JlabopaTopna poGora Nel
Busenennsi BumMiproBaJjbHol iHpopMmanii 3a nonomororw Matplotlib B Python

Meta: O3HallOMUTHCS 3 METOIaMH MTPEICTABICHHS Ta Bi3yai3amii BUMipIOBaJIbHUX JAaHUX Y
Python. HaBuuTrCst 3acTOCOBYBATH pi3Hi 3aCO0H IS aHAIII3Y Ta IMOJAaHHS PE3y/IbTaTiB.

1.1 TeopeTuusi BizomocTi

Matplotlib — ne wnadimonymnspuima 6i6mioreka Python mns Bisyandizaumii maHmx,
HU3bKOpiBHEBa 0i0mioTeka it modynosu rpagis Ha Python, sika Cy>XUTh YTHIIITOIO Bi3yai3arii.
Matplotlib 6yB ctBopenuit xxonom J[. Xantepom. Matplotlib mae BinkpuTuii BUXigHUNA KO, 1 MU
MOXEMO BUIBHO HOro BHKOpHCTOBYBaTH. Matplotlib 31e6inbimoro Hanucanuii Ha Python, kinbka
cermenTiB Hanucani Ha C, Objective-C ta Javascript s cymicHocTi 3 tuatdopmoro. Buxinuuit ko
Matplotlib 3HAXOUTHCS B IbOMY peno3uTopii github 3a aapecoro
https://github.com/matplotlib/matplotlib

BcranoBnenHs BinOyBaeThcs 3a jgomomoror komanmu Pip install matplotlib. TTicis
BcTaHoBieHH Matplotlib iMmopTyiiTe ioro y cBoi mporpamu, AOAABIIM HACTYIMHUUN omepaTop:
import module. [1yis nepeBipku Bepcii BAKOPHCTOBYETHCS:

import matplotlib
print(matplotlib.__version_)

OCHOBHI MOKJIMBOCTI:
e TloGynoBa JiHiliHuX rpadikiB, CTOBMUACTHX Jiarpam, ricTorpaM, KpyroBux Jiarpam.
o [ligrpumxka 2D ta 3D rpadikis.
e HanamryBaHHS CTUITIB: KOJTbOPH, MapKEpH, MPUDTH, CITKH.
o 30epexenns rpadikiB y pizaux ¢popmarax: PNG, PDF, SVG.
e MoxJHBICTh IHTEPAKTUBHOI poboTH (Hampukiaz, y Jupyter Notebook).

binpuricts yrrimit Matplotlib suaxoasitees B pyplot migmoyi Ta 3a3Bu4aii iMIOPTYIOTHCS
mig plt meegoHiMOM:

import matplotlib.pyplot as plt

Oyukiis plot() BUKOPHUCTOBYEThCS UIS MaiOBaHHS TOYOK (MapkepiB) Ha miarpami. 3a
3amoBuyBaHHsM Plot() GyHKIIisS Maro€e JIiHIIO Bil TOUYKK 10 ToYKH. DYHKIS NpUiiMae mapamerpu
JUTS. BU3HAUYEHHS TOUYOK Ha Jliarpami.

[Tapametp 1 — 11e MacuB, 110 MICTUTh TOYKH Ha OCI X .

[TapameTp 2 — 11e MacHB, 110 MICTUTh TOUYKH Ha OCi Y .

SIKI10 MU HE BKaXX€MO TOYKHM Ha OCi X, BOHH OTPUMAIOTh 3HAYEHHs 3a 3aMOBYYyBaHH:M 0, 1,
2, 3 TomIO, 3aJeKHO BiJ JOBXHHU TOYOK Y. MOXXHA BHKOPHCTOBYBAaTH apTyMEHT KJIFOYOBOTO

CJIoBa marker, H_[O6 l'[i,[[erCJ'II/ITI/I KOKCH ITYHKT 3a JOIMOMOI'OK0 BKa3aHOI'0O MapKepa:

Tabnuns 1.1 — Buau mapkepis

Mapkep Onuc
Koo
3ipka
Touka



https://github.com/matplotlib/matplotlib
https://github.com/matplotlib/matplotlib

ITikcens

X' XpecTuk

X XpecTuk (3armoBHEHUH)
+' IToc

P’ [Tmroc (3armoBHEHUT)

's' Ksanpar

D Pom6

o} Pom6 (ToHKHIA)

P’ [Tentaron (I’ ITHKYTHHUK)
H [ITecTukyTHUK

h [IecTUKYTHHK

V' TpUKYTHUK BHU3

n TpuKyTHUK Bropy

<' TpuKyTHHUK BIIIBO

> TpuKyTHUK BIIpaBO

1 Manuii TPUKYyTHUK BHU3
2' Manuii TpUKYTHUK BrOPY
3 Manuii TpUKYTHUK BIiBO
‘4 Manuii TpUKYTHHK BIIPABO
I BeprukanbHa niHis

v ["opu3oHTanBHA JiHIA

Tak0)k BHKOPHCTOBYETHCS MAPaMETP CKOPOUEHOTO PSIKOBOTO 3aIUCY , II100 BKa3aTH MapKep.
Lleit mapameTp Takox HazuBaeThes fMt 1 3amucyeThes 3 TakuMm cunTakcucom: marker|linelcolor

import matplotlib.pyplot as plt

import numpy as np

import random

arr = [random.randint(1,50) for _in range(50)]
plt.plot(arr, 'o-.r")

plt.show()
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Puc.1.1 — Bizyauizaris rpadika 3a gormomororo fmt ¢popmary.

Tabmuus 1.2 — Buau aiHiin

CuHTakcuc iHii

Ormuic

Cy1inbHa TiHis

[TynkTupHa niHist (Kparku)

ITpuxoBa JiHis (TUpE)

[ITpuxmyHKTHpHA JIiHIsS (TUPE 3 KparKaMu)

SIKIIIO TPOIYCTUTH 3HAYEHH JIiHii B mapametpi fmt, minis He Oyme HaMaTbOBaHa.



Tabmuus 1.3 — Buay 1ocTynmHUX KOJIBOPIB.

CHHTaKCHUC KOJIbOPY 0)117(¢
T UYepBoHuit
[*) 3eneHuit
b’ CuHii
‘¢’ bnaxkutuuii (Cyan)
'm' [Typnypuuii (Magenta)
Y Kosruit
LS Yopuuii
‘W' binuii

Takox Ui KOHTPOJIFO Po3Mipa MapKepa BUKOPUCTOBYETHCS KIFO4OBe ciioBo marksize, a6o
cokopodeHo MS. 106 3MIHUTH KOJIip JiHIT HABKOJIO MapKepa BUKOPUCTOBYETHCS KIIIOUOBE CIIOBO
markeredgecolor, a6o ckopodyeHO IMEC, TakoX Ui 3MIiHH KOJbOPY CaMoOro Mapkepa
BUKOpucTOBYyeThCs Markerfacecolor, a6o ckopoueno mfc. ITiaTpuMyeThbes IiCTHALSIKOBHIA
dbopmar 3anucy koiabopy #4CAF50'

import matplotlib.pyplot as plt

import numpy as np

import random

ypoints = np.array([random.randint(1,50) for _ in range(10)])
plt.plot(ypoints, marker ='0’, ms = 20, mfc = 'r")

plt.show()

J1st 3MiHM BUTJIATY JIIHIA BUKOPUCTOBYIOTHCS KJIFOUOBI CIIOBA!
Linestyle a6o IS — 3mina Buxy niHii

Color abo ¢ — 3MiHa KOJIBOPY JIiHIT

Linewidth a6o Iw — 3mina mmpuau ninii

Jli1s moOy10BU IEKUIBKOX KPUBHX, 1110 B1100pakatoTh BUMIPIOBaJIbHI JaH1 BUKOPUCTOBYIOTh
plt.plot() mst Ko’kHOTO HAOOPY AAHUX.
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Puc.1.3 — Bizyamnizamis ais JeKUTbKOX HAOOPIB JaHUX.

VY Pyplot BukopucroBye dynkiii xlabel()ra ylabel(), 1106 BcTaHoBUTH MITKY 17151 OCEii X Ta 'y
Ta JJI BCTAHOBJICHHS Ha3BU rpadika BUKOPUCTOBYeThCA title()

import matplotlib.pyplot as plt

import numpy as np

import random

pointsl = np.array([random.randint(20,30) for _ in range(10)])
point2 = np.array([random.randint(1,50) for _ in range(10)])
fontl = {"family":'serif','color":'blue’,'size":20}

font2 = {'family":'serif','color':'darkred’,'size":15}
plt.plot(pointsl)

plt.plot(point2)

plt.title("Wather", fontdict=font1)

plt.xlabel("Day", fontdict=font2)

plt.ylabel("Temperature", fontdict=font2)

plt.show()

Wather

Temperature

Puc.1.4 — JlonaBanust Ha3BU rpadika Ta oceu.

BuxopuctoByetbest fontdict mapamerp y xlabel(), ylabel() Ta title(), mo6 BcTanoBuTH
BJIACTUBOCTI MIpU(Ty AN 3arojioBka Ta mignuci. Takok mapamerep loc BUKOPUCTOBYETHCS IS
MO3UIII0HYBaHHS 3aroJIOBKa.



Jlnst yBIMKHEHHSI CITKH BUKOPUCTOBYEThCs grid()pyHkinis. Y BUDaaKy SIKIO MOTPIOHO
Bi0OpakaTH JIMIIIE TIEBHI JTiHiT CITKH IMEPeIar0ThCs apryMEHTH J0 aXiS Ta JOMyCTUMI 3HAYCHHS «X»,
«y» T1a «bothy. Cama ciTka Mae BIacTHBOCTI siKi MoxxHa penarysatu color = 'color’, linestyle =
"linestyle ', linewidth = number

import numpy as np

import matplotlib.pyplot as plt

x = np.array([random.randint(20,30) for _in range(10)])
plt.title("Sports Watch Data™)

plt.xlabel("Average Pulse™)

plt.ylabel("Calorie Burnage")

plt.plot(x)

plt.grid(axis = "x", color = 'green’, linestyle = '--', linewidth = 0.5)

plt.show()
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Puc.1.5 — PeparyBanHs ciTKu.

Jns BinoOpa)keHHS OJHOYACHO KUIBKOX TIpadikiB ojpa3y BHKOPHCTOBYETbCS (DYHKIIIS
subplot(). ®ynkuis subplot()npuiimae Tpu apryMeHTH, sIKi OMUCYIOTH po3TanryBanHs dirypu. Maker
OpraHi3oBaHO B PSAAKH Ta CTOBIII, SKI MpPEACTaBIEHI MEepIIMM Ta JAPYTrUM aprymeHTamu. Tpetii
apryMeHT NpEJCTaBisie 1HAEKC MOTOYHOro rpadika. OTxe, SKII0O HAM MOTPIOEH MalOHOK 3 2
psakamu Ta 1 ctoBnuem (ToOTo 1Ba rpadiku OynyTh BiJoOpa)kaTUCS OJIUH HaJl OJHUM, a HE OPYyY),
MU MOXEMO HAaIMCATH CHUHTAKCUC TakuM 4duHOM: plt.subplot(2, 1, 1). 3aromoBku 10marOTHCS IO
KOXHOro rpadika okpemo uepes title(). Takoxk MokHa JOJATH 3arojOBOK JI0 BChOTO MallIOHKa 3a
noromororo suptitle()pyHkirii:

import matplotlib.pyplot as plt
import numpy as np

#plot 1:

x = np.array([0, 1, 2, 3])

y = np.array([3, 2, 1, 10])

plt.subplot(1, 2, 1)



plt.plot(x,y)
plt.title("SALES")

#plot 2:
x =np.array([0, 1, 2, 3])
y = np.array([4, 20, 30, 40])

plt.subplot(1, 2, 2)

plt.plot(x,y)
plt.title("INCOME")

plt.suptitle("MY SHOP")
plt.show()

MY SHOP
SALES INCOME
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Puc.1.6 — Subplot anst rpadixis.

®ynxkuis plt.scatter() BukopucToByeThes s OOYIOBH TOYKOBUX diarpam (Scatter plots), ne
KOYKHA TOYKa BU3HAYAETHCS KOOPMHATAMH (X, Y) 1 MOJKE MaTH BIACHHI KOJIip, po3Mip Ta hopmy.

plt.scatter(x, y, s=None, c=None, marker=None,
cmap=None, norm=None, vmin=None, vmax=None,
alpha=None, linewidths=None, edgecolors=None,
plotnonfinite=False, **kwargs)

Tabmuus 1.4 — IMapametpu Scatter.

[Tapametp Onmc
X,y MacuBu KOOpAMHAT TOYOK (00OB’S3KOBI).
S Po3mip Touok (oaHe ynciao abo MacuB).
c Komnip Touok (psiioK, CIIUCOK, MACHUB).
marker Crtue Mapkepa (Hanpukiian ‘o', ', 's' ta Hmmi).
cmap Kapra konwopiB (Hampuksiap 'viridis', ‘plasma’, ‘coolwarm’).




norm Hopwmaurizatiist KoTbOpOBHX 3HAYECHb.

vmin, vmax MiHIMyM 1 MaKCUMYM JJIs1 HOpMaJTi3allii Koibopy.

alpha Ipo3zopicts (0 — mpo3opwuii, 1 — HEMIPO30pHii).

linewidths ToBmHa 0OBEICHHS MapKepiB.

edgecolors Koumip kpaiB mapkepis (‘none’, ‘black’, immmi).

plotnonfinite Sxkro True, To Touku 3 NaN un inf Tex OyayTh mokasasi.
kwargs JlonatkoBi mapamerpu (ycraakoByoThes Bia Line2D).

import numpy as np
import matplotlib.pyplot as plt

import matplotlib.colors as mcolors

# Jlani
np.random.seed(0)
x = np.linspace(0, 10, 50)

y = np.sin(x) + np.random.normal(0, 0.1, 50)

sizes = np.linspace(20, 300, 50) # posmipu

colors = np.linspace(0, 1, 50) # 3HAYCHHS 1T KOJIBOPY

# CTBOPIOEMO HOpMaTi3allito

norm = mcolors.Normalize(vmin=0, vmax=1)

plt.figure(figsize=(8, 6))

sc = plt.scatter(
X, Y,
s=sizes,
c=colors,
marker="o',
cmap="plasma’,
norm=norm,
alpha=0.7,
linewidths=1.5,
edgecolors="black’,

plotnonfinite=True,




label="BuwmiproBasibHni gani"

plt.colorbar(sc, label="3nauenus konbopy")

plt.xlabel("Yac (c)")

plt.ylabel(" Ammutityna")

plt.legend()
plt.grid(True)
plt.show()
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Puc.1.7 — BinoOpaxeHHs SCatter Ta B3aeMo/iisi 3 OCHOBHUMU IapaMeTpamu.

JInst noOy/I0BH CTOBIUACTHUX JliarpaM BUKOPUCTOBYEThCs pyHkirist bar(). OcHoBHi

napaMeTpH:
Tabmuus 1.5 — [Mapamerpu bar.
ITapamerp Onuc
X [To3uiii cTOBMUMKIB (CITUCOK 200 MacHB).
height Bucotu croBmumkiB (Cicok abo MacuB).
width Hlupuna cToBMYMKIB (0HE yuciio abo MacuB). 3a 3amoBuyBaHHsIM 0.8.
bottom 3MillIeHHs CTOBITYUKIB BITHOCHO Oci X (II0YaTOK CTOBITYMKA).
align BupisHtoBanHs: ‘center’ (mo ueHtpy X) abo ‘edge’ (o kpato).
data AnpTepHaTUBHUM CIIOCIO nepeaaTH naHi (cnoBHuK, DataFrame toro).
color Komnip croBmuukiB (ps0K, CIIUCOK).
edgecolor Koutip 00BeIcHHS CTOBITUHKIB.
linewidth ToBimHa IiHIIT 00BEIEHHS.
tick_label [Mignmucu kareropiit Ha oci X.
label ITignuc st JIeresau.
alpha [Tpo3opicts (0 — mpo3opwuii, 1 — HEIPO30pHiA).
hatch HItpuxysanus (Hanpukmaz, /', "\, ™
kwargs [Hnni napametpwu Bin Patch (manpukian zorder, capsize).




x=11,2,3,4,5]

height =[5, 7, 3, 8, 6]

height2 =[2, 3,1, 4, 2]

labels = ["A", "B", "C", "D", "E"]

plt.figure(figsize=(8,6))

plt.bar(
X, height,
width=0.6, # mmpuHa
bottom=0, # 3MilLIEeHHS
align="center", # BUPIBHIOBaHHS
color="skyblue", # koutip
edgecolor="black", # komip oOBeIeHHS
linewidth=1.5, # ToBIIMHA OOBEICHHS
tick_label=labels, # mianucu
label="OcuoBHi mani", # merenna
alpha=0.8, # po3opicTh
hatch="//", # WTpUXyBaHHS
zorder=3 # MOpSAI0K MaITIOBAHHS
)
plt.bar(
X, height2,
width=0.6,
bottom=height, # po3ranryBanHs nmoepx height

color="orange",
edgecolor="black",
linewidth=1.5,
label="]logaTkoBi mani",

alpha=0.7



plt.xlabel("Kateropii")
plt.ylabel("3nauenns")
plt.legend()
plt.grid(True, zorder=0)
plt.show()
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Puc.1.8 — BinoOpaxeHHs1 CTOBIYACTHX JiarpaM Ta B3aEMOJisl 3 OCHOBHUMM IapaMeTpaMH.

INicrorpama — 1ie rpadik, mo nokasye po3moaut yactot .Ile rpadik, mo mokasye KiIbKICTh
CIIOCTEepEkKEHb y KOKHOMY 3a1anomy intepBaii. ¥ Matplotlib Buxkopucrosyetses hist() dpyrkirito s
CTBOPEHHS TiCTOTPaM.

import matplotlib.pyplot as plt
import numpy as np

x = np.random.normal(170, 10, 250)
plt.hist(x)

plt.show()
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Puc.1.9 — I'padix modynoBanwmii 3a goromororo hist().



3a noromoroto pie() GyHKIIT MOXKHA MaTIOBaTH KPYTOBI Jiarpamu. 3a 3aMOBYYBaHHIM
no0y/10Ba MEPIIOTo KIWHY MOYUHAETHCS B/l OCI X 1 PyXa€ThCs MPOTH TOJMHHUKOBOI CTPLIKH.
[Tapamerp startangleBH3Ha4a€eTHCS KYTOM Y Ipagycax, KyT 3a 3aMOBUYBAaHHSIM JOpPiBHIOE 0.
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Puc.1.10 — [Mpuanmn moOy10BH KIIMHIB.

Ta6muus 1.6 — [Mapamerpu bar.

[Tapamerp Onuc

X [TocninoBHICTD Uncen (3HAYSCHHSI CEKTOPIB).

explode 3mireHHst cekTopiB (Hanpukia, [0, 0.1, 0, 0]).

labels [Tigmucu cekTopis.

colors Konbopu cekTopiB.

autopct dopwmar BigcoTkiB (Hanpukiaz, '%1.1f%%").

pctdistance Binctanb TeKCTy Bif LEHTPY (TSI BIICOTKIB).

shadow Yu mamoBatu TiHb (True/False).

labeldistance Bincranp mianmuciB BiJ LEHTPY.

startangle Kyt novarky (Hanpuknas, 90).

radius Paniyc kona.

counterclock Hanpsmoxk (True — npotu roauaHuKOBO1, False — 3a).
wedgeprops CIIOBHUK JIJIs1 CTHJTIO CEKTOPIB (IIMPUHA JIiHI1, KOJIIP MEX1 TOIIIO).
textprops CHOBHUK JJ1s1 CTUJIIO TEKCTY (LIpUQT, KOJIp).

center Lentp xona (Hanpukma, (0, 0)).

frame Yu MaoBaTH paMKy HaBKOJIO Jliarpamy.

rotatelabels Yu moBepTaTH MiAMUCH CEKTOPIB.

normalize Yu HOpMai3yBaTu aHi 10 cymu 1.

data Crnosnuk abo DataFrame (11t 3py4HOro BUKIIUKY 3 TaHUMH).

import matplotlib.pyplot as plt

values = [40, 25, 20, 15]

labels = ["Python", "C++", "Java", "JS"]

colors = ["gold", "skyblue", "lightcoral™, "lightgreen"]

explode =[0.1, 0, 0, 0]

plt.pie(

values,




explode=explode,

labels=labels,

colors=colors,

autopct="%1.1%%/,

pctdistance=0.7,

shadow=True,

labeldistance=1.2,

startangle=90,

radius=1.1,

counterclock=True,
wedgeprops={"edgecolor’: 'black’, 'linewidth': 1, 'linestyle": '--'},
textprops={"fontsize". 12, ‘color": 'darkblue'},
center=(0, 0),

frame=True,

rotatelabels=True,

normalize=True

plt.title("TlomymsipHiCTH MOB ITporpamMyBaHHs")

plt.show()

MonynApHICTb MOB NPOrpaMyBaHHs
N

Java

Puc.1.11 — 3o0pakeHHs1 KPyroBoi Jgiarpamu.



Bizyamizanist qaHuX, 1110 BKJIIOYAIOTh TPU 3MiHHI, 9aCTO BUMara€ TpUBUMIPHOTO TpadiqHOTO
opopMIIEHHS UIsI  Kpalloro pO3yMiHHA CKJIQJHMX B3a€EMO3BSI3KIB  Ta  3aKOHOMIPHOCTEH,
SIK1 JBOBUMIpHI Tpadiku HEe MOXyTh BusBUTH. biomioreka Matplotlib y Python, 3aBmsxu cBoemy
incrpymenTtapiro mpl_toolkits.mplot3d , 3a6e3neuye nmoryxny miarpumky mist 3D-Bisyamizaii. 11106
posrnovatu crBopeHHs: 3D-rpadikis , mepmM BaxIJIMBUM KPOKOM € HalaIITyBaHHA cepenoBuina 3D-
rpadiuroro opopmieHHs, yBiMKHYBIIN 3D-ipoekiiito Ha ocsix rpadika. Hanpuxman:

import matplotlib.pyplot as plt
fig = plt.figure()
ax = plt.axes(projection="3d")

plt.show()
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Puc.1.12 — BigoOpaxenns 31 rpadiky.

JliniliHa TpUBHMIpHA Jiarpama 3'€IHy€ TOYKH Yy TPUBHMIPHOMY MPOCTOPI AJs Bizyasizaii
OesrepepBHOTO NULIXY. BOoHa KOpUCHA IJ1s1 IEMOHCTpAIlii TOTo, K 3MiHHA 3MIHIOETHCS 3 4acoM abo
npoctopoM y 3D. ¥V npoMy npukiiagi BUKOPUCTOBYIOThCS (YHKIII CHHYca Ta KOCHHYyca s
MaJTIOBAaHHS CIIPAIBHOTO MUISAXY.

from mpl_toolkits import mplot3d
import numpy as np

import matplotlib.pyplot as plt

fig = plt.figure()

ax = plt.axes(projection="3d")
z = np.linspace(0, 1, 100)

X =2z *np.sin(25 * z)

y =z *np.cos(25 * z)
ax.plot3D(x, y, z, 'green’)
plt.show()
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Puc.1.11 — Jlinilina TpuBUMIpHAa Jiarpama.

3D- nmiarpama po3ciroBaHHS BifoOpaka€ OKpeMi TOUKH JaHUX y TPbOX BUMIpax, 10 KOPHCHO
ISl BUSIBJICHHSI TeHICHIi# abo kiactepi. KoxkHa TOUKa mpeacTaBIise TOUKY 3i 3HaYeHHAMHE (X, Y, Z),
a KOJIip MOYKHAa BUKOPHCTOBYBATH ISl I0JIaBaHHS YETBEPTOTO BUMIpY.

fig = plt.figure()

ax = plt.axes(projection="3d")

z =np.linspace(0, 1, 100)
X =2z *np.sin(25 * z)
y =z * np.cos(25 * 2)

c=x+y # Color array based on x and y

ax.scatter(x, y, z, c=C)
ax.set_title('3D Scatter Plot")
plt.show()

IToBepxHeBi niarpamMu MOKa3ylOTh INIaJKy MOBEPXHIO, 110 OXOIUTIOE CITKY 3HaueHb (X, y) Ta
(bopMyeThbCs 3HAUCHHAMU Z. BOHU 4y10BO MIAXOAATH AJS Bizyasizamii (yHKIIN 3 ABOMa 3MiHHUMH,
3a0e3neuyoun 4iTKy Tonorpadiro 1aHux.

X = np.outer(np.linspace(-2, 2, 10), np.ones(10))

y = x.copy().T
Z = np.cos(x**2 + y**3)

fig = plt.figure()
ax = plt.axes(projection="3d")
ax.plot_surface(X, y, z, cmap="viridis', edgecolor="green’)

plt.show()



Puc.1.14 — BinoGpaskeHHs TOBEPXHEBOI Jliarpamu.

Kapkacuuii rpadik moaioamii 10 rpadika moBepxHi, ajue mokasye juire kpai abo «CKemeT»
noBepxHi. BiH xopucHuiA a1 po3ymiHHA CTpykTypu 3D-moBepxHi O3 BiIBOJIIKAHHS Ha KOJIPHY
3aJIMBKY.

def f(x, y):
return np.sin(np.sqrt(x**2 + y**2))

x = np.linspace(-1, 5, 10)

y = np.linspace(-1, 5, 10)

X, Y = np.meshgrid(X, y)

Z=1(X,Y)

fig = plt.figure()

ax = plt.axes(projection="3d")
ax.plot_wireframe(X, Y, Z, color="green’)

plt.show()

Puc.1.15 — BigoOpaxeHHs1 kKapkacHOTO rpadiky.

Leii rpadix moeanye 3D-moBEepXHIO 3 KOHTYPHUMHM JIHISIMH U1 BUJIUICHHS BUCOTH a0o
rmounHy. L{e mormomMarae witkinie BizyaaizyBaTu Gpopmy GyHKIIIT Ta 3MiHH TpajieHTa y 3D-mpocTopi.
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Puc.1.16 — BinoOpaxxernnst 3D-nioBepxHi 3 KOHTYPHUMHU JIIHISIMU [T BUALICHHS BUCOTH 200
TITHOVHH

Lei#t rpadik BUKOPUCTOBYE TPUKYTHI CITKH Ui oOynoBu 3D-moBepxHi 3 po3cisHuX abo
ciT4acTuX JaHuX. BiH ieanbHO MiAXOIUTh, KOJIHM MOBEPXHS HEpiBHA a00 KOJIM BUKOPUCTOBYIOTHCS

HENPSAMOKYTHI CITKH.

from matplotlib.tri import Triangulation

def f(x, y):
return np.sin(np.sqrt(x**2 + y**2))

x = np.linspace(-6, 6, 30)
y = np.linspace(-6, 6, 30)
X, 'Y = np.meshgrid(x, y)
Z =f(X,Y)

tri = Triangulation(X.ravel(), Y.ravel())
fig = plt.figure(figsize=(10, 8))
ax = fig.add_subplot(111, projection="3d")

ax.plot_trisurf(tri, Z.ravel(), cmap="cool', edgecolor="none’, alpha=0.8)

ax.set_title('Surface Triangulation Plot’)



ax.set_xlabel('x")
ax.set_ylabel('y")
ax.set_zlabel('z")

plt.show()

1.2 Mops10Kk BUKOHAHHS JIA0OPATOPHOI POOOTH

1. O3HaOMHUTHUCH 3 TEOPETUIHUMH BiIOMOCTSIMHU.
2. TloOymyBatu rpadiku Temneparypu Ta BOJIOrOCTi 3 JOTPUMaHHIM BUMOT:

Jamni:

e Tewmmeparypa (°C): [18, 17, 16, 15, 15, 16, 18, 20, 22, 23, 24, 25, 26, 26, 25, 24, 23, 21,
20,19, 18, 17, 17, 16]

e Bomnoricts (%): [85, 88, 90, 92, 91, 89, 85, 80, 75, 70, 68, 65, 62, 63, 67, 72, 78, 82, 86,
89, 91, 93, 94, 95]
N — 11e HoMep BapiaHTa, 10 KOYKHOTO 3HaUeHHsI TeMmeparypu goaaetsest N.
J10 KO’)KHOTO 3HAYEeHHs BOJIOTrOCTi BimHiMaeThest N.

Bumorn 1o rpagika:

e  Oxkpewmi JiHii JyIs TEMIIEPAaTypH Ta BOJIOTOCTI.
o Ilignucu mns koxuoi minii (label).
e Pisui mapkepu (marker) ta crumi minii (linestyle) mis koxHoro Habopy JaHUX.
e 3apmaiite kouip Jinii (color).
e Bcranosits ToBHMHAY JiHiH (linewidth).
e [lignmucu oceit (yacy Ta 3HaY€HB) Ta 3aroJIOBOK rpadika.
e Bino6pasits nerenay (legend).
e Jlomaiite citky (grid).
3. CtBopith aBa Tpadiku IS Bizyanizallii JaHUX MPO YCIINIHICTh Ta BiABIAYBaHICTh TPYIH
cTyzeHTiB.( scatter Ta bar):
Hani:
e Crynentu: [ben, 'bornan’, 'Biktopis', 'Okcana’, 'Makcum']
e Kimskicts BimBimyBans (3 N+15): [14, 12, 15, 11, 13]
e Cepenniit 6an (3 100): [88, 75, 95, 60, 82]



Bumoru no rpagikis:

o scatter(): [ToOynyiite ToukoBuii rpadik, ae mo oci X Oy/ae KiTbKICTh BiJIBIIyBaHb, a MO
oci Y — cepenniii 6an. Lle qonoMoske BU3HAUYUTH KOPEISILII0 MIXK LIUMH ITOKa3HUKAMH.
JlomaiiTe miamucH JI0 TOYOK.

e Dbar(): IToOyayiiTe CTOBIIYMKOBY Jiarpamy, 1o BizoOpaskae cepeani 6aau KOKHOIo
cryneHTa. [liqnumriTe cTOBMII 1 ToalTe 3aroI0BOK rpadika.

4. Bizyami3yiiTe po3MOJii BiKy HAaceJIEeHHS Ta CIIBBIAHOMIEHHS MDK PI3HUMH BIKOBUMH

rpymnamu.

Hani:

e Bik 20 oci0: [22, 25, 25, 28, 30, 31, 31, 35, 38, 40, 42, 45, 45, 48, 50, 55, 60, 62, 65, 70]
e Bikosi rpynu: ['18-30', '31-45', '46-60", '61+']

e Kinbkicts mrozeit y rpymax: [7+N, 8+N, 3+N, 2+N]

e  Bumoru 5o rpadikis:

» Ticrorpama (hist()):

[ToGymyiiTe rictorpamy ais nanux npo Bik 20 ocio.

Bukopucraiite 5-6 piBHoMipHEX iHTepBaiiB (bins).

BceranosiTe mignucu ais oci X (Bik) Ta oci Y (KinbKicTs Jrosei).

JlonaiiTe 3aroJloBOK JI0 TiCTOrpaMu, HAPHUKIIAL, "Po3moain Biky HaceneHHs "
3MiHITh KOJIip CTOBIILIB Ta MPO30PICTh 32 JOMOMOTO0 mapametpis color Ta alpha.
Honaiite mo3uaukw (tick marks) wa oci X, 110 BiAMoBiAat0Th MeKaM IHTEPBATIB.

» Kpyroga giarpama (pie()):

[ToGynyiiTe KpyroBy Aiarpamy, 1o BigoOpakae CIiBBITHOIICHHS KiJTbKOCTI
J0JeH y BIKOBUX TpyIax.

Bukopucraiite 1aHi npo BIKOBI ITPYIH Ta KUIBKICTb JIIOJICH.

Honaiire mignucu (labels) ams koxHOT yacTHHU TiarpaMu.

Bino6pa3sith BigcoTku (AUtOPCL) a5t KOKHOT YaCTHHH 3 OJHUM 3HAKOM ITiCIIst
KOMH.

3po6its "Bubyx" (explode) mist oaHiel 3 yacTHH giarpaMu (HapUKIIaI, ISt
Hai011b1I01 a00 HalMEHIIO1 rPyNH), 00 BUILIUTH Ii.

Honatite Tinb (Shadow=True) mo giarpamu.

BcranoBiTh 3aro0BOK AMis AiarpaMu, Hanpukiaa, "CriBBiTHOIIEHHS BIKOBUX

n

rpyn’".

5. CrBopiTh criimbHy Girypy 3 TpboMa miarpadikamu, mo BigoOpakaroTh JUHAMIKY MPOJaXiB y
TPHOX PI3HHUX perioHax 3a 12 micsis.

Hani:

e Perion A: [150, 160, 155, 170, 185, 190, 200, 195, 210, 220, 215, 230]
e Perion B: [120, 125, 130, 140, 135, 145, 150, 160, 165, 170, 175, 180]
e Perion C: [100, 110, 105, 115, 120, 125, 130, 140, 150, 145, 155, 160]
N — 11e HoMep BapiaHTa, 10 KOXKHOTO 3HaueHHs 1ofaeTbest N.

Bumoru no rpagika:

e Buxopucraiire plt.subplots() s ctBopenns citku 3X1.

o Koxen niarpagik mae BigoOpaxatu AUHAMIKY IPOJIaXKiB OJHOTO PETIOHY.

e OOOB'I3KOBO JTOIANTE MIAMKUCH OCEH Ta 3aroJIOBOK ISl KOSKHOTO Tiarpadika.
e CTBOpITH CIIUTLHUM 3ar0JIOBOK JIJIs BCI€T (Dirypwu.



6.

[ToGynyiite 3D-rpadik moBepxHi, 0 JEMOHCTPYE PO3MOIII TUCKY B 3aJIEKHOCTI BiJl
koopauHat (X, Y).

Hani: Bukopucraiite ¢yHkmito, ska iMITye BHMIpIOBaHHsS, Hampukiaa, Z =
np.sin(np.sqrt(X**2 + Y**2)), ne X ta Y — 116 KOOpAUHATH.

Bumoru no rpagika:

o

e CrtBOpith CiTKy KoopauHat X Ta Y 3a gornomororo np.meshgrid().
e OO6umcnitk 3Ha4eHHS Z (TUCK) 7151 KOKHOT TOYKH CITKH.

e Buxopucraiite mplot3d s modymou 3D-moBepxHi.

e Jlomaiite miamucu ais ocert X, Y, Z Ta 3arojoBok rpadika.

e HanamryiiTe KOI0pOBY MATITPY VISl KPAIIoi Bi3yasizallii.

1.3 3micr 3BiTY

HaiimenyBanHss 1 MeTa poOoTH;

Kon no ko)kHOMY IyHKTY MOPSAIKY BUKOHaHHS POOOTH;
PesynbpTatu poO0OTH 110 KO)KHOMY ITYHKTY BUKOHaHHS pOOOTH;
BucHoBKkw.

1.4 KonTposbHi 3anuTaHHA

Slke ocHOoBHe Tpu3HaueHHs OiOmiorekn Matplotlib y Python? Jlns doro Bona
BHKOPHUCTOBYETHCS Y HAYKOBHX Ta IH)KEHEPHUX PO3paxyHKax?

Ha3BiTh Ta omumiiTh TP OCHOBHI THUIH TpadikiB, SKi MOXKHA MOOYIyBaTH 3a JOIOMOTOO
Matplotlib, 1 mosICHITB, B IKMX BUITaJIKaX KOXKEH 13 HUX € HAHOUIbII e(PeKTUBHUM.

Yum Biapi3HsOThCS rpadiku, moOymoBaHi 3a gomomororo plt.plot(), Bix rpadikis plt.scatter()?
Hagenith npuxian qanux, s SKUX Kpare BUKOPUCTOBYBATH scatter().

SIka dynkuis Matplotlib BukopucTOBYy€ThCS 111 CTBOPEHHS CTOBITYMKOBOI Jiarpamu? SIki
naHi (OTHOBUMIPHI UM ABOBUMIpH1) MOTPiOHI /i ii moOymnoBu?

[MosicHiT, 10 Take ricrorpama (hist()). Yum BoHa BiAPI3HSAETHCS B/l CTOBIUKUKOBOI Aiarpamu?
Jlns Bi3yadmizallii sKOro TNy JaHUX BOHA IMiIXOJUTh HalKparie?

[{o Taxe subplot y Matplotlib? Hagimio iioro BUKOpUCTOBYIOTS 1 sika (QyHKIIIS OTPIOHA [Tt
HOro CTBOpPEHHS?



