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BCTYII

[HTEeHCMBHA MaTeMaTu3allisl PI3HUX Tally3el 3HaHb, a TAKOXK MOTPEOU MPaKTUKH
Ta OYpXJIUBUM pO3BUTOK OOYMCIIOBAIBHOI TEXHIKM BHUMAararoTh IOCTIHHOTO
BJOCKOHQJICHHS] ~ MaTEMaTUYHUX  METOJMIB  JOCHIPKeHb, PpPO3POOKHM  MHUTaHb
MaTEMaTUYHOro 3a0e3MeyYeHHs, 10 B CBOIO YEpry BUMara€ yMiHb pPO3POOKU
QITOPUTMIB, BAKOPUCTOBYIOUM Cy4YacHI MOBH MPOTPaMyBaHHS Ta MaTEeMAaTHKy. TomMy
1 BHHMKJIA TOTpeda BHUBYATH MaricTpaMH MaTeMaTHUKU Kypc «3acTOCYBaHHS
Cy4aCHHX MOB MPOTPaMyBaHHS 10 PO3B’SI3aHHS MAaTEMaTHUHUX 3a/1a4.

Ha cywyacHoMy etami pO3BHUTKY MaTe€MaTHKH Pi3KO 3pOcTae ii MpUKIaaHE
3aCTOCYBaHHA y pi3HUX Tamy3sX. Och KUIbKa CyTO MaTEMaTUYHUX 3a]ad, sIKi MO>KHA
BKJIIOUUTH JI0 KypCy: UHCEIbHE pPO3B’S3yBaHHS HENTIHIMHMX pIBHAHb Ta CHUCTEM,
peanizyiite mporpaM jis  OOYMCJICHHS BHU3HAYEHUX IHTErpasiB, YHUCEJIbHE
pPO3B’sA3yBaHHS 3BHYAHHUX AU(PEpEHIIaIbHUX PIBHSIHb 1 pO3poOKa mporpam s
po3B’s3yBaHHs 3ajgaui Kommn s cuctemMu nudepeHLiaibHUX PIBHSAHB, 3ajJada Ha
MOIIYK KOPEHIB PIBHSHHS 3a JOMOMOIOK METOJa JIUXOTOMIi, peati3allis mporpamu
JUIsL pO3B’sI3yBaHHA 3ajadl JIIHIMHOTO MpOrpaMyBaHHs, peajizallis Mporpamu Jyis
3HAXO/PKEHHsSI 00EpHEHO1 1 TMCceBI000EpHEHOT MATPHIll, peajizailis aJropuTMy JUis
3HAXO/PKCHHSI YUCJIOBUX XapaKTEPUCTUK MacUBY JaHuUX, moOyaoBa rpadikis. Lli
3a/laul MOKHa pealli3yBaTH 3a JIOMIOMOIOI0 Cy4aCHUX MOB MPOTpaMyBaHHS, TAKHX SIK
Python, C++, abo Java, BUKOpHUCTOBYIOYM BIJAMOBIJHI Oi0TIOTEKH JIsi POOOTH 3
MaTpUIIMHA, YHUCEIPHUMHU METOJaMH Ta MAaTEeMaTUYHHUMH  OOYHCIICHHSIMU
(mampukiiag, NumPy miist Python).

MeTo10 BHBYCHHS HABYAJIHHOI JMCHUIUIIHU «3aCTOCYBaHHS CYYacCHHX MOB
mporpaMyBaHHS J0 PO3B’SI3aHHS MaTEMaTHYHUX 337a9» € 3aCBOECHHS CUCTEMATHUYHUX
3HaHb 13 CyyacHUX MOB MporpamyBaHHs: Python ta R; onepyBanHs 1HCTpyMeHTapieM
Cy4aCHHX MOB MPOTpaMyBaHHS JIJIsl aBTOMAaTH3allli BUPIMIEHHS MaTeMaTUYHUX 3a7a4
Ta 0OpOOKM JaHWX; OTPUMAaHHS JOCBIlYy 3 MPOTPaMyBaHHS CHUCTEM, 30KpEMa aHAII3y
Ta MOJICJIFOBAHHIO MPOIIECIB Ta SBUIIl y TaTy31 MATEMAaTUKH Ta CTATUCTUKH.

Python mae mmpokuii HaGip 610J10TEK, SKI aKTUBHO BHKOPHUCTOBYIOTHCS B
MaTeMaTHlll Ta HAyKOBUX oOurciieHHsIX. Och IesKl 3 HaUTOMy IS pHIIITNX:

— Math: crangaptHuii Momynb Python, sikuii Hamgae 06a30BI MaTeMaTHUHI
GyHKLIi, TaKi AK 00YHUCHEHHS ¢dakropiany, norapu(Mis,
TPUTOHOMETPUYHUX (QYHKIIHA Ta IHIIUX.

— NumPy: 6i6miotexka najig poOOTH 3 OaraTOBUMIPHUMHM MacHUBaMU Ta
MaTpUISIMU, SIKa TAKOXX MICTUTh BEIMKY KUIbKICTh MaTEMAaTUYHUX (DYyHKIIIHA
Uit 00poOKM 1HMX CTPYKTyp. BOHa € OCHOBOIO mjis 6aratboX 1HIITUX
HayKoBHX 0101i0Tek y Python.

— SciPy: posmmproe moximBocti NumPy, Hamgaroun 10gaTKOBI MOMIYJ JIs
YUCENHHOTO I1HTETPYBaHHS, OMNTHMI3allii, OOpOOKM CHUTHAIIB Ta I1HIIUX
3a/1a4, MOB’3aHUX 3 HAYKOBUMH OOUYHUCIICHHSIMHU.



SymPy: 6i0moreka s CHMBOJIYHMX OOYMCIIEHB, SKa  JTO3BOJISIE
BUKOHYBAaTH anreOpaiuHi MaHIMyJsIli, COpPOILEHHS BUpPa3iB, OOUYHCIECHHS
MOXITHUX Ta IHTETPaJiB y CUMBOJIUHIN (Hopmi.

Pandas: mpusnaueHna s poOOTH 3 TaONMYHUMH JAaHUMH Ta YaCOBUMH
psnamu. BoHa 3abe3neuye 3pydHi CTpYKTypHU JaHUX, Taki sik DataFrame, Ta
IHCTPYMEHTH JIJISl aHAJI13y 1 MaHITyJIAIIT TaHUMH.

Matplotlib: Gi6GmioTexka [yIsi CTBOPEHHS CTaTUYHUX, AaHIMOBAaHMX Ta
IHTEepaKTUBHUX Bizyanmizamiil nanux y Python. Bona no3Bonsie OymyBaTu
pizHOMaHITHI Tpadiku Ta aiarpaMy AJs MPEACTABICHHS MaTeMaTUYHHX
TaHUX.

Seaborn: moOynoBana Ha ocHoBi Matplotlib, ns 6i6mioreka chporrye
CTBOPEHHS CTAaTUCTUYHUX TpadikiB Ta HaJa€ CTUIIBHIINI Ta i1HHOPMATHUBHIIII
Bi3yasi3aiiii.

Buxopucranns mux 0107110TeK A03BOJISIE €PEKTUBHO BHPIIIYBATH HIUPOKHI
CHEKTp MaTEeMaTUYHMX 3aJ]lay, BiJ 0a30BUX OOYHUCICHB JI0 CKJIAJHOTO aHaJi3y JaHHUX
Ta Bi3yasizaiii.

OCHOBHUMH 3aBJAHHAMM BUBUYCHHS JUCIUIUIIHU «3aCTOCYBaHHS CY4YacHUX
MOB TIpOTpaMyBaHHS J0 PO3B’SI3aHHSI MATEMATHIHUX 3a/1aD» €:

BUPOOMTH HABUYKM 13 3acTocyBaHHs cydacHMXx MoB Python ta R no
PO3B’sI3aHHS MaTeMaTUYHUX 33]1aY;

HaOyTH HaBUYKH 13 BUKOpUCTaHHS MOAyJiB Python;

BUPOOUTH HAaBMYKHA BUKOPHCTOBYBATH CydacHI MOBH MpPOTpaMyBaHHS MPHU
oprasizailii HayKOBUX JIOCIIIJIKEHb;

Ha0yTH HAaBUYKM 13 BUKOPUCTAaHHS NPUKIAAHUX Ta CIEHIaI30BaHUX
010J110TEK 3 METOIO X 3aMPOBAHKEHHS Yy MPOQPECIHIN AISIBHOCTI;

HaOyTH HaBUUKH 13 aHATI3Y 1 Bi3yamizaiii nanux y R.

VY pe3ynbTari BUBUEHHS HABYAIBHOI JAUCIUILUIIHK CTYJCHT MOBUHEH HAOyTH
TAKHUX MMPOrPaMHUX KOMIIETEHTHOCTEM:

3/IaTHICTh 3aCTOCOBYBATH 3HAHHS Y NMPAKTUYHUX CUTYAIlisX;

3/1aTHICTH A0 MOILIYKY, 0OpOOKHM Ta aHami3y 1H(popMallli 3 pi3HUX HKEepe, B
TOMY YHKCJIl THO3EMHOIO MOBOIO;

3IaTHICTh KOPHUCTYBATHCS ICHYIOUMMH TIPOTPaMHUMHU 3aco0amMu IS
NoIyKy iH(opMallii, TpoBeJeHHS OOYHCICHb, CTATUCTUYHOTO aHAIN3y Ta
Bi3yasizaii JaHux,

3IaTHICTH MPaIOBATU 3 BEIUKUMU 00CsTaMu JaHUX Ta aHaJ13yBaTH iX.

VY pe3ynbpTaTi BUBYEHHS HABYAJIBbHOI JMCLUMIUIIHA CTYJIEHT MOBUHEH HalyTH
TaKUX MPOTrpaMHUX PE3yJIbTaTiB HABUAHHS:

3HATH TEOPETUYHI OCHOBH 1 3aCTOCOBYBaTH OCHOBHI METOJIM MAaT€MaTUYHOI
CTaTUCTUKUA JUISI TIEPEBIPKH  TIiMOTe3, OOpPOOKH peanbHUX JaHUX,
3aCTOCOBYBATH KOMII FOTEpPHI 3aCO00U CTAaTUCTUYHOTO aHaNi3y JIaHUX;

BMITH 3aCTOCOBYBAaTH CyYacHI MOBHM MpPOTPaMyBaHHS JO pPO3B’sI3aHHS
MaTeMaTHUYHUX 3a/1a4.

Kypc «3acrocyBaHHsi CydacHMX MOB IIpOTPaMyBaHHS JO PO3B’A3aHHSA
MaTeMaTUYHUX 3aJlay» € JIOTTYHUM MPOAOBXKEHHSIM KypciB: «CTtaThucTHUHa 00poOKa
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naHux», «MoaemoBaHHS TUHAMIYHUX CHUCTEM 1 mpoueciB», «MaTeMaTu4yHi OCHOBU
MalIMHHOTO HaByaHHs». HalyTi 3HaHHS NpU BHUBUYEHHI Kypcy «3acTOCYBaHHS
CyyaCHHMX MOB MIpOTrpaMyBaHHS J0 PO3B’A3aHHS MaTEeMaTHYHUX 3aJad» HEOoOXiTHI
JUIA TIOANBIIOr0 BUBYEHHS KypciB: «HabmmxeHi meToan po3B’si3aHHSA KpanloBHX
3amau» 1 «Po3poOka Ta aHasi3 anrOpUTMIB» Ta MIATOTOBKM KBaiikaiiitHoi podoTu
Maricrpa.



1. JlaGopaTopua podora. 3acTocyBanHst MoBH Python no HadamxeHux
004HCJIEHb Y MATEMATUYHOMY aHAJI3i

Mera: 3acBOiTH MOXJIMBOCTI poOoT MoBHM Python g0 3acrocyBaHHs
PO3B’s3yBaHHS 33]]a4 MATEMaTUYHOTO aHATI3Y.

TeopernuHi BiToMoCTi Ta METOAUYHI PeKOMeHAAIliL
Bukopuctanns Python y maTtematnunomy aHami3i poOUTh Mpoiec 00YUCIeHb
0111 €PEKTUBHUM Ta 3PYYHHM, JTO3BOJISIOYM 30CEPEAUTHUCS Ha CYTI 3a/1adi, a HE Ha
TEXHIYHMX JETaJIsX pealli3allii aJilropuTMiB.
Y Python noctynmuuii mupokuii Hablp apu@METHYHUX OIEepaTopiB s
BUKOHAHHS MaTeMaTUYHHUX 00uKciieHb. OCHOBHI 3 HUX JUBHUCH Y TaOmui 1.1.
Tabmuig 1.1 — ApudmeTnyni onepartii.

Oneparis Omuc

X+y Honasanns. Ckiiazae aBa yucia.

X-y Bignimannsg. BigHiMae ogHe YHUCII0 Bl 1HIIIOTO

X*y MHoxeHHs1. MHOXUTB JIBa 4HcCIa.

x/y Hinenns. inmuTh ogHE YKMCIIO Ha 1HIIE, PE3yJIbTATOM € YHCIIO 3
IJIaBaI0Y0I0 KOMOIO.

x//y imouncenpbne aiuteHHs. JinuTh OJgHE YHCIO Ha  1HIIE,
MTOBEPTAIOYH JIMIIIE IITy YACTUHY pe3ybTary.

X3y Ocraua Big aineHHs. [loBepTae 3amuinok BiJ JIJIEHHS OJHOTO
YHclia Ha 1HIIIE.

xX**y [Timaecenusts nmo crenedsa. [liTHOCHUTH, YHCIO 10 BKa3aHOIO
CTEIICHS.

[Topsimox BUKOHAHHS ITUX ONEpaIlii BIJMOBIIA€ MaTeMAaTHUYHUM IIPaBUJIAM:
CIIOYaTKy BUKOHYIOTHCS OIEepallii IiJIHECCHHS JO CTENeHs, IOTIM MHOXEHHS,
TUJICHHS, IJIOYHCENIbHE AUICHHS Ta ocTada BiJ JUICHHS, 1 HapeIITi J0JaBaHHS Ta
BiHIMaHHA. J[7s 3MIHM TOPSAKY BUKOHAHHS OIEpallii MOKHAa BHKOPHUCTOBYBATU
KpYyTJIl AYKKH.

OxpiM OCHOBHHMX apupMeTHUHUX orepamid Ta ¢ynkuin Python nanae
MpoTpaMicTy MaTeMaTH4Hy O010J110TeKy math, sKka MICTUTh JI0JATKOBI MaTeéMaTUYH1
¢ynkuii Ta cram. Jng BukopucTaHHs 010y10TE€KH i HEOOXITHO IMIIOPTYBaTH

KOMaH/1010:
import math

OcHoBHI (hyHKIIIT MOyt math:

ApupmerndHi pyHKmii:

— ceil (x):moBepTae HaMEHIIIE I[iJIe YKCIIO, OlIbIIe a00 pIBHE X.
— floor (x): moBepTae HaMOLIBIIE ITJIe YUCII0, MEHIIEe a00 piBHE X.
— fabs (x): moBepTae abCOIIOTHE 3HAYCHHS X.

— factorial (x): nmoBeprae (hakTopian yncia X.

— fmod (x, vy):mOoBepTaEe ocTauy BiJ JIIJICHHS X HA Y.

7



— trunc (x): BiAKUAAE APOOOBY YACTHHY YMCIA X, TOBEPTAIOYU HOTO LILTY
YaCTUHY.

Crenenesi Ta jorapudmiuni pyHkumii:

— exp (x): noBepTac 3Ha4YE€HHS €KCIIOHEHTH.

— log(x[, base]): nmoBeprae norapudm uncia x 3a OCHOBOIO base. 3a
3aMOBYYBaHHSIM OCHOBA JOPIBHIOE €.

— 1logl0 (x): moBeprae aecsaTKoBUM (3a ocHoBOMO 10) orapudm yucna x.

— pow (X, V):TOoBepTaE 3HAUYCHHS X Y CTEIICH] V.

— sqgrt (x): moBepTae KBaJApaTHUI KOPIHb 3 X.

TpuronomerpuuHi pyHnkuii:

— sin (x):OBepTaE CHHYC KyTa X, 33/IaHOTO B pajiaHax.

— COs (x): IOBepTa€E KOCHHYC KyTa X, 33JIaHOTO B pajliaHax.

— tan (x): moBepTa€ TAHIeHC KyTa X, 3aJIaHOT0 B pajliaHax.

— asin( MOBEPTAE APKCUHYC X.

X):
— acos (x): IoBepTa€ apKKOCUHYC X.

— atan (x) : IoBepTa€e apKTaHI€HC X.

— degrees (x) : KOHBEPTYE KYT X 3 pajiaHiB y rpaaycCHu.

— radians (x): KOHBEPTYE KyT X 3 IPalycCiB y paJllaHu.

I'inepOoJtiuni pyHKmii:

— sinh (x): moBepTae rinepOOIIYHUI CUHYC X.

— cosh (x) : moBepTae rinepOOTIYHUI KOCUHYC X.

— tanh (x) : moBepTae rinepooIYHUN TAHTEHC X.

— asinh (x) : noBepTae 3BOPOTHHI TNIEPOOTTYHUI CUHYC X.

— acosh (x) : noBepTae 3BOPOTHHI TepOOTTYHUI KOCUHYC X.

— atanh (x): noBepTae 3BOPOTHHUM TNIEPOOTTYHUI TAHTEHC X.

CuneuniaabHi QpyHKIILII:

— erf(X): moBepTae PyHKI[1}0 MOMUIKHU IS X.

— gamma(x): noBepTae ramMmma-QyHKIIIO I X.

Koncranru:

— pi:uucno w (mpubnauzno 3.14159).

— e:yucno e (npubmmsHo 2.71828).

Posmmpenuit HaOip QyHKIIN 111 poOOTH 3 KOMIJIEKCHUMH YHUCIIAMUA MICTHUTh
616mioTexka cmath. bibmoreka MiCTUTh 10AaTKOBI PYHKINT 1 cTaui. J[Jis mo3HaueHHS
YSABHOI YaCTUHHU, IOPYY 3 11 3HAYEHHSIM BUKOPHUCTOBYIOTH CUMBOJI Jj. KomrIuiekcHuit
tun y Python, noznauarots complex.

Hanpuxian,
import math

# IpukJIag BUKOPUCTAHHSA HOEeIKMUX OYHKII1M
print (math.sqgrt (16)) # BuBeme: 4.0
print (math.logl0(100)) # BuBeme: 2.0

print (math.sin(math.pi/2)) # BuBeme: 1.0
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Y Python cnucku (list) € dyHIaMEHTAIBHUM THIIOM JIaHUX, SIKHH
IpeACTaBisi€ COOOK BMOPSJIKOBAHY 3MIHIOBAHY KOJIEKI[IIO €JIEMEHTIB JIOBUIBHUX
tuniB. Boun no3BoisitoTh 30epiratu HaOlp 3HAYCHb, 10 SKUX MOYKHA 3BEPTATHUCS 32
1HJIEKCOM, 3MIHIOBATH, JI0JIaBaTh a00 BUAAISATH €JICMCHTH.

CTBOpeHHS CIIUCKIB.

Criucku MOKHa CTBOPIOBATH KiibkoMma criocoOamu. [lepmmii crocid — 1e 3a
JIOTIOMOTO0 KBaJIpaTHUX Jy)KOK.

Brnacue moTpiOHO MpOCTO TepepaxyBaTH €IEMEHTH CIHUCKY Yy KBaJpaTHUX
TYX)KKax depe3 KOMy:

# ToOpOXHiV CHOMCOK
empty list = []

# CnOMCOK 3 eJjileMeHTaMM

numbers = [1, 2, 3, 4, 5]
fruits = ['abnyko', 'Gaunan', 'BumHsa']
mixed = [1, 'mma', 3.0, [4, 5]]

Hpyruii — 3a nonomoroto ¢pyHKmii 1ist ():
# CTBOpPEHHs CIMCKY 3 1TepoBaHOTO 00'ekTa
chars = list('python') # ['p', 'y', 't', 'h', 'o', 'n']
Cnucok, 1e MOCHIA0BHICTh, y AKIH BCl €IEMEHTH 3aHyMEPOBaHi, MOYMHAKOYH 3
0. ¥V Python icHye MexaHi3M MO-€JI€MEHTHOI poOOTH 31 cnuckoM. s Toro, mo6
3BEPHYTHUCA 10 BIAMOBIJIHOTO €JIEMEHTa CHUCKY, HEOOXIJHO BKa3aTH HOMEP LIbOIO
€IeMEHTY Yy KBajapaTHuUX Ayxkkax. @DyHkuis len (list) mnoBeprae KUIbKICTb

CJICMCHTIB Y CIIUCKY.

3aBaaHHsA 10 J1a00OPATOPHOL podOTH

1. 3amucatu 10 OJHOBHUMIPHOTO MacUBY 3HaueHHs (QyHKii f(x) Ha BiApi3Ky
[a; b] 3 3amanumM marom h. 3HaueHHS (QYHKIII OKPYTIUTH OO0 4 3HAKIB IICIIS KOMH.
Ha expan BuBecTtu nepii 10 3Ha4eHb 3 OTPUMAHOTO MAacCHBY. 3HAWTH HAWMEHIIUHN 1
HaWOIBIINIA €IEMEHT MaCHUBY:

1) f(x) =e>*(x3—10x +9) + x €[0,2;2], h=0,2.
2) f(x) =sin (3 +m)+x% = 522 + 7x, x € [0,01;1], h = 0,01.
3) f(x) = /w+ 7 cos(5m + x), x € [0,02;4], h = 0,02.

4) f(x) —ln(1+5x)——::Lr9 x €

3
5 f(x) = 5+ 2+2 — arctg (—), x € [0,01;1], h = 0,01.
6) F(x) = e%(—x5 + 9x — 12) + l°g82x x €[0,2;2], h=0,2.
7) f(x) = cos (7+ n) + x> —8x% + 3x,x € [0,01;1], h = 0,01.

10g5 x

[0,04;2], h = 0,02.




x2+3x—1
x+4

8) f(x) = + 10sin(37 — 2x), x € [0,02;4], h = 0,02.

9) f(x) =In(1+ 10x) —

5
10) f(x) = % — arcctg (g) x €0,01;1], h = 0,01.

2. Hanucatu nporpamy Jijist HaOIMKEHOTO OOYHMCIICHHS

1) e5,

2) sin 2.

3) cos4.

4) In 3.

5) sh1.

6) el’.

7) sin6.

8) cos9.

9) In11.

10) sh4.

3. Hanmucatu porpamu Jijist 0O9UHMCIICHHS:

1) cyMmu BCiX €JIE€MEHTIB MAaTPHIIi, [I[0 HAJICKATh TOJIOBHIM JiaroHai;
2) KUIBKOCTI HYJIbOBUX €JIEMEHTIB MaTpPHIIi;

3) cyMu BCiX €IEMEHTIB MaTPHIIi, 110 HaJIeXKaTh MOOIUHIN AiaroHalii;
4) cyMmH BCiX HEiarOHaJIbHUX €JICMEHTIB MAaTPHIII;

5) KUIBKOCTI HEHYJLOBHX CJIEMEHTIB MaTPHIL.

4. O0uucanTH HAOIMKEHO BU3HAYCHUHN 1HTErpal

e5*+9
x3+10x+11’

x € [0,04;2], h = 0,02.

1) Bix ¢pyskii f(x) = e 5" Ha npomixky [0; 1].
2) Bin ¢pysxkuii f(x) = cos 6x? na npomixky [0; 1].
3) Bin ¢pysxkuii f(x) = sin 3x? na npomixkky [0; 1].
4) Bix ¢pyukuii f(x) = ﬁ Ha rpomixky [0; 1].

5) Big dynkuii f(x) =
6) Bin dynkuii f(x) = "

7) Bin ¢ynkuii f(x) = e~ 12*" na npomixky [0; 1].

cos7x

— Ha npomixky [0; 1].
sin 5x

Ha ripomixkky [0; 1].

8) Bia dynkuii f(x) = ﬁ Ha ripomixky [0; 1].

9) Big dynkuii f(x) = "

10) Bixg ¢ynukmii f(x) = "

5. OGuucnuT HAOIMKEHO MOX1THY
) _ 12x7-8x3-x

1) Bix ¢pyskmii f(x) = o e

2) Bix dyuxkuii f(x) = % y Touli x, = 5.

3) Bin ¢ynxuii f(x) = (8x3 — 3x) sin 7x? y Touni x, = —2.

Ccos 2x

Ha ripomixky [0; 1].

sin 8x

Ha ripoMixky [0; 1].

y TOUIll Xy = 2.
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4) Bin pyuxkii f(x) = In G) y Toulli X, = 1.
5) Bin ¢pyskuii f(x) = x - arctgx? y Touni x, = .
6) Bin ¢pynxwii f(x) = x5*7% + x20 — 3% y touni x, = —3.

. 1 )
7) Binx dyskuii f(x) = ctg (x—z) y TOUIll Xy = 6.
8) Bin (l)yHKHﬁ f(x) — e3sinx+8cosx y TouIi X = %
arctg4x

9) Bix byskuii f(x) = o
10) Binx ¢ynkuii f(x) = log,(9 arcsin x?) y Touni x, = 4.

y Touli x, = 1.

IuTaHHsA 1J151 CAMOKOHTPOJTIO

1. HaBenith mopsqok BUKOHAHHS omeparii y Python.
2. Ilepepaxyiite apupmernuni oneparii y Python.

3. OxapakrepusyiTe MaTeMaTU4YHy 010;110TeKy math.
4

. HaBenite dyHKIIi Moayns math, siki BIAMOBIAAIOTH 32 TPUTOHOMETPUYHI

byHKIII.

o

byHKIII.

Hapenite ¢ysKmii momyns math, ski BIANOBIAAIOTH 3a TiNepOOJIYHI

6. Hasenite pyHKIIi Moaysis math, sKi BIAMOBIIAOTE 3a CHelialbHl (PYHKITIT

1 KoHCTaHTH. [IpuBeAiTh NpUKITAIH.

7. OxapakrepusyiiTe MaTeMaTuyHy O10mioTeky cmath. Ska mnpuunHa

HAsIBHOCTI JIBOX MOJTYJTiB?
8. Oxapakrtepu3yiite KoMIUIeKcHUI Tum y Python.
9. HaBeniTh ctocoOM CTBOPEHHS CITHCKIB.

10.3a momomoroio k01 (QYHKIISI MOKHa BHU3HAYUTH KUIBKICTH €JIEMEHTIB y

CITUCKY?

11



2. JIaGoparopHa podorta. 3acrocyBannst MoBH Python 1o crarmcTuynmnx 3aga4 y
Teopii iMoBipHOCTEl

MeTa: 3acBOiTH MOXJIHMBOCTI poOoTH MOBH Python no0 3acrocyBaHHs
PO3B’s3yBaHHS CTATUCTUYHMX 3a/1a4y Teopli HMOBIPHOCTEH.

Python € mMOTyXHHM IHCTPYMEHTOM JUIsi PO3B’SI3aHHS CTaTUCTHYHHX 3a7ad
3aBIsgku Oi0morekaM, TakuM sk NumPy, Pandas, SciPy, Statsmodels, Scikit-learn,
Matplotlib Ta Seaborn. Hiwx4e HaBeneHi npukiaau 3agad 31 CTATUCTUKH, SKI MOXKHA
BUPIIINTH 32 fgoromoroo Python.

MeToanyHi pekoMeHAaIlii 10 HATMCAHHSA KOTY
1. OnucoBa craTuCTHKA
3amada. OOUYMCINTH CepeqHE 3HAYEHHS, MeliaHy, MOy, IHCIEpCiio Ta

CTaHJapTHE BIIXUJICHHS.
import numpy as np
from scipy import stats

data = [12, 15, 14, 10, 8, 15, 18, 20]
mean = np.mean (data)

median = np.median (data)

mode = stats.mode (data)

variance = np.var (data, ddof=1)

std dev = np.std(data, ddof=1)

print (f"CepenHe: {mean}, MeniaHa: {median}, Mona:
{mode .mode}, Iucnepciga: {variance}, CTaHIapTHEe
BloxXujieHHA: {std dev}")

Pe3ynprar:

Cepenne: 14.0, Meniana: 14.5, Moga: 15, Hucnepcis: 15.714285714285714,
CrannaptHe BiaxuieHHs: 3.9641248358604595

2. TecryBaHHSI CTATUCTUYHMX TiNoTe3
3anaua: BukoHnatu t-tect 17151 IEPEBIPKU CEPETHBOIO 3HAYEHHS BUOIPKHU.
from scipy.stats import ttest Ilsamp

data = [2.3, 2.5, 2.8, 3.0, 2.9, 3.1]
t stat, p value = ttest lsamp(data, 3.0) # HyrneoBa
rinoTresa: cepenHe 3HadeHHa = 3.0

print (f"T-craTtucTtuka: {t stat}, P-sHaueHHa: {p value}")

Pesynbrart:
T-cratuctuka: -1.8576071235199598, P-3nauenns: 0.12234647325914844

3agava: BukoHatu t-TecT 1151 TBOX BUOIPOK.
12



from scipy.stats import ttest ind

groupl = [23, 20, 22, 24, 25]
group2 = [30, 28, 27, 25, 26]
t stat, p value = ttest ind(groupl, group2)

print (f"T-crarucTtuka: {t stat}, P-sHaueHHa: {p value}")

Pesynbrar:
T-cratucruka: -3.616777720717859, P-3pauenus: 0.006814354918278612

3. Kopeasinisi Ta perpecisi
3agava: O64YucIUTH KoeDIIIEHT KOpeslii Mk JBOMa Ha0opamMu JaHUX.
from scipy.stats import pearsonr, spearmanr

x = [10, 20, 30, 40, 50]
y = [12, 24, 36, 48, 60]

pearson corr, = pearsonr(x, V)
spearman corr, = spearmanr (X, V)
print (f"Kopenauisa [IipcoHa: {pearson corrt, Kopenanisa
CnipmaHa: {spearman corr}")
Pesynprar:

Kopemsmiss  Ilipcona:  0.9999999999999998,  Kopensauis ~ Cripmasna:
0.9999999999999999

3anava: BukoHaTH JiHIMHY perpecito.
from scipy.stats import linregress

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

slope, intercept, r value, p value, std err
linregress (x, V)

print (f"Haxun: {slope}, IllepeTmH: {intercept}, R-xBampart:
{r value**2}, P-s3nHaueHHa: {p value}")

Pe3ynprar:

Haxwun: 0.6000000000000001, Ilepetun: 2.1999999999999997, R-kBampar:
0.6000000000000002, P-3nauenns: 0.12402706265755441

4. BizyaJjizanisi CTAaTHCTUYHHUX JAHUX

3agauva: [loOynyBatu rictorpamy (nuB. puc. 2.1) ta smuk boxplot (auB. puc.
2.2).
import matplotlib.pyplot as plt
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import seaborn as sns

data

plt
plt
plt
plt
plt

sns
plt
plt

= [12, 15, 14, 10, 8, 15, 18, 20]

.hist (data, bins=5,
.title('T'icTorpama')
.Xlabel ('3HaueHHga"')

.ylabel ('HacToTa')
.show ()

color="'blue', alpha=0.7)

.boxplot (data)
.title('Boxplot")
.show ()

Pesymnprar:

lcTorpama

YacToTa

10

12 14

3Ha4YeHHA

16

15

20

Pucynox 2.1 — Buin rictorpamu 3acobamu matplotlib.pyplot
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Boxplot

20+

18 -

16

14

12 A

10 A

Pucynok 2.2 — Businx boxplot

5. AHaJi3 po3nogiry
3anauva: [lepeBipuTH, uu BiANOBIIa€ BUOIPKa HOPMAIBHOMY PO3TIOILTY.
from scipy.stats import shapiro

data = [12, 15, 14, 10, 8, 15, 18, 20]

stat, p = shapiro(data)

print (f"CraTtucruka Manipo-Yimaka: {stat}, P-3HaueHHd:
{pt™)

if p > 0.05:

print ("IJaHi B1ONOBiJAalTh HOPMaJIbHOMY po3mnomijy.")
else:

print ("IJaHli He BiONOB1HmalTh HOPMAJIbHOMY pos3nomijsy.")

Pesynbrar:

Craructuka [Mamipo-VYinka: 0.9781675297855071, P-3HaueHHs:
0.9532741883063235

JlaH1 BIAMOBIAI0OTh HOPMAIBHOMY PO3MOILTY.

6. CTarucTuuHe MOJIEeJTIOBAHHSA

3agaua: ['eHepairisi BUOIpOK Ta MOJICIIOBAHHSI pO3MOIUIIB (IUB. puc. 2.3).
import numpy as np
import matplotlib.pyplot as plt

# T'eHepallla HOPMaJILHOT'O poO3IOonijy
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data = np.random.normal (loc=0, scale=1, size=1000)

plt.hist (data, bins=30, density=True, alpha=0.6,
color="qg"'")
plt.title ('HopmanbHUM posznomii')
plt.show()
Pesynbrar:

HopManeHWI po3nogin

0.4

0.3

0.2 1

0.1 1

0.0 -
-4 =3 =2 -1 0 1 2 3

Pucynox 2.3 — BuBij HOpMaJIbHOTO PO3MOALTY

7. Anaui3 Bapiauii (ANOVA)

OnnocroponHiit qucnepciiauit ananiz (ANOVA) — 11e cTaTUCTUYHUN METO/I,
AKUWA BUKOPUCTOBYETHCS JJIA MEPEBIPKA 3HAUYYIIMX BIIMIHHOCTEH MK CEpEeIHIMH
3HaYEHHSIMH TPYI AaHUX. BiH 3a3BHuail BUKOPUCTOBYETHCS B €KCIIEPHUMEHTAIBHUX
JOCTIDKEHHSX JJI TIOPIBHSHHS BIUIMBY PI3HUX METOIIB JIIKyBaHHs a00 BTpydYaHb Ha
IIEBHUU PE3YJIbTAT.

OcnoBHa 1ines ANOVA mnonsrae B TOMy, 00 PpO3AUIUTH 3arajbHy
Bapia0eIbHICTh JAHUX Ha JIBa KOMIIOHEHTH: BaplaOeIbHICTh MK IpyHamMu (BHACIIOK
JIKyBaHHS) 1 BapiaOeNbHICTh BCEPEAMHI KOXKHOI TpynH (BHACHIZOK BUIMAJAKOBOI
Bapia0enpbHOCTI Ta IHAUBIMyanbHUX BigMmiHHOCTeH). Tect ANOVA o6uucmioe F-
CTaTUCTUKY, SIKa € BIJHOLIEHHSM MDKTPYNOBOI Bapialii 10 BHYTPIIIHHOIPYHOBOI
Bapiariii.

OnHOCTOPOHHIN JHUCTIEPCIMHUN aHalll3 — 1€ CTaTUCTHYHUNA TECT, SKUH
BUKOPHUCTOBYETHCSI Ul BU3HAUEHHS TOTO, YW ICHYIOTH 3HA4yIli BIAMIHHOCTI MIX
cepeHIMU 3HAYCHHSIMU JBOX a00 OUIbIIE HE3aJIeKHUX IPpyI. BiH BUKOPUCTOBYETHCSA
JUIsl TIEPEBIPKM HYJIBOBOI TINMOTE3W MPO Te, IO CEepeAHi BCiX TPyl piBHI, MPOTH
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aJbTEPHATUBHOI TIMOTE3W MPO Te, 10 MPUHAWMHI OJHE CEpEeIHE BIAPI3HIETHCS Bij
1HIINX.

3amauya: [Ipoectn ognodakropauit ANOV A-anaris.
from scipy.stats import f oneway

groupl = [23, 20, 22, 24, 25]
group2 = [30, 28, 27, 25, 26]
group3 = [20, 21, 22, 23, 24]

f stat, p value = f oneway(groupl, group2, group3)
print (f"F-crarucruka: {f stat}, P-snHauvenHa: {p value}")

Pesynbrar:
F-cratuctuka: 11.878787878787882, P-3nauenns: 0.0014284961417153712

8. baiieciBchbkuil aHaJi3

3agava: OIHUTH UMOBIPHOCTI 3a JgonoMoror hopmynu baiieca.
# MmomipHicTe A Ta B
pa=20.3 # P(A)
p b=20.4 # P(B)
p b 0.7

given a = # P(B|A)

# P(A|B)
p a given b = (p b given a * p a) / p b
print (E"P(A[B): {p a given b}")

Pesynprar:

P(A|B): 0.5249999999999999

9. Kutacrepu3auisi JaHuX

Scikit-learn — e Moxyns Python jqis MammHHOTO HaBYaHHS, CTBOPCHHH Ha
ocHOBI SciPy i po3noBcromkyeThes 3a minensieto 3-Clause BSD.

3agava: BukoHaTu kiactepusalliro Merogom k-means.
from sklearn.cluster import KMeans

import numpy as np

data = np.array([([1l, 2], [1, 4], [1, O],
(o, 21, (10, 4], [10, OI]])

kmeans = KMeans (n clusters=2, random state=0).fit (data)
print (f"Knacrepmu: {kmeans.labels }")
Pesynprar:

Knactepu: [1 1 100 0]

i 3amaui JeMOHCTPYIOTh MOKIMBOCTI Python nisa anamizy, oOpoOku naHuX i
BUPIIICHHS CTaTUCTUYHUX TMpoOsieM, 3a0e3leuyroud TOYHI pe3yJbTaTh Ta
MOXJIMBICTB JIETKOI Bi3yasli3allii.
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3aBaaHHd 10 JJadopaTopHOI podoTH

1. 3reHepyBaTH BUNAAKOBY BHOIPKY BHUMAAKOBHX BelanuuH, 00’emoM 100
eneMeHTiB (11l yncna). BukopuctoByroun 616mioreky NUMPY, o0uuciutu cepeane
3HAYEHHS, MeJllaHy, MOJy, TUCIIEPCIIO Ta CTAaHAAPTHE BIIXUJICHHS.

2. 3reHepyBaTH BHUIIAJKOBY BHOIPKY BHIIQJIKOBUX BeIWYUH, 00’emoMm 50
eJIeMEeHTIB (IpoOOBi umcia, sKi MICTATh 0auH 3HAK Ticias KoMmH). BukonaTtu t-tect
JUTSI TIEPEBIPKU CepeTHbOTO 3HaueHHs BUOIpkU. [1oSCHUTH OTpUMaHHI pe3ybTarT.

3. 3reHepyBaTH JBi BUIAJKOBI BHOIPKHM BUITQJKOBUX BEIMYHH, 00’emom 20
eqeMeHTIB (Uit yucia). OOUucIuTH KoeilleHT Kopessiii MK JABoMa HabopaMu
nanux (kopesis [lipcona, kopemnsiis Cripmana). [TosicHUTH oTprMaHMiA pe3yibTarT.

4. 3reHepyBaTd BUINAAKOBY BHOIPKY BHIQJKOBUX BEJIWYUH, 00’eMoM 25
eneMeHTIB (11l uncina). 3poOutu Bizyamizailisi CTATUCTHYHUX JAaHUX 3a JOIIOMOTOIO
oiomiorex Matplotlib i Seaborn.

5. 3renepyBaTé BHUMNAAKOBY BHOIPKY BHIIaJKOBUX BEIWYHMH, 00’€MOM 75
eneMeHTIB (uuil uucna). IlepeBipuTH, uM BIANMOBIAAE BHUOIPKA HOPMAJIbHOMY
po3noauty. [loscHuTH OTprMaHUil pe3ybTaT.

6. 3reHepyBaTd TpW BUITQJIKOBI BUOIPKU BUMAJAKOBUX BEIUYMH, 00’emom 20
eneMeHTiB (111l uncia). [IpoBectr omHOCTOpOHHIN nucnepciitauii anaiiz (ANOVA-
anani3). [lossicHUTH oTpuMaHui pe3yJbTar.

IIuTaHHs 1J8 CAMOKOHTPOJIIO

1. HaBenith mpukiaau  cydacHux  OiOmiorek  moBu  Python,  ski
BUKOPHUCTOBYIOTHCS TSI PO3B’sI3aHHS CTaTUCTUYHUX 3aj1ay.
OxapakTepu3yiTe iX MOKIUBOCTI.

2. ChopmymroiiTe 03HAUYCHHS TaKUX IIOHSATH: CEpPEIHE 3HAYEHHS BHOIPKH,
MeJliaHa, MoJia, AUCTIePCisl Ta CTaHJAPTHE BIAXUIICHHS BUOIPKH.

3. Sk MoxHa OOYMCIIUTH CEepeHE 3HAUYCHHS, MeNiaHy, MOJY, JHCIEPCi0 Ta

CTaHJapTHE BIIXUJICHHS BUOIPKU?

[Ilo Ha3uBarOTh KoeDilieHTOM KOpesIlii Mi>k JBOMa HabopamMu TaHHX ?

5. Sk pobuThcs Bizyani3alis CTATUCTUYHHMX JIaHHUX 32 JOMOMOIOI0 010110TeK
Matplotlib i Seaborn?

6. Oxapakrepusyiite koedirieHT kopensii [TipcoHa Ta KoedimieHT KOpesiii
Cnipmana. Illo BoHu 03Ha4ar0ThH?

7. Illo Take OAHOCTOPOHHIM AUCTIEPCIHUIN aHaATI3?

B
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3. JIaGoparopHa podora. 3acrocyBanusi Mo Python no anamxiTmunnx
004Ync/ieHb CHMBOJIbHOI MAaTEMaTUKHU

Mera: 3acBoiTH MOXJIHMBOCTI pobot MoBH Python no anamiTmuHuX
0OYHCIICHb, TAaKWUX SK JUQPEPEHIIIOBAHHS, IHTErpyBaHHS, OOYMCIICHHS TpPaHMIIb,
po0OTYy 3 MaTpULIAMHU Ta Tpadiko.

TeopernuHi BitoMocTi Ta METOAUYHI PeKOMeH Il

SymPy — me 6i6mioTexka cuMBOJIBHOI MatemaTuku MoBU Python. Bona €
peabHOI0 aNbTEPHATHUBOIO TAaKMM MaTEeMaTHYHUM MakeTaM sk Mathematica a6o
Maple, 1 Boozie aye IPOCTHM Ta JIETKO PO3IIMPIOBAHUM KoJioM. SymPy HamucaHa
BUKIIIOUYHO Ha MOB1 Python 1 He BuMarae Hisikux cTopoHHIX 6i0mioTek. L 6i6mioTeka
€ MOTY>KHUM THCTPYMEHTOM JIJIsl TUX, XTO MPALIO€ 3 MAaTEMaTUYHUMHU OOUYMCICHHSIMU
B Python

[Ticnst BcTaHOBieHHs 610mi0Tekn SYmMPY, ii Tpeba MiAKIIOYUTH 32 TOTIOMOTOI0
IHCTPYKIT import. Hanpukian, BUKOPUCTOBYIOUH MCEBJAOHIM « SIY:

import sympy as sm

Ha BiaMmiHy BiJ 1HIIMX CHCTEM KOMII IOTepHOI anredpu, B SymPy MoxkHa B
SIBHOMY BUTJISIZI 3aJ1aBaTH CHMBOJIbHI 3MiHHI:

X = sm.Symbol ('x")
abo Tak:
Yy, z = sm.symbols('y z')

[Ticns ix 3aBIaHHA 3 HAMU MOKHA pOOHUTH P13HI MaHIMYJIALI] 3 BAKOPUCTAHHIM
nesikux omneparopiB Mo Python, a came, apudmernunux ta noriunux. Hanpukian,
BUKOPUCTOBYIOYM (PyHKIII0 pprint (expression, use unicode=True) 3
oibmiotekn SymPy, ne expression — MaTeMaTUYHUN BHUpa3 IS BHUBOIY,
use unicode=True — mapaMerp, II0 BMHUKA€ IOHIKOA-CUMBOIM (32
3aMOBUYBaHHsIM True). Skmo BcTaHOBUTH False, Oyae BUKOPHUCTOBYBATHCH
ASCII (nus. puc. 3.1):

sm.pprint(x ** 2 + y + sm.sqgrt(z), use unicode=False)
2 S
X +y + \ z

Pucynok 3.1 — Busin pe3ynbraty y koHcosnb (Unicode) 3a qomomMororo GyHKIIiO
pprint ()

JInst kpanioro Bi3yaJbHOTO B1JIOOpa)KE€HHs alreOpaiyHUX BUpa3iB Ha €KpaHl y
6i6mioterti  SymPy  BHUKOpPHCTOBYETbCS — (YHKITiS init printing().
Init printing — me ¢ynkmisa 3 0i0miorekn SymPy, ska HaJlalITOBYyE BHBIJ
MaTeMaTUYHUX BHpa3iB y KpacuBomy ¢opmari. BoHa poOuUTh mpencTaBieHHS
CUMBOJIbHUX OOYMCIICHh OUIbII 4YWTaOeNbHUM, Hampukian, y Burisal LaTeX ab6o
IoHIKOA-cuMBOJiB. @DyHkmiga 1init printing() aBTOMaTMYHO HaNAMITOBYE
HalKpaluii JOCTYITHUM METOJ Bi3yaizailii 3ajexxHo BiJ cepenosuina (Jupyter
Notebook, koHconb, Tomio). Skmo mnpamroere B Jupyter Notebook 1 xouere e
rapHIIINI BUB1J, Kpallle BUKOPUCTOBYBATH init printing ().
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VY 6i6mioreni SymPy 3HaxoauTu TpaHuIll (QyHKIIH MOXHa 3a JIOIMOMOI'OKO
¢bynkmii 1imit (). Bona no3Bomnsie oOumcitoBaTH TpaHUIN BUPA3iB MPHU 3aTaHOMY
3Ha4YeHH1 3MIHHO{, BKJIIOYaI0YU 0HOO1YHI rpanuili. CHHTaKCHC TaKUM:

limit (expression, variable, point, dir='+"),
1e expression — BUpa3, TPAHMINIO SKOTO MOTPIOHO 3HAWTH, variable — 3MiHHa,
3a SIKOI0 OOYMCIIIOETHCS TPAHULA, pOoint — TOYKa, A0 AKOi MpsAMye 3MiHHA, dir —
HEOOOB’SI3KOBHH MMapaMeTp AJIs 3HAXOIDKCHHS OIHOCTOPOHHIX rpanuib ('+' mms
PaBOCTOPOHHBOI, ' ="' IS JIIBOCTOPOHHBOI).

Hanpuknan,
import sympy as sm
X = sm.Symbol ('x")
expr = x / (x + 1)
result = sm.limit (expr, x, float('inf'))
sm.pprint (result, use unicode=False)

Pesynbrar, 1.

VY 6i6mioreni SymPy ayis 004YUCIIEHHS] TTOXITHUX BUKOPUCTOBYETHCS (DYHKIIIS
diff (). Bona 103BONs€ 3HAXOAUTH TOXIJHI OYIb-IKOTO TMOPSAKY BiJ
anreOpaiuHuX, TPUTOHOMETPUYHUX Ta IHIUX QYHKIIH. CUHTaKCUC TaKHA:

diff (function, variable, order),
ne function — dyHkuisg, sKy Tpeba npoaudepeHiioBaty, variable — iM’s
3MIHHOI, MO AKIA TPOBOAUTHCA TU(DEpPEHLIIOBaHHSA; order — MOPSAOK MOXITHOI (32
3aMOBUYYBaHHSIM II€ TMepila MOXiJHa). 3p0o3yMijo, M0 AKIIO (YHKIIS Mae KiuibKa
3MIHHUX, TO MOKHa OpaTH YaCTKOBI MMOX1/IH1 3 JOMOMOTOIO 1i€1 %K (yHKIIII.

JInst 0GuKCIIeHHs] HEBU3HAYEHUX 1HTErpaliB BUKOPUCTOBY€ETHCSI METO/!

integrate (function, wvariable),
ne function — QyHkuis, aKy TpeOa MpoiHTErpyBaTu, variable — iM’s 3MIHHOI
IHTErpyBaHHS.
Jl71st 00UHCIIeHHsS] BU3HAYEHUX 1HTETPaliB BUKOPUCTOBYETHCS METO/I:
integrate (function, (variable, a, b)),
ne function — QyHkuis, aKy Tpeda MpoiHTErpyBaTu, variable — iM’s 3MIHHOI
IHTErpyBaHHA; &, b — MeXI1 IHTerpyBaHHS.

JIy1st CTBOpPEHHST MATPHIIl 3 €IEMEHTAMH, SIK1 3aJlaHl y BUTJISII COUCKY 1ist,y
6i6mioTerti SYymPy BUKOpHCTOBY€EThCS Kitac Matrix (1ist).

Hanpuknan, matpuns 2 X 2 3a1a€TbCsi KOMAaHIOKO:

A = Matrix ([[1, 2], [3, 41]) # 2x2 marTpuisa

Knac Matrix Mae 0arato KOPUCHUX METOJIB I POOOTH 3 MaTPUIISIMU:
OoOYHMCIICHHS BW3HAYHUKIB, 3HAXO/KCHHS OOEPHEHHX MATPHIlh, TPAHCIIOHYBaHHS,
paHry, BJIaCHHUX 3Ha4€Hb TOHIO. Matrix y SymPy mo3Bojsie J€rko mpauroBaTH 3
MatpuiiMu B Python.

SymPy no3Boiisie OyayBaTu rpadiku QyHKIINA 3aJaHUX SIBHO, 3a/IaHUX HESIBHO,
3a/IaHUX TIapaMeTpUYHO Ta OyAyBaTH IMOBEPXHI, a TaKOX 300pakaTh 00JacTi Mixk
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dbyukiismu. [ nodyaosu rpadika GyHKI, sSKa 3a7aHO IBHO Y JEKApTOBiM cucTeMi
KOOPJIMHAT, BUKOPHUCTOBYETHCS METO/T
plot (function, (variable, a, b)),

ae function — ¢ynkuis, aky Tpeba moOyayBaTu, variable — iM’sa 3MIHHOL; a,
b — Mexi 1o oci OX.

Hanpuknan, rpadik moBepxHi y = X - sin x Mae BUrJsia (IuB. puc. 3.2):
import sympy as sm
from sympy.plotting import plot3d
X = sm.Symbol ('x")
plot3d(x * sm.sin(x), (x, -10, 10), (y, -8, 8))

fix,y)

5

10.0 8
Pucynok 3.2 — PesynpraT pobott plot3d ()

3aBaaHHsA 10 J1a00OPATOPHOL podOTH

1. O6uncnuTy rpaHuili QyHKITII:

. X . 2x-1
ORI }Cl_r}}(l —X)tg 2 b) ;LH.}O 3x2+4x+5
3 4
1 xV5x2+V9x8+1
2 lim arctg—:;b) lim .
) a) x—1-0 a Ctg l—x’b) X—00 x5+vVx
. 1 . in3
3) a) lim arctg—;b) lim 2mex
x—1+0 1-x x—0 Sin 5x
2
. 6x . : x+2\*
4) a) }cl—r}(l) 2—e3%¥—cos 4x’ b) 911—{?0 (x—l) '
. In(x?+1 . 5x%+3x+1
5)  a)lim 2. py jjy X3
x>0 Sin2x x—00 3x%2+4x+5
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6)
7)
8)
9)
10)

2. O0umcnanTH NOXiAHy. 3HakTh y" Ta y

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)

a) lim —Cos 2x,

x—>0

a) Jl}

. In(x“+1
a) lim (_ ).
x—1 Sin9x

) lim x+481x2-1
x—>1 x+4Vx>

a) lim (1_2x)4x;

x—oo \3—2x

sin 2x
sm 7x .

—:b) lim

sin3x |

a)y = arctg 4x’

; b) lim

4 _Ea2
b) lim Vx2+42-5x

x—00 X—Vx*—x+1

X+6 x+1
X—00 (X—Z) '

. x(x+36
b) lim ( = )
x—o00 4x<+1

sin? 2x

X=0X sin 2x’

b) llm X—cos5x

x—0 sin 4x

mn

. 3HAWTH BCl YaCTUHHI TTOX1/THI;

b) y = In®(x + 1); C)u = 3/?3
1
a)y=ictg2(2x—1)—arctg%+3;b)y=x5+\/§; C) u = x7.
b)y =2—x%2++/x; cC)u=e.

a) y = e®*~1-arccos 2x;

a) y = sin? 2x — tgVx — 2;

a)y =7V6x*+1-sin6x;

b) y = sin(—2x); ¢) u = {/x? + yZ2.

2
b)y=2 u==>

a)y =x2—In(3+x3);b)y = cosV7x2; c)u = In (g) — siny3,

__2tgéx, — _ 3 ) _ Y
a)y =75 b)y =x —arctgVx —InV1+x, c)u= n(x2
_ 3 _ _ 2/ _ _Vi+xd _ x
a)y =Inx3—tgx — Vx; b)y=— " cu= arccos\/;
2x°-1, o 1.3 _ _ %
a)y—3tg4x, b)y—sm\/3x+351n ctgbx; C)u=e 2,

2

a) y = x3 —arcsinvx + V1 —x2; b)y =1 — 4x; C)u—7

)

3. 3HaiiTh 3HaYCHHS iHTerpaja (HeBU3HAUYCHOTO, BU3HAYCHOTO, HEBJIACHOTO):

1)

2)
3)

4)
5)
6)
7)
8)

a) f CcoS x cos 2x cos 3x dx;

. b) fn;cosxdx

3x*+4
) fo(x2+1)3

a) [ x3 sinx dx;

b)f

x3-6
) fx4+6x2+8 !

a) [ tg? x dx;

1+COS x'

dx; b)f x® cosx dx; ) |,

b) JZx cosxdx; ) f:ood_x

N
+00 sin x cos xdx
c) [T ———.

X

) f+oo dx

1+x2

2
400 1—72%

dx.

400 arctg 4x
) f

dx.

b) fo

5—4sinx+3cosx’
sinx cosx

x2

b) foz

) fcoszxsmz

) fcos 2x+sm2 )
cos2xdx
a) [—

cos? x sin?2 x

(cos? x+sin? x)2

b) fonx3 sinx dx; c) f+°°
b) foe In3 x dx;

I, 2
dx: C) f1+ ln(xx+1) dox.
~2Xdx.

+o0 dx
C) f x24+4°




9) )f3x 1 X b) J-9 x—1 X C) f0+ooe_x\/§dx.

2+9 \/_+1
+o0 x3+1
c)J, —/dx

10)

D) | e )%F x;

4. JIns MaTpullb
2 8-n h-7 -9 —n —-h+1
A=<—6 2h+n n+5>,B=<1 h 5—n),
-3 3h—n =2 6 n 9

Jie N — HOMEep BapiaHTy, h — octaHHs nudpa HOMepy Baioi rpynu, 3HaiTu: 1) AB; 2)
BA; 3) nA— hB; 4) detA ta detB; 5) A™! ta B™1; 6) panr marpuui A Ta pasr
MmaTpuii B; 7) BiacHi 3HaueHHs Matpuili A Ta MaTputi B.

5. [ToOynyBatu rpacbucn GyHKIIH y I[eKapTOBII/I CHCTEMi KOOPIHAT:

1) a)y—(xzx_l)z, b)y—smx+ Lsin2x + = 51n3x

2) a)y=3xGB-x)2-xby= ("“)4.

x—1
20x?2

1
) Ay=rm Dy= nxx-
4) a)y=8x*(x*-1)% b)y= g — arccos 12x

+x2°

2

x°-8.
5 ay-= = ,b)y=arccos
6) ay=0 hy=;-

(x=7)2’ Inx’

_ x3-2x%-x+2, _ x2—-1
Doay=EEEE py-SED
8 ay= = (x%? = 2)e™?*,

1+x _ 1-x 6
9) a) y = PpvTE b) y = In Tox + Tox

x%24+2x-3 1

10) a)y= —— —ex b)y=§+2arctgx.

IIuTaHHA 1JI CAMOKOHTPOJIIO

1. OxapakTepu3yiTe MOXJIMBOCTI CHMBOJBHOI MaremMaTuku SYmPYy MoBwH
Python.

2. Jle BukopuctoByetbes SymPy? HaBeniTe nmpukiaam.

3. Sxi ¢yHKIII BUKOPUCTOBYIOTHCA Yy SYMPY i 3HAXOJKEHHS TpaHUILb,

MOX1HUX Ta IHTErpaTiB?

Oxapakrepu3yiite MeToau kiacy Matrix.

Sxi onepariii MokHa POOUTH 3 MATPHUIIMU Yy SYMPy?

Sxi QyHKIIT 703BONISIIOTE TOOYA0BY rpadiku QyHKIINH y SymPy?

VYV skux cucreMax KOOpJAWMHAT MOXKHa moOyayBatu Trpadixk QyHKii y

SymPy?

No bk
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4. JlabopaTopHa po6ota. 3acTocyBanHns 0i0aiorexu NUMPY 10 3aaa4 JgiHiiinoi
ajaredpu

MeTta: 3acBOITH MOXJIHBOCTI poOoTH 610miorekn NumPy 10 MaremMaTHaHUX
o0uHClIeHb, TaKuUX sK omepalii 3 0araToOBUMIpHUMU MacHBaMH, orepamii 3
MaTPHUIIMA, PO3B’SI3aHHS CUCTEM JIHIMHUX PIBHSHb, BUKOPUCTAaHHS BOYIOBaHUX
MaTeMaTHYHUX (PYHKIIIH.

TeopernuHi BiToMoCTi Ta METOAUYHI PeKOMeH AL

bibmioreka NumPy (Numerical Python) € ocHOBHUM iHCTpyMEHTOM MJis
HayKoBUX oOuunciens y Python. Bona 3a0esmeuye edekTwBHI MeTOoauM poOOTH 3
0araToOBUMIpHUMH MAaCUBAMH Ta MICTUTh BEJIUKY KIJIBKICTh (DYHKIIIH JIsi BUKOHAHHS
MareMaTHYHuX omnepaiii. bi6mioreka NumPy 3HayHO crpolye MaTeMaTH4Hi
oO4uCHeHHs, poONsiud iX e(EeKTUBHIMIMMH, IBUIIIUMU Ta 3PYUHIIIUMH IS
peamizanii. Bona He3aMiHHa y 4YHCEIBHOMY aHadi3l, MAIIMHHOMY HaBYaHHI,
MOJICIIIOBaHHI1, 1HXEHEPil Ta 0araThoX 1HIINX TraTy3sX.

NumPy wmae BenuKy KiUIbKICTh MiIMOAYJIB. 3a3BUuYail Jyisi 3BUYAHHOTO
BUKOopucTaHHd NumPy moTpiGeH nuie OCHOBHUM MPOCTIP IMEH 1 MEHIIUWA Habip
MiAMOTy 1B, Pelrta — 1e miaMoayii cieriaaibHOro Npru3HaYeHHS.

PexomeHm0BaHi MPOCTOPH IMEH /IS 3aTajIbHOTO BUKOPUCTAHHS:

— humpy,

— numpy.exceptions;

— numpy.fft;

— numpy.linalg;

— numpy.polynomial;

— numpy.random;

— numpy.strings;

— numpy.testing;

— numpy.typing.

[IpocTopu iMeH creriaiTbHOTO MPU3HAYCHHS:

— numpy.ctypeslib;

— numpy.dtypes;

— numpy.emath;

— numpy.lib;

—  numpy.rec;

— numpy.version.

3acTapuii IpOCTOPH IMEH, SIK1 Oa)KaHO HE BUKOPUCTOBYBATH JJI1 HOBOTO KOAY:

— numpy.char;

— numpy.distutils;

— numpy.f2py;

—  numpy.ma;

— numpy.matlib.
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B NumPy ocHoBHMM 00’ €KTOM J1J1s1 30epiraHHsi Ta 0OpOOKU YHCIIOBUX JaHUX €
OaraTtoBumipHuii MacuB (numpy.ndarray). Haliwacrime 1ie omHOMIpHA
MOCJTIIOBHICTh 200 JABOBUMIpHA TAOJMILI, 3alIOBHEHI €JIEMEHTaMH OJIHOTO THIY, 5K
MpaBUIIO, YMCIAMH, SKI TPOIHAEKCOBAaHI KOPTEXKOM JOJATHUX LUIUX Yuced. Y
NumPy enemeHTH n1poro KOpTeKy Ha3uBarOThCs OCSIMU (IUB. puC. 4.1), a uncno oce
panrom. Lleit 00’exT 3HaYHO ePEeKTUBHIIIMIA 3a cTaHAApTHI cucku Python, ockinbku

30epirae BCi €JIEMEHTH OJJHOTO TUIY Ta MIATPUMY€E BEKTOPH30BaH1 OMepallii.
axis 1

—>

i)

axis 0

Pucynok 4.1 — Hanpsmok oceli y nBoBumipHomy Macusi y NUMPY

MacuB numpy.ndarray MOXHa CTBOPUTH 3a JIONOMOIOw (yHKIIT
np.array (object, dtype), ae object — chnmcok abo iHIIA CTPYKTypa
JAHUX, 10 KOHBEPTYEThC B ndarray, dtype — (HEOOOB’S3KOBO) THUM JaHUX
MacuBy (int, float, complex, bool, Tomo). BoHa n03Bojsi€e KOHBEpPTYBaTH
3BUYaiiHi cnucku Python y macuBu NumPy, siki Oulbll €EeKTHUBHI JJI1 YMCIOBUX
00YUCIIEHb.

Hampuxian,
import numpy as np

arr = np.array([1l, 2, 3, 4, 51)

print(arr) # [1 2 3 4 5]

print (type (arr))

arr float = np.array([1l, 2, 3], dtype=float)

[
print (arr float) # [1. 2. 3.]

arr bool = np.array ([0, 1, 2], dtype=bool)
print (arr bool) # [False True True]

arr 2d = np.array([[1, 2, 3], [4, 5, 6]])
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print(arr 2d) # [[1 2 3] # [4 5 6]]

Koxen ndarray Mae KOPUCHI METOIH:

— shape — po3MipHIcTh ndarray;

— size —3arajgbHa KiIBKICTh €IEMEHTIB ndarray,

— ndim — KUTBKICTh BUMIpIB ndarray,

— dtype — 1un naHux ndarray,

— itemsize — po3mip ogHOTrO eneMeHTa (B 6alitax) ndarray.

Hampuxian,
import numpy as np

arr = np.array([[1, 2, 31, [4, 5, 6]1)

print (arr.shape) # (2, 3) - posmipHicTb (psgmkm, CTOBILL)
print (arr.size) # 6 - BarajbHa K1JbK1ICTbL eJIeMeHT1iB
print (arr.ndim) # 2 - xinpkicTe BuMipiB
print (arr.dtype) # int32 abo int64 - Tun mDaHuUX

( )

print (arr.itemsize # posmip omHOTO eyeMeHTa (B Oamrax)
NumPy niarpumye matpuuni onepariii. Hexait Tpe6a 3agatu matpuio 3 X 2.

Tpeba BkazaTu 30BHIIIHIN CIUCOK y KBaJAPATHUX AYyX,KaxX [ ]. A B cepelllHl BKJIaIeH1

CIIUCKHU. Y pe3yJIbTaTi MU OTPUMAEMO OB0BUMIPHUL MACUE PO3MIHHICTIO 3 psiaka 1 2

CTOBITYMKA:
import numpy as np

a = np.array([[1, 2], [3, 4], [5, 6]])

print (a)
B pesynbTaTi oTpuMaemMo MaTpuiio 3 X 2:
[[1 2]
[3 4]
[5 6]]

NumPy micTuTh Kiibka BOyAOBaHUX (PYHKIIM JUIsl TeHepalii MaTpullb Pi3HUX
THUIIIB!

— np.zeros (shape, dtype=float) — CTBOpHOE MATPULIO HYJIB
3aanoi hopmu;

— np.ones (shape, dtype=float) — CTBOpPHOE MaTPULIO OIAWHHUIH
3amaHoi hopmu;

— np.full (shape, fill value) — CTBOPIOE MAaTPHULIIO, 3alIOBHEHY
neBHUM yuciaoM £111 value,

— np.eye (N, M=None, k=0) — CTBOPIOE OJMHHUYHY MaTpuUIll0 (abo
JiaroHaJibHy, IKII0 M He None, k — HOMep JiaroHari);

— np.random.rand (N, M) — CTBOPIOE€ MaTPHUII0 BUIIAJAKOBUX YHCEI 3

niamazony [0, 1);
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— np.arange(start, stop, step) — CTBOPIOE MaCUB YHUCEI Y

3aJIaHOMY JTiarma3oHi;

— np.linspace(start, stop, num) — CTBOPIOE MAacCHB PiBHOMIPHO

PO3MOIUICHUX YHCEIL.

i ¢ysxmi kopucHi [ JiHIAHOI anreOpH, MOJENIOBaHHS, MAaIIUHHOTO
HABYaHHS Ta 1HIIUX 3a/1a4.

NumPy wmictuth kinbka ¢yHKIOiH 18 (QopMyBaHHS MacHBIB Ha OCHOBI
ICHYIOUMX JaHuX. BOHM M03BOJISIOTH 3MIHIOBAaTH CTPYKTYPY, PO3MIPHICTH 1 BMICT
MacHBiB 0€3 HEOOX1THOCTI CTBOPIOBATH iX 3 HYJIS.

DyHKIiI KOMiIOBAHHS TA KOHBEPTAMLIii:

— np.array(object, copy=True) — CTBOPIOE HOBHI MacuB 3

ICHYIOYUX JTaHUX;

— np.copy (arr) — CTBOPIOE IOBHY KOITIF0 MaCHBY.

3mina ¢popmu MacuBy:

— np.reshape (arr, new shape) — 3MiHIO€ (pOpMy MacuBy 0e3 3MIHU

JTaHUX;
— arr.flatten() Ta arr.ravel () — NepeTBOPIOIOTh OAraTOBUMIPHUMN
MacHUB B OJJHOBUMIPHUH.

/lonaBaHHS HOBMX OCeH:

— np.expand dims (arr, axis) —aomae HOBHI BUMIp;

— arr([:, np.newaxis] — anpTepHAaTUBHUHI CNOCIO.

O0’cqHaHHA MacHBIB:

— np.concatenate((arrl, arr2), axis) — o00’e€qHye MacuUBHU
B3JI0BK 3aJaHOI OCI;
— np.hstack() Ta np.vstack() — Tropu3OoHTaJbHE 3 €IHAHHS Ta

BEPTUKAJIbHE 3’ €THAHHS.
Po30uTTs MacusiB:

— np.split(arr, sections, axis) — po30uBae mMacuBy Ha piBHI
JaCTUHU;

— np.hsplit() Ta np.vsplit () — cOpoOIIEHI BapiaHTH MONEPEaHIX
KOMaH]I.

IloBTOpEHHS ejIeMeHTiB:

— np.tile(arr, reps) — NOBTOPIOE MACUB MEBHY KIJIbKICTh Pa3iB;

— np.repeat(arr, repeats, axis) — NOBTOPIOE KOXEH €JIEMEHT
NIEBHY KUIBKICTh pas3iB.

NumPy nHamae mupokuil HaOlp MaTpUYHHMX ONEpaliil, sKI JO3BOJISIIOThH
BUKOHYBaTH  0a30BI Ta  pO3IIMPEHI  JiHIWHI  anreOpaiyHi  OOYMCIIEHHS
(BUKOPHCTOBYIOUH MiAMOIYJb 1inalqg):

— + 1 — JoJaBaHHS Ta BIJIHIMAHHA,
— — MHOXXCHHSI €JIEMEHTIB (€IEMEHTHE MHOYKEHHS);
— @abonp.dot () — maTpuIHE MHOKCHHS,
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— T — TpaHCIIOHYBaHHS,

— inv — o0epHeHa MaTpHuIls;

— det — BU3HAYHUK,

— trace — chig MaTpully,

— matrix rank — paHr Marpuu,
— eilg — BjacHI 3HAYCHHS,

— svd — CHHTYJIIPHHUM pPO3KIas,

Hampukiaz, 3HaiiieMo TpaHCIIOHOBaHY 1 00€pHEHY MaTPHIIIO:
import numpy as np

A = np-arraY([(l/ -2, 3), (4, 5, -0), (=7, 8, 91,
'floato4d')

print (A)

AT =A.T

print (A T)

A inv = np.linalg.inv (A)

print (A inv)
v pGSyJIBTaTi OTPUMAEMO:
-2.
5.
8.
4.

[0 1.
[ 4.
[-7.
[ 1.
[-2. 5.
[ 3.
[ O.
[ O.
[ O.

.
.
.11
[ .
-]
. ]

kOCD\]@O\

-6. ]
32978723 0.14893617 -0.0106383 ]
0212766 0.10638298 0.06382979]
23758865 0.0212766 0.0460992911]

[

Cucremu Ax =b  anreOpaiyHux  pIBHSHb  MOXHA  PO3B’S3yBaTH,
BUKOPHUCTOBYIOUM METOJl solve 3 miaMoayia 1inalg.

3aBaaHHsA 10 J1a00OPATOPHOL podOTH

1. CtBOpuTH MacuBH
-8 10—n h-2 -7 —m —-h+1 n

A=<5 2h+n n+8>,B=<4 h 6—n>,C=<h>,
-2 3h—-n -1 3 n 7 n+h
Jie N — HOMEp BapiaHTy, h — ocTaHHs HUdpa HOMEPY BaIIOi TPyIIH.

1) IepeBipuTH, OTHAKOBI YU HEOTHAKOBI MacuBU A Ta B.

2) 3HaiiTi 0OyTOK MaTpuilb A * B.

3) 3aMiHUTH 3HAK €JIEMEHTIB Y MacuBi A, 3HAUYEHHS SKUX 3HAXOIATHCS MK 1

Ta 10.
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4) 3aMiHUTH 3HAK €JIEMEHTIB Y MacuBi B, 3HaUCHHS SKHUX 3HAXOMATHCS MIXK 5
Ta 8.

5) 3maiiTu MiHIMaIbHUN Ta MAaKCHMAJIbHHM eJIEMEHT MacuBiB A Ta B.

6) IleperBopuru MacuB A i3 float B int.

7) 3HaiiTH JiaroHaabHI €JIeMEHTH T00yTKY MaTpuilh A - B.

8) IMomiusT MicusgMu 2 PAIKA y MaTpHiii B.

9) OGuucnuTH panru Matpuils A ta B.

10) 3naiitn 3 HaWOULTPMMX 3HA4YeHb y MacuBi A. 3HaWTH 2 HAWOUTBIINX

3Ha4Y€Hb y MacuBi B.

11) Po3B’si3aTH cucTeMy JIIHIKHUX piBHAHB: Ax = C ABOMa CIIOCOOAMH.

2. CTBOpUTH OJIHOBUMIPHUW MacuB JIJaHUX, B SKOMY OyJie BKa3zaHa 3apruiaTa
BUMTENS 1O MICSIIM 3a MOTOYHUM pik (Opatu y mianmazoni Bix 7500 rpuBeHB 10
15500 rpuBens). Hexait mogatok Ha m0xoau (i3UYHUX OCI0 OOYHCIIOETHCS TaK.
bazoBa craBka cTaHOBUTH 12%. SIKIIO B SIKOMYCh MICSIIl 3apOOITOK BUUTENS 3a PIK
ckinage Ourbme 50000 rpuBeHb, TO HA YAaCTUHY pOKY sKa 3aiuiumiaca (He
BKJIFOYAIOYH II€H MICSIIb) BCTAHOBIIOETHCS cTaBka B 20%. Hanpukias, Ko BUUTENb
3apobiige moMicsis 8000 rpuBeHb, TO A0 JunHS Buutens orpumae 8000-7 =
56000 rpuBeHb 1 MOYMHAIOUM 3 CEPHHS MOJATOK Ha J0X0au (i3UYHHUX OCI0
HapaxoByBaTUMEThCs 3a cTaBkow 20%. Hammcatu dynkmito calculate (), sika
npuiiMae Ha BX1J MacuB, IO MICTUTH JIOX1J 332 KOXKEH MICSIb POKY, TOUMHAIOYH 3
MEPIIOTO Ta MOBEPTAE 3arajbHy CyMy MOJATKY, SIKUH HAJICKHUTH 3aINIATUTH 32 PiK.

IIuTaHHs 1J8 CAMOKOHTPOJIIO

Oxapakrepuzyite MOXIMBOCTI 610mioTekn NumPy moBu Python.

1o Take humpy.ndarray?

Hagenith kopucHI KOpUCHI MeToau ndarray.

Poskaxite mpo (yHKIl amns popMyBaHHS MacHMBIB Ha OCHOBI 1CHYIOUHX
nanux 'y NumPy.

Yu MoxkHa BUKOHYBaTu MaTpuydHi 1ii NUumPy?

Oxapakrepusyiite oco0auBOCTI podoTH 3 MmaTpuiaMu y NUmPy.

SIK BUKOHY€TBCA eleMeHTHE MHOKeHHST y NumPy?

SAxumMu cnocodamMu MOKHA PO3B’SI3aTH CUCTEMHU alNreOpaiyHuX PIBHSAHB Y
NumPy?

e

O ~N oo

29



5. JlabopaTopHa podoTa. 3acTocyBanHsi 0idiorexku Matplotlib g0 Bizyasizamii

$yHkuiit

Meta: 3acBOiTH MOXJIMBOCTI pobotu 6i16mioTeku Matplotlib 1o Bizyamizarii
(GYHKINN y pI3HUX CHCTeMaX KOOPJMHAT Ta Bi3yalizalli Iy aHaji3y JaHUX.

TeopernuHi BiToMoCTi Ta METOAUYHI peKOMeHAAIIL
bibmioreka Matplotlib — 1me omHa 3 HalWnmomyspHIMMX Oi0MOTEeK IS
Bizyanizanii qanux y MoBi Python. Matplotlib — e 6i6mioTeka mist Bizyasizamii JaHux

JIBOBUMIPDHOIO Ta TPUBUMIPHOIO

rpagikoro. Matplotlib € rHyukuM, JerKo

KOH(IrypoBaHMM makeToM, skuili paszom 3 NumPy, SciPy i1 I[Python nanae
MO>KJIMBOCTI, Io1i0H1 10 MatLab.
OcHoBHi MmoxmmBocTi Matplotlib:
— noOyioBa JiHIKHUX TpadikiB, TICTOrpaM, JliarpaMm pO3CIIOBaHHS, KPYTOBUX

Jiarpam TOIIIO;

— THYYKE HaJIAIITYyBaHHS KOJbOPIB, MIANKCIB, OCEN Ta CTUIIIB;

— MOXJIMBICTB 30epekeHHs TpadikiB y pi3Hux gopmarax (png, pdf, svg);

— miaTpuMka pobotu 3 iHmuMu 616miotekamu (NumPy, Pandas, Seaborn).
OCcHOBHi KOMIIOHEHTH (UB. puc. 5.1):

— pyplot — ocHOBHUIT MOYIIB, 1110 MiCTUTH (DYHKITIT 1715 TOOYIOBU rpadikis;
— Figure — ocHoBHHIA 00’ €KT 1 TOOY10BH TpadiKiB;

— AXes — obnactb nobynoBu rpadika Bcepenuni Figure;

— plot — Ge3nocepenHbo cam rpadik (JTiHii, TOYKH, TICTOTPaMHU TOIIIO).

ymax I —
Legend Figure
2 - |
o .
s v —]
Y axis label y i N -
=27 il 5 -
~ Gnd
_4 -
ymin | -6
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
X
- /-
Xmin X axis label Xmax

Pucynok 5.1 — ba3zosi komnonentu 6i6moreka Matplotlib
VY nporteci pobotu 6i6mioTeka Matplotlib BuBoauTh rpadiuny iHpopmariiiro Ha

CKpaH, BHKOPHUCTOBYIOUYH IIAKCT

Tkinter nanms  poGoTH 3 KOPUCTYBAaLbKUM

inTepdeiicom. Ilaker TKinter mocraBnseTscst 3 camoro MoBoto Python. Bukonaemo
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MeTon get backend(), SAKUN MOKAaXeE, 0 BUKOPUCTOBYETHCS Tkinter y SKOCTI1

backend 3a 3amMOBUEHHSIM:
import matplotlib as plt

print (plt.get backend())

y KoHcom 3’sBUThcs TKAQQ. SIkmo 3a skuMoch mnpuuunHamu TKInter me
BCTAHOBJICHO, TO OyAyThb mpoOiemu mpHu BimoOpaxkenHi rpadikiB. [lpu Oaxanni
MOJKHA TepekaounTrcs Ha iHmuid backend, manpuximan, na Qt5AQQ. s 1poro
TpeOa BUKOHATH IHCTPYKLIIO plt .use ('Name backend').

bibmioreka Matplotlib migTpumye mmpokuit cnekTp TUMiB TpadikiB A
Bi3yaumizaiii JaHux. OCh OCHOBHI 3 HUX:

1. Jliniitnmi rpagik (Line plot).

BukopuctoByeThcsi ISl BiIOOpa)KEHHS 3MIH BEJIMYMH Yy 4aci abo 1HIIUX

MOCJIIIOBHOCTSIX (MB. puc. 5.2).
-@.- Figure 1 = O X

NiHIAHWA rpadik

30.0

27.5 1

25.0 7

22.54

20.0 4

17.5 1

15.0 +

12.5

10.0 4

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

+ Q=

PI_/IC}-/_HOK 5.2 — JliniitHuit rpadik y Matplotlib
import matplotlib.pyplot as plt

x =11, 2, 3, 4, 5]
y = [10, 20, 15, 25, 30]

plt.plot(x, y, marker='o', linestyle='-', color='b'")
plt.title ("Jlinivuum Tpadix")
plt.show()
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2. TouxoBwuii rpagik (Scatter plot).

KopucHwuii 1uist aHaITi3y B3a€MO3B 13Ky MK JBOMAa 3MIHHUMH (IHB. puc. 5.3).
import matplotlib.pyplot as plt
import numpy as np

x = np.random.rand (50)
y = np.random.rand (50)

plt.scatter(x, y, color='r')
plt.title ("ToukoBum rpadik")
plt.show()

-@.- Figure 1 = O x

ToukoBWiA Frpadik
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Pucynox 5.3 — ToukoBuii rpadik y Matplotlib

3. 'icrorpama (Histogram).

BuKOpUCTOBYETBCS AJ1s1 aHATI3Y PO3MOALTY JaHUX (IHB. pHcC. 5.4).
import matplotlib.pyplot as plt
import numpy as np

data = np.random.randn (1000)
plt.hist (data, bins=30, color='g', alpha=0.7)

plt.title("I'icrorpama")
plt.show ()
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.1 Figure 1 = O

licTtorpama

80

60

20 A

$ Q=

Pucynox 5.4 — I'icrorpama y Matplotlib
4. CroBnuacra giarpama (Bar chart).
[TinxoauTh 11 NOPiBHAHHS KaTeropii (auB. puc. 5.5).

.1 Figure 1 = O

CToBnYacTa Hiarpama

$ Q=

Pucynok 5.5 — Jliarpama y Matplotlib
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import matplotlib.pyplot as plt

labels = ['A', 'B', 'C', 'D']
values = [10, 20, 15, 25]

plt.bar(labels, values, color='purple')
plt.title("CroBnuacTa niarpama")
plt.show()

5. Kpyrosa giarpama (Pie chart).

KopucHa ai1s ipeIcTaBiIeHHs YaCTOK y 3arajibHiil cyMi (IuB. puc. 5.6).
import matplotlib.pyplot as plt

sizes = [30, 20, 25, 25]
labels = ['A', 'B', 'C', 'D']
plt.pie(sizes, labels=labels, autopct="%1.1£%%",
colors=["'blue', 'red', 'green', 'yellow'])
plt.title ("Kpyrora niarpama')
plt.show()
w1 Figure 1 - O

Kpyroea giarpama

+ Q=
Pucynok 5.6 — Kpyrosa giarpama y Matplotlib

6. I'padik i3 3anoBHeHO10 MIOHIEK0 (Area plot).
BuxopuctoByeThcs Uil aHANM3y HAaKOMUYeHUX gaHux. Hampukiax, y = sin x,
x € [0; 2m] (muB. puc. 5.7).
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'35;' Figure 1 - O *

padik i3 3aNOBHEHOIO NMOLWED
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Pucynok 5.7 — I'padik i3 3anoBHeHo10 momero y Matplotlib

import matplotlib.pyplot as plt
import numpy as np

X = np.arange (0, 2*np.pi, 0.001)
y = np.sin(x)

plt.fill between(x, y, color='cyan', alpha=0.5)

plt.title("I'padik 13 3anoBHEHOK IJomen")
plt.show()

7. bokcmior (Box plot).
Jlormomarae BUSIBUTH PO3KH]I JaHUX Ta aHOMAaJIbHI 3HaYeHHs (IuB. puc. 5.8).

import matplotlib.pyplot as plt
import numpy as np

data = [np.random.randn(100) for  in range(4)]
plt.boxplot (data, labels=['A', 'B', 'C', 'D'])

plt.title ("BokcnyoT")
plt.show ()
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-@.- Figure 1 =

bokcnnoT

I 1]
[T

T T T
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Q=
Pucynox 5.8 — bokcror y Matplotlib

Matplotlib Takox minrpumye 3D-rpadiky.

8. 3D-ainiitnuii rpagik (qus. puc. 5.9).

’g’.‘ Figure 1 =

3D-niHinHWN rpadik

—— 3D-kpuBa

P Q=
Pucynox 5.9 — 3D-ninitinuii rpadix y Matplotlib
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import matplotlib.pyplot as plt
import numpy as np
from mpl toolkits.mplot3d import Axes3D

# CreopmoeMo 3D-dpirypy
fig = plt.figure()
ax = fig.add subplot(1l1ll, projection='3d"')

IOani

= np.linspace (0, 10, 100)
= np.sin(t)

= np.cos(t)

=t

N X o ==

# Mobynmosa 3D-jiHil
ax.plot(x, vy, z, color='b', label='3D-xpuna')

ax.set xlabel ('X")
ax.set ylabel ('Y")
ax.set zlabel('Z")
ax.set title('3D
plt.legend()

plt.show/()

3D-nmiHivHMM Tpadik')

9. 3D-ToukoBuii rpagik (Scatter plot) (aus. puc. S. 10)

%1 Figure 1 O

3D-TouykoBUI rpadik

b ..}. Q =B )
Hmme510—3qummmﬁqm®myhhmbﬂ%
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import matplotlib.pyplot as plt
import numpy as np

fig = plt.figure()
ax = fig.add subplot(1l1ll, projection='3d"')

T'eHepalllsa BUIIAOKOBUX TOUYOK
= np.random.rand(100)
= np.random.rand(100)
np.random.rand (100)

N K X =

# IMoBymoBa TOUKOBOTO Tpabika
ax.scatter(x, vy, z, c='r', marker='o")

ax.set xlabel ('X")
ax.set ylabel ('Y")
ax.set zlabel('Z")
ax.set title('3D-ToukoBum rpadpix’')

plt.show()

10. IToBepxHi (Surface plot).

Hanpuxian, mobyayemo ¢yHkmito z = sin./x? + y? y mionmui XYZ (nus.
puc. 5.11).

%1 Figure 1 = O X

3D-noBepxHeBuin rpadik

[: 1.00
0.75
" 0.50
- 0.25
r 0.00
r—0.25
-—0.50
r—0.75
~—1.00

NED PQE
Pucynok 5.11 — IToepxns y Matplotlib
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import matplotlib.pyplot as plt
import numpy as np

fig = plt.figure()
ax = fig.add subplot(1l1ll, projection='3d"')

CTBOPEHHS Cl1TKM 3HAUEHb

= np.linspace (-5, 5, 50)

= np.linspace (-5, 5, 50)

, Y = np.meshgrid(x, V)

= np.sin(np.sqgrt (X**2 + Y**2))

N XK X =

# IoBymoBa MMOBEPXHI
ax.plot surface(X, Y, Z, cmap='viridis"')

ax.set xlabel ('X")
ax.set ylabel ('Y")
ax.set zlabel('Z")

'3D

ax.set title( -rnoBepxHeBUM rpadik')
plt.show()

Y Matplotlib moxxna BigoOpa3utu 300paxkeHHst y ¢opmarti png, jpg, bmp, tiff
TOLIO 3a JOIOMOrow wmoxayis imshow (). Hampukinan, BuBenemMo Ha €KpaH

300pakeHHs y opMarti png, sKe JSKUTh Y KOPSHI MPOEKTY (IuB. puc. 5.12).
Axmo Tpeba 3aBaHTaxkuTn 300pakeHHs 3 URL Ta BimoOpasutu ioro B

Matplotlib, To moxHa BuKopHcTaTH 6i0mioTeKy requests abo PIL.
| "5:7.' Figure 1 - O X |

Binobpa>keHHs PNG B Matplotlib

matplotlib

A€ $QA=E
Pucynox 5.12 — Bigo6paxkennst 300paxenss y ¢popmari png y Matplotlib
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3aBaaHHd 10 JJadopaTopHOI podoTH
1. 300pa3utu rpadiku ¢GyHKIIH Ha OJAHOMY PHCYHKY PI3HHUMH KOJbOpamH,
MIMACATH KOKHY (PYHKIIIO Ta 30€perTd pUCyHOK y (haiiil 3 po3MIUpeHHsIM .pPNg:

1) y = sin(x) + %sin(Zx) + isin(3x),y = Vx3 —3x2 +5.
2) y=8x?(x2—-1)3,y=tg (9x — g)

3)y=1i y=x5+6x4—%.

)
nx

x3-2x%2—x+2

4) y=—F"F"—,y = ctg(3x+§).

X

5) y = (x? —2)e #,y =

x°-8x*+3x-5
Vx
3
6) y = xf_l,y = sin(Sx —g)
7) y =sinx —In(sinx),y =e

8) y =cosx + %cos(Zx) + §c05(3x),y = Y7x6 —5.
_3 _ _xX = T
9) vy =x(7 —x)? =,y = oS (Zx + 2).

10) y= ("—*2)2

X—2

2x+3

2. 300pa3utu rpadiku QYHKINT y TMOJSIPHIA CHCTEMI KOOPAWHAT Ta 30eperTu
PUCYHOK Y (haiis1 3 po3MIMPEHHSIM .pNg:

1) p = 5sin¢.

2) p = 3cos .

3) p = 4(1+ cos @).

4) p = 5sin? 4¢.

5) p = 2sin? 3¢.

6) p = 3sin4o.
7) p = 7sin5¢.
8) p = 2(2 + cos ¢).
9) p = 6cos2¢.

10) p = 7cos4g.

3. 300pasutu Tpadik moBepxHi (yHKIII Ta 30epertu pUCYHOK y dain 3
PO3IIMPEHHSIM .pNg:

1) z = 4x? + 9y2.

2) z=6—(x*+y?).

3) z=9 —x2%

4) Z=y—2.
15

5) z = 3x% — 2y°2.

6) z = 2x% — 3y>2.

7) z = 5x% — 4,
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2
8) z=4x?>+L +1.
10

9) z=9x2+'y9—2+ 1.

10) z = 16x2% —y2

4. 300pa3uTu KpPYyroBy jmiarpamy Juis Kommadii, B skiii mparioe (500 - n)
CHIBpOOITHHKIB, 1€ T — HOMEp BapiaHTa, 3 SKUX: 4% TOBOPUTH MOPTYralbChKOIO
MOBO1O, 5% — ykpaiHcbkowo, 8% — apabcebkoro, 14% — smoncekow, 16% —
icraHchKo10, 22% — ¢paniry3pkoro, 31% — aHTITIHCHKOTO.

5. 3o00pa3utu ricrorpaMmy 3apIulaTH BYMTENS IO MICAISIM 3 MONEPEeIHbOI
J1a00paTopHOi POOOTH 32 OCTAHHI JIBa POKH.

IIuTaHHA 1 CAMOKOHTPOJIIO

1. Sxe mpuznauenus 6iomiorexn Matplotlib?

2. Sk nomatu no rpadika ciTKy?

3. Un MOXHa OJHOYACHO BHBOJIUTH JEKUIbKa TpadikiB Ha OJHOMY

300pakeHH1?

SIK 3MIHIOETBCS CTHIIb B1IOOpaKEHHS JiH11?

Uu MOKHA 3MIHIOBATH MAapKepU y TOUKAX JIHIT?

Sk 3po0OuTH 3aMMBKY 00s1acTi Mk rpadikom i mpsimoro y = 07

Uu MOXJIMBE BiJI0OpaXkeHHs JEKUIbKOX TpadikiB HAa PI3HUX KOOPJIUHATHUX

ocsax y Matplotlib?

8. Uum moyxHa Ha 300pakeHHs y popmari png nogatu rpadik GyHKIii?

9. llo y Matplotlib y sixocti backend 3a 3aMOBYEHHSIM BUKOPUCTOBYETHCS?
Hagenite npuknanu inmmx migrpumysanux Matplotlib backend.

10.51kx miarpamu mokHa OymyBatu y Matplotlib?

11.0OxapakTepusyiite 3aaHHs JIOrapu(PMIYHUX 1 MOJSIPHUX KOOPIUHAT.

12.Yn wmoxHa peanizyBaTd BOYJOBYBaHHS JIBOBHUMIPHOTO pHUCYHKa Y
TPUBUMIPHUI?

13.Yu MokHa CTBOPIOBATH TPUBUMIPHI CTOBITUYMKOBI Jiarpamu’?

14.0xapakTepu3yiTe MOKIMBOCTI MOOya0BU noBepxoHb y Matplotlib.

15.Yu mokHa poOUTH Bi3yati3allifo IBOBUMIPHUX BEKTOPHHUX MOJIB?

No ok

41



6. JJabopaTopHa pooora. 3acrocyBanHs 6idJioTexn Pandas g0 3agau anaiizy
TAHUX

Mera: 3acBOITH MOKJIHBOCTI poboTu Oibmiorekn Pandas g0 anamizy Ta
00pOOKHM JTaHMX.

TeopernuHi BiToMoCTi Ta METOAUYHI PeKOMeHAAIliL

bibmioreka Pandas — 1ie ofHa 3 HAWITOMYJIAPHIIINX 010JTI0TEK JJIs

Pandas — e BucokopiBaeBa 6i0mioreka Python st anamizy Ta 00poOKu 1aHUX.
Bona 3a0e3mneuye 3py4yHi CTPYKTypu MaHUX 1 (PyHKIT juist poOOTH 3 TaOIMYHUMH
JTAHUMU, TIOIIOHUMU 710 eneKTpoHHNX Tadmmib (Excel) abo pensiiiianx 6a3 JaHMX.

OcHoBH1 MokyMBOcTI Pandas:

1. OCHOBHI CTPYKTYpH JIaHHX:

— Series — oJHOMIPHHUI MacHB, CXOXKHI Ha CTOBIYMK y TaOJIHII a00 CITHCOK;

— DataFrame — nBoBumMipHa TaOMMIS 3 PSAKAMH Ta CTOBMOISIMU (OCHOBHUI

00’ext Pandas, sikuii € TAOIHMYHOO CTPYKTYPOIO JaHUX).

2. IMIopT Ta eKCropT AaHUX:

— 34YuTyBaHHS JaHuX i3 CSV, Excel, sql, json;

— 3anuc y (aitnu pizHux Ghopmaris.

3. O6po6OKa Ta MaHITyIAIIT 3 JTAHUMU:

— (inbTpais, COpTyBaHHs, TPYIyBaHHs, arperyBaHHs;

— 00poOKa BiJICyTHIX 3HAYECHb.

4. AHani3 1aHUX Ta CTaTUCTHUKA:

— O0O04YMCIIEHHS CepeaHbOT0, MEIIaHU, CTAHJAPTHOTO BIIXUJICHHS TOIIO;

— po0oTa 3 YaCOBUMHU PSIIAMH.

5. Bizyanizaris:

— 1HTerpaiiis 3 610mioTekor0 Matplotlib myst mobynoBu rpadikis.

Hanpuknaza, crBopumo DataFrame, y sskomy MicTuThbCs Taka iHpopMaLis: iM’4,
BIK 1 OI[IHKA CTyJlIeHTa. Tpeba BUBECTU CTYACHTIB, BIK AKUX Oublie 22 Ta OOYUCIUTH
CEpEIHIO OIIHKY CTYJICHTIB.
import pandas as pd

# CrBOopeHHs DataFrame

data = {
"Im's": ["AnuHa", "Bormaxn", "BikTop"],
"Bixk": [23, 25, 227,
"Ouiuxka": [90, 85, 88]

df = pd.DataFrame (data)

# BuBemeHHA Tabismili
print (df)
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# Bubip pgamkiB 3a yMOBOI
print (df [df ["Bik"] > 22])

# OOumMcrieHHa CcepelHbOIl OL1HKU
print ("Cepenusa ouinka:", df["Ouinka"].mean())
VY pe3ynbTari OTpUMAaEMO:

IM'a Bix OuilHka

0 AHHa 23 90

1 Borman 25 85

2 BikTop 22 88
IM'a Bix OuiHka

0 AHHa 23 90

1 Borman 25 85

CepenHs olliHKa: 87.66666666666667

biomoreka Pandas pospoOssuiacss mjist poOOTHM 3 TaOIMYHUMHU JAHUMH.
[TonynapHuMu TunaMu (paitiniB ajs iX 30epiraHys €:

CSV — TEKCTOBUW (opmaT, y SKOMY 3HAYEHHS B CTOBILSAX BIJOKpEMJIECHI
OJIMH BiJ] OAHOTO PO3JIJIBHUKOM, YaCTO KOMOIO;

xlsx abo xIs — popmaru ¢aiiniB enekrpoHHuX Tadbmib Microsoft Excel;
json-daiinm — 1e TEKCTOBHM ¢opmar, Npu3HAYCHWA ISl 30epiraHHs
CTPYKTYypOBaHUX JaHUX.

J{ns yutaHHsA Ta 3anucy TaOiaulpb 3a3HaueHux QopmartiB y Pandas iCHYIOTEH
crerjajibHl METOIH.

IUI1 YATaHHS (PaiiaiB CSV BUKOPUCTOBYEThCA MeToA pd . read csv () ;
IUIs YNTaHHS (QaiiniB XIsX BUKOPHCTOBYEThCS MeToJ pd . read excel ();
111 YNTaHHS (aiiliB jSon BUKOPUCTOBYEThCS MeTod pd . read json ();

It yuTtaHHa  O6asu gaHux  SQL  BHUKOPHUCTOBYETHCS ~ METOJ
pd.read sql (),

TS YUTAHHS HTML-tabnuib BUKOPUCTOBYETHCS METOJ
pd.read html (),
JUISt YUTaHHS BEJIMKHUX daiinis BUKOPUCTOBYETHCS METOJ

pd.read parquet (),
1 ydtaHHs  ZIP-apxiBiB  BUKOPHUCTOBYETHCS METOJ 3 JOAATKOBHM
rnmapamMmeTpom pd.read csv("data.zip",
compression="zip").

Meron pd.read csv("data.csv") — HalNOMMPEHIMHA METOA Ul
3aBaHTakeHHs nanux y Pandas. Kopucui mapamerpu:

sep="; " — 3MiHIO€ PO3AIILHUK (JKIIO HE KOMA);
header=None — gKIII0 HEMAE 3aroJIOBKIB;

usecols=["Im'a", "Bik"] — uwuTae auiie BUOpaHi CTOBMII;
encoding="utf-8" — 3amae KOayBaHHS (BAXJIUBO ISl YKPaiHCBKUX
TEKCTIB);
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— dtype={"Ouinka": float} —3amae TUII JAHUX AJI CTOBIILI;

— parse dates=["IlaTa"] — aBTOMaTUYHO KOHBEPTYE CTOBICHbL Y
dopmar natu.

VY Pandas € 6araTo MeTomiB 41 neperiisny Ta ananizy DataFrame.

1. OcHoBHi MeToau AJs neperasiny DataFrame.

Busenenns nepmmx abo OCTaHHIX PSJIKIB:

— df.head (n) —noka3ye nepuri h psAAKIB (32 3aMOBUYBaHHSIM S);

— df.tail (n) —noka3ye OCTaHHI N PAJIKIB.

OcnoBHa iH(popmariist mpo DataFrame:

— df.info () — 3arampHa iHQOpMaIls TPO CTOBMI, TUMU JaHUX Ta
MPOIyIIEH] 3HAYCHHS,

— df.shape — po3mipricTs DataFrame (KiTbKiCTh PSIKIB 1 CTOBIIIIB);

— df.columns — CIHCOK Ha3B CTOBIIIIIB;

— df.index — iHdopmarris mpo iHIEKCH.

[lepersnsan CTaAaTUCTUYHUX XapaKTEPUCTHUK:

— df.describe () — OCHOBHA CTaTUCTHUKA (CEpeaHE, MeAiaHa, MiH., MAKC.);

— df.describe(include="all") — cTaTUCTHUKA I BCIX TUIIIB JaHUX
(HE nuIIe YUCIOBUX);

— df["Ouinka"] .mean () — cepeiHE 3HAYECHHA KOHKPETHOTO CTOBIILIA.

Bubip BunagkoBux psankis: df . sample (n) — BUMAAKOBUNA BUOIp n PSAAKIB.

2. Ileperusix Bmicty DataFrame.

BuOip KOHKpETHOTO CTOBIII:

— df ["IMm'sa"] — BuOIp OJHOTO CTOBIIIIS;

— df[["IMm'a", "Ouinka"]] — BUOIp KUIBKOX CTOBIIIIB.

Bubip psakiB 3a Homepowm (iloc):

— df.iloc[0] —nepmmi psAIoK;

— df.iloc[1:4] —psaku 3 1 no 3 (He BKIIO4arouu 4).

BuOip psiakiB 32 yMOBOIO:

— df [df["Bik"] > 22] —Bubip psaakis, ae "Bik" Ouibiie 22;

— df[df["Im'a"] == "Auua"] — BUOIp pAAKIB, e iM'a "AHHA".

[lepeBipka HasBHOCTI MpOMylIeHUX 3HadYeHb: df.isnull ().sum() -
KUIBKICTB TIPOIYIICHUX 3HAYE€Hb Y KOKHOMY CTOBIIII.

3. Metoau ajs poodoru 3i crpykrypor DataFrame.

[lepeitmenyBaHHs CTOBIIIIB, HAPUKJIIA]!
df.rename (columns={"Oniuka": "CepenHinl ban"},
inplace=True)

CopTyBaHHsI, HAIPUKJIIAL:

— df.sort values ("Bik") — cOpTye 3a BIKOM (3a 3pOCTaHHSM).

— df.sort values ("Bik", ascending=False) - coprye 3a
CHaJaHHsIM.

Bunanenus cToBmiiB abo psAIKiB, HATPUKIIA:

— df.drop(columns=["Ouixnka"]) — BAJAIAE CTOBIEIb.
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— df.drop(index=[0, 2]) — BUJaJsi€ PAIKH 3a IHIESKCOM.

Takum ymHOM, Gi6mioTexa Pandas coporrye oOpoOKy gaHHX, Ma€e 1HTYiTUBHO
3pO3yMIIMHA CHHTAKCUC, JOOpe IHTerpyeTbcsi 3 1HmmMMH Oi0miorekamu Python
(NumPy, Matplotlib, Seaborn), miaxoauTh 115 BETUKAX OOCATIB JaHUX.

3aBaaHHsA 10 J1a0OPATOPHOL podOTH

1. 3aBanTaxutn 3 https://www.kaggle.com/datasets Public Datasets (csv-daiin
3 nanumu). [IpoBectr aHaini3 naHux:

1) IlepetBoputu csv-nani B 00’ ekt DataFrame.

2) BuBecTu Ha eKpaH MOYATOK Ta KiHeUb (aiiiry.

3) BuBectu Ha exkpaH ocTaHHI 15 psiakiB daiy.

4) BuBecTy Ha €KpaH JIeKIJIbKa JOBIJILHUX CTOBITYHKIB.

5) Jlomatu HoBuii croBmuuk Total i mpucBoiTH HoMy cymMy abo KiJIbKICTh
JIESIKMX 3HAYEHb 3 1HIIUX CTOBITYHKIB.

6) [lepeiiMmenyBaTH KOJIOHKH, SIKI MICTSTh JIBa 1 OLJIBIIIE CIIIB.

7) 3pobutu nepezanuc DataFrame.

2. 3a gomomoror Merony read html () BMKOHAWTE NapCiHr TaOJIUYKH 3
BEOCTOPIHKHM, HAMPUKIAM, 3 O(MIMIIHOI CTOPIHKK YKpaiHCHKOTO OaHKy 3 KypcoM
BaJIIOT.

1) BuzHaunTh KUIbKICTh OTPUMAHUX TAOJIUIIb.

2) Orpumaiite DataFrame 3 kypcamu BaJtoT.

3. BuxopucroBytoun 0a30Bi (punbTpu, BiAQUIBTPYWHTE AaHI, 32 YUCIOBHUMH
naHuMu. 30epexiTh OTPUMAaHUW pe3yibTaT y IHIIUNA cSv-(ailn 3 gaHuMu. 3poOiTh
BHCHOBKH.

4. BukoHaiiTe po3auieHHS CSV-aiily Ha 4actuHd (o 15 pdankiB) —Ta
00’ eHaiiTe oTpuMaHi yactTuau B oguH DataFrame.

IIuTaHHA 1J CAMOKOHTPOJIIO

o npencrasise coboro y 616mioTeni Pandas 06’ext Series?

o npencrainse coboro y 616mioTeri Pandas 06’ext DataFrame?
Sxi icHytoth MeToau DataFrame untanns tectoBux hopmatiB?
Po3zkaxiTe ipo ocHOBHI MeTou A1 neperisany DataFrame.
PoskaxiTe ipo criocobu nepermsiay Bmicty DataFrame.
OxapakTepusyite MeToau g poOOTH 31 cTpykTyporo DataFrame.

SohkowdE
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7. JlabopaTopHa poboTa. 3actocyBaHHs 0i0;1ioTexkn Pandas 1o rpynyBanns ta
arperyBaHHsl JaHUX

Mera: 3acBOITH MOXKIMBOCTI poOoTu 0i0mioreku Pandas mo rpymyBaHHs
JaHWX, arperyBaHHIO JaHUX.

TeopernuHi BiToMoCTi Ta METOAUYHI PeKOMeHAAIliL

DataFrameGroupBYy — 1ie 06’ext y Pandas, sikuii CTBOPIOETHCS MiCIsl BUKIUKY
MeTrony groupby (). BiH mo3Boise rpymyBaTH JaHl 3a OJHUM abo0 KITbKOMa
CTOBNIPIMU 1 BUKOHYBAaTH arperaTHi omepairlii, Taki sK MiIpaxyHOK, CyMa, CEPeIHE
3HAYCHHS TOIIO.

CunTakcuc:

df .groupby ("cTroBneur")

[Mpuknan Bukopuctanus groupby():

import pandas as pd

# CrBopenHa DataFrame

data = {
l'Ppynall : [HAH, HBH, HAH, HBH, HAH, HCH] ,
"CryoeHT": ["AHHaA", "Bormaun", "BikTop", "T'anua",

",HeHMC", "eBa"] ,
"Ouiuwka": [90, 85, 88, 92, 75, 80]

df = pd.DataFrame (data)

# I'pynyBaHHs 3a "I'pyna" Ta BHAXOIXEHHS CEepemHBbOIl OL1HKM
grouped = df.groupby ("I'pyna") ["Ouinka"] .mean ()
print (grouped)
Pesynprar:
I'pyna
A 84.333333
B 88.500000
C 80.000000
Name: Ouinka, dtype: float64
Arperyroui Mmetoau groupby():

— mean () — cepeaHe 3HAYECHHS,

— sum () — cyMa 3Ha4YCHb;

— count () — KUIBKICTb €JI€MEHTIB Y TpyTIi;
— min () — MiHIMAaJIbHE 3HAYEHHS,

— max () —MaKCUMaJIbHEC 3HAUYCHHS,

— median () — MealaHa;

— std () — cTaHgapTHE BIIXUJICHHS,
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— describe () —mOBHA CTAaTUCTUKA IPYIIN.
Hanpuxiran, cymyBaHHs BCiX 4rciioBUX qaHuX B DataFrame (muB. puc. 7.1).

In [14]: df.groupby( 'Day _name').sum{)

out[14

e ProductlD GQuantity Price Total
Day_name

Friday 0063281 6 33073.80 33973.30

Monday 765576 6 2343530 38071.890

Saturday 143185 1 433433 433433

Sunday 767407 5 3718035 4314535

Thursday 3925651 10 4143905 59075.05

Tuesday 641762 11 25618.08 B64991.43

Wednesday 17171 6 32873.79 37433.07

Pucynok 7.1 — Arperaiiist o JHSM THXHS
OueBUIHO, 10 groupby () — Ie MOTYKHHUI IHCTPYMEHT ISl aHATI3Y JaHUX.

3aBaanHsA 10 J1alopaTOpPHOI podOTH

1. 3aBantaxutn 3 https://www.kaggle.com/datasets Public Datasets (csv-daiin
3 nanumu). [IpoBecTu aHasi3 1aHUX.

2. BubepiTh KOJOHKM 3 4YHCIOBUMH JaHUMH. JlaiiTe XapakTepUCTUKY
BUOpaHUM JaHUM.

3. BukonaiiTe rpynyBaHHsS Ta arperyBaHHd JaHux Yy (¢aiinmi. Hanaiite
ITOSICHEHHSI.

IIuTaHHA 1JI CAMOKOHTPOJIIO

1. Oxapaxkrepusyite 00’ ekt DataFrameGroupByY 3 6i6mioTexu Pandas.

2. HaBeniTh arperyrodi METOIu.

3. Uu MoXxIHMBe TPyMyBaHHS 32 KUTbKOMa CTOBMIISIMU ?

4, Slkuit METOJ JTO3BOJISIE 3aJUIINTU TUIBKW TPYIH, SK1 BIAMOBIAAIOTH TIEBHIM
YMOBI1?

5. Uu MOXJIMBO 3aCTOCOBYBATH KIJIbKa arperyrouux QyHKITiH?
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8. JlabopaTopHa podoTa. 3actocyBanHs 6i0;1ioTexkn Pandas no Bizyanizamii
TAHUX

Mera: 3acBOITH MOXJIHBOCTI poOoTH 0i0mioTeku Pandas mo rpymyBaHHIO
JTAaHUX, arpeTyBaHHIO JaHUX, Bi3yalli3allii JaHUX.

TeopernuHi BiToMoCTi Ta METOAUYHI PeKOMeHAAIliL

Y 06ibmioreni Pandas € BOymoBani 3aco0Om anst Bizyamizamii JaHHX, SIKI
6a3yroThest Ha 610mioreri Matplotlib. Bonu no3BonsitoTs mBuako OymyBaTH rpadiku
0e3 101aTKOBHUX HaJIaIlITyBaHb.

OcHoBHI MeTou Bizyauizaiii y Pandas:

1. Jliniiinmii rpagik line plot. 3a 3amoBuyBaHHsM df.plot () Oyaye
niHiiHAA Tpadik (quB. puc. 8.1). Jleski BIaCTHBOCTI:

— kind="1line" — BKasye, 1mo Oyayemo JiHIHHUN rpadik;

— marker="0" — 107a€ TOUKH Ha JiHII.
import pandas as pd
import matplotlib.pyplot as plt

# Creopmwemo DataFrame
data - {"MiCF.{H,b": ["Ciq", "J_.[IOT", "Bep", "KBi", "Tpa"] ,
"lMpomaxi": [100, 150, 130, 170, 2007}

df = pd.DataFrame (data)

# Byomyemo Tpabik
df.plot (x="Micsaup", y="llpomaxi", kind="line", marker="o",
figsize=(8, 5))

plt.title ("InHamMika npomaxir")
plt.xlabel ("Micaup")
plt.ylabel ("llpomaxi™)
plt.grid(True)

plt.show()
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Pucynox 8.1 — Jliniiinuii rpadik
2. CroBmunkoBa giarpama bar plot (qus. puc. 8.2).
import pandas as pd
import matplotlib.pyplot as plt
data — {"MiCHLI,b": ["Ciq", "HIOT", "Bep", "KBi", "Tpa"] ,
"llpomaxi": [100, 150, 130, 170, 2007}
df = pd.DataFrame (data)

y="Ilpomaxi",
5))

df.plot (x="Micsaunr",
color="skyblue", figsize=(8,

plt.
plt.
plt.
plt.

title ("llpomaxi 3Ba micauammu')
xlabel ("Micsaup")

ylabel ("IIpomaxi")

show ()
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Pucynok 8.2 — CtoBmunkoBa jiarpama
3. Kpyrosa giarpama pie chart (qus. puc. 8.3).
import pandas as pd

import matplotlib.pyplot as plt

data = {"MiCHHb": [uciqu, "HDT", "Bep", "KBi", quau],
"llpomaxi": [100, 150, 130, 170, 200]}

df = pd.DataFrame (data)

df.plot (kind="pie", y="Ilpomaxi", labels=df["Micaup"],
autopct="%1.1£f%%", legend=False)

plt.title ("Poznomin npomaxis")

plt.ylabel ("") # Ipubupaemo nignmc oci Y
plt.show()
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Pucynok 8.3 — Kpyrosa giarpama

4. I'padik po3ciroBanns scatter plot (us. puc. 8.4).
import pandas as pd
import matplotlib.pyplot as plt

data = {"MiCFILI,b": ["Ciq", "HIOT", "Bep", "KBi", "Tpa"],
"llpomaxi": [100, 150, 130, 170, 200]}

df = pd.DataFrame (data)

df.plot (kind="scatter", x="Micaur", y="Ilpomaxi",
color="red")

plt.title("3Br'a30k Mix MicsdueM 1 npozmaxamm")
plt.xlabel ("Micsaus")

plt.ylabel ("IIpomaxi")

plt.show ()
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Pucynok 8.4 — I'padik po3citoBaHHS

Kpim Toro, y Oibmioreri Pandas mosxHa Bi3yami3yBaTh JaHi IITAaTHAMHU
MOKJIUBOCTSIMHM, HE BHKOpHCTOBYIouM Oi0mioreky Matplotlib. Jlns moOymoBu
ricrorpamu icHye MeTon plot.bar (), a mas moOyaoBH KpyroBoi JiarpamMu iCHYeE
Meton plot. pie() (muB. puc. 8.5). Omxke, Pandas mae BOymoBaHi MeTOaH
Bi3yaJizailii, Skl J0CTaTHI 111 0a30BOTO aHAJI3Y.

In [22]: plot = res.plot.pie(y="sum', figsize=(7, 7))

Friday
Monday
Saturday
Sunday
Thursday
Tuesday
Wednesday

Saturday

Monday

Friday

Wednesday

Tuesday

Pucynox 8.5 — Bizyamnizaris
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3aBaaHHd 10 JJadopaTopHOI podoTH
1. 3aBanTaxutu 3 https://www.kaggle.com/datasets Public Datasets (csv-daiin
3 nanuMmu). [IpoBecTn anani3 naHux.

2.

BubepiTh KOJIOHKM 3 YHMCIOBUMU JaHuUMHU. JlaiiTe XapaKTepUCTUKY

BUOpaHUM JIaHHM.

3.

[ToOynyiiTe CTOBMUMKOBY JiarpamMu, BUKOPHUCTOBYIOYM METOA bar ().

3p00iTh BUCHOBKH.

4.

[ToOynyiiTe KpyroBy niarpamy, BHUKOPHCTOBYIOUM MeTOA plot.pie ().

3p00iTh BUCHOBKH.

ITuranns s CAMOKOHTPOJIIO

1.
2.
3.

©CoN OBk

SAxuit MeToa BUKOPHUCTOBYETHCS IS CTBOpEeHHS TpadikiB y Pandas?

Ax moOyayBatu diHiHMMN rpadik y Pandas?

SAxuii mapamerp kind moTpiOHO BkazaTtd, 100 CTBOPUTHU CTOBIYUMKOBY
niarpamy?

Sk 3minuTH po3mip rpadika B Pandas?

Sk nogaTu 3aroiaoBoK 10 rpadika?

Sk 3poOUTH TOUYKHM Ha JiHIHHOMY rpadiky O1IbII TOMITHUMU?

Yum Biapi3HseTbea bar Big barh y Pandas?

Sk noOyayBaTu ricrorpamy (rpadik po3noairy)?

. Sk 3miaUTH KOTip Tpadika y Pandas?

10 Sk 3poOUTH MIANKUCH y BIACOTKAX HAa KPyroBiil aiarpami?

11.5x noOyxyBatu rpadik po3citoBanHs y Pandas?

12.111o Take bins y rictorpami?

13.51k 3MiHMTH TiAACH Ocelt Ha rpadiky?

14 .5Ix moxxHa mokpammtu odopmiieHHs rpadikiB y Pandas 3a momomororo

Matplotlib?

15.Yu moxxHa OyayBaTH KijbKa rpadikiB oqHo4acHO? SIKIIO Tak, SK?
16.51x BuOpaTH MeBHI CTOBMIII JIJIsl Bi3yasi3allii?
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9. JlaGopaTopHa podoTa. AJiredpaiuHi 00uucIeHHs MOBOIO R

Merta: 3acBOiTH MOXKIMBOCTI pOOOTH MOBHU R 110 3acTOCYBaHHS pO3B’s3yBaHHS
3a/1a4 JIHIMHOT anreopu.

TeopernuHi BiToMOCTI Ta MeTOAUYHI peKOMeH Al

R — € caMor0 MomnysIsspHOIO y CBITI MOBOIO JIJII CTATUCTHYHUX OOYMCIICHB. R —
1e TIOTYKHa 1HTepIIPeTOBaHa MOBA CIIEHAPIiB i1 0OpOOKH Ta aHai3y CTATUCTHYHUX
naHux, rpadivyHoi Bi3yamizamii JaHuX. BoHa HIMPOKO BUKOPHUCTOBYETHCS cepell
CTAaTUCTUKIB, JOCHIJHMKIB JaHUX Ta aHaJITUKIB 3aBASKH CBOiM IOTY>KHOCTI,
THYYKOCTI Ta HasBHOCTI BEJMKOI KiJBKOCTI MAKETIB ISl BUPIMICHHS PI3HOMaHITHUX
3aBJIaHb.

Snpo R moxHa 3aBanTaxutu 3 odimiitaoi ctopinku CRAN (Comprehensive R
Archive Network) 3a  mocwimanHsMm  gng Windows https://cran.r-
project.org/bin/windows/base/. Kpim Toro, smpo R gocTymHO s IHIIHX
onepauiiiaux cucrem: OS Ta Linux. Oppady 0OaxxaHO BCTaHOBUTH JOJATKOBI
IHCTpYMEHTH IS CTBOpEHHS makeTiB R 3 BuximHoro koxy B Windows https://cran.r-
project.org/bin/windows/Rtools/ (rpadiunoro intepdeticy Hemae). Jlns HamwcaHHS
KOAy MOHa BUKopuctoByBath nporpamy RStudio IDE (muB. puc. 9.1), sixa € BiIbHO
posnoBcrokenuM  IDE-pemaktopom  (muB. puc. 9.2) komy s MoBH R
https://posit.co/download/rstudio-desktop/.

R RGui - O X

File Edit View Misc Packages Windows Help

EREEER

[

‘B R Conscle El@

E wersion 4.4.2 (2024-10-31 ucrt) —— "Pile of Leaves"
Copyright (C) 2024 The E Foundation for Statistical Computing
Platform: xSE_E&—wE&—minngEIxE&

E is free software and comes with ABSCLUTELY HNO WARRANTY.

You are welcome to redistribute it under certain conditions.
Type 'license ()" or '"licence()' for distribution details.

E iz a collabkorative project with many contributors.

Type 'contributors()' for more information and

'citation()"' on how to cite R or R packages in publications.
Type '"demo()' for some demos, 'help()' for on-line help, or

'help.start ()" for an HIML browser interface to help.
Type "dg()" to guit E.

Pucynok 9.1 — Bikno R Console
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R Console (puc.) MoXHa BHKOPHUCTATH, HANPHUKJIAA, JJs OHOBJICHHS sapa R.
Jlist mporo mMOTPiIOHO BCTAHOBUTHM TakeT installr, BUKOHABIIM KOMAaHIHA Y
KOHCOJT:
install.packages ('installr')
library("installr")
updateR ()

RStudio = O *

File Edit Code View Plots Session Build Debug Profile Tools Help

o - OR 3~ Go to file/function = Addins = Rl Project: (None) ~
Console  Terminal Background Jobs Environment  History  Connections  Tutorial
R -R442 . ~/ o #import = | Paomis ~ | & List = -
. A N R~ Global Environment =
R version 4.4.2 (2024-10-31 ucrt) -- "pile of Leaves
Copyright (C) 2024 The R Foundation for Statistical Com
puting _ ]
platform: x86_64-wB4d-mingw32/x64 Enviranment is empty

R is free software and comes with ABSOLUTELY KO WARRANT
Y.
You are welcome to redistribute it under certain condit
ions.

Type 'license()' or "licence()’' for distribution detail
5.

R is a collaborative project with many contributors.
Type 'contributors()’ for more information and
"citation()’ on how to cite R or R packages in publicat Files Plots Packages Help Viewer Presentation

ions. SO -0 & &-
" " ' ' . : 72y Home
Type 'demo()' for some demos, "help()' for on-Tine hel
p, or A Name Size Modifiet
"help.start()’' for an HTML browser interface to help. Hactpotosati wabaonw Office

Pucynok 9.2 — Bikuno RStudio IDE

OCHOBHI XapaKTepUCTUKU MOBH R:

— CrpsIMOBaHICTh HAa CTATUCTUKY: R CTBOpEHM crieniaabHO AJIs aHaji3y JaHuX 1
BKJIIO4Yae Oarato BOyJoBaHMX (YHKIINA JUIsi BUKOHAHHS CTATUCTUYHUX
orepariii, TAKHX SIK perpecis, KiacTepusallisi, 4acoBl PN TOLIO.

— Bizyanmizamiss ganux: R 103Boiisie cTBOproBaTH SKICHI Trpadiku, Takl SK
ricrorpamu, JiarpaMd pO3CIIOBaHHS, KOpPOOKOB1 jiarpaMu, TEIUJIOBI KapTu
tomo. [lonmynspHi nakeru, sik-0T ggplot2, 3HAYHO PO3IMIUPIOIOTH MOMKJIHBOCTI
Bi3yaJsizariii.

— PosmmproBanicTh: R Mae TucAYl MakeTiB, AOCTYIMHUX YEpe3 PErno3UTOpii
CRAN (Comprehensive R Archive Network). Ili makets mg03BOJSIOTH
MpaloBaTH 3 MAlIMHHUM HaBYAaHHSM, 0101HPOPMATHKOIO, aHAI30M TEKCTY,
reONpPOCTOPOBUMH TAHUMU Ta 0aratbMa iHIIMMH 3a/1a4aMH.

— Bigkpure mporpamne 3abe3nedeHHsS: R € 0€3KOMTOBHUM 1 Ma€ BIIKPUTHI
BUXIJTHUN KOJI, IO POOUTH WOTO JOCTYITHUM JIJIsl BCIX KOPUCTYBAUiB 1 JO3BOJISIE
CHIJIBHOTI aKTUBHO PO3BUBATH CEPEIOBHUIIIE.

— Kpocmnardopmenicts: R nmpamroe Ha Windows, MacOS ta Linux.

— Ckpuntu, HanucaHi Ha MOBiI R, 30epiratotecs y (opmari namefile.R.
Komannu BBOASTHCS KOPUCTYBAayeM Yy KOHCOJ1 (KOMAHIHOMY BiKHI) MicCJIs
CUMBOJTY 3alpOIICHHS, 1110 MA€ BUTIISAL «>».
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RStudic — O *

File Edit Code Wiew Plots Session Build Debug Profile Tools Help

S - Of il o to file/function * Addins = Rl Project: (None) =
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D

g
platform: xB6_64-w6d-mingw32/x64 X . X
R: Trigonometric Functions = Find in Topic

R is free software and comes with ABSOLUTELY MO WARRANTY. . . . -
you are welcome to redistribute it under certain conditions. Trlgonometrlc Functions

Type 'license()’ or "licence()’ for distribution details.
R is a collaborative project with many contributors. Description
Type 'contributers()’ for more information and

"citation()' on how to cite R or R packages in publications. These functions give the obvious trigonometric functions. They

respectively compute the cosine, sine, tangent, arc-cosine, arc-

Type ‘demo()’ for some demos, ‘help()’ for on-line help, or sine, arc-tangent, and the two-argument arc-tangent.

"help.start{)" for an HTML browser interface to help. cospi(x), sinpi(x), and tanpi (x), compute cos (pi=x),
Type 'gq()’ to quit R. zin(pi*x).and can(pi*x).
> help("sin™) Usage

cos (X

2in(x -

Pucynok 9.3 — BUKkiuk A0BiIKH Ui TPUTOHOMETPHYHOT (PYHKIII1

R uytnuBuil 10 perictpy kinaBiaTypu. Bcei komMaHIu BBOAATHCS Y KOMaHIHOMY
psanouky. Hanmpukman, mo0 orpumarn  jgoBigky (muB. puc. 9.3) 3a
TPUTOHOMETPUYHOIO (YHKIIEIO SinX, y KOMaHIHOMY PpsI0YKy TpeOa BBECTH
HACTYIIHE:

help ("sin") abo help.search ("sin")

VY npaBoMy HIKHBOMY KyTi Ha BKiaaii Help BigoOpasuthcs iHpopmaltis o0
BUKJIMKY (PYHKIIi, apryMEHTy (YHKIIi Ta IPUKIaJI0M BUKOPUCTAHHA (DYHKIII.

OcHOBHUH (DYHKITIOHATT TIPOTpaMH Peali3yeThbCs 3a JOMOMOTOI0 BOYTOBaHUX
Ta CTBOPEHUX KopucTyBadeM (pyHkIlii. Bci 06’ ekt 1 Habopu JaHuX 30€piraroThes y
maMm’siTi 10 3aBepIIeHHS 1HTepakTuBHOI cecli. OCHOBHI (yHKIIT TOCTYymHI 3a
3aMOBUYCHHSIM. [HIM (GyHKIT MICTATBCS y TIAKeTax, KI MOXYTh OYyTH aKTHBOBaHI y
X0/l poOOTH 3 MporpaMmoro 3a HeoOxiaHicTio. KomaHIHI PSAOYKHA CKIIAJAIOThCS 3
(GyHKLIM 1 TpUCBOEHb. R BUKOPUCTOBYE CHUMBOJ <— JUIsI HPHUCBOEHHS 3aMICTh
3BUYaitHoro =. KoMeHTapi NUIIyThCA MICs CUMBOIY #.

OCHOBH1 IOHSTTSL:

— 00’exkTH: y R Bce € 00’€KTOM, BKJIFOYAIOUU YHUCJIa, BEKTOPH, MATPHUIIl, CIIUCKH,
naHl Tomo. Hampuknan, Matpuiio 2 X 3 MokHa MOOyyBaTH 3a JIOIOMOTOIO
bynkmii matrix (1:6, nrow=2, ncol=3);

— BEKTOPH: OCHOBHUH OyaiBenbHUI 00K gaHuX B R. BekTopu MOXyTh MICTUTH
Yuciia, CAMBOJIM a00 JIOTi4HI 3HauyeHHs. Bektopu B cuctemi R dopmyroTses
GyHKIIT KOHKaTeHarii ¢ () ;

— ¢yunkuii: R mae Oarato BOyaoBaHuX (YHKIIN 1 J03BOJSE KOPUCTyBayam
CTBOPIOBATH CBO1 BJIACHI.

[TonysnsipHi nakeTH:

— ggplot2 — mug Bidyanmizaiii JaHuX;
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— dplyr — s MaHIYJIALIT JaHUMU;

— tidyr — ana tpancdopmarii 1aHUX;

— caret — JuIsl MAIIMHHOTO HAaBYaHHS;

— shiny — s CTBOPEHHS IHTEpAaKTHBHUX BEOIOAATKIB.

Y wmoBiI mporpamyBaHHS R ICHYIOTH pIi3HI THIHU JaHHMX, SIKIi JO3BOJISIOTH
30epiratu 1 06po6IIATH pi3HOMaHITHY iH(popMariiro. Och OCHOBHI TUIU JaHuX ¥ R:
IIpocTi TUNU JaHUX:

— numeric (uucnoBui). O0’€KTH HAHOrO KJIACYy OUIATHCA Ha IIJIOYHCIIOBI
(integer) aificHi (double);

— logical (noriunuii). BUKOpHCTOBY€ThCS y JIOTIYHMX yMOBax. Mae JBa
MOYKJIMBUX 3Ha4yeHHs: TRUE abo FALSE;

— complex  (KOMIUICKCHMI). BHKOpPHCTOBY€TbCS  JJII  TPEJCTABICHHS
KOMIUIEKCHUX 4mcen. Hampuknan: 3 + 21 (me i — ysBHA OQUHMIIS);

— character (cumBonbHui). [lpencraBisse TekcT abo psAAKU. Psaaku
3aMUCYyIOThCs y Jamnkax (abo B mojBiHMX, abo B oauHapHux). Hampuknan:
"hello", 'data'.

CriagHi THIIM JaHUX:

— vector (Bektop). OMHOBUMIpHA CTPYKTYpa, Ka MICTUTh €JIE€MEHTU OJIHOTO
tunty. Ilpuknaa: c (1, 2, 3) (uucnoBuidi BekTop), c ("apple",
"banana") (CUMBOJBHUN BEKTOD);

— matrix (Mmarpuug). JBoBUMIpHA CTPYKTypa, IO MICTUTh €JIE€MEHTU OJIHOTO
tuity. CTBoproeTbecsi (PyHkmiero matrix (). Hanmpukman, matrix (1:6,
nrow = 2, ncol = 3);

— array (MacuB). baraToBumipHa CTPYKTypa, IO MICTUTh €JIIEMEHTH OJHOTO
turry. CTBOproeThes GyHKIEW array (). Hanpukman, array (1:8, dim
= c(2, 2, 2));

— list (cmmcok). HectpykTypoBaHi daHi, fKI MOXYThb MICTUTH €JIE€MEHTH
pi3HMX TUMB (YHUCNA, PAIKH, BEKTOPH, MaTpHIll ToII0). CTBOPIOETHCS
dbynkuiero 1ist (). Hanpukman, 1ist (1, "text", TRUE, c(1, 2,
3));

— data Frame (¢peiiMm ganux). Tabmuis, A€ CTOBIII MOXYTh MICTUTH JaHI
pizaux TtumiB. lle ocHOBHuMiI Tunm s podoTu 3 gaHuMu B R. CTBOproeThes

dbyukmiero data.frame (datal, data2, ...). Ilpm upomy Bci
BekTopu datal, dataZz, ... TIOBHHHI MaTH OJHAKOBY JIOBXHHY.
Hanpuxian,

data.frame (
Name = c("Alice", "Bob"),
Age = c (25, 30),
Married = c¢(TRUE, FALSE)
)
— factor (dakrTop). BHKOpHUCTOBYETHCS I TIPEACTABICHHS KaTETrOpiaJIbHUX
3MiHHUX. DakTOp — 1€ BEKTOPHUU O00’€KT, IO KOJY€ KaTeropialibHi JaHi
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(kmacu). 3HaueHHS (aKTOpIB 30€piraroThes K YKCia, aje MaloTh BiAMOBIIHI
piBHi (labels). Hanpuknan, factor (c("low", "medium", "high",
"low") ).
I Tunm:
— NULL. [To3Hayae BincyTHICTh a00 HeicHYBaHHs 3HaueHHs. Hanpuknag, NULL.
— NA (Not Awvailable). BuxopuctoByeTbCsi A1 MO3HAYEHHS MPOIYIICHUX
3Ha4eHb y nanux. Hanpuknan, NA;

) . . 1 ]
— Inf1-Inf.Ilo3HayaroTh HECKIHUEHHICTh. Hampuknam, 5 nacte Inf;

. 0
— NaN (Not a Number). [To3nauae pe3ynprar, SKuii He € YUCIOM (HAIIPUKJIIA], 5)'

Hampuxknan, NaN.

I{i Tunu (quB. puc. 9.4) € 0CHOBOIO POOOTH 3 JaHMMH B R 1 jomomararoTh

e(pEKTHBHO aHAJII3yBaT! Ta 00poOIIATH 1HPOPMALIIO.
= num <- 3.14
= class(num)
[1] "numeric”
= int <=- 42L
= class(int)
[1] "integer”
= log <- TRUE
= class(log)
[1] "Togical”
= char <- "Hello, R!"
= class(char)
[1] "character™

= fac «- Tactor(c("Tow", "medium”, "high"))
= class(fac) # "factor”

[1] "factor"

= levels(fac)

[1] "high” "lTow™ "medium”

o

Pucynox 9.4 — Ilpukiian BU3HAYCHHS THITY JaHUX

ApudmernuHni omeparlii HajJ, MATPUISAMH 3IIMCHIOIOTHCS O KOMIIOHEHTHO,
TOMY, HampuKjIad, 1100 A0JIaTH ABI MaTPHIll, BOHU IIOBUHHI MaTH OJTHAKOBI PO3MIpH.
Oyukiigs A = cbind (A, B) CTBOPIE MATPUIIIO, MPUMUCYIOYU 10 A cIipaBa B
(1 IBOTO KITBKICTh PAMKIB Y A 1 B Mae cmiBnagarn). Oyskiigs A = rbind (A,
B) CTBOpPIOE MATPHIIIO, IPUITUCYIOUH A0 A 3HU3Y B (JJI I[bOTO KIJIBKICTH CTOBIIIIIB Y
A 1 B Mae CITBIAgaTH).

Omnepariii HaJ MATPHUIIMH.

— A+B — 1oJaBaHHA,

— A-B — BIJHIMaHHS;

— A%*%B — MHOXEHHS MaTpHUIIb,

— t (A) — TpaHCIIOHYBaHHS MaTPHUIIl A,

— det (A) — BU3HAYHHMK MATPHII A;

— solve (A) —obepHeHa MaTpUIIS A;

— eigen (A) —3HAXOJKEHHS BJIACHUX 3HAUYCHb MATPHIII A.
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[Tpuknan cTBOpeHHs MaTpuil (auB. puc. 9.5):

MatrixData A <- c(1, 2, 3, 4)

A <- matrix(MatrixData A, nrow=2, ncol=2, byrow =
TRUE)

A

Pucynok 9.5 — Pe3ynbpTaT BUKOHAHHS CKPUIITY BUBEJICHHS MaTPULll y KOHCOJI

3aBaaHHd 10 JJadopaTopHOI podoTH
: 1 : : .
Hano matpuui A, B =;A, C 3riHO BaplaHTy, € UV — HOMEp BaplaHTy.

Hanumite ckpunt MoBoro R, sikuii Oy/ie BUKOHYBaTH 3aBJaHHS.

1. O6uucmutu: A + B; AB; A~1; AT; det(A4).

2. O06uucHiTh BIACHI 3HAYCHHS Ta BIACHI BEKTOPU MaTpHIli A.

3. CtBopith Matpuiio AB, npunucytoun 10 A cnpaBa B Ta npunucytouu 10 A
3HU3Y B.

4. Po3B’si3atu MaTpuyHe piBHSAHHA AX = B MaTpuyHUM METOJIOM.

5. 3reHepyBatu IIOYMCIOBUM BekTOop M, 1m0 ckiagaerbes 3 50 BUNAAKOBUX
qyyceN, IO MIAKOPSIOTECS HOPMAJIbHOMY pPO3NOAUTY 3 MAaTeMaTUYHHUM
CTOJIBaHHAM 25 1 cepeHIM KBaApaTuyHUM BiaxuiaeHHsM 10.

6. Bu3HauuTH MakcUMaJabHUM, MIHIMAJbHUM €JIEMEHTH 1 iXHI I1HJIEKCH Y

BekTOpl M.
Busnauutu cepeqHe reoMeTpuuHe i MesllaHy 3Hau€Hb BEKTOpy M.
8. BuszHaunTu Moay 3Hau€Hb BEKTOpY M.

~

BapianTu 3aB1aHb

-1,7 6,8 9,4 1,3 4,6 25,14
2,8 0,7 =52 -95 125 —12,56
1)A=|-61 93 120 7.8 6,7 |;C =] 31,22
05 -52 —41 -34 -84 —17,84
1,1 11,3 =55 2.2 7,9 20,25
3,2 3,3 43 18 =82 12,57
-1,3 —-45 =52 25 -14 —14,01
2) A=| 49 6,3 20 08 19 |;C=]| 26,48
0,2 89 -141 64 04 13,01
-57 -1,3 61 93 -08 0,85
0,2 53 =73 15 4,2 8,32
85 —45 38 -38 =55 517
3y A=| 62 =02 -132 0,2 6,7 |;C=1|—11,26
-2,7 =94 10,8 1,4 =31 21,09
-0,9 6,5 73 =23 -01 28,05
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-23 —-38 18 4,6 22,18

-1,2 0,8 38 7,0 —18,91

-31 -18 -—-19 52 12,10

4) A= 119 17,7 61 63 |;C=]| —1545
10 5

151 —-49 131 127 17,12

13 7 -3,5 11,4 —44 23 68
/ 6,5 119 25 106\ 418\
5A=| 7,7 2,1 -12 13,2 ;C =] —15,70
36 —-19 74 18 —7 6 4,62
9 78 53 —-17 —10,98
12,7 10,1 154 -0, 2 6 14 63
/11,3 -3,2 —7,7 121 6,70\
6)A=| 57 146 06 47 122 ;C=|-1716 |.
\ 64 08 -01 11,6 27 7,66
13,5 —-03 144 11,1 96 1,37
29 41 125 -36 6,3 —12,92
65 14 10,3 —-23 —05 —2,75
NA=|-41 03 78 62 53 |;c=| 2407
94 -39 142 -36 02 3,58
-04 16 7,5 11,2 106 23,06
11,2 79 —-41 23 136 10,46
/14,1 96 41 11,7 —9,3\ /12,11\
8)A=|-124 -0,2 103 149 88 |;Cc=| —-942 |.
\ 25 1,1 66 59 34 \—16,01
-19 18 95 47 82 10,24
88 146 —-22 91 47 18,04
48 07 -37 10,2 -03 5,78
NA=|-42 129 101 78 89 |[;c=| -745
50 51 14,7 2,6 136 —15,36
1,7 95 47 42 =26 18,25
-22 64 134 85 39 4,98
37 21 —-55 72 71 —13,61
100A=| 127 82 —-91 89 34 |[;c=|-1736|.
21 156 -3,6 11,4 1272 6,59
-141 79 -53 152 11,7 —9,82

IIuTaHHA 1 CAMOKOHTPOJIIO

J1J1st 90TO BUKOPUCTOBYIOTH MOBY R?

Jlnst woro motpioen Rtools?

SAxi Bu 3HaeTe nonynsipHi naketu B R. OxapakTepusynre ix.
Oxapakrepu3yiiTe KOMaHI1 BBEICHHS\BUBEICHHS B R.
Oxapakrtepusyiite Tunu gaHux B R.

HageniTe npukiiaan OCHOBHUX KOMaH/ JJisl pOOOTH 3 TUIIAMU JaHUX.
OxapakTtepusyiiTe cTpyKTypu JaHux B R.

NoakRwNE
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8. Hamenith mnpukiaay BUKOPUCTAHHS OCHOBHUX KOMAaHJ i poOOTH 3i
CTPYKTypamu JaHUX.

9. Onumitk criocobu opraunizamii GpyHkiiii B R.

10.Hagenits mpuxmianu Data Frame.

11.5Ik 3agar0ThCst MaTpuIli Ha MOBI R?

12.0OxapaxTepusyiTe omnepailii HaJ MaTPUISIMHU.
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10. JIabopaTopHa po6ota. Bizyaaizanisi 17anux Mmoo R

Merta: 3acBOiTH MOXKIMBOCTI pOOOTH MOBHU R 110 3acTOCYBaHHS pO3B’s3yBaHHS
3a/1a4 Bizyasizallli JaHuX.

TeopernuHi BiToMOCTI Ta MeTOAUYHI peKOMeH Al

R € onniero 3 Halikpamux MOB MporpaMyBaHHS I Bizyalizallii JaHUX
3aBISKHM BOYJOBaHUM TpadiuHUM MOXJIMBOCTAM Ta TOTYKHUM 0i010TeKaM.
Bizyanizamis y R 103Bojisse aHamizyBaTH BeNHMKI OOCSTH JaHUX, 3HAXOJUTH
3aKOHOMIPHOCTI Ta €()eKTUBHO NPE3EHTYBATH PE3yIbTATH.

1. ba3oBa rpajgika B R. MoBa R mae BOymoBaui 3acobu st moOya0BH
npocTux rpadikiB 6€3 BCTAHOBICHHS 101aTKOBUX ITAKETIB.

Hanpwukitan, nixis no Toukax (nus. puc. 10.1).
x <- c(1, 2, 3, 4, 5)
y <- C(ZI 4/ 6/ 8/ lO)

plot (x, vy, type="o", col="blue", main="IllpocTtum rpadix",
xlab="X-picp", ylab="Y-Bicp")
MpocTui rpadcik

10

Y-Bicb
B
|

T | T | T
1 2 3 4 5
X-BiCb

Pucynox 10.1 — Jlinis mo Toukax

Tyt

— type="o0" — JiHij 3 TOYKAMH.

— col="blue" — KoJip aiHii.

— main — 3aroJIOBOK.

— xlab, ylab — mignucu ocei.

Hanpukian, mooyayemo rpadik ¢pyHkiii y = sin x (aus. puc. 10.2).
# T'eHepyeMO 3HAUeHHS X B1iJg -1 IO II
x <- seqg(-pi, pi, length.out = 100)
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# OOUMCIIIDEMO BHAUEHHI Yy = Sin (X)
y <- sin (x)

# Bynmyemo rpadik

plot (x, vy, type="1", col="blue", 1lwd=2,
main="TI'pabik byHkUIiI y = sin(x)",
xlab="x", ylab="sin(x)")

# IDomaeMo C1lTKy

grid()
padik dyHKUITy = sin(x)
‘T | [ [ | | [ [ [
3 2 1 0 1 2 3
X
Pucynok 10.2 — I'padik ¢pynkuii y = sinx
Tyt
— seqg(-pi, pi, length.out = 100) — crBoproe 100 To4ok Big —TT
0 TT.
— sin (x) — o0uucaOe 3HaYCHHS (PYHKITI].
— plot (..., type="1") —Oynye niHiliHUNA rpadik.

— col="blue" — 3a1a€e KOJIp CUHYCOIIH.

— 1lwd=2 — 30U1bllly€ TOBIIMHY JIHII.

— grid () — momae CIiTKy.

Mosa R mae BOymoBaHi 3aco0u aJisi TOOYJOBU CTOBIMYMKOBHUX TiCTOTrpaM 3a
nonomororo ¢pyHkiii hist () (maus. puc. 10.3).
data <- rnorm(1000) # Tenepyemo 1000 BUIDAIKOBMX BHAUEHb
hist (data, col="skyblue", main="TicTtorpama",
xlab="3unauenHua", breaks=30) # breaks=30 — kimnepkxicTb
1HTepBaJlB
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FMcrorpama

Freguency
40
|

3HauYeHHA

Pucynox 10.3 — CtoBmuukoBa ricrorpamMa hist ()

Kopo6xkoBuii rpadik (boxplot) nmokasye po3nojut faHuX, MeiaHy Ta KBapTUII1
(muB. puc. 10.4).
Kopo6GkoBui rpadcik

1.5

1.0

-15 10 -05 00 05

Pucynox 10.4 — KopoOxoBuii rpadik
values <- rnorm(50)
boxplot (values, main="KopobxoBum rpadbix",
col="lightgreen")

KpyroBa niarpamMa BHUKOPUCTOBYETHCS IJIsl Bi3yalli3allii 4YaCTOK KaTeropid y
3aragpHOMY 00cs31  maHux. Y R MOXHa CTBOPUTH KPYroBy Jiarpamy
BUKOpucTOBYIouM (yHKI0 pie () (Base R Graphics);

Hanpuknan, (qus. puc. 10.5).

# Iaui
Categories <_ C("A", "B", "C", "D")
values <- c (25, 30, 20, 25) # UYactku y BimcoTkax
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# MobymoBa KpPyToBOI1 miarpavm

pie (values, labels = categories, col =
rainbow (length (values)), main = "Kpyrora niarpama")

KpyroBa giarpama

Pucynok 10.5 — Kpyrosa niarpama

Tyt

2

values — BEKTOp 4acCTOK;

labels = categories — maNuUCHU JJisl CEKTOPIB;

col = rainbow (length (values)) — KOJIbOpU CEKTOPIB;
main = "Kpyroea miarpawma'" —3arojiOBOK.

. 'padika B R 3a romomororo 6i6aiorexn ggplot2. bidmioreka ggplot2 — 1e

OJlHa 3 HaumonyJisIpHimMX O10110TeK A1 Bizyanizamii fanux y R. Bona 6a3yerbcs Ha
koHreniii Grammar of Graphics (rpamatuka rpadiku), 1m0 JO3BOJSE JIETKO
CTBOPIOBATHU CKJIAJHI Irpadiky NUIAXOM J0AaBaHHS PI3HUX IIapiB.

OcHoBHi niepeBaru ggplot2:

THYYKICTh Ta HAJIAIITOBYBAHICTH;

npodeciitnuii BUTIISII Tpadikis,

MO>KJIMBICTh IOE€JHYBATH P13H1 TUIIM Bi3yalli3allii;
MO>KJIUBICTh 1OJaBaHHA IHIIUX rpadiyHUX €JIEMEHTIB,;
IHTYITUBHUN CUHTAKCHC.

Axmo 0i0nioTeka 1€ HE BCTAHOBJIEHA, TO MOTPIOHO BUKOHATU KOMAHIY Y

KOHCOJII:

install.packages ("ggplot2")

[Ticyis BCTaHOBIICHHS TMAaKeTa BM MOXKETE 3aBaHTAXUTH HOTO 3a JOMOMOTOO
¢byskiii R 1ibrary ("ggplot2"). Hanpukinan, (qus. puc. 10.6).
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Mpadpik dyHKUIT y = sin(X)

-2 0 2
X

Pucynok 10.6 — I'padik pynkuii y = sin x 3a qromomororo 6i0aiotexkn ggplot2

# BaBaHTaxyemo 6ibmioreky ggplot2
library (ggplot2)

# CrBopmwemo maTadbperMm nyusa ggplot?2
df <- data.frame(x = seqg(-pi, pi, length.out = 100))
dfSy <- sin (df$x)

# Bymyemo rTpadik 3a momnoMoTon ggplot2
ggplot (df, aes(x=x, y=y)) +

geom line (color="red", size=1.2) +

ggtitle ("I'pabixk dbyHkUuil y = sin(x)") +

xlab("x") + ylab("sin(x)") +

theme minimal ()

Moskna BuUBecTH Ha ekpaH 1Bl ¢yHkiii. Hanpuknan, mogamo ¢GyHKIi0 y =

oS X, oTpuMaeMo (auB. puc. 10.7).
dfScos y <- cos (df$x)

ggplot (df, aes(x=x)) +

geom line (aes(y=y, color="sin(x)"), size=1.2) +

geom line (aes(y=cos_y, color="cos(x)"), size=1.2) +

ggtitle ("I'padixm y = sin(x) Ta y = cos(x)") +

xlab ("x") + ylab ("3HaueHuHa") +

scale color manual (name="®yHkuil",
values=c ("sin (x)"="red", "cos(x)"="blue")) +

theme minimal ()
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Mpadikkn y = sin(x) Ta y = cos(x)

DyHKLT

0.0 — cos(x)

3HaqeHHA

= sin(x)

-2 0 2
X

Pucynok 10.7 — I'padiku pyHKLii y = sinx 1y = cosx

[Tpuknazg CTBOPEHHSA ricrorpaMu 3a JIOIIOMOT'OO byHKITT
geom histogram() 3 6ibmiorexu ggplot2 (qus. puc. 10.8).
df <- data.frame (values = rnorm(1000))
ggplot (df, aes(x = values)) +
geom histogram(binwidth = 0.5, fill="blue",

color="black") +
ggtitle ("T'icTorpama") +
theme classic()
FicTorpama

150

count

-4 -2 0 2
values

Pucynok 10.8 — I'ictorpama y ggplot2
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[Ipuknag cTBOpeHHS KpPYyroBoi JiarpaMd 3a  JIONOMOrow  (yHKIIl
geom bar () 3 6ibmoreku ggplot2 (auB. puc. 10.9).

Kpyroea giarpama

category

Pucynox 10.9 — Kpyrosa miarpama y ggplot2

library (ggplot2)

# Jani
df <- data.frame (category = c("a", "", "Cc", "D"),
values = c (25, 30, 20, 25))

# IlobymoBa KpyroBOl miarpamm

ggplot (df, aes(x = "", y = values, fill = category)) +
geom bar (stat = "identity", width = 1) + # CrsopoeMmo

CTOBIIUUKU

coord polar("y", start = 0) + # IloylgpHa KOOPIMHATHA
cucTeMa

ggtitle ("Kpyrosa npiarpama) +
theme void() # BupmandgemMo ocili Ta cliTky
Tyt
— geom bar (stat="identity", width=1) — CTBOpPIOE CTOBIIYHUKH,
SK1 TIOTIM TIEPETBOPIOIOTHCS B KPYTOBI CEKTOPH;
— coord polar("y", start=0) — 3MIHIOE CHCTEMYy KOOpPIMHAT Ha
MIOJISIPHY, YTBOPIOIOYM KPYTOBY Jlarpamy;

— theme void () — mpubupae CiTKy Ta ocCl;

— fill = category —3aJae KOJbOPH IJIs CEKTOPIB.

Otmxe, R Mae mmupokuil BHOIp 1HCTPYMEHTIB MJi Bi3yamizailii JaHUX, M0
poOUTH HOTO 17eabHUM JJI aHali3y Ta mpe3eHTarii iHopMmarii. SAkmo noTpidHo
IIBUJKO CTBOPUTH KPYTOBY Jiarpamy — BUKOPHUCTOBYHTe (PyHKII0 pie (), a s
npodeciiiHoi Bizyauizarii — naket ggplot2.
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3aBaaHHd 10 JJadopaTopHOI podoTH

1. TTo6ynoBa 6azoBux rpadiki y R.

1) CrBoputu BunankoBuii HaOip ganmx 3 50 dwmcen 3a AOMOMOTOIO (YHKIIi

rnorm ().

2) TloOynyBatu rpadik po3ciroBanHs 4epe3 QyHKIo plot () .

3) IToOymyBatu ricrorpamy 4depe3 pyHkmiro hist ().

4) TloOynyBatu kKopoOKoBHiA rpadik yepes GyHKIi0 boxplot ().

5) IloOynyBaTu CTOBIUMKOBY Jiarpamy depe3 pyHkiito barplot ().

2. TloOynyBatu rpadiku ¢yHkuii. Bukxopucratu ggplot2 mis moOyaoBu
rpadikis.

1) y = sin(x) + %sin(Zx) + gsin(Sx),y = Vx3 —3x2 +5.

— Qv2(+v2 _ 113 v — _r
2) y=8x“(x“—1) ,y—tg(9x 2).

3)y=iy=x5+6x4—§.

Inx’

_ x3-2x%—x+2

) y=—"—"—",y= ctg(3x+§).

X

5) y =(x*—2)e ",y =
X3

. Y
6) y = ——»Y =sin (Sx _E)'
7) y =sinx —In(sinx),y = e
8) y =cosx + %cos(Zx) + §c05(3x),y = V/7x6 — 5.

9) y = i/x(7 — x)? —g,y = cos(2x+§).
x+2)\2
3. IloOynyBatu ricrorpamy Ta 3poOWTH OLIIHKU po3noauty ganux. [loOymayBaTu
ricrorpamy 3 KpUBOIO TYCTUHH, 110 NMOKa3y€ HOPMAIbHHUI PO3IO/ILL.
1) 3renepyBat 1000 BHIIAgKOBUX UYHCEI 3a HOPMAaJIbHHM PO3IOILIOM,
BUKOPUCTOBYIOUM QYHKLIIO rnorm ().
2) IloOynysatu ricrorpamy hist () Ta ggplot2::geom histogram().
3) JlomaTu KpUBY I'yCTHHH, BUKOPUCTOBYIOUYH (QYHKIIO density ().
4. OznaiiomutHcs 3 MOOyAOBOIO KpyroBux mgiarpam. [loOymayBaTu Kpyrosi
Jiarpamu.
1) CrBoputu HabOip nammx i3 kareropismu ("A", "B", "C", "D") rTa
3HAYEHHSIMH.
2) IToOymyBaTu KpyroBy jaiarpamy 3a JA0MOMOIO0 QyHKIII pie ().
3) IloOynyBatu  aHANOTIYHYy  KpYyroBy Jiarpamy 3  BHKOPHCTaHHSIM
ggplot2::coord polar ().
4) JlogaTH BiJICOTKOBI IAMKCH.
5. Bizyamni3atis 4yacoBuX ps/IiB.
1) 3renepyBaT HaOip NAaHUX IS YACOBHX PSiB, BUKOPUCTOBYIOUYH (DYHKIIIO
ts ().

x3-8x*+3x-5

Vx

2x+3
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2) IToOynyBatu niHidHUK rpadik 3MiHM 3HAYeHb y 4Yaci 3a JOIMOMOTOKO
plot ().

3) Bukopucratn ggplot2::geom line () amd Bisyamisamii THX caMux
TaHUX.

IIuTaHHA 1 CAMOKOHTPOJIIO

OxapakTepu3yiTe MOXKIMBOCTI JJIs Bi3yasizalli y MoBi R.
OxapakTepuzyiite MOXKIMBOCTI 010110TeKH ggplot2.
Po3zkaxiTh mpo criocodu moOya0BU CTOBMUUKOBUX T1CTOTPaM.
Po3zkaxiTh mpo criocobu moOya0BU KPyTOBUX Jiarpam.
OxapakTepu3yiTe 0cOOIMBOCTI Bizyaumi3allii 4aCOBUX PSIiB.

o0 E
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