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[Mpegnaraem NO3HAaKOMWUTLCS C APYITMMA HALLMMU NPOEKTaAMMW.

"Pandas. PaboTta ¢ aaHHbIMK"
KHura nocesileHa 6ubnuoteke ona pabotbl ¢ AaHHbIM pandas. lNMomumo 6a30BbiX 3HAHW O

CTPYKTypax pandas, Bbl NONy4MTe UMHPOPMaLMIO O TOM Kak paboTaTb C BPEMEHHbLIMW psgaMW,
cynTaTb CTaTUCTUKKU, BU3yanu3mpoBaTb AaHHble 1 T.4. bonblioe BHMMaHWe yaeneHo npaktuke, Bce

paccMaTpuBaemMble BO3MOXHOCTU B1BrMoTekn conpoBoXaatoTcs NogpobHbIMU NpuMmepamu.
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"[luHenHas anrebpa Ha Python"
Khura “NuHeriHaa anrebpa Ha Python” - aTo nonbiTka coeguHWTb ABe obnacTtn: mateMaTuky u

nporpammMmmpoBaHue. B Hen Bbl Mo3HakomuTecb C 6a30BbIMKU pasgenamu NIMHENHOW anredpbl n

NMPEeKpPacHbIM MHCTPYMEHTOM [Ns pelieHust 3adad - $3blkoM  nporpaMmmupoBanust  Python.

OcHoBHbIE pasaenbl KHUIrnm noceAleHbl Matpuuam n nx cBOMCTBaM, peweHno cnctemMm NUHENHbIX

ypaBHEHWIA, BEKTOPaM, Pa3noXeHUo MaTpUL, U KOMMNIIEKCHBIM YMCIaM.
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Ypox 1. beiCcTpBIN CTApPT

1.1 YcraHoBKa

1.1.2 Bapuantbl yctanoBku Matplotlib

CywecTByeT [Ba OCHOBHbIX BapwaHTa YycTtaHoBku Maitplotlib Ha BaL
KOMMbIOTEP: B MEPBOM Criydae Bbl YyCTaHaBnueaeTe naker Anaconda, B
COCTaB KOTOPOro BXOOUT WHTepecylwas Hac Oubnuoteka, BO BTOPOM -
ycTtaHasnuBaeTte Matplotlib camocToAaTenbHO, UCNOMb3ys MEeHeKep NaKeToB.
Mpo ycTtaHOBKY Anaconda Bbl MOXeETe npovntatb B cTtatbe “Python. Ypok 1.

YcmaHoeka” (https://devpractice.ru/python-lesson-1-install/).

1.1.3 YcranoBka Matplotlib uepe3 meHemxep pip
Ana ycraHoBkn Matplotlib 4epe3 wmMeHeoXep NakeToB pip BBeOUTE B

KOMaHOHOW CTPOKe Balleun onepaumMoHHON CUCTEMbI cneayowme KomaHabl:
python -m pip install -U pip
python -m pip install -U matplotlib

[MepBas M3 HUX OOHOBWUT Ball pip, BTOpas yctaHoBUT Matplotlib co Bcemu

Heob6xoaAnMbIMN 3aBUCUMOCTAMM.

1.1.4 IIpoBepKa yCTaHOBKH

ﬂ,.l'lﬂ NPOBEPKN TOro, 4YTO BCE YCTAHOBUIIOCbL MpaBUIIbHO, 3anyctute

MHTEepnpeTaTtop Python n BBEOANTE B HEM Clieaylollee:

>>> import matplotlib

Ecnn coobuweHnnn o6 owmbke He 6bINO, TO 3HaA4YUT Bubnunoteka Matplotlib

yCTaHoOBJ1EHA N €€ MOXHO UCMOJiIb30BaTb. [Mocne atoro moxete NpPoBEPUTD
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Bepcuio 6ubnuotekn (oHa ckopee Bcero Gyger oTnmyaTbCsa OT NpUBELEHHOM

HWXe):

>>> matplotlib. version__
'3.0.3"

1.2 BeICTPBIM CTAPT

Mepen Tem kak yrnyoutbcs B getanu 6ubnuotekm Matplotlib, paccmoTpum
HECKOSIbKO MNPUMEpPOB, WU3Yy4YMB KOTOpPble Bbl CMOXETEe MCMNoNb30BaThb
6mbnnoTteky ons pelleHnsa CBoux 3agad 1 nonyynTe MHTYUTUBHOE NOHMMaHue

MPUHUMNOB paboThbl C 3TUM MHCTPYMEHTOM.

Ecnn Bbl pabotaete B Jupyter Notebook, To anst Toro, 4tobbl nonyyaTb
rpacpmkn psagom ¢ s4erkamm ¢ KOgoM HeoBXO4MMO BbIMOMHUTL CrieumanbHyo

magic komaHgy nocne nmnopta Matplotlib:
import matplotlib.pyplot as plt

%matplotlib inline
PesynbraTt paboTbl OyaeT BoIrMALeTb TaK, Kak MOKa3aHO Ha PUCYHKE HUXE.

In [1]: import matplotlib.pyplet as plt
#matplotlib inline

In [2]: plt.plot([1, 2, 3, 4, 5], [1, 2, 3, 4, G]}

out[2]: [<matplotlib.lines.Line2D at Gxladfildadd3e:]
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PucyHok 1.1 — lNMpumep pabotbl ¢ Matplotlib B Anaconda



Ecnu Bbl nuwete kog B .py dhanne, a NOTOM 3arnyckaete ero 4yepes Bbl30B
nHTepnpetartopa Python, 1o cTtpoka %matplotlib inline Bam He HyXxHa,
NCNonb3ynTe TONbKO UMMOPT Gubnuotekun. Npumep, aHanornyHbIn TOMy, YTO
NpeacTaBneH Ha pPUCYHKe Bbllle, Ans otaenbHoro Python-hanna 6yget

BbIMAOETb Tak:

import matplotlib.pyplot as plt
plt.plot([1, 2, 3, 4, 5], [1, 2, 3, 4, 5])
plt.show()

B pesynbrare nonydnTte I'pad)l/IK B OTOEJIbHOM OKHE.

Figure 1 - O >

A € 9> + Q ” B

tt
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x=4.33085  =1.09103

PucyHok 1.2 — U3o6paxeHue rpacpuka B oTAeSIbHOM OKHe



[anee Mbl He 6yaem ocTaHaBNMBATbCA Ha OCOOEHHOCTAX MCMOfb30BaHMS
magic KOMaHAbl, NPOCTO 3anoMHUTE, 4YTO ecnn Bbl ucnonb3yete Jupyter
notebook npu pabote ¢ Matplotlib Bam 006s3aTenbHO HY>XHO BbINOMHUTL

komaHay %matplotlib inline.

Tenepb nepengemM HenocpeacTBeHHo K Matplotlib. 3apaya ypoka “bbicmpbil
cmapm” - 3TO NOCTPOUTb pPasHble TUMbl rpauKoB, HACTPOUTb UX BHELLHUIA

BMA M OCBOUTLCS B paboTe C 3TUM MHCTPYMEHTOM.

1.3 ITocTpoenue rpaduka

[ns Hayan nocTpoMM NPOCTYK NWHENHYK 3aBUCMMOCTb, AaAuM HalleMy

rpadpuky HassaHue, nognuiem ocu n otobpasum ceTky. Koa nporpaMmmebl:
# He3aBucumaa (x) u 3aBucumas (y) nepemeHHvle

X = np.linspace(9, 10, 50)

y = X

# [MocmpoeHue 2paguxa

plt.title('/lIuHeitHaa 3aBucumocTb y = X') # 30201060k
plt.xlabel('x") # ocs abcyucc

plt.ylabel('y') # oce opdouHam

plt.grid() # BknwyeHue omobpaxeHue cemKu

plt.plot(x, y) # nocmpoerue zpagpuxa



B pesynsraTte nonyyum crnegyowmin rpadouk:

NuHeRHaA 3aBUCMMOCTE Y = X

10 4

X

PucyHok 1.3 — JIuHenHbIN rpadumk

N3mMeHUM TUM NUHUKM 1 ee UBET, Ans 3Toro B yHKuuio plot(), B KayecTBe
TpPeTbero napameTpa, nepegaaMmMm CTpoky, chopMMPOBaHHYIO ONpeaeneHHbIM

obpasom, B Hallem crniyvae 310 'r--', rge 'r' O3Ha4aeT KpacHbIA LBET, a

--' - TUN NWHUKM - NYHKTUMPHas nuHUs. Bonee nogpoGHO O ToM, Kak
3agaBaTb UBET M TUN NUHUKM OyadeT paccka3aHO C OAHOM M3 CreaytoLLmx

YPOKOB.

# lNocmpoeHue zepaguka

plt.title('/iuHeitHaa 3aBucumocTb y = Xx') # 3a20s1060K

plt.xlabel('x") # ocb abcyucc
plt.ylabel('y") # ocb opduHam
plt.grid() # BKaw4yeHue omobpaxeHue cemKku

plt.plot(x, y, 'r--") # nocmpoeHue zpaguka
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NuHerHar 33

BUCUMOCTE Y = X

10

PucyHok 1.4 — U3meHeH

1.4 Hecko1bKo rpa)ukoB Ha 0/

[MocTpouM HEeCKOoSibKo rpadouMKkoB Ha

KBaapaTU4yHyO 3aBUCUMOCTb:

# JluHeliHaa 3aBucumocmb

x = np.linspace(9, 10, 50)
# K6adpamu4yHaa 3a6ucumocme
y2 = [i**2 for 1 in Xx]

# [MocmpoeHue epaguka

plt.title('3aBucumoctn: yl1 = x, y2 =

x

HbIA NIMHENHbIU rpaduk

HOM I10/1€e

OAHOM norne, Ana 3Ttoro gobasum

X~2') # 3az2on060k

plt.xlabel('x")
plt.ylabel('y1l, y2')
plt.grid()

plt.plot(x, y1, x, y2)

# ocb abcyucc
# ocb opduHam
# Bkaw4veHUe omobpaxeHue cemku

# nocmpoeHue 2paguka

11



JaBnocuMocT: Y1 = x, y2 = x "2

100

¥l y2

20 1

PucyHok 1.5 — Heckonbko rpachukoB Ha ogHOM nore

B npuBegeHHoM npumepe B dyHKuuio plot() nocrnemoBaTenbHO

nepenarTcAa ABa MaccumBa AJ1A NOCTPOEHUA MNepBOro rpachKa n AaBa AOnsd

NOCTPOEHNA BTOPOro, rMnpum 3TOM, KaK Bbl MOXETe€ 3aMeTuTb, OJ14 obounx

rpacomnkoB MaccuB 3HAYEHUN HE3ABNUCUMOW NEePEMEHHON X OOUH N TO Xe.

1.5 IlpeacTaBienue rpaMKOB HAa Pa3HbIX MOJIAX

TpeTbF-l, OOBOJIbHO H4aCTO BCTpevalLladaca 3agadya - 31O OT06pa3VITb aBa niun

bonee pasnu4YHbIX MONS, Ha KOTOpbIX OyaeTr oTobpaeHO Mo OgHOMY WUnu

bonee rpaduky. NocTponm yxxe N3BECTHbIE HaM [BE€ 3aBUCUMOCTb Ha pasHbIX

nongax:

# JluHeliHaa 3aBucumocms

X = np.linspace(@, 10, 50)

# K6adpamuuHaa 3a6ucumocme

y2 = [i**2 for 1 in Xx]

12



# lNocmpoeHue 2paguxkoB

plt.

plt.
plt.
plt.
plt.
plt.

plt.
plt.
plt.
plt.
plt.

figure(figsize=(9, 9))

subplot(2, 1, 1)

plot(x, yl)
title('3aBucumocTtu: yl =
ylabel('yl', fontsize=14)
grid(True)

subplot(2, 1, 2)

plot(x, y2)

xlabel('x"', fontsize=14)
ylabel('y2', fontsize=14)
grid(True)

# nocmpoeHue 2paguka
X, y2 = x"2") # 3az20n060kK
# ocb opduHam

# BkawvyeHUe omobpaxeHue cemku

# nocmpoeHue epaguka
# ocb abcyucc
# ocb opOuHam

# Bksw4yeHue omobpaxeHue cemKku

3aBMCUMOCTI: ¥1 =X, y2 = x"2

lu_
g -
B -
]
==
4
2
D_
T T T T T T
4 & B 10
100 4
80 4
B0
_q,u_
20 1
04
T T T T T T
4 & B 10

x

PucyHok 1.6 — PasaeneHHble nons ¢ rpacpmkamm
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30eCb Mbl BOCNOSIb30BaInCb HOBbIMU (PYHKLMAMM:

 figure() - dyHKUMsS Ana  3agaHna  rmobanbHbiX  NapamMeTpoB
oTobpaxeHna rpacukoB. B Hee, B Ka4ecTBe apryMeHTa, Mbl nepegaem
KopTexX, onpeaensowmni pasmep odLero nons.

* subplot() - dyHKUMA OnNa 3agaHUa  MECTOMOSNOXEHUA Mond C
rpadmkom. CyLuecTBYEeT HECKOSbKO crnocoboB 3agaHna obnacten ans
BblBOA4a rpadukoB. B npumepe Mbl  BOCMOMb30BanuUCb BapuaHTOM,
KOTOpbIV npeanonaraeTt nepegady Tpex apryMeHTOB: NepBbii apryMeHT
- KONIMYECTBO CTPOK, BTOPOW - CTONGUOB B (hOpMMPYyEMOM nosie, TPETUN

- HOEKC (HoMep nons, cYnTaem CBepXY BHWU3, CrieBa Hamnpaso).

OctanbHble (QyHKUMM BaM 3HAKOMbl, AOMOSTHATENBHO Mbl MCMNOSIb30Bau
napameTp fontsize pyHKumn xlabel() n ylabel() ang 3agaHus pasmepa

lwpundTa.

1.6 ITocTpoeHue AuarpaMMsbl /i1 KaTeropvajibHbIX JaHHBIX

[1o 3TOro mMbl CTpOUNM rpadduKkn AN YNCNEHHbIX JaHHbIX, TO €CTb 3aBMCUMas
N He3aBuUCUMasA NepeMeHHble UMENV YMCNoBOW TUM. Ha npakTuke OOBONbHO
4acTo NpUXoauTCs paboTaTb C AaHHBIMW HE YMCNOBOM MpPUPOAbl - UMeHa
noaen, HasBaHue ropodoB U T. n. MNMocTpoum auarpammy, Ha KoTopon byaet

oToOpaXxaTbCsl KONNMYECTBO (PPYKTOB B MarasuHe:

fruits

["apple', 'peach', 'orange', 'bannana', 'melon']
[34, 25, 43, 31, 17]

plt.bar(fruits, counts)

plt.title( 'Fruits!")

plt.xlabel( Fruit")

plt.ylabel('Count")

counts
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Fruits!

apple peach arange bannana melon
Fruit

PucyHok 1.7 — Ctonb4yaTtasa guarpamma

Ons BbiBOAA AnarpaMMbl Mbl UCMONb3oBanu dyHKUMo bar().

K 3TOMy MOMEHTY, ecnvM Bbl CaMOCTOSITENbHO nonpoboBanu 3anycTuUTb
NpVBEeAEHHbIE BbILLE NPUMEPSI, Y Bac y»Ke JOMKHO chopMUPOBaTbL HEKOTOPOE

NOHUMaHME TOro, Kak ocyLlecTBnsaeTca paboTa c Gubnuotekon Matplotlib.

1.7 OcHOBHBI€ 3/1eMeHThI rpaduKa

PaccMOTpMM OCHOBHbIE TEPMMHbI W TMOHATUS, Kacallwmecs U300paKeHus
rpaduka, ¢ KOTOpbiMM BamM HeobxoauMMo OydeT Mo3HaKoOMUTbCH, AN Toro,
yToObl B AanbHelleM Yy Bac He Oblno TpyaoHOCTENM NpU  U3yYeHUn

npeacTaBneHHbIX 30eCb YPOKOB M AOKYMeHTauum no bubnunoteke Matplotlib.
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Saronosok (title)

e

pathurmn 3aBUCHMOCTeR: yl=4%x, y2=x"2

"~ Nerenga (legend)

= NMHEAHBIA

rpaduk (plot)
Mognuck ocK y
(v label) =] COcHOBHARA ceTKa
\ o ] (major grid)
HNonanuuTeneHan ___;_ . s
ceTka (minor grid) | _ 1 -‘O 1T \ =
=i H ToqesHBIA

/}. i é 2 rpadwk (scatter)

®urypa (Figure) T % . SR
X ‘L\\
D-U”D“H‘I"Te”'?”b'e I OCHOBHEIE THKM
Thkk (minor ticks) Mognmcs ocK x (major ticks)

(% label)

PucyHok 1.8 — OCHOBHbIe 3reMeHTbI rpadmka

KopHeBbIM arneMeHTOM npu NoCTpoeHuu rpadmnkoB B cucteme Matplotlib
asnsetca durypa (Figure). Bce, 4TO HapuMcoBaHO Ha PUCYyHKe Bbllle
aBnseTcs aneMmeHTamu durypel. PaccMoTpum ee coctasnstowme 6onee

nogpoobHo.

Npacdpuk

Ha pucyHke npefncrtaeBneHbl ABa rpaduka - NUHEWHbIN U TOYEYHbIN.
Matplotlib npenoctaBnsger OrpOMHOE KOSIMYECTBO pasfiNnyHbIX HACTPOEK,
KOTOpblE MOXHO WCMOMb30BaTb AN TOro, 4YToObl Npuaatb rpadguky
Tpebyembl BUA: 3agaTb UBET, TOMLWWUHY, TUMN, CTUMNb JIMHUN U MHOroe

Apyroe, Bce 3TO Mbl PACCMOTPUM B BrivkaiLLnX ypoKax.
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Ocum

BTopbiM, nocne HenocpeacTBeHHO camoro rpaduka, no BaXKHOCTU
afieMeHTOM uUrypbl SABRAKOTCA OCU. [ng Kaxgonm oCuM MOXHO 3ajaThb
METKy (MoAnncb), OCHOBHbIE (major) W [ONOSNHUTENbHbIE (Minor)

ANNeMeHTbI WKarsbl, UX NoAnncu, pasmMmep, TornwnHy n anana3oHbl.

CeTka u nereHaa

CeTka ” nereHga SABNAKTCA anNeMeHTamun  Urypbl, KoTopble
3Ha4YUTENbHO MOBLIWAKT MHMPOPMATUBHOCTL rpacdumka. CeTka MoXeT
OblTb OCHOBHOW (major) v pononHuteneHon (minor). Kaxgomy Tuny
CETKM MOXHO 3agaBaTb LBET, TOMALWMNHY ANHUKM 1 Tun. Ona otobpaxeHns

CETKMN N nereHabl UCMNOJIb3YKTCA COOTBETCTBYHOLLIME KOMaHbI.

Hwke npencrtaBneH Kod, C MOMOLLbI KOTOPOro 6bina MocTpoeHa

dourypa, nsobpaxeHHasi Ha pucyHke 1.8:
import matplotlib.pyplot as plt

from matplotlib.ticker import (MultiplelLocator, FormatStrFormatter,
AutoMinorLocator)

import numpy as np

X = np.linspace(9, 10, 10)

yl = 4*x

y2 = [i**2 for 1 in Xx]
fig, ax = plt.subplots(figsize=(8, 6))

ax.set_title('lrpa¢ukmn 3aBucumocTtei: yl=4%*x, y2=x"2', fontsize=16)
ax.set_xlabel('x', fontsize=14)

ax.set_ylabel('yl, y2', fontsize=14)

ax.grid(which="major"', linewidth=1.2)

ax.grid(which="minor', linestyle='--', color='gray', linewidth=0.5)
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ax.

ax.

ax.

aX.

aX.

ax.

axX.

scatter(x, yl, c="red', label="yl = 4*x")
plot(x, y2, label="y2 = x*2")
legend()

xaxis.set_minor_locator(AutoMinorLocator())
yaxis.set_minor_locator(AutoMinorLocator())
tick_params(which="major"', length=10, width=2)

tick_params(which="minor', length=5, width=1)

plt.show()

Ecnn B pOaHHbIN MOMEHT BaM 4TO-TO KaXETCA HEMOHATHbIM - He

nepexunBanTte, ganee Mbl pasdepem nogpobHO O0COOGEHHOCTM HACTPOMKU U

MCNorib30oBaHNA BCEX ANIEMEHTOB, MNMpeacTtaBreHHbIX Ha rnore C I'pa(bVIKaMVI.
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Ypok 2. OcHoBbI paboTnl Mojyaem pyplot

MpakTnyeckn Bce 3agadn, CBSI3aHHble C MOCTPOEHWEM rpaduKoB, MOXHO
peLnTb, NCNOMb3ys BO3MOXHOCTU, KOTOpbIe NpegocTaBnsier Moaynb pyplot.
[ns Toro, 4tobbl 3anycTnTb NOOON U3 NPUMEPOB, NPOAEMOHCTPUPOBAHHLIX B
NepBOM ypoKe, BaM NpeaBapuTenbHO HYXHO Oblio umnoptupoBaTth pyplot
n3 oubnuotekn Matplolib. B HacToswee BpeMs, cpeau nornb3oBaTenen,

MPUHATO MMMNOPT Moayns pyplot npounssoauTh creayowmnm obpasom:

import matplotlib.pyplot as plt

Cospatenun Matplolib noctapanucb caenatb ero NoOXoXuWMm B MCMOMb30BaHUN
Ha MATLAB, Tak 4TO ecnu Bbl 3HAaKOMbl C NOCMEeAHUM, TO pasobpaTbcs C

Matplolib 6ygeT npoue.

2.1 ITocTpoenne rpadukoB

OCHOBHbIM 3NeMeHTOM Kn3obpaxeHusa, KoTopoe cTpouT pyplot aBnsercs
durypa (Figure), Ha Hee HaknagbliBalTCA OAWH UK 6onee rpadmkoB, OCEN,
Hagnucen n 1.4. [lna noctpoeHus rpaduka ncnons3yercd komaHga plot(). B

caMOM MNHUMaAlribHOM BapunaHTe MOXHO ee UCIMOoJ1b30BaTb bes3 napamMeTpoB:

import matplotlib.pyplot as plt
%matplotlib inline
plt.plot()

B pesynsraTte 6ygert BbiBeAEHO NycToe norne (CM. pucyHok 2.1).

0.04

002

0.00

—0.02

-0.04

~0.04 —0.02 0.00 0.02 0.04

PucyHok 2.1 — lNycToe none
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[anee komaHgy nmnopta U magic-komaHgy ans Jupyter (nepsas n BTopas

CTPOKU ﬂpMBe,D,eHHOVI BblLLE I'IpOFpaMMbI) Mbl HE 6yﬂ,eM YKa3blBaTb.

Ecnn B kavectBe napametrpa QyHkuum plot() nepepatb CNUCOK, TO
3Ha4YeHus 13 3TOro cnucka ByayT OTMNoXeHbl MO OCU OpAMHAT (OCb V), a No ocu

abcumcc (ocb x) 6yayT OTNOXEHbl MHAEKCHI 3IEMEHTOB MaccuBa:
plt.plot([1, 7, 3, 5, 11, 1])

10 1

0 1 2 3 a 5
PucyHok 2.2 — JInHenHbIN rpacpuk, NOCTPOEHHbLIN MO 3HAYEHUAM Y
[na Toro, 4ToObl 3a4aTb 3HA4YeHUs MO OCAM X U ¥y Heobxogumo B plot()

nepenartb ABa crvcka:
plt.plot([1, 5, 10, 15, 20], [1, 7, 3, 5, 11])

10 A

25 50 75 100 125 150 175 200

PucyHok 2.3 — JInHeuHbIN rpacpmk, NOCTPOEHHbIN MO 3HAYEHUAM ¥ U X
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2.2 TeKcTOBBIE HAATIMCHU Ha rpadguKe

Hanbonee yacto ncnosnb3yemble TEKCTOBbIE HAAMUCKU Ha rpadmke 3TO:
* HaMMEHOBaHWS OCewn;
* HanmMeHoBaHWe camoro rpaduka;
¢ TEeKCTOBbl€ NMpmnMmedaHu4a Ha nosie C FpaCbI/IKOM;

e nereHpa.

PaCCMOTpMM KpaTKO AaHHblE 3J1IEMEHTHI, bonee I'IO,EI,pO6HbIl71 pacCka3 O HUX

bynet B “3.3 Tekcmosbie arieMeHmMbI 2paghuka’.

2.2.1 HaumeHOBaHHUe 0ceH
OAna 3agaHna noanuMcm ocu x mucnonb3yetcs dyHkuma xlabel(), ocu y -
ylabel(). Pa3bepemcs ¢ aprymeHTaMmn faHHbIX (PyHKUMIA. 34ecb U panee
aprymeHTbl Oyaem onucbiBaTb cregyowmm obpasom:

* umsa_aprymeHTa: Tun(bl)

© onucaHue

Onsa  dyHkumn xlabel()/ylabel() OCHOBHbIMM HABNANOTCA cnegylowme
aprymMmeHTb!:
 xlabel (unnylabel): str
o TeKCT noanucu.
* labelpad: uncneHHoe 3HayeHne NMbo None; 3Ha4YeHMe Mo YMOSYaHUIO:
None
o PacctogHne Mexay obnactbio rpaduvka, BKIIOYAKLWYH OCKU, U

METKOMN.
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dyHKuMn  xlabel()/ylabel() npuHUMaKOT B KayecTBe aprymeHToB
napamMmeTpbl KOHCTpPyKTOpa kKracca matplotlib.text.Text, HekoTOpble U3
HUX HAM MOTYT MPUroaNTbLCS:

 fontsize vnu size: yncno nMbo 3HaveHne n3 cnmcka: {'xx-small',

'X-small', ‘'small', ‘'medium', ‘'large', 'x-large', XX -

large'}
o Pasmep wpudrta.

« fontstyle: 3HayeHne w3 cnucka: {'normal’, 'italic',
'oblique'}

o CTunb WwpudrTa.

 fontweight: ynucno B gmanasoHe ot 0 go 1000 nubo 3HadeHue u3
cnucka: {'ultralight’, 'light', "normal’, 'regular’,
"book’, ‘medium’, 'roman’, 'semibold’, 'demibold’,
'demi', 'bold', 'heavy', ‘'extra bold', 'black'}
o TonwmHa wpudrTa.

e color: ogHM 13 OOCTYMHbIX cnocoboB onpeaeneHus useta cMm. “2.3.2
Lisem nuHuu’.

o LlgeT wpudrTa.

Mpumep ncnosnb3oBaHUS:
plt.xlabel('Day', fontsize=15, color="blue'")

Hamn 6bina paccMoTpeHa TONMbKO  YacTb  apryMEHTOB  QOYHKLMMA
xlabel()/ylabel(). Tak Kak Mbl TOSMIbKO HayMHaeM 3HAKOMWUTLCHA C

MHCTPYMEHTOM pyplot, npmneBeaeHHoOro Crimcka 6yu,eT OOCTaTO4HO.

2.2.2 3aro/10BOK rpaguka
[ns 3agaHna 3aronoBka rpaduka ncnonbayetcs pyHkuma title():

plt.title('Chart price', fontsize=17)
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3 ee napameTpoB OTMETUM CrnegyroLme:
 label: str
o TeKCT 3aroroska.
* loc: 3HadyeHue n3 Habopa: { 'center', 'left', 'right'}

o BblpaBHUBaHME 3arofioBKa.

Onsa dyHkumn title() Takke OOCTYMNHbI NapamMeTpbl KOHCTPYKTOpa Knacca
matplotlib.text.Text, 4acTb K13 HUX nMpeacraBrneHa B OnNUcaHUu

aprymeHToB doyHKUMn xlabel()/ylabel().

2.2.3 TekcToBOE NpUMeyaHue
3a pasmelleHne TekcTa Ha nomne rpacduvka otBeyaeT dyHkuma text(),
KOTOPOW NepBbIM N BTOPbIM apryMeHTamu nepeaarTcsi KOopAMHaThl NO3ULMK

HadmnmcKu, rnocrie - TeKCT camMmou Hagmnncu:
plt.text(1, 1, 'type: Steel')

[Ona 6ornee TOHKOW HACTPOMKM BHELIHErO0 Buaa TEKCTOBOrO MNpumMedaHus

VICI'IO.I'Ib3yl7ITe napameTpbl KOHCTPYKTOpa Knacca Text.

2.2.4 JlereHja
Jlerenga 6ynet pasmMelleHa Ha rpaduke, ecnu Bbi3BaTb PYHKUMIO legend(),

B paMKax OaHHOIo ypoKa Mbl He 6y,u,eM paccMmaTpuBaTtb aprymeHThbl aTon

dyHKUMN.

PasmecTnm Ha yxe 3HakoMoM Ham rpadumke Heobxoamumblin Habop nognucen:
X [1, 5, 10, 15, 20]

y [1, 7, 3, 5, 11]

plt.plot(x, y, label="steel price')

plt.title('Chart price', fontsize=15)

plt.xlabel('Day', fontsize=12, color="'blue")

plt.ylabel('Price', fontsize=12, color="blue"')
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plt.legend()
plt.grid(True)
plt.text(15, 4, 'grow up!")

Chart price

—— steel price

Price

grow up!

25 50 75 woe 125 150 175 200
Day

PucyHok 2.4 — TekcToBble HaanNMcu Ha rpaduke

K nepedvncrieHHbiMm onunamMm Mbl nobasunun CETKY, KOTOpasa BKIlHO4aeTCcAaA C

NOMOLLLIO PYHKUUK grid(True).
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2.3 Pabora c TuHeHHbIM rpauKomM

B atom naparpacde 6yayt pacCMOTPEHbI

OCHOBHble MapameTpbl

ang

N3MEHEHNS BHeLWIHero Buaa NuMHenHoro rpadouka. Matplotlib npepoctasnsier

OrpOMHOE KOJNMMYeCTBO WMHCTPYMEHTOB AOJ14 NMOCTPOEeHUnE pa3findHbiX BUOOB

rpacdomkoB. Tak kak Hamboree 4acTo BCTpevawwmncd Bug rpadpuka - 310

NVUHEWHbIN, eMy U yOennum BHUMaHue.

MapameTpbl, KOTOpble OTBEYalT 3a OoTobpaxeHwe rpaduka MOXHO 3adaTb

HenocpeacTBEHHO B caMol pyHKumum plot():

plt.plot(x, y, color="red")

nnbo Bocnonb3oBaTbCa PyHKUMen setp():

plt.setp(color="red', linewidth=1)

2.3.1 Ctunb iHUM rpauka

Ctunb nuHUKM rpadmka 3agaetca Yepesd napametTp linestyle, KOTOpbIN

MOXeT NPpMHNMMaTb 3Ha4YeHUA U3 I'IpI/IBeLI,eHHOIZ HWXe Tabnuupbl.

Tabnuua 2.1 — CTUnNu NUHUKM NUHENHOro rpacuka

3HayeHue napameTpa

OnucaHume

-''uvnn 'solid"

HenpepbiBHas NMHUS

--'"vnn 'dashed’

LITpuxoBaga nmHuA

-." vnn 'dashdot’

LUTpVIXI'IyHKTI/lpHaFI JIMHNA

"' unm 'dotted’

[MTyHKTMPHasA NNHKUA

"None' wunu nnun

He otobpaxaTb NMHUIO
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CTunb NUHMM MOXHO NepefaTb cpasy nocre CNUCKOB C koopanHatamu 6e3
yKasaHus, 4To 9TO napameTp linestyle:

x = [1, 5, 10, 15, 20]

y = [1, 7, 3, 5, 11]

plt.plot(x, y, '--")

10 4 ,

25 50 75 100 125 150 175 200

PucyHok 2.5 — JIuHuA ¢ npuMeHeHHbIM CTUNEM

[pyron BapnaHT - 3T0 BOCNOSb30BaTbCA PyHKUMen setp():
x = [1, 5, 10, 15, 20]

y = [1, 7, 3, 5, 11]

line = plt.plot(x, y)

plt.setp(line, linestyle="--")

Pe3yJ'IbTaT 6y,£|,eT TOT XK€, YTO Ha PUCYHKE BblLLE.

[ns Toro, YToObl BLIBECTU HECKOMNbLKO rpadhnKoB Ha 0AHOM Morfe HeobxoauMo

nepegaTb COOTBETCTBYHOLWME HAabopbl 3Ha4YeHM B oyHKLUMIO plot ().
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MocTpoumM Heckonbko HabopoB AaHHbLIX N BbIBEOEM MX C

PasnUYHbIX CTUMEN INHUMK:
x = [1, 5, 10, 15, 20]

yl = [1, 7, 3, 5, 11]

y2 = [i*1.2 + 1 for i in y1]
y3 = [i*¥1.2 + 1 for 1 in y2]
y4 = [i*1.2 + 1 for i in y3]

=y X, y2,

plt.plOt(X, yl: =y X, y3: “e 5 X, y4: '

MCnorib3oBaHNEM

)

20 1

15

10

0 T T T T T T T T

w0 125 150 175 20.0

PucyHok 2.6 — Heckonbko rpaduMkoB, NOCTPOEHHbIX oaHOW hyHKLMen

plot()

ToT e pesynsrat MOXXHO MOnyYnThb Bbi3BaB plot () Ans NOCTPOEHUS Kaxaoro

rpadpuka no oraenbHOCTU. Ecnm Bbl XOTUTE NPeACTaBUTb KaXKabin rpadouk

OTAEerNbHO Ha CBOEM Mofne, To ucnosnb3ymnte anga atoro subplot() (cm. “2.4.1

Paboma c ¢pyHkyuet subplot()”):
plt.plot(x, y1, "-")

plt.plot(x, y2, '--")
plt.plot(x, y3, '-.")

plt.plot(x, y4, ":")
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PucyHok 2.7 — Heckonbko rpadoukoB, NOCTPOEHHbIX pa3HbIMU
dyHKunamm plot()



2.3.2 IIBeT ivHUU
LiBeT nuHum rpacdmka 3agaetcs 4vepe3 napameTrp color (unn c, ecnu
MCMNONb30BaTb  COKPALLUEHHbIM  BapuaHT). 3HayeHMe  MoOXeT  ObITb
npeacTaBneHo B O4HOM U3 criegyroLwwmnx gopmMaTos:
* RGB vinn RGBA xopTex 3Ha4eHun ¢ nnaBatoLllein TOYKOM B AnanasoHe
[0, 1] (npumep: (0.1, 0.2, 0.3);
* RGB nnu RGBA 3Ha4eHune B hex cbopmarte (npumep: ‘#0adada’);
* CTPOKOBOE MpefCTaBfeHMe yncna C nnasarwowen TOYKOW B guManasoHe
[0, 1] (onpegensieT UBET B LWKane ceporo) (npumep: ‘0.7°);
e cumBon u3 Habopa: {'b', 'g', 'r', 'c', 'm', 'y', 'k', 'w'};
* nmsa useta ns nanutpbl X711/CSS4;

- uBet w3 nanutpbl xkcd (hitps://xkcd.com/color/rgb/), pomkeH

HayMHaTbCA € npedwukca 'xkcd:';
* uBeT u3 Habopa Tableau Color (nanutpa T10), QOMKEH Ha4yMHATLCS C

npedwukca 'tab:".

Ecnu uBet 3agaetcsa ¢ nomoLibo cumBona m3 Habopa {'b', 'g', 'r',
'c', 'm', 'y', 'k', 'w'}, TO OH MOXET ObITb COBMELIEH CO CTUNEM
NUHUM B pamkax napametpa fmt pyHkumn plot(). Hanpumep: wTpuxosas
KpacHasa nuHus BygeTt 3agaBaTbCs Tak: ‘--r’, a WTPUX NyHKTUPHaaA 3ereHas
Tak ‘-.g’:

x = [1, 5, 10, 15, 20]

y = [1, 7, 3, 5, 11]

plt.plot(x, y, "--r")
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PucyHok 2.8 — U3ameHeHMe uBeTa SIMHUKU

2.3.3 Tun rpajduka
[10 3TOro MOMeHTa Mbl paboTanu TOfbKO C MMHENHBIMU FpadukamMmm, QPyHKLMS
plot() nossonser 3agaTb TUN rpaduka: NIMHENHbIM MO0 ToYeuyHbln. [0nd

TOYeYHoro rpaduka HyXXHO yKasaTb Mapkep, KOTOpbIn OyoeT Mcrnonb3oBaTbCH
NS ero BbIBOAA.

[MpuBegem napy nNpuMepos:
plt.plot(x, y, 'ro")

10 4

25 50 75 100 125 150 175 200

PucyHok 2.9 — N'padpuk coCTOSALLUMMN U3 KPYTITbIX KpAaCHbIX TOYEK
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plt.plot(x, y, 'bx")

10 4

25 50 75 100 125 150 175 200

PucyHok 2.10 — Npacpuk cocTosiLiMn U3 CUHUX X-CUMBOJSIOB

Pasmep Mapkepa MOXHO MeHATb, 00 3TOoM 0Oonee nogpobHo 6yoer
pPacCcMOTPEHO B ypOKe, MOCBALWLEHHOM TOYEYHbIM rpadukam.
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2.4 Pa3menienuie rpa)MkoB OT/ie/IbHO JPYT OT Jpyra

CyLLecTBYIOT TPU OCHOBHbIX NMOAX0OA4a K pasMeLLeHNI0 HECKOSTbKUX rpadomnkoB
Ha pasHbIX NONAX:
* ucnomnb3oBaHMe  QyHKUuM  subplot() 4Ona  ykasaHMa  MecTa
pasMeLLeHuns nong ¢ rpadukom;
* ncnonb3oBaHne pyHKUUKM subplots() onga npenBapUTENbHOIO 3a4aHus
CETKM, B KOTOPYHO ByayT yKnaabiBaTbCs Noss;
* ucnonb3oBaHne GridSpec, ana 6onee rmMbkoro 3agaHus reomeTpum

pasMeLLieHns nonen ¢ rpacdmkammn B ceTke.

B atom YpoOKe 6yﬂ,yT paCCMOTpEHbI nepBble ABa nogxoaa.

2.4.1 Pabora c ¢yskiueii subplot()

Cambln npocTton cnocob npefcraBuTb rpadukn Ha OTAESbHbLIX MNOMAX - 3TO
ncnonb3oBaTb (PYHKUMIO subplot() ona 3agaHua ux Mect pasmelleHuns. [1o
9TOro MOMeHTa Mbl He paboTanu ¢ Purypon (Figure) HanpsiMyto, 3Ha4YEHNA ee
napamMeTpoB, 3aJaBaeMble MO YMOMYaHUIO Hac ycTpausanu. [ns peweHus
TEeKyLlen 3agaym npuaeTcs oauH U3 napamMmeTpoB - pa3mep NOASIOKKU, 3aaaTb
BPYYHYL0. 3a 9TO oTBeYaeT apryMeHT figsize doyHkumn figure(), KOoTOpomy
npucBamBaeTcs KopTex u3 aByx float anemeHToB, onpeaensaowmx BbICOTY U

LUMPWUHY MOATOXKKM.

Nocne 3apaHus pa3mMepa, YyKa3blBaeTCA MEeCTONOJIOKeHne:. Kyada 6yu,eT

YCTaHOBJEHO More ¢ rpadoMKoM € NOMOLLbIO OYHKUMK subplot ().
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[ocTynHbl cnegyowme BapnaHThbl BbidoBa subplot():

subplot(nrows, ncols, index)
 nrows: int
o KonuyecTtBo CTPOK.
 ncols: int
o Konu4yecTtBo cTONOLOB.
+ index: int

o MecTononoxeHune anemMeHTa.

subplot(pos)
e pos:int
o [losnumsa. 3agaetcsa B BuOe TPex3HayHOro 4ucrna, cogepxaliero
MHOPMaLNIO O KONMMYeCTBE CTPOK, CTONBLUOB U MHAEKCe, Hanpumep:
yncno 212 osHayaeT: NoAroToBUTbL pPasMeETKy C ABYMS CTPOKaMu u
OOHMM CTONBLOM, 3NeMeHT BbIBECTU B MEPBYID MO3MLMIO BTOPOW

CTPOKMW.

BTopoli BapnaHT MOXHO WUCMONb30BaTb, €CMM KONMMYECTBO CTPOK U CTONOLOB

ceTkn He 6onee 10, B MHOM cny4yae, nydue O6paTMTbCFI K nepBoMy BapuUaHTy.

PaccmoTpum Ha npumepe paboTy ¢ AaHHbIMU PYHKLUAMM:

# UCXO0O0HbI Habop OaHHbIX
x = [1, 5, 10, 15, 20]

yl =11, 7, 3, 5, 11]

y2 = [i*1.2 + 1 for i in y1]
y3 = [i*¥1.2 + 1 for 1 in y2]
y4 = [i*¥1.2 + 1 for 1 in y3]

# Hacmpolika pa3smepoB nodnoxkKu

plt.figure(figsize=(12, 7))
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# BbiBo0 epagukob

plt
plt
plt
plt
plt
plt
plt
plt

.subplot(2, 2, 1)

.plot(x, y1,

)

.subplot(2, 2, 2)

.plot(x, y2,

o)

.subplot(2, 2, 3)

.plot(x, y3,

SN

.subplot(2, 2, 4)

.plot(x, y4,

I:I)
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PucyHok 2.10 — Pa3melieHune rpachmkoB oTaenbLHO Apyr oT gpyra
(npnumep 1)

BTopoun BapmaHT ncnosnb3oBaHus subplot () OyaeTt BoIrmageTh Tak:
# BbiBo0 epagpukoB

plt.
plt.
plt.
plt.
plt.
plt.
plt.
plt.

subplot(221)

plOt(X, yl: "l)

subplot(222)

plOt(X, y2: l"')

subplot(223)

plOt(X, y3) l'°')

subplot(224)
plot(x, y4,

)
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2.4.2 Pabora c ¢pynknuen subplots()

HeynobctBo  MCNonb3oBaHMS  NOCMedoBaTENbHOMO  Bbl30Ba  (PYHKLUMMA
subplot() 3akmnoyaeTrca B TOM, YTO KaXAbl pa3 MpuUXoguTCHa YyKasbiBaTb
KONM4ecTBO CTPOK M cTonbuoB ceTku. Ons Toro, 4Ttobbl 3TOrO0 M3bexaTtb,
MOXHO BOCMOSIb30BaTbCA PyHKUMEN subplots(), U3 Bcex ee napameTpoB
Hac WHTEpecCylT TOMbKO nepsble OBa, Yepe3 HUX nepenaeTcs Konm4ecTBo
CTPOK 1 cTonbuoB ceTkn. OyHKuMs subplots() BosBpallaeT ABa obbekTa,
nepBbli - 3TO Figure, NOANOXKA, Ha KOTOpoW OyayT pasmMelleHbl nons C
rpadmkamu, BTOPON - O6BEKT (MN