I".B.ITpoxopos, M.A.Jlenenes, B.B.KonGees
HAKET CUMBOJIbHBIX BEIYACJIEHUN MAPLE V
BrepBble Ha pOCCHICKOM pPBIHKE M3JjaHa KHHUIa, B KOTOPOM pPaccMaTpUBACTCS OJUH
13 HEMHOTUX COBPEMEHHBIX MAaKETOB CUMBOJIbHBIX BhruucieHuid Maple V. Ilogpobno
onucaHbl UHTep(eiic, mpaBuiIa OOIIEHUS C MAKeTOM M BHYTpeHHHUH s3bIK. bonee 400
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obylacTeil MaTeMaTHKH, KaK JIMHEHHas U HeIuHeWHas anredpa, nuddepeHnuansHoe 1
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19.1. Otnagka ¥ CUHTaKCHUC 181 JINTEPATYPA 188
coobuieHnii 00 ommoKax Criucok repmunoB MAPLE V, 189
19.2. Ilepenaznauenus 1 Mmakpocsl 182 UCIIOJIb30BAHHBIX B KHUIE
20. Ob30P BUBJIMOTEK MAPLE 186 AndaBuTHBIN yKa3aTeib 195
v
Cnucox TepmuHOB Maple V, HCI0/1b30BaHHBIX B KHUTE
A C
abs - a0COIOTHOE 3HAYCHUE C - IEPEBO/I BEIPAXKEHUS B
4HCa; Koz sa3bika C;
addedge - nobasnenue pedpa B cat - BBIpE3aTh BBIPAXKCHUE;
rpad; charpoly - HaXOXKJEHUE
addvertex - toOaBIeHUE BEPIITUHBI XapaKTEePUCTUUECKOTO
B rpad; MHOTOYJIEHa MaTPUIIBI;
adjacency - TeHepaLus MaTPULIbI close - 3aKpbITHE Qaiina;
CMEXHOCTH JUTst rpada; complete - CO3/1aeT TOJIHBIN Tpad;
alias - oTIpesieTICHHe cond - YHCII0
COKpAILICHUS; 00yCIIOBIEHHOCTH
allvalues - BEIYHUCIIEHHUE BCEX MaTpUIIBL;
BO3MO>KHBIX 3HAYCHUH B conformal - IOCTPOCHUE
BeIpaskeHNH ¢ RootOf; KOMILJICKCHOW (DYHKIINU;
and - jornueckoe "N"; constant - TUII JAHHBIX -
angle - oTIpesieTIsIeT IPOLEeTypy KOHCTaHTBHI;
- oTIepaTop B HOTAIIUU convert - mpeoOpa3oBaHue
"< > THUIIOB;
animate - aHUMaLus TpauKoB; Copyright - aBTOPCKUE MpaBa Ha
antisymmetric - HHACKCHas1 QyHKIHUSA - IpOLEaYpY;
HECUMMETpUYHAS, D
appendto - I03aIUCh Pe3yabTaToOB
B CYILECTBYIOIINHN (aili; D - oneparop
array - CO3JJaHUE MACCUBA; QG epeHIIpOBaHNS;
arrow - oTIpesieTsieT IPOLEeypy Dchangevar - mojcTaHOBKa HOBBIX
- oTIepaTop B HOTAIIUHU NIEPEMEHHBIX B
R YPaBHEHHE;
B define - Ollpe/iesICHHE
oreparopa u ero
binary - IBOUYHBIN THII CBOICTB;
JIaHHBIX; delete - yaJieHre BEpIIUH U
break - BBIXO/J] M3 IIUKJIA; pebep u3 rpada;
builtin - onpenienseT GyHKIUIO DEplot - IOCTPOEHUE PELICHUN
KaK BCTPOEHHYIO; Qg epeHIaTbHBIX
by - IpUpaIleHUe CYeTUNKA YPaBHEHUH U CUCTEM;

LHKIIA;

DEplotl

- IOCTPOCHUC PCILICHUA



DEplot2

description
det
DEtools

dfieldplot

diagonal
diff
display3d
do

draw
dsolve
duplicate
E

edges
eigenvals

eigenvects

elif
else
end

ends

yYpaBHEHHUS IEPBOTO
HOps/IKa;

- IOCTPOEHUE PEIICHUS
CHCTEMBI U3 JIBYX
YPaBHECHU;

- CEKLIUs OTMCaHUS
IpOIETypPHI;

- BBIYMCIICHUE
OTIpEIeIUTEINS MATPUIIBL;
- rpaduueckas
OubInOTEKA;

- IOCTPOEHUE OIS
peleHus

g depeHIaTEHOTO
ypaBHEHUS;

- UHJIeKCHAs (DYHKITUS -
JMaroHaJIbHAs,

- muddepenpoBanue;
- MoCTpoeHue rpapuka
3D no cneuuanbHOU
CTPYKTYypE IaHHBIX;

- HayaJIo Tefa IHKIIA;

- IOCTPOEHHE YepTeka
rpada;

- pelieHue

g depeHITnaTbHBIX
YPaBHECHU;

- co3anue Konuu rpada;

- CITUCOK pedep rpada;

- BBIYMCIICHUE
COOCTBEHHBIX 3HAUECHUI
MaTpHIIbI;

- BBIYMCIICHUE
COOCTBEHHBIX BEKTOPOB
MaTpHIIbl;

- KoHCTpyKIwms "else - if}
- KOHCTpYKIMs "uHaue";
- 3aBepIICHUE ONTMCAHUS
TeJa MPOLEYphI;

- CIIUCOK "XBOCTOB"
pebep rpada;

entries
ERROR

eval

evalb

evalf

evalm
eweight
F
factorial

FAIL

false

fi

float

flow

for

fortran

fraction
from

- 3HAYEHUS TaOJIMIIEL;

- 3aBepIICHUE
BBITIOJTHEHUS TPOIICAYPHI
¢ cooO1eHueM 00
OIINOKE;

- TOYHOE BLIYHCICHHUE
BBIPAKCHEHS;

- BBIYHCIIEHUE
JIOTHYECKOI0
BBIPAXCHUS;

- BBIYHCIIEHUE
BBIPQXCHUS B UHCIIAX C
MJIaBaroOIISH 3aMsaToM;

- BBIYHCIIEHUE
MaTPUYHOTO BBIPAKEHUS;
- HaXO0XKICHHE BECOB

pebep rpada;

- BBIYKMCIICHUE
daxTopuana,

- IpephIBaHME
POLEAYPHI B CITydae
HEBBIUHCIIIEMOTO
BBIPAXCHUS;

- "1oxsp" -
3ape3epBUPOBAHHAS
KOHCTAHTa,

- OKOHYAHHUE
KOHCTPYKIIUU BETBICHHUS
if;

- TUII JAHHBIX - YKCIIO C
MJIaBarOIISH 3aMsaTOM;

- HAXOXKJICHHUE
MaKCHMaJIbHOTO ITOTOKA
B Tpade;

- KOHCTPYKIIMS [IUKJIA

- TPAHCIISALHUS
BBIPQXCHHSI B KOJT SI3bIKA
Fortran;

- TUII JaHHBIX - APOOB;

- HAYaJIbHOC 3HAUYCHUE



fsolve

hastype

head

identity
if

iged
ilem

in

incidence

infinity

int

interface

intersect
inverse
iquo

irem
isplanar

CUCTUMKA ITUKJIA;
- pelleHuE YpaBHEHUS B
Yucliax ¢ IiaBaromiei
3aMsaToMu;

- IpOBEpKa Ha
YKa3aHHBIN THII,
- HaxoXJaeHue "ToJIoB"

pebep rpada;

- MHHAMas ¢IUHMIA
(3ape3epBupOBaHHAS
KOHCTaHTA);

- UHJEKCHAsT YHKITHS -
eIUHHYHAS;

- KOHCTPYKIIHS
BeTBIICHUS "ecnn';

- HanOOJIBIIIAI OOIIUIA
JICTIUTENIb,

- HAUMEHBIIUN OO
MHOJKHTEIIb;

- KOHCTPYKIIHS IIUKJIA
JUTSI TIEPEUNCIISIEMBIX
THUIIOB JAHHBIX;

- OMpEeICTICHIE MATPHIIBI
WHIUJACHTHOCTH rpada;
- "OECKOHEYHOCTH" -
3ape3epBUPOBAHHAS
KOHCTAHTA,

- BBIYKCIICHUE
WHTETpala;

- yCTaHOBKA
UHTEpEHCHBIX
MIEPEMEHHBIX

- IepeceycHIe
MHOJKECTB;

- HaXOXXJCHNE 0OpaTHOM
MaTpPHIIB;

- YaCTHOE;

- OCTaTOK;

- MPOBEpKa MIAHAPHOCTH

isqrt

jacobian
L

latex
length
Ths

limit
linalg

local

macro
map
matrix
max

member

min

minor

minus
mod
multiply

rpada;

- KBaJIpaTHBIA KOPEHb
(LIeTOYUCIICHHOE
npubIInKeHne);

- BBIYHCJICHUE SKOOUaHAa
OT BeKTOpa (PyHKIIHIA;

- BBIBOJI BBIPQ)KEHUS B
penaxtop LATEX;

- OMpeIeTICHHE TMHBI
BBIPAXCHUS;

- BBIJICIICHUE JICBOM
YaCTH BBIPAKCHUS;

- BEIYHCIICHUE TIPEIeTa;

- OMOIMOTEKA JIMHEHHOMH
anreOpsl;

- CEKIIMS OIMCAHUS
JIOKAJIbHBIX MTEPEMEHHBIX

MPOLIETYPHI;

- oTIpeieieHne
MaKpOOOO3HAYCHUI;

- 33/IaHHE OTIepaIUU HaJl
BCEMU DJIEMEHTAMHU
BBIPAXCHUS;

- 33/IaHUE MATPHIIBI;

- HaXOXKJICHUE
MaKCUMaJbHOTO
DIIEMEHTA;

- IPUHAITIE)KHOCTh
DJIEMEHTa MHOXECTBY;

- HaXOXKJICHUE
MUHUMAJIBHOTO
DIIEMEHTA;

- pacmedaTka MUHOpA
MaTpHIIbI;

- BBIYUTAHHE MHOYKECTB;
- OCTaTOK OT JICJICHHS,

- YMHOXCHHE MATPHII;



new

nops

op

open
P

petersen
phaseportrait

plot
plot3d

print

printlevel

proc
R

rank
random

replot
restart

read
readlib

rhs

rsolve

- CO3JlaHKE IIyCTOr0
rpada;

- MOJICYET KOJIMYECTBA
3JIEMEHTOB;

- U3BJICYCHUE JIEMEHTOB
U3 BBIPAKEHUS;
- OTKpbITHE (aiina;

- co3nanue rpaga
Ilerepcena;

- moctpoeHue (ha3oBoro
HOPTPETA;

- IOCTpOEHUE rpaduKa;
- IOCTpOEHUE rpahuKoB
3D;

- pacrieyarka
COJICPKUMOT0;

- riio0anbHast
nepeMeHHas,
UCTIONB3YeTCs IS
OTJaJIKU IPOLETYD;

- 3aJIaHKe MIPOLETYPHI;

- HaXOXJIEHHE paHra
MaTpHIIbI;

- FeHepauus CiIy4aiHoro
rpada;

- IepeprcoBaTh rpaduk;
- OYMCTKA 3HAYCHUU
NIEPEMEHHBIX;

- YTeHue u3 Qaiina;

- YTeHHe ONOIMOTEYHOM
byHKIIY;

- BBIJIEJICHUE MIPAaBOM
YacTU BBIPAKEHHUS,

- peleHne peKypeHTHBIX
BBIPAKECHMUI;

save
seq
SearchText
show

shortpathtree

signum
solve
Sum
sum

subs

taylor

table
tail

type

union
v
vector
vertices

void

vweight

- 3aIIUCh BBIPAXKCHUH B
daiin;

- reHepanus
[10CJIEI0BATEIbHOCTH;
- IIOUCK TEKCTA B CTPOKE;
- BO3BpallaeT TadJIuILy,
COJZIEPIKALIYIO BCIO
uHopManuio o rpage;
- HaXOKJEHHE JIepeBa
KpaTyalimx IyTe B
rpage;

- 3HaK 4MCIIa;

- pelleHne ypaBHEHUN U
CUCTEM ypaBHECHUI B
CHUMBOJIBHOM BUJIE;

- pacrieyaTka CyMMBI
psna;

- HaXOKJEHUE CYyMMBbI
psna;

- IOJICTAHOBKA B
BBIPAKECHMUE;

- pa3oXeHue B psij
Tennopa;

- CO3JaHK€e TaOJINIIbL,

- BO3BpaIlaeT uMs
"xBocTa" rpada;

- IPOBEpKa
NPUHAAICKHOCTU THILY;

- o0ObeIMHEHUE
MHOKECTB;

- 3aJ]aHUE BEKTOPA;
- IPOCMOTP Y3JI0B rpada;
- coznaet rpad 6e3
pebep;

- HAXOJIUT BEC BEPIIHHBL;



\ OMOIHNOTEKH;

writeto - 3aMKCh B HOBBIN (haili;
whattype - ONPEJEIIEHNE TUIIOB; write - 3anuch B Qaiir;
with - NOJIKJIIOYEHUE writeln - 3aIUCh CTPOKH B (haii.

AndaBuTHBIN yKa3aTe/b

A chisquare 113

classmark 108
abs 136; 138 close 127
addedge 62 coefficientofvariation 102
addvertex 61 color 80
adjacency 67 commutative 177
alias 182 complete 58
ambientlight 97 cond 32
and 144 conformal 86
angle 162; 166 CONSTRAINED 79; 95
animate 86 contours 97
animate3d 99 convert 25; 27,
antisymmetric 158; 177 152
appendto 127 coords 80
apply 108 Copyright 163;169
array 28 count 102
arrow 162; 165 cumulativefrequency 108
associative 177 cylindrical 93
axes 80; 97
axesfont 81; 98 D
B

D 19
beta 113 Dchangevar 43; 49
binary 177 decile 102
binomiald 112 define 176
boolean 144 delete 63
BOXED 80 deletemissing 108
break 134 Deplot 43
builtin 162; 164 Deplotl 43; 47
by 132 Deplot2 43; 48

describe 102
C description 160

det 32
c 123 DEtools 43; 101
cartesian 92 dfieldplot 43; 52
cat 142 diagonal 158
cauchy 113 diff 18

charpoly 32; 35 Digits 17



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
frequency

80
112
94
95
112
108
132
59
41
68

56
32;35
32;35
131
131
112
160
60
170
144
16

67
113

138
172
131
102; 106
140
69
81;98
132
123
138
80

86
113
108

from
fsolve

G

gamma
geometricmean
global

GRAPH

grid

H

harmonicmean
hastype

head
hypergeometric
I

identity
If

iged
ilem

in
incidence
infinity
int
intersect
inverse
iquo
irem
isplanar
isqrt

J
jacobian
K
kurtosis

L

132
38

113
103
160
56
92

103
149
63

112

34; 158
131
136
136
132

66

21

20

25

32; 177
135
135

73

136

32

103



labelfont
labels
laplaced
LATEX
length

Ths

light

limit
linalg
LINE
linearcorrelation
linestyle
local
logistic
lognormal

M

macro
map
matrix
max
mean
median
member
method
mm
minor
minus
mod
mode
moment
moving
multiapply
multiply
N

name
negativebinomial
networks

new

next

81;98
96
113
122
141
144
97

21

32

78
103
81;98
160
113
113

183
28;145
32
136:138
103

103
2527
112
135; 138
32

25

138

103

103

108

108
32;36

141
113
56
56
133

NONE
nops
NORMAL
normald
not

numpoints
0

od
op

open
operator
options

or
orientation

P

package
PATCH

PDEplot
petersen
phaseportrait
plot
plot3d
plotdevice
plotoutput
plots
POINT
poisson
polar
postplot
preplot
print
printlevel
proc
projection

Q

80

25; 27
80
113
144
80

132
25;27;
28; 147
127
162;165
160

144

97

163; 168
78

43; 50
59
43; 54
77

88

74

75
101
78
113
80

75

75
28; 177
181
160
97



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

68; 102;
112
103; 143
32

139
100;
127; 173
162;163
108

86

80

161; 171
144

42

100;
127; 173
108

79

142
24;25
97

71

65

136

81

37

158

92

109

103

109
102;115
102,118
101; 102

statsort
statvalue
string
students
style
subs
subsop
substring
Sum
symbol
symmetric
system

T

table

tail

tally
tallyinto
taylor
TeX

then
thickness
title
titlefont
to

trace
transform
transpose

type
U

unary
UNCONSTRAINED
uniform

union

untrace

v

variance
vector

109

109

141

114
80;90
39; 146
26; 147
141

21
81;98
158,177
162;165;
180

30; 157
63

109

109

23

122

131
81,98
80;96
81,98
132
163; 166
102;108
32

137; 148

177

80; 95
112; 114
25

168

103
32



verboseproc
vertices
view

void
vweight

4

weibull
Weight
whattype
while

169
56
81,97
65

67

114
106
149
132

with

write
writeln
writeto

X
xtickmarks

Z

Z€1ro

168
127
127
127

80

177



Bmecto BBeaeHus

Mbicb 0 TOM, UTO HHKEHEPHAs! JEATEIILHOCTb — 3TO BCErAA BLIYHMCIEHHS — He HoBa. OHako
«CTapas » ILIKOJA HHXEHEPOB BKJa/blBajla B 3TO COBceM aApyroi cmeici. [Tonpasymesasincs, B
NEPBYI0 OUEPElb, CHMBOJIbHbIC BBIUMCIIEHHS, & HA MOCIEHEM 3TANEC YHCIEHHbIE OLEHKH.

ITporpecc B o3HaHMK MHpa NOTPe6OBas pelieHHs 3a1a4 JHOO O4YeHb CIIOKHBIX, JIMBO HE pe-
LIAEMbIX AHAIMTHUECKH. B By3ax cTaslo MOAHBIM CRyLUATh TAKHE JAUCLIMIUIMHBI, KaK «HHCIeHHbie
MeTodbl», «UHcaeHHbIH aHamu3» W T.M.  Pa3sBUTHE BBIYMCAHTENLHOH TEXHHWKH CMOCOBCTBOBASIO
CO3/IaHHIO MErabaiTHLIX MPOrpaMM, “B3NaMbIBAIOIIMX" CJIOKHbIC 3a)a9n. 32 MeToAaMK HOTAHY-
JIMCh @/ITOPHTMbI MU MPOrPaMMbl, Ha CO3JaHHE MM FMOWCK KOTOPbIX pacTpaudBajiach yiima
«30J10TOrO» BpeMeHH. K TOMy e CreLHaIHCTb, BTIHYThbIE B 3TY FOHKY, OTMEUYAIOT, YTO 38 Mac-
Coii uncest, TabiHL W Fpa@HrKOB JIErKO MOTEPATh NOHHMAHHUE PEAJbHOCTH PE3YbTATOB PEILIEHHS.

B nocnieanee AecaTHIIETHE «IPOrPAMMHOE 3J10» MOPOANIIO «A00PO» — CTANH NOABIATLCA YHH-
BepcaJibHbIC MAKETbl AN YHUCICHHBLIX MeTogoB : MatlLab, MathCAD, anexTpotHbie TaGaHilbt K
MHOrHe Apyruc. Bee oM CHUMAUH ¢ MHXEHEPa MOJIOBHHY «T'0JIOBHOMH 60/1M» — NOHCK aJrOPHTMOB
H Nporpamm.

[lepBbiM OTKpOBEHHEM AJIS CMEHHANHCTOB CTa7 MAKET CMMBOJILHLIX Bhiukcaenuit DERIVE,
KOTOPbIH BBIMOIHA yNPOLIEHHS JOBOJILHO C/IOKHbIX a/IreOpanyeckuX BbIpAXKEHUH, OnepHpOBa
C CHMBOJIbHBIMH MaTpHLUAMH, IH(GEPEHLIHPOBAN M HHTETPUPOBAN BbIPAaXeHHS B 0blueM BHIE.
Benen 3a Hum B PoccHH nosiBHIICS 3HAMEHUTBIN nakeT «Mathematicay, paccyHTaHHbIA Ha MaTeMa-
THKOB-1poeccHonaioB. K coxaneHHIo, H3--3a CI0KHOCTH HHTEpdeiica H, TIABHOE, H3-3a OTCYT-
CTBHS CNIPABOYHOM JIMTEPATYPbI HA PYCCKOM f3bIKE OH TAK W OCTAJCH HEBOCTPEBOBAHHBIM, He-
CMOTPS Ha CBOM (HAHTACTHYECKHE BOIMOXXHOCTH B 0GJIACTH CUMBOJIbHbIX BbIYHC/IEHHH.

CosepiuenHo apyras cyasba ckiaabiaercs v rnaxera Maple, pa3apaboTaHHOTO B yHUBEPCH-
rere Bateprioo (Kananaa). Ero Bepcus, moanduumposannas non OC Windows, noucTHHe cTaja
ApkuM GPUIIHAHTOM cpeAn Noao6GHOTO Kilacca nporpamMHbix naketos. C OAHOW CTOPOHLI, €ro
UHTEPGERC MHTYHTHBHO NOHATEH, a NPaBHia paboThi NPEAEALHO NPOCTHI, ¢ APYroil Ke CTOPOHBI

BO3MOXHOCTH BHYIUHTENbHLI. [TosBuBluKch B Poccun, Maple V cTai moGuMbiM CpejicTBOM Ana
PeuieHHA 33/1a4 Y MATCMATHKOB--NpodeccioHanos, HHIKeHepoB. B cTyjienueckoit ke cpesne o1 Bbi-
3bIBaeT 3H(POPHIO, TaK KAK JIETKO CHPABIACTCS ¢ TPYAHEHIIUMH NPeoBpa3oBAHHAMH H BbIYHCIIE-
HUAMH MIPH JHIIOMHOM TNIPOEKTHPOBAHHH H B KYPCOBbIX 3afaHHsAX. DToT (hakT OecnokoHT npe-
nojasareneifi«Kak 6b1 HE pasyuHIHCh AYMaTh...».

HocaanbM Ha CerofHsALIHMI feHbL ABASETCS OTCYTCTBME B HalleH CTpaHe KHMF O ITOMY na-
KETY, «FOBOPAWEMY Ha AHIJIMICKOM A3bIKE, UTO W NPUBENO MEHS B YHUBEPCUTET ropoja Xeib-
CHUHKH B 61HOjIHOTEKY QaKybTeTa HHOOPMATHKH. UHTas AHTEpaTYPY NO 3TOMY 3aMcUaTEIbHOMY
U, KAK 0Ka3a/10Ch, OYEHb HEMPOCTOMY NAKETY, Y MEHS BO3HHK/IA MbICIb O HEOOXOAHMOCTH BbIMyC-
THTb CNpaBoOUHOE NocobHe, noMoraoulee CENHAIHCTaM R cTyaeHTam paGoTath ¢ Maple M zaxe
NporpaMMHpoOBaTh.

[powno OGosee yem noarosaa,n 3agymannbiil cnpasounuk nossuscs. [1ozanu camoe wn-
TEPECHOE — OTKPbITHE HOBOTO, MHOTOKPATHOE fepekpaHBaHue TEKCTa, peaakTHpOBaHue, rnpobe-
Mbl ¢ u3ganueM. Haneemcs, 4To Hall coBMeCTHbIil Tpyn OymeT Bam nonesex npH obiuenHi ¢ na-
keTom XX| Beka Maple.

JouenTt kadenpbl «CHCTEMbl aBTOMATHUECKOTO YNIPABIEHHA»
K® MITY um.H.D.baymaHa, kaHI. TEXH. Hayk
Tlennaoui lpoxopos
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Hocsawaemcea ceemnoti namsmu
8b10A10U4€20CS MAMEMAMUKA
I1agna Ilerposnua KopoBkuua

1. OBLUE CBEAEHUSA. NMONb30BATENbLCKUA UHTEP®ENC

Maple ~ 370 nporpaMMHbIil TakeT I ABTOMATU3ALUN CHMBOJIbHBIX, YHMC-
JIeHHBbIX ¥ rpapuueckuX BeiuMcIeHHd. OH MOXET pellaTh Kak MPOCThle, TaK U
JIOBONLHO Cl1oXHble 3ana4u. Hy a ecnu Bbl HAXOAMJIUCH B “KAMEHHOM Beke” U
peluany Bally MaTeMaTHYECKUE U UHXKEHEPHblE MPOBIeMbl ¢ MOMOLIBIO A3bIKOB
NMPOrpaMMUPOBAHUS, TO Y BAaC TIOSBUIICS PeasibHbIM LWIAHC NONacTh Cpa3y B Bek
XXI - B cpeny Maple, koTopas cTaja npeaBecTHUKOM BO3BPaTa MATEMAaTHKU H
MH)XEHEPHOH JEATeNIbHOCTH YeJIOBeKa K 3MOXe POMAaHTH3Ma CHMBOJIbHBIX Bbl-
4HCJIEHUH MPOLWIBIX BEKOB, KOTJa IeHHaNbHble OTKPBLITUS COBEplUand "Ha
koHuuke nepa". llupora dyHkMoHaILHBIX BO3MOXHOCTEW Maple nopaxaer —
OHa OXBaTbIBAET TAaKKUe pa3lenbl, Kak JiMHeHHas anrebpa, auddepeHUManbHble
BbIYHCIIEHUS, TEOMETPHS, CTATUCTUKA U MHOTO€, MHOroe Jpyroe. [To kaxaomy
pasfeny HanucaHo OonblIoe KOJIMYECTBO MpoLeAyp ¥ (YHKUMH, KOTOPbIMU
MOXHO BOCIOJIb30BaThbC, HAOpaB MMs OJHOM M3 HHMX B KOMAaHAHOW CTpOKe
Maple.

Cumeoanrvie viuucienun

Maple BblgaeT OTBET B caMOi TOUHOI dopMe — CUMBOJIbHOM, Donee Tou-
HOH, yeM 000 U3 YMCIEHHbIX MeToaoB. OgHAKO, €CIM Bbl XOTUTE NOJYUYHTh
OTBET B BUJE 4YMCIa C NuaBaroueid TOYkoH, TO OH OyleT HaleH B KOHUE CUM-
BOJILHBIX BbruMcCiieHHH. Takum 06pa3om, NorpellHOCTb METOA — 3TO JIMWb MO-
CPEIHOCTL OKpYyrneHus!

Pewrenus nosiyualorcs KOMNAaKTHbIMK, MOXHO CKa3aTh — M3saliHbiMU. [To-
CMOTPHTE, KaK MO KOMaH/g solve (PeLUUTh) BbIAAETCA PEICHUE AJIA 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,2});
{ _ 3a-2c¢ x=- 3b-d
Y ad-2cb T ad-2cb

Yucennvle 8bI14UCACHUR

YucneHHble BLIYUCTIEHNS — IbTEPHATUBHBIN 1yTh HAXOXACHUS PELLCHUs B
TeX CiyuasX, KOrJa CMMBOJIbHBIH METOA CIMLIKOM MeLIeHHO pabortaeT Haj
JMaHHOMH 3ajadeil UM pelleHWe B CUMBONBHOM BHIE BOOOILIE HE CYLUECTBYET.
Maple noamepKUBAET MOYTH BCE CYLIECTBYIOUIME YHMCIEHHble Metolbl. Bee
CHMBOJIbHbIE KOHCTAHTbI MOTYT 6bITh MPUOJIMKEHBI ¢ TOYHOCTBIO [0 JH06OT0
3HAKa, TaK Kak cpega Maple umeeT “BecKOHEUHYIO TOUHOCTD .

Tpumepot wucaeHHbIX BbIMUCTEHUN:

>evalf(Pi,25); # Ilpencrasnenue yncia “nu” QO ABAALATH MATOrO 3HAKA

3.141592653589793238462643

>0.5*%(1/3);
1666666667
>sum(( — 1)"i/il,i=0..20);
4282366656425369
11640679464960000

I'paghuxa

BO3MOXHOCTH cpeabl Maple cTpouTb IBYX- M TPEXMEPHbIE H300paXKeHHs
obecneynBaeT BaC MOLUHBIM OPYAMEM BH3yanM3alii¥l Hay4HbIX BbIYMCICHUH.
MDYHKUNM OMHOW M ABYX MEPEMEHHBIX, 4 TAKKE MAaPaMETPUUECKUE BLIPAXKCHNA
MOTYT ObITb NpeacTaBieHb! B rpaduueckom Buge. JlocTynHa aHMMauus As
cosjanms 3t dexTa ABHIKEHHUS.
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Ipumep nocmpoenus mpexmepro2o 2paguxa:

>plot3d(fcos(t)*(1+.2*sin(u)),sin(t)*(1+.2*sin(u)),.2*sin(t)*cos(u)],t=0..2*Pi,
u= - Pi..Pi);

Buympennan cmpyxkmypa cpedvt Maple

Cpena Maple cOCTOUT U3 TPEX KOMMOHEHTOB: AApa, OUGIMOTEKH U IKPAH-
HOTO HMHTepdeiica. SAapo — 310 “MaremaTHyeckoe opyime”, BbIMTONHAKLIEE BCE
BUJIbI BbluMciieHHid. OHO HAMWCAHO M OTKOMIIHJIMPOBAHO HA A3bIKE MPOrpam-
MupoBaHusi C W BBINOMHSAET OCHOBHYIO YacTb BbIYUCIIEHHH, MPOHU3BOIHNMBIX
CUCTEMOH.

bubnuoTeky BKIIIOYAIOT BCTPOEHHLIE MPOLEAYPbLI, NMPOUEAYPbl, HAIKCAH-
Hble B cpeae Maple Ha ero COOCTBEHHOM s3bIKe MPOTPAMMMPOBAHHS M COXpa-
HsieMble B OTAenbHOM Gaine. TekcT KOMaHA WM NMporpaMm, HalHCaHHbIA B
Maple, He KOMIUIMPYETCS, a UHTEPOPETUPYETCs, UTO MO3BOJISCT BaM CO3/a-
BaTb COOCTBEHHbIE [IPOLENYPbl HHTEPAKTHBHO B MpPEesiaX Cpebl.

Untepdetic Maple — 310 BUA cpeabl U ee riaza B Mup. OH 3aBUCHUT OT Ka-
4ecTBa Ballero [UcCIUles, BEPCHM NpHobpeTeHHOH nporpammbl. Bepceusa nox
WINDOWS npeobpasuna uHTepdeic, chenas ero IEHCTBUTENBHO
“APYXECTBEHHbIM” W HHTYUTHBHO MOHATHBIM MOJb30BATENO, pabOTAOLLEMY
¢ 3TOH yIUBUTEIbHON U POMAHTUYHOI CpEIOH.

3KPAHHBIH HHTEP®EHC MAPLE

Maple V nipucyum Bce ocobeHHOCTH Windows—TMPHIIOKEHHH M BCE MPeEItec-

TH paboTbl ¢ HUMU. Ero sxpaHHblii HHTepderc BKIIIOYAET CJIEAYIOILUE COCTAB-
HbIE YacTH!

® CTPOKY MEHIO KOMaH[;
® CTPOKY OMKTOrpamm;
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e pabouee OKHO, Iie CBSLWEHHOJACHCTBYET MOJIb3OBATEAb, BbLINOJIHAA
CIIOXKHeilline MaTeMaThyeckue npeodpasoBaHus. OOpaTUTe BHUMA-
HUe Ha OTCYTCTBHE TOPU3OHTANILHOM MOJIOCK! CKPOJUIMHIa. Maple Bce-
raa GopMaTUpyeT COAEPXKUMOE B NpeJenax IHPHUHDI Pabo4ero OKHa;

e pacrono)XeHHas B HWXKHeEH 4acTh “‘cTpoKa craTyca’, IIE Pa3sMellaloT-
ca pecypcHas uHpopmanus o6 Hcnosb3oBaHHOW M cBOOOAHON Nams-
TH, BpPEMEHHbIE XapaKTEPHUCTUKH U T.IL

: aple V Release 3 - ntled)
File Edit Format View Options Help

Menro komano
MeH10 BKIIO4aeT WeCTb KOMAaHA, o6pau1e}me K KOTOprM BLI3LIBACT BbITA-
Jainue nNoAMEHIO.

File — oTBeuaeT CJIOXKHUBLIEMYCS CTAHAAPTY Y BKJIIOYAET CIeAyolIne

NOAKOMAHIbL:

New — OTKPBITHE HOBOTO JOKYMEHTa;

Open... — OTKPbITHE TOKYMEHTA, COXPAHEHHOTO Ha JUCKE;
Save — COXPaHEHME TeKYLIEro JOKYMEHTa,

Save as... — COXpaHEHHE NOKYMEHTA N0 HOBbIM HMCHCM;
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Save settings  — COXpaHeHHE YCTAHOBOK TEKYILIET0 ceaHca paboTsi,
Print... — BbIBOJI, IOKYMEHTA Ha NPUHTED;

Printer setup... — W3MEHUTb YCTAHOBKH NPUHTEPA,

Page Margins... — U3MEHUTb YCTAHOBKM OpMAaTa TEKCTA HA JIMCTE;
Exit — BBIXOJ U3 NPOrpaMMbl.

Edit - pepakTHpoBaHMe AOKyMeHTa (B ckobkax rokasassl “ObICTpbie
KJIaBULLN):
Cut (Ctrl + X) - BbIpe3aTh BbiA€NEHHbINA pparMeHT B Oydep;
Copy(Ctrl + C) — ckonupoOBaThb BbIJIE/IEHHbIH PparMedT B Oydep;
Paste(Ctrl + V) — BcTaBUTb coaepxumoe Oydepa HayuHas OT

TEKYLLEro Kypcopa;

Delete (Del)  — ynanuthb BbIACIEHHBIN GparMeHT;
Copy to — COXPaHUTb BblJIe/eHHbII pparMeHT B daiiie.

Format — u3MeHeHUE CTPYKTYPbl MIIKM B paboyero JOKyMeEHTa:

Text Region(F5) — nepexox B TEKCTOBOM pexuM paboTel H
obpaTHo;

Split Group (F3) - pacwienurs o6beIMHEHHYIO TPYNAY CTPOK;

Join Group (F4) - 00bEeIMHUTD B IPYNIY yKAa3aHHYIO CTPOKY;

Insert Page Break — BCTaBUTbH NPUHYAWUTENbHOE pa3jeneHue (cTpa-
HU1BI);

Insert New Region — BCTAaBUTb CTPOKY BBOJA:
Above (Ctrl+O) — BCTaBUTb Hal TEKYUIEH CTPOKOH;
Below (Ctrl+I) — BCTaBUTBH MOA TEKYLIEH CTPOKOH;

Remove All ~ yIAJIMTh U3 JOKYMEHTA BCE!

Input — YAAQJIUTb CTPOKM BBOJA,

Output — yIaJIMTh CTPOKH BbIBOJA;

Text ~ YAANMTh TEKCTOBbIE PETHOHBI;

Graphica ~ yAanuTh rpaduky;
Fonts — W3MEHHUTb WPHUPT:

Input — M3MEHHUTS WPHQT CTPOK BBOJA,

Output — U3MEHUTH IIPHAT CTPOK BbIBOJA (TOJIBKO

O nceBaorpaduku);

Text ~ U3MEHHTb WPHQT TEKCTOBbIX PETHOHOB;

Math Style - T1pe6oBaHMA X TNPEACTABIEHHIO BbIUHUCIAEMbIX

MaTEMATHUHCCKHX Bblpa)KCHMﬁZ
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Large — 60JbLKMH CHMBOJIAMY;

Medium — CPEAHUMU CMMBOJIaMHU;

Small — MaJIEHbKMMH CHMBOJIAMH,

Character — npeacrasiicHue HoOpMysT yepes riceBiorpa-
duxy;

Execute Worksheet — nocneloBaTeIbHOE BbINMOJHEHUE BCEX KOMAHJA
B paboueMm okHe.

View — onepauuu KOHTPOJiA BUAA NPEACTABIICHHA OKOH!:

Separator Lines (F9)  — BbIBOA Ha aucriieit n Oymary
Pa3feUTEeNbHbIX JIMHUH;
Status Bar (F2) — ybpars cTpoKy cTaTyca;
Tool Bar — ybpaTh CTPOKY NMUKTOTPAMM; v
Pilot Tool Bar — ybpaTh CTPOKY MUKTOrPaMM B rpaduyec-
KHX OKHax.

Options — ONuMH KOHTPONS PEXKUMOB PabOTHI:

Save Kernel State — KOHTPOJIb aBTOMATHYECKOr O COXPAHEHUs
pe3ynbTaToB B thaiine;
Confirmation Checks - NOATBEPXKIAEHHE 3aMTUCHU JOKYMEHTA;

Fast Graphics Redraw — GbicTpast NEpEPHCOBKA TPA(PHKOB;
Automatic Save Settings — aBBTOMaTHYECKOE COXPAHCHHE YCTAHOBOK;

Replace mode — MEPEKI0YEHHE PEXMMA 3aMCHBI Ha
BCTaBKY B CTPOKE BbIBO/JIA;

Continuous mode — MOCJIe MepecyeTa He BCTABJIsICTCA HOBAasl
CTPOKa BBOJA,

Insert Mode — MOCJE NepecyeTa BCTABJAETCS HOBas
CTPOKa BBOJA;

Insert at end mode — [10CJIe IepecyeTa BCTABIIAETCSA CTPOKA

BBOJla B KOHEL| TEKCTA.

Cmpoka nukmozpamm

16 nukTorpaMm pa3buThl Ha ceMb Ipynmn. Pax u3 HuX AyGIHMpPYOT HEKOTO-
pbie KOMaH[Ibl MEHIO.
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[TepBast rpyrna u3 YeTblpex MUKTOTPaMM OTpaxxaer obuienpuHaToe o6o-
3HAaueHHWE CTaHAAPTHBIX MPOUEeLYp: OTKDbITh HOBBbIt (aidn, 3arpy3utb ¢ain c
ZIMCKa, OBICTPOE ero COXpaHEHHWE U BLIBOJ Ha MPUHTED.

Crnenyrmouide TpU — COOTBETCTBEHHO BBIPE3aTh, CKOMMPOBATb U BCTABUThH
(parMeHT, UCTIOJb3Ys MpOMEXyTouHbIH Oydep Windows.

[REEEE
1 2 3 4 5 67 9 10 1112 13 14 15 16

BocbMas nuKTOrpaMma BCTaBJS€T CTPOKH BBoJA. JeBsiTas BKJIIOYAET U
BBIKJIFOYAET 3HAK “>" B Hayajle CTPOKM BBOJA, 4 JecATas — pa3JeiuTe/IbHbIE
nuHuu, TTuxtorpammsl ¢ 11 no 14 ynpapasior xkayecTBoM wpU@ToB. IlaTHa-
auatas — MO3BOJIAET NPEPBaTh BLIYMCIUTEAbHbIE Mpouecckl cucteMbl. Hy, a
TPaOULIMOHHbLIN 3HAK BOMpoca BbI3biBaeT “‘Browser” HaBUratop BCTPOEHHOIO
CTIPABOYHUKA.

Cnpasounas cucmema Maple

CnpaBouHas cucrema Maple yOOBIETBOPUT  CaMOTO B3bICKATEIBHOTO
nonb3zopatess. B Hell nmoMellieHbl OecyucrieHHbIe NOAPOOHbBIE CITPABKY 110 BCEM
GYHKOMAM, A3bIKY NPOrPaMMUPOBAHMSA, KOMAaHJAM YIMPAaBJIEHUS peCypcaMH.
ITpakTUueckH BO BCE U3 HUX BKJIOUEHbl MHOTOYUCIECHHBIE TPUMEDBI.

Komanga HELP Bbi3bIBacT BEINa-
jawiuiee MeHio (CM. pucyHok). Kpome To-
I'0, BO3MOXHbI MOUCK MO KITIOYEBOMY CJIO-
By (Shift+F2), nonyyenue cnpaBku O KO-
MaHAax W NUKTOTpaMMax  HHTepdeiica
cucrembl (Shift+F1) W, riaBHoe, noiyye-
HHE CNPABKHU N0 cJI0BOGOPME, HA KOTOPOH
: cTouT Kypeop (Ctrl +F1).

Knasuwia F1 Bbi3biBaeT Browser, ¢ ApeBOBUAHBIM MPENCTABICHUEM HH-
gopmanmu no cemu ypoBHsM. [lonb3oBaTenb MOXET MoiyuuTh Gonee 2200
NoApoOHENINKMX CIPABOYHbBIX CTATEH, IPEACTABIAIOWMX cOBOW HParMeHThI TH-
NepTeKCTOBOTO (aiina ¢ NepeKPecTHbIMU CChITKAMH U “XXUBBIMU NPUMepaMu”,

Intedace Helbm, - . Shit
General Maple Help Clil+F1
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KOTOPble MOKHO KOMUPOBAThb B pabouyi cpely U NPOUIPLIBATL CO CBOUMMH
AaHHbIMA. Hinke nokasaH BH ONUCHIBAEMOTO CPAaBOYHOTO HaBurartopa. ¥
KQX/0T'0 YPOBHS MO¥eT ObiTh MoJioca cKpoJUIMHra. BbuiGop ocyuiectBiasercs
MbIHIBIO MITH KJIABHILIAMH KypCopa.

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

i

¥ rations.. "

Hassanus tem B Browser, 33 KOTOPbIMU CIIENYIOT TPU TOYKM, UMEIOT MOJ-
pazjesisl.
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2. PEXMbI PABOTbI C YACTIEHHBIMU BbIPAXEHUAMW
Jwboe BBeAeHHOE BbIpaXKeHHE B Maple MOXET 3aKaHUYMBATLCA CUMBOJIOM

. Rt

:” 6o cuMBoJioM ";”. B niepBoM ciyuae pe3yibTaT He OyIeT BbIBOAUTHCA Ha
3KpaH, BO BTOPOM — Oyzer.

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

> x:=0.5*(2/3);
x = 3333333334

EcaM Mbl XOTUM MCIONB30BaTh BbipaXKeHHe, BBEIEHHOE paHee, TO Heobxo-
JMMO BOCITOJIL30BATHCSA CHMBOJIOM “ " ™,

IMpuuem:
" — BOCMOJIb30BATLCS BbIpaXX€HUEM, BBEACHHBIM MEPE JaHHBIM;
"' — BOCMOJIL30BAaTLCA BBEACHHBIM 32 OJHO BhIpaXXE€HHUE PAHEE,
""" _ BOCMOJIb30BATHCS BBEJEHHBIM 3a B BbIPaXK€HHs paHee.

Hpumep:

> x:=1/3:

> y:=2/3:

> 1:=4/9;

> f:=H+"H+HHH;

13
S=5

YT106bi NPUGITHU3UTS BEIPAXKEHHE, [T0JIyYEHHOE B CHMBOJIBHOM BHJE YNUCIIOM
¢ MJIaBaouleil TOUKOM, CiIyXUT koMaHna evalf.

Hpumep:
> evalf(");

1444444444
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N3MeHHTE TOYHOCTb MpENCTABIIEHUS YHCIIA MOXHO NPH MOMOLIM IJIO-
bansHoit nepemeHHo# Digits. HanpuMep, pacrieyataem 4MciIo “nu” ¢ TOYHO-
cTbi0 30 3HaKOB.
> Digits:=30;

Digits = 30
> evalf(Pi);

3.14159265358979323846264338328
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3. MPUMEPbI BbIYUCIIEHWX B CPEQJE MAPLE V

3.1. QueppepeHyuposarue

B cpene Maple V MOXHO j1erko HalTH KaK CTaHAApTHbIE qruddepeHunans,

Tak ¥ AMbdepeHuransl oT To0bix QYHKUUHA, a TAKXKE YACTHBIE TIPOU3BOIHLIE,
Jns HaxoxAeHUS NPOM3BOAHBIX OT BbIpaXKeHHit cylecTeyer komanaa diff:

>f:=sin(x)"2: diff(f,x);
2 sin(x) cos(x)
Haiinem npousBoaHble 0T GyHKUMU JBYX IEPEMEHHBIX!
> Ffunction:=cos(x)*y+sin(y)*x;

Ffunction = cos(x) y +sm(y) x
ITpousBoaHas no x;

> diff(Ffunction,x);
_sin(x)y + sm(y)
Ipoussoanas no y:
> diff(Ffunction,y);

cos(x) +cos(y) x

J1s HaxoXIeHWs NPOM3BOMHBLIX (oJiee BHICOKOTO MOpsAIKa AOCTaTOUHO
yKa3zaTh nocie aprymenTta auddepeHuupoBanus 3Hak $ M nopsagok npousson-
HOM:
> diff(Ffunction,x$2);

~cos{x)y
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CyutectyeT ocobblii onepatop D, npuMeHumblil Ut auddepeHunpona-
HHUA ONEPAaTOPOB W 3aJaHMS HAYAJIbHBIX YCIOBUH npH pelleHud auddepeHun-
aJIbHbIX yPaBHEHUH.

K npumepy, HailreM npOU3BOIHYIO OT ONEPATOPOB COS H tan:
> D(cos); D(tan);
-sih

l+tan2

Onepatop D MoxHO ucrons3oBaTh Ans AdddepeHUNPOBAHUA MOJIb30Ba-
TenbekUX GyHkuuii. Hanpumep, 3aganum dyHkuuio f=x*2 u BBIYMCIHM ee
NPOU3IBOJHYIO:

> fi=x —->x"2: D(f);
x—2x
3agaauM QyHKUMIO ABYX MEPEMEHHBIX:

>f:=(x,y) —>exp(x*y);

S=xy) e

Haiigem npowsBoaHyio ot ¢yuxuuu f no nepemenHol x. Jns atoro B
KkBaJpaTHbix ckobkax Bcien 3a onepatopoM D Heo6XoIUMO ykasaTh, [0 KakKo-
MY 3JIEMEHTY MHOXECTBA HEU3BECTHBIX CHENYET HAXOAUTh MPOU3BOAHYIO!

> D(1)(f);
(x,y) >y 1)
IIpouzBoaHas M0 Y:
> D{2)(f);
(x,y)—>x e(xy)

Crenywollas 3anics 03Ha4YaeT, YTo cHavana 6epercs NpoOU3BOJHAS IO X, &
3aTEM MO !



20 I'nasa 3

> D[1,2](f);

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

3.2. MlumezpupoeaHue

C nomouisio Maple MOXHO HaxOIWTh Kak ONpEleleHHble, TAK U HEoNnpe-
HENEHHbIE MHTErPaibl, UCTIOB3YA KOMaHAy int. K npuMepy, HaiieM Heonpeje-
JIEHHbIA UHTErpan oT GyHKUHMH X:

> int(x,x);

2

Do) —

3HaueHHe TOTO K€ MHTErpana Ha npoMexytke oT 0 Ao 5 onpenensercs
CNeAyUM 00pa3oMm:

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

12.50000000

Boratelii anmapaT BCTPOEHHBIX MAaTeMaTHUYECKMX QYHKUMiA MO3BOJISET
HaMTH 3HAYEHMS MHTEIPAJIOB, HE BHIPAKAIOLLMECS B aHATTMTUYECKOR popMme:

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

=1 J2x
var3 '_Eﬁ Jn FresnelC( J‘E )

3nech pynkuus FresnelC onpenenena B cpene Maple.
HaiizieM 3HaYeHHe HHTErpana oT cos(x*2) Ha oTpe3ke oT 0 1o 1:
> var3:=evalf(int(cos(x"2),x=0..1));

var3 = 9045242375
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3.3. MNpedensi

Cpeny Maple MOXHO MCHOAB30BATh U1 HAXOXKIEHUA NPEENOB OT pas-
JAUYHBIX QYHKUKH.
Onpenennm GyHkumio f:

> fi=1/x;

M |—

Haitzem npegen ¢yuxumn f npu X, crpemsimeMmcs X GeCKOHEYHOCTH
(OeckoneunocTb B Maple oOo3nauaercs xax infinity):

> limit(f,x=infinity);

Ecnu ykazaTh 3arnaBHyw OYKBY, TO Mpenesl He GyHeT BLIYMCIEH, & JULUG
3aMucaH:

> Limit(f,x=infinity);
o1
x—ow X

MoHo HailTH npeaenbl crnipaBa (right) u cneBa (left) B onpeaeneHHo#H
Touke. [Tpenen pyHkumu f Npu X £TpeMsLLEMCs K HYJIIO CieBa:

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

-00

3.4. Psidbi

B Maple MmoxHO nerko 3agath Mmoo pad, a TAKXKE BBIYUCIIUTD €0 CyMMY.
[Tpu 3ToM kKoMaHaa Sum IMUIL pacrneyaTaer psil, a KOMaHJa sum HaWJeT ero
CYMMY:
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> Sum(1/n!,n=1..infinity);
0
>
zl
n=1

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

e—1

Bo3MoxHbI CIIEAYIOLIME ONEpaALIUK IJI HAXOXIACHHUS 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);

2+ 1-¥Yn+2)-v

Maple Bbipasui 3HaueHue cymMbl i/(i+1) npu i=0.n d4epes 3Ha4EHUA
BCTPOEHHBIX MaTeMaTHieckux dynkumii PST n GAMMA.

OﬂpC)ICJ'[I/lM npejest CXOAMMOCTH paja, Korja n MeHsieTcs oT 1 1o 6ecko-
HEYHOCTH!

> sum(n”2/3*n,n=1..infinity);

Nl W
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Bosmoxnoctu Maple ans pasnoxeHus yHkuuit B psx orpoMHsl. Bkiro-
4YeHO PalNIoNEHUE MO OPTOTOHANBLHBIM MOJMHOMAM, B psia Teinopa u T.4. Ha-
npuMep, pasnoxuM B psaa Tedtsopa dyHKUMIO exp(X) OTHOCUTENBHO TOYKH X=0
M BO3bMEM TEPBLIE YEThIpE Y/leHa paja:

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

1+x+%x2+éx3+0(x4)

Bo3bmeM HeonpedesieHHbI HHTErpall:

> int( exp(x*3), x );

e(XB)dx

Cpeaa Maple e cMmorna Haiiti 3HaueHMe MHTerpana ot exp(x*3), Ho
MOXHO nofpoboBaTh MPUOIU3NUTL 3HAUEHUE HHTETPana pajaom Tetnopa:

> taylor(", x=0);

x+}—1x4+0(x?)

[pu pasnoxexud B psa Teinopa Maple nobasniser k pe3ynbraTy pasno-
WeHUS OCTATOYHBIN YJieH HEKOTOPOro nopsaka. Yrobbl BINOIHHTL BbIYHCIIC-
HH$t ¢ NONyYEHHbIM PALAOM, Er0 HaJO MPeobpa3oBaTh B MHOTOYIICH, NIPH 3TOM
0CTaTOUHKI uneH 6yaeT oTOpOLlEH:

> convert(" ,polynom);

x+

Dl
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4. CTPYKTYPb! JAHHbLIX B MAPLE V

4.1. lMocnedosamenbHOCMU, MHOXeCMEa U CNUCKU

ITocnenoBarenbHOCTL — 3TO HABOP INMEMEHTOB, Pa3leieHHbIX 3AMATHIMH,
6e3 ckobok. Hampumep:

> S:=1,2,3,4,5,6;
S§=1,2,34,56

J7s renepauuu nNocnenoBaTeNbHOCTH B cpelie Maple ciyXHUT kKoMaHja seq.
CHHTAaKCHC BbI30Ba JAHHOM KOMAH/D!;

seq(y, 1 = m..n)
seq(y,1=x)
ITapamerpsl: y — mo0oe BbIpaxXeHHe, | — UMA, M, N — YUCJICHHbIE rapa-
METPHI; X — BhIpaXKEHHUE.
Haubonee pacnpoctpaHeHHsld BbI30B: seq(f(i), 1 = 1..n) , koTOpbId rexe-
pupyer nocnempoBatenvHocTh  f(1), f(2), ..., f(n). Menee ynoTpebumblidi —
seq(f(i), 1 = m..n), cozparowuil nocaeroBatenbHOCTL f(m), f(m+1), f(m+2), ...,

f(n). 3mecs m 1 n MOTYT ObITH He TOJILKO THNA integer.

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

> L := seq(i, i = 0..6);
L=0,1,234556

[TocTpouM TMOCNIEAOBATENBHOCTb, COCTOSIUIYIO M3 OCTATKOB OT [E/ICHHUS
3JIeMeHTOB crcka L Ha 7:

> seq(i*2 mod 7, i = L);
0,1,4,2,2,4,1
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MHoxecTBa NpUHATO 0003HAYaTh GUrypHbiMu ckobxamu. MM npucyuu
BCe MpaBuiia Npeobpa3oBaHUs, IPUHSATbLIE B KIIACCUYECKONH MaTeMaTHKe.

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

set! = {cos, sin, tan }

Hcnonp3yoTes cleayouine ornepalyy npeodpa3oBaHUs MHOKECTB!

op — MU3BJICYEHHE 3JICMEHTOB;

nops ~ OJCYET KOJIMYECTBA YJIEMEHTOB;

union ~ 00 beIMHEHNE MHOXKECTB;

intersect - nepeceyeHre MHOXECTB,

minus ~ BbIYUTAHUE MHOXECTB;

member  — NPUHALIEKHOCTL 3JIEMEHTA MHOXECTBY;

seq ~ reHepaLus NocyeJ0BaTeIbHOCTH;

convert — npeoBpa3soBaHUE MHOXECTBA B IPYTHE CTPYKTYPBIL.

HM3BJieyeHHe 2JIEMEHTOB ¢ NEPBOTO MO BTOPOii U3 MHOXECTBa setl:

> op(1..2,setl);

cos, Sin

OnpeneneHne KoMuuecTBa 3JEMEHTOB B MHOXECTBE setl:

> nops(setl);

O06BeauHeHue ABYX MHOKecTB {a.b} u {b,c}:
> {a,b} union {b,c};

{a, b, c)

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

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

{a}

[IpuHaLIEeKHOCTD ITICMCHTOB 'a' 11 'cOS' MHOXeECTBY setl:

> member(a,setl);

false
> member(cos,setl);

true
I'eHepalMs MOCIEN0BATEILHOCTH 'P' 1 MHOXeECTBA L:
> p:=seq(x,x=1..4);

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

L= {yB,y4,yl,y2}
JlobaBnenne »IeMeHTa K MHOXeECTBY L.
> L := {op(L),z[5]};
L={ypryyedp2s)
VaajeHue BTOPOTO 37eMEHTa W3 MHOXecTBa L:
> L := subsop(2=NULL,L);

L:{yl’y3’y4’25}

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

fist] = s, cos, tan, cos]

Co cnuckaMM  MOXHO NMPOU3BOANTL MAaTEMATHYECKME ONEPALMH, HamnpH-
mep auddepeHuMpoBaHue:

> D(list1);
[cos, -sm, 1+ tan2, —sin]

anBellCM HEKOTOPLIC ONepauuy HaJ CITMCKAMH!

op ~ U3BJIEYEHUE 3TIEMEHTOB U3 CITUCKA;

nops — MOJCYET KONHMYECTBA 37IEMEHTOB B CITHCKE;
member - MPHHAIIEXHOCTb CIIHCKY;

convert - rnipeobpa3oBaHMe B ApYrue CTPYKTYPBI.

H3BneueHue ABYX 3JIEMEHTOB M3 CNMcKa listl:
> op(1..2,list1);
sin, €os
OrnpesieiM KOJTMYECTBO 3/IEMEHTOB B cnucke listl:
> nops(listl);
4
IMpoBeprM NPUHALIEKHOCTH ITeMeHTa 'a' criucky listl:

> member(a,listl);

false
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IIpeoGpa3zosanue cnivcka list] BO MHOXeCTBO:
> convert(list1,set);

{cos, sm, tan )

[To OTHOWIEHHIO K CIIMCKAM U MHOXECTBAM AOMYCTHMbI On€paliuu MnpH-
CBaAUBAHMWA!

> list2:=list1;

list2 = sin, cos, tan, cos )

4.2. Maccueb! u mabnuysbi

Maccur — KOHC‘{HOMeprIﬁ CITUCOK C UEJIOYHUCIIEHHBIMHA HHACKCAMH. One-
pauuH, NPUMEHAIOLIHNECST K MACCUBAM!

array — CO3aHHE MacCHBa,

prinl — pacrieyaTtka COJACPKUMOIro MacCHBa,

map —3aJaHue onepauMu HaL BCEMU 3JIEMEHTAMHU MAaCCHUBA,

op — U3BJICYECHHUE IJIEMEHTOB (yTO‘{HCHl/le 3afaHuda MaCCMBa).

Co3aaaMM MAacCHUB V.
> v:= array(1..4);
v=array(1l 4,[ 1)
3an0JHUM 3TOT MACCUB JIEMEHTAMH H pacrneyaTaeM ero COACPKUMOoe:
> forito 4 do v|i]:=i od:

> print(v);

[1 2 3 4]



CTpyxTypsi AaHHbix B Maple 5 29

Co31aaMM OJHOMEpPHBIH MAaCCHUB 's' C HYJICBLIMU 3HAYEHUSAMH:
> s:=array(1..2,[0,0]);

s=[0 0]

Co3naaum IBYMEPHbBII MaccuB 'm';

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

_|eos(y) 0
’”‘“[ 0 smw}

3apamuMm onepaumio AU PepeHUUMPOBAHUS HAJl BCEMH IJIEMEHTAMK MacCH-
Ba'm’"

> map(diff,m,y);

[-sm@) 0 J
0 cos(y)

OnpeenuM XapakTepUCTUKH MaccuBa 'm':
THI MaccuBa

> op(1,eval(m));

symimetric
pasMep MaccuBa

> op(2,eval(m));

>

3NIEMCHTBI MaCcCHUBa
> op(3,eval(m));
[(1,2)=0,(2,2)=sm(y), (1, 1) = cos(y) ]
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B oTnMuMe OT MACCUBOB, I'Ie MHAEKCHI — LIEJIOYHUCIIEHHbIE 3HAYEHUsA, pac-
MOJIOXEHHBIE N0 MOPAAKY HOMEPOB, MHIAEKCH! y Tabmuu — mobble 3HaYeHMS.
Tabnuua 3amgaercs ykasaHueMm cioBa “table™

> table( );

table([
D

Komanma “table( )” cosmana tabauuy ¢ HEONPEAEICHHBIMM 3HAUCHUAMM.
Onpeaennm 3Ha4eHns TabIMLbL, BBINOMIHUB KOMAHIY:

> table([22,42]);

table(]
1=22
2=42
D

Tak kak MHAEKCHl Tabnulibl He ObLIM OMpPEAENieHbl, TO MporpaMma cama
NPUCBOKIA MM LENOYUCTIEHHDBIE 3HAYCHMS, PACTIONIOKEHHBIE N0 MOPAAKY. 3ana-
JIMM HHIEKChI TabiuLbL creayommm obpasom:

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

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

O6paTuMcs K 37IeMEHTaM TabuilbL:

> S[1],Sired};

S1,45

Hax TabnMuaMi BO3MOXHB! pa3iuuHble onepauuu. 3agaaum Tabanuy F,
3JIEMEHTAMU KOTOPOH ABJIAIOTCA ONEPATOPLI:

> F:=table(Jy=(x — > x"2),cos= - sin}):
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Pacneyaraem tabnuuy:

> print(F);
table([
Cos = -sin
y=(x22)
D

Bbrunciinm 3Hauenne anemeHTa Tabmubl 'y OT apryMeHTa, paBHOrO 3:

> Flyl3)

Takum 06pa3oM MHOXKECTBA, CIIUCKM, MACCHBLI, TaGMLbI ~ 9TO THOKAas
OCHOBA /IS CO3JaHHs DOJIEE CIOXHBIX CTPYKTYP NAHHBIX.
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5. MATPUYHBIE U BEKTOPHbIE BbIYUCNEHUA

Cpeaa Maple mo3BoJisieT BBIMOMHATL BCE CTAHIAPTHbIC OMEPALMK, Orpe-
JlefieHHble B nHedHol anredpe. OHU CTAHOBATCA AOCTYIIHBIMH TPH NMOAKIMIO-
yenun 6GuGAMOTeKH "linalg". BUGIMOTEKM MOAKIIOUYAIOTCS Yepe3 KoManay with
¢ yKazaHWeM ee UMEHHU. B Halem crydae 3anuueM:

> with(linalg):

[MpuBesem HekoTOpbIe M3 107 AOCTYNHBIX OMEPALIMI:

vector
matrix
minor
rank
transpose
det

cond
inverse
eigenvals

eigenvects

charpoly
multiply
jacobian

— 3ajlaHNE BEKTOP4,;

- 3aJlaHKe MATPULbI;

— pacnevyaTtka MUHOPA MATPHLIbI:

-~ HAXOXAECHNE PAHI'a MATPHUIIbL,

- TPAHCIIOHUPOBAHHE MATPHUbI;

— BbIUMC/IEHUE OTNIPEJEIIUTENS,

~ 4MCJI0 OOYCIOBICHHOCTH MATPULLbL;

— HAXOKJAeHHe OOPATHOH MATPHLIbLL,

~ BBIYHUCIIEHHE COOCTBEHHbBIX 3HAYEHMH MATPHILIbL
— BbIYMUCICHHE COOCTBEHHBIX BEKTOPOB MATPHLIbI:
-~ XAQpAKTEPUCTUUECKUI MHOFOYJIEH MATPULBIL!

— YMHOXXeHHE MATPHLL;

- BbIUMCIIEHHE IKOOHaHa OT BEKTOpa QYHKUMIL.

Onpeaenum BeKTop 'a’:
> a:=vector(|2,x"2,4,5.3,alphal);

3agaaum MaTpuily:

a::[2 x2 4 53 o;]

> A:=matrix("19] 91]9[49] 16I$I73179")3

1 1 1
A=|4 1 6
71 8
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PacneyataeM MHHOpP MaTpHLbI A, OTBEYAIOWIMH 3IIEMEHTY, CTOSUIEMY BO
BTOPOM CTPOKE NMEPBOrO CcTOOA:

> minor(A, 2,1);

Harnaem paHr Mmatpuusl A:

> rank(A);
3
TpaHcnoHUpoOBaHHE MaTpULbI A
> AT:=transpose(A);
1 4 7
AT=[1 1 1
1 9
Hariigem onpenenurens Matpuubl A;
> det(A);
6

Yucno oO6YCNOBIEHHOCTH MaTpHLbl A (BbluMcieHHoe o L — Hopwme):

> cond(A,1);
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Orbickalue 0OpaTHON MaTPHLIbL:
> Al:=inverse(A);

1 4 5]
5 3 %
_ 1 -
ar=l 1 3 3
-1 -1
'z 7]

[TepemMHoxenne MaTpuul A 1 Al (‘onepatop &* UCNONBL3YETCH 1A YMHO-
KEHUs MaTpHL ).

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

1 00
E:=[0 1 0
0 0 1

I[Ipeobpasyem MaTpuy A, MOCNIE YErO HaiaeM ee COOCTBEHHbIEC 3HAUEHHUA.
IIpu >TOM HCMONb3yeM KOMaHAY array(identity,1..3,1..3) ana co3maHus eIu-
HUYHOH MaTpuubl 3x3.

> B:=evalm(A — lambda*array(identity,1..3,1..3));

1-A 1 1
B=| 4 1-x 6
7 1 9-A

> fi=det(B);
F=6-2r+1122-23

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

res =10.87, 067 + 73951, 067 - 73951
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Pe3ynbTaT, NoNy4YeHHbI B XOJ€ BbINOIHEHUS TPEX NPEAbIAYLIHX KOMaHI,
MOXHO HaiTH, MPOJIENaB NULIL OJHY ONEpaLMIO HAJ MaTpULieH A:

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

HaiizeM xapakTepucTH4YeCKUi MOJIMHOM MaTPULb! A!
> charpoly(A,lambda);

A -11a%+20-6
CoO6CcTBEHHbIE BEKTOPbI MATPULIBI A MOXXHO HaWTH ¢ NMOMOLIbIO CIIEAYIO-
i1ed KOMaHb!:

> evalf(eigenvects(A,'radical’),4);

(1087, 1, ([1. 3978 5.8931}],
[067+ 73957 1., ([1. -1833+.90267 -7487-.16317]}],
[067— 73957 1, ([1. -1833—.90267 -7487+.16317]}]

Pe3ynbTat BblAaeTcs B GopMe:
[num,r, {vect}],
rjae num — co0CTBEHHOE 3HaYEeHUE MAaTPULIbI;
I — KPaTHOCTb COOCTBEHHOTO 3HAYEHHS,
vect — COOCTBEHHbBI BEKTOP;
‘radical’ — k1104, ONIPEAEIAIONA PEXKUM HAXO0XACHHUS BCEX cOOCTBEHHBIX
3HAYECHUH.

Co3faHue cyyaliHol MaTpHLIbl YePe3 TeHepaTop CilyyaiHbIX umcen rand:
> G := array(1..3,1..3):

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

> evalm(G);

81 70 97
63 76 38
85 68 21

Tlepemuosxum matpuuy G Ha camy cebs:
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> multiply(G,G);

13121 12770 9797

19216 17586 12554
12954 12546 11270

Bbiyncnum sxobuaH ot BekTopa A:
> A := vector( [x2, x*y, x*7] );

A= l:xz xy x z:]
> jacobian(A, [x,y,z]);
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6. PELLEHUE NUHENAHBLIX ¥ HENWHEWHbIX YPABHEHUA U CUCTEM

6.1. O6bIKHOBEHHbIE eblpaXeHUs

Jnst pelenys JIMHENHBIX U HEIMHEHHbIX YPABHEHHI U CUCTEM CITYXHT KO-
Manza solve.
HanpumMep, 3afaium HeIMHEHHOE ypaBHEHHE:
> eqnl:=x"3 — 54*x"2+972*x - 5839=0);
eqnl =x° — 54x°4+972x~5839=0

}13)’[66 peINM €ro OTHOCHUTEIILHO HCpCMCHHOﬁ X!

> solve(eqnl,x);

?U3+1&-%7U3+]8+%IJ§7U%-%7U3+18—%1J§7U3

IMonyyuMm npuOIMIKEHHOE peLIEHHE A0 MATOrO 3HAYALIErO 3HAKA!
> evalf(",5);
19.913,17.044 + 1.6567 7, 17.044 - 1.6567 {
Haiinem peuieHune HenmMHeHHoro ypasHeHus In(x) - 2x(In(x) — 2)=0:
> eqn3:=In(x) - 2*x*(In(x) — 1)=0;
egnd =ln(zx)-2x(ln(x)-1)=0

> a3:=solve(eqn3,x);
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CneposaTenbHo, cpene Maple He yaanoch HalTH pellieHHe B CHMBOJIbHOM
BUE, HO MOXHO Nonpo6oBaTh HAWTH peilieHHe B YMCIEHHOM BUae. [ist atoro
cnyxuT koMaHaa fsolve:

> a3:=fsolve(eqn3,x);

a3 =3.258475747

C nomoupio Maple MOXHO HaXOAUTh PELICHUS TUHEHHBIX M HEUHEHHBIX

ypaBHeHuii u cuctem. Hampumep, paccMOTpHUM  CHCTEMY M3 Tpex JIUHEHHBIX
ypaBHEHWH.

>eqsl:i= { x +2*y +3*z =6,
> 5*x + S*y + 4%z =1,
> 3ty + 4%z = 1}
eqs! ={5x+5y+4z=1x+2y+3z=63y+4z=1)

> al:=solve(egsl, {x,y,z});
al = - o105 z—g x-ﬂg}
S LA R A K
> evalf(al,4);
{x=3231,z=6.308,y=-8077}

VCIOKHMM NPHMEp, PACCMOTPEB CHCTEMY W3 TPEX TMHENHBIX YPABHEHUH ¢
NapaMeTpoMm.

>eqs2:= {a*x + 2%y + 3*z =6,
> 5*x +a”2* S*y + 4%z =1,

> 3*y+4*z =1}

eqs) =\ax+2y+32265x+5a2y+dz=13y+4z=1}
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> a2:=solve(eqs2,{x,y,z});

2 3
a2:={x=21 5a°-3 7= 5¢°-3a+80 1 }

3, 07 3. Y10 3
-12a+20a”+5 -12a+20a”+5 -12a+20a”+5

PaccMoTpuM pelieHUe CHCTEM HENTMHENHBIX YPaBHEHHIA.
Hpumep 1 ( cpeda evroaem 00HO pewenue ):
>eqsS:= 2*x*y=1,x +z2=0,2%x — 3*z=2};

eqss ={2x-32z=2,x+2z=0,2zy=1)}

S

IMpoBepum, NPaBUIILHO JM Mbl PELIMIH HAHHYK CUCTEMY METOIOM NOA-
CTAHOBKM, NPY MOMOLUM KOMaH bl subs. 3aech Mbl UCMIOJIb3yeM MPHHATbIE 060-
3HayeHus "- nocnenHee U '"— nNpeanocieaHee.

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

Bl

a2
& S’y"

uLhi Do

> SubS("," ");

{(2=2,0=0,1=1}

Ipumep 2 (pewsenuti MHo20):

> eqs6:={ x+y+z=06,
> x"2+y"2+z27°2=14,
> x*3+ y*3 + 273 =36};

2 3

eqsd:={x2+y2+z =14, x +y3+23=36,x+y+z=6}
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> solve(eqs6,{x,y,z});

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

6.2. QudgpeperyuanbHiie ebipaXeHus

Maple 3¢dexTureH s 3aay ¢ pa3nuyHbIMH THNaMu AudidepeHUHAND-
HBIX ypaBHeHMH M cucteM. Ecnn 310 Heo6xoauMo, To cpeaa nact npubamkeH-
HOe uKcreHHoe pelieHue. Ko BceMy npoueMy, CylUeCTBYET BO3MOXHOCTb HC-
nonb3oBaHus npeobpasosanus Jlannaca, uyuciaeHHbIX MeTonoB Pynre — Kyrra
2,3,4,5u naxe 7 u 8-ro nopsaka. Ocobo crnefyet NOJYEPKHYTh BO3ZMOXHOCTD
petieHus cucTeM OOBIKHOBEHHBIX IU(depeHUHanbHbIX YPABHEHUH.

Hanpumep, Bo3bMeM npocreiiiiee auddepeHunaipHOe ypaBHeHHe  y'=y:

> dsolve(diff(y(x),x) - y(x)=0,y(x));
y(x)=¢* C1

B orsere npucytcrByer _Cl — nMpou3BonbHAas KOHCTAHTA, TaK Kak Ha-
yasjbHble YCJIOBMs He 3alaHbl. ECIM 3aaTh HaualbHblE YCIOBWA, HanpuMmep
y(2)=5, 1o
> dsolve({diff(y(x),x) - y(x)=0, y(2)=5}, y(x)};
e

g2

BosbMeM npuMep ¢ audgepeHLnaibHbiM ypaBHEHHEM BTOPOTO NMOPAAKA!

y(x)=>5

> dsolve(diff(y(x),x$2) — y(x) =1, y(x));
ﬂx)=-1+ex_cz+_cze“x)

[onpocum Maple s ypasHenus y''+53'+6y=0 ¢ HauaJIbHbIMU yCIIOBUAMHU
y(0)=0, y'(0)=] NPUMEHNUTb METOI, OCHOBAHHbLIN Ha npeobpasoBanun Jlamnaa-
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ca, T.e. BKIIIOYMM B KOMAaHJIYy YCJIOBHE B BW/JE AOMOJIHHUTENLHOTO YKa3aHHd
method=laplace:

> del := diff(y(t),t$2) + S*diff(y(t),t) + 6*y(t) = 0;

3° 3
del = 5;-2—31(1) +5 (@ y(ﬁ))+ Ey(¢)=0
> dsolve({del, y(0)=0, D(y)(0)=1}, y(t),method=laplace);

y(t) = -e(_B 2 +e(-2t)

Peium cucTeMy: y'=z, z'=y ¢ HayanbHbiMM ycrnoBuamu y(0)=0, z(0)=1
OTHOCUTENILHO Y(X) U 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) = % e’ - —;— e(_x), z{x)= % e’ +% e(-x)}

K Toit xe cucTeMe NPUMEHUM MeTol NPpUOTHKEHHA QYHKUMHI psaaaMu
(series):

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

{z(x)—l+]x2+2l4x +O< 6) y(x)—x+1x3+m +O< 6)}

OyeHb U3SILLEH METO YMCIEHHOTO UHTCIPUDPOBAHUA. Hanpnmep, IS TOH
HKE CHCTEMBI SYS!

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

Tenepb MOXHO HAATH 3HAYEHUS PELLIEHUS B KOHKPETHBIX TOYKAX:
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> F(0);
[x=0,y(x)= 2890728569016066 107, 2(x) = 999999881386018

>F(Q1);
[x=1,y(x)=1175201093665006, z(x ) = 1.543080478651408 ]

6.3. PexkyppeHmHble 8blpaxeHus

JInsi pekyppeHTHBIX BbIpaXeHHH MCHOJb3YeTCs KoMaHa rsolve.

> rsolve(f(n) = —3*f(n-1) — 2*f(n - 2), f(K));

(280)+R1)) (-1)% + (R0) - £ 1)) (-2)F

> rsolve(f(n) = 3*(n/2) + 5*n, f(n));
In(z)
(ﬁg;;)ﬁ(ﬁ@[_ls @( 1) m]

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

f1) »
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7. PEWUEHUE IM®DEPEHLINANBHbIX YPABHEHUM C
BU3YANU3ALIKEN PE3YNIbTATOB

I'paduyeckas 6udbnuoreka DEtools comepxuT cpeacTBa AN NOCTPOEHUS
pewieHni 0ObIKHOBEHHBIX AU depeHUManbHbIX YPABHEHUH U HEKOTOPbIX THUIOB
ypaBHEHUH B 4acCTHbIX TIPOU3BOAHBLIX, BKIOYAs NOJs pelleHUit U ¢a3zoBblid
noptpeT. JaHHas OMONIMOTEKa TakKKe COIEPKMT CPeAcTBa BHU3yaliM3allMH pe-
wenuil. IonknoyeHue OUONUOTEKH NPOUCXOJUT NOCIE BLINIOJHEHUS KOMaH-
Abl:

> with(DEtools):

B coctap 6ubnuoTexkun DEtools BxoasT ciiesyrouime ceMb GbyHKUKHR:

Deplot - NoCcTpoeHKe peieHWd nuddepeHUanbHbIX YPABHEHUH U
CHCTEM;

Deplotl ~ MOCTPOEHUE PeLCHNS YPABHEHUS MEPBOI0 NOPAKa;

Deplot2 — MOCTPOEHHE PELLIEHHUS CUHCTEMbI M3 ABYX YDAaBHEHHWH;

Dchangevar - NOACTAHOBK2 HOBbIX NIEPEMEHHbLIX B yPABHEHUE,

PDEplot ~ MOCTPOEHME PELICHMS KBa3MIMHEWHOIO YPaBHEHUA Mep-
BOTO MOPAJAKA B YACTHBIX MTPOU3BOJHBIX,

dfieldpiot —~ [IOCTPOEHUE TOJIs PELICHHS;

phaseportrait - nocrpoenue GpazoBoro rnopTpeTa.

Dyuxyus Deplot

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

IMapamerpsr:
diffeq - cucrema auddepeHLManbHbIX yPaBHEHU,
vars ~ UMEHa MepPeMEHHbIX;
trange - 06JaCTb ONPEACNEHUS HE3UBUCUMBIX IEPEMEHHbIX;
nits ~ HAYasbHbIE YCIOBHS,

xrange — 00NacTh MOCTPOEHUS [IEPBOI HE3ABUCUMON MEPEMEHHOM;
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yrange - o6acTb MOCTPOEHHUS BTOPOH HE3aBUCUMOIl MEPEMEHHOM;
options — OMLMH.

[Mapamerp inits — MHOXECTBO HauyaJbHBIX YCJIOBHMH, 33a4aBAaEMbIX B OAHOMN
u3 aByx Gopm:
{[t0,x0,y0], [t1,x1,yl], [t2,x2,y2], ...} unu
{[x(10)=x0, y(t0)=y0], [x(t})=x1, y(t1)=y1], [x(t2)=x2, y(12)=y2], ...} .

B ciyyae, korja MMeeT MECTO CUCTEMA M3 N ypaBHEHHH

[t0,x0,x'0,x"0,...x(n)0], HeonpeaeneHHbIE HayallbHbIE YCIOBHS CUMTAIOTCA
HyneBbiMHU. HaripuMep, eciiv 3afaHbl HayasbHble YCIOBUS LU CUCTEMBI U3 Ye-
Thipex ypaBHenui B Buje [1,2] , To GyaeT ucnoaszobaHo 3Havenue [1,2,0,0].

OnuiueM nogpobHee mapamerp <options> (MepedrclieHHble HHXKE mnapa-
METpbl YMOTpeOUMBI i cheaylowux ¢GyHkuuid n3 Gubmuorexkn: DEplot,
DEplotl, DEplot2) .

Bce napameTphb! pasziena <options> ykasblBalOTCs B CJICAYIONIEM BUE: Ma-
paMerp=3Hauenue. Hanpumep, obnacty u3MeHeHNs nepeMenHbIx X = cl..dl
unuy = ¢c2..d2

stepsize = h

3HaueHKe stepsize UCMONb3YeTCs A 3aJaHus 1ara B BbIGPaHHOM METoJIe
pelieHMs NocTaBIeHHOM 3aaaun. [1o yMOT4aHHIO HCMOb3yeTes stepsize = (b -
a)/20, rae a..b— obnacTb onpejgeseHust He3aBUCUMOMH MepeEMEHHOM ( T. €. mapa-
MeTp trange ).

iterations = <integer>

Yucio WaroB UTEPALNK MeX Iy AByMs ToukamH. [1o yMOI4aHHIO HCTIOJIk-
3yeTcd iterations paBHO 1. DTa onumMst MOXET ObITh MOJIE3HOM 1JIs1 PEIUEHHS He-
YCTOHYMBLIX 3aJ1a4.

limitrange = true

IpexkpaTHTb WHTErPUPOBAHME, €CIM WHTErPaibHbIE KPUBbIE BBLIXOAAT 3a
npedenbl yKa3aHHOTO NMPOMeXxyTka 1ns x u y. [lo yMOI4aHHIO MCIOJb3yeTe
limitrange = false. Ecnu He 3agaHbl MPOMEXYTKH /IS X MM Y, TO 3TOT napa-
METP UTHOPHPYETCH.
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scene = [<name>,<name>,<name>]

VYka3biBaeT BUJ noctpoeHus. Hanpumep, scene = [X,y] mokasblBaeT, 4TO
fyeT NOCTPOeH ABYXMePHbIA rpaduk y kax ¢yHkuuu ot x. Ecnu mobasuth
nepeMEHHYI0 t, TO scene = [t,X,y] yKkaxeT cpeae Maple NOCTPOUTb TPEXMEPHOE
u3obpaxxeHue Bcex nepeMeHHbIX. [lapaMeTp TakXe MOXHO MCIONb30BaTh UIA
M3MEHEHUS NoNoXeHus ocell ( Hanmpumep [X,y,t] mokassiBaeT, YTO t — BEpPTH-
KaJIbHas OcChb ).

method = <scheme>
OnpenesseT METOJ pellieHrs NocTaBlieHHOH 3aaayu. [Tapamerp <scheme>

MOXeET ObITh: ‘euler’, ‘backeuler’, impeuler' uny rk4’. T1o yMOITYaHHUIO UCTIONB3Y-
ertca Meron Pynre-Kyrtra 4-ro nopsaxa.

‘euler’ - meton Jidnepa ( popMyna Meroma: y =y + h*f(t,y) );

'backeuler'— popmyna Merona y =y + h*f(t+h,y+h*f(t,y));

impeuler' ~ ycoBepIIEHCTBOBAHHbIN MeTOA Jiinepa ( GopMyJia METO-
ma: y=y+h/2*(f(ty) + f(t+h,y+h*f(t,y))) );

rk4’ - Mmerog Pynre-Kyrra 4-ro nopsaka.

MOXHO TakXe HalmUCcaTh CBOIO COOCTBEHHYIO NMPOUEAYPY, Peaau3yIoulyto
METOJ, OTJMUYHbIA OT NEPEYUCIIEHHBIX Bblllie. [Is 3TOr0 HYXHO yKasaTb, YTO
npoueaypa 6yaer ABIATbCS TApaAMETPOM:

method = My_Integration_Scheme
rae My_Integration_Scheme — UMs 3TOH NpOLEAYPHI.

Jliia npuMepa MOXHO PacCMOTPETH NMPOLEAYpPY k4!, peann3yoLyo MeTol
Pytire-KytTa. [{ns 3TOro cieAyeT BLINONHUTL TAKHE KOMAHbI:

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

Jlna 3aganHoi cucTeMbl audidepeHuranpHbix ypaBHEHWIH NepBOro nopaa-
ka Buga x' = f1(t,x,y), y' = f2(t,x,y), a Taxxke ana AupdepeHuHanbHbIX ypaBHe-
Huii Gonee Bblcokoro nopagka suna diff(y(x),x$n) = f(x,y) U MHOXKecTBa Ha-
YyanbHeIX ycnoBui dyHkurs DEplot cTpouT XpHBYIO pELLICHHS.
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Hpumeps::
> si=4*diff(y(x),x$2)+0.8* diff(y(x),x)+2*y(x)=20:

> DEplot(s,|x,y},0..70,{]0, ~ 1,0}} stepsize=.4);

16}
143
124
10
y8*
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,
1501 /
1001 //

501

0 5 10 15 20
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> s:=4*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);

@yuxyus Deplot]

dopmar BbI30OBa:
DEplot1/(diffeq, vars, trange, inits, <options>)
DEplot1{diffeq, vars, trange, xrange, yrange, <options>)

Yxa3anHble B GopMaTe BbI30BA NapaMeTpbi aHAIOTH4HbI OMMCAHHBIM MNa-
pamerpam ¢pynxuun DEplot.

®ynxuus DEplot]l crpout rpaduk peienuss s 3aganHHoro aupgepen-
1IMAJIbHOTO YpaBHEHWs NepBoro nopaaxka suga y' = f(t,y) dynxums.

Ipumepsi:

> DEplot1(diff(y(t),t)=sin(t - y), y(t), t= - Pi..Pi, y= - Pi..Pi);
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> DEplot1(sin(t - y), [t,y], t= Pi..Pi, {[0,3],0,2],]0,1],[0,0],{0 , — 2],[0, —1},{0,
~0.5],[0, — 2.51,[0, - 3]}, y= — Pi..Pi);

@Dyukyus DEplot2

dopmart BbI30BA:
DEplot2(diffeq, vars, trange, inits, <options>)
DEplot2(diffeq, vars, trange, xrange, yrange, <options>)

VkazaHHble B popMaTe BbI3OBA NapaMeTPbl aHAJIOTHYHbl OMIMCAHHBIM M-
pamerpam dyHxuun DEplot.

DEplot2 CTPOUT KPUBYIO peLlieHdst A ABYX 3aJaHHbIX YPaBHEHHUI B BUAE
x' = fl(t,x,y). ¥’ = £2(t.X,y) 1 Anst MHOXeECTBA HAYAJIbHBIX YCIOBUH.

TTpunep:

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

®yuxuus Dchangevar — nepexoa K apyruM NepeMeHHbIM B AH(depeHLH-
albHOM YpaBHEHUH.
®opmart BbI30OBA:

Dchangevar (eqns, diffeq, <constants>)

[Tapamerpsl:
eqns — MHOXECTBO YpaBHEHH 151 MOJCTAHOBKH B OJHO ypaB-
HEeHUE;
diffeq ~ mnddepeHuHanbHOE YPaBHEHNE;

<constants> — HeoOjI3aTENHLHOE MHOXECTBO KOHCTAHT B YpaBHEHHH.

Jlns 3a1aHHOTO ypaBHEHMS N-TO MOPAAKA H MHOXECTBA W3 BbIPaxeHHH
Dchangevar jenaeT moAacTaHOBKY 3TOTO MHOXECTBA B MCXOJHOE YPABHEHHE C
BbluMciIeHHeM TpeOyemblx AupdepeHunanos.

TMepBLiii apryMeHT, egns — MHOXECTBO BbIPAXCHHMMH, COlEpXKallee HOBbIC
3HAYECHUS MEPEMEHHBIX.
Bropoii apryment, diffeq — ypaBHeHHe, B KOTOpOM TpeGyeTcs MpoBECTH
noACTaHoBKY. OHO MOXeET ObITh CHEAYIOLIErO BUAA!
diff(y(1),t) = f(t,y) unu
diff(y(t).t) - f(t,y) = 0.

Hpumepor:
> Dchangevar({t = T*tau,x(t) = L*y(tau)},diff(x(1),t$3) = tan(t),{T,L});
3
2}
Ll —y(1)
at

3 =tan(7T)
T
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> a:= diff(x(t),t$2)= - g+R/m*(sqrt(v0"2 —2*g*x(t)) —diff(x(t),£))*2 / sqrt(v0"2

= 2*g*x(t));
2
2 R(.fvoz—zgx(z) -(%X(z)))
@ :=—2x(t)= -g +
ot va02—2gx(£)

> eqns := {x(t)=L*y(tau),t=T*tau};
egus = (x(2)=Ly(1),t =Tt}
> costats := {L,T};

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

9 d
9 Ll zy(v)
L{*&2Y(T)] R[Jvoz—ZgLy('c) _M}

=-g+ T
7° m v0% -2 g Ly(1)

2

@yuxyus PDEplot.

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

ITapameTpsi:
pdiffeq ~ KBa3WJIMHEHOE YpaBHEHHE B YACTHbIX NPOU3BOIHBIX TEp-
BOT'O POJIA, 3aMIMCAHHOE B ONMPEACIEHHbIX TEPMHUHAX;
vars — UMEHA MEPEMEHHBIX;
inits — HaydaJbHble JaHHBIE,
srange — obnacTs napaMeTpa Ui Ha4albHOTO JAHHOTO;

<options> - HeoOsA3aTe/NbHbI} apryMeHT, ONUCLIBAEMbI HHXE;
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Haxosicoenue pewenus ypagnuenus suoa

P(x,y.u) * D{1J(u)(x,y) + Q(x,y,u) * D[2}(u)(x,y) = R(x.y v),

rae P, Q u R zaBucaToT X,y M U .

Tepsblit apryMeHT, pdiffeq, nomxen ObITH CIUCKOM, cocTodauM U3 P, Q
R. OHM MOryT GbITh 3a/1aHbl UIIM KaK BbIpaXeHNd, MM KaK GyHKUMH ( onepa-
topel ). Hanpumep, dopMbl  [(x,y,2) = x"*2%y, (x,y,u) = u”3/x, (x,y,u) =
sin(x*y)*u] u [x*2*y, ur3/x, sin(x*y)*u] sxBuBaJeHTHbl M 0OpasyloT audode-
peHUMANBHOE YPABHEHHE B YACTHBIX IPOU3BOIHBIX!

XA2*y*D[1)(u)(x,y) + u”3/x*D[2J(u)(x,y) = sin(x*y)*u. B aprymenrte
pdiffeq Hemb3s yrnoTpeONATh NMEHA KOHCTAHT, @& MOXHO TOJILKO MMEHa Tepe-
MEHHBIX.

Bropoii aprymeHT, vars, MOXeT ObITb 3aJaH TOJILKO B CJACAYIOWIEM BHAE:
[x,y,u] Wi u(x,y). 3T0 03HAYAET, YTO X U ¥ — UMEHA HE3ABHCHMBbIX MEPEMEH-
HbIX, 2 U — UM5 3aBUCUMOM MEPEMEHHOMN.

TpeTnit apryMeHT, inits, J0MKeH ObITh CIMCKOM, COCTOSALIMM M3 TPEX 3J€-
MEHTOB, KOTOPbIE OMpPEENIOT NapaMeTpHueckyto GopMy TpeXMEpHO#A KPHBOH
B JEKAPTOBbIX KOOPAMHATAX. DIIEMEHTBI CIIMCKA MOTYT ObITb MM BbIPAXEHUA-
MH, MM QYHKLMAMU; €CIIM BbIPXKEHHs, TO OHH JIOJDKHBI COAEPKATh OJIHO CHM-
BOJIbHOE UM ( MapaMeTp ), a eciit QYHKUUH — TO TONBKO OT OAHOIO fepPEMEH-
HOTO.

YerBepThlil apryMeHT, srange, NOJKeH ObITh 00JIACTbIO M3MEHEHHS Napa-
MeTpa HauaNbHOTO YCIOBHsA. YKa3blBacTCs B BUAE $ = a..b, unm mpocro a..b.

TMaThili apryMeHT HeoOs3aTeNbHbIH, OH MOXET COCTOATh M3 CAEAYIOIHX
napameTpoB:

x=cl.dl — 0051acTH U3MEHEHHUS APTYMEHTOB X H Y;

y =c2..d2

stepsize = h — AT, KCMIOJIb3YEMbIA B JAHHOM METOJIe MHTErpUpoBa-
nud. ITo ymomyanuio stepsize = 0.2;

numsteps = — YWUCNIO 1IArOB MHTErPUPOBAHUA. 3HAK NEPES YUCIIOM

<integer> MOKa3bIBAeT, YTO wWward 6yayT BLINOJHEHbI Bliepe]
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(3Hax "+°) uaM Haszag (3Hak ‘-');

numsteps = — CIIMCOK MOKA3bIBAET, YTO HHTETPUPOBAHME BEIETCS B
[<integer>, JBYX HanpaeneHusx. [lepBoe Yucno — waru Hazag,
<integer>] BTOpOE — BIlepex;

iterations = — YMCIIO LIArOB UHTETPUPOBAHUS MEXIY ABYMS COCEL-
<integer> HUMHM TOCTPOEHHbIMU ToukaMHu. ITo yMosaHuIo 3TOT

apryMeHT PaBeH elnHULE,
title = <string> - BLIBOOMT 3ar0JIOBOK Ipaduka;

limitrange = true — OCTAHOBHTb HHTEIPUPOBAHUE, ECIIY PE3YILTAT Bbi-
wen 3a obnacTe onpenenieHNs LA X U Y.

Ipumep:

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

| SOy
[Sg Y ume Jd g unwi sy

(]
~

Dyuxyun dfieldplot

®yukiusa dficldplot npeaHasHadena ais NOCTPOCHUE MONS PEIICHUS CUC-
TeMbl AnbdepeHIMANTbHBIX YPaBHEHUH.
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dopmMarT BbI3OBA:
dfieldplot (diffeq, vars, trange, <options>)

ITapametpsi:
diffeq — ypaBHeHHE UM cUCTeMa Ju(depeHLranbHbIX YPABHEHHH;
vars — UMeHa NEPEMEHHBIX;
trange — 0611aCcTh U3MEHEHHS HE3ABUCHMOW MEPEMEHHOI;

<options> — aHAIOTMYHbI apryMeHTam misa ¢yHkuuun Deplot.

TTepBblii apryMeHT HOJDKEeH COAEPKAThb CHCTEMY W3 OJJHOTO WM JABYX AMG-
{epeHUnanbHbIX ypaBHeHUI U MOXeT ObITh 3aNMCaH B OJHOM U3 JBYX 3KBHBa-
JIEHTHBIX hopM:

diff(y(1).t) = f(t,y)
diff(y(t),t) - f(t,y) = 0

WA A7 CUCTEMbI M3 ABYX auddepeHanbHbIX yPaBHEHUH:
[diff(x(1),t) = F1(t,x,y), diff(y(t),t) = £2(t,x,)]
[diff(x(t),t) - f1(t,x,y) = 0, diff(y(t),t) — £2(t,x,y) = 0]
[diff(x(t),t) — £1(t,x,y), diff(y(t),t) - £2(t,x,y)]

Henb3s ynoTpebiaTs HMeHa KOHCTAHT; t, X H Y — UMEHa, ynoTpebsemble
ma aprymenta diffeq, rae t, x 1 'y onucaHel BO BTOPOM apryMeHTe — Vars.

BTopoit apryMeHT, vars, yKa3bIBaeT UMEHA NEPEMEHHBIX, HCTIONb3YEMBIX B
anddepeHLMaIbHBIX YPABHEHUAX, MPHUYEM CIIEAYCT OTAC/ATL 3ABUCHMbBIE H HE-
3aBUCHMBbIE NepeMeHHbIe. JI7s aBTOHOMHOM CHCTEMbI HMEHA MEPEMEHHBIX MO-
ryT 6bITh 3aJaHbl B ClieaylolleM Buae: [x,y]. Ecin cucreMa He aBTOHOMHad, ap-
TYMEHT vars 20JDkeH ObIThb 3aMucaH ceayommum obpasom: [t,x,y] nin [x(1),y()].

Tpetnii apryMeHT, trange, MOXeT 6bITb 3anucaH AByMs crnocobamu: a..b
WIH t = a.b, e t — He3aBuCcHUMas epeMeHHas.
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ITpumep:
> dfieldplot(y"2*sin(x),[x,y], — 5..5,title="Symmetric field");

-

Symm fric fleld

L
fLE
1
™
A

LRV,
NN
AR A
AN
EEREE]
[dZre
e
Yo el
Al
i
L)
\ W

U dam o
e A, S, S AT et o T o e e
I e e et A et i P ey e v,
et VRS S S NP P NS g

Dynxuyus phaseportrait

®ynkuus phaseportrait — nocrpoeHue $pazoBoro noprpera (MHTErpaibLHOMA
KPUBO# ) Ang cucteMbl (uddepeHunanbHbIX ypaBHEHNH.

dopmar BbI3OBA:

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

ITapamerpsl:
diffeq — ypaBHEHME UM CUCTEMA U3 IBYX YPABHEHMIA;
vars — MMeEHa MepeMEHHbIX;
trange — 001acTb U3MEHEHUA HE3aBUCUMOI MEPEMEHHOM;
inits — Ha4aJIbHBIE YCIIOBHUS,;

<OpliOI‘IS> — HCOJIHOKPAaTHO OMHUCAaHO BbILIEC.

JAns 3a]aHHBIX OJHOTO WM OBYX auddepeHUHaNbHbIX YpaBHEHUH B BUIE
X' = fl(txy), ¥y = f2(t,x,y) ¥ 419 MHOXKECTBA HAYaNbHbIX YCIOBHI
phaseportrait CTPOMT MHTErPaIbHYIO KPUBYIO U JAHHOTO YPABHEHMS COrIac-

HO 3aJJaHHbIM Ha4YallbHbIM YCIIOBUSAM.

3ajgaHne apTYMEHTOB vars 1 trange aHanornuHo ¢yHkuum dfieldplot.
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Ilpumepor:

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

Damped oscillations

> 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*P4i,.5),[0, -2*Pi,2.1],]0,2*Pi, -2.1}}, stepsize=.2,title="Pendulum
Vibrations’);

Pendulum Vibrations
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8. PELLEHWE 3AZ]AY U3 TEOPUU FPA®OB C BU3YAJTU3ALIMEN
PE3YNbTATOB

Maple BkitouaeT B cBoM cocTaB GubnnoTeky s padotel ¢ rpadamu. MUms
aToM GubnuoTtekn networks. Ioaxmouaercs yTa Gubnuorexa cnenyouled ko-
MaHaoM:

> with(networks):

Cnvcox GyHKUMi JaHHOH 6UONHOTEKM BKIIOYAET 75 KOMaHA U MPOLERYp,
HEKOTOpbIE W3 HUX OYAYT OMHUCAHbI AaJiee.

I'pad 8 Maple npencraBisieTcs NPOLEAYPOH, KOTOpas WMMEET THII
GRAPH. Co3sgaercs rpad ¢ NoOMOLIBIO KOMaHAbI NEW( ); MOXHO TakKXe HC-
NoJIbL30BaTh KOMaHabl complete( ), cycle( ), petersen( ).

Komanoa new

@opMaT KOMaH/IbI New CIeNyOLHIA:
new(G);
G:=new( ); (G -wumsarpada)

> new(G):

KoMmaHnzaa new co3aaer nyctoi rpad — rpad, B KOTOpOM HET HH pebep, HH
y3710B.

Vinbt rpada MOKHO POCMOTPETL € MOMOUILIO KOMAaH/bL Vertices:
> vertices(G);

Pe6pa rpada MOXKHO MPOCMOTPETH ¢ MOMOLIBIO KOMaHAbI edges:

> edges(G);
{3
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dopmaT koMaHIb! edges MMeeT TP BUA:
edges(G),
edges(P,G),
edges(P.G,all');

rae G —rpad, P — oMH 13 crieAyIomux BApHaHToB: {u,v} uiu [u,v].
KoMaHzaa neproro Buja BO3BpaiuaeT B popMe MHOXeCTBA BCE MMEHA pe-
6ep rpada.

KomaHa BTOpPOro BH/JA MCHONbL3YETCsl, KOTAA Hajl0 NPOCMOTPETh TOJNBKO
onpeAeNieHHbIe HMena pebep.

Ecniu P - 3to {u,v}, To BO3Bpaillal0oTCcs HMeHa Bcex pebep Mexay u U v
(BHE 3aBMCHMOCTH OT WX HampamieHHocT). Ecmu P - 310 [u,v] , TO BO3Bpa-
IAIOTCA UMeRa pebep, HanpasieHsle OT U K V (U-XBOCT, V—T0JIOBA).

> new(i):

JobaBuM B rpad TpU BEPLUHHbL:
> addvertex(1,2,3,i);
2,31
JobaBuM aBa 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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Ipocmotpum pebpa, HanpaBieHHbie OT BEPIUUHBI 3 K BEpLUKMHE 2
> edges(|3,2],i);
{1}

A Tenepb npOCMOTPUM pebpa, HanpaBJieHHbIE OT BEPLUIMHBI 2 K BepLUKHE
3:

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

Crepyroulas kKoManaa npocMaTpusaeT Bee pebpa Mexay BepiiMHaMH 2 U
3

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

Komanoa complete

Complete cospaer nonsblét rpad. B nonHoM rpade kaxaas BepilUvMHA O~
HOM 4acTH rpaga coeluHeHa ¢ Kax 10 BeplUHHON APYroi yacTv rpada.

DopMaT KOMaH[Ibl CIIEAYIOLIM:
complete(n);
complete(mn);
complete(ml,....mk);
complete(vset);

rae n, M — YUCIIO y3JI0B B OTAENBHOM YacTy;
ml, ... mk — LiesI0€e YHCTO0, ONMPEAENAIOLIEE KOIUYECTBO Y3NIOB B KAXIOH
4acTH,
vset — MHOXECTBO HMEH Y3JIOB.
Yucio apryMeHTOB ONpeeNseT Yucno yacrei rpada.
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> g:=complete(4): draw(g);

Komanoa petersen
Jra koManga cosgaer rpad Iletepcena.

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

1 2 AL«

Komanoa draw
OTa koMat1a pucyet rpad.

PopMaT KOMaH/IbI:
draw(G);
draw(Concentric(L),G);
draw(Linear(L),G),

rae G — ums rpada; L — criucok BepiumH.
IlepBriii BapuaHT KOMaHabl pUcyer rpad, B KOTOPOM BCe BEPIIMHBI HAXO-

AATCA Ha PABHOM pPacCTOIHUM APYT OT Apyra U COEAUHCHbB! NPAMbIMU JIMHUAMMU.
le/l‘-lCM pacnoJjiararoTca BEPpUIMHBI HA OKPY)XXHOCTH.
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———

Bo BTOpOM cnyyae BeplIMHBI PACoNararoTcsd HAa KOHLUEHTPHUYECKMX OK-
PYXKHOCTSX.

B TperbeMm cnyuae cnyyae KOMaH[bl BEpLIMHB! rpada pacrnosiararoTcs Ha
JTHHUMH,

> G:=petersen( ): draw(Concentric(|1,2,3,4,5]),G);

Q ez

Komanoa ends

Sta KOMaHga BO3BPaLlaeT MMEHA BepLUMH pebpa.

dopmar KOMaHIbL:
ends(G) - BO3BpallaeT MMeHa Beex BepluuH rpada G;
ends/e,G) — BO3BpallaeT MMeHa BeplUUH pebpa e.
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> new(w): addvertex(a,b,c,d,w);

a,c, b, d

Hobasum B rpad gBa pebpa: a-b (HanpaBnennoe) u c-b
{HeHATPaBICHHOE):

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

> ends(w);
{{c.2}.[a. 2]}
> edges(w);

{e2,el)

> ends(el,w);

(e b]

Pe3yabTar nocnesHell KoMaHIbi OKa3biBaeT, 4To pebpo el - 3To Hanpas-
aeHHoe pebpo a-b. TlepBrii 3neMeHT cnucka — XBocT pebpa, BTOPOH 3feMEHT —
ronosa pebpa.

B Maple cyuiectByet npaBuio obo3HaueHus pebep rpada: HeHanpaBiieH-
Hoe pebpo 0003HAUAETC B BUAE MHOXECTBA, @ HANPABICHHOE — B BU/IE CIUCKA
(MepBBIN MEMEHT CIIMCKA — XBOCT pebpa, BTOPOil 3JIEMEHT — IoIosa).

Komanoa addvertex
Ota koMaHa 1obaBiIseT BEPLIMHY WIM MHOXECTBO BepuIvH B rpad.

PopmaT KOMaHAbI:
addvertex(vl, G);
addvertex(viv2.G);
addvertex (v, weights=w,G ),
addvertex([vl,v2] weights={wlw2],G),
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rae vl, v2 — umena BepuuH rpada G;
W — BeC BepIIMHbI (o yMomyaHHio 0).

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

al, a2, a8, a3

Komanoa addedge

JTa komaHaa Jobasnser B rpag HoBoe pebpo.
dopmaTt kOMaHIbL:
addedge({vl,v2}.,G);
addedge([v!,v2],G);
addedge({v},v2} ,names=edgl,weights=w,G);
addedge(Cycle(vl,...,vn),G);
addedge(Path(vl,...,vn),G);

rie vl,v2 - nmena BepwuH rpada G;
edgl — UMsI, TpucBaeMoe pebpy (1o yMonyanuwo e, €2 u 1.1.);
w - Bec pebpa (no ymonuakumwo 1);
Path — ofipeJenieHHe nyTH yepes pebpa vl, ... ,vn;
Cycle - onpeneneHue rmeTau yepes pedbpa vl,...,vn;

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

P e

Eciv Ha10 106aBHTh HECKOILKO pebep, TO OHHU ZOJDKHBI ObITh NEPedaHbl B
komaHay addedge B popme crimcka unm MHOXectBa. B cnyvae cnucka pebpam
MOXHO NPUCBOUTb MMEHA M BEca, KOTOPHIE TAKXKE JKOJDKHBI ObITh NMpEACTaBIIe-
Hbl B popMe criucka.
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> new(g):

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

> addedge([{a,b},{a,c}],names=[wayl,way2], weights=[2,6],g);
way!i, wayl

Komanoa delete

DTa KOMaH/a NO3BOJIAET Y/IajaTh U3 rpada pebpa 1 BEepLIUHBIL.

®dopmaT KoMaHIbL:
delete( Eset,G),
delete( Vset,G);

rae G - umsarpada; Vset, Eset — uMeHa MHOXECTB, COePKALLUX BEPLUUHBI HIIH
pebpa, npeARa3Ha4YeHHble JUI YAANEHHS.

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

(1,25}, ({1,5}, (2,5}, {1.2})

B npenpiayiuux koManaax 6bi10 ynaneso pebpo {3.4}.
B cneayoiux KOMaHIax. yaansoTcs pedpa, MHUUACHTHbIE BEPLIMHE 3.

> delete(incident(S5,G),G):
> vertices(G), ends(G);

{125}, ({1, 2}}

Komanow head u tail

DTU KOMaHILI BO3BPALIAIOT HMEHA BEPIIHH, KOTOpPbIE ABIAKTCA FOJIOBOM
pebep (B ciydae koMaHzbl head) MM XBOCTOM (B ciTyuae KOMaH b tail).
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dopmaT KOMaHL:
tail(G ),
tail(e,G);
tail(eset,G);

rae G -~ rpad. e - pebpo, eset — MHOXeCTBO pedep.
Jlns komanap! head gpopMaT BLI3OBA AHAIOTHYHBIH.

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

a, b
> addedge(]a,b}.k);
el
> tail(el,k);
a
> head(el,k);
b
> addedge([b,a],k);
el
> head(k);
table(]
el=24
el=a
D

TTocnenHss xoMaHga BbIBEA BCC BEPUIMHLI-T'OJIOBbBI rpa(ba.



Pewenue 3anau u3 Teopur rpagoB ¢ BU3yaliM3alHel pe3ynbTaToB 65

Komanoa void

OTa KOMaH/1a TeHepUpyeT nycToit rpad, T.e. rpad 6e3 pebep.

dopMaT KOMaHbL:
void(n);
void(vset ),

rAe n - 4YUucio, onpeacaanIlee KOJIHYECCTBO BEPUIUH,
vset — MHOXECTBO UMCH BEPLUKWH.

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

> vertices(g);

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

Komanoa show

JTa KOMaHJa BO3BpAallAeT TAOMLY, COAEPXKAILYIO BCO HHOOPMAUMIO O
rpade.

> G:=complete(3):
> T:=show(G);

T := TABLE(]
_Emaxname =3
_Countcuts = _Countcuts
_Neighbors = TABLE(]

1=1{2,3}
2=1{1,3}
3=1{1,23)

_Vweight = TABLE(sparse,|
)
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Komanoa incidence

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

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

(2, 3) = {e3}

(1, 3) = {e2}])

_Edges = {e2, el, €3}

_Head = TABLE(|

1)

_Eweight = TABLE(]

el=1

e2=1

e3=1

)

_Tail = TABLE({

)

_Bicomponents = _Bicomponents
_Ends = TABLE(|

el =11, 2}

e2 = {1, 3}

e3=1{2,3}

)

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

DTa KOMaHa TEHEPUPYET MATPHLY MHUMACHTHOCTH.

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

O o= O
—_ e OO
—_— O

O D =
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Komanoa adjacency
3Ta KOMaH1a TeHepUpPYeT MaTPHULLy CMEXHOCTH.
> with(networks):
> G:=cycle(4):
> addedge(]1,3],G):
> T:=adjacency(G);

—_ O = O
O = O
— O o
O i O

Komanow vweight u eweight
STH KOMaHbl BO3BPAHIAIOT Beca BePLLMH U Pebep COOTBETCTBEHHO.
®opmart koMaHapl vweight:
vweight (G ),
vweight (v,G);
vweight (vlist,G),
rae G — rpag; v — UM BEpLIMHBI; Vlist — COUCOK BEPLIKH.

®opmat KoMaHabl eweight:
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=73

D
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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, e3

> eweight(G);

> eweight(el,G);

Komawnoa duplicate

C noMoWIbIO 3TOM KOMaHIbI MOXXHO CO3AATh KOMMIO rpada.

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

IMocneanune KOMaHAbl CO3IANHM IBa HACHTHUHBIX rpada: G v H.

Komanoa random

Drta KOMaHIa CO3TaeT ciyyaiHbli rpad.
dopMaT KOMaHIBI:

G =random(n),

G:=random(n,m),;
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G =random(n, prob'=x);
TAE N — YUCIIO BEPLIVH; M — YUCITO pedep; X — AehcTBUTENBHOE yncno 0 < x <1.

Ecnu ucnone3yercss mepBblii BApUAHT KOMaHJAbl, TO co3jaercs rpad ¢ n
BEpUIMHAMHU, a pebpa onpeaenaTCcs ¢ BEpOATHOCTBIO 50 % (T.e. pebpo Mexay
JTAHHbIMY BEPIIMHAMU BLIOMpPaeTCs cnyyaHbIM 06pa3om).

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

s}

Hpwu Bbi3oBe random ¢ HECKOJIbKUMHU apryMEHTAMHM CTDOUTCS CIy4anHbIH
rpad ¢ n BepuiMHaMKu U ¢ m pebpaMu, NPUYEM BEPOATHOCTL NOCTPOEHUS pebpa
OMnpenessieTcs YUCIOM X,

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

B rTeopuu rpagoB wMpoko pacnpocTpaHeHbl 3aJayd OTbICKAHWA Hau-
OonblIero NOoTOKa uepe3 3aAaHHylo ceTh. [lomoOHble 3ajayy pelIaloTcs He
TOABLKO AJisi ONPENEfieH!s NOTOKA, HO U ISl ONPENEIeHUs] MAaKCUMAJILHOIO Ta-
pocoyeTaHus. [Ans pelueHUs TakuxX 3aay OOBIYHO MCMOJIB3YETCH AJTrOPHTM
Dopaa — PankepcoHa.

Maple Takxe npegocTaBiser BO3MOXHOCTb PELICHHS 3aJa4d OTHICKAHHA
MaKCMMaNTbHOI'O NMOTOKA B CETH. DTY BOZMOXHOCTh peanu3yeT GpyHkuus flow.

DopmMat xomaH/ipl flow:
flow(G,s,t);
flow(G,s,t, maxflow'=n),
flow(G,s,t,eset,comp);
flow(G,s,t,eset,comp, maxflow'=n);
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DJTa KOMaHAa HaXOAUT MaKCUMAJIbHbIM NOTOK B ceTH G OT BEPLUUHDI § K
BeplIMHe t (OT UCTOUYHMKA K CTOKY).

eset — MMsi MHOXeECTBA, B KOTOpoM OyayT coaepatbes pebpa, Mo KoTto-
PbIM NIPOXOAUT MAKCUMAJbHbIM MOTOK.

comp — UM MHOXECTBA, B KOTOPOM 6ynyT COACPXaTbCA UMEHA BEPLUWH,
Y€pe3 KOTOPbIC NPOXOAMUT MMOTOK.

IMapamerp maxflow onpenenser, uro HeoOxoauMo HalTH noTok n. Ecau n
6onblie MaKCUManbHO BO3ZMOXHOIO NMOTOKA, TO BO3BpalliaeTcs 3HaYCHKUE Mak-
CHMaJIbHO BO3MOXXHOTO MOTOKA.

B cnenyoiem nprMepe co3jaeTcs MONHbIA rpad,y KOTOPOro BeC BCEX pe-
6ep paBeH efeHHLE. 3aTeM HaXOMHTCS MaKCHMAJIbHBIA IOTOK OT BEPLIMHBI 1 K
BepluuHe 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}}

IMocneanss komanaa flow Bpaana | — moTok, KOTOPLIKA TpeGoBasica onuu-
eii maxflow (XOT MakcMMaibHbIA MOTOK B JAHHOH CETH paBeH 2).

I'pad, B KOTOPOM HAXOIMCA MOTOK, MOKA3aH HUXeE:
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> draw(G);

[IuMpoxo pacrnpocTpaHeHbl 3aa4yd HAaXOXIEHHs KpaTdaillero nytd. B
TaKMX 3a[ayax 3afaloTca rpad (ceTh JOpor) U HavyallbHas BepiuMHA (IYHKT OT-
npasjiedns). Kaxnomy pebpy MOXHO MPUCBOMTH BEC — MTHHY AOPOTH; KPOME
3TOr0 pebpa MOryT ObITh KaK OPUEHTUPOBAHHBIMH, TaK U HE OPMEHTHPOBAH-
HBIMHU. 3ajaya HaXxOXJEHUS KpaTdaillero MnyTu pelaercs ¢ MOMOINLIO ajro-
putma HeikcTpol. PesynbTaT paboThl anropurma — AEPEBO ¢ HAYAIOM B Ha-
YaJbHOW BEPUIMHE, IPUYEM KO BCEM OCTa/IbHBIM BEPLUMHAM HAYT KpaTyaiiine
nytu. B Maple 3aga4y HaxoX/JIeHHS KpaTYaHIIEro MNyTH MOXKHO PEILUTD C MO~
MOILLIbXO KOMaH[b! shortpathiree.

dopmMaT KOMaHIbI:

shortpathtree(G,v),
rae G - rpad, v - HayanbHasi BEpUIMHA.

B cnenyiolem npuMepe co3JaauM NOJHLIA rpad ¢ YeTbIpbMSA BEpILIHHAMA,
NPHUYEM BeC KaXAOTo pebpa paBeH eAMHHULE.

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

Takum o6pasom, gl — mepeBO, MOJYUYCHHOE B pe3yabTaTe paboTel anro-
putMma JelxcTpsl.

Tenepb U3MeHUM UCXOHBIH Irpad g. Pebpy, KOTOpPOE COCAMHAET BEPIUUHDI
2 ¥ 3, npucBOMM Bec, paBHbii 100.
> edges({2,3},2);

(e4}

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

e

2“ e,
3 { Ty
4

Takum 06pa3oM, B M3MEHEHHOM rpade HafleHbl HOBbIE KpaTYailIne NyTH
KO BCEM BEpLUMHAM.

KomaHga shortpathtree Taxke NpucBauBaeT JUIMHbl KpaT4alLIMX MyTeH
BEcaM BEpPLUMH.

> vweight(t);

table(sparse, [

1=1
2=0
3=2
4=1
b

W3 npuseneHHO# Tabouubl clegyer, 4To, A TOTO yToObI MONacTb U3
BepuUIMHbI 2 B BepLIMHy 3, TpebyeTcs NPOUTH paccTOsHNE, PABHOE ABYM.
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B Teopuu rpados cyliectByer noustie naanapsocmu rpada. I'pad Hasbi-
BAETCs NIAHAPHBIM, €CITH er0 MOXHO M300pa3uTh Ha MIOCKOCTH 6e3 camonepe-
ceyeHWi. 3amaya onpeaeneHUs MIAHAPHOCTH BCTPEYAETCs MPH Pa3sBOIKE Iie-
4yaTHLIX MmuaT, rae pebpa rpada — neyaTHble MPOBOJHUKH, BEPUIMHBI — KOH-
TaKTHbIE MIOLA/IKH.

B Maple V npoBepuTb MIaHapHOCTb Tpad)a MOXHO C MOMOLUbI0 KOMaH b
isplanar, xoTopas Bo3Bpalaer true, eciv rpad naaHapHeli, u false — B npo-
THBHOM ciyuae. BHauane isplanar ynpouaer rpad, T.e. yIanseT UMK U T10-
BTOpAIOLIMECS pebpa, a 3aTeM rpad NPOBEPAETCA Ha MIIAHAPHOCTb (YMPOCTUTD
rpad MOXHO ¢ TOMOLIBIO gsimp).

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

false

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

true

B sTOoM pasjene MpUBEAeHbl JMIIb KpaTkHe CBeleHHs o Oubnuoreke
Networks, HO TepeuucIeHHbIX KOMaHA OyJeT AOCTATOYHO AJIS PELUCHHS 37ie-
MEHTAapHbIX 3a4a4 Teopun rpados. TIpy HEOOXOAMMOCTH HAUTH JOTIOIHUTEb-
Hble CBEJEHHS O JAHHON OMOIMOTEKE MOXHO BOCMONB30BATBHCS CHOPABOYHOM
cucteMoi Maple.
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9. NOCTPOEHUE TPA®UKOB NO PE3YNbTATAM
MATEMATUYECKUX BbIYUCNEHUNA

9.1. O6wue ceedeHus

Maple sBnsercs NpeKkpacHbIM UHCTPYMEHTOM [UIS BU3Yyaau3alMKu uHGop-
MauMu o uccaeayeMod ¢yHxkuvd., HMcnons3ys ycTpodcTBO THna ‘“‘Mblllb”,
MOXHO MPOCMOTPETH JTOKAIbHBIC MUHKMYMbl U MAKCUMYMBI, HYJIEBbIE TOUKH.

9.1.1. Orpandyenus

Ecnn  ¢yukuus umeer OonblIO# WMHTepBan MEXAY [ABYMs TOYKaMH
(npeBblAOWMIA MacwiTab oceil), To rpaguk He MoxeT ObiTh BbiBeAeH. Ha-
npuMep:

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

< A e

B Windows — Bepcuu Maple — He peKOMEHIYETCs yCTaHABIMBATbh KO-
MmaHnzoii interface yCTpoOMCTBO BbIBOJA, TaK KaK HE YJACTCS BOCCTAHOBUTD Bbi-
BOJ B okHO Windows.

R b
e D

9.1.2. YcrpoitcTBa BbIBOAA

VCTAHOBUTb YCTPOMCTBO BLIBOAA MOXKHO € MOMOUIBIO KOMaHIbi
interface(plotdevice = x ),
CAe X — napameTp.
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IlapameTp MOXET MPUHUMATD CIAERYIOUIHE 3HAUEHHMS:

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

Ecnu B xadecTBe ycTpoiicTBa BBIBOJA YCTAHOBIIEH OJMH U3 THUIOB ITPUHTE-
pOB, TO BbIBOA TNpPOM3BOAMTCS Ha TEPMUHAJ, YKa3aHHbIA B KOMaHje
interface(plotoutput ), 1. e. Ha PRN, LPT1, LPT2, COM1 unu COM2.

B npoTUBHOM cilyyae BLIBOA NMPOU3BOAUTCS B (haiin, yKasaHHbIH B KOMaH-
ne interface (plotoutput ).

Ecau yctpolictBo — char, TO BbIBOA B 3aBUCUMOCTH OT YCTaHOBKH
plotoutput ocyLuecTBAsETCA HA ClEAYIOHINE YCTPOHCTRA:

e Ha ’KpaH, eciu plotoutput=ibm;

® HA NNPUHTEP. €ClK plotoutput=PRN, LPTI, LPT2, COM1 nau COM2;

e B (haiin (plotoutput=nms ¢aiina).

Pexxnm char He pekoMeHayeTcs 1S BoiBoAa 3D-rpadukos.

> interface(plotdevice=epson9);

> interface(plotoutput=PRN);

DTH KOMAaHAbl YCTAHOBHUIIM PEXUM BbIBOLA HA JIEBATHMIOJIbYATbIi
EPSON-coBmecTUMBI NPUHTED.

> interface(plotdevice=ibm);

IMocnennas komMania BOCCTAHABJIMBAET BbIBOA Ha skpaH. B Windows —
BepcHu Maple — 3Ta komaHaa He paboTaer!

9.1.3. TepMuHaIbHbIE YCTAHOBKH

MHorue TepMHHAIIbl ¥ TepMUHANBHBIE NPOTPaMMbl paboTarOT O6BIYHO B
TEKCTOBOM PEXKMMe, HO MOryT OBbITh TNepeBeAeHbl B IpaUUeCKMi DEXuM.
Maple umeeT aBe uHTepdeicHble nepeMerHsie: preplot W postplot, koTopbie
MOTYT ObITb UCMONBL3OBAHBI JIIsl NIEPEKIIFOYEHMS TEKCTOBOI'O pexuma B rpadu-
4ecKUH.



76 I'naBa 9

Hanpumep, komanpa interface(preplot={27,91,63,51,56,104]); renepupyer
CTPHUHIOBCKYIO MOCIEI0BATENLHOCTD Nepell KaXablM oOpatieHueM k plot.

Postplot nocbuideT NoCAeA0BaTeLHOCTE Mocie plot 418 BO3BpALICHHS B
UCXOAHBIH  pexkuMm. TepMmuHan BbiBOJA  yCTaHaBIMBACTCA  KOMaHIOMH
interface(plotoutput=x), roe x — napamerp: PRN, LPT1, LPT2, COMI unu
COM2 (uMeHa NopToB).

> interface(plotoutput=PRN);

STa KOMaH/Ja yCTAHABAWBAET BLIBOJA HA TepMHMHaN npunrepa. IIpu 3TOM
plotdevice gomkeH GbITh YCTAHOBJIEH HA ONPEENEHHbIM THIT MPUHTEPA.

9.1.4. Teepaan xonns

TBepAyIO KONUIO (PACTIEYATKY) MOXKHO MOTYYHUTh ABYMs ciocobamu:

e uyepe3 yCTAHOBKY KOMaHIoH interface ycTpoicTBa BHIBOAA,

e BLIGOPOM B MeHIO oKkHa Plot for Maple cOOTBETCTBYIOIETO NYHKTA.
I[Ipy HEOOXOAMMOCTH KOst IKpaHa MOXET ObITh coXpaHeHa B daiine:

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

[ocrpoentoe n3obpaxenne BbiBenoch B (aiin my.gif B rpaguueckom
¢dopmate GIF.

9.2. MocmpoeHue epagukos 2D

9.2.1. 3axanue od.1acreit

Ob6aacmp — 3TO OKHO JIEKapTOBOW CHCTEMBI KOOPAMHAT, B KOTOPOM CTPO-
uTcs rpaduk.
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CuHTaKkcuc onpeaenenns o6aacTu:
XZHUIICHASA 2PAHUYA. .8EPXHASA 2PAHUYA.

Yucna, onpenensioive rpaHHLIb, JOKHbI ObITh JeHCTBHTEIbHBIMH.
plot(fx=low..hi,y=low. hi) — npuMep 3ananus.

O6nactn MOXHO 3aJaBaTb C MCIOJIb3OBAHMEM KOHCTAHT, Hanpumep:
infinity, Pi, exp(8) u 1. 1. Ilo ymonuanuioo Beibupaerca auanasox -10..10 ms

ocu abcuucc. Ecnu YKa3aH OOMH Jvara3oH, TO CYUTAETCA, YTO OH IJI OCH abc-
HHCC, @ )T OCH OpAHUHAT 0o6nactb U3BMEHEHUA BbIﬁHpaCTCﬂ aBTOMATH4YECKH.

> 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 Bbinonnsiet npeobpaszosanus (—infinity,infinity) B (~1,1), ucronis3ys
annpoKCHMALIHIO Yepes arctan.
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9.2.2. Ctumm

[Ipu rocrpoeHun rpaguKoB MOXHO BLIOPATb CTHIbL (THN) UHTEPMOJINPO-
BaHHA. 32/14€TCS CTH/Ib € HOMOIIBIO KITOYEBOIO CloBa style:
plot(f.hv,style=x).

CylecTBYIOT TPU CTHIIS:

POINT - nocTpoeHHe 110 TOYkawm;
LINE — JIMHEHHAs UHTEPIOIALMA;
PATCH -~ cTuib 4151 MHOTOYTOJIbHUKOB.

Cmuw point — rpaduk 6yIeT CTPOUTLCA MO TOYKaM. TOukM MOTYT ObITb
3aJaHbl napamMu B Buae ciimcka: [x1, yl1, x2,y2, ..., xn, yn] wm  [[x1, y1}, [x2,
y2], ..., [xn, yn]]}

> plot(x~3,x= - 1..1,style=point);

14 -
05
i s % Y i
0.54
. Y

Crmumw line — Touku rpaduka OyayT COSAMHATHCA NMPAMbIMM. JlaHHbIA
CTUJIb BbIOHMPAETCA 10 YMOMYAHHIO.
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> plot(x*3,x= — 1..1,style=line);

05 i

Cmunb patch — 6yayT packpalllMBaThCs MHOTOYIOIbHUKH.

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

e N
’ 0.4 .
0.2 ™.
05 -06-04-0750 02 04 06 081

‘ 02 O
; “04 ‘/"

S 06 e

08 e
—

9.2.3. I1apamerpni

[TapaMeTpsl MepeuucsAOTCS B KoMaHae plot nocne ykaszanus obnactedt B
dbopme
< PMs mapaMmeTpa > = <3HaueHue>.

TlapaMeTps! MOTYT ObITh CCAYIOIUUMH:
scaling yIpaBnseT
((CONSTRAINED

macwTabupoBaHueM
(CAaBJICHHbIH) U
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axes

coords=polar

numpoints=n

resolution=n

color=n

xtickmarks=n

style=s

discont=s

title=t

UNCONSTRAINED (HecmaBnenHsil) ). Ilo
ymonuanri -~ UNCONSTRAINED;

—  omnpenenseT TN KOOPIMHATHBIX  OCei:
FRAME, BOXED, NORMAL, NONE;

— MOKAa3bIBAET, YTO MOCTPOEHUE BEAETCH B MOJIAPHBIX
KOOpAMHATAX. IlepBblii mnapaMerp - paaMyc,
BTOpPOH — yrou;

— onpejensieT MUHMUMANbHOE KOJMYECTBO TOUEK (MO
yMOJIYaHUIO N = 49).
IHpumeyanue: MOCTpOEHHUE BEJETCA MO aJaNTUBHOMY
anropuTMy, IMO3TOMY OOBIYHO TEHEPUPYIOTCH
fonblllee KOMMYECTBO TOYEK, YEM YKa3aHO B
numpoints;

— YCTaHaB/IMBAaeT TOPU3OHTAILHOE pa3speleHHne
yCcTpoicTBa BbiBOAA (10 yMoryaHuio n = 200). IToT
napaMmeTrp  MCMOIb3yeTcs,  KOIrJa  OTK/TIOYEH
a/lanTHBHbIH aNTOPUTM [TOCTPOEHHS,

— OIpeALIAEeT UBCT MOCTPOEHH ]

— onpemenseT, 4To Ha ocu X JTOJDKHO OBITh NIOKAa3aHO
He MeHbIIe N OTMETOK 3HaueHuil xoopauHat. Ilo
ocu Y aeifctByer koMania ytickmarks=n;

— onpeaenser pexum unrepnonaunn (POINT, LINE,
PATCH );

— TOJILKO JUIsl MOCTPOEHHUS BbIPAXKEHUH.

s = {truefalse}. Onpenenser NPOMEXKYTKH
HENpPEPLIBHOCTH BbIPAXKEHUA U pa3busaeT ock X Ha
NMPOMEXYTKH, TAE BbIPAXKEHUE HEMPEPBIBHO,

— OIpeAeNnseT 3ar0NOBOK YepTexka, t = string;
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thickness=n ~ onpejenseT TOMMHY aunui, n =0, 1,2, 3 (0 - no
YMOIIUaHHIO);,
linestyle=n — cTwib JivHud. 0 v 1 — crutowHas nuHud, n > | —

pasjIMvYHbIC wabyoHbl 3aM0HEHUS TOYKAMH;

symbol=s — CHMBOJ Ui TOYEK YepTexa, S — 3TO OJHO M3
poipaxkenuii: BOX, CROSS,CIRCLE, POINT,
DIAMOND;

font=1 — wpudT ANS TEKCTOBbIX OOBEKTOB uveprexa. | —

ciimcox [family, style, size], rae family — ato oaHo
u3 soipaxcennit TIMES, COURIER, HELVETICA,
SYMBOL. Hdia TIMES ctunb Moxer ObITh ORHUM
u3 soipaxenuit: ROMAN, BOLD, ITALIC,
BOLDITALIC. Jas HELVETICA n COURIER
cTHb MoXeT GbiTh BbIGpaH U3 BOLD, OBLIQUE
unn BOLDOBLIQUE. na SYMBOL crtune He
YKa3bIBAETCS;

Size — onpejaenseT pa3mep Todek wpudra;

titlefont=I — onpeaensieT WpUGT A 3arojioBka (Tak ke Kak U
mis font);

axesfont=| — onpeaender WPHGT V11 KOOPAMHATHBIX METOK OCEH

KOOp/AMHAT (TaK e Kak # ang font);

labelfont=l1 ~ onpegenser wpudTt ams metok (labels) Ha ocax
KOOPJAMHAT (TaK e Kak u 1uia font);

view={A, B] — onpejensieT MAaKCUMaJlbHbIE U MHHHUMAaTbHBIE KO-
OpAMHATHI, B NpeAenax KoTopbix rpadux 6ymer
oTOOpaxaThCd Ha 3KpaHe. A = [xmin.xmax],
B={ymin..ymax]. [To ymom4aHu1o 0TOOpaxaercs Bes
KpuBas.
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> plot(sin(x),x= — 2*Pi..2*Pi,title="Sine Graph',color=blue);
Sine1Graph

0.5

9.2.4. Kycounnre GpyHxumu

Jns mocTpoeHUs KYCOYHON PYHKUMM Hago MpOCTO ONpEREUTD NMPOLEAy-
PY, OMHUCBIBAIOLIYIO KYCOYHYIO OYHKLMIO, @ 33aTEM Kak 0ObIYHO BOCMONb30BATh-
cq xoMaHa0# 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. ITocTpoenue no JaHHBIM

B sTOM ciiyuac HeoOXOAMMO ompenenuTh HabOp AaHHBIX — TOYKHU Ipa-
duxa.
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> plot(|5,5,6,6,7,8,9,20] color=Dblue);

18
16
1
12
10
8
6

5 6 ! g 9

> plot([[5,51,16,61,[7,81,[9,201]):

IMocneaHss KOMaHAa SKBUBAJICHTHA MPEAbIAYLIeH.

9.2.6. Cosmeurenue rpapnkos

MoOXHO NOCTPOMTHL HECKOJIBKO rpad)MKOB Ha OJHOM KOOpAHHATHOM MuoC-
koctd. Ilpu Takom noctpoeHHM Maple aBTOMaTHyecky BoiOUpaeT pa3sHble
uBeTa Aj1g rpadukoB yHKIUA.

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

0.84
0.6
0.44

0.2

HonycTuMo coBMeniaTh OObIYHYIO U NapaMeTPHUECKYIO IPadHKy.
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> plot({x,x*2,x,x=0..1]},x=0..1);

1+
0.8+ f

-—//
06+ /
0.4“ ///
0.2--/
i) 02 04 , 06 08 1

Ha oaHowm rpaduke MOTYT 6bITh NpeAcTaBiieHbl GYHKUMH, 3aJaHHbIC 4ePe3
(GyHKLMOHATbHbBIE OTIEPATOPbl U BCTPOeHHbIE GyHk1nK. Hanpumep:

> plot({sin,x — >x*2},0..1);

1
08
06
0.
02
0b 0z 04 06 02

9.2.7. Mapamerpuueckas rpaguka

[Ipy NOCTPOEHUM NapaMeTpHyeckKuX GYHKLMA MCIONMb3YETCA CIeAyIOLHi
CHHTAKCHC KOMaHb! plot:

plot([x(t),y(t),t=(auanasoH u3MeHeHus t)},h,v,options)
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> plot( {(t"2 — 1)/(t"2+1),2%t/(t"2+1), t=

— infinity..infinity] );

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

T

2 0
-2

-4

8 B 4

9.2.8. IlocTpoenne B MOJSPHLIX KOOPIHHATAX

TIpu nocTpoennnt GyHKLUUM B NOAAPHBIX KOOPAMHATAX MCMONB3YIOT Napa-

meTp coords=polar. PopMaT KOMaHIbI

plot B 3TOM cny4ae Tako#:

> plot (J1 - cos(t),t,t=0..2*Pi],coords=polar);
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9.2.9. lonoaHuTE/ILHbIE BO3MOKHOCTH

Tlepen mocTpoeHueM rpadUKH B KOMIIJIEKCHOM TIIOCKOCTH CIEAYET TOM-
KII04MTh OHOIHOTEKY plots.

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

6
— 'ﬁh—"”‘-—k
Pl 2 '““«f’—\:?““’mﬁ,._,_\‘

' s Y -,
FONTT O eshpErY 47 b

x___\“ﬂ%___’_ ,,;'_2
\“—“‘-‘_i,-f‘::f
-6

B Maple Bo3MOXHa aHUMALMs JBYMEPHBIX TPAPHUKOB.

> with(plots):

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

CUHTAaKCUC KOMaHIbl animate:

animate(F, x, t,...).
3necy F=F(x,t) — GyHKUMS OBYX NEPEMEHHBIX; X, t — IMANa30Hbl HIMCHEHUA X
ut.

IIpy aHMMaUMX DPOUCXOIUT CIEAYIOLIEE: U3MEHAIOTCS 3HAYECHUA L U MpH
(UKCHpOBaHHBIX 3HaueHUsX t cTpouTcs rpaduk F(x,t). KomuecTtBo BbIBOAM-
MBIX KaIpOB MOXHO YyCTAHABJIMBATh IAPAMETPOM frames (Mo yMOJYaHUIO
frames =16).

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

TTpu M3MEHEHUH NAapaMeTpoB pHcoBaHus rpaduka (He camon dbynkuun!)
rpadux MOXKHO MepepucoBaTh KOMaHaoM replot.
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> with(plots):
> plot(tan(x),x=0..Pi);
0 05

g
+003

+H)09
+103
+J03

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

5773

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

tan

152 25T

*
.
.
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9.3. lNocmpoeHue epagpuxoe 3D

9.3.1. Onucanre PyHKUMHA /1M MOCTPOSHHS

Jlns noctpoenuns rpadvkos 3D ucnons3yercs dyHkuus plot3d.

CHHTaAKCHC:

plot3d(exprl, x=a..b, y=c..d)
plot3d(f a.b, c..d)
plot3d([fgh] a.b c.d)

f,g,h — otobpaxaemble GyHKUMM (MU YHKLMS);

exprl — BbIpaxkeHHe, 3aBHCsIlee OT X U y (PyHKuMsA ABYX
TIEPEMEHHBIX);

exprf,exprg,exprh - BeIpaXxeHH, 3aBUCALLME OT S U t;

ab ~ JIeHCTBUTEIILHbIE KOHCTAHTRL;

c,d — JeMCTBUTENbHbIE KOHCTAHTHI, NPOLEAYPbl HIIH Bbl-
paxeHus (3aBUCSILIHE OT X);

X,y — UMEHa.

IMocTpouTh TpexMepHbIit rpadux B Maple 10cTaTOUHO MPOCTO.

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

MOXHO DOCTPOMThL HECKOJIBKO IPad)MKOB B OHON CUCTEME KOOPAMHAT.,
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> cli= [cos(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}:
> ¢4:= [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 [TapamerpudecKoe OCTPOCHHE

IpuBeaeM CHHTAKCHC KOMaHAbl plot3d juts HOCTPOCHUS NAapaMETPUYECKUX
NOBEPXHOCTEH!
plot3d([ exprl,expr2,expr3 |, s=a..b,t=c..d).

3aech exprl, expr2, expr3 — QyHKUMH, 3aBUCALINE OT S U L
x(t,8)=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. Ctuan

Crunm onpelensior, KakuM obpazoM Oyner pucoBatbes rpaduk, U ycra-
HaBJIMBAIOTCA MapaMETPOM

style=s,
rae s — ogHo W3 seipaxedui: POINT, HIDDENT PATCH, WIREFRAME,

CONTOUR, PATCHNOGRID, PATCHCONTOUR, LINE. ITo ymonya-
Huio ycranasnupaercs HIDDEN.

> fi=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. et

L{per rpaduika ycTaHaBIMBAeTCs MapaMeTpoM color=c (colour=c),
e C — IPeAONpPeeIICHHbIE 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 UBET MOXKHO JABYMS criocobamu:

1. color =f(x,y) — user onpegensercs mno HUE-
alrOpUTMY;

2. color = [exprl,expr2,expr3] — uper onpemensercs no RGB-
aJICOPUTMY.

Hpumep:

color=x*y —no HUE-anroputmy;

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

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

HAns HarnsigHOCTH yepTexka Ha rpaguku 3D HaknmageBarOT ceTKy. Pazmep
A4YeeK CETKW MEHsIeTCA ¢ NMOMOILBIO NapaMeTpa grid, KOTOpbIif ONMChIBAETCS B
tdopme grid=[m,n] v onpenenseT KOIUYECTBO YEThIPEXYTOJIbHUKOB — 3JIEMEH-
TOB ceTkM. [To ocn X Oyaer ymoxeHo (m-1), a no ocu Y (n—1) 4eTbIPEXyroib-
HHUKOB.

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

9.3.6. KoopanHaTh! CHCTEMbI

TMonb30BaTeNb MO CBOEMY )XENaHUIO MOXET BbIOUPATDH CIIEAYIOLIME THUIIbE
CHCTEMBI KOODAMHAT:
cartesian  — J€KapTOBa;

spherical — cdepuueckas;
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cylindrical — uunaMHApUYeckas.

VYcTaHaBJIMBAETCS TUIl KOOPAWHATHON CUCTeMbl NapameTpoM coords. Ha-
npumep: coords=spherical. T1o yMOJYaHUIO yCTaHABIMBAETCH ACKAPTOBA CH-
cTeMa KOOp/MHAT.

Ecan BbiOpaHa aekapToBa cUCTeMma KOODJAMHAT, TO BepTHKaNbHasi KOOp-
JMHAaTa Z Bblpaxaercs Kak QyHKLUMUA KOOpJMHAT X U Y, T.e. plot3d(z(x,y),
x=a.b, y=c..d);

Ecau BbiOpaHa cdepuueckas cucreMa KoopAMHAT, TO Komanaa plot3d
JOJDKHa  ObITh 3alMcaHa B clieaymouleii popme:

plot3d(r(theta,phi), theta=a..b, phi=c..d, coords=spherical);
3aech theta — yros, U3MepseMblid OT X — OCH B miockocTd XY phi — yroa, us-
MeEpSEMBI OT MOJIOKUTENBHOH nonyocH z; r(theta,phi) — moayns panuyca-
BEKTOpA.

COOTHOWIEHHE MEX/Y [JAEKAPTOBLIMM KOODAMHATAMU W cepUYECKHMHU
KOODAMHATaMH BblpaxaeTcst GopMyaMu:

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

Ecau BeiOpaHa UMAMHApUYECKas CHCTeMa KOOPAMHAT, TO Komanaa plot3d
JO/DKHA  ObITh 3anMcaHa B clieayiouiei popme:

plot3d(r(theta,z), theta=a..b, z=c..d, coords=cylindrical};
3aech theta — yron, u3MepseMblit OT MOTOXKHTENLHON MOAYOCH X, Z ~ KOOPAH-
Harta (BblcOTA); r(theta,z) — MOAYJIb paanyca-BeKTOPA; theta MOXKET UIMEHATHCS
ot 0 g0 8*Pi.

CoOOTHOLIEHHE LMIMHAPUYECKHMX M JCKAPTOBbIX KOOPAMHAT BbIPAXACTCA
dopMyamu:

X =T * cos(theta)
y =1 *sin(theta)
z=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. Peaepunr

[IpH M3MeHEHHU HEKOTOPBIX MapaMmeTpoB MOCTPOEHUs TPadPuKOB (HO He
camoit pyHKLMHU!) 4ePTEX MOXKHO ObICTPO NEPEPUCOBATH KOMaHIOH 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..Pi,t= — Pi..Pi):
> display3d({F,G,H});

9.3.8. MacmraGupoBanue ocel

Ocy rpadukoB MaclITAGUPYIOTCA TapaMeTpoM scaling=s. 31ech s MOXET
npunuMaTh  3HaueHus UNCONSTRAINED wmu  CONSTRAINED
(HecaaBJICHHbII U CAABJIEHHBIH COOTBETCTBEHHO).
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> plot3d(5*x*2+.6*y"4,x= - 1..1, y= — 1..1,scaling=CONSTRAINED,
color=x);

> plot3d(5*x~2+.6*y"4, x= - 1..1, y= - 1.1, scaling=UNCONSTRAINED,
color=x);

9.3.9. Odopmnenne rpadpnkos

Odopmutb TpadhuK MOXHO € MOMOLIBI Pa3HOOOpAa3HbIX MAPAMETPOB
dbynxauu plot3d.

IMapamerp title=t onpegensieT 3arojJ0BOK A% depTexa. 37ech t — CTPOKa,
10 yMOJIYAHHIO t — IycTas CTPOKA.

Napamertp labels={x,y,z] onpenenser MeTKH A oceil. 3ueck X, y, z —
CTPOKH (M0 YMOJIYAHHUIO HET METOK).
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ITapamerp axes=f, rae f — omno u3 Beipaxenuit BOXED, NORMAL,
FRAME, NONE; onpegenser, kak 6yayT H306paxaTbCsi OCH KOODJAMHAT.
[To ymomyanuto ycranasnupaercas NONE.

ITapamerp contours = n, rA€ N — HENOE MOIOXUTENBHOE YUCIIO WIIH CITUCOK
KOHTYPHBIX 3HauyeHu# (1o ymomyanuso n = 10).

Ilapametp projection=r, rae r — aelcTBUTENLHOE YHeno ot O nol, onpexe-
aseT TOUKy B3rnsaga (1 — ompenensier TOYKY B3rjisifa, ¢ KOTOpOi MOBEpX-
HOCTb BUJHA NOX OpAMBIM yriioMm; O — onpenenser  LIMPOKOYTOJIbHYIO
nepcnekTuBy). Takke r MOXeT OblTh OXHMM M3 3ape3epBUPOBaHHBIX
umen: 'FISHEYE', NORMAL', 'ORTHOGONAL', xoTopble COOTBETCT-
BY1OT 3HaueHusaM 0, 0.5 u | coorsercreeHHo. [10 yMOTYaHHUIO yCTAHABIIM-
paercs ORTHOGONAL.

Ilapamerp orientation=[theta,phi] onpenenser yribl theta n phi TOukH
TPEXMEPHOTO MPOCTPAHCTBA, B KOTOPO# O6yIeT HaX0UThes HAbTIOJaTENb.
Touka B3raga onkcada B cepudeckux KoopauHaTax, rae theta u phi —
yOABI B [pajfycax (1o yMonuanuio o6a yria paesb! 45 rpajgycam).

IMapameTp view=zmin..zmax Wid [xmin..xmax, ymin..ymax, zmin..zmax]
NMOK43bIBAET MHUHMMANBHBIE U MAKCUMAIbHbIE KOOPIHHATHI INIOCKOCTH, B
npefenax KOTOPBIX MOBEPXHOCTh Oyaer orobGpaxkarbes Ha sxpade. Ilo
YMOJIYaHHIO OTOOPAXAETCs BCS MOBEPXHOCTD.

IMapamerp shading=s, tae s — omHo u3 BeipaxeHnid: XYZ, XY, Z,
Z_GREYSCALE, Z_HUE, NONE; omnpenenser, kax OyAeT OKpalleHa
noBepxHoctb. 10 yMOJYaHUIO OKpacka BhLIOMpaeTcst B 3aBUCHMOCTH OT
TUIA YCTPOMCTBA BbIBOJA.

[TapaMerp ambientlight=[r,g,b] ycTaHaBIMBaeT COOTHOILUEHHE KPACHOrO,
3€71EHOTO M CHHErO LBETOB JUISl OCBEIIEHUS NOBEPXHOCTU (OCBEILEHHUE OIl-
pefengeTcs noub3opaTenem). 3jech 1, g, b — medcTBUTEIbHbIE YHCIE OT 0
no 1.

Mapamerp light=[phi, theta,r.g,b] nobaBnseT UCTOUYHMK CBETA, MOMEILCH-
HBI Ha NpAMOI, onpenenseMol yriaamu phi u theta chepuueckux Koopau-
HaT. lIBeT HCTOYHHMKA ONpEACNACTCA 3HAYEHUAMH T, g, b (ZeHCTBUTENbHBIX
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yucen ot 0 go 1), KOTOPBIE YCTAHABJIMBAKOT COOTHOIUIECHHUE KPACHOT' O, 3€Jie-
HOI'0 ¥ CHHETO LIBETOB.

IMapamMeTp thickness=n omipenenseT TONUMHY JMHUA 4YepTexka; N JOJDKHO
ObiTh paBHo 0, 1, 2 unmn 3 (0 — 00 yMOJIYAHHUIO ).

ITapametp linestyle=n onpepenser ToYeyHbId WAOGNOH 1A JNMHHUH 4YepTe-
xa. Ecmun = 0 wiu 1, To TUHUM OyYT CIUIOLUHBIMHU.

Ilapamerp symbol=s onpelenser CUMBOJ JUIS TOYeK 4epTexa. 3Jech s —

omHo W3 cnegyoumx BsipaxeHuid: BOX, CROSS, CIRCLE, POINT,
DIAMOND.

Ilapamerp font=[ onpenenser wpudT IS TEKCTOBBIX OOBEKTOB YEPTEKA.
3neck | — cnucok [family, style, size], rae family — 0ofiHO U3 BeIpaXXKeHHH
TIMES, COURIER, HELVETICA, SYMBOL. [Ins TIMES crum Mo-
xeT 6b1Th oqHUM U3 ROMAN, BOLD, ITALIC unu BOLDITALIC. dus
HELVETICA u COURIER ctunp Moxer ObiTh BhiOpan u3z BOLD,
OBLIQUE, BOLDOBLIQUE. [dns SYMBOL cTtuins He ykasbiBaeTcd.
Size — pa3mep Touek WpHdTa.

Mapamerp titlefont=| onpenenser wWpUdT AN 3arojoBKa (TaK Xe KaK d
s font).

Mapamerp axesfont=I onpepensiet WpHT 1711 KOOPAUHATHBIX METOK OCe
KOOpJMHAT (TaK Xe kak u 1ys font).

Mapamerp labelfont=I onpeaenser wpudt n1a Metok (labels) Ha ocax ko-
opaMHAT (TaK Xe Kak u aus font).

s mapamerpoB axes, style, projection, shading u scaling 3Ha4eHUs MOT'YT

ObITh Hame4yaTaHbl Kak MPOMUCHBIMHU, TAK U CTPOYHbIMU OykBamu. Hampumep,
axes=BOXED skBuBajieHTHO axes=boxed.

9.3.10. AHumanun

Kaxk u s JByXMepHbIX rpadukos, ;g rpadukoB 3D MOXHO NPUMEHHUTD

aHUMaAlHIo.
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CHHTaKCHC KOMaHIbI;
animate3d(F, x, y,t);
rae F = F(x,y,t); X,y,t — 1Mana3oHbl W3MECHEHUS BEIIMYHH.,

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

KonmuecTso KafpoB MOXKHO PEryIMpOBaTh, UCNOJNL3Ys napameTp frames.
ABaJIOTHYHBIA Pe3yNbTaT MOXHO MONYYUTL ¢ NOMOILIbI0 xoMaHIw! display3d
IPU YCTAHOBKE insequence=true.
> 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

'paduxu B Maple MOXXHO ONpPENENUTb KaKk CTPYKTYPY AaHHBIX, B KOTOPO#
6yaer oTpaxeHa Bcs uHbopMauus o yeprexe. C TaKMMM J2HHBIMH MOXHO
TIPOU3BOAUTH JEHCTBHA TaK XKe, KaK ¥ HaJ OOBIYHbIMK BbIPAXKEHUAMH, T.C. HX
MOMHO pacreyaTaTb, COXPaHHUTb B alje U T. .

B Maple cyumiecTBYIOT ABa THUNA AAHHBIX, KOTOPbIC NPEAHA3HAYEHB! ATf
CoXpaHeHus HHPOPpMALIMH O YyepTexax:

PLOT - s rpaduxoB 2D;

PLOT3D - mns rpadukos 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 rpadukH Mo yxKe ONpeAesIEHHbIM NEPEMEHHBIM HETPYAHO.

> eval(gr2d);

1 S

08 / ™~
AN
o6f
0. 4 N,
/s S,

0.2 7 "\

s JRY
00 05 I 15 2 25 3

[TepeMeHHble, cojepxallde HHOOPMALMIO O YEPTEXKAX, MOXKHO COXPAHUTb
B (paiiie kKOMaHAOH save.

> save gr2d,gr3d, graph.txt™:

OuncTuM namsaTh Maple-cucrembi:

> restart:

HCpCMCHHb[e YHHUYTOXCHBI, H rpa(bmc MOCTPOUTD 1O NEPEMEHHBIM HEJIbL3S1.

> eval(gr2d);
gr2d

Ho nepemennbie gr2d v gr3d MoxHO cuMTaTh U3 (aiina koMaHgou read.
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> read “graph.txt’:
> eval (gr3d);

9.5 Mpagpuyeckue 6uGnuomexu

I'paguueckue 6UOIMOTEKH MNpeAHa3HAYEeHbI IS pacliMpeHus rpaduye-
CKHX BO3MOXHocTell cpeapt Maple. CywiecTBYIOT TpPH OCHOBHbie rpadMyeckue
6ubnunortexu: plots, stats, DEtools.

BubmioTexa plots npenHasHayeHa i MOCTPOEHHA rpaduyeckux oObek-
TOB, KOTOPbIE HENb3s NOCTPOUTH 0ObIYHBIMM GYHKLUHMAMH plot u plot3d.

I'paduueckas Gubnuoreka stats npemHasHayeHa mis o6paGoTku craru-
cTHYecKo# MHOOPMALIMK U MOCTPOEHUS TUCTOTPAMM.

T'padmnueckas 6ubnmoreka DEtools npeana3HayeHa A MOCTPOECHHUA rpa-
(GHKOB peuieHUs cucTeMbl J1ddepeHUHATbHbIX ypaBHEHNH.
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10. CTATUCTUHECKUE BbIMUCNEHUA

Maple V couepxuT MolHywo OuGIMoTeKy stats, MOIAEPKUBAIOLIYIO Pa3-
HOOOpa3Hbie CTATUCTHYECKHE BBLIYUCAEHHMS M TEHEPHUPYIOLIYIO peanu3auuu
CITy4aiHbIX NOCNEAOBATENLHOCTEN, ¢ 3aJaHHBIMU 3aKOHAMHM PACMIPEACTICHHS.

bubnuoreka BKIIOYAET CRENyONIME NOAOUGINOTEKH:

o describe — AJis BBIYUCIEHHIT CTATUCTUHECKHX XaPAKTEPUCTHK JaHHbIX;

fit — 59 perpeccHOHHOro aHanu3a (annpoKCUMaLHUU AaHHBIX 3aJaHHBIMU
3aBUCUMOCTAMM);

transform — npeobpazoBaHns AaHHBIX;

random ~— Ui TeHEPHUPOBAHHUS ClyualHBIX YHCEN C 3alaHHBIMU CBOMCTBAMY,
statevalf - 11s MoNy4eHUs YHCIEHHBIX OLEHOK MACCHMBOB JAHHBIX;

statplots — ay1s rpacdHyeckoro NpeAcTaBJeHNs: AAHHBIX.

IMoakmoyeHne GUGINOTEKH BhINOTHAETCS KOMaHAOM:

>with(stats):

10.1 Noo6ubnuomeka DESCRIBE

OTa noabubINOTEKA NMO3BONIIET BLIYUCAATD LIMPOKUM CIIEKTP CTATUCTHYE-
CKHX XapaKTEPUCTHK, Ha3HAUECHHE KOTOPbIX HE BCETAA MOXKHO OTHICKATh JaXe B
creuyaau3upoBaHHOMN CIIpaBOYHOI TUTEPATYPE.

q)OpMaT BbI3OBA KOMaHI!

statsfdescribe, <function>](args)
WIH
describe [ <function>](args),

rae (args) — MACCHUB JaHHBIX, @ BMECTO <function> MOXeT ObITb HCIMOJIb30BAHO
OJTHO W3 CHEAYIOUIUX KITIOUEBbIX CIIOB!

o coefficientofvariation — ycpeaHEHHOE OTKIIOHEHHE,
e count — NOACYUTHIBAET YUCIIO 3JIEMEHTOB B MAacCHBE JAHHBIX;
e decile — menuT OMana3oH W3MeHeHNs HaHHbIX Ha 10 yacTel;
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geometricmean — reOMeTPHUECKOE CPENHEE,

harmonicmean — rapMOHNYECKOE CpeJIHEE;

kurtosis — koahduuueHt Kyprocuca,

linearcorrelation — nMHeliHas KoppeaaLus;

mean — cpeiHee apudMeTHYECKOe (Ha4aabHbId MOMEHT 1-ro nopsaka);
median — MeAHaHa PACMIPENETICHHUS;

mode — MOJIa pacnpeeneHns;

moment — Ha4albHble H LEHTPAlbHbIE MOMEHTHI K-Tro nopsaaxa;
quadraticmean — cpejHee KBaAPaTUYECKOE;

range — pasmax (JuManasoH U3MEHEHHs! JaHHbIX);
standarddeviation — cTaHIapTHOE OTKIIOHEHHUE;

variance — AMCNepcus (LEHTPAbHbIA MOMEHT 2-I0 MOPSIKa).

TMosscHMM KCNOIb30BaHKME 3THX PyHKUKI Ha NpUMeEpaXx.
3agaaum aBa maccuBa uucen 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}:

[Mokaxem Ha MPUMePaXx, KAK MOXHO BOCHOJIb30BaThCA NoA6MbIMOTeKOMH
DESCRIBE:

> describe| coefficientofvariation](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.

BbluKcIMM HayaabHblE MOMEHTD! 1-T0 ¥ 8-ro nopsiaka OTHOCUTEIBHO HYIIA!

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

BbiuMcnuM LeHTpaibHblii MOMEHT 2-To nopsaaka. ObpaTuTe BHUMaHUE HA
BO3MOXHOCTb MCIIOSIb30BAHHS CTATUCTHYECKHX QYHKLMA KaK BIOKEHHbIX.

> describejmoment|2,mean]]({1,2,3,4,5});

2
> describe|percentile[SO0]j(datal);
3.
> describe]quadraticmean](datal);
4.067610423

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

BeIYMCITUM IMaNa30H, B KOTOPOM JIeKaT JaHHbIe MacckBa datal:
> describe{range|(datal);

> describe]skewness](datal);

.3662496971

> describe[standarddeviation](datal);

1.822721605
> describe[variance|(datal);

3.322314050

Maple V nossonser co3aaBaTh COGCTBEHHYIO YHUBEPCANbHYIO BYHKLMIO, C
IOMOLIBIO KOTOPOH JlaNiee MOXKHO BbIYMCIATh HECKOIPKO MoKazaTened 0gHO-
BpemenHo. Hanpumep, cosmagum byHxuuio Gen, koTOpas cpasy Onpeaenser:
KOJIMYECTBO 3JIEMEHTOB B JAHHBIX, CPEIHEE 3HAUYEHHE U JUCTIEPCHIO.
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> Gen:=[describe[count],describe[mean],describe[variance]}:

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

10.2. Mod6ubnuomexa FIT

Hpezxﬂazﬂaqeﬂa U1 HaXOXJICHUA KOPPEIAUUOHHBIX OTHOILIEHHN U an-
MPOKCHUMALNN CTATUCTUYECCKHX HaHHBIX BbleaHHblMld 3a5ncumgcmmu.

dopmMar BbI30Ba:

stats[fit, leastsquare[vars, eqn, parms]]( data)
WK

fit[leastsquare[vars, eqn, parms] ] ( data),
rae data — CIIKCOK JAHHBIX, vars — CIIMCOK MEPEMEHHBIX, B OPAJKE MPE/ICTaB-
AEHUA JAHHBIX, eqn — ANNPOKCHUMHPYIOLIee ypaBHEHHE (MO YMOJYaHHIO JIH-
HeifHOe); parms — MHOXECTBO NapaMeTPOB, KOTOpble OyayT 3aMeHEHb! BbIYMC-
NEHHbIMM 3HAUEHHSIMH.

Hibxe annpoKCMMHMpPYIOTCS TPU MaccuBa. B kauecTBe repeMeHHbIX BbIOpa-
HBI X, ¥, z. [TOCKOJIbKY BM ANMPOKCHMUPYIOILETO BHIPAXEHHS HE OrOBapHBa-
eTcAl, TO M0 YMOJTYaHHIO CUCTeMa BhIOMPAET €ro TMHEAHBIM.

> z1:=fitfleastsquare{[x,y,zll|({[1,2,3,5],(2,4,6,8],[3,5,7,10]);

'zl =z=1 +x+%y

Ipy onucanuu gaaHHbix yaoGHO mnonb3oBaThes (yHkumed Weight
(371EMEHT, YHCII0 MOBTOPEHHIA):

> fit [leastsquare[[x,y,z]]]([[1,2,3,5,5],12,4,6,8,81,13,5,7,10, Weight(15,2)]]);

= 3 6”
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Bosbmem gBa MaccuBa X0 u YO0, COCTOSIIMX KaX/Abli W3 YETBIPEX PJIEMEH-
TOB, W ANMPOKCUMHUPYEM 3TH JaHHbIC ypaBHeHHeM 2-ro nmopsaaka. Ha nokazau-
HbIX HHXE TpEX MpUMepax JIErko MpOCednTh, KaK MOXHO MeHATh GopMaT ko-
MaH/IbI.

> 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}[}(IX0, YO));

2 8
2 __ = =
575

Ur 1 =y=x
>Ur_2:= fit[leastsquare[[x,y], y=a*x*2+b*x+c]]([X0, YO]);

2 8
Ur 2 =y=x 5% 3

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

S-S ENGE: By
Ur_3.—y—(g,5-9—c+659)x +(-659C g5g )X e

TpaHchopMHUpYEM NOTyYEHHBIH pe3yIbTaT B IPOUERYDY:

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

| 55 747 399 902
My_ﬁmct:on :=(x)c)—)(-6—5§C+‘6—5§)X2+(-3?9'C—6—59‘)X+C

Hanee 3To# GyHKLMEH MOXHO BOCMOIb3OBATLCS NPH BBIYHCIIEHUAX MK
NOCTPOEHUAX rpauKoB, 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% 4

A

10.3. Nod6ubnuomexa TRANSFORM

IMoabubmoreka COOCPXHUT foraTbie BO3MOXHOCTH BbITOJIHEHHUS Tpe-

o6pa3oBaHuil HaJl JAHHbIMM, YTO BUAHO MPU PACCMOTPEHUH €€ COACPKAHHA,
NPUBEACHHOTO HUXE.
®opMaT BbI3OBA KOMAHJL:

WU

stats[transform, <function>](args)

transform|[ <function> ] (args),

Te BMeCTO <function™> MOXeT ObITh HCIOTb30BAHO OJHO M3 CIIEAYIOUNX KO-
4EeBbIX CJIOB!

apply — 3aMeHa 3JIEMEHTOB [JaHHBIX HOBbIMH, BbIYHCIICHHBIMH 110 33-
JaHHO# GOopMYyIIe;

classmark — 3aMeHsEeT KJ1acchl JaHHBIX UX CPEAHUMH 3HAUYCHUAMHU,
cumulativefrequency — MOACYUTHLIBAIOTCA BeCa 3JIEMEHTOB JAHHBIX;
deletemissing — BbI4MTaHHUE NYCTBIX 3JIEMEHTOB U3 CITUCKA JAHHBIX;
divideby — sieneHue KaXXAOTO 371€MEHTA HA YHUCIO MUIIM CTATHCTHYECKYIO
G YHKUMIO;

frequency — 4aCTOTHOCTb KaXJA0rO BXOAALLCIO 3JIEMEHTA B IAHHBIX;
moving — BbIYKUCTIEHUE CPEAHMX 3HAUEHUIT MOCTIe0BATENbHBIX OPLUH
3JIEMEHTOB;

multiapply — npeo6pa3oBanue no Gopmye AaHHBIX, MPEACTABICHHbIX
CMHUCKAMH;

remove — BoIYUTAHUE M3 JAHHBIX YUCIIA UIIH CTATHCTHYECKOH QYHKUMH;
scaleweight — yMHOX€HUE BECOB JaHHbIX HA YUCIO;
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e split — pa3buTh JaHHBIE Ha MHOXECTBO CIHUCKOB € COOTBETCTBYIOLIMMHU
BECaMH;

e standardscore — 3aMeHa 3J1€EMEHTOB JAHHbIX;

e statsort — COpTUPOBKA CTATHCTUYECKUX JAHHBIX;

e statvalue — gaTh BEMHYMHY KAXKIOTO 3IeMEHTA JAHHBIX U 3JIEMEHTOB
MHOMXECTBA, KOTOPbIC ONMUCAHBI BECAMH, KaK eIMHWUHBIM S7IeMeHT;

e tally — nojcyeT noBTOPAEMOCTH KaXKAOr0 3JIEMEHTA,

¢ tallyinto — noAc4eT NOBTOPAEMOCTH KaX/Or0 3JIEMEHTA B ONpeeIEH-
HOM KJiacce.

PaccMOTpPUM HEKOTOPBIE NMEPEUHCIICHHbIE BOZMOXHOCTHU Ha NMPUMEpAXx.
3agaauM maccuB faHHbIX data3:

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

IToacunTaeM Beca, BXOAALHUX B HEFO 3JIEMEHTOB!

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

Bbijie 1M U3 NONYYEHHOTO Cnucka y45 rnepBbliid 3JIEMEHT:
> op(1,y45);
Weight(3, 2)
MoacuuTaeM, CKOIBLKO IEMEHTOB NONAaJaeT B YKa3aHHble 1HANa30HbI:
> y4(:= transform|tallyinto}(data3,[0..5,5..10,10..15}]);
y40 = [Weight(0 .. 5, 8), Weight(5 .. 10, 4), Weight(10 .. 15, 0)]

ITocse 3TOro MOXHO OMPENETUTh YACTOTHOCTb OJMHAKOBbLIX JJIEMEHTOB,
Hanpumep, Tax:

>transformjfrequency](y40);
[8,4,0]
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IIpycBouM naeHTHHHUKATOPY N3 3HAUEHHE YNUCIIA ITEMEHTOB, YKa3aHHOTO
BO BTOPOM 4JI€HE NOMYYEHHOrO cnucka y40:

> n2:=op(2,0p(2,y40));
n2:=4
Hanee MOXHO BOCNONbL30BaThCA MepeMeHHON n2. HanpuMep, BbIYKCTUM
n2* n2-1:
>n2*n2 - 1;
15

BbiuteM 13 Kaxaoro sneMeHTa cnucka data3 uucio 3:

> transformjremove|3}](data3);
['2, '29 'l’ 0’ O, la la 1, 2’ 39 3’ 6]

BhiuTem U3 kaxaoro nemMeHTa crimcka data3 cpegHee 3HaUeHHE 3TOrO
CrucKa:

> transform|remove[mean]](data3);
[-3,-3,-2,-1,-1,0,0,0,1,2,2, 5]
Pasnenum sneMenTsl cniucka data3 Ha 4:
>transform| divideby|2]](data3);
11133
22
Pazgenum sneMeHThI cricka data3 Ha HX cpeaHee:
>transform[ divideby|describe{meanj(data3)]}(data3);

11133, ,,5339
4:4:2:4:4» > » 14,2!2!4
Haiigem cpefiHye 3HAYEHUS TPEX MOCNEAOBATENIbHBIX 3JIEMEHTOB B CIUCKE
data3. OueBHAHO, YTO YHUCIIO ITIEMEHTOB B HOBOM cTHCKe GyaeT MeHbIue Ha 3:
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> transform[moving(3]](data3);
(3,4,3,5,4,10/3, 5/3, 5/3, 8/3]
HHTerpanbHas XapakTepPHCTHKA HAKOTUIEHHS BECOB 3JIEMEHTOB B JaHHbBIX
> transform[cumulativefrequency]([5, Weight(1..7, 10),2,2,2,2]);
[10, 11, 12,13, 14]
Ecnu dynkums onpezeneHa, ToO MOXHO BbINOIHHTL IpeoBpa3oBaHus Hal

CrMcKoM AaHHbIX. Hanpumep, onpenenum gyHkumto f, Bo3spamaoulyio 3-1o
CTENEHb apryMeHTa:

> fi=x - >x"3;

Jf=x —>x3

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

3aTem Haligem PA3HOCTb MEXIY COOTBETCTBYIOLLUMMHU 3JIEMEHTAMU I3H-
HbIX:

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

3ajiaqum cnucox sneMeHToB data_0, paccopTUpyeM ero, onpeaenum
CpeaHee 3HAYEHUE W OLIEHUM Pa3bpoc AaHHBIX;

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

{1,3,3,5]
3

J2
> transform(statvalue]([Weight(3,10),2,2,1,1,1});
(3,2,2,1,1,1]
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10.4. [Nod6ubnuomexa RANDOM
dopmarT BbI3OBA:

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

random | distribution | (quantity, uniform, method)

OnuuieM HazHayeHUE napaMeTpoB KOMaHJHOM CTPOKH!
distribution ~ OTMKCAHHUE 3aKOHA PACIPEACIICHHUA NMOJTYHACMbIX YHCETL,

quantity ~ MOJIOXHTEJILHOE LIEJIOe YUCTIO (ONPEAENnseT, CKOJIbKO
Cly4aiHbIX Yicen TpebyeTes MOAYYHTh) HIIK KIIOYEBOC
coBO 'generator’ (ONLMS, MO yMOMYAaHKIO YCTAHABIIHU-
Baetcs 1);

uniform — mpoueaypa, Kotopas FeHepUPYeT YHCHa PABHOMEPHO-
ro pacrnpejeneHus, uim kmodesoe cinoso 'default’
(onuMs, MO yMOMYaHHK ycTaHaBnuBaerca 'default’);

method — OZIHO M3 CIIEAYIOLIMX KIIOYEBBIX CIIOB 'auto’, 'inverse'
wiu ‘builtin' (onuus, MO0 yMOJIYaHHIO YCTAaHABIUBAETCS
'auto”).

bubanorexa BKIIIOYAET CACAYIOLIHE AUCKPETHLIC U HENPEPLIBHLIC pacnope-
JCNCHUA.

JHcKpeTHbIE pacnipeaesIeHus:

binomiald|n,p] ~ OMHOMMANILHOE:
binomial(n,x)*pAx*(1-p)*(n-x);
discreteuniform|a,b] — TUCKPETHOE PaBHOMEPHOE!
1/(b-a+1) n paBHo 0, ecn x<a uau x>b;
empiricalflist_prob] —~ IMITUPUUECKOE!

paBHo 0, eciiu x<1 nnm x>nops(list_prob),

uHaue paBHo list_prob[x];
hypergeometric{N1, N2, n] - runepreoMeTpH4ecKoe:

binomial(N1,x) * binomial(N2,n—x) /

binomial(N1+N2,n);
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negativebinomial|n,p} — OoTpHuaTenbHoe OHHOMHATbHOE:
binomial(n+x—1,x)*p*n*(1-p)"x;
poisson{mu] - ITyaccoHa:

exp(-mu)*mu’x/x!;

HenpepbiBHble pacnpeaeneHus:

betajnul, nu2j — bera:
1/ Beta(nul, nu2) * x * (nul-1) * (1-x) *
(nu2-1);
cauchy]a, b} — Kouuu:
1/(Pi*b*(1+(x-a)/b)*2), b>0;
chisquare[nu] — Y—KBaJpar:

xA((nu=-2)/2) exp(-x/2) / 2 * (nu/2) /
GAMMA(nu/2), x>0, nu>0,
exponential{alpha, a] — 9KCMOHEHLHATbHOE!
alpha * exp(-alpha * (x~-a)), ecnu x>=a; 1
PABHO HYJIIO, €CTIH X<a;
fratio[nul, nu2] — oHocuTenbHOe (Duinepa):
GAMMA((nul+nu2)/2)  GAMMA(nul/2)/
GAMMA(nu2/2) * (nul/nu2) » (nui/2) * £+
((nul-2)/2) / ( 1+ (nul/mu2)*f) »
((nul+nu2)/2), x>0, nu1>0, nu2>0:

gammaja, 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] — pacnpejgeneHue, KOTOpoe OMUChIBAETCA

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

lognormal{mu, sigma] — JJOTHOPMAaJIbHOE!
1/(x*sqrt(2*Pi)*sigma) * exp( - ((In(x)—
mu)/sigma)*2 /2 ), x>0;

normald[mu, sigmal — HopMansHoe (T"aycca):
exp( —(x-mu)*2/2/sigma’2 )/
sqrt(2*Pi*sigma”2);
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students{nu] -~ CrioneHTa!

GAMMA( (nu+1)/2)/ GAMMA (nu/2)/
sqrt (nu*Pi) / (1+t*2/nu) * ((nu+1)/2);
uniformia, bj — paBHOMeEpPHOE:

1/(b-a) ecnu a<=x<=b, u 0 B APYyrux ciny4a-
AX;
weibull{a, b] — Beiibyna:

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

PaccMoTpuM Bo3MoxHOCTH noadubanoTeku RANDOM na npuMepax.
CreHepupyeM YeTbipe CITyyaiHbIX YHCNIA M3 TeHEpalibHOH COBOKYMHOCTH,
OMUCHIBAEMOI HOPMaJIbHBIM 3aKOHOM pACNpeIeNieHus:

> stats|random, normald}(4);

7433, 9421, -.8268, —.8957

AHalOTWYHO BBIMOJIHEHHOMY BbILIE CO3JalIUM MacCCHB n3 53 3J1eMEHTOB,
HO ¢ 3aJIJaHHLIMU NMapaMeTpaMy pacnpencaeHus: co CpE€AHUM 3HAYEHUCM — Tu
CpeOHHUM KBAApPaTHYCCKUM OTKJIOHEHHEM — 1.5.

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

OueHuM cpeaHee 3HA4YCHHUC B NOJIy4eHHOM HaMHU MAacCHBC H NMOCTPpOUM
I“pa(bl’lK. Ha KOTOPOM MOKaXeM NOoCNeNOBaTEIbHOCTD IJIEMEHTOB, COCAMHEHHDbIX
JIMHUSMHU, @ TAKXE JIMHHUIO, PABHYIO CPEIHEMY 3HaYCHHIO.

> describejmean}([mas_1]);

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

?L A ,.«\ \T IL /\ \\m p
AN \/‘J \/ |

10 " 4D 50

TenepupyeTca YeTbIpe YHCAA U3 gamma PacrpeiesIeHns:
>random|gammaj3]}(4);
2/1077, 1.8891, 2,8672, 5.5985

Ha3nauenue naeHtudukaropa Genl xak redepatopa M nonyyeHHe YEThbi-
peX YUCeN ¢ TOYHOCTBIO MPEICTABIICHHS M0 YMOTYaHHIO!

> Genl:=random|gamma(3}]}('generator')
> 'Genl()'$4;
4.322417178, 1.556014201, 1.085076020, 7.213556406
Hasuauenune Gen2 xkak reHepaTopa M nojyyeHue BOCbMH 4HCen € TOYHO-
CTBIO MPEACTABIEHUS A0 YEThIpEX:
> Gen2:=random|gamma|3]]('generator(4]'):
> 'Gen2()'$8;
4.458, 5.016, 3.087, 5.379, 2.430, 1.485, .6150, 3.078

10.5. MNod6ubnuomexka STATEVALF

dopmar BbI30OBA!
stats[statevalf, <function>, <distribution>](args)
WK
statevalf] <function>, <distribution>](args),

rae <function> - cleLyrOLIHe NEPEMEHHbIE!
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JUTA HEMPePbIBHBIX GYHKUMHA pacrpeleneHus:
o cdf — hyHKLHA BEPOATHOCTH (MHTETpaNbHAsS GYHKLUA);
o jcdf — obpartHas GyHKLUMA OT MHTETPATbHON GYHKLMH;
o pdf — pyHKIMS MIOTHOCTH BeposTHOCTH (InddepennnancHas GpyHk-
L),

JUTA IMCKPETHBIX QYyHKUMI pacrpeaeneHus:
e dcdf — muckpeTHas GyHKLIMS BEPOATHOCTH;
e icdcf — obpaTHaa QyHKLMS;
o pf— QGyHKUMA MJIOTHOCTH BEPOSATHOCTH.

Huke npuBeAeHbB! TPUMEPBI, MOACHAIONINE UCNONb30BAHHE MOA0UGIIHO-
Texu STATEVALF.

IIHF[ KOMIIAKTHOCTH BLIBOAUMBIX DPE3YJILTATOB YCTAHOBWUM TOYHOCTDb
NpEACTAaBJICHUSA YUCE]1 10 HETBIPEX 3HAYAKX Lll/l(j)pi

> Digits:=4:

OnpenenuM 3HayeHHe GyHKLUUY MIIOTHOCTH PACHIPEAE/IEHUs UIs pacnpeae-
senus Ilyaccona B Touke 2:
> stats|statevalf,pf,poisson|{3]}(2);

2241

Onpegenym 3HadeHue 06paTHOM GyHKUNWH OT HHTETpaibHOM QyHKLUHK
HOPMaJlLHOTO pacnpeacsieHus B Touke 0.7:

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

5244

OnpenenuM 3HaueHue GyHKLMH NIOTHOCTH BEPOATHOCTH HOPMAalbHOIO
pacnpeacrienus B Touke 0.5:

> stats[statevalf,pdf,normaldj(.5);
3519
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JLJist IOSCHEHMST CKA3aHHOT'O NOCTPOUM GyHKLMIO
>plot(stats|statevalf,pdf,normald](x),x=-3..3);

0.4
0.3

/ 0.2%
0.1
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TMonyuuM BOCeMb Cy4aMHbIX YUCES JUist TAMMa-pacnpeieIeHus U OLeHUM
WX CpejJHEE 3HaAYEHUE:

> y3:=stats{random,gammaj3,1]}(8);
y3:=1.382, 3.726, 3.936, 3.930, 2.006, 5.439, 1.305, .5604

> describe[mean](ly3]);
2.786

Onpeaennm 3HayeHue 0OpaTHOM GYHKLUU OT UHTErpajibHONH hyHKUMHK
BEPOSTHOCTH BeHOYJIOBCKOTO pacnpeaeneHus B Touke 0.5:

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

[Moayuum nathb ciydaliHbix uucen ans Gera-pacnpeneneHns

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

TonyynM deThipe CAy4aiHbiX YUCTa A9 IKCIIOHEHIIHAIbHOTO pacnpee-
JIEHHUS U OLEHHM UX CpeJHee 3HAUYCHHE:
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> tl:=stats{random,exponential[3]}(4); describe{mean]([t1]);
tl:=.01257,.1229, .2387, .04893

1058

FeHepnpOBaHue YHUCCITI U3 pacnpeaciacHusd X—KBaIlpaT ¢ TOYHOCTBKO 10

TpeTbeH 3Havawed unppel. KoMaHaa U3 Tpex onepatopoB: B MepBOM 3aJaeM
anropuT™M, BO BTOPOM GOPMHpYEM I'EHEpaTop, a B TPETbEM OMNpEACIseM 3Ha-
YyeHWe KOHCTaHThI K.

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

Tenepb NOCTPOMM peanu3auuio U3 CIy4aiiHOH NMOCIenOBAaTENLHOCTH M-
cen, onpeaenseMylo BeHOYIOBCKUM pacnpelefieHueM € 3alaHHbIMU MapaMeT-

pamu. [Ins nyqiuero npeiacraBiieHds rpaduka 3afaidM K04 COENUHEHHs TO-
yek muHuaMu  (style=line).

> plot({describejmean]([t4]),[[n,op(n,[t4])]$n=1..k}},n=1..k, style=line);

12%
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10.6. lNod6ubnuomexa STATPLOTS

ITpuBeaeHHbIE 31€Ch NPHUMEPLI MOKA3BIBAKOT BO3MOXHOCTH CHCTEMBI
Maple V BU3yann3upoBaTh CTATUCTUYECKUE JAHHBIE,
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DopMaT BbI30OBA!
statsfstatplots, <function>](args)
WIH

statplots{ <function>](args),

rie B KadecTse <function™> BbIOMpaeTcs OJMH M3 CIERYIOWHMX BUIOB rpaduue-
CKOrOo MpeacTaBiieHus JaHHbIX: boxplot , histogram, notchedbox, quantile,
quantile2, scatterld, scatter2d, symmetry.

IMoaxmounum 6ubnunoreky STATS xomaHno#:

>with(stats):

Janee cozpaaum aBa maccuBa gaHHbIx Xdata u Ydata:

> Xdata := [7.5,4.9, 8.4, 6.5,7.5,2.7,7.2,5.9, 6.9, 3.4,85,5.7,2.7,8.1,3.7, 2.6,
35,22, 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,
54,19, - 4,3.14.2]:

> plots|display]({statplots[scatter2d](Xdata, Ydata), statplots[boxplot[9]](Ydata),

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

> axes=FRAME,symbol=circle);

1

N O N RO DO
0
00
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[MocTporM ruCTOrpaMMy pacrnpeneneHus s Maccusa Xdata:
> statplotsfhistogram| -- 10..10]](Xdata);

2
15

A e

0 2 3 4 5 6

Bmyanmaum JAaHHBIX B OTCOPTUPOBAHHOM NOPAAKE:

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

— )W =0~ 00

o o a a

0 0.2 0.4 06 08 1

I‘patbwwcxoe NPpEeACTABJIEHNE ABYXMCPHOTO MaCCHUBa TOJbKO 11 TOUYCK,
3aJaHHBIX ABYMS KOOpAHHATAMH!

>plots|display](statplots[quantilel]([6,3,7,4,8,1,2,1],[1,3,1,4,5,2,3,1|),symbol=dia
mond);
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TTocTpoeHUe TOYEK JBYXMEPHOTO MAaCcCHUBA, ONIPEIEIEHHEIX IBYMS KOOP-
JMHATAMU:

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

51 .
A .

3 . .

21 .

1 . .

1 2 3 4 5 6 7 8
HaneceHnue To4eK,BCTPEYAIOLIMXCS B MACCHBE JaHHBIX!
> statplots|scatter1dj(|6,3,1,4,8,1,7,1]);
2
1.5
1. . . . .

0.5
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11. BbIBOA4 AAHHbLIX B IPYIMME CPE[lbI

11.1. Bbieod e pedaxkmop TeX

Maple V no3Bosnser aBToMaTH3UpoBaTh HAbOp GOPMYI U1 CHELHUATHCTOB,
paboTaropx ¢ OOWENPHHATBIM CPEAM MaTEMAaTHKOB H QU3NKOB PEAAKTOPOM
TeX. Buisoa BelpaxeHuit B daiin dopMara pepaktopa TeX obecnednBaer ko-
maHza latex.

®dopmart KOMaHABI latex:
latex(expr, filename),
rae expr — BelpaxeHue; filename — nMs daiina ( HeobA3aTENbLHBIA NapaMeTp ).

3ananum umsa daitna:

> filenamel:=output;

Jilenamel:=output
3agaanM BhIpaXeHHe JUIS 3al1CH:

> eXpr:i=x+y”6;
expr =x + y6
3anuce:

> latex(expr,filenamel);

BLIBOJI ¢ IpeABAPHTENbLHBIM BbIUHCIIEHHEM!
> latex(int(x,x)=y);

{ifrac {{x}*{2}}{2}}=y

BuiBoa 6€3 BLIUMCIIEHHS:

> latex(Int(x,x)=y);
lint \Ux {dx}=y
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11.2. MNMony4yeHue koda s3bikos Fortranu C

Maple V moxer reHepupoBath koi C u Fortran ¢ moMoLipi0 KOMaHI!
fortran, C. Huxe onpeaennmM BeipaXxKeHHe Ul nepesoja B koa Fortran:

> i=27x+x"2;

f=2% +x2
Toraa xomaHza s reHepaumu koja Fortran u 3anuck ero B (aiin
fileout.for ByneT:

> fortran(f,filename="fileout.for");

®opmar koManbl fortran:
fortran(expr, filename=str, optimize),
r/le eXpr — BblpaXeHue, str — cTpoka ( ums daiina ) (ecnu filename=str He yka-
3aHO, TO BbIBOJ OCYLIECTBIISETCS Ha 9KPaH); optimize — HeoBs3aTebHbIA Na-
paMeTp, onpeaensoLuit, uTo OydeT CreHepupoBaH ONTUMH3MPOBAaHHbIA KO/,
T. €. BbIUMCIIEHNS GYAYT MPOUIBOAMTLCS HO 3TANAM C IPUCBOCHHEM 3HAUCHUMH
MIPOMEXKYTOUHBIM MEPEMEHHBIM.

OnTUMM3UPYEM NOJTy4aeMbl# KO

> fortran(f,optimized);

1] =2*%*%
12 =x**2
13=11+12

Onuust mode B xomange fortran(f,mode) MOXET NMPUHMMATL CICAYIOLIHE
3HAYeHHs THUIMOB:

single, double, complex, generic.

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

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

Tpancasyusn 6 koo C
[Toaxnwouaem 6Gubnuoteunyo pyHkuuio C;

> readlib(C):

®opmat BoizoBa komanabl C aHamornued GOpMaTy Bbi30Ba KOMaHIbI
fortan.

Crenepupyem koa C nns ¢pyuxuuu f, onpeaenedHoit Bbillie, U 3aMULIEM €0 B
daitn:
> C(f);
> C(f,filename=cout);

t0=pow(2.0,x)+x*x;
TTony4uM oNTUMU3UPOBAHHBIN KO

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

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

Taxkum o6pazom komanasl C u fortran no3BOJIKIOT ABTOMATH3UPOBATL KOH-
CTPYUPOBAHHE COXKHBIX GYHKUMIA B aITOPUTMUYECKHX A3bIKAX.
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12. ANEMEHTbHI A3bIKA MAPLE V

12.1. Homayus a3bika

Horauus — dopma 3amucd, npuHsITas B sizblke. OCHOBHbIE 3/IEMEHTbI HOTa-
Lyu:
- — Pa3zJieUTENH;
— KOMMEHTapHH;
— Orpa’HU4MUTENb CTPOKH.

PaGora B Maple BezieTca B IMAIOroBOM pexnMe. B nponecce paboThl cpena
BbIaeT MOJCKAa3Ky “>” — MpUrialleHue K BBOAY CTPOKM. B oTBeT Ha mpurna-
ILIEHWE MOJIL30BATENIb BBOAMAT CTPOKY. OnepaTtopbl B CTPOKE MOTYT pa3AeiaTh-
cst cuMBONIaMK: 1" W ;" . ECNIH HMCIIONb3yeTes pasjenuTens 7, TO JdHHaA KO-
MAH/JA UCIIONIHUTCS, HO PE3YNbTAT Ha 3KPaH BbiBedeH He OyJeT, B NPOTUBHOM
ciiydyae pe3ysibTaT OyaeT BbIBOAUTHLCA Ha 3KkpaH. KoMMeHTapui HO/DKEH Hadu-
HaTbcsl cuMBoJioM “#”.  CTpoKH 3aKimo4aroTci B OOpaTHblE KaBbIYKH:
‘string...” .

B maTemaTHke BCTpeyaeTCsi MHOTO Pa3/IMYHbIX COKPALUEHHHA M YCIHOBHBIX
dopm zanucu. Maple pacrionaraeT cpeAcTBaMy ONpPEAENeHNs COKPAlEHHbIX
thopM 3anucu (Hotauuit). HOByI0 HOTALMIO MOXHO BBECTH C MOMOILLIO QYHK-
uuu alias 1 macro.

Maple ucnonb3yer 26 nNpomnuUcHbIX M 26 CTPOYHbIX JlaTUHCKUX OykB, 10
undp, a Takxke 32 cneUHaNbHbIX CUMBOJIA (TPH TUNA CKOOOK, 3HAKH OTHOLLE-
Hus, apudmerrueckux gecTeuii u ap.).

HMeroTcs naTe anbTepHaTUBHBIX Nap CHMBOJIOB:

"n i (il i{n ™ %)

Hcnone3ytoTes clieAyroLre KA YeBbie CI0BA!

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

HMeroTcst BOCEMb YHAPHBIX OMEPATOPOB:
+ — YHApHbIA nmoc (npedukc);
! — paxTopnan (noctduxc);
- — YHapHbI# MUHYC (MpedHKc);
$ — OMEPaTOp MOCNEAOBATENLHOCTH (NpeduKce);
not — JIOTH4ecKoe oTpHvLanue (npegukc);
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% — MeTKa (npedukc);
&string— HelTpanbHbiik onepatop (npedukc);
— AecAATUYHAs Touka (npedrKC UM NocTHUKC).

bunapHbIx onepatopos 27:

+ — CJIOXEHHUE;

@ — KOMITO3ULIUS;

<, <=, >,

>=, = <> — OMEPATOPbI OTHOLUEHUS,
- — BLIYUTAHUE;

@@ — MOBTOPHASA KOMIMO3ULIKA,
mod — MOAYJb;

* —~ YMHOXEHHE;

and — noruyeckoe “HU™;

= — [IPUCBOEHHUE;

/ — JIeNIeHUE;

or - morudeckoe “NJIA™,
union — oObeauHeHne MHOKECTB;
*x — CTereHb,

. — KOHKATCHALIAN;

minus — Pa3HOCTb MHOXECTB;

A — CTeleHb;

.. — 00J1aCTh;

intrsect — nepeceveHUe MHOKECTB;
$ — MOBTOPEHUE:

. — pa3ae/ieHne BhipaKeHUH;
&* — HEKOMMYTATUBHOC YMHOXEHUE;
&string — HEWTpasbHbLIA OrepaTop.

Nmena B Maple 1omxHbl HauMHATLCA ¢ OYKBBI M MOTYT BKJIHOUYATH LMGPHI U
3Hak '

MakcumanbHas AjMHa uMeHH — 499 cumBosioB. TIponHcHbie U CTpOUHbIE
OYKBbI CUUTAIOTCH PA3ZAMYHBIMK CHMBONaAMU B MMeHH. Hanpumep, nepementbie
r34y v r34Y cuuTaoTCs pazIUYHbBIMH.

MMeHa W BbIpaXKEHUS CBA3bIBAIOTCS YEPE3 OMEPATOP MPUCBOEHHUS:

<UMA>:=<BbipaXKeHHE>

WmeroTes BeTpoeHHsbie koHetauThl: Pi, Digits,E.1 1 T.n. KoHcTtaHuThl MoryT
ObITb: LeNble. MPOCThIE U NECATHYHbIE APOOHbIE, ETPUHTOBCKHE.
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HonycTumo ucrnonb3oBaHME NyCTOro oneparopa: a:=l; ;x:=2;

3aBepiuenne paboTbl ¢ Maple NPOHCXOAMT NpH BBINOIHEHNH MONTb3OBaTE-
JIEM TIO OIHOM M3 Tpex KoMaHA; quit, done, stop.

CumBon *\" moxeT ObiTb MCMONB30BaH I OGO3HAYEHHS NPOJOIIKEHHUS
cTpoku. Hanpumep:

> x2:= 1234567890\
> 0987654321;

X2 := 12345678900987654321

AHANOTUYHO CUMBOJY “\” KOHKAaTEHALlUs BBLIPAXKEHHI OCYLIECTBAAETCS M

CHMBOJIOM “."”, HaNpuMep:
> vv:=si.
> n(x);
vV ;= sin(x)

12.2. Paboma c ¢haiinamu

Hmerotes cnenyromue GyHKUMKM a1 paboTsl ¢ paitnamu:

writeto — 3aMHCh PE3yJIbTATOB B HOBbIN (aiin;

appendto — 03aMKChb PE3yJbTATOB B CYLLUECTBYIOLIMI paii;
open — OTKpbITHE (aiina;

write — 3anuch B dain;

writeln — 3aMUCh CTPOKHU B Baii;

close — 3akpbiTHe (aiina;

save — 3aMuChb BBIPAXEHUIA B paiin;

read — CYMTBhIBaHME (aiina.

BxrounM pexxuM 3anucu B $aidn res.txt :

> writeto('rez.txt’);

A Tenepb BbIMOJHUM BbIYUCAEHHS, PE3YNbTAThl KOTOPLIX OYyAYyT 3anucaHbl B
taitn:



128 I'naBa 12

> evalf(Pi,10);

3.141592654
> 5*234;

1170
[MpekpatlcHue 3anucy B haui:

> writeto(terminal);

Jo3anuck B ¢aiin rez.txt BO3MOXHA py nomoLuy appendto:

> appendto( rez.txt’);
> fi=x"2+56;

= x2 + 56
> writeto(terminal);

CuMTaTh Gain rez.txt MOKHO NPH NOMOLIM KOMaHAB! read:

> read(‘rez.txt’);

3.141592654

1170
F=x%+56

B daiin Taxke MOXHO 3aMUChIBaTh T0ObIe BbIpaxenus. [lnd sToro cHavana
HaJg0 OTKPLITh haia KoMaHIoW open. 3aTeM HHGOPMALIMIO MOXKHO 3aTIHChIBATD
rnpu nomoty write u writeln. ITocie oxoH4aHUA 3anHcy dain Heo6XxoauMO 3a-
KPbITb KOMaHIOM close.

Ipumevanue: OTKPHIT MOXET ObITh TOJBKO OAMH (aii;, nepel UCIIOIb30BAHH-
€M ONMUCAHHBIX BhILE QYHKUUA UX HEOOXOAUMO ONPEAETTUTD C
nomoilbio readlib(write).
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[Tpumep:
> readlib(write):

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

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

TTocsne BbIMONMHEHUS 3TUX KOMaHI B (ain 3anuumyTcs pe3yabTaThl BbIUKCIIE-
HUH.

IIpumeuanue: xoManaa writeto opmupyer daiin, conepxaliui onepaTopel,
a KOMaHAa write 3anuchiBaeT B $Gaiin pe3ybTaT BEIYUCTICHUA.

C noMOUIbIO KOMaH/bi save B (aiil MOXHO 3aMHMCaTh BCE WIIK HEKOTODbIE
BhIpaXeHus 13 ceccuu Maple.

> fi=x"2+45;

F=x2+45
> save f,one;

> read one;
f= x2 +45

Ipumeuanue: ecnu uMs Gaisia ykasaHO ¢ paclUMpPEHHEM “m”, TO BbIpaxe-
HUsSt ABTOMATHYECKM COXPAHSIOTCS BO BHYTPEHHeM (opmare
Maple. Ecnu He ykasaTb CUCOK MEPEMEHHBIX, TO GyAyT 3a-
MMCcaHbl 3HAUEHMS BCEX NIEPEMEHHBIX cecCH Maple.
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13. ONEPATOPbLI U BbIPAXEHUA
13.1. Tunsl onepamopose

13.1.1. CocTaBasiomme onepaTopos

B Maple cymectByer 60abLI0e KOJTMYECTBO pasiMyHbIX onepaTtopos. Ha-
NpHUMEp, ONEPAaTOPLl MATEMATHYECKHUX Onepauuii: +, -, /, * . JIpyrue onepauuu
PeaM3yIOTCs ONepaToOpaMH, KOTOpble HMEIOT CBOE COBCTBEHHOE UMS — WAEH-
TuduxaTop. Hanpumep: evalm — onepatop MarpuyHoro BbrumcieHHs. Heko-
TOpble OnepaTopb! TpeOYIOT OnpeacneHHbIH CIIMCOK apTYMEHTOB:

> D(sin);

cos

B stom npumepe D — onepaTop, sin — apryMeHT.
* TakuM 06pa3oM, OCHOBHbIE COCTABNAIOLIME ONEPATOPOB — WAEHTU(UKATOD
M CITUCOK apryMEHTOB.
OYHKUKOHANbHBIA ONEPATOP MOXKHO ONPEAENTL B JBYX HOTALMAX!
1. <pyHKUMs|nEepeMeHHbIE> — HOTAlHA “<..>”
2. (nepeMeHHble)->(yHKUMe — HoTalus >

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

DTH onepaTopbl MOXHO Mepenucarb B APYTOH HOTAUMM (3amMCH 3KBHBA-
JIEHTHbI):

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

oper] =x —>x3— 2
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> oper2:=(x,y) — >x+y;

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

Hcnonb3oBaHue GyHKLUMOHAIBHOTO ONeparopa:
> oper1(3);

25
> oper2(3,2);

5
13.1.2. Onepatops! BbiG0opa, IMKJIOB, IEPEXOI0B H BHIX0JA

B Maple V cyliecTBYIOT KOHCTPYKLIMH ONEpAaTOpPOB yNpPAaBJIEHUS — BETBJIE-
HHS ¥ LIHKJIOB.

Bemenenue:

If - then - elif — else.
CHHTAKCHC ONepaTopa BETBIICHHA CIICAYIOLLMHI:
if <ycnoBue> then <nocnenoBaTenbHOCTb ONEPATOPOB>
| elif <ycnoBue> then <nocnemnoBaTeNbHOCTL ONEPATOPOB> |
| else <nocneaoBaTeNbHOCTh ONEPATOPOB> |
fi
VYcnoBue — 6yieBckoe BbIpaxXeHHe.

Ctpok ELIF Moxer 6bITb HeorpaHuueHHoe konuyecTso (fi — oba3arensHol).
IMycTh MMeeM clieayonie paBeHCTBa!

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

> 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 ONHCAHUA ONIEPATOPA LIUKJIIA CEAYIOLINIA:
Ifor <uma>| |from <BbipaxeHue>| jby <BbipaxeHue>|
|to <snIpaxkenne>| |while <BbIpakeHue>|
do <nocneaoBaTEeNbLHOCTh ONEpaTopoB> od;
WK
ifor <uma>| |in <bIpaxenue>{ |while <BbipaxeHue>|
do <nocrnenoBaTeNbHOCTh ONEPATOPOB> 0d;

KoHcTpykuus in npeAHasHayeHa s paboThbl ¢ MacCMBaMH, CIUCKAMHU H T.J1.
Ecmu from He yxa3zaHo, TO UMK Ha4YHeTCs ¢ 1.

Ecnu by He yka3aHo, TO mpUpalleHHe paBHo 1.

Bripa)xeHHe B tO M B in BbIYUCIISETCS NEPE HAYaIoM UKIa.

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

ga=array(1..2,[ D
> fori to 2 do afi]:=i od;

=1
%
=2
%
> i:=0:
> while i<>2 do i:=i+1: afi]:=1: od;
i=1
=1
%
i=2
a, =1
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> 5:=0:

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

MOXHO OpraHU30BaTh BIIOXEHHbIE UIMKJIIbL
> b:=array(1..2,1..2);
b=avay(1..2,1.2,[ D
> for i to 2 do for jto 2 do b[i,j]:=1 od od;

> print(b);

Onepamop nepexooa next

Ecnu B UMKIIE HEOOXOAMMO TPOMYCTUTE OFHY HWTEPALMIO, TO MOXHO HC-
noJjb30BaTh oneparop next. JelcTBMe 3TOro omneparopa 3aKmIOYaeTCAd B TOM,
YTO MpPW NAHHOM 3HAYEHHM CUETYMKA LMKIA He OyHEeT BBIMOJHEHO HHKAKHX
[eCTBUI, a HAYHETCA BbINOJNHEHWe credyrouleil uTepauud (T. €. U3MEHHUTCA
3HaueHue cYeTurka uukia). Next MOXKHO MCNOJIb30BaTh TOJILKO B LUKIIAX.

> for i to 4 do if i=3 then next else ar[i]:=0 fi od;

> print(ar);

[O 0 ar., 0]
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Onepamop evixoda break

Ans npepbiBaHus BLIMONHEHWS LUMKIA MOXHO HCMONb30BaTh ONEPATOP
break. Break MOXHO HCMONIB30BATh TONLKO B LIMKIAX:

> ar:=ari'ay(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 ar, ar4]

13.2. BuipaxeHus

B Maple BeipaxeHus CTPOSITCH [0 MpABMNIaM, KOTODbIE MPHHATHL B 6OMb-
LIMHCTBE A3bIKOB NPOrpaMMHUpoBanus (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] orv2

JIoruyeckue BbIpaXXeHUs MOXHO CTPOMTH C MCIIONAb3OBAHMEM CHMBOJIOB OT-
HOUIEHHA: >, <, <>, =,

13.2.1. MeTkn

Metku B Maple npeactaBisioTcs BbIpaXeHHeM %n, TAe N — HAaTypalbHOE
YKCyI0. MeTK# MCTOMb3YIOTCH AT KPACHBOTO BHIBOJA PEILCHHA.
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> yi=exp(5*x 2+3*x+45)/(1+x"3);

e(5x2+3x+45)
- l-i-x3
> diff(y,x$2);
0 %13+(10x+3)32%1_6(10x+3)%21x2+18 %1x43_6 %1 x :
T+x 1+x

(1+x3) (1+x3> (1+x3)

%1:=e(5x2+3x+45>

llanee 3TOM METKOH MOXHO BOCIMOJIb30BaTbCH KAK BbIPAXEHHEM!

> :=t+%1;

IR CELREPRR)

13.2.2. Anre6panyeckie H apHPMETHIECKHE OTIEPALIHH

Cnucok onepaumi:

a+b — CJIOXEHMUE;

a-b — BbIYMTAHHUE;

a*b — YMHOXEHHUE;

alb — JIeJIEHHE;

a’*b — BO3BEJEHHE B CTEMEHb;
a**b — BO3BEEHHE B CTENCHD;
n! - (hakTOpHam;

min(a,b) —~ MUHUMYM;

iquo(a,b) — YaCTHOE;

irem(a,b) - OCTAaTOK;
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isqrt(n) — KBaJpaTHbIH KOpeHb (LeOUHCIIEHHOE MPUbIMKeHHE);
iged(a,b) — HanbonbuwUit OBIUMIA BETUTEND,

ilem(a,b) — HaUMEHbIIHN OOLWMIA MHOIKHTEND,

signum(n) — 3HAK 4YMCIa;

abs(n) — abCcoNIOTHOE 3HAYCHHUE YUCIIA,

max(a,b) — MaKCUMYM.

Hcnonp3oBaTh 3TH QYHKLMHM JOCTATOYHO MPOCTO:
> 6!

720

> signum( - 100);

> max(x,y)*y!+isqrt(z)*x*7;
max(x, y) ¥ +1sqrt(z) x7
13.2.3. TTocnenoBaTe IbHOCTH U3 ONIEPATOPOB

TocnexoBaTensHOCTH M3 OMEPATOPOB JIETKO (POPMHUPYIOTCS MPU MOMOLIM

CHUMBOJIOB-pa3fenuTenc: =" u ™
Pa3nuuus B JeUCTBMM 3TUX pa3fenuTench ObiIn yXKe ONUCaHbI.

> v1:=123: int(t4,t); k:=sqrt(4): D(tan);

> z:=v1+k;

z:=125
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14. TUNbl BAHHbLIX
14.1. OcHoaeMbIe munbi

14.1.1. KoncraHrnl

KoxcraHTst B Maple ObIBaIOT Li€IOYMCICHHBIMUY, YKCIAMM ¢ MaBaKoLIEii
3anaTor U OObIKHOBEHHbIMH ApoOsSiMU. KpoMe 3THX TUMOB KOHCTAHT CYLLECT-
BYIOT CHMBOJIbHbIE KOHCTAHTbl — 3apEe3ePBUPOBAHHbIE UMEHA.

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

IlpoBepuUTh NMPUHALIEKHOCTL BbIpAXKEHHA K KJIACCY KOHCTAHT MOXHO NpH
noMouiu GyHKLUHMH type:

> type(0.004, constant);

true
> type(infinity, constant);

true
> type(’str’, constant);

false
> type(x”6, constant);

false

14.1.2. Llennle

B cpene Maple BbipaxkeHHe NPUHAIUIEXUT K LEJIOMY THIy (THMN integer), ec-
JIN OHO COCTOMT M3 MOCNEA0BATENLHOCTH LHM(P, HE PA3AENEHHBIX MEXLY coboi
HUKAKUMH 3HakaMy. J[TMHA MOCaef0BaTENbHOCTY OTPaHHYEHa JIMIb pecypca-
MH CHCTEMbI, HO 0ObIYHO He Jo/bkHA npeBbiwiaTh S00 000 undp. Yucmo tvna
integer MOXeT 6bITb KaK MOJOXHUTENbHBIM, TAK 1 OTPHLIATEIbHBIM.

Tpucsoum nepementioit varl 3HaueHne —1234567890:
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> varl:= - 123567890;
varl =-123567890

Ina onpeneneHus MPUHALIEKHOCTH BBIPDAXKEHHS OMNPEACIICHHOMY THIY
CNYXHT KOMaHJa type.
_ TlpuMep vcnonb3oBaHuA TMNA integer: pacrieyaTaeM 3HayeHHE 10-ro 4ucna
duboHauuu.

> combinat|[fibonacci)(19);

55
Jns paboThl ¢ UETLIMU HUCTAMH ONPEMETEHDI CIIEAYIOLIME OTIEPALIMH:
abs —~ MOJYNb YUCNa;
min ~ MUHMMYM M3 NOCIeN0BATENLHOCTH,
max — MAKCHMYM M3 MOCIEROBATENbHOCTH;
factorial — HaxoxJaeHue daxTopuana;
mod — OCTATOK OT AEJIEHHS.
> abs( - 25);
25
> min(1,2,3,4,4,3,2,1);
1
> factorial(5);
120
> 12 mod 7;
5

14.1.3, [po6unie

Tun fraction — gpoGHbIN THIL.
Iipobu npeacTaBasioTcs B Buae a/b,rie  a — uenoe YMCNIo CO 3HAKOM, b-
uenoe unciio 6e3 3Haka.



Tunbi gaHHBIX 139

> —23/34;
-23
34

B BbipAXCHUHN THNa fraction 06s3aTeNbHO HOMKHBI NPUCYTCTBOBATL JBa
nonsA — YHUCJIIMTEIIL U 3HAMEHATCIb!

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

frue
> type(34/17,fraction);
false
> type(a/b,fraction);
false

OyHKUMS Op OT Zpo6H BO3BpAILaeT ABa YMCIA — YUCIUTEND U 3HAMEHATEND.
> op(2/7);
2,7

Twn rational Bxyouaet B ce6st Tvn integer ¥ Tun fraction:

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

> type(34/17,rational);

> type(a/b,rational);
false
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14.1.4. Yucaa ¢ miiaBarone To49Koi

Tun float — yncna ¢ nyasawouler Touko#. Tun float B cpene Maple V onpe-
JeJieH chedyomum obpasom:
1. nocnesoBaTeNbHOCTh YHCEN, pa3Ae/IeHHbIX TOYKOH:
a) <integer>.<integer>
6) <integer>.
B) .<integer>
2. 4KCJI0 MOXET ObITh MPEACTABIIEHO B BHIE
Float(mantissa, exponent)
T.e. <mantissa>*10"<exponent>

Ipumepor.

> type(10.11111,float);

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

O6paTHOE NpeCTaBIEHUE YNCIIa peann3yeTcs GyHKUHEH Op, KOTOpas BO3-
BpaIllacT JBa YHCIIa — MAHTHUCCY U SKCMOHEHTY!

> 0p(0.02234);
2234, -5

Ecnu apo6Has v Lesias 4yacTb — HyJeBas, TO Hy/ib MOXHO He M1caTh.
JLnis pUBTOKeHMs YHCEN C MNaBAoOILEi TOYKOM clyXHuT koManza evalf:

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

B cpeae Maple V onpenenensl Tun string ¥ TMN name. BbipaxeHWe Tvna
string MOXeT coaepxaTh UMPPBI U OYKBBI, CTPOYHbIE U MponHcHbie. CTPOKa ¢
JBYX CTODOH J0JDKHA BbITh OKpYyXeHa cumBoioM ~ . Ecnu xe B cTpoky Tpeby-
€TCSl BCTABUTb CHMBOJI ~ TO €ro Hajo yIBOWTb.

> var;="It"'s a string’;

var = It's a string
> type(var,string);

true

> type(var,name);
true

> type(a*b,string);
false

OnMHOUYHbIE CUMBOJIBI MOXKHO HE 3aK/II0YaTh B KABbIYKH
> char:=c;

char =¢
> char:="c";

char =¢

M3 CTPOKH MOXKHO BBIIENINTb MOACTPOKY:
> substring(abcdefgh,3..5);

cde

Onpenenum AaUHY CTPOKH:
> length(abcdef);
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JLns Toro, 4ToObl CKIEUTH HECKOJILKO CTPOK, CIIYXXHT KOMaH/a cat:
> cat(123,abc,456);
123abcd56

MoHO OpraHu30BaTh MOMCK B CTPOKE:

> SearchText(wx,tuvwxyz);

4

Kowmanpa SearchText pa3znuyaer cTpO4YHbie ¥ MPONMUCHBIE GYKBbI:

> SearchText(Wx,tuvywxyz);

14.1.6. UuaexkcHble NepeMeHHbIE

MoryT Kcnonb3oBaThes BE3AE, FAE BO3MOXHO UCTONB30BAHHE NEPEMEHHBIX
tuna name. [TapaMeTp BbI30Ba MHAEKCHON NMEPEMEHHOM:
<uMA> [ <ps BeIpAXEHHI> ]

Hanpumep, BbipaxeHue
> b[1}:=10;

5 =10
1

cosnaeT Tabauuy 48 b ¥ 3HaueHuio 10 npucBaMBaeTCa MHAEKC 1.
UHpexcHble nepeMeHHble YI06HO MCMOb30BaTh, K NPUMEPY, 11 HAXOXIE-
HMS CYMM!
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> a:=h[1]+20-+b{11};
=30+5
¢ 11

14.1.7. OGaacTn

B cpene Maple V onpexeneH Tako# THN AaHHBIX, kKak obnactu (range). CuH-
TAKCHUC OMUCAHUA: BbIPAKEHUE. .BbIPAXKEHUE

BuipaxeHue THIa range UMEET [iBa ONepaHja: JieBoe BbIpaXeHHE U NpaBoe
BhIpaXkeHue. Mexay HuMM CTOMT oneparop “..” . Ho cneayer OTMETHTDb, YTO
obnacte 1..3 He sxBuBaneHTHa 1,2,3.

Hpumepsi.

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

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

14.1.8. OTHOLIECHHA

B cpene Maple V non oTHOMIEHHEM MOHHMAIOT BLIDAXEHHE, pasACNeHHOe
CAELManbHbIMM OMEPaTOPaMM, Ha3bIBAEMbIMH OMEPATOPAMHM OTHOLUEHHMA: <,
<=, >, >= = Yy <>,

K npumepy, B BbIpaXeHHHM m+n>=K MOXHO BbIYHCIHTb KOJIHYECTBO One-
PaHIOB, @ TAKXKE H3BJIEYb U3 BBIPAXKEHHS €r0 COCTABIAIOLUHE.
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> fi=m+n<=k;
f=m+nzsk
BbluMCaUM KOAMYECTBO MEPEMEHHBIX B TPABOH YaCTH JAHHOT'O BbIPAXKEHHUS:

> nops(");

VY no6ubt onepatopsl ths u lhs s BoigeneHus npaBoi 1 neBod yacTe# BbI-
paxxeHus.

>y=a*x"2+b;

y=azx“+b
> rhs(");

ax®+b

> lhs('l l!);

14.1.9. ByseBckHe BbIpasKeHHs

Jlns norudeckux onepauuil B cpene Maple npeayCMOTpeH cCreUHanbHbIHA
TUN JaHHbIX: ‘boolean’. Taxxe cneunanbHble 3ape3epBUPOBAHHbBIC CIOBA true v
false ucnionbaytores At paboTht ¢ 6yIEBCKMMY BhIPDAXEHUAMU.

B 6yneBc1mx Bblpa)KCHHﬂX MO)KHO HCNOJIb30BATS CHEAYIOLME ONEPATOPbL:
=", '<>", "<’ "<=" "and’, , ‘not’
Jns pabotbi ¢ 6ynechnMM Bblpa)KCHVlSlerl npeaycMOTpeHa KoMaHna evalb:
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> X=X;

x=x
> evalb(");

true
> ToBe or not ToBe;

true
> Boy:=not Girl;

Boy = not Gird

> Girl and Boy;

false

14.2. MNosnemeHmHas o6pabomka, nodcmaHoeKuU U NodebipaXeHus

14.2.1. ITos.reMenTHas o6paboTka
dyHKUMA Map — AeUCTBHE HAZ BCEMH 3JIEMEHTAMH HEKOTOPOTO BbIPAXEHHS.

Bri3oB pyHKUMM:
map(fen, expr, arg_2, ..., arg_n)
TMapameTpb! GyHKLMM:

fen - Apouenypa HiH uMms;
expr - 11060€ BBIPAXKEHHE;
arg_i - (Heobs3aTebHbIHA NapaMeTp) AOTOJHUTENbHbIC APTYMEHTDL.

C noMowbio GYHKUMM Map MOXHO MPUMEHMTh npouexypy fen x onepaH-
JaM BbIpaXXeHHs eXpr. ‘

K NpUMEDY, HakaeM MOIYJ/b OT BCEX 371EMEHTOB CIIUCKaA L:
> L:=[-1,2,-3,-4,5];

L=[-12-3-475]
> map(abs,L);

[1,2,3,4,5]
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Bo3BeseM B kBafpaT Bce 3IEMEHTB! 3TOTO CIIUCKA:
> map(x - >x*2,L);
[1,4,9,16,25]
ITpouHTErpHpyeM Bee 3EMEHTHI cricka L.

> map(integrate,L,x);

[-x,2x,-3x,-4x,5x]

14.2.2. [ToacTanoBKH

I1pu BLINONHEHUHU PA3NIMYHBIX MATEMATUYECKUX ONepauunii BOZHHKAeT Heo6-
XOOMMOCTb MOACTABUTL OJHO BLIPAXKEHHE B IPYro€, @ TAKXKe MPOBEPUTh MONY-
YEHHOE PEHIeHHE MYTEM MOACTAHOBKH €ro B MCXOAHOE paBeHCTBO. Jins 3Toro
CIYXHT KOMaH[a subs.

Bbi30B:
subs(s_l.s_2,...,s_n,expr)

ITapameTpbi:
s_l,.. — ypaBHEHHE, WIH MHOXECTBO, UJIH CITUCOK M3 YPaBHEHHUIH;
expr - moboe BbIpaxeHHe.

Ipu sTOM 5_1,...,5_N NOACTABAAIOTCA B BbIPAXKEHHE €XPI.

IIpumep:

> subs( x=r"(1/3), 3*x*In(x"3) );
3r 3 In(»)

Hpyroit npumep wucnonb3opaHus GyHkLMK subs — MpoBepKa MONYYEHHOTO
pelueHus:
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>eqs:= {2*x*y=1,x +z=0,2*x - 3*z=2};

egs ={2xy=1,x+2=0,2x-32z=2)
> f:=solve(eqs, {x,y,z});

ITpoBepuM, NPaBUILHO JIX Mbl DELKIIK 3Ty CUCTEMY:
> subs(f,eqs);

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

14.2.3. IToasbipaxenns

B cpene Maple V BO3MOXHbI pa3ivuHble ONEpaUUH HaJ BHIDAXKCHUAMH, B
TOM YHCJIe U BblAgfieHUe noaBbipaxxeHnd. Hanpumep, koManza op.
BbI130B KOMaHIbI:

op(i,e) op(i.j.e) op(e)

ITapameTpsl:
ij —' MONIOXHTEbHbIE LEJble YHCNA, ONpeleNAIoUHe MO3MILHIO
ONepaHia B BLIDAXEHHH;
e — moboe BbIpaKeHHE.

> f:=[x,y,z);

S=lxy.2]
> op(3,f);

z

HOns Toro, 4robbl 3aMEHUTb HEKOTODBIH OMepaHA B BBIPAXKEHHH, CIYXHT
KoMaHa subsop.
BbI30oB xOMaHARL:
subsop( eql, eq2, ..., egN, expr)
[Tapamerpbsl:
eql — BolpaxkeHHe (HeoOa3aTenbHOE) BUA!
<numl> = <exprl>;
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<numl> — MOJIOXKHTEIBHOE LENOE;
<exprl> ~ BbIPaXEHUE,
expr — BbIpa)KeHHUE.

3aMeHHM B ONpeEIeHHOM HaMmu paHee criucke f=[x,y,z] TpeTu# 3meMeHT
3TOrO CIKCKA Ha V:

> subsop(3=v,f);
[x.7.v]
Yaanum ero:
> subsop(3=NULL,f);

[x.»]

14.3. OnpedeneHue munoe e Maple

JIns npoBepKy NPUHAUIEKHOCTH ONMPEAEIICHHOTO BbIPAXEHHST KOHKPETHOMY
TUIY CIYXHT GyHKLUS type.
Bb130B QyHKLMHK:

type(x, t)
[Tapamerpbl:
X — mo6oe BbIPAXEHHUE,
t — WMS$ THTA WM MHOXECTBO MMEH TUIIOB.

dyHKUHA type ~ ByneBckas GYHKLHMA, KOTOPas BO3BPALIAECT 3HaYeHHe true,
€CITH X NPUHAUIEXHT TUMY t i false — B mpOTHBHOM Cryuae.

B TOM cnyuyae, €Ciid t — MHOXECTBO THIIOB, TO BO3BpalllaeMoe dyHKUMEH
type 3HaueHue GyneT true, €CM X MPUHAIIEXUT XOTHA Gbl ONHOMY THIY M3

MHOX€ECTBA.

ITpumepol:

> type(c+d,polynom);
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> type(5,{fraction,integer});

> type(99/55,float);
false

Hns onpexgenenust Tunos B Maple cnyxut dpynkuuns whattype.
BoizoB pyHKLMH:
whattype(expr)
3neck expr — 10060¢e BbipaXKeHHe.
DyHKUMSA BO3BPALLIAET UMA THUIA JAHHBIX BBIPAXKEHHUS, KOTOPOE MOXET ObIThb
OJIHUM U3 CIIEAYIOLIMX:
*

+ . .. <
<= <> = 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

Oynkuus hastype — npoBepka Ha yka3aHHbIN THI. BbI30B QyHKUHK:
hastype( expr, t );

[TapameTphi:
expr - a1000¢€ BbIpaXeHHUE;
t — UMSA THRA OJAHHBIX.

bynesckas dyHkuus hastype Bo3BpallaeT 3Ha4yeHHe true TOrAa M TOJbKO
TOr[la, KOTA BbIPaXKEHHE eXPr UMEET MOIBbIPAXKEHHE THIA t.
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Hpumepwr:
> hastype( (x+y), +" );

true

> hastype( (x+y)*(1/2*x+y), fraction );

true
> hastype( x+7*y, fraction );

false

14.3.1. IlpocTbie THIBI

K npocrbiM TMnam B Maple MOXHO OTHECTH: CHCTEMHbIA M MPOLEAYPHbIH
THITbl, KOHCTAHTBI.

K cHcTEMHBIM THNAM B Maple MOXXHO OTHECTH BCE THIbl, ONMHCAHHbBIC B m.

10.1. OnpeneneHne NPHHAATEXHOCTH K CUCTEMHBIM THTIaM ObLIO pacCMOTPEHO
Bm. 10.3.

JIna onpemeneHds MPUHAMIEKHOCTH BBIPAXEHMA K NMPOLCAYPHOMY TuMy
cnyxuT dpyHkuus type/procedure.
@opmart BbI30Ba PYHKLIUH:
type(expr,procedure)
3nech expr — mob0e BhIpaXeHHe.
DTa KOMaHAa MPOBEPSET NPHHAWLIEKHOCTL BHIPAXEHHA €Xpr K Mpouenyp-
HOMY THIY.

> type(sin,procedure);

> fi=proc(x) x*2 end;
f:=proc(x) x"2 end

> type(f,procedure);
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> type(x"2,procedure);

false

Jns Toro 4toObl ONpenesuThb, ABIAETCH JIM 3aJAHHOE BHIPAXXEHHE KOHCTaH-
TOM, CY)XMT KOMaHa type/constant.

®opMart BbI30BA KOMaHIbL: type(x,constant);

3nech X — moboe BbipaxeHHe.

IIpumeper.
> type(7, constant);
true
> type(infinity,constant);
true
> type(x~4,constant);
false

14.3.2. CTpyKTypHble THObI

JLns 06bACHEHHs MOHATHA CTPYKTYPHOTO THNa B Maple paccMOTpUM Tako#
npumep. Benem muoxectso L={1,2,3}:

> L:={1,2,3};
L={123}
OnpenenuMm, K KAKOMY THITy TPUHALIEXKHUT L

> whattype(L);

set
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OIHaKO MHOXECTBO MOXET COCTOSTh HE TOJILKO M3 LENLIX YHCET, HO U U3
IpoGHbIX 1 gaxe U3 cTpok. YToOb! y3HATH, U3 YETO e COCTOUT MHOXeCTBO L,
BOCMOJIb3YeMCS TAKOW KOMaHOOM:
> type(L,set(integer));

true

Tenepb Mbl yBEpeHbl, YTO L — MHOXECTBO M3 LENbIX YHCEN, 4 HE U3 KaKHX-
b0 Opyrux:

> type(L,set(fraction));

false
PaccmoTpum apyrue npumepsi:

> type(f(1,2,3),function(integer));

true
> type(y”( ~ 2),name”integer);

true
> type(ly,1]list(integer));

false
> type(|y,1],list({name,integer}));

true

14.4. lpeobpa3zosaHue munoe

Jins npeo6pa3oBanus BbIPaXKEHHs U3 OJHOTO THNA B APYroH CIYKHMT BYHK-
uus convert.
Bri30B dyHKUMH (B 06UIEM BUIE):
convert(expr, form, arg3, ...)
TlapameTpnl:
expr — m060€ BHIPAXKEHHUE;



Tunel ZaHHBIX

153

form — UMA;
arg3, ... — JPYrue apryMeHTsl (HeoOsi3aTeNbHbli napaMerp).
Ipumepwi:

IMpeobpa3zyem umncio 1.2345 B 1pobs (T.e. B THn fraction):
> convert(1.2345,fraction);

2469
2000

[Tpeo6pazyem obpartHo:
> convert(2469/2000,float);
1.234500000

MoxHO npeobpa3oBbIBaTh YUCIA B JBOUYHYIO GOpMY:
> convert(12,binary);

1100
> convert( — 1.234,binary);

-1.001110111

[Mpeobpaszyem asouyHoe yucnao 1100 B gecaTuyHyo HOTaUKHIO:

> convert(1100,decimal,binary);

12

Jns npeobpa3zoBanus pagMad B IPajychl CYXKHT CIERYIONIAd KOMAHIA!
> convert(Pi/2,degrees);

90 degrees
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I'panycei B paanaHsi:

> convert(90*degrees,radians);

T

[

Jns npeobpa3oBaHuA B CAMCOK CYKUT koMaHaa convert/list. [Ipuuem npe-
obpa3lyemoe BbIpaKEHHE JOIDKHO TIPUHAANEKATh OAHOMY M3 CHEAYIOLIMX TH-
noB: TabnuLie, BEKTOPY, MHOXECTBY M/TH BbIPAXEHHIO.

Bbi3os:

convert( <table>, list )
convert( <vector>, list )
convert( <expression>, list )

> A:= array(|x,y,z)):
> convert(A,list);

[x.5.2]
> convert(r+s — t,list);

[r,s, -]
> B := table(|(3)=123,(7)=456)):
> convert(B,list);

[123,456]
> convert({x,y}.list);
. x]

Jlna npeoBpa3oBaHus B CIIMCOK M3 CIMCKOB CIIYXMT koMaHpa convert/listlist.
Tpuyem npeobpasyeMoe BbipaXeHHe JOMKHO GbITh MACCHBOM MIIH CITHCKOM.

Beizos:
convert( <array>, listlist )
convert( <list>, listlist )
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> A := array([[1,2],]3,4]}):

> convert(A,listlist);

[[1.2][3,4]]
> B:=[4=12,2=7,1=8,3=6]:
> convert(B,listlist);

[8.7,6,12]

IIpeobpasoBaHue BO MHOXECTBO OCYLIECTBJISAETCS KOMaHAOHW convert/set.
ITpeo6pa3yemoe BhIpaxkeHHe MOJDKHO MPUHAJIEXATh OXHOMY H3 CIEAYIOLIHMX

THMOB: TabJuLle, MACCHBY, CITUCKY UJIM BBIPAXKEHHIO.

Bb130B (hyHKUMH!
convert( <table>, set)
convert( <array>, set )
convert( <expr>, set )
> A := array(1..2,1..2,{[1,2],]3,4]]):
> convert(A,set);

{1,234}
> convert(x+y — z,set);

{-zy. x}

[ns npeobpazoBaHus B Tabnuuy ciayxuT komaHaa convert(object, table),

rae object — cIMCOK MJIM MACCHB.
> convert(]|1,2],[3,4]],table);

table([
(1, =1
(2,1)=3
(2,2)=4
(1,2)=2

)



156 I'napa 14

> convert(linalgfvector](3,j1,x,x"2]),table);

table([
2=x
2
i=1
)

> A := linalgjrandmatrix}(2,2,symmetric):
> convert(A,table);

table(symmetric, |

(1,1)="79
(2,2)=49
(1,2)=56
)

Jina  npeobpa3oBaHHs  BbIpaXeHUss B CTPOKY  CIIYXHT
convert/string.

> convert(sin(x*2),string);

sinf(x)"(2))

> convert(a+b+c*d,string);

@)+ +({c)*@)

KOMaHa
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15. MACCUBbI ¥ TABITULIbI
15.1. Co3danue mabnuy

Tabnuua — KOHEYHOMEPHDIH MacCHB, Y KOTOPOTO MHAEKCH] MOBble 3HaUe-
HUA.
Tabnuua coznaercs ykazaHuem ciioBa “table™:

> table( );

table([
)

Komanpa table( ) cozgana tTabnuily ¢ HeOnpeaeNeHHBIMH 3HAUYEHHUAMH.
OnpenenuM 3HayeHUs TaGNULbL:

> table(|22,red,Pi]);

table([
1=22
2 = red
3=7
)

Tax xak nHAekcbl Tabaunibl He ObUTH ONpEeAETiEHbl, TO PorpaMma caMa
TIPUCBOMIA UM LIEIOUNCIIEHHbIE 3HAYEHUS, PACTIONOKEHHbIE NO MOPAAKY.
3apaanm UHAEKChl TabmuLpb! caeayowuM obpasoM:

> S := table([(2)=45,(4)=61]);

S = table([
2=45
4=161
D

OGpaTHMCﬂ K 3JieMeHTaM Tabivubl, OOVH U3 KOTODPBIX HE ONPEIACIICH!
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> S[1],S812)

S, 45
1
Jnsa pacneyaTku HHAEKCOB M 3HaYeHHUI Tabmuubl CIIyXaT GyHkuuH indises
u entries. Hanpumep, pacneyataem uHaexcel Tabmuisl F:

> indices(F);
[def), [abe]

3Hauyenns rabmuupt F:
> entries(F);

[-sm], [cos]

15.2. MHOekCHbIe hyHKYUU

MoXHO co31aBaTh OMpeHerieHHbIe TUMbl TabMHL ¢ MOMOLILIO WHAEKCHBIX
dyHxuMi: symmetric, antisymmetric, sparse, diagonal, identity — o gopmary:

table( <uuaexcHas QyHKUMS> <HHIEKCHAS QYHKLUA...>)

Ecnu <nuaexcHas QyHKUHSA> ONpEAENiCHO KaK <UMA> KOTOPOE He NMpPHHAM-
NEXUT OJHOMY M3 MATH MEPEYMCNICHHBIX, TO UMA ‘index/’. <uma> 6ymer uc-
NOMb30BATLCA, KAK UMA MPOULEAYPHI, KOTOpas ONpenenseT HHACKCHYIO QyHK-
HHIO.

Hpumep, NpUBENEHHBIH HYKe,CO3AAET MHACKCHYIO GYHKUHIO, KOTOpas BO3-
BpallaeT 3aHauyeHue infinity [uis BceX HECBA3AHHLIX CO 3HAYCHHAMH MHAEKCOB
TabnuuUpl (MOX0Xe Ha HHIEKCHYI0 (YHKUHMIO sparse, KOTOpas BO3Bpaluaer
HYTb).
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Ipumep:
> “index/infinity’ := proc(indices,table)

> if (nargs = 2) then

> if (assigned(table{op(indices)])) then table[op(indices)];
> else infinity;

> fi;

> else table[op(indices)] := args|3..nargs);

> fi;

> end:

> t := table(infinity):

>t[1,2] == 1

> t[1,2];

1
>t2,1);

o0
> t := table(symmetric,infinity):
>t1,2):=1:
> t[1,2];

1
> t[2,1];

1
> t{33,44];
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16. NPOUELRYPbI

16.1. Onpedenerue u 8bI308 npouedyp

CHHTaKCUC ONpeeNeHNs MPOLEAYPbl CISIYIOLIMHA;
proc (<argseq>) local <nseq>; global <nseq>; options <nseq>;
description <string>; <statseq> end

Tlapamerpbi:

<argseq> ~ cnucok popManbHbix napamMerpoB. IlapameTpst B
CTKCKe pasfmensatoTcs 3anaroi. Cnucok MOXeT
ObITb MYCTHIM;

local, global, options — Heobs3aTeNbHble MapaMeTPbl, KOTOPbIE onpeae-
JIAOT T106asbHbIE U TIOKaJIbHbIE NEPEMEHHBIE, &
TakXe pexrMbl paboThy;

description — KOMMEHTAapHii, ONHCaHUE NPOLUELYDHI.

ITpocMOTPETh MApaMeTPhbl NPOLEAYPHI MOXHO € NOMOLIBIO GYHKLIHH Op.
op(<num> eval(<uMs npouesypb>), rie NUM — YHCIO (apaMeTp).
1 ~ Bo3Bpalaer cnucox GopManbHbIX NapaMeTPOB;
2 - BO3BPAILAET CMIMCOK JIOKAIbHbIX MEPEMEHHBIX;
3 — BO3BpAILIAET CIIKCOK KIIIOUe U3 pasjiena options;
4 — Bo3Bpauiaer Tabnuuy NaMAaTH MPOUEAYPbI;
S — BO3BpAlL@ET CTPOKY onucanus description;
6 — BO3BPALIALT CIIMCOK rN0BaNbHBIX MEPEMEHHBIX.

JT1060ii BO3BpaillaeMblii CIUCOK MOXET ObITh TYCTHIM.
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IIpumep onucanus u év1306a npoyedypet
> power:=proc(a,b)

> description 'Bo3BeleHME B CTEHEHD
> a’b
> end;

power .= proc(a,b) a™b end

> power(2,3);

> op(1,eval(power));

a,b

[poueaypa Bo3BpallaeT 3HAUEHHE MOCIEAHErO BLINOJHEHHOTO ONepaTopa
WIIH 3Ha4eHue, onpeaeneHnoe npoueaypo RETURN,

> one:=proc(t)

> if t<0 then RETURN(0) else RETURN(1) fi
> end:

> one(1); one( — 6);

16.2. JlokanbHbie NnepeMeHHbIe

Kaxk u B npoueaypax Pascal, B Maple cyiiecTByloT noKaJibHble U ro6ab-
Hbie nepeMerHbie. OHHU OMPEAEAIOTCA NPU ONMUCAHUU FIPOLIEAYPHI NOCIE KO-
yeBbIX ¢/oB global u local. JIoxanbHble NepeMeHHbIe BUAUMBI TONBKO B Npejie-
Jlax Npoueaypbl. r100anbHbIC MEPEMEHHbBIE BUAUMBI BE3E.

PexoMenayeTcst Bce lepeMeHHbIe, UCMOJb3YeMble NMPOLEAYPOMH, ONMCHIBATDL B
cekuusx local u global. Ecnu Tun riepeMeHHbIX IBHO HE ONPEAEIIEH, TO CYLLECT-
BYET OPABHIIO OTIPEACIEHUS THNA NEPEMEHHOM:



162 Inasa 16

® CIIn HCpeMCHHOﬁ BHYTPH MPOLCAYPLI MPUCBOCHO kakoe-mubo 3HaYeHHUE,
TO 3Ta NCPEMECHHAA CYUTACTCA IIOKaIIbHOﬁ;

® [IEPEMCHHBIC, HCMIOIL3YEMbBIE B LIUKJIAX form $€(, TAKXKE CYUTAKOTCA JIO-
KaJIbHbIMH.

® OCTalIbHbi€ [lepeMEHHbIe CYUTAIOTCS I100aIbHbIMU.
> s:=proc(x)

> =27,

> RETURN(y)

> end:

Warning, 'y’ is implicitly declared local
> a:=proc(x)

> global z;
> x+z

> end:
> 7:=0: a(5);
> 2:=6: a(5);
11

16.3. Pacwupmdluue Knovu

PaclmpsiollMe KIIOMH 3aHChiBAIOTCA B CEKLIMK options.
Kimoun MoryT GbiTh CIEAYIOLLMMH:
remember - onpeaenser Tabnuuy NaMaTH s NPOLEXYDL;

builtin — onpenesnseT QYHKLUHUIO KaK BCTPOEHHYIO,

system — OMpeHeNseT “'CUCTEMHYIO” poLEedypY;

operator  — oGBABMAET NPOUEAYPY — DYHKLHOHAJbHBIA ONepaTop;
arrow — OMNpeJienseT NPOLENYPY — ONEepaTop B HOTAUMHU “->7;

angle — OTpe/enseT MPoLeaypy — ornepaTop B HoTauuu “<..[..>”;
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trace — ompeaesser, YTo OYAET BHIBOANTLCA MHPOpMALUs O Bbl-
MOJIHEHUH;
package  — OmpemeNnseT NaKeTHYIO NPOUERyPY;

Copyright — aBTOpCcKHe npasa.
Knrou remember

Onpenensier, 4To BCe pe3ynbrarhl oOpalueHui k npoueaype OymyT 3aHo-
CHUTbCA B Tab MLy MaMATH IPOLEAYPHI.

> f:=proc(t)
> options remember;
> tr2

> end:

> f(4):

16
> f(6);

36

[TpocMOTpeTh Tabiuiy MaMsaTH MOXHO C MOMOLIBIO CIICAYIOLIEH KOMaH-
Jbl:

> op(4,eval(f));
table([
6=136
4=16
D

PaccMOTPHUM NPUMEP NPOLUELYPbI, BHIUHCAIOMUIEH Yncna PrboHaym:
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> f:= proc(n) if n<2 then u else f(n — 1)+f(n - 2) fi end:
> f(14);

377
3anaTbl BPEMEHH BO3PACTAIOT MO IKCMOHEHUMAIbHOW 3aBUCUMOCTH:

> f:= proc(n) option remember;
> if n<2 then n else f(n — 1)+f(n — 2) fi end:

> £(14);
377

B nocneanem Ciiy4ya€ 3aTpaThbl BpEMEHW BO3PACTAIOT MO JMHEHHOW 3aBUCH-
MOCTH, TaK Kaxk Npeablayme 3Ha4CHUs 3arIOMHHAKOTCA B Tabnuue namaTy.

C Tabnuuel NaMaTH MOXHO paboTaTh Kak ¢ oObiuHON Tabmuuel. JdonycTu-
MO NPUCBaUBaHUE:

> £(0):=0;
fl0)y =0

Koy builtin

Onpenenser npoueaypy kak BcrpoenHyio. Kiou builtin gomken ObITh nep-
BbIM B CIUCKE options.

Hanpumep, GbyHKLHUS type — BcTpOeHHas GyHKUHMS.

> eval(type):
proc( ) options builtin, 145 end

Pe3ynbTaT BLINOAHEHMS eval MoKasbIBaeT, uTo type — BCTpOeHHas GyHKums.
Yucno 145 — cucTeMHBIA HOMEP QYHKLIMU.
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Karou system.

OnpeaensieT “cucteMHylo” npouenypy. “CucTemMHas” mpoueaypa — 3TO
npoueaypa, Tabanua naMsaTH KOTOPO# MOXKET ObiTh yAajleHa U3 “MyCOPHOro
aimka’” (garbage collector) cucrembl. Ecnu npouenypa onucana 6e3 kmoua
system, TO Hemnb3s OyAeT yAAJINThL ee Tabnuiy NaMsTH.

Koy operator

Onpeaenset, 4To ¢ NpoleAypoi MOXHO paboTaTh Kak ¢ ONepaToOpoM.

Ilpumep dyHKUMOHANBHOFO onepaTopa:
> sq:=<x"2|x>;

sg = (x2 | x)
> oper:=proc(x,y)

> option operator;

> x"2-y
> end;

oper = (x2—y | X,y
> oper(4,1);

15

[Mpouenypa oper aHajaOrH4YHa 3aMUCH:

> oper:=<x"2 - y{x,y>;

oper = <X2_J’ I XY

Kirwou arrow

IMpoueaypa — onepatop OYAET 3amMcaHa B HOTaUHK “->7,
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Hortauus “->” - 310 dopMa 3anucu omneparopa. Kmou Arrow u3MeHseT
NpaBUIO onpeaesieHus TIOOaNbHBIX M JIOKAIbHBIX MEPEMEHHBIX: BCE HE JIO-

Ka/lbHble NepeMeHHble He GyayT noGaBlieHbl B CIIMCOK napameTpoB. Koy
arrow MCroJib3yercs BMECTE ¢ operator.

> operl:=proc(x,y)

> options operator,arrow;

> x"2-y
> end;
- 2_
oper! =(x,y)—>x"-y
> operl(4,1);

15
Operl KBUBaJIEHTHO 3aIMCH:

> operl:=(x,y) - >x"2 -y;

oper! =(x,y)—> x2 -y
Knrou angle

O6BABIAET NPOLIEAYPY — ONEPaToOp B HOTALMK “< >”. JIeHCTBYET BMECTE C
KJII0YOM operator (M0 yMONUYaHHIO).

> oper2:=proc(x,y)

> options operator,angle;

> x"2-y
> end;
— 2 _ |
oper2 = {x“ -y | x,y)
Koy trace

OnpesensieT, 4TO NMPH BbINOJIHEHUH NpoLeaypbl OyleT BBIBOAWTBLCA OT/a-
JoyHas nHbopmaLms.
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He nomgyexaT TpaccHpOBKe INpOLeLyphl, Cofepxaliue GyHKLMM: assigned,
eval, evalhf, evalf evaln, traperror, seq, userinfo.
> pro:=proc(x,y,z)
> local t.k,i;

> options trace;

> ti=x*y;
> ki=y+z;
> ii=x*z;
> t+k+i;

> end:

> pro(1,2,3);

{-->enter pro, args =1, 2, 3

L
o i
W on O

— i
o

<-- exit pro (now at top level) = 10}

10

AHaNOTHUHbIe Pe3YIbTAThl JAeT QyHKUMS trace(<HMeHa NpoLEAyp>).

> {f:=proc(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

BbIKTIOUMTD PexUM TPACCUPOBKH MOXHO € MOMOUIBIO untrace.
> untrace(ff):
> ff(4);
64

Ko package

Co3paeT 6MOIMOTEUHYIO Npoueaypy. [Ipumep npuseaeH HXKe.
IIpumeuanue: GUOINOTEUHDIE IPOLIEYDPbI 3aIPYXKAIOTCSA 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

3amMugaer npoueaypy ot npocmotpa. I[Ipy npocMoTpe 3alMIIEHHONH Npo-
LeAYPbl €¢ TEKCT BbIBOAUTLCA He Oyaer. OTMeHuTsb aelicTBue kmoua Copyright
MOXHO koMamn 0 interface(verboseproc=2).

> myproc:=proc(y)
> option Copyright;
> yH4

> end:

> myproc(4);

> eval(myproc);

proc(y) ... end

16.4. NpucesoeHue 3HaveHuli napamempam

Tpy onucaHWK ApoUeaypbl YKa3bIBAETCS CMHUCOK €€ (POPMaTIbHBIX apaMeT-
pos. Ilpu obpalieHun K NpoUelype yKalblBaeTcs CIIMCOK AEHCTBHUTENbHBIX Ma-
pameTpoB. B crnenytomem npumepe B npoueaype f GopMaibHbii napaMeTp — a,
JeUCTBUTENIbHBIN rtapaMeTp — 2. I1pu BbI30Be npouenypbl ACHCTBUTE IbHBIE Ma-
paMmeTpbl NPUCBAMBAIOTCA GOPMalIbHbIM.
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> f:=proc(a)
> ar2

> end:

> 1(2);

Tlpu nepenaye AelCTBUTENbHLIX NAPAMETPOB B [TPOLIEAYPY MPOBEPAETC CO-
BMECTUMOCTbL THIIOB (OPMasibHbIX M EHCTBUTENBHBIX NapaMeTpoB. B ciy4ae
MX HECOBMA/IeHUS TEHEPUPYETCS OLLNDKa.

JeitcTBuTenbHbIE MapaMeTpbl Nepel nepejaded B Npoueaypy npeaBapH-
TENBHO BLIYMCIISIOTCS,

> f(6 - 4);
4

KonuuecrBo nepeaaBaeMblX B fpOUEAyPY AEACTBUTEIbHbIX TapaMeTpoB
MOMET BBbITb HE PABHBIM KOMMUYECTBY GOPMAabHbIX APAMETPOB (HO HE MEHbILIE
KOJMUeCcTBd (POPMANbHbIX 1APAMETPOB).

> £(2,34,56.,7);

16.5. CoobyeHus 06 owubkax u 3asepuieHue npoyeccos

BhinosiHeHue Npoleaypbl MokHo npepeats oneparopom ERROR. B 3ToM
cnyvae Oyjet BblaaHo coobiuerue “Error, <in uMs npoteaypbl> < CHUCOK fa-
pamerpos ERROR>".

Cuntakcuc ERROR: ERROR(crincok napameTpos).

> f:= proc (x) if x<0 then ERROR( invalid x°, x) else x*(1/2) fi end:
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> 1(2);
2
> f(-2);
Error, (in ) invalid x, -2

Ecnn BbI30B MPOLEAYPbl NPOU30ILeN B pexuMe traperror(..), TO CIUCOK Ta-
pamerpoB ERROR npucBauBaercs nepemernoi lasterror.

> traperror(f( —2)):
> if " = lasterror then “error occurred’ else ‘no error occurred’ fi;

error occurred

Hpoueﬂypa nocje BLITOTHEHUS NEHCTBUH BO3BpAalllacT 3Ha4eHHUEe NOCAEaHE-
0 BBITOJIHEHHOrO Ooneparopa. 310 NMpaBHJIO MOXHO U3MCHHUTL MPHU NMOMOLIH
RETURN.

RETURN ripepbIiBaeT BbiNOJHEHHE MTPOLEAYPHI U BO3BPALIAET CITMCOK 3HA-
4eHUH. ’
Cunrtakcuc: RETURN(<cnucok napamMeTpos>).
> delta:=proc(t)
> if t=0 then RETURN(infinity) else RETURN(0) fi
> end:

> delta(1); delta(0);

<

C nomowbto RETURN MOXHO nepefaBaTh He TOJIbKO YUCIICHHBIE 3HA4e-
HUS.
> gi=proc(t);

> RETURN('procname(args)’)

> end:
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> g(4)

g(4)

Knouesoe cnoso FAIL npeaHa3sHayeHO [ NpepbiBAHHA TPOLELYPSHI.

FAIL ucnob3yercs st cOODIIEHUST O TOM, YTO BbIPaXKEHWE HENb3fl BbIYMC-
JTUTDb.

> h:=proc(t)
> FAIL

> end:

> h(S);
FATL

16.6. Byneeckue npouyedypbl

ByneBckue npoLUesypbl ONpesesisloTes Tak ke, KaK U oObIYHbIE.

> 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. Bbizoe u coxpaHeHue npoyedyp e ¢patinax Ha ducke

3anuch npoueayp B hain:
save <CIMCOK WMeH> <ums panna>
Yrenue npoteayp u3 dpanna:
read <umsa daina>
> fl:=proc(x.v)
> x"2+y"2

> end:

> f2:=proc(x.y)
> x"3+y"3

> end:
> save f1,f2,profile;
> read profile:

f1:=procix,y) x"2+y"2end
f2 :=procix,y) x"3+y"3end

[Ipoueaypb! MOXHO 3amucaTh B (pais BO BHYTPEHHEM (bopmaTe Maple. s
3TOrO MPOCTO 1a,10 106aBUTL K MeHu daiina pacwmpenue “.m”
> save f1,"pro.m’;
> read ‘pro.m ;

KpoMe 771X BO3MOKHOCTEH COXPaHEHU NPOLERYP Maple umeer 6onblume
BO3IMOKHOCTH co3aarust OMbIHOTEK.



174 I'naBa 17

17. ONEPATOPbI

B Maple onepaTtopbl - 370 aBCTPAaKTHBIA TUM JAHHBIX, ONMUCHIBAIOLIKI Oone-
pauuu npeodbpa3oBaHys HaL AaHHbIMA.

17.1. OnpedeneHue onepamopos e Maple

BapuaHTbl OMMCAHUS ONEPAaTOPOB:

e neonpeneneHHsid (f);

e HeHTpabHbIA (Onpeaensempiii nons3osatenem) (& );
® NPOLEAYPHbIH;

® CTpENIOYHAs HOTALMS,

® HOTALS YTJIOBBIX CKODOK:

& KOMIIQ3ULMOHHBII onepaTop (@) .

Heonpe,(e/eHHblii ONepaTop — 3TO OMepaTop, KOTOPLIA 3apaHee He Obin on-
penenen. Takoit onepatop He BLITIONHAET HUKAKUX AEHCTBUN.

> 1(3,4,5);
f13,4,5)

HeifTpa:ibHblil OfiepaTop (onpeaenseMsiit nonb3oBaTeneM) 0003Ha4aCTCH
3HAYKOM amriepcanTa &.

CHHTAaKCHC ONUCcaHus onepaTtopa: & uMms.

Hms — 910 moboe paspeiieHHoe B Maple MMa uny Habop cneunanbHbIX
CUMBOJIOB.

B 1M# ollepaTopa Hellb3s BKITIOYATE LMPPBI U CIAEAYIOLHE CHMBOJIBL

&|()[14{}::' #<ENTER> <SPACE>_
MakcuMasibHas ATHHA UMeHH - 495 CHMBOJIOB.

&-0MepaTopbl MOXHO MCHOJb30BaTh KAK YHAPHBIA NPEePUKCHBIA onepaTop
MIH KaK MH(UKCHBIH GYHAPHBIA. DTH ONepaTopbl TEHEPUPYIOT GYHKUMOHAb-
Hble BbI30BLI C MMEHEM HEHTpAIbHOTO oneparopa.

>a&*b;
a &*b
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>a*b &t

a(b&te)

> a&xxhb - &xx(a,b);

OnepaTop TaK)Ke MOXHO OTIMCaTh Yepes NpoLeaypy.

> fg:=proc(x)

> option operator;

> x"2
> end;
fe= (x| x)
> fg(5);
25

B Maple moxHo OTIpeneNsiTh (PyHKuMoHasdbHbie onepaTopbl. PYHKUUO-
HAJILHBIE OTICPATOPBI — 3TO (OpMa NpeCTaB/ieHHst TOb30BATENbCKUX MATEMA-
THyecknx  GyHkumnit. OnpeaennTs (yHKUMOHANBHBIA ONEPATOP MOXHO B
“cTpenouHoi noTawn”. CUHTAKCHC CTPENOYHO| HOTALMH:

(cnucok nepemennbIx GyHKUNMK)->(PyHKUM)

> fgi=x — >(x"2);
fg=x— x2

> fg(4);
16
> df:=(X,y,z) - >(x+y+2);

df = {x+y+z I X027
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> df(1,2,3);

MDYHKUMOHATLHBIA OMEPaToOp MOXKHO ONPEAeNHTh B HOTALMH “YLIIOBBIX
ckoboK™.

CHHTAKCUC TaKO! HOTALUK: < QYHKUHA | CIMCOK MEPEMEHHBIX>
> fg:=<x"2|x>;
_ 2
fe=(x%lx)
> fg(4);

16
> df:i=<x+y+zlx,y,z>;

df ={x+y+z \ X0z
> df(1,2,3);

MoXHO OrnpesesiuTh @ - KOMMO3ULIHOHHBIA ONEPaToP:

> f:=cos@sin;

J=cos@sm
> (cos@sin) (x);
cos(sin(x))
> (cos@@2)(x);
cos (2 )(x )

Onpeoenenue onepamopog ¢ nomowspio define

Onepatop define peann3yeT onpeie/icHHE ONepaTopa N ero CBOHCTB. Define
[03BONAET ONpERENUTh ONEPaTOP B ABYX HOTALMAX:
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o uHpuKcHOM (& - UMa);
e pyHxunoHanbHoMn (f(x)).

Cunrakcuc: define(f,<cnucok cBo#cTB>),
rae f - uMs onepaTopa, peaji3yIOLUIEro BbIUYHCIIEHH .

CaoiicTBa 011epaTOpPOB:

unary — yHapHbId onepaTop;
binary —~ OMHapHBbI# onepaTop;
associative — ACCOUMATUBHLIN onepaTop;

f(x.f(y, 2)=f(f(x,y),2)= f(x,y,2).
commutative UM — KOMMYTaTHBHbIA onepaTtop, f(x,y)=f(y,x);
symmetric

antisymmetric — acUMMeETPUUYHBIA oneparop, f(x,y) = -f(y,x);
inverse=g — OompelesseT MHBEpCHbI oneparop, (f ->g);
Zero=x — onpenenenue “Hys” onepatopa. Ecnu mo6oi

M3 apTYMEHTOB ONepaTopa paBeH X, TO onepa-
TOp BO3BpAILAET X.

> define(f,binary,associative,zero=1);

Warning: new definition for f

[IpocMOTPETH TEKCT NPOLIEAYPbI MOXHO C MOMOLIBIO print.

> print(f);
proc( )
local _A 4.1} Sign:
_AA = [args/.
_AA = map
procix.pny
if typef x function) and op(0.x) = pn then
opIxN)
else x
fi
end
_AA.procname ).
i=1,
Jji=nopst_AAj;

while i < jdo
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if j <=2 then break fi,
[procname(_AA[i],_AA[i+1])],
if has(",procname) theni:=i+l
elif fulse then
_AA =subsop(i = NULL,i+] = NULL,_AA);
ifl <itheni:=i-lfi
else
_AA ‘= subsop(i=op("),i+]1 = NULL,_AA)

if j <=nops(_AA) then
ERROR(
A forall( ) with two arguments ret|
urns an expression sequence’

Ji:

if 1 <itheni:=i-lfi

ﬁ’,
jo=nops(_AA)

od;

if member(l,_AA) then RETURN(1) fi;

ifnops(_AA) = | then RETURN(_AA[1]} fi;

‘procname’(op(_AA))

end
> 1(2,14);
1
> f(f(x,y).2);
fix,y. 2)
> 1(34,45);
f34,45)

> 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), ¥y );
ty. ».2)
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18. BHEWHWE BbI30BbI U MAHUNYNALIMA

Maple 11peJocTaBiiseT BO3MOXHOCTb BbI3OBA APYTMX fIpOIPaMM U KOMaHA
OnepaLmMoHHON cucTembl. D1a QyHkuMs padoTaeT B cpeae Maple, ycTaHOBNEH-
Hoiét moa POS. Peanusyer 31y dyHKUMI KOMaHaa system.

Cunraxcic system: system (<cTpoka>}),
rjae <cTpoka> — komaHza, nepeaasaemas B DOS.

Hanpumcep. ecnu BbiMOJIHUTL KOMaHLy system (dir); To OyaeT BbIBEAEHO CO-
JepxuMoe Tekyulero katanora. C moMOWBO system MOXHO OpraHM30BaTh 00-
MEH AaHHbIMK C IPYTUMU TPOTrpaMMaMH.

Paccmorpum npocToil npuMep BHeurHero Boi3oBa. Hanpumep, Ha Pascal Ha-
nMcaHa nporpaMMa. peaausylollas YMCIeHHbI MeTOd (WIS MPOCTOTHI [YCTh
3TO OyAeT nporpaMmma rnepeMHoXeHus AByX uucen). DOS nossonser B KO-
MaHIHOM CTpoKe ofnpeaenuTb Gain, U3 KoToporo OYAYT CYMTaHBI MCXOIAHbIE
[aHHble, u (daiin, B KoTopblii GyayT 3anucaHel pe3yabTartel. Hanpumep,
c:\prog.exe < inpul.txt > output.txt peajgu3yeT cka3aHHOE Beilie. B 3TOH Ko-
mange DOS ¢aitn prog.exe — 3anyckaemas nporpamma, ¢ain input.txt — dain
UCXOJIHBIX HaHHbIX, hain output.txt — Gain pe3ynbTaToB.

Y1061 Opranu3oBaTh Takoi oOMeH B Maple, Hafo co3aath Gain HCXOAHbIX
JAaHHBIX. DTO MOXHO ceNaTh CTAHAAPTHBIMM cpeacTBaMu Maple. 3atem Bbl-
TIOJIHSIEM BHEWHKIA BbI3OB: system(‘prog.exe < input.txt > output.txt’). ITocne
3TOro pesy.ibTaTbi paboThbl MPOrpaMMbl Prog.exe MOXHO CUMTaTh M3 Qaina
output.txt.

Onucatiblii crmocod BHELWIHETO BbI30Ba HE pPALMOHANbHBIN, TaK Kak 0OMeH
JAHHBIMHK 1T Yepe3 TEKCTOBbIN (aitl.
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19. AONONHUTENBbHbBIE BO3MOXHOCTHU A3bIKA MAPLE

19.1. Omnadka u cunmakcuc coobujeHull 06 owubKkax

Hanbonee npocroii cnocob otnaaku nporpamm Ha szbike Maple V — arto
oTaajaka ¢ noMousto printlevel. Printlevel — 310 rmobanbHas nepemeHHas, Ha-

YallbHOE 3HAaYeHHEe KOTOpOM paBHO equHHUIE. Ecim ycTaHOBUTH €€ 3HAYeHHe
6onblie yeM 1, To Oyner pacneyaThIBaThes TIOIATOBOE BBINOJIHEHUE BBEACH-
HOH MpoleAypbl, NpUYeM, 4eM OOoJIbLIE 3TO 3HAUCHHE, TeM Ooblie Wwaros Oy-
JeT BBIBOAMTHCA. Hampumep, BBeAeM ABE MPOLeERypbl, B OJHOH M3 KOTODBIX
€CTb OlUUOKA — IeNeHUe Ha HYJIIb!

> 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:

Beri3osem npouenypy f:

> f(3);

Error, (in g) division by zero

Ycranosum printlevel=100:

> printlevel:=100:

> {(3);

{-->enterf, args =3

{-->enterg, 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 =t

g called with arguments: 3, 1

f called with arguments: 3

19.2. [lepeHa3HavyeHUs1 U MaKpPOChbI

®yuxius alias — onpenennTh cokpallleHHe UM 0003HaUYEHHE.
DopMaT BbI3OBA:

alias(el, €2, ..., eN)
ITapametpsr:

el,e2, ..., eN — Hynb unu 6oee BoIpaXKeHUH.

B MateMaTtHke o4eHb MHOT'O Pa3IMYHbIX [UIMHHBIX HMEH, Ha3BaHHUA KOTOPBIX
ObuTH nepeHecedsl ¥ B cpeny Maple V. UtoObl He MCNIONB30BaTh 3TH JIMHHBIC
MMEHa, MOXKHO OTPEIETUTh COKpalleHust LUt HUX. I 3TOro UCnosb3yercs
xoMmaHja alias. [IpuMep: onpenenuM COKpalleHHOE Ha3BaHUe I CTaHIaPTHOM
dyHkuuu cpenbl Maple V fibonacci (Bo3ppaiuaer yucina @ubonayun):

> alias(F=fibonacci);

LF

> with(combinat):

> F(6);
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> fibonacci(6);

8

MOXHO TaKXe WCIONb30BaTh PyHKLHKIO alias s coKpalueHUs Ha3BaHMI,
onpe/eNieHHbIX MoJib3oBaTeneM. Hanpumep, onpeaenum cokpaiucHus: F s
Func(x), Fx nya npouseoaHoi ot Func(x) nio x.

> alias(F=Func(x)):

> alias(Fx=diff(Func(x),x)):

> diff(F,x);
Fx
> diff(Fx,x);
3]
—a; FX

DYHKIMA MAacro — onpeAeneHre Makpoobo3HaueHUH.

Hanpumep, NpeanookuM, 4T0 B OZHOM U TOH XKe MPOLELYPE HCTIONbL3YETCH
IIMHHOe 0603HaueHue (Hampumep combinat{fibonacci] — BbI30B (yHKUUM
fibonacci) 0[MH MK 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 MCMOIB30BATL 3TO IMHHOE MMsl, OMpENe/inM MakpoobosHaye-
Hue:

> macro(Fib=combinat{fibonaccil);

> g:i=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

Eule oauH OPUMEPD UCTTONTE30BAHUA Macro:

> macro(v = linalg[vandermonde});

> v([3,2,1});

1 39
1 2 4
1 1 1

(DyHKul/lIO macro MOXHO HUCNOJNbL30BATH A CO3JJaHUst TAKOI'O l'IpI/IBbI‘{HOFO
IS Pascal TUI4a JAaHHbLIX, KAK 3aIMUCh. I[IISI MOHUMAaHUA CYIHHOCTI/I cOo3aHuA
3anuck B cpeae Maple paccMOTpyUM NpUMED:
> a:=[x,y,z);

a=[xy2z2]

> macro(one=1,two=2,three=3);
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> ajl};
x
> ajone];
x
> s:=alone]+a]two]+a[three];
s=X+y+z

Takum 06pa3oM, K 37eMeHTaM CIUCKa MOXHO oOpalaThes TPAAMLIMOHHO
N0 UHACKCAM WJIW BBEICHHBIM MAKPOCaM.
PaccmoTpum Ooree ci10kKHBIA TIPUMED — 3aMHCHh BbIPAXEHUS

- 0.5 (x+1)%(x-1)

> a:=| - 12,][x+1,2L[x - L)1k

a:=[%,[[x+l,2],[x— 1, 1]]}

> macro(unit=1,factors=2,base=1,exponent=2);

> a|unit;

> a[factors][1][base};

x+1
> alunit]*alfactors|[1][base]"a[factors][1][exponent]*a[2]{2][1]*a[2]{2][2];

-%(x+l)2(x—l)
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20. OB30P BMBIIMOTEK MAPLE V

Bubnunorexy Maple V cozmepxat Gonee 95 % xoga MaTeMaTHYECKUX 3HAHUH
¥ 3KCMePTHLIX peileHui. Ee npoueaypsl MOTYT ObITh IPOCMOTPEHDI, H3Y4Y€EHB! H
aaxe MOIUGUUUPOBAHBI U PACUIMPEHBI.

HUudopmauuio no 6ubimorexkaM Maple Bceraa MOXHO MOMYYHTE M3 Cripa-
BOYHOM CHCTEMbI CPE/ibl, KOTOPAs COAEPKUT MOAPOGHYI0 HHOOPMALMIO O KaX-
Jo# 6ubnuoteke. 1 MPOCMOTPa JOCTATOYHO BBECTH BOIIPOCHTENbHLIN 3HAK
u psifioM uMs Gubnuorexu. Hampumep: >?inalg.

B cocTaB cpeast Maple V BXomaT cienyromue GMOIHOTEKH:

® nuMapprox — YycsIeHHas anmpokcuMalus;

¢ combinat — KOMOMHATOPHKA,;

¢ Detools — cpencraa i paboTsl ¢ A depeHIManbHLIMU
YpaBHEHUAMHU;

edifforms — cpeAcTBa 1S paboThl ¢ PA3TMYHBIMH
b depeHuManbHbIMH GOPMaMH,

e gecom3d — TpexMepHas eBKIIMIOBA FEOMETPHS,

» geometry — ABYXMEpHAas eBKIIU0BA FEOMETPHUS;

» grobner — 6a3uc I'pobHepa,

® group — TEOpUs TPYI;

e linalg — nuHeiHas anrebpa;

e logic — OyneBckas NOTMKa;

e networks — Teopus rpados;

e np ~ TeopHs pa3MeELLEHWH;

¢ numtheory ~ TEOPHUS YUCENT;

e orthopoly — OPTOrOHANbHbIE MOINHOMBI;

e plots — rpaduyeckas 6ubIMOTEKA;

® powseries — CTEMNeHHbIE PALDI;

e projgeom — MPOEKLMOHHAS TEOMETPHUA;

o simplex ~ NUHeHHas ONITUMHU3ALIHS,

o stats — CTATUCTHUKA;

e student — OLleHKa OLIHOOK.
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O6paTuM 0coboe BHUMaHHE Ha CBOOOJHO paclpocTpaHseMble Koabl 6ub-
JTHOTEK ¥ TOTOBBIX MPOEKTOB MaTEMAaTU4ECKHX ¥ PH3UYECKUX 3a/1a4 Yepe3 MH-
dopmauroHHbIi cepBep yHHBepcuTeTa T. Batepioo B Kanane. Hanuuue cBasu
INTERNET cHumaeT Bce mpo6eMbl K JOCTYIy. Apeca yKa3aHbl B TEKCTOBBIX
¢daitnax B karanore SHARE/HELP. ITonp3oBaTtenb MOXET TaM e HaHTH NOJ-
KaTanoru fno 20 pasgenaM Haykd M TEXHHKH, B KOTODbIX HaxoauTcs Gorarei-
it Habop nmporpaMM Ui pa3nMYHbIX 3aAay.
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Cnucok tepmuHoB Maple V, ucnonb3oBaHHbIX 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

— aBCoNMIOTHOE 3HAUEHHE YHUCTIA,

- nobasneHue pedpa B rpad;

— nobaBiieHHe BEPILMHBI B Tpad;

~ FeHepalysi MaTPHULIBI CMEXHOCTH Juist rpada;

— OrpeeNieHHe COKpalleHus

— BBIYMCJIEHHE BCEX BO3MOXKHBIX 3HAUEHUH B Bbl-
paxenuu ¢ RootOf;

- noruyeckoe “HU”;

— onpeeseT OpoLeaypy — ONepaTop B HOTaLUH
“< >

— aHUMauus rpa¢HKoB,

— UHIEeKCHaA QYHKLMS — HECUMMETpUYHAS;

—~ JI03aMHKCh PE3yIbTATOB B CYLIECTBYIOIMA daii;

— CO3/IaHHE MaCCHBa,

— onpeesseT NpoLiefypy — ONepaTop B HOTaUMH

“ >

— JIBOWYHbIN THUN JaHHBIX;

~ BbIXOJI M3 LIMKJIA,

— onpeaensieT GYHKUMIO KaK BCTPOEHHYIO;
— pUpalLEHHE CUETYMKA LIMKIIA,

- MepeBo/i BhIpaxkeHHs B koj sa3bika C,

— BbIP€3aTh BLIPAKEHHE,

~ HaXOXIEHHE XapaKTEPHUCTHUECKOr0 MHOTOUJIEHA
MaTpHLIbI;

- 3aKpbITHE Gaiina;

~ cO3/aeT MOJIHbIHA rpad;
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cond
conformal
constant
convert
Copyright

D
D

Dchangevar

define
delete
DEplot

DEplot!
DEplot2

description
det
DEtools
dfieldplot

diagonal
diff
display3d

do

draw
dsolve
duplicate

E

edges
eigenvals
eigenvects

~ YHCIO OOYCIOBICHHOCTH MaTPHULBL;
~ MOCTPOEHHE KOMIUIEKCHOM QYHKLMH;
— THIT JaHHBIX — KOHCTaHThI,

~ npeoOpa3oBaHUE THIIOB,

— aBTOPCKHE MpaBa Ha Npoueaypy;

~ onepatop AudpdepeHLMpoBaHHS;

— MOACTAHOBKA HOBbIX NEPEMEHHDBIX B yPaBHEHHUE,

~ OMpe/esIEHHE OnepaTopa 1 ero CBOMICTB;

- yhajneHHe BeplUHH 1 pebep u3 rpada,

- MOCTpOeHHe peweHni AuddepeHLraNbHbIX
YpaBHEHHUH U CUCTEM;

— MTOCTPOEHUE PELLCHUS yPaBHEHHS NEPBOrO MO-
psaKa,

— NOCTPOEHHE PELIEHHA CUCTEMbI U3 ABYX YpaBHe-
HU;

~ CEKLIMS OTIMCAHMSA NPOLIENYPbI;

— BbIYMCJIEHHE OTpEACINTENS MATPHIIBI,

- rpaduyeckas 6ubanoTeKa,

~ [IOCTPOEHME oS pellieHUs anddepeHuHMaIbHO-
O ypaBHEHUS;

— HHAEKCHas PyHKLHMSA - AMaroHanbHasd,

- nuddepeHUMPOBAHHE;

- noctpoenue rpaduka 3D no cneumanbHOR
CTPYKTYPE AAHHBIX;

— HayaJo Tena LUMKIa;

~ MOCTPOEHHE uepTexa rpada,

- peiueHue quddepeHLMAIbHBIX YPaBHEHHH,

— cO3JjaHHe KOMuH rpada;

— cniucok pebep rpada;
— BbIYHCIIEHHE COOCTBEHHBIX 3HAYEHMH MaTpHLIbl,
— BBIYMCIIEHHE COOCTBEHHBIX BEKTOPOB MaTPHILbI,
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elif — KOHCTpyKUus “else — if”’;

else — KOHCTPYKLiHA “UHaye”;

end — 3aBEpLUIEHHE OMUCAHMUA TeNNa NPOLEeaypbI;

ends — CIMCOK “XBOCTOB” pebep rpada;

entries — 3HayeHUus TabIMLbI,

ERROR ~ 3aBepLUEHHE BbIMOJIHEHHUS MPOLEAYPbI C CO06-
ieHueM o6 omudke;

eval — TOYHOE BbIYHCIEHHE BbIpaXKEHEM;

evalb — BBIYMCJICHUE JOTUYECKOTO BbIPAXEHMUS,

evalf ~ BBIYKCJIEHHE BbIPAXKEHHS B UMCIIaX C M1aBaloLen
3anATOoM;

evalm ~ BbIYKCJIIEHHE MATPUYHOTO BBIPAXKEHHS,;

eweight ~ Haxox/IeHHUe BecoB pebep rpada;

F

factorial — BblUKCIIEHHE (paKTOpHaa,

FAIL — MpepbIBaHHE MPOLIEAYPhI B ClIy4Yae HEBbIYMCTIsE-
MOTrO BbIpaXX€HHS,

false ~ “NoXb” ~ 3ape3epBUPOBAHHAsA KOHCTAHTA,

fi — OKOHYaHHWe KOHCTPYKLMH BETBIIeHHUA if;

float — THI JaHHBIX — YKCJIO C IJIaBaloLLeH 3anATOMH,

flow ~ HaxOXIEHHE MAKCUMaJIbHOTO NOTOKA B rpagde;

for — KOHCTPYKLIMS LIMKJIa “ans’”;

fortran — TpaHCIAUMS BBIPAXEHHs B Ko a3bika Fortran;

fraction — THI JaHHBIX — IpoOb;

from — HayaJibHOE 3HaYeHHE CUeTYHKa LMKIIa,

fsolve — peuleHue ypaBHeHUs B 4MClIax C MjaBaroliei 3a-
MATOH;

H

hastype — MpOBepKa Ha yKa3aHHbIA THIT,

head — HaxoxJeHHe “rosoB” pedep rpada;

I

I — MHMMas eIuHuia (3ape3epBUPOBaHHAas KOHCTaH-
Ta);

identity — UHJEKCHAA QYHKLHA — eAMHUYHAS,
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if
iged
ilcm
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

— KOHCTPYKLIMSI BETBJICHHS “ecnu’;

— HauOOIBIIHH OOLHI AENUTEND;

— HaUMEHbIIHH OOLUMIT MHOXMTEND;

—~ KOHCTPYKLHS LIUKJIA A MEPEUYUCIIAEMBIX TUIIOB
JIaHHBIX;

— omnpeaeneHre MaTPHLbI HHLIMIEHTHOCTH rpada;

— “OeCKOHEYHOCTL” — 3ape3epBUPOBaHHAs KOH-
CTaHTa;

— BBLIYKCICHUE UHTETPANIA,

— YCTaHOBKa UHTEPQENCHBIX MEPEMEHHBIX;

— NepeceueHre MHOXKECTB;

— HaxoxaeHuue obpaTHO! MaTPHLIbI;

— YacTHOE;

- OCTaToK;

— pOBepKa IJIaHapHOCTH rpada;

— KBaJIpaTHbIN KOPEeHb (LIEIOYUCTIEHHOE MPUOIIH-
KEHHE);

— BLIUMCIIEHHE AKOOMaHa OT BeKTOpa QyHKLUHI,

— BbIBOJ BhIpaxehus B penakrop LATEX

— OTIpeieNieHNe JUIMHDI BbIpaXeHN,

— BbIJEJIEHHE JIEBOU YaCTH BbIPAXKEHHA,

— BbIYHCIIEHHE NTPEAENa;

— 6ubauoTeKa TUHEHHOM anreOphl;

— CEKUMS OMUCAHUS JIOKAJIbHBIX NEPEMEHHBIX NPO-
Uenypbl;

— onpeesicHHe MakpooOo3HaueHUH;

— 3aJlaHue orepaiMi HaJ BCEMHU 3JIEMEHTaMH Bbi-
paxeHus;

— 3a[JaHHE MaTPHULIBI;

— HaXOXKJIEHHE MaKCUMaIbHOTO 3JIEMEHTA;

~ NPUHAIEKHOCTH JIEMEHTa 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

— HaXOXIACHUE MUHHUMAJIbHOI'O 3JICMCHTA,
— pacrieyaTka MUHOpPa MaTPpULIBL,

~ BbIYUTAHHUE MHOXECTB,

— OCTATOK OT ACIICHHUA,

— YMHOXEHHUEC MATpHLL;

— co3aaHye nycroro rpaga;
~ MIOZICYET KOJMYECTBA 3NIEMEHTOB;

— U3BJICYECHHE IJIEMEHTOB U3 BLIPAXKEHHUS,
— OTKpbITHE Dailna,

— co3nanue rpada Ilerepcena;

— niocTpoeHue Ga3oBoro NOpTpera;

— MOCTpOEHUE TpaduKa;

— nocrpoenue rpadukos 3D;

~ pacneyarka COAEPKUMOro;

~ rinoGabHas nepeMeHHasi, HCIOJIb3yeTCs [is OT-
JaJIKK MPOLIEaYP;

— 3aJlaHue NPoLEaYpbl;

~ HAXOXJAEHHE paHra MaTPHLIbL;

— reHepauus ciayyaiHoro rpada;

— MepepucoBaTh rpaduk;

— OYMCTKA 3HAYEHUIH MEPEMEHHBIX,

— yTeHue u3 daia;

— yTeHHe OMGIMOTEeYHON QyHKLHH,

— BbIJIEJICHHE TIPABOM YaCTH BbIPAXKEHHS,
— pElUEeHHE PEKYPEHTHBIX BbIPAXXEHHUH,

- 3aIuCch BbIpaXkeHUi B paiti;
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seq — reHepaLys NoC/e0BaTENbHOCTH;

SearchText — MOMCK TEKCTa B CTPOKE;

show — BO3Bpallaer Tabauiy, COOEPXKALLYIO BCIO HH-
dopmauuio o rpade;

shortpathtree — HaX0X[EeHHE AepeBa KpaTyariivX MyTeH B rpa-
e;

signum — 3HaK 4KCIa;

solve ~ pellieHHe YPaBHEHWH W CUCTEM yPaBHEHHH B
CHUMBOJIbHOM BUIIE;

Sum - pacrneyaTka CyMMBl psa;

sum — HaX0XICHUE CyMMbI PAAa,

subs — MOJCTaHOBKA B BbIPAXXEHHE;

T

taylor — pa3noxeHue B paj Ternopa,

table — co3naHMe TabaHLbI;

tail - BO3Bpallaer UM "xBocTa" rpada;

type - NpOBEpKa NPUHAUIEXHOCTH THILY,

U

union — 06beIMHEHUE MHOXECTB;

v

vector - 3a/laHH¢ BEKTODA,

vertices ~ MPOCMOTP y310B rpada;

void - co3gaert rpad 6e3 pebep;

vweight — HaXxOOMUT BEC BEPLUHHBI,

w

whattype — OTpeNeICHHUE THITOB;

with — noAxoYeHre GUOIUOTEKH,

writeto ~ 3arnucb B HOBBIN hai;

write — 3amnuch B ¢daiirn;

writeln — 3anMch CTPOKH B daii.
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AndcaBuTHbINA yKa3aTenb

ADS vt e 136,138
addedge.........ccoooveviiie 62
AdAVETteX ..ooovviiienice e 61
AdJACENCY..c.ovricciiiiiie e 67
Alids .. 182
ambientlight ..o 97
and rerenen 144
angle .. 162; 166
ANIMALE ..o 86
animate3d .......... et e 99
antisymmetric.. ... 158; 177
ApPENALO oo 127
APPLY coor e 108
AITAY ..ottt 28
arrow........... 162;165
ASSOCIALIVE ..o 177
BXES .ovieviierieer et 80,97
aXesfONt ..o 81,98
B
DELA .ooveiie it
binary
binomiald
boolean
BOXED
break
builtin...
DY e
C
C o
cartesian
cat .o
cauchy
charpoly
chisquare

close

COMMULALIVE ......oevirieeiicen e
COMPLELE .oeoveernie v
CONM oottt
conformal ...,
CONSTRAINED.........
CONLOUTS...ccevrrienn
CONVETt ..o
COOTdS ..o
Copyright ...
COUNL..eniieeiiinns
cumulativefrequency...........cc.cooeviconn,
cylindrical ........occocoiiniii 93
D
D oo e 19
Dchangevar ... .. 43;49
decile ..o 102
define .. 176
delete.......ocooovriornnceccinnne 63
deletemissing................. 108
DEPIOL vt 43
Deplot] .o 43;47
DEPIOt2. i 43,48
desCriDe...cvviiiiieei 102
AesCription .....coovevniicii e 160
el 32

DEtools ..... ... 43,101
dfieldplot ..o 43; 52
diagonal..........cooccniiiiiini 158
Aiff e I8
Digits ..... e 17
discont et 80
discreteuniform........ vt 112
display .....ccoccoceenrinns s 94
display3d.......occooviiiiiin 95
distEibULION ..o 112

divideby ........ .108
do.......... 132
ArAW .ottt e 59
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E

BAZES vt 56

EN oottt 160

factorial ..., 138
FAIL ...... 172
fi ... 131
fit........ 1024106
float .o 140
FTOW oo 69
EOML ettt 31;98
for ..o vt 132
Fortran .......... OO PP P UOPRRPPTR 123
fraction ...... e s 138
FRAME ... et 80
FTAMES .ot 86
fratio.......... .13
frequency ... .. 108
from.......... .. 132
£S0IVE 1o 38
G
CRMIMA ..ot
geometricmean
global...................
GRAPH.
BrId oo
H
harmonicmean...........cc.ooovirnicenniienienn 103
hastype

head .o

hypergeometric............ccoecvvveriiinnironnins 112

I

INCIAENCE. ..o

INfINILY o, 21
Ittt 20
INEEISECE covveiieeie et 25
inverse ... 32,177

ISQTL .o 136

J

Jacobian ... 32

K

KUFLOSIS. .vvvereecreicrreesneenrre et eree e 103
L

labels

local....coovviiiiiiiiiiici
logistic............
lognormal
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macro .. e 183
map....... ..28;145
1T 14 ¢ O SO UP PR URIPRTON 32
max ....... .. 136;138
110170 DO TR PR O U TUROUPPPOON 103
Median. ...t 103
member 25;27
method ... 112
min........ 135; 138
11141103 SRRV SUOTOUPITUUON 32
IOIUS. ..o oevi e ceiee e cee et e sarae s sraaaeebaeees 25
MO .ottt 138
IOGE ..ot 103
IOMEIE ...t eee e 103
IOVITIE c.ooviniiieecenere e 108
MUIIAPPLY ..o 108
MUILPLY oo 32;36
N
IAINC. ... .oeereiineeeereesaeeeanneeranreeeenaeenerasseneens 141

negativebinomial ...
NEIWOTKS. ..ot

OPEI oot ee st ean et
operator
options .......

<3 SO

OTIENTAION. ....eviiieieire et 97

P

package
PATCH

PDEPIOt....coiniiiiiiicicici e 43; 50
PELETSEI ..ot 59
Phaseportrait .........cocoveviecrniiieinennnnn 43; 54
PIOt e 77
plot3d.......... ....88
plotdevice.....ooriiiiiniiiii e 74
PlOtOUtPUL.....ooiii e 75
PIOLS .o e 101
POINT ..ot 78
POISSOM ...ttt cereiii e 113
polar ... ... 80
postplot... .15
PIEPIOt oo 75
PLIN e 28; 177
printlevel. ..o 181
PIOC..covinirnnn 160
PIOJECHION. .....ovoviiiviiiint i 97

Q
quadraticmean
QUANLILY v

R
TANA (oo 35
random .. ....685102; 112
TANEE c.ovoniiirierii e 103; 143
11 11U ORI P ST SIPPPPPI NP 32
TAtONEl ..o 139
read........... ..100; 127,173
remember.. ... 162;163
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