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Okono

You can share this PDF with anyone you feel could benefit from it, downloaded the latest version
from: matplotlib

It is an unofficial and free matplotlib ebook created for educational purposes. All the content is
extracted from Stack Overflow Documentation, which is written by many hardworking individuals at
Stack Overflow. It is neither affiliated with Stack Overflow nor official matplotlib.

The content is released under Creative Commons BY-SA, and the list of contributors to each
chapter are provided in the credits section at the end of this book. Images may be copyright of
their respective owners unless otherwise specified. All trademarks and registered trademarks are
the property of their respective company owners.

Use the content presented in this book at your own risk; it is not guaranteed to be correct nor
accurate, please send your feedback and corrections to info@zzzprojects.com
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rnasa 1: Hauano pa6otbl ¢ matplotlib

3aMmedyaHus

0630p

matplotlib - aTo rpadmnyeckas bubnuoteka gns Python. OH npenoctaBnsieT 06 beKTHO-
opuveHTnpoBaHHble APl ons BCcTpanBaHus rpadoukos B NpunoxeHnsa. OH noxox Ha MATLAB B
KayecTBe M CMHTaKcuce.

OH 6bIn NepBoHavanbHO HanucaH JOHunNter n akTBHO pasdBmBaeTcs. OH pacnpocTpaHaeTcs nog
nnueHaven BSD-Style.

Bepcun

MopnepxuBaeMble Bepcumn Hdara

3aMeyaHus
Python Bbixo4a

13.1 2,6,2,7,3,8 Crapas ctabunbHas Bepcus  2013-10-10

Mpenploywas ctabunbHas

143 2,6,2,7,3,8 2015-07-14
BEpCUS
153 2.7,3.X Tekywas ctabunbHas Bepcns  2016-01-11
2.x 2.7, 3% rocneatss sepens 2016-07-25
pa3paboTku
Examples

YcraHoBKa n HacTpomka

CyuwwecTByeT HeCKoNbko cnocoboB ycTaHoBKM matplotlib, HekoTopble 13 KoTopbix ByayT 3aBUCETb
OT UCNonb3yemor BaMmm cucTembl. Ecnv Bam noseseT, Bbl CMOXETE UCMONb30BaTh ANCNeT4ep
nakeToB, 4TOObl NErko ycTtaHoBUTb MoLy b matplotlib n ero 3asucumocTw.

Windows

Ha komnbloTepax Windows Bbl MOXeTe NonbiTaTbCs UCMOb30BaTb AUCNETYep NakeTos pip Ans

https://riptutorial.com/ru/home 2
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ycTaHoBku matplotlib. CM. 3neck nHopmauuio o HacTporike nunca B cpege Windows.

OS X

PekomeHgyeTcsa ncnonb3oBarthb v MEHeOXep naketos Ans ycraHosku Matplotlib. Ecnun Bam
HY>XHO YCTaHOBUTb HEKOTOPble N3 He-Python-6ubnnoTek B Balelh cucteme (HanpuMep,
libfreetype ), PACCMOTPUTE BO3MOXHOCTb UCMOMb30BAHUSA LOMOPOLIEHHOIO .

Ecnun Bbl He MOXETe MCNob30BaTh Pip MO Kakoi-nMbo npuymHe, NonpobyiTe yCTaHOBUTL €ro 13
NCTOYHUKA .

LinuX

B noeane, cuCTeMHbIN ancnet4yep nakeTtoB Unu nun gon>XeH NCnoib30BaTtbCA AN YCTAHOBKU

matplotlib, n(n6o NyTeM ycTaHOBKM NaKeTa python-matplotlib , MO0 NyTEM 3aNyCcKa pip install
matplotlib .

Ecnun 310 HEBO3MOXHO (Hanpumep, y Bac HeT npueuneruin sudo Ha KOMNbOTEPE, KOTOPbIA Bbl
|/|C|'|Oﬂb3yeTe), Bbl MOXeTe YCTaHOBUTb €ro U3 NCTo4YHNKa C ——user OMUWUWN —-user : python setup.py
install --user . Kak npaeuno, ato yctaHasnmeaet matplotlib B ~/.10ca1 .

Debian / Ubuntu

sudo apt-get install python-matplotlib

Fedora / Red Hat

sudo yum install python-matplotlib

[Mouck npobnemobl

Cwm. Beb-cant matplotlib, 4Tobbl y3HaTb, Kak UCNPaBUTb ClIoMaHHbI matplotlib.

HacTtponka rpacuka matplotlib

import pylab as plt
import numpy as np

plt.style.use('ggplot')

fig = plt.figure (1)
ax = plt.gcal()

# make some testing data

https://riptutorial.com/ru/home 3
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x = np.linspace( 0, np.pi, 1000 )
test_f = lambda x: np.sin(x)*3 + np.cos(2*x)

# plot the test data
ax.plot ( x, test_f(x) , 1lw = 2)

# set the axis labels
ax.set_xlabel (r'$x$', fontsize=14, labelpad=10)

ax.set_ylabel (r'$f(x)$', fontsize=14, labelpad=25,

# set axis limits
ax.set_x1im(0,np.pi)

plt.draw ()

2.2 ! !

2.0-

1.8 -

1.6 -

1.4 -

1.2 -

1.0 4 | |
0.0 0.5 1.0

# Customize the plot

ax.grid(l, 1ls='--', color='#777777"', alpha=0.5,
ax.tick_params (labelsize=12, length=0)
ax.set_axis_bgcolor('w'")

# add a legend

leg = plt.legend( ['text'], loc=1 )

fr = leg.get_frame ()

lw=1)

1.5

rotation=0)

2.0

2.5

3.0
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fr.set_facecolor('w')
fr.set_alpha(.7)
plt.draw()

2.2
—  text

2.0

1.8

1.4

1.2

1.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0

NmMnepaTuBHbIN M 06 BLEKTHO-OPUEHTUPOBAHHbIN CUHTAKCUC

Matplotlib nopnepxvBaeT kak 06 bEKTHO-OPUEHTMPOBAHHbIW, TaK 1 UMMNEPATUBHBIA CUHTAKCUC
NS NOCTPOEeHns rpadgomka. Hactosawmin cuHTakeuc npeaHamMmepeHHo paspaboTtaH, 4Tobbl ObiTh
O4YeHb 6M3KUM K crHTakcucy Matlab.

Ob6s53aTeNbHbIi CUHTAKCUC (MHOT4a Ha3blBAaEMbI CMHTAKCUCOM state-machine) BbloaeT CTPOKY
KOMaH[, BCe U3 KOTOPbIX AEeNCTBYIOT Ha caMyto NOCNenHIo ourypy nnm ocb (Hanpumep, Matlab).
C Lpyroi CTOpoHbl, 06 bEKTHO-OPUEHTUPOBAHHbIA CUHTAKCUC SBHO OEACTBYET HA 06 bEKThI
(cpurypa, ocb n 1. I1.), MNpencrasnsawowme nHtepec. KnoyesBom MOMEHT B zen Python rnacuT, 4To
SIBHbIA Ny4le, YeM HESIBHbIA, MO3TOMY 00 bEKTHO-OPUEHTNPOBAHHbIA CUHTakcuc bonee
NMUTOHNYEH. TEM HE MeHee, MMNEPaTUBHBIA CUHTAKCUC yA00EH AN HOBbIX KOHBEPTUPOB M3
Matlab n ons HanncaHns He6ONbWNX CLEHApPUEB «0TOpackiBaHNS». Huxe npuseneH npumep
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OBYX pasHbIX CTUNEN.

import matplotlib.pyplot as plt
import numpy as np

t = np.arange (0, 2, 0.01)

np.sin(4 * np.pi * t)

# Imperative syntax
plt.figure (1)

plt.clf ()

plt.plot (t, v)

plt.xlabel ('Time (s) ')
plt.ylabel ('"Amplitude (V) ')
plt.title('Sine Wave')
plt.grid(True)

# Object oriented syntax

fig = plt.figure(2)

fig.clf ()

ax = fig.add_subplot(1,1,1)
ax.plot (t, vy)

ax.set_xlabel ('Time (s)')
ax.set_ylabel ('"Amplitude (V)')
ax.set_title('Sine Wave')
ax.grid(True)

O6a npuMepa JatoT TOT Xe rpadork, KOTOPbI NMokasaH Huxe.

https://riptutorial.com/ru/home



Sine Wave

1.0

0.5

Amplitude (V)
o
o

-0.5

0.0
Time (s)

JBymMepHblie (2D) maccuBbl
OTtobpaxeHne aByxmepHoro (2D) maccuBa Ha ocsx.

import numpy as np
from matplotlib.pyplot import imshow, show, colorbar

image = np.random.rand (4,4)
imshow (image)

colorbar ()

show ()
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MpounTainTe Havano pabotbl ¢ matplotlib oHnaiiH: https://riptutorial.com/ru/matplotlib/topic/881/
Havyano-paboTbl-c-matplotlib
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rnasa 2: AHUMaUUSA U UHTEPaKTUBHbIN
rpadpouk
BctynneHue

C nomouwbto python matplotlib Bbl MOXeTe npaBunbHO CO34aBaTb aHUMUPOBAHHbIE FPAPUKMN.
Examples

Ba3oBast aHumauusa ¢ FuncAnimation

Maket matplotlib.animation npegnaraeT HECKONbKO KNAacCoB AN CO30aHNSA aHUMaLNiA.
Funcanimation CO34a€T aHUMaLMK, NOBTOPHO Bbi3blBas (PYHKLUMIO. 34eCb Mbl UCMONb3yeEM
PYHKUMIO animate () KOTOPASA MEHAET KOOPAUHATHLI TOYKU HA rpadomke CUHyconaanbHOM

dpyHKUNW.

import numpy as np
import matplotlib.pyplot as plt
import matplotlib.animation as animation

TWOPI = 2*np.pi
fig, ax = plt.subplots()
t = np.arange (0.0, TWOPI, 0.001)

s = np.sin(t)
plt.plot (t, s)

=
I

ax = plt.axis ([0, TWOPI,-1,1])
redDot, = plt.plot([0], [np.sin(0)], 'ro')
def animate (i) :
redDot.set_data (i, np.sin(i))
return redDot,
# create animation using the animate () function
myAnimation = animation.FuncAnimation (fig, animate, frames=np.arange (0.0, TWOPI, 0.1), \

interval=10, blit=True, repeat=True)

plt.show ()
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1.0 .

0.0

-0.5}

CoxpaHuTb aHUMauumio B gif

B aTOM nprmepe Mbl UICNONb3YEM save METOL, AN COXPAHEHWNS Animation OO bEKTA C MOMOLbIO
ImageMagick.

import numpy as np

import matplotlib.pyplot as plt

import matplotlib.animation as animation
from matplotlib import rcParams

# make sure the full paths for ImageMagick and ffmpeg are configured
rcParams|['animation.convert_path'] = r'C:\Program Files\ImageMagick\convert'
rcParams|['animation.ffmpeg_path'] = r'C:\Program Files\ffmpeg\bin\ffmpeg.exe'
TWOPI = 2*np.pi

fig, ax = plt.subplots()

t = np.arange (0.0, TWOPI, 0.001)

np.sin(t)
plt.plot (t, s)

= 0
I
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ax = plt.axis ([0, TWOPI,-1,1])
redDot, = plt.plot([0], [np.sin(0)], 'ro'")
def animate (i) :
redDot .set_data (i, np.sin(i))
return redDot,
# create animation using the animate() function with no repeat
myAnimation = animation.FuncAnimation (fig, animate, frames=np.arange (0.0, TWOPI, 0.1), \

interval=10, blit=True, repeat=False)

# save animation at 30 frames per second
myAnimation.save ('myAnimation.gif', writer='imagemagick', £fps=30)

MHTepaKTuUBHbIE 31eMeHTbl yripaBneHus ¢ noMmoLlbio matplotlib.widgets

Ins B3anmonenctens ¢ cioxetamm Matplotlib npennaraet GUI HeMTpanbHbIX BALXETHI .
Bunoxetbl TpebytoT 06 beKTa matplotlib.axes.Axes .

Bot nemoBepcus cnainepa, kotopas U 06HOBNSET aMnnnTyny KpuBoii cnHyca. PyHkums
0OHOBNEHNS aKTMBMPYETCS COBbITUEM on_changed () Cainaepa.

import numpy as np

import matplotlib.pyplot as plt

import matplotlib.animation as animation
from matplotlib.widgets import Slider
TWOPI = 2*np.pi

fig, ax = plt.subplots()

t = np.arange (0.0, TWOPI, 0.001)

initial_amp = .5
s = initial_amp*np.sin(t)
1, = plt.plot(t, s, lw=2)

ax = plt.axis ([0, TWOPI,-1,1])

axamp = plt.axes([0.25, .03, 0.50, 0.02])
# Slider
samp = Slider (axamp, 'Amp', 0, 1, valinit=initial_amp)

def update (val) :
# amp is the current value of the slider
amp = samp.val
# update curve
1l.set_ydata (amp*np.sin(t))
# redraw canvas while idle
fig.canvas.draw_idle ()

# call update function on slider value change
samp.on_changed (update)

plt.show ()

https://riptutorial.com/ru/home
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1.0 .

0.5}

0.0

-1.0 '

0 1

AMp |

Lpyrve 0ocTynHble BUOXETbI:

AxesWidget
KHOMKa
CheckButtons
Kypcop
EllipseSelector
Nacco
LassoSelector
LockDraw
MultiCursor
Panuno-kHonkw
RectangleSelector
SpanSelector
SubplotTool
ToolHandles

https://riptutorial.com/ru/home
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CTpouTtb XunBble AaHHble U3 TPyObl ¢ NnoMoLbio matplotlib

9710 MOXeT BbITb NONE3HO, KOrAa Bbl XOTUTE BU3yanM3mMpoBaTh BXOASIINE AAHHBIE B PEXUME
peanbHOro BpeMeHn. STu gaHHble MOTyT, HanNpuMMep, NOCTynaTtb OT MUKPOKOHTPOINEPA, KOTOPbINA
HEMNpPEepPbIBHO CAMMNNPYET aHaNOrOBbI CUTrHa.

B aTOM npumepe Mbl NONy4UM HaWKW OaHHbIE U3 UIMEHOBAHHOIO KaHana (Tak>Xe U3BeCTHOro Kak
fifo). B aToM npumepe oaHHble B Tpybe OONXHbI ObITb YNCnamMu, pa3aeeHHbIMU CUMBONAMN
HOBOW CTPOKW, HO Bbl MOXETEe afanTupoBaTtb UX MO CBOEMY BKYCY.

MNpumep OaHHbIX:

100
123.5
1589

JononHntenbHas NHopMaumnsa 0 Ha3BaHHbIX KaHanax

Mbl Takxe 6yaemM ncnonb3osaTb datatype deque u3 ctaHAapTHbIX KONNEKUnin bnbnmnoTexk.
O61bekT deque 04eHb NOX0X Ha cnncok. Ho ¢ 06 bekToM deque AOBONBHO NEerko nobaBnTb 4YTO-
TO K HEMY, COXPaHsisi Npy 3TOM 06 bekT deque PUKCMPOBAHHON ANNHBLI. OTO NO3BONSET HaM
yaepXmBaTb OCb X HA (PUKCUPOBAHHON ANMHE, a He BCeraa yBennynBaTtb U CXuUMaTb rpagomk
BMecTe. [lononHutenoHas nHopmaums o obbekTax deque

Bbibop npaBnnbHOro 6akasHOa MMEET XU3HEHHO BaXXHOE 3Ha4YeHne A5 NpoM3BOANTENBHOCTH.
MNpoBepbTe, Kakme cepBepbl paboTaloT B Ballel onepaunoHHOM CUCTEME, U BbIbepuTe BbICTPbIN.
Ona meHs pabotanu TonbKO qtdagg v 63K3HA MO YMONYAHMIO, HO MO YMONMYAHUIO OH Oblf1 CMLIKOM
MenneHHbiM. [lononHntenbHas nHpopmauus o 6akaHgax B matplotlib

OTOT NpyUMep OCHOBaH Ha rpumepe matplotlib ona nocTpoeHns cnyyanHbix LaHHbIX .

Hn oanH n3 cumMBONOB 3TOro KOAAa HE OONXEH yoansaTbCA.

import matplotlib

import collections

#selecting the right backend, change gtd4agg to your desired backend
matplotlib.use ('gt4agg"')

import matplotlib.pyplot as plt

import matplotlib.animation as animation

#command to open the pipe
datapipe = open('path to your pipe','r')

#amount of data to be displayed at once, this is the size of the x axis
#increasing this amount also makes plotting slightly slower

data_amount = 1000

#set the size of the deque object
datalist = collections.deque([0]*data_amount,data_amount)

#configure the graph itself

https://riptutorial.com/ru/home 13
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fig, ax = plt.subplots()
line, = ax.plot ([0, ]*data_amount)

#size of the y axis is set here
ax.set_ylim(0,256)

def update (data) :
line.set_ydata (data)
return line,

def data_gen() :
while True:

mnon
We read two data points in at once, to improve speed
You can read more at once to increase speed
Or you can read just one at a time for improved animation smoothness
data from the pipe comes in as a string,
and is seperated with a newline character,
which is why we use respectively eval and rstrip.
mnon
datalist.append (eval ( (datapipe.readline()) .rstrip('\n')))
datalist.append (eval ( (datapipe.readline()) .rstrip('\n')))
yield datalist

ani = animation.FuncAnimation (fig,update,data_gen,interval=0, blit=True)
plt.show ()

Ecnu Baw yyacTok HauMHaeT 3a8epXmBaTbCsa Yepes HEKOTOPOE BPEMS, NonpobyiTe nobasnTtb
6onble paHHbIX datalist.append, 4Tobbl 60NbWeE CTPOK CYMTHIBANOCH KaX Abll kaap. Mnu
BblbepuTe 6onee ObICTPbIA 63KIHI, ECNIM CMOXETE.

9710 paboTtano ¢ agaHHbIMKM 150 My ¢ Tpybkn Ha Mmoem 1,7 'y i3 4005u.

MpounTante AHUMaLMS N NHTEPaKTUBHBIN rpadouk OHNANH:
https://riptutorial.com/ru/matplotlib/topic/6983/aHnmMaumns-n-nHTEepPak TUBHbIN-rpagounk

https://riptutorial.com/ru/home

14


https://riptutorial.com/ru/matplotlib/topic/6983/%D0%B0%D0%BD%D0%B8%D0%BC%D0%B0%D1%86%D0%B8%D1%8F-%D0%B8-%D0%B8%D0%BD%D1%82%D0%B5%D1%80%D0%B0%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D1%8B%D0%B9-%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%BA
https://riptutorial.com/ru/matplotlib/topic/6983/%D0%B0%D0%BD%D0%B8%D0%BC%D0%B0%D1%86%D0%B8%D1%8F-%D0%B8-%D0%B8%D0%BD%D1%82%D0%B5%D1%80%D0%B0%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D1%8B%D0%B9-%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%BA

rnasa 3: Fucrtorpamma

Examples

lNMpocTasa rucrorpamMmma

import matplotlib.pyplot as plt
import numpy as np

# generate 1000 data points with normal distribution
data = np.random.randn (1000)

plt.hist (data)

plt.show ()

300 T T T

250

200

150

100

a0

MpounTtante 'cTorpamma oHnamH: https://riptutorial.com/ru/matplotlib/topic/7329/ructorpamma
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rnaea 4: 'padomkm LogLog

BctynneHue

"padpuyeckoe oTobpaxeHne LoglLog - 3T0 BO3MOXHOCTb NPOUINIOCTPUPOBATD
3KCMOHEHUMANbHY OYHKLUMIO TIMHEAHBIM CNOCOO0OM.

Examples

Mpachuk LogLog

Myctby (x) = A* x " a, Hanpumep A = 30 n a = 3.5. B3aB HaTypanbHbIii torapucpm (In) obemx
CTOPOH, Nony4mm (Mcnonb3ys obwme npasuna gns norapudpmo): In (y) =In (A*x " a) =1In (A) +
In (x~a) =In (A) +a*In (x). Takum 06pasom, rpadork ¢ NOrapugPOMUYECKMM OCAMM Kak 4Ns X,
Tak n ons 'y bynet nuHerHo KpuBoi. HaknoH aToii KpmBoii sBnseTcs nokasartenem a of y (x), a
y-nepexsar y (0) asnsetcsa ectecTBEHHbIM norapudmom A, In (A) = In (30) = 3,401.

Cnegnyowmii npumMep MNNIOCTPUPYET CBA3b MEXAY 3KCMOHEHUNANbHON OYHKUNER N NTNHENHDBIM
norapngoMn4ecknm rpapukom (pyHkumay =A*x~acA=30u a=3,5):

import numpy as np

import matplotlib.pyplot as plt
A = 30

a = 3.5

x = np.linspace(0.01, 5, 10000)
Yy

= A * X**a

ax = plt.gcal()

plt.plot (x, y, linewidth=2.5, color='navy', label=r'S$f(x) = 30 \cdot x*{3.5}$")
plt.legend(loc="upper left')

plt.xlabel (r'x")

plt.ylabel(r'y"')

ax.grid(True)

plt.title(r'Normal plot')

plt.show ()

plt.clf()

xlog = np.log(x)

ylog = np.log(y)

ax = plt.gcal()

plt.plot (xlog, ylog, linewidth=2.5, color='navy', label=r's$f(x) = 3.5\cdot x + \1n(30)$"'")
plt.legend(loc='best')
plt.xlabel (r'log(x) ")
plt.ylabel(r'log(y)")
ax.grid(True)
plt.title(r'Log-Log plot')
plt.show ()

plt.clf()
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MpounTtante ['padomkm Loglog oHnamH: https://riptutorial.com/ru/matplotlib/topic/10145/rpadouku-
loglog
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rnaea 5: 3akpbiTe oKkHa courypbl

CuHTakcuc

plt.close () # 3akpbiBaeT TeKywWNin aKkTUBHbIA NokasaTtesb
plt.close (fig) # 3akpbiBaeT ourypy ¢ noMoLbto pydku 'fig'
plt.close (num) # 3akpbiBaeT umpy 'num’

plt.close (name) # 3akpbiBaeT purypy ¢ MeTkon 'name'
plt.close (‘all') # 3akpbiBaeT BCE UMpbl

Examples

3aKkpbiTUe TeKyLl,ern akTMUBHOW coUrypbl C NMOMOLLLLIO NMUCTONETa
NHTepgoeiic pyplot ons matplot1ib MOXET OblTb CaMbIM MPOCTbIM CNOCOO0OM 3aKpbiTh OUrypy.

import matplotlib.pyplot as plt
plt.plot ([0, 11, [0, 11)
plt.close ()

3akpbiTUe onpeneneHHon courypbl ¢ ucnonb3oBaHuem plt.close ()

KOHKpeTHyt0 UMdpy MOXHO 3aKpbiTb, YAEPXMBas ee PyyKy

import matplotlib.pyplot as plt

figl = plt.figure() # create first figure

plt.plot ([0, 11, [0, 11)
fig2 = plt.figure() # create second figure
plt.plot ([0, 11, [0, 11)

plt.close(figl) # close first figure although second one is active

MpounTanTte 3akpbiTne okHa dourypbl oHnarH: https://riptutorial.com/ru/matplotlib/topic/6628/
3aKpbITUE-OKHa-oUrypsbl
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rnaea 6: UHTerpaumsa ¢ Tex /LaTeX

3aMmedyaHus

« [ns nopoepxkn MatTotlib LaTeX tTpebyetcs paboTatowas yctaHoska LaTeX, dvipng (
KoTopas MOXeT ObITb BKNIOYEHA B Baly ycTaHOBKY LaTeX), n Ghostscript (pekomeHayeTcs
GPL Ghostscript 8.60 nnu 6onee no3aHss Bepcus).

» lMopnnepxka pgf Matplotlib TpebyeT yctaHoBkm LaTeX, koTopas BkntovaeT B cebs nakeThl

TikZ | PGF (Hanpumep, TeXLive), npeanoyTUTeNibHO C yCTaHOBNEHHbIMU XeLaTeX nnm
LuaLaTeX.

Examples

BctaBka chopmyn TeX B rpachuku
dopmynbl TeX MOryT 6biTb BCTaBMEHbI B rpadoyk C UCNOJIb30BAHNEM (PYHKLNN rc

import matplotlib.pyplot as plt
plt.rc(usetex = True)

NN OOCTYMN K rcParams .

import matplotlib.pyplot as plt
params = {'tex.usetex': True}
plt.rcParams.update (params)

TeX ncnonb3yeT 06paTHYHO KOCY0 YePTy \ ANS KOMaHA U CUMBOJIOB, KOTOPbIE MOTYT
KOHOPNIMKTOBATb CO CreLmanbHbIMu cuMBoamMn B cTpokax Python. YTobbl ncnonb3oBatb
nuTepanbHble obpaTHble Kocble YepThbl B CTPoKe Python, OHM JONXHbl OblTb MO0 aKpPaHMPOBaHbI,
nnbo BKIIIOYEHBI B HEOOpPabOTaHHY CTPOKY:

plt.xlabel ('\\alpha')
plt.xlabel (r'\alpha')

Cnepnytowmii yqactok
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MOXEeT ObITb npon3eeneH Kogom

import matplotlib.pyplot as plt

plt.
= range (0, 10)
= [t**2 for t in x]

rc (usetex = True)

[t**2+1 for t in x]

.plot (x, y, label = r'S$\beta=\alpha”"2$')
.plot (x, z, label = r'S$\beta=\alpha”2+1$")
.xlabel (r'$\alphas$"')
.ylabel (r'S$\betas$"')
.legend(loc=0)
.show ()

i

OT06pa>KaeMb|e YpaBHEHUA (TaKI/Ie KaK $s...$s UMW \begin{equation}...\end{equation} ) He
noggep>XnearTcA. TeM He MeHee, OTO6pa)KaeMbII7I MaTtemMaTn4eckumin CTUNb BO3MOXEH C

\displaystyle .

YT06bl 3arpy3nTb NakeTbl NaTtekca, UCNONb3YATe aPryMEHT tex.latex.preamble |

https://riptutorial.com/ru/home
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params = {'text.latex.preamble' : [r'\usepackage{siunitx}', r'\usepackage{amsmath}']}

plt.rcParams.update (params)

ObpaTute BHMMaHWe, 0HaKo, NpeaynpexaexHve B npuvepe matplotlibre chaina :

IMPROPER USE OF THIS FEATURE WILL LEAD TO LATEX FAILURES
AND IS THEREFORE UNSUPPORTED. PLEASE DO NOT ASK FOR HELP
IF THIS FEATURE DOES NOT DO WHAT YOU EXPECT IT TO.
preamble is a comma separated list of LaTeX statements

that are included in the LaTeX document preamble.

#text.latex.preamble

An example:

text.latex.preamble : \usepackage{bm}, \usepackage{euler}
The following packages are always loaded with usetex, so
beware of package collisions: color, geometry, graphicx,
typelcm, textcomp. Adobe Postscript (PSSNFS) font packages
may also be loaded, depending on your font settings

HE o W HE HE S H e F I

CoxpaHel-me M 3KCNOPT YYaCcTKOB, UCMONb3YHOLWUX TeX

Y106bl BKNIOYNTE rpadonkin, co3naHHble ¢ nomolbto matplotlib B gokymeHTax TeX, OHM AONXKHb
6blTb COXpPaHeHbI B BUOE GPANNOB par UMK eps . TakuM 06pa3om, ntoboii TEKCT B CloXeTe
(BkNoYas goopmy bl TeX) oTobpaxaeTcst Kak TEKCT B KOHEYHOM OOKYMEHTE.

import matplotlib.pyplot as plt
plt.rc (usetex=True)
x = range (0, 10)
= [t**2 for t in x]
z = [t**2+1 for t in x]
plt.plot (x, y, label=r'S$\beta=\alpha”2$"')
plt.plot (x, z, label=r'S$\beta=\alpha”2+1$")
plt.xlabel (r'S$\alpha$")
plt.ylabel (r'S$\betas$"')
plt.legend (loc=0)
plt.savefig('my_pdf_plot.pdf') # Saving plot to pdf file
plt.savefig('my_eps_plot.eps') # Saving plot to eps file

CroxeTtbl B matplotlib MmoryT 6biTb akcnopTmpoBaHbl B TeX-koA, NCMOob3ys MaKpoC pgt ANS
0TOBpPaxXeHUs rpadomnkim.

import matplotlib.pyplot as plt
plt.rc (usetex=True)

x = range (0, 10)
y = [t**2 for t in x]
z = [t**2+1 for t 1in Xx]

plt.plot (x, y, label=r'S$\beta=\alpha”2$')
plt.plot (x, z, label=r'S$\beta=\alpha”2+1$")
plt.xlabel (r'S$\alpha$"')

plt.ylabel (r'S$\betas$"')

plt.legend(loc=0)
plt.savefig('my_pgf_plot.pgf')

Mcnonb3yite koMaHay rc AN UBMEHEHUS UCMONb3YyeMOoro asuxka TeX.

https://riptutorial.com/ru/home
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plt.rc('pgf', texsystem='pdflatex') # or luatex, xelatex...

YT106bl BKNOYNTL UNMPY .pgf , HAMUWNTE B CBOEM JOKYMeHTe LaTeX

\usepackage {pgf}
\input{my_pgf_plot.pgf}

MpounTtante NHTerpaums ¢ TeX / LaTeX oHnaiH: https://riptutorial.com/ru/matplotlib/topic/2962/
NHTEerpaumns-c-tex---latex

https://riptutorial.com/ru/home
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rnaBsa 7: KOHTYpHble KapThl

Examples

lNMpocTon 3anosiHeHHbIN KOHTYPHbIN rpadouk

import matplotlib.pyplot as plt
import numpy as np

# generate 101 x and y values between -10 and 10
X = np.linspace(-10, 10, 101)
y = np.linspace(-10, 10, 101)

# make X and Y matrices representing x and y values of 2d plane
X, Y = np.meshgrid(x, vy)

# compute z value of a point as a function of x and y (z = 12 distance form 0,0)
Z = np.sqgrt (X ** 2 + Y ** 2)

# plot filled contour map with 100 levels
cs = plt.contourf (X, Y, Z, 100)

# add default colorbar for the map
plt.colorbar (cs)

PesynbTar:
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n pocTasdA KOHTYypHas rne4vyartb

import matplotlib.pyplot as plt
import numpy as np

# generate 101 x and y values between -10 and 10
X = np.linspace(-10, 10, 101)
y = np.linspace(-10, 10, 101)

# make X and Y matrices representing x and y values of 2d plane
X, Y = np.meshgrid(x, V)

# compute z value of a point as a function of x and y (z = 12 distance form 0,0)
Z = np.sqgrt (X ** 2 + Y ** 2)

# plot contour map with 3 levels

# colors: up to 1 - blue, from 1 to 4 - green, from 4 to 8 - red
plt.contour (X, Y, 2%, [1, 4, 8], colors=['b', 'g', 'r'l)

PesynbTar:
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MNMpounTante KoHTypHbIe KapTbl oHNawH: https://riptutorial.com/ru/matplotlib/topic/8644/
KOHTYpPHble-KapThbl
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rnasa 8: JlereHabl

Examples

MNpocTas nereHpa

MpennonoxuMm, y Bac eCTb HECKO/bKO CTPOK HA OOHOM U TOM Xe CloXeTe, KaX bl U3 Apyroro
LBeTa, 1 Bbl XOTUTE cenaTb nereHay, 4Tobbl coobWMUTb, 4TO NPeacTaBNseT Kaxaas cTpoka. Bol
MOXeTe caenaTtb 370, NepenaB MeTKy KaX oW CTPOKe Npu BbI30BE plot () , HANMPUMEP,
cnenywowas cTpoka 6ynet nomeveHa kak «Mos inHNS 1» .

ax.plot (x, yl, color="red", label="My Line 1")

970 yKasblBaeT TEKCT, KOTOPbIA bynet oTobpaxaTbCs B ereHae ons aToii CTpoku. Tenepsb,
4yTObbI CoenaTb peasnbHylo NereHay BUAUMON, Mbl MOXEM BbI3BATb ax.legend ()

Mo yMOnyaHuio OH CO3naeT nereHay BHYTPU NONS B NPaBOM BEPXHEM yrny rpadguka. Bol moxerte
nepenartb apryMeHTbl B legend () YTOObI HACTPOUTL €ro. Hanpumep, Mbl MOXXEM NOMECTUTbL €ro B
HUXHEM NpaBoMm yrny, 6e3 pamkin pamky BOKPYr HEro U CO3[4aHMs 3aronoBka Ans nereHabl,
BbI3BAB Creayulee:

ax.legend(loc="lower right", title="Legend Title", frameon=False)

Huxe npveeneH npumep:
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Simple Legend Example
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import matplotlib.pyplot as plt

# The data

X = [1, 2, 3]

vl = [2, 15, 27]
y2 = [10, 40, 45]
y3 = [5, 25, 40]

# Initialize the figure and axes
fig, ax = plt.subplots(l, figsize=(8, 6))

# Set the title for the figure
fig.suptitle('Simple Legend Example ', fontsize=15)

# Draw all the lines in the same plot, assigning a label for each one to be
# shown in the legend

ax.plot (x, yl, color="red", label="My Line 1")

ax.plot (x, y2, color="green", label="My Line 2")

ax.plot (x, y3, color="blue", label="My Line 3")

# Add a legend with title, position it on the lower right (loc) with no box framing (frameon)

ax.legend(loc="lower right", title="Legend Title", frameon=False)
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# Show the plot
plt.show ()

NlereHpa, pasmeLL,eHHas 3a Npepenamm yyacrka

NHoroa HeobxoamMo nnu xenaTtenbHoO pa3MeCcTnTb nereHay BHe CcroXxerta. Cne,u,yrou.u/m Kono
nokKa3blBaeT, Kak 3TO cOoenartb.

Example of a Legend Being Placed Outside of Plot

14 . T T

import matplotlib.pylab as plt
fig, ax = plt.subplots(l, 1, figsize=(10,6)) # make the figure with the size 10 x 6 inches
fig.suptitle ('Example of a Legend Being Placed Outside of Plot')

# The data

X = [1, 2, 3]
vyl = [1, 2, 4]
y2 = [2, 4, 8]
v3 = [3, 5, 14]

# Labels to use for each line
line_labels = ["Item A", "Item B", "Item C"]
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# Create the lines, assigning different colors for each one.
# Also store the created line objects

11 = ax.plot(x, yl, color="red") [0]

12
13

ax.plot (x, y2, color="green") [0]

ax.plot (x, y3, color="blue") [0]

fig.legend([1l1, 12, 13],
labels= line_labels,

List of the line objects
The labels for each line
loc="center right", Position of the legend

Add little spacing around the legend box

Title for the legend

borderaxespad=0.1,
title="Legend Title")

H o S 3 W

# Adjust the scaling factor to fit your legend text completely outside the plot
# (smaller value results in more space being made for the legend)
plt.subplots_adjust (right=0.85)

plt.show ()

,El,pyr0|7| cnocob pa3MecTuTb nereHay BHe CtoXeTa - UICNOJIb30BaTb bbox_to_anchor +
bbox_extra_artists + bbox_inches='tight' , KaK MOKa3aHO B NPUMepe HNXe:
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BMECTO CO3[aHus nereHibl Ha ypoBHe ocer (koTopasi co3aacT OTAENbHYO NereHay ans
KaXkoro noas3aronoBka). 9T0 LOCTMraeTcsi NyTeM Bbl30Ba fig.legend () KAK 3TO BUAHO M3 KoAa
LNs Cnenytolwero koaa.

fig, (axl, ax2, ax3) = plt.subplots(l, 3, figsize=(10,4))
fig.suptitle ('Example of a Single Legend Shared Across Multiple Subplots')

# The data

x = [1, 2, 3]
vl = [1, 2, 3]
v2 = [3, 1, 3]
v3 = [1, 3, 1]
v4 = [2, 2, 3]

# Labels to use in the legend for each line
line_labels = ["Line A", "Line B", "Line C", "Line D"]

# Create the sub-plots, assigning a different color for each line.

# Also store the line objects created

11 = axl.plot(x, yl, color="red") [0]

12 = ax2.plot (x, y2, color="green") [0]

13 = ax3.plot (x, y3, color="blue") [0]

14 = ax3.plot (x, y4, color="orange")[0] # A second line in the third subplot

# Create the legend
fig.legend([1l1, 12, 13, 14],
labels=1line_labels,

# The line objects

#
loc="center right", # Position of legend

#

#

The labels for each line

Small spacing around legend box
Title for the legend

borderaxespad=0.1,
title="Legend Title"
)

# Adjust the scaling factor to fit your legend text completely outside the plot
# (smaller value results in more space being made for the legend)
plt.subplots_adjust (right=0.85)

plt.show ()

Y10-TO, YTO cnenyet OTMETUTDL B NpmeedeHHOM Bbllle rnpumepe, cnegytouee.

11 = axl.plot(x, yl, color="red") [0]

Korna BbI3biBaeTCs plot () , OH BO3BpalaeT cnucok o6bekTos line2D . B atom cnyyae OH NpocTo
BO3BpalLaeT CNnCcoK C OAHMM €OUHCTBEHHbIM 06 BEKTOM line2D , KOTOPbI N3BNEKAETCS C
WHOEKCMPOBAHMEM [0] U COXPAHSIETCS B 11 .

Cnucok Bcex 06bekToB line2D, KOTOpble Mbl 3aUHTEPECOBAHbI B BKIIOYEHUN B NNereHay, LONXeH
ObITb NepenaH B Ka4eCTBE NEPBOr0 apryMeHTa fig.legend() . 1aKXe HEOOXOOMM BTOPOW
APryMEHT fig.legend () . OH fOMXEH OblITb CMIUCKOM CTPOK A1 UCMONb30BaHMS B KAYECTBE METOK
NS KaXaou CTPOKW B nereHae.

Lpyrne apryMeHTbl, NepefaHHble fig.legend () SABASAOTCA HEOOS3aTENbHBIMA M MPOCTO NOMOraKoT
C TOHKOW HACTPOWMKOW 3CTETUKWN NnereHapl.
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HeckonbKko nereHp o0 Tex Xe Tonopax

Ecnu Bbl BbI3bIBAETE plt.legend() WIN ax.legend () BONEE OAHOMO pasa, nepeas nereHaa
yoansietcs n cosnaeTcst HoBblil. CornacHo ouLansHoN JOKYMEeHTaLNN

9710 6bIN0 caenaHo Tak, 4Tobbl MOXHO 6biNo Bbi3BaTh legend () HECKONBbKO pas, 4Tobbl
06HOBUTb NerexHay Ao NocnegHUXx OecKpUnTopoB Ha ocu

He 6oiiTecb, X0TS: 0O CMX NOP AOBOJIbHO NMPOCTO 006aBUTL BTOPYIO NereHay (Mnu TpeTbio, Nam
4eTBEpPTYIO ...) K 0csiM. B npuMepe 3aecb Mbl NOCTPOUM ABE CTPOKM, 3aTEM MOCTPOUM MapKepbl No
NX COOTBETCTBYIOWMM MakCcMMyMam 1 MuHuMymam. OgHa nereHna OTHOCUTCS K CTpoKaM, a
apyras - K Mapkepam.

import matplotlib.pyplot as plt
import numpy as np

# Generate data for plotting:
x = np.linspace(0,2*np.pi, 100)
y0 = np.sin(x)
yl = .9*%np.sin(.9*x)
# Find their maxima and minima and store
maxes = np.empty ((2,2))
mins = np.empty ((2,2))
for k,y in enumerate([y0,y1]):
maxloc = y.argmax ()

maxes [k] = x[maxloc], y[maxloc]
minloc = y.argmin ()
mins[k] = x[minloc], y[minloc]

# Instantiate figure and plot

fig = plt.figure()

ax = fig.add_subplot (111)

ax.plot (x,y0, label='y0")

ax.plot (x,yl, label='yl')

# Plot maxima and minima, and keep references to the lines
maxline, = ax.plot (maxes[:,0], maxes[:,1], 'r"'")

minline, = ax.plot(mins[:,0], mins[:,1], 'ko')

# Add first legend: only labeled data is included

legl = ax.legend(loc='lower left')

# Add second legend for the maxes and mins.

# legl will be removed from figure

leg2 = ax.legend([maxline,minline], ['max', 'min'], loc='upper right')
# Manually add the first legend back

ax.add_artist (legl)
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1.00 - ' max
® min
0.75 -
0.50 -
0.25 1
0.00 -
—0.25 1
—0.50 1

—0.75 1

~1.001 yl

Kntoy ponxeH ybeomTtbecsl, 4TO y Bac €CTb CCbINKN Ha 06 bekThbl nereHabl. [epBblit ak3emnnsap (
legl ) yOANSIETCS U3 pUCYHKa Npu AobaBneHnn BTOPOro, HO 06 bEKT 1egl BCE ELUE CYLECTBYET U
MOXeT 6bITb foHaBneH 06paTHO C MOMOLbBHO ax.add_artist .

Camoe 3ameyvaTenbHOe, 4YTO Bbl BCE ELLE MOXETE MaHunnynmpoBaTtb 060vMyM nereHaamm.
Hanpl/lMep, nobasbTe cnepgywouwee B HUXHIOK H4acCTb npmnBeneHHOro ebilwe Kona:

legl.get_lines () [0] .set_1w(8)
leg2.get_texts () [1l].set_color('b")

1.00 ' max
& min
0.75 -
0.50 -
0.25 -
0.00 -
—0.25 4

—0.50 1

—0.75 1 yO

~1.001 yl

HakoHeu, cTtout YNOMSAHYTb, 4TO B NpuMepe TOJIbKO CTPOKaM ObINY HAHEeCEeHbl MeTK npum
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NMOCTPOEHUN rpadomka, YTO 03HAYAET, YTO ax.legend () A4OOABNSET TONBKO T€ CTPOKU B legl .
MNMoaTomy nereHpa ons Mapkepos ( 1eg2 ) TpeboBana, 4Tobbl CTPOKM 1 METKM ObINN aprymeHTamu,
Kora oHu 6binn co3aanbl. Mbl MOrin 6bl, B Ka4eCcTBe aflbTepHaTMBbI, 0aTb METKW Mapkepam,
Kora oHu 6binun 3anoxeHbl. Ho Torga 06a Bbl30Ba ax. legend NOTPeb0OBaNM 6bl AONONHUTENbHbIX
aprymMeHToB, 4T0ObI Kax aas nereHga cogepxarna Tonbko Te NpenMeTbl, KOTOPbIE Mbl XOTENMN.

MpounTtante Jlerenabl oHnarH: https://riptutorial.com/ru/matplotlib/topic/2840/nereHgbl

https://riptutorial.com/ru/home 35


https://riptutorial.com/ru/matplotlib/topic/2840/%D0%BB%D0%B5%D0%B3%D0%B5%D0%BD%D0%B4%D1%8B
https://riptutorial.com/ru/matplotlib/topic/2840/%D0%BB%D0%B5%D0%B3%D0%B5%D0%BD%D0%B4%D1%8B

rnaBa 9: MaHunNynaunsa nzobpaxeHnamMm

Examples

OTKpbiTUE U306paxeHun

Matplotlib Bknto4aeT image MOAyns ans 06paboTkm n3obpaxeHui

import matplotlib.image as mpimg
import matplotlib.pyplot as plt

N306paxeHns yntatotca n3 dgoaina (Tonbko .png ) C PYHKUNEN imread :
img = mpimg.imread ('my_image.png')

N OHWN OKa3blBAOTCA (*)yHKLI,I/IeI7I imshow .
plt.imshow (img)

[aBaiTe nocTpouM noroTun NepernosiHeEHNEM cTeka :

import matplotlib.image as mpimg
import matplotlib.pyplot as plt
img = mpimg.imread('so-logo.png')
plt.imshow (img)

plt.show ()

MonyyeHHbI rpagounk
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MNpounTante MaHnnynaumns n3obpa>k eHMAMN OHNANH:
https://riptutorial.com/ru/matplotlib/topic/4575/mMaHnny nauuns-n3obpaxx eHsaMn
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rnaea 10: HeckonbKo y4yaCcTKOB

CuHTakcuc

e JNeMeHT crmcka

Examples

CeTKa noa3arosioBKOB C UCMONb30BaHWEM Nnoas3arosioBka

16 I F'IDIt 1

This is the Figure Title

Plot 2

1.4
1.2}
1.0}
0.8 |
0.6
0.4
0.2

D_U ] ] ] ]

1.6 . . T

1.4+F
1.2 F
1.0}
0.8

0.6
0.4
0.2

D_U ] ] ] ] 1 ] ] ] ] ] ] ] ]
1.0 1.5 2.0 25 3.0 3.5 40 45 5.0 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0

CREATE A 2 BY 2 GRID OF SUB-PLOTS WITHIN THE SAME FIGURE.

import matplotlib.pyplot as plt
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# The data
x = [1,2,3,4,5]

yl = [0.59705847, 0.25786401, 0.63213726, 0.63287317, 0.73791151]
y2 = [1.19411694, 0.51572803, 1.26427451, 1.26574635, 1.47582302]
y3 = [0.86793828, 0.07563408, 0.67670068, 0.78932712, 0.0043694]
# 5 more random values

y4 = [0.43396914, 0.03781704, 0.33835034, 0.39466356, 0.0021847]

# Initialise the figure and a subplot axes. Each subplot sharing (showing) the
# same range of values for the x and y axis in the plots.
fig, axes = plt.subplots(2, 2, figsize=(8, 6), sharex=True, sharey=True)

# Set the title for the figure
fig.suptitle('This is the Figure Title', fontsize=15)

# Top Left Subplot
axes[0,0] .plot (x, vy1)
axes[0,0] .set_title("Plot 1")

# Top Right Subplot
axes[0,1].plot (x, Vv2)
axes[0,1] .set_title("Plot 2")

# Bottom Left Subplot
axes[1,0].plot (x, vy3)
axes[1l,0] .set_title("Plot 3")
# Bottom Right Subplot
axes[1l,1].plot (x, v4)

axes[1l,1].set_title("Plot 4")

plt.show ()

Heckonbko CTPOK / KpUBbIX HA OL4HOM M TOM Xe y4acTke
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Multiple Lines in Same Plot

50
40
30
20
Legend Title
10 . .
— My Line 1
— My Line 2
— My Line 3
D ] ] ] ] ] ] ]
1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
mmon
DRAW MULTIPLE LINES IN THE SAME PLOT
mmon
import matplotlib.pyplot as plt
# The data
x = [1, 2, 3, 4, 5]
vyl = [2, 15, 27, 35, 40]
y2 = [10, 40, 45, 47, 50]
y3 = [5, 25, 40, 45, 47]
# Initialise the figure and axes.
fig, ax = plt.subplots(l, figsize=(8, 6))
# Set the title for the figure
fig.suptitle ('Multiple Lines in Same Plot', fontsize=15)
# Draw all the lines in the same plot, assigning a label for each one to be
# shown in the legend.
ax.plot (x, yl, color="red", label="My Line 1")
ax.plot (x, y2, color="green", label="My Line 2")
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ax.plot (x, y3, color="blue", label="My Line 3")

# Add a legend, and position it on the lower right (with no box)
plt.legend(loc="lower right", title="Legend Title", frameon=False)

plt.show ()

HeckonbKko y4yacTKOB C CeTKoM

MakeT gridspec NO3BONSET HONblUE KOHTpPONMMpOBAaTb pa3MelleHne non3arosioBkoB. 970
3HAa4YNTENIbHO yrnpowaeT yrnpaBneHne rpaHnlamMmn y4acTtkoB U MHTEpBa/ioM MeX Ay OTAEe/IbHbIMU
noa3arosioBKkamu. KpOMe TOro, OH NO3BOJNIAET UCNOJIb30BATb OCU pPa3/IM4HOIo pasmepa Ha 04HOM
N TOM X€ PUCYHKE, onpenensaa ocu, KoTopble 3aHMMAlOT HECKOJIbKO MECT CETKMW.

import numpy as np
import matplotlib.pyplot as plt
from matplotlib.gridspec import GridSpec

# Make some data

t = np.arange (0, 2, 0.01)
vyl = np.sin(2*np.pi * t)
y2 = np.cos(2*np.pi * t)
y3 = np.exp(t)

yv4 = np.exp(-t)

# Initialize the grid with 3 rows and 3 columns
ncols = 3
nrows = 3
grid = GridSpec (nrows, ncols,
left=0.1, bottom=0.15, right=0.94, top=0.94, wspace=0.3, hspace=0.3)

fig = plt.figure (0)
fig.clf ()

# Add axes which can span multiple grid boxes
axl = fig.add_subplot (grid[0:2, 0:2])

ax2 = fig.add_subplot (grid[0:2, 2])

ax3 = fig.add_subplot (grid[2, 0:2])

ax4 = fig.add_subplot (grid[2, 2])

axl.plot (t, yl, color='royalblue')

ax2.plot (t, y2, color='forestgreen')

ax3.plot (t, y3, color='darkorange')
(

ax4.plot (t, y4, color='darkmagenta')

# Add labels and titles
fig.suptitle ('Figure with Subplots')
axl.set_ylabel ('Voltage (V)'")
ax3.set_ylabel ('Voltage (V)'")
ax3.set_xlabel ('Time (s)')
(

ax4.set_xlabel ('Time (s)')

STOT KOA co3paeT rpaduk, NoKa3aHHbIA HUXeE.
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Figure with Subplots
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Mpachuk 2 hbyHKLUMI Ha obLLEeN ocu X.
import numpy as np
import matplotlib.pyplot as plt
# create some data
x = np.arange (-2, 20, 0.5) # values of x
yl = map(lambda x: -4.0/3.0*x + 16, x) # values of yl (x)
y2 = map (lambda x: 0.2*x**2 -5*x + 32, x) # svalues of y2(x)
fig = plt.figure()
axl = fig.add_subplot (111)
# create line plot of yl(x)
linel, = axl.plot(x, yl, 'g', label="Function yl")
axl.set_xlabel ('x")
axl.set_ylabel('yl', color='g')
# create shared axis for y2(x)
ax2 = axl.twinx ()
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# create line plot of y2(x)
line2, = ax2.plot(x, y2, 'r', label="Function y2")
ax2.set_ylabel ('y2', color='r"')

# set title, plot limits, etc
plt.title('Two functions on common x axis')
plt.xlim (-2, 18)

plt.ylim (0, 25)

# add a legend, and position it on the upper right
plt.legend((linel, 1line2), ('Function yl', 'Function y2'))

plt.show ()

ATOT KOA, CO3AaeT rpaduk, NokasaHHbI HXe.

Two functions on common X axis

20 T T 25
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15 | — Function y2
y 20
10 F
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10
O
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—10 I I I 1 0

MHOXeCTBO CHOXETOB U MHOrFOCTPOYHbIX 06bekTOoB
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import matplotlib
matplotlib.use ("TKAgg")

# module to save pdf files
from matplotlib.backends.backend_pdf import PdfPages
import matplotlib.pyplot as plt # module to plot

import pandas as pd # module to read csv file

Y axes label

Y axes label

Title for

— Curwve 2
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=20 T T T
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# module to allow user to select csv file
from tkinter.filedialog import askopenfilename

# module to allow user to select save directory
from tkinter.filedialog import askdirectory

# User choose csv file then read csv file
filename = askopenfilename () # user selected file
data = pd.read_csv(filename, delimiter="',")

# check to see if data is reading correctly
#print (data)

# ______________________________________________________________________________
# Plots on two different Figures and sets the size of the figures

# ______________________________________________________________________________
# figure size = (width,height)

fl = plt.figure(figsize=(30,10))
f2 = plt.figure(figsize=(30,10))

# ______________________________________________________________________________
# Figure 1 with 6 plots

# ______________________________________________________________________________
# plot one

# Plot column labeled TIME from csv file and color it red

# subplot (2 Rows, 3 Columns, First subplot,)

axl = fl.add_subplot(2,3,1)

axl.plot (data[["TIME"]], label = 'Curve 1', color = "r", marker = '~', markevery = 10)
# added line marker triangle

# plot two

# plot column labeled TIME from csv file and color it green

# subplot (2 Rows, 3 Columns, Second subplot)

ax2 = fl.add_subplot(2,3,2)

ax2.plot (data[["TIME"]], label = 'Curve 2', color = "g", marker = '*', markevery = 10)
# added line marker star

# plot three

# plot column labeled TIME from csv file and color it blue

# subplot (2 Rows, 3 Columns, Third subplot)

ax3 = fl.add_subplot (2,3, 3)

ax3.plot (data[["TIME"]], label = 'Curve 3', color = "b", marker = 'D', markevery = 10)
# added line marker diamond

# plot four

# plot column labeled TIME from csv file and color it purple
# subplot (2 Rows, 3 Columns, Fourth subplot)

ax4 = fl.add_subplot (2, 3,4)

ax4.plot (data[["TIME"]], label = 'Curve 4', color = "#800080")
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# plot five

# plot column labeled TIME from csv file and color it cyan
# subplot (2 Rows, 3 Columns, Fifth subplot)

ax5 = fl.add_subplot(2,3,5)

ax5.plot (data[["TIME"]], label = 'Curve 5', color = "c")

# plot six

# plot column labeled TIME from csv file and color it black
# subplot (2 Rows, 3 Columns, Sixth subplot)

ax6 = fl.add_subplot(2,3,6)

ax6.plot (data[["TIME"]], label = 'Curve 6', color = "k")

# ______________________________________________________________________________
# Figure 2 with 6 plots

# ______________________________________________________________________________
# plot one

# Curve 1: plot column labeled Acceleration from csv file and color it red

# Curve 2: plot column labeled TIME from csv file and color it green

# subplot (2 Rows, 3 Columns, First subplot)

ax1l0 = f2.add_subplot(2,3,1)

ax1l0.plot (data[["Acceleration"]], label = 'Curve 1', color "r")

ax1l0.plot (data[["TIME"]], label = 'Curve 7', color="g", linestyle ='—-")

# dashed line

# plot two

# Curve 1: plot column labeled Acceleration from csv file and color it green
# Curve 2: plot column labeled TIME from csv file and color it black
# subplot (2 Rows, 3 Columns, Second subplot)

ax20 = f2.add_subplot(2,3,2)

ax20.plot (data[["Acceleration"]], label = 'Curve 2', color = "g")

ax20.plot (data[["TIME"]], label = 'Curve 8', color = "k", linestyle ='-")

# solid line (default)

# plot three

# Curve 1: plot column labeled Acceleration from csv file and color it blue

# Curve 2: plot column labeled TIME from csv file and color it purple
# subplot (2 Rows, 3 Columns, Third subplot)

ax30 = f2.add_subplot (2,3, 3)

ax30.plot (data[["Acceleration"]], label = 'Curve 3', color = "b")

ax30.plot (data[["TIME"]], label = 'Curve 9', color = "#800080", linestyle ='-.

# dash_dot line

plot four

+ o oW W

subplot (2 Rows, 3 Columns, Fourth subplot)

ax40 = f2.add_subplot (2,3, 4)

ax40.plot (data[["Acceleration"]], label = 'Curve 4', color
ax40.plot (data[["TIME"]], label = 'Curve 10', color = "r",
# dotted line

plot five

+ o oW W

subplot (2 Rows, 3 Columns, Fifth subplot)

Curve 1: plot column labeled Acceleration from csv file and color it purple
Curve 2: plot column labeled TIME from csv file and color it red

"#800080")

linestyle =':")

Curve 1: plot column labeled Acceleration from csv file and color it cyan
Curve 2: plot column labeled TIME from csv file and color it blue

")
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ax50 = f2.add_subplot(2,3,5)

ax50.plot (data[["Acceleration"]], label = 'Curve 5', color = "c")

ax50.plot (data[["TIME"]], label = 'Curve 11', color = "b", marker = 'o', markevery = 10)
# added line marker circle

# plot six

# Curve 1: plot column labeled Acceleration from csv file and color it black

# Curve 2: plot column labeled TIME from csv file and color it cyan

# subplot (2 Rows, 3 Columns, Sixth subplot)

ax60 = f2.add_subplot(2,3,6)

ax60.plot (data[["Acceleration"]], label = 'Curve 6', color = "k")

ax60.plot (data[["TIME"]], label = 'Curve 12', color = "c", marker = 's', markevery = 10)

# added line marker square

#switch to figure one for editing
plt.figure (1)

# Plot one options

axl.legend(loc="upper right', fontsize='large')
axl.set_title('Title for plot one ')
axl.set_xlabel ('X axes label')
axl.set_ylabel ('Y axes label')

axl.grid(True)

axl.set_x1im ([0, 200])

axl.set_ylim([0,20])

# Plot two options

ax2.legend(loc="upper left', fontsize='large')
ax2.set_title('Title for plot two ')
ax2.set_xlabel ('X axes label')
ax2.set_ylabel ('Y axes label')

ax2.grid(True)

ax2.set_x1im ([0, 200])

ax2.set_ylim([0,20])

# Plot three options

ax3.legend(loc="upper center', fontsize='large')
ax3.set_title('Title for plot three ')
ax3.set_xlabel ('X axes label')

ax3.set_ylabel ('Y axes label')

ax3.grid(True)

ax3.set_x1im ([0, 200])

ax3.set_ylim([0,20])

# Plot four options

ax4.legend(loc="'lower right', fontsize='large')
ax4.set_title('Title for plot four')
ax4.set_xlabel ('X axes label')
ax4.set_ylabel ('Y axes label')

ax4.grid(True)

ax4.set_x1im ([0, 200])
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ax4.set_ylim([0,20])

# Plot five options

ax5.legend(loc="lower left', fontsize='large')
ax5.set_title('Title for plot five ')
ax5.set_xlabel ('X axes label')
ax5.set_ylabel ('Y axes label')

ax5.grid(True)

ax5.set_x1im ([0, 200])

ax5.set_ylim([0,20])

# Plot six options

ax6.legend(loc="lower center', fontsize='large')
ax6.set_title('Title for plot six'")
ax6.set_xlabel ('X axes label')

ax6.set_ylabel ('Y axes label')

ax6.grid(True)

ax6.set_x1im ([0, 200])

ax6.set_ylim([0,20])

#switch to figure two for editing
plt.figure (2)

# Plot one options

ax10.legend(loc="upper right', fontsize='large')
ax1l0.set_title('Title for plot one ')
ax1l0.set_xlabel ('X axes label')
ax1l0.set_ylabel ('Y axes label')

ax10.grid(True)

ax1l0.set_x1im([0,200])

ax1l0.set_ylim([-20,2017)

# Plot two options

ax20.legend(loc="upper left', fontsize='large')
ax20.set_title('Title for plot two ')
ax20.set_xlabel ('X axes label')
ax20.set_ylabel ('Y axes label')

ax20.grid(True)

ax20.set_x1im([0,200])

ax20.set_ylim([-20,207)

# Plot three options

ax30.legend(loc="upper center', fontsize='large')
ax30.set_title('Title for plot three ')
ax30.set_xlabel ('X axes label')
ax30.set_ylabel ('Y axes label')

ax30.grid(True)

ax30.set_x1im([0,200])

ax30.set_ylim([-20,2017)

# Plot four options

ax40.legend(loc="lower right', fontsize='large')
ax40.set_title('Title for plot four')
ax40.set_xlabel ('X axes label')
ax40.set_ylabel ('Y axes label')

ax40.grid(True)

ax40.set_x1im([0,200])
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ax40.set_ylim([-20,207)

# Plot five options

ax50.legend(loc="lower left', fontsize='large')
ax50.set_title('Title for plot five ')
ax50.set_xlabel ('X axes label')
ax50.set_ylabel ('Y axes label')

ax50.grid(True)

ax50.set_x1im([0,2001])

ax50.set_ylim([-20,201])

# Plot six options

ax60.legend(loc="lower center', fontsize='large')
ax60.set_title('Title for plot six')
ax60.set_xlabel ('X axes label')
ax60.set_ylabel ('Y axes label')

ax60.grid(True)

ax60.set_x1im([0,2001])

ax60.set_ylim([-20,207])

# ______________________________________________________________________________
# User chosen file location Save PDF

# ______________________________________________________________________________
savefilename = askdirectory()# user selected file path

pdf = PdfPages (f'{savefilename}/longplot.pdf")
# using formatted string literals ("f-strings")to place the variable into the string

# save both figures into one pdf file
pdf.savefig(1l)
pdf.savefig(2)

pdf.close ()

# ______________________________________________________________________________
# Show plot

# ______________________________________________________________________________

# manually set the subplot spacing when there are multiple plots
#plt.subplots_adjust (left=None, bottom=None, right=None, top=None, wspace =None, hspace=None

# Automaticlly adds space between plots
plt.tight_layout ()

plt.show ()

MpounTanTte Heckonbko y4acTkoB oHnamH: https://riptutorial.com/ru/matplotlib/topic/3279/
HECKO/bKO-y4aCTKOB

)
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rnasa 11: O6beKkTbl ouryp n ocen

Examples

Co3pnaHue courypbi

durypa conepXxuT Bce anemMeHTbl ctoxeta. OCHOBHbIM CNOCOB0OM CO3AaHNS PUrypbl B matplotlib
SBNSIETCS UCNONb30BaHNE pyplot .

import matplotlib.pyplot as plt
fig = plt.figure ()

Bbl MOXeTe yka3aTb HOMep, KOTOPbIA Bbl MOXETE UCMOb30BaTh A5 OOCTyna K paHee
cosfnaHHom dourype. Ecnn HoMep He ykasaH, naeHTugukaTop nocnenHen co3naHHom ourypel
bynoeT yBenM4MBaTbCs U UCMONb30BATbCS BMECTO 3TOr0; LMMPPbl MHOEKCUPYIOTCS HaYMHas ¢ 1, a
He 0.

import matplotlib.pyplot as plt
fig = plt.figure ()
fig == plt.figure(l) # True

BMmecTo umcna umgopbl MOryT TakXXe UAeHTUUUMPOBaTbLCS CTPOKOM. Ecnun Bol ucnonbayeTe
NHTEePaKTMBHbIA 63K3HA, 9TO TaKXe 3a4aeT 3arofioBOK OKHa.

import matplotlib.pyplot as plt
fig = plt.figure('image')

Y1066l BoIBpPaTh MCNONb30BaHNE OUrypbl

plt.figure (fig.number) # or
plt.figure (1)

Co3naHue ocen

CywecTByeT OBa OCHOBHbIX cnocoba co3aaHus oceli B matplotlib: nicnonb3osaHune pyplot nnm
NCnonb30BaHne 06 beKTHO-OPUEHTNPOBAHHOIO API.

Ncnonb3oeaHue pyplot:

import matplotlib.pyplot as plt

ax = plt.subplot (3, 2, 1) # 3 rows, 2 columns, the first subplot

Ncnonb3oBaHne 06 beKTHO-OPUEHTMPOBAHHOIO API:
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import matplotlib.pyplot as plt

fig = plt.figure()
ax = fig.add_subplot (3, 2, 1)

DyYHKUNS yO0OCTBA plt.subplots () MOXET UCMOMb30BATLCA ANS CO30aHNS ourypbl n Habopa
non3anay B 0oHOW KomMaHoe:

import matplotlib.pyplot as plt

fig, (axl, ax2) = plt.subplots(ncols=2, nrows=1l) # 1 row, 2 columns

MpounTaiite O6BbEKTbI Uryp u ocei oHnaiiH: https://riptutorial.com/ru/matplotlib/topic/2307/
06 beKTbI-qonryp-u-ocen
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rnaBa 12: OCHOBHbIe CHOXeTbl

Examples

MpaHnuUbl paccesiHUsA

NMpocTas ouarpamMmma paccesaHuUs

Example Of Scatterplot
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import matplotlib.pyplot as plt

# Data
x = [43,76,34,63,56,82,87,55,64,87,95,23,14,65,67,25,23,85]
y = [34,45,34,23,43,76,26,18,24,74,23,56,23,23,34,56,32,23]

fig, ax = plt.subplots(l, figsize=(10, 6))
fig.suptitle ('Example Of Scatterplot')

60
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# Create the Scatter Plot
ax.scatter(x, vy,

color="blue", # Color of the dots

s=100, # Size of the dots

alpha=0.5, # Alpha/transparency of the dots (1 is opaque,
#

linewidths=1) Size of edge around the dots

# Show the plot
plt.show ()

Scatterplot ¢ oTMEUYEeHHbIMU TOUKaMKn

Example Of Labelled Scatterpoints

0 is transparent)

2500 . T T T T
2000 @ diane
1500
1000 F
500 F .
Oalice
@ bob
D 1 ] ] ] ]
15 20 25 30 35 40
import matplotlib.pyplot as plt
# Data
x = [21, 34, 44, 23]
y = [435, 334, 656, 1999]
labels = ["alice", "bob", "charlie", "diane"]
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# Create the figure and axes objects
fig, ax = plt.subplots(l, figsize=(10, 6))
fig.suptitle ('Example Of Labelled Scatterpoints')

# Plot the scatter points
ax.scatter(x, vy,
color="blue", # Color of the dots
s=100, # Size of the dots
alpha=0.5, # Alpha of the dots
linewidths=1) # Size of edge around the dots

# Add the participant names as text labels for each point
for x_pos, y_pos, label in zip(x, y, labels):

ax.annotate (label, # The label for this point
xXy=(xX_pos, y_pos), # Position of the corresponding point
xytext=(7, 0), # Offset text by 7 points to the right
textcoords='offset points', # tell it to use offset points
ha="'left', # Horizontally aligned to the left
va='center') # Vertical alignment is centered

# Show the plot
plt.show ()

3aTeHeHHble y4yacTKu

3awTpuxosaHHasi 06/1acTb HUXE NTNHUMN
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import matplotlib.pyplot as plt

# Data
X = (0,1,2,3,4,5,6,7,8,9]
yl = [10,20,40,55,58,55,50,40,20,10]

# Shade the area between yl and line y=0

plt.fill_between(x, y1, O,
facecolor="orange", # The fill color
color="'blue', # The outline color
alpha=0.2) # Transparency of the fill

# Show the plot
plt.show ()

3awTpuxoBaHHasi o6nacTb Mexay ABYMS IMHUSIMK
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import matplotlib.pyplot as plt

# Data

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

yl = [10,20,40,55,58,55,50,40,20,10]
y2 = [20,30,50,77,82,77,75,68,65,60]

# Shade the area between yl and y2

plt.fill_between (x, yl, v2,
facecolor="orange", # The fill color
color="'blue', # The outline color
alpha=0.2) # Transparency of the fill

# Show the plot
plt.show ()

JInHenHble rpadoukum

MNMpocTton rpadouk
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import matplotlib.pyplot as plt

# Data
[14,23,23,25,34,43,55,56,63,64,65,67,76,82,85,87,87,95]
[34,45,34,23,43,76,26,18,24,74,23,56,23,23,34,56,32,23]

# Create the plot
plt.plot(x, y, 'r-")
# r— is a style code meaning red solid line

# Show the plot
plt.show ()

3ameTunM, 41O B 0OLEM Criyyae y He ABNSeTCA (PYHKUMEN x a TakXe YTO 3HAYEHUS B x HE HYXXHO
copTmpoBaTtb. BoT kak BbIrNSAMT NMHENHbIA rpadonk ¢ HECOPTUPOBAHHBLIMU X-3HAYEHUSIMM:

# shuffle the elements in x
np.random.shuffle (x)
plt.plot(x, vy, 'r-"')
plt.show ()
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"'pacdpuk maHHbIX

AT0 NoXoXe Ha rpachvik paccesHus , HO BMECTO 3TOM0 UCMONb3yeT PYHKLUMIO plot () .
ELOMHCTBEHHOE pa3nuyne B KOAe 34ECh - apryMEHT CTUNS.

plt.plot(x, y, 'b*'")
# Create blue up-facing triangles
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IlaHHble U NUHUSA

ApI'YMeHT CTNg MOXeT NPUHUMATb CMMBOIJIbl KaK O MapkepoB, TaK U ONA CTUNA NMHUAL

plt.plot(x, y, 'go——-'")
# green circles and dashed line
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TennoBas KapTa

Tennosble KapTbl NONIE3HbI ANS BU3yanm3aumm cKansipHbix OYHKLMA ABYX nepeMeHHbIX. OHK
obecneynBaloT «MNNOCKoe» N30bpa>xeHne OByMEPHbIX TMCTOrpaMM (NpeacTaBnsoWwmX, Hanpumep,

MNOTHOCTb ONpeaeneHHo obnacTu).

Cnepnyowmii NCXOOHbIA KOO UANIOCTPUPYET TENNOMACChI C UCNONb30BAHNEM ABYMEPHbIX
HOpMasnbHO pacnpeneneHHblX Yucen ¢ LeHTpoM B 0 B 060Mx HanpaBneHnsix (03Ha4YaeT (0.0, 0.0]
) 1 a ¢ 3aJaHHON KoBapnaunoHHON MaTtpuuen. [laHHble reHepUPYIOTCS C MOMOLLbIO OYHKLIAN
numpy numpy.random.multivariate_normal ; OHa 3aTeM NoAAaeTCS B hist2d PYHKUUKM pyplot
matplotlib.pyplot.hist2d .
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Heatmap of 2D normally distributed data points
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import numpy as np
import matplotlib
import matplotlib.pyplot as plt
# Define numbers of generated data points and bins per axis.
N_numbers = 100000
N_bins = 100
# set random seed
np.random. seed (0)
# Generate 2D normally distributed numbers.
X, y = np.random.multivariate_normal (
mean=[0.0, 0.0], # mean
cov=[[1.0, 0.47],
[0.4, 0.251], # covariance matrix
size=N_numbers
). T # transpose to get columns
# Construct 2D histogram from data using the 'plasma' colormap
plt.hist2d(x, y, bins=N_bins, normed=False, cmap='plasma')
62
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# Plot a colorbar with label.
cb = plt.colorbar ()
cb.set_label ('Number of entries')

# Add title and labels to plot.

plt.title('Heatmap of 2D normally distributed data points')
plt.xlabel ('x axis')

plt.ylabel ('y axis')

# Show the plot.
plt.show ()

Bot Te Xe naHHble, 4To 1 3D-rnuctorpamma (3necb Mbl UCMONb3yeM ToNbko 20 6UT ans
NoBblWeHns 3 dpekTBHOCTY). Kog 0CHOBaH Ha 210l nemo-esepcun matplotlib .

3D histogram of 2D normally distributed data points

from mpl_toolkits.mplot3d import Axes3D
import numpy as np

import matplotlib

import matplotlib.pyplot as plt

# Define numbers of generated data points and bins per axis.
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N_numbers = 100000
N_bins = 20

# set random seed
np.random.seed (0)

# Generate 2D normally distributed numbers.

X, y = np.random.multivariate_normal (
mean=[0.0, 0.0], # mean
cov=[[1.0, 0.4],
[0.4, 0.25]], # covariance matrix

size=N_numbers
). T # transpose to get columns

fig = plt.figure()
ax = fig.add_subplot (111, projection='3d")
hist, xedges, yedges = np.histogram2d(x, y, bins=N_bins)

# Add title and labels to plot.

plt.title('3D histogram of 2D normally distributed data points')
plt.xlabel ('x axis')

plt.ylabel ('y axis')

Construct arrays for the anchor positions of the bars.
Note: np.meshgrid gives arrays in (ny, nx) so we use 'F' to flatten xpos,
ypos in column-major order. For numpy >= 1.7, we could instead call meshgrid

+ o oW W

with indexing='ij'.

Xpos, ypos = np.meshgrid(xedges|[:-1] + 0.25, yedges[:-1] + 0.25)
xpos = xpos.flatten('F'")

ypos = ypos.flatten('F"'")

zpos = np.zeros_like (xpos)

# Construct arrays with the dimensions for the 16 bars.

dx = 0.5 * np.ones_like (zpos)
dy = dx.copy ()
dz = hist.flatten()

ax.bar3d(xpos, ypos, zpos, dx, dy, dz, color='b', zsort='average')
# Show the plot.

plt.show ()

MpounTtanTte OcHOBHbIE ClOXeThbl OHNnarH: https://riptutorial.com/ru/matplotlib/topic/3266/
OCHOBHblE-CIOXETbl
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rnasa 13: npucywm pedonekKTMBHbIU,
Bep6asibHbIN

Examples

OCHOBHbIe 60KChbI

Boxplots - aT0 onucaTtefbHble anarpammbl, KOTOPbIE MOMOrarT CpaBHMBaTbL pacnpeneneHme
PasHbIX PSOOB AaHHbIX. OHW SBNSIOTCS OnMMcaTe1bHbIMM, MOTOMY HYTO OHM NOKA3bIBAKOT MEPbI

(Hanpumep, MeaunaHHbIe ), KOTopble He NpeanonaratoT 6a3oBoro pacnpeneneHns BEPOSTHOCTU.

Cawmbiin npocTor npumep boxplot B matplotlib MOXHO gocTnyb, NPOCTO Nepenas AaHHbIE B BUAE
crmcka CrmnckoB:

import matplotlib as plt

datalinel = [43,76,34,63,56,82,87,55,64,87,95,23,14,65,67,25,23,85]
dataline2 = [34,45,34,23,43,76,26,18,24,74,23,56,23,23,34,56,32,23]
data = [ datalinel, dataline2 ]

plt.boxplot ( data )

OnHako 06bl4YHO I'IpaKTI/IKOI7I ABNIAETCA UCMONb30BaHNE MAaCCUBOB numpy KQ4e€CTBE MNapamMeTpoB
ONs rpadonkoBs, NOCKONIbKY OHM YacTO ABNAOTCA pe3yibTaToM npeablaywmx BblYMCNEHNA. DTO
MOXHO caoenatb cnegyounm 06pa30M:

import numpy as np
import matplotlib as plt

np.random.seed (123)
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datalinel = np.random.normal ( loc=50, scale=20, size=18 )
dataline2 = np.random.normal ( loc=30, scale=10, size=18 )
data = np.stack( [ datalinel, dataline2 ], axis=1 )

plt.boxplot ( data )
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MpounTaiite npucylwmn ped NeKTUBHbIA, BepbanbHbIA OHNANH:
https://riptutorial.com/ru/matplotlib/topic/6086/npucywm-pe nek TBHbIA--BepObanbHbIi
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rnasa 14: npucyw,m pedoneKTUBHbIMN,
Bep6asibHbIN

Examples

dyHKkumnsa Boxplot

Matplotlib nmeeT cobcTBeHHYO peanuadaumto boxplot . CooTBeTCTBYHOWME acnekTbl 3TOW OYHKLMM
3aKNo4aKTCa B TOM, YTO MO YMONYaHMIO B KBaApaTuUke nokasaHa meguanHa (npoueHtunb 50%) ¢
KpacHoi nuHuein. Kopobka npencrasnset Q1 n Q3 (npoueHTnnn 25 n 75), a ycbl patot
npencrasfieHne 0 ananasoHe faHHbIX (BO3MOXHO, npn Q1 - 1,5IQR; Q3 + 1,5 I1QR, IQR -
MEXKBapPTU/bHbIA AnanasoH, HO B 3TOM HET NOATBEPXAEHNS). Takxe obpaTute BHUMaHME, 4TO
obpasubl, BbIXoAsWMe 3a 3TOT AManasoH, NokasaHbl Kak MapKepbl (OHW Ha3bIBAKOTCS NETYMKaMM).

NMPUMEYAHMUE. He Bce peannsauum boxplot COOTBETCTBYIOT TEM Xe npasuiam.
Bo3moxHo, Hanbonee pacnpocTpaHeHHas anarpamma boxplot ncnonb3yet
H6akeHbapabl Ans NpeacTaBneHns MUHUMYMa 1 MakcMyma (4To AenaeT NMNCTOBKM
HecywecTByowmnMm). Takxe obpaTuTte BHUMaHME , 4TO 3TOT y4acTOK MHOraa
HasbIBalOT KOpPobHaTbIMuU M ycamn-rpagbukoM N CXemMou KopobHaTtbiX 1-yCOB.

Cnepnytowmii peuenT NnokasbiBaeT HEKOTOPLIE N3 BELWLEN, KOTOPbIE Bbl MOXETe caenatb C
Tekywen peanudaumen matplotlib boxplot:

import matplotlib.pyplot as plt
import numpy as np

X1 = np.random.normal (0, 1, 500)
X2 = np.random.normal (0.3, 1, 500)

# The most simple boxplot
plt.boxplot (X1)
plt.show ()

# Changing some of its features
plt.boxplot (X1, notch=True, sym="o") # Use sym="" to shown no fliers; also showfliers=False
plt.show ()

# Showing multiple boxplots on the same window
plt.boxplot ( (X1, X2), notch=True, sym="o", labels=["Set 1", "Set 2"])
plt.show ()

# Hidding features of the boxplot

plt.boxplot (X2, notch=False, showfliers=False, showbox=False, showcaps=False, positions=[4],
labels=["Set 2"])

plt.show ()

# Advanced customization of the boxplot
line_props = dict (color="r", alpha=0.3)
bbox_props = dict (color="g", alpha=0.9, linestyle="dashdot")

https://riptutorial.com/ru/home 67


http://matplotlib
http://matplotlib.org/api/pyplot_api.html#matplotlib.pyplot.boxplot

flier props = dict (marker="o", markersize=17)

plt.boxplot (X1, notch=True, whiskerprops=line_props, boxprops=bbox_props,
flierprops=flier_ props)

plt.show ()

9710 NPUBOANT K CNeayoWwmnM rpadpukam:

1. o ymonyaHuo matplotlib boxplot
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2. VIameHeHne HekoTopbix QyHKUmv boxplot ¢ ncriosnb3oBaHneM apryMeHToB qbyHKLNMN
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3. Heckonbko SWmKoB B 04HOM OKHE rpagoyka
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4. XpaHeHne HekoTopbix ¢byHKLmY boxplot
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5. PacwupeHHas HacTpovika Sumka ¢ rnoMoLb pekBu3nTa

Ecnu Bbl HaMepeBaeTeCh BbIMOMHUTL HEKOTOPYHO PaCLIMPEHHYO HACTPOIKY Bawero boxplot, Bbl
LONXHbl 3HATb, YTO CO34ABAEMbIE BAMU PEKBU3NTHI (HANPUMEP):

line_props = dict (color="r", alpha=0.3)
bbox_props = dict (color="g", alpha=0.9, linestyle="dashdot")

flier props = dict (marker="o", markersize=17)

plt.boxplot (X1, notch=True, whiskerprops=line_props, boxprops=bbox_props,
flierprops=flier_props)
plt.show ()

... CCblNalTCs rnaBHbIM 06pa3oM (ecnv He BCe) Ha 06bekThl Line2D . 3To o3HavaerT, 4To
OOCTYMHbI TONIbKO apryMeHTbl, OCTYMHbIE B 3TOM Knacce. Bbl 3aMeTute Hannyme takux
KNKo4YeBbIX CNOB, KAK whiskerprops , boxprops , flierprops W capprops . 910 TE SN1IEMEHTbI, KOTOpPbIE
BaM HY>XHbl A9 CO30aHNA PeKBN3NTA N4 OaNbHENIWeN HAaCTPOMKN.

NMPUMEYHAHWE. OanbHenwasa HacTporika boxplot ¢ ncnonb3osaHnem aTon
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peanusaumm MOXeT 0KasaTbCs CNOXHON 3anayein. B HekoTopbIx cnyyasx
ncnonb3oBaHue opyrux anemMeHToB matplotlib, Takux kak natyn gng co3gaHus
COBCTBEHHOW KOPOOKU, MOXET ObiTb BbIrOAHBIM (HANPUMep, 3Ha4YNTENbHbIE
N3MEHEHNs B aneMeHTe box).

MNpounTante npucywm pednekTUBHbIN, BepbanbHbIi OHNANH:
https://riptutorial.com/ru/matplotlib/topic/6368/npucymn-pedd Nnek TUBHbIA--BepbanbHbIi
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rnaea 15: Cucrembl KoopguHart

3aMmedyaHusa

Matplotlib umeeT YyeTbipe pa3nnyHble CUCTEMbI KOOPAMHAT, KOTOPbIE MOTYT OblTb MCMOIb30BaHDI
AN obneryeHns NO3MLMOHMPOBAHUS OPYroro o6bekTa, Hanpumep Tekcta. Kaxpas cuctema
MMEeET COOTBETCTBYOWMNA 06 BEKT NpeobpasoBaHns, KOTOPLIA NpeobpadyeT KOOpANHATHI U3 3TON
C/CTEMbl B TaK Ha3blBaeMyo CUCTEMY KOOPAMHAT AMCMIIES.

Cucrtema KoopamHart gaHHbIX - 3TO CUCTEMA, onpeaensemMas gaHHbIMU O COOTBETCTBYIOWMX
ocsIX. OTO MONE3HO NPK NOMbITKE NO3ULMOHNPOBATL HEKOTOPLI 06HEKT OTHOCUTENBHO AAHHbIX,
HaHEeCEHHbIX Ha rpaduk. lmana3oH 3a8aeTcs CBONCTBAMU x1im M ylim Axes . ETO
COOTBETCTBYIOWMM 06 EKTOM NPeobpal3oBaHnNs ABNSETCS ax.transData .

CucteMa KoopauMHaT ocen - 3T0 CMCTEMA, NPMBSA3aHHAsA K 00 beKTY axes . Toykm (0, 0) n (1, 1)
onpenensioT HUXHNE NeBble N BepXHUe npasble yribl ocei. 1o cywecTBy, 3T0 NONE3HO npu
NO3MLIMOHMPOBAHUN OTHOCUTENbHO OCEeN, HanpPUMep, B BEPXHeRn YacTu rpaduka.
CooTtBeTcTBYIOWMM 06 BEKTOM NPE0OPABOBAHNSA SBNSETCS ax.transAxes .

Cucrtema KoopauHaT pUCYHKa aHanornyHa cMcteMe KoopamHaTt Ocen, 3a UCKOYEHNEM TOrO,
4YTO OHa NpMBA3aHa K Figure . TOYKU (0, 0) n (1, 1) NpeacTaBNAT HUXHNE N BEPXHUE NpaBble
yrnbl Urypbl. ATO NOME3HO NP NOMbITKE NO3ULMOHNPOBATbL YTO-TO OTHOCUTENbHO BCEro
n3o6paxeHuns. CooTBeTCTBYIOWMM 0O BEKTOM NPEOOPA30OBAHNSA SABNSETCS fig.transFigure .

Oto6paxeHne CUCTEMbI KOOPAMHAT - 3TO CUCTEMA N300paXeHus, 3afaHHOro B MMKCENsX.
Touykum (0, 0) n (wMpWHa, BLICOTA) - 3TO HUXHWNE N BEPXHNE NpaBble NMKCEeNM n3o0bpakxeHns nnm
ancnnesi. Ero MoXHO ncnonb3oBath 4718 NO3MUMOHMPOBaHNS abCcontoTHO. MNockonbky 06 beKkThl
npeobpasoBaHust NpeobpasytoT KoopanHaTbl B 9Ty CUCTEMY KOOPAUHAT, cMcTeMa oTobpaxkeHus
He MMeeT CBSI3aHHOro ¢ Hell 06bekTa npeobpasoBaHns. OgHaKo Npy HEO6XO0AMMOCTM MOXHO

NCNONMb30BATb None WM matplotlib.transforms.IdentityTransform() .
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display (width, height)

| (1, 1)
data figure
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Bonee noagpobHasa nHgopmaumsa OoCcTynHa 34ech .
Examples

Cucrembl KoopAuUHaT N TeKCT

Cuctembl koopamHat Matplotlib oueHb yno6HbI, koraa Bbl NblTae€TECh KOMMEHTUPOBATbL AeTanu,
KoTopble Bbl genaete. ViHoraa Bbl xoTenn 6bl pa3MecTUTb TEKCT OTHOCUTENbHO BalWmMX AAHHbIX,
HanpuMmep, Npu NonbITKe MapknpoeaTb onpefeneHHyto To4Ky. ViHorna sam, BO3MOXHO, XOTEN0Cb
6bl 106aBUTHL TEKCT NOBEPX CPUrYPbl. DTOFO MOXHO NErko AOOUTHCS, BbIOpaB COOTBETCTBYIOLLYHO
CMCTEMY KOOpAMHAT, NnepenaB 00 beKT transform MAPAMETP transform B BbI3OBE text () .

import matplotlib.pyplot as plt
fig, ax = plt.subplots()

ax.plot ([2.], [3.], 'bo'")
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plt.text ( # position text relative to data
2., 3., 'important point', # x, y, text,

ha='center', va='bottom', # text alignment,
transform=ax.transData # coordinate system transformation
)
plt.text ( # position text relative to Axes

1.0, 1.0, 'axes corner',
ha='right', va='top',
transform=ax.transAxes

plt.text ( # position text relative to Figure
0.0, 1.0, 'figure corner',
ha='left', va='top',
transform=fig.transFigure

plt.text ( # position text absolutely at specific pixel on image
200, 300, 'pixel (200, 300)',

ha='center', va='center',
transform=None

plt.show ()

figure corner

3.15 ' ' ' " axes cornen

3.10

3.05

3.00F pixel (200, 300) importapt point |

2.95

2.90

1.85 1.90 1.95 2.00 2.05 2.10
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Mpountanmte Cuctembl koopanHaT oHnanH: https://riptutorial.com/ru/matplotlib/topic/4566/
CUCTEeMbl-KoopanHaT
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rnaBa 16: CTpoku ceTku n MeTku

Examples

YyacTtok c ceTKom

Y4yacToK C JIMHUSIMM CeTKM

Example Of Plot With Grid Lines

400

JTTT—

350

300

250 /

200 \

150 \

N/

1.0 15 2.0 2.5 3.0 3.5

import matplotlib.pyplot as plt
# The Data

x = [1, 2, 3, 4]

y = [234, 124,368, 343]

# Create the figure and axes objects
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fig, ax = plt.subplots(l, figsize=(8, 6))
fig.suptitle ('Example Of Plot With Grid Lines')

# Plot the data
ax.plot (x,V)

# Show the grid lines as dark grey lines
plt.grid (b=True, which='major', color='#666666"', linestyle='-")

plt.show ()

Y4yacToK ¢ OCHOBHbIMM U MaJZibiIMX ceTKaMu

Example Of Plot With Major and Minor Grid Lines

400

JTTT—

350 |

300 |

250 | ,

200 \

sl N\
| NV

10 15 20 25 30 35

import matplotlib.pyplot as plt

# The Data
x = [1, 2, 3, 4]
% [234, 124,368, 343]
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# Create the figure and axes objects
fig, ax = plt.subplots(l, figsize=(8, 6))
fig.suptitle ('Example Of Plot With Major and Minor Grid Lines')

# Plot the data
ax.plot (x,V)

# Show the major grid lines with dark grey lines
plt.grid (b=True, which='major', color='#666666"', linestyle='-")

# Show the minor grid lines with very faint and almost transparent grey lines
plt.minorticks_on ()

plt.grid (b=True, which='minor', color='#999999', linestyle='-', alpha=0.2)

plt.show ()

MpounTtante CTpoKM CETKM N METKM OHNarH: https://riptutorial.com/ru/matplotlib/topic/4029/
CTPOKUN-CETKUN-N-METKU
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rnaBsa 17: TpexmepHble rpadouku

3aMmedyaHusa

TpexmepHoe noctpoeHune B matplotlib nctopmnyeckmn 6bifio HEMHOMO KNOYbSt, MOCKONbKY OBUXOK
peHgepuHra no ceoew cytv 2d. Tot pakTt, 4To 3D-yCTaHOBKW BU3Yanu3npyoTca nyTem
NOCTPOEHUst 0AHOro 2-ro 61oka nocne apyroro, NOAPa3yMeBaET, HTO HACTO BO3HUKAIOT
npobnembl, CBSA3aHHbIE C KaxXylencs rnybuHoi o6 bekToB. Aapo npobnemMbl COCTOUT B TOM, HTO
[1Ba HECBSI3aHHbIX 06 beKTa MOryT b0 NOMHOCTBIO OTCTaTh, MO0 NONHOCTBIO APYr HAL OPYroMm,
4TO NPUMBOIONT K apTedpakTaMm, Kak NoKasaHO Ha PUCYHKE HUXE OBYX B3aMMOCBSA3aHHbIX KOJeL,
(lWenkHMTEe oNa aHUMMPOBAHHOIO gif):

=
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u

(fir)uzs (xL)s00
o
o

|
I
n

I
=
o

OpHako 970 MOXeT BbITb NCnpaBneHo. DTOT apTedakT CyWeCTBYET TONbKO NPU NOCTPOEHNN
HECKONIbKNX MOBEPXHOCTEN HA OLHOM M TOM Xe y4yacTKe - KaXAblli U3 H1UX oTobpaxaeTcs Kak
nnockas AByMepHas dourypa ¢ O4HUM napameTpoM, ONpeaensowmM paccTosHe ob63opa. Bl
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3aMeTunTe, 4To o4gHa CNnoXHasd NoBepXHOCTb HE UCMbITbIBAET Takon xe I'IpO6J'IeMbI.

Cnocob ncnpaeutb 370 - 06 bEANHUTE 06 BEKTHI ClOXETa BMECTE C UCMONb30BaHNEM NPO3PaYHbIX

MOCTOB!:

from mpl_toolkits.mplot3d import Axes3D

import matp

lotlib.pyplot as plt

import numpy as np

from scipy.

fig = plt.f
ax = fig.gc

X = np.aran
Y = np.aran
X, Y = np.m

Z1l = np.empty_like
Z2 = np.empty_like
Cl = np.empty_like
C2 = np.empty_like

for i in ra
for j in
z1l = 0.

z2 = 0.
2104, 3]
22[1, 73]

# If you want to grab a colour from a matplotlib cmap function,

# you need to give it a number between 0 and 1.

# alrea
Cl[i,J]
C21[1, 7]

# Create a
X_bridge =
Y _bridge =
Z_bridge =
color_bridg

color_bridg
the alpha /

# Join the two surfaces flipping one of them (using also the bridge)

X_full = np
Y _full = np
Z_full = np
color_full

surf_full =

plt.show ()

special import erf

igure ()
a(projection="'3d")

ge (0, 6, 0.25)
ge (0, 6, 0.25)
eshgrid (X, Y)

(X)
(X)
(X, dtype=object)
(X, dtype=object)

nge (len (X)) :

range (len (X[0])) :

5* (erf ((X[1i,3]+Y[i,J]1-4.5)*0.5)+1)
5* (erf ((-X[1,3]-Y[i,]J]1+4.5)*0.5)+1)
=zl

= z2

dy in this range, so it Jjust works as is.

= plt.get_cmap ("Oranges") (z1l)
= plt.get_cmap ("Blues") (z2)

transparent bridge region
np.vstack ([X[-1,:],X[-1,:]])
np.vstack ([Y[-1,:],Y[-1,:]])
np.vstack ([21[-1,:1,22[-1,:11)

e = np.empty_like (Z_bridge, dtype=object)

e.f1i11((1,1,1,0)) # RGBA colour, onlt the last component matters - it represents

opacity.

.vstack ([X, X_bridge, np.flipud(X)])
.vstack ([Y, Y_bridge, np.flipud(Y)])

.vstack ([Z1, Z_bridge, np.flipud(z2)])
= np.vstack ([Cl, color_bridge, np.flipud(C2)])

ax.plot_surface (X_full, Y_full, Z_full,
facecolors=color_full,

antialiased=False)

z1l and z2 are

rstride=1, cstride=1,

linewidth=0,
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Examples

Co3paHue TpexMepHbIX ocen

Mo ymonyaHuio ocu Matplotlib siBnstotcst aByMepHbIMU. HT06bI CO30aTh TPEXMEPHbIE FPadIVKMX,
HaM HY>XHO MMMOPTMPOBATb KNACC Axes3D U3 MHCTPYMeHTapus mplot3d , KOTopbI NO3BONUT
NCnob30BaTb HOBbLIV BUA NPOEKLUNN AN OCEN, 8 UMEHHO '3d" :

import matplotlib.pyplot as plt
from mpl_toolkits.mplot3d import Axes3D

fig = plt.figure()
ax = fig.add_subplot (111, projection='3d")

[MoMUMO NpsMbIX 06006wWeHni OBYMEPHbIX rpadpuKkoB (Takmx Kak NMHenHbIe rpacvkn , avarpamMmmbl
pacCcesiHNs , WTPUXOBbIE rPatUKM , KOHTYPHBIE rPaddUKm ), BOCTYMHbI HECKONBKO METO0B
MOCTPOEHNA MNOBEPXHOCTM , HANPUMEP ax.plot_surface .

https://riptutorial.com/ru/home 84


http://i.stack.imgur.com/OTu7B.png
http://matplotlib.org/mpl_toolkits/mplot3d/
http://matplotlib.org/mpl_toolkits/mplot3d/
http://matplotlib.org/mpl_toolkits/mplot3d/tutorial.html#line-plots
http://matplotlib.org/mpl_toolkits/mplot3d/tutorial.html#scatter-plots
http://matplotlib.org/mpl_toolkits/mplot3d/tutorial.html#scatter-plots
http://matplotlib.org/mpl_toolkits/mplot3d/tutorial.html#bar-plots
http://matplotlib.org/mpl_toolkits/mplot3d/tutorial.html#contour-plots
http://matplotlib.org/mpl_toolkits/mplot3d/tutorial.html#surface-plots
http://matplotlib.org/mpl_toolkits/mplot3d/tutorial.html#surface-plots

# generate example data

import numpy as np

%,y = np.meshgrid(np.linspace(-1,1,15),np.linspace(-1,1,15))
z = np.cos (x*np.pi) *np.sin(y*np.pi)

# actual plotting example

fig = plt.figure()

ax = fig.add_subplot (111, projection='3d")

# rstride and cstride are row and column stride (step size)
ax.plot_surface(x,y,z,rstride=1,cstride=1, cmap="hot")
ax.set_xlabel (r's$x$")

ax.set_ylabel (r'Sys$")

ax.set_zlabel (r'$\cos(\pi x) \sin(\pi y)$")

plt.show ()

MpounTanTte TpexmepHble rpadumku oHnamH: https://riptutorial.com/ru/matplotlib/topic/1880/
TpexMepHble-rpadonkin
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rnasa 18: LBeTOBble KapThbl

Examples

OcHOBHOEe Ucnosib3oBaHue

Mcnonb3oBaHme BCTPOEHHbIX LIBETOBbLIX NMAMokK Tak Xe MpoCcTo, Kak nepenadya nMeHn tpebyemoii
LBETOBOM KapThbl (KaK yKasaHo B CChI/IKE contourt ) OYHKUUN NOCTPOEHNS rpadomka (HanpumMep,
peolormesh WIW contourt ), KOTOPAS 0XMAaeT ee, Kak Npasuno, B BUOE aprymeHTa Ko4eBoro

CNOBaA cmap -

import matplotlib.pyplot as plt
import numpy as np

plt.figure ()
plt.pcolormesh (np.random.rand (20,20),cmap="hot")
plt.show ()

https://riptutorial.com/ru/home

86


http://matplotlib.org/examples/color/colormaps_reference.html
http://matplotlib.org/api/pyplot_api.html#matplotlib.pyplot.contourf
http://matplotlib.org/api/pyplot_api.html#matplotlib.pyplot.pcolormesh
http://matplotlib.org/api/pyplot_api.html#matplotlib.pyplot.contourf

Konnapnbl 0co6eHHO NONe3Hbl ANs BU3yannsaumm TPEXMEPHbIX AaHHbIX HA ABYMEPHbIX
rpadoukax, Ho xopowas LBeToBas kapTa TakXe MOXeT caenatb NpaBubHbIA TPEXMEPHbIN
rpadgouk HaMHOro sicHee:

import matplotlib.pyplot as plt
from mpl_toolkits.mplot3d import Axes3D
from matplotlib.ticker import LinearLocator

# generate example data

import numpy as np

X,y = np.meshgrid(np.linspace(-1,1,15),np.linspace(-1,1,15))
z = np.cos (x*np.pi)*np.sin(y*np.pi)

# actual plotting example

fig = plt.figure ()

axl = fig.add_subplot (121, projection='3d'")
axl.plot_surface(x,y,z,rstride=1,cstride=1,cmap="'viridis"')
ax2 = fig.add_subplot (122)

cf = ax2.contourf (x,y,z,51,vmnin=-1,vmax=1, cmap="viridis"')
cbar = fig.colorbar (cf)

cbar.locator = LinearLocator (numticks=11)
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cbar.update_ticks ()

for ax in {axl, ax2}:
ax.set_xlabel (r's$x$")
ax.set_ylabel (r'Sy$")
ax.set_xlim([-1,11)
ax.set_ylim([-1,1])
ax.set_aspect ('equal')

axl.set_zlim([-1,11])
axl.set_zlabel (r's$\cos (\pi x) \sin(\p ivy)sh)

plt.show ()

"'_
-
o

o
U

—0.5

Mcnonb3oBaHue Nonb3oBaTeNIbCKUX LLBETOBbIX nannuTtp

MoMUMO BCTPOEHHbIX LIBETOBbBIX KOAOB, ONPeaeneHHbIX B cchiike colormaps (M nx obpaTHbIX
KapTax, npu nobaBneHnn '_r' K UX UMEHN), MOryT TakXxe OblTb onpeaeneHbl NoNb3oBaTeNbCKue
uBeToBble KapThbl. KNo4YoM ABNSETCA MOOY /b matpiotlib.cm .

B npmeeneHHOM HMXe npuMepe onpenenseTcsa O4eHb NPoCTas cm.register _cmap , ICMNOJIb3YHOWAA

https://riptutorial.com/ru/home 88

cos(mx)sin(my)


http://i.stack.imgur.com/GKjiC.png
http://matplotlib.org/examples/color/colormaps_reference.html
http://matplotlib.org/examples/color/colormaps_reference.html
http://matplotlib.org/api/cm_api.html
http://matplotlib.org/api/cm_api.html#matplotlib.cm.register_cmap

cm.register_cmap , COOEPXallyto OOVH UBET, C HEMPO3PA4YHOCTbIO (aﬂbq)a-3Ha‘-leHVle)
MHTepnonsaunn upeta MeXxay nosIHoOCTbo HeNnpPo3pa4vHbiM U NMOJIHOCTbIO NMPO3pPaYHbIM B
Anana3oHe OaHHbIX. O6paT|/|Te BHMMaAHMe, 4TO Ba>XHbIMU NIMHNAMWN C TOYKUN 3PEHNSA LLBETOBOW
KapTbl ABNAKTCA UMMOPT cm , BbI3OB register_cmap U NPOXOXOEHNE plot_surface KAPThl B

plot_surface .

import matplotlib.pyplot as plt
from mpl_toolkits.mplot3d import Axes3D
import matplotlib.cm as cm

# generate data for sphere

from numpy import pi,meshgrid,linspace,sin,cos

th,ph = meshgrid(linspace(0,pi,25),linspace(0,2*pi, 51))
X,y,z = sin(th) *cos (ph),sin(th) *sin (ph), cos (th)

# define custom colormap with fixed colour and alpha gradient
# use simple linear interpolation in the entire scale
cm.register_cmap (name='alpha_gradient',
data={"'red': [(0.,0,0),
(1.,0,0)1,

'green': [(0.,0.6,0.6),
(1.,0.6,0.6)1,

'blue': [(Q.,0.4,0.4),
(1.,0.4,0.4)1,

'alpha': [(0.,1,1),
(1.,0,0)11})

# plot sphere with custom colormap; constrain mapping to between |z|=0.7 for enhanced effect
fig = plt.figure()

ax = fig.add_subplot (111, projection='3d"')

ax.plot_surface (x,v,z,cmap="alpha_gradient', vmin=—
0.7,vmax=0.7,rstride=1,cstride=1,linewidth=0.5, edgecolor="b")

ax.set_xlim([-1,1])

ax.set_ylim([-1,1])

ax.set_zlim([-1,1])

ax.set_aspect ('equal')

plt.show ()
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T 1.0

B 6onee cnoxHbIx CLEHAPUSIX MOXHO ONPenennTb CNNCOK 3HadeHnin R/ G/ B (/ A), B KoTopble
matplotlib uHTEepnonnpyeT nnHerHo, 4TO0bbl ONPenennTbL LBeTa, NCNONb3yeEMble Ha
COOTBETCTBYIOWWX rpadpmKax.

Flopﬂ.u.o'-mo OAHOPOAHDbIe LUBeTOBblI€ KapThbl

WcxogHas no ymondaHuto usetosas kapta MATLAB (3amMeHeHHas B Bepcun R2014Db),
Ha3blBaeMas jet SBNSETCH NOBCEMECTHOWN U3-3a €€ BbICOKOM KOHTPACTHOCTU U 3HAKOMOCTH (M NO
ymonuanuio 6bina ncnonb3osarHa matplotlib no coobpaxeHnsm coemectTumocTn). HecMoTps Ha
CBOIO MOMYASPHOCTb, TPAAMLMOHHbBIE LBETOBBIE KAPThl YACTO UMEKT HeJoCTaTky, Korga aeno
[0OX0OuT 0O NpeacTaBneHns AaHHbIX TOYHO. Npounsowealee N3MeHEHE B 3TUX LIBETOBbIX
KapTax He COOTBETCTBYET N3MEHEHMSAM AaHHbIX; 1 Npeobpas3oBaHMe LIBETOBOIN KapTbl B OTTEHKM
ceporo (Hanpumep, NyTeM nevyaTn urypbl C NCMNONb30BAHMEM YEePHO-OENoro NpuHTEpa) MoXeT
NpYBECTU K NOTepe MHGOpMaLnN.

Bbinn BBEOEHbI €AUHbIE LIBETOBbLIE KapTbl C BOCMPUATUNEM, 4TOObI coenatb Bu3dyann3auuio
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JaHHbIX MakCMManbHO TOYHOM K JocTynHon. Matplotlib npencraesmna Yetbipe HOBbIX,

NnepLenuMoHHo 0HOPOOHbLIX LBETOBLIX NaTtTepHa B Bepeun 1.5, npyuyem oanH n3 H1X (N0 UMEeHU
viridis ) Obl1 MO yMON4aHuto ot Bepcum 2.0. TN YeTblpe LBETOBbIE KapThl ( viridis , inferno ,

plasma W magma ) ABNAKOTCA ONTUMaNbHBIMU C TOYKW 3PpEHNA BOCNPUATUNA, N OHN OONXKHbI
ncnonb3oBaTbCsd ONA BU3yann3aunn OaHHbIX MO YMON4YaHWIO, eCnt TONbKO HEeT BeCKUX NMPUYnH He

enatb 3Toro. 9Tn LBETOBbIE KAPTbl BBOAAT KAK MOXHO MEHblUE NPeaB3siTOCTU (He co3aaBas
OYHKUMIA, TOE UX HET), U OHN NOAXOAST 4SS ayAMTOPUM C YMEHbLWEHHBIM BOCNPUATUEM LiBETA.

B kayecTBe npumMmepa Ons sn3dyanbHOro NCKa>XeHns gaHHbIX pacCMOTPUM cnenyune nsa

ClOXeTa BEpPXHero nnaHa nupamnaonoaobHbix 06bEeKTOB:

jet

1.0

Kakas n3 gByx siBnsietcsa npaBuibHon nupammnnoin? OTBeT KOHEYHO, 4TO 06a OHM eCTb, HO 3TO

Oaneko He o4eBnOHO N3 CloXeTa, NCMOJNb3YIOWEro jet KapPTY:

0.99

0.88

0.77

0.66

0.55

0.44

0.33

0.22

0.11

0.00

1.0

0.5

0.0

-0.5

-1.0
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jet

viridis

P 1.0

0.5

1.0—1.0

9T1a 0COBEHHOCTb NEXUT B OCHOBE €AMHO00pa3unst BOCNPUSATUS.

NMonb3oBartenbckasn ANCKpeTHas uBetoBasa naautpa

Ecnn y Bac ectb npeponpeneneHHble AnanasoHbl U Bbl XOTUTE UCMONb30BaTb ONpeLeNeHHbIe
uBeTa 415 3TMX AMana30HOB, Bbl MOXETE 00 bSBMTb NONb30BATE/bCKYIO LIBETOBYIO NanmTpy.

Hanpuwmep:

import matplotlib.pyplot as plt
import numpy as np
import matplotlib.colors

x = np.linspace(-2,2,500)
y = np.linspace(-2,2,500)
XX, YY = np.meshgrid(x, vy)

Z = np.sin(XX) * np.cos (YY)

cmap = colors.ListedColormap (['red', '#000000', '#444444"',
'orange'])
boundaries = [-1, -0.9, -0.6, -0.3, 0, 0.3, 0.6, 1]

'#666666', '"H#ffffff', 'blue’,
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norm = colors.BoundaryNorm(boundaries, cmap.N, clip=True)

plt.pcolormesh (x,y,Z, cmap=cmap, norm=norm)
plt.colorbar ()

plt.show ()
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LiseT i Bynet ncnonb3oBatbCa ANS 3HAYEHUA Mex ay rpaHuuamm i ni+ 1. LiBeta moryT 6biTb
yKasaHbl M0 UMEHaM ( 'red' , 'green' ), HTML-kOObI ( '#ffaa4ss’ , '4441188" ) Unm KopTexu RGB (
(0.2, 0.9, 0.45) ).

[MpounTanTte uBeToBbIE KAPThl OHNanH: https://riptutorial.com/ru/matplotlib/topic/3385/uBeToOBble-
KapThbl
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