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alias - oTmIpeJieNieHe cond - YUCIIO
COKpAIIEeHUS; 00YCIIOBIIEHHOCTH
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BO3MOXXHBIX 3HaUCHUH B conformal - IOCTPOEHHE
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DEplot2

description
det
DEtools

dfieldplot

diagonal
diff
display3d
do

draw
dsolve
duplicate
E
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eigenvals

eigenvects

elif
else
end

ends

YpaBHEHHS IEPBOTO
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rpada;

- pemeHue

T depeHTIANEHBIX
YpaBHEHUH;

- co3/1aHUE KoMUY rpada;

- criucok pebep rpada;

- BRIMHCIIEHUE
COOCTBEHHBIX 3HAYEHUI
MAaTpHITBI;

- BRIMHCIIEHUE
COOCTBEHHBIX BEKTOPOB
MAaTpHITBI;

- KOHCTpyKIus "else - if;
- KOHCTpYKIMA "uHa4e";
- 3aBepIICHUE ONMCAHUS
TeNa NpoLeIyphl;

- CIIUCOK "XBOCTOB"

pebep rpada;

entries
ERROR

eval

evalb

evalf

evalm
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F
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FAIL

false

fi

float

flow

for

fortran
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BRIPQKEHHUS B YUCIIAX C
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- BRIUHCJIEHUE
MaTPUIHOTO BRIPAKECHUS;
- HAaXOXJICHHE BECOB

pebep rpada;

- BRIMHCIIEHUE
(dakropuana,

- IpephIBaHNE
MPOTEAYPEI B CITyJae
HEBEIYHCIAEMOTO
BRIPKEHUS;

- ".HO)I(B" -
3ape3epBUPOBaHHAS
KOHCTaHTa,

- OKOHYaHHE
KOHCTPYKIIUH BETBICHUS
if;

- THI JAHHKIX - YUCIIO C
ILIABAIOIIEN 3alATOM;

- HaXOXJeHNE
MaKCHUMAJIEHOTO MOTOKa
B rpade;

- KOHCTPYKIIUS [IUKIIa

- TPAHCISAIINS
BRIPQKEHHUS B KOJT A3bIKa
Fortran;

- THII JaHHKIX - ApoOBk;

- HaYaJIhHOE 3HAYCHUE
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- IepeceueHue
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MAaTpHITBI;

- YaCTHOE;

- OCTAaTOK;

- IPOBEPKA MIAHAPHOCTH

isqrt
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L
latex
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local

macro
map
matrix
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minor
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mod
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- 3aJITaHNe MaTPHITH;
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MaKCHUMAITEHOTO
JJIEMEHTAa;
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new

nops

op

open
P

petersen
phaseportrait

plot
plot3d

print

printlevel

proc
R

rank
random

replot
restart

read
readlib

ths

rsolve

- CO3TaHuEC MyCTOrO
rpada;

- IOACYET KOJIUYCCTBA
3NEMEHTOB;

- U3BJICUYCHUE DIIEMEHTOB
U3 BRIPDAXCHUS,
- OTKphITHE (aiina;

- co3nanue rpada
ITerepcena;

- mocTpoeHue (pazoBoro
TOPTpeTa,;

- mocTpoeHue rpaduka;
- mOCTpOeHHe rpaduKkoB
3D;

- pacedatka
COAEPKUMOTO;

- TiobanbHas
nepeMeHHas,
UCTIONTB3YETCS IS
OTJIAJKH MPOLEAYD;

- 3alaHUEe MPOLEAYPHI;

- HaX0X/ICHUE paHra
MaTpHIIH;

- TeHepalus CIy9aiHOTO
rpada;

- IepepUCcoBaTh rpaduk;
- OUMCTKA 3HAYCHUI
EpEMEHHBIX;

- yTeHHe U3 (aiina;

- yTeHue OUOIHOTEeUHOI
ysKnmu;

- BBIJIETICHUE TIPaBOit
YaCcTU BRIPAKEHUS,

- peleHne peKypeHTHBIX
BBIpKEHUI;

save
seq
SearchText
show

shortpathtree

signum
solve
Sum
sum

subs

taylor

table
tail

type

union
A
vector
vertices

void

vweight

- 3aNKCh BBIPAXKEHUH B
Gaiin;

- TeHepanus
MOCTIEI0BAaTENbHOCTH;
- IOUCK TEKCTa B CTPOKE;
- BO3BpaIiaeT Tabluiry,
COZIEpIKAIIyI0 BCIO
uHbopManuo o rpade;
- HaX0XJIeHHUE JAepeBa
KpaTYalIuX IMyTeH B
rpade;

- 3HaK YHUCIa,

- pelIeHNE YPaBHEHUH U
CHCTEM YpaBHEHUH B
CHUMBOJILHOM BUJIE;

- pacmevarka CyMMBI
pina;

- HaX0XJI€HUE CyMMBI
pina;

- IOJICTAaHOBKA B
BHIPA)XKEHUE;

- pa3loXKeHUE B PAJ
Telinopa;

- CO37IaHHe TaOJIHIILI,

- BO3BpaIIaeT uMs
"xBocTa" rpada;

- IpOBepKa
MIPUHAJIEXKHOCTH THUITY;

- 00BeIMHEHHE
MHOECTB;

- 3aJlaHUE BEKTOPA;
- MPOCMOTP Y31OB Tpada;
- co3naet rpad Oe3
pebep;

- HAXOJIUT BEC BEPIIUHEL,
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writeto - 3aNKCh B HOBBII (paiir;
whattype - OTIpe/ieTICHUE THIIOB; write - 3anuch B Qaiin;
with - IOAKITIOYECHHE writeln - 3aNKCh CTPOKU B (haii.
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cat 142 diagonal 158
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discont
discreteuniform
display
display3d
distribution
divideby

do

draw

dsolve
duplicate

E

edges
eigenvals
eigenvects
elif,

else
empirical
end

ends
ERROR
evalb
evalf
eweight
exponential

F

factorial
FAIL

fi

fit

float
flow
font

for
Fortran
fraction
FRAME
frames
fratio
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112
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global

GRAPH
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inverse
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labelfont
labels
laplaced
LATEX
length

Ths

light

limit
linalg
LINE
linearcorrelation
linestyle
local
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M

macro
map
matrix
max
mean
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method
mm
minor
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mod
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moving
multiapply
multiply
N

name
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new

next
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NONE
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not
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0

od
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options

or
orientation

P

package
PATCH

PDEplot
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plot
plot3d
plotdevice
plotoutput
plots
POINT
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postplot
preplot
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Q

80
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quadraticmean
quantity

R

rand
random

range
rank
rational
read

remember
remove
replot
resolution
RETURN
rhs

rsolve

S
save

scaleweight
scaling
SearchText
seq

shading
shortpathtree
show

signum

Size

solve

sparse
spherical
split
standarddeviation
standardscore
statevalf
statplots

stats

103
112

35
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students
style
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T

table

tail

tally
tallyinto
taylor
TeX
then
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title
titlefont
to

trace
transform
transpose

type

U

unary
UNCONSTRAINED
uniform
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109

109

141

114
80;90
39; 146
26; 147
141

21

81; 98
158,177
162;165;
180

30; 157
63
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verboseproc
vertices
view

void
vweight

W

weibull
Weight
whattype

while

169
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67
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149
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with

write
writeln
writeto

X
xtickmarks
y4

ZEro

168
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127
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80
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Bmecto BBeaeHus
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«cTapasi » UIKOJAa HHXXEHEPOB BKJia/biBana B 3TO COBceM apyroi cmsici. [Toapasymesanuch, B
NepBYIO0 04epeilb, CHMBOJIbHbBIC BbIUHCIICHHS, 8 HA MOCJEHEM JTare YHCIIEHHbIE OLIEHKH.

ITporpecc B no3HaHHH Mipa noTpeboBasl peleHus 3anay aubo oUeHb CHOXKHbIX, JIMGO He pe-
LIAEMbIX AHAJIMTHYECKH. B By3ax cTano MOAHBIM CIylUaTh TaKHe JHCLMIUIMHBL, KaKk «UncreHHbie
MeToabl», «Yucnennnlilt avanu3» v T.M.  Pa3BUTHE BLIYHCINTENILHON TEXHHKH CNOCOBCTBOBAIO
co3aanuio MerabaitTHbIX NporpaMM, “B3jIaMbiBAIOWIMX " CITOXKHbIE 3a1auH. 34 METONaMH NOTAHY-
JIMCb  @ATOPHTMblL M MPOTpaMMbl, Ha CO3JaHHE HIIM MOMCK KOTOpPbIX pacTpauMBallach yitMa
«30710TOTO» BpeMeHH. K TOMYy e crneuHanucThbl, BTSHYTbie B 3Ty FOHKY, OTMEUAIOT. YTO 38 Mac-
coii umces, rabiuLl # FpaUKOB JIErKO MOTEPATH MOHUMAaHHE PEATLHOCTH Pe3YIbTATOB pellieHHs.

B nocnieanee necaritieTie «MporpaMMHOeE 3510» MOPOIHIO «100PO» - CTANH NOSABIATLCS YHH-
BEPCaltbHbIC MAaKeTbl [UIS YWCIEHHBbIX MeToloB : MatLab, MathCAD, anexTpottbie TabiaHubt H
MHOrHe Apyrue. Bce oM CHHMANH ¢ HHOKEHEPa MONOBHHY «i"00BHOH GOIM» — NOUCK aJIrOPHTMOB
H MporpamMM.

ITepBbiM OTKPOBEHMEM AJIS CHEHHATHCTOB CTAs MAKET CHMMBOJIbHbIX BbiuMcaenuit DERIVE,
KOTODbIH BbIMOJIHAN YNPOIIEHHSA NOBOJIbHO CI0XHbBIX aiireOpanieCKHX BbIpaKeHHH, OnepHpoBaJl
€ CHMBOJIbHBIMH MaTpHUAMH, AHGGEPEHUMPOBAT H HHTErPUPOBAJ BbIpaXKCHHUS B 00iLeM BHIE.
Benen 3a vum B Poccni MoABHIICH 3HAMEHHTBIR nakeT «Mathematica», paccuMTaHHbIH Ha MaTeMa-
TUKOB-npodeccuonaioB. K coxaneHHIo, U3--3a CJI0KHOCTH HHTepdeiica K, raBHOC, 13-38 OTCYT-
CFBHS CNPABOYHOW NMTEPATYPHI HA PYCCKOM SI3biK€ OH TaK W OCTAJCH HEBOCTPeOOBAHIbIM, He-
CMOTpst Ha CBOU (haHTACTHYECKHE BOSMOXHOCTH B 00J1aCTH CHMBOJIbHBIX BbiUHCIICHHHA.

CosepilieHHO apyras cynbba cknanbiBaercs v nakera Maple, pa3paboTaHHOro B yHHBEPCH-
tere Barteprioo (Kanana). Ero Bepcus, MoauduipoBannas non OC Windows, nouctise craja
SPKHM OpHIIMAHTOM Cpellit NOAOOHOTO Kjlacca MporpaMMHBbix nakeToB. C O/UIOH CTOpOHbBE, ero
HHTEepDEHC HHTYHIMBHO MOHATEH, A MPaBH/IA PabOTbi NpeslesIbHO NMPOCTbI, ¢ APYroH Ke CTOPOHbI

BO3MOXHOCTH BiylwHTeNbHbI. [TosBuBLch B Poccuu, Maple V cTaj moGHMbIM CpeIcTBOM 1719
PEUIeHHS 3a1a% Y MA1CMATHKOB--NPOGECCHOHANOB, HHXKEHEPOB. B cTyileHyeckoit Ke cpeae oH Bbi-
3pIBA€T JH(POPHIO, TAK KAK JIErKO CMpaBifeTcs ¢ TPyAHeHINMA npeoOpa3oBaHUAMH M BbiUHCIIe-
HHAMH [IPH SUILTOMHOM MPOEK TMPOBAHMK H B KypCOBBIX 3afaunaX. DT1oT dakT becrnokouT npe-
nojaeareieni«Kak 6b1 HE pasyyunnch ymMaTh...».

JocaaHbIM Ha ceroJIHALIHHI AeHb ABIIAETCH OTCYTCTBHE B HAlUEH CTpaHe KHMI Mo 3TOMY na-
KETY, «TOBOPALLEMY Ha AHIJIHICKOM S3bIKE», UTO H MPHBENRO MEHS B YHHBEPCHTET ropoja Xelb-
CHHKHM B OuOJIHOTEKY dakynbTeTa HHbOpMaTHKH, UHTad nUTEpaTypy MO 3TOMY 3aMcuaTe/ibHOMY
H, KaK 0KAa3a,10Ch. O4EHb HEMPOCTOMY MAKETY, Y MEHSA BO3HHKIIA MbIC/Tb O HEOOX0AHMOCTH BbiNyc-
TMTb CIIpaBoyHoe nocobue, moMoratotilee CneuHdanaMcTaM H cryaeHtaM paboraTth ¢ Maple # naxe
NporpaMMHpoBaTh.

[Tpoiwsto  Gosiee ueM noaroja,u 3aiyMaHHbId cripaBounuk nosiBuacsa. [lozanu camoe wun-
Tepecioe — OTKPLITHE HOBOTO, MHOTOKpATHOE MepeKpanBaHiie TEKCTa, pelakTHPOBakHe, npobiie-
Mbl ¢ u3laHneM. HaneeMcs, 4To Halu COBMECTHbI Tpya OyaeT Bam nonesen npu oOleHuH ¢ na-
keTom XXI Beka Maple.

JouenT kadenpbl «CHCIEMbt aBTOMaTHUECKOTO YRPaBJIEHHA»
K® MITY um.H.3.baymana, kaHI. TeXH. HayK
Tlennaouir lpoxopos
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Hoceawaemcsa cgemaoti namamu
8b10AIOWE20CE MAMEMAMUKQ
I1agrna Herposnua Koposkuna

1. OBLUE CBEAEHUA. NONb3OBATENLCKUA UHTEP®ENC

Maple ~ 370 nporpaMMHbIH MakeT JJIs ABTOMATU3aLUU CUMBOJIbHBIX, YHC-
JIEHHBIX M TpapUyeckux BblUyUC/eHA. OH MOXET pelliaTh Kak NMPOCThIE, TAK U
JIOBONIBHO CJIOXHbIE 3amauu. Hy a ecnmu Bbl HAXOIOMIIMCH B ““KAMEHHOM Beke” u
peluanu Bally MaTeMaTHYECKUE U UHXKEHEPHbIE MPOBIEMbI ¢ TOMOLIBIO A3bIKOB
NporpaMMHUPOBaHMs, TO Y BaC NOSIBUIICS PEANTbHBIN L1AHC [10NACTh CPa3y B BEK
XXI - B cpeny Maple, xoTopas crania npeBECTHUKOM BO3BPAaTa MATEMATHKU U
WHXEHEPHOW JeATeNbHOCTH YEJOBeKa K 3M0Xe POMAHTU3MA CUMBOJIbHBIX Bbl-
YHCIEHUHA NPOUUTBIX BEKOB, KOTAA TeHHUANbHble OTKDBLITHS COBEpLUANM "Ha
koHuuke nepa”. llupora pyHKIMOHANLHBIX BO3MOXHOCTEH Maple nopaxaer —
OHAa OXBATHIBAET TaKue paslleNbl, KaK nuHedHas anrebpa, auddepeHuuanbHbie
BbIYUCIIEHUS, TEOMETPHS, CTATUCTUKA M MHOTOE, MHOTOE Apyroe. [To kaxaomy
paslieny HanucaHo GonpILIOE KOJMYECTBO MPOUEAYP U (YHKUMH, KOTOPHIMU
MOXHO BOCMONbL30BaTLCA, HAOpaB MUMs OJHOW U3 HUX B KOMAHIHOW CTpoke
Maple.

Cumeonsrsie goluucienus

Maple Bblgaer oTBeT B caMol ToOuHON popMe — CUMBOJIBHOH, Horee Tou-
HOH, yeM MOOOH M3 YUCIEHHBIX MeTONOB. OJHAKO, €C/IM Bbl XOTUTE NMOJYUNUTH
OTBET B BH/E YMC/Ia C [IABAIOLIEN TOUKON, TO OH OyAeT HAWJEH B KOHUE CHUM-
BOJLHBIX BbruucneHni, Takum o6pa3om, NOrpeliHOCThL METOMAA — 3TO AXLUL 10O-
TPEIHOCTb OKpyTneHus!

PewieHrs nosy4aloTcs KOMIAKTHBIMYM, MOXHO CKa3aTh — M3SIIHbIMU. [o-
CMOTPHUTE, KaK M0 KOMaHAe solve (pelunTs) Bol1aeTCs PELIEHHUE U CUCTEMBI U3
TpeX anredpanyeckux ypaBHeHUH:
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>solve({a*x+b*y=1, 2*c*x+y=3, z — y=5}, {X,y,z});
{ _ 3a-2¢ [ 3b-d
Y ad-2¢6 " ad-2¢b

Yucnennole 6b14UCIERUR

YucreHHbie BBIYUCTIEHHS — allbTePHATUBHbBIN MYTh HAXOXKAEHUS PellieHUs B
TeX CAyyadsx, KOrJ4a CUMBONbHBIA METOX CIMILUKOM MeJIeHHO paboTaer Han
MaHHOM 3ajayed WM pelueHue B CUMBOJILHOM BHje BOODILLE He CyHIeCTBYeT.
Maple noaaepxuBaeT MOYTH BCE CYLIECTEYIOIIME YWCIEHHbIE METOMBI Bce
CUMBOJIbHBIE KOHCTAHThI MOTYT ObITh NpHUONMXEHb! ¢ TOYHOCTBIO KO J1I060T0
3HaKa, TaK kak cpefa Maple nmeer “6ecKOHEYHYIO TOYHOCTDL .

Ipumepst yuceHHbIX BLINUCTCHUIL!

>evalf(Pi,25); # IlpeacraBnenue yncna “nu” KO ABAALATHL MATOrO 3HAKA

3.141592653589793238462643

>0.5%(1/3);
1666666667
Ssum(( — 1) /it,i=0..20);
4282366656425369
11640679464960000

I'pagpuxa

Bo3MoxHOCTH cpeibl Maple cTpouTb ABYX- M TpeXMepHbie U300paxeHus
obecneynBaeT BaC MOLUHLIM OpPYAMEM BH3YanM3alMM HAayYHbIX BbIUMCIIEHHIA.
OYHKLKHK 0HOU U IBYX MepeMEHHBIX, @ TAKKE MapaMETPHUECKHE BhIpAXEHUS
MoOTyT GbiTb mpeacTaBieHbl B rpaduueckoM Buie. JOCTynmHa aHMMauus Jyis
co3nanus 3pdeKTa ABUKEHH.
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Hpumep nocmpoenus mpexmeprozo epaduxa:

>plot3d(jcos(t)*(1+.2*sin(u)),sin(t)*(1+.2*sin(u)),.2 *sin(ty*cos(u)],t=0..2*Pi,
= — Pi.Pi);

Buympennas cmpyxkmypa cpedot Maple

Cpeaa Maple cocTouT U3 Tpex KOMMOHEHTOB: AApa, OUOIUOTEKH H IKpaH-
HOro uHTepdeiica. Aapo — 3TO “MaTeMaTHUYECKOE OpYaAHe”, BLITONHSAKOLIEE BCE
BUbl BblyHcieHUH. OHO HAMMCAHO U OTKOMIMIMPOBAHO HA A3bIKE NPOrpam-
mMupoBaHusi C U BBIMOJHIET OCHOBHYIO YacTh BBIYMCICHHH, MPOU3BOIUMBIX
CUCTEMO.

bubnuoTteky BKITIOYAIOT BCTPOEHHBIE MPOUEAYPHl, MPOUEAYPHl, HAMHUCAH-
Hble B cpede Maple Ha ero COOCTBEHHOM A3bIKE NMPOTPAMMUPOBAHUS U COXpa-
HsieMble B oTAefnbHOM ¢aine. TekcT KoMaHA M MPOrpaMM, HanUCaHHBbIA B
Maple, He KOMNUAKDPYETCHA, 2 UHTEPNPETUPYETCS, YTO MO3BOJIIET BaM CO3Ja-
BaTb COOCTBEHHbIE MpOLENYDPbl HHTEPAKTUBHO B NPEAECIAX CPEIbL.

Uurepdeiic Maple — 310 BUA cpeabl U ee r1a3a B MUP. OH 3aBUCHUT OT Ka-
4yecTBa BalEro AMCIUIes, BepcUM npuobpeTeHHod nporpammbl. Bepeus nox
WINDOWS npeobpasuna uHTepdelc, coenaB ero JeHCTBUTENBHO
“APYXXECTBEHHBIM” W MHTYUTHBHO MOHSTHBIM MONbL30BATENO, padoTaroleMy
¢ 3TOH yAMBUTEIbHOW U POMAHTUYHOM CPEION.

3KPAHHBIH HHTEP®EHC MAPLE

Maple V npucyuiu Bce ocobeHHOCTH windows—-TIPUTIOXEHUHA U Bce npenec-

TH paboThl ¢ HUMM. Ero sxpanHbiil MHTEPdEHC BKIIOYAET CIEAYIOLIME COCTAB-
HbBIE YACTH!

® CTPOKY MEHIO KOMAaHJ;
® CTPOKY MUKTOrPamM;
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¢ pabouee OKHO, I'le CBAIUCHHOAEHCTBYET MMOJL30BATENb, BBHITOJIHSS
CIIOXHefllIMe MaTeMaTuyeckue npeobpaszoBanus. O6GpaTuTe BHUMA-
HUE Ha OTCYTCTBUE FOPU3OHTANbHOM NOJIOCh! CKpONIMHra. Maple Bce-
raa GopMaTUpyeT COAEPKUMOE B NpefiefaX IIMPHHBI paboyvero OKHa;

® pacCnoNoXeHHas B HUXKHEH 4acTH '“CTPOKa cTaTyca”, rae pasMewanT-
sl pecypcHas MHpopMaLus o0 HCNOnb30BAHHONM U cBOGOAHOM nams-
TH, BDEMEHHDIE XaPaKTEPHCTHKU H T.11.

aple V Release 3 - ntled)

Menro komano
MeHw BKJIHOYACT 1HECTb KOMAaHA, 06pame}me K KOTOprM BbI3bIBACT BbINA-
JAolMe TTOAMEHIO.

File — oTBe4aeT CNOXUBILEMYCH CTAHAAPTY U BKJIIOYAET CleAyIoMe

NOAKOMAH/bI:

New ~ OTKPbITHE HOBOTO JOKYMEHTA;

Open... ~ OTKPbITHE IOKYMEHTA, COXPAHEHHOT'O Ha IUCKE;
Save ~ COXPaHEeHUE TEKYIIETO JOKYMEHTA;

Save as... ~ COXpaHeHUE NOKYMEHTA noJd HOBbIM UMEHEM|
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Save settings ~ — COXpaHEHMe YCTaHOBOK TEKYILIEro ceaHca paboThl,
Print... — BbIBOJ IOKYMEHTA Ha IIPUHTED;

Printer setup... — U3MEHUTb YCTAHOBKM NPHUHTEPA,

Page Margins... — U3MEHUTb YCTAHOBKU OpMAaTa TEKCTA HA JIUCTE;
Exit — BbIXOJI U3 MTPOTpPaMMBbl.

Edit — pefakTMpOBaHUE JOKYMEHTA (B CKOOKax rmokasaHbl “ObICTpble
KNaBuILn )
Cut (Ctrl + X) - BbIpe3aTb BblAeNeHHblil dparMeHT B 6ydep;
Copy(Ctrl + C) — ckonupoOBaTb BblAEJIEHHbII (parmMeHT B 6ydep;
Paste(Ctrl + V) — BcTaBuTh cofepxuMoe Oydepa HauMHasg oT

TEeKYIIero Kypcopa;

Delete (Del) — YAANUTh BbIACTCHHBIA QparMenT;
Copy to — COXPaHMWTb BblielieHHbIA PparMeHT B daiine.

Format — n3MeHeHWe CTPYKTYPbI WM BUAa paboyero ToOKyMeHTa:

Text Region(F5) — mnepexom B TEKCTOBOH pexuM paboTel U
obpaTHO;

Split Group (F3) - pacwenuTb 00beJUHEHHYIO TPYIIY CTPOK;

Join Group (F4) — 06beIMHUTD B IPYIIy YKa3aHHYIO CTPOKY;

Insert Page Break - BCTaBUTb IPUHYIUTENbHOE pa3lenenue (cTpa-
HULBI),

Insert New Region — BCTaBUTb CTPOKY BBOJA:
Above (Ctrl+O) — BcTaBUTb HaJ TeKYilield CTPOKOH;
Below (Ctrl+]) — BcTaBUTb MO, TEKYLied CTPOKOH;

Remove All — YAAJIUTb U3 JOKYMEHTA BCe:

Input — YAAJIUTb CTPOKM BBOJA,

Output — yIalliTh CTPOKH BbIBOJA;

Text ~ yJaNUTb TEKCTOBbIE PETUOHDI;

Graphica — yAaauTb Tpaduku;
Fonts — U3MEHUTb WPUPT:

Input — U3MEHUTb WIPU(T CTPOK BBOAA,

Output — U3MEHUTb LPUQT CTPOX BbIBOAA (TOJILKO

JUIsl iceBporpaduku);

Text — MU3MEHUTh LIPHUQT TEKCTOBbIX PETHOHOB;

Math Style - 71peboBaHUA K TNPEACTABIECHUIO BbIUUCIAEMbIX

MAaTCMAaTUUYECCKHUX Bblpa)KCHHﬁ:
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Large — 60ONbILIMMK CUMBOJIAMH,

Medium — CpeAHWMH CUMBOJIAMH;

Small — MaJleHbKMMM CHMBOJIAMH,

Character — npeicTaBieHKne GOpMyIT yepes riceBaorpa-
pruxy;

Execute Worksheet — nocnegoBaTelbHOE BhINOJHEHME BCEX KOMAHJA
B paboueM OkHe.

View —onepaiuni KOHTPOJA BUAa TNPEACTABIICHHSA OKOH!

Separator Lines (F9) - BbIBOJ Ha aucrieit u Oymary
pa3aenuTeNbHbIX JIMHUHK;
Status Bar (F2) — ybpartb cTpoKy cTaTyca;
Tool Bar — ybpaTh CTPOKY NMUKTOrPAMM;
Piot Tool Bar — yOpatb CTPOKY NUKTOrpaMM B rpadudyec-
KHX OKHax.

Options — oruKK KOHTPONIA PeXUMOB paboThI:

Save Kernel State — KOHTPOJIb aBTOMATHYECKOI O COXpaHEeH U
pe3ynbTaToB B (aine;
Confirmation Checks — noATBEPXAEHHE 3aNKCH JOKYMEHTA,

Fast Graphics Redraw - GbicTpas riepepicoBKa rpadukos;
Automatic Save Settings — aBTOMaTH4YECKOE COXpaHEHHE YCTAHOBOK,

Replace mode — TIEPEKITIOYEHUE PEXKMMA 3aMEHDI HA
BCTaBKY B CTPOKE BbIBOA,

Continuous mode — T10CJIe rIepecyeTa He BCTABIISlETC HOBAs
CTPOKA BBOAA;

Insert Mode — 10CIIe NepecyeTra BCTABISETCS HOBas
CTPOKa BBOJAA,

Insert at end mode — TOCJIE MIEpECYETa BCTABJAETCA CTPOKA

BBOJa B KOHEL TEKCTA.

Cmpoka nukmozpamm

16 nuxkrorpaMm pa3buTel HA ceMb Tpynil. Pag u3 Hux gy6nupyloT HEKOTO-
PbIE KOMAH[Ibl MEHIO.
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[lepas rpynna u3 yeTbipex MUKTOTPaMM oTpaxaer obuienpuHaToe obo-
3HAYEHWE CTAHJAPTHBIX MPOLEAYP: OTKPbITh HOBbI aitn, 3arpy3uTh ¢ain ¢
JUCKa, OBICTPOE €r0 COXPAHEHUE U BHIBOL HA TPUHTEP.

Crnenymoolme TpY — COOTBETCTBEHHO BbIPE3aTh, CKOMMPOBATh M BCTABUTH
thparMeHT, MCNoJIb3ysd NMPOMEXyYTOUHbII Oydep Windows.

Dl=1als] (k)] (2] .

12 3 4 5 67 9 10 1112 13 14 15 16

BocbMas nukTorpamMma BCTaBlf€T CTPOKM BBOJA. JeBATas BKIIOYAET M
BBIKJIIOYaeT 3HAK “>" B Hayaje CTPOKM BBOOA, 4 Ae€cATas — pa3fciuUTeNbHbIE
aunny. TTukrorpammel ¢ 11 no 14 ynpaBnsioT kadecrBoM wpudToB. I1aTHa-
Juaras — MO3BOJISET NMPEPBaTh BLIYMCIUTENbHBIE Mpouecchl cucteMbl. Hy, a
TpaayLUMOHHBINA 3HaK BOMpoca Bbi3biBaeT “‘Browser” HaBUTraTop BCTPOEHHOTO
CIIpaBOYHMKA.

Cnpasounas cucmema Maple

CripaBouyHas cucrema Maple yAOBIETBOPUT  €aMmMOro B3bICKATEIbHOIO
nonmb3oBatess. B Hell moMeuieHbl HecuncneHHbie NOAPOOHbBIE CIPaBKU MO BCEM
(bYHKUMAM, 3bIKY [POrpaMMHpPOBAHMA, KOMaHIaM YNpPaBJIICHUA pecypcaMmm.
[MpakTHueck BO BCE U3 HUX BKITIOUYEHBI MHOTOUUCIIEHHbIE IPUMEDHI.

Komanpa HELP Bbi3biBaeT Bbina-
Jarouiee MeHio (cM. pucyHok). Kpome Tto-
ro, BO3MOXHbI TOUCK MO KIIOYEBOMY CIIO-
By (Shift+F2), nonyuyeHue cnpaBkH O KO-
MaHAax ¥ NukTorpaMmax  uHTepdeiica
cucrembl (Shift+F1) W, rnaBHoe, noiyye-
HUE CTIPAaBKH N0 cl1oBodopMe, HAa KOTOPOit
crout kypeop (Ctrl +F1).

Knasuwa F1 Bbi3biBaeT Browser, ¢ ApEBOBMAHBIM INPEACTABJICHUEM HMH-
dopMaumu no cemd ypoBhaAM. [lonb3oBarens MoxerT noayuyuTh Homee 2200
noApoOHEINUX CIpaBOYHBIX cTaTell, NPeAcTaBIsouWMx coboi hparMeHTs! Tu-
NEPTEKCTOBOTO (haiisia ¢ NepekpecTHbIMU CChITIKAMHM U “)KUBBLIMU NPUMEPaAMu”,

- ’B’rowser
L ﬁeyword Search
Intetface Helpm ,
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KOTOPbIE MOXHO KONMPOBAaTb B pabouyl cpely u NMPOUIPLIBATL CO CBOMMH
JdaHHbIMK. Huke mnokasaH BHA OMUCLIBAEMOTO CMPABOMHOTO HaBuraropa. Y
KaXA0TO YPOBHA MOXET ObITb MOJIOCa CKPOJUIMHra. Bblbop ocyuiecTBisgeTcs
MBIHIbIO WJIM KJIaBUIIAMH KYpPCOpa.

> Maple V Help Browser
S B . 3 wE ,‘ﬂ:

i

¥ rations.. "

Haspanus tem B Browser, 3a KOTODBIMU CIEAYIOT TPU TOYKH, UMEKOT MOJ-
pazaeisl.
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2. PEXXUMbI PABOTbI C YACNEHHLIMU BbIPAXXEHUAMU
JIroboe BBeAeHHOE BbIpaXKeHHe B Maple MOXET 3aKaHYHBATLCS CUMBOJIOM

. et

:” 6o cuMBoNOM “;”. B nepBom ciydae pe3ynbTat He 6yaeT BHIBOAUTHLCS Ha
3KpaH, BO BTOpoM — Oyqer.

Ipumep:
> x:=0.5%(2/3):.

> x:=0.5%(2/3);
x = 33333333324

Ecav Mbl XOTMM HCMOAbL30BaTh BbipAXXE€HHUE, BBCACHHOE paHee, TO HeobXxo-

IR L)

JAUMO BOCINOIb30BATHCA CHMBOJIOM .

ITpuuem:
"~ BOCMOJb30BATbCS BbipAXXEHUEM, BBEIEHHbBIM lepe] JaHHbIM;
— BOCIOJIb30BaTbCA BBEACHHBIM 32 OJHO BbIpaXK€HHE PaHee;

— BOCINOJb30BaTHCA BBCACHHBIM 34 ABA BbIPAXECHHUSA paHEE.

[y

Ipumep:
> x:=1/3:

> y:=2/3:
> 7:=4/9:

> f:=n+nn+unn;

13
S=5

Y066 NpUGIH3NTDL BLIPAXKEHUE, NOTY4EHHOE B CHMBOJIBHOM BHAE YHUCIOM
C NIaBarouled TOYKOM, CIyXHUT KoMaHaa evalf.

Hpumep:
> evalf(");

1444444444
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H3MeHuTh TOYHOCTH MPENCTaBJICHUA YHCIA MOXHO MpPH MOMOLIM [JIO-
HanbHOi nepeMenHoit Digits. Hampumep, pacneuaraeM 4HCIO “mU” ¢ TOYHO-
ctbio 30 3HaKoB.
> Digits:=30;

Digits = 30
> evalf(Pi);

3.14159265358979323846264338328
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3. NPUMEPbI BbI4YUCIIEHUA B CPEAIE MAPLE V

3.1. QueppepenyuposaHue

B cpene Maple V MOXHO Jierko HalTH Kak CTaHIAPTHbIE [uddepeHunansi,

TaK ¥ aubdepenuunanst ot Mo0b1x GYHKLMHA, a TAKXKE YACTHBIE IPOU3BOHbIE.
Ans HaxoXJAeHHs IPOM3BOJHBIX OT BbIpaXKeHU# cyuiecTByeT komanaa diff:

>f:=sin(x)"2: diff(f,x);
2 sin(x) cos(x)

Haiigem nponssonnble OT QYHKLUMHK ABYX IEPEMEHHbBIX:
> Ffunction:=cos(x)*y+sin(y)*x;

Ffunction = cos(x)y +sin(y) x
IMpounsponHas no x:

> diff(Ffunction,x);
-sin(x ) y + sin(y)
ITpousponnas no y:
> diff(Ffunction,y);

cos(x) +cos(y) x

Jns HaxoXJAeHHUs [POU3BOIHBIX GONiee BbICOKOTO MOPAAKA LOCTATOYHO
yKa3aTb nociie aprymenra IuddepenuupoBanus 3Hak $ M nopsaok NpoH3BOL-
HOH:
> diff(Ffunction,x$2);

~cos{x)y
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Cyutectyer ocobblii onepatop D, npuMeHuMblii Ut auddepeHupposa-
HHS OMNEPATOPOB M 3aJaHUS HAYalIbHbIX YCIOBHMI mpu pewieHud auddepeHun-
aJIbHbIX YPaBHEHUWH.

K npuMepy, HalizeM NpOU3BOAHYIO OT ONEPATOPOB COS H tan:
> D(cos); D(tan);
-sin

l+tan2

Onepatop D MoXHO Hcnonb3oBaTh Wi auddepeHUMPOBaHUS MOJIb30Ba-
Tenbekux GyHkuuii. Hanpumep, samaauM dyHkuuio f=x*2 u BeIUMCIMM ce
[IPOU3BOHYIO:
> fi=x ->x"2: D(f);

x—2«x
3agaguM QyHKUMIO ABYX NEPEMEHHbBIX!

> f:=(x,y) —>exp(x*y);

S=(my) e

Haiigem npoussognyio ot ¢yHkuuu f no nepemeHHo#t x. [ns atoro B
KBaApaTHbIX ckobkax Bcnen 3a onepatopoM D Heo6xoauMo ykaszaTb, O Kako-
My 37IEMEHTY MHOKECTBA HEM3BECTHBIX CIEAYET HAXOAHTh NPOU3BOAHYIO!

> D[1)(f);
(x.y) >y ()
IIpoussogHas o y:
> D{2)(f);
(x,y) —>x e(xy)

Creayiowmias 3anucb 03Ha4aeT, YTO cHavyaya 6epercs MpousBoJHa Mo X, a
3aTEM MO y:
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> D[1,2](f);

(x.5) _}e(xy) +xy e(Xy)

3.2. HlHmeapupoeaHue

C nomouplo Maple MOXHO HAXOAMTL KAK ONPEAEIEHHbIE, TAK U HEonpe-
AeNenHbIe MHTErpasl, UCTIONB3YA KoMaHuay int. K npumepy, Haiigem Heonpeae-
JEeHHBIA MHTErpan oT GyHKUMH X:

> int(x,x);

oy

o) —

3Hauenye TOro ke MHTerpana Ha npoMexyTke ot 0 g0 5 onpenensercs
crnenyoym obpa3om:

> int(x,x=0..5.);

12.50000000

bBoraruiii anmapaT BCTPOEHHbBIX MAaTeMAaTHUYECKMX (QYHKUMA MNO3BOIAET
HAWTH 3HAUYEHN MHTErPasioB, HE BbIPAXAIOLIMEC B aHANUTHUeckoli fopme:

> var3:=int(cos(x"2),x);

_1 J2x
var3 '_Eﬁ NES FresnelC( ﬁ )

3necy dynkumsa FresnelC onpenenena B cpene Maple.
Hajijsiem 3HaueHne uHTErpana ot cos(x*2) Ha orpeske ot 0 xo 1:
> var3:=evalf(int(cos(x"2),x=0..1));

vard = 9045242375
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3.3. Npedensi

Cpeny Maple MOXHO MCHOAB30BATHL U1 HAXOXKAEHWUS NPEENOB OT pPas-
ANYHBIX QYHKUMH.

Onpenennm gyskumio f:

> fi=1/x;

M |—

Haitnem npenen ¢ysxumn f npum x, crpemsiueMcs K GECKOHEYHOCTH
{OeckoHeuHoCTh B Maple o6o3Hauaercs xak infinity):

> limit(f,x=infinity);

Eciu ykazaTh 3arnaBHYIO O6YKBY, TO Npeaei He 6yHeT BLIYUCICH, a NMULUL
3aMucaH:

> Limit(f,x=infinity);

i L
x—=w *

MoxHo HaiiTH mpenensl crpasa (right) w cnesa (left) B onpeneneHHo#H
touke. [Tpenen pynkumu f Npu X £TpeMsiLEMCs K HYIIIO CIEBA:

> limit(f,x=0,left);

-00

3.4. Psidbi

B Maple moxHo nerko 3apaath moboi pafa, a TAKXKe BHIYUCIUTL €C0 CYMMY.
[Tpy 3ToM komaHaa Sum AMLIL pacrnedaTaeT psj, a KOMayaa sum HalJeT ero
CYMMY:
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> Sum(1/n!,n=1..infinity);
0
>
zl
n=1

> sum(1/n!,n=1..infinity);

e—1

Bo3MOoXHbBI CIIEAYIOIINE ONEpaLUK JI1 HAXOXIAECHHUSA CYMM!

> sum(i*2,i=0..6);

> sum(i*2,i);

> sum(ali},i=1..4);

a1+a2+a3+a4

> sum(i/(i+1),i=0..n);

n+1-Y(n+2)-v

Maple BbIpasun 3HadeHue cyMMmbl i/(i+1) npu 1=0.n uepe3 3Ha4YeHUS
BCTPOEHHbIX MaTemaTHdecknx dyHkuuit PST n GAMMA.

Onpeenum mpesen cXOAUMOCTH pAaa, KOTa n MeHsercs ot 1 1o Gecko-
HEYHOCTH!

> sum(n”2/3*n,n=1..infinity);

[NeIRVN
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Bosmoxnocrn Maple ans paznoxenns Gyuxuuit 8 psn orpomusl. Bkmro-
YEHO Pa3JIoEHNE M0 OPTOrOHANLHBIM MoTUHOMaM, B psij Teiinopa n T.4. Ha-
npuMmep, pasinoxum B psag Teiinopa GyHKUMIO exp(X) OTHOCUTENLHO TOUKH X=0
1 BO3bMEM MEPBBIE YEThIPE YjieHa pAaa:

> taylor( exp(x), x=0, 4 );

l+x+%x2+%x3+0(x4>

Bo3sbmem HeonpeaeneHHblit HHTerpast:

> int( exp(x”3), x );

e<XB>dx

Cpeaga Maple He cmorna HalTH 3HadeHWe WHTErpana oT exp(x"3), HO
MOXHO MOnpodoBaTEL MPUOIIM3UTE 3HAYEHHE uHTerpana pagom Telinopa:

> taylor(", x=0);

x+}—1x4+0<x?>

Ipu pasnoxenuu B paa Teiinopa Maple gobasnser K pe3ynpraty pasio-
KEHWS OCTATOUYHBIH UJIEH HEKOTOPOro Nnopsaka. YToOk! BbIMTOIHWTL BBIYNCIIE-
HUA C [TOJIYYEHHBIM PSJIOM, €ro HaJo npeocbpazoBaTh B MHOI'OYJIEH, NPU 3TOM
0CTAaTOYHbIH YneH OyAeT OTOPOLUEH:

> convert(" ,polynom);

x+

P
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4. CTPYKTYPb! AHHbLIX B MAPLE V

4.1. lMocnedoeamenbHocmu, MHoXecmea U CNUCKU

ITocnenoBarenbHOCTh — 3TO HABOP MEMEHTOB, PA3NCICHHBIX 3aMSTHIMU,
6e3 ckobok. Hanpumep:

> S:=1,2,3,4,5,6;
S§=1,2,34,56

[ns reHepauuu nocneIoBaTebHOCTH B cpeae Maple cnyxur koManaa seq.
CHHTAKCUC BbI3OBA JAHHO! KOMaHIbL:

seq(y,i=m..n)
seq(y, 1= x)
IMapamerpsl: y — M0GoOe BhIpaXeHHe, | — UMs; M, N — YUCIEHHbIE f1apa-
METPBI; X — BBIpAXKEHHE.
Haubonee pacnpocrpanentblit Bb13oB: seqff(i), i = 1..n) , koTOpHIA TeHe-
pupyer rocnenoBatenbHocth (1), f(2), ..., f(n). Menee ynorpebumbiif -
seq(f(i), i = m..n), cozparowuil nocnegoparTenbHocts f(m), f(m+1), f(m+2), ...,

f(n). 3mecb m ¥ n MOTYT ObITb HE TOJIBKO THUIIA integer.

> seq(sin(Pi*i/6), i = 0..3);

> L= seq(i, i = 0..6);
L=0,1,2,34,56

IMocTpoum [OCNEAOBATENBHOCTb, COCTOSIUYIO M3 OCTAaTKOB OT JE/IeHHA
3/IeMeHTOB criucka L Ha 7:

> seq(i*2 mod 7,i = L);
0,1,4,2,2,4,1
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MHoxecTBa NpUHATO 0003HayaTh GUrypHLIMH ckobkxaMu. MM npucyuiu
BCE MPaBUJIa Npeobpa3oBaHMs, MPHHATHIE B KJIACCMYECKON MaTeMaTHke.

> setl:={sin,cos,tan,cos};

setl = {cos, sin, tan }

MCHOIIb3leTCH cieaytoue onepauunu npeo6paxoBaHmI MHOXCCTB!

op — W3BJIEYEHHE JIIEMEHTOR;

nops — MOJACUYET KOIMUYECTBA IIEMEHTOB;

union ~ 00BbEAMHEHNE MHOXKECTB,;

intersect - nepece4eHHe MHOXKECTB;

minus ~ BbIYMTAHHE MHOXECTB;

member  — NPUHAAEKHOCTb 3JIEMEHTA MHOXECTBY;

seq ~ reHepaLus NOCAeJOBATCIbHOCTH;

convert — npeobpa3oBaHie MHOKECTBA B IPYTHE CTPYKTYPbL.

H3BnedyeHue 371EMEHTOB € MEPBOrO MO BTOPOH U3 MHOXecTBa setl:

> op(1..2,setl);

cos, sin

Onpeﬂene}me KO/IMYecTBa 3JIeMEHTOB B MHOXECTBe setl:

> nops(setl);

ObbenuHenue aByx MHOX¥ecTB {a.b} u {b.c}:
> {a,b} union {b,c};

{a, b, c)

Ilepeceyennue:
> {a,b} intersect {b,c};

(&)
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Bruiunrtanue:
> {a,b} minus {b,c};

{a}

[IprHANIEXKHOCTD 371EMEHTOB 'a' M 'cOS' MHOXECTBY setl:

> member(a,setl);

false
> member(cos,set1);

true
I"eHepaums NocnegOBATEILHOCTH 'p' M MHOXeCTBa L:
> p:=seq(x,x=1..4);

p=12734
> L := {seq(ylil,i=1..4)};

L= {y3,y4,y1,y2}
JobasneHne 37eMeHTa K MHOXECTBY L
> L := {op(L),z[51};
L= {yl,yz,yB,y4, 25}
VjaseHue BTOPOTO IEMEHTa W3 MHOXecTBa L:
> L. := subsop(2=NULL,L);
L={rpypopsst

Cnucox NpUHATO 0603HaYaTh KBaIPaTHbIMHU CKOOKaMH.
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> list1:=[sin,cos,tan,cos|;

fist] = s, cos, tan, cos]

Co cnuckaMM MOXXHO MPOU3BOAWTL MaTeMaTH4YeCKHe OMepauud, HAMPH-
mep aubdepeHUUpPOBaHUE:;

> D(list1);
[cos, -sin, 1+ tan2, -sin]

anBCﬂCM HEKOTOPLIC ONE¢pau HaJ CIIUCKAMU!

op ~ M3BJIeYEHHE 3TIEMEHTOB U3 CIHCKA;

nops — NOJCHET KOMIUYECTBA 3JIEMEHTOB B CIIUCKE;
member - NPMHAIJIEXHOCTh CIUCKY;

convert - npeobpazoBaHHe B APYTUe CTPYKTYPBI.

H3Biieuenue ABYX 37JeMEHTOB U3 cnucKa listl:
> op(1..2,list1);

sin, oS

OnpeaenuM KOJMUYECTBO 3]IEMEHTOB B cnucke listl:
> nops(listl);
4
IMpoBepUM NMPUHAMIEXHOCTL IEMEHTA 'a' CIUCKY listl:
> member(a,listl);

false
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IIpeobpa3zoBanue cnycka list] BO MHOXECTBO:
> convert(listl,set);

{cos, s, tan )

Ilo OTHOWIEHHIO K CIIMCKAM W MHOXECTBAM JAOMYCTHMbI OoNepanuu rnpu-
CBANBAHUA:

> list2:=list1;

list2 =[sm, cos, tan, cos )

4.2. Maccussl u mabnuysi

MaccHB — KOHEYHOMEPHBIH CIMCOK ¢ HEJOUMCIIEHHbIMK UHAeKcaMu. One-
palMH, MPUMEHSIOLLMECT K MACCHBAM:

array - co3JaHue MaccuBa;

print - pacneyatka COAepX UMOr0 MacCHBa;

map — 3aJaHue onepandy HaJ BCeMU 3JIEMEHTAMUM MaccHBa;

op — W3BJICUEHME 3JIEMEHTOB (YTOUYHEHNE 3aJaHNS MACCHBA).

Co3aaiMM MaccHB V.
> v:= array(1..4);
y=amray(l 4,[ ]
3aroaHuM 9TOT MACCUB 3JIEMEHTAMM ¥ PACIIEYATAEM €T0 COAEPKUMOE!
> forito 4 do vl]i]:=i od:

> print(v);

[1 2 3 4]
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Co3zaanM 0JHOMEpHbBIH MaccHs 's' ¢ HYJIEBbIMHM 3HAYECHHSIMH:
> s:=array(1..2,[0,0]);

s=[0 0]

Co3aamuM AByMepHbIit MaccHB 'm'":

> m:=array(symmetric,1..2,1..2,][cos(y),0],[0,sin(y)]]);

_|eos(y) 0
’”“[ 0 smcy)}

3anaauM onepauuio AUPPEPEHUUMPOBAHHUS HaJ BCEMH JJIEMEHTAMU MAacCH-
t )

Ba m:

> map(diff,m,y);

[-sin(y) 0 }
0 cos(y)

OnpeaenuM xapakTepUCTHKA MaccHBa 'm'"
THIT MACCUBA

> op(1,eval(m));

symmetric
pa3Mep MaccHBa

> op(2,eval(m));

311EMEHTbl MACCUBA
> op(3,eval(m));
[(1,2)=0,(2,2)=sin(y). (1, 1) = cos(¥}]
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B oTivuMe OT MAaccuBOB, rA€ MHIAEKChHI — LENOYMCIAEHHbIE 3HAYEHHS, pac-
NOJIOXKEHHbIE MO MOPAAKY HOMEPOB, MHIEKCHl ¥ TabnuL — NoOble 3HAUEHHUA.
Tabnuua 3agaercs ykasaHuem cioba “table™:

> table( );

table([
D

Komanga “table( )” cozgana Tabnuuy c HeonpeaeneHHbIMH 3HAYEHHUAMH.
Onpenenum 3HaueHHA TabNULb], BHINOTHUB KOMAHAY:

> table([22,42]);

table(]
1=22
2=42
D

Tak kak HHAexchbl TabGaulbl He ObITKM onpeleneHbl, TO MPOrpaMMa cama
NPUCBOMIA UM LIEIOYUCTIEHHbIE 3HAYEHUS, PACTIONIOXEHHbIE N0 MOPAAKY. 3aja-
IOUM MHOEXChbl TaOmuLb! cneayoluM obpasom:

> S := table([(red)=45,(green)=61});

S = table(]
green = 61
red = 45
D

O6paTuMcs X dJIeMeHTaM TabnuL bl

> S[1],Slred];

31,45

Hana tabnuuamu BO3MOXHbI pasnuuHbie onepauny. 3azaaum tabnuuy F,
37IEMEHTAMH KOTOPOH ABJISIOTCA ONMEPATOPHI:

> F:=table(Jy=(x —> x"2),cos= - sin]):
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PacneuataeM tabmuny:

> print(F);
table([
cos = -sin
y= (x - x2)
)

BbiuMcanM 3HayeHHe dieMeHTa Tabnuipl 'y’ OT apryMmeHTa, paBHoro 3:

> Flyl(3);

Takum 06pa3oM MHOXECTBA, CMUCKH, MaccuBbl, Tabauubl — 3TO rudkas
OCHOBa /Ut co3AaHus H0J1ee CJI0XKHbBIX CTPYKTYD AAHHbIX.
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5. MATPUYHbIE U BEKTOPHbIE BbIMUCJIEHUA

Cpeaa Maple 1no3BoasieT BbITONHATL BCE CTAHJAPTHBIE OMEPaLMM. Ofpe-
JeNIeHHbIe B JIMHEHHOW anreOpe. OHM CTAHOBSTCS AOCTYMHBIMU MPH MOAKIIO-
uyeHumn 6ubnunotexu "linalg”". Bubnmuoreku noakio4aloTes yepes komarv with
C YKa3aHUEM €€ UMeHM. B HalueM cryyae 3anuuiem:

> with(linalg):

[TpuBeaem HekoTOpbie M3 107 KOCTYNHBIX ONepalni:

vector - 3aJlaHHe BEKTOD4;

matrix - 3aJAHUE MATPHLbL:

minor — pacneyarka MMHOpPA MaTpHuLbl:

rank ~ HaXOXICHUE PAHTA MATPHLbL:

transpose - TPAHCITOHUPOBAHUE MATPULIbL:

det — BLIYHCIICHHE OMpee/InTelIs;

cond ~ 4MCJI0 0OYCIOBACHHOCTH MATPHULbI:

Inverse - HaXoxKjaeHHe 0OpaTHOH MATPHULIbL;

eigenvals ~ BbIYMC/IEHME COOCTBEHHBIX 3HAYCHUI MATPHLbL:
eigenvects  — BbIYMCAEHUE CODCTBEHHBIX BEKTOPOB MATPHULbI:
charpoly -~ XAPAKTEPUCTUUYECKUI MHOTOWJIEH MATPULIbL.
multiply ~ YMHOXEHHE MaTpHLL

jacobian -~ BBIMMCIIEHUE siIKODOMAHa OT BeKTOpa GYHKLMI.

OripejeanM BeKTop 'a”:
> a:=vector([2,x"2,4,5.3,alphal);

a::[2 x4 53 O.‘]

3agaanM MaTpUily:
> A:=matrix({[1.1,1],[4,1.6],[7,1,9]]);

1 1 1
A=[4 1 &
7108
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PacneuataeM MHHOpP MaTpHLbl A, OTBEYAIOWIMH 3IEMEHTY, CTOALIEMY BO
BTOPOW CTPOKeE 11epPBOro cToNbUA:

> minor(A, 2,1);

Haigem panr matpuusl A:

> rank(A);
3
TpaHcnoHMpoBaHHe MaTpHLbI A:
> AT:=transpose(A);
1 4 7
AT=[1 1 1
1 6 9
Haligem onpeaenuTens MaTpulibl A:
> det(A);
6

Yucino o6yCIOBIEHHOCTH MaTpHibl A (BeluncieHHoe o L — HopwMe):

> cond(A,1);
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OTblickanMe 06paTHOM MaTPULIbL:
> Al:=inverse(A);

104 5
2 3 6
_ 14
Al ={ 1 3 3
-1 -1

'z 7

TlepemHoxenue Matpuu A u Al (omepatop &* ucnosb3yercss Ld YMHO-
XEHUq MaTpuLl ).

> El:=evalm(A&*Al);

10
El =0 1
0 0

—_ O O

Ilpeobpasyem MaTpuuy A, OCNE Yero HahaeM ee CoOOCTBEHHbIE 3HAYEHUS.
Ilpu sTOM ucronb3yeM komanay array(identity,1..3,1..3) ana co3manust enu-
HUYHO# MaTpuLbl 3x3.

> B:=evalm(A — lambda*array(identity,1..3,1..3));
1-A 1 1
B=| 4 1-A 6
7 1 9-A
> f:=det(B);
F=6-2%+112%-23

> res:=evalf(solve(f,lambda),4);

res = 10.87, 067 +.7395 ], 067 — 7395/
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Pesynbrar, MONy4yeHHbIA B XO/€ BBIMONHEHUS TPEX HPEALIOYLIMX KOMaH[I,
MOXHO HalTH, MPOJeNas JIULIb OJHY ONEPAlMIO HAJ MATPULIEH A

> evalf(eigenvals(A),4);
10.87, 067 + 739517, 067 — 73951

Haigem xapak TepucTHYECK Uit MOJTMHOM MaTpHLb! A:
> charpoly(A,lambda);

Ao 11A%420-6
CobOcTBeHHbBIE BEKTOPHl MAaTpULbl A MOXHO HaiiTH C MOMOLIBLIO CledyIo-
el KOMaH/JbI:

> evalf(eigenvects(A,'radical'),4);

[10.87,1,{[1. 3.978 5.893]}]
[067+ 739521, {[1 -1833+ 90267 -7487- .163111}],
(067739521, {[1. -1833— 90267 -7487+.16311]}]

Pe3ynbrar BbIAAETCS B pOpME:
[num,r,{vect}],
rae num — cobcTBEHHOE 3HAYSHUE MaTPUILbi;
I — KPaTHOCTb COGCTBEHHOTO 3HAYEHMS,
vect — COOCTBEHHbIM BEKTOD;
‘radical’ — kmo4, ONIpeAeNAOLMIA PEKUM HAXOKIEHUS] BCEX COOCTBEHHBIX
3HAYCHUH.

Co3panue cn1y4aiHoH MATPHULbI Yepe3 TeHepaTop ciy4alHbIX yucen rand:
> G = array(1..3,1..3):

> r:=rand(100):
> for i to 3 do for j to 3 do Gli,j] :=r() od od:

> evalm(G);
81 70 97
63 76 38
85 68 21

TMepemuoxum matpuly G Ha caMy cebs:
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> multiply(G,G);

13121 12770 9797

19216 17586 12554
12954 12546 11270

Bbiyncnum akobuaH ot sekTopa A:
> A := vector( [x"2, x*y, x*7] );

> jacobian(A, [x,y,z]);
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6. PELUEHUE NUHEWHBIX U HENUHEMAHBIX YPABHEHUN N CUCTEM

6.1. O6bIKHOBEHHbI€ 8bIPaXeHUSs

Jns pelienus TUHENHBIX U HEJIMHENWHBIX YPABHEHUM U CHCTEM CIIYXHT KO-
MaHza solve.

Hanpumep, 3agaaum nenuHeiHoe ypaBHeHue:
> eqnl:=x"3 — 54*x~2+972*x - 5839=0;
eqnl =x°—54%%+972% - 5839 = 0
Jlanee pelinM ero OTHOCUTENILHO [IEPEMEHHON X:

> solve(eqnl,x);

173

ZRRESUIRE VLRt P PN - E R S R R YN R

1
2 T2
[Monyuum NpubMKEeHHOE pelleHue A0 NATOrO 3HAYALIErO 3HAKA!
> evalf(",5);

19.913, 17.044 + 1.6567 1, 17.044 — 1.6567 7

Haiinem peienue HeMHeHHOro ypaBuenus In(x) — 2x(In(x) — 2)=0:
> eqn3:=In(x) - 2*x*(In(x) — 1)=0;
egnd =ln(x)-2x (ln(x)~1)=0

> a3:=solve(eqn3,x);
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CnenosatenpHo, cpese Maple He yaanock HaliTH pellieHHe B CHMBOJNIBHOM

BUAE, HO MOXHO NONpoBOBaTh HAWTH pellicHHE B YUCIEHHOM Buae. g 3Toro
CIYXHT KoMaH1a fsolve:

> a3:=fsolve(eqn3,x);

a3 = 3258475747

C noMouibio Maple MOXHO HAXOAUTb PEIIEHUS TUHERHBIX U HETMHEHHBIX

ypaBHeHud M cucteM. Hanpumep, paccMoTpuM cucTeMy M3 Tpex JNMHEHHBIX
ypaBHEHUH.

>eqsli={ x+2*y + 3*z =6,
> 5*x + 5*y + 4%z =1,
> 3*y +4*z =1}
egs! ={S5x+5y+4z=1,x4+2y+32z=6,3y+4z=1)

> al:=solve(eqgsl, {x,y,z});

> evalf(al,4);
{(x=3231,2=6308,y=-8077}

VCnoxHUM NpUMeED, PACCMOTPEB CHCTEMY M3 TPEX NMHEHHBIX ypaBHEHHH C
napaMeTpoM.

>eqs2:= {a*x +2*y + 3%z =6,
> S*x +at2* Sty + 4%z =1,
> 3*y + 4%z = 1};

2

eq52:={ax+2y+32=6,5x+5a y+4z=l,3y+4z=l}
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> 32:=50]Ve(eq529{x9y9z} );

2_ 3_
a2={x=21 542-3  __ 5a 3a+80,y=_m5_____L____}

12a+20a°+5 -12a+20a>+5 12a+20a°+5
PaccMoTpuM pelliende CUCTEM HETUHEHHBIX YPABHEHHIA.
Ipumep 1 ( cpeda gvt0aem o0no pewenue ):
>eqsS = {2*x*y=1,x +z=0,2%*x — 3%z =2};

egsi ={(2x-3z=2,x+2z=0,2xy=1}

g

IMpoBepuM, NPaBUIBHO JH MBI PELIMIM HaHHYK CHCTEMY METOAOM NOA-
CTAHOBKH, NPH MOMOLIM KOMaHb! subs. 31€ck MBI UCNOB3YEM NPUHATHIE 060-
3HaueHud "— nocaenHee W ""— npeanociaeqHee.

> solve(eqs5,{x,y,z});

Bl

2
» & S’y"

WD

> SubS("," N);

(2=2,0=0,1=1)

Hpumep 2 ( pewenuti Mrozo):

> eqs6:={ x+y+z=26,
> x"2+y"2+27°2=14,
> x"3 +y"3+ 273 =136};

2 3.3

eq56:={x2+y2+z =14,x3+y +z =36,x+y+z=6}
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> solve(eqs6,{x,y,z});

{(z=2y=1,x=3}, {y=1,x=2,2z=3), (z=1,x=3,y=2}, {x=1,y=2,2z= 3},
{(z=1y=3,x=2},{z=2,y=3,x=1)

6.2. [lupghepeHuuanbHbie ebipaXKeHURA

Maple >ddexTriBen UIs 3aAay ¢ pasaUUHBIMU THAAMU UG epennab-
HbIX ypaBHeHnd 1 cucteM. Ecnu 310 Heo6xoauMo, To cpeda aact npubavkeH-
Hoe 4uceHHoe peuienue. Ko Bcemy npoueMy, CyuleCTBYET BO3MOXHOCTb MC-
noab3oBaHus npeobpasosanus Jlanmaca, uuciaedHHbix MeTooB Pynre — Kyrtra
2,3,4,5 n naxe 7 1 8-ro nopsaaka. Ocobo cneayer NoAUEPKHYTb BO3ZMOXKHOCTD
pelleHns cucTeM oObIKHOBeHHbIX AMdiiepeHUMaNbHBIX YPABHEHMNIA.

Hanpumep, Bo3bMeM npocTeiiuiee AvddepeHuianbHOe ypaBHeHe  y'=y.
> dsolve(diff(y(x),x) - y(x)=0,y(x));
y(x)=¢* C1

B orsere npucyrcrByer _Cl — nmpou3sBonbHAag KOHCTAHTA, TaK Kak Ha-
yaJbHbIC YCJIOBHMS He 3amadbl. Ecinu 3aAarh HavagbHble YCIOBUA, HANPHUMED
¥(2)=5, 10
> dsolve({diff(y(x),x) - y(x)=0, y(2)=5}, y(x));

x
=4
y(x)=5—5
=4

BosbmeM npumep ¢ audipepeHuranbHbiM ypaBHEHUEM BTOPOro MOPAAKA:

> dsolve(diff(y(x),x$2) — y(x) = 1, y(x));
y(x)=-1+e* _Cl+ _C2 c(-x)

[Monpocum Maple ai1a ypassenus y''+53'+6y=0 ¢ Ha4yaJIbHbIMH YCIOBUAMHU
y(0)=0, y'(0)=1 NpPUMEHKHTb METOJ, OCHOBAHHbBIM Ha npeobpasosannu Jlanna-
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ca, T.e. BKIIIOYMM B KOMAHIy YCJIOBME B BWJAE AOMOJHMUTEILHOTO YKa3aHMs
method=laplace:

> del := diff(y(t),t52) + 5*diff(y(t),t) + 6*y(t) = 0;

der = 2y +5(§ (z)+6 =0
S y(2) 5 V) |+ oyle) =
> dsolve({del, y(0)=0, D(y)(0)=1}, y(t),method=laplace);

y(¢) = -e(_B Z)+e(-2z)

Pewinm cuctemy: y'=z, z'=y ¢ HayanbHbIMU ycnoBusamu y(0)=0, z(0)=1
OTHOCHUTENILHO Y(X) W Z(X):

> sys := diff(y(x),x)=z(x), diff(z(x),x)=y(x): fens := {y(x), z(x)};
Jens = {y(x), 2(x)}

> dsolve({sys,y(0)=0,z(0)=1}, fcns);

{y(x)—% x——l-e( x) ,Zxy= 2& +1 (x)}

K Toil e cucTeme MpUMEHHM meTold npubanxeHus GyHKUMHA paAgaMu
(series):

> dsolve({sys,y(0)=0,z(0)=1}, fens, type=series);d

{z(x):l+%x2+2l4x +O< 6) y(x)—x+lx3+%x5+0<x6)}

QueHb M3s1LEH METOJ YHCITEHHOTO WHTErpHpoBanus. Hanpuwmep, amna Ton
e CUCTEMBbI §YS!

> K := dsolve({sys,y(0)=0,2(0)=1}, fcns, type=numeric):

Teneps MOXXHO HAHTH 3HAYEHUS PELIEHUA B KOHKPETHBIX TOYKaX:
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> F(0);
[x =0, y(x) = .2890728569016066 10'7, z(x)= .999999881386018]

> FQ);
[x=1,y(x)=1175201093665006, z(x ) = 1.543080478651408]

6.3. PekyppeHmHble 8bipaXxeHus

Jns pekyppeHTHLIX BhIpaXKeHHH UCMONL3YeTCs KoMaHaa rsolve.
> rsolve(f(n) = — 3*f(n— 1) — 2*f(n - 2), f(k));
(280)+81)) (-1)F + (RO) - R1)) (-2)F

> rsolve(f(n) = 3*f(n/2) + 5*n, f(n));
In(x)

(8,68 ), )

> rsolve(t(b*n) = a*t(n) + n, t(m));

f1)n

(2 +1)
ke, 6) ) <
b(-b+a) b+a
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7. PEWUEHVE AU®OEPEHLUUATbHbLIX YPABHEHUMN C
BU3YANN3ALIMEN PE3YNbLTATOB

I'paduuecckas 6ubnuorexa DEtools comepxur cpepctBa s NOCTPOEHUs
pewieHui 0ObIKHOBEHHbIX QU depeHUNANbHBIX YPABHEHHI U HEKOTOPBIX THIOB
ypaBHEHUH B YAaCTHBIX MPOU3BOAHBLIX, BKIIOYAs MO pewleHUid U (ha3oBbId
noprper. Jannasa OubIvoTEKa TakXe CONEPXUT CPeACTBa BU3yalqU3alUu pe-
wenuit. Ionxnrouyenue OUOIUOTEKH MPOUCXOAUT MOC/E BbIMOHEHUS KOMaH-
Jbl:

> with(DEtools):

B cocras 6ubnuorexu DEtools Bxoaar cieayroiire ceMb QyHKLMUIA:

Deplot - nocTpoenue peweHdid auddepeHLIUanbHbIX YPaBHEHHI U
CHUCTEM;

Deplotl ~ MOCTPOEHUE PELIEHUs YPABHEHUSA NEPBOIO MOPAAKA;

Deplot2 — MOCTPOEHUE PELICHUS CUCTEMbI U3 ABYX YPABHEHUI;

Dchangevar - noJCcTaHOBKA HOBBIX [IEPEMEHHbIX B yPABHEHUE;

PDEplot ~ MOCTPOEHUE PELICHUS KBa3UIIMHEHHOIO YpaBHEHU fep-
BOTO MOPAAKA B YACTHbIX MPOU3BO/IHBIX;

dfieldplot — MOCTPOEHUE MOJI PELLIEHUS;

phaseportrait - nocrpoexue $hazoBOro nopTpera.

Dyuxyus Deplot

dopmar BbI3OBA:
DEplot(diffeq, vars, trange, inits, <options>)
DEplot(diffeq, vars, trange, xrange, yrange, <options=>)

ITapameTpbr:
diffeq - cucrema quddepeHuMANbHBIX yPABHEHU,
vars ~ UMeHa MepeMeHHbIX.
trange - o0yacTb ONpeae/eHUs He3dBUCUMbIX NIEPEMEHHBIX;
mnits — HaYyallbHbIE YCIOBUS;

xrange - 067acTb MOCTPOEHUS NEPBOK HE3aBUCUMOIT IEPEMEHHOM:
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yrange - 00JacTb [TOCTPOEHHUS BTOPOIf HE3aBUCUMOM MepeMeHHOIH;
options — OMNUMH.

ITapamerp inits — MHOXECTBO HauYaJbHbIX YCHOBHH, 3a4aBaeMbIX B OQHOM
13 OByX GHopMm:
{[t0,x0,y0], [t1,x1,yl], [t2,x2,y2], ...} nnu
{[x(t0)=x0, y(t0)=y0], [x(t)=x1, y(t)=y1], [x(t2)=x2, y(t2)=y2], ...} .

B ciyuae, kOrga MMeeT MECTO CUCTEMA U3 n YpaBHEHUH

[t0,x0,x'0,x"0,...x(n)0], HeonpeaeneHHbIE HAYANbHBIC YCIOBHUSA CUUTAIOTCS
HyneBbIMM. Hanpumep, eciv 3afaHbl HAYaNbHbIE YCIOBHUS IJI CUCTEMBI U3 Ye-
Tolpex ypaBHeHWH B Buze [1,2] , To 6yaeT ucnonp3osaHo 3Hagenue [1,2,0,0].

OmuiueM noapoOHee napameTp <options> (MepevncClIeHHbIe HMXE napa-
METpbI yMOTpeOMMbL mns ciaeayromux ¢ynkuui w3 6ubmmorteku: DEplot,
DEplotl, DEplot2) .

Bce nmapameTps! paszaena <options> yKa3blBarOTCA B CEAYIOLLEM BHIE: Ma-
pamerp=3nauenue. Hanpumep, o6nacTy usMeHenus nepeMerHsix x = cl..dl
iy = ¢2..d2

stepsize = h

3HauyeHue stepsize UCMOIb3yeTcd AJIS 3alaHus ara B BbIOpaHHOM METOo/e
peillenus NocTaBieHHo# 3anaun. ITo yMonyanuio ucrnonssyeres stepsize = (b -
a)/20, rae a..b— obnactb onpenencHUs HE3aBUCUMOM MEpEMEHHOM ( T. €. napa-
MeTp trange ).

iterations = <integer>

Yucno 1aroB UTepauuy MEXIy AByMs ToukaMu. I1o yMOm4aHHIO UCoNs-
3yercs iterations paBHo 1. DTa onuust MOXKET ObITh MOJIE3HON AJIA PELICHUS He-
YCTOMYMBBIX 33184,

limitrange = true

IpekpaTuTh MHTErPUPOBAHUE, ECIH MHTETPANbHLIE KPHMBbIE BHIXOIAT 3a
Npeaensl yKa3aHHOro NPOMeXyTKa s X U y. [To yMOTYaHHIO MCITONb3yeTCs
limitrange = false. Eciiit He 3aaHbl IPOMEXYTKM LISl X WK y, TO 3TOT Mapa-
METP UTHOPHUPYETCS.
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scene = [<name>,<name>,<name>]

VkaseiBaeT BUI nocrpoeuus. Hanpumep, scene = [x,y] mokasbiBaeT, 4To
BynNeT MOCTpOeH ABYXMEPHbIA Ipaduk y kak QyHKUMH OT X. Ecnu nobaBuTth
nepeEMEHHYI0 t, To scene = [t,X,y] yKaxeT cpeie Maple nocTpouTs TpexMepHoe
n3obpaxkeHue Bcex nepeMeHHbIX. [lapaMeTp Take MOXHO MCTOAb30BATh JUIA
M3MEHEHHUS MONOXEHHT oceH ( Hampumep [X,Y,t] mokasbiBaeT, 4TO t — BEPTH-
KanbHas Ochb ).

method = <scheme>
OnpenenseT METON PELLIEHHS TIOCTaBICHHOM 3aaun. [Tapamerp <scheme>

MOXET ObiTb: ‘euler’, ‘backeuler’, impeuler' unn 'rk4’. Tlo yMoa4aHIO HUCNOJIB3Y-
erca Meto Pynre-Kyrtra 4-ro nopsaxa.

euler’ — Meton Ditnepa ( popMyna merona: y =y + h*f(t,y) );

‘backeuler'— dopmyna meroma y =y + h*f(t+h,y+h*f(t,y));

'impeuler' — ycoBepILiEHCTBOBAHHbIA MeTON DiiNepa ( opMyna MeTo-
na: y =y +h/2*(f(ty) + f(t+h,y+h*f(t,y))) );

'rk4' — Meto PyHre-Kyrra 4-ro nopsixka.

MOXHO TaK)e HATIMCATb CBOIO COBCTBEHHYIO TPOLEAYPY, PEAH3YIOMIYIO
METOM, OTIMUHBIA OT MEPEUMCIIEHHBIX Bbilie. s 3TOro HyXHO yKasaTb, YTO
npoueaypa OyJeT SBASTbCS IAPAMETPOM:

method = My_Integration_Scheme
rne My_Integration_Scheme - uMs 3TO# Npouenypel.

JIna npuMepa MOXHO PacCMOTPETh NPOHERYPY 'Tk4', peaau3yloLly1o MeTo I
Pynre-Kytra. [Ins 3TOro cneliyer BuIIOAHNTL TAKHE KOMAHbL:

readlib(' DEtools/DEplot’):
interface(verboseproc=2):
print('DEtools/DEplot/rk4°);

JUts 3a8AHHOM cUCTeMbl AndidiepeHUHaNbHbIX YPABHEHWA NEPBOro NopAa-
ka suaa x' = f1(t,x,y), y' = f2(t,x,y), a Taxxe a1 auddepeHuranbHbIX ypaBHe-
Hui Bostee Bolcokoro nopagka supa diff(y(x),x$n) = f(x,y) n MHOXecTBa Ha-
yanbHbix yenosuit dyHkuus DEplot cTpouT kpHBYIO pelleHH .
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Hpuseper:

> s:=4*diff(y(x),x$2)+0.8*diff(y(x),x)+2*y(x)=20:
> DEplot(s,|x,y},0..70,{|0, ~ 1,01} ,stepsize=.4);

16}
14
124
10
}/84
6.

44
2_
up 10 20 30 ,40 50 60 70

> s:=4*diff(y(x),x$2)+0.8*diff(y(x),x)+2*y(x)=20%*x:
> DEplot(s,|x,y},0..20,{]0,0,0}} ,stepsize=.4);

200
1504
1004

50

0
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> si=d*diff(y(x),x$2)+0.8*diff(y(x),x)+2*y(x)=sin(100*x):
> DEplot(s,[x,y],0..50,{[0,0,0]} stepsize=.2);

0.014

s

-0.01

-0.02

@yukyus Deplot1

®dopmar BbI3OBA:
DEplot1/(diffeq, vars, trange, inits, <options>)
DEplotl(diffeq, vars, trange, xrange, yrange, <options>)

VYkazaHHble B popMaTe BbI30Ba NapaMeTpbl aHAJIOTM4Hbl OMMMCAHHBLIM Ma-
pameTpaM ¢ynkuuu DEplot.

®yuxuua DEplot]l crpout rpadux peliedns And 3agaHHOTO Inddepen-
UMAJILHOTO ypaBHEHHUA epBOro nopsiaxa suaa y' = f(t,y) dbynxuns.

IIpumepor.

> DEplot1(diff(y(t),t)=sin(t — y), ¥(t), t= — Pi.Pi, y= - Pi..Pi);
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> DEplotl(sin(t - y)’ [t9y]s t= Pi--Pi9 {l093]’[0s2]sl0’1]’losolslo y = 2]9[0’ - 1]’[0’
-0.5),[0, — 2.5],[0, - 3]}, y= - Pi..Pi);

@yuryun DEplot2

Popmat BbI30BA!
DEplot2/(diffeq, vars, trange, inits, <options>)
DEplot2(diffeq, vars, trange, xrange, yrange, <options>)

Ykazanuble B popMaTe BbI30BA MapaMeTpbl aHAJOMHYHbI OMMUCAHHBIM Na-
pamerpam dpyHkuuu DEplot.

DEplot2 cTpoHT KPUBYIO peLleH!s [UTs ABYX 3aAaHHbIX YPaBHEHHH B BUE
x' = fl(t,x,y). v = f2(1.X,y) ¥ A5 MHOXeCTBA HayalbHbIX YCIOBUH.

Hpuniep:

> DEplot2([y, - sin(x) - y/10},[x,y], - 10..10,{[0,1,1]},color = x"2+y"2);
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Dyukyus Dchangevar

®ynxuns Dchangevar — nepexoa k apyruM HepeMeHHbIM B AuddepeHuu-
allbHOM YPaBHEHHH.

®opmaT BLI3OBA:
Dchangevar (eqns, diffeq, <constants>)

IMapametper:
eqns — MHOXECTBO YpaBHEHHI JUTS MOJCTAHOBKY B OHO YpaB-
HEHHE;
diffeq ~ mubdepeHuManbHOe ypaBHEHME,

<constants> — Heo0s3aTeNLHOE MHOXECTBO KOHCTAHT B YpaBHEHHH.

Jnsa 3anaHHOro ypaBHEHUsS! N-ro NOpsAAKa MU MHOXECTBa M3 BbIpaXKEHHH
Dchangevar nemaer noAacTaHOBKY 3TOrO0 MHOXECTBA B HCXOJHOE YPaBHEHHE C
BbIYHCIIEHHEM TpeOyeMbIX AU depeHUHATIOB.

[epBriii apryMeHT, egns — MHOXECTBO BbIPaXXECHHIA, cofiepxallleeé HOBbIE
3HAYEHHS MePEMEHHBIX.
BTopoii aprymeHT, diffeq — ypaBHeHHe, B KOTOpOM TpebyeTcs MPOBECTH
noAcTaHOBKY. OHO MOXET ObITE CIIEAYIOLErO BHIA!
diff(y(t),t) = f(t,y) unu
diff(y(1).t) - f(t,y) = 0.

Hpumepuor:

> Dchangevar({t = T*tau,x(t) = L*y(tau)},diff(x(t),t$3) = tan(t),{T,L});
3
L] Sy
Al = tan(T'T)
T3
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> = diff(x(t),t52)= — g+Rim*(sqrt(v0"2 —2*g*x(t)) ~diff(x(t),t))*2 / sqrt(v0*2

- 2*g*x(t));
2 R(.fvoz—zgx(z) —(%x(t)))z

a :=—2x(t)= -g+
ot

va02 -2gx(t)

> eqns := {x(t)=L*y(tau),t=T*tau};
egns = (x(t)=Ly(t), t =Tt}
> cnstats := {L,T};

enstuts = {7, L}
> Dchangevar(eqns,a,cnstnts);

2
Y, 3]
8 Ll =y(1)
L{E‘T“Z'Y(‘C)] R[Jvo2_2g[,y(1) _i&_l}

T
72

vaOZ— 2gLy(T)

=-g+

Dyuxyus PDEplot.

PDEplot(pdiffeq, vars, inits, srange, <options>)

ITapameTpsi:
pdiffeq — KBa3WJIMHeHHOe ypaBHEHHE B YaCTHbIX MPOU3BOAHBIX Iep-
BOT'O POJA, 3aNHCaHHOe B ONpEACNIEHHBIX TEPMHHAX;
vars — MMEHa NepeMeHHbIX;
inits — HavyalbHbIe JaHHBIE,
srange — obyacTh NapamMeTpa i HayaJbHOIO JaHHOTO;

<options> — HeoGs3aTeNbLHBIH apryMEHT, ONMUCbIBaeMbIil HHXE,
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Haxosicoenue pewenus ypasienus suda

P(x,y.u) * D{1](u)(x,y) + Q(x,y,u) * D2](u)(x,y) = R(x,y u),

rae P, Q u R zaBucator X, ym u.

IepBbiit aprymeHT, pdiffeq, nomxen 6bITh CHUCKOM, COCTOALMM H3 P, Q
R. Onu MOryT OBITH 3aaHbl MIIH KaK BbIDaXeHHs, WM Kak GyHkuuH ( onepa-
topsl ). Hanpumep, dopmsl  [(X,y,z) = x*27y, (X,y,u) = u”3/x, (x,y,u) —
sin(x*y)*u] u [x"*2*y, u”3/x, sin(x*y)*u] sksuBaneHTHsl 1 obpasywor audde-
PEHLIMAJILHOE YPaBHEHHE B YACTHBIX MPOU3BOAHBIX:

xA2¥y*D1](u)(x,y) + ur3/x*D2J(u)(x,y) = sin(x*y)*u. B aprymenre
pdiffeq Henb3s ynotpebnaTh UMeHa KOHCTAHT, 4 MOXHO TOJIbKO MMEHa mepe-
MEHHbIX.

Bropo#i apryMeHT, vars, MOXeT ObITb 3a8aH TOJILKO B CIEAYIOUIEM BHIE:
[x,y,u] niam u(x,y). DTO O3HAYAeT, YTO X U Y — HMEHA HE3aBMCHMBIX NEpeMeH-
HbIX, 4 U — UMS 3aBUCUMOM NepEMEHHOM.

Tpetuit apryMeHT, inits, 1OTDKeH ObITH CIIHCKOM, COCTOSIUMM U3 TPEX 37e-
MEHTOB, KOTOPbIE OTIPEAENIAIOT NapaMeTpUIecKyo GOpMy TpexMepHO# KPHBOH
B JEKAPTOBbIX KOOPAMHATAX. DJIEMEHTbI CTMCKA MOTYT ObITh MM BbIpaXKEeHHSA-
MH, WK GYHKUKMAMH, €CJIM BbIPAXEHU, TO OHU JOJDKHBI COAEPKATH OTHO CHUM-
BOJILHOE HWMsl ( napaMeTp ), a ec QyHKLUMK — TO TOJILKO OT OAHOTO TiepeMeH-
HOTO.

YeTBepThlil apryMedT, srange, NOJKeH ObITh 0ONAcThIO M3MeHEHHs Tapa-
METpPa HAYaJbHOIO YCIOBHA, YKa3biBaeTcs B BUAe s = a..b, Wi npocro a..b.

IMsaTbiit aprymeHT HeoOs3aTesbHbIH, OH MOXET COCTOSTb M3 CIEAYIOAX
napameTpos:

x =cl..dl — 00J1acTH 3MEHEHHs aPTYMEHTOB X U Y;
y =c2..d2
stepsize = h — [LIar, MCNoJIb3yeMblil B JAHHOM METOJ€ MHTETPHPOBa-

Hus. ITo ymonyanuio stepsize = 0.2;

numsteps = — YUCJIO WIArOB MHTErPUPOBAHUS. 3HAK Mepes YHCIOM
<integer> MoKa3biBaeT, 4TO Wark 6yAyT BbINOIHEHbI BIIEPE],
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(3Hax "+°) UM Haszag (3Hak =)

numsteps = — CIIMCOK TMOKa3bIBAeT, YTO HHTETPHPOBaHHe BeleTCA B
[<integer>, IByX HanpasyeHusx. [lepBoe uncno — waru Hazaz,
<integer>] BTOpOE — BIepen;

iterations = — YUCJIO WAroB UHTErPUPOBAHUA MEXIY ABYMSA COCel-
<integer> HUMH NIOCTPOEHHBIMH ToYKaMH. [To yMOTYaHUIO 3TOT

apryMeHT PaBeH euHULE;
title = <string>  — BBIBOAMT 3aroJIOBOK Irpaduixa;

limitrange = true — OCTAHOBUTb UHTETPHUPOBAHME, ECIIH PE3YJILTAT Bbl-
wen 3a obacTb onpegeseHHa LA X U Y.

Ipumep:

> PDEplot([1,2*x,y},Ix,y,u},[0,s,1 +s"2},5= — 2..2,numchar=20);

| SO Y
oo

J
~

Dyuxyun dfieldplot

®yuxuus dfieldplot npenHa3Havesa MIs MOCTPOEHUE MONA PelleHUA CHUC-
TeMbl i depeHIMaNbHbIX YpAaBHEHHH.
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®Dopmar BbI30Ba!
dfieldplot (diffeq, vars, trange, <options>)

ITapamerpsi:
diffeq — ypaBHEHHE UM cHcTeMa InbepeHIMaNbHbIX YpaBHeHHi;
vars — UMEHA NMepPeMEHHBIX;
trange — o0nacTh M3MEHEHHS] He3aBUCUMOU mepeMeHHOH;

<options> — aHalIOTHYHbI apryMeHTam Ut dyHkuun Deplot.

ITepBblit apryMeHT JO/DKEH COAEPXKATh CHUCTEMY M3 OJHOTO MJM ABYX Aub-
(hepeHLMAIbHBIX YPABHEHUH U MOXET ObITh 3aNMcaH B OHOW U3 ABYX 3KBHUBA-
JIEHTHBIX HOpM:

diff(y(t).t) = f(t,y)
diff(y(t),t) - f(t,y) =0

WM AJ1 CUCTEMBI M3 ABYX U depeHIManbHbIX yPaBHEHMH:
[diff(x(t),t) = f1(t,x,y), diff(y(t),t) = £2(t,x,y))
[diff(x(t).t) — fl(t,x,y) = 0, diff(y(t),t) — f2(t,x,y) = 0]
[diff(x(1),t) — f1(t,x,y), diff(y(t),t) — £2(t,x,y)]

Henb3a ynoTpebiaaTh MMeHa KOHCTAHT; t, X M y — UMEHa, yroTpebiademble
s aprymenTa diffeq, rae t, x ¥y onucanbl BO BTOPOM apryMeHTE — VArs.

BTopoii apryMeHT, vars, yka3blBaeT MMEHA NEPEMEHHBIX, UCIOJIb3yeMbIX B
muddepeHLMAIbHBIX YPAaBHEHUSAX, NPUYEM CAEAyeT OTHENATh 3aBUCHMblE M He~
3aBHCHMble NiepeMeHHble. 1 ABTOHOMHOM CUCTeMbl HMEHA MEPEMEHHBIX MO-
I'YT ObITh 3aJ4Hbl B ClIeAyIoLieM BuAe: [X,y]. Eciim cucTeMa He aBTOHOMHas, ap-
TyMEHT vars JOJDKeH ObITh 3aNKUCaH CaeayolmM obpasom: [t,x,y] nm [x(t),y(D)].

Tperuil apryMeHnT, trange, MOXeT GbiTh 3anucaH AByMs cnocobamu: a..b
WM t = a..b, roe t — HE3aBUCUMAs NePeMeHHast.
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ITpumep:
> dfieldplot(y~2*sin(x),[x,¥], — 5..5,title="Symmetric field");

Symmetric field

/R ARSI IN A

R R DA R RN B A R
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Vs ""‘2“‘\‘\‘\05 - "a"/"-’"“-::"\\:':‘.
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Dynryus phaseportrait

Oyukuus phaseportrait — nocrpoeHue ¢pazoBoro noprpera (MHTErpaibHOM
KPHBOW ) AN cucteMbl nuddepeHnnanbHbIX ypaBHEHUH.

®opmMar BbI3OBa!

phaseportrait(diffeq, vars, trange, inits, <options>)

ITapamerpbi:
diffeqg — ypaBHEHHE WIIM CUCTEMA U3 IBYX YypaBHEHHH;
vars — UMEHA MEePEMEHHbIX;
trange — o6nacTb U3MEHEHHNS HE3ABUCUMOM NMEPEMEHHOM;
inits — HayaJbHbIE YCIOBHA,

<options> — HEOAHOKPATHO ONHUCAHO BbILIE.

Jns 3agaHHLIX OQHOTO WM ABYX ANddepeHHaTbHbIX YPAaBHEHHH B BHIE
x' = fItxy), ¥ = f2(tx,y) u 1nd MHOXECTBa HayajbHbLIX YCIOBHH
phaseportrait CTPOMT MHTETPAJILHYIO KPUBYIO U1 JAHHOTO YPAaBHEHHA corjiac-
HO 3aJJaHHbIM HAYallbHBLIM YCTOBUSM.

3ajaHne apryMEHTOB vars W trange aHatornuHo ¢yuxuuu dfieldplot.
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Ilpumepsr:

>phaseportrait(|y,-x-yl,[t,x,y],0..10,{[0,0,11,{0,0,.5]} ,scene={x,yl, stepsize=.1,
title="Damped oscillations");

Damped oscillations

01N0p_ 01 02 /03 04 05
02

> phaseportrait([y, -sin(x)],{t,x,y},0..10,{{0,0,.5],{0,0,1],0,0,1.8},{0, -
2*Pi,1],]0,2*Pi,.5},[0, -2*Pi,2.1],{0,2*Pi, -2.1]}, stepsize=.2,title="Pendulum
Vibrations');

Pendulum Vibrations
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8. PEWLEHUE 3A0AY U3 TEOPUU IPA®OB C BUSYANTU3ALIMEN
PE3YNbTATOB

Maple Bxmovaer B cBOM cocTaB 6ubnnoreky mwig pabotei ¢ rpadamu. Ums
atol 6ubnuoreku networks. IToakmouaercs 9Ta GubnHoTeka cnexywouleil xo-
MaHJOoH:

> with(networks):

Cnucok dyHKUMH naHHOW OubMMOTEKH BKIOYaeT 75 KOMaHI M NpoUeayp,
HEKOTOPbIE W3 HUX OyAyT ONHUCaHbl Jasee.

I'pad 3 Maple npeacrasnsercs npouexnypoil, Koropas HMeeT THUN
GRAPH. Co3znaercsa rpad ¢ noMouibo KoMauabel new( ); MOXHO TaKXe Hc-
nonbL30BaTh kOMaHabl complete( ), cycle( ), petersen( ).

Komanoa new

dopMar KOMaH bl NeEW CIEAYIOLKH:
new(G);
G:=new( ); (G -umsarpada)
> new(G):
KoManaa new co3gaer nycroit rpad — rpad, B KOTOpOM HeT HU pebep, HU
y37IOB.
Vanbt rpada MOXKHO NPOCMOTPETL € MOMOILIBIO KOMaHAbL Vertices:

> vertices(G);
{1}
Pe6pa rpada MOXHO MPOCMOTPETh C MOMOLULIO KOMaHIbI edges:
> edges(G);
{}
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dopmaT koMaHAb! edges UMEET TP BUAA:
edges(G),
edges(P,G);
edges(P,G,'all’),

rae G —rpad, P — onMH U3 crneaylomuyx BapMaHToB: {u,v} uiu [u,v].
KoMaHza neproro Buia BO3Bpaiiaer B popMme MHOXKECTBA BCe MMeHA pe-
6ep rpada.

KomaHnza BTOporo Buaa MCHoJb3yeTcs, KOTqa Haj0 MpPOCMOTPETh TOJIBKO
OnpeneneHHble UMeHa pebep.

Ecnu P - 3to {u,v}, TO Bo3Bpama0Tcsa uMeHa Bcex pebep Mexay u U v
(BHE 3aBMCUMOCTHM OT MX HaripaBieHHocT#). Ecmm P - 3710 [u,V] , TO BO3Bpa-
IAKOTCS MMeHa pebep, HafpaBlieHble OT U K V (U-XBOCT, V-T0JIOBA).

> new(i):

Jo6aBuM B rpad TpY BepLUMHBL
> addvertex(1,2,3,i);
2,31
Jobasum asa HanpaBieHHbIX pebpa 1-2 u 2-3:

> addedge([1,2]),i); addedge(]|2,3],i);

> draw(i);

IlpocMoTpuM Bee pebpa:
> edges(i);
{el,e2)
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IIpocmoTtpum pebpa, HanpaBNeHHbIE OT BEPUIMHBI 3 K BEPLIMHE 2:
> edges(|3,2],i);
{1}

A Tenepb NPocMOTPUM pebpa, HarnpaBjeHHbIE OT BEPIUMHBL 2 K BepIlMHE
3

> edges([2,3],i);
{e2}

Crneayoulass KOMaHa NPocMaTPUBAET BCe pedpa MEXAy BEpUIMHAMHU 2 U
3

> edges([3,2],i, all');
{e2}

Komanoa complete

Complete coznpaer nonHeli rpad. B nonHom rpade kaxxaad BepuiMHa ol-
HoU yacTu rpada coeaMHERa ¢ Kax A0 BepLIMHOM apyroii yactu rpada.

®PopmaTt KOMaH/bl CIEIYIOUIMH!
complete(n);
complete(mn);
complete(ml,...mk ),
complete(vset);

rae n, m — YKUCJIO Y3JIOB B OTAENbHOM YacTy;
ml, ... ,mk — LE€N0€ YUCNO, ONPEAENAIOIEE KOTUYECTBO y3NOB B KK AOH
4acTH;
vset — MHOKECTBO UMEH Y3/10B.
Yucno apryMeHTOB OnpeAenser ynucio yacrei rpada.
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> g:=complete(4): draw(g);

Komanoa petersen
Ora koMaHaa cosjaet rpad Ilerepcena.

> h:=petersen( ): draw(h);

S
TS S
1 o g Trmef—r
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Komanoa draw
OT1a koManaa pucyer rpad.

dopMaTt KOMaHIbI:
draw(G);
draw(Concentric(L),G);
draw(Linear(L),G),

rae G - uma rpada; L — criucoK BepLIMH.
Tlepsblii BapuaHT KOMaHIbl pUCyeT rpad, B KOTOPOM BCe BEPILIMHBI HAXO-

IATCA Ha PABHOM PACCTOSHUM APYT OT APYTa M COeMHEHbI NPAMbIMH JIMHUIMH.
[Ipuyem pacnosararoTcs BepIUMHBI HA OKPYXXHOCTH.
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Bo BTOpPOM ciyyae BEepILIMHBI PACMONATAIOTCS HA KOHUECHTPHYECKHX OK-
PYXHOCTSX.

B Tpetbem cnyudae ciyyae KOMaHIbl BeplUUHbI rpada pacnonaraloTcs Ha
JTHHUM.

> G:=petersen( ): draw(Concentric([1,2,3.4,5]),G);

e ”—‘7 -
el e
. = 1—————?6
— o
> draw(Linear([1,2,3]),complete(3,3));
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Komanoa ends

DTa KOMaH/a BO3BpalliaeT MMeHa BepILMH pedpa.

DopMaT KOMaHIbl:
ends(G) - BO3BpaliaeT MMeHa Bcex BeplunH rpada G;
endsie,(G) — Bo3BpallaeT MMeHa BEPILUH pebpa e.
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> new(w): addvertex(a,b,c,d,w);

a,c, b, d

HJobasumM B Tpad pgBa pebpa: a-b (HanpaBieHHoe) U  c-b
{HeHATNpaBNEHHOE).

> addedge([a,b],w): addedge({b,c},w):

> ends(w);
{{e,8}.[a. 8]}
> edges(w);
{22, el}
> ends(el,w);
[a. 5]

Pesynbrar nocieaHeii KoMaH bl Oka3biBaeT, 4yTo pedpo el — 310 Hanpas-
neHHOe pebpo a-b. TlepBrliii 31eMERT cnKcka — XBOCT pebpa, BTOPOH 37IeMEHT —
ronosa pebpa.

B Maple cyuiecrByer npaBuno obosHayenus pebep rpada: HenanpasiieH-
Hoe pebpo 0603HAUAETCA B BUJIE MHOXKECTBA, & HAMPABJIEHHOE — B BU/IE CIIMCKA
(NepBbIii 3IEMEHT CIIMCKA — XBOCT pebpa, BTOPOM 37EMEHT — TroIoBa).

Komanoa addvertex
OTta koMana 1obaBaseT BEPLIMHY WX MHOXECTBO BEPLIUH B rpad.

DopMaT KOMAHIbI:
addvertex(vl,G);
addvertex (vl v2.G);
addvertex (vl weights=w,G);
addvertex([vl,v2] weights={wl,w2] G);
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rae vl, v2 — nmena BepuuH rpada G;
W — BecC BepilldHb! (o yMomyaHHio 0).

> new(j): addvertex({al,a2,a3,a4},j);

al, a2, a8, a3

Komanoa addedge

JT1a komaHaa fobasnsier B rpag HoBoe pebpo.
dopMmar KOMaHIbL:
addedge({vl,v2},G);
addedge([vl,v2],G);
addedge({vl,v2},names=edgl,weights=w,G);
addedge(Cycle(vl,...,vn),G);
addedge(Path(vl,...,vn),G),

rae vl,v2 - umeHa BepwuH rpaga G;
edgl — vMs, IpucBaemoe pebpy (o ymonyauumo el, e2 v 1.1.);
w - Bec pebpa (no ymonuaHumwo 1);
Path — onpeneseHde NyTy uepes pebpa vl, ... ,vn;
Cycle - onpeneneHue nernu yepes pebpa vl,...,vn;

> new(G): addvertex({1,2,3,4},G): addedge(Cycle(1,2,3,4),G): draw(G);
- *"'-2 oy

P e

Ecnn Hai0 106aBUTh HECKONBKO pebep, TO OHHU JOKHB! ObITh NEPeJaHbl B
komanay addedge B popme cnucka wnu MHOXecTBa. B cnydae cnucka pebpam
MOHO MPUCBOUTH MMEHA U BeCa, KOTOPble TaKXKe MOJDKHBI ObITh NpeAcTaBIe-
Hbl B hopMe crivcKa.
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> new(g):

> addvertex({a,b,c},g):

> addedge([{a,b},{a,c}|,names=[way1,way2], weights=[2,6],g);
wayd, wayl

Komanoa delete

3Ta KOMaH/a Mo3BOJIAET yaNsTh u3 rpada pedpa u BepUIMHBL.

dopMaT KOMaHIbL:
delete(Eset, G);
delete(Vset G);

rae G - umsarpada; Vset, Eset - UMeHa MHOXECTB, COAEPKAILMX BEPLIMHBL UITH
pebpa, npefHaszHaYeHHbIE IS YOAJEHNUS.

> G:=complete(5):
> delete({3,4},G):
> vertices(G), ends(G);

{1,2,5}, ({15}, (2,5}, {1.2))

B npenbiayiiinx koMauaax 6su10 yaajgeHo pedpo {3,4}.
B crenyouinx KOMaHaax. y1anasoTes pedbpa, MHUMIEHTHble BepLMHE 5.

> delete(incident(5,G),G):
> vertices(G), ends(G);

{1,2,5), {{1.2}}

Komanow head u tail

DTH KOMAaH/bl BO3BPAILAIOT UMEeHA BEpUIMH, KOTOPbBIE SBJAKOTCS FOJOBOH
pebep (B citydae komanasl head) uiam xBocToM (B cirydae KoMaH[b! tail).
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dopMaT KOMaHL;
tail(G);
tail(e,G);
tail(eset,G);

rae G - rpad. e — pebpo, eset — MHOXKeCTBO pebep.
Hns komanas! head opmaT BbI30BA AHATIOTHYHbIN,

> new(k):

> addvertex({a,b},k);

a, b
> addedge(ja.b}.k);
el
> tail(el,k);
a
> head(el,k);
b
> addedge([b,a},k);
el
> head(k);
table(]
el=b
el=a
D

TTocienHss KOMaHIA BLIBENA BCE BEPLUIMHLI-TOJIOBS] Tpada.
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Komanoa void

OTa KOMaH/a reHepHpyeT NycToi rpad, T.e. rpad 6e3 pebep.

®opmaT KOMaHABL
void(n);
void(vset ),

rae n - 4Yucio, ONpeaesaioliee KOITHYeCTBO BEPUIUH,
vset — MHOXECTBO HMEH BEPLIHH.

> g:=void(10):
> edges(g);
(3

> vertices(g);

(1,2,3,4,5,6,7,8,9,10}

Komanoa show

DTa KOMaH/Ja BO3BPaLaeT TaONuUy, COASPXKAlUYIO BCIO HHPOPMALHUIO O
rpage.
> G:=complete(3):
> T:=show(G);
T := TABLE(]
_Emaxname =3

_Countcuts = _Countcuts
_Neighbors = TABLE(]

1=1{2,3}
2=1{1,3}
3=1{1,2})

_Vweight = TABLE(sparse,|
D
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Komanoa incidence

_Econnectivity = _Econnectivity
_Vertices = {1, 2, 3}

_EdgeIndex = TABLE(symmetric,]
(1, 2) = {el}

(2, 3) = {3}

(1, 3) = {e2}])

_Edges = {e2, el, 3}

_Head = TABLE(]

)]

_Eweight = TABLE(]

el=1

e2=1

e3=1

D

_Tail = TABLE(]

)

_Bicomponents = _Bicomponents
_Ends = TABLE(|

el = {1, 2}

e2= {1, 3}

e3=1{2,3}

D

_Counttrees = _Counttrees
_Status = {SIMPLE, COMPLETE}})

Jra KOMaHaa FECHEPUPYLT MAaTPULly UHLIUACHTHOCTH.

> G:=cycle(4):
> addedge([1,3),G):
> T:=incidence(G);

O O 1
O o O
—_ e OO
—_— OO
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Komanoa adjacency
DTa KOMaH1a TeHEPUPYET MATPHILLY CMEXHOCTH.
> with(networks):
> G:=cycle(4):
> addedge(]1,3],G):
> T:=adjacency(G);

01 1 1
1o 10
T'0101
1 0 1 0

Komanowv vweight u eweight
DTH KOMaH Ibl BO3BPALIAIOT Beca BEPLIMH U pebep cOOTBETCTBEHHO.
®opmart koMaHabl vweight:
vweight (G );
vweight (v,G);
vweight (vlist,G),
rae G -rpag; v — ums BeplunHbl; vlist — CIMCOK BEPLIMH.

dopmar KoMaHIbl ewelght:
eweight({G),;
eweight(e,G);
eweight(elist,G),
> new(G):

> addvertex(]1,2,3},weights=[1,2,3],G):
> vweight(G);

table(sparse, |

1=1
2=2
3=3
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> yweight(1,G);

> new(G):

> addvertex(1,2,3,G):

> addedge(|{1,2},{2,3},{1,3}],weights=[3,4,6],G);
el,e2, 83

> eweight(G);
table([

> eweight(el,G);

Komawnoa duplicate

C nOMOLIBIO 3TOM KOMAHIbI MOXHO CO3AaTh KONHIO rpada.

> G:=complete(4):
> H:=duplicate(G):

Tocneaume KOMaHIbI CO3ANIM IBA UAEHTUYHBIX rpada: G u H.
Komanoa random

OTa KOMaH/Ia cO3/aeT cy4yaiHbiii rpad.
dopmaT KOMaHIbE:

G:=random(n);

G =random(nm),



PewieHue 3axa4 U3 Teopud rpadoB ¢ BU3yanusaluel pe3yjibTaToB 69

G =random(n, prob'=x);
rAe N — YUCIO BEPLIMH; M — YUCITO pebep; X — AehcTBATEMBHOE Yncno 0 < x <1.

Ecnu ucrnionb3yeTcs nepBbld BapyaHT KoMaHAbl, TO co3faeTcs rpad ¢ n
BEpIUMHAMHM, a pedpa OnpeAearTca ¢ BEPOATHOCTLIO 50 % (T.e. pebpo Mexay
JIaHHBIMM BEpIUMHAMM BBIOMPaeTca clydalHbIM 06pa3om).

> h:=random(5): draw(h);

13}

Hpwu BbI30Be random ¢ HECKONMBKAMHU apryMEHTAMH CTPOUTCS CIy4vaiiHbIi
rpa¢ ¢ n BepuiMHaMM U ¢ m pedpaMH, NprUyeM BepPOITHOCTb MOCTPOEHYs pedpa
ONpPeJeNAeTCcsl YACIOM X.

> G:=random(4,prob=1): draw(G);

B reopuu rpadoB wMpoOKo pacrpoCcTpaHeHbl 3aJavd OTLICKAHWSA Hau-
fomblIero MoTokKa 4epes 3afgaHHylo ceTb. [TogoOHble 3ajayM pelarTcd He
TOJNBbKO AJi ONpEAeNeHNs NOTOKA, HO U IS onpeeeHus MaKCMMalbHOIO rna-
pocoveraHusa. s peuieHus Takux 3aJad OObIYHO HKCMOJb3YeTCA aJIrOPUTM
Dopna — Pankepcona.

Maple rakxe rpegocrapisieT BO3MOXHOCTb PEIUCHUS 33Ja4M OTBICKAHUS
MAKCHMANIBHOTO NMOTOKA B CETH. DTY BO3MOXHOCTL peanu3yer GyHkuus flow.

Popmat koManasl flow:
flow(G,s,t),
flow(G,s,t, maxflow'=n);
flow(G,s,teset,comp);
Slow(G,s,t,eset,comp, maxflow'=n),
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OTa KOMaHAa HaXxOAUT MaKCUMaJIbHbIM NOTOK B ceTH G OT BEPLIMHBI § K
BEPUIKHE t (OT UCTOYHUKA K CTOKY).

eset — UMsi MHOXECTBA, B KOTOPOM OyayT coaepxatbes pebpa, no koro-
PbIM IPOXOAUT MAKCUMAITbHBIM NOTOK.

coOmp — MMsl MHOXKECTBA, B KOTOPOM OyAyT cOJep*aTbCi MMEHa BEPIUMUH,
4epe3 KOTOPbIE NPOXOIUT NOTOK.

Tapamerp maxflow onpeaenser, yro HeobxoauMo HaliTi noTok n. Eciu n
6ob11e MAKCUMATLHO BO3MOXHOTO NOTOKA, TO BO3BPAILAETCA 3HAYEHUE MaK-
CHMaJIbHO BO3MOXHOTO NOTOKA.

B cneayromem npruMepe co3naercs NoJHbIA rpag,y KOTOPOro BEC BCEX pe-
6ep paBeH eaeHHle. 3aTeM HAXOAMTCH MaKCHMasIbHbIA IOTOK OT BepiiuHbl 1 K
BepiIMHe 2.

> G:=complete(3,2): flow(G,1,2,eset,comp);

2
> eset;
{{1,4}, (1,5}, (2,4}, (2,5}}
> comp;
{(1,2,5}
> flow(G,1,2,setl, set2,'maxflow'=1);
1

> setl;
{(1,4},(2,4}}

TMocneausas xomanaa flow Beiaana | - noTok, kotopsid Tpebopasics onuu-
eif maxflow (xO0Ta MakcUMaIbHBIA NOTOK B JaHHOW CETU paBeH 2).

I'pad, B KOTOPOM HAXOAMICS NOTOK, MOKa3aH HUXKE:
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> draw(G);

HIupoxo pacnpocTpaHeHbl 3aJjayd HaxXOXJEHUS KpaTuaiwero nyrd. B
TaKHMX 3a7a4ax 3anatoTcs rpad (CeTb JOPOT) M HayalibHas BEPLIMHA (IYHKT OT-
npasieHus). Kaxaomy pebpy MOXHO NMPUCBOMTL BeC — JUIMHY ZOPOTH; KpoMe
3TOrO pebpa MOryT ObITb KaKk OPHEHTUPOBAHHBLIMHM, TAK MU HE OPMEHTUPOBAH-
HbIMU. 3ajaya HaXOXAEHUs KpaTyaiiliero MyTH pelaeTcs ¢ NOMOLIbIO anro-
purMa [dedikctpol. PesynbraT paboThl anropurMa — JEPEBO C HAYAlIOM B Ha-
yaIbHOM BepLIMHE, MPUYEM KO BCEM OCTAAbHBIM BEPLIMHAM MAYT KpaT4yaiine
nytd. B Maple 3apady HaxoXAEHUS KPATYAMILIETO MYyTH MOXHO PELIUTD C MO-
MOLIBK KOMaHbl shortpathtree.

dopmar KOMaHIbI:

shortpathtree(G,v),
rae G - rpad; v — HauyasbHas BEPLIMHA.

B crnenywoiileM npUMepe co3aauM MOJNHBIA rpad ¢ YEThIpbMs BEPIIMHAMY,
TNpUYeM Bec KaXxgoro pebpa paseH eAMHHLE.

> g:=complete(4): draw(g);
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> gl:=shortpathtree(g,2): draw(gl);

Taxum ob6pasom, gl - AepeBO, MOMy4YeHHOE B Pe3ynbTaTe paGoThi ajiro-
put™a HdeitkcTpbl.

Tenepb n3MeHUM ucxolHblil Ipad g. PeOpy, xoTopoe coeqMHAET BEpPIIHHDL
2 1 3, npucBouM Bec, paBHblit 100.
> edges({2,3},8);

(e4}

> delete(ed,g): addedge({2,3},weights=100,g):
> t:=shortpathtree(g,2): draw(t);

e

2“ e
3- E Ty
4

Taxum o6pa3zoM, B u3MeHeHHOM rpade HaiileHbl HOBbIE KpaTuaillupe NyTH
KO BCEM BEPLUHHAM.

Komanaa shortpathtree Taxoke npucBadBaeT AJUHBl KpaTyaHIUUX MyTeH
BE€CAM BEPLUMH.

> vweight(t);

table(sparse, (

1=1
2= 0
3=2
4=1
D

W3 npuBeneHHON Tabiauibl clieqyeT, YTO, A8 TOTO 4TOOBI MOMAcThb M3
BepLUMKBI 2 B BEPILMHY 3, TpeOyeTca NPONTH PacCTOsIHUE, PABHOE IBYM.
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B teopuu rpador cymiecTByeT noHATHE nranapHocmu rpada. Ipad Haszbl-
BAETCs IJIAHAPHBIM, €CIIM €10 MOXHO M306pa3uTh Ha MIOCKOCTH 6e3 caMmonepe-
cedeHuii. 3amaya onpeneaeHUs MJIAHAPHOCTH BCTPEYaeTcs MpH pa3BOAKE fle-
YaTHBIX MMJAT, rae pebpa rpaga — nedaTHbie NMPOBOAHHUKM, BEPIUWHBI — KOH-
TaKTHblE MIOLLAAKH.

B Maple V nposeputs IiTaHAPHOCTbL rpada MOXKHO € MOMOLLBLIO KOMaHAbI
isplanar, xotopas BosBpaiuaer true, eciu rpad naaHapHblid, U false — B mpo-
THUBHOM cityyae. Buauasne isplanar ynpowaer rpad, T.e. yAaaseT UUKIbl M 10-
BTOpAIOLMECH pedpa, a 3aTeM rpad NpoBepAeTCS HA MJIAHAPHOCTb (YNPOCTHUTD
rpad MOXHO ¢ MOMOLIBIO gsimp).

> g:=complete(S): draw(g);

> isplanar(g);

false
> gl:=complete(3): draw(gl);
> isplanar(gl);

true

B sTOM pasmesie mpuBeleHbl AMIUIL KPaTKME cBedeHUs o OubauoTeke
Networks, HO nepedMcieHHbIX KOMaHI OyAeT AOCTATOYHO A/ PEICHHUS 3jIe-
MEHTApHbIX 3aJa4 Teopuu rpados. IIpy HEOOXOAUMOCTH RAKTH JONOAHUTEMb-
HblE CBENEHHS O A4HHOW OUOIMOTEKE MOXHO BOCMOJL30BATLCA CIPaBOYHOH
cucremoi Maple.
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9. NOCTPOEHUE M'PA®UKOB NO PE3YNbTATAM
MATEMATUYECKUX BbIYUCIEHUNA

9.1. O6bwue ceedeHus

Maple sBnsieTcs NpeKkpacHbIM MHCTPYMEHTOM VIS BU3yanu3aluu uHdop-
Maumu o uccneayemon pyHkuuu. HMcenonb3ys ycrpoifctBo THnma “Mbilib”,
MOXHO NPOCMOTPETH TOKATbHBIE MUHUMYMbI M MAKCHMYMb{, HYIEBbIE TOYKH.

9.1.1. Orpannyenus

Ecnu ¢ynxkuus umeer OonbllIoit MHTEpBAN MEXAY [OBYMS TOYKAMH
(npepbliarolunMit Macuitab oceit), To rpaduk He MOXeT ObITh BbiBedeH. Ha-
npuMep:

> plot (sin(x"2),x=0..30);

< DR iy

B Windows ~ Bepcuu Maple — He peKOMEHIYETCs yCTaHABAMBATDL KO-
MaHaok interface yCTpoiicTBO BBIBO/JA, TAK KAK HE YAACTCS BOCCTAHOBUTDH Bbl-
BOJ B OkHO Windows.

9.1.2. ¥cTpoiicTBa BbIBOAA

VeTaHOBHUTDL YCTPOMCTBO BHIBOA MOXHO C MOMOLUBLIO KOMaH/bI
interface(plotdevice = x ),
TZAe X — NapaMeTp.
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Ilapamerp MOXET MPUHUMATD CIAERYIOUIHE 3HAUEHHS:

bmp, canon, cps (wan postscriptc), deskjet, epson24, epson9, epson9hi,
hpgl, gif, 1300, ibm, ibm_mono, ibmpro, ibmquiet, laserjet, In03, oki92,
paintjet, pcx, pic, ps, (uu postscript), tiff, toshiba, unix

Ecnu B kadecTse ycTpoiicTsa BLIBOAA YCTAHOBIEH OJMH U3 TUIIOB MPUHTE-
pOB, TO BBIBOA [POU3BOAUTCS HA TEPMHHAN, YKa3aHHbIi B KOMaHIE
interface(plotoutput), 1. e. Ha PRN, LPT1, LPT2, COM1 uan COM2.

B npoTuBHOM cilyyae BbIBOA NIPOU3BOAMTCA B (haiiil, yKa3aHHbIA B KOMaH-
ne interface ( plotoutput).

Ecau yctpoiictBo — char, TO BbIBOA B 3aBUCHMOCTH OT YCTAHOBKH
plotoutput ocyLIECTBIISETCS HA CAEAYIOIUE YCTPOCTRA:

® Ha 3KpaH, ecad plotoutput=ibm:;

® Ha [IpUHTEP, €CiH plotoutput=PRN, LPTI, LPT2, COMI nnn COM2;

¢ B ¢aiin (plotoutput=ums daiina).

Pexxum char He pexoMeHayeTcs Uis BbiBoaa 3D-rpadguxos.

> interface(plotdevice=epson9);
> interface(plotoutput=PRN);

DTH KOMaHIbl YCTAHOBHJIM PEXUM BbIBOAR HA JEBATHHIOJIbYATHINA
EPSON-coBMecTuMbIi NIPUHTED.

> interface(plotdevice=ibm);

IocaeqHss KOMaHAA BOCCTAHABIWBAET BbIBOJA Ha skpaH. B Windows —
Bepcun Maple — 31a KomaHAa He paboTaer!

9.1.3. TepmunabHble yCTAHOBKH

Muorue TepMuUHalibl ¥ TEPMUHAJbHBIE NPOTpaMMbl paboTaT OObIYHO B
TEKCTOBOM peXMMe, HO MOryt ObITb NEpPEBEAeHbl B TPAPUUECKHH PEXUM.
Maple umeer mBe MHtepdelicHbie mepeMeHHble: preplot n postplot, ‘xoropbie
MOTYT ObITh MCIIONB30BAHBI IS TIEPEKIIOYEHHS TEKCTOBOTO peXHMa B rpadu-
YECKHH.



76 I'naBa 9

Hanpumep, xomanaa interface(preplot=[{27,91,63,51,56,104]); reHepupyer
CTPHUHIOBCKYIO OCIIEA0BATENLHOCTL NEepel KaXaAbiM obpalleHueM K plot.

Postplot noceiiaer nocnenoeaTenbHOCTh Nocie plot s Bo3BpaleHUS B
UCXoAHBIH  pexum. TepMuHan BbIBOJA  ycTaHaBJIMBaeTcs  KOMaHZOWH
interface (plotouwtput=x), rae x — napametrp: PRN, LPT1, LPT2, COMI1 wunu
COM2 (1MeHa nopTos).

> interface(plotoutput=PRN);

OTa KOMaHJa yCTaHaBJIMBAET BLIBOJ Ha TepMHuHan npuHrepa. IIpu atom
plotdevice nomKeH GbITh yCTAHOBIIEH Ha ONpeneNeHHbIH TN DPUHTEpa.

9.1.4. Tepaasn xonus

TBepayio KOIMHIO (PacnevyaTky) MOXKHO NONYYUTh JBYMs criocobaMu:

e uepe3 yCTAHOBKY KOMaHoii interface ycTpoiicTsa BhIBOAA,

e BLIOOpOM B MeHIO okHa Plot for Maple coorBeTcTBYIOLIErO NYHKTA.
Ilpu HeoGXOAMMOCTH KONUS IKpaHa MOXET ObITh cOXpaHeHa B daiine:

> interface(plotdevice=gif,plotoutput="my.gif");
> plot(sin(y),y=0..Pi);

INocTpoeHHoe u3o0paxenue BbiBenock B ¢aiin my.gif B rpagudeckoM
tdopmare GIF.

9.2. lNocmpoerue epachukos 2D

9.2.1. 3axanue od.iacreit

Obnacms ~ 3TO OKHO [HeKapTOBOH CUCTEMBlI KOOPAMHAT, B KOTOPOM CTPO-
UTCA rpaduK.
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CunTtakcuc onpeaeiienus obnacru:
XTHUMCHASL 2PAHUYA. .6EDXHAA 2PAHUYA.

Yucna, onpenensiouiye rpaHulbl, 4ODKHbI ObITH HeACTBUTEILHLIMH.
plot(fx=low..hi,y=low..hi) — npuMep 3agaHus.

O6nacT¥ MOXHO 3aaBaTb C MCNOJL30BAHMEM KOHCTaHT. Hampumep:
infinity, Pi, exp(8) u t. n. Ilo yMomuauuio BuiGupaercs auanaszon -10..10 ms
ocu abcumce. Ecnu ykaszaH ofivH AMANa3oH, TO CYUTAETCS, YTO OH VIS OCH abc-
Mce, a s OCH OpAMHAT 061aCTh M3MEHEHHA BLIGUPAETCA aBTOMATHYECKH.

> plot(sin(x),x=0..Pi,y=0..0.5);

ns
0.

03
02
0.1

> plot(cos,0..10);

> plot(exp,0..infinity);

il infinity

Maple Boinonusier npeo6pasoBanus (—infinity,infinity) B (~1,1), ncrnone3ys
annpox CUMAaLMIo yepes arctan.
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9.2.2. Ctuimmn

IIpu moctpoeHun TpaguKoB MOXHO BLIOpAThL CTHIL (TUN) HHTEPHOIUPO-
BaHHUA. 3aJ1a€TCs CTWIb € MOMOLIbIO KJIIOUEBOTO ClIoBa siyle:
plot(f.hv,style=x).

CyuiecTBYIOT TPH CTHNS:

POINT - nocrpoenye o TOYKam;
LINE — TMHEHHAs UHTEPNONALMS,
PATCH ~ cTuib 1511 MHOTOYTOJIbHUKOB.

Cmue point — Tpauk OyJAeT CTPONTLCA 110 ToYkaM. TOYKM MOTYT ObITb

3aJaHbl napaMu B BUae cnucka: [x1, yl,x2,y2, ..., xn, yn] wna  [[x1, y1}, {x2,
y2), ..., [xnn, yn]}}

> plot(x”3,x= - 1..1,style=point);

14 -
05
i s GE R i
0.5
. RY

Crmute line — Todukn rTpaguka OyayT coenuHATbCS NpAMbIMH. JaHHbIA
CTHJTb BLIGUPAETCA O YMOTHAHKIO.
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> plot(x*3,x= — 1..1,style=line);

Cmune patch — 6yayT packpaltMBaThCst MHOTOYTOTbHUKH.

> plot([seq(] cos(2*Pi*/S), sin(2*Pi*i/S) |, i = 1..5),Jcos(2*PU/5), sin(2*Pi/S)]],
style=patch, color=red);

08 o

i 0.6 .

; 0.4] .

L 02 .
U5 06 04 -0 50 02 04 06 081

e
| 0.4 p
S 06 ya
08
—

9.2.3. [Tapamerpsl

[TapameTpbl nepeuncnaIoTes B koManae plot nocne yxasaHus obiacredt B
dbopme
< MM# napaMerpa > = <3HaueHue>.

TTapameTrpsl MOTYT ObITH CACAYIOLUMMHU:
scaling - yrpasisieT MaciTabupoBaHueM
((CONSTRAINED (caaBlIEHHbBIN) WId



80

I'maBa 9

axces

coords=polar

numpoints=n

resolution=n

color=n

xtickmarks=n

style=s

discont=s

title=t

UNCONSTRAINED (HecmaBneHHwit) ). Ilo
ymomyanrio - UNCONSTRAINED;

—  onpenensieT  THUM  KOOPAMHATHBIX  OcCeid:
FRAME, BOXED, NORMAL, NONE;

— MOKa3bIBAET, YTO MOCTPOEHUE BENETCS B MOJISPHBIX
xoopauHatax.  IlepBelii napamerp - pajauyc,
BTOPOMH — yrou;

— ofipeaensieT MMHUMANIBHOE KOMHYECTBO TOUeK (Mo
yMOJ4aHHIO n = 49).
Ilpumeuarue: NOCTpoeHHUe BEAETCS NO aJanTUBHOMY
ANropuTMy, [MO3TOMy OOBIYHO  IEHEPUPYIOTCS
fonbliee KOJMYECTBO TOYEK, ueM YKa3aHO B
numpoints;

— YCTAaHaBIMBAaE€T TOPU3OHTA/lbHOE paspelleHne
ycTpoicTBa BeiBoAa (o ymonuaHuio n = 200). IroT
napaMeTp  MCMONb3yeTcs, Korja  OTKJIIOUEH
a/JANTUBHBIA aJITOPUTM MOCTPOEHHUS,;

— OonpeaAcadacT UBET MOCTPOCHNS,

— OnpeaenseT, YTo Ha ocH X JO/DKHO ObITh MOKA3aHO
HC MeHbINe N OTMETOK 3HaueHWi koopauHart. Ilo
ocu Y paeicTByeT koMaHaa ytickmarks=n;

— onpejenser pexum uHtepnonsunu (POINT, LINE,
PATCH ),

— TOJIBKO JUTS IOCTPOEHUS BBIPAXKEHUH.
s = {truefalse}. Onpegenser nNPOMEXYTKH
HEnpepbIBHOCTH BhIpaXXeHHs: U pa3buBaeT ocbk X Ha
MPOMEXYTKH, II€ BLIPAXKEHNE HETPEPLIBHO;

— onpeessieT 3aroIOBOK YepTexa, t = string;



[TocTpoenue rpadMKOB 1O pe3yJbTATAM MaTEMAaTHUECKHX BblYHCIeHHH 81

thickness=n — onpedenser TOMUWMHY JuHUH, n =0, 1,2 3 (0 — no
YMOIIUAaHHIO);,
linestyle=n ~ ¢Tuib JMHUK. 0 » 1 - cntowxas nuHug, n > | —

pa3/IM4HbIC W abnOHb! 3aNOJTHEHUS TOUYKAMHU;

symbol=s — CMMBOI [ TOYEK YEPTeXa, S — ITO OOHO M3
sbipaxkennii: BOX, CROSS,CIRCLE, POINT,
DIAMOND;

font=1 — wpudT ANA TEKCTOBBIX O0OBEKTOB yeprexa. | —

cnicok [family, style, size], rae family ~ 3to oaHo
n3 Boipaxenuit TIMES, COURIER, HELVETICA,
SYMBOL. Jua TIMES cTunb MoxeT ObITh OJHHUM
n3  Bblpaxenmii: ROMAN, BOLD, ITALIC,
BOLDITALIC. [na HELVETICA n COURIER
cTUIb MOXeT 6biTh BhiGpan n3 BOLD, OBLIQUE
nmt BOLDOBLIQUE. Ins SYMBOL ctuns He
yKa3blBaCTCS,;

Size — onpe/eNser pa3Mep TOUEK WPHPTA;

tittefont=1 — onpeaenseT WpPUPT AN 3aronoska (Tak xe Kak W
s font);

axesfont=| — onpeaenser WpHQT A1 KOOPAUHATHBIX METOK OCEH

KoOpAMHAT (Tak Xe Kak ¥ s font),

labelfont=1 — onpedenser wpudr mana merok (labels) Ha ocsix
KOOD/IMHAT (Tak Xe Kak 1 s font);

view=[A, B] — OonpeaensieT MakCHMallbHble U MUHUMAJIbHBIE KO-
OpAMHATBI, B fpedelax KOTOPbIX rpaduk Oyner
oToOpaxathcs Ha 3KpaHe. A = [xmin.xmax],
B={ymin..ymax]. [To ymonuaHuio otTobpaxaercs Bcs
KpuBasi.
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> plot(sin(x),x= — 2*Pi..2*Pi,title="Sine Graph',color=blue);
Sine1Graph

0.5

9.2.4. Kycounbie GpyHKIMH

Jns nocrpoerns KyCOYHOR PyHKUMH HAZO IpOCTO ONPEAETUTD Tpoueny-
PY, ONUCHIBAIOLIYIO KYCOYHYIO (JYHKLUIO, 4 3aTeM Kak OOBIYHO BOCIMOJIB30BATh-
cs KoMaHaoi plot.
> w:=proc(x) if x<0 then — x elif (x>0) and (x<4) then x else — x+8 fi end:

> plot(w, — 5..6,color=red);

9.2.5. IocTpoenne Mo JaHHLIM

B 3tom ciyyae HeobxomaMMo onpedenuTs HabOp JaHHbIX — TOYKU Ipa-
duka.
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> plot([5,5,6,6,7,8,9,20],color=blue);

18
16
1
12
10
g
6

5 6 ! g 9

> plot({[S,51,16,61,(7,81.(9,201}):

IMocneanss kKOMaHaa KBUBANICHTHA NMPEIbLIYLLEH.

9.2.6. Cosmemuenue rpadukon

MOXKHO MOCTPOUTL HECKOJILKO rpaMKOB HA OJHONW KOOPDAMHATHOMN MIIOC-

xoctu. Tlpu Takom nocrpoeHnu Maple aBTOMaTHUYeCcKH BLIOMpaeT pa3Hbie
uBseTa )it rpadUKkoB dyHKLUNA.

> plot({x — x*3/3,sin(x),cos(x)},x=0..1);

0.84
0.6
0 44

0.2

JonycTumMo coBMeliaTh 0ObIYHYIO U TaPaMETPUYECKYIO TPaduKy.
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> plot({x,[x"2,x,x=0..1}},x=0..1);

14
D.B-. -/_,.r-"‘"-
—
0.6+ /
D.d“ ///
D.Q-F/
ob 02 04 , 0B 08 i

Ha ogHoM rpadmike MoryT ObITh npeacTaBiieHbl QYHKUNH, 3aJaHHbIE Yepes
($yHKUHOHANbHBIE OTIEPAaTOPh! U BCTpoeHHble byHKIMK. HanpuMep:

> plot({sin,x — >x*2},0..1);

1

08

06

0.
02

00 02 D4 06 08 1

9.2.7. TlapameTpuyeckas rpadpuka

IIpu nocTpoeHHH napaMmeTrpuyeckux GYHKUMA MCNOIb3YETCH CaeqyoLuii
CHHTaKcHC KoMaHp! plot:

plot([x(t),y(1),t=(anana3oH usmeHeHnd t)),h,v,options)
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> plot( [(t"2 — 1)/(t2+1),2*%t/(t*2+1), t= - infinity..infinity] );

> plot(jx*2,x,x=0..3*Pi], - 8..8, — 5..5,coords=polar);

oo
.
(a2}
'
p-N
L]
[
T
L]
p-N
22}
[me]

9.2.8. IlocTpoenne B moJspHbIX KOOPAMHATAX

[Tpu noctpoeHun GyHKIMK B MOJAAPHBIX KOOPAMHATAX HCNONL3YIOT napa-
metp coords=polar. @opmMat KoMaHabi plot B 3TOM ciiy4ae Takon:

> plot ({1 - cos(t),t,t=0..2*Pi],coords=polar);
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9.2.9. lonoaHuTEAbHbIE BO3MOXKHOCTH

Ilepen mocTpoeHueM rpadMku B KOMIUIEKCHOM TUIOCKOCTH CleAyeT MNOA-
KoyuTh Oubnnorexy plots.

> with(plots):

> conformal(1/z,z= - 1 - L.1+I, - 6 — 6*1..6+6*1, color=magenta);

B Maple B0O3MOXHa aHUMALMs IBYMEPHBIX IPadUKOB.

> with(plots):

> animate( {x — x*3/u,sin(u*x)}, x=0..Pi/2,u=1..16 ,color= red);

CuHTaKcUC KOMaH/bI animate:

animate(F, x, t,...).
3nece F=F(x,t) —~ ¢yHKIUA ABYX MEpPEMeHHbIX; X, t — AUana3oHbl U3MEHEHHS X
Ut.

IIpy aHUMauUMK MPOUCXOIUT CIIEAYIOLEE. UIMEHSIOTCA 3HAYEHUs t U MpHU
$UKCUPOBAaHHBIX 3Ha4YeHUsAX t ctpoutesa rpaduk F(x.t). KonvuectBo BbIBOIU-

MbIX KaJgpOB MOXHO YyCTaHaBJIMBaThb mapamerpoM frames (o yMmon4aHMIO
frames =16).

> animate(t*x,x=0..1,t=0..100,frames=30);

IIpy u3MeHeHUU MapaMeTpoB pucoBaHUs rpaduka (He camol ¢yHKLUU!)
Tpadyk MOXKHO NMepepucoBaTh KOMaHIOM replot.
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> with(plots):
> plot(tan(x),x=0..Pi);
0 05

0
+003

+J03
+J08
+109

> replot(" ,view=[0..Pi, - 5..5]);

N O
or
[ ]
[8)]

573

> replot(",style=POINT title=tan,scaling=unconstrained);

tan

15 2 257730

*
.
.
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9.3. lNocmpoeHue epagpuxoe 3D

9.3.1. Onucanue QyHKuMid 18 OCTPOEHHS

Jns nocrpoenus rpagukos 3D ucnons3yercs GyHkums plot3d.
CHHTaKCHC!
plot3d(exprl, x=a..b, y=c..d)

plot3d(f, a..b, c..d)
plot3d([f.gh] a.b c.d)

f,g,h - otobpaxaeMble GyHKUKH (MK GYHKIIHA);

exprl — BBIpaXC€HHE, 3aBHCsaLee OT X M Y (QYyHKUMS ABYX
nepeMeHHbIX);

exprf,exprg,exprh  — BblpaxkeHHsI, 3aBUCSLLHE OT S U t;

ab ~ JIeHWCTBUTEIIbHbIE KOHCTAHTHI;

c,d ~ JeHCTBUTENbHbIE KOHCTAHTbI, MPOLEAYPbl MK Bbl-
paxeHHs (3aBUCAUIME OT X);

X,y ~ KMeHa.

IlocTpouTs TpexMepHblil rpadguk B Maple 1ocTaTOUHO NPOCTO.

> plot3d(x*2+y"2,x= - 1..1,y= - 1..1);

MoXHO NOCTPOUTH HECKOJIBKO T'paUKOB B OJHOM CHCTEME KOODAKHAT.
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> cl:= {eos(x) - 2*cos(0.4*y),sin(x) — 2*sin(0.4*y),y|:
> ¢2:= {cos(x)+2*cos(0.4*y),sin(x)+2*sin(0.4*y),y]:
> ¢3:= {cos(x)+2*sin(0.4*y),sin(x) — 2*cos(0.4*y),y}:
> c4i= [cos(x) —~ 2*sin(0.4*y),sin(x)+2*cos(0.4%y),y}:

> plot3d( {cl,c2,c3,c4}, x=0.2*Pi, y=0..10, grid=|25,15}, style=patch,
color=sin(x));

9.3.2 IlapamerpHyecKoe NOCTPOCHME

IlpuBenem cuHTakcuc koMaHapl plot3d s DOCTPOEHUS MapaMeTpUYecKrX
NOBEPXHOCTEM:
plot3d( [ exprl expr2,expr3 ], s=a.b,t=c..d).

3aech exprl, expr2, expr3 — QyHKUMH, 3aBUCSIIME OT 8 U t;
x(t,s)=exprl, y(t.s)=expr2, z(t,s)=expr3
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> plot3d([s*sin(s)*cos(t),s *cos(t)*cos(t),s *sin(t)],s=0..2*Pi,t=0..Pi);

9.3.3. Ctuau

Crunu onpelensior, KakuM obpa3om 6yaer pucoBarbes rpaduk, U ycra-
HaBJIUBAIOTCS MTapaMeTPOM

style=s,
rae s ~ oaHo W3 sbipaxeuuid: POINT, HIDDENT PATCH, WIREFRAME,
CONTOUR, PATCHNOGRID, PATCHCONTOUR, LINE. ITo ymomnya-
Huio ycraHasupaercs HIDDEN.

> f:=proc(x,y) x*2+y"3 end:
> plot3d(f(x,y),x=0..10,y=0..10,style= WIREFRAME);
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9.3.4. 11Ber

Hser rpaduka yeranapnupaercs napamerpoM color=c (colour=c),
re ¢ — peAonpeaeneHHbIe LIBETA!

aquamarine  black blue navy
coral cyan brown gold
green gray grey khaki
magenta maroon orange pink
plum red sienna turquoise
violet wheat white yellow

3amaTh LBET MOXHO OBYMs criocobaMmu:

1. color = f(x,y) — user onpegendercas no HUE-
aNTOpHUTMY;

2. color = [exprl,expr2,expr3] — user onpenmensercs 1o RGB-
aIrOpHUTMY.

Hpumep:

color=x*y —no HUE-anropurmy;

color={sin(x*y),cos(x*y),tan{x*y)]) — no RGB-anropurmy.

> plot3d(x*4+y*4,x= — 2..2,y= — 2..2,color=x"2+y"2);
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9.3.5. Hanecenue ceTKH

Ans HarnsgHOCTH yepTexa Ha rpaduku 3D HaknajwIBalOT ceTKy. PazMep
SYEEK CETKH MEHSIETCA C MOMOLLBIO napaMeTpa grid, KOTOPbIii ONMUCHIBAETCS B
tbopme grid=[m,n] ¥ onpexengeT KOJIHYECTBO YETHIPEXYTONBHNUKOB — 3E€MEH-
TOB ceTkH. [To ocu X Oyxet ynoxeHo (m-1), a no ock ¥V (n—1) YeTbIpexyrob-
HHUKOB.

> plot3d(( — x*2 — y"2),x= - 2..2,y= — 2..2,grid=[4,4]);

0““:’“& I
QO Py
PRSI
SOLL IRy
S :‘ SSARR

9.3.6. KoopauHaTh! CHCTEMbI

Ilonbs3oBaTens No CROEMY KEMAHWIO MOXET BLIOWpAThL CIeNyIOLIMe THUITbI
CUCTEMbBI KOOP/IUHAT:
cartesian — q€KapToOBa,

spherical - cdepuueckas;
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cylindrical — umMnuHapUueckas.

YcTaHaBIMBAETCA TWUIT KOOPAMHATHOW CHCTEMbI MapaMeTpom coords. Ha-
npumep: coords=spherical. TTo yMoMYaHuiO ycTaHaBIMBaeTCs ACKAPTOBa CH-
cTeMa KOOP/MHAT.

Eciu BblOpaHa AekapToBa CHCTEMA KOOPAMHAT, TO BEPTHKalbHAd KOOP-
JIMHATA Z BbipaXaeTcd KaKk QYHKUNUA KOOpAMHAT X M Y. T.e. plot3d(z(x,y).
x=a..b, y=c..d);

Ecnu BhiGpaHa chepuueckas cHcTeMa KOOpAMHAT, TO koMaHaa plot3d
JoxHa  ObiTh 3aMucaHa B cleayrouiei popme:

plot3d(r(theta,phi), theta=a..b, phi=c..d, coords=spherical);
3nech theta — yros, u3MepsaeMbiid oT X — ocu B niiockoctt XY phi — yroJ, us-
MepsieMbIl OT MONOXUTENbHOW noayocu z: r(theta,phi) — Moxynab panmyca-
BEKTOpA.

COOTHOUIEHUE MEX/Y [AEKAPTOBLIMM KOOPAMHATAMHU U CHEpUUECKUMH
KOOpIMHATaMu Bblpaxaercs GopMyiamu:

l

X =1 * sin(phi) * cos(theta)
y = r * sin(phi) * sin(theta)
z =1 * cos(phi)

Ecnau BbiOpaHa unAMHApUYECKAs CUCTEMA KOOPAMHAT, TO kKomanaa plot3d
JonkHa OblTh 3aNMcaHa B ciieayloineit popme:

plot3d(r(theta,z), theta=a..b, z=c..d, coords=cylindrical):
3aech theta — yroJdi, u3MepseMbii OT MOMOXUTENBLHOR MONYOCH X; Z — KOOPAH-
HaTa (BblcoTa); r(theta,z) — MoayIb pamuyca-BekTopa; theta MOXET U3MeHATbCA
ot 0 1o 8*Pi.

COOTHOMIEHNE UMIMHAPHYECKUX W JEKAPTOBbIX KOOPAMHAT BbIPaXAeTcH
dbopMynamu:

r * cos(theta)
r ¥ sin(theta)
=z

X
y
z

1l
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> plot3d(height, angle=0..2*Pi, height= - 5..5, coords=cylindrical,
title="CONE’);

CONE

> plot3d(1,t=0..2*Pi, p=0..Pi, coords=spherical, scaling=CONSTRAINED,
title="SPHERE’);

SPHERE

9.3.7. Peaepnur

IIpu u3MeHeHMUM HEKOTOPBIX MapaMeTPOB MOCTPOEHUA I'padUKOB (HO HE
camoif GyHKIMU!) HepTeK MOXHO OBICTPO NepepUcoBaTh KOMAHION display.

> with(plots):
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> F:=plot3d(sin(x*y),x= ~ Pi..Pi,y= - Pi..Pi): G:=plot3d(.2*x +.2* y,x=—
Pi..Pi, y= - Pi..Pi):

> H:=plot3d([2*sin(t)*cos(s),2*cos(t)*cos(s),2*sin(s)],s=0..Pit= — Pi..Pi);
> display3d({F,G,H});

9.3.8. MacwirabupoBanue ocei

Ocu rpadukos MacluTabUpyIOTCS NapaMmeTpoM scaling=s. 3lecb S MOXET
npuauMath  3davenus UNCONSTRAINED umn  CONSTRAINED
(HecmasJIEHHbIA U CAABIEHHBIH COOTBETCTBEHHO).
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> plot3d(5*x*2+.6*y*4,x= - 1..1, y= — 1..1,s¢caling=CONSTRAINED,
color=x);

> plot3d(5*x"2+.6*y"4, x= - 1..1, y= — 1..1, scaling=UNCONSTRAINED,
color=x);

9.3.9. O¢gopmnenne rpadukos

Odopmuth TpahUK MOXHO € MOMOLIBI pPa3HoOOpa3HbIX MapaMeTpoB
dbynkuuu plot3d.

[Tapametp title=t onpeaenseT 3aroIOBOK I dYepTexa. 37ech t — CTpoKa,
M0 YMOJHAHHUIO t — MycTas CTPOKa.

IMapamerp labels=[x,y,z] onpeaenseT MeTKH s oceil. 3xech X, y, Z —
CTpOKH (110 YMONYAHHUIO HET METOK).
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ITapametp axes=f, rae f — ogHo u3 Bmipakenui BOXED, NORMAL,
FRAME, NONE; onpezensier, kak 6yayT U306paxaTbCs OCH KOOPAHHAT.
[To ymonmyanuto ycranasnusaercss NONE.

ITapamerp contours = n, e N — HETOE MOJOXKHTEIBHOE YUCIIO HITH CITMCOK
KOHTYPHBIX 3HA4€HHUi (Mo yMonyanuo n = 10),

[Mapamerp projection=r, e r — aelicTBUTenbHOE Yncao oT 0 nol, onpene-
aseT TOYKy B3rnaga (1 — ompenenser TOYKY B3INiAAa, ¢ KOTOPOH MOBEPX-
HOCTb BUIHA HOA MpPSMBIM YIJIOM; 0 — onpenenser  LUMPOKOYTOJIbHYIO
nepcnektBy). Takxe r MoXeT OBITH OJHMM M3 3ape3epPBUPOBAaHHBIX
umen: 'FISHEYE', NORMAL', 'ORTHOGONAL', koTophie COOTBETCT-
BYIOT 3HauenusM 0, 0.5 u 1 coorBerctBeHHo. [To yMoI4aHHIO yCTAHABIIHU-
Baercss ORTHOGONAL.

Tapamerp orientation=[theta,phi] onpeaenser yriuei theta u phi Touxu
TPEXMEPHOIO MPOCTPAHCTBA, B KOTOPOI OyIeT HaX0oUThCs HAOMOaTe b,
Touxa B3rjIs1a ONKcaHa B chepUYECKUX KOOpAUHATaX, rae theta u phi —
yIJlbl B Ipaaycax (Mo yMoiuaHuio 06a yriia paBHbI 45 rpagycam).

TlapaMerp view=zmin..zmax wiM [xmin..xmax, ymin..ymax, zmin..zmax]
NOKa3blBaeT MUHUMANIBHBIE H MAKCUMAJIbHBIE KOOPIUHATHI INIOCKOCTH, B
npeaenax KOTOPBIX MOBEPXHOCTE Oyaer orobGpaxaTbes Ha skpae. Ilo
YMOJT4aHHUIO OTOOpaxaeTcs BCsl MOBEPXHOCTh.

Iapamerp shading=s, tae s — oaHo u3 Beipaxenwit: XYZ, XY, Z,
Z_GREYSCALE, Z_HUE, NONE,; omnpezenser, kak OyAeT OKpalleHa
nosepxHoctb. 110 yMoOJyaHUIO OKpacka BBIOMPAETCcs B 3aBUCUMOCTH  OT
THMA yCTPONCTBA BRIBOAA.

[Tapamerp ambientlight={[r,g,b] ycTraHaBiIMBaeT COOTHOILUECHHE KPACHOTO,
3€JICHOTO M CMHETO IBETOB IS OCBEIICHUS MOBEPXHOCTU (OCBELIEHHUE OI-
peaensieTcs nojs3osareneM). 3aeck r, g, b — geiicrBuTenbhble YKucna oT
ao 1.

Ilapamerp light=[phi theta,r,g,b] nobGaBiseT UCTOYHUK CBETA, NOMELICH-
Hblil Ha TIipsSIMOM, onpeaenseMoit yrizamu phi u theta chepruyeckux Koopau-
Hat. [[BeT MCTOYHMKA OMpeaesseTcs 3HAUYEHHSAMH I, g, b (ICHCTBUTENBHBIX
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yucen ot 0 mo 1), KOTODLI€ YCTAHABJINBAIOT COOTHOIIECHUE KPACHOT O, 3€JI€-
HOr'0 1 CHHETO LBETOB.

IMapametp thickness=n ompenenser TONIUHY JUHUH YepTeXa, N JOIDKHO
ObITh paBHO 0, 1, 2 unu 3 (0 — 1o yMO4aHHUIO ).

IMapametp linestyle=n onpenenseT ToYeuHbIH WAGIOH IS JIMHUHA depTe-
xa. Ecmmn = 0 unu 1, To nMHKMK OyayT CIUIOIUHBIMM.

IMapamerp symbol=s ompeneinsieT CUMBOJI IS TOYEK YepTeXa. 3aech § —

omHo M3 cnegyrommx Bbeipaxenuii: BOX, CROSS, CIRCLE, POINT,
DIAMOND.

IMapamerp font=I[ onpenenger WpUPT M1 TEKCTOBBIX OOBEKTOB YepTEXKa.
3nech 1 — cnmcok [family, style, size], rme family — omHO U3 BblpaXkeHUH
TIMES, COURIER, HELVETICA, SYMBOL. [na TIMES ctunb mo-
xeT Ob1Th ogHuM 3 ROMAN, BOLD, ITALIC unu BOLDITALIC. [dns
HELVETICA u COURIER ctunms Mmoxer ObiThb BhiOpaH u3 BOLD,
OBLIQUE, BOLDOBLIQUE. Ons SYMBOL ctunp He yka3biBaeTcd.
Size — pa3mep Touek wipudTa.

IMapamerp titlefont=! onpeaenser WPUQT AN 3aroyioBKa (Tak Xe Kak U
s font).

MapameTp axesfont=I onpenenser WpUPT 119 KOOPAUHATHBIX METOK OCeH
KOOpOUHAT (TaK e Kak u juis font).

IMapametp labelfont=I onpenender wpudt s metok (labels) Ha ocsax ko-
opauHar (Tak xe Kak u s font).

st napaMetpoB axes, style, projection, shading u scaling 3Ha4eHUsI MOTYT

ObITh Hafe4yaTaHbl KaK NIPOMMCHBIMU, TaK U CTPOYHbIMM OykBamu. Hanpumep,
axes=BOXED »kBuBaneHTHO axes=boxed.

9.3.10. AHumanysn

Kak u 11 AByXMepHbIX TpadUKOB, i rpadukoB 3D MOXHO OPUMEHHUTH

aHUMaLMIO.
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CHHTaKCHC KOMaH/IbL:
animate3d(F, x, y,t);
rae F = F(x,y,t); X,y,t — IMana3zoHbl U3MEHEHHS BEIHYHH.

> with(plots):
> animate3d(cos(t*x)*sin(t*y),x= — Pi..Pi, y= - Pi..Pi,t=1..2);

KonnuectBO KaJpoB MOXHO PETyJIHpOBaTh, UCNONL3Ys napaMerp frames.
AHAJIOTHYHBIA pe3yNsTaT MOXHO HOJIYYHTh € MOMOLIbLI0 koMaHapl display3d
IIpH YCTAHOBKE insequence=irue.
> with(plots):
> P := animate3d(x — k*y+1,x= - 10..10,y= — 10..10,k= — 10..0,frames=4):
> Q := animate3d(x — k*y+1,x= - 10..10,y= — 10..10,k=0..10,frames=4):
> display([P,Q), insequence=true);

9.4. CoxpaHeHue epacghukos

Tpadukn 8 Maple MOXHO ONMpeaesIuTb KAK CTPYKTYPY JAHHBIX, B KOTOPOH
6yaeT orpaxeHa Bct MHQopMauus o ueprexe. C TakMMH JAHHBIMM MOXHO
NPOM3BOANTL JEHCTBUS TAK )K€, KAK U Hal OObIYHBIMH BBIDAXXEHMSIMH, T.€. UX
MOXKHO pacrneuaTaTb, COXPanuThb B daiine U T. n.

B Maple cyumecTsyloT ABa THINA AAHHBIX, KOTOPblE NpeAHA3HAYECHBI IS
COXpaHeHHs UHGOPMALIMY O YEPTEXAX:

PLOT - ang rpagukos 2D;

PLOT3D - mnsrpaduxos 3D.

> gr2d:=plot(sin(x),x=0..Pi,color=blue):
> type(gr2d,PLOT);

true
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> gr3d := plot3d (sin(x) * cos(y), x=0..Pi, y=0..Pi):
> type(gr3d, PLOT3D);

frue
ITocTpouTh rpaduku 1o yxe onpeAesieHHbIM epeMeHHbIM HETPYIHO.

> eval(gr2d);

! e—
08 . \
\
osf “
04
0.2 / AN

00 05 1 15 2 25 3

IlepemeHHble, copepxauie HHGOPMALIMIO O YepTeXaX, MOXKHO COXPAHUTh
B (paiiie KoMaHgOH save.

> save gr2d,gr3d, graph.txt":

OunctuM namsaTs Maple-cucremsi:

> restart:

TlepeMeHHbIE YHHYTOXEHDI, B rpadyK MOCTPOUTH O MEPEMEHHBIM HEJTb3s.

> eval(gr2d);
gr2d

Ho nepemeHnHble gr2d u gr3d MoxHo cuuTaTh U3 Gaiina komanou read.
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> read “graph.txt':
> eval (gr3d);

9.5 Mpaghuyeckue 6ubnuomexu

I'pauyeckue GUOIMOTEKM NpenHa3HaYeHbl MU pacliMpeHus rpadudye-
CkUX BO3MOXHOCTEHM cpeas! Maple. CyiecTBYIoT Tp¥ OCHOBHbIE rpaduyecKkue
6ubnuoTreku: plots, stats, DEtools.

Bubnuotexa plots npenHasHaueHa A MOCTPOEHUS rpaduYecKux oObek-
TOB, KOTOPBIE HENb3s MOCTPOUTL 0ObIYHBIMM hyHKLMAMH plot u plot3d.

I'paduueckas 6Gubnuoreka stats npeaHasHaueHa s obpaboTkM cTaTH-
CTH4YeCKoi HHOOPMALIMH U MOCTPOEHNS THCTOTPAMM.

I'paduueckas 6Gubnnoreka DEtools npeaHasHayeHa aia MOCTpOEHHA Ipa-
(buKOB pelieHus cHcTeMbl AMddepeHIHATILHBIX yPaBHEHMH.
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10. CTATUCTUYECKUE BbIMUCNEHUS

Maple V coxepxuT MoLIHYyI0 GHGIHOTEKY stats, MOAAEPXKUBAIOLIYIO pas-
HOOOpa3Hbie CTATUCTHYECKHE BLIYMCICHUS M TEHEPHPYIOWYIO peamn3alun
CIy4aiHbIX MOCIIENOBATENbHOCTEM, C 38 IaHHBIMH 3aKOHAMH PaCIIpEaeIICHHNS.

bubnnoreka BKIIOYAET CNEAYIOMKE NOAOHOITHOTEKH:

o describe — Juis BLIYHCIIEHHMI CTATHCTHYECKNX XaPAKTEPUCTHK [AHHBIX;

fit — g perpecCHOHHOTO aHANMK3a (arMpPOKCUMALMH AAHHBIX 33 JaHHBIMH
3aBUCUMOCTAMHU);,

transform — npeo6Gpa3oBaHHs JaHHbIX;

random — Ui rEHEPUPOBAHHS CIy4YaiHbIX YHCEII C 3aJaHHbIMH CBOACTBAMY;
statevalf - Juts NOTyYEHHS YHCIEHHbIX OUEHOK MACCHBOB JIAHHbIX;

statplots — a5 rpaduyeckoro NpeAcTaBIEHHS AAHHbBIX.

IMoaxmoyeHne GUGINOTEKH BbINOIHACTCA KOMaHI0M:

>with(stats):

10.1 Noo6ubnuomeka DESCRIBE

3Ta NoA6MOIMOTEKA O3BOIAET BLIYACIATD IMPOKHI CNEKTP CTATHCTHYE-
CKHX XapPaKTEPUCTHK, HA3HAYCHHUE KOTOPbIX HE BCEr1a MOXHO OThICKATDb JaXe B
CHeLnaIM3NPOBAHHON CIIPABOYHON TUTEPATYPE.

dopMaT Bbi30BAa KOMAH:

stats[describe, <function>](args)
WITH
describe [ <function>] (args),

rae (args) — MACCHB JJAHHbIX, & BMECTO <function> MOXET ObITb HCNIOIL30BAHO
OHO W3 CIENYIOIHX KITHOUYEBbIX CIIOB:

o coefficientofvariation — ycpeaqHeHHOE OTKIIOHEHHE;
e count ~ NOJCYHTHLIBAET YHCIIO 3JIEMEHTOB B MACCHBE JAHHbBIX;
e decile — AeaHT nHANA30H U3MEHEHNS JAHHBIX Ha 10 yacTel;
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geometricmean — FeOMETPHUYECKOE CPEIHEE;

harmonicmean — rapMOHUYECKOE CpeHee;

kurtosis — koahduuuenr KypTocuca,

linearcorrelation — uHefiHas xoppesuus;

mean — cpeauee apudmMeTHieckoe (HauaabHblii MOMEHT 1-To nopsaka);
median — MeauaHa pacnpeaencHus;

mode — MOJia pacnpeneneHms;

moment — HayasbHble M LIEHTPAJIbHbIE MOMeHTbI K-Tro nopsaxa;
quadraticmean — cpegHee KBaIpaTHUECKOE;

range — pasMax (AMana3oH U3MEHEHUA JaHHbIX);
standarddeviation — cTaHAapTHOE OTKJIOHEHHE;

variance — aucnepcus (L{eHTpadbHblii MOMEHT 2-TO NOPSOKa).

[ToscHuM ucrionb3oBaHUE 3TUX GYHKLMIA HA DpUMepax.
3apaaum asa Maccusa uncen datal u data2:
> datal:=[1.,2.,3.,4.,3.,5.,2.,7.,6.,2.,5.]:
> data2:=[1,2,4,4,3.,7.,.3.,8,5,3,7]:

IMokaxem Ha NpUMepax, Kak MOXHO BOCMOIb3OBaThca Noabubnnorexoi
DESCRIBE:

> describe][ coefficientofvariationj(datal);
5012484414

> describe{count](datal);

11

> describe[countmissing](datal);

> describe|covariance(datal,data2);

3.553719010
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> describe[geometricmean](datal);
3.149449927
> describe[harmonicmean]([1,3,4,5]);

240/107

> evalf(describe[kurtosis](data2));
1.979718020

> evalf(describe[linearcorrelation](datal,data2));

9128215626

> describe[mean](datal);

3.636363636

> describe{meandeviation](datal);

1.603305785

> describe[median](datal);

> describe[mode}(datal);
2,

BbiuuciIuM Ha4aabHble MOMEHTDI 1-ro u 8-ro nopaaxa OTHOCHTEIbHO HYJA!

> describejmoment{1,0]]([1,2,3,4,5])
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> evalf(describe[moment(8,0]]([1,2,3,4,5]));
92595.80000

BblyKcIuM HEHTPaiIbHbIA MOMEHT 2-ro nopaaka. O6paTute BHUMaHWe Ha
BO3MOXHOCTb HCTIOMb30BAHUS CTATUCTUYECKUX (YHKUNM KAK BITOKEHHBIX.

> describe[moment|2,mean]]([1,2,3,4,5]);
2

> describe[percentile[S0]](datal);

> describe[quadraticmean](datal);

4.067610423

> evalf(describe]quartile]3] |(data2));
5.500000000

BuiumciIuM auana3ol, B KOTOPOM JIeXaT JaHHbie MaccuBa datal:
> describe[range](datal);

> describe[skewness](datal);
.3662496971

> describe[standarddeviation](datal);

1.822721605
> describe[variance](datal);

3.322314050

Maple V nossonser cozgaBaTh COOCTBEHHYIO YHUBEPCATbHYIO QYHKIIHIO, C
MOMOILBIO KOTOPOM Jlajlee MOKHO BbIYMCISATH HECKOJIbKO NOKA3aTened OaHO-
speMenHo. Hanpumep, cozfagum ¢yukuuio Gen, KoTopas ¢pa3y onpejeiser:
KOJHMYECTBO 3JIEMEHTOB B JAHHDBIX, CPEAHEE 3HAUCHHUE W ANUCTIEPCHIO.
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> Gen:=[describe|[count],describe[mean],describe[variance]}:

> Gen(datal);
[11, 3.636363636, 3.322314050]

10.2. Tod6ubnuomeka FIT

IlpepHa3HaueHa IS HaXOXAECHUS KOPPEIAUMOHHBIX OTHOLUEHUH M am-
[POKCMMALMHY CTATUCTAYECKMX IaHHBIX BbIGPAHHBIMHU 3aBMCHMOCTAMH.

dopmMar Bbi3oBa:
statsffit, leastsquare[vars, eqn, parms] ] ( data)
7017

fit[leastsquare[vars, eqn, parms] ] ( data),
rae data — CIMCOK JAHHBIX; vars — CIIMCOK MEPEMEHHbBIX, B NOPAMAKE MPEACTaB-
JACHUS [JAaHHBIX, eqn — aNMpPOKCUMHUpYOLLEEe YpaBHEHUE (MO YMOJUYAHUIO JIH-
HeifHOe); parms — MHOXECTBO apaMeTpoB, KOTOpblc OyAYT 3aMEHEHbB! BbIUMC-
NIEHHBIMH 3HAYCHHUSMH.

Huke armnpokCMMUPYIOTCA TPY MaccuBa. B kauecTBe nepeMeHHbIX BbIOpa-
HbI X, ¥, Z. T1OCKONIbKY BHI ANMPOKCMMUPYIOLLEro BBIPAXKEHHUS HE OropapuBa-
eTcsl, TO 10 YMONMYAHHUIO CUCTEMA BEIOUPAET €ro TMHEHHbIM.

> z1:=fit[leastsquare([x,y,z]}({[1,2,3,51,12,4,6,8],[3,5,7,101]);

zl =z=1 +x+%y

Tlpu onwcanuM Janusplx ymaoGHo mnonb3oBaTbes QyHkumerr Weight
(31EMEHT, YMCIO MOBTOPEHUI):

> fit [leastsquare[[x,y,zll](I1,2,3,5,5},12,4,6,8,8],[3,5,7,10,Weight(15,2)]]);

z—1+£x-—Z
= 3 6”
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BosbMem gBa MaccuBa X0 # YO, COCTOSIIMX KaXAbli U3 YETbIPEX 2JIEMEH-
TOB, ¥ aNNPOKCHMHUPYEM 3TH JaHHbIE YPaBHeHHeM 2-ro nopsaka. Ha nokazaH-
HbIX HHXKE TpEX NMpHUMeEpax JIErKO MpOCIEAUTb, KaK MOXHO MEHSATb hopMaT Ko-
MaH/bl.

> X0:={1,2,3,4]: Y0:=]0,6,14,24]:
> Ur_1:= fitjleastsquaref|x,y], y=a*x*2+b*x+c, {a,b,c}]}(1X0, Y0));

2 8
— 2 >
Ur 1 =y=x 5x 3

>Ur_2:= fit[leastsquare|[x,y], y=a*x"2+b*x+c]}(|X0, YO]);

2 8
=yl Sy 2
Ur 2 =y=x 5%~ 3

>Ur_3:= fit{leastsquare|[x,y], y=a*x"*2+b*x+c, {a,b}]|(X1, Y1]);

(55747 2 3_2_9__2@2)
U’—3"y‘(§5‘9‘ 659) +('659C §55 )%+ ¢

TpaHchopMupyeM NoIy4EHHbIH pe3ysibTaT B IpOLENYpY:

> My_function:=unapply(rhs(Ur_3),x,c);

55 747y 2 389 902
My _function = (x, ¢) %(659 659) +(_3?9- 655)%*¢

Janee 3To# pyHKUHMEH MOXKHO BOCMOJIb30BATbCS NPH BIYHCIIEHUAX HITH
nocTpoeHusix rpaduKoB, HanpuMep:

> My_function(1,3);
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> Plot({My_function(x, — 10), My_function(x, — 5),x= —5..5);

20 /
-4 2 10 2. X 4

2}

10.3. Nod6ubnuomexa TRANSFORM

IToabubanorexa cogepxuT 6OraThiec BO3MOXHOCTH BBITIOJIHEHUS NIpe-

obpa3zoBaHUH Hall AaHHBIMH, YTO BUAHO NPU PACCMOTPEHHH €€ COAEPXKAHUS,
NPHUBEICHHOTO HHXE.
PopMaT BbI30OBA KOMaRX:

HIIA

stats[ transform, <function>](args)

transform{ <function>](args),

TAe BMECTO <function™ MOXeET ObITh HCNOJb30BAHO OMHO M3 CIEAYIOUIMX KITIO-
YEBbIX CJIOB:

apply — 3aMeHa 3JIeMEHTOB JJAHHBIX HOBBLIMH, BLIYHCIIEHHBIMH MO 3a-
JaHHOHU dopMmyTe;

classmark — 3aMeHseT kiacchl JAHHBIX X CPEAHUMH 3HAUYCHUSIMH;
cumulativefrequency — NOACUYUTHIBAIOTCS BECA 3TEMEHTOB AaHHBIX;
deletemissing — BbIYMTaHUE MYCTHIX 3JIEMEHTOB U3 CMIMUCKA JXaHHbBIX;
divideby — neneHHe kaX/a0ro dleMeHTa Ha YHCIIO UITH CTaTUCTHYECKYIO
P YHKUHIO;

frequency — 4acTOTHOCTb K2XJOr0 BXOJMLIETO 37IEMEHTa B JaHHBIX;
moving —~ BbIYUCIEHHUE CPeIHUX 3HAUECHHH MOCTEeIOBATENbHbIX NTOPLUUH
3IEMEHTOB;

multiapply — npeoSpa3zosanue 1o hopmysie AaHHBIX, TPEACTABICHHBIX
CTIUCKAMH;

remove ~ BbIYUTaHHE U3 JAHHBIX YHCJIa HITH CTATHCTHYECKOH QYHKLMHY,
scaleweight — yMHOXeH1e BECOB JaHHBIX HA YHCTIO;
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e split — pa3buTh JaHHBIE Ha MHOXECTBO CMIUCKOB C COOTBETCTBYIOLIMMH
BECaMH;

e standardscore — 3aME€Ha 3JIEMEHTOB JaHHbIX;

e statsort — COpTUPOBKA CTATUCTUUYECKUX JAHHBIX;

e statvalue — 1aTh BEMMUYUHY KaX/I0TO 3JIEMEHTA JAHHBIX U 3]IEMEHTOB
MHOXECTBA, KOTOPBIE OTIMCAHLI BECAMM, KaK EAMHHUYHBIA 3JIEMEHT,

e tally ~ nojacyeT NOBTOPAEMOCTH KAXAOTO 37IEMEHTa,;

o tallyinto — noAc4eT NOBTOPSIEMOCTH KAX0TO 3JIEMEHTA B ONMpe/eTICH-
HOM KJTacce.

PaccMOTpHM HEKOTOpEIE TiepeuncieHHbIE BOSMOXHOCTH Ha NpyUMepax.
3amaguM MaccHB JaHHBIX data3:

> data3:=(1,1,2,3,3,4,4,4,5,6,6,9]:

IToacuntaem BECA, BXOOALMX B HET'O 3JIEMECHTOB!

> y4S:=transform(tally|(data3);
y45 := [Weight(3, 2), Weight(4, 3), 5, Weight(6, 2), 9, 2, Weight(l, 2)]

Bbijienum U3 nosayuyeHHOoTro citucka y45 nepBhlil 3IeMEHT!
> op(1,y45);
Weight(3, 2)
IMogcuutaeM, CKOBKO 3JIEMEHTOB MONAJAET B YKA3aHHbIE JHaNa30HbI:
> y40:= transform|tallyinto|(data3,[0..5,5..10,10..15]);
y40 := [Weight(0 .. 5, 8), Weight(5 .. 10, 4), Weight(10 .. 15, 0)]

TTocite 3TOr0 MOXHO OTIPEAETIUTh YACTOTHOCTL OJJMHAKOBBIX 3JIEMEHTOB,
HanpuMep, TaK:

>transform|frequency](y40);
[8,4,0]
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ITpucsoum uaeHTHGHUKATOPY N3 3HAYEHHE YKCIIA HIIEMEHTOB, YKA3aHHOTO
BO BTOPOM uJjieHe NOJY4EHHOTO cnHucka y40:

> n2:=op(2,0p(2,y40));
n2:=4
Hanee MOXHO BOCnonb30BaThcA NepeMeHHoMN n2. HanpuMep, BuIuHcIHM
n2* n2-1:
>n2*n2-1;
15

BbiuTeM U3 Kaxaoro 31eMeHTa cnucka data3 uucino 3.

> transformjremove[3}}(data3);
['2, '29 'ls 07 0’ l’ l’ 19 29 39 39 6]

Buiutem u3 kaxaoro aneMeHTa cnucka data3 CpeAHee 3HAYEHHUE 3TOTO
CNUCKa:

> transform{remove{mean}j(data3);
[-3,-3,-2,-1,-1,0,0,0, 1,2, 2, 5]
PazpenuM snemenTsi cnucka data3 Ha 4:

>transform| divideby[2}}(data3);
11,33

2) 27 ]
Pasnenum snemenTsl cniucka data3 Ha ux cpelHee:

>transform|[ divideby{describe[mean](data3)]}(data3);

11133, ,,5339
4:4:2;4:4» 2 » 14;2’2!4
Haiinem cpenHue 3HayeHns TPeX NOCNEAOBATENbHLIX 3IEMEHTOB B CIIHUCKE
data3. OueBMAHO, 4TO YMCIIO FTIEMEHTOB B HOBOM criucke Oyaer MeHblle Ha 3:
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> transform[moving[3}j(data3);
(3,4,3,5,4,10/3, 5/3, 5/3, 8/3]
VInTerpanpHas XxapakTepHCTHKA HAKOMJICHHS BECOB 31IeMEHTOB B JIaHHbIX
> transform|cumulativefrequency|({5, Weight(1..7, 10),2,2,2,2]);
[10, 11, 12,13, 14]
Ecnu byHkuMs onpeaeneHa, To MOXHO BbINONHUTS NpeobpaszosaHus Hal

crnuckoM gaHHbiXx. Hanpumep, onpenenum ¢yHkuuio f, Bo3spamarouyo 3-10
CTENEeHb ApPryMeHTa:

> fi=x - >x"3;

f=x —>x3

> Mass_1:=transform|apply|f]}(|2,3,4]);
Mass_1 :=[8, 27, 64]

3aTeM HaiiaeM Pa3HOCTb MEX Y COOTBETCTBYIOLIUMHU 3JIEMEHTAMU A H-
HbIX!

> Itog:=transform{multiapply[(x,y) - > x — y]}({{12,40,70}, Mass_1});
Itog :=[4, 13, 6}

3amagumM ciivcok 3neMeHToB data_0, paccopTHpYeM ero, onpeneaum
cpelHee 3HAYEHUE U OLeHUM pa3bpoc NaHHbIX:

> data_0:=[1,3,5,3]: transform{statsort] (data_0); describe[mean](data_0);
describe[standarddeviation](data_0);

[1,3,3,5]
3

Jz
> transform|statvalue](|Weight(3,10),2,2,1,1,1});
13,2,2, 1,1, 1]
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10.4. Nod6ubnuomeka RANDOM
dopmart BbI3OBa:

stats[random, distribution ] ( quantity, uniform, method)
WIu

random/[distribution ] ( quantity, uniform, method)

OnuiueM Ha3HauYeHHE MapaMeTPOB KOMAHIHOM CTPOKH:
distribution ~ OMKCAHHME 3aKOHA pacrpeac/ieH!s MOMy4YaeMblX YUCET;

quantity ~ MOJIOXKUTENILHOE LIEJTOE YUCTIo (OMpeaenseT, CKOIbKO
ClTyyaMHBIX yuces TpeOyeTcs MoyYuThb) HITH KITFOYEBOE
cJIoBO 'generator’ (oruus, no yMOJTYaHHIO YCTAHABJIH-
Baerca 1);

uniform — Ipoueaypa, KoTopas FeHepUpyeT 4ucia paBHOMEPHO-
ro pacnpeieicHus, uny kmoyesoe cjioso 'default’
(omuus, Mo yMoJT4aHuIo ycraHasnuBacerca 'default’);

method — OJIHO M3 CIIEYIOIMX KITIOYEBLIX CITOB 'auto’, 'inverse'
v 'builtin’ (onuMs, 0o yMOTYaHUEG YCTAHABIIMBAETCS
'auto’).

bubanoTeka BKJIIOYaeT CIIEAYIOIHAC JUCKPETHBIC U HEMPEPBLIBHBIE pacnpe-
OCICHUA.

JUCKpeTHBIE pacrpeae/IeHUs:

binomiald|n,p] ~ GMHOMHMAJILHOE:
binomial(n,x)*p”x*(1-p)*(n-x);
discreteuniform(a,bj — IMCKPETHOE PABHOMEPHOE:!
1/(b—a+1) n paBHO 0, ecitt x<a unu x>b;
empirical[list_prob] ~ IMITUPHYECKOE:

paBHo 0, eciin x<1 wimu x>nops(list_prob),

nHaude paBHo list_probix];
hypergeometric[N1, N2, n] - runepreomeTpuyeckoe:

binomial(N1,x) * binomial(N2,n-x) /

binomial(N1+N2 nj;
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negativebinomial|n,p} — OTpHLAaTENbHOE OMHOMHUATILHOE:
binomial(n+x—1,x)*p*n*(1-p)*x;
poisson|mul] — ITyaccoHa:

exp(—mu)*mu”x/x!;

HenpepbiBHble pacnpeaeneHns:

beta[nul, nu2} — Oera:
1/ Beta(nul, nu2) * x A (nul-1) * (I1-x) *
(nu2-1);
cauchy|a, b} — Kouuu:
1/(Pi*b*(1+(x-a)/b)*2), b>0;
chisquare[nu] — Y—KBaJpar:

x*((nu-2)/2) exp(-x/2) / 2 ~ (nu/2) /
GAMMA(nu/2), x>0, nu>0,
exponential|alpha, a] — 9KCTMOHEHIMANIbHOE!
alpha * exp(-alpha * (x-a)), ecnu x>=a; u
pPaBHO HYJIIO, €CJIN X<a;
fratio[nul, nu2j — oHocuTenbHoe (Puiepa):
GAMMA((nul+nu2)/2) | GAMMA(nul/2) /
GAMMA(u2/2) * (nul/nu2) » (nul/2) * £ »
((nul1-2)/2) / ( 1+ (nul/nu2)*f) »
((nul+nu2)/2), x>0, nul>0, nu2>0:

gamma(a, b] — ramma:
x*(a~1)*exp(-x/b)/GAMMA (a)/b”a, x>0,
a>0, b>0;

laplaced|a, b} — Jlannaca:
1/(2*b) * exp(-abs(x—~a)/b), b>0.

logistic|a, b} — pacnpegenicHNe, KOTOPOE OMUCIBAETCA

dyHkumen: exp(— (x~-a)/b )/ b/ (1+ exp(-(x—
a)/b))*2, b>0;

lognormal[mu, sigma]| — JIOTHOpMAJbHOE!
1/(x*sqrt(2*Pi)*sigma) * exp( - ((In(x)—
mu)/sigma)”2 /2 ), x>0;

normaldfmu, sigma] — HopmarnbHoe (I"aycca):
exp( —(x-mu)”*2/2/sigma”2)/
sqrt(2*Pi*sigma”2);



114 I'nasa 10

students|nu] - CrioneHra:

GAMMA((nu+1)/2)/ GAMMA (nu/2)/
sqrt (nu*Pi) / (1+tA2/nu) » ((nu+1)/2);
uniformja, bj ~ PaBHOMEpHOE!

1/(b-a) ecnu a<=x<=b, n 0 B Apyrux cnyya-
1X;
weibull{a, b] — Beiibyna:

a*x*(a-1)*exp(—(x/b)*a )/ bra, x>0, a>0,
b>0.

Paccmorpum BosmoxHocT noadubnuorekn RANDOM Ha npumepax.
CreHepupyeM ueTbipe Cy4YaiiHbIX YMC/Ia U3 FeHEpadbHOH COBOKYMHOCTH,
ONMChIBAEMOH HOPMaJIbHbIM 3aKOHOM paclpeieeHus:

> stats{random, normald](4);

7433, 9421, -.8268, —.8957

AHAJIOTMYHO BBIMOMHEHHOMY BbILIE CO3AaIMM MAcCHB U3 53 371€MEHTOB,
HO C 3aJaHHBIMM MapaMeTpaMHU pachpeneNieH!s: cO CPeHUM 3HaUeHHUEM — 7 U
CpeIHUM KBaApaTUUECKUM OTKIIOHeHUEM — 1.5.

> k:=53:
>mas_1:=stats{random, normald|7,1.5]](k):

Ouenum CpEaHEEC 3HAUYCHHUE B MOJYYCHHOM HaMHU MacCHMBC U NMOCTPOUM
rpa(pm(. Ha KOTOPOM MOKaXEM NOCNeNOBaTEIbHOCTb 3ICMEHTOB, COCAMHECHHbBIX
JIMHUAMHU, & TAKXE JIMHUIO, PABHYIO CDEAHEMY 3HAUYCHUIO.

> describefmean]([mas_1]);

7.076
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> plot({describejmean](mas_1]), |{n,op(n,jmas_1])|$n=1. k], n=1..k, style=line);

|

10
9
83
73
5%
5
4

10 20 ~ 30 40 50
I'enepupyercs yeTbipe YUCAA U3 gamma pacrpeneieHns:
>random|gamma|3]](4);
2/1077, 1.8891, 2,8672, 5.5985

Hasnauenue naenrndukaropa Genl kak reHepaTopa W OJTy4Y€HHE YEThI-
pex YMcell ¢ TOYHOCTBIO NPeCTaBleHHs M0 YMOT4aHUIO!

> Genl:=random|gamma|3]]('generator'):
> 'Genl()'$4;
4.322417178, 1.556014201, 1.085076020, 7.213556406
Ha3znauenue Gen2 kxak reHepatopa M nojayvyeHHe BOCbMH YHCEN ¢ TOYHO-
CTBIO MPEACTABIICHHMS 0 YeThIpex:
> Gen2:=random|gammal3]]('generator[4]'):
> 'Gen2( )'$8;
4.458, 5.016, 3.087, 5.379, 2.430, 1.485, .6150, 3.078

10.5. Nod6ubnuomexa STATEVALF

dopmar BbI30BA:
stats[statevalf, <function>, <distribution>](args)
WK
statevalf[ <function>, <distribution>](args),

rae <function> - cjeayrollne MepeMeHHbIe:
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JUTS HENPePhiBHBIX (GYHKUUIN pacnipeeneHus:
o cdf — hbyHKUMA BEpOATHOCTH (MHTErpaibHas GyHKUUS);
o icdf — obpartHas GyHKUOUSA OT UHTErpaIbHON QyHKUUH;
o pdf — pyHKUMA MIIOTHOCTH BepOaTHOCTU (AU depeHuHanbHasd hyHK-
uus);

IS JUCKPETHBIX GYHKUMI pacnpegeneHus:
o dcdf — auckpeTnad GyHKUUA BEPOATHOCTH;
o icdcef — obparnas GyHKUMA;
e pf— GYHKUUS IJIOTHOCTH BEPOATHOCTH.

Huke npuBeaeHbl TPUMEphI, TOACHAIOIIME UCNIONL30BaHKe NoAOuGanO-
Teku STATEVALF.

IIJ'ISI KOMTIaKTHOCTH BbIBOJUMbIX PE3YJIbTATOB YCTAHOBUM TOYHOCTDb
NpeACTAaBJICHUA YUCET OO0 HEThIPEX 3HAYAHIMX Lll/l('l)pi

> Digits:=4:

Onpepenum 3Hauenne QYHKUMU INIOTHOCTU pacnpeeneHus Iy pacnpee:
nenus Ilyaccona B Touke 2:

> stats|statevalf,pf,poisson|3]}(2);
2241

OnpenenvM 3HaueHUe o6paTHON QPyHKUMHU OT UHTErpaLHOM GyHKUMH
HOPMAaJLHOrO pacnpelenenns B Touke 0.7:

> stats|statevalf,icdf ,normald}(0.7);

.5244

Ornpenenum 35aveHue GyHKUUU MIIOTHOCTH BEPOSTHOCTH HOPMAIBLHOTO
pacnpenenenus B Touke 0.5

> stats|statevalf,pdf,normald}(.5);
3519
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J7ist IosiCHeHMs CKa3aHHOIO NMOCTPOUM (HYHKLHNIO
>plot(stats|statevalf,pdf,normaldj(x),x=-3..3);

0.4

/0.3

0.2

/ 0.1

-3 -2 -1 00 1 v 2 3

HOJ’I}/'{HM BOCEMb CJ’[yH&ﬁHMX Yuces 1A raMMa-pacnpeaeaeHrid i OUCHUM
UX CPEAHCE 3HAUCHHUE!

> y3:=statsjrandom,gamma(3,1]|(8);
y3:=1.382, 3.726, 3.936, 3.930, 2.006, 5.439, 1.305, .5604

> describelmeanj([y3]);
2.786

Onpeaenum 3HayeHue odpaTHoH GyHKLUHUH OT MHTerpaibHOW GyHKLMK
BEPOSITHOCTH BEHOYTOBCKOIO pacipeenerus B Touke 0.5:

> stats|statevalf,icdf,weibull|3, 2]}(0.5);
1.770

TTony4yum nsiThH CNy4alHbIX YUCET ANa OeTa-pactipeaeneHus

> statsjrandom,beta[1,2]](5);
4621, .4244, 2967, .4706, .3968

TNony4uM yeTbipe cayyaiHbiX YMCIa A7 IKCIMOHEHUMANIbHOTO pacipese-
JIEHUSt U OLLCHHM MX Cpe/iHee 3HAYeHUE:
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> tl:=stats[random,exponential|{3]|(4); describe{mean]({t1]);
tl:=.01257, .1229, .2387, .04893

.1058

TeHepupoBaHMe uuCeNl W3 pacnpefelieHUs] ¥-KBaJpaT ¢ TOYHOCTBIO IO

TpeTber 3Havaleld uudpel. KoManma us tpex oneparopo& B MEPBOM 3aJaeM
ANrOpMTM, BO BTOPOM (GOPMHPYEM TeHepaTop, a B TPETbeM ONpejensieM 3Ha-
YyeHue KOHCTAaHThL K.

> A:=stats{random,chisquare|2]](generator|5]): t4:='A()'$50: k:=50:

Tenepb NOCTPOMM pEANM3ALMIO W3 CIy4YalHOW MOCIEeIOBATENbHOCTH 4U-
cen, onpegesseMyl0 BeHOyTOBCKUM pacnpeeneHleM ¢ 3aJaHHbIMM MapaMeT-

pamu. [Ias nyyiuero npeacraBieHus rpaduka 3aa MM KITIOY COSAMHEHUS TO-
yek nuHUAMU  (style=line).

> plot({describe[mean](|t4]),{{n,0p(n,[t4])]$n=1..k]},n=1..k,style=line);

12%

103
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10.6. lNod6ubnuomexka STATPLOTS

ITpuBeaeHHbIE 30€Ch NTPUMEPDI TTOKA3bIBAIOT BO3MOXKHOCTH CHCTEMBI
Maple V BUu3yanu3vpoBaTb CTATUCTHYECKHE IAHHBIE,
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@opmMaT BbI30OBA!

statsfstatplots, <function>](args)
W

statplots| <function>](args),

rie B kavecTse <function> BblOHpaeTcs OIMH U3 CIERYIOUIMX BUAOB rpaduye-
CKOTO MpeAcTaBiieHUd JaHHbiX: boxplot , histogram, notchedbox, quantile,
quantile2, scatterld, scatter2d, symmetry.

Mogxmounm 6ubanoreky STATS komaHpoi:

>with(stats):

Janee cozpaaumM aBa Maccuea gaHHbIX Xdata u Ydata:

> Xdata := [7.5, 4.9, 8.4, 6.5,7.5, 2.7, 7.2, 5.9, 6.9, 3.4, 8.5, 5.7, 2.7, 8.1, 3.7, 2.6,
35,2.2, 2.8,4.9):

> Ydata:= [4.5,4.7,8.7,4.7, 7.5, - 1.7,3.3,1.4,4.1, .5, - 1.8,6.9, 4.1,~2.1,4.7,
5.4,1.9, - .4,3.1,4.2):

> plots|display|({statplots|[scatter2d](Xdata,Ydata), statplotsfboxplot[9]](Y data),

> statplots[xyexchange] (statplots [notchedbox[10]](Xdata))}, view =[0..10, -
3.11J,

> axes=sFRAME symbol=circle);

1

N O N B O OO
oo °
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[TocTpouM ructorpamMmy pacnpeneneHus s maccusa Xdata:
> statplotsfhistogram| - 10..10]](Xdata);

2
15

4

0 2 3 4 5 6 7 8 9

Busyanusalus JaHHBIX B OTCOPTHUPOBAHHOM NOPSAAKE:

>plots|display](statplots[quantile]([6,3,1,4,8,1,1,1]),symbol=box);

8 o
71
B <]
5
4 o
3 o
51
1 o o o o
0 0.2 0.4 06 08 1

Ipaduueckoe npeacTasieHue JBYXMEPHOro MAcCHBa TOJILKO IS TOYEK,
3aJaHHBIX JBYMS KOOPANHATAMM:

>plots[display|(statplots[quantile2]([6,3,7,4,8,1,2,1},]1,3,1.4,5,2,3,1]),symbol=dia
mond);
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TToctpoeHue TOUEK JBYXMEPHOTO MAcCUBa, ONPEeEIEHHBIX JBYMS KOOD-
AMHATAMU:

> statplots{scatter2d](]6,3,1,4,8,1,1,1],{1,3,1,4,5,2,3,1]);

5} .
4] .

3 . .

24 .

1. .

1 2 3 4 5 6 7 8
Hanecenue Touek,BcTpeyaroMxcs B MACCUBE JAHHBIX:
> statplots|scatter1d](]6,3,1,4,8,1,7,1]);
2
1.5
1. . . . . .

0.5
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11. BbIBOJ] AAHHbLIX B IPYMME CPE[b

11.1. Bbieod e pedaxmop TeX

Maple V no3sonser aBroMaTu3upoBaTh Ha60op GOPMYN s CEUHATHCTOB,
paboTaroliyx ¢ OOILENPHUHATHIM CPeI MAaTeMATHKOB U (H3NKOB PElaKTOPOM
TeX. BeiBoa BoipaxeHuid B daitn dopmara penakropa TeX obecneunBaeT Ko-
MaHza latex.

dopmar KkoMaHab! latex:
latex(expr, filename),
rZie expr — BoipaxkeHue; filename — uMs paiinta ( HeoOs3aTeNbHDIA MapaMeTp ).

3anaaum uMms daina:

> filenamel:=output;

filenamel:=output
3ajaauM BbIpaXKeHKe TS 3anuCH:

> exXpri=x+y”6;
— 6
expr =x+y
3anuce:

> latex(expr,filenamel);

BbIBOJ C npelBAPUTENIbHBIM BEIUHCIIEHHEM!
> Jatex(int(x,Xx)=y);

{ifrac {{x}~{2}}{2}}=y

BriBoa 6e3 BEIUHCIIEHUSA:

> latex(Int(x,x)=y);
lint lx {dx}=y
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11.2. lNony4eHue koda s3bikoe Fortran u C

Maple V Moxer reHepupoBath koja C u Fortran ¢ moMoipio KOMaHI;
fortran, C. Hike onpenesinm BbipaskeHue 11 nepesoaa B kop Fortran:

> £:=2"x+x"2;

f=2F 452
Torpa xomaHpa ang reHepaunmu koja Fortran u 3anvcud ero B daiin
fileout.for 6yueT:

> fortran(f,filename="fileout.for’);

dopmat xomaH el fortran:
fortran(expr, filename=str, optimize),
rjle eXpr — Bulpaxenue, str — cTpoxa ( ums daiina ) (ecnu filename=str He yKa-
3daHO, TO BbIBOJI OCYLLECTBISETCA HA 3KpaH); optimize — HeoOa3aTeNbHbIH Na-
pameTp, onpejenswoimit, uto 6yaeT creHepUpoBaH ONTUMHU3MPOBAHHbIA KOJ,
T. €. BbluMCIIeHKns 6ynyT NPOM3BOANTLCS TIO 3TANaM ¢ NIPUCBOEHHEM 3HAYEeHUH
NPOMEXYTOUHbIM TIEPEMEHHBIM.

ONTHUMH3KPYEM flo1ydaeMblit KO

> fortran(f,optimized);

t] = 2%
12 =x**2
13=1t1+:2

Onuus mode B komaHpe fortran(f,mode) MOXeT NMPUHUMATL CIEAYKOLIME
3HA4YEHNA THIOB!

single, double. complex, generic.

> fortran(log(x)” 3,optimized,mode=complex);

tl =clog(x)
12 =11%*2
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13 =12%1

Tpancaayusn 6 koo C
IToaxnwouaem 6Gubnunoreunyo pyakumio C;

> readlib(C):

®opmart BbizoBa komaHabl C aHanornuyeH GopMaTy Bbi30Ba KOMaHAbI
fortan.

CretepupyeM koa C ans gpyHxumMu f, onpeneneHHoit Bbillle, M 3aMULIEM €T0 B
dann:
> C(f);
> C(f,filename=cout);

t0=pow(2.0,x)+x*x;
[Mony4uM ONTUMU3IUPOBAHHBIN KO

> C(f,optimized);
tl =pow(2.0,x);

2 =x*x;
t3=1t1+12;

Takum o6paszom komanas! C v fortran No3BosISIOT aBTOMATHIUPOBATL KOH-
CTPYMPOBAHUE CIIOKHDBIX QYHKLMI B ANTOPUTMHUYECKHX A3bIKAX.
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12. ANEMEHTbHI A3bIKA MAPLE V

12.1. Homauyus s3biKka

Horauus — dopma 3anucu, NpuusaTas B s3blke. OCHOBHbIE 37IEMEHThI HOTa-
uuu:
N — pasfenuTent;
# — KOMMEHTapHii;
— OrpaHUYUTENb CTPOKH,

Pa6ora B Maple sBenercs B auanorosoM pexuMe. B npouecce paboTel cpena
BbIJAET MOJCKAa3Ky "> — MpuriallieHue K BBOAY CTPOKW. B oTBeT Ha nmpuria-
IIEHKE MOJIb30BATENb BBOJAUT CTpOKY. ONepaTopbl B CTPOKE MOTYT Pa3fensTh-
cst cuMBosiamu: 7 1 ;7 . Eciy ucnonb3yeTes pasgenuTend .7, TO JaHHas KO-
MaH/Ia UCMONHUTCS, HO Pe3yNbTAT HAa 3KPaH BbIBEJEH He OY/ET, B NPOTUBHOM
cryyae pe3ynbTaT OyJeT BbIBOAMTbLCA Ha 3KkpaH. KoMMeHTapuil JOmKeH Hauu-
HaTbCcd CcUMBoJIOM “#”. CTpokH 3akioyaloTcs B o6paTHble KaBbIYKH:
‘string...” .

B mareMaTHke BCTpedaeTcssi MHOTO pa3siM4HbIX COKPAaUleHHH M YCIOBHbIX
¢dopM 3anucu. Maple pacrnonaraer cpejCTBaMH OMNpeneneHHS COKPallleHHbIX
¢dopm 3anucu (Hotauui). HoBylo HOTauM MOXXHO BBECTH C MOMObLIO QYHK-
uuu alias ¥ macro.

Maple ucrnonb3yeT 26 nmponucHbIX ¥ 26 CTPOYHbIX JATHHCKUAX Oyks, 10
uudp, a Taxke 32 cneuManbHbIX CUMBOJIA (TPU TUMA CKOGOK, 3HAKH OTHOILlE-
Hus, apudmeTryeckux JecTBUIA U Ap.).

HMetoTcs nATe anbTEepHATUBHbBIX Nap CHMBOJIOB:

R < O (S O VR L G B < S P

Hcnonb3yroTed cieaylonye Kiro4eBble CloBaA:

by do done  elif else end fi for
from if in local od option options proc
quit read save stop then to while

VIMeloTest BOcEMb YHAPHBIX ONEpPaToOpOB:
+ — yHapHBbIi natoc (npedukc);
! — ¢paxTopuan (noctdukcy;
- — YHapHbIN MUHYC (Npedukc);
$ ~ OMnepaTop NOCNEAOBATENILHOCTH (TipedHKL);
not — JIOTH4eCKOoe oTpHUilaHue (MpedurKc);
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% — MeTKa (npedukc);
&string— HelTpanbHbIi onepatop (npedukc);
— AecATUUYHAS TOYKA (NpedHKC UM NOoCTPUKC).

buHapHbIX onepaTopos 27:

+ — CTIOXKEHHUE;

@ — KOMIIO3U LA,

<, <=, >,

>=, = <> — OMnepaTopbl OTHOLUEHUS,
- — BLIYMTAHUE;

@@ —~ NOBTOPHAS KOMIO3ULMS;
mod — MOAYJIb,

* -~ YMHOXEHHUE;

and — noruueckoe “HU™;

= ~ IPUCBOEHHUE;

/ — JeNIEHHUE;

or — nnoruueckoe "UIJIN™;
union — 0ObEqUHEHUE MHOMKECTB;
** — CTEMEHb,

. — KOHKaTeHa LA,

minus — pa3HOCTb MHOXECTB;

A — CTENEHD,

. — 001aCTh;

intrsect — nepeceueHe MHOXKECTB;
$ — MOBTOPEHHUE:

; — pa3z/IeJieHue BbIPaXKeHUi,
&* — HEKOMMYTATUBHOE YMHOXEHUE,
&string — HeWTpanbHLlA onepaTop.

Nmena B Maple Ao/mKHBbl HAUMHATBCS ¢ OYKBb! M MOTYT BKJIIOYATb LMPPbI U
3Hak

MakcuManbias AjiuHa uMenu — 499 cumsonos. TlponucHble U cTpouHble
OYKBbI CHUTAIOTCH PA3JIMYHLIMU CUMBOJIAMU B UMeHH. Hanpumep, nepeMeHHbie
r34y M r34Y cuuTaroTcs pazliMuHbIMHU.

HMMena v BbIpaXkeHUS CBA3LIBAIOTCH Yepe3 OnepaTop NPUCBOEHUS!

<UMA>:=<BbIpaXKeHUe>

WUmerotes BerpoerHble koHctanThl: Pi, Digits E.1 v .n. KoxcrauTte! MoryT

ObITb: UeNble, IPOCThIE U NECATUYHBIE APOOHDIE, ETPUHIOBCKHE.
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JonycTMMOo UCNOIBL30BAHUE MTYCTOrO ONeparopa: a:=1; ;x:=2;

3apepuienne paboThl ¢ Maple NPOUCXOOUT NpH BBHINOJIHEHWH [M0JIb30BATE-
JIEM 110 OJIHOM W3 Tpex KOMaH.: quit, done, stop.

CumBon “\" MoxeT OblTb MCMOJIL30BaH [UIA 0603HAUYEHUA NPOJODKEHUS
cTpoku. Hanpumep:

> x2:= 1234567890\
> 0987654321,

x2:= 12345678900987654321

AHanoru4Ho cUMBONY "\” KOHKAaTEHaLMA BBIPAXKEHWI OCYyUIeCTBIAETCA M

CUMBOJIOM “.” HampuMmep:
> yvi=si.
> n(x);
vv = sin(x)

12.2. Paboma c ¢hatinamu

Hmerotca cneayroune dyHkimumn g paboTet ¢ paitnaMu:

writeto — 3aMMCh Pe3yJIbTATOB B HOBbIA daitn;

appendto — J03aNucCh PE3YJIbTATOB B CYLICCTBYOLUMIA dait;
open — OTKpbITHE (aiina;

write — 3anuck B daiin;

writeln — 3aNUCh CTPOKH B aiin;

close — 3aKpbiTHE paina;

save — 3aMUCh BblpaXceHuil B daiin;

read — cuUThiBaHue aiina.

BKITIOUMM pEXUM 3aMHCH B Baiin res.txt :

> writeto( rez.txt’);

A Tenepo BbIMOJHUM BbIYHCIIEHUS, PE3YAbTaThl KOTOPbIX OYAyT 3anHCaHbl B
thaiin:
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> evalf(Pi,10);

3.141592654
> 5*234,

1170
[IpekpatueHne 3anucu B haiin:

> writeto(terminal);

Ho3anuce B paiin rez.txt BO3MOXHA NpK NOMOLUHK appendto:
> appendto('rez.txt’);
> fi=x"2+56;

f = x2 + 56
> writeto(terminal);

CuuraTh Qain rez.txt MOXHO NpH MOMOLUK KoMaHAbI read:

> read(‘rez.txt’);
3.141592654

1170
_ .2
F=x%+56

B (aiin Taxke MOXHO 3allMchIBATS JII0ObIe BHIpaXeHUs. s 9Toro cHavana
Hamo OTKpbITh Paka koMaHaoH open. 3aTem HHGOPMALIMIO MOYKHO 3aITUCHIBATD
npu riomotuy write u writeln. [Tocine oxoHYaHMA 3anucH daki HeoOXOAMMO 3a-
KPpbITh KOMaHO# close.

ITpumeyanue: OTKPHIT MOXET ObITh TONBKO OAUH (aii; Mepea UCMosb30BaHK-
€M OTNMCAaHHbBIX Bbile GYHKUHIA HX HEOOXOAUMO OINPENETUTD C
nomoupko readlib(write).
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[Ipumep:
> readlib(write):

> open(outl);
> write(5+4);
> writeln(10*3);

> writeln(int(x,x));
> close( );

[Tocne BbINOTHEHUS ITHX KOMaHA B Gaiiy 3anuiuyTcs pe3yiabTaThl BbIYHCTE-
HUH.

IIpumeuanue: xomanga writeto hopmupyer daiin, conepxaliuii onepaTopsl,
a KOMaHza write 3anucbiBaeT B Qaiiyl pe3ysabTaT BHIYUCIIEHUH,

C nomowpo KoMaHIbl save B Gaiyl MOXHO 3anucaTh BCE MM HEKOTOPbIE
BbIpaXKeHus U3 ceccin Maple.

> fi=x"2+45;

f=x 2 +45
> save f,one;
> read one;

f= x2 +45

Ipumevanue: ecnv nms daina ykazaHo ¢ pacluMpeHdeM “m”, TO BbIpaxe-
HHS aBTOMATHYECKH COXPAHSIIOTCS BO BHYTpeHHeM dopmare
Maple. Ecnu He yka3aTh CIIMCOK MepeMeHHbIX, TO 6YayT 3a-
nucaHbl 3HaYEeHHs BeexX NnepeMeHHbIx ceccud Maple.
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13. ONEPATOPbLI U BbIPAXXEHUA
13.1. Tuns! onepamopose

13.1.1. CocTaBasiomue onepaTopon

B Maple cymectByeT 60nb10e KOMMYECTBO pasIMyHbIX onepaTopos. Ha-
NpUMEp, ONEepaToOPbl MATEMATHYECKUX ONepauuii: +, -, /, * . Jpyrue onepauny
PEanu3yIoTCs ONepaTopaMu, KOTOPbIE HMEIT CBOE CODCTBEHHOE UM — MJEH-
tudukarop. Hanpumep: evalm — onepatop MaTpuuHOro BeiuncneHus. Heko-
TOpble OnepaTopbl TpeGYIOT ONpeeneHHbIH CIIHCOK apTYMEHTOB!

> D(sin);

cos

B sTom npumepe D ~ onepaTop, sin — apryMeHT.

Takum 06pa3oM, OCHOBHbIE COCTABNIAIOLUME ONEPATOPOB — WAEHTHHHUKATOD
H CITUCOK apryMEeHTOB.

OyHKLUOHANBHBIA ONIEPaTOP MOXHO OMPEAETHTD B IBYX HOTALHAX!

1. <dyHKuHUA|epeMEHHbIE> — HOTALMS “<..>”
2. (nepemeHHble)->dyHkuMg — HOTauus “—>"

> operl:=<x"3 - 2|x>;
— /3 |
oper! = {x"~2 | x)
> oper2:=<x+yjx,y>;
operl =(x,y) > x+y

DTH onepaTopbl MOXHO MepenucaTh B JpYrod HOTauUMM (3arMcH 3KBHBA-
JIEHTHBI):

> operl:=x - >x"3-2;

3

oper] =x > x” ~2
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> oper2:=(x,y) — >x+y;

oper? =(x,y) > x+y

Hcnonb3oranue GyHKUHOHRIBHOTO ONEPaTopa:
> oper1(3);

25
> oper2(3,2);

5

13.1.2. OnepaTopnt BbiGOpa, HHKJIOB, IEPEX0I0B H BHIX0A

B Maple V cyurectyloT KOHCTPYKLIHM ONEPATOPOB YNPaBJIEHUS — BETBIIC-
HHS H LHKJIOB.

Bemenenue:

If — then — elif — else.
CHHTAKCHC OnepaTopa BETBJICHHS CIEAYIOLIHA:
if <ycnosue> then <nocjiegOBaTENbLHOCTH ONEPATOPOR>
| elif <ycnosue> then <nociegoBaTeNbHOCTH ONMEPATOPOB> |
| else <nocnenoBaTeIbHOCTD ONEPATOPOB> |
fi
VYciosue - 6y1eBCKO€e BbIpaKEHHE,

Crpok ELIF Moxert 6GbITh HeorpanuueHHoe konuuecTeo (fi — oba3aTensHo!).
ITycTb HMeEeM cneayIoniHe paBeHCTBA:

> cond:=true: x:=2:y:=3:
Torna:

> if cond then r:=2 else r:=3 fi;
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> if not cond then r:=0 elif y>x then r:=1 elif x>y then r:=2 else r:=3 fi;
r=1
Konempyxyus yuxnos

CHHTaKCHC ONUCAHUSA ONEPaTOPa LMKJIA CIEAYIOMIMii;
[for <ums>| Jfrom <BpipaxeHue>||by <pbipaxeHue>|
|to <Bbipaxcenne>| |[while <BbIpakeHue>|
do <nocnegoBaTeNbLHOCTL ONEPaTOpOR™> 0d;
W
ifor <ums>| |in <bipaxenue>{ |while <BbipaxeHue>|
do <nocnenoBaTeNbHOCTb ONEPATOPOB> 0d;

KoHCcTpyKUM in npeAHa3sHayeHa s paboThl ¢ MaccMBaMH, CIIMCKAMH U T.10.
Ecmu from He ykazaHo, TO LIMKJI HayHeTcs ¢ |.

Ecnu by He yka3aHo, TO npupalueHue pasHo 1.

BhipaXKeHHe B tO U B in BbIYUCIIAETCS NEPEA HAYaJOM LMKJIA.

> a:=array(1..2);

ga=array(l. 2,[ D
> fori to 2 do a]i]:=i od;

=1
%
=2
)
> 1:=0:
> while i<>2 do i:=i+1: ali]:=1: od;
i=1
=1
%
i=2
a. =1
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> 5:=0:

> for z in [1,2,3] do s:=s+z od;

n o
Il
W

)
i

MoXHO OpraHM30BaTh BIIOKEHHbIE LIMKLL
> b:=array(1..2,1..2);

b=aray(1.2,1..2,[ D
> forito2 do forjto2 do bfi,j:=1 od od;

> print(b);

Onepamop nepexoda next

Ecnn B uuxsie HeoOX0oAMMO MPONYCTUTL OXHY MTepalMIoO, TO MOXHO MC-
MOJIL30BaTh omneparop next. JlefictBUe 3TOTO OmnepaTopa 3aKA0YaeTcs B TOM,
YTO MPU JAHHOM 3HAYEHUM CYETYHMKa LUMKJIA He OYAET BHITOJIHEHO HMKAKHX
JeWcTBUA, a HAyHEeTCs BLIMOJHEHUWE ClieAymoledl uTepauru (T. e. H3MEHHTCH

3HAYEHUE CYETUMKA LIMKIIA). Next MOXHO KUCITONbL30BaTh TOJMLKO B LMKIIAX.

> for i to 4 do if i=3 then next else arli}:=0 fi od;

> print(ar);

[0 0 ar3 0]
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Onepamop @vixoda break

HAist npepbiBaHUs BBINONHEHHS LMKIA MOXHO HCMONB30BaTh OMNEpPaTop
break. Break MOXHO MCNONB30BaTk TONLKO B LUKNAX:

> ar:=arfay(1..4);

ar =array(1.4,[ ])
> for i to 4 do if i=3 then break else arli}:=i fi od;

> print(ar);

[l 2 ar3 ar4]

13.2. BuipaxeHus

B Maple BeIpaceHUs CTPOATCH MO NpPaBHIIaM, KOTOPble MPUHATHI B 607b~
LIKHCTBeE A3bIKOB MPOrpaMMUpoBadns (HanpuMep, B Pascal).

> f:=((2*x+y)"2)/(35*sin(y)+x"3);
f= (2x+ 2)2
35 sin(y) + x>
> g:=not v1 or v2;

g = notvl] orvZ

Jlornyeckne BbIPaXeHHS MOXHO CTPOHUTH C KCMOJb3OBAHWEM CMBOJIOB OT-
HOLUEHKA: >, <, <>, =,

13.2.1. MeTkn

Metkn B Maple npeacTaBisioTcs BblpaxeHHeM %on, TAS N — HATypalibHOE
ypcio. MeTkn Nenonb3yoTes 1S KPaCHMBOTO BbIBOJA PEICHHMA.



OnepaTopbi # BbipaXKeHHs 135

> yr=exp(5*x 2+3*x+45)/(1+x"3);

(522435445
- l+x3
> diff(y,x$2);
10 %13+(10x+3)32%1_6(10x+3)%21x2+18 %1x43_6 %1z :
1+x T+x <1+x3) <1+x3> <1+x3>
%1:=e(512+3z+45>

Jlastee 3TOM METKOM MOXHO BOCMO/Ib30BATHCH KAK BbIPAXKEHHEM:

> z:=t+"%1;

Ly (552432445

13.2.2. Anrebpanyeckune ¥ apupmeTHaecKHe onepanun

CniMcox omepaumid:

a+b — CJIOXKEHHE,

a-b ~ BbIYMTAHHE;

a*b —~ YMHOXEHHE;

alb — JeNeHHE;

a*b — BO3BEAECHHE B CTEMEHD;
a**b — BO3BEJIEHHE B CTEMEHD,
n! - bakTopHan;

min(a,b) —~ MUHHUMYM;

iquo(a,b) — 4aCTHOE;

irem(a,b) - OCTAaToK;
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isqrt(n) — KBaJpaTHblit KOpeHb (LieJiounclieHHoe NpubinxeHue);
1gcd(a,b) — HanOoNbIKH OBLIMI NeNnTEND,

ilem(a,b) — HAMMEHBIUIHWH OOLLMH MHOXKHUTED,

signum(n) — 3HaK YMcra,

abs(n) — abCoJIIOTHOE 3HaYeHHWe UNCHA,

max{a,b) — MaKCHMYM.

Henomb3oBatk 3TH GYHKLUMH JOCTATOYHO HPOCTO:
> 6!
720

> signum( — 100);

> max(x,y)*y!+isqrt(z)*x*7;
max(x, y) y! +1sqrt(z) x7
13.2.3. TTocne1oBaTEIbHOCTH H3 ONIEPATOPOB

IMocneaoBaTenbHOCTH H3 ONEPATOPOB JiETKO (POPMHPYIOTCH MPH MOMOLLH
CHMBOJIOB-pa3fienHuTener: .7 n """ .

3

Pasnnuus B NEUCTBMM 3TUX Pa3eNMTENer OblIN yXKE ONUCAHBI.

> v1:=123: int(t"4,t); k:=sqrt(4): D(tan);

> :=vl+k;

z=125
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14. TUNbIl BAHHbIX
14.1. OcHo8MbIe mMunb!

14.1.1. Koncranrnl

KoxcranTet B Maple ObIBaIOT Li€IOYMCIEHHBIMM, YHCIAMH C [UIABAKOLIEH
3anaToW M OObIKHOBEHHBIMH ApOOSAMHU. KpoMe 3TUX THIOB KOHCTAHT CYLUECT-
BYIOT CHMBOJIbHbIC KOHCTAHTbl — 3ape3ePBUPOBAHHbIE HMEHA.

Hanpumep: false, true, infinity, Pi, I, ...

ITpoBepUTh MPUHAANEKHOCTh BbIPAXKEHHS K KJIACCY KOHCTAHT MOXHO IpH
noMouiu GyHKLUHMH type:

> type(0.004, constant);

true
> type(infinity, constant);

true
> type(str’, constant);

false
> type(x”6, constant);

false

14.1.2. Ileanie

B cpene Maple BoipaxieHHe NPUHAIUIEXKMUT K LEIOMY THRy (TMn integer), ec-
JIH OHO COCTOMT U3 MOCIENOBATENbHOCTH UMD, HE pa3ledeHHbIX MEXIy cobok
HHKAaKHMHM 3HaKaMu. JIIMHA NOCIeIOBATENLHOCTH OTpaHuyeHa Milb pecypea-
MH CUCTEMBI, HO OOGBIYHO He HoJDKHA npesbiwaTe 500 000 uugp. Yucno tuna
integer MOXXeT GbITh Kak MOJIOKUTENBHBIM, TAK U OTPHLIATEABLHBIM.

TIpucsouM nepemenHoii varl 3HaueHue ~1234567890:
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> varl:= - 123567890;
vari =-123567890

JAna onpeaeneHna NPUHALIEKHOCTH BbIPAXEHHUSA ONpEAENEHHOMY THMY
CYXWAT KOMaHaa type.
. Tlpumep ncnonb3opanua Tuna integer: pacneyaraeM 3Hayenue 10-ro yucma
dubonayumu.

> combinat|fibonacci}(10);

55
JLna paboThi ¢ UeNbIMK YHCITAMM ONPENENEHbI ClIeAYIOUIHE ONEPaLiMH:
abs — MOJYb YHUCIIA;
min —~ MUHMMYM W3 NOCIEI0BATENbHOCTH,
max ~ MAKCUMYM M3 MOCIEAOBATEIbHOCTH;
factorial — Haxoxaenue haxkTopuana;
mod — OCTATOK OT JEJICHUA,
> abs( - 25);
25
> min(1,2,3,4,4,3,2,1);
1
> factorial(S);
120
> 12 mod 7;
5

14.1.3. JIpoGusie

Tun fraction — qpoGubIHi THA.
Ipo6u NpeAcTaBAAIOTCA B BUge a/b,rae a — LENoe HHCIO CO 3HAKOM; b—
uenoe yucno 6e3 3Haka.
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> —23/34;

-23
7

B muipaxenun Tuna fraction o6s3aTenbHO HOMKHBI MPUCYTCTBOBATH JIBa
TOJIS — YUCTIMTEIbL ¥ 3HAMEHATEIb!

> type(5/( - 8),fraction);

true
> type(34/17 fraction);

false
> type(a/b,fraction);

false

OyHKUKA Op OT ApoOH BO3BpAILAET ABA YHCTA — YHCIIUTEND ¥ 3HAMEHATEb.
> op(2/7);
2,7
Twun rational sxnioyaet B ceOs Thn integer u Tun fraction:

> type(5/( - 8),rational);

> type(34/17,rational);

> type(a/b,rational);
false
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14.1.4. Yncaa ¢ niiaBaromnieii TouKoil

Tun float — yncna ¢ nnaBawwed Toukoi, Tun float B cpeae Maple V onpe-
JeTieH Cneqyomum obpasom:
1. nocneaoBaTeNbHOCTb YHCEN, PA3ACEHHBIX TOUKOH!
a) <integer>.<integer>
6) <integer>.
B) .<integer>
2. 9UCNIO MOXKET ObITb NPEACTABICHO B BHAC
Float(mantissa, exponent)
T.€. <mantissa>*10”<exponent>

Ipumepo::

> type(10.11111,float);

true
> type(.1234,float);
true
> Float(2,4);
20000.

O6paTHoe npeacTaBiacHHe yncaa peanusyercs QyHKUMER Op, KOTOpas BO3-
BpAIL@ET [Ba YMCAA — MAHTHCCY H IKCMIOHEHTY:

> op(0.02234);
2234, -5

Ecnn mpobHas WnK uesnas yacTb — HyAEBAsA, TO HYJIb MOXHO HE MUCATh.
Jins npubamKeHUs YMUCeN ¢ MIaBaowe TOYKoM ClyXHT KoMaHaa evalf:

> evalf(Pi,5);
31416
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14.1.5. CtpunroBckue

B cpeae Maple V onpeneneHel THn string W THII name. BolpaxeHune tuna
string MOXeT coJepxarb UMGPbl M OyKBbI, CTPOYHBIE M ApONHCHbIE. CTPOKA €
JBYX CTODOH JIO/DKHA ObITh OKPYXEHA CMMBONOM . Ecnu ke B cTpoky Tpeby-
€TCS BCTABUTh CUMBOJI ~ TO €r0 HAAO YABOUTH.

> var:="It"’s a string";

var = [t's a string
> type(var,string);

true
> type(var,name);

true
> type(a*b,string);

false

OnuHOYHbIE CHMBOJIBI MOXHO HE 3aK/TIOMATh B KABBIYKH
> char:=c;

char =c¢
> char:="¢";

char =c¢

W3 cTpOKH MOXHO BBIIAEHTE NOACTPOKY:
> substring(abcdefgh,3..5);

cde

OnpenennM IIMHY CTPOKH!
> length(abcdef);
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st Toro, 4Tobbl CKNEMTh HECKOJILKO CTPOK, CIYXXHT KOMaH/a cat:
> cat(123,abc,456);
123abec456
MOXHO OpraH130BaTh MOUCK B CTPOKE:

> SearchText(wx,tuvwxyz);

4

Kowmanpa SearchText pasnuuaer cTpouHbie U NPONUCHBIE GYKBbI:

> SearchText(Wx,tuvwxyz);

14.1.6. UuaexkcHble nepeMeHHbIe

MoryT Ucnob30BaThCA Be3AE, I/le BO3MOXKHO MCMOMb30BAHUE NEPEMEHHbBIX
tuna name. [lapaMeTp BbI30BA UHAEKCHOM lepeMEHHOM:
<uMA> [ <psl BbIpaXeHui> |

HanpumMep, BblpaxxeHue
> b[1]:=10;

& =10
1

co3aaer Tabauuy ang b u 3HaveHuto 10 npucsanBaerca UHaeke .
HHpexcHble nepeMenHble Y100HO UCTONb30BaTh, K MPUMEPY, AIA Haxoxae-
HUSA CYMM:
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> a:=h{1]+20+b{11];
= +

14.1.7. O6aactn

B cpene Maple V onpezeneH Takoit THI AaHHBIX, kak obnactk (range). CuH-
TAKCUC ONMUCAHHUA: BbIPAXKECHUE. . BbIDAKCHUE

Bblpa)KCHHC THMA range MMEET ABa OMepaHaa: JICBOC BbIpAXECHHE M Npapoe

BbipaxeHue. Mexny Humu crout onepatop “..” . Ho cneayer oTMETUTD, 4TO
obnacts 1..3 He 9xBUBaneHTHa 1,2,3.

IIpumepor:

> sum(i,i=1..3);

6
>1..3;
1.3
>9$1..3;
1,2, 3
> a.(1..3);
al a2 a3

14.1.8. Onolenus

B cpene Maple V noa oTHOWIEHHEM MOHMMAIOT BLIPAXEHHE, Pa3fcNeHHOE
CrCllHaNbHbIMK OnepaTopaMu, Ha3biBa€MbIMH ONEpPaTOpaMH OTHOLUEHHA: <,
<=, > >= = p<>,

K npumepy, B Bbipa)eHHH m+n>=K MOXHO BbIYHCINTb KOJTHYECTBO oOfle-
PaHaoOB, 4 TAK)XKE H3BNEYL M3 BBIPAXKEHUS €rO COCTABIAIOLIHKE.
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> fi=m+n<=k;
f=m+nsk
Bu14MciuM KOIMYeCTBO NepeMeHHbIX B IPABOH YacTH JAHHOT'O BbIPAXKEHHS:
> nops(");

2

Ynobuet onepatopsl ths u [hs mts Belaenedus npapoit U J1eBoii yacTeit Bbl-
paxceHus.

>y=a*x"2+b;

y=azx“+b
> rhs(");

axl+b

> lhs(" ll);

14.1.9. BysieBckue BbIpakeHus

Jlis noruueckux onepauuii B cpene Maple npenycMoTpeH crieluanbHbId
THUIT laHHbIX: “boolean’. Takxe cneuuanbHbie 3ape3epBUPOBAHHbIE CIIOBA true U
false vcnone3aytores aas paboTel ¢ GyIEBCKUMY BbIPaXeHUAMH.

B 6ynencxux BbIPAKEHUSIX MO)KHO HCTIONTB30BATH CIIEAYIOWHUE ONEPaTOpbL:

=", '<>", "<’ <= tand’, Tor', “not
Jns paGoThi ¢ 6ynechuMM Bblpa)KCHl/lﬂMl/l npeaycMoTpeHa koMmana evalb:

Ny
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> X=X

x=x
> evalb(");

true
> ToBe or not ToBe;

true
> Boy:=not Girl;

Boy = not Girl

> Girl and Boy;

false

14.2. NoanemenmHas obpabomka, noGcmaHo8KU U N0JebIpaXeHUs!

14.2.1. IToanemenTHas 06paboTka
DyHKLUMA map — QeHCTBUe Hal BCEMH 3JIEMEHTAMM HEKOTOPOIO BhIPAXKEHHS.

Bbi30B pyHKLMH:
map(fcn, expr, arg_2, ..., arg_n)
ITapameTpbi GyHKLMH:

fcn - [Ipoueaypa UIH UM,
expr - no6oe BhIpaXEHHUE;
arg_l - (HeobsA3aTeNbHBIA Napamerp) XOMOTHHTENbHBIE APIYMEHTEL.

C noMoILbI GYHKIIMH map MOXHO NMPUMEHUTDH Npoueaypy fen k onepaH-
1aM BoIDa)XXEHHUS expr.

K npumepy, naitnem MOaysb OT BCeX 37IeMEHTOB criucka L:
> L:=[ - 1923 - 3, - 495];

L=[-12-3-4,5]

i

> map(abs,L);
[1,2,3,4,5]
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Bo3Benem B kBagpAaT BCE 3JIEMEHTh! 3TOTO CIHCKA:
> map(x - >x*2,L.);
[1,4,9,16,25]
IMpouHTerpupyeM Bce 3NeMEHTLI crucka L

> map(integrate,L,x);

[-x,2x,-3x,-4x,5x]

14.2.2. [ToacTanoBKH

ITpu BLINONHEHUM PA3IUYHBIX MATEMATUYECKUX Orlepaliii BOSHUKAET He06-
XOJUMOCTL NOACTABUTL OJHO BLIPAXKEHUE B APYFO€, @ TAK)XKE NPOBEPHUTH MOJTY-
4eHHOE petleHue NMyTEeM MOJCTAHOBKU €ro B MCXOJHOe paBeHCTBO. Jlna aToro
CTYXMT KOMaHJa subs.

Br130B:
subs(s_1.s_2,...,s_n,expr)

[Tapametpni:
s_l,... — ypaBHeHWe, UK MHOXECTBO, WJIH CIIHCOK U3 YpaBHEHHH;
expr - mo60e BbIPaXKEHUE.

ITpu 3TOM s_1,....s_N HOJCTABNAIOTCA B BLIPAXKEHHE EXPI.

IIpumep:

> subs( x=r*(1/3), 3*x*In(x"3) );
3r 3 In(r)

Hpyro#t npumep ucnonb3oBaHus GyHKUMH subs — MPOBEPKA MOMy4eHHOIO
pelieHus:
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>eqs:= {2*x*y=1,x+z2=0,2%x - 3*z=2};
egs ={2xy=1,x+2=0,2x-32z=2)
> f:=solve(egs, {x,y,z});

=4, 2,3 _-2
f.-{x—s,y—4,z— 5}

ITpoBepuM, NPaBUILHO JIM Mbl PELLUIIH 3Ty CUCTEMY:
> subs(f,eqs);

(2=2,1=1,0=0)

14.2.3. IToasbipaxenns

B cpene Maple V BO3MOXHbI pasfMuHble OMEpalyy Haj BLIDAXKCHUSIMH, B
TOM YHCJIE U BbIACAEHHE NoABbIpaxeHus. Hanpumep, xomaHaa op.
BbI30B KOMaHAbI:

op(i,e) op(i.j.,e) op(e)

[TapameTpsl:
1j — MOJIOXHTENbHbIE LeMble YHCNA, ONpeleAsIoulde MO3HLHIO
OnepaH/a B BLIPAXKEHUH;

e — moboe BbIpaxKeHHE,

> f:=[x,y,z);
S=1x,y.2]
> op(3,f);
z

Hdns Toro, 4to6bl 3aMEHHTL HEKOTOPLIH ONEpaHA B BBIPAXEHHH, CIYXKHT
KOMaH/a subsop.
BrI30B KOMaH[Ibl:
subsop( eql, eq2, ..., eqN, expr)
IMapamerpsl:
eql — BblpaxeHue (HeoOs3aTeNbHOE) BUAA:
<numl> = <exprl>;
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<numI> — MONOAHTENBHOE LENOE;
<exprl> ~ BbIPaXXEHHE;
€xpr ~ BBIP@)XXEHHE.

3aMeHUM B ONpENENEHHOM HaMH paHee criucke f=[x,y,z] TperHil 3aeMeHT
9TOrO CIMCKa Ha V:

> subsop(3=v,f);
[x.7.v]
Yaanum ero:
> subsop(3=NULL,f);

[x.v]

14.3. OnpedeneHue munoe e Maple

Jsis npoBepku NPUHAMIEXHOCTH ONPEAESIEHHOTO BbIPaXeHN KOHKPETHOMY
THNY CIYXHUT GYHKLUA type.
Bb130B byHK1HU:

type(x, t)
ITapamerpbl:
X — moboe BbIpaXXEHHUE;
t — UM THITA UM MHOXECTBO HMEH THIIOB.

Oyuxuua type — OymeBckad GpYHKLHA, KOTOpas BO3BpAIllacT 3HaYeHHE true,
€CNTH X MPUHAUTEXHUT TUMY t 1 false — B IPOTUBHOM Cryuae.

B TOM clyyae, €C/Id t ~ MHOXECTBO THMIOB, TO BO3Bpauiaemoe (yHKLHEHR
type 3HaueHue GyNeT true, €CaM X TNPHHAAIEXUT XOTA Obl OJHOMY THITy M3

MHOXECTBA.

ITpumeppi:

> type(c+d,polynom);
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> type(S,{fraction,integer});

> type(99/55,float);
false

Jns onpenenenus TMnoB B Maple cnyxut ¢ynkuus whattype.
BbizoB ¢yHKIMH:
whattype(expr)
3neck expr — m1000€e BbIpaxKeHHUe.
DyHKIMS BO3BPALUACT UM THUINA JAHHBIX BHIPDAKEHUS, KOTOPOE MOXET ObITh
OJHUM M3 CMEAYIOLUUX:
*

+ . .. <
<= <> = A and
array exprseq float fraction function
indexed integer list not or
procedure series set string table
uneval

Ipumepor:
> whattype(0.5);
Sloat
> whattype(f);
string
> whattype([x,y}]);
fist

®ynkuus hastype — npoBepka Ha yka3aHHbl#l Tun. Bbi3oB QyHKUMK:
hastype( expr, t );

[Tapamerpst:
expr - m0boe BbIpaXeHHe,;
t — UM4 THNA OJAHHbLIX.

bynebckas ¢yHkuMs hastype BO3BpawaeT 3HauyeHME true TOrAa M TOJNBKO
TOrja, KOrJa BbIPAXKEHUE EXPT UMEET NOIABLIPAXKEHHE THUMNA t.
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ITpumeper:
> hastype( (x+y), +" );

frue

> hastype( (x+y)*(1/2*x+y), fraction );

true
> hastype( x+7*y, fraction );

false

14.3.1. IIpocreie THIILI

K npocteiM TMnamM B Maple MOXHO OTHECTH: CHCTEMHLIA M MpPOLELYPHbLIH
THIIbI, KOHCTAHTBI.

K cucTeMHbIM TUnaM B Maple MOXHO OTHECTH BCE THNbI, ONMCAHHBIE B 1.

10.1. OnpenenexHre NPUHALAIEKHOCTH K CHCTEMHBIM THMAM ObIIO PacCMOTPEHO
Bm. 10.3.

Jna onpeneneHns NPHHAMICKHOCTH BbIPAKEHHA K MPOLIEAYPHOMY THITY
cnyxHT QyHkums type/procedure.
dopmar Bbi30Ba QYHKLIMK:
type(expr,procedure)
3nech expr — mo6 o€ BLIpaXeHHE.
3r1a KOMaHIa NMPOBEPAET NMPHUHAUIEXHOCTb BBLIPDAXEHHA €XPr K MpoLeayp-
HOMY THTTY.

> type(sin,procedure);

> fi=proc(x) x"2 end;
Jf:=proc(x) x*2end

> type(f,procedure);
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> type(x”2,procedure);

false

Jns Toro 4To6bi ONpenenUTh, ABNAETCA N 3aJaHHOE BLIPAXKEHHE KOHCTaH-
TOH, CIIY’)KMT KOMaHAa type/constant.

®opMaT BbI3OBA KOMaHIbL: type(x,constant);

3neck X — M6G0oe BbipaXeHHe.

IIpumepw:
> type(7, constant);
true
> type(infinity,constant);
true
> type(x”4,constant);
false

14.3.2. CTpyKTYypHble THOBI

s o6bACHEHUS MOHATHA CTPYKTYPHOTO Tuna B Maple paccMoTpUM Takoi
npumep. Beeaem muoxecrso L={1,2,3}:

>L:={1,2,3};
L={123)}
OnpenenuM, K KaKOMy THITy TpuHaaiexur L

> whattype(L);

sel
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OIHaKO MHOXECTBO MOXET COCTOSITh HE TOJILKO M3 LEJNILIX YHCET, HO U U3
IpOoBHBIX M Jaxe U3 CTPoK. UTo6bI Y3HaTh, U3 4ETO Xe COCTOUT MHOXecTBO L,
BOCNOJIL3yeMCs TAKOW KOMaHaOM:
> type(L,set(integer));

true

Tenepb Mb! yBepeHbl, 4TO L — MHOXECTBO M3 LENLIX HHCENl, 2 HE U3 KaKHX-
1160 Opyrux:

> type(L,set(fraction));

false
PacemoTpum npyrue npumepsi:

> type(f(1,2,3),function(integer));

frue
> type(y~( ~ 2),name”integer);

true
> type(ly,1],list(integer));

false
> type([y,1]list({name,integer}));

frue

14.4. NNpeobpa3zosaxHue munos

Jns npeo6pa3oBaHms BbIPaXEHUS M3 OJHOTO THMa B APYroi CIyMHT QYyHK-
LM convert.
BoizoB dpyHKUKMHK (B OOLIEM BUAE):
convert(expr, form, arg3, ...)
Hapametpsi:
expr - I060€ BHIPAXKECHHE;
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form — UMA;
arg3, ... ~ JPYrUe apryMeHTsl (Heobs3aTenbHbIA napaMerp).
Ipumepyi:

ITpeobpasyeM uncnio 1.2345 B apobs (T.€. B TMN fraction):
> convert(1.2345,fraction);

2469
2000

IMpeobpaszyem oOpaTHO:

> convert(2469/2000,float);
1.234500000

MoxHo npeobpa3oBLIBaTh YKCIIA B ABOUUYHYIO opMYy:
> convert(12,binary);

1100
> convert( — 1.234, binary);

-1.001110111

IMpeobpaszyeM asonyHoe yucio 1100 B AecATHYHYIO HOTAUHIO:

> convert(1100,decimal,binary);

12

Hust npeobpaszoBaHus paguaH B rpajycsl CIIyXHT CReAyIollias KOMaHAA:
> convert(Pi/2,degrees);

90 degrees
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I'panycei B paanaHs:

> convert(90*degrees,radians);

T

[

Jns npeo6pa3oBaHNa B CIHCOK CIYKUT koMaHaa convert/list. [Ipudem npe-
obpa3yemoe BbIPaXKEHHE NOMMKHO NMPHHAANEKATH, ONHOMY M3 CHEAYIOLMX TH-
NoB: TabJHLiE. BEKTOPY, MHOXKECTBY MJIM BLIPAXEHMIO.

BbizoB:

convert( <table>, list )
convert( <vector>, list )
convert( <expression>, list )

> A:= array(|x,y,z)):

> convert(A list);

(x5, 2]
> convert(r+s — t,list);

[r.s, -]
> B := table(|(3)=123,(7)=456)):
> convert(B,list);

[123,456]
> convert({x,y},list);
{y.x1

Jlns npeobpa3oBaHus B CNIMCOK M3 CNMCKOB CYXHT KoManaa convert/listlist.
TTpuyem npeoGpaszyeMoe BuipakeHHe TODKHO ObiTb MACCHBOM MM CTIMCKOM.

Bbi30B:
convert( <array>, listlist )
convert( <list>, listlist )
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> A := array([[1,2],[3,4])):

> convert(A listlist);

[[1.2).03.4]]
> B:=[4=12,2=7,1=8,3=6]:
> convert(B,listlist);

[8.7,6,12]

[IpeobpazoBaHne BO MHOXECTBO OCYILUECTBIAAETCH KOMaHIOM convert/set.
ITpeo6pazyeMoe BbIpaXeHUE JOJDKHO NMPUHALIEXKAT: OAHOMY H3 CICAYIOIIMX

THIOB: TabGJIULIE, MACCHBY, CITUCKY HMJIU BHIPaXKEHMIO,

Bbi30B QyHKUMM:

convert( <table>, set)

convert( <array>, set)

convert( <expr>, set )
> A := array(1..2,1..2,](1,2],[3,4]]):
> convert(A,set);

{1,2,3,4}

> convert(x+y - z,set);

{-zy.x}

Ina npeoGpasoBanus B TaGiuuy CIyXdT KoManga convert(object, table),

rae object — crMcok WJIM MAcCHUB.
> convert(][1,2},[3,4]],table);

table([
(1, D=1
(2, 1)=3
(2,2)=4
(1,2)=2

D
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> convert(linalgfvector](3,{1,x,x*2]),table);

table([
2=x
3= x2
1=1
).

> A := linalgjrandmatrix)(2,2,symmetric):
> convert(A,table);

table(symmetric, [

(1,1)=79
(2,2)=49
(1,2)=56
)

Jns  npeobpa3oBaHHs  BbipaXXEHHS B CTPOKY  CIYXMT
convert/string.

> convert(sin(x”2),string);

sin((x)"(2)

> convert(a+b+c*d,string);

(@)+() +H{c)*@)

KOMaHaa
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15. MACCUBbI U TABNULIbLI
15.1. Co3danue mabnuy

Tabnuua — xOHEYHOMEPHbIH MacCHB, Y KOTOPOTO MHIEKChI MoBble 3Haue-
HHA.
Tabnuua cozpaercs ykazaHueM ciosa “table™

> table( );

table(]
)

Komanpa table( ) cozpana Tabnuiy ¢ HeonpeaeNeHHbIMKY 3HAYEHUAMH.
OnpenenuM 3HayeHus Tabnuubl:

> table(|22,red,Pi]);

table(]
1=22
2 = red
3=7
)

Tak kax nHaexchl Tabanubl He 6bIIM OMpPEAeneHb!, TO MpOrpaMMa cama
NPUCBOMIA UM LEIOYHUCIEHHbIE 3HAYEHUA, PACTIONIOKEHHBIE NO MOPAAKY.
3anannum MHAeKcb! TabKLbl cleRyIomnuM obpasoM.

> S := table(|(2)=45,(4)=61]);

S = table(]
2=45
4=561
)

O6paTtuMcs K 3ieMeHTaM Tabanubl, OIMH U3 KOTOPbIX HE ONPEAESEH:
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> S[1,S12)

S, 45
1
Ana pacneyaTkn HHAEKCOB W 3HaveHuit Tabinupl cyxar Gyskuuy indises
u entries. Hanpumep, pacneuaraem unaexce Tabnuust F:

> indices(F);
[def), [abe]

3uayenns rabauupt F:
> entries(F);

[-sm], [cos]

15.2. UHOekcHbiIe hbyHKkyuu

MoxHo co3naBaTh OmNpeaesicHHbie TUAB! Tabiul ¢ MOMOIUBLIO MHAEKCHBIX
byHKumii: symmetric, antisymmetric, sparse, diagonal, identity — o popmary:

table( <uHaexcHag PyHKUUS>, <HHIeKCHAS QYHKUUS...>)

Ecnu <uHpaexcHas PyHKUMA> OApEAENEHO KaK <HMA> KOTOPOE HE NpHHAN-
JIEKUT OOHOMY M3 AATH AEPEYHUCIIEHHBIX, TO MMs 'index/’. <ums> 6ymer Hc-
MOJb30BATHCHA, KAK UM NPOLEAYPHI, KOTOpas ONpexenseT UHACKCHYIO yHK-
LMID.

[pumep, NpHBeNEHHDIH HUXE,CO3NAET HHASKCHYIO GYHKUMIO, KOTOpas BO3-
Bpailaer 3axayeHue infinity s BCex HECBS3aHHBIX CO 3HAYEHUAMM MHIEKCOB
Tabauup! (MOX0Xe HAa MHAEKCHYIO (YHKUMIO Sparse, KOTopas BO3Bpallaer
HyIIb).
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Ipumep:
> “index/infinity" := proc(indices,table)
> if (nargs = 2) then
> if (assigned(tablejop(indices)])) then tablejop(indices)};
> else infinity;
> fi;
> else table[op(indices)] := args|3..nargs];
> fi;
> end:

> t := table(infinity):

> t[1,2]:=1:
> t{1,2];

1
> t]2,1];

©
> t := table(symmetric,infinity):
>t[1,2):=1:
> t[1,2];

1
> tf2,1};

1

> 33,44];
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16. NPOUEARYPbLI

16.1. Onpedenerue u ebI308 npouedyp

CuHTaKCHC ONpeaeneHns NPoLeLYpPhl ClENYOLIUMA:
proc (<argseq>) local <nseq>; global <nseq>; options <nseq>;
description <string>; <statseq> end

ITapamerpbi:

<argseq> — CNHUCOK popManbHbiX napamerpoB. [TapameTpsl B

CIIMCKE pasfenaroTcs sanaToi. CrnMcok MoXeT
ObITL YCTHIM;

local, global, options — HeobA3aTeNbLHbLIE NapaMeTpbl, KOTOPLIE ONpee-

JAI0T I106anbHbIE U JIOKaAbHbIE TEPEMEHHDIE, &
TaKXe pexuMbl paboTsl;

description — KOMMEHTAapHH, ONKCcaHue NpoLeaypsl.

IMpocmoTperh NapaMeTpbl MPOLELYPHI MOXKHO € MOMOLIBLIO GYHKUMUH OD.
op(<num>,eval(<ums nMpoueaypbL>), TAE NUM — YUCHO (Mapamerp).
| — Bo3BpallaeT COMCOK PopMAaNbHBIX MAPAMETPOB;
2 — BO3BpallacT CUCOK JIOKAAbHbIX NIEPEMEHHBIX;
3 — BOo3BpalllaeT CMCOK KIIKO4ei U3 paszena options;
4 — Bo3BpauiaeT TabaMUy NaMATH MPOLEAYPbI;
5 — BO3BpalllaeT CTPOKy onucaHus description;
6 — BO3BpALIAET CIIMCOK IN0OAIbHBIX MEPEMEHHBIX,

JI1060#1 BO3BpaillacMblii CTMCOK MOXET ObITh MYCTHIM.
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IIpumep onucanus u evi306a hpoyedypoi :
> power:=proc(a,b)

> description 'Bo3BeJeHHE B CTElEHD ;
> a*b
> end;

power .= proc(a,b) a™b end

> power(2,3);

> op(1,eval(power));

a,b

Ipoueaypa Bo3BpalyaeT 3HaYEHHE MOCNEAHETO BLIMOMHEHHOTO OMEpaTOpa
WM 3HaueHue, onpeaeneHHoe npoueaypoit RETURN.

> one:=proc(t)
> if t<0 then RETURN(0) else RETURN(1) fi
> end:

> one(1); one( — 6);

16.2. JlokanbHbie NepeMeHHbIe

Kak u B npoueaypax Pascal. B Maple cyluectBytor okaibHble U rinobanb-
Hble nepeMeHHble. OHKM OMpeaeAOTCA NPY OMUCAHUU NPOLEAYPBI NOCHE KO-
yeBblXx ¢ioB global u local. JIokalbHble MepeMEHHbIE BUAMMBI TOJILKO B Mpeje-
Jlax npouUeaypbl, 17100abHble TEPEMEHHbIE BUAMMbI BE3JIE.

PekoMeHayeTcs Bce MePeMEHHbIE, UCOTb3yeMble NPOLEAYPOM, ONUCLIBATE B
cexkuusx local u global. Ecin THN repeMeHHbIX ABHO He OMNpPENENIEH, TO CYLIECT-
BYET IPABHJIO OfpeAesIcHUs TUIA MEPEMEHHOM:
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® €CITM NIEPEMEHHOM BHYTPH NPOLEAYpH! IPUCBOEHO Kakoe-Tubo 3HaYeHHE,
TO 3Ta [EPEMEHHANA CYNTAETCS TIOKATbHOM;

® [IEPEMEHHLIC, UCITOJIb3YEMBIC B IIMKIIAX for u $€(, TAKXEC CYUTAKOTCA JI0-
KajibHbIMHU.

® OCTanbHbIE MEPEMEHHBIE CUUTAIOTCA TIO0aNBbHBIMU.
> s:=proc(x)

> =X

> RETURN(y)

> end:

Warning, y" is implicitly declared local
> a:=proc(x)

> global z;
> x+z
> end:
> 7:=0: a(5);
5
> 7:=6: a(5);
11

16.3. Pacwupsowue Kno4u

Pacmpsitoiiye KI04YM 3anuchiBaloTes B CEKLIMM options.
Knouu Moryt ObITb CHEAYIOLIMMU:
remember - onpeaenser Tabnuuy naMATH Uit IPOLIEAYPHI;

builtin - onpenensieT GyHKLNIO Kak BCTPOEHHYIO;

system — ONpEIENSeT “CUCTEMHYIO  NIPOLIEAYDY;

operator  — o6bABNAAET NPOLERYPY — PYHKLIMOHATLHBIR OMNEPATOD;
arrow — ONPEENeT NPOLEAYPY — ONepaTop B HOTAUUM “->7;

angle — ONpeENIET MPOLENypY — ONepaTop B HOTAUMH “<..|..>”;
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trace — onpeaenser, 4To OyAeT BHIBOAWTLCS MHPOpPMALUs O Bbi-
fIOJTHEHUH;
package  — ompenenseT NaKeTHYIO NPOUEeLYpY;

Copyright — aBTopcKue npasa.
Kirou remember

OnpenenseT, 4To Bee pesynbraThl obpaiueHnit k npoueaype Syayt 3aHo-
CHTBHCS B TabULY NaMATH MPOLEAYPHI.

> f:=proc(t)
> options remember;
>t2

> end:

> f(4):

16
> f(6);

36

IMpocMoTpeTh TabNMLY NaMATH MOXHO C MTOMOIBIO CIEAYIOIER KOMaH-
Jbl:

> op(4,eval(f));
table([
6 =736
4=16
D

PaccMOTpUM MpUMED MPOLeAyPbI, Bhlurciatowei yicaa @PuboHavun:
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> f:= proc(n) if n<2 then n else f(n — 1)+f(n - 2) fi end:
> f(14);

377

3anaTbl BPEMECHHU BO3PACTAIOT Mo IKCMOHEHLMAIbHOW 3aBUCUMOCTH:

> f:= proc(n) option remember;
> if n<2 then n else f(n — 1)+f(n - 2) fi end:

> f(14);
377

B nocneaHem cnydyae 3aTpaThl BPEMeHHW BO3PACTAIOT MO TUHEHHOM 3aBUCH-
MOCTH, TaK KaK Mpelasiiylie 3HaYeHUs 3aMoMUHA0TCsl B TabIHLE NAMATH.

C Ttabnuueii namsaTu MoXHO paboTtaTe kak ¢ obbluHol Tabnuuei. JonycTu-
MO MPHUCBaUBaHME:

> f(0):=0;
o) =0

Knarou builtin

OnpenenseT npoueaypy kak scrpoennyto. Kimou builtin gomxen 6piTh nep-
BbIM B CTIMCKE options.

Hanpumep, byHxuust type — BCTPOEHHast pyHKLIMS,
> eval(type):

proc( ) options builtin; 145 end

Pe3yneTat BoinosHeHUs eval MoKasbIBAET, YTO type — BCTPOEHHAs GyHKLMA.
Yucno 145 — cucremHbId HOMED QyHKLIMM.
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Karou system.

OnpeaensieT “cucteMHylo” npoueaypy. “CucremHas” npouegypa — 3TO
npoueaypa, Tabjauua NamMsaTH KOTOPOil MOXKeT ObiTh yAaneHa U3 “MyCOPHOro
aimka’” (garbage collector) cucremel. Ecnu npoueAypa onucana 6e3 Kimoua
system, TO Heflb3s% OYAET YAAIUTD €€ Tabauuy namsiTu.

Kanrou operator

OnpeaenseT, 4To ¢ NpoUeaypoi MOXHO paboTaTh kKaK ¢ ONEpaTopoM.

[Tpumep GyHKIMOHANIBHOTO OnepaTopa:
> sqi=<x"2|x>;

sg = (x2 | XD
> oper:=proc(x,y)

> option operator;

> x"2-y
> end;

oper = (x2—y | X,y
> oper(4,1);

15
IMpoueaypa oper aHaJorMyHa 3anucH:
> oper:=<x"2 - y|x,y>;

oper = <x2—y | %)

Karou arrow

IMpoueaypa — onepaTop OyAeT 3anucaHa B HOTauMu “->".
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Hortauus “->” - 310 dopMa 3anucu onepatopa. Kimrou Arrow usMeHsieT
NpaBuUiIo onpefeneHUs rao0alibHbIX W JIOKANBHBIX NEPEMEHHBIX: BCE HE JIO-

KallbHble NepeMeHHble He OyayT mobaBiieHbl B cnucok napamerpos. Kimou
arrow MCroJib3yeTcs BMECTE ¢ Operator.

> operl:=proc(x,y)
> options operator,arrow;
> x*2-y
> end;
operl =(x,y) =>x" -y
> operl(4,1);

15
Operl 5KBMBANEHTHO 3aMKCH:

> operl:=(x,y) - >x"2 ~y;

operl =(x,y) -—>x2 -y
Knrwou angle

OO6BABIAET MPOLEAYPY — ONEpaTOp B HOTalMu “< >, JIeHCTBYeT BMECTE C
KJIFOUOM operator (Mo yMOI4aHHIo).

> oper2:=proc(x,y)

> options operator,angle;

> x"2-y
> end;
— 2 _ |
operd = {x°~y | x,¥)
Kawou trace

OnpelleiseT, YTO NPH BLINOJTHEHWH APOUEAYPbl OYIET BHIBOOMTHCS OTJIa-
Jno4yHas “HbopmMaums.
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He noanexart TpaccMpOBKe NpouLenypbl, cogepxalume QyHKUHMH: assigned,
eval, evalhf, evalf evaln, traperror, seq, userinfo.
> pro:=proc(x,y,z)
> local t.k.i;
> options trace;
> ti=xty;
> ki=y+tz;
> ii=x*z;
> t+k+i;

> end:

> pro(1,2,3);

{-->enter pro, args =1, 2, 3

-
il

Pl N
Il
W o n o

10
<--exit pro (now at top level) = 10}

10

AHanoruuHble pe3ynbTaTsl faeT HyHKIUS trace(<uMeHa npoueayp>).

> ffi=proc(t)
> t"3
> end;
ff=proc(t) t"3 end
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> ff(4);
64
> trace(ff):
> ff(4);
{-->enter ff, args = 4
64
<-- exit ff (now at top level) = 64}
64

BbIKITIOUMTL PEKUM TPaCCHPOBKY MOXHO ¢ MOMOLBIO untrace.

> untrace(ff):
> {f(4);

64

Kmrou package

Cosnaer OubnnMoTeuHylo npoueaypy. [IpuMep npuseneH HUXe.
ITpumeuanye: GUBIMOTEUHbIE NPOLIEAYPbI 3arPYXKalOTCA ONepaTopoM with.
> # A package defined by a procedure
> linalg2 := proc() local s,t; option package;
> t:=linalg2(_PackageTable):
> eval(tleval(op(procname),1)j(args));
> end:

> linalg2(_PackageTable) := eval(linalg)
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> with(linalg2,add);
{add]

Kmou Copyright

3awuinaer npoueaypy oT npocmoTpa. IIpu mpocMotpe 3aiuuineHHOR npo-
LeAyphl €€ TEKCT BBIBOAUTbCA He Oyaer. OTMeHUTD JelictBue kmoua Copyright
MOXHO KoMaH10# interface(verboseproc=2).

> myproc:=proc(y)
> option Copyright;
> yH4

> end:

> myproc(4);

> eval(myproc);

proc(y) ... end

16.4. llpuceoeHue 3HavyeHul napamempam

[Tpy onucaHnK Npoleayphl yKa3blBaeTcsl CIIUCOK ee POpMAabHBEIX MapaMer-
pos. IIpu obpauleinn k mpoUeaype yKa3blBaeTCs CMUCOK NeHCTBUTENLHBIX Ma-
pameTpoB. B cneayroiuem npumepe B npoueaype f dopmanbHbiil napameTp — a,
JeHCTBUTENbIbI rlapameTp — 2. [Ipy BbI30Be Npoueayphl AeiicTBUTENbHbIE Na-
paMeTpbl NPUCBAUBAIOTCS POPMATbHBIM,
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> f:=proc(a)
> a2

> end:

> f(2);
4

Tlpu nepenaye nelCTBUTENBHBIX NAPAMETPOB B NIPOLIEAYPY MPOBEPSETCH CO-
BMECTUMOCTb TUIIOB GOpManbHbiX U JEHCTBMTENbHBIX napamerpoB. B ciyuvae
X HECOBMA,/ICHUS [eHepUpyeTcs OnbKa.

HeitcTBurenbHble MapaMeTpbl [epel Nepenavyeid B Mpouenypy npeasapH-
TEAbHO BLIYMCISAIOTCS,

> (6 - 4);
4

Konuuecrso nepenaBaeMbiXx B NpOLEAYPY ACHCTBMTENbHBIX MapaMeTpPOB
MOXeET ObITb HE PABHBIM KOJIHUECTBY (POPMaNbHbBIX NAapaMeTPOB (HO HE MEHbIIIE
KOJMuecTBd (POpPMasbHbIX IAPAMETPOB).

> 1(2,34,56,7);

16.5. CoobujeHus 06 owubkax u 3agepuieHue npoyeccos

BrinosiieHue npoiieaypsl MoxHo npepsath onepatopoM ERROR. B atoM
ciyvae OyaeT BbigaHo coobuienue “Error, <in umsa npoueaypbi> < Cnucok na-
pametpos ERROR>".

Cunrakenc ERROR: ERROR(cnucok napameTpos).

> f:= proc (x) if x<0 then ERROR( invalid x', x) else x*(1/2) fi end:
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> (2);
i
> f( - 2);
Error, (inf, invalid x, -2

Ecnu BbI30B rnipouiefypbl NpOoM30IleN B pexumMe traperror(..), TO CUCOK na-
pamerpos ERROR npucsanpaertcs nepeMenHoit lasterror.

> traperror(f( - 2)):
> if " = lasterror then “error occurred’ else "no error occurred’ fi;

error accurred

I‘Ipoueaypa MOC/e BHINOTHEHNU AeHCTBHHT BO3BpAaLla€T 3HAHYCHUE MOCTICIHE-
'O BBHIMOJIHEHHOrO oneparopa. 310 NPpaBHIIO MOXHO M3MCHHUTL [IPpHU NMOMOLLH
RETURN.

RETURN ripepniBacT BbINOJHEHHE MPOUEAYPHI M BO3BPALIAET CIHMCOK 3HA-
YeHKH. ‘
Cunrakcuce: RETURN(<cnmcok napaMeTpoB>).
> delta:=proc(t)
> if t=0 then RETURN(infinity) else RETURN(0) fi
> end:

> delta(1); delta(0);

C nomowsio RETURN MOXHO nepegaBaTh He TOJIBKO YUCIIEHHbIE 3Haue-
HHUA.
> g:=proc(t);

> RETURN('procname(args)')

> end:
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> g(4);

g(4)

Kmouyesoe cnoso FAIL npegHa3HaueHO [Jis NpPepbIBAHHA MpPOLEAYPbI.
FAIL ucnosb3yercs ang coobilleHUsl 0 TOM, YTO BbIpa)c€HHE HeNb3s BbIUMC-
JUTb.

> h:=proc(t)
> FAIL

> end:

> h(5);
FATL

16.6. byneeckue npoyedypsbi

bynepckue npolenypbl onpesensioTcs TaK XKe, Kak 1 0ObluHbIE.

> g:=proc(x.y)
> xory

>end:

> g(true,false);

> comp:=proc(x.y)
> if x>y then true else false fi

> end;

comp ;= proc(x.y ) if y < x then true else false fi end
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> if comp(3, — 2) then 1 else 0 fi;

16.7. Bbi306 u coxpaHeHue npoyedyp & ¢halinax Ha ducke

3anuce npoueayp B daiin:
save <CMUCOK UMeH> <umsa darina>
Yrenue npoueayp u3 daina:
read <umsa dafina>
> fl:=proc(x,v)
> Xx"2+y”"2

> end:

> f2:=proc(x.v)
> x"3+y”3

> end:
> save f1,f2,profile;
> read profile;

fl :=procexy) x"2+y 2 end
f2:=procingy) x"3+y "3 end

IMpoueaypb! MOXHO 3anucaTs B (aiia BO BHyTpeHHeM dopmaTe Maple. s
3TOTO NpPOCTO HaLo A00aBUTh K MMeHH daiina pacimpenye “.m”.
> save f1, pro.m’;
> read “pro.m’;

KpoMe 211X BO3MOXKHOCTER coXpaHeHUs npouenyp Maple umeer Gonbiuine
BO3MOXHOCTH co3aHus Gubnmorex.
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17. ONEPATOPbI

B Maple onepatopsl - 370 abCTPAKTHbIN THIT JAHHDbIX, ONUCHLIBAIOLUMI Ofle-
pauuu npeodpa3OBaHMS HAJl JAHHbBIMHU,

17.1. OnpedeneHue onepamopoe e Maple

BapuanTsl onMcanus ONepaToOPoOB:

¢ Heonpenenenubiil (f);

* HEHTpaIbHbIN (ONpeaeasemplil noas3oBatenem) (& );
® [IPOLELYPHbI;

® CTPENOUHAS HOTALMS,

® HOTAL!IS YTJIOBbIX CKODOK;

® KOMMO3ULUMOHHBIA onepaTop (@) .

Heonpe, enennslid onepaTop ~ 3T0 onepaTop, KOTOPbiil 3apaHee He Obla o1l-
peneneH. Takol onepaTop He BBINMONHAET HUKAKUX NeHCTBHIA.

> 1(3,4,5);
f3,4,5)

Helitpa:ibHbiii onepatop (onpemensieMblit nonib3oeaTeneM) o0o03HadaeTCs
3HAUYKOM amriepcaHTa &.

CHHTaKCIIC OnMcanus orepaTopa: & ums.

UMs — Hro moboe padpewieHHoe B Maple ums nan Habop cneunanbHbix
CHUMBOJIOB.

B uMs o1lepaTopa Henb3s BKIOYaTh UMD PbI ¥ CAEAYIOIIHE CHMBOIbL:

&{O)Y[1{}::" #<ENTER> <SPACE>_
MaxkcuMaibHas JIMHA UMeHH - 495 cHMBOMOB.

&-onepa 1 opbl MOXHO MCMONBL30BaTh KaK YHApHbIA NpeduKCHbIA onepatop
MITH KaK MH(PUKCHbINA ODMHAPHbLIA. DTH oNepaTopbl reHEpUPYIOT $YHKUMOHAb-
HbI€ BbI30OBHI ¢ UMEHEM HEHTPAIbHOTO OnepaTopa.

>a&*b;
a&*h
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>a*bh &t

al(b&tc)

> a&xxh - &xx(a,b)

Oneparop Takxe MOXHO OMUCATh Yepe3 MPOoLeaypy.

> fg:=proc(x)

> option operator;

> x*2
> end;
fe=(x%]x)
> fg(5);
25

B Maple moxHo onpenensts PyHKUuOHaNbHbie onepaTopbi. PYHKUMO-
HaNbHBIE ONCPATOPBI ~ 3TO GOPMA NMPEICTaBICHUS MONb3OBATENLCKUX MaTEMa-
TAdecKHX  dyvikuui. OnpenenuTb QyHKUMOHANbHBIH OMepaTop MOXHO B
TCTPENnOoUHON HOTalMKu”. CHUHTAKCHUC CTPENOUHON HOTAUMM:

{crincox nepeMeHHbIx bynxunn)->(dyHxuus)

> fgi=x — >(x"2);
fg=x—> x2
> fg(4);
16
> dfi=(x,y,2) — >(x+y+z);

df = {(x+y+z l X,V Z)
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> df(1,2,3);

PYHKUUOHANBHBIH ONEpaTOp MOXHO ONIPEedeNuTh B HOTAUMH ‘' yIJIOBBIX
ckobok’™.

CHHTaKcHC TakoM HOTALUMH: < DYHKUHS | CIIUCOK MEPEMEHHbIX>
> fg:=<x"2|x>;
- 2
fe=<(x | x)
> fg(4);

16
> df:i=<x+y+zlx,y,z>;

df ={x+y+z l XY, Z)
> df(1,2,3);

MOXHO onpeaennTs @ - KOMIO3MUMOHHBIA ONepaTop:

> f:=cos@sin;

S =cos@sin

> (cos@sin) (x);
cos(smn(x))

> (cos@@2)(x);
cos(2)(x)

Onpedenenue onepamopos ¢ nomouwpio define

OnepaTtop define peanusyer onpeaeneHue onepaTopa U ero csoiicTs. Define
NO3BOJISET OMPEACINTL ONEPaTOP B IBYX HOTALMAX:
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o uHpUKCHOM (& - UMa);
o QpyHKIMOHaNLHOI (f(X)).

Cuntakcuc: define(f,<cnmcox cBoHCTB>),
rae f - uMs onepaTtopa, peasu3yIoWero BbIYHCACHHUS,

CBo#icTBa OMepPaTOPOB!

unary — YHApHBI onepaTtop;
binary —~ OWHApHBIIt onepaTop;
associative — 4CCOLMATHUBHBIA ONEPATOP;

f(x.f(y.z))=f(f(x,y),2)= f(x,y,2).
commutative ui — KOMMYTaTHUBHbLIN onepaTtop, f(x,y)=f(y,x);

symmetric

antisymmetric — acMMMeTpHYHbIi onepatop, f(x,y) = -f(y,x);
inverse=g — onpefenseT UHBEpCHLIH onepatop, (f ->g);
Zero=x — onpejeneHune “Hyas” onepatopa. Ecnu mobo#

M3 apryMeHTOB OMEPaTopa PaBeH X, TO ONepa-
TOP BO3BpAILLAET X.

> define(f,binary,associative,zero=1);

Warning: new definition for f

ITpocMOTpeTh TEKCT MPOLEAYPbl MOXKHO ¢ TOMOILbIO print.

> print(f);
proc( )
local _A4.1.).5ign.
_AA = [args].
_AA =mapt
procix.pi
if typet x function) and op (0.x) = pn then
opry)
else x
fi
end
_AA.procoame ).
=1,

J.=nopst_A4);
while i < jdo



178 I'naBa 17

if j <=2 then break fi,
[procname(_AA[i],_AA[i+1])];
if has( ",procname) then i .= i+l
elif fulse then
_AA :=subsop(i = NULLi+! = NULL,_AA),
if 1 <itheni:=i-1fi
else
_AA ;=subsop(i=op("),i+] = NULL,_AA)

ifj <=nops(_AA) then
ERROR(
A forall( ) with two arguments ret)
urns an expression sequence’

Ji

if 1 <itheni:=i-lfi

ﬁ’.
Ji=nops(_AA)

od;

if member(l._AA) then RETURN(1) fi;

ifnops(_AA) = | then RETURN(_AA[1]) fi;

‘procnaine’(op(_AA))

end
> 1(2,1,4);
1
> f(f(x,y).2);
fix,y. 2)
> 1(34,45);
{34, 45)

> define(" &+, associative, commutative, identity=0);

Warning - new definition for &+
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> X &+ (y &+ 2) &+ (0 &+ x);

&+(x, x,»,2)
> define(f, commutative, associative, inverse=g);

Warning : new definition for f
> f(g(x), z, f(x,y), ¥ );
ty. ».2)
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18. BHEWHUME BbI30Bb! U MAHMRYNALUU

Maple 11penocTapisieT BOZMOXKHOCTb BbI30Ba JPYTMX MPOrpaMM U KOMaHL
OMEPALMOHHON cucTeMbl. DTa QyHkuus paboTaer B cpene Maple, ycTaHOBNEH-
Hoi#l moa DOS. Peanusyer 3Ty dyHkuus komaHIa system,

CuHTakcie system: system (<cTpoka>),
rJe <CTPOK4> — KOMaHaa, nepeaasaemasi B DOS.

Hanpumep. ecnu BbIMONHNUTE KoMaHay system (dir); To 6yaer BbIBEIEHO CO-
JepX)UMoe Tekylero xatanora. C noMoLIpio system MOXHO OpraHU3oBaTh 06-
MEH JAHHBLIMMU C IPYTHMH NPOTPaMMaMH.

PaccMorpum npocToit npumep BHewHero Bhizosa. Hanpumep, Ha Pascal Ha-
nucaHa NporpaMma, peanusyronias YUCIeHHbIH METoH (AJIS NPOCTOThl MYyCTh
310 OyleT nporpamMma NepeMHOXeHus AByX uucen). DOS no3BonasieT B Ko-
MaHIHO# Cipoke onpeagsinTh (aia, U3 KOToOporo O6yAyT CYMTAHb! UCXOIHbIE
JaHHbie, v (alin. B KOTOpbIH OyayT 3anucaHbl pe3ynabTaTthl. Hanpumep,
c\prog.exe < inpul.txt > output.txt peanusyer ckazaHHoe Bbiie. B 3TOH Ko-
mange DOS (aiin prog.exe — 3anyckaemas nporpamma, daiin input.txt — gan
WUCXOHBbIX HdaHHBIX, dhaly output.txt — Gain pe3ynbTaToB.

Y1066t OpraHn30BaTh Tako# o6MeH B Maple, Hao co3xaTh daii UCXOAHBIX
JaHHBIX. DTO MOXHO CleJaTh CTAHJAPTHBIMU cpeicTBaMU Maple. 3aTeM Bbl-
MOJIHSIEM BHEWHUE BbI30B: system( prog.exe < input.txt > output.txt’). ITocae
3TOrO Pe3)/IbTaThi paBOTbI MPOrpaMMbl Prog.eXxe MOXHO cyuTaTh M3 (akna
output.txt.

Onvcannsiit cnocof BHEUIHErO Bhi30BA HE PaLMOHaNbHbIHA, Tak Kak oOMeH
JI@AHHBIMM #,1eT Yepe3 TeKCTOBbIA (anl.
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19. AONONTHUTENDbHbIE BO3MOXHOCTU A3bIKA MAPLE

19.1. Omnadka u cuHhmakcuc coobuwjeruti 06 owubkax

Hanbonee npocroii cnoco6 ornaaku nporpamm Ha s3bike Maple V — arto
oTnajka ¢ nomouslo printlevel. Printlevel — ato rnobanbHas nepeMeHHas, Ha-
yaJbHOE 3HayeHue KOoTopod paBHo eauHuile. Ecnmu ycraHoBUTh €e 3HauyeHue
Honbuie yeM |, To OyleT pacneyarbiBATbCS MOIHAr0OBOE BbINOJIHEHUE BBEICH-
HoOH npoueAypbl, MpUYEM, YeM Oolbllie 3TO 3HaYeHue, TeM Donblue waros Oy-

JET BbBIBOJHUTLCH. Hanpnmep, BBCJIEM [IBE€ NpOUCAYPHI, B OJIHOW U3 KOTOPBIX
eCTh OIIMOKA — JAeJieHUe Ha HYJb:

> f:=proc(x) local y; y:=1; g(x,y); end:

> g:=proc(u,v) local s,t; s:=0; t:=v/s; s+t end:

Bsi3oseM npouenypy f:

> 1(3);

Error, (in g) division by zero

YcradoBuM printlevel=100:

> printlevel:=100:

> f(3);

{-->enterf, args =3

{-->enter g, args =3, 1
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s=0

<-- ERROR in g (now in f) = division by zero}

<-- ERROR in f (now at top level ) = division by zero}
Error, (in g) division by zero

executing statement: t ! = v/s

locals defined as: s =0, t =1t

g called with arguments: 3, 1

f called with arguments: 3

19.2. [lepeHa3Hay4YeHUs1 U MaKpoCbl

®yuxius alias — onpenenuTh COKpallleHHe UITH 0003HaYeHHE.
dopMar BbI30BA:

alias(el, €2, ..., eN)
ITapamerpsr:

el, e2, ..., eN — Hymb Ui 6onee BbpaXkeHUH.

B MaTemaTHKe OYEHb MHOTO Pa3TH4HBIX JIITHHHBIX UMEH, HA3BAHHUA KOTOPBIX
ObLTH mepeHecedsl U B cpeay Maple V. UTo6bl He UCNONIB30BATL 3TH JJIMHHBIE
UMEHA, MOXXHO OMNpENEUTh COKpalleHUs Ui HUX. LIS 3TOro MCHoJb3yeTcs
xoMauna alias. TIpumep: onpeaenuM COKpallleHHOE HasBaHue JJIf CTAHAAPTHOH
dbyaxuuu cpeasl Maple V fibonacci (Bo3Bpaliaer yucna PuboHadun):

> alias(F=fibonacci);

LF

> with(combinat):

> F(6);
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> fibonacci(6);

8

MoxHo Takke MCNoNb30BaTh PyHKLUMIO alias ANA COKpaIUEeHMst HAa3BaAHMIA,
ONpe/eNeHHbIX Nonb3oBaTeneM. Hanpumep, onpeaennm cokpaiueHus: F s
Func(x), Fx pns npoussoaHoit ot Func(x) no x.

> alias(F=Func(x)):

> alias(Fx=diff(Func(x),x)):

> diff(F,x);
Fx
> diff(Fx,x);
3]
—a; F X

DyHKLMA macro — onpeeeHne MaKpoOoOO3HaYEHHIA.

Hanpumep, npeanosoRum, 4To B 0JJHOM U TOH e MpoLEaype UCITONb3YETCA
IJIMHHOE 0003HaveHue (Hanmpumep combinat{fibonacci] — Bb1I3OB QyHKUUK
fibonacci) 0JMH HIIKM HECKOJIBKO pa3:

> f:=proc(a);
> f:=combinat|fibonacci](a);
> end:

Warning, f" is implicitly declared local

> seq(f(i),i=1..10);
1,1,2,3,5,8,13,21,34,55
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YToObl HE MCIOJIL30BATH ITO IMHHOE WMS, OMpeNe/iiM Makpoobo3Haye-
HHE:

> macro(Fib=combinat{fibonaccil);

> g:=proc(a);
> g:=Fib(a);
> end:

Warning, "g" is implicitly declared local
> seq(g(i),i=1..10);
1,1,2,3,5,8,13,21,34,55

Euwie oauH OPpUMEDP UCNIONL30BaHUA MACro:

> macro(v = linalg[vandermonde]);

> v({3,2,1])%
1 39
1 2 4
1 1 1

CDyHKumo macro MOXHO HUCNONL30BAThL I CO3AaHUA TAKOTO l'Ipl/lel‘IHOI‘O
Jid Pascal THIIA JAHHBLIX, KAK 3aIUChb. I[JIF[ MOHUMAHHUA CyulHOCTl/l CO3laHUA
3amucu B cpeie Maple paccMOTpUM npuMep:
> ar=[x,y,zl;

a=[xy2z2]

> macro(one=1,two=2,three=3);
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> ajl};
x
> ajone};
x
> s:=alone}+ajtwo]+afthree};
s=X+y+z

TakuMm 00Opa3oM, K 3JIeMEHTaM CIHACKA MOXHO oOpallatbcs TPaJIWUMOHHO
M0 MHJEKCaM WA BBEIECHHBIM MakpOCaM.
PaccMoTpum Doree cl1oXKHBIA npUMep — 3aMHACh BbIPAXEHUS

~ 0.5 (x+1)%(x-1)

> a:=] - 12,[[x+1,2},[x — LA]J;

a:=[%,[[x+l,2],[x— 1, ]]]J

> macro(unit=1,factors=2,base=1,exponent=2);

> ajunit];

> alfactorsjf1]{base};

x+1
> a[unit}*a[factors]j1}[base}*a[factors][1}[exponent]*a[2]{2}[1]*a]2}]2]i2];

D2 (x- 1)
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20. Ob30OP BUBNIUOTEK MAPLE V

bubnuotexu Maple V coziepxat 6onee 95 % KO MaTEMATHUECKUX 3HaHUMH

M 3KCOEPTHBIX pewleHnid. Ee npouenyps! MOryT GbITh IPOCMOTPEHDI, M3YUECHBI K
Haxe MOTUGUIUPOBaHbI H PACUIMPEHBI.

HWudopmauuio no 6ubnuorekaM Maple sceria MOXHO AONYYMTL M3 CIIpa-
BOUYHOMH CUCTEMBI CPENibl, KOTOPAS COACPHKUT NOAPOOHYIO MHPOPMALIMIO O KaX-
Ao 6ubnuoteke. JIng ApocMOTpa AOCTATOYHO BBECTH BOMPOCHUTENbHLIN 3HAK
u panoM uMsa 6ubnuorexd. Hanpumep: >?linalg.

B cocraB cpenst Maple V Bxomar cnenyromue 6u6mioreku:

® nUMAapprox ~ YHCJICHHAA afMPOKCHMal[HS;

e combinat — KOMOHHAaTOPHKA;

¢ Detools — cpencTBa LI paboThl ¢ AuddepeHuHaNbHBIMU
YPABHEHHAMHU;

edifforms — cpencTBa Ui paboTh! C Pa3THUHbIMUA
InddepesuransHbIME GopMaMHu;

® geom3d — TpexMepHas eBKJIMI0BA [EOMETPHUS;

» geometry — IByXMepHAs eBKIIWI0BA TCOMETPHUS;

e grobner — Gasuc I'poGHepa,

» group — TeOpuA TPynm;

e linalg — NUHelHaq anrebpa;

e logic — GyneBckas JIOTHKA;

¢ networks — Teopus rpados;

* np — TEOpUS pasMEILEHUH;

¢ numtheory — TEOPHS YUCET;

e orthopoly — OPTOTOHANILHBIC HONIHHOMBI;

¢ plots —rpaduyeckad 6uGnuorexa;

® powseries — CTeNeHHbIE PALDI,

® projgeom — MPOEKIMOHHAS FeOMETPHS;

e simplex — NMHeHHAad ONTHUMH3ALMS,

o stats — CTATHUCTHUKA;

e student — OLEHKa OIKOOK,
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ObpatuM ocoboe RHUMaHHEe Ha cBOOOIHO paclpocTpaHseMble KoObl GUO-
JTHOTEK M FOTOBBIX MPOEKTOB MAaTEMATHYECKUX H (U3HYECKHX 3aJa4 Yepe3 HH-
(¢opMalMOHHBIA cepBep yHUBepcutera I. Batepioo B Kaname. Hanuuue cea3u
INTERNET cuumaer Bce npobiieMbl K JocTymy. AJpeca yka3zaHbl B TEKCTOBBIX
¢aiinax B karanore SHARE/HELP. Ilonb3oBaTesib MOXET TaM e HaUTH MOJ-
katanord mno 20 pa3zenaM HayKu W TEXHUKH, B KOTOPbIX HaxoauTca Horarei-
WV Habop NporpaMM IUId pa3iMdHbIX 3a1ay.
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Cnucok repmuHoB Maple V, UICNONL30BaHHbIX B KHUre

A

abs
addedge
addvertex
adjacency
alias
allvalues

and
angle

animate
antisymmetric
appendto
array

arrow

B
binary
break
builtin
by

C
C

cat
charpoly

close
complete

~ abcomoTHOE 3HaUYeHHue YKca;

~ nobasneHue pebpa B rpad;

~ nobasreHye BepIUMHbI B rpad;

~ reHepaLys MaTpULIbl CMeXHOCTH s rpada;

~ OTpeJie/ieHHe COKpaLleHH s,

~ BbIYMCIIEHHE BCEX BO3MOXHBIX 3HAYEHUI B Bbl-

paxenuu ¢ RootOf;
- joruyeckoe “HU”;

- OTpeAeNnseT MPOLEeaYpPY — ONepaTop B HOTALUH

‘(<...|..>”;
~ aHUMaLus rpaduKos;

— HHACKCHasA (byHKHHH — HECUMMETPUYHAES,

— I03aMUCh Pe3YNbTATOB B CYLUECTBYIOLMMA (aidr;
~ cO34aH1e MaccuBa;
— OlpeAenseT NpoLeaAypy — ONepaTop B HOTALUHU

113 bal
> 5

— ABOWYHbIM THIN AAHHbIX;
— BBIXOJ U3 LIMKIIA;

— onpeaenser GyHKIUHMIO KaK BCTPOEHHYIO;
— NpUpalleH1e CYeTYMKA 1IMKIIA;

- MepeBOJ BblpaxkeHus B koA sA3bika C;

— BbIpe3aTh BbIPaXXeHHE;

— HaXOXACHHME XapaKTepHUCTHYECKOro MHOTOUJIEH]
MaTpHLbI;

- 3aKkpblTHe dakina;

~ cO37aeT NMoJiHbIHA rpad;
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cond
conformal
constant
convert
Copyright

D
D

Dchangevar
define
delete
DEplot

DEplotl
DEplot2

description
det
DEtools
dfieldplot

diagonal
diff
display3d

do

draw
dsolve
duplicate

E

edges
eigenvals
eigenvects

— YKCII0 O0YCIOBICHHOCTH MATPHLbI;
— IMOCTPOEHHE KOMITIEKCHON PYHKLIHY;
— THN JAHHBIX — KOHCTAHTHI;

— nmpeobpa3oBaHUE THIOB;

— aBTOPCKME MPABA Ha IPOUEAYPY;

- onepatop AuddepeHunpoBanus;

— NOJICTAHOBKA HOBbIX MIEPEMEHHBIX B yPaBHEHHE;

— OfIPEJEIIEHHE OMEPATOPA U €I'0 CBOMCTB;

- yAaneHue BepLIMH 1 pebep u3 rpada;

— MOCTPOEHHE PelLEHHI AU PepeHLMaNBHbIX
YPaBHEHUH U CUCTEM;

— MOCTPOEHUE PELLIEHUS YyPaBHEHUs MEPBOTO MO-
piaka;

— [MOCTPOEHUE PELIEHUS CMCTEMbI M3 ABYX YpaBHe-
HM,

— CEKLMs OMUCaHUs MPOLEAYPHI;

— BbIUKCIICHHE OMPEAETUTENS MaTPHLIbI,

- rpaduyeckas 6ubINOTEKa;

~ NMOCTPOEHME MOJIA peLieHus AubdepeHLanbHo-
TO ypaBHEHUs,;

— UHAeKcHas QyHKUMA - A¥aroHalbHas,

— InGdepEHUMPOBAHNE;

— nocrpoenme rpaduxa 3D no cneyuanbHoM
CTPYKTYDE AAHHBIX;

— Hayvano Tena LMKJa,

— MOCTPOEHHE YepTeXa rpada;

— peweHue guddepeHMANBHBIX YPaBHEHHIH;

- co3aHue Komvu rpada;

— cnucok pedep rpada,
— BLIYHMCIIEHHE COOCTBEHHbBIX 3HAUEHU I MaTPHLbI;
— BBIYHMCIIEHNE COOCTBEHHBIX BEKTOPOB MaTpPHLIbI;
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elif — KOHCTpyKUus “else — if”;

else — KOHCTPYKLMA “HMHaye”;

end — 3aBepIUEHHE OMUCAHMS Telia NPOLEAYPhI;

ends — CMTUCOK “XBOCTOB” pebep rpada;

entries — 3HaueHUst TabJIMLbI;

ERROR - 3aBepllieHHE BBIMOIHEHUS MPOLELYPhI C COO6-
wenueM o6 omnbke;

eval — TOYHOE BbIUMCIICHUE BbIpaXKeHEUs,

evalb — BbIYUCIICHUE JJOTHYECKOTO BbIPA)XXEHHHA,

evalf ~ BbIYHMCJICHUE BbIPAXEHHUS B YHCIIAX C IUIABaOLIEi
3ansAToMH,

evalm ~ BbIYMCJIEHHE MATPHUYHOTO BbIPAXKeHHS,

eweight — HaxoxjacHue BecoB pebep rpada,

F

factorial — BblYMCIIEHUE (pakTOpHaa;

FAIL — NpepbIBaHKE MPOLIEAYPHI B CIy4ae HEBBLIYHUCTsAE-
MOTO BbIpaXKeHHUS;

false - “N0Xb” — 3ape3epBUPOBaHHAsS KOHCTAHTA,

fi ~ OKOHUYAHHE KOHCTPYKLMU BETBIIeHHUS if;

float — THIT JaHHBIX ~ YKCIIO C IUIABAIOLIEH 3ansToi;

flow ~ HaxoXIeHHEe MaKCHMaJIbHOr0 MoTOKa B rpade;

for — KOHCTPYKLMS LiMkJia “mis’;

fortran — TPaHCIALMS BbIpaXeHHs B KOI fA3bika Fortran;

fraction ~ THN AaHHBIX — OpoOb;

from — HauyabHOE 3HaYEeHMUE CYETUMKA LIMK A,

fsolve — pelleHre YpaBHEHHs B YKUCIAX C ruiaBarouiei 3a-
NATOM;

H

hastype — MpoBepka Ha YKa3aHHbIit THIT,

head — HaxoXxaeHHe “ronoB” pebep rpada;

I

| -~ MHHAMas eIuHHULA (3ape3epBUPOBaHHAN KOHCTAH-
Ta);

identity — WHJEKCHAS QYHKLUMS — eAUHHUYHAS,
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if
iged
ilem
in

incidence
infinity

int
interface
intersect
inverse
iquo
irem
isplanar
isqrt

J
jacobian

L
latex
length
lhs
limit
linalg
local

M
macro
map

matrix
max
member

— KOHCTPYKLIUs BETBJIeHH “ecnu’;

— HanbOonplumi 06K JenuTeNs;

— HauMeHbIINH 001N MHOXWUTEIb,

—~ KOHCTPYKLMSA LIUKJIA IJIs MePEYUCIIAEMbIX THIOB
JIaHHBIX;

— OnpeaeneHre MaTpULbl MHLIMIEHTHOCTH rpada;

— “OeCKOHEYHOCTb” — 3ape3epBUPOBAHHASA KOH-
CTaHTa;

— BbIYHCIICHHE UHTETPANA;

— yCTaHOBKA UHTEP(EHCHBIX NEPEMEHHBIX;

— nepeceyeHe MHOXKECTB;

— HaxoxjaeHue o0paTHOH MaTPHLIbL;

— 4acTHoe;

~ OCTaToK;

— MpOBepKa MJIaHapHOCTH rpada;

— KBaJpaTHbI KOPeHb (LI€T0YHUCIIEHHOE NPUOIIH-
KEHUE),

— BBIYMCIIEHHE AKOOHaHa OT BEKTOpa QyHKLUH,

— BB{BOJ BoipaxkeHus B penaktop LATEX;

— ompeeneHue AUHbI BbIpaXeHUS,

— BbIJIeNICHHE JIEBOIl YACTH BbIPAXEHHS,

— BbIYMCJIEHUE NTpeNena;

— 6ubauoTexa TMHEHHON anreOpsI;

— CEKL[US OMUCAHUS JIOKATbHbIX MEPEMEHHBIX MPO-
LEeRYPhI,

— onpelesieHHe MaKpoo60o3HaYEHUH;

— 3aJlaH{e OMnepaLMy HaJl BCeMHU 3JIEMEHTAMH Bbl-
paxeHus;

— 3aJaHue MaTPHILIbI;

~ HaXO0XJEHHE MAKCUMaJIbHOTO 3JIEMEHTA;

— IPUHAJIEXHOCTD 3TIEMEHTa MHOXECTBY;
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min
minor
minus
mod
multiply

N
new
nops

o

op
open

P

petersen
phaseportrait
plot

plot3d

print
printlevel

proc

R

rank
random
replot
restart
read
readlib
rhs
rsolve

S
save

— HaXOXJCHHE MUHHMMAJIbHOTO 3JIEMEHTA;
- pacredaTka MHUHOPa MaTpHLIb,

~ BbIYUTAHHE MHOXECTB;

— OCTaTOK OT JEJICHUS,

— YMHOXEHHE MaTpHL;

- cO3aHMe NycToro rpada;
— NOJICUET KOJIMYECTBA 3NEMEHTOB;

— U3BJICYEHHE JIEMEHTOB U3 BbIPAXKEHHS;
~ OTKpbITHE (ailna;

- co3nanue rpada IlerepceHa;

- nioctTpoeHue pa3oBoro nopTpera;

— NOCTpOEHUE IrpaduKa;

- nocrpoenue rpadpukos 3D;

~ pacrieyaTka COJepXHUMOro;

~1yiobanbHas NepeMeHHas, UCTOJIb3yeTCs A OT-
JIaIK¥ TIPOLERYD;

— 3aJlaHue NPOLELYDbI;

— HaXOXJIEHUE PaHra MaTpulbl;

— reHepanus ciydaitHoro rpada,

— NepepHcoBaTh rpaduk;

— OYMCTKA 3HAYEHH NEepEeMEHHBIX;

~ YTeHue u3 daiina;

— YTeHHe OUOMMOTEYHON PYyHKUMH;

— BBIJIC/ICHHE TIPABOM 4aCTH BbIPAXKEHHUS;
— pelueHHe PEKYPEHTHAIX BbIPAXKEHHIA;

- 3anuch Bbipa)xeHuH B daiin;
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seq — reHepalus NoCIe OBATENbHOCTH;

SearchText — NOUCK TEKCTa B CTPOKE;

show — BO3Bpauiaer Tabnuiy, CoAepKaillylo BCIO HH-
dopmauuio o rpade;

shortpathtree — HaxoX/eHHe aepesa kpaTyaniiux nyTeH B rpa-
e;

signum — 3HaK YMCIIa;

solve - pelieHHe YPaBHEHHI U CHCTEM YPaBHEHHI B
CUMBOJIbHOM BH/IE;

Sum — pacrneyaTka CyMMbl psja;

sum — HaXOXIEHHE CYMMbI psaia;

subs — NOACTAaHOBKA B BbIPaXXEHUE;

T

taylor — pasnoxexue B psag TeHnopa,

table — co3anue Tabuubl;

tail - BO3Bpaluaer uMs "xBocTta" rpada;

type - NMpOBEPKa NPHUHALIEKHOCTH TUITY;

U

union — 00beAMHEHHE MHOXECTB;

A%

vector — 3a/laHUe BEKTOPA;

vertices ~ POCMOTP Y3510B I'pada;

void - cospaet rpag 6e3 pebep;

vweight — HaXxOJMUT BEC BEPLUHHBI,

w

whattype — OMNpEAEICHHE THITOB;

with — NOAKNIOYEHHE OHONHOTEKH;

writeto — 3aIMCh B HOBBIH dakin;

write — 3anuchb B Gaiin;

writeln — 3aMKCb CTPOKH B daitn.
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AndaBuTHbLIK yKasaTenb

COMMULALIVE .........oocviiriiiiiii e 177
complete ...... .58
A cond........... .32
. conformal .......cc.oocoveevervniiviees e, 86
radedge, e DGR CONSTRAINED 79395
AAAVEELEX oo 61 CONEOULS ....oovviiiiiiie et 97
AdJACENCY.rrovvvvvveeroroeeeeeeoeeeeoo 67 CONVETL...ccovriieeriieins ...25,27;152
ABES oo 182 COOTAS ...ooeiiiiiiecccee e 80
AMBIENRGHL -..vvvvvvoreeeeeoee oo 97 Copyright .. ... 163,169
AN oo 144 COUNL....ooiieiiiieeiiin et ca e 102
ange....... . 162:166 cumulativefrequency...........c.ocovcecvnnne 108
animate ......... ’86 cylindrical ................................................. 93
animatedd ..., 99
antisymmetric .. 158;177 D
aApPenAto ..o 127
apply ......... ....108 D o 19
array et e 28 Dchangevar ..
arrow.......... 162;165 AECIlE. .o
ASSOCIALIVE ...oocvvvieiiie v 177 define.......ccoooeviiie e
BXES oo ....80;97 delete.......coovviiiii i
aXesfOnt..........ocooiiriic e 81,98 deletemissing........cooooeiirviniininc s
Deplot..............
Deplotl ..

B Deplot2.....
deSCribe..ieernirriecir e
description
det ...

DEtools ....

dfieldplot ..........ccoccvernen

diagonal ..o
diff ...........

Digits .....

discont .............

discreteuniform...

C display .............
display3d.......

C . T R 123 AISEEDULION wvooeoeooooeeoeeee
CAPLESIAN oo 92 divideby ...... e

CAL 1ovevrereece et 142 QO
CAUCHY .oovvivieeere e I3 draw

chgrpoly 32335 dsolve. ...

CRISQUATE ....ooovvvvvrrr e, 13 duplicate .......ooeviverireoinn 68

Classmark ... s 108
ClOSE oo 127
coefficientofvariation.............c..ovvcvvernn. 102
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E
BAZES .ovivicecc e 56
eigenvals ... 32,35
eigenvects... 32;35
Bl e 131
BISE L.oii e 131
empirical ... 112
end..... . 160
ENAS. .o 60
ERROR . 170
evalb ..., 144
evalf ... )
eweight.......... .67
exponential ... 113
F
factorial
FAIL
fi
BRIt e 1024106
float 140
[ 10) PO O U UUSURRURTIOY 132
FOrtran .......ccoocoviviiii e 123
fraction ... 138

FRAME ...

fratio......... e 113
fIEQUENCY ..ooviiveiiiiic e 108
from......... . 132
£S01VE Lot 38

BIIA (e 92
H

harmoniCmean............c.ocveie e 103

hastype

T

hypergeometric.............cooeeevvvnnnnninenn 112
I
Identity ..o, 34,158
I s 131
PBCd. i 136
ilem..... 136
in ... 132
incidence... ... 66
infinity .. 21
int....... ... 20
INEEISECE .uuviiiie et e 25
inverse ...... 32,177

iquo ...

isplanar.. .13
ISQIT . 136
J
JACODIAN ... .ot 32
K
KUTTOSIS. ..ovevee i eie e e e 103
L
labelfont ..o 81;98
1AbElS .o 96
laplaced .... 113
LATEX.... 122
length ..o 141
IS .o 144
light . .. 97
limit ...... L2
linalg . .32
LINE........oeee. .. 78
linearcorrelation.... ...103
linestyle ................. .81, 98
Tocal.. o 160
JOZISHC .vevie i 113
lognormal.......ocooviiiii e 113
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MAD oot 28:145

111510 PR 32
IMEUS oot 25

MO .o, 138
MOAE ..o 103
MOMENE ...ttt 103
MOVINE ovevrr e, 108
MUltiapply .....ocooovveviiiieciieee e, 108
MUItIPLY oo 32;36
N

DA c..ovevre e ireeraieeete e eaeaesrerae e 141
negativebinomial

networks..................

open .........
operator ....
OPHONS c.vviice e
or

P

package
PATCH

PDEDIOL.......ovvvcviceccesecee v 43; 50
PELEISEIL...oooiiiiiriicenee e, 59
phaseportrait ..o ieenn e 43; 54
PlOt o 77
plot3d..... .88
plotdevice...... .14
plotoutput..... 15
plots.......... .. 101
POINT ..o 78
poisson... L 113
polar ..cocoeiieiiin, ....80
postplot........occornien. 275
PIEPIOL o 75
print.......... 28; 177
printlevel..............ccccoooniie 181
PIOC .ot 160
PIOJECtion.....ccvoriececee oo 97
quadraticmean

QUANEILY «.oovvvie e

TANEE ..oovirerrirenerie e 103; 143
TATIK oottt e 32
rational ... 139
read........... 100; 127,173
TEMEMDBEr .vvvcoverriiciii 162;163
TEMOVE ............. veeeern- 108
replot ........ ....86
TESOIULION ....eevvirreee e 80
RETURN.... 161; 171
THS e e 144
TSOIVE c..evvvereie e e 42
S
SAVE .vvccvriicree e ssenre et
scaleweight.................
scaling.......coococeeviiennnn
SearchText...
SEQ..everrririenns

Shading ..vvecvevevieeee e
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shortpathtree ... 71
show ... ...65
signum ...... . 136
Size ... .81
SOIVE it i e 37
SPATSE oottt 158
spherical.......... 92
split . 109
standarddeviation..............ccoo oo 103
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