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IIpenuciosue

BoabmHMHCTBO ~ KOMIIBIOTEPHBIX ~ NPOrpaMM,  NpeaHa3HAUYEHHbIX st
BBIYHMCJIEHUH, yMeeT paboTaTh TOJIBKO C YHCJIOBBIMH BbIpAXKEHUSIMH. [la U caMu
CO3AaTeN M NEPBBIX KOMMNBIOTEPOB BPSII JIH U3HAUAJIBHO MPEINoJIaraiu, YTO HaCTaHeT
Takoe BpeMsl, Korga npoektupyemoie iMu LIOBM (1 poBbie 971€KTPOHHO—
BBIYMCJIMTEIIbHBIE MAIIMHBI), PABHO KaK U Pa3jIMYHbIe «KOMITBIOTEPbI» (aHTJI.
computer O3HAYACT “‘8bluucaument’), OCBOUB ApU(PMETHKY, CMOTYT OCBOUTD U aIredpy.

[TosichnMm, ueM anredpa OTJIMUAETCS OT apU(PMETHKH. « AprpMETHKa», KaK
M3BECTHO, MPOMCXOMHT OT IPeYecKoro ciosa  APLOUOC, o3navaomero «uucio». B
TUIHMYHBIX 3aa4aX apu(PMETHKH MO U3BECTHBIM HJIM JaHHBIM YMCJIAM HAXOIUTCS
HEHU3BECTHOE YHCJI0. Bee onepauuu B apugMeTHKe COBEPLIAOTCS C YUCJIEHHBIMH
BEJMUMHAMH. B anredpe HEU3BECTHYIO BEJMUMHY 0003HaUalT OyYKBOH (CHMBOJIOM) U
IJIsl HaxXOXJAEHUS OSTOH BEJMYMHBl COBEPIIAIOT pa3jJMUHble MAaTeMaTHUECKHE
(cuMBOJIbHBIE)  TIPeOoOpa3oBaHMsl, B KOTOPbIX M3BECTHbIE BEJMUUHBI  TaKXke
0003HaueHbl OyKBaMH.

PaccmatpuBaemas B HacTosIIEM MOCOOMHM KOMIbIOTEpHAsl IporpaMma Maxima
npeacTaBisieT CcOOOH CBOOOJHO PpaclpOCTPaHSIEMYI0 CHCTEMY KOMIIBIOTEPHOM
anreOpbl, pACCUMTAHHYIO HA ITUPOKHHI KPYT MOJIb30BATESIEH.

JlanHOe nocoOue B nepByI0 Ouepeib NPeJHA3HAUEHO 1151 IEPBUYHOTO
3HAaKOMCTBA C CUCTEMOH KOMIbIOTEPHOH aireOppl Maxima 1 MOKEeT UCTOJIb30BaThCS
KaK MPH OYHOM OOYUEHHH, TaK U B CUCTEME JOMOJIHUTENBHOIO 00pa30BaHUsl.
[Tocobue cogepKUT OOJIBIIOE UHUCIIO PA3THUUHBIX TPUMEPOB MO Pa3HbIM pasiesiam
MaTeMaTHKH, UMeeT Ha0Op 3aJlaHui AJis1 CAMOCTOSITENIbHON padboThl. Haunyumum
BapHaHTOM OOy4eHHUs OyAEeT TaKOH, KOrAa YUTATEb CAMOCTOSITENIBHO C TOCOOUEM B
PYKax cHavaja MpakTHYECKH MOBTOPUT HA KOMITBIOTEPE pacCMaTpUBAaEMble TPHUMEPHI,
a 3aTeM OyJeT UCIOoJIb30BaTh MPUOOPETEHHbIE UM HABBIKHM B AajibHEHIIEH padoTe.



BBenenne

[Iporpamma Maxima pacnpocTpansiercs nog juuensued GPL u noctynHa kak
rosb3oBaTeaaM OC Linux, Tak u noas3oBateassM MS Windows. K coxajenuio,
PYCCKasi BEpCHUsl NpOrpaMMbl HE UMEET JaXe MTPOCTOM CIPABKH HA PYCCKOM SI3bIKE, a
HEMHOTOUMCJICHHBIE  CTaTbH, IIOCBSILICHHBIE  HW3YYEHHIO  9TOH  IPOrpamMBbl,
UMEIOIIHECS B HEKOTOPOM KoJsinuecTBe B IHTEpHETE, — HE BCeraa JOCTYIIHBI U,
3a4aCTyI0, PACCUMTAHBI HA YK€ KOMITBIOTEPHU3UPOBAHHOTO MOJIb30BATES.

[Ipennaraemoe nocoOue B MEPBYIO ouepe b NPeAHA3HAUEHO J1JIsl IEPBUUHOTO
3HAKOMCTBA C CHCTEMOM KOMITbIOTEpPHOM ajreOpsl Maxima U MOXKET UCIO0JIb30BaAThCSI
Kak IMPHU OYHOM OOYUEHHH, TaK U B CUCTEME JOTMOJHUTEIbHOTO 0Opa30oBaHMUSI.

BoJIbIIMHCTBO KOMIBIOTEPHBIX IPOTrpaMM, KaK YK€ OTMEUaJIoCh, MPEIHA3HAYECHO
1J151 BBIUMCJIEHHH C YUCJIOBBIMH BbIpaXkeHHsIMU. Kak npaBuiio, ux pesyJibTaThl
ObIBAIOT MPHOJIMKEHHBIMH, Be/Ib ITPH ONEPALUsIX C BEIECTBEHHBIMH UHCIAMU
MPOUCXOIUT UX OKpyTJieHHe. CHUCTEMBI KOMNbIOMEPHOU MameMamuKku, N30aBJIeHbl OT
noA0OHBIX HeAOCTATKOB. OHU CIOCOOHBI UCMOJIb30BATh B MPOLECCE BHIUUCICHHUM
MaTtemMaTHuyeckhue TeopeMbl H (pakTbl. Tak, H3BECTHOE TPUTOHOMETPHUECKOE
TOXIECTBO [JIACHT, 4TO Sin “x+cos’x=1 mius moboro x. Hu 0IuH KanbKyiarop He
CrocoOeH MPUMEHUTH 9TO TOXKIECTBO B MpoOLIECcCce MPeoOpa30BaHUM, B TO BpeMsl Kak
Takue mporpaMmbl,  Kak Mathematica wnu Maxima,  npelHa3HAYEHHbIE IS
CHUMBOJIbHBIX BBIUHCJIEHUH, JIETKO CIPABJISIIOTCSI C MOJOOHBIMH 3aJa4aMH.

Tam, rae HeoOXOAUMO BBITIOJIHUTH BBIUHUCJIEHUSI TOYHO, JIMOO OCYIIECTBUTD
aHAIMTHUECKOE MpeoOpa3oBaHue, HapUMep, YIIPOCTHTh CJI0KHOE MaTEMaTHUECKOe
BbIPAKEHUE, BBIYUCIUTD B CHMBOJIBHOM BHJE MPOU3BOAHYIO UJIH MEPBOOOPA3HYIO
3aJaHHOW (PYHKLIMH, Pa3jIOKUTh €€ B psij Ternopa, HANTH KOPHH YPABHEHUS U T. 1.,
NPUMEHSIIOTCSL  cUcmembl  KOMNbIOMEPHOU  anzeOpbl  (CUCTEMBl  CHUMBOJIbHBIX
BbIUMCJIeHHH). OTMETHM Takke 0COOYI0 pOJib MOJOOHBIX CUCTEM B TEXHUUECKOM U
MaTtemMaTH4eckoM oOpasoBaHMH. OHM  TO3BOJISIIOT  MPOBEPUTh  PE3YJIbTATHI
IPOMO3JIKHUX MAaTEMAaTHUECKHUX PacueTOB M HAIJISIIHO MPEICTAaBUTD CJIOKHBIE
MaTeMaTHYeCKHUE OOBEKTHI.

B oTimnuune ot kommepueckor nporpammbl Mathematica nporpamvma Maxima
pacnpoctpansieTcst nog aunensruern GNU, uto no3BosisieT peKOMEHI0BATh €€
IIAPOKOMY KPYTy MOJIb30BATENEH. Y KaXJO0H U3 9THX IBYX MPOrPpaMM €CTb CBOH
CHJIbHBIE U cJIabble CTOPOHBI. Y TOOHBIN TpacdhuuecKruil HHTEepgENC sSBIsIeTCS
HECOMHEHHBIM IOCTOMHCTBOM mporpaMmmsl Mathematica, B TO Bpems Kak Maxima
3aYacTylo 1aeT MaTeMaTHUeCKH OoJjiee cTporue oTeeThl. Tak, HanpuMep, Npu
BBIYMCJIEHUH NIEPBOOOpasHON (PYHKIMU X " Maxima NpOCUT YTOUHUTb 3HAUEHHUE 1, TaK
Kak Mpu n=— 1 pe3yabTaToM siBisieTcst PyHKIuUs In x, a mpu Apyrux n nepBooOpasHasi
pasHa x "*'/(n+1). IIporpamma Mathematica He YTOUHSIET 1 U U1 TAKOM (DYHKIIHH

BCErja B KauecTBe MepBOOOPa3HON BbIAAET 3HAYECHUE X "™1/(n+1), XOT4 ecyu B
KauecTBe (DyHKLHUH 3a4aTh 1/x, TO MOJTYyYUM BEpHBIA pe3ybTaT — In x. [Ipyrumu
IIPEICTABUTEIAMH CHCTEM TaKOr'0 POJa SBJISIOTCS IIPOrPaMMBI Mathcad, Maple,

Axiom, GAP, FreeMat, Octave, Scilab, YACAS u npyrue.



1. O npoucxoxgenun Maxima

Maxima cpeny NpoYHux aHAJIOTMYHBIX MPOrpaMM 00JiaiaeT HauboJiee MUPOKUMHU
BO3MOKHOCTSIMH TIO YAaCTH CUMBOJIbHBIX BBIUMCJICHHH; U BIIOJIHE CITIOCOOHA
NOCTIOPHUTD B 3TOH 00JIaCTH ¢ KoMMepUecKuMH Mathematica v Maple. Cuctema
AHAJIMTUYECKHUX BBIUMCJIEHWH Maxima uaeanbHO MOAXOIUT B KaueCTBE 0OBbEKTa IJIs1
U3yUEHHS KaK IPH 00YUYEHHUH IIKOJbHUKOB CTapUIMX KJIACCOB, TaK U CTYICHTOB
BY30B, €€ MOT'YT HCIOJIb30BaTh M MPO(ECCHOHATIbHBIE MATEMATHKH J1JIs POBEACHU S
CJIOKHBIX PACUETOB U HUCCJIEIOBAHUH.

[To nponcxoxaeHuio Maxima NpUHAAJICKUT K APEBHEHIIEMY POy CPEIU
NporpaMm 5TOrO BHJIA JESITEbHOCTH — OHA 00JIaJaeT, MOKaayH, ONHOH U3
IJIMHHEWIINX UCTOPUH CPeH BCeX CKOJIb-HUOYAb PACIIPOCTPAHEHHBIX CErOaHS
nporpamm. JKusHeonucanue Makcumbl OepET cBoE Hauasto B 60-x rogax, Korja
MOSIBUJICS TPOYKT MOJ Ha3BaHUeM Macsyma, B KOTOPOM Peali30BbIBATUCH, KaK
NPUHSTO CeHYac TOBOPHUTb, «IMepelloBbleé HAeH» B 00JIaCTH KOMIbIOTEPHOU
MaTeMaTukH. [1o3ke 9TH Ulieu Jerju B OCHOBY 0OOHX YiKe YIOMSIHY ThIX JIMJEPOB
NPOIPHETAPHOrO PbIHKA MaTeEMaTHUYeCKOro codprta — Mathematica v Maple.

ITpoext Macsyma Obl1 OCHOBaH  DHepreTHueckum Ymnpasienuem  CIITA
(Departament of Energy, DOE) B 60-x rogax. PazpabaTeiBaTh €ro Hauaiu B
nerengapHom  Maccauycerckom TexHosnormdueckom HMucturyte (Massachusets
Institute of Technology, MIT), Ha s13bIKe, KOTOPBIH 3aCyKEHHO CUMTAJICS TOT 1A
HanOoJiee MOAXOISIIIHUM [1J1s1 HEBBIYHCIUTESIbHBIX 3aaU U3 BCEX CYIIECTBOBABIIMX Ha
TOT MOMEHT. DTHUM SI3bIKOM ObLT LiSp, € TMHCTBEHHBIN U3 SI3bIKOB TOTO BPEMEHHU
OOXHWBIIMKM 1O HaMX JOHEH W JaXe Cce’yac  COINEPHHYAONINHN 1o
PacCnpOCTPAHEHHOCTH B JKUBBIX MPOEKTaX CO MHOTMMH YJIbTPACOBPEMEHHBIMU
SI3bIKAMHU.

EctectBeHHO, wu3HauasibHO Macsyma OblUla  3aKpPBITBIM ~ KOMMEPUECKHUM
npoekToM. loctynHocTs npoekTa OpenSource-coodmecTBy cTana BO3MOKHOH
onaronaps npodgeccopy Texacckoro Y HuBepcutera Bunbsimy Hlentepy (William
Schelter), koTopsiit noouncs ot DOE nosyuenust kona Macsyma u ero myOJHKanuu
non quuensuert GPL nog nmenem Maxima. OH ke nosiroe Bpemsi paspadarbiBal Kak
camy Makcumy, Tak ¥ oauH u3 auanekToB jucna — GCL (GNU Common Lisp) — Ha
KOTOpPOM pa3pabaTsiBajiach MakcuMa nociie e€ «ocBo0oxkaeHus». K Bennuanmemy
coxayiennio, Buibsm [lentep ymep B 2001 roay. Ho, kak 910 yacTo ObIBaeT B MUpe
oTkpeiToro I1O, %H3Hb MPOEKTa HE 3aKOHYHJIACh BMECTE C )KHU3HBIO €0 OCHOBATEISI.
Celiuac HaJl IPOEKTOM pabOTaeT OOJIBIIOE YKCIO MATEMATHKOB U POrPAMMHUCTOB BO
riaee ¢ [IxxeriMcom DmyHacoHom (James Amundson). Teneppr Maxima paboTaeT He
TobKO ¢ GCL, Ho 1 ¢ CLisp 1 CMUCL, no/JHOCThIO OTBEYAIOMHUMH CTaHAAPTY
ANSI Common Lisp (B otinuue ot GCL, B KOTOPOM MOKA €CTh HE3HAUUTEIIbHbIE
OTKJIOHEHHSI OT CTAHJAPTA).

B Maxcume cefiuac IpUHAT TAKOH K€ IPUHLIMII HyMEPALMH BEPCHH, KaK H B
sape Linux: HomMep COCTOUT U3 TPEX UUCEJ, pa3aeaEHHbIX TOYKAMH, IPUYEM HOMEpPA
C HEUETHBIM CPEIHUM UMCJIOM COOTBETCTBYIOT TaK Ha3piBaeMbIM development-
BepcHUsM (pa3pabaTbeiBaeMbIM), C UETHBIM — Stable (cTaOubHbIM). CTaOUIBHOCTD
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OJHOMW BETKH U CTATYC «B pa3pabOTKe» APYroH 34eCh O3HAUAET HE CTOJBKO
CTaOUJIBHOCTD WJIH HECTAOWJIBHOCTh PaOOTHI IPOrpamMMbl, CKOJIBKO CTAOUIH3AIHIO
camoro nporecca pa3paboTku: B development-BeTKe HOBast MiIailIasi BEPCHUSI MOKET
UMETh HOBbIE (PYHKIIMH U HOBbIE HHTEP(ENCHI, B CTAOMJIBHOM ke MJIa[IIue BEPCHH
OynyT coaepkKaTh TOJIbKO UCTIpaByieHHs1 olHOOK. KoHeuHo, u3 aToro cienyet
HECKOJIbKO OOJIbIIMN PUCK CTOJKHOBEHHUS C OIMOKaMHU B pa3padaTbiBaeMOM BEpCHH,
HO PHUCK 9TOT BEChbMa MaJjl U B JOCTATOUHOM CTENeHH OyAeT OKynaThCsl TEMHU
HOBOBBEICHUSIMH, KOTOPBIE H3HAUATBHO B CTAOUJIbHOH BEPCHU OY1yT HEJAOCTYITHBI.

2. 3arpy3ka u uaTtepgencosl Maxima

Bepcus, cymectByomas Ha Hauaiio jgeta 2008 roga — 5.15.0, noctynHa s
3arpy3KH C pyCCKOM Bepcuu canta Maxima http://maxima.sourceforge.net/ru/. C
KaXJOH HOBOHM BepcHed B Maxima TOSBJSIOTCS HOBblE (PyHKIIMOHAJIbHBIC
BO3MOKHOCTH U BUJbI pemaeMbix 3aaau. [Taker Maxima in6o BxoguT B Linux-
OUCTPUOYTHB, U MIPH OTCYTCTBHH MTPOTrPaMMbl HA KOMITIBIOTEPE, €€ MPOCTO HYKHO
OOYCTaHOBHUTb U3 IUCTPUOYTHUBA, TUOO MaKET JOCTYIIEH AJis CKAUMBAHHUSI C
YHOMSIHYTOTO CalTa NpOeKTa, MO0 MaKkcuMy MOKHO coOpaTh U3 HCXOOHHUKOB,
JIEXKALIMX HA TOM K€ CauTe.

[TormpoOyem 3arpy3uTh Ty Makcumy, UTO HAXOJIUTCS HA HAllleM KOMIMbIOTEpE U
NpHUOOPECTH MUHUMAJIBHBIM HauaJIbHBIA OMNBIT, HAIPUMEP, CJAETYIONHM 00pa3oM.
Haiinem Ha pabouem ctosie uin B MeHIo 3anau Tepmunan (Konsole) u 3anmyctum oty
nporpaMmy, NocJie NoJIyueHHsl IpUrlalleHus BBeaeM maxima. TeM caMmbIM Mbl
nbpITaeMcs 3arpy3utb Makcumy u3 KoHcosm (€€ KOHCOJIbHBIM BapyaHT). Maxima TyT
K€ HaMHIIET HaM HOMEP CBOEH BEPCHH M HAa3BaHUE CalTa IJIsl CBOETO MOCJIEAYIOIETrO
oOHoBieHusl. [loOaBuM 2*2 mocJie BbIpakeHusi B CKOOKax, Y HAC MOJYUUTCS
(%i11) 2*2 (Mbl Xe1aeM y3HaTh, 3HaeT i1 00 aTom Makcuma?). Haxas Enter, Mbl
3aMEeuaeM, 4TO Kypcop Kak Bcerja NepeMecTHIICS Ha CTPOUKY HUXke, HO MakcuMma He
ckazana Ham HU "[la", v "HeT". B oTuasiHuM Mbl CTYYMM OaJbLEM IO CTPEJIKE
"BBepx", HO Kypcop BBEPX HE MEpPEIBUTaeTCs, OGHAKO CHOBA caMa COOOM MOSIBISIETCS
3anmuch 2*2 (TyT ke 3amevaeM 1151 ce0st Ha Oy aymee, uto Maxima 3anoMHua
BBEJICHHBIM HAMH TEKCT) (pHcC. 1).

Paccyxpaast 0 TOM, 4TO HaMm Tenepb AenaTh, BCIOMHUHAEM, UYTO OUYEHb YACTO
IPOrpaMMHCTBI HCTIOJIb3YIOT 3HAK § (TOUKY C 3amsITOM), YTOOBI OAUH ONEPATOP
OTHEJUTH OT Apyroro. JJo6aBuM ; K Halmemy TEKCTY, MOJyunuM 2*2; U CHOBA YIIOPHO
HagaBuM Enter. Maxima TyT ke OTBEYAeT, HO caMa BO3MYILIEHa — MUIIET
(Incorrect syntax:...)—H yKasbiBaeT HAM Ha HAally HEKOPPEKTHOCTb B 3aIIHCH
KOMaH/[Ibl B ABE CTPOUKH (pHc. 1).

MBbl, KOHEUHO e, MPeXkJie BCero, BbIHY KIEHBI "'3apyOUTh HA HOCY", UTO TOUKY C
3aMSTON HAJl0 CTAaBUTh 00SI3aTEJIBHO, €CJIK Mbl XOTHUM TOJIYUHUTh OTBET OT MaKCHMBI.
Ha Hame HoBoe HeMHOro U3MeHeHHoe npeayioxkenue (%il) 2*12; (Mpl monpoboBait
CIBHHYTb KYypCOp BJIEBO M BCTaBWJIH | mepen IBOMKOH M UCIPABJICHUS] OKA3AIHUCh
nocTtynHel!). Ha 9T0 MOBTOpHOE NMpeniokeHue: "MeEPEMHOXKD 9TH IBa Yyucia"



Makcuma otBetuna (%o1) 24, Ho 3anucaina 9To no-cBoemMy: HoMmep oteeTa (%o01)
MOCTaBUJIA HA 9KPAHE CJIEBA, a caM OTBET 24 — Ha caMOM cepeauHe sKpaHa (puc. 1).

M stakhin@localhost: fhomefstakhin - Shell - Konsole

Ceadc [Mpaeka Bwa ZFawnagkw HacTpeohka Cnpaeska

| B shel |

|[stakhin@localhost ~]$% maxima

Maxima 5.14.0 http://maxima.sourceforge.net

Using Lisp GNU Common Lisp (GCL) GCL 2.6.8 (aka GCL)
Distributed under the GNU Public License. See the file COPYING.
Dedicated to the memory of William Schelter.

The function bug_report() provides bug reporting information.
(%11) 2%*2

2AD

Incorrect syntax: 2 is not an infix operator

2¥2\n2*

(%11) 2*12;
(%01) 24
512) %e**(%pli);

Spi
(%02) %e
(%13) %et*(%pl),numer;
(%03) 23.140689263277927
(x14) B

Puc. 1. Hauano paboTbl B KOHCOIBHOM BEPCHH MaKCHUMBbI

OTBeT Ha Hanre 0oJiee CJIOKHOE 3aJaHHe: BHIUHCIIUTh ¢ ', KOTOPOE MbI BBEJIH B
BUJIE OJJHOU CTPOKH %e™**(%pi), MakcuMa Takke MOJyursia MTHOBEHHO, HO OTBET
BbIBEJIa B 2 CTPOKH (B BEpXHEH CTpoke Makcuma 3anucaia rnokasaresb cTenenu %pi,
a HU)KE€ M HEMHOT O JIEBee — OCHOBAaHHE CTENEHHOTO BhIpakeHust %e). W3 3anucu
OTBETa BUAHO, UTO MaKkcHMa MOHUMAET MaTeMaTHUKY, HO MPEANOUHNTAET 3aMUChIBATh
OTBET He B BHJIE UKCJIa (3a4acTyio, KaK Mbl 3HaeM, IPUOJIMKEHHOT0), a B
CHMBOJIBHOM BUE (TOYHO), OJHAKO B KOHCOJIbBHOM BapHaHTE IPYrUX BO3MOKHOCTEH
— KPOME Kak BBIBOJHUTD PE3YyJIbTAT B HECKOJIBKO CTPOK — Yy Makcumebl HeT. Korpaa mbl
NOBTOPHJIM HAllle 3a/laHke U JOOABWJIM B HOBOM 3aJlaHUH CJIOBO numer, Makcuma
BbIBEJIa HAM YHCJIEHHBIH OTBET B BHJIE UHCJIA C OOJIBIION TOYHOCTHIO — 16 3HAKOB
(cunTaTh, KOHEYHO ke, MakcCHMa yMEET U UHCJICHHO, U BECbMa TOYHO).

Ha puc. 2 Ha HaII 3ampoc BUAA T maxima |

(%i1) 'integrate(exp(-x"2/2),x,-2,2); Fle Edit Options Maxima

000JIOUKa xmaxima BbIBEJIa OTBET B - —

BHUJIE 8-MH CTPOK. o
TpyaHO COTJIaCUTBCS C TEM, UTO

KpacHBBIH 3HAK MHTErpaja xmaxima

3aIIMChIBAET TaKHUM KOPSIBBIM

crocoOOM — B BHJIe HAOOpa OOBIYHBIX

TEKCTOBBIX CHMBOJIOB.

(%ol)

St H e
i
Lui]
5

-2
Puc. 2. Uatepdeiic xMaxima
Bo3moskHOCTH MaKCHUMBbI B KOHCOJIbHOM BEPCHH, KaK BUIUM, — BEChMa
orpaHuueHHble. be3 nonosHuTebHOrO rpaduueckoro uHTepderica Makcumy MOKHO
HCMOJIb30BATh JIMIIb BBUAY O€3bICXOIHOCTH, TaK KaK roJiasi KOHCOJIb, UJIH MPOCTOH
uHTepdenc xmaxima (puc. 2) NOBOJBHOATAKH O€IHBI BU3Y AJIbHBIMH BO3MOJKHOCTSIMH:

>V
8-



BCE MaTeMAaTHUYECKHE (POPMYJIbl KPUCYIOTCSI» OOBIYHBIMH TEKCTOBBIMH CHMBOJIAMH —
B HECKOJIBKO CTPOK AUCILIES.

OnHako 3a CUET OTCYTCTBHUS CJIOKHOM rpachUUECKON HAICTPOHKH MOHUKAIOTCSI
TpeOOBaHUs K KOMIIbIOTEPY (:kenesy). Makcuma B KOHCOJIbHOM BapHaHTE CIIOCOOHA
paboTaTh Jaxe Ha TAKMX KOMIbIOTEPaX, KOTOPBIE CETOHS U 32 KOMITBIOTEPHI yKe
HHUKTO He cuuTaeT. CamocTosITesIbHAsl 000JI0UKa, xmaxima, HEHaMHOT 0 OoJiee
TpeboBaTesibHa K pecypcam, 4eM KOHCOJIbHbIA HHTepdenc, OCHAIlEHa CHCTEMON
MEHIO U MO3BOJISIET BCTPauBaTh rpauueckre 0ObeKThl MPSIMO B JOKYMEHT B MOMEHT
UX CO3/aHus (TI0 KEJaHHIO MOJIb30BaTENs1), HO MATEMAaTHUECKHE 3HAKH UMHTHPYIOTCSI
B HEH, TAKKE KAK U B KOHCOJIbHON BEPCHUHU, TEKCTOBBIMH CUMBOJIAMH.

Emg nBa untepderica, emaxima v imaxima, peaJu3oBaHbl Kak OMOJIHOTEKH K
pelnaKkTopy emacs v OyAyT MOJIE3HBI TEM, KTO HAOUpaeT CBoU paboThl B hopMate
LaTeX. YeTBEpThil rpacpuueckuit uaTepderic Kk Makcume — 910 HHTEpPENC K
penaktopy TeXmacs. TeXmacs ucnosb3yercsi B IEPBYIO ouepeab 1Jist padoThI ¢
TEKCTAMHM Hay4YHOH TeMATHKH. [1J1s1 uHTerpaumu Makcumel ¢ pegaktopom TeXmacs
CHauaJjia Heooxoaumo 3anyctuTh TeXmacs, 3aTeM 4Jisl NOAKT0YeHHs] MaKCHUMBbI — Ha
NaHeJId HHCTPYMEHTOB nporpammbl TeXmacs HeoOX0IUMO HakaTh Ha KHOIKY C
H300pakeHUEM MOHUTOPA U BBIOpaTh HHTEPAKTUBHYIO ceccuio Maxima (puc. 3).
BoiOop nyHkTa Maxima NO3BOJMT HayaTh CeaHC pabOTHI ¢ 9TOH nporpamMmmon. U
3aKOHYHTb ... , €cJid Maxima 1I0X0 UHTErpupoBaHa B peaaktop TeXmacs (puc. 4).

Bripouem, ynomsinyTeie HHTepderchl B AUCTpUOYTHB Alt-Linux He BXoast. B
MmeHio pabouero ctosa KDE O6pasoBanue | Matematuka, [Ipoune | Hayunbie n
matematHueckue, OOpasoBanue | PaspaboTka, Bxomur I'paduueckas 0000uKa
wxMaxima, KOTOpYy10 Mbl H pACCMOTPUM NOIpPOOHEE.

.

ﬁ)aﬂn Pepaxruposars Berasats Texcr @opmar Hoxymenr Bun HMan Hacrpymesrn: ITomoms

COdE¢eax xEERARDE | OA7OH=

SE=ES=EEE|IEEE ESVSNAFE Scheme
Dratex
Gnuplot
Maxima,
Python
Shell
XYpic

Hpyro#...

Recover autosave file? yes
Puc. 3. 3anyck Maxima B pegakTope TeXmacs

I'padmuueckas obOosiouka wxMaxima (Bxojsimassi B KOMIUIEKT MOCTaBKH
aucTpuOyTHBa Alt-Linux) npenocTaBiseT N0JIb30BaTeN0 yAOOHBIN U MOHSITHBIH
UHTEepdENC Ha PyCCKOM si3bIKe U I'pahuyecKoe OKHO JJIsl pe3yJIbTaTOB pacyeTa
(puc. 5). U, X0oTs B pyCCKOSI3bIYHOH BEPCHU wxMaxima BCTPOEHHOM CIIPaBKH Ha
PYCCKOM sI3bIKE MOKA HET, B ceTH MIHTepHET HEeMpepbIBHO PaCTET KOJHUECTBO CTaTeH
C IpUMEpaMH UCTIOJIb30BaHUsT Maxima.



®aitn Pemaxkruposars Berasnts Ceccna Maxima Dopmar doxkyment Br

Cadgeax i 2plBilk9@
EEZ==|@x%|IBSH

Ha#ZOH"=

maxima] ’integrate(exp(-x~2/2),x,-2,2);]

Package 'maxima’ not declared
Puc. 4. Maxima He unterpupoBana B TeXmacs

Ha puc. 5 Ha aHaiOruuHbIN

3arpoc BHA (%11) G©ain MNpaeka Maxima YpaeHeHwAa Anrebpa AHanwnz

" integrate (exp(—x"2/2),x,-2,2); - w e D DO
rpacdpruecKui HHTfipcbeﬁc wxMa;vcima (NET) ArTeGrRLelERE R R K 2, 2)
BBIBOAUT KPACHBBIN U MPHUBbIUHBIA 2

BU]L UHTErpaa, MpaBUJIbHOE i

MOJIOKEHUE OPOOHOM YepThl, 4a U ol

BEJIMUHHA CHMBOJIOB, HCIIONb3yeMbIX | (%01)  |%e  dx

IpY 3alMCH  TIOKas3aTesisl CTEIeHH, g

SIBHO MeHbIIIe (TO €CTh, BeJIMUHUHA

CHUMBOJIOB MaclITabUpyeTcsi) Mo Puc. 5. I'padpuueckuii untepdeiic wxMaxima

CPAaBHCHHIO C BEJIMUHMHOH CHMBOJIOB OOBIYHOT'O TEKCTa.

3. BBojg npocrennmmx KoMmana B wxMaxima
ITocte 3amycka wxMaxima NOSIBISIETCSI OKHO TIPOrPaMMBI, MOKA3aHHOE Ha pHC. 6.

| BL wxMaxima 0.7.4] ne coxpaneno | _ ol

daln Mpaeka Maxima YpaeHedwsa AnreBpa AHannz YnpecTwte [padnkn YucnedHe e BelMMCneHna Crnpaska

D

wxMaxima 0.7.4 http://wxmaxima.sourceforge.net
Maxima 5.14.0 http://maxima.sourceforge.net
Using Lisp GNU Common Lisp (GCL) GCL 2.6.8 (aka GCL> 3
Distributed under the GNU Public License. 5S5ee the file COPYING.
Dedicated to the memory of MWilliam Schelter.

The function bug_report{() provides bug reporting information.

|
(%il) -~
4] I Bl
on | sl
[ ¥rnpocTuTe l ¥npectuTe (pau.) | DaxToprIoBaTe P ackpeiTe | PewunTs... l Mpadk 20.. l
[anocTuTh [Tpmr.]l Packpei Te (Tpwr) Mpueectu (Tpar.) | CT. hopma | FPewnte OO¥... l MNpadmk 30.. l
|,[loSpc noMcanoeaTe B wxhMaxima |FoToaa K BEOOY %

Puc. 6. 3anyck rpaguueckoro unrepderica wxMaxima
B BepxHel rpaguueckor yacTu okHa uHTepdeica  Maxima pacckas3plBaeT, UTO
sarpysxeHa Bepcus 5.14.0, uto oHa pacnpocTpansietrcs o juueHsud GNU, ¢ kakoro
caWTa JOCTYyIIHA U KTO €€ poauTesib. B H K)KHCM okHe B nosie BBOJI: Maxima

<DQ>

v



MPUTOTOBUJIACH BOCIIPUHUMATh KOMaHIbl. Pazaenutenem KoMaH SIBJASIETCSI CUMBOJI §
(Touka c 3ansToi). [Tocyie BBoJ1a KOMaH bl HEOOXOJUMO HaXaTh KJaBuily Enter niist
ee 00pabOTKH M BBIBOJA pe3yJjbTara.

B pannux Bepcusix Maxima v HEKOTOPBIX ee 000JI0uKax (Hanpumep, xMaxima),
U B KOHCOJIbHOW BEPCHUH HAJIMUKE TOUKH C 3aISITOM Mocjie Kaxa0U KOMaHAbl CTPOro
00s3aTesbHO. [109TOMY HACTOSATENIBHO PEKOMEH1yeM IPH UCMOJIb30BaHUH Makcumbl
He 3a0bIBaTh 10OABJSITH TOUKY C 3aMSTOH § MOCJE KaKJOH KOMAaH/IbI.

B cnyuae, Korja BbelpakeHHe HagO OTOOPa3HTh, a HE BBIYMCIIUTD, TIEpe] HUM
HEOOXOJUMO MOCTaBUTD 3HAK ¢ (0guHapHas KaBbluka). Ho 9TOT MeTOA HE paboTaer,
KOTJa BhIPa)KEHHE UMEeT SIBHOE 3HAUCHHE,

(%13) ‘'integrate(x*x+3,x%);
(%03) [x2+3dx

(%1i4) integrate(x"2+3,x%);
XS
(%04) T 3x

(%15) ‘'sin(%pi);

HanpuMep, BbIpakeHue sin(II) Makcuma paccMaTpuBaeT Kak HYJIb U ITPH HAJTMYUH
anoctpoda.

TpyaHo npegycMoTpeTh MHOrooOpa3re BO3MOKHBIX BApHAHTOB HCIOJIb30BAHHUSI
Makcumbl 1J1s1 pacueTa WK IpeoOpa3oBaHUs BhIpaKeHHH. B CJI0KHBIX ciydasix,
MO’KHO MOMBITATHCSI MOJTYUYUTh CIIPABKY HA aHTJIMACKOM si3bIKe. [[J1s1 BbI30Ba CIIpaBKU
noctaTtouHo B noyie BBOJI Hanucatp ? u Haxatb Enter.

3.1. Ob03HaueHHe KOMaH[ H Pe3yJIbTATOB BbIUHCIEHHH

[Tocne BBOJA KakAOH KOMAH/E MTPUCBAUBAETCS MOPSAKOBbIM HOMep. Ha
MIPUBEICHHOM HUJKE PUCYHKE BBEJEHHbIE KOMaH bl UMEIOT HOMepa 1-3 u
0003HaYaTCsI COOTBETCTBEHHO (%11), (%12), (%13). Pe3ynbTaThl BBIYMCICHUH

n:n

UMEIOT COOTBETCTBEHHO MOPSAKOBbIN HOMED (%01), (%02) uT. o. I'me "1" —
COKpallleHHe OT aHrJI. input (BBOA), a "0" — aHr1. output (BBIBON).

fRil) x:3:
(%501) 3

{(%ie) v l8;

(%B02) 10
(%13) X/ v;
w03 =

I: 10



DTOT MEXaHHU3M MO3BOJISIET NMPU NAJIBHEUIICH 3aTTMCH KOMAaH[I COCJIAThCS HA
paHee 3anucaHHble, Hanpumep (%il)+(%i2) OyaeT o3HayaTh 100aBJICHUE K
BBIPAKEHHIO TTEPBOH KOMaH/Ibl BRIPAKEHHSI BTOPOH C TIOCJIEAYIOIHAM BBIYUCICHHEM
pesyibTaTa. Takke MOKHO MCMOJIb30BaTh U HOMEpPa pe3yJibTaTOB BHIUMCJICHHUH,
HanpuMep, TakuM o0opasom (%o01)*(%02).

g mocaeqHeH BBITIOJIHEHHOH KOMaHAbl B Maxima €CTh CIIEL[HAJIbHOE
oOos3Hauenue — %.

IIpumep: BoluKCIIUTD 3HAUEHHE POU3BOIHON (PYHKLHH
1
2
‘.r’(x) =X +=
x

B TOUKe x=1.

(%19) diff(x"2+1/%,x);
1

(%09) 2){—?

(%110) (%09),x=1;

(%010) 1

Komanga (%i19) Obu1a BbITIOJIHEHA, U ObLI TTOJTyueH pe3yJibTat (%09). [TosTtomy
caenytomasi kKomanaa (%110) cocnanach Ha yxke MOJTyUYEeHHBIH pe3yJibTaT, HO
YTOUHHUJIA 3HAUEHUE MIEPEMEHHOM X, TO3TOMY KoMaHJa nosyyvana Buf (%110) (%09),
x=1.

3.2. BBojg uncinoBo# nH(opManuu

IIpaBuna BBOAa unucen B Maxima TOYHO TaKUE, KAK U AJ11 MHOTHUX OPYTHX
no00HbIX porpaMm. Llenast u fpoOHast yacTh IECSTUUHBIX APOOEH pazaessioTcs
CUMBOJIOM mouka. [lepe OTpHLIATEIbHBIMU YHCJIAMH CTaABUTCS 3HAK MUHYC.
YucnuTenp ¥ 3HaMeHaTe b OOBIKHOBEHHBIX Ipo0OeH pa3aessieTcst MpH NOMOIIH
cumBoia / (npsamoii casu).

OOpaTuTe BHHMMAaHHe, 4YTO €CJM B pe3yJbTare BBHIIIOJHEHUS ONepaluu
NOJIy4aeTCsl HEKOTOPOE CHMBOJIbHOE BBIPAXKEHHE, a HEOOXOOUMO TOJIyUYHUTh
KOHKPETHOE UUCJIOBOE 3HAUEHHE B BUJE IECSTHUYHOH IpOOH, TO PEIUTh 3Ty 3a1auy
NO3BOJIUT NPUMEHEHHE ONepaTopa numer. B 4aCTHOCTH OH MO3BOJISIET EPENUTH OT
OOBIKHOBEHHBIX APOOEH K AECSATHUYHBIM.

(%111) 3/7+5/3;

44

21
(%112) 3/7+5/3,numer;
(%012) 2.095238095238095



3necy Maxima npexae Bcero AeHCTBOBaIA MO ymMouaHuoo. OHa cloxuia gpoou
3/7 u 5/3 no npaBuiaM apudMeTHKH TOUHO: Hallljia OOIIMA 3HaMeHaTe b, TPUBEJIa
ApoOu K o0ImeMy 3HaMeHATeJI0 U CJIOKHIA YUCUTENH. B uTore ona nosyuunia
44/21. Jlumb nocie Toro, Kak Mbl MOMPOCHJIH €€ MOJYyUYUTh YUACJICHHBIA OTBET, OHA
BbIBeJla  MPHOJIMKEHHbIH, C TOUHOCThIO 16 3HAKOB  UMCJIEHHBIH  OTBET
2,095238095238095.

3.3. KoHcTaHTbI

B Maxima nnst ynoOcTBa BBIUMCJIEHUH €CTh PsiJi BCTPOEHHBIX KOHCTAHT, CaMble
pacrpocTpaHeHHbIe U3 HUX MOKa3aHbl B clieayomen Tabuue (tad. 1):

Tabnuna 1
Hassanus koHcTaHT U HX 0003HaueHHe B Maxima
Hazpanne Oboanavue Hie
a (umcno [Tu) Gopi
& {IKCTIOHEeHTAa) Toe
Muumast enuimia ( V(=1 ) ol
+0 (nmoc DecKoHeUHOCTE) inf
—an (MHHYC DECKOHEUHOCTE) minf
Heruua true
Joss false
Komnnekchas beckoHeuHocTs infinity
CIIEBaA (B OTHOWEHHH TTPEesIoB) minus
CIPaBa (B OTHOLEHHH TIPEIENIOR ) plus
3onotoe ceuenne (1 + +(5) W2 %o phi

3.4. ApucpmeTHUecKHE OnepaIuu

O6o03HaueHus apupMeTHUECKHUX onepalui B Maxima HAUEM HE OTJIHYAIOTCS OT
KJIACCHUECKOTO MPEeICTABJICHHUSI, HCTIOJb3YIOTCSI MaTeMaTHUECKUE 3HAKU: + — * /.

%i2) 4%*2;
%02) 16
(%13) 4°2;
(%03) 16
(%14) 8!;
(%04) 720
%15) 4~"1/2;
%05) 2



BosBeeHue B CTeneHb MOKHO 0003Ha4aTh TPEMSI CIIOCOOAMHU: tLT, R
H3BneueHne KOpHs CTENEHU 1 3aNTUCBIBAIOT, Kak ctenenb ~M(1/n).
Hamomuum eme oguy BCcTpoeHHyo B Maxima TIOJIE3HYIO OTIEPaALHIO —

HaxoXJeHue (pakTopHaia yhcia. Ita onepauurst 0003Ha4aeTCst BOCKJIULIATEIbHBIM
3HAKOM.

Hampumep, 6!=1- 2- 3- 4- 5- 6=120.

JJ1s1 yBeJIM4EeHUsI IPHOPUTETA ONEPALMH, KaK U B MaTEMAaTHKE, IIPH 3aITUCH
KoMaH st Maxima WCnosb3yloT KpyrJibie () CKOOKH.

3.5. IlepemenHnble

IIns  XpaHeHHsl pe3yJIbTaTOB IPOMEXYTOUHBIX  PACUETOB  IPUMEHSIOTCS
NepeMeHHbIE. 3aMETHM, 4TO ITPH BBOJI€ HA3BaHUH NEPEMEHHBIX, (DYHKLMH H
KOHCTaHT BaX€H Peructp OyKB, Tak NEPEMEHHBIE X u X —9TO ABE pa3Hble

INCPCMCHHBIC.
HpHCBaHBaHHe 3HAUCHU A HepeMeHHOfI OCYHMECTBIISACTCSA C HCITOJIb30OBAHUEM

CHMBOJIA: (OIBOETOUHE), HATPUMED X: J;.
Ecnu  HeoOXoAMMO yJOaluTh 3HAUGHHE TMEePEeMEeHHOW (OYHCTHTh ee), TO

npuMeHnsietcs meton kill:
kill(x) — ynanuth 3HaueHHe NEPEMEHHOH X;

kill(all) — ymanutp 3HaueHHs1 BCEX UCMOJIb3YEMBIX pPaHEe MePEeMEHHbIX.
LR1d) =x:3:y:5;

(%01) 3
(%02) 5
(%13) kill(all);
(%00) done
(Ril) fy:
. X
(Z51) —
y

H xpome Toro, meton kill HauMHaeT HOBYIO HyMEpPALHMIO 1JIs1 HCTIOJTHSIEMBIX
KOMaH[ (0OpaTUTE BHUMAHHE, YTO OTBETOM Ha KOMaHAy (%13), NpUBEIEHHYIO BbILIE,
OKasaJjcs OTBET C HOMEPOM HOJIb (%00) done, W nanee HyMepauusi KOMaH[
MPOIOJIKHIIACH C € JUHUIIBI).

3.6. MatemaTH4ecKHe (DyHKIIHH

B Maxima nmeeTcst 1OCTaTOYHO OOJIBIIOH HAOOP BCTPOEHHBIX MATEMATHUYECKHX
¢pynkumii. Bot HekoTopsie u3 HuX (Tabh.2). CnegyeT uMeTb BBUY, UTO HEKOTOPBIE
Ha3BaHUS (PYHKIUH OTJIMYAIOTCSI OT HA3BAHHH, UCIIOJIb3yEMbIX B OTEUECTBEHHON
nuTeparype: BmecTo tg — tan, BMECTO ctg — cot, BMECTO arcsin — asin, BMECTO arccos
— acos, BMECTO arctg — atan, BMecTo arcctg — acot, BMecTo In — log, BMecTo cosec —
csc.



Tabmuua 2

BcTpoennble maTeMaTHyeckue (pyHKIMH Maxima v puMephl UX
HCMOJIb30BaHHUSI

Pyrrmm ObozHavere

sin (CHEYC),
TPUTOHOMETPHYECETE e s
tan (TaHreHt),

cot (KoTaHTeHE)

asin (aprcHHYCD),

acos (apEKoCHHEYC),

obpaTHBE TPHIDHOME TPIHNECHIE ap 7°)
atan (apFTAHTEHC),

acot (apEKOTAHTEHE)

sec x= licos %, (cexowne),

CEKOHC, KOCEKOH : o .
csc x = 1/sin xz, (KocexoHc) %L1 nmint5;L1.3):

sinh (runepbonuyeckn i cHEYD), (%01) 1
cosh (runepbonudeckuil KocHHEYD),

tanh (runepbonudeckuii Tanrenc), (mi2] max(3.4.6,1}):
runepbonyuuecize z f
coth (runepbonuyecknf Kotanrenc), sech | (%02) 6
(runepbonuyeckrii ceranc),
cosh (runepbonudeckuil KoceKan), (%i3) sign(5);
- 203
HATVD AMBHEIA JToTapudn; log():; (%03) pos
KEaInp aTHBIR KopeHb;, sartl);
MOIOVIE, abal(]; (%1i4) sign(-2);
OCTATOK OT JlelleHHd mod(), %04) neg
MHHHMATBHEIA 13 CITHCKA min(xl, .. =) " ;
(%15) sign(y);
MAKCIHNMATLHEIH 113 CTIHCKA maxxl, .. =) (%05) pnz
=pos (x>0}
=rero (=) (%16) x:0;sign(x);
SHEK apTyMeHTa - - <0
sign(x), =neg (x<0), (%06) ©
=pnz— (He OOpEmENeH) S
(%07) Zero

3.7. IIpaBuio 3anucH (pyHKIHA

J1s1 3anMcH (pyHKIMH HEOOXOAMMO yKa3aTh €€ Ha3BaHHE, a 3aTEM, B KPYIJIbIX
CKOOKax 3amMcathb 4epes3 3ansTylo 3HaueHHs1 apryMeHToB. EciH 3HaueHuemM
apryMeHTa sIBJISIETCSI CITUCOK, TO OH 3aKJIIOUAETCs B KBaJAPATHBIE CKOOKH, a 9JIEMEHTBI
CITMCKA TAKXK€ PA3AEIISIOTCS 3aNSThIMHU.

IIpumep:
sin(x);
integrate(sin(x),x,-5,5); plot2d([sin(x)+3,cos(x)],[x,-%p1, %pil,[y,-5,5]);
3.8. Iloab3oBaTenbckue (PyHKIHH

[Tonp3oBaTesb MOXKET 3a1aTb COOCTBEHHbIE (pYHKI.IHH HHH 9TOro CHayvajia
YKa3bIBACTCS HA3BAHHUC CI)YHKLII/II/I, B CKOOKax NEPEUUCIIAIOTCA HAa3BAHHUA aPpTYMCHTOB,



NOCJIE 3HAKOB := (IBOETOYHE U PABHO) cienyeT onucanue pyHkuuu. [locne saganus
NOJIb30BATEbCKAS (DYHKIIMS BBI3BIBAETCSI TOUHO TAK, KAK U BCTPOEHHbIE (DYHKLHH
Maxima.

IIpumep:
(%11) flx) =x"2;

(ol] Flxjo=%"

(%) fllded)

(%02) 100
HyXHO MOMHHTb, UTO HE CJIelyeT UCIIOJIb30BaTh IJIs1 (DYHKIMHA HA3BAHHS,
3ape3epBUPOBaHHbIE 1151 BCTPOCHHBIX (PYHKIMH Maxima (3amMcaHHbIC BHIIIE B
TabJ. 2).

3.9. IlepeBoj CIOKHBIX BbIPAXKEHHH B JIHHEHHYI0 (hopMy 3allHCH

OJHUM U3 CaMBIX CJIOKHBIX 3aHSTHH [JIsI HAUMHAIOIIUX T0JIb30BaTEJ el CUCTEMBI
Maxima siBnsieTCS 3aMTUCh CJIOKHBIX BBIPAKEHHH, COAEPKAIUX CTETIEHH, TPOOH U
OpYyrue KOHCTPYKLMH, B IMHEHHOHN (popme (B TEKCTOBOM (pOpMeE 3alUCH, NPH
nomouy ASCII cMMBOJIOB, B OJTHY CTPOKY).

Jns1 oOsieryeHnsi JAHHOTO MPOLECCA HEJIMIIHE 1aTh HECKOJIbKO PEKOMEH AALIUM:

1. He 3a0biBaiiTe cTaBUTh 3HaK YMHOXeHHs1! B rpaduueckom okHe Maxima 1o
npaBUjaM MaTeMaTHKH yIBOCHHOE 3HAUEHUE NIEPEMEHHOM X 3alHChIBAET B BUIIE 2X,
HO B okHe BBO/I: komanga nisa Maxima NOaXKHA BBITJISIAETb KaK 2*X.

2. B ciiyuae cOMHEHHsI BCera Jiyuille MOCTaBUTh «JIMIIHKUE», JOTOJHUTEbHbIE
ckobku (). YucauTesb U 3HaMeHaTeJb BbIPAKEHHUsI BCEr1a HEOOXOAUMO 3aKJII0UaTh B
CKOOKH.

A Tak’Ke pH BO3BEJIEHUH B CTENIEHb OCHOBAHHE U CTEIeHb JIyullle Bcerga opathb
B CKOOKH.

IIpumepnr:

MareMaTHUecKasi 3aIIHCh Komanga minss MakcHMbI
X+ 2
s (x+2)/(y-7);
(x + 3y (x+3)%5(2%y);

3. OyHKIHMS HE CYMIECTBYET OTIEJIBHO OT CBOUX APTryMEHTOB (€CJIM TAKOBbIE
umerorcs). [loaTomy, Harmpumep, MpY BO3BEACHHUH B CTENIEHb MOKHO B3SITh BCIO
(pyHKIHIO C apryMeHTaMH B CKOOKH, a TIOTOM YK€ BO3BOJUTD MOJIyUEHHYIO
KOHCTPYKIHMIO B HY)KHYIO CTENEHb: (SIn(X))™*2; OueHb YaCTO HAUMHAIOLIHE
M0JIb30BATEJIH MBITAIOTCSI BO3BECTH B CTEMNEHb TOJIBKO Ha3BaHHE (DYHKIIMH, 3a0bIBast
PO apryMeHThI: sin**2(X) — 9T0 HeNpaBUJIbHO!



4. Taxkske MOMHHUTE, UTO HECKOJIbKO apryMEHTOB (PYHKIIUHU 3alMChIBAIOTCS B
CKOOKax, uepes 3ansiTylo, Hampumep, min(x1,x2,x3,xN);

5. Heponyctuma 3anuch pyHKIMH sin(2*x) B BUae Sin*2*x WJIH sin2X.
3anomMHHTE, KaK IeUcTBYeT Maxima NpH 3alUCH CKOOOK: KaK TOJIbKO BbI MBITAETECH
HamucaTh OTKPBIBAIONIYI0 CKOOKY, OHA TYT K€ MHUIIET BTOPYIO — MapHYIO ex —
3aKpbIBaoOIy0 CKOOKY. [ToaToMy 1pH 3anMcH (DYHKIMH HAITMIIHTE HAa3BaHHE
(byHKIIMH, 3aTE€M ITOCTABbTE TMOCJIC Hee MyCThie CKOOKH U TOJBKO IMOTOM B 9THX
CKOOKax HaIHIIHUTE BCE €€ apryMEHTHI, pa3feissi X 3ansaTbiMi. HUKakux
KOHCTPYKIIMH MeX 1y Ha3BaHHEM (pYHKIIMH H OTKPBIBAIOMIEHCS CKOOKOH OBITh HE
IOJIKHO!

6. B ciyuae 3anucH CJI0KHOTO BbIPaXKEHHUS pa3derTe ero Ha HECKOJIbKO MPOCTHIX
COCTABJISIIOIIUX, BBEJUTE UX MO OTIEJIbHOCTH, a 3aT€M O0bEIUHUTE, UCTIOJIb3Y ST
paccCMOTpEHHbIE paHee 0003HAYECHHU ST BBEICHHBIX KOMaH]I.

IIpumep: HEOOXOAUMO BBECTH CJIEIYIONIEE BhIPAKEHHE:

3

T
( yoe Bt E)X
PaB,HCJIHM 9TO BBIPAKCHHE HA TPH COCTABHBIC YACTH: UHCJINTCJIb, BBIPAKCHUC B
CKOOKax M CTENEHb. 3alUIIeEM KaX1ay1lo COCTAaBHYIO UaCTb H O6T>€,HHHHM HX B
BBIPAXCHHC.
(%11) 3/7-x;
3

(%01) ol

(%12) y-5x+2;

(%02) y - 5x+?2

(%13) 3/(x-7);
3
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(%15) (%01)/(%02)**(%03);

3
X
7

=)

I: y-5x+ 2)" -7

OTMeTHM, UTO CTPOKY C OIMOOYHOH 3aMHChI0 KOMaHAb! 1Jis1 Maxcumsbl MOKHO
yIAJUTh ¢ rpadpUuecKoro sKkpana (kiaaBuien Del), €eCiiv BbLACIUTD LHEJIUKOM H
KOMAaH[y, U COOTBETCTBYIOIUHN OTBET (CTPOK ¢ KOMaHOOH (%i4) u ¢ oTBeTOM (%04)
3[1€Ch HET — OHHU yJAJIEHBI).

OTMeTHM TaKiKe, 4TO 3anmuch KoMaHabl gj1si Makcumsbl (%01)/(%02)**(%03) B
ctpoke (%i15) ™Mbl MOTJM Hamucatb "Oojee TOYHO", eciau Obl TOCTaBWUJIH
IOOTIOJIHUTEIbHbIE CKOOKH Ist 3HaMeHaTes: (%01)/((%02)**(%03)). Ho Maxima n
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0e3 9THX "JNHIIHUX CKOOOK" MPaBHJIBHO HAC MOHSIA M HaIllMcasa MPaBUJIbHO, TAK KaK
MIOHUMAET NPUHATOE B MATEMATHKE CIAPUUHCMEO ONepayuli: CHauala BBIYUCIISIOTCS
(pyHKLIMH, HOTOM BBINIOJIHSIETCS] BO3BEICHHE B CTENIEHD, 3aTEM OINEPALMH AECJICHHE U
YMHOKEHHE U TOJIbKO MOTOM CJIOKEHHE U BBIUNTAHHE.

4. Pemienne 3ana4 3JieMEHTAPHOH MaTeMaTHKH

K Takum 3amayam MOXKHO OTHECTH BbBIUHCJIIEHHE M MpeoOpasoBaHUe
apupMEeTHUECKHX BBIPAKEHHH, TMOCTpoeHHe rpaduKkoB (PYHKUUH, pelieHUe
YPaBHEHUH U CUCTEM aIreOpanyecKux ypaBHEHHH.

4.1. Maxima ynpocTHT BbIpakeHHe

PaccmoTtpum  BO3MOXHOCTH ~ Maxima 1O  YOPOIWEHHIO W NPOYHM
npeoOpa3oBaHUsIM BbIpKEHUH. B 4yacTHOCTH, pedb noiaeT 06 aBTOMaTHUECKOM
PACKPBITHH CKOOOK U BBIHECEHHH 32 CKOOKH; 00 YNPOLIEHUH KaK apuPMETHUECKHX
OEHUCTBUH HaJ HEKOTOPBIMH 3JIEMEHTAMH, TaK U BBIPAKEHUN C YYACTHEM CTETICHHBIX,
NnoKasaTeJbHbIX W Jorapudmuyeckux ¢yHKIUH; a Takxke 00 obOpaboTke
TPUTOHOMETPHUYECKHX BbIpakeHWH. Bce 9T (QyHKIUMM mnpusBaHbl 00JservyaTh
YUTAEMOCTb MAaTEMAaTHUYECKUX (POPMYJT U OBBIMIATH MPOCTOTY UX BOCTIPUSITHS, a
MOCEMY CTOHUT YJIeJIUTh 9TOMY YPOKY JIOCTAaTOYHO BHUMAHHSI: IPH BEPHOM
UCTOJIb30BAHUW JAHHBIE MAHMITYJISIIUU TTO3BOJISIT COKOHOMHUTD B Tpoliecce paboThl
3HAUUTEJIbHOE KOJIMYECTBO BPEMEHH.

CymecTBeHHass 4acThb HMHTEPECYIOIIMX HAC TMpexae Bcero (PyHKUUH
npeaHa3HaueHa AJisi NpeoOpa3oBaHusl palMOHAIBHBIX BBIpAKEHHHA. MaTeMaTHKH
PaLMOHAIBHBIM Ha3bIBAIOT BBIPAKEHUE, COCTOSILEE TOJIBKO U3 apU(PMETHUECKUX
OMepaTopoOB H BO3BEJICHHUS B HATYPAJIbHYIO CTENEHb; ECTECTBEHHO, SJIEMEHTBI TAKOTO
BBIPAKEHHUSI MOTYT COJEPXKATh U HEAPU(PMETHIECKUE U HECTETIEHHbIE (DYHKLUH —
TOr[1a TaKHE 3JIEMEHTBI C TOUKH 3PEHHS] PAllMOHAIBHOTO BBIPAKEHHSI CUMTAIOTCS
aTOMAapHBIMH, T.€. HEAECJIUMBIMU H HEMTPEOOpa3yeMbIMH.

@yHKLKH, paboTaMKe C pAlMOHATBHBIMU BbIPAKEHUSIMH, ONIMUCAHBI B pa3ferie
AOKyMeHTauuu  «Polynomials»; TOTOMY Kak paldOHaJbHble  (PYHKUUH C
MaTeMaTHYECKON TOUKH 3pEHHSs] pacCMATPHUBAIOTCS KaK PaCIIUPEHHUE MHOTOUIEHOB
(MOJMHOMOB) — MPUMEPHO TaK K€, KaK PallMOHAJIbHbIE UUCJIa CUUTAIOTCS
paCIIMpeHHeM [eJIbIX (MHOTOWIEHbI, KCTATH, TOKE HHOT1a HA3BIBAIOT 11€JIBIMH
(pyHKIMSIMH; XOTs1 OOIMKH MAaTEMATHYECKHUH CMBIC] 9TOrO TePMHUHA HECKOJIBKO
IIUpE).

Hwmena Bcex pyHkuui Maxkcumobl 10 00pabOTKE paMOHAJIbHBIX BbIPAKEHUH
coaepxat OykBocoueTaHue rat, HO He OT clloBa Kpbica, a OT cioBa rational. U
HauHEM MbI 3HAKOMCTBO C HUMH C (DYHKLHH, KOTOpPasi TaK U Ha3bIBAETCSI:
rat(BbipaKeHmne ). Ita PpyHKIHS NIPeoOPA3OBbIBAET PALMOHAIBHOE BbIPAXKEHHE K
TaK Ha3bIBaeMoH kaHoHuueckoli ¢popme (Canonical Rational Expression, CRE). To
€CTb PACKPBIBAET BCE CKOOKH, 3aTEM MPUBOJUT BCE K 0OLIEMY 3HAMEHATENIO,
CYMMHPYET U COKpAIaeT; KpOMe TOr0, MPUBOJUT BCE UMCIIa B KOHEUHOU AECSTHUHON
3aMMCH K PALAOHAJIBHBIM.



(%19) (x-1)72/(x"2+x)+1/(x+1)+0.25;
(x - ljz 1
(%09) + + .25

e

%110) rat(%o09);
‘rat' replaced 0.25 by 1/4 = 0.25

BT g

(%01@) =
Ax" + 4x

TyT HaJl0 3aMETHTb, YTO ATOMAPHBIE JIEMEHTHI, T.€. CHMBOJIbI M UHCJIA, B
KaHOHMUYECKOU (popMe palMoOHaIbHOTO BhIpakeHus: B Maxima UMEIOT Ipyroe
BHYTpeHHee npeacTtapiieHue. CienyeT UMeTh BBUAY, UTO €CJIM KaHOHHWYecKasi popma
PalMOHAILHOT'O BBIPAKEHHSI HCTIOJb3YETCsl B IPYTUX PALIMOHATbHBIX BHIPAKEHHSIX,
TO MOCJIEAHHE TAKKe aBTOMATHUECKH MTPUBOJISITCS K KAHOHHUUECKOH popme:

(%111) (%)-1/x;
DR

PRl
dx + 4

DTO MOKET OBITh JOCTATOYHO YIOOHO, ECJIM BaM HY>KHO MOMIArOBO MPOJIEaTh
00JIbIIOE KOJIMUECTBO PALIMOHAJIBHBIX MPEOOPa30BaHHUM: Bbl MOXKETE, OJHH Pa3
Bbi3BaB at () ; ccpuiatbest HA TIpeAbIAYIINE SITUEHKH U, OJlarogaps 9ToMy, aajiee
aBTOMATHUECKH BUJIETh HA KaXkJIOM LIare UTOroBO€ BhIpAXKEHHE B KAHOHUUECKOH, a
3HAUUT, JOCTATOYHO KOMIAKTHOM U yJOOHOH K BOCIIPUSITHIO (popMe.

(%126) log(exp(%oll))+1/x;

S E 1

(%026) ———+—
Adx + 4 x

(%127) rat(%);

A I

(%027)
4x2+4x

(%128) ratdisrep(%o26);
SR

(RE28] ~——%—

dx+ 4 x

3nmech, x0T (%11) u ObUIO BEIpaKEHHEM B KAaHOHHUECKOH (hopMe, BbIpakeHHe
(%26) y:xe He HaXOIUTCSI B KAHOHHMYECKOH (popMe BBHLY TOTO, UTO ObLUIH
npeobpasoBanus log(exp()). Boipaxkenue (%?27) noayuynyio KAHOHHYECKYIO (hOopMy B
pe3yJbTaTe Bo3IeUcTBUs (PYHKIMH rat(); a BeipakeHue (%28) nocjie npuMeHeHH s
(pyskumu ratdisrep( ); uMeeT oOLMIA BU.

Bo MHOrux ciyyvasix aJjisi HojaydyeHHs: HauboJiee MpoCToro pe3yjbrarta TpedyeTcs
3amMcaTh BbIpAKEHHE B BUIIE CYMMBbI IpocTermux apodei. Takyio 3agauy pemaer



(yskums partfrac(), el TOJIbKO HYKHO YKa3aTb UMsI IEPEMEHHOMN, OTHOCHTEJIbHO
KOTOPOH OHa CIIeJIaeT TaKH NMpeoOpa3oBaHUsI.

($L29) [BExt2-Fhutd] ) [t Tdddn]

2
Ex -3 x+4

(%3029 =
dx +494=x
(%130 partfras iS5 w2 3%Ed)/ (92 294 ) 81
1 5

+—+—
x+1 == 4

EEeSly =

HeckoJbKO ¢JI0B O ITPUBEACHUH KOHEUYHOH JECSATUYHON 3alIUCH YHUCEN K
paumoHanbHOH. KoOHeuHass pecsiTHYHasi 3amuchb CUYMTAETCS M0 OMNpPElEJICHHIO
NPUOJIM3UTEIbHOM, UYTO U MOHSITHO, T.K. PH BBIUUCJICHUSIX caMol Maxima Takasi
3aITUCh MOKET BO3HUKHYTh UCKJIIOUUTEJIbHO MPU MPUMEHEHHH MTPUOJIHKEHHBIX
METOJIOB JIUOO MPH PYUYHOM YKa3aHHH O MEPEBOJI€ UUCIa B JECSITUUHYIO 3aKCh U3
MAaTEMATHUYECKOH, B PE3yJIbTATE UETO PE3YJIbTAT TOKE, BEPOSITHEE BCETO, OKAKETCS
NPUOJM3UTEIIbHBIM.

DTa NpUOJIU3UTEIBHOCTb YUUTHIBACTCS U IIPH MEPEBOJI€ B pallMOHAJIbHbIE UKCIIA,
a €€ YPOBEHb, TO €CTh MEPA, HA KOTOPYIO PALMOHAJIBHOE YUCJIO MPHU NMEPEBOAE MOKET
OTKJIOHUTBCSI OT KOHEUHOH OECSTUUHOH 3aIMKCH, PETYJIUPYETCS NEPEMEHHON
ratepsilon, paBHOM 1O yMoJiuanuo 2.0e-8, T.e. 0.00000002.

Ecnu Takoe nojiokeHue Belle Bac He YCTPauBaeT, Bbl MOkeTe yoequth Maxima
OCTaBJISITh JECSITUYHYIO 3aMUCh UUCEN KaK €CTh, YCTAHOBUB B true 3HaueHue cpiara
keepfloat (1o ymonuanui oH paBeH false).

4.2. PackpbiTHe CKODOK

Crnenyomasi pyHKIMSI paCKPbIBAET CKOOKH B PallMOHAJIbHOM BBIPA)KEHUH U

HaspIBaeTcs ratexpand(); (0QHO U3 3HAUCHUH CJIOBa expand U €CTh «PACKPBITH
CKOOKH»). 3ech Takke nercTByeT onuus keepfloat.
Kpowme Hee, ecTb eme oaHa Onuus — ratdenomdivide; o ymoia4yaHHIO OHA

ycTaHoBJieHa Bt rue, 9To mpuBOAUT K TOMY, UTO Kaxkjasi ApoOb, B KOTOPOH
YHUCJIUTEJIb SIBJISIETCSI CYMMOM, pacrajiaeTcsi Ha CyMMy IpoOed ¢ O THHAKOBbIM
3HameHaTesieM. Eciu ske cOPOCHTh 9Ty OIIHIO B false, Torma Bce gpobH ¢
OJMHAKOBBIM 3HaAMeHaTesIeM OyIyT, HAalPOTHB, OOBETUHEHBI B OJIHY OPOOb C
YHUCJIMTEJIEM B BUJIE CYMMBI UHCJIMTEJIeH H3HaUaJIbHBIX ApoOer. To ecTh BHemHe
pe3yabTaT OyAeT B 9TOM CJiydae BBITJISIACTh MOUTH TaK ke, Kak U y pyHKImH rat();
K TOMY K€ eIMHCTBEHHAs] BUAMMAsI TI0JIb30BATENIO0 PA3HUIIA MIPOSIBISIETCS TOJIBKO B
PAMOHAJIBHBIX ~ BBIPAXKEHUSIX OT HECKOJIbKUX TMEPEMEHHbIX (WU  pa3IHuyHbIX
UPPALMOHAJIBHBIX BBIPAKEHHUH).

3akioyaeTcs 9Ta pasHuLa B TOM, uTo nocjie ratexpand () ; u B ukciurene, u

B 3HAMeHaTeJle ApOOH Bce CKOOKH OYIyT PacCKpPhITHI, B Cliyuyae ke rat();
cllaraeMble, rjie TIPHCYTCTBYIOT, CKaXeM, JBE MEPEMEHHBIX, Oy Iy T CrPYIIHPOBAHbI,
A



Y OJIHA U3 HUX OyJEeT BbIHECEHA 3a CKOOKH (B JOKYMEHTALMH Takasi (popMa 3arucH
HA3bIBAETCSI «PEKYPCHBHOW» (recursive):
(%130) ((x+1)72%(%e™-1))/((x+2)*(2¥x+1));
(x+ 1)2(%ex - 1]

SR e e

%131) ratexpand(%),ratdenomdivide: false;

xz’?‘aex+ Zx?sex+?sex - x2 -2x -1

(%031)

2
2x 4 x+ 2
(%132) rat(%);

[x2+ 2x + lj%ex—x2—2x— 1

(%032) =
T A e 13,

(%133) ratexpand(%);

xz'?aex Zx%ex %ex x2 2x 1

(%033)
e 2 = e i e P
23 DN had 2 heNdS 2N TE SE 2. AN TR DN FAX RS2 ANk D2

Kpome TOro, pasHuua, KOHEYHO, 3aKJII0YaeTcss MW BO  BHYTPEHHEM
NpeICTaBJICHUH: C TOUKH 3pEHHs MpOrpaMMel, Tocie ratexpand(); BelpakeHue OyaeT
no-fpexHemMy o6mero Buga. CooTBETCTBEHHO U BCE Pe3YJIbTAThl JaTbHEHIITHX
pallMOHAIBbHBIX ~ JEWCTBUH C  BbIpaKeHHMeM He  OyAyT  aBTOMAaTHUECKH
«KQHOHU3HPOBATHCSI».

Crnenywomasi  ¢yHKUUs, coOUpaeT BOEOUHO JpoOM C  OJUHAKOBBIMH
3HaMEHaTEeJIsSIMU; 30BYT €€ combine();

(%134) combine(%);

xz%ex+ Ex%ex+%ex - x2 -2x -1

(%034) Z
2x+5x+ 2
4.3. CHoBa pacKkpbITHE CKOOOK
[Tomumo ratexpand(); ecTb Takke U (PYHKIHS «IIPOCTO» expand() ;.

Paznnuuii Mexa1y HUMH HECKOJIbKO, HauOoJiee NMPUHIUITHAIbHbIE TAaKOBBI. Bo-
IIEpPBBIX, ratexpand(); paCKpbIBa€T TOJBKO PALMOHATIBHOE BbIPAKEHHUE «BEPXHETO
YPOBHSI», BCE€ K€  IIOIABBIPAXKEHHS, HE  SBJSIIOIMECS  PalMOHAJIbHBIMH,
00pabaThIBAIOTCS KaK aTOMapHbIe, TO €CTb BHYTPb HUX OHA HE 3ayie3aeT;  expand();
K€ pacCKpbIBAaET CKOOKH Ha BCEX YPOBHSIX BJIOKEHHOCTH.

%137) ratexpand{(a+b) “((Z2-x)F(2+x)+x"2) ) ;

2
s 2 - 2

o e, R

%138) expand(({a+b)"((2Z2-x)*¥(2+x)+x"2));

(%038) b*+4ab3+6a%b2+4a°b+a’

Ha sTom npumMepe BUOHO: (pyHKIHS ratexpand(); "He 3HaeT" 0 TOM, UTO
NOKa3aTeJib CTENEeHU paBeH 4 (eCJIM PaCKpbITh CKOOKH), a (PyHKIHS expand(); He
A



TOJIBKO "3HaeT" 00 9TOM, HO U HE *KeJIaeT 3alUChIBaTh pe3yJibTat B BUAE (b+a) “a

MaKCHUMaJIbHO PAaCKpPbIBAET CKOOKH:

Bo-BTOpBIX, ratexpand(); OpuUBOAUT ApoOOHU-claraemple K  oOmeMy
3HAMEHATeJ0, a expand () ; 9TOro He AeNaeT; B-TPETbHX, Ha (PyHKUHIO expand He
INEHCTBYET nepexyouatendb  ratdenomdivide. U B-ueTBepThX, expand(); He
npeoOpa3oBbIBAET K PALIMOHAJIBHBIM UHCIAM KOHEUHYIO JECSITUUYHYIO 3alUCh —
OMNSATb-TaKH, BHE 3aBUCUMOCTH OT (piiara keepfloat. Kpome Bcero ckazaHHoro
(¢pyHkuus expand();, B OTJHYHE OT CBOETO PAJMOHAJIBLHOTO COPOANYA, UMEET
HECKOJIbKO BapHalui — B BUJIE OTAEJbHBIX (DYHKLHH C MOXOKUMH Ha3BaHHUSIMH
*expand* () ;, KOTOpble paCKPBIBAIOT CKOOKH HECKOJIbKO MO-Pa3HOMY.

B npoTHBONOJIOKHOCTb (PYHKIMSAM  *expand*();, PacKpbIBaOIIUM CKOOKH,
MOXHO TaKXe€ 3alucaTb AaHAJIU3HPYEMOE BBIPAXKEHHE KaK MPOU3BEACHHE
COMHOXHTEJIEH, TO €CTh MAaKCUMAaJIbHO MOBBIHOCHTD BCe 32 CKOOKH. [enaeTcs 910 ¢
nomoplo ¢pyHkimu factor();

(%139) factor(x™24-1);
(%039) fx - ljfx + 1)[X2+ 1}()(2 = 1)£X2+X + 1][X4+ 1](){4 - X2+ 1]()(8 - X4+ 1]

Ecmu ¢pynkuun  factor(); mnepenarb Lesoe YHCJIO, OHA PA3JIOKHUT €ro Ha
IIPOCTHIE MHOXKHMTEJIH; €CJIH XKe NepeaTh palHOHAIBHOE YHCJIO, HA MHOKHUTEIH
Oy Iy T pa3iokKeHbl €ro YUCIUTENDb U 3HAMEHATEJIb:

(%i5H] facter{2°1B0B:-17);
(%058) 35°113141101251601 1801 4051 8101 268501
(%158) (3*573*11*31*41*101*251*6D1*1801*4051*B101*268501)/(27100-1};

(%160) factor(123456789/987654321);
3607 3803

172 379721

Ecau MHOTrouJIeH He MOKET ObITh ITPEJCTABJICH B BUJI€ MPOU3BEICHHU S
HECKOJIbKUX COMHOXHTEJIEH, ero MOKHO MOMbITAThCS MPpeo0pa3oBaTh B CYMMY TaKHX
MPOM3BEACHUM ¢ moMoIplo pyHKkMU factorsum();

B crenyooumem npumepe UCIob3yeTCs MHOTO IEPEMEHHBIX X, Y, Z, V, U, t, W 1
HE YJ1aeTCsI BBIHECTH 32 CKOOKH OOIUN MHOKHUTENB, MO9TOMY (hpyHKIHUS factor(); ¢
MOCTABJIEHHOM €M 3aJauel — 3amucaTh pe3yJbTaT B BUAE COMHOXKHUTEJIEH — HE
cripaBuJIach, HO (pyHKIHUS factorsum(); pemuia 3aady ¥ 3andcasia BhlpaXkeHHue B
BUJIE CYMMbI POU3BEICHUH.

Oyukmmst factorsum(); ymeer packiagpiBaTh HA MHOXHTEH TOJBKO
HE3aBUCHUMBIE CJlaraeéMble, TO €CTb TAKHE, KOTOPbIE HE COJIePKAT OJJUHAKOBBIX
nepeMeHHbIX. Ecii Mbl packpoeM CKOOKH B BBIPKEHHH, COIEpKAIIEM B ABYX
PasHbIX MECTaxX OJMH M TOT e CUMBOJI, TO TaK Kak KO3 (PHIHUEHTHI IPH STOM
CHUMBOJIE NTOCJIe pacKpbITHs crpynnupyoresi, factorsum() ; He cMOXeT MOHSATS,



(%15) factor(d*y*z+4*x*z+y ™ 2+xFy-viw-utw+i*w) ;

%0b) 4yz+4xz+y2+xy— VIv- UlW+ Tw

%i6) factorsum(%);
) (y+x)(dz+y)-(v+u-tw

KakKMM UMEHHO 00pa3oM pasrpynmnupoBath ux oopatHo. HykHO 3aMeTUTh, UTO
¢ynkuuu factor(); u factorsum(); XOTs 4 HE UMEIOT B UMEHHU NPUCTaBKU rat,
BCe ke BellyT ce0sl B cMbIcJie pa3dopa nepeaaBaeMbIX UM BbIPaKEHHUH He KaK
expand(); | CONMyTCTBYIOIIHE, a KaK ratexpand(); TO ecTb Ha JIOOOH
HepalHOHAJIbHOH (PYHKIIUH OCTAaHABJIUBAIOTCS U BHYTPb HE UAYT:

(%17) factor(log{x™2+2%x+1));
(%07 log(xz +2X+ 1]

(%18) log(factor(x™2+2*x+1));
%08) 21log(x + 1)

4.4. A eciu HY>KHO clieJIaTh ellle MpoIe

@yHKUMS ratsimp (BbipakeHue); YIpOmAET BBIPAKEHHE 32 CUET PAUOHAJIBHBIX
npeoOpa3oBaHWd, HO, B OTJIMYME OT OCTaIbHBIX (PYHKIUH 10 oOpaboTke
PaMOHAJIbHBIX BBIPAKEHUN, paOOTAET B TOM UHMCJIE U «BIJTyOb», TO €CTh
UPPaUMOHAJIbHBIE YACTH BBIPAKEHHSI HE PACCMATPHUBAIOTCSI KaK aTOMapHbIE, a
yHOpOIIAIOTCs, B TOM UUCJIE U BCE PALIMOHAJIbHBIE 3JIEMEHTBI BHY TPH HHX:

(%519) He™{({x"3+1)/(x+1));

x3+1

(%509) %t

(%110) ratsimp(%);
(%01@) %a® "X+l
Ha ratsimp(); meucTBy1OT Te ke ¢pnaru, uTou Ha rat();,u ratexpand, u
keepfloat, u ratfac. Ho otimuaercs ona ot rat() win ratexpand() HE TOJIBKO
yMEHHeM paboTatb «B TJYyOHHY», HO M HEKOTOPBIMH OINOJIHHTEJbHBIMH
PaMOHAJIbHBIMU NPe00PA30BAHUSIMH, KOTOPBIE HE MOAAEPKUBAIOTCSI STUMH IBYMSI
(pyHKIUAMH.
®ynkuus ratsimp(); — 9To yxe HOCTATOUHO MOIIHBIH U B TO XK€ BPEMsI
BeCcbMa ObICTPBIA MEXAHHU3M YNPOIIEHHS; HO, KOHEUHO, HEJOCTATOYHBIN: BEb TE
OEHCTBUSI, KOTOpPbIE MOKHO YIPOCTHTh B Pa3HOOOpPA3HbIX MaTEMaTHUECKHUX
BBIPAKECHHSIX, HE OTPAHHUUMBAIOTCS pallMOHAIbHBIMH. [I05TOMY BCe ke OCHOBHOM
IJTIOC 9TOH (PYHKIUK — 3TO CKOPOCTb.



(%111) (sqgrt((x-a)"3)-(x+a)*sqgrt(x-a))/sgrt{(x-a)*(x+a));
R L e, A
(x -a)(x+a)
%112) rat(%oll);
x—33+(-x-ajd;T;ﬂ
~(x - a)(x+a)
(%113) ratexpand(%oll);
wer BT x
(%013) - : :
Jlx-a)fx+a) [x-a)(x+a) ~(x-a)lx+a)
(%114) ratsimp(%cll);

ZEﬂx—a

(%011)

(%012)

‘\JX-E 8"\‘|X-8

(%50l14) -

A 17151 60J1€€ CEepbEe3HBIX YIPOLICHUH CYIIECTBYET PACIIMPEHHBIA BapHaHT —
fullratsimp (BbipakeHue).

CELL) [x-(a/2]-1) 2% x"laf2i+ 1172/ (%%a-1);

2 2
(xafz _1) (Xaf2+ 1]

(%0l1)
R
%12) ratsimp(%);
: x26—2xa+1
(%02) =
S |

(%13) ratsimp(%);

(a3 x° & ]

(%1i4) fullratsimp(%ol) ;

(Ged) v 1

OTa (pyHKIHS MTOCIeI0BATEJIbHO IPUMEHSIET K TIepeJaHHOMY BbIpaKCHHUIO
dysxmmio ratsimp () ;, a Takke HEKOTOpbIE HEPALMOHAJIbHBIE PEOOPA30BAHUS —
U TMIOBTOPSIET 9TH JIEHCTBHS B IUKJIE IO TeX IMOP, TOKA BhIpaXXeHHUE HE MEePECTaHET B
npolecce HUX U3MEHSThCS. 3a cueT 9Toro (pyHKIUs paboTaeT HECKOJIbKO MeJICHHEE,
yeM ratsimp(); szaTo gaet OoJjiee HaJEKHBIH Pe3ysIbTaT — K HEKOTOPBIM
BBIPAKEHHUSIM, KOTOpPBIE OHA MOKET YIPOCTHUTh ¢ Xoay, ratsimp () ; mpumioch Obl
NPUMEHSITh HECKOJIBKO pa3, a MHOT/Ia Ta U BOOOIIIe He CIipaBHJIach ObI C 3aaueH.

U TpeTbsi ocHOBHasI (PyHKIIHSI YIPOIICHH ST BRIPAKEHHH — YIKe HUKAK C

NpPENbIAYIIMMH  OBYMSI HE COOTHOCsWasicss — radcan(sbipakeHune). Ecau
ratsimp(); ¥ fullratsimp() OpHEHTHPOBAHBHI HA YIIPOILIEHHE PALIHOHAJIBHBIX
OerucTBUM, TO radcan(); 3aHMMaeTcs  yIOPOLIEHHEM  JIorapupMHUECKUX,

9KCMOHEHUHUAJbHBIX (PYHKUMH M CTENEHHBIX C HENEJbIMH PalHdOHAJIbHBIMU
NoKa3aTeJsIMH, TO eCTb KOpHeH (panukainoB). Hanpumep, Boipaxenue (%o0l1) us
IIpEeabIAYLIEro pUMepa B 9TOM pasfeiie  radcan(); CMOXET yIPOCTUTb CHIIbHEE,
yeM ratsimp(); wm fullratsimp();



(%112) (sgrt({(x-a)™3)-(x+a)*sgri(x-a))/sart((x-a)*(x+a));

fx —ajsfz—-ﬂx —a(x-kaj

(%113) ratsimp(%),;

(%013) -
2 2
X --a
(%1i14) fullratsimp(S%olZ);
2 E
(%014) it

) 2 2

X - da
(%115) radcan(%ol?2);
2a

[Bols) -
X+ a

B HEKOTOpBIX CIyuasix HAMJIyUIIero pe3yabTaTa MOXHO JOOHUTHCSI, KOMOUHHPY I
radcan(); c ratsimp(); wm fullratsimp();

C dyHkuuen radcan() ; CMeXHBI IO IEUCTBHUIO €lle ABA YNPABJISIOMHUX KJI0YA.
OnvH U3 HUX HaspiBaeTcsd %€ to numlog. Bauser ol He Ha caMy (pyHKIHIO, a Ha
aBTOMaTHYeCKoe yrpomnieHre. Eciii BricTaBUTh €ro Bt rue, To BeipakeHus BHIa
e” (r*log(BblpaKeHne) ), rae r — paruoHAIbHOE YHCIIO, Oy IyT aBTOMATHYECKH
packpeiBaThcsl B BbIpakeHne . @Dywkuusa radcan(); AemaetT  Takue
npeoOpa3oBaHUsl HE3aBUCUMO OT 3HaUeHHsl KJiioua. Bropoi kiou — radexpand
(ot radical, ne myTath C ratexpand) — BiuseT Ha yNpolleHHe KBaJpaTHOTO
KOPHSI U3 UETHOM CTENEeHH KaKoro-iuoo BoipakeHusi. OH, B OTJIMUME OT OOJIbIIMHCTBA
nepexJouaTesied, UMEeeT He [1Ba, a TPH 3HAUCHHsI: MPH 3HAUCHUU all, sqrt(x?)
OyJlleT pacKpbIBaTbCsI B X — Kak JJisl IEUCTBUTEJIbHBIX, TAK U [IJIs1 KOMIUIEKCHBIX
yKceJs; Mpy 3HaueHud  true (mo ymonuanuio), sqrt (x?) s qedcTBUTEBHBIX
uHhcesl IpeBpalaeTcsa B | X |, a 11t KOMIUIEKCHBIX He TpeoOpasyeTcsl; a IpH
sHauenun false, sqrt(xz) He Oyder ynpomaTtbcs BooOme.

Crnenymomue aBe (PyHKIIMHA OTHOCSITCS K YIPOMEHUI0 (hakTopranioB. OyHKIws
factcomb (BbipakeHue); npoBoaut ynpomenus Buga n!*(n+l) = (n+l1)!'u
Tomy nopobusie. @ynkuust minfactorial, HanmpoTus, cokpamaet akTopHaIbl,
TO €CThb JAEHCTBYET O HpHHIMmy n'!/(n=1)! = n.

%i21) factcomb({(n+l)*n!); factcomb(n!/N);
%021) (n+ 1)1
FBH22Y - L)

%125) minmfactoriall(n!/n);

nor

%025)
n
%i26) minfactorial{n!/(n-2)!');

(%026) (n- 1)n

OtmeTtumMm, uto uaTepdenc wxMaxima MO3BOJISIET HAOUpPaTh UMl (DYHKIMH
ratsimp(); radcan(); factor(); expand(); B "01HO KacaHue" MEJTUKOM MBbIIIH.



dain Mpaeka Maxima VYpaeHedws Anrebpa AdHaivs  YnpocTuTe [padgukn  HUcneHHsle BeMMcneHWA  Cnpaeka

o AL h, I | o

=] N aag 110 QO

(%i4) expand(%); =
(%04) % |
BBO: ||
| ¥npocTUTL ,j ¥npocTuTe (pau) F dakTopsoBaThe i PackpelTh E Peum k... | Fpaduk 20... |

ratsimp( ); | radcan( ); | factor( ); | expand( );| [ |

— - T o Y 1

IVI‘IpOCTHTh {Tpur) | PackpuiTs (Tpur) | MpueecTn (Tpur) | CT. hopma | PewuTe OOV [ Tpacwk 30... |
trigsimp( ); lt rigexpand() ;itrigreduce() ;| rectform( 3; ] [
|,[l,06po noManoeaTe B wiMaxima HFOTOBa K BBOOY

Puc. 7. ®yHKIMH U COOTBETCTBYIOIIHME UM KHOMKH UHTepderca wxMaxima

Ecnu nocne 3anuvcu B osie BBOJI kakoro-ym6o BeipakeHUs! METKHY Th MbIIIbIO
o COOTBeTCTByIOIJ.Ieﬁ KHOIIKE Ynpoctutb , Ynpoctutb (pau ), dakropusosatb , Packpbitb
TO BBEJIEHHOE BbIpakeHHe OyJIeT pacCMaTPUBATHCS KaK apryMeHT (PyHKIHH,
MaTEMAaTHUYECKUE Ha3BAHHSI KOTOPBIX MTOKA3aHHbIE B BUIE BTOPOH CTPOKH Ha pucC. 7,
"cripsitanbl o kHonkamu. Ecin none BBOJI, Ob1710 He 3aMojIHEeHO, TO B KaueCTBE
apryMeHTa (byHKIHU OyAEeT UCIOJIb30BAThCSl PE3yJIbTAT MOCJIEJHEN BHIIIOJHEHHOU
KoMaHpl (%). B mpumMepe Ha puc. 7 nosne BBOJI Obuto mycTtoe, nocje meiryka rno
KHOIIKE Packpeite  Maxima BBINOJHWIA KOMAaHAY (%14) expand(%) H 3amnMcaia B
OTBET CCBUIKY HA MPEABIAYIIUN Pe3yabTaT (%04) %, KOTOPOTO B JAHHOM CJIy4ae He
OBLII0.

AHaJIOTUYHO Moa KHONMKaMH Ynpoctutb  (Tpur ), Packpbite  (Tpur ), lNMpuBectn  (Tpwur )
"mpstuyTcs” pyHKIMH trigsimp(); trigexpand(); trigreduce(); , KOTOpble paboTaIOT ¢
TPUTOHOMETPHUUYECKUMH BBIPAKEHUSAMH U O KOTOPBIX TOBOPUTCS B CJIEAYIOIEM
pasgele.

4.5. A 3TH (DyHKIIHH HMEIOT [1eJI0 C YIJIAMH ...

Y  QyHKuu#H, ucnonb3yeMblx sl NpeoOpasoBaHUsl TPUTOHOMETPHUUECKHX

popmyn, mnpucyTcTByeT oOmasi s BceX MpuUcTaBka — trig. PyHKuus
trigexpand (BbipaxeHue) ; pacKpbiBaeT CKOOKH B TPUTOHOMETPHUUYECKHX
BBIPAKCHHUSIX

(%13) trigexpand(sin(Z*x+y)+cos(x+2*¥y));
(%03) - sin(x)sin(2y)+ cos(x)cos(2y)+ cos(2x)sin(y)+ sin(2x)cos(y)
3Ty (PyHKLHIO MOXKHO BbI3BaTh ¢ O0JIe€ MOJIHBIM CIIMCKOM apryMEHTOB:
trigreduce(BblpakeHue, nepeMeHHasa), — toraa opMyJbl IOHHKEHHUS
CTeneHH OyAyT MPUMEHSIThCS TOJBKO MO OTHOMEHHIO K 3aJaHHON MEPEMEHHOM

(mepeMeHHast MOKeT ObITh, KaK M MOYTH BE3JIe, HE TOJbKO OTAEIbHBIM CUMBOJIOM, HO
Y BBIPAKEHHUEM).

@DyHKLHKS UMEET HECKOJIbKO YIPABJSIOMHUX (PJIaroB, NEPBbIA U3 KOTOPIX OMSITh
XKe sIBJIsieTCsl Te3Kou caMoM (pyHKIMK. OH MPUBOJUT K MOBTOPHOMY PACKPBITHIO BCEX
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CHUHYCOB-KOCHHYCOB, TO €CTbh (DAKTHYECKH PAaBHO3HAYEH NOBTOPHOMY BBI30BY CaMOM
pyHKIMH:

(%14)%,trigexpand: true;
(eéoquos(x](cog(yjz_ sin(y]z] -2sin(x)cos(y)sin(yj+[cos(x)2- sin(x)z] sin(y)+2 cos(x)sin(x)cos(y)

Bropo#t dsar — halfangles — ympaBiasieT paCKpbITHEM (pOPMYJI TOJOBHHHBIX
yrjoB. O0a 9T ¢para no ymosyanvio cOpomensl. A cieaymomue asa gJara —

trigexpandplus ©u trigexpandtimes — OTBEYalOT COOTBETCTBEHHO 3a
npyuMeHeHHe (hOpMyJI CYMM YIJIOB M KPaTHBIX YTJIOB. TO ecTh B pUMepe Bbillie
cHayasia cpaboTan pnar  trigexpandplus, a3areM —  trigexpandtimes. Otu

(p1aru Mo yMOJIYaHHIO YCTAHOBJICHBI, YTO U BUIHO U3 MIPHUMeEpa.

Kpowme Bcero yxe ynoMmsiHyTOro, ectb eme dyiaru - trigsignu triginverses.
IlepBbIi NpUHUMAET TPAJHLMOHHBIE IBA 3HAUEHUS (110 YMOJIYAHHUIO — true)H
PEryJHMpyeT BbIHOC 3HAKa 3a MPeJesibl TPUTOHOMETPHUUECKON (PYHKIIMHU, TO €CTb, K
npumepy, Sin(—x) ympoctutcs 1o —sin(X),a cos(—x) — 1o cos(x). ®nar
triginverses — TpeXx3HauHbIH, H yMOJIYaTeJbHOE ero 3HaueHne paBiHo  all. On
OTBeyYaeT 3a 00paboTKy covetanud BUga Sin(asin(x)) wm atan(tan(x)).
3HaueHne all MO3BOJISIET PACKPBIBATh 9TH COUETaHHsI B 000WX HampaBjeHUsX (pu
9TOM YacTb KOpHEH OydeT TepsITbCs); 3HAUCHHE true ocTaBJIsIeT pa3peneHHbIM
PacKpbITHE TOJIBKO BUJa Sin(asin(x)), To ecTb OJIOKHPYET BapHAHT C OTEPSIMH
NEpUOJMYECKUX 3HAueHWH; a ciuydad false 3ampemaer o0a HampabJeHUS
npeoOpa3oBaHuH.

@yHk1wsi, oOpaTHas trigexpand () ; HaspiBaeTcs trigreduce() ;

(%15) trigreduce(%);
COS(E}‘ + x) cos(?y - xj sin(y + 2xj sin(y - zxj
(%05) ; - : + - : : + cos(x)cos(2y) + cos(2x)sin(y)

(%16) trigreduce(%);

(%06) COS(2y + Xj + Siﬂ(}/ + 2Xj

— 37€Ch, B [IOJIHOM COOTBETCTBHH CO 3HAUYEHHEM CJIOBA reduce, JEUCTBYIOT
(popMyJIbl MOHUKEHH ST CTENEHH.

HanprmMep, npyuMeHUB ABaX bl 9Ty (PYHKIHMIO K PE3yJIbTATY NMPEAbIAYILErO
IpUMEpPa, Mbl IOJIYYHM €70 B UCXOJAHOM BHJIE.

TpeTbst pyHKIMS 3aHUMAETCS YK€ YIPOIIEHHEM, U 30BYT €€, COOTBETCTBEHHO,
trigsimp(Beipaxkenue); OHa cTapaeTcsi yIPOCTHTD JI0OOE TPUTOHOMETPHUECKOE
BBIPaKEHHE, HCTIONb3Y 1 H3BECTHBIE (POPMYJIBI, TAKHE Kak sin *(x) + cos’(x) = 1 u Tomy
nogoOHble. [Iyise  Hawidydmero pesyjpTaTa €€ MOKHO KOMOMHHPOBAaTbH €
trigreduce(); ratsimp(); / fullratsimp();u radcan(); DTH BO3MOXHOCTH
Maxima o npeoOpa3oBaHUIO U YIPOLICHUIO Pa3HOOOPa3HbIX BbIPAKEHUN AJIEKO HE
UCUepIaHbl, 1J1s1 CIIPABOK Mbl TOMECTHJIM OMUCAHUS PsIia MOJIE3HBIX (DYHKIHH B
Tab. 3.



Hmsa pyskun

assume

forget

divide

factor

expand

ged

ratsimp

partfrac

Tabmuna 3

®yukuuu Maxima nisi npeoOpa3oBaHUsl BBIPAKEHUH

Yro nenaer?

BBOJIHT
OTrpaHUUYCHHU ST

OTMEHSIET
OTpaHHUYEHHU ST

JEJIUT OJUH MHOTOWIEH Ha
IOpYroM; NEPBBIA pe3yabTar —
YaCTHOE; BTOPOH — OCTAaTOK OT
JEJICHHS

packjaapiBaeT
Ha MHOKHTEH

pacKpbIBaeT
CKOOKH

HAXOIUT HAHOOJIBIIHUHA OOIIHH
IIEJIUTENIb MHOIOWIEHOB

yIpomaeT
BbIpaXKEHHE

npeobpasyeTt B MpOCThIe APOOH
IO 3aJaHHOW NEPEMEHHOM

IIpumep
[(B1l] saro(x"2);
(%01) |x|
(%12) assume(x<0);
(%02) [x<0]
(%13) sqrt(x™2);
{%03) -x
%id) forget(x<0@);
F0d) [ x<0]
%1i5) sgrt(x™2);
(%05) |x|
%16) divide(x"3-2,x-1);
(pB) [%enwlyel]
%17) factor(atx™Z2+atx+a);
%7) alx2+x+1)
%18) factor(x™2+2*x+1);
a8y (ean)?

(%19) expand((2+3*x)*(3*y+5%x));
(%09) 9xy+6y+ 1542+ 10x

(%110) gcd(x”3-1,x"2-1, (x-1)"2);
(%010) x-1
(%111) a/({5*x)+b/X-c/X;

c b a
(%011) - —+—+—

x x Sx
(%112) ratsimp(%oll);

Sge gbieg
BOld) m—/———

2%

(%115) -x/(X"3+4*¥x"2+5%x+2) ;
(%015) -
‘.:-'60 k3 -

x3 + 4x2 + D 42
%1i16) partfrac((%olb),x);

2 2 i
(%016) - +

x+2 x+1 (x+1j2



[Ipopomxenue Tadbauupl 3

Hmsa pyskiun Yro nenaer? IIpumep
PacKpbIBaeT CKOOKH B (%139) trigexpand(cos(3*x));
trigexpand TPHUTOHOMETPHUYECKOM g 3 . 2
S—— (%039) cos(x)” - 3cos(x)sin(x)

=140 iqsi o .
YIOPOIIAET TPHIOHOMETPHUECKOE VSEAB)  ragsimplieadR)dg

trigsimp BBIPQXKCHHE (%040) 4 CDS(X)B - 3cos(x)
(%141) trigreduce((%0d40));
: cos(ax) 3cos(xj
trigreduce IPHBOMMT K CyMMe 9JIeMeHTOB, | ¢041) 4[ PR ] - 3cos(x]

coJiepKaliux sin HiH oS
et (%144) trigsimp((%041));

(%044) cos(3x)

5. Oneparopbl H (PyHKIHH

Ha camom nesne B Makcume HET YETKOTO pasrpaHHUYEHHs] MEK Iy ONEpaTOPAMH H
¢yHkuusmu. bosee Toro, Kaxaplit OnepaTop — 9TO HA CaMOM JieJie (PYyHKIUS:

(%il) 01230
%0l) 6

il Pl F e e iy
(b+a)c

(%02) ~—

34ech B IEPBOM 3aJaHUU apryMeHTamMH (DYHKLHUH "CJIOKUTh" SIBJSIIOTCS TPH
yucia (1,2,3), KoTopble 3anHCcaHbl B KPYIJIBIX CKOOKaX U MEPEeUrCICHbl Uepes
3aISTYy10, BO BTOPOM 3a[JaHUH MEPBBIM COMHOKHTENEM (DYHKIHH "yMHOKHUTD"
SIBJISIETCSI cyMMa 4uced (a,b), a BToppiM — vacTHoe aByx umcen (c,d). Mmena
(pyHKIMHA—ONEpaTOPOB 3alUCaHbl B KABBIUKAX JIMIIb [IOTOMY, YTO COLEPKAT
CHUMBOJIbI, HECTaHJAPTHBIE AJ1s1 UMEeH (PYHKIMH. DTO MOX0KE Ha pabOTy B KOMaHIHOH
obosiouke UNIX, rae, ecinu B uMs (paiia BXOAAT YOPaBJISIIOUIME CUMBOJIbI, BbI
IOJIKHBI B3SITh 9TO UMSI B KaBBIUKH.

Hrak, Bce BCTpOEHHbIE onepaTopbl Maxcumel SBASIOTCS (PyHKIMSAMU; OoJiee
TOTO, Bbl MOKETE HAJIEJUTh JI00YIO (B TOM UUCJIE CBOIO COOCTBEHHYIO) (DYHKIHIO
onpelesIeHHBIMH CBOMCTBAMH, KOTOpbIe (DAKTHUYECKH NPEBPATSIT ee B onepatop. Tak
KakK pasfesieHde Ha (hyHKLIUH U onepaTtopsl B Maxima AOCTaTOYHO YCJIOBHO, TO B
9TOM pasleJsie peub MONUAET HE TOJIBKO O HEKOTOPBIX ONEPATOPax, HO U O HECKOJIBKHUX
(pyHKIHSIX, KOTOPBIE MO MPUPOJAE CBOUX IEUCTBUH CXOJHBI C ONIEPATOPAMH.
Haunbosiee npuBbIUHbIE ONEPATOPBI YKE YITOMHHAIUCD + — * / 7~ nm **



(BO3BEIIEHHE B CTENEHDb) U (PYHKIMI0O  sqrt(x) (KBagpaTHbIH KopeHb). Heckonbko
NPUMEPOB C MPOMU3BEJECHHEM MATPHL, KOTOPOE 0O003HAYAETCS TOUKOH (.)
t%15) marrix{ ], Z2,4]; [@,8;a]; [&,8,8]);
_l 2 4
(%05) |0 a a
o o b
(%16) hatrix{[l,E],[B,a],[@,b]};

(%06) |0 a

(%17) %15.%06;
1 4b+2a+ 2
(%07) |0 ab+a”

0 b2

B nOKymeHTaluuu yTBep:KJAeTCsl, YTO cama TOUYKA MPH 3TOM JOJIKHA OBITh
oTAeJieHa npoOesaMu OT 0OOUX CBOMX OINEpPaH0B — a0kl HE CITyTaTh €€ C TOUKOH
necsatuuHod. Ho, kak oTMevaeTcs B [7], B HEKOTOPBIX IUCTPHOYTHUBX MOKHO MUCATh
u 0e3 nmpoOesnioB. B ciyuae eciu 3ajaHHbIe MATPHULIBI HE MOTYT OBITh IEPEMHOKEHDI
M3-32 HECOBINAJAOIMUX pasMepHocTer, Maxima BbIAAcT cooOumeHne o0 omuoKe:

(%17) %15.%06;

1 4b+2a+2
oy 2
(%07) |0 ab+a

0 b2

(%18) %i6.%05;
Incompatible dimensions - cannot multiply
-- ah error. To debug this try debugmode(true);

BockiHnarenbHbIN 3HaK, CTOSIIIMHN NIOCJIE CBOETO apryMeHTa (T. €. TOCT(UKCHBIA
OnepaTop), TPaIHLHUOHHO Ha3biBaeTCs pakToprai. He MeHee TpaguIIMOHHO OBYMSI
BOCKJIMLATEJIbHBIMH 3HaKaMH 0003HaueH Moy hakTOpHal — npouseedetue 8cex
uemmulx (0451 uemHoz0 onepanda) uau HeUemHbIX UUcel, MEeHbUUX AUOO PABHbBIX
dannomy. DyHKUMH abs(x) U signum(x) BO3BpAILAIOT, KAK OINATh XKE HETPY JHO

goranatbcs, MOAYJb M 3HaK uyMmcaa. A dyHKuMH max(xl,...,xn) H
min(x1,...,Xn) — COOTBETCTBEHHO MAaKCUMAJIbHOE U MUHUMAJIbHOE U3 3aJaHHBIX
yuCel.

TyT CTOUT OCTAHOBHUTBCS Ha HECKOJIBKUX MOMEHTax. Bo-nepBbiX, Bce (pyHKIMH
U oneparopbl Maxima  pabOTalOT HE TOJBKO C JAEHUCTBUTEJbHBIMH, HO H
KOMIUIEKCHBIMH yrciamMu. CaMu KOMHJI%(CHHG YHCJia 3aMHUChIBAIOTCS B Makcume B
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anredpanyeckor popMe, C MHUMOH €IMHHUIIeH, 0003HAUEHHOW uepe3  %1; TO ecTb B
BUAe a+b*%i,roe au b — COOTBETCTBEHHO JAEUCTBUTEJbHAS U MHHUMAs YaCTH
yucia. [Tostomy pakTopuan 3agan B HaunOoJjiee o01emM BUIE U MpeACTaBIsIeT COOOMH,
0 CyTH, raMMa-(pyHKIMIO (TOuHee, X! = gamma(x+1) ), TO ECTb ONPENETIEH Ha
MHOECTBE BCEX KOMIUIEKCHBIX UHMCeJ, KpOMEe OTPHULATENIbHBIX LefbiX. [Ipu 9ToM
(pakTOpHA OT HATYPAJTBPHOIO YHCJIA (M HYJISI) ABTOMATHUECKH YIPOIIAETCS A0
HaTYpaJbHOI'O k€ YhCIa:

(%19) ©!;5!;10!;
(%09) 1

(%010) 120
(%011) 3628800

TOUYHO TaK € U MOAYJIb OIIPEAEJIEH AJIs1 BCEX KOMIUIEKCHBIX YHCET
(|a+b*i|=sqrt(a?+b?)). MUHHMYM, MAKCHMYM H 3HaK OIpEJIEJIEHbI, €CTECTBEHHBIM
00pa3oM, TOJIbKO AJIs1 IEHCTBUTENIBHBIX YHUCEJI, TAK KaK KOMILJIEKCHBIE UHCJIa OOIIEro
BUJA, KaK U3BECTHO, MEXAY COOOH HECPABHHMBI.

BTopo# BaXkHbI MOMEHT: KOI'/1a HEKOTOpasi BCTPOEHHAs (PyHKIMS WK ONEepaTop
Maxima He MOXET NOJIyYHTb ISl IEPEAAHHOTO BBIPAKEHUS OTHO3HAUYHBIN
pesysbTat, Maxima NbITaeTCsl MAKCUMAJIbHO YIIPOCTUTD 3TO BBIPAXKECHHE.

(%12) abs(-x);

(%02) |x|

(%13) signum(-x);

(%03) - signum(x)

(%14) put({trylevel,3,maxmin)$
1%iE) maxi{x,-%];

(%05} ‘X|

(%1i6) max(x,x+1,x-abs(a));

(%06) x+1
517) max(x,2%x,3%x);
) max(3x, x)

[TogoOHble  ympoIleHHs, pPaBHO KaK MW  «PACKpBITHE» (DAKTOPHAIOB H
apu(pMETHUECKUX ONEPATOPOB, HE CUUTAIOTCS BBIYMCIICHUSIMH, a CJIeIOBATEIbHO
onepaTop OJOKHUPOBKH BbIUMCJIEHUN UX HE MPEJOTBpAIIACT:

3aech cHauasia cpaboTas onepaTop NPUCBOEHUST 3HAUCHUN : (#ABoeTouue),
MO3TOMY OIepaTop OJOKUPOBKH BBIYUCIICHUH ¢ (amoctpod) He 3a0T0KHUpOBa
ornepaTop OINpeAesieHus 3HaKa YUCIIa, U N03ToMy Maxima B KauecTBe 3HaKa YhcJia
zanvcaia —1 (motoMmy uTo —x = -2).

Ins onpenenenust GpyHKIUHU CIAEAYET YKA3aTh €€ UMsl, ApryMEeHT (WK
apryMeHTbI), 3aKJTI0YEHHbIH B KPYTJible CKOOKH, JOOABUTb 1BA CHMBOJIbI := H
3amMcaTh, KAk BBIUMCIISATh caMy (DYHKIIMIO, HAIPUMED,



%11) f(x,y):=x*sin(y)+cos(y)/x;T({1,y);T(x,0};
cosfyj

X

(%01) f(x, y):=xsin(y)~+

(%02) sin(y)+ cos(y)

3aech cieyeT OCTAaHOBUTBCS HAa OTHOM MOMeHTe. Ecin anoctpodgom npeasapeH
BBI30B (PYHKIMH, TO OJJOKHPYETCSI BBIUMCJIEHHE CaMOH (PyHKIMH, HO HE ee
aprymeHToB. EciH e nocTtaBUTh anocTpod nepes BbIpaKeHHEM, 3aKTI0YEHHBIM B
CKOOKH, TO HEBBIUMCJIEHHBIM OCTAHETCSI BCE 9TO BbIPAXKEHHUE LIEJTUKOM, T. €. U BCe
BXOJISIIIKE B HETO (PYHKIUH, U BCE APTYMEHTHI 9TUX (PYHKIHUH cM. (%01 1).

(%16) fx,y):=x*sin(y)+cos{y)/x;y:6;x%:3;

(%06) f(x, y):=xsin(y)+ wi(yj
(%07) 6

(%08) 3

(%19) 'fx,y);

(%08) f(3, 6)

(%110) T(x,y);

cos(ﬁj

(%010) 3sin(6)+

(%111) ' (f(x,y));
%011) F(x, y)

B Maxima onepatop NpUCBOEHHS 3HAYEHHH PACCMATPHUBAETCS KaK ONepaTop
UMEHOBAHMS, IPYTHM ONEPATOPOM UMEHOBAHHS SIBJISIETCS HCTIOJIb30BAHHBIN 3/1€Ch
onepartop 3aaanus pyHkuuH. OO03HaUaeTCs1 OH Yepes : =, HO AaHAJIOTHH 31eCh
NpOCJeKUBAIOTCS He ¢ si3bikaMu Pascal win Algol, a ¢ npyrumu 0603HaueHUSIMH
caMoit Maxcumbl: ¢ OTHOH CTOPOHBI ONpeeieHHe (PyHKIMH MOKHO BOCIIPHHHMATD
KaK ypaBHEHHE (KOTOpoe 0003HAUaeTCsl 3HAKOM =), a C IPYrod — OHO POJICTBEHHO
HA3HAYEHHIO HIMEHH HEKOTOPOMY BBIPAKEHHIO (TO €CTh :). To ecTb onpenenenne
(pyHKIIMHM MOKHO B KAKOM-TO MEPE CUNTATh CUMOHO30M 3THX JBYX BBIPAKEHHA — U
OTTOrO BIOJIHE JIOTUYHO, YTO OHO 00O3HAaYaeTCss 0OOMMH UX cuMBOJamMH. (B
NPOJOJIKEHHE 9TOH aHAJIOTHH MOKHO 10OaBUTb, UTO B Maxima €CTb U paCIIUPEHHBIE
BapHaHThI ONIEPATOPOB NPHUCBOEHUS U Ha3HAYECHHU ST (PYHKLUH, 0O03HAYaeMble
COOTBETCTBEHHO UEpe3 : : U : :=.)

B npoTuBoBec 6JIOKMPOBKE BBIYUCIEHHH, MOKHO TAKK€e MPUHY JUTEIBHO
BBIYHCJIUTH JII0OOE BBIpAKEHUE — JJIs1 3TOr0 UMEETCSI ONEPaTop, COCTOSIIIUMN U3 JBYX
anoctpodoB.:

(%112) ''%;

(%012) 3sin(6)+



B tepmunosniorun Maxima  HeBblUMCJIEHHAs] (pOpMa BbIPaKEHUS HA3bIBACTCS
«noun form», BbIUMCIEHHass — «verb form». CoXpaHsig JIMHTBUCTHUECKHE
napaijiesid, Ha PyCCKHM 9TO MOKHO MEPEBECTH KAK «HECOBEPULEHHAST (hOpMa» U
«COBEPULEHHAS POPMA».

EcJyii roBOpHUTH O siUelKax BBOJA-BbIBOJIA, TO 3HAUCHHE STYEHKHU BBOJA B Maxima
3aKOHOMEPHO COXPaHsIeTCs A0 €ro BBIYUCIICHHUS (T. €. B HECOBEPIIEHHOH (popme), a
3HAYEHHE STUEUKH BBIBOJA — MOCJE (T. €. B COBEPIIEHHOM); APYTUMH CJIOBAMH, TYT
HUMEeTCsI €CTECTBEHHBIH MOPSIIOK «BBOJ — BBIUHUCJICHHE — BBIBOM».

%i13) %i11;

(%013) ' (F(x, ¥))
Ri18) “isdia;

(B0l4) f(x, ¥)

o i b SR S Tl

CDS(E)
3

(%015) 3sin(6)+

Onepatop,  NPUHYAUTEJIHLHOTO  BBIUHCJICHHS, 0003HaUCHHbIH OBYMsI
anoctpodamu, SIBJISIETCSI CHHOHUMOM K (pyHKIUH eV (BoipameHme ). Cama pyHKIHS
ev TMpelocTaBJsieT ropas3fgo 0oJiee IMUPOKHE BO3MOKHOCTH, HEKEIIH MTPOCTOE
NPUHY IUTEJIbHOE BBIUMCJIEHHE 3aIaHHOTO BHIPAKEHHS: OHA MOXET MPUHUMATD
NPOW3BOJIBHOE UHCJIO apryMEHTOB, TIEPBBIH M3 KOTOPBIX — BBIUHCIISIEMOE
BbIPAXKEHHE, a OCTAJIbHbIE — CIICI[HAIbHBIC OIMIHH, KOTOPBIE KaK pa3 M BIHUSIOT Ha
TO, KaK IMEHHO OyJeT MPOHU3BOJAUTHCS BHIUUCIICHHE.

Onuusi (yHKUMH ev, OJHOUMEHHAsi 9TOMY MEPEeKJIouaTeso,  MO3BOJISIET
BKJIIOYHUTD YTIPOIIEHHUE NJI1 JAHHOTO KOHKPETHOTO BBIUMCJIEHHSI — BHE 3aBUCHMOCTH
OT TOTO, BKJIIOUEHO MJIH BBIKJTIOUEHO OHO TJI00aJIbHO:

(%11) simp:false$
(%12) (1/2+2/3)*(3/4+4/5);122!/112! ;sqrt(x"2);

I 2a 4
o [3+35+
234" 5

122 ¢

112 ¢
(%04) x>

(%15) %0Z,simp;%03,simp;%cd,simp;

o 217
(%05) E
(%06) 500127116029962220800
(%07) |x|
ToYHO Tak xe, Kak IBOMHOM anocTpod, — COKpalieHue s ev 0e3
HOOMOJIHUTEJIbHBIX OMIMH eCTh enie 0oJiee yNpoIlIeHHasl 3aNUCh (PYHKIUH ev C



OMLMSIMH: B 9TOM CJIyyae BMECTO UMEHHU (PYHKIIMH U CKOOOK BOOOIIE HUUETO MUCATh
HE HYXKHO; T. €. « eV (BblpaweHne, onyl, ony2, ..)» MOXHO 3aIlHCaTh IPOCTO KaK
«BblpameHne, onyl, onuy2, ..»

[leppass W3 Takux ONIMHA CBsi3aHa C aBToympoueHueM. [06anbHO
aBTOYIPOLICHUE PETYJUPYETCS NepeKIndaTeIemM simp (ot «simplification» —
YHOPOILEHHE), H N0 YMOJYAHHIO OHO BKJIIOUEHO; B JIIOOOH MOMEHT €r0 MOKHO
BBIKJIIOUHTh, YCTAHOBUB 3HAUCHHE TIEPEKJIIOUATEIS B false. Ciegyer oTMETHTD
elle, YTO BbI3OB kill(all); He BOCCTaHABJIMBAET IIPUHATHIC 10 YMOJIYAHHIO
3HAYECHH S MIEPEKIIIOYATEIICH; T. €. €CJIM Mbl, K IIPUMEPY, U3MEHHWIIH 3HAUCHHUE
nepexkjaoyaTesiss simp, Kak B IPUMEPE BbILIE, TO JJIsl TOTO UTOOBI BEPHYTHCS K
W3HAUYAJIBHOMY MOPSAKY BEUIEH, YCTAHOBJIEHHOMY cpasy IocJe 3anycka Maxima,

HaM HYXXHO HE TOJIbKO CHeJaTh kill(all);, HO H BPYYHYIO Ha3HAUYHTH
simp: true.

Onuus float mo3BosisieT mpeoOpa3oBaTh BCe PAHOHATIBHBIC UHCIIA B KOHEUHYIO
HOECATHUHYIO 3AIHCh; OILUS numer BKmovaeT onuuio  float H, Kpome TOrO,
NPUBOAMT K IE€CATUYHOMY BHIy MHOTHE MaTEMATHUYECKHE (DYHKIIUU OT YHUCJIOBBIX
apryMEHTOB:

(%il) cosil);

(%01) cos(1)

(%12) %,numer;

(%02) 0.54030230586814

Onuust noeval OJIOKHPYET cam 3Tal BbIUMCIICHUS KaK TAKOBOM; T. €. €€ MOKHO
UCMOJIb30BaTh AJis1 TOrO YTOObI MPUMEHHUTD K BBIPAXKEHHIO IPyryUe ONIMH (hyHKIIUU
eV, HE MEePEeBbIUUCIISISI BBIPAKEHUE.

[Ipu 5TOM ONATH-TAKK HY)KHO UMETb BBUAY PAa3HULy MEXKAY BbIUUCIIEHUEM U
YIPOIIEHUEM:

(%14) cos(%pi),noeval;

(%04) -1

(%15) simp:falsegev(cos(%pl));
(%06) cos{%pi)

Takum 00pa3oM, Mbl MOKEM MPHHY IUTEJILHO YIIPOCTUTD BbIpAKEHHUE, HE
MIEPEBBIYMCIISISI ETO.

O npyrux KOHCTaHTHBIX OMIMSIX U MEPEKII0OYATENSIX (PYHKIIUA ev MOKHO Y3HaTh,
ecJiv BbI3BaTh U3 okHa BBOJ] cnipaBky, BBeast ? ev.

Kpome KOHCTaHTHBIX 3HAUEHHH €CTh €IIe HECKOJIBKO BUIOB onuui. [lepsas u3
HUX — 9TO KaKoe-JHMO0 UMSI CENHaIbHON (DYHKIIMH, KOTOpas 3aHUMAaeTCsI
yOpPOIIEHHEM WM MpeoO0pa3oBaHHEM MaTeMaTHUEeCKHUX BbIpaxkeHud. bynyuwu
yHNOMSIHYTa 10 UMEHHU B KAUECTBE OIUMH, TaKasi (PyHKIMS MPOCTO MPUMEHSIETCS K
BBIUMCJISIEMOMY BbIpakeHu10. Hanpumep, Boipakenne  fullratsimp — 9ToO TO ke



camoe, uto u fullratsimp(ev (BbipakeHue) ) ; . IIoJHBIH CIIMCOK TAKHX (PYHKLUH
MO>KHO HaWTH 4epe3 CpaBKy, BBeds ? evfun.

Eciu B KauecTBe OIMIMH BBECTH UM JIIOOOH APYror (pyHKIHMH, HE UMEIOLIEeH
CBOHCTBa evfun, TO Bce HECOBEPLIEHHbIE BXOKACHUS 9TOU (PyHKIUH Oy Ay T
3aMEHEHBI COBEPIIEHHBIMH, T.€. IPUHY IUTEJIHHO BBIYMCIICHBI.

Tak:xe B KauecTBe OINIHMH MOKHO 33/1aTh Ha3HAUEHHE CUMBOJIa HJIK (DYHKLHUH;
BCE TAKHE HA3HAYECHHS JEHUCTBYIOT JIOKAJIBHO B MPEJEJIaX BBIUUCIISIEMOTO BBIPAKEHUS,
Y BCE MOACTAHOBKH MPOU3BOISITCS APaJUIEIbHO:

(%12) x+y+z,x:1,z:8,y:x*z;
(%02) xz+a+l

Onuust NOACTaHOBKH CUMBOJIa AOMYCTHMa HE TOJBKO B BUAE ONepaTropa
MPUCBOEHHUSI, HO U B BUJIE PABEHCTBA; CIEJIAHO 9TO, B YACTHOCTH, [JIsl TOTO, UTOOBI B

KauecTBe MOACTAHOBOK MOKHO OBIJIO UCIOJIb30BATh PELICHUS], HalIeHHbIE (DYHKLIHEH
solve:

(%11) ev(y™x,solve(x"3+3*¥x"2+3*x+1));

.
(fagl)
y
3nech ¢ynkuus solve(); Hama pemenye x = —1 ypapaenust x = +3x°+3x+1=0u
TOJICTABHJIA €TO B KAUECTBE MOKA3aTENs CTETIEHH.

6. I'padouxkn (pyHKImn

Kak yxe ynomuHanoch, KOJHUUYECTBO pas3iMyHbiXx (yHKUMA B Maxima
Pa3pabOTYUKH NMOCTAPATIUCh CBECTH K MUHUMYMY, a IHPOTY padMaxa KaxIoH
KOHKPETHOW (DYHKIIMH, COOTBETCTBEHHO, K Makcumymy. CobOmogaercss 9Ta
TEHJECHLHUS U B (PYHKIMSAX MOCTPOCHUS IPpapUKOB: OCHOBHBIX TAKHUX (PYHKIHH BCETO
IIBE€, C OUEBHIHBIMH, KaK BCErga, Ha3BaHHUSIMH — plot2du plot3d (oaHO U3
3HaUeHHH cJioBa plot — epaghbuk, a aOOpeBUATYPbI 2d ¥u 3d mepeBOISITCS Kak
0gymepnulii U mpexmepnuwiii). Kpome Toro, B rpadpuueckoM HHTepence UMEI0TCS 9T
Ke (PYHKIHH, HO C JOTOJHUTEIbHBIM MPedUKCOM WX — 00si3aHbl TpahUUeCKOMY
unTepdency wxMaxima.

6.1. Crenennasi (pyHKIus

Kpatko o BosmoxHOCTSIX. Haunem ¢ plot2d. IIycTs Mbl BEIOpasiu mporpammy
wxMaxima B CHUCKE TTPOrpamMM, 3arpy3uiiu €€ , Kejast HAPUCOBATb IBYMEPHBIN
rpaduk, WEMKHYJIH M0 KHONKE I'padwuk 2D. .. B MOSIBUBIIEMCSI OKHE Bbipaxenue(nus)
3anuueM cpasy 4 pyHKUHMH: X, abs(x), x°, X, IEPEUHMCIIHB UX YePE3 3aIATYIO
(pucoBaTh, Tak pUCOBaTh, KOJIb MTPEAJIAraior).

H3MeHNUM rpaHHYHbIC 3HAUECHHUSI IEPEMEHHBIX X U 'Y HA OTHOCHUTEJIBHO
HeOosbmue (puc. 8) u3: —1.5 k: 1.5 (yToOBI rpacduK BBITIISIAE MOKPYIHEE) U, TOKA HE
pasoupasich ¢ popmatom u onuusiMy, meakHem OK (vin Haxmeém Enter).



QH AT Ry 0% @O0 ]
i% [Fpadmu 2D

wxMaxima 0.7 -5

Maxima 5.14.4 Fpaqb”h 2D

Using Lisp & BelpaseHme(nua): |x,abs (x) , x*2,x*3 | ADNOnHHTENEHD
Distributed MepemeHHan: ix |M3:|—1-5 |K:|1.5 |

Dedicated to

R A Hwa@mﬁm!? |Hx|—L5 |K41.5

Yucno Tover: | 10 :
(%11} DopHaT; iBCTpDEHHblﬁ v|
Onunn:|| V1
BrlBecTH rpadmi B dakin: ‘ |
04 ] [ OTHMEHA ]

BB ‘
[ YOpocTHTE ” ¥pocTHTE (pau. ) ][ PakTopHzOEaTE ” PackpbiTe ][ PewnTe. .\ H [padic 20, l
[ anDCTMTb(TpHn}l’ PackphITe (TPHr) ][ MpHEECTH (TRMr. ) ][ T, dopma ” PewnTe 0%, .. ][ [pad 30, l

Puc. 8. Oxna—(popmbl HHTEpderica wxMaxima 111 pUCOBaHHSI rpadHKOB

B BepxHem rpaduueckom okHe wxMaxima nosiBuiMch rpadguku (puc. 9). Kpome
TOro, B rpaduUyecKoM 4YacTH OKHa wxMaxima TOSBUJIach  KOMaHaa
wxplot2d([x,abs(x),x"2,x3], [x,—1.5,1.5], [y,—1.5,1.5])$. Uro kacaetcs rpacduka, TO
OH "CJIMIIKOM MPaBHJIbHBIH" U HUKAK HE MacIITaOUPyeTCs — TAKOBbI BO3MOKHOCTH
"BcTpoeHHOro" ¢popmara.

ERid) cwxpleotZd([xmeabelx)lext 2,283 [®e=L145: 1051 [e=LebLe5] 1S

1.5

H_.I'
! abs{x)

1. | fal 4
3

($tl)

Puc. 9. I'paduku y=x, y=abs(x), y=x’, y=x’ BO BCTpPOeHHOM (popmare uHTepderica
wxMaxima



[TocTpoeHnHsIi rpaduk abCTPaKTHO MPABUJIEH B TOM OTHOLIEHUH, UTO MacTa0
no ocu y (OpAMHAT) B O0IIEM CJlyuyae MOKET He COBIMAAaTh ¢ MacCIITaOOM MO OCH X
(abcuucc). Ho B ganHOM ciiyyae pasivude MaciTaboB COBCEM Jaxe He Tpebyercs,
KOJIb CKOPO Hac UHTepecyeT rpaduk Bujaa y = x. Hac ckopee untepecyet OJIdH U TOT
’Ke MacimTad, HeKeJId pa3TMUHbIH.

[Tonpobyem u3MeHuTh hopMat U ornuuu rpacduka. Mbl MOKeM NepeHecTH
KOMaHy U3 rpachuyeckoro okHa Hasajg B okHO Komana BBO/l — 151 9TOro HykHO
IEJKHYTh [0 KOMaH[IE U NocJie €€ BhIAEJIEHHS HaxaTh KiaaBumy F5. A MOXKHO
"BCIIOMHUTB" MpeAblAYyNIIHe KOMaHIpl, HA)KUMasl Ha KiaBumy "Beepx" (Beap
Maxcuma 3anOMHHaeT BBEEHHbIE U HCTIOJHEHHbIE KOMaHbl). OqHaKo, eciiu
KOMaHJia 10CTaTOUHO AJIMHHAsI, TO OHa MOKET He yMecTUTbcs B cTpoke BBOJI.

B 9TOM ciiydae HyKHO HaxaTbh Ha KHOINKE «MHOroCTpOYHBIH BBOI» ,‘{a

KOTOPYIO YKa3bIBaeT CTpeJika Ha puc. 10), mpaBee KHONKHU «BBecTH KomaHay»
AEKOPATHBHOI'O U300pakeHHs1 KJIaBUIllK Enter 1 najiee MOKHO OyeT 3amuchiBaTh
KOMaH 1bl HEOTPAaHHUUEHHOM JJIMHBI B OT/I€JIbBHOM OKHE C Ha3BaHWEM Bsox wxMaxima.

Brog wxMaxima
h:)lotZd([X;abs(x),xAZ;xAB], [Z, =l Belenly [¥WemlobediaDls
[plot format, gnuplet],
[gnuplet preamkle, "set size ratic 1; set zeroaxis; set grid;"])s
[ oK ][ OTHEHA ] ~
Bsoﬂ:5<ml>plot2d[[x,abs[x],:-:*2,:-:*3], [#,-1.5,1.5], [¥,-1.5,1.5],<nl> [plot format, gnuplo:

[ ¥NpocTHTE ” ¥NpOCTHTE (pau.) ][ PaKTOpMZ0EATE ” PackpeiTe ][ PeWKTE. .. ][ Ipadmk 20, ]

[}’npocme(TpHr.) ” PackpeITE (TPHE) ][ MpHEECTH (TRHr.) ” CT. dopMa ][ PewHTe CAY... ][ Ipadmk 30... ]

Aofpo NowanoEaTe & wWxMaxing [Maxima NpoHMIE0AHT EEIMHCNEHHA

Puc. 10. Boi3oB okHa BBox wxMaxima U1 HalTMCAHHUS [UIMHHBIX KOMaH/I

3ameTHM, YTO €CJIM NPOCTO OcTaBUTh B OKHe BBOJI HauasbHy0 3anuch
X,abs(x),x2,x"3, TO mocJjie HaXkaTHs Ha KHOTIKY I'paduk 2D... CHOBA BEPHYTCS
3HAUEHHsI IEPEMEHHBIX X U Y, KOTOPbIE OBLJIM MPUHSATHI IO YMOJYAHUIO ( MepemeHHas x
n3: =5 k: 5; NepemeHHas y u3: 0 k: 0).

I pacpmic 2D E|
I'pagpur 2D
EblpaseHHelH1A): é_x sERS(H) 1T E,x"3 | AoNoAHUTENEHD

MNepeMedHan: ::-: i H3! '— 1.5 i i i

MepeMeHHanA: i_‘_‘.? : (ZEH [- 1:5

Yrcno Touek: I_IU- B

Popmat: ;-gnuplot I -v|
DAL :_s_et ;ize rat_i-o_i-,:_sn-at zeroa;is; set-g?{_d,:i\:j

BelEecTH rpadmk B dain: !

l Ik ] [ OTMEHA l

Puc. 11. Okno—popma I'pagpux 2D njis BBoga ONiUA JBYMEPHBIX I'papuKOB

vl g
e =
AN

v



Ho ecnu ckonupoBath B Oydep oOMeHa (axe He MIaHupy sl JajbHeren
BCTABKH) Ha3BaHUsl (PYHKUMH (4epe3 KOHTEKCTHOE MEHIO HJIM MPOCTO, HAXKaB,
Hanpumep, Ctrl+C) win gaxe eciu TOJbKO IWEJIKHYTh B IpapHUECKOM OKHE Ha TEKCT
HCIOJHEHHOW KOMaHbl, TO MOCJIE MeJUKa Mo KHOMKe I'paduk 2D... CHOBa BEPHYTCS H
Ha3BaHUs (DYHKIHH U MTPEABIAYINHUE, YKE BBOAUMbBIE HAMH, HACTPOWKH MO X U y
u3: —1.5k: 1.5.

Bribepem @opmar: gnuplot, yacTHYHO BbIOEpPEM, a YACTHUHO HAMIIEM CaMH C
KJIaBUATYypbl B OKHEe OMNIUK:  set size ratio 1; set zeroaxis; set grid ; (IEPEUUCTISIS UX YEPE3
TOUYKY C 3ansToi) U meénkHem Ha KHonky OK wnu HaxkmeM knauiy Enter.

18 anuplot graph

'1'?’1.5 1 -05 E 05 1 15

1.00638, 1.00283

Puc. 12. I'paduku y=x, y=abs(x), y=x°, y=x’ B ¢popmate gnuplot uaTepeiica wxMaxima

B ¢popmare gnuplot rpaduk Maxcuma HApUCyeT B OTAEJIBHOM OKHE, U MBI
MOKEM MacIITa0UPOBaTh €ro (MU3MEHSTh pa3MeEpPHI 3a CUET U3MEHEHHUSI pa3MepOB
okHa). [Ipy OBMKEHHH MBINIKH BHU3Y CJieBa OTOOPa)KAOTCsI KOOPAUHATHI MOJIOKEHHS
yKas3aTeJisi MbIIIKH — CeHYac OH HaXOJHUTCSI B TOUKE MEePECEUeHHs BCEX rpapuKOB
(1,1). Onuus set zeroaxis; MPOBOJUT OCH Uepe3 HayaJIo KOOPJAUHAT, onuus set grid;
NPOPHCOBBIBAET CETKY, OMLHS set size ratio 1; BBlpaBHUBAET MAcCIITA0OBI O OCSIM
KOOPAMHAT, UYTOOBI KPYT HA MOHUTOPE BBITJISIIEN KPYTJIbIM, a HE B BUJIE OBaJA.
OTMeTHM, UTO nocJieJHee 0OCTOSTENIbCTBO CBSI3aHO C TEM, UTO paspelieHre
MOHHUTOPA MO0 TOPHU3OHTAJIM U MO BEPTUKAJIH pa3Hoe (IHKCEJb He SIBJISIETCS
"Kpyrjbim").

YToObl HaprcoBaTh rpaduk B popmate openmath, komanna ajist Makcumel
OyneTt TakoM.

Broa wxMaxima

plobadil . abs (ali-202pm03 Ty Foer Lo bilic Bl IvealuiBia LS T
[plot_format, openmath],
[gnuplot preamble, "set size ratio 1:; sget grid:"])s

I 874 ] [ OTHEHA ]

Puc. 13. Komanpa ans Maxima st pucoBanusi rpadukoB B popmare openmath



I'pacpuk OyneT HapuUCOBaH B OTAEIBHOM OKHE.

Openmath: Plot2d g@

JakpeITe | HacTpoika | Nepeprcoeate | MawTabMpoEaTes | CoXpaHMTE Crnpaeka

-1.2 -0.8 -0.4 0O 0.4 0.8 1.2

X

Puc. 14. I'paduku y=x, y=abs(x), y=x>, y=x’ B popmate openmath uaTepdeiica wxMaxima

M MoxeT BUIOM3MEHSITbCSI B HHTEPAKTHBHOM PEKHUME, B TOM UHCJIe: IpadHK
MO3KHO MaclTaOUpPOBaTh HE TOJIBKO 32 CUET U3MEHEHHsI OOLIMX Pa3MepPOB OKHA, HO U
C IOMOUIbIO KHOMKK MEHI0  MacmrabupoBars: NOCJIE HIEJIYKA MBIIIbIO HA rpaduke
(pasmepsl yBeJIHUaTCS), U MOCJIE METYKA MBIIIBIO TPU HakaToOM Kiaasume Shift
(pasmepsl ymeHbIaTCsl); rpachvuK MOKHO COXPAHUTD (KHOIKA CoxpauuTh) B BUE
rpaguyeckoro ¢pamna B popmate *.ps, MOKHO H3MEHUTD TOJILUHY JHMHUH (KHOIKa
Hactpoiika), nepepucoBats (KHomnka IlepeprucoBats) rpadguk nocsie U3MEHEHHS €ro
napaMmeTpoB.

OTMeTHM, UTO apryMeHTamMH (PyHKIHUH plot2d ciy:xaT He OTAEJbHBIE
nepeMeHHble—TapaMeTpbl, a CHOUCKH [yl 3alMCH  KOTOPBIX  HMCHOJIb3YIOTCS
KBaJipaTHble CKOOKH]. DTO CBSI3aHO C TeM, UTO0  plot2d MOKET NPUHUMATD €eIle U
AOTOJIHUTESIbHBIE APT'YMEHTBHl — B TAKOM CJIydae OHU NEPEUUCIISIIOTCS CJEIOM 32
TaKUM CIUCKOM, YTO UCKJIIOYAET BCSKYIO My TAHHUILY.

[To ymouaHH0, MOCTPOEHHEM IrpadUKOB 3aHUMAEeTCsl gnuplot, HO KpOME HEro
€CTb pa3padaTbeiBaeMblil BMecTe ¢ Maxima U UoylHd B €€ Ke MaKeTe openmath.
Gnuplot HeoOXO0AMMO YCTaHOBUTH (BpPY4YHyI0 JHOO aBTOMAaTHUYECKH — Kak
3aBUCUMOCTb Maxima) u3 maketa  gnuplot-nox, Mbo npocto  gnuplot, a g
paboTbl openmath HyXeH KOMaHOHbIA HHTEPIPETATOP Wish, BXOASMHKH OOBIYHO B
nakeT tk; v, HaunHasi ¢ Bepcuu 5.10.0, eme u maket xMaxima.

6.2. Tpuronomerprueckue (pyHKIHH

Cunycouny sin(x) MOJIE3HO CPAaBHUTh C aHAJIOTHUHBIMU €M CHHYCOUaMH Sin(2x)
u 2sin(x) (puc. 14).



Mo:xHO Iaxe He MEPEeKUBATh OT TOTO, YTO BCTPOEHHBIH (popMaT OTOILIET K
(pyskumu wxplot2d uHTepderica wxMaxima, B KOTOPOM MacIITa0bl O Pa3HbIM OCSIM
OyIyT pa3JM4YHbIMH, TaK KaK B JAHHOM CJlydae pasjinyve MacmTaboB HEKPUTHUHO:
1O OCH abCLHUCC OTJIOKEHBI KAKHUE-TO YIJIbl, & IO OCH OPJUHAT - CHHYCBI 9THX YIJIOB.

WXplOtZd([Sintz*xjfSin(Xjrz*Sin =11, [X;—%pi; %pl]r [y.f s ]
[gnuplot preamble, "set grid;"])5

C o sin{2%r) ———
s%n(u} —

Puc. 14. Cunycouppt sin(x), sin(2x) u 2sin(x)

Bosnee Toro, MHTYUTHBHO AOJIKHO OBITH OOJIE€ MPEEMIIEMO U, BOBMOXKHO JaKe,
MaTeMaTHYeCKH MPaBUJIbHEE UCTIOJIb30BATD IJISl TUX IPapUKOB UMEHHO Pa3HBIN
Macmtab. [lonosHuTenpHas onuust “set grid;”, BojiHE BO3MOKHasi U BO BCTPOEHHOM
¢opmate gnuplot uHTepderica wxMaxima MO3BOJISIET IPOPUCOBATH HA rpaduke
CETKY.

DYHKIHIO COS(X) MOJE3HO PAaCCMOTPETh COBMECTHO C rpadhuKaMu x U x*cos(x),
YTO Ha3pIBaeTCs "NBa B OOHOM'. MOXHO OTHOBPEMEHHO PACCMATPHUBATH HE TOJIBKO
KOCHHYCOMAY, HO U TO, YTO MPOU30UAET, ECJIA IEPEMHOKUTD (PYHKIHIO Y=COS(X) C

(pyHKIHEN Y=X.

plotZd ([x, =, co= (®Z), ®x*%cos ()], [X,—-4%%pli, 4*%pli], [v.-12,12],
[plot_format, gnuplot],
[gnuplet preamble, "set size ratioc 1 set zercamis: set grid: "] 5

-10 -5 0 5 10
Puc. 15. I'papukm y=x, y=—x, y=cos(x), y=x*cos(x)
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Koneuno ke, njs aToro rpacduka jayuiie UCroab30BaTh (popmat gnuplot,
MO3BOJISIIOIIMH BRIPABHUBATh MAacITAObl IO Pa3HbIM OCSIM KOOpAHUHAT (puc. 15), uto
HaM B JAHHOM CJIyyae HeOOXOIUMO ISl MPABHJIbHOH HHTEPIIPETAIMH rpaduKa y=x.
KpoMe TOro, MoJIe3HO OCTPOHTh APYIyI0 KOMOHHALHMIO 9THX (DYHKLMH BHIA ——

cos(x)

rje cos(x) HaxoguTcs B 3HameHaTesie (puc. 16, puc. 17).

I'pacduk 9TOM KOMOHHAIMK (DYHKIMH MMOJYUHJICS HA PUC. 16 HEOKUIAHHBIM U
TaKUM HHTEPECHBIM H3-3a TOTO, UTO (PYHKIHS COS(X) UMEET Ha 3aJaHHOM
IIPOMEKYTKE TOUKH pa3pbiBa.

wrplot2d ([#2/coe (=) ], [, -2*%pi,2*%pi]l) s

Je+816

2e+816

le+816

a

wicos{x}

=le+816

—2e+816

=3e+8l16

=6 =4 -2 a 2 4 i3

H

o

Puc. 16. Touku paspsiBa rpacpuka

cos(x)

[TocKoNbKY B KOMaHJ€ «HAapUCOBATh rpapuk» Mbl HE yKa3ajlu HHTEpBaJ
U3MEHEHHsI IEPEMEHHOH Y, a 0 YMOJIUaHHuio Maxima NpOU3BOAUT BBIUMCIICHHUS C
TOUYHOCTHIO 16 3HaKOB, To Marxcuma BriOpana macmra6 1%10 '° 1 mbITaeTCA BTHCHY Th
rpaduk oT —3 eAUHHUIB MaciiTada 10 +3 eIuHHUIBI BRIOpaHHOro MacmTaba. OgHako,
€CJIM Mbl YKa)K€M OTHOCHUTEJIbHO HeOOJIbIIOH HHTEPBAJ U3MEHEHH ST IEPEMEHHOM Y,
Hanpumep, oT —10 go +10, Bug rpaduka okaxercs 60Jiee NOHIATHBIM U JaxKe
JIOTHUYHBIM (puc. 17).

wxplotz2d ([=x, —x, =2/ cos ()], [H,-Z2%%pi,2%%pil, [v,-10,10]11%
18

H
-
r/cos{x}

=50

-6 -4 -2 a 2 4 6

oo

Puc. 17. I'pacdpyiku PpyHKLIMH y=X, y= —X, y=  co=(x}

B tex Toukax, rae cos(x)=1, oTHOmEeHUE x/COs(x) OKa3bIBA€TCs PaBHO X (M Mbl
nonagaeM Ha rpaduk y=x, y= —x); B APYTUX TOUKax, rae cos(x)=0, pyHkuus x/cos(x)



TCPIUT Pa3pbIBbI, OJHA BETBb YXOOUT HA +00, ApYyras BO3BPAIACTCA C —o0.

Tanrenc paBex Hym0 B Touke x=0 1 oOpamaeTcsi B 06CKOHEUHOCTh B TOUKAX

— T -
=527 cooTBeTCTBEHHO (hYHKIHUSA KOTAHIeHC B Touke x=0 HMEeET pasphbiB, a B

L

TOYKax * =% .7 obpamaercst B HyJIb, Tak Kak ctg(x)=1/tg(x) (puc. 18).

wxplot2d{[tan (x),cot (2} ], [®,-3%%pi/2,3%%pi/ /2], [v,-4,4]1;
[gnuplot preambls, "set grid;"])53
The number 0.0 isn't in the domain of cot

tan{x) | —
cot{x) ——

= [T iy

-1

-2

=3

-4

Puc. 18. I'padpuxu y=tg(x), y=ctg(x)

Makcuma otmeuaet, yTo B Touke x=0 KoTaHnrenc He onpeneneH (The number 0.0
., ) x=&+
isn’t in the domain of cot), OJHAKO PO aHAJIOTMYHbIC TOUKH 2 , B KOTOPBIX

TAHI€HC TEPIHT Pa3pbiB, OHA YMAIUUBAET (ITPOTYJIMBAsICh IO MHOKECTBY TOUEK Ha
ocH x, Maxcuma B TOYKH pa3pbiBa HE MOMAAAET BBUY CIIEUU(PHUUHOCTH YHUCIIEHHBIX
3HAQYEHHUH DTHX TOUECK).

6.3. O0paTHbIEe TPHTOHOMETPHYECKHE (PYHKIIHH

3HaueHHs1 OOpaTHBIX TPUTOHOMETPHUYECKUX (PYHKIMHA MaKkcHMa pUCYET TOJIbKO B
NEPBOH YETBEPTH — (PYHKIMU JOJIKHBI OBITh OJTHO3HAUHBIMH.

plot2d{[asin(x),acos(x)], [x,-1,11, [v,-%pi/2,%pi],
[plot format, gnupletl],
[gnuplot preamble, "set grid;"])5
3 asin(x) —
acos(x) —
25
plot2d([atan (%) ,acot (x) ], [%,-5,5], [v,-%pifZ,3%piif2],
2 [plot_format, gnuplot],
[gnuplot_preamble, "set grid;"]1)$
15 The number .0 isn't in the domain of acot
1 1.5 —
1
0.5 05
0 0
05 -0.5
-1
-1 1.5
: 4 2 0 2 4
a5
-1 05 0 05 1

Puc. 19. I'padpuku oOpaTHBIX TPUTOHOMETPHUECKHUX (DYHKLIUH



6.4. JxcoHeHTa H Jorapugpm

DKCIIOHEHTY H JIOTapudM HaTypaJibHbIM MOKHO HAPUCOBATh U BO BCTPOEHHOM
¢dopmare untepdenica wxMaxima.

wxplotzd ([expix),exp(-x)], [®,-3,3]1, [¥,0,15],
[gnuplet preamble, "set grid;"])5

14

12

18

Puc. 20. I'papyku ABYX 9KCIIOHEHT

Ha puc. 20 ogHa sKCrioHeHTa pacTeT, Apyrasi — 9KCIIOHEHIIUAIbHO — yObIBaeT,
Jorapu(pMpl HaTYypaJIbHBIE 9TUX SKCIIOHEHT MPUBEACHBI Ha pUC. 21.

wrplot2d ([-logi=),log(x)], [=,0,158]1, [v,-3,3],
[gnuplet_preamble, "set grid;"])$
’ =logi{x} ——

a 2 4 6 i 18 12 14

Puc. 21. I'padpuku norapucpma HaTypagbHOTO

PaccmatpuBas rpaduku jorapupmMoB, MHOTHE OTMETSIT, YTO OHH OUYEHB MTOXOKHU
Ha JIB€ 9KCIOHEHTBHI C MpebIayIero rpagyka, Ho TOJbKO UX BETBH CMOTPST B
AOPYTYyI0 CTOPOHY.

KoHeuHo ke, eciiu rpaduK ¢ 9KCIOHEHTAMH IMOBEPHYTh MO YACOBOM CTPEJIKE Ha
90° 1 BBIPOBHSITb COOTBETCTBYIOIIUE MACIITAOBI 9TUX OBYX I'PA(PHUKOB MO OCSM Y H X,
TO rpauKU SKCIOHEHT U JIOrapruMOB COBMAYT, TaK KaK 9TO B3aUMOOOpaTHbIE

pyHKUIMH.



6.5. I'pachukn napaMmeTpruyeCcKH 3aJaHHBIX (PYHKIIHI

J1st mocTpoeHus: rpacuKa HCHOJIb3YETCsl CIIUCOK C KJII0YEBBIM CJIOBOM
parametric. B kauecTBe HauboJsE€ MPOCTOrO NpUMepa OOBIYHO MPHUBO ST
napaMeTpUYECKYI0 OKPYKHOCTb (puC. 22).

plet2d ([ ["parametric, cos{t), =ini{t), [t, -%pi, %pil, [nticks, 300111,
[#,-1.2,1.2], [v,—-1.2,1.2], [plot_format, gnuplot],
[gnuplet preamble, "set size ratic 1; set grid:"])5
1
0.5
=
£ 0
7
-0.5
-1

-1 -0.5 0 0.5 1
cos(t)

Puc. 22. I'pacpuk mapamMeTpuuecKkor OKPYKHOCTH: y = cOs(x), x = sin(f)

B oOmem cinydae pans mnojyueHusi rpaduka MNapaMeTPUUECKOH KpPUBOH
3amUChIBaeTCs KoMaHaa plot2d([parametric, X-BblpaweHue, Y-BblpameHue,
[nepeMeHHasa, Havano, KoHeu], [nticks, konmunyecTBO]]) , rae X-BbipakeHue
U Yy -BblpaKeHue 3a1a10T 3aBUCUMOCTb KOOPJAUHAT OT MapameTpa, TO €CTh, IO CYTH,
9TO IBe (pyHKIMH BUOA x=Xx(1), y=Y(?), TIe { — MepeMeHHas napaMeTpHU3aluu. ITa
&Ke NEpEMEHHAs1 10JIKHa (PUTypHpOBaTh B CJIEAYIONEM apryMEHTe—CIUCKE, a
napaMeTpbl Hayano, KoHel, Kak U B IBYX IPYIMX PAaCCMOTPEHHBIX CJIyUasiX, 3aJal0T
OTPE30K, B Mpeiesiax KOTOPOro 3TOT napameTp OyneT uameHsTbes. [locneqamit
apryMEHT—CIIMCOK, C KJIIOUEBBIM CJIOBOM nticks, 3a1aeT KOJIHUYECTBO KyCOUKOB, Ha
KOTOpbIe OyieT pa3OUT HHTEPBAJl H3MEHEHHSI TTapaMeTpa MPH MOCTPOSHUH IpadHKa.

Hutepderic wxMaxima nocTaTouHo YA00€H U HE TpeOyeT yMEHHUsI 3alIOMUHATh U
0e30IrO0YHO BBOAUTH AJIMHHBIA TEKCT—BBI30B (pyHKIMH plot2d CO BCEMH €€
napamMeTpaMu. JlOCTaTOYHO JIMIIb 3aMOJIHUTh ABE BCIIOMOTaTebHble (pOPMBI AJis1
NOCTPOEHHUs NapameTpuyeckoro rpaduka. [locne 3anycka wxMaxima v menauka no
KHOMNKE ['paduk 2D... IOSIBJISIETCSI OKHO nuaiora I pacgpux 2D. A niocsie meuka mno
KHOMNKE [lonosHuTesbHO HA 9TOM (hOpME MOSIBISIETCSI BTOPOE OKHO  Ilapamempuueckuii
epagpux.

s nosiyyenus rpadpuka Tenepb JOCTATOYHO JIMIIb OTBETUTb HA BOMPOCHI 9THX
OBYX (popM.

Ha puc. 23 npuBeaeHbl 3arojJHEHHbIE HH(pOpMaLen OKHa—(OpMBI [1J151 BBIBOA
rpacpyka napameTpuYECKomn OKpY)KHOC"lK, HU300pakeHHOH Ha pHcC. 22.
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Fp(]’gb”f\’ 2D Tapame TpHue CHIH TpapHi X
Bopanenvelw): | [T, -spi, +pil, [ncicks, 30011 |[goemreno |[]apamempuieckull epagux
MNeperedHan: X Wit [-1.2 ki|l.2 x= |eOos(t)
MepereHHan: |V Wi [-1.2 ke|l.2 y= [5in(t)
Shcno Tover: | 10 g MepemeHHan; | © st [-%pd ki %5pi
Poprat: | gruplat b Yucno Toqek: | 300 =
OnupM: | set size ratio 1; set grid; w
Ok l [ OTmMEHa ]
BrigecTH rpadmk 6 dain: > .
[ OK l ’ OTHEHA ]

[ ¥NpocTHTE ][ ¥YnpocTHTE (paw.) ][ PaKTOPHI0EaTE ][ PackpbiTe ][ PEWHTE. .. ” Mpadwik 20... ]

[)’npocme (TpHr.) ][ PacKpEITE (TRHE) ][ MPHEECTH (TRHE.) ][ CT. dhopia ][ Pelmte 0%, ” Ipade 30... ]

Aofipo noxanoeare B wxMaxima FaToBa K BEOAY

Puc. 23. OxkHa—dopMsl 1151 3ajaHHsI BUJA TapaMeTPUUECKOTro rpaduka

@OpMBI CYyIECTBEHHO YITPOLIAIOT TEXHOJOTHIO BBOA KOMAaH/ JJIs1 PUCOBaHHS
napaMeTpUYECKHX IPa(pUKOB H MO3BOJISIIOT HE 3aIOMHUHATh BECbMa CJIOKHBIM
cuHTakcuc (pyHknuu plot2d. Tak, Hanpumep, Ha pyc. 23 NpUBEAECHA TOJBKO
HE3HAUMTeJIbHAsl YaCTh HH(POPMALIMH, HA OCHOBE KOTOPOH C(pOpMHpOBaHa KOMaHAa
1151 MakcuMBI B BUIE 3-X CTPOUYEK TEKCTa, IPUBEACHHAs Ha pHC. 22. TekcT ais
KOMaH[Ibl, O3BOJISIIOIEN COBMECTHTD HAa OJTHOM PHUCYHKE JBa IapaMETPHUECKHX
rpaguka, eme 6oJiee AJIMHEH U O0Jiee TPyAeH AJisI TOUHOro Habopa, HO OKHa—(hOPMBI
I'pagpux 2D w I[lapamempuueckuii epagpux MO3BOJISIIOT JOCTATOYHO MPOCTO
COBMECTHUTb Ha OJHOM PHCYHKE J1Ba MapaMeTpuuecKux rpacpuka. C 9ToH Lesbio
CHauaJjia Hy KHO IMIOCTPOUTD NMEPBBIA rpaduk. 3aTeM IENKHYTh B rpa)HUECKON YacTH
OKHa uHTepdenca wxMaxima Ha TeKCTe—BbI30BE  plot2d(['param.. mepBOro
rpacduKa H MocJie BbIIEJICHHS] TEKCTAa—BbI30BA IEJKHYTh CHAayaJIa M0 KHOMKe  I'padmk
2D..., a 3aTeM MO KHONKe  Hononrurensto . [locie 3amoyiHeHnst CBEJIEHHHA O BTOPOM
rpadyke Ha OJHOM PUCYHKe MOsIBITCS ABa rpacduka. Hanpumep, Takue (puc. 24).

wxplot2d ([ [ "parametric, co=it), =ini{t), [t, —-%pi, %pil, [nticks, 30011,
["parametric, cos(t), sin(2*t), [t, —-%pi, %pil, [nticks, 300111,
[=#,-2.5,2.5], [¥,-1.5,1.5], [gnuplet preamble, "set grid;"])5

cos{t), sin{t} ——
cos{t}, sin{2*t} ——

e
0.5 \ /

=1

=-1.5
-2 =1 a i 2

Puc. 24. [Ise napameTpuueckue cpﬁmum COBMEIIIEHHbIE Ha OAHOM I'pacduKe

<pﬁ>
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OTMeTHM, KaKue OEUCTBUS IIPH 9TOM ocymecTBisieT Makxcuma. 1Ipu BelaeneHuH
TEeKCTa—BbI30Ba (PYHKIIMK YaCTh BBIJICJEHHOTO TEKCTA CHavaJIa rnomnagaet B 0ydep
oOMeHa, a nocJe BbizoBa okHa—opmbl I paghuk 2D 5Ta nHpopmanus o BUIe NepBor
(byHKIMH ¥ AHana3oHe U3MEHEHHs] IEpeMEeHHbIX U3 Oydepa oOMeHa nonajaaet B noJje
Boipaxenue(uus) . OOpaTuTe BHUMaHHE HAa TO, YTO HA MPEIbIAYIEM PUCYHKE
HOEHCTBUTEJIBHO MOJIE BBOJA  Bblpaxkenue(Husi) HE MyCTOE U HH(pOpMALHS O IEPBOU
(pyHKLIMHU TaM UMEETCHI.

3aMeTHM MOMYyTHO, YTO (PU3UUECKHUH CMBICJ TApaMETPUIYECKON (PYHKLIHUH
COCTOMT B BU3yaJIM3allUM MPOLECCA EPEMENICHUS] CBETSIIENCS] TOUYKHU (J1yua) Mo
aKkpaHy ocuuuiorpada. Eciu yroja mMexay nojioKUTeIbHbIM HanpaBJeHHEM OCH 0X U
pagnyCc—BEKTOPOM TOYKH OOO3HAUUTh UEPES f, pACCTOSIHAE OT TOUKH 10 Hayala
KOOpJMHAT 0003HAUUTh uepe3 R, TO U3 popmyJi TEOMETPHH ClIeAyeT, uTo abcuucca u
OpJAHHATa 3TOM TOUKH paBHbI Xx=Rcos(f) u y=Rsin(f), cooTBeTcTBeHHO. Ecin ke
abciucca U OpauHaTa TOUKH U3MEHSIIOTCSI, HAalIPUMED, MO 3aKOHY x=c0s(?) U y=sin(¢)
B TO BpEMSI KaK YroJl ¢ U3MEHSIETCSI OT —IT 110 IT, TO B 9TO BpEMSI TOYKA COBEPLIAECT
MOJIHBIM 0OOPOT NPOTHB YaCOBOM CTPEJIKH U3 KpalHe JIEBOM TOUKH OKPYKHOCTH
€IMHUYHOrO paguyca B Ty K€ CaMylo TOUKY. Takue yCTOMUMBBIE KAPTHUHBI HA 9KPAHE
ocuuiiorpacda HaspiBaloTCs purypamu Jluccaxy.

®urypsi JInccaxy — 9TO 3aMKHYThIE TPAEKTOPHH, TIPOUEPUHBAEMbIE TOUKOH,
COBEpIIAKIIEHA OJHOBPEMEHHO ABAa FADMOHUYECKHUX KOJIeOaHHs B JBYX B3aHMHO
NEPHEHAUKYJISIPHBIX ~ HampaByieHusix. @urypel  Jluccaxy — BIOUCBIBAIOTCSI B
NPSIMOYTOJIbHUK, HEHTP KOTOPOTO COBMAJAET C HAUaJIOM KOOPJOUHAT, a CTOPOHBI
napaJijiesIbHbl OCSIM KOOPAHHAT U PACTIOJIOKEHBI M0 00€ CTOPOHBI OT HUX Ha
PACCTOSIHUSIX, PABHBIX aMIUIMTY JaM KoJiebanui. Bun ¢uryp Jlnccaxy 3aBUCHT OT
COOTHOILIEHHS MEXKIY NepUoAamMH (4acTOTaMH), (pazaMu H aMILTUTY 1aMHA 000UX
KoJsieOaHui. B ciyuae palMoHaabHOTO OTHOIIEHHST YaCTOT 9TUX KOJIeOaHUH
TPAeKTOPHH 3aMKHYTbl U IMEHHO OHM Ha3bIBalOTCs (purypamu Jluccaxy. Ha
cienymwomeM puc. 25 nee apyrue ¢purypsl Jluccaxy coememensl Makcumori Ha
OOHOM H TOM k€ rpadHke.

OTMeTHM eme pas, 4YToO PeJaKTUPOBAHUE TEKCTA KOMaH/bl, BbI3bIBAIOLICH
¢ynkuuo wxplot2d, ynobHee Bcero ocymecTBIsiTh yepe3 « MHOrocTpaHUUHbIH
BBOII» B OKHe BBoa wxMaxima u noJjib30BaTbcsi CBOMCTBOM Makcumbl 3aNIOMHHATD
UCIIOJIHEHHBIE €10 KOMaHpl. [le10 B TOM, UYTO NpHU HAOOpe IJIMHHOM KOMaHbl MOKHO
OLIMOUTBCS. Y 3HAB O XapaKTepe OIMOKHU U BbI3BAB MPEAbIAYIIHUA TEKCT (B KOTOPOM
UMeeTcs OIMOKa), HEOOXOAUMO OYAET TOJIbKO JIMIIb UCTIPABUTD IOMYIIEHHbIE
OIEYATKH.

YT10OBI "BCIOMHUTB" TEKCT UCIIOJTHEHHOH KOMaHAbl, HCTIOJIb3YHTE KJIABHILY
xiaBuatypsl "Ctpeska BBepx". UTOObBI 3alIOMHEHHBIN TEKCT MONal B OKHO Bgod
wxMaxima, CHayana ero HyKHO BBIIEJMTD (IEJYKOM MBIIIH) B rpadpuueCKON YacTH

uHTepdenca wxMaxima, a 3aTeM TYT K€ MEJKHYTh MBIIIbIO IO KHOIKE
«MHOTOCTPOYHBIH BBOI» UHTepderca wxMaxima. YToObI TEKCT paHee HCIIOJTHEHHON
komau bl nonaj B okHo BBOI, cinyxut knaBuma F5, a Takke nyHKT «Bbiaenenue

BO BBOJ» MeHI0 [IpaBka.
A
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Beoa wxMaxima

|wxplot2d([['parametric, cos (3*t), cos(2%t), [t, -%pi, %pi], [nticks,

30011, ["paramstric, cos(t), cos(2*t), [t, -%pi, %pi]l, [nticks,

300111, [=w,-2.5,2.5], [¥,-1.5,1.5], [gnuplot preamble, "set grid;"])%
[ 64 ] [ OTreHa ]

1.5

cos(3%t}, cos{2st) ——
cos{t), cos{2st) —

-2 =1 1] 1 2

Puc. 25. lIee purypsl Jlnccaxy Ha 0qHOM rpaduke

6.6. luckpeTHbiil rpadHuk

Maxima MOXeT HapucoBaTh rpadHuK Mo KOOPAUHATAM OTAEJIbHBIX TUCKPETHBIX
TOoueK. [ 9TOro ed Hy kKHbl 1Ba CITUCKA: OJWH — JIJIsI 3HAYEHUH abcuucc
OUCKPETHBIX TOYEK, BTOPOH — JIJIs1 3HAUEHUH OPJIMHAT 9THX TOYEK.

Hanpumep, cienyomue ABe napbl CIMCKOB KOOPAUHAT TOUEK MO3BOJISIIOT
HApUCOBATh IECTHYTOJIbHUK U MSTUKOHEUHYIO 3Be3ay (pHc. 26).

XX:[1;2;4;5;4;2;1:|$ U.U.:[—2.5,2.5,—2,0;2,—2.5]5
yy:[0,1.3,1.3,0,-1.3,-1.3,0]3 vvill, 1,-2.2,2.2,-2.2,113
wxplot2d ([dizcrete, xx, yy]) & wrplot2d([discrete, uu, vv]) 53
1.5 2.5
2
1
1.5
£ a5 i 1
-] -]
= T a8.5
: § 0.5
g 9.3 3 4
= -1.9
-2
-1.5 -2.5
1 1,5 2 25 3 35 4 45 5 -3 -2 -1 ] 1 2 3

Puc. 26. IllecTHyroipHUK M 3Be31a HAPHCOBAHBI 10 KOOPAWHATAM BEPIIHH
CoOTBETCTBYIOIME MACCUBBI 3HAUEHHH (KOOPAHHATHI X TOUEK, U KOOPAUHATHI y
TOUYEK) MOT'YT OBITh BBEJIEHBI U€pe3 BCIIOMOraTeibHble OKHa—(opMmbl I pagpux 2D n
Huckpemmuwlii epagpux (MOCAeAHEE BbI3BIBAETCS IMEJIUYKOM IO KHOIIKE [{OMOJHATENBHO ).

v A
<pﬁ>

v




Ha puc. 27 npeacrasien uatepdeic 1jst BBoga KOOpIUHAT Ynucest 11
MOJIyYeHH ST TUCKPETHOTro rpacduKa B BUJIE MSITHKOHEUHOM 3BE3/Ibl, MPUBEJECHHON Ha
puc. 27.

%
I'pagpur 2D
Beipaskere(rna):
MepereHHan: | x -3 K |3 [ucKpe THbiH [papHE
Mepeverviam | ¥ |w:|-2.5  |w|2.5 Huckpemmuvitl epaghur

Yucno Tover: | 10

4

x= |[-2.5,2.5,-2,0,2,-2.5
PopMaT: | BECTPOEHHEIA w y= |1,1,-2.2,2.2,-2.2,1

Qe

[ Ok ] [ OTMEHS

BIBECTH rpacHk B dain: =

l 214 I [ CITMEHA ]

Puc. 27. UnTepdeiic BBOga KOOpAUHAT TOUEK AJIsl AUCKPETHOTO rpaduka

MaccuBbl  uyMcesn, eciad Heobxogumo, Maxima MOXET TI'€HepUpOBaThb
aBToMaTtuuecku. st aTon uenn B Maxima umeetcs pynkuus makelist(expr, i, i_0,
i_1); resepupylomas CMCOK 3HaYEHHH, 111 KOTOPOTO expr — 9TO BBIYMCIISIEMOE
BBIpaXKEHHE, 3aBUCSILIEE OT NIEPEMEHHOM I, MPUHUMAaOLIEeH 3Hauenus1 ot i_0, mo i_1.

B cienyomem npumepe (puc. 27) MacCHB YHCEN [1,2,..,15] CO3[1aH
aBTOMaTHuecku (pyHkuuer makelist(x,x,1,15) (rae B kauecTBe BbIpaKeHHS B3sTa
BEJIMUMHA X). DTOT MAaCCHUB JlaJiee UCIOJIb3YeTCsl B KAUECTBE KOOPAUHAT X TOUEK,
MaccuB data 3HaU€HUH KOOPIAUHAT Y TOUEK TaKXke MOJIyueH aBTOMaTHUYECKH, HO KaK
MaCCHB CJIyYalHbIX UHCEJI, C 9TOH LEJIbI0 UCTIOIb30Batach (PyHKIMs random(x);

(%1171 data:makelist (random (5*x), =, 1, 15 ;
(¢017) f1,5,4,7,2,28,18,20,21,22,41,16,7, 14,56 ]

(%118) wxpletZ2d([discrete, makelist (x,x,1,15),datal) s

68

58
40 |
(18] 38

28

discrete data

18

a 2 4 6 i 18 12 14 16

Puc. 28. JIucKpeTHbIN TpapuK KOOPAHUHAT CJIyYalHBIX YHCEIT



B crenyomem npumepe Mbl NOCTYIHIIM HA0OOPOT: aOCUUCCHI TOUEK rpaduka
paccunTanu ¢ nomompblo  ¢yHkoun  makelist();, a aOcHMcChl  OCTaBWUJIU
HEPaCCUUTAHHBIMH, HO ONHUCAJIH (PYHKIHIO f{X), KOTOpast OyAeT pacCUMTHIBATD 9TH
3HAUCHHSI.

(%id) x:makelist(z.z.-2.6);
(%04) [-2.-1.0,1,2.,3.,4,5,61
(315) Flx):=x"3/6-x"2:

3
(%05) f'(x) ::%— x2

[To paccunTaHHBIM KOOpAUHATAM OBLII MOCTPOEH JUCKPETHBIN rpaduk, Ha
KOTOPOM HaHECEHA CEeTKa, a TOUKH HE COeIUHEHbI IMHHEH.

Komanga mosryuninack Takod: wxplot2d([discrete, x, f(x)], [gnuplot_preamble, "set
grid;"], [style, points])$

wxplot2d{ldiscrete. x fi{x31,
Cgnuplot_preamble, "set grid:"1.[style. pointsl1)%
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Puc. 29. [TuckpeTHbIf rpapyK, TOUKH HE COEJUHEHDI IMHUSIMHU

Ha puc. 30 coBmemens! ABa napaMETPUYECKHUX I'paduKa U TPU JTUCKPETHBIX
rpaduka. ['paduku HaprCOBaHbI AJIs1 TOTO, YTOOBI MOSICHUTh T€OMETPUUECKHH CMBICTT
napaMmeTpa rnapaMeTpHuecKon (pyHKIHMH KaK BEJIMYUHBI MIOJISIPHOTO YrJa.

[epBbiit rpadpuk — 9TO MapameTpHUecKast OKPYKHOCTh € AMHUUHOTO paauyca:
x=cos(?), y=sin(f), mapamMeTp?  KOTOpOH (OH K€ Yroj B MOJSIPHOH CUCTEME
KOOPJAHWHAT) U3MEHSIETCS OT — 0 no O, nsreiit — discreteS — rpacpuk: [discrete,
[[.707,.707]]],[style, points] — 9T0 oTAeAbHAS "CBETSIMASCS" TOUKA C KOOPAUHATAMH
(T j, B 9Ty "CBETALIYIOCS" TOUKY HampaJieH paauyc—BekTop discrete4 (oH ke
TMIIOTEHY3a MPSIMOYTOJIbHOTO TPEYTroJIbHUKA, MPH HEH JIBa KaTeTa) — MOMeueH Kak
yetBepThii rpaduk — [discrete, [[0,0],[.707,0],[.707,.707],[0,0]]], BenuuuHa
MOJISIPHOTO YTJjla Ha PUCYHKE MOKa3aHa [Jisi TUIMOTEHY3bI (T. €. paIniyC—BEKTOpa) C
MOMOIIBIO TApAMETPHUUYECKOR Ayru:  x=cos(?)/2, y=sin(?)/2, njast KOTOPOH yro t
napaMmeTpuuecku usmensietcst ot 0 no II/4 — BTopoii rpaduk, Ha KOHIE 1yT'H UMeeTCst

cTpeJika (TpeyrojbHHK), KOTOpyio peanusyeT discrete3 — Tpetuit rpacuk [discrete,
[[.35,.35],[.36,.31],[.4,.34],[.35,.35]]1.



Beog wxMaxima
iwxplotZd([[parametric, cozi{tl, =init), [t, —-%pi, %pil, [nticks, 300]],
[parametric, cos (L) /2, =init)/2, [t, 0, %pif4], [nticks, 300]]1, [discrete,
[[.35%,.35],[.36,.31],[.4,.34],[.35,.35]11, I[discrete, [[0,0],[.707,0],
[.707,.707],[0,0111, [discrete, [[.707,.707111, [style, point=]], [x,-2.5,2.5],
[v,-1.5,1.5]1, [gnuplot_preamble, "set grid:"])5
[ 8] 4 ][ OTmMeEHa ]
1.5 cos{t}, sin{t}) ——
cos{t}/2, sin{t}/2 ——
1 discretes3 ———
discreted ———
8.5 iscreted ———
B .
-8.5
-1
=-1.5
-2 -1 a 1 2
H

Puc. 30. I'pacpuku, nosicHsIIOIME CMBIC] TapamMeTpa ¢ apaMeTPUUECKON (PYHKIIUH

6.7. I'pacpuku B 0JISIPHOH CHCTEME KOOPIHHAT

Ecau ucnosib30Bath IB€ OKPYKHOCTH C OJUHAKOBBIMH PaJIMyCaMH U BpaliaTh
OJHY BOKPYT apyro# (puc. 31), To nmonyuurtcs kapduouda (rped. Kapava — cepale) —
MO0 MHEHHIO MAaTEMATHUKOB, MOJyyaemasi KpuBasi OTJAJI€HHO HATIOMHHAET CEpALe
(puc. 32).

Cardinida

Puc. 31. Kapauonny pucyer BblejeHHas Puc. 32. I'pacpux kapauonsl B MOJISIPHOM
TOUKa OKPYKHOCTH JBHXKYIIEHCS 1O CHCTEME KOOPAHHAT
APYrod OKPYKHOCTH

B nipsiMoyrosibHOH IeKapTOBOM CHCTEME KOOPJIHWHAT ypaBHEHHE KapIHOUIbl HMEET
CIIOXKHBIH BHA (x >+ y* — ax)’ = a’(x* + y*). Ho B monsipHO¥M cUCTEME KOOPIHHAT
(x = pcos(t), y = psin(t)) ypaBHEHHE KapAHOUIbl UMEET MPOCTON BUI P = a + a cos(?),

A
(505

v



r7ie 0 — pacCTOSIHUE OT TOUKH KPUBOH 0 Hayaia KOOPJAHUHAT, {— MOJISIPHBIA YTO, a —
AUaMETP OKPYKHOCTH.

Komanga s pucoBanus rpaguka nojiyyaeTcsi JOCTaTOYHO CJIOKHOM, MOITOMY
Mbl IPUBOAUM €€ OTAEJBbHO (pHUC. 33).

load(drawjSdraWZd(user_preamble = "get grid polar”,
nticks = 200, =range = [-5,5], wrange =[-5,5],
bolor = red, line width = 3, title = "Cardicida”,

polar{2* (l4+cos (theta) ), theta, 0, 2%%pi) ) 5

[ Ik, ] [ OTMEHS ]

Puc. 33. Komangpl 011 Maxima, 0711 BBIBOJA KapAHUOUIbI B TIOJISIPHOU CHCTEME
KOOPIHHAT

OtmeTHnMm, uTo B Maxima rpaguku B NOJISIPHOM CUCTEME KOOPAUHAT PUCYET
¢ynkuus draw2d(); HO, pexk e YeM MOJb30BATHCS 9TOH (PYHKUHEH, HYKHO
nonpocutb Maxima JOMNOJHUTEIbHO 3arpy3uTh 9STOT MOIYJb ONEPaTOPOM
load(draw).

HenocpenctBeHHO nocTpoeHrneM rpacduka sanumaetcs pyHkuus polar(p,theta,
theta_0, theta_M). ®ynkuus draw2d(); ucrosnb3yeT 3Ty PpyHKIHIO (CM. pUC. 32).

7. TpexmepHblie rpacduku

MHorue TpexMepHble rpapuKy MOTYT ObITh MOCTPOEHBI ECTECTBEHHBIM 00Pa3oM
B ITPUBBIYHOM MIPSIMOYTOJIBHOM AEKAPTOBOH CHCTEME KOOPIUHAT, KaK MOBEPXHOCTh

BUIA 7 = f(x,y) (puc. 33-37).
x Gnuplot = 1al=]

Function —

view: J7.0000, 79,0000  scales 1,00000, 1,00000

plot3d([x.y.sqrt(l-x"2-y"2)1, [x.-1.2.1.21, [y.-1.2.1.21};
2 2

Puc. 34. I'papuk pyskuuu 2z ==*cC XY (amMncounn)

a’* b?

Jumanconn. KaHoHnueckoe ypaBHEHHE 9JUTMIICOMAA B JEKAPTOBOH CHCTEME
KOOpPJIMHAT UMEET BH/]I



2 2 2 2 2
%+#+%=1 OTKyJla HAXOUM 2 ==+C %—#

[TockobKY MOCTPOCHHE HECKOJBKUX MOBEPXHOCTEH HA OJTHOM Tpadpuke
MaxkxcuMa He IPaKTHKYET, a (PyHKIMS TOJKHA OBITh OHO3HAYHOH, MBI MOKEM
MOCTPOUTH TOJIBKO BEPXHIOI YacTh dJutHriconaa z>0 UM ero HUxHo Jacth z<0.

OTMeTHM, UTO B JAHHOM KOHKPETHOM CJIydae TMOJyOCH SJUTMIICOM A COBNAAIOT,
U (paKTHUECKH HAPHUCOBAHA BEPXHSISl YaCTh Cpepbl, HO €CJIU MBI IONBITAEMCSI B3STh
ApyTHe YUCJIEHHbIC 3HAUCHH S [JIs1 TIOJyOCeH a, b, ¢, Bce paBHO rpaduK BH3yaJbHO
OKaKEeTCsI TAKUM Ke, TOTOMY uTO Makcruma BbIOepeT Mo OCsIM KOOPIHHAT APYron
mMacmTal ¥ pa3inyue OKaxeTcs He3aMETHbBIM.

Kpome Toro otmeTnm, uto okHo Gnuplot, cogepxamee rpadHk, Jerko
MacmTaOupyeTcss MW €ro MOXKHO cJenarb JoOOH IMUPUHBI M BBICOTHI, a
H300paKeHHYI0 MOBEPXHOCTh MOKHO TTOBOPAUUBATD U PA3rJISIABIBATD U C JIDOOTO
OOKa, U CBEpXY, U CHHU3Y.

OaHonosiocTHBIN runepooiony.. KaHoHnueckoe ypaBHEHHE OAHOMOJIOCTHOTO
runepOo0JIonia B JEKapTOBOU CHCTeMe KOOPAUHAT UMEET BHJ

X 2 y 2 2 3

2
To4d-—Lo=1 orgymacnenyer z=+C ~p+L—1
a> b?: c? ya ny 27}z

I'pacpuk HUKHER yacTu Ayist <0 OAHOMOJIOCTHOTO rUNepOO0JIONAa MPUBEIEH HA
puc. 35. BepxHsis yacTp NpeacTaBisieT COOOH 3epKajibHOE OTPAKEHHE HAPHCOBAHHON
YaCTH OTHOCHUTEJIBHO TOPU3OHTAJIbHON MIIOCKOCTH =0 (HEUTO BPOAE BOPOHKH C
OTBEPCTHEM).

i x Gnuplot | __ EI ;t_

Function —

I g% )

=

1
et L L S O |

views 72,0000, 36,0000  scale: 1,00000, 1,00000
plot3d{[x.y.-sqrt{x™2+y"2-1)1, [x.-7.71., Ly.-7.71):

2
Puc. 35. I'pa¢puk pyskimm 2z =—C JX 5 +#— 1 (omHOMONOCTHBIN rUNEPOOJION )

JBynonocTHbIf runep0osiony.. KaHoHnueckoe ypaBHEHHE ABYMOJOCTHOTO

FHHCP6OJ'IOI/I)I& B ,HeKapTOBOﬁ CUCTEMC KOOPOHUHAT HMCCT BH ]
2 2 2 2

X A% Z _ X vy 1

—2———?—1 OTKYAd MIOTyYaeM  Z =C N 3= 3




I'pacpuk HMKHEHR yacTH <0 IBYMOJIOCTHOrO runepOooMaa NpUBEIEH Ha pHUC. 33.

JIBe He CBsI3aHHBIE OT/IEJIbHBIE MOJIOCTH THNePOOJION A PACTIONOKEHBI ClIEBaA U

CIpaBa OTHOCHTEJIbHO CepeUHbl PUCYHKA. UTOObI MPeICTaBUTh KaK BBITJISIST
MOJIOCTH HYKHO HA HAPHUCOBAHHYIO YaCTh MBICJIEHHO MOJIOKUTh CBEPXY €€

OTpaX€HHE  OTHOCHUTEJIbHO TOPH3OHTAJIBHOH  TUIOCKOCTH B  BEPTHKAJIBHOM
HaIpaBJIeHUH — TOUHO TaKYyIo K€, BEPXHIOI 4acTh (1u1s1 7>0) ABYMOJOCTHOTO
rurnepoosIoua.

i x Gnuplot T

Funct.ion —

o -

wisnws G2,0000, 11,0000  scales 1,00000, 100000
plot3d([x,y.-sqrt(x"2-y™2-1)1, [x,-5.51. [y.-5.51);
2

Puc. 36. I'papuk pyskupu 2z =—C X 2 —# —1 (mBYNOJOCTHBIN rUNepoOOIOn )

DnaunTHYeCKHH napadonou rnpuBeaeH Ha puc. 37.

x Gnuplot _ ToTl
[e you2ea] —

200
150
100
a0
]

wiswi 72,0000, 25,0000  scaled 1,00000, 1,00000
plot3d{lx.y.x"2+y"21, [x.-10.101, [y.-10.101):

2 2
X
Puc. 37. I'papuk pynkuun 2Z =+C (?4' %) (auMOTHYECKUH NapaboJion)

Ceuenue napaboJjiona ropu30HTAIBHOM MIIOCKOCTBIO MPECTABIISIET COOOM
9JUIMIIC, a CEYEHHE BEPTUKAIbHOM MIOCKOCTHIO — Mapaboy.

I'unepOonnyeckniit napadonoua npuseaeH Ha puc. 38. [ToBepxHOCTh UMeET
BUJ «CelJia» — MPEeKPaCHYI0 WUTIOCTPALMIO OTCYTCTBHS JIOKAJIbHOTO 9KCTPEMYMa.

OtmeTumM, uTO B BbI30Be (pyHKIMH plot3d() B paCCMOTPEHHBIX CJIyUyasiX Mbl
UCTOJIb30BAJIM CITUCOK BUAA [X,y,Z(X,y)], HO pyHKums plot3d() monmyckaet u 6osee
IIPOCTOM  BBI3OB  BHJA p10t3d(BblpaK<eHHe, [mepemennasil, Hauaso, KoHen],

>V
&)



[mepemMeHHas2, Hauaao, KOHEN]); €CJIM BbIPAKEHUE B SIBHOM BUAE 3aBUCHUT OT
nepeMeHHoil U nepemeHHOW2. B 9TOM citydae ya00HO MOJIb30BAThCS TaKKe
KHOMKOM I'pacpuk 3D... WIH MYHKTOM MeHIO ['paduku | 'paduk 3D.
¢ Gnuplot s |
[x.y,x"2-y2] —
100
50

100 ¢
50 F

55 |
=100 F

g0

wiews 47,0000, 22,0000  scale: 1,00000, 1,00000
plot3d{lx.y.x"2-y"21, [x.-10.101, [y.-10.101):
2 2
X

Puc. 38. I'pacpuk pynkuun 2Z =+C (?—F) (runepOoMueckui mapabosoun)

7.1. TpexmMepHbIe NapaMeTPHYECKHe rPapuKH

Ecyii KoopAauHATHI X, y, 7 3aBUCAT OT NApaMeTpoB u, v. (x =X(u,v), y =Y(u,v),
7 =Z(u,v)), TO B BbI30Be (pyHKIHHU plot3d() HyKHO UCHOJIL30BATH TOJBKO CIIMCKH BUIIA
plot3d([Beipaxkenuel, BbipakeHue?2, Boipaxkenue3], [mepemMenHasil, Hauasno, KoHell],
[mepeMeHHass2, Hauajgo, KOHel]), TJ€ BbIpaXEHUS MPEACTaBIsSIIOT  COOOH
yHOPSIAOUEHHBIE 3aBUCUMOCTH X(u,v), Y(u,v), Z(u,v).

x Grluplult' = 'D:'}?

[cos(t),sin(t) v] —

wieu; E7,0000, 57,0000  scalet 1,00000, 1,00000
plot3d{[cos(t).sin(t).¥]1. [t.-Zpi.Zpil. [v.0.101);

Puc. 39. [TapameTpHuyecKuil KpyroBoH LHJIMHIP

[IpocTenmen napaMmeTpUIECKOH MOBEPXHOCTBIO MOCJIE MJIOCKOCTH SIBJISIETCS
KPYrOBOH IUJHUHAP BAOJIb OCH Z. OIHAKO, €CJIH MbI MIONMPOOYeT 3anrcaTh BbI30B
¢yskuru plot3d() «CIAUMKOM HpOCT%> B BH]IC. plot3d([sin(t),cos(t),z],

N7
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[t,-%pi,%pil,[z,-1.2,1.2]);, TO BMecTO HHIHHIApPAa Makcuma HapucyeT
NPOCTPAHCTBEHHYIO OKPYKHOCTD, a MEPEMEHHYIO Z U3MEHSITh OT -1.2 no 1.2 ne
oyner.

«O0OMaHyTb» MaKkcuMy B JaHHOM CJly4yae HeTPYIHO, JOCTaTOUHO BMECTO
CTaHJAPTHOM JI€KapTOBOM MEPEMEHHOM Z BBECTH JIIOOYIO APYTYI0 epeMeHHY0. XOTs
OHA HaM KaK TaKoBasl U HE HY>KHA B IAHHOM CJTyyae, HO Mbl BbIHY K J€HbI MOAAEPKATh
CTaHAAPT 3alUCH CMHUCKA U3 TPEX BbIpaxkeHuH (puc. 38).

Hanunuue puKTHBHON NEepeMeHHOH MO3BOJISIET HAPUCOBATD MPOCTPAHCTBEHHYIO
KpHBY10. YTOOBI BUHTOBAS JIMHUS Ha rpaduke (puc. 39) noiayuunach JOCTaTOUHO
rJ1aaKoH, Obuia nobasnaena onuus [grid, 150,150], koTopas ucnosb3oBatach paHee
1J1s1 PUCOBAHUSI CETKH.

x Gnuplot [l
[zinlp).cosip).3*p] —

30
20
10
0
—10
=20
=30

views B0,0000, 30,0000  scales 1,00000, 1,00000
plot3d(Lsin{p).cos(p).3%pl, L[p.-3*Lpi.3=Apil,
[u.0.11.Lgrid.150.1501) ;

Puc. 40. IIpocTpancTBeHHAsI KpUBasi

OTMeTHM, UTO HAPUCOBATh KPACHUBBIA MPOCTPAHCTBEHHBIN I'pachuK HE BCeraa
NpOCTO, AaKe €CJIM UCTI0JIb30BaTh JOMOJHUTEbHbIE ONIUH (puUc. 41).

(%il14) wxplot3d(Lcos(th)#sin(ph).sin{th)#sin{ph).cos{(ph)]1.
Cth.0.2%%pil. [ph.-%pi/s2.%pis2].
Lgnuplot_preamble., “set mapping spherical™1)%

Function

[t =]

(%tl14 H

[ EEIL]

L1l

o= i )

I
L1111
BEERE R h
[ o ]

Puc. 41. PucyHok ccpeﬁgl BO BCTPOEHHOM (popmare
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PucyHok cepol Ha prc. 41 Bo BCTpoeHHOM (popMate MaoXo OTOXKAECTBISETCS CO
cepoit, XOTs €CIM CMOTPETH MO MAcIITa0y CETKH BIOJIb OCEH rpapUKOB, HATUUHIO
onuuM "set mapping spherical” 910 goykHO OBITH cpepoit. Kpome Toro zametum, 4to
BO BCTpOeHHOM popmate pyHkuus wxplot3d() pe3ysbTat BBIBOOUT HE B OTIAEJbHOE
OKHO, a B 00bIUHOE Ipachuueckoe OKHO HHTepderica wxMaxima, 4To He MO3BOJISIET
NIOBOpPAYMBaTh IpayK U pacCCMATPHUBATh €r0 C PA3HBIX CTOPOH..

3aMeTHM TaKke, 4TO KpoMe caMoH nporpammel Maxima u ee MogyJig openmath
Ha KOMITbIOTEPE IOJKEH OBITh YCTAHOBJIEH TaK:Ke rpapuuecKuil HHTepderc
xMaxima. Tak, Hanpumep, Py OTCYTCTBUH I'pacHueckoro uaTepderca xMaxima
PHUCYHOK 9TOH ke camou cpepbl OyIeT BbIBEIEH B OTIEJIbHOE OKHO (KaK U B CIyuae
HenapameTpuueckux rpapukoB - okHO Gnuplot) U MOkeT MacmTabUPOBATHCS U
paccMaTpHUBATBLCS C pa3HbIX TOUEK 3PEHHUsI, HO He ObITh cpepoit (puc. 42).

X

x Gnuplot

coocooooocooo .|:||
el

A e
Fa BT R Y B B

view; 18,0000, 209,000  scale; 1,00000. 1,00000
plot3d(Lcos(th)*sin{ph).sin(th)*sin(ph).cos(ph)1, [th,0 . 2*¥pil,
[ph.-2pis2.,2pis2]1.[gnuplot_preamble. "set mapping spherical1)%

Puc. 42. Pucynok cdepsl B okHe Gnuplot

[Ipy HamMUMM  YCTAHOBJEHHOTO rpadguueckoro uHTepderca xMaxima
napameTpuyeckue rpagpuku MoryT ObITh BbiBeJeHbl B OkHO 3D rpaduku Buibsima
[lentepa, umeromero ceoe coocTBeHHOe MeHIo (puc. 43). Ha puc. 43 kpome
HEMOCPENCTBEHHO PUCYHKa cpephl 1) MpeacTaByieH Takke TEKCT BbI30Ba (PYHKIIUU
plot3d() - 2), B koTopoM npucyTcTByeT onuus [plot_format, openmath].

H{ Oxuo 3D rpaduxn Baneana LWenrepa

3EKDHTB I HecTpoikKe | NMepepPACDERTE

‘n Beon wxMaxima o x!
plot3d{[cos{th)¥sin{ph}, sin{th}¥sin{ph}, cos{ph}],

[ph, 0,2%%pil, [th,-%pi/2,%pi/2], [plot_format,openmath],

[grid,30,30], [gnuplot_preamble, “set mapping spherical"]}$|

OTMEHUTE Vv 0K

2)

V1)
Puc. 43. PucyHnok cdepsl B okae Bunbsima Illentepa

o
15

v



OxkHxo 3D rpacuku Bunbsma Illentepa no3BosisieT He TOJIbKO U3MEHSITh pPa3MepPhbl
CaMOro OKHa, HO ¥ MEPEABUTaTh PUCYHOK IO OKHY (IPH HA)XaTOW MPAaBOH KHOIIKE
MBIIIH ), MAaCIITAOUPOBATh PUCYHOK (IETUKOM MBILIH YBEJIHUUUBATh pasMmep, a
IEJTYKOM MBILIH [TPH HAKATOW KHOIIKE Shift - yMeHpIIATh pa3Mepbl pUCYHKA),
BpalaTh PUCYHOK U U3MEHSITh €ro HaCTPOUKHU. Eciin nociie 9THX MaHUMyJISIUMH
"IlepepucoBartp" rpaduk, MOJYUUTCS OUEHb CUMITATHYHO.

Ha cnenyomem pucyHnke (puc. 44) npeactasieH rpadpuk OJJHOCTOPOHHEN
MOBEPXHOCTH - JUCT MéEbuyca,

X Oxno 30 rpadnkn Bunesna Wenrepa u Beon wxMaxima -E‘ ";

3expuTe | HRCTPOAKE I 115pep:-_.pl,,tgd{[c.,s{t}xww*cos(t/z)),sin(t)*{swxoas(tfz}).

| vksin{t/2)], [t,-Hpi.#pil, [v,-.5,.5],
[plot_format,opermath], [grid,40,15],
[ghuplot_preamble, "set mapping spherical"]}$

OTMmeHNTSE . V¥ oK

2)

1)

Azimuthi 41,00, Elevationd 39,00

Puc. 44. O 1HOCTOPOHHSISI MOBEPXHOCTH, JIUCT MEOHyca

W IpHUBeAeH TeKCT Bbi3oBa (pyHKIMHU plot3d(), koTopas BeIBOOUT rpaduk B OkHo 3D
rpadpuku Bunbsima Hlentepa.

8. Penienue ypaBHeHHu#

Y paBHEHUsI U CUCTEMbl ypaBHEHHUH pemaTcst B Maxima OTHON U TOU ke
¢ynkuuenn solve. Uatepdeiic  wxMaxima nO3BOJSIET YIPOCTUTh OPOUENYPY
UCIOJIb30BaHUS (PyHKIMH solve: Mocje HaKaTHs Ha KHONIKY PewnTb. .. MOSIBUTCS
JOOTOJHUTEIbHOE OKHO Peutums, B KOTOPOM KOHKPETH3UPYETCsI U BUJI YPaBHEHU S, U
UMsI IEPEeMEHHOMN, OTHOCHUTEJIbHO KOTOPOH HYKHO PEIIUTh ypaBHEHHE (puC. 45).

|| 8E wxMaxima 0.7.1[ He coxpaHeHo ]

@alin MNpaeka Maxima YpaBHeHws Anrebpa Adannz YnpocTWTe [padvkn  YWcheHHble BeIMWMCAEHWA  ChpaBk:

R DOIQ B

Pewiums

PelunTe ypaeHeHna(Hua): [ (x+1) / (x~2+1) =x~2/ (x+2)] ]

477 NepemeHHoi(HeR): | x i

iOTMeHMTbI ’ W oK l

BBOM: |

Il YNpocTWTh iYHDOCTMTb (pau.)l DaKTOPW30BaTh l PaCKPLITE l PELINTE... I rpadmk 2D.., |

!YI‘IpOCTU‘ITh (prr)l PackpelTe (Tpwr) i MpwsecTu (Tpur) | CT. thopma i PewnTs OOV, l Ipachuk 3D... i

|,£|,06p0 nomanoeaTse B wrkMaxima |I'0TUBa K BBOLOY

Puc. 45. Untepdeiic wxMaxima nis pemieHust ypaBHEHHs

v A
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Bripouewm, untepderic wxMaxima  MOX)HO HE UCMOJb30BaTh, MOXKHO MTPOCTO
HanucaTh KoManny st Maxcumst Buaa solve([(x+1)/(x"2+1)=x"2/(x+2)], [X]);

Ho npex e ueM paccMOTpeTb pe3yJibTaThl pellieHusl MoApoOHee, HYKHO CKa3aTh
napy CJIOB O CIIMCKaXx, UK BEKTOpax, B Maxima; NOCKOJbKY HMEHHO B BUJIE CIIMCKOB
solve BO3BpalaeT KOPHHU, 1a U MPUHUMAET NapaMeTphl B CJIyUyae PEHICHUS] CHCTEMBI
YPABHEHHUH, & HE OJJHOTO YPABHEHHSI.

CuHTtakcuc cnuckoB B Maxima IPOCT; 9TO MEPEUUCIIEHUE SJIEMEHTOB B
KBaJI[pAaTHBIX CKOOKax: [3nemMeHTl, 3nemMeHT2 ,.., 3neMeHTN] . OcobeHHOCTb —
He B cUHTakcuce. OCHOBHOE TOCTOMHCTBO CIIUCKOB Maxima B TOM, UTO UX

9JIEMEHTAMH MOTYT OBITh  COBEPIIEHHO  JIIOOBIE  BBIPAXKEHHUS:  CHMBOJIBI,
aprupMeTHUYECKHE BbIPAKEHHUSI, BBI3OBBI (DYHKIUM, IPUCBOEHUS, YPABHEHUSI, IPyTHE
CITUCKH. .. [109TOMY CITUCKH U BO BCTPOEHHBIX (PYHKIHUSIX IIHPOKO MPUMEHSIIOTCSI.

OyHKIUS solve B CBOEM MPOCTEHIIEM BAPUAHTE, IJIsI PEMICHHUST OJUHOYHOTO
ypPaBHEHHS, B KAUECTBE apPr'yMEHTOB HUKAKHX CITUCKOB HE MPUHUMAET (a TPUHUMAET
OO0 ypaBHEHHE W CUMBOJI, OTHOCHTEJIBHO KOTOPOT'O €ro HaJo peniaTh, JIH0O TOJBKO
YPaBHEHHUE, €CJIH CHMBOJI B HEM BCEr'O OJIMH). A BO3BpPALIAE€T CIIUCOK, COCTOSILIUM U3
BCEX KOPHEW 3aJaHHOTO ypaBHEHUs. B paccMaTpuBaeMoM cilyyae mojydaem

%11) eq:(x:l)/{x72+]1)=x"2/{%+2];

(%01) x+1 x2
--,5(:. J =
xZ+1 Xt2

%12) solve(eq);

I a5

A7+ 1 A7 -1
'7;){:7}

(%02) [ x=- X
’ : 2 2

2
3aecp Mbl CHayaJIa 3anucaiy ypaBHeHHe (komanga %il). Ilorom nmonpocuiu
PEUIUTh €ro ¢ MoMomplo PyHKIUHA solve (komaHga %i2).

Kak BUIHO U3 MOJTYyUEHHOT'O peleHHus1, (PyHKIHsI solve Hamuia He TOJBKO
HNEHCTBUTEJIbHBIE KOPHHU, HO U BCE KOMIUJIEKCHbIE KOPHH YPABHEHHS U 3aMHCaNIa UX B
BU/JIE CTIUCKA U3 UETBIPEX DJIEMEHTOB.

K KOHKpETHOMY 5JIEMEHTY MOJYUYEHHOT'O CIIUCKA MOKHO OOPaTUThCS C
MOMOIIBIO T€X ke KBaJpPaTHBIX CKOOOK, YKa3aB B HUX HOMEP 3JIEeMEHTa MocJie UMEHH
crucka. BoT Tak, Haripumep, Mbl MOKEM OCYLIECTBUTD MTPOBEPKY pelICHHS,
MOJACTABUB MEPBbI KOPEHb U3 BbIJAHHOT'O CIIMCKA B UCXOJIHOE YPAaBHEHHE.

(%13) eq,%[1];
A

(%03) =




31ech B paBEHCTBO (€q), MEpPeJaHHOE B KAUECTBE JOMOJHUTEIBHOTO TapaMeTpa
(pyHKIMH ev, TOACTABISIETCS 3HAaUEHHE IEPEMEHHOM, YKa3aHHOH B nocieaneM (%)
pesyibTaTte (%02) B CIIUCKE MO HOMEPOM OAHH. TOUHO TaKUM ke 00pa3oM MOKHO
00paTUTBCS KO BTOPOMY, TPETbEMY U UETBEPTOMY 3JIEMEHTY CHHCKA:

%15) eq,%02[2],ratsimp;eq,%c2[3],ratsimp;eq,%02[4], ratsimp;

3 N5+ 3 A5+3
%05) =

A5 +5 4/5+5
(RoB) - L= = I

(%07) -1=-1

Boo0iie roBopsi, B KauecTBe MepBOro apryMeHTa (pyHKIUU solve MOXHO
3a7aBaTh HE TOJILKO YpaBHEHHE, a BOOOIIE 000e BbipakeHHe. [Ipu 9ToM «KopHH
BBIPAKEHHUSI» (HE SBJISIOLIETOCS] yPABHEHHEM) HILYTCSI B TOM CAMOM CMBICJIE, B KAKOM
9Ta (ppasa NOHUMAETCS B MATEMAaTHKE: KOPHU BBIPAXKEHUS — 3TO T€ 3HAUEHUSI
NEPEMEHHOM, Ha KOTOPBIX BbIpaXkeHUE 0OpaIaeTcsi B HOJIb. BO3MOKHOCTb TaKOM
3aMMCH MO3BOJISIET, K TMpPHUMEpPY, JIErKO HaWTH KPUTHUECKHE TOUKH JI000H
HenpepbIBHON (pyHKIMH (2 3204HO U BBIUMUCIIUTD 3HAUEHHS (PYHKIHH B 9THX TOUKaX).

8.1. ITonck sxkcTpemyma

B cnenyoomem npumepe Mbl CHaYasla KOHKPETH3HPOBAJIH BUJ (DYyHKIMH
(komanna %il), 3atem nonpocunu Makcu.my peliuTh YpaBHEHHE, YKa3aB B KAUECTBE
aprymenTa ¢pyHkuud solve Beipaxkenue Buaa (diff(f, x)), koropoe npeacTtapisiet
c0o00H MPOU3BOHYI0 (DYHKIIMH f IO IEPEMEHHOH X.

B xauectBe pemenus (%02) ypaBHenus f '(x) = 0 (pyHkMs solve BbiBENa
CITUCOK M3 IBYX 3HaueHud [ x = -2, x = 0 J. Komanga (%i3) ucnosib3oBaHa JiJisi TOro,
YTOOBI BBIYUCJIUTD 3HaUCHHE (PYHKIIMU B KPUTHUECKHUX TOUKAX.

(N11) T 0ls-w 2100 vus™ )
& x2 o e i |
(%01) S —
b e A
(%12) solve(diff(f,x});
%02) [x=-2,x=01]

(%13) f,%[1];f,%th(2) [2];

(%03) -

(%04) 1

B aTom nmpumepe ecTh eme aBa BakHbIX MOMEHTA. [lepBbiii — (pyHKIus  %th().
OHa, Kak BUJIHO U3 KOHTEKCTA, BbI3BIBACTCS KaK  %th(n) W BO3BpamaeT n-10 SUECHKY
BbIBOJA. E0 y100HO MOJIb30BaThCS, TAK Ke KaK H 0003HAYEHHAMH % M, UTOOBI HE
oOpamaTh BHUMaHHSI Ha HOMepa siTueeKk pe3yJibTaTa, i KpoMe TOro, IpUMEHHUMO B
KOMaHHBIX (paisax Maxima, KOTOpble MOTYT 3arpysKaTbCsl, B TOM UHCJIE MTPSIMO U3
UHTEPAKTUBHOM CECCHUH (C MOMOIIBI0 (PYHKIHH load). U BTOpOort MOMEHT: 31€Ch

v Ay
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NPOUJUTIOCTPHPOBAHO, YTO B Maxima onepanusi HHIEKCUPOBAHUSI CITUCKA TOCTYIHA
HE TOJIbKO MO OTHOLIEHHUIO K IMEHAM MEPEMEHHBIX, HO H K BbI30BaM (PyHKIIHH;
HUHBIMH CJIOBaMH, €CJIM (DYHKLHMSI BO3BPAIIAET CIIMCOK 3HAUEHHH, Mbl MOKEM BbIOpaTh
OJIHO KOHKPETHOE U3 HUX, HAIHUCAB €ro HOMEP B KBaPaTHbIX CKOOKax MpsiMO MOcJe
BBI30Ba (DYHKIUH.

8.2. Pemienune cucreM ypaBHeHH

[Tormpocum Maxima pemdTb CHCTEMY U3 IBYX YPaBHEHHH: MMyCTh TpeOyeTcs
HaHWTH TOYKH MEPECEUYEHHs] OKPKHOCTH X~ + y* =2 U npsAMOH x + y =1.

Jlns1 3anucu kKomanabl 4ist Maxima MOKHO HCTIOJIb30BATh CAEAYIONIMHA BAPUAHT:
solve([ypaBHenuel, ypaBHeHnue?2, ...], [mepemeHHasil, nepemeHHasi2, ...]), HO MOXHO
UCIO0JIb30BaTh COKPALICHHBIA BAPUAHT, aHAJIOTUUYHO BAPHAHTY [1JIs1 OJMHOYHOT O
YPaBHEHHUSI.

CoBmecTuM rpauku OKPYKHOCTH U MPSIMOH, UTOOBI YOEIUTHCS B TOM, UTO
pemenue cymectByeT. U3 rpaduka puc. 46 BUIUM, UYTO pelIeHUEM UCCIelyeMON
CHCTEMBI YPABHEHHH SIBJISIIOTCSI KOOPOUHATHI 2 TOUEK.

wrplotZ2d ([1-x, [Tparametric, sgrt(2)*=init), =qrti(2)*cos(t),
[t, —%pi; %pi]; [nti':k-Sr 300111, [=,-2:,21, [w:,—2,2]1,
[plet format, gnuplet], [gnuplet preamble, "set =ize
ratic 1; =et zercaxi=z;"]1 S
2 =y

sqrt{a_l_'gsin{t}, sqrt{2}#cos{t) —
1 L

a.5r

-2=-1.5=-1=-8.5 B8 8,35 1 1,5 2

H

Puc. 46. Ilepeceuyenre OKpyKHOCTH U MPSIMOA

B namem CJIyuac KOJIHYECTBO ypaBHeHI/Iﬁ H KOJIHYCCTBO HCHU3BCCTHBIX PABHBI,

HOSTOMy CIIMCOK HEU3BECTHDBIX MOKHO HE IMHUCATb, 4 UCITOJIb30BATb 06pa1ueHHe BUA:
solve([ypaBHeHuel, ypaBHeHne2, ..])

He cnenyet, KoHeuHO, 3a0bIBaTh, UTO KBaJpaTHbIE CKOOKH HCIIONB3YIOTCS 151
yKa3aHus CIUCKa, hHaue Maxima NpOMHTEPIPETHPYET BbI30B 32 BAPHAHT C OOHUM
YPaBHEHHEM.

[Tosyuynm B utore.



(%11) solve([x"2+y"2=2,x+y=1]);

3-1 3+1 3+1 3-1
(%MJIIY=-J1 : —Jl e RS 5 ;X=-J2 11

-

31ech B KaueCTBE PelIeHUsI BO3BPATHIICS CIIMCOK M3 ABYX CIUCKOB, KaXKIbIK U3
KOTOPbIX COOTBETCTBYET OJHOMY PEIIEHHI0 CHCTEMbl (KOOpAHMHATaM TOYEK
nepeceveHusi). B kayecTBe NOACTAHOBOK MOKHO HCIIOJIb30BATh KaK TAKUE CIUCKH
LEJUKOM (HanpUMeEp, B TAHHOM KOHTEKCTE, %01[1]), Tak U OTAEJIbHBIE UX SJIEMEHTBI
(manpumep, %ol[1][1]).

PaccmoTtpum apyrow ciiydyai, KOrJla ypaBHEHHH MEHbIIE, YeM HEU3BECTHBIX,
solve MOCTYMUT TOYHO TAK k€, KaK U B CJIy4ya€ OOHOTO YPABHEHHUS C HECKOJbKUMH
CHUMBOJIAMH: HO BCE HEyKa3aHHbIE B CIIMCKE KakK nepemMeHHble Maxima Ooymet
BOCIIPUHUMATh KaK MapaMeTphbI:

(%12) solve([x™2+y"2=a™2,x+y=2%a+1],[x,vy]);

N e T I

(el | [ x= 5 i ¥ - I,

R e e

5 g = > }}

[ x

B stom npumepe MakcuMe HyXKHO ObUIO HaWTH TOYKH MEpeceUeHus
OKPYKHOCTH pajidyca a ¢ nepecekaronen ee npssMor x+y=2a+1 u B oOmem ciyuae
MIPOU3BOJIBHOTO @ Makcuma Haluia 2 TOYKH NMEPECEUEHHSI.

Ecnun ke solve He CMOXET HAaTH TOUHBIX PELIEHHH, KaK 9TO OHA cleJaja B
OAHHOM CJly4dae, TO OHa MOKET MOCTYIUTh KaK (DYHKIHSI integrate u BepHyTh
ypaBHEHHE UJIH CUCTEMY YPaBHEHHH B HEKOTOPOM YINPOLIEHHOM BHJIE, & MOXET U
CaMOCTOSITEJIbHO MOMBITATHCS PEMIUTD CUCTEMY UHCJIEHHO.

[TonpoObyem HaHTH TOUKH MEPECEUEHHUsI IBYX KPUBBIX BTOPOTO MOpsiaKa:
runep6ossl 4x > —y* = 12 ¢ runepoosioi xy —x = 2. [Ipexk e BCero Mbl 3anucaiu
(koMmaHga %i13) cuctemy ABYX pacCMaTpPUBAEMBIX YPaBHEHHUH. 3aT€M JaJId KOMaHAY
PEIMUTb CUCTEMY YPABHEHHH COBMECTHO (KoMaHAa %i114) u nojayuuiy B KauecTBe
pEIIEeHUs CIIUCOK, B KOTOPOM UMEIOTCS 4 (YUUCJIEHHBIX ) MPUOJUKEHHBIX PELICHHS,

IBA U3 HUX — 9TO IEHCTBUTEJIbHBIE KOOPAHHATHI TOUEK NepecedeHusi (puc. 47) u npa
APYIHX — KOMIUIEKCHBIE KOPHH, COJAEpKAIHUe MHUMYIO eTUHHLY P01 (KOpeHb
KBaJApaTHBIM U3 —1).

(%113) eq2:[4*x"2-y"2=12,x*y-x=2];

(%013) [4x2-y2=12,xy-x=2]

(%114) solve(eqg?);

(%014) [[y=2,x=2], [y=-0.15356757100197 , x = - 1.733751846381093 ] ,
[ v =3.608003221870287 %1 + 0.076783785237878 , x = - 0.5202594388652 %1 -

0.13312403573587 ] , [ y = 0.076783785237878 - 3.608003221870287%1 , x =

0.5202594388652 %1 - 0.13312403573587 ] ]
A
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wrplot2d ([sgrt (4*=x*2-12), -sqrt{d*zx"2-12), (2+=2)/=],

[x,-5,5], [v,-10,101)5

18
sqrt{4sx"2-12) ——

=zqri{dsx"2=-12)
(xe2)/

a
o

-4 -2

Puc. 47. Tlepeceuenre aByX rumnepooi

Ho ecnu Ham Bce ke HYZKHbI TOYHbIC 3HAUCHHU A KOpHeﬁ (B QHAJIUTHUECKOM

3aIMCH), JTHOO
ypaBHEHHS T1O
napbl ypaBHEH

€CJIM OHHU He HaHJeHbl Jae B UUCJIaX, MOKHO MONPOOOBATh PEIIUTD
ouepeau, BbIpaxkasi 0JHO HEU3BECTHOE uepes apyroe. st gaHHOH
UH peluM BTOPOE U3 YPaBHEHUH €2 OTHOCHTEJIBHO Y, OJCTABHM

HAWJEHHOE PELIEHUE B IEPBOE YPABHEHHUE U PEIIHM €0 OTHOCHTEJIBHO X.

(%115)

(%116)

(%016)

(%117)

solve(eg2(2]1,y);
x+ 2
]

I V=
egz[1],%;

(x + 2)°
o2

2

4 x 12

solve(%);

B pesyabTaTe penieHust noayyuM 4 pasjinyHblX KOPHSI, B TOM UHCJIe 2 KOPHSI

KOMILJIEKCHBIE
MOXHO OyaeT

. Ilocye moOACTaHOBKY HaWIEHHOTO PEIIEHHS B ypaBHEHHE %0135,
HaWTH 3HAUEHHE BTOPOW HEU3BECTHON. TOUHOE peleHHe YpaBHEHHS

%016 umeeT BUI

(%117) solve(%);
1/3 1/3
SNEETIEE L ok
7 et : :
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3anuimemM TOUHOe pEmICHUC IJIA IIEPBOTro U MOCJICOAHETO KOpHeﬁ H3 ITOJIYYCHHOI'O
CIIMCKa, B UTOI'C IMOJIYyUHUM TOYHBIC (XOTH H HCMHOI'O CTpallHbIC Ha BI/II[)
AHAJIMTHYCCKHE BbIPAKCHHS.

(%118) %o0l5[1],%[1];%015[1],%th(2)[4];

?[ﬁ%i 1]
g T [ 139 B]US[ NEXT 1] 4
+ S 2 i
5 Tl LA | e fgl 29 2 b B
i 24-[3 27
BRSL e ?[ﬁ%i 1]
7 "2 [ 139 B]US[ NERT 1] 2
" P 5 W I
. =i i LES" | e f5l 29 2 2] 3
243 27
%019) y=2

@yHkMsl  solve HWMEET JOBOJBHO OOJIBIIOE  KOJHMYECTBO  PA3IHYHBIX
nepekJyaTesien, 3 KOTOPbIX MOKET MPUTOJUTHCS B IEPBYIO OUepeIb OJHH,
HaspiBaeMbIl: solveradcan. Ilo ymonuanuio B Maxcuma BoicTaBieHO false, a eciu
BBICTABUTb 3TOT (pyiar B true, Mbl 3aCTaBUM  solve, MIOMHMO €ro NOBEAECHHUS,
OpUMEHATb  radcan  —  (YHKOUMIO 1O  YOPOIIEHHI0  IOKA3aTEJbHbIX,
JIorapu(pMHUECKHX U CTENEHHBIX (C pAllMOHAJIBHBIMH CTENEHSIMH) (PYHKIHMH. DTO
aenaet paboty pyHKuMM solve Oosiee MeAJIEHHOH (IOTOMY MO YMOJIYaHHIO 9TOT
PEXKHUM U BBIKJIIOUEH), HO B HEKOTOPBIX CJIyYasix MOKET OMOYb Pa3pEeIUTh

npoOJieMbl, KOTOpPbIE 0€3 9TOro KJoua NpUBEAYT K HEBO3MOKHOCTH HAMTH TOUHOE
pemenue [8].

9. Pemrenne 3aa4 MaTeMaTHUECKOI0 AaHAJIH3A

9.1. HaxoxJ1ieHHe MPOH3BOHOH

Oyukuus diff(); no3BosisieT HAUTH NPOU3BOAHBIE KAK NMEPBOT0, TAK U OoJiee
BBICOKHMX NMOPSIAKOB. [Ipy HanMuuM y (pyHKIMH HECKOJBKHUX MEPEMEHHBIX MOKHO
HANTH YACTHYIO POU3BOJHYIO 10 OOHOW U3 HHX.

Cunrakcuc: diff(pyHkums, nepeMeHHasi, NOpsIOK MPOU3BOJIHON);

IIpumep: HaliTH NEPBYIO NPOU3BOJHYIO (DYHKLIUH

Crauana BeeaeM pyHkmo: f(x):=exp(x)/x "2; (oOpaTHTe BHUMAHHME, UTO JaJEE B
cTpoke %i4, B OTJMUHE OT MPUCBOCHHS 3HAUCHHU S TIEPEMEHHOM, HCIIOJIb3YEeTCSI
KOMOHHAIMsI CUMBOJIOB ":=" (JBOETOUHE W PABHO)), a 3aT€M JaeTCsl KOMaHda HauTH
ee MPOU3BOAHYIO MO MEPEMEHHOM X.

v A
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IInsi  BbIUMCIIEHUs] Mpou3BOAHOM BBoguTcs Komanpaa: diff(y(x),x,1); wm
diff(y(x),x);. B ciyuae nepBoi Npou3BOAHOH €€ MOPSIIOK MOKHO HE YKa3bIBaTh.

(%14) T(x):=exp(x)/x72;

exp | x
%04) fx):= ij
x
Bia) aETT(TO%)%);
. owme’  2%e”
(%05) e -
X X

ITpH BBIYMCIIEHHH KPATHBIX MPOU3BOAHBIX MO HECKOJBKHUM NEPEMEHHBIM MOCJIE
yKa3aHusl (PyHKLUUH EPEYUCIISIOTCS IepeMeHHble TH(dEPEHIMPOBAHUS C YKa3aHHEM
COOTBETCTBYIOIINX KPATHOCTEH,

HaIpuMep,
diff(x"8*y"3, x, 4, y, 2); — muddepeHnupyeT DyHKUHIO X *y’ 110 IepeMeHHOH X
YETBhIPE pa3a U MO NEPEMEHHOH y JBa pas3a
%112) 'diff(x"8%y"5,x,4,y,2);
d° 8 5
(%012) ———=Ix" ¥
dx*d yz ( ]
$113) mifile®Br*y 5,8, 4.¥.2);
(%013) 33600x%y°
Ecmu pynkimmsa  diff() comepXUT TOJIBKO OOUH apryMEHT, TO (DYHKIHS
diff (BblpakeHue); BBIUHUCISET HE MPOU3BOIHYIO 3AITUCAHHOTO BBIPAKEHHUS, A

noJiHbI ~ nudpdpepeHnan  9TOro  BbipaXkeHds. [IpyrHMH  CJIOBaMH,  3allMCh
diff(f, x); paBHO3HAuHa MatemMaTHyeckomy oOo3HaueHuto df/dx, a diff(f) —df.

(%140) diff(x"3);
(%048) 3x?del(x)

(%141) diff(x"3+y"2);
(%041) 2ydel(y)+ 3xdel(x)

Kpowme Toro, pyHKuHs diff() ucnosnp3yercs eme u 1151 0003HAUEHUST
NPOU3BOAHBIX B TU(M(PEpeHIHATBHBIX YPaBHEHHUSIX.

9.2. UHTerpHipOBaHHe

JI1s1 HaXOK IEHUSI HEONIPEAEJIECHHOTO HHTErPAJIa B KAUECTBE apryMEHTOB
yKasbIBaeTCsl (DYHKLMS U IEPEMEHHAsI HHTETPUPOBAHUS.

Cunrakcuc: integrate(¢pyHKUHsI, TepeMeHHast);



IIpuMep: BLIYUCIUTL HHTErPaj OT (pyHKIHH X +5x+3 110 NEPEMEHHOH X.

(%116) ‘'integrate(x™2+5%¥x+3,x);

(%016) |x°+5x+3dx

(%117) integrate(x™2+5%x+3,x);
xs 5;-(2

(%017) —+ + 3 X

3

[Ipy  HAXOXKACHHM  3HAUCHHS  ONpeENIeJICHHOI0 HHTerpaja  IOMHMO
PACCMOTPEHHBIX MapaMeTPOB YKa3bIBAIOTCS MPeAeibl HHTerpupoBaHusl. B kauecTe
npeaesioB HHTeTPUPOBaHUSI MOTYT (pUrypHUpoBaTh OecKOHEUHOCTD (inf) U MHHYC
OeckoHeuyHOCTh (minf).

Cunrakcuc: integrate (¢pyHKuus, nepeMeHHasi, HHKHUH [Ipeesl, BEpXHHUH Npeen);
IIpumep:
BBIYMCJIMTh UHTErpaJl (PyHKIMH Sin(x) MO NEPEMEHHOM X Ha oTpe3ke oT 0 1o u

(%120) ‘'integrate(sin{(x),x,0,%pi);
%pl

(%020) sin(x) d x
i

%121) integrate(sin(x),x,0,%pi);
(%021) 2

B cnyuae, korjga uHTerpai pacxomguTcs,

(%122) ‘'integrate(l/x,x,0,inf)};

inf

(%022) id)a'
x
€]
(%123) integrate(l/x,x,0,inf);
Integral is divergent
-- an error. To debug this try debugmodeftrue);

Maxima Bbinaet coobmenue "Integral is divergent". Hanpumep, integrate(1/x, x, 0,
inf); BBIIACT HMEHHO TaKOE€ COOOIIEeHHE.

B HekoTopbix cinydasix Maxima MOKET MONPOCHTb TOOMPEAETUTh HEKOTOPYIO
NEPEMEHHYI0, KaK B CJIyyae BbIUMCJICHHUSI ONPEIeIEHHOTO HHTErpasia, 3HaueHHue
KOTOPOTO 3aBUCUT OT 3HaKa MapameTpa a, SIBJISIIOMErocsl BEPXHUM MPEeIesioM, HIH
UHTErpUpPOBaHUsI (PYHKIUH X"

B cnepyromem npuMepe MoaplHTErpajibHOE BbIpAKEHHE HE 3aBUCUT OT 3HAKA
napameTpa a, HO 3HaueHHe HHTEerpajia — 3aBUCHT, TaK KaK MapameTp a MOKET ObITb
3aIMCaH WK KaK BEPXHHUH NPeJest HIH KAK HHKHHH Ipees.

> =7
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(%111) ‘'integrate(x™2*sgrt(a™2-x"2),x,0,a);

a
(%011) xzwﬁaz—xz dx

o
%112) integrate(x™2*sqgrt(a™2-x"2),x,0,a);
tive, negative, or zero? p;

Is a pos

(%012)

Ha Bonipoc Maxima Is a positive, negative, or zero?! Mbl OTBETHJH p (positive) U
MOJTYYHJIM TIOJIOKUTEbHOE 3HauUeHue. B ciiyuae oTpunaTepHOro 3HaKa y mapameTpa
a 3HaueHue unterpana (%ol2) OyneT oTpuUlaTeJIbHOE, a4 UACIICHHOE 3HAaUeHHE
UHTErpajia rno MoayJio OyJeT Tem Ke.

B cnenyomem npumMepe npexae uem 3anucaTh oTBET Maxima yTouHHWIIa, He
SIBJISIETCSI JIK 3HaUeHue n+1 paBHbIM HYyO: Is n+1 zero or nonzero?, moce
MOJTyYEHHSI TIOJIOKHUTESIBHOT'O OTBETA NONZETO

(%1i24) ‘'integrate(x™n,x);

(%024) |x" dx

(%125) integrate(x™n,x);
Is n+1 Zzerg or nonzero? NoNzero;

n+ 1
X

(%023)

n+1

Maxima, HaKOHell, 3aruca’ja YUCJIEHHOe 3HaUeHHe HHTerpaa.

9.3. HaxoxieHHe npeuaenoB

[TonHOUEHHBIX (DYHKIMH IJ1 HAXOXKACHHUS Npejea cymecTByeT B Maxima
ogHa. Ho 3ato kakas! OHa MOXET MPUHUMATh TPH PA3JIMUHBIX BApHAHTA CITUCKA
apryMEHTOB, U KPOME TOT0, Ha €€ JEUCTBHE BIHUSIOT eule U TpH (piara.

30BYT 9Ty (PyHKIIMH BHOJIHE COOTBETCTBEHHO €€ NeUCTBHIO:  limit; ¥ B camom
CTaHJAPTHOM BapHaHTE €€ BbI3OB BHIIJISIOUT KaK Llimit (BblpameHne, nepeMeHHas,
3HaYeHue MepeMeHHoM), TO ECTb TO, UTO B MATEMATHUYECKOH 3AITUCH BBITJISOUT KaK
lim,-. f(x), B KOHTeKcTe Maxima 3anumeTrcs Kak limit (f(x), x, a).

Cunrakcuc: limit(pyHK1MS, nepeMeHHas1, 3HaYeHHE_apryMeHTa); Wi
limit(pyHKIMs, nEpeMeHHasi, 3HaueHHe_apryMeHTa, cjieBa/cnpasa);

ITpenen caeBa o003HavaeTcst minus, a cnpasa — plus. MHOTo pasiiHuHbIX
npUMepoB coOpaHo B Tad. 4



Tabmuua 4

[Tpenesnsl U ux BeIuKCIeHHe B Maxima

[Ipenen ¢pyHKUIMH Beiuncnenue npenena B Maxima
i Xz %i14) -!.lmltl:)( Zoksant);
X —= oo (%014) inf
1 (%115) Tlimit(atan(1/(x-4)),x,4,plus);
lim atan %pi
i i (%015) —
b
1 (%116) Tlimit(atan(l/(x-4)),x,4,minus);
lim atan npi
X —= 4- X (%016) - T
g 1i18) limit{(x"2-1)/(2*x"2-x-1),x,1);
e 5
2x2 -x -1 (%s018) —
X -@l \ 3
(mx 5 1)” 5 (nx i 1)“ (%120) Timit(((Il+m*x) " n-(1+n*x)™m)/x"2,x,0);
lim 5 mfm - nj.‘?
x ->0 x (%020) - e
e %129) Timit((x™(1/2)+x~(1/3))/sqrt(2*x+1),x%,inf);
Lim

e — 1
i %029) —
R e R ~Jg"

1im M %132) limit((abs(sin(x)))/x,x,0,plus);
{%032) 1
X —= 0+
1im M (%133) limit((abs(sin(x)))/x,x,0,minus);
x Eoz3) =1
X —= -
1im Sin[i] %137) limit(sin(l/x),x,0});
X =0 % (%037) ind
i Eaiil— (%138) 1imit(tan(1/x),x,0);
~ %038) wund
x —=0

B nByX mocyieIHUX MPEaCTABJICHHBIX 31€Ch NPUMEPAX MOSIBUIUCH IBA HOBBIX
oTBeTa MakcuMbl, O3HAYaAIOIIKE, YTO UCKOMBIH MPEIeN HE CYLIECTBYET: ind (ot
cjoBa indefinite — Heonpedeaennwvii) 1 und (OT cioBa undefined — onsATH Ke
HeonpedeeHHblil). B TOKyMeHTalluy NEPBbIA U3 9TUX OTBETOB OINHUCAH Kak indefinite
but bounded (ne onpedenen, HO ozpaHuuen), UTO Ja€T OCHOBAHHE MPEANOJ0XKUTb, UTO
peyb UIET O (PyHKLUHH, HE UMEIOLIEH MPEJESa, HO IIPH 9TOM OTPAaHHUUEHHOH CBEPXY
JUOO B OKPECTHOCTH MpeAeIbHON TOUKH, JIMOO HAa BCEH MPSIMOH.

OyHkus  limit(); B TpeTbeM BapHAHTE — limit (BbipakeHue); —
NpegHa3HaueHa yKe He JJ1s1 MOUCKa COOCTBEHHO MPEEIOB,



a [IJIs1 yOpOIIEeHHs BhIpakeHHH, coaepxkammx cumBoabl inf uminf:

(%139) limit(1/inf);

1
(%039) 0

]

BeipaxeHust TaKOro poga MOryT BO3HHKATh, K IPUMEPY, NIPH MOJCTAHOBKAX B
(pbopmyJibl pe3yJIbTATOB BBIYUCJIEHUS KAKUX-TO APYTUX MPEAEIOB WIH HHTErPAJIOB.

Takas cnocobHoCTh pyHKIMH  1imit(); — NPUHUMATh pa3INUHbIC CIIUCKH
apryMeHTOB — He sIBJIsieTcsl B Maxima 4eM-TO 0COOEHHbIM; OHA CBOMCTBEHHA OUEHb
MHOTHM BCTPOEHHBIM (pyHKUIHSIM. Kak U pasinyHoe JEHCTBHE B 3aBUCHMOCTH OT
3HAUEHUH Pa3HOOOPa3HBIX MepeKIoYaresied. ITO JOCTATOYHO yA00HO: HE HYKHO
3aIIOMHUHATh MHOTO Pa3HbIX UMEH (pyHKLMH (J151 TOUCKA MPENEIIOB, K PUMEPY,
MCIIOJIb3YE€TCSI HCKJIIOUMTEIBHO (PYHKIMS  1imit); 1J1 BBIUKMCIIEHUS IPOU3BOIHBIX, B
TOM YHCJIE U YaCTHBIX, — (PYHKIHUS diff; g HaXOXIOEHUS UHTETPajoB, KaK
ompeJesIeHHbIX, TaK U HeOolpeaeeHHbIX — (pyHKIHs integrate. UmeHa naubosee
YaCcTO MCMOJIb3yEMBIX (PYHKLHH 3alIOMHUTH HECJIOKHO, & O AOMOJHUTEJbHBIX KJII0Yax
WiH pyiarax B cayuyae 4ero MOKHO MPOUUTATh BO BCTPOECHHOM CIpaBKe, HaOpaB
? UMA-QYHKLMN.

006 sTUX cambIX Ka0Yax K ¢pyHKIMH limit B [8] paccKkas3biBaeTcsl ciaeayomuiee.
IlepBbiit xiou HasbiBaeTcst  Lhospitallim v 3amaeT MakCUMAaJIbHOE KOJMUECTBO
npUMeHeHHUH npaBuia Jlonuras; Ha3BaHHUE KJI0Ya MPOUCXOOUT OT (paMUITUH
YUEHOTO, JaBlIel Ha3BaHHE CAaMOMY MPaBHIy, KOTOpasi B OpPUrHHaJIe MUIIETCS KaK
L’Hospital. IlpaBuno JlonuTans riacuT, 4To B ciiydae HeonpeaeaeHHocTy Buaa 0/0
WJIH 00/c0 MOKHO NpoaudepeHIMPOBATh YUCIUTEND U 3HAMEHATEb — H MTPEeAeI OT
9TOro He u3MeHHUTCs. OrpaHUYMTENb KOJIMUECTBA IPUMEHEHHH 9TOTO MTPaBUJIA HY KEH
IJ1s1 TOTO, YTOOBI 30€XKaTh 3aUKJIUBAHUH, KOTOPBIE MOTYT CIYYHTHCS AJISI
O0eckoHeuHO nuddepeHIupyeMbIX (PYHKIHH, y KOTOPbIX B JAHHOH TOUKE PaBHBI
HyJI0 JIMOO OECKOHEYHOCTH Bce TMpous3BoAHble. [lo yMonuaHuiO 3HaueHUe
Lhospitallim paBHO YeThIpEM, H 9TOTO, MOBUIUMOMY, BIIOJHE TOCTATOUHO.

(%11) Llimit((f(x)/f(x+a)),x,inf);

Fix)

(%ol) lim ————
X -=1inf fﬁx ¥ aj
(%12) Uimit((f(x)/f(x+a)),x,inf), limsubst :true;
(%02) 1
(%13) Llimit({(f(x)/f{x+a)),x,inf), limsubst:false;
(%03) lim %
x -=1inf
(%id) T(x):=sin(x)%' '%il;
{So5) und

Bropo#t kmou k ¢pynkuun  Limit — ato dnar Llimsubst, koropeii, Oynyun
BBICTaBJIEH Bt rue, no3BoJsieT 3TOH (PyHKUHH IPOU3BOANTD IOJCTAHOBKH BHYTPb

N
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HEW3BECTHBIX BbIpakeHHH. [1o ymMmouanuio oToT hiar pasen false, uto uckimouaet
OIMMOKHK BPOJIE TOH, UTO MOSIBISIETCS B CTpOKax (%i12)—(%02), korjaa npenen
OTHOIIEHHs]  ABYX 'cocegHHX" 3HaueHHH  (YHKUMH Ha  OECKOHEYHOCTH,
aBTOMATHYECKH CUMTAETCS PABHBIM €IUHULE AJIs1 JTIOOOH (PYyHKIMH MPOU3BOJIBHOTO
BUJIA.

H HakoHel, nocyieIHUA JONOJHUTENbHBIA NapaMeTp — €Ie OJHH (pJiar, 1o
uMeHd tlimswitch. Ilo ymMon4aHuIo OH TOXE BBIKJIIOUEH, & €CJIM €T0 BKJIOUHTD,
¢yskums 1imit OyaeT, npyu HEBO3MOKHOCTH HAWTH Npeiesl APYTUMH CIIOCOOaMH,
NBITATbCSI M0 HAUTH My TEM Pa3JioKEeHUs NoAnpenesbHon (hyHKIMHU B psig Tewnopa B
OKPECTHOCTH 3aJaHHOH TOUKH.

Yto KacaeTcs "HENOJTHOLECHHBIX" (PYHKIMH, TO TAKOBAsl TOKE UMEETCS 110 UMEHU
tlimit(); oHa mpeacTaBisieT cOO0M (haKTHUECKH MPOCTO-HAMPOCTO BBI3OB CAMOM
¢dyHkupn 1imit(); c mogHsaTeiM parom  tlimswitch, TO ecTh mbITaeTCs MpU
HEOOXOIUMOCTH PasjiokUTh Hccienyemylo (QyHKuuMio B psg  Tednopa BHe
3aBUCUMOCTH OT PEaJIbHOr0 3HaUeHHusI 3Toro uiara. JIpyrumu cJloBaMH BbI30OB
tlimit(aprymeHTbl); TMOJHOCTBIO AHAJIOTHYEH 3anmvcd limit (aprymeHTsl),
tlimswitch:true; TONBKO UyTh KOpOUe. M apryMeHTsl OHAa MOXKET MPUHUMATD
TOYHO TakHe ke [8].

9.4. Paznoxenue B psaa Teinopa

Cunrakcuc: taylor(¢ynkuus, x, a, n); [lapameTtp n onpenensiet, 10 KaKoH
CTEIEHU NapaMeTpa PasyioKeHUs (X—a)” HaXOOUTh PELICHHE.

Ipumep: Paznoxuts pyHKumO sin(x)+ax+1 B psa Tewrnopa no crenensm x+1
IO TPETbEH CTENEHH.
(%11) taylor(sin{x)+a*x+1,x,-1,3);
sin(lj](x + 1)2 cos(lj(x + 1\,]3

(%01) 1- sin(1)- a+(a+cos(1))(x + 1)+ - > ; s

9.5. HaxoxJieHHe CyMMBI psia

CunTakcuc: sum((QyHKIHs, TepeMeHHasi, ’HIEeKC_HauaJbHOTO_WieHa_ psija,
HHJIEKC_KOHEUHOTrO_uJieHa _psiga). [IpuMepsl HCTIOIb30BaHUsT  SUM() coOpaHbI B
Tab. 5.

B nepsoMm npumepe (Tabs. 5) Makcuma cpasy 3alUChIBA€T CyMMY KOHEUHOTO
psiia, KOTOpYIo paccuuTana ¢ noMmoimpio ¢pyHkuu — sum( ) ; . Bo Bropom nmpumepe
Makcuma oTaet npearnouTeHue 3alucH psifia ¢ UCTOJIb30BAaHHEM 3HAKa CYMMBI, HO
3aJauy C BBIUMCJIIEHHEM CYMMbl O€CKOHEUHO yObIBaoIned TreoOMEeTPHUECKON
NPOTPECCHH OHA TYT K€ peIlaeT, €CJIH BbICTaBUTh B true sHauenue piara
Simpsum, KOTOpbIA MO yMoJIYaHuIo UMeeT 3HaueHHe Tfalse (komanga %i33).

B mobom ciayuae, MakcuMa He KejlaeT HA ynpolaTh, HU CYMMHPOBATh A0
OECKOHEUHOCTH, €CJIM He yKa3aH par simpsum. B nociaennem npumepe Makcuma
HE MOKET MOJYUHTb TOUHOE 3HAUCHHE CYMMbl OECKOHEYHOTO pPsiia U CYMMHPOBATh
HEOrPAaHUYEHHO ([0 o0) TOKE OTKA3bIBAETCSI, HO, TEM HE MEHEE, MTHOBEHHO
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OPOCYMMHpPOBaJIA Psifi, KOrga Mbl KOJHMUYECTBO WIEHOB psila OrPaHUYMIH
sHayeHusimu: 10, 100 u 1000. Makcuma BO3bMETCSI CyMMHPOBATD Psifl, €CJIH AaXKE MbI
NOMPOCHM NMPOCYMMHPOBATh MHUJJTMOH CJIAra€MbIX, HO B TAKOM CJIyyae ee
BBIUMCJICHHSI HAM MPUJIETCS NMPepPBaTh, TaK KaK OHA 9TO OyJET AesaTh OUeHb JOJITO,
Ja ¥ pacCurTaHHbIe €10 rnepBbie 16 1udp npu 9TOM HUKAK HE U3MEHSITCS.

Tabnuua 5
Haxoxnenue cymmsl psiga
Pan Boiuncnenus psaa B Maxima
7
;2 (%17) sum(i~2,1,1,7);
(%07) 140
A=

%132) sum(1/(3~1),1i,1,inf);

inf
(%032) % -
%03z —=
w 3’
" g
% =z (%133) %,simpsum:true;
1
1

= (%033) ~

(%1i34) sum{l/(37i),1i,1,inf},simpsum;
i

%034) —

(%034) 5

inf ; : : : '
; (%19) sum(l/(i"4),1i,1,inf),simpsum;
e .4
. L Pl

25:14 (%09)

i=1 20

Feil) osumblsTimi) il TEY sneimeins:
& (%0l1) 1.291285997059043
1 %12) sum(1/(i"i),1i,1,10Q@),numer;
ZE:';; (%02) 1.291285997062664
i=1 (%i3) sum(l/(i™1i),1i,1,1000),numer;
(%03) 1.291285997062664

[To ymonuanuio Makcuma NpOU3BOJUT BBIUKUCIIEHHSI C TOYHOCTBIO 16 3HAKOB, HO
MO3KET [eJIaTh BBIYMCJIEHHUS C JIOOOH 3aAaHHOM TOYHOCTBI0. KosimuecTBO 3HaYammx
1P B NPEICTABJIEHUH YUCTIA ONPENECIISIETCS CIEMHAIIBHON IEPEMEHHON FPPREC.
Y Benmuenue ee 3HaYCHUSI MPUBOJUT K BO3PACTAHUIO TOYHOCTH pesyJibTaTa. s
BBIBOJIA PE3YJIbTATa B 9TOM CJIy4yae MOHaJOOUTCS HECKOJIBKO CTPOK. OHAKO
rpadgpuyeckui HHTepderc wxMaxima He npegycMaTpHBaeT BbIBOA OJHOTO UKCIIA B
HECKOJIbKO cTpoK. Ho y Hac He OyaeT orpaHHYeHHH €CJIM Mbl BOCIIOJIb3YEMCSI
KOHCOJIbHOM Bepcuen Maxima (puc. 48).

Ha puc. 48 npoaeMOHCTpHUpOBaHA BO3MOKHOCTb MaKCUMBI pabOTaTh C UUCTIaMH
MIPOU3BOJILHOM JIMHBI. Maxima Obljia 3anynieHa U3 TepMHHAJA, “‘C yAOBOJbCTBHEM
OHa paccuMTasia Bce 3Haku yucia 80! K&OMC Toro, Maxima pJisi mpuMepa BbIBeJIa
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nepsble 220 3HaKOB uncaa II . Y1oObl paboTaTh ¢ ykciIaMu OOJIBIION JJIMHBI, 31ECh
ObL1a ucnoJib3oBaHa (pyHKIMs block(), y KOTOpo# nepBbId apryMeHT — nepeMeHHast
fpprec, el monyTHO MpUCBOEHO 3HaueHue 220, BTopor aprymeHT — pyHK1us bfloat(),
BBIBOJISIIAS YUCJIO IT B 9KCMOHEHIMAIbHOM (popMate BUIa mbn, 0O3HaUaIOMIEM
KPAaTKyI0 3anuch yucia m*10".

CeaHc [lpaeka Bwh 3awnafky HacTpoldka Cnpaeka

stakhingstakhin: ~% maxima

Maxima 5.12.0 http://maxima. sourceforge.net

Using Lisp GNU Common Lisp (GCL) GCL 2.6.7 (aka GCL)

Distributed under the GNMU Public License. See the file COPYING.

Dedicated to the memory of William Schelter.

This is a development version of Maxima. The function bug_report()

provides bug reporting information.

(%11) 80!:

(%0l) 715694570462638022948115337231 865321 655846573423657525771094450582270392Y
S52480148842668944867 28081 4080000000000000000000

(%12) block(fpprec:220,bfloat (%pil);

(%02) 3.1415925535897032384626433832705028841071693903751058200749445023078164°,
DE28620899862803482534211 70679821 4808651 328230664 7093844600550582231 7253554081 Y,
284811i?4592841@2?91938521l6555964462294895493938196442881&9?5665933446b9

(%13)

Puc. 48. Makcuma B KOHCOJIbHOM BepCHUH BBIBOOUT 22() 3HAKOB yHcCsa TT

Onnako rpaguueckuit uaTepderic wxMaxima TaKUMH BO3MOXHOCTSIMH HE
pacnosiaraet. s 50! rpacduueckuit uaTepdenc wxMaxima pe3ynbTar BBIBOAHT, HO
aist 80! rpacdpuueckuit uaTepderic wxMaxima NpUBOIUT JIMIIb MEPBbIE U MOCJIETHHE
30 3HaKOB (paKTOpHaIa U YKa3pIBAET UHCJIO NPONyIEHHbIX [59 digits] uudp.

%142) 50!;
(%042) 30414093201713378043612608166064768844377641568960512000000000000

%143) B0O!;
%043) 715694570462638022948115337231[59 digits]B672808140800000C000000C00EAR0

3ameTuMm, uTo rpaduueckui uuTepderc xMaxima He TOJbKO 001agaeT BCEMH
BO3MOKHOCTSIMH KOHCOJIbHOM BepcHH Maxima, HO U UIMeeT COOCTBEHHOE MEHIO U
MO3BOJISIET JaX€ pUCOBaTh rpaguku. Beime yxke OTMEYalInch CKpPOMHbBIE
BO3MOXXHOCTH 9TOro uHTepdenca (puc.2), HO, 3aMETHUM, OSTOT HHTepdenc
COBEPLIEHHO HEOOXOOUM [1J1s1 PUCOBaHHUSI MOJHOLEHHBIX rpadukoB. Eciin xMaxima
HE YCTaHOBJIEHA, €€ HYKHO JOYCTaHOBHTb.

YToObl y3HaTh, YCTAHOBJICH JIK 9TOT HHTEephEeNC Ha KOMIbIOTEPE HYKHO U3
KOHCOJIM AaTh KoMaHay xmaxima. [Tocye 3arpy3ku xmaxima B BEpXHEH YaCTH OKHa
NosBJIsIeTCS TIpUrJiamenue Buaa (%il), B HUKHEH yacTH okHa xMaxima rnpuBeIeHbl
HEKOTOpbIE MPUMEPHI UCTIOJIb30BaHUsI MaKCHMBbI ¢ TEKCTOM Ha aHTJIMUCKOM SI3bIKE.

[Tocne Toro kak Obuta HarMcana komanaa (%il) plot2d(exp(—u)*sin(u),[u,0,2*
%pi]); TYT ke B 9TOM OKHe MakcHuMa BbiBeJa rpad UK, MPUBEICHHBINA Ha pUc. 49.
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Dazn Pegaxtepomats Hacrtpogxy HMHaxina
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& Maxima Primer

Puc. 49. [papuk B rpadpmyeckom okHe xMaxima

10. Pemenue 3a1au JHHEHHOH aJIreOpbI
B HJAaHHOM pa3acJie 6}7)IYT PaCcCMOTPECHBI OCHOBHBIC OIICpAllH C MATPHIAMH. HHH
3aJIaHUS1 MAaTPHILIbI UICTIOJIb3YETCs (PYHKIMS matrix:
(%id} marrixf[l . 2];[3:4]]);
1 2

(%04)
3 4

IS mEtFixliz. voaih).. 1,2, 3. 0.0, 2] 1

X ¥ b+23

t®ab} |1 2 3

B sTux npumMepax ObLIH onpeiesieHbl 1Be KBaApAaTHbIEe MaTPHIIbI: BTOPOTO U
TPEThEro MopsiaKa.

10.1. Onepanuu ¢ MaTpULIAMH

CiiokeHHe U BbIUMTAHUE MATPHI] OCYLIECTBISIETCS MO2JIEMEHTHO. [1o371eMeHTHO
MOTYT OBITb TEPEMHOKEHbl WM TMOJEJEHbl 9JeMEHThl [BYX MAaTpHI[ WJIH
MO9JIEMEHTHO (K KaXJIOMY 9JIEMEHTY MaTpPHIIbl) MOTYT ObITh MPUMEHEHbI (hYHKIIUU
exp(); sqrt(); (Tabn. 6).

Boseenenne B creneHb X’ OyHeT 3alMcaHO CHUMBOJIMUECKH (Tabul. 6).
[TosneMeHTHOE YMHOKEHHE 0003HAYAETCSI CHMBOJIOM *, TIO9JIEMEHTHOE JIeJIeHHE —
CHMBOJIOM /, TTIO2JIEMEHTHOE BO3BEJICHHE B CTeIeHb . I/ CJI0KEeHHs U BHIUHTaHHUSI
MaTpHI] OHH JOJIKHBI OBITh OMHAKOBOTO pasdmepa. Panr marpuiisl — rank(M) u
onpeneauTtesb — determinant(M) ornpeesieHbl TOJIbKO 1Jis1 KBaAPAaTHBIX MATPHII,
TPAHCIIOHUPOBATD — transpose(M) MOKHO JioOble MaTPHIIbI, HO MIPH 33JaHUH MATPHL]
HY’KHO CJIEIUTb 32 TEM, UTO OHH SIBJISIIOTCSI MPSIMOYTOJIbHBIMH.

Jlanee Mbl paCCMOTPHUM OCHOBHBIE OINEPALMH C MATPUIIAMH HA KOHKPETHBIX
npumepax. s atoro Oynem HCHOHI@O%TI% OBE MATPHULIBL: X U Y.

= >
DVQ



. 4
= 2
3 9

¥-X;

a-5 b-

matrix{[5.2] .[3.8]):

m-3 %e -

exp(x);

9695 Qsez

%e %

Onepanuu ¢ MaTpHLIAMH

yv: matrix([a,b], [%pl,%e]);

a b

m %e

x*y;
Sa 2b

3In 9%e

xX+y,
a+s b+2
m+3 %e + 9
y/iX;

[a ®
2

|

e

10.2. YMHoXeHHe MATPHII H BO3BeleHHE HX B CTeNeHb

Tabnuua 6

YMHOkeHHe MaTpul] (0003HaYaeTCst Kak nmpoOeJi, Touka, mpooes1) MpoOU3BOIUTCS
1o MpaBuIy "CTpOKa YMHO)KaeTcs Ha cToJioen". Bo3BeneHrne MaTpHIIbl B CTETIEHb,
0003HaUEHHOE KaK " CBOJUTCS K MO3JIEMEHTHOMY BO3BEJIEHHIO B CTETIEHb KOMIIOHEHT
MaTpHIbl, HO BO3BEAEHHUE B CTENEHb BUAA " BBITIOJHSIETCS] KaK YMHOKEHHUE MATPHIIBI
caMoM Ha ce0s1 TpeOyeMoH uuciio pa3. Bo3Begenue B cternens M(—1) o3HauaeT MoUcK

00paTHOM MaTpHIIbI.

x: matrix{[5,2],[3,9]1);

> 2

3 9

X . N

Sa+2n S5b+ 2%e

3a+9n 3b+ 9%

®M2;
25

=

r

4

g1

YMHOXEHHE MaTpHIL

v: matrix([a,b], [%pi,%e]);

invert (%) ;

3 z
13 a8
1 £
T13 ae

v A
<p@ﬁ>

(. =
31 28

42 87

Tabmuma 7

31=5451+243;
2B=5 *24243;
42=345+9%3;
87=342+5+9

S+ a

2O+ 9 %e



10.3. Pemenne cucteM JTHHEHHBIX aJireOpanyecKuX ypaBHEeHHH

CucTeMbl IMHEWHBIX YPaBHEHUH MOTYT ObITh pEIEHbI Pa3IMUHBIMH CIIOCOOAMH:
1) Hanpumep, metonom Kpamepa cuctema nByxX ypaBHEHHH C JBYMSI HEU3BECTHBIMH
MO3KET OBITh pelIeHa TaK:

(%i1} A: matrix(La.b]l.[c.dl}:

-a [a]
{%ol)
il |

(%i2) B: matrix(LE].LF1):;

_E
(%02) ]
F

(%i3) wu : determinant(matrix([E.b]1,[F.d1}))/determinant(A);
JdE—HBF
ad-bc

(%i4) v : determinant(matrix([a.E]1,[c.F1})/determinant(A);
= o o

ad-bc

(%03)

(%o04)

OTKYJa CJIEAYyEeT, YTO PEeUICHHE CUCTEMbl ypaBHEHUH
a*u+b*v=F;
c*u+d*v=F
B aHanuTHUecKoM Buje ciaenywmee u =(d E-bF)/(ad—bc); v=(aF-cE)/(ad-bc).
2) D1y xe camylo cucteMy ypaBHeHud Buga AX = B ¢ ucronb3oBaHueM oOpaTHON
MaTpHIBl A ™' MOKHO pemuTh ciegyomumM obpasom: X = A ' B
(5id) EB:r matwizl[El:s[E]]:

E
(%04)
F
8Lk} A~ 0I=31)r .+ B3

ak o

2d-Lbc 2d-bc

(%o05)
a F a K

2d-kbc 2d-bc

3) A ¢ ucnosbp3oBaHUEM (PYHKIUH solve() OTBET MOTyUUM OBICTpPEE BCETO.

(%4i12] =olwella*rutrb*v=E; T*urd ¥v=F1; [, v]l¥;

dE-bF cE—-aF
feaEeEy [ Issm———weimr————]
bcoc—ad boc— a2d



11. Boripochl 4 3aaHus IJIs CAMOCTOSITEIbHOH PadOThI

Ha puc. 37 npuBeeHbl rpeyeckre OyKBbI.

3adanue 1). Hactpoiite uepes menio [1paBka | Hactporika | CTHIIb KOH(HUTYparuio
wxMaxima, yToObl MOKHO ObLJIO UCTI0JIb30BaTh IpeyecKkre OYyKBBI.

3adanue 2). 3anummTe rpeyeckre OYKBbI B BUAE MaTpHIlbl puc. 50 a).

Bonpoc 1. Kak noiayuyuTb TpaHCIIOHUPOBAHHYIO MaTpHILLy b) C MOMOIIBIO (PyHKIHH
transpose()? (st 3anucu rpeyeckux OYKB UCTIOJIb30BaHbI CJEAYIOMHE TEKCTHI:
\alpha,\beta,\gamma,\delta,\epsilon,\zeta,\eta,\theta, \iota,
\kappa, \mu,\nu,\xi,\tau,\upsilon,\rho,\sigma, o,\pi, \phi,
\chi,\psi,\omega,\Lambda,\Sigma ).

ERE Y (0 ¢ nop ou
g 1 B8 L E P w o ¥
jarctuc e o d b r 8 § o w
B o L & L T m A

_‘pl Tow R E_ T K T p E

a) _ b) _

Puc. 50. I'peueckue OykBbl B HHTEperce wxMaxima

Bonpoc 2. Kak nonyuuTb TEKCT 3alIMCH matrix(...) MaTpHLpl b) B OKHE
MHOTOCTPOYHOTO BBOAA (T.€., KaK, MOJIb3ysICh MOCTPOYHOM 3alUChI0 MATPHIIbI,
MOJIYYHUTh 3aMKCh MO CTOJOIAM)?

3adarue 3. BeluucauTe onpeaeuTe b MATPHIBI @) © MaTPHIBI b). [JokakuTe,
YTO OHHU PaBHBI APYT APYTY.

Bonpoc 3. Kak Beruncants 20-10 1udpy B 3anucy yncia II, ecau ¢gpyskuus floor()
BBIUMCJISIET LIEJIYIO YacTh BbhIpakeHus, a mod(...,...)  —ocrarok ot gesennsi? (Hanpumep:
floor(10/3); Bo3BpamaeTt 3, mod(20,3); Bo3Bpamaet 2).

Bonpoc 4. Yto 6onbime I1€umu e™?

Bonpoc 5. A Ha ckoJbKO (B polieHTax) 6obinee us ukcena (I un e") 6oubie

MEHbIIEro?
n=N

1
Badanue 4. BwuucianTe G=). ;—109 (N) wmHatigure N o, HAUHHASI C
n=1

KOTOPOTO ¢ TOYHOCTBIO 9 3HAKOB 9Ta BEJIMUMHA C pOCTOM N HE U3MEHSIETCH.
Badanue 5. Paznoxute na MHoxuTead unciaa 10°—1 u 10'%+1.

I
Bonpoc 6. Ilbep @epma curTal, yTO BCE UMCIIA BUAA 22 +1 , TIe n 1eJjioe
HEOTPHIATEJIbHOE UKCJIO — MpocThlie. HaunHast ¢ kakoro n Maxima onpoBepreT
yTBepxkaeHue depma?
Badanue 6. Pasnoxure Ha MHOKHUTEH MOJMHOM X °—7X +6
3adanue 7. TlocTpoiiTe acTpOUAy X = COSt; y = sin’t.



3adanun8 — 37. YnpoctuTe anredpanueckoe BhIpakeHHE

(3amaun 8—117, npegHa3sHaYEHHBIE AJIS1 CAMOCTOSITEJIBHOTO PELIEHHUS], B3SITHI U3
yueOHHKa 1u1s1 By3a [10], cHaOxeHbl OTBETaMHU).

Ne ¥mpocTtute anredbpanueckoe BoIpakeHHue OTBeT
8 (x*-=x’-11x°+9x +18) / (x3—9x2+26x—24)) (x+1)
(x*=3x°-7x°+27x-18) (x’—8x°+19x —12) (x—1)
9 | (2—x) (3x *=24x°-3x%4+204x —252) 3
(x+1) (220x —70x*-168—15x>+10x *—x°) (x+1)
10 (x°+2x%+4x +8) (2x*+10x°-16x —80) 5
(x°+5x*-16x —80)" (X°+2x +4)
11 | (2x*+10x°-2x —-10) (X’+x°+x+1) 5
(X°+x+1) (X°+5x *=x-5)
12 (4x*+x°—81x —324) (3x>+19x °+57x +90) .
(3x*+10x°-81x —270) (x*+7x3+21x%+63x +108)
13 <(4x5+40x4+100x3—80x2—320x +256), , (3x'=3x?) 19,2
(x*+x°—9x 2+11x —4) " (x2+8x +16) o
14 ((5x4+10x3—100x2—330x +225), (x2—2x—15)) 5
(x*+x’=7x*—x+6) (x*=3x +2)
15 (x’+3x°=9x =27)  (x*—8x’—27x +216) 1
(x’=5x>—15x —72)"  (49x *—882x *+3969) 49
16 (7x*—126x *+567) ) ((x3—5x2—15x —172) 7
5 oo 4 2 : 3 2 ae
(x"—8x "=27x “+216x )  (x +3x "—9x —27) X
17 | (x’+6x’+12x +8) (x*+x’=9x’+11x —4) 1
(x*+3x —4)  (9x°+36x *+9x°—90x *—36x +72) 9
18 (x’=x’—4x +4), (3x —3)) 3
(*=3x+2)  (2x —4) 2
19 | (x*+2x°=72x *—416x —640) (x—10) 1
(9x *—144x >+ 180x +360) ~ (x*+8x +16) 9
20 (x4+x3—3x *—5x -2) (x2—40x +400)) 1
(9x *—351x >+3240x +3600) (x’—3x —2) 9
21 (2)( 4+4x3_4.x _2)) (<x4_7) ) 4_7
(X +x*—x—1)  (2x +2) o




Ne || Vmpoctutp anrebpanueckoe BblpaxeHHe OtBeT
22 <(4x4+4x P~ 48x —112x —64) (x+4) 5
(2x *+4x *=32x —64) (X7 3x +2)
23 (4x *435x °—45x *—315x +81) L (x+9) 1
(8x *+166x *+1038x 2+1674x —486) (x*—6x +9) (2x —6)
24 (x*+x°=7x *—x+6) (x’—2x7—15x) x
(5x *4+10x *—100x *=330x —225)" (x*—3x +2) 5
25 | ((220x =70x*—168—15x "+ 10x "= x))  (3x*~6x "+12), 'y
(3x *—24x°—3x 2+204x —252) (x—2) .
26 <(x2+3x +2) (2x 4 4x *—32x —64) 1
(x*—16) " (4x *+4x°—48x>—112x —64) (2x —8)
27 (8x *4166x *+1038x >+ 1674x —486)) ( (x*—9) 5
(4x *—45x *+35x *—=315x +81)  (x*+12x +27)
28 ((4x5+40x4+100x3—80x2—320x+256 (3x°-3x7) ) 9
(x*+x"—9x*+11x—4) T (XP+8x+16)
29 (X +x*—x—1) _ (2(x+1)) 1
(2x *44x° —4x —2) (x*42) (x*+2)
30 ((4x5+40x4+100x3—80x2—320x+256) (3x°—3x7) ) 9
(x*+x"—9x*+11x—4) (X°+8x+16)
31 ((2)6 —4) (x’=3x +2)
( _1) * 3.2 2
X (x’—x"—4x +4)
32 (x’=3x —2) ) <(9x3—351x2+3240x +3600))
2 : 4, 3 A2 o 9
(x~+40x +400) (x"+x—3x "—5x —2)
33 ((Sx “4+10x °—100x *—330x —225), , (x’—3x +2) 5
(x*+x°=7x *—x+6) (x*=2x —15)
34 <(9x >+36x *+9x *—90x *—36x +72) (x’43x°—4x) ox
(x*+x°—9x 2+ 11x —4) (X +6x T +12x +8)
35 ((x2+8x +16) (x*+x°—9x *+11x —4) 1
(x*—x) (4x °+40x * +100x *—80x *—320x +256) (4x )
36 (x> +2x +4x +8) | ,(3x *+10x *—16x —80) 5
(x5+5x4—16x —80) (x2+2x +4)
37 ((4x +40x “+100x °—80x —320x +256), , (3x°—3x7) N
(x*+x°=9x *+11x —4) (x*+8x +16)
A




3adanus38-67 .PackpoiTe CKOOKH M MPUBEINUTE MOIOOHbBIE Claraemblie

Ne || PackporiTe ckoOKH Ortser

38 | (x=2)(x*+5)(x+2) x'+x°=20

39 || (x+6)(2x +3)(3x +5) 6x >+55x 2+129x +90

40 | (x—10)(x+4)’ x4+ 2x°=72x *—416x — 640
41 | 2(x=1)(x+1) 2x *+4x’—4x -2

42 | 9(x—1)7(x+2) 9x °+36x *+9x *—90x *—36x +72
43 || (x—1)(x+4) x* X —9x+11x —4

44 | 2(x+2)(x+6)(3x +7) 6x *+62x *—184x +168

45 || (x+3)(x+4)(x*+9) X'+ 7x 4+21x 2+63x +108

46 | x(x—3)(3x +10)(x+3)’ 3x  +19x *+3x = 171x *—270x
47 | (x=3)(x+3)(x+4)(x*+9) 4x *+x°—81x —324

48 || (3x +10)(x+3) 3x  +28x > +87x +90

49 | 2(x—2)(x+5)(x"+2x +4) 2x *+10x *—16x —80

50 || (x=2)(x+2)(x+5)(x’+4) x’+5x *—16x —80

51 || x*(x=5)(x+3) x T+ xt=21x P 45x 7

52 || (x*=5)(x+3)° x*H6x P +4x *—30x —45

53 || (x+2)(2x +3)(2x*+5) 4x *+14x *+22x *+35x +30
54 2(x—=2)(x+2)*(x+5) 2x 4+ 14x *+12x *—56x —80
55 || x(x=3)(x+4)(x’+4) xC+dx 0 +4x P48 —12x
56 || (x+2)(2x =3)(x’+4) 2x°+8x +x*+4x —6x 24
57 | (x=7)(4x —=3)(x°+3) 4x *=31x *+33x °—93x +63
58 | (x—6)(x—5)(2x —3) 2x *=25x >+93x —90

59 || 2(x—4)(7x +5)(x*—3) 14x *—82x *—46x°+138x +120
60 || (x—2)(x+2)*(3x —5) 14x'—82x—46x +138x+120

61 | (x=2)(x+2)(x+3)(6x +5) 3x “+ x’—22x P —4x +40




Packpoiite ckoOku

OTBeT

62 | 4(x—1)(x+1)(x+3)(4x +7) 6x *+23x *—9x *— 92x — 60

63 || —(x=3)(x+4)(x’+5) —x"=x*+12x 7 —5x*—5x +60

64 | —2(x—4)(x+3)(2x +5) —6x *+58x +120—4x >

65 | x(x+9)(x’+7) x4+ 7x 2 +9x P+ 63x

66 | —(x—9)(x—7)(x*+4) 16x*—67x *+64x —x*—252

67 | (x+4)(x+8)(5x —4) Sx’+56x 2+ 112x —128
3adanus68-97. Paznoxute aarebpanueckoe BhIpaKeHHE HA MHOKHUTEIH.

Ne PaznoxuTe Ha MHOXKXHTEIH OtBeT

68 | x’+2x’+4x+8 (x+2)(x*+4)

69 | 6x’+55x *+129x +90 (x+6)(2x +3)(3x +5)

70 | x*+2x’—72x *—416x — 640 (x—10)(x+4)

71 || 2x*+4x’—4x -2 2(x—1)(x+1)°

72 || 9x +36x *+9x *—90x *—36x +72 9(x—1)(x+2)’

73 || x*+x—9x’+11x —4 (x—1)*(x+4)

74 || 6x°+62x>—184x +168 2(x+2)(x+6)(3x +7)

75 || x*+7x°+21x *+63x +108 (x+3)(x+4)(x*+9)

76 || 3x’ +19x *+3x°—171x*—270x x(x=3)(3x +10)(x+3)’

77 || 4x*+x’—81x —324 (x=3)(x+3)(x+4)(x*+9)

78 || 3x’+28x’+87x +90 (3x +10)(x+3)*

79 | 2x*+10x*—16x —80 2(x—2)(x+5)(x*+2x +4)

80 || x’+5x*—16x —80 (x=2)(x+2)(x+5)(x*+4)

81 | X +x'—21x°—45x7 x*(x=5)(x+3)

82 || x'+6x’+4x’—30x —45 (x*=5)(x+3)*

83 || 4x *+14x >+22x *+35x +30 (x+2)(2x +3)(2x >+5)

84 || 2x*+14x’+12x*—56x —80 2(x=2)(x+2)(x+5)




Pasnoxure Ha MHOXUTETH

OTBeT

85 | x’+dx’+x +4x —48x —12x° x(x=3)(x+4)(x’+4)

86 | 2x’+8x +x'+4x —6x°—24 (x+2)(2x —=3)(x’+4)

87 || 4x*—31x +33x’—93x +63 (x=7)(4x —=3)(x°+3)

88 || 2x’—25x°+93x —90 (x—6)(x—5)(2x —3)

89 || 14x '—82x*—46x’+138x +120 2(x—4)(7x +5)(x°—3)

00 || 14x'—82x'—46x +138x+120 (x—2)(x+2)(3x —5)

91 || 3x*+x’—22x —4x +40 (x—2)(x+2)(x+3)(6x +5)
92 || 6x*+23x°—9x*—92x —60 4(x=1)(x+1)(x+3)(4x +7)
93 —x = x4+ 12x 5% *—5x +60 —(x=3)(x+4)(x’+5)

94 || —6x°+58x +120—4x "’ —2(x—4)(x+3)(2x +5)
95 | x*+7x’+9x’+63x x(x+9)(x*+7)

96 | 16x°—67x°+64x —x'—252 —(x=9)(x=7)(x"+4)

97 | 5x +56x +112x —128 (x+4)(x+8)(5x —4)

3adanus198— 107. PaznoxuTe paudoHadbHYIO Ipo0Ob Ha MpOCTEHIHEe IpoOU

Ne Panmonanbhast ApoOb Ne Rauumonanbhast ApoOb
98 (5x *4+7x+5x —4) 103 (x°43x +4x +12)
((x2+4)(x—2)2(x2—1)) ((x2—25)(3x *+0x )
99 (3x +6x°+5x —1) 104 (3x +x"+4x)
(x*—4x +3)(x—2)*(x"—16)) ((5x°+6x —1)(3—x)(x+2))
100 (x5—7x “42x —8) 105 (2x6—3x 4+9)
((x’—4x *+5x )(x—3)%) ((x*=2x —15)(4x +1))
101 (x4 2x°+3x +4) (7x°—5x°+1)
(X—x)(3—x)x—3) 106 1 {0 (@-9)
102 (3x *+3x +4) (8x°—14x°+34)
(X—1)(x—9) 07 e (P=x)7-27)




n

Ne ||OTBeTnl Ha 3aaanue "Pa3noxkuTe paMoHaibHyI0 ApoOb HAa MPOCTEHIIHNE IPOOH

08 (121x +635) 1 5 989 7

(507(x*+4x +1) (I8(x+1) (6(x—1))  (1521(x—2)) " (39(x—2))
99 1159 13 9 51 905 3475

(3360 (x+4)) ' (30(x—1)) ' (3x—2)) " (a(x—2)) (14(x—3)) ' (96(x—4))
100 —(1lx—-479) 8 . 257 __ 163 _,

(10(x*—4x +5)) (45x) (18(x—3)) (3(x—3)%)
101 4 5 19 2

(9x) (2(x—=1)) (18(x=3)) (3(x—3)%)
102 ~119 15 16

(24(x+3)  @x+1)) Bx-1))  Bx—3)) >
103| (x°—3x+34) 7621 9 4 . 33

3 (150(x+5)) (2(x+3)) (75x) (25(x=5))

104| (22039x—2724) (15x-3) 20 75

(5425(5x *+6x —1)) 25 (7(x+2)) (31(x—3))
105] (64x +112x°+1092x +3887) 18409 . 153 . 3673

128 (29568(4x +1))  (11(x+3))  (21(x—5))

106 —5345 10 0, 1, 1 3 1943

(1944(x+3)  (81x)  (81x7) (9x7) (9x") (8(x—1)) (972(x—3))

107! —306 34 n 7 " 370793 n 64844

(343x) (49x%) (9(x—1)) (3087 (x—7)) (147(x—7)2)+8

3adanus108-117. I'padpryecku uccienyruTe pelieHue HeJIMHEHHbIX YPABHEHUH U
MIOJIYYUTE PELICHHE.

Ne || Pemmre ypaBHEHHE Ne Pemvte ypaBHeHHE
108 | In*(x—1)=3cos (2x )+1 113 V(25—x2)=arctg(2x)
10 _, (X’ +2x°+3x+4)
=2sin2x +x
109 (1+x%) 14 ((x*—x)(3—x)(x*—81))
10x —2 —1)
110 (<3i—xz))=20052)€ +3/x 115 || arctg2x —(x<5)1) +sin’(5x)=0
10 2
111 (1+x2)=20082x +tx 116 | sin’x-M81—x*)=5¢ "
2_ -
112 || sinx -V(Sl—x2)=5arctgx 117 %=Vx2+lemm
A




12. CIIHCOK CAaHTOB H HCIIOJIb30BAHHBIX HCTOYHHKOB

. Pycckas Bepcus caita Maxima http://maxima. sourceforge.net/ru/ (penaktop
Anexcent beméHnoB), on ke Ha http://iais.kemsu.ru/odocs/lisp/maxima/index.htm

. Jlexuust «Cucrembl KOMITBIOTEPHOH anreOppl» http://www.
intuit.ru/department/se /pinform/8/ (Astop: E.A. Poranos)

.Cuctempl KommblOTepHOHM  anreOpsl  ctathsi Ha caWte Denis Kirienko
http://server.179.ru /tasks/maxima/1.html

.Bukunenusa o Maxima: http://ru.wikipedia.org/wiki/Maxima (#@aeT CCBUIKY
BBeJeHHE B Maxima)

. BBegenne B Makcuma (ccbiika u3 Bukunenun) http://lib.custis.ru/index.php/
Maxima (o4eHb KpaTKoO)

. IlepeBop Ha pycckul s3bIk cTaTbu PobepTta Joauepa, KopoTko o Maxima
http://beshenov .ru/maxima/minimal-maxima.pdf

.OcHoBbl paboTtel B Maxima/wxMaxima. Maxima — MakcUMyM CBOOObI
CUMBOJIbHBIX ~ BbluMcieHud  http://iais.kemsu.ru/odocs/lisp/maxima /maxima-
tarnavsky-1.html

. ductanuuonHoe odyuenue oT Mandriva.ru OcHOBBI paOOTBl B MATEMATHYECKOM
MakeTe Maxima (Ter0TOP Tuxon TapHaBCcKHM) http://etraining.
mandriva.ru /index.php

. http://www.pmtf.msiu.ru/chair31/students/spichkov/maxima2.pdf (Mertoguueckoe
nocoOue Mo U3yueHUI0 MaTeEMaTHUeCKOro nakera Maxima) MaremaTuyeckumn
MPaKTHKYM C npuMeHeHueM naketa Maxima. (PDF)

10. COOpHHK THIOBBIX PacueTOB IO BbICHIEH MaTeMaTHKe: Y ueOHOe mocooue s
TEXHUUECKHX By30B (noj pen. Munocuera B.b.) Uzn. 4-e, nepepad. M: 2004 —
Hsn—Bo: MY — 582 c.
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