YYEBHUK Maxima

Maxima, a computer algebra system

Home
FACQ
Docs

Screenshots

Xmaxima running on Linux

CYMBOJIbHBIE BbIHUCITEHA e |

axima: YKpOTHTEeNb BbIpa)XKEeHUN

u i (M1 RCeroaHs TuxoH TapHaBCKMIA pacCKaXeT BaM 0 BO3MOXHOCTAX Maxima no yxpethertto YyNpoLLeHnto
BbIPAXXEHWIA, COAEPXALLMX pPaLMOHaNbHbIe, UPPaLMOHabHbIe U TPUTOHOMETPUYECKIE PYHKLNN.

Mbl n3y4anu dyHKLMM
n oneparopbl Maxima

HA IHCKE

e [luctpnéyTus Maxima
1 rpacdmyeckme 060/104KM

86  Lxro(83) CEHTYEPb 2006

B 370T pa3 s pacckaxy 0 WTaTHbIX BO3MOXHOCTAX Maxima no

YMIPOLLEHID 11 NPOYMM NPe0bpa30BaHNAM BbIpaXeHHil. B yacT-

HOCTM, Peyb MOVAET 06 aBTOMATUYECKOM PacKpbITMI CKOBOK
11 BbIHECEHMI 33 CKOOKI; 06 YNPOLLEHUN KaK apudIMETUHECKUX NeicTBuiA
HaJ HEKOTOPbIMI 3NEMEHTAMW, TaK ” Bblpa)KeHI/IVI C Y4aCTeM CTENEHHbIX,
NOKa3aTefbHbIX 11 NoraputMuyeckux (yHKLMIA; a Takxe 06 06paboTke
TPUrOHOMETPUHECKUX BbIPAXEHUA. Bce 3T dyHKUM Npu3BaHbl 06neryarb
YUTAEMOCTb MATEMATIHECKIX DOPMYT U NOBbILIATH MPOCTOTY WX BOCTIPUATHS,
a 10CeMY CTOUT YOENUTL 3TOMY YPOKY [I0CTATOYHO BHUMAHWS: NP1 BEPHOM
11CMONb30BaHIM [aHHbIE MaHUNYNSLAM NO3BONST CIKOHOMUTL B MPOLIECCE
PabOThI 3HAYUTENBHOE KOMMYECTBO BPEMEHN.

Bbipa)kasicb palUHoOHaNbHo...
CyLIECTBEHHAS 4aCTb WHTEPECYIOLIMX HAC CErOAHs (yHKUWIA npeaHasHa-
YeHa 1S Npeo6pasoBaHys paUMoHaNbHbIX BbIDVKEHUIA. HanomHio, pauuo-
HanbHbIM Ha3bIBAETCS BbIDDKEHME, COCTOALLEE TONMBKO 13 apUQIMETUHECKNX
0neparopoB 1 BO3BEAEHNS B HATyPaNbHYHO CTENEHb; ECTECTBEHHO, 3NEMEHTbI
TaKor0 BbIPAXEHISE MOTYT COAEPXATb 11 HEaPU(METUHECKNE U HECTEMEHHbIE
(DYHKUWM — TOT1a TaKKe 3NEMEHTBI C TOYKM 3PEHINS PALMOHATIBHOMO BbIDXE-
HIISt CYUTAKOTCS aTOMApHbIMK, T.6. HELENMMbIMU 1 HENPeobpasyembIMu.

OyHKuAM, paboTalolie ¢ paunoHanbHbIMI BBIDDKEHUSMIA, ONUCaHbI
B pasfene [oKymeHTauuu «Polynomials»; notomy kak paunoHanbHble
(DYHKUWUM C MATEMATIHECKON TOMKI 3DEHNS PACCMATPUBAKOTCS Kak paclun-
PEHWE MHOTO4/1EHOB (MOMMHOMOB) — NPUMEPHO TaK Xe, Kak pauioHasbHble
41CNa CHMTAIOTCS PACLUMPEHNEM LEMbIX (MHOMOYSEHbI, KCTATL, TOXE UHOTAA
Ha3bIBAKOT LIENbIMY DYHKLNAMY; XOTS OOLLAI MATEMATUHECKMIA CMBICA 3TOM0
TEPMUHA HECKOMBKO LUMPE).

meHa Beex chyHkumMiA Maxima no 06paboTke pauvoHanbHbIX BbIpaKe-
HUIA cofiepxar bykBOCO4eTaHIe rat, Ho He OT CnoBa «Kpbica», a OT CNoBa
«rational». 1 Ha4HeM Mbl 3HAKOMCTBO C HUMU C (DYHKLMW, KOTOpast TaK 1
HasblBaeTCs: rat(BblpaxeHne). 31a (yHKUMs npeobpa3oBbIBaeT pauyo-
HaNbHOE BbIPKEHME K TaK Ha3blBaeMOIi KaHoHu4eckoi dopme (Canonical
Rational Expression, CRE). To ecTb packpbIBaeT Bce CKOOKIA, 3aTeM NPUBOANT
BCE K 00LLEMY 3HaMEHaTento, CyMMIPYET 11 COKPALLAET; KpOMe TOro, NpuBo-
JAT BCE Y1CNA B KOHEYHOM [IECATUHHON 3anNCU K PaLOHaNbHbIM.

(z—1)°%, 1
i, T 0%

(%i1) rat

‘rat’ replaced 0.25 by 1//4 = 0.25
2

(%o1) Sx°—3x+4
_ 422 +4x

TyT Hafo 3amMeTUTb, YTO aTOMapHble 3MEMEHTI, T.6. CUMBOJIbI U YKC-
13, B KAHOHNYECKOA (hOPME PaLMOHANBHOTO BbIpaXeHns B Maxima nvetot
[IpYroe BHyTpeHHee npeacTasnexie. Mpu pabote B unTepdeicax Maxima v
xMaxima 06 3Tom HanomuHaeT npunucka /R/ nocne UMEHN S4eik BbIBOAA
(B wxMaxima v TeXmacs Takast npunicka oTcyTcTByeT). [pu 3TOM BHELLHe,
Ha BUAMMOM TMONb30BATEN0 YPOBHE, KaHOHN4ECKas (hopma HUYeM, Kpome
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3T0r0 0603Ha4eHws, OT 0LLEN He OTAMYaeTes. Ho 0UH J0CTATOYHO WHTe-
PECHbI/l MOMEHT 31ECh ECTb: 6C/IA KaHOHW4YECKas DOpMa PaUMoHanbHOro
BbIDAKEHNS UCTIONb3YETCS B APYIAX PaLAOHANbHbIX BBIDAKEHNSX, TO MOC-
NefIHVE TaKXKe aBTOMATUYECKV NPUBOASTCS K KAHOHUYECKON DopMe:

(%i2) % — 1

T
hx—T

dx+4

370 MOXET 6bITb JOCTATOYHO YA0OHO, ECTIM BAM HYXHO MOLLAr0BO Mpo-
[enarb 60MbLUI0E KONMYECTBO PALOHATbHBIX MPE0OPA30BAHNIA: Bbl MOXETE,
OVH pa3 BbI3BaB rat(), CCbINATLCA Ha NpeablAyLIMe s4eiiku 11 6naroaaps
3TOMy [janee aBTOMAT4ECKM BUAETb HA KXIOM LUare UTOr0BOE BbIpaXKe-
HIE B KAHOHWYECKO, @ 3HA4MT, JOCTATOYHO KOMNAKTHOA 1 YA0GHOIA K BOC-
npusTiAo, hopme. EC Ha KakoM-TO 3Tane Takoe MOBEAEHNE CTAHET Bam
MeLLaTb, Bbl MOXETE BEPHYTb BbIPAKEHNE 13 KAHOHNYECKOI K 06LLEN hopme
¢ nomotbto (yHKuum ratdisrep(Bbipaxerne). Kpome T0ro, KaHoHM4eCKas
(hopma aBTOMATAYECKM «OTMEHSETCS>» 1 B Cy4ae NtobbIx NPeodpasoBaHui,
He SBNSIOLMXCS PaLMOHaNbHbIMI:

(%i3) exp(%)

S=—-7
(%03) e=+4

31eCh, X0T %02 6bIN0 BbIPAKEHUEM B KAHOHUYECKON (opme, %03 —
YKe BbIPXEHIE 0BLLEro BIAA, TaK KaK OHO He SBNSETCS PaunoHanbHbIM.

Ckaxem napy Cros 0 NPUBELEHNIN KOHEYHOI AECATYHOI 3anucy Yiucen
K pauMoHanbHoi. KOHe4Has [AecATYHas 3anuch CHUTAETCH N0 Onpefe-
NEHNKO NPUONU3NTESNBHON, YTO W MOHSTHO, T.K. MPU BbIYUCTIEHUSX CaMON
Maxima Takas 3anucb MOXET BO3HUKHYTb UCKIIOHUTENBHO NPI NPUMEHEHNI
MPUBAKXEHHBIX METOA0B MO0 NP PY4HOM YKA3aHUM O NEPEBOAE “cna B
JECATINHYI0 3aMNCh 113 MATEMATU4ECKOIA, B PE3YNIbTATe YET0 PE3yNbTaT TOXE,
BEPOSITHEE BCEr0, OKAKETCS NpuonM3UTeNbHbIM. 3Ta Npuenn3uTenbHOCTL
Y4UTHIBAETCA 1 NPV NEPEBO/IE B PALMOHANbHbBIE Y1ACNa, @ 86 YPOBEHb, TO CTb
Mepa, Ha KOTOPYH0 PaLOHaNbHOE YUCNO NpY NEPEBO/E MOXET OTKNOHUTHCA
OT KOHEYHON [ECHTUYHON 3amncu, Perynupyetcs nepemerHol ratepsilon,
paBHOI N0 ymon4aHuto 2.0e-8, 1.e. 0.00000002. Ecnn Takoe NonoxeHne
BELLIE1 BAC He YCTPANBAET, Bbl MOXETe yoeauTs Maxima ocTaBnsTs AeCSTHY-
HYI0 3anKCb YNCEN KaK eCTb, YCTAHOBYB B frue 3HaveHne dnara keepfloat
(N0 ymonyaHnto OH paseH false).

Crenytowlast (yHKUMA PaCcKPbIBAeT CKOOKN B PaUMOHaIbHOM BbIDXe-
HUM 1 Ha3biBagTcs ratexpand() (ofHo M3 3HaveHuid cosa expand 1 ecTb
«PaCKPbITb CKOOKN>). 3aech Takxe aeictayeT onuns keepfloat. Kpome Hee,
€CTb ellle 0fHa onunst — ratdenomdivide; no yMoN4aHMKO OHA YCTaHOBJE-

(%02)




Ha B frue, 4T0 NPUBOANT K TOMY, YTO KaX[1ast Ap0Ob, B KOTOPO YNCIUTENb
ABNAETCA CYMMON, PAcnajaeTcs Ha CymMy po6eit C OMHAKOBbIM 3HaMeHa-
Tenem. Ecnn xe cOpocuTb 3Ty onuuto B false, Toraa Bee Apobin ¢ 0AUHAKO-
BbIM 3HamMeHaTenem 6yayT, HaNpOTIB, 00bEAMHEHbI B OAHY APOGb C YMCAu-
TENEM B BUAE CYMMbI YUCTUTENEA U3HAYaNbHbIX AP0Gei. To eCTb BHELLHe
pe3ynbTar OyaeT B 3TOM CNy4ae BbIMMAAETb MOHTY TaK Xe, Kak vy DyHKLMN
rat(); K TOMy Xe EOVHCTBEHHAA BIZIMAS NONb30BATENO PA3HMLA NPOSB-
JIAETCA TONbKO B PALIMOHANbBHBIX BbIDAKEHWAX OT HECKONbKUX NEPEMEHHbIX
(1N pa3NUYHbIX MPPALMOHAbHBIX BbIPAKEHUI). 3aKH04aeTCs 3Ta pasHuLa
B TOM, 410 nocne ratexpand() u B YucnuTene, u B 3HaMeHarene Apobu BCe
CckoOKN Gy[LyT PackpbIThl, B Cy4ae xe rat() cnaraemble, rae npuCYTCTBYHOT,
CKOXEM, [1Be MepemMeHHbIX, OynyT CrpynnupoBaHbl, U OfHA U3 HuX byner
BbIHECEHA 3a CKOOKM (B JOKYMeHTaLMM Takas dopMa 3anmck HasblBaeTcs
«PEKYPCUBHOM> (recursive):

(x4 1% (%ex - 1)

€Y o e M e
(hi1) ralexpand( @59 @z +1)

), ratdenomdivide: false

et 2reT et —a? — 22 —1

(%ol
(4942 327 | b 12

(i) rat(%)

(o2 (22 +2x+1)e*—a? -2z -1
L 2+ 5 +2
(%i3) ratexpand(%)

2% e* 2ret | e’ _ r? _ 2z _
207 +5x+2  22745x+2 228+5r+2 2245242 22745242
1

(%od)
22245242

Kpome T0ro, pasHiua, KOHE4HO, 3aKMK4aeTCs U BO BHYTPEHHEM Npef-
CTABJIEHUN: C TOMKM 3pEHWs nporpammbl, nocne ratexpand() BblpaxeHue
Oyner mo-npexHemy 06Liero Buaa. COOTBETCTBEHHO UM BCE Pe3ynbrarh
JanbHeALWLNX paLyoHanbHbIX AEACTBIN C BbIPKEHEM He OyayT aBToMaTi-
4eCKIN «KaHOHM3MPOBATbCS». 1 CneunanbHo 00palliaio Balle BHAMaAHIE Ha
CXOKECTb MeX[y Pe3ynbraramu 3TUX IBYX Pa3nu4Hblx OYHKLANA, NOCKObKY
B [JOKYMEHTALWM 3Ta CXOKECTb HUKAK He 0003Ha4eHa: B OMMCaHM 06enx
(DYHKLWA 1 NPAMEPAX K HIAM HET BOOOLLE HUKAKMX CCbINOK APYr Ha Apyra.

Momumo chnara ratdenomdivide, ectb Takxe yHKUMA, CoBrpatoLias
BOBZNHO APOGU C OANHAKOBLIMY 3HAMEHATENAMY; 30BYT ee combine():

(%i4) combine(%)

2e"+ 2z e —2—2x—1
2x24+5x4+2

(%hod)

B nononHenue Kk dyHkumm ratexpand() ectb Takxe cnar ratexpand,
KOTOPbIA MO YMONYaHNIO PaBeH false, a Oyfy4n YCTaHOBNEH B frue, npuBo-
JUT K TOMY, YTO BCE PALMOHANbHbIE BbIPAXEHIS B KAHOHUHECKON (DOpMeE
0TOGP@XAOTCS U NPE0OPa30BbIBAITCS K OOLLEMY BUAY CPA3Y XE C PACKPbl-
ThIMIA CKOOKaMM:
(%i5) ratexpand: true$ o2

08) 2t e* ' 2re” } s z? 2z
’ 123:315-:{2 222 45x+2 22245242 22%45x+2 22345242

2?4+ 55+2

(06patute BHMMaHWE, YTO NPU MPUMEHEHMI 3TOr0 (hnara BbIPAKEHME
COXPAHSIET KaHOHMYECKYHO (hopmy.

[eiictyeT B 3T0M cnyyae 1 dnar ratdenomdivide (HanomHto, 410 B
CTPOKe %i1 3T0T chnar Obil YCTAHOBIIEH NIOKATBHO, UCMONb3YS COKPALLEH-
HYH0 3anKChb yHKLIK v ()):

(%4i7) ratdenomdivide: false$ %02

e+ 2z +eT—g2 221

(%o8) 2x24+5x+2

MHbiMM cnosami, chnar ratexpand Mo CBOEMY AEVCTBU aHanoru-
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YeH OJHOMMEHHOW (OYHKUMM, HO JIEVCTBYET OH Ha BCE 0E3 WCKIHOYeHIs
KAHOHINYECKIE PALWOHATbHbIE BLIDAKEHA W MDA 9TOM OCTABAAET WX B
KaHOHINYECKOA BHYTPEHHEI! 3an1CiA 1N N3MEHSIET TOMbKO BHELUHEE 0TO0pa-
XKEHIe 3TOV 3amACH, COXPaHsISt MPU 3TOM U [anbHEIALLIYH aBTOMATUYECKYIO
«KaHOHM3aLI0» .

...l HE TOJIbKO PaliHOHANbHO.

Momumo ratexpand() ectb Takxe U (yHKUMS «npocTo» expand().
Pazninuuit Mex iy HUMI HECKOMbKO, Hanbomee NpUHLMNUANbHbIE TakoBbl. Bo-
nepablx, ratexpand() packpbIBAET TOMbKO PALMOHANBHOE BEIDKEHNE «BEp-
XHETO YPOBHS», BCE XK NOABbIPAKEHNS, HE SBNAIOLMECS PaLMOHANBHBIMN,
00pa6aTbiBAOTCS Kak aTOMapHble, TO €CTb BHYTPb HIX OHA HE 3ane3aer;
expand() e packpbIBaeT CKOOKM Ha BCEX YPOBHAX BOXKEHHOCTU:

(%i1) ratexpa.nd( (a+ b)(2—$)($+2)+m2)

(ho1) (b+a)® tE-2(=+2)

(%4i2) expand(%);

(%02) b*+4ab*+6a®b*+4a*b+at
Bo-BTOpbIX, ratexpand() npuBoauT Apo6u-cnaraemMble K 06LIEMY 3Ha-

MeHaTento, a expand() aToro He Aenaet; B-TPeTbix, Ha yHKLMI0 expand
He AeiicTBYeT nepekntoyarens ratdenomdivide:

4
(%i1) ratdenomdivide: false$ expand( (3377231)2 +1 )

(z2—4y?)
102) 16 y* B 213 n 24 12 y? _ 8aty n
’ 164 —8x2y?+ 2 1694 —8a?y2+27 " 16y* — 822 y?+2* 164" — 822y +a?
4
N T+l

16y —8x2y2+

4
(%i3) ratexpand(i(:(; — Z zg)z + 1)
2 2
(to3) %
N B-4etBepTbIX, expand() He Mpeobpa3oBbIBAET K PALMOHATbHBIM
411CNaM KOHEYHYHO AECSTAYHYI0 3anCh — ONSTb-TaklA, BHE 3aBUCUMOCTY OT
(hnara keepfloat.
®yHKums expand(), B OTAKYME OT CBOErO PaLMOHANBHOMO COPOAMa,
IIMEET HECKOMbKO Bapuaunii — B BIE OTAENbHBIX (DYHKUMIA C NOXOXNMN
Ha3BaHWAMN, KOTOPbIE PACKPbIBAKOT CKOOKM HECKOMBKO N0-pa3Homy. [epByto
Mbl Y€ paccMoTpeni. Bropas HasbiBaeTcs expandwri(BbipaxeHue, X, Y,
..., V), TAe wrt paclumdpoBbIBAETCA Kak «Wwith respect to...», T0 €CTb «0THO-
CUTENBHO...». OHa PACKPbIBAET CKOOKN He BE3[E, A TOMbKO OTHOCUTENBHO
TeX CMMBOMIOB, KOTObIE 3a[aHbl B CMIACKE apryMeHTOB NOCNE BbIPAXEHMS.
[pyrmn cnosamu, TONbKO TaM, rae U3 CKOOOK MOXHO BbIHECTU XOTS Obl >>
0VH 13 NepeYMNCIEHHbIX CMBOJIOB:

iy @y (y+2)+zvtw)
(hi1) v@tyre) $
(%i2) combine(expand(%))

) yz+zz+yitzyt+z(wtv)

(o2 vzt+ovy+ovz
(%13) combine(expandwrt(%ol,zx))

Warning - you are redefining the Maxima function intersection
(ozy YLy tz(zty) te(wiv)
v(z+y+z)

(%i4) combine(expandwrt(%ol, z))

y (y+z)z2+y(y+z)+x(w+v)
(od)
v(iz+y+z)

(
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(%i1)

(Ha npenynpex/eHue, BO3HNKatOLLEe MpW NepBOM BbI30BE (DyHKLMIA
expandwrt™(), MOXeTe He 00paLLaTb BHUMAHIS — Ha (DyHKLMOHATE, 0 KOTO-
POM 11ET PeYb, OHO HUKOMM 00PA30M He 0TPaXaeTcs.)

Ecnu B BblpaXeHun BCTpeYaTcs Apo6i, T0 N0 YMOMHaHMKD 3Ta (yHK-
LSt PACKpPbIBAET CKOOKI TOMBKO B 1AX YUCAUTENSX, OCTABAAR 3HAMEHATENM
B MOKOE. VI3veHnTb 310 NoBedeHNe MOXHO Mepeknoyarenem expandwrt_
denom, ycTaHOBWB €ro B frue (N0 yMON4aHWio OH paBeH false):

<<

(%i5) combine(expandwrt(%ol, 2)), expandwrt_ denom: true

(y+x)z+y(y+z)+tz(wtov)

(%05) vitv(y+3)

1A, HakoHeL, mocneaHss (yHKUMA U3 3Toro cemeicTsa — expandwrt_
factored(BbIpaxeHue, X, V, ..., V) — DaCKPbIBAET CKOOKM NHLLIb B TeX CNa-
TaeMblX, e YNOMSAHYTbIE CUMBOJIbI BCTPEYAKOTCH HE B OHOM, A B KOKIOM
113 COMHOXUTENEN:

expandwrt((z +a) (b+ y), x)

Warning - you are redefining the Maxima function intersection

(%ho1)
%i2)
(%ho2)
(%i3)
(%o3)
(hid)
(Yhod)
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z(y+b)+a(y+b)
expandwrt_factored((z +a) (b+y), x)
(z+a)(y+0)

expandwrt_factored((z +a) (b+ y), z,b)
zytay+br+ab

expandwrt((z +a) (b+ y), z,b)
zytay+brt+ab

PackpbITem BO3BEAEHNS B LMY CTEMEHb MOXHO YNpaBAsiTh Kak B
KOHTEKCTE (hyHKLIM expand(), Tak 11 OTAENbHO. B nepsom cny4ae npumeHs-
10TCS NEPEMEHHbIE MAxXPOSEX 11 maxnegex, OnpeagnsitoLL1e COOTBETCTBEH-
HO MaKCUManbHble NONOXITENbHbIA 1 OTPILATENbHbIA NOKA3aTeNb CTENEHMU,
KoTOpble OYyT PacKpbIBATLCS 3TOM (DyHKUMEN. 1o ymonyaHmio 0ba napa-
MeTpa pasHbl 7000. MNepeHasHaqnTb UX MOXHO HE TOMbKO rNo6anbHO, HO
11 B KOHTEKCTE O[IHOrO KOHKDETHOrO BbI30Ba (DyHKLMM expand() — B Takom
CNny4ae 370 [1eNaeTcst C NOMOLLbO [OMONHUTENbHBIX apryMeHTOB, 3aJaBae-
MbIX MOCTE BbIPDKEHNISE:

2 4
(%i1) combine| expand M—FM,B,S
(a—b)" (a—b)
4 2
Clo1) (b+a) P+2ab+ta
¥ +3ab?-3a2b+a (a —b)°

B npoTuBOBEC Maxposex 1 maxnegex MOXHO 3a7aTb MakCUMasbHble
MONOXUTESbHYO U OTPULATENbHYIO CTENEH, KOTOPbE BYaYyT PacKpbIBaTbCS
aBTOMATYeCK, 663 BbI30Ba (DyHKUMIA rpynnbl expand. 3a 310 oTBEYaoT
nepemMeHHbIE eXPOP 1 eXPON, 1 N0 YMOMYaHMK0 OHIN PaBHbI HyMio, TO ECTb
ABTOMATIYECKI CTEMEHI HE PACKPLIBAOTCS BOOOLLE.

Kpome camocTosiTenbHol dyHKumn expand (), CyLIeCTBYHOT Takxe (hna-
rnexpand n expand(p, n) y dyHKuA ev(). 3anucs Bbipaxexue, expand
paBHOCUNbHA expand(ev(Bbipaxenne)), a Bbipaxenne, expand(p, n) —
expand(ev(Bbipaxenue, p, n)).

Bo3MOXHOCTV ynpaBnsTh packpbiTieM CKOBOK Ha 3TOM He 3aKaH4Ba-
totes. Eule ogHa coyHkums — distrib() — npeactaBnseT kak Obl 06neryeHHbIi
BapuaHT expand(). OHa [eicTByeT aHanoryHo expand(), HO TOMbKO Ha
OZIH YPOBEHb B FY6IHY:

(511 ((@+b)et(b+e)d) (z+y)$
(%i2) distrib(%)

(%02) (e+b)dy+ (b+a)ey+(c+b)dz+(b+a)cx
(%i3) expand(%ol)
(%03) cdy+bdy+becy+acy+cdz+bdx+ber+ace

B npotnsononoxHocTb yHKUMAM *expand* (), packpbiBatoLLM CKO6-
Ki, MOXHO TaKXe 11 Pa3N0XKNUTb BbIDDKEHIE HA MHOXITENN, TO ECTb MaKCH-
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MasbHO MOBLIHOCUTL BCE 3a CKOOKM. [1eNaeTcs 3T0 C MOMOLLbI0 (DyHKLMN

factor():

(%i1) factor(z®1—1)

o) (z=1)(z+1) (2 +1) (e =z +1) (e +a+1) (a*+1) (o' =2 +1) (a5 =2 +1)

Ecnm dyrkumn factor() nepefarts Lenoe Y1cno, 0Ha pasnoxuT ero Ha
MPOCTbIE MHOXUTENH; ECIW Xe NEPEAATb PALMOHANBHOE YCIO — HA MHOXM-
Ten GyfyT PasnoxeHbl ero YUCIUTENb 11 3HAMEHATENb:

(%i1) factor(2'%0 —1)
(%01) 35%113141101251601 1801 4051 8101 268501

123456789
987654321

3607 3803
172379721

(hi2) fax:tor(

(%o2)

Ecnu MHOrO4nEH He MOXET ObiTb NPEACTABIEH B BIAAE NPON3BEAEHNR
HECKOMbKIX COMHOXIATENEN, €ro MOXHO NOMbITaTbCs NPeoopasosarb B Cym-
MY TaKVX NPOU3BEAEHIN C NOMOLLbIO (yHKLMK factorsumy():

(%i1) factorsum(4yz+4zz+y2+zy—vw—uw+tw)
(hol) (y+z)(dz+y)—(v+u—tHw

OyHkung factorsum() ymeer packnagbiBatb Ha MHOXUTENN TONbKO
HE3aBICIMbIE Caraemble, T0 eCTb Takue, KOTOpbIe He COAEPXAT OANHAKO-
BbIX NEPEMEHHbIX. ECIIIM Mbl PACKPOEM CKOOKN B BbIPKEHUN, COLEPXKALLEM B
[BYX Pa3HbIX MECTaX OZNH 11 TOT Xe CMBOJ, TO TaK Kak KO3a(h(uLMeHTbI Npu
3TOM CMMBOIIE NOCNE PACKPbITUS CrpynnuapytoTes, factorsum() He cMoXeT
MOHATb, KAKVM UMEHHO 00pa30M PasrpynnupoBath 1x 06parHo:

(%i1) expand((:r—l— y)z—l— (:r—l—z)2)

(%ol) 2242z24+ 1> +2zy+22?
(%i2) factorsum(%)
(%o2) zz+2xz+y2+2:ry+2:r2

HyxHo 3ametutb, 410 (yHKumu factor() u factorsum(), xotd u He
MEIOT B UMEHI MPUCTaBKN rat, BCe Xe BeayT cebs B CMbiCne pa3bopa
MEPESaBaemblx UM BbIDVKEHHUI HE Kak expand() 1 ConyTCTBYHOLLME, A KaK
ratexpend(); To eCTb Ha Nt06OIA He-paunoHanbHoI (YHKLMI O0CTaHaBNNBa-
f0TCS 11 BHYTPb HE NAYT:

(%11) factor(log(z?+2x+1))
(%o1) log(z?+2z+1)

(%i2) log(factor(:r2+2:r+1))
(%02) 2log(z+1)

Bnpoyem, 06 3TOM MOXHO [OrajaTbCs 13 [OKYMEHTaunu, TaK Kak
thyHkuum factor* onucanbl He B pasaene Simplification, kyna otHocsTcs
expand®, a, Tak xe, kak u rat*, 8 pasgene Polynomials.

BbIHOCITL 33 CKOOKW, a Takke PacKpblBaTb 3T CKOOKN MOXHO He ToMb-
KO cneunanbHol (yHKLMeR, HO 11 JONONHUTENbHbIM (Narom Ko BCe Toi
XKE KaHOHUYECKOA hOpMe pauMOHambHbIX BbIpXEHWA. dnar aToT 30ByT
ratfac, 11 N0 yMON4aHnio OH PaBeH false, To eCTb BbIHECEHNE 32 CKOOKN He
NPONCXOANT. ECIN Xe ero yCTaHOBHUT B fri/e, TO B K&XAOM PaLMOHaNbHOM
BbIDKEHWUM, NPUBEMIEHHOM K KaHOHWYecKoi chopme, Bce OYfieT Makcu-
MabHO BbIHECEHO 32 CKOOKM, HO 6€3 BbI30Ba (yHKUMM factor(); Hanpu-
Mep, B MPUMEPE HIKE He MPON30LN0 06PATHOrO CBEPTbIBAHUA (X+1)?,
X078, 6yay4qu NPUMEHEH K MepBOHA4anbHOMY BbipaXeHuio, thnar ratfac
COXPaHNM 11 3TOT MHOXWTENb HEPACKDBITBIM (TAKKE MOXETE CPABHUTbL 3TOT



MPUMEp C aHaNOrN4HbIM NPUMEPOM K yHKUmam ratexpand () u rat()):

(z-+1) (%e= — 1)
(z+2) (2z+1)

(%i1) rat

(:r2—|—2:r—|—1)e$—:r2—2:r—1
2224 5zx+2
(%4i2) %,ratfac: true

(e®—1) (:r2—|—2:r—|—1)

(%ol)

(%02) 2z2+5x+2
. (z+1) (%e® — 1) _
(%i3) rat @19 2z50) ,ratfac: true

(e —1)(z+1)°

(%03) fig:lijfgtpﬁj

Mpouwye npocToro

ITaK, 0 NpeoBpasoBaHnsX BLIDAXKEHUI Mbl Y)KE NOrOBOPUAM JOCTATON-
HO — Tenepb Mepeitziem K 1x ynpolugHnio. 06 aneMeHTapHbIX YMpOLLEHNSX
Mbl Y)Xe TOBOPWMMA B MPEAbIAYLII Pas: OHW MOTYT MPOU3BOAMUTLCS aBTO-
MaTU4ECKN, Ha YTO BINSIET YCTAHOBNEHHBIA (hnar Simp; 1 No yMonyaHuo
VIMBHHO TaK ¥ IPOUCXOAWT.

3/1eCh TOXE BCE HAYMHAETCA C PALMOHAMBHBIX BbIDAXEHNIA, KOTOPbIMIA
3aHUMaeTcs (yHKLMA ratsimp(BbipaxeHue). OHa yNpoLLAeT BbpaXeHUe
33 CYeT paLVoHaMbHbIX NPeodpasoBaHiA, HO, B OTMMYME OT OCTAMbHbIX
hyHKLWI 110 06PadOTKe PaLMOHATbHbIX BbIDXEHNIA, PAGOTAET B TOM 4Kcne
N «BryGb», TO €CTb MPPALMOHANbHBIE YACTU BLIDAXEHIA HE PAcCMaTPUBa-
H0TCA KaK aTOMapHbIE, a YMPOLLAIOTCS, B TOM YUCTIE, U BCE PALMOHATbHbIE
37IEMEHTbI BHYTPY HIAX:

zdyp1
(%i1) ratsimp(%e =+1

(%o1) e*’—atl

Ha ratsimp() aeicTBytot Te xe chnaru, 4To 1 Ha rat(): u ratexpand, u
keepfloat, n ratfac. Ho otnyaetca oxa ot rat() unm ratexpand() He Tomb-
KO YMeHIeM paboTatb «B ryOuHy», HO 11 HEKOTOPBIMU [ONONHUTENbHBIMM
PaLMOHANbHBIMIA MPE0OPA30BAHNAMN, KOTOPbIE HE MOAAEPKUBAIOTCA ITUMI
LBYMS (DYHKLMAMY:

1w(ir—ﬂs)?’—(irJrﬂs)x/(ir—a)$

(%i1)
(x—a)(z+a)
(%i2) rat(%)
o2y YE—a +(Z2z-a)vz—a
(x—a)(zx+a)
(%13) ratexpand(%ol)
(%03) (:r—a)%—:rv/:r—a—a\/x—a
., (x—a)(z+a)
(%i4) ratsimp(%ol)
(%oa) —20VZ—a
72 _ a2

YYEBHUK Maxima

Kpome dyHkumm ratsimp(), ecTb elle v [ONONHNATENbHbI NEPEKNo-
4arenb — ratsimpexpons. 110 yMON4aHuo OH YCTaHOBNEH B false; ecnu xe
Ha3HAYUTb EMY 3HA4EHWE Ire — 3TO NPUBEAET K aBTOMATUYECKOMY YNpOLLe-
HIIK0 NOKA3aTenelt CTeneHi:

52+ﬂ+i—
(%ol) z 2a+1

(%i2) %,ratsimpexpons: true

a1
(%o2) =z +

OyHKuna ratsimp() — a0 yxe [OCTATOYHO MOUUHBIA, U B TO Xe
BPEMS BECbMa ObICTDbIN, MEXaHU3M YNpOLLEHWS; HO, KOHEYHO, He J0CTa-
TOYHbI: Befb Te [EACTBMA, KOTOPbIE MOXHO YMPOCTATH B PA3HO0OPA3-
HbIX MaremaTuyeckux BbIDDKEHWUAX, HE OrpaHN4MBAIOTCA PaLMOHaNbHbI-
Mu. T103TOMY BCE XE OCHOBHOW MAOC 3TOI (DYHKLMN — 3TO CKOPOCTb. A
Ins 0071ee Cepbe3HbIX YMPOLLEHUA CYLLECTBYET PACLUMPEHHbIA BapUaHT —
fullratsimp(BbipaxxeHue). 31a (yHKUMS NOCNEOBaTeNbHO NPUMEHSIET
K NEpeiaHHoMy BbIPaXEHNI0 (DYHKLMIO ratsimp(), a Takke HEKOTOpbIE He-
pauoHasbHble NPeodpa3oBaHus — 11 NOBTOPSET 3T JECTBIS B UMKNE 10
TeX N0p, MoK BbIPDKEHINE HE NEPECTAHET B NPOLIECCE HIX M3MEHSTHCH. 3a
CHeT 3T0r0 (YHKLUMA PABOTAET HECKONBKO MeAJIEHHEe, YeM ratsimp(), 3ato
LaeT 0071ee HALeXHbI Pe3ynbTar — K HEKOTOPbIM BbIDXEHUAM, KOTOPbIE
OHa MOXET yNPOCTUTB C X0y, ratsimp() Npuinochk Obl NPUMEHSTTb HECKOSb-
KO pas, a MHorfa Ta v BOOOLLE He CrpaBunack Obl C 3aaqeit.

(=F-1) (F+1)’
z¢—1 §
ratsimp(%)

(%i1)
(%id)

r2e_2z% 41

(hot) ——"=
(%15)

(%o0b5)

ratsimp(%)
-1

(%16) fullratsimp(%ol)
(%o6) z*—1

I TpeTb 0CHOBHAA (DYHKLNS YNPOLLEHNS BBIDDKEHUA — Y)KE HUKAK C
npeablAyLMA ABYMS He COOTHOcALascs — radcan(Bblpaxenue). Ecnn
ratsimp() wu fullratsimp() OpuYeHTMpOBaHbl Ha YNpPOLLEHNE pauyMOHaNb-
HbIX [EACTBUIA, TO radcan() 3aHUMaeTcst YNpoLLeHem NorapudMIyeckx,
IKCMOHEHLIMANBHBIX (DYHKUMA 1 CTEMEHHBIX C HEUEMbIMY PaLMoHaNbHbIMMY
roKasaTensamun, T0 ecTb KOpHeA (paamkanos). Hanpumep, BbIpaXeHue u3
BTOPOr0 MpuUMepa B 310M pasfene radcan() CMOXET yNpoCTUTL CUNbHEE,
yem ratsimp()/fullratsimp():

y@—a)P—(z+a)Vz—a

(x—a)(z+a)

(%11) ratsimp

2avxr—a
(hol) ——2L——r
Ny

(%i2) fullratsimp(%)

(%02) _2avz—a

T2 _ a2
(%13) radcan(%)
2a
Gn 3 -
(%03) T >>
www.linuxformat.ru LXF9(83) CEHTABPL 2006 89



YYEBHUK Maxima

<<

(%i3) trigreduce(%)

(o03) 08 (2y+z) cos(2y—zx) " sin(y+2z) sin(y—2z)
2 2 2

(%i4) trigreduce(%)

(%04) cos(2y+z)+sin(y+2x)

B HEKOTOPbIX Cy4asix HaunyHLwero pesynbrata MOXHO A06UTHCS, KOM-
OuHupys radcan() ¢ ratsimp() wnm fullratsimp().

C yHkupert radcan() CMeXHbl N0 AEACTBMIO elUe 1BA YMpaBnsito-
wx kntoda. OfnH U3 HX HasbiBaeTcs %e_to_numlog. Buset oH He Ha
camy (OYHKUMIO, @ HA aBTOMAT4ECKOE YNPOLLEHKe. ECn BbICTaBITL €ro B
true, T0 BbIPAKEHUS Buda efrioalEspaxenne)) rpe r — paLMOHANBHOE YUCIO,
0OynyT aBTOMATUYECKI PACKPLIBATLCS B BbipaxeHne'. OyHkuns radcan()
[ENaeT Takve NpeobpasoBaHns HE3aBUCUMO OT 3Ha4eHus Kniova. Bropoit
kntoy — radexpand (ot radical, He nyTatb ¢ ratexpand) — BnusieT Ha
YNPOLLEHNE KBAZAPATHOMO KOPHS U3 YETHOIA CTEMEHI KaKoro-nnbo Bbipaxe-
Hust. OH, B OT/IN4ME OT OOJbLUMHCTBA NEPEKIOYATeNeN, IMEET He 1Ba, a TP
3Ha4eHIs: Npu 3HaveHun all, sqri(x?) GyneT packpbiBaTbCs B X — Kak s
JEACTBATENbHBIX, TaK 11 NS KOMMNEKCHBIX YUCEN; NPI 3Ha4eHnn true (no
yMonyaHuio), sqri(x?) ana neiicTBUTENbHLIX YNCEN npeBpaliaercs B /x/, a
1N KOMMNEKCHbIX He Mpeobpasyetcs; a npu 3HadeHum false, sqri(x?) He
Oyner ynpoLaTscs BOOOLLE.

Cnenytowine e MyHKUMIA 1 0UH dnar OTHOCATCS K YNPOLLEHNIO (hak-
Topuanos. ®yHKuua factcomb(BbIpaXKeHne) NPOBOAMT YNPOLLEHNS BIAAA
n*(n+1) = (n+1)! n Tomy nogobHble. PyHkums minfactorial, HanpoTyB,
COKpaLLaeT (hakTopuanbl, TO ecTb AeicTBYeT no npuHuuny nl/(n-1)! = n.
N conar sumsplitfact, koTopbiii N3HAYanbHO YCTAHOBMEH B frue, Haxo-
[JS1Cb B COCTOAHUI false, NpUBOAWT K TOMY, 4TO NOCAE TOr0, Kak 0TpaboTaeT
factcomb, minfactorial BbI3bIBaETCS aBTOMATUYECKM.

BoTt nojj TaKum yriom...

' Hanocnefok moroBopuM 0 (DYHKUMSX ANS NpeobpasoBaHis TpUro-
HOMETPNYECKIX (hopMyn. 3[eCh TaK e, Kak 1 Y pauuoHanbHbIX (yHK-
LWiA, NpucyTCTBYET 00LAd ANA BCEX npuctaska — trig; paclumdposbi-
BaTb €6, Aymato, 0C000i HyX[bl HET. HayHem no Tpaguuum ¢ yHKLMN
trigexpand(BbipaxxeHne). OHa, Kak HETPYAHO [0radarbCsi, packpblBagT
CKOOKI B TPUFOHOMETPUYECKIAX BbIDKEHNAX:

(%i1) trigexpand(sin(2x + y)+ cos(z+2y))

(%01) —sinzsin (2y)+ cosz cos(2y) +cos (2z)siny +sin (2z) cosy

(%4i2) %, trigexpand: true

37eCh, KaK 00bI4HO, 6CTb HECKOMbKO YNpaBsolLMX (hiaros, nepBbiii
113 KOTOPbIX OMNSITb Xe ABMAETCS Te3Ko camolt dyHKuA. OH NMpuBoauT K
MOBTOPHOMY PACKPBITA BCEX CUHYCOB-KOCKHYCOB, TO €CTb (DaKTUYECKiA
PaBHO3HA4YEH NOBTOPHOMY BbI30BY CaMOi (DYHKLI:

(%02) cosz ((cos y)2 — (sin y)z) —2sinzcos ysiny + ( (cos 1)2 — (sin:r:)2) siny+ 2cosxsin xcosy
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Bropoii dhnar — halfangles — ynpaenset packpbiTiiem hopmyn nosno-
BIHHbIX yrnos. 06a 3T dnara no ymon4aHnio cOpOLLeHbl. A CrieaytoLme
nga (hnara — trigexpandplus u trigexpandtimes — 0TBE4aKOT COOTBET-
CTBEHHO 32 NMpUMEHEHME DOPMYN CyMM YIIIOB U KPaTHbIX Yrmos. To ecTb
B MpUMepe Bbllle CHa4ana cpabotan cnar trigexpandplus, a 3arem —
trigexpandtimes. 371 chnarv N0 yMONYaHMIO YCTAHOBNEHbI, YTO 11 BIAAHO
113 NpUMEpa.

Kpome BCero yxe ynomaHyToro, ectb ele onarv trigsign utriginverses.
MepBblii NPUHUMAET TPAANLIMOHHbIE [1BA 3HAYEHNS (N0 YMONYaHNIo — frue)
11 PErynnpyeT BbIHOC 3Haka 3a Npeenbl TPUrOHOMETPUYECKON (DYHKLMM, TO
€CTb, K Mpumepy, Sin(-x) ynpoctutcs 1o -sin(x), a cos(-x) — no cos(x).
®nar triginverses — TPex3HauHbli, U YMON4aTeNbHOE ero 3Ha4eHue
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3 +cosz cos (2y)+cos (2x) siny

pagHo all. O oTBe4aeT 3a 06paboTKy COveTaHuid Buaa sin(asin(x)) wau
atan(tan(x)). 3nayeHne all no3BONSET PACKPbIBATL 3TV COYETAHNUS B 060UX
HanpaBneHnsx (HaNOMHIO, YTO MPI 3TOM YaCTb KOPHelt ByaeT TepSTbCs); 3Ha-
YeHVie frue 0CTaBNSeT Pa3peLLeHHbIM PaCcKpbITIE TONbKO BUAA Sin(asin(x)),
T0 €CTb GI0KMPYET BAPUAHT C NOTEPSIMU NEPUOAINYECKIX 3HAYEHUIA; A Cyyail
false 3anpeLLaeT 002 Hanpas/eHus NpeobpasoBaHuii.

OyHKuna, o6patHas trigexpand(), HasbiBaetcs trigreduce(Bbipaxe-
HINe) — 3[1eCb, B MOJIHOM COOTBETCTBUN CO 3HA4eHWEM Ccrosa reduce, Agiic-
TBYHOT (DOPMYNbI MOHIDKEHUS CTEMEHM. Hanpumep, NpUMEHUB [BXAbI 3Ty
(DYHKUMIO K pe3ynbTaTy NpedblayLlero npumepa, Mbl Nosy4uM ero B UCX0/-
HOM BUAE (CM. PUC. HABEPXY CTPAHNMLIbI).

3Ty (DYHKUMIO MOXHO BbI3BaTb C B0ONEE MONHBIM CNCKOM apryMeHTOB:
trigreduce(BbipaxeHue, nepeMeHHas) — Toraa (hopmysbl MOHWKEHNS
CTeneHyn ByayT NPUMEHSTHCS TOMBKO MO OTHOLUEHNIO K 3a[aHHOM NepemeH-
HOIM (MepemMeHHast MOXET ObITb, KaK 1 MOYTY BE3ZE, HE TONbKO OTAENbHbIM
CYMBOJIOM, HO U1 BbIDKEHNEM).

TpeTbst (DYHKUMS 3aHUMAETCS YXKe YNPOLUEHNEM, 1 30BYT €€, COOTBET-
CTBEHHO, trigsimp(BbipaxeHue). OHa cTapaeTcst ynpocTuTb Moboe Tpu-
TOHOMETPUYECKOE BbIDKEHIE, UCMONb3YS W3BECTHbIE DOPMYMbI, Takue
KaK sin?(x)+cos?(x)=1 n Tomy nofobHble. [NA Haunyullero pesynsrara
ee MOXHO KomOuHupoBatb ¢ trigreduce(), ratsimp()/fullratsimp() w
radcan().

3TUM BO3MOXHOCTU Maxima no npeo6pa3oBaHid 1 YNPOLLEHIK pas-
HO0GPA3HbIX BbIDAKEHUI ELLE HE COBCEM UCHEPMaHbI, HO OCHOBHbIE U3 HIX
Mbl PACCMOTPENM B MOAHOIA Mepe. B cneaytoLmii pa3 noroBopuM HEMHOTO 0
MPYMEHEHIN HEKOTOPBIX BCTPOEHHBIX (DYHKLWIA, O paboTe C BEKTOpaMK, MaT-
PULAMI 1 MHOXECTBAMY U1, BOMOXHO, 0 PaOOTE C NOTVIKO, C YPaBHEHUSMY
11 HepaBEeHCTBAMIA, @ TaKkxke 1x cuctemamu. YA

YEPE3
MECSIL

Mbl norosopum 0 NMHENHON anreépe,
TEOPUN MHOXECTB 11 YPaBHEHUSAX.



