NOHCKOW rOCYAAPCTBEHHbIM TEXHUYECKNI
YHUBEPCUTET

KAPELPA ABTOMATU3ALMA NMPON3BOACTBEHHbIX NMPOLECCOB

NIEKLUMA No10
MaTemaTmyeckaa 6mbnamoTeka

numpy

COCTABUTE/Ib: KRAHA. TEXH. HAYR  BbIKAAOP B.C.



Obuee onncaHMe matemaTnyeckon 6MbanoTekn numpy

MaTtematnyeckaa 6ubnmnmoteka numpy AsnaetcA 6HaszoBon 6bubanMoTeKon AnA

BbIMO/IHEHUA YUCNEHHbIX PaCYETOB C MCMNO/Nb30BaHMEM f3blKa MNPOrPaMMMUPOBaAHUA
Python. Mcnonb3oBaHnem [aHHaa 6mMbAMOTEKA MCNOMb3YeTCA KaK OCHOBA Ans paboThbl

APYrMx matemaTuyeckmnx bubnmnorek.

Install Documentation Learn Community AboutUs  Contribute

The fundamental package for scientific computing with Python

https://numpy.org/ NumPy Nz

POWERFUL N-DIMENSIONAL ARRAYS NUMERICAL COMPUTING TOOLS INTEROPERABLE
Fast and versatile, the NumPy vectorization, NumPy offers comprehensive mathematical NumPy supports a wide range of hardware and
indexing, and broadcasting concepts are the de- functions, random number generators, linear computing platforms, and plays well with

facto standards of array computing today. algebra routines, Fourier transforms, and more. distributed, GPU, and sparse array libraries.



PaboTta c maccmsamm

Numpy, Kpome 6a30Bbix MaTeMaTUYeCKMX PYHKUNI (sin, cos, log u Apyrux, KOTopble ecTb
B CTaHAApTHOM BmubamnoTteke math), npegocrtaBnaeT BO3MOXKHOCTb paboTaTb C MacCMBaMu U

3d4aBaTb NOC/AeN0BaTE/IbHOCTMW.

Maccuebl B Numpy peanunsytoT PyHKLMOHANbHOCTb MaTpul,. PaHee B bubnnoteke Numpy
6bin cneunanbHble Knacc Matrix ans peannsaumm PyHKUMOHANbHOCTU MAaTEMATUYECKOrO
obbeKTa «MaTpuLbI», 3TOT KNACC eCTb U CENYAC, HO ero UCMNo/Ib30BaTb HE PEKOMEHAYeTCA, TaK
OH B byaywem moxeT bbiTb yaanéH ms 6ubnmotekn Numpy. B AaHHbIN MOMEHT Knacc
Matrix ucnonblyeTtca AN NogaepKaHUs COBMECTUMOCTU PaHee HanMCaHHOro KoAaa.



PaboTta c maccmsamu

)’p’]\

ctonbubl

MPOBJIEMDI BbIXOOHbIE JAHHbIE KO

(venv) vitalybykador@Air-Vitaly test
/vitalybykador/PROJECTS/test/for_led




CymmmnpoBaHue
1N BblYUTaHUE array
MmaTpuL,

NMPOBJIEMbI BbIXOOHbIE OAHHDbIE
MPOBJIEMbI BbIXOOHbIE OAHHbIE

/vitalybykador/PROJECTS/test/for

/vitalybykador/PROJECTS/test/for
A+B = AP

~ [[-1 -2]
(L3 8l [-5 6]]
[ 9 14]]




YMHOXeHune

MaTpuL,
A x B = C
Hpumep 1.5. “11 012 ‘ al& b B
a21 a22 a93 2 =
c““ b32 3Ix2

" (aubll + a12boy + 013531 au1brz + arzbys + a13b32
a91b11 + a22b21 + (1»23b';1 a91 b12 + 0«22b22 < & 0«23b32 9 %9

IMucsmennsri, [ T.

KOHCIIeKT JieKIUii 110 BBICIIeH MaTeMaTHKe: IOJHBII Kypc /
II. T. Iucbmennslii. — 4-e m3jg. — M.: Aiipuc-mpecc, 2006. —
608 c.: win. — (Beiciee obpasosaHuE€).



YMHOMXeHune
MmaTpuL,

MPOBJIEMDI

A x B =
[[23 17]
[74 50]]

(B)

BbIXOOHbIE OAHHbIE

K

NMPOBJIEMb

[[23 17]
[74 5011

[[ 2 15]
[14 40]]

(B)

BbIXOOHbIE OAHH

18

NMPOBJIEMbI

[[23 17]
[74 5011

[[ 2 6]
[ 4 20]]

BbIXOOHbIE OAHHDIE




ObpaTHaH
MmaTpuua

C=AxB!

I

B_1 = [[-0.14814815 0.18518519]
[ 0.25925926 -0.07407407]]

A xB =
[[ 0.62962963 -0.03703704]
[ 2.2962963 -0.37037037]]




TpaHCNOHMPOBaHHAA MaTPULLA

MPOBJIEMbI BbIXOOHbIE JAH

(venv) vitalybykador@Air-

/vitalybykador/PROJECTS/teg




BblumncneHume onpeagenntend hn paHira MatTpubl

[MPOBJIEMDI BbIXOOHbIE JAHHDIE KOHCOJ1b OTNTAOKW

(venv) vitalybykador@Air-Vitaly test % /Users/vita
/vitalybykador/PROJECTS/test/for_lectures2.py

det A = 4.0

rank A = 2




BblumncneHume onpeagenntend hn paHira MatTpubl

[MPOBJIEMDI BbIXOOHbIE JAHHDIE KOHCOJ1b OTNTAOKW

(venv) vitalybykador@Air-Vitaly test % /Users/vita
/vitalybykador/PROJECTS/test/for_lectures2.py

det A = 4.0

rank A = 2




PeweHune cucrtemol

JIMHENHbIX YpaBHEHUN
{1Ox1 + 3x, =5

4x1 - sz =1

U
(0 %)=

A= (140 _35) —10-(=5)—3-4 = —62

8= >)=5-(-5-3-1=-28

8= (1) 2)=10-1-5-4=-10

4 1
MPOBEMbI BbIXOAOHbIE OAHHbIE KOHCO/Nb OTNAOKM
Al _28
X1 = A = — 62 = 0,45 (venv) vitalybykador@Air-Vitaly test % /Users/vital
/vitalybykador/PROJECTS/test/for_lectures2.py
:A2:_10:016 x1l = 0.45
X9 )
A —62

X2 = 0.16



PeweHne cncremsl

JIMHENHBbIX YpaBHEHNN

1OX1 + 3x2 = 5
4x1 - sz =1

U
(¢ 59()=0)
A= 5) x=(0) »=()

i

dyHKuMA peweHua C/Y,
3aMMUCaHHbIX B MaTPUYHOMN

dopme

A e A TR e BT U i e it e e PR T L A

MPOBJIEMbI BbIXOOHbIE OAHHDIE KOHCO/b (

(venv) vitalybykador@Air-Vitaly test % /U
/vitalybykador/PROJECTS/test/for_lectures]

¥ X = [[0.4516129 ]
& [0.16129032]]



[MonesHble PyHKUMM Ans paboTbl Cc maTpULaM¥

(

CCbINIKa Ha A

[1]

MPOBJIEMbI BbIXOOHbIE OAHHbIE KOHCOI/J1b O

(venv) vitalybykador@Air-Vitaly test % /Usg
/vitalybykador/PROJECTS/test/for_lectures2.
A= [[10 3]

[ 4 -5]]

A= [[10 3]
[ 3 311

B=[[10 3]
[ 3 3]]

Konua A

MPOBJIEMBbI BbIXOOHbIE OAHHDIE KOHCOJ1b O

(venv) vitalybykador@Air-Vitaly test % /Use
/vitalybykador/PROJECTS/test/for_lectures2.
A= [[10 3]

[ 4 -5]]

A= [[10 3]
[ 3 3]]

B =[[10 3]




[Tlone3Hble

PYHKUMKN ANA
paboTbl C

MaTpPpUlaMM

()
()
()

MPOBJIEMbI BbIXOOHbIE OAHHbIE

(venv) vitalybykador@Air-Vitaly
/vitalybykador/PROJECTS/test/fo

min_ A = -5
max_A 10

sum_A 12

()
()
()

MPOBJIEMbI BbIXOOHbIE OAHHbIE

(venv) vitalybykador@Air-Vitaly
/vitalybykador/PROJECTS/test/fo

min_A = 3
max_A

sum_A




[MonesHble PyHKUMM Ons paboTbl C maTpULLaMHK

data
1 2
5 .max(axis=0) = 1§ =

KOHCOIJ1b O

MPOBJIEMDI BbIXOOHbIE OAHHbIE

(venv) vitalybykador@Air-Vitaly test % /Usg

/vitalybykador/PROJECTS/test/for_lectures2

max_A = [5 6]

data
—_

1 2 2

= |5

https://numpy.org/doc/stable/numpy-user.pdf

2
.max(axis=1) = 5

d

5

KOH

MPOBJIEMbI BbIXOOHbIE OAHHDIE

(venv) vitalybykador@Air-Vitaly test
/vitalybykador/PROJECTS/test/for_lec

max_A = [2 4 6]




EAMHUYHAA MaTpunLla

MPOBJIEMBDI BbIXOOHbIE JAHHDIE

(venv) vitalybykador@Air-Vitaly te MPOBJIEMbI BbIXOOHbIE OJAHHDIE KOH

/vitalybykador/PROJECTS/test/for_

(venv) vitalybykador@Air-Vitaly test
one = [1. 1. 1.] /vitalybykador/PROJECTS/test/for_lec




HyI'IEBaFI U AnNaroHasibHad matpupbl

MPOBJIEMDbI BbIXOOHbIE JAHHbIE KOHCO

(venv) vitalybykador@Air-Vitaly test %
/vitalybykador/PROJECTS/test/for_lectun

zero =
[[0. 0.] MPOBJIEMb BbIXO] ((3, , 4, )
[0 . 0 . ] gL S A
[0. 0.]] (venv) vitalybykad

/vitalybykador/PRQ

NMPOBJIEMDbI BbIXOOHbIE JAHHbIE KOHCOJ1b OTJ/TAK

diag =

[1 4] (venv) vitalybykador@Air-Vitaly test % /Users/v

/vitalybykador/PROJECTS/test/for_lectures2.py
diag =
| 0]
0]
0]
2] ]

i
[
[ 0f
[
[

(SIS SN CF (e
(SESY )
(SF - NS



MaTpuua co cny4yamHbIMK
3HaYEHUAMU

NMPOBJIEMbI BbIXOOHbIE OAHHDBIE KOHCOJ1b OTNAOKU

(venv) vitalybykador@Air-Vitaly test % /Users/vita
/vitalybykador/PROJECTS/test/for_lectures2.py

rand =

[[0.64710131 0.49239375]
[0.96803872 0.43692566]
[0.24476005 0.94731617]]

(venv) vitalybykador@Air-Vitaly test % /Users/vite
/vitalybykador/PROJECTS/test/for_lectures2.py

rand =

[[0.04838264 0.04687832]
[0.74926154 0.04697739]
[0.58154776 0.0073199 1]

(venv) vitalybykador@Air-Vitaly test % /Users/vita
/vitalybykador/PROJECTS/test/for_lectures2.py

rand =

[[0.72149482 0.75636548]
[0.79595109 0.96087459]
[0.120356 0.17691104]]




N3meHeHuUe Pa3Mepa MmaTpuubl

MPOBJIEMbI BbIXOOHbIE OJAHHbIE KOHCOJ1b OT/TAOK

MPOBJIEMBI BbIXOOHbIE OAHHDBIE KOHCOJ1b OTJTIAOK
(venv) vitalybykador@Air-Vitaly test % /Users/vi

/vitalybykador/PROJECTS/test/for_lectures2.py
(venv) vitalybykador@Air-Vitaly test % /Users/vi
/vitalybykador/PROJECTS/test/for_lectures2.py

A=1[[123456]]

APOEMEMbI BbIXOMHbIE AAHHBIE KOHCO/b OTNA MPOBJIEMbI BbIXOOHbIE JAHHDIE KOHCO/1b OT/TAOKU TEPMUHAI

(venv) vitalybykador@Air-Vitaly test % /Users (vgnv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PR
/vitalybykador/PROJECTS/test/for_lectures2.py PN L ORI Ay TR OS]
Traceback (most recent call last):
A File "/Users/vitalybykador/PROJECTS/test/for_lectures2.py",
A = A.reshape((2,2))
[{ E Z}] ValueError: cannot reshape array of size 6 into shape (2,2)




NHaeKkcauma snemMeHToOB MmaTpuLbl

https://numpy.org/doc/stable/numpy-user.pdf

1 2
np.array([[1,2],[3,4],15,6]]) => -

data data[0, 1] data[l:3] data[0:2,0]
] 0 ] 0 1 ]

1




MHAeKcaumna snemeHToB MaTpuLbl

[1]

10

MPOBJIEMbI BbIXOOHbIE JAHHDI

(venv) vitalybykador@Air-Vit

/vitalybykador/PROJECTS/test
[ 3 43]

CTPOKa

MPOBJIEMbI BbIXOOHbIE OAHHbIE

(venv) vitalybykador@Air-Vita

/vitalybykador/PROJECTS/test/f

[ 2 43 6]

cTonbel,

MPOBJIEMbI BbIXOOHbIE OAHHH

(venv) vitalybykador@Air-Vit
/vitalybykador/PROJECTS/test

ANEMEHT



OTH0Op 3/1€MEHTOB MaTPULLbI NO YC/IOBUIO

MPOBJIEMbI BbIXOOHbIE OAHHbIE KOHCOJ1b OT/TAOKA TEPMUHAI JUPYTER

/vitalybykador/PROJECTS/test/for_lectures2.py
[4, 6, 12, 40, 42]

MaTpuua 3NEeMEHT MaTpuLbl
MPOBJIEMBbI BbIXOOHbIE JAHHbIE KOHCOJIb OTNNAOKH TEPMUHATN JUPYTER

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PROJECTS/tes
/vitalybykador/PROJECTS/test/for_lectures2.py
[ 4 6 12 40 42]




OTH0Op 3/1€MEHTOB MaTPULLbI NO YC/IOBUIO

MPOBJIEMbI BbIXOOHbIE JAHHDbIE KOHCOJIb OTJ/IAOKHW

(venv) vitalybykador@Air-Vitaly test % /Users/vita
/vitalybykador/PROJECTS/test/for_lectures2.py
[1 6 7 6 12]




CoxpaHeHue N YTeHne maTpuubl U3 painna

MPOBJIEMDI BbIXOOHbIE OAHHDbIE KOHCOJ1b OTJ1A

(venv) vitalybykador@Air-Vitaly test % /Users
/vitalybykador/PROJECTS/test/for_lectures2.py
[ 1 -4 -3 6 12]




CoxpaHeHue maTtpuubl B CSV-panna




CoxpaHeHue maTtpuubl B CSV-panna




CoxpaHeHue maTtpuubl B CSV-panna

"

delimiter

[MPOBJIEMbI BbIXOOHbIE JAHHbDIE KOHCOJ1b OT/NTAOKHU TEPMUHAT

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PROJEC
r/PROJECTS/test/for_lectures2.py

[[ 1. -4.]
[-3. 6.]
[12. 4.]]




CoxpaHeHue maTtpuubl B CSV-panna

e @ soikn. @ [LE') » . Q %D

aTe |2 Mogenutbes  LJ Mpumeuanus

v

O/ 9 E :ﬂ YcnosHoe popMaTUpoOBaHUE
O

@ dopmMaTupoBaTb Kak TabnuL

BbipaBHMBaHMe
[f Ctunm ayeek v

€) Bo3moxxHa noTeps AaHHbIX MpPU COXPaHEHUM... CoxpaHUTb Kak...
Al - fx [ v
A B C Ctpoka dpopmyn E F G
1 -4
| |
-3 6

12 4

[oTOBO + 100%



dopmmpoBaHMe NocaenoBaTeNbHOCTEN

(a)
(b)

[MPOBJIEMBbI BbIXOOHbIE JAHHDbIE KOHCO/J1b O

(venv) vitalybykador@Air-Vitaly test % /Us
r/PROJECTS/test/for_lectures2.py

[0, 1, 2, 3, 4, 5, 6, 7, 8, 9]

[3, 4, 5, 6]




dopmunposaHme nocnegosatenibHOCTEN PyHKUMEN arange
6MbnoTekn Numpy

NMPOBJIEMbI BbIXOOHbIE OAHHDbIE KOHCO/J1b OT/TAOKH TEPMUHAN JUPYTER

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PROJECTS/test
r/PROJECTS/test/for_lectures2.py

HavyasbHOe 3HavyeHune [ n

KoHe4yHoe 3HayeHue - . -2

8

1
3
6.
Q.
2
5
7

NMPOBJIEMbI BbIXOOHbIE JAHHbIE KOHCO/J1b OTJ/1A

(venv) vitalybykador@Air-Vitaly test % /Users
r/PROJECTS/test/for_lectures2.py

[3 57 9]




dopmunposaHue nocnegosaTtenbHOCTen yHKUMEN linspace
6MbnoTekn Numpy

MPOBJIEMbDI BbIXOOHbIE OAHHbIE KOHCO/1b OTJTAOKWU TEPMUHAT JUPYTER

KonnyecTtso Touek , . .
(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PROJECTS/test/v

r/PROJECTS/test/for_lectures2.py
[ .2020202 .4040404 .60606061 ©0.80808081 1.01010101
.41414141 1.61616162 1.81818182 2.02020202 2.22222222
.62626263 2.82828283 3.03030303 3.23232323 3.43434343

0
.21212121 1
P

.83838384 4.04040404 4.24242424 4.44444444 4.64646465
5
6
7

. 42424242
.63636364
. 84848485
. 06060606
. 27272727
. 48484848
.6969697

. 90909091
.12121212
.33333333
. 54545455
. 75757576
. 96969697
.18181818
.39393939

.05050505 5.25252525 5.45454545 5.65656566 5.85858586
.26262626 6.46464646 6.66666667 6.86868687 7.07070707
.47474747 7.67676768 7.87878788 8.08080808 8.28282828
.68686869 8.88888889 9.09090909 9.29292929 9.49494949
.8989899 10.1010101 .3030303 .50505051 10.70707071
.11111111 11.31313131 11.51515152 11.71717172 11.91919192
.32323232 12.52525253 12.72727273 12.92929293 13.13131313
.53535354 13.73737374 13.93939394 14.14141414 14.34343434
. 74747475 14.94949495 15.15151515 15.35353535 15.55555556
.95959596 16.16161616 16.36363636 16.56565657 16.76767677
.17171717 17.37373737 17.57575758 17.77777778 17.97979798
.38383838 18.58585859 18.78787879 18.98989899 19.19191919
.5959596 19.7979798

HavyasbHOe 3HavyeHune

O~NOUVTWNES

0.
1
2
3
4
6
7
8
9

(o]

KoHeyHoe 3HayeHue

=
S
=
=

e N
u b WwN
N S
s WN

=
(=)]
[any
~

[MPOBJIEMbI BbIXOOHbIE OAHHDIE KOHCOJ1b OTJIAOKHU

=
o]
=
o0}

=
(o]
=
(o]

(venv) vitalybykador@Air-Vitaly test % /Users/vitalyh
r/PROJECTS/test/for_lectures2.py

[ 3. 5.33333333 7.66666667 10.




dopmunposaHue nocnegosaTtenbHOCTen yHKUMEN linspace
6MbnoTekn Numpy

NMPOBJIEMBbI BbIXOOHbIE OAHHDIE KOHCO/J1b OTNAOKHA TEPMUHAT JUPYTER 1.00 -

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PROJECTS/test/ve 0.75 1

r/PROJECTS/test/for_lectures2.py 0.50 -

.93636273
.65739025
.47483011
.99075324

. 22074597

.83577457
.8075165

.26884313
. 99626264
.43060093
.69395153
.91780205
.04959214
.95261911
.61921119
.51789078

.20064886
. 98775469
.49282204
.64176014
.94338126
.0205576

. 92894843
.6727425

.45663749
.99333304
. 24074979
.82431033
.81947165
. 24898556
.99427643
. 44906404
.67900297

0
0
0
0
0
0
0
0

.39313661
.99897117
. 30820902
. 7825875

.85763861
. 18046693
. 98433866
.51060568
.62585878
. 95000106
.0411065

.9211415

.68781042
.43825186
. 995493

.26065185
.81249769

(SIS IS I S IS IS IS T S I S IS RS IS T

.56963411
. 96955595
.11106004
.89158426
. 73701276
.37415123
. 99969234
.32770071
.76962418
.86802917
. 16020873
. 98050658
.5281735

.6096929

.95621934
.06163804 0.
.91294525]

. 72296256
. 90070545
. 09060615
.96431712
. 58640998
.55261747
.97438499
.13146699
.88208623
. 75075145
.35500771
. 99999098
.34705389
. 75633557
-0.

87805285
13988282

.84688556
. 79522006
.28858706
.99782778
.41195583
. 7086068

. 90944594
.07011396
. 95867071
.60293801
.53536727
.9788022

.15181837
.87221538
.76417283
.33571414

y = sin(x)

0.25 A

0.00 A

—0.25 A

—0.50 A

—0.75 A

—1.00 A

0.0

2.5

5.0

7.5

10.0
X

12.5

15.0

17.5

20.0




[lokymeHTauua no 6nbnmoteke Numpy

https://numpy.org/doc/stable/numpy-user.pdf
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