB MaJIbIX MEPUOLOB HE HYKHO CTONBKO TOYEK, CKONLKO
Tpebyerca s n300paxeHUs XaoTHYeckuX pexumoB. IIpuBoanumslit pucy-
HOK NOJY4YeH TPH KOMIIPOMMUCCHbIX HA3HAUEGHHUAX YHCIIA TOUEK HA OTpe3Ke
W3MCHEHHS TNapaMeTpa M YHCIa TOYeK, OTBOAMMBIX Ha M300paxceHHe at-
TPaKTOpa.
ITapamerpamn npouelypbl SBISIOTCS nn — YKUCIO pa3OUeHHH HH-
TepBajia U3MeHeHus [bbeg, bend] napameTpa b, pre — uucino urepauuit npu
pacdeTe Ha YCTaHOBICHHE, all — HHCIO TOYEK JUIA NPEACTaBIEHUA aTTPaK-

; n:=0;

TOpA.
> Diagram := proc (bbeg,bend,nn,pre,all)
> local x0, i, n, b,db; It:= array(l..2*nn*all);
> x0:=1-1/bbeg; db:=(bend-bbeg)/(nn-1)
> for b from bbeg by db to bend do
> for 1 from 1 to pre do x0:=b*x0* (1-x0) od;
> for i from 1 to all do n:=n+2; It[n-1]:=b;
> x0:=b*x0* (1-x0) ; It[n]:=x0 od; od;
> plot(convert(It,list) ,x=bbeg..bend,y=0..1,
> style=POINT, axes=BOXED, scaling=constrained) ;
> end;
Diagram :=

proc(bbeg,bend,nn,pre,all)
local x0,i,n,b,db,It;

It :=array(1.. 2*nn*all);

x0 := 1-1/bbeg,
db := (bend-bbeg)/(nn-1);
n:=0;

for b from bbeg by db to bend do

foritopredo x0:=b*x0*(1-x0) od;

foritoalldo
n:=n+2;
Itfn-1] :=b;
x0 .= b*x0*(1-x0);
Itfn] :=x0
od
od;

plot(converi(Itlist ). x = bbeg .. bendy =0.. 1,
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style = POINT,axes = BOXED,
scaling = constrained)
end
> Diagram(2.9, 4, 55, 45, 45);

. vyl

....... sah

08 ...t g
.

0.5 .. :

0.44

0.2

10.2. PasnoxeHue hpyHKUMKU B psaf
dypbe

B 3TtoM pa3pmene Mbl mpemiaraeM MpoOLENypY, KOTOpas A 3ajaH-
HOTO BbIP2)XXEHHA BLINHCHIBAET OTpe3ok psga Dypbe. BxomHeiMu napa-
MeTpaMu Npoueaypsl 6yAyT: f — BbIpaxKeHHe, Ui KOTOPOTO HYXKHO BHIMH-
caTh pag DPypbe, x — nepeMeHHas, [-a,a] — HHTePBAJI U3MEHEHHA X, N —
KOJIMYeCTBO WIeHOB psaza. Hybke mpHBemeH TEKCT MPOLENYPbI C KOMMEH-
Tapusmu (06nacTs Text Region).

3azonosox npoyedypol: ums - fourieseries, napamempuol: f - paznazaemoe 8oi-
padxcerue, ompe3ok no X [-a,a], n - uucno unenos psoa. Onucanvt dse no-
KanbHble NEPEMEHHBIE I,5.

> fourieseries:=proc(f,x,a,n) local i,a,b,s;

30ecb mbi nposepsem, ne aeasemca au unmepgan [-a,aj Hynesvim. Ecnu ge-
auyura a=0, mo npu nomowu npoyedyptt ERROR svioaemcs coobuenue o6
ouubke.

> if a=0 then ERROR( 3 argument must be <> 07) ;fi;

IIposepxa uucaa wieHo8 psada: Ima 8enuHuHa 00NlcHa bsimy cmpo2o
nonosxcumenvHou.

> if n<0 then ERROR( 4 argument must be >=07); fi;
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Iposepra muna svipasicenus [, komopoe 0oaxcHo umems mun algebraic.

> if (not type(f, algebraic’))
> then ERROR( 1l'st argument is not function'); fi;

IIposepxa muna nepemerHoil X, KOMOPAA OONHCHA UMemb mun String.

> if not type(x, "string’)
> then ERROR('2'st argument is not name
> of variable’); fi;

Ilepemennoii s npuceausaemcs Hynegoti uner paoa Pypee.
> s:=int(f,x=-a..a)/1/2;
Buiuucaenue cymmol u3 n unerog paoa Pypeve.

> for i from 1 to n do

> s:=s+int (f*cos (i*Pi*x/a) ,x=-a..a)/a*

> cos (i*Pi*x/a)+

> int({ f£*sin( i*Pi*x/a) ,x=-a..a)/a¥*
> sin(i*Pi*x/a) ;

> od;

Bosspawenue & kavecmse pesynvmama ompesxa psioa Pypee.

> 8; end:

IIpoBepum Tereps paboTy NMpeMIOXEHHOW NpoleAYpbl HA ITPUMEpe
u3 3amauHuka /lemuposuua [4]. Boinuirem nepsbie LIECTh YWIEHOB PANA
@ypbe, 3aTeM nocTPOoUM rpaduk camoil GyHKLMH M NOJYYEHHOro pasno-
KEHUA.

02691. Paznoxcums 6 pad Pypve Gyrxywo [ = xsin(x) Ha ompeske [-7 z].

> f:=x*sin(x):
> g:=fourieseries(f,x,Pi,6);

1 2 1 2 1 2
g=1- 3 cos(x) - 3 cos(2x) P cos(3x) - i cos(4 x) +13 cos(5x)~ 3 cos(6x)

picl:=plot({f,g} ,x=-1.2%pi..1.2%Pi,
-0.5..2 ,numpoints=500) :
pic2:=textplot([-1.07*Pi,
subs (x=-1.07*Pi,qg), fourier']):
pic3:=textplot([-Pi,0, 'y=x*sin(x) "],
align={ABOVE,RIGHT}) :

vVVVVVYV



MuHK-uccnegoBaHun 155

> with(plots):
> display({picl,pic2,pic3},axes=BOXED,

> title="Function y=x*sin (x)
> and Fourier approximation’);
Function y=x*sin(x) and 6D-Fourier approximation
S
1.5
1]
0.5] fou(ier //
L .
o] /=x'sin(x)
05 3 2 R] 0 i p) 3

10.3. CucTtema JlopeHlLa Kak MasATHUK C
obpaTHOW CBA3LIO

B sTOoM pasgene paccmaTpuBaeTca cHCTeMa TpeX OOBIKHOBEHHbBIX
IuddepeHUHANLHBIX YPABHEHHI NMepBOro NMoOpAAKa, KOTOpas OMUCbIBAET
JBHXKEHHUS PETYIHPYEMOTO MasTHUKA ¢ OfHOM cTeneHbi0 cBobombl. K sToi
CHCTEME NPU MOMOLIM 3aMeH CBOAUTCA 3HaMeHKTas cicteMa JlopeHna (cM.,
Hanpumep, [5-8]). B 3toM npuMepe cpeacrBamu Maple nunocTpupyrorcs
pe3yabratsl paborsl B.M.JOn0BHYa [8].

Cuctema JIopeH1a HMeEET BUA;

t=—-ou+oy
V=ru—v—uw @

w=uv-bw
3[eCh o, b, r — napaMeTpsbl, a ¥, ¥, W — HEW3BECTHbIE (PYHKLHN BPEMEHHM /.
H3BecTHO, 4yTO NpH 3HauYeHHH napamerpoB c=10, b=8/3, r=28 y cuctemsl
CyLIeCTBYET CTpPaHHbIH aTTpakTop (peuieHue 3agaun Komwn obOHapyxupaer

CTI0KHOE TMOBEJEHHE, KOTOpPOe NpUONMXKaeTCs MO CBOMM CBOWNCTBaM K
CTOXacCTHYECKOMY).
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Kak nioxasano B [8], nocne 3aMeHbl epeMeHHbIX ¥ BBEACHHA HOBOI
He3aBUCHMOIl NepeMeHHON CHCTeMy (2) MOXHO NPHBECTH K CleAyIOHIEMY
BULY:

> eql O0:=diff (x(t),t$2)+epsilon*h*diff (x(t),t)

> +x (t) *3+(g(t) -1) *x(t)=0;
> eq2 0:=diff(q(t),t)=
> -epsilon*a*q(t) +epsilontbeta*x (t)*2;

2
eql 0= (% x(t))+ ek (%x(z))+x(¢)3 +(q() - 1) x(£) =0

eq2 0 :=gz qt)=-caq(t)+eP X(£)2

ITapamerpsl 3TOH cucTeMbl AvddepeHUHaNbHbIX YpaBHEHW CBsA3a-
Hbl ¢ IapaMeTpaMu UCXOJHOH COOTHOLIEHHAMHU:

k= o+l a= B 26-b
Jr I Vo f Jo
Cucrema ypasHeHmnii {eql_0,eq2_0} onmucbiBaer konebanusi aBTO-
MaTHYECKH PEryJIMPYeMOro MasTHUKA C SHEPTHEi:

H= _xi + ‘x_‘_ + (q__!zx_z .
2 4 2
3nech g — perynnpyomuii napametrp. Kpome Toro, Ha MasTHUK neHcTByeT
cuna TpeHus: —ehx. YpaBHenue eq2_0 omucbiBaeT 0OpaTHYIO CBA3b pery-
JIATOPA C MAATHHKOM.

PaccMoTpuM cHauana cnyyail OTCYTCTBMA oOpaTHO# cBsasu (£=0).
CooTBeTcTBYIOLIAsA cuCTeMa ABYX AudQepeHUHaNbHbIX YpaBHEHHi nocie
3aMeHbl X(f) = y(I) NPHHHUMAET BUA (IAA MOJCTAHOBKH HMCMONb3YETCA KO-
MaH/Ja subs):

> eq3:=diff (x(t) ,t)=y(t):;
> eql:=subs (epsilon=0,eqg3,eql 0);

eq3 = % x(2)=y(t)
=(2 3
ear =250+ + (a0 - Dx)=0

B sToM ciyuae ynpaBagiowuil napaMeTp g MOCTOSHEH U ONpPEAEIis-
€TCH TOJNIbKO HaYalnbHbIMH AaHHbiMi. [loTeHUHANBHAY 3HEPTHA MasTHUKA
0e3 06paTHOIf CBA3U MMEET BUA:
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> PEnerqg:=x"4/4+(qgq-1) *x*2/2;
PEnerg :=lx4 +-1- (gg— 1) x2
4 2

3necs, 1U1d ynpaBisioLIEro napaMeTpa BBEACHO HOBoe 0603HaueHHeE ¢q.

Ilpu uccnenoBaHUM NOBEAEHHS MasTHHKA B OTCYTCTBHE oOpaTHOM
CBS3M TOCTATOYHO PACCMOTPETh TPH KAYECTBEHHO PA3NUYHBIX Ciiyyas: a)
napametp gq<!, b) napamerp gq=1, ¢) mapamerp qq>1.

Ilycth gq<1; npucBouM napameTpy gq 3Hauenue 0.8 W Bocnosb3y-
eMcl KOMaHAOH subs i NMOACTAHOBKH 3TOr0 3HAUYEHHMS B ypaBHEHHA.

I'paduk noTeHUHATBHOM S3HEPTUHU B 9TOM Cllyyae UMeEeT BUIL:

> plot(subs (qg=0.8,PEnerg),

> x=-0.72..0.72,axes=FRAMED,
> title="Potential energy for gq(t)<1l7);
Potential energy for q(t)<1
0.015.
am
0.0054
04
0005}
001
I R PR 02 04 08

BuaHo, 4TO NOTeHLMANbHAS JHEPTUS HMeEET ABAa MMHHUMYyMa, KOTO-
PbIM COOTBETCTBYIOT YCTOHYMBBIE TOUKH NMOKOA (PABHOBECHA) U JIOKAJIb-
HbIH MaKCHMYM, KOTOpPOMY OTBEYaeT HeycTOHuMBas TOYKa MOKOA MasAT-
HUKa (CellJIOBOE PABHOBECHE).

XapakrepHbiil (azoBblii NopTper M300paXKeH NPH MOMOLIM KO-
MaHIbl H3 nakeTa DEtools.

> with (DEtools):

> phaseportrait([eval (-subs(y(t)=Y,rhs(eg3))),

> eval(subs(y(t)=Y,qg(t)=0.8,x(t)=X,lhs(eql)))],
> {X,Y},0..30,{([0,-0.65,0],[0,-0.3,01,

> [0,-0.15,0.0}1,[0,-0.01,0.0],[0,0.65,01,

> [0,0.3,0]1,{0,0.15,0.0],(0,0.01,0.0]},
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> stepsize=0.25, title=
> "The phase portrait for g(t)<l" ,6axes=BOXED) ;

The phase portrait for q(t)<1

0.154

0.1

0,05

Pa3oBas MIOCKOCTh Pa3bUTa cemaparpucamu CELTOBOIO HYJIEBOI'O
PaBHOBeCHS Ha TpH OONACTH C Pa3NHYHBLIM MOBEICHHUEM TPACKTODHH: IBe
00JacTH ¢ 3aMKHYTbIMH TPAcKTOPHAMH, 0OpallatoIIMMHCI BOKPYT COOT-
BETCTBYIOIIETO YCTOMYMBOIO PABHOBECHS, M BHELIHAS NO OTHOLUCHHUIO K
CenapaTpuCHOMY KOHTYPY ObJIacTb.

AHaNOTMYHO JJis cayuas c) npu qq=1.2 crpoarcs rpadux MOTEHIIH-
aJIbHOM 3Hepruy U (a3oBblil NOPTPET CUCTEMBbI.

> plot(subs(qg=1.2,PEnerqg),
> x=-0.72..0.72,axes=FRAMED,
> title="Potential energy for q(t)>1");

Potential energy for q(1)>1

[ R]
0.084

0.064

0.02
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3aech robaTbHOMY MHHHMYMY NMOTEHUMAJILHOH HEPTHH OTBEYAET
eIMHCTBEHHOE YCTORUYHUBOE HYJIEBOE PABHOBECHE.

> phaseportrait([eval (-subs(y(t)=Y,rhs(eq3))),

> eval (subs(y(t)=Y,q(t)=1.2,x(t)=X,1lhs{eql)))],
[x,¥},0..30,{([0,-0.65,01,[0,-0.5,01,
[0,-0.4,0.0],(0,~-0.3,0.0],[0,-0.2,01,
[0,-0.1,0],[0,0.01,0.0]},stepsize=0.25,
title="The phase portrait for gq(t)>1",
axes=BOXED) ;

VVVVY

The phase portrait for q(t)>1

0.44

02

X0

B 3TOM cnyyae eMHCTBEHHOE HYJIEBOC PABHOBECHE ABJAETCH LIEH-
TPOM, & BCE TPAeKTOPHH 3AMKHYThI.

Jannas cucrema npH &=0 wunrerpupyetrca sBHo. J[lns aHa-
JIMTHYECKOT'O0 pelleHus ypaBHeHWA eq_l BoOcnonb3yeMcs KOMaHAOM
dsolve. [lns ciyuas b) (g(z)=1) petienre uMeeT BUA:

> eql:=subs (epsilon=0,q(t)=1,eql 0);
> dsolve({eql}, {x(t)});

2
eql = (-8—2x(£)]+x(1)3 =0
ot )
x(t)

x(¢)
=] -2 ! dyi- C2t=| 2 ! dy2- C2
:i-2y14+4_01 :i-2y24+4__01
0 0

Jas cnyuas a) npu gg=0.8 nonyyaem:

> eqgl:=subs (epsilon=0,q(t)=8/10,eql 0);
> dsolve({eql}, {x(t)});
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2
eql :=[%x(!)}+x(l)3 - %x(t)= 0

x(¢)
1

10
J-50y1% 420912 +200_c1
x(2)
t=| -10

t= dyl - _C2,

1
J 4 2
-50y27 + 20 y2% + 200 _C}

dy2 - _C2

AHAJIOTHYHO MOJIyYaeTcd DellieHWe B ciiydae ¢) npu gg=1.2. Ins
3TOTrO JOCTATOYHO ABYX KOMaHA (BbIBOJ, PE3YJIbTATA OIYCTHM).

> eql:=subs (epsilon=0,q(t)=12/10,eql 0);
> dsolve({eql}, {x(t)});

Janee paccMoTpuM mnonHyro cucreMy (e=0). CpemaB 3ameHy
X(1) = (), nony4uM cucteMy Tpex oObiKHOBEHHbIX HuddepeHUHaNnbHBIX
yPaBHEHHMH [1EPBOTO MOPAAKA:

> eq3:=diff (x(t),t)=y(t);
> eql:=subs(eq3,eql 0);
> eq2:=subs(eq3,eq2 0);

0q3 = 2. x(t) = ¥(t)
eql = (g?y(t))+ ehy(t) +X(£)3 +(q(t)-1)x(¢)=0

eq2 :=% qlt) = -€ @ a(t) + € Bx(£)2

HajineM paBHOBecHs CHCTEMbl YpaBHEHMH M HccleyeM HX yc-
toiunBoCcTh. OG03HAYNM KOODAHMHATH TOYEK paBHOBecus yepe3 equil X,
equil Y, equil_Q. YpaBHeHUA Ui ONpPENCTICHNA PABHOBECUH UMEIOT BHI!

> eqrl:=eval (subs (x (t)=X,y(t)=Y,q(t)=Q,

> rhs (eq3) -1hs (eg3))) ;
> eqr2:=eval (subs (x(t)=X,y(t)=Y,q(t)=Q,
> rhs(eql)-lhs(eql)));

> eqr3:=eval (subs (x(t)=X,y(t)=Y,qg(t)=Q,
eqrl =Y
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eqr2 =-eh¥-X>-(0- X
eqr3 =-eaQ+¢ ﬁXz
U3 ypaBHenuii eqrl u eqr3 naxoauu:

> equil Y:=sgolve({eqgrl},Y);
equil Y .={Y=0}
> equil Q:=solve({eqr3},Q);

2
equil_ O = {Q = _[3_:’_}

Ilocne MOACTaHOBKM MOJIyYEHHBIX BbID@XEHHH B ypaBHeHue eqrl
MOTYYUM:

> equil X:=solve({subs(equil Y,equil Q,eqr2)},X);

a+p a+p

equil X' ={X=0) x=%-"2 > iy-_o @
quil_X= { } P 8
a a

VY cHCTEMBI BCET/IAa CYLIECTBYET HYNIEBOE PABHOBECHE, a AHANIU3UPYS
KOODAMHATBI HEHYNIEBLIX PAaBHOBECHH, HECIOXHO BBIACHUTL 061acTd HX
cyliecTBoBaHHA. Bceero y cucreMbl ypaBHeHHH (2) MoxeT ObiTh TpH pas-
HOBecHs. 3aHeceM HX KOOPAMHATHI B MACCHB equil:

> equil:=array(l..3):
> for i from 1 to 3 do equil[i]:={} union
> equil X[i] union subs(equil X[i],equil Q)
> union equil Y; od;
equil1 ={(¥=0,X=0,0=0}

=2
equiiz'— y=0,X=%-2— o= Bla+B)

i -3 (e

a
a+f
equi13:= Y=0X=- a o= B(a+P)

e (-8

Boiuncanm matpuuy Sikodu ansg cucteMbl ypaBHeHUH NpH NOMOMN
KOMaH/bl U3 nakera linalg:
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> with(linalg, jacobian):
> J:=jacobian([eqrl,egr?,eqr3], [X,Y,Q1);

0 1 0
J=l3x2-0+1 ek X
2e BX 0 -ga

s uccneaoBaHKs YCTOHUMBOCTH PABHOBECUI HanmMiueM mpoiie-
JYPY €O CIEAYIOUWMMH BXOJHBLIMH NIapaMeTPaMHU; ve — 3HaYeHHe napaMeTpa
€, va — 3HauyeHWe liapameTpa a, vbeta — 3HavyeHue napamerpa f vh -
3HauyeHue NapameTpa h M equilibr — KOOpPAMHATBl TOYKH DPABHOBECHS.
IIpoueaypa BbIYMCIAET XAPAKTEPUCTHUECKUH MHOTOYJIEH MATPHLbI JH-
HeapHu3auuu B OKPECTHOCTH PABHOBECHA, HAXOAUT €0 KOPHH, COPTHPYET
HX B IOPsJKE BO3PACTaHUA M aHAIM3UPYET YCTOHUUBOCTb paBHOBecHs. B
pe3ynbTate paboThl NPOLEAYPh! BbIAASTCA CTPYKTYPA, NEPBbIM JIEMEHTOM
KOTOpOH ABnseTca OyneBckas BEIMYMHA, PaBHas true, EC/IM PaBHOBECHE
ycTOHuNBO, U false, ecaM paBHOBecHe HeycTohunBo. Crnenymwomum sne-
MEHTOM CTPYKTYDbI ABIACTCA MAcCUB AeHCTBUTENbHBIX YacTed KOpHeH xa-
PAKTEPHCTHYECKOTO MOJMHOMA.

> eig:=proc(ve,va,vbeta,vh,equilibr)
> local j,bo,eigv,chp,lambda;
chp:=factor (subs (equilibr,
linalg{charpoly] (J,lambda) )} ;
chp:=simplify (subs (epsilon=ve,
a=va,beta=vbeta, h=vh,chp));

eigv:=evalf (solve(chp,lambda)) ;
> j:=max (Re(eigv[l]) ,Re(eigv[2]) ,Re(eigv[3]));
> bo:=true; if evalf(j)>0 then bo:=false; fi;
> [bo,sort([eigv])];
> end;
eig .=
proc(ve,va,vbeta,vh,equilibr)
local J,bo,eigv,chp,lambda;

chp := factor (subs(equilibr,linalg [ charpoly | (J,lambda)} ) ).

chp = simplify(

subs(epsilon = ve.a = va,beta = vbeta,h = vh,chp));

eigv := evalf(solve(chp,lambda) );

Jj:=max(Re(eigv[1]).Re(eigv{2]),Re(eigv[3]));

bo := true;

if 0 <evalf(j} then bo = false fi;

VVVVy
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[bo,sort([eigv])]
end

Hanpumep, mis 3nadeHuit napamerpoB e=1, a=0.1, =01 u hA=]
HyJIeBOE pPaBHOBeCHE HEeyCTOWYMBO, a HEHYNeBoe paBHOBecHe equil[?] ye-
TOHYUBO.

> subs (epsilon=1,a=1/10,beta=1/10,h=1,equil[2]};

{y= 0,x=-3J2, Q:%}
> eig(1,0.1,0.1,1,equil[1l]);
> eig(1,0.1,0.1,1,equil[2]);
[false, [-1.618033989, -. 10000600000, .6180339890] ]
[true, [-.4396109657 + 8441737260 7, -.4396 109657 — 8441737260 7, - 2207730638 ]}

Teneps NpUCBOMM NapaMeTpaM Te 3HAYEHUS, IIPU KOTOPLIX CHCTEM2
JlopeHua 1eMOHCTPUPYET XAOTHYECKOE MOBEJCHHE.

> b:=8/3: r:=28: sigma:=10:
> epsilon:=1/sqrt(r-1); h:=(sigma+l)/sqrt(sigma) ;
> a:=b/sqrt(sigma) ;beta:=(2*sigma-b) /sqrt (sigma) ;

e:-—-%ﬁ

=11
h.—m 10
4 —
a2=T5“J10
—26
[3.—-15 10

Jlns unceRHOro peweHns 3anayy Koty Npy 3aJaHHbIX 3HAYECHUSX
rapamMeTpoB HCNONb3YEM KOMAHAy dsolve C IapaMETPOM numeric.

> nsol:=dsolve({eql,eq2,eq3,x(0)=-3/10,
> y(0)=-1/10, q(0)=1/2},{x(t) ,y(t) ,q(t}},
type=numeric, method=rkf45,
relerr=0.00001,abserr=0.000001,
output=listprocedure) ;
nsol := [t =proc(t) ... end, x(t) =proc(t) ... end,
y(t) =proc(t) ... end, q(t) =proc(t) ... end]
Ob6paTiM BHHMaHHe Ha TO, YTo GopMa BbIBOJA 3aJAETCA OIUMEY
output. IIpu nomoiuu koMaHasl odeplot U3 Makera plots NOCTpOUM

Vv VVv
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H300paXeHUE MONYYEHHOU XAOTHYECKOl TPAeKTOPUM B TPEXMEPHOM
NPOCTPAHCTBE;

> with(plots,odeplot):
> odeplot(nsol, [x(t),y(t),q(t)],0..250,

> numpoints=800,color=x(t),

> axes=FRAME, labels=[x,y,ql,

> style=line, orientation={100,60],title=
> ‘The strange attractor’ ,color=black) ;

The strange attractor

Hanee nepeiineM K aHaiIM3y MOBEACHUSN PELICHHUS BO BPEMEHU W
U3YYEHHIO AMHAMHUKY MOTEHLUHANbHON 3HEPTUH, KOTOpas I CHCTEMBb! C
0oBpaTHOH CBA3BIO 3aBHCHT OT M3MEHAIOLIErocs YMPaBJAIOLEro napa-
Merpa. LIS YUCIIEHHOTO PELICHUS CUCTEMbl YDaBHEHWH HCHONb3yeM che-
UHaibHbIA GopMaT KOMaHAbl dsolve, MO3BOIAIOIMH [10JIyYaTh PENICHHE
B Buge Tabiuupbl. 1 3TOr0 HYXKHO yKka3aTe napaMeTp value=tm, rie B
MacCHBE M COJlepXKaTcsd 3HAYEHHUS MOMEHTOB BPEMEHH, B KOTOpble OyayT
paccuMTaHbi  NepeMeHHble X,y U ¢. B pesynbTate paboThi KOMaHMbl
dsolve B nepeMeHHO# nsola 6yxeT HaxoAMTbeA Tabnula, copepxaulas
3HAYCHUA NMEPEMEHHDBIX B YKa3aHHbBIX TOYKaX.

Ob6patnmcs K koMmanae dsolve M HameyaTaeM [epBbie MATh
BbIUHCIIEHHBIX TOYEK TPAEKTOPHH.

> tm:=array(1l..301):

> for i from 1 to 301 do tm[i]:=(1i-1)/300*150;0d:
> nsola:=dsolve({eql,eq2,eq3),

> x(0)=-3/10,y(0)=-1/10,q(0)=1/2},
> {x(t) ,y(t) ,q(t)},



MuHu-uccnegosaHus 165

>
>
>
>
>
>

.5000000000000000, -.1251699174599914, .5154682461277501, -.3563880635830255

type=numeric, method=rkfd5,
relerr=0.00001,
abserr=0.000001,value=tm) :

print(nsolafl,1]);

for i from 1 to 5 do

print(nsolaf2,1][i,3] $3=1..4); od:
[¢ y(&) a(e) =(£)]
0, -.1000000000000000, .5000000000000000, -.30000000000060000

1.,-.1414903722502397, .5524387359616295, - 4235659228485054
1.500000000000000, -.1406767970710631, .6167084766522043, - 4950376243845029
2.,-.1125780876352003, 7105651144963369, -.5596712499094820

Chopmupyem MaccuBbl, COAEpXKAll[Me 3HAYEHWS MEPEMEHHBIX X

(MaccuB xm), y (MaccuB ymy), g (MaccuB gm) ¥ MOTEHUMATLHOH IHEPTUH
(MaccuB peni) B yKa3aHHbIX TOYKax (MAcCHB 111).

>
>
>

VVVVYV

xm:=array(1l1..301): ym:=array(l..301):
gn:=array(l..301): pem:=array(l..301):
for i from 1 to 301 do

xm[i]:=nsoll[2,1]1[i,2];

qmn[i] :=nsoll[2,1][i,3];

ym([i] :=nsoll[2,1]1[i,4];

pem[i] :=evalf (subs (qg=qm[i] ,x=xm[i] ,PEnerq)) ;
od:

Teneps npuOIH3KUM TNOJNyYEHHOE YMCIIEHHOE peLIeHHE JIMHEHHbIMU

criafiHaMyu, JUIS 4ero BbI3OBEM COOTBETCTBYIOWIYIO KOMaHAy spline.
OnpenerieliHble B pe3yJibTaTe JeHCTBUA KOMaHAbl spline npoueayphbl spx,
Spy, Spq W Sppe TO3BONSAIOT NOJy4YaTh MNPUONMKEHHbIE 3HAYEHUA IIe-
PEMEHHBIX X, y, ¢ U NOTEHLHANLHOW HEPTHU NPH MIOOBIX 3HAUEHUAX Me-
PEMEHHOIA ¢ Ha 3aIaHHOM OTpe3Ke.

>

VVVVVVYV

readliib(spline):
spline(tm,xm,t,linear):
spx:="spline/makeproc” (", t):
spline(tm,ym,t,linear):

spy :=  spline/makeproc’ (", t):
spline(tm,qm,t,linear):

spq := 'spline/makeproc’ (", t):
spline(tm,penm, t,linear):
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! > sppe := “spline/makeproc’ (",t):

I'paduk 3aBUCHMOCTH TIEPEMEHHBIX OT BPEMEHW Ha MHTEPBAJIE l€
{0,130} BoIysinnT corepyomm odpasom:

> plot({spx,spy,spq,sppe},0..150,axes=BOXED,
> title="Dynamics of variables’);

Dynamics of variables
f ny
;’ZN | \NW\

OnHUM M3 KPHTEPHEB XQOTHYHOCTH pELIEHHA CHCTeMbl auddepen-
HMANBHBIX YPaBHEeHHH SBIAETCH CIOXKHOCTL ero Qypbe-criektpa. [Ipnme-
HuM OsicTpoe npeodbpasoBanne Pypbe (komanga FFT) mis obpaborku
NOY4eHHOr0 BPEMEHHOIO psja 3HAYCHUH MOTEHUMANbHOH 3HEPrUM MO
256 Toukam.

> xvar:=array(l..256): yvar:=array(l..256):
mvar:=array(l..256):
for i from 1 to 256 do

xvar[i] :=pem[i]; yvar[i]:=0; od:
readlib (FFT) :
FFT(B,xvar,yvar) ;

VVVVY

256
for 1 from 1 to 256 do
mvar [i] :=sqrt(xvar[i]*2+yvar[i]*2); od:

v

v

ITocTpouMm B ONHHX OCAX KOOPAMHAT rpadyky JeHCTBUTENLHON H
MHMMOI Yactu pypbe-cnexTpa, a Takke UX Moayid. Kak BMAHO U3 INipu-
BOAMMOIO PUCYHKA, [MMOJIY4YEHHOE PpCLUEHUE [ACCTBUTENLHO ABJIAETCH
KAOTHYECKUM.

> plot({[[k,xvar[k]] $k=1..256],
> [{1,yvar[1l]] $1=1..256]},
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> [[m,mvarim]] $m=1..256]},
> x=0..256, axes=BOXED,
> title= Fast Fourier transform');

Fast Fourier transform

0 50 100 « 160 200 250

Ans nanHol 3a7aun MMeeTcs MHTEpecHds Qu3mudeckas UHTepnpera-
s, ITa cucteMa AUdPEpeHLMANbHBIX YPAaBHEHMH OMMCLIBACT MBHXKEHHE
WJIGATBHOTO IIAPHKA (TOUYKW) B MEHSIOLUEHCst BO BpeMeHU NMOTEeHLMaTbHOHN
ame. Hanomuum, ato dbopma caMoil NOTEHUHANLHOW SMbl 3dBHCUT OT
YApaBJSIOUIEro napamerpa ¢. Maple no3BosisdeT NpeAcTaBUTh pelleHHEe B
yA00HOM Jyid GU3NUECKOH TPAKTOBKH BUIE.

M306pa3um Ha OMHOM PHCYHKE MEHSFOILYIOCS BO BPEMEHM MOTEH-
UMANbHYIO AMY M TPAeKTOPUIO JBWXXEHHS Wapdka. BHauane onpeznennm
npoueRypy-QyHKIUIO, KOTOpas BbIAAET 3HAaYeHHE NOTEHUUATBHOI JHep-
MU B TOYKE C KOOPAUHATOH X B MOMEHT BPEMEHH 1.

> poten:=(x,t)->x"4/4+ (spg(t)-1)*x"2/2; |
4

+%(5pq(t)—- 1)x

ITepementolt pic/ npucBoum rpaduueckuid 00pa3 IOBEPXHOCTH,
KOTOPas OMpe/eNsercs 3HAUSHUAMHN MOTEHIIMATBHON YHEPTHH Ha BPEMEH-
HoM oTpeske r€[0,150] u nutepBane koopauHatsl xe[-0.8,0.8].

1
poten =(x,¢) e

> picl:=plot3d(poten,—-0.8..0.8,0..150,
> style=WIREFRAME , numpoints=3000) :

[lepemerHol pic2 npUCBOMM M300paXXeHUE TPACKTOPHH MaTepH-
A7bHOH TOUKH (HAPUKA), JBUKYLEHCA B MOTEHIMATbHOMN sMe. 34eCh KO-
OPJAMHATHI TPAEKTOPUM OITPEAEASIOTCA MEPEMEHHBIMU X, [ W MOTEHLHAIIb-
HOMW IHEpTruei.
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> with (plots, spacecurve) :
> timet:=t->t;

timet =t >
> pic2:=spacecurve ([spx, timet,sppel],0..150,
> numpoints=400,
> color=black, thickness=2) :

ITpu nomou koManasl display3d MOIyYHM PUCYHOK, Ha KOTO-
poM uzobpaxeHbl GopMa MOTEHUHATLHOM SMbl IPX H3MEHEHUH BPEMEHH H
TPAeKTOPH4 LHApHKa.

> with(plots,display3d):
> display3d({picl,pic2},orientation=[-18,35],

> title="Dynamic of potengial
> energy and trajectory’,
> axes=FRAMED, labels=[x,t,Energyl) ;

Dynamics of potential energy and trajectory

3aBepUINM 3TO MUHH-HCCIEAOBAHUE HILTIOCTPALMEN aHUMAUMOHHbIX
BO3MOXHOCTeH Maple. Crnegyrouine koMaHIbl NO3BONSIOT MOAIOTOBHTH
MYJIbTHIUIMKALMIO JBUXKEHHA LIapHKa B H3MEHAIOMIEHCA MOTEHUMANbHOH
ame. JIns 3TOTO cHavaa onMlieM MPOLEeIYpY Ui H300pa)eHUS LIAPHKA B
BHIE OKPYXKHOCTH C LEHTPOM B TOUKE (X,Y)

> ball := proc(x,y) local i;

> PLOT (POLYGONS (

> [seq([ evalf (x+0.05*cos(Pi*i/10)/2),
> avalf(0.006+v+0.01*sin(Pi*i/10)/2) 1,
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> i=1..20)1));
> end:

3aTeM NOArOTOBUM NpOLERYPY U pUCOBaHUS LIAPHKA W rpaduka
NOTEHUHUANbHON 3Heprun PEnerg. Ilapamerpom npoueaypbl ABiseTcs HO-
MEP BbIYHCIICHHOH TOYKH PEIlEHHS, a B TEJE MPOLERAYPbl MCMOJb3YIOTCA
OTBEYAIOLUME /1 3HAYCHUSA TEPEMEHHOH X W MOTEHLHUAJbHOW PHEPruM —

xm{n] u pem[n] COOTBETCTBEHHO.

> with(plots,display) :
> figpic:=proc{n:integer) ;

> display ({plot(subs (gqgq=gm[n] ,PEnerq) ,
> x=-0.8..0.8) ,ball (xm[n] ,pem([n])});
> end:

Hns 3anycka MOArOTOBJIEHHOrO MyNbThUIbMA, H300paxarollero
JBHXKEHHUA LIapHKa B MOTEHLHATIbHOH AMe, TENeph JOCTATOYHO 3amyCTHTh
KOoMaHay display ¢ napaMerpoM insequence=true. Ha pucyHke
NPEACTaBIIEHO HECKOJILKO KaApOB 3TOro GpuibMa.

> display ([seq(figpic(i),i=1..150)],

> insequence=true,axes=BOXED) ;
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1C.4. TeueHue BA3KOW XNOKOCTHU B
KaHane

B nannoM paszene AaHO NpUMeHeHHe cucTeMbl Maple s peuieHus
ypaBHEHWIl B YaCTHBIX MPOH3BOAHLIX MeTonoM I'anepkuna. Paccmorpena
MOe/IbHas 331243 O CTAUMOHAPHOM TeYeHHH BA3KOH XMAKOCTH B KaHase ¢
KBALPATHLIM [IOfEPEYHBbIM ceueHUeM. DTa 3ajaya YacTo KCHOJb3YeTCs B
KAYeCcTBe TECTOBOM JUIs MIPOBEPKHM YMCIEHHBIX METONOB W nakeTos [9].

YpaBHEHHE A8 KOMIIOHEHTH! CKOPOCTH, HANpaBAeHHONR BIOMbL Ka-
Hana, B 6e3p43MEPHBIX KOOPANHATAX MMEET BUJ;

> eq:=diff (omega (x,y) ,x$2)+diff (omega (x,y) ,¥$2)+1;
92 a2
eg =| —5 o(x,y) [+ — @(x,y) |+ 1
ox 15:%

Ha rpanuue x=+1, y=x! ckopocTts obpauiaercst B HyJab (w=0). C
MCIONb30BAHHEM I'PAPUUECKHX CTPYKTYP M KOMaHA H300pa3uMm cxe-
MATHUYECKH CeYeHHE KaHajla U I'paHNYHble YCIOBHS (TEKCT KOMaHA onyc-
KaeM).

Chanel

04! =0 w=0

=0

Peuterine ypaBHeHus OyeM pa3biCKMBATh B BUAE PAZA MO JIMHEHHO-
HE3aBUCHMbIM DYHKIMAM, YIOBIETBOPAIOWMNM FPAHUYHBIM YCIOBHAM. [l
obosHauenus 3THX GYHKUMHA ucnonbzyem uMms basf(ijxy), rae (i)) -
ornpenenseT HoMmep OasncHoi QyHKUMH, a X,y — KOOPAHHATDI.

> Omega:=Sum (Sum (a[i,jl*basf(i,],x,y), i =1..N),
37=1..M);
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M (N

Q=2 | 2 a basflijx,y)
. Ay
i= 1\i=1

3nech g, ; — HEU3BECTHbIC KOIPDUUMEHTBI PA3IIOKEHUS 10 PYHKLH-

am basf. Brayane B kauecTBe Oa3ucHbIXx (yHKUHA BbIOEpeM TpPUIOHO-
MeTpuYeckue QYHKLIMU BUOA:

> basf:=proc(n,m,x,y);

> cos ((2*n-1) *Pi/2*x) *cos ( (2*m-1) *Pi/2*y) ; end;

basf := proc{nm,x,y)
cos(1/2*(2*n-1) *Pi*x) *cos( 12*(2*m-1) *Pi*y)
end

V6eaumcs, 410 3TH QYHKUMH JEHCTBUTENLHO YIAOBIETBOPSIOT
TPaHUYHBIM YCIIOBUAM W ABJIAIOTCH IMHEHHO-HE3ABUCHMBIMH!

> evalf (simplify(basf(1,2,1,-1)));
0
> evalf (simplify(basf(1,2,-1,1)));
0
> int(int(basf(1,1,x,y) *basf (3,2,x,y) ,x=-1..1),
> y=-1..1);
0

OrpaHMYMMCs YeThipbMs WieHaMM pAAa; TOrAa NpUOInKeHHOe pe-
lIeHHe omega_n BbITAAAUT CAEAYIOLIUM 0Opa3oM:

> n:=2: m:=2:
> omega n:=subs (N=n,M=m,value(Omega}) ;
omega_n =
2 2
z za cos(l(Zi--1)1t;':)n:<:>s{l '2;—-1)72)7)
i/ 2 J¢%\2
J=1\i=1

[ToncraBuB npuOIMXEHHOE peLieHHE B UCXOJHOE ypaBHeHHe, Mo-
JIyYUM HEBS3KY:

> eq_a:=subs(omega (x,y)=cmega n,eq);
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002 2, oo ne)eo( )
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1
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B
~
N’
N
e
-+
SN
2 I,
MHJJ/—‘\

2
a cos(lﬂ:x)cos(ln +a cos(
1,12 2" )%
+a co (lnx) s(g‘n)
12 sl 5 co 7 y
3

3
+a2, 5 cos(2 7T x) cos(2 'Ity))]+ 1

B kauecTBe noBepouHbIX QYHKUMA BbiOepeM Te ke dyHKUMHU basf,
YTO MCMONB3YIOTCH B NPUONMKEHHOM pelleHHH. JIng HaxOoXJIEHHs HeMs-
BECTHBIX KOIPQHUHMEHTOB @ ; HYXHO PEIIHTb CHCTEMY JIMHEHHbIX anreb-

panyeckMx ypaBHEHMIi, Noay4aeMylo Nocie MPOEKUHUH HEBA3KH HA IOBeE-
pouHbie PyHkuuu. YA06HO OpraHM30BaTh 3TH BbIYMCIEHUS B BUJIE NpoLie-
Iypbl, BXOAHBIMH NapamMeTpaMu KOTOPOH SBIISIOTCH HEBA3KA eq_d, LEble
YKUCHA 1 M M, BbIpAXEHHE I NPUOIIHKEHHOTO peuleHus omega_n w Oy-
neBckuii napametp bol. Ilpu 3HaueHun napamerpa bol=true BbIAAIOTCA HA
IKpaH MPOMEXYTOUHBIE PE3YILTATHI, & NPH bol=false ~ HeT.

Toscunm paboty npouenypsl. CucTeMa nuHERHbIX anrebpanueckux
ypaBHeHUit GopMHUpYyeETCS B pe3yibTaTe NPOEKTHPOBAHHSA HA [MOBEPOYHbIE

Q)YHKHHH; 34€Chb g BBIYHCIACHHWA CKaJIIpHOIr' 0 IPOU3BEACHHA
HCNOJIb3YyETCA KOMaHOa int. 3aTem peuieHue 3TOH CHUCTEMbl HaXOIUTCH

NPU MOMOIU KOMaH/bl solve U MOACTABIAETCA B BbIDAXKECHHUE JUIA NPH-
OJDKEHHOTO pelleHus.

> sol_gal:=proc(eq_a,n,m,omega n,bol:boolean)
local eq_coef,var coef, solc a,i,);
eq coef:={}; var coef:={};
for i from 1 to n do
for j from 1 to m do

eq_coef:=eq coef union

{int(int(eval (eq_a) *basf(i,]j,x,y),
x=-1..1) ,y=-1..1)1};

VVVVVVYVY
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var coef:=var coef union {ali,jl};
od; od;
if bol then print(eval (eq coef)) ;
print (eval (var coef)); fi;
solc_a:=solve(eq_coef,var_ coef);
if bol then print(solc a); fi;
subs (solc _a,omega n); end:

VVVVYVVYV

ITocne obpaienns k JaHHOW Npoleaype MOTYYUM MCKOMOE MpH-
DakeHHoe petileHye |

> omega_a:=sol_gal(eq a,n,m,cmega n,true);

132+15a1’27t4 l(:;1,]16‘—32 11502»1:“4”2
5 ) S 2 '
1 -32+81a2,2n4
18 2
{al,l’az,x'al,z’az,z}
Lo.ma, o a3 1
{2,2 8l 47712 1547721 15 477, n4}

1
1 1 7 1
cos(ﬁ'n x) cos(i ’Ity) 39 803(72"712:{) COS('Z"JIy)
omega_a = 32 -3z

+
15 nt 81 nd

H300pa3uM nonyyeHHOe pewieHue rpaguusckd MpH MOMOLIM KO-
MaHj mnakera plots. Ha pucyHke M3006paxeHbl TNIOTHOCTh QYHKUNM
CKOPOCTH M HECKOJIbKO N3OJMHHUM.

> picl:=plots[densityplot] (omega a,

> x=-1..1,y=-1..1,grid={60,60],

> style=PATCHNOGRID, axes=BOXED) :

> pic2:=plots{implicitplot] ({omega a=0.02,

> omega_a=0.1,omega a=0.2,omega a=0.25},
> x=-1..1,y=-1..1,

> grid=[40,40]} ,color=khaki) :

> plots|[display] ({picl,pic2},axes=BOXED) ;
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TouHoe peuieHe YIS CKOPOCTH & B TOYKe ¢ koopauHaTamu (0,0) u
s 6e3pasMepHOro pacxona g Bo3bMeM W3 kHWIH (9] w(0,0):0.2947,

q= 0.5623. Pacxon q ONPENENACTCA KAK HHTErpai oT Q)yHKLlHPl CKOpOCTH @

no obnactn ceueHus. CpaBHUM IMOJYUEHHOE MPUOIMIKEHHOE 3HAYEHHE C
TOYHBIM.

> evalf(subs(x=0,y=0,omega_a));
2887656041

> Int(Int(omega(x,y),x=-1..1),y=-1..1)=
> evalf (int(int (omega a,x=-1..1),y=-1..1));

141
f f @(x,y) dx dy = 5569626645
171
BMHHO, 4YTO BCEro YE€TbIpe WiIE€HA B I'AJIEPKHHCKOM PA3I0XKEHHUH 110
TPUTOHOMETPHUECKHM PYHKIIHMAM IAI0T HEITOXOH Pe3ynbTar.
Peutenust MOTYT OBITH MOJYYEHbl U JUIST IPYTOR CUCTEMBI THHEHHO-

HezaBucUMbIX yHkunitl. Hanpumep, ucnons3yeM A 3TOFO MOMHHOMBI
BHJIA!

> basf:=proc(n,m,x,vy);
> (1-x"2) "n* (1-y*2) "m; end:
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HpubnuxeHHoe pelleHHe B 3TOM Cllydae UMEET BHA:
> omega n:=subs (N=n,M=m,vaiue(Omega)) ;

2 2

omega_n = Z Z ai,j ( 1- X2)i ( 1 -)’z)j

j=1\i=1

ITocne noactaHOBKM NMPUGIMKEHHOrO peileHHs B ypaBHeHHe, Ha-
XOIMM HEBSA3KY:

> eq_b:=expand (subs (omega (x,y)=omega n,eq)) ;

4 2 2.4 2.2 212
gg b =1+4+12 +12a_ _x -48a_  _x -12 1
- 2% 7 2,2% 7 2,27 7 T4 %)
-12a 2y2~4a -6a_ —-6a _—8a_ _-12a y4

2,1 1,1 2,1 1,2 2,2 1,2

+16a1 2y2-—2a P +4a y2+16a x%+2a y2

2.1 2.1 2.1 1,1
2 2 4, 4 2
+2 +20 -4 ~4 +20
4 B g% TRy Rt TRy Y .27
2

:

+4a x
1,2

OO0paTHBLUMCL K ONMUCRHHOH Bbllle Npouenype sol gal, nomyuum
NpUOIHKEHHOE pellieHHe 10 MOTMHOMAM.

> omega b:=sol gal(eq b,n,m,omega n,false);

2
omega__b:%(l—xZ)(l— 2) 122]8<1—x2) (1—— 2)

- 25 (-G 2) +512<1—x2) (1-y2)

Fpaduk nnoTHocTH QYHKUMK CKOPOCTH Omega_b 1 HEKOTOpbIE e
M30IMHMU ITPUBEEHBI HA CEIYIOLIEM PHCYHKE:

> picl:=plots[densityplot] (omega b,

> x=-1..1,y=-1..1,grid=[60,60],

> style=PATCHNOGRID, axes=BOXED) :

> pic2:=plots[implicitplot] ({omega b=0.02,

> omega a=0.1,omega a=0.2,omega _a=0.25},
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> x=-1..1,y=-1..1,
> grid=[40,40],color=khaki) :
> plots[display] ({picl,pic2},axes=BOXED) ;

CIICI[y}OLUI/IC ABC KOMaHIb! NMO3BOJAIOT CPABHUTL MNOJYYEHHOE IMO-
JIMHOMHUAJIbHOC PA3JIOXKEHHUE ¢ TOYHBIM PEIICHUEM.

> evalf (subs (x=0,y=0,omega b)) ;
12949218750

> Int(Int(omega(x,y) ,x=-1..1) ,y=-1..1)=
> evalf (int (int (omega_b,x=-1. 1) ,yv=-1..1));

1.1
f f ®(x,y) dx dy = 5622222222
-1-1

BunHo, 4TO Npy OJMHAKOBOM YHUCIE WIEHOB PslJa Pa3foXeHHE MO
NMOJMHOMAM JaerT Ay4yilMd pe3ynbTaT. PazHOCTh Mexay AByMs npubm-
KEHHbIMH PELEHUAMH omega_a v omega_b npuBeieHa Ha CIIeAYIOUEM PH-
CYHKE.

> plot3d(omega a-omega b,x=-1..1,y=-1..1,
> axes=FRAMED ,orientation=[75,12],
> style=PATCHCONTOUR,grid={40,40]) ;
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VBenuuuBas YUCIO YJIEHOB pada B NOAHHOMHAJIILHOM TallepKHUH-
CKOM DPA3JIONKEHHUH, y6CIII/lMCﬂ, YTO YK€ IJig 25 uneHos noJiyyaercs npak-
TUYECKN TOYHOEC PEUIEHNE.

> n:=5: m:=5:
omega n:=subs (N=n,M=m,value (Omega)) :
eq c:=subs (omega (x,y)=omega n,eq) :
omega c:=sol _gal(eq c,n,m,omega n,false):
evalf (subs {x=0,y=0,omega c)):
2946866894
evalf (int (int(omega c,x=-1..1) ,y=-1..1));
5623078843

VVVYV

\%




11. 3aknwo4vyeHue

JaHHas xHMra nO 3aMbicly aBTOPOB JOJDKHA [OMOYb PYCCKOS-
3bIYHbIM MATEeMaTHKaM B OCBOCHHM 3aMEYaTENbHOH CHCTEMBI aHaIu-
THYECKUX BbIYHCIIEHHH ~ YIOOHOTO, MOLIHOTO W MHTEIUIEKTYANbLHOTO I1a-
kera Maple , AeCTBHTENRHO 00NErYaroIero Xu3Hs.

HanucaHHoe He eCTb PYKOBOLCTBO NOJbL3OBATENA, a ABNAETCH, CKO-
pee BCEro, KpaTKMM CIPaBOYHUKOM, OTHAacTH 0630poM, MO CYLIECTBY,
cOOpPHUKOM TIPHMEPOB M, BO3MOXHO, Opollopoli ¢ pelentaMu. ABTopaM
NPEACTABNLETCH, YTO AJI 3HAKOMCTBA C MAKETOM, JUIS BBENEHHS B €0 BO3-
MOXHOCTH H CPERY, ITO MPaBWIILHLIA MOAXOX, XOTS OHH H NOHHUMAIOT, YTO
MOau pazHooOpa3Hbl — W OAHH YTOMSATCA OT NOAPOOHOCTH MPUMEPOB,
Jpyrue BO3MYTHATCS HEMOJNHOTOW onucaHus cneundukauui, TpeTbu... U3-
BECTHbI JBa MYApPbIX Bbicka3dbiBaHusa Mao I3e dyHa: "Uutall, He ynTait —
WMNEpaTopoM He craHewb” KW "UToObl HAYYHTbCS MiIaBaTh — HaXo MMia-
BaTh”. Haunute npuMeHsTh Maple U uepe3 HekoTOpoe BpeMs NPHAYT
OMbIT ¥ HHTYHUMSA, CTOJNb HEOOXOAUMbIe B OOLIEHWH C TakKoH pa3BUTO#
cucremoid, kak Maple.

BHuMaTenbHLIA YHTATEND, JOHHUTABLIMHA A0 3TOrO MECTAa, HABEPHOE,
0o0paTHN BHUMaHHE, 4TO aBTOpaM OiM3Ka TeMaTUKa WUCCIEIOBAHUI NUHa-
MHUYECKHX CHCTEM M HHTEepecHO npuMeHerue Maple B o6yueHun. 1o cka-
3aJ10ch Ha BBIOOpE NPUMEPOB MHHM-UCCAEROBaHHI U Ha 0TOOpe MaTepuana
s xHury. Xenas noMoyb yuTaTesnio, He oOHapyxuBLIeMy "cBOMX" IiaB,
Mbl IPMBOAMM B JAHHOM 3aKJIIOUEHHM HEKOTOpbIe Internet-agpeca — cBoe-
06pa3Hblil KOHYNK HUTH, HOTIHYB 33 KOTODPbIA, MOXKHO J06paTh HEO6XO-
JMMbie CBEAEHHS: CCHIIKH HA KHUTH, apxuBbl, nporpamMmsi. Kpome Toro, B
3axkimoyeHnu nomeieHa WHGoOpMauus O COMyTCTBYHOUMX nakery Maple
OKOJIOMATEMATHYECKHX Bewiax: HoBocTax, WWW, nepuonvke u ap.

11.1. Maple Ha mapuwe

Kak npencrasnsercs aBTopaMm, nakery Maple rapantupoBaHa jgoi-
ras ¥ paszHooOpa3Has u3Hb. Bo-nmepBbix, 00 3TOM CBHAETENBCTBYET
yacToTa peanun3auuii Bepcuu V: nepsas cocrosnach B 1990 r., TpeTba — B
1994, yetBepTas — B 1995. A Tam nossutcs Bepcus VI u 1.4. Bo-BTOpBLIX,
[pMMedaTeNnbHO BKIIOUEHHE CUMBOJIBHOTO aHanusaTopa Maple B cocTas
nixenepHoro nakera MathCad (komnanus MathSoft Inc.) n nakera
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BbluyMcHUTENbHON MaTematuky Matlab (xomnanus MathWorks). danee,
TexcroBbli penaxtop Scientific Word dupmsbl TCI Software Research B pe-
3yIbTaTe CKpellieHus ¢ noABrAoM nakera Maple npesparuncs 8 Scientific
WorkPlace - pabouee MecTo MccnenoBaTens, rie COBMEILEHbI OfepaLtn
HanucaHus (OpMyJ, NPOBENEHHS BbIKIAJ0K H YMCHIEHHBIX pPACYETOB,
rpatdHyeckoro opopMIIeH!a PE3yNbTaTOB H NOATOTOBKH CTaThH B (hopMa-
Te LATEXa. Hpes enuHoit paboueili cpembl, T.e. HOOCHalleHHMs 3a-
MEYaTeNbHOTO MAaTEMATHYECKOI'O NMAaKeTa COBPEMEHHbLIMH CPEACTBaMH pe-
JaKTHpoBaHusA, Oim3ka aBTopaM Maple, Tak 4TO peanu3auus ee He 3a ro-
pamu.

I'excnn roBopmil, YTO MaTeMaTHKa NOAOOHA XePHOBAM: 3achiNaelllb
3epHO — NOJNyYaeulb MyKY, a 3achiaelib KAMHK ~ oAy4Yaeumb necok. Bos-
MoxHocTH Maple nepemansiBath npobnemel Tawxe pactyT. Jlroburenam
TEKCTOBBIX MpoleccopoB GpupMbl Microsoft, no-BuauMomy, OyaeT npuaTHo
y3Hathb, uro noasuica Math Office for Word 6.0 — uncrpymenr, o6benu-
HUBIUMI MaTemaTHueckud MHTennekT Maple ¢ Tpynomobuem nonynsp-
Horo peaaktopa. TexHomorus paboTbl 3aMe4aTeIbHO NMPOCTA: HE MOKUIas
CO3MJAEMOT0 TeKCTa MOXKHO obpalyaTbes 3a cCKOpol MaTeMaTHYecKoH no-
Mmolusio Maple. B Medio Word 6.0 nocne cnpaskn (Help) nosBuncs nyHxr
Maple, anesnupys Kk KOTOPOMY MM HaXMMas TopfuHe KJIaBULIM (YUCTbIE
PYKH ¥ CBeXas ToJIOBa HACTOATEILHO PEKOMEHIYIOTCH), Bbl OTHpaBliseTe
cBou BoipaxkeHns DDE-cepBepy Maple. PesynbTaThl aHanuTHYeckHX npe-
obpa30oBaHHii, BbIYUCIEHNH WM I'paQUKH BBINAIOTCA MPAMO B pedaKTH-
pyeMblii JOKYMEHT; C KaXIbIM JTOKYMEHTOM CBA3aHa cBOs ceccs Maple.

TpeboBanus oObluHble: ycTaHoBneHHble Word 6.0 u Maple V
Release 3 for Windows, 8 MerabaiitT onepaTiBHO#M naMsTH, NpoLEccop OT
80386 u nononuuTenbHble 3 Merabaifta Ha BallleM KeCTKOM IHCKe.

W3 nocnexHux HOBOCTEH ClIeyeT BbIZIENUTh OOBABIIEHHOE B SHRAPE
1996 r. yupexneHue naptHepcTBa Mexay komnanuamu CRC Press Inc. u
Waterloo Maple Inc. ¢ HamepeHuem npousBecTd NEpeBOPOT B JOCTYNE K
Hay4yHOH M TexHuueckoit MHpopmauuu. Ilpennonaraercs coeauvHeHue 3a-
nacenHoro B cnpaBouHukax CRC Press Inc. marepuana ¢ anro-
PUTMHYECKHMH M BHU3yanM3aLMOHHBIMH BO3MOXHOCTAMH Waterloo Maple
Inc.

BHauae nocnenyer cepus KOMMaKT-AMCKOB ¢ BO3MOXHOCTLIO HHTe-
PAKTHBHOTO UCHOJNb30BaHHUA HX coiepxuMoro (popmyi, ypaBHeHuH, Tab-
nny). IepBblii KOMNAKT peanu3yeT U3BeCTHbIA cnpaBouHHk CTaHIapTHbIE
Marematnueckre Tabnuubl 1 PopMmynbl. 3aTeM BbIAOYT CNPABOYHMKH MO
YAMUHM U GU3MKeE, INEKTPOTEXHUKE U AP.
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O65DaBJIEHO TaKKe, YTO ITH HHTEPAKTUBHLIE W3JAaHWA OyAyT Hc-
NOJIL30BATH CHELNAM3UPOBAHHBIE NIPOTPAMMHbBIE CPEICTBA, B YACTHOCTH
takue, xak MathDoc, TableDoc, GraphDoc 1 ChemDoc.

11.2. Maple u yHuBepcuTeTbl

ITakeT HbIHE WIMPOKO HUCMONL3YETCH I NPENOJABAHI MATEMATHKH
BO MHOTMX yueOHbIX 3aBeleHMsx Mupa. Pupma Waterloo Maple Inc.,
KpoMe cTyzeHveckoil Bepcun Maple, cyiniectBenHo Gonee sielieBod B cuity
COKXpaLleHns PAja YMEHHU, NpemiaraeT Takxke crneluanbHble TPOrPaMMBI,
Trioowpstole NprodpeTeHre KaMnyc-ITHLEH3UH Ha YHUBEPCUTET WM Mac-
COBYIO 3aKYNKy NPOMYKTA 110 CHHXKEHHOI LIeHE 3a ITYKY - COOTBETCTBEHHO
Heroton-nnan u I'aycc-nnan.

11.3. Maple u nepunoauka

Bo MHOTMX HAy4HBIX )XYypHaJlax MOXHO BCTPETHUTb CChIKH Ha MO-
mowb Maple nipn npoBeneHUM Bbiknagok. MiMeloTes cnelanbhbiid XypHan
“Maple Technical Newsletter", nyOnuxyouuii craTbi 0 BO3IMOXHOCTAX
Maple © pa3nuuHbIX nNpuiloXeHusx nakera, rasera "Dr. Roots",
obecrieurBalolias Tekyumee MHOOPMUPOBAHHE NMOAb3OBATENEH UM MOKIOH-
HUKOB.

11.4. Maple u Internet

Pasymeercs, y dupmbr Maple Software ecto WWW-cepBep, aomalu-
Hag crpanuya (HomePage) n pa3BeTBIEHHOE THNEPTEKCTOBOE HATONHEHHE.
OO6paTHBILIKUCE K CTPAHULE

http://www.maplesoft.con

Bbl I10JIy4nTe KOCTYN Kk pazHooOpazHoit nndopmanmn o dupme, o ee npo-
aykrax (He Maple'om emuHbIM), 0 BCEBO3MOXHBIX coObITUAX M Np. Ocobo
OTMETHM, YTO TYT X JaHbi cBefeHns o Maple V Share Library — obue-
NOCTYNHOH OnOAMOTEKe HANMCAHHLIX MOJbL3OBATENSIMU JIOKYMEHTOB
(worksheet), npouenyp Ans pa3nuHbIX NpUAOXKeHUH K craTed. 3xecsh
MOHO HailTH nuTeparypy no Maple (pykOBOACTBa M BBOAHBIE TEKCTHI), &
TaKkKe IPUMePbl PUAOKEHUH 111 GHOTOrNK M HHKEHEPHbBIX HRYK, MaKETbl
no NuHeAHO anrebpe, Gpusuxe, 06061UEHHBIM QYHKLIUAM U T.1.
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JlaznM HEecKONbKO CCbUIOK Ha aapeca ftp-cepBepoB, KOTOpbIE CO-
epKaT 3Ty MHGOPMALMIO M CCUIKU HA JIPYTHe UCTOYHUKH.

Anpec TCP/TP Crpana Karanor
ftp.maplesoft.com 192.139.233.5 Kanaga pub/maple
daisy.uwaterloo.ca 129.97.140.58 Kanana maple
ftp.inria.fr 128.93.2.54 MpaHuus lang/maple
ftp.can.nl 192.16.187.3  Tomnanaus pub/maple-ftplib
ftp.inf.ethz.ch 129.132.40.35 Ulseiinapus  pub/maple
ftp.ask.uni-karisruhe.de TI'epmaHus pub/maple/share
unix.hensa.ac.uk AHrnms mirrors/maple

H ewe oaus aapec 60raToro CoaepKaHueM cepBepa;

http://www-users. informatik. rwth-~aachen. de/~afw/maplev.html

11.5. Maple n apyrue nakeTnl

Koneuno, Maple He eAMHCTBEHHBIH MaKeT aHATMTUYECKHX
BblYUCHEHMH. JIoCTaTOYHO MOLUHBIMA KOHKYPEHTAMH ABJA0TCS Macsyma,
nepexuBarollas Pedeccanc u pewaroias 95% npuMepoB M3 cnpaBOYHMKaA
Kamke, u 3ameuatenbHas Mathematica ¢dupmbl Wolfram Research. A
KpOMe TOrO, €cTb aHINuickuid Axiom, yIZMBHTENbHO HeOONbLIIOH U
crniocoOHblit naker Derive u ap. IToTeHUManbHOMY HONL30BATENO TaKoe
COPEBHOBAHUE CUCTEM, TPHBOAALIEE K Pa3BUTHIO BO3MOXHOCTEH W
YMEPEHHOU LIeHOBO# TMONMTHKE, TOJbLKO Ha PYKY. 3aMeuaTeNnbHbie CPaBHU-
TelibHbIe 0030pbl MAaKeTOB KaHbl B ctaThax [10,11]. M3yuenue 3tux crareit
W JIMYHbIE OMNBITbI NPUBEAM K TOMY, YTO 3Ta KHUTa HanucaHa UMEHHO O Ma-
kere Maple. OnHako aBTOpbl CBOGOAHBE B CBOMX YBIIEYEHHSX W TOTOBbI K
HOBbIM OMbITaM.

IIpuBeneM AaHHble OBYX HCCIEZOBAHMI, NOCBALUIEHHBIX CPABHEHMIO
NaKeTOB KOMILIOTEPHON anredpnl U MX oueHke. Pe3ynibTaThl nepsoro uc-
cJiefoBaHMs B3aThbl U3 crathu B PC Magazine [11] (oHU pacnpocTpansOTCS
¢ pexnamubiM nakeToM ¢pupmsel Waterloo Maple Inc.) u npeacrasnenst Ha
ClefyOLLEld auarpaMme:
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Macsyma 417.125 P2

Mathematica 2.2.2
Enhanced

Derive XM 1.58
MATLAB 4.2

Matchcad PLUS 5.0 E

Maple V Release 3

Ha sTolt 1 nocaenywolileil rucTorpaMme 1o ocu abcukce OTIOKEHA OTHO-
CUTeIbHAS MHTErPajibHas XapaKTepUCTHKA NPOU3BOAUTENBHOCTH KaXI0ro
M3 NaKkeTroB. Pe3yjbTaThl BTOPOIO WCCIENOBAHUA B3ATbl W3 PEKIAMHOrO
Habopa ¢pupmbl Macsyma Inc. v nokasaHsl Ha AMarpamme

Reduce
Mathematica

Maple

Macsyma

Derive

Axiom

Kaxk 1 Bcsixoe conocTasiieHHe, 3TH CPaBHEHUs YCIIOBHbI, HO XOYETCA OTMe-
THTh, Y4TO €CITH CJTOXKUTH CTONOUKYU U3 JBYX AUarpaMM U pa3JeluTh Ha JIBa,
TO MONYYMTCA NPUATHLIA s Maple pesynbTart.

11.6. Kuurn no Maple

Crucok KHuUr, onuchiBawoinnx Maple u pazHooOpa3Hbie NMPUITOXKE-
HMS €rO AJ8 NpenojaBadus U HccleqoBaHUlR, cojepxkuT 6onee 60 Ha3pa-
HUI HA AHTNIMHACKOM A3bIKE, a TAKXKE HEKOTODOE KOJIMYECTBO CCHIJIOK Ha
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KHHTH HAa HEMELKOM, (/paHLYy3CKOM, UCIIAHCKOM, STMIOHCKOM M, KaXeTcd,
KUTAHCKOM fA3bIKaX.

IIpuBenem gaHHble O KOJMMUECTBE KHUT o Maple, uznaHHbix B AeBs-
HOCTBbI€ TOJibl, HA OCHOBE CIIHCKA JINTEPATYpbl, MOMELIEHHOr0o Ha WWW-
cTpanuue Waterloo Maple Inc.

1991 1992 1993 1994 1995
4 5 10 27 30

3aech aBTOpBI He YIAEPXaNMCh OT TOTO, 4TOObl HE MOCTPOMTDH rpa-
(MK yKcna KHWT, BLILUEIIINX B KaxX/blH rol, 1 o0LIero KoJIM4ecTBa 3a 3TH
ronsl.

> a:=[1991,4,1992,5,1993,10,1994,27,1995,30] :

> 8:=0: j:=0: for i in a do j:=]j+1;

> if i>1990 then b[j]:=i else s:=s+i; b[j]l:=s; fi;
> od: c:=convert(b,list):

> plot({a,c},x=1991..1995, axes=boxed) ;

T

601

501

404

304

204

104

1991 1992 1993 1994 1995

11.7. Maple V — The Power Edition

B nauane 1996 r. ouepennas peanuszauus Maple V nox nassanuneM
The Power Edition Bbuuna B ceer. ClenaHsl lIard B pa3BUTHE TEKCTOBLIX
YMEHHH: TOSBMIMCL CBOpAauYHWBAEMbie pa3lelibl, YCOBEPILEHCTBOBAHO
ynpasjieHHe CTUIAMHK W (QonTamu. Tenepb W BBOXMMBIE KOMaHIbl U pe-
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3yJIbTaTb! BblYMCIEHUH MPEACTABISIOTCS B €CTECTBEHHOM MaTeMaTHY€CKOM
BMJIE (3HAKHU UHTErPasoB, JpoOH, MaTpULbI T.1.).

Hosas peanu3salig gaer BO3MOXHOCTb pabOThbl ¢ HECKOJIBKMMHU J0-
KYMEHTaMM OJHOBPEMEHHO. DTO MOJE3HO TMPH OpraHn3aunu GOJbIOTOo
NpPOEKTa, KOra JaHHbIe ABNAIOTCA OOLUMH 11 BCeX ZOKYMEHTOB, & TaKxKe
Apu co3naHuu obydarolwyx cucrem ¢ nomoulbio Maple. CrneunanbHbiid
MDI (Multiply-document interface) unrepdeiic obecrieunBaeT ycraHoBe-
HHE TUTIEPCBA3EN MeXIy OTIeNnbHbIMM JokyMeHTaMu. FMeeTcs Takxke BO3-
MOXHOCTb OJHOBPEMEHHOH He3aBUCHMOI paboTbl ¢ pa3HBIMH JOKYMEH-
TaMH.

Vnyduiena crnipaBo4Has cucreMa. Jlo6aBiieH pexuM MOACHAIOLETO
KOMMEHTapHs NpH 06xole NYHKTOB MeHI0 Hin ukonok (balloon help) n
Pa3BHUTbl CUCTEMbl NPOCcMOTpa OOWeH runepTeKcTOoBOR 6Gasbli CrpaBKH M
TIOUCKA MO KJIIOYEBbIM CIJIOBAM.

Iepeuncnennoe ynyuwnno unrtepdeiic ¢ Tem, 9yTobnl obecrneunTs
nonb3oBaTeno paboTy B MpHBLIYHON 06CTAHOBKE NMpPOTPAMMHBIX Cpell
o61ero Ha3HayeHHs. DTO TEXHUYECKOE, HO BAXHOE YCOBEPLUEHCTBOBAHHE
YCTPaHSET P aHAXPOHU3MOB, YHACIEJOBAHHBIX OT AOTPadHUECKOTO HH-
Tepdeiica.

B yacTty MaTtemaTHuecKuX YMeHUH 106aBHIach BO3MOXKXHOCTb peile-
HUS CHCTEM HEPABEHCTB HPU MOMOIUM MHOTOUENEBOW KoMmaHibi solve.
Paclunpensbl npaBa KycoYHO-IIAAKUX GyHKUKH, KOTOPbIE MOXKHO Tudde-
PEHLHPOBATb, HHTETPUPOBATh, @ TAKXKE UCTIONb3OBATh B Auddepennanb-
HbIX ypaBHeHMAX. [lis uenbiX KiaccoB ypaBHeHMiH B HACTHBIX NPOU3BOI-
HbIX TEMEPb BbIAAIOTCA AHAJIHUTHUYECKHE peLleHMH. YCOBEpPLUEHCTBOBAHHA
KOCHYIHCb KOMaH/J MaTPHYHOU AEKOMIO3UINYN K BO3MOXKHOCTEH NpoBese-
HMS MHTerpanbHbix npeobpazoBaHuit. ITIpoaBMHYTHl TeMbl CrELIHANbHBIX
$yHKUMH W BbiuKcnerus GecceNieBbix QYHKLKI AN KOMIJIEKCHOH MJIOCKO-
ctu. EcTb ynyulueHHs cpean YMCIIEHHBIX METOAOB pelieHus auddepeHun-
anbHBIX ypPaBHEHUH.

W3meHennd rpaguueckux BOZMOXXHOCTEH BKIIIOYAIOT NEPENUCaHHbIi
naKer geometry, BO3MOXHOCTb H300paKeHUS HECKOJIBKUX rpadHKOB AJs
Habopa naHHbIX, HOBbIH MakeT plottools /NS MaHUNYIMPOBAHHUS CO-
craBHbIMH o6bexkTamu. Tenepb moctynHa pabora ¢ M3006pakeHHAMU H
AHMMaLlMs HEMOCPEJCTBEHHO B TEKCTE JIOKYMEHTA.

Jns oxuaamolmx W3MeHEHMH B A3bike MPOrpaMMUPOBAaHHA COO00-
MM, 4TO Habop OTNajOYHBIX CPEINCTB BKJIIOYAET CTAHJAPTHbIE Ul
OObIUHbIX 3bIKOB NPOrpaMMUPOBAHHUS TOUKH ocTanoBa (breapoints), npo-
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cMotpa (watch-points) u nowsarosyio ornaaky Maple-npouenyp. s
Windows peannsosan OLE2 cepsuc.

3HAaYUTENbHO YNyYlIeHbl BbIBOJA B BHAC GOPTPAHOBCKOTO HIIM Ha
a3bike C Koja, a Takxe npeBpaileHHe AoKyMeHTa (worksheet) B Tekcr
craHpapra LaTeX..

Bce 310 norpe6oBaio yBeTMUEHHUS MHHUMAJILHOTO pa3Mepa ofiepa-
TuBHO# namatd. J{ng Windows-cpex nog Power Edition HyxxHO Tenepb He
MmeHee 8 Meraoaiir.

IlpoBeaeHnble cpaBHenus Power Edition n Maple V Release 3 noka-
3a/i, YTO YCOBEPIIEHCTBOBAHHE PAfa KOMaHX W MHTepdeiica mosiekio
3aMeavieHne paboThl MakeTa ¥ NOBLICWIO TPeOOBaHUS K ONEPATUBHOM na-
MATH U MOILHOCTH npoueccopa. PeanbHo s pabotsl Tpebyercs He MeHee
16 Merabaiit O3V, Tak uto HagexHas 1 6bicTpas Release 3 noka ocraercs
NpeAnoYTHTENLHOMR I MHOIHX NOJNbL3OBATENEH.
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File Edit
0

12. NMpunoxeHue

12.1. NMyHKTLI MeHI0 Windows-Bepcum

IIpu 3anycke Windows-Bepcun Maple V Release 3 nospnsercs Tu-
nopoe oxkHo Windows. YUuraTento, 3HaKOMOMY C NPOAYKTOM (GHpPMBI
Microsoft, He HYXHO OOBACHATb Ha3HAYEHME MHOTHX MYHKTOB MEHIO H
MKOHOKX, HO AMfi MOJSIHOThI KAPTHHbI KOPOTKO MEPEYHC/IMM BCE NMYHKTHI 1
BCE UKOHKH.

= a Q R <1<
Edit Format Yiew Opticns Help
REIL] LG EEEIC]
Open..- o begin, maximize this window and press [RETURN][ T+
Save -
Save gs...
Swve Serings Maple V Release 3
Print... .
Printer setup... The most comprehensive
Page Margins... [gty mathematical computation
Ext system
The Kuen B
Surface ©1994 Waterloo Maple Software v
Restart the Maple Kamnef and discard the cunent work sheet

OcHoBHOE MeHIO Maple cOCTOMT 13 11eCTH MYHKTOB: MEHIO PabOThI ¢
daiinamu File, menio pepaxtrpoBanus Edit, MeHio odopmienns SOKyMeH-
ta Format, gonoaHutensHbix MeHio View u Options ¢ koManzaMu, ynpas-
NAOLMMH GYHKIIMOHMPOBaHHEM paboyero noms, U MeHro cripaBky Help.

[IpuBeneM onmcaHue MYHKTOB MEHIO. PAloM ¢ Ha3sBaHHEM NyHKTa
OyldeM yka3blBaThb IKBHBAJEHTHYIO MO AEHCTBHIO KOMOMHALMIO KJABHLU.
MHOroTo4YMAMHU CHAOXeHb! MYHKTbI, BbI3LIBAIOIHE JONOJIHUTENbHbIE Me-
HIO WJIM 3alpockl. Psl MYHKTOB ABJISETCA NEPEKIIOYATeISIMU — 3a4a10-
UMK WIH OTKJIIOYAIOLIMMH HEKOTOPbIH pexuM. BiunoueHue mnepe-
KIIIOYaTeIs OTMEYaeTCss B MEHIO CIIyXeOHbIM cuMBoaoM ', Beibop MyHk-
TOB MEHIO OCYLIECTBJIAETCS JINOO MBIWBIO, TMOO COBMECTHBIM HAXATHEM
kraBumu Alt ¥ xmaBMmn ¢ noauepkHyToit OykBoil Mento (F — ans Menio
File, E — 1ns menio Edit n T.1.).

Mento pa6oTsl ¢ daiinamu File cosepxuT cneqyrotiye noamnyHKThbI:



188 Mpunoxenue

New — Hauano pabotsl ¢ HOBbIM daiimom.

Open —- CuutbiBaHue daiina c qucka.

Save — CoxpaHeHnue Tekyluero daiina.

Save as... — CoxpaueHue Qaiina noa HOBbIM UMEHEM.
Save Settings — CoxpaHeHHe yctaHoBOK Maple.
Print... -— Ileuats BOoKyMeHTA.

Print setup... - YcTaHOBKa MapaMeTPOR MeYaTH.
Page Margins... — YcTaHOBKa napaMeTpoB CTPAHULbI.
Exit — Bbixon u3 nporpamMmbl.

Menw penakruposanus Edit:

Cut Ctrl+X — YpaneHne BbIIETEHHOIO TEKCTA ¢ COXpaHeHeM B Bydepe.

Copy Ctrl+C — KonunpoBaHue BblAeIeHHOro TekcTa B 6ydep.

Paste Ctrl+V — KomupoBahnue Tekcta u3 0ydepa, HauuHas ¢ MecTa,
YKa3aHHOTO KYPCOPOM.

Delete Delete — Yanenue BoIAeNIEHHOIO TEKCTA.

Copy to... — Konuposanue conepxumoro 6ybepa B daiin.

Men1o odopmienns JokymeHTa Format:

Text Region F5 -— [Ipespanienne cTpok BROAA B TEKCTOBYIO CTPOKY H
HaobopoT.
Split Group F3 — PaspeneHue Tekyuied cTpokM Ha JiBe.
Join Group F4 — CnnsiHue Texyiiel ¥ npenbiaylieit CTpOKH.
Insert Page Break — BcraBka ecTKoro pasfenuTens CTpPaHuLL.
Insert New Region — [lobaBnenue cTpoKH BBOJA:
Above Ctrl+O — nepen texyuiei.
Below Ctrl+1 — nocne Texylue.
Remove All — Ynaneuue:
Input — cTpoku BBOJA,
Qutput — cTpokH BbIBOJA,
Text — TEKCTOBOW CTPOKH,
Graphics — rpaduka.
Fonts — Ha3snauenue (OHTOB:
Input — BBOAA,
Output — BbiBOAA,
Text — Tekcra.
Math Style — Onpeaenenue pazmMepa MaTeMaTH4YECKUX CUMBOJIOB!
Large — 6onbLu0ii,
Medium — cpeanuii,
Small — ManeHbkuH,
Character — 3anaHue uipuhTOB H pa3MepOB CHMBOJIOB.
Execute Worksheet — Boiuncrnienue 10KyMeHTa.
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Menio View:

Separator Lines F9 — Iloxa3 pasgenuTeneit (nepexnouareins).

Input Prompts F10 — I[Toka3 npuriaiieHus BBoaa (MepekiroyaTenb).

Status Bar F2 -— Tlokaz okHa cratyca, uHpopmupyuero o6
UCIoJIb30BaHHbIX Maple naMATH 1 BpeMeHH (TIepekouaTes).

Tool Bar — IToka3 ukoHoK (nepekToyaTenb).

Plot Tool Bars — nokas HKOHOK B rpadHyeckux OKHax (MepekIoyaTenb).

JononuurensHoe meHio Options:

Save Kernel State — Coxpanetrue TeKylero (BHyTPEHHETO) COCTOSHUS
CECCHH.

Confirmation Checks — Ortka3 or 0643aTe/IbHOrO NOATBEPKACHUA pAla
onepaumi (BbIXoa, yaajieHHe).

Fast Graphics Redraw -— Yxa3zaHue coxpaHaTh Bce TpexMepHble Ipadpuku
B MaMATH. DTO NONE3HO NMpH paboTe ¢ HECKONBLKUMH rpaduKkamu
Y NMepeKIIoYeHHH ¢ ONHOTO Ha APYIOi.

Automatic Save Settings — ABTOMaTHUYECKOE COXPAaHEHHWE TEKYLIEro
COCTOSIHHUA.
Replace Mode — TIlepexmouarenb pexvma BBOAA: BCTaBKa/3aMeHa.

Continuos mode — Pexxum nepexona k cienyollieit o61acTi 3xpaHa nocne
BBITIOJTHEHHUA TeKyllel 6e3 BcTaBKM HOROM 0bnacTH.

Insert mode — Pexxum BcTaBk HOBOH 00JaCTH 3KpaHa NOCKE BbINONHEHNA
TEKYLLE.

Insert at end mode — Pexum nepexona k cneayiouleil obgacTH sKpaHa
nocjie BbIMOJIHEHHS TekylleH ¢ gobapireHueM HoBoW obnactu B
KOHLIEe JOKYMEHTA.

Menro cnipaBkd Help:

Browser... F1 — IIpocMOTp BO3MOXHOCTEH A3bIKa, KOMAHI M CHHTAKCHCA
Maple. MHorie KOMaHIbl HMEOT CBOM (Qaiiibl CHpPaBKH,
COAEPKHMMOE KOTODbIX, B TOM YHUCIE NMPUMEPBI PabOThHI, MOXET
ObITh nepeHeceHo B pabouee none.

Keyword search... Shift+F2 - ITouck no xio4esbiM cioBam Maple.

Interface Help... Shift+F1 — Cnpaska no unntepheiicy Windows Bepcun

Maple.
General Maple Help... Ctrl+F1 — O6was cnpaska.
About Maple V for Windows... — Hndopmauns o Maple mis Windows.

KopoTtko onnnieM "Tool bar" — 16 HKOHOK 1A BLINOTHEHUS YACTO
MCTIONb3YMbIX KOMaHI.
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|D — Co31aTh HOBBIH JOKYMEHT.

(5 | - 3arpy3uTh CYLIECTBYIOLIMI JOKYMEHT.

[E]] — COXpaHHTb TEKYLINH JOKYMEHT.

& | - PacneyaTaTh TeKywWHi JOKYMEHT, LETHKOM HITH YacTh.
& | — BripesaTsb BbIIENEHHOE H TOMECTHTD B 6ydep.

g
i

KonupoaTts BblieTieHHOE B 6ydep.

B

‘ — Berasnuth copepikumoe Oydepa B AOKYMEHT.

> | — BcraBuTs npuriauieHne BBOJA Noce TeKylued obnacty.

» | — BhlaaBaTh npurnaiieHie CTpOKW BBOJA (TEPEKIIOYATEND).

— Boiaasats paznenurenu obnacred (nepexitroyaress).

l x | — BoigaBaTh MaTeMaTHYECKHE CHUMBOJIbI B CTaH)lapTHOﬁ

HOTALUK (Malble OYKBBI).

X | — BolgaBaTh MaTeMaTH4ECKHE CHMBOJIbI B CTAHOAPTHOM
HOTauuH (cpexHre OYKBbI).

X | - BblaaBaTh MaTeMaTHUeCKKe CHMBOJIbI B CTAHAAPTHOU
HOTalMy (OoJblLHE OYKBBI).

R —-

BhinaBaTh MaTeMaTH4ECKHE CUMBOJIbI OOBIYHBIMH 6yl(BaM]/l-

o]

IlpepBath BbIUHCIEHHE.
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? I — 3anyctute Maple Help Browser (mpocMoTp BO3MOXHOCTeMH

A3blKa, KOMaH[ U cuHTakcuca Maple).

12.2. TIyHKTblI MEHIO ABYMEPHOM
rpadukn
B Windows-Bepcuu 3TO MEHIO MOABNSETCA Kak pe3yibTar paboTsl

KOoMaHJA AByMepHoW rpaduxu. IlepeuvcnuMm Ha3HavyeHHE BCEX MYHKTOB
MEHIO ¥ HKOHOK.

= Plot for Maple V - 1
File Edit Style Axes Proiccﬁnn

III\»* B0 [Sab] [11]

¥=-1589,Y =-01508

3

IlyuxT Mento File conepxur crenyroiiye NoaMyHKThL:

Print — neyaTs pucyHka;
Printer Setup — ycTaHOBKA nMapaMeTpoOB MEYaTH;
Exit — BbIXOZ U3 MEHIO IBYMEPHOU rpauky.

ITynkT Edit cOCTOMT U3 OAHOTO MOANYHKTA!

Copy Ctrl+C — 3aHeceHue pucyHka B 0ydep obmena.

[Toamenro Style MMeeT clteayrolLMe MORMYHKTHI:

ToolBar — 110xa3 HKOHOK MEHIO (MepeKITIoYaTENb).
StatusBar — noka3 cratyca paboThl (llepeknrouaTenb).
Line — pUCYHOK BbIBOJAUTCS JIMHUAMH.
Point — prCyHOK BbIBOAUTCS TOYKaMH.
Patch — 3anonHUTENb ¢ pa3saenuTeIbHBIMU THHUAMH.
Patch w/o grid — 3anonHuTenb 6e3 pasieauTeNbHbIX IMHUHA.
Symbol - 3agaHue CHMBOJIA, KOTOPbIM NOMEYAKTCS TOUKH:
Cross — xpecT.
Diamond — pom6.
Point — nuxcens.
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Circle — OKpY>HOCTb.

Box — xBagpar.

Default — 3HaK yMHOXeHHSI.
Line Style — onpeneneHne cTUis BbIBOAA JIMHMUIA:

[1] Solid — HenpepbIBHAA THHHS.

[2] Dash — nyHKTUPHAA TWHHUS.

{3] Dot — I1MHMS BBIBOAUTCS TOYKAMH.

[4] DashDot - nyHKTHUpHas JIHHUA C YepeJOBAHHUEM 11ep1'oql<a-

TOYKA.

[S] DashDotDot — nyHKTHpHas JIHHHA ¢ YepeJOBAHUEM YEPTOUKA-

TOYKa-TOYKA. '

[0] Default — TUN AMHUHK, YCTAHOBIEHHDbIA 110 YMOTYAHUIO.
Line Width — 3aganMe TOIMHBI THHUHA:

1] Thin — ToHkas nHHUA,

[2] Medium — n1Hus cpefHEH TOIILHUHBIL.

[3]1 Thich — Toncras nuHus.

[0] Default — ycTaHOBJIEHHAs O YMOJIYAHHIO TONLIMHA JINHHH.

ITonMenio Axes 3aaeT THI OCEH KOOPIUHAT:

Boxed — ocu B B1E NpIMOYroJibHUKA C HAHECEHHBIMU 1KAIAMHU:
Framed — ocH ¢ LIEHTPOM B JIEBOM HH)XHEM YIJ1y IpadhMueckoro OKHa:
Normal — o6biuHbIE OCH KOOPAMHAT:

None — BbIBOA pUCYHKa O€3 ocell KOOpANHAT.

IToamento Projection ynpapiser THIIOM MaciiTaba pUCYHKa!

Constrained — o1HaKoBbiil MacLITab Mo 0CAM KOOPAHHAT:
Unconstrained — MaciuTab BoiGHpaeTca o pasmepy okHa rpadukH.

Teneps pacmiudpyeM cMbICT HKOHOK:

& | - neuats pucyuxa.

— 3aHEeCeHME PHCYHKa B Oydep oOmeHa.

M= BbIBOJ PUCYHKA JIMHUAMMU.

— BbIBOJ] PUCYHKA TOUYKaMH.
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@ — 3anOJIHUTENDb ¢ PASACHAKIMMHA JTHHUAMHA.

. — OCH KOOPAUHAT B BHAE INPAMOYIOJIbHUKA.

— OCH KOOPAHHAT C LICHTPOM B JIEBOM HUIKHEM YTJIy DUCYHKA.

Dl — 3anONHNTENDb 0€3 Pa3AeNgoNIUX THHUH,

— ODBIYHbIE OCH KOOPIHHAT.

\/I — PHUCYHOK BBIBOJMTCS 0e3 ocel KOOpAMHAT.

111

3alaHde THnRa MacuTaba pHCYHKa 10 0CiM KOOPAHHAT

(OMIMHAKOBBIM 110 IBYM OCAM MY BbIOHPAETCA O pazMepy OKHa rpadukn).

12.3. NMyHKTL!I MEHI0 TPeXMEepPHOH
rpacpuku

B Windows-Bepciu 3TO MEHIO MOSBIISETCS KakK pe3yjbTar paboTsl

KoManj TpexmepHoH rpaduku. IlepeynciuM Ha3HaueHHe BCEX NYHKTOB
MEHIO 11 HKOHOK.

Hm Plot fo aple v ] a

File Edit Style Color Axes Projection

[elclslelslele] mlele]e][:] k]

KopoTko onuniuem Bee ero NyHKTh! B HKOHKH:
ITyukr File cocTOMT M3 CIERYIOUIMX MOANTYHKTOB!

Print — neuaTs pUCYHKa,
Printer Setup — ycTaHOBKA NapaMeTPOB NEUaTH,;
Exit — BbIX0J U3 MEHIO TPEXMEPHOH rpaduxi
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Tloamenio pegakruposaHus Edit:

Copy Citrl+C - xonupoBaHne piucyHka B 6ydep oomMena;
Redraw Enter — NOBTOPHbIH BLIBOA PUCYHKA Ha IKpaH.

IMoamenro Style ynpasnser npeacTaBNeHHEM PUCYHKA!

ToolBar — noka3 MKOHOK MEHIO ([EPeKJI0YaTENb);
StatusBar — noka3s cratyca paboTbl BHU3Y OKHa (MIEpPEKnIoUaTeNb);
Patch — 3aronHUTENb C PA3JETHTENbHBIMH JIMHUAMY;
Patch w/o grid — 3anonuuTens 6e3 COeMHHTENbHBIX JIHHUR;
Patch and contour — 3aMOMIHATEND € TMHUAMYH YPOBHS,
Hidden line — BbIBOAATCS BUAKMMbIE COEAMHUTENbHbIE TMHUN O€3 3anonHu
Tensg,
Contour — BLIBOIATCA TOJbKO IHHUU YPOBHS;
Wireframe — BLIBOASTCA BCE COCNMHUTENLHbIE IMHHU €3 3anoTHUTEN;
Point — n3o0paxeHnie NOBEPXHOCTH TOUKAMH;
Symbol - 3aganye ciMBOJIa, KOTOPbIM TOMEYAIOTCA TOYKH:
Cross — KpecT;
Diamond — pom6;
Point — nukcen;
Circle — 0KpyXHOCTb;
Box — kBajgpar;
Default ~ 3Hax yMHOXEHHS;
Line Style — onpeaeneHue cTHIS BbIBOAA THHHH:
[1] Solid — HenpepbiBHAS TNHUS;
[2} Dash — nyHkTHpHas JIUHMSA;
[3] Dot — nHHKS BLIBOAUTCS TOUKAMH;
[4] DashDot —~ nyHKTHpHas JTUHHA C YepelOBAHHEM YepTOYKa—
TOYKa;
[5} DashDotDot — nyHKTHpHAs JIMHUS C YEPENOBAHHEM YEPTOYKa-
TOYKA-TOYKA;
[0] Default — i TMHMM, YCTAHOBJEHHBIH 110 YMOIYAHHIO;
Line Width — 3ajaH1e TOMUMHDBI THHUHA:
[1] Thin — ToHkas nuHus;
[2}) Medium — n1uHKS cpenHel TOMHHbI;
[3] Thich -- TosicTas nuHus;
[0] Default — ycTanoBneHHas N0 yMOJYAaHKIO TONIHUHA JINHHUH;
Grid Style — onpejesnenne TUNA COCANHUTENBHBIX THHHMR:
Grid Full — coeqnHAIOTCS BCE COCEIHUE TOUYKH (TPHAHTYIALMA);
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Grid Half — coefHHAIOTCS TOJILKO TOUKH, COCEIHUE 110 OCAM
KOOPAMHAT (IIPIMOYIONIbHHKH).

B noamenio Color onpenensercs XxapakTep packpacky NOBEPXHOCTH:

XYZ — uBert packpacku 3aBUCHT OT TPeX KOODJMHAT;

XY - nBer packpacku 3aBHCHT TOJIbKO OT TOPH3OHTANIbHbIX KOOPJIMHAT;

Z — uBeT packpack 3aBMCHUT TOJILKO OT BEPTHKaJIbHON KOOPAUHATHI,

Z (Hue) — LBET paCKpacKH 3aBHCHT OT BEPTHKaJIbHOH KOOPAUHATHI;
ucrionb3yercs Gosee spkas manuTpa;

Z (Greyscale) — LBeT pacKpacKky 3aBUCHT OT BEPTHKAIbHOM KOOPAMHATHI,
UCNOTB3YIOTCS OTTEHKH CEPOTO LBETA;

No Coloring — noBepxHOCTb He PaCKpaLLHBAETCS

No Lighting — pucyHOK BbIBOAHTCA 6€3 MOACBETKH;

User Lighting — noacserka, onpeneneHHas nojib30BaTeNEM;
Light Scheme 1 — noaceerka no cxeme 1;

Light Scheme 2 — noacserka no cxeme 2;

Light Scheme 3 — noaceeTka no cxeme 3;

Light Scheme 4 — nozacseTka no cxeMe 4;

Dither — pucyHOK BbIBOZUTCS CO LUTPUXOBKOH.

IMoameHI0 3ananusg THNa ocek KOOpAHHAT Axes:

Boxed - ocH B BUJIe NPAMOYI'OJIbHHKA C HAHECEHHBIMH IIKAJIAMH;
Framed — ocu ¢ UEHTPOM B JIEBOM HUXKHEM yTIy rpadpnueckoro OKHa;
Normal — o6biUHbIE OCH KOOPAUHAT;

None — BbiBOA pucytka 6€3 oced KOOPAMHAT.

IMoameHIo onpeneneHus THNa npoekuuu Projection:

No Perspective — 6e3 nepcnexTusbl;

Near Perspective — Onusxas nepcrnekTusa;

Medium Perspective — cpefiHss NepcneKTUBa;

Far Perspective — nannHss nepcnexkTusa;

Constrained — ogunaxoBbiil MacLITab MO OCAM KOOPAUHAT;
Unconstrained — Maciuta® Bei0upaercs Mo pa3Mepy OkHa rpabuxu.

HKOHKH MEHIO TPeXMEPHOH rpaduky UMEIOT CeAYIOIHI CMbICT:
"5 — MMeYaTh PUCYHKA,

E — 3aHeceHHe pucyHka B Oydep obMena;
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R

— MpU PUCOBAHUHA NTOBEPXHOCTH UCTIONIB3YETCH 3ANTOJTHUTEIIL U
BBIBOIATCA COCNUHUTEIIbHBLIC JIMHHWHU,

— IPHU PMCOBAHHH MOBEPXHOCTH MCIOJIB3YETCA TOJIBKO 3alOJIHUTEIIDL,

— OpH PUCOBAHUMU NMOBEPXHOCTU UCIONB3YETCA 3alIOJTHUTENDL U BbIBO-

JATCH MTAHHUH YPOBHA,

— NPU PUCOBAHHMH TTOBEPXHOCTHU BBIBOAATCSH TOJbKO BUAWMBIE COCOM-

HUTEJIBbHBIC AUHHH,

~ MPH PUCOBAHUH NMOBEPXHOCTH BLIBOAATCSA TOMLKO JIMHUK YPOBHS;
-~ [PH PUCOBAHHY TOBEPXHOCTH BbIBOAATCH BCE COENMHUTENbHbIE IMHUH;
— MOBEPXHOCTh BbIBOJWTCA HA IKPAH TOUKAMH;

— OCH KOOPIMHAT BbIBOAATCH B BUAE NIPAMOYTOJIbHUKA;

— BbIBOJATCH 0OpaMIsIOILMe OCH KOOPAHHAT;

— BbIBOAATCS OObIUHBIE OCH KOOPAHHAT (penep);

— PUCYHOK BbIBOILI/ll;Cﬂ 0e3 oceil KOOpAHHAT;

— 3aJaHMuE THIa Maciutaba PUCYHKa IO OCAM KOOPJAUHAT

(01MHAKOBBLIA MO ABYM OCAM / BbIOWPAETCA MO pasMepy OKHa rpaduxm);

~ MOBTOPHBIN BHIBOJ PUCYHKA HA IKPaH.
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115 arccos 21

18 arccosh 21

% 19 arccot 21

'19 arccoth 21

* 15 arccsc 21

+ 15 arccsch 21

- 15 arcscs 21

-> 106 arcsech 21

/15 arcsin 21

: 17 arcsinh 21

, 17 arctan 21

~ 15 arctanh 21

_C 19 are_collinear 41, 44
N 19 are_concurrent 41, 44
Z 19 are_harmonic 41
19 are_orthogonal 41

are_parallel 41, 44

are_perpendicular 41, 44

A are_similar 41, 44
abs 20 are_tangent 41, 44
add 62, 93 area 42, 45
addcol 62 array 14, 32, 58
addedge 96 arrows 122
addrow 62 assign 18§, 37
addvertex 96 associative 86
adj 63 assume 47
adjoint 63 asympt 56
algebraic 154 axes 121, 131
ALIGNABOVE 130
ALIGNBELOW 130 B
ALIGNLEFT 130
ALIGNRIGHT 130 basis 66
ambientlight 132 bequal. 95
angle 45, 66 Bessell 21
animate 128 Bessel] 7, 21
animate3d 139 BesselK 21
antisymmetric 58, 86 BesselY 21

appendto 110 Beta 21
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bezout 68 cond 63
binary 86 confracform 97
binomial 99 conjugate 31

bisector 42
blockmatrix 60
bsimp 95

by 104

C

C 112

canon 95
center 42, 45
centroid 42
cfracpol 90
changevar 54
charpoly 64
chebpade 97
chebyshev 56
choose 100
circle 41, 42
circumcircle 42
close 111
coeff 28, 35
coeffs 35
coeftayl 56
col 61

coldim 60
collect 25, 116
color 121, 132
colorstyle 128
colspace 66
combinat 100
combine 26
commutative 86
complex 39
compose 93
concat 6]
concyclic 42

CONTOUR 131
contourplot 137

convert 7, 29, 30, 36, 52,

60

convexhull 42
coordinates 42, 45
coords 121, 125, 131
coplanar 45
copyinto 61

cos 20

cosh 21

cot 20

coth 21
crossprod 67

csc 20

csch 21

curl 67

CURVES 130
cylinderplot 137

D

D 52,70
Dchangevar 77, 84
define " 85, 86
definite 65

degree 35

delcols 61

delrows 61

denom 25, 26
densityplot 126, 173
DEplot 76, 77
DEplott 77, 81
DEplot2 71, 81
describe 91

DESol 69, 74
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Det 63

det 63
detailf 42
determine 101

DEtools 69, 73, 76, 77,

157

dfieldplot 77, 83
diagonal 58
diameter 42
Diff 51

diff 51, 70, 156
difforms 101
Digits 13, 32, 53
Dirac 21, 87
discont 50
discrim 35

display 92, 128, 155, 169,

173

display3d 139, 168
distance 42, 44, 45
distrib 95
distributions 92
diverge 67

divide 34, 35

do 104
dodecahedron 138
dotprod 67
Doubleint 54
dsolve 8, 69, 71, 159,
163, 164

dual 95

E

E 13

edges 97
Eigenvals 64
eigenvals 64
eigenvects 64

ellipse 43

else 103

end 107

enlif 104

environ 95

erf 21

ERROR 109, 153
eval 18, 31, 59
evalc 31

evalf 31

evalf(int) 53
evalhf 31

evalm 31, 62, 63
evalp 91

evalpow 93
example 23

exp 20

expand 24, 25, 26, 34
extend 61
extrema 50

F

factor 24, 26, 35, 145
false 13, 41
feasible 94
ffgausselim 65
FFT 87, 166

fi 103

fibonacci 100
fieldplot 122, 127
fieldplot3d 137
find_angle 43

fit 91

Float 74

font 122

for 104

forall 87

forget 101
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fortran 111 heights 137
fourier 87 help 22

frac 31 hermite 65
frame 128, 139 hexahedron 138
from 104 HIDDEN 131
fsolve 38, 148 hilbert 60

histogram 142
norizontal 130

G nornerform 98
G 89 htranspose 63
GAMMA 21
gamma 13 I
Gauss 102
gausselim 65, 127 I 13
GaussIn 89 icosahedron 138
gaussjord 65 identity 58, 86
ged 35 if 103
genfunc 102 ifactor 6
genmatrix 68 iIFFT 88
geom3d 40, 44 Im 31
geometry 40, 41 implicitplot 122, 126, 173
GF 102 implicitplot3d 137
Glnearest 91 importdata 91
Glprime 91 in 105
global 108 incircle 43
grad 67 indexed 14
gradplot 122, 127 infinity 13
gradplot3d 137 infnorm 98, 99
GramSchmidt 66 inifunction 21
GRID 132 init 101
grid 122, 126, 132 Input Region 12
grobner 102 insequence 128, 139, 169
Group 12, 85 Int 7, 52, 176
group 101 int 52, 171

Int [student] 54
H inter 43, 45
interface 116, 120

H 89 interp 88

Heaviside 21, 87 intersect 15
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intparts 54
inverse 63, 86, 93
inversion 43
invfourier 88
invlaplace 88
is_equilateral 42
is_right 42
iscont 50
isolate 26
isolve 39
isprime 90

J

jacobian 67
jordan 65

K
kernel 65

L

L 89

labels 122, 126, 132
laplace 72
laplacian 67
lasterror 117
latex 112
laurent 56, 98
lcoeff 35
Idegree 35
leastsqrs 66
leastsquare 92
leftbox 141
LegendreE 21
LegendreEc 21
LegendreF 21
LegendreKc 21

LegendrePi 21
LegendrePic 21
length 32

ihs 26
liesymm 101
light 132
Limit 48
limit 48
linalg 16, 58, 64, 127
LINE 131
line 44

line3d . 44
Linear 85
Lineint 54
linestyle 122
linsolve 66
list 32

listlist 132

In 20

local 108, 153
log 20

logl0 20
log[a] 20
logic 95
loglogplot 125
logp 91
logplot 125
Iprint 111

M

makehelp 114
march 115
matrix 58
matrixplot 137
max 32, 33
maximize 50, 94
mellin 88
MESH 133
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middlebox 141
midpoint 43, 45
min 32
minimax 98, 99
minimize 50, 94
minor 61
mint.exe 118
minus 15
msolve 39
mtaylor 56
mulcol 62
mulrow 62
multiply 62, 93

N

negative 93
Networks 96
nextprime 90
nops 27

norm 67

normal 25, 26
normalize 66
NPspinor 102
numapprox 56, 97
numbcomb 100
numbperm 100
numer 25, 26
numeric 72, 163
numpoints 121, 125, 132
numtheory 89

o

octahedron 138

od 104

odeplot 73, 76, 128, 137,
163

on_circle 42

on_line 42
on_plane 45
on_sphere 45, 46
op 27,59

open 111
operator 108
options 108
Order 13, 32, 55, 56, 72
order 32
ordering 101
orhtopoly 89
orientation 131
orthog 66
orthopoly 8, 36
output 163
Output Region 12

P

P 89

pade 98

padic 89, 91

parallel 43, 45

PATCH 131
PATCHCONTOUR 131
PDEplot 77

permute 100
perpen_bisector 43
perpendicular 43, 45
phaseportrait 77, 83, 157
Pi 13

plane 44

PLOT 130, 168

plot 120, 123, 125
plot3d 134, 136, 137
plotdevice 116, 120
plotoutput 116, 120
plots 119, 163, 173
plottools 184
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POINT 131 quotient 93
point 41, 44
point3d 44, 46 R
pointplot 137
POINTS 129 radius 43, 45, 46
poisson 56 rand 142
polar 31 randbool 96
polarplot 126 randmatrix 60, 127
poligonplot 125 random 91
polygonplot3d 137 randpoint 43
POLYGONS 130, 168 randpoly 36
polyhedraplot 137 rank 63
polyscale 137 Re 31
polytype 138 read 110
powcreate 93 readdata 113
powdiff 93 readlib 15, 47, 112
powexp 93 readline 113
powint 93 readshare 143
powiog 93 readstat 113
powpoly 93 realroot 36
powseries 93 reflect 43, 45
powsolve 94 related 23
prettyprint 116 rem 36
print 111 remember 108
printf 111 remez 98
printlevel 115 replot . 128
proc 107, 149, 150, 153, residue 51
169, 172 resolution 121
Product 49 RETURN 109
product 49 reversion 93
projection 43, 45, 131, rhs 8, 26, 147, 160
138 rightbox 141
projgeom 40 RootOf 38, 71
proot 36 round 31
psqrt 36 row 61
rowdim 60
Q rowspace 66
rsolve 39

quo 35
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S student 53, 58, 141
style 121, 125, 131
submatrix 61

subs 7, 24, 26, 156, 157
subsop 27

subtract 93

satisfy 96

save 110

scaling 121, 125, 131
scatter2d 92, 142

::h 2(2)1 subvector 61
Separator 12 S;lrf: 1498 41520
2:32,130{232’ 7L 75 surfdata 139
set 14, 32 swapcol 62

’ swaprow 62

setoptions 121
setoptions3d 132, 139
shading 132

sylvester 68
symbol 122, 125
symmetric 43, 45, 58, 86

share 143

showtangent 142

showtime 118 T

s@cs 43 T 8

signum 20

i tan 20

simplex 94 t i s

simplify 24, 25, 26, 28, angen ,
tangentpc 43

146

i tanh 21

sin 20

i tassume 101

singular 51

i tautology 96

sinh 21 fauology X

solve 6, 17, 20, 36, 66, aylor 7,

146 terminal 110

sort 32 tetrahedron 45, 138
TEXT 114, 130

spacecurve 138, 168
sphere 44, 45, 46
sphereplot 139
spline 88, 165

Text Region 12
textplot 126, 154
textplot3d 139
thickness 121

sqrt 20 f
stack 61 t}Ckmirlk; 132
statevalf 91 time

tis 101

statplots 91, 92

stats 16, 91, 113, 142
statsplot 142

string 13, 14, 154

titie 121, 131
titlefont 124
to 104
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totorder 101
tpsform 93
trace 16, 63, 115
transform 91
transpose 63
traperror 117
triangle 44
triangle3d 45
trigsubs 26
Tripleint 54
true 13, 41
trunc 31
tubeplot 139
type 28, 154

8]

U 89

unapply 99, 107, 145
unary 86

unassign 37

union 15

untrace 115

updates 22

usage 23

\4

value 47, 48, 164
vectdim 60
vector 58

verboseproc 116
vertical 130
vertices 97
view 131
volume 45, 46

w

whattype 15, 28
while 104
WIREFRAME 131
with 16, 47, 114, 119
words 118
worksheet 6

write 111

writeln 111

writeto 110

X

xtickimarks 121

Y
ytickmarks 121

V4

zero 86
Zeta 21
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