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Jleknusa 5
JInHeHas a/ire6pa U BEKTOPHbLIN aHa/Iu3 B Maple

0630p NaKeTOB JIMHEWHOHU a/Ireopbl U BEKTOPHOI'0 aHAJIM3a.
CTpyKTypa MaTpHUlbl U BEKTOpA.

OCHOBHBIE MAaTpPUYHbIE U BEKTOPHbIE
oIepanum.

PenieHue 3a1a4 IMHENHOM AJIreOpBHl.
BeKTOpHBIN aHA/IU3

HacenkuHa A. A.




[MaKeTbl AMHEUHOW anrebpbl U
BEKTOPHOro aHa/n3a

» 00630p MaKeTOB JIMHENHOU a/Jre6pbl U BEKTOPHOIO
aHaJiv3a

» OnpenesieHUWe BEKTOPOB U MaTpHUI, (KOMaH/Ibl U3
CTaHJAPTHOM OUOJIUOTEKH )

» Ilakert linalg (ycTapeBiIuni): 0630p KOMaH/I,
oIpe/ieJIeHUE BEKTOPOB U MAaTPHI]

» Ilaket LinearAlgebra (0ocHOBHO#): 0630p KOMaH/1
» Ilaket VectorCalculus: 0630p koMaH[




e

O630p NakeToB NMHENHOWN anredbpbl

 He6GoJibias 4yacTh KOMaH/J, JIMHEMHOH a/Ire0pbl HAXOJUTCS B
cTaHaapTHou oubsanoreke (Vector, Matrix ¥ HeKOTOpbIe JIpyTHe)

* OCHOBHAas YaCTb KOMaH/, JUHEWNHOM aJredopbl HAXOASATCS B
criejMa/IbHbIX [TaKeTax

e [laket linalg 6611 efMHCTBEHHBIM NAKETOM JIMHEWHOU aJIT€OPHI B
cTapbixX Bepcusix Maple (1o 6-11), B COBpeMEHHBIX BEPCUSAX CUYUTAETCS
ycTapeBIIUM. HegocTaTKu:

* Heo6X0JUMOCTh MCI0JIb30BaHHUSI KOMaH/ bl evalm
* OrpaHUYeHHble BO3MOXXHOCTH JIJIs1 pabOThI C YUCJOBBIMU MaTPUI[AMHU

e [laket LinearAlgebra (nmosiBuJics B 6- BEpCHH) — OCHOBHOM MAKeT
JIMHEMHOU aJIreOpsbl [Jisd paboThl C MAaTPUILIAMU U BEKTOPaMH, YI00€H
JIIsI MAaTPAYHBIX BBIYMCJIEHU N

e [lakeT VectorCalculus (nmosiBusics B 8-11 BepCuM) — KOMaH/bl AJIs
BEKTOPHOI'O aHaJ/In3a

e [loamakeTnl makera Student: Student[LinearAlgebra],
Student|VectorCalculus]

)




/Onpe,u,eneHme BEKTOPOB: KOMaHAbl U3 A
CTaHAapPTHOW BUBINOTEKM

Kak 3agaTh BeKTOp?
e C MoMOIIbIO YIJIOBBIX CKOOOK:
<al,a2,...,an> - BeKTOpP-CTOJIOEI]
<al|a2|...]an> - BeKTOp-CTpoOKa
e C noMolbo KOMaHAbI-KOHCTPYKTOpa Vector (60JiblIe BO3MOXHOCTH,
cM. Help)
Vector([al,a2,...,an]) - BekTOp-CcTO/I06EIL]
Vector[row]([al,a2,...,an]) - BeKTOp-CTpoOKa

> vl = (L, 2, 3), whattype (v1) > v2 = Vector([4, 5, 6]); whattype (v2)
1 4]
vl=12 v2=135
3 6
Vector -
column Vector

L /
> wl = (1|2|3), whattype (wl) = o
> w2 = Vector[row]([4, 5, 6]), whattype (w2)

wi=[123] w2i=|456 |

k Vecrormw Vecto P

. J




4 N
RomaHAaa Vector n ee aprymeHTbl

Vector|[o](n, init, ro, sym, sh, st, dt, f, a, 0) - Bce aprymeHTbl He0Os3aTEJbHBI

0 - OpMeHTalUs BeKTopa: row (CTpoka) uiu column (cTosiber - o
YMOJIYAHHI0), IMOO MOKHO 33/1aTh MOCJEJHUHW TapaMeTp O B BU/IE:
orientation=name

N — YUCJIO 3JIEMEHTOB BEKTOpA

init - 3HaYeHMs 371eMeHTOB BEKTOPA, MOTYT 3a/1aBaThbCsl QYHKIMEH,
NpoleaypoHr, CHMCKOM, MACCUBOM H AP.

ro - 6ysieBo BbIpakeHue B BuZie readonly=true vsu false, onpenesser,
MO>KHO JIM U3MEHSATh 3JIeMEHThI BEKTOpa

Sym - 3a/jlaeT CUMBOJIbHbIE€ 3HAaY€HUsI 3JIEMEHTOB BEKTOpPA B BU/JiE
symbol=name

sh - 3a/1aeT 0lHY WUJIM HECKOJIBKO UHAEKCUPYIOIUX QYHKIUU JJ151 3JIEMEHTOB
BeKTOopa B BUJe shape=name niu shape=list

st - 3a1aeT cmoCco06 XpaHeHUs 3JIEMEHTOB B BU/le storage=name (mp.: sparse)
dt - 3agaeT TUN JaHHBIX 3J1EMEeHTOB B BU/ie datatype=name

f - 3anosiHsIeT He3agaHHbIe 3JieMeHThl BeKTopa B Bu/e fill=value, rae value -

3HadyeHHUe TUna datatype
ka — 3a/laeT AONOJHUTE/IbHbIE CBOMCTBA BeKTOpa B BH/ie attributes=list °/




(-

o VMOITUAHHIO 3JIEMEHTEI BeKTOpa - HYIH
> Vector(2)

0
0
)
1.25
1.25

Vector(1 .2, 1.25

Vector( 4, symbol= v, orientation = row)

Vl 1»’2 V3 V4

Vector[row](3, fili=1)

(111
v := Vector(4, [ 5, 8]) + Vector(4, fill=10)
15
18
v =
10
10

/KomaH,ﬂ,a Vector: npumepsl

B {1=28,2=-7+1}: Vector(2, 5)
28

1 —1

_Ba,z[am{e SIIEMEHTOB Yepe3 (PyHKIHIo

> f=j—x Vecror(S_,f) _

X

2

3

Vemom3oarme HHAEKCHPVIOIEH hyHKIRH
= Vector(3, shape = scalar[ 2, 100])

0
100
0

3arpeT M3MeHeHH SIIeMeHTOR BeKTopa
| > v = Vector[row]([1, 2, 3], readonly = true) :
> y[1] =10

Error, cannot assign to a read-only

;Uector

)




bnbanoTeKkn

/Onpe,u,eneHme MaTPUL,: KOMaHAbl U3 CTaHAAPTHOM A

Kak 3agaTbh maTpuny?
e C MoMOIIbIO YIJIOBBIX CKOOOK:

m, 3a/laHHad 0 CTOJ01aM

nxm,3adaHHad I10 CTPOKadM

<<all,..,an1>|<al2,..,an2>|....|<alm,..,anm>> - MaTpulia pa3Mepa n x
<<all]|...|]alm>,<a21|....]a2Zm>,...,<anl]|...]anm>> - MmaTpuIa pa3Mmepa
e C moMoIb0 KOMaH/Abl-KOHCTPYKTOpa Matrix (60oJsib11e BO3MOKHOCTH,

Matrix([[a11,a12,..,a1m],[a21,a22,..,a2m],..,[an1,an2,...,,.anm]])

cM. Help)
> 4= ((1L,2,3)](4, 5, 6)[(7, 8 10)(11, 12, 13));
whattype (A )
14 711
A=125 812
361013
Matrix

> B = ((12[3), (4[56)); whattype (B)
1 23

4 50

B =

i Matrix
> M= Matrix([[1, 2], [3,4]])

12
M=

| Y




4 N
KomaHaa Matrix n ee aprymeHTbl

Matrix(r, ¢, init, ro, sym, sc, sh, st, o, dt, f, a) - Bce aprymeHTbI He06513aTeAbHBI
I — YUCJIO CTPOK MAaTPHUILbI

C — YUCJIO CTOJIOILOB MaTPUIbI

init - 3HaYeHUs 3/1IeMEeHTOB MaTPHIlbl, MOTYT 3aJlaBaTbCsd QYHKILMUEHN, IPOLIeAYPOH,
CIIMCKOM, MaTpHIle, BEKTOPOM U .

ro - 6ysieBo BoipaxkeHue B BU/jie readonly=true uu false, onpeaenset, MOXXHO JiK
M3MEHSITh 3JIEMEHTbI MaTPUIIbI

Sym - 3a/jlaeT CUMBOJIbHbIE 3HAUYEHUsI 3JIEMEHTOB MaTPHUIlbl B BUJe symbol=name

SC - onpefieJiieT Croco6 3aMoJIHEHHSI MaTPUIbI 3JlIeMeHTaMU init B BUJe scan=name
niy scan=list (Hanpumep, scan=columns - 3anoJiHeHUE MO CTOJIOIAM )

sh - 3a/1aeT ojHY MJIM HECKOJIBKO UHAEKCUPYIOIIUX PYHKIIMM J1J151 3JIEMEHTOB MAaTPUIbI
B Bu/le shape=name viu shape=list (np.: diagonal, triangular[upper], triangular[lower],
symmetric, identity u T. 1.)

st — 3a/1aeT cnocob XpaHeHUs 3J1IEMEHTOB B BU/le storage=name (sparse, diagonal u gp.)
0 - 33/1aeT CI0CcOo6 XpaHeHUsl CTPYKTYpbl MaTpuIibl: order= C_order (XpaHeHHe 10
cTpokam) uiu order= Fortran_order (xpaHeHHe 10 CTOJ6I]aM — 110 YMOJIYAHHIO)
dt - 3agaeT TUN AAaHHBIX 3JIEMEHTOB B BH/ie datatype=name

f - 3anosiHsIeT He3a/laHHbIe 31eMeHThl MaTpuIlbl B BUJie fill=value, rae value -
3HadyeHue Tuma datatype

a - 3aJlaeT AONOJIHUTE/IbHbIE CBOMCTBA MaTpHUIlbl B B/ e attributes=list

)




Bamanme KBagpaTHOH MaTPHILI
[To yMOITYAHIIO BCE STIEMEHTEI - HYITH

> Matrix(2)
0 0
00

3ajaHne pasMepOB MATPHIIEL, 3aTI0ITHEHHEe ATeMeHTaMHI
> Matrix(1.2,1..3,50)

50 50 50
50 50 50

B Matrix(3,2, [[1,2], [3,4]])

.

> A= Matrix(3,2, [1,2,3,4,5,6])
1 2
A=]3 4
56

> Matrix(4,3,4, /il =87)
1 2 87
3 4 87
5 6 87
87 87 87

RoMmaHaa Matrix: npumepbl

> Matrix(2, 3, symbol =m)

My My s

My My 2 "G 5

> s:={(1,1)=55(1,2)=66, (2,1)=TT},
Matrix(2, 3, 5)
s={(1,1)=55(1,2)=66,(2,1)=77}

55 66 0
77 00

-Yrcazam{e (hopMEI MATPHIIEL
> Matrix(3, {(1,1) =50, (1,2) =60}, fill= 1,

shape = symmelric)
50 60 1
60 11

I 11

OHPEZ[E.]'IEHHE eJHHHIHOH MAaTpHIObL

> Matriz(3, shape = identity)
1 0 0

01 0
001

Orpeenenne BepXHETPEYTONMBHOM MATPHIIEL

> Matrix(3, fill = 1, shape = triangular)
111
011

0 01

)




/KomaH,ﬂ,a Matrix: npumepsbl (npoaonKeHue)

Ompenenenye HIDKHETPEYTOIIBHOM MaTPHITHI
> Matrix(3, [[1], [2,3], [4, 5, 6]], shape
= trianguiar| lower])

(100 |
230
456

=Onpe;1enerme THATOHATIEHOM MATPHITHI
> Matrix(3, Vector([1, 2, 3]), shape
= diagonal)

1 00|
02 0

0 0 3

-Ba,z[a]-u{e 5IIEMEHTOR uepe3 YHKIHIO
> f=(4,])—=i+j, Matrix(3,f)
S=(ij)—i+]j
(23 4|
3 4 5
4 5 6

™~

Banomerme 10 cTONOIaM (IT0 YMOITUAHHIO

SIIeMeHTBI 3aITOIAIOTCA II0 CTPOKAM)

> Matrix(3,[[1,2,3],[4,5,6],]7, 8,
911, scan = cofumm)

1 47
25 8
3609

MarTprira 13 0gHOTO ¢TOI0IA He BT

BEKTOPOM, HYKHA KOHREPTAIMA THITA
> B = Matrix(2, 1, [30, 40]);
whattype (M)
30
40

Matrix

B =

=:>~ b = convert( B, Vector), whattype (b)

30
40

b=

Vector
ol

O




e

3agaHue MaTpuL, C MOMOLLLbIO WabnoHOB

[hExpressmn J ml 1 ml ,
> Units (SI) | : ’

> Units (FPS) | > | my, o om,
[ICGmmon Symbols J - -
wMatrix L i 3, 1 3,2 |

Rows: 32 Koneepraipia mabmoHa B KoMaH HELRT BT, (2D-Math)

Columns: 2: :} MGIFIX(?): 2:, {(].3 1):???1?1, (132]:???1?2: (23 1):???2?1,
t’tihcose..:] ] (232)21??2’23 (3, 1):m3=. 1> (332)21?13,2})

Type: (Cu... ~) B .

Shepe: (Any =) K-.’:-Hsep'rm 1radroHa B KoMaHAHEDT By, (1 D-Math)
Datatype:{ﬂmg '_:' > Matrlx('?’r 2: {(1.r 1) = 1'[1[1_, 1] f (11 2) = m
L (1, 21, <, 1) =ml[2, 1], (2, 2) = m[2, 2],
[hComponents J B (3, 1) = m[3, 11, (3, 2) = m[3, 2]1})~

2-D Math * Discard Parsed Meaning
Convert To * 2-D Math
Format * 2-D Math Input
1-D Math Input

o




e

e MaTpulbl ¥ BEKTOPBI pa3MepoM 6oJiee 10 He BBIBOASATCS Ha

[MpocmoTp BonbLKMX MaTpuUL,

3KpaH, IPOCMOTP 3JIEMEHTOB OCYIIeCTBJIsIETCS B bpay3epe

> with( Lineardlgebra) -
>  RandomMatrix(13)

15 x 15 Matrix
Data Type: anvthing

Storage: rectangular

Order: Fortran order

1

Double-click =)

Browse Matrix ﬂ
Table | Image | Options
1 2 3 4 5 6 Fi
1 144 Q0 83 -29 20 -04 35 A
2 |92 -41 -45 9 -46 27 26 |
3 |73 -79 68 81 35 18 -86
4 |-39 9 58 35 -54 18 50
5 B2 45 -43 80 -17 63 -04
o |11 -10 -80 20 =20 B0 Q7 |=
7 Bl -3 -85 39 78 -51 -38
g8 |28 47 19 -35 23 51 -36
9 |48 -54 25 26 -67 38 -69
10 |-63 -72 17 -74 28 -38 69 |
11 |27 -79 81 13 -81 -19 -15
12 |58 73 89 32 -36 -35 2
13 12 -85 g2 48 -RR 71 e8
< | il |
Insert | Export || Do

P.
- @




e

Makert linalg (yctapeswun): 0630p KomaHA

- linalg[command](arguments)

- with(linalg): command(arguments)

KoMaH bl /1711 3a/laHMSA MaTPUIL, U BEKTOPOB: matrix u vector,
MCII0JIb30BaHHE aHAJIOTUYHO UCI0JIb30BaHUI0 KoMaH/ Matrix u Vector

> with(linale)

| BlockDiagonal, GramSchmidt, JordanBlock, L.Udecomp, QORdecomp, Wronskian, addcol,

addrow, adj, adjoint, angle, augment, backsub, band, basis, bezout, blockmatrix, charmat,

charpoly, cholesky, col, coldim, colspace, colspan, companion, concat, cond, copyinto,
crossprod, curl, definite, delcols, delrows, det, diag, diverge, dotprod, eigenvals,
eigenvalues, eigenvectors, eigenvects, entermatrix, equal, exponential, extend, ffeausselim,
fibonacci, forwardsub, frobenius, gausselim, gaussjord, genegns, genmatrix, grad,
hadamard, hermite, hessian, hilbert, htranspose, ithermite, indexfunc, innerprod, inthasis,
inverse, ismith, issimilar, iszero, jacobian, jordan, kernel, laplacian, leastsqrs, finsolve,

maradinor, minpoly, mulcol, mulrow, multiply, norm, normalize, nullspace,

orthog, permanent, pivot, potential, randmatrix, randvector, rank, ratform, row, rowdim,

rowspace, rowspan, rref, scalarmul, singularvals, smith, stackmatrix, submatrix, subvector,

sumbasis, swapcol, swaprow, syilvester, toeplitz, trace, transpose, vandermonde, vecpotent,

ver:tdfmromkz’an ]

v/




4 N

3a,£|,aH|/|e BEKTOPOB M MaTpuLL B NakeTe linalg
=‘.:=~ with(linalg) ‘.:=~ A= matrizx(2,3,[1,2,3,4,5,6]);
> vr= vector([1, 2, 3]); type (v, vector); 123
whattyp E—'[ ] 4556
=[123] - |
> type (A, matrix ), whattype(A)
true true
symbol i symbol
> = [1,2,3]: type(l, vector); whattype (1) | > AM = convert(4, Matrix); whattype (AM)
Jalse f123
[ist 4156
> v = convert(l, vector); whattype ({v) i Matrix
Iy = [ 123 }
symbol
= V= convert(l, Vector), whattype ([V)
"
V=12
L 3 -
Vectar
cofmn




/
KomaHaa array A9 3aaHnA BEKTOPOB U MaTpUL,

Jlinst zaiaHiA BEKTOPOR H MATPHIL JUT mocieayionieit paboTsl ¢ KoMaH aMH rmakera linalg MOHO HCTIONMB30BATE

KOMaHJy array
= d=array(l .2, [4,5]); bpe(d, vector);, whattype (d)

d=[45]
frue
symbol
B AA =array(1.3,1.2,[[4,5), [6,7], [8, 9]]): type(AA4, matrix), whattype (AA )
4 5
Ad =| 6 7
8 9

trie

symbol

C MOMOIIBIO array MOJKHO 38/1aBaTh MATPHLEI CITELHATTHEHOIO BHIA
= array( 1.3,1 .3, identity ),

1 00
010
001

> array( 1.2,1 .2, diagonal);

k_

™~
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[MakeT LinearAlgebra : 0630p KomaHa,

- LinearAlgebraJcommand](arguments)
- with(LinearAlgebra): command(arguments)

> with( Lineardlgebra)
[ &x, Add, Adjoint, BackwardSubstitute, BandMatrix, Basis, BezoutMatrix, BidiagonalForm, BilinearForm,

CharacteristicMatrix, Characteristic Polynomial, Column, CohumnDimension, ColummOperation,
ColurmSpace, CompanionMatrix, ConditionNumber, ConstantMatrix, ConstantVector, Copy,

CreatePermutation, CrossProduct, DeleteColumn, DeleteRow, Determinant, Diagoneal, DiagonalMatrix,

Dimension, Dimensions, DotProduct, EigenConditionNumbers, Eigenvalues, Eigenvectors, Equal,
ForwardSubstitute, FrobeniusForm, GaussianElimination, Generate Equations, GenerateMatrix, Generic,
GetResultDataTvpe, GetResultShape, GivensRotationMatrix, GramSchmidt, Hanke IMatrix, HermiteForm,
HermitianTranspose, HessenbergForm, HilbertMatrix, HouseholderMatrix, IdentityMatrix,

IntersectionBasis, IsDefinite, IsOrthogonal, IsSimilar, IsUnitary, JordanBlockMatrix, JordanForm,

LA Main, LUDecomposition, LeastSquares, LinearSolve, Map, Map2., MatrixAdd, MatrixExponential,
MatrixFunction, MatrixInverse, MatrixMatrixMultiply, MatrixNorm, Matrix Power, MatrixScalarMultiply.
MatrixVectorMultiply, MinimalPolynomial, Minor, Modular, Multiply, NoUserValue, Norm, Normalize,
NullSpace, OuterProductMatrix, Permanent, Pivot, PopovForm, ORDecomposition, RandomMatrix,

RandomVector, Rank, RationalCanonicalForm, ReducedRowEchelonForm, Row, RowDimension,
RowOperation, RowSpace, ScalarMatrix, ScalarMultiply, ScalarVector, SchurForm, SingularValues,
SmithForm, StronglyConnectedBlocks, SubMatrix, SubVector, SumBasis, SylvesterMatrix, ToeplitzMatrix,
Trace, Transpose, TridiagonalForm, UnitVector, VandermondeMatrix, Vectorddd, VectorAngle,
VectorMatrixMultiply, VectorNorm, VectorScalarMultiply, ZeroMatrix, ZeroVector, Zip |

O



e

[MakeT VectorCalculus: 0630p kKomaHAa

- VectorCalculus[command](arguments)
- with(VectorCalculus): command(arguments)

> with(VectorCalcuhis)

[ &x, ™, '+, -, ., <=, <|= Adbout, AddCoordinates, ArcLength, BasisFormat,
Binormal, Compatibility, ConvertVector, CrossProd, CrossProduct, Curl,
Curvature, D, Del, DirectionalDiff, Divergence, DotProd, DotProdhict, Flix,
GetCoordinateParameters, GetCoordinates, GetPV Description, GetRootPoint,
GetSpace, Gradient, Hessian, Jacobian, Laplacian, Linelnt, MapToBasis, Nabla,
Norm, Normalize, Pathint, PlotPositionVector, PlotVector, PositionVector,
PrincipalNormal, RadiusOfCurvature, RootedVector, ScalarPotential,
SetCoordinate Parameters, SetCoordinates, SpaceCurve, Surfacelnt, TNBFrame,
Tangent, TangentLine, TangentPlane, TangentVector, Torsion, Vector, VectorField,

VectorPotential, VectorSpace, Wronskian, diff, eval, evalV'F, int, limit, series |

O




CTpyKTYypa maTpulbl U BEKTOopa

» KomaHbl )14 3ajJaHHSA MaTPHUIL U BEKTOPOB
CIelaJIbHOTO BU/A

» JloCTyIl K 3JieMeHTaM BEKTOPOB U MaTPUI]

» BbIsicCHEHHEe pa3MepHOCTEN BEKTOPOB U MaTpPHI]
» Onepanyu co CToJIOLAMM U CTPOKAaMU MaTPHUILbI




4 KomMaHAbI-KOHCTPYKTOPbI ANA 3a4aHNA MaTpUL, U A

BEKTOPOB CneunaabHOINro snaa
;> with( Lineardlgebra) . Eﬂmﬂ’f‘mﬁﬂ MaTpHIa
HyTepas MaTpHIL = IdentityMatrix(2)
= ZeroMatrix(3) 1 0
0 00 0 1
000 _,[[HaI‘OHa.nLHaH MAaTpHIIA
000 >  DiagonalMatrix(|a, b, c])
- . _ _ a 00
Hymeroii BexTop
> ZeroVector(2) 0 b0
I 0 ‘ 00 c
0 _Cﬂyqafﬂ{aﬂ MATPHLIA ¢ LEITBIMH YHCIIAME
_Eﬂmumu‘i BEKTOD = Rando_m’vfafrix( 3) _
UnitVector(i, d) 3amaeT pexrop JmHEI d ¢ expHmei Ha 27 99 92
TIO3HITHH | 3 29 31
= UnitVector(2,3)
0 69 44 67
1 JAunana3on ueabix uncesa: —99..99
W3meHenune nuama3oHa — omius generator=a..b
0 y
K B i ] (HeoOs13aTeIbHO 1eNbIN arana3oH, cMm. Help) @/




[locTyn K anemeHTam BEKTOPOB M MaTpuL,

> yi= (23.5,-1.7,8.2)

> y[1]

_BLI,I[EJIEI{PIE TTOJIBEKTOpa
> y[1.2]

> y[-1]
45 6
> M=| -7 -8 -9
101 102 103
> M[2,1]

235 |
1.7
8.2

23.5

23.3
-1.7

8.2

BrrmemeHme moaMaTpPHIILT:

1-#t apryMeHT - HOMepa CTPOK,
2-# apryMeHT - HOMepa CTOIOIIOR
> M[1.2,2.3]

|

5 6
-8 -9




BblACHeHue pa3N\epHOCTEI71 BEKTOPOB U MaTpUL

LinearAlgebra:

e Dimension(A) - pa3MepHOCTb MaTPHIIbl UJIM BEKTOpA
e RowDimension(A) - 4uc/0 CTPOK MaTpPHUILbI

e ColumnDimension(A) - 41cJi0 CTOJI0110B MAaTPHUIIbI

linalg:

e vectdim(v) - paaMepHOCTb BEKTOpA

e rowdim(A) - YMCJIO CTPOK MaTPHUILbI

e coldim(A) - yucs0 cTOJIOLI0B MAaTPHUIbI

| > with(LinearAlgebra) : > 4= Matrix([[1,2,3], [4,3,6]])
> M = RandomMatrix (2, 3) 1 2 3
33 =77 27 A=
Moo= 4 56
-98 537 -93 | -
B >  RowDimension(A)
> Dimension(M) 2
_ 2,3 > ColumnDimension(A)
> v = Vector([5,6,7]) : Dimension(v) 3

\L 3 i

)




/Onepau,vwl Co cTonbLuamm n CTPoKaMm MaTpuULLbl:
yaasieHue CTPOK U ctonbuos

LinearAlgebra:

* DeleteRow(A, L, outopts) - ynaneHve cTpok MaTpuiibl A
e DeleteColumn(A, L, outopts) - ynasneHue cToyi610B MaTpHUIbl A

L - HoMepa yfasiieMbIX CTPOK (CTOJIOIOB), MOTYT ObITh B BUJle MHTEPBaJia UJIH
CIIKCKA
outopts - (Heob6s13aTe/IbHbIM NapaMeTp) onuuu outputoptions asisa
pe3yabTHUPYIOLIEro 00 beKTa, HanpuMep outputoptions=[datatype=float,shape=....]
linalg:
e delrows(A,i..j) - yanaseHue cTpoK MaTpHUIbl A
e delcols(A)i..J) - yaraseHue cToJIO10B MaTPUILLbI A

:> with( Lineardlgebra) . _
> A :=(1,2,3)4, 5, 6)(7, 8, 9 > DefeteCqumf?(A? 2.3)
1 4 7 1
A=|258 2
369 3
> DeleteRow (4, 2) B DeleteRow(A, [1,3])
1 4 7 [2 5 8]
k 3609 L




/Onepau,vwl co cTon1bUaMM U CTPOKaMM MaTPULLbI: A
n3BJie4eHue CTPOK U CToNOLOB

LinearAlgebra:

e Row(A, L, outopts) - n3BjiedueHUe CTPOK MaTPHULbI A
e Column(A, L, outopts) - n3BjiedeHUe CTOJ0I[0B MaTPHUIbI A

L - HoMepa u3BJIeKaeMbIX CTPOK (CTOJIOLOB), MOTYT ObITh B BUZie UHTEpBaJia UJIH
CIIKCKA
outopts - (Heob6s13aTe/IbHbIM NapaMeTp) onuuu outputoptions asisa
pe3yabTHUPYIOLIEro 00 beKTa, HanpuMep outputoptions=[datatype=float,shape=....]
linalg:
e row(A,i) - u3BJsiedeHHe CTPOKHU i MaTpuUlbl A
e col(A,j) - usBsieyeHHre CTOJIOLA ] MATPULLbI A

:> with( Lineardlgebra) : s o= ‘?W(Az’z)"gw}m;?’p;rg) (> B= Row(A4,1.3);
> A = RandomMatrix(4) 2| ] whattype (B[ 1])
12 16 45 87| L Vector ow B=[12 -16 45 87 |
> 3 == Column(A, 3);, whattype(c3)
p 2 -9 -81 33 s ] [—2 ~9 -81 33 ]
50 -50 -38 -98 I [ 50 -50 38 -98 |
-38
_ 10 -22 -18 —77_ s Vector
L _ _ B row
k i Vector_ , e/




/Onepau,mm co cTon1bUaMM U CTPOKaMM MaTPULLbI:
3N1eMEeHTApPHan NepecTaHoBKa CTPOK M1 cTonbLUoB

linalg:

LinearAlgebra:

e swaprow(A,ri,rj) - nepectaHoBKa CTPOK MaTpPHUIbI A
e swapcol(A,ci,cj) - nepecTaHOBKa CTOJIOILIOB MaTPUIibl A

RowOperation(A, K, s, ip, outopts) - onepanuu co cTpokaMu MaTpUIbl A

ColumnOperation(A, K, s, ip, outopts) - onepanyu co cTos161jaMy MaTPUILLbI A

* RowOperation(A, [ri,rj]) - nepectaHoBKa JByX CTPOK ri U Ij MaTpuIibl A

A - maTpuna; K - 1ejioe 4MCJI0 WU CIIMCOK ABYX LieJIbIX YUCEJI; S — aJITeOpandecKoe
BbIpa)keHUe; ip - BeIpaxkeHUe BUa inplace=true/false (optional), onpenensier,

M3MEHSTb JIM MaTpUly A; outopts - BeipakeHUe BUAa outputoptions=list; inplace u
outputopts ABAAKTCA B3aMMOUCKJ/IIOYAIOMH

e ColumnOperation(A, [ci,cj]) - nepecTaHOBKa ABYX CTOJIOLIOB Ci U Cj MAaTpUILIbI A

A=

L

::> with( Lineardlgebra) :
> A = RandomMatrix(3)

86 48 31 |
20 77 -50

-6l 9 -80

B RowOperation(A, [ 1, 3]

-61 9 -30
20 77 =50
S6 -48 31

)

86 31
20 -50

-61 -80

-48
77

9

B ColumnOperation(A, [2, 3])

)




/Onepau,mm co cTon1bUaMM U CTPOKaMM MaTPULLbI: A
CNOXEHUNE N YMHOMKEHUE CTPOK U CTONOLOB

LinearAlgebra:
C nomomibto koMaHa RowOperation/ColumnOperation

e RowOperation(A, [ri,rj],expr) - u3aMeHeHHe CTPOKHU ri: ri:=ri+rj*expr, rae expr -
YU CJIO UK BblpaxkeHUe (aHasior addrow), ciokeHre CTPOK

e ColumnOperation(A, [ci,cj],expr) - usmeHeHue cToJib1a Ci: Ci:=Ci+cj*expr, rae expr
— YUCJI0 WU BeipaxkeHUe (aHasior addcol), cnoxkeHre CTOI010B

e RowOperation(A, r,expr) - yYMHOXXeHHE CTPOKH I HAa BbIpaXKeHHe eXpr: r:=r*expr
(aHasior mulrow)

e ColumnOperation(A, c,expr) - yMHOKEHHE CT0JI011a C HA BbIpAXXEHUE eXPr:
c:=c*expr (anasior mulcol)

linalg:

e addrow(A,ri,rj,expr) - i3BMeHeHHe CTPOKHU Ii: ri:=ri*expr+rj, rae exXpr — 41cJio Uiu
BbIpa)KeHHeE (CJI0KEHUE CTPOK)

e addcol(A,ci,cj,expr) - uU3MeHeHHe CTOJIO1A Ci: Ci:=Cl*eXpr+cj, rae expr — YUcjao0 Ui
BbIpa)KeHHeE (CJI0KEHUE CTPOK)

e mulrow(A,r,expr) - MmaTpuIia, moJiydyaemMasi U3 MaTPHUIbl A C TOMOIIbI YMHOXXEHUS
CTPOKHU I Ha BbIpa>KEHUE eXpr

e mulcol(A,c,expr) - aHaJIOrUYHO AJIs1 CTOJI6IA e




™~

/Onepau,mm co cTon1bUaMM U CTPOKaMM MaTPULLbI:
CNOXEHUNE N YMHOMKEHUE CTPOK U CTONOLOB

=‘;- with( Lineardigebra) - A = Matrix([[1,2,3],[4,5,6],[7.8,9]])

123
A=1435 60
789

B RowOperation(A, [ 1, 3], 100)#croaxcertie cmpoxr
701 802 903

4 5 6
T8 9

B ColumnOperation(A, 2, 10)#ymuoxncenue cmoabya
1 20 3

4 50 6
7 80 9




4 N
BbigeneHmne nogmatpuubl (noaBeKTopa), MMHOPA

LinearAlgebra:

e SubMatrix(A, 1, ¢, outopts) - BblJie/ieHHE TOAMATPULLbI U3 MAaTPULLBI A, T —
JivanasoH (HoMepa) CTpOK, € - imana3oH (HoMepa) CTOOI0B

e SubVector(V, i, outopts) - BeifiesieHHe N0ABEKTOpPA U3 MAaTpULibl V, i -
JivanasoH (HoMepa) 3JIEMEHTOB

e Minor(A,r, ¢, out, meth, outopts) - Beruucsienne muHopa M(i,j) K
asieMeHTY A[i,j] MaTpuIibl A (110 yMOJIYaHUIO BbIAAETCS ONpPEJIENUTEND),
out 3azaeT TUN pe3yJbTaTa B BH/e output=matrix uiu/u
output=determinant (onpegenuTtennb), meth - MeTo BbIuMC/IeHUS

onpeaenuTeis B BUuJe method=value, Bo3aMoxHbIe 3HaYeHUs value cM. B
Help

linalg:

e submatrix(A,ri..rj,ci..cj) - BoigesieHre MO AMaTPHUILbI

e subvector(v,i..j) - BblJesieHMe TOABEKTOPA

e minor(A,i,j) - Bo3BpailjaeT MaTPHUILy, TOJYYEHHYIO BblYePKUBAHUEM
CTPOKH i M CTOJIOIA j MATPHUIIBI A

e det(minor(A,i,j) )- BbIyuciIeHre MUHOPA

)

\_




n

> with(LinearAlgebra) : A =Matrix(3, [[1,2,3], [4,5,6], [7,0,1]]) _
123
A=14 5 6
70 1

[~ SubMatrix(4, [1,2], [2.3])

> V= Vector[row]([1,2,3,4,5,6])
v=[1234556|

. SubVector(V, [2,4.~-1,1])
[2 4561 ]

(> Minor(4,2,3)
-14

45
70

B Minor(A, 2, 2, output = | 'matrix'|, outputoptions = | datatype = float|)

> Minor(A, 1, 3, output = [ 'matrix','determinant' | )

=35

E

N o

pumepbl BblaeseHUAa noagmaTtpuubl (noaBeKTOpa) U BblUUCIEHUSA MMHOpa\

O




OcCHOBHble MaTPUYHbIE N BEKTOPHbIE
onepauum

» CnoXeHUE M YMHOXKEHUE HA YHUCJIO0

» MaTpHU4YHOE YMHOXEeHHUE

» Bo3BeJieHUE B cTelleHb

» ObpaTHasa MaTpulla, TPAHCIIOHUPOBAHHAs WU
3PMHUTOBO-CONpPsKeHHasd MaTpuIia

» OnpepnenvTesb, paHT, cjeJ MAaTPUILbI




e

CnoxeHwue u YMHOXEeHWNEe Ha YHNC/I0

LinearAlgebra:

e A+B - ciiokeHMe MaTpul, Uiu BeKTOpoB A v B

linalg:

e evalm(A*c) - yMHOKeHUe Ha CKaJIsp

* A*c - yMHOXXeHMe 3JIeMEHTOB MaTpUllbl (BeKTOpa) A Ha cKaJsp €
e Komangbl: Add(A,B) niau MatrixAdd(A,B) v Multiply(A,c)

e evalm(A+B) nsiv matadd(A,B) - cioxeHre MaTpUlL UM BEKTOPOB A u B
e matadd(A,B,c,d) - ruHeliHasa kombuHanus cA+dB: evalm(A*c+B*d)

=:> with( Lineardlgebra) ‘A == Matrix([[1,2], [3,4]]);
B = Matrix(2, [10, 20, 30, 40])

1 2
A=

3 4

10 20
B =

30 40

S A+ B.A-100

|

(1,2,3):10-v

11 22
33 44

100 200
300 400

o]
20
30

|

O




e

MaTpnyHoe N MaTPUYHO-BEKTOPHOE YMHOMKEHUE

™~

LinearAlgebra:

e (O6maga komaHzga: Multiply(A,B)
linalg:

* A.B - MaTpuyHOe (HEKOMMYTaTUBHOE) YMHOKEHHE MAaTPUI, U BEKTOPOB
e MatrixVectorMultiply(A, u) - yMHOKeHHE MaTpPUILIbl A HA BEKTOP U
e MatrixMatrixMultiply(A, B) - yMHO>XeHHe MaTpUllbl A Ha MaTpully B

e evalm(A&*B)- npousBenenve AB matpuiy A u B
e multiply(A,B) - npousBenenre AB maTtpun A u B

=2> with( Lineardigebra) : 4 = Matrix([[1, 2], [3,4]]):
B = Matrix(2, | 10, 20, 30, 40])

1 2
3 4

A=

30 40

10 20‘

70 100
150 220

> v = (100, 150) : 4.v,
400
900

> MatrixMatrixMultiply (A, B)
70 100

150 220

- MatrixVectorMultiply (A, v)
400 ‘

900




Bo3BeaeHue B cTeneHb

LinearAlgebra:

linalg:

e A”n - Bo3BeJeHUE KBAaJpaTHOW MaTpPUILibl A B CTENIEHb N

e A”(-1) - BbIuMC/IeHHEe 0OpaTHOW MaTpHIbl (€C/IU CYILECTBYET)

e evalm(A”n)- Bo3BeAeHHe MaTPHUIbl A B CTENEHb N

B with(linalg) : B == matrix([[1,2], [3, 4]]);

1 2
B =
3 4

> evalm ( B )

B with( Lineardlgebra) : A == Matrix([[1, 2], [3,4]]):
1 2
A=
3 4
> A°
37 54
81 118




e

BbiuncneHme obpatHOM maTpuULLbl

LinearAlgebra:

e MatrixInverse(A)

e A”(-1) - BbIYMC/IeHHE 0OpPAaTHOW MaTpPHIbI

[Mosubii cuntakcuc: MatrixInverse(A, m, mopts, ¢, out, outopts) -cm. Help

:> with( Lineardlgebra) .
> A= Matrix([[1,2], [3,4]])

1 2
A=
3 4
> Matrixinverse (4)
-2 1
3 _1
2 2

_Man}ma ¢ MMHHEMHO-3aBUCHMEIME CTOTIOTIAMI
> C = Matrix([[3, 5], [6, 10]], scan= columns)

3 6
5 10
=Ta:f<aﬁ MATPHIIA BREIPOJIEHA (He CYIecTBYeT o0paTHOR)

> MatrixInverse (C)
Error, (in LinearAlgebra:-LA Main:-

k_MatrixInverse) singular matrix

linalg:
evalm(1/A)
iInverse(A)

> evalm(l/B) ;

> inverse(B)

B

B with(linalg) - B == matrix([[1, 2], [3, 4]])

12

3 4
-2 1
3 1
2 2
-2 1
3 1
2 2




3PMUTOBO-COMNPAKEHHOMN MATPULbI

/" BblunMcneHme TPaHCNOHNPOBAHHOM U

LinearAlgebra:

Transpose(A)

HermitianTranspose(A)

e A™(%T) - TpaHCIOHMPOBAHHAas MaTpHIA AT, KOMaH/a:

H T
* A"(%H) - spmuTOBO-CconpsikeHHaa Mmatpuna A = A (omepauus
TPAaHCIIOHUPOBAHUS U KOMILJIEKCHOTO CONPSI»)KEHUS 3JIEMEHTOB), KOMaH/1a:

linalg:
e transpose(A) u htranspose(A)
> with( Lineardlgebra) 1A — Matrix([[1, 2], [3, 4]]); o = Matrix([[1 +2-L1T], [3 — 4-I.-11]):
a1 1421 1
3 4 3—41 -1
> 4" B
13 1—21 3+471
24 -1 I
> T ranspose (A) "> HermitianT. ranspose (W)
1 3 1—21 3+41
k 2 4 -1 I




Onpegenntenb, PaHr, caen MaTpULbl

LinearAlgebra:

e Rank(A) - paHr MaTpHuIlbI

linalg:

e det(A) - onpenesnnTeNb
e rank(A) - panr

e trace(A) - ciep,

e Determinant(A) - BbIuYHC/IeHUE ONIPeNeJINTEJIST MAaTPHUIbl A

* Trace(A) - ciies MaTpuIbl (CyMMa JMaroHaJbHbIX 3JIEMEHTOB)

=> with( Lineardigebra) ' A == Matrix( |
1 2
A=
3 4
=> Determinant(A)
-2
> Rank(A)
2
> Trace(A)
N ’

(1.2, [3,41);

Marpuiia ¢ mHHeHHO-3aBHCHMBIMH CTOTIOIIAMH
> O = Matrix([[3, 5], [0, 10]], scan= columns)

3 6
=
5 10

|V Takoit MATPHIEI PAHT MEHBIIE PA3MEPHOCTH
> Rank(C)

1

[ Taras MaTpPHIIA BEIPOKIEHA (OIIPeNeNHTeNb PAaBeH HYIIO)
> Determinant(C)

0




PeweHune 3apa4y AMHEeUHOM anrebpoil

» HopMBbI MaTpHI| ¥ BEKTOPOB

» [IpoBepKa paBeHCTBA IBYX MaTPHI]

» BplsicHeHHWe TUIla MaTPUIlbI (MOJIOKUATEbHAsA /OTpHUIlaTebHAsA
onpee/eHHOCTb; OPTOTOHAJIbHOCTb U YHUTAPHOCTb)

» CneKTpaJibHbIA aHA/IN3: COOCTBEHHBIE YK CJIa U COOCTBEHHBIE
BEKTOPbI, XapaKTEPHUCTUUYECKHUN MHOTOYJIEH

»PellleHne cucTteM JIMHEMHBIX YPaBHEHUU




e

HopMbl BEKTOPOB

\L

LinearAlgebra:
e Norm(A, p, ¢) - p-HOpMa MaTpHIbl UJIHX BEKTOPA

e VectorNorm(A, p, ¢) - p-HOpMa BEKTOPa, C —
(Heob6s3aTe/bHbIE) ONLUU AJIS1 PE3YJIbTHPYIOIIET0 OObEKTA

3HaYyeHUs nnapamMmeTpa p (mo ymosiyaHuio = infinity)

» OJid BEKTODPOB n
e 2, Euclidean niu Frobenius - EBkingoBa HopMma HXH2 = N/Z‘Xi‘
i=1

* p(>0) - p-HOopMa

VectorNorm (A, p)=add( abs(V[1]) " p, 1 = 1
Dimension(V)) ~ (1/p)

e infinity - MakcMMasIbHbIU 110 MOAYJIIO 3JIEMEHT

linalg:
e norm(A, normname) - HOpMa MaTpPHUIbl UJIX BEKTOPA
norm(A) - infinity-HopMa MaTpHIbl UJIKM BeKTOpa (110 yMOJIYAaHHUIO)

e Jlsid BEeKTOPOB normname MOXXeT ObITh : Iiesioe yucao>=1, "infinity’,
'frobenius’




/HOpN\bI MaTpuL,

LinearAlgebra:
e Norm(A, p, €) - p-HOpMa MaTpHUIibl UJIK BEKTOPA

e MatrixNorm(A, p, ¢) - p-HOpMa MaTpHulibl, € — (He0Os3aTeJbHbIE) ONIUU
JJIS1 pe3yJIbTUPYIOILEro 00’beKTa

3HayeHMsA napaMmeTpa p (mo ymosryaHum = infinity)

> [Jid MaTpHIL

e 1 - MakcuMaJsibHas CTOJIOIOBAss HOpMaA

n

— nxm

A, = mexa,| vAcC

MatrixNorm (A, 1) = max(seqg(VectorNorm(A[l..-1, 7],
1), 7 =1 .. ColumnDimension (A)))

e infinity - MakcuMaJsibHasA CTpoYHass HOpMa
m

— nxm
|Al, = rﬂ%ﬁ(Z‘aij‘ vAeC
j=1
MatrixNorm (A, 1nfinity) = max(seqg(VectorNorm(A[1,
1..-1], 1), 1 =1 .. RowDimension (A)))

-




/HOpN\bI mMmaTpuL, (npoaonkerHume)

3HayeHMs napaMmeTpa p (mo ymosryaHum = infinity)

e 2 wiu Euclidean - cnekTpaJ/ibHass Hopma

|Al, = Jmax{ (A" A) vAcC™™, A" = AT
|

MatrixNorm (A, 2) = sqgrt (max(seqg(Eigenvalues (A.
A (%H)) [1], 1 = 1 .. RowDimension(A))))
= a VAe C™™
e Frobenius - Hopma ®pobeHuyca ”A”F \/21;‘ ”‘

(HeHacToOf1asaA MaTpUYHas HOPMa, T.e. He CBSI3aHa C BEKTOPHbIMH HOPMaMH )

MatrixNorm (A, Frobenlus) =
sgrt (add (add (abs (A[1,3]) "2, 7 =1
ColumnDimension (A) ), i =1 RowDimension (A)))

linalg:
e norm(A, normname) - HOpMa MaTpPHUIbl UJIX BEKTOPA
norm(A) - infinity-HopMa MaTpHIbl UJIKM BeKTOpa (110 yMOJIYAaHHUIO)

e Jlsigd MmaTpul, normname MoXeT O0bITh 1, 2, 'infinity’, 'frobenius’.

\L




;‘;: with( Lineardigebra) :
> v = Vector([1,-2, 3])

[ TIo YMOTHaHHIo - infinity-HopMa (Makc. Mo MOAYIO STIEMEHT )
> VectorNorm(v)
3

1-Hopma {(cyMMa MoOIyNell 3IeMeHTOB )
> VectorNorm(v, 1)

6
=EBI{.]'IHI[0BB, HOpMa
> VectorNorm(v, 2)
14
=‘;> VectorMorm (v, Euclidean)
14
=::* VectorNorm(v, Frobenius)
14

3-nHopma (KyOHHIeCKHH KOpeHb H3 CYMMBI MoAyeH KyDoB
ANMEeMeHTOR )

> VectorNorm(v, 3)

36”3

infinity-HopMa (Makc. Mo MOJIYJII0 STEMEHT )
= VectorNorm(v, infinity)

L

3

/I'IpMN\epbl BbIYMC/IEHUA HOPM BEKTOPOB U MaTpuUL

™~

(> 4= Matrix([[10,0,2], [0,9 1], [2, 4, 1]])
10 0 2
091
241

A

o YMOTMAHHIO - MAaKCHMambHas1 cTpouHas HopMa {(infinity)
> MatrizNorm(A)
12

 Makcnmamnas cTonbuoeas HopMa (1)
> MatrizNorm(A4, 1)
13

_CHEI{TPEU'[I:HHH HOpMa
> MatrizNorm(A, 2)

J Rootor (=196 + 72 — 207 7% + 10577 _Z, index =3 )

YacTo BLMHCISIETCS TObKO B IPHOIHKeHHOM BHE
> avalf(28)

10.73324841

ERKIHIOBA HOPMAa MAaTPHILI = CMEKTPaAlbHAS HOpMa
> MatrizsNorm(A, Exclidean)

J Rootof(-196 + Z° — 207 Z° + 10577 _Z, index =3)

Hopma @pobennyca (HeHacTOMIIasd MaTpHYHAT HOPMa)
> MatrizsNorm(A, Frobenius)

3,23
MaxkcuMambHast cTpodHas HopMa {infinity)
= MatrizsNorm(A, infinity)
12

O




[poBepKa paBeHCTBa ABYX MaTPUL,

LinearAlgebra:

* Equal(A,B) - npoBepka JIOTUYECKOTO paBeHCTBa MaTpull A v B, pesysabTat -

true/false

e MatrixNorm(A-B,1) uiu MatrixNorm(A-B,infinity) - npoBepka paBeHCTBa
MaTpHuI] I10 HOpMe, AJi1 IPUOJNKEHHBIX 3Ha4YeHUM KO3PPUIIMEHTORB

Eciu A=B, To A-B ~HysieBasg MaTpuILa, HOpMa KOTOPOH OJIU3KA K HYJIIO

linalg: equal(A,B) aJs1g npoBepKH JIOTUYECKOTO PaBEHCTBA

:} with ( Lineardigebra)
> A= Randomddatriz(3)
2799 92
A= 8129 -31
69 44 67

_DﬁpaTHEIH MarpHia
> invd = Matrixwverse (4)

3307 2585 5737

327244 327244 327244

| 2675 4539 1573

VAT 337944 327244 327244
1649 5643 9

K | 327244 327244 327244

_HPOBE:IJI{ELZ A*AM-1)=E
> Auinvd
100

010
001
> F= Identityddatriz(3)
100
E=(010
001
_HPOBE:IJI{EL papeHcTBa A*AM-1)H E

= Egual(AdnvA, E)
trie




I'IpM6I'II/I)-KeHHbIX 3HAYEHUU

} wzrfz[,ﬂmear}lﬁgebm] DﬁpaTHas{ MaTpHIA B NPHOIHAEHHOM BHIE
> A= Randomdatriz(3)| = Al = evaif (invd)

4= 829 -31 invd = 0.008174328636 0.01387038418

ITpoeepra: A*AY-1-E
> E = MentityMatriz(3) > AnvAL

F=|010 1.60000259569192949 1011 1.00000000001199996

Ilpoeepka papencTBa A*AM-1)u E
> Foual(AdnvAl E)

Jfalse
IIpoeepka mo HOpMe
> MatrisNorm(Ainvdd — E, 1)

> MatrixNorm(A.invAl — E, infinity)

100 1.00000000005000000  2.78000057002403268 10™'"

001 3.00000597280858372 107 1.26000026384742726 10°

/I'IposepKa paBeHCTBa ABYX MaTPULL: NpUmep Ana

27 99 92 -0.01010560927 0.007899304494 0.01753126108

-0.004806810820

0.005039053428 -0.01724401364 0.00002750241410
69 44 67 L

2.28999896844696294 10

10 1.00000000018470004

4.16000039971109458 10"

4.05200026093108234 107"

7.71999649536864175 10

™~

11

11




" BblACHEHMe T1Na MaTPULLbI: MOJIOXKUTE/IbHasA A
(oTpuuaTtenbHas) onpeaeneHHoCTb

LinearAlgebra:

e IsDefinite(A, q) - npoBepseT NOJOKUTEJNBbHYI0/OTPULIATEJbHYIO

OIlpeJleJIEHHOCTb MaTPHIIbI A, TapaMeTp q UMeeT BUJ, query = attribute,
rae attribute MokeT UMeTb OJHO U3 3HAYEHHUU:

e 'positive_definite' - mosoxxuTeNIbHO ONIpeAeeHHas, T.e.:

xTAX>0 VxeC " x#0, AeC™ s koMmIeKcHOR MaTpULBL, re

X" CONpSIKEHHBIH TPAHCIOHUPOBAHHBIN BEKTOD, A — 3pMuToBa MaTpuna: A= A"
/l1s1 BellleCTBEHHOW MaTpPHIbl TAKOM 3alIpOC BO3BPATHUT true, eciu

x"Ax>0 ¥xeR", x#0, AeR™ rnex' - TpaHCMOHHPOBaHHbIi BEKTOD,

[Ipy aTOM MaTpulia A MOXKET 6bITh HECUMMETPUYHOM

JKBMBAJIEHTHOE OIlpe/iesieHUsl: Bce COOCTBEHHbIE 3HAaYeHUs MOJ0XKUTeabHbI: C3>0
'positive_semidefinite' - moyioxxuTenbHO NoNyonpeaesenHas: x Ax>0 (C3>=0)
e 'megative_definite' - oTpunaTesbHO onpeaeseHHa: X7 Ax <0 (C3<0)

* 'negative_semidefinite' - oTpunatebHO noayonpegeaenHas: X Ax < 0 (C3<=0)
e 'indefinite' - HeonpeaeseHHas

e IsDefinite(A) - npoBepsieT NOJIOKUTENBbHYIO ONpeAeJ€EHHOCTbh MaTPHULLbI
T. €. 10 yMoJI4aHHU10 query= 'positive_definite'




/HOHOHMTEII bHaFI/OTpl/lLI,aTefI bHAA Oﬂpe,ﬂleﬂeHHOCTb\

MaTpuubl. Npoao/IKeEHUNE N MPUMEPDI

linalg:

e definite(Akind) - npoBepsieT MOJIOKUTEJNbHYIO /OTPHUIIATE/NbHYIO ONPeAeJEeHHOCTh
MaTpulbl A, napameTp Kind MoxxeT NprHHUMAaTh OJHO U3 CJAEeAYIOLIMX 3HAYEHUM:
'‘positive_def’, 'positive_semidef’, 'negative_def uiu 'negative_semidef’

;‘::* with( Lineardlgebra) -
= A= Matrix(2,2,(2,1,1,3])
21
13

A=

= IzDefinite(A)
MarpHUa IoJ0KHTeJIbHO olpeelieHa
triie

21
13
= EQMQE(A,A%T]
MaTrpHia CHMMETPHYHAS

i triie
o

> A=47T

21
13

> Bigenvalues(A), evalf (%)
Bce coBCTReHHBIE 3HAMEHHS MOJIOMKHT €JTbHbI

5,1 —
501 =
? - ? V/j ]

3.618033988
1.381966012

:} with (linalg) .
= AA = matriz(2,2, (2,1, 1, 3])

el

B definite (AA ' positive_def")

triie




[Tonoxuten bHaFI/OTpVILI,aTeI'I bHaA onpeaeneHHOCTb

MaTPULbI: NPUMeEpPDbI

> B= DiggonalMatriz([ -5, 0,-1])

-50 0
b= 00 0
00 -1

Marpuua He SBJITCA NOOKHTENLHO ONpeeIeHHOH
> IsDefinite(E)
Jalse

MarpHia He SBJISIETCA MOJIOKHTEBHO MOMyOHIpe/IeIe HHOH
> IsDefinite (B,'query'='positive_semidefinite')
Jalse

_O,I[HHathIe KABBIMEH B 5allpoce MOXKHO OIIYCTHTh

MarpHia He ABACTCA OTPHLUATEILHO ONpeAeIeHHOH
> IsDefinite( B, query = negative definite)
Jalse

MarpHuia sSBisieTcsl OTPHIATENbHO NOJyoTpeieieHHOH
> IsDefinite(B, query = negative_semidefinite)

trie

> Eigenvalues(B);
Bcee coBcTReHHBIE 3HAYEHHS HEOTPHUAT €JTbHbI

0
-1
-5
_Ma'rpﬁua CHMMeTpHYHAas
> Equa.f(B, B%T}
true

> Al = Matriz([[3, 2], [1,4]])
o
L 1 4_

Al =

> AZ = DiagonaiMatriz([2, 2])
5 0]

L U 2 m

A=

=‘.::* A = DiagonalMatrix([A{, A2])
(3200]
1400
0020
| 0002 |

Marpuia Seisercs IONOMHTeILHO ONpeelle HHOMH
> IsDefinite(A, query = positive_definite)
true

Ho IIPpH 3TOM MaTpHIa HE ABIHCTCA CHMMETPH‘IHOﬁ

> Hepal (A, A%T]
Jalze

CoOCTEeHHbIE 3HAYEHHA MOJIOKHT €JIbHbI
> Higenvalues(A)

= 3 2 LA

()

(2)

3

4)

)

(6)




VHUTAPHOCTb

/BbIFICHeHVIe TUMa MaTpULbl: OPTOTOHAJZIbHOCTb WU

™~

LinearAlgebra:

e IsOrthogonal(A) - npoBepsieT, IBJsA€TCA JIM MaTpHUIla A OPTOrOHAJIbHOW, T.€. TAKOH,
=A"A=1, rge| - eAMHUYHAA MAaTPHUIA. DKBUBAJEHTHO: A’

yTo AA'

linalg:

e orthog(A) - npoBepseT, ABJSETCS JIM MaTpHUlla A OPTOrOHAaJIbHOM

=A!
e IsUnitary(A) - HpOBepHET ABJIAETCA JIM KOMILJIEKCHad MaTpula A YHI/ITapHOI/I T. €.
H —
takoi, uto AA” = A”A=1, re H - 3pMUTOBO conmpskeHHe. JKBUBAJIEHTHO: A=A

:> with( Lineardlgebra) :

> A =Matrix([[1, 2], [3, 4]])

1 2

A=
34

> 1sOrthogonal(A4)
false
_/[N10-3 107 3107
> o (HE i )
13—0-.,f10 —I-JlO
o= |
“ 10 J 10 —I\,'

s IsOrthogonal (Q)

> IsUnitary (Q)

> with(linalg)

> B = marrix[

> orthog(B)

Jfalse

trie

frie

2
77

b | —

P )

O




/ CneKkTpanbHbIA aHanun3: oblumne ceegeHus o N
CODOCTBEHHbIX YNCNAX N COOCTBEHHbIX BEKTOPAX

OnpepaesieHUA U3 Kypca IMHEMHOU a/Iireopbl
[IycTb A - KBagpaTHasA MaTpHUIlA pa3Mepa nxn, B 0011eM caydae KOMILJIEKCHAS.

* Ecau Au = Au, TO BEKTOP U Ha3bIBAETCA COOCTBEHHBIM BEKTOPOM MAaTpUILbl 4, a 4ucio A -
COOCTBEHHBIM YUCJIOM (3HAYEHHEM ), COOTBETCTBYIOIIUM JAHHOMY COOCTBEHHOMY BEKTODY.

e COBOKYIHOCTb BCeX COGCTBEHHBIX YHCEJl MAaTPHUIIbl Ha3bIBAETCS CIIEKTPOM MaTPHILBI.
e /Jlng MaTpullbl pa3Mepa nxn KOJIMYECTBO COOCTBEHHBIX YHCEJ PAaBHO N.

e Ec/iu B cieKTpe MaTpHUIbl OJHO U TOKe COOCTBEHHOE YUCJIO BCTpedaeTcs K pas, To roBopsT,
YTO 3TO COOCTBEHHOE YMCJIO KPAaTHOE U ero (asredbpanyeckas) KpaTHOCTb paBHa K.

e Co6GCTBeHHbIE YKC/Ia MaTPUIbl A ABJISIOTCI KOPHAMH XapaKTepPUCTUYECKOro MHOTOY/IeHa
P,(1) = det(A — AE) , rae E - eqyHU4YHAg MaTpHUIa.

e Asre6panyeckasi KpaTHOCTb CO6CTBEHHOTI0 YKcJa A — 3TO €ro KpaTHOCTb KaK KOPHS
XapaKTepUCTUYECKOI0 MHOTOYJIeHa.

e Martpunua A — AE Ha3bIBaeTCA XapaKTePUCTUYECKOM MaTpPHUIer AJi1 MaTpUILLbl A

Komanab!l naketsl LinearAlgebra:
* Eigenvalues(A) - Bo3BpalaeT co6CTBEHHbIE 3HAaUeHUs MaTpPHUIlbl A

* Eigenvectors(A) - Bo3BpalaeT cOOCTBEHHbIe 3HaYe€HUSI MaTPULlbl A B BU/Jl€ BEKTOP-CTOJIO1A
M MaTPHUILy U3 COOCTBEHHbIX BEKTOPOB (110 CTOJI61[aM)

e CharacteristicPolynomial(A, lambda) - xapakTepucTruyeckruii MHOTO4YJIEH

K. CharacteristicMatrix(A, lambda, outopts) - xapakTeprucTuieckass MaTpuIa




CneKTpa/ibHbI¥ aHa/Nn3: COBCTBEHHbIE YNCAA

LinearAlgebra:
[IoJIHBIM CUHTAKCHUC:
e Eigenvalues(A, C, imp, o, outopts) - ocTasbHble apryMeHTbl He00s13aTE/IbHbI

C - maTpuIia AJig pellleHHs 06001IeHHOM 3a/1a4y HA COGCTBEHHbIE 3HAYEeHUd, T. €.
HaxoAsATCSa KopHU ypaBHeHHUs det(lambda*C - A)

imp - 3a/1a€eT, B KAKOM BU/ie OYAYT BbIYUCAATHCA KOPHU XapaKTEPUCTUIECKOTO
MHOTrO04YJIeHa; eC/JId MUMeeT 3HadeHHMe implicit=true uiu npocro implicit, To 6yzaeT
BbIYUCJIEHHE B HESIBHOM BU/Jle RootOf

0 - 3a/1aeT GopMaT BbIBOZA pe3yJbTaTa B BU/je: output =obj, rae obj moxkeT
npuHUMaTh 3HadyeHud 'Vector[row]', 'Vector[column]’, 'list’ uiu cnrcok sTux
3HAYEHUU
outopts - 3azaeT onuu outputoptions KOHCTPYKTOpa AJid pe3yJAbTUPYIOLILEr0
00'beKTa, HanpuMep outputoptions=[datatype=float,shape=....]

linalg:

e eigenvalues(A) unu eigenvals(A)

e BapwuanThl: eigenvalues(A, C), eigenvalues(A, 'implicit’), eigenvalues(A, 'radical’)

B cTaHAapTHOU GUOGJ/IMOTEKE:

e Eigenvals(A, vecs) - koMaH/1a OTJIOXXEHHOI'0 MCIOJIHEHHUS /IJ151 YUCJIOBOW MaTPUIIbI
A, Bo3BpalllaeT MacCHB U3 COOCTBEHHBIX YUCEJ ¥ MATPHUILy U3 COOCTBEHHBIX
BEKTOPOB I10 CTOJIOLIAM (B ITapaMeTpe vecs) @




" Mpumepbl BbluUCAEHUA COBCTBEHHbIX YNCEN:

Eigenvalues

:} with( Lineardlgebra) :
= A= Matrix(3,3, [x,0,v,x, 5,0,y 0,x])
x 0y

A=|xy 0

v 0 x

CobcTReHHEBIE YHCIIA B BIHJIE BEKTOP-CTONOHA

= Eigenvalues(A)

¥
yt+x
X—y
-Cﬂﬁcmemme YHCITA B BHJE CITHCKA
= Eigenvalues( A, ovtput = list)
i [y 3 +xx—y]
> B = Matrix([[3,-1,0], [1,3,0],[0,0,4]])
3 -1 0
=1 3 0
0 0 4
-} Eigenvalues( B, output = list)
[2, 4, 4]

-

> M=(L, 4, -2)(-1,0, D{-1, 2, 1))

1 -1 -1
M=| 4 0 2
-2 1 1
B Eigenvalues (M, output = list)
(2,1, -1]

CoOcTReHHBIE UHCTIa B HEABHOM BHJIE
> Eigenmvalues (M, implicit, output = list)
[2, Rc:notOf(_Z2 + 1, index = 1), R(:nc:ntOf(_Z2 + 1, index = 2) ]
Bamarmie ot outputoptions KOHCTPYKTOpa

> R = RandomMatrix (3, outputoptions = | shape = symmeltric, storage
= rectangular, datatype = float )

30. —23. 9l.
R=] —23. 63. —38
91. —38. —38

| COBCTREHHbIE UTCTa B BHJIE BEKTOP-CTPOKH
> Eigenmvalues (R, output = Vector| row])
[ —103.221603816942689,36.3950990097986775,

121.826504807143976 |

O




e

Mpumepsbl BblYMCAEHMNA cOBCTBEHHDbIX Yncen: Eigenvals n KomaHapl
nakerta linalg

Hcmonmpzoranue kKoMaHIe Eigenvals
> Cw=array([[1,2],[3,4]])

C =

1 2
34

1 2
, vecs
3 4

vecs

> Eigenvals(C, vecs), vecs

Eigenvals [

B evalf (Eigenvals(C, vecs) ), print(vecs)

[ — 4.527868129 0.4417089775 ]

CobCcTBEHHbIE BEKTOPbI
no ctonbuam

— 8245648401 —.4222291504
0.5657674650 —.9230523142

_ Hcmombzoparite KoMaHp, 1akeTa linalg
> with(linalg) <A = matrix(3, 3, [x,0,¥,x,¥%,0,y, 0,x]) :
> eigenvals(4)

Wyt x,x—y

™~




\
CnekTpanbHbI aHaAU3: COOBCTBEHHbIE BEKTOPbI

LinearAlgebra:

e Eigenvectors(A) - Bo3BpaijaeT cO6CTBEHHbIe 3HAaYeHHUA MAaTPUIibl A B BUJie BEKTOP-
CTO0JIOIA ¥ MAaTPUILY U3 COOCTBEHHBIX BEKTOPOB M0 CTOJ1611aM. [I0JIHbIM CHHTAKCHUC:

e Eigenvectors(A, C, imp, o, outopts) — ocTa/ibHbIe apryMeHTbl HE0OSI3aTeJIbHbI

C - maTpHuIa AJi4 pellieHHs 060061eHHOM 33/la4y Ha COOCTBEHHbIE 3HAYEHMUS, T. €.
HaxoAAaTca ypaBHeHHUd det(lambda*C - A)

imp - 3a71aeT, B KAKOM BU/Jie OYAYT BBIYUCJAATHCS KOPHU XapaKTEPUCTHUUECKOT O
MHOTO0YJIEHQ; eC/IM UMeeT 3HadeHue implicit=true viu npocto implicit, To 6yayT
BbIYUCJIeHHe B HeaBHOM Bue RootOf
0 - 3a/1aeT GpopMaT BbIBOJA pe3yJbTaTa B BH/€e: output =obj, rae obj MmoxxeT
npyrHUMaTh 3HadyeHusd 'values', 'vectors', 'list’ niu cnucok aTux 3Ha4UeHUH
outopts - 3azaeT onuu outputoptions KOHCTPYKTOpa AJi1 pe3yJAbTUPYIOLLETO

00'beKTa, HanpuMep outputoptions=[datatype=float,shape=....]

linalg:

e eigenvectors(A) niau eigenvects(A)

e BapuaHnThbl: eigenvectors(4, 'implicit’), eigenvectors(A, 'radical’)

B cTaHZapTHOM OUG/IMOTEKE:

e Eigenvals(A, vecs) - KoMaH/1a OTJIOKEHHOT'O UCIIOJIHEHUS )11 YUCJIOBOM MaTPHUILLbI

BEKTOPOB I10 CT0JIOLIaM (B ITapaMeTpe vecs)

A, Bo3BpalllaeT MacCUB U3 COOCTBEHHBIX YU CEJ U MAaTPUIY U3 COOCTBEHHBIX

&




7 TipuMepbl BbIYUCNEHNUA COBCTBEHHbIX BEKTOPOB ™

:> with( Lineardlgebra) :

> A= Matrix(3.3, [, 0,5, % 2. 0,5, 0,%]) > B = Matrix([[3,°£ 0}, 11,3, C;L [*Il 2,41]:
x 0y .
y 0 B=|1 3 0
=| x
4 0 0 4
y 0 x -
L IIprMep KpaTHOTO ¢OOCTBEHHOTO SHAYEHHA
CobCTReHHEIE UHCTIA B BHle BEKTOP-CTONOI[A M MAaTPHITA M3 = Figenvectors( B, output = list)
cOOCTREHHBIX BEKTOPOB 110 CTOIIOIaM I -1 0
> Ei fors(A
igenvectors(4) L 1 21 , N 1o
y+x 0 0 1
y oLl = i
2y+x Hcmons3oBanue KoMaHy 1aKera linalg
I 1 0 1 | > with(linalg)

I > B = matrix
TolEKo MaTpHIIA H3 COGCTBEI—H—[BIX BCKTOPOER IIO CTOHGHEIM

> Eigenvectors(A, output = vectors) 1 1 S
01 -1 22
B= ) )

X < 1

1] ———— 2 ﬁ 2
-2y+x .
0 1 1 CobcTBeHHOS SJHAUeHHE, €70 KPAaHTHOCTE H COOTE. coBeT. BEKTOp
L B BHOE BEKTOP-CTPOKH

Croicor 13 coDCTREHHEL 3HAYEHMIT, X KpaTHOCTe 1 eigenvectors(B)
COOTBETCTBYIOMIHX MM COOCTBEHHEIN BEKTOPOR [_1, L H . —%ﬁ ”] [1, L H %ﬁ 1 ”]

= FEigenvectors(A, output = list)

_}:':‘ 1? I' E .V-I_'I-:‘ 1! I' ? x = :I'.l ]'? -

\_ 1




e

NMpumepbl BbluncneHnA cobcTBEeHHbIX Yncen n cobcTBeHHbIX BEKTOpOB

™~

B marpuue HeloJHOro paHra OyAyT HyJeEble COOCTBEHHBIE 3HAMEHHS
> Eigenvectors(A, output = list)

(> 4= (2,3, 1)|{(4, 6,-1)|{-1,-3/2,-2)); _COGCTBeHHLIﬁ BEKTOP, COOTRETCTEYIIHH HYIeEOMY CODCTREHHOMY
24 =1 sHATeHHIO, ABJIETCH TAKAKE BEeKTOPOM Spa MarpHibl { Ax=0)
3 > xt= MNullSpace(A)
=3 & -=
A 2 3
1-1 -2 2
L = 1
> Rank(4) * -
2
> Eigenvalues(A) L 1
0 > Ax[1]
3+ 4 /Toz
2
1 S
3——./102
2 \/ | -

49 (3 - %\/WJ

49(3+%\/ﬁ]
% _(—123+%\/ﬁ](1+%\/ﬁ]
0,1,{| 1 ,3+%\/ﬁ,1, 5 ase2fTE ,3_%\/ﬁ,1,
1 2 —123+%\/ﬁ
1

Tounpre wncna c pagHKamaMu u ApobsaMu, yIo6HOo BRIBECTH B OPHOIHAE HHOM BHIE
> evalf (%)
1.500000000 -20.09950451

-0.5000000000 || |, |8.049752470, 1., { | -30.14925675 || |,
1. 1.

0,1,

MarpHia ¢ HyIeBbIM COOCTBEHHBIM 3HAMeHHEM OY/ET BLIPOAKACHHOH
> Matrizlverse(A)
(in LinearAlgebra:-LA Main:-MatrixInverse)

Error, 2ingular matrix

) (—123— %JWJ [1— %JWJ

-2.049752470, 1.,

45 — 2./102
-123 — %\/102

_3
2

1

0.09950493837
0.1492574075
1.

O




/ CneKTpanbHbIA aHaIN3: XapaKTEPUCTUYECKNIA N

MHOTOYN1EH N XdPaAKTEPUCTUYHECKAA MATPULA
LinearAlgebra:

e CharacteristicPolynomial(A, lambda) - xapakTeprcTUYeCKHMM MHOTO4YJIEH
P,(1) = det(A — AE), rae E - equHUYHag MaTpUIia
e MinimalPolynomial(A, lambda) - MUHUMaJIbHBIK MHOTOYJIEH ([ €JIMTED)

e CharacteristicMatrix(A, lambda, outopts) - xapakTepuctTrudeckas
maTtpula B Buze lambda *E - A

linalg:

e charpoly(A,Jambda) v minpoly(A,Jambda)

e charmat(A,Jambda)

;‘.} with ( Lineardlgebra) .
= M= Matrix([[1,1,0],[0,1,3], [0,0,2]])
110
013

002

AL =

> Characteristic Pol ynomial (M, %)
42 —dxt 4 5
= solve( %, x)

k=

2,1, 1

[ > Figenvalues (M, output =list'")
[2,1,1]

B CharacteristicMatriz (A4, lambda)
A—1 -1 0
0 A-—1 -3

0 0 A-2




PelleHne cuctem NMHENHbIX YPaBHEHUIN, AAPO MaTPULbI

LinearAlgebra:

e LinearSolve(A,B) - pelienve ypaBHeHus AX=B, rae B - MaTpuiia ujn BEKTOP
NpaBOU 4acTy, X - MaTpHUIA WA BEKTOP HeEM3BECTHBIX. [I0JIHBIN CUHTAKCHUC:

LinearSolve(A, B, m, t, ¢, ip, outopts, methopts) - ocTa/sibHbIEe apTyMeHThI
Heo0Os13aTeJIbHbI (IOAPOOHOCTU — cM. Help). 3HaueHHs1 HEKOTOPBIX MapaMeTPOB:

m - napaMeTp UCNOJIb3yeMOro Mmeto/ia B Buie method = name, raie name Moxet
NpUHHUMAaThb 3Ha4YeHUs 'none’, 'solve’, 'subs’, 'Cholesky’, 'LU’, 'QR’, "hybrid’,
'modular’, 'SparseLU’, 'SparseDirect’ uiu 'Sparselterative

outopts - 3agaeT onuu outputoptions /1J1 pe3y/IbTUPYIOILETO 0O bEKTA

e NullSpace(A, outopts) - nouck 6a3uca sapa MaTpullbl, T.e. BeEKTOpPOB {x: Ax=0},
5KBUBAJIEHTHO PELIEHHI0 OJJHOPOJHOM CUCTEMbI YPaBHEHU U

* GenerateEquations(A, v, B) - reHeprpoBaHue CUCTEMbI JIMHEWHBIX YPaBHEHU M
Av=B, rae A - maTpu1a KO3PpPULIMEHTOB pa3Mepa m X N, V — CMUCOK HEU3BECTHBIX
JJIMHBI N, B — BEKTOp npaBOM 4YacTH

GenerateEquations( A, [X,y,z],b)

* GenerateMatrix(eqns, vars) - reHep¥poBaHHe MaTPULbI KOSPPULIMEHTOB U3
ClUCKa (MHOXXeCTBA) ypaBHEHHWM eqns U CIIMCKa (MHOXeCTBa) HEU3BECTHBIX Vars

GenerateMatrix( [eql, e2, eq3], [x, ¥, Z])
linalg:
e linsolve(A,b) - pemienue cructemnl Ax=b, Kernel(A) - sapo maTpuusr A
\. geneqns (A,[x,y,z],v), genmatrix(eqns,[Xx,y,z])

©




e

MOMUCKa AApa MaTpULbl

= with( Lineardlgebra)
syroe= | 3¥x[1]+ 2*x[2] + 3*x[3]=1,
x[1]+ x[2]+ x[3] =73,
x[1]+ 2*x[2]-x[3] =2 |:
var = [ x[1], x[2], x[3]]:
(4, &) = Gemeratelatrix( sys, var ),

3203 1
11 1|3
2

A b=
1 2 -1

(> LinearSolve (4, &)
_12
2

[‘\-\_'ll"\.l:l (=u]

(> 5= Cenerate Bquations (4, [x, v, z], &)
s=[3x+2y+iz=l,x+y+z=3x+2y—z=12]

> safve(s)

9
= — =2 R
z 2"}; -4 2

-

[Mpumepbl peleHnsa CMCTEMbI IMHENHbIX YPAaBHEHUN U

_'.} with{LinearaAl gebra):

A = <<6,3,0x]<4,2,0]<2,1,0>3>;
o4 2
321

oo

A=

=H,u;p|:|

> kern := HullSpace(h) ;

]2

3 3

karm = | ]

1 0

=1'IpnBEpKa
> A.kern[l] ;A.kern[?];

™~




e

OcHoBHble cnydyaun npu peweHun C/TAY: caydan 1

;) rastart, with( Lineardlgebra) - with(plots) :

1) CymiecTByeT eMHHCTBEHHOE PellecHHE
> A= Matrix([[1,-1], [1, 2]]); &1 == Vector([1, 4])

1 -1
Al=
1 2

> LinearSolve (A, b1)

> Determinant(A1)

> sys = CenerateBquations(Al, [x, v], &)
sy =[x —y=Lx+2y=4]
> sol = solve(sys); assignl(sol); x = x . yi = y 1 unassign('x''y'")
sol = {x=2,y=1}

> display ([implicitplot ([sys[1], sye[2]], x==-3..3, y ==1.2), pointplot([x{, v ], symbolsize = 20)])
2_




e

OcHoBHble cnyyvyaun npu peweHun CJ1AY: chyyan 2 m 3

:2) BeckoHeuHO MHOTO pellleHHIH
> A2 = Matrix([[1,-1], [ -2, 2]]); &2 = Vector([1,-2])
1-1
A2 =
-2 2
1
b2 =
-2
| > LinearSolve (A2, 52)
1+ 0,
_t0,
| > Determinant (A2); Matrixverse(A2)
0
=Error, {in LinearAlgebra:-LA Main:-Matrizxlnverse)
| bE {u|v=Ax}
> gys = GenerateEquations(A2, [x,y], £2)
sps=[x—y=1,-2x4+2y=-2]
> sol = solve(sys);
sol ={x=14+y,y=y}

> implicitplot([sys[1], sys[2]), x=-3.3,y=-1.2)
2_

gingular matrix

| 3) Het pemennuti
> A3 = Matrix([[1,-1], [1,-1]]); &3 == Vector([1,-1])

1-1
1-1

1
N
B LinearSolve (A3, b3);
Error, (in LinearAlgebra:-LA Main:-LinearSolve) inconsistent
| sy=stemn
| > Determinant (A3); Matrizlverse(43)

A=

b3 =

0
Error, (in LinearAlgebra:-LA Main:-MatrixInverse)] singular
|matriz
| bé {u|u=Ax}

> sys = GenerateFquations (A3, [z, v], £#3)
sps =[x —y=1ax—y=-1]
> sol = solve(sys);
sof =

b

> implicitplot([ays[1], sys[2]], x=-3.3, y=-1.2)

|/

™~




ana peweHuna C/1AY

» ®aktopusauus Mmatpul: QR- u LU-passoxeHue

» [lpuBeieHre MaTPHUII K Cliel[Ma/IbHOMY BU/IY: BEpPXHETpPEYTOoJIbHasi
dbopMa, }kopJaHoBa popMma




4 N
dakTopusaumnsa matpu: QR-pasnoxkeHune

LinearAlgebra:

e QRDecomposition(A) - QR-pasnoxenue matpuibl: A=QR, rae Q -
OpTOTrOHaJIbHAsA MaTPUIL, R — BepXxHeTpeyroyibHass MaTpUIia.

e JloJIHBIN CUHTAKCUC:

QRDecomposition(A, fs, out, ¢, outopts, ...) - ocTasibHbIE APTryMEHThI
Heobs3aTeJibHbI (MOAPOO6HOCTU — cM. Help). 3HaueHHss HEKOTOPBIX
apaMeTpPOB:

fs - nornyeckum napametp B Bue fullspan=‘false' (mo ymosiuanuio,
HenoJsiHoe QR-pa3noxenue) uiau fullspan=‘true’ (uiu npocro fullspan,
noJsiHoe QR-pasJioxeHue)

out - mapaMeTp BblJaBaeMOX MaTpUIibl B BUZe output = obj, rae obj
MoOKeT MpuHUMaTh 3HadeHUsd ‘Q’, ‘R’, 'NAG', 'rank’ uiu cnucok 3TUX
3HaYEHMUH.

outopts - 3agaeTt onuuu outputoptions a5 pe3yJabTUPYIOIIETO 00bEKTA

linalg:
e QRdecomp(A)

-

O




 NMpumep BbluncaeHNUA QR-pasnokeHns matpuupl

| > with(Lineardigebra) :

> 4= (@3 1|@ 6-1) <—1,—%,—2>>
2 4 -1

3

—|36 -2

A 2

1 -1 -2

[ > Rank(4)
T.o. A - marpHUa HeMOJHOTO paHra
2

=0513I‘IH06 QR-paznoxkeHne (ycedeHHOE)

> (O, R = ORDecomposition(A)
1 o— 1

—J 14 — /182

7 J 91 J

VI BT - T

28

-

3 — 3 —
FV{M 162 e 0 i\/wz i\hsz
14 28

1 — 1 —
F\,’m —vawz_

_PagmepHOCTH marpan Q, K
> mO, nD) = Dimensions((Q); mR, nR = Dimensions(R);

mi, no=3,2
mR, nR =23
Ilporepka: A=QR
> [.R
24 -1
3
36 -—
2
1 -1 =2
> Equal (4, O.R)
trie

N

IMomuoe QR-paznoxkenne {MarpHuia R - keaaparuas pepxHe
TPEYToJIbHas)
> Of, Rf = QRDecomposition (A, fullspan)

L
of R ST T - T
ﬁJF-ﬁJﬁ 0
B -

3 —_— —_—
0 F\/ISZ E\Jlsz

0 0 0

_PagmepHOCTH marpun Qf, Rf:
> mOf, nOf = Dimensions(OF ), mR, nR = Dimensions(Rf);

mOf, nf:=13,3
mR, nH =33
IIpoeepka: A=Qf*R{
> OFRf
24 -1
3
36 -—
2
1 -1 -2
> Egqual (4, OFRf)
true




4 N
dakTopusauma matpuy: LU-pasnoxkeHune

LinearAlgebra:

e LUDecomposition(A) - LU-passioxxeHre maTpulbl, Takoe 4To: A=PLU, rae L -
HWXKHEeTpeyroJibHas MmaTpula, U — BepXHeTpeyroJibHasg MaTpula, P - MaTpuna
epecTaHOBKHM (eJMHHUYHAs MaTpHIla C IepecTaBJeHHbIMUA CTPOKAMU ).

e [loJIHBIM CUHTAKCHUC:

LUDecomposition(A, m, out, ¢, ip, outopts, ...) — ocTasibHble apTyMEHTHI
Heobs3aTeabHbI (MOAPOOHOCTH — cM. Help). 3HaueHUss HEKOTOPBIX TApaMETPOB:

m - [napaMeTp UCH0Jib3yeMOT0 MeToia B BUie method =
'GaussianElimination' (06614HbIN MeTO/ ['aycca, mo ymMmosidaHuo), method =
‘FractionFree' (MeTon I'aycca 6e3 nenenus), method = ‘RREF method =
‘Cholesky' v method = ‘none’

out - napaMeTp BblJJaBaeMOH MaTpUlibl B BUJe output = obj, rae obj MmoxxeT
npuHumMaTh 3HadeHus 'P', 'L, "U‘; 'UT’, 'R’ (a1 A=PLU1R); 'NAG',
'determinant’, 'rank’ usiu cnucok 3TUX 3HaYEHUH.
outopts - 3azaeT onuuu outputoptions /15 pe3yJbTUPYIOILETO 00bEKTA
linalg:
e Ludecomp(A)

)

-




;::- with ( Lineardlgebra) -

(0100 ]
1000

P, LU=
0001

_Hpoﬂep ka: A=PLU
> PLU

> Equal(4, P.1.U)

0010 ]

-231
000
310

1 0

011 -3]

-231 4
000 1

310 0]

triie

4
1
U

> A= ((0,-2,0,3)[(1,3,0, 1)[{1,1,0,0)[(-3,4,1,0))
011 -3

MEIpHI.II:-I nmepecTaHOBKH P, HH}I{HETPE}’FOJ‘[I:HEIHL BEpXHETpE}TDJ‘[ﬁHﬂHU
> P, L U= ﬂUDE?CD??@pDSIHDH[A]

[ -23 1 4
011 -3
45
00 -4 —
2

000 1

/I'Ipvw\ep BbliuncneHuna LU-pasnoeHmna matpuubl

BerHETpeym.r[hHaﬂ dopma
b ﬁUDE?CG??@JGSIHDH (A, outplt =)

> GaussianElimination (A)

-23 1 4
011 -3
45
00 -4 —
2
(000 1
[ -23 1 4
011 -3
45
0 0 -4 —
2

000 1

™~




/I'IpMN\ep BbluMcneHna LU-pa3norxkeHna ana CUMMeTPUYHOM A

NONNOKNTENDBHO onpeaeneHHoOn maTpuLbl
;}- with( Lineardlgebra)
> B = RandomMatrix(3)
2799 92
B:==| 829 -31
69 44 67

=C03,:£[a.aHM CHMMETPHYHYI0 MaTpHIY
> A= BB
18994 235 12383
A-=| 235 1866 -249
12383 -249 11186

_Hponepna MAaTpPHIbI HA CHMMeTPHYHOCTh
> Egual (A,A%T]
trie

IIporepka MaTpHIILI HA HOJIOKHTEJLHYIO ONPeieIeHHOCTh
> IsDefinite(A)

trie
=‘:-> P, L, U= LUDgcomposition (A)
1 0 0] [18994 235 12383
100 235 ) 0 o 35387579 7639511
PL,U=|010/|| 18994 : 18994 18994
001 12383 7639511 o 0 107088635536
| 18994 35387579 | | 35387579

_Hponepxa: A=LU
= Hgual(A, L.U)

k triie




/I'IpMN\ep BbluMcneHna LU-pa3norxkeHna ana CUMMeTPUYHOM A
NO/IOXKUTENbHO OnpeaeneHHON MaTpuLbl (NpoaonxKeHue)

HcnombzoBanie MeTo/la XOMeNKOTo AaeT HHKHETPEYTOIBHYI0 MaTPHIY ¢ HeeJHHHYHOH JHATOHAIL )
= Lh= LUDecomposition (A, method ="Cholesky ')

J 18994 0 0
235 1
18994 672151675526 0
Lh:=| 18994 J 18994 v

12383 —— 7639511 92
18994 - 6721531675526 ———_———— 447732461015171
18994 \/ 672151675526 v 35387579 v

_HpDBEpI{EI,Z A=Lh*Lh’
> LhA.Transpose(Lh)

18994 235 12383
235 1866 -249
12383 -249 11186

=,‘::r Equal(A, Lh.Transpose(Lh))

trie




/" MpuBeaeHne MmaTpuL K cneunanbHOMY BUAY: N
BEepXHeTpeyrosbHasa ¢opma

LinearAlgebra:

e GaussianElimination(A) - npuBefeHre MaTPHULbl K BEPXHETPEYTOJAbHOU popMe
MEeTO/I0M UCKIYeHus 'aycca. JkBuBaieHT KoMaHbl LUDecomposition(A,
output=['U'])

e [loJIHBIYM CUHTAKCHUC:

GaussianElimination(A, m, outopts) - ocTa/ibHbIe apryMeHTbI HE0OS3aTeIbHbI

m - napaMeTp ucnoJibzyemoro metojia B Buje method = 'GaussianElimination'
(o6b19yHBIM MeToZ ['aycca, mo ymosiyanuio) uiv method = ' FractionFree' (MeToz
l'aycca 6e3 aesieHus, AJis1 paboThbl C CHMBOJIbHBIMY MaTpPUIlAMH, TaK KaK He
NPOU3BOAUT HOPMUPOBKY 3JIEMEHTOB U UCKJIIOUAET BO3MOKHbIE OLIUOKH,

CBSI3aHHbIE C [leJIeHUEM Ha HYJIb)
outopts - 3azaeT onuyu outputoptions A/ pe3yabTUPYIONIET0 00 bEKTA

* ReducedRowEchelonForm(A) - npuBesieHrE K TPEYTOJbHOMY BUAY METO0M
['aycca-KopaaHna. JxkBuBasieHT koMaH bl LUDecomposition(A, output=[‘R'])

linalg:
e gausselim(A) - npuBesieHNE K TPEYyTroJIbHOMY BUIY MeTOI0M ["aycca
o ffgausselim(A) - npuBeaeHMe K TpeyroJibHOMY BUAYy MeToZ0M ['aycca 6e3 nesieHus

e gaussjord(A) - npuBeJieHHE K TPeyroJabHOMY BUAY MeToA0M ["aycca-XKopaana

-




/I'IpMBe,u,eHme K BEpXHeTpeyroibHoM dopme meToaom

™~

[aycca: npumepbl
[ > with(Lineardlgebra) - B with(finalg) A =matriz(3, 3, [x, 1,0, 0,0, 1, Ly, 1])
Ad = Matrix(3, 3, [x1,0,0,0,1, Ly, 1] x 110
10 A=|1001
Ad=|oo0t| | y
1y 1 = gausselim(A)
=2:=r FaussianRimination| A4) 3 1 ’
_ _ g ¥x—1
x 10 a
_ I I 1
0 yr—1 1 i [
a = figausselim(4)
I I 1 x 1 I
=;} GaussianEimination| A4, method = Fractionfrae') 0yx—1 x
x 1 0 I 0 yx—1
0yx—1 X =
= gaussjord(4)
I I yix— 1 1 00
=L‘=r FeducedRowBchelonFarm (A4) 010
1 00
001
0110 L
ool




/ TpuBeeHMe MaTPUL, K CleLmManbHOMY BUAY: KopaaHoBa Gopma)

LinearAlgebra:

linalg:
e jordan(A)

JordanForm(A, out, outopts, ..

outopts - 3a/aeT onuyu outputoptions 1151 pe3yJIbTUPYIONIETO0 00 bEKTA

e JordanForm(A) - HopmaJibHas KopAaHoBa popMa. [IoJIHbIM CUHTAKCUC:
.) — OCTaJIbHble apryMeHTbl He00s3aTe/bHbI

out - mapameTp B BuJie output = ‘|’ (;kopaaHoBa ¢popma) uau output = ‘Q’ (MaTpuIla nepexo/ia)

A

1 0
0 A1

= J = JordanForm(A)

k=

:} with( Lineardlgebra) :
> A= ((2,4,0,0)|(4,6,0,4)](-6,-3,4, 6)[(0,-4, 0, 2))

(24 -6 0]
46 -3 -4
00 4 0
(04 6 2

(4000 ]
0600
0021
(0002 |

[ > Figenvalues (A, output = [ist)

[6,4,2,2]

MarpHua nepexona

0 0 0
0 0 0

A
U

(=]

> (= JordanForm(A, output =0")

_15
2

0

45
2

15
24 -—— =30 -15
2
27 15
— -— 0
Q:: 2 2
1 0 0
15
30 -—— =30 -—
| 2
_Hp()BepKa: J=0Q"(-1)AQ
> Q~(-1).A.Q;
4000
0600
0021
10002

)




BeKTOpHbIX aHaNN3 B NaKeTax
LinearAlgebra n VectorCalculus

» OcobeHHOCTH 3a/laHHSI BEKTOPOB U BEKTOPHBIX MM0JIeH
B nakeTe VectorCalculus

» CKaJIipHOEe U BEKTOPHOE MPOU3BeAEeHHE, YTOJ MEXIY
BEKTOpaMH

» ba3uc cucTeMbl BEKTOPOB, OPTOTOHAJIbHBIN 6a3HC

» 'pagueHT, fUBEepPreHI M, pOTOP

» JlanacuaH

» MaTtpuia fIkoou




4 N

Ocob6eHHOCTM 3a4aHNA BEKTOPOB N BEKTOPHbIX NONEN B

nakete VectorCalculus

e Vector|[o](n, init, f, c) - 3agaeT BekTOp B 3a/laHHOU CUCTEMe KOOPAUHAT (MO
YMOJIYAHUIO JIeKapTOBa); BCe MapaMeTPhl SABJISIOTCSI He00s13aTe/IbHbIMU; T10
YMOJIYAaHUIO BbIBOJIUT pa3JioKeHUe BeKTopa 1o 6a3ucy (BasisFormat(true))
0 — OpHeHTanya BeKkTopa (row uiu column)
init - 3HaYeHHs 3/71IeEMEHTOB BEKTOPA, MOTYT 3aJaBaTbCA QYHKIHEN,
npoueAypoH, CHUMCKOM, MAaCCUBOM U .

f - 3anmosiHseT He3a/laHHbIE 3/IeMeHThl BeKkTopa B BU/e fill=value
C — 33/1aeT CUCTEMY KOOPAUHAT B BHU/J e coords=name uiu coordinates=name

e <x1,xX2,...,Xn> - TakXxe 3a/laeT BEKTOP B 3aJJAHHOW CUCTEME KOOPAUHAT

e MHorue koMaH/bI aketa VectorCalculus Tpe6yoT BEKTOpHOE M0JiE, a HE
BEKTOP, B KaUeCTBe BXOJHOTO apryMeHTa

e VectorField(v, c) - 3aaeT BEeKTOpHOE M0Jie B 3a/IlaHHOX CUCTEME KOOPAUHAT
V — criMcokK list usim BekTop Vector KOMIOHEHT BEKTOPA B 3a/laHHON CUCTEME
KOOp/JIMHAT
C — 3a/laeT KOOPAWHATHYI CUCTEMY U UM€EHA I/l KOOPAWHAT B BU/JlE
symbol[name, name, ...]

» SetCoordinates(v,c) - 3az1aeT r;100aJIbHYK CUCTEMY KOOPAUHAT AJIs
BEKTOPOB ¥ BEKTOPHbBIX MOJIEH; V, C ONIPeieJIeHbl KaK BhILIE

)




e

[Mpnmepbl 3a4aHNA BEKTOPOB N BEKTOPHbIX NONEN B

nakete VectorCalculus

;.‘} with ( VectorCalowlus)

> v = Vector([3, 4, 5])
vi=3e +4e + 5e,

> ovi= (x,2y 3xz)
vl = (x)e, + Zyey + 3 xze,
> v = (x|2 y|3 xz)

v2 = (x)e, + Zyey + 3 xze,
BekTopHoe mose B AeKapTORO CHCTEME KOOP/HHAT
> V= Vecf@rFiech({S, 4, 5), 'cartesian ' 5 Z]

V=3 +4 + 5
x ¥ z

37ech KoMaHaa Vector BEPETCH H: MOAKTHYCHHOTO ITAKeTA

™~

| BexTopHOE IoJe B IHIHHAPHIECKOH CHCTEMe KOODAHHAT
> V= Vecmrﬁeid( (rcos(8), sin(6), z%},'cyimdrzr:czi'r o z]

Vi=(r cos(ﬂ))ér + (sin(ﬂ))@aI + (zz]EZ

BekTopHoe nomne B cdepHuecKOi CHCTEMe KOOPAHHAT
r ] r !
b SerCmardmares( spherical "o, B)

Spﬁericafr

¢, 9

> V2= VECIGFFIE?M[(L sin(q}), CGS(H)>]

2 E
P
_ (A i z 2
V2= [ . ]er+ (Sln(¢))€¢+ (cos(8) )z,
(o y3 = Vector([1, 2, 3])
vi=e + ZE":D + 32,

)




4 N
CKanapHoe 1 BeKTOpHOe npoun3BeaeHmne BEKTOPOB

* v1.v2 - cKa/JIspHOE YMHOXXEHHE BEKTOPOB LinearAlgebra, VectorCalculus:
LinearAlgebra, VectorCalculus: o v1 &X V2 - BeKTOPHOE POU3Be/IeHue
* DotProduct(vl,v2) (x.y) i o BEKTOPOB B TPEXMEPHOM IPOCTPAHCTBE
X, = X.V. = X
= linalg: crossprod(v1,v2)
> vi={(x,y1,1) _
[ x ] | > with(Lineardigebra)
¥ = oqgr= (2,=-2, 1), b= (2,3,6);, c=a&xb
vi=
1
| 2
= - a:=| -2
> v2:=(3,4,5,06) !
(3]
2 N :
T s b=1|3
L 6 4 6
=‘:=~ vi. vz -15
11+3x+4y
i +3x +4y o= =10
> vyl
1143z +4y | 10
;‘} with ( Lineardlgebra) : > CrossProduct(a, b)
> DotProduct(v., v2) -15
114+37+47 10
> DotProduct(v2, v1) 10
k 11+3x+4y L




/7~ Yron mexay BeKTopamu, Hopma U HOpMan3aLuus N

BEKTOpPAJ LinearAlgebra:
LinearAlgebra: e Norm(y, p, ¢) - p-HOpMa BeKTOpa
e VectorNorm(v, p, ¢) - p-HOpMa BEKTOPa, C -
* VectorAngle(v1,v2) (HeoOsA3aTe/IbHBIE) ONLMHU JJIS Pe3YJIbTUPYIOLLETrO
linalg: angle(v1,v2) 00’beKTa
B with (LinearAlgebra) - e Normalize(v) - HopMmasM3anus BeKTopa
> Vi=(1,0,1)% V2= (1,1, 0) o 3HayeHHUs napaMeTpa p (mo ymosryaHum = infinity)
1 2, Euclidean viu Frobenius - EBkiinoBa HopMma
vi=|0 infinity - MakcMMaJIbHbBIN 110 MOAYJIIO 3JIEMEHT
1
- linalg: norm(v,p), normalize(v)
1
v2=11 > Norm(v, 2)
0 32
B Vectordngle (Vi, V1) > Norm(v, infinity) ;
0
B Vectordngle (Vi, V2) > Normalize(v)
1. [ 2 ]
i 3 3
> v:= Vector([2,1,3,2]) 1
- .
1 1
V=
’ 2
[ 2] | 3




‘Pamma-LLimuara

/Haxomp,el-me 6asuca cucrembl BeKTOpoB. OpTOroHannsauma

™~

LinearAlgebra:

e Basis([v1l, v2, ..., vn], outopts)
linalg: basis([v1l, v2, ..., vn])

;} with( Lineardigebra) -

(> b= Basis([al, a2, a3, ad, a5])

bH =
> GramSchmidt([al, a2, a3, ad, a5))
[ 81 | [ 1633
65 724
2 93 923
7 30| 65 | | 724
2l -3 327 [ 71
-1 5| | 65 T 724
| 549 355
65 T 724

e GramSchmidt(]vl,v2, ...,vn]) -
OpTOrOHaJIbHAsA CUCTEMA BEKTOPOB,

OPTOHOPMHUPOBAHHAsA, €CJIM 33/1aTh OMIUIO
normalized=true

1] [3] 2]
1 2

1 =518 12
_—1_ i 3_ 7_ _—1[1__

=.‘:- CramSchwidt([a
1 — ] 1
w0 | 1
1 — 3
VIO || g
1 — | 3
?‘fm 26
1 e 1
V|

27
23530

31
23530

109
23530

183

| 23330

i, a2, a3, a4, al ), normalized = trug)

J 11765

J 11765

J 11765

J 11765

> alfl = Vector([1, 2, 2,-1]) : a2 = Vector([1, 1,-5,3]) : a3 = Vector([3, 2,8, 7]) : ad = Vector([0,1, 7,-4]) :
ab = Vector([2,1,12,-10]) :

23

362

13
362

362

362

J 181

181




_/I'pap,meHT

['pagueHT cKangpHOW QYHKIIMKA MHOTHX llepeMeHHbIX f(X,y,Z)
of of of ] V

rad f(x,y,z) = y—,
grad f(x,y,2) [ X'y
e Gradient(f, c), Del(f,c), Nabla(f,c) - rpagveHT GYHKIIMYM MHOTHX MepPEMEHHbIX f,

VectorCalculus:

C - (Heob6s13aTe/IbHBIN) CIIMCOK ITIEPEMEHHBIX UJIA KOOPAWHAT

e linalg: grad(f,[x,v,Z], c¢), c: coords=cylindrical, coords=spherical

= with(VectorCalowlus) .
> = arctan(y/x) : g = Gradient(u, [x, ¥])
£ +

g
x

E=- >
.x2 l-l-“},—2
s

= simplify(g)

H'-'QI

X
- 2y 2% +( 2 2]
A x4y
p Gmdﬁmi(rz, 'polar'r B]

2re
¥

p SetCoardmares('Spfzericaf 'r o B)

Sp&ericalr, 0.9

g3 =2 r¢ér+ (r)e




_/,LI,MBepreHu,Mﬂ N poTOp N

JluBepreHiys BekTop-byHKIMU F(X,y,z) oF, OFy OF,

: _ X
VectorCalculus: dvF (% y,2) = OX " oy ’ 0z

e Divergence(F) - nuBepreHius BeKTOpHOro noJjd F

e linalg: diverge(F[x,y,z],c), c: coords=cylindrical, coords=spherical

Potop BekTop-pynkuuu F(x,y,z) i oF, OJFy\(oF, oF,\(dFy oOF,
VectorCalculus: 0 oz U ax Sl oex oy

e Curl(F) - porop BekTopHoro noJisg F B 3D

e linalg: curl(F,[x,y,z],c), c: coords=cylindrical, coords=spherical

> with(VectorCalowlus) .
e SEICGW@IHQIES( cartesian } :
X, _}’, =

= F o= VEGIWFIEM((xz-y-Z,I'jfz'E,I'jf'zz)]
F=(s*yz)e + (xy°2)e + (xy2°)e
x F

=
> divF = Divergence(F)
divF =6xyz
= ourlF = Curl(F)
curlF = (.xzz — .xyz]é + (Iz_}’ —yzz]é + (jﬁzz — .xzz]é
x y

=




_/ﬂarmacmaH

JlaniacuaH ckansapHoit GyHkuuu f(x,y,2) 0%f 0%f 0°f
Af = + +
VectorCalculus: ox2 6y2 072

e Laplacian(f, ¢) - nanysiacuad GyHKIIMU MHOTUX NepeMEHHbIX
e Laplacian(F) - sanyiacuaH BEKTOPHOTO MOJIAl

C - (HeO6HSaTeﬂbeIﬁ) CIIMCOK IIEPpEMEHHbLIX UJIM KOOPAWHAT

e linalg: laplacian(f,[x,y,z],c), c: coords=cylindrical, coords=spherical

= with( VectorCalculus) :
> SerCoardfnares(carfes:‘arrx y) :

> oy = VectarF:’eId( <x, -’i-) ];

=  restart, with( VectorCalculus)

= u:=x3+a-x-y2:
> DeltalU = Laplacian(u, [x, y]);
DeltalUl =6x+ 2ax




./I\/Ianmu,a AKOOU N AkobmnaH

oF, OFy OF,
OX OX OX
oFy 5Fy oF,
oy oy oy
oF 5Fy oF,
0z 0z oz |

MaTtpuna Akobu BekTop-OyHKuu F(X,y,z)

VectorCalculus:

e Jacobian(f, v, det); Jacobian(f, v=p, det) - maTpuna Ako6u u siko6uas f,
rje

e f- BeKTOP-QYHKIIMS, BEKTOD MW BEKTOPHOE MOJIE

e V- (HeoOsA3aTeJIbHbIM) CIUCOK IlepeMEeHHbIX AU bePEHIIUPOBAHUS UJIH
KOOPAMHAT. 3allMCh V=P 3a/laeT TOYKY, B KOTOPOH OYZeT BHIYUCIAThCS
MaTpula Akoou

e det - (HeoOs3aTenbHBIN) NapaMeTp B B e determinant=true/false
II03BOJISIET BBIYMCJIUTD IKOOUAH (orpeesinTesb). 3anuch determinant
3KBHBaJIeHTHA determinant=true

e linalg: jacobian(f,[x,y,z])

)




e

. Mpumepsbl BbluncneHmna matpuubl AKobu n akoburaHa

™~

;:} WIf;I[VECfGFCCIECM.EL{S] . _V3 - BEKTOPHOE IOJIE
v1 - BeKTOp-QYHKIHSA MHOTHX MepeMeHHbBIX = SEICGGmfmafes(carresianx y] :
(3a71aHa KAK CTTHCOK BhIPAXKeHHT ) B
¥ > v3 = VectorField| (x, eA
= oyi=|x, — X
x
= (v F s
vl |s % v3: [.x}ex + (x ]ey
. Jazobian(vl, [x. v]) Mo3KHO He yKasbIBaTh NepeMeHHbIe AHGdepeHIHPOBAHNS,
TaK KaK 3a/laHa CHcTeMa KOOpAHHAT
10 > Jacobian(v3)
_y 1 1 0
2
] 0 F 1
Ecmn He ykaszaTh nepeMeHHbIe MHGQepeHIHPOBaHAA, P
Oyner ommbxa =Ma:r Aana AxobH B MOMSIPHBIX KOOpAHHATaX
> Jacobian(vi) pHH _ TP 5 pA _
Error, (in VectorCalculus:-Jacobkian) unable > Jacabzan(VecMr([r ’ ”L]’ coorainates' = 'polar r,z))
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