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1. O6ume cBenenusas o MAXIM’e

[lone3HocTh cUCTEM AHAIUTUIECKAX BBIYUCICHUN IS GU3MKOB-TEOPETHKOB (MO
MHEHUIO aBTOPOB) HE BLI3bIBAET HUKAKUX COMHeHuil. Bo-nmepBbix, 5T0 c1ocob mosry-
YUTh MPABUILHBIA OTBET HPU AHAJIUTUIECKUX BBIUNCIEHUSIX, KOTOPBIE OMHOBPEMEH-
HO SIBJISIFOTCS OTHOCUTEIBHO MPOCTHIME (B TOM CMBICIIE, YTO OYEBHUIHA MIPOIELyDPa
BBIUMCJIEHUI) U HUCKIIIOYNTEBHO TPOMO3IKAMEU (B CMBICIE IJIHHBI dopmyi). Be-
POSITHOCTD MOJIyYEHUs IPABUMIHHON OKOHYATEILHON (POPMYJIbI IPU PYYIHOM CUETE B
9TOM CJIy4ae OOBIKHOBEHHO OJIM3KA K HY/IIO. BO-BTOPBIX, HEPEOKO UX MOXKHO MCIIOJIb-
30BaTh KaK CIPABOYHUK. B HUX 3aIIMTO MOBOJIBLHO OOJBIIIOE KOJTUMIECTBO CBEIEHUM
0, CKa)XeM, BBICIIINX TPAHCIEHIEHTHBHIX QYHKIUAX, U ecian BBl CMyTHO IIOMHHUTE
OOIINII BUO HEKOTOPOTO COOTHOIIEHUS, HO HE MOMHUTE TOYHBIA €ro BHUI, TO HEPEI-
KO OBICTPEe BOCIIOJIB30BATHCSI CUCTEMON AHAJIUTUIECCKUX BBIUUC/ICHNN, YeM JINCTATD
coorBercTBYIommin DjVu daitn MareMaTudeckoro CIpaBOYHUKA. B-TpeTbux, OHU
IIO3BOJISIOT OBICTPEHBKO UTO-TH0O0 HPUKUHYThH, IPOBECTU IMIPOCTEHHKYIO BHIKIAIKY,
HApPUCOBATh rpaduK — HEPEIKO PYUKOW Ha OyMare TO XKe caMoe MeJIaeTCs MelJIeH-
Hee.

C mpyroi cTOpOHBI, CJIEAYyEeT OTUYETINBO HOHIMATh, YTO MOJIb3Y 5TH CHCTEMELI MOTYT
IPUHECTU TOJBLKO B TOM CJIy4ae, Korma Bbl XOpoIro 3HaeTe UX CHHTAKCHUC U OOIIme
npuHIunbl ux paborsl. Kpome Toro, Bel momKHBI OTYETINBO HPENCTABIATL cebe
IPOLENYPY BHIUUCIEHU, KOTOPBIE XOTUTE IIPOBECTU. XOTS BCE CUCTEMbI CHAOKEHBI
HEKOTOPBIM HAaOOPOM YHUBEDPCAJIBLHBIX QYHKIHUN M1 ~ yIPOIIEeHus U Ipeobpa3oBa-
HIS BBIPAXKEHNH, OYeHb PENKO OBbIBAeT TaK, UYTO CUCTEMA 3aMETHUT UTO-TO TAaKoe,
Jero He 3aMeTu/in BhI.

MAXIMA — 510 omHa W3 MEPBBIX CUCTEM AHAJUTUYIECKUX BblumciieHuil. K Ha-
CTOSIIIIEMY BPEMEHHU CYIIIECTBYE€T MHOXKECTBO TAaKUX CUCTEM — DTO, IIPEXKIE BCETO,
a3bIk aHajmrrndeckux Boranciiennii REDUCE; cucreMbl aHAINTHYECKIX BBIYMCITE-
amit MAXIMA, Mathematica  Maple/MathLab(!); mporpamva MathCad (xoTopas
CKOpee SIBIISIOTCS UIPYLIKON, YeM pabOIuM MHCTPYMEHTOM ); BBIMEPIINE K HACTOS-
1eMy BpeMeHu mporpammbl Derive u Eureca; cucreMbl, OpueHTHPOBaHHBIE HA CIIe-
uaJIbHBIE 3a0a4n (HAOpUMep, Ha BBIUUACIECHUS B (GU3MKe BBICOKMX SHEpPruil) THUIa
ScoonShip mwmu FORM; u MmHOrMe mpyrme CuCTEMBL.

Nmeer cmbica pasnumyaTh sI3bIK AHAJUTUYECKUX BBIYUCICHUN, T.€. MHUHUMAJIb-
HBII HAOOP CHMHTAKCUYECKNX KOHCTPYKIINI, KOTOPBIA pacHIiupsieTcs OubImoTedHbI-
mu dyuakmusyu (runuyasei npuMmep — REDUCE), u cucremy ananuTuyeckux BbI-
YNCJIEeHU, B KOTOPOU M3HAYAJIBbHO OIPENESIEHO OUeHb MHOTO QYHKIIUN, IPUYEM 5THU

Cucrema MathLab ncmonssyer B kauecrBe ”nBurarens” (T.e. BBIYHCINTEIHLHOIO
Momyist) umernHo Maple
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dyukunn (kak npasmio) usbbirounbl. CucreMa aHAJIMTUYECKUX BBIYUCICHUI CTa-
paercs ”yMmeThb Bce” U Ha KaxXKIyIo 3a/1a4y B Heil HallneTcst CBOsI QYHKIUS ( TUINIHBIE
npumepsl — MAXIMA u Mathematica).

Kpowme Toro, cienyer paszaumdars paboTy € CHCTEMON aHAJIUTUUYECKNX BBLIYUCICHUN
B MHTEPAKTUBHOM U B MAKETHOM pexume. B peasibHOU paboTe yallle BCTPEYAET-
Cs TMAKETHBIN peXuM. Bbl OTYeTINBO TperncTaBiseTe cebe MOC/IenoBaTEIbHOCTD
BBLIKJIAZIOK, KOTOPYIO XOTUTE IIPOBECTHU, B TEKCTOBOM pemaKTope HabupaeTe COOT-
BETCTBYIOIIYIO IPOrpaMMYy, 3aIlyCKaeTe ee Ha CUeT U CMOTPUTE Ha pe3y/IbTAThI ee
paboThI, comepakKaIrecs B BEIXOMHOM daiiyie. IHTepak TUBHBIT PEXUM BCTPEUAETCS
TOrma, Korma Bel xoTuTe 9TO-1MbO0 NPUKUHYTh. BBl BBOOUTE OMHY KOMAaHIY, CMO-
TPUTE UTO MOJIyUUJIOCh, B 3ABUCUMOCTH OT 3TOT'0 BBOOUTE CJEAYIONIYIO0 KOMAHOY U
T.q.

[Ipu BBIOOpE CcHCTEMBI AHAINTUIECKUX BBIYUCIIEHNN CIEOyeT YINTHIBATH:

Bo-nepBbIxX, HACKOJIBKO yOAUE€H 3aMBICE]I CUCTEMBI: €CTECTBEHHOCTH CHHTAKCH-
ca, MPOCTOTA PeaJn3alul TeX WU WHBIX NEUCTBUN, aBTOMATUUYECKOe WIIN IIPUHY-
NUTeIbHOE YIPOILleHne, IOJTHOTa Habopa GYHKIUN U T.II.

Bo-BTOpBIX, HACKOIBLKO yIadHa €e KOHKDETHAas peajm3alnnsi: TakK, CTAPEHBKUI
REDUCE 3.0 xommakTeH, HO KpaiiHe OrpaHHYeH U IO MaMSATH U IO CKOPOCTH IIO
cpaBaennio ¢ 6oiee "HoBeIM” REDUCE 3.4, a opopmmerne REDUCE 5.0 3amerHO
ayuire, yeM y Bcex mpembimyinux; Mathematica 1.0 — »To mporpamma, KoTopas
mouTtu He paboraer, Mathematica 2.0 u 2.2 paborator, Ho ¢ "npuaynamu’ , Math-
ematica 3.0 mus LINUX (onur u3 BapuanToB UNIX) paGoraer B 3 pasa GricTpee,
vem Mathematica 3.0 mias Windows 95, eciin oHEM HHCTAITIPOBAHLI HA MOEHTUIHBIX
KoMmbloTepax, opopmienue Mathematica 5.0 ropasmo syutiie, uem y IpembIayIimx
BepCcHuil 1 OBICTPEHBKO HPUKNHYTH YTO-JIN00 B MHTEPAKTUBHON Mone yHooOHee BCero
nMenHo Ha Hell (Mathematica 5.1 mouru me ornmuaercs or Mathematic’n 5.0), u
T.1I.

B-Tperbux, seraapHOCTH ee ucnonb3oBanus: croumocts REDUCE 4.0 — (6br-
nma) 99%, crommocrs Mathematic’m 3.0 mon Solaris (omme m3 BapmanroB UNIX)
— (6pwma) 5008, crommocts Mathematic’'n 5.1 — or 2000$ mo 50008, MAXIMA
5.13 mon UNIX u WinXXX — nporpamma ob1iero nosnb3oBanus (6osee Toro, open
source), ee UCXOMHUKYU U y2KEe OTKOMIMINPOBAHHBIE BEPCUH [JISl PA3HBIX ONEPAIMOH-
HBIX CHCTEM JIerKO HAaWTHU C MOMOIILIO JTI060r0 MHTEPHETOBCKOTO MOMCKOBHKA. Ke
rTakxke jierko HaiTu B npoekTe GNU, HO TaM oOHa cyIlecTByeT B pexmuMe ~not sup-
ported”, uro moBombHO meuwanbHO.(?) B mHacTOsee BpeMs ee MOXKHO CKAdaThb C

(2) Ecnu Bor 3axorure camu cxkoMmunuposaTh ee moxm UNIX (BeposiTHO, 5TO Gymer
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"http://sourceforge.net”, HO, KaK IIOKA3bIBAET OIBIT, DTO YTBEPXKIEHUE OCTA-
HETCS BEPHBIM HE CITIIIIKOM IOJITO.

B-ueTBepTBhIX, MTPUBBLIYKON IOJIB30BATENsA. JTOT HAKTOP, KAK HU CTPAHHO, HA
HAII B3TJIAM, ABjsgeTcss OCHOBHBIM. C OMHOM CTOPOHBI, OCBOUB 00YI0 U3 cucTeM, Bor
C JIETKOCTBHIO OBJIafleeTe U BCEMU OCTAJbHBIMU, HO BCE PABHO caMas IepBas CUCTEMA
TakK W ocTaHercs mjas Bac camoii ymoOHONI, ee cMHTAKCUC OymeT Ka3aThCsS CAMbIM
eCTEeCTBEHHBIM, 1 Bbl He OymeTe "3aMedaTh ero”’ mpu peajbHOU HAydHOUW paboTe.
ABroper nmeror onbiT peanabHoin paborsl ¢ REDUCE, MAXIMA u Mathematica,
omelT urpsl ¢ Maple, MathLab u MathCad.

Cpenu mepevmciIeHHBIX MOPOTPAMM CaMBIM YIOOHBIM cepBucOM (0dhopMIIeHHEM )
obnamaer, Ha HaII B3rJam, Mathematica. Eciu Bam HyxHO 9T0-11160 OBICTPEHBKO
IPUKUHYTH (OpoBepuTH HGOPMYILY, HAPUCOBATH IPA(UK, OLEHUTH HOPSIIOK BEIHYU-
HBI) B MHTEPAKTUBHOM DeXHUMe, HOXKAJyil, cllenyeT Bocmoiib3oBarhes Mathemat-
ic’oit. (®)

Onraxko BeI HOMXKHBI TOMHUTH, UTO CPEOU BCEX HEpPeUMCIeHHBIX cucreM Mathe-
matica comepxkuT HambOOJbIIEE KOJIMYECTBO OIMMOOK. XOTs OCHOBHBIE €€ MOEN W1
CHHTAKCHIeCKIe KOHCTPYKINN Obun mosamMcrBoBanbl y MAXIM b, (Y HO mx xom-
KPeTHAsI peajim3allis OCTaBIsIeT XKelaTh Jyuinero. Vcropus B3amMOOTHOIIIEHUN
MAXIM’sr 1 Mathematic’'u npakTudecku MOBTOPS€T UCTOPUIO B3aMMOOTHOIIIEHMI
UNIX 1 WinXXX. K coxasmenuto, Mathematica n3nauaabHO pa3BuBajach Kak KOM-
MepuecKas mporpaMMa u ObIja OpHEHTHUPOBaHA HA MaCCOBOTO IOJBb30BaTeds. 1ak
YTO KOHCTPYHPOBAJIACh CHCTEMa, KOTOpas ~yMeer Bce”, HO mejlaeT 5TO ~Bce’ He
cauikoM xopowo (”aTobbl X0Th Kak-Hubynb paborasno”). Maso Toro, eciau B He
CJIAIIIKOM CJIOXKHBIX CJIydYasX OHA OOBIYHO BBIMAET MPABUJILHBIE OTBETHI, TO B HE-
TPUBHAJIBHBIX CIyYasX OHA Hepenko (1 6e3 Kakux-iubo MpenynpexIeHnil) BbIIaeT

Linux), umeiire B Buny, uro nocienuue sepcurn MAXIMA me Bcerma xopormro mo-
auMmator nocienuaue Bepcun GNU Common Lisp (GCL), Tak uro npore cobupars
ee Ha 6a3e CLISP. B mpunmumne B 6onbmnacTBe Bepcuii Linux o6e Bepcuun Common
Lisp (u GCL, u CLISP) Bxomsar B ycraHaBIMBaeMbINl KOMILIEKT IPOrPaMM, HO (Kak
IIPABUJIO) HE LEJIUKOM, a B BHIE OIPBI3KOB. JTHUX OIPBI3KOB BIOJIHE NOCTATOIHO,
9TOOBI MOJYYUTH paboTarlyo B TekcToBoM pexume MAXIM’y. Kak mnpasuiio,
IJIsl PeaJIbHON HAayIHON pabOThI OOJIBIIIEro U He TpebyeTcs, HO eciim BbI CKJIOHHBI K
IIPOrPAMMUICTCKUM SKCIEPUMEHTaM (TPEBOXKHBIN HPU3HAK — MOXKeT ObITh BbI He
dusuk, a nporpammuct?), To nocrasbre CLISP B monroM obbeme.

ABTopsl He HacTauBalOT Ha 5ToM yTBepxkmenuu. Ecium Maple win MathLab Bam
KaXXyTcs Oojiee ynOOHBIMI, UCIOIB3YHTE UX.

SHAUNTETBLHO YAYUIINEH TOJMBKO allapaTr HONCTAHOBOK IO IIAbGJIOHY, KOTOPLIA B
MAXIM’e kpaiine HeynoOeH.
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HEYTO COBEPIIEHHO HempaBujibHOEe. OmsaTh-TaKd, MPU yCOBEPIIIEHCTBOBAHUN CUCTE-
MBI OCHOBHOE BHUMAHUE YIIEIAIOCH OPOpPMIIEHNIO, a He onTuMmu3anuu paborsl. Pe-
aJIm3alus UMEHHO aHajauTudeckux BbrumcieHuit B Mathematic’e He ouenns ymauna
(MEeIIEHHO U He SKOHOMHO IO IaMSTH), U IpU GOJIBIIOM 00beMe BBIKJIAIOK OHU HE
MOT'YT OBITH BBINIOJIHEHBI 32 KOHEYHOE BPEMSI.

Hecmorps Ha Bce ckaszaHHOE, M pabOThl B MHTEPAKTUBHOM PEXNUME aBTOPHI BCE
ke pekomernyioT Mathematic’y.

Hanporus, mias paGoTsl B HaKeTHOM pexuMe Mbl pekomernyeM MAXIM’y.(®) Kaxk
HaM KaxKeTcs, OHa oOjlamaeT OombIIell TMOKOCTBhIO HIpH paboTe C BbIPpaKEeHUSIMH,
gem REDUCE, xoTs wHOrma peasm3aliusi HEKOTOPOTO aJIrOPUTMA, BBEIUMC/IEHUN HA,
MAXIM’e Tpebyer Gonbimux ycuiauit, uem Ha REDUCE. Tem me menee, npu pa-
6ore ¢ MAXIM’oii MoxkHO mocTmub ropasmo 6ombirero, uem Ha REDUCE. Ieno
He cTOJIBKO B ToM, uro B MAXIM’e ompeneseno MHOXKECTBO MOJIE3HBIX (DYHKIIHI,
koropeix HeT B REDUCE. I'maBueim npemmyinecrsom MAXIM’er mpu paGore ¢
AHAJIUTUUYECKUMU BBIPAXKEHUSIMU SIBJISIETCSI TO, YTO OHA HE CTAPAETCS ~ yIPOCTUTH’
BEIPaKeHNE 10 HEKOTOPOI KaHOHMYECKOon ¢GOpMEI, eciii ee 06 >ToM He mpocsT. [l
OuYeHb MHOTHUX BBIPaXKeHHUI TaKoe ~ YIpOIlleHre  IIPUBOIUT K HEBEPOITHOMY yCJIOK-
nenuio (yminuuenuoo). REDUCE, manporus, Bcerna cBOOUT BbIpAXKEHUE K KAHOHU-
YEeCKOMY BU/Y, U TIPOBOMUT YIIPOIIEHUs IO TEX MOP, IOKA BhIPAXKEHUE HE MEPEeCTAET
MeHATHCSA. EmumHCTBEHHOE, Ha YTO MOMKET MOBIXATH mojb3oBarerab REDUCE —
5TO MOMEHSATH CaM KAaHOHWYECKWH BUM C MOMOIIbIO ¢diiaroB. ['mbpumuas omepamus
(manpumep, daxropusanus oraenabHbIX ciaaraeMbix B cymme) B REDUCE Tpebyer
oueHb OosbInmx mporpammucrckux ycmwanmii. Hamporms, MAXIMA memaer B TOU-
HOCTH TO, O UE€M €€ IMPOCUT MOJIb30BATENb C IIOMOIIBIO TeX MM NHBIX GYHKIINH UK
daroBeix nmepemMeHHbIX. [Ipu 5TOM OHA HEe TPOBOMUT YIPOIIEHUS Ui TPeoOpa3oBa-
Hust ” 0 KoHua” (T.e. OO TeX IOp, HOKA BLIPAXKEHUE HE IEPECTAET MEHSTHCS), Tak
YTO YaCTO MOBTOPHBIN BLI30OB TOW ke caMoll (QYHKIUN MEHSET BbIpaXKeHHe (OIbIT
IIOKA3BIBAET, UTO 3TO OOJILIIIOE IPEUMYIIIECTBO, a He HEIOCTATOK, KaK MOXKET IOKa-
3aTbCsl Ha HEPBLII B3IJISLL).

Yro kacaercsa nuarepdeiicos MAXIM w1, TO X B HacTOsIIIEe BPpEMS HACUNTHIBAETCS
JeThIpe.

Bo-nepBrix, pabora ¢ KoMaHmHOI cTpoku (”makerHbll pexum” ). B mobom Tek-
cToBOM pemakTope Bel Habupaere mporpammy, 3allyCKaeTe ee Ha CYeT U IOTOM (C

ABroper He HacramBaioT Ha >ToM yrBepxkaeHunn. Ecam REDUCE Bam kaxercs
bosiee ymOOHBIM, UCHOIB3YUTE €rO.
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U3YMJIEHIEM) PACCMAaTPUBAETE BBIXOMHON datir. st 5TOro mocTaTodHo ymerhb 3a-
nyckare MAXIM’y ¢ xomannuoit crpoku. IIpu pa6ore mon UNIX (BepostHO, 5TO
6ymer Linux) serko Haiitu ckpunr (OGBIYHO OH HA3BIBAETCS IPOCTO “maxima”), 3a-
nyckarommit "roayo” TekcroByio mony MAXIM’er. Ilo ymonuanuio oHa 3amycTuT-
csl B MHTepakTUBHOM pexuMe (Bbl MoxkeTe mocsenoBaTenbHO BBOOUTH KOMAHIBL I
HEME[JIEHHO IOJIy4YaTh Ha HUX OTBeT). Ho, monb3ysach OOBIYHBIM IepeHampaBiie-
HIIEM BBOMOA C IIOMOIIBIO ~<”, MOXKHO cpa3y 3amycTurhb Ha cuer Bamr dain. Ilon
WinXXX (crapaiirecs me nonb3oBarbes WinXXX!) Bce coBepIiieHHO aHAJIOMUYHO,
TOJILKO HAIO MCKATh 3aIryckatormuii daiia “maxima.bat”. Kak mokas3biBaeT OIBIT,
[IPU PEAIbHON HAYYHOU pabdoTe 3TOT PeXUM caMblil 3pPeKTUBHBINA, U aBTOPHI I'O-
PSY0 PEKOMEHIYIOT HMEHHO ero. Kpome Toro, sTor pexkuM BBINIAIUT (IOYTH)
OMMHAKOBO HA PA3HBIX OIMEPAIMOHHBIX CHUCTEeMax, paboTaeT B TEKCTOBOW MoIe, W,
CJIEMOBATEIHHO, MOXKET ObITH MCIIOJIB30BAH IPU paboTe C yIAJIEHHOTO TEPMUHAJIA.

Bo-BTOpHBIX, pabora c momoIlbio pemakropa emacs. s sdpdexkruBHOn pabo-
TBI B 9TOM PEXMME€ HAI0 OCBOUTHL €macs, UYTO IOJIE3HO W CaMO MmO cebe, MOCKOIb-
Ky 5TO MCKJIIOUUTEIBHBIN IO MOLIHOCTH pemakTop (910 wacth npoekta GNU, rak
uyro oH cymecrByer u mon UNIX, m mon WinXXX). 3arem cremyer mo3sHAKOMUTH
emacs ¢ MAXIM’oii. g 5TOro mocTaTO4HO CKONMPOBATEHL COOEPKUMOE TUPEKTO-
pun ”emacs”, KoTopast IpucyTcTByeT B ycraHoBiienHo Bamu MAXIM’e, B mo6oe
MeCTO, U3 KOTOPOrO emacs corjaceH umrarh daiisl "Emacs Lisp” (oHEH mMmerorT
nMeHa ¢ pacmuperueM ~.el”). Ilis sToro mpoie Bcero HaflTH BHYTPH CAMOTO
emacs OUPEKTOPHUIo, rae jexar daiabl ¢ pacmupenneM ~ .el”. Hakowrer, ciaemyer
co3maTh KOHGUTYPAIMOHHbBIA (ailji emacs, KOTOPBIN MOJIXKEH UMETh UMs ~ .emacs”
(HaumHaeTCs ¢ TOUYKHU!) M COmepkKATH CIEMYIOIINE CTPOKM
(autoload ’maxima "maxima" "Maxima interaction" t)
(autoload ’maxima-mode "maxima" "Maxima mode" t)
(setq auto-mode-alist (cons ’

("\\.mxm" . maxima-mode) auto-mode-alist))
(3Tr0 cmemyer BocumpumHmMaTh akcmomarmdecku). llom UNIX srtor daitn momxken
Jexarb B Bamreit home-nupexropun, a mon WinXXX — B kopue mucka "C:”
IIocne sTtoro Bnl Moxere HabumpaTh CBOHM HPOrPAMMBI, IOJL3YSICH PEIAKTOPOM
emacs. Ecaum pacmupernme daiiina 6ymer ” .mxm”, TO emacs aBTOMATUYECKU IIe-
peiimer B pexnM 'maxima-mode”. IIpum sTom Tekct O6ymeT cHabxkeH ’60eBOl pac-
kpackonr” — ¢yukmun MAXIM’er OynyT pucoBaThCS OMHUM IIBETOM, II€PEMEHHBIE
npyruym, kommerrapun — rperbuM.(®) Kpome Toro, Bel cMokere HEMEIEHHO 11O-
CBUIATH HA UCIOJHEHUE KaK oTAeabHble cTpoku (Ctrl-C Ctrl-C) uiam MapKupOBaH-

uble 610ku (Ctrl-C Ctrl-R, 6yksa ”R” u3-3a Toro, uro B emacs GI0KI HA3BIBAIOTCSI

(6) Ha B3rsism aBTOpOB, 5TO CKOpee HENOCTATOK, YeM IOCTOUHCTBO.
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"regions”), Tak u Becb Habpauubli daiin (Ctrl-C Ctrl-B, 6yksa ”B” u3-3a Toro,
yTo B emacs (aiibl HasbBaroTcsa “buffers”). OxHO pemakropa Gymere momeneHO
IIOIIOJIAM, I B OMHOM MMOJOBHHE BBI yBUIUTE NCXOMHBIA TEKCT, & B IPYTON — pPE3Y/Ib-
raTel paborel MAXIM’er. KcraTtu, pesynbrarel paboTel — 510 TOXke “buffer”,
TaK YTO €ro TOXe MOXKHO COXPaHUThH B (pailil.

B npunmune #Ha ObICTPON MaIlimHE TO MOBOJIBHO yHOOHBIN criocod paboTel. bBoitee
toro, non UNIX emacs cyrecTByeT Kak B rpaduyueckoil, Tak U B TEKCTOBOI BEPCUMN,
TaK IYTO BO3MOXKHa pabora C ymajgeHHOTro repMmuHaga. Ho ciaemyer moMHUTH, ITO
BCEe apXUTEKTYPHBIE YKpallleHus 3aMemiIsior pabory. Kpome roro, meobxommmo
OCHOBATEJILHO U3YyYNTH €macs.

B-rperbux, 5ro maTepdeiic "xMaxima”. 910 crporo rpaduueckuii mHTEpdEIIC.
OKOIIIKO B HEM ITONEJIEHO ITOMOJIAM, B BEPXHEN YacTH KuBeT mHTepakTuBHas MAX-
IMA, a B HmXHel mpucyTcTByeT mceBmobpaysep. B sTtom mceBmoGpaysepe Moryt
OBITH OIpEeNe/IeHbl CChLIIKM, KOTOPBIE PAacCMATPUBAIOTCI KaK CKpUIThl. MX TekcT
nepeceiaercs MAXIM’e, a pesyinbTaT paboThl MOXKHO OTIPABUTHL OOPATHO B IICEB-
mobpaysep. 3abaBHO, YTO TEKCT B IICEBOOOPAY3epe MOXKHO PEIaKTUPOBATH. JTOT
naTepderic peanun3oBad Kak mon UNIX, tak m mom WinXXX. Kak nHTepak TUBHBII
help mo MAXIM’e 510 BBINISOUT HEMIOXO (HEMEMJIEHHAS WIIIIOCTPANUs PabOTHL,
IpUYEM UCXOOHYIO KOMAHOY MOYXKHO HMOMEHSTH U MOCMOTPETDH, YTO HIPU DTOM BBIM-
ner). Onnako (Ha Hamr B3rsial) mIst COGCTBEHHO HAYYHON PabOTHI 3TO HE OUEHb
yOOOHO.

B-ueTBepThix, 5T0 mHTepdeiic "wxMaxima”. D10 cTporo rpaduueckuit HHTEP-
detic, BuImoHEHHBIH B ctmie WinXXX, 4ro yxke HacTopaxkuBaeTr. B HeM pea-
JIM30BaHbI NONCKA3KY, YIPOIIEHHBIN BBOL KOMAH (C IOMOIIBIO KHOIOK) U IIPOYMiL
CEPBIUC, KOTOPbII OOBIKHOBEHHO CIJIBHO 3aMemiser pabory. (JIoo6oit wenosek, Ha-
oupapiuit wacmogwue dopmynsl B TeX u WinWord, 3HaeT, HACKOJIBLKO IIPOCTO
1 ObIcTpo Habuparh KoMaHOLI 1eX B JI0O0M TEKCTOBOM PEmaKTOpe M HACKOJILKO
MY4YHUTE/IbHOE 3aHSITHE MOJIb30BaThCs ~ cepBucoM” ¢ kHomoukamu B WinWord. OTo

y2e He TOBOPS O IMEPEHOCHMOCTH (PaijIoB XOTsS ObI ¢ MAIIIMHBLI HA MAIIUHY, HaXe B
paMKax OMHOW OMEepaIMmOHHOW cucTeMbl. U He roBopsi 0 Hempemcka3zyeMOM IIOBe[e-
HOW, €CJIM TIe-TO 3aTeCaJICs HEBUAUMBIN CUMBOJ (opMmarupoBanus. WV me roops
0 kKadecTBe mTOroBbIX dopmyn — Ha dopmyiasl WinWord obbikHOBEHHO O3 ciie3
CMOTPETH HEBO3MOXKHO).

Ha mam B3rssanm, sto (moka) Heymausoe nonpaxkanue odopmienuto Mathematic’u.
CepBuC MOMyYHICS He CIUIIKOM yHOOOHBIA. Tak 4rTo miis cOGCTBEHHO HAYUHOW pa-
6oThI 5>TOT MHTEPdENC (IOKA) HEe OYeHb MMONXONUT.
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Cnemyer momuepkHyTh, 9TO B 5TOM PYKOBOICTBE OMUCAHBI OTHIONL HE BCE BO3MOXK-
moctu MAXIM’er n majteko He Bce ompenesieHHbIe B Hell dyuknumu. Pasymeercs,
KpuTepuu orOopa ObLIM B 3HAUUTEIBLHON Mepe cyObeKTuBHBIMHU. Ha HAIr B3riim,
MbI OINKCAJIN TPAKTUUECKN BCE CHHTAKCUYIECKNE KOHCTPYKIIAM, MO3BOJISIOIINE KOH-
TPOJINPOBATH MCIIOJIHEHNE MPOTPAMM, MPAKTUIYECKNA BCE YHUBEpPCAJIbHbIE (DyHKIUN
j1s1 paboThl C AHAJIUTUYECKUMHU BBIPpAXKEHUSAMHU U OOJBHIMHCTBO OOmIeynorpebu-
TeTbHBIX MPUKIATHLIX GYHKIINH, OPUEHTHPOBAHHLIX HA YACTHBIE CITyYal.

W3 m3oxkeHUsT COBHATENIBHO MCKIIOUYEHO OMUCAHUE ~ HU3KOYPOBHEBBIX BO3MOXKHO-
creit MAXIM s (B3aumoneiictsue ¢ LISP’om, u T.1.). OnelT nokasbiBaer, 94To Ha-
nucanue monnporpamm Ha LISP’e, koropure 3arem 3arpyxatorcs 8 MAXIM’y, mo-
3BOJISIET 3HAUYUTEIHHO YCKOPUTH IIPOIECC cUYeTa U PacIIupuTh Bo3MoxkHOCTH MAX-
IM’er (coBepiIeHHO Tak ke, KaK HPOrPAMMHUDOBAHUE HA acceMOiepe PacIIupseT
Bo3MoxkHOCTH si3bika " C”). OnHako, Ha HaII B30, GU3UK-TEOPETUK HE NOIKEH
IpOrpaMMHIpOBaTh HI Ha accemOiepe, Hu Ha LISP’e. Hy a eciam umrarens ymeer
nporpammMupoBarh Ha LISP’e, or (HecoMHEHHO) CMOXET OCBOUTH ”HU3KOYpPOBHE-
Beie” BO3MOxKHOCTH MAXIM’BI caMOCTOSTENBHO.

Kpowme Toro, u3 uszmoxeHns UCKIIOUYEHO ONUCAHIE PICOBATENLHBIX GyHKIu MAX-
IM’b1. Orm (mOBOIBHO pasHOOOpasHble) (PYHKIUU OPUEHTUPOBAHBI Ha paboTy B
MHTEPAKTUBHOM pexume, a (kak Ham kaxercs) MAXIM'’y myume ucnonb3oBars B
MaKEeTOM PEXKUME.

Kpome Toro, u3 m3aoxkeHns NCKJIIOUYEHO omucaHme TeH30pHbIX nakeroB MAXIM b
Takux makeToB CyIIeCTByeT [Ba C IIOJOBHHOIO, W (HA IEPBBIN B3IJIAN) OHH MOT-
jau Obl OBITH UPE3BBIYANHO MOJIE3HBI MJIs1 (PU3MKOB-TEOPETUKOB, MMEIOIINX [EJI0 C
rpaBuTanueii. K coxaJjenuio, onpenesieHHbIE TaM yHUBEPCaJIbHbIE QYHKIINN BEJIN-
KOJIEIIHO paboTaloT TOJIBLKO B ~HUIPYIIEUYHBIX TECTOBBIX 3amadax. l[Ipum mombiTke
HCIIOJIb30BAaTh UX B PEAJIbHOU HAYUYHOU paboTe OKa3bIBAE€TCs, UTO COBEPIIEHHO He-
00XOMMMO CaMOCTOSITE/ILHO, C Yy4eTOM ocobeHHOCTel Bareli KOHKpeTHOHN 3amadun,
IICATL MPOIENYPY BBIUUCTEHUS HaXKe TAKUX HECJIOXKHBIX KOHCTPYKIIMI, KaK CHUM-
BoJIbI Kpucroddess.

B s1r060M cityuae MONMOJMHATH HEMOCTAIOIINE CBEIEHUS JIETKO C MOMOIIIBIO OMUCAHUS
MAXIM’et (MAXIMA manual) u ¢ nomowsio ¢dyaxmun ”describe”, koTopas naer
KpaTKoe (XOTsl U He BCerJa NOCTATOYHO IIOHSITHOE) OMMCAHUE KOMAHI U (hyHKIUI
MAXIM’s1. IIpu pabore B mHTEpaKTUBHOM pexknuMe BbI MoxkeTe BBeCTH B KOMaHI-
HOIT cTpoke KomaHny ~describe (describe) ;”. OrBer MAXIM w1 6ymeT mDOBOJIBHO
IOy YN TETHHBIM.
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2. IlepBoHauasibHbIE CBEAEHUA O
pabore ¢c MAXIM oni

Nnentudpuxaropsr B8 MAXIM’e cocrasnstores u3 26 X 2 narunckux 6yks (Ternepnb
OHA PA3/IMYaeT CTPOYHbIe U IpomucHble Oyksbl), 10 nudp, cuMBoIa MOMYEPKUBA-
Hus ", mporeHTa % . Kak mpaBuiio ¢ 7%’ HaUYMHAIOTCS CIeuajbHbIE NMEHA,
HanmpuMep ~%i” — 9TO MHEUMAs eNUHUIA, ~ %pi” — 310 T, a " %e” — OCHOBaHUE
HATYypPaJbHOI'O Jiorapudma.

[Tpu peansuoit pacore MAXIMA nyGaupyer BBOm U Ime4aTaeT ero BIIEPEMEKKY C
BeIBOmOM. i1t ymobcTBa uTeHmss Mbl OyneM B MpUMepPaX BBIAEISATH BBIBON APYTUAM
mipudTOM U COABUTATH €r0 BIPABO. JTO MO3BOJSIET CHOEIATH HAIIN IPUMEPHI He
CJIMIIKOM IIOXOXKUMH Ha TO, 4ro BbI yBumure, HemocpemcrBeHHO paboras ¢ MAX-

IM’oit, HO 3aTO OHEM OymyT OOJIee YNTAOETIHHBIMMA.

Beon B MAXIM’e 3apepmaercs omgHIM W3 OBYX TepMmHATOpoB — ;7 mmm 7$”.

B mepBoMm ciayduae pe3ysbTaT BBIYUCIEHHWI IEYaTaeTCs, BO BTOpoM — HeT. Ka-

KB BBOO HyMepyeTcs C HOMOIIbI0 MeToK ~label” — 7%il”, "%i2”, "%i3”, u
Y Y Y

r.n. Kaxmas u3 Hux sgBiasercs mepeMeHHOR, KOTOPOR IPUCBOEHO 3HAYEHNE, PABHOE
BBeneHHOI KoMaHme. COOTBETCTBEHHO, KaXKIIbIil BLIBOI TaKXKe HYMEPYEeTCs ¢ IOMO-
11610 MeTOK — " %01”, 7%02”, 7 %03”, u T.n. OuarTb-Takn, KaxK/maas U3 HUX SIBJISAETCS
[IEpEMEHHO, KOTOPOI IIPICBOEHO 3HAYEHNE, PABHOE Pe3yIbTaTy BBIKIAMOK. (Cyirle-
CTBYIOT MeTKHN TpeTbero tuma ~ %tl”, "%t2”, m T.On., O KOTOPBLIX OyHeT CKa3aHO
HIIKE.

MAXIMA (B Tounoctu kax si3bik ”C”) urHopupyer pasbueHume TEKCTa Ha CTPO-
ku. MOXKHO BBOOUTH HECKOJIBKO KOMAHI B OOHOI CTPOKE, MOXKHO Pa3buBaTh OHHY
KOMAaHIy Ha HeCKOIbKO cTpok. Kommenrapun B MAXIM’e Toxe peasim30BaHBI CO-
BEPINIEHHO Tak ke, Kak B 7 — mBa cumBota ”’/*” OTKDPBIBAIOT KOMMEHTApWil, a
IIBa CUMBOJIA ~ */” 3aKpPBIBAIOT €ro.

IIepemennoit ”%” 1O OMpPENENIEHUIO MPUCBANBAETCS PE3YJILTAT MOCIEOHEN BBIKJIAI-
KI1.

OcnoBuble maTeMmaTudeckue onepanun B MAXIM e numnryTcs 0ObLIYHBEIM 00pa30oM ——
P47 TPV 7 /7 BosBemeHHe B CTENEeHb — 5TO 7”7 (KpBIIIeYKa), & MPUCBOCHUE

(moxkaJtyit, 5TO HOBOJIBLHO HeymadHAas Ues) 3aMUCHIBAeTCS Kak ~:” (mBoerouwme).

U

Ionvimxa 3anucams npuceoenue 6 6ude =" — nocmogannad owubxra

npu pabome ¢ MAXIM oii.

IlepeMeHHBIE MOT'YyT NPUHHMATH UHCIOBbIe 3HAUeHHUS — IejIble, PallMOHAJIbHBIE, C
ITABAOIIEH TOUYKOM (DIKCUPOBAHHOI (MAIIXHHON) TOYHOCTH U C IIABAIOIIEN TOIKON
HEOIDAHNYECHHOU TOYHOCTH:

xX:-7;

x:-13/5;
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x:-0.012345;

xX:77.7777e-5;

X:77.77777777777777777777777777777777b=5;
Kpome Toro, mepemMeHHBIM MOTYT OBITH IPUCBOEHBLI 3HAUYEHWS B BUOE AHAJIUTUIE-
CKUX BBbIpaKeHUU

x:a"2+b;
Cob6crBerno, mmenno 31o u memaer MAXIM'’y cucremoil aHATIUTHYIECKUX BBIUH-
cileHuit. 3aMeTHM, 4TO 3[eCh ompenesieHa YHKIUsS (B MaTeMaTHIECKOM CMBICIIE
sToro ciosa) z(a,b). B MAXIM’e ectb GyHKIMI U B IPOrPAMMUCTCKOM CMBICIIE,
HO OHU HYXHBI COBCEM MJISI NPYTUX IEIEN.
Ecau Bam wysxena pynwkuug f(x,y,z), mo ne onpedeagiime Gynkyuo, npocmo
3asedume nepemennyio f.
Kpome Toro, mepeMeHHBIM MOTYT OBITH HPHUCBOEHBI 3HAUYEHUS B BUIE CTPOKOBBIX

IIepPEMEHHBIX
x:"abcdefgh";

BcraBuTh B CTPOKY OMMHOYHYIO KaBBIUKY , IBOMHYIO KaBBIUKY 1 OOpaTHBIN

ciomr 7 \”7 MOXKHO COBEPIIIEHHO TakuM ke obpaszom, kak B "C”, T.e. ”\’7, ”\"” u

PR RS I N

”\\” cooTBeTCTBEHHO.
Haxkomnern, mepeMeHHBIM MOT'YT OBITH HPHUCBOEHBI JIOTHUECKUe 3HaUYeHus — ~true”
win “false” ("ucruna” wanm ”noxs”):

x:true; y:false;
Buak ”::” (mBa mBOETOUMS MOAPS) — 5TO IPUCBOEHUE C BHIYUCIICHUEM JIEBOM 9a-
cru. 3HaYEeHHEeM JIEBOH YaCTH MOJIKEH OBITH OOBEKT, KOTOPOMY MOXKHO UTO-THOO0
IpUCBAUBaTh. 1ak YTO B pe3ybTare HCIOTHEHUS

s:2*a+b$

t:-b-a$

(s+t)::777%
mepeMeHHon “a” Oymer mpucBoeHO 3HaueHume 7777, Kpyriabie ckoOKu 3mech HeoO-
XOOUMBI, T.K.

S+t::777%
BBI3OBET COOOIIIeHNEe 00 OIIImOKe.
OmneIT mOKa3LIBAET, YTO B PEAJILHON HAYYHON paboTe IMPOKY OT 5TOH BO3MOXKHOCTH
HEMHOTO.
3Hak paBeHCTBa pe3epBupoBaH mist " ypasHenuit” (”equation”). YpaBHeHue — 5710
JIEBas W IMpaBasi YaCTU PABEHCTBA, COeNMUMHEHHbIE 3HAKOM ~'=". K ypaBHEHUIO MOXKHO
qT0-1100 npubaBUTh, U3 HETO MOXKHO YTO-JINOO BBIUECTH, €0 MOXKHO YMHOXKHUTH
N TONeINThL Ha TO I HMHOEe BbIpakeHume. Te ke omepanuu MOXKHO IIPONEIaTh C
OBYMs yPaBHEHUSIMI:

eql:a=b$

eql-c;
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eq2:x=y$
eql*eq2;

ax=by

3uak 7 :=" mpuMmeHsieTcs IS ompeneaeHns QYHKINN, TMEHHO, 3aIuCH

f(x):=x"2+5%
g(a,b):=a~2+3/b$

OIpenesssioT (GYHKINN OMHOIO U ABYX apryMEHTOB COOTBETCTBEHHO. 3aMETHM eIlle
pa3, 94To oba ompeneiieHUs (PYHKIIMI COBEPIIIEHHO HeJIeNmbl, eciim BbI cobmpaerech,

ckazeM, BRMHCTATE [ dz f(z) mmm £ g(a,b) . Ilng oTux Marnmynanmit ¢ GyHK-

UM (B MaTEMATUIECKOM CMBICTIE) CJIENOBAJIO OBl HAIMCATH
f:x~2+5% integrate(f,x);

nn
g:a~2+3/b$ diff(g,a);

Kpome ¢pyukmuir, B MAXIM’e MmoxkHO onpenensaTh Makpochl. s 5Toro ncmonn3y-

ercs 3HaK ;:=".

f(x)::=x"2+5%$

g(a,b)::=a~2+3/b$
MoxkHO cunTaTh, YTO MaKpPOCHL paboTatoT (o4Tn) Tak XKe, Kak pyukuuu. Pasaumy
MEXKIy HUMHI MBI 00CyXnaThb He OymeM. Tak 94To 0coOOI MOJIB3bI OT HUX HET.

Pasymeercs, onmpenererbl cTannapTHbIE MaTeMaTudeckue GyHKITIN

exp (x) log(x) sqrt (x)

sin(x) cos(x) tan(x) cot (x) csc(x)
sinh(x) cosh(x) tanh (x) coth(x) csch(x)
asin(x) acos(x) atan(x) acot (x) acsc(x)
asinh(x) acosh(x) atanh(x) acoth(x) acsch(x)
atan2(x,y)

[Ipu stom MAXIMA snaer, uro sin(—z) = —sin(z), cos(0) =1, log(1) = 0, u T.x.

Omnpenenensr onepanuu GaKTopruasia I IBOMHOrO dakKTopuaa;

51;

120
6!!;

438
511,

15

10
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dyHKIIMA Max
nepebupaeTr CBOM apryMeHTHI I HAXOOUT MAaKCUMAaJIbHOE UHICIIO
max(33,-22,11);
33

dyuknusas min
nepebupaeT CBOM apryMEHThI I HAXOOMUT MUHUMAJILHOE YHCITO
min(33,-22,11,44);
-22

11
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3. @yHKIINU BHIBOIA Ha 3KPaH

[Ipu mcnonw3oBanun repmuaaropa ;" MAXIMA mewaraer pe3yibrar BBIYHCITE-

HO, T.e. 3HAUEHNE COOTBETCTBYIOIIEro BbipaxeHus. OmHAKO, IS CJTOXKHBIX CHH-
TAaKCUYECKNX KOHCTPYKIUI THUIA IUKJIOB 3HaueHue Oynet "done”, T.e. BmosHe Gec-
mosie3Hoe. UTobObI MOXKHO OBLIO PEaM30BBIBATH OCMBIC/IIEHHBIA BBIBOI U3 CIIOXKHBIX
CHHTAKCUYIECKUX KOHCTPYKIUA THUIA GJIOKOB WM IUKJIOB, IPEIYyCMOTPEHBI CIIeIu-
aJibHBIE (DYHKIINU BBIBOMA.

o Odynxkmus print

IeyaTaeT 3HAYCHUS BCEX CBOUX apryMEHTOB B OOHY CTPOKY
(%131) print("D=",a+A,
", x is equal to",77,
"OI'",88," or 11,99),.
D=a+A, x is equal to 77 or 88 or 99
(%031) 99

Ora QyHKIUMSA, TOXKAIYH, SBISETCS OCHOBHOW M CaMOW yHOOHOW MJIs BBIBOMA HA
[evYaTh.

o OdDynkmus disp

[IeYaTAeT 3HAYEHUs] CBOMX apryMEHTOB, IIPUYEM KaxKOe 3HAUCHUE IIeY4aTaeTCd B
OTHEJBHOI CTPOKeE
(%1i22) x:77$% y:44$ z:118
(%125) disp(x,y,z);
7
44
11
(%025) done

e ®dymkmus display

IIeYaTaeT 3HAYEHHs CBOUX APIyMEHTOB BMECTE C UX UMEHEM, KaXkKIOe B OTHEbHON
CTPOKE
(%112) display(x,y);
x=77
y=44
(%012) done

12
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®yuxkmus 1ldisp
mevyaTaeT 3HAYEHNS CBOMX apryMEHTOB BMecTe ¢ MerkKaMm ~%t”. Ora QyHKIus
7 couBaeT” HyMepammoo MeTOK ~ %i” u 7 %0”.

(%i4) 1disp(x,y,z);

(%t4) 77

(%t5) 44

(%t6) 11

(%06) [%td, %t5, %t6]
(%i7) x;

(%07) 77

dynkuus ldisplay
mevaTaeT 3HAUEHNS CBOMX apryMEHTOB BMECTE C MX MMEHeM u MeTkKamu ~ %t”. Ora
byHKIUS Takxke ' cOuBaer” HyMeparumio MeTOK ~%i” u ”%0”.
(%118) ldisplay(x,y);
(%t18) x=77
(%t19) y=44
(%019) [%t18, %t19]

I1s mimrocTpaluy npuBeneM KOPOTEHbKUH TPpUMED, WLITIOCTPUPYIOIIUT BBOI U BbI-

Bon B MAXIM’e.

(%il) 2+3;

(%01) 5
(%1i2) %;

(%02) 5
(%13) exp(x);

(%03) %e’
(%i4) (a+b)~2/(c+d);

2
(o)
d+c

(%i5) diff(f(x),x);
(%05) 4 (f(x))
dx
(%1i6) %03;

(%06) %e
(%1i7) 3+4$

13
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(%1i8) %;
(%08) 7

B daavnetiuwem mot (kax npasuao) 6ydem onyckamb memru 6 NPuMepaL.

Kax Bumno m3 mpusemennoro npumepa, MAXIMA crapaercs HapumcoBaTb CBOIO
BeIHAdy " KpacuBo’ . Crocob pucoBaHUS OMPEneIsIeTCs HECKOILKIMI ITePeMEeHHBIMI,
[EPEYNCINM HEKOTOPBIE 13 HUX.

Ilepemennas linel
OIlpenmessieT MINHY CTPOKH, B KOTOPYIO MOJIKHA BIUCHIBATHCS BbImada. V3HaYaIbHO
ycTaHOBJIeHA BejmmunHa ~ 79”. Kciu xenaTenbHO mOaydInTh 60j€e Y3KYI0 CTPAHUILY
(ranpumep, 60 no3uIMI IS ABYXKOJIOHOYHON II€YATH), CJEAYeT IPUCBOUTDH IEpe-
MenHol ”linel” 3nauenue ”60”:
linel:60;
60

ITepemennas display2d

BKJ/IIOUAET WJIM BBIK/IIOUAET ~NByMepHOe  pucoBaHme Hpodeli, crenenei, u T.mu. W3-
HavYaJIbHO yCTAHOBJIEHO 3HaueHue ~true”. Ilpum sToMm mpobu pucyiorcs KpacuBo, HO
BBIAYa HE MOXKET ObITH HCIOJIb30BaHa miisg BBoma B MAXIM’y. Ecnu ycranoBuThb
3HaueHne "false”, TO BBIBOI MOXKeT OBITH BIOC/IENCTBUU MCIIOJIBL30BAH KAaK BBOI:

(x~2+a)/(y~2+b);

2
X +a
yo+o
display2d:false$
(x"2+a)/(y~2+b) ;
(x"2+a)/(y~2+b)

Ilepemennaa showtime
BKJIIOYAET WM BBHIKJIFOYAET IMeYaTh BPEMEHN, 3aTPAYEHHOTO HA KaXKII0€ MEeNCTBHE.
N3navanbuo ycranoBiaeHo 3HaueHne " false”. Eciaum ycranoBuTh 3HaueHume ~true”,
TO Oymer medararbCs, BO-IIEPBLIX, ~ HOeaJIbHOE” IPOIECCOPHOE BPEMs, B TeUEHIUe
KOTOPOT'O BBHITIOJIHSIJIACH BBHIKJIAIKA, U, BO-BTOPHIX, ~ ¢u3mueckoe” BpeMs, 3aTpadeH-
HOe Ha BBIKJIANKy (B CHCTEMAaxX C HEJIEHHEM BPEMEHH BTOPOE BCErAA MPEBBIIIAET
IIepBoe).
showtime:true$
Evaluation took 0.00 seconds (0.00 elapsed)
funi(a,b,c)$
Evaluation took 4.08 seconds (4.20 elapsed)

14
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®yukuus fortran
IIO3BOJISIET MOJIYYUTH BBIAAYY, KOTOPYIO MOXKHO HCIIOJIB30BAaTh KakK pparMeHT dHop-
TPAHOBCKOUN MPOr'PaMMBI
fortran(sum(x~1,1,0,15));
Xkk15+xkx14+x*x %1 3+x*%*12+x** 11+

1 Xk *10+X*kQ+x*kk+x*kk7T+X**k6+X* x5+

2 X**k4+xk*k3+x*k*2+x+1
NmetiTe B Bumy, uTo 5Ta QyHKIUS UTHOPUPyeT mapameTp linel — mjwmHa CTPOK
COOTBETCTBYET cTapoMy (GOPTPAHOBCKOMY CTAHOAPTY — (2 MO3UIIUN.

15
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4. Pabora c danamu

dyuknus batch
3ammyckaer a1 ¢ mporpamMon. OmepaTopbl BHIIOIHSIOTCSI OOWH 33 IPYTHM JIIOO
1o KoHITa daiia, Tub0 M0 CHHTAKCUUIECKON OmInbOKM, TuO0 MO HEKOPPEKTHOUN omepa-
1997018

batch("myfile.mxm") ;
Nmenite B Bumy, aro eciim Ber paboTaere ¢ KOMAHOIHON CTPOKHU, TO BJIOXKEHHBIM
"batch” mpaBmiabHO paborarh He 6ymer. DTO 3HAYUT, 4TO eciim BeI 3amycruin Ha
ICIIOJTHEHNE HEKOTOPBI (aii (mepBbiil) ¢ moMombio “batch”, a BHyTpu 5TOr0 mep-
BOTO (ailjta ecTh KOMaHIa ~batch”, 3amyckalomias Ha UCHOJTHEHHNE eIlle OmuH Qaiii
(BTOpOI1), TO >TOT BTOPOIl dhailia 6IaronoaIydHo oTpaboraer, HO, KOTIa ero UCHIOI-
HEHIE MPEKPATUTCSI, 3a00HO MPEKPATUTCS U UCIOJIHEeHne mepBoro daiiaa. Tak aro
HU OOWH OIlePaTop, CTOAIINN mocjiae "batch” B mepBom (aiisie, He OyoeT HCIOIHEH.
[Ipur ucnonb3oBaHnyM OPpyrux MHTEPHENCOB 5TO MOXKET OBITH HE3AMETHO, IIOTOMY
uTO, HAIIPUMEp, emacs IpH 3amycke daiia Ha cueT mpocrto mepeckimaer MAXIM’e
OMHY CTPOKY 3a IPYIrOii, a He UCIOJb3yeT KoMaHmy ~batch”.

dyuknus load
3arpyzkaeT TOT WM MHOU (ami.

load(somefile);
Twun 3arpy3ku 3aBucutT oT Tumna daiaa. AMerHo, MOXKHO 3arpyx)aTh Gaiia ¢ MaKpPO-
camu, T.e. pakruuecku daiur ¢ nporpammoit Ha MAXIMA (Tunuvsbie pacmmperus
nMeH Takux daios ” .max”, ” .mxm”, ” .mc” wim ” .mac”), MOXKHO 3arpyx)arh daiii
¢ nporpammoit #Ha LISP (tunuunsie paciupenns umen rakux ¢daitmos ” . 1isp” win
”.1sp”), U MOXKHO 3arpyKaTh ABOMYHBIA Gailil ¢ y2Ke OTTPAHCIUPOBAHHBIMU KOIa-
Mu (THUNUYHOE pacliupeHne uMeH Takux daiiios ”.o”).
Kax mpaBuimo sTa ¢yHKIUsS HeoOXommMa JjIsl 3arPy3Kd TOTO WMJIM WHOIO IAKeTa,
KOTOPBII He 3arpyxkKaercs aBroMarudecku. VHTepecHO, 4TO pa3Hble MAKeThI Xpa-
HSITCS B pa3HBIX dopMarTax, TaK UTO MOXKET rpy3uThces u daia B popmare MAXI-
MA, u LISP-daitn u nBowunsiii daiin. Cranmaprasie yakmun B MAXIMA nuGo
BXOIOST B SIAPO CUCTEMBI U IMOYTOMY HOCTYIHBI M3HAYAIBLHO, OO SIBISIOTCS aBTO-
3arpy30YHBIME, T.€. IPHU UX IEPBOM BbI30BE IMIPOUCXONUT aBTOMATUUECKASI 3arPy3Ka
HeoOxonuMoro daiia, ud6o TpebyioT sIBHOU 3arpy3Kd TOT'O WX MHOrO (aiijia — B
TOM CIIydae II0 MX BBI30Ba HeoOxonmmMo HammcaThb ~ load(packetname);”.
[Ipu sTomM mist 3arpy3ku, HAIpPUMeEp, MAKETa WHTErPUPOBAHUS IO YACTSIM MOXKHO
HANCATh KaK

load(bypart)$

TaK I
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load("bypart");
I B TOM U B IPYIrOM Cilydae 3arpys3urcs dais "bypart.mac”.

®dyukuus writefile
HaunHaeT nucarh BCio Boimady MAXIM el B ykaszaunsiit daiur. [Ipu stom (B oTin-
qre or REDUCE) Boimaua Ha TepMHUHAI HE IPEKPAIAeTCs:

writefile ("myoutput.mxm")$

®dyukuus closefile
IpekpaliaeT BbIBOO B (PallI:
closefile()$

CymrecTBytor u npyrue GyHKIIN, ITO3BOJISIONINE MNCATEH B (DALl I YNTATh U3 HUX,
HO (KaK HaM KaXKeTCsl) IPU PeaJIbHOW HAYJHOI paboTe OHU HE OYEHB IIOJIE3HBI.
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5. IIpeoOpa3oBaHus aHAJIMTUYECKUX
BbIpa)keHuM oOOIIlero Buma

DyHKIIUSA €V

SBJISIETCSI OCHOBHOUI (YyHKIMel, oOpabaThIBaoOINell BhIpaxeHus. e cmHTakcuc mo-
BOJIBHO pa3HOOOpa3eH.
ev(expr) ;
ev(expr,flagl,flag2,...);
ev(expr,x=a+b,y:c/d,...);
ev(expr,flagl,x=a,y:b,flag2,...);
MoxHo maxe onyckaTh uMsi QyHKIun ~ev’
expr,flagl,flag2,...;
expr,x=vall,y=val2,...;
expr,flagl,x=vall,y=val2,flag2,...;
Cnenyer, omHako, uMeTh B BHIY, YTO B TO BpeMs Kak 3amnucu ~ev(expr,flag);”

n "expr,flag;” ABISAIOTCSI CHHOHUMAMU, 3anucu ~expr;” u 'ev(expr);” He umeH-
TUYHBI, & IMEHHO:

v:a+b$ a: 7%
&)

b+a
ev(v);

b+7
v,expand;

b+7

Ha BrIpakenue ”expr” 1mo yMoJI4YaHUIO HeRCTBYeT QYHKIWS yrporeHns. Kcam yka-
3aHbl (arn (MX UMeHa KakK MPaBIJIO COBHAMAKOT C MMEHAMH OPYTuX (QyHKIUI,
IPeoOPasyIOIINX BBIPAKEHUS ), TO C BBIPAKEHIEM IIPOU3BOMSITCS NEHCTBUS B COOT-
BeTcTBUU ¢ >TuMu psraramu. BoTr HekoTOphie u3 (iaros:

expand factor trigexpand trigreduce

(Ha BbIpaXKeHUe HENCTBYIOT OOHOMMEHHBbIe GYHKINN, UX OMICAHUE CM. Iajee),
pred diff simp

("pred” BBI3BIBAET BLIYKC/IEHUE 3HAUEHUS JIOTMYECKOTO BhIpaxkeHus, "diff” BbI3bI-
BaeT BBINOJHEHNE ~3aMOPOXKeHHOro mnuddepeHnnpoBaHus, " simp” BbI3BIBAET BbI-
nojHeHne GYHKIUU YIPOIIEHUs axke B TOM Ciaydae, KOTOa IepeMeHHas ~ simp”
paBua "false”).

Ecnu ykasansl moncranoBku (B Bume “x=vall” wmim ”x:val2”), TO OHHU BBIIOJIHS-
IOTCA.
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[Ipu 5TOM MOBTOPHBIN BBHI3OB PYHKIMU ~€v’ BIOJHE CHOCOOEH eIlle pa3 M3MEHUTH
BBIpaXKeHue, T.e. 0O6paboTKa BBIpAXKEHUS HE UIIEeT OO KOHIIA IMPU OMHOKPATHOM BbI-
30Be QyHKIIH ~ev’ .

ev((at+b)~ 2, expand) ;

2 2
b +2ab+ a
ev((a+b)~2,a=x);

2
(x+b)
ev((atb)~2,a:x,expand, b=7) ;

X2 + 14 x + 49
(a+b)~2,a=x,expand, b=7;

X2 + 14 x + 49

ITepemennass simp

pasperraeT JaubOO 3alpelrnaeT yIpoIreHne BbIpaxkeHuii. V3Ha4abHO OHA paBHA
"true”, ecim yCTaHOBUTL ee paBHOU ~false”, TO yHpOIlEHUS MMPOU3BOMUTHCSI HE
OynyT:

simp:false$

X+y+x;

x +y+ X
simp:true$
X+y+x;

y+2x

®dyukuus factor

axkTOpu3yeT BBHIpaXKEHUE.
factor ( a*c+b*c+a*xd+b*d );

(b+a) (d+c)
factor( (x~3+2*x~2*y+y~3)/
(X“2+2*X*y+y”2)+
X" 2%y/ (X" 2+2*x*y+y~2) +
3xx*y"2/(x+y) "2 );

ytx
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o ®dymkmua gfactor

oraungaercsa or ¢yukmun ~factor” Tem, uro ymeer paboTaTh ¢ MHUMOW €IWHUIIEN,
T.e. MOxeT $aKTOPU30BATEH BhIpaxKeHHus Tuma x> + a’ u z2? + 2iza — a?
factor(x"2+a"2);

X +a
factor (x~2+2*%i*x*a-a"~2) ;

. 2
X + 2%1 a x - a

gfactor(x~2+a~2);

(x-%ia) (x+%ia)
gfactor (x~2+2*%i*x*a-a~2) ;

(x+%ia)

o dyukmmsa factorsum

dakTOpuU3yeT OTIE/IbLHLIE CTaraeMble B BLIPAKEHHN.
factorsum( a~3+3*a”~2*xb+3*a*b~2+b" 3
+x" 242%x*y+y” 2 );
2 3
(y+x) +(b+a)
He crout ocobenHo HamesaThCS Ha 5TY (DYHKIHMIO, IIOCKOJIBLKY MHOI'OI'O OHA HE 3aMe-

Jaer:
factorsum(a+x~2+2*x*y+y~2) ;

2
(y+x) +a
factorsum(a+x~2-y~2);

2 2
-y X +a

o ODymkmua gfactorsum

ornuyaercs or ~factorsum” Ttem ke, uem "gfactor” ornmuaercs or “factor”:

gfactorsum( a”3+3*a”~2*b+3*a*b~2+b"3
+X " 24 2*% 1k Xky -y~ 2 ) ;

3 N
(b +a) - (y - %i x)
Ha »1y dyHKIUIO TOXe HE CTOUT HAIESITHCSI, IOCKOIbKY OHA MHOT'OI'O HE 3aMEYAET:
gfactorsum(a+x”2+2*%i*x*y-y~2) ;

2
a - (y - %i x)
gfactorsum(a+x”2+y~2);

y +x +a
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o OdDynkmus expand

pacKpbIBaeT CKOOKM.
expand( (a+b)*(c+d) );
bd+ad+bc+ac
expand ( (x"3+2*x~2*y+y~3)/
(X“2+2*X*y+y”2)+
X" 2*%y/ (x™2+2*x*y+y~2) +
3xx*y"2/(x+y) "2 );

3 2
y .
2 2 2 2
y +2xy+x y +2xy+x
2 3
N 3x y N X

2 2 2 2
y +2xy+x y +2xy+x

e @dDyukmms combine

o0BbenuHseT cllaraeMble C IIeHTUYHBIM 3HaMeHaTesIeM
combine ( x~3/(x"~2+2*x*y+y~2)+
3*x"2xy/ (X~ 242%x*xy+y~2)+
3*x*xy~ 2/ (X~ 2+2*x*xy+y~2)+
y~3/(x"2+2*x*xy+y~2)+
a/(c+d)+b/(c+d) );

3 2 2 3
y +3xy + 3x y+x N b+a
d+c

2 2
y +2xy+x

e dymkmmsa xthru

IIPUBOOUT BhIpakeHUE K OOIIIeMY 3HAMEHATEIII0, He pACKPBIBasi CKOOOK 1 HE MBITAsICh
daxTOpM30BaTH ClaraeMsble
xthru( 1/(x+y)~10+1/(x+y)~12 );

(y+x)2 + 1

12
(y+x)
xthru( m/(x~2+2*x*xy+y~2)+
n/(x+y)~4 );

n (y2 +2xy+ X2) +m (y + X)4

(y+x)4 (y2+2xy+x2)
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Pasymeercst, B mociemuaeM ciaydae pasyMHee cHadas1a GakKTOPU30BATH KaXKIOe CJIa-
raemMoe, a yxK IMoroMm mpuMeHsaTh ~xthru”. Ilpumenurs dyuknumio "factor” K or-
MEeTbHBIM CJIaraeMbIM BBIPAXKEHUs MOXKHO C IIOMOIIBIO GYHKINT ~“map’ :
f:map(factor, m/(x~2+2*x*y+y~2)+
n/(x+y)~4 );

m n
+

(y + x)2 (y + x)4
xthru(f) ;

m(y+X)2+n

(y + x)4

dyuknus multthru

YMHOXKAET KajKIoe CJaraeMoe B CyMMe Ha MHOXKNTEIb, MPUYeM IPH yMHOXKEHUN
CKOOKM B BEIpaXKeHIN He pacKpbiBaioTcsa. OHa OOIycKaeT IBa BAPUAHTA CHHTAKCUCA
multthru(mult, sum) ;
multthru(mult*sum) ;

(HOPSIIOK COMHOXKUTENEH B IOCIENHEM BapUAHTE HE CYIIECTBEHEH ).
multthru( (x+y)~2, (x+y)~5
+1/(x+y) "7+ (x+y)"~2 );

(y+X)7+(y+X)4+ L
5
(y + x)
multthru( ( (x+y)"5+1/(x+y)"7
+(x+y)"2 ) * (x+y)~2 );
(y+X)7+(y+X)4+ L
5
(y + x)

multthru( ( (x"3+2*x"2xy+y~3)/
(X~ 2+2*x*y+y~2)+
X" 2%y/ (X" 2+2%x*y+y~ 2) +
3xx*xy~2/(x+y)~2 ) *
(x~2+2*x*¥y+y~2) * (m+n) / (x+y)  );

(n + m) (y3 + 2 x° y + x3)
ytx

+3(n+m)xy2 (y2+2xy+x2)
3
(y + x)
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2
(n+mx vy

ytx
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6. IIpeoOpa3oBanue paloOHAJILHBIX
BbIPaK€HUM

Xorsa GyHKIUH, IpeoOpa3yolnue BBIPDAXKEHUS, HE MPUBONAT MX K KAHOHHMYIECKOH
dopme (B oramune or REDUCE), kanonuueckoe npencrasienue (CRE) cymecrsy-
eT — TO KaHOHMYecKas ¢opma mjisi TPOOHO-pAIMOHAJILHBIX BhIpaXKeHu#. Bbipa-
wenue, npusenennoe k CRE, cuabxkaercs merkoit /R/ cpasy mocie merku ”%0”.
HanbHelmas paboTa ¢ HIM HOeT ObICTpee, & BEPOSTHOCTL €ro YIIPOIIEHUsS BHIIIIE,
9eM IJIS BBIPAKeHUs OOIero BUOA.

®dyuknus rat
IPUBONUT BBIpAXKEHNE K KAHOHMYECKOMY IIPENCTABICHUIO U CHAOXKAET ero MerT-
kot ”/R/”. Omna ympomiaer j110060€e BBIpaXKeHNE, PAacCMATPHUBas €ro Kak OPOOHO-
panuoHAJIbHYIO QYHKIUIO, T.e. paboraer ¢ omepamusmu ~+7, 7=" 7*"_ 7/7 u c
BO3BENIEHIEM B IIEJIYIO CTeleHb. Hemenble cTemeHn OHA He YIPOIIAET, T.e. OHA He
spaer, aro (z%?)? = ¢ IIpm 5TOM BHI OTBETa 3aBICAT OT TOLO, KAKWE Iepe-
MEHHBIE OHAQ, CUMTAEeT 0OOjiee TJIABHBIMU, & KAKUe MEHEee TJIaBHBIMU. Y HOPSIOYCHUE
CHavaJla UOeT IO CTENeHsSIM CaMOU I'JIaBHOU IepeMeHHOU, BHYTpU KO3(P(PUIIMEeHTOB
IpHU STHUX CTENEHSX — II0 CTENeHsSM MeHee IJIaBHOW IepeMeHHOu, u T.n. M3Ha-
JaJbHO IEpPEMEHHbIE YIOPSIIOUYeHbI B ajhaBUTHOM IMOPSOKE U OT HAdajla K KOHILY
”TJIaBHOCTH’ BO3PACTaeT. OJTOT MOPSIOK MOXKHO OTKOPPEKTHPOBATH, HOOABUB B
apryMeHThI (PyHKINU MMEHA, IEPEMEHHBIX B MOPSIKE BO3PACTAHUS TJIABHOCTH.
(%i11) rat( (x"~3+2*x"2*xy+y~3)/
(x"2+2*x*xy+y~2)+
X" 2*%y/ (x™2+2*x*y+y~2) +
3xx*y~2/(x+y)"2 );
(%011) /R/ y + x
(%i12) v1:m/(a+b)+n/(x+y)$

(%i13) rat(vi);

my+mx+ (b+a)n
%013) /R
(%013) /R/ (b+a) y+(b+a)x
(%i14) rat(vl,y,x,n,m,b,a);
+nb+ (x+
(%014) /R na+nb+(x+y)m
(x+y)a+(x+y)b
(%i15) rat(vli,m,n,a,b,x,y);
my+mx+nb+na
%015) /R
(%015) /R/ (b+a) y+(b+a)x

(%i16) rat(vi,m,n);
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(b+a)n+(y+x)m

(%016) /R/ ora)y+ (bra)x
(%117) rat( (x~(a/2)-1)"2 *
(x~(a/2)+1)"2 / (x"a-1) );
a/2. 4 a/2. 2
(%017) /R/ (x ') 2(x ")+ 1
a
x -1

dyaknusa ratvars

IIO3BOJISIET U3MEHNTH aJI(PaBUTHLIA IIOPSOOK ~[JIaBHOCTU MEePEMEHHBIX, MIPUHITHINA
10 YMOJTIAHUIO.
ratvars(z,y,x,w,v,u,t,s,r,q,p,o,n,m,1,k,j,i,h,g,f,e,d,c,b,a)$
MeHSeT MOPSIOK IJIABHOCTH B TOYHOCTU HA OOpATHHIN, a
ratvars(m,n,a,b)$
VIIOPSIIOYNBAET IEPEMEHHbIE "M, N, a, b’ B MOPsIKe BO3pAcTaHUs ~ TJIABHOCTHU ,
u nejaer ux Oojlee TJIABHBIMHI, YeM BCe OCTaJjbHBIE mepemeHHbe. I[locse sToll Ko-
MaHIbI MOy YIM
rat(vl);
nb+na+(y+x)m
(y+x)b+(y+x)a

ITlepemennaa ratfac

BKJTIOUAET W/ BBIKIIOYAET JACTUUIHYIO (PAKTOPU3AIUIO BHIPAKEHUN IPU CBEICHUN
ux Kk CRE. 3navanpao ycranosieno 3Hadenne “false”. Eciu ycTaHOBUTH 3HATE-
Hue “true”, TO OymeT MPOM3BOOUTHCSI YaCTUIHAS (HAKTOPU3AIMIS.

(%i4) v2:m/(a+b)”~2+n/(x+y)" 28

(%i5) rat(v2);
(%05) /R/ (my2+2mxy+mx2
+(b%+2ab+a)n) / ((b+2ab+a>)y-
+(2b2+4ab+2a2)xy + (b2+2ab+a2)x2 )

(%i6) ratfac:true$

(%i7) rat(vl);
my+mx+(b+a)n
(b+a) (y+x)

(%07) /R/
(%18) rat(v2);
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2 2 2 2
my +2mxy+mx + (b +2ab+a )n

(%08) /R/
(y +2xy+X2) (b2+2ab+a2)

®ynknus ratsimp

IPUBONUT BCE KYCKHU (B TOM YHCJIE apryMEHTHI (QYHKIWI) BBIPAXKEHUsI, KOTOPOE
He SBJISEeTCS OPOOHO-palNOHAJIBHON QYHKINEN, K KAHOHMYECKOMY IIPENICTaBJIEHNIO,
IIPOM3BONS YIIPOIIEHNI, KOTOpLIe He negaer Gyukmus “rat”. He cuabxkaer BhIpa-
xkernne merkoit ’/R/”. IloBTOpHBIN BBI30B GYHKIIMI MOXKET H3MEHHUTH pPe3yabTar,
T.€. YIPOIIIEHWE He UOeT M0 KOHIIA.

(%1i77) ratsimp( (x~(a/2)-1)"2 *
(x~(a/2)+1)"2 / (x"a-1) );

2
& _ox® 41

Xa -1

(%077)

(%178) ratsimp(%);
(%078) x° - 1

®dynknus fullratsimp
BBI3BIBAET (QYHKIUIO 'ratsimp” mo Tex Hop, MOKA BHIPDAXKEHNE HE IEePECTAHET Me-
HSITBCS.
fullratsimp( (x~(a/2)-1)"2 *
(x~(a/2)+1)"2 / (x"a-1) );

Xa -1
Ilepemennass ratsimpexpons
YIPABJISIET YIIPOIIIEHNEM IMOKA3aTe/Iell CTEIeHN B BhIpaxkeHusx. M3HagagabHO ycTa-
HOBJIeHO 3HaueHne ~false”. 3abaBHO, UTO IPH TOM APTyMEHT JIFOOOH (DyHKITHIT
VIIPOITIAETCS:
fullratsimp( sin( (x"(a/2)-1)"2 *
(x~(a/2)+1)"2 / (x"a-1) ) );

sin(x" - 1)
a IMOKa3aTelb CTEHeHN (B TOM YHCIIe MOKA3aTellb SKCIOHEHTHI) — HeT:
fullratsimp( exp( (x~(a/2)-1)"2 *
(x~(a/2)+1)°2 / (x"a-1) ) );

2

X a 2Xa 1
- +

xa—l xa—l xa—l

%€
Ecau ycramoBurh 3HaueHHe " true”, TO MOKa3aTe/IN CTEIEHN HAYHYT YIPOIIATHCS:
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ratsimpexpons:true$
fullratsimp( exp( (x~(a/2)-1)"2 *
(x~(a/2)+1)°2 / (x"a-1) ) );

a
%eX -1
o Odynkmus ratexpand
packpeiBaeT CKOOKHU B BeIpaxkenun. He cmabxaer Boipaxkenue merkoi 7 /R/”. Or-
andaercsa or GyHKuu ~expand”’ TeM, YTO IPUBONUT BHIPAXKEHHE K KAHOHUIECKON
dbopMe, TOITOMY OTBET MOXKET OKa3aThCs KOpPO4e, YeM IpU npuMeHeHnn ~expand”:
ratexpand( (x~3+2*x~2*y+y~3)/
(X“2+2*X*y+y”2)+
X" 2%y/ (X" 2+2*x*y+y~2) +
3*xx*y~2/(x+y)~2 );
ytx
(cM. BeIIIE aHANIOrMYHBIA mpuMep ¢ ”expand”).
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7. IIpeo6pa3oBaHue TPUTOHOMETPUUECKUX
BbIPaKE€HUM

dynkmusa trigexpand
pacKIagbIBaeT BCe TPUTOHOMETPHIeCKHe QYHKINU OT CyMM B CyMMBI IPON3BENEHUIT
TPUTOHOMETPUYIECKNX (DYHKIIUR
trigexpand (sin(x+y));
cos(x) sin(y) + sin(x) cos(y)

Ilepemennas trigexpand
ynpasisgeTr paboroit dyHknum “trigexpand”. U3maganpHO nmepeMmenHas trigex-—
pand” paBusercs "false”, sTo mpuBoouT K TOMY, YTO GyHKIUSI ~trigexpand’ me
paboTaeT MO KOHITA, T.€. €€ MOBTOPHBIN BBI30B MOXKET M3MEHUTH BhIpaxkeHwue. Eciu
nepeMenHas ~trigexpand” Oyner paBHa ~true”, To dpynknus "trigexpand” Oyner
paborarh MO TeX IIOp, IIOKa BLIpAXKEHNE He IepecTaHeT MEHSITHCH.

trigexpand (sin(2*x+y));

cos(2 x) sin(y) + sin(2 x) cos(y)
trigexpand (%) ;

(cos2(x) - sin2(x)) sin(y)
+ 2 cos(x) sin(x) cos(y)
trigexpand:true;
true
trigexpand (sin(2*x+y)) ;

(cos2(x) - sin2(x)) sin(y) +
+ 2 cos(x) sin(x) cos(y)

dynkuus trigreduce
CBEPTBHIBAET BCE IPOM3BENECHUs TPUTCOHOMETPUUECKHX (GYHKINI B TPUTOHOMETPH-
veckue pyukiun ot cymm. Dywakius paboraer He [0 KOHIA, TAK 9TO MOBTOPHBIM
BBI30B MOXKET U3MEHUTH BbIPAKEHUE
trigreduce( (cos(x)~2-
sin(x)~2)*sin(y) +
2*cos (x)*sin(x)*cos(y) );
sin(y+2x) sin(y-2x)
2 2

+ cos(2x)sin(y)

trigreduce (%) ;
sin(y+2x)
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Oynknus trigsimp
606CE HEe YNPOWAELT 6bIPAYCEHUE, 2 TOIHKO IPUMEHIET K HeMy IpaBmiio sin’(x) +
cos?(z) = 1:
trigsimp( (cos(x)~2-
sin(x)~2)*sin(y) +
2*cos (x)*sin(x)*cos(y) );

(2 cos2(x) - 1) sin(y)
+ 2 cos(x) sin(x) cos(y)

®dyukuusa trirat
IBITAETCS CBECTH BBIPAXKEHNE C TPUTOHOMETPUIeCKUME GYHKIUSIME K HEKOMY YHH-
BEPCAIILHOMY KaHOHUYECKOMY BHIY (B OOLIIEM, IBITAETCS YIPOCTUTH BLIPAKEHUE).
Kaxk mpaBuiio cyImecTBeHHO yIPOIIaeT BEIPAXKEHNE, HO NHOT 13, PAb0TAaeT OUeHb O
ro (mHOrma GECKOHEYHO IOJITO).
trigrat( (cos(x)~2-
sin(x)~2)*sin(y) +
2*cos (x)*sin(x)*cos(y) );
sin(y+2x)
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8. IIpeoGpa3oBaHue BbLIPAXKEHUI CO
CTelleHsIMU 1 JiorapudmMmamn

®dyukuus radcan
YIIPOIIAeT BBHIPAXKEHUS CO BIIOKEHHBIMI CTEIEHSMH U JIorapudMaMn:
radcan( log( x~3*exp(4*y)x*
exp(5*log(w))/z"6 ) );
- 6 log(z) + 4 y + 3 log(x) + 5 log(w)
radcan( (x~(a/2)-1)"2 *
(x~(a/2)+1)"2 / (x"a-1) );

Xa -1
®dyuknus rootscontract
KOMH&KTI/I(I)I/IHI/IpyeT BO3BeOCHNA B CTEIICHb B HaHHOM BBIPAXKCHNN
rootscontract( x~ (1/6)*
y~(1/12)*z~ (1/30) );

(x sqrt(y) 21/5 )1/6

rootscontract( x~ (1/2)*y~ (1/2) *
z~(1/4) );
sqrt(x y sqrt(z))

dynxknus logcontract
KOMITaKTuuuupyetT JorapudMbl B TAHHOM BbIPpAaKeHNN
logcontract ( a*log(x)+
3*log(y)-4*log(x) );
3
log(XZ) + a log(x)
X
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9. Jloruueckue BbIpakeHusA 1 6a3a HaHHBIX

Jlormueckue BbIpakeHUs OOPA3YIOTCS U3 ONEPAINN CPABHEHUS
> < >= <= = #

(cumBou # o3Hauaer ”He paBHO”, a 3anuch "a=b” umeer cunonuMm "equal(a,b)”).
CrpanHOBaTON OCOGEHHOCTHIO ONEPAIINA CPABHEHUS SIBJISIETCS TO, YTO €CJIM UX IIO-
CTABUTH B KAaUeCTBE YCJOBUUM B IMKJIAX N YCJIOBHBIX BBIPAXKEHUSIX, TO OHH OyIyT
BBIUNCJIEHBI, HO B3sAThle caMU O cebe, OHU He BBIUNCISIOTCS:

3>2;

3>2
equal(3,2);

equal(3,2)
3#2;

3#2

®nar "pred” B pyHKIuUU ”ev’ BBI3LIBAET BBIUUCIICHUE JIOTUIECKUX BBIPAKEHUH:

ev(3#2,pred) ;

true
3#2,pred;

true

o Dyukmms 18

NMHUOUNPYET BBIYUCJICHUE JIOTUYIECCKOI'O BBIPDAXKCHU A

is(3>2);

true
is(3=2);

false
is(equal(3,2));

false
is(3#2);

true

Kpowme Toro, onpeneseHbl BCTPOEHHBIE JIOTTUYecKe QYHKITAN, MEPEUNCTIM HEKOTO-
pble U3 HUX.
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dysknusa atom

BO3BpaIlaer ~true”, ecium apryMeHT He IMeeT CTPYKTYPHI, T.e. COCTAaBHBLIX YacTen
(HampuMep, YHCIIO WIK IepeMEeHHAsi He UMEIOT CTPYKTYPHI).
atom(x) ;

true
atom(f(x));

false

dyuknuss zeroequiv

IIPOBEPsIET, SIBIIAETCS JII HEKOTOpas QYHKINSI OMHOrO aprymenra Hyjiaem. OHa BO3-
Bparaer true”, ecan GyHKIMA paBHA HY 0 1 ~false” B MPOTUBHOM CIIydYae.
zeroequiv(exp(2*x) - exp(x)~2, x)

true

®yukuus freeof

BO3BpalaeT "true”, eciiu BTOpOI ee aprymMeHT He conepxkutT (”cBobonen or”) mep-

BOT'O
freeof (x,f(x+g(y)));
false
freeof (g, f(x+g(y)));
false
freeof (z,f (x+g(y)));
true

®ynknus symbolp

T T T :
BO3BpaIllaeT ~true”, ecim ee apryMeHT SIBIISETCS CIMBOJIOM:

symbolp(f(x));

false
symbolp(3);

false
symbolp(f) ;

true
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o Odynkmus scalarp
BO3BpaIllaeT ~true”, ecjim ee apryMEHT SIBJISIETCS KOHCTAHTOI:

scalarp(f);

false
scalarp(sin(1/3));

true
scalarp(£f(1/3));

false
scalarp(1/3);

true

o @Dymkmusa listp
BO3BpaIlaer ~true”, eciu ee apryMeHT SIBISIETCS CIIICKOM.
listp(x);
false
listp([x,yl);
true

o ®dymkmus matrixp
BO3BpaIIaeT ~true”, ecjm ee apTyMEHT SBJISETCS MATPUIIEH.

m:ident (2);
1 O
0O 1

false

matrixp(x);

matrixp(m);
true

o ®dynkmus numberp
BO3BpaIlaeT ~true”, ecim ee apTyYMEHT SIBJISETCS UMCJIOM:

numberp (1/3) ;

true
numberp (sin(1/3));

false
numberp (exp(1.0));

true
numberp (exp(1));

false
numberp (%pi) ;

false

numberp(1.3b22);
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true

dynknusi 1integerp
BO3BpaIlaer ~true”, ecin ee apryMeHT SIBISETCS IEJIBIM UHCIIOM.
integerp(-3);
true
integerp(1/5);
false

@ynkmusa oddp
BO3BpaIIaeT ~true”, ecjm ee apTyMEHT SBJISETCS MEIBIM HEUYETHBIM UHCIIOM.
oddp (-3) ;
true
oddp (4) ;
false

®yHKIUSA e€evenp
BO3BpaIlaer ~true”, ecin ee apryMeHT SIBISETCS IEeJIbIM YeTHBIM YHCIIOM.
evenp (4) ;
true
evenp (-3) ;
false

dynknus primep
BO3BpaIllaeT ~true”, eciiu ee apryMeHT SIBISE€TCS MEeJIbIM IIPOCTBIM YUCIIOM.
primep(11);
true
primep(9);
false

®yukmms floatnump
BO3BpaIlaeT ~true”, eciam ee apryMeHT SBJISETCS OEMCTBUTEIbHBIM YHNCJIOM Ma-
IIIAHHOU TOYHOCTH.

floatnump(1.0);

true
floatnump (1) ;

false
floatnump(2.3e-4);

true
floatnump (2.3b-4);

false
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dyuxkmms bfloatp
BO3BpaIlaeT ' true”, eciiu ee apryMeHT SIBJISI€TCS NeNCTBUTEIHHBIM YKMCJIOM HEOTPa-

HUYEHHOU TOYHOCTMH.
bfloatp(1.0);

false
bfloatp(1);

false
bfloatp(2.3b-4);

true
bfloatp(2.3e-4);

false

Kpome Toro, ormueckuMu BBIpAXKEHUSIMU SIBIISIIOTCS 3aIIPOCHI 3 6a3bl TaHHBIX:
is(a>3);

Crenyer mom4epkHyTb, YTO pedub MIOET HE O 3HAUYEHHUM IepeMeHHO#l ~a” (KkoTopoe

He IPUCBOEHO U, CJIEIOBATEIILHO, HEM3BECTHO), a 00 mHOpMaIuy, B KaKO 00IacTn

ATa IMepeMeHHas MOXKET MEeHSITHCS.

dyHKIIM assume
BBONUT WHOOPMAIIUIO O IEPEMEHHON B 06a3y MaHHBIX.
assume (n>4) ;

[n>4]
[Tocnie 5TOro MOXHO BBOMUTH 3aIpPOC THUIIA
is(n>1);
true

[Ipu sTom 3ampocsr Ha mHGOPMAINIO, KOTOPOW B 6a3e MaHHBIX HET, BHI3OBYT COOD-
1ieHne ~unknown”:
is(n<7);
unknown
is(n>7);
unknown
Touno Tak ke BbI30BeT coobuieHue ”unknown” Gosiee CIIOXKHBIN 3apoc (KOTOPHIN B
IPUHINIE NOJKeH ObLI Obl HaTh 3HaueHue ~true”):
is(n~2+n>19);
unknown
3abaBHO, UTO pe3yabTaT APYTHUX 3aIPOCOB MOBOJIBLHO 3araqoueH:
is(n~2+n>1);
unknown
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is(n”~2+n>0);
true

[ToBTOpHOE TpuUMeHeHUE (PyHKIUU ~assume’ TPOBEPSIETCS HA TPOTUBOPEUYMBOCTD
1 Ha U30BITOYHOCTH. B ciaydae, ecium HOBas mHGOpPMAIUS HE IMPOTUBOPEUUT IIpe-
NBIOYIIIIM TAHHBIM U HE BBITEKAET W3 HUX, OHA AMIUTUBHO mobaBiseTcs K Oasze
nauHbIX. K coxalleHuro, mpenbIayIue yCIOBUS HE MPOBEPSIOTCS Ha U30BITOYHOCTH
IIPU TOSIBJIEHUU HOBBIX YCJIOBUIL:

assume (n>3) ;

[redundant]
assume (n<3) ;

[inconsistent]
assume (n>10) ;

[n>10]
assume (n<30) ;

[n<30]
is (n<9);

false
is(n>31);

false

dyuknuss properties

revyaTaeT CBOINCTBA MEPEMEHHOU I, TeM CaMbIM, IIO3BOJISIET BBIICHUTH, KaKas NMEH-
HO mHGOPMANUSI CONEPKUTCI B 6a3e MaHHBIX O HAHHOW MepeMeHHON
properties(n);

[database info, n > 4, n > 10, 30 > n]
(20BOE ycmoBue 1 > 10 He OTMeHMITO M30BITOYHOE Temeph ycioBue n > 4).

W3 npuBemeHHBIX MPUMEPOB BHIHO, YTO IOMEHSATH CBONCTBO IMEPEMEHHOW HA IIPO-
THUBOITIOJIOXKHOE C MOMOIIBI0 PYyHKIUEU ~assume”’ HEBO3MOXKHO:

assume (x>0) §

assume (x<0) ;

[inconsistent]
is (x>0);

true
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dynknus forget
OTMEHSET CBEIeHNe, BBeIeHHOe B 0a3y HaHHBIX. DJTO MO3BOJIIET IOMEHSITH CBOHNCTBO
IepeMEeHHOIl Ha IIPOTUBOIIOJIOXKHOE.
forget (n<30);
[n<30]
properties(n);
[database info, n > 4, n > 10]
3abaBHO, YTO MOC/E BCEX 3TUX MAHUIYJISIAA MOYXKHO IPUCBOUTH MEPEMEHHON ~'n”
3HaUYeHue, KOTopoe OymeT MpPOTUBOpedYnTh mHGoOpManuu u3 6a3bl JaHHBIX:
n:-77;
=77
is(n>0);
false
properties(n);
[value, database info, n > 4, n > 10]

dyakmma kill
YHHUYTOXKaeT BCio mHMDOpManuio (Kak CBOICTBA, TAK U IPUCBOEHHOE 3HAYEHUE) 06
00BbEKTEe M HECKOIBKUX OOBEKTaX:
kill(x,y,z);
done
Ora QyHKIHNS O3BOJISET 33 OOUH pa3 JUKBIANPOBATL BCIO paHee BBENEHHYIO MH-
dbopMaIuio o nmepeMeHHon 'n”.
kill(n);
done
properties(n);
[]
WNuarepecHo, 9To 5Ty QYHKINIO MOXKHO BbI3BaTh ¢ aprymenTom ~all”. Ilpm sTom
6ynyr ”yburhl” Bce OompeneseHHbIE K HACTOAIIEMY BpeMeH:u nepeMeHHble. OmHAKO
upu >roMm MAXIMA He Bo3BpaliaeTcs B CTapTOBOE COCTOSHEE, IIOCKOJILKY IapaMe-
TpaM u (raraM He IPUCBAMBAIOTCS IMEPBOHAYAJIbHBIE 3HAYEHNI. Kcim mepemMeHHOn
”linel” ObwLio mpucBoeno 3uHauenue 407, To mocime "kill(all) ;” oHO Tak 1 ocTa-
wercs '40”, a He BEpHETCS K UCXOMHOMY 3HaueHuo " 79”.

CocraBHBIe JTOrnYecKne BhIpaxkeHuss GOPMUPYIOTCS C IIOMOIIBIO JJOTMIYECKIX Oepa-
I_II/Iﬁ 27 and” , 77 or” , 77 not” .
is( 3>1 and -1>=-3 and
2#1 and not(equal(2,1)) );

true
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is( 3<1 or -1<=-3 or
not 2#1 or 2=1 );

false
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10. Y ciioBHBIE BBIPpAXKEHUS U ITUKJIBI

CunTakcuc yC/IOBHOTO BEIPDAMKEHHUS MOXKET OBITH IIPOMJIIIOCTPUPOBAH IIPUMEPOM
a:1¢$
if a>3 then x:1 else x:-1;
-1
X;
-1
if a<3 then x:x+1 else x:x-1;
0
X;
0
Kax obbrumo, 9acTh ¢ ”else” MOXKHO OIMyCTHThH
if a>3 then x:1;
false
if a<3 then x:1;
1
Cunrakcuc nuKiIa OOMyCKaeT TPU BapUaHTa
(%15) for i:1 thru 3 step 2 do disp(i);
1
3
(%05) done
(%i6) for i:1 step 2 while i<6 do ldisplay(i);
(%t6) i=1
(%t7) i=3
(%t8) i=5
(%08) done
(%19) for i:1 step 2 unless i>4 do display(i);
i=1
i=3
(%09) done
(3a0mHO MBI eIrle pa3 OpOIWLIIOCTpUpoBatu pabory dbyuknuit "disp”, "display” u
”ldisplay”).
Kax oObIuHO, ec/iu Iar paBeH eIUHUIE, €0 MOXKHO OIYCTUTh:
x:08
for i:1 thru 5 do x:x+1§
X5
5
Kpome ToOro, Bo3MOXHBI IUKJIBI, B KOTOPBLIX MEPEMEHHAs IUKJIAa MEHSeTCsS He Ha
DUKCUPOBAHHYIO BEJIUUNHY, a IO IPOU3BOJILHOMY 3aKOHY:
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for i:1 next 2*i thru 5 do disp(i)$
1
2
4
PasymeeTcst, omycTUMBI BIIOXKEHHBIE IIUKJIBI U BIIOXKEHHBIE YCIOBHBIE BBIPAKEHIS.

CyH_[eCTBYIOT TaKXe IMUKJIbI CYMMUPOBAaHUA 1 YMHOXKCHIA.

DdyHKOUsA Sum
peajim3yeT MUKJI CyMMIPOBAHUS
sum(x~1,1,3,5);
5 4
X +x +X
sum(x~1i,i,a+3,a+5);
atb at4 a+3
X  +x X
®yukmmus product
peajim3yeT IMUKJI YMHOXKEHIS
product (x+1,1,3,5);
(x+3) (x+4) (x+5)
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11. Biokn

Kaxk B yC/TOBHBIX BBIpAXKEHUAX, TAK U B IMIUKJIAX BMECTO IPOCTHIX OMEPATOPOB MOKHO
IICATh COCTABHBIE OIEPATOPHI, T.€. OJIOKM!.
CrammapTHBIZ OJIOK MMeeT BUI:

block([r,s,t],r:1,s:r+1,t:s+1,x:t,t*t);
CHauaJia UmeT CHUCOK JIOKAJIBHBIX IEePEMEHHBIX 0JI0Ka (r106asibHble IePEMEHHBIE C
TEeMU e IMEHAMI HUKAK He CBSI3aHbI C 9TUMU JIOKaIbHbIMU epeMenHbiMn). Crmcok
JIOKAJIBbHBIX IIEPEMEHHBIX MOXKeT ObITh mycThIM. [lamee mmeT HabOp omepaToOpOB.
YuporiteHHBIT OJIOK UMeeT BUII:

(x:1,x:x+2,a:x);
OOBIYHO B HUKJaX U B YCJIOBHBIX BBLIPAXKEHNSAX IPUMEHSIOT HMEHHO 3Ty (DOpMY
o1oKa.
SuauenneM OJIOKa SBJISETCS 3HAYEHME IIOCIEIHErO U3 €ro OlepaTOPOB.

[IpuBemeM HECKOIBKO BIOJIHE OECCMBICIEHHBIX IIPUMEPOB IPUMEHEHNs OJIOKOB B IIH-
KJIaX U B YC/IOBHBIX BBIPAXKEHUIX
a:1$
if a>3 then (r:y,r:(r+1)*2) else
block([s],s:x,s:8+1,r:8"2);

(x + 1)°
a:4$
if a>3 then (r:y,r:(r+1)*2) else
block([s],s:x,s:8+1,r:87°2);
2 (y + 1)
for i:1 thru 4 do (s:0,x:z"1,t:1,
for j:i thru i+3 do
block([],s:s+j*t,t:t*x),
print("s(",i,")=",s) )$

s(1)=423+322+2z+1
S(2)=526+4z4+322+2
s(3)=629+526+423+3

12 8 4
s( 4 )=17 z + 6z +5z + 4

Bayrpu dannozo 650Ka mOMyCKaloTCs OMepaTop Iepexoma Ha METKY U OIepaTop
"return”.
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OmnepaTop ”"return” mpekpalaeT BBIIOJTHEHIE mekywe20 OJI0Ka U BO3BPAIIAET B
KadeCTBe 3HaUeHUs OJI0Ka CBOU apryMeHT
block([],x:2,x:x*x,
return(x), x:x*x);
4
X5
4
B orcyrcrBue omeparopa mepexoma Ha METKY OINEepaToOpbl B OJIOKE BBIMTOTHSIOTCS
nocienoBarenbao. (B mamHOM citywae cioBo "MeTka” O3HaYaeT OTHIONb HE METKY
tuna ”%i5” unu " %07”). OnepaTop ”go” BBLINOIHSET Hepexon Ha METKY, PacloJo-
KEHHYIO B 9MoMm e OJIoKe:
block([al,a:1,metka, a:a+1, if a=1001
then return(-a), go(metka) );
-1001
B sTom 6i10Ke peasim3oBaH MUK, KOTOPBIN 3aBEPIAETCs MO NOCTUKEHUN ~IIepeMeH-
mon muksaa” 3HaveHus 1001. Merkoit MoxkeT OBITH HPOU3BOILHBIN HOeHTUGUKATOP.
Cnemyer umerh B BIAY, 9TO UUKJI caM IO cebe sBisercs GI0OKOM, Tak ITO (B OTIIH-
qre oT s3bika ' C”) npepBaTh BBINOJIHEHUE MUKJIOB (OCOOEHHO BIIOKEHHBIX IUKJIOB)
C TIOMOIIIBIO OIIEpaTOpa ~go” HEBO3MOXKHO — OIEPATOp ~go” W MeTKa OKaXYyTCS B
pa3HbBIX OJIOKaX.
To xe camoe orHOCHTCS K omeparopy ~return”. Ecian nuki, pacmogoXeHHBIN BHY-
Tpu OJIOKA, COmMEPXKUT OrepaTop ~return”, TO IPM UCHOJTHEHUN OINEPATOPa ~re-—
turn” npomsoioeT BBIXON W3 IUKJIA, HO HE BBIXON U3 OJIOKA:
block([],x:for i:1 thru 15 do if i=2 then
return(555) ,display(x),777);
x=bbb
7T
block([],x:for i:1 thru 15 do if i=52 then
return(555) ,display(x),777);
x=done
7T
Ecnu Heo6XOMMMO BBIATH U3 HECKOIBKUX BIOXKEHHBIX OJIOKOB Cpa3sy (Il HECKOIIb-
KuxX OJIOKOB M IMKJIOB Cpa3y) U HPH 5TOM BO3BPATUTH HEKOTOPOE 3HAUEHUE, TO
cilemyeT TpuMeHsSTh 010K ”catch”
catch( block([],a:1,a:a+1,
throw(a),a:a+7),a:a+9 );

a;
2
catch(block([],for i:1 thru 15 do
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if i=2 then throw(555)),777);
555
catch(block([],for i:1 thru 15 do
if i=52 then throw(555)),777);
777
Omneparop ”throw” — sr0 aHajior omeparopa ’'return”, HO OH OOpLIBAeT HE Te-
KyIuil OJIOK, a BCe BJIOXKEHHBbIe OJIOK! BILJIOTH OO IIE€PBOTO BCTpPeTHUBIIErocs 6/10kKka
“catch”.
Haxkonen, 6510k ”errcatch” mo3Bosser mepexBaTbiBATh HEKOTOPHIE (K COXKAJIEHUIO,
He Bce!) u3 omunboK, KOTOPBIE B HOPMAJIBHOM CATYAIWN IPUBEIHN ObI K 3aBEPIIEHUIO

Y

cuera. Hampmmep, ecim mepemeHHBIM "y’ U ”z” HPUCBOEHBI 3HAUYeHUWSI ~b+c” u
”"b-c” COOTBETCTBEHHO, TO OIIEPATOP

(y+z)::3;
BBI30BET COOOINeHne 06 ommbKe u mpepBer ucmojaHeHue daira. OmHako, ecianm mo-
MECTHUTH 3TOT 3ampoc B 00K "errcatch”, To mpom3oiaeT TOJIBKO BBIXON M3 3TOTO
6s10ka. 3HaYeHmeM OJIOKa B TOM CIIyYae SIBJISIETCS MyCTOU CIIMCOK:

(%17) errcatch(a:2,y:b+c,z:b-c, (y+z)::3, a:-77);

Improper value assignment:

2 Db

(%07T) []
(%1i8) a;

(%08) 2
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12. Couckm

Croumcok B MAXIMA — 510 06BbeKT, BHOMHE aHajormuHeiin comcky B LISP, T.e.

YIOPSNOIEHHAs. COBOKYIHOCTD [IPOM3BOJIBHBIX (BO3MOXKHO Pa3HOPONHBIX) OOBEKTOB

(uTo-TO BpOmE OOMHOMEPHOro MaccuBa). UToGBI 3a4aTh CHUCOK, JOCTATOYHO 3AIIM-

CaTh €ro 3JEMEHTHI Yepe3 3alATyIO U OrPAHNYNTE 3allICh KBaAPATHLIMUA CKOOKAMMI
lil:[a,b,11];

[a,b,11]

OJIeMEeHTOM CIIICKa MOXKET OBITH JIFOO0 OOBEKT, B TOM YHCJIE U OPYTOH CIIICOK
l1i2:[a,b, [c,d],e,f];

[a,b, [c,d],e,f]

Crucok MoxkeT OBITH IIyCTBIM

1i3:[];
[]
NJINn COCTOJATH U3 OOHOI'O 3JIEMEHTA
1i4:[77];
[77]
CCBIJIKa Ha 9JIEMEHT CIIICKa HpOI/IBBO,D;I/ITC}I TaK:
1i1[2];
b
1i1[2]:c;
C
1i1;
[a,c,11]
1i2[3];
[c,d]
1i2[3][2];
d

o ®dymkmusa length

BO3BpAIlaeT [UINHY CIIUCKA
length([a,b, [c,d],e,f]);

5
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o Odymknusa part
IIO3BOJISIET BBIOEIUTH TOT WM MHON 5JIEMEHT YaCTh CIIHCKA.
part([a,b,c],2);
b
part([a, [b,c],d],2);
[b,cl]
Ecnu comcok BIOXKEHHBIN, TO He00sA3aTeIbHO INCATh
part (part([a, [b,c],d],2),2);
c
MOXKHO IIPOCTO HAIUCATH
part([a,[b,c],d],2,2);
c
Cnenyer mom4epKHyTh, 9TO IIPU MIPUCBOEHUN CIIMCKOB
li1:[a,b,c]$
1i2:11i1;
[a,b,c]
OTHIONb HE CO3MaeTcs Komus cumcka ~1il”, mpocro mepeMenHas ~1i2” craHOBUTCS
elre OMHUM yKa3aTejaeM Ha mom e cambiti cuucok. [TosTomy
1i1[3]:d%
1i2;

[a,b,d]

o ®dDymkmusa copylist
M3COTOBJISET ~ HACTOSIIIYIO KOO CIUCKA

li1:[a,b,c]$
1i3:copylist(1il1);

[a,b,c]
1i1[3]:d$
1i3;

[a,b,c]

o ODymkmmsa makelist
IO3BOJISET CO30ABATh CIUCKHA U HOIMYCKAaeT 2 BAPUAHTA CHHTAKCHCA
makelist(i~3,1i,1,3);
[1, 8, 27]
(3mech peanmusyercs nuki 1o nepemenHoi "i” B npemenax ot 1 no 3), nmu6o
makelist(x=i~2,1i,[c,d,e]);
[x=c~2, x=d"2, x=e"2]
(3mech mepemenHast ”1i” mpoberaer BCe 5JIEMEHTHI 33JaHHOTO CIIHCKA).
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dyuknus append
O3BOJISIET CKJIEMBATDH IBA CIHUCKA
append([a,b], [c,d]);

[a, b, c, d]
1i1:[a]$ 1i2:[b,c]$
append(1i1,1i2);

[a, b, cl

dyHKnus Cons
[IO3BOJIAET NOOABJIATH DJIEMEHT B HAYAJIO CIIMCKA
cons (x, [a,b]);
[x, a, bl

dyuknus endcons
[IO3BOJISeT NOOABIATH DJIEMEHT B KOHEIl CIIICKA
endcons (x, [a,b]) ;
[a, b, x]

dyHKIIUT reverse
MeHSeT MOPSMIOK 3JIeMEHTOB B CIIICKe Ha OOpaTHBIN
reverse([a,b, [c,d],e,f]);
[f,e, [c,d],b,al

dyHknus SOort
YIIOPSIIOYMBAET JIEMEHTHI CITUCKA,
sort([3,a,-1,x,b,0]);
[-1,0,3,a,b,x]

CHavYaJla UOyT Jucia (B MOPsIKe BO3PACTAHUs), 3aTeM UOeHTUGUKATOPEL (B auda-

BUTHOM IIOPSIIKE).

®dyukuus sSublist

COCTaB/IACT CIIMCOK M3 TEX 3JIEMECHTOB MCXOMHOI'O CIIMCKa, OJId KOTOPBLIX 3adaHHasld

jJoruueckas GYHKIMS BO3BpalllaeT 3HaUeHne ~true”
sublist([3,a,-1,x,b,0],numberp) ;
[3,-1,0]

(byukuus "numberp” Beimaer ”true” s umcen u "false” BO BCEX OCTAIBHBIX
ciyvasx). IIpum sToM MoxkeT MCIONB30BaTHCS JIOrmYecKass GYHKIWS, ONpPeneIeHHas

IIOJIB30BaTeEJIEM
f(x):=is(x>5)$
sublist([7,3,6,4,5],f);
[7,6]
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dyukuus member

BO3BpAIIAaeT ~true’, eciii ee MEPBBIN aAPTYMEHT SBJISETCS 3JIEMEHTOM 3aIaHHOTO
crimcka, u ' false” B MPOTUBHOM CIIydae
li1:[a,b, [c,d],e,f]$

member (b,1i1);

true
member(c,1i1);

false
member ([c,d],1i1);

true

®yukuus first

BBIIEJISIET IEPBBIN 5JIEMEHT CIIMCKA
first([a,b,cl);

dyaknus rest

BbIOCEJISAET OCTATOK ITIOCJIE y,HaJIeHI/UI HepBOI‘O 3JIEMEHTa CIINCKa
rest(a,b,c);

[b,c]

®dyukuus last

BbIIOCJISAET HOCJIeI[HI/IfI JIEMEHT CIINCKa
last([a,b,c]);

®yHknus map

IpUMEHSIeT 3a0aHHYIO0 PYHKIINIO K KaXXIOMY DJIEMEHTY CITICKA,
map (Sin: [_1 ) O: 1]) ;

[-sin(1),0,sin(1)]

IpU 5TOM MOXKET MCIOJIB30BATHCS KAaK CTAaHIapPTHas (QYHKIUs, Tak u (QYHKIIWI,
OIpeneIeHHAs IOJIb30BATEIEM
f(x):=2*x$ map(f,[1,2,3]);

[2,4,6]
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dyuknus apply
IPUMEHSIET 3a[aHHYK (QYHKINIO KO BCEMY CHUCKY (CIHCOK CTAHOBUTCS CIUCKOM
aprymenToB ¢yukuun). Hampumep, ecaun Bbl coopymmnm cumcok, cOCTOSIIMN 13
qMCeT:
1i1:[33,-22,11]¢%
TO, YTOOBI HANTH MaKCHMaJjbHOE WM MUHUMAJIBHOE UHCIIO, HAIO BBI3BATH (QYHK-
nuio "max” mwimm “min”. OnpHako, ob6e GyHKIUE B KadeCTBE apryMEHTa OXKUIAIOT
HECKOJIBKO YMCeJI, a He CIHUCOK, COCTABIIEHHBIN u3 uncesn. llpmMmeHsTh momoOHBIE
GyHKIIUN K CIIICKAM U MO3BOJIsieT PyHKnus ~apply”:
apply (max,1i1);
33
apply(min,1i1);
-22
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13. MaccuBsbl

MaccuBer — 510 00bekTHI ¢ mHmekcamMu. (CCbUIKA Ha 5JIeMEHT MaCCHBa, IPOM3BO-
MUTCS OOBITHBIM 0Opa30M: KOMAaHIA
ar[2,0,1];

BEIBEIECT 3HAYCHNE JIEMEHTA MACCHBA, 8 KOMAaHIA,
ar[55] : 77+x$

IIpUCBOUT 3JIEMEHTY MaCCHUBa YKa3aHHOC 3HAYCHUE.

B MAXIM’e onpeneneHbl MacCUBBI 3 BHUIOB.

Bo-nepBrix, 510 MaccuBbl HeomnpeneiaeHHOro pasmepa (”hashed” maccus). 3na-
YEeHUS DJIEMEHTOB TaKOI'0 MaCCHUBa 330aeTCs 00 ’MHINBUIYATIHHO

ar1[23]:77778

ar1[-4]:5555%

ar2[2,3]:777$%

ar2[-22,-33]:555;$%
anb0 KakK QYHKINUs MHIEKCOB

ar3[i,j]:=i+j;

ar3. .:=1+]j
1,]

Nunexcbl 5Toro MaccuBa MOIYT HPUHUMATH JIIO0BIE IEJI0INCIeHHbE (B TOM YHCIE I
OTpULATE/IbHbIE) 3HAUeHNs. FCiiu 571eMeHThI 3a0aHbl KaK QyHKIWS HHIEKCOB, TO UX
3HAUYEHHUs OYOyT BBIUUCISITHLCS IO MpuBemeHHON dopmyite. [Ipu moBTOpHON CCHIIKE
Ha DTOT XK€ DJIEMEHT BBIK/JIAIKN He IMPOU3BONITCI — HCIONB3YeTCs BBIUMCIEHHOE
IpenuIaymil pa3 3uadenne. Kpome Toro, maxe ecian 3amaHa QYHKINS HHIEKCOB,
OTHE/IbHBIE JIEMEHTBI MaCCUBA MOXKHO IIE€PEONPENESISThH NHINBUIY AJILHO

ar3[1,2];

3
ar3[-2,-3];

-5
ar3[-2,-3]:7;

7
ar3[3,4]:5;

5

Bo-BTOpHBIX, 5TO MaccuBbI 3a/IAHHOTO Pa3MeEpPa
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o @dymknus array
OIpenesiieT MacCUB C MAHHBIM MMEHEM, OIpEeNeeHHBIM KOJIMYECTBOM WHIEKCOB U
3a0aHHBIM pa3MepoM. MOXKHO TakXke YKa3aTh €ro THII
array(ar4,2,1);
ar4
array(ar5,2);
arb
array(ar6,float,2,1);
ar6
array(ar7,float,1,1,1);
ar7
Nunekcer sTux MaccuBOB mpoberaioT 3HaveHus oT (0 Mo yKa3aHHOTO 4ucja, TaK ITO
dakTuueckuit pasmep MaccuBoB ~ar4d” m "ar6” — 3 X 2, maccuBa “arb’ — 3, a
MaccuBa “ar7’ — 2 X 2 X 2.
[TepoHavanbHble (Cpa3y MOCIE OLUPENEIeHNs) 3HAUYEHUS SJIEMEHTOB U1 MAaCCUBA
C OmpeNeleHHBIM TUIOM — 5TO HYJIM, a [JIs MAacCHBA C HEOMPENeIeHHBIM TUIIOM
[IePBOHAYAJILHLIE 3HAUEHUS He OIIPENeIeHbI, I P MOMBITKE UX BHIBONA II€YATAIOTCS
b mueson (##i#t#it).

B-Tperbux, 510 ”camomedaraoinuecs’ MaCCUBBI

o Odynkmusa make_array
CO3MaeT MACCUBBI TPETHETO BHUIA, COMEPKMUMOE KOTOPBIX MEUATAETCS aBTOMATUIE-
cku. llemecoobpa3HOCTh UCIOMIB30BAHUSI MAaCCHBOB STOr0 BUIA COMHUTEJILHA.
ar8:make_array(’any,3,2);
{Array: #2A((NIL NIL)(NIL NIL)(NIL NIL)) }
ar9:make_array(’float,3);
{Array: #(0.0 0.0 0.0) }
WNunekcer 3mecsy mpoberator 3uHadeHunss or 0 mo ykaszaHHOTO 4dmcia munyc I , T.e.
pasMepHOCTL “ar8” — 3 X 2, a "ar9” — 3.
[lepBonavanbuble (Cpa3y MOCIE CO3MAHUS) 3HAYCHUS SJIEMEHTOB ISl MacCHBA C
OIIPEEJIEHHBIM THIIOM — 3TO HYJIH, a AJIsI MACCUBA C HEOIPENEJIEHHBIM THUIIOM (T.€.
¢ TunoMm ”any”) — 570 3HaueHue "NIL”.
I71s1 MacCUBOB IIEPBOTO U BTOPOTO BAIOB HACHTUDUKATOP — 5TO UMEHHO UM MaCCH-
Ba U €ro MCIOJIb30BaHMe 0e3 KBAaAPATHBIX CKOOOK HE BBI3BIBAET HUKAKUX MEACTBUI:
ar4
ar4
I;1s MacCmBOB TPETHErO BUIA MACHTUPUKATOP — HTO HE MMl MaCCHBa, a OOBIU-
Has IepeMeHHas, 3HaUeHne KOTOPOI eCTh MacCUB Tperhero Buma. Ho comepxkumoe
MAaCCHBa TPETHEro BUIA MMeYATACTCS aBTOMATUIECKN, OO TOMY

50


http://www.verydoc.com
http://www.verydoc.com

ar9;
{Array: #(0.0 0.0 0.0) %}

Ilepemennaa arrays

CONEPXKUT CHUCOK MMEH MACCHBOB IEPBOTI'O W BTOPOTO BUMOB, ONpENeJIeHHBIX HAa
MAaHHBII MOMEHT
arrays;

larl,ar2,ar3,ar4,ar5,ar6,ar7]

dynknus arrayinfo
neyaraeT MHGOPMALMIO O MACCHBE — €r0 BUX ([JIs MaCcCHBOB IEPBOIO BHIA —
“hashed”, mjig MaccumBOB BTOPOIrO BHOA C HEOHpemeJeHHBIM TumoM — ~declared”,
IJIE. BTOPOT'O BUIA C OIpeeIeHHBIM THIIOM — ~ complete”, s MacCUBOB TPETHETO
Buna — ’declared”). llasee meuaraeTcsl 4uciIO MHOEKCOB MaccuBa. [asee miis
MAaCCHBOB IIEPBOTO BUIA MEYATAIOTCS UHIEKCHI 3JIEMEHTOB, 3HAYEHUSI KOTOPBIX W3-
BeCTHBI (T.e. 60 GBLIM MPUCBOEHBI, MO0 OBLIM BBHIYUCIEHBI TO GOpMyIIe), a sl
MaCCUBOB BTOPOT'O U TPETHEr0 BUIOB — pa3Mep (B BUIE CIUCKA MAKCUMAJIbHBIX 3Ha-
YEHUHN KaXK[I0T0O U3 WHIOEKCOB, IPHU DTOM [IJIs MAaCCUBA TPETHEr0 BHUOA W3 3a0aHHOIO
IIPU OIPENESICHNN pa3sMepa aBTOMATUIECKH BHIYNTACTCS €IUHIUIA).
arrayinfo(arl);
[hashed, 1, [-4], [23]]
arrayinfo(ar2);
[hashed, 2, [-22, -33], [2, 3]]
arrayinfo(ar3);
[hashed, 2, [-2, -3], [1, 2], [3, 4]]
arrayinfo(ar4);
[declared, 2, [2, 1]]
arrayinfo(ar5) ;
[declared, 1, [2]]
arrayinfo(ar6) ;
[complete, 2, [2, 1]]
arrayinfo(ar7);
[complete, 3, [1, 1, 1]]
arrayinfo(ar8) ;
[declared, 2, [2, 1]]
arrayinfo(ar9) ;

[declared, 1, [2]]
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o ®dymkmusa listarray

eyaTaeT CONEPKMMOe MACCHUBOB IIepBOro um BToporo Bumos. IIpm sTom comepixm-
MOe [1e9aTaeTCsl B TAaKOM IOPsIIKe: CHAJaJia BCe NOIyCTUMBbIE 3HAUEHUs IPoberaeT
IIOCTIEMHN WHAEKC, TOTOM Ipennociaensauil u.t.n. Hampumep, miis MaccuBa ¢ IByMs
MHIEKCaMU MOpsIoK mHnekcoB Oymer rakoi: (0,0) (0,1) (0,2) (0,3)  (1,0) (1,1)
(1,2) (1,3) (2,0) (2,1) (2,2) (2,3).
Bri3oB sTOll QyHKIUU 171 MAaCCUBAa TPETHEro BHUOA HTPUBOOUT K COOOIIEHWIO 00
omnbke. Kak yxe ObLIO CKa3aHO, CONEPXKUMBIM MAaCCUBA IEPBOTO BUIA CINTAIOTCS
T€ BJIEMEHTHI, KOTOPBIE BBIUNCIISIINCEH JIN00 MIPUCBANBAINCE IBHO. IloaToMmy
listarray(ar3);
[7, 3, 5]
ar3[6,6];
12
listarray(ar3);
[7, 3, 5, 12]
listarray(ar4);
[, dHHHEE BHEHEE B HHEEE ]
ar4[2,0] :3$% ar4[0,1] :a+b$
listarray(ar4);
[t , a+b, #3884, #id#d, 3, #i##H]
listarray(ar6);
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0]
ar8[1,0]:77$%
ar8;

{Array: #2A((NIL NIL)(77 NIL)(NIL NIL)) }

o ®ymkmmua fillarray

IO3BOJISET 3alIOJIHATH O00HOUNJEKCHbIE MAaCCUBBI TPETHETO BHUIOA M3 CIKUCKA (IpH

5TOM [JIMHA CIMCKA MOXKET HEe COBHANATH C PA3MEPHOCTHIO MAaCCHBA)
ar9:make_array(’float,3);

{Array: #(0.0 0.0 0.0) %}
fillarray(ar9,[4.0,5.0])8%
ar9;

{Array: #(4.0 5.0 0.0) }
fillarray(ar9,[6.0,7.0,8.0,9.0]1)8%
ar9;

{Array: #(6.0 7.0 8.0) }
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Oyukmuma kill
VHUUTOXKAaeT YKAa3aHHBII OOBEKT WM OOBEKTHhI, B TOM YHCJIE U MaCCHUB.
kill(arl,ar4);
done
arrays;
[ar2,ar3,ar5,ar6,ar7]

P®yHKIUA remarray
YHUYTOXKAET MACCUB UM MaCCUBBI
remarray (ar2,ar3,ar5,ar7);
[ar2,ar3,ar5,ar7]

arrays;
[ar6]
remarray (ar6) $
arrays;
[]
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14. MaTpuibi

B MAXIM’e onpeneneHbl TpsMOYTOJIbHBIE MATPUIIBL.

®dyukuus matrix

BO3BPAILAeT MATPUILY, 3aTAHHYO IO3IEMEHTHO
mal:matrix([a,b,c],[d,e,f]);

a b ¢
[d e f ]
3HayeHne >jIeMeHTa MaTPUILI N3BIEKAeTCsI TaK
mal[1,2];
b

Touno Tak XKe MOXKHO IIOMEHITH OT,HeJIbeIfI SJIEMCHT MaTPUIIbI

mal[2,3]:77%
a b c
d e 77

mal;
Cy1ecTByIOT MATPUIIBI, COCTOSIIINE U3 OMHOW CTPOKI
ma2:matrix([a,b])
[a b]
1 13 OMHOI'O CTOJIOIa
ma3:matrix([a], [b])

dynknus genmatrix

BO3BpAaIllaeT MAaTPHUILY 330AHHOW Pa3MePHOCTH, COCTABIEHHYIO U3 3JIEMEHTOB IBYX-
MHIIEKCHOT'O MaCCHUBa,
ma4:genmatrix(arl,2,2)

[arll’1 ar11’2 ]

ar12’1 ar12’2

IPU 5TOM MOXKHO 3a[0aTh 3JIEMEHT MAaCCHBa B OOIIIEM BHUIE
ar2[i,j]:=10%i+2%j$
mab5:genmatrix(ar2,2,2);

12 14
22 24
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®dyuknus zeromatrix
BO3BPAIIaeT MATPUILY 3aJaHHON Pa3MEPHOCTH, COCTABJICHHYIO U3 HyJlel

zeromatrix(2,3);
O 0 O
O 0 O
®dyukuusa 1ident

BO3BpalllaeT €IUHUYHYIO MATPUIY 3a0aHHON Pa3MepHOCTH

ident (2);
1 O
0O 1

[Ipuceoenne marpuin ycrpoeno B MAXIM’e Ttak ke, Kak M IPHUCBOEHNE CIIICKOB,
NIMEeHHO, HaOOp OIllepaTOpPOB
mal:matrix([a,b], [c,d])$ ma2:mal$
OTHIONb HE CO3MaeT KOMMIo MaTpuiibkl 'mal” ¢ umernem “ma2”, a megaeT MEePEeMEHHYIO
"ma2” errre OMHUM yKa3aTejeM Ha Ty XKe caMylo Marpuily. B pesynbrare
mal[2,2]:77%
IPUBEOET K
maz;

dynkuus copymatrix
M3COTOBJISET ~ HACTOSIIYIO KOIIHMIO MaTPHUIIBI
mal:matrix([a,b], [c,d])$

ma2:copymatrix(mal)$
mal[2,2]:77$ ma2;
a b
B
DyHKIUsT YOW
BBINEJISIET 33 0aHHYIO CTPOKY MaTPUIIbI
mal:matrix([a,b], [c,d])$

row(mal,2);
[c d]

dyuknusa col
BBIIE/ISIET 3a0aHHBIA CTOI0EN MaTPUIIbI
col(mal,1);
a
¥
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®yukuus addrow

mobaBJIIET CTPOKY K MATPUIIE
addrow(mal, [e,f]);

a b
c d
e f
®dyuknus addcol
nobaBasgeT cTOJOEI K MaTPHUIE
addcol (mal, [e,f]);
a b
[c d

®dyukuus sSubmatrix
BBIIEJISICT U3 MATPHUIBL IOOMATPHILY.

MaTpHIa, a 3aTEM HOMEPA BbIUEPKUBAEMBIX CTOJIOIIOB

ar2[i,j]:=10*i+j$
ma2:genmatrix(ar2,4,5);
11
21
31
L 41

submatrix(l,3,ma2,2,4,§);
21
41

AprymeHTbl QYHKIMU UMEIOT CJIEIY O
BHI: CHAYaJIa 4Yepe3 3alsaTyI0 UOAyT HOMEepa BBIYEPKUBAEMBIX CTPOK, 3aTeM CcaMa

12
22
32
42

23
43

13
23
33
43

14
24
34
44

15
25
35
45

Ha marpunax onpeneseHbl OOBIYHBIE OMEPAINN YMHOMXKEHIS HA, YUCIIO, CJIOXKEHUS I
MaTPUYHOrO YMHOXKeHus1. Ilociienaee peam3yeTcs ¢ IOMOIIBIO OMHAPHON OIePAIK
7.7 (rouka). Pasymeercs, pasMepHOCTH MaTpPHUIl NOIKHBEI OOECIIEUNBATE MaTeMa-

THYECKYI0 KOPPEKTHOCTD OIlepaIlHil
mal:matrix([a,b], [c,d])$
mal+3*mal+ident (2);

4c

mal.mal;

[4a+1

4

2
bct+a

cd+ac
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[To He oueHDb sICHON MpUYMHE OMPENesIeHa, 3aral0dHasl ONePAINs BO3BEIEHUS MaTPH-
116l B OOBIUYHYIO” CTEIeHb

mal~3;

Onmaxo, ompeneseHa u omepamus MATPUIHOTO BO3BENEHUS B UYEAYI) CTEIEHD

mal~"2;
i 2
bc+a bd+ab
2
_cd+ac d +bc
mal~~ (-1);
- d -b
ad-bc ad-bc
-C a

| ad-bc ad-bc

IeTepMUHAHT MOXKHO BBIHECTH 33 MPEIE/Ibl MATPUIIBI, €CJIN BEI3BATh QYHKIUIO ~ eV’
¢ ¢paarom "detout”:
ev(mal~" (-1),detout);

d -b
-c a
ad-bc

Kpome Toro, ornenbHO ompeneieHa GyHKIUS OOpaIlleHnss MaTPUIIbI, KOTOPAsl SIBJIS-
eTCsI CHHOHIMOM OIIEPAINN BO3BEIECHUS MAaTPUILI B cTemeHs  —17.
invert (mal);
d -b
ad-bc ad-bc
-c a
ad-bc ad-bc

Cnenyer ormenbHO OOCYOUTH CBOMCTBA YMHOXKEHHUS MATPHUIl HA CTPOKH U CTOJIO-
nbl. Kak 370 HE cTpaHHO, €Ciim MAaTPUIA CTOUT CIIEBA, TO IIPABBIM COMHOXKUTETIEM
MOXKeT OBITh HE TOJBKO CTOJIOEIl, HO U CTPOKA W MaXKe CIIMCOK.

li1:[e,f]1$

strl:matrix([e,f])$
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stlbl:matrix([el], [f])$

IIocne sToro omepaTopbl
mal.lil;
mal.stri;
mal.stlbl;

IpUBEOyT K ONHOU U TOU K€ BbIOade

bf+ae

df+ce
Ecnmum marpumna croumT cmpaBa, TO B Ka4eCTBE JIEBOI'O COMHOXKUTEJS HOIIYCTUMBI
CIUCOK U CTPOKA, HO He CTOJOeln — B ciydae CTOJI0OIa IOSBUTCSA COOOIIeHue 00
ommbke. Tak 9TO omepaTopnl

1lil.mal;
strl.mal;

IpUBEOyT K OOHOU U TOU K€ BbIOade

[cf+ae df+be]

®ynknusa transpose

TPAHCIOHUPYET MATPUILY
transpose (mal) ;

5

BBIUKC/ISET NETEPMUHAHT MaTPUILI
determinant (mal) ;

®dyukuus determinant

ad-bc

dyuknus mattrace

BBIUUCIISIET CJIE MATPUIBL (CYMMYy ee NuaroHaJIbHbIX 5jeMeHTOB). [lepen Tem, kak
BBI3BIBATH €€ MEPBLIA pa3, HeOOXOMUMO 3arpy3uTh maker "nchrpl”.
load(nchrpl)$
mattrace(mal);

a+d
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dynkuus charpoly
SIBJII€TCSL 10 HEKOTOPOIl CTEIeHN N30BITOYHON — OHA BBHIYHUCIISET XaPAKTEPUCTIIE-
CKUIl TOJIMHOM MAaTpHUIEL, T.€. det(m — x) (KOpHI 5TOro moimHoMa — COOCTBEHHBIE
sHavyeHus mMarpunsl). Ilepen Tem, Kak BBI3BIBATH €€ IEPBBIl pa3, HEOOXOOUMO 3a-
rpy3uTh nmaker 'nchrpl”.

load(nchrpl) $

charpoly(mal,t);

(a-t) (d-t)-bc

dynknuss ncharpoly
ecTb yiyudireHHas Bepcus ¢yuknun ~charpoly”. Ilepem Tem, kak BBI3BIBATH ee
IEPBLI pa3, HeOOXOMUMO 3arpy3uTh maker "nchrpl”.

load (nchrpl) $

ncharpoly(mal,t);

2
t + (-a-d) t+ad-bc

dynknus eigenvalues
BBIUHUCISET COOCTBEHHBIE 3HAUEHUSI MATPUILI AHAJIUTUIECKN, €CJIN 3TO BO3MOXKHO.
Brinaua sToil GyHKIUM NOCTATOYHO MPUXOTIIMBA — OHA BO3BPAIIAET CIIMCOK, CO-
CTOSIINI U3 OBYX cHuckoB. llepBbIil comepXkuT cOOCTBEHHBIE 3HAUEHUS, & BTOPOU
— WX KPaTHOCTH
ma2:matrix([0,1,0],[1,0,0],
[0,0,1]);

O~ O
O O =
= O O

eigenvalues (ma2) ;

[[_1, 1], [1’ 2]]

dyuknus eigenvectors

aHAJINTUYECKN BBIUUCIISET COOCTBEHHBLIE 3HAUEHUS U COOCTBEHHbIE BEKTOPA MaTPU-
IIbI, €CJIX HTO BO3MOXKHO. Bbimaua 5Tol PyHKIIUN IPE3BBIYANHO MPUXOTI/INBA — OHA
BO3BpalllaeT CHOUCOK, NEePBBIA 3JIEMEHT KOTOPOr'O — 3TO B TOYHOCTHU BbIa4a PYHK-
nuu "eigenvalues”, a manee unyT COOCTBEHHBIE BEKTODPA, KAXKIBIH M3 KOTOPBIX
IIPEICTABIIEH KAK CIIMCOK CBOMX KOMIIOHEHT (T.e. KaK CTPOKA)

eigenvectors(ma2) ;
(ft-1, 11, [1, 211,
[1, -1, o1, [1, 1, o], [0, O, 1]]
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e @dymkmusa uniteigenvectors
oTnnyaercs or GyHKIUN ~eigenvectors” TeM, YTO BO3BpAIllaeT HOPMUPOBAHHBIE
Ha eIUHNAIYy COOCTBEHHLIE BEKTOPA
uniteigenvectors (ma2) ;

[[[-1,17,[1,2]1], [—— !

sqrt(2)’ sqrt(2)’
[ 1 1
sqrt(2) ° sqrt(2)’

0],

o], [0,0,1]]
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15. Bayrpennee npencraiieHue B M A XIM’e

Kakx u B GonbimHCTBE APYrUX CUCTEM AHAJIUTUUECKUX BBIUUCICHUN, aHAIATUIE-
ckue Boipaxkenuss B MAXIM’e npencraBisioTcst B BUE BIIOXKEHHBIX CIIICKOB.
[TosToMy Te dyHKIIUM, KOTOPBIE OEHCTBYIOT HA CIUCKU, BIOJIHE MOXKHO IPUMEHITH
7 K QHAJIUTUYECKUM BbIpaKeHusM. [lj1s ompemesieHus: KOJIMYIeCTBA YACTel B BbIpPa-
JKEHNU CJlenyeT MPUMEeHSITh GYHKIWIO ~length”, niis BbIOEIEHUS OTOEIBHON JaCcTH
— ¢yuknuio “part”. [Ipum sToM HAOO IOMHUTH, YTO IpuMeHeHne QyHKIUN ~part”
K 00OBbeKTy 6e3 CTPYKTYphI BbI3oBeT OmmOKy. IlosTomy ecnum mpupona BhIpaKeHUS
3apaHee HEM3BECTHA, IIPeXKIe YeM IPUMEHSITH K BBIPAXKEeHUIO QYHKINIO ~part”, Ha-
o mpuMeHuTh K Hemy dyuknuio “atom”. Toapko ecnum "atom” Beimact "false”,
MOKHO IPUMEHSATH ~part”.

YT006bI TPOMIIIIOCTPUPOBATE OCOOEHHOCTH BHYTPEHHETO TPEICTABIIEHUS, IPUBENEM
HECKOJIBKO TIPUMEPOB

length(a+b)

2
length(a+b+c)

3
length(-a)

1
length(f(a))

1
part([a,b],0);

[
part([a,b],1);

a
part([a,bl,2);

b
part (a=b,0);
part(a=b,1);

a
part(a=b,2);

b
part (a+b,0);

+
part(a+b,1);

b
part(a+b,2);

a
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part(a-b,0);

+

part(a-b,1);

a
part(a-b,2);

-b
part(-b,0);
part(-b,1);

b
part (a*xb,0);

*
part(a*b,1);

a
part (a*b,2);

b
part(a/b,0);

//

(nMeHHO Tak — [IBa 3HAKa MEJIeHUs monpsim!)

part(a/b,1);

a
part(a/b,2);

b
part (f(x),0);

f
part (f(x),1);

X
part (a+b+c,0);

+
part (a+b+c,1);

c
part (a+b+c,2);

b
part(a+b+c,3);

a
part (a*xb*c,0) ;

*
part (a*xb*c,1);

a
part (a*xb*c,2);
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part (a*xbxc,3) ;
c
part((a+b)/(c+d),0);
//
part((a+b)/(c+d),1);
b+a
part((a+b)/(c+d),2);
d+c
part ((a+b)/(c+d),2,2);
c
OueHb OJIE3HBI IPU BBIIE/IEHNN YacTel BbipaxkeHus Gyuknun “first”, "rest” u
"last”.
first (x+y+z);
z
rest (x+y+z) ;
ytx
last (x+y+z);
X

CymrecTByoT n crenuajabHble QYHKINN IJIS BLEIOETEHNS YaCTell BhIPAKEHNUS.

®yukuus lhs

BBIZIE/ISIET JIEBYIO YaCTh YPABHEHUS
lhs(a+b=c+d);
b+a

®yukuus rhs

BBIIEJISIET IPABYIO YaCTh YPABHEHMS
rhs(a+b=c+d) ;

d+c
DdyHKOUA nNum
BBIIEISIET UUCIUTENTH
num((a+b)/(c+d));
b+a
num(a+b) ;
b+a
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®dyukuus denom
BBHIIEJISET 3HAMEHATEb

denom((a+b)/(c+d));
d+c
denom(a+b) ;
1
s Monudukanum BBIpaXKEHWH MOXKHO IPUMEHATh GyHKmuum “map”’, ”apply” n

”subst”.
CyMmMa SBIsseTcsl CIICKOM CBOUX CJIATAa€MBIX, TAK UTO
map (factor, m/(x~2+2*x*xy+y~2)+
n/(x+y)~4);

m n
+

2 4
(y + x) (y + x)
OnanM n3 uMeH GYHKIUU CIIOXKEHUS siBiseTcs cuMBoi "+". Tak uro

apply(!l+!l’ [a, b]),

b+a
dyukmus ”subst” BUOUT BCE YACTHU BBIPAXKEHWs, B TOM 4Ywucje u ¢ Homepom (7.
[TosTomy
subst ("+","[", [a,b]);
b+a

dynkuus pickapart
IIO3BOJIAET PA3IOKUTh BBIPAXKEHUE HA YACTHU BIJIOTH 10 YKA3aHHOIO YPOBHA.
(%123) vl:pickapart( (a+b)/2 +
sin(c)-d~2,1);

2
(%t23) -d
(%t24) sin(c)
b + a
(%t25) 5

(%025) %t23 + %t24 + %t25

ITocse sToro moxHO ymporiarsh He ”v1” | a paboTaTh € €ro 9acTIMI — C IEPEMEHHbI-
Mu 7 %t23”, " %t24” u " %t25”, mockoabKy nmepeMeHHas ~v1” Bce paBHO BBEIpaXKaeTCs
yepes HUX:

%t25:77%

ev(vl);

2
-d + sin(c) + 77
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e OdDyukmms 1isolate
IIO3BOJIAET OTHOEINTL YACTH BBIPAXKEHNA, KOTOPas CONEPXKUT YKA3aHHYIO II€PEeMEH-
HYIO0, OT YaCTH, KOTOPas ee He CONEPKUT
(%i6) 1isolate(x*x+a*x+b*x+a+b+1,x);
(%t6) b+a+1

2
(%06) X +bx+azx+ %t6
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16. CunTakcuuyeckme rnomCTaHOBKU

®dyukuus subst

peaim3yer ’UmCTO CHHTAKCUYIECKYI0 MmomcTaHoBKY. llomcraHoBka — »TO 3aMeHa
HEKOTOPOU IIepeMEeHHON Uil 0oJiee CI0XKHOU KOHCTPYKIIUU B aHAJIUTUIECKOM BbIpa-
KEHUU Ha HeYTO npyroe. Hampumep, BMeCTO nmepeMeHHOW & MOXKHO ~HMONCTABUTH
a + b. AprymenTtbl ¢yHkuumm ”subst” mmyT B TAKOM HOpsAKe: HOBOE (TO, 9TO
MBI HONCTABJIIEM BMECTO CTAapoOro), crapoe (To, BMECTO Yero MbI IONCTABIISIEM),
1, HAKOHEI[, BhIPaXKeHNe, B KOTOPOM IIPOM3BOMUTCS IMONCTAHOBKA. JTa (DYHKIUS He

IIOHIMAET, ITO £+ — 9T0 2 * 2, HOATOMY B BBIPAKEHIH
subst (y,x,x"2+x"4+x"5) ;
5 4 2
y ty +ty

IIONCTAHOBKA, BBIMOJIHIETCS IMOJHOCTHIO, B BHIPAXKCHIN
subst (y~2,x"2,x"2+x"4+x"5) ;

2 5 4
y +x +X

BBIIIOJIHAECTCSA 9aCTUYHO, 4 B BbIPDAXKCHUU
subst (m, X+y,X+y+z) ;
zZ+y+x
He BBIIOJIHIETCS BOBCE.
[TomcTanoBKa BO3MOXKHA HE TOJBKO [IJIs MMEH MEPEMEHHBIX, HO U IJIST UMEH (DyHKITII
subst (gg,ff,ff(7+f£(5));
gglgg(5) + 7)

Ilepemennas exptsubst
3aIpeIaeT WiIn PA3PeIraeT ~ CTeNeHHble” MONCTAaHOBKU. VI3HAYaILHO yCTaHOBJIEHO
suaueHue "false”, B pesynbrare
subst (y,%e"x,%e " x+%e"” (a*x)+
%e” (a*x+b*x) );

(b + a) x a x
y + %e + %e
FEcau ycranoBuTh 3Hauenue ”true”, To
exptsubst:trued
subst(y~2,x"2,x"2+x"4+x"5);
4 2 5
y ty tx

subst (y,%e"x,%e " x+%e"” (a*x)+
%e” (a*x+b*x) );
b + a a
y ty tvy
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®dyukuus ratsubst

paboraer Tak ke, KaK ~subst”, HO mOHEMaer, uTo T+ — 310 2 * 2, TaK 4TO
ratsubst(y~2,x"2,x"2+x"4+x"5) ;
4 4 2

xy rty +y
ratsubst (m,x+y,x+y+z) ;
z +m
ratsubst( m,3*x*y,
expand ((x+y)~3) );

3 3
y +my+x +mx
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17. Anrebpandyeckue MomCTAaHOBKU

B panuonasibHBIX BBIPDAKEHUSX CYIIECTBYET OCOOBIN KJIACC TMONCTAHOBOK, BBITIOIHE-
HUe KOTOPBIX mHunumpyercs diarom "algebraic” B dyskmun "ev”.
Crauasa 3amaercs OMHA WK HECKOIBLKO IMONCTAHOBOK.

dyuknusa tellrat
AUIUTUBHO HOOABIISET AJre0pamdecKyio MMONCTAHOBKY K y2Ke OINpeNeIeHHBIM IIOI-
CTAHOBKAM U [1€9aTAeT BECh UX CIIUCOK.
tellrat (z=y~3);
[z - y3]
tellrat(w”3=x);

[w3 - X, Z —y3]

tellrat();

[w3 - X, z —y3]

Ilis peanmsanuu MONCTAHOBOK BBIPAXKEHUE NOIKHO OBITH PAIMOHAIBHBIM (HOIKHO
ObITh CHaOXkeHO MeTKOl ” /R/”), u k HEMY Hano HpuMeHUTh GyHKuuo ~ev” ¢ dhaarom

"algebraic”:
ev(z~2+z"~3,algebraic) ;
3 2
z + z
rat (%) ;

ev(%,algebraic) ;

/R/ y tvy
ev(rat(w"3+w"6),algebraic);

/R/ X + X
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18. IloncTaHoBKU 110 I111a06JIOHY

Anmapar moncranoBok mo mabsiony B MAXIM’e 3ameTrHo ycrymaer mo ymo6CTBY
paboThI U MPOMYMaHHOCTH CHHTakKcuca anajormuaomy ammapaty B REDUCE. bo-
Jiee TOro, IO CYyTH €QUHCTBEHHBIM peaJbHBIM yCOBepIlleHCcTBoBaHIeM Mathematic’n
o cpaBHeHno ¢ MAXIM oit sBiastercst yoOOHBIH almapaTr IOICTAHOBOK IO IIAGJIOHY .
Ecnu 8 REDUCE mocraTouno HamucaThb

for all x,y let sin(x+y)=sin(x)*cos(y)+cos(x)*sin(y);

for all x,n such that numberp(n) and n>1 let sin(n*x) =

sin((n-1)*x)*cos(x)+cos((n-1)*x)*sin(x) ;

4TO0BI 3a0aTh HpaBUIIa Ipeobpa3oBaHus BbipaxeHuil Tuma ~sin(a+b+3%c)”, To B
MAXIM’e sTo morpebyer 3HAUNTETLHO OOJIBIINX yCUITHIA.
3aTo BapuaHTOB QYHKINUI, peajM3yIOIuX HoncTaHoBku 1o mabiony B MAXIM’e
ropasmno 00JIbIlie, 1 BCe OHM PabOTAIOT MO-PA3HOMY.

[Ipexne Bcero, citlemyer ompeneauTh IIAOIIOH.

®dyukuus matchdeclare

oIpenesser IIab/IoOH, YIOBIETBOPSIONINA TOMY UM MHOMY yCJIOBHIIO.
matchdeclare(a,true)$
matchdeclare(b,true)$
matchdeclare (n,numberp)$
matchdeclare (m,matrixp)$

mocjie >Toro mrabioHel a” m ’b” o3HaYalT 9TO yromuo’, IrabJioH 'n” o3HaYa-
er ”m060oe unciao” (r.e. aI060I OOBEKT, KOTOPLI HPHU HONCTAHOBKE B (DYHKIUIO
"numberp” maer ”true”), mabmon "m” o3Hauaer ”mobas MaTpuna’.
K coxamnennro, B oriamane or REDUCE u Mathematic’u, 3amuces ”a+b” He o3HauwaeT
Tenepsb obas cymma”. UTobObl onpenenuTh mabsoH arobas cymma’, MpUOeTCs
IIPONeIaTh CIIEMYIOIIee
summap (x) :=block ([],if atom(x) then
return(false), if part(x,0)="+" then
return(true) else return(false))$
matchdeclare (anys, summap) $
Anajiormyno, 4TOOBI ONPENEINTH IIAOJOH ~YKCI0, OOJIbllIee €OQUHUILL , CJEMYeT
HAINCATH
num_g_1(x) :=block([],if not numberp(x) then
return(false), if x>1 then
return(true) else return(false))$
matchdeclare(nnn,num_g_1)$

Tenepn cymmecTByeT Tpu BO3MOXKHOCTH.
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Bo-niepBbIx, MOXKHO OIpeneIsiTh MPAaBUIa U MIPUMEHSITDH UX.

®dyukuus defrule

ompenesser "upaBusio’ . Ee apryMeHTb — UM IpaBujia, CTapoe BhIpakeHne, HOBOe
BBbIpaKEHIE.
defrule( rul, fff(m),
m "3 +m );

<3>
rul : fff(m) -> m + m
defrule( ru2, ff(n), n+x"n );
ru2 : ff(n) > Xn + n
defrule( ru3, f(a), a+ta~2 );
2
rud : f(a) -> a + a

defrule( ru4, sin(anys),
sin(first (anys))*cos(rest(anys)) +
cos(first (anys))*sin(rest(anys)) )§
defrule( ru5, cos(anys),
cos(first (anys))*cos(rest (anys)) -
sin(first (anys))*sin(rest (anys)) )$

dynkuus disprule
e4aTaeT IpPaBUIIA.
(%15) disprule(ru2,ru3);
(%t5) ru2 : ff(n) -> x* +n
(%t6) rud : f(a) -> a2 + a
(%06) [%t5, %t6]

dynknus applyl

npuUMeHseT YKa3aHHbIE MMPaBuUja K BhIpaxeHuto. lIpaBuia mpumenstoTcs ”cBepXy
BHI3” (OT 6OJIee BBLICOKOIO YPOBHS B BLIDaXKEHUH K 6OJlee MEJIKUM €ro JacTsM),
IPUTOM Ha KaXXIOM YPOBHE BBIDAXKEHUS CHAYAJIa IEeJUKOM (IIOKa BBIDAXKEHUE He
IepecTaHeT MEHSTHCs) OTPabaThIBAETCS IEPBOe IPABUIIO, IIOTOM BTOPOE, U T.I.

dynknus applybl

ornuuaercs or ~applyl” Tem, 4TO TOT XKe CaMBII aJTOPUTM IIONCTAHOBOK IIPUMe-
HsIeTCs ~CHU3Yy BBepX .
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o @dyukumms apply2

ornuuaercs or “applyl” Tem, uTO Ha KaxXXIOM ypPOBHE BBIPAXKEHUS MEJINKOM OTpa-
OaThIBaeTCSI BECh YKAa3aHHBIN CIUCOK ITPABUIII.

mal:matrix([2,0],[0,2])$

applyl (fff (mal)*fff(7),rul);

10 £££(7) 0
0 10 £££(7)
applyl (ff(5)+ff(y),ru2);

ff(y) + X5 + 5
apply1(f(sin(z)~2),ru3);

sin4(z) + sin2(z)
apply1(cos (x+y+z) ,ru4,rub);
(cos(x) cos(y) - sin(x) sin(y)) cos(z) -
sin(y + x) sin(z)
apply1(%,ru4,ru5);
(cos(x) cos(y) - sin(x) sin(y)) cos(z) -
(cos(x) sin(y) + sin(x) cos(y)) sin(z)
apply1(cos (x+y+z) ,rub,ru4,rub);
(cos(x) cos(y) - sin(x) sin(y)) cos(z) -
(cos(x) sin(y) + sin(x) cos(y)) sin(z)
apply2(cos (x+y+z) ,ru4,rub);
(cos(x) cos(y) - sin(x) sin(y)) cos(z) -
(cos(x) sin(y) + sin(x) cos(y)) sin(z)
applybl (cos (x+y+z) ,ru4,rub);
cos(y+x) cos(z) - sin(y+x) sin(z)
[IpuBenenubIe 3meCH TPUMEPHI WILIIOCTPUPYIOT PASHUILY MEXKIY TPEMS BapUaHTAMUI
dyuknun ”apply”. VX BBI30B IJIs OMHOI'O U TOT'O e BbIpaxkeHus ~ cos (x+y+z)” mis
OOHOTO M TOTO K€ CINCKa HpaBmwiI 'rué4, rub”’” maer pasHble OorBeThl. llpmumHbI
5TOr0 NOBOJILHO OYEBUIHBEL.
Oyuknus “applybl” mmer ”cHu3y BBepX’, TaK YTO mpaBmiio rub” cpabarbiBa-
eT TOJIBKO Ha camMoM mociemHeM (”BepxHem”) sTalme, OHO MPUMEHSIETCS KO BCEMY
BBIpaxkeHNIo ~ cos (x+y+z)” B nesoM. Ilocmie 3Toro x oTmesbHBIM C1araeMbIM IIOJIY-
YEHHOTO BBIPAXKEHUS HUKAKUX MPABUJI yXKe HE IMPUMEHSETCs, T.K. TH CJIaraeMble
" nexaT HIXKe” .
Hanporus, dynknus ”apply2” npumenser oba mpaBuUjIa CHAYajla KO BCEMY BBIPa-
xkeHuio ’cos(x+y+z)” B mesoMm, a MOTOM HpuUMeHseT 00a MpaBUIAa K OTHEIbHBIM
cJIaraeMbIM ITOJIYYEeHHOT'O BBIPAXKEHU, B Pe3yjIbTaTe HUKAKUX CYMM B apryMeHTax
TPUTOHOMETPUYECKNX (PYHKIUN HE OCTAETCS.
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Hakoren, ¢dyuknus "applyl” cHagasa oTpabaThiBaeT IPaBUJIO ~ru4”, KOTOpPOE B
BBIpaxkeHNN ~ cos (x+y+z)” npumeHTH He K 4eMy. ToOJIBbKO ITOCsIe 5TOro oHa HaUUHA-
erT mpuMeHsTh npaBmio “rub”. CHadaja OHO IPUMEHSIETCS KO BCEMY BBIPAKEHNIO
"cos(x+y+z)” B pemom, a norom (Gosee ”Hu3kuit” ypOBEHb) K OTHEIHHOMY Cila-
raemMoMy ~cos(x+y)”. IlpaBuno "rud4” yxe orpaboTaHO, TaK 4YTO K CJIAraeMOMy
”sin(x+y)”) oHo He mpuMmensercs (B oriumune or GyHKIunu ~apply2”).

Kpome Toro, 3mech moka3aHo, KaK MOXKHO 3aCTaBUThL ~ HOpabOTaTh 10 KOHITA  (QYHK-
nuo "applyl”. DTOro MOXHO HOGUTHCS WIIM IIOBTOPHBIM BBI30BOM GyHKIuNU (mIpa-
B0 "ru4” npumenuTcs K 7HemopaboraHHOoMy” ciaraemMoMy sin(x+y)”), wim
YIUIMHEHNEM CIICKA MPABWI 33 CYeT HMOBTOPEHUs ONHUX W TeX ¥Ke mpaBui (mpa-
BIJIO ' rub” HpUMEHUTCS K MCXOMHOMY BBIPaXKEHUIO, IMOCJEe Yero mpaBmia ~rud” u
?rub” HPUMEHSTCS K OTHEIBHBIM CIIAra€MbIM).

Kak yxke GbuI0 CKa3aHO, ONBITKA paboTaTh ¢ mabiaonoM ~a+b” (”maobas cymma” ),
win ¢ mabaoroM ”a+nnn” (”9TO YyromHO INTIOC YUCIIO, GOJbIIee eNUHUNLL ), WA C
maboHoM “a*n” (749ro yromHO YMHOXUTH HA UHUCIO” ) HEKOPPEKTHBI U BHI3LIBAIOT
npenynpexnerus ob ommoke:
defrule(ru6,f(a+b), g(a)+g(b) );
b + a partitions ‘sum’
rué : f(b + a) -> g(b) + g(a)
defrule(ru7,f(a+nnn), g(a)+g(nnn) );
nnn + a partitions ‘sum’
ru7 : f(ann + a) -> g(ann) + g(a)
defrule (ru8,f(n*a), n*g(a) );
n a partitions ‘product’
ru8 : f(an) ->g(a) n

B cTporom cMmbIcie 5T 3amncu AeHCTBUTETHHO HEKOPPEKTHRL: ~a” — 5TO yke ~ 9TO
yromuo”, Tak 4To 'a+b” »To mpocTo ”a”, TouHO Tak ke “a+nnn” m ”a*n” — 3TO
7a”. Ecaun Bul npourHopupyeTe 3TU NpenynpeXaeHus, TO HAUHY TCS 9y Ieca:
apply2(f(5),ru7);
g(5) + g(0)

OTOT pe3y/IbTaT BIOJIHE JJOTUYEH, XOTS U HeXejIaTejeH. BupodeM, WHOT oA IPaBUIIO
"ru7” paboraer Tak, KaK 3a0yMaHO:
apply2(f (x+5) ,ru7);
g(x) + g(5)
apply2(f(x+1),ru7);
f(x + 1)
s npaBuia “ru6” curyamnus ere XyxKe:
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apply2(f (x+y) ,ru6);

g(y + x) + g(0)
apply2(f(x),ru6b);

g(x) + g(0)
apply2(£(0),ru6);

2 g(0)

KoppekTusbriii ciocob onpenenmuTs 1M1abjIoH ' 9TO YTOMHO YMHOXKUTH HA YUCJIO0, OOJIb-
IIIee eOUHUIBI , BBITJISONT TaK:
pronum(x) :=block([aaa],
if atom(x) then return(false),
if not part(x,0)="*" then return(false),
aaa:first(x),
if not numberp(aaa) then return(false),
if aaa>1 then return(true) else return(false) )$§
matchdeclare (ppp, pronum) $

[Tocte sTOrO0 MOMXKHO OIpeneNnsiTh NPABUIO MPeOOPA30BAHUs BBIPAKEHUN TUIA
7sin(7x)7:
defrule(ru9a,sin(ppp),
sin(rest (ppp))*cos((first (ppp)-1)*rest (ppp))+
cos(rest (ppp))*sin((first (ppp)-1)*rest (ppp)) )$
defrule(ru9b, cos (ppp),
cos (rest (ppp))*cos((first (ppp)-1)*rest (ppp))-
sin(rest (ppp))*sin((first (ppp)-1)*rest (ppp)) )$
apply2(sin(4x),ru9a,ru9b);

sin(x) (cos(x) (cos® (x) - sin® (x))
- 2 cos(x) sin® (x))
+ cos(x) (sin(x) (cos (x)

_ sin® (x)) + 2 cos® (x) sin(x))

Paszymeercs, sTo kpaitne meymobuo mo cpasuennio ¢ REDUC’om miaun ¢ Mathmat-
.
ic’oi1.

Bo-BTOpBIX, MOXHO OnpeneanTh Oe3bIMsIHHBIE let-mpaBuiia, KOTOPbIe HAKAIIN-
BAalOTCA aOgATUBHO
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®dyukuus let
onpenenser let-npasuiio.
let( fff(m), m~"3 + m );

<3>
fff(m) --> m 3 + m

let( ff(n), n+x"n );

ff(n) --> Xn +n
let( f(a), a+a~2 );

2
f(a) --> a~ + a

dyuknus remlet

OTMeEHseT OIpele/leHHbIe paHee IpaBuia. 1lpu aToM
remlet (ff(n))$

OTMEHHUT TOJIKO YKa3aHHOE IIPABUJIO, &
remlet(all)$

OTMEHUT BC€ OIIp€OEJICHHBbIC K HACTOJAIIIEMY MOMEHTY IIpaBHJIA.

®yukmus letsimp

IPDUMEHSET K CBOEMY apryMEHTY BCe U3BECTHBIE HA aHHBLI MOMEHT let-mpaBuia.
[TpaBuiia oTpabaTHIBAIOTCS IEINKOM, T.€. IO T€X IOpP, IOKA BBIPAXKEHUE HE Iepe-
CTaHET MEHSITHC.

letsimp (ff(5)+ff(y)+f(sin(z)"2);

sin4(z) + sin2(z) + ff(y) + X5 + 5
remlet (ff(n))$
letsimp (£ff(5)+ff(y)+f(sin(z)"2);

sin®(z) + sin®(z) + ££(y) + ££(5)
remlet(all)$
letsimp (£ff(5)+ff(y)+f(sin(z)"2);

f(sin2(z)) + ff(y) + ££(5)

B-Tperbux, MOXHO IOBECTH TO WJIN MHOE IPABUJIO IO CBEIEHUS OCHOBHOU QYHK-
[N, YIPOIAIOIE BhIpakeHUs. B 3TOM ciiydae Bce 3aMeHbI OYIyT BBITOJTHATHCS
aBTOMATHUYECKN, 0e3 KaknxX OO0 NeCTBUN CO CTOPOHBI MOJIH30BATEJ.
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®yukmms tellsimp
BBONUT NPABUJIO B 6a3y MaHHBIX OCHOBHOW (DYHKIINN, YIPOIIAIOIIEH BHIPAKEHUS.
tellsimp( sin(anys),
sin(first (anys))*cos(rest(anys)) +
cos(first (anys))*
sin(rest(anys)) );
[sinrulel, simp-%sin]
tellsimp( cos(anys),
cos(first (anys))*cos(rest(anys)) -
sin(first (anys))*
sin(rest(anys)) );
[cosrulel, simp-%cos]
cos (x+y+z) ;
(cos(x) cos(y) - sin(x) sin(y)) cos(z) -
- (cos(x) sin(y) + sin(x) cos(y)) sin(z)
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19. Pa6ora c¢ float-uucaamm

O6wikaoBenno MAXIMA crapaercs paboTraTh ¢ 66CKOHEUHON TOYHOCTHIO:
exp(1);
%e
OnmHako ee MOXKHO 3aCTaBUTh pPaboTaTh W C HEHCTBUTEIbHBLIMEU unciamum. Jlen-
CTBUTEIbHBIE YUCIIA MAIINHHON TOYHOCTH (KaK MpaBmiIo 16 3HAKOB) 3aIMCHLIBAIOTCS
OOBIYHBIM 0Opa3oM:
2.5 -1.0e20 5.768e-34
HeficTBUTE/IbHBIE YNC/IAa HEOTPAHUYEHHOW TOYHOCTU OOS3aHBI MMETh IOKA3aTejlb

cremenn 'b”:
2.5b0 -1.0b20 5.768b-34

e Ilepemennas fpprec
onpeneasieT KOJIMYEeCTBO 3HAYaAIUX IUPpP s 4uce]l HEOTPAHUYEHHOU TOYHOCTH.
N3navambHO OHA paBHA 16.
exp(1.0);
2.7182818284590451
exp(1.0b0) ;
2.718281828459045b0
fpprec:21;
21
exp(1.0b0) ;
2.71828182845904523536b0

o dyukmmsa float
KOHBEPTHUPYET JIIO0BIE YNC/Ia B BBIPAXKEHUAX B UMCJIa MAIINHHON TOYHOCTH.

float(1/3);

0.3333333333333333
float (£(1/3));

£(0.3333333333333333)
float (%e);

%e
float (%pi);

%pi
float (1.0b0);

1.0e0
float (sin(%pi/6);

0.5
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®yukuus bfloat

KOHBEPTHUPYET JIIOObIE YHC/Ia B BLIPAXKCHHUAX B YMC/IA4 HEOTPAHMYCHHON TOYHOCTH.
IIpu 5TOM, eciim BCTPEYAETCSA MECTBUTEIbHOE YHICIIO MAIINHHON TOYHOCTH, OHA,
mevaTaeT MpenynpeXkIeHNe O N3MEHEeHIH TOYHOCTH:

bfloat (1/3);

0.3333333333333333b0
bfloat (%e) ;

2.718281828459045b0
bfloat (%pi);

3.141592653589793b0
bfloat (exp(1.0));
Warning: float to bigfloat conversion
of 2.7182818284590451
2.718281828459045b0
bfloat (sin(%pi/6);
0.5b0
CymrecTtByeT m obpaTHOe mpeobpasoBanme. Kanornumueckas hopMa parmmoOHAILHOTO
BBIDAXKEHUsI HE MHOJIKHA CONEep:XKaTh HEHCTBUTENbHBIX umces. l[losTomy dyHKIuIS
"ratsimp” mpeobpasyer mr000€ NEHCTBUTEILHOE YUCIO B PAIMOHAIBLHOE U IIEYATAET
U TOM IPENYIIPEXKICHTE.

Ilepemennas ratepsilon
3a/laeT TOYHOCTBH IIpeoOpa3oBaHmUs HEHCTBUTEILHOI'O YHUCIa B paluoHaJbHOe. H3-
HaJaJIbHO yCTAHOBIEHO 3HadeHnme 2.0 - 1078,
ratsimp(x+1.23456789) ;
‘rat’ replaced 1.2345678900000001 by
100/81=1.2345679012345678
81 x + 100

81

ratepsilon:0.001$
ratsimp(x+1.23456789) ;
‘rat’ replaced 1.2345678900000001 by
21/17=1.2352941176470589
17 x + 21

17

CymrecrByer meibii HabOp GYHKIHUI, KOTOPBLII peaim3yer He aHAJIUTHUECKHe, a
JIC/IeEHHbIE AJITOPUTMBI, U BHIIAET B KaUeCTBE OTBETOB MENCTBUTEIbHLIE UNCIA.
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®dyukuus allroots
dyHKUUs, KOTOpas HAXOOUT U IeYaTaeT BCe (B TOM YHUCJIEe U KOMIUIEKCHBIE) KODHU
NOAUHOMUAALHO20 YPABHEHNA C NeCTBATEILHLIME JINOO KOMILIEKCHBEIMI KO3 du-

ONEeHTaMU.

Ilepemennas polyfactor
ompeneiiier Gopmy Bbimaum ¢yHKIun ~allroots”. U3HawanbHO OHA paBHA
"false”, mpu 5>TOM KOPHU BBIBONSTCS B BUIE CIIUCKA. FCIM yCTAHOBUTH €€ PABHON
”true”, TO BMECTO CHUCKa KOpHEH Oymer B OOIlIeM Cydae BBIBOMUTHCS pPa3JIOikKe-
HIE MOJIMHOMA Ha JMHEWHBbIe coOMHOXuTenu. s moaumHoMa ¢ HelCTBUTEIbHBIMUI
koo durmenTamu 6yneT BEIBOOUTHCS PA3JIOKEHNE HA JIMHENHBIE COMHOXKUTEIN TS
MeRCTBUTEIbHBIX KOPHE W Ha KBAaIpATUIHBbIE IJIS KaXXIOW M3 IApP COMPSKEHHBIX
OpYT OPYTY KOMILJIEKCHBIX KODHEM.
allroots (x~2-3*%1i*x-2=0) ;
[x = 1.0 %i + 9.4182784545287731E-21,
X = 2.0%x%i - 9.4182784545287731E-21]
allroots(x"6+1=x"2+x"4);
[x = 1.0 %i - 1.1323771713605928E-19,
x=-1.0 %1 - 1.1323771713605928E-19,
x = 4.7121609153868797E-8 %1
- 0.99999999999992,
x = - 4.7121609153868797E-8 %1i
- 0.99999999999992,
x = 0.99999944304722,
x = 1.000000556952626]
polyfactor:true$
allroots (x~2-3*%1i*x-2=0) ;
1.0 (x - 2.0 %i + 9.4182784545287731E-21)
(x - 1.0 %i - 9.4182784545287731E-21)
allroots(x~6+1=x"2+x"4);
1.0 (x - 1.000000556952626)
(x - 0.99999944304722)

2
(x + 2.2647543427211855E-19 x + 1.0)

2
(x7 + 1.999999999999846 x

+ 0.99999999999985)
3mech XOpPOIIO 3aMETHO OMHO HENpUSITHOEe CBOMCTBO (GyHKIum ~allroots”: ecim
KODHH HE SIBJISIOTCS KPATHBIMHI, TO TOYHOCTH OTBETA MOPSIIKA MAIIHHHOTO HYJIS,
a BOT IPU MOKUCKE KPATHBIX KOPHEHl TOYHOCTH CYIIIECTBEHHO CHIKAETCS (B HAHHOM
cilydae TOYHOCTB mopsiaka 5 - 1077)
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®yukuus find_root

HAXONUT KOPEHb YpaBHEHUS Ha 3a0aHHOM HHTEpPBaJje METOOOM Me/IeHUS OTPEe3Ka
IIOIIOJIAM.
6*xfind_root(sin(x)=0.5,x,0,1);

3.141592653589795

dysknusa newton
HAaXONUT KOpeHb YKa3aHHOU ¢yHKIuu MeronoM HeroToHA.

Ilo COBEPWEHHO HE0O LbACHUMbBIM NPUYUHAM Y IMOU é’le’Ki’L{,’U,’U, ecmb _dee 6EPCUU

C PA3HbBIM CUHTMAKCUCOM.

IlepBas u3 Bepcuii comepXKuTCs B ImakKere 'newton” W mMeeT OBA apryMeHTa —
OYHKINIO, KOPEHb KOTOPOI MBI MIIIEM, I HAYAJIbHYIO TOUKY

load(newton)$

6*newton(sin(x)-1/2,0) ;

3.141592612362348b0

Bropas u3 Bepcuii comepxkurcs B makere 'newtonl” M mMeeT UeThIpe apryMeEHTA
— QYHKIIO, KOPEHb KOTOPO MBI HIIIEM, IEPEMEHHYIO, HAUaJIbHYIO TOJYKY M 3aKa-
3aHHYIO TOYHOCTDH IIOMCKA, KOPHSI

load (newtonl)$

2*newton (cos (u), u, 1, 1/100);

3.141350554322501

dyaknusa mnewton

HAXOMUT KOPEHb CUCTEMBI YPABHEHUN MHOrOMepHBIM MmeTomom Hbioroma. st mc-
[IOJIb30BaHMsd QYHKINN HEOOXOOMMMO CHAUaJja 3arpy3uTh maker 'mnewton”. PDymk-
IUsI IMeeT TPU apryMeHTa — CIICOK ypaBHeHuil (B Bume cnucka GyHKIWIA, HYJIH
KOTOPBIX MBI HILIEM), CHICOK HEPEMEHHBIX, W CIUCOK HAYaJIbHBIX 3HAYCHUI [epe-
MEHHBIX (HaJajIbHas TOYKA PEKYDPCUBHOI IPOIELYPHI).

ITepemennass newtonepsilon

3a0aeT TOYHOCTh MOUCKA KOpHs mist ¢pyakimu “mnewton”. Ilo ymonuanuto yctaHo-
BiieHO 3HaueHue 10~ (-fpprec/2), uro maseko He BCerma SBJISeTCS ONTHMAJIbHBIM
BBIOOPOM.
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e Ilepemennas newtonmaxiter

3a0aeT MaKCIMAJIBHOE KOJIMLYEeCTBO I/ITepaIII/IfI B MHOI'OMEPHOM METOOE Hrerorona.

[To ymomuanmio ycranoBieHo 3Haderue 50”7, OOGBIKHOBEHHO 5TOrO KOJIMIECTBA
MERCTBUTEIBHO OBIBAET MOCTATOIHO ISl CXOMUMOCTH.
load (mnewton) $

mnewton([x~2-y~2, x~2+y~2],[x,y],[2,1]1);

[[x = 7.4505805969238281E-9,
y = 3.7252902984619141E-9]]
newtonepsilon:1.0e-12§
mnewton([x~2-y~2, x"2+y~2], [x,y],[2,1]);

[[x = 9.0949470177292824E-13,
y = 4.5474735088646412E-13]]

e ®dymkmusa lsquares_estimates

durupyer mapamerpbl ypaBHeHUs (ypaBHEHWE MUIIETCS IS ~U3MepSeMBIX BeJu-
ynH”) B COOTBETCTBHUU C ”9KCIEPUMEHTAILHBIME JAHHBIMA METONOM HAUMEHbBIIINX
kBanpaToB. [ljis mcnosb3oBaHus GYHKIIMN HEOOXOMUMO CHAYAJIA 3arPY3UTH MMAKET
"1lsquares”. @PyHKHOHUS NMeET YeThIpE APryMEHTa —— CIUCOK '~ KCIEPUMEHTAIIb-
HBIX MTAHHBIX B BHOEe MaTpUObl (KaXXOas CTPOKA MATPHUIBI — 3TO CIHCOK 3Ha-
yeHU!l ”U3MepsieMbIX BeIuduH’, T.e. ”OoHA SKCHepUMEHTAIbHAsS TOIKA” ); CIICOK
uMeH ”M3MepseMbIX BeJIMYnH” ; FUIOTETHYECKOe yPaBHEHNE (B 9TO ypaBHEHUE KPO-
Me ”U3MepseMbIX BEIUMYUH’ [NOJKHBI BXOOUTH U UCKOMBIE HAPAMETPBhI); U CIHCOK
IMeH IIapaMeTPOB.

load(lsquares)$

lsquares_estimates (matrix([1,0.9]1,[2,2.1],[3,2.9]),

[x,y], y=a*x+b, [a,b]);

1
[[a—l,b——%]]

o ®dymkmusa romberg

YICACHHO HAXOOUT OHpeleSIeHHBIN MHTerpas QyHKINN Ha 3aJaHHOM oTpeske. Ilpm
5TOM HCIOJL3YeTCS ajJropuTM Pombepra, T.e. 5KCTPAHNOJIAINS HHTETPAIbHBIX
CyMM, IIOJIyYeHHBIX Opu yObiBaroiem mmare pemerku hg, hy = ho/2, ho = h1/2,
hs = hy/2, ... IO mepeMeHHOI h(D B ToUKy hoo = 0, COOTBETCTBYIOIIYIO TOIHOMY
OTBeTY.

(7) Ha camom mese mo nepemenHoit h2.
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Ilepemennas rombergtol
3a/1aeT OTHOCUTEIBHYIO TOUYHOCTH, KOTOpas MOIXKHA OLITH HOCTUTHYTA IIPU MHTE-
rpupoBaunu. M3HauanbHO ycraHoBiIeHO 3HaueHne 1.0e-4. OTO pa3syMHBIA BBIOGOD,
T.K. dakTuIeckas TOYHOCTH ajiroputMa Pombepra oObIYHO 3aMeTHO OOJIbIIIE 3aKa-
3aHHOU
romberg(cos(x)"2,x,0,2*%%pi) -
4.0*atan(1.0);
-4.2479656877873199E-9
rombergtol:1.0e-11$
romberg(cos(x)"2,x,0,2*%%pi) -
4.0*atan(1.0);
-7.8179366199075434E-17

Ilepemennass rombergit
3a1aeT MaKCUMaJIbHOE KOJIMYeCTBO urepanuii. M3HaYallbHO yCcTaHABINBAETCS 3HA-
gernue 11. Eciu Tpebyemast TOTHOCTH 3a 5TO KOJIMIECTBO UTEPAINi HE JOCTUT A€TCH,
BBIIAETCS coOoOIIeHne 00 OmunbKe U TPOUCXOMUT BBIXON U3 CUCTEMBI.
rombergtol:1.0e-11$
errcatch(romberg(sin(x)/
(x+0.01)°2,x,0,20));
‘romberg’ failed to converge
[]
rombergit:20$
errcatch(romberg(sin(x)/
(x+0.01)°2,x,0,20));
[4.042159703041129]
Ecnu Bbl cumraere HYXHBIM BBIUHCISITH OINpPENeJeHHBIH HHTErpaj, IOJIb3ysACh
umenHo MAXIM’oit (B meficTBUTEILHOCTH 5TO JIydiie caenaTh Ha s3bike ”C”)) To
HONBIHTETPAJIBHYIO GYHKIINIO CIIeAyeT OTKOMIMJINPOBATH, IPUYEM HEIIPEMEHHO C
nekapanueil Tuma GYHKIUK u aprymenra (cMm. pasmen ”TpanciasTop m koMmumis-

Top B MAXIM’e”).
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20. KoMIjieKCHBbIE YMCJia M BbIPAXKEHUSI

Muaunmas enqumanna B MAXIM’e zanucsiBaercsa kak "%1i”. C ee IOMOIIBIO MOXKHO
KOHCTPYUPOBATH KOMILJIEKCHBIE BBLIPAKEHINS:
a+%ix*b;
%1 b + a

dyunkmusa realpart

BO3BPAIIAET OENCTBUTEIbHYIO YaCTh BBIPAKEHUS
realpart (a+%i*b) ;

dynkuus 1magpart
BO3BPAIIAET NEMCTBUTE/LHYIO YaCTh BBIPAKEHUS
imagpart (a+%i*b) ;
b

®dyukuus cabs

BO3BPAIIaeT MOLY./Ib KOMIIJIEKCHOTO BBIPAZKCHIUS
cabs (a+%i*b) ;

2 2
sqrt(b + a )

@yHknmusa carg
BO3BpaIaeT a3y KOMIIEKCHOI'O BHIPAKECHUSI

carg(a+%i*b) ;

atan2(b, a)

Kakx BumHO 13 mpuBemeHHBIX MPUMEPOB, IO YMOJIYAHUIO BCE MEpeMeHHBbIE CUNTa-
I0OTCsI NeNCTBUTEIbHBIMI. MOXKHO IEeKJIapupoBaTh, YTO Ta WM WHAS IEPEMEHHAs
ABJISETCS KOMILJIEKCHOI:

declare(z,complex) ;

done

Ora mHGOpMAaNUs 3alICLIBAETCS B 0a3y HAHHBIX U SBJISETCSI CBOICTBOM II€pEMeH-
HOI.

®yukmuss properties
[Ie4aTaeT CBOWCTBA IepeMeHHOU
properties(z);
[database info, kind(z, complex)]
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dyHKIIMS remove
yOaJisieT CBOICTBO II€pEMEHHON
remove (z,complex) ;
done
properties(z);
[]
Ecau nepemennas ”z” meksapupoBaHa KaK KOMILJIEKCHAsS ITepeMeHHas, TO QyHKIUN
Tuna "realpart” 3TO yUYHTHIBAIOT, HAIIPUMED:
realpart(z~2);

realpart2(z) - imagpart2(z)

®dyukuus rectform
IPUBONUT BbIpaxeHue K Buny Re(z) + i * Im(z)
rectform(r*exp (%i*fi)) ;
%i sin(fi) r + cos(fi) r

®yukmus polarform
IPUBONUT BbIpaxeHue K Buny mod(z) * exp(i * arg(z))
polarform(x+%i*y) ;

2 2 o 2(y,
sqri(y> + x2) %6‘71 atan2(y,vx)

dyukmus exponentialize
3aMEeHsJeT BCE TPUTOHOMETpUUYECKNe (QYHKIUU HA COOTBETCTBYIOIINE KOMOMHAIINN
5KCIIOHEHT
exponentialize (cos(a+%i*b));
%i (%1 b + a) +(7—%i (%1 b + a)

e e

2

®dyukuus demoivre
3aMEHSeT BCe DKCIIOHEHTHI ¢ MHUMBIMI MTOKA3aTEIIME HA COOTBETCTBYIOIINE TPHU-
TOHOMETPHIECKHe (yHKIIIN

demoivre (exp (a+%i*b)

%e" (%i sin(b) + cos(b))
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21. HuddepeHImpoBaHue

®Oyakuua diff
BEIIONMHAET muddepeHnupoBanne. Fe CHHTaKCHC MOBOJIBLHO Pa3HOOOpa3eH
diff(x~2,x)

2 x
diff(x~3,x,2)
6 x
diff(y~3 * x°3,x,2,y,1)
18 x y2
[Ipu sTOM mepBOHAYATIBLHO BCE IIEPEMEHHBIE CUNTAIOTCSI HE3aBUCUMBIMUI
diff(y,x)
0

Pa6orarh ¢ mpon3BOmMHON OMHON ITEePEMEHHON MO OAPYTOll MOXKHO TPeMs CIOCO0aMu:
73aMopo3uTh’ omepanuio nuddepeHInpoBaHusI, YKa3aTh HA 3aBHCHMOCTH SBHO I
MEKTAPUPOBATH 3aBUCAMOCTD HESIBHO. 3anpeTuTh BouinojHeHne Gyuaknuu ~diff” u
IOJIYYNTDH ~ 3aMOPOXKEHHYIO MPOM3BOMHYIO MOXKHO, €C/IN Mepen mMeHeM (DyHKIUN
7diff” mocTaBUTH OMUHOYHYIO KABBIUKY:

'diff (y,x)
dy
dx
MoxHO IBHO yKa3aTh Ha 3aBHUCAMOCTD, T.e. PabOTaTh C QyHKIIIEI:
diff(y(x),x)
d
& (Y(X))
diff(v(x,y),x,2,y,1)
d3
(v(x,y))
dx dy
(3mech mpemmonaraercs, uro dyakuuu 'y’ u ”v” He ObLIM paHee OLPENEIEHBI C
IIOMOLLBIO OIepaTopa onpenesneHus GyHkmun ” :=").

®yuknus depends
IO3BOJISET AEKJIapUPOBAThL, YTO IepeMeHHas 3aBUCHUT OT ONHON WM HEeCKOJILKIX
OPYTUX IIePEMEHHBIX
depends (y,x) ;
[y (x)]
depends (u, [x,y]) ;
[u(x, y)]
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e Ilepemennas dependencies

CONEPXKUT CIUCOK ~3aBUCUMOCTEN , ONPENEeIEHHBIX HA MAHHBIH MOMEHT
dependecies;

[y(x), ulx, y)l

3aBucumocts "u” ot "x” m "y” aBisgercs " CcBOINCTBOM’ IepeMeHHOH ~u”.

o ®dymkmus properties

IIe4aTaeT COUCOK CBOMCTB 33a/IaHHON IIepeMEHHON
properties (u);

[dependency]

o ®dymkums remove

ynaJjsieTcss YKa3aHHOE CBONCTBO NAHHOU IepeMEHHOI
remove (u, dependency) ;

done
dependencies;

[y (x)]

WNurepecuo, yro MAXIMA npaBu/IbHO yUYHTHIBAET 3aBUCHMOCTH IEPEMEHHBIX IS
CIyYas BIOXKEHHBIX (DYHKITHIA:
diff(v(x,y),x,1,y,1)

2
d
= d (v(x,y))
diff(u,x,1,y,1)
2 2

d u dy N d u
2 dx dx dy

(kak HETPYIHO MOHATDH, 00€ 3amucu abCOTIOTHO KOPPEKTHBI MaTEMATUIECKH ).
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dynkuus gradef
onpenessieT pe3yiabTaT nudpdepeHnupoBaHns QyHKINN IO CBOUM apryMeHTaM
gradef (f(a,b,c),g(a,b,c),
77,cxf(a,b,c));
f(a,b,c)
TEM CaMBbIM OIpPENeeHO, UTO

0 0

%a f(a,b,¢c) = g(a,b,c), o (a,b,c) =177,

0
%f(a,b,c) =cx f(a,b,c)

(3mecw mpenmosaraercs, 4ro Gyuknus “f” He ObLIa paHee OMpeNesieHa ¢ IOMOIIBIO
” . =77)
['paguenT GyHKINN, KaK 1 3aBUCUMOCTDH IIEPEMEHHBIX, €CTh CBONCTBO:
properties(f);
[gradef]

®yuknuss prinprops
neyaTaeT yKa3aHHOE CBOMCTBO HAHHOU IepeMEHHOU
printprops (f,gradef) ;

(f(a,b,c)) = g(a,b,c)

77

d
d
d
— (£f(a,b,c
T (£ ( ))
d

— (f(a,b,c)) = c f(a,b,c)
dc

NwmetiTe B Bumy, 9T0 nHGOPMAIAS O 3aBUCAMOCTH IEPEMEHHBIX MOXKET OBITH pacIre-

JaTaHa TOJBKO C IOMOIIIbIO mepeMeHHOl ~dependencies”. Ilo He OueHb TOHATHBIM

npuunHaM QYHKINSI ~prinprops”’ OTKAa3bIBAETCS MEYATATH 3TY NHOOPMAIIIIO, XOTS

”dependency” — 3T0 cBOICTBO nepemeHHon. Tak 4TO KOMaHIa

prinprops(y,dependency) ;
BBI3OBET COOOIIIeHNEe 00 OIImOKe.
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22. Ilpenesnnbl

@Oyakuus limit

BBEIUNC/ISET IIPENeT 3aaHHOrO BEIPAXKEHNUs IPU CTPEMJICHIN IEPEMEHHON K yKa3aH-
HOMY 3HA4EeHHUIO. B Tex cilydasx, KOrma JIEBBIl U IIPAaBBIA MPENe HE COBIAIAOT,
MOXKHO yTOUYHHUTH, C KAKOW CTOPOHBI Oepercs mnpenesi. CyliecTByeT 4eThIpe CHEIu-

anpHBIe 3HAUeHUsT — ~inf” (400), "minf” (—o0), "und” (£o00), "ind” (meompeme-
JIEHHOCTB )
limit(sin(x)/x,x,0);
1
limit(1/x,x,0);
und
limit(1/x,x,0,plus);
inf
limit(1/x,x,0,minus) ;
minf
limit(sin(1/x),x,0);
ind
limit((x+1)/(x+2),x,1inf);
1

PyHKIIN TpuUMeHseT TpaBuio Jlomurass.

Ilepemennas lhospitallim
OrpaHUYNBaeT YUCI0 nuddepeHINPOBAHNN IPU BEIYUCICHNN IIpeaesia, IpuieM eCian
ATOTr0 KojimuecTBa nuddepeHInPOBAHAN HE XBATAET, TO (PYHKIIASI BO3BPAILAeT CaMy
cebsi. 3HauaapHO yCTAHOBIIEHO 3HAYeHME 47, mosTOMYy
limit((sin(x)-x)"2/
(x"4*(cos(x)-1)),x,0);

limit (sin(x)—x)2

->0 4
% x cos(x)-x

lhospitallim:16$
limit ((sin(x)-x)"2/

(x"4*(cos(x)-1)),x,0);
1
18
Boobi1ie dyukmus peajim3oBaHa HE OY€HL aKKYPATHO, IPIMEPOM UEMY MOXKET CJIy-
XKITH TaKas BBIKJIAIKa

lhospitallim:16$
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limit((sin(x)-x)"2/x"6,x,0);
1
36
limit((cos(x)-1)"3/x"6,x,0);
1
8
limit((cos(x)-1)"3/

(sin(x)-x)"2,x,0);

N | ©

limit((sin(x)-x)"2/
(cos(x)-1)"3,x,0);
inf
[locaenuuit oTBET, OYEBUIHO, HEBEPEH.

®Oyukmus tlimit
ornuyaercs or GyHKnuu ' 1limit” TOJIBKO aJIrOpHTMOM — OHA PACKJIAIBIBAET BEI-
paxenue B psan Teitopa. Biaromaps stomy ona (B ornmune ot GyHknus ”1imit”)
BBIIAET BEPHBIN OTBET W IJIS CJIydas
limit((sin(x)-x)"2/
(cos(x)-1)"3,x,0);

2
9
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23. NIuTerpupoBaHue

dyukmusa 1integrate

BBHITIOJIHSAET WHTETPUPOBAHUE 3aMAHHOTO BBHIPAXKEHUS IO YKA3aHHOI IIePEMEHHOM

(HeompeneneHHas KOHCTaHTa He mobGaBisiercs). MOXKHO TakXke yKa3arhb IIPENesbl

NHTETPUPOBAHUSA — B 5TOM CJIyYae BBIUMUCIISIETCS OINPENeeHHBI NHTErPAJL.
integrate(1/(x+a),x);

log(x+a)
integrate(x~3,x,a,b);

4 4

b a

4 4

OmnpeneneHHbIil UHTETPAJ, 3aBUCAIINN OT MapaMeTpa, MOXKeT OBITh MO HEMY IIPO-
nuddepeHInpOBaH
w:integrate (f(x,y),x,a(y),b(y));
b(y)
[ f(x,y) dx
a(y)
diff (w,y);

d d
f(b(y),y) d_y (b(y)) - f(aly),y) d_y (a(y))

b(y) d

+ [ — (f(x,y)) dx
d

a(y)

dynxknus changevar
peau3yeT 3aMeHy IMEPEMEHHBIX B MHTEerpaJie. e apryMeHTHI MOIXKHBI UMETh BUL:
caM MHTerpaJi, CBsI3b CTApOll U HOBOHI IIEpEMEHHON, HOBas IIepeMeHHAas, cTapas Ie-
pemenHas. CBs3b mepeMeHHBIX 3amaercs aubo B sBHOi dopme ("x=g(t)”), mubo B
BUIE BBIPAJKEHNS, ONUH U3 KOPHEl KOTOPOro U HAaeT CBs3b nepeMeHHbIX ("x-g(t)”).
w:integrate (f(x),x)$
changevar (w,x=g(t),t,x);

d
[ £(g(t)) (E (g(t))) dt

changevar (w,x~2-g(t),t,x);

J

f(-sqrt(g(t)))  d
sqrt (g(t)) (5 (8(t))) dt

2
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Ilsist onpeneneHHbIX WHTErPAJIOB BBIMOJIHIETCS MONCTAHOBKA B IpENeiaX MHTErPU-
pOBaHUs, TaK 4TO GYHKINS, CBSI3BIBAIOIIAS CTAPYIO U HOBYIO MIEPEMEHHYIO, MOIKHA
O6bITH oOpaTtuMa. [losToMy mombITKa HamUCaTh
w:integrate(f(x),x,a,b)$
changevar (w,x=g(t),t,x);
Unable to solve for t
[]
BEI30BeT coobiierne o6 ommubke ("g~1(a)” u”g~1(h)”) He MOTYT 6LITH BLIYHUCIICHDI).
Onrako, BIOJHE DOMIYCTHMO
changevar (w,x=t+c,t,x);
b-c
[ f(t+c) dt
a-c

changevar (w,x"2-t, t, x);
2
[ f(- sqrt(t))
5 sqrt (t)
a

®yunkmusa byparts
BBINIOJIHSIET WHTErpupoBaHme mo dacTsM. llepem mepBbIM BBI30BOM GYHKIIUEI HEOO-
XOIMMO 3arpy3uTh IMakeT ~"bypart”, B KOTOPOM OHA OIpeNeseHa:
load(bypart)$
AprymMeHTBI HO/KHBI UMETH BUI: UWHTErPaJi, IepeMEHHass MHTerPUpPOBaHust, " U~ u
?v'” (mcmombsyercsa dopmyna V[ uv’ = wv — [u'v”). DyEkuns He CammKOM
yIaIHO peajn30BaHA — OHA He OTJIMYAET ONpPeNeeHHBIM MHTEerpaj OT HeOolpemne-
JIEHHOT'O U BCETla BO3BpAIIlAeT HEOIPEIeSIeHHBIN, T03TOMY HAOOPHI OIEPATOPOB
w:integrate (f (x)*cos(x),x)$
byparts (w,x,f(x),cos(x));

w:integrate (f (x)*cos(x),x,a,b)$
byparts (w,x,f(x),cos(x));
NIPUBEOYT K OOMHOU U TOU K€ BbIOade

f(x) sin(x) - f sin(x) (d%c (f(x))) dx

Oyuknusa "integrate” MoxkeT cooOpa3UTh, YTO MHTETPAI OT IPOU3BOMHON IIPOU3-
BOJILHON (PYHKIINU €CTh caMa QYHKIIUS
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integrate (diff (u(x),x,2),x);
d
i (u(x))
Ho B 6ostee c10xkHBIX CllydasX OH HE 3aMEYAeT IOJTHON MPOU3BOMHON
integrate (diff (u(x),x,2)*sin(u(x))
+diff (u(x),x) 2*cos(u(x)),x);
d2
[ (sin(u(x)) — @)
dx

+ (cos(u(x) (L (u@))? ) ax
dx

®Oyukuus antidiff
BBINOJTHAET WHTEIPUPOBAHNE BBIPAKEHUN C MPOU3BOILHBIMEI QYHKIUSIME, IEPE €
EPBBIM BBI30BOM CJIEAyeT 3arpy3uTh nmaker ~antid”

load(antid)$
Pasymeercst, uHTErppoBaHme BBLITOIHSIETCS TOIBKO MJIS CIIydas ITOIHON MPOM3BOI-
HOU

antidiff(diff (u(x),x,2)*sin(u(x))

+diff (u(x),x) " 2*cos(u(x)),x);

sin(u(x) (& (u@))
dx
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24. Psanbl, mage-anmnpokcuMaliusa u
enHble npodu

dynknus taylor

packiaaneiBaeT GYHKIUIO B psan Teimgopa. Pesynbrar BbI30oBa GYHKIUU SBIISET-
Csi OCOOBIM BBIpAaXKEHUEM — ' PSIOM’ , 9TO BbIpakeHume cHabxkaetcs metrkon ~/T/”
cpasy mocite MeTKn ”%0” . ApryMeHTH GyHKINE TAaKOBBI: BhIpaXKeHUe, KOTOpoe Oy-
IeT pas3iloKeHO; IepeMeHHasl, 0 KOTOPOI UIeT PAa3JIOXKEHUe; TOIKA, B KOTOPOW MBI
pacKIaabIBaeM; U MOPSNOK, JO KOTOPOTO UAET Pa3JIOKeHUE:

(%i7) tal:taylor(sin(x),x,0,3)

3
(%o7) /T/ x - % .
(%18) ta2:taylor(cos(x),x,0,6)
2 4 6

X X

+

X
%08) /T/ 1 - — x .
(%08) /T/ 2 24 720

Panpl MOXHO CKIIQOBIBATh, BEIUNTATH, YMHOXKATh U HEINTh APYT Ha OPYTa, IPH
5TOM TOYHOCTH PA3JIOkKEHHS YINTHIBACTCS aBTOMATHUECKH, HAIIPIMeD
(%1i9) tal/ta2;

3
(%09) /T/ x + % + .

T.e. PA3NIOXKEHUE UOET [0 TPEThero MOpsnKa (TOYHOCTH HEPBOrO PSa).

IIpu sToMm dakTuuecku peub mmer o psne Jlopana, T.e. mOIycKaeTcs
taylor(sin(x)/x~3,x,0,5);

2 4
X X
+ - +
120 5040

ol

1
2
X

Bonee Toro, cymecTByer 5k30THYECKas BO3MOXKHOCTD
taylor(exp(1/x),[x,0,3, ’asymp]) ;

1+1+ + +
X 2 3
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®yuknmus pade

AIlIPOKCUMUPYET OTPE30K psina 1eisopa, conepxkamuii ciiaraemble 10 N-ro nopsia-
Ka BKJIIOUUTEIBHO, IPOOHO-panunoHaIbHON pyHKIuen. Fe aprymenTsr — psn Tei-
Jopa, MOPSANOK YUUCIUTENS N, MOPSOOK 3HaMeHaTens m. Pa3ymeercs, xommaecTBO
M3BECTHBIX KO3(pdunueHTOB psana Telyiopa MOMXKHO COBHAMATH C OOIUM KOJIMUe-
cTBOM KO3)PUIUEHTOB B APOGHO-PAMOHAILHON (GYHKIUN MUHYC OXUH (IIOCKOIIb-
Ky JHCINTENb U 3HAMEHATEb ONPENeIeHbl ¢ TOYHOCTHIO IO OOIIEro MHOXKUTEJIS).
WNupivu coBavu, N +1=(n+ 1)+ (m+1) — 1.

tal:taylor(log(1+x),x,0,6);

X X X X X
X = —m + — = — 4+ — - — +
2 3 4 5 6
pade (tal, 3,3)
11 x3 + 60 x2 + 60 x
i 3 5 ]
3x +36 x + 90 x + 60
pade(tal,4,2)
- X4 - 12 x3 - 150 X2 - 180 X]

72 X2 + 240 x + 180

®yukuus Cf

Cosmaer menHyoo npo0b, aNMIPOKCUMUPYIOIIYIO IAHHOE BbIPaXKeHHUE. BbIpaxkeHue
MOJIKHO COCTOATBL U3 IEJIBIX YHCeI, KBAIPATHLIX KOPHEM IEJIbIX YMCEeI U 3HAKOB
apudMeTnUecKuxX omneparuili. Beimaua mmeer Bum CIHCKA.

Ilepemennas cflength
olpenenseT KOJMYECTBO IMEPUONOB HEemHON Apobu. M3Ha4aJIbHO yCTAHOBIIEHO 3Ha-
qyenue 1.

dynknus cfdisrep
npeobpasyer CHUCOK (Kak IpaBmwio Bbinady dyHkmuu ~cf”’) B cOGCTBEHHO HEIHYIO
IpoOBk.

cf(sqrt(3));
[1,1,2]
cfdisrep (%) ;
1
1+———
1
142
2

float (%-sqrt(3.0));
-0.065384140902211
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cflength:2$

cf(sqrt(3));
[1,1,2,1,2]
cfdisrep (%) ;
1
1+
1
1+
1
p —
142

cflength:5%
cf(sqrt(3));

[1,1,2,1,2,1,2,1,2,1,2]
cfdisrep(%)$

float (%-sqrt(3.0));
-1.7707912940423398E-6

94


http://www.verydoc.com
http://www.verydoc.com

25. IIpeob6pas3oBanue Jlamiaca m BbIYeTEHl

o Odynkmus laplace
peanu3yeT mpsimoe mpeobpasoBanue Jlammaca
laplace(exp(t),t,s);

laplace(sin(t),t,s);
1

2
s +1

laplace(diff (x(t),t),t,s);
s laplace(x(t), t, s) - x(0)
(mocsiemHee COOTHOIIEHNE TO3BOJISIET PEIIATh JuHelHble nuddepeHnuaibHbIe YPaB-
HEHIS ).

o Dyukmmsa 1ilt
peanu3yer oOpaTHOe nmpeobpasoBaHue Jlammaca

ilt(1/(s-1),s,t);

t
%e

ilt(laplace(x(t),t,s),s,t);
x(t)
(mocienHee CBOMCTBO MO3BOJILET MOJIYyYaTh SIBHBIE OTBETHI IPU PEIICHUN JINHENHBIX
nuddepeHnuaNbHBIX yPABHEHMIT).

o OdDyukmumsa residue
[IO3BOJIAET BLIYUC/IATH BBIUETHI
residue(1/(s"2+a"~2),s,%i*a);
%1
2 a
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26. YpaBHeHus

Yacrb QyHKIUNE, KOTOPBIE TO3BOJISIOT PEIIaTh YPABHEHNS, IEPEUNCICHA B PA3IesIe
"Pabora ¢ float-uncinamu”. D10 QyHKIUEM, KOTOpPBIE BBIIAIOT OTBET B TEPMUHAX
float-umcen (allroots, find_root, newton, mnewton).

®dyukuus realroots

dyHKIIUS, KOTOpPas BbIIAET JEUCTBUTEIbHBIE KOPHU NOAUHOMUGALDHO20 YPABHEHUS
¢ deticmeumeabnbimy,  Kodddurnumenramu. Ilpu sTom ¢pyHKIUS paboraer BOBCce He
¢ float-umciaaMu, OHa BBIIAET OTBET B TEPMUHAX PAIMOHAJIBHBIX duced. Ecam
KO3(pPunueHThl B MCXOOHOM ypaBHeHU! sBJISAIOTCS float-umciamMu, TO OHU KOH-
BEPTUPYIOTCS B PAIMOHAJBHBIE. ['OYHOCTH STON OmEpaIuu 330AETCS MapaMeTPOM
"ratepsilon” (cm. pasmen ”Pa6ora c float-uncmamu”).

ITepemennass rootsepsilon

3aJaeT 3aKa3aHHYI0 TOYHOCTDH IIOMCKa KOpHen mis ¢yHkium ~realroots”. Ilo
YMOJIYAHIIO 330aHO MOBOJILHO cTpaHHOe 3HaueHume 1.0e-7. Mmelire B Bumy, ITO
5TO TOYHOCTH MOMCKA KOPHEH HE MCXOMHOTO YPAaBHEHUs, a TONO YPABHEHUS, KOTOPOE
IIOJIyYaeTCs TOCJIe MePexona K parnnoHaJIbHBIM KoaddunuentaM. Tak 4TO TOYHOCTH
pelreHns UCXomHoro ypaBHeHus ¢ float-kxosddurmenramu 6ymer 3aBuUCETDH €Ille I
oT mapamerpa 'ratepsilon”.

ITepemennas multiplicities
IIOCJIe BRIMOJIHEeHus GyHKIun ~realroots” comepKuT CIOMCOK KpAaTHOCTEH KOPHEH.
realroots(x~6+1=x"2+x"4) ;
[x = -1, x = 1]
multiplicities;

dyskusa Nnroots

OYHKINSI, KOTOPas BbIOAET KOJIUYECTBO MENCTBUTEIBHBIX KOPHEHN IOJIMHOMMIAILHO-
0 ypaBHEHUS C NEHCTBUTEIBHBIMI KOYGPUIHMEHTAME, KOTOPBIE JIOKAJIM30BAHLI B
YKa3aHHOM HHTEpPBAJIe
nroots (x~6+1=x"2+x"4,minf,inf) ;
4
nroots(x~6+1=x"2+x"4,0,inf);
2
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dynknus algsys

pemaeT NoAUHOMUAAbHbLE CHCTEMBI ypaBHeHHfI. HOHyCKaIOTCﬂ CHIICTEMBI I3 OOHOI'O

ypaBHEHHUs C OMHOW HEM3BECTHOW. Kpome TOro, momyckKariTcCs HeOOOIPEeIeIeHHbIE
cucteMbl. AprymeHTsl QyHKIun ”algsys” — 9TO CHUCOK YPABHEHHUI M CIIICOK
IIEPEMEHHBIX, & €€ BBIIAaYa — 5TO CHUCOK perteHnil. IlockoabKy Kaxkioe perieHue
€CTh COUCOK 3HAUEeHNN KaXKJION 3 MePEMEHHBIX, TO CIIMCOK PEIIeHN — 3TO ABOMHONI
BJIOYKEHHBIN CITACOK.

1 ypaBHEHHII C HYJIEBOW IIPABON YacCTBhIO ATY HYJIEBYIO IPABYIO YacThb MOXKHO
Oy CKaTh.

JIormka ¢pysknmm ”algsys” HOBOJIBHO PAa3BETBIIEHHAS, B 3aBUCUMOCTH OT BIIIa KOH-
KPETHOI CHCTEMbI YPAaBHEHUN OHA MOXKET BbI3bIBATHL QyHKmuu ~allroots”, "real-
roots”, "solve”. (Kcraru, B HeKoTOpBIX curyanusx ¢ysknus ’solve”, moruka
KOTOPOI TaKXke BEChbMa Pa3BETBIIEHHAS, MOXKET, B CBOIO OYEPEb, BHI3LIBATH (DYHK-
o "algsys”).

dyuknus "algsys” me xouBeprupyer float-uncia, Bxonsime B cuctemy, B panuo-
HaJIbHBIE.

Ilepemennas algepsilon

HomxHa 3a1aBaTh TOYHOCTH pelleHns cucTeMbl i1 yukiuu “algsys”. [lo ymor-
JaHIIO yCTaHOBIeHO 3HadeHme 10%, uro o3Hauaer 8 BepHBIX 3HAKOB. llOBBIIICHHE
TOYHOCTU COOTBETCTBYET yBEIUUEHUIO IOKA3ATENsI CTEIEHN.

K couxcaqenuro, smom napamemp ne pabomaem.

DPynruyug ”algsys’ ueHopupyem nepemerHyro ~algepsilon”.

Ilepemennas %rnum_list

nocsie BeI30Ba GQYHKINN ~“algsys” COmNEpXKUT CIUCOK HEOIPENeIeHHBIX ITapaMeTPOB,
BXOIAIINX B peIlleHne IS HeIOOmpeneIeHHOn cucreMbl. VMeHa >TuX mapaMeTpoB
KOHCTPYHUPYIOTCSA U3 npedukca ~%r’ U MejJoro dmucia, Hampumep ~ %r7’ .

algsys ([x~2-3*x+2=0], [x]);

[[x = 1], [x = 2]]
algsys([x~2-3*y+2,x=y], [x,y]);

[x=2,y=2], [x=1, y=11]
algsys([x~2-yl, [x,y]);

2
[[x = %r13, y = %r13"~ 1]
%rnum_list;

[%r13]
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®dyukuus sSolve
pelaeT ypaBHEHHUS U CHCTEeMbI ypaBHeHuil. Ee aprymMeHTHI — CIHCOK ypaBHEHUMH
I CIICOK IIepEeMEHHBIX, a BbIOaua — CIOUCOK perieHuit. IIpu sroMm mis ypaBHEHHI ¢
HYJIEBOU ITPABOU YaCThIO 3TY MPABYIO YaCTh MOXKHO OIIyCKaTh.
B ornuume ot dymknuum "algsys”, dyuknus "solve” kormBeprupyer float-umcina,
BXOMAIIe B CHCTEMY, B paluoHaJbHLIE. [losTOMY ee moBemeHme MOXKET 3aBUCETH
ot napamerpa "ratepsilon” (cm. pasmen "PaGora c float-uncaamu”).
solve([x~2-3*x+2=0], [x]) ;
[x =1, x = 2]
solve([sin(x)-1/2], [x]);
‘solve’ is using arc-trig functions to
get a solution.
Some solutions will be lost.
%pi:I
6

[x =

ITepemennas multiplicities
CONEPXKUT CIIUCOK KPATHOCTEH KOpPHEN, HAlMeHHbIX (yHKIMEN ~solve”
solve([x~4-3*x~3+2*xx~2=0], [x]);
[x =1, x =2, x = 0]
multiplicities;
[1, 1, 2]
Iljist cucTeM ypaBHEHUIT PelIeHne — 5TO ABONHON BIIOXKEHHBIN CHUCOK (CM. (QyHK-
o "algsys”):
solve([x+y=4,x-y=2]1, [x,y]);
[[x = 3, y = 1]]
(B MAHHOM CiIydYae peIIeHue OTHO).
I1s HEmOOmpeneSeHHBIX CUCTEM B PEIIeHWe BXOMST HEONpeneseHHBIE MapaMeTpPhI
Buma ~%r4”, a mepeMmenHas ~ %rnum_list” mocse BbI3oBa GyHKIUEH ~solve” comep-
KUT UX CIUCOK (cM. dyHkmmo "algsys”):
solve([x~2-y]l, [x,y]);

2
[[x = %r5, y = %r5 1]
%rnum_list;
[%r5]

Oyukmus ”"solve” mMeer MOBOJLHO Pa3BETBIIEHHYIO JIOTHKY. B 3aBucumocTu oT
KOHKDETHOI'O BUIa YPAaBHEHUS WM CHCTEMBI OHA BemeT ceOs OYeHb MO-PA3HOMY I
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MOKET BbI3bIBaTh npyrue pyuxnun ("linsolve”, "algsys”, u.T.11.), KOTOPBIE IPEN-

Ha3HAYEHBI /I IMOUCKA PEIIeHNI B TeX MM WHBIX YaCTHBIX CIYYasIX.
Cnenmyer Takxke nMeTh B BULy, 9TO GYHKIUS ' Solve” ympaBiIsieTcs MOBOJIBHO OOIThb-
MM KOJIMYECTBOM II€PeMEHHBIX ((hIaroB), KOTOpbIE MEHSIOT ee noBenenue. K coxa-
JIEHUIO, TIPU pPeaJIbHOI paboTe OHU modTH Oecmosie3HbI. llemo B ToMm, 4TO QyHKIHS
”solve” HamexHO paboraer IJIaBHBIM 00pa3oM MJIs TeX YPABHEHHUN WM CUCTEM,
KOTOPBIE C OYEBUIHOCTBIO UMEIOT pemienue. B sToMm ciydae diiarm He HyXKHBI. B
6oJlee HETPUBHUAIBHBIX CJIyUasX PeIeHne OOBLIYHO MOJIyYNTh HEBO3MOXKHO, BHE 3a-
BICUMOCTH OT 3HaueHUs (DJIArOBBIX IEepEeMEHHBIX.
YT0o6BI IIPOOEMOHCTPUPOBATL, HACKOJIBKO IPUUYYIJINBBIM MOXKET ObITH IIOBEHEHIE
dyuknuu ”solve”, mpuBemeM HECKOJIHKO IIPUMEPOB:
solve([x~5+y=7,x=y]l, [x,y]);
[[x = 1.36861648832 %i + 0.5084694089,
y = 1.36861648832 %i + 0.5084694089],
[x = 0.5084694089 - 1.36861648832 %i,
y = 0.5084694089 - 1.36861648832 %i],
[x = 0.9241881109 %i - 1.21387633450,
y = 0.9241881109 %i - 1.21387633450],
[x = - 0.9241881109 %i - 1.21387633450,
y = - 0.9241881109 %i - 1.21387633450],
[x = 1.41081382385, y = 1.41081382385]]
solve(x"5+x-7);

[O=x5+x—7]
solve(x~6+x-7.0000000123456789) ;
‘rat’ replaced -7.00000001234568
by -7/1 = -7.0

[0 = x6 + x - 7]
solve([sin(x)-y,sin(x)+y=1], [x,y]);
[]

dyukuus eliminate
UCKJTIOYaeT U3 CUCTEMbI yPaBHEHNH yKa3aHHbIE epeMennbie. QcTaBimecs ypaBHe-
HIS IPUBONATCS K BAIY C HYJIEBOH IPABOHl 4acThIO, KOTOpas omyckaercsa. PyHkims
"eliminate” kouBeprupyetr float-umcsa, Bxonsiume B cucreMy, B paliOHAIbHEIE.
eliminate ([x+y+z=1,
x-y+z=2,x+y-z=3], [z]) ;
2 (y +x-2), -2y - 1]
eliminate ([x+y+z=1,
x-y+z=2,x+y-z=3], [x,y]1) ;
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[- 2 (z + 1)]
eliminate ([sin(x)-y=0,sin(x)+y=0.5],[y]l);
‘rat’ replaced -0.5 by -1/2 = -0.5
[1 - 4 sin(x)]
Onnrako He ciaenyeT XkmaTh OT GyHKIUN 'eliminate” CIUIIKOM MHOTOTO:
eliminate ([sin(x)-sin(y)=0,sin(x)+sin(y)=1/2], [y]);
[1]
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27. IInddepeHnnajibHbIEe YypaBHEHUS

dyukuusa ode2

perraet nuddepeHnnaiIbHbIE YPaBHEHNSI IEPBOrO W BTOPOrO MOPSOKOB. Ee apry-
MeHTHI — caMo nuddepeHnuagbHOe ypaBHeHre B GopMe ¢ ’3aMOPOKEHHON TPOU3-
BOIHOM (T.e. C MIPOM3BONHOI, BEIYUCIIEHIE KOTOPOI 3aIIPEIEHO C MIOMOIIBIO OMIMHOY-
HOil KaBbruku: ~ >diff(y,x)”), dyHkuus u nepemennas. Heonpenenexubie KOH-
CTAHTHI [IJIs YPABHEHUN MEPBOrO IMOPSIKA MUITYTCS KaK ~%C’, a MjIsl ypaBHEHUMH
BTOPOrO HmOpsankKa — Kak ~ %k1”, " %k2”.

ITlepemennas method
nociie paboThl GyHKIUU ~0de2” COmepkKUT yKa3aHWUE HA TUI yPABHEHUS.

dyHKIUs pacIo3HAET JIMHEHHbIE YPABHEHUS IIEPBOIO IMOPSIIKA
ode2(’diff (y,x)=2*y+exp(x),y,x);

-X 2 X
y = (%c - %e ") %e

method;
linear

OyHKIMA pacIo3HaeT ypaBHEHUs IMEPBOTO MOPSOKA C PAa3OeISONIIMUCI IepeMeH-
HBIMU
ode2(’diff (y,x)=(x"2+1)*y"4,y,x);

1 X+3X+(7
- = oC
3 3
3y
method;
separable

dyHKIUS pacIoO3HAET TOYHO MHTEIPUPYEMbIE YPABHEHUS IIEPBOTO MOPSIKA
ode2(’diff (y,x)=(x"2+3*y"2)/(2%x*y) ,y,x);

= %C

method;
exact

s ypaBHEHU 5>TOTO THUMIA BBOOUTCS €IIle 1
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ITepemennas intfactor

mocjte paborsl GyHKIuu ~ode2” My ypaBHEHUH THUMa =~ exact” ComepKuT WHTErpu-
PYIOIIUN MHOXKUTEb
intfactor;

1
4
X

DyHKIUS PACIO3HAET JIMHENHbIE HEOMHOPOMHBIE YPABHEHNUsS BTOPOTO IMOPSIKA,
ode2(’diff (y,x,2)-3*’diff (y,x)+
2*y=4*exp(3*x),y,x);

3 X 2x X
y = 2%e + %kl %e + %k2 %e
method;

variationofparameters

Ist ypaBHEHU 5TOT0 TUIA BBOMUTCS €IIIE U

Ilepemennas yp

nocsie paboTsl pynknuu ~ode2” njs ypaBHeHHUN Tumna ~variationofparameters”
COMEPKUT YaCTHOE PeIleHne

JPs

2 %e

dyukmma icl

IIO3BOJISIET YUE€CTh HAYAJIbHOE YC/IOBHUE B perreHusX nuddepeHnuaIbHbIX YpaBHeHIH
IIEPBOTO IMOPSIKa, €6 apryMeHThI — peIlleHne, 3HaueHne ~X B BUIE ypPaBHEHUS I
COOTBETCTBYIOIIIEE 3HAUEHNE 'y~ TOXKE B BUNE YPABHEHUS.

ode2(’diff (y,x)=2*y+exp(x),y,x);

2 x

—-X
y = (%c - %e ~) %e

icl1(%,x=0,y=1);

2 x X
2 %e - %e

<
!

dyukmmsa 1ic2

IIO3BOJISIET YUYECTh HAYAJIbHBIE YCJIOBUS B pPelleHusX nuddepeHnnalIbHbIX YpaBHEe-
HUIl BTOPOT'O MOPSIKA, €€ apI'yMEHTHI — peIlleHne, 3HaueHne X~ B BHUIE ypaBHE-
HUSI I COOTBETCTBYOIIMe 3HaueHus 'y’ u ”3aMopoxkeHHON” mpousBonuon ”dy/dx”
(” ’diff (y,x) ”) ToXke B BUIE YPABHEHUS.
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®dyukmma bc2

IIO3BOJISIET YUeCTh KpaeBble YCJIOBUS B pelleHusX nuddepeHnuaaibHbIX YPaBHEHNU

BTOPOI'O MOPSIKAa, €€ apryMEeHThI — PeEIIeHne, 3HadeHne X B IePBOI TOYKE B BIIE
) )

YPaBHEHHUsS U COOTBETCTBYIOIIee 3HAUEHWe 'y~ , 3HaUeHue X  BO BTOPOH TOUKE I

COOTBETCTBYIOIIIEE 3HAUEHNE 'y’ TOXKE B BUIE YPABHEHUI.

rel:ode2(’diff(y,x,2)-3*’diff(y,x)+
2*y=4*exp(3*x),y,x);

3 2
vy =2 %e” © + ukl %e” = + %k2 e
ic2(rel,x=0,y=4,’diff(y,x)=9);

3 x 2 x X
v = 2 %e + %e + %e
bc2(rel,x=0,y=4,x=1,
y=exp(1)+exp(2)+2*exp(3) );

3 X 2 x X
y = 2 %e + %e + %e

CoBepIieHHO TO-IPyroMy OPraHM30BaHa AJIbTePHATUBHAS QYHKIINSI, KOTOPAs TaKKe
yMeeT pemaThb nuddepeHnualbHble YPaBHEHUS, U, KpOMe TOro, cucrembl mudde-
PEHIIIAJIbHBIX YPAaBHEHUN.

Omna cymrecTBEHHBIM 0Opa30M ICIIOIB3YeT CBOMCTBO QYHKINA, KOTOPOE HA3BIBAETCS
7atvalue”.

®dyukuus atvalue

IIO3BOJISIET 330aTh 3HAYeHNe (DYHKIINI I €€ IIPOU3BOMHLIX TP HEKOTOPHIX 3HAUECHISIX
apryMeHTOB.
atvalue(x(t),t=0,5);

5
atvalue(diff(x(t),t),t=0,55);

55
atvalue(diff(x(t),t),t=1,77);

77
atvalue(f(a,b), [a=0,b=1],555);
555
atvalue(diff(f(a,b),b),
[a=1,b=0],777);

77T

Ora madopmamus asisercsa ceoicrBoM ¢yukmui "x(t)” u "f(a,b)”.
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®yuknuss properties

rneyaTaeT CBOUCTBA NepeMEHHOU
properties(x);

[atvalue]

®yuknuss printprops

nedyaraeT MHGOPMAIIAIO O 33aJIAHHOM CBOHCTBE IIEpEMEHHON
printprops (x,atvalue);

d
@ (x(01)) =77
01=1
d
@ (x(01)) = bb
01=0
x(0)=5
printprops (f,atvalue);
d
Top (F(e1,02)) =177
e1=1, ©2=0
£(0,1)=555

DdyHKIUsA Yremove

OTMEHseT YKa3aHHOe CBOICTBO IIEpEMEHHON
remove (x,atvalue) ;

done
properties(x);

[]

®dyuknus at

BBIUNC/ISIET 3HAUEHNE BBEIPAXKEHNS B 33 IaHHOI TOYKE C YyIeTOM CBOUCTBa ~atvalue”.
at (x(t)+10*diff (x(t),t), t=0);

555
at( f(a,b) + diff(f(a,b),b) ,
[a=1,b=0]);

f(1, 0) + 777
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o ODyukmms desolve
pemraeT nuddepeHnnaIbHbIe YPABHEHAI U CUCTEeMbl nudpdepeHnnalIbHbIX ypaBHe-
HUI. [le apryMeHTBhI — CHUCOK YPaBHEHUH, B KOTOPBIX QYHKIINU 3aIMCAHBI SIBHO
("y(t)”) u cuncox HemsBecTHbIX QyHKuUil (Takxke B Bune "y (t)”).
re2:desolve( [diff(y(t),t)=
2xy(t)+%e~t], [y(t)]);
2t

y(t) = (y(0) + 1) %e” ° - we"
atvalue(y(t),t=0,1)8
ev(re2,at);

y(t) = 2 %e2 v %et
desolve( [diff(y(t),t)=
2xy (t)+%e"t], [y(t)] );

y(t) = 2 %e2 v %et
atvalue(x(t),t=0,2)$
atvalue(y(t),t=0,0)$
desolve( [diff(x(t),t)=y(t),
diff(y(t),t)=x(t)], [x(t),y(t)]);
t

[x(t) = %e’ + %e U, y(t) = %e’ - %e ']
desolve( [diff(x(t),t,2)

=3*%diff (x(t),t)+2*x(t)], [x(t)]);

2t

£(t) = %e2 U (L (x()) ~ x(0))
dt

t =0

+ e’ (2 x(0) - §3 (x(t))‘ )
t t =0
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28. CnenuajibHble QYyHKITAN

B MAXIM’e onpeneneHbl Cenyooline ClenuaJibHbie QyHKITNN:

Oyukuu Dipu

airy_ai(x) airy_bi(x)
U UX [IPOM3BOIHBIE
airy_dai(x) airy_dbi (x)

Humuanpuueckne dyuknuu beccens, Hewimana, Mudensma m Makmonanabma uH-
IeKca, m

bessel_j(m,x) bessel_y(m,x)

bessel_i(m,x) bessel_k(m,x)

ITepemennas besselexpand
ompenenser, OyayT U MWINHAPUIecKne PyHKINHI OIYIEeJI0r0o HHIEKCA 3aMEeHAThCS
Ha, COOTBETCTBYIOIINE BBIPAYKEHUs, COCTABIIEHHBIE U3 ~ 3JIEMEHTAPHBIX (QYHKIIUI.
ITo ymonuanuio ycranoBieHo 3HaueHue " false”:

bessel_j(1/2,x);

1
bessel_j (5 , X)

besselexpand:true$
bessel_j(1/2,x);
sqrt(2) sin(x)

sqrt (%pi) sqrt(x)

lamma-pysxnus, 6era-dyuxnus u ncu-pyHknus (aorapudmMudeckas IPOU3BOLHASL
ramMMa-GyHKITIH)

gamma (x) beta(x,y) psi[m] (x)
3meck "psilm] (x)” — sT0o m-as npomssonuas dyukuuu (z) = [V(z)/I'(x). Ilpn
sroM cama yukuus ¢(x) — sro "psi[0] (x)”.

BonbImmrHCTBO CTaHIAPTHBIX CEMERCTB OPTOTOHAJIBHBIX MMOJIMHOMOB OIpENeIeHbl B
nakere ~orthopoly”.
Tak dTo mocse BBI3OBA
load (orthopoly)$
CTAHYT U3BECTHBIMU CJemyforue GyHKITAN:
dyuknuu Jlexannpa 1-ro u 2-ro pona manekca ’n”

legendre_p(n,x) legendre_q (n, x)
npucoenuHenHble GyHKInN Jlexxannpa 1-ro u 2-ro poma MHIEKCOB 'n,m”
assoc_legendre_p(n,m,x) assoc_legendre_q(n,m,x)
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nomHOMBI HebrnitieBa 1-ro u 2-ro pona wHImekca "n”
chebyshev_t(n,x) chebyshev_u(n,x)
nosnmHOMBI JIsireppa mHImekca "n” um 0OOOIIEHHBIE MOJMHOMBI JIdreppa WHIEKCOB
”n , a”
laguerre(n,x) gen_laguerre(n,a,x)
MOJIMHOMBI JDPMUTA WHOEKCA ~n”
hermite(n,x)
OJINHOMBI Jlk0Ou mHIekcos "n,a,b”
jacobi_p(n,a,b,x)
moJiuHOMBI ['erernbayspa mHIEKCOB "n,a”
ultraspherical(n,a,x);

Kpome Toro, onpenenensr nBe ” cmpaBounbie” GYyHKITAN.

dynknus orthopoly_recur
eYaTaeT PEeKyPCUBHYIO (OPMYITy OJIS MOJIWHOMOB. ke mepBBINI apryMeHT — WM
(pyHKIIMM, BBIUUCISIONIEN IIOJIMHOMBI, BTOPOU —— CIHUCOK, COCTABJICHHBIN W3 MMEH
MHOEKCOB U mMeHN nepemeHHON. llopsmok mmeH Takoll ke, KaK IPU BbI3OBE QYHK-
1887058

orthopoly_recur (chebyshev_t, [k,z]);

(z) = 2 Tk(z) z - T (z)

Tk+1 k-1

®ynknus orthopoly_weight
IIe4aTaeT CIUCOK, COCTABJIEHHBIN U3 Beca, HUXKHEN I'PaHUIbI MHTEPBaJa I BepXHEN
rPAHUIBI UHTEPBAJIa, HA KOTOPOM OIPENe/IeHbI MOJUHOMBI. Fe MepBbIli apryMEeHT
— uMs QPYHKIIAU, BBIYUCIISIOIEN HOJIUHOMBI, BTOPOI — CHUCOK, COCTABJICHHBIN U3
nMeH WHOEKCOB W mMeHHU nepeMeHHOR. [lopsmok mMeH Takol XKe, KaK IMPU BBI3OBE
dyHKIUNT.

orthopoly_weight (chebyshev_t, [n,x]);

[ ! -1, 1]

sqrt (1 - x2)

CemelicTBO S/THOTUIECKUX (QYHKIIHIH.
Omnpenemensr oObIUHBIE SyaunTHYecKne GyHKmuun Axodm:

jacobi_sn(x,m) jacobi_cn(x,m) jacobi_dn(x,m)
Kpowme Toro, onpenesneHs! sBHO U30LITOUHBIE DYHKINAN:

jacobi_ns(x,m) jacobi_nc(x,m) jacobi_nd(x,m)
ns(x,m) = 1/sn(x,m), nc(x,m) = 1/en(z,m), nd(x,m) = 1/dn(z, m)

jacobi_sc(x,m) jacobi_sd(x,m)
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sc(x,m) = sn(xz,m)/cen(x,m), sd(x,m) = sn(z,m)/dn(x, m)

jacobi_cs(x,m) jacobi_cd(x,m)
cs(x,m) = en(x,m)/sn(x,m), cd(x,m) = en(x,m)/dn(x,m)
jacobi_ds(x,m) jacobi_dc(x,m)

ds(x,m) = dn(z,m)/sn(x,m), de(z,m) = dn(x,m)/cn(z,m)
Kpome Toro, onpenenenst QyHKIuM, OGpaTHBIE KO BCEM [EePEUNCICHHBIM

inverse_jacobi_sn(x,m) inverse_jacobi_cn(x,m)
inverse_jacobi_dn(x,m)
inverse_jacobi_ns(x,m) inverse_jacobi_nc(x,m)
inverse_jacobi_nd(x,m)
inverse_jacobi_sc(x,m) inverse_jacobi_sd(x,m)
inverse_jacobi_cs(x,m) inverse_jacobi_cd(x,m)
inverse_jacobi_ds(x,m) inverse_jacobi_dc(x,m)
Kpome Toro, onpeneneHbl 3IUITHYECKAE THTET DAL
elliptic_kc(m) elliptic_ec(m)
w/2 /2
kc(m) = / ! dx ec(m) = / V1—msin®z dz
) \/1 — msin’ z ,

Haxkomnern, onpenesieHbl HENOIHBIE SJIINNTHYIECKNE DYHKIINN
elliptic_f(x,m) elliptic_e(x,m)

® ®
1
f(%m):/ dr e(go,m):/\/l—msirﬂxdaz
) \/l—msin2x /

elliptic_eu(x,m) elliptic_pi(n,x,m)

sn(xz,m)

/ V1—mt?

T

eu(z,m) =

0

dx

r 1
pi(n,%m):/
) \/1—nsin2x\/1—msin2w
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29. TpaucasTop n komnuiasTop B MAXIM’e

Omnpenenmue Ty win MHYO (QYHKINO, MOXKHO 3aMETHO YCKOPHUTL €€ BBIIOJIHEHMUE,
ecl ee OTTPAHCINPOBATH WM OTKOMIMINPOBATE. JTO IMPOUCXOOUT IIOTOMY, UTO
eciiu BBl He oTTpaHCINPOBAIN U HE OTKOMIIIINPOBAJIN onpeneeHHyo Bamu GyHk-
U0, TO Ipu KaxaoM odepenHoM ee BbizoBe MAXIMA kaxnplili pa3 3aHOBO BbI-
IIOJTHSIeT T€ MEeNCTBUSA, KOTOPhIE BXOOSAT B ompenesieHne GYHKIINHN, T.e. PaKTUIeCKN
pas3bupaeT COOTBETCTBYIOIIEEe BhIpaxkeHHe Ha ypoBHe cumHTakcuca MAXIM wr.

dyukuus translate
rpauciupyer ¢yaknumio MAXIM et ma a3eix LISP.
f(x) :=1+x+x"2+x" 3+x"4+x" 5+x"6+x"7$
translate(f);
[£f]

[Tocse sToro dyukuus (kax NpaBWiO) HAYMHAET CYNTATHCS ObICTPEE.

dynkuus compile
caavasia Tpanciaupyer ¢dyukmuo MAXIM ol ma a3eix LISP, a 3arem xommuaupyer
sry dyuknuio LISP’a mo mBomYHBIX KOMOB U 3arpy:KaeT X B HaMsTh.
(%19) compile(f);
Compiling /tmp/gazonk_1636_0.1sp.
End of Pass 1.
End of Pass 2.
OPTIMIZE levels: Safety=2,
Space=3, Speed=3
Finished compiling /tmp/gazonk_1636_0.1sp.
(%092) [£]
[Tocse sToro dyHknms (Kak IPaBUIO) HAUMHAET CINTATHCS €Ille GbICTpee, YeM HOCIe
TPAHCIIAIININ.

Cnenyer uMeTsb B BUIY, YTO KaK IpHU TPAHC/IAnUU, Tak u mpu Kommumismun MAXI-
MA crapaercs onTuMu3npoBaTh GYHKIWIO IO CKOPOCTH, HE 3a00TACH 00 aKKypaT-
voctu. llosTomy mpu pabore ¢ GombiimmMu M0 00bEMY DYHKIUSIMI MOT'YT BO3HUK-
HYTH 4dyneca. B 5ToMm ciydae CjenyeT OTKa3aThCsS OT TPAHCIISIUYN UM KOMITUJIS-
nuu, b0 nepenncarh GYyHKIAIO.

Boiarpeiiit Bo BpeMeHU CYIIECTBEHHBIM OOpPa30M 3aBUCUT OT THIA MAIWHBI, OT
BUOa (QYHKIUHU, OT TOTO, NEKJAPUPOBAH U TUI (QYHKIUU U €€ apryMeHTa IIpu
onpenejseHn QyHKINNA, OT TUAIA apTyMeHTa, C KOTOPBIM BbI3bIBaeTCs DyHKITUA.

Ecnu npennosmaraercs ucmonb3oBaTh GYHKIINIO TOIBLKO M1 pabOTHI C IEeNCTBUTETH-
HBIMI IUCIaMU (HAOPUMep IJIsI BEIYUCIIEHNS] OPEIEIEHHOIO NHTErPAJIA C IIOMOIIIBIO
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dbyHKIUN "romberg’ mim mouCKa KOPHS ¢ nmoMonibio dysknui “find_root” m "new-
ton”), To 06s3aTENBHO CIIEAyeT NeKIapUpOBATH THUII apTYMEHTa U CaMOil pyHKIun
kak "float”. 910 Bo MHOrO pa3 ycmuT 3GdeKT OT TPAHC/IAMNN M KOMIIJTISITI.

Hns Toro, uroObl maTh OOIlee MPENCTABIEHNE O BIIUSHUW TPAHCISAIIN U KOMIIHU-
JSAMAN HA CKOPOCTH CYETa pPa3HbIX TUNOB (PYHKIUN M Pa3HBIX THUIIOB apryMeHTa,
npuBeneM TabIWYIKY C BpeMeHAaMU UCIOJHEeHUST GYHKIIUN Ha OMHOU KOHKPETHON Ma-
IIAHE.

Buumn onpenenenbl deTwipe pasHble GYHKINHN, BBIYUC/ISIONINE OIHO U TO YK€ BbIPa-
JKCHIE
f1(x) :=1+x+x"2+x" 3+x"4+x" 5+x" 6+x" 7+x~8+x"9¢$
f2(x) :=block([s],s:1,for i:1 thru 9 do s:s+x"1,s)$
f3(x) :=block([],mode_declare([function(f),x],float),
1+x+x" 2+x" 3+x"4+x" 5+x" 6+x" 7+x"8+x"9) §
f4(x) :=block([s] ,mode_declare([function(f),x,s],float),
s:1, for i:1 thru 9 do s:s+x"1,s)$

OpM AlIlIC1 OBYX IIOCJIEOHUX HKIII/IfI n cjleayerT BOCIIPMHUMATD
(D y 3 y y 2 f37? 2 f477 y
AKCOMaAaTN4YECKN.

7 S”
2 2 2 2 d

(kpome ”£3” u "f4” | mis KOTOPBIX AHAJIMTUYECKUIT ApPIyMEHT HEBO3MOKEH ), LIEJIO-

YUCJIEHHBIM apryMeHToOM ~ 77 U BeIeCTBeHHBIM apryMmenToMm ~0.3”.

Haﬂee KaxKasi N3 3TUX (I)YHKHI/IfI BBI3BIBAJIACH C AHAJIUTUYCCKUIM aAPryMEHTOM

[Tocmte sToro Bce uernipe yHKIUN ObIIN OTTpaHCaupoBaHbl ([t]) m skcmepumenT
OBbIJT IIOBTOPEH.

Haxkorerr, Bce yeTsipe GyHKIUN GBI OTKOMIMIXPOBAHHI ([€]) 1 skcnepumeHT CHOBA
OBbIJT IIOBTOPEH.

Huxke npusemenbr coorBeTcTBYIOMINE (YCIOBHBIE) BpEMEHA HCIIOIHEHUS (DYHKIINI.

s 71 03 | [tls |67 €103 | [c]s | [c]7 ] [c]o0.3
f1 8.75 4.75 4.22 | 7.32 | 3.52 3.04 6.98 | 3.25 2.75
£f2 | 17.73 | 12.44 | 12.03 | 9.11 | 4.80 4.09 7.83 | 3.20 2.67
£3 5.39 4.87 2.72 2.17 1.67 1.23
f4 13.30 | 12.75 3.45 2.91 2.47 1.94

[IpuBenennble mudpbl AIOT BecbMa OOTATHIN MaTepUaJl IJIs aHAJIN3A.

Bo-mtepBBIX, XOpOIIIO 3aMeTHO, HACKOJIBKO TPYIOEMKON OKA3bIBAETCS IMPOIEMypa
yuportteaus. @Pyukmus "f1” 3amana B Bume sSiBHOU (GOPMYJIbI, U €€ BBIUYUCJIEHUE
CBONUTCS K OMHOKPATHOW IONCTAHOBKE, B TO BpeMms Kak dyukmnus ~£27 Tpebyer
VIPOILIEHUsI Ha KaxKIoM 0060opoTe IukKia, 4To GaTaabHO CKAa3bIBAETCSI HA CKOPOCTHU
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ee BBIUMCIEHUs. 3aTO0 1 3GOGEKT OT TPAHC/ISINN WM KOMIIMJISIUNA [IJIs HEIBHBIX
dyuknui Tuma ' £2” oka3bIBaeTCS rOpas3io 3aMeTHee.

Bo-BTOpBIX, 3aMETHO, YTO SKOHOMUIS BPpEeMEHN I ~ 60jee IPOCTBIX  UNCIOBBIX ap-
I'YMEHTOB (II0 CPABHEHWIO C CHMBOJILHBIMU apryMEHTaMU) OKa3bIBAETCS HE TaKOI
VK PaOuKajJbHON, XOTS U IOBOJIBHO CYIIIECTBEHHOW. JTO CBSI3aHO C TEM, YTO UM-
cJjla BCE PABHO PAaCCMAaTPUBAIOTCI KAaK DJIEMEHT aHAIUTUIECKOTO BBIPAKEHUS, XOTSI
VIIPOIIIEHNE AHAJTUTUIECKOTO BBIPAXKEHNS, COCTABIEHHOT'O HCK/IIOUNTEILHO U3 Y-
cel, unueT ObICTpeEeE.

B-rperbux, 3ameTHo, 94TO mj1s QYHKINA, KOTOPbIE MEKJIAPUPOBAHBI KAK BEIIIECTBEH-
Hble (QYHKIIUN OT BEIEeCTBEHHBIX apryMEHTOB, BBIUNC/IEHNAE OT Ie/IOYNCIEHHOIO ap-
I'YMEHTA UOeT MeIjIeHHee, 4YeM OT BeIIeCTBEHHOI'O apryMeHTa.

B-ueTBepTHIX, OYEHB XOPOIIO BUIOHO, YTO €CJIU BbI HE BBINOJIHSIETE KOMIIUJISIIIIO
IUIS BEIECTBEHHON (QYHKIMM, TO BbI puckyere 3aMemnTh €e BBIYUCIEHHE Oojiee
1eM B 6 pa3.
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