Maxima — MakcuMyM CBOOOARBI
CUMBOABHBIX BBIYMCASHUMA

VIIPABASIOIIINE

YACTb 5 CeropHs TuxoH TapHaBCKMWiA NPOAEMOHCTPUPYET BaM «rpacpuyeckue
BO3MOXKHOCTU Maxima, a Takxxe 6e3ynpeyHyto paboTy KoHCTpykUwii if, for n gpyrux...

Maxima, a computer algebra system

Screenshots

Xmaxima running on Linux

«A pucoBatb Bbl TOXE YMEETe?» -

«Pucosatb? Koro-uubyab npuesneyem.»

aK Mbl Y)Xe FOBOPUAM B MPOLUNbIA Pa3, KONNYECTBO Pa3NNYHbIX
(pyHKUMIA B Maxima pa3paboT4yuKi NocTapanncb CBECTU K MUHU-
MyMy, @ LIMPOTY padmaxa Kaxoi KOHKPETHOM (YHKUMUM, COOT-
BETCTBEHHO, K Makcumymy. Cob6nmiofaeTcs a1a TEHAEHUUS U B (PYHKUUAX
NOCTPOEHMS rPacdUKOB: OCHOBHBIX TaKUX (DYHKLMIA BCErO [iBe, C 04EBUSHbI-
MU, Kak Bcerga, HassaHuamu — plot2d u plot3d (ogHO U3 3Ha4eHuit cnosa
«plot» — «rpacpuk», a a66pesmatypbl 2d 1 3d NepeBoAATCS Kak «AByMep-
HbI» U «TPEXMepHbIA»). ECnn roBoputb TOYHEE, BOSMOXHOCTW rpadu-

K

Xmaxima running on Windows

4eCKOI1 OTPUCOBKN He BCTPOEHbI B Maxima, a peann3oBaHbl NocpecTBOM
BHELUHNX MPOrpamm, B 4eMm 1 MPOCNeXnBaeTcs NpecnoByThiid Unix-way:
«0fHa 3ajaya — 0AHa nporpamMma». o ymon4aHuio, NocTpoeHnem rpacm-
KOB 3aHUMaeTcs gnuplot, HO KpOMe Hero ecTb paspabarbiBaemblii BMECTE C
Maxima v waywuii B ee e nakete openmath. Gnuplot He06X0AMMO ycTa-
HOBUTb (BPYYHYIO 60 aBTOMATUYECKN — KaK 3aBUCUMOCTb Maxima) u3
naketa gnuplot-nox, nn6o npocTo gnuplot, a ans paboTsl openmath Hy>XeH
KOMaH/HbIA MHTEpNpeTaTop wish, BXOAALWMNIA 06bI4HO B NakKeT tk; W, Ha4n-
Has ¢ sepcun 5.10.0, ewe n xMaxima.

Tenepb Kpatko — 0 BO3MOXHOCTAX. HayHem ¢ plot2d. Kparyaiwni
BApWAHT ee BbI30Ba Takoii: plot2d(BbipaXKeHune, [CMMBOM, Ha4ano, KoHeL]),
rAe BblpaXeHWe 3afaeT (OYHKUMIO, rpacdhuk KOTOPOWA HY>KHO MOCTPOUTS,
CUMBON — HEW3BECTHOE (OH, MOHATHOE [eNo, AOMKEH OblTb eAUHCTBEH-
HbIM HEONpeaeneHHbIM CUMBOMOM, BXOAALLAM B BbIPOXKEHME), @ H4ano
KOHeL, 33al0T 0TPe30K 0cu X Ans NOCTPOeHUs rpadmka; y4acTok no ocu Y
B TaKOM BapMaHTe 3anucy BbIOUPAETCH aBTOMATUYECKN, UCXOAA N3 MUHU-
MyMa M Makcumyma (OYHKLMM Ha 3aaHHOM NMpomexyTke. O6paTtute BHU-
MaHue, 4T0 HEN3BECTHOE U KOHLIbI MPOMEXYTKa HYXXHO 3a[jaBaTb HE TPEMSA
OTZENbHbIMU NapamMeTpamu, Kak, ckaxem, B integrate, a B Buge cnucka.
970 CBA3aHO C TeM, 4T0 plot2d MOXeT NpUHUMATD eLLe W LOMONHUTENbHbIE
aprymeHThbl — B TaKOM Cly4ae OHW MEpeYuCcnATCA Cnesom 3a Takum Cnuc-
KOM, YTO UCKIKOHAET BCAKYIO MyTaHULLY.

Mocne Bbi3oBa (hyHkUMM plot2d B TakOM BapuaHTe OTKPOETCH OKHO
gnuplot, B KOTOpOM 6yfeT 0TO6PaXeH 3aTPe60BaHHbIN rpadnk. Hnkakoi
MHTEPAKTUBHOIN PaboTbl C MOMNYYEHHbIM M300paXeHUeM gnuplot He npe-
[lyCMaTpu1BaeT, KpOMe aBTOMAaTU4eCKOro ero MacLuTabupoBaHus npu n3me-
HEHUW Pa3MepoB OKHA. HacmMOTpeBLUNCh BAOBOMb, MOXHO 3aKpbiTh OKHO
¢ rpachmkom knasuweit Q, nn6o, B cnyy4ae pabotel ¢ Maxima B peaakTope
TeXmacs wnu wxMaxima, npocTo Nepeknto4nMTLCA 06paTHO B MHTEPCeIiC,
0CTaBUB OKHO gnuplot OTKPbITbIM, U MPOJOKNTE PaboTy:

($%i1) plot2d(z cos(x), [z, — 27,2x])$
z(r—1)(2—x)
z?2+zx+1

($%i2) plotZd( ,[m,—0.3,3.3])$

Mecsu Hasag Mbl npowwnu aKCnpecc-Kypc MaTemartiyeckoro aHanusa v andgypasHeHuin.
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Maxima Yeisomiie

KOHCTPVKIIUN

wtoos(x)
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B HeKoTOpbIX Cly4asx aBTOMaTUYeCKNiA nog60p 0TO6paXKaemoro y4acT-
Ka BEPTUKANbHON OCU MOXET HaC He YCTPOuUTb. Hanpumep, OH paboTaeT He
04€Hb XOPOLLIO, eCAN PYHKLNA UMEET Ha 3aaHHOM NPOMEXYTKE TOUKY pas-
pbIBa, XOTSA Obl OAUH U3 OAHOCTOPOHHNX NPEAEN0B B KOTOPOI paBeH 6ecko-
HEYHOCTM: TOrJa NPOMEXYTOK N0 ocyu Y ByAeT Bbl6paH CANLIKOM 60MbLINM.
[a n B apyrux cnyyasx MOXeT MOHafo6UTLCH M3MEHWUTb YMONYaTeNbHOe
nosejeHne. [Ing 310ro NpeaycMOTPeH TakKOW BapUaHT Bbi30Ba (DYHKUUM:
plot2d(BbIpaxeHne, [cUMBOA, HavYano, koHel], [y, Ha4ano, KoHew]). 34ech
OyKBa y WUCMONb3YyeTCs B Ka4ecTBE 0003HA4EHUS BEPTUKANBHONW ocu, a
0CTaNbHbIE AiBa NapameTpa UMEHT TOT XKEe CMbICHT, Y4TO U BbILLE.

X
($%i1) plot2d( o5(@)’ [z, —27n,2x] |$
X
i) plot2d( 2 e —2m,27) [5,~10,10] )8
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Kak BuauTe, ymonyartenbHblii Bug rpadpukoB B gnuplot [OCTaTO4YHO
NPOCT U faXKe aCKeTU4eH, HO 31eCb MOXHO 04€Hb U 04eHb MHOI0€ MEHATb
C NOMOLUbIO LONMONHWUTENbHLIX ONUWA. HekoTopble M3 KOTOPLIX 6yayT
OCBELLEHbI 4YyTb HUKE, @ OCTalbHbIe MOXHO WU3Y4UTb MO AOKYMEHTaLUN K
gnuplot.

Y706bI NOCTPOUTL HA OJHOW W TOIl XK€ KAPTUHKE OAHOBPEMEHHO [Ba
rpadouka (unu 6onblue), NpocTo nepefante yHKuumu plot2d BMecTo oTae-
JNIbHOT0 BbIPaXeHNsA UX CNnCoK:

1 1

_2\/_

($%1i1) plot2d [z,0.01,5],[y,0,5] |$

»

Hoa6pb 2006 Linux Format | 119



Maxima

Ckopas
IIOMOIIb

A"
Mpu nocTpoeHun
JVCKPETHOro
MHOXeCTBa Mbl
1CMonb30Bani fige
HOBbIX (OyHKLMW.
DyHKuMa random
(HaTypanbHoe
41Cr0) BO3BPALLAET
nceBoCyYanHoe
Lienoe Y1cno

B [ianasoHe oT
HyNs [0 3a[aHHOro.
A dhyHkums makelist
(BbIpaxeHue,
nepemeHHas,
Ha4ano, KoHeL,)
BO3BPALLAET CMMCOK
13 3Ha4YeHuI
«BbIPKEHNS»

110 BCEM LieNbIM
3Ha4eHnAM
«repemMeHHON»

0T «Hayana» Ao
«KOHL@».

O

-

17

12 ——
1/sqrtix)

3neck [x, 0.01, 5] Bmecto [x, 0, 5] # Hanucan «no NPUBbIYKE» —
Maxima 5.9.x BbljaBana owmnoKy, ecnu 3afaHHas yHkuMs 6bina He onpe-
[leNieHa Ha 0JJHOM W3 KOHL0B UHTepBana. B 5.10.0 mHe 3Ty owubKy BoCcnpo-
3BECTM He YAanoch; TaK YTO eCTb OCHOBAHMS Monararb, Y4TO NOBeJeHNe B
TaKUX Cy4aax nonpasuim.

Moxet plot2d cTpouTb W rpadpukn napameTpuHeckn 3afaHHbIX (OyH-
KuMiA. [1ns 3TOro MCNonb3yeTcs CMCOK C KIKYEBbIM COBOM parametric:
plot2d([parametric, X-BblpaXeHue, y-BbIpXeHUE, [NepemMeHHas, Havano,
KoHeL], [nticks, konnyecTBo]]). 3Aech «X-BbIPKEHNE» U «y-BbIPAXKEHUE»
3a[a10T 3aBNUCUMOCTb KOOPANHAT OT NapameTpa, TO ecTb, N0 CYTH, 3TO ABe
hyHkuMm Buaa x(t), y(t), roe t — nepemeHHas napameTpusauuu. 3Ta xe
nepemMeHHas [OMKHA (UrypupoBaThb B CNefylOLIEM apryMeHTe-Cnucke, a
napameTpbl «Ha4ano», «KOHeL», KaK 1 B ABYX APYriX PACCMOTPEHHbIX CAy-
4asx, 3a4alT 0TPe30K, B Npeaenax KoToporo atoT napamerp Oyaer u3me-
HATbCS. [TocnegHNiA apryMeHT-CMUCOK, C KN04YeBbIM CIoBOM nticks, 3agaet
KONMNYECTBO KYCOYKOB, Ha KOTOpble OYAeT pasbuT WHTepBan U3MEHEHUs
napameTpa npu NocTPOeHNUN rpadpuka. ATOT apryMeHT OnuMOHaneH, HO Ha
NPaKTUKe OH HYXEH MOYTW BCErfa: ymon4artenbHoe 3HadeHue nticks pas-
Ho 10; cornacutech, pefKko 6bIBaeT HY)XXHO B Ka4yecTBe rpacpuka nony4nts
nomaHyto 13 10 0Tpe3koB. BoT npumep nocTpoeHus rpacdmka napameTpu-
4eCKOI (hyHKLMY:

($%i1) plot2d([parametric, cos(t),sin(2t), [t, — n, ], [nticks, 120]])$

1 T

Kpome parametric, dyHkums plot2d noHMmaeT elle OAHO KIHO4eBOe
cnogo: discrete. MpejHa3Ha4eHO OHO, KaK HETPYAHO [Orafathes, Ans 0To6-
PaXEHWUs Ha NNOCKOCTN AUCKPETHBIX MHOXECTB; TOYHEE FOBOPS, KOHEYHbIX
HabopoB TOYeK. [10 3anucu apryMeHTOB TaKoil BapyuaHT pacnafaercs elle
Ha gBa: plot2d([discrete, x-cnucok, y-cnucok]) u plot2d([discrete, [x, y]-
cnucok]). B nepsom BapuaHTe KOOPANUHATLI 3aJAK0TCA Kak [Ba OTAENbHbIX
cnucka [x1,x2, ..., xn], [y1,y2, ..., yn], 2 BO BTOPOM — KaK CMNUCOK nap Koop-
IuHaT oTAenbHbIX ToYek [[x1, y1], [x2, y2], ..., [xn, yn]].

Ecnn mbl, K npuMepy, uMeem Habop CTaTUCTUYECKUX 3HAYEHUN, 3aBU-
CALLMX OT HOMEpa, Mbl MOXeM 0TO6pa3uTbL ero, 3a1aB B Ka4eCTBE X-KOOp-
JVMHAT camn 3T HOMEpa, TO eCTb HaTypanbHbIe Yncna:
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($%i1) data: makelist(random(5x),z,1,15)
($%01) [2,1,4,0,12,10,17,28,35,39,17, 53,60, 24, 44]
($%12) plot2d([discrete, makelist(x, z, 1, 15), data])$

B0

50 F

awt

0

20k

[0 ymOnyaHuio MHOXECTBO OTO6paXKaeTcs B BUAE NIOMAHON C BepLUN-
HaMW B 3aflaHHbIX TOYKAX; TaKOe NOBeJEHNE MOXHO U3MEHMUTbL U MONY4NTb
BbIBOJ, K MPUMeEpY, B BUAE OTAENbHbIX TOYEK. 3TO JOCTUrAeTCs UCMOoMb30-
BAHWEM CneyunanbHbIX ONuWiA, NPUMEHUMbIX Kak K plot2d, Tak u Kk plot3d,
no3TOMy JaBanTe nepeneM K pacCMOTPEHUIO MOCNeHEN.

Mpupaem o6bem

®yHkums plot3d nmeeT ABa BapuaHTa BbI30BA: OAUH ANs ABHOMO 3af4aHus
(pyHKUMN 1 O4MH ANS napameTpuyeckoro. B o6oux cryyasx gyHKLMA npu-
HUMAeT TpK aprymeHTa. [ns ABHO 3afiaHHOM oyHKLNN: plot3d(BbipaxeHne,
[nepemeHHas1, Ha4ano, KoHeL], [MepemMeHHan2, Ha4ano, KoHew]); aprymeH-
Tbl aHaNnornyHbl plot2d, ¢ TOW pasHuLeit, 4TO 3[eCb He3aBUCUMbIX Nepe-
MEHHbIX ABE.

($%i1) plot3d(dz?+zy®*—34% [z,—2,2|,|y, —3,3])$
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ocTpoeHNe HECKOMbKUX MOBEPXHOCTEN HAa OAHOM rpachuke He Mnof-
LepXNBaeTCs — NOTOMY, BEPOSTHO, YTO HA TaKOM PUCYHKe Npo6sieMaTuyHoO
6b110 6bl 4TO-NNGO pasrnageTs. Mocemy Ans napameTpuyeckn 3afaHHoOM
(byHKUMM KNHO4eBOE CNOBO parametric He Tpe6yeTcs: BbI30B C MEPBbIM
apryMeHTOM-CMCKOM Y)XKe He C YeM mepenyTatb. [paduk napamerpuyec-
KN 3afaHHON oyHKUMK cTpoutes Tak: plot3d([BblpaxeHnel, BbipaxeHune2,
BbIpaxeHne3], [nepemeHHasn1, Hayano, KoHeu], [MepemMeHHas2, Hayano,
KOHew)), rae «BbIpOXeHUs» 0TBEYAOT, N0 NOPAAKY, X(u, V), y(u, V), z(u, V).

($%i1) plot3d ([cos(u),sin(u),v], [u, — =, =], [v,0,10])$



[eos(u}, sinfu),v]
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C nomolublo napameTpu4eckon OpMbl MOXHO CTPOUTb U MPOCTPAH-
CTBEHHbIE KpuBbIe. 1191 3T0r0 NpOCTO HYXKHO 3ajaTb BTOPOI, (DUKTUBHBIN,
napametp, 4to6bl Maxima He pyranacb Ha HenpaBuWbHbIA CUHTAKCUC BbI30-
Ba (PYHKLMM:

($%11) plot3d ([sin(t),cos(t),t], [t,— 3,3 ], [v,0,1], [grid, 150, 150])%

[sin(t),cos(t) t] ——

11 oTctoga Mbl NNaBHO NepPexoanM K onumsm yHKLMA NOCTPOEHUS rpa-
(oMKOB, NOCPEACTBOM WCMOb30BAHHOM BbIle onumun grid. Kaxaas onums
IMEeeT HEKOTOPOe YMONYaTeNlbHOE 3Ha4YeHNe, a UISMEHUTL €0 MOXHO, [06a-
BWB K aprymeHTam CNWUCOK BMAA [MMA-onuum, 3Ha4eHne]. CTporo rosops,
paccMOTPEHHble Bbille y W nticks Takxe ABNAOTCA ONUMAMM; B Npeano-
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Maxima

cfeHeM npumepe Mbl 3aganu onuun nticks 3HaveHne 720, a B npumepe
neped HUM B Ka4ecTBe 3Ha4eHNs OmuuM y ncnonb3osanack napa yucen 0,
5. B nokymeHTaunm Kk Maxima CuMBON X, BbICTYNaBLUWIA B NpUMepax BbilLe
B KayecTBe 00513aTeNbHOr0 NapameTpa, Take NPUBOAUTCS Kak Onuus; Ha
camMoM Jefie onuuei oH BNSIETCS TOMLKO B Cyyae parametric u feicTByeT
TOTAA Tak Xe, KaK 11 onuus y, ToNbKo no apyroii ocu. Onuus grid, ucnons3o-
BaHHas BblLLE, NPUMEHNMA K TPEXMEPHbIM Fpadokam BMeCTO onuuu nticks,
1cnonb3yemoil Ans fABymepHbix. OHa, TaKKe Kak 1y, 3afaeTcs B BUAe ABYX
LieNbIX 3Ha4eHNi, KOTOpbIe AN NOBEPXHOCTE 3afal0T pasMep f4eek CeT-
K1, B BUfIE KOTOPON OTOOPAKAETCS MOBEPXHOCTb; NEPBOE HYMCIO — BAOMb
ocu X, BTOpoe — BAOAb 0ocu Y; nn6o, B Cny4ae napameTpu4eckoro 3aja-
HWs, N0 NepBOMY 1 MO BTOPOMY MapamMeTpy COOTBETCTBEHHO. [Ins KpuUBbIX
13 3TUX NapameTpoB AENCTBYET TOMbKO OAMH, HO MACATb HYXXHO ONSATb Xe
06a, [abbl He HapyllaTh CUHTAKCMUC; M 3[eCb 3TOT NapameTp UMeeT B TOY-
HOCTM TOT Xe CMbICA, 4TO nticks Ans KpUBbIX HA NAOCKOCTW. Ho nepeigem
K Apyrum onuusm.

C npeTeH3ueii Ha KpacoTy

lepBas onums, KOTOPYK Mbl PACCMOTPUM, 3a[aeT (hOpMaT BbIBOAA Pe3yIib-
TaTa; Tak OHa U HasblBaetcs: plot_format. ®opmat MoXeT NpUHUMATL OAHO
13 YeTbipex 3Ha4eHuid, MepBOe W3 KOTOPbIX [AENCTBYET MO YMOMYaHMIO:
gnuplot, mgnuplot, openmath n ps. B ymonyatensHom BapuauTe (3Ha4eHue
gnuplot) AaHHble Ans OTOOPKEHWS MepefarTcs HanpsAMyt nporpamme
gnuplot, KoTopas cama no ce6e UMeeT [OCTaTO4HO TMOKOE ynpasnexue, n
napameTpbl ei MOXHO nepefiaBatb NpsMo U3 Maxima ¢ noMoLbl0 A0Non-
HUTEMbHbIX ONUMiA PYHKLMIA plot2d/3d. MapameTpoB 3aTX HACTOMLKO MHOTO,
4TO gnuplot morna 6bl CTaTb TEMOIA OTAENbHOW CTaTbi; TakK 4TO 06paLLan-
TECb 32 HUMW K [JOKyMeHTauuu no gnuplot. B npotusoBec cBoMM 60ratbim
BO3MOXHOCTAM, gnuplot MeeT neper credyloLwmmMu ABYMS UHTepeica-
MU (ecnu OTKPOBEHHO — CKOpee, NULLb Nepes OAHUM U3 HUX) TONBKO OAWH
HeI0CTAaTOK: OHA reHepupyeT CTaTu4Hoe N306paxeHue, TOraa kak mgnuplot
1 openmath no3BONAKOT B peanbHOM BPEMEHM MacluTabupoBaTb U mepe-
[BUraTb KapTuHKy, a plot3d — ewe v Bpawiatb NUHUKO WK NOBEPXHOCTb B
pa3Hble CTOPOHbI B MPOCTPAHCTBE.

Cnepnytownit BapuaHT — mgnuplot — ABNAETCA AONONHUTENbHBIM UHTEP-
theiicom K gnuplot, HanucaxHbIM Ha Tcl/TK, HO JUHAMMKA Y HEr0 HACTONbKO
«3alyMy1nBas», a OCTa/lbHble BO3SMOXHOCTW HACTONbKO OEfHbI, YTO I He
BMXY CMbIC/a 0CTaHABNMBATLCA HA HEM NOAPO6HEe.

1 mepexoxy cpasy k openmath. OH TOXe He 04YeHb-TO MOAAAeTCH
YNPaBNeHuIo, 3aT0 NPeAOCTaBAAET XOPOLLYIO NHTEPAKTUBHOCTb, 0CO6EHHO
LiEHHY0 B TPEXMEPHOM BapuaHTe: Mochne TOro, Kak 06beKT CreHepupoBaH,
€ro MOXHO MacLITabupoBaTh 1 04eHb AUHAMWUYHO BpaLLaTh, pasrnsLbiBas

Mpb1 06 3TOM

MocTpoenwe rpacthukos B GNUPLOT

GSTAOH — 1 WS WCTTYT 0 ROCTROENRT [T, SOTODASE GOCTYN K UMORBCTI IIADGOPM
Tporpases dsTumsn VETER sy Hanpraitn, MASA

g B e
e sanrs CmsietT

Gnuplot

LinuxFormat.

rpammy Gnuplot».

He JINHYKCLEHTpa OTAESbHO:
http://www.linuxcenter.ru/?

wenwwx B 2005 rogy:
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yXe PACCKA3BIBAAM:

Cratbs 0 Gnuplot B 1L3G87) 6biNa NepBbIM OPUTM-
HalbHbIM  MaTepuanom pPOCCUACKON pefakuun

Bnagumup [aBblgoB NpoAeMOHCTPUPOBan OC-
HOBHbIE BO3MOXHOCTI NaKeTa 1 NPUBEN HECKOSbKO
HarnNaaHbIX NPUMEPOB, A0Ka3bIBAIOLINX, YTO «MPO-

CTOTa — T[J1aBHOE CNOBO, XapakTepusytoLiee npo-

1%CE71 MOXKHO NPNOBPECTN B MHTEPHET-Marasu-

Unu B COCTaBe naketa u3 Bcex 4 HOMepPOB, Bbl-

http://www.linuxcenter.ru/?good=1328



Maxima

VI cHOBA O pellleHu rIpobaeMbl C 3AaIIyCKoOM u3 TeXmacs

B nepsoii nocne Bbixoga Maxima 5.10.0 sepcuu
peaakTopa 7eXmacs ectb npo6nema C 3amyckom
KOHKPETHO 3T0il Bepcun Maxima. CBsi3aHa OHa ¢
TeM, 4YTO CKpUNT TeXmacs, 0TBEHAIOLMIA 3a NHU-
umnanmsaumo Maxima-ceccumn, NpoBepAeT BEPCUID

/usr/lib/texmacs/TeXmacs/bin/maxima_detect —
BO3BpaLLaeT ee BCe Xe Kak «5.10.0»; B pesynbrate
yero Maxima He 3anyckaeTcs, a NpoCTO BblAaeTcs
coobuieHne «Unsupported version of maxima».
PelumTb aTy npo6nemy He NpoCTO, @ 04eHb NPOC-

MMEHHO CTPOKY, cofepxallyto 5.9.1.1* 1 5.9.2* |
5.9.3* | 5.10, gonucas nocne 5.10 TO4YHO TaKyto
Ke 3Be3f04Ky. V1 Tonbko nocne 3Toro 3anyckarb
Maxima-ceccuto B TeXmacs (cam pepaktop Ans
9TOr0 Nepesanyckatb He HYXHO).

rl,  r*sin(f)*sin(t),
rccos(f)*sin(t),
r cos(t)), n 3arem npu
noCTpOeHUM rpadu-
KoB nucats [transform_
Xy, spherical_xy].

BerButech u

Maxima Ha paBeHCTBO «5.10», B TO Bpems kKak  TO:
BbIICHAOWMIA Bepcuto  Maxima, -

HYXXHO 0TPeAaKTNpoBaTh thain
/usr/lib/texmacs/TeXmacs/bin/tm_maxima, a

€0 BCeX CTOPOH. OCO6EHHO 3TO MOMOraeT Ans CNOXHbIX MOBEPXHOCTENA, KOT-
03, TAAs Ha CTaTUYHY «CeTKy» gnuplot, HenpoCcTO NOHATL HOpMY NoBep-
XHOCTU. CNpaBeanmBOCTM pagy HYXXKHO OTMETUTb, Y4TO gnuplot no3sonsert
3a/jaBaTb TO4KY 0630pa TPEXMEPHOr0 06bEKTA B Ka4eCTBE OAHOTO U3 MHO-
TrOYUCTIEHHbIX NAPAMETPOB, TO ECTb XOTA KAPTUHKA W CTAaTU4HA, HO C KaKoW
CTOPOHbI HA HEe CMOTPETb, Mbl MOXEM yKa3aTb NPON3BOMbHO.

Hy n nocnegHee 3HayeHne onuuu plot_format nogrankueaet Maxima
K HenocpeacTBeHHoI reHepaunn PostScript-gokymeHTa ¢ n3o6paxeHnem.
Ho v 3aecb Hapo ckasatb: reHepuposatb PostScript-BbiBOA ymMeeT u Bce
TOT Xe gnuplot.

BOMbLIMHCTBO OCTasbHbIX ONLMIA OTHOCATCA TONLKO K (hOpMaTy BbIBO-
na gnuplot. A Mbl paccMOTPUM €LLe OAHY YHUBEPCANbHYO, MPUrOAHYHO
019 Bcex (hopmaTtoB M NpeobpasyroLLy0 He pesynbTupytollee n3obpaxe-
HWe, a cam MpoLecc NOCTPOeHUs rpachuka; To4YHee, CUCTEMY KOOpAMHAT.
HasbiBaetcst ata onums transform_xy, no ymonyaHuio OHa paBHa false.
lepenasatb el HYXXHO BbIDAXKEHWE, CreHepupoBaHHOE (PyHKLUMen make_
transform([x, y, z], f1(x, y, 2), f2(x, y, 2), f3(X, y, z)). Kpome TOro, cyLiect-
BYET OJHO BCTPOEHHOE Npeobpa3oBaHne, U3BECTHOE Kak polar_xy u cooT-
BeTcTBytowee make_transform([r, th, z], r*cos(th), r*sin(th), z), To ectb
nepexoay K NoNAPHON LMAMHAPUYECKON CUCTEME KOOPAMHAT. B KayecTse
npumepa ncnonb3osaxus transform_xy npuseay npeobpasoBaHue K nonsp-
HbIM CCDEPUYECKMM KOOPANHATAM, Pa3 YK BO BCTPOEHHOM BU[E €ro HeT:

($%i1) plot3d(1,[f,0,2x],[p,0,2x],
[transform _xy, make _transform([¢, f,],

rsin(f) sin(t), r cos( f) sin(t), r cos(t))),
[plot _format, openmath])$

Azimuth: 13.00, Elevation: -120.00

06patnTe BHUMaHUe: B NEPBOM aprymeHTe-cnucke k make_transform
NOCNEAHNM LOJKEH MATW 3aBUCUMbI CUMBON, TO €CTb TOT, KOTOPbIA OyAeT
BbICTYNATb (DYHKLMER OT ABYX ApYrUX.

Ecnn Bam HyXHO NOCTOAHHO pa60TaTb CO CHEPUYECKMMU KOOP-
JuHatamn, MoxeTe 3anatb, ckaxem, spherical_xy:make_transform([t, f,
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NOBTOPAWUTECH

[lo cux nop Mbl ggura-

NUCb TOMBKO N0 npsi-

MOW, a Tenepb Moro-

BOPUM 0O CpeacTBax
«3MEHEHUs TPAEKTOPNI»: YCIIOBHOM OMepaTope W LnKMax.

HayHem ¢ ycnosusi. B Maxima, B otamyme 0T 60/bLUMHCTBA «Tpagu-
LMOHHBIX» MPOLEAYPHbIX 1 06bEKTHbIX A3bIKOB MPOrpamMmMmUpPOBaHUS, rae
CYLLeCTBYeT TaK Ha3blBaeMblil YCNOBHbIA OMepaTop, NpMBbIYHAA CBSA3KA
if-then-else ABNAETCA He CUHTAKCUYECKOW KOHCTPYKLMEN, a CamMbIM HAcTo-
AlWMM onepaTtopoM. 1o cBoemy AiCTBIIO OH BOMbLUE BCEro MOXOX Ha
TepHapHbIA onepatop A3bika G, TONbKO ¢ 60/ee «4e/l0BEYECKNM» CUHTAK-
cucom: if ycnosme then BbipaxeHnel else BbipaxeHne2. Mpu BbINONHEHUM
«yCNOBUS» N3 ABYX «BbIPDKEHUIA>» BbIYUCAAETCA TONbKO Nepsoe W BO3-
BPALLAETCA Kak pesynbTaT 0nepatopa; B NPOTUBHOM Cry4ae BbINOHSAETCS
TO/IbKO BTOPOE W OHO XE ABNSIETCS 3Ha4eHuemM BCero Bbipaxeus if-then-
else. 4acTb KOHCTPYKLMN else BbIpaXXeHne2, Kak u B 60/bLUNHCTBE A3bIKOB
nporpaMMMpoBaHus, ONuMoHanbHa. Ecnm ee HeT, a yCnoBue BCe-Takn He
BbIMOMHWUAOCH, pe3ynbTaT onepartopa if 6yaeT paseH false.

[Mpu 3TOM, KOHEYHO XXe, HUKTO Bam He MeLUaeT UCnoNb30oBaTh 3TOT One-
paTop Kak 06bl4HYH YCNOBHYH KOHCTPYKLMIO, @ BO3BPALLAEMOE 3HA4eHMe
NpOCTO UrHOPMpOBaThb. C ApYro CTOPOHbI, 0nepatop if MOXHO NPUMEHATS,
Hanpumep, NS 3afaHNs PEKYPCUBHBIX NOCNeA0BaTeNIbHOCTEN:

($%i1) (n—1+a(n—2)g
5

($%i2)

a(n):=if n < 1thennelse a
a(20)

349525
524288

%, numer

0.66666603088379

($%02)

($%i3)
($%03)

HeMHOro o cammx ycrnoBusix, KOTOpbIe MOryT NPOBEPATLCS 0NepaTopom
if. Ycnosus >, <, >=, <= 3anucbIBaKOTCA N PacLUM(pOBbLIBAITCS TpaLULM-
OHHO, TaK Xe Kak 1 noruyeckue omepartopbl and, or, not. A BOT 0 paBeH-
CTBaX-HepPaBEHCTBAX HYXKHO CKasaTb napy cfios. PaBeHCTBO B Maxima ecTb
[BYX BUOB: CUHTAKCU4ECKOE U NOTNYeckoe. 3HakoM = 0603Ha4aeTcs Kak
pa3 nepBoe, a BTOPOE BbIYUCASETCA C NOMOLLbIO pyHKUMn equal(). YTo6bI
He ObITb MHOTOC/OBHBIMU, OT/IMYME CUHTAKCUMYECKOr0 PaBeHCTBA OT 10ru-
4eCKOro NPOAEMOHCTPUPYEM HA NPUMEpE; 3A4eCb LOMOHUTENbHO UCMOSb-
3yeTcs npeaukar Mo MMeHW is, KOTOpble MPOBEPSET HA UCTUHHOCTbL CBOI
ApryMeHT.

($%i1) E((m—%1)2::$24—2$—k1)
($%o01) false
($%12) is(equal((m—%l)z,mz%—21r+—1))

($%02) true

Hy 1 HepaBeHCTB, COOTBETCTBEHHO, TOXE CYLIECTBYeT ABa, C TeM
Xe CMbICcToM. CMHTaKcn4eckoe HepaBeHCTBO 0603Ha4aeTCss AO0CTATOMHO
HENPUBbLIYHO — Yepes #; BUANMO, 3TOT CUMBOS Pa3pPabOTYUKI COYNIN HaNBO-
nee BU3yanbHO CXOXKIM CO 3HAKOM #. Hy a Normyeckoe HepaBeHCTBO 0603-
Ha4eHo 4epes notequal().



KoHe4HO, KpoMe YNOMSIHYTbIX CPABHEHWIA B YCIOBHOM OnepaTope MoX-
HO MCMONb30BaTh Nt0ObIE NpeanKaTbl, TO eCTb (PYHKLMKM, BO3BpALLAKOLLNE
NOrnyeckne 3Havenus true/false. OYHKUNMIA TaKUX LOCTATOYHO MHOrO, HO
BCE OHW LOCTAaTO4YHO NPOCTbI, NO3TOMY He OYyAy TPaTUTb BPEMS HA WX OMU-
CaHUe: ero MOXHO NOYEPNHYTb B TOM Xe 06beMe U3 JOKYMEHTaLmu.

Hanocnenok nepeifem K umknam. Linkn 8 Maxima 6yaTo 6bl TOXe 0fUH.
Ho OH NMeeT CTONbKO Pa3NiyHbIX BAPMAHTOB, YTO Ha3BaTb 3TO BCE OAHMM
0MepaTopoM LKA A3blK He MOBOPa4YMBaeTCs. BOT Kak BbIMMAAAT OCHOBHbIE
Pa3HOBUAHOCTH:

for nepemeHHas:Ha4ano step wwar thru koHel, do BbipaXKeHue

for nepemeHHas:Ha4ano step war while ycnosue do BbipaxeHue

for nepemeHHas:Ha4ano step Lar unless ycnosue do BbpaXeHue

lepBblii NPOKPYYNBAET LMK, U3MEHAS «MEPEMEHHYI0» C 3afaHHbIM
«lIAromM» 0T «Ha4yana» [0 «KOHLa»; BTOPOW — OT «Hayana» 1 noka Bbinos-
HAETCS «YCNOBME»; TPETNIA — HA0B0POT, NOKA «YCNOBUE» HE BbIMOHAETCA.
K npumepy, Mbl MOXXEM NOAYYUTb CMIUCOK M3 NEPBbLIX AECATI YNEHOB NOCNe-
[I0BaTeNIbHOCTI U3 NO3anpoLLNoro npumepa:

($%i1) a(n) :=if n < 1 thennelseZ
($%i2) A:[]$forn:0thrul0 do A: append(A, [a(n)])
($%03) done

($%i4) A

(n—1)+a(n—2)
5 $

($%04) 10,1,=,2,2, — = = = ——

($%i5) A,numer

($%05) [(],1,0.5,0.75,0.625,0.6875,0.65625,1>
0.671875, 0.6640625,0.66796875, 0.666015625]

Kak Buaute, B Ka4eCTBe 0MepaTopa LMK B NPOCTeiiLlemM ero Buae, B OTN-
4ne OT yCnoBus, NCNONMb30BATh CMbICAA HET, TaK Kak ero Bo3BpallaemMoe 3Ha-
YeHue Bcerga paBHo done. B aTom npumepe O4NUH 13 31EMEHTOB LIMKNNYECKO-
r0 0reparopa He yKasaH; Luar, Kak BUAuTe, MOXET ObITb ONYLLEH U N0 yMOon4a-
HWIO paBeH eauHNLe. Camoe MHTEPECcHOE B 3TOM 0nepaTtope To, Y4TO OMyCTUTh
M03BOMSAETCA NH06YI0 €ro YacTb, Kpome do; 1 B TOM YUCHe B Nt06bIX KOMOWHA-
umax. K npumepy, onycTue Kpome step eLue 1 for, Mbl nosy4aem 13 aToro xe
onepaTopa TpaauuMoHHble Lknbl while u unless (BTOpPOIA 1 TPETWIA BapuaH-
Tbl). A Npofienas TO Xe camoe C NepBbIM BapUAHTOM 3aMIUCK, NOMYYNM LIMKN
6e3 cyeTynka Buaa thru 4ynucno do BbipaxxeHue, KOTOPbIA TPOCTO NOBTOPMUTCS
3alaHHOe 4ucno pa3. MoxHO, HAa060POT, ONYCTUTb YCOBUE OKOHYaHUS
MOSY4UTb LMKIT C MHOEKCHON NepeMeHHON, HO 6ECKOHEYHbIN. A 0CTaBMB TOJb-
Ko do, N0SIy41M Camblii NPOCTOI BapUaHT 6ECKOHEYHOrO LiKNa. V3 Takux 6ec-
KOHEYHbIX LIMKII0B MOXHO BbIATI C NOMOLLbHO OnepaTopa return(BbipaxeHue)
(TOYHee, KOHEYHO, KOHCTPYKLMM U3 ABYX onepaTopoB BuAa if ycnosue then
return(BbipaXKeHune)), KOTOPbIA NPEPBET BbINONHEHWE LMK U BMeCTO done
BEPHET 3a[jaHHOe BblpaXXeHue. EcTecTBeHHO, onepatop return() MOXHO npu-
MeHSITb BO BCEX BIAX LINK/OB, @ HE TONbKO B 6ECKOHEYHBbIX.

Ho 1 370 eLLe He BCe. KpoMe BCeX Y>Ke PaCCMOTPEHHbIX BapuaLmi, LMK
MOXET NPWHAMATbL elle ABe Mnoctacu. Bo-mepebix, BMECTO Step MOXeT
NCnonb30oBaTbCA KOHCTPYKLUMA next BbIpaXKeHue, CMbICN KOTOpOI?I ny4ie
TOXe NPOAEMOHCTPUPOBAThL HA NpuMepe

($%i1) for i:162304 next % while integerp(i) do display(i)$

i=162304
i=81152
1=40576
1=20288
i=10144
i=5072
1=12536
i=1268
i=634
1=317

Mocne next MOXeT CTOATL N1060€ BblYUC-
NINMOE  BbIPAXEHNE OTHOCUTENbHO WHEK-
Ca LWMKNA, M MPUMEHATBCA 3Ta KOHCTPYK-
NSl MOXET BO BCEX TPeX BapuaHTax LuMkna
(thru/while/unless).

A «BO-BTOPbIX» — 3TO €LUe 0AMH OTAEeNb-
Hblil BapuaHT umkna: for nepemeHHas in
CnuUcoK do BbIpaXKeHue; NM60 paclunpeHHas
thopma: for nepemeHHas in CNNCOK yCnoBume
do BblpaxeHue. 3aech LMK 6yaeT Npokpy-
YeH C «MepPeMEeHHON», W3MEHAKLENcs no
BCEM 3NIEMEHTaM «CMUCKa»; MKC MOXHO
3a[jaTb eLe U JOMONHUTENbHOE «YCNOBUE>
Ha mpepbiBaHWe UMkna. BoT Temepb Mbl C
UMKnamn LeicTBUTENbHO 3akoH4unu. Kak
BNANTE, BCE JOCTATOMHO Pa3Ho06pasHo. f,
NPU3HATLCA, HUYEro, YTO 34eCb He peannso-
BaHO, U NpUAyMaTb He CMOr.

Ho pacckas3 0 umuknax u yCrnoBHOM one-
paTope 0CTAeTCs HEMOHbIM, MOKa f He pac-
CKa3an o rpynnupoBKe BbIPaXeHUi — Bedb
B 06bl4HOM BapuaHTe nocne then wmm do
MOXHO Hanmcatb BCEro 0fiHO 13 HMX. A rpyn-
NNPOBKA, WK, KaK e MPUHATO Ha3blBaTb,
COCTaBHOI1 onepatop B Maxima — 310 onsTh-
TaKW Camblii HACTOSALLWIA OnepaTop, KOTOPbIN
TOXe, KaK 1 MONOXEHO Onepatopy, BO3Bpa-
LlaeT HekoTopoe 3HayeHue. 0603HavaeTcs
OH CKOGKamMu, CambIMI YTO HU Ha €CTb Kpyr-
NbIMA 1 06bIKHOBEHHBIMU; @ pa3fensTcs
CrpynnupoBaHHbIE OMepaTopbl/BbipaXeHNs
BHYTPW 3TWUX CKOOOK He MeHee 00blKHOBEH-
HbIMM 3anaTbiMU. Bo3BpalLaemMbIM 3Ha4eHU-
€M COCTaBHOr0 Oneparopa fBnfeTcs nocnef-
Hee BbIYMCNEHHOE BbIPaXEHME.

C ycnoBHbIM 0nepaTopoMm, CTONb PasHo-
06pa3HbIMU LMKNAMI 1 COCTaBHbIM OMepaTo-
POM Mbl YK€ MOXEM, KOMOUHUPYS UX MEXAY
€060V 1 ¢ N6bIMU APYTUMN (PYHKLMAMU 1
BbIpXeHnamMu Maxima, nucatb MOSHOLEH-
Hble MPOrpamMmmbl C WUCMONb30BaHUEM 6ora-
TOr0 CMMBOJSIbHOTO MaTemMaT4eckoro anna-
pata. ECTecTBEHHO, Temepb Ham 3axQyeTcs
COXPaHSATb 3TV MPOrpammbl B BUAE BHELLIHNX
(hainnos, 4T0ObI HE HABUPATL NX KOKAbIA Pa3
BPYYHYIO, a NOATPYXaTb OLHOW KOPOTKOM
KomaHgoi. 06 aTom, a Takxe 0 MaTtemaru-
YECKNX aHanorax 06bsBeHNst NePEMEHHbIX —
B 3aBEpLUAIOLLIEN CTaTbe LnKNa.

Maxima

CKOpOCTBb

obHOBAEHUSA
Maxima

CyuiecTBoBaHMe CBOGOAHON NpoOrpaMmbl B
TaKo CMOXHOA W NpPOodeCCMOHANbHON
06nacTi, Kak CUMBOMbHAas MaTemartika,
KOHEYHO, Camo no ce6e He MOXET He pajo-
BaTb. HO BMECTE C TeM, Ha aHHbIil MOMEHT
Maxima Bo MHOTMX HanpaBNeHNaX 3aMeTHO
OTCTAaeT 0T KOMMEPYECKMX MPUI0XEHMI
3TOr0 e HasHadeHuss — Mathematica w
Maple, B pa3BuTIe KOTOPbIX YXK& MHOFO NeT
noApsf BKNAAbIBAOTCA 6ONbLUNE [EHbIU.
Ha aTom hoHe HecKosbKO 1eT Kpsijy BbIrs-
[Eenn HeyTelMTeNnbHO M TeMMbl PasBuTyUsA
camor Maxima. Mo CpaBHeHNIO C YyNOMSsHY-
THIMU  KOMMEPYECKUMU  MPUIOXKEHUAMU
CPOKM BbIMyCKa HOBbIX BEPCUIA, KOHEYHO,
60ee 4eM Ha ypoBHe. Ho Kak Ans OTKpbITO-
ro MpoeKTa — 370 He Te TEeMMbl, KOTOPbIE
Obinu 6bl MOBOAOM ANs c4acTbs. Cygute
camu: pata Bbixoga Bepcun 5.9.0 —
10.02.2003, 5.9.1 — 24.09.2004, 5.9.2 —
17.10.2005. Wtoro, 6onblue roga mexmy
COCEHNMI penn3amiu.

11 BOT 3a mocneAHuii ro4 Bpems Mexay
BbINyCKamMu COKPATUA0Ch MUHUMYM BABOE,
1 TakuM 06pa3oM CKOPOCTb BbiMyCKa
BbILLIA HA XOPOLLUNiA YPOBEHb AKTUBHO Pas-
BuBatoulerocs FOSS-npoekta. HayumHas
3TOT LMKA, f1 elle CYUTan «MOoYTU HOBOII»
(no cTapbimM Mepkam) Bepcuto 5.9.2: el Tor-
fa 0blI0 HEMHOTMM 60MbLUE MONYroAa;
xota 5.9.3 3a 3T nmon-roga yxe ycnena
BbINTM — 21 MapTa. 11 BOT ceryac (no cocto-
SHUIO HA Ha4ano oKTa6ps) yXe LOCTYMHA
cnegyrowas «MaxopHas» sepcus — 5.10.0,
yBuaeBLuas cBeT 23 ceHTabps. U ato maet
OCHOBaHWS HALEATLCS, YTO C HbIHELUHEro
MoMeHTa Maxima BCe )Xe Ha4HeT JOTOHSTH
[0pOrne 3aKpbiTbie MPOAYKTHI MO OCHOB-
HbIM BO3MOXXHOCTSM.

Mbl Takxe NOroBOPUM 0 MaTeMATUYECKNX aHanorax 06bABNEHNS nepe-
MEHHbIX M PaccMOTPUM MPAKTUYECKWUE MPUMEPbl C MPUMEHEHWEM YK
[0CTaTO4HO 60raToro N3BECTHOrO HaM MHCTPyMeHTapus. EQ
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Maxima 3d Flotting

o i B s e aand e o srusmeis

Yepes mecay

Pa6oTa ¢ charinamm

1 MPAKTNYECKIe NpUMepsbl
ucnonb3oBaHua Maxima.
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