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06 aeropax 
X3,ll;JIH Y1t:KeM - crnpI1111I1: Ha)"IHbIM coTpyp;HMK KOMITaH1111 RStudio 11 'fJieH op­

ratt113au;1111 R Foundation. Co3p;aBaeMbie MM MHCTpyMeHTbI (KaK Bbl'll1CJIJ1TeJibHbie, 

TaK J1 KOfHJ1TJ1BHbie) He TOllbKO yrrpoiu;aIOT aHaJIJ13 p;aHHblX J1 COKpaiu;aIOT cpOKJ1 

ro BbIITOJIHeHMJI, HO 11 npeBpaiu;aIOT 3TOT B11p; p;eJITeJibHOCTM B YBJieKaTeJibHOe 3a­

lliIT11e. K 'fMCJIY ero pa3pa6oTOK OTHOCJITCJI rraKeTbI p;JIJI HayK11 o ,n;aHHbIX ( 6116n110-

TeKa tidyverse: ggplot2, dplyr, tidyr, purrr, readr 11 ,n;p.) 11 11HcTpyMeHTaJibHb1e 

cpep;crna pa3pa6oTKM naKeTOB (roxygen2, testthat, devtools). X3p;JIM Harr11ca11 He-

KOJibKO KHJ.1f, Bep;eT 06yqa10iu;Me KypcbI ]11 'faCTO BbICTyrraeT c JieKI.J;J.1JIMJ1, nporra­

r aHp;MpyJI 11crroJib30BaHMe R B HayKe o p;aHHbIX. Eonee nop;po6Hy10 MHcpopMau;MIO 

o HeM MO)l(HO Hai1TM Ha cal1re http: / /hadley. nz. 

fappeTT fpoyJIMYH.ll: - cneu;MaJIMCT B o6JiaCTJ1 CTan1CTJ.1KJ.1, npenop;aBaTeJib 

H pa3pa6oT'fMK B KOMnaHMM RStudio. OH aBTop xopollio M3BeCTHoro naKeTa 

lubridate, a TaK)l(e KHMrM Hands-On Programming with R. 
Y'fe6Hbie KypcbI fappeTTa no JI3bIKY R Ha cal1Tax DataCamp . com M ore illy. 

::om/ safari noJib3YIOTCJI 60Jibl110M nonynJipHoCTbIO, M ero 'facTo npMrnarnaIOT 

BbICTynaTb c rreKu;MJIMM, nocBJIIu;eHHbIMl1 R 11 HayKe o p;aHHbIX, B TaK11x M3BecT­

HbIX KOMnaHMJIX, KaK Google, eBay, Roche M MHorne p;pyrne. B RStudio fappeTT 

f OTOBMT MaTepMaJibl )J;JIJI Be6MHapoB, ceMMHapoB ]11 cepMM umapraJIOK no TeMe R. 

06 r.t3o6pa>KeHr.tr.t Ha o6no>KKe 
>KMBOTHOe Ha o6JIO)l(Ke KHJ.1f]!1 - 3TO KaKano , Jt1ll11 C06U1-lbl U nonyzau 

(n aT. Strigops habroptila). KaKano - KpynHaJI Henern10iu;aJI nT11u;a, 0611rn10iu;aJI 

B HoBOM 3enaHp;MM. PocT B3pocJibIX oco6el1: MO)l(eT p;ocTMraTb 64 CM, Bee - p;o 

4 Kr. KaK npaB11rro, u;BeT onepeHMJI - 3eJieHoBaTO-)l(eJITbIM, HO MO)l(eT 3Ha'f11TeJibHO 

Bapb11poBaTbCJI y pa3HbIX oco6e:t1. KaKano Bep;yT HO'fHOM o6pa3 )l(Jt13HM, opMeHTM­

PYRCb B TeMHOTe 3a c'feT pa3BMToro o6oHRHJt1JI. YTpaTy cnoco6HocTM K aKTMBHOMY 

IIOJieTy KOMneHCMpyIOT CJ1llbHbie H0fl1, 6narop;apJI KOTOpbIM KaKano cnoco6Hbl 6bI­

CTpO 6eraTb Jt1 B3611paTbCJI no p;epeBbJIM ropa3,IW ll)"lllie, 'feM 60JibIIIJt1HCTBO nTJt11.J;. 

KaKano - Ha3BaHMe 3Toro nonyraJI Ha JI3bIKe MaopM, KopeHHbIX )l(Jt1TeJieI1: Ho­

BOM 3enaHp;MM. KaKano RBJIJieTrn Ba)l(HOM 'faCTbIO KYJibTYPbI 11 M11cponor1111 MaopM, 

KOTOpbie yrroTpe6JI5!lll1 MJICO 3TJt1X IITJt11.J; B nMiu;y, Tor.n;a KaK nepb5! J1 KO)l(a illlll1 Ha 

Jt13fOTOBJieHJt1e HaKM)J;OK Jt1 fOJIOBHbIX y6opoB. 

Bcnep;cTB11e 3aBo3a XMiu;HMKOB (B oco6eHHOCTJt1 Kpbic M KorueK) B xo.n;e KOJIO­

HM3au;11M HoBOM 3eJiaH)J;Jt1Jt1 eBponeI1u;aMJ1 KaKano KaK BJ1)J; B HaCTOJIJ.u;ee BpeMJI 



Haxo,n;i1TCR Ha rpam1 11c11e3HOBemrn, HaC'IMThIBaR MeHee 200 oco6ei1:. TipaBMTeJib­

CTBO HoBolir 3eJiaH,n;MM rrpe,n;rrpttHMMaeT aKTMBHbie MepbI ,n;JIR coxpaHeHMR norryJIR­

u;MM, C03,n;aBaR cneu;ttaJihHble oxpaHHbie 30Hbl Ha OCTpoBax, CBo6o,n;HhIX OT xmu;­

HMKOB. 

MHortte M3 :>KMBOTHhix, M3o6pa:>KaeMbIX Ha o6Jio:>KKax KHMr M3,n;aTeJibCTBa 

O'Reilly, Haxo,n;RTCR no,n; yrpo3oi1: BhIMttpaHMR, M Bee OHM rrpe,n;CTaBJIRJOT u;eHHOCTh 

,n;JIR Harnero Mttpa. qT06h1 Y3HaTh o TOM, KaKMM MO:>KeT 6hITh Barn JIM'IHhIM BKJia,n; 

B MX cnaceHMe, rroceTMTe cai1T animals. ore illy. com. 

Jfao6pa:>KeHMe Ha o6Jio:>KKe B3RTO M3 KHMrM By,n;a Animate Creation. 
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HayKa o ,n;aHHblX - yBneKaTellbHaJI ,n;ttc1i;r,rnm1Ha, rrosBOJIJIIOrn;aJI rrpeBparn;aTb 

Heo6pa6oTaHHble rrepBW:IHble p;aHHble B rMIIOTe3bl J1 HOBble 3HaHMJI. IJ;enb KHJ1 -

n 1 - IIOMOqb BaM B ttsyqeHMM Hatt6onee Ba)l(HblX cpep;CTB R, OCBOMB KOTOpble 

Bbl CMO)l(eTe rrpMCTYIIMTb K rrpocpeCCMOHallbHOM p;eJITellbHOCTM B 9TOM o6naCTJ1. 

TipoqJ1TaB KHMry, Bbl ttayqttTeCb pa6oTaTb c MHCTpyMeHTaMM, o6ecrreqJ1BaIOrn;MMJ1 

::icpcpeKTMBHOe rrpttMeHeHMe JI3b1Ka R p;nJI peweHMJI wttpoKoro Kpyra sap;aq ttayKM 

0 p;aHHblX. 

0 l.leM 3Ta KHHra 

HayKa o p;aHHblX - o6wttpttaJI o6nacTb, p;nJI ocBoeHMJI KOTopoi1: ttep;ocTaToqtto 

rrpoqTeHMJI TOllbKO Op;HOM KHMrM. 3ap;aqa 9TOM KHMrM - IIOMOqb BaM KaK MO)l(HO 

6 b1CTpee OBJiap;eTb Hatt6onee Ba)l(HblMM MHCTpyMeHTaMM. Hawe BMp;eHMe Toro, Ka­

KJ1e MHCTpyMeHTallbHble cpep;CTBa Mory T IIOHap;o6MTbCJI BaM B TJ111J1qHoM rrpoeKTe 

ttayKM 0 p;aHHblX, MO)l(HO rrpOMlllIIOCTpMpoBaTb cnep;y10rn;ei1: cxeMOM. 

noHt-1MaH11e 

nporpaMMl-lpOBaHMe 

flpe)l(p;e BCero BaM 110Tpe6yeTCJI UMnopmupoaamb p;aHHble B BblqJ1ClIJ1TellbHYIO 

cpep;y R. B TMrrMqHblX cnyqaJix p;aHHb1e 6epyTrn M3 cpai1:na, 6asb1 p;aHHblX MJIM cai1:­

T a J1 sarpy)l(aIOTCJI BO cppei1M ,n;aHHblX R. He MMeJI B03MO)l(HOCTJ1 IIOllyqMTb CBOM 

p;aHHble B R, Bbl He CMO)l(eTe Mx ttcc nep;oBaTb! 



KaK rrpaBMJIO, 11MrropT11poBaHHb1e p;aHHble u;enecoo6pa3HO rrpep;Bap11TeJibHO 

ynopH.001-1umb , T.e. rrp11BeCTJ1 K orrpep;eJieHHOMY aKKypaTHOMY BMp;y. AKKypaTHO 

opraHJ130BaHHble p;aHHble - 3TO p;aHHble, coxpaHeHHble B TaKOM BJ1)J;e, KOTOpblH 

06ecrre'l11BaeT cornacoBaHHOCTb ceMaHTJ1KJ1 Ha6opa p;aHHbIX co crroco6oM 11x xpa­

HeHMR • .D:pyrl1MJ1 CJIOBaMJ1, eCJIJ1 Baum p;aHHbl e aKKypaTHO opraHl130BaHbl, l1Jll1, 

KaK roBopRT, onpH.mHbl . (tidy), TO Ka)K)J;blH CTOJI6eu; rrpep;cTaBJIReT rrepeMeHHyIO, 

a Ka)Kp;aR CTpOKa - Ha6JI10p;eH11e. IlOHJ1MaeMaR B 3TOM CMbICJie onpRTHOCTb p;aH­

HblX l1MeeT 60JibIIIOe 3Ha'leHl1e, IIOCKOJibKY CJie)J;OBaH11e ep;l1HOMY np11Hu;11rry J1X 

CTPYKTyp113au;1111 no3BOJrneT BaM He TpaTl1Tb Ka)K)J;blH pa3 yc11JI11R Ha np11Bep;eH11e 

l1X K B11p;y, Heo6xop;l1MOMY )J;JIR l1CIIOJib30BaHl1R COBMeCTHO c TOH l1Jll1 J1HOH cpyHK­

u;11e:t1:, a cocpep;oTO'll1TbCR Ha 3ap;aqax, KacaIOIIJ;l1XCR p;aHHblX KaK TaKOBblX. 

06bl'lHO, IIOCJie Toro KaK p;aHHble rrp11Bep;eHbl K aKKypaTHOMY BMp;y, nepBoe, 

'ITO Heo6xop;11Mo cp;eJiaTb, - 3To npeo6pa3oBamb 11x. Ilpeo6pa30BaH11e p;aHHblX 

BKJIIO'laeT cy)KeH11e 11x p;o Ha6opa MHTepecy10iu;11x Bae Ha6n10p;eH11:t1: (Hanp11Mep, 

nyTeM OT6opa TOJibKO p;aHHblX, OTHOCRIIJ;l1XCR K HaceJieHl1IO O)J;Horo ropop;a, J1JIJ1 

p;aHHblX 3a IIOCJie)J;HJ1H rop;), C03,D;aHl1e HOBblX nepeMeHHblX, RBJIRIOIIJ;l1XCR cpyHK­

IJ;l1RMl1 cyiu;eCTBYIOIIJ;l1X nepeMeHHblX (Harrp11Mep, Bbl'll1CJieH11e CKOpOCTl1 no 113-

BeCTHblM pacCTORHl1IO J1 BpeMeH11), J1 Bbl'll1CJieHJ1e BCIIOMoraTeJibHblX CTaTJ1CTl1K 

(Hanp11Mep, KOJI11qecTBa 3JieMeHTOB l1JI11 l1X cpep;Hero). OfrI>ep;11tteHHblH npou;ecc 

np11Bep;eHl1R p;aHHblX K aKKypaTHOMY Bl1,D;Y 11 l1X rrpeo6pa30BaHJ1R Ha3bIBaIOT noo-

20mOBIWU p;aHHblX • 

.D:JIR reHepau;1111 3HaHl1H Ha OCHOBe Hap;Jie)KaIIJ;l1M o6pa30M rrop;roTOBJieHHblX 

p;aHHblX cyiu;eCTBYIOT p;Ba OCHOBHblX MexaHl13Ma: B11syan11sau;11R 11 MOp;en11poBa­

Hl1e. y Ka)Kp;Oro J13 HJ1X eCTb CBOI1 Cl1JibHble l1 CJia6bie CTOpOHbl, HO OHM B3al1MHO 

)J;OIIOJIHRIOT p;pyr p;pyra, II03TOMY np11 BbIIIOJIHeHl1J1 npaKTl1'leCKOro aHaJil13a Bbl 

6yp;eTe He O)J;l1H pas norrepeMeHHO np11MeHRTb Ka)K)J;blH 113 Hl1X. 

Bu3ya1IU3aU,UH. uH<fiopMau,uu - Ba)l(HblH Bl1p; qeJioBeqecKo:H p;eRTeJibHOCTl1. Xo­

poIIIaR Bl13yan113au;11R o6Ha)Kl1T Te CTOpOHbl RBJieHl1R, KOTOpble Bbl p;a)Ke He 0)1(11-

p;alll1 YBl1)J;eTb, l1Jll1 3acTaBJ1T IIOCTaBl1Tb HOBble BOIIpOCbl B OTHOIIIeHl111 p;aHHblX. 

KpoMe Toro, xopoIIIaJI B11syan11sau;11R MO)KeT rrop;cKasaTb BaM, 'ITO Bbl cTaB11Te He 

Te Borrpocb1 MJIM 'ITO Tpe6yeTrn c6op p;pyr11x p;aHHblX. BMsyan11sau;11R crroco6Ha 

yp;l1Bl1Tb Bae CB011Ml1 pesyJibTaTaMl1, HO COOTBeTCTBYIOiu;l1e peIIIeHl15:I MaCIIITa6l1-

PYIOTCR He CJIMIIIKOM xopoIIIo, rrocKOJibKY l1HTeprrpeTau;11JI pesyJibTaTOB Tpe6yeT 

BMeIIIaTeJibCTBa qeJIOBeKa. 

Mooellu p;orroJIHRIOT B11syanMsau;M10. Ecn11 Bbl p;ocTaTO'lHO TO'lHO ccpopMyJIM­

pyeTe CB011 BOIIpOCbl, TO MO)J;eJib IIOMO)KeT BaM HaHTl1 OTBeTbl Ha HJ1X. B CBOe:H 

OCHOBe MO)J;elll1 CJiy)KaT MaTeMaTl1'leCKl1M l1Jll1 Bbl'lJ1CJil1TeJibHblM l1HCTpyMeHTOM, 

22 npeAlllCflOBllle 



0 3TOMy, KaK npaBVIJIO, npo6JieM c MaCUITa6VIpoBaHJ1eM He B03HJ/IKaeT . .JJ:a:>Ke eCJIJ/I 

o 6neMbl J/I noJIBJIJIIOTCJI, TO 06b1'IHO OHVI peruaIOTCJI noKynKolii ,ri;onoJIHVITeJib­

m,rx Bbl'IVICJIVITeJibHblX MOill,HOCTelii. (Mo3rVI Be,D;b Bee paBHO He KynVIrub!) 0,ri;HaKo 

iII0 6aJI MO,D;eJib OCHOBaHa Ha onpe,ri;eJieHHblX ,ri;onyI11,eHJ1JIX, KOTOpble OHa caMa He 

~!O:>KeT no,ri;BepraTb COMHeHVIIO. 3To 03Ha'laeT, qTo B OCHOBHOM MO,D;eJib HVI'leM He 

~!O:>KeT Bae y,ri;VIBJ/ITb. 

3aBepruaIOill,J/IM 3Tan HayKVI 0 ,ri;aHHblX - 3TO o6MeH UHcjjopMau,ueu, JIBJIJIIOill,YIM­

JI HeOT'heMJieMolii qacTbIO nro6oro aHaJIVITJII'IecKoro npoeKTa. KaKoro 6b1 rny6o ­

Koro nOHJ1MaHJ1JI ,ri;aHHblX Bbl HJ/I ,D;OCTJ/IfJIJ/I c nOMOill,bIO CBOVIX MO,D;eJieM J1 BJ13Y­

CL1J/13aD;J/IJ1, 3TO He 6y,ri;eT J/IMeTb poBHblM C'leTOM HJ/IKaKoro 3Ha'leHJ1JI, eCJIJ1 Bbl He 

~IO:>KeTe no,ri;eJIJ1TbCJI pe3yJibTaTaMJ1 c ,ri;pyrVIMJ1 JIIO,D;bMJ1. 

IIpo2paMMuposaHue MrpaeT ponb 06'he,D;VIHJIIOI11,ero Ha'laJia no OTHorneHJ/IIO KO 

BCeM onJ/ICaHHblM VIHCTpyMeHTaM. ITporpaMMVIpoBaHVIe - 3TO BCenpOHVIKaIOill,J/IM 

l !HCTpyMeHT, KOTOpblM MO:>KHO J1CnOJib30BaTb B JII06olii qacTJ1 npoeKTa. qT06bl 

3 aHJ/IMaTbCJI HayKoM 0 ,ri;aHHblX, BOBCe He o6JI3aTeJibHO 6blTb cneu;VIaJIJ/ICTOM no 

n porpaMMJ/IPOBaHVIIO, HO 3HaHJ/Ie nporpaMMVIpOBaHJ/IJI HJ1Kor,ri;a He noMernaeT, no-

KOJibKY 3TO no3BOJIJ/IT BaM aBTOMaTVI3MposaTb PYTJ1IHHb1e BVI,lJ;bl pa6oT J/I pernaTb 

HOBble 3a,ri;aqJ1 c ropa3,D;O MeHblliJ/IMJ1 y cJ/IJIVIJIMJ/I. 

OnVIcaHHble VIHCTpyMeHTaJibHble cpe,ri;cTBa 6y,ri;yT J/IcnoJib30BaTbCR BaMJ/I B 

;u o6oM npoeKTe, CBJI3aHHOM c aHaJIJ130M ,ri;aHHblX, HO qalll,e Bcero Bbl He CMO:>Ke­

Te 060MTJ1Cb TOJibKO J/IMJ1. 3,ri;ecb pa6oTaeT TaK Ha3bIBaeMOe npaBVIJIO "80/20": 

;::v1JI BbIITOJIHeHJ/18 npVIMepHo 80% o6'heMa pa6oT JII06oro npoeKTa Bbl 6y,ri;eTe VIC­

rroJib30BaTb VIHCTpyMeHTbl, KOTOpble J/13Y'IJ/1Te B 3TOM KHVIre, HO ,D;JIJI BbIITOJIHeHVIJI 

o crnBruVIxrn 20% pa6oT BaM noTpe6yroTrn ,ri;pyrVIe VIHCTpyMeHTbI. B Heo6xo,ri;VIMblX 

cnyqaJIX B KHVIre ,ri;aIOTCJI CCbIJIKJ/I Ha J/ICTO'IHJ/IKJ/I, B KOTOpbIX Bbl CMO:>KeTe Y3HaTb 

6 0Jibllie 0 ,D;OilOJIHJ1TeJibHblX J/IHCTpyMeHTax. 

KaK opraHM30BaHa KHMra 
:V1cnOJib3yeMble B HayKe 0 ,ri;aHHblX J/IHCTpyMeHTbl 6bIJIJ/I OilVICaHbl Bblllie npVI ­

~epHo B TOM nopJI,D;Ke, B KaKOM OHJ1 6y,ri;yT npVIMeHJITbCJI no Mepe BbIIlOJIHeHJ/IJI 

aHaJIJ/13a (XOTJI, pa3yMeeTCJI, Bbl 6y,ri;eTe HeO,D;HOKpaTHO nepexO,D;J/ITb OT O,D;HOfO J/13 

HJ/IX K ,ri;pyroMy) . 0,ri;HaKO, KaK IlOKa3bIBaeT Harn OnblT, J/13yqeHJ1e J/IHCTpyMeHTOB 

B TaKOM oqepe,ri;HOCTJ/I He JIBJIJieTCJI OilTVIMaJibHblM, 'ITO o6yCJIOBJieHO CJie,ri;yIOill,VIMJ/I 

rrpM'IVIHaMJ/I. 

• Ha'IVIHaTb c VI3y'leHVIJI VIHCTpyMeHTOB, npe,ri;Ha3HaqeHHblX ,D;JIJI nonyqeHVIJI 

,ri;aHHblX YI npVIBe,ri;eHJ/IJI J/IX K HY:>KHOMY BVI,ri;y, He coBceM u;enecoo6pa3HO, 

npeAVICllOBVle 23 



IIOCKOJibKY 80% 3TOM pa6oTbI - CIIJIOllIHaJI p y nrna J1 cKyKa, Tor,n;a KaK rrpM 

BbIIIOJIHeHJ1J1 OCTaJibHbIX 20% Bae He 6y,n;eT IIOKJ1,D;aTb qyBCTBO Heorrpe,n;e­

JieHHOCTJ1 M pas,n;pa)l(eHMH. CoBepllleHHO Herro,n;xo,n;.i:m1ee Haqa110 p;mi: Msyqe­

HMR HOBOro rrpep;MeTa! BMeCTO 3T0f0 Mb! HaqHeM c BMsyaJIJ13au;MJ1 J1 npeo6-

pa30BaHJ1R ,n;aHHbIX, KOTOpbie y)l(e J1MIIOpTMpoBaHbI J1 npMBep;eHbI K Ha,n;11e­

)l(aiu;eMy BM,n;y. B11arop;apR 3TOMY caMOCTORTeJibHOe BbIIIOJIHeHMe onepau;MJ1: 

J1MIIOpTa J1 npMBep;eHMR ,n;aHHbIX K aKKypaTHOM cpopMe B KaqecTBe rro,n;ro­

TOBKJ1 K aHaJIM3Y B 6y,n;yiu;eM He CMO)l(eT y6MTb Balli 3HTY3Ma3M, IIOCKOJibKY 

Bbl 6y,n;eTe 3HaTb, qTo Mrpa CTOJ1T CBeq. 

• HeKoTopbie TeMbI 11yqllle Bcero o6'bRCHRTb c MCIIOJib30BaHMeM p;pyrMx MH­

cTpyMeHTaJibHbIX cpe,n;CTB. HarrpMMep, M bI cqMTaeM, qTo IIOHRTb, KaK pa-

6oTaIOT MO,D;eJIM, BaM 6y,n;eT 11erqe, eCJIJ1 n epe,n; 3TJ1M Bbl II03HaKOMJ1TeCb 

c BM3ya11Msau;Mel1, np1rnep;eHJ1eM ,n;aHHbIX K aKKypaTHOMY BM.D;Y J1 nporpaM­

MMpOBam1eM. 

• Cpe,n;cTBa nporpaMMMpoBaHMR MoryT He n pe,n;cTaBJIRTb p;11R Bae caMOCTOR­

TeJibHoro J1HTepeca, HO c MX IIOMOill;blO Bbl CMO)l(eTe pelllaTb ropas,n;o 60-

11ee IlIMpOKMM Kpyr TPY.D;HbIX sa,n;aq. B cepe,n;MH e KHMrM MbI nosHaKOMMM Bae 

c HeKOTOpbIMJ1 nporpaMMHbIMJ1 J1HCTpyMeHTaMJ1, a 3aTeM IIOKa)l(eM, KaK MX 

coqeTaHMe c Tpa,D;Mll;J10HHbIMJ1 J1HCTpyMeHTaMJ1 HayKM 0 ,n;aHHbIX II03BOJIJJeT 

cnpaBJ1TbCR co MHOfJ1MJ1 J1HTepeCHbIMJ1 s a,n;aqaMM Mo,n;e11MpOBaHJ1R. 

B Ka)l(,n;oJ1: rnaBe MbI cTapa11MCb c11e,n;oBaTb o,n;HoMy M TOMY )l(e no,n;xo,n;y: Ha­

qJ1HaTb c noKasaTeJibHbIX npMMepoB, qTo6bI Bbl MOrJIM YBMp;eTb 06iu;y10 KapTMHy, 

a saTeM ymy611J1Tbrn B paccMoTpeHMe ,n;eTa11eJ1:. Ka)l(,D;bIM pas,n;e11 KHMrM conpo­

BO)l(,D;aeTCR KOHTp011bHbIMJ1 ynpa)l(HeHJ1RMJ1, KOTOpbie IIOMoryT BaM 3aKpeIIJ1Tb 

Ha npaKTMKe npoJ1:,n;eHHbIM MaTepMaJI. He nop;p;aBal1TeCb co611asHy nponycKaTb 

ynpa)l(HeHMR, nocKOJibKY HeT 11yqJllero cnoco6 a o6y qeHMR, qeM pellleHMe pea11b­

HbIX sa,n;aq. 

0 'leM He 6yAeT roeopMTbCH B KHMre 
Cyiu;ecTByeT pRp; Ba)l(HbIX TeM, KOTOpb1e He paccMaTpMBaIOTCR B 3TOJ1: KHMre. 

MbI cqJ1TaeM MCKmoqMTeJibHO Ba)l(HbIM ccpoKycMpoBaTb Baille BHMMaHMe MCKJIIO­

qJ1TeJibHO Ha Tex Beiu;ax, 3HaHJ1e KOTOpbIX II03BOJIJ1T BaM npMCTJIIMTb K caMOCTOR­

TeJibHOM pa6oTe B KpaTqaJ1:llIMe cpoKM. 3To osttaqaeT, qTo M3 IIOJIR Halllero speHMR 

Bbma,n;yT HeKOTOpbie Ba)l(Hbie TeMbI, nepeqJ1CJieHHbie HJ1)l(e. 
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B 3To:i1 KH11re Mbl orpaH11q11BaeMCR paccMOTpeH11eM He6oJibIIIl1X, yMern;a10rn;11x­

rn B naM5ITJ1 KOMTibIOTepa Ha6opoB ,n;aHHblX. 3TO HeTIJIOXO ,IJ;J15I HaqaJia, TIOCKOJibKY 

c npaBJ1TbC5I c ,n;aHHblMJ1 6oJibIIIOf0 ofrbeMa, l1Jll1, B COOTBeTCTBJ1l1 c COBpeMeHHOM 

r epM11HoJior11e:i1, c "6oJibIIIl1Ml1 ,n;aHHblMl1" (Big Data), 6es npe,n;Bap11TeJibHO np11-

0 6peTeHHoro OTiblTa pa6oTbl c ,n;aHHblMl1 He60JibIIIOf0 o6oeMa Bbl npOCTO He CMO ­

)KeTe. J1HcTpyMeHTbl, KOTOpb1e Bbl 11syq11Te B KHJ1re, TI03BOJ15IIOT JierKO o6pa6aTbl­

BaTb COTHJ1 Mera6a:i1T ,n;aHHblX, a np11JIO)KJ1B ,IJ;OTIOJIHJ1TeJibHble yc11JIJ15I, Bbl CMO)Ke­

Te yBeJIJ1qJ1Tb 3TOT o6oeM ,n;o 1-2 r6a:i1T. Ern11 06b1qHo BaM npl1XO,IJ;l1TC5I pa6oTaTb 

C ,n;aHHb1Ml1 60JibIIIero o6oeMa (CKa)KeM, 10-100 f6a:i1T), BOCTIOJib3YMTeCb naKeTOM 

data.table (https: I /github. com/Rdatatable/data. table). B ,n;aHHO:i1 KH11re 

OH He paccMaTpl1BaeTrn BB11,n;y npe,n;eJibHOM JiaKOHJ1qHOCTJ1 ero l1HTep<Pe:i1ca, KO ­

TOpblM npe,n;JiaraeT CJIJ1IIIKOM MaJIO Jll1HfBJ1CTJ1qecKJ1X TIO,IJ;CKa30K, l13-3a qero ero 

MsyqeH11e npe,n;cTaBJIReT onpe,n;eJieHHble Tpy,n;HocT11. Ho ecJI11 Bbl qacTo pa6oTaeTe 

c 60JibIIIJ1MJt:! ,n;aHHblMl1, TO Bbll1fpblIII B npOI13BO,IJ;l1TeJibHOCTJt:! CTOJ1T Toro, qTo6bl 

sarpaTl1Tb yc11JI115I Ha 11syqeH11e 3Toro naKeTa. 

B rnyqae ern;e 6oJiee KpynHblX ,n;aHHblX Trn;aTeJibHO npoaHaJI11s11py:i1Te, He MO)KeT 

JI]([ 6b1Tb TaK, qTo npo6JieMa 6oJibIIIJ1X ,n;aHHblX Ha caMOM ,n;eJie 5IBJI5IeTC5I 3aMaCKJ1-

poBaHHO:i1 npo6JieMo:i1 He6oJibIIIMX ,n;aHHblX. B TO BpeMR KaK noJIHblM Ha6op ,n;aH­

HblX MO)KeT 6bITb 6oJibIIIJ1M, saqacTyIO ,IJ;JI5I noJiyqeHl15I OTBeTa Ha KOHKpeTHblM BO­

rrpoc ,n;ocTaToqHo 11cnoJib30BaTb Jil1IIIb He6oJibIIIYIO nopu;1110 ,n;aHHblX. BosMO)KHO, 

BaM y,n;acTrn Hai1Tl1 no,n;Ha6op MeHbIIIJ1X pasMepoB, KOTOpblM yMern;aeTrn B naM5ITJ1 

M np11 3TOM Bee ern;e nosBOJIReT noJiyql1Tb OTBeT Ha 11HTepecy10rn;11:i1 Bae Bonpoc. B 

TaKoM cJiyqae Ha1160JibIIIYID Tpy,n;HoCTb npe,n;cTaBJrneT Haxo)K,n;eH11e no,n;xo,n;Rrn;ero 

He60JibIIIOfO Ha6opa, Ha qTO qacTO Tpe6yeTrn He o,n;Ha TIOTiblTKa. 

,II;pyraR B03MO)KHOCTb saKJIIOqaeTC5I B TOM, qTo6bl TIOTiblTaTbC5I npe,n;cTaBJ1Tb 

sa,n;aqy c 6oJibIIIJ1Ml1 ,n;aHHblMJ1 B Bl1,n;e MHO)KeCTBa sa,n;aq MeHbIIIero MaCIIITa6a. 

Ka)K,n;aR OT,IJ;eJibHaR sa,n;aqa MO)KeT JierKO TIOMern;aTbC5I B naM5ITJ1, XOT5I l1X o6rn;ee 

q11cJio MO)KeT 11cq11cJIRTbCR Ml1JIJil10HaM11. Hanp11Mep, nepBoHaqaJibHO Bbl cTpo­

MTe MO,n;eJib ,Il;J15I Ka)K,IJ;OfO o6'beKTa B CBOeM Ha6ope ,n;aHHblX. ECJIJ1 o6oeKTOB BCe­

ro 10 l1Jil1 100, TO 3TO Tp11B11aJibHaR sa,n;aqa, HO Bee sHaq11TeJibHO ycJIO)KHReTCR 

np11 Ham1:q1111 HeCKOJibK11x Ml1JIJil10HOB o6oeKTOB. K cqacTbIO, Ka)K,n;aR sa,n;aqa pe­

IIIaeTcR He3aBl1Cl1MO OT ,n;pyrMx (l1HOr,n;a TaKMe CMTyau;11Jt:1 OTIJt:!CbIBaIOT HeCKOJibKO 

,IJ;BYCMblCJieHHblM TepMI1HOM napamtellU3M), TI03TOMY BaM ,n;ocTaToqHo BOCTIOJib-

30BaTbC5I O,IJ;HOM Jt:!3 no,n;xo,n;Rrn;l1X Cl1CTeM pacnpe,n;eJieHHblX BblqJt:!cJieHJt:!M (HanpM­

Mep, Hadoop l1JIM Spark), nosBOJIRIDrn;11x o6pa6aTbrnaTb pasttb1e Ha6opb1 ,n;aHHblX 



Ha pa3HbIX KOMilbIOTepax. BbIRCHJtIB c ITOMOIIJ;bIO OITJtICaHHbIX B 3TOM KHJtire JtIH­

CTpyMeHTOB, KaKJtIM MO)KeT 6bITb OTBeT Ha Borrpoc, OTHOCRw;1t1i1CR K O,D;JtIHOqHOMY 

Ha6opy p;aHHbIX, Bbl MO)KeTe JtI3yqJtITb HOBbie JtIHCTpyMeHTbI, TaKJtie KaK sparklyr, 
rhipe Jt1 dd, Jt1 Jt1CITOJib30BaTb JtlX ,D;JIR perneHJtIR 3ap;aqJtI, OTHOCRw;eJ1:cR K ITOJIHOMY 

Ha6opy p;aHHbIX. 

Python, Julia 111 npot.tee 

B KH1t1re HJtiqero He roBop1t1TCR o Python, Julia JtIJIJtI JII06oM .n;pyroM R3bIKe rrpo­

rpaMM1t1poBaH1t1JI Jt13 Tex, KOTOpbie rrp1t1MeHRIOTCR B HayKe 0 p;aHHbIX. M He ITOTO­

My, qTo Ka)K,D;bIM JtI3 3TJtIX JI3bIKOB rrJiox B KaKOM-JI1t160 OTHorneH1t11t1. BoBce HeT! Ha 

rrpaKTJtIKe B 6oJibrnJtIHCTBe CJiyqaeB JtICCJiep;oBaHJtIR rrpoBO,D;JITCR c Jt1CI10Jlb30BaHJtieM 

op;HOBpeMeHHO HecKOJibKJtIX JI3bIKOB, BKJIIOqaR, KaK rrpaBJtIJIO, R 1t1 Python. 

BMeCTe c TeM Mbl TBepp;o y6e)K,D;eHbI, qTo Jiyqrne BCero OCBaJtIBaTb JtIHCTpyMeH­

Tbl rrooqepep;HO. fopa3,D;O 3cpcpeKTJt1BHee rny6oKO JtI3yqJtITb qTO-TO O,D;HO, qeM pac­

IlbIJIRTb CJtIJibl Ha 1t13yqeH1t1e cpa3y HeCKOJibKJtIX TeM. 0TCIO,D;a He CJiep;yeT, qTO Bbl 

,D;OJI)J(Hbl 3HaTb TOJibKO KaKOM-TO O,D;JtIH rrpep;MeT. 3To JIJtirnb 03HaqaeT, qTo Barne 

06yqeH1t1e rrpoJ1:p;eT 3HaqJtITeJibHO 6bICTpee, eCJIJtI Bbl 6yp;eTe Ka)K,D;bIM pa3 KOH~eH­

Tp1t1poBaTbCR TOJibKO Ha op;HoM rrpep;MeTe. Bbl p;OJI)J(HbI cTpeMJtITbCJI Y3HaBaTb HO­

Boe Ha rrpoTR)KeH1t11t1 BceJ1: CBoeJ1: KapbepbI, HO, rrpe)Kp;e qeM rrp1t1CTyrraTb K 1t13yqe­

H1t1IO oqepep;HOM JtIHTepecHOM TeMbI, Bbl ,D;OJI)J(Hbl 6bITb yBepeHbl B TOM, qTo TBepp;o 

ycBOJtIJIJtI rrpep;b1p;yw;1t1J1: MaTep1t1aJI. 

MbI cqJtITaeM JtI3yqeH1t1e R3bIKa R OTJIJtiqHoJ1: oTrrpaBHOM ToqKoJ1: ,D;JIR YBJieKa­

TeJibHOro rryTerneCTBJtlR B MJtIP HayKJtI 0 p;aHHbIX, ITOCKOJibKY OH Jt13HaqaJibHO rrpo­

eKT1t1poBaJICR p;JIR rrp1t1MeHeH1t1R B p;aHHoJ1: 06JiacT1t1. R - He TOJibKO JI3bIK rrpo­

rpaMM1t1poBaH1t1R, HO Jt1 JtIHTepaKTJtlBHaR BbJqJtICJIJtITeJibHaR cpep;a ,D;JIJI JtICCJiep;oBaHJtIR 

p;aHHbIX. B OTHorneH1t11t1 rrop;p;ep)KKJtI JtIHTepaKTJtIBHOCTJtI R o6Jiap;aeT 3HaqJtITeJibHO 

6oJibrneJ1: r1t16KOCTbIO 110 cpaBHeHJtIIO co MHOrJtIMJtl Jt13 ero aHaJioroB. 3Ta r1t16KOCTb 

corrpJI)KeHa Jt1 c orrpep;eJieHHblMJtl Hep;oCTaTKaMJtI, HO OHJtl KOMrreHC1t1pyIOTC5I JierKO­

CTbIO BBep;eHJtIR rpaMMaTJtIK, crre~JtiaJibHO rrp1t1crroco6JieHHblX ,D;JIJI BblllOJIHeHJtIJI OT­

p;eJibHbIX 3TaITOB JtICCJie,D;OBaTeJibCKOro rrpo~ecca. 3TJ1 MJt1HJt1-R3blKJt1 ITOMOraIOT BaM 

MbICJIJtITb KaTerop1t15IMJt1 crre~JtiaJIJtICTa B o6JiaCTJt1 HayKJtI 0 p;aHHbIX Jt1 BMeCTe c TeM 

qpe3BbiqaJ1:HO o6JierqaIOT Barne B3aJtIMOp;eJ1:CTBJtie c KOMilbIOTepoM. 

B KH1t1re paccMaTp1t1BaIOTCJI JtICKJIIOqJtITeJibHO rrpRMoyroJibHbie p;aHHbie: KOJI­

JieK~JtIJtI 3HaqeHJtIM, Ka)Kp;Oe Jt13 KOTOpbIX CBJI3aHO c O,D;HOM rrepeMeHHOM Jt1 O,D;HJtIM 
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tta 6mop;ettJi1eM. Cyru;ecTByeT MHoro Ha6opoB p;aHHbIX, He BIIJi1CbIBa10ru;MxcJI ecTe-

rneHHbIM o6pasoM B 3TY rrapap;JilrMy , K lJli1CJIY KOTOpbIX OTHOCJITCJI Ji1So6pa:>KeHJi1JI, 

3BYKOBbie p;aHHbie, p;BoJilqHbie p;epeBbJI li1 TeKcT. Ho rrpJIMoyroJibHbie cppei'rMbI p;att­

HbIX III1i1pOKO pacrrpocTpaHeHbI B HayKe Ji1 rrpOMbIIIIJieHHOCTJil, Ji1 Mb! cqJilTaeM, 'ITO 

Baille rryTeIIIeCTBJile B Mli1p HayKJil 0 p;aHHbIX u;e11ecoo6pasHO HalJaTb JilMeHHO c HJilX. 

ITpou;ep;ypbI aHaJIJilsa p;aHHbIX MO)l(HO pasp;eJIMTb Ha p;Ba KJiacca: BbI,ll;BJil)l(eHJile 

n moTes Ji1 JilX rrop;TBep)l(p;eHMe ( TaK)l(e yrr0Tpe611JIIOTCJI TepM1i1HbI pa3aeoot-tHbLU 

aHallU3 Ji1 noomBepJ1Coa10u~uu aHallU3). B 3TOM KHJilre paccMaTpli1BaeTCJI Ji1CKJIIOlJJi1-

TeJibHO rrpou;ep;ypa BbI,ll;BJi1)1(eHli1JI r MrroTes, T.e. pasBep;O'!HbIM aHaJIJilS. B xop;e aHa­

JIMsa Bbl TID;aTeJibHO JilsyqaeTe p;aHHbie Jil, JilCIIOJibSYJI CBOJil SHaHJilJI rrpep;MeTHOM 06-

JiaCTJil, BbI)l;BJilraeTe pJip; rli1IIOTes , rrpep;naraIOID;JilX BOSMO)l(Hbie o6'bJICHeHJi1JI Toro, 

IIO'IeMy p;aHHbie Bep;yT ce6JI TaK, a He Ji1Haqe, I1pli1 3TOM Bbl ou;eHJilBaeTe rli1IIOTeSbI 

HecpopMaJibHO, c IIOSJi1D;Ji1M sp;paBoro CKeIITli1D;li1SMa, OCHOBaHHOro Ha paCCMOTpe­

HJi1Ji1 p;aHHbIX rrop; paSHbIMJil ymaMJil. 

Bb!p;Bli1)1(eHJi1e rMrroTes p;OJI)l(HO p;orroJIHJITbCJI rrorrbITKaMJil li1X rrop;TBep:>Kp;eHJilJI. 

I1op;TBep)l(p;eHli1e fJilIIOTeS saTpyp;HeHO CJiep;yIOID;Ji1MJi1 ,ll;BYMJI o6cTOJITeJibCTBaMJi1. 

• Bbr p;OJI)l(HbI JilMeTb B cBoeM pacrropJI)l(eHli1li1 ToqHy10 MaTeMaTJi1qecKy10 MO­

p;eJib, rrosBOJIJIIOID;YIO reHepMpoBaTb orrpoBepraeMbie rMrroTesh!. 3aqacTyIO 

3TO Tpe6yeT yrny 611eHJi1JI B p;e6 p1i1 CTaTJi1CTJi1KJi1. 

• JI106oe Ha61110p;eHJi1e MO)l(H O JilCIIOJibSOBaTb B u;eJIJIX IIO)l;TBep)l(p;eHJilJI rli1IIO­

TeSbI TOJibKO op;MH pas. McrroJibSOBaHJile Ha61110p;eHli1JI 6011ee op;Horo pasa 

HeMep;JieHHO BOSBparu;aeT B ae o6paTHO K pasBep;oqHOMY aHaJIJilSy. 3TO OSHa­

qaeT, qTo eru;e p;o Toro, K aK Bbl rrpMcTyrrMTe K rrpou;ep;ype rrop;TBep:>Kp;eHJilJI 

rli1IIOTeSbI, Bbl )J;OJI)l(Hbl " s aperJi1CTp1i1pOBaTb" (sapaHee rrop;rOTOBJilTb B JIB­

HOM BJil,ll;e) CBOM IIJiaH aHaJili1Sa Ji1 He OTKJIOHJITbCJI OT Hero, KOrp;a OSHaKOMJil­

TeCb c p;aHHbIMJil. 0 BbI6ope CTpaTerJilM, KOTOpbie MO:>KHO JilCIIOJibSOBaTb )J;JIJI 

yrrporu;eHJilJI 3To1'r sap;a'!Jil, peqb rro:iirp;eT B qacTJil IV. 

06ru;errpli1HJITO C'IJilTaTb M O)J;eJI1i1pOBaHJi1e JilHCTpyMeHTOM BbI)J;BJil)l(eHJilJI rli1IIOTeS, 

a BMsya11Ji1sau;M10 - JilHCTpyMeHTOM JilX rrop;TBep)l(p;eHJilJI. Ho 3Ta p;li1XOTOMJi1JI He 

COBCeM BepHa: MO)J;eJIJil lJaCTO rrpli1MeHJIIOT Ha 3Tarre IIO,ll;TBep)l(,ll;aIOru;ero aHaJIJilSa, a 

B1i1sya11Ji1sau;M10 - B pasBep;O'IHOM aHaJIMse. K1110'IeBbIM cpaKTopoM JilX p;1i1cpcpepeH­

D;li1aD;Ji1li1 JIBJIJieTCJI qacTOTa Ji1CIIOJibSOBaHJi1JI Ka:>Kp;oro Ha61110p;eHJi1JI: eCJIJil Ha61110p;e­

Hli1e paccMaTpli1BaeTCJI TOJibKO O,ll;JilH pas, TO Bbl JilMeeTe p;eno c IIO,ll;TBep)l(,ll;eHJileM 
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r11rr0Te3bl; ee7111 )Ke Ha6mo,n;eH11e paeeMaTp11BaeTe5I 6071ee o,n;Horo pa3a, TO 3TO 03-

HaqaeT, qTO BbIII071H51eTe51 pa3Be,n;oqHblM aHa71l13. 

"ITO He06XOAMMO AflJI pa60Tbl c KHMrOM 

lfro6b1 qTeH11e KHl1fl1 rrp11Hee710 BaM MaKel1Ma71bHYIO II071b3y, yeTaHOBl1Te Ha 

eBOeM KOMIIblOTepe om1eaHHble Hl1)1(e peeypebI. Mbl paeeq11TbIBaeM Ha TO, qTo 

Bbl MaTeMaT11qeeK11 rpaMOTHbl; Ha7111q11e rrpe,n;Bap11Te71bHOfO OIIblTa rrporpaMMl1-

poBaHl151 6y,n;eT T071bKO II71IOeoM. Ee7111 ,n;o 3Toro Bbl H11Kor,n;a He 3aH11Ma7111eb rrpo­

rpaMM11poBaH11eM, TO, B03MO)l(HO, Bae 3a11HTep eeyeT KH11ra fappeTTa Hands-On 
Programming with R, KOTopa51 orn11qHo ,n;orro71Hl1T ,n;aHHYIO KH11ry. 

,Il;7151 BbIII071HeHl151 rrp11Be,n;eHHblX B KHl1re rrp11MepoB BaM IIOHa,n;o651Te51 e71e,n;y­

IOUl,l1e epe,n;erna: R, RStudio, K07171eKIJ;l151 rraKeTOB R B B11,n;e 611671110TeK11 tidyverse 
11 ,ll;OB071bHO 6071blIIOe K07111qeeTBO ,n;pyr11x rraKeTOB, BK71IQqaIOill,l1X fOTOBble ¢YHK­

u;1111, ,n;oKyMeHTau;1110 e l1X orr11eaH11eM 11 o6pa3IJ;bl ,n;aHHblX. 

R 
3arpy311Te R 113 eeT11 CRAN (oT aHrn. comprehensive R archive network). 3Ta 

eeTb eoeTOl1T 113 MHO)l(eeTBa eepBepoB-3epKa71 , pa36poeaHHblX ITO BeeMy M11py, 

11 l1eII071b3yeTe51 )1;7151 paerrpoCTpaHeH115I R 11 rraKeToB R. He IIblTaiil:Teeb orrpe,n;e-

71l1Tb, KaKOM 113 eepBepoB 51B7151eTe51 ,!1;7151 Bae 6Jil1)1(aMllll1M: rrpoeTO BOeII071b3YMTeeb 

3epKa71bHblM o671aKOM ht tps: I I cloud. r-proj ect. org, KOTopoe e,n;e71aeT 3TO 

aBTOMaT11qeeKJ1. 

Ka)l(,n;b1i1: ro,n; BbmyeKaIOTe51 o,n;Ha rnaBHa51 Bepe1151 R 11 2-3 BerroMoraTe71bHble. 

IJ;e71eeoo6pa3HO pery7151pHo o6HOB7151Tb yeTaHOB71eHHYIO y Bae BepeMIO. 06HOB71e­

Hl1e, oeo6eHHO B e71yqae rnaBHoiil: Bepe1111, MO)l(eT ,n;oeTaBMTb orrpe,n;e71eHHble He­

y,n;o6eTBa, rroeK071bKY IIOTpe6yeT rrepeyeTaHOBKl1 Beex rraKeTOB, HO OTKa3bIBaTbe51 

He eTOMT, Be,n;b 71yqllle l1,ll;Tl1 B Hory e rrporpeeeOM. 

RStudio 

RStudio - 3TO l1HTerp11pQBaHHa5I epe,n;a pa3pa6oTKl1 (IDE) ,!1;7151 rrporpaMM11po­

BaH115I Ha R. qT06b13arpy311Tb11 yeTaHOBl1Tb epe,n;y, rroeeT11Te eaiil:T http: I /www. 
rstudio. com/ download. RStudio o6HOB7151eTrn rrapy pa3 B ro,n;. Ee71M ,n;oCTyrrHa 

oqepe,n;Ha51 Bepe1151, RStudio l13BeeTl1T Bae 06 3TOM. MMeeT eMblCJI pery7151pHo o6-

HOB7151Tb rrporpaMMy, rroeK071bKY B TaKOM e71yqae Bbl eMO)l(eTe BOeII071b30BaTbe51 
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- eHMym;ecTBaMJ1 HOBblX cpe,n;cTB . .IJ:1rn pa6oTbl c KHJ1fOM BaM IIOTpe6yeTrn Bep­

Ul RStudio He HM)l(e 1.0.0. 

3 arrycTJ1B RStudio, Bbl yB11,n;11Te OKHO, pa3,n;eneHHOe Ha ,n;Be ocHOBHh1e 06nacT11. 

• • 

> library(99pl.ot2) 
> 99plot(np9, aes(x =- displ, y"' h\\'Y)) + 

+ geo11t_point(<1.P.s(rolour = tLH .. >)) ,, 

"'/Occuments{r4ds/dntaRaoalysis - RStudio 

Add1ns • 

Environment History 

... Import Dat21.set • ,/ 

1 -:. Global Env11onment .. 

Files Plots Packages Help Viewer 

fl 11-· Zoom 1;:; Export • Cl { 

Ii ,,_ I 1 • 
~ i -1 • 

11 
·~" - .: : 

~ -- .. :... .: . 
1 · .c . :·:: • .:·:.: .. . . . 
II . ·= ~ :: · ;:. : 
I zo- • •• • ••• 
I- • ~ : ·~:.~ 

_K_o_H_c_o_n_b ___________ _J: BblBOA •• , • 

~- da.t;i:-;1,r:.:ilyS1li .. 

Ust • 

class 

• 2seater 

• cornpac1 

• mlm.,.an 

1.m:kup 

• subcompact 

IIoKa qTo BaM ,n;ocTaToqHo 3HaTb, qTo KO,D; cne,n;yeT BBO,D;l1Tb B rraHeJIJ1 KOHCOJI11 

H 3arrycKaTb Ha)l(aT11eM KJ1aB111J111 <Enter>. OcTaJ1bHb1e rro,n;po6HocT11 6y,n;yT co ­

o 6m;eHbl II03)1(e. 

61t16n1110TeKa tidyverse 
BaM TaK)l(e rroTpe6yeTcJI ycTaHOBJ1Tb HeKOTOpb1e 113 rraKeToB R. IIaKeT R - 3TO 

KOJIJieKu;J15I cpyHKu;11i1:, ,n;aHHblX J1 ,n;oKyMeHTau;1111, paCill11p5IIOIIJ;a5I B03MO)l(HOCTJ1 

6 a3oBoi1: KOMrrneKTau;1111 R. J1crroJ1b30BaH11e rraKeTOB JIBJIJieTcJI 3anoroM ycrrelll ­

HOM pa60Tb1 c R. E oJihlllM qacTb rraKeToB, KOTopbie Bbl 113yq11Te B KH11re, Bxo,n;11T 

B cocTaB 6116n110TeK11 tidyverse. IIaKeTbl tidyverse pa3,n;eJIHIOT 06m;y10 cp11nococp1110 

o6pa6oTKJ1 ,n;aHHblX 11 rrporpaMM11poBaH11JI Ha 5!3b1Ke R 11 6bIJIJ1 crrpoeKT11poBaHbl 

TaK, qTo6bl o6ecrreqJ1Tb J1X ecTeCTBeHHOe B3aJ1MO,n;ei1:CTBJ1e. 



,Il;JUI ycTaHOBKl1 11071HOM 6116rrnoTeK11 tidyverse l10Ha,n;o611TCH Bcero o,n;Ha CTpOKa 

Ko,n;a: 

install.packages ("tidyverse" ) 

BBe,n;11Te 3TOT KO,ll; B OKHe KOHC0711111 BbIII071Hl1Te ero, Ha)KaB K71aBl1IIIY <Enter>. 

R 3arpy311T 11aKeThl 113 CRAN 11 ycTaHOBl1T 11x Ha BarneM KOMl1bIOTepe. Ec7111 

B 11po~ecce ycTaHOBK11 B03Hl1KHYT 11po67leMbl, y6e,n;11TeCb B TOM, qTo Bbl 110,ll;K71IO­

qeHbl K 11HTepHeTy, a a,n;pec https://cloud.r-project.org/ He 3a67loK11po­

BaH Barn11M 6paH,n;May3poM 11711111poKc11-cepBepoM. 

Bb1 He CMO)KeTe 11c11071b30BaTb cpyHK~1111, o6oeKTbl 11 cpa:i171bl c11paBKl1 11aKeTa, 

ern11 He 3arpy311Te ero c 110MOI~bl0 cpyHK~l111 library () . 3TO MO)KHO c,n;e71aTb 

B 71I06o:i1 MOMeHT 110C71e ycTaHOBKl1 11aKeTa. 

library (tidyverse ) 
#> Loading tidyverse: ggplot2 
#> Loading tidyverse: tibble 
#> Loading tidyverse: tidyr 
#> Loading tidyverse: readr 
#> Loading tidyverse: purrr 
#> Loading tidyverse: dplyr 
#> Conflicts with tidy packages 
#> filter(): dplyr, stats 
#>lag(): dplyr, stats 

Coo6meH11JI yBe,n;oM71JIIOT Bae o 3arpy3Ke 11aKeToB ggplot2, tibble, tidyr, readr, 
purrr 11 dplyr. 3Tl1 11aKeTbl cq11TaIOTCH H,n;poM 61167ll10TeK11 tidyverse, 110CK071bKY 

Bbl 6y,n;eTe 11Cl1071b30BaTb JfX 11ptt: BbII1071HeHJ111 11paKT11qecK11 71I06oro B11,n;a aHa-

71113a. 

ITaKeTbl 611671110TeK11 tidyverse o6HOB71JIIOTCH ,n;oB071bHO ':IacTo. lfro6h1 Y3HaTb 

0 Ha7111q1111 o6HOB71eHl1M 11, 110 )Ke71aHl1IO, ycTaHOBl1Tb 11X, BOCl1071b3YMTeCb KOMaH­

P,OM tidyverse _update () . 

CymecTByeT MHO)KeCTBo Be7l11Ko7le11HblX 11aKeTOB, He JIB7IJIIOm11xcJI qacTbIO 

611671110TeK11 tidyverse, 110CK071bKY OHl1 11pe,n;Ha3Ha'leHbl ,ll;71JI perneHl1JI 3ap;a'l, OT ­

HOCJim11xcJI K ,n;pyr11M 11pe,n;MeTHblM o671aCTJIM, 117111 11poeKT11poBa7ll1Cb Ha OCHOBe 

,n;pyrMX 6a30BblX 11ptt:H~l1110B. 3TO He ,n;e71aeT 11X 71yqrne 117111 xy)Ke - OHl1 11pocTO 

,n;pyr11e. ITo Mepe Toro KaK K07111'lecTBO Barn11x 11poeKTOB, BbIII071HJieMblX B R, 6y­

,n;eT pacTl1, Bbl 6y,n;eTe 3HaKOMl1TbCJI c HOBblMl1 11aKeTaM11 11 HOBblMl1 c11oco6aM11 

11CC71ep;oBaHl1JI ,n;aHHblX. 
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3 3 TOM KHli1re li1CIIOJib3YIOTCR TPli1 rraKeTa, He BXO.JJ;RllJ,li1X B cocTaB 61i16JI1i10TeKJi1 

-, ·erse: 

...;:.s::::.~l .packages (c ( "nycflight s 13" , "gapminder" , "Lahman" )) 

YKa3aHHbie rraKeTbI rrpe.n;ocTaBJIRIOT .n;aHHbie 06 aB1i1apeJ1:cax, ypoBHe pa3Bli1Tli1R 

a3iIJ1-Y:HbIX cTpaH Ji1 6eJ1:c6onbHOM CTaTli1CTJi1Ke. Mb1 6y.n;eM li1CIIOJib30BaTb .n;nR Ji1JI ­

Tpau;li11i1 OCHOBHbIX li1,JJ;eM HayKJi1 0 .n;aHHbIX. 

monHeHMe R-Ko.qa 
B rrpe.n;b1.n;ym,eM pa3.n;ene y:lKe 6brno rrpli1Bep;eHbI HeKoTOpb1e rrpli1Mepb1 BbIIIOJIHe­

UI R - Ko.n;a. B KHJi1re Ko.n; Bbmu1p;li1T rrpli1MepHo TaK. 

- - 2 
== > : ii 3 

Ernli1 Bbl BblIIOJIHJi1Te 3TOT )Ke KO,!l; B OKHe KOHCOJIJi1, TO OH 6y.n;eT Bbirll.R:,JJ;eTb He­

~·onbKO Ji1Ha-Y:e: 

> ~ + 2 [ l) 3 

3.n;ecb MO:lKHO BbI,JJ;eJIJi1Tb p;Ba OCHOBHbIX OTJIJi11.J:Ji1.R:. B OKHe KOHCOJIJi1 Balli BBO,!l; 

1Ern-Y:1-1HaeTrn: rrocne cli1MBOJia >, TaK Ha3bIBaeMoro npuznaweHUH (MbI He rroKa3bI ­

s aeM ero B KHJi1re). B KHJi1:lKHOM Bapli1aHTe BbIBO,!l; rrpeBpallJ,eH B KOMMeHTapli11i1 

IIOMOllJ,bIO Cli1MBOJIOB #>; B OKHe KOHCOJIJi1 BbIBO,!l; Il05IBJI5IeTC.R: Herrocpe.n;cTBeHHO 

B ne.n; 3a KO,!l;OM. 3Tli1 p;Ba OTJIJi11.J:Ji1R 03Ha-Y:aIOT, '-ITO eCJIJi1 Bbl pa6oTaeTe c ::ineKTpOH­

H OM Bepcli1eM KHJi1rl1, TO MO:lKeTe CB06o.n;HO KOII1i1pOBaTb KO,!l; Ji13 KHJi1rli1 Ji1 BCTaBJIRTb 

ero Ha KOHCOflb. 

Ha rrpoT.R::lKeHJi1M Bcel1: KH1i1rli1 MbI rrpM.n;ep:lK1i1BaeMCR cne.n;yIOllJ,li1X cornarneHJi1M 

I1pl1 CCbIJIKax Ha Ko.n;: 

• )J;JIR Ji1MeH cpyHKl.J;Ji1M Ji1CIIOllb3YeTC.R: MOHOII11i1pli1HHbIM rnp1i1cpT, Ji1 3a Ka:lK,JJ;blM 

TaKJi1M li1MeHeM rne.n;yeT rrapa CKo6oK, Harrpli1Mep sum () li17Ili1 mean () ; 

• .n;nR .n;pyrMx o6'heKTOB R (TaK1-1x, KaK .n;aHHbie 1-1n1-1 apryMeHTbI cpyHKU:li1M) 

TaK:lKe Ji1CIIOllb3YeTCR MOHOII11i1pli1HHbIM rnp1i1cpT, HO Ji1X Ji1MeHa yKa3bIBaIOTC.R: 

6e3 Kpyrnb1x CKo6oK, HarrpMMep flights li17Ili1 x ; 

• eCJIJi1 Mbl XOTJi1M YT01.J:HJ.1Tb, K KaKOMY rraKeTy OTHOCJi1TCR o6'beKT, TO rrepe.n; 

Ji1MeHeM o6'heKTa yKa3bIBaeTC.R: MM.R: rraKeTa, 3a KOTOpbI M cne.n;yeT ,!l;BOeTO-Y:Ji1e 

(Harrp1-1Mep, dplyr: :mutate{) li17Ili1 nycflights13:: flights ); 3TO TO:lKe 

.n;eJ1:crn1-1TeJibHbIM R - Ko.n;. 



nonyqeHMe cnpaB014HOM M AOOOflHMTenbHOM MHcl>OpMal(MM 

3Ta KHMra He JIBJIJieTcJI JtcqepnbrnaIO~MM noco6tteM, p;a M He cy~ecTByeT Ta­

KOH KHMrM, npoqMTaB KOTopy10 Bbl CMOrJIM 6bl CKa3aTb, qTO TIOJIHOCTbIO OCBO­

MJIM R. IIo Mepe Toro KaK Bbl HaqHeTe npttMeHJITb onttcaHHb1e B p;aHHOH KHMre 

MeTOp;bl B CBOMX npoeKTax, Bbl oqeHb 6hlcTpo CTOJIKHeTeCb c BonpocaMM, Ha KO ­

TOpble Mbl He p;aeM OTBeTa. HmKe Bbl Hailp;eTe HeKOTOpb1e COBeTbl OTHOCMTeJibHO 

Toro, rp;e MO)KHO no11yqttTb Heo6xop;MMble cnpaBoqHble CBep;eHMJI M KaK opraHM30-

BaTb cBoe p;aJibHeMluee o6yqeHtte. 

3ai1.p;JI B TynMK, TIOTiblTaHTeCb Bb16paTbCJI M3 Hero c TIOMO~blO Google. 06b1qHo 

p;o6aB11eHMJI "R" B Kom:i;e 3anpoca p;ocTaToqHo p;11JI Toro, qT06b1 orpaHJtqMTb Kpyr 

BbIBOp;MMblX pe3y11bTaTOB TIOMCKa p;o Hy:)l<HOro BaM; eCJIM TaKOH TIOMCK OKa)KeT­

CJI 6ecno11e3HblM, TO 3TO 6yp;eT 03HaqaTb, qTo cnei:i;ttqrnqecKtte p;11JI R pe3y11bTaTb1 

noMcKa oTcyTcTBYIOT. Ec11M Bbl no11yqaeTe coo6~eHMe 06 OIIIM6Ke M He MO)KeTe 

TIOHJITb, qTo OHO 03HaqaeT, TIOTiblTaHTeCb "noryrnMTb" ero! Cy~eCTByeT Bepo­

JITHOCTb Toro, qTo KTO -TO p;pyroil paHee y)Ke MHTepecoBaJICJI 3TMM BonpocoM M 

COOTBeTCTBYIO~aJI HHcpopMaIJ;MJI p;ocTynHa rp;e-TO B MHTepHeTe. (ECJIM coo6~e­

HMe 06 OIIIM6Ke BbIBep;eHO He Ha aHrJIMHCKOM 5I3b1Ke, BbITIOJIHMTe KOMaHp;y sys • 

setenv (LANGUAGE = "en") M nepe3anycTMTe Kop;; cKopee Bcero, BaM yp;acTcJI no-

11yqMTb cnpaBKY 06 3TOM coo6~eHMM Ha aHrJIMHCKOM 5I3b1Ke.) 

Ec11M BaM He noMO)KeT Google, nonb1Tai1Tecb HaHTM TIOMO~b Ha cailTe 

Stackoverflow (http: I I stackoverflow. com/). )J;11JI Haqa11a noTpaTbTe HeKOTO­

poe BpeMJI Ha TIOMCK OTBeTa, KOTOpblH KTO-TO y)Ke Mor npep;JIO)KMTb; BKJIIOqeHMe 

[R] B 3anpoc TI03BOJIJieT cy3MTb Kpyr MCKOMblX BOnpocoB M OTBeTOB p;o Tex, KOTO­

pble MMeIOT OTHOIIIetttte K R. Ec11J1 HMqero no11e3Horo HaHTM He yp;aeTcJI, nop;ro­

TOBbTe BocnpoM3BOp;J1MblH npMMep MMHMMaJibHoro o6'heMa. YBMp;eB 3TOT npttMep, 

p;pyrMM 1110p;JIM 6yp;eT 11erqe oKa3aTb BaM noMO~b, a Hepep;Ko B npoi:i;ecce nop;ro­

TOBKM TaKoro rrpttMepa peIIIeHMe npo611eMbl yp;aeTCJI HailTM caMoMy. 

q T06bl cp;eJiaTb npMMep BocnpOJ13BOp;MMblM, BKJIIOqJ1Te B Hero Tpe6yeMble na­

KeTbl, p;aHHble J1 KOp;. 

• IIaKembt p;OJI)l(Hbl 3arpy)KaTbCJI B caMoM Haqa11e cKpMnTa, qT06b1 MO)KHO 

6brno cpa3y )Ke yBttp;etb, KaKMe J13 HMX MCTIOJib3YIOTCJI B npMMepe. 3To HaM-

6011ee nop;xop;JI~J1H MOMeHT y6ep;J1TbCJI B TOM, qTo Bbl J1CTIOllb3yeTe caMble 

noc11ep;HMe BepcMM Ka)Kp;oro J13 naKeToB. Bno11He B03MO)KHO, qTo Bbl cT011 -

KHYJIJ1Cb c OIIIJ16KOH, KOTOpaJI 6brna ycTpaHeHa c Toro MOMeHTa, Korp;a Bbl B 

noc11ep;HMH pa3 ycTaHaBJIMBaJIM 3TOT naKeT Ha cBoeM KOMTibIOTepe. B c11yqae 



rraKeToB 6116m10TeK11 tidyverse c aMbIM rrpocTbIM crroco6oM rrpoBepK11 JIBJrn­

eTrn Bbrno1rneH11e cpyHKu;1111 tidyverse _update () . 

• CaMbIH rrpocTOH crroco6 BKJIIO<IeHMJI B rrp11Mep 11crroJib3yeMbIX p;aHHbIX -

3TO Bbl30B cpyHKD;J1J1 dput () ,D;JIJI reHepau;1111 Kop;a, BOCI1p0113BO,D;JII~ero p;aH­

Hbie. Harrp11Mep, <IT06b1 Bocco3p;aTb BR Ha6op p;aHHbIX mtcars, rrocTyrr11Te 

rnep;y10~11M o6pa3oM: 

I) BbI30BMTe BR cpyHKD;MIO dput (mtcars) ; 

2) CKOIIMpyttTe BbIBO,D;; 

3) BBep;11Te B CBOeM Bocrrpo113BO,ll;J1MOM CKp11rrTe CTpoKy mtcars <-, a 3aTeM 

BCTaBbTe cop;ep)K11Moe 6ycpepa o6Metta. 

TIOIIb!TattTeCb HaHTJ1 MJ1HJ1MaJibHbIH Ha6op p;aHHbIX, rrp11 KOTOpOM rrpo6JieMa 

Bee e~e rrpoRBJIJieTCJI. 

• He IIO)KaJieHTe BpeMeHJ1 Ha TO, 'IT06bI rrp11BeCTJ1 KO,D; K BM,D;y, B KOTOpOM ero 

6yp;eT JierKO 'IJ1TaTb p;pyr11M JIIO,D;JIM: 

- o6JI3aTeJibHO J1CIIOJib3YHTe rrpo6eJibI, o6Jier<IaIO~J1e 'ITeHJ1e TeKCTa, J1 KO­

poTKJ1e, HO 11HcpopMaTJ1BHbie J1MeHa rrepeMeHHbIX; 

- J1CIIOJib3YHTe KOMMeHTap1111 ,D;JIJI yKa3aHJ15I rrpo6JieMHbIX MeCT B Kop;e; 

- J1CKJIIO'IJ1Te 113 rrp11Mepa BCe TO, 'ITO He J1MeeT OTHOIIIeHMJI K B03HJ1KIIIeH 

rrpo6JieMe. 

lieM Kopoqe KO,D;, TeM OH IIOHJITHee J1 TeM Jierqe ero 11crrpaBJ1Tb. 

3aBepIII11Te 3TOT rrpou;ecc rrpoBepKOH Toro, qTo Bbl p;eHCTBJ1TeJibHO rrop;rOTO ­

Bll[JIJ1 Bocrrpo113BO,ll;J1MbIH rrp11Mep, HaqaB B R HOBbIH ceaHC J1 CKOI111pOBaB B Hero 

B OM CKp11IIT. 

KpoMe Toro, rrocTOJIHHO roTOBbTeCb K caMOCTOJITeJibHOMY yCTpaHeHMIO rrpo -

6neM, rrpe)Kp;e qeM OHM B03HJ1KHyT. E)Kep;HeBHOe 113yqeH11e R He6oJibIIIMMJ1 rrop ­

Ll, ll[JIMM 0Kyrr11TcJI CTop11u;ett: B p;onrocpoqHoH: rrepcrreKTMBe. Cnep;11Te 3a coo6~e­

Hll[JIMJ1 X3p;JI11, fappeTTa 11 p;pyrnx coTpyp;H11KoB KOMrraH1111 RStudio, rry6n11Kye­

~1b1M11 B 6nore (https : I /blog. rstudio. org / ). J1MeHHO TaM MbI pa3Me~aeM 

0 6'bJIBileH11JI o H?BbIX rraKeTax, HOBbIX B03MO)KHOCTJIX IDE 11 rrepcoHaJibHbIX 

Ky pcax. Bo3MO)KHO, Bbl 3axoT11Te cnep;MTb B TBMTTepe 3a coo6~eH11JIM11 X3p;JI11 

(:ahadleywickham) 11n11 fappeTTa (@statgarrett) 11JI11 6bITb B Kypce Bcex HOBM­

HOK IDE (@rstudiotips). 
,Il;JIJI rrop;p;ep)KaHMJI KOHTaKTa c 6onee 06III11pHbIM R-coo6~ecTBOM peKOMeH­

;::i;y eM rroce~aTb catt:T http: I /www. r-bloggers. corn: OH arper11pyeT 6onee 500 



6JioroB co Bcero cBeTa no TeMaTHKe R. EcJIH Bbl aKTHBHbI:i1: rroJib30BaTeJih TBHT­

Tepa, CJie,n;HTe 3a xern-TeroM #rstats. TBHTTep - O,ll;HH H3 OCHOBHblX HHCTpy­

MeHTOB, HCnOJib3yeMbIX X3,D;JIH ,D;JIJI Toro, qTo6hI IIOCTOJIHHO 6bITb B Kypce HOBbIX 

pa3pa6oTOK, nOJIBJIJIIOIIJ;HXCJI B coo6rn;ecTBe. 

3neKTpOHHaR BepClllR KHlllrlll 

3JieKTpottHaJI BepcHJI KHHrn Ha attrJIHMCKOM JI3bIKe ,n;ocTyrrtta Ha ca:i1:Te http: I I 
r4ds. had. co. nz. Otta 6y,n;eT ttenpepbIBHO o6ttoBJIJIThCJI B npoMe)KyTKax Me)K,n;y 

BbIIIYCKaMH ,n;onOJIHHTeJibHbIX THpa)KeM neqaTHOro H3,D;aHHJI. Mcxop;HbIM KO,D; KHH­

rn ,n;ocTyrrett no a,n;pecy https: I I gi thub. com/hadley I r4ds . KttHra no,n;,n;ep)KH­

BaeTrn ca:i1:ToM ht t ps : I /boo kdown. o rg, KOTopb1:i1: ynporn;aeT npeo6pa3oBaHHe 

¢a:i1:JIOB B ¢opMaTe R Markdown B ¢a:i1:JibI ¢opMaTa HTML, PDF M EPUB. 

3Ta KHHra C03,D;aBaJiaCb c HCnOJib30BaHMeM CJie,n;y10rn;Hx pecypcoB. 

devtools :: session_info (c (" t idyverse " )) 
#> Session info ------------------------------------------------
#> setting value 
#> version R version 3.3.1 (2016-06-21) 
#> system x86 64, darwin13. 4 . 0 

-
#> ui Xll 
#> language (EN) 
#> collate en US.UTF-8 
#> tz America/Los _Angeles 
#> date 2016-10-10 
#> Packages ----------------------------------------------------
#> package * version date source 
#> assert that 0.1 2013-12-06 CRAN (R 3. 3. 0) 
#> BH 1.60.0-2 2016-05-07 CRAN (R 3. 3. 0) 
#> broom 0.4.1 2016-06-24 CRAN (R 3. 3. 0) 
#> colorspace 1. 2-6 2015-03-11 CRAN (R 3. 3. 0) 
#> curl 2.1 2016-09-22 CRAN (R 3. 3. 0) 
#> DBI 0.5-1 2016-09-10 CRAN (R 3. 3. 0) 
#> dichromat 2.0-0 2013-01-24 CRAN (R 3. 3. 0) 
#> digest 0.6.10 2016-08-02 CRAN (R 3. 3. 0) 
#> dplyr * 0.5.0 2016-06-24 CRAN (R 3. 3. 0) 
#> forcats 0 .1.1 2016-09-16 CRAN (R 3. 3. 0) 
#> foreign 0.8-67 2016-09-13 CRAN (R 3. 3. 0) 
#> ggplot2 * 2.L0.9001 2016-10-06 local 
#> gt able 0.2.0 2016-02-26 CRAN (R 3. 3. 0) 
#> haven 1. 0. 0 2016-09-30 local 
#> hms 0.2-1 2016-07-28 CRAN (R 3. 3.1) 
#> httr 1. 2 .1 2016-07-03 cran (@1.2.1) 
#> jsonlite 1.1 2016-09-14 CRAN (R 3. 3. 0) 
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=> l abeling 0.3 2014 - 08 -23 CRAN (R 3.3. 0) 
=> l attice 0.20-34 2016-09-06 CRAN (R 3. 3. 0) 
=> l azyeval 0.2.0 2016-06-12 CRAN (R 3. 3. 0) 
=> lubridate 1. 6 . 0 2016-09-13 CRAN (R 3. 3. 0) 
=> magrittr 1. 5 2014 - 11 - 22 CRAN (R 3.3.0) 
=> MASS 7.3-45 2016-04-21 CRAN (R 3. 3 .1) 
=> mime 0.5 2016-07-07 cran (@0. 5) 
=> mnormt 1.5-4 2016-03-09 CRAN (R 3.3.0) 
=> modelr 0.1. 0 2016-08-31 CRAN (R 3.3.0) 
=> muns ell 0. 4. 3 2016-02-13 CRAN (R 3. 3. 0) 
=> nlme 3 . 1-128 2016-05-10 CRAN (R 3. 3 .1) 
=> openssl 0.9.4 2016-05-25 cran (@0. 9. 4) 
=> pl yr 1. 8. 4 2016-06 - 08 cran (@1.8 .4 ) 
=> psych 1. 6 . 9 2016-09-17 CRAN (R 3. 3. 0) 
=> purrr * 0.2.2 2016-06-18 CRAN (R 3. 3. 0) 
=> R6 2 .1. 3 2016-08-19 CRAN (R 3. 3. 0) 
=> RColorBrewer 1.1-2 2014-12-07 CRAN (R 3. 3. 0) 
=> Repp 0.12.7 2016-09-05 CRAN (R 3.3.0) 
=> readr * 1. 0 . 0 2016-08 - 03 CRAN (R 3.3.0) 
=> readxl 0 .1.1 2016-03-28 CRAN (R 3.3.0) 
=> reshape2 1. 4 .1 2014-12-06 CRAN (R 3.3.0) 
=> rvest 0.3.2 2016-06-17 CRAN (R 3.3. 0) 
=> scales 0.4.0.9003 2016-10-06 local 
=> selectr 0 . 3-0 2016 - 08-30 CRAN (R 3.3. 0) 
=> stringi 1.1. 2 2016-10-01 CRAN (R 3. 3 .1) 
=> stringr 1.1. 0 2016-08-19 cran (@1.1.0) 
=> tibble * 1. 2 2016 - 08-26 CRAN (R 3. 3. 0) 
=> tidyr * 0. 6 . 0 2016-08 - 12 CRAN (R 3.3. 0) 
=> tidyverse * 1. 0 . 0 2016-09-09 CRAN (R 3.3. 0) 
=> xml 2 1.0 . 0.9001 2016-09-30 local 

CornaweHHH, npHHHTble s KHHre 
B KHHre rrpHHHThI rnep;y10ru;11e T11rrorpacpcK11e cornarnettHH. 

• KypcuaoM Bhip;eJIHIOTCH HOBhie TepMHHhI, 11Metta 11 pacrn11pett11H 11Mett cpati:­

JIOB, Ha3BaHJ1H 6116JI110TeK. 

• II011p1mpttbIM rnp11cpTOM Bhip;eJIHIOTCH tta3BaHHR rraKeToB R. 

• Moi-roump:vrHHiill1 rnp11cpT 11crroJih3yeTcH B n11cT11ttrax rrporpaMM, a TaK)l(e B 

OCHOBHOM TeKCTe p;JIH rrpep;cTaBJieHJ1H TaK11X rrporpaMMHhIX 3JieMeHTOB, KaK 

Ha3Bamrn cpyttKIJ;J1M J1 rrepeMeHHbIX, 6a3 p;aHHhIX, T11IIOB p;aHHbIX, J1HCTpyK­

u;11ti:, KJIIO':IeBhIX cJioB, a TaK)l(e URL-a,n;pecoB, a,n;pecoB 3JieKTpottttoti: rro':ITbI 

11 ,n;pyr11x rro,n;o6ttbIX :meMeHTOB. 



• IlOJI'Y'fCMPHldH MOHOmHp~HHliIK mpMq>T J1CIIOJ1b3YeTC51 ,1J;J151 rrpep;CTaBJieHJ151 

KOMaHp; J1 ,ri;pyroro TeKCTa, KOTOpblJf ,lJ;OJI:>KeH BBO,lJ;J1TbC51 IIOJ1b30BaTeJieM. 

• KypcuBHHi1 MOHOIIMpUHHHi1 mpmpT J1CIIOJ1b3YeTrn ,1J;J151 rrpep;CTaBJieHJ151 TeK­

CTa, KOTOpblJf ,D;OJI:>KeH 6b1Tb 3aMeHeH BBO,lJ;J1MblMJ1 IIOJ1b30BaTeJieM 3Haqe­

HJ151MJ1, orrpep;eJI51eMblMJ1 KOHTeKCTOM. 

3TOM IIJ1KTorpaMMOM o6o3HaqeHbI afoa~bl, cop;ep:>Ka~Me COBeTbI J1 pe­

KOMeHp;a~J1J1. 

fAcnonb30BaHMe npMMepos KOAa 
Mcxop;Hbltt Kop; Bcex rrpMMepoB p;oCTyrreH no ap;pecy https: / / github. com/ 

hadley I r4ds. 
KHMra 6blna HarrMcaHa p;JIJI Toro, qT06b1 o6nerqJ1Tb BaM pa6oTy. Boo6~e roBo­

pR, Bbl MO:>KeTe CB06op;HO J1CIIOJ1b30BaTb rrpMBep;eHHbIJf B KHJ1re KOp; B CBOJ1X rrpo­

rpaMMax J1 p;oKyMeHTa~J1J1. IlonyqeHMJI KaKoro-nM6o crre~MaJibHoro pa3pemeHJ151 

OT Hae, eCJIJ1 TOJlbKO peqb He Mp;eT 0 3HaqJ1TeJibHblX o6'beMax KOp;a, He Tpe6yeTC51. 

HarrpMMep, J1CIIOJib30BaHMe B Barnett rrporpaMMe HeCKOJibKMX cpparMeHTOB Kop;a, 

B351TbIX J13 3TOtt KHMrM, He Tpe6yeT pa3pemeHJ151. Op;HaKo rrpop;a:>Ka MJIM pacrrpo­

cTpaHeHMe KOMIIaKT-,lJ;J1CKa, cop;ep:>Ka~ero rrpMMepbl J13 KHJ1f, Bblrry~eHHblX J13p;a­

TeJibCTBOM O'Reilly, 6e3 rrpep;BapMTeJibHoro rronyqeHMJI pa3pemeHJ151 3arrpe~eHa. 

Il;l1Tl1poBaHJ1e p;aHHOM KHJ1fJ1 J1 J1CIIOJ1b30BaHJ1e rrpMMepoB Kop;a B OTBeTax Ha BO­

rrpocbl He Tpe6yeT pa3pemeHJ151. BMeCTe c TeM, ecJIM Bbl BKmoqaeTe B p;oKyMeH­

Ta~mo CBOero rrpop;yKTa 3HaqJ1TeJibHbie o6'beMbI KOp;a J13 rrpMBep;eHHbIX B KHMre 

rrpMMepoB, TO rroJiyqeHJ1e COOTBeTCTBYIO~ero pa3pemeHJ151 51BJI51eTC51 o6JI3aTeJib­

HbIM ycJIOBJ1eM. 



AeM BaWMX OT3blBOB! 

Bbl, 'IMTaTeJib 3TO:i1 KHMrM, M eeTb rnaBHblM ee KpMTMK. Mb! ~eHMM Barne MHe­

"=me M XOTMM 3HaTb, 'ITO 6bIJIO ep;eJiaHO HaMM rrpaBMJibHO, 'ITO MO)f(HO 6bIJIO ep;e ­

-:aTb nyqrne M 'ITO e~e Bbl xoTeJIM 6b1 yBttp;eTb M3,D;aHHbIM HaMM. HaM MHTepeeHbl 

d06b1e Barntt 3aMe'!aHM.R: B Harn ap;pee. 

Mb! )f(,D;eM Barnttx KOMMeHTaptteB M Hap;eeMe.a Ha HMX. Bb! MO)f(eTe rrptteJiaTb 

Ha.'11 6yMa)f(HOe MJIM 3JieKTpOHHOe IIMebMO JIM6o rrpoeTO rroeeTMTb Harn ea:iiT M 

o TaBMTb eBoM 3aMe'!aHM.R: TaM. Op;HMM eJIOBOM, mo6b!M yp;o6HblM p;n.a Bae erro ­

-o6oM p;a:iiTe HaM 3HaTb, HpaBMTe.R: JIM BaM 3Ta KHMra, a TaK)f(e BbICKa)f(MTe eBoe 

~rneHMe 0 TOM, KaK ep;eJiaTb HallIM KHMfM 6onee MHTepeeHblMM ,D;JI.R: Bae. 

0TrrpaBJI.R:.R: IIMebMO MJIM eoo6~eHMe, He 3a6y,n;bTe yKa3aTb Ha3BaHMe KHMfM 

n ee aBTopoB, a TaK)f(e eBo:ii o6paTHblM ap;pee. Mb! BHMMaTeJibHO 03HaKOMMMe.a 

BarnMM MHeHMeM M o6.a3aTeJibHO yqTeM ero rrpM oT6ope M rrop;roTOBKe K M3p;a­

Hl1IO HOBblX KHMf. 

HarnM 3JieKTpoHHble a,n;peea: 

::-mail: 

.VWW: 

info@dialektika.com 

http://www.dialektika.com 

npeA"1Cl10B"1e 37 



llACTb I 

LJ:aCTb I ITOMO:>KeT BaM B C:>KaTble cpOKJ1 OCBOJ1Tb 6a30Bble J1HCTpyMeHTbl rrpep;-

3 p 11TeJibHoro (pa3Bep;oqHoro) aHa11113a p;aHHblX. B xop;e TaKoro aHa11113a Bbl­

ABiUIIOTGI HaJ16orree o6~J1e 3aKOHOMepHOCTJ1, CBOMCTBeHHble aHaJIJ13MpyeMblM 

.:::IaHHblM, Ha OCHOBaHJ1J1 KOTOpblX Bbl)J;BJ1raroT J1 rrpoBep5IIOT pa3JIJ1qHble pa6oqJ1e 

:lUIOTe3bl, rrpl1 Heo6xop;l1MOCTJ1 MHOfOKpaTHO IIOBTOp515I OIIJ1CaHHblM ~J1KJ1 p;ei1:­

CTBJ1H. frraBHOM 3ap;aqei1: 3T0f0 3Tarra 5IBJ15IeTC5I Bblpa6oTKa HeCKOJlbKJ1X rrepcrreK­

:1IBHblX rrpep;rrorro:>KeHJ1M, KOTOpble BIIOCJiep;CTBJ1J1 MO:>KHO 6yp;eT rrop;BeprHyTb 60-

;iee rrry6oKoMy aHa11113y. 

nporpaMMltlpOBaHltle 

B 3Toi1 qacTM Bbl rro3HaKOMJ1TeCb c HeKoTopblMJ1 rrorre3HblMJ1 MHCTpyMeHTaMM, 

OTp;aqy OT J1CIIOJ1b30BaHJ15I KOTOpblX rroqyBCTByeTe He3aMe)J;JIJ1TeJibHO. 

• B113ya11J13a~J15I - OTJIJ1qHaJI OTrrpaBHaJI ToqKa p;rrH Toro, qT06b1 HaqaTb rrpo­

rpaMMMpoBaTb Ha H3blKe R, rrocKorrbKY rrpe11My~ecTBa oqeBM,D;Hbl: Bbl rro­

rryqaeTe B03MO:>KHOCTb CTpOl1Tb aKKypaTHble l1HcpopMaTJ1BHble rpacpl1KJ1, 

0611erqaro~Me rroHMMaHMe p;aHHblX. B rrraBe 1 Bbl Y3HaeTe o B03MO:>KHOCTHX 

rraKeTa ggplot2 J1 113yqJ1Te MO~Hble MeTO)J;bl, IT03BOJ15IIO~J1e rrpeBpa~aTb 

p;aHHble B rpacpl1Kl1. 

• B T11rr11qHblX c11yqa51x op;Hoi1 JIMIIIb BM3ya11113a~l1l1 p;aHHblX e~e Hep;ocTa­

ToqHo, IT03TOMY B rrraBe 3 Bbl l13yql1Te OCHOBHble KOMaHp;bl, II03BOJ15IIO~J1e 



Bb1fo1paTb Ba)J(Hble rrepeMeHHble, qn111bTpoBaTb KJIIO'leBble Ha6JIIO,r:t;emrn, eo3-

,r:t;aBaTb HOBble rrepeMeHHble J1 Bbl'IJ1eJIJITb J1TOfJ1. 

• HaKOHeu,, B rnaBe 5 Bbl Hay'rnTeeb cpopMyn11poBaTb Borrpoebl B OTHOIIIeHJ1J1 

J1HTepeeyIOllJ,J1X Bae ,r:t;aHHblX J1 IIOJIY'laTb Ha HJ1X OTBeTbl. 

BaMHO:i1: 11aeTbIO rrpou,eeea rrpe,r:t;Bap11TeJibHoro aHaJI113a JIBJIJieTeJI MO,r:t;en11p0Ba­

H11e, HO Ha ,r:t;aHHOM ::narre ,r:t;JIJI ero 3cpcpeKTJ1BHOfO J13)"leHJ1.lI J1JIJ1 rrp11MeHeHJ1JI BaM 

He,r:t;oeTaeT 3HaH11:i1:. K 3TO:i1: TeMe Mbl BepHeMrn B 11aeT11 IV, Kor,r:t;a Bbl y)J(e 6y,r:t;eTe 

xopOIIIO BJia,r:t;eTb J1HeTpyMeHTaMJ1, rrpe,r:t;Ha3Ha'leHHblMJ1 ,r:t;JIJI IIO,!l;fOTOBKJ1 ,r:t;aHHblX, 

11 rrp1106peTeTe Heo6xo,r:t;J1Mb1e HaBb1K11 rrporpaMM11poBaH11JI. 

Bb1IIIerrepe1111eneHHb1e Tp11 rnaBbl, rroeBJI11J,eHHb1e 11HeTpyMeHTaM rrpe,r:t;Bap11 -

TeJibHoro aHaJIJ13a ,r:t;aHHblX, rrepeMe)J(aIOTeJI TpeMJI ,r:t;pyr11MJ1 rnaBaMJ1, B KOTOpblX 

BHJ1MaH11e cpoKye11pyeTrn Ha TexH1111eeK11x aerreKTax pa6oTbl B epe,r:t;e R. fJiaBbl 2, 
4 J1 6 II03HaKOMJIT Bae e yeTaHOBJ1BIIIe:i1:eJI rrpaKTJ1KOM Harr11eaHJ1JI J1 opraHJ13aU,J1J1 

KO,r:t;a Ha JI3b1Ke R. 3TO rroeJiy)J(J1T 3aJIOfOM yerreIIIHOfO cpyHKIJ,J10HI1poBaHJ1.lI BaIIIJ1X 

rrporpaMM B ,!l;OllfOepoqHOM rreperreKTJ1Be, rroeKOJibKY Bbl OBJia,r:t;eeTe J1HeTpyMeH­

TaMJ1, II03BOJIJIIOllJ,J1MJ1 3cpcpeKTJ1BHO yrrpaBJIJITb peaJibHblMJ1 rrpoeKTaMJ1 Ha rrpo­

TJI)J(eHJ1J1 Beero BpeMeHJ1 J1X )J(J13HJ1. 



rnABA 1 

8113yan113a1'MH AaHHblX 
c nOMOll.\blO ggplot2 

"06wtHblU zpaifJUK oaem aHaJZumuKy zopa300 6oJZbUle nuui,u OJZH 

pa3MblUllleHUtt, tteM Jl106aH opyzaH ifjopMa npeocmaBJZeHUH UHifjopMau,uu". 

4JICOH Tb10KU 

B 3Toi1 rJiaBe BhI HayqMTech BM3yaJIM3MpoBaTh p;aHHhie c rroMorn;hIO pacurn­

- mm ggplot2. Cpep;a R rrpep;JiaraeT HecKOJihKO rncTeM ,D;JIR pa6oThI c rpaqrnKa­

_m , HO op;Hoi1 M3 HaM6oJiee 3JieraHTHhIX M YHMBepcaJihHhIX cpep;M HMX RBJIReTcR: 

ggplot2. PaCIIIMpeHMe ggplot2 peaJIM3yeT rpaMMaTMKY rpa<)mKM - cTpoi1Hy10 

-HcTeMy, 06ecrreqJ1BaIOrn;y10 OIIMCaHMe J,1 IIOCTpOeHMe rpaqrnKOB. BMeCTO TOfO 

'IT06bI J,13yqaTh Bee CMCTeMbI, HOBJ1qKy ~eJiecoo6pa3HO C3KOHOMJ1Tb BpeMR: J,1 J13-

~'IJ1Tb O,D;HO JIMIIIb pacIIIMpeHMe ggplot2, KOTOporo 6yp;eT BIIOJIHe ,D;OCTaToqHO ,D;JIR: 

nop;aBJIRIOrn;ero Kpyra 3ap;aq. 

TeM qJ1TaTeJIRM, KOTOphie xoTeJIM 6h1 Y3HaTh 6oJihIIIe o TeopeTMqecKoi1 rro­

.:rnnJieKe pacIIIMpeHMR: ggplot2, peKoMeHp;yeM rrpoqMTaTb CTaThIO ''A Layered 

G rammar of Graphics" (ht t p://vita .had.eo.nz/papers / layered­
; rammar. pdf). 

lllcnonl?3YeMble pecypcb1 
B 3Toi1 rJiaBe paccMaTpMBaeTcR rraKeT ggplot2 - O,D;MH M3 ~eHTpaJihHhIX 3Jie­

~1eHTOB 6M6JIMOTeKM tidyverse. qT06hI IIOJiyqMTb ,D;OCTyn K Ha6opaM p;aHHbIX, crrpa­

soqHbIM MaTepMaJiaM J,1 ¢YHK~J15IM, KOTOpbie 6yp;yT J1CIIOJib30BaThC5I B 3TOH rJiaBe, 

3arpy3MTe tidyverse c noMorn;hIO rnep;y10rn;ei1: KOMaH,D;hI. 



library (tidyverse ) 
#> Loading tidyverse: ggplot2 
#> Loading tidyverse: tibble 
#> Loading tidyverse: tidyr 
#> Loading tidyverse: readr 
#> Loading tidyverse: purrr 
#> Loading tidyverse: dplyr 
#> Conflicts with tidy packages 
#> filter(): dplyr, stats 
#> lag(): dplyr, stats 

:::ha ep;irncTBeHHaR cTpoKa Kop;a 3arpy)l(aeT 51p;po 6116m10TeK11 tidyverse - na­

KeTbI, KOTOpbie 6yp;yT J1CTIOJib30BaTbC51 npaKTJ1qecKJ1 B mo6oM aHaJIJ13e p;aHHbIX. 

ITonyTHO OHa l1HcpopM11pyeT Bae 0 HaJIJ1qJ1J1 KOHcpJil1KTOB Me)l(p;y cpyHKIJ;J151MJ1 

tidyverse J1 cpyttKIJ;J151MJ1 6a30BOM cpep;bl R (l1lll1 cpyHKIJ;J151MJ1, BXO,D;5UIJ;J1MJ1 B COCTaB 

p;pyrnx y)l(e 3arpy)l(eHHbIX BaMJ1 naKeTOB) . 

ECJIJ1 TIOCJie BbITIOJIHeHJ151 3TOH KOMaH,D;bl Bbl TIOJiyq11Te coo6iu;eHJ1e 06 ourn6Ke 

"there is no package called 'tidyverse"', TO BaM noTpe6yeTrn rnaqaJia ycTaHOBJ1Tb 

6116JIJ10TeKy, a 3aTeM BHOBb BbITIOJIHJ1Tb KOMaHp;y library () . 

install. packages ( "tidyverse" ) 
library (tidyverse ) 

Tpe6yeTC51 JIJ1IIIb op;HoKpaTHa51 ycTaHOBKa naKeTa, HO ero Heo6xop;11Mo 3aHoBo 

3arpy)l(aTb np11 Ka)l(,D;OM 3anyCKe HOBoro pa6oqero ceaHca. 

B Tex rnyqa51x, Korp;a Tpe6yeTrn 51BHO yKa3aTh np11Hap;Jie)l(HOCTb cpyHKu;1111 

(11JI11 Ha6opa p;aHHbIX) onpep;eJieHHOMY naKeTy, np11MeH5IeTrn cneu;11aJihHa5I 

c11HrnKc11qeCKa5I KOHCTPYKIJ;l151 naKeT : : c'PYHKI:(UH () . Hanp11Mep, Bb1pa)l(eH11e 

ggplot2: : ggplot () 51BHO yKa3bIBaeT Ha TO, qTo Mbl J1CTIOJib3YeM cpyHKIJ;J1IO 

ggplot () 113 naKeTa ggplot2. 

nepeb1e want 
BocnoJih3yeMrn Ha1II11M nepBbIM rpacp11KOM, qT06b1 noJiyql1Tb OTBeT Ha rnep;y­

I0iu;11i1: Bonpoc: p;ei1:CTBJ1TeJibHO JIJ1 aBTOM06J1JIJ1 c 6 oJiblllJ1M o6'beMOM ,D;Bl1raTeJI51 

TIOTpe6JI51IOT 6oJibllle TOTIJIJ1Ba, qeM aBTOM06l1JIJ1, o6'beM ,D;Bl1faTeJiei1: KOTOpbIX 

MeHhIIIe? Bepo51THO, OTBeT BaM y)l(e J13BeCTeH, HO Mbl TIOTibITaeMC51 o6oCHOBaTb 

ero. qTO Mbl MO)l(eM CKa3aTb 0 xapaKTepe 3aBJ1CJ1MOCTJ1 pacxop;a TOTIJIJ1Ba OT o6'b­

eMa ,D;BJ1faTeJI51? qTO 3TO 3a CB513b - TIOJIO)l(J1TeJibHa51, OTp11u;aTeJibHa5I, JIJ1Hei1Ha51, 

HeJI11Hei1Ha5I? 



pelflM AaHHblX mpg 

g JUI rrpoBepKM CBOero OTBeTa MO:>KHO BOCIIOJib30BaTbCH cppe:t1:MOM p;aHHbIX mpg 

K3 IIaKeTa ggplot2 (IIOJIHOe Ha3BaHMe ggplot2: :mpg). <PpeuM (1caap) aaHHblX -

.::TO rrpHMoyrOJibHM Ta6JIMIJ;a, CTOJI6IJ;aMJ1 KOTOpo:t1: cny:>KaT rrepeMeHHbie, a CTpo­

Cl.\H1 - Ha6mop;eHMH (3Ha'leHMH COOTBeTCTBYIOIIJ;MX rrepeMeHHbIX). <Dpe:t1:M mpg 

· ;:rroqaeT pe3yJihTaThI Ha6nrop;eHMM, rrop;roTOBJieHHbIX YrrpaBJieHMeM no 3aIIJ;MTe 

.~y:>KaIOIIJ;e:t1: cpep;bI ClllA p;JIH 38 Mop;ene:t1: aBTOM0611ne:t1:. 

- g 
=> 
=> 
=> 
=> 
=> 
=> 
=> 
=> 
=> 
=> 
=> 

# A tibble: 234 x 11 
manufacturer model dis pl year cyl trans drv 

<chr> <chr> <dbl> <int> <int> <chr> <chr> 
1 au di a4 1. 8 1999 4 auto(l5) f 
2 audi a4 1. 8 1999 4 manual (m5) f 
3 au di a4 2. 0 2008 4 manual (m6) f 
4 audi a4 2 .0 2008 4 auto(av) f 
5 audi a4 2 . 8 1999 6 auto (15) f 
6 audi a4 2 .8 199 9 6 manual (m5) f 
# with 228 more rows, and 4 more variables: 
# cty <int>, hwy <int>, fl <chr>, class <chr> 

B mpg cpep;M rrpo1111x p;pyrnx cpHrypHpyIOT rnep;yIOIIJ;Me rrepeMeHHbie: 

• displ - o6oeM p;B11raTeJIH aBTOM06MJIH, Bbipa:>KaeMhIM B JIHTpax; 

• hwy - ITOKa3aTeJib 3cpcpeKTJ1BHOCTJ!I pacxop;a TOITJIJ!IBa, Bbipa:>KaeMbIM B MM­

JIHX rrpo6era Ha raJIJIOH TOITJIMBa (mpg). ITpM rrpoxo:>Kp;eHMM op;Horo M Toro 

:>Ke pacCTOHHMH aBTOM06J!IJib c 6onee HJ13KJ!IM 3Ha11eHMeM IlOKa3aTeJIJI 3cp ­

cpeKTJ!IBHOCTJ1 IIOTpe6JIJieT 6oJibllle TOIIJIMBa, qeM aBTOM06J!IJib c 6onee Bbl ­

COKMM 3Ha'leHMeM 3TOro IIOKa3aTeJIJI. 

lfro6b1 rronyqMTh 6onee rrop;po6Hb1e cBep;eHMH o cppe:t1:Me p;aHHhIX mpg, OTKpo:t1: ­

Te COOTBeTCTBYIOIIJ;MM pa3p;eJI c rrpaBKM, BbIITOJIHJ!IB KOMaHp;y ?mpg. 

qT06bI IIOCTpOMTb r pacpMK mpg, B KOTOpOM 3Ha'leHJ!IH rrepeMeHHOM displ pac­

IIOJiaraIOTCH B)J;OJib OCM X , a 3Ha'leHMH rrepeMeHHOM hwy - B)J;OJib OCM y (pMc. 1.1), 

BblITOJIHJ!ITe CJiep;yIOIIJ;yIO KOMaHp;y. 

;gplot (data = mpg ) + 
geom_point (mapping = aes (x = displ , y = hwy ) ) 
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fpacp11K OTqeTJIJ1BO p;eMOHCTp11pyeT OTpmi;aTeJibHbIM xapaKTep 3aBJ1CJ1MO­

CTJ1 ITOKa3aTemI 3cpcpeKTJ1BHOCTJ1 pacxop;a TOITJIJ1Ba (hwy) OT o6'heMa )J;BJ1raTemI 

( displ). ,Il;pymMJ1 CJIOBaMJ1, aBTOM06J1JIJ1 c 6oJibilll1MJ1 )J;BJ1raTeJI5IMJ1 pacxop;yIOT 

6oJibille TOITJIJ1Ba. ITop;TBep)Kp;aeT 3To 11JI11 orrpoBepraeT Bailly r11rr0Te3y o cooT­

HOillett1111 Me)Kp;y ITOKa3aTeJieM 3cpcpeKTJ1BHOCTJ1 pacxop;a TOITJIJ1Ba aBTOM0611JieM 

11 o6'beMoM ero p;B11raTem1? 

I1p11 pa6oTe c rraKeToM ggplot2 co3p;aH11e rpacp11Ka Haq11HaeTcH c BbI30Ba 

cpyHKIJ;J1J1 ggplot () . 3TOT Bbl30B C03p;aeT CJ1CTeMy Koopp;11HaT, K KOTopoi1: MO)K­

HO p;o6aBJI5ITb CJIOJ1. I1p11 3TOM cpyHKIJ;J1J1 rrepep;aeTCH 3HaqeHJ1e apryMeHTa data, 
rrpep;cTaBJIHIOIIJ;ero Ha6op p;aHHbIX, KOTOpbIM p;aJiee 6yp;eT J1CITOJib30BaH )J;JIH rro­

CTpoeHJ15I rpacp11Ka. TaK11M o6pa30M, cTpoKa Kop;a ggplot (data = mpg) JIJ1illb 

C03p;aeT rrycTOM rpacp11K, KOTOpbIM He rrpep;cTaBJIHeT )J;JIH Hae HJ1KaKoro J1HTepeca 

J1 I103TOMY He ITOKa3aH B BJ1p;e OT)J;eJibHOrO p11cyHKa. 

ITocTpoett11e rpacp11Ka 3aBepillaeTrn p;o6aBJieH11eM B ggplot ( ) op;Horo 11JI11 

HeCKOJibKJ1X CJIOeB. <l>yHKIJ;J15I geom _point () p;o6aBmleT B rpacp11K CJIOM ToqeK, 

co3p;a1011J;11:iii Toqeqtty10 p;11arpaMMy. B cocTaB rraKeTa ggplot2 BKJIIOqeHo 6oJibilloe 

KOJIJ1qecTBO pa3JIJ1qHbIX cpyHKIJ;J1M geom_ xxx () ' Ka)Kp;M 113 KOTOpbIX rrpep;Ha3Ha­

qeHa p;JIH p;o6aBJieH11H B rpacp11K CJIOH orrpep;eJieHHoro T11rra. Bbl 6yp;eTe rroCTerreH­

HO 3HaKOMJ1TbCJI c HJ1MJ1 B rrpou;ecce qTeHJ1JI rJiaBbl. 



Ka)K,i:i;aJI ¢yttKIJ,MJI geom_ xxx ( ) M3 rraKeTa ggplot2 rrpMHMMaeT apryMeHT 

~apping, 3a,i:i;a10rn;m,1: corroCTaBrrettMe rrepeMeHHhIX M3 tta6opa ,i:i;aHHhIX c orrpe,i:i;e­

,-iettHbIMM BM3yarrhHbIMM cpe,i:i;cTBaMM. 3ttaqettMe 3Toro apryMeHTa Bcer,i:i;a orrpe,i:i;e­

,lJleTrn rrocpe,D;CTBOM BbI30Ba ¢YHKIJ,J!IJ!I aes () ' apryMeHTbI x J!I y KOTOpoi1: yKa-

3bIBaIOT, 3HaqeHMJI KaKMX rrepeMeHHhIX pacrrorraraIOTCJI B,ll;Ollb ocei1: x M y. TiaKeT 

ggplot2 J!IUJ;eT COITOCTaBJIJieMyIO rrepeMeHHYIO B Ha6ope ,i:i;aHHbIX, 3a,D;aBaeMOM 

apryMeHTOM data (B ,i:i;attHOM crryqae - B tta6ope ,i:i;attHhIX mpg). 

Wa6noH KOMaHAbl C03AaHlllR rpa<l>111Ka 

3arrmneM rrpMBe,i:i;eHHbIM BbIIIIe KO,ll; B BM,D;e IlOBTOpHo J!ICITOJib3yeMoro IIIa6rro­

Ha KOMaH,ll;bI ,ll;ll51 C03,ll;aHJ!I51 rpa¢MKOB c IlOMOUJ;bIO pacIIIMpeHJ!IJI ggplot2. qT06bI 

C03,D;aTb rpa¢MK, 3aMeHJ!ITe 3JieMeHTbI, BbI,D;eJieHHbie B crre,i:i;y10rn;eM KO,D;e yrnOBbI­

MJ!I CK06KaMJ!I, KOHKpeTHbIMJ!I J!IMeHaMJ!I Ha6opa ,i:i;aHHbIX, ¢YHK11,J!IJ!I geom - xxx ( ) J!I 

KOJIJieKIJ,J!IJ!I COITOCTaBJieHJ!IM. 

ggplot (data = <DATA> ) + 
<GEOM_FUNCTION> (mapping = aes (<MAPPINGS> )) 

B ocTaBIIIei1:rn qacTM rnaBbI 6y,i:i;yT rrpo,i:i;eMottcTpMpoBaHbI pa3JIJ!IqHhie BapMaH­

TbI 3aITOJIHeHJ!I51 J!I paCIIIMpeHJ!IJI 3TOro IIIa6rroHa ,ll;ll51 C03,D;aHJ!I51 rpa¢MKOB pa3JIJ!Iq­

Horo TJ!IITa. HaqHeM c KOMITOHeHTa <MAPPINGS>. 

Ynpa>KHeH111R 

1. BbIITOJIHJ!ITe KOMatt,i:i;y ggplot (data = mpg) . qTO Bbl BJ!I,ll;J!ITe? 

2. CKoJihKO cTpoK MMeeT Ta6rrMu;a mpg? CKOJibKO cTorr6u;oB? 

3. qTo orrMChrnaeT rrepeMettttaJI drv? BbIJICHMTe 3TO, Bbrne,i:i;JI crrpaBoqtty10 MH­

¢opMau;MIO KOMaH,D;OM ?mpg. 

4. Co3,i:i;ai1:Te Toqeqtty10 ,i:i;MarpaMMy, orrMcbrna10rn;y10 3aBMCMMOCTb rrepeMeHHOM 

hwy OT rrepeMeHHOM cyl. 

5. qTO rrpoM30M,D;eT, eCJIJ!I ITOilbITaTbCJI C03,D;aTb rpa¢MK 3aBJ!ICJ!IMOCTJ!I rrepeMeH­

HOM class OT rrepeMettttoi1: drv? IJoqeMy tteB03MO)KHO MCITOJib30BaTh 3TOT 

rpa¢MK? 
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"Benu11auwee OOCmOUHC1n60 cparjUKU 6 lnOM, "tlnO OHa 

3acma6nHem Hae 3aMe11amb mo, 11eco Mbt HUKozoa He 0J1Cuoanu y6uoemb". 

/{JICOH TblOKU 

Ha npJrnep;eHHOM HJDKe rpaqn11<e (pMc. 1.2) op;tta rpyrma TO'IeK (Bbip;eneHHaJI 

KpaCHbIM IJ;BeTOM) JIBHO Bbmap;aeT J13 JIJ1He:i1:Horo Tpettp;a. 3TJ1 aBTOM06J1JIJ1 p;e­

MOHCTPMPYIOT 6onee BbICOKYIO 3<P<PeKTJ1BHOCTb pacxop;a TonJIMBa no cpaBHeHMIO 

c TeM, qero MO)l<HO 6bIJIO 6bI O)l<J1)J;aTb. qeM 3TO MO)f<HO o6'bJICHJ1Tb? 

• 
• 40 . 
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' . . . . I 

2 3 4 5 6 7 

displ 

Puc. 1.2 

MmKHO 6hIJIO 6b1 npep;nOJIO)l(J1Tb, 'ITO 3TJ1 aBTOMo6MJIJ1 OTHOCJITCJI K rM6pMp;­

HOMY TMny. Op;MH J13 cnoco6oB npoBepMTb p;attttyro rnnoTe3y - npoattaJIJ13Mpo­

BaTb 3Ha'IeHMJI KJiacca Ka)l(p;oro aBTOM06J1JIJI. IIepeMeHHaJI class tta6opa p;aHHbIX 

mpg pa36MBaeT aBTOM06J1JIJ1 Ha rpynnb1, TaKMe KaK compact, midsize MJIM SUV1 . 
EcnM Bbmap;aro111;Me J13 06111;ero pRp;a TO'IKJ1 cooTBeTCTBYIOT rM6pMp;HbIM TMnaM, 

TO, cyp;JI no pacxop;y TO~JIJ1Ba, J1X cnep;yeT KJiaCcJ1<PJ1u;l1pOBaTb KaK KOMnaKTHbie 

J1JIJ1, B03MO)l(H0, cy6KoMnaKTHbie aBTOM06J1JIJ1 (J1Mei1Te B BMp;y, 'ITO B TOT nepMO,ll; 

1 B rrpuMepe ucrroJib3yeTrn rrpumnaJI B CIIIA cucTeMa KJiaccuqmKau;uu aBTOMo6u­

Jie:i1:, OCHOBaHHaJI Ha ,[\JIMHe KOJieCHOM 6a3bI M o6'beMe IIOJie3HOro rrpocTpaHCTBa caJIOHa. 

B 3TOM cucTeMe KJiaccy SUV (Sport-Utility Vehicles) cooTBeTCTBYIOT Bttep;opo:>KHMKM. -

llpuMe11 . pea. 
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3peMeHJi1, K KOTopoMy OTHOC5ITC5I 3Tli1 p;aHHhie, rM6pli1,ll;Hbie aBTOM06Ji1Jrn Ji1 BHep;o­

O:>KHJi1KJi1 ern;e He IIOJib30BaJili1Cb TaKOM rrorryrrRpHOCTbIO, KaK B Hanrn ,ll;Hli1). 

MbI MO:>KeM ,n;o6aBJi1Th B p;ByxMepHyIO ToqeqHYIO p;MarpaMMY TpeThIO rrepe­

.\1eHHy10, class, CBR3aB ee c KaKMM-rrM6o eu3yallbHblM ampu6ymoM2
• BM3yarrh­

Hbl:i1: aTpM6yT - 3TO CBOMCTBO o6'heKTOB rpaq)Ji1Ka, orrpep;eJIRIOrn;ee JilX BHeIIIHJilM 

Bl1p;. K BM3yarrhHhIM aTpM6yTaM OTHOCRTCR TaKMe, HanpMMep, cBo:ifcTBa, KaK pa3-

.\1ep, cpopMa M u;BeT ToqeK p;aHHhIX. BhI MO:>KeTe ynpaBJIRTh BHeIIIHMM BM,ll;OM TO ­

q eK ,n;aHHhIX, Ji13MeHRR 3HaqeHMR Mx aTpM6yToB BM3yarrM3au;MM. ITocKOJihKY crroBo 

" 3HaqeH1i1e" y:>Ke Ji1CilOJib3YeTC5I HaMJil ,ll;JI5I OIIJi1CaHJi15I p;aHHbIX, TO rrpMMeHMTeJihHO 

K aTpM6yTaM BM3yarrM3au;MM MhI 6y,n;eM MCITOJih30BaTb crroBo "ypoBetth': HM:>Ke 

n pMBep;eH rrpMMep Toro, KaK Ji13MeHReTC5I BHeIIIHJilM BJil,ll; ToqKJil p;aHHbIX npM Ji13-

.\!eHeHJi1Ji1 ee pa3Mepa, cpopMbI M u;BeTa (pMc. 1.3) . 

• 
Puc. 1.3 

Mo:>KHO coo6rn;aTb MttcpopMau;MIO o p;aHHhIX, CBR3hIBaR aTpM6yThI BM3yarrM3a­

u;MM rpacpMKa c nepeMeHHhIMJil tta6opa p;aHHhIX. HanpMMep, ycTaHOBMB cooTBeT­

CTBMe Me:>Kp;y nepeMeHHOM class Ji1 u;BeTOM ToqeK p;aHHbIX, MO:>KHO coo6rn;li1Tb Ji1H­

cp opMau;Ji1IO o Krracce Ka:>Kp;oro aBTOM06MrrR (pMc. 1.4). 

;Jplot (data = mpg ) + 
geom_point (mapping = aes (x = displ , y = hwy, color = class )) 

CooTBeTCTBJile BM3yarrhHhIX aTpM6yToB rrepeMeHHhIM ycTattaBJIMBaeTcR rry­

TeM CB5I3bIBaHJi15I MMeHM aTpM6yTa c JilMeHeM nepeMeHHOM npli1 BbI30Be cpyHKIJ;Ji1Ji1 

aes () . Pacr.~rnpettMe ggplot2 aBTOMaTJilqecKM npMCBOMT yttMKaJihHhn1 ypoBeHb 

3Toro aTpM6yrn (B p;aHHOM crryqae color) Ka:>Kp;oMy yttMKarrhHOMY 3HaqeHMIO rre­

peMetttto:i1: - 3TOT npou;ecc tta3brnaeTcR zpaoau,ueu (scaling). KpoMe Toro, ggplot2 

2 B op:wnmaJie MCIIOJib3YeTCR TepMMH aesthetic (3CTeTw-IeCKOe CBOMCTBO ), BBe,[\eHHbIM 

O,[IHMM M3 aBTopoB 3TO:i1 KHMrM :w pa3pa60T':!MKOM rraKeTa ggplot2 X3,[IJIM YMKeMoM. -

IIpuMett.. pea. 
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aBTOMaTM'IeCKM p;o6aBMT JiereHp;y, OTIJ.1CbIBaIO~yro COOTBeTCTBMe Me:tKp;y y poBH>I ­

MM M 3Ha<IeHM>IMM . 
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displ 

Puc. 1.4 

• 

' 
7 

class 

-2seater 

• compact 

• midsize 

minivan 

pickup 

subcompact 

SUV 

U:BeTOBOe BbI,D;eJieHMe TIOKa3bIBaeT, 'ITO MHOrMe M3 He06bI'IHblX TO'IeK COOTBeT­

CTBYIOT 2-MeCTHbIM aBTOM06MJI>IM. Bpap; JIM MMM MoryT 6h1Tb rM6pM,D;bI. CKopee 

Bcero, :=no cnopTMBHbie aBTOM06MJIJ.1! 06'beM ,!l;BMraTeJie:H cnopTMBHbIX aBTOM0-

6MJiei1: cpaBHMM c o6'beMOM ,ll;BMraTeJI>I BHep;opo:tKHMKOB M TIMKaTIOB, HO 6Jiarop;ap>1 

He6oJibUIOMY Ky3oBy, cpaBHMMOMY c KY30BaMM cpep;Hepa3MepHbIX M KOMnaKTHbIX 

Mop;eJie:H aBTOM06MJiei1:, OHM xapaKTepM3YIOTC>I BblCOKMMM TIOKa3aTeJI>IMM 3cpcpeK­

TMBHOCTM pacxop;a TOTIJIMBa. B03Bpa~a>ICb K BbICKa3aHHOM paHee nepBOHa'Iallb­

HOM rMnoTese , MO)KHO cKasaTb, <ITO c 6orrbllloi1: )J.Orrei1 BeponTHOCTM 3Tl1. aBTOM0-

6MJIM He MoryT 6bITb rw6pMp;aMJ.1 BBMp;y 6oJiblll.I1X o6'heMOB .MX ,!l;BJ.1raTeJiei1:. 

B npep;hrp;y~eM npwMepe nepeMeHHaH c 1 ass CB5l3bIBaJiacb c BMsyaJibHbIM 

aTpM6yToM ~BeTa, HO c TaKMM :tKe ycnexoM Mbl MOfJIM 6bI CB5I3aTb ee c aTpM6yToM 

pasMepa. B p;aHHOM cJiyqae Ha rrpMHap;Jie:tKHOCTb TO'lKJ.1 K TOMY MJIJ.1 MHOMY KJiaccy 

6yp;eT yKa3bIBaTb ee pa3Mep. Op;HaKo npM 3TOM 6yp;eT Bblp;aHo npeoynpeJKomow,ee 
coo6w,rnue, TIOCKOJlbKY COTIOCTaBJieHMe Heynopnp;o<IeHHOM nepeMeHHOH (class) 

c ynopH,D;O'IeHHbIM BM3yaJibHblM aTpw6yTOM (size) - He O'IeHb yp;a<IHaJI w,n;eJ 

(pMC. 1.5). 



:-:L (data = mpg) + 
~~:~_point (mapping aes (x = displ , y = hwy , s i ze class) ) 

=· ha rning : Us i ng s ize for a di s cret e variabl e i s not advised . 
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Puc. 1.5 
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class 

• 2seater 

e compact 

e midsize 

• minivan 

• pickup 

• subcompact 

. SUV 

M bl TaK)Ke MOrJU1: 6 bI COTIOCTaBl1Tb KJiaccy aTp116yT alpha, yrrpaBJIJIIOI.IJ;l1M 

p ospaqHOCTblO TOqeK , 11lll1 aTp11 6 y T s h ape , ynpaBJIJIIOI.IJ;l1M cpopMOM ToqeK 

puc . 1.6111.7). 

= PY!C. 1. 6 
;;piot (data = mpg ) + 

;eom_point (mapping 

Pfl! C. 1. 7 

;;plot (data = mpg ) + 

aes (x dispi , y hwy , alpha class )) 

Jeom_point (mapping = aes (x = di spl , y = hwy , shape = class )) 

A qTo rnyq11JIOCb c Bttep;opo)KH l1KaM11 (SUV)? Pacurnpett11e ggplot2 11cnoJib3Y­

eT O,Il;HOBpeMeHHO JU1Illb IIIeCTb p a3Jil1q HbI X cp11ryp. I1p11 11CTIOllb30BaHl111 aTp116yTa 

¢ o pMbI p;orroJIH11TeJibHb1e rpy rrrrbI no yMoJiqatt1110 tte oT06pa)Ka10Trn Ha rpacp11Ke. 

<PyttKIJ;l1JI aes () CBJI3bIBaeT 11MR Ka )K,IJ;OfO 113 11CTIOllb3YeMbIX aTp116yTOB c OT0-

6 p a)KaeMOM rrepeMettttoJ1. Otta c o611p aeT Bee corroCTaBJiett11R rrepeMeHHbIX c B11sy­

ailbHbIM11 aTp116yTaM11, 11CTIOllb3YeMbi e CJIOeM, 11 rrepep;aeT 11X apryMeHTY mapping 
iIOJI. ,D.aHHbIM Cl1HTaKCl1C rro p;qepK11BaeT TIOJie3HYIO oco6eH HOCTb rrapaMeTpOB 

x 11 y: rrepeMeHHbie x 11 y , OTi l1CbIBa10rn;11e TIOJIO)Kett11e TOqK11, caMl1 RBJIRIOTCJI 
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BJ13yaJ1bHbIMJ1 aTp116yTaMJ1 - CBOMCTBaMJ1, KOTOpbi e MO)KHO COTIOCTaBJ1HTb nepe­

MeHHbIM ,Il;J1H OTo6pa)KeHJ1H l1HcpopMau;1111, Kaca 10iu;eJ1cH p;aHHbIX . 
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class 

2seater 

compact 

' midsize 

• minivan 

• pickup 

• subcompact 

e SUV 

class 

• 2seater 

... compact 

• midsize 

+ minivan 

l!l pickup 

* subcompact 

SUV 

KaK TOJ1bKO Bbl 3ap;a!1J1 COOTBeTCTBJ1H Me)Kp;y n epeMeHHbIMJ1 J1 Bl13yaJ1bHbIMJ1 

aTp116yTaM11, ggplot2 caMOCTOHTeJ1bHO TI03a60TJ1TCH 060 BCeM OCTaJ1bHOM: Bbl -

6epeT TIO,Il;XO,Il;Hiu;YIO llIKany ,Il;J1H Bl13yaJ1bHOfO aTp116yTa 11 C03,IJ;aCT nerettp;y, OTIJ1-

Cb1Ba10iu;y10 B3aJ1MHOe COOTBeTCTBl1e y p oBH e fr 11 3HaqeHl1M. ,Il;nH aTp116yToB x J1 

y BMeCTO 3J1eMeHTOB nereH,IJ;bl C03,IJ;aIOTCH J1J1HJ1J1 ocefr c MeTKaMl1 11 TIO,Il;TIJ1CHMJ1. 

J111HJ1H OCH BbITIOJ1HHeT cpyHKI.l;J1M nereH,IJ;bl ; OH a OTIHCbIBaeT COOTBeTCTBJ1e Me)Kp;y 

TIOJ10)KeHHHMH ToqeK J1 3HaqeHJ1HMJ1. 
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Bbl TaIDKe MO)KeTe ycmaHoaumb sr-13yaJibHbie aTp116yTb1 spyqtty10. Harrp11Mep, 

:'>10)KH0 OKpaCJ1Tb see ToqKJ1 rpaqmKa B CJ1HJ1M IJ;BeT (p11c. 1.8). 

;;~lot ( data = mpg ) + 
geom __ point (mapping = aes (x = displ , y = hwy ), color = "b l ue " ) 
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B .n;aHHOM cnyqae aTp116yT u;seTa I1CIIOJib3YeTcJI JII1IIIb ,JJ;JIJI I13MeHeHJ1JI BHeIII­

Hero s11.n;a rpaqmKa, a He ,JJ;JIJI rrepe.n;aq11 orrpe.n;eJieHHoi1 11HcpopMau;1111 o rrepeMeH­

HoM. lfro6bI 3a.n;aTb BM3yaJibHbIM aTp116yT spyqHyIO, rne.n;yeT BKJIIOqJ1Tb ero B CIIM­

COK apryMeHTOB cpyHKIJ;MM geom _xxx () ) T.e. BbIHeCTM ero 3a rrpe.n;eJibI cpyHKIJ;J1J1 

aes ( ) . Bb1611paeMb1e saMM 3HaqeHMJI .n;oJI)l(HbI cooTBeTCTBOBaTb TMrry aTp116yTa: 

• Ha3BaHMe IJ;BeTa 3a.n;aeTrn B BM.n;e CMMBOJibHOM CTpOKM; 

• pa3Mep TOqKJ,1 3a.n;aeTCJI B MMJIJIMMeTpax; 

• cpopMa TOqK11 3a.n;aeTrn B s11.n;e q11cna (p11c. 1.9). ITp11 3TOM Ha6n10.n;aeTrn Ka­

)KyIIJ;eern .n;y6n11poBaHMe 3HaqeHJ1M: HarrpMMep, Ka)K)J;OMY J13 3HaqeHMM 0, 15 

J,1 22 COOTBeTCTByeT KBa.n;paT. Pa3JIJ1qJ,1JI BHOC5ITC5I coqeTaHMeM aTp116yTOB 

u;seTa 11 3aJIMBKM. UseT o6so.n;KM rroJibIX ¢11ryp (0- 14) orrpe.n;eJIJieTrn aTp11-

6yrnM color; IJ;BeT CIIJIOIIIHbIX ¢11ryp (15-18) - aTp116yTOM color; )J;JIJI 

¢11ryp c o6so.n;Koi1 (21 - 24) u;seT rpaHMIJ;bI orrpe.n;eJIJieTrn aTp116yrnM color, 

a IJ;BeT 3aJIMBKJ1 - aTp116yTOM f ill. 
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Ynpa>KHeH111J1 

1. qTO He TaK c rrpirne,n;eHHbIM HJ1[}l(e KO,D;OM? flo-Y:eMy TO'IKJ1 He OKpaurnBaIOTGI B 

CJ1HJ1M :u;BeT (p11c. 1.10)? 

:igr:,101- (data = mpg ) + 
qE.om_pr _, t ( 

mapping = a_ (x = displ , y hwy , color "blue " ) 
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2. KaK11e rrepeMettttbie B tta6ope ,n;attHhIX mpg JIBJUIIOTCJI KaTerop11aJJhHhIM11? 

KaK11e rrepeMeHHhie JIBJJJIIOTrn tterrpephIBHhIM11? (Tio,n;CKa3Ka: KOMatt,n;a ?mpg 



OTKpbrnaeT ,n;ocTyrr K p;oKyMeHTa~1111 no p;aHHOMY Ha6opy. ) KaK MO)l(HO yB11-

p;eTb ::ny 11HcpopMa~11IO, eCJil1 BbII10lIHl1Tb KOMaHp;y mpg? 

3. ConocTaBbTe HenpepbIBHO:i1 nepeMeHHO:i1 ~BeT, pa3Mep 11 cpopMy TO'-!eK. B '-!eM 

3aKJIIO'-IalOTCJI pa3Jil1'-Il1JI B TIOBep;eHl111 3Tl1X aTp116yTOB no OTHOIIIeHl1IO K KaTe­

rop11aJibHblM 11 HenpepbIBHblM nepeMeHHblM? 

4. lfro npo113o:i1,n;eT, ecrr11 Bbl CBJI)l(eTe o,n;Hy 11 TY )Ke nepeMeHHYIO c HecKOllbKl1Ml1 

Bl13YallbHblMl1 aTp116yTaM11? 

5. KaKOBo Ha3Ha'-!eH11e B113yarrbHOro aTp116yTa stroke? C KaK11M11 ¢11rypaM11 OH 

pa6oTaeT? (ITop;CKa3Ka: BOCTIOllb3YMTeCb KOMaH,n;o:H ?geom _point.) 

6. qTO npo113o:i1p;eT, eCJil1 Bbl CBJI)l(eTe Bl13yaJibHblM aTp116yT He c 11MeHeM nepe­

MeHHOM, a c qeM-TO ,n;pyr11M, Hanp11Mep aes (color=displ < 5 ) ? 

PacnpocrpaHeHHble owH6KH 
Bcerp;a cyw;ecTByeT BepoRTHOCTb Toro, '-ITO np11 3anycKe rnoero R-Kop;a Bbl 

CTOJIKHeTecb c npo6rreMaM11. He oropqa:i1Tecb - 3TO crryqaeTcJI c Ka)l(p;blM. 5I npo­

rpaMM11py10 Ha Jl3b1Ke R y)l(e MHOr11e KO,D;bl, HO 3TO He MeIIIaeT MHe e)l(e,D;HeBHO 

CTaJIKl1BaTbCJI c TeM, '-ITO Han11caHHblM TOllbKO '-ITO KO,D; He pa6oTaeT! 

Ha'-IHl1Te c Trn;aTeJibHOro cpaBHemrn 3anycKaeMoro BaM11 Kop;a c TeM, KOTopblM 

np11Bep;eH B KH11re. 5I3blK R qpe3Bbl'-!a:i7J:Ho np11,n;11p'-!11B, 11 Bl1HOBHl1KOM rrpo6rreMbl 

MO)l(eT OKa3aTbCJI ep;11HCTBeHHblM Cl1MBOll, CTOJllll;l1M He Ha CBOeM MeCTe. Y6e,n;11-

TeCb B TOM, '-ITO BCe cpp arMeHTbl KOp;a 3an11caHbl rrpaBl1llbHO 11 B3al1MOCBJI3aHbl. 

l1Hor,n;a 6brnaeT TaK, '-ITO np11 3anycKe Kop;a Hl1'-Iero He npo11cxop;11T. ITpoBepbTe 

Ha'-IaJIO Ka)l(,D;OM CTpOKl1 co,n;ep)l(11MOfO KOHCOJil1: ecrr11 OHO Ha'-!11HaeTCJI c Cl1MBO­

Jia "+", TO 3TO 03HaqaeT, '-ITO R He C'-Il1TaeT BBep;eHHOe BaMl1 Bblpa)l(eH11e TIOJIHblM 

11 0)1(11,D;aeT 3aBepIIIeHl1JI BBOp;a. KaK npaBl1lIO, B TaKl1X crryqaJIX npow;e TIOBTOp11Tb 

BBop; c caMoro Ha'-Iarra, Ha)l(aB KllaB11IIIy <Esc> p;JIJI c6poca TeKyrn;e:H KOMaHp;bI. 

0,n;Ha 113 pacnpoCTpaHeHHblX OIIIl160K np11 C03,D;aHl111 rpacp11KOB c ITOMOlll;blO 

ggplot2 - pacnoJIO)l(eH11e onepaTOpa "+" B Heno,n;xop;Jirn;eM MeCTe: OH ,n;orr)l(eH Ha­

xop;11TbCJI B KOH~e CTpOKl1, a He B Ha'-!aJie. l1HblMl1 ClIOBaMM, y6e,n;11TeCb B TOM, '-ITO 

KO,D; He 6blll rnyqa:i1HO 3aTIJtICaH np11MepHo B rne,n;y10rn;eM Bl1,D;e. 

ggplot (data = mpg ) 
+ geom_poi~L (rnapping = aes (x = displ , y = hwy)) 

ErnM npo6rreMy He y,n;aeTcJI pa3peIIIl1Tb, 06paT11Tecb K cnpaBO'-IHO:i1 c11cTe­

Me. ,1J;rrJI norry'-IeH11JI cnpaBKl1 OTHOC11TeJibHO rr106o:i1 cpyHK~1111 R p;oCTaTO'-IHO 
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BbIIIOJIHMTb Ha KOHCOJIM KOMatt,n;y ? UMH _ cj!yHKu;1111 MJIM Bblp;eJIMTb B RStudio MMJI 

cpyHKI\MM M tta)l(aTb KJiaBMlllY <Fl>. He paccTpa11Bal1Tecb, ecrr11 crrpaBKa rroKasa­

rracb BaM He oqeHb IIOJie3HOM; rrpOCMOTPMTe rrpMMepbl Jt1 IIOCTapaJ1.TeCb IIO,lJ;bICKaTb 

KOp;, peaJIM3yIDII\MM TO, qTo Bbl XOTJtITe cp;erraTb. 

EcrrM Jt1 3TO He IIOMOflIO, BHJtIMaTellbHO rrpoqJtITaMTe coo6iu;eHJtie 06 OlllJtI6Ke. 

J1Hor,n;a TaM MO)l(eT 6blTb cKpblT OTBeT! Ho ecrrM Bbl HOBJtiqoK B R, TO p;a)l(e Kor,n;a 

OTBeT co,n;ep)l(MTCH B coo6iu;eHJtIJt1 06 OlllJtI6Ke, Bbl MO)l(eTe 3Toro He IIOHJITb. "Ila­

JIOqKoM-BblpyqarroqKoJ1" p;rrJI Bae MO)l(eT oKasaTbCJI Google: rrorrpo6yJ1.Te "rrory­

flIMTb" TeKCT coo6iu;eHJtIJI 06 OlllJt16Ke, IIOCKOllbKY He JtlCKlIIOqeHO, qTo KTO-TO y)l(e 

CTaJIKJtIBaJICJI c aHaJIOfJtlqHOM rrpo6rreMOM Jt1 eMy yp;aJIOCb rrorryqJtITb IIOMOII\b B MH­

TepHeTe. 

BMsyarrbHble aTp116yTbl - op;MH MS B03MO)l(HblX crroco6oB BBep;eHMJI ,n;orroJIHM­

TeJibHblX rrepeMeHHblX. ,IJ;pyroJ1 crroco6, oco6eHHO IIOJie3HblM ,lJ;lIJI KaTeropMallbHblX 

rrepeMeHHblX, saKmoqaeTCJI B pas6MeHMM rpacpMKa Ha OTp;eJibHble naHeJlU (facets), 

Ka)l(p;aJI MS KOTOpblX rrpep;cTaBJIJieT co6oJ1 cpes rrorrHoro rpacpMKa, oT06pa)l(aIOiu;MJ1 

OTp;eJibHOe IIO,lJ;MHO)l(eCTBO p;aHHblX (pMC. 1.11). 
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.IJ:1rn IlOJiyqeHVUI cpe3a rpaqn1Ka no O,!l;HOM rrepeMeHHOM MCITOJib3YeTrn cpyHKD;Jt151 

:acet _wrap () . B Ka':!ecTBe rrepBoro apryMeHTa 3Toi1: cpyttKD;MM ,n;om1rna 3a,n;aBaTb-

51 cpopMyna, Ha':!MHaIOru;aaca c CMMBOJia TMJib,!l;bl (" ~"), 3a KOTOpbIM CJie,n;yeT MM5I 

rrepeMeHHOM (B 3TOM KOHTeKCTe CJIOBO "cpopMyna" He 51BJI51eTC51 CMHOHMMOM CJIO­

Ba "ypaBHeHMe" M 03Ha':!aeT MM51 CTPYKTYPbI ,n;aHHbIX R). Tiepe,n;aBaeMaa cpyttKu;MM 

:acet _wrap () rrepeMettttaa ,n;omirna 6bITb ,n;McKpeTHoi1. 

;;plot (data = mpg ) + 
;eom_point (mapping = aes (x = di spl , y = hwy)) + 
facet_wrap ( ~ class , nrow = 2) 

,Una rrony'feHM51 cpe3a rpacp11Ka rro KOM6Mttau;MM ,n;Byx rrepeMeHHbIX rne,n;y­

eT BKJIIO'fMTb B KOMatt,n;y IIOCTpoeHJ151 rpacpMKa cpyttKlJ;MIO facet _grid ( ) . Tiep­

BbIM apryMeHTOM 3Toi1 cpyttKlJ;MM TaK:>Ke 51BJI51eTrn cpopMyna. Ha 3TOT pa3 cpop-
(( )) 

~yna ,n;omirna co,n;ep:>KaTb MMeHa ,n;Byx rrepeMeHHbIX, pa3,n;eJieHHbie CMMBOJIOM 

(pMC. 1.12). 

;;plot (data = mpg) + 
geom_point (mapping = aes (x 
facet_grid (drv ~ cyl ) 
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ECJrn Bbl XOTMTe OTKa3aTbCf! OT Bbl ,D,eJieHMf! cpe30B ITO CTpoKaM MlIM CTOJI6I..~aM, 

l1CIIOJib3Yl1Te CMMBOJI T0'4KJ1 (( )) BMeCTO l1MeHJ1 COOTBeTCTBYIOw;eM nepeMeHHOM, 

HaITpMMep + facet_grid (. - cyl) . 

Ynpa>1<HeH11u1 

I. t.ITo ITPOM3oiirp,eT, ecrrM Bbl ITOITbITaeTecb ITorry qMTb cpe3 rpaqmKa ITO HeITpe­

pbIBHOM ITepeMeHHoiir? 

2. qTO 03Haqa10T ITYCTble f!'IeMKM Ha rpacpMKe, C03,D,aHHOM c ITOMO~bIO KOMaH­

)J,bl facet _grid (drv - cyl) ? KaK OHM COOTHOCf!TCf! c rpacpMKOM, C03,D,aHHOM 

c ITOMO~bIO ITPMBe,D,eHHOM HM)Ke KOMaH,D,bl? 

.:igp:.ot (data = mpg ) + 
gr-:om_point- (mapping = aes (x = drv , y = cyl)) 

3. KaKMe rpacpMKM C03p,aeT ITPMBep,eHHblM HM)Ke Ko,n,? KaKyIO ¢YHKIJ;MIO Bbmorr­

HReT B HeM CMMBOll ToqKJ1 " • "? 

ggplot (data = mpg ) + 
geom_rJoint (mapping des (x 
facet_g1:J (drv - . ) 

ggplot (data = mpg ) + 
georr_r,oint (mapping a~.:3 (x 
facel_grid ( . - cyl ) 

displ , y 

displ , y 

hwy )) + 

hwy) ) + 

4. 06paTMMCf! K ITepBOMY M3 ITPMBe,D,eHHblX B 3TOM pa3p,erre ITPMMepoB C03,D,aHMf! 

cpe30B rpacpMKa tta OT,D,ellbHblX ITaHeJif!X. 

ggplot (data = mpg ) + 
geom point (mapping = ae5 (x = displ , y hwy )) + 
facet wrap (- class , nrow = 2) 

B qeM 3aKrr10qa10Trn ITpeMMy~ecTBa MCITOllb30BaHMf! ITaHerreiir ( cpe30B) ITO 

cpaBHeHMIO c BM3yarrbHblMM aTpM6yTaMM? B qeM 3aKrr10qa10Tcf! Hep,ocTaTKM 

3Toro cIToco6a? KaKoro xapaKTepa M3MeHettMr1 B cooTHOllieHMM ITpeMMy~ecTB 

M He;D;OCTaTKOB MO)KHO O)KM,D,aTb ITPM yBeJIMqeHMM pa3Mepa Ha6opa p,aHHblX? 

5. I1poqMTar1Te TeKcT, BbIBO;D;MMblM ITO KOMatt;ri;e ? facet_ wrap. KaKOBbl cpyttKu;MM 

ITapaMeTpa nrow? LJ:rrR qero ITpe;ri;tta3Ha'IeH ITapaMeTp ncol ? KaKMe e~e ITapa­

MeTpb1 IT03BOllf!IOT yITpaBJif!Tb KOMITOHOBKOM OT;D;ellbHblX ITaHerrer1? IJoqeMy 

cpyHKIJ;Mf! facet _grid () He MMeeT ITapaMeTpoB nrow M ncol? 

6. KaK ITpaBMlIO, KOrp;a MCI101lb3YeTCf! cpyHKD;l.UI facet _grid\) ' B CTOJI6IJ,bl rne­

;a;yeT noMe~aTb nepeMeHHYIO c 6orree yttMKaITbHbIMM ypoBHf!MM. IJoqeMy? 
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reoMeTpH'leCKHe 06beKTbl 

HacKOJibKO 6m13K11 Me)Kp;y co6oi1 rnep;y10LQ11e p;Ba rpacj:mKa (p11c. 1.13)? 

..::- . 
. . . . . . . .. . . .. . . . . . . . .. . .. . .. . . . . .. . . .. .. . . . . . ... . . . . . . . .. .. . .. .. 

dis pl 

.. . .. . . . . . . .. . 
displ 

Puc. 1.13 

ITepeMeHHbie x 11 y B H11X O,D;H11 11 Te )Ke, 11 o6a rpacj:mKa OTo6pa)KaJOT O,D;H11 11 Te 

)Ke p;aHHbie. J1 TeM He MeHee p a3Hm.i;a oqeB11p;Ha. ,n:erro B TOM, qTo p;m1 rrpep;CTaB­

rreH11JI p;aHHbIX B 3T11X rpaq:mKaX 11CI10Jib3YJOTCH, crrep;yJI TepM11HOJIOf1111 ggplot2, 
pa3Hbie zeoMempuu3

• 

feoMeTp11R rpacjrnKa orrpep;errJieTcJI zeoMemput-tecKuM o6'beKmoM, 11crroJib3ye­

MbIM ,D;JIJI rrpep;CTaBJieH115I p;aHHbIX. fpacj:mK11 (p;11arpaMMbI) qacTO OI111CbIBaJOTC5I 

T11I10M 11CI10Jib3yeMor o reoMeTp11qecKoro o6beKTa. Harrp11Mep, B CTOJI6qaTbIX p;11a­

r paMMax MCITOJih3yeTrn reoMeTp11R ba r (rrorroca), B rpaqmKax "R1Q11K c ycaM11" 

(RLQ11qK0BaJI p;11arpaMMa) - r eoMeTp11R box (R1Q11K) 11 T.rr. ,n:11arpaMMbI pacceJIH11JI 

Bhrnap;aJOT 113 3Toro pRp;a - B H11X 11crroJib3yeTrn reoMeTp11R point (ToqKa). KaK 

rnep;yeT 113 rrpep;bip;yLQero rrp11Mepa, r paqmKM op;tt11x 11 Tex )Ke p;aHHbIX MoryT co3-

p;aBaTbCJI c 11crrOJib30BaH11eM pa3JI11qHbIX reoMeTp11qecK11x o61>eKTOB. Ha rpacj:mKe 

rneBa 11crroJib3YJOTCJI o6beKTbI point, Ha rpacjmKe crrpaBa - o6beKTbI smooth, 
KOTOpbIM COOTBeTCTByeT rnap;KaJI KpMBaJI, rrop;orHaHHaJI rrop; p;aHHbie. 

qT06bI 113MeH11Tb reoMeTp11IO rpaqmKa, 113MeH11Te ¢YHK1J;11JO geom - xxx () ' KO­

TOPYJO Bbl p;o6aBJIJieTe K cpyttKu;1111 ggplot ( ) . Harrp11Mep, ,D;JIJI co3p;aH11JI rrpep;bI­

p;yLQ11x rpacp11KOB MO)KHO 11CI10Jib30BaTb rnep;yJ01Q11M KO,D;. 

# cneBa 
ggplot (data = mpg ) + 

geom_point (mapping 

# cnpaBa 
ggplot (data = mpg ) + 

aes (x displ , y hwy )) 

geom_smooth (mapping = aes (x = displ , y = hwy)) 

3 CM. cTaTbIO X3,L1Jn1 Y:wKeMa "A Layered Grammar of Graphics" (ht tps: I / www . uvm. 
edu/ -ngotelli / Rscripts /wi ckhcun. 2 00 9. pdf). - IIpuMe<t. pea. 
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Ka)J(p;aR J.13 cpyHKl\MM geom_ xxx () B ggplot2 11p11HJ11MaeT apryMeHT mapping. 
Op;HaKo He Bee B113ya11bHhie aTp116yThI 11op;xop;RT p;m1 mo6o11 reoMeTpM11 . Mo)J(­

HO 3ap;aTb cpopMy TOqKJ.1 (MapKepa p;aHHbIX), HO HeJib3R 3ap;aTh " cpopMy" JIJ.1HJ1J1. 

c p;pyro11 CTOpOHbl, MO)J(HO 3ap;aTb TJ.111 JIJ1HJ1J1. <DyHKl\MR geom - smooth { ) Bbl'Iep­

q11BaeT 1111HJ1111 pa3Horo T1111a p;nR Ka)J(p;oro YHMKaJibHoro 3HaYeH11R 11epeMeHHOJ1, 

COl10CTaBJIReMOM c TJ.1110M JIJ1HJ111 (p11c. 1.14). 

JJP• l (data = mpg ) + 
geom smoclh (mapping = aes (x = displ , y hwy , linetype drv )) 

35 · 

30 · 

>- 25 -

! 

20 · 

15 · 

' ' ' . 
' . ·· . . . 

' 
~·----~ - ,- - ·-- -~· · 

' 3 ~ 6 

dis pl 

Puc. 1.14 

' 7 

drv 

- 4 

- f 

- · r 

3p;ech cpyHKl\l1R geom_ smooth ( ) pacrrpep;e11ReT aBTOM06111111 110 TpeM 1111H11RM 

Ha OCHOBe 3Ha'IeHJ1M 11epeMeHHOM drv, 011J1CbIBaIOil\eM TJ111 11p11BO,ll;a aBTOM06J1JIR. 

Op;Ha Jll1HJ1R COOTBeTCTByeT BCeM TO'IKaM, p;JIR KOTOpbIX 3TO 3Ha'IeHJ1e paBHO 4, 

p;pyraR - TO'!KaM, ,ll;JIR KOTOpbIX 3TO 3Ha'IeHJ1e paBHO f, a TpeThR - TO'IKaM, p;JIR 

KOTOpbIX 3TO 3Ha'!eHl1e paBHO r. 3p;ecb 3Ha'!eHl1e 4 COOTBeTCTByeT 110JIH011p11BO­

AHhIM, f - 11epep;He11pMBOp;HhIM, a r - 3ap;tte11p11Bop;HhIM aBTOM061111RM. 

BhIUiecKa3aHHoe cTaHOBJ1TCR ell\e 6011ee 110HRTHhIM, ec1111 HaJIO)J(J.1Th 1111H1111 

rpacp11KOB Ha J1CXO/];Hble TO'IKJ1 p;aHHbIX J1 J1Cl10Jlb30BaTb l\BeT ,ll;JIR Bbip;e11eHJ1R pa3-

JIJ1'-!HhIX 3Ha'IeHJ1M drv (p11c. 1.15). 
06pan1Te BHJ.1MaH11e Ha TO, qTo 3Ta p;11ar paMMa COBMell\aeT r pacp11K11, B KOTO­

pbIX 11c11011h3YIOTCR p;Be pa3JI111'-!Hhie reoMeTp11111 ! Ecn11 BhI rop111Te )J(eJiaH111eM y3-

HaTh, KaK 3TO p;e11aeTcR, tteMttoro 110Tep11111Te. B cnep;yroll\eM pa3p;e11e 6yp;eT 110Ka-

3aHo, KaK COBMeCTJ1Tb Ha Op;HOM 111 TOM )Ke p;11arpaMMe rpacp11KJ11, OCHOBaHHbie Ha 

pa3JIJ.1qHbIX reoMeTp11RX. 



• 40 -

• drv .. 
30 -

"" 
4 

3 
.c ... f 

,,, .,,,---. ... r 

20 -
~~I-_.~ • . --• •a• • • • 

• 
2 4 

displ 

Puc. 1.15 

ITaKeT ggplot2 ITpe.r.1ocTaB1u1eT CBbIIIIe 30 o6'beKTOB geom, vi ew;e 6oJibIIIee vix 

KOJIHqecTBO ,[.IOCTYITHO B ITaKeTax pacIIIvipeHHM ( CITHCOK 3THX pacIIIHpeHHM MO>KHO 

H aMTH Ha caM:Te https: I /www. ggplot2-exts. org). D,mi: IToJiyqeHHJI Havi6oJiee 

IIOJIHbIX CBe,[.leHHM ITO 3TOMY BOITpocy JIYqIIIe BCero o6paTHTbCJI K "IIIITapraJIKe" 

n o ITaKeTy ggplot2, KOTopy10 MO>KHO HalArn ITO a.r.1pecy http: //rstudio.com/ 
::heatsheets. EoJiee no.r.1po6Hbie rne.r.1eHHJI o JI1060M o6'beKTe geom MO>KHO no­

n y qviTb B CITpaBoqHOM CHCTeMe, HCIIOJib3YJI KOMaH,[.lbI Hano.r.106v1e CJie.r.1y10w;eM:: 

?geom_ smooth. 

MHorne cpyHK~HH, TaKHe KaK geom_ smooth () , OTo6pa>KaIOT HecKOJibKO pR.r.IOB 

.r.1aHHbIX c vicITOJib30BaHvieM O,[.IHoro reoMeTpviqecKoro o6'beKTa. B rro.r.106HbIX rny­

qaJix MO>KHO Ha3HaqaTb KaTeropviaJibHOM rrepeMeHHOM O,[.IHH rpynrrOBOM BH3yaJib­

HbIM aTpM6yT ,[.IJIJI BbI'IepqJ1BaHJ1JI HeCKOJibKJ1X o6'heKTOB. 

ITaKeT ggplot2 6y.r.1eT Bb1qepqJ1BaTb OT,[.leJibHbIM o6'beKT ,[.IJIJI Ka>K.r.1oro YHMKaJib ­

Horo 3HaqeHJ1JI rpyITITOBOM ITepeMeHHOM. Ha npaKTHKe ggplot2 aBTOMaTJ1qecKJ1 

rpyrrITMpyeT ,[.laHHbie ,[.IJIJI TaKHX reoMeTpl1M BCJIKJ1M pa3, KOr,[.la Bbl CBJI3bIBaeTe BJ1 -

3yaJibHbIM aTpM6yT c ,[.IJ1CKpeTHOM rrepeMeHHOM (KaK B rrpMMepe c pa3JIJ1qHbIMJ1 TJ1 -

rraMH JIJ1HJ1M). 3To oqeHb y.r.106Ho, ITOCKOJibKY rpynnOBbie BH3yaJibHbie aTpM6yTbI 

He C03,[.lalOT ,[.IOIIOJIHJ1TeJibHbie 3JieMeHTbl JiereH,[.lbl H He ITpe.r.1ocTaBJIJIIOT HHKaKJ1X 

.r.1pymx cpe,[.ICTB BH3yaJibHOfO pa3JIJ1qeHHJI reoMeTpJ1qecKJ1X o6'beKTOB (p11c. 1.16). 

ggplot (data = mpg ) + 
geom_smooth (mappi ng = aes (x = displ , y = hwy )) 

ggplot (data = mpg ) + 
geom_smooth (mapping aes (x displ , y hwy , gr oup drv ) ) 
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qgplot (data = mpg ) + 
qeom_smooth ( 

mapping = aes (x = displ , y 
show . legend = FALSE 

hwy , color drv ) , 

35 -

30 -

00 · 

f=~- ,-00-~ 
1 ~r 

4 

displ displ 

Puc. 1.16 

dis pl 

qT06bl orn6pa3l1Tb Ha O)l;HOM )l;l1arpaMMe rpaqmKl1 c pa3Hb1Ml1 reoMeTpl1RMJ1, 

,1l;06aBbTe K ggplot () COOTBeTCTBYIOll\l1e ¢YHKJJ;J1J1 geom_ xxx () (p11c. 1.17). 

ggplot (data = mpg ) + 
qeom_point (mapping = aes (x = di spl , y = hwy )) + 
geom_smooth (mapping = aes (x = displ , y = hwy )) 

40 -

>, 30-
:s: 

J:: 

20 -

• 
• 

• • • ••• • • • • 
• 

' 3 5 6 
dis pl 

Puc. 1.17 

' 7 

0,1J;HaKO 3TO npl1B0,1J;J1T K qacTJ1'IHOMY ,1l;y61111poBaHl1lO KO)l;a. qTO eCJIJ1 Bbl 3a­

XOTJ1Te OTo6pa)KaTb B)l;OJib oc11 He nepeMeHHYIO hwy, a nepeMeHHYIO cty? B 3TOM 

cnyqae BaM HY)KHO 6y)l;eT 3aMeHMTb nepeMeHHYIO B )l;Byx Mecrax, H BTIOJIHe B03-

MO)KHO, 'ITO 06 O)l;HOM J13 HMX Bbl 3a6y)l;eTe. Mo)KHO H36e)KaTb TaKoro po)l;a no­

BTopett11:r1 KO)l;a, nepe)l;aBaJI ¢YHKJJ;l1l1 ggplot ( ) Ha6op COTIOCTaBJieHJ1M B Ka'Ie­

CTBe napaMeTpa. IIaKeT ggplot2 6y)l;eT TpaKTOBaTb 3TJ1 COTIOCTaBJieHJ1JI KaK fJI0-

6aJibHble, T.e. np11MeHJieMble K Ka)K)l;OM reoMeTpl1l1, J1CTIOJib3yeMOM Ha )l;MarpaMMe. 
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~ IBbIMJtI rnoBaMJtI, rrpttBe,ll,eHHhn1 HJtI:>Ke KO,ll, cos,ll,aeT TY :>Ke p,ttarpaMMy, 'ITO JtI rrpe­

.:Tu1p,yw;m1.. 

:;:;~lot ( data = mpg , mapping 
:;eom_point () + 
:;eom smooth () 

aes (x di spl , y hwy )) + 

ECJrn :>Ke IIOMeCTJtlTb COIIOCTaBJieHJtIR B cpyttKIJ;JtllO geom_ xxx () ' TO ggplot2 
6y,n;eT TpaKTOBaTb JtlX KaK 710Ka71bHbie ,ll,715! Ka:>K,ll,Oro C7105I. 0HJtI 6y,ll,yT JtlCII071b30-

BaTbC5I 71Mlllb ,ll,715! pacIII11peH M5I 117111 OTMeHbl rno6a71bHbIX COIIOCTaB71eHMM, OTH0-

5IIIJ;MXC5I mOllbKO K oaHHOMY cno10. 3To ,ll,e71aeT B03MO:>KHbIM OT06pa:>Kett11e pa3HbIX 

Bl!3ya71bHblX aTptt6yToB B pa3HbIX Cll05IX (p11c. 1.18). 

:;:;plot (da t a = mpg , mapping = aes (x = displ , y 
geom __ point (mapping = aes (color = class )) + 
geom_ smooth () 

40 -

30 · 
>. 
5: 
.c 

20 -

• 

2 4 

dis pl 

• • • • 

.. • 
• .. .... . 

• • 
• 

Puc. 1.18 

hwy )) + 

class 

• 2seater 

• compact 

• midsize 

'fi minivan 

pickup 

subcompact 

e SUV 

Ty :>Ke M,ll,eIO MO:>KHO 11crro71b30BaTb ,ll,715! yKa3aHMR pasJIM'-IHbIX ,ll,aHHbIX ,ll,715! Ka:>K­

,n;oro C710R. B rrp11Be,ll,eHHOM HM:>Ke rrp11Mepe rna,ll,KaR 71MHMR oTo6pa:>KaeT 71MIIIb 

ITO,ll,MHO:>KeCTBO tta6opa ,n;aHHbIX mpg, COOTBeTCTByrow;ee cy6KOMIIaKTHbIM aBTOM0-

6 M715IM. JioKa71bHbii1: apryMeHT data, rrepe,ll,aBaeMbii1: cpyttKu;1111 geom_ smooth () , 

rrepeKpbrnaeT rno6a11bttb1i1: apryMeHT data, rrep e,ll,aHHbIM cpyttKIJ;MM ggplot () , 

T071bKO ,ll,715! p;aHHOro Cll05I (p11c. 1.19). 

:;gplot (data = mpg , mapping = aes (x = displ , y hwy )) + 
geom ___ point (mapping = aes (color = class ) ) + 
geom_smooth ( 

data = filter (mpg , class == "subcompact" ), 
s e = FALSE 
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displ 
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•• • • . 

Puc. 1.19 
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• • 

class 

2seater 

11 compact 

• midsize 

minivan 

pickup 
-

subcompact 

• SUV 

c pa6oTOM ¢YHKIJ;I-H1 filter () Bbl 03HaKOMl1TeCb B rne,n;y10~el1 rnaBe, a TIOKa 

'ITO BaM )J;OCTaTO'IHO 3HaTb, 'ITO ::na KOMaHp;a Bb1611paeT JIJ1Illb cy6KOMTiaKTHble 

aBTOM06J1JIJ1. 

Ynpa>1<HeH11u1 

1. KaKttM 6b1 o6'heKTOM geom Bbl BocnOJib30BaJil1Cb p;JIH cosp;attttH Jil1He11ttoro 

rpa¢11Ka? ITonoc'!aTOro rpa¢11Ka? fl1cTorpaMMb1? KoM611tt11pOBattttol1 rncTo­

rpaMMbl? 

2. MbICJieHHO BbITIOJIHttTe np11Bep;eHHb1l1 Htt>Ke Kop; 11 nocTapa11Tecb npep;cKasaTb, 

KaK 6yp;eT BblfJIHp;eTb OKOH'IaTeJibHbIM pesyJibTaT. ITocne 3Toro BbITIOJIHttTe Ko,n; 

B cpep;e R, 'IT06bI yB11p;eTb, 'ITO nonyqaeTcH Ha caMOM p;ene. 

ggplot ( 
data = mpg , 
mapping = aes (x 
+ 
geom_point () + 

displ , y 

geom_smooth (se = FALSE ) 

hwy , color drv ) 

3. qTO p;enaeT 11ttcTpyKIJ;l1H show. legend = FALSE? qTo npo11sol1p;eT, ern11 ee 

yp;aJIJ1Tb? KaK Bbl C'Il1TaeTe, TIO'IeMy 5I MCTIOJib30BaJI ee B O,D;HOM M3 npMMepoB? 

4. KaKoBo ttastta'IeHMe apryMeHTa se cpyttKIJ;MM geom_ smooth () ? 

5. Ey,n;yT JIM BblfJIH)J;eTb op;11ttaK0Bo cos,n;aBaeMbie HM>Ke rpa¢11KM? 06octty11Te 

cso11 OTBeT. 

ggplot (data = mpg , mapping 
geom_po i nt () + 

aes (x displ , y hwy ) ) + 



<Jeom _smooth () 

ggplot () + 
geom_point ( 

data = mpg , 
mapping = aes (x 

) + 
geom_smooth ( 

data = mpg , 

displ , y hwy) 

mapping = aes (x = displ , y = hwy ) 

6. BocrrpottsBef:IMTe R-KOf:I, Heo6x of:IMMbii1 f:IJIH C03f:laHJ1H rnef:lyIOilJ;L1X rpacpHKOB 

(pHC. 1.20- 1.22) . 
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(TaTMCTM"leCKMe npeo6pa30BaHMff 

PaccM0Tp11M cTon6<IaTyro p;11arpaMMy. HecMoTpH Ha Ka:>Kyrn;yrorn rrpocToTy, 

CTon6t:IaTbie p;11arpaMMbl 3acny:>KMBalOT BH11MaH115l, IIOCKOITbKY II03BOIT5llOT Bbl-

5IB11Tb HeKOTOpbre TOHKMe 3aKOHOMepHOCT11 IIOBep;eH115l rpaqmKOB. 06paT11MCJI K 

rrp11Mepy CTOIT6t:IaTOM p;MarpaMMbl, C03p;aHHOM c IIOMOUJ;blO cpyHK~1111 geom _bar () . 
Tip11Bep;eHHaJI HM:>Ke p;11arpaMMa IIOKa3bIBaeT o6rn;ee KOITM'leCTBO anMa30B B Ha-

6ope p;aHHbIX diamonds , crpyrrrr11poBaHHbIX no Kat:Iecrny o6pa6oTKM. Tiepep;aBa­

eMbIM ggplot2 Ha6op p;aHHbIX diamonds cop;ep:>K11T MHcpOpMa~11lO rrp11MepHo 0 

54000 anMa30B, BKITlO'laJI ~eHy, Bee, ~BeT, 'IMCTOTY 11 Ka'leCTBO orpaHK11 Ka:>Kp;oro 

113 H11X. J13 p;11arpaMMbl cnep;yeT, 'ITO B rrp ep;CTaBneHHOM Ha6ope p;aHHbIX KOIT11-

':IeCTBO BbICOKOKa':IeCTBeHHbIX anMa30B rrpeBbUIIaeT KOIT11'leCTBO HJ13KOKa':IeCTBeH­

HbIX (p11c. 1.23). 

'] Jf,1-Jt (data = diamonds ) + 
geom_bar (mapping = aes (x 

20000 -

15000 -

c 
:::; 

8 10000 -

5000 -

0--' 
Fair 

cu t )) 

' ' ' ' 
Good Very Good Premium Ideal 

cut 

Puc. 1.23 

Bp;onb oc11 x OTo6pa:>KaeTCJI Ka':IeCTBO 06pa60TK11 anMa3oB, cut - rrepeMeH­

HaJI 113 Ha6opa p;aHHbIX diamonds . Bp;onb OC11 y OTKnap;brnaeTCJI KOIT11'leCTBO an­

Ma30B, count, HO 3Ta rrepeMeHHaJI He BXOiJ:MT B Ha6op p;aHHbIX diamonds ! 0TKyp;a 

6epyTcJI 3Ha':IeH11JI count? MHor11e rpacp11K11, TaKMe KaK p;11arpaMMbI pacceJIH11JI, 
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o" o6pa)KaIOT J1CXO)J;Hble 3HaqeHJ15I rrepeMeHHblX, BXO)J;5Illl,J1X B Ha6op p;aHHblX. ,ZJ;py­

m e )Ke rpaqmKM, TaK11e KaK cTon6qaTb1e p;11arpaMMbl, Tpe6yIOT pacqeTa 3HaqeHMM. 

• CToJI6qaTble p;11arpaMMbl, rMcTorpaMMbl 11 qacTOTHble MHoroyroJibHMKM pa3-

611BaIOT p;aHHble Ha orrpep;eJieHHble J1HTepBaJibl (KapMaHbl) , a 3aTeM OTo6pa­

)KaIOT Ha rpaqrnKe KOJIJ1qecTBO ToqeK p;aHHblX, rrorrap;aIOill,J1X B Ka)K)J;blM J13 

J1HTepBaJIOB. 

• B rpa¢11Kax Ha OCHOBe rnap;KJ1X KpMBblX CHaqaJia Bbl611paeTC5I MO)J;eJib arr -

rrpoKCJ1Mau;1111 p;aHHblX KpMBOM, a 3aTeM Ha OCHOBaHJ1J1 rrporH03HblX 3Haqe­

HJ1M MOp;eJIJ1 CTpOMTC5I rpa¢11K. 

• I1p11 IlOCTpOeHJ1J1 5Illl,J1qKOBblX p;11arpaMM BblqJ1CJI5IIOTC5I Hap;e)KHble J1TOfJ1 

pacrrpep;eneHMH 11 OTo6pa)KaeTrn crreu;11aJibHblM o6pa30M oT¢opMaT11poBaH ­

HblM rrp5IMoyrOJibHJ1K. 

AnropMTM, ITO KOTopoMy BblqJ1CJI5IIOTC5I HOBble 3HaqeHJ15I )J;JI5I rpa¢11Ka, Ha-

3bIBaeTrn cmamucmwwu ( stat). Cnep;yIOill,MM p11cyHoK Il05ICH5IeT, KaK pa6oTaeT 

3TOT rrpou;ecc B rnyqae ¢YHKD;MM geom _bar () (p11c. 1.24). 

1. geom_bar() HaYHHaeT c 
Ha6opa AaHHblX diamonds. 

2. geom_bar() npeo6pa3yeT 
AaHHb1e c noMOll(blO crnrncrnrn 
"count", KOTopaH ao3apall(aeT 
Ha6op 3HaYeHHi< nepeMeHHOi< cut 
H nOACYHTblBaeT HX KOnHYeCTBO. 

3. geom_bar() Hcnonb3yeT 
npeo6pa30BaHHble AaHHbl8 MH 
C03AaHHH rpacj>HKa. nepeM8HHaH 
cut OT06pa~aeTCH BAOnb OCH x , 
nepeMeHHaH count - BAOnb om y. 

Bbl MO)KeTe Y3HaTb, KaKyIO cTaTMCTMKY 11crroJib3yeT MHTepecyIOill,aH Bae ¢YHK­

D;l15I geom_ xxx ( ) , rrp0Bep11B 3HaqeH11e rro yMonqaHMIO ee apryMeHTa stat. Ha­

rrp11Mep, KOMaHp;a ?geom bar OTo6pa)KaeT p;JIH apryMeHTa stat 3HaqeH11e "count" 

(cqeT), 03HaqaIOill,ee, qrn ¢YHKD;J15I geom _bar () J1CIIOJib3YeT CTaTJ1CTJ1Ky, BblqJ1c­

JI5IeMyIO c IlOMOill,bIO ¢YHKD;J1J1 stat - count ( ) . ,Il;oKyMeHTaD;J15I K ¢YHKD;J1J1 stat -

count () pacrronaraeTcH Ha TOM )Ke CTpaH11u;e, qTo 11 p;oKyMeHTau;11H K ¢YHK­

u;1111 geom_ bar () , 11 ecn11 Bbl rrpoKpyT11Te CTpaH11u;y Brrepep;, TO HaM:p;eTe pa3p;en 

"Computed variables" ("Bb1q11CJI5IeMble rrepeMeHHb1e"), B KOTopoM yKa3aHbl p;Be 

Bbr<IMCJIHeMble rrepeMeHHb1e: count 11 prop. 
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06b1qHo ¢YHK~l1l1 geom_ xxx () J1 stat _xxx () JIBJHIIOTCR B3aJ1M03aMeHJie­

MblMl1. HanpMMep, npep;b1p;y~11:i1 rpa¢l1K MO:>KHO C03,D;aTb, l1CI10Jlb3YJI ¢YHK~l1IO 

s tat_ count (} BMecTO ¢yttK~l1l1 geom_bar ( ) (p11c. 1.25). 

~gplot ( data = diamonds ) + 
stac_count (mapping = aes (x = cut )) 

15000-

c 
:J 

8 100UO -

5000 -

0 -

Fair Good Verv Good 

cut 

Puc. 1.25 

Premium Ideal 

3To B03MO:>KHO, nocKOJibKY c Ka:>Kp;o:H reoMeTp11e:i1 no yMorrqaHJilIO CBJI3aHa 

onpe,n;eJieHHaJI CTaTl1CTl1Ka, a c Ka:>Kp;o:H CTaTJ1CTJ1KOM - onpep;eJieHHaJI reoMeTpMJI. 

0TCIOp;a rne;n;yeT, qTo, KaK npaBMJIO, MO:>KHO l1CnOJib30BaTb reoMeTpl1IO, He 3a60-

TJICb o CBJI3bIBaHJ1l1 c He:H CTaTMCTwiecKoro npeo6pa3oBaHmL Heo6xo;n;11MocTb 

B JIBHOM 3a,n;aHl1l1 CTaTl1CTl1Kl1 MO:>KeT B03HJ.1KaTb no CJie,n;yro~MM TpeM np11q11HaM. 

• Bbl xoT11Te 11cnoJib30BaTb ;n;pyryro cTaTMCTl1KY BMecTo TOM, KOTopaJI 3ap;a­

Ha no yMoJiqaHJ1IO. B npMBe,n;eHHOM HM:>Ke Kop;e JI 11cnoJih3YIO p;JIJI ¢YHK~l1M 

geom _bar (} cTaTMCTMKY identity BMecTO count (3ap;aHa no yMoJiqa­

HMIO) . 3To n03BOJil1JIO MHe conocTaBl1Tb J1CXO,D;HbIM 3HaqeHJ1JIM nepeMeH­

HOM y BbICOTY cTorr6~oB ;n;11arpaMMbI. K co:>KaJieHMIO, roBopJI o CTOJI6qaTbIX 

;n;11arpaMMax, qacTo He yToqHJIIOT, qTo 11MeHHO l1MeeTcJI B BMp;y: cTorr6qaTaJI 

,D;MarpaMMa 3TOfO TMna, B KOTopo:H BbICOTa CTOJI6~0B y:>Ke l1MeeTCJI B COCTa­

Be p;aHHbIX, J1Jll1 CTOJI6qaTaJI ,n;11arpaMMa rrpep;bI,D;y~ero Tl1na, B KOTopo:H Bbl­

COTa CTOJI6~oB reHep11pyeTCJI nyTeM nop;cqern CTpOK (pl1C. 1.26). 

demo <- tribblr ( 
~a , ~b , 

"bar_l", 20, 
"bar_2 ", 30 , 



"bar_3" , 40 

ggplot (data 
geom_bar ( 

mapping 

40 -

30 -

.0 20 -

10 -

o-
' 

demo ) + 

aes (x a , y b ) , stat " i dentity" 

' ' bar 1 bar_2 bar_3 

a 
Puc. 1.26 

(He 3a,ll;yMbIBaMTeCb TIOKa 'ITO 0 qn-trypMpyro~MX B npMBe,ll;eHHOM Bblille Jt1H­

CTPYKIJ;Jt1Jt1 ::meMeHTax <- MJIM tribble () , c KOTopblMM Bbl e~e He cTaJIKM­

BaJIMCb. Bbl MO)KeTe ,ll;Ora,ll;aTbC.H: 06 MX Ha3Ha'IeHJt1Jt1 Jt13 KOHTeKCTa, HO BCKOpe 

OHM 6y,ll;yT pacCMOTpeHbl 6onee TIO,ll;po6Ho.) 

• B03M0)KH0, BaM TIOHa,ll;06MTC.H: ycTaHOBMTb COOTBeTCTBM.H: Me)K,ll;y npeo6pa-

30BaHHblMJt1 nepeMeHHblMM Jt1 BM3yaJibHblMJt1 aTpM6yTaMJt1, OTJIJ1'1Hble OT Tex, 

KOTOpb1e 3a,ll;aHbl no YM OJI'IaHMIO. HanpMMep, Bbl xoTMTe oTo6pa3MTb CTon6-

'IaTyro ,ll;MarpaMMY nponopu;MH: ( •• prop .. ), a He KOJIM'IeCTB (count), KaK 

TIOKa3aHO Ha p:Hc. 1.27. 

ggplot: (data 
geom_ bar ( 

mapping 

diamonds ) + 

aes (x = cut , y .. pr op .. , group 1) 
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0.4 -

0 3 -

a.. 
2 0.2 -
0.. 

0.1 -

0.0 - - . ' 
Fair Good 

. . ' Very Good Premium Ideal 

cut 

Puc. 1.27 

1fro6bl Y3HaTb 6onbIIIe o rrepeMeHHblX, Bbl':IMC!IReMblX 3TOH cTaTMCTJ1KOI1, 

06paT11Tecb K crrpaBO':IHOMY pa3p;eny "Computed variables''. 

• Bo3MO)KHO, Bbl 3axOTJ1Te rrp11Bne'Ib 6onbIIIe BHMMaHMR K CTaTMCTM'IecKo­

MY rrpeo6pa3oBaHJ1IO, J1CITO!Ib3yeMoMy B Kop;e. Harrp11Mep, Bbl MO)KeTe 11c­

rronb30BaTb cpyttK~MIO stat_ summary ( ) , cyMM11py10w;y10 3Ha':leHJ1R y p;nR 

Ka)Kp;oro ytt11Ka!Ibttoro 3Ha'IeHMR x , ':IT06b1 cp;enaTb aK~eHT Ha Bbl':ll1C!IReMo:i1 

J1TOfOBOH xapaKTepl1CTJ1Ke (p11c. 1.28). 

ggpl ,• (data = diamonds ) + 
.:tat_.:' im'1lar1 ( 

mapping = ~ ~ (x = cut , y 
fun . ymin = min , 
fun . ymax = max , 
fun . y = medi an 

depth ) , 

IIaKeT ggplot2 rrpe,n;ocTaB!IReT oKono 20 roTOBblX K 11crronb30BaH1110 CTaTM­

CTMK. Ka)Kp;aR CTaTJ1CTJ1Ka ( stat ) - 3TO cpyttK~J1R, crrpaBKY 0 KOTOpow MO)KHO 

llOlIY':ll1Tb o6bl':!HbIM rryTeM, Harrp11Mep: ? stat - bin. I10lIHblH Clll1COK CTaTJ1CTJ1K 

MO)KHO llOCMOTpeTb B "IIIrrapranKe" K ggplot2. 



80 -

70 -

..c a. 
~ 60 - t t 

50 -

' ' ' ' ' 
Fair Good Very Good Premium Ideal 

cut 

Puc. 1.28 

Ynpa>KHeH111.R 

1. KaKaJI reoMeTp1rn CBJI3atta co cTaTMCTMKOH stat_ summary () no yMoJI<J:attmo? 

KaK 6hI Bbl nepen11can11 Kop; npep;b1p;yrn;ero rpaqrnKa, 'IT06bI 11cnoJib30BaTb 

cpyHKIJ;J1IO geom_ xxx () BMeCTO cpyHKIJ;J1J1 stat_ xxx () ? 

2. lfro p;enaeT cpyttKIJ;J15I geom_ col () ? B <J:eM ee orn11<J:11e OT cpyttKu;1111 geom_ 
bar() ? 

3. EoJibIIIJ1HCTBO reoMeTp11J1 J1 CTaTJ1CTJ1K rpynn11pyIOTCJI nonaptto, 11 :meMeHTbI 

TaKOH napbl no'ITJ1 BCerp;a J1CnOJib3YIOTC5I COBMeCTHO. I1pO'IJ1TaJ1.Te p;oKyMeH­

Tau;J1IO J1 COCTaBbTe CnJ1COK TaKJ1X nap. lfro y HJ1X J1MeeTC5I o6rn;ero? 

4. KaK11e nepeMeHHbie BbI'IJ1CJIJieT cTaTJ1CTJ1Ka stat_ smooth () ? KaKJ1MJ1 napa­

MeTpaMJ1 peryn11pyeTCJI 3TO n 0Bep;ett11e? 

5. I1p11 nocTpoett1111 p;11arpaMMbI nponopu;11J1 MbI ycTaHOBJ1JIJ1 p;JIJI napaMeTpa 

group 3Ha<J:eHJ1e l. I1o<J:eMy? J1HbIMJ1 CJIOBaMJ1, KaKaJI npo6JieMa B03HJ1KHeT 

np11 nonbITKe nocTpoeHJ15I CJiep;yIOrn;11x ,ll;BYX rpacpMKOB? 

ggp~o~ (data = diamonds) + 
geon:_bar (mapping = aes (x = cut , y = .. prop .. )) 

ggplo~ ( data diamonds) + 
geom_ba:c ( 

mapping aes (x = cut , fill color , y .. prop .. ) 
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003M"'MOHHble HaCTpOHKM 

Co CTOJI6'IaTbIMM p;MarpaMMaMM CBR3aH eII1e op;MH yp;MBMTeJibHbIM 3JieMeHT. 

,lJ;JIR u;BeTOBoro o¢opMJieHM51 CTOJI6'IaTOM p;MarpaMMbl MO:>KHO MCIIOJlb30BaTb BM3y­

aJibHbIM aTpM6yT color MJIM, B 6oJiblIIMHCTBe cnyqaeB, aTpM6yT fill (pMC. 1.29). 

ggplot (data = diamonds ) + 
geom_bar (mapping = aes (x 

ggplot (data = diamonds ) + 
1eorn_bar (mapping = aes (x 

,.111111 
,.,.:, , .·;:-~_; :>· _,.: J1 r::-_-~ 

CU! 

cut , color = cut )) 

cut , fill = cut )) 

·-
Puc. 1.29 

Clll 

( pf' 

.""" .V<1.yl~ 
P!'<]fl'!llm 

06paTMTe BHMMaHMe Ha TO, 'ITO npoMCXO,!l;MT, KOrp;a Mbl CB513bIBaeM BM3yanb­

HbIM aTpM6yT fill c p;pyro:M. rrepeMeHHOM, HarrpMMep clarity: CTOJI6.Qbl aBTOMa­

TM'IeCKM npeo6pa3y10Trn B cTeKM. Ka:>Kp;bIM u;BeTHOM rrpR:MoyroJihHMK rrpep;cTaBJIR:­

eT KOM6MHa.QMIO 3Ha'!eHMM nepeMeHHblX cut J.1 clarity (pMc. 1.30). 

ggplot (data = diamonds ) + 
geom_bar (mapping = aes (x = cut , fill = clarity )) 

ABTOMaTM'!ecKoe co3p;aHMe cTeKoB o6ecrre'IMBaeTcR: II03MI.J;MOHHOM ttacTpo:M.­

KOM, sap;aBaeMo:M. c rroMOlllbIO apryMeHTa position. ErnM Bae He ycTpaMBaeT cTe­

KOBaR: CTOJI6'!aTaR: p;MarpaMMa, BOCIIOJlb3YMTeCb O,!l;HOM M3 Tpex p;pyrMX OIII.J;MM: 

"identity", "dodge" MJIM "fill" . 

• HacTpo:M.Ka position= "identity" rroMeII1aeT Ka)l(p;bIM o6'heKT B TO'IHO­

CTJ!! Typ;a, rp;e OH M )J;OJI)KeH 6bIJI 6bI HaxO)J;J.1TbC51 B KOHTeKCTe p;MarpaMMbI. 

3TOT BapMaHT He O'IeHb xoporn p;JIR: CTOJI6u;oB, IIOCKOllbKY rrpMBO,!l;MT K MX 

rrepeKpbIBaHMIO. lfro6bI 3aMeTMTb 3TO rrepeKpbIBaHJ.1e, Heo6xop;MMO cp;eJiaTb 
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c 
::::l 

20000 -

15000 -

clarity . 11 
Sl2 

8 10000 -

. Sl1 

VS2 

VS1 

VVS2 

VVS1 
5000 - . IF 

o-
' ' ' ' ' 

Fair Good Very Good Prerniurn Ideal 

cut 

Puc. 1.30 

CTOJI6IJ;bl m160 qaCTJ1'lHO npo3pa'IHbIMVI, ycTaHOBJ1B ,D/UI napaMeTpa alpha 

He60JibUJOe 3Ha'leHJ1e, JIM6o IlOJIHOCTbIO npo3pa'IHbIMVI, onycTMB yKa3aHJ1e 

COOTBeTCTBJ15I ,D;JI5I Bl13yaJibHOro aTp116yTa fill (p11c. 1.31 VI 1.32). 

ggplo'.: ( 
data = diamonds , 
mapping = aes (x = cut , fill = clarity) 

) + 
geon_oar (alpha = :_;s , position = "identity" ) 

ggp:.o~ ( 

data = diamonds , 
mapping = aes (x cut , color 
+ 
geom_bar (fill = NA, position 

clarity) 

" ident i ty" ) 

Bap11aHT no311u;110HHOM HaCTpo:iiJ:KM identity 6oJibUJe Bcero nop;x:op;MT p;JI5I 

,D;BYXMepHbIX reoMeTpw1e CKMX o6'beKTOB, TaKMX KaK TO'IKJ1, ,D;JI5I KOTOpbIX OH 

11cnOJih3yeTC5I no yMOJI'latt1110. 
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5000 -

clarity 
4000 -

11 

Sl2 

3000 - Sl1 
c 

VS2 :::i 
0 
(.,) 

VS1 
2000 -

VVS2 

VVS1 

1000 - IF 

o-
' ' ' ' 

Fair Good Very Good Premium Ideal 

cut 

Puc. 1.31 

5000 -

clarity 
4000 -

] 11 

f l Sl2 

3000 - r r Sl1 
'E I 

• J vs2 :::i 
0 
(.,) 

VS1 
2000 -

1 
VVS2 

1 
VVS1 

1000 - ::JD D IF 1bd1_ 
0 -

' ' ' ' ' 
Fair Good Very Good Prerrnum Ideal 

cut 

Puc. 1.32 

• HacTpoi1:Ka position = "fill" pa6oTaeT rrop;o6tto rrpep;b1p;y~ei1:, HO co3-

p;aeT CTeKOBbie CTOJI6IJ;bl O,Il;MHaKOBOM BbICOTbI. 3To o6JierqaeT cpaBHeHMe 

rrporropu;Mi1 Me)Kp;y rpyrrrraMM (pMc. 1.33). 



ggplot (data 
geom_bar ( 

mapping 

diamonds) + 

aes (x = cut , fill clar ity) , 
position = "fill " 

1.00 -

0.75 -

c 
5 0.50 -
(..) 

025 -

0.00 -

' ' ' ' 
Fair Goo cl Very Good Premium 

cut 

Puc. 1.33 

' 
lclea! 

clarity 

11 

. Sl2 

. Sl1 

VS2 

VS1 

VVS2 

VVS1 

IF 

• HacTpol1Ka position= "dodge" pacrronaraeT rrepeKpbrnaIOlll,Mern o6'beK­

ThI Herrocpep;cTBeHHO pR,D;OM p;pyr c p;pyroM. 3 TO yrrp oI11,aeT cpaBHeHMe MH­

,D;MBM,D;yaJibHbIX 3HaqeHMM (pMC. 1.34) . 

ggplot (data 
geom_ba:::- ( 

diamonds ) + 

mapping aes (x = cut , fill clar ity) , 
position = "dodge " 

Cylll,eCTByeT elll,e O,D;MH TMIT HaCTpoeK, KOTOp bi e He ITO,D;XO,D;RT CTOJI6qaTbIM p;Ma­

r paMMaM, HO MoryT 6bITb BeCbMa ITOJie3HbI MJ1 B cnyqae ,D;MarpaMM pacceRHM.if. 

BcrroMHMTe .Haw rrepBbIM rrpttMep p;ttarpaMMhI pacceRHMR. BhI o6paTMJIM BHMMa­

HMe Ha TO, q To Ha )J;MarpaMMe OTo6p a)l{eHbI TOJibKO 126 ToqeK, XOT.if tta6op cop;ep­

)l{J1T p;aHHbie 0 234 Ha6JIIO)J;eHM.ifX (p ttc. 1.35)? 
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5000-

4000 -

3000-
c 
~ 
0 
(..) 

2000 -

1000 -

o-

40 -

>, 30-
3': 

.r:::. 

20 -

• • • • • • • 
• • • 
• • 

' 
Fair 

• 
• 

• • • • • • 

2 

' Guod 

• •• • • • • • • • •• • • • •• • •• • • •• •• •• • • • • • • • 
• • 

•• 

' 3 

' ' Very Good Premium 

cut 

Puc. 1.34 

• • • • • •• • • • • • • • • • • • • • • • •• • • •• • • • • • • •• • • • • • • •• • • • •• ••• • 
• 

' ' 
t1 5 

displ 

Puc. 1.35 

' Ideal 

• 
• 

•• • • 
• • • 

' 
6 

• • 

• 

clarity 

11 

8 12 

. 8 11 

. V82 

V81 

VVS2 

VV81 . IF 

• 

' 
7 

3Ha'!eHJtrn nepeMeHHbIX hwy Jll displ OKpyrneHbl, 'IT06bI COOTBeTcTByIOru;Jlle 

TO'IKJll pacnonaranJ11cb B ysnax ceTKJll, Bcnep;cTBJ!le qero MHOrMe TO'IKJll pacnonara­

IOTrn op;Ha noBepx p;pyro:H. 3Ta npo6neMa HOCJllT Ha3BaHJ!le HallOJICeHue zparjjuKOB. 
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~ -or,:i;a Otta B03HMKaeT, onpep;eJIMTb MeCTa r p aqmKa, COOTBeTCTBYIOIIJ;Me HaM60Jib­

-' ::-.1y cKonnettMIO TO'IeK, 3aTpyp;ttMTeJibHO. Pacnpep;enettbI JIM TO'IKM p aBHOMeptto 

~o BCeMy rpaqrnKy, MJIM cyrn;ecrnyeT op;tta oco6aR KOM6Mttau;m:r 3ttatJ: ett11J1: nepe-

ettttbIX hwy M displ, KOTopaR cop;ep)KMT Bcero JIMI.Ilb 109 3ttatJ:ett11J1:? 

3 TOM npo6JieMbl MO)KHO M36e)KaTb, ycTaHOBMB )J;JIR TI03Mll;MOHHOM HaCTporlI­

! !=JOsition 3HatJ:eHMe jitter. HaCTpoJ1:Ka position= "jitter" p;o6aBJIReT 

-- KaM)J;OM TO'IKe tte6oJibIIIOM cnyqaJ1:HblM IIIyM. 3TO HeCKOJlbKO pa3HOCMT TI03Mll;MM 

:-o tJ:eK, TIOCKOJlbKY MaJIOBepoRTHO, 'IT06bI p;Be TO'IKM TIOJIY'IMJIM O)J;HO M TO )Ke cny­

afrnoe CMern;ettMe (p11c. 1.36). 

~~~ot ( data = mpg ) + 
;eom_poirt. ( 

mapping = aes (x = displ , y hwy ) f 

position = "jitter" 

• 
• 40 -

I ., 
• • • • 

30- • • T 
>, • .. ,_ -
3: ~ . J;;. ,. ~ii )'J ..... • • • 

20-

• •• • • ••• • ,,, . • • • • • • • • • 

' • •• ( • • • • • • ... ._. 
:J, . ,. .. , 

"" •• • . ': . • 
• .. l:• ••• 

• 
' ' ' ' ' ' 2 3 ti 5 6 7 

displ 

Puc. 1.36 

.IJ:o6aBJieHMe 3JieMeHTa rny qaJ1:HOCTM B rpa¢MK MO)KeT TIOKa3aTbCJI )J;OBOJlbHO 

TpattHbIM crroco6oM ero yny tJ:IIIeHMJI, op;HaKo rpa¢11K B u;eJIOM CTaHOBMTCR npM 

3TOM 6onee Mtt¢opMaTMBHbIM, Torp;a KaK BHOCMMaJI HeTO'IHOCTb CKa3bIBaeTCJI 

llMIIIb B MeJIKMx MaCIIITa6ax. Y'IMTbIBaJI none3HOCTb p;attttoJ1: orrep au;1111, B ggplot2 
6 brna BBep;etta coKparn;ettttaR 3an11cb BbI30Ba ¢yttKU:MM geom _point (position= 
"jitter" ): geom _jitter () . 
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qT06h1 y::ittaTb 6oIIbllle o ttaCTpot1Ke position, o6pan1Tecb K CTpatt11u;aM 

crrpaBKl1, cop;ep:>Ka~11M 11H<popMau;1110 o Ka:>Kp;ot1 113 cnep;y10~11x ttacTpoeK: 

?position_dodge, ?position_fill , ?position_identity, ?position_ 
jitter 11 ?position_stack. 

Ynpa>KHeHlllR 

1. KaKaR rrpo6neMa CBJI3atta c rrp11Bep;etttthIM tt11:>Ke rpaqn1KoM (p11c. 1.37)? KaK 

9TO MO)KHO l1CrrpaBl1Tb? 

Jgplot (data = mpg , mapping 
geom _poi nt () 

40 -

30 · 
>-s: 
~ . • • • • • • • • • • • • • • 20 - ••• 

• 
10 

• • • • • • • • • • • • • • • • • 

15 

• • • • • • • 

aes (x cty , y hwy )) + 

• • 
• 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

20 ?5 30 35 

cty 

Puc. 1.37 

2. KaKMe rrapaMeTpbI cpyttKu;1111 geom _jitter () yrrpaBJIRIOT Benwmttot1 rnytrat1-

HbIX cpnyKTyau;MM p;aHHbIX? 

3. CpaBHJ1Te M rrpoT11BorrocTaBbTe cpyttKu;1110 geom _j it t er ( ) cpyttKIJ;MM geom_ 
count () . 

4. YKa)KMTe rro3MIJ;MOHHYIO ttaCTpot1Ky no YMOJI'-IaHl1IO p;JIR cpyttKu;1111 geom 
boxplot () ? Co3p;at1Te B113yan113au;1110 tta6opa p;atttthIX mpg, c rroMO~bIO KOTO­

pot1 9TO MO)KHO rrpop;eMOHCTp11poBaTb. ' 

CMcteMbl KOOPAMHaT 

I1o)KaJiyt1, Ha1t16onee CJIO:>KHOM 'IaCTbIO MO,IJ;YJIR ggplot2 51BJI51IOTC51 CMCTe­

Mbl KOOp,!1;11HaT. IJo YMOJI'IaHl1IO MCIIOJib3YeTC51 p;eKapTOBa CMCTeMa KOOp,Il;MHaT, B 



o -ropoil! IlOlIO)KeHMe Ka)Kp;OM TO':IKM 3ap;aeTCJI ee Koopp;MHaTaMM B,ll;Ollb opToro­

E ;JbHblX oceil! x M y . Cyrn;ecTByeT p5Ip; p;pyrux CMCTeM KOOp,ll;MHaT, KOTOpble 6yp;yT 

=o;i:e3HblMM B Tex MlIM MHblX cr1Tyau;irnx. 

• <DyHKIJ;MJI coord_ flip () MeHJieT MeCTaMM OCM x M y. 3To, HarrpMMep, MO­

)KeT rrp11rop;MTbCJI, eClIM Bbl XOTMTe IlOCTpOMTb IlOlIOC':laTyIO p;Marp aMMY BMe­

CTO CTOll6':1aTOM. KpoMe Toro, 3TO MO)KeT IIOHap;o6MTbCJI B cnyqae ,ll;lIMHHblX 

rrop;rruceil!, KOTOpbie 6yp;yT rrepeKpbIBaTbCJI, eClIM pacrrOlIO)KMTb MX B,ll;Ollb 

om x (puc. 1.38). 

ggplot (data = mpg , mapping 
geom_ boxplot () 

ggplot (data = mpg , mapping 
geom_boxplo -c () + 
coord_:':lip () 

40-
• • • 

• • I I I I I I I 

2sedleompaalidsi~i1wap!ci6.iijlDcompasuv 

class 

ae s (x class , y hwy ) ) + 

aes (x class , y hwy)) + 

suv ~ • -[}--

subcompact - -cr=J-
(/) 
(/) 
(1j 

u 

p<ckup - • -ffi- • 
rnin~van - • -OJ 
1rnds1ze - -[]]-

compact - ---{[}- • • 

2seater - {I] 
20 30 

hwy 

Puc. 1.38 

• • 

• 

40 

• <DyHKIJ;MJI coord _ quickmap ( ) KoppeKTHO ycTaHaBlIMBaeT cpopMaTHOe co­

OTHOilleHMe ,ll;lIJI KapT. 3TO O'leHb Ba)KHO, eClIM Bbl OT06pa)KaeTe reorpacpM­

':leCKMe p;aHHble c IlOMOill;blO ggplot2 (puc. 1.39). (K CO)l(alleHMIO, orpaHwieH­

HOCTb o6'beMa p;aHHOM KHMfM He I103BOlIJieT o6cyp;MTb 3TOT BOrrpoc 6onee 

rrop;po6tto.) 

nz <- map_data ("nz" ) 

ggpiot (nz , aes (long , lat , group = group )) + 
geom_polygon (fill = "white" , color = "black" ) 

ggplot (nz , aes (long , lat , group = group )) + 
geom_polygon (fill = "whi t e" , color = "black" ) + 
coo r d_ quickJUap () 

• <DyHKIJ;MJI coord_polar () 11crronh3yeT rronRpHble Koopp;MHaTbI. OHM rrpo­

JIBlIJIIOT MHTepecHyIO CBJI3b Me)l(p;y CTOll6':1aTOM p;MarpaMMOM M KOKCKOM6 -

p;11arpaMMOM (p11c. 1.40). 
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-'.l6 -

- -40 -
2 

-44 -

-48 • 
170 175 

long 

Puc. 1.39 

bar <- ggplot (data = diamonds ) + 
geom_bar ( 

mapping = aes (x = cut , fill = cut ) , 
show.legend = FALSE , 
width = 1 
+ 

theme (aspect.ratio = 1) + 
labs (x = NULL, y NULL ) 

bar + coord_flip () 
bar + coord_polar () 

ideai · 

Prcrrnurn -

Very Good -

Good -

Farr -

' ' ' 0 5000 10000 15000 20000 

20000 -

1SOOO -

10000· 

5000 -

0 -

Puc. 1.40 

Ynpa>KHeHLUI 

-'.l6 - ~ 

ro -4o - .._.V 
~ .. u 

• -48 · 
170 175 

long 

Very Good 

Fair_ 

Good 

1. TI peo6pa3yt'1Te CTeKOBYIO p;viarpaMMY B KpyrOByro, MCTIOJib3YH cpyHK~MIO 

coord_polar () . 

2. l.fro p;eJiaeT cpyttK~MH labs ( ) ? Tipo'ITMTe p;oKyMeHTa~MIO. 
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~ q eM 0Tm1qa10Trn cPYHKD;MM coord quickrnap () M coord map ( ) ? 
- - -

K aKyIO MH¢opMaD;MIO 0 COOTHOUieHMM Me)Kp;y ITOKa3aTeJUIMJ1 pacxo p;a TOTIJIM ­

Ba (mpg) rrpM ,!l;BM)KeHMM aBTOM06MJIJI B ropop;CKMX ycrroBMJIX (city) J1 Ha 

Tpacce (highway) rrpep;ocTaBrrJieT BaM rnep;yIOlll,MM rpa¢MK? ffoqeMy Ba)KeH 

BbI30B ¢YHKD;MM coo rd_ fixed ( ) ? KaKoBa porrb ¢YHKD;MM geom_ ab line () 
(pMC. 1.41)? 

ggplot (data = mpg , mapping = aes (x = cty , y = hwy )) + 
geom_point () + 
geom_abline () + 
coo rd_: ixed () 

' 5 
cty 

Puc. 1.41 

HorocnOMHaH rpaMMaTHKa rpa<f>HKH 
B rrpep;b1p;ylll,MX pa3p;errax BbI HayqMJIMCb ropa3p;o 6oJibUieMy, qeM npocTo co3 -

.:rnHMe p;MarpaMM pacceJIHMJI, CTOJI6qaTbIX J1 5Illl,J1qKOBbIX p;MarpaMM. Bbl OCBOMJIM 

6 a30Bble MeTO,!l;bl, KOTOpbie CMO)KeTe J1Cl10llb30BaTb ,!l;llJI C03p;aHMJI p;MarpaMM JII0 -

6 oro TMTia c TIOMOlll,blO paCUIMpeHMJI ggplot2. qT06bI y6e,n;MTbCJ! B 3TOM, ,n;o6aBJ1M 

1103J11J;MOHHbie HaCTpOHKM (POSITION), CTaTMCTJ1KJ1 (STAT), CMCTeMbI Koopp;MHaT 

(COORDINATE FUNCTION) J1 rraHeJIM (FACET FUNCTION) B Halli Uia6JIOH Kop;a. 

; gplot(data =<DATA>) + 
<GEOM_FUNCTION> ( 
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mapping= aes l<MAPPINGS>) , 
stat = <STAT> , 
position = <POSITION> 

) + 
<COORDINATE FUNCTION> + 
<FACET FUNCTION> 

Haw HOBblM wa6noH rrpMHMMaeT ceMb rrapaMeTpoB (Bbl,IJ,eJieHbl yrnoBblMM 

cKo6KaMM). Ha rrpaKTMKe MCITOJib30BaTb ,IJ,JIJI rroCTpoeHMJI rpac}mKa Bee ceMb rrapa­

MeTpoB BaM rrpMP,eTCJI oqeHb pep,KO, IlOCKOJibKY ggplot2 rrpep,OCTaBJIJieT ITOJie3Hble 

3HaqeHMJI no yMoJiqaHMIO )J,JIJI BCex rrapaMeTpOB, 3a MCKJIJOqeHMeM p,aHHblX, corro­

CTaBJieHMM M reoMeTpMqecKOM cpyHKD;J1J1. 

IIepeqMcJieHHble ceMb rrapaMeTpoB wa6notta cocTaBJIJIIOT rpaMMaTMKY rpa­

cpYIKM - cpopMaJibHYIO CJ1CTeMy, rrpep,Ha3HaqeHHYIO )J,JIJI I10CTpoeHJ15l ,IJ,MarpaMM. 

fpaMMaTJ1Ka rpacpMKJ1 OCHOBaHa Ha I10HJ1MaHJ1J1 Toro, qTo JII06y10 ,IJ,MarpaMMY 

MO)l(HO O)J,H03HaqHo OI1J1CaTb, 3ap,aB KOM6Mttau;MIO Ha6opa p,aHHblX, reoMeTpMM, 

Ha6opa COITOCTaBJieHMM, CTaTJ1CTJ1qecKJ1X rrpeo6pa30BaHJ1M, KOOp,IJ,MHaTHOM CJ1CTe­

Mbl M cxeMbl acrreKTOB. 

lfro6b1 rroHRTb, KaK 3TO pa6oTaeT, rrpep,CTaBbTe, qTo BaM tty)l(HO co3p,aTb 6a-

30BblM rpacpMK c "qJ1cToro JIJ1CTa": Bbl MO)l(eTe HaqaTb c tta6opa p,aHHblX, a 3aTeM 

rrpeo6pa3oBaTb ero (McrroJib3YJI CTaTMCTJ1qecKMe rrpeo6pa30BaHMR) B MttcpopMa­

u;MIO, KOTopy10 XOTMTe oT06pa3J1Tb (pYic. 1.42). 

1. HaYHHTe c Ha6opa AaHHblX 

diamonds 

!!Clil!lr!IEdfolttllt!lE 
0.23 Ideal E Sl2 61.5 55 326 

0.21 Premium E Sl1 59.8 61 326 

0.23 Good E VS1 56.9 65 327 

0.29 Premium VS2 62.4 58 334 

0.31 Good Sl2 63.3 58 335 

Ill 
3.95 3.98 2.43 

3.89 3.84 2.31 

4.05 4.07 2.31 

4.20 4.23 2.63 

4.34 4.35 2.75 

Puc. 1.42 

2. BblYHCllHTe 3HaYeHH~ c YeTYHKOB 

AJlH Ka)l(Aoro 3HaYeHHH nepeMeHHO~ 

cut c noMOLUblO cjJyHKUHH stat_ count() 

Q.il,&BJ 
Fair 1610 

FM•+ll!,lf·· Good 4906 

Very Good 12082 

Premium 13791 

Ideal 21551 

3aTeM Bbl MO)l(eTe Bb16paTb reoMeTpMqecKMM o6'beKT ,IJ,JIJI rrpep,cTaBJieHMJI Ka)l(­

p,oro tta6n10p,eHMJI B rrpeo6pa3oBaHHblX p,aHHblX, a p,anee MCITOJib30BaTb BM3yanb­

Hble aTpM6yTbl (3cTeTJ1qecKMe CBOMCTBa) reoMeTpMJ!c ,IJ,JIJI rrpep,cTaBJieHMJI rrepe­

MeHHblX, J1MeIOID;J1XCJI B p,aHHblX. ,Il;JIJI 3T0f0 Bbl COITOCTaBJ1Te 3HaqeHJ15IM Ka)l()J,OM 

rrepeMeHHOM pa3JIJ1qHble ypoBHJ1 BJ13yaJibHOro aTpM6yrn (pYIC. 1.43). 



3. npeACTaBbTe KaJKAOe Ha6Jl toAeHHe 

L\BeTHblM CTOJ16L\OM 

4. ConocTaBbTe 3Ha4eHH51M nepeMeHHO~ •• count •. 

4sera fill COOTBeTCTBYIOU4HX CTOJ16L\OB 

mmml!!i1:n11111n -~!,· --~ 
0.23 Ideal E Sl2 61 .5 55 326 3.95 3.98 2.43 Fair 1610 -0.21 Premium E 8 11 59.8 61 326 3.89 3.84 2.31 fjffl•+11!11ft. Good 4906 -0.23 Good E V81 56.9 65 327 4.05 4.07 2.31 Very Good 12082 -0-29 Premium V82 62.4 58 334 4.20 4.23 2.63 Premium 13791 -0.31 Good 812 63.3 58 335 4.34 4.35 2.75 Ideal 21551 -+• 

Puc. 1.43 

Dorne 3Toro Bbl Bb16epeTe CVICTeMy Koopp;11HaT, B KOTopyro p;OJDKHbl 6b1Tb rro­

• !ew;eHbl reoMeTp11qecK11e o6oeKTbI. ,IJ;1rn: oTo6pa:>KeHVIH 3HaqeH11I1 rrepeMeHHblX x 

;{ y Bbl I1CTIOITb3yeTe pacrrono:>KeHVIe o6oeKTOB (KOTopoe caMO HBnHeTCH BI13yanb­

HblM aTp116yToM). K 3TOMY BpeMeHVI Bbl y:>Ke VIMeeTe roTOBblM rpaqrnK, HO Bbl TaK­

· ··e M OrITVI 6bl ,!l;OTIOITHVITenbHO HacTpOI1Tb TI03I1IJ;I10HHble rrapaMeTpbl (position) 

reoMeTp11qecKI1X o6oeKTOB B CVICTeMe Koopp;11HaT I1ITI1 pa36I1Tb rpaqrnK Ha OTp;enb­

Hhle BcrroMoraTenbHble rpaqrnKVI (acrreKTbl, cpe3bl). KpoMe Toro, Bbl Morn11 6b1 p;o­

OaBVITb B rpaqrnK op;11H 11n11 HecKOITbKO p;orronH11TenbHblX rnoeB, B Ka:>Kp;OM 113 KO­

rnpb1x I1CTIOITb3yeTCH p;orronHVITenbHblM Ha6op p;aHHblX, reoMeTp11qecKI1M o6oeKT, 

tta6op COTIOCTaBneHVIM, CTaTI1CTI1Ka I1 TI03I1IJ;I10HHaH HacTpol1Ka (p11c. 1.44). 

:rmm~cricse eann 
0.23 k.lool E 5 12 61 .5 !!<! ~ 3.95 3.9~ 2.43 

021 Premium E SU 59.8 61 326 3.89 .3&1 231 

0 l'J Good E VS1 :>!:i!I 0::. 'JU 4.05 4,0/ 2.:n 
O~ Prwmum VS2 62.4 511 334 <1.20 4 23 2.83 

!.Q 3:.'lS 43'1 .135 275 

5. noMecrnrn reoMeTpH4eCKHe 

o6beKTbl B AeKapTOBY CHCTeMy 

KOOPAHHar 

6. ConocraBbTe 3Ha4eHH51M 

nepeMeHHO~ count 3Ha4eHH51 x , 

a 3Ha4eHH51M nepeMeHHO~ cut -

3Ha4eHH51 y 

ICll~;--
Fa!r 1610 I 

Good 490G 1 __,.. 

Very GoOO 12(Jtl2 

Ptin~n 13791 1 __,.. 

klN.I 21551 1 ....... . 

5000· 

o--- ... ---~---..,.- --------.--~---·-

Fu Good Very<.iood Premium lde;s! 

____.... cut 

Puc. 1.44 

3TOT MeTop; MO:>KHO I1CTIOITb30BaTb p;nH C03p;aHI15:1 nro6oro rpaqrnKa, KOTOpblM 

B aM rrop;cKa:>KeT Barne Boo6pa:>KeH 11e. li1Hbl MI1 cnoBaMVI, I13yqeHHblM BaMVI B 3TOM 

r aBe wa6noH Kop;a MO:>KHO 11crronb30BaTb p;nH co3p;aH11H coTeH TbicHq yH11Kanb­

Hb1x rpaqrnKOB. 
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rnABA 2 

Pa60llMM npo"ecc: OCHOBbl 

K 3ToMy MOMeHTY Bbl y)Ke rrp1-106pem1 Koe -KaKol1 orrblT pa6oTbl c R-Kop;oM. Mb1 

- paccKa3aJIM 0 MHOrMX p;eTaJIJIX, HO Bbl HeCOMHeHHO M caMM MOrJIM 0 MHOrOM 

= o rap;aTbC5I, MHaqe OTJIO)KMJIM 6bl KHMry c pa3,n;pa)KeHMeM B CTopoHy. Tio5IBJieHMe 

..,. _;t3CTBa pa3,n;pa)KeHM5l y Tex, KTO TOJibKO HaqMHaeT rrporpaMMMpoBaTb Ha 5!3bl -

- R, BTIOJIHe ecTeCTBeHHO, TIOCKOJibKY 3TOT 5!3blK He06b1qaJ1HO npw:,n;1-1pq1-1B B OT­

;rnw eHMM nyHKTyau;MM, M p;a)Ke 0,1.l;MH HenpaBMJibHO pacrroJIO)KeHHblM CMMBOJI MO-

: : -eT cTaTb np1-1q1-1Hol1 Bbrno,n;a coo6w;eHM5I 06 ow1-16Ke. YcnoKaMBal1Te ce65l TeM, 

'ITO 3TO qyBCTBO BpeMeHHOe: ero MCilblTbIBaIOT Bee HOBMqKM, M ep;MHCTBeHHblM 

:noco6 npeo,n;orreTb ero - He nap;aTb ,n;yxoM! 

Tipe)K,n;e qeM p;BMraTbC5l p;aJibwe, Mbl ,IJ;OJI)KHbl 6orree no,n;po6Ho paccMoTpeTb 

~ 5l)J; 6a30BblX noHR:TMM nporpaMMMpoBaHM5l Ha 5!3blKe R M o6cyp;MTb Ha1-16orree rro -

1e3Hb1e B03MO)KHOCTM MHTepaKTMBHOM cpep;bl pa3pa6oTKM RStudio. 

OcHOBbl HanMcaHvu1 KOAa 

CeJ1qac HaM npe,n;cTOMT o6cyp;MTb Ba)KHble noH5ITM5l, paccMoTpeHMIO KOTOpb1x 

- aHee He 6bIJIO y,n;eJieHO )J;OJI)KHOro BHJ1MaHM5l MCKJIIOqMTeJibHO pa,n;M Toro, qTo6bl 

:·aK MO)KHO 6bICTpee ,n;aTb BaM B03MO)KHOCTb YBMp;eTb npaKTMqecKMe pe3ynbTaTbI 

:-rp11MeHemrn R - Ko,n;a p;n5I noCTpoeHM5l rpacpMKOB. HaqHeM c npMMepa, ,n;eM0HcTpM-

y10w;ero 11crroJib30BaHMe nporpaMMbl Ha 5!3blKe R B KaqecTBe 06b1qHoro KaJibKy­

-ui:Topa. 

:.. I 200 * 30 
=> [ 1] 0 .15 

:;9 + 73 + 2 ) I 3 
=> [ 1] 4 4. 7 
~ :. :: (pi I 2 ) 

=> [1] 1 

HOBble o6'beKTbl MO)KHO C03,IJ;aBaTb c TIOMOill;bIO onepaTopa <-: 



x <- 3 * 4 

Bee KOMaH)J;hI R, c noMOIJ..\hIO KOTOpbIX co3,z:i;a10Trn ofrheKThI (KoMaH)J;hI npMCBa­

MBaHMR), MMeIOT O,ll;MHaKOBbIH CMHTaKCMC: 

MbICJieHHO 3TOT KO,ll; rne.z:i;yeT '-rnTaTh TaK: "06'heKT c yKa3aHHhIM MMeHeM nony­

qaeT yKa3aHHoe 3HaqeHMe': 

BaM npM,z:i;eTCR .z:i;enaTb MHO)J(eCTBO npMCBaMBaHMH, 11 TIOCTORHHhIH BBO,ll; onepa­

TOpa <- BCKope MO)J(eT TIOKa3aTbCR Hey,z:i;o6HhIM. 0,z:i;HaKO He no.z:i;,z:i;aBaJlt:TeCb 11CKy­

weH11IO 11CTI07Ib30BaTb BMeCTO Hero onepaTop =: OH 6y,z:i;eT pa6oTaTb, HO BTIOCJie,z:i;­

CTB1111 MO)J(eT B03H11KHYTb nyTaH11l_\a. fopa3)J;O nyqwe BOCII07Ib30BaTbCR KOM611Ha­

l_\l1eH KJiaB11III <Alt+-> (3HaK "M11Hyc"). 06paT11Te BH11MaH11e Ha To, qrn RStudio 

aBTOMaT11qecK11 OKpy)J(aeT onepaTop <- npo6enaM11, qTo RBJIReTCR npaB117IOM 

xopowero TOHa B OTHOIIIeH1111 ¢opMaT11poBaH11R Ko,z:i;a. I1po6eJibI ynyqwaIOT q11-

TaeMOCTb 7I11CT11HfOB, B pe3yJihTaTe qero np11 qTeH1111 KO)J;a rna3a 6y,z:i;yT MeHbIIIe 

ycTaBaTh. 

llTO npeACTaBnHIOT co6oi1 MMeHa 

J1MeHa o6'beKTOB )J;OJI)J(Hbl Haq11HaTbCR c 6yKBbI 11 MoryT co.z:i;ep)J(aTb 7I11IIIb 

6yKBbI 11 l_\11cppbl, a TaK)J(e CMMBOllbl (no.z:i;qepK11BaH11e) 11 • (ToqKa). Jlyqwe Bbl-

611paTb on11caTeJibHhie 11MeHa, 11 B 3TOM cnyqae l_\enecoo6pa3HO cne,z:i;oBaTb onpe­

,z:i;eneHHhIM cornaweH11RM. MbI peKoMeH,z:i;yeM 11cnonh30BaTh 3MeUHbtu_pezucmp 

(snake_ case) - CT117Ib Han11caH11R, B KOTopoM ClIOBa pa3,z:i;eJIRIOTCR C11MBOJIOM no.z:i;­

qepK11BaH11R 11 Haq11HaIOTCR c MaJieHbKOM 6yKBbI. 

H_HCITOflb3YID_3MeHHbIM_perMCTp 
npyrMenronMMCITOflb3YIDTBep6nID*MHPerMCTp 
HeKOTOp~e.nronM.MCITOflb3YIDT.TQqKM 

A_ HeKOTOpb!e . Boo6me - HE_ cnE,l:lY!OT _ HMKaKMM. CornaweHMHM 

x 

K 06cy)J(,z:i;eH11IO cT11neBoro 0¢opMneH11R Ko,z:i;a MhI eIJ..\e BepHeMrn B rnaBe 15. 

Mo)J(HO np0Bep11Tb co.z:i;ep)J(11MOe n106oro o6'beKTa, BBe,z:i;R ero 11MR. 

#> [1) 12 

BoT eIJ..\e o,z:i;11H np11Mep onepal_\1111 np11cBa11BaH11R: 

this_is_a_really_long_name <- 2 . 5 



TI poBepbTe COp;ep:>K11MOe 9T0f0 o6'heKTa, BOCIIOl1b30BaBUil1Cb cp ep;CTBOM 3a­

-,_ IIIeH11JI BBOp;a RStudio: BBep;11Te "this'', Ha:>KM11Te K11aB11IIIy <Tab> 11 p;o6aB11Jii1Te 

IBOl1bl p;o Tex rrop, rroKa He rro11ytJ11Te yH11KaJibHblM rrpeqmKc, rrocJie qero Ha­

utTe K11aB11IIIy <Enter> 111111 <Return>. 

Bor p;ocap;a - Bbl OIII116m1cb! 06'beKTy this_ is_ a_ really_ long_ name Hap;o 

- !>IilO rrp11CBOl1Tb 3HatfeH11e 3,5, a He 2,5. q T06bl 11crrpaBl1Tb OUI116Ky, BOCI1011b-

-f!TeCb p;pyroiil KOM611ttau;11eiil KJiaB11III. BBep;11Te "this", a 3aTeM Ha:>KM11Te KOM611 -

-aJ..( 11 IQ Kl1aBJ1llI <Ctrl+ t>. Bbl IIOllYtJl1Te CIIJ1COK Bcex BBep;eHHblX BaMl1 KOMaHp;, 

q 1 rnaI0~11xcJI c 9Toro TeKcTa. ,IJ;m1 rrepeMe~eHMR no crr11cKy 11crroJib3YMTe K11a­

:=.;im11 co CTpe11KaM11, a 3aTeM Ha:>KMJ1Te KJiaBMllIY <Enter> )J;l1JI IIOBTOpHoro Ha6opa 

-:.. • -iKHOM KOMaHp;bI. BBep;MTe 3 . 5 BMeCTO 2 . 5 l1 Ha:>KMJ1Te Kl1aBl1llIY <Enter>. 

BbmOJIHMTe p;pyryIO orrepau;11IO rrp11rna11BaH11R: 

::: :::ocks <- 2 " 3 

ITpoBep11M pe3yJibTaT. 

- :::ock 
=> Error : object 'r rock' not found 
? rocks 
=> Error : object 'R rocks' not found 

M e:>Kp;y BaM11 11 cpep;oiil R p;eiilcTByeT tternacttoe cornaIIIeH11e: cpep;a Bbmo11H11T 

3a Bae 11I06oiil Tpyp;oeMKJ1M pactJeT, HO B3aMeH Ballil1 KOMaHp;bl ,!1;011:>KHbl 6bITb rrpe­

=enbHO TO'IHblMM. OrretJaTKM Hep;orrycTMMbI. Per11cTp 6yKB 11MeeT 3Hatfett11e. 

Bbl308 <l>YHKL\MM 

B R3b1Ke R MMeeTcR 6011bIIIaR Ko1111eKll,l1R BcTpoeHHbIX cpyHKll,11M, KOTOpb1e 

... •!O:>KHO Bbl3bIBaTb rnep;yIO~l1M o6pa30M: 

-~-~YHKUMK ( argl = vall , arg2 = val2 , .. . ) 

Ji1CIIblTaeM cpyHKll,11IQ seq () ' KOTopa5I C03p;aeT IIOCJiep;oBaTellbHOCTl1 q11ce11, 

orryTHO 113yq11B p;pyr11e rro11e3Hb1e cpep;cTBa RStudio. HatJHMTe BBop; KOMaHp;bI 

- 6yKB se l1 Ha:>KMl1Te Kl1aBl1llIY <Tab>. 0TKpoeTCJI CI111COK c B03MO:>KHblMl1 Ba-

- n aHTaM11 aBT03aBepIIIeHl1R BBop;a. YKa:>K11Te cpyHKll,MIO seq () , yCTpatt11B Heop;Ho-

3HatJHOCTb rryTeM BBop;a ,!l;OI1011Hl1Tel1bHOM 6yKBbl ("q"), 111111 Bb16ep11Te ee, I1011b3Y­

b KJiaBl1UiaMl1 co CTpe11KaMJ1 ( <t ; ... b ). 06paT11Te BHl1MaHJ1e Ha BCIIllbIBaIO~yIO 
nop;CKa3Ky, cop;ep:>Ka~yIO KpaTKYIO 11ttcpopMau;11IO o tta3HatJeH1111 ¢YHK11,1111 11 ee ap­

IJNieHTax. Ec1111 9TOM 11ttcpopMau;1111 BaM Hep;oCTaTO'IHO, Ha:>KMMTe KJiaB11IIIy <Fl> 
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p;m1 rronyqemrn 6onee rrop;po6HblX CBep;ettl1i1:, KOTopb1e oTo6pa3RTCR B HJ1)1(Hei1: 

qacTJ1 rraHeJIJ1 crrpaBa. 

BbI6paB tty)l(ttyro cpyttK~l1IO, Ha)l(MJ1Te KJiaBMIIIY <Tab> e~e op;l1H pa3. RStudio 

aBTOMan1qecKJ1 p;o6aBJ1T OTKpbrnaro~yIO ( ( ) J1 3aKpbIBaIO~YIO ( ) ) CK06KJ1 rro ­

rne J1MeHl1 cpyttK~l1l1. BBep;MTe apryMeHTbl 1, 10 l1 Ha)l(MJ1Te KJiaBMIIIY <Enter> 

(<Return>). 

seq (1, 10 ) 
#> [1] 1 2 3 4 5 6 7 8 9 10 

BBep;l1Te CJiep;yIO~J1M KO)J;, o6paTJ1B BHJ1MaHJ1e Ha aHaJIOfJ1qHYIO IIOMO~b co 

cTopoHbl RStudio rrpl1 BBop;e rrapHblX KaBb1qeK: 

x <- "hello world" 

KaBb1qKJ1 J1 CKo6KJ1 Bcerp;a p;OJI)l(Hbl 6bITb rrapHblMJ1. RStudio ITblTaeTcR oKa3aTb 

BaM MaKCJ1MaJibHYIO IIOMO~b rrpl1 J1X BBOp;e, HO p;a)l(e rrpl1 3TOM B03MO)l(H0 IIOJ!B­

JieHl1e CK060K J1 KaBblqeK, He l1MeIO~J1X rrapbI. Ilpl13HaKOM Toro, qTo 3TO rrpOI130-

IIIJIO, CJIY)l(J1T 3HaK +. 

> x <- "hello 
+ 

IloRBJieHJ1e 3HaKa + cl1rHaJI11311pyeT o TOM, qTo RStudio O)l(J1)J;aeT p;onoJIHMTeJib­

Horo BBop;a l1 cqJ1TaeT, qTo OH He 3aBepIIIeH. KaK rrpaBJ1JIO, 3TO 03HaqaeT, qTo Bbl 

3a6bIJIJ1 BBecT11 op;11H 113 Cl1MBOJIOB " J1JIJ1 ) . B TaKOM cnyqae n1160 BBep;11Te cooT­

BeTcTByro~11i1: rrapHblM CJ1MBOJI, JIJ160 Ha)l(MJ1Te KJiaBMIIIY <Esc>, qT06b1 c6poCJ1Tb 

Bblpa)l(eHMe J1 BBeCTJ1 ero 3aHOBO. 

BbIIIOJIHeHMe onepa~1111 rrp11cBa11BaHJ15! He corrpoBO)l()J;aeTCR OTo6pa)l(eHJ1eM 

pe3yJibTaTa, op;HaKo Bbl MO)l(eTe rreperrpoBepMTb ce6R. 

y <- seq (l , 10 , length.out = 5) 
y 
#> [1] 1.00 3.25 5 . 50 7.75 10.00 

Mo)l(HO ycKopl1Tb BbIIIOJIHeH11e 3Tl1X p;ei1:cTBl1M, 3aKJIIOqJ1B KOMaHp;y B Kpyrnb1e 

CK06KJ1, qTo np11Bep;eT K HeMep;JieHHOMY BbIBOAY pe3yJibTaTa Ha 3KpaH IIOCJie Bbl­

IIOJIHeHJ15! KOMaH)J;bl. 

(y <- seq (l , 10 , length . out = 5)) 
#> [1 ] 1.00 3.25 5.50 7 . 75 10.00 

Ha p11c. 2.1 IIOKa3aH TeKy~11i1: Bl1A cpep;bl , OTo6pa)l(aeMblM Ha rrpaBOM IIaHeJIJ1. 



Environment History Build Git 

_.::. LJ ~ Import Dataset T 

Global Environment T 

Values 

r_rocks 8 

this_is_a_really _l... 2. 5 

/ 

x "hello world" 

List T 

y num [1:5] 1 3.25 5.5 7.75 10 

Puc. 2.1 

3p;ech npep;CTaBJieHhl BCe o6'beKTbI, C03p;aHHbie BaMl1 K p;aHHOMY MOMeHTy. 

Ynpa>KHeH~JI 

1. f JoqeMy He pa6oTaeT 3TOT Kop;? 

my_variable <- 10 
my_var i able 
rr > Error in eval(expr, envir , enc los) : 
#> object ' my_variable' not found 

Bm1MaTeJihHO npYicMoTpYITecb K Kop;y! (Bo3MO)KHO, 3TO ynpa)KHeHYie KoMy-To 

TIOKa)KeTCJI 6ecCMbICJieHHbIM, HO 3aTpaThl BpeMeHl1 Ha Tpettl1pOBKY cnoco6Ho­

CTl1 3aMeqaTh p;a)Ke MaJie:i1IIrne OTJil1ql1JI B KOp;e c JIYIXBOM oKynl1TC51, Korp;a Bbl 

rrpl1CTYTil1Te K rrporpaMMttpoBaHl1IO.) 

McnpaBbTe Ka)Kp;yro l13 rrpYIBep;eHHbIX Hl1)Ke R-KOMaHp;, qT06b1 o6ecneql1Th VIX 

KoppeKTHOe BbITIOJIHeHl1e. 

library (t i dyverse ) 

ggplot (dota = mpg ) + 
geom_poinL (mapping aes (x 

:liter (mpg , cyl = 8) 
:ilter (diamond, carat > 3) 

displ , y hwy)) 

3. Ha)l(Ml1Te KOM6l1Ha.Ql1IO KJiaBYIIII <Alt+Shift+K>. K qeMy 3TO npYIBeno? KaK 

rrepeMeCTl1TbC51 B TO )Ke MeCTO B Kop;e, l1CTIOJib3YR MeHIO? 
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rnABA 3 

npeo6pa30BaHMe AaHHblX 
c noMOl1'blO naKera dpl yr 

B 113ya1rn3au;irn: - Ba)l(Hbu1 MHCTpyMeHT, rro3BOJJ51IOlll,l1M rny6)1(e BHMKaTb 

-:-.l bICll ,n;aHHbIX, HO IIOCJJe,!l;Hl1e pe,n;Ko IIOCTyrraIOT K BaM l1MeHHO B TOM Bl1,n;e, 

TOpbIM Hy)l(eH. BaM qacTO IIOTpe6yeTC51 C03,n;aBaTb HOBbie rrepeMeHHbie l1lll1 l1TO­

:-OBbie ,n;aHHbre, a TaK)l(e rrepeMMeHOBbIBaTb rrepeMeHHbre l1lll1 peopraHl130BbIBaTb 

- 6nIO,n;eHl151, 'IT06b1 HeMHoro yrrpoCTl1Tb l1X o6pa6oTKy. 06 3TOM (l1 MHoroM ,n;py-

-0:-.1) Bbl Y3HaeTe B ,n;aHHOr1 rnaae, B KOTopor1: HayqMTecb BbIIIOJJH51Tb rrpeo6pa30Ba-

- 1.51 c rroMOlll,bIO rraKeTa dplyr Ha rrpMMepe HOBoro Ha6opa ,n;aHHbIX, co,n;ep)l(alll,ero 

rncpopMau;MIO 06 aBMaper1cax l13 a3porropTOB HbIO-MopKa 3a 2013 ro,n;. 

cnonb3yeMble pecypcb1 

B 3Tor1 rnaae paccMaTpMBaeTcJI l1CIIOJJb30BaHMe rraKeTa dplyr - elll,e o,n;ttoro 

.::ettTpanbHOro KOMIIOHeHTa 6M6JIMOTeKl1 tidyverse. OcttOBHbie M,n;eM ,n;eMoHcTpMpy­

- r m c l1CIIOllb30BaHMeM ,n;aHHbIX l13 rraKeTa nycflightsl3, a ,!l;llJI o6nerqeHl151 aHa­

Til3a ,n;aHHhIX 3a,n;er1cTByeTrn rraKeT ggplot2. 

--L~ary ( nycflightsl3) 

__ o~ary ( tidyverse) 

BHMMaTeJJbHO OTHecMTeCb K coo6lll,eHl1IO o B03Hl1KHOBeHl1l1 KOHcplll1KTHor1 

.:nTyau;MM, KOTopoe BbIBO,!l;l1TC51 rrocne 3arpy3Kl1 6M6JJMOTeKl1 tidyverse. 0Ho MH­

o pMMpyeT Bae 0 TOM, '-ITO rraKeT dplyr rrepe3aIIl1CbIBaeT HeKOTOpbre ¢YHKu;l1l1 R. 

E JI M XOTMTe l1CIIOllb30BaTb 6a30Bbie aepcl1l1 3Tl1X ¢YHKu;Mr1 rrocne 3arpy3Kl1 

a KeTa dplyr, l1CIIOJJb3yr1Te Mx rroJJHbre MMeHa, ttarrpMMep stats: :filter() l1 

:::ats: :lag() . 



naKeT nycflights13 
lfro6bI 03HaKOMVITb Bae e 6a30BbIMVI rnaroJiaMVI dplyr, o6eeneqVIBalOIIJ;VIMVI 

MammyrrVIpoBaHVIe p;aHHbIMVI, Mbl VIeTIOJib3yeM Ha6op p;aHHbIX nycflights13 : 
: flights . B 3TOM cppei1Me p;aHHbIX eop;ep)l(VITrn VIHcpopMau;mi: o Beex 336776 

aBVIapeifeax VI3 a3ponopTOB HbIO-MopKa, eoBeprneHHbIX B 2013 rop;y. MeToqHVIKOM 

p;aHHbIX >rnmi:eTeJI 6a3a EIOpo eTaTVIeTVIKVI nepeB030K ClllA, a VIX onVIeaHVIe Bbl 

eMO)l(eTe npoqVITaTb, BbITIOJIHVIB KOMaHp;y ?flights. 

flights 
#>#A tibble : 336 , 776 x 19 
#> year month day dep_time sched_dep_time 
#> <int> <int> <int> <int> <int> 
#> 1 2013 1 1 517 515 
#> 2 2013 1 1 533 529 
#> 3 2013 1 1 

2013 1 1 
2013 1 1 

542 
544 
554 

540 
545 
600 

2013 1 1 554 558 

dep_delay 
<dbl> 

2 
4 
2 

-1 
- 6 
-4 

#> 4 
#> 5 
#> 6 
#> # 
#> # 
#> # 
#> # 
#> # 

. .. with 336, 776 more rows, and 13 more variables: 
arr_time <int>, sched_arr_time <i nt>, ar r _delay <dbl>, 
carrier <chr>, flight <int> , ta i lnum <chr> , origin <chr> , 
dest <chr> , air_time <dbl> , distance <dbl> , hour <dbl>, 
minute <dbl>, time_hour <dttm> 

Bo3MO)l(HO, Bbl o6paTVIJIVI BHVIMaHVIe Ha HeeKOJibKO HenpVIBbJqHbIH enoeo~ 
BbIBOp;a 3TOro cppei1Ma p;aHHbIX: OTo6pa)l(aIOTeJI JIVlllib HeeKOJibKO nepBbIX CTpOI<l 

J1 Bee eTorr6u;bI, KOTOpble yMeiu;aIOTCJI Ha O)J;HOM 3KpaHe. (EeJIVI XOTMTe YBM)J;eTb 

nOJIHbIH Ha6op p;aHHbIX - OTo6pa3VITe ero B OKHe npoeMOTpa RStudio, BbITIOJIHMB 

KOMaHp;y View (flights) .) ,[(erro B TOM, qTQ 3TO He 06b1qHbIH cppeifM p;aHHbIX, 

a TaK Ha3brnaeMbIH tibble-cppei1:M (tibble). Tibble-<fipeuMbt - 3TO Te )l(e cppeifMM 

p;aHHbIX, HO HeeKOJibKO p;opa6oTaHHbie )J;JIJI OTITVIMVI3au;11VI VIX B3aVIMOp;ei1eTBJ1JI e 

epep;ernaMVI 6V16m10TeKVI tidyverse. Ha p;aHHOM 3Tane pa3rr11q11JI )J;JIJI Bae Heeyiu;e 

eTBeHHbI, TaK qTo BaM He o qeM 6eenoKOMTbeJI. K 6onee nop;po6HoMy paeeMoTpe 

HVIIO tibble-cppeifMoB MbI eiu;e BepHeMrn B q aeTVI II. 
HaBepHoe, Barne BHVIMaHVIe TaK)l(e np11BrreKrra CTpoKa e rpex6yKBeHHbIMM 060 

3HaqeHVIJIMJ1, paenoJIO)l(eJ:IHaJI nop; CTpOKOH e TIO)J;TIJ1CJIMJ1 eTOJI6u;oB. 3TVI o6o3Ha­

qeHMJI yKa3bIBaIOT Ha TMTI nepeMeHHbIX. B paecMaTpVIBaeMoM Ha6ope p;aHHbIX 11c 

TIOJib3YIOTeJI CJiep;yIOIIJ;VIe TMTibl nepeMeHHbIX: 

• int - u;enb1e qVIcna; 
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• chr - CJtlMBOJlbHbie BeKTOpbI, Jt1JIJ1 CTpOKM; 

• dttrn - 3Ha'IeHJ15I p;aTbl Jt1 BpeMeHJtl (p;aTa + BpeMR) . 

C~eCTBYIOT TaK)l(e TPM p;pyrnx pacnpocTpatteHHbIX TMna nepeMeHHbIX, KOTO­

: e He Jt1CnOJib3YIOTCR B 3TOM tta6ope p;aHHbIX, HO 6yp;yT BCTpe'IaTbCR B p;pyrnx 

=-1n 1epax KHMrM: 

• lgl - JIOfJtl'IeCKJtle BeKTOpbI, KOTOpbie MoryT cop;ep)f{aTb TOJlbKO 3Ha'IeHJ1e 

TRUE MJIM FALSE; 

• fctr - cpaKTOpb1, KOT Opb1e JticnOJib3YIOTCR B R p;nR npep;cTaBJieHMR KaTe­

ropMaJibHbIX nepeMeHHbIX c cpMKCMpoBaHHblMJtl B03MO)l(HbIMJ1 3Ha'IeHJ15IMJ1; 

• date - p;aTbI. 

OCHOBHble CBeAeHlllR 0 naKeTe dplyr 
B 3TOM rJiaBe Bbl M3yqMTe nRTb OCHOBHbIX cpyttKll;JtlM, BXO,ll;Rlll;JtlX B naKeT dplyr, 

- noMO~blO KOTOpbIX CMO)l(eTe pernaTb pRp; CJIO)l(HbIX 3ap;a'I, CBR3aHHbIX c MaHJ1-

rrym 1poBaHJt1eM p;aHHbIMJtl: 

• BbI6op tta6JIIO,ll;eHMM no MX 3Ha'IeHMRM - filter () ; 

• nepecTaHOBKa cTpoK - arrange ( ) ; 

• Bb16op nepeMeHHbIX no 11x MMettaM - select () ; 

• C03,ll;aHMe HOBbIX nepeM eHHbIX c MCnOJib30BaHJ1eM cpyttKl.J;JtlM c~eCTBYIO~MX 

nepeMettttbIX - mutate () ; 

• CBep;ettMe HeCKOJlbKMX 3Ha'IeHJ1M B O,ll;HO MTOfOBOe - summarize () . 

JII06aJI !13 3TJ1X cpyttKll;JtlM MO)l(eT 6bITb MCnOJib30BaHa COBMeCTHO c cpyHK1J;Mei1: 

;!'.'oup _by () ) KOTopaR cnoco6tta Jt13MeHRTb o6JiaCTb p;eMCTBMR cpyttKll;JtlJtl TaKJtlM 

o 6 pa30M, 'IT06bI Otta npMMeHJIJiaCb KaK K u;eJIOMY tta6opy p;aHHbIX, TaK I1 K OTp;ellb­

HbI M ero rpynnaM. 9TM rneCTb cpy ttKll;JtlM npep;cTaBJIRIOT rnarOJibl 513bIKa MaHMny­

lJ!pOBaHJtIR p;aHHblMJtl . 

Bee rnaroJibI nop;'IMHRIOTCR o p;ttoMy 11 TOMY )f{e CMHTaKCMcy. 

1. I1epBbii1: apryMettT - 3TO cppei1M p;attttbIX. 

2. ITornep;yIO~Me apryMeHTbI, B Kaqecrne KOTOpbIX Mcnonh3YIOTrn ( 6e3 3aKJIIO­

'IeHMR MX B KaBbl'IKM) MM eHa nepeMeHHblX, onMCbIBaIOT p;eMCTBMR, KOTOpbie 

,ll;OJI)l(Hbl 6bITb BbIIIOJIHeHbl no OTHOilleHMIO K cppei1My p;aHHbIX. 

3. Pe3yJihTaTOM RBJIReTrn HOBbIM cppei1M p;aHHbIX. 
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CoBoKyrrHOCTb 3TI1X CBOMCTB yrrporu;aeT co3,n;aH11e ~erroqeK rrpocTbIX KOMaH,n;, 

06ecrreq11Ba10ru;11x rronyqeH11e cno:arnoro pe3yJibTaTa. PaccMoTpHM pa6oTy 3TI1X 

rnaroJioB 6onee rro,n;po6Ho. 

Cl>Mnbrpaqr1u1 CTpOK c nOMO~blO <l>YHKqMM filter () 
<DyttK~I151 filter () II03BOJIJieT I13BJieKaTb rro,n;Ha6opbl Ha6JIIO,D;eHI1M Ha OCHOBe 

11x 3HaqeHHM. llepBbIM ee apryMeHT - HMJI cppe:MMa ,n;aHHbIX. Brnpo:M 11 nocne,n;y-

10ru;11e apryMeHTbI - 3TO Bbipa:>KeHHJI, 06ecrreq11Ba10ru;11e cp11JibTpa~1110 cppe:MMa. 

Harrp11Mep, MO)KHO oTo6paTb Bee aB11ape:Mcb1 3a 1 JIHBapJI. 

filter (flights , month == 1, day == 1) 
#> # A tibble: 842 x 19 
#> year month day 
#> <int> <int> <int> 
#> 1 2013 1 1 

2013 
2013 
2013 
2013 
2013 

1 
1 
l 
1 
1 

1 
1 
1 
1 
1 

dep_time 
<int> 

517 
533 
542 
544 
554 
554 

sched dep_time dep_delay 
<int> <dbl> 

515 2 
529 
540 
545 
600 
558 

4 
2 

-1 
- 6 
-4 

#> 2 
#> 3 
#> 4 
#> 5 
#> 6 
#> # 
#> # 
#> # 
#> # 
#> # 

... with 836 more rows, and 13 more variables: 
arr_time <int>, sched arr time <int>, arr_delay <dbl>, 
carrier <chr>, flight <int>, tailnurn <chr> ,origin <chr>, 
dest <chr>, air_time <dbl>, distance <dbl>, hour <dbl>, 
minute <dbl>, time_hour <dttm> 

llp11 BbIIIOJIHeHI1I1 3TOM CTpOKI1 Ko,n;a rraKeT dplyr ocyru;eCTBJIJieT cpI1JibTpa~I1IO 

,n;aHHbIX I1 B03Bparu;aeT HOBbIM cppei1M. <DyHK~I1I1 dplyr HI1KOr,n;a He I13MeHJIIOT 

CBOI1 BXO,D;Hbie ,n;aHHbie, I1 eCJII1 Bbl XOTI1Te coxpaHHTb pe3yJibTaT, TO BaM np11,n;eTCJI 

11crroJib30BaTb orrepaTop rrp11rna11BaH11JI <-: 
janl <- filter (flights , month == 1, day == 1) 

R n1160 BbIBO,lJ;HT pe3yJibTaTbI, n1160 coxpaHJieT 11x B nepeMeHHOM. Ecn11 Tpe6y­

eTCJI BbIIIOJIHI1Tb o6a ,n;ei1CTBI151 cpa3y, 3aKJIJOqJ1Te KOMaH,n;y np11CBa11Bamrn B Kpyr­

Jibie CK06KI1. 

(dec25 <- filter (flights , month == 12 , day == 25 )) 
#> # A tibble: 719 x 19 -
#> year month day dep_time sched_dep_time dep_delay 
#> <int> <int> <int> <int> <int> <dbl> 
#> 1 2013 12 25 456 500 -4 
#> 2 2013 12 25 524 515 9 
#> 3 2013 12 25 542 540 2 
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20 13 
20 13 
2013 

12 
12 
12 

25 
25 
25 

546 
556 
557 

550 
600 
600 

. . . with 713 more rows, and 13 more variables: 

-4 
- 4 
- 3 

arr_time <int>, sched_arr time <int>, arr_delay <dbl>, 
carrier <chr>, flight <int>, tailnurn <chr>,origin <chr>, 
dest <chr>, air_time <dbl>, distance <dbl>, hour <dbl>, 
minute <dbl>, time hour <dttm> 

paBHeHIJIR 

l fro6bl 8¢¢eKTMBHO MCI10Jlb30BaTb tPMJibTpaQMIO, Bbl p;omKHbl yMeTb OT6M­

: Th tty)l(Hb1e Ha6rr10p;eHMJ1 c rroMOIQbIO orrepaTopoB cpaBHemrn. R rrpep;oCTaBrrJieT 

::-attp;apTHblM Ha6op TaKMX orreparnpOB: >, >= , <, <=, ! = (He paBHO) M == (paBHO) 

K orp;a KTO-TO TOJlbKO yqJtITCJI pa6oTaTb c R, OH MO)KeT rrerKo onrn6MTbCJI M MC­

- o,1b30BaTb p;rrJI rrpoBepKM paBeHCTBa orrepaTop = BMeCTo ==. B rrop;o6HblX crryqa­

:u Bbrnop;MTCJI cop;ep)KaTeJibttOe coo61Qem1e 06 OIIIM6Ke. 

--~:er ( flights , month = 1) 
=> Srror: filter (} takes unnamed arguments. Do you need '=='? 

CyIQecTByeT eIQe op;tta pacrrpoCTpattettttaJI rrpo6rreMa, c KOTopoi1: MoryT cTorr ­

lli)'TbCJI HOBMqKJtI, rrpttMeHJIJI orrepaTop == K BeIQeCTBeHHblM qMcJiaM. ITpttBep;eH-

3l>Ie HM)Ke pe3yJibTaTbl MoryT Bae yp;MBMTb! 

:::_::: (2} " 2 == 2 
=> [l ] FALSE 
- ~ 9 * 49 == 1 
=> [l] FALSE 

KOMTibIOTepbl MCIIOJlb3YIOT apM<fJMeTMKY KOHeqHOM TOqHOCTM (He MoryT )Ke 

OHl1 xpaHMTb 6ecKOHeqHoe KOJIMqecTBO p;eCJ!TMqHblX pa3pJip;OB!), 1103TOMY He 3a­

ObIBai1Te o TOM, qTo JI106oe qJ1cJio, KOTopoe Bbl BMp;MTe, JIBJIJieTcJI rrpM6JIM)KeHMeM. 

3 rrop;o6HblX crryqaJIX BMeCTO MCIIOJib30BaHMJ! orrepaTopa == CJiep;yeT o6paIQaTbCJ! 

'" tPYHKQMM near () . 

-_:ar (sqrt (2) " 2 , 2) 
=> [ l] TRUE 

-_:ar (l I 49 * 49 , 1) 
=> [ l] TRUE -

Jlor111"1ecK111e onepaTopbl 

EcJIM ¢YHKQMM filter () rrepep;a10Trn HeCKOJibKO apryMeHTOB, OHM KOM6MHM­

YIOTCJI c MCIIOJib30BaHMeM rrorMqecKMX orrepaTopoB 11: cTpoKa 6yp;eT BKJIIOqetta 
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B BbIBO,!J; TOJlbKO B TOM cnyqae, Korp;a J1CTJ1HHO Ka)Kp;Oe J13 Bbipa)KeHJ1M. ,Il;JIR o6pa-

30BaHJ15I KOM6J1HaQJ1M .n;pyrMX TJ1IIOB Bbl ,!J;OJI)KHbl caMOCTORTeJibHO J1CIIOJlb30BaTb 

6yneBbI orrepaTOpb1: & - I1, I - I1J1I1 M ! - HE, a TaK)Ke cpyHKQMIO xor () - MC ­

KJIIO'Ia10~ee I1J1I1. I1oJIHhir1 Ha6op 6yneBbIX orrepaQMr1 rrpep;cTaBJieH Ha pMc. 3.1. 

cmy&!x cmx cmxly 
cm x & y cm xor(x, y) 
cmx&!y cmy 

Puc. 3.1 

Cne.n;y10~Mr1 Kop; Haxop;MT Bee aBMaper1:cb1, oTrrpaBneHHbie B HOR6pe MlIM .n;e­

Ka6pe: 

filter (flights , month == 11 I month == 12 ) 

I1op5I,il;OK BblI10JIHeHJ15I orrepaQJ1M OTJll11IaeTC5I OT TOfO, KOTOpbIM MO)KHO 6blll0 

6b1 O)KMp;aTb rrpM cnoBecHOM orrMcaHMM ycnoBMM rroMcKa. nhrno 6b1 ourn6Kor1: 3a­

rrMcaTb :ny KOMaH,n;y B BM,n;e filter (flights, month== 11 I 12) , OCHOBbIBaRCh 

Ha ee 6yKBaJibHOM J1HTeprrpeTaQJ1J1: "HaMTJ1 Bee aBMaper1:Chl, OTrrpaBneHHbie B H05I-

6pe MlIM p;eKa6pe''. TaKaR KOMaHp;a Haurna 6h1 Bee MeCRQhI, orrpe,n;eJIReMhie pe3ynh­

TaTOM BhI'IMCJieHMR Bbipa)KeHMR 11 I 12, KOTopb1r1: paBeH TRUE. B 'IMCJIOBOM KOH­

TeKcTe (KaK B ,n;aHHOM cnyqae) 3HatJeHMeM TRUE RBllReTrn l, M rro3TOMY 6hrnl1 6h1 

Har1p;eHbl Bee BbllleTbl, COBeprneHHhle B 5IHBape, a He B H05I6pe MlIM p;eKa6pe. 3To 

,!J;OBOllbHO TOHKMM MOMeHT! 

Y.n;o6Hbir1 crroco6 peweHMR 3Tor1 rrpo6neMhI - MCIIOllb30BaTb Bbipa)KeHMe 

x % in% y. OHO BhI6ttpaeT BC~ CTpOKM, B KOTOpblX x 5IBll5IeTC5I O,!J;HMM M3 3Hatfe­

HJ1M, co.n;ep)Ka~J1XC5I B y. I1epeIIJ1llleM rrpep;b1p;y~Mr1 KO,!J; c ITOMO~blO TaKOfO Bbl ­

pa)KeHMR: 

nov dee <- filter (flights , month %in% c (ll , 12 )) 



: 1ttorp;a cno:>I<HYIO 3ap;aqy Bbip;enemrn: n op;tta6op oB p;attHbIX MO:>KHO ynpocTMTb, 

OJib30BaBllIJ.1Cb 3aKottaMJ.1 p;e Mopratta: ! ( x & y) - 3TO TO :>Ke caMoe, qTo 

! y, a ! (x I y) - TO :>Ke caMoe, qTO ! x & ! y. HanpMMep, eCJIJ.1 6bI Tpe6oBa­

- b HaMTJ.1 Bee amrnpei1:Cbl c 3ap;ep:>KKOM (KaK no npM6blTJ.1IO, TaK J.1 no OTnpaBKe) 

- "' 6onee p;Byx qacoB, TO ,D;JIJI 3TOfO MO:>KHO 6bIJIO 6bl BOCnOJib30BaTbCJI JII06blM J.13 

--: ;:i;yrow;Mx p;Byx qrnJibTpOB. 

__ :er (flights , ! (arr_delay > 120 I dep_delay > 120 )) 
__ :~r ( flights , arr_de l a y <= 120 , dep_del ay <= 12 0) 

H apRp;y c onepaTopaMJ.1 & J.1 I B R MMeIOTCJI onepaTOpbl & & w I 1. He nb1Tai1Tecb 

l!CnOJib30BaTb B p;attHOM rnyqae! 0 npMMetteHMJ.1 3TMX onepaTopoB Bbl y3ttaeTe 

a3p;ene "YcJIOBHOe BbIIlOJIHeHMe" rnaBbl 15. 

BrnKMM pa3, Korp;a Bbl co6wpaeTeCb McnoJib30BaTb cno:>Kttb1e cocTaBHble Bb1pa­

. HMJI B ¢yttKIJ;J.1M f i 1 t er ( ) ' nblTai1:TeCb HaXO,D;J.1Tb B03MO:>KHOCTb npeBpaw;aTb 

~ B JIBHbie nepeMeHHble. 3TO 3HaqJ.1TellbHO ynpocTMT npoBepKy pe3yJibTaTOB Ba­

ef1 pa60TbI. BcKope Mbl noroBopMM 0 TOM, KaK C03p;aBaTb HOBble nepeMeHHble. 

0TCYTCTBYIOLL\llle 3HaLleHlllSI 

O p;ttoi1: J.13 Ba:>KttblX oco6ettttocTei1: R, KOTopaR MO:>KeT cp;enaTb cp aBttettwe 3a­

~YTaHHblM, JIBJIJIIOTCJI OTCYTCTBy10w;Me (nponyw;ettHbie) 3HaqettMJI, o6o3HaqaeMbl e 

· K NA (oT attrn. not available - ttep;ocTyrrtto). NA npep;cTaBllJieT tteJ.13BecTttoe 3Ha­

:::e ttwe, no3TOMY OTCYTCTByIOw;Me 3HaqettwJI "3apa3Hb1"; pe3yJibTaT noqTJ.1 n106oi1: 

n epau;m1, BKJIIOqa10w;ei1: HeJ.13BeCTHOe 3HaqeHJ.1e, TaK:>Ke 6yp;eT HeM3BeCTeH. 

--"" > 5 
=> [l] NA 
-= == NA 
=> [l ) NA 
.""!.. + 10 
=> [l ) NA 
.\A I 2 
=> [ l ) NA 

BOT pe3yJibTaT, KOTOpblM MO:>KeT 60Jibllie BCero c6wBaTb c TOJIKy . 

• \A == NA 

=> [l] NA 

Pa3o6paTbCJI B TOM, no'IeMy 3TO p;ei1:CTBMTeJibHO TaK, 6yp;eT npow;e Bcero, ecnw 
HeMttoro yToqHJ.1Tb KOHTeKCT. 

= ~YCTb x - B03pacT M3pM . OH HaM HeM3BecTeH. 
x <- NA 
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# ITycTb y - B03pacT ~~oHa. OH HaM TaK~e HeM3BecTeH. 
y <- NA 

# YlMeroT nM ~~OH M M3pM O~MHaKOBbri1 B03pacT? 
x == y 
#> [1) NA 
# Mb1 He 3HaeM ! 

Ecm1 Bbl xoTMTe rrpoBepMTb, RBJUieTcR JIM 3HaqeHMe OTCYTCTBYIOill,J!IM, MCITOJib-

3yM:Te cpyHKIJ;J!IIO is . na ( ) . 

is.na (x ) 
#> [1) TRUE 

<PyHKIJ;J!IR: fi l ter () BKJIIOqaeT B BbIBO,ll; JIJ!Illlb Te CTpOKJ!I, ,ll;JIR: KOTOpblX yrno­

BJ!Ie l1MeeT 3HaqeHJ!Ie TRUE; 3HaqeHl1R FALSE l1 NA l1CKJI10qa10TcJI. EcJIM Bbl xoTMTe 

coxpaHl1Tb He,n;ocTaIOI11,l1e 3HaqeHl15l, 3arrpOCJ!ITe J!IX B R:BHOM Bl1,n;e. 

df <- tibble (x = c (1 , 
filter (df , x > 1 ) 
#> # A tibble: 1 x 1 
#> x 
#> <dbl> 
#> 1 3 

filter (df , is.na (x ) I 
#> # A tibble: 
#> x 
#> <dbl> 
#> 1 NA 
#> 2 3 

YnpamHeHlllR 

2 x 1 

NA, 3 )) 

x > 1 ) 

1. HaM:,n;MTe Bee aBl1apeM:cb1, KOTOpb1e: 

a) 3a,n;ep)KaJil1Cb c rrpl1JieToM Ha ,n;Ba M 6oJiee qaca; 

6) BbIJieTaJil1 B XbIOCTOH (a3porropTb1 IAH MJIJ!I HOU); 

B) o6rny)Kl1BaJIMCb aBl1aKoMrraHl1R:Ml1 United, American l1Jil1 Delta; 

r) BbIJieTaJIJ!I B JieTHee BpeMJI (l1IOJib, aBrycT M ceHTR6pb); 

,n;) rrpl16brnaJil1 c orro3,n;(:lHl1eM 6oJiee qeM Ha ,n;Ba qaca, HO He 3a,n;ep)KMBaJIMCb 

C BbIJieTOM; 

e) BbIJieTaJIJ!I c 3a,n;ep)KKOM He MeHee qeM Ha qac, HO HaBepcTbIBaJIM 6oJiee 

30 Ml1HYT BO BpeMJI IlOJieTa; 

)I() BbIJieTaJil1 Me)K,n;y rroJiyHoqblO J!I 6 qacaMJ!I yTpa (BKJIIOqJ!ITeJibHO). 
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B dplyr MMeeTrn e~e op;tto TIOJie3ttoe cpep;crno qrnJibTpau;MM - cpyttKIJ;MR 

.:::et.ween () . lfro otta p;eJiaeT? Mo)l(eTe JIM Bbl MCTIOJib30BaTb ee ,IJ;JIR yTipo~e­

HJ l5! KO,IJ;a, c TIOMO~blO KOToporo peruaIOTC.iI 3ap;aqM, Tipe,IJ;JIO)l(eHHble B TI. 1? 

K aKoBo KOJIMqecTBO aBMapeJ1coB c OTCYTCTBYIO~MMM p;aHHblMM o BpeMeHM 

BbIJieTa ( dep_time)? Ha30BMTe p;pyme TiepeMeHHble c oTcyTcTBYIO~MMM 3Ha­

q ettMRMM. "lJTo MOrJIM 6bl Tipep;cTaBJI.iITb 9TM CTpOKM? 

- f foqeMy NA " 0 tte RBJI.HeTrn OTCYTCTBYIO~MM 3HaqeHMeM? ffoqeMy NA I TRUE 

He RBJI.HeTc.H OTCYTCTBYIO~MM 3HaqettMeM? ffoqeMy FALSE & NA He RBJI.HeTrn 

oTcyTCTBYIO~MM 3HaqettMeM? Mo)KeTe JIM Bbl ccpopMyJIMpoBaTb o6~ee TipaBM­

,10? (BecbMa M3.iI~HblH KOHTPTIPMMep - NA* O!) 

epecraHOBKa CTpOK c nOMO~blO <l>YHK~ltU1 arrange () 
<Dy HKIJ;MR arrange () pa6oTaeT attaJiomqtto cpyttKIJ;MM filter () , 3a MCKJIIO­

.,. H l1eM Toro, qTo BMeCTO OT6opa CTpOK Otta M3MeH.HeT MX TIOpR,IJ;OK CJie,IJ;OBaHM.iI. 

-- • ryMeHTaMM cpyttKIJ;MM rny)l(aT cppeHM p;aHHblX M Ha6op MMeH CTOJI6u;oB (MJIM 

-o,1ee CJIO)l(HblX Bb1pa)KettMJ1) , TIO KOTOpblM ocy~ecTBJI.HeTrn copTMpOBKa. EcJIM 

~ - Tipep;ocTaBJIReTe 6oJiee O,IJ;HOro CTOJI6u;a, Ka)K,IJ;blH ,IJ;OTIOJIHMTeJibHblM CTOJI6eu; 

- .. ~eT MCTIOJib30BaTbC.iI ,IJ;JI.il pa3pbIBa CB.H3eH B 3HaqeHM.iIX Tipe,IJ;bI,IJ;Y~MX CTOJI6u;oB. 

--~nge ( flights , year , 
: > ~ A tibble: 336, 776 
: > year month day 
: > <int> <int> <int > 
: > 1 2013 1 1 
: > 2 2013 1 1 
: > 3 
: > 4 
: > 5 
: > 6 

2013 
2013 
2013 
2013 

1 
1 
1 
1 

1 
1 
1 
1 

month , day ) 
x 19 
dep_time sched_dep_time 

<i nt> 
517 
533 
542 
544 
554 
554 

<int> 
515 
529 
540 
545 
600 
558 

dep_delay 
<dbl> 

2 
4 
2 

- 1 
- 6 
-4 

: > # ... with 3.368e+05 more rows, and 13 more variables: 
: > # arr_time <int>, sched_arr_time <int>, arr_de lay <dbl> , 
: > # carrier <chr>, flight <int> , tailnum <chr>, origin <chr> , 
: > # dest <chr>, air_t ime <dbl> , distance <dbl>, hour <dbl>, 
: > # minute <dbl> , time hour <dttm> 

J!1cTIOJib3yeM cpyttKIJ;MIO desc () ,IJ;JIR copTMpOBKM CTOJI6u;a TIO y6brnaHMIO. 

-~ange ( flights , desc (arr_delay )) 
: > # A tibble: 336,776 x 19 
: > year month day dep_time sched_dep_time dep_delay 
: > <int> <int> <int> <int> <int> <dbl> 
: > 1 2013 1 9 641 900 1301 
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#> 2 2013 6 15 1432 1935 1137 
#> 3 2013 1 10 1121 1635 1126 
#> 4 2013 9 20 1139 1845 1014 
#> 5 2013 7 22 845 1600 1005 
#> 6 2013 4 10 1100 1900 960 
#> # ... with 3.368e+05 more rows , and 13 mor e variables: 
#> # arr_time <int> , sched_arr_time <int> , arr_delay <dbl> , 
#> # carrier <chr>, flight <int> , tailnum <chr>, ori gin <chr> , 
#> # dest <chr>, air_time <dbl> , distance <dbl> , hour <dbl> , 
#> # minute <dbl>, time_hour <dttm>, 

B oTcopn:rpoBaHHOM Ha6ope 0TcyTcTBy10w;11e 3HaqeHMJI Bcerp;a oKa3bIBal0TOI 

nocnep;HMMJ.1. 

df <- tibble (x c(5 , 2, NA) ) 
arrange (df , x ) 
#> # A tibble: 3 x 1 
#> x 
#> <dbl> 
#> 1 2 
#> 2 5 
#> 3 NA 
arrange (df , desc (x )) 
#> # A tibble: 3 x 1 
#> x 
#> <dbl> 
#> 1 5 
#> 2 2 
#> 3 NA 

Ynpa>1<HeH1,u1 

1. KaK 6b1 Bbl 11cnonb30Ban11 cpyHKu;1110 arra nge () , qT06b1 noMeCTMTb 0TcyT­

CTBy10w;11e 3HaqeHJ.1JI B Haqano OTCOpT11poBaHHOro Ha6opa? (Tiop;cKa3Ka: J.1C­

TIOJ1b3YMTe cpyHKll;J.110 is. na () .) 

2. BbmOJIHMTe copTMpOBKY aB11apei1:coB p;nJI Haxo>Kp;eHMJI Tex 113 HMX, KOTOpbI 

xapaKTep11sy10Trn Ha116onbluei1: sap;ep)l(KOM. Hai1:p;11Te aB11apei1:cb1 c Ha116one 

paHHJ.1M BpeMeHeM BbIJieTa. 

3. BbmonH11Te copTMpOBKY aB11apei1:coB p;nJI Haxo>Kp;eHMJI Ha116onee 6bICTpbIX no­

neTOB. 

4. ~J1J.1TeJibHOCTb KaKJ.1X aB11apei1:coB 6brna HaJ.160JibUiei1? ~J1J.1TeJibHOCTb KaKJ.1 

as11apei1:cos 6brna Ha116onhrnei1:? 
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6op cron6l,\OB c noMOl.L\blO <l>YHKL\MM select () 
::-:Ia6opbl ,n;aHHbIX, Ha(qJ1TbIBaIO~J1e COTHJ1 J1 ,n;a)l(e TbIC5P:IJ1 rrepeMeHHbIX, He 5IB­

. - T H pe,n;KOCThIO. B rro,n;o6HbIX rnyqa>Ix rrepBooqepe,n;Ho:i1 3ap;aqeJ1 qacTo 5IBJI5I­

- - cy)l(eHJ1e Ha6opa ITO rrepeMeHHbIM, KOTOpbie Bae ,n;ei1CTBJ1TeJibHO J1HTepecyIOT. 

~J15f select {) II03BOJI51eT 6blcTpo CKOHIJ;eHTpMpoBaTb BHJ1MaHJ1e Ha IIOJie3-

' rro,n;tta6ope c IIOMO~bIO orrepaii;l1i1, 6a3MpyIO~J1XC51 Ha J1MeHaX rrepeMeHHbIX. 

HKIJ;MH select () He 6y,n;eT oco6eHHO rrone3HO:i1 rrpM aHaJIJ13e Ha6opa ,n;aH­

- ;:x 0 6 aBMape:i1cax, HaCqJ1TbIBaIO~ero Bcero lIMIIIb 19 rrepeMeHHbIX, HO 3TO He 

- - ~eIIIaeT BaM yXBaTJ1Tb o6~yIO 11,n;eIO. 

= ~~:5 p CTOJ16UOB no MMeHM 
--=:~ (flights , year , month , day) 

; > A t ibble: 336 , 776 x 3 
=> 
=> 
=> 

= 
= 

= 

, 

5 
6 

year 
<int> 

2013 
2013 
2013 
2013 
2013 
2013 

month 
<int> 

1 
1 
1 
1 
1 
1 

day 
<int> 

1 
1 
1 
1 
1 
1 

... with 3.368e+05 more rows 

3~6op Bcex CTOJ16UOB , KOTOpb!e HaXO,[(RTCR MeJK.[(Y 
: : on6uaMM year M day (BKnIOY:aR nocne.[(HMe ) 

=.:.ect (flights , year : day) 
=> = A tibble: 336 , 776 x 3 
=> year month day 
=> <int> <int> <int> 
=> 2013 1 1 
=> 2 2013 1 1 
=> 3 2013 1 1 
=> 4 2013 1 1 
=> 5 2013 1 1 
=> 6 2013 1 1 
=> # ... with 3.368e+05 more rows 

= 3bJ6op BCex CTOJ16UOB, 3a MCKJ1IOY:eHMeM Tex , KOTOpb!e 
= ~aXO ,[(RTCR MeJK.[(Y CTOJ16UaMM year M day (BKJ1IOY:aR TI OCJ1e,[(HMe ) 
:=.:.ect (flights , - (year : day )) 
=> # A tibble: 336, 776 x 16 
=> dep_time sched_dep_t ime dep delay arr time sched arr_time 
=> <int> <int > <dbl> <int> <int> 
=> 1 517 515 2 830 819 
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#> 2 533 529 4 850 830 
#> 3 542 540 2 923 850 
#> 4 544 545 -1 1004 1022 
#> 5 554 600 -6 812 837 
#> 6 554 558 -4 740 728 
#> # with 3.368e+05 more rows, and 12 more variables: 
#> # arr_delay <dbl>, carrier <chr>, flight <int>, 
#> # tailnum <chr>, origin <chr>, dest <chr>, air time <dbl>, 
#> # distance <dbl>, hour <dbl>, minute <dbl>, 
#> # time hour <dttm> 

Cy~eCTByeT p5Ip; BCIIOMOraTeJibHbIX cpyHKI.J;J.1M, KOTOpb1e MO)J(HO J!ICIIOJib30BaT 

BMecTe c cpyHKQMeJir select () : 

• starts_ with ( 11 abc 11
) - cooTBeTCTByeT MMeHaM, HaqJ11Ha10~J11MC5I c no 

CJiep;oBaTeJibHOCTJ!I CJ!IMBOJIOB "abc"; 

• ends_with(flxyz") - COOTBeTCTByeT J!IMeHaM, 3aKaHqJ!IBaIO~J!IMC51 IIOCJie 

p;oBaTeJibHOCTbIO CJ!IMBOJIOB "xyz"; 

• contains (fl ij k 11
) - cooTBeTCTByeT MMeHaM, cop;ep)J(a~11M nornep;oBa 

TeJibHOCTb CJ!IMBOJIOB "ijk''; 

• matches (fl ( . ) \ \ 1") - BbI6MpaeT nepeMeHHbie, coorneTcrny10~J11e pery 

JI51pHOMY Bbipa)J(eHJ!IIO. ,lJ;aHHOMY peryn51pHOMY Bbipa)J(eHJ!IIO COOTBeTCTBYIO 

n106b1e nepeMeHHbie, cop;ep)J(a~Me noBTOp5IIO~J11ec51 CMMBOJibI. Bonee no,n; 

po6Ho o peryn51pHbIX Bb1pa)J(eH115Ix 6yp;eT paccKa3aHo B rnaBe 11. 

• num _range ( 11 x 11
, 1: 3) - cooTBeTCTByeT xl , x2 M x3 , 

,1J;JI51 noJiyqeHJ!l51 6onee nop;po6HOM MHcpopMaQJ!IJ1 BbITIOJIHJ!ITe KOMaH)J;) 

?select. 

HecMoTp51 Ha cy~ecTBOBaHMe npMHQJ!ITIMaJibHOJir B03MO)J(HOCTM nepeMMeHo 

BbIBaTb nepeMeHHbie c IIOMO~bIO cpyHKQJ!IJ!I select () ' B TaKOM aMnnya OHa J!IC 

IIOJib3YeTC51 Kpailrne pep;Ko, IIOCKOJibKY 3TOT npoQecc npMBO)J;J!IT K Bbrnap;eHJ!IIO Bee 

nepeMeHHbIX, J!IMeHa KOTOpbIX He 6bIJIJ!I yKa3aHbl B 51BHOM Bl1p;e. ,1J;JI51 3TJ!IX QeJie 

nyqwe J!ICIIOJib30BaTb cpyHKQJ!IIO rename () - MOp;11cpm~MpOBaHHbIM BapMaH 

cpyHKQMM select () , 06ecrreqJ11Ba10~J11Jir coxpaHeHMe Bcex rrepeMeHHbIX, He yKa 

3aHHbIX B 51BHOM BMp;e. _ 

rename (flights , tail_num = tailnum) 
#> # A tibble: 336 , 776 x 19 
#> year month day dep_time sched dep_time dep_delay 
#> <int> <int> <int> <int> <int> <dbl> 
#> 1 2013 1 1 517 515 2 
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013 1 1 533 529 4 
: 2 13 1 1 542 540 2 -

2 13 1 1 544 545 -1 
= 20 13 1 1 554 600 - 6 -
- 20 13 1 1 554 558 - 4 

.. . with 3.368e+05 more rows, and 13 more variables : 
ar r _time <int> , sched_arr_t ime <i nt> , a rr_de l ay <dbl>, 

= carrier <chr> , fl i ght <int> , tail_nurn <chr >, 
origin <chr>, dest <chr> , ai r _time <dbl >, 
distance <dbl> , hour <dbl> , minute <dbl>, 
time hour <dttm> 

iUI 3TOfO eCTb e~e O,D;Ha B03M O>KHOCTb - l1CTIOJlb30BaTb cpyHK~MIO select () 
-o'feTaHJ1l1 co BCTIOMOfaTeJibHOM cpyHK~MeM e verything () . 3To MO>KeT 6hITb 

1 3HbIM np11 H a Jil1'fJH1 6 0 JibllIOf O KOJIM'feCTBa nepeMeHHbIX, KOTOpbie Bbl XOTeJIM 

rrepeMeCTMTb B Ha'faJIO cpp e M.M a p;aHHbIX. 

=-=cL (flights , time_hour , air_time , everythi ng () ) 
= = A t ibble : 336 , 776 x 19 
= t i me hour air time 
=> <dttm> 
=> 2013- 01- 01 05 : 00 : 00 
=> - 2013- 01-01 05 : 00 : 00 

3 2013- 01-01 05:00 : 00 
= ~ 2013- 01- 01 05:00 : 00 

s 2013- 01- 01 06:00: 00 
=> r 2013- 01-01 05: 00 : 00 

-
<dbl> 

227 
227 
160 
183 
116 
150 

year 
<int> 

2013 
2013 
2013 
2013 
2013 
2013 

mont h day 
<i nt > <i nt> 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

dep_t ime 
<i nt > 

517 
533 
542 
544 
554 
554 

=> .. . with 3.368e+05 more rows, and 13 more vari ables: 
= sched_dep_time <int> , dep_delay <dbl >, arr_time <int> , 
=~ s ched_arr_time <int> , arr_de l ay <dbl> , carrier <chr> , 
=> - flight <int >, tailnum <chr> , origin <chr> , dest <chr> , 
=> ~ di stance <dbl> , hour <dbl> , minute <dbl> 

Ynpa>KHeH111R 

Y Ka>KMTe KaK MO>KHO 6 oJibIIIe cnoco6oB Bb16opa CTOJI6~oB dep time, dep 

delay, arr_ time l1 arr_ de l a y l13 cppeM.Ma p;aHHhIX flights . 

.,, ' fro npOl130M,D;e T, eCJIJ1 n p M BbI30Be cpyHK~l1l1 select () MM R KaKOM - JIJ16o ne­

peMeHHOM 6yp;eT y K a3aH O HeCKOJlbKO pa3? 

.,, 'fro p;eJiaeT cpyHK~l1R one - o f () ? qeM OHa MO>KeT 6hITb TIOJie3Ha B OTHOIIIeHl1l1 

rrpMBep;eHHOfO HM>Ke B eKTOpa? 

vars <- c ( 
"year" , "month" , "day" , "dep_delay" , "ar r _delay" 
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4. Y,z:i;MBJIReT 1111 Bae pe3y11hTaT BhIIIOJIHemrn rrp11Be,z:i;ettttoro HM)l(e Ko,z:i;a? KaK pa-

60Ta10T BCIIOMOraTeJibHbie cpyHKll,MM BhI6opa ITO yMoJiqaHMIO? KaK Bbl MO)l(eTe 

M3MeHMTh 3TO yM011qatt11e? 

select (flights , contains ("TIME" )) 

Ao6aeneHt11e HOBblX nepeMeHHblX 
c noM01.1'blO <l>YHK"'tlltll mutate () 

I1oMMMO BhI6opa tta6opoB cy111,eCTBYIOlll,MX CTOJI611,0B qacTO B03HJ1KaeT Heo6xo­

,IJ;MMOCTb B ,z:i;o6aBJieHMM HOBbIX CTOJI611,0B, 5IBJ15II0111,MXC5I cpyHK11,J15IMJ1 cy111,ecTByIO­

lll,MX. 3To o6ecrreqviBaeT cpyHKll,MR mutate () . 
<t>yttKll,MR mutate () Bcer,z:i;a ,z:i;o6aBmi:eT HOBbie cT011611,h1 B Kotte11, tta6opa ,z:i;att­

HhIX, rro3TOMY MhI HaqtteM c co3,z:i;aHMR 6011ee Y3Koro tta6opa, rro3BOJIRI0111,ero YBH­

,z:i;eTb HOBbie rrepeMeHHbie. He 3a6brnar1Te o TOM, qTo rrp11 pa6oTe B RStudio caMbIM 

rrpocToJ1: crroco6, 06ecrreqviBa10111,11J1: OT06pa)l(ett11e Bcex cT011611,oB, - 3TO BhIIIOJI­

HeHMe KOMaH,IJ;hI View () . 

flights_sml <- select (flights , 
year : day , 
ends_ with ("delay" ) , 
distance , 
air time 

mutate (flights_sml , 

) 

gain = arr_delay - dep_delay , 
speed = distance I air time * 60 

#>#A tibble: 336 , 776 x 9 
#> 
#> 
#> 1 
#> 2 
#> 3 
#> 4 
#> 5 
#> 6 

year month day dep_delay arr_delay 
<int> <int> <int> <dbl> <dbl> 

2013 1 1 2 11 
2013 1 1 4 20 
2013 1 1 2 33 
2013 1 1 -1 -18 
2013 1 1 -6 -25 
2013 1 1 -4 12 

dis tance air time 
-

<dbl> <dbl> 
1400 227 
1416 227 
1089 160 
1576 183 

762 116 
719 150 

#> # ... with 3.368e+05 more_ rows, and 2 more variables: 
#> # gain <dbl>, speed <dbl> 

3aMeTbTe, qTo Ha TOJibKO qTo C03,IJ;aHHbie CTOJI611,hl MO)l(HO CCbIJiaTbCJI. 

mutate (flights_sml , 
gain = arr_delay - dep_delay , 
hours = air_time I 60 , 
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= 

= 

= 
=> 
=> 
=> 
=> 
=> 
=> 
=> 
=> 

~a:n_per_hour = gain I hours 

A tibble: 336, 776 x 10 
year month day dep_delay arr_delay distance air time 

<int> <int> <int> <dbl> <dbl> <dbl> <dbl> 
2013 1 1 2 11 1400 227 
2013 1 1 4 20 14 16 227 

-; 2013 1 1 2 33 1089 160 -. 2013 1 1 -1 - 18 1576 183 

- 2013 1 1 -6 - 25 762 116 

- 20 13 1 1 -4 12 719 150 
... with 3.368e+05 more rows, and 3 more variables: 
ga in <dbl>, hours <dbl> , gain_per_hour <dbl> 

E cm1 BaM tty)KHO m1rnb coxpattMTb HOBbie nepeMeHHbie, BocnoJib3YHTecb cpyttK­

ft transmute () . 

~ .s~ute ( flights , 

;ain = arr_delay - dep_delay , 
~ours = air time I 60 , 
;ain_per_hour = gain I hours 

A tibble: 336, 77 6 x 3 
gain hours gain_per_hour 

<dbl> <dbl> <dbl> 
9 3.78 2.38 

16 3.78 4.23 
3 31 2.67 11. 62 . -17 3.05 - 5.57 
5 - 19 1. 93 - 9 . 83 
r 16 2.50 6.40 

... with 3.368e+05 more rows 

one3Hble <l>YHKL\111111 C03AaHlllSI o6beKTOB 

Cy~ecrnyeT MHoro cpyHK~MH, KOTOpb1e npep;tta3HaqeHbI p;m1 co3p;aHMJI HOBbIX 

- p eMeHHbIX, MCIIOJib3yeMbIX c cpyttK~Meti mutate () . Ba)I(HbIM MOMeHTOM JIBJIJieT-

- -:: TO, qTo mo6aJI TaKaJI cpyHK~MJI )J;OJI)I(H a 6bITb BeKTOpM30BaHa: OHa )J;OJI)I(Ha npM-

- L\'taTb BeKTOP 3HaqeHMH M B03Bpa~aTb BeKTOp c TeM )Ke KOJIMqeCTBOM 3HaqeHMH. 

=-::epeqMCJIMTb Bc_e rrop;o6Hbie cpyttK~MM He rrpep;CTaBJIJieTrn B03MO)I(HbIM, HO Te M3 

- IX, KOTOpbie MCIIOJib3YIOTCJI HaM6orree qacTO, pacCMOTpeHbl HM)Ke. 

Mcf>Meni1'fecK111e onepaTOpb1 +, - , *, / , " 

B ee 3TM orrepa~MM BeKTOpM30BaHbI M MCIIOJib3YIOT TaK tta3brnaeMbie "rrpaBMJia 

- p err11cbrnaHMJI" (recycli ng rules). Ern11 p;JIMHa op;Horo rrapaMeTpa MeHbrne p;JIMHbI 
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p;pyroro, TO OH aBTOManrqecK11 pacnrnp.ReTrn:, qT06b1 rrapaMeTpbI 11Me1rn paBHYIO 

,IJ;J111HY. 3TO Ha116onee IIOJie3HO B Tex rnyqaJIX, Korp;a O,IJ;MH 113 rrapaMeTpOB rrpep; ­

CTaBJIJieT co6o:H op;11HoqHoe qMcno: air_ time I 60, hours * 60 +minute 11 T.rr. 

KpoMe Toro, apmpMeT11qecK11e orrepaTopb1 11crroJib3YIOTCH B coqeTaH1111 c arpe­

rnpy10w;11M11 cpyHKIJ;11HM11, 0 KOTOpbIX BCKope rro:Hp;eT peqb, Harrp11Mep, Bbipa:tKe­

H11e x I sum ( x) Bb1q11cnHeT p;onIO Ben11q11HbI OTHoc11TeJihHO o6w;e:H cyMMbI Ben11-

q11H, a y - mean ( y) - OTKJI0HeH11e OT cpep;Hero. 

MoAym1pHa11 ap111cl>MeT111Ka (%/% 111 %% ) 

K Mop;yJibHbIM orrepau;11HM OTHOCHTCH, B qacTHOCTM, orrepau;1111 % I% (u;enoq11c­

JieHHoe p;eJieH11e) 11 %% (B3HT11e OCTaTKa) . 

x == y * (x %/% y) + (x %% y) 

Mop;ynHpHaH ap11cpMeT11Ka HBJIHeTrn BecbMa yp;o6HbIM cpep;cTBOM, rrocKOJibKY 

06ecrreq11BaeT pa3p;enett11e u;eJibIX q11cen Ha qacT11. Harrp11Mep, B cnyqae tta6opa 

p;aHHbIX flights MO:tKHO 113BJieqb qacbI 11 MMHYTbI 113 cTon6u;a dep _time c rro -

MOlIJ;bIO CJiep;y10w;e:H KOMaH,IJ;bl. 

transmute (flights , 
dep_time , 
hour = dep_time %/% 100 , 
minute = dep_time %% 100 

#> # A tibble: 336, 776 x 3 
#> dep_time hour minute 
#> <int> <dbl> <dbl> 
#> 1 517 5 17 
#> 2 533 5 33 
#> 3 542 5 42 
#> 4 544 5 44 
#> 5 554 5 54 
#> 6 554 5 54 
#> # with 3.368e+05 more rows 

norap111cl>M111"1eCKl/le <l>YHK1'111111 log () I log2 () I loglO () 

Jlorap11cpM11qecK11e rrpeo6pa30BaH11H oKa3bIBaIOTCH qpe3Bb1qaifHo rrone3HbIM11 

rrp11 pa6oTe c .n;aHHbIM11, OXBaTbIBaIOw;11M11 p;11arra30H B HeCKOJibKO rropH,D;KOB rr 

BeJI11q11He. KpoMe Toro, OHM rrpeo6pa3y10T MYJibT11rrn11KaT11BHb1e OTHOilleHMH B ap;­

p;11TMBHbie - oco6eHHOCTb, K paccM0Tpett1110 KOTopo:H MbI BepHeMrn B qacT11 IV. 
I1p11 rrpoq11x paBHbIX ycJIOB11HX H peKOMeHp;yIO 11CI10Jlb30BaTb cpyHKIJ;1110 

log2 () ' ITOCKOJibKY ee pe3yJibTaTbl JierKO l1HTeprrpeT11poBaTb: pa3H11IJ;e 3HaqeH11M 
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.:. : n o JIOrapMtj)MM':leCKOM IIIKaJie COOTBeTCTByeT yp;BOeHMe 3Ha':leHJ1M n o MCXO)J;HOM 

·a,1e, a pa3HMu;e B -1 - p;eJieHMe ITOITOJiaM. 

~eHl.UI 

<Dy HKIJ;J1J1 lead () J1 lag () I103BOJIJIIOT CCbIJiaTbCR Ha 3Ha':leHJ15I, OTCTORlIJ;Me OT 

a HHOfO Ha yKa3aHHOe ':IMCJIO I103J1IJ;J1M B rrpRMOM J1 o6paTHOM HarrpaBJieHJ1J1 

.::oorneTCTBeHHO. 3TO I103BOJIReT Bbl':IJ1CJIRTb TeKyru;Me pa3HOCTJ1 (HarrpMMep, x -

_=.; x) ) MJIM orrpep;eJIRTh M3MeHeHMe 3Ha':leHMM (x != lag(x) ). 3TM ¢YHKIJ;MM 

:·a3bIBaIOTCR HaM6onee ITOJie3HblMJ1 B CO':leTaHMJ1 c ¢YHKIJ;J1eM group _by () ) KO -

-op aR BCKope 6yp;eT o6cy)Kp;aThCR. 

-~ <- 1 : 10 ) 
=> [1] 1 2 3 4 5 6 7 8 9 10 
_=.; (x ) 

=> [ 1] NA 1 2 3 4 5 6 7 8 9 
- ~=-'.:i (x ) 

=> [ 1] 2 3 4 5 6 7 8 9 10 NA 

YMYnHTMBHble M cKonb3H~Me arperaTbl 

5I3bIK R rrpep;ocTaBJIReT ¢YHKIJ;MM, rrpep;Ha3Ha':leHHhie p;JIR BbI'IMCJieHMR 

::·o Jib35I1IJ;J1X cyMM, rrpOM3Bep;eHMM, MJ1HJ1MaJibHbIX I1 MaKCMMaJibHbIX 3Ha':leHJ1M: 

: .. :Ins um () , curnprod () , curnrnin () , curnrnax () ; KpoMe Toro, rraKeT dplyr rrpep;o­

--:-aBJIReT ¢YHKD;MIO curnrnean ( ) p;JIR BhI':IMCJieHMR CKOJib3RlIJ;MX cpep;HMX. Ec11M BaM 

2:")J(Hbl CKOJlb35IlD;Me arperaTbI ( cyMMa, BbI':IMCJIJieMaJI B rrpep;e11ax OKHa CKOJib)Ke-

!5I) , o6paTMTecb K rraKeTy RcppRoll. 

=> [1 ] 1 2 3 4 5 6 7 8 9 10 
_-::stun (x ) 

=> [l] 1 3 6 10 15 21 28 36 45 55 
_-.::nean (x ) 

=> [1 J 1. 0 1.5 2.0 2.5 3.0 3.5 4. 0 4. 5 5.0 5.5 

OrM'leCKMe onepaTOpbl cpaBHeHMJI <, <=, >, >=, ! = 
Bo MHOfMX c11yqaRX rrpM BbIITOJIHeHJ1J1 CJIO)J(HbI X IIOCJiep;OBaTeJibHOCTeM JIOfJ1-

-..eCKJ1X orrepau;MM u;e11ecoo6pa3HO c oxpaHRTb rrpoMe)KyTO':IHbie 3Ha':leHI15I B HOBbIX 

-ep eMeHHbIX, 'ITO II03BOJIReT KOHTp011MpoBaTh rrpaBMJlbHOCTb BbIIIOJIHeHMJI OT-

="iibHbIX IIIarOB. 
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PaH>1<111poBaH111e 

C~ecTByeT He op;Ha cpyHKll;I151 pamK11poBamrn, op;HaKo BaM rnep;yeT Ha'IaTb 

c cpyHKIJ;MM min_ rank () . Otta no3BOJrneT pernaTb tta116orree pacnpoCTpatteHHble 

3ap;aq11 pam1rnpoBaHJ15I (Hanp11Mep, HaXO,!l;l1Tb nepBblM, BTOpo:i1, TpeTJ1M, 'IeTBep­

TblM no BeJIM'IMHe :::meMeHTbl). Tio YMOJI'IaH11IO tta11MeHbllll1M 3JieMeHTaM rrpttcBatt 

BaIOTC51 Hal1MeHbllll1e paHrtt; ,D;JI51 npep;ocTaBJieHl151 HaJ1MeHbllll1X paHfOB Hal160Jib 

llll1M 3Ha'IeHl151M l1CnOJib3YMTe cpyHKIJ;l1IO des c (x ) . 

y <- c (l , 2, 2, NA, 3, 4 ) 
mfo_rank (y ) 
#> [l] 1 2 2 NA 4 5 
min_rank (desc (y )) 
#> [l] 5 3 3 NA 2 1 

Ecrr11 cpyHKIJ;l151 min_ rank () He no3BOJIReT cp;erraTb TO, 'ITO HY:>KHO, Bocnorrb-

3y:i1Tecb p;pyrttMM aHarrortt'IHblMM cpyttKIJ;l151MM: r ow_ number () , dense_ rank () 

pe rcent rank () , cume dist () 11 ntile ( ) . Eorree rrorrtty10 ttHcpopMa11;1110 06 - -
Bcex 3Tl1X cpyHKIJ;l151X MO:>KHO norry'IMTb Ha CTpaHMIJ;aX crrpaBKJ1. 

row_ nwnber (y ) 
#> [l] 1 2 3 NA 4 5 
dense_rank (y ) 
#> [l] 1 2 2 NA 3 4 
percent_rank (y) 
#> [l] 0.00 0.25 0.25 NA 0.75 1. 00 
cume_dist (y ) 
# > [ l] 0. 2 0. 6 0. 6 NA 0. 8 1. 0 

Ynpa>KHeHLJU1 

1. 3tta'IeHl151 rrepeMeHHblX dep - time J1 s ched - dep - time B TOM BMp;e, B KOTO 

poM Mbl c Hl1Ml1 p;o CMX nop pa6oTaJIJ1, yp;o6Hbl ,D;JI51 rrpocMOTpa, HO He ,D;JIJI 

Bbl'Il1CJieHMM, nOCKOJibKY OHM He rrpep;cTaBJI51IOT co6o:i1 HerrpepbIBHble 'IMCJia 

Tipeo6pa3y:i1Te ttx B 6orree yp;o6ttoe rrpep;cTaBJiett11e B BMp;e Kon11qecTBa MMHYT 

J1CTeKllll1X ITOCJie rrorryHO'IJ1. 

2. CpaBHMTe rrepeMeHHYIO air_ time c pe3yJibTaTOM Bbl'IMTaHMR arr_ time 

dep _time. qTo Bbl O:>l\Mp;aeTe yB11p;eTb? qTo Bbl yB11p;err11? qTo tteo6xop;11M 

cp;erraTb, 'IT06bl ITOJIY'Il1Tb rrpaBMJibHblM pe3yJibTaT? 

3. CpaBHMTe Me:>Kp;y co6o:i1 rrepeMeHHble dep _time, sched _ dep _time 11 dep 

delay. KaK, no BarneMy MHeHMIO, ,!l;OJI:>KHbl COOTHOCJ1TbC51 Me:>Kp;y co6o:i1 BeJil1-

'Il1Hbl 3TJ1X rrepeMeHHblX? 
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- :-iai:'l{p;J1Te 10 aBHapeJ1:coB, xapaKTepl13YIO~J1XCR HaJ160JibLUeJ1: 3a,n;ep:>KKOM, J1C­

Il0Jlb3YJI cpyHKLJ;HIO pam1rnpoBaHHJI. KaK Bbl XOTHTe o6pa6aTbIBaTb CBJI3H? 

3 ttHMaTeJibHO npo•rnTaJ1:Te ,n;oKyMeHTau;HIO no cpyHKLJ;HH min_ rank () . 

' aKOM pe3yJibTaT B03Bpa~aeT Bblpa>KeHJ1e 1: 3 + 1: 10? flol.feMy pe3yJibTaT 

JL\1eHHO TaKoJ1:? 

' aKHe Tp11roH0MeTp11'-IeCKY1e cpyHKLJ;HH npe,n;ocTaBJIJieT JI3blK R? 

ny'teHHe rpynnOBblX HTOrOB c noMOll\blO 

HK'-'HH swmnarize () 
Tiocnep;HHM 113 rnaronoB, KOTOpb1J1: Mbl paccMoTpHM, - summarize () . OH 

- pTbrnaeT cppeJ1:M ,n;aHHblX B O,D;HY CTpoKy. 

-~=~iz e ( flights , delay mean (dep_delay, na. rm = TRUE ) ) 
= A tibble: 1 x 1 

delay 
=> <dbl> 
=> 12. 6 

K o6cy>K,n;eHHIO CMblCJia napaMeTpa na. rm= TRUE Mbl BCKope BepHeMrn.) 

<t>yHKLJ;HJI summarize () He oco6ettHo none3Ha, ecJIH 11cnonb3yeTCJI He B co­

-t>TaHHH c cpyHKu;HeJ1: group by () . 3Ta cpyHK1J;J151 n03BOJIJieT nepeXO,D;J1Tb OT 

- 1HOf0 Ha6opa ,n;aHHblX B Kal.feCTBe e,D;J1HJ11J;bl aHaJIJ13a K OT,D;eJibHblM rpynnaM. 

= o ile 3TOfO, eCJIJ1 Bbl J1CnOJib3yeTe rnaroJibl naKeTa dplyr B OTHOLUeHJ1J1 crpyn­

- OBaHHOfO cppeJ1:Ma ,n;aHHblX, OHM aBTOMaTJ1l.feCKJ1 npHMeHJIIOTCJI "norpynnHo''. 

;-:anpHMep, ecJIJ1 6bl Mbl npHMeHY!JIJ1 TO'-IHO TOT >Ke KO,D; K cppeJ1:My ,n;aHHblX, crpyn­

-rpoBaHHOMY no ,n;aTaM, TO norry'-IHJIH 6b1 cpe,n;tt11e BpeMeHa 3ap;ep>KKJ1 tta Ka)K­

~.ro ,n;aTy. 

= __ day <- group_by (flights , year , month , day ) 
_-::-arize (by_day , de l ay = mean (dep_delay , na. rm = TRUE )) 

= Source: local data frame [365 x 4] 
= ~roups: year, month [? ] 
: 

=> year month day delay 
=> <int > <int > <int> <dbl > 
=> 2013 1 1 11. 55 

2 2013 1 2 13. 86 
3 2013 1 3 10 .99 

: 4 2013 1 4 8 .95 
2013 1 5 5.73 
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#> 6 2013 1 6 7.15 
#> # ... with 359 more rows 

<PyHKIJ,MM group_ by () It1 summarize () , B3J1Tb1e BMecTe, rrpep;oCTaBJIJIIOT op;M 

J,13 Jt1HCTpyMeHTOB, KOTOpblM Bbl 6yp;eTe J,1CIIOJ1b30BaTb CIIJIOillb J,1 pH,D;OM, pa6oT 

c rraKeToM dplyr: crpyrrrrMpoBaHHble MTOrM. Ho rrpe)Kp;e qeM rrpop;OJI)Klt1Tb 3T 

TeMy, Bbl )J;OJI)KHbl II03HaKOMJt1TbCJI c elll,e O)J;HOM MOlll,HOM lt1p;eei1:: KaHaJiaMJt1. 

06beA111HeH111e HeCKOllbKlllX onepa4111ill c noM01.1'blO KaHana 

I1pep;IIOJI0)KJt1M, Mbl XOTJt1M J,1CCJiep;oBaTb CBJl3b Me)Kp;y paCCTOJIHY1eM J,1 cpep;mt 

BpeMeHeM 3ap;ep)l{Klt1 pei1:ca p;JIJI Bcex rryHKTOB rrpMeMa M BbrneTa (pMc. 3.2). J1c­

rroJib3YJI Bee TO, 'ITO Bbl 3HaeTe 0 B03MO)KHOCTJIX rraKeTa dplyr, Bbl MOfJIJ,1 6bl Ha­

I1Jt1CaTb rrpMMepHO rnep;yIOlll,Jt1M KO)J;. 

by_dest <- group_by (flights , dest ) 
delay <- su.rnmarize (by_dest , 

count = n () , 
dist = mean (distance , na . rm TRUE ) 
delay = mean (arr_delay , na.rm = TRUE ) 

delay <- filter (delay , count > 20 , dest != "HNL " ) 

# KaK cneuyeT M3 rpaWMKa, unMTenbHOCTb 3auep~eK yBenMqMBaeTcR c 
# pOCTOM paCCTORHMR npMMepHO uo 750 MMnb, a 3aTeM yMeHbrnaeTCR . 
# He o6~RCHReTcR nM 3TO TeM, qTo c yBenMqeHMeM unMTenbHOCTM noneTa 
# TIORBnReTCR 6onbrne B03MO~HOCTeilr unR Toro, qTo6b! HaBepcTaTb 
# ynymeHHOe BpeMR? 
ggpJot (data = delay , mapping = aes (x = dis t , y delay )) + 

geom_point (aes (size = count ) , alpha = :/3 ) + 
geom_srnooth (se = FALSE ) 

#> ' geom_smooth ()' using method= 'loess' 

ITpoIJ,ecc rrop;roTOBKM 3Tlt1X p;aHHblX MO)KHO p a36ttTb Ha TPM 3Tarra. 

1. fpyrrrr11poBaHMe aBit1apei1:coB no rryHKTaM Ha3Ha'!eHMJI. 

2. I1onyqeHJt1e CBO)J;HblX p;aHHblX, KaCaIOlll,Jt1XCJI pacCTOJIH11M, cpep;Hero BpeMemt 

3ap;ep)KKJt1 It1 KOJIM'IeCTBa aBit1apei1:coB. 

3. cDit1JibTpall,Jt1JI p;aHHblX c ~eJiblO Jt1CKJIIO'IeHJt1JI TO'IeK p;aHHblX, C03,D;aIOlll,Jt1X Jt1H­

cpopMaIJ,Jt10HHblM IllYM, It1 a3porropTa foHonyny, KOTOpb1i1: pacnonaraeTCJI Ha 

pacCTOJIHJt1J,1, IIO'ITJ,1 B)J;BOe rrpeBbllllaIOlll,eM pacCTOJIHJt1e p;o rnep;yIOlll,ero 6n11-

)Kai1:1llero a3porropTa. 
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fh 1caTb TaKOH KO,IJ; He oco6eHHO rrpM51THO, IIOCKOllbKY Ka>Kp;OMY rrpoMe>KyTO'I -

- ~ry ¢pel1My p;aHHbIX tteo6xop;MMO rrpMCBOJ1Tb OTp;ellbHOe J1M51, p;a>Ke eCJIJ1 3TOT 

;:?di:M p;nJI ttac tte rrpep;cTaBJIJieT MHTepeca. ITpou;ep;ypa J1MettoBaHJ151 p;oBOJihHO 

: y;:i,oeM1<aJI, J1 3TO MO>KeT saMep;nMTh attan11s. 

O p;ttaKo cyiu;ecTByeT p;pyraJI B03MO>KHOCTh crrpaBMThCJI c o6ostta1.J:ettttoJ1: rrpo­

--= .\l!OH - J1CIIOllb30BaTh Kattan %>% . 

-~~ays <- flights %>% 
;~~up_by ( dest ) %>% 
s .:..."'.Ullarize ( 

count = :. ( ) , 
dist = ;c.ean (distance , na.rm = TRUE ) , 
delay = ~ean ( arr_delay , na.rm = TRUE ) 

~ >% 

-- - ~er ( count > 20 , dest != "HNL ") 

3 i:i;ecb BHJ1MaHJ1e ¢0Kyc11pyeTC5I Ha rrpeo6pa30BaHJ151X, a He Ha TOM, 'ITO rrpe­

-p asoBhIBaeTCJI, 6narop;ap51 'IeMy 1.J:MTaTb TaKoJ1: Kop; cTaHOBMTCJI ner'Ie. Mo>KeTe 

-....rraTb ero 1<aK rrocnep;oBaTeJibHOCTb rroBeJIMTeJihHhIX rrpep;no>Kett11J1:: crpyrrrr11pyJ1:, 

TeM rrpocyMMMpyJ1:, rrorne 1.J:ero oTcpMJibTpyJ1:. KaK rroi:i;cKa3bIBaeT TOJihKO 'ITO 

- HBep;ettHaJI ¢opMyJIMpOBKa, CMbICJI Bbipa>KeHJ151 % > % HeIIJIOXO rrpep;cTaBJI51Tb 
, (( ,, 

:""oe KaK saTeM . 
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3a Ky1rncam1 Bbipa)l(em1e x % > % f ( y) npeBparn,aeTrn B f ( x, y) , a Bbipa)l(eHl1 

x %>% f (y) %>% g ( z) - B g ( f (x, y), z) l1 T.p;. KaHaJI MO)l(HO l1CTIOJib30BaTb ,D;JI 

nepen11chrnaHl1J1 nocnep;oBaTeJihHOCTl1 HeCKOJihKl1X onepaTopoB TaKl1M o6pa3oM 

qT06bI J.1X MO)l(HO 6bIJIO qJ1TaTb CJieBa HanpaBO l1 CBepxy BHl13. c 3TOfO MOMeHTaJ 

MbI 6yp;eM qacTo l1CTIOJib30BaTb KaHaJibI, TIOCKOJibKY 0Hl1 3Ha'll1TeJibHO ynyqruaIO 

'll1TaeMOCTb Kop;a, l1 MbI npop;OJI)l(l1M J.1X o6cy)l(p;eHl1e B rnaBe 14. 

J,1cnOJib30BaHl1e KaHaJIOB - O,D;l1H l13 KJIIO'JeBbIX acneKTOB pa60Tbl c 6116Jil10 

TeKoi1 tidyverse. Ep;l1HCTBeHHhIM l1CKJIIO'leHl1eM JIBJIJieTcJI naKeT ggplot2: OH 6hI 

Han11caH ern,e p;o Toro, KaK noJIBl1Jil1Ch KaHaJibI. K co)l(aJieHl1IO, BpeMJI p;m.1 cnep;y 

IOill,ero TIOKOJieHl1J! ggplot2, naKeTa ggvis, TI03BOJIJ!IOill,ero l1CTIOJib30BaTb KaHaJihI 

ern,e He HacTyn11no. 

Bo3MO)l(HO, BhI o6paTl1Jil1 BHl1MaH11e Ha apryMeHT na • rm, KOTOpbIM MhI nepe 

3Tl1M J.1CTIOJib30BaJil1. qTO cnyqJ1TCJ!, eCJil1 ero He ycTaHOBl1Tb? 

flights %>% 
group_by (year , month , day ) %>% 
summarize (mean = mean (dep_delay )) 

#> Source: local data frame [365 x 4] 
#> Groups: year , month [ ?] 
#> 
#> year month day mean 
#> <int> <int> <int> <dbl > 
#> 1 2013 1 1 NA 
#> 2 2013 1 2 NA 
#> 3 2013 1 3 NA 
#> 4 2013 1 4 NA 
#> 5 2013 1 5 NA 
#> 6 2013 1 6 NA 
#> # ... with 359 more rows 

MbI nonyq11n11 MHO)l(eCTBO OTCYTCTBy10rn,11x 3HaqeH11i1! 3To npo1130IIJJI0 noTo­

My, 'ITO arpernpy10rn,11e cpyHKIJ;l1l1 nop;ql1HJ!IOTC51 o6bI'lHOMY npaBl1Jiy, Kaca10rn,eMy­

CJ! OTCYTCTBy10rn,11x 3HaqeH11i1: ecn11 cpep;11 Bxop;HbIX p;aHHhIX ecTh OTCYTCTBy10rn,11 

3HatJeHl1JI, BbIXOp;Hoi1 pe3yJihTaT TaK)l(e 6yp;eT 0TcyTcTBy10rn,11M 3HatJeHl1eM. K cqa­

CThIO, Bee arper11py10rn,11e ¢YHKIJ;l1l1 MoryT np11HJ1MaTb apryMeHT na. rm, KOTOpbUt 

yp;anJieT 0TcyTcTBy10rn,we 3HatJeHJ1JI ern,e p;o BhITIOJIHeH11J1 BhitJ11cnett11i1:. 

flights %>% 
group_by (year , month , day ) %>% 
summarize (mean = mean (dep_delay , na.rm TRUE )) 
#> Source: l ocal data frame [365 x 4] 
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=> :; :-onps: year, month [?) 
=> 
=> year month day mean 
=> <int> <int> <int> <dbl> 
=> 2013 1 1 11. 55 
=> 2013 1 2 13 . 86 
= 3 2013 1 3 10 .99 
= 4 2013 1 4 8.95 
= 2013 1 5 5 . 73 
= 6 2013 1 6 7.15 

... with 359 more rows 

B p;aHHOM rny'lae, Korp;a nponyru;eHHbie 3Ha'Iem·rn: npep;eTaB1rn10T OTMeHeHHbie 

31!apei1:ebI, Mbl MOrm1 6bI enpaBMTbOI e npo6neMOM, npep;BapMTenbHO yp;anMB Ta­

le 3Ha'IeHMJI. MbI eoxpaHMM 3TOT tta6op p;aHHbIX p;nH Toro, 'IT06b1 ero MO:>KHO 

-. iIO TIOBTOpHo MeTIOITb30BaTb B nornep;y10w;11x npMMepax. 

~= :_cancelled <- flights %>% 
::lter ( ! is.n~ ( dep_delay ) , ! :s.:.a (arr_delay )) 

~=~ cancelled %> % 
;:-oup_by (year , month , day) %>% 
.s-..:rmnariz e (mean = meari (dep_delay )) 

=> Source: local data frame [365 x 4] 
=> Groups: year, month [? ) 
=> 
=> year month day mean 
=> <int> <int> <int> <dbl> 
=> 1 2013 1 1 11. 44 
=> 2 2013 1 2 13 . 68 
=> 3 2013 1 3 10.91 
=> 4 2013 1 4 8 . 97 
=> 5 2013 1 5 5.73 
=> 6 2013 1 6 7.15 
=> # with 359 more 

C1.1eT'llllKlll 

Ka:>Kp;bIM pa3, Korp;a Bbl arperi-rpyeTe p;aHHbie, ~eneeoo6pa3HO BKITIO'IaTh B HMX 

:-'IeT'IMK Ha6n10p;eHMM B TeKyru;ei1: rpynne (n () ) MITM e'!eT'IMK OTeyTerny10w;11x 

3Ha'leHMM ( sum ( ! is . na ( x) ) ) . 3TO xopourni1: cnoco6 KOHTponJI Toro, 'ITO Baurn 

- KITIO'leHMJI 6a311py10Te5I Ha p;oeTaTO'IHO 6onhIIIOM KOITM'leeTBe p;aHHbIX. Ilpep;no-

-:o:>KMM, HanpMMep, 'ITO Hae MHTepeeyIOT eaMoneTbl (Mp;eHTMcpM~MpyeMbie no MX 

5opTOBbIM HOMepaM) e HaM60nbIIIMM epep;HMM BpeMeHeM 3ap;ep:>KKM (pi-re. 3.3). 
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delays <- not_cancelled %>% 
group_by (tailnum)% >% 
sJrnrnarize ( 

delay = mean (arr_delay ) 

ggplot (data = delays , mapping aes (x 
geom_freqpoly (binwidth = 10) 

delay ) ) + 
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' 200 
' 

300 

HvP-1ero ce6e! 0Ka3bIBaeTc5I, p;Jrn: tteKoTopbIX caMoJieToB cpep;ttee BpeMR 3a 

p;ep)KKJ1 COCTaBJ1JIO ~eJiblX 5 '-laCOB (300 Ml1HYT)! 

Ha caMoM p;ene B 3Toi1 11cTopm-1 ecTb CBOJ1 moattcbI. MbI MO)KeM paccMoTpeT 

3TY CJ1Tya~J1IO nop; p;pyr11M paKypcoM, ITOCTpOl1B p;11arpaMMY pacce5IHJ15I (Toqeq 

tty10 p;11arpaMMy), no oc5IM KOTopoi1 OTKJiap;brna10Tc5I KOJIJ1'-leCTBO aB11apei1coB J 

cpep;ttee BpeM5I 3ap;ep)KKJ1 (p11c. 3.4). 

delays <- not_cancelled %>% 
group_by (t ai lnum) %>% 
SWT1.'1larize ( 

delay = mean (arr_de lay, na.rm TRUE ) , 
n = n () 
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_:: (dnta = delays , mapping 
-~=~_point ( alpha = 1/10 ) 

300 -

200 -

100 -

o-

() 

aes (x n , y delay ) ) + 

200 400 

n 

Puc. 3.4 

B TOM, 'ITO HaMHoro 6oJibllll1M pas6poc cpep;Hero BpeMeH11 sap;ep)KKJ1 Ha6mo­

_aeTcJI )J;JIJI MeHblller o KOJI11qecTBa aB11apeiilcoB, HeT Htt'Iero yp;11B11TeJibHoro. 

3 11p; 3TOM p;11arpaMMbl BeCbMa xapaKTepeH: BCJIKJ1M pas, KOrp;a Bbl 6yp;eTe OTO­

, a)KaTb Ha rpacp11Ke saB11c11MOCTb cpep;Hero (11n11 p;pyroti: 11Tor0Boti: xapaKTe­

?HCT11K11) OT pasMepa rpyrrrrb1, pas6poc p;aHHblX yMeHblllaeTrn c yBeJI11'IeH11eM 

_ asMepa Bb16opK11. 

I1p11 aHan11se p;11arpaMM rrop;o6Horo pop;a qaCTo 11MeeT CMblCJI oTcpttJibTpoBaTb 

=pyrrrrb1 c Ha11MeHbllll1M Kon11qecTBOM Ha6mop;eH11ti:. McKJIIO'IeH11e rrpep;eJibHblX Ba­

:uau;11ti: B Ha11MeHbllll1X rpyrrrrax 06ecrre'I11BaeT 6onee 3cpcpeKT11BHoe BbrnBJieH11e 

xapaKTepHblX saKOHOMepHocTe:H. MMeHHO TaKoJ1: rrop;xop; pean11syeT rrp11Bep;eHHblM 

3J!)Ke KO,!J;, KOTOpblM TaK)Ke p;eMOHCTp11pyeT yp;o6HblM o6paseu; J1HTerpau;1111 rraKeTa 

ggplot2 B IIOTOKJ1 orrepau;11ti: dplyr (p11c. 3.5). HecKOJibKO Heyp;o6HO TO, 'ITO 3TO 

JaCTaBJIJieT rrepeKJIIO'IaTbCJI c orrepaTopa %>% Ha orrepaTop +, HO, rropa6oTaB He­

:·oTopoe BpeMJI, Bbl K HeMy rrp11BblKHeTe. 

:.elays %>% 
:ilcer (n > 25 ) %>% 
)gplot (mapp i ng = aes (x = n , y 

georr_point (alpha = 1 / 10) 
delay) ) + 
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B RStudio npe,n;ycMoTpetta none3HaJI K0Mforna1vrn KJiaBJtJ.llI <Ctrl+ 

Shift+P>. Otta nepecbmaeT pattee nepe,n;aHHbIH cpparMeHT Ko,n;a JtJ.3 

OKHa pe,n;aKTopa B OKHO KOHCOJIJtl.. 3To O'IeHb y,n;o6Ho npJtJ. Jtl.CCJie,n;o­

BaHJtJ.Jtl. BJIJtJ.JIHJtJ.JI MeJIKJtJ.X JtJ.3MeHeHJtJ.l1 B Ko,n;e. HanpJtJ.Mep, B ,n;aHHOM 

rnyqae Bbl MO:>KeTe nepe,n;aTb B OKHO KOHCOJIJtl. Beeb 6JIOK KO,D;a c no-

MOIJJ;bIO KOM6JtJ.Ha1J,JtJ.Jtl. KJiaBJtJ.llI < Ctrl+Enter>, a 3aTeM Jtl.3MeHJtJ.Tb 3Ha­

'IeHJtJ.e n JtJ. Ha:>KaTb KOM6JtJ.ttau;mo KJiaBJtJ.rn <Ctrl+Shift+P> ,D;JIJI no­

BTOpttol1 nepecbIJIKJtJ. Bcero 6JioKa. 

Cyrn;ecTByeT ,n;pyraJI qacTo BcTpeqa10rn;aJicJI pa3HOBJtJ.,D;HOCTb 3aKoHoMepttocTJtJ. 

3Toro nma. PaccMoTplilM CBJI3b Me:>K,n;y cpe,n;ttei1: pe3yJibTaTlilBHOCTbIO oT6JtJ.BaIO­

rn;JtJ.x B 6ei1c6oJie Jtl. KOJIJtJ.'IeCTBOM Jtl.X BbIXO,D;OB Ha y,n;ap. ,Il;JIJI Bbl'IJtl.CJieHJtJ.JI cpe,n;Hero 

Ko3¢¢JtJ.u;lileHTa pe3ynbTaTJt1.BHOCTJt1. oT6JtJ.BaHJtJ.l1 (KoJIJtJ.qecTBo ycnernttbIX y,n;apoB I 
KOJIJtJ.'IeCTBO nonbITOK) Ka)l(,D;OfO 6el1c6oJIJtJ.CTa fllaBHOH JIJtl.fJtl. JI lilCnOJib3yIO ,n;aHHbie 

JtJ.3 naKeTa Lahman. 
EcnJtJ. npe,n;cTaBJtJ.Tb Ha rpacpJtJ.Ke 3aBJtJ.CJtJ.MOCTb ypoBHJI MacTepcTBa oT6JtJ.BaIO­

rn;ero (JtJ.3MepJieMoro cpe,n;HJtJ.M K03cpcpJtJ.11,Jtl.eHTOM pe3yJibTaTJtJ.BHOCTJtl., ba) OT KOJIJtl.­

qecTBa B03MO:>KHOCTeM BblIIOJIHeHJilJI y,n;apa no MJI'IY (lil3MepJieMoro KOJIJtJ.'leCTBOM 

BbIXO,D;OB Ha y,n;ap, ab), TO MO:>KHO 3aMeTJtJ.Tb CJie,n;yIOrn;JtJ.e ,n;Be 3aKOHOMepHOCTJtl. 

(pJtJ.C. 3.6). 

• KaK JtJ. npe:>K,n;e, pa36poc 3Ha'IeHJtJ.M arperJtJ.poBaHHoro noKa3aTe1rn yMeHbrna­

eTcJI no Mepe yBeJIJtJ.'IeHJtJ.JI KOJIJtJ.'IeCTBa TO'IeK p;aHHblX. 



• Me:>K;n:y ypoBHeM MacTepcrna 6e:ik6om1CTa (ba) M KOJIWieCTBOM B03MO:>KHO­

CTeM: BbIIlOJIHMTb y;n:ap (ab) cyrn;ecrnyeT IIOJIO:>KMTeJibH<UI Koppemui;m:r. 3To 

rrpOMCXO;ll;MT IIOTOMy, l'.JTO KOMaH;n:a KOHTPOlIMpyeT, KTO ;n:oJI:>KeH BCTyrraTh B 

Mrpy, M BIIOJIHe ecTeCTBeHHO, l'.JTO 06h1qHo BbI6MpaIOT Jiyqurnx MrpoKOB. 

# ITpeo6pasoBaHMe ~pe~Ma B tibble -~pe~M ~nH nony~eHMH 

# KpaCMBOI'O Bb!BO~a 

batting <- as t.ibble (Lahman :: Batting ) 

batters <- batting %>% 
group_by (playerID ) %>% 
summarize ( 

ba sum (H, na.rm = TRUE ) I swn (AB , na . rm 
ab = sum (AB , na.rm = TRUE ) 

batters %>% 
fi ~ ter ( ab > 100 ) %>% 
ggplot (mapping = aes (x = ab , y ba )) + 

geom_point () + 
geom_smooth (se = FALSE ) 

#> 'geom_ smooth () ' using method 'gam' 

0.3 -
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0.1 -
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' 10000 

TRUE ), 

• 

3To TaK:>Ke MMeeT Ba:>KHhie rrocJie;n:cTBM.lI ;n:JIR paH:>KMpoBaHM.lI. EcJIM Bbl BbIIIOJI ­

m !Te copTMpOBKY ba no y6hrnaHMIO c rroMorn;bIO cpyHKIJ,MM desc () , TO YBM;ll;MTe, 
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'ITO CI1J1COK MrpoKOB, MMeIO~MX HaMJIY'IllIMM cpep;HMM K03cpqrn11MeHT pe3Y!lbTa­

TMBHOCTM, B03fJlaBJl}!IOT BOBCe He MaCTepa, a MrpoKM, KOTOpbIM rrpocTO I10Be3J10 B 

TOM He60J1bllIOM KOJlM'IeCTBe IIOIIbITOK OT6JtIBaHJtI}! MR'!a, KOTOpoe MM 6bIJ10 rrpe-

p;OCTaBJleHO. 

batters %>% 
arrange (desc (ba )) 
#> # A tibble: 18,659 x 3 
#> player ID ba ab 
#> <chr> <dbl> <int> 
#> 1 abramgeOl 1 1 
#> 2 banisjeO l 1 1 
#> 3 bartoclOl 1 1 
#> 4 bassdoOl 1 1 
#> 5 birasstOl 1 2 
#> 6 brunejuOl 1 1 
#> # ... with 1. 865e+04 more rows 

Herrnoxoe o6cy)J(p;eHMe 3Tol1 rrpo6neMbI Bbl Hal1p;eTe Ha cnep;yro~Mx ca:i1Tax: 

http: I /bit. ly /Bayesbbal VI http: I /bit. l y /notsortavg. 

none3Hble lllTOrOBbte <i>YHKL\111111 

Y)J(e op;Ho TOJlbKO MCIIOJ1b30BaHMe cpep;HMX, c tieTtIMKOB VI cyMM p;aeT p;oBOJlbHO 

MHOfO MHcpopMaQMM, HO R rrpep;oCTaBJlReT MHO)J(eCTBO p;pyrMX I10J1e3HbIX MTOfO­

BbIX (arperaTHbIX) cpyHKI\MM. 

Mepbl nono>KeH~ff 

MbI y)J(e Mcrronh30BanM cpyHKI\MIO mean (x) , op;HaKo cpyHKI\MR median (x ) 
TaK)J(e rrone3Ha. Cpep;Hee - 3TO cyMMa, p;eneHHaH Ha KOJlMtieCTBO Ha6n10p;eHMM; 

Mep;MaHa - 3TO TaKoe 3HatieHMe, 'ITO 50% 3HatieHMM x pacIIOJlO)J(eHO HJtI)J(e ero, 

a p;pyrne 50% - Bbillie Hero. 

J1Horp;a arperMpOBaHMe I10J1e3HO CO'IeTaTb c JlOfM'IeCKMM Bbip;eneHMeM rrop;Ha-

6opoB. MbI rroKa 'ITO He o6cy)J(p;anM 3TY pa3HOBMp;HOCTb Bhip;eneHMH rrop;Ha6opoB, 

op;HaKo p;aHHhIM Borrpoc rrop;po6Ho o6cy)J(p;aeTrn B pa3p;ene "Bbip;eneHMe rrop;Ha-

6opoB" rnaBbI 16. 

not cancel l ed %>% 
group_by (year , month , day ) %>% 
summarize ( 

# cpe~HRR 3a~ep~Ka 
avg_delayl = mean (arr_delay ), 
# cpe~HRR nono~MTenbHaR 3a~ep~Ka 
avg_delay2 mean (arr_delay [arr_delay > OJ) 
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= urce: local data frame [365 x 5) 
= ~roups : year, month [?) 

: > year month day avg_delayl avg_delay2 
=> <int> <int> <int> <dbl> <dbl> 
=> 2013 l l 12 . 65 32 . 5 
=> 2 2013 l 2 12 . 69 32.0 
: 3 2013 1 3 5. 73 27.7 
: 4 2013 1 4 - 1. 93 28 . 3 
: 2013 1 5 -1. 53 22 . 6 
: 6 2013 1 6 4 . 24 24.4 
: ... with 359 more rows 

epb1pa36poca: sd(x),IQR(x ), mad(x) 

C TaHAapTHOM Mepott pa36poca 3HaqeH11tt RBJIReTcR cpeAHeKBaApaT11qecKoe 

:-KJIOHeH11e, Bb1q11rnReMoe c rroMO~bIO cJ?yHKu;1111 sd ( ) . Ero HaAe:>KH bi e 3KB11Ba­

- HTbI - Me:>KKBapT11JibHbIM pa3Max (cJ?yHKu;11R IQR () ) 11 MeA11aHHOe a6coJIIOTHoe 

:1\JIOHeH11e (cJ?yHKl.J;l1R mad () ) - MoryT 6bITb 6orree ITOJie3HbI rrp 11 HaJI11q1111 BbI­

OCOB. 

: ~ qeMy onHM paCCTORHMR no rryHKTOB Ha3HaqeHMR 
: 5oJiee M3MeHqMBbl, qeM npyrMe? 
=:t cancelled %>% 

;roup _i:J~· (dest) %>% 
s-..:rrunari:e (distance sd = s~ (distance ) ) %>% 
=rrange ( d~s~ (distance 

-
sd)) 

=> l! A tibble: 104 x 2 tr 

=> de st distance sd 
-

=> <chr> <dbl> 
=> 1 EGE 10 . 54 
=> 2 SAN 10 . 35 
=> 3 SFO 10 . 22 
=> 4 HNL 10. 00 
=> 5 SEA 9 . 98 
=> 6 LAS 9 . 91 
: > ~ . .. with 98 more rows 

epb1paH>KMpoeaHMR: min(x) , quantile(x, 0.25) , max(x) 

KBaHT11rr11 - 3To 0606~eH11e MeA11aHbI. Harrp11Mep, cJ?yHKl.J;l1R quanti l e (x, 
= . 2 5 ) HaMAeT 3HaqeH11e X , KOTopoe rrpeBbllliaeT 25% 3HaqeHl1M 11 MeHbllle OCTaB­

::n11xrn 75% 3HaqeH11tt. 

~aMTM BpeMR Bb!JieTa rrepBOI'O M rrocnenHero aBMapeMCOB 
nnR Ka~noro nHR B rony 
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not cancelled %>% 
group_by (year , month , day} %>% 
summarize ( 

first = min (dep_time ), 
last = max (dep_time } 

} 

#> Source: local data frame [365 x 5] 
#> Groups: year, month ( ?] 
#> 
#> year month day fi rst last 
#> <int> <int> <int > <int> <int> 
#> 1 2013 1 1 517 2356 
#> 2 2013 1 2 42 2354 
#> 3 2013 1 3 32 2349 
#> 4 2013 1 4 25 2358 
#> 5 2013 1 5 14 2357 
#> 6 2013 1 6 16 2355 
#> # ... with 359 more rows 

nopHAKOBble Mepbl: first (x) , nth (x, 2) , last (x) 

3n1 cpyHKIJ;MM pa6oTaIOT aHaJiorwrno Bbipa)l(eHMJIM x [ 1] , x [ 2 ] H 

x [length ( x) ] , HO no3BOJIJIIOT 3a,ll;aTb 3HaqeH11e no yMoJiqaHMIO, ecJIM yKa3aHHOlt 

I103t1IJ;t1t1 He cyiu;ecTByeT ( CKa)l(eM, eCJIM Bbl IlbITaeTeCb TIOJiyqMTb TpeTMM 9JieMeHT 

rpynnhI, Hacq11Tb1Ba10iu;el1: TOJibKO ,ll;Ba 9JieMeHTa) . Hanp11Mep, MhI MO)l(eM HaMTH 

BpeMJI BhIJieTa nepBoro 11 norne,I1;Hero aB11apel1:coB ,ll;JIJI Ka)l(,ll;Oro ,ll;HJI B ro,ll;y. 

not cancelled %>% 
group_by (year , month , day} %>% 
summarize ( 

first_dep = first (dep_time ) , 
last_dep = last (dep_time ) 

} 

#> Source: l ocal data frame [365 x 5] 
#> Groups: year , month ( ?] 
#> 
#> year month day first _dep last_dep 
#> <int> <int> <int> <int> <int> 
#> 1 2013 1 1 517 235 6 
#> 2 2013 1 2 42 23 54 
#> 3 2013 1 3 32 23 49 
#> 4 2013 1 4 25 2358 
#> 5 2013 1 5 14 2357 
#> 6 2013 1 6 16 2355 
#> # . . . with 359 more rows 



3 n r ¢YHKIJ;J1J1 51BlUIIOTC5I KOMnrreMeHTapHbl MJ1 no OTHOIIIeHJ1IO K ¢ 11rrbTpau;1111 

attry. C noMOIIJ;bIO ¢11rrbTpa Bbl norryqaeTe Bee nepeMeHHble, n pw-1eM Ka)K,n;oe 

-6.110,n;ett11e pacnorraraeTrn B oT,n;errbHOH cTp oKe. 

_: cancelled %>% 
-=:~p_by ( year , month , day ) %>% 
;:ate (r = min_rank (desc (dep_t i me ) )) %>% 

_::ter (r %in% range (r )) 
= S urce: local data frame (770 x 20] 

Groups: year, month, day [365] 

=> 
=> 
=> 

year month day 
<int> <int> <int> 

dep_time 
<i nt> 

517 
23 56 

42 
23 54 

32 
23 49 

sched_dep_t i me dep_delay 
<i nt> <dbl > 

2013 1 1 515 2 
= 2 2013 

2013 
1 
1 
1 
1 
1 

1 
2 
2 
3 
3 

2359 - 3 

: 4 2013 
s 2013 

=> 6 2013 

2359 
2359 
2359 
2359 

=> ll • • • with 764 more rows, and 13 more var i ables: 
=> arr_time <int> , sched arr t i me <int> , 
=> F. arr_delay <dbl>, carrier <chr> , flight <int> , 
=> tailnum <chr> , origin <chr>, dest <chr> , 
=> F. air_time <dbl>, dis t ance <dbl> , hour <dbl>, 
=> # minute <dbl>, time hour <dttm> , r <int> 

C"! ef\IVIKVI 

43 
- 5 
33 

- 10 

Pattee Bbl y)Ke no3HaKOMl17Il1Cb c cpyttKu;11e!f n ( ) , KOTopaR He np11tt11MaeT ap­

r:·YieHTOB 11 B03Bp aru;aeT pa3Mep TeKyru;e!f r pynnbr. ,IJ;rrR no,n;cqeTa Korr11qecTBa 

3Ha'1eHJ1H, tte RBlIRIOru;11xrn OTCYTCTBYIOIIJ;l1Ml1, 11cnorrb3YHTe ¢YHKIJ;l1IO sum ( ! is. 
:-.a (x) ) . ,IJ;rrR no,n;cqeTa KOlIJ1'1eCTBa pa3rrJ1qHblX (yHMKalibHblX) 3HaqeHl1H J1CTIOlib-

3)i1Te ¢YHKIJ;l1IO n_dist inct (x) . 

: KaK!1e nyHKTbl Ha3Ha1.leHl1!1 l1Me!OT Hal160J1bll!ee KOJ1l11.leCTBO 

= nepeB031.ll1KOB? 

~ot cance lled %>% 
group_by (des t ) %>% 
summarize (carriers = n_distinc~ ( carrier )) %>% 
arrange (desc (car r i e r s)) 

=> # A tibble: 104 x 2 
=> de st car riers 
=> <chr> <int> 
=> 1 ATL 7 
=> 2 BOS 7 
=> 3 CLT 7 
=> 4 ORD 7 
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#> 5 TPA 7 
#> 6 AUS 6 
#> # ... with 98 more rows 

0IeT'Il1Kl1 HaCTOJibKO TIOJie3HbI, 'ITO naKeT dplyr p;a)l(e npep;OCTaBmJeT npocT 

BCTIOMOraTeJibHYJO cpyHKll,MIO Ha TOT rnyqai1:, ecJIM Bee, 'ITO BaM HY)l(HO, - TOJibK 

TIO,IJ;C'IMTaTb 3Ha'IeHJ1.fl. 

not cancelled %>% 
count (dest ) 

#> # A tibble: 104 x 2 
#> de st n 
#> <chr> <int> 
#> 1 ABQ 254 
#> 2 ACK 264 
#> 3 ALB 418 
#> 4 ANC 8 
#> 5 ATL 16837 
#> 6 AUS 2411 
#> # ... with 98 more rows 

Bbl MO)l(eTe npep;ocTaBMTb cpyttKll,MM count () Heo6.fl3aTeJibHbii1: BecoBoi1 KO 

::i¢¢11u,11eHT. Hanp11Mep, MO)l(HO 11cnoJib30BaTb 3TY B03MO)l(HOCTb ,IJ;JI.fl "nop;cqe 

Ta" (cyMMMpoBaHM.fl) o6ru;ero KOJIM'IeCTBa Ml1Jlb, KOTopoe HaJieTaJIO B03,IJ;YIIIHO 

cyp;HO. 

not cancelled %>% 
count (tailnum, wt = distance ) 

#> # A tibble: 4,037 x 2 
#> tailnum n 
#> <chr> <dbl> 
#> 1 D942DN 3418 
#> 2 NOEGMQ 239143 
#> 3 N10156 109664 
#> 4 N102UW 25722 
#> 5 N103US 24619 
#> 6 N104UW 24616 
#> # .. . with 4,031 more rows 

noAC'feT KOnllt'feCTBa "'AOne171norn'feCKlllX3Ha'feHM171: sum (x > 10) , mean (y = 0) 

Korp;a OHM 11cnorrb3YJOTC.fl- c 'IMCJIOBbIMM cpyttKll,M.flMM, 3Ha'Iett11e TRUE npeo6 

pa3yeTrn B l, a 3Ha'Iett11e FALSE - B 0. 3rn p;erraeT cpyttKll,MM sum () M mean () 

BeCbMa norre3HbIMM: sum(x) p;aeT KOJIM'IeCTBO 3Ha'IeHMi1: TRUE B x , a mean (x ) 

MX OTHOCMTeJibHYJO ,IJ;OJIJO. 



- -- Jlb!<:O aB Y!apet1coB 6bIJIO OTnpaBJieHO .uo 5 qacOB yTpa? 
::. 6 b!l·IHO 3TO 3a,nep1KaHHble aBY1apei1CbI c rrpOllIJIOI10 ,I:l;H?:I. ) 

_:: cancelled %>% 
-.::;up_by (year , month , day ) %>% 
s~-runarize ( n_early = sum (dep_time < 500 )) 

= ource: l ocal data frame [365 x 4] 
= :;roups: year , month [ ?] 
= 
=> year month day n_early 
=> <int> <int> <int> <int> 
= 1 2013 1 1 0 
= 2 2013 1 2 3 
=> 3 2013 1 3 4 
=> 4 20 13 1 4 3 
=> 5 2013 1 5 3 
=> 6 2013 1 6 2 
=> tr with 359 more rows 

= :ar<:oBa .UOJIR aBY!apet1coB, 3a,uepzaHHHX 6onee tieM Ha O.UY!H qac? 
~ = ~ cancelled %>% 

;roup_by (year , month , day) %>% 
summarize (hour_perc = mearr (arr_delay > 60 )) 

=> Source: local data f rame [ 365 x 4] 
=> Groups: year , month [?] 
=> 
=> year month day hour perc 
=> <int> <int> <int> <dbl> 
=> 1 2013 l 1 0.0722 
=> 2 2013 1 2 0.0851 
=> 3 20 13 1 3 0.0567 
=> 4 2013 1 4 0 . 0396 
=> 5 2013 1 5 0.0349 
=> 6 2013 1 6 0.0470 
=> # ... with 359 more r ows 

rpynm11poBaHV1e no HeCKOnbKlllM nepeMeHHblM 

Korp;a Bbl rpynn11pyeTe Ha6op p;aHHhIX no HeCKOllhKMM nepeMeHHhIM, Ka:>Kp;hn1 

.:cp opM11poBaHHbU1: J1TOr yMeHblliaeT KOJIWieCTBO ypoBHe:i1 rpynn11poBKJ1 Ha ep;11-

3ltl~Y· 3To ynpo~aeT nornep;oBaTeJibHoe CBepTbrnaH11e tta6opa p;aHHhIX. 

~a ily <- group_by (flights , year , month , day ) 
?er_day <- s~~IBarize ( daily , fl ights = rr ())) 

=> Source : l ocal data frame [365 x 4] 
=> Gr oups : year , month [?] 
=> 
=> year month day flights 
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<int> <int> 
2013 1 
2013 1 
2013 1 
2013 1 
2013 1 

<int> 
1 
2 
3 
4 
5 

<int> 
842 
943 
914 
915 
720 

#> 
#> 1 
#> 2 
#> 3 
#> 4 
#> 5 
#> 6 
#> # 

2013 1 6 832 
... with 359 more rows 

(per_month <- SUI!Lmarize (per_day , flights surn (flights ))) 
#> Source: local data frame (12 x 3] 
#> Groups: year [?] 
#> 
#> year month flights 
#> <int> <int> <int> 
#> 1 2013 1 27004 
#> 2 2013 2 24951 
#> 3 2013 3 28834 
#> 4 2013 4 28330 
#> 5 2013 5 28796 
#> 6 2013 6 28243 
#> # ... with 6 more rows 

(per_yea r <- summarize (per_month , flights sum (flights ))) 
#> # A tibble: 1 x 2 
#> year flights 
#> <int> <int> 
#> 1 2013 336776 

Byp;bTe oco6eHHO BHVIMaTeJihHhI rrpvi rrocne,n;oBaTeJibHOM cBepTbrnaHvivi VIToroB 

::iTa orrepau;viR 6e3orracHa B rnriae cyMMvipoBaHviR vi rro,n;c'IeTa, HO BaM cne,n;ye 

rrpo,n;yMbIBaTb Bee, 'ITO CB5I3aHO c Bbl'IVICJieHVIeM B3BellleHHbIX cpe,n;HVIX VI ,n;vicrrep 

CHM, a KpoMe Toro, 3TO HeB03MO)l<H0 TO'IHO c,n;eJiaTb B cJiy'Iae TaKVIX OCHOBaHHbl 

Ha paH)l<HpoBaHVIVI CTaTVICTVIK, KaK Me,n;viaHa. ,Il;pyrviMVI CJIOBaMl1, cyMMa rpyrrrro 

BhIX cyMM paBHa o6ru;ei1: cyMMe, HO Me,n;waHa rpyrrrrOBhIX Me,n;waH He paBHa o6ru;e:C 

Me,n;waHe. 

Pa3rpynnMposaHMe 
Ernw BaM Heo6xo,n;11Mo ycrpaHMTb rpyrrrrwpoBaHwe 11 BepHyThC5I K orrepau;MRJ\ 

Hap; HecrpyrrrrwpoBaHHbIMl1 ,n;aHHbIMl1, l1CI10Jib3YMTe cpyHKIJ;l1IO ungroup () . 

daily %>% 
ungroup () %>% 
summarize (fl ights n ()) 

#> # A tibble: 1 x 1 

# 6onbrne He rpynrrMpoBaTb no ~aTe 
# Bee peil:!cbr 
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:'lights 
<int> 

336776 

pa>1<HeH111R 

:=-JpepJIO)l(J!ITe He MeHee nHTJ!I cnoco6oB ,n;ocTyna K TJ!InJ!IqHhIM xapaKTepMcTM­

·aM BpeMeHJ!I 3a,n;ep)l(KJ!I ,n;JIH rpynn aBMape:HcoB. PaccMoTpMTe rne,n;y10rn;Me 

- u;eHapMM: 

• aBMapei1.cb1, orrepe)l(aIOrn;J!Ie rpacl>MK Ha 15 MMHYT B 50% rnyqaeB, JiI aBMape:H­

ChI, OTCTaIOrn;J!Ie OT rpacl>J!IKa Ha 15 MJ!IHYT B 50% rnyqaeB; 

• aBMape:i1Cbl, KOTOpbie TIOCTOHHHO orra3,D;bIBaIOT Ha 10 MJ!IHyT; 

• aBMape:HcbI, onepe)l(aIOrn;Me rpacl>J!IK Ha 30 MJ1HYT B 50% rnyqaeB, JiI aBMape:H­

ChI, OTCTaIOrn;J!Ie OT rpacl>J!IKa Ha 30 MJ!IHYT B 50% rnyqaeB; 

• aBMape:HcbI, KOTOpb1e B 99% cnyqaeB yKna,n;hrnaJIJ!ICh B rpacl>MK JiI B 1 % cnyqa-

eB orra3p;brnaJIJ!I Ha 2 qaca. 

KaKo:i1 cl>aKTop HBJIHeTcH 6onee Ba)l(HhIM: 3a,n;ep)l(Ka npM6hITJ!IH J!IJIJ!I 3a,n;ep)l(Ka 

OTrrpaBKJ!I aBMape:Hca? 

ITpe,n;JIO)l(J!ITe ,n;pyroi1 no,n;xo,n;, 06ecrreqJ!IBa10rn;M:i1 TOT )l(e Bhrno,n;, qTo JiI cne­

;:i;y10rn;M:i1 Ko,n;: not_cancelled %>% count(dest) JiI not_cancelled %>% 

::ount (tailnum, wt= distance) (6e3 J!ICIIOJih30BaHMH <l>YHKIJ;J!IJ!I count () ) . 

• Hawe orrpe,n;eneHMe OTMeHeHHhlX aBMape:HcoB (is.na(dep_ delay) 
.:..s. na (arr_ delay) ) JIMWh 6JIM3KO K orrTMMaJibHoMy. f1oqeMy? KaKo:i1 CTOJI-

6eu; HBJIHeTCH caMbIM Ba)l(HbIM? 

Ha:i1,n;MTe KOJIJ!IqecTBO e)l(e,n;HeBHO OTMemreMhIX aBMape:HcoB. Y,n;anocb JIM BaM 

3aMeTJ1Th KaKJ!Ie-nM6o 3aKOHOMepHOCTJiI? CBH3aHa JIJ!I ,n;onH OTMeHeHHhIX aBJ!Ia­

pe:HcoB co cpe,n;HMM BpeMeHeM 3a,n;ep)l(KJ!I? 

- KaKo:i1 rrepeBo3qJ!IK qarn;e ,n;pyrnx ,n;onyCKaJI 3a,n;ep)l(KJ!I? 3a,n;aqa: MO)l(eTe JIJ!I Bbl 

pa3p;eJIJ!ITb 9<l><l>eKTbl IIJIOXJ!IX a9porropTOB Ji[ IIJIOXJ!IX rrepeB03qJ!IKOB? f1oqeMy 

9TO B03MO)l(HO (JiIJIJ!I HeB03MO)l(HO)? ITo,n;cKa3Ka: rropa3MhIWJIH:i1Te Hap; cne,n;y­

IOllJ;J!IM KO)J;OM: 

flights %>% group_by (carrier , dest ) %>% SUJ.Tunarize (n ( )) 

' ITo,n;cqJ!ITai1Te p;nH Ka)l(p;oro B03,n;ywHoro cy,n;Ha KOJIJ!IqecTBO aBMape:HcoB, co­

BepweHHhIX ,n;o rrepBo:i1 3a,n;ep)l(KJ!I 6onee qeM Ha 1 qac. 
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7. KaKoBo Ha3Ha'-l:em1e apryMeHTa sort cpyHKlVH1 count () ? Kor)J;a BaM MO)!(e 

ITOHa)J;06HTbC5I HCI10Jlb30BaTb ero? 

rpynnoeoe BH.QOH3MeHeHHe (H ci>HnbTpaQH11) 
fpyrrrrupoBaHHe HaH6onee ITOJie3HO rrpHMeH>ITb B CO'-J:eTaHHJ,1 c cpyHKI.J;He . 

sununari ze () , HO TaK)!(e cyll.\eCTBYIOT orrepan;HH, B KOTOpbIX ero YA06Ho rrpHMe­

H5ITb COBMeCTHO c cpyHKI.J;H>IMH mutate () M filter () . 

• Hai1TH '-J:JleHbl Ka)!(,ll;OH rpyrrrrhI , HMelOll.\l1e HaHxy)J;nrne ITOKa3aTeJIJ1. 

flights_sml %>% 
group_by (year , month , day ) %>% 
filter (rank (desc (arr_delay )) < 10 ) 

#> Source: l ocal data frame [3, 306 x 7] 
#> Groups: year , month, day [365] 
#> 
#> year month day dep_delay arr delay distance 

-
#> <int> <int> <int> <dbl > <dbl> <dbl> 
#> 1 2013 1 1 853 851 184 
#> 2 2013 1 1 290 338 1134 
#> 3 2013 1 1 260 263 266 
#> 4 2013 1 1 157 174 213 
#> 5 2013 1 1 216 222 708 
#> 6 2013 1 1 255 250 589 
#> # ... with 3, 300 more rows, and 1 more variables: 
#> # air time <dbl> 

-

• Hai1TH Bee rpyrrrrhl, KOTOpbIM COOTBeTCTByeT npeBbillleHMe rroporoBoro 3Ha­

'-J:eHH5I. 

popular_dests <- flights %>% 
group_by (dest ) %> % 
filter (n () > 365 ) 

popular_dests 
#> Source: local data frame [332,577 x 19] 
#> Groups: dest [77] 
#> 
#> year month day dep_time sched_dep_time 
#> <int> <int> <int> <int> <int> 
#> 1 2013 1 1 517 515 
#> 2 2013 1 1 533 529 
#> 3 2013 1 1 542 540 
#> 4 2013 1 1 544 545 
#> 5 2013 1 1 554 600 
#> 6 2013 1 1 554 558 

dep_de lay 
<dbl > 

2 
4 
2 

-1 
- 6 
-4 



=> # 
=> # 
=> # 
=> # 
=> # 
=> # 

... with 3.326e+05 more rows , and 13 more variables: 
arr_time <int>, sched_arr_time <int>, 
arr_delay <dbl >, carrier <chr>, flight <int>, 
tailnum <chr>, origin <chr>, dest <chr>, 
air_time <dbl>, distance <dbl>, hour <dbl>, 
minute <dbl>, time_hour <dttm> 

• C TaH,ri;apT113oBaTb ,D;JIR BbI'IMCJieHMR MeTpMK rpyrrrr. 

popular_dests %>% 
filter (arr_delay > 0) %>% 
mutate (prop_delay = arr_delay I sum (arr_de l ay )) %>% 
select: (year : day , dest , arr_delay, prop_de l ay) 

#> Source: local data frame [131 , 106 x 6] 
#> Groups: de st [77] 
#> 
#> year month day de st arr_delay prop_delay 
#> <int> <int> <int> <chr> <dbl> <dbl> 
#> 1 2013 1 1 IAH 11 1. lle-04 
#> 2 2013 1 1 IAH 20 2.0le-04 
#> 3 2013 1 1 MIA 33 2.35e-04 
#> 4 2013 1 1 ORD 12 4.24e- 05 
#> 5 2013 1 1 FLL 19 9.38e- 05 
#> 6 2013 1 1 ORD 8 2.83e-05 
#> # ... with 1. 311e+05 more rows 

f pym10BaR qmnbTpau;1rn - 3TO TO )Ke caMoe, 'ITO rpymrnBoe l13MeHett11e, BCJie,ri; 

- KOTOpbIM BbIIIOJIH5leTC5l o6bI'!Ha.l! cp11JibTpau;115I. 06bI'IHO 5l J136eraIO J1CTIOJ1b30-

- 2.:Tb ,ri;aHHYIO orrepau;1110, 3a J1CKJIIO'IeHJ1eM CJiyqaeB, Kor,ri;a Tpe6yeTC5l BbIIIOJIHJ1Tb 

-- Kopy10 pyKy KaK11e -n1160 MaH11rrynRu;1111: 11Ha'Ie Tpy,ri;Ho rrp0Bep11Tb, 'ITO MaHM-

-l_HIJ;J1J1 6bIJIJ1 BbIIIOJIHeHbl npaBJ1JlbHO. 

,J;JIR COBMeCTHOfO J1CITOJib30BaHJ15l c rpyrrrrOBbIMJ1 BJ1,lJ;OJ13MeHeHJ15IMJ1 J1 cp11Jib­

~aY!J1 Ha116onee eCTeCTBeHHbIM o6pa30M IIO,D;XO)J;RT TaK Ha3bIBaeMbie OKOHHbie 

; ;l-IKIJ;J1J1 (B OTJIJ1'IJ1e OT arpernpyIOIIJ;J1X ¢YHKIJ;J1M, J1CITOJ1b3yeMbIX )J;J15l rroJiyqeHJ15l 

.OfOBbIX ,ri;aHHbIX). ,UJIR nonyqeHJ15l 6onee no,ri;po6HOM l1HcpopMau;m1 0 ITOJie3HbIX 

.·o HHbIX cpyttKIJ;MRX BbIIIOJIHMTe KOMaH,ri;y vignette ("window-functions" ). 

npa>KHeHlllR 

ITpocM0Tp11Te rrpe,D;bI,D;YIIJ;MM MaTep11an, rrocBRIIJ;eHHbIM cpyHKIJ;MRM, 11crrOJib3Y­

eMbIM COBMeCTHO c ¢YHKIJ;J15IMJ1 mutate () J1 filter ( ) . 0ITJ1IIIJ1Te, KaK J13 -

MeHReTC5l Ka)l(,D;a5l orrepau;J15I, ecJIJ1 OHa BbIIIOJIH5leTC5l B CO'IeTaHJ1J1 c rpynn11 -

poBaHJ1eM. 
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2. KaKoe B03,n;ynrnoe cy,n;Ho (tailnum) 11MeeT Ha11xy,n;lllJAe noKa3aTe71JA co6mo,n;e 

Hl151 rpa¢JAKa? 

3. KaKoe BpeM51 Bbl Bb16pa71JA 6b1 ,D;7151 BbIJieTa KaK HaJA6o71ee 671aronpJA51THoe ,n; 

Toro, '-IT06b1 1136e)l(aTb 3a,n;ep)l(KJA? 

4. Pacc'IMTaMTe cyMMapHyro ,z:i;;rnTeJibHOCTb 3a,n;ep)J(eK B MMHyTax ,n;nH Ka)J(,n;or 

nyHKTa Ha3Ha'IeHJA51. Pacc'IJATal1Te p;7151 Ka)l(,n;oro aB11apel1ca OTHOCJATe71bHYIO 

,n;omo ero cyMMapHoro BpeMeHJA 3a,n;ep)l(eK c npJA6blTJAeM B nyHKT Ha3Ha'-IeHM51. 

5. ,[(7151 3a,n;ep)l(eK xapaKTepHo Ha7111'IJAe Koppe71mi;m/1 BO BpeMeHJA: ,n;a)l(e noCJie 

ycTpaHeHJA51 npo671eMbl, Bbl3BaBI.llel1 nepBoHa'Ia71bHYIO 3a,n;ep)l(Ky, 6071ee no3,n;­

HJAe peMCbl 3a,n;ep)l(JABaIOTC51 )J;7151 Toro, '-IT06bl npe,n;ocTaBJATb B03MO)l(HOCTb Bbl-

71eTeTb 6071ee paHHJAM. <DyHKIJ;J151 lag () TI03B07151eT JACCJie,n;oBaTb CB513b Me)l(,D;)" 

3a,n;ep)l(KOM KOHKpeTHOrO aBJAapewca J1 3a,n;ep:>KKOM aBJAapewca, KOTOpblM 6bIJI 

OTnpaB71eH Henocpe,D,CTBeHHO nepe,n; HJAM. 

6. Mo)l(eTe 71JA Bbl orrpep,e71JATb ,D,7151 Ka)l(p;oro n yHKTa Ha3Ha'IeHJA51 aBJAapel1cbI 

TIO,D;03pJATe71bHO Ma71blM BpeMeHeM IT071eTa? (3 TO MO)l(eT yKa3bIBaTb Ha ITOTeH­

IJ;JAa71bHble Oll!JA6KJA, ,n;orryw,eHHble rrpJA BBo,n;e p;aHHblX.) Pacc'mTarl!Te BpeM>I 

rrpe6brnaHJA5l B B03p,yxe aB11apeM:coB JA BbI5ICHJATe, KaKJAe JA3 HJAX xapaKTepJA3y­

IOTC51 HaJA6071bllleM 3a,n;ep)l(KOM BO BpeM51 TI071eTa? 

7. HaJ1,n;JATe Bee rryHKTbl Ha3Ha'-IeHJA51, KOTOp bre 06c71y)l(JABaIOTCJI no Kparl!Hd1 

Mepe ,D;BYMH aBJAarrepeB03'IJAKaMJA. J.1crr071b3YMTe 3TY l1H¢opMaIJ;JAIO ,D;71H paH­

)l(JApOBaHJAJI rrepeB03'-IJ1KOB. 
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rnABA 4 

OpraHM3a'-'MH pa60L1ero 
npo'-'ecca: cKpMnTbl 

3 rrpe,n;bl,lJ,Ylll,11X rnaBaX Bbl BbIIIOJIHRJIJ1 KO,[l, B OKHe KOHCOJIJ1. ,Il;JIR Haqana 3TO 

- '.10 y,n;o6Ho, HO KaK TOJibKO Bbl rrp11cTyrrwTe K pa6oTe c 6onee CJIO)l(HblMJ1 ,n;11a­

: ::... lYiaMJ1 ggplot2 J1 KaHaJiaMM dplyr, TO BCKOpe y6e,n;11TeCb, qrn 3TO ,n;ocTaBJIReT 

- Tu11rne Hey,n;o6cTBa. McrroJib30BaHwe OKHa pe,n;aKTopa cKp11rrToB (cu;eHapweB) rro-

- ,15IeT 3Haq11TeJibHO pac11rnp11Tb pa3Mepb1 ,n;oCTyrrHoro pa6oqero rrpoCTpaHCTBa. 

-_:-o6bl OTKpblTb pe,n;aKTOp CKp11I1TOB, rn,eJIKHJ1Te Ha rryHKTe Memo File (<DaH:n), 

3aTeM rrnrne,n;oBaTeJibHO Bb16epwTe rryHKTbl New File (Co3,n;aTb cpaH:n) w R script 

;: - KpMrrT), n1160 BOCI10Jib3YMTeCb KOM611Hau;11ei1 KJiaBJ1lll <Ctrl+Shift+N>. Te­

- -. b B BaIIIeM pacrropR)l(eH1111 6y,n;yT qeTb1pe rraHen11 (p11c. 4.1). 

Pe,n;aKTop cKp11rrTOB rrpe,n;ocTaBnReT Ben11KonerrHb1e B03MO)l(HOCTJ1 ,n;nR pa60-

MHTepecy10rn,11M Bae KO,[l,OM. Dpo,n;OJI)l(aMTe J1CITOJib30BaTb KOHCOJib ,[l,JIR TOfO, 

- _o6bl 3KCrrep11MeHT11poBaTb c KO,[l,OM, HO KaK TOJibKO Bbl rronyq11Te Bap11aHT KO,n;a, 

ropb1r1: ,n;enaeT TO, qTo BaM HY)l(HO, rrepeMecT11Te ero B pe,n;aKTop cKp11rrToB. 

: - tudio aBT0MaT11qecK11 coxpattReT ero co,n;ep)l(11Moe rrp11 3aBepIIIett1111 pa6oqero 

~ca 11 aBTOMaTwqecK11 3arpy)l(aeT ero rrp11 rrOBTOpttoM OTKpb1T1111 RStudio. TeM 

- ~ Yrettee 6y,n;eT tterrnoxo, ecnw Bbl Bb1pa60TaeTe rrp11Bb1qKy perynRptto coxpaHRTb 

~ow CKp11I1Tbl J1 C03,[l,aBaTb J1X pe3epBHbie KOI1J1J1. 



_ .. Add1M • 

' ' mpg - plot.R 

Xiurce on Save ' ; • .. Run 

1 library( 99plot2) 

~ y9;1lot( mp9 .w~.( x - di-;p1 . y =- hwy}) ... 
9ro:n_prdnt{~t"~( ro1ou r - class )> 

Pe.nan op 
_ "i·• ( ven. 

f console 
,, iibr.ry(q9ploU) 
> \l~plot(rniJ~. "~~(x - :.lhvl, y - hlo'y)) + 

~,wrn:1_p1dut(.1t''>(c11ln11r ;: rl,1-,·.)) 

KOHCOflb 

Source • 

R~t-

Environment History 

Import Dataset • ... 

... , Giobaf Environment .. 

I Files Pion Packages Help Viewer 

i' Zoom - Export .. 0 

I 
JQ • . :: . ~ . ... .,.. .... 

I ,,_ 
~. :: :-· 
~ -: ·. 

~ .. . 
. : 

.. ·-. . . . . . . 
J Bo1eni:_'. 

. . . ~ . . 
d1spl 

Puc. 4.1 

U5t -

r,lass 

• 2~catcr 

a compnc! 

• m1d!'.i7.~ 

minrmn 

• S!l'J 

Pep;aKTop cKpHrrToB oTnwrno rrop;x:op;HT p;JIJI co3p;aH1i1JI cJIO)KHbIX p;HarpaMM na 

KeTa ggplot2 l1Jll1 )J;Jll1HHbIX IIOCJiep;oBaTeJibHOCTe:i1 KOMaHp; naKeTa dplyr. ,IJ;JIJI 3cp· 

cpeKTl1Bttoro 11cnoJib30BaHli1JI pep;aKTopa cKp11rrTOB BaM HY)KHO 3anoMHl1Tb op;H 

113 HaH6onee Ba)KHbIX K0Mforna~11:i1 KJiaB11IU: <Ctrl+Enter>. Otta 06ecrrel.J11Bae1 

BbITIOJIHeH11e B OKHe KOHCOJI1i1 TeKyI.Qero R -Bbipa)Kemrn. Bo3bMeM, Hanp11Mep, rrp11 · 

Bep;eHHbIM HJi1)Ke KOp;. EcJil1 Kypcop HaXO)J;l1TC5I B TI0311~1111 ,, Ha)KaTlile KJiaBl1 

<Ctrl+Enter> npHBep;eT K 3anyCKy nonttoi1 KOMaHp;bI not_ cancelled. ITpH 3TO 

Kypcop rrepeMeCTli1TC5I K CJiep;yJOI.Qei1 l1HCTPYK~l11i1 (Hal.Jl1HaJOI.Qe:i1rn c Bbipa)KeHl1JI 

not_ cancelled %>% ). 3Ta oco6ettttocTb ynpoI.QaeT BbITIOJIHett11e Bcero c~ettap 

nyTeM IIOBTOpHoro Ha)KaTJ15I KOM611Ha~1111 KJiaBl1Ill <Ctrl+Enter>. 

library (dplyr ) 
library (nycflightsl3 ) 
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~_-ancelled <- flights %>% 
=-~:er (! : s.na ( dep_delay ) I, ! :s.~a (arr_delay)) 

: :::ance lled %>% 
-_::·.:.p_by (year , month , da y ) %>% 
---=arize (mean = ~ean ( dep_de lay )) 

B :'vieCTo Toro 'IT06b1 noenep;oBaTeJibHO BbITIOJIHHTb op;Hy .11HeTpyK1J;I4IO 3a p;py­

-r :\10)1(H0 BbITIOJIHYITb Beeb e11,eHap.11i1: 3a O,D;YIH pa3 . .Il:JIJI 9TOrO rnep;yeT Ha)l(aTb 

_.~6 .11Ha11,.1110 KJiaBYilll <Ctrl+Shift+S> . 3To OTJIYI'IHblH erroeo6 KOHTPOJIH Toro, 'ITO 

:UeHap.11i1: BKJIIO'IeHbl Bee Ba)l(Hble KOMIIOHeHTbl Balllero KOp;a. 

:\ I bl peKOMeHp;yeM Beerp;a Ha'IYIHaTb eBOM e11,eHap.11i1: e yKa3aHYIR: Heo6xop;YIMblX 

---e TOB. Enarop;ap5I 9TOMY JIIO,D;YI , e KOTOpblM.11 Bbl nop;eJIYITeeb CBOYIM KO,D;OM, epa­

:iKe YBYI,D;HT, KaK.11e naKeTbl YIM Heo6xop;.11Mo yeTaHOBYITb. Op;HaKo HYIKorp;a He 

~ • J.IO<Iai1Te B Kop; eoBMeeTHO .11enOJib3yeMoro eKpYinTa .11HeTpyK11,.11.11 Hanop;o6.11e 

_ -_5 ::.all. packages () YIJIYI setwd () . Tip.11Hyp;.11TeJibHoe YI3MeHeH.11e HaCTpoeK Ha 

' OM KOMTibIOTepe Hep;onyeTYIMO! 

5I HaeTOJITeJibHO peKOMeHp;yro , 'IT06b1 pa6oTy e KO,D;OM, np.11Bep;eHHblM B TIOCJie­

~111,YIX rnaBax, Bbl Beerp;a Ha'IYIHaJIYI B OKHe pep;aKTOpa eKpYITITOB YI npaKTYIKOBa­

~. - b B .11enOJib30BaHYIYI KJiaBYiaTypHblX eoKpa111,eHYIM. Co BpeMeHeM OTnpaBKa KOp;a 

- KOHeOJib on.11eaHHblM enoeo6oM eTaHeT p;JIR Bae HaeTOJlbKO eeTeeTBeHHOM, 'ITO 

µ;a)l(e He 6yp;eTe 06 9TOM 3ap;yMbIBaTbe5I. 

arHOCTH11ecKMe cpeACTBa RStudio 
P ep;aKTOP eKpYITITOB Bblp;eJIHeT e .11HTaKe.11qeeK.11e 011IYI6KYI BOJIHYieTOM KpaeHOM 

~nrnei1 YI TIOMetiaeT eOOTBeTeTByro111,.11e CTpOKYI KpeeTYIKOM CJieBa (p.11e. 4.2). 

:> 

4 x y ) _-_ 10 
5 

Puc. 4.2 

HaBep;R: yKa3aTeJib Mbllll.11 Ha 9TOT KpeeTYIK, Bbl TIOllJ'IYITe nop;eKa3KY OTHOeYI­

:- ;Jb HO B03MO)l(HblX npYI'IYIH B03HYIKHOBeHYI5I 011IYI6KYI (p.11e. 4.3). 

4 x y_ <_-:- 10 

1 unexpected token 'y' I 
, unex pected toke n '< -' ! 

Puc. 4.3 

rnasa 4. OpraH1113a4~rn pa6oyero npo4ecca: CKplllnTbl 129 



RStudio TaK>Ke 11ttcpopM11pyeT Bae o ttan wrn11 rroTeH~J1aJibHbIX rrpo6ne 

(p11e. 4.4). 

17 3 == NA 

1 use 'is. na' to check wh;th~~~-;p-r es~io-;-e-~~l~;t-;s t~l 
1 NA 
2- -----------------------------' 

Puc. 4.4 

Ynpa>KHeHLUI 

1. I1oeeTJ1Te Ml1Kpo6nor RStudio Tips B TBMTTep e (@rstudiotips), eo.n;ep)Ka 

III,MM eoBeTbI no 11errOJih30Bamno RStudio, 11 Bb16ep11Te TOT 113 Hl1X, KOTOpbn 

Bae 6oJibIIIe Beero 3al1HTepeeoBaJI. I1orrpaKTMKy :i1:Teeb B ero HerroJib30Batt1111! 

2. 0 KaKl1X .n;pyrnx pacrrpoeTpatteHHbIX BH.n;ax 0III1160K l1HcpopMHpyeT RStudi 

B eBOJ1X ,IJ;l1arHOeTJ1'!eeKl1X eoo6III,eHJ1JIX? lfro6bI BbrneHJ1Tb 3TO, rrepe:i1:p;J1Te IT 

a.n;peey http: I /bit. ly /RStudiocodediag. 
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rnABA s 

B 3TOM rnaBe 6y,n;eT rroKa3aHo, KaK opraHl130BaTb rrpe,n;BapMTeJibHblM aHaJil13 

=mHblX (ITA,IlJ rryTeM MX BM3yanl13al\l1l1 M npeo6pa3oBaHMR. ITo CBoei1: eyTM 

=---\ - MTepaTMBHblM npol\eee, BKJIIOl.faIOil\MM rne,n;yIOil\Me eTa,D;MM: 

• cp opMy1rnpoBaHMe BonpoeoB OTHOeMTeJibHO ,n;aHHblX; 

IIOMeK OTBeTOB Ha noeTaBJieHHble Borrpoebl nyTeM BM3yaJIM3al\MM, npeo6pa3o­

BaHMR M MO,D;eJIMpOBaHMR ,n;aHHblX; 

11enoJib30BaHMe rronyqeHHblX 3HaHMi1 ,D;JIR yTo'-IHeHMR BonpoeoB M (MJIM) cpop­

:-.1ynMpOBKM HOBblX BOIIpOeOB. 

ITAJJ: He OTHOeMTeR K l.fMeny rrpol\eeeoB e Ha6opoM eTporo yeTaHOBJieHHblX 

_ aBMJI. CKopee Beero, ITAJJ: - 3TO enoeo6 MbIIIIJieHMR. Ha Hal.faJibHblX eTa,D;MRX 

=-=-\ ,II; Bbl MO:>KeTe CB060,D;HO Meene,n;oBaTb JII06yro M,D;eIO, KOTopaR npMXO,lJ;MT BaM Ha 

_i. 0,n;HM M3 3TMX M,n;ei1: 6y,n;yT y,n;a'-IHblMM, ,n;pyrne - TYIIMKOBblMM. ITo Mepe npo-

3 JDKeHMR MeeJie,n;oBaHMR Bbl, OTIIIJIMcpoBaB HaM6oJiee IIJIO,D;OTBOpHble M,D;eM, Bbl ­

:nrw eTe MX M no,n;eJIMTeeb e ,n;pyrMMM JIIO,D;bMM. 

ITAJJ: - Ba>1rnaR qaeTb nro6oro aHaJIM3a ,n;aHHblX, ,n;a:>Ke eCJIM Bonpoeb1 6y,n;yT 

~eno,n;HeeeHbl BaM Ha 6nro,n;eqKe, noeKOJibKY Bbl Beer,n;a ,D;OJI:>KHbl y6e,n;MTbeR B Ka­

.. c rBe ,n;aHHbIX. 0'-IMCTKa ,n;aHHblX RBJIReTcR Bcero JIMIIIb o,n;HMM l13 acrreKTOB ITA,II;: 

3!>1 CTaBMTe BOIIpOCbl, KaeaIOil\MeeR Toro, eOOTBeTeTBYIOT l1Jil1 He eOOTBeTeTBYIOT 

=attHble BaIIIMM O:>Kl1,D;aHl15IM. ,Il;JIR BbIIIOJIHeHMR Ol.fl1eTKM ,n;aHHblX Bbl ,D;OJI:>KHbl pa3-

- PHYTb Bee epe,n;eTBa ITAJJ:: BM3yaJIM3al\MIO, npeo6pa30BaHMR l1 Mo,n;enMpoBaHMe. 

eo6XOAU1Mb1e pecypcb1 

B 3TOi1 rnaBe Mbl o6oe,n;MHl1M Bee TO, '-ITO Bbl Y3HaJIM o B03MO:>KHOeTRX rraKe ­

:-oB dplyr l1 ggplot2, l1 MeIIOJib3yeM 3TM 3HaHl1R ,D;JIR l1HTepaKTl1BHOM noeTaHOBKl1 



BOnpocOB, nony'IeH!1H Ha Hl1X OTBeTOB Ha OCHOBe 11MeIOrn;11xcH p;aHHblX 11 p;aJib­

Hei1lllei1 TIOCTaHOBK11 HOBblX BonpocoB. 

library (tidyverse ) 

Bonpocb1 
"B o6nacmu cmamucmUJ(U Hem cmaHoapmHbt 

1ionpoco6, ecmb llUUl.b cma1-1oapmb1, Bbt3bl6aJOUAiue 6onpocb1 "' 

C3p ,l{36UO KoK 

"Jipu6!luJume11bHbtu omaem Ha npaau11bHbtu aonpoc uMeem wpa3d 

6011bU1.y10 u,e1mocmb, 11eM mo'iHbtU omaem Ha Henpaau11bHb1u aonpoc" 

,l{JICOH TblOK 

Ballla rnaBHaJI u;enb np11 BbITIOJIHem111 ITAJJ: - p;o611TbCH noH11MaH11H 11MeIO 

rn;11xcH p;aHHblX. I1poCTeMllll1M cnoco6oM ,Il;OCT11>KeH11H 3TOM u;en11 HBJIHeTCH TIO 

CTaHOBKa BonpocoB, nony'IeH11e OTBeTOB Ha KOTOpbie TIOMoraeT onpep;eJI11Tb Ha 

npaBneH11e 11ccnep;oBaH11H. B npou;ecce cpopMyn11poBK11 Bonpoca Barne BH11Mam1 

cpoKyc11pyeTCH Ha KOHKpeTHOM 'IaCT11 Ha6opa p;aHHblX, 'ITO o6ner'IaeT np11HHT11 

peweH11M OTHOC11TeJibHO Toro, KaK11e p;11arpaMMbl, MOp;en11 11Jll1 npeo6pa30BaH 

,Il;Oll>KHbl 6blTb np11BJie'!eHbl B nepByIO O'Iepep;b. 

B cBoei1 ocHose ITAJJ: - rnop'IeCK11i1 npou;ecc. KaK 11 B n1060M rnop'IeCKor. 

npou;ecce, Ba>KHoe 3Ha'IeH11e np11 Bb1pa60TKe Ka11ecmaeHHblX BonpocoB 11Mee 

Kon11'IeCTBO caM11x Bonpocos. CcpopMyn11poBaTb KJIIO'IeBble Bonpocb1, Korp;a B 

TOJibKO np11CTynaeTe K aHaJI113y, Tpyp;HO, TIOCKOJibKY BaM ern;e He J13BeCTHO, KaK11 

3aKOHOMepHOCT11 CKpblTbl B p;aHHblX. c p;pyroi1 CTOpOHbl, Ka>K,IJ;blM HOBblM Bonpo 

TI03BOJIJieT BbICBeTJIHTb HOBbie acneKTbl p;aHHblX 11 yseJI11'Il1BaeT Baw11 waHCbl 06 

Hapy>KeH11JI B H11x HOBblX csoiilcTB. Bbl cMo>KeTe 6bICTpo 11ccnep;osaTb Ha116one 

11HTepeCHble 'IaCT11 p;aHHblX nop;po6HblM o6pa30M (11 ccpopMyn11poBaTb np11 3TOr. 

pHp; sonpocos, npo6y>Kp;a10rn;11x B Bae cse>K11e MbICJI11), ecn11 3a Ka>K,IJ;blM sonpo 

coM 6yp;eTe cTaB11Th HOBhre, 11Cxop;R 113 Toro, qTo Bbl y>Ke ycnen11 Y3HaTb. 

0THOC11TeJibHO Toro, KaK11e BonpOCbl Bbl ,IJ;OJI>KHbl CTaB11Tb np11 npoBep;eHm 

TaKoro 11Ccnep;oBaH11JI, He cyIIJ;eCTByeT 06rn;11x npaB11JI. Op;HaKo ecTb p;Ba T11na so­

npocoB, OTBeTbl Ha KOTOpble Bcerp;a 6yp;yT none3HbIM11 ,ll;JIH BbIHBJieH11H 3aKOHO 

MepHocTei1, CKpblThlX B p;aHHblX. B w11p0Koi1 cpopMyn11poBKe 0H11 3ByqaT TaK. 

1. Bap11au;11H KaKoro T11na cyrn;ecrnyeT cpep;11 nepeMeHHbIX? 

2. K0Bap11au;11H KaKoro T11na cyrn;ecTByeT Me>Kp;y nepeMeHHhlM11? 
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3-rn 1wa Borrpoea 6y,n;yT B u;eHTpe Harnero BHMMaHMJI B oCTaBrnei1eJI qaeTM rna­

- _ I hr o6'bJieHMM, qTo 03HaqaroT TepMMHbI Bapuau,wr M KOBapuau,wr, M rroKa)J(eM 

- --oilbKO erroeo6oB rrorryqeHMJI OTBeTOB Ha IlOCTaBileHHbie Bbillie BOrrpoebI. qTO-

- : TipoeTMTb o6ey)J(p;eHMe, orrpe,r:i;eiIMMeJI e HeKOTOpblMJ![ TepMMHaMM. 

• IIepeMe1-IHa5l - 9TO KOiIJ![qeeTBO, KaqeeTBO J![i!J![ eBOMeTBO, KOTOpbre MO)J(HO 

M3MepMTb. 

• 3Hat-teHUe - 9TO eoeTOJIHMe rrepeMeHHOM B MOMeHT ee J![3Mepemrn. 3Haqe­

HMe rrepeMeHHOM MO)J(eT J![3MeHJITbeJI OT J![3MepeHMJI K J![3MepeHMIO. 

• Ha6mooeHue MiIM rny1tau - 9To Ha6op M3MepeHMi1, BbIIlOJIHeHHbIM B op;MHa­

KOBbIX yerroBMJIX ( o6hrqHo Bee M3Mepemrn, Bxo,n;Jiru;Me B Ha6Jirop;eHMe, ,n;eJia­

IOTeJI B o,n;Ho M TO )J(e BpeMJI p;JIJI o,n;Horo M Toro )J(e o6'beKTa). Ha6rrro,n;eHMe 

eo,n;ep)J(J![T HeeKOilbKO 3HaqeHMM, Ka)J(p;Oe J![3 KOTOpbIX CBJI3aHO e OT,D;eilbHOM 

rrepeMeHHOM. I1Hor,n;a BMeCTo TepMMHa Ha6moOeHue Mbl 6y,n;eM I10iib30BaTbeJI 

TepMMHOM mot-tKa oaHHbLX. 

• Ta6nut-tHbLe OaHHbLe - 9TO Ha6op 3HaqeHMi1, Ka)J(p;oe M3 KOTOpbrx eBJI3aHo 

e rrepeMeHHoi1 M Ha6Jiro,n;eHMeM. Ta6JIMqHhre ,n;aHHbre eqMTaroTeJI aKKypaT­

HO opraHM30BaHHbIMJ![, eCJrn Ka)J(p;Oe 3HaqeHMe HaXO,D;MTeJI B eo6eTBeHHOM 

Jiqe:i1Ke, Ka)J(p;aJI rrepeMeHHaJI - B eo6eTBeHHOM CTorr6u;e, a Ka)J(,n;oe Ha6Jiro­

,n;eHMe - B eo6eTBeHHOM CTpoKe. 

~o eMX rrop Bee ,n;aHHbie, e KOTOpblMJ![ Mbl MMeiIM ,n;erro, 6bIJIM aKKypaTHO opra­

- B o BaHHbIMM. Ha rrpaKTMKe 6oJibllIMHeTBO ,n;aHHbIX TaKOBbIMM He JIBJIJIIOTeJI, M 

e w;e BepHeMCJI K 9TOMY B rnaBe 9. 

Bapuau,wr - 9TO eBoi1eTBO 3HaqeHMi1 rrepeMeHHOM M3MeHJITbeJI OT M3MepeHMJI 

H3MepeHMIO. Bb1 rrerKo Hai1,n;eTe rrpMMepbr BapMau;MM B peaJibHOM )J(M3HM: eCJIM 

_- - ):\Ba)J(,D;bl J![3MepMTe 3HaqeHMe rrro6o:i1 HerrpepbIBHOM rrepeMeHHOM, TO rroJiyqJ![Te 

a pa3HbIX pe3YilbTaTa. 3TO OTHOeMTeJI p;a)J(e K J![3MepeHMIO TaKMX rroeTOJIHHbIX 

:::~:rnqJ!(H, KaK eKopoeTb CBeTa. Pe3yJibTaT Ka)J(,n;Oro M3MepeHMJI Beer,n;a BKJIJOqaeT 

~.:'O OJibllIYIO OllIM6Ky, BeJIJ![qJ![Ha KOTopo:i1 pa3JIJ![qHa OT J![3MepeHMJI K J![3MepeHMIO. 

:-:Ja'-IeHMJI KaTeropMaJibHblX rrepeMeHHbIX TaK)J(e MoryT BapbMpOBaTbeJI, eeJIJ![ J![3 -

" p eHMJI BbIIlOJIHJIIOTeJI ,D;JIJI p a3HblX o6'beKTOB (HarrpMMep, IJ;BeT rJia3 y pa3HbIX 

- .n,e:i1) J![JIJ![ B pa3HOe BpeMJI (HarrpMMep, ypoBHJ![ 9HeprMM 9JieKTpOHa B pa3Hble 

_oYleHTbI BpeMeHM). BapMaIJ;MJI Ka)J(,n;o:i1 rrepeMeHHOM MMeeT CBOM 3aKoHoMepHo­

::ii, 'ITO IT03BOJIJieT eo6MpaTb MHTepeeHyro MHcpopMau;Mro. HaMJiyqrnM:i1 erroeo6 
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IIOHJITb 3TM 3aKOHOMepHOCTM - BM3yaJIM3HpoBaTb p acrrpe,n;enem1e 3Haqem1i1: rre­

peMeHHOM. 

KaK MMeHHO cne,n;yeT BttsyanusupoBaTb pacrrpe,n;enettue 3Haqettui1: rrepeMeH­

Hoi1, 3aBMCMT OT Toro, JIBJIJieTCJI JIM rrepeMeHHaJI KaTeropttallbHOM MJIM Herrpe­

pbIBHOM. KamewpuallbHbtMu tta3bIBaIOT rrepeMeHHbie, KOTOpb1e MMeIOT tte6onhIIIOH 

tta6op B03MO)l(HbIX sttaqettui1:. B JI3bIKe R KaTeropttaJibHbie rrepeMeHHbie 06b1qtto 

coxpaHJIIOTCJI B BM,n;e ¢aKTOpOB MJIM CMMBOllb H bI X BeKTOpOB. ~JIJI usyqeHMJI pac­

rrpe,n;eneHMJI KaTeropttallbHOM nepeMeHHOM MCI10 7Ib3Yi1Te CTOJI6qaTyIO ,n;uarpaM 

(puc. 5.1) . 

ggplot (data = diamonds ) + 
geom_bar (mapping = aes (x 

20000 -

15000 -

c 
:J 
8 10000 -

5000 . 

o--
' 

cut )) 

. . 
Fair Good Very Good 

cut 

Puc. 5.1 

. . 
Premium Ideal 

BbICOTa CTOJI6~oB COOTBeTCTByeT KOJIMqecTBY H a6 7IIO,ll;eHMM ,ll;llJI Ka)l(,n;Oro 3Ha­

qeHMJI x . Bbl MO)l(eTe BblqMCJIRTb COOTBeTCTByIOrn;Me ,n;aHHbie BpyqttyIO c TIOMOUJ;b 

¢yttKW!lM dplyr: : count () . 

diamonds %>% 
count (cut ) 

#> # A tibbl e : 5 x 2 



=> cut n 
=> <ord> <int> 
=> 1 Fair 1610 
=> 2 Good 4906 
=> 3 Very Good 12082 
=> 4 Premium 137 91 
=> 5 Ideal 21551 

ITepeMeHHaR RBTrneTCR Henpepbt8Hou, ecJIVI oHa MO)KeT rrpVIHJ1MaTb mo6oe J13 

6 ecK0He1rnoro MHO)KeCTBa yrropHAOqeHHbIX 3HaqeHVIM. HarrpHMep, HerrpepbIBHbI -

~rn rrepeMeHHbIMVI JIBJIHIOTCR qJ1cJia, a TaK)Ke rrepeMeHHbie AaTbI VI BpeMeHJ1 . .[l;JIH 

J!3y qeHJ1JI pacrrpeAeJieHJ1H HerrpepbIBHOM rrepeMeHHOM J1CI10Jlb3YMTe rVICTorpaMMY 

(pVIC. 5.2) . 

;;plot (data = diamonds ) + 
~eom_histogram (mapping aes (x 

c 
:J 
0 
(.) 

30000 -

20000 -

10000 -

o-
' 0 

carat ) , binwidth 

' 
2 

carat 

Puc. 5.2 

0. 5) 

' 
4 

Bbl MO)KeTe BblqJ1CJIHTb COOTBeTCTBy10rn;V1e AaHHbie BpyqHyIO c ITOMOrn;bIO co ­

'IeTaHVIJI cpyHKIJ;VIM dplyr: : count () VI ggplot2: : cut_ width () . 

diamonds %>% 
count (cut_width (carat , 0.5 )) 

> # A tibble: 11 x 2 
> 'cut_width(carat, 0.5)' n 
> <f ctr> <int> 
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#> 1 [- 0 . 25,0. 25] 785 
#> 2 (0 . 25,0. 75] 29498 
#> 3 (0 . 75,1. 25] 15977 
#> 4 (1.25 , 1. 75) 5313 
#> 5 (1. 75, 2 . 25) 2002 
#> 6 (2. 25 , 2 . 75) 322 
#> # . .. with 5 mo re r ows 

fliICTorpaMMa pa36J.rnaeT OCb x Ha paBHbie 11HTepBaJibl (KapMaHbI), a 3aTeM 

onpep;emieT BbICOTY Ka>Kp;oro cToJI6~a n o KOJI11qecTBY Ha6mop;eH11:i1, nonap;a10~11x 

B Ka>Kp;bIM 11HTepBaJI. KaK rnep;yeT 113 npep;b1p;y~ei1: p;11arpaMMbI, caMbIM Bb1coK11i1: 

CTOJI6e~ yKa3bIBaeT Ha TO, q TO noqT11 B 30000 H a6JIIOp;eH11M nepeMeHHa.R: carat 

nonap;aeT B 11HTepBaJI 3HaqeH11M OT 0,25 p;o 0,75, rpaH11~bl KOToporo .R:BJIJIIOTCJI 

JieBblM 11 npaBbIM KpaRM11 CTOJI6~a. 

Pa3Mep 11HTepBaJioB r11cTorpaMMbI MO>KHO 3ap;aTb c noMO~bIO apryMeHT a 

binwidth, 113MepReMoro B ep;wHw~ax nepeMeHHOM x . B npo~ecce pa6oTbI c rncTo­

rpaMMaMw Bbl Bcer p;a )J;OJI>KHbl JifCCJiep;oBaTb pe3yJibTaTbl c 11Cil0Jlb30BaHJi1eM pa3-

JIJi1qHblX 3HaqeHJi1M lllli1pli1Hbl KapMaHOB, IlOCKOJibKY 9TO Il03BOJIReT npoRBJIJITb pa3-

JI11qHbie 3aKoHoMepHocTw. B KaqecTBe n p wMepa Hlif>Ke noKa3aHo, KaK 113MeHJi1TCR 

B11,D; npep;b1p;y~e:i1 flifCTorpaMMbl, ern11 orpaHJi1q11TbCJI 6pli1JIJIJi1aHTaMJi1 BeCOM MeHee 

Tpex KapaTOB Ji1 BbI6paTb MeHbIIIYIO III1i1pli1HY KapMaHa (pli1C. 5.3). 

smaller <- diamonds %>% 
filte r (carat < 3) 

ggplot (data = smaller , mapping aes (x 
geom_hi stogram (binwidth = 0 . 1) 
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Puc. 5.3 

carat )) + 



B Tex CilY'HUIX, Korp;a Bbl xon1Te oTo6pa3VITb Ha op;Hor1 VI TOM >Ke p;VIarpaMMe 

HeCKOJibKO fV!CTOrpaMM, HaJIO>KV!B VIX Op;Ha Ha p;pyryIO, Mbl peKOMeHp;yeM V!CIIOJib-

30 BaTb BMeCTO cpyHKll,VIVI geom_ histogram () cpyHKll,VIIO geom_ freqpoly () . I10-

,1ep;mu1 BblIIOJIHReT Te >Ke BbI'IV!CJieHVIR, 'ITO VI geom - histogram ( ) , HO BMeCTO 

OTo6pa>KeHVI5I KOJIVI'leCTBa Ha6JIIOp;eHVIM c IIOMOill,blO CTOJI611,0B OHa V!CIIOJib3YeT 

;i1rnVIVI. Pa3JIVI'laTb rrepeKpbrnaIOill,VIecR JIVIHVIVI ropa3p;o ner'!e, 'leM rrepeKpbrnaIO­

m 11ern CTOJI611,bI (pVIc. 5.4). 

;;~lot ( data = smaller , mapping aes (x 
geom_freqpoly (binwidth = 0 . 1) 

4000 · 

c \ 

" 0 
CJ 

2000 · 

o-

0 
carat 

carat , color cut )) + 

cut 

- Fair 

- Good 

Very Good 

Premium 

- Ideal 

~. 

' 3 

Puc. 5.4 

ITpVI pa6oTe c rpacpVIKaMVI 3Toro TVIrra MoryT B03HVIKaTb orrpep;eneHHbie Tpyp;­

HOCTVI, K o6cy>Kp;eHVIIO KOTOpbIX Mbl BepHeMCR B pa3p;ene "KaTeropVIaJibHbie VI He­

rrpepbIBHbie rrepeMeHHbie': 

KaK B cny'lae CTOJI6'laTbIX p;VIarpaMM, TaK VI rVICTorpaMM BbICOKVIe CTOJI6U.hI 

y Ka3hIBaIOT Ha 'laCTO BCTpe'IaIOill,MeCR 3Ha'leHVIR rrepeMeHHOM, a KOpOTKV!e - Ha 

Te, KOTOpbie BCTpe'IaIOTCR pep;KO. Y'laCTKVI, Ha KOTOpbIX CTOJI6ll,bl He BV!)J;HbI, yKa-

3bIBaIOT Ha TO, 'ITO 3TV! 3Ha'leHVIR He BCTpe'IaIOTCR cpep;VI p;aHHbIX. qT06bI rrpeBpa ­

TV!Tb rrop;o6HyIO V!HcpopMall,VIIO B IIOJie3Hbie BOIIpOCbI, Mlll,V!Te He'ITO He06bI'lHOe. 

• KaKVIe 3Ha'leHVIR BCTpe'IaIOTCR HaVI6onee 'laCTo? ITo'leMy? 

• KaKVIe 3Ha'leHVIR RBJIRIOTCR pep;KVIMVI? ITo'leMy? CooTBeTCTByeT JIM 3TO Ba­

lIIMM O>KVIp;aHVIRM? 
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• 3aMetJaeTe JIJ1 Bbl HeKOTOpbie Heo 6 bI'IHbie 3aKOHOMepHOCTJ1? qeM J1X MO)l(HO 

06'bJICHJ1Tb? 

B Kat.J.eCTBe np11Mepa paccM0Tp11M HeKOTOpb1e MHTepecHbie Bonpocb1, Ha KOTO­

pb1e HaTaJIK11BaeT np11Bep;eHHaJI HJ1)l(e p;11arpaM Ma (p11c. 5.5) . 

• I1otJeMy B 60JibllleM KOJIJ1l.J.eCTB e BCTpetJaIOTCJI 6p11JIJIJ1aHTbl, Bee KOTOpbIX 

B KapaTax Bbipa)l(aeTCJI ~eJIOl.J.J1CJieHHbIMJ1 3Hat.J.eHJ1JIMJ1 J1 pacnpoCTpaHeH­

HbIMJ1 p;po6HbIMJ1 3Hat.J.eHJ1JIMJ1? 

• I1otJeMy 6oJibllle 6p11JIJIJ1aHTOB BCTpeqaeTCJI B o6JiaCTJIX 3Hal.J.eH11M Heno­

cpep;CTBeHHO cnpaBa OT TIJ1KOB, t.J.eM Henocpep;CTBeHHO CJieBa OT HHX? 

• I1ot.J.eMy Ha p;11arpaMMe He OT06pa)l(eHbI p;aHHbie 6p11JIJIJ1aHTOB BeCOM 6onee 

3 KaparnB? 

ggplot (data = smaller , mapping = aes (x carat )) + 
geom_histogram (binwidth = 0 . 01) 

2000 -

1000 -

o-

carat 

Puc. 5.5 

' 
2 

Boo6ll\e roBopJI, o6pa30Batt11e KJiacTepoB 6n113K11x 3Hat.J.eH11I1 yKa3bIBaeT Ha cy­

ll\eCTBOBaH11e nop;rpynn cpep;11 p;aHHbIX. q T06b1 noHJITb np11pop;y nop;rpynn, 3a­

p;al1Te rnep;yIOll\He BonpocbI. 
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• HacKOJibKO 6m13Kl1 ,ri;pyr K ,ri;p y r y tta6mo,ri;ett115I B rrpe,ri;eJiax Ka)l(p;oro KJiaCTepa? 

• HacKOJibKO pa3JI11qaroTC5I Me)l(,ri;y co6oii: tta6Jiro,ri;ett115I, rrp11tta,ri;Jie)l(aw,11e 

K pa3HbIM KJiaCTepaM? 

• KaK MO)l(HO o6oHCHl1Tb l1lll1 orr11caTb KJiacTepb1? 

• fJoqeMy BHelllHl1M Bl1p; KJiaCTepoB MO)l(eT BBO,D;l1Tb B 3a6Jiy)l(p;eH11e? 

Ha cJiep;yrow,eii: r11cTorpaMMe (p11c . 5.6) oTo6pa)l(etta rrpop;oJI)l(l1TeJibHOCTb 

(B Ml1HYTaX) 272 l13Bep)l(eHl1M reJ':i:3ep a "CrapbIM CJiy)l(aKa", KOTOpblM HaxO)J;l1TC51 

B M eJioycToyttcKoM rrapKe. Ha6Jirop;ett115I 3aMeTHO KJiacTep113yroTC5I B p;Be rpyrrrrbI: 

Kp aTKOBpeMeHHbie (rrpop;OJI)l(l1TeJibHOCTbIO OKOJIO 2 Ml1HYT) l1 )J;lll1TeJibHbie ( 4- 5 
:\111HYT) l13Bep)l(eHl151, rrpoMe)l(yTOK Me)l(p;y KOTOpbIMl1 3aIIOJIHeH He3Haq 11TeJibHbIM 

KOJI11qecTBOM l13Bep)l(eHl1M p;p y r oii: ,lJ;lll1TeJibHOCTl1. 

;~plot ( data = faithful , mapping = aes (x = eruptions )) + 
;eom_histogram (bi nwidth = 0 . 25 ) 

40-
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c 
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eruptions 

Puc. 5.6 

' 
5 

MHor11e 113 rrpep;b1,ri;yw,11x Borrp ocoB MoryT rro6y,ri;11Tb Bae K l1CCJiep;oBaH11IO co ­

OTHorneH115I Me)l(,ri;y rrepeMeHHbIMl1, Harrp11Mep, ,D;ll51 Toro, qT06b1 rrpoBep11Tb, MO­

ryT lll1 3HaqeHl151 op;HOM rrepeMeHHOM o61>51CHJ1Tb IIOBep;eH11e ,ri;pyroii: rrepeMeHHOM. 

BCKope MbI 06cy,ri;11M 9TOT Borrpoc. 
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Heo6bl"IHble 3Ha'leH111R 

Bbt6pocaMu Ha3bIBaIOT Heo6h1qHb1e Ha6rrrop,emrn: - TOqKJtI p,aHHbIX, Bbmap,aIO­

I.IJ;Jtie JtI3 o6I.IJ;ero pR;ri,a. B op,HJtIX rnyqaRx Bb16pocb1 o6yrnoBrreHhI ourn6KaMJtI B TO':l ­

Kax p,aHHbIX, Torp,a KaK B ;ri,pyrJtIX OHM MoryT yKa3bIBaTb nyTb K HOBbIM Ha)"IHbIM 

OTKpbITJtlRM. J1Horp,a, KOrp,a p,aHHbIX oqeHb MHOro, 3aMeTJtITb BbI6pocbI Ha rJtICTO­

rpaMMe 6hrnaeT Herrerno. 

B KaqecTBe npMMepa paccMoTpMM pacnpe;ri,erreHMe nepeMeHHOH y JtI3 Ha6opa 

p,aHHbIX o 6pMrrrrJtiaHTax (pMc. 5.7). E;ri,MHCTBeHHbIM CBJtIP,eTeJibCTBOM HaJIJtiqJtIJI BbI-

6pocoB RBJIRIOTCR He06b1qaJ1Ho IllJtIPOKJtle npep,eJibl Jt13MeHeHJtIR 3HaqeHJtIH y. 

ggplot (diamonds ) + 
geom_histogram (mapping = aes (x = y), binwidth = 0 . 5) 

12000-

8000-

4000 -

o-
' 
0 

' ?O 
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Puc. 5.7 

' 40 ' 60 

KorrJtiqecTBO Ha6rrrop,eHJtIH B nrroTHO sanorrHeHHbIX JtIHTepBarrax ttaCTOJibKO Be­

JIJtIKO, ':lTO B paspe)l(eHHbIX JtlHTepBarrax JtlX HeB03MO)l(H0 3aMeTJ!ITb (pa3Be qTo, 

eCJIJtl Bbl npMCTaJibHO BfJIRP,JtITeCb B OKpeCTHOCTb 0, TO CMO)l(eTe TaM ':lTO-TO YBJtI­

p,eTb). qT06b1 6brno rrerqe saMeTJtITb Heo6h1qHbie sHaqeHJtIR, Heo6xop,MMO yBeJIJtI­

qJtITb MaCJllTa6 P,O MaJibIX 3HaqeHJtIH BP,OJib OCJtl y c ITOMOI.IJ;blO cpyHKD;JtIJtl coord 
cartesian () (pMc. 5.8). 



#> 7 0.71 Good F SI2 64.1 60 2130 0.00 
#> 8 0.51 Ideal E VSl 61. 8 55 2075 5.15 
#> 9 2.00 Premium H SI2 58.9 57 12210 8.09 
#> # ... with 2 more variables: 
#> # y <dbl> , z <dbl> 

ITepeMeHHaR y 11sMepReT (B M11JIJI11MeTpax) o,n;11H 113 Tpex pa3MepoB 6p11nn11aH­

TOB. MbI 3HaeM, 'ITO urnp11Ha 6p11nn11aHTa He MO)l(eT 6blTb paBHOM 0, TaK 'ITO 3T11 

3Ha'-leH11R, p;OJI)l(HO 6b1Tb, HeKoppeKTHbie. KpoMe Toro, Mbl MO)l(eM npe,n;noJIO)l(11Tb, 

'ITO pa3Mepbl 32 11 59 MM TaK)l(e HeB03MO)l(Hbl: 3T11 6p11JIJII1aHTbl J1MeIOT )l;JIMHY 

CBblIIIe O)l;HOfO )l;IOMMa, HO He CTORT COTeH TbICR'I )l;OJIJiapoB! 

XopoIIIaR npaKTMKa saKJIIO'IaeTCR B noBTOpHoM BbITIOJIHeHMM aHaJIM3a KaK c 

yqeToM, TaK 11 6es yqeTa Bb16pocoB. Ecn11 Bb16pocb1 oKa3bIBaIOT JIMIIIb MMHMMaJib­

Hoe BJIJ1RHJ1e Ha pe3yJibTaTbl J1 ycTaHOBJ1Tb npM'IMHY J1X IlORBJieHMR He y,n;aeTCR, TO 

MMeeT CMbICJI 3aMeHMTb MX OTCYTCTBJIOIIJ;MMM 3Ha'!eHMRMJ1 M )l;BMraTbCR p;aJibIIIe. 

0,n;HaKo eCJIJ1 BJI11RHJ1e BbI6pocoB Ha pe3yJibTaTbl BeJIJ1KO, J1X HeJib3R OT6pacbIBaTb 

6e3 BCRKMX Ha TO ocHoBaHMM. BaM HY)l(HO 6y,n;eT nonb1TaTbCR ycTaHOBMTb np11q11-

HY noRBJieHMR Bb16pocoB (Hanp11Mep, 3TO MO)l(eT 6b1Tb rnep;cTBMeM OIIIM6KM np11 

BBO)l;e p;aHHblX) J1 conpoBO)l;J1Tb aHaJIJ13 np11Me'!aHJ1eM 0 TOM, 'ITO Bbl J1X yp;aJIJ1JIJ1. 

Yn pa>KHeH 11u1 

I. Mcenep;yl1Te pacnpe,n;eneH11e 3Ha'!eHMM Ka)l(p;OM 113 nepeMeHHblX x , y M z p;JIR 

Ha6opa p;aHHblX diamonds. qTO Bbl 113 3TOro Y3Han11? KoJib CKopo pe'Ib 11p;eT 

0 6pMJIJIJ1aHTax, KaK Bbl MOfJIJ1 6bl onpe,n;eJIJ1Tb, KaKJ1e J1MeHHO J13 3TJ1X nepe­

MeHHblX npep;eTaBJIRIOT ;r(JIMHy, IIIMpMHY J1 rny611Hy? 

2. Mernep;yl1Te paenpep;eJieHMe 3Ha'!eHMM rrepeMeHol1 price (u;eHa). 3aMe'!aeTe 

JIM Bbl 'ITO-To Heo6b1'!Hoe MJIM yp;MBMTeJibHOe? (ITop;cKa3Ka: Tw;aTeJibHO o6p;y­

Mal1Te Bb16op III11pl1Hbl KapMaHa (binwidth) J1 J1CilOJib3YMTe III11p0KJ1M J1HTep­

BaJI 3Ha'!eHJ1M.) 

3. CKOJibKO 6p11nn11aHTOB MMeIOT Bee 0,99 Kaparn? CKOJibKO 6p11nn11aHTOB MMeIOT 

Bee 1 KapaT? qeM, no BaUieMy MHeHMIO, o6yeJIOBJieHa pa3HMu;a B 3TJ1X KOJIJ1-

qeeTBax? 

4. qeM OTJIM'IaeTrn pa6orn cpyHKu;1111 c o o rd_ cartes ian ( ) OT pa6oTbl ¢YHKu;11l1 

xlim () J1 ylim () npM yBeJIJ1'IeHJ1J1 MaeUITa6a J13o6pa)l(eHJ1R fMCTOrpaMMbl? 

qTO npOl130M)l;eT, eCJIJ1 He 3ap;aTb apryMeHT binwidth? qTO npOl130Mp;eT, eeJI11 

Bbl Il011blTaeTeeb yBeJIJ1'IJ1Tb MaeUITa6 J13o6pa)l(eHJ1R rMeTorpaMMbl TaKMM o6-

pa30M, 'IT06bl OTo6pa)l(aJiaeb JIJ1lllb 110JIOBJ1Ha eToJI6u;a? 



E cm1 Bbl 3aMen11rn B Ha6ope p;aHHblX Heo6b1qHb1e 3Haqemrn 11 npocTo xoT11Te 

ettTJ1 K OCTaBIIIei1oi: qaCTJ1 aHaJIJ13a, TO 3TO MO)l(HO cp;enaTb O,ll;HJ1M 113 cnep;yIO­

:rr.Hx p;Byx cnoco6oB. 

• 0T6pocbTe BCIO CTpoKy, cop;ep)l(a1IIy10 Heo6b1qHb1e 3HaqeHJ15l. 

diamonds 2 <- diamonds %>% 
filter (between (y, 3, 20 )) 

JI He peKOMeHp;yIO J1CTIOJib30BaTb 3TY B03MO)l(HOCTb, TIOCKOJibKY HaJIJ1qJ1e 

O,ll;HOro Hep;eMCTBJ1TeJibHOro J13MepeHJ15l e1IIe He 03HaqaeT, qTo Bee OCTaJib­

Hble J13Mepemrn TaK)l(e Hep;ei1cTBJ1TeJibHbI. KpoMe Toro, ecn11 p;aHHble, c 

KOTOpb1MJ1 Bbl pa6oTaeTe, J1MeIOT HJ13KOe KaqeCTBO, TO nocne Toro, KaK Bbl 

np11MeH11Te TaKOM TIO,ll;XO,ll; KO BCeM nepeMeHHblM, B BaIIIeM pacnop5I)l(eHJ1J1 

MO)l(eT B0061IIe He OKa3aTbC5l p;aHHblX! 

• BMeCTo 3Toro peKoMeHp;yeM 3aMeHJ1Tb Heo6b1qHb1e 3HaqeH115l 0TcyTcTBy10-

1llJ1MJ1 3HaqeHJ15IMJ1. IIpo1IIe Bcero 3TO MO)l(HO cp;enaTb, 3aMeHJ1B nepeMeH­

HYIO ee BJ1,ll;OJ13MeHeHHOi1 Kon11ei1 c noMOIIIbIO cpyHKu;1111 mutate ( ) . ,IJ,nH 3a­

MeHb1 Heo6b1qHb1x 3HaqeH11i1 3HaqeHJ15IMJ1 NA MO)l(HO 11cnoJib30BaTb cpyHK­

u;1110 if else () . 

diamonds2 <- diamonds %>% 
mutate (y = ifelse (y < 3 I y > 20 , NA, y )) 

<DyHKl.J;J15l i felse () 11MeeT Tp11 apr yMeHTa. IIepBbltt apryMeHT TecT11pyeT no­
rnqecK11i1 BeKTop. B CJiyqae noJIO)l(J1TeJibHoro pe3ynbTaTa TecT11poBaH115l (TRUE) 

cpy HKl.J;J15l B03Bpa1IIaeT BTOpoi1 apryMeHT; eCJIJ1 )Ke pe3yJibTaT TeCT11p OBaHJ15l OT ­

p 11u;aTeJibHblM ( FALSE), TO cpyHK1J;J15l B03Bpa1IIaeT TpeTJ1M apryMeHT. 

KaK 11 R, naKeT ggplot2 nop;p;ep)l(11BaeT cp11nococp1110, B coorneTcrn1111 c KOTO­

poi1 OTCYTCTBYI01II11e 3HaqeHJ15l HJ1Korp;a He ,ll;OJI)l(Hbl Monqan11Bo 11cqe3aTb. IIo-

KOJibKY a6coJIIOTHO He oqeBJ1,ll;HO, rp;e Ha rpacp11Ke ,ll;OJI)l(Hbl OTKJia,ll;bIBaTbC5l OT­

c y TCTBYI01IIJ1e 3HaqeHJ15l, ggplot2 He BKJIIOqaeT J1X B rpacp11K, HO np11 3TOM BbIBO­

.iJ;J1T npep;ynpe)l(p;a101IIee coo61IIeH11e o TOM, qTo 3TJ1 3HaqeHJ15l 6brn11 11cKn10qeHbl 

(p11c. 5.9). 

;?plot (data = diamonds2 , mapping = aes (x = x, y = y)) + 
geom _point () 

=> Warning: Removed 9 rows conta ining missing values 
=> (geom_point ) . 
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Puc. 5.9 

lfro6hr OTMeHHTb Bbrnop; TaKl1X eoo6rn;eH11I1, 3ap;al1Te napaMeTp na. rm = TRUE. 

ggplot (data = diamonds2 , mapping = aes (x = x , y = y)) + 
geom_point (na.rm = TRUE ) 

I1Horp;a y Bae MO)KeT B03Hl1KHYTb )KeJiaHJ1e BbUieHJ1Tb, 'ITO 11MeHHO OTJI11'IaeT 

Ha6mop;emrn e oTeyTeTBYIOUJ;l1Ml1 3Ha'IeHl1HM11 OT Ha6nrop;eH11I1, eop;ep)Karn;11x Bee 

3Ha'IeHl1H. HanpMMep, B rnyqae Ha6opa p;aHHhIX nycflights13:: flights OT­

eyTeTByrorn;11e 3Ha'IeHl1H B nepeMeHHOM dep - time yKa3bIBaIOT Ha TO, 'ITO p;aHHbIM 

aB11apeM:e 6bIJI OTMeHeH. Bo3MO)KHO, Bbl 3aXOTJ1Te epaBH11Tb KOJIJ1'IeeTBO OTMe­

HeHHbIX l1 HeOTMeHeHHbIX aBl1apeM:eoB )l;JIH Beex BpeMeH OTnpaBKl1, eop;ep)Karn;l1x­

eH B paenJ1eaHJ1l1. 3To MO)KHO ep;eJiaTb, eo3p;aB HOBYIO nepeMeHHYIO e TIOMOUJ;blO 

¢YHKIJ;l111 is • na ( ) (pl1e. 5 .10). 

nycflights13::flights %>% 
mutate ( 

cancelled = is.na (dep_time ) , 
sched_hour = sched_dep_time %/% 100 , 
sched_min = sched_dep_time %% 100 , 
sched_dep_time = sched_hour + sched min I 60 
%>% 

~gplot ( mapping = aes (sched_dep_time)) + 
geom_freqpoly ( 



mapping = aes (color 
binwidth = 1/4 
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cancelled) , 

Op,ttaKo TaKoe cpaBHem1e He MO)KeT c•nHaTbCJI Bno1rne yp,oBJieTBOpJ1TeJibHbIM, 

TIOCKOJibKY KOJiltPieCTBO HeOTMeHeHHbIX amrnpeilrcOB 3Haql1TeJibHO npeBbUUaeT KO­

;rnqeCTBO OTMetteHHbIX. B cnep,y10rn;eM pa3p,ene Bbl no3HaKOMl1Tecb c MeTop,11KaM11, 

n o3BOJIJIIOlll;l1Ml1 ynyqIUMTb 3TO cp aBHett11e. 

Ynpa>KHeH11u1 

1. lfro npo11cxop,11T c 0Tcy Tc TBy10rn;MMl1 3Ha'IeHl1JIMl1 B cnyqae r11cTorpaMMb1? 

qTo npo11cxop,11T c OTCYTCTByIOrn;l1Ml1 3HaqeHl1JIMl1 B rnyqae cToJI6qaToilr p,11a­

rpaMMb1? B 'IeM npl1'Il1Ha pa3JI11q11Jir? 

2. KaKoBa ponb apryMettTa na . rm = TRUE B rnyqae cpyttKu;11Jir mean ( ) l1 sum ( ) ? 

KosapHal.\HH 
EcJIM Bap11au;11JI onMcbrnaeT 110Bep,ett11e 3Haqett111'r B npep,enax ooHou nepeMeH­

HOM, TO KOBap11au;11JI OTil1CbIBaeT COBMeCTHOe TIOBep,eH11e 3HaqeHl1M B npep,enax 

HeCKOllbKUX nepeMeHHbIX . KoBapuau,wr - 3TO Tettp,ettu;11JI K B3al1MOCBJI3aHHOMY 
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M3MeHemno 3HaqeJIMi1: ,n;Byx M 6onee rrepeMeHHhIX. J1yqurni1 crroco6 oTrne,n;MTh 

HaJIJt1qJt1e KOBapMa~MM - 3TO BM3yaJIM3MpOBaTb COOTHOIIIeHM.H Me)K,n;y ,!l,BYM.H MJIM 

HeCKOJibKJ1MJ1 rrepeMeHHbIMM. KaK MMeHHO 3TO CJie,n;yeT ,n;eJiaTb, 3aBJ1CJ1T OT TMITa 

MHTepecyro~MX Bae rrepeMeHHbIX. 

KaTerop111anbHb1e 111 HenpepblBHble nepeMeHHble 

AoBOJihHO qacTo Bbl 6y,n;eTe Mcrne,n;oBaTb pacrrpe,n;eneHMe HerrpephIBHoi1 rrepe ­

MeHHoi1, ,!l,Marra30H 3HaqeHMi1 KOTopoi1 pa36MT Ha MHTepBaJibI, COOTBeTCTBYIO~Me 

3HaqeHJ1.HM KaTeropMaJibHOM rrepeMeHHOM, KaK Ha rrpe,!l,bI,!l,y~eM cpaBHMTeJibHOM 

rpa¢MKe. J1crrOJih3yeMhii1 rro yMonqaHMIO BHeIIIHMi1 BM,!l, rpa¢MKa, co3,n;aHHoro 

c ITOMO~bIO ¢YHK~J1Jt1 geom_ freqpoly () , He oqeHb IIO,!l,XO,!l,MT ,!l,ll.H TaKoro po,n;a 

cpaBHeHMM, IIOCKOJihKY BbICOTa rpa¢MKa orrpe,n;eJI.HeTC.H OTcqeTaMM ( count), T.e. 

KOJIMqecTBOM 3HaqeHMi1, rrona,n,aIO~MX B ,n,aHHbIM MHTepBaJI. 3TO 03HaqaeT, qTo 

B Tex cnyqa.Hx, Kor,n,a pa3Mep o,n,Hoi1 rpyrrrrhr 3HaqJ1TeJibHO rrpeBbIIIIaeT pa3Mep 

,n,pyroi1, 3aMeTMTh pa3JIJ1qJt1.H B ¢opMe KpMBhIX ttenerKo. PaccMoTpMM B Kaqecrne 

npMMepa, KaK J13MeH.HeTC.H ~eHa 6pMlIJIJ1aHTOB B 3aBJ1CJ1MOCTJ1 OT MX KaqecTBa 

(pMC. 5.11). 

ggplot (data = diamonds , mapping = aes (x = pr i ce )) + 
geom_freqpoly (mapping = aes (color = cut) , binwidth 500 ) 
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3 aMen1Tb pasirnq11JI B pacrrpep;eneHMJIX TPYAHO BB11p;y 6onbIIIMX pa3n11q11J1 B 

asYiepax rpyrm (p11c. 5.12). 

-;~~ot ( diarnonds ) + 
;eom_bar (mapping = aes (x cut )) 

20000-

15000-

-c 
:J 
0 10000-
(.) 

5000-

0 -
I I I 

Fair Good Very Good Premium Ideal 

cut 
Puc. 5.12 

'-IT06b1 06nerq11Tb cpaBHeH11e pacrrpep;eneHMW, Heo6xop;11Mo rroMeHJITb rrepe­

YieHHy10, OT06pa:>KaeMy10 B,!l;OJib OCI!I y. ,D;aBati:Te OTo6pa3MM BMeCTO OTcqeTOB 

(count) n;zomHOCmb (density)) JIBJIJIIOrn;y10rn CTaHp;apTI13I1pOBaHHOM KOJIJ1qe ­

CTBeHHOM xapaKTepMCTI!IKOM, T.e. TaKOW, qTo ITJiow;ap;b rrop; Ka:>Kp;oti: KpI1BOW paB­

Ha 1 (p11c. 5.13). 

;gplot ( 
data = diamonds , 

mapping = aes (x price , y = .. density .. ) 
) + 

geom_ freqpoly (mapping = aes (color = cut ), binwidth = 500 ) 

C 3TMMM rpaqrnKaMM CBJI3aHa op;Ha yp;11B11TeJibHaJI oco6eHHOCTb: 113 HMX CJiep;y­

eT, qTo Ha116onee BbICOKaH cpep;HJIJI u;eHa xapaKTepHa p;nH 6p11nn11aHTOB Ha11xyp;­

IIIero KaqecTBa (fair)! Ho He 11cKJI10qeHo, qTo 3TOT BbIBOp; CTaJI B03Mo:>KeH JIMIIIb 

IIOToMy, qTo IllHTeprrpeTaD;MJI ITOJII!lfOHOB qacTOT Tpe6yeT 6onee BHMMaTeJibHOfO 

OTHOIIIeHMJI - 3Haq11TeJibHaJI qaCTb cop;ep:>Kaw;eti:cJI B HillX 11mpopMau;m1 OCTaeTCJI 

CKpbITOW 3a rpacp11qeCKI1MI1 IIJiaCTaMM. 
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,D,pyr11M B03MO)l(HhIM Bap11aHTOM OT06pa)l(eHJ1R pacnpe,n;eneHJ1R HenpephIBHOM 

rrepeMeHHOVr, ,n;11arra30H 3HaqeHJ1M KOTopoilr pa36J1T Ha qacTOTHhie J1HTepBaJihI c 

IIOMOrn;hIO KaTeropMalihHOM rrepeMeHHOM, RBJIReTCH ouazpaMMa pa3Maxa (boxplot), 

,n;pyrnM pacnpocTpaHeHHhIM Ha3BaHJ1eM KOTOpOIIJ: RBJIReTrn ">1rn;J1K c ycaM11''. ,D,11a­

rpaMMhI pa3Maxa y,n;o6Ho 11crrOJih30BaTh p;nR BM3yanhHor1 3Kcrrpecc-ou;eHKJ1 pac­

rrpe,n;eneHMR 3HaqeHJ1M, J1 OHJ1 IIOJih3YIOTCR urnpoKOM rrorryn>1pHOCThIO cpe,n;w CTa­

TJ1CTJ1KOB. ,D,11arpaMMa pa3Maxa COCTOJ1T J13 cne,n;y10rn;11x 3JieMeHTOB (p11c. 5.14). 

• I1p>1MoyronhHJ1K (">1rn;11K"), orpaH11qeHHhIVr 25 -M 11 75-M rrpou;eHTaMJ1, pac­

CTORHMe Me)l(,n;y KOTOpbIMJ1 HOCJ1T Ha3BaHJ1e Me:HCKBapmullbHblU pa3Max 

(IQR). BHyTpl1 rrp>1MoyrOJihHJ1Ka rrpoxo,n;MT lIJ1HJ1R, OTMeqa10rn;a>1 MeouaHy, 

T.e. 50- Iii: rrpou;eHTJ1lih pacrrpe,n;eneH11>1. 3Tl1 Tpw JIJ1HJ1J1 ,n;aIOT rrpe,n;cTaBJieH11e 

0 pa3Maxe pacrrpe,n;eneHJ1R J1 II03BOJIRIOT cyp;MTb 0 TOM, CJ1MMeTpJ1qHo lIJ1 

pacrrpe,n;eneHJ1e OTHOCJ1TeJihHO Mep;MaHhI J1JIJ1 CKOIIIeHO B o,n;Hy CTopoHy. 

• B113yaJihHbie TOqKJ1, OTCT0>1rn;11e OT rpaH11u; rrp>1MoyroJihHJ1Ka Ha pacCTOR­

HJ1e, rrpeBhIIIIarorn;ee- 1,5 IQR. 3TM 3KcTpeMaJihHhie ToqKJ1, 11n11 Bh16pocb1, 

RBlIRIOTCR He06blqHhIMJ1 J1 II03TOMY OTo6pa)l(aIOTCR no OTp;eJibHOCTJ1. 

• ,1.J,Be JIMHMM (11n11 "ychr"), rrpoxo,n;>1rn;11e OT rpaH11u; rrp>1MoyroJihHJ1Ka ,n;o ca­

Moilr ,n;aJibHeJ'.i: ToqKJ1 pacnpe,n;eneHJ1R c Ka)l()J;OM CTOpOHhI, He RBJIRIOrn;er1:rn 

Bh16pocoM. 
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CIJaKT~YeCK~e 

3HaYeH~H 8 
pacnpeAeneH~~ 

KaK oro6pa3~Jl~Cb 6bt 
3HaYeH~H Ha A~arpaMMe 
(noaepHyro) 

I 

~ 
"Ye" AD caMofi 
AaJlbHefi TOYrn, 
He H8JlHIOU1eficH ---> 

Bbt6pocoM 

75- fi npOLjeHTVIJlb _____-~' 

KaK OT06pa3:1Jl~Cb 6bt 
3HaYeH~H Ha A~arpaMMe 
pa3Maxa 

1,5'1QR 

50-fi npoljeHTVIIlb ---> ~ 
25-fi npoljeHTVIIlb ---> '---,--, 

MelKKBaprnnbHbti'i 
pa3Max (IQR) 

Puc. 5.14 

PaccMoTpl1M pacnpep;eJiemi:e u;ettbI (price) B saBJ1Cl1MOCTJ1 OT Ka'IeCTBa orpaH­

KM (cut), l1CIIOllb3YH cpyHK1J;l1IO geom_ boxplot () (p11c. 5.15). 

;;plot (dat a = di amonds , mapping = aes (x = cut , y = price )) + 
geom_bcxplot () 
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cut 

Puc. 5.15 

I 

' 
Ideal 

Ha p;11arpaMMe pasMaxa OTo6pa)KaeTrn ropasp;o MeHhIIIe l1HcpopMau;Ml1 o pac­

npep;eJieHl1l1, HO KOMIIaKTHOCTb p;MarpaMM 3Toro Tl1IIa o6JierqaeT J1X cpaBHeHJ1e 

Me)l{p;y co6or1 (IIOCKOllbKY J1X MO)l{HO pacIIOJIO)l{J1Tb pH,D;OM Op;Ha c p;pyror1). 3Ta 
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p;1rnrpaMMa TaK:>Ke CB11p;eTeJibCTByeT B IIOJ1b3Y Toro rrpOTJ1BOpeqarn;ero J1HTY11~J1J1 

BbIBOp;a, qTo 6p11JIJIJ1aHTbl tta11Jiyqrnero KaqecTBa J1MeIOT 6onee HJ13KYIO cpep;HIOIO 

~etty! B yrrpa)Kttett1111 BaM 6yp;eT rrpep;JIO)Ketto p;aTb 9TOMY 06'hHCHeH11e. 

I1epeMeHHa5I cut BbICTyrraeT B KaqeCTBe rrop5Ip;KOBOfO cpaKTOpa: KJiacc Kaqe­

CTBa fair (yp;oBJiernop11TeJibttb1J1:) HJ1)Ke KJiacca good (xoporn11I1), KOTOpb1H, B 

CBOIO oqepep;b, HJ1)Ke KJiacca very good (oqeHb xoporn11I1) 11 T.p;. MHor11e KaTero­

p11aJibHble rrepeMeHHble He 11MeIOT TaKoro )Ke BHyTpettHe rrp11cyrn;ero 11M cpaKTopa 

yrropHp;oq11BaH11H, 11 B TaKoM cnyqae Bbl MO)KeTe rrepecTaBJIHTb 11x, qT06b1 cp;enaTb 

p;11arpaMMY 6onee 11HcpopMaT11BttoI1. B qacTHOCT11, 9TO MO)KHO cp;enaTh c rroMorn;bID 

cpyttK~1111 reorder () . 
PaccM0Tp11M, Harrp11Mep, rrepeMeHHYIO class 113 Ha6opa p;aHHbIX mpg. I1pep;rro­

JIO)KJ1M, Bbl XOTJ1Te Bbl5ICHJ1Tb, KaK MeH5IeTC5I IIOKa3aTeJib pacxop;a TOIIJIJ1Ba (hwy) 

B 3aBJ1CJ1MOCTJ1 OT KJiacca aBTOM0611JI5I (class), KaK IIOKa3aHO Ha p11c. 5.16. 

ggplot (data = mpg , mapping = aes (x = class , y = hwy )) + 
geom_boxplot () 
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• • • • • 

• 
SUV 

lfro6b1 cp;enaTh TpeHp; 6onee HarnHp;HblM, rrepecTaB11M 3HaqeHJ15I KJiacca, ocHo­

BbIBaHCb Ha Mep;11aHe 3HaqeHJ1M hwy (p11c. 5.17). 



-~~~OL ( data = mpg ) + 
;eom_bOX!JlCL ( 

mapping = aes ( 
x reorder (clas s , hwy, FUN 
y = hwy 

40 -

medi an ) , 

• • 
• 

• 
• 

30 -
>. 
:::: 
..c 99 • • • • 

I 
• 

20 -

~~ • 

• • 
' ' ' ' ' pickup suv minivan 2seater subcompact compact mid size 

reorder(class, hwy, FUN= median) 

Puc. 5.17 

I1p11 HaJI11'I1111 rrepeMeHHbIX c ,ll;Jl11HHbIM1111MeHaM11 cpyHK~MJI geom _boxplot () 

6yp;eT pa6oTaTb Jly-':Ulle, eCJIM IIOBepttyTb p;11arpaMMY Ha 90°. 3To MO)J(HO cp;eJiaTb 

IlOMOIIJ;bIO cpyHK~MM coord flip () (p 11c. 5.18). 

;;!Jlot (data = mpg ) + 
geom_boxplot ( 

mappi ng = aes ( 
x = reorder (class , hwy, FUN median ) , 
y = hwy 

) + 
coo rd flip () 
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Ynpa>KHeH111S1 
1. J1cnollb3YHTe TO, o qeM Bbl y3ttam1, AlIR yllyqmemrn BI13yam13au;MM BpeMeHM 

OT6blTJt!J! OTMeHeHHblX aBMapetf.coB B cpaBHeHJt!Jt! co BpeMeHeM OT6blTJt!J! HeOT­

MeHeHHblX. 

2. KaKaR Jt!3 nepeMeHHblX tta6opa AaHHblX diamonds ttaM6ol!ee Ba:>1rna AlIR npo­

rtto3MpoBaHMR u;ettbl 6pM1Il!Jt!aHTa? KaK 3Ta nepeMettttaH Koppe1IMpyeT c nepe­

Mettttotf. cut? ffoqeMy KOM6Mttau;MR 3TJt!X ABYX cooTHOilleHJt!H npMBOAMT K 

TOMy, qTo 6pM1IlIJt1aHTb1 xyAmero KaqecTBa oKa3bIBaIOTCR 6ol!ee AOporMMM? 

3. YCTaHOBJt!Te naKeT ggstance M C03Aat1Te ropM30HTallbHYIO AMarpaMMY pa3Ma­

xa. KaK 3TO cooTHOCMTrn c Jt!CTI01Ib30BaHMeM cpyttKD;MM coo rd_ f 1 i p ( ) ? 

4. 0AHOH Jt!3 npo61IeM, CBOHCTBeHHblX AMarpaMMaM pa3Maxa, RBl!HeTCR TO, qTo 

OHJt! pa3pa6aTbIBal!Jt!Cb B Te BpeMeHa, KOrAa pa3Mepb1 Ha6opoB AaHHblX 6bl1Il1 

cpaBHMTellbHO He6ol!blllJ1MJt!, 11 noToMy oTo6pa>KaIOT tteAonycTMMO 6ol!blllOe 

K01IJ1qecTBO Bb16pocoB. 0AH11M 113 TIOAXOAOB, TI03B01IRIOiu;J1X pemJt!Tb 3TY npo-

61!eMy, RBlIReTcR 11cnollb30Batt11e lv-ouazpaMM. YcTattoB11Te naKeT lvplot tt no­

nb1Tat1Tecb ttcnollb30BaTb cpyttKu;1110 geom_ l v () AlIR oTo6pa>KeHMH pacnpeAe­

l!eHMR u;eHbl 6pM1IlIJ1aHTOB B 3aBJt!CJt!MOCTJt! OT KaqecTBa orpaHKJt! . t.ITO BaM 

yAalIOCb BbIRCHJ1Tb? KaK Bbl Jt1HTepnpeT11pyeTe 3TJ1 rpacp11K11? 



:>. CpaBHMTe pa6oTy cpyHKI.J;l'H1 contrast geom_ violin () c pa6oToi1 cpyHKIJ;MM 

geom_ histogram () , MCITOJib3y10ru;e:i1 cpe3bI (facets), M pa6ornl1: cpyttKIJ;MM 

geom_ freqpoly () , MCITOJib3y10ru;e:i1 u;BeT. KaKOBbI npeMMyru;ecrna M Hep;o­

CTaTKM Ka)l(p;Oro Jtl3 3TJ!IX MeTop;oB? 

6. B rnyqae tte6oJibIIIMX tta6opOB p;aHHbIX p;mr aHaJIM3a CBR3M Me)l(p;y Henpepbrn­

HO:i1 J1 KaTeropMaJibHOM nepeMeHHbIMJtl JtlHorp;a yp;o6Ho JtlCIIOJib30BaTb cpyHK­

U:MIO geom _jitter () . IlaKeT ggbeeswarm npep;ocTaBJIReT pRp; MeTOp;OB, atta­

JIOfJtl'!HbIX cpyHKIJ;JtlJtl geom jitter ( ) . Ilepe'IJ!ICJIMTe J!IX Jtl KpaTKO OIIJ!IIIIJ1Te 

pa60Ty Ka)l(p;oro M3 HMX. 

Ase KaTerop111anbHbte nepeMeHHbte 

qT06bI BM3yaJIJt13l1pOBaTb BapMaIJ;MIO Me)l(p;y KaTeropMaJibHbIMJ1 nepeMeHHbIMJtl, 

Heo6xop;MMO nop;C'!JtlTaTb KOJIJtl'!eCTBO Ha6rr10p;eHJ!IM p;JIR Ka)l(p;O:i1 KOM6MHaIJ;MJtl 3Ha­

tfeHMH. Op;MH M3 cnoco6oB cp;erraTb 3TO 3aKJIIO'!aeTcR B MCIIOJib30BaHMM BcTpoeH­

ttoJ.1: cpyHKU:MM geom_ count () (pMc. 5.19). 

;;9lot (data = diamonds ) + 
geom_count (mapping = aes (x = cut , y color)) 
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cut 

Puc. 5.19 

Pa3Mep Ka)l(p;oro Kpy)l(Ka oTpa)l(aeT KOJIM'IeCTBO Ha6rr10p;eHMI1:, BCTpeqa10ru;MxcR 

B Ka)l(p;OJ.1: KOM6Jtlttau;MM 3Ha'IeHMH. KoBapMaIJ;JtlR npoRBJIReTCR B CJ!IJibHOH Koppem1-

IJ;Jt1Jtl Me)l(p;y KOHKpeTHbIMJtl 3Ha'!eHJ!IRMJtl x Jtl y. 



,D;pyro11: rro,n;xop; 3aKJIIO'laeTCH B BbIITOJIHeHl1l1 ITO,D;C'leTa c ITOMO~bIO rraKeTa 

dplyr. 

diamonds %>% 
count (color , cut ) 

#> Source : local data frame [35 x 3) 
#> Groups: color [ ?) 

#> 
#> color cut n 
#> <ord> <ord> <int> 
#> 1 D Fair 163 
#> 2 D Good 662 
#> 3 D Very Good 1513 
#> 4 D Premium 1603 
#> 5 D Ideal 2834 
#> 6 E Fair 224 
#> # with 29 more rows 

ITorne 3Toro ocTaeTrn Bl13yaJil13l1posaTb ,n;aHHbie, l1CIT07Ib3YH cpyttKU,l1IO geom_ 

tile () Jt[ Bl13yaJibHbIM aTpl16yT fill (pl1C. 5.20). 

diamonds %>% 
count (color , cut ) %>% 
ggplot (mapping = aes (x = color , y = cut) ) + 

geom_tile (mapping = aes (fill = n) ) 
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Ecm1 KaTerop11aJibHb1e rrepeMeHHb1e He yrropRAO'IeHbl, HCITOJib3Yi1Te rraKeT 

riation ,Il;ll.H O,IJ;HOBpeMeHHOM rrepecTaHOBKJ1 CTpOK YI CTOrr6u;oB, 'IT06bl 6orree OT­

_enrnBO rrpo.HBYITb YIHTepecHble 3aKOHOMepHOCTYI. B crryqae KpyrrHblX p;YiarpaMM 

::IOITblTaMTeCb YICI1071b30BaTb O,IJ;YIH Yl3 rraKeTOB d3heatmap YIJIYI heatmaply, I103BO­

-:m0ID;l1X C03,IJ;aBaTb l1HTepaKTYIBHble p;YiarpaMMbI. 

Ynpa>KHeH111J1 

I. KaK 6b1 Bbl YI3MeHYIJIYI Macuna6 Ha6opa ,n;aHHblX count, 'IT06b1 6orree OT'IeT­

JIYIBO rrpoRBYITb pacrrpe,n;erreHYie rrepeMeHHOM cut c 11crroJib30BaH11eM color 

B Ka'Iecrne rpyrrrrYipyroiu;ei1 rrepeMeHHOM YIJIYI pacrrpe,n;erreHYie rrepeMeHHOM 

color c YICITOJib30BaHYieM cut B Ka'IeCTBe rpyrrrrYipyroiu;ei1 rrepeMeHHoi1? 

2. J1crroJib3Yi1Te cpyHKu;11ro geom_ tile () BMecTe c rraKeTOM dplyr All.H Yicrne,n;o­

BaHM.H Toro, KaK MeHReTc.H cpe,n;Hee BpeM.H 3a,n;ep)KKJ1 amrnpei1coB B 3aBJ1Cl1-

MOCTYI OT rryHKTa Ha3Ha'IeHYI.H l1 Mec.Hu;a B ro,n;y. l.fro 3aTPYAH.HeT 'ITeHYie p;Ma­

rpaMM? KaK 6b1 Bbl MOrJIYI 3TO y rryqllIYITb? 

3. Ilo'IeMy B rrpep;b1p;y iu;eM rrpYIMepe rryqllle 11crroJib30BaTb aTpYI6yTbl aes ( x = 

color, y = cut) , qeM aTpYI6y Tbl aes (x = cut, y =color) ? 

.Qee HenpepblBHble nepeMeHHble 

Bb1 y)Ke 3HaKOMbl c op;HYIM YI3 3aMe'IaTeJibHblX crroco6oB BYI3yam13au;YIYI KOBa­

p 1t1au;11YI Me)K,n;y ABYMR HerrpepbIBHblMl1 rrepeMeHHblMYI: co3,n;aHYie ,n;11arpaMMbl pac­

e.HHl1.H (TO'Ie'IHOM p;MarpaMMbl) c ITOMOID;blO cpyHKu;YIYI geom _point () . KOBapYia­

u;YI.H rrpO.HBJI.HeT ce6.H B Bltl,IJ;e 3aKOHOMepHOCTJ1 B pacrroJIO)KeHYIYI TO'IeK. 

HarrpYIMep, rrerKo rrpocMaTpl1BaeTc.H 3KcrroHeHu;YiaJibHblM xapaKTep CB.H3YI Me)K­

.:i;y u;eHOM l1 BeCOM 6pl171JIYiaHTOB B Kaparax (p11c. 5.21). 

;;plot (da ta = diamonds ) + 
geom_point (mapping = aes (x = carat , y = pri ce)) 

ITo Mepe yBerr11'IeHYI.H Ha6opa ,n;aHHblX p;MarpaMMbl pacce.HHYI.H CTaHOB.HTC.H Bee 

'.1eHee ITOJie3HblMYI, ITOCKOllbKY TO'IKJ1 HarraraIOTC.H O,IJ;Ha Ha ,n;pyryro c o6pa30BaHYI­

eM ITOJIHOCTbIO 3aKpailleHHblX o6rracTei1 (KaK Ha rrpep;b1p;yiu;ei1 p;MarpaMMe). C o,n;­

HYIM Yl3 crroco6oB peilleHJ15I rrpo6rreMbl Bbl y)Ke 3HaKOMbl - 3TO YICI1071b30BaHYie 

BYI3yarrbHoro aTpYI6yTa alpha p;rr.H ,n;o6aBrreH11.H rrpo3pa'IHOCTYI (pYic. 5.22). 
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Ho p;irn: oqettb 6 onbll1MX tta6opoB ,n;attttbIX BBe,n;ettMe npo3paqttocTJ1 tte JIBJIJI-

T JI BbIXO,Il;OM. ,Upyroe B 0 3M O:>KHOe pellleHMe - J1CIIOJib30BaHJ1e KapMaHOB (MH ­

:-ep BaJIOB 3ttaqettMi1) . Pattee MbI MCIIOJib30BaJIJ1 cpyttKll,MM geom histogram () M 

:;earn_ freqpoly () ,n;nJI co3,n;attMJI KapMattoB B o,n;ttoM J13MepettMM. Cei1qac Bbl y3-

:EiaeTe 0 TOM, KaK C03,Il;aBaTb Kap M aHbI B ,n;Byx J13MepeHJ15IX c IIOMOill,blO cpyttK11,J1M 

:;eom _bin2d () M geom_ hex () . 
<DyttKll,J1J1 geom _bin2d () J1 geom_ hex () ,n;eJIJIT Koop,n;MHaTHYJO IIJIOCKOCTb Ha 

,:rnyxMepttbie KapMaHbI, a 3aTeM J1CIIOJib3YIOT 11,BeT 3aJIJ1BKJ1 ,Il;JIJI npe,n;cTaBJieHJ15I 

·o n J1qecTBa ToqeK, nona,n;a JOill,MX B Ka:>Kp;bIM KapMaH. <PyttKll,MJI geom _bin2d () 

0 3,n;aeT rrpHMoyronb Hbie KapMaHbI , a cpyttKll,MJI geom_ hex () - lllecn1yronbHbie. 

1h o 6bI MCIIOJib30BaTb cpyttKll,MJO geom_ hex ( ) , tty:>Ktto ycTaHOBMTb naKeT hexbin. 

;;plot (data = smaller ) + 
geom_bin2d (mapping = aes (x = carat , y = price )) 

i nstal l . packages( "hexbi n" ) 
;;plot (data = smaller ) + 

geom_hex (mapping = aes (x = carat , y 
=> Loading r equired package : methods 

price ) ) 

,UpyraJI B03MO:>KHOCTb 3aK JIJOqaeTC5I B C03,n;aHJ1J1 KapMaHOB ,Il;JIJI O,Il;HOM ttenpe­

p bIBHOM nepeMeHHOM c T OM 11,eJiblO, qTo6bI Otta BbICTyrrana B KaqecTBe KaTeropM­

<lJ1bHOM nepeMettttoi1. ITocne 3Tor o M O:>KeTe MCIIOJib30BaTb o,n;MH M3 MeTo,n;oB BM3ya­

.1 113a11,MM KOM6J1Hall,J1J1 KaTer o p11aJib HOM J1 Henp epbIBHOM nepeMeHH OM, c KOTOpbIM 

BbI y:>Ke 3HaKOMbI. HanpMMep , MO:>KHO co3,n;aTb KapMattbI ,n;nH nepeMettttoi1 carat 

11 oT06pa3J1Tb ,n;Mar p aMM bI p a3Maxa ,n;nH Ka:>K,n;oi1 rpyrrnbI (pMc. 5.23). 

;;plot (data = smaller , mapping = aes (x = carat , y = price )) + 
geom_boxplot (mapping = aes (group = cut_width (carat , 0.1 ))) 

:VknoJib3y eMaJI 3,n;ecb cpyttKll,MJI cut width (x, width) ,n;enMT ,n;Mana30H 3Ha­

'!ettMi1 x tta MHTepBaJibI 1I1MpMttoi1 width. ITo yMonqaHMJO "Hlll,MKM c ycaM11" MM e ­

JOT rrpMMeptto 0,Il;J1H J1 TOT :>Ke BHCllIHJ1M BJ1,Il; (3a J1CKJIJOqeHJ1eM KOJIJ1qecTBa BbI-

6pocoB), He3aBJ1CJ1M O OT KOJIW i eCTB a Ha6n10,n;eHJ1M, KOTOpbIM OHJ1 COOTBCTCTBY­

IOT, l1 II03TOMY cy,n;11Tb 0 TOM, KaKo e KOJIJ1'ICCTBO tta6JIIO,Il;CHJ1M npocyMMMpOBaHO 

B Ka:>K,n;OM KapMatte, o q e ttb Tp y,n;tto. 0 ,n;MH J13 cnoco6oB c,n;en aTb 3 TO B03MO)KHbIM 

3aKJIJOqaeTCJt B l1CIIOJib30BaHJ1J1 KapMaHOB, lllMpMtta KOTOpbIX rrponopll,MOHaJibHa 

KOJIJ1qecTBy ToqeK ,n;attHbIX: varwidth = TRUE. 

,Upyroi1 no,n;xo,n; 3aKJIJOqaeTrn B TOM, qT06b1 OTo6pa:>KaTb rrp11Meptto o,n;tto M TO 

:>Ke KOJIJ1qecTBO TOqe K B Ka:>K,n;OM K apMaHe. 3To ,n;enaeTCJI c IIOMOill,blO cpyttKll,J1J1 

cut number () (p11c. 5.24). 

rnasa 5. npeABaplHeflbHbl~ aHaM13 AaHHblX 157 



15000 -

2l 10000 -
·;:: 
0. 

5000 -

0 -

• I 
• • . l 

. ul~~ I 

• • • : ! I I I 
I I • 

carat 

Puc. 5.23 

: . 
• I I • 

• • • • 

' 2 

• • 
• • • 

• 

ggplot (data = smaller , mapping = aes (x = carat , y = price )) + 
geom boxplot (mapping = aes (group = cut number (carat , 20 ) )) 
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npa>1<HeH111R 

B MecTo cyMMMpoBamu1 yrnoBHbIX pacrrpep;eJieHMilI c rroMOIIJ;bIO p;MarpaMM pa3-

Yiaxa MO:)KHO MCIIOJib30BaTb rroJIMrOHbI qacTOT. KaKMe cpaKTOpbI Bbl p;oJI)l(HbI 

yqMTbIBaTb, rrpMHMMaJI peweHMe 0 TOM, KaKyIO M3 cpyHKIJ;MM MCIIOJib30BaTb: 

cut_ width ( ) MJIM cut_ number () ? KaK 3TOT Bb16op BJIMJieT Ha BM3yam13a­

IJ;MIO p;ByxMepHoro pacrrpep;eJieHMR rrepeMeHHbIX carat M price? 

BM3yaJIM3Mpyi1:Te pacrrpep;eJieHMe rrepeMeHHoilI carat, wcrroJib3YR price B Ka­

tfecrne rpyrrrrMpy10IIJ;ei1: rrepeMeHHoilI. 

CpaBHMTe pacrrpep;eJieHMe rrepeMeHHoilI price p;JIJI KpyrrHbIX M He6oJiblllMX 

6pMJIJIMaHTOB. CooTBeTCTBYIOT JIM pe3yJibTaTbI 3Toro cpaBHeHMR BalllMM O)l(M­

p;aHMRM MJIM qTO-TO B HMX BbI3bIBaeT y Bae yp;MBJieH1t1e? 

4. 06'be)J;MHMTe )];Be 1t13yqeHHbie BaMM MeTO)J;MKM )J;JIJI BM3yaJIJt13aIJ;MM KOM6MHMpo­

BaHHOro pacrrpep;eJieH1t1R rrepeMeHHbIX cut , carat M price. 

::>. ,UByxMepHbie rpacpMKM rrpoRBJIJIIOT BbI6pocbI , KOTOpbie Ha O)J;HOMepHbIX rpa­

cpMKax ocTaIOTCR HeBM)J;MMbIMM. HarrpMMep, Ha rrpMBep;eHHOilI HM)l(e p;MarpaM­

Me (pMc. 5.25) HeKOTOpbie TOtfKJt1 Jt1MeIOT He06bI':!Hbie COtfeTaHMJI 3HatfeHMM x M 

y, qTo 3acTaBJIReT cqJt1TaTb MX BbI6pocaMM, XOTJI B3JITbie no OT)J;eJibHOCTM 3Ha­

tfeHMJI x M y BIIOJIHe o6b!qHbI. 

ggplot (data = diamonds ) + 
geom_point (mapping = aes (x = x, y = y)) + 
coorci_cartesian (xlim = c (4, 11 ) , ylim = c (4, 11 )) 

llotfeMy B p;aHHOM cJiyqae 3TO Jierqe 3aMennb Ha p;warpaMMe pacceJIHMR, tfeM 

Ha )J;MarpaMMe, MCIIOJib3YIOIIJ;ei1: KapMaHbI? 

Wa6noHbl noeeAeHH11 nepeMeHHblX H MOAenH 
YcTaHOBJieHMe 3aKOHOMepHOCTei1: B rroBep;eHMM p;aHHbIX MMeeT pewaIOIIJ;ee 3Ha­

tfeH1t1e )J;JIJI orrpep;eJieH1t1R CBJI3ei1: Me)l(p;y HMMM. EcJI1t1 B rroBep;eHMM p;Byx rrepeMeH­

HbIX Ha6JIIOp;aeTCJI CMCTeMaTMtfeCKaJI 3aKOHOMepHOCTb, TO 3TO MO)l(eT CBM)J;eTeJib­

TBOBaTb 0 HaJIMtfMM ycTOMtflt1BOM CBJl3M Me)l(p;y p;aHHbIMJt1. KaK TOJibKO Bbl 3aMeqa­

eTe KaKyIO-JI1t160 3aKOHOMepHOCTb, 3ap;ai1:Te ce6e CJiep;yIOIIJ;Jt1e BOIIpOCbI. 

• Mo)l(eT JIM 3Ta 3aKoHoMepHOCTb 6bITb JI1t1lllh Ka)l(yIIJ;eJ1cJI (T.e. He o6ycJIOBJie­

Ha JIM OHa rnyqaill:HbIM COBIIap;eHMeM)? 
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• KaK MO)KHO orrncaTb OTHOIIIem1e Me)Kp;y nepeMeHHbIMM, KOTOpoe CJiep;yeT 113 

Ha6mop;aeMOM 3aKOHOMepHOCTM? 

• HacKOJibKO CMJibHa CBJI3b Me)Kp;y nepeMeHHblMM, KOTopy10 MO)KHO npep;no­

JiaraTb, MCXO,ll;JI 113 Ha6JI10p;aeMOM 3aKOHOMepHOCTJ1? 

• KaKMe ,n;pyr11e nepeMeHHbie MoryT OKa3bIBaTb BJIJ15IHJ1e Ha OTHOIIIeHMe Me)K­

,n;y p;aHHblMM nepeMeHHbIMM? 

• J13MeHJieTrn JIM :no OTHOIIIeHMe npM nepexop;e K pacCMOTpeHMJO OTp;eJibHbIX 

no,n;rpynn p;aHHbrx? 

Ha p;11arpaMMe pacceJIHMJI, no ocJIM KOTopo:H OTJIO)KeHbI p;JIMTeJihHOCTb M3Bep­

)KeHMM rei1:3epa "CTapbIM cJiy)KaKa" J1 ,ll;JIMTeJibHOCTb nay3 Me)Kp;y J13Bep)KeHJ15IMJ1, 

MO)KHO 3aMeTJ1Tb CJiep;y10rn;y10 3aKOHOMepHOCTb: 6onee npop;OJI)KMTeJibHbie nay3bl 

CBJI3aHbI c 6onee p;JIMTeJihHbIMM M3Bep)KeHMJIMM. K poMe Toro, Ha p;11arpaMMe pac­

ceJIHMJI OT'-1.eTJIMBO Bbip;eJIJIJOTCJI p;Ba KJiaCTepa, Ha KOTOpble pattee y)Ke o6parn;a-

710Cb Baille BHMMaHMe (p11c._ 5.26). 

ggplot (data = faithful ) + 
geom __ point (mapping = aes (x = eruptions , y waiting )) 
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Bhrn:BJiett11e saKOHOMepttocTeM B n0Bep;ett1111 nepeMeHHhIX JIBJIJieToI op;HMM J13 

Ha116onee IIOJie3HbIX J1HCTpyMeHTOB B ttayKe 0 p;aHHbIX, IIOCKOJibKY 3TO II03BOll5:IeT 

0 6 ttapy>K11Tb KOBap11au;mo. Ern11 Bap11au;11JI - 3TO JIBJiett11e, cosp;aroru;ee tteonpe­

;ieneHHOCTh, TO KOBap11au;115I - 3TO 5IBJieHJ1e, KOTopoe yMeHhIIIaeT Heonpep;eJieH -

HOCTb. EcJIJ1 Me>Kp;y nepeMeHHbIMJ1 cyru;ecTByeT KOBap11au;11JI, TO 3Ha':IeHJ1JI O,D;HOM 

rrepeMeHHOM MoryT 6hITh 11cnoJih30BaHhI p;JIJI yny'IIIIeHMJI npep;cKasaHJ15I 3Ha':IeHJ1M 

;ipyro:i::i. Ern11 KOBap11au;11JI o6yrnoBJieHa npM'IMHHO-CJiep;crneHHOM CBJI3hIO ( oco­

OhIM cny'IaM), TO 3Ha'IeHJ15I op;HOM nepeMeHHOM MoryT 6bITh J1CIIOJih30BaHbI ,D;JIJI 

ynpaBJieHMJI stta'IeHMJIMJ1 p;pyro:i::i . 

Mop;en11 - 3TO MHCTpyMeHT, 11cnonbsyeMhIM p;JIJI BhUIBJieHJ15I saKoHoMepttocTeM 

B n0Bep;ett1111 p;aHHhIX. PaccMOTpMM, ttanp11Mep, p;aHHhie, Kacaroru;11ecJI 6p11nn11aH­

TOB. I10H5ITb np11pop;y OTHOIIIeHJ15I Me>Kp;y nepeMeHHblMJ1 cut (Ka'IeCTBO orpaHKJ1) 

11 price (u;etta) HeJierno, nocKOJihKY nepeMeHHhre cut J1 carat (Bee B KapaTax), 

a TaK>Ke carat 11 price Tectto CBJI3aHbI Me>Kp;y co6o:i::i. Mo>KHO J1CIIOJih30BaTh MO­

i=i;eJih, KOTOpa5I J1CKJIIO'IaeT BJIJ15IHJ1e O'IeHb CJ1JlhHOM CB5I3J1 Me>Kp;y nepeMeHHhlMJ1 

price 11 carat 11 TeM caMhIM npep;oCTaBJIJieT B03MO>KHOCTh 11ccnep;oBaTh 6onee 
TOHKJ1e p;eTaJIJ1. I1p11Bep;eHHhIM HJ1>Ke KOp; COOTBeTCTByeT MO,D;eJIJ1, KOTOpa5I npep;­

CKa3hIBaeT u;etty TIO Becy, a 3aTeM BhI'IJ1CJIJieT OCTaTKJ1 (pa3HJ1u;a Me>Kp;y npep;cKa-

3aHHhIM J1 cpaKTJ1'IeCKJ1M 3Ha'IeHJ1eM). 0CTaTKJ1 p;aroT npep;cTaBJieHJ1e 0 u;ette 6p11JI­

;rnaHTOB IIOCJie J1CKJIIO'IeHJ15I J13 Hee BJIJ1JIHJ15I Beca (p11c. 5.27). 



library (modelr ) 

mod <- lm (log (price ) - log (carat ), data 

diamonds 2 <- diamonds %>% 
add_residuals (mod ) %>% 
mutate (r esid = exp (resid )) 

ggplot (da t a = diamonds2 ) + 
geom_point (mappi ng = aes (x 
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J1CKJil-O'H1B BJIJ15IHJ1e CJ1JlbHOM B3aJ1MOCB5I3J1 nepeMeHHblX carat J1 price, Bbl 

YBM,[\MTe, 'ITO COOTHOIIIem1e Me)Kp;y nepeMeHHblMJ1 cut J1 price COOTBeTCTByeT 

0)KJ1,D;aeMOMY - ,[\JIR aJIMa30B cpaBHJ1MOfO pa3Mepa 6oJiee BblCOKOMY Ka<reCTBY co ­

OTBeTcTByeT 6oJiee BbICOKaR 11,etta (p11c. 5.28). 

ggplot (data = diamonds2 ) + 
geom_boxplot (mapping = aes (x = cut , y = resid )) 

0 TOM, KaK pa6oTaI-OT Mop;eJI11 11 naKeT modelr, Bbl ysttaeTe B <racTM IV. Pac­

cM0Tpett11e MO,D;eJieti. OTJIO)KeHO p;o IIOCJiep;tteti. <raCTI1 KHI1fl1, IIOTOMY 'ITO BaM 6y­

p;eT ner<re IIOHJITb, qTo TaKoe MOp;eJIJ1 J1 KaK OHM pa6oTaI-OT, y)Ke TIOCJie Toro, KaK 

Bbl OBJiap;eeTe J1HCTpyMeHTaMJ1 nop;roTOBKJ1 p;aHHblX J1 np1106peTeTe HaBblKJ1 npo­

rpaMMI1pOBaHJ15I. 
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Premium ldeai 

KaK TOlibKO 3aKoHqaTCJI BBO,[l,Hble rnaBhl, Mbl Ha'rneM J1eIIOlib30BaTb 6oJiee KOM ­

n aKTHYIO 3arr11eb K0,[1,a Bblpa>KeHl1M ggplot2. ~o e11x rrop Mbl Bee 3arr11enrnaJIJ1 B JIB ­

HOM BJ1,[1,e, qTo 6bIJIO orrpaB,[l,aHO, IIOKa Bbl TOlibKO 3HaKOMJ1Jil1eb e 3Tl1M rraKeTOM. 

;;plot (data = faithful , mapping = aes (x = eruptions )) + 
geom_freqpoly (binwidth = 0.25 ) 

KaK rrpamrno, rrepBble O,ll,MH 117111 ,ll,Ba apryMeHTa JII06oi1: ¢YHKu;1111 HBJIHIOTeH 

aMblMl1 Ba>KHblMl1, Il03TOMY Bbl ,lJ,OlI>KHbl 3HaTb J1X Ha rraMJITb. TiepBble ,[l,Ba ap­

ryMeHTa ¢YHKu;1111 ggplot () - 3TO data 11 mapping, a rrepBbie ,ll,Ba apryMeHTa 

¢ YHKIJ;J111 aes () - 3TO x J1 y. B o eTaBrneiirn qaeTJ1 KHJ1fJ1 Mbl He 6y,lJ,eM yKa3bl ­

BaTb rrepeqJ1eJieHHble J1MeHa. 3TO J136aBJ1T Hae OT lIJ1IIIHero BBO,[l,a J1 6JiarO,ll,apH 

y MeHnIIIeHMIO o61:>eMa rna6JIOHHoro TeKeTa 06Jierq11T paerro3HaBaH11e pa37111q11i1: 

B KO,[l,e rpacp11KOB. 3To oqeHb Ba>KHblM TeXHJ1qeeKJ1M aerreKT rrporpaMM11pOBaHJ1JI, 

K paeeMoTpeHJ1IO KOTOporo Mbl eru;e BepHeMeJI B rnaBe 15. 

Tip11,[1,a,[l,11M rrpe,ll,bl,lJ,YIIJ;eMy KO,ll,Y 6oJiee KOMIIaKTHblM BJ1,[1,. 

;gplot (faithful , aes (eruptions )) + 
geom_:reqpoly (binwidth = 0.25 ) 



J1Horp;a Mbl 6yp;eM CTaBMTb B KOHeu, KaHaJia rrpeo6pa30BaHMJI p;aHHbIX KOMaHp;y 

rrocTpoeHMe rpaqmKa. BHMMaTeJibHO crrep;11Te 3a rrepexop;oM OT 3HaKa %>% K 3Ha­

KY +. MHe 6h1 xoTerrocb, qT06b1 3TO He 6brno Heo6xop;MMblM, HO, K co)KaJieHMIO, 

rraKeT ggplot2 C03p;aBaJICJI p;o Toro, KaK ITOJIBMJIMCb KaHallbl. 

diamonds %>% 
count (cut , clarity) %> % 
ggplot (aes (clarity , cut , fill n)) + 

geom_ tile () 

AononHHTenbHaa HHcl>opMa"'Ha 
Ern11 Bbl 3axOTMTe 6orrhrne Y3HaTb o pa6oTe rraKeTa ggplot2, peKoMeHp;yeM 06-

paTMTbCJI K KHMre ggplot2 (http : I I ggplot 2 . org /book/ ). Hep;aBHO oHa 6h1rra 

o6HOBJieHa, TaK qTo Terrepb B Hee BKJIIOqeH KO,Il; dplyr l1 tidyr, qTo p;aeT 6oJibIIIOtt 

rrpocTop ,D;llR MCCJiep;OBaHMJI BCex acrreKTOB BM3yarrM3aU,Ml1. K CO)KaJieHMIO, 3Ta 

KH11ra He rrpep;ocTaBJIReTcR 6ecrrnaTHO, HO ecrr11 Bbl CBJI3aHhl c KaK11M-rr1160 yH11-

Bepc11TeTOM, TO, BepORTHO, CMO)KeTe 6ecrrrraTHO rrorryq11Tb ee 3JieKTpOHHYIO Bep­

CMIO qepe3 rrrranpopMy Springer Link (https : I I 1 ink. springer. com). 

Elll,e op;11H rrorre3Hhltt pecypc - KH11ra R Graphics Cookbook (Winston Chang). 

EorrbrnaR qacTb ee cop;ep)K11Moro p;ocTyrrHa no ap;pecy http : I /www . cookbook-r . 
com/Gr aphs/. 

KpoMe Toro, MO)KeM rropeKoMeHp;oBaTb TaK)Ke KH11ry Graphical Data Analysis 
with R (Antony Unwin). Cop;ep)Kalll,MttCJI B Hett MaTep11arr aHarromqeH ToMy, KO­

Topbltt pacCMOTpeH B 3TOtt rnaBe, HO o6beM KH11r11 fl03BOJIJ1ll ee aBTopy l13JI0)KJ1Tb 

MaTep11arr 6orree rrop;po6Ho. 
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rnABA 6 

OpraH1113a~111H pa6ollero 
npo~ecca: npoeKTbl 

B o,n;irn rrpeKpacHbIM ,n;eHb y Bae MO)KeT B03Hl1KHYTb Heo6xo,n;vtMOCTb BpeMeHHO 

epBaTb pa6oTy c R l1 BepHyTbCH K HeJir TOJibKO Ha rne,n;y10~vtJ/J: ,n;eHb, 'IT06b1 3a­

illITbCR '!eM-TO ,n;pyrvtM. Bbl TaK)Ke MO)KeTe 6bITb 3aHJITbl rrapaJIJieJibHblM BbIITOJI­

H eHvteM cpa3y HeCKOJibKJ1X aHaJIJ130B ,n;aHHblX, B Ka)K,D;OM l13 KOTOpblX l1CITOJib3Y­

eTrn R, l1 Bbl xoTeJivt 6b1 xpaHvtTb Bee pe3yJibTaTbl OT,n;eJibHO. B ,n;pyroJIJ: pa3 BaM 

_ !O)KeT rroHa,n;o6vtTbCR BbIITOJIHl1Tb MMrropT ,n;aHHblX B R M3 BHenrnero MCTO'IHMKa, 

a 3aTeM rrepecJiaTb rroJiyqeHHble 'IMCJieHHbie pe3yJibTaTbl l1 rpa<f>MKM CBOMM KOJIJie ­

raM. B rro,n;o6HblX Cl1TyaIJ,J151X, KOTOpble '!aCTO B03HMKaIOT Ha rrpaKTMKe, BaM rrpM ­

;::i:eTC51 rrpMHMMaTb CJie,n;yIO~J1e ,JJ;Ba TMrra peweHMM. 

1. qTO B BaIIIeM aHaJIM3e 51BJI51eTC51 "p;oCT051HJ1eM" ) T.e. 'ITO MMeHHO Bbl XOTJ1Te 

coxpaHvtTb B Ka'!eCTBe oqepep;HoJir rropll,MM vtH<f>opMaIJ,MJ.1, Kaca10~eJ/J:c51 Bawero 

MCCJiep;oBaHMJI? 

2. f,n;e rne,n;yeT xpaHMTb TeKy~11e pe3yJibTaTbl aHaJIM3a? 

"ITO RBnReTCR BaWMM "AOCTORHMeM" 

Ha'IMHaIO~MJir rroJib30BaTeJib R BITOJIHe MO)KeT C'IMTaTb CBOMM ",n;ocTORHMeM" 

cpe,n;y (T.e. o6neKTbl, crr11coK K0Topb1x oTo6pa)KaeTrn Ha rraHeJIM Environment). O,n;­

HaKo B p;omocpO'IHOM rrepcrreKTJ1Be 6y,n;eT HaMHOro JIY'!IIIe, eCJIM Bbl 6y,n;eTe C'IM -

TaTb CBOl1M ",n;ocTORHMeM" Ha:q:11caHHb1e BaMM R-cKpMITTbI. 

PacrroJiaraJI CBOMMM R-cKpmITaMM (11 ¢aJIJ:JiaMM p;aHHblX), Bbl Bcerp;a CMO)Ke­

re BoccTaHOBl1Tb cpe,n;y. BoccTaHOBMTb )Ke R-cKpMrrTbl M3 CBoeJIJ: cpep;b1 ropa3p;o 

Tpy,n;Hee! Bbl ,D;OJI)l(Hbl 6y,n;eTe JIM6o 3aHoBo BBecTvt 6oJibIIIOM o6neM Kop;a, Ha6paB 

e ro no rraMJITM (M p;orrycTMB rrpM 3TOM MHO)KeCTBO orre'!aTOK) , JIM6o T~aTeJibHO 

rroKorraTbCJI B 3arr11cJix 11cTop1111 KOMaHp; R . 



lfro6bI BOCIU1TaTb B Bae rrpaBJ1JibHOe OTHOllieHJ1e K CKpMrrTaM, HaCT05ITeJibHO 

peKoMeH,n;yeM 3arrpeTMTb coxpaHeHMe pa6oqero rrpoCTpaHcrna RStudio B rrpoMe­

:>KYTKax Me:>K,n;y pa60'IJ1MJ1 ceaHCaMJ1 , J1CIIOJib3YJI COOTBeTCTBYIO~J1e HaCTpOMKJ.1 

(pMC. 6.1). 

Options 

Default working directory (when not in a project) : 

Browse ... 
General 

.; Restore most recently opened p roject at startup 

Code .; Resto re previously open source documents at startup 

Restore .RData into workspace at startup 

Appearance 
Save workspace to .RData on exit : [ Never ~ ) <llill~•-••••••• 

Pane Layout 

Packages 

Sweave 

ABC ' 

v Always save history (even when not saving .RData) 

v Remove duplicate entries in history 

Use debug error handler only when my code co ntains erro rs 

Automatically expand tracebacks in error inspector 

Defau lt text encoding: 

UTF- 8 Chan ge ... 

./ v Automatically notify me of update s to RStud io 

Spell ing 

Git/SYN 

s 
Publishing 

OK Cancel 

Puc. 6.1 

Apply 

::ho ,ll;OCTaBJ1T BaM KpaTKOBpeMeHHbie Hey,n;o6CTBa, IIOCKOJibKY Terrepb rrpM IIO­

BTOpHOM 3arrycKe RStudio He CMO:>KeT BCIIOMHMTb pe3yJibTaTbl BbIIIOJIHeHHJI Ko,n;a, 

KOTOpblM Bbl 3arrycKaJIJ.1 B IIOCJie,D;HJ1M pa3. Ho 3TJ1 Hey,n;o6cTBa C3KOHOMJIT BaM 

B 6y,n;y~eM Macey BpeMeHJ1, IIOCKOJibKY rrpMy'IaT Bae qmKcMpoBaTb Bee Ba:>KHble 

B3aMMo,n;e:HcTBJ1JI B rnoeM Ko,n;e. HeT HH'Iero xy:>Ke, 'IeM o6Hapy:>KHTb TPM MecJI­

u;a crrycTJI, 'ITO Bbl coxpaHMJIM JIHllib Ba:>KHbie pe3yJibTaTbI B rnoeM pa6o'!eM rrpo­

cTpaHCTBe, HO He caM KO,D;, c IIOMO~blO KOToporo OHM 6bIJIM IIOJiyqeHbl. 
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B RStudio rrpe,n;ycMoTpeHa 3aMeqaTeJibHaJI rrapa KOM61rnau;m1 KJiaB11lll, co­

- _1ecTHoe 11CIIOJib30BaH11e KOTOpblX CJIY%11T 3aJIOrOM Toro, qTo Bbl 3a¢11Kc11p0Ba-

-:;1 Ba%Hbre qacT11 cBoero Kop;a, oTo6pa%aeMoro B OKHe pep;aKTopa: 

• Ha%M11Te KoM611Hau;mo KJiaB11lll <Ctrl+Shift+FlO> p;JIR rrepe3arrycKa 

RStudio; 

• Ha)KMJ1Te KOM611Hau;1110 KJiaBJ1lll <Ctrl+Shift+S> ,1J;JI5I rrepe3arryCKa TeKyru;ero 

cu;eHap115I. 

M bl CJiep;yeM 3TOMY llla6JIOHY IIOBep;emrn COTH11 pa3 B Hep;eJIIO. 

B R cyru;eCTByeT y,n;o6Hoe rroHJIT11e pa60 1-ie20 11:ama!loza. MMeHHO B HeM R 11ru;eT 

aMJibl, KOTOpb1e Bbl XOT11Te 3arpy311Tb, 11 B Hero )Ke IIOMeru;aeT ¢al1Jibl, KOTOpble 

Bbl xoT11Te coxpaH11Tb. RStudio oT06pa:>KaeT TeKyru;11l1 pa6oqJ1J1: KaTaJior B BepxHel1 

qaCT11 OKHa KOHCOJI11 (p11c. 6.2). 

Console Find in Fi les R Markdown 

Puc. 6.2 

Bb1 CMO:>KeTe y3HaTb 11MJI pa6oqero KaTaJiora c rroMOIIJ;bIO ¢yttKu;1111 getwd {) . 

;s :.wd () 
=> [l ) "/Users/hadley/Docurnents/r4ds/r4ds" 

Ha HaqaJibHOM 3Tarre MO:>KeTe ocTaBMTb B KaqecTBe pa6oqero KaTaJiora R cBol1 

.10MalllH11M KaTaJior (n11qHblM KaTaJior IIOJib30BaTeJIJI, KOTOpblM, Harrp11Mep, B 

\Vindows CJIY)K11T rrarrKa c: /TIOJib30BaTeJiii1/MMH_ IJOJib30 BaTeJIH /,[J;oKyMeHTbI). 

H o y Bae 3a rrneqaM11 y:>Ke llleCTb rnaB KHvir11, 11 Bbl y:>Ke p;aJieKo He HOB11qoK. BcKo­

p e Bbl HaqHeTe opraH1130BbIBaTb cB011 aHaJI11TJ1qecK11e rrpoeKTbl B KaTanorax, a 

B rrpou;ecce pa6oTbl c rrpoeKTOM 6yp;eTe ycTaHaBJI11BaTb COOTBeTCTBy10ru;11l1 KaTa­

,1or B KaqecTBe pa6oqero. 

Cyru;ecTByeT TaK%e B03MO%HOCTb 3ap;aBaTb pa6oqJ1J1: KaTaJior rrpRMO 113 R: 

ss:.wd ( " /path/to/my/CoolProject " ) 

Op;ttaKo Bbl ttu11:02oa He OOllJICHbt maK nocmynamb, rrocKOJibKY p;JIJI 3Toro cyru;e­

rnyeT Jiyqlll11l1 crroco6, rrp11MeHJieMb1l1 rrpo¢eccM0HaJiaM11. 
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nyTH H KaYanorH 
Pa6oTa c nynrMM p;ocTyna l1 KaTanoraMM HeMHoro ocJIO)KHeHa TeM, qTo cyI.Qe­

CTBYIOT p;Ba 6a30BbIX CTMJIJI yKa3aHJ1JI nyTe:H: Mac/Linux l1 Windows. OHM OTJil1-

qaIOTCJI B Tpex pa3HbIX acneKTax. 

• HaJ16oJiee Ba)KHOe OTJIJ1qJ1e COCTOJ1T B TOM, KaKOH CJ1MBOJI l1CnOJib3YeTCJI 

B KaqecTBe pa3p;eJIJ1TeJI>I Me)Kp;y cocTaBJIJIIOI.Ql1Ml1 nyTM. B onepa~MOHHbIX 

cMcTeMax Mac l1 Linux TaKMM CMMBOJIOM CJIY)KMT Koca>I qepTa (ttanpMMep, 

plots I diamonds . pdf), Torp;a KaK B Windows - o6paTHaJI Koca>I qepTa 

(ttanpMMep, plots \diamonds. pdf). R MO)KeT pa6oTaTb c n106b1M l13 3Tl1X 

pa3p;eJIJ1TeJie:H (He3aBJ1Cl1MO OT Toro, KaKyIO nJiaT<popMy Bbl l1CnOJib3ye­

Te), HO, K CO)KaJieHJ1IO, o6paTHaJI KOCaJI qepTa ( \ ) l1MeeT B R cne~11aJibHbIH 

CMbICJI, J1 p;JIJI Toro, qTo6bI yKa3aTb B nyTM op;Hy o6paTHYIO Kocy10 qepTy, 

BaM noTpe6yeTCJI BBeCTJ1 ee p;Ba)Kp;bI! 3To HeMHOrO ycJIO)KHJieT )KJ13Hb, TI03-

TOMY peKoMeHp;yeM Bcerp;a npMp;ep)KMBaTbCJI CTMJIJI Linux/Max, T.e. l1CTIOJib-

30BaTb Kocy10 qepTy (/). 

• A6coJIIOTHbie nyTM ( T.e. nyTM, Bep;yI.QMe K op;HoMy l1 TOMY )Ke pacnoJIO)Ke­

HMIO, He3aBJ1CJ1MO OT MeCTOTIOJIO)KeHMJI pa6oqero KaTaJiora) BbirJIJI,D;JIT no­

pa3HOMY B pa3HbIX onepa~MOHHbIX cMcTeMax. B Windows OHM HaqJ1HaIOTCJI 

c 6yKBbl ,ll;J1CKa (Hanpl1Mep, c: ) J1JIJ1 c p;Byx CJ1MBOJIOB o6paTHOH KOCOM qep­

Tbl (HanpMMep, \ \servername), a B Mac/Linux OHM HaqJ1Ha10Trn c Koco:H 

qepTbI (HanpMMep, /users/hadley). HMKorp;a He l1CIIOJib3y:HTe a6coJIIOT­

Hbie nyTM B CBOJ1X c~ettapl1>IX, nocKOJibKY 3TO 3aTpyp;HJieT COBMeCTHOe J1C­

nOJib30BaHJ1e CKpl1nTOB: HJ1 Ha op;HOM KOMnbIOTepe He 6yp;eT ToqHo TaKOH 

)Ke KOHq)J1rypa~J1J1 KaTaJIOrOB, KaK J1 Ha BallleM. 

• Tiocnep;Hee (He3Haq11TeJihHoe) OTJIJ1qJ1e CBJI3aHo c TeM, Ha KaKo:H KaTaJior 

yKa3brnaeT CM MB OJI "TMJibp;a" ( - ) . CMMBOJI - - yp;o6Hoe coKpaI.QeHHoe o6o-

3HaqeHMe p;oMallIHero KaTaJiora. Ho B Windows, rp;e noH>ITMe p;oMallIHero 

KaTanora no cyTM oTcyTcTByeT, 3TOT CMMBOJI yKa3brnaeT Ha nanKy ,I\oKy­
MeHTbI. 

npoeKTbl RStudio 
Cne~MaJIMCTbI no JI3bIKY R xpatt>IT BMeCTe Bee cpai1.JibI, CB>I3aHHbie c npoeK­

TOM: BXOp;Hbie p;aHHbie, R-cKpMIITbI, aHaJIJ1TJ1qecKMe pe3yJibTaTbI, pMcyHKM. 3To 



TOJibKO pa3yMHaJI M pacnpocTpaHeHHaJI npaKTMKa, qTo B RStudio ,n;nH Hee 

e,n;ycMoTpeHa BCTpoeHHaJI no,n;,n;ep)J(Ka nocpe,n;cTBOM npoeKmoa. 

,[(aBaiiITe C03,ll;a,ll;MM ,ll;lIJI Bae npoeKT, KOTOpbIM Bbl 6y,n;eTe MCTIOllb30BaTb Ha 

OTJI)J(eHMM ocTaBIIIeJircJI qacTM KHMrM. IUenKHMTe Ha nyHKTax Memo File¢ 

ew Project (<t>aI1n<=>Co3,n;aTb npoeKT), a 3aTeM BbITIOJIHMTe ,n;eI1cTBMJI, noKa3aHHbie 

a pwc. 6.3-6.5. 

New Project 

Create Project 

New Directory 
5~art fi ~rO · t ..., =t r,..~,..1d nt:,\• NOr._;'19 d rtClOr/ 

Existing Di rectory 
l'I0:-50r" e c::... ~t , t· o·· e.)(·St"~9 \'10r.; ng d "ecto:y 

version Contro l 

Cancel 

Puc. 6.3 

New Proj ect 

Back Project Type 

Empty Proj ect 

R Packag e 
c €.rth: ~ n ~" i:: p.;rrage 

R 
Shiny Web Ap pl ication 
C ea: · n _ ·\ .'~d:- z.p;._~ :cat o·· 

Cancel 

Puc. 6.4 
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New Project 

Back Create New Project 

Directory name: 

r4ds 

Create proj ect as subdi rectory of: 

~/ Desk top 

Create a git repos itory 

Use packrat wi th this project 

Open in new sess ion 

Puc. 6.5 

, Create Project Cancel 

Ha30BJ1Te eBor1: rrpoeKT r4ds M nu;aTeJibHO o6p,yMar1Te, B KaKor1 rrop,KaTarror Bbl 

ero rroMeeTMTe. EerrM Bbl He eoxpaHMTe ero B KaTarrore, K0Topb1r1: eMo:>KeTe 3arroM­

HJ1Tb, TO B 6y,n;yiu;eM BaM 6yp,eT Tpyp,Ho OTbICKaTb eBor1 rrpoeKT! 

3aBepUIMB orrMeaHHblM rrpou;eee, Bbl rrorryqi1Te HOBblM rrpoeKT RStudio, rrpMrop,­

HblM ,IJ,JIJI '.HOM KHJ1fJ1. Y6e,IJ,J1Teeb B TOM, qTo TeKyID;MM pa6oqJ1M KaTaJIOfOM JIBJIJI­

eTeJI Barn "p,oMaUIHMr1" KaTarror. 

getwd () 
#> [l ] /Users /hadley/ Documents / r 4ds / r4ds 

BeJIKJ1M pa3, Korp,a Bbl 6yp,eTe eebIJiaTbeJI Ha cpar1: rr e IlOMOID;bIO OTHOeMTeJibHOfO 

rryTM, RStudio 6yp,eT MeKaTb ero 3p,eeb. 

A Terrepb BBe,IJ,MTe errep,y10iu;Me KOMaH,IJ,bl B pep,aKTope eKpMrrTOB M eoxpaHMTe 

cpar1:rr, Ha3BaB ero diamonds.R. 3aTeM BhmorrHMTe Beeb eu;eHapMr1, KOTOpb1r1: eoxpa­

HMT cpar1:rrb1 e paernMpeHMJIMM PDF M CSV B KaTarrore BaUiero rrpoeKTa. TiyeTb Bae 

He BOJIHYIOT p,eTaJIM - Bbl Y3HaeTe o HMX qyTb rro3:>Ke. 

library (tidyverse ) 

ggplot (diamonds , aes (carat , price )) + 
geom __ hex ( ) 

ggsave ("diamonds. pdf" ) 

write_csv (di amonds , "diamonds.csv" ) 

BblM,IJ,MTe M3 RStudio. TipoBepbTe eop,ep>KMMoe rrarrKM, eBJI3aHHOM e BarnMM 

rrpoeKTOM, J1 HaM,IJ,MTe B Hett cpar1:JI e paeUIMpeHMeM .Rproj. ,IJ;Ba>K,IJ,bl iu;eJIKHJ1Te Ha 



e.\! ,D,JUI OTKpblTJ1.R: rrpoeKTa. 3aMeTbTe, 'ITO Bbl BepHyJIMeb Typ;a )l(e, OTKyp;a BblllI-

JJl : TOT )l(e pa60'IJ1M KaTaJior J1 Ta )l(e MeTopM.R: KOMaHp;, a Bee cpaMJibl, e KOTOpblMJ1 

bl pa6oTaJIJ1, ITO-rrpe)l(HeMy OTKpblTbl. 0,n;HaKO, KOJib eKopo Bbl rnep;oBaJIJ1 HallIMM 

rnCTpyK~J1.R:M, epep;a rrpoeKTa 6y ,n;eT eoBepllieHHO rryeTOM, TeM eaMblM rapaHTJ1-

y.R:, 'ITO Bbl Ha'IMHaeTe e 'IJ1eToro JIMeTa. 

BbIITOJIHMTe rroMeK cpar1na diamonds.pdf erroeo6oM, erre~McpM'IHblM ,D,JI.R: yern­

BOBJieHHOM Ha BallieM KOMITblOTepe orrepa~MOHHOM eMeTeMbl, J1 Bbl Har1p;eTe He 

:-onbKO PDF-cpar1n (B qeM HeT HMtJero yp;MBMTeJibHoro ), HO M cpar1JI eo3p;aBlliero 

ro eKpMrrTa (diamonds.r). 3To orpoMHoe p;oeTM)l(eHMe! B op;MH rrpeKpaeHblM p;eHb 

Bbl 3ax:OTJ1Te ep;eJiaTb e~e Op;Hy KOITMIO pMeyHKa J1JIJ1 rrpoeTO ITOH.R:Tb, OTKyp;a OH 

B3RJie.R:. EenM Bbl 6yp;eTe eoxpaH.R:Tb pMeyHKM eTporo rroepep;eTBOM R-Kop;a, HM­

Korp;a He J1eITOJib3Y.R: ,D,JI.R: 3TOM ~eJIJ1 Mblillb J1JIJ1 6ycpep o6MeHa, TO BOerrpOM3BeeTJ1 

e3yJibTaTbl rrpe)l(Her1 pa60Tbl ,D,JI5! Bae He eoeTaBMT 6oJibllIOfO Tpy,n;a. 

e310Me 

HM)l(e rrpMBep;eH KpaTKMM rrepe'IeHb Tex B03MO)l(HOeTer1 pa6oTbl e R-KO,D,OM, KO­

TOpb1r1 rrpe,n;naraeT RStudio. J1TaK, Bbl eMO)l(eTe: 

• eo3p;aBaTb rrpoeKT RStudio p;JIR Ka)l(p;oro rrpoeKTa aHaJIM3a p;aHHblX; 

• xpaHMTb B rrpoeKTe cpar1Jibl p;aHHblX ( o 3arpy3Ke cpar1noB B R pe'Ib rror1p;eT 

B rnaBe 8); 

• xpaHJ1Tb B rrpoeKTe eKpMI1Tbl, pep;aKTMPOBaTb J1X J1 BbII10JIH5!Tb no qaeT.R:M 

J1JIJ1 ~eJIMKOM; 

• eoxpaH.R:Tb B rrpoeKTe eBOJ1 BblXO,D,Hble pe3yJibTaTbl (rpacpMKJ1 J1 O'IM~eHHble 

p;aHHb1e); 

• MeITOJib30BaTb TOJibKO OTHOeMTeJibHbie rryTM, a He a6eoJIIOTHble. 

Bee Heo6xop;MMOe 6y,n;eT eo6paHo B op;HOM MeeTe M OTp;eneHo OT ,n;pyrnx rrpo­

eKTOB, e KOTOpblMJ1 Bbl pa6oTaeTe. 
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"IACTb II 

B 3TOM qacn1 Bbl Y3HaeTe o rro.n;roTOBKe ,n;aHHblX - HcKyccTBe rrpHBe,n;eHHR J1C­

x op;HblX ,n;aHHblX K BH,n;y, o6ecrreqJ1BaIOrn;eMy B03MO)l(HOCTb J1X BJ13yaJIJ13aIJ,J1J1 J1 

:.vi:o.n;errHpoBaHJ1R B cpe.n;e R. 3Ta rrpou,e.n;ypa oqeHb Ba)l(Ha: He BbIIIOJIHJ1B ee, Bbl 

He CMO)l(eTe pa6oTaTb c co6cTBeHHblMJ1 ,n;aHHblMJ1! ITo.n;roTOBKa ,n;aHHblX BKJIJOqaeT 

TPH 3Tarra, rrpe,n;cTaBJieHHblX Ha rrpHBe,n;eHHOM HJ1)l(e J1JIJIIOcTpau,Hl1. 

· e 

nporpaMMi11pOBaHll18 

,lJ;aHHaJI qacTb COCTOJ1T J13 rne.n;y10rn;J1X rnaB. 

• B rnaBe 7 peqb rroM.,n;eT o BJ1,ll;OJ13MeHeHHblX tj:>peM.Max ,n;aHHblX, J1CIIOJib3ye­

MblX B 3TOM KHJ1re: tibble-¢pe{uvr.ax. B HeM paccKa3aHO 0 TOM, qTo OTJIJ1qaeT 

tibble-cppeMMbl OT 06b1qHblX cppeMMOB ,n;aHHblX, J1 ITOKa3aHO, KaK J1X MO)l(HO 

C03,ll;aBaTb "BpyqHy10''. 

• B rnaBe 8 Bbl y3HaeTe o TOM, KaK rrepeHeCTJ1 ,n;aHHble c ,n;HcKa B cpe.n;y R. 

OcHOBHoe BHJ1MaHJ1e 6y,n;eT y .n;erreHo rrpRMoyroJibHblM cpopMaTaM rrpocTblX 

TeKCTOBblX ,n;aHHblX, HO rrpl1 3TOM 6y,n;yT yKa3aHbl rraKeTbl, II03BOlIRIOrn;J1e 

pa6oTaTb c .n;pyrl1MJ1 TJ1IIaMJ1 ,n;aHHbIX. 

• B rnaBe 9 o6cy)l(.n;aeTcR aKKypaTl13aIJ,l1R ,n;aHHbIX - rrorne,n;oBaTeJibHbIM rro.n;­

xo.n; K coxpaHeHJ1IO ,n;aHHbIX, yrrporn;a10rn;Ht1 J1X rrpeo6pa3oBaHHe, BJ13yarrl1-

3aIJ,J1IO J1 Mo,n;errHpoBaHJ1e. B Hetf J13JIO)l(eHbI KaK 6a30Bble rrpl1HIJ,J1ITbl, TaK 

J1 KOHKpeTHbie MeTO,ll;bl rrpl1Be,n;eHJ1R ,n;aHHbIX K aKKypaTHOM cpopMe. 



ITop;roTOBKa p;aHHblX BKmoqaeT VIX npeo6pa3oBaHMe, c qeM Bbl y)Ke ycneJIM 

qacTMqHo 03HaKOMMTbC5I B npep;b1p;yrn;Mx rJiaBax. Tenepb )Ke Mbl cocpep;oToqMM 

BHMMaHMe Ha oco6eHHOCT5IX pa60Tbl c TpeM5I cneu;mlrnqecKMMM nmaMM p;aHHblX, 

c KOTOpb1Ml1 Bbl 6yp;eTe qaCTO CTaJIKMBaTbC5I B CBOeH npaKTMKe. 

• fJiaBa 10 npep;ocTaBMT B Barne pacnop5I)KeHMe MHcTpyMeHTbl p;JI5I pa6oTbI 

c HeCKOJibKl1Ml1 B3al1MOCB5I3aHHbIMl1 Ha6opaMM p;aHHbIX. 

• B rJiaBe 11 BBO,!l;5ITC5I peryn5IpHbie Bbipa)KeHM5I - MOill;HbIH MHCTpyMeHT, l1C­

TIOJib3yeMblH ,!l;J15I MammynMpoBaHl15I CTpoKaMM. 

• B rJiaBe 12 noKa3aHo, KaK coxpaH5ITb KaTeropviaJibHble p;aHHbie B R. 3TOT 

TMTI p;aHHblX l1CTIOJib3YeTC5I B Tex cnyqa5IX, KOrp;a nepeMeHHa5I MMeeT qmK­

cvi:poBaHHblH tta6op B03MO)KHblX 3HaqeHMH, a TaK)Ke TOrp;a, Korp;a Tpe6yeTrn 

ynop5Ip;oqvi:BaTb CTpOKM B nop5Ip;Ke, OTJIJ1qHoM OT ampaBMTHOfO. 

• B rJiaBe 13 Bae )K,!l;eT 3HaKOMCTBO c OCHOBHbIMJ1 MHCTpyMeHTaMM, npep;Ha-

3HaqeHHblMl1 ,!l;J15I pa60Tbl c p;aTaMM l1 BpeMeHeM. 



rnABA 7 

(03AaHMe tibble-~peMMOB 
c noMO~blO naKeTa tibble 

Ha nponDKeH1111 Bceii: KH11r11 MbI pa6oTaeM He c Tpa,n,11u,110HHbIMJ1 cppeii:MaMM 

,::i;aHHbIX R (T11n data. frame), a c TaK Ha3bIBaeMbIMJ1 tibble-¢peii:MaM11. 3To Te 

:>Ke cppeii:Mbl ,D,aHHbIX, qaCTb acrreKTOB IIOBe,D,eHJ15I KOTOpbIX 6brna OIITJ1MJ1311pOBaHa 

;:J;JIH yrrpoIIJ,eHMH o6pa6oTKJ1 ,n,aHHbIX. R - H3bIK c co1111p,HbIM cTa>KeM, 11 Koe-qTo 

113 Toro, qTo 6brno B HeM rrone3HO ,n,ecHTb-,D,Bap,u,aTb neT TOMY Ha3ap,, ceii:qac ycTa­

p eno. J13MeHJ1Tb 6a30Bble KOMIIOHeHTbl R, He CTaBR: IIO,D, yrpo3y pa60Tocrroco6-

HOCTb cyIIJ,eCTBYIOIIJ,ero Ko,n,a, oqeHb Tpy,n,Ho, rro3TOMY caMbie rrepep,oBbie MHHOBa­

u,1111 pean113yIOTrn B rraKeTax. B 3Toii: rnaBe 6y,n,eT paccMoTpeH rraKeT tibble, KOTO­

pbrii: rrpep,oCTaBnHeT BJ1,lJ,OJ13MeHeHHbie cppeii:Mbl p,aHHbIX, HeMHOfO yrrpoIIJ,aIOIIJ,J1e 

B3a11Mop,eii:cTB11e c 6116n110TeKoii: tidyverse. B 6onblIIJ1HCTBe cnyqaeB MbI 11crronb3Y­

eM TepMI1Hbl "tibble-cppeii:M" J1 "cppeii:M ,D,aHHbIX" KaK B3aJ1M03aMeHHeMbie; ec1111 >Ke 

~bl XOTJ1M rrop,qepKHYTb, qTo J1MeeM B BM,D,Y BCTpoeHHbie cppeii:Mbl p,aHHbIX R, TO 

6y,n,eM ccbrnaTbCH Ha TMII data. frame. 
Ec1111 rroc11e rrpoqTeHMH 3TOM rnaBbI Bbl 3axon1Te rronyq11Tb 6011ee rro,n,po6 -

HYIO 11H¢opMaU,J1IO 0 tibble - cppeii:Max, BOCIIOJib3YMTeCb KOMaH,D,OM vignette 
"tibble") . 

Heo6XOAlllty1b1e pecypcb1 

B 3TOM rnaBe MbI 6y,n,eM pa6oTaTb c rraKeTOM tibble, HBJJHIOIIJ,J1MC5I qacTbIO H,D,pa 

6116n110TeK11 tidyverse. 

~ibrary ( tidyverse ) 



(03AaHHe tibble-<J>peHMOB 
ITo':ITJ.1 Bee cpyHK~MJ.1, KOTOpble Bbl 6yp;eTe MCIIOllb30BaTb B KHMre, C03p;alOT 

tibble-cppe:i1Mbl, TaK KaK OHM RBlIRIOTCJI O,ll;HMM J,13 YHMcpM~MPYIO~MX ::rneMeHTOB 

6M611MoTeKM tidyverse. B 6011b11IMHCTBe p;pymx rraKeToB R MCIIOllb3YIOTCR 06b1':I­

Hb1e cppe:i1Mbl p;aHHblX, 1103TOMY MHOrp;a BaM MO)l(eT ITOTpe6oBaTbCR rrpMBeCTJ.1 

o6bl':IHbn1 cppe:i1M p;aHHblX K TMIIY tibble-cppe:i1Ma. 3TO M O)l(HO cp;enaTb c IIOMO~blO 

cpyttK~MM as_ tibble () . 

as_tibble (iris ) 
#> # A tibble : 150 x 5 
#> Sepal . Length Sepal .Width Petal.Length Petal . Width Species 
#> <dbl> <dbl > <dbl> <dbl> <f ctr> 
#> 1 5 . 1 3 . 5 1. 4 0 .2 setosa 
#> 2 4 . 9 3.0 1. 4 0 .2 setosa 
#> 3 4 . 7 3.2 1. 3 0.2 setosa 
#> 4 4 . 6 3.1 1. 5 0 . 2 setosa 
#> 5 5 . 0 3 . 6 1. 4 0 .2 setosa 
#> 6 5.4 3 . 9 1. 7 0 . 4 setosa 
#> # ... with 144 more rows 

c llOMO~blO cpyHK~MJ.1 tibble () MO)l(HO C03p;aTb HOBblM tibble-cppe:i1M J.13 OT­

p;ellbHblX BeKTopoB. B Heo6xop;JtIMblX rnyqaRx cpyHK~MR tibble () MCIIOllb3yeT ~M­

KlIM'IeCKoe IIOBTopeHJtie (recycling) BXO,!J;HblX p;aHHbIX ,lJ;lIMHOM 1 p;o p;OCTJtI)l(eHMJI 

pa3MepoB tibble-cppe:i1Ma M ll03BOlIJ!eT CCblllaTbCJI Ha TOllbKO 'ITO C03p;aHHble rrepe-

MeHHble, KaK IIOKa3aHO HJtI)l(e. 

tibble ( 
x = 1 : 5, 
y 1, 
z = x " 2 + y 

) 

#> # A tibble : 5 x 3 
#> ? x y z 
#> ? <int> <dbl> <dbl > 
#> 1 1 1 2 
#> 2 2 1 5 
#> 3 3 1 10 
#> 4 4 1 17 
#> 5 5 1 26 

ErnM Bbl y)l(e 3HaKOMbl c cpyHK~Me:i1 data. frame () ,TO o6paTMTe BHMMaHMe Ha 

TO, 'ITO cpyHK~MJI tibble () p;e11aeT HaMHOro MeHbllle: OHa HMKorp;a He J.13MeHReT 

TJ.111 BXO,!J;HbIX p;aHHblX (HarrpMMep, HMKOrp;a He rrpeo6pa3yeT CTpOKH B cpaKTOpb1!), 

HMKOrp;a He J.13MeHReT JtIMeHa rrepeMeHHblX M He C03p;aeT MMeHa CTpOK. 
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B rny'-rne tibbl e-cpp e11MOB Brrontte B03MO:>KHO MCIIOJib30BaTb MMetta CTon6~oB, 

;uno~J11ecR HeAorrycTMMbIMJ!l c ToqKJ!l 3peHMJI R, - TaK Ha3brnaeMbie HecuHmaK­

- 'feCKue MMeHa. HarrpMMep, OHM MoryT Ha•rnHaTbCJI He c 6yKBbI JllJIJ!l MoryT co-

- p:>KaTb Heo6hP-IHbie CJ!lMBOJibI, B qacTHOCTJ!l, rrpo6eJibI. ITpM 06pa~eHJ11J11 K TaKMM 

1ettaM JllX rneAyeT 3aKmoqaTb B o6paTHbie arrocTpocpb1 ( · ). 

:.= <- "Cibble ( 

-~ 

;: > 
;: > 
;: > 
;: > 

· : ) • = "smile" , 
• • = "space " , 
· 200 0 · = "number" 

J! A tibble: l x 3 TT 

: ) ' '2000' 
<chr> <chr> <chr> 

1 smile space number 

06paTHbie arrocTpocpb1 rroHaA06JITCJI BaM Jll rrpM pa6oTe c attanornqHbIMJ!l rre­

- e.\1eHHbIMJ!l B ApyrMx rraKernx, TaKJ!lX KaK ggplot2, dplyr Jll tidyr. 
E~e O,ll;JllH crroco6 C03AaHJ!lJI tibble-cppe11MoB 3aKmoqaeTrn B MCITOJib30BaHMJ!l 

yttK~JllJ!l tribble () (oT aHrn. transposed tibble - TpattcrrOHMp oBaHHbIM tibble­

pe11M) . <PyHK~JllJI tribble () rrpMcrroco6JieHa ,ll;JIJI BBO,n;a AaHHblX B KOAe: 3aro-

10BKJ!l CTOJI6~0B orrpeAeJIJIIOTCJI cpopMyJiaMJ!l (HaqJ!lHaJOTCJI c CJ!lMBOJia - ), a ::me­

_ 1eHTbl ,n;aHHbIX p a3AeJieHbI 3arrRTbIMJ!l. 3To .n;aeT B03MO:>KHOCTb pacrronaraTb AaH­

Hhie He6oJibIIIoro o6oeMa B yA06oqJ11TaeMoJ1: cpopMe. 

::bble ( 

;: > 
;: > 

- x, -y , - z , 
#-- 1--1 -- - -
"a ", 2 , 3. 6 , 
"b"' 1 , 8. 5 

# A tibble : 
x 

2 
y 

;: > <chr> <dbl> 
;: > 1 a 2 
;: > 2 b 1 

x 3 
z 

<dbl> 
3.6 
8.5 

B rro.n;o6HbIX rnyqaJix qacTo .n;o6aBJIJIJOT KOMMeHTapMJ1: ( cTpoKa, HaqJ11Ha10~aR­

JI c CJ!lMBOJia #)) qTo6bI c.n;enaTb oqeBJ!lAHblMJ!l 3aroJIOBKJ!l . 
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CpasHeH111e tibble-<l>peMMOB c <J>peMMaM111 data.frame 
Pa3JIJ1qJ1JI B 11crrOJib30BaHMM tibble-cppeti:MoB 11 Knacc11qecK11x cppeti:MoB p;aH­

HbIX TMIIa data. frame B OCHOBHOM KacaIOTCH ,D;BYX BM)J;OB onepau;11J1:: BbIBOp;a Ha 

neqaTb 11 M3BJieqeHMH rrop;Ha6opoB. 

BblBOA Ha neltaTb 

JJ:nH t ibble-cppettMOB npep;ycMoTpeH 6onee pau;110HaJibHbitt crroco6 Bbrnop;a Ha 

neqaTb, npM KOTOpOM OTo6pa:>KaIOTCH JIJ1Illb rrepBbie 10 CTpOK J1 BCe CTOJI6ll;bl, yMe­

iu;aIOiu;MeCH B npep;enax 9KpaHa. 3To HaMHoro ynpoiu;aeT pa6oTy c 6oJibIIIMMM Ha-

6opaMM p;aHHbIX. JJ:nH Ka:>Kp;oro CTOJI6u;a B ,D;OIIOJIHeHMe K ero J1MeHJ1 BbIBO)J;J1TCH 

TaK:>Ke TJ1II cop;ep:>Kaiu;MXCH B HeM p;aHHbIX - 3aMeqaTeJibHaJI oco6eHHOCTb, 3aJ1M­

CTBOBaHHaH J13 cpyHKll;J1J1 str () . 

tibble ( 
a = lubridate: : now () + runif (le3 ) * 86400 , 
b lubridate: : today () + run if ( l e3 ) * 30 , 
c = 1 : le 3, 
d runif (le3 ), 
e = sample (letters , l e3 , replace TRUE ) 

#> # A tibble: 1,000 x 5 
#> a b c d e 
#> <dttm> <date> <int> <dbl> <chr> 
#> l 2016-10-10 17:14:14 2016-10-17 1 0.368 h 
#> 2 2016-10-11 11:19:24 2016-10-22 2 0 . 612 n 
#> 3 2016-10-11 05:43:03 2016-11-01 3 0 . 415 l 
#> 4 2016-10-10 19:04:20 2016-10-31 4 0 . 212 x 
#> 5 2016-10-10 15:28:37 2016-10-28 5 0 . 733 a 
#> 6 2016-10-11 02:29:34 2016-10-24 6 0.460 v 
#> # ... with 994 more rows 

Tibble-cppettMbI crrpoeKTMpoBaHbI TaKMM o6pa30M, qTo6hl Bbl He MOrJIM rny­

qaJ1:Ho nepenOJIHJ1Tb KOHCOJib rrp11 BblBO,D;e Ha neqaTb 60JibIIIJ1X cppettMOB p;aHHbIX. 

Ho J1HOrp;a BaM MO:>KeT noTpe6oBaTbCH pacIIIMpeHHbIM BbIBOp;, a He TOT, KOTOpbIM 

npep;ycMOTpeH ITO yMoJiqaHJ1IO • .Il:JIR 9TOro eCTb HeCKOJibKO B03MO:>KHOCTett. 

Bo-nepBbIX, Bbl Mo:>KeTe_BbrnecTM Ha rreqaTb cppeti:M p;aHHbIX nyTeM HBHoro BbI-

30Ba cpyHKll;J1J1 print () c rrepep;aqeJ1: eti: KOJIJ1qecTBa BbIBO)J;J1MbIX CTpOK (n) J1 IIIJ1-

pl1Hbl (widt h) rreqaTJ1. TipM width = Inf 6yp;yT OTo6pa:>KaTbCH Bee CTOJI6ll;bl. 

nycflightsl3::flights %>% 
print (n = 10 , width = Inf ) 
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KpcMe Toro, MO)KHO ynpamrnTb noBep;ettMeM npM neqaTM, 3ap;aHHbIM no yMoJI­

GaHMIO, c noMOill,bIO rpynnbI ttaCTpoeK options. 

• options (tibble. print _max = n, tibble. print_ min= m) : ecJIM KOJIJtI­

qecTBO eTpOK 60JiblIIe m, BbIBeeTJtI Ha neqaTb JIJ1lIIb n eTpOK. lfro6bI Beer­

p;a OTo6pa)KaJIJ1eb Bee CTpOKJ1, MenOJib3YHTe BapMaHT options (dplyr. 

print_min =Inf) . 

• qT06bl Beerp;a BbIBO,Il;J1Tb Ha neqaTb Bee eTOJifoJ;bl, He3aBJ1eMMO OT lIIMpMHbl 

3Kpatta, JtICilOJib3YHTe BapMaHT options (tibble. width= Inf) . 

qT06b1 YBMp;eTb nonttbIH en1t1eoK B03MO)KHbIX omi;1t1ti, BbIIIOJIHMTe KOMattp;y 

~ackage?tibble. 

HaKotteu;, MO)KHO BoenoJib30BaTbor BeTpoeHHbIM epep;eTBOM npoeMoTpa 

RStudio p;nR nonyqeHMR npoKpyqMBaeMoro npep;CTaBJieHJtIR nonttoro Ha6opa p;att -

HbIX. qaCTO 3TY B03M0)KHOeTb yp;o6Ho JtienOJib30BaTb B KOHIJ;e ,IJ;JIMHHOH u;enoGKJ1 

~!aHMnynRIJ;MH . 

~ycflights13::flights %>% 
View () 

V13Bne"leHl'1e nOAHa6opoB 

Bee MHeTpyMeHTbI, KOTOpb1e Bbl J13y qan1t1 p;o e1t1x nop, pa6oTaJIM e noJIHbIMM 

cppetiMaMM p;aHHbIX. EcnM Tpe6yeTCR JtI3BJieGb op;tty nepeMettttyIO, tteo6xop;MMO Me­

nOJib30BaTb ,n;pyrne epep;erna - onepaTOpb1 $ M [ [ . OnepaTOp [ [ 06ecrreG1t1BaeT 

.u;oeTyrr K 3JieMeHTaM no MMeHJ/I J1I no MHp;eKey; onepaTop $ 06ecrreG1t1BaeT p;oCTyn 

TOJibKO no JtIMeHJ!I, HO Tpe6yeT BBOp;a MeHbillero KOJIJtiqeeTBa eJ!IMBOJIOB. 

df <- tibb l e ( 
x = run:'..f (5) , 
y = rnorm (5 ) 

., 
li13B.rre cieH11e 3JieMeHT a n o ii= 

df$x 
;, > [ 1) 0 . 434 0.39 5 0.548 
df [ [ "x" ]) 
#> [1) 0.434 0.395 0 . 54 8 

4 li1sB.rrecieH11e 3JieMeHTa n o 
df [ [ l ]] 
~ > [1 ) 0 .4 34 0 . 39 5 0 . 548 

11MeH11 

0 . 762 0 . 254 

0 . 762 0 . 254 

l1H)le KCY 

0 . 762 0 . 254 
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ITpMMeHeHMe 3TMX onepau;M:i1 B KaHarre Tpe6yeT MCIIOJib30BaHM5I cneu;MaJibHoro 

3aMeCTMTeJI5I ( . ). 

df %>% .$x 
#> [l] 0.434 0.395 0.548 0.762 0.254 
df %>% • [ [ " x " ]] 
#> [l] 0.434 0.395 0.548 0.762 0.254 

ITo cpaBHeHMIO c o6'beKTaMM data . frame tibble-¢pe:i1MbI ornwrn10Trn 6orrb­

rne:i1 CTporOCTblO: OHM HMKOrp;a He yp;oBJieTBOp5IlOTC5I qaCTMqHbIM COOTBeTCTBMeM 

M reHepMpy10T coo6ru;eHMe 06 OIIIM6Ke, eCJIM CTOJI6eu;, K KOTopoMy Bbl IIbITaeTeCb 

norryqMTb p;oCTyn, He cyru;ecrnyeT. 

83aMMOAeMCTBMe c pa3pa6otaHHblM paHee KOAOM 
HeKOTOpbre M3 cpyHKIJ;MM npe)KHMX Beprn:i1 He pa6oTaIOT c tibble-¢pe:i1MaMM. 

CTOJIKHYBIIIMCb c TaKOM CMTyau;tte:i1, MCIIOJlb3YMTe cpyHKIJ;MlO as. data. frame () 
p;JI5I o6paTHoro npeo6pa30BaHM5I tibble-¢pe:i1Ma B data. frame. 

class (as . data.frame (tb )) 
#> [l] "data.frame" 

OcHOBHOM npttqMHOM Toro, qTo tteKOTOpbre M3 npe)KHMX cpyttKu;tt:i1 He pa6oTa­

IOT c tibble-¢pe:i1MaMM, HBmieTrn onepaTOp [ . B 3TOM KHMre MbI He MCIIOJib3yeM ero 

oco6etttto qacTo, nocKOJibKY cpyHKIJ;MM dplyr: : filter () M dplyr: : select () 

no3BOJI5IIOT p;erraTb TO )Ke caMoe c noMOIIJ;blO 6orree npo3paqHoro Kop;a ( TeM He 

Mettee p;aJihHe:i1rnee 06cy)Kp;eHJ11e 3Toro onepaTopa MO)KHO Hai1TM B pa3p;erre "J-13-
BJieqeHMe 3JieMeHTOB" rnaBbI 16). ITpM pa6oTe c 6a30BbIMM ¢pe:i1MaMM p;aHHbIX 

R onepaTop [ MHorp;a B03Bparu;aeT ¢pe:i1M p;aHHbIX, a MHorp;a BeKTop. B rnyqae 

tibble-¢pe:i1MOB OH Bcerp;a B03Bparu;aeT p;pyro:i1 tibble-¢pe:i1M. 

Ynpa>KHeH11111 

1. KaK onpep;eJIMTb, qTQ o6veKT 5IBJI5IeTrn tibble-¢pe:i1MoM? (I1op;CKa3Ka: nonhI­

Tai1Tecb BbIBeCTM Ha neqaTb tta6op p;aHHblX mtcars , 5IBJI5IlOIIJ;MMC5I 06b1qHbIM 

¢pe:i1MOM p;aHHbIX.) 

2. ConocTaBhTe pe3yJihTaTbI npMMeHeHM5I npMBep;eHHbIX HM)Ke onepau;M:i1 K 

¢pe:i1My p;aHHbIX TMIIa data. frame M 3KBMBaJieHTHOMY tibble-¢pe:i1My. "lleM 

OHM pa3JIMqa10Tc5I? KaKMe oco6eHttocTM noBep;eHM5I ¢pe:i1Ma p;aHHbrx, 3ap;aH­

Hbie no yMorrqaHMIO, MoryT Bae pa3p;pa)KaTb? 
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df <- data.frame (abc 
df$x 
df [, "xyz" ] 
df [, c ( "abc" , "xyz" )] 

1 , xyz "a" ) 

3. Ec1u1 11M5I rrepeMeHHOM coxpattetto B o6'beKTe (ttarrp11Mep, var <- "mpg"), TO 

KaK 6h1 Bbl MOfJil1113BJieqb rrepeMeHHYIO c 3Tl1M 11MeHeM 113 tibble-¢pel1Ma? 

4:. ITorrpaKT11Kyl1Tecb B 11crroJib30Batt1111 ttec11ttTaKc11qecK11x 11MeH, BbIIIOJIHl1B 

rnep;yI0u.i;11e orrepau,1111 rrpHMeH11TeJibHO K rrpep;CTaBJieHHOMY Hl1:>Ke ¢pel1My 

p;aHHblX: 

a) 113BJieKl1Te rrepeMeHHYIO l ; 

6) C03p;al1Te ToqeqHblM rpa<j>11K )J;JI5I rrepeMeHHblX 1 11 2; 

B) C03p;al1Te HOBblM CTOJI6eu, c HMeHeM 3, 3HaqeHl15I KOToporo paBHbl 3HaqeHl1-

5IM CTOJI6u,a 2, p;erreHHblM Ha 3HaqeHl15I CTOJI6u,a l ; 

r) 113MeHl1Te Ha3BaHl15I CTOJI6D,OB Ha one, two J1 three. 

annoying <- tibble ( 
'1' 1: 10 , 
'2' = '1' * 2 + morn. ( :ength ( '1' ) ) 

:>. lfro p;erraeT <j>yHKD,115! tibble: : enframe () ? B KaK11x crryqaJix Bbl Morn11 6b1 

ee 11CIIOJib30BaTb? 

6. KaKaJI OIID,115! yrrpaBJI5IeT KOJIH'JeCTBOM )J;OIIOJIHl1TeJibHblX HMeH CTOJI6D,OB, Bbl­

BO)J;l1MbIX B Hl1:>KHeM KOJIOHTl1TYJie tibble - ¢pel1Ma? 
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rnABA 8 

MMnopT AaHHblX 
c noMO~blO naKeta readr 

Pa6oTa c Ha6opaMM p;aHHbl X , npep;ocTaBJureMblMM naKeTaMM R, - onrnqHblM 

noco6 03HaKOMJieHJ15I c MHCTpyMeHTaMM, J1CIIOJib3YeMblMJ1 B HayKe 0 p;aHHblX, HO 

B KaKOM-TO MOMeHT BaM saxoqeTCJI cp;eJiaTb naysy B o6yqeHMJ1 J1 npMCTYIIMTb K pa­

OOTe c co6cTBeHHblMM p;aHHblMM. B 3TOM rnaBe Bbl ysHaeTe o TOM, KaK npoqJ1TaTb 

;::i,aHHble M3 npocToro TeKCTOBoro ¢ar1na B R. 3p;ecb Mbl JIMIIIb cnerKa KOCHeMCJI 

BonpocoB, CBJI3aHHblX c MMIIOpTOM p;aHHblX, HO MHOrMe J13 npMHIJ;MIIOB, KOTOpbie 

:-.1b1 o6cyp;MM, pacnpoCTpaHJIIOTCJI Ha p;aHHble, cyiu;ecrny10iu;Me B p;pyrHx ¢opMax. 

fJiaBa 3aBepIIIaeTC5I CCbIJIKaMM Ha p5Ip; naKeTOB, KOTOpble MoryT 6blTb IIOJie3HblMJ1 

n pM pa6oTe c p;pyrMMJ1 TMTiaMM p;aHHblX. 

Heo6xoAV1Mb1e pecypcb1 

B 3TOM rnaBe Bbl HayqMTecb sarpy)l(aTb ¢a:t1Jibl B R c noMOIIJ;bIO naKeTa readr, 
BXO)J;JIIIJ;ero B COCTaB 5Ip;pa 6M6JIMOTeKJ1 tidyverse. 

~~brary ( tidyverse) 

npMCTynaeM K pa6ore 
EoJibIIIMHCTBO ¢YHKIJ;MM naKeTa readr CBJI3aHo c nepeMeiu;eHMeM p;aHHblX M3 

n pOCTblX TeKCTOBblX ¢ai1.JIOB BO ¢pei1.Mbl p;aHHblX. 

• <t>yHKIJ;J15I r ead_ csv () qJ1TaeT TeKCTOBble ¢ai1.Jibl c 3aTIJITOM B KaqecTBe 

pasp;eJIMTeJIJI , ¢YHKD;MJI read csv2 () - ¢ai1.Jibl c p;BoeToqJ1eM B Kaqe­

CTBe pasp;eJIMTeJIJI (TMTIJ1qHbl )J;JIJI CTpaH, B KOTOpblX 3aIIJITaJI J1CTIOJib3YeTC5I 



,n;1rn rpynm1p0Bamu1 u;mpp no pa3pJI,n;aM), ¢YHKD;l1JI read_ tsv () - cpa:H­

Jibl c CJ!IMBOJIOM Ta6yJIJill;J1J1 B KaqecTBe pa3,n;eJIJ1TeJIJI, a cpyHKll;J1JI read 
delim () - cpa:HJibl c mo6h1M pa3,n;eJI11TeJieM. 

• <t>yHKll;J!IJI read_ fwf () q11TaeT TeKCTOBble cpa:HJibl c cpMKCMpoBaHHOH IIIJ1-

p11HOH noJie:H. Bbl Mo:>KeTe onpe,n;eJIMTb noJIJI JIM6o no MX urnpMHe c noMo­

~bIO cpyHKll;J!IJ!I fwf _widths () ) JIM6o no J!IX TI03Jilll;J!IJ!I c nOMO~bIO cpyHKll;J!IJ!I 

fwf _positions () . <t>yHKD;MJI read_ table () qJ!ITaeT nonyJIJIPHYIO pa3HO­

BM,D;HOCTb cpa:HJioB c cpMKcMpoBaHHOH IIIMPMHOH noJie:H, B KOTopblX CTOJI6n;b1 

pa3,n;eJieHbl CMMBOJIOM npo6eJia. 

• <l>yHKD;MJI read_ log ( ) qr1TaeT cpa:HJibl :>KypHaJioB B CTMJie Apache. (BaM 

TaK:>Ke CTOJ!IT o6paTJ1Tb BHJ!IMaHMe Ha naKeT webreadr, KOTOpblH C03,D;aH no­

Bepx cpyHKll;MM read_ log ( ) M npe,n;ocTaBJIJieT HaMHoro 6oJibIIIe noJie3HblX 

J!IHCTpyMeHTOB.) 

Bee 3TM cpyHKn;MM MMeIOT cxo:>KMH CMHTaKcMc: cT011T HayqMTbCJI pa6oTaTb c o,n;­

HOH M3 HMX, M Bbl JierKo cMo:>KeTe McnOJib30BaTb Jiro6yro ,n;pyryro. B ocTaBIIIe:Hrn 

qacTM rnaBbl Hallie BHMMaHMe 6y,n;eT cocpe,n;oToqeHo Ha cpyHKll;MM read_ csv () . 

C o,n;Ho:H cTopoHbl, 3To o6yrnoBJieHo TeM, qTo CSV-cpa:HJibl JIBJIJIIOTCJI HaM6oJiee 

nonyJIJIPHOH cpopMOH xpaHeHJ!IJI ,n;aHHblX, a c ,n;pyro:H - TeM, qTQ, OCBOJ!IB cpyHK­

ll;J!IIO read csv () ' Bbl JierKO npMMeHJ!ITe CBOJ!I 3HaHJ!IJI ,D;JIJI pa6oTbl c ,n;pyrMMJII 

cpyHKD;MJIMJII naKeTa readr. 
ITepBblH apryMeHT ¢YHKD;J11J11 read_ csv () MrpaeT HaJ1160Jiee Ba:>KHYIO poJib: 3TO 

nyTb K cpa:HJiy, KOTOpblH Bbl XOTJ!ITe npoqJ!ITaTb. 

heights <- read_csv ( tt data/heights.csvtt ) 
#> Parsed with colwnn specification: 
#> co l s ( 
#> earn= col_double(), 
#> height= col_double(), 
#> sex= col_character(), 
#> ed = col_integer(), 
#> age= col_integer(), 
#> race = col_character() 
#> 

Kor,n;a Bbl BbIITOJIHMTe cpyHKll;MIO read_ csv () , oHa Bbrne,n;eT cneu;McpMKan;MIO 

CTOJI6n;oB, co,n;ep:>Ka~yIO Ha3BaHMe Jl1 TJIIn ,n;aHHblX Ka:>Kp;oro CTOJI6u;a. 3To Ba:>KHaJI 

oco6eHHOCTb naKeTa readr, K paccMoTpeHJIIIO KOTopo:H Mbl e~e BepHeMrn B pa3-

,n;eJie "CMHTaKCJ!lqecKJ!IM aHaJIJ13 cpati:JioB''. 
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KpoMe Toro, y Bae MMeeTC>J: B03MO)l(HOeTb rrpep;oeTaBMTb BeTpoeHHbIM CSV-

7 1JI. 3To rroJie3HO KaK p;mi: 3KerrepttMeHn1poBamu1 e rraKeTOM readr, TaK M p;mi: 

: 03,D; aHMJ! BOerrpOM3BO,D;MMbIX rrpMMepoB, KOTOpbIMM Bbl eMO)l(eTe rroµ;eJIMTbeJI 

: .:rpyrMMM JIIO,D;bMM. 

-==-::i_csv ("a, b ,c 
~, 3 

- :, 6" ) 
=> # A tibble: 2 x 3 
=> a b c 
=> <int> <int> <int> 
=> 1 1 2 
=> 2 4 5 

B 06011x rny1-i:aRx cpyHKD;MJI read_ csv () 11erroJib3yeT µ;JIR Ha3BaHMM eToJI6u;oB 

-epByIO eTpoKy µ;aHHbIX - BeebMa paerrpoeTpaHeHHoe eornarneHMe. Cyru;eeTBYIOT 

=:Be e11Tyau;1111, B KOTOpbIX y Bae MO)l(eT B03HMKHYTb I10Tpe6HoeTb B M3MeHeHMM 

-aKoro rroBep;eHMJI. 

• HeK0Topb1e cpa:HJibI Ha'IMHaIOTeJI e HeeKOJibKMx eTpoK MeTap;aHHbIX. Bbl 

MO)l(eTe 11erroJib30BaTb apryMeHT skip = n, 'IT06br rrporryeTttTb rrepBbie n 

eTpOK, MJIM apryMeHT comment = "# ", 'IT06bI rrporryeTMTb Bee eTpOKM, Ha­

'IMHaIOru;MeeJI, HarrpMMep, e eMMBOJia #. 

read_csv ("The first line of metadata 
The second line of metadata 
x,y,z 
1, 2, 3" , skip 2) 

#> # A tibble: 1 x 3 
#> x y z 
#> <int> <int> <int > 
#> 1 1 2 3 

r ead csv ("# A comment I want to skip 
x, y,z 
1,2, 3" , comment = "#" ) 

#> # A tibble: 1 x 3 
#> x y z 
#> <int> <i nt> <int> 
#> 1 1 2 3 

• ,IJ:aHHbie MoryT He MMeTb Ha3BaHMM eToJI6u;oB. qT06bI He o6pa6aTbIBaTb rrep­

BYIO eTpoKy KaK eTpoKy 3ar oJIOBKOB, 11erroJib3YMTe apryMeHT col_ names = 
FALSE; B 3TOM eJiyqae B 3aroJIOBKM eToJI6u;oB 6yp;yT aBTOMaTM'!eeKM rroMe­

ru;eHbI rrornep;oBaTeJibHbie MeTKM OT Xl p;o Xn. 
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read_csv (" l , 2, 3\n4 , 5, 6" , col names 
#> # A tibble: 2 x 3 
#> Xl X2 X3 
#> <int> <int> <int> 
#> 1 1 2 3 
#> 2 4 5 6 

FALSE ) 

( " \n" - yp;o6Hoe coKparu;eH11e p;mi: p;o6aBrreH11JI Cl1MBorra nepexop;a Ha HO­

BYIO cTpoKy. 06 3TOM l1 p;pyr11x 3KpaH11poBaHHblX c11MBorrax Bbl Y3HaeTe 

6orrbrne B pa3p;erre "OcHOBbl pa60Tb1 co CTpoKaM11" rrraBbl 11.) 

Eru;e op;11H B03MO:>KHblM Bap11aHT - rrepep;aTb c rroMOill;bIO apryMeHTa col_ 
names Cl1MBOJ1bHblM BeKTOp, 113 KOToporo 6yp;yT B35ITbl Ha3BaHl15I CTOrr6u;oB. 

read_csv (" l , 2, 3\n4 , 5, 6" , col names = c ("x" , "y", " z " )) 

#> # A tibble: 2 x 3 
#> x y z 
#> <int> <int> <int> 
#> 1 1 2 3 
#> 2 4 5 6 

,D,pyroilr rrapaMeTp, KOTOpblM o6wrno rrp11xop;11Trn HaCTpa11BaTb, - 3TO na. OH 

orrpep;errJieT 3Ha'IeH11e (111111 3Ha'IeH11R), l1CIIOITb3yeMoe p;rrR rrpep;cTaBrreH11JI 0TcyT­

crnyIOru;11x 3Ha'Iett11J1 B cpaM.rre. 

read_csv ("a , b , c\nl , 2,. " , na ". " ) 
#> # A tibble: 1 x 3 
#> a b c 
#> <int> <int> <chr> 
#> 1 1 2 <NA> 

3To Bee, 'ITO BaM Tpe6yeTC5I 3HaTb ,ll;J15I Toro, 'IT06bI rrpO'Il1TaTb rrp11MepHo 

75% CSV-cpaM.rroB, c KOTOpb1M11 Bbl cTOITKHeTecb Ha npaKTl1Ke. Bbl rrerKo cMo:>KeTe 

ap;aIIT11p OBaTb rrp1106peTeHHble HaBbIKl1 ,ll;J15I 'ITeHl15I cpailrrroB c pa3p;err11TeJIJIMl1 -

Cl1MBOJiaMl1 Ta6yrrRD;l1l1 c IIOMOill;blO cpyHKD;J1J1 read - tsv () J1 cpai1JIOB c IIOJI5IMJ1 

cp11KrnpoBaHHOM llil1Pl1Hbl c IIOMOill;blO cpyHKD;l1J1 r ead - fwf () . lfro6bI Hayq11TbC5I 

'IMTaTb cpaM.JibI 6onee cno:>KHblX cpopMaToB, BaM rnep;yeT 6onee rrop;po6Ho 03HaKo ­

MJ1TbCJI c TeM, KaKl1M o6pa30M rraKeT readr BbIIIOITHJieT CJ1HTaKCl1'IeCKJ1M aHaJIJ13 

(rraprnttr) cTon6u;oB, rrpeBparu;aJI l1X B R -BeKTOpbI. 

CpaeHeH111e c 6a30Bb1M111 B03MO>KHOCTRMlll R 
Ern11 p;o 3Toro Bbl y:>Ke pa6oTaJIJ1 c R, TO, B03MO:>KHO, Bae yp;MBJIJieT, no'IeMy MbI 

He l1CIIOJib3yeM cpyHKD;J1IO read. csv () . B IIOJib3Y Toro, 'ITO cpyHKll;J1J1 readr 6onee 
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;:;pep;rroqTJ1Te71bHbl ITO cpaBHemno c VIX 6a30BblMH 9KBHBa71eHTaMH, MO)KHO rrpl1-

Be CTJ1 rnep;yIOliIJ1e BeCKJ1e ,[\OBO,[\bl. 

• 06b1qHo 9TJ1 cpyttKu;HH pa6oTaIOT ropa3p;O 6bICTpee (rrpHMepHo B 10 pa3), 

qeM J1X 6a30Bble 9KBJ1Ba71eHTbI. ~715! ,[\71J1Te71bHO BbII1071H5IIOliIJ1XC5I 3ap;aHJ1M 

rrpep;ycMOTpeH J1H,[\J1KaTop BbII1071HeHJ15I, II03B0715IIOliIHM BaM 6blTb B Kypce 

Toro, qTo rrpoHcxop;HT. Ec71J1 Bae HHTepecyeT HCK71IOqJ1Te71bHO cKopoCTh, rro­

rrpo6y11Te HCII071b30BaTb cpyttKu;HIO data. table: : fread () . Otta He oqeHh 

xoporno coqeTaeTCJI c 6H671HOTeKo11 tidyverse, HO pa6oTaeT 3aMeTHO 6h1-

CTpee. 

• OTJ1 cpyttKu;MH C03p;aIOT tibble-cppettMbI, a KpOMe Toro, He rrpeo6pa3yIOT 

CJ1MB071bHble BeKTOpbl B cpaKTOpbl , He J1CII071b3YIOT J1MeHa CTpOK J1 He J13-

MeH5IIOT HMeHa CT0716u;oB, qTO 06b1qHO C71Y)Kl1T J1CTOqHJ1KOM pa3p;pa)KeHJ15I 

rrpH HCII071b30BaHHJ1 6a30BblX cpyttKu;Htt R. 

• J1x rroBep;ettHe 6o71ee BocrrpoH3BO,[\HMO. Ea30Bble cpyttKu;HH R ttarnep;y10T 

HeKOTOpble oco6eHHOCTJ1 IIOBep;eHJ15I J13 ycTaHOB71eHHOM Ha KOMIIbIOTepe 

orrepau;HOHHOM CHCTeMbl J1 rrepeMeHHblX OKpy)KeHJ15I, II09TOMY J1MIIOpTHpy­

eMblM KO,[\, KOTOpblM pa6oTaeT Ha BarneM KOMIIbIOTepe, Ha p;pyroM KOMIIbIO­

Tepe MO)KeT He pa6oTaTb. 

Ynpa>KHeHlllR 

I. KaKyIO cpyttKu;HIO Bbl HCII071b30Ba71H 6h1 ,[\715! qTeHHJI cpaJ171a, B KOTopoM II0715I 

pa3p;e71eHbl CJ1MB071aMH I ? 

2. KaKHe eliie o6liIMe apryMeHTbl, KpoMe file , skip M comment, HMeIOT cpyttK­

QHH read csv () M read tsv () ? 
- -

3. KaKHe apryMeHTbl cpyttKu;HH read fwf () 5IB715IIOTC5I ttaH6071ee Ba)KHblMH? 

4. J1ttorp;a cTpOKH B CSV-cpaJ171e cop;ep)KaT 3arrJITb1e. lfro6h1 OHM He cTa71J1 HC­

ToqHJ1KOM rrpo671eM, J1X Heo6XO,[\J1MO 3aK71IOqaTb B ,[\BOMHble ( " ) J171J1 O,[\J1Hap­

Hble ( ' ) KaBbiqKJ1. B cooTBeTCTBHH c o6IIIerrpHH5ITblM cornarneHHeM cpyHKn;HJI 

read_ csv () rrpep;rro71araeT HCII071b30BaHHe KaBb1qeK, M ec71M Bbl xoTHTe HC­

II071b30BaTb ,[\715! 9TOM u;e71J1 p;pyroJi CJ1MB071, J1CII071b3YMTe cpyHKu;HIO read -
delim () . KaKHe apryMeHTbl tteo6xop;HMO yKa3aTb, qT06bI rrpoqHTaTb rnep;y10-

liIHM TeKCT BO cppettM p;aHHblX? 

"x,y\nl, 'a,b"' 
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5. YKa)KMTe, 'ITO He TaK B Ka)Kp;OM M3 rnep;yIO~Mx BeTpoeHHbIX CSV- cpai1:110B. qTO 

rrpOM30:i1p;eT, eeJIM Bbl TIOTibITaeTeeb BbITIOJIHMTb 9TOT KOp;? 

read_csv ("a , b\nl,2 , 3\n4 , 5, 6" ) 
read_csv ("a , b , c\nl , 2\nl , 2 , 3,4 " ) 
read_csv ("a , b\n\ " l " ) 
read_csv ("a , b\nl,2\na , b" ) 
read_csv ("a ; b\n1; 3" ) 

(HHTaKCH'leCKHM aHanH3 BeKTOpOB 

ITp e)Kp;e ':IeM MbI yrny6MMeR: B p;eTaJIM Toro, KaKMM o6pa30M rraKeT readr 'I M­

TaeT cpai1:Jibl e p;MeKa, Mbl p;OJI)l(Hbl HeeKOJibKO OTBJie':IbeR: M yp;eJIMTb BHMMaHMe 

cpyHKIJ;MR:M eeMei1eTBa parse_* ( ) ) o6eerre'IMBaIO~MM eMHTaKeM':IeeKMM aHaJIM3 

(rrapeMHr) BXO,)J;HbIX p;aHHbIX. 3TM cpyHKIJ;MM rrpMHMMaIOT eMMBOJlbHblM BeKTOP Ji1 

B03Bpa~aIOT BeKTOp erreu;MaJIM3MpoBaHHOro nma, HarrpMMep JIOrM':IeeKJiIM, u;eJIO­

'!JiieJieHHbIM JiIJIJiI BeKTOp p;aT. 

str (parse_logical (c ("TRUE " , "FALSE " , "NA" ))) 
#> logi [1:3] TRUE FALSE NA 
str (parse_integer (c (" l " , "2" , "3" ))) 
#> int [1:3] 1 2 3 
str (parse_date (c ("2010- 01 - 01 ", "1979- 10- 14 " ) )) 
#> Date[l:2], format: "2010-01-01" "1979-10-14 " 

<DyHKD;JiIM 9TOro eeMei1eTBa TIOJie3HbI y)Ke eaMJiI no ee6e, HO O,)J;HOBpeMeHHO 

OHM BbICTyrraIOT B Ka':IeeTBe eTpoMTeJibHbIX KMPTiliI'IMKOB p;JIR: rraKeTa readr. IToene 

Toro KaK Bbl 03HaKOMJiITeeb e pa60TOM OTp;eJibHbIX eMHTaKeM':IeeKMX aHaJIM3aTopoB 

(rrapeepoB) B 9TOM pa3p;eJie, Mbl BeptteMeR: Ha Jilexop;Hble TI03MIJ;MM B enep;yIO~eM 

pa3p;e11e, rp;e 6yp;eT rroKa3aHo, KaK Bee OHM BMeeTe o6eerre'!JiIBaIOT rrapeMHr rro11-

Horo cpai1:na. 

KaK JiI Bee cpyHKIJ;JiIM, BXO,)J;R:~Jile B eoeTaB 6M6JIMOTeKJiI tidyverse, cpyHKD;MJil 

parse_* ( ) YHMcpMu;MpoBaHbI. J1x rrepBbIM apryMeHT - 9TO eMMBOJibHbIM BeKTOp, 

rrop;Jie)Ka~Mi1: aHaJIM3y, a apryMeHT n a yKa3bIBaeT, KaKMe eTpOKliI p;OJI)KHbI o6pa6a­

TbIBaTbeR: KaK oTeyTeTBYIO~Jiie 3Ha'feHMR:. 

parse_integer (c (" l " , "231 " , " . " , "456 " ), na = " . " ) 

#> [l ] 1 231 NA 456 

B rny':Iae Heyerrenrnoro rrapeMHra KaKoro-11M60 9JieMeHTa BbIBOp;MTeR: eooTBeT­

ernyID~ee eoo6~ettMe. 

x <- parse_integer (c ( "123 " , "345 " , "abc " , "123 . 45 " )) 
#> Warning: 2 parsing failures. 
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=> row col 
=> 3 an integer 

expected actual 
abc 

=> 4 no trailing characters . 45 

TaK11e 9lleMeHTbI rroMell1aIOTrn B BbIBOA KaK OTCYTCTBYIOII1l1e (NA). 

=> [ 1) 123 345 NA NA 
=> attr (, "problems") 
=> * A tibble : 2 x 4 
=> row col expected actual 
=> <int> <int> <chr> <chr> 
=> 1 3 NA an i nteger abc 
=> 2 4 NA no trailing characters .45 

Ern11 OIIIJ160K rrapc11Hra MHoro, Bbl MO>KeTe rronyq11Tb ITOlIHbIM J1X Ha6op c rro ­

!OIIJblO cpyHK~J1J1 problems () . 0Ha B03Bpall1aeT tibble - cpperlIM, KOTOpbIM MO>KHO 

_ 1att11rryn11poBaTb c rroMOII1bIO rraKeTa dplyr. 

::- ::iblems (x) 
=> * A tibble: 2 x 4 
=> row col expected actual 
=> <int> <int> <chr> <chr> 
=> 1 3 NA an? i nteger abc 
=> 2 4 NA no trailing characters .45 

3cpcpeKTJ1BHoe BbIITOJIHeH11e rrapc11Hra Tpe6yeT 3HaHJ1H Toro, KaK11e rrapcepbI 

.rneIOTCJI B BarneM pacrropH>KeHVIJ1 J1 KaK OHJ1 o6pa6aTbIBaIOT pa3JIJ1qHble TJ1Ilbl 

BXOAHbIX A<iHHbIX. qallle BCero J1Cll0llb3YIOTC5I AeBR:Tb rrapcepoB, rrepeqeHb KOTO ­

bIX rrpl1BOAJ1TCJI HJ1>Ke. 

• parse_ logical () 11 parse_ integer () - rrapCMHr norwrecK11x 11 ~eno­

q11cneHHbIX 3HaqeH11J/J: cooTBeTCTBeHHO. H11KaK11x 3aTPYAHeH11riI rrp11 pa6oTe 

c HJ1MJ1 B OCHOBHOM He B03HJ1KaeT, IT09TOMY Aallee Mb! Ha HJ1X OCTaHaBJIJ1 -

BaTbCR He 6yAeM. 

• parse double () - CTporo q11rnoBoriI rrapcep, TOrAa KaK parse_ 
number () - rn6K11rlI q11rnoBoJ/J: rrapcep. Pa6oTaTb c Hl1Ml1 CJIO>KHee, qeM Bbl 

MOfJIJ1 6bI IIOAyMaTb, IIOCKOllbKY B pa3HbIX CTpaHax q11cna 3aIIJ1CbIBaIOT IIO­

pa3HOMy. 

• parse_ character () - CMMBOllbHbIM rrapcep, KOTOpbIM Ka>KeTrn HaCTOllb ­

KO rrpoCTbIM, qTo MOflIJ1 6bI B 0 3HJ1KHYTb COMHeHJ15I B TOM, qTo OH Hy>KeH, 

ecJIJ1 6bI He OAHO OClIO>KHHIOIIJee o6CTOR:TellbCTBO: cyll1eCTBOBaHJ1e pa3JIJ1q ­

HbIX KOAI1pOBOK CJ1MBOlIOB. 
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• parse_ f2ctor () - C03p;aeT cpaKTOpbI, J1JU1 CTp)'l<T)'pbI p;aHHbIX, KOTOpble R 
J.1CITOJib3)'eT p;mI rrpep;cTaBJieHJ.151 KaTeropMaJibHbIX rrepeMeHHbIX, T.e. rrepeMeH­

HblX, J.1Me10rn,MX J.13BeCTHblM cpMKCMpoBaHHbIM Ha6op B03MO)J(HbIX 3HaqeHJ.1M. 

• parse datetime () , parse_ date ( ) M parse_ time () - rro3BOJIJI1011 

aHaJIJ.13MpOBaTb 3Ha'-IeHJ.1JI p;aThl J.1 BpeMeHJ.1, 3ap;aHHbie B COOTBeTCTBJ.1J.1 c 

pa3JIJ.1qHbIMJ.1 crreu;McpMKau;MJIMJ.1. 3TJ.1 rrapcepbl OTJIJ.1qa10TCJI HaJ.160JibllleH 

CJIO)J(HOCTblO BBJ.1,ll;)' cyrn,eCTBOBaHMJI MHO)J(eCTBa pa3JIJ.1qHbIX cpopMaTOB 3a­

ITJ.1CJ.1 p;aT J.1 BpeMeHJ.1. 

B rnep;y10rn,Mx pa3p;enax 3TM rrapcephI paccMoTpeHbI 6onee rrop;po6Ho. 

lfMcna 

ITapcMHr qJ.1cen 6bm 6br coBceM rrpocToJ1 3ap;aqeJ1, ecJIM 6h1 He TPM ocJIO)J(HJIIO­

rn,Mx o6CTOJITeJibCTBa. 

• B pa3HhIX qacTJIX cBeTa JIIO,ll;M 3arrMchrna10T qJ.1cJia rro-pa3HoMy. TaK, )J;JIJI pa3-

p;eneHMJI p;po6HoJ1 J.1 u;enoJ1 qaCTeJ1 Bern,eCTBeHHblX qJ.1ceJI B O)J;HMX CTpaH 

J.1CITOJib3)'10T TQqKy ( . ), B p;pyrnx - 3aITJIT)'lO ( , ). 

• lfacna qacTo oKpy)J(eHhI p;pyrMMM cMMBOJiaMM, 06ecrreqJ.1Ba10rn,MMM orrpep;e­

neHHhIM KOHTeKcT, HarrpMMep " $10 0 0" MJIM "10 % ". 

• lfarna qacTo cop;ep)J(aT pa3p;emneJIM rpyrrrr pa3pJip;oB (rpyrrrrMpy10rn,Me CMM­

BOJihI), 06nerqa10rn,we qTeHMe 6oJibll1MX qJ.1ceJI, HarrpMMep " 1 , 000 , 000 ", 

rrpMqeM B pa3Hb1X CTpaHax )J;JIJI 3TOM u;eJIJ.1 MoryT J.1CITOJib30BaTbCJI pa3Hble 

CJ.1MBOJibI. 

qT06b1 crrpaBMThCJI c rrepBoJ1 npo6neMoJ1, B rraKeT readr BBep;eHo rroHJITMe "no ­

KanM" - o6'heKTa, orrpep;eJIJ110rn,ero rrpaBMJia rrapcMHra, KOTOpb1e coOTBeTCTB)'lO 

pa3JIJ.1qHhIM perMoHaJibHhIM cTaHp;apTaM. ITpM rrapcMHre qJ.1ceJI HaM6onee Ba)J(HbIM 

rrapaMeTpOM JIBJIJieTCJI CMMBOJI, J.1CITOJib3)'eMblM B KaqecTBe p;ecJITJ.1qHoro pa3p;eJIJ.1-

TeJIJI. Bbl MO)J(eTe J.1CITOJib30BaTb BMeCTO Hero p;pyroJ1 CJ.1MBOJI, C03)J;aB HOB)'lO JIO­

KaJib J.1 3ap;aB COOTBeTCTB)'lOlll,J.1M CJ.1MBOJI c ITOMOlll,blO apryMeHTa decimal - ma rk. 

parse_double( "l.23" ) 
#> [l] 1. 23 
parse_double ("l,23" , l~cale 
#> [l ] 1. 23 

locale (decimal_mark "' " ) ) 

J1crroJib3)'eMaJI B rraKeTe readr JIOKaJib opMeHTMpoBaHa Ha perMOHaJibHbie CTaH­

p;apTbI CIIIA, rrocKOJihK)' Ha 3TO opMeHTMpoBaHa cpep;a RB u;enoM (HarrpMMep, 6a-

30BaJI p;oKyMeHTau;MJI R HarrMcaHa c MCITOJib30BaHMeM aMepMKaHCKoro BapMaHTa 
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a.ttn rnM:cKoro >I3bIKa). B KaqeCTBe aJibTepttaTMBbI MO:tKHo 6hrno 6b1 nonbITaTbC>I 

npe,n;enMTb napaMeTpbI, 11cnoJib3yeMbie no yMonqaHMIO ycTaHOBJieHHOM Ha KOM-

3hIOTepe onepau;MOHHOM CJ1CTeMOM. 0,n;HaKO xopOllla>I peaJIJ13aIJ;J1>1 9TOM 11,n;e11 ,n;o-

30llbHO 3aTpy,n;H11TeJibHa, 11 K TOMY :>Ke, qTo 6onee Ba:>Ktto, 9TO c,n;enano 6b1 Balli Ko,n; 

x:pynKMM: ,n;a:>Ke eCJIJ1 6bI OH pa6oTaJI Ha BallleM KOMnbIOTep e, Balli KOJIJiera B ,n;py­

"10M CTpatte, nonyqMB KO,n; no 9JieKTpOHHOM noqTe, MOf 6bl CTOlIKHYTbC>I c TeM, qTo 

OH He pa6oTaeT. 

BTopa>1 npo6neMa pelllaeTrn c noMOIIJ;bIO cpyttKIJ;MM parse_ number ( ) : otta 11r­

ttop11pyeT CJ1MB071bl, He >IBll>IIOIIJ;MeC>I u;11cppaMJ1, KOTOpbie pacnonaraIOTC>I Heno­

cpe,n;cTBeHHO nepe,n; q11cnoM 11 norne ttero. 3To oco6etttto y,n;o6tto B rnyqae ,n;ette:tK­

HbIX J1 npou;ettTHblX 3HaqeHJ1M, HO TaK:tKe MO:tKeT 6bITb MCnOllb30BaHO )1;71>1 J13BJie­

'IeHM>I qMcen J13 TeKCTa. 

;:::rse_number ("$100 " ) 
=> [l ] 100 
;:a.rse_number ("20% " ) 
=> [ 1] 20 
;:arse_number ("It cost $123 . 45" ) 
=> [1 ] 123 

Tiorne,n;H>I>I npo6neMa pelllaeTC>I nyTeM COBMeCTHOfO J1CnOllb30BaHJ1>1 cpyttKIJ;MJ1 

?arse _number () 11 n0Kan11, KOTopa>1 3a,n;aeT CMMBOJI, rpynn11py10IIJ;MM u;11cppb1 no 

pa3p>1,n;aM. 

= Mcnonb3yeTcR B ClllA 
;:arse_nu."llber ( "$123 , 456, 789 " ) 
=> [1] 1.23e+08 

= Mcnonb3yeTCR BO MHOrMX eBpone~CKMX CTpaHax 
;:arse_!'lumber ( 

"123. 456 . 789 " , 
locale = locale (grouping_mark " . " ) 

=> (l ] 1.23e+08 

= Mcnonb3yeTCH B illBe~uapMM 
;;arse number ( 

"123 ' 456 ' 789 " , 
loca le = locale (grouping_rnark "'" ) 

~ > [l] 1. 23e+08 
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CTpOKlll 

Mo)l(HO 6bmo 6b1 rrop;yMaTb, 'ITO cpyHK11,11a parse_ character () p;OJI)l(Ha 6bITb 

p;eMeTB11TeJibHO rrpoeTOM - Bep;b OT Hee Tpe6yeTe51 TOJibKO BepHyTb BXO,D;HYIO 

11HcpopMa11,1110. K eo)l(aJieH1110, )1(113Hb He TaK rrpoeTa, rroeKOJibKY op;Hy 11 TY )Ke 

eTpoKy MO)l(HO rrpep;CTaB11Tb MHO)l(eeTBOM erroeo6oB. qT06bI pa3o6paTbeH B 9TOM, 

Heo6xop;11MO yrrry611Tbe5I B p;eTaJI11 Toro, KaK eTpOK11 rrpep;eTaBJIHIOTeH B KOMIIbIO­

Tepe. B R, 'IT06b1 rrorry'I11Tb eTpoKy B TOM Bl1p;e, B KaKOM oHa xpaH11Trn B rraMHTJII 

KOMIIbIOTepa, rnep;yeT 11eIIOJib30BaTb cpyHKll,JIIIO charToRaw () . 

charToRaw ("Hadley" ) 
#> [l ) 48 61 64 6c 65 79 

Ka)l(p;oe rneeTHap;11,aTep11'!Hoe '!11CJIO rrpep;eTaBJIHeT 6a:MT J11HcpopMa11,1111: 4 8 -

9TO H, 61 - 9TO a 11 T.rr . OT06pa)l(eH11e rneeTHap;11,aTep11'IHoro '!11erra B e11MBOJI 

Ha3bIBaeTeH KOp;11poBaH11eM, 11 11eIIOJib3yeMbIM B p;aHHOM eJIY'fae KOp; Ha3bIBaeTeH 

ASCII (oT aHrrr. American Standard Code for Information Interchange - aMep11KaH­

eK11M eTaHp;apTHbIM Kop; p;rra o6MeHa 11HcpopMa11,11eL1:). Kop;11poBKa ASCII orn11'!HO 

rrop;xop;11T ,D;JIH rrpep;eTaBJieH1151 e11MBOJIOB aHrJI11MeKoro arrcpaBJIITa, 0 '!eM HeTpyp;HO 

p;orap;aTbeH no ee IIOJIHOMY Ha3BaH1110. 

B eJIY<fae H3bIKOB, OTJI11'!HbIX OT aHrn11L1:eKoro, He Bee TaK rrpoeTo. Ha 3ape KOM­

IIbIOTepHbIX TeXHOJIOf11M eyI11,eeTBOBaJio MHO)l(eeTBO KOHKyp11py10I11,11X eTaHp;apTOB 

Kop;11poBaH11a e11MBOJIOB, 0TeyTeTBy10I11,11x B aHrrr11L1:eKoM H3bIKe, 11 p;rra KoppeKT­

HOM l1HTeprrpeTa11,1111 eTpOK11 Tpe6oBaJIOCb 3HaTb He TOJibKO 3Ha'IeH1151, HO 11 erro ­

eo6 Kop;11poBK11. Harrp11Mep, p;ByMa paerrpoCTpaHeHHbIM11 Kop;11poBKaM11 HBJIHIOT­

rn Latinl (CTaH,!1,apT IS0-8859-1; 11crroJib3yeTrn B 3anap;HoeBporreL1:eK11x H3bIKax) 

11 Latin2 (eTaHp;apT IS0-8859-2; 11crrorrb3yeTrn B BOeTO'IHOeBporreL1:eK11x H3bIKax) . 

B KOp;11pOBKe Latinl 6aL1:Ty bl eooTBeTeTByeT CJ1MBOJI "±", HOB KOp;11pOBKe Latin2 

eMy eooTBeTeTByeT e11MBOJI "<{ ! K e'!aeTbIO, B Harn11 p;H11 eyI11,eeTByeT yH11Bepearrb­

HbIM eTaHp;apT UTF-8, 06eerre'!11Ba10I11,11L1: KOp;J1IpoBaH11e rrpaKT11'!eeK11 rr106oro 

e11MBOJia, 11errOJib3yeMoro B Ha11,110HaJibHbIX arrcpaB11Tax, a TaK)l(e MHO)l(eeTBO p;o­

IIOJIH11TeJibHblX e11MBOJIOB (Harrp11Mep, 9Mop;311). TiaKeT readr 11erroJib3yeT UTF-8 

BO Beex eJIY<faHx: rrpep;rrorraraeTeH, 'ITO e'!11TbIBaeMbie e11MBOJlbl 11Me10T KOp;11pOBKY 

UTF-8, 11 oHa )Ke 11ei:iorrb3yeTea rrp11 3arr11eJ11 eJIIMBOJIOB. 3To HerrrroxoW: Bap11aHT 

p;rra 11erroJib30BaH11a no yMOJI'!aH1110, HO eerr11 p;aHHbie 6bIJI11 IIOJIY<f eHbI B eTapbIX 

e11eTeMax, KOTOpbIM Kop;11poBKa UTF-8 6bma He113BeeTHa, OH He epa6oTaeT. CTorr­

KHyBrn11eb e rrop;o6HbIM erry'!aeM, Bbl yB11p;J11Te, 'ITO BbIBep;eHHbie Ha rre'IaTb eTpoK11 

BbirJiap;aT O'!eHb eTpaHHO. J1Horp;a eTpaHHbIM11 MoryT 6bITb rr11rnb op;11H -p;Ba eJIIM­

Borra, HO 11HOrp;a Beeb TeKeT 6yp;eT rrpep;eTaBJIHTb eo6oW: errJIOllIHYIO a6paKap;a6py. 

192 4aCTb II. no11roTOBKa 11aHHblX 



_: <- "El Ni\xflo was particularly bad this year " 
.....::. <- "\x82\xbl\x82\xfl\x82\xc9\x82\xbf\x82\xcd" 

c 3TOM rrpo6JieMOM MO:>KHO crrpaBJ1TbCJI, yKa3aB KOp;I1pOBKY B ¢YHKD;J1J1 parse -
:::.aracter () . 

~a~se_charac~er ( xl , locale = locale (encoding = "Latinl " )) 
=> [l] "El Nifio was particularly bad this year" 
=a~se character (x2 , locale = locale (encoding = "Shi f t-JIS" )) 
=> [ lJ ":.AJl::i;,li" 

KaK orrpep;eJIMTb, KaKaJI Kop;11poBKa rrpaB11JibHaJI? EcJI11 BaM rroBe3eT, Bbl Hai1-

.::reTe 3TY 11H¢opMau;1110 B p;oKyMeHTau;1111 K p;aHHblM. K co:>KaJieH1110, TaKoe cnyqa­

cTCJI pep;Ko, rro3TOMY rraKeT readr rrpep;ocTaBJIJieT ¢YHKu;1110 guess_ encoding () . 
3ra ¢YHKIJ;l15I He JIBJIJieTcJI rrattau;eei1, 11 OHa pa6oTaeT Jiyqrue, ecn11 061,eM TeKCTa 

6oJibruoi1 (B OTJI11q11e OT rrp11Bep;eHHb1x Bb1rue rrp11MepoB), HO Haq11HaTb c Hee 6y­

::reT BITOJIHe pa3yMHO. Eyp;bTe roTOBbl K ToMy, qTo BaM rrp11p;eTcJI rreperrpo6oBaTb 

HeCKOJibKO K0,11;11pOBOK, rrpe:>Kp;e qeM yp;aCTCJI HaMTJ1 rrpaBJ1JibHYIO. 

;~ess_encoding ( charToRaw ( x l ) ) 

=> encoding confidence 
=> 1 IS0-8859-1 0.46 
=> 2 IS0-8859-9 0.23 
e~e ss_encoding ( charToRaw ( x2 ) ) 

=> encoding confidence 
=> 1 KOIB-R 0.42 

ITepBblM apryMeHTOM ¢YHKu;1111 guess_ encoding () MO:>KeT 6b1Tb JI1160 rryTh 

K ¢ai1Jiy, JI1160, KaK B p;aHHOM cnyqae, "cb1poi1" BeKTOP (qTo MO:>KeT 6b1Tb I10Jie3-

HblM, ecJI11 cTpoKa y:>Ke rrepeMei.u;eHa B R). 

Kop;11poBaH11e CMMBOJIOB - 06ru11ptta5I 11 CJIO:>KHaJI TeMa, 11 3p;ecb Mbl JIMillb 

cnerna KocttyJIMCb ee. I1op;po6Hoe pa3'bJICHett11e no 3TOMY Borrpocy Bbl CMO:>KeTe 

Hai1TJ1 no ap;pecy http: //kunststube.net/encoding/. 

<J>aKTOpbl 

<DaKTOpbI 11crroJib3YIOTC5I B R p;JI>I rrpep;cTaBJiemrn KaTerop11aJibHblX 3HaqeH11i1, 

T.e. 3HaqeH11i1, 06pa3y10i.u;11x l13BecTHbIM tta6op. CTOMT BaM rrpep;ocTaBMTb ¢yttK­

~1111 parse_ factor () BeKTop c Hel13BeCTHbIM 3HaqeH11eM, 11 Bbl rroJiyq11Te rrpep;­

yrrpe:>Kp;aroi.u;ee coo6i.u;eH11e 06 3TOM. 

:rui t <- c ( "apple" , "banana" ) 
;:arse_factor (c ("apple" , "banana" , "bananana" ) , levels 
~ > Warning: 1 parsing failure . 
' >row col expected actual 

fruit ) 
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#> 3 -- va lue in level set bananana 
#> (1 ) apple banana <NA> 
#> attr (,"problems " ) 
#> # A tibble: 1 x 4 
#> r ow col expected actual 
#> <int> <int> <chr> <chr> 
#> 1 3 NA value in level set bananana 
#> Levels: apple banana 

Ho ec7IJ1 npo6rreMHbIX 3aTIJ1Ce:i1: MHOfO, TO 3a'IaCTyIO np01.u;e OCTaBJ1Tb J1X B BJ1,D,e 

CJ1MB07IbHbIX BeKTOpOB, a 3aTeM O'!J1CTJ1Tb p,aHHbie c TIOMO~blO J1HCTpyMeHTOB, 0 

KOTophrx Bbl y3ttaeTe B rrraBax 11 l1 12. 

KaneHAapHble AaTbl, KaneHAapHble 
AaTa 111 speMR, speMR cy10K 

Bb16op op,Horo J13 Tpex napcepoB 3aBJ1Cl1T OT Toro, KaKo:i-i Tl1n 3Ha'!eHJ1M BaM 

He06XO,D,l1M: Oama (KOJIM'IeCTBO ,D,HeM, J1CTeKIIIJ1X C 01-01-1970), Oama U BpeM5l (K0-

7IJ1'!eCTBO ceKyHp,, J1CTeKIIIJ1X nocrre norryHO'IJ1 01-01 -1970) J17IJ1 BpeM5l (KOJIJ1'!e­

CTBO ceKyHp,, J1CTeKIIIJ1X nocrre norryHO'Il1). I1pl1 Bbl30Be COOTBeTCTBYIO~J1X cpyHK­

D;l1M 6e3 yKa3aHJ15f p,onorrHMTerrbHbIX apryMeHTOB npep,norraraeTc5f crrep,yio~ee. 

• <DyHKD;l15f parse_datetime ( ) o:>I<l1p,aeT 3Ha'!eHMe, onpep,errH101u;ee p,aTy 

J1 BpeM5f B COOTBeTCTBJ1J1 co CTaHp,apTOM 1508601 - 3TO Me:>Kp,yttapop, ­

HbIM CTaHp,apT, npep,nl1CbIBalO~J1M 3ap,aHJ1e p,aTbl B cpopMaTe ffff-MM­
.JJ:.JJ: lFI:MM:CC (rop,, Mernu;, p,eHb, q acbI, Ml1HYTbI , ceKyH,D,bl). 

parse_datetime ("2010 - 10- 01 T2010 " ) 
#> (1) "20 10- 10- 01 20: 10: 00 UTC " 

# EcnM BpeMR ODYI11eHO, aBTOMaTMYe CKM ycTaHaBnMBaeTCR nonHOYb 
parse_datetime ("20101010 " ) 
#> (1 ) "2 010- 10-10 UTC" 

3To caMblM Ba:>KHbIM CTaHp,apT yKa3aHJ15f p,aTbI/BpeMeHJ1, J1 eCJIJ1 Bbl qacTO 

pa6orneTe c p,aTaMJ1 l1 BpeMeHeM, o6paTJ1Tecb K cTaTbe no ap,pecy https : I I 
en.wikipedia.org/wiki/IS0_8601 . 

• <DyHKD;J15f parse-"-date () O:>KJ1p,aeT 3Ha'!eHJ1e B O,D,HOM J13 cpopMaTOB 

rrrr-MM-.JJ:.JJ: J17IJ1 rrrr;MM/.JJ:.JJ:. 

parse_date ("2010- 10- 01 " ) 
#> (1) "20 10-1 0- 01 " 
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• <DyttKIJ;MR parse_ time () O:>KMp;aeT 3Ha'leHMe B cpopMaTe qq:MM:CC (rro­

rnep;HMH KOMITOHeHT tteo6R3aTeJieH) c tteo6R3aTeJibHbIM crreu;McpMKaTOpOM 

a.m./p.m (p;o ITOJIY,D;HR/rrorne ITOJIY)J;HR). 

library (hrns ) 
parse_time ( "01 : 10 am" ) 
#> 01 :10:00 
parse_time ("20 :1 0: 01" ) 
#> 20 :1 0 :01 

BBMp;y oTcyTcTBMR B 6a30BbIX rraKeTax R BCTpoettttoro crreu;MaJIM3MpoBaH­

ttoro KJiacca, rrpep;Ha3Ha'leHHOfO )J;JIR pa60Tbl co BpeMeHeM cyTOK, Mbl J1C­

I107Ib3yeM p;JIR 3Tor o KJiacc, rrp ep;ocTaBJIReMbIH rraKeToM hms. 

EcJIM 3TJ1 rrpep;ycMoTpettttbie rro YMOJI'laHMIO cpopMaTbI tte rrop;xop;RT ,D;JIR Baurnx 

.::i;aHHbIX, orrpep;eJIJ1Te co6CTBeHHbIH cpopMaT, BK7IIO'lalOIIJ;J1H rrepe'IJ1CJieHHble HJ1:>Ke 

3,1eMeHTbl. 

roa 
%Y (4 IJ;Mcppbl). 

%y (2 IJ;Mcppbl; 00- 69 -7 2000-2069, 70- 99 -7 1970-1999) . 

Mernu, 
%rn (2 IJ;Mcppbl). 

%b (coKpaIIJ;ettttoe tta3BaHMe, ttarrpMMep "Jan"). 

%B (rroJIHoe tta3BaHMe, ttarrpMMep " January"). 

,lJ.eHb 

%d (2 IJ;Mcppbl). 

%e (tteo6R3aTeJibHbIH Bep;yIIJ;MH rrpo6eJI) . 

BpeMR 
%H (qacoBOH cpopMaT 0- 23). 

%I (qacOBOH cpopMaT 0- 12; rnep;yeT J1CI107Ib30BaTb BMecTe c %p). 

%p (J1H)J;J1KaTop a.m./p.m. - p;o ITOJIY,D;HR/rrocJie ITOJIY,D;HR). 

%M (MMHYTbI) . 

%S (u;eJIO'lJ1CJieHHbie ceKyH,D;bI) . 

%OS (BeIIJ;eCTBeHHbie ceKyH,D;bl). 

%Z (qaCOBOM ITORC, HarrpMMep America/Chicago). I1pMMe'laHJ1e: BHJ1Ma­

TellbHO cJiep;11Te 3a MCITOJib30BaHMeM coKpaIIJ;eHMH. EcJIM Bbl ttaxop;MTecb 
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B AMepr.1Ke, yqT11Te, 'ITO "EST" - 9TO qacoBoi1 rroHc KaHap;bI, ,n/rn KOToporo 

He rrpe,n;ycMoTpeH rrepexo,n; Ha JieTHee BpeMR. K paccM0TpeH11IO 'faCOBbIX no­

JICOB Mbl ern;e BepHeMCR B rnaBe 13. 

%z (cMern;eH11e OT BceM11pHoro cKoop,n;11H11poBaHHoro BpeMeH11 UTC, Ha­

rrp11Mep +0800). 

Heu,ucftpoabte cuMBOllbl 
% • (rrporryCK o,n;Horo He:u;wppoBoro CMMBona) . 

%* (nponyCK JII06oro KOJl11tfeCTBa He:u;wppOBbIX C11MBOJIOB). 

Ha11J1yqlll11i1 cnoco6 onpe,n;en11Tb KoppeKTHbIM cpopMaT - co3,n;aTb HeCKOJibKO 

rrp11MepoB B C11MBOJlbHOM BeKTope 11 npoTeCT11pOBaTb 11X c nOMOID;bIO O)J;HOM 113 

cpyHKll;11M-aHaJI113aTOpOB. 

parse_date ("01/02/15" , " %m/%d/%y" ) 
#> (1) "2015 - 01 - 02 " 
parse_ date ( "01/02/15" , " %d/ 9om/%y " ) 
#> (1) "2015-02- 01 II 
parse_date ("01/02/15" , " %y/%m/%d" ) 
#> (1) "20 01 - 02 -15" 

B rnyqae 11cnoJib30BaH115I 9JieMeHTOB cpopMaTa %b 11n11 %8 c Ha3BaH115IM11 Me­

rn:u;eB He Ha aHrm1MCKOM 5I3bIKe Heo6xop;11MO 3ap;aTb apryMeHT lang cpyHKll;1111 

locale () . IlpocMOTp11Te cn11COK BCTpOeHHblX 5I3bIKOB, Bbl3BaB ¢YHKIJ;11IO date 

names_ langs () , H BbI30B11Te cpyHK:u;1110 date_ names_ lang () c cooTBeTcTBy10-

rn;11M apryMeHTOM 11n11, ecn11 HY)f(HbIM 5I3bIK oTcyTCTByeT, co3,n;ai1Te co6CTBeHHbie 

Ha3BaH115I c nOMOID;bIO cpyHKll;1111 date_ names () . 

parse_date ("l janvier 2015" , " %d %B %Y " , locale = locale ("fr" )) 
#> (1) "2015-01 - 01" 

1. KaK11e 113 apryMeHToB cpyHK:u;1111 locale () Ha116onee Ba)f(Hb1e? 

2. "lfTo npo113oi1:,n;eT, ern11 Bbl nonbITaeTeCb ycTaHOB11Tb c noMOID;bIO apryMeHTOB 

decimal_ mark 11 grouping_ mark o,n;11H 11 TOT )f(e c11MBOJI p;JIR ,n;ecJIT11tfHoro 

11 rpyrrn11py10rn;ero pa3,[l;eJ111TeJiei1? qTo npo113oi1,n;eT co 3HatfeH11eM no yMoJI­

'faH11IO apryMeHTa grouping_ mark, ern11 Bbl ycTaHOB11Te p;JIR apryMeHTa 

decimal_mark 3HatfeH11e ", " ? qTO rrpo113oi1:,n;eT co 3HatfeH11eM no yMOJI'faH11IO 

apryMeHTa decimal _mark, ecn11 Bbl ycTaHOB11Te p;JIR apryMeHTa grouping_ 
mark 3HatfeH11e ". " ? 

196 4aCTb II. noArOTOBKa AaHHblX 



~ Mb1 He 06cy)K,n;a11M orrn;MM date fo rmat M time format cpyHK~MM locale () . 
- -

l.fro OHM ,n;e11aroT? TipM,n;yMat'ne rrp11Mep, B KOTOPOM OHM 6bIJIM 6bl IIOJie3Hbl. 

E c11M Bbl )Kt1BeTe sa rrpe,n;e11aMM CIIIA, TO cos,n;aJirTe HOBblM o6'beKT 110Ka11M, 

V!HKarrcy11Mpyro~MM HacTpOMKM ,D;JIJ! TV!IIOB cpaMJIOB, KOTOpb1e BaM <Ja~e Bcero 

rrpMXO,D;MTCJ! 'IMTaTb. 

- B <JeM pasmt<JMe Me)K,n;y cpyHK~MJIMM r ead_ csv () M read_ csv2 () ? 

6. KaKMe KO,n;MpOBKM HaM6011ee pacrrpocTpaHeHbl B EBporre? KaKMe KO,D;MpOBKM 

<Ja~e Bcero MCl10Jlb3YIOTCJ! B A3MM ? BbrnCHMTe 3TO, BOCITOJib30BaBlUMCb ITOMC­

KOBMKOM Google. 

- CreHepMpyJirTe 110,n;xo,n;JI~yro cTpoKy cpopMaTa ,n;11J1 11apcMHra Ka)K,n;oro M3 rne­

,n;yro~Mx 3Ha<JeHMM ,n;aTbl M BpeMeHM. 

dl <- "January 1, 2010" d2 <- "2015-Mar- 07" 
d3 <- "06-Jun- 2017" 
d4 <- c ("August 19 (2015) ", "July 1 (2015) " ) 
d5 <- "12/30/14" # 30 ,rieKa6p.s:i 2014 ro,ria 
t1 <- "1705" 
t2 <- "11:15:10.12 PM" 

Terrepb, Kor,n;a Bbl ysHaJIM 0 TOM, KaK Bbll10JIHJ!eTCJ! CMHTaKCM'!eCKMM aHaJIM3 

BeKTOpOB, Mbl XOTMM BepHyTbCJ! HeMHOfO Hasa,n; M paccKa3aTb BaM 0 cpe,n;CTBax 

rraKeTa readr, rrpe,n;HasHa<JeHHblX ,D;JIJI CMHTaKCM<JecKoro aHaJIM3a cpat'tJIOB. HoBbl ­

:\rn )J;JIJ! Bae 6y,n;yT crre,n;yro~Me p;Ba MOMeHTa, KOTOpble Mbl paCCMOTPMM B 3TOM 

p as,n;erre: 

• KaK rraKeT readr aBTOMaTM'IeCKM 011pe,n;errJ1eT TMIT Ka)K,D;OfO CTOJI6~a; 

• KaK M3MeHMTb 11apaMeTpb1, sa,n;aHHble 110 yMorr<JaHMIO. 

Crparer11111 
.[l;rrJI orrpe,n;eneHMJI TM11a Ka)Kp;oro M3 CTorr6~oB B 11aKeTe readr Mc11011bsyeTcJ1 

3BpMCTV!'!eCKMM 110,n;xo,n;: 'IMTalOTCJ! rrepBble 1000 CTpOK, M ,D;JIJ! 011pe,n;erreHMJ! TMITOB 

CTOJI6~oB MCITOJib3YIOTCJ! (yMepeHHO - KOHcepBaTMBHble) 3BpV!CTMKM (3BpMCTM<Je ­

CKMe arrropMTMbl) . 3TOT 11po~ecc MO)KHO 3MYIIMpOBaTb c llOMO~blO Cl1MBOllbHOf0 

BeKTopa, MCTIOJ1b3YJI cpyHK~MIO guess _pa rser () ' KOTopaJI B03Bpa~aeT Hal1l1Y<J-

111yro ,n;ora,n;Ky, l1 cpyHK~wro pars e _ gue s s () , KOTopaR McnorrbsyeT 3TY ,n;ora,n;Ky 

rvrn: aHarrwsa CTorr6~a. 
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guess_pa.cser ("20 10- 10 - 01 " ) 
#> [l] "date " 
guess_parser (" l5 : 01 " ) 
#> [l] " time " 
gue~s_parser (c ("TROE" , " FALSE " )) 
#> [ l ] " logical" 
g1,,:.~s_parser ( c ( "l" , " 5" , " 9" )) 
#> [l] " integer" 
guess _r arser (c ( "12 , 352 , 561 " )) 
#> [l] "number " 

str (parse_guess (" 2010- 10-10" )) 
#> Date[l : l], format: "2010-10- 10 " 

3Bp11CTl1Ka 11CTibITbIBaeT Ka)l(,D;bU1: 113 nepetIJ1CJieHHblX Hl1)1(e Tl1TIOB, OCTaHaBJil1-

Ba.R: 3TOT npo~ecc B crry'lae cosnap;eH11.R:. 

logical 
C "F" "T" "F' ALSE" "TRUE" o,n;ep)l(11T TOllbKO 3Ha'leHl1.R: , , n 11 . 

integer 
Co,n;ep)l(11T TOJibKO ~l1<pposb1e CJ1MBOJibI (11 - ) 

double 
Co,n;ep)l(11T TOJibKO ,n;onycTl1Mb1e se~ecTseHHbie '111crra (BKJIIO'la.R: '111crra Ha­

nop;o611e 4 . Se-5). 

number 
Co,n;ep)l(11T ,n;onycT11Mb1e se~ecTBeHHbie '111crra c pa3,n;err11TeJI.R:M11 rpynn pa3-

p.R:,n;os. 

time 
CoorneTcrnyeT cpopMaTy t ime_ f ormat , 3a,n;aHHOMY no yMorr'laH1110. 

date 
CoorneTcrnyeT cpopMaTy date_ format, 3ap;aHHOMY no YMOJI'laH1110. 

date-time 
JI106a.R: ,n;aTa B cpop MaTe 1508601. 

Ecrr11 Hl1 O,D;HO 113 3Tl1X npas11rr He rrp11MeHl1MO, CTOJI6e~ OCTaeTC.R: B s11,n;e BeK­

TOpa CTpOK. 

npo6neMbl 
ITepe'l11crreHHb1e Hl1)1(e rrpep;norro)l(eH11.R:, 11crrorrh3yeMbie no yMOJI'laH1110, He 

scerp;a pa6ora10T p;rr.R: KpynHbIX cpailrrros. B TaKOM Cl1J'lae B03MO)l(HbI crrep;y10~11e 

rrpo6rreMhI. 
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• ITepBaJI TbICJiqa CTpOK MO)J(eT 6bITb He IIOKa3aTeJibHOM, BCJie)J;CTBJ1e qero p;o­

rap;KM rraKeTa readr OKa)J(yTcJI Hep;ocTaToqHo o6rn;MMJ1. Harrp11Mep, y Bae 

MO)J(eT 6h1Tb CTOJI6eu, Bern;eCTBeHHblX 3HaqeHJ1M, B rrepBbIX 1000 CTpoKax KO­

Toporo cop;ep)J(aTcJI TOJibKO u,enb1e q11rna. 

• CTon6eu, MO)J(eT cop;ep)J(aTb MHO)J(eCTBO OTCYTCTBy10rn;11x 3HaqeHMM. EcnM 

rrepBaJI TbICJiqa cTpoK cop;ep)J(MT JIMillb 3HaqeHMJI NA, TO rraKeT readr coqTeT, 

qTo 3TO CJ1MBOllbHbIM BeKTOp, TOrp;a KaK BaM, Bep05ITHO, XOTeJIOCb 6b1 Bbl-

6paTb 6onee crreu,m))J1qecKMM crroco6 MX o6pa6oTKJ1. 

ITaKeT readr cop;ep)J(MT TeCTOBbIM CSV-¢aM:n, KOTOpbIM MJIJIIOCTp11pyeT o6e 

;1<a3aHHbie rrpo6neMbI. 

:::-iallenge <- read_csv (readr_example ("challenge.csv" )) 
=> Parsed with column specification: 
=> cols( 
=> x = col integer (), 

-
=> y = col character () 
=> 
=> Warning: 1000 parsing failures. 
=> row col expected actual 
=> 1001 x no trailing characters .23837975086644292 
=> 1002 x no trailing characters .41167997173033655 
=> 1003 x no trailing characters .7 460716762579978 
=> 1004 x no trailing characters . 723450553836301 
=> 1005 x no trailing characters . 614524137461558 
=> ......... ... ...... . ... . . . . . . . . . . . . . . . . . . 
=> See problems( ... ) for more details . 

(06paTJ1Te BHJ1MaHJ1e Ha J1CIIOJib30BaHJ1e ¢YHKIJ,J1J1 readr example () ' KOTO­

pa5I HaxO)J;J1T rryTb K O)J;HOMY J13 ¢aM:JIOB, BKJIIOqeHHbIX B rraKeT.) 

BbIBO)J; COCTOJ1T J13 p;Byx qacTeM:: CTOJI6u,a crreu,11¢11Ka1J,MM, creHep11poBaHHO­

r o rrpM rrpoCMOTpe rrepBbIX 1000 CTpOK, J1 rrepBbIX II5ITJ1 Heyp;aqHo pa3o6paH­

HbIX cTpOK. B rrop;o6HbIX rnyqaJix u,enecoo6pa3HO JIBHO BbI3hIBaTb ¢YHKIJ,MIO 

problems () )J;JIJI IIOJiyqeHMJI )J;OIIOJIHJ1TeJibHOM J1Hcf!opMaIJ,J1J1 0 rrp11q11Hax Toro, 

noqeMy aHaJIJ13 ¢aM:na He yp;anrn. 

problems (cha llenge ) 
#> # A tibble: 1,000 x 4 
#> row col expected actual 
#> <int> <chr> <chr> <chr> 
> 1 1001 x no trailing characters .23837975086644292 

#> 2 1002 x no trailing characters .4116799717303 3655 
rr > 3 1003 x no trailing characters .7460716762579978 
#> 4 1004 x no trailing cha r acters . 723450553836301 
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*> 5 1005 x no trailing characters 
*> 6 1006 x no trailing characters 
*> * ... with 994 more rows 

.614524137461558 

.473980569280684 

Hernrnxa5I i cTpaTenrn - nocrrep;oBaTeJihHO o6pa6aTbIBaTb cTorr6eQ 3a cTorr6-

QOM, noKa npo6rreMbI He MC'Ie3HyT. B p;aHHOM CilYl.J:ae BM,D;HO, 'ITO npo6rreMbI CB5I-

3aHbI co CTOJI6QOM x - B HeM 3a QeJIO'IJ1CJieHHblMJ1 3Ha'!eHJ15I crrep;yIOT XBOCTOBbie 

CMMBOJlbl. 3To HaBO,D;MT Ha MbICJlb, 'ITO Heo6xop;MMO J1CTIOJ1b30BaTb napcep BeI.Qe­

CTBeHHbIX 'IMCeJI. 

Ha'!HeM c Toro, 'ITO CKOTIMpyeM J1 BCTaBMM cneQmpMKaQMIO CTOJI6Qa B nepBo­

Ha'laJibHbIM Bbl30B. 

challenge <- read_csv ( 
readr_example ("challenge . csv" ) , 
col_types = cols ( 

x = col_integer () , 
y = col_character () 

I1ocrre 3TOfO MO:>KHO 11cnpaBJ1Tb TMTI CTOJI6Qa x . 

challenge <- read_csv ( 
readr_example ("challenge . csv " ) , 
col_types = cols ( 

x = col_double (), 
y = col_character () 

3To ycTpaH5IeT nepByIO npo6rreMy, HO eCJIM Mbl npMCMOTpMMrn K HeCKOJlbKMM 

nocrrep;HMM CTpOKaM, TO 3aMeTJ1M, 'ITO OHM cop;ep:>KaT p;aTbl, coxpaHeHHbie B CMM­

BOJlbHOM BeKTope. 

tail (challenge ) 
*> * A tibble: 6 x 2 
*> x y 

*> <dbl> <chr> 
*> 1 0 . 805 2019-11-21 
*> 2 0 .1 64 2018- 03 - 29 
*> 3 0. 472 2014 - 08 -04 
*> 4 0 . 718 2015- 08 -1 6 
*> 5 0.270 2020- 02 - 04 
*> 6 0 . 608 2019- 01 - 06 

3TO MO:>KHO McnpaBMTb, yKa3aB, 'ITO y 5IBJ15ICTC5I CTOJI6QOM p;aT. 
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=~al lenge <- read_csv ( 
::eadr_exarnple ("challenge.csv" ) , 
co l _types = cols ( 

x = col_double (), 
y = col_date () 

:::.:1 (challenge ) 
=> # A tibble: 6 x 2 
=> x y 
=> <dbl> <date> 
=> l 0.805 2019- 11- 21 
=> 2 0.164 2018 - 03 - 29 
=> 3 0. 4 72 2014 - 08-04 
=> 4 0. 718 2015- 08 - 16 
=> 5 0 .270 2020- 02- 04 
=> 6 0.608 2019-01 - 06 

.IJ:1ur Ka:>Kp;oi1: ¢YHKJJ;l1l1 parse xyz () MMeeTGI COOTBeTCTBYIOIJJ;aR: cpyHKJJ;MR: 

:::ol _ xyz () . C!>yHKJJ;MR parse _xyz () 11cnoJih3yeTcR B Tex cnycraRx, Kor,n;a ,n;aHHbie 

) ':>Ke HaxO,D;R:TGI B R B BM,D;e CMMBOllbHOr o BeKTopa, a cpyHKJJ;MR: col_ xyz ( ) - KOr­

:::i;a HY:>KHO coo6rn;MTb naKeTy readr, KaK 3arpy:>KaTb ,n;aHHbie. 

HacTOHTeJibHO peKoMeH,n;yeM Bcer,n;a npe,n;ocTaBJIHTh TMTihI cTon6u;oB, OTTaJI ­

KvrnaHCb OT Bhrno,n;a, 06ecne'!11BaeMoro naKeToM readr. 3To HBJIHeTCH rapaHTMei1: 

Toro, 'ITO Barn cu;eHap11i1: MMTIOpTa p;aHHbIX BCer,n;a 6y,n;eT cornacoBaHHbIM J1 BOC­

IIpOM3BO,D;l1MbIM. EcnM Bbl 6y,n;eTe nonaraTbCH Ha 11cnonb3yeMhie no YMOJI'IaHMIO 

:=mpMCTM'IeCKMe Tl1TibI l1 BaIIIM p;aHHbie l13MeH5ITC5I, naKeT readr Bee paBHO 6y)J;eT 

l1X 'IMTaTb. ErnM BaM Hy:>KeH ,n;ei1:CTBI1TellbHO CTporMi1: KOHTpOllb TMTIOB, J1CilOllb -

3yi1:Te cpyHKJJ;MIO stop _for _probl ems () : B rnyqae B03HMKHOBeHMR npo6neM c 

pa36op oM p;aHHbIX OHa creHepMpyeT OIIII16Ky J1 npeKpaTMT BbITIOJIHeHMe cu;eHapMH. 

Apyr111e crparer111111 
Cyrn;ecTByeT HeCKOJibKO ,n;pyn1x o6rn;Mx CTpaTerMi1:, 06nerqa10rn;Mx CMHTaKCM'Ie­

cK11i1: aHaJIM3 cpai1JIOB. 

• B npep;bip;yrn;eM npMMepe HaM npoCTO He TIOBe3JIO: CTOMJIO HaM npocMO ­

TpeTb cpafrn BCero Ha O,D;HY CTpOKY 6oJihIIIe, J1 Mbl MOrJII1 6hI KoppeKTHO Bbl­

TIOJIHI1Tb aHaJII13 O)J;HMM MaxOM. 

challenge2 <- read_csv ( 
readr_example ("challenge.csv" ), 
guess_rnax = 1001 
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#> Pa r sed with col umn speci f i cat i on: 
#> col s( 
#> x = col_double() , 
#> y = col_date(format "" ) 

#> 
challenge2 
#> # A tibbl e : 2, 000 x 2 
#> x y 
#> <dbl > <da t e> 
#> 1 404 <NA> 
#> 2 4172 <NA> 
#> 3 3004 <NA> 
#> 4 787 <NA> 
#> 5 37 <NA> 
#> 6 2332 <NA> 
#> # . . . with 1, 99 4 more r ows 

• Mttorp;a nporn;e Bcero p;11arttocT11poBaTb npo6neMy, npO'Il1TaB Bee CTOJI6Qb 

KaK CJ1MBOJlbHbie BCKTOpbI. 

challenge2 <- r ead_csv (readr_exarnple ("challenge . csv" ) , 
col_types = cols ( .default = col _character ()) 

TaKoJ.1: nop;xop; oco6ettHO none3HO 11cnoJib30BaTb B coqeTaHJ1l1 c ¢YHKQJ1ei1 

type_ convert () ) KOTopaa npl1MCH51CT 3Bpl1CTJ1KJ1 napc11Hra K CJ1MBOJlb­

HbIM CTOJI6QaM ¢peJ1:Ma p;aHHbIX. 

df <- tribble ( 
-x , -y , 
" l " , " l . 21 ", 
"2" ' "2 . 32 ", 
"3" ' " 4 . 56 " 

df 
#> # A tibble : 3 x 2 
#> x y 
#> <chr > <chr> 
#> 1 1 1. 21 
#> 2 2 2 . 32 
#> 3 3 4:56 

# 06paTY!Te BHli!MaHli!e Ha Tli!Ilhl CTOJI61\0B 
type_convert (df ) 
#> Parsed with column specification : 
#>cols( 
#> x = col _integer() , 



#> y = col_double() 
#> ) 

#> # A tibble: 3 x 2 
#> x y 
#> <int> <dbl> 
#> 1 1 1. 21 
#> 2 2 2.32 
#> 3 3 4.56 

• I1pl1 qTeHJ1J1 oqeHb 607IblllJ1X cpai17IOB J1MeeT CMbICJI ycTaHOBJ1Tb ,ll;7I5f napa­

MeTpa n _max MeHblllee 3HaqeHHe, HanpHMep 10000 MJIM 100000. 3TO ycKo­

pHT BalllH HTepau;HM no ycTpatteHHIO pacrrpocTpatteHHblX npo6JieM. 

• B rnyqae 6oJiee cJIO)KHblX npo6JieM HHorp;a rrporn;e npoqJ1TaTb p;aHHble B 

CJ1MB07IbHblM BeKTop CTpOK c nOMOlil;blO cpyHKD;J1J1 read lines () J17IJ1 p;a)Ke 

B CJ1MB07IbHblM BeKTOp ,ll;7IJ1HOM 1 c noMOlil;blO cpyHKD;J1J1 read_ file () . ITo­

CJie 3Toro Bbl CMO:>KeTe npHMeHJ1Tb MeTO,IJ;bl CJ1HTaKCJ1qecKoro aHaJIJ13a 

CTpOK, c KOTOpblMM 03HaKOMMTeCb n03:>Ke, ,ll;7I5I o6pa6oTKM 6oJiee CJIO)KHblX 

cpopMaTOB. 

3anMcb e <l>aHn 
06b1qHo naKeT readr nocTaBJI5IeTC5I c ABYMJI noJie3HblMM cpyHKD;J15IMJ1, o6ecne­

'iMBaIOrn;MMJ1 3aTIJ1Cb p;aHHblX Ha ,ll;MCK: write - csv () M write - tsv () . 06e cpyHK­

ll,MM yBeJIM'iMBaIOT Bep05ITHOCTb Toro, 'ITO BnOC7Ie,IJ;CTBMJ1 p;aHHble 6yp;yT ':!MTaTbC5I 

c ,ll;MCKa KoppeKTHO, no rnep;yrorn;MM npM'IMHaM: 

• OHM Bcerp;a McnoJib3YIOT KOp;MpOBKY UTF-8; 

• Bcerp;a coxpaHJIIOT KaJieHp;apHb1e p;aTbl M BpeMJI B cpopMaTe IS08601, M no-

3TOMY MX nornep;y10rn;Mi1 napcMHr Ha p;pyrMx KOMTibIOTepax He 6yp;eT Bbl3bl -

BaTb npo6JieM. 

EcJIM Bbl XOTMTe 3KcrropTMpoBaTb CSV-cpa:i1:JI B Excel, J1CTI07Ib3Yi1Te cpyHKD;MIO 

·.vri te _excel_ csv () - oHa 3anMcbrnaeT B Ha':!aJie cpa:i1:na cneu;MaJibHYIO MeTKY 

(MapKep nornep;oBaTeJibHOCTM 6a:i1:TOB), MHcpopMMpy10rn;y10 Excel 0 TOM, 'ITO Bbl 

MCTIOJib3yeTe KOp;MpOBKY UTF-8. 

CaMble Ba:>KHble apryMeHTbl - x (coxpaHJieMblM cppe:i1:M p;aHHblX) M path (pac­

noJio:>KeHMe, B KOTopoM p;OJI)KeH 6b1Tb coxpaHeH cpa:i1:JI). KpoMe Toro, Bbl MO:>KeTe 

coo6rn;MTb c noMOlil;bIO apryMeHTa na, KaK p;Oll>KHbl 3anMCbIBaTbC5I OTCYTCTByIO­

Ill,Me 3Ha':!eHJ15I, M yKa3aTb, CJiep;yeT JIM p;o6aBMTb sanMCb B KOHeu; y>Ke cyrn;eCTBYIO­

Ill,ero cpa:i1:na: 
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wri·e cs~ ( challenge , "challenge.csv" ) 

3aMeThTe, '-ITO rrp11 coxpattett1111 cpp el1:Ma B cpopMaTe CSV 11ttcpopMau;mi o T11rr 

TepJieTCJI. 

challenge 
#> # A t i bble: 2, 000 x 2 
#> x y 
#> <dbl> <da t e> 
#> 1 404 <NA> 
#> 2 4172 <NA> 
#> 3 300 4 <NA> 
#> 4 787 <NA> 
#> 5 37 <NA> 
#> 6 2332 <NA> 
#> # ... with 1, 994 more rows 
write_csv (challenge , "challenge- 2.csv" ) 
read_csv ("challenge- 2 . csv" ) 
#> Parsed wi t h co l wnn specification : 
#>co l s( 
#> x = co l_double() , 
#> y col_character() 
#> ) 

#> # A tibble: 2, 000 x 2 
#> x y 
#> <dbl> <chr > 
#> 1 404 <NA> 
#> 2 4172 <NA> 
#> 3 3004 <NA> 
#> 4 787 <NA> 
#> 5 37 <NA> 
#> 6 2332 <NA> 
#> # ... wi t h 1, 994 more r ows 

3To p;enaeT CSV-cpal1:n hI ttecKOJih KO ttettap;e:>KHhIMJ1 B OTHOIIIett1111 KeIII11poBa 

HJ1JI rrpoMe:>Ky TO'-IHbIX pe3yJibTaTOB - Bbl ,ll;OJI:>KHbl 3aHOBO C03p;aBaTb crreu;11cp11 

Kau;1111 cTOn6u;oB rrp11 Ka:>Kp;ol1: 11x 3ar p y 3Ke. B rrop;o6ttbIX c11Tyau;11J1x MO:>KHO no 

cTyrraTb ,ll;BOJIKJ1M o6pa30M. 

• Mo:>KeTe BocrrOJih30BaThCJI cpyttKIJ;J1JIMJ1 write_ rds () 11 read_ rds () , KOTO 

pbie rny:>KaT o60JIO'-!KaMJ1 ,[l;JIJI 6 a30BbIX cpyHKIJ;J1M saveRDS ( ) J1 readRDS () 
Ott11 coxpattJIIOT p;aHHbie B H aCTpa11BaeMoM p;BOJ1'-IHOM cpopMaTe R, HOCH 

iu;eM tta3Batt11e RDS. 

write_rds (challenge , "challenge . rds " ) 
read_ rds ("cha llenge . rds" ) 
#> #A t ibble : 2, 000 x 2 
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#> x y 
#> <dbl><date> 
#> 1 404 <NA> 
#> 2 4172 <NA> 
#> 3 3004 <NA> 
#> 4 787 <NA> 
#> 5 37 <NA> 
#> 6 2332 <NA> 
#> # ... with 1,994 more rows 

• I1aKeT feather peam·13yeT 6bICTpbIM ,ll;BOJ1':1HbIM cpopMaT cpaJ1:JIOB, COBMeCTJ1-

MbIM c ,n;pyrMMl1 5I3bIKaMl1 nporpaMMl1pOBaHJ15I, 

library (feather ) 
wri~e_~eaLher ( challenge , "challenge.feather" ) 
read_feaLher ("challerige.:eathe:c" ) 
#> # A tibble : 2,000 x 2 
#> x y 
#> <dbl><date> 
#> 1 404 <NA> 
#> 2 4172 <NA> 
#> 3 3004 <NA> 
#> 4 787 <NA> 
#> 5 37 <NA> 
#> 6 2332 <NA> 
#> # ... with 1,994 more rows 

06bI':IHO naKeT feather pa6oTaeT 6bICTpee RDS 11 np11MeHJ1M BHe R. RDS no,n;­

.:i;ep)l(11BaeT CTOJI6D;bI-CTil1CKl1 (o KOTOpbIX pe':lb rroJ1:,n;eT B rJiaBe 20), qero HeJib35I 

Ka3aTb o TeKyru;eJ1: Bepc1111 feather. 

Apynte TMnb1 AaHHblX 

AnR rrepeMeru;eHMR ,n;aHHbIX ,n;pyrnx Tl1TIOB BR MbI B nepByIO oqepe,n;b peKoMeH­

,u;yeM nepe':IMCJieHHbie Hl1)1(e rraKeTbI 6116n110TeK11 tidyverse. HecoMHeHHO, OHM He 

COBeprneHHbI, HO BaM CTOl1T Ha':laTb c Hl1X. 

• I1aKeT haven ':IMTaeT cpaJ1:JibI rrp11JIO)l(ett11J1: SPSS, Stata 11 SAS. 

• I1aKeT readxl ':IJ1TaeT cpaJ1:JibI Excel (KaK .xis , TaK 11 .xlsx). 

• I1aKeT DBI coBMeCTHO c cepBepaM11 6a3 ,n;aHHbIX (ttarrp11Mep, RMySQL, 

RSQLite, RPostgreSQL 11 ,n;p.) 06ecrre':l11BaeT BbITIOJIHeH11e SQL-3arrpocoB K 

6a3aM ,n;aHHbIX l1 B03Bparu;eHl1e cppeJ1:MOB ,n;aHHbIX. 
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.IJ:m:r 1t1epapX11qecKMX .n;aHHbIX BaM Tio.n;o:i1.n;yT TiaKeTbI jsonlite (HaTIJtICaH .IJ:)l(e­

poettoM YMcoM) .n;1rn pa6oTbI c cpopMaToM JSON M xml2 .n;m1 pa6oTbI c cpopMaTOM 

XML. .IJ:)l(eHHM Epa:i1aH pa3pa6oTana ttecKOJibKO orn1t1qHb1x TIPMMepoB, KOTOpb1e 

MO)l(HO HaMTM TIO a.n;pecy https: I /j ennybc. github. io/purrr- tutorial/ . 

.IJ:nR pa60TbI c .n;pyr1t1MM TMTiaMM cpa:i1noB 06paT1t1Tecb K pyKoBo.n;cTBY TIO MMrrop­

Ty/9KCTIOPTY p;aHHbIX B R M BOCIIOJib3YMTeCb rraKeToM rio. 
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rnABA 9 

AKKypaTM3a'-'MH AaHHblX 
c noMOll\blO naKera tidyr 

"Bee CttacmJ1U8ble GeMbU nOXOJICU Opyz Ha opyca, 

1<aJ1COaH HecttacmlluaaH ceMbfl Hecttacmlluaa no-rnoeAty". 

Jlea Tollcmou 

"Bee onpHmHbte Ha6opbl OaHHblX noXOJICU opyz Ha opyza, 

KaJICoblu HepHUlllUBbtu Ha6op oaHHbtX HepHUlllUB no-caoeMy". 

X3011u YuKeM 

B 3TOM maBe Bbl II03HaKOM11TeCb c rrocJie,!l;oBaTeJibHbIM IIO,!l;XO,!l;OM K opraH113a­

Ql1l1 rno11x ,!l;aHHblX B R, peaJI113au,11JI KOToporo 06ecrre'I11BaeT TIO,!l;,!l;ep)KaH11e ,!l;aH­

HblX B TaK Ha3brnaeMor!i aKKypamHou cpopMe. AKKypaT113au,11JI ,!l;aHHblX, T.e. np11Be­

,::\ett11e 11X K TaKOM cpopMe, Tpe6yeT BbIIIOJIHeHl1JI orrpe,!l;eJieHHOM rrpe,!l;Bap11TeJibHOM 

p a60Tbl, HO B ,!l;OJirOCpO'IHOM nepcneKTl1Be 3TO ce6JI oKynaeT. l1MeJI B CBOeM pac­

rropJI)KeHJ,111 aKKypaTHble ,!J;aHHble 11 Ha6op 11HCTpyMeHTOB ,!l;JIJI 11X aKKypaTl13all,1111, 

rrpe,!l;OCTaBJIJieMbIM rraKeTaM11 6116JI110TeK11 tidyverse, Bbl CMO)KeTe y,!l;eJIJITb ropa3,!l;O 

6 0Jibllle BHl1MaHl1JI aHaJI11T11Ke 11HTepecyIOIQl1X Bae ,!l;aHHblX. 

B 3TOM maBe Bbl Y3HaeTe o TOM, 'ITO TaKoe aKKypaTHble ,!l;aHHble, 11 Hay'I11Tecb 

pa6oTaTb c Hl1Ml1 c IIOMO!QblO J1HCTpyMeHTOB, BXO,IJ;JIIQ11X B COCTaB rraKeTa tidyr. 
,[(JIJI 6oJiee IIO,IJ;po6Horo 03HaKOMJieHl1JI c Jie)KaJQeM B OCHOBe aKKypaTl13all,1111 ,IJ;aH­

HblX Teop11er!i MO)KeM rropeKoMeH,IJ;OBaTb cTaTbIO Tidy Data, ony6JI11KoBaHHYID 

B Journal of Statistical Software (http: I /www. j statsoft. org/v59/i10/paper). 



Heo6XOA111Mble pecypcbt 

B 3TOM rnaBe MbI 6yp;eM fi1CTIOJib30BaTh naKeT tidyr, npep;ocTaBJI.HIOI.QfitM rpynn 

J1HCTpyMeHTOB, KOTOpbie 06rrerqa10T npit1Bep;ett11e B nop.Hp;OK Hep.HIIIJ111BbIX tta6o­

poB p;aHHbIX. TiaKeT tidyr BXO,IJ;fitT B COCTaB .Hp;pa 6116rr110TeK11 tidyverse. 

library (tidyverse ) 

0p;H11 11 Te >Ke 6a30Bbie p;aHHbie M O>KHO npep;cTaB11Tb MHO>KeCTBOM cnoco6oB. 

Tipit1Bep;eHHbIM Hfit>Ke npMMep 11rrrr10CTpit1pyeT qeTbipe pa3HbIX cnoco6a npep;cTaB­

rreHfit.H p;aHHbIX. Ka>Kp;b1I1 tta6op p;aHHbIX cop;ep>K11T op;Hfit fit Te >Ke 3Haqett11.H nepe­

MeHHbIX country, year, population 11 cases, HO 3HaqeHfi1.H B HfitX opr aHf!130Ba­

HbI no-pa3HOMy. 

tablel 
#> # A tibble: 6 x 4 
#> 
#> 
#> 1 
#> 2 
#> 3 
#> 4 
#> 5 
#> 6 

country 
<chr> 

Afghanistan 
Afghanistan 

Brazil 
Brazil 

Chi na 
Chi na 

year 
<int> 

1999 
2000 
1999 
2000 

cases 
<int > 

745 
2666 

37737 
80488 

population 
<int> 

19987071 
20595360 

172006362 
174504898 

1999 2122 58 1272915272 
2000 213766 1280428583 

table2 
#> # A 
#> 

tibble: 12 x 4 
country year type count 

<i nt> 
745 

19987071 
2666 

20595360 

#> <chr> 
Afghanistan 
Afghanistan 
Afghanistan 
Afghanistan 

<i nt> <chr> 
#> 1 
#> 2 
#> 3 
#> 4 
#> 5 
#> 6 
#> # 

1999 cases 
1999 population 
2000 cases 
2000 population 

Brazil 
Brazil 

1999 cases 37737 
1999 population 172006362 

with 6 more rows 
table3 
#> # A tibble : 6 x 3 
#> country year 
#> * <chr> <int> 
#> 1 Afghanistan 1999 
#> 2 Afghanistan 2000 
#> 3 Braz il 1999 
#> 4 Brazil 2000 
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rate 
<chr> 

745/19987071 
2666/20595360 

37737 /172006362 
80488/174504898 



=> S China 1999 212258/1272915272 
=> 6 China 2000 21376 6/12804 28583 

= :aHHbie pacnpe.I:1eJieHbI no .I:IBYM tibble-~peMMaM 
~?-ble4a # cases 
=> # A tibble: 3 x 3 
=> country '1999' '2000' 
=> * <chr> <int> <int> 
=> 1 Afghanistan 745 2666 
=> 2 Brazil 37737 80488 
=> 3 China 212258 213766 

~able4b # population 
=> # A tibble: 3 x 3 
=> country '1999' '2000' 
=> * <chr > <int > <int> 
=> 1 Afghanistan 19987071 20595360 
=> 2 Brazil 172006362 174504898 
=> 3 China 1272915272 1280428583 

3p;ecb Bee npep;cTaBJiemu1 OTHOC5ITC5I K O,D;HMM J1 TeM :>Ke 6a30BblM p;aHHbIM, 

HO He co BceMM MMM pa6oTaTb o p;MHaKOBo Jiemo. Cpep;cTBa 6116JIMOTeKM tidyverse 
n p orn,e BCero MCIIOJib30BaTb TIO OTHOIIIeHMIO K aKKypaTHOMY Ha6opy p;aHHbIX. 

Cyrn,ecTByror TPM npaBMJia, co6Jirop;eHMe KOTOpb1x p;eJiaeT Ha6op p;aHHbIX aKKy-

p aTHbIM: 

Ka:>Kp;a5I nepeMeHHaH p;OJI:>KHa MMeTb co6CTBeHHbIM CTOJI6eu;; 

Ka:>Kp;oe Ha6JIIOp;eHMe p;OJI:>KHO MMeTb co6CTBeHHYIO CTpoKy; 

Ka:>Kp;oe 3Ha':!eHJ1e ,D;OJI:>KHO MMeTb co6cTBeHHYIO H':!el1Ky. 

3TM npaBJ1Jia npOMJIJIIOCTpMpoBaHbl Ha p11c. 9 .1. 

I( • 0 
I( • 0 
I( • 0 • • 0 
I( • 0 • • 0 

nepeMeHHb1e Ha6nlOA6HV151 

Puc. 9.1 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
3HaY6HV151 

Bee Tptt npaBttJia B3attMOCBH3aHbI, nocKOJibKY co6Jirop;eH11e TOJibKO p;Byx 113 HMX 

HeB03MO:>KHO. 3Ta B3aMMOCB5I3b npMBO,D;MT K ern,e 6oJiee npOCTOMY Ha6opy npaK­

TM':!eCKMX J1HCTpyKIJ;J1M. 
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I. I1oMew;a:i1Te Ka)l{,D;hIM tta6op p;aHHhIX B tibble-cppe:HM. 

2. I1oMew;a:i1Te Ka)l{p;yIO nepeMeHHYIO B CTOJI6eu;. 

B p;attHOM npMMepe aKKypaTHhIM JIBJIReTcR TOJihKO tta6op p;atttthIX table l. 
3To ep;MHCTBeHHOe npep;CTaBJieHMe, B KOTOpOM Ka)l{)J;bl M CTOJI6eu; 5IBJI5IeTC5I nepe­

MeHHOM. 

l1oqeMy TaK Ba)l{HO, qTo6hI Baum p;aHHhie 6hIJIM aKKypaTHhIMM? Co611IOp;ettMe 

3TOro Tpe6oBamrn o6ecnequBaeT cnep;yIOw;Me p;Ba n p eMMyw;ecTBa. 

• ITpeMMyw;ecTBo o6w;ero xapaKTepa 3aKJIJOqaeTrn B caMoM cpaKTe npMMe­

tteHMR ep;Mttoo6pa3ttoro cnoco6a xpattemrn p;atttthIX. I1oc11ep;oBaTeJibHO MC­

TIOJih3YR cornacoBattttyIO CTPYKTYPY p;aHHhIX, 11er qe M3YqJtITh MHCTpyMeHThI, 

c KOTOpbIMM npM 3TOM npMXO)J;MTrn pa6oTaTb, BBMp;y op;Hopop;HOCTM 6a30-

BhlX npep;nOJIO)l{eHMM OTHOCMTeJibHO CTpy KTYPhI p;aHHhIX. 

• ITpeMMyw;ecTBO Y3Kocneu;MaJihHOr o xapaKTep a o6ecneqJtIBaeTcJI pa3Mew;e­

HMeM nepeMeHHhIX B CT0116u;ax, IlOCKOJihKY 3TO Il03BOJIReT B IlOJIHOM Mepe 

MCilOJih30BaTh B03MO)l{HOCTM BeKTopM30Batttto:i1 npupop;bI R. KaK BaM y)l{e 

M3BeCTHO M3 rnaBhI 3, 6011hllIMHCTBO BCTpoeHHhIX cpyttKD;MM R pa6oTaeT c 

BeKTOpHbIMM 3HaqeHM5IMM. l1o3TOMY npeo6p a30BaHMe aKKypaTHblX p;aHHhlX 

BbITIOJIHJieTCR HaM6011ee ecTeCTBeHHhIM o6pa30M. 

I1aKeThI dplyr, ggplot2 M p;pyrne, BXOp;Rw;Me B 6u611JtI0TeKy tidyverse, npoeKTM­

poBaJIMCh c opMeHTau;Me:H tta pa6oTy c aKKypaTHhIMM p;aHHbIMM. HM)l{e npMBep;etto 

HeCKOJihKO npMMepoB, p;eMOHCTpMpyIOw;Mx, KaK MO)l{HO 6bIJIO 6bI pa6oTaTb c Ha-

6opoM p;attHhIX tablel (pMc. 9.2). 

# BHqMcnMTb K03~~!1UMeHT 3a6oneBaeMo CTll! Ha 10000 qenoBeK 
tablel %>% 

mutate (rate = cases I population * 10000 ) 
#> # A t i bbl e: 6 x 5 
#> country year cases population rate 
#> <chr> <int > <i nt> <i nt > <dbl> 
#> 1 Af ghanist an 1999 745 1998 7071 0.373 
#> 2 Afghani s t an 2000 26 66 20595360 1. 294 
#> 3 Brazil 199 9 37737 172006362 2.194 
#> 4 Brazil 2000 80 488 174 50 4898 4.612 
#> 5 China 1999 21 2258 1272915272 1. 667 
#> 6 China 2000 213766 1280428583 1 . 669 

# BHqJl!cnll!Tb KOnJl!qec TBO cnyqaeB 3a6oneBaHll!R B ro~y 
tablel %>% 

count (year , wt = cases ) 
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=> A tibble: 2 x 2 
= 

= 

year n 
<int> <int > 

1999 250740 
2 2000 296920 

3M3yanM3MpOBaTb M3MeHeHMR BO BpeMeHM 

_:::.cary (ggpl ot 2 ) 
--~:ot ( tablel , aes (year , cases ) ) + 

;eom_line (aes (gr oup = country), color 
;eom_poin~ ( aes ( color = country) ) 

<J) 
Q) 
<J) 

200000 -

150000 -

~ 100000 -

"grey50" ) + 

------------50000 - .-----
0 -

I I I I I 

1999 1999 ?000 2000 2000 

year 

Puc. 9.2 

Ynpa>KHeHLtU1 

country 

• Afghanistan 

• Brazi l 

China 

1. Orr11III11Te rrpocTbIMl1 cnoBaM11, KaK opratt113oBaHbI rrepeMeHHhie 11 tta6mop;e ­

Hl1JI B Ka)Kp;OM Ta6JIJ1I .. ~e-rrp11Mepe . 

2. Bb1q11CJI11Te 3Haqett11JI Ko3<P<Pm.i;11ettTa 3a6oJieBaeMOCTl1 Ty6epKyne30M (rate) 
p;JIJI tta6opoB p;aHHbIX table2 11 table4a + table4b . .Il:JIJI 3Toro BaM rrp11p;eT­

cJI BbIIIOJIHl1Tb qeTb1pe orrepai.i;1111: 

a) l13BJieK11Te KOJI11qecTBO cnyqaeB 3a6oneBaHl1JI Ty6epKyne30M p;nJI Ka)Kp;oro 

rop;a l1 Ka)K,IJ;OM CTpaHbl; 
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6) Jll3BJieKJllTe COOTBeTCTBYIOmtte 3Ha'IeHJll.ll 'IYICJieHHOCTJll HaCeJieHl1.ll )J;JI.ll Ka)!( 

p;oro rop;a J11 Ka)!(p;oJ.1 CTpaHhI; 

B) pa3p;eJI11Te KOJIJll'IeCTBO cnyqaeB 3a60JieBaHJ11.ll Ha 'Il1CJieHHOCTb HaceJieHJll.ll J.11 

YMHO:>KbTe nOJiy'IeHHhIM pe3yJihTaT Ha 10000; 

r) coxpaHYJTe p;aHHbie B COOTBeTCTByIOmeM MeCTe. 

C KaK11M npep;CTaBJieHJ!leM npome Bcero pa6oTaTb, a c KaK11M Tpyp;Hee Bcero? 

I1o'IeMy? 

3. IloCTpoJIJ:Te rpacp11K, oTo6pa)!(aIOmttJ.1 YI3MeHeH11e KOJil1'IecTBa rnyqaeB 3a6one­

BaHJll.ll co BpeMeHeM, l1CnOJib3Y.ll Ha6op p;aHHbIX table2 BMeCTO Ha6opa p;aH­

HbIX tablel . qTo BaM HY:>KHO cp;eJiaTh B nepByIO oqepep;b? 

IIp11H11,11nb1 aKKypaTHhIX p;aHHhIX Ka:>KyTc.H HaCTOJihKO o'!eBJ11)J;HbIMJ11, 'ITO y Bae 

MoryT B03HJllKHYTb COMHeHYJ.ll OTHOCYJTeJibHO Toro, 'ITO BaM Boo6me Korp;a-m160 

BCTpeTJITC.ll HeaKKypaTHbie p;aHHbie. K co:>KaJieH11IO, B 6oJibllll1HCTBe cnyqaeB Bh 

6yp;eTe CTaJIKJllBaTbC.ll c l1MeHHO HYJMYJ. Ha TO cymecTBYIOT p;Be OCHOBHbie npM 

'IY!Hbl. 

• 13oJiblllYIHCTBO JIIOp;eJ.1 He 3HaKOMbI c npJ11Hll,J11naM11 aKKypaTHhIX p;aHHhIX, 

11 Te, KTO He nornRmaeT 6 o JiblllYIO qacTb BpeMeHJll pa6oTe c p;aHHhIMJll, BP.HA 

JIJll np11p;yT K HJllM caMOCTO.lITeJibHO. 

• ,UaHHbie '!aCTO opraHYI3YIOT TaKYJM o6pa30M, 'IT06bI o6ner'Il1Tb KaKOM-TO 

cnoco6 l1X l1CnOJib30BaHl1.ll, Hanp11Mep MaKCYJMaJibHO ynpocTYJTb BBO)J;, a He 

aHaJIJll3. 

,UJIJI 60Jibllll1HCTBa BYJ)J;OB npaKTYI'IeCKOfO aHaJil13a BaM npMp;eTC.ll 'ITO-JIJ1160 p;e­

JiaTb B nnaHe aKKypaT113a11,ttJ11 p;aHHhIX. IIpe)!(p;e Bcero rnep;yeT BhrnCHYITh, KaKtte 

nepeMeHHbie Jll Ha6JIIOp;eHJll.ll JllMeIOTC.ll. J1Horp;a 3TO p;enaeTC.ll npOCTO, HO 6bIBaIOT 

rnyqaYJ, Korp;a BaM noTpe6yeTcJI KOHCYJibTa11,11JI c JIIO)J;hMJll, 3aHYJMaBIIll1MYIC.ll nep­

BOHa'!aJihHhIM c6opoM p;aHHhIX. Ha cnep;yIOmeM 3Tane o6hl'IHO npttxop;J11TCJI pe­

lllaTb op;Hy M3 p;Byx pacnpoCTpaHeHHhIX npo6neM: 

• op;Ha nepeMeHHa.ll MO:>KeT 6hITb pa3HeCeHa no HeCKOJibKJllM CTOJI611,aM; 

• O)J;HO Ha6JIIOp;eH11e MO:>KeT 6bITb paccpep;OTO'IeHO no HeCKOJibKl1M CTpOKaM. 

TttnYI'IHhie Ha6opbI p;aHHhIX cTpap;aIOT JIYIIIlh op;HYJM YI3 3TYIX Hep;oCTaTKOB; 

CTOJIKHYBIIll1Cb O)J;HOBpeMeHHO c p;ByMJI yKa3aHHbIMl1 npo6JieMaMYJ, MO:>KeTe 
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-s:JtTaTb, qTo BaM Kpy1rno He rroBe3no! .D:mI pa3pewemrn: 3T11x ABYX rrpo6neM BaM 

- Ha,qo6JITCJI ,qBe oqeHb Ba)I(Hbie ¢YHKu;1111 rraKeTa tidyr: gather () 11 spread () . 

llaCTO BCTpeqaIOTCJI Ha6opbI ,qaHHbIX, B KOTOpbIX HeKOTOpbre 113 Ha3BaH11M 

-ron6u;oB JIBITJIIOTCJI 3HaLteHUHMU rrepeMeHHbIX, a He 11x 11MeHaM11. Bo3bMeM, 

-- np11Mepy, Ha6op ,qaHHbIX table4a; B HeM Ha3BaH11JI crnn6u;oB 1999 11 2000 -
~-:-o 3HaqeH11JI rrepeMeHHOM year, a Ka)I(,qaJI cTpoKa rrpe,qcTaBnHeT ,qBa Ha6nro,qe-

UI, a He OAHO. 

::::.i::>le4 a 
=> ll A t ibble: 3 x 3 TT 

=> country '1999' '2000' 
=> * <chr> <int> <int> 
=> 1 Afghanistan 745 2666 
=> 2 Brazil 37737 80488 
=> 3 China 212258 213766 

lIT06bI rrp11BeCTl1 Ha6op ,qaHHbIX, rro,qo6HbIM 3TOMy, K aKKypaTHOMY BM,qy, Mbl 

J:OIT)I(HbI rnecT11 cTon6u;br B HOBYIO rrapy rrepeMeHHbIX . .D:nH orr11caHJ1JI 3Toi1 orrepa­

:.i, 1111 HaM rroHa,qo6JITCJI cne,qyroru;11e Tp11 rrapaMeTpa. 

• Ha6op cTon6u;oB, KOTOpbie rrpe,qcTaBnJIIOT 3HaqeHJ1JI, a He rrepeMeHHbre. 

B ,qaHHOM rrp11Mepe TaKOBbIMl1 JIBITJIIOTCJI crnn6u;hr 19 9 9 11 2 0 0 0. 

• J.1MJI rrepeMeHHOM, 3Haqemrn: KOTOpott o6pa3yIOT YIMeHa CTOn6u;oB. 5I Ha30BY 

3TOT rrapaMeTp key, a rrepeMeHHOM B ,qaHHOM rrp11Mepe JIBITJieTCJI year. 

• J.1MJI rrepeMeHHOM, 3HaqeHYIJI KOTopott paccpe,qoToqeHbl ITO JiqetfKaM. 5I Ha-

30BY 3TOT rrapaMeTp value, a rrepeMeHHOM B ,qaHHOM rrp11Mepe JIBITJieTCJI KO­

n11qeCTBO cnyqaeB 3a6oneBaH11JI. 

Bee 3T11rrapaMeTpbI11crronh3YIOTCJI rrp11 BbI30Be ¢YHKu;1111 gather () (p11c. 9.3). 

t.able4a %>% 
gather ( ' 1999' , 

=> # A tibble: 6 
=> country 
=> <chr> 
=> 1 Afghanistan 
~> 2 Brazil 
-> 3 China 
:r > 4 Afghani stan 
=t > 5 Brazil 
~> 6 China 

'2000 ' , key = "yea r " , va lue = "cases" ) 
x 3 
yea r cases 

<chr> <int> 
1999 745 
1999 377 37 
1999212258 
2000 2666 
2000 80488 
2000213766 
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Afghanistan 

Afghanistan 2000 

Brazil 1999 

Brazil 2000 

China 1999 

China 2000 

745 41( 

2666"" 

37737. 

table4 

Puc. 9.3 

2666 

80488 

213766 

CToJI61.J;bl, KOTOpbie Heo6xop;MMO CBeCTM, yKa3bIBaIOTCR c MCnOJib30BaHMel\ 

HOTau;MM B CTMJie dplyr: : select () . B p;aHHOM rnyqae TaKMX CTon6u;oB TOJibK 

p;Ba, n09TOMY Mbl 3ap;aeM MX no OT)J;eJibHOCTM. 06paTMTe BHMMaHMe Ha TO, 'IT 

"1999" M "2000" - HeCMHTaKCM'IeCKMe MMeHa (nOCKOJibKY OHM Hal.JMHaIOTCR H 

c 6yKBbI), B CB5I3M c 'IeM MX CJiep;yeT 3aKJIIO'IMTb B o6paTHbie anocTpOcl>bI. l.fro6 

BOCCTaHOBMTb B naMJITM p;pyrne cnoco6bI BbI6opa CTOJI6u;oB c nOMOiu;blO <l>YHKl.J;MI 

select () , CM. rnasy 3. 

Csep;eHHbie CTOJI61.J;bl Bbmap;aIOT M3 KOHe'IHOro pe3YllbTaTa, B KOTOpOM Mbl no 

nyqaeM )J;Ba HOBbIX CTOJI6u,a: key M value. Bee OCTaJibHbie COOTHOIIIeHMR Me)K 

Mcxop;HbIMM nepeMeHHbIMM coxpaHRIOTe>I. AHanorM'IHbIM o6pa30M MbI MO)KeM MC 

nOJib30BaTb <l>YHKll,MIO gather () )J;JIR npMBep;eHMR K aKKypaTHOMY BMp;y Ha6op 

p;aHHbIX. Ep;MHCTBeHHbIM OTJIM'IMeM 6yp;yT p;pyrMe 3Ha'IeHMR, xpaHRrn;MecJI B R'Iew 

Kax. 

table4b %>% 
pther ( '1999' , '2000' , key = "year" , value "population" ) 

#> # A tibble: 6 x 3 
#> country year population 
#> <chr> <chr> <int> 
#> 1 Afghanistan 1999 19987071 
#> 2 Brazil 1999 172006362 
#> 3 China 1999 1272915272 
#> 4 Afghanistan 2000 20595360 
#> 5 Brazil 2000 174504898 
#> 6 China 2000 1280428583 

lfro6bI o6'bep;MHMTb npMBe,n;eHHbie K aKKypaTHOMY BM)J;Y Ha6opb1 p;aHHbl 

table4a M table4b B O)J;MH tibble-<t>pei!M, Heo6xop;l1MO l1CIIOJib30BaTb <l>YHKll,M 

dplyr: : left _join () , o KOTopoM: Bbl Y3HaeTe 6onhrne B rnase 10. 

tidy4a <- table4a %>% 
gather ( '1999' , '2000' , key = "year" , value = "cases" ) 
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=> 

:._--. b <- table4b %>% 
::.:::er ( ' l 999' , ' 2000' , ke y = "year", value 

: :_:o:n (t i dy4 a , tidy4b ) 
- ining , by= c( "country", "year " ) 
= A tibble: 6 x 4 

country year cases population 
<chr> <chr> <int> <int> 

Afghanistan 1999 745 19987071 
Bra zil 1999 37737 172006362 

China 1999 212258 1272915272 . Afghanistan 2000 2666 20595360 
5 Brazil 2000 80488 174504898 

China 2000 213766 1280428583 

"populat i on" ) 

accpe.qoTo'feH111e cTon64os 

Orrepau;MH paccpe;n;oTO':!eHMH cToJI6u;oB (spreading) rrpoTJ1BOITOJIO:>KHa Mx c6opy. 

- l1CIIOJih3YIOT B Tex cnyqamc, KOr,IJ;a Ha6nro.n;ett11e pacrrpe,n;eJieHO TIO HeCKOJibKMM 

:rpoKaM. Bo3bMeM, Harrpl1Mep, Ha6op ;n;aHHbIX table2 - tta6mo;n;ettl1eM HBJIHeT­

- cTpatta B orrpe;n;eJieHHOM ro;n;y, HO Ka)J(p;oe tta6mop;eHJ1e pacrrpep;eJieHo no p;ByM 

OKaM. 

: :illl e2 
=> # A tibble: 12 x 4 
=> country year type count 
=> <chr> <int> <chr> <int> 
=> 1 Afghanistan 1999 cases 745 
=> 2 Afghanistan 1999 population 19987071 
=> 3 Afghanistan 2000 cases 2666 
=> 4 Afghanistan 2000 population 20595360 
=> 5 Brazil 1999 cases 37737 
=> 6 Brazil 1999 population 172006362 
=> # with 6 more rows 

qT06bI rrpl1BeCTJ1 3TOT Ha6op p;aHHbIX K aKKypaTHOMY Bl1p;y, npe)J(p;e Bcero He­

o6xop;J1MO rrpoattaJIJ13l1pOBaTb rrpe;n;CTaBJieHJ1e TaK, KaK 3TO p;eJiaJioch rrepe;n; npl1-

:-.1eHeHJ1eM ¢YHK1'l1l1 gather () . O;n;HaKo Ha 3TOT pa3 HaM HY)J(HbI TOJibKO ;n;Ba npM­

Be;n;eHHbIX HM:>Ke rrapaMeTpa. 

• CTOJI6eu; key, KOTOpbIM co;n;ep)J(MT MMeHa rrepeMeHHbIX. B ;n;aHHOM npMMepe 

3TO type. 

• CToJI6eu; value, KOTOphn1 co;n;ep)J(MT 3Ha':!eHJ15I, cpopMMpyeT nepeMeHHbre. B 

;n;aHHOM npMMepe 3TO c ount. 
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KaK TOJihKO iVIhI :no onpep;eJIMM, MO)KHO MCTIOJih30BaTh cpyHK~MIO spread ( ) 
KaK TIOKa3aHO B npMBep;eHHOM HM)Ke Kop;e M Ha pMC. 9.4. 

spread (table2 , key = type , value = count ) 
#> # A tibble: 6 x 4 
#> country year cases population 
#> * <chr> <int> <int> <int> 
#> 1 Afghanistan 1999 745 19987071 
#> 2 Afghanistan 2000 2666 20595360 
#> 3 Brazil 1999 37737 172006362 
#> 4 Brazil 2000 80488 1745048 98 
#> 5 China 1999 212258 127291527 2 
#> 6 China 2000 213766 1280428583 

'M''·'HB•• Afghanistan 1999 cases 

Afghanistan 1999 population 

Afghanistan 2000 cases 

Afghanistan 2000 population 

1999 cases 37737 Brazil 

Brazil 

Brazil 

1999 population 172006362 

2000 cases 80488 

Brazil 2000 population 174504898 

China 1999 cases 212258 

China 1999 population 1272915272 

China 2000 cases 213766 

China 2000 population 1280428583 

table2 
Puc. 9.4 

j¥J.11!$@ffi 
19987071 

20595360 

172006362 

174504898 

1272915272 

1280428583 

KaK Bbl, B03MO)KHO, M caMM p;orap;arrMcb no HaJIMqMIO o6~Mx apryMeHTOB key 

M value , cpyHK~MM spread () M gather () B3aMMHO ,ll;OTIOJIHRIOT p;pyr p;pyra. 

<l>yHK~MR gather () p;erraeT Ta6JIM~b1 y )Ke l1 p;JIMHHee, cpyHK~MR spread () p;erraeT 

p;JIMHHbie Ta6rrM~bI Kopoqe M urnpe. 

Ynpa>KHeHumR 

1. IJoqeMy cpyHK~MM gather () M spread () He npMBO,ll;RT K Mp;eaJibHO CMMMe­

TpMqHbIM pe3yrrhTaTaM? T~aTeJibHO npoaHaJIM3MpyiiITe crrep;y10~Mi1 npl1Mep. 

stocks <- tibble ( 
year = c (2015, 2015 , 2016 , 2016 ) , 
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half = c ( 1, 2, 1, 2) , 
return c (l.88 , 0 . 59 , 0 . 92 , 0 . 17 ) 

stocks %>% 
spread (year , return ) %>% 
gather ("year" , "r e turn" , '2015' : '2016 ') 

(ITo,n;CKa3Ka: rrpocMOTpttTe Tl1I1bl rrepeMeHHbIX l1 rrpo,n;yMaMTe MMeHa CTOJI6-

L\OB.) 

0 6e cpyHKL\l1l1, spread () 11 ga t her () , MMeIOT apryMeHT convert . qTO OH 

,n;enaeT? 

ITo<JeMy He pa60TaeT :noT Ko,n;? 

table4a %>% 
gather (l999 , 2000 , key = "year" , value 

#>Error in eval(expr , envir, enclos ) : 
#> Position must be between 0 and n 

"cases " ) 

3. ITo<JeMy He y,n;aeTcJI BbIITOTIHl1Tb paccpe,n;oTo<JeH11e 3Toro tibble-cppeiiMa? KaK 

MO)l(HO 6bIJIO 6bI ycTpaHJ1Tb rrpo6TieMy rrocpe,n;CTBOM ,n;o6aBJieHJ1JI HOBOfO 

CTOJI6l_\a? 

people <- tribb:e ( 
- name , - key , -va lue , 
#- ---- -- - - - ------- !-------- !------
"Phill i p Woods" , "age" , 45 , 
"Phillip Woods " , "height " , 186, 
"Phillip Woods" , "age" , 50 , 
"Je s sica Cordero" , "age" , 37 , 
"Jess i ca Cordero" , "height:" , 156 

4. ITp11Be,n;11Te rne,n;yIOIL\l1M rrpocrnii t ibble-cppeiiM K aKKyparnoMy B11,n;y. Hy)l(HO 

JIM BaM CBO,JJ;l1Tb ero 11n11 paccpe,n;oTO'Il1BaTb? KaK11e 3,n;ech rrepeMeHHhre? 

preg <- tribb:i.e ( 
- pregnant , - male , - female , 
"yes" , NA, 10 , 
"no " , 20 , 12 

K 3TOMY MOMeHTY Bbl 3HaeTe, KaK rrp11BecT11 K aKKypaTHOMY B11,n;y Ha6opb1 

aHHbIX table2 11 table4 , HO He t able3. C Ha6opoM ,n;aHHbIX table3 CBJI3aHa 
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rrpo6neMa ,ll;pyroro po,ll;a: B HeM MMeeTCJI O,ll;MH CTOJ16eQ (rate), KOTOpbIM CO,ll;ep­

:>KMT ,ll;Be rrepeMeHHbie (cases M population). L(m1 McrrpasneHMJI 9Toro He,ll;O­

CTaTKa HaM HY:>KHa ¢YHKQMJI separate () . Bbl TaK:>Ke Y3HaeTe o ,ll;OnonHmo~eM. ee 

¢YHKQl1l1 unite () ) KOTOpaJI MCn071b3yeTCJI B TOM c n yqae, ecnl1 O,ll;Ha nepeMeHHaJI 

pacnpe,ll;eneHa no HeCK071bKMM CTon6QaM. 

<l>yHKQMJI separate () pa3HOCl1T O,ll;MH CTOn 6 eQ no HeCKOJlbKMM CT0716QaM, 

BbI,!J;e71RJI 3Ha'!eHMe BCJIKMM pa3, KOr,ll;a BCTpeqaeTCJI Cl1MBon-pa3,ll;e71MTenb. PaccMo­

TPMM Ha6op ,ll;aHHbIX table3 . 

table3 
#> # A tibbl e : 6 x 3 
#> country yea r r ate 
#> * <chr > <i nt > <chr> 
#> 1 Af ghani stan 1999 745/1998707 1 
#> 2 Af ghanistan 2000 2666/20 595360 
#> 3 Brazil 1999 37737 /172006362 
#> 4 Brazi l 2000 80488/ 17450 4898 
#> 5 China 1999 212258/127291 5272 
#> 6 China 20 00 213766/ 1280 428583 

CTOn6eQ rate O,ll;HOBpeMeHHO co,ll;ep:>KMT n ep eM eHHbie cases M population, 
KOTOpbie Mbl ,ll;OJl:>KHbl pa3,ll;e71l1Tb. <l>yHKQMJ! separate () npl1HMMaeT MMJI CT0716-

Qa, nepeMeHHbie B KOTOpOM nO,ll;Jle:>KaT pa3,ll;eJ1eHl1IO, M MMeHa CT0716QOB, B KOTOpbie 

9TM nepeMeHHbie ,ll;OJl:>KHbl 6b1Tb BbIHeceHbl, KaK n oKa3aHO B rrpMBe,ll;eHHOM HM:>Ke 

KO,ll;e M Ha p11c. 9.5. 

table3 %> % 
separate (rate , into c ("cases " , "population" )) 

#> # A t i bble : 6 x 4 
#> country year cases popul ation 
#> * <chr> <i nt > <chr> <chr > 
#> 1 Afghanis t an 1999 74 5 19987071 
#> 2 Afghanistan 2000 2666 20595360 
#> 3 Brazil 1999 377 37 172006362 
#> 4 Brazil 200 0 804 88 174504898 
#> 5 China 1999 212258 1272915272 
#> 6 China 200 0 2137 66 1280428583 

ITo yMonqaHMIO ¢YHKQMJI separate () pa3,ll;en JieT 3Ha'!eHl1JI BCJIKMJ1: pa3, Kor­

,ll;a BCTpeqaeTCJI CMMB071, He J!B71J!IO~l1MCJ! an¢aBl1THO-QM¢poBbIM (HarrpMMep, 

CMMB071, He J!B71J!IO~l1MCJI QM¢poM. l171M 6yKBOM). Hanp l1Mep, B rrpe,ll;bI,!J;y~eM KO,ll;e 

¢YHKQMJI separate () pa3,ll;e71MT 3Ha'!eHMJI rate B Tex MecTax, r ,ll;e BCTpeqaIOTCJI 
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IWl1lrllm 
fghanistan 1999 745 / 19987071 Afghanistan 

Afghanistan 2000 2666 I 20595360 Afghanistan 2000 2666 20595360 

Brazil 1999 37737 / 172006362 Brazil 1999 37737 172006362 

Brazil 2000 804881174504898 Brazil 2000 80488 174504898 

China 1999 212258 11272915272 China 1999 212258 1272915272 

China 2000 213766 I 1 280428583 China 2000 213766 1280428583 

table3 
Puc. 9.5 

:irnBOJibl Kocoi1 qepTbI. Ern.11 Bbl xon1Te .11cnoJib30BaTb KaKOM-JI.1160 p;pyroi1 c.11M­

BOJI ,IJ;JIH pa36.11eH.11R: CTOJI6u;a, ero MO:>KHO nepep;aTb cpyHKu;.11.11 separate () c no­

!O~bIO apryMeHrn sep. Hanp.11Mep, MO:>KHO nepen.11caTb npep;b1p;yiu;.11i1 KO,!l; B rne­

;:::yIO~eM B.11,D;e. 

:.able3 %>% 
separate (rate , into = c ("cases" , "population" ) , sep = " / " ) 

(C cpopMaJibHOM TO'IK.11 3peH.11H sep HBJIR:eTrn peryJIHpHblM Bb1pa:>KeH.11eM. Eo­

ilee nop;po6Ho peryJIHpHble Bb1pa>KeH.11R: paccMaTp.11BaIOTrn B rnaBe 11.) 

BH.11MaTeJibHO npocM0Tp.11Te nmb1 cToJI6u;oB: Bbl yB.11p;.11Te, 'ITO CT0JI6u;b1 case 

I I population .l1MeIOT C.l1MBOJibHblM T.l1TI. 3To TIOBep;eH.11e 3ap;aHO B cpyHKu;.11.11 

separate () no YMOJI'laH.l1IO: OHO OCTaBJIR:eT T.l1TI CTon6u;a TaKMM, KaK.l1M OH eCTb. 

O p;HaKO B p;aHHOM CJiyqae 3TO HaM He O'!eHb TIO,!l;XO,IJ;.l1T, TIOCKOJibKY B p;ei1:cTBl1TeJib­

HOCTl1 l1HTepecyIO~l1M.l1 Hae 3Ha'leHl1HMl1 HBJIHIOTCH 'll1CJia. J1cnOJib3YH apryMeHT 

::onvert = TRUE, Mbl MO:>KeM coo6~ttTb cpyHKu;.1111 separate () , 'ITO :>KeJiaTeJibHO 

IlOTiblTaTbCH npeo6pa30BaTb p;aHHble B 6oJiee TIO,IJ;XO,IJ;H~.11M T.l1TI. 

:.able3 %>% 

=> 
=> 
=> 
=> 
=> 

separate ( 
rate , 
into = c ("cases " , "population" ) , 
convert = TRUE 

) 

# A tibble: 6 
country 

* <chr> 
1 Afghanistan 
2 Afghanistan 

x 4 
year 

<int> 
1999 
2000 

cases 
<int> 

74 5 
2666 

population 
<int> 

19987071 
2059 5360 
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#> 3 Br2zil 1999 37737 172006362 
#> 4 Brazil 2000 80488 174504898 
#> 5 
#> 6 

Chi na 
China 

1999 212258 1272915272 
2000 213766 1280428583 

KpoMe Toro, napaMeTpy sep MO)l(HO nepep;aTb QeJIO'!JtICJieHHblM BeKTop. <l>yttK­

QI-HI separate () 6yp;eT JtIHTepnpeTMpoBaTb QeJible '!JtlCJia KaK HOMepa n03JtlQJtlM 

no KOTOpblM Cllep;yeT pa36JtIBaTb 3Ha'!eHJtl51. floJIO)l(JtlTeJibHble 3Ha'!eHJtl51 Ha'IJtIHaIOT­

C51 c 1 Jtl OTC'!JtlTbIBaIOTC51 OT Kpai1:Hei1: CJieBa II03JtlQJtlJtl B CTpoKax; OTpltlQaTeJibHbie 

3Ha'!eHM51 Ha'!JtIHaIOTrn c -1 Jt1 OTC'IJ1TbIBaIOTC51 OT Kpai1:ttei1: cnpaBa II03J1QJt1Jt1. ITpH 

pa36J1eHJ1J1 CTpOK c J1CIIOJib30BaHJ1eM QeJiblX 'IJ1CeJI ,D;JIJ1Ha sep ,D;OJI)l(Ha 6bITb Ha 

ep;Jt1Hl1QY MeHbIIIe KOJIJ1'!eCTBa JtlMeH B into. 

Mo)l(HO JtICIIOJib30BaTb 3TOT nop;xop; p;JI51 0Tp;enett115I nornep;tt11x p;Byx Q11cpp 

Ka)l(p;Oro rop;a. I1p11 3TOM p;aHHble CTaHOB51TC51 Mettee aKKypaTHblMJ1, HO B HeKOTO­

pbIX cnyqa51x 3TO oKa3brnaeTc51 none3HblM, KaK Bbl BCKope YBM,D;J1Te. 

table3 %>% 
separate (year , i nto = c ("century" , "year" ) , sep = 2 ) 

#> # A tibble: 6 x 4 
#> country cent ur y year rate 
#> * <chr> <chr> <chr> <chr> 
#> 1 Afghanistan 19 99 745/19987071 
#> 2 Afghanistan 20 00 2666/20595360 
#> 3 Brazil 19 99 37737 /172006362 
#> 4 Brazil 20 00 80488/174504898 
#> 5 China 19 99 212258/1272915272 
#> 6 Chi na 20 00 213766/1280428583 

06beAMHeHMeCTOn640B 
<l>yttKQJt151 unite () BbITIOJIH51eT p;ei1:cTB11e, o6paTHoe cpyttKQJ1J1 separate () : 

OHa o6'be,D;JtlH51eT HeCKOJibKO CTOJI6QOB B 0,lJ;JtlH CTOJI6eQ. Bbl 6yp;eTe J1CIIOJib30BaTb 

ee ropa3p;o pe)l(e, '!eM cpyttKQJ1IO separate ( ) , 11 Bee )Ke ee none3HO 11MeTb B cBo­

eM apcettane. 

Cf>yttKQJtllO unite ( ) MO)l(HO J1CIIOJib30BaTb ,D;ll51 o6paTHOfO 06'be,D;Jt1HeHJ1.H 

CTOJI6QOB century J1 year, KOTOpbie Mbl C03p;aJIJ1 B IIOCJiep;HeM np11Mepe. 3n1 

p;aHHbie coxpattettbI B BMp;e tta6opa tidyr: : table5 . <l>yttKQJ151 unite ( ) np11-

H11MaeT B Ka'IeCTBe apryMeHTOB cppei1:M p;aHHbIX, J1M51 HOBOM nepeMeHHOM, KO­

Topy10 Heo6xop;Jt1MO C03p;aTb, J1 Ha6op o6'be,D;J1H51eMbIX CTOJI6QOB, orrpep;eJieHHbIX 

B dplyr: : select () . Pe3yJibTaT npep;CTaBJieH Ha pMc. 9.6 11 B rrp11Bep;eHHOM HJ1)1(e 

KOp;e . 
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~- _es %>% 

-_:.e (new, century , year ) 
A tibble: 6 x 3 

: > country new rate 
; > ~ <chr> <chr > <chr> 
-:> - Afghanistan 19 99 745/19987071 
:> .:: Afghanistan 20 00 2666/20595360 
:: 3 Brazil 19 99 37737 /172006362 
:: 

~ Brazil 20 00 80488/174504898 
: 

~ China 19 99 212258/1272915272 
: 6 China 20 00 213766 / 1280428583 

B ,n;aHHOM CJI)"Iae Mbl TaK>Ke ,D;OJI>KHbl J1CIIOJib30BaTb apryMeHT sep. no yMoJiqa­

- n o o6ne,D;J1HReMbie 3HaqeHJ1JI 113 pa3JIJ1qHbIX CTOJI6~oB pa3,n;eJIJIIOTCR CJ1MBOJiaMJ1 

- o .J,T.fepK11BaHMR (_) . B 3TOM rrpMMepe HaM He HY)l{HbI pa3,n;eJIMTeJIM, 11 rroToMy MbI 

J,aeM B KaqecTBe pa3,n;eJIMTem1 rryCTyIO cTpoKy ( " " ). 

:.=..Dle5 %>% 
..:::ite (new , cent ury , year , sep "" ) 

=> A tibble : 6 x 3 
=> count ry new rate 
=> * <chr> <chr> <chr > 
=> 
=> 
=> 
=> 
=> 
=> 

1 Afghanistan 1999 745/19987071 
2 Afghanistan 2000 2666/20595360 
3 
4 
5 
6 

19.!l!,,!fl 
Afghanistan 

Afghanistan 

Brazil 

Brazil 

China 

China 

Brazil 1999 37737/172006362 
Brazil 2000 80488/174504898 

China 1999 212258/1272915272 
China 2000 213766/1280428583 

year "~--'. rate 

1999 745119987071 

2000 2666 I 20595360 

1999 37737 / 172006362 

2000 80488 I 17 4504898 

1999 212258 / 1272915272 

2000 213766 / 1280428583 

1§.li!.Bfi 

Puc. 9.6 

Afghanistan 

Afghanistan 

Brazil 

Brazil 

China 

China 

19 99 745119987071 

20 0 2666 I 20595360 

19 99 37737 / 172006362 

20 0 80488 I 1 7 4504898 

19 99 21225811272915272 

20 0 213766/1280428583 

table6 
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Yn pa>KH eH 1,u1 

I. ,[1;1u1 qero npep;HasHaqeHbI apryMeHTbI extra JtI fill ¢YHKQJtIJtI separate ( ) ? 

ITo3KcnepJtIMeHTJtipyi1:Te c pasnJtiqHbIMJtI onQJtIRMJtI, JtICIIOJib3YR p;Ba Ha6opa p;aH­

HbIX, npJtIBep;eHHbIX HJtI)f(e. 

tibble (x = c ("a,b,c" , "d,e, f ,g" , "h, i,j ") ) %>% 
separate (x , c ("one" , "two" , "three" ) ) 

tibble (x = c ("a,b,c" , "d,e" , "f,g, i " )) %>% 
separate (x , c ("one" , "two" , "three" )) 

2. 06e ¢YHKQJtIJtI, unite () JtI separate () , JtIMeJOT apryMeHT remove. l..fro OH p;e­

naeT? B KaKJtIX rnyqa51x Bbl ycrnHaBJIJtIBaJIJtI 6b1 ,D;JIR Hero 3HaqeHJtie FALSE? 

3. CpaBHJtITe Me)f(p;y co6ol1 ¢YHKQJtIJtI separate () JtI extract () . IToqeMy cyIQe­

CTBYJOT TPJtI BapJtiaHTa pas6JtieHJtI51 Ha cToJI6QbI (no no3JtIQJtIJtI, c noMO!QbJO pas­

p;eJIJtITeJIR, no rpynnaM), HO TOJibKO O,Il;JtlH BapJtiaHT o6'be,IJ;JtIHeHJtI51 CTOJI6QOB? 

B CB513JtI c JtI3MeHeHJtieM npep;cTaBJieHJtIR Ha6opa p;aHHbIX B03HJtIKaeT op;JtIH Ba)f(­

HbIM HJOaHc, KacaJOIQJtIJ1rn OTCYTCTBYJOIQJtIX sHaqeHJtIM. KaK 3TO HJtI napap;oKcaJibHO, 

OTCYTCTBYJOIQJtie 3HaqeHJtI51 MoryT cyIQeCTBOBaTb B p;Byx ¢op Max: 

• Jl6rtou , T.e. OTMeqeHHOM MapKepoM NA; 

• He.Hm-wu , T.e. 6yKBaJibHOe oTcyTcTBJtie sHaqeHJtIR cp ep;JtI p;aHHbIX. ITpoJtIJIJIJO­

cTpMpyeM 3TY JtI,IJ;eJO Ha oqeHb npocTOM Ha6ope p;aHHbIX. 

stocks <- tibble ( 
year c (2015 , 2015 , 2015 , 2015 , 2016 , 2016 , 2016 ), 
qtr c ( 1, 2, 3, 4, 2 , 3, 4), 
return c (l.88 , 0.59 , 0 . 35 , NA, 0.92 , 0.17 , 2.66 ) 

B 3TOM Ha6ope p;aHHbIX ecTb ,IJ;Ba OTCYTCTBYJOIQJtIX sHaqeHJtIR: 

• sHaqeHJtie ,IJ;JIR IV KBaprnna 2015 rop;a RBHO o6osHaqeHo KaK 0TcyTcTBy10-

IQee, noCKOJibKY B TOM 51qeJ1Ke, B KOTopor1 OHO ,Il;OJI)f(HO 6bIJIO HaXO,Il;Jt1TbC51, 

BMecTo Hero cop;ep)f(JtITrn NA; 

• sHaqeHJtie ,IJ;JIR I KBapTaJia 2016 rop;a OTCYTCTByeT HeRBHO, nocKOJibKY OHO 

npocTO He n051BJI51eTC51 B Ha6ope p;aHHbIX. 
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O~Ho 113 06'bJICHett11i1: pa3JIW mJI Me>K,n;y 9Tl1Mltl ABYMJI rny'IaJIMltl cpop;HM Koatty 

=3eH-6y,n;,n;M3Me: JIBHoe 0TcyTc TB11e 3Ha'IeH115I - 9TO HaJI11'I1i1e oTcyTCTBMJI, He­

- soe - OTCYTCTB1i1e HaJI11'!11JI. 

I1p 11MeHJieMhIM K Ha6opy ,n;aHHbIX crroco6 rrpe,n;cTaBJieHli15I Mo>KeT cp;eJiaTb He­

- Hoe OTCYTCTBy10rn;ee 3Ha'IeH11e JIBHhIM. Harrp11Mep, MhI MO>KeM 9TO cp;eJiaTb, no-

- Tl1B fO,D;bI B CTOJifoJ;bI. 

_::cks %>% 
.s~read ( year , return ) 

= A tibble : 4 x 3 
qt r '2015' ' 2016' 

x <dbl > <db l> <dbl> 
= 1 1 . 88 NA 
: 2 2 0 . 59 0 . 92 
"' 3 3 

4 
0 . 35 

NA 
0 . 17 
2 . 66 

ITocKOJibKY 9Tl1 oTcyTcTBYIOll.l;li1e 3HaqeH11JI MoryT He 1i1rpaTb cyrn;ecTBeHHoII:! 

: ,111 p;JIJI ,n;pyrli1x rrpe,n;CTaBJieH li1M ,n;aHHhIX, Mo>KeTe rrpeBpaTl1Th JIBHOe OTCYTCTBli1e 

- HeJIBHOe, 3a,n;aB ,D;JIJI ¢ y ttKIJ; li11i1 gather () apryMeHT na. rm= TRUE . 

.s: cks %> % 
.spread (year , return ) %> % 
:;ather (year , return , ' 201 5' : '2016 ' , na .rrn = TRUE ) 

=> # A t ibble: 6 x 3 
=> qtr year r eturn 
=> * <dbl> <chr> <db l > 
=> 1 1 20 15 1. 88 
=> 2 2 20 15 0 . 59 
=> 3 3 20 15 0 . 35 
=> 4 2 20 16 0 . 92 
=> 5 3 2016 0 . 17 
=> 6 4 2016 2 . 66 

,IJ;pyroe Ba>KHoe cpe,n;cTBO, rro 3BOJimorn;ee cp;eJiaTb oTcyTcTBli1e 3HaqeHli1M JIBHhIM 

B aKKypaTHbIX p;aHHbIX, - ¢YHKIJ;li15I complete () . 

.SLOCkS %> % 
:::omplete (year , qt r ) 

=> # A t i bble : 8 x 3 
=> yea r qtr re t ur n 
=> <dbl > <dbl > <dbl > 
=> 1 20 15 1 1. 88 
=> 2 2015 2 0.59 
=> 3 20 15 3 0.35 
=> 4 2015 4 NA 
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#> 5 2016 1 NA 
#> 6 2016 2 0.92 
#> # ... with 2 more rows 

<DyHKu;irn complete () rrpl1Hl1MaeT Ha6op eTOrr6u,oB l1 Haxop;l1T Bee yH11KaJib­

Hhie KOMfornau,1111. ,Uarree OHa y6e:>Kp;aeTe.lI B TOM, qTo l1eXO,IJ;HbIH Ha6op p;aHHbIX 

eop;ep:>Kl1T Bee 9Tl1 3HaqeHl1.lI, BeTaBJI.lI.lI MapKepbl .lIBHOro OTeyTeTBl1.lI 3HaqeHl1H 

(NA) TaM, rp;e 9TO Heo6xop;l1MO. 

Cyw;eeTByeT ew;e op;HH Ba:>KHhIH HHeTpyMeHT p;nR pa6oThI e 0TeyTeTBy10w;HMl1 

3HaqeHl1.lIMl1, 0 KOTOpOM BaM errep;yeT 3HaTb. J.1Horp;a, KOrp;a l1CTOqHJ1K p;aHHbIX 

Herrorrh3yeTeR rrraBHhIM o6pa30M p;nR BBop;a p;aHHhIX, OTCYTCTBy10w;ee 3HaqeHHe 

yKa3hIBaeT Ha TO, qTO rrpep;blp;yw;ee 3HaqeHl1e ,IJ;Oll:>KHO 6hITb rrepeHeeeHO B crrep;y-

10w;y10 3aIIl1eb. 

treatment <- tribblc ( 
- person , - treatment , - response , 
"Derrick Whitmore" , 
NA, 
NA, 
"Katherine Burke" , 

1 , 7 , 
2, 10 , 
3, 9, 
1 , 4 

3Tl1 0TcyTcTBy10w;11e 3HaqeHHR MO:>KHO 3arrorrHl1Th c rroMOlll;hIO cpyHKU,l1l1 

f i 11 ( ) . 0Ha rrpl1Hl1MaeT Ha6op CTOJI6U,OB, OTCYTCTByIOw;He 3HaqeHl1.lI B KOTOpbIX 

Bbl XOTHTe 3aMeHl1Tb 6rrH:>Ka:i1:11mM rrpep;bip;yw;HM 3J-IaqeHl1eM, He .lIBlI.lIIOlll;l1MC.lI OT­

cyTCTBYIOlll;l1M (KOTOpoe l1HOrp;a Ha3bIBaIOT rrorne,D;Hl1M Ha61110p;eHl1eM, rrepeHOCl1-

MbIM Brrepep;). 

treatment %>% 
fill (person ) 

#> # A tibble: 4 x 3 
#> person treatment response 
#> <chr> <dbl> <dbl> 
#> 1 Derrick Whitmore 1 7 
#> 2 Derrick Whitmore 2 10 
#> 3 Derrick Whitmore 3 9 
#> 4 Katherine Burke l 4 

Ynpa>KHeH111R 

1. CpaBHHTe apryMeHTbI fill cpyHKU,HH spread ( ) l1 complete () . 

2. lfro p;erraeT apryMeHT direction cpyHKll,l1l1 fill () ? 
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e6HblH npMMep 
3 3aBeprneHI1e pacCMOTpI1M ITPI1Mep peaJII1CTJ1qHbIX ;n;aHHbIX, )J;JUI ITPI1Be;n;eHI1JI 

IOpbIX K aKKypaTHOMY m1;n;y BaM ITp11;n;eTCJI ITPI1MeHI1Tb Ha ITpaKTI1Ke Bee TO, 

"ie.\1 Bbl Y3HaJI11 B 3TOM rnaBe. Ha6op tidyr: : who co;n;ep)l{11T ;n;aHHbie o rnyqaJix 

, OJieBaHMJI Ty6epKyJie30M, pa36I1Tbie ITO ro;n;aM, CTpaHaM, B03pacTy, ITOJIY I1 Me­

J:a.\1 ;n;11arHocT11K11. ,lJ;aHHbie B3JITbI 113 oTqeTa BceM11pH0JiJ: opraH113au;1111 3;n;paBo-

aHeH11J1 ITO 3a60JieBaeMOCTI1 Ty6epKyJie30M B pa3JII1'-IHbIX CTpaHax 3a 2014 ro;n; 

.::i,o cTyITHbI ITO rne;n;y10iu;eMy a;n;pecy: http: I /www.who.int/ tb/ country I 
_::.-:a/ download/ en/ . 

B 3TOM Ha6ope ;n;aHHbIX co;n;ep)l{I1TCJI orpoMHbIM o6neM 3IT11;n;eM11onor11qecKoJIJ: 

cp opMau;1111, HO Mb! 6y;n;eM pa6oTaTb c ;n;aHHbIMI1 B TOM cpopMe, B KOTopoJIJ: OHM 

e;n;cTaBJieHbI HM)l{e . 

.::.o 
=> # A tibble: 7,240 x 60 
=> 
=> 
=> 1 
=> 2 
=> 3 
=> 4 
=> 5 
=> 6 
=> # 
=> # 
=> # 
=> # 
=> # 
=> # 
=> # 
=> # 
=> # 
=> # 
=> # 
=> # 
=> # 
=> # 
=> # 
=> # 
=> # 
=> # 
=> # 
=> # 

country iso2 
<chr> 

AF 
AF 

iso3 year 
<chr> <int> 

AFG 1980 
AFG 1981 

new_sp_m014 new_sp_ml524 
<chr> 

Afghanistan 
Afghanistan 
Afghanistan 
Afghanistan 
Afghanistan 
Afghanistan 
... with 7,234 

new_sp_m2534 
new_sp_m4554 
new_sp_m65 
new_sp_fl524 
new_sp_f3544 
new_sp_f5564 
new sn m014 

AF 
AF 
AF 
AF 

AFG 
AFG 
AFG 
AFG 

1982 
1983 
1984 
1985 

<int> 
NA 
NA 
NA 
NA 
NA 
NA 

more rows, and 54 more variables: 
<int>, new_sp_m3544 <int>, 
<int>, new_sp_m5564 <int>, 
<int> , new_sp_f014 <int>, 
<int>, new_sp_f2534 <int> , 
<int>, new_sp_f4554 <int> , 
<int>, new_sp_f 65 <int>, 
<int> , new sn ml524 <int>, 

new sn m2534 <int>, new sn m35 44 <int>, 
new sn m4554 <int>, new sn m5 564 <int> , 
new sn m65 <int>, new sn f014 <int>, 
new sn f1524 <int>, new sn f2534 <int>, 

-
new sn f3544 <int>, new sn f4554 <int>, 
new sn f5564 <int>, new sn f65 <int>, 
new_ep~m014 <int>, new_ep_m1524 <int>, 
new_ep_m2534 <int>, new_ep_m3544 <int>, 
new_ep_m4554 <int>, new_ep_m5564 <int>, 
new_ep_m65 <int>, new_ep_f014 <int> , 
new_ep_f1524 <int>, new_ep_f2534 <int>, 
new_ep_f3544 <int>, new_ep_f4554 <int>, 

<int> 
NA 
NA 
NA 
NA 
NA 
NA 
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#> # new_ep_f5564 <int>, new_ep_f65 <int >, 
#> # newrel m014 <int>, newrel ml524 <int>, 

-
#> # newrel m2534 <int>, newrel m3544 <int>, 

-
#> # newrel m4554 <int>, newrel m5564 <int>, 

-
#> # newrel m65 <int>, new rel f01 4 <int>, 

-
#> # newrel fl524 <int>, new rel f253 4 <int>, 
#> # newrel f3544 <int> , new rel f4554 <int>, 
#> # newrel f5564 <int>, newrel f65 <int > 

-

3To Tl1III1'IHhii1: rrp11Mep peanbttoro tta6opa ,n;aHHhIX. Ott eo,n;ep)l(I1T 11s6b1To'I 

Hbie eToJI6D,bI, eTpaHHhie KO,!l;bI rrepeMeHHhIX 11 MHoro 0TeyTeTBy10~11x stta'leH11i1 

Kopoqe roBopH, Ha6op ,n;aHHhIX who rro,n;roTOBJieH ttepm11JI11Bo, 11 MbI ,n;oJI)l(Hh 

rrp11BeeT11 ero K aKKypaTHOMY B11,n;y. KaK 11 dplyr, rraKeT tidyr cnpoeKTI1poBaH Ta 

Kl1M o6pa30M, 'IT06b1 Ka)l(,n;aH cpyHKIJ,l1H xopowo errpaBJIHJiaeb e KaKOH -TO O,!l;HO u 

orrepau,11ei1:. 3To 03Ha'laeT, 'ITO B peaJibHbIX e11Tya1J,l1HX BaM, KaK rrpaBl1JIO, rrp11 

,n;eTeH o6'be,!l;l1HHTb HeeKOJibKO rnarOJIOB B O,!l;l1H KaHaJI. 

I1o'ITI1 Beer,n;a nyqrue Ha'laTb e Toro, 'IT06b1 eo6paTb BMeeTe Bee eToJI6D,bI, H 

HBJIH10~11eeH rrepeMeHHbIMl1. IToeM0Tp11M, 'ITO MhI 11MeeM. 

• ITOXO)l(e Ha TO, 'ITO ,!l;lIH orrpe,n;eneHl1H eTpaHbI 11eIIOJib3yeTCH l136bITO'IHO 

KOJI11qeeTBO rrepeMeHHhIX: country, iso2 11 iso3. 

• 0'1eBl1,!l;HO, 'ITO eTOJI6eu, year TaK)l(e HBJIHeTCJI rrepeMeHHOH. 

• IToKa 'ITO Mbl He 3HaeM, 'ITO eo6oi1: rrpe,n;eTaBJIHIOT oeTaJibHbie eTOJI61J,bl , o,n; 

HaKo, Y'll1TbIBaH eTpyKTYPY 11MeH rrepeMeHHbIX (ttarrp11Mep, new_ sp _ mO 14 
new_ep_m014 , new_ep_f014 ), MO)l(HO rrpe,n;rroJIO)l(l1Tb, 'ITO ott11 ,n;OJI)l(Hb 

6hITb 3Ha'leHl1HMl1, a He rrepeMeHHbIMl1. 

MTaK, MhI ,n;OJI)l(HbI eo6paTb BMeeTe Bee eToJI6D,hI OT new sp m014 ,n;o newre l 

f65 . IToeKOJibKY HaM Bee e~e tte11sBeeTHO, 'ITO 11MeHHO rrpe,n;eTaBJIHIOT 3Tl1 stta'le 

Hl1H, rrp 11eB011M l1M o6o6~ettttoe l1MH "key" . Mb1 sttaeM, 'ITO H'le:i1K11 rrpe,n;eTaBJIH 

IOT KOJI11qeeTBO enyqaeB, 11 rroToMy 11erroJibsyeM rrepeMettttyro cases. B TeKy~e 
rrpe,n;eTaBJiett1111 11MeeTeH MHO)l(eeTBO 0TeyTeTBy10~11x stta'lett11:i1, eooTBeTeTBeHHO 

Ha ,n;aHHOM 3TaIIe Mbl 11eIIOJib3yeM rrapaMeTp na . rm ,!l;lIH Toro, 'IT06bI ecp0Kye11po 

BaTb BHI1Matt11e Ha l1MeIO~l1XCH 3Ha'leHl1HX. 

whol <- who %>% 
gather ( 

whol 
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=> A tibble: 76 , 046 x 6 
country iso2 iso3 year key cases 

= <chr> <chr> <chr> <int> <chr> <int> 
=> Afghanistan AF AFG 1997 new_ sp _ m014 0 
=> 2 Afghanistan AF AFG 1998 new_ sp _ m014 30 
=> 3 Afghanistan AF AFG 1999 new_ sp _ m014 8 
=> 4 Afghanistan AF AFG 20 00 new_sp_m014 52 
=> 5 Afghanistan AF AFG 2001 new_sp_m014 129 
=> 6 Afghanistan AF AFG 20 02 new_sp_m014 90 
=> # ... with 7 . 604e+04 more r ows 

Mb1 MO)l(eM rrony•mTh HeKoTopoe rrpe,n;CTaBJiem1e o cTpyKType 3HaqeHM:i1: B H0-

30.\'1 CTon6u;e key, rro,n;cq11TaB 11x. 

-::01 %>% 
:ount (key ) 

=> # A tibble: 56 x 2 
=> key n 
=> <chr><int> 
=> 1 new_ep f014 1032 

-
=> 2 new_ep f1524 1021 

-
=> 3 new_ep f2534 1021 

-
=> 4 new_ep f3544 1021 

-
=> 5 new_ep f4554 1017 

-
=> 6 new_ep f5564 1017 

-
=> # ... with 50 more rows 

HeMttoro rropa3MbICJIJ1B 11 rro3Kcrrep11MeHTMpoBaB, Bbl Morm1 6b1 H caMH pa3o-

6paTb 3TH ,n;aHHbie, HO, K cqacTbIO, y Hae rro,n; pyKo:i1: ecTb rnoBapb ,n;aHHbIX, KOTO­

p b1:i1: coo6iu;aeT HaM rne,n;y10iu;ee. 

1. ITepBbie TPH 6yKBbI Ha3BaHHH Ka)l(,n;oro CTon6u,a roBopHT o TOM, HHCpopMalJ,HIO 

0 KaKI!IX cnyqaHX 3a6oJieBaHHH OH co,n;ep)l(HT: HOBbIX (new) l!IJII!I CTapbIX ( ul). 

B 3TOM Ha6ope ,n;aHHbIX Ka)l(,D;bIH CTOJI6eu; co,n;ep)l(I!IT ,n;aHHbie 0 HOBbIX cnyqaHx 

3a6oneBaHHH. 

2. Cne,n;y10iu;He ,n;Be 6yKBbI orrHchrnaIOT THII Ty6epKyJie3a: 

• reel - peu;H,D;l!IBHbIH; 

• up - BHeneroqHbIH; 

• sun - TreroqHbIH, He ,D;HarHOCTHpyeMbIH C IIOMOID;blO Ma3Ka (OTpHIJ,aTeJib­

HbIH pe3yJibTaT Ma3Ka); 

• spa - JieroqHbIH, ,n;HarHOCTHpyeMbIH c IIOMOID;bIO Ma3Ka (IIOJIO)l(l!ITeJibHbIH 

pe3ynhTaT Ma3Ka). 
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3. lliecTa5I 6yKBa c6o3HaqaeT non na~MeHTa. B Ha6ope ,n;aHHbIX rnyqaM 3a6one­

BaHMJ1: crpynnMpoBaHbI no My)KqJ1HaM (m) J1 )KeHlU,MHaM (£). 

4. OcTam1mern ~McppbI ,n;aIOT Bo3pacTHYIO rpyrmy. ,D;aHHbie crpyrrnMpoBaHbI no 

ceMM B03pacTHbIM rpyrrnaM: 

• 014 = 0-14 JieT; 

• 1524 = 15-24 JieT; 

• 2534 = 25-34 JieT; 

• 3544 = 35-44 JieT; 

• 4554 = 45-54 JieT; 

• 5564 = 55-64 JieT; 

• 65 = 65 l1 cTapwe. 

HaM HY)KHO BBeCTl1 o,n;Hy He3HaqJ1TeJibHYIO npaBKY B cpopMaT Ha3BaHJ1l1 cToJI6-

~oB: K CO)KaJieHMIO, l1MeHa rrpl1CBOeHbl HeMHOrO Henocne,n;oBaTeJibHO, nOCKOJibKY 

BMeCTO new_ rel MbI MMeeM newrel (3,n;ecb Bbl 3Toro He MO)KeTe 3aMeTl1Tb, HO 

eCJil1 ,n;aHHbIM HIOaHC He l1CrrpaBl1Tb, TO Ha nocne,n;yIO~J1X 3Tanax B03HJ1KHYT npo-

6JieMbI). Bonee rro,n;po6Hy10 MHcpopMa~MIO o cpyHK~l1l1 str _replace () Bbl nOJiy­

qJ1Te B rnaBe 11, HO OCHOBHa5I l1,D;e5I ,Il;OBOJibHO npocTa: c IIOMO~bIO 3TOM cpyHK~J1l1 

MbI 3aMeHJ1M Cl1MBOJibI "new rel" Ha "new_ re l ", qTo npM,n;acT MMeHaM cornaco­

BaHHYIO cpopMy. 

who2 <- whol %>% 
mutate (key = stringr : : str_replace (key , "newrel " , "new _r el " ) ) 

who2 
#> # A tibble: 76 , 046 x 6 
#> country iso2 iso3 year key cases 
#> <chr> <chr> <chr> <int> <chr> <int> 
#> 1 Afghanistan AF AFG 1997 new sp_m014 0 

-
#> 2 Afghanistan AF AFG 1998 new_sp_m014 30 
#> 3 Afghanistan AF AFG 1999 new_sp_m014 8 
#> 4 Afghanistan AF AFG 2000 new_sp_m014 52 
#> 5 Afghanistan AF AFG 2001 new_sp_m014 129 
#> 6 Afghanistan AF AFG 2002 new_sp_m014 90 
#> # ... with 7.604e+04 more rows 

Mb1 MO)KeM pa3,n;eJil1Tb 3HaqeHl15I B Ka)K,n;OM Ko,n;e 3a ,n;Ba npoxo,n;a c noMo~bIO 

cpyHK~l1l1 separate () . I1epBb1J1: npoxo,n; pa3,n;eJil1T KO,D;bI B Tex Mecrnx, r,n;e BCTpe­

qaeTC5I Cl1MBOJI rro,n;qepKl1BaHl15I. 
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.::~3 <- who2 %>% 
separate (key , c ("new" , "type " , "sexage" ), s ep " " ) 

-::o3 
=> # A tibble: 76, 046 x 8 
=> country iso2 iso3 year new type sexage cases 
=> * <chr> <chr> <chr> <int> <chr> <chr> <chr> <int> 
=> 1 Afghanistan AF AFG 1997 new sp m014 0 
=> 2 Afghanistan AF AFG 1998 new sp m014 30 
=> 3 Afghanistan AF AFG 1999 new sp m014 8 
=> 4 Afghanistan AF AFG 2000 new sp m014 52 
=> 5 Afghanistan AF AFG 2001 new sp m0 14 129 
=> 6 Afghanistan AF AFG 2002 new sp m014 90 
=> # ... with 7 .604e+04 mor e r ows 

ITocne 3Toro MO)KHO orrycTJ1Tb HOBbIM CTOJI6eu;, IIOCKOJibKY OH 5lBJI5leTC5l IIOCT0-

5lHHbIM B ,n;aHHOM Ha6ope. OrrycKaR ero, o,n;HoBpeMeHHO orrycTMM CTon6u;b1 iso2 11 

:.so3, TaK KaK OHJ1 J136bITO'IHbI. 

·,.;no3 %>% 
count (new ) 

=> # A tibble: 1 x 2 
=> new n 
7> <chr> <int> 
=> 1 new 76046 
-. .,ho4 <- who3 %>% 

select (- new , - iso2 , - iso3 ) 

.Uanee MbI pa3,n;en11M CTon6eu; sexage Ha CTon6u;b1 sex 11 age, BbIIIOJIHl1B pa3-

6l1BKY IIOCJie rrepBoro Cl1MBOJia. 

who5 <- who4 %>% 
separate (sexage , c ("sex" , "age " ) , sep 1) 

who5 
#> # A tibble: 76,046 x 6 
#> country year t ype sex age cases 
#> * <chr> <int> <chr> <chr > <chr> <int> 
#> 1 Afghanistan 1997 sp m 014 0 
#> 2 Afghanistan 1998 sp m 014 30 
#> 3 Afghanistan 1999 sp m 014 8 
#> 4 Afghanistan 2000 sp m 014 52 
#> 5 Afghanistan 2001 sp m 014 129 
#> 6 Afghanistan 2002 sp m 014 90 
#> # . .. with 7.604e+04 more rows 

Ha6op ,n;aHHbIX who rrpttBe,n;eH K aKKypaTHOMY Btt,n;y! 
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Mbl rrpo,n;eMottc1pMpoBa1rn BaM pa6oTy Ko,n;a no qacnrM, Ha3HaqaJI Ka:>Kp;blM 

rrpoMe:>KyToqHblM pe3yJibTaT HOBOM rrepeMeHHOM. KaK rrpaBMJIO, Bbl He 6y,n;eTe TaK 

pa6oTaTb B MHTepaKTMBHOM pe:>KMMe M BMeCTO 3TOro 6y,n;eTe MCIIOJib30BaTb KaHaJI. 

who %>% 
gather (code , value , new_sp_m014 : newrel f65 , na.rm = TRUE ) %>% 
mutate ( 

code = stringr : : str_replace (code , "newrel " , "new_rel" ) 
) %>% 
separate (code , c ("new" , "var " , "sexage" )) %>% 
select (- new , - iso2 , - iso3 ) %>% 
separate (sexage , c ("sex " , "age" ) , sep = 1) 

Ynpa>KHeHLllJI 

I. B 3TOM yqe6ttoM rrpMMepe Mbl ycTaHOBMJIM na . rm = TRUE, qT06b1 yrrpocn1Tb 

rrpoBepKy Toro, rroJiyqeHbl JIM KoppeKTHble 3HaqeHMJI. 06ocHOBaHHO JIM 3TO? 

I1o,n;yMai1Te tta,n; TeM, KaK rrpe,n;cTaBJieHhl OTCYTCTBy10.w;11e 3HaqeHMJI B 3TOM tta-

6ope ,n;aHHblX. 5IBJIJIIOTCJI JIM OHM HeJIBHblMM OTCYTCTBy10.w;MMM 3HaqeHMJIMM? 

B qeM pa3HMu;a Me:>K,n;y NA M ttyJieM? 

2. l fro rrpoM3oi1,n;eT, ern11 Bbl rrpette6pe:>KeTe 3TarroM mutate () ? (mutate (key = 
stringr: :str_replace(key, "newrel", "new_rel") ) ). 

3. Mb1 3aJIBJIJIJIM, qTo cToJI6IJ;bl iso2 M iso3 M36hIToqHbl rrpM HaJiwrn11 CTon6u;a 

country. Tio,n;TBep,n;MTe 3TO 3aJIBJieHMe. 

4. Bb1qMCJIMTe 06.w;ee KOJI11qecTBo cnyqaeB 3a6oneBaHMJI Ty6epKyJie3oM p;JIR Ka:>K­

,n;oi1 CTpattbl (country), ro,n;a (year) M rroJia (sex). B113yaJI11311pyi1Te 3TM ,n;aH­

Hbie 11mpopMaTMBHblM crroco6oM. 

Tipe:>K,n;e qeM rrepexo,n;MTb K paCCMOTpeHMIO ,n;pyrnx TeM, CJie,n;yeT KpaTKO o6cy­

,lJ;MTb HeaKKypaTHble ,n;aHHble. Pattee Mbl MCIIOJib30BaJIM B OTHOIIIeHMM HeaKKypaT­

HbIX ,n;aHHblX YHMqM)l(MTeJibHblM TepMMH "ttepJIIllJIMBble". 3To 6bIJIO qpe3MepttblM 

yrrpo.w;ettMeM CMTyau;MM: cy.w;eCTByeT MHO:>KeCTBO IIOJie3HblX M xopoIIIO ycTpoeH­

HblX CTPYKTYP ,n;aHHblX, KOTOpb1e HeJih3JI OTHeCTM K KaTeropMM aKKypaTHblX. Mc­

rroJib30Batt11e TaKMX CTPYKTYP o6yrnoBneHo ,n;ByMJI octtoBHblMM rrpMqMHaMM: 

• aJibTepttaTMBHble rrpe,n;cTaBJieHMJI MoryT 06ecrreqJ11Tb cy.w;ecTBeHHbIM Bbl-

11rpbllll B rrpoM3BO,lJ;MTeJibHOCTM M o6'beMe MCIIOJib3yeMOM rraMJITM; 
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• ,D;JUI crreu;11aJil13l1poBaHHhIX ITOJiei1 MoryT cyru;ecTBOBaTb co6CTBeHHbie co­

marneH115I OTHOC11TeJibHO xpaHeH115I ,n;aHHbIX, KOTOpbie MoryT 3aMeTHO OT­

JI11qaTbC5I OT comarneH11M, rrp11H5ITbIX ,D;JIJI aKKypaTHbIX ,n;aHHbIX. 

JIIo6aJI 113 3Tl1X rrp11q11H 03HaqaeT, qTo BaM Tpe6yeTC5I HeqTo OTJI11qHoe OT 

'bble-cppei1Ma (11n11 cppei1Ma ,n;aHHbIX). Ern11 Barn11 ,n;aHHbie eCTecTBeHHbIM o6pa-

30:\1 BIT11CbIBaIOTCJI B rrpRMoyroJihHYIO CTPYKTypy, cocToRru;yro 113 Ha6nro,n;eH11i1 11 

;:repeMeHHbIX, TO, ITO HarneMy MHeH11!0, aKKypaTHbie ,n;aHHbie ,n;omKHbl 6bITb Ballll1M 

Bh16opoM no yMonqaH11IO. Ho ,D;JIR 11CITOJib30BaH115I ,n;pyr11x cTpyKTYP ,n;aHHbIX TaK­

·;·e eCTb BeCK11e rrp11q11HbI; aKKypaTHbie ,n;aHHbie He 5IBJ15IIOTC5I ep;11HCTBeHHO B03-

. 10 )KHbIM Bbr6opoM. Ecn11 xoT11Te 6oJihIIIe Y3HaTb 06 11CITOJib30BaH1111 ,n;aHHbIX, He 

np11Be,n;eHHbIX K aKKypaTHOMY B11,n;y, rrpoq11Tai1Te co,n;ep)KaTeJibHYIO CTaTbIO Ha :=ny 

r eMy B 6nore ,il;)Kecpcpa J111Ka (http://simplystatistics . org/2016/02/17 I 
:-.on-tidy- data/). 
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rnABA 10 

Pa6ora c penH~MOHHblMM AaHHblMM 
c noMO~blO naKera dpl yr 

AHaJH13 p;aHHbIX JH1lllb B pep;KMX CJIY'Ia5IX BKJIIOY:aeT TOJibKO Op;Hy Ta6nm:w. 

B TMITWIHbIX cnyqa51x Bbl 6yp;eTe pa6oTaTb co MHOfMMM Ta6JIMIJ;aMM p;aHHbIX M 

J;OJI)J(Hbl 6yp;eTe KOM6MHMpOBaTb MX )J;JI5I TOfO, 'IT06bl MMeTb B03MO)J(HOCTb rroJiy­

t{ J1Tb OTBeTbl Ha MHTepecyIOID;Me Bae BOilpOCbl. CoBOKyTIHOCTb HeCKOJibKMX Ta6JIMIJ; 

Ha3bIBaIOT pell5lU,UOH1-tblMU OaHHblMU , IlOCKOJibKY OHM He pa3p03HeHbl, a B3al1MOC­

B5I3aHbl. 

PeJI5IIJ;MOHHbie OTHOllleHM5I Bcerp;a orrpep;eJI5IIOTrn Me)J(p;y rrapo:H Ta6JIMIJ;. Bee 

,::i;pyrMe OTHOllleHM5I CTp05ITC5I Ha OCHOBe rrpocTOM M)J;eM: OTHOllleHM5I Me)J(p;y TpeM5I 

11 6oJiee Ta6JIMD;aMM Bcerp;a 5IBJI5IIOTC5I CBOMCTBOM OTHOllleHMM Me)J(p;y Ka)J()J;OM MX 

napo:H. MHorp;a o6a :=meMeHTa rrapbI M oryT 6b1Tb op;Ho:H M TOM )Ke Ta6nMu;e:H! 9To 

Tpe6yeTC5I, HarrpMMep, eCJIM B Ta6nMu;e cop;ep)J(aTC5I p;aHHbie o JIIO)J;5IX M cpep;M p;aH­

HbIX 0 Ka)J(,D;OM JIMu;e MMeIOTC5I CCblJIKM Ha ero pop;MTeJie:H. 

,D;JI5I pa6oTbl c peJI5IIJ;MOHHbIMM Ta6JIMD;aMM Heo6xop;MMbl rnarOJibl, KOTOpbie pa-

6 oTaIOT c rrapaMM Ta6JIMIJ;. EcTb T PM ceMeJIJ:cTBa rnaroJioB, rrpep;Ha3Ha'!eHHbIX p;JI5I 

BbITIOJIHeHM5I CJiep;yIOID;MX orrepau;M:H Hap; peJI5ID;MOHHbIMM p;aHHbIMM: 

• 6UOOU3MeHe1-1Ue COeOUHel-tUU , p;o6aBJI5IIOIIJ;ee B O)J;MH cppeJIJ:M p;aHHbIX HOBbie 

rrepeMeHHbie, KOTOpbie 6epyTrn 113 COOTBeTCTBYIOIIJ;MX Ha6JIIOp;eHMM p;pyroro 

cppe:HMa p;aHHbIX; 

• cjJUllbmpaU,UH coeou1-teHUU, ocyiu;eCTBJI5IIOID;a5I qrnJibTpaD;MIO Ha6JIIOp;eHMM op;­

HOfO cppe:HMa p;aHHbIX Ha OCHOBaHMM Toro, COOTBeTCTBYIOT JIM OHM Ha6JIIO­

p;eHMIO M3 p;pyro:H Ta6JIMIJ;bl; 



• onepai~uu Hao MHOJ1cecmaaMu, K0Topb1e o6pa6aTbIBaIOT Ha6n10.n;emrn: TaK, 

KaK ecm1 6bI OHM 6bIJII1 ::meMeHTaMM MHO)l(eCTBa. 

1Iarn;e Bcero peJI5I~MOHHbie .n;aHHbie xpamITC5I B c11cTeMax ynpaBJieHM5I 6a3aMM 

.n;aHHbIX (CYEA) - TepMI1H, OXBaTb1Ba10rn;11J1: TIO'ITI1 Bee COBpeMeHHbie 6a3bl ,n;aH­

HbIX. Ecm1 .n;o 3Toro Bbl y)l(e noJib30BaJIMCb 6a3aM11 .n;aHHbIX, TO TIO'ITM HaBepHHKa 

np11MeH5IJII1 SQL. B TaKOM CJIY'fae nOH5ITI15I, KOTopb1e 06cy)l(.n;a10Trn B 3TOM rna­

Be, 6y,n;yT BaM 3HaKOMbl, XOT5I COOTBeTCTBy10rn;11e Bbipa)l(eHI15I B dplyr Bblf7I5I,ll;5IT 

HeMHoro MHa'le. Boo6rn;e roBopH, 11cnoJib30BaTb naKeT dplyr HeMHoro ner'le, ':leM 

SQL, TIOCKOJibKY dplyr cne~MaJII13I1pyeTrn Ha aHaJII13e .n;aHHbIX: OH ynporn;aeT Bbl­

TIOJIHeHMe o6bl'IHhlx onepa~11J1: aHaJI113a .n;aHHbIX 3a c':leT yrno)l(HeHM5I .n;pyr11x one­

pa~11r!J:, KOTOpbie pe.n;KO np11MeH5IIOTC5I np11 aHaJII13e .n;aHHblX. 

Heo6XOA111Mble pecypcb1 

MbI 6y.n;eM pa6oTaTb c peJI5I~MOHHOM 6a3or!J: .n;aHHbIX 113 naKeTa nycflightsl 3, 
I1CTIOJib3Y5I .n;ByxTa6JII1'lHble rnarOJibl 113 dplyr. 

library (tidyverse ) 
library (nycflightsl3 ) 

naKeT nycf lights13 
AJIH 3HaKOMCTBa c peJI5I~MOHHbIMI1 .n;aHHbIMM MbI np11MeH5IeM naKeT 

nycflightsl3. OH co.n;ep)l(I1T ':leTbipe tibble-cppeM:Ma, CB5I3aHHbIX c Ta6n11~eJ1: 

flights , KOTopyIO Mbl I1CllOJib30BaJII1 B rnaBe 3. 

• <DpeM:M air lines TI03BOJI5IeT Hai1T11 TIOJIHoe Ha3BaH11e nepeB03'IMKa no ero 

COKparn;eHHOMY Ko.n;y. 

airlines 
#> # A tibble : 16 x 2 
#> carrier name 
#> <chr> <chr> 
#> 1 9E Endeavor Air Inc . 
#> 2 AA American Airlines Inc. 
#> 3 AS Alaska Airlines Inc. 
#> 4 B6 JetBlue Airways 
#> 5 DL Delta Air Lines I nc. 
#> 6 EV ExpressJet Airlines I nc. 
#> # with 10 more rows 
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• <t>pe:iit:M airports npep;ocTaBJUieT MttcpopMa~MIO o Ka)l(p;OM a3ponopTe, 

Mp;eHTMcpM~MpyeMOM c TIOMOlll,bIO KOp;a faa. 

ai rpor t s 
#>#A tibble: 1,396 x 7 
#> faa name lat lon 
#> <chr> <chr> <dbl> <dbl> 
#> 1 04G Lansdowne Airport 41.1 - 80.6 
#> 2 06A Moton Field Municipal Airport 32 .5 - 85 . 7 
#> 3 06C Schaumburg Regional 42.0 - 88 . 1 
#> 4 06N Randal l Airport 41 . 4 - 74.4 
#> 5 09 J Jekyll Island Airport 31 . 1 - 81.4 
#> 6 0A9 El izabethton Municipal Airport 36 . 4 - 82.2 
#> # . .. with 1, 390 more rows , and 3 more variables: 
#> # alt <int>, tz <dbl>, dst <chr> 

• <I>pe:iit:M planes npep;ocTaBJrn:eT MttcpopMa~MIO o Ka)l(p;OM caMoJieTe, Mp;eHTM­

cpM~MpyeMOM no ero 6opTOBOMY HOMepy. 

planes 
#> # A tibble: 3, 322 x 9 
#> tailnum year type 
#> <chr> <int> <chr> 
#> 1 Nl0156 2004 Fixed wing multi engine 
#> 2 Nl02UW 1998 Fixed wing multi engine 
#> 3 Nl03US 1999 Fixed wing multi engine 
#> 4 Nl04UW 1999 Fixed wing multi engine 
#> 5 Nl0575 2002 Fixed wing multi engine 
#> 6 Nl05UW 1999 Fixed wing multi engine 
#> # ... with 3,316 more rows , and 6 more variables: 
#> # manufacturer <chr>, model <chr>, engines <int> , 
#> # seats <int> , speed <int> , engi ne <chr> 

• <I>pe:iit:M weather npep;ocTaBJIHeT noqacoBbie rnep;ettMH o norop;HbIX yrnoBM­

HX B Ka)l(p;OM 11!3 a3ponopToB Hb10-MopKa. 

weather 
#> # A tibble: 26,130 x 15 
#> origin year month day hour temp dewp humid 
#> <chr> <dbl> <dbl> <int> <int> <dbl> <dbl> <dbl> 
#> 1 EWR 2013 1 1 0 37.0 21. 9 54.0 
#> 2 EWR 2013 1 1 1 37.0 21. 9 54 . 0 
#> 3 EWR 2013 1 1 2 37.9 21. 9 52 .1 
#> 4 EWR 2013 1 1 3 37.9 23.0 54.5 
#> 5 EWR 2013 1 1 4 37.9 24.1 57 . 0 
#> 6 EWR 2013 1 1 6 39.0 26 .1 59 . 4 
#> # ... with 2 . 612e+04 more rows , and 7 more variables: 
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#> # wind_dir <dbl>, wind_speed <dbl> , wind_gust <dbl>, 
#> # pr ecip <dbl>, pressure <dbl>, visib <dbl>, 
#> # time hour <dttm> 

0,n;Hl1M 113 enoeo6oB OTo6pa:>KeHl151 OTHOllieHl1W Me:>K,n;y pa3JIWfHblMl1 Ta6rrm .. ~a­

Ml1 RBJIReTrn noeTpoeH11e ,n;11arpaMM (p11e. 10.1). 

flights weather 

yea r !+--- ,.---< year 

month !+--- r---< month 
airports 

day -- day -
,--( f aa 

~ 

~ 
hou r ·..- '---< hour 

... 
flight '----< origin 

- orig in ..- ... 
- de st -
- ta i l num 

planes 
I carri er II airlines 

tailnum 
... carrier 

... 
names 

Puc. 10.1 

3Ta ,n;11arpaMMa MO:>KeT TIOKa3aTbeR qpe3MepHO eJIO:>KHOW, HO OHa O'leHb npoeTa 

no epaBHeHl11-0 e TeM11 ,n;11arpaMMaM11, e KOT0pb1Ml1 BaM np11,n;eTeR eTOJIKHYTbeR Ha 

npaKT11Ke! BaM 6y,n;eT rrerqe noH11MaTb ,n;11arpaMMbI Hano,n;o611e 3TOJ.1:, ecrr11 Bbl 3a­

TIOMH11Te, 'ITO Ka:>K,n;oe OTHorneH11e Beer,n;a KaeaeTeR napbI Ta6rrm~ . BaM He HY:>KHO 

TIOHJ.1MaTb epa3y Bee - ,n;oCTaTO'IHO TIOHl1MaTb u;enO'IKY OTHOlUeH11J.1: Me:>K,n;y l1HTe­

peeyI-OIJJ;J.1MJ.1 Bae Ta6rr11u;aM11. 

,IJ;rrR naKeTa nycflights13: 

• flights eoe,n;11H.HeTrn e planes noepe,n;eTBoM nepeMeHHoJ.1: tailnum; 

• flights eoe,n;MHReTrn e airlines noepe,n;eTBOM nepeMeHHoJ.1: carrier; 

• flights eoe,n;MHReTeR e airports noepe,n;CTBOM ,n;Byx nepeMeHHbIX, 

origin 11 dest; 

• flights eoe,n;MH.HeTrn e weather noepe,n;eTBOM nepeMeHHOJ.1: origin (Me­

eTonorro:>KeH11e), a TaK:>Ke nepeMeHHbIX year, month, day 11 hour (BpeM.H). 
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Yn pamHeH lllff 

I. ITpep;rro11o>KHM, Bbl xoTHTe rroCTpOHTb (rrptt6JIH3HTeJibHO) MaprnpyT rro11eTa 

Ka>Kp;oro caMoJieTa H3 ttcxop;Horo rryHKTa B rryHKT Ha3HaqeHH>I. KaKtte rrepe­

MeHHble BaM rroTpe6y10ToI? KaKHe Ta611tt~b1 BaM HY)KHO 6yp;eT COBMeCTHO HC­

IIOJib30BaTb? 

2. Mb1 3a6bIJIH yKa3aTb CB>I3b Me>Kp;y Ta611tt~aMH weather H airports. 0 KaKOM 

OTHOllleHJ1J1 H)J;eT pe'-Ib I1 KaK OHO )J;OJI>KHO BblfJI>I)J;eTb Ha p;HarpaMMe? 

3. B Ta611M~e weather cop;ep)KaTc>I p;aHHble o rrorop;e, KacaIO~HecJI TOJibKO a3po­

rropToB Hbro-MopKa. Ec11M 6b1 oHa cop;ep>Ka11a rnep;eHM>I o rrorop;HblX yc110BM>IX 

BO Bcex a3porropTax ClllA, TO KaKOe )J;OIIOJIHMTeJibHOe OTHOllleHMe c Ta6JIM~eil! 

flights HY>KHO 6bIJIO 6hl orrpep;eJIMTb? 

-1. Mhl 3HaeM, qTo HeK0Topb1e p;HM B rop;y HBJIHIOTCH "oco6blMI1", I1 HeK0Topb1e 

JIIO)J;M rrpep;rroqMTaIOT He 11eTaTb B 3TI1 p;HM. KaK 6b1 Bbl MOrnM rrpep;cT aBMTb 

3TI1 p;aHHbie B BM)J;e cppeil!Ma? 1fro CJIY>KMJIO 6bl rrepBI1qHblMI1 KJIIOqaMM B 3TOM 

Ta611M~e? KaK 6b1 Bbl CBH3aJIM ee c p;pyrMMM Ta611M~aMM? 

ITepeMeHHb1e, MCIIOJib3yeMb1e p;11>1 ycTaHOBJieHMH CB>I3I1 Me>Kp;y Ka>Kp;oil! rrapoil! 

rn611tt~, Ha3bIBaIOTrn KlllOttaMu . KTII0'-1 - 3TO rrepeMeHHa>I (HJIM Ha6op rrepeMeH ­

HblX) , KOTopa>1 op;H03HaqHo Mp;eHTMcpM~HpyeT Ha6n10p;eHMe. B rrpocTbl X CTIYl.Ja>Ix 

~JIH up;eHTMcpMKa~HM op;Horo Ha611IOp;eHMH p;ocrnTO'-IHO op;Horo KJIIOqa, HarrpMMep, 

Ka)K)J;blM caMOJieT MO>KHO O)J;H03HaqHo M)J;eHTMqm~MpOBaTb no ero 6opTOBOMY HO­

:viepy (tailnum). B p;pyrMx rny'-laHx MO>KeT rroTpe6oBaTbrn HecKOJibKO rrep eMeH­

HblX. HarrpuMep, qT06b1 Mp;eHTMcpM~MpoBaTb Ha61110p;eHMe B Ta6JIM~e rrorop;HblX 

y rnoBMM (weather), Tpe6yIOTrn II>ITb rrepeMeHHbl X: year, month, day, hour I1 

origin (rop;, Mern~, p;eHb, '-lac M a3porropT BbIJieTa). 

KJIIO'-IM 6brnaIOT p;Byx BM,ll;OB. 

• IIepauttHbtU KlllOtt Mp;eHTMcpM~MpyeT Ha6nIOp;eHMe B co6cTBeHHOM Ta6nM~e. 

HarrpMMep, planes$tailnum - rrepBMl.JHblM KJII0'-1, IIOCKOJibKY OH O)J;H0-

3HaqHo M)J;eHTMcpM~MpyeT Ka)K)J;blM caMOTieT B Ta6JIM~e planes. 

• BHeUtHuu KlllOtt op;H03Ha'-IHO Mp;eHTMcpM~MpyeT Ha6n10p;eHMe B p;pyroil! Ta-

6nM~e. HarrpMMep, flights$tailnum - BHellIHJi!M KJIIOq, IIOCKOJibKY OH 

IIO>IBJIJieTCJI B Ta6JIM~e flights , B KOTopoil! OH ycTaHaBJIMBaeT )J;JIJI Ka>Kp;O ­

ro aBMapeil!ca op;H03Hal.JHO orrpep;e11>1eMb1il! caMoneT. 
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ITepeMeHHaJI MO:>KeT cny:>KHTb 001-wapeMeHHO rrepB11qHbIM 11 BHelllHHM KmoqoM. 

Harrp11Mep, rrepeMeHHaJI origin HBJrneTcJI q acTb IO rrepB11qHoro KJIIOqa ,IJ;JIJI Ta6Jm­

~bI weather l1 O,IJ;HOBpeMeHHO BHelllHl1M KJIJOqOM ,IJ;JIJI Ta6Jm~bl airports . 
KaK TOJibKO Bbl onpe.D;eJIHTe rrepB11qHb1e KJIJ0q11 B rno11x Ta6JI11~ax, ~enecoo-

6pa3HO rrpoBepHTb, <ITO 0Hl1 ,IJ;eMCTBHTeJibHO O,IJ;H03HaqHo orrpe,IJ;eJIJIIOT Ka:>K,IJ;Oe 

Ha6n10,IJ;eH11e. 0,IJ;HH 113 crroco6oB C,IJ;eJiaTb 3TO 3aKJIIOqaeTcJI B rro,IJ;cqeT e rrepB11q­

HbIX KJIJOqew c IlOMO~blO ¢YHK~l1l1 count ( ) J1 BblBO,IJ;e 3HaqeHl1M, ,IJ;JIJI KOTOpbIX n 

6oJibllle e,IJ;MHH~bl. 

planes %>% 
count (t a ilnum) %>% 
Lilter (n > 1) 

#> # A t i bble : 0 x 2 
#> # .. . with 2 va r i ables : tailnum <chr>, n <i nt > 

weather %>% 
-ount (year , month , day , hour , origin ) %>% 
filter (n > 1 ) 

#> Source: l ocal data f r ame [O x 6) 
#> Gr oups: year, month, day , hour [O J 
#> 
#> # . . . wi th 6 variab l es : year <dbl> , month <dbl>, day <int>, 
#> # hour <int >, ori gin <chr >, n <int> 

J1Hor,IJ;a Ta6n11~a He 11MeeT JIBHoro rrepB11q tto r o KJIJOqa: Ka:>K,IJ;aJI cTpoKa HBJIJI­

eTCH Ha6JIIO,IJ;eHJ1eM, HO Hl1 O,IJ;Ha KOM6l1Ha~l1JI rrepeMeHHblX He 06ecrreq11BaeT ee 

Ha,IJ;e:>KHYIO 11,IJ;eHT11¢11Ka~1110. H a rrp11Mep, q To HBJIJieTCJI rrepB11qHbIM KmoqoM 

B Ta6n11~e flights ? Bbl MOflIJ1 6b1 rro.D;yMaTb , q To B KaqecTBe rrepB11qHoro KJIIO ­

qa MO:>KHO l1CITOJib30BaTb KOM6l1Ha~J1IO ,IJ;aTbl l1 H OMepa aBHapewca J1J1l1 6opTOBOf0 

HOMepa, HO Hl1 O,IJ;Ha 113 TaKJ1X KOM6J1Ha~l1M He JIBJIJieTCJI YHl1KaJibHOM. 

flights %>% 
count (year , month , day , flight ) %>% 
L lter (n > 1) 

#> Source: l oca l data f r ame (29 , 768 x 5) 
#> Groups: year, month , day (36 5 ) 
#> 
#> year month day fl i ght n 
#> <i nt > <int> <int> <int> <int > 
#> 1 2013 1 1 1 2 
#> 2 20 13 1 1 3 2 
#> 3 2013 1 1 4 2 
#> 4 2013 1 1 11 3 

238 4aCTb II. noArOTOBKa AaHHblX 



=> 5 2013 1 1 15 2 
=> 6 2013 1 1 21 2 
=> # ..• with 2.976e+04 more r ows 

:.:_ight s %>% 
:ount (year , month , day, t a i lnwn) %>% 
:ilter (n > 1) 

=> Source: local data frame [64,928 x 5] 
=> Groups: year, month, day [365] 
=> 
=> ? year month day tailnwn n 
=> ? <int> <int> <int> <chr> <i nt> 
=> 1 2013 1 1 NOEGMQ 2 
=> 2 
=> 3 

2013 1 1 Nlll8 9 2 
2013 

=> 4 2013 
=> 5 2013 

1 
1 
1 

1 Nll 536 
1 Nll54 4 
1 Nll 551 

=> 6 2013 1 1 Nl2 540 
=> # .. . with 6.492e+04 more rows 

2 
3 
2 

2 

ITp11cTyrra51 K pa6oTe c 3TMMM p;aHHbIMM, MbI HaMBHO rrpep;rronaran11, 'ITO Ka>K­

.JbIM HOMep aBMapei1:ca 6yp;eT l1CIIOllb30BaTbC5I TOllbKO O,D;MH pa3 Ha rrpOT5I>KeHMl1 

O,ll;HOro ,D;H5I: 3TO HaMHOfO yrrpOCTMllO 6bI BbIBO,ll; coo6w;eHMM 0 B03MO>KHbIX rrpo-

6 n eMax c KOHKpeTHbIM aB11apei1:coM. K co>KaneHMIO, 3TO He TaK! Ecn11 B Ta6m111;e 

OTCYTCTByeT rrepBM':IHbIM KllIO':I, ero MHOrp;a yp;o6Ho p;o6aBMTb c IIOMOIIl;bIO cpyHK­

u;1t1 i1: mutate () 1t1 row_ number () . 3To yrrpow;aeT Haxo>Kp;eH11e coBrrap;eH11i1: c Ha-

6 n 10p;eHMRM1t1, ecnM Bbl ocyw;ecTBl1lll1 KaKyIO-TO cj:>MllbTpau;1110 p;aHHbIX l1 XOTMTe 

BbIIIOllHMTb o6paTHoe corrocTaBneHMe pe3ynbTaTa c 11cxop;HbIMl1 p;aHHbIMM. TaKoi1: 

Kll IO':I Ha3bIBaIOT cyppo2amH1JlM. 

ITepBltl':IHblM KllIO':I l1 COOTBeTCTBy10w;11i1: BHeIIIHMM KllIO':I B p;pyroi1: Ta6n11u;e o6-

pa3yIOT OTHOIIIeH11e. KaK rrpaBMllO, TaKMe OTHOIIIeHl15I OTHOCRTCR K TMIIY "op;MH KO 

.\1HOfl1M': Harrp11Mep, Ka>Kp;OMY aB11apei1:cy COOTBeTCTByeT O,ll;l1H caMOlleT, HO Ka)K­

D;OMY CaMOJieTy COOTBeTcrnyeT MHO>KeCTBO aB11apei1:cOB. B p;pyrMX CJIY':laRX BCTpe­

'-IalOTCR OTHOIIIeHMR "op;MH K O,ll;HOMy". TaKMe OTHOIIIeHM5I MO>KHO rrpep;cTaBJIRTb 

ce6e KaK ':laCTHbIM c11yqai1: OTHOIIIeHMM "op;MH KO MHOfl1M". 0THOIIIeHl1R "MHOrMe 

KO MH0fl1M" MO>KHO MOp;en11poBaTb c IIOMOIIl;bIO OTHOIIIeHl15I "MHOrMe K op;HoMy" 

IlllIOC OTHOfileHMe "op;MH KO MHOfl1M". Harrp11Mep, B HaIIIMX p;aHHbIX OTHOIIIeHMe 

" Mttorne KO MHOrMM" cyw;ecrnyeT Me>Kp;y ra6Jrnu;aMM airlines 11 airports : 
Ka>Kp;a5I aBMaKOMITaHMJI COBeprnaeT IIOlleTbl BO MHOrMe a3porropTbl, l1 Ka>Kp;blM 

a3porropT rrpMHMMaeT caMOJieTbl MH0fl1X KOMIIaHMM. 
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Ynpa>KHeHlllR 

I. .JJ:o6aBbTe cypporaTHbIM Kmoq B Ta6mnw flights . 

2. J!Ip;eHTJ.1cp11u;11pyJ1:Te KJIIOqJ.1 B cnep;y10ru;11x Ha6opax p;aHHbIX: 

a) Lahman:: Batting 

6) babynames: : babynames 

B) nasaweather:: atmos 

rj fueleconomy::vehicles 

p;) ggplot2: : diamonds 

(Bo3MO)KHO, BaM rrp11p;eTC5I yCTaHOBJ.1Tb HeKOTOpbie rraKeTbl J,1 rrpoqJ.1TaTb co­

OTBeTCTBy10ru;y10 p;oKyMeHTaIJ;J.110.) 

3. Hap11cyJ1:Te p;11arpaMMy, J.1JIJIIOCTp11py10ru;y10 OTHOllleHJ.151 Me)Kp;y Ta6JIJ.1D;aMH 

Batting, Master 11 Salaries rraKeTa Lahman. Hap11cyJ1:Te p;pyry10 p;11arpaM­

My, 0To6pa)Ka10ru;y10 OTHoweHJ151 Me)Kp;y Ta6n11u;aMJ1 Master, Managers 11 

AwardsManagers . KaK 6hI Bbl oxapaKTep11soBaJI11 OTHoweHJ.151 Me)Kp;y Ta6JI11-

u;aM11 Batting, Pitching 11 Fielding? 

Myr1t1pyt0ll\Me coe.QHHeHMH 
ITepBoe 113 rrpep;HasHaqeHHbIX p;JI51 coep;MHeHl151 rrapbI Ta6n11u; cpep;cTB, KOTopoe 

Mbl paccMOTpl1M, - Mymupy10w,ue coeOUHCHU5l, KOTOpble TaK)Ke Ha3bIBaIOT U3MC­

HHfO Ul,UMUCJl. MyT11py10ru;ee coep;11HeH11e rro3BOJI51eT o6'bep;MH51Tb rrepeMeHHbie J13 

p;Byx Ta6n11u;. CHaqaJia OHO HaXO,!l;J1T COOTBeTCTBYIOID;Me Ha6JIIOp;eHJ151 ITO J1X KJIIO­

qaM, a saTeM KOIIMpyeT rrepeMeHHble J13 O,!l;HOM Ta6JIJ.1D;bl B p;pyry10. 

KaK 11 cpyHKD;l151 mutate () , cpyHKD;MM, coep;MH51IOID;J1e Ta6n11u;b1 Me)Kp;y co6oJ1:, 

p;o6aBJI51IOT rrepeMeHHble B rrpaBblM KOHeu; Ta6n11u;h1, 11 ern11 B Ta6n11u;e y)Ke cop;ep­

)KJ1TC51 6onhwoe KOJIJ1qecTBO nepeMeHHbIX, TO Bbl He yB11p;11Te HOBhle nepeMeHHhre 

B BbIBOp;e . .JJ:n51 np11Bep;eHHblX HM)Ke np11MepoB 6bm crreu;11aJibHO cosp;aH 6onee ys­

KJ1tt Ha6op p;aHHblX, qTo6bl BaM 6bIJIO nerqe Ha6n10p;aTb sa TeM, qTo npol1CXO)J;J1T. 

flights2 <- flights %>% 
s~lect ( year : day , -hour , origin , des t , t ailnum, carrier ) 

flights 2 
#>#A tibble: 336 , 776 x 8 
#> year month day hour 
#> <int> <int> <int> <dbl> 
#> 1 2013 1 1 5 
#> 2 2013 1 1 5 
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origin 
<chr> 

EWR 
LGA 

dest tailnum carrier 
<chr> <chr> <chr > 

IAH N14228 UA 
IAH N24211 UA 



="> 3 2013 1 1 5 J FK MIA N619AA AA 
=> 4 2013 1 1 5 JFK BQN N804JB B6 
=> 5 2013 1 1 6 LGA ATL N668DN DL 
=> 6 2013 1 1 5 EWR ORD N39463 UA 
=> :; ... with 3 . 368e+05 more rows 

(He 3a6brnat1Te o TOM, 'ITO rrp M p a6oTe B RStudio ::ny rrpo6neMy MO)l(HO 06oi1-

.. 1, MCIIOITb3YJI cpyHKQMIO View () .) 

ITpe;a;rronO)l(MM, Bbl XOTMTe ;a;o6aBMTb IIOITHOe Ha3BaHMe aBMaKOMTiaHMM B ;a;aH­

Rbie flights2. <l>pei1MhI ;a;aHHbIX airlines M flights2 MO)l(HO coe;a;MHMTb c no­

_ W J.QbIO cpyttKQMM left _join ( ) . 

:~ights2 %>% 
.select (- origi n, - dest ) %>% 
~eft_joiP- ( airlines , by = "ca !'.'rier" ) 

=> # A tibble : 336 , 776 x 7 
=> year month day hour tai l num carrier 
=> <int> <int> <int> <dbl> <chr> <chr> 
=> 1 2013 1 1 5 Nl4228 UA 
=> 2 2013 1 1 5 N24211 UA 
=> 3 2013 1 1 5 N619AA AA 
=> 4 2013 1 1 5 N804JB B6 
=> 5 2013 1 1 6 N668DN DL 
=> 6 2013 1 1 5 N39463 UA 
=> # ... with 3 . 368e+05 more rows , and 1 more variabl e: 
=> # name <chr> 

Pe3ynhTaTOM coe;a;MtteHMJI Ta6nMQbI airlines c Ta6nMQei1 flights2 JIBnJieTrn 

03;a;attMe ;a;ononHMTenbttoi1 nepeMeHHOi1 : name. BoT no<IeMy MbI Ha3hrnaeM 3TOT 

TMTI coe;a;MHeHMi1 MYTMPYIOJ.QMM. B ;a;attHOM cnyqae MO)l(HO 6brno 6b1 nony<IMTb TOT 

)Ke pe3ynbTaT, MCTIOITb3YJI cpyHKQMIO mutate () M 6a30BOe cpe;a;cTBO M3BITe':IeHM5I 

no;a;tta6opoB R. 

:lights2 %>% 
select. (- origi n, - dest ) %>% 
muta~~ ( name = a irlines $ name [ :na~c .. (carrier , airlines$carrier)]) 

=> # A tibble : 336 , 776 x 7 
=> year month day hour tailnum carrier 
=> <int> <int> <i nt> <dbl> <chr> <chr> 
=> 1 2013 1 1 5 Nl4228 UA 
=> 2 2013 1 1 5 N24211 UA 
=> 3 2013 1 1 5 N619AA AA 
=> 4 2013 1 1 5 N804JB B6 
=> 5 2013 1 1 6 N668DN DL 
=> 6 2013 1 1 5 N39463 UA 
=> # . . . with 3 . 368e+05 more rows , and 1 more variable: 
=> # name <chr > 
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Ho TaKoJ1. rrop;xop; Tpyp;Ho 06061.Q11Tb Ha Te rnyqaJtt, Korp;a tteo6xop;1t1Mo ycTa­

ttaBJIMBaTb COOTBeTCTBMe ,ll;J151 HeCKOJibKMX rrepeMeHHbIX, Jt1 OH Tpe6yeT oqeHb BHM­

MaTeJibHOrO qTeHJt151 KOp;a ,ll;J151 Toro, qTo6bI I10H51Tb 061.QJtte HaMepeHJt151 Toro, KTO 

ero ttarr1t1can. 

B rrornep;yIOIQMX pa3p;enax rrop;po6tto o6'h51CH51eTrn, KaK pa6oTaIOT MY™PYIO­

IQMe coe,1.1,1t1HeH1t15I. MbI HaqtteM c M3yqeHM51 rrone3Horo B1t13yaJibHoro crroco6a rrpep;­

cTaBJieHM51 coep;MHeHMM. 3aTeM 6yp;yT o6b51CHeHbl rrpMHll;Milbl pa60Tbl qeTbipex 

pa3HOBM,D;HOCTeJ1. MY™PYIOIQMX coep;1t1Hett1t1J1.: op;ttoro BttyTpeHHero M Tpex BHeIII ­

HMX. B rrpou;ecce pa60Tbl c peaJibHbIMM p;aHHbIMM KJIIOqJtt He BCerp;a O,ll;H03HaqHO 

1t1p;eHTWp1t1u;1t1py10T Ha6JIIOp;eHM51, B CB513Jt1 c qeM Mbl TaK>Ke 06cyp;1t1M, qTo rrpo1t1c­

XO,D;MT B cnyqae oTcyTcTBM51 ytt1t1KaJibHbIX coBrrap;eHMJ1.. HaKoHeu;, Bbl Y3HaeTe o 

TOM, KaK coo6IQMTb rraKeTy dplyr, KaKJtte rrepeMeHHbie 51BJl51IOTC51 KJIIOqaMM ,D;JI51 

p;aHHOro coep;JtIHeHJ151. 

'"ITO npeACTaBnRIOT co6o171 COeAlllHeHlllff 

qT06bI BaM 6bIJIO Jierqe 110H51Tb, KaK pa6oTaIOT coep;MHeHJ.151, Mbl 6yp;eM Jt1C-

110Jlb30BaTb MX BM3yaJibHOe npep;CTaBJieHMe (p1t1c. 10.2). 

x y 

1 xl 1 yl 
2 x2 2 y2 
3 x3 4 y3 

Puc. 10.2 

x <- tribble ( 
- key , - val x , -

1 , "xl ", 
2 , "x2 " , 
3 , "x3 " 

y <- tribble ( 
- key , - val _y , 

1 , "yl " ' 
2 , "y2 " ' 
4 , "y3 " 

U:BeTHble CTOTI6u;bI npep;CTaBJI51IOT nepeMeHHYIO "key": OHM Jt1CI10Jlb3YIOTC51 ,ll;l151 

ycTaHOBJieHJ151 COOTBeTCTBJt151 Me)J(p;y CTpoKaMJtl 06e1t1x Ta6n1t1u;. CepbIM CTOJI6eu; 

npep;cTaBJI51eT crnn6eu; "3HaqeH1t1e': B 3TMX rrpJtIMepax MbI 6yp;eM oTo6pa)KaTb op;Hy 
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= epeMCHHyIO - KJIIO'I J1 O,IJ;HY rrepeMeHHyI0 - 3Ha'IeHJ1e , HO caMa M,IJ;e>I JierKO o6o6~a­

:?'T H Ha cnyqaI1 HeCKOJibKJ1X KJIIO'Iel1 J1 HeCKOJibKJ1X 3Ha'!eHJ1M. 

C oep;MHeHMe - 3TO crroco6 CB>I3bIBaHJ1>I Ka)l(p;oI1 CTpOKM x c HyneM, op;HoI1 MJIM 

3 eCKOJibKJ1MJ1 CTpoKaMJ1 y. Ha pHc. 10.3 Ka)l(,IJ;Oe IIOTeHI.~J1aJibHOe COBrrap;eHMe OTO ­

- a)l(aeTC>I B BMp;e rrep eceqeHMH rrapbI nMHMM (p Hc. 10.3). 

Puc. 10.3 

(ECJIJ1 Bbl BHJ1MaTeJibHO rrpHCMOTpHTeCb K 3TOM ,IJ;MarpaMMe, TO 3aMeTJ1Te J13Me­

HeHJ1e B rrop>Ip;Ke rnep;oBaHM>I CTOJI6~0B KJIIO'IeM J1 3Ha'IeHJ1M B x. 3TO 6bIJIO cp;eJia­

HO ,IJ;JI>I Toro, 'IT06bI rrop;qepKHYTb, 'ITO coep;J1HeHJ1e ycTaHaBJ1J1BaeT COOTBeTCTBJ1>I 

H a OCHOBe KJ1IO'Ia, TOrp;a KaK 3Ha'!eHJ1>I JIJ1Illb cnep;yIOT 3a KJIIO'IOM.) 

B cpaKTM'IeCKOM coep;MHeHMM coBrrap;eHM>I 6yp;yT o6o3Ha'!aTbC>I TO'!KaMM. Ko­

,1 wqecTBO TO'IeK = KOJ1J1'leCTBY COBIIap;eHJ1M = KOJ1M'IeCTBY CTpOK B pe3yJibTaTe 

( pwc. 10.4). 

/ x >, / I 

I I 
>, ,.--{ r-l 
Q) ' ro ro 
~ - > > 

1 xl yl 
2 x2 y2 

Puc. 10.4 

I1poCTeMIIIJ1M TMIIOM coep;MHeHMM >IBJI>IeTC>I BHympeHJ-tee coeOUl-teHue, KOTopoe 

y cTaHaBJIMBaeT COOTBeTCTBJ1e Me)l(p;y rrapaMJ1 Ha6JIIO,IJ;eHMM, eCJIJ1 J1X KJIIO'IJ1 co­

Brrap;aIOT (pwc. 10.5). 
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/ 
x >. 

I I 
>. r-i r-i 
(]) <U <U 
~ > > 

1 xl yl 
2 x2 y2 

Puc. 10.5 

(CTporo roBopR, 3TOT nm eoe,n;:irnemrn JIBJrneTeJI BHympeHHUM coeouHeHueM no 

3KBU6aJ!eHmHocmu, TaK KaK )l;JIJI eorroeTaBJieH11.R: KJIIO'leM Mel10llb3yeTe.R: orrepaTop 

paBeHeTBa. IToeKOllbKY 60JibllI11HeTBO KJIIO'leM OTHOe11Te.R: K 3TOM Y T11ny, Mbl , KaK 

rrpaB11no, 6y,n;eM orryCKaTb 3TO yTotIHeH11e.) 

Pe3yJibTaTOM BHyTpeHHero eoe,n;11HeH11.R: .R:BJI.R:eTeJI HOBbI M cppei!M ,n;aHHbIX, KO­

TOpbIM eop;ep :>KMT KJIIO'I, 3Ha'IeH11.R: x 11 3HatieH11.R: y. ,Il)rn Toro 'IT06bI eoo6~11Tb 

rraKeTy dplyr, KaKa.R: 113 rrepeMeHHbIX .R:BJIJieTe.R: KJIIO'IOM, Mbl 11el10llb3YeM rrapa­

MeTp by. 

x %> % 
.:.r 1er_jcin (y, by = "key" ) 

#> # A t i bble : 2 x 3 
#> key va l x val y 

- -
#> <dbl > <chr> <chr > 
#> 1 1 xl yl 
#> 2 2 x2 y2 

CaMbIM Ba:>KHbIM eBoileTBOM BHyTpeHHer o eo e,n;11HeH11.R: JIBJIJieTeJI TO, 'ITO Heeo­

Brra,n;aIO~Me eTpOK11 He BKJIIO'IaIOTe.R: B pe3yJibTaT. 3To 03HatiaeT, 'ITO, KaK rrpaB11-

JIO, o6bI'IHbie BHyTpeHH11e eoe,n;11HeHl1JI He 110,ll;XO,ll;.R:T )l;JIJI 11el10llb30BaH11.R: B aHaJIM-

3e, rroeKOllbKY MO:>KHO O'IeHb nerKO 110Tep.R:Tb Ha6n10,n;eH11.R:. 

BHyTp eHHee eoe,n;11HeH11e eoxpaHJieT H a 6 n 10,n;eH11.R:, KOTOpb1e BeTpetiaIOTe.R: 

B 06e11x Ta6n11u;ax. BHellIHee eoe,n;11HeH11e eox paHJieT Ha6n10,n;eH11JI, BeTpeqa10~11e­

eJI XOT.R: 6bI B O,ll;HOM 113 Ta6n11u;. Pa3JI11'IaIOT Tp 11 Tl111a BHellIH11X eoe,n;11HeH11M: 

• ne6oe coeouHeHue eoxpaH.R:eT Bee Ha6 n10,n;eH11JI B x ; 

• npa6oe coeouHeHue eoxpaH.R:eT Bee Ha6n10,n;eHM.R: B y; 

• nOJ!HOe coeOUHCHUe eoxpaHJieT Bee Ha6 n 10,n;eHMJI B x l1 y. 



3 nr coep;1,rnemu1 pa6oTaIOT, p;o6aBJUUI )J;OIIOJIHMTeJibHOe "BMpTyaJibHOe" Ha­

' 110p;eHMe B Ka)l(p;y10 Ta6nm .. w. ,JJ;aHHOe Ha6n10p;eHMe MMeeT KJIIO'i, KOTOpbIM co­

n ap;aeT c JI106bIM KJIIO'iOM (eCJIJ,1 HMKaKOM p;pyroi1 KJIIO'i He COBrrap;aeT), Ji[ 3Ha­

qem ie N 

f pacl>M'ieCKM 3TO MO)f(HO rrpep;CTaBMTb TaK (pMc. 10.6). 

Left 
x :>, 

I I 
:>, .............. 
<l! <tl <tl 
-"' > > 

1 xl yl I 
2 x2 y2 I 
3 x3 NA 

Right 

1 xl yl 
2 x2 y2 
4 NA y3 

Full 
x :>, 

I I 
:>, .............. 
<l! <tl <tl 
-"' > > 

1 xl yl 
2 x2 y2 
3 x3 NA 
4 NA y3 

Puc. 10.6 

qaw;e Bcero rrpwMemi:eTcJI neBoe coep;wttettMe: Bbl MCIIOJib3yeTe ero BCJIKJtlM pa3, 

KOrp;a rrpocMaTpMBaeTe p;aHHbie J,13 p;pyroi1 Ta6JIJ![ll,bl, IIOCKOJibKY OHO coxpaHJieT 

l1CXO)J;Hble Ha6n10p;eHMH p;a)f(e B cnyqae OTCYTCTBJ![JI COBIIap;eHMM. JleBoe coep;M­

HeHMe p;OJI)f(HO 6bITb BarnMM Bb16opoM no YMOJI'iaHMIO: wcrroJib3YMTe ero Bcerp;a, 

KpOMe Tex cnyqaeB, Korp;a MMeIOTCH BeCKMe OCHOBaHMH )J;JIH MCIIOJib30BaHMH p;py­

fJtlX TMIIOB coep;MHeHMM. 

)J;JIH rpacl>M'ieCKoro }1[306pa)f(eHMH pa3JIM'iHbIX TJtlIIOB coep;MHeHMM cyw;ecTByeT 

;::i;pyroi1 crroco6 - p;warpaMMbI Betttta (pMc. 10.7). 

Op;ttaKo 3TOT BapwaHT HeJib3JI Ha3BaTb yp;oBneTBOpMTeJibHbIM. Ott MO)l(eT orne­

:>KMTb B Barnett rraMJITJtl , B KaKOM Jtl3 Ta6nm.1, TO Ji[JIJ![ MHOe coep;MHeHMe coxpaHJieT 

tta6n10p;eHMH, HO CTpap;aeT op;HMM cepbe3HbIM ttep;ocTaTKOM: p;warpaMMbI BeHHa 
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HJtt'lero He coo6~afOT o TOM, 'ITO npo1t1cxop;1t1T B Tex crry'la.R:x, Korp;a KJIIO'IJtt He 06e­

cne'l1.rnaIOT O,IJ;H03Ha'IHYIO 1t1p;eHTmp1t1Ka~JttlO Ha6rrIOp;eHJtti1:. 

~ inner_join(x, y) 

~ ful l_join(x, y) 

~ left_join(x , y) 

~ right_join(x, y) 

Puc. 10.7 

HeyH111KanbHb1e KnlOlllll 

,IJ;o c1t1x nop MbI BO Bcex rny'laJix npep;norrararr1t1, 'ITO KJIIO'IJtt yH1t1KaJibHb1. Op;­
HaKo TaK 6brnaeT He Bcerp;a. B 3TOM pa3p;erre o6nJICHJieTcJI, 'ITO npo1t1cxop;1t1T B Tex 

crryqaJix, Korp;a KJIIO'IM He JIBJIJIIOTCJI yH1t1KaJibHbIM1t1. Bo3MO)KHbI p;Be oITya~JttJtt no­

p;o6Horo pop;a. 

• HeyH1t1KaJibHb1e KJIIO'IJtt JttMeIOTCJI B op;Hoi1 Ta6rr1t1~e . 3To MO)KeT 6bITb norre3-

HbIM, eCJIJtt Bbl XOTJttTe p;o6aBJt1Tb ,IJ;OTIOJIH JttTeJibHYIO MHcpopMa~JttlO B Tex rny­

'laJIX, KOrp;a JttMeeTCJI TJttIIJtt'IHOe OTHOWeHJtte " op;JttH KO MHOf1t1M" (p1t1c. 10.8). 

)( >. 
I I 

...... >. ...... 
nl <!) nl 
> .:£ > 

xl 1 yl 
x2 2 y2 
x3 2 y2 
x4 1 yl 

Puc. 10.8 

06paTJttTe BHJttMaHJtte Ha HeKOTopoe OTJIJtt'IJtte IIOJIO)KeHJttJI KJIIO'leBoro CTOJI6-

~a (key) B pe3yJibTMPYIO~ei1: Ta6JIJtt~e. 3Ta p;eTaJib OTpa)KaeT TOT cpaKT, 'ITO 

p;aHHblM KJIIO'I JIBJIJieTCJI nepB1t1~1HbIM K JIIO'IOM B y, HO BHeWHJttM B x . 

x <- tribble ( 
- key , - val_x, 

1, 11 Xl 11 
I 

2 , 11 X2 11 
I 

2, "x3 " , 
1, "x4 " 
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y <- tribb:e ( 
- key , - val_y, 

1, "yl " ' 
2, "y2 " 

left joir (x , y, 
-

#> # A tibble: 4 
#> key val x 
#> <dbl > <chr> 
#> 1 1 xl 
#> 2 2 x2 
#> 3 2 x3 
#> 4 1 x4 

by = "key ") 
x 3 
va l _y 
<chr> 

yl 
y2 
y2 
yl 

• Heym·IKallbHbie K 7110'-ll1 J1M eIOTC51 B 06e11x Ta6nm .. ~ax. 06bI'-IHO 3TO 51B7151eTc51 

onrn6KOM, IlOCKOllbKY HJ1 B O,D;HOM Ta6nm~e KlllO'-IM He 11p;eHTM<PMI~l1py10T Ha-

6n10p;eHJ15I O,D;H03Ha'-!HbIM o6pa30M. I1pl1 coep;11HeHJ1J1 HeyHMKallbHblX K7110 -

qel1 Bbl rronyqaeTe Bee B03M O)KHbie KOM611Ha~1111 - TaK Ha3brnaeMoe p;eKap­

TOBO rrpOl13Bep;eHJ1e (p11c. 10.9). 

x <- aibble ( 
- key, - val_x , 

1, "xl " , 
2, "x2 " , 
2, "x3 " , 
3, "x4 " 

y <- t:ribb:;_e ( 
- key, - val_y , 

1 , "yl " ' 
2 , "y2 " , 
2 , "y3 " , 

x >, 
I I 

>, ...... ...... 
(l) nJ nJ 

.::<. > > 

1 xl yl 
2 x2 y2 
2 x2 y3 
2 x3 y2 
2 x3 y3 
3 x4 y4 

Puc. 10.9 
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3, "y4" 

left_join (x , y, by = "key" ) 
#> # A tibble: 6 x 3 
#> key val x val y 

-
#> <dbl> <chr> <chr> 
#> 1 1 xl yl 
#> 2 2 x2 y2 
#> 3 2 x2 y3 
#> 4 2 x3 y2 
#> 5 2 x3 y3 
#> 6 3 x4 y4 

,IJ;o cMx nop BO Bcex npMMepax napbI Ta6rrm~ coep;MHJIJIJ1Cb rrocpep;crnoM op;Hoi1 

nepeMeHHOH, KOTopaJI Ha3bIBaJiaCb O,D;J1HaKOBO B o6eJ1X Ta6JIJ1~ax. 3TO orpaHJ1lie­

HJ1e 3ap;aBarrocb napaMeTpoM by = "key" . Ta6JIJ1~bI MO)l(HO coep;MHJITb ,z:i;pyrMMH 

cnoco6aMH, HCnOJib3YJI ,z:i;pyrne 3HaqeHJ1JI napaMeTpa by. 

• 3ap;aHHOMY no yMorrqaHHI-O 3HaqeHJ1I-O by = NULL cooTBeTCTByeT McnoJib-

30BaHJ1e Bcex nepeMeHHbIX, BCTpeqaIQ~HXCJI B o6eJ1X Ta6JIH~ax. 3To TaK 

Ha3brnaeMoe ecmecrrrne1-moe coep;MHeHMe. HanpMMep, Ta6rrM~bI flights J1 

weather comacyI-OTCJI no CBOJ1M o6~J1M nepeMeHHbIM: year, month, day, 
hour J1 origin. 

flights2 %>% 
left_jo1n (weather ) 

#>Joining, by= c("year", "month", "day", "hour " , 
#> "orig i n " ) 
#> # A tibble : 336, 776 x 18 
#> year month day hour 
#> <dbl> <dbl> <int> <dbl> 
#> 1 20 13 1 1 5 
#> 2 2013 1 1 5 
#> 3 2013 1 1 5 

2013 
2013 
2013 

1 
1 
1 

1 
1 
1 

5 
6 
5 

ori gin 
<chr> 

EWR 
LGA 
JFK 
JFK 
LGA 
EWR 

dest tailnurn 
<chr > 

IAH 
IAH 

<chr> 
N14228 
N24 211 

MIA N619AA 
BQN N804JB 
ATL N668DN 
ORD N39463 

#> 4 
#> 5 
#> 6 
#> # 
#> # 
#> # 
#> # 
#> # 

. .. with 3 . 368e+05 more rows, and 11 more variables : 
carrier <chr> , temp <dbl> , dewp <dbl> , 
humi d <dbl >, wind_dir <dbl> , wind_speed <dbl >, 
wind_gus t <dbl >, precip <dbl >, pressure <dbl> , 
visib <dbl >, time hour <dttm> 

248 4aCTb II. noAr OTOB Ka Aa HHblX 



• C11MBOJibHb1i1: BeKTop, by = 11 x 11
• Coe,n;r,rneHl1JI 3Toro T11na noxO)l(l1 Ha ecTe­

CTBeHHoe coe,n;11HeH11e, HO 11CTIOJib3YIOT HeKOTOpbie 113 06rn;11x nepeMeHHbIX. 

Hanp11Mep, nepeMeHHaJI year co,n;ep)l(11Trn B 06e11x Ta6mn.1,ax, flights JtI 

planes, HO l1MeeT B Hl1X p a3HbIM CMbICJI, 11 TIOTOMY ,D;JIJI coe,n;11HeHl1JI Ta6rr111.1, 

Mbl JtlCTIOJib3YeM TOJibKO nepeMeHHYIO tailnum. 

flights2 %> % 
le::._:oin (planes , by = "tailnurn" ) 

#>#A tibble : 336 , 776 x 16 
#> year . x month day hour origin de s t tailnurn 
#> <int> <int > <int> <dbl> <chr> <chr> <chr> 
#> 1 20 13 1 1 5 EWR IAH N14228 
#> 2 
#> 3 
#> 4 
#> 5 
#> 6 
#> # 
#> # 
#> # 
#> # 

2013 
2013 
2013 
2013 
2013 

1 
1 
1 

1 
1 

1 
1 
1 
1 
1 

5 
5 
5 
6 
5 

LGA IAH N24211 
JFK MIA N619AA 
JFK BQN N804JB 
LGA ATL N668DN 
EWR ORD N39463 

... with 3 . 368e+05 more rows, and 9 more variables: 
carri er <chr> , year.y <int> , type <chr> , 
manufacturer <chr>, model <chr> , engines <i nt> , 
seats <int> , speed <i nt> , engi ne <chr> 

06paTJtITe BHl1Mam1e Ha TO, 'ITO HeOp;H03Ha'-IHOCTb nepeMeHHbIX year (Ko­

TOpbie BCTpe'IaIOTCJI B o60JtIX BXO,D;HbIX cppe.i1:Max ,n;aHHbIX, HO He o6JI3aHbl 

6bITb paBHblMJtI) y cTpaHeHa c TIOMOlll;bIO cycpcpt1KCa. 

• J.1MeH0BaHHb1i1: CJtIMBOJibHb1J71 BeKTop, by= c ( 11 a 11 = 11 b 11
) . Coep;JtIHeH11JI 3TO­

ro TJtITia COTIOCTaBJIJIIOT nepeMeHHYIO a B Ta6JIJtIIJ,e x c nepeMeHHOM b B Ta-

6rr111.1,e y. B pe3yrrbTaTe 6y,n;yT JtICTIOJib30BaTbCJI nepeMeHHbie 113 x . 

Hanp11Mep, ecrr11 MbI xoTJtIM HapJticoBaTb KapTy, Heo6xo,n;JtIMO coe,n;JtIHJtITb 

,n;aHHbie n6JIJtIIJ,bI flights c ,n;aHHbIMJtI Ta6rr111.1,b1 airports, KOTopaR co,n;ep ­

)l(l1T u rnpoTy 11 ,n;omOTy (lat 11 long) Ka)l(,n;oro a3ponopn. Ka)l(,D;bIM aBJtI­

apei1:c xapaKTep113yeTcJI a3porropToM BbIJieTa JtI a3ponopTOM Ha3Ha'-leHl1R, 

TI03TOMY MbI ,D;OJI)l(Hbl KOHKpeTl1311pOBaTb, KaKOM 113 Bap11aHTOB coe,n;11HeH11JI 

HaM Heo6xop;JtIM. 

fl i ghts2 %>% 
left_join (a i rports , c ("dest" = "faa" )) 

#> # A tibble : 336, 776 x 14 
#> year month da y hour origin dest tai lnurn 
#> <int> <int> <int> <dbl> <chr> <chr> <chr> 
#> 1 2013 1 1 5 EWR !AH Nl 4228 
#> 2 2013 1 1 5 LGA IAH N24211 
#> 3 2013 1 1 5 JFK MIA N619AA 
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#> 4 2013 1 1 5 JFK BQN N804JB 
#> 5 2013 1 1 6 LGA ATL N668DN 
#> 6 2013 1 1 5 EWR ORD N394 63 
#> # ... with 3 .3 68e+05 more rows, and 7 more variables: 
#> # carrier <chr>, name <chr>, lat <dbl>, lon <dbl> , 
#> # alt <int> , tz <dbl>, dst <chr> 

flights2 %> % 
left_join (airports , c ("origin" = "faa" ) ) 

#> # A t ibble : 336 ,7 76 x 14 
#> year month day hour origin de st tailnum 
#> <int > <int> <int> <dbl> <chr> <chr> <chr > 
#> 1 2013 1 1 5 EWR IAH Nl4228 
#> 2 2013 1 1 5 LGA IAH N24211 
#> 3 2013 1 1 5 JFK MIA N619AA 
#> 4 20 13 1 1 5 JFK BQN N804JB 
#> 5 2013 1 1 6 LGA ATL N668DN 
#> 6 2013 1 1 5 EWR ORD N39463 
#> # ... with 3.368e+05 more rows, and 7 more variables: 
#> # carrier <chr> , name <chr>, lat <dbl> , lon <dbl> , 
#> # alt <int> , tz <dbl>, dst <chr> 

Ynpa>KHeHlllR 

1. Bb1'n1c1rnTe cpep;ttee BpeMR 3ap;ep)KKJ11 no rryHKTaM Ha3Ha'IeHJllR, a 3aTeM Bbl -

ITOJIHJl!Te coep;J11HeHJ11e ,D;JIR cppefl:Ma p;aHHblX airports , 'IT06bl MO)KHO 6bIJIO 

rrpop;eMoHcTpI1poBaTb rrpoCTpattcTBeHttoe pacrrpep;eneHJ11e BpeMeHJll 3ap;ep)KKJ11. 

BoT op;JllH J13 rrpocTblX crroco6oB ttapJ11coBaTb KapTy CIIIA. 

airports %>% 
serni_join (flights , c ("faa" = "dest" ) ) %>% 
ggplot (ctes (lon , lat )) + 

borders ("state" ) + 
geom point () + 
coo rd quickmap () 

(He 6ecrroKOMTeCb, eCJIJll BaM HeITOHRTHO, 'ITO p;enaeT cpyttK~JllR semi 
join () , - BCKope Bbl 06 3TOM Y3HaeTe.) 

Bo3MO)KHO, Bbl 3axoTJ11Te JllCITOJib30BaTb pa3Mep J11JIJ11 ~BeT TO'IeK p;nR 0To-

6pa)KeHJ11R cpep;ttero BpeMeHJll 3ap;ep)KKJ11 p;JIR Ka)Kp;oro a3porropTa. 

2 . .IJ;o6aBbTe KOOp,D;I1HaTbl MeCTOilOJIO)KeHJllR a3porropTa BbIJieTa JI! a3porropTa Ha-

3Ha'JeHJllR (T.e. rrepeMeHHble lat JI! lon) B Ta6nJ11~y flights . 
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Cy~ecTByeT JIJII CBJI3b Me)l(p;y cpoKOM 3KcnnyaTau;J1Itt caMoJieTa J1I ero 3ap;ep)l( ­

KaMJ1I? 

ITptt KaKttx norop;HbIX yrnoBJIIJIX B03pacTaeT BepoRTHOCTb 3ap;ep)l(eK? 

- lfro CJIY':lJIIJIOCb 13 JIIIOHJI 2013 rop;a? 0T06p a3JIITe npoCTpaHcTBeHHYIO Kap­

TJIIHY 3ap;ep)l(eK, a 3aTeM JIICTIOJih3yI1Te Google p;nR ycTaHOBJieHJIIJI JIIX CBJI3JII c 

norop;oI1. 

Apyr111e pea111113a4111111 
<DyHKJJ;JIIJI base: : merge () cnoco6Ha BbITIOJIHJITb Bee ':leTbipe TJ1In a MY™PYIO­

m;i1x coep;J1IHeHJ1II1. 

dplyr 

:..:mer join (x, y) 

.:.eft_ join (x , y) 

=:ght_join(x, y) 

:ull_join(x, y) 

merge 

merge (x , y) 

merge (x , y, all. x =TRUE) 

merge(x, y, all.y=TRUE) 

merge(x, y, all.x=TRUE, all.y=TRUE ) 

I1peJ1IMyIJJ;eCTBOM cneu;mpJ1I':leCKJIIX rnaroJIOB dplyr JIBJIJieTCJI TO, 'ITO OHJII 3Ha­

l{JtfTeJibHO ny<I!lle nepep;aIOT Ha3Ha':leHJ1Ie Balllero Kop;a: pa3JIJII':lttJI Me)l(p;y TJ1InaMJ1I 

oep;ttHeHJIIJI J1IrpaIOT OlJeHb Ba)l(HYIO pollb, HO OHJII CKpbIBaIOTCJI 3a apryMeHTaMJII 

¢ YHKJJ;J1IJ1I merge () . Coep;J1IHeHJ1IJ1 dplyr pa6oTaIOT 3Ha':lJ1ITeJibHO 6h1CTpee u He MO­

ryT npJ1IBeCTJt1 K nyTaHJIIJJ;e c nopJI)J;KOM CTpOK. 

MHorJ1Ie JII3 cornarneHttI1 dplyr HaBeJIHbI JI3bIKOM SQL, no3TOMY TpaHCJIJIJJ;JIIJI 

KOMaHp; B SQL-3anpocbI He cocTaBJIJieT Tpyp;a. 

dplyr 

:nner_join (x, y, by= "z" ) 

.:.eft_ join (x , y, by= " z" ) 

=ight_join (x, y, by = "z" ) 

:ull_join(x, y, by = "z") 

SQL 

SELECT* FROM x INNER JOIN y USING (z ) 

SELECT * FROM x LEFT OUTER JOIN y USING ( z) 

SELECT* FROM x RIGHT OUTER JOIN y USING (z) 

SELECT* FROM x FULL OUTER JOIN y USING (z) 

3aMeTbTe, 'ITO KJIIO':leBbie cnoBa INNER J1I OUTER He JIBJIJIIOTCJI o6JI3aTeJibHbIMJII, 

u ux qacTo onycKaIOT. AnR coep;J1IHeHJ1IJ1 pa3HbIX nepeMeHHbIX p;Byx Ta6nm1,, Ha­

npttMep inner _ join (x, y, by= c ( 11 a 11 = 11 b 11
) ) , B SQL JIICTIOJib3YeTcJI HeCKOJibKO 

J.1HOM CJtfHTaKCJIIC: 

SELECT * FROM x INNER JOIN y ON x . a y.b 
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C1rnrnKe.11e SQL o6eene':l.HBaeT nop;p;ep :>KKY 6onee umpoKoro pRp;a TMIIOB eo­

ep;.11HeH.11J1:, ':leM B naKeTe dplyr, noeKOJibKY p;onyeKaeT .HeIIOJib30BaH.He orpaH.H':le­

H.HM, OTJIM'-IHblX OT orpaH.H':leH.HH paBeHeTBOM. 

<DMllbTpy10w;.11e eoep;.HHeH.HH (nony eoep;MHeHMR) eonoeTaBJIHIOT Ha6n10p;eH.HH 

TO':IHO TaK :>Ke, KaK M MyTMpy10w;.11e, HO Bll.HHIOT Ha Ha6JIIOp;eH.HH, a He Ha nepeMeH­

Hble. TaK.He eoep;.11HeHMR 6brnaIOT ABYX TMIIOB: 

• semi _join (x, y) - eoxpaHReT Bee Ha6JIIOp;eHMH B X, p;lIR KOTOpblX .HMeeT­

eR eoBnap;eH.He B y; 

• anti _join (x, y) - onyCKaeT Bee Ha6JIIOp;eH.HH B x , p;JIR KOTOpbIX MMeeTrn 

eoBnap;eHMe B y. 

Tionyeoep;.HHeHMH MoryT 6blTb IIOJie3Hbl np.11 o6paTHOM eonoeTaBJieH.H.H OT­

¢11JibTpOBaHHblX MTOfOBblX Ta6JIMI_\ e 11exop;HblMM eTpoKaM.H. Tipep;IIOJIO:>K.HM, Ha­

np.11Mep, ':ITO Bbl HalIIJI.H nepByIO p;eeRTKY Ha.116 onee nonynRpHbIX nyHKTOB Ha3Ha-

':leH.HR. 

top_dest <- flights %>% 
count (dest , sort = TRUE ) %>% 
head (10) 

t op_dest 
#> # A tibble : 10 x 2 
#> de st n 
#> <chr> <i nt> 
#> 1 ORD 17283 
#> 2 ATL 17215 
#> 3 LAX 16174 
#> 4 BOS 15508 
#> 5 MCO 14082 
#> 6 CLT 14064 
#> # ... with 4 more rows 

A Tenepb Bbl XOT.HTe HaMT.H Bee aB.Hapel1:ebl, COBepllleHHble B Op;.HH 113 3T.HX a3-

ponopTOB Ha3Ha':leHMR. Bbl MOflIM 6b1 eaMOeTORTeJibHO enpoeKTMpoBaTb nop;xop;H­

w;.11J1: ¢.HllbTp. 

flights %>% 
f~lter ( dest %in% top_dest$dest ) 

#> #A tibbl e : 141 ,1 45 x 19 
#> year month day dep_time sched_dep_time dep_delay 
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=> <int> <int> <int> <int> <int> <dbl> 
=> 2013 1 1 542 540 2 
=> 2 2013 1 1 554 600 - 6 
=> 3 2013 1 1 554 558 -4 
=> 4 2013 1 1 555 600 -5 
=> 5 2013 1 1 557 600 - 3 
=> 6 2013 1 1 558 600 - 2 
=> # . .. with l.4lle+0 5 more rows , and 12 mo r e variables: 
=> # arr_time <int> , sched_arr_t ime <i nt> , arr_delay <dbl> , 
=> # carrier <chr> , flight <int> , tailnurn <chr> , origin <chr>, 
=> # dest <chr> , air_time <dbl> , distance <dbl> , hour <dbl> , 
=> # minute <dbl>, time hour <dttm> 

0AHaKo TaKOIII IIOAXOA TPYAHO pacnpocTpaHMTb Ha cnyqaJII HeCKOJibKJ1X nepe­

_ 1eHHb1x. I1peAIIOJ10:>KJ1M, Hanp11Mep, '-ITO Bbl HalllJIJ1 10 AHei1 c Ha1160JiblllJ1M Bpe­

_ leHeM 3aAep:>KKJ1. KaK 6b1 Bbl cnpoeKT11poBan11 q)J1JibTp, 11cnoJib3YIOw;11JII nep eMeH­

Hbie year, month 11 day AJIR o6paTHoro conocTaBJieH11.R: c Ta6nm-'ei1 flights ? 
BMecTo 3Toro MO:>KHO 11cnoJib30BaTb nonycoeA11Hett11e, KOTopoe coeAMH.R:eT ABe 

Ta6JIJ11-'bI IIOA06Ho MyT11py10w;eMy COeAJ1HeHJ1IO, HO BMeCTO A06aBJieHJ1.il HOBblX 

TOJ161-'0B OCTaBJI.ileT x TOJlbKO B Tex CTpoKax, AJI.il KOTOpbIX HaXOAJ1TC.il COOTBeT­

TBJ1e B y . 

: l ights %>% 
semi_join (top_dest ) 

=> Joining, by = "dest " 
=> #A tibble: 14 1 ,145 x 19 
=> year month day dep_time 
=> <int> <int> <int> <int> 
=> 1 2013 1 1 554 
=> 2 2013 1 1 558 
=> 3 2013 1 1 608 

2013 
2013 
2013 

1 
1 
1 

1 
1 
1 

629 
656 
709 

sched_dep_time dep_delay 
<int> <dbl> 

558 - 4 
600 -2 
600 8 
630 - 1 
700 - 4 
700 9 

:!> 4 
> 5 
> 6 
> # 
> # 
> # 
> # 
> # 

... with l.4lle+05 more rows , and 13 more variables : 
arr_time <int >, sched_arr_time <int> , arr_delay <dbl> , 
carrier <chr> , flight <int>, tailnurn <chr>, origin <chr> , 
dest <chr> , air_time <dbl> , di stance <dbl>, hour <dbl> , 
minute <dbl> , time_hour <dttm> 

B rpa¢11l.feCKOM npeACTaBnett1111 nonycoeA11Hett11e BblrJIRAMT TaK (p11c. 10.10). 
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Puc. 10.10 

x 
I » ..... 

a.> ro 
~ I > 

ITiill 
~ 

Ba)l(eH JU11Ub caM ¢aKT HaJIJt1qJt1jJ: COOTBeTCTBMR; He MMeeT 3HaqeHMR, ,lJ;Jl.R: KaKO ­

ro 3JieMeHTa ttaxop;MTCR COOTBeTCTBMe. 3TO 03HaqaeT, qTO ¢MJibTpy10ru;ee coep;M­

tteHMe HMKorp;a tte p;y6nMpyeT cTpOKM, KaK ::>TO p;ena10T MY™PYIOIIJ;Me coep;MHeHMR 

(pMC. 10.11). 

Puc. 10.11 

x 
I » ..... 

a.> ro 
~ > 

1 xl 
2 x2 
2 x3 
3 x4 

11pRMOM rrpoTMBOIIOJIO)l(HOCTblO rronycoep;MHeHMR RBJI.R:eTCR aHmucoeOUHeHue. 

Otto coxpattReT CTpOKM, )J;JIR KOTOpbIX OTCYTCTByeT COOTBeTCTBMe (pMC. 10.12). 

Puc. 10.12 

AHTMCoep;MHeHM.R: IIOJie3Hbl B KaqecTBe cpep;CTBa p;MarHOCTMKM HeCOOTBeTCTBMM 

coep;MtteHMR. HarrpMMep, rrpM coep;MtteHMM Ta6Jim:J; flights M planes sac Morno 

6bI MHTepecosaTb, MHOfO JIM tta:Hp;eTCR aBMape:HcoB, JJ;JI.R: KOTOpbIX He HaxO)J;MTC.R: 

COOTBeTCTBMR no caMOJieTaM. 

flights %>% 
anti_join (planes , by = " tailnum" ) %> % 
count (tailnum, sort = TRUE ) 

254 "l aCTb II. noArOTOBKa AaHHblX 



=> ' A t ibbl e : 722 x 2 ., 
=> tailnum n 
=> <chr> <int> 
=> <NA> 2512 
=> 2 N725MQ 575 
=> 3 N722MQ 513 
=> 4 N723MQ 507 
=> 5 N713MQ 483 
=> 6 N735MQ 396 
=> # ... with 716 more rows 

Yn pa)KHeH lllR 

1. q TO 03HatiaeT 0TcyTcrn11e 6op ToBoro HOMepa ( ta i 1 n um) p;Jrn aB11apetica 

( flight)? qTO o6ru;ero HMeIOT 6opTOBbie HOMepa, )J;lUI KOTOpbIX OTCyTcTByeT 

cooTBeTCTByIOru;aJI 3a1111cb B Ta6nm.~e planes? (ITop;cKa3Ka: op;Ha rrepeMeHHaJI 

o6'hJICHJieT 90% Bcex rrpo6neM.) 

2. 0T¢HllbTpytiTe Ta6nmi;y flights, 'IT06bI orn6pa3J1Tb TOllbKO aBHapeMCbl, KO­

TOpbie Bbll107IHJIIOTCJI caMOJieTaMH, COBeprnHBilIHMH He Mettee 100 ITOJieTOB. 

3. 06'bep;HHHTe fuel economy: : vehicles 11 fuel economy : : common, 'IT06b1 

HaMTH ll:Hllib 3al1HCJ1, COOTBeTCTBy IOru;He caMbIM o6bI'IHbIM MOp;eJIJIM. 

4. Hatip;11Te 48 tiacoB (Ha rrpoTJI:>KeHHH Bcero rop;a), xapaKTep113yIOru;11ern HaH­

xyp;rnMM rroKa3aTeneM 3ap;ep:>KK11 petica. Hatip;11Te rrepeKpecTHbie p;aHHbie B Ta-

6nm .. ~e weather. 3aMetiaeTe JIM Bbl KaKyIO-JI1160 3aKOHOMepHOCTb? 

5. qTo p;enaeT BbI30B ¢ YHKI.J;HH anti join (flights, airports, by = 

c("dest" = "faa")) tell you? qTo p;enaeT BbI30B ¢YHKI.J;MM anti_ 

join(airports, flights, by= c("faa " = " dest") ) ? 

6. MO:>KHO 6bIJIO 6bI O:>KH)J;aTb, 'ITO Me:>Kp;y caMOJieTaMH M KOMITaHMJIMM cyru;e ­

CTBYIOT HeJIBHbie OTHOilieHHJI, ITOCKOllbKY ITOJieT Ka:>Kp;oro CaMOJieTa COBeprna­

eTCJI op;Hoti aB11aK0MrraH11eti . ITop;TBepp;11Te MJIM orrpoBeprHHTe 3TY r11n0Te3y, 

HCTI0llb3YJI HHCTpyMeHTbI, KOTOpbie Bbl M3YtfMlIM B rrpep;brp;yru;eM pa3p;ene. 

npo6neMblCOeAMHeHMH 
,Il;aHHbie, c KOTOpbIMH Mb! p a6oTaeM B 3TOM rnaBe, 6bIJIJ1 O'IMru;eHbI TaKHM o6-

pa30M, 'IT06hI y Bae B03HHKano KaK MO:>KHO MeHbrne rrpo6neM. ManoBepoRTHO, 

qT06bI Balli:H co6CTBeHHbie p;aHHbie 6bIJIJ1 TaKHMH :>Ke, M TI03TOMy, 'IT06bI Baum 
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eoe,n;r·rnemui: pa6oTaJIM rna,n;Ko, Bbl ,n;omKHbI npe,n;npMHMMaTb B OTHOllleHMM ,n;aH­

HblX onpe,n;eneHHbie MepbI. 

I. Ha'iHMTe e M,n;eHTMcpMKa~MM nepeMeHHblX, 06pa3yro~MX nepBM'iHbn1 KJIIO'i B 

Ka)K,n;OJ1 Ta6JIM~e. 06bl'iHO Bbl ,ll;OJI)l(Hbl 3 TO ,n;eJiaTb Ha OeHOBaHMM IIOHMMaHMJI 

eyn1 ,n;aHHblX, a He 3MIIMpMqeeKMM nyTeM, no,n;6MpaR KOM6MHa~MIO nepeMeH ­

HbIX, KOTopaR Morna 6b1 eJiy)KMTb yHMKaJib HblM M,n;eHTMcpMKaTopoM. EenM Bbl 

BCero JIMlllb npoeMaTpMBaeTe nepeMeHHbie, He 3ap;yMb1BaJieb Ha,n; TeM, 'iTO OHJ.1 

03Ha'iaIOT, TO BaM, B03MO)KHO, (He) IIOBe3eT, M Bbl Hal1,n;eTe KOM6MHa~MIO, YHJ.1 -

KaJibHYIO ,ll;JIR TeKy~MX ,n;aHHblX, HO B o6~eM CJIY'fae 3TO OTHOIIIeHMe MO)KeT He 

6bITb MeTMHHblM. 

HanpMMep, BbICOTa Ha,n; ypoBHeM MOpR M ,n;omoTa op;H03Ha'iHO M,n;eHTmlm~M­

pyroT Ka)K,ll;bIM a::iponopT, HO TaKyIO KOM6MHa~MIO BpR,n; JIM MO)KHO e'iMTaTb 

yp;a'iHblM M)J;eHTmpMKaTopoM! 

airports %>% count (alt , lon ) %>% f~lter ( n > 1) 
#> Source: l ocal data frame (0 x 3 ) 
#> Groups: al t (0) 
#> 
#> # ... with 3 variables: alt <int> , lon <dbl>, n <int> 

2. Y6e,n;MTeeb B TOM, 'iTO HM o,n;Ha M3 nepeMeHHblX B nepBM'iHOM KJIIO'ie He eo,n;ep­

)KMT oTeyTeTBYIO~Mx 3Ha'ieHMM. 0TeyTeTBYIO~ee 3Ha'ieHMe He MO)KeT M,n;eHTM­

qm~MpoBaTb Ha6JIIO)J;eHMe! 

3. Y6e,n;MTeeb B TOM, 'iTO BHeIIIHMM KJIIO'iaM eooTBeTeTBYIOT nepBM'iHbre KJIIO'iM 

B ,n;pyroM: Ta6JIM~e . JiyqIIIe Beero BbIIIOJIHRTb TaKYIO npoBepKy e IIOMO~bIO 

cpyHK~MM anti _j oin () . 06bl'iHO npM'iMHOM HeeOOTBeTeTBMR KJIIO'ieM JIBJIR­

IOTeR OIIIM6KM npM BBO,n;e ,n;aHHbIX. YeTpaHeHMe no,n;o6HblX OIIIM60K qaeTO eTO­

MT 6oJibllIMX Tpy,n;oB. 

ECJIM y Bae MMeIOTeR oTeyTeTBYIO~Me KJIIO'iM, TO Bbl ,n;OJI)l(Hbl 6blTb oeo6eHHO 

BHMMaTeJibHbl npM Bb16ope Me)K,n;y BHyTpeHHMMM M BHeIIIHMMM eoe,n;MHeHMR­

MM, T~aTeJibHO npop;yMbIBaR, eTOMT MJI M He eTOMT onyeKaTb eTpOKM, ,ll;JIR KO­

TOpblX He HaXO,ll;MTeR eOOTBeTeTBMR. 

Bbl ,n;oJI)KHbl oeo3HaBaTb, 'ITO npoeToM: npoBepKM KOJIM'leeTBa eTpoK ,n;o M noene 

eoe,n;MHeHMJI Ta6JIM~ e~e He ,n;oeTaTO'iHO ,n;nR Toro, 'iT06b1 YTBep)K,n;aTb, 'iTO eo­

e,n;MHeHMe npoIIIJIO rna,n;Ko. ECJIM y Bae MMeeTeJI BHyTpeHHee eoe,n;MHeHMe e HeyHM­

KaJibHblMM KJIIO'iaMM B o6eMx Ta6JIM~ax, TO BaM MO)KeT He IIOBe3TM B TOM eMbICJie, 

'ITO KOJIM'leeTBO ony~eHHblX eTpOK MO)KeT B TO'iHOeTM eoBnaeTb e KOJIM'ieeTBOM 

npo,n;y6nMpoBaHHblX eTpoK! 

256 4 aCTb II. noAroTOBKa AaHHblX 



nepal,\HH HaA MHO>KeCTBaMH 

I1ornep;HJ11M nm p;ByxTa6rrwrnhIX rnarorroB npe.n;Ha3Ha':leH .n;rr.a BbITIOJIHeHJ/lH 

epaQJ/lM Hap; MHO)l(eCTBaMJll. Boo6~e fOBOpH, OHJ/l JllCTIOllb3YIOTC51 pe)l(e .n;pyrJ11x, 

- 0 Jl!Horp;a OHJ/l MoryT 6hITb y.n;o6HbIMJll, eCJIJ/l Bbl XOTJl!Te pa36Jl!Tb O)l;JllH CJIO)l(HblM 

• llllbTp Ha 6orree npocTbi e qacTJ/l. Bee 3TJ/l onepaQJ/lJ/l pa60Ta10T c QeJihIMJ/l CTpo­

" O..\!Jll , cpaBHJ/lBaH 3Ha':leHJ/l51 Ka)l()l;OM nepeMeHHOM. I1pJ11Bep;eHHbie HJ/l)l(e cpyHKQJ/lJ/l 

OA<J1)l;aIOT, 'ITO BXO)l;Hble Ta6JIJl!Qbl x JI! y JllMeIOT O)l;HJ/l JI! Te )l(e nepeMeHHbie, JI! o6-

?a6aTbIBaIOT Ha6rr10.n;eHJ115I KaK MHO)l(eCTBa. 

~::-e r s ect (x , y) 

Bo3Bpa~aeT TOJibKO Ha6rr10.n;eHJ11H, co.n;ep)l(a~Jllec.a op;HoBpeMeHHO B x JI! y . 

.:..! ion (x, y ) 

Bo3Bpa~aeT yttJ11KaJihHh1e Ha6rr10.n;eHJ11H, co.n;ep)l(a~Jllec.a B x JI! y. 

setdiff (x, y) 

Bo3Bpa~aeT Ha6rr10.n;eHJ11H, co.n;ep)l(a~Jllern B x , HO He B y. 
IIycTb J11Me10Trn rne.n;y10~J11e npocTbie .n;aHHbie. 

:::1 <- t:c 2- bble ( 
-x , - y , 

1 , 1, 
2, 1 

:i:2 <- tribble ( 
-x , - y , 

1, 1, 
1 , 2 

Tor.n;a B03MO)l(HbI rne.n;y10~J11e ':leTbipe onepaQJl!Jll. 

_::~ersect (dfl , df2) 
=> # A tibble : 1 x 2 
=> x y 
=> <dbl> <dbl> 
=> 1 1 1 

= 3aMeTbTe , qTo MbI nonyqaeM 3 c TpOKM, a He 4 
.:::ion (dfl , df2 ) 
=> # A tibble: 3 x 2 
=> x y 
=> <dbl> <dbl > 
=> 1 1 2 
=> 2 2 1 
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#> 3 1 1 

Sctdiff (dfl , df2 ) 
#> # A tibble: 1 x 2 
#> x y 
#> <dbl> <dbl> 
#> 1 2 1 

Sctdiff (df2 , dfl ) 
#> # A tibble : 1 x 2 
#> x y 
#> <dbl> <dbl> 
#> 1 1 2 
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rnABA 11 

Pa6ora co crpoKaMM 
c noMO~blO naKera s tringr 

B 3TOM rnaBe Bbl nosHaKoMvtTecb c onepa~vtRMvt, nosBon.mo~vtMvt ocy~ecT­

BITRTb BCeB03MO)l(HOe MaHvinynvipoBaHvte cTpoKaMvt B R3b1Ke R. Bbl ysHaeTe o TOM, 

'HO co6oM npe,n;cTaBJIRIOT CTpOKVl VI KaK VIX MO)l(HO cos,n;aBaTb BpyqHyIO, HO OCHOB­

HOe BHvtMaHvte 6y,n;eT y,n;eneHo perynRpHblM Bb1pa)l(eHvtRM. KaK npaBvtJio, co,n;ep­

iKa~aRrn B CTpoKax vtH¢opMa~vtR He CTPYKTypvipoBaHa vinvi qacTwrno CTPYKTy­

pvipoBaHa, VI perynRpHbie Bblpa)l(eHvtR npe,n;naraIOT KOMnaKTHblM R3blK ,D;JIR onvica­

HMR cTpoKOBblX wa6noHoB. BnepBble yBvi,n;eB perynRpHoe Bb1pa)l(eHvie, Bbl MO)l(eTe 

n o,n;yMaTb, 'ITO 3TO pa6oTa Barnero KOTa, nporynRBrnerocR no KJiaBvtaType, HO no 

yiepe pa6oTbl c HMMM VIX CMbICJI npORCHMTCR ,/J;JIR Bae. 

Heo6xoA~Mble pecypcb1 

B 3TOM rnaBe Mbl c¢oKycvipyeM CBoe BHvtMaHvte Ha naKeTe stringr, rrpe,n;Ha-

3Ha'IeHHOM ,D;JIR MaHvinynvipoBaHVIR CTpOKaMvt. TiaKeT stringr He BXO,D;VIT B COCTaB 

R,n;pa 6vi6m10TeKvt tidyverse, HO noCKOJibKY pa6oTaTb c TeKCTOBblMVl ,n;aHHbIMJ1 npvt­

X0,1J;l1TCR He Bcer,n;a, Mbl ,D;OJI)l(Hbl RBHO sarpy)l(aTb ero. 

_::_brary (tidyverse) 
~ibrary (stringr) 

OcHOBbt pa6orb1 co crpoKaM1t1 
CTpoK11 MO)l(HO cos,n;aBaTb, vicnoJib3YR anocTpo¢b1 MJIM KaBbl'IKM. B R3bl­

Ke R, B OTJIW:!Me OT ,n;pyrvix R3bIKOB, 3TO HJ1KaK He BJIMReT Ha noBe,n;eH:vte CTpOK. 



eKOMeHp;yJO BCerp;a MCTIOJlb30BaTb KaBbll.fKM ( " ), eCJlM TOJlbKO Bbl He XOTMTe C03p;a ­

BaTb CTpoKy, KOTOpa.H cop;ep)l<I1T KaBbll.fKM. 

stringl <- "3TO CTpOKa" 
string2 <- '1:1T06bl BKJ1!0"111Tb "KaBblt.1Kl1" B CTPOKy, l1CITOJlb3yiiITe anocTpO!l>b! ' 

Ern11 Bbl 3a6yp;eTe BBeCTM 3aKpbIBaJO~Me KaBbll.fKM, TO YBM,ll;MTe CMMBO!l +, 03-

Hal.faJO~MM O:>KMp;aHMe npop;OJl:>KeHM.H BBOp;a. 

> "3TO CTpOKa 6e3 3aKpb!BaIOmeilr KaBblt.iKJI! 
+ 
+ 
+ ITOMOrMTE! H 3ACTPHfl 

0l.fyTMBUH1Cb B nop;o6HOM CMTyaQMM, Ha:>KMMTe KJlaBMUIY <Esc> M TIOTibITaw ­

TeCb noBTOPMTb BBop;! 

lfro6bl BKJllOl.fMTb B CTpOKY JlJIITepa!lbHblM anoCTpocp I1Jll1 KaBbll.fKM, MX MO:>KHO 

"::iKpaHMpoBaTb" CJIIMBOJlOM o6paTHOM KOCOM qepTbl ( \ ). 

double_quote <- "\"" # VlJIVl ' " ' 
single_quote <- '\'' # Jl!JIJI! " '" 

3To 03Hal.faeT, l.fTO eCJlJII Bbl XOTJIITe BKJllOl.fJIITb B CTpoKy m1Tepa!lbHblM CJIIMBOJl 

o6paTHOM KOCOM qepTbl, TO ,ll;OJl:>KHbl npop;y6nMpoBaTb ero: "\ \ " . 

J1MeHTe B BMp;y, l.fTO nel.faTHOe npep;cTaBJleHMe CTpOKM - 3TO He TO :>Ke caMoe, 

l.fTO caMa CTpoKa, TIOCKOJlbKY nel.faTHOe npep;CTaBJleHJIIe OT06pa:>KaeT pe3yJlbTaTbl 

3KpaHMpoBaHMR CMMBOJlOB. lfro6br YBMp;eTb "cb1poe" cop;ep:>KMMoe CTpOKM, MC­

TIOJlb3YMTe cpyHKQMIO wri teLines () . 

x <- c ("\"" , "\\" ) 
x 
#> [l] " \ "" " \\ " 
writeLines (x ) 
#> " 
#> \ 

Cy~ecTByeT MHO:>KecTBo p;pyrnx cneQMaJlbHblX CMMBOJlOB. Ha116onee pacnpo­

CTpaHeHHblMJII JII3 HJtIX RBJlRJOTCR CJIIMBOJlbl 11 \n" (nepesop; cTpoKM) 11 11 \t 11 (cMM­

BOJl Ta6ynRQI1I1); Bbl CMO:>KeTe ys11p;eTb JIIX TIOJlHblM CTIMCOK, Bbl3BaB cnpaBKY KO­

MaHp;o:H ? ' " ' M!lM ? " ' " . KpoMe Toro, MHorp;a BaM BcTpeTRTCR cTpoKJII Hanop;o611e 

"\u00b5" , MCTIOJlb3yeMble B Kal.feCTBe cnoco6a 3aTIJIICJII CMMBOJlOB, He BKJlJOl.feHHblX 

B JlaTMHCKJIIM ampaBMT. 

x <- "\u00b5" 
x 
#> [l] "µ" 
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,UJUI coxpattemrn cpa3y HeCKOJibKJ1X CTpOK '-IaCTO J1CIIOJib3YIOT CJ1MBOJibHbie 

3CKTOpbl, KOTOpble C03p;aIOTC51 c IIOMOUJ;blO cpyHKL\J1J1 c ( ) . 

- "one " , " two " , " three " ) 
=> [1] "one" "two" "three" 

m.'1Ha CTpOKlil 

B 6a30BbIM KOMIIJieKT R BXO,D;MT MHOro cpyttKu;MI1 ,D;JIH pa6oTbI co cTpoKaMM, HO 

_!bl 6yp;eM CTapaTbCH J136eraTb J1X J1CIIOJib30BaHJ151 BBJ1,D;Y Hep;ocTaTO'lHOM rrpop;y­

_taHHOCTJ1 MX tta3BaHJ1i1, 'ITO 3aTpyp;ttHeT Mx 3arroMJ1HaHJ1e. BMecTo 3Toro MbI 6y­

J:eM J1CIIOJib30BaTb cpyttKL\J1J1 J13 rraKeTa stringr. Mx MMetta J1HTYJ1TJ1BHO rroHHTHbl, 

11 Bee OHM tta'lMHaIOTrn c rrpecpMKca str _. HarrpMMep, cpyttKu;MH s tr_ length () 
B03Bpaw;aeT KOJIJ1'leCTBO CJ1MBOJIOB B CTpoKe . 

.s:.c_length (c ( "a " , "R for data science " , NA)) 
=> [1] 1 18 NA 

06w;m1 rrpecpMKC str OKa3bIBaeTC51 oco6eHHO IIOJie3HblM, eCJIJ1 Bbl J1CIIOJib3y­

eTe RStudio, rrocKOJibKY BBOp; CMMBOJIOB s t r_ 3arryCKaeT c p ep;cTBo aBT03aBeprne­

HJ1H BBOp;a, II03BOJI5IIOUJ;ee YBM,D;eTb Bee ¢YHKL\J1J1 stringr (pl1C. 11.1). 

> ·, str _c 
> 

> 
str_conv 

> str_count 
> str_detect 
> str_dup 
> str_ext ract 
> 
> str_ext ract 

> str -1 
all 

str_c( . . . , sep ="",collapse= NULL) 

To understand how str c works, you need to imagine that you are 
building up a matrix of strings. Each input argument forms a 
column, and is expanded to the length of the longest argument, 
using the usual recyl ing rules. The sep string is inserted between 
each column . If collapse is NULL each row is collapsed into a single 
string . If non-NULL that string is inserted at the end of each row, 
and the entire matrix collapsed to a single string. 

Press Fl for additional help 

Puc. 11.l 

qT06bI o6'he,D;J1HJ1Tb p;Be J1JIJ1 6oJibIIIee 'lJ1CJIO CTpOK, J1CIIOJib3YMTe cpyHKL\J1IO 

str _ c () . 

.s:.c_c ( "x 11
, "y" ) 

=> [1 ] "xy" 
st.r_c ( "x ", "y ", "z ") 
-> [1] "xyz " 

ApryMeHT sep II03BOJI51eT 3ap;aTb CJ1MBOJI, KOTOpbIM 6yp;eT OT,D;eJIHTb CTpOKJ1 

op;Hy OT .n;pyroi1: IIOCJie J1X o6'be,D;J1HeHJ151. 
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str_c ("x" , "y" , sep = ", " ) 

#> [1] "x, y" 

KaK 11 B rnyqae 6oJibllIJ1HCTBa Apyr11x cpyttK11,11J1: R, OTcyTcrnyioru,11e 3Haqemrn 

cq11TaIOTCJI "11ttcpeK11,11eJ1:''. Ecrr11 Bbl xoT11Te, qT06h1 OHJ1 BbIBOAJ1JIJ1Cb KaK "NA", J1C­

noJib3YMTe cpyttKU,J1IO str _replace _na () . 

x <- c ("abc" , NA) 
str_c ("I-" , x , "-I" ) 
#> [l] " 1- abc- I" NA 
str_c ("I-" , str_replace_na (x ) , "- I" ) 
#> [ l] " I - abc- I " " I - NA- I " 

KaK CJieAyeT 113 n p eAbIAyru,ero KOAa, cpyttKU,J1JI str _ c () BeKTOp 1130BaHa J1 aB­

TOMaT11qeCKJ1 "3au,11KJI11BaeT" KopoTKJ1e BeKTOpb1 no AJIJ1He caMoro AJIJ1Httoro BeK­

Topa. 

slr_c ("prefix-" , c ("a" , "b" , "c" ), "-suf fix" ) 
#> [l] "prefix- a - suffix" "prefix-b-suffix" "pre fix-c-suffix" 

OfrbeKTbI AJIJ1HOJ1: 0 onyCKaIOTCJI. 3ToJ1: B03MO)f(HOCTbIO oco6 eHHO YA06Ho 

TIOJib30BaTbCJI B coqeTaH1111 c onepaTopoM if. 

name <- "Hadley" 
time_of_day <- "morning" 
birthday <- FALSE 

str_c ( 
"Good " , time_of_day , " " , name , 
if (b i rthday ) " and HAPPY BIRTHDAY" , 

" " 
) 

#> [1) "Good morning Hadley . " 

,UrrR CBepTbIBatt11JI cTpoKoBoro BeKTopa B OAHY CTpoKy 11cnoJib3yJ1:Te cpyttKU,J1IO 

collapse () . 

str r:: (c ("x" , "y" , "z" ), collapse 
#> [l] "x, y , z" 

l1bsne"leH111e nOACTpOK 

", " ) 

,UrrJI J13BJieqeHJ1JI noAcTpOK 11cnoJib3YMTe cpyHKll,J1IO str _sub () . H apRAY c ca­

MOM CTp OKOM cpyHKll,J1JI str - sub () np11HJ1MaeT apryMeHTbl start J1 end, npeAO­

CTaBJIJIIOlll,J1e HaqaJibHYIO J1 KOHeqHyIO Il03J111,J1J1 IlOACTpOKJ1 (rpaH J111,bl BKJIIO'laIOT­

CJI B TIOACTpOKy). 
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<- L. ( "Apple" , " Banana" , ' Pear " ) 
sub (x , 1 , 3 ) 

=> 1] " App " " Ban " "Pea " 

: ~~P~UaTenbHbIM q~cnaM COOTBeTC TByeT OTcqeT c RO HUa CTpOK~ 

__ s~b (x , - 3, -:.. ) 
= 1] "ple " "ana " " ear " 

0 6pan1Te BHMMaHMe Ha TO, ':!TO cpyHK~J15I ycneurno BbITIOJitt5IeTC5I p;a:>Ke ,ll;JIJI 

: 1 11WKOM KOpOTKMX CTpoK; B 3TOM rnyqae Otta B03Bparn;aeT nop;cTpOKY MaKCM­

!aJl bttO B03MO:>KttOM ,ll;lIYtHbl. 

__ sub ( "a" , ::. , 5 ) 

=> [ 1] "a " 

<DyttK~MIO str - sub () M O:>KHO Jt1CTIOJib30BaTb B cpopMe np11cBaMBaHJ15I ,ll;ll5I Jt13-

!ettettlt15I CTpOK. 

~- _sub ( x , 1 , 1 ) <- s:.r_•c :...:,-·:er ( s : r _sub (x , 1 , 1)) 

=> [ l] " apple " " banana " "pear " 

Pattee MbI y :>Ke MCTIOJib 30 BaJIM cpyttK~MIO str to lower ( ) p;JIJI npeo6pa3oBa­

Hl1R TeKcTa B ttM:>KHMM per11c Tp. B R TaK:>Ke npep;y cMOTpettbI cpyttK~MM str _ to_ 

-~per ( ) 1t1 str _ to_ title ) ; n epBaJI 113 HMX npeo6pa3yeT TeKcT B Bepxtt11J.1 pe­

mcrp, a BTopaJI p;eJiaeT nepBy IO 6 y KBY Ka:>Kp;oro cJioBa nponttctto:il!. Op;ttaKo M3-

- 1e ttett11e per11crpa 6yKB - He TaKaJI npoc TaJI onepa~MR, KaK MO:>KeT noKa3aTbCJI, 

n ocKOJibKY B pa3JIM':!HbIX JI3hIKax p;JIJI 3Toro c yrn;eCTBYIOT pa3Hbie npaBMJia. Bb16op 

tty:>Kttoro tta6opa npaBMJI ocyrn;eCTBJIJieTCH c TIOMOlll;blO JIOKaJieJ.1. 

B TypeUKOM R3bIKe li!MeIOTCR ,[{Be 6yKBbl i ( c TOYKOl1 YI 6e3 TOYKlil) ' 
Iii K Hli!M npii!MeHRIOTCR pa3Hble npaBl1Jia npeo6pa30BaHli!R 
CTpOYHb!X 6yKB B npOTIMCHble 
::_to_·J.pe.::- ( c ( " i " , 11 1 11

) ) 

=> [l ] " I " " I " 
__ to_upper (c ( "i" , 11 1 11

), locale 
=> [l] "I" " I " 

"tr" ) 

,IJ:aHHaJI JIOKaJib onpep;eJieHa B COOTBeTCTBMM co CTaHp;ap TOM 513bIKOBbIX KO,ll;OB 

0 639, KOTOpbie npep;cTaBJIJIIOT co6o:il! p;Byx- MJIM Tpex6yKBeHHbie COKparn;ettMJI. 

E cn 1t1 Kop; tty :>Kttoro JI3bIKa BaM tteM3BecTett, MO:>KeTe ttaMTM ero B 11cqep nbrna10rn;eM 

nttcKe, np11Bep;ettttOM B B 1t1K1t1n ep;111t1 : 

~ctps://en . wi kipedia . org/wiki/List_of ISO 639- 1 codes 
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Ecm1 110KaJib He 3ap;aHa, cpyHKI.J;J·rn: MCTIOJib3yeT TeKyrn;y10 110Ka11b, npep;ocTaBJUl­

eMYJO Barnefl: onepau;MOHHOM CMCTeMOM. 

)J;pyrofl: Ba)KHOM onepau;MeM, Ha KOTopy10 BJIMR:eT JIOKaJib, HBJIHeTCH copTH­

poBKa. Ba30Bble cpyHKJJ;MM R order () M sort () copTMPYIOT cTpoKM, MCTIOJib3YR 

TeKyrn;y10 JIOKaJib. EcnM Bbl XOTMTe o6ecne'IMTb ycTOM'IMBOe TIOBep;eHMe KOp;a. 

He 3aBMrnrn;ee OT KOMTibIOTepa, Jt1CTIOJib3YMTe cpyHKJJ;MJtI str _sort () J,1 str 
order () ,npMHMMaIOrn;Jtie )];OTIOJIHMTeJibHbl M apryMeHT locale. 

x <- c ("apple" , "eggplant" , "banana" ) 

str_sort (x , locale = "en" ) #English 
#> [l) "apple" "banana" "eggplant" 

str_sorL (X, locale = "haw" ) #Hawaiian 
#> [1) "apple " "eggplant" "banana" 

Ynpa>1<HeH11u1 

I. B Kop;e, B KOTOpOM He MCTIOJib3YIOTCH cpep;cTBa naKeTa stringr, BaM 6yp;yT qa­

CTO BCTpe'IaTbCH cpyHKJJ;MM paste () M pasteO () . B ':leM pa3JIM':ll1e Me)Kp;y 

HJtIMJtI? KaKJtIM cpyHKJJ;JtIHM stringr OHM 3KBJtIBa11eHTHb1? KaKOBbl pa3JIJtI'IJtIH 

B o6pa6oTKe 3TJtIMJtI cpyHKJJ;MHMl1 3Ha':leHJtIM NA? 

2. 0nJtIIlll1Te CBOl1MJtI CJIOBaMl1 pa3JIJtI'IJtIJI Me)Kp;y apryMeHTaMJtI sep JtI collapse 
cpyHKJJ;Jtil1 str _ c () . 

3. J1cno11b3yfl:Te cpyHKJJ;JtIJtI str _length () JtI str _sub () p;nH JtI3BJie':leHJtIJI cpe,n;­

Hero CJtIMBOJia cTpOKJtI. KaK Bbl nocTynMTe, ecJIM cTpoKa cop;ep)Kl1T ':leTHoe KO­

Jil1'IecTBo CJtIMBOJIOB? 

4. qTo p;enaeT cpyHKJJ;MH str _wrap () ? B KaKJtIX rnyqaJIX OHa MO)KeT BaM noTpe-

6oBaTbCJI? 

5. qTO p;enaeT cpyHKJJ;JtIH str _trim () ? KaKaH cpyHKJJ;JtIR HBJIR:eTCJI npHMOM npo­

TJtIBono11o)KHOCTbIO cpyHKJJ;l1Jt1 str _trim () ? 

6. HanMillMTe cpyHKJJ;MIO, KOTopaJI npeBparn;aeT, HanpMMep, BeKTop c ( 11 a", 11 b 11
, 

11 c 11
) B cTpoKy a, _ b, and c. Trn;aTeJibHO o6p;yMafITe, 'ITO oHa p;OJI)KHa p;e11aTb B 

rnyqae nepep;a':IM efl: BeKTopa p;JIJtIHOM 0, 1 JtIJIM 2. 
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O"CK COOTBeTCTBMff wa6noHaM c nOMO°"blO 

erynHpHblX Bblpa>KeHMM 

PeryJU1pHb1e Bb1pa)Kemu1 - 3TO qpe3Bbll.J:aiii:Ho rraKOHMl.J:Hbliii: JI3blK, nosBOJIJI­

- 11\MM OTIMCbIBaTb CTpOKOBble rna6JIOHbl. c HenpMBbll.J:KM MX BM,ll; MO)KeT ,ll;OBeCTM 

- c ,n;o fOJIOBOKpy)KeHMJI, HO TIOHJIB, KaK OHM pa6oTaIOT, Bbl o6Hapy)KMTe, l.J:TO OHM 

q eHb TIOJie3Hbl. 

~JIJI nepBOHal.J:aJibHOfO 3HaKOMCTBa c peryrrJipHblMM Bblpa)KeHMJIMM Mbl MC­

-oJib3yeM cpyHKD;MM str vi ew ( M str _view_ all () ) KOTOpbie npMHMMaIOT B 

··aqecTBe apryMeHTOB CMMBOJibHblM BeKTOp M peryrrJipHoe Bblpa)KeHMe M p;eMOH­

:TpMpyIOT, l.J:eMy OHM COOTBeTCTBYIOT. Hal.J:HeM c Ol.J:eHb npOCTbIX peryrrJipHblX Bbl­

- aMeHMM, a 3aTeM 6y,n;eM TIOCTeneHHO MX ycJIO)KHJITb. ITocrre Toro KaK Bbl OCBOMTe 

0 HOBHble cnoco6b1 TIOMCKa COOTBeTCTBMM sa,n;aHHOMY rna6rrotty, Mb! nepeiii:,n;eM K 

MMeHeHMIO 3TMX M,n;eiii: c TIOMOiu;blO pa3JIMl.J:HblX cpyHKD;MM. 

6a30Bble COOTBeTCTBVIR 

ITpocTeiii:rnMe rna6JIOHbI B TO'"IHOCTM COOTBeTCTBYIOT CTpoKaM (pMc. 11.2). 

x <- c ("apple ", "banana " , "pear" ) 
::::c_view (x , "an " ) 

apple 

banana 

pear 
Puc. 11.2 

Crre,n;yrow;Mill no Mepe BospacTaHMJI CJIO)KHOCTM rna6rroHa 3JieMeHT - TOl.J:Ka 

• ), KOTOporl! COOTBeTcTByeT JII06oiii: CMMBOJI (KpoMe CMMBOJia nepeBo,n;a CTpOKM) 

pMC. 11.3). 

::: :c_view (x , " .a . " ) 

apple 

banana 

pear 
Puc. 11.3 
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Ho eCJrn TO'fKe COOTBeTcTByeT mo6o:H CJ1MBOJI, TO KaKOMY rna6JIOHY 6y,n;eT co­

OTBeTCTBOBaTb caM CMMBOJI TO'IKJ1 ( • ) ? B TaKOM cnyqae Heo6xo,n;MMO 3KpaHMpo­

BaTb CJ1MBOJI TO'IKJ1, KOTOpbIM MHcpopMMpyeT TIO,ll;CJ1CTeMy perymrpHblX Bbipa)l(e­

HJ1M 0 TOM, 'ITO B ,n;aHHOM cnyqae OH J1CTIOJih3yeTC51: He B Ka'feCTBe cneu,MaJibHOro 

CMMBOJia, a B Ka'feCTBe JIMTepana, Tpe6y10rn.ero TO'fHoro coBna,n;eHMR. B perynRp­

HhIX Bbipa)l(eHJ1J!X, KaK J1 B CTpoKax, ,ll;JIJ! 3KpaHMpoBaHJ15! ( OTMeHbI) cneu,MaJibHO­

ro noBe,n;eHMJ! J1CTIOJih3yeTrn CMMBOJI o6paTHo:H Koco:H qepTbI ( \ ). Cne,n;oBaTeJib­

HO, B Ka'feCTBe rna6JioHa ,ll;JIJ! HaxO)l(,D;eHJ15! CJ1MBOJia • Bbl ,ll;OJI)l(Hbl J1CTIOJib30BaTb 

perynRpHoe Bhipa)l(eHMe \ • . K co)l(aJieHMIO, 3TO co3,n;aeT HeKOTOphle Hey,n;o6cTBa. 

,UnR npe,n;cTaBlleHJ15! perynRpHbIX Bb1pa)l(eHJ1M Mbl J1CTIOllb3YeM CTpOKJ1, B KOTO­

pbIX ,ll;lIJ! 3KpaHl1pOBaHJ15! CJ1MBOJIOB TaK)l(e J1CTIOllb3YeTCJ! CJ1MBOJI \ , TI03TOMY ,ll;lIJ! 

C03,ll;aHJ15! perynRpHoro Bbipa:>KeHMJ! \ • Mbl ,ll;Oll)l(Hbl J1CTIOllh30BaTb CTpoKy If\\ . " 
(pl1C. 11.4). 

# ~nR co3uaHMR perynRpttoro Bb:rpa~eHMR cneuyeT 
# MCDOflb30BaTb CMMBOflhl \\ 
dot <- " \\ ." 

# Ho caMO Bb!pa~eHMe couep~MT TOflbKO OllMH TaKOM CMMBOn 
writeLines (dot) 
#> \. 

# A B 3TOM Bb:rpa~eHMM 3auaeTCR COOTBeTCTBMe 
# flMTepanbHOMY CMMBOny "." 
str_view (c ("abc " , "a . c " , "bef " ) , "a\\ . c " ) 

abc 

a.c 

bef 
Puc. 11.4 

EcnM CMMBOlI \ MCTIOllb3yeTcR B perynRpHhIX Bb1pa)l(eHM5!X B Ka'feCTBe 3Kpa­

HMpy10w.ero CJ1MBOJia, TO KaKOMY perynHpHOMY Bbipa)l(eHJ1IO 6y,n;eT COOTBeTCTBO­

BaTb lIMTepan \ ? KoHe'fHO )Ke, co3,n;aBaJ1 ,n;nR Hero perynHpHoe Bbipa)l(eHMe, ero 

cne,n;yeT 3KpaHMpoBaTh: \ \ . Ho npM co3,n;aHMJ1 MCKOMoro perynHpHoro Bbipa)l(eHMJ! 

Mbl ,ll;Oll)l(Hbl J1CTIOllb30BaTh CTpoKy, KOTopaR TaK)l(e Hy>K,n;aeTC5! B 3KpaHl1pOBaHJ1J1 

CJ1MBOJia \ . 3TO 03Ha'faeT, 'ITO B perynHpHOM Bbipa)l(eHJ1J1, KOTopoMy 6y,n;eT co­

OTBeTCTBOBaTb e,n;MHCTBeHHhIM JIJ1TepaJibHbIM CJ1MBOJI \ , HaM npM,n;eTCJ! 3aTIJ1CaTb 

'feTbipe TaKMX CMMBona: "\ \ \ \" (pMc. 11.5). 
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<- "a\\b" 
_.:.:eLines (x) 

=> a\b 

:::_view (x , "\\\\ " ) 

a\b 
Puc. 11 .5 

B 3TOM KHMre MbI 6y,n;eM 3aTIMCbIBaTb perym1p ttb1e Bbipa)J(eHMJI KaK \ • , a cTpo-

1, npe,n;cTaBnHIO~Me 3Tlil Bbipa)J(eHMJI, - KaK 11 
\ \ • 

11
• 

Ynpa>1<HeH11111 
1. 06'bJICHJilTe, TIO'ieMy Hlil O)J;Ha J,13 3TlilX CTpOK He COOTBeTCTByeT perynHpHOMY 

Bbipa)J(eHMIO \ : 11
\

11
, " \ \ " , " \ \ \ " . 

2. KaKOMY perynHpHOMY Bbipa)J(eHMIO COOTBeTCTByeT nocne,n;oBaTeITbHOCTb CMM­

BOITOB II'\? 

3. KaKMe rna6noHbI 6y,n; y T cooTBeTCTBOBaTb perynHpHoMy Bbipa)J(eHMIO 

\ •• \ •• \ •• ? KaKoBo cTpOKOBoe npe,n;cTaBneHMe 3Toro perynHpttoro Bbipa­

)J(eHMJI? 

ITo yMon'iaHMIO perynHpHbie Bb1pa)J(eHMJI 6y,n;yT MCKaTb c0Bna,n;em1e c n106ol1 

'iaCTblO cTpOKM. Bo MHOrMx cny1rnHx B perynHpHbIX Bbipa)J(eHMHX y,n;o6tto 11cnonb-

30 BaTb no311_q110HHb1e rrpMBH3KM, TaK Ha3brnaeMhie JlKopH. B qacTHOCTM, ,n;mi no-

11c Ka COBIIa,n;eHJilM c TeKCTOM, pacrrono)J(eHHblM B Ha'iane MITH B KOH.qe CTpOKM, I1C­

f10 ITb3YIOTCJI cne,n;y10~Me CMMBOITbl (pI1C. 11.6 I1 11. 7): 

• /\ (KpbIIlIKa, QI1pKyMcpneKc) - COBna,n;aeT c Ha'ianoM CTpOKM; 

• $ (p;onnap) - COBna,n;aeT c KOHQOM CTpOKM. 

x <- c ("apple " , "banana" , "pea r" ) 
str_view (x, " Aa " ) 

apple 

banana 

pear 
Puc. 11.6 
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str_ view (x , "a$" ) 

apple 

banana 

pear 
Puc. 11.7 

qT06bI 3aIIOMHI1Tb, 3a 'ITO OTBe'!aeT Ka:>Kp;bn1: I13 3TMX CMMBOJIOB, BOCIIOJlb3YM­

TeCb CJiep;yIOI.QI1M MHeMOHM'!eCKMM rrpaBI1JIOM: BbICOKOe IIOJIO:>KeHI1e B uepapXI111 

( " ) Bcerp;a rrp11Bop;MT K p;eHbraM ( $). 

qT06bI rrpMHY)J;MTb perymi:pHoe Bbipa:>KeHMe K COBrrap;eHM5IM TOJlbKO c QeJIOM 

CTpOKOM, MCIIOJlb3YMTe o6a 5IKOp5I, /\ I1 $ (puc. 11.8 }II 11.9). 

x <- c ("apple pie" , "apple" , "apple cake " ) 
str_view (x , "apple" ) 

str view (x , " "apple$" ) 

apple p1e 

apple 

appl e cake 
Puc. 11.8 

apple p1e 

apple 

apple cake 
Puc. 11.9 

~JIH Haxo:>Kp;eHI1JI COBrrap;eHI1M Ha rpaHI1Qax CJIOB MO:>KHO I1CIIOJlb30BaTb JIKOpb 

\b. MbI pep;Ko rroJib3yeMcH MM B R, HO MHorp;a ucrroJib3yeM B rrpoQecce pa6oThI 

B RStudio, Korp;a XOTMM Hai1TM cpyHKq1110 , MMJI KOTopoi1: Bxop;11T B MMeHa p;pyrnx 

cpyHKqMi1: . Harrp11Mep, MbI 6yp;eM ucrroJib30BaTb perynHpHoe Bb1pa:>Kem1e \bsum 

\b, '!T06b1 M36e:>KaTb coBrrap;eHI15I c MMeHaMI1 cpyHKQMM summarize, summary, 

rows um M T.rr. 
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npa>1<HeH111R 

K aKoe p erym1pHoe Bb1pa)l(em1e Bbl 11CTIOJib30Bam1 6b1 p;rn1 no11cKa rr11Tep arrb­

HoI1 CTpOK11 "$"$"? 

0 6paT11Bllll1Cb K CTI11CKY q aCTO BCTpe'IaIOll111XCJI CJIOB stringr: : words , C03-

p;aI1Te peryrr51pHoe Bblpa)l(eH11e, TI03BOJ151IOlilee HaX0,!1;11Tb CJIOBa, KOTOpb1e: 

a) Ha'!11HaIOTCJI c 6yKBbl " y "; 

6) OKaH'!l1BaIOTCJI Ha 6yKBY "x"; 

B) COCTOJIT poBHO 113 Tpex 6y KB (He TiblTaI1TeCb CX11Tp11Tb, 11CTI0Jlb3Y51 cpyHK­

IJ;l1IO str _length () ); 

r) COCTOJIT 113 ceM11 11 6orree 6y KB. 

llocKOJlbKY 3TOT CTI11COK O'!eHb ,!l;Jll1HHblM, BaM, B03MO)l(H0, 6yp;eT yp;o6Ho 

11CTIOJib30BaTb apryMeHT match cpy HKn;1111 str _ view () , '!T06b1 oTo6pa)l(aTb 

TOJlbKO CJIOBa, COBnap;aIOll111e 11!111 He COBnap;aIOll111e c peryrr51pHblM Bb1pa­

)l(eH11eM. 

CvtMBOnbHble Knaccb1 111 llepeAOBaHvtR 

CylileCTByeT p51,!1; cnen;11aJibHblX llia6JIOHOB, KOTOpblM COOTBeTCTByeT He TOJlbKO 

·aKOM-H116yp;b 0,!1;11H Cl1MBOJ1. c O,!l;Hl1M 113 Hl1X Bbl y)l(e 3HaKOMbl - 3TO Cl1MBOJ1 

- TO'!Ka" ( . ), KOTOpblM COBn ap;aeT c JII06blM Cl1MBOJIOM, KpoMe Cl1MBOJia nepeBop;a 

-ypoK11. CylileCTBYIOT TaK)l(e 'IeTblp e p;pyrnx norre3HblX c11MBorra: 

• \d - coBnap;aeT c rrI06oI1: n;11cpp oI1:; 

• \s - COBnap;aeT c JII06blM n po6eJibHblM Cl1MBOJIOM (npo6err, Cl1MBOJ1 Ta6y­

J15111;1111, nepeBO,!l; CTpOK11); 

• [ abc] - coBnap;aeT c a, b 11!111 c ; 

• [ "abc] - coBnap;aeT c rrI06bIM c11MBOJIOM, KpoMe a, b 11!111 c . 

BcnoMH11Te, 'ITO np11 co3p;aH1111 peryrrRpHoro Bb1pa)l(eH11J1, cop;ep)l(alilero nop;­

Bbrpa)l(eH11e \d 11!111 \s , Tpe6yeTCJI 3KpaH11pOBaTb Cl1MBOJ1 \ B CTpOKe, KOTopa51 

.10Jl)l(Ha BblfJIJl~eTb TaK: "\ \d" 11!111 "\ \s" . 

lJepeooaaHue (alternation) 06ecneq11BaeT B03MO)l(HOCTb Bb16opa arrbTepHaT11B­

HbIX Bap11aHTOB llia6rroHa. Hanp11Mep, qepep;oBaH11IO abc I d .• f 6yp;eT cooTBeT­

TBOBaTb cTpoKa "abc" 11!111 "deaf" . YqT11Te, '!TO cnen;11aJibHblM c11MBOJI I 11Me­

eT Hl13Kl1tt np11op11TeT, TaK 'ITO Bb1pa)l(eH11e abc I xyz coBnap;eT c abc 11!111 xyz , 

HO He c abcyz 11!111 abxyz. KaK 11 B crryqae MaTeMaT11qecK11x Bb1pa)l(eH11I1, ecrr11 y 
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Bae eCTb COMHeHJ1JJI OTHOCMTeJibHO rrpuopMTeTa 3/IeMeHTOB, J1CIIOJib3YMTe KpyrJibie 

CK06KJ1 p;mI Toro, 'IT06bI rrp05ICHJ1Tb CBOM HaMepemrn (puc. 11.10). 

str_qiew (c ("grey" , "gray" ) , "gr(e la)y " ) 

Ynpa>KHeH111S1 

grey 

gray 
Puc. 11.10 

1. Co3p;aJi!Te perynJipHoe Bb1pa>KeHMe ,D;JIJI Haxo:>Kp;eHMJI Bcex CJIOB, KOTopb1e: 

a) Ha'IMHaIOTCJI c rnaCHOM; 

6) cop;ep>KaT TOJibKO cornacHbie (rrop;cKa3Ka: rrop;yMar1Te Hap; corrocTaBJieHMeM 

c "He rnaCHbIM11"); 

B) OKaH'IJ1BaIOTCJI Ha ed, HO He Ha eed; 

r) oKaH'IMBaIOTCJI Ha ing MJIJ1 ize; 

2. ITpoBepbTe orrbITHbIM rryTeM co6JIIOp;eH11e rrpaB11Jia " i rrepep; e, KpoMe rnyqaeB, 

Korp;a i rrorne c"; 

3. Bcerp;a JIM 3a "q" rnep;yeT "u"? 

4. Harr11IU11Te peryJIJipHoe Bbipa>KeHJ1e, KOTopoe COBrrap;aeT co CJIOBOM, ecm1 OHO, 

BepoJITHO, Harr11caHO Ha 6pMTaHCKOM aHflIMMCKOM, a He Ha aMep11KaHCKOM aH­

flIJ1MCKOM. 

5. Co3p;ar1Te perynJipHoe Bb1pa>KeH11e, KOTopoe 6yp;eT coBrrap;aTb c TenecpoHHhIMM 

HOMepaMJ1, 3aIIJ1CaHHbIMJ1 B rrp11HJITOM B Barnett CTpaHe cpopMaTe. 

nosropeH 111sw 

Cnep;yIOrn,11r1 ypoBeHb CJIO)KHOCTJ1 perynRpHbIX Bb1pa>KeH11r1 BKJIIO'IaeT 11crroJih-

30BaH11e crreu;11aJibHbIX CJ1MBOJIOB (KBaHT11¢11KaTopoB), II03BOJIJIIOIIl,J1X yrrpaBJIJITb 

TeM, CKOJibKO pa3 MO>KeT BCTpe'IaTbCJI rrpep;wecTBYIOIIl,J1M CJ1MBOJI J1JIJ1 Bbipa>Ke­

HJ1e, 'IT06bI COBrrap;eH11e C'IMTaJIOCb ,D;OCT11rHYTbIM (p11c. 11.11, 11.12 J1 11.13): 

• ? - 0 11JI11 1 pa3; 

• + - 1 11n11 6onee pa3; 

• * - 0 11JI11 6onee pa3. 
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x <- " 1888 is the longest year in Roma n numera l s : MDCCCLXXXVIII " 
: __ -1iew (x , " CC? " ) 

~888 is the longest year in Roman numerals: MDCCCLXXXVIII 
Puc. 11-11 

-:::_view (O, " CC+ " ) 

1888 is the longest year ln Roman numerals: MDCCCLXXXVIII 
Puc. 11 .12 

.::::::_view (x , ' C[LX)+ ' ) 

1888 is the longest year ln Roman numerals: MDCCCLXXXVIII 
Puc. 11 .13 

06panne BHJ1Mam1e Ha TO, '-ITO 3TJ1 orrepaTOpbl J1MeIOT BbICOKJ1W rrp11op11TeT, 

I103TOMY Bbl MO)l(eTe 3aI111CaTb co 1 OU? r p;JUI I1011CKa COBrrap;ett11J.1: c Harn1catt11eM 

-noBa B COOTBeTCTBJ111 c rrpaB11JiaM 11 aMep11KaHCKoro 11JIJ1 6p11TaHcKoro aHrJIJ1W-

-KOro 5I3bIKa. 0TCIOp;a CJiep;yeT, '-ITO B 6oJiblllJ1HCTBe CJiyqaeB BaM rrottap;o611TC5I J1C -

I107Ib30BaTb Kpyrnhie cK06K11, KaK B Bb1pa)l(ett1111 bana ( na ) +. 
KpoMe TOro, MO)l(HO TOt.fHO orrpep;eJIJ1Tb KOJIJ1t.feCTBO COBrrap;ett11J.1: (p11c . 11.14, 

11.15 J1 11.16): 

• { n } - poBHO n pa3; 

• { n , } - n 11JI11 6oJiee pa3; 

• { , m} - caMoe 6oJiblllee m pa3; 

• {n , m} - OT n p;o m pa3 . 

.::::::_view (x , "C{2} " ) 

1888 is the longest year ln Roman numerals: MDCCCLXXXVIII 
Puc. 11 .14 

:::::::_view (x , "C{2, }" ) 

1888 is the longest year in Roman numerals: MDCCCLXXXVIII 
Puc. 11.15 
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str view (x , " C{2 , 3) " ) 

1888 is the longest year ln Roman numerals: MDCCCLXXXVIII 
Puc. 11.16 

Do yM01P-rnm110 BbITIOJIH.R:eTCJI ":>Ka.n;Hb1Jii" rroMcK, T.e. 9TM Bbipa:>KeHM.R: cTpeMRT­

CR COBIIaCTb c KaK MO:>KHO 6onee ,ll;JIMHHOM CTpOKOM. Bbl MO:>KeTe c.n;eJiaTb MX "neHM­

BbIMM", 'IT06br OHM CTpeMMJIMCb COBIIaCTb c KaK MO:>KHO 6onee KOpOTKOM CTpOKOM, 

IIOCTaBMB rrorne Bbipa:>KeHMR CMMBOJI ? . 3TM B03MO:>KHOCTM peryJI.R:pHbIX Bbrpa:>Ke­

HMM rrpe.n;Ha3Ha'IeHbl ,ll;JIR rrpMMeHeHMR OIIbITHbI MM IIOJib30BaTeJI.R:MM, HO BaM 6y.n;eT 

IIOJie3HO 3HaTb 0 TOM, 'ITO OHM c~ecrnyIOT (pMc. 11.17 M 11.18). 

str J1ew (x , ' C{2 , 3}? ' ) 

1888 is the longest year ln Roman numerals: MDCCCLXXXVIII 
Puc. 11.17 

str view (x , ' C[LX]+? ' ) 

1888 is the longest year ln Roman numerals: MDCCCLXXXVIII 
Puc. 11 .18 

Ynpa>KHeHlllR 

1. OrrMillMTe 9KBMBaJieHTbI ? , + M * B ¢op Me { m, n } . 

2. OrrMillMTe cJioBaMM, KaKMe cTpOKM cooTBeTCTBYIOT cne.n;yIOIIJ;MM Bbrpa:>KeHM.R:M 

(6y.n;bTe BHMMaTeJibHbI M IIOCTapaJIITeCb orrpe.n;eJIMTb, MCIIOJib3yeM JIM Mb! pery­

JI.R:pHoe Bbrpa:>KeHMe MJIM cTpoKy, orrpe.n;eJI.R:IOIIJ;YIO peryn.R:pHoe Bbrpa:>KeHMe): 

a) " . * $ 

6) "\ \ { . + \ \} " 

B) \d{4} - \d{2}-\d{2} 

r ) "\\\\{4}" 

3. Co3.n;aJIITe peryn.R:pHoe Bbrpa:>KeHMe p;JI.R: Haxo:>K.n;eHMR Bcex CJIOB, KOTOpbre : 

a) Ha'IMHaIOTCR c cornaCHbIX; 

6) co.n;ep:>KaT TPM MJIM 6onee rnaCHhre rro.n;p.R:.n;; 

B) co.n;ep:>KaT .n;Be MJIM 6onee rrapbr "rnacHa.R: - cornacHa.R:" rro.n;p.R:.n;. 
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~ Peun1Te KpoccBopp;bl Ha octtoBe perym1pttblX Bb1pa)f(em1i1 p;1rn Ha':!1-rna10rn;11x, 

npirnep;eHHble no a,ri;pecy https: //regexcrossword. corn/challenges/ 
beginner. 

pynm11poeaH111e 111 06paTHb1e ccbinK111 

Pattee Bbl y3ttan11 o TOM, ':ITO Kpyrnb1e cK06K11 cny)f(aT ,D;lI5I yCTpatteHJ15l tteop;Ho­

~Ha'IHOCTJ1 B CJIO)f(HblX Bb1pa)f(ett115lx. KpoMe Toro, Kpyrnb1e cK06K11 onpep;e7I5IIOT 

: .... y nnbt , Ha KOTOpble MO)f(HO CCbI7IaTbC5l c IIOMOUJ;bIO o6paTHblX CCbilIOK Harrop;o611e 

:. , \2 11 T.p;. Hanp11Mep, rnep;y10rn;ee perynHpttoe Bblpa)f(ett11e ttaxop;11T Bee cppyK­

~1, Ha3BaHJ15l KOTOpblX cop;ep)f(aT IIOBTOp5IIOUJ;J1eC5l rrapbl 6yKB (p11c. 11.19): 

_:::_view(fruit , " ( .. )\\ l" , match = TRUE ) 

banana 

coconut 

cucumber 

j ujube 

papaya 

salal berry 
Puc. 11 .1 9 

BcKope Bbl y6ep;11TeCb B TOM, HaCKOlibKO rrone3Hbl rpyrrnbl B co'!eTatt1111 c cpyttK­

L\ l1ei1 str _match () . 

Ynpa>KHeH111.R 

1. 0ITJ1llIJ1Te Ha ClIOBax, c ':!eM 6y ,ri;yT COBrrap;aTb 3TJ1 Bblpa)f(eHJ15l: 

a) (.)\1\1 

6) "{.) (.)\\2\\1" 

B) ( .. ) \1 

r) " (.) . \ \1. \ \l" 

p;) If { • ) ( • ) ( • ) • * \ \ 3\\2\\1 11 

2. CKOHCTpy11pyi1Te peryn5IpHble Bblpa)f(eHJ15l, COBnap;a10rn;11e co ClIOBaMJ1, KO ­

TOpble: 
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a) Ha'IJt1HaIOTC51 J1 oKaH'IJ1BaIOTC51 op;ttoi1: J1 TOM )Ke 6yKBoi1:; 

6) cop;ep)KaT noBTOp5IIOrn;y10rn napy 6yKB (Hanp11Mep, B c110Be "church" coqe­

TaH11e "ch" BCTpeqaeTC51 ,IJ;Ba)K,IJ;bI); 

B) cop;ep)KaT O,IJ;HY 6yKBy, nOBTOpeHHYIO no Kpai1:Hei1 Mepe B Tpex no3J1QJ1HX 

(HanpMMep, B rnoBe "eleven" 6yKBa "e" BCTpeqaeTrn TPM pa3a). 

MHctpyMeHtapHM 
Tenepb, Korp;a Bbl no3HaKOMJ111J1Cb c ocHoBaMM pery1151pHbIX Bb1pa)l(eH11i1, MhI 

MO)KeM 3aH51TbC51 113yqeH11eM cnoco6oB 11x npMMeHeHJ151 p;1151 peweHJ151 npaKTJ1'Ie­

CKJ1X 3ap;aq. B 3TOM pa3p;e11e paccMaTpMBaeTrn rnMpoK11i1 cneKTp cpyHKQJ1i1: rraKeTa 

stringr, KOTOpbie no3BOJ151IOT: 

• orrpep;eJ151Tb, KaKJ1e CTpOKJ1 COOTBeTCTBYIOT wa6110Hy; 

• HaxO,IJ;J1Tb n03J1QJ1J1 COBrrap;eHJ1M; 

• J13BJ1eKaTb cop;ep)Kl1MOe COBnap;eHMM; 

• 3aMeH51Tb COBrrap;eHJ151 HOBbIMJ1 3Ha'IeHJ151MJ1; 

• pa36l1BaTb CTpOKY Ha qacTJ1 Ha OCHOBe COBrrap;eHJ1M. 

I1pe)Kp;e qeM MbI npop;o11)KJ1M, xoqy Bae npep;ocTepeqb: yq11TbIBa5I MOll\b pery-

1151pHbIX Bbipa)KeHJ1M, HeTpyp;HO nop;p;aTbC51 co611a3HY J1 IIbITaTbC51 pewaTb 11106y10 

3ap;aqy c IIOMOIIJ;bIO ep;JtIHCTBeHHOro pery115IpHoro Bbipa)KeHJ151. 3p;ecb 6yp;eT yMeCT­

HO rrpOQJ1Tl1pOBaTb ,IJ,)l(eMMJ1 3aBJ1HCKJ1: 

HeKoTopbre 1110p;M, CTOJ1KHYBWJ1Cb c npo6neMoi1, p;yMaIOT: "O, a 

11crro11b3YIO-Ka 51 pery115IpHbie Bb1pa)KeHJ15I. Terrepb y HMX ecTb p;Be 

rrpo611eMbI. 

B KaqecTBe nop;TBep)Kp;eHJ151 3Toro B3fi151HJ1Te Ha rrpMBep;eHHbIM HM)l(e rrp11Mep 

peryn51pHoro Bb1pa)l(eHJ15I, npep;Ha3Ha'IeHHoro p;1151 rrpoBepKM p;ei1cTBJ1TeJihHOCTJ1 

ap;pecoB 3J1eKTpOHHOM nO'ITbI (p11c. 11.20). 

B HeKoTopoM CMb1c11e 3TO rraT011orJtiqecKMi1 npMMep ('ITO 06yc110B11eHo p;ei1:­

CTBJ1TeJ1hHoi1 CJ10)KHOCTbIO ap;pecoB 3J1eKTpOHHOM nO'ITbI), HO OH J1CnOJib3yeTC51 

B pea11bHOM Kop;e. Eonee nop;po6Hoe ero 06cy)l(p;eH11e MO)KHO Hai1TJ1 Ha cai1Te 

Stackoverflow no rnep;y10rn;eMy ap;pecy: 

http://stackoverflow.com/questions / 201323 / 
using- a-regular-expression- to- validate-an-email- address / 201378#201378) 
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\ r \n)?[ \ t])•(?: [ ' ()<>@,; : \\" . \[\J \ 000-\03!J'(? : (?: (?: \r\n)?[ \ tJ) + I \Z I(?=[\["()<>@,;:\\". \[\JJ)) I\[(['\ 
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Puc. 11.20 

He sa6brna'HTe o TOM, 'ITO pe'Ib .1t1,n;eT o 513bIKe rrporpaMM.1t1poBaH.1t15I, M B BarueM 

acrropmKeHMJ.1 J.1MeIOTC51 ,n;pyr.1t1e MHCTpyMeHTbL 'lJaCTO BMeCTO Toro, 'IT06bI C03-

.::i:aBaTb o,n;tto CJIO)l(HOe peryrrRpttoe Bbrpa)l(ett11e, rrerqe cos,n;aTb HeCKOJibKO 6orree 
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rrpocTblX. Eom Bbl 3auvrn: B Tym1K, 6e3y crreurno IIblTaJICb HaMTYI Bb1pa)l:(eHY1e, KO­

Top oe peumT Bee Ballrn rrpo611eMbl, rrpYIOCTaHOBYITe IIOIIbl TKYI YI IIO)J;yMaMTe, HeJlb-

35! J1YI pa36YITb 3a)J;aqy Ha 6011ee MeJ1KYie qacTYI, KOTOpbre MO)l:(HO pernaTb IIOCJ1e)J;O­

BaTeJ1bHO, O,ll;Hy 3a ,ll;pyroM:. 

lfro6bl orrpe)J;eJ1YITb, COOTBeTCTByeT J1YI CYIMBOJlbHblM BeKTOp rna6110Hy, YICIIOJ1b-

3yf1Te cpyttKu;mo st r _detect ( ) . Otta B 03Bpaiu;aeT 11ornqecKYIM BeKTop TOM )l:(e 

)J;JlYIHbl, 'ITO J1 BXO)J;HOM. 

x <- c ("apple " , "banana " , "pear" ) 
str_detect (x , "e " ) 
#> [1 ] TRUE FALSE TRUE 

BcrroMHYITe, 'ITO rrpYI Yicrro11b30BaHMYI 11orYI':IecKoro BeKTopa B 'IYICJ10BOM KOH ­

TeKcTe FALSE rrpeBpaiu;aeTrn B 0, a TRUE - B 1. B cYI11y 3Toro, ernYI Bbl 3aYIHTepe­

coBaHbl B no11yqeHY1YI OTBeTOB Ha BOilpOCbl, KaCaIOiu;YieCR COBIIa)J;eHYIM B 60J1bllIOM 

BeKTope, BaM rrpYirO)J;RTCR cpyHKIJ;YIYI sum () YI mean () . 

# CKonbKO enoB HaQMHaroTeR e 6yKBhl t? 
sum (str_deteet (words , " At " )) 
#> [1] 65 
# KaKoBa ~onR enoB, OKaHQMBaromMxeR Ha rnaeHyro? 
mean (str_detect (words , " [aeiou]$ " ) ) 
#> [1] 0 . 277 

B c11yqae CJlO)l:(HblX 11orY1tJecKYIX yc110BYIM 3aqacTyro npoiu;e o6ne)J;YIHYITb He­

CKOJlhKO Bbl30BOB cpyHKIJ;YIYI s tr - de tect () c J10fYI'IeCKYIMYI orrepaTopaMYI, qeM 

ITbITaTbCR co3)J;aTb O,ll;HO CJ10)1:(HOe pery11Rpttoe Bbrpa)l:(eHYie. HanpYIMep, BOT )J;Ba 

crroco6a IlOYICKa Bcex CJ10B, KOTOpble BOo6iu;e He CO,ll;ep)l:(aT maCHblX. 

# HaMTM Bee enoBa, eo~ep%amMe XOTR 6hl o~HY rnaeHyro, 
# M MHBepTMpOBaTb 3TY orrepauMro 
no_vowels_l <- !str_detect (words , "[aeiou]" ) 
# HaMTM Bee enoBa, eoeTORmMe TOnbKO M3 eornaeHhlX 
# (eMMBOnOB, He RBnRIDmMXeR rnaeHhlMM) 
no_vowels_2 <- str_deteet (words , ""["aeiou]+$" ) 
identieal (no_vowe l s 1 , no_vowels_2 ) 
#> (1) TRUE 

06a crroco6a npYIBO,lJ;RT K O,ll;HOMY YI TOMY )l:(e pe3y11bTaTy, HO, c HarneM: TO'IKYI 

3peHYIR, nepBblM no)J;XO,ll; 6011ee rroHRTeH. Ec11Y1 Barne pery11RpHoe Bb1pa)l:(eHY1e qpe3-

MepHo ycJ10)1:(HReTCR, rronpo6yM:Te pa36YITh ero Ha MeHbllIYie qaCTJ1, rrpYICBOYIB Ka)l:(­

)J;OM Yl3 HYIX OT)J;eJ1hHOe YIMR, a 3aTeM o6'be)J;YIHJ1Te VIX J10fJ11:IeCKYIMYI onepau;YIRMYI. 
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KaK rrpaB11Jio , cpyHKu;rrn str detect () 11crroJib3yeTC5I p;JI5I Bb16op a 3JieMeHTOB, 

: o oTBeTcTBy10iu;11x wa6noHy. To )Ke caMoe MO)KHO cp;enaTb c rroMOIIJ;bIO yp;o6Hor.1 

•. "HKu;1111 -06ono'!KJ1 str _subset () . 

: rds [str_det:ect (words , "x$" ) ) 
=> [l ) "box" "sex " "six" "tax" 

: __ subset: (wo r ds , "x$" ) 
=> [ l] "box" "sex" "six" "tax" 

Op;HaKo o6hI'lHO Barner.1 cTpoKor.1 6yp;eT op;11H 113 cTOn6u;oB ¢per.1Ma p;aHHhIX, 11 

.\!eCTO 3TOf0 Bbl 6yp;eTe J1CIIOJib30BaTb ¢11JibTp. 

:::: <- tibLe ( 
word = wo r ds , 
i = seq_along (wo r d ) 

- %>% 
::ilter (str detecc: (words , "xS") ) 

-
=> # A tibble: 4 x 2 
=> word i 
=> <chr> <int> 
=> 1 box 108 
=> 2 sex 747 
=> 3 six 772 
=> 4 tax 841 

B11p;o113MeHeH11eM ¢YHKu;1111 str detect () JIBJIJieTcJI ¢YHKIJ;J15I str count () : 
- -

B.\1ecTo rrpocToro "p;a" 11n11 "HeT" oHa coo6iu;aeT, CKOJibKO coBrrap;eH11J.1 o6Hapy)Ke­

HO B CTpoKe. 

x <- c ("apple" , "banana" , "pear" ) 
_ :r_count (x , "a" ) 
=> [ 1) 1 3 1 

KOJlbKO I'JlaCHb!X npMXO,!U1TCJ'! B cpe.r1HeM Ha O):IHO CJlOBO? 
;::an (st:c_::: unt (wor ds , "[aeiou)" ) ) 

=> [l) 1. 99 

<f>yHKIJ;J1IO st r _count ( ) BllOJIHe ecTeCTBeHHO J1CIIOJlb30BaTb COBMeCTHO c 

YHKu;11er.1 mutate() (p11c. 11.21). 

:::.: %>% 
'.1utate ( 

) 

vowe l s = st:c_count (word , "[aeiou]" ) , 
consonants = str_count (wor d , "[Aaeiou]" ) 

=> # A tibble: 980 x 4 
=> word i vowels consonants 
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#> <chr> <i nt > <i nt > <i nt> 
#> 1 a 1 1 0 
#> 2 able 2 2 2 
#> 3 about 3 3 2 
#> 4 abs olute 4 4 4 
#> 5 accept 5 2 4 
#> 6 account 6 3 4 
#> # ... with 97 4 more rows 

abababa 
Puc. 11.21 

3aMeThTe, qTo coBrrn,n;emrn: H11Kor,n;a He rrep eKpbIBaIOTCH. Harrp11Mep, CKOllbKO 

pa3 B cTpoKe "abababa" BCTpeqaeTCH rna6noH " aba " ? PerynHpHbie Bb1pa:>KeH11>I 

CKa:>KYT BaM, '-ITO OH co,n;ep:>K11TC5I ,Il;Ba pa3a, a He Tp11 (p11c. 11.22). 

str_count ("abababa " , "aba " ) 
#> [l ] 2 
str _view_ all ( "abababa" , "aba" ) 

abababa 
Puc. 11.22 

06paT11Te BH11MaH11e Ha 11crroJib30BaH11e cpyHK~1111 str _view _all () . KaK Bbl 

BCKope Y3HaeTe, MHorne cpyHK~1111 rraKeTa stringr 11,n;yT rrapaM11: o,n;Ha cpyHK~11R 

pa6oTaeT c o,n;11HoqHbIM11 coBrra,n;eH11JIM11, ,n;pynH - co BCeM11. BTopa>I cpyHK~11>I 

Bcer,n;a 11MeeT cycpcp11Kc suffix all. 

Ynpa>KHeHLJUI 

I. I10ITbITa:i1Tecb pern11Tb Ka:>K,n;y10 113 rrp11Be,n;eHHbIX H11:>Ke 3ap;aq, 11CI10llb3Y5I KaK 

O,I1;11HO'-IHOe perynHpHOe Bblpa:>KeH11e, TaK 11 CO'!eTaH11e HeCKOllbK11X Bbl30BOB 

cpyttK~1111 str _detect () . 

A. Ha:W,n;11Te Bee rnoBa, KOTOpb1e Haq11HaIOTC5I 11n11 oKaH'!11BaIOTCJI Ha 6yKBY x . 

E. Ha:W,n;11Te Bee cnoBa, KOTOpb1e Ha'!11HaIOTCJI Ha rnacHyIO, a oKaH'!11BaIOTCJI 

cornacHol1. 

B. CyIJJ,eCTBYIOT n11 cnoBa, B KOTOpbIX Ka:>Kp;aJI rnacHaJI co,n;ep:>K11TcJI no Kpa:W­

HeM Mepe O,I1;11H pa3? 

r. KaKoe cnoBo co,n;ep:>K11T tta116onbrnee KOJrnqecTBO rnacHhIX? B KaKoM rnoBe 

Ha1160llbllla5I ,Il;Oll5I rnaCHbIX? (I1o,n;CKa3Ka: '-ITO ClIY:>Kl1T 3HaMeHaTeJieM?) 
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.],nH l13BneqeHMH cl>aKTJ1qeeKoro TeKeTa eOBITaAeHMR Merronb3YMTe ¢YHK­

::mo str_extract () . '-IT06b1 rrpoAeM0HeTp11poBaTb 3TO, HaM Hy)l(eH 6onee 
-1mKHbIM rrp11Mep. MbI BOerronb3yeMCH TeKeTOM Harvard sentences (https: I I 
:: :-.. wikipedia. org/wiki /Ha rvard sentences), KOTOpbIM rrpeAHa3HaqeH 

:_151 TeeT11poBaHMH e11eTeM ronoeOBOM eBR3J1, pa6oTalO~l1X qepe3 YlHTepHeT, 

- o ero TaK)l(e YA06Ho 11erronb30BaTb AITH TeeT11poBaHMH perynRpHbIX Bb1pa)l(e-

311f1. IIpeAITO)l(eHMH, eoeTaBnH10~11e 3TOT TeKeT, rrpeAOeTaBnRIOTeR rraKeToM 

~ -: :dngr: : sentences. 

-~gLh ( sentences ) 

=> [ l] 720 
-::a:i (sentences ) 

=> [l] "The birch canoe slid on the smooth planks." 
=> [2] "Glue the sheet to the da rk blue background." 
=> [3] "It's easy to tell the depth of a well. " 
=> [4] "These days a chicken l eg is a rare dish ." 
=> [5] "Rice i s often served in round bowls." 
=> [6] "The juice of lemons makes fine punch. " 

I1peAITOIT0)l(J1M, Bbl XOTMTe HaMTM Bee rrpeAITO)l(eHMH, B KOTOpbIX yrroMMHaeTeH 

:rneT. CHaqana MbI e03AaeM BeKTop Ha3BaHMM 11,BeToB, a 3aTeM rrpeBpa~aeM ero B 

OJ;MHoqHoe perynRpHoe Bbrpa)l(ett11e. 

:olors <- c ( 
"red" , "orange ", "yellow " , "green" , "blue ", "purple " 

:olor match <- SLr_c (colors , collapse = " / " ) 
:olor match 
=> [l] "redl orange/yellow lgreenlbluelpurple " 

Tenepb MbI MO)l(eM BbI6paTb Bee rrpeAITO)l(eHMR, B KOTOpbIX yrroMMHaeTeR Ka­

:·o:H-n1160 11,BeT, a 3aTeM M3Bne'-Ib Ka)l(AbIM 11,BeT, '-IT06br YBMAeTb, qTo 9TO 3a 11,BeTa. 

;.as_color <- str_sucset (sentences , color_match) 
=.atches <- s~r_extrac~ ( has_color , color_match ) 
·-::ad (matches ) 
=> [l) "blue" "blue" "red" "r ed" "red" "blue" 

3aMeTbTe, '-ITO cpyttKll,MH str _extract () M3BneKaeT n11wb rrepBoe eoBrraAett11e. 

3ro nerqe Beem YBMAeTb, een11 Bbr6paTb ettaqana Bee rrpeAITO)l(eHMR, B KOTOpbrx 

:rneeTrn 6onee OAHOro eosrraAeHMR (p11e. 11.23). 

= re <- sentences [ sLr_coun~ ( sentences , color_match) > l ] 
.:::::-_view_ a 2.::. (more , color_ match ) 
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npa>KHeHL'lfl 

Bo3MO)l(HO, Bbl 3aMenurn, 'ITO pery1rnpttoe Bb1pa)l(ett11e coBnarro co crroBoM 

" flickered", KOTopoe tte o6o3tta'IaeT QBeT. J.13Mett11Te perymi:pttoe Bb1pa)l(ett11e 

TaKI1M o6pa30M, 'IT06bI yCTpattI1Tb 3TOT Hep;oCTaTOK. 

J.13BJieK11Te 113 TeKcTa Harvard sentences: 

a) nepBoe crroBo Ka)l(p;oro npep;JIO)l(ettmc; 

6) Bee CJIOBa, OKaH'II1BaIO~I1eC5I Ha ing; 

B) Bee CJIOBa BO MHO)l(eCTBeHHOM 'II1CJie. 

Pattee B 3TOJ1 rrraBe MbI 06cy)l(p;arr11 11cnorrb30Bam1.e KpyrrrbIX CKo6oK p;m:c npo­

q HeHI1.H np11op11TeTOB I1 o6ecne'IeHI1.H B03M0)l(HOCTI1 o6paTHbIX CCbIJIOK B npo­

!lecce 06ttapy)l(ett11.H c0Bnap;ett11i1. KpoMe Toro, Kpyrrrb1e cK06K11 MO)l(HO 11cnorrb-

30BaTb ,D;ll.H I13BJie'IeHI1.H qacTeM CJIO)l(HblX COBnap;eHI1M. I1pep;noJIO)l(I1M, Bbl XOTI1Te 

ll3BJie'Ib cy~ecTBI1TeJibHbie li13 npep;JIO)l(eHJilM. Hawei1 3Bpli1CTI1KOM 6yp;eT TI01i1CK 

1I06oro crroBa, crrep;yIO~ero 3a apT11KrreM "a'' 11rrvi "the''. Onpep;errett11e "crroBa" B 

• eryrr.HpHOM Bbipa)l(eHV11i1 - He COBCeM npoCTa.H wTyKa, TI03TOMY Mbl I1CTIOJib3yeM 

OCTOe np1i16JI11)l(eHli1e: CJIOBO - 3TO nocrrep;oBaTeJibHOCTb, COCTO.H~a.H no Kpai1-

Hei1 Mepe li13 op;ttoro Cli1MBorra, He .HBJI.HIO~eroc.H npo6erroM. 

::oun <- " \a , the l , [ " ; - , " 

::as noun <- sentences %>% 
str_sucse1: (noun) %>% 
'.1ead (l0 ) 

::as noun %>% 
St.L. ex1::ca~:. ( noun ) 

-
=> [l ) "the smooth" "the 
=> [5) "the parked" "the 

sheet " 
sun " 

=> [9] "the woman" "a helps" 

"the depth" "a chicken" 
"the huge " "the ball" 

<PyttKQI1.H str extrac t ) p;aeT ttaM norrttoe coBnap;ettlile, cpyttKQli1.H str_ 
::-a t:ch ( ) - Ka)l(,IJ;bIM OT,IJ;eJibHbIM ero KOMTIOHeHT. BMeCTO CV1MBOJibHOfO BeKTopa 

Otta B03Bpa~aeT MaTpli1QY c O,Il;Hli1M CTOJI6QOM ,Il;Jl.H TIOJIHOfO COBnap;eHli1.H, 3a KOTO­

bIM crrep;yIOT CTOJI6Qbl, no O,Il;HOMY ,D;JI.H Ka)l(,IJ;OM rpynnbl. 

::as noun %>% 
st""_mai:ch (noun) 

=> [, 1) [ , 2 ) [ , 3 ) 
=> [l , ) "the smooth" " the " "smooth" 
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#> [2 , l "the shee t " "the " "sheet " 
#> [3 , l "the dept h" "the " "depth" 
#> [ 4 ' l "a chicken" "a " "chi cken" 
#> (5 , l "the parked" "the " "parked" 
#> [ 6, l "the sun" " the " "sun" 
#> (7 ' l "the huge " "the " "huge " 
#> [8 , l "the ba l l " "the " "ball " 
#> [9 , l "the woman" "the " "woman" 
#> (10' l "a he l ps" "a " "helps " 

(Heyp;l1Bl1TeJibHO, 'ITO Halla 9Bpl1CTJ1Ka, KOTopy10 Mbl l1CIIOJib3YeM p;m1 o6Hapy­

:>KeHJ151 cyw;ecTBJ1TeJibHblX, p a6oTaeT IIJIOXO, Bb1611pa51 3aO)J;HO TaKMe rrp11naraTeJib­

Hble, KaK smooth 11 parked.) 
Ecn11 Barn11 p;aHHble co.n;ep:>KaTrn B t ibble-cppei:l:Me, 3aqacTy10 rrpow;e 11crroJib-

30BaTb cpyHK~1110 tidyr: : extract () . 0Ha pa6oTaeT rrop;o6Ho cpyHK~1111 st r _ 
ma tch () ' HO Tpe6yeT, 'IT06bl Bbl J1MeHOBaJIJ1 COBrrap;eHJ151, KOTOpb1e 3aTeM IIOMe­

w;aIOTCJI B HOBble CTOJI6~bl. 

tibble (sentence = sentences ) %>% 
tidyr : : extract ( 

) 

#> # 
#> 
#> * 
#> 1 
#> 2 
#> 3 
#> 4 
#> 5 
#> 6 
#> # 

sentence , c ("article " , "noun" ) , " (a!the) ([" ]+) " , 
remove = FALSE 

A tibble : 720 x 3 
sentence article 

<chr> <chr> 
The bi r ch canoe sl id on the smooth pl anks . the 

Glue the sheet to t he dark blue background . t he 
It's eas y t o tell t he depth of a wel l. the 

These days a chi cken l eg is a r are di sh. a 
Rice i s oft en served in round bowl s . <NA> 

The juice of lemons makes f i ne punch . <NA> 
wi th 714 more rows 

noun 
<chr > 

smoot h 
sheet 
depth 

chi cken 
<NA> 
<NA> 

KaK 11 B rnyqae cpyttK~1111 str _ext ract () , ern11 Bbl xoT11Te rronyq11Tb Bee co­

Brrap;eH11JI, rne.n;yeT 11crroJib30BaTb cpyHK~1110 str match all ( ) . - -

Ynpa>KHeHvrfl 

1. Hai:l:p;11Te BCe CJfOBa, KOTOpblM rrp e.n;rnecTBYIOT "q11cna", TaKJ1e KaK "one", "two", 

"three" l1 T.p; . J.13BJieKJ1Te KaK 'Il1CJIO, TaK l1 CJIOBO. 

2. Hai:l:p;11Te Bee coKpaw;eHMJI. 0Tp;en11Te qacT11, pacrronara10w;11ern p;o 11 rrorne 

arrocTpocpa. 
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<DyttK1.r1111 str _ replace () 11 s tr _replace_ all ( ) rro3BomuoT 3aMeHJITb co­

.=.::rn;:i;ett11JI HOBbIMl1 cTpoKaM11. ITpo~e Bcero 3aMeHl1Tb wa6rroH qmKc11poBaHHoJ1: 

:7pOKOJ1: . 

<- c ("apple " , "pea r " , "banana " ) 
_~eplace (x , " [aeiou] " , " - " ) 

: > [1] "-pple " "p-ar " "b- nana" 
__ rep~ace_all ( x , " [aeiou] " , " - " ) 

: > [1] "-ppl-" "p-- r" "b- n- n- " 

c IlOMO~blO <l>YHKIJ;l111 str _replace _all () MO:>KHO BbIIlOJIHJITb MHO:>KeCTBeH­

~lO 3aMeHy, rrpe;:i;oCTaBJIJIJI 11MeHOBaHHblM BeKTOp. 

<- c (" l hous e " , "2 cars " , " 3 peup_e " ) 
- __ replace_al =. (x , c ( " l " = "one" , " - " = "two " , " 3" = " three " )) 

=> [1] "one house " "two cars" " three people " 

BMeCTO 3aMeHbl COBrra;:i;ett11J1: <t>11Kc11poBaHHOM CTpOKOM MO:>KHO 11CI10Jlb30BaTb 

6 paTHbie CCbIJIKl1 JJ;JIJI BCTaBKl1 KOMIIOHeHTOB COBna;:i;ett11J1:. B crre;:i;y10~eM KOJJ;e 

lbI MeHJieM nopJIJJ;OK crre;:i;oBaH11JI BToporo 11 TpeTbero crroB. 

3entences %>% 
3tr_ replace (" ([" ] +) ([" ]+l ([" ]+) " , " \\1 \\3 \\2 " ) %>% 
.. ead ( 5 ) 

=> [1] "The canoe birch slid on the smooth planks. " 
: > [2 ] "Glue sheet the to the dark blue background." 
: > [3] " It ' s to easy tell the depth of a well." 
: > [4] "These a days chicken leg is a rare dish ." 
: > [5 ] "Rice often is served in round bowls." 

Yn pa>KHeH "1R 

1. 3aMeH11Te B CTpOKe BCe Cl1MB0Jlbl KOCOM '!epTbl C11MBOJiaMl1 o6paTHOM KOCOM 

qepTbl. 

Pearr113yJ1:Te npocTy10 Bepe1110 <PYttKu;1111 str _to_ lower () , 11crrorrb3YJI <PYHK­

u;1110 replace_ all () . 

3. I1oMeHJIJ1:Te MecTaM11 nepBy10 11 nocrre;:i;tt1010 6yKBbI crroB. KaK11e 113 CTpOK Bee 

e~e OCTaIOTCJI CJIOBaM11? 

Jtlcnorrb3Yl1Te <PYttKu;1110 str _sp l i t () JJ;JIJI pa3611ett11JI CTpoK11 Ha '!acT11. Ha­

rrp11Mep, MbI MO:>KeM pa3611Tb npe;:i;rro:>KeH11JI Ha crroBa. 
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sentences %>% 
head (5 ) %>% 
str_split ( " " ) 

#> [ [l] J 
#> [l] "The" 
#> (7] "smooth " 
#> 
#> [ [2]] 
#> [ l] "Glue" 
#> [5] "the" 
#> 
#> [ [3]] 

"birch" 
"planks." 

"the" 
"dark" 

#> [l) "I t ' s" "easy " "to" 
#> [8] "a" "well. " 
#> 
#> [ [ 4]] 

"canoe " "slid" "on" "the" 

" sheet" " to" 
"blue" "background." 

"tell" "the" "depth" "of" 

#> [l ) "These" "days" "a" "chicken" "leg" "is" 
#> (7) "a" " rare " "dish. " 
#> 
#> [ [5] J 
#> [l] "Rice" "i s" "often" "served" "in" "round" 
#> [7) "bowls ." 

ITocKOJibKY Ka)l(,!J;bU1: KOMTIOHeHT MO)l(eT COCTOJ!Tb V13 pa3JIWIH0f0 KOJIVl'IeCTBa 

':IaCTeJ1:, B03Bpa~aeTC5! CTIVICOK. Ernvi Bbl pa6oTaeTe c BeKTOpOM ,ll;JIVIHOM l, TO ca­

MbIM npOCTOM cnoco6 COCTOVIT B TOM, 'IT06bI V13BJie'Ib nepBbIM :=meMeHT CTIVICKa. 

"alblcld" %>% 
str split (" \\! " ) %>% 
. [ [ l ]] 
#> [l] "a" "b" "c" " d " 

B npoTVIBHOM rny-qae, KaK vi npvi pa6oTe c ,a;pyrviMVI cpyHKIJ;VIJ!MVI, B03Bpa~a­

IO~VIMVI cnvicoK, MO)l(HO vicnoJib30BaTb napaMeTp simplify= TRUE, ':IT06b1 Bep­

HYTb MaTpviu;y. 

sentences %>% 
head (5 ) %> % 
st..r_split (" " simplify = TRUE ) , 

#> [ , 1) [, 2) [, 3] [ , 4 J [, 5] [ , 6] [, 7] 
#> [l , l "The" "birch" "canoe" "slid" "on" "the" "smooth" 
#> [2, l "Glue" "the" "sheet" "to" "the" "dark" "blue" 
#> [3 , l "It's" "easy" " to " "tell" "the " "depth" "of" 
#> [ 4, l "These" "days" "a" "chicken" " leg " "is" "a" 
#> (5, l "Rice" "i s " "often" "served" "in" "round" "bowls." 
#> [,BJ [, 9] 
#> [ l, l "planks." "" 
#> [2, l "background." "" 
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:3 , J "a" 
4, ] "rare" 
5 ,] "" 

"well. " 
"dish, II 
" " 

B b1 TaK>Ke MO)KeTe 3anpocttTb MaKCMMaJibHoe Ko1rnqecTBO qaCTeJII . 

.:::elds <- c ("Name : Hadley" , "Country : NZ " , "Age : 35 " ) 

.:::elds %>% str_sp:;_it (": " , n = 2 , simplify = TRUE ) 

=> [, l ] [ , 2] 
[ l ,] "Name " "Hadley " 
[2 , ] "Country" "NZ " 
[3 , ] "Age " " 35 " 

BMecTo pa36MBKM CTpoK no wa6noHaM MO)KHO pa36ttBaTb MX no rpaHttu;aM 

.:Jl :v!BOJIOB, CTpOK, npe,ri;JIO)KeHMM J1 CJIOB (pttc. 11.24) . 

• <- "This i s a sentence . ~h_s is another sentence ." 
-~_view_a:: (x , bounda~y ( "word " )) 

This i s a sentence . This i s another sentence . 

:~_split (x , " 
=> [ l] "This " 
=> [6] 
=> [7 ] "is " 

" ) [ [ l ] J 
"is " 

"This " 
"another " 

Puc. 11 .24 

"a " "sentence. " "" 

"sentence . " 
--.::-_split (x , bou,..,da.::-:· ("word" )) [ [ l ] ] 
=> [ l] "This" "is" "a" "sentence " "This " 
=> [ 6] "is" 
=> [7] "another " "sentence " 

Ynpa>1<HeH11u1 

1. Pa36eiiITe CTpoKy "apples, pears, and bananas" Ha oT,ri;eJibHbie KOMnoHeHTbI. 

1. I1oqeMy pa36J1BaTb CTpOKJ1 Ha CJIOBa nyqwe no rpaHMIJ;aM CJIOB 

(boundary ("word" ) ), qeM no npo6enaM ( " 11 )? 

3. "l:fro npOM30iiI,ri;eT npM nonbI TKe pa36J1Tb CTpoKy no nycTOM CTpOKe ( II II )? 
CHaqana npoBep;MTe caMOCTOJITeJibHbie 3KcnepMMeHTbI, a 3aTeM npo qMTaiiITe 

,ri;oKyMeHTal.J;MIO. 

<l>yHKIJ;MM str _ locate () M str _locate_ a ll () npe,ri;ocrnBJIJIIOT HaqaJibHYIO 

ll KOHeqHyIO no3J11.J;J1J1 Ka)K,lJ;OfO COBna,ri;eHMJI. 3TO oco6eHHO noJie3HO B Tex cnyqa­

JIX, Kor,ri;a HM o,ri;Ha M3 ,ri;py rMx cpyHKIJ;MJit He ,ri;enaeT B ToqHoCTM TO, qTo BaM HY)KHO. 
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<t>yHKUJ1IO str _locate ( ) MO:>KHO J1CTIOllb30BaTb ,[\JIH TIOJ1CKa COBTia,[(aIOlll,J1X llia-

6rroHOB, a ¢YHKUJ1IO str - sub ( ) - ,[\lIH J1X J13BJieqeHJ1H J1 (l1lll1) J13MeHeHJ1H. 

ApyrHe THnb1 wa6110HOB 

Kor.z:1a Bbl 11cnorrb3yeTe rna6rroH, HBJIHIOlll,MMCH cTpoKoJ1:, otta aBTOMaT11qecKM 

noMern,aeTCH B BbI30B ¢YHKUJ1J1 regex ( ) . 

# 06b!'-IHbIJ1 Bbl30B : 
str_view (fruit , "nana " ) 
# >IBJ1>IeTC>I COKpameHHOM 3an!l!Cb!O Bb!30Ba 
str_view (fruit , regex ("nana " )) 

ITepe.z:1aBaH ¢YHKUJ1M regex ( ) .z:1onoJIHJ1TeJibHbie apryMeHTbI, MO:>KHO ynpaB­

JIHTb ,[(eTaJIHMJ1 COTIOCTaBJieHJ1H CTpOK c rna6JIOHOM. 

• ignore_ case =TRUE - no3BOJIHeT 11rttop11poBaTb per11cTp CMMBOJIOB np11 

conoCTaBrreHMM c rna6rroHOM. B nepBOM 113 np11Be,[(eHHbIX HM:>Ke BbI30BOB 

¢YHKUJ1J1 str - view () J1CTIOllb3yeTCH TeKyrn,aH llOKallb (p11c. 11.25). 

bananas <- c ("banana " , "Banana" , "BANANA" ) 
str_view (bananas , "banana" ) 

banana 

Banana 

BANANA 
Puc. 11 .25 

str_view (bananas , regex ("banana " , i gnore case = TRUE )) 

• multi line= TRUE - pa3pernaeT cneu11aJibHbIM CMMBOJiaM A 11 $ coBna.z:1aTb 

c HaqaJIOM J1 c KOHUOM Ka:>K,[(OM rror11qecKOM CTpOKJ1, a He TIOJIHOM CTpOKJ1. 

x <- " Line 1\nLine 2\nLine 3" 
str_extract_all (x , " "Li ne " ) [ [ l ]] 
#> [l ] " Line " 
str_extract_all (x , regex (" "Li ne " , multiline = TRUE )) [[ l ] ] 

#> [ l) "Line" "Line" "Line " 

• comments= TRUE - pa3pernaeT 11cnorrb30BaH11e KOMMeHTap11eB 11 npo6errb­

HbIX CJ1MBOJIOB ,[\JIH TIOBbIIIIeHMH y.z:106oq11TaeMOCTJ1 ClIO:>KHbIX peryrrHpHbIX 

Bbrpa:>1<ett11J1:. ITpo6errbI, KaK 11 Beeb ocTaJibHOM TeKCT nocrre CMMBOJia #, 11r­

ttop11py10Trn. qT06bI llJ1TepallbHbIM CJ1MBOJI npo6erra yqJ1TbIBaJICH npl1 co­

TIOCTaBJieHJ1J1, ero Heo6xo,[\J1MO 3Kpattl1pOBaTb: ll \ \ " . 

286 4aCTb II. no11rOTOBKa AaHHblX 



phone <- regex (" 
\\(? # optional oi:;ering parens 
(\\d{3}) # area code 
[) - ]? #optional closing parens , dash , or space 
(\\d{3}) * another three numbers 
[ - ]? #optional si:;ace or dash 
(\\d{3}) # three more numbers 
" , comments = TRUE ) 

str_'llatch ("514 - 791-8141" , phone ) 
#> [,1] [ , 2 ) [,3] [,4] 
#> [1, l "51 4- 791-814" "514 " "791 " "814 " 

• dotall = TRUE - pa3pewaeT CMMBony • coBnap;aTb c mo6bIM CMMBonoM, 

BKnIO'laR \ n . 

Cy~ecTByroT TPM p;pyrne cpyHKUMM, KOTOpb1e MO)KHO Mcnonb30BaTb BMeCTo 

)'HKUMM regex ( ) . 

• fixed ( ) - M~eT TO'!Hbie coBna,ri;eHMR c yKa3aHHOM nocne,ri;oBaTenbHO­

CTbIO 6aJIJ:TOB. 3Ta cpyHKUJ1R J1rHOpMpyeT BCe cneuManbHbie perynRpHbie Bbl­

pa)KeHMR J1 pa6oTaeT Ha O'!eHb HJ13KOM ypoBHe, 'ITO TI03BOnReT J136e)KaTb 

cnO)KHOro 3KpaHMpOBaHJ1R CMMBOnOB J1 3Ha'lMTenbHO TIOBbICJ1Tb 6bICTpo,ri;eJ/J:­

CTBJ1e. B COOTBeTCTBJ1J1 c pe3ynbTaTaMJ1 npMBe,ri;eHHOfO HJ1)Ke TeCTa 6bICTpo­

,ri;eJIJ:cTBJ1e B 3TOM npocTOM npMMepe TIOBbICMnocb npMMepHo B TPM pa3a. 

rnicrobenchmark : : ;r,:;_,::_c .,, .r;::.n.~- , ( 

fi xed str Je:~~~ ( sentences , ~ixed ( " the " )) , 

regex 
times 

str iete-: (sentences , " t~e " ) , 

20 

#> Unit : microseconds 
#> expr min lq mean median uq max neval cld 
#> fixed 116 117 136 120 125 389 20 a 
#> regex 333 337 346 338 342 467 20 b 

DpoRBnRMTe ocrnpo)KHOCTb, Mcnonb3YR cpyHKUMIO fixed ( ) ,ri;nR pa6oTbI 

c ,ri;aHHbIMJ1, nop;roTOBneHHblMJ1 He Ha aHrnJ1MCKOM R3bIKe. 3To BeCbMa npo-

6neMaTJ1'lHO, TIOCKOnbKY ,ri;nR npe,ri;cTaBJieHJ1R O,ll;HOfO J1 Toro )Ke CJ1MBona 

cy~eCTByeT MHO)KeCTBO CTIOC060B. HanpMMep, CMMBOn a MO)KHO npe,ri;cTa­

BJ1Tb ABYMR cnoco6aMM: KaK o,ri;MHO'!HbIM CMMBon MnM KaK CMMBon a nnroc 

aKueHT. 

al <- " \uOOel " 
a2 <- "a\u0301 " 
c (al , a2 ) 
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#> [lJ "a" "a" 
a l == a2 
#> [l) FALSE 

BJ13yam13MpoBaHHbie CMMBOIThI BhlfITR,J:VIT o,n;MHaKOBo B o6oMx cnyqaJix. 

HO IIOCKOllbKY OHM orrpe,n;enJIITMCb ,D;BYMJI pa3HbIMM crroco6aMM, cpyHKQMJI 

fixed () He o6Hapy)KMBaeT COBrra,n;eHMJI. BMeCTO 3TOfO MO)KHO MCIIOllb30-

BaTb cpyHKQMIO coll () , orrpe,n;eneHHYIO ,n;anee, KOTopaR yBa)KaeT rrpMHJIThi e 

cpe,n;M llIO,n;eJ1: rrpaBMlla cpaBHeHMJI CMMBOllOB. 

str_detect (al , tixed (a2 )) 
#> [l) FALSE 
str_detect (al , coll (a2 )) 
#> [l) TRUE 

• co 11 ( ) - cpaBHMBaeT CTpOKM, MCII0llb3YH CTaH,n;apTHbie rrpaBMlla cpaB­

HeHMJI. 3TO IIOlle3HO rrpM BblIIOJIHeHMM IIOMCKa 6e3 y-qeTa perMCTpa 6yKB. 

06paTMTe BHMMaHMe Ha TO, qrn cpyHKQMJI coll () rrpMHMMaeT rrapaMeTp 

locale, II03BOllHIOIQMJ1: orrpe,n;eJIJITb, KaKMe rrpaBMlla cne,n;yeT MCIIOllb30BaTb 

rrpM cpaBHeHMM CMMBOllOB. K CO)KalleHMIO, B pa3JIMqHblX qacTJIX MMpa MC­

II0llb3YIOTCJI pa3nMqHbie rrpaBMna! 

# 3To 03HaqaeT, QTO npK BhlnOnHeHKK DOKCKa, He 3aBKCRmero OT 
# perKcTpa 6yKB, Bbl .r:1on)f(HbI yqKTbIBaTb Bee oTnKQKR. 
i <- c (" I" , "!" , "i" , "1 11

) 

i 
#> [l) "I" "!" " i" 11

1 11 

str_subset (i , coll ("i" , ignore_case 
#> [l) " I" " i" 
str_subset ( 

i , 
coll ( "i" , ignore case TRUE , locale 

#> [l) "!" "i" 

TRUE )) 

"tr" ) 

<f.>yHKQMM fixed () M regex () MMeIOT apryMeHT ignore_ case, HO OHM He 

,n;aIOT B03MO)KHOCTM BbI6MpaTb llOKallb: OHM Bcer,n;a MCIIOllb3YIOT llOKallb, 3a­

,n;aHHYIO no yMonqaHMIO. Mo)KeTe y6e,n;MThCH B 3TOM Ha rrpMMepe cne,n;y101Qe ­

ro Ko,n;a (6onee rro,n;po6Ho o rraKeTe stringi 6y,n;eT roBopMTbCH ,n;anee). 

stringi : : stri_locale_info () 
#> $Language 
#> [l) "en" 
#> 
#> $Country 
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#> [1 ] " US " 

#> 
#> $Variant 
#> [1] "" 
#> 
#> $Name 
#> [ 1] "en US" 

-

Crra6b1M MecToM cpyttKQl1l1 coll () 51BJI51eTc.s:r CKopocTb pa6oTbI. TiocKOJibKY 

rrpaBJ1Jia orrpep;erremrn 3KBJ1BaJieHTHOCTJ1 CJ1MBOJIOB qpe3Bbl':IaHHO CJIO)l(­

Hbl, cpyHKQJ/151 coll () pa6oTaeT Mep;JieHHee ITO cpaBHeHMIO c cpyttKQJ151MJ1 

regex () 11 fixed () . 

• B rrp11Mepe c cpyttKQ11eI1 str _split () Bbl y)l(e B11p;err11 rrp11Mettett11e cpyttK­

Ql1J/1 boundary () p;JI51 conocTaBJieHJ/151 c rpaHMQaMM. To )Ke caMoe MO)l(HO 

p;eJiaTb Ji1 c p;pyrnMJ/1 cpyHKQJ/151MJ/1 (pMc. 11.26). 

x <- "This is a sentence." 
str _,-::_e,v_ a':'.. (x , bourcia:c:- ("word" ) ) 

This 1s a sentence. 
Puc. 11.26 

str_extrac::_all (x, boundary ("word" )) 
#> [ [1]] 

#> [1 ] "This" " is" "a" 

Ynpa>KHeH1,u1 

"sentence" 

1. KaK 6bl Bbl opraHJ/130BaJIJ/1 IIOJ/ICK Bcex CTpOK, cop;ep)l(aIQJ1X CJ/IMBOJI \, c IIOMO­

IQblO cpyttKQJ/IJ/1 regex () Ji1 c IIOMOIQblO cpyHKQJ/IJ/1 fixed () ? 

2. KaKMe II51Tb crroB BcTpet:IaIOTC51 B rrpep;JIO)l(eHJ/151X ':IaIQe p;pyrMx? 

.QpyrMe npMMeHeHM11 peryn11pHblX Bblpa>KeHMM 
B 6a30BblH coCTaB R Bxop;51T eIQe p;Be cpyttKQJiIJil, KOTOpb1e TaK)l(e 11crrOJib3YIOT 

eryrr5lpttb1e Bblpa)l(eHJ/151. 

• apropos () - BbIIIOJIH51eT TIOJ/ICK Bcex o6'beKTOB, ,D;OCTYTIHbIX B rno6aJibHOM 

OKpy)l(eHJ1J/1. ::hy cpyttKQJ/IIO y p;o6tto J/ICTIOJib30BaTb B Tex rnyqa51x, Korp;a Bbl 

He MO)l(eTe BCTIOMHJ/ITb TO':IHOe J/IM51 KaKOH-JIJ/160 cpyHKQJ/IJ/1. 

apropos ("replace") 
#> [1) "%+replace %" "replace " "replace_na " 
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#> [4] "str_replace " "str_replace_all" " str_replace_na" 
#> [7] "theme_ replace " 

• dir () - rrepe•uK1rneT Bee cpaM:Jibl, xpaHR~l1ern B KaTanore. ApryMeHT 

pattern rrp1t1H1t1MaeT perynRpHoe Bb1pa:>KeH1t1e l1 B03Bpa~aeT 1t1MeHa Jil1Uib 

Tex cpaM:JIOB, KOTOpble COOTBeTCTBYIOT Uia6noHy. Harrpl1Mep, MO:>KHO Hal1-

Tl1 Bee cpaM:Jibl R Markdown B TeKy~eM KaTanore c rroMO~bIO cnep;y10~ero 

KOp;a. 

head (dir (pattern = " \\.Rrnd$ " )) 
#> [ l] "communicate- plots . Rrnd" "communicate. Rrnd " 
#> [ 3] "datetimes . Rrnd" "EDA . Rrnd " 
#> [5] "explore . Rrnd " " factors . Rrnd" 

(EcJIM Bbl rrpl1BblKJil1 pa6oTaTb c Uia6JIOHaMl1 IIOMCKa, B KOTOpbIX l1CI10Jlb3YIOT­

C.ll MeTaCl1MBOJibl, Harrpl1Mep * . Rrnd, rrpeo6pa3yJ1Te l1X B perynRpttoe Bb1pa:>Kettl1e 

c IIOMO~bIO ¢YHKIJ;l1l1 glo b2rx ( ) ). 

naKeT stringi 

fiaKeT stringr rroCTpoett rroBepx rraKeTa stringi. Ero yp;o6Ho l1CIIOJib30BaTb B 

rrpou;ecce o6yl.JeHl1R, IIOCKOJibKY OH rrpep;OCTaBJIReT Ml1Hl1MaJibHblM Ha6op ¢YHK­

IJ;l1M, T~aTeJibHO rrop;o6paHHblX ,!l;JIR BbIIIOJIHeHl1R Hal16onee qacTO lt1CIIOJib3YeMblX 

CTpOKOBblX orrepau;l1i1. c p;pyroM: CTOpOHbl, rraKeT stringi rrpoeKT1t1pOBaJICR TaK, 

l.JT06b1 oXBaTl1Tb KaK MO:>KHO 6onee UI1t1pOKl1i1 Kpyr B03MO:>KHOCTel1. B HeM Bbl HaM:­

p;eTe I10l.JT!t1 JII06y10 ¢YHKIJ;l1IO, KOTOpaR MO:>KeT BaM IIOHap;o6l1TbCR: OH cop;ep:>Kl1T 

234 cpyttKll;l1l1, B TO BpeMR KaK rraKeT stringr - Bcero JIMUib 42. 

Ernl1 Bbl CTOJIKHeTecb c TPYAHOCTRMl1, IIbITaRCb cp;enaTb l.JTO-TO c rroMO~bIO rra­

KeTa stringr, BaM CTOl1T BCIIOMHl1Tb 0 rraKeTe stringi. 3Tl1 rraKeTbl Ol.JeHb IIOXO:>Kl1, 

I103TOMY Bee, l.JTO Bbl 3HaeTe 06 O,!l;HOM rraKeTe, caMblM ecTeCTBeHHblM o6pa30M 

rrepeHOCl1TCR Ha p;pyroM:. OcttoBHoe pa3Jil1l.JMe Me:>Kp;y Ha3BaHl1RMl1 ¢YHKIJ;l1M 3a­

KJIIOl.JaeTrn B rrpecpl1Kcax: str _ l1 stri _ . 

Ynpa>KHeH111S1 
I. Hai1p;l1Te cpyttKIJ;l11t1 rraKeTa stringi, KoTOpb1e: 

a) I10,!l;Cl.Jlt1TbIBaIOT KOJil1l.JeCTBO CJIOB; 

6) HaxO,D;RT IIOBTOpRIO~l1eCR CTpOKl1; 

B) reHep1t1py10T rnyqaMHbIM TeKCT. 

2. KaK yrrpaBJIRTb TeM, KaKoi1 R3blK ¢YHKIJ;l1R s tri _ sort () 6yp;eT l1CIIOJib30BaTb 

B rrpou;ecce copTl1pOBKl1 TeKcTa? 
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rnABA 12 

Pa6ora c ~aKropaMM 
c noMOIJ9'blO naKera f orca ts 

<DaKTopb1 MCIIOTib3YIOTC.H B R p;n.H pa60Tbl c KaTeropMaTibHblMM rrepeMeHHblMM, 

:.e. rrepeMeHHblMJ!l, KOTOpble J!IMeIOT cpMKCMpoBaHHblM p.Hp; Ji13BeCTHblX B03M0)KHblX 

3HaY:eHJ!IM. Mx TaK)Ke MO)KHO J!ICIIOTib30BaTb, eCJIJ!l Bbl XOTJ!ITe OTo6pa3Ji1Tb CJ!IM-

30llbHble BeKTOpbl B rrop.Hp;Ke cnep;oBaHJ!l.H, OTTIJ!l'IaIO~eMC.H OT ancpaBMTHOfO. 

McTopMY:eCKM CJIO)KJ!IJIOCb TaK, Y:TO c cpaKTopaMM 6brno nerqe pa6oTaTb, Y:eM 

- CMMBOTiaMM. B pe3yTibTaTe MHOrMe cpyttKI\MM, BX0,!1;.H~Me B 6a30BblM coCTaB R, 
3.BTOMaTJ1Y:eCKJ!l rrpeo6pa3y10T CJ!IMBOTibl B cpaKTOpbI. 3To 03HaY:aeT, Y:TO cpaKTOpbl 

qacTO IIO.HBJI.HIOTC.H B Tex MeCTax, rp;e OT HJ1X cpaKTJ1qeCKJ1 HeT Hl1KaKOM IIOTib3bI. 

=- CY:aCTbIO, pa6oTa.H c 6M6TIJ10TeKOM tidyverse, Bbl He ,!l;OJI)I(Hbl 06 3TOM 6ecrroKO­

l!TbC.H J1 MO)KeTe cocpep;OTOY:J!ITbC.H Ha CMTyal\li1.HX, B KOTOpblX cpaKTOpbl p;e:i1CTBJ1-

:eJibHO HY)KHbI. 

lfro6bl rronyqJ!ITb o6~ee rrpep;CTaBTieHJ1e 0 p0TIJ1 cpaKTOpOB B J!ICTOpl1Y:eCKOM 

.·o ttTeKcTe, peKoMettp;yeM rrpoY:11TaTb CTaTbM Pop;)Kepa Dettra stringsAsFactors: 
:i.n unauthorized biography (http: I I simplystatistics. org/2015/07 /24 I 
SLringsasfactors -an-unauthorized- biography/ ) J1 ToMaca naM-

1 11 stringsAsFactors = <sigh> (http: I /notstatschat. tumblr. com/post/ 
:24987394001/stringsasfactors-sigh). 

Heo6XOAL11Mb1e pecypcb1 

,nn.H pa60Tbl c cpaKTopaMJ!l Mbl 6yp;eM J!ICIIOTib30BaTb rraKeT forcats , KOTOpblM 

o p ep;oCTaBJI.HeT J1HCTpyMeHTbl ,!l;TI.H o6pa60TKJ1 KaTeropMaTibHblX rrepeMeHHblX. 

K CTaTJ!l, CaMO Ha3BaHJ!le rraKeTa .HBTI.HeTC.H attarpaMMOM Ha OCHOBe ClIOBa factors !) 
3 TOT rraKeT rrpep;oCTaBJI.HeT llll1pOKJ!IM accopTl1MeHT BCIIOMoraTeTibHblX cpyttKI\MM, 



npeAHa3Ha'-IeHHhIX AJUI pa6oThI c ¢aKTopaMJ11. ITaKeT forcats He JIBJUieTcJI '-IaCThIO 

51Apa 6J116JIJllOTeKJ11 tidyverse, TI03TOMY ero CJieAyeT 3arpy:>KaTb JIBHbIM o6pa30M. 

library (tidyverse ) 
library (forcats ) 

ITpeAIIOJIO:>KJllM, y Bae JllMeeTCJI nepeMeHHaJI, B KOTopy10 3anJ11cbrna10TcJI Ha3Ba­

HJllJI MeCJIU,eB: 

xl <- c ("Dec " , "Apr " , "Jan" , "Mar " ) 

c 3aTIJllCbIO CTpOKJll B 3TY nepeMeHHYIO CBJI3aH bl ABe n p o6JieMbI. 

1. Cy~ecTBYIOT Bcero ABeHaAu,aTh B03MO:>KHbIX 3Ha'-IeHJllM Ha3BaHJ1M MeCJIU,eB, HO 

J11 3TO He rapaHTMpyeT oTcyTcTBJllJI one'-IaTOK: 

x2 <- c ("Dec " , "Apr " , "Jam" , "Mar " ) 

2. 3TOT CTIJllCOK He copTJ11p yeTCJI TaK, KaK H aM XOTeJIOCb 6hI. 

sort (xl ) 
#> [l] "Apr" "Dec " "Jan" "Mar" 

06a 3TJllX HeAOCTaTKa MO:>KHO JiefKO JllCIIpaB JllTb , JllCTIOJib3YJI ¢aKTOp. qTOfaI 

C03AaTb ¢aKTop, Bbl AOJI:>KHbI Ha'-!aTb c C03AaHJllJI c n McKa AOnycTMMbIX ypoBHe:H. 

month levels <- c ( 
"Jan" , "Feb" , "Mar" , "Apr " , "May" , "Jun" , 
"Jul " , "Aug " , "Sep" , "Oct " , "Nov" , "Dec" 

Tenepb MO:>KHO C03AaTb ¢aKTop. 

yl <- factor (xl , levels month_levels ) 
yl 
#> [l ] Dec Apr Jan Ma r 
#> Levels: Jan Feb Ma r Apr May Jun Jul Aug Sep Oct Nov Dec 
sort (yl) 
#> [l ] J an Ma r Apr Dec 
#> Level s: Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

JI106b1e 3Ha'-!eHJllJI, He BXOAJI~J1e B 3 TOT H a 6 op, 6 y AyT aBTOMaTJll'-IeCKJll npeo6-

pa30BbIBaTbCJI B NA. 

y2 <- factor (x2 , levels month_levels ) 
y2 
#> [l] Dec Apr <NA> Ma r 
#> Leve l s : Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
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ECJm xon1Te rronyqaTb coo6rn;emrn: 06 onm:6Kax, MO)KeTe J1CIIOllb30BaTb cpyttK­

uo readr: : parse_ factor ( ) . 

~ <- parse_factor (x2 , leve l s = month_level s) 
Warning : 1 parsing f ailure. 
~ow col expected actual 

= ~ 3 -- value in level setJam 

EcnM orrycTJ1Tb ypoBHJ1, OHM 6y,n;yT 6paTbCH J13 ,n;attHbIX B ancpaBJ1THOM nopR,n;Ke. 

_;:.: : or (xl ) 
=> [1] Dec Apr Jan Mar 
=> Level s: Apr Dec Jan Mar 

Mttor,n;a rrpe,n;rro'ITJ1TenbHee, 'IT06b1 nopR,n;oK cne,n;oBaHJ1H ypoBHei71 coBrra,n;an c 

~opH,D;KOM nepBoro noHBJieHmI B ,n;aHHbIX. Mo)KHO c,n;enaTb 3TO B npou;ecce co3,n;a­

UI cpaKTopa nyTeM 3a,D;aHJ1R ypoBHeJir ,D;lIR cpyHKIJ;J1J1 unique (x) J1llJ1 y)Ke IIOCT­

- aKTyM c IlOMOlll;bIO cpyHKIJ;J1J1 fct _ inorder () . 

<- factor (xl , l evel s = u~iq1e ( xl )) 

=> (1] Dec Apr Jan Mar 
=> Levels: Dec Apr Jan Mar 

=, <- xl %>% factor () %>% fct_inorder () 

=> [1] Dec Apr Jan Mar 
=> Levels: Dec Apr Jan Mar 

Ecn11 BaM Kor,n;a-nJ16o noTpe6yeTrn Herrocpe,n;cTBeHHbIM ,n;ocTyrr K Ha6opy ,n;o­
::rycTJ1MbIX ypoBHeJir, 3TO MO)KHO c,n;enaTb c IlOMOlll;bIO cpyHKIJ;J1J1 levels () . 

- '=--el s (f2 ) 
=> [1 ] "Dec " "Apr" "Jan" "Mar" 

npoc GSS 
B oCTaBineJircH qacT11 rnaBhI Harne BHJ1Mattl1e 6y,n;eT rrpl1KOBaHo K Ha6opy ,n;aH­

HI>IX forcats: : gss _cat. OH npe,n;CTaBnHeT co6oJ/r Bh16opKy ,n;aHHbIX 06rn;eHau;11-

0HallbHOro cou;MaJibHoro onpoca (General Social Survey - GSS), rrpoBO,D;l1Moro 

B ClIIA ,n;Ba pa3a B r o,n; He3aBJ1CJ1MOJir J1ccne,n;oBaTeJibCKOJir opraHl13au;MeJir NORC, 

:m a6-KBapTl1pa KOTop oJ/r ttaxop;l1TCR B qJ1KarcKOM yttl1Bepcl1TeTe. OrrpoctthIM JIJ1CT 

HaC'IJ1TbIBaeT HeCKOllbKO TbICR'I BOIIpOCOB, II03TOMY B tta6op ,n;aHHbIX gs s - cat 
3KllIO'IeHa llJ1Illb ,D;OCTaTO'IHO rrpe,n;cTaBJ1TellbHaH BbI60pKa, J1llllIOCTp11py10rn;aR pR,D; 

o6rn;J1x rrpo6neM, c KOTOpbIMJ1 Bbl MO)KeTe CTOllKHYTbCR, pa6oTaH c cpaKTopaMJ1. 
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gss_cat 
#> #A tibble: 21 ,483 x 9 
#> year marital age race rincome 
#> <int> <f ct r> <i nt> <f ctr> <f ctr> 
#> 1 2000 Never married 26 White $8000 to 999 9 
#> 2 2000 Divorced 48 White $8000 to 9999 
#> 3 2000 Widowed 67 White Not applicable 
#> 4 2000 Never married 39 White Not applicable 
#> 5 2000 Divorced 25 White Not applicable 
#> 6 2000 Married 25 White $200 00 - 24999 
#> # . .. with 2.148e+04 more rows, and 4 more variables : 
#> # partyid <fctr >, relig <fctr>, denom <fctr> , t vhour s <int> 

(He sa6brna:iii:Te 0 TOM, qTO, IIOCKOJlhKY 3TOT Ha6op ,IJ.aHHhIX rrpe,II.OCTaBJI5IeTrn 

rraKeTOM, 6orree rro.n.po6HyIO 11HcpopMau;1110 o rrepeMeHHhIX MO:>KHO rrorryq11Th c rro­

MOW:hIO KOMaH,IJ.bI ?gss _cat .) 
Ern11 cpaKTOphr xpaHRTCJI B tibble-cppe:iii:Me, BhI He cMo:>KeTe yBM,II.eTh 11x, He 

rrpe.n.rrp11H11Ma5I HJ1KaKJ1X Mep. 0,II.MH 113 crroco6oB YBM,II.eTh 11x - 11crroJih30BaTh 

cpyttKIJ;MIO count () (p11c. 12.1). 

gss_cat %>% 
count (race ) 

#> # A tibble: 3 x 2 
#> race n 
#> <fctr> <int> 
#> 1 Other 1959 
#> 2 Black 3129 
#> 3 White 16395 

J1JIJ1 :>Ke, eCJIJ1 OT06pa3WTb 3TO Ha .n.warpaMMe: 

ggrlot (gss_cat , aes (race )) + 
geom_bar () 

ITo yMorrqaHwIO rraKeT ggplot2 orrycKaeT ypoBHM, KOTOphre He co.n.ep:>KaT KaKwe­

rr1160 3HaqeHJ15I. Mo:>KeTe rrpwHy,II.wTeJihHO sa.n.aTh wx 0To6pa:>KeH11e c rroMOW:hIO 

rne.n.y10w;e:iii KOMaH,II.hI (pwc. 12.2). 

ggplot (gss_cat , aes (race )) + 
geom_ bar () + 
scale_x_discrete (drop = ~ALSE ) 

3TJ1 ypoBHW rrpe,II.CTaBJI5IIOT .n.orrycTWMbie 3Ha':!eHW5I, KOTOpbie rrpocTO He BCTpe­

qaIOTOI B wcrrorrhsyeMOM Ha6ope .n.aHHhIX. K co:>KarreHWIO, B rraKeTe dplyr rroKa ew;e 

He rrpe.n.ycMOTpeHa orru;wR drop, HO 3TO 6y.n.eT c.n.erraHo B 6y.n.yw;eM. 
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,UBe '-rnrn;e Bcero BCTpeqa10rn;Mern orrepau,MM rrpM pa6oTe c cpaKTopaMM - M3Me­

ettMe rrop.R:p;Ka CJie,D;OBaHM.R: ypoBHe:i1: M M3MeHeHMe MX 3HaqeHMM. 3TM orrepau,MM 

orrncaHbI B crrep;y10rn;Mx pa3p;errax. 
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Ynpa>1<HeH111H 
1. Mcrne,n;yiit:Te pacrrpe,n;enem1e rrepeMeHHOM rincome (reported income - 3aRB­

JieHHbIM p;oxo,n;). lloqeMy TaK Tpyp;HO IIOH5!Tb CMbICJI CTOJI6'rnTOM p;MarpaMMbl 

3ap;attttoiit: rro yMoJiqattmo? KaK MO)KHO yrryqllIMTb 3TOT rpaqmK? 

2. KaKoe 3HaqeHJ.1e rrepeMeHHOJit: relig BCTpeqaeTrn B 3TOM orrpoce qa~e ,n;py­

mx? KaKoe 3HaqeHJ.1e rrepeMeHHoiit: partyid BCTpeqaeTrn qa~e ,n;pymx? 

3. K KaKMM 3HaqeHJ.15IM rrepeMeHHOJit: relig rrpMMeHMMO IIOH5ITJ.1e denom (deno­

mination - KOHcpeccMH)? KaK 3To BbrnCHMTb c rroMO~bIO Ta6rrm~b1? KaK 9TO 

Bbl5ICHJ.1Tb c IIOMO~bIO BJ.13yaJIJ.13aLI;J.1J.1? 

~3MeHeHMe nopHAKa cneAOBaHMH ct>aKTOpOB 
lfacTO OKa3bIBaeTC5I IIOJie3HbIM J.13MeHJ.1Tb rrop5I,D;OK rnep;oBaHJ.15! ypoBHeiit: cpaK­

TOpOB B BJ.13yaJIJ.13aLI;J.1J.1. llpe,n;rrOJIO)KJ.1M, Bbl XOTJ.1Te J.1CCJiep;oBaTb cpe,n;Hee KOJIJ.1qe­

CTBO qacOB, TIOCB5I~aeMbIX e)Kep;HeBHO rrpOCMOTPY TeJieBJ.13J.10HHblX rrepep;aq rrpe,n;­

CTaBJ.1TeJI5IMJ.1 pa3JIJ.1qHbIX peJIJ.1fJ.1M (pMc. 12.3). 

relig <- gss_cat %>% 
group_by (relig ) %>% 
summarize ( 

age = mean (age , na.rm = TRUE ), 
tvhours = mean (tvhours , na.rm = TRUE ), 
n = n () 

ggplot (relig , aes (tvhours , relig )) + geom_p0int () 

3ToT rpacpMK Tpy,n;tto MHTeprrpeTMpoBaTb, rrocKOJibKY Ha HeM HeJib35I YBMp;eTb 

HMKaKoiit: o6~eiit: 3aKOHOMepttoCTJ.1. CMTyau;MIO MO)KHO yrryqllIMTb 3a cqeT J.13MeHe­

HJ.15I nop5Ip;Ka rnep;oBaHJ.15! ypoBtteiit: relig, J.1CIIOJib3Y5I cpyttKLI;J.110 fct reorder () , 
Kornpa5I rrpMHMMaeT TPM apryMeHTa (pMc. 12.4): 

• f - cpaKTOp, y poBHJ.1 KOTOporo Bbl XOTJ.1Te J.13MeHJ.1Tb; 

• x - qJ.1CJIOBOM BeKTOp, KOTOpblM Bbl XOTJ.1Te J.1CI10Jlb30BaTb ,D;J15I J.13MeHeHJ.15I 

rropH,n;Ka rnep;oBaHMJI ypoBtteiit:; 

• He065!3aTeJibHbIM apryMeHT fun - cpyHKLI;J.15!, KOTOpa5! J.1CTIOJib3yeTC5I, eCJIJ.1 

,D;J15I Ka)K,D;Oro 3Hat.IeHJ.15I f cy~eCTByeT HeCKOJlbKO 3Hat.IeHJ.1M x (3HaqeHJ.1e no 

yMorrqaHJ.110 - median). 
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ITep ecTaHOBKa 3Ha'!ett11J1 religion p;eJiae T 6oJiee oqeB11p;HbIM TOT cpaKT, 'IT 

JIIOp;11 KaTerop1111 "Don't know" ("He 3Ha10" ) qa~e CMOTp51T TeJieBJ13op, Torp;a K 

np11Bep>KeHI.J;bI 11Hp;y113Ma 11 p;pyr11x BOCTO'IHbIX peJI11r11i1: CMOTP51T TeJieB113op pe)f(, 

Korp;a Bbl nepetip;eTe K 11cnOJib30BaH11IO 6oJiee CJIO>KHbIX npeo6pa30BaH11l1, p -

KOMeHp;yeM nepeMeCTJ1Tb J1X 113 cpyHK1J;J1J1 aes {) B OT,lJ;eJibHbIM war BbI30Ba cpym:-

1J;J1J1 mutate () . Hanp11Mep, MO>KHO nepen11caTb Kop; nocTpoeH115I npep;b!p;y~er 

rpacp11Ka B rnep;y10~eM B11,n;e. 

relig %>% 
mutate (relig = fct_reorder (relig , tvhours )) %>% 
ggplot (aes (tvhours , relig ) ) + 

geom _point () 

l fro ecJIJ1 Mbl C03p;ap;l1M attaJIOfl1'IHbIM rpacp11K (p11c. 12.5), 'IT06bI IIOCMOTpeT 

KaK MeH51eTrn cpep;Hl1M B03pacT (age) B 3aBJ1CJ1MOCTJ1 OT 3a51BJieHHOfO ypoBH51 p;o­

xop;a (rincome)? 

rincome <- gss_cat %>% 
group_by (rincome ) %>% 
surrnnarize ( 

age = mean (age , na.rm = TRUE ) , 
tvhours = mean (tvhours , na.rm = TRUE ) , 
n = n ( ) 

ggplot ( 
rincome , 
aes (age , fct_reorder (rincome , age ) ) 
+ geom _point () 

B ,n;aHHOM cJiyqae npo113BOJibHa51 nepecTaHOBKa nop51p;Ka rnep;oBaHJ151 ypoB­

Heti - He o'IeHb xoporua51 11p;e51! I1p11q11H a 3aKJIIO'IaeTC51 B TOM, 'ITO nepeMeHHa51 

r income y>Ke l1MeeT TBepp;bIM nop51,ll;OK CJiep;o BaHJ151 3Ha'!eHJ1M, KOTOpbIM Mbl He 

p;OJI>KHbI nopTl1Tb. OcTaBbTe cpyttKll;l1IO fct _reorder () p;JI51 cpaKTopoB, y pOBHJ1 

KOTOpbIX ynop51,ll;O'IJ1BaIOTC51 np0113BOJibHO. 

B TO >Ke BpeM51 J1MeeT CMbICJI nepeMeCT J1Tb ypoBeHb "Not applicable" ("He­

np11MeH11Mo") B Ha'!aJIO BMeCTe c p;pyr11MJ1 CIIe1J;J1aJibHbIMJ1 ypoBH51MJ1. ,D;JI51 3TO­

ro MO>KHO 11cnoJib30BaTb cpyHKll;l1IO fct _relevel () . B Ka'Iecrne apryMeHTOB otta 

npl1HJ1MaeT cpaKTOp, f , J1 JII06oe KOJIJ1'IeCTBO y poBHeM, KOTOpbie Bbl XOTJ1Te nepe­

MeCTJ1Tb B Ha'IaJIO JIJ1HJ1J1 (p11c. 12.6). 

ggplot ( 
rincome , 
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KaK Bbl ,n;yMaeTe, '!eM ofrbJICHJieTcJI CTOJib BbICOKoe 3Ha'leH11e ,!l;JIJI ypoBHJI "Not 

applicable"? 

,IJ;pyroiil Tl1TI nepeynopJip;o'leHJ1JI ypoBHeiil noJie3eH B Tex rny'laJix, Kor.n;a Bbl 

Bbip;eJIJieTe u;BeToM Jil1Hl1l1 Ha rpaqrnKe. <PyHKll;l1JI f ct_ reorder2 ( ) nepeynop JI­

,!l;O'll1BaeT cpaKTOpbI no 3Ha'leHJ1JIM y, CBJI3aHHbIM c Ha1160Jibllll1Ml1 3Ha'leHJ1JIMJ1 x . 

3To o6Jier'laeT 'ITeHJ1e rpacp11Ka, TIOCKOJibKY u;BeTa Jll1Hl1M BbipaBHJ1BaIOTCJ! c Jie­

reH,!l;OM (p11c. 12.7 11 12.8). 

by_age <- gss_cat %>% 
filter (! is . na (age) ) %>% 
group_by (age , marital ) %>% 
count () %>% 
mutate (prop = n I sum (n )) 

ggplot (by_age , aes (age , prop , color marital )) + 
g0om_line (na.rm = TRUE ) 

ggplot ( 
by_age , 
aes (age , prop , color 
+ 
geom_line () + 
labs (color = "marital " ) 
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HaKoHeu;, B cJiy'lae cToJI6'1aTbIX .n;11arpaMM MO)l(HO 11cnoJib30BaTb cpyHKu;1110 

fct _ infreq () p;JIJI ynopH,n;o'l11BaH11JI ypoBHeiil no B03pacTaHl1IO: 3TO npoCTeiilU111Jil 

Tl1TI nepeynopJI,!l;O'leHJ1JI, TIOCKOJibKY OH He Tpe6yeT HJ1KaKJ1X ,!l;OTIOJIHJ1TeJibHbIX 
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- epeMeHHbIX (p1t1c. 12.9). Bo3MO:>KHO, Bbl 3axOTJttTe 1t1CTIOJib30BaTb ee B coqeTaH1t11t1 

.:¢yttK~1t1ei1 fct_rev() . 
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;ss_cat %>% 
~utate ( rnarital = marital%>% fct_infreq () %>% fct_re <.c ()) %>% 
;gplot (aes (rnarital )) + 

geom_bar () 
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Ynpa>KHeH11ui 

I. Cpe.IJ;M ,IJ;aHHhIX, KacaIOrn;MxcH BpeMeHM, rrpoBO.IJ;MMoro 3a TeJieBM30poM, MMe­

IOTrn I10.IJ;03pMTeJibHO BbICOKMe u;mppbI. 5IBJIReTrn JIM cpe,IJ;Hee Bp eMR xopoum! 

MTOfOBOM xapaKTepMCTMKOM? 

2. YKa)KMTe .IJ;JIR Ka)K,IJ;oro ¢aKTopa B tta6ope ,IJ;aHHhIX gss cat, RBJIReTrn JIM rro­

pR.IJ;OK CJie,IJ;OBaHMR ero ypoBHeM rnep.IJ;bIM MJIM rrpOM3BOJibHbIM. 

3. fJoqeMy nepeMern;ettMe "Not applicable" B ttaqaJio cnMcKa ypoBtteM: rrpMBO.IJ;MT K 

ero rrepeMern;ettMIO B HM)KHIOIO qacTh rpa¢MKa? 

BoJiee MOll!HhIM rro cpaBtteHMIO c M3MettettMeM rropR.IJ;Ka cJie,IJ;oBaHMH ypoBtteM: 

rrpMeMOM RBJIReTCR M3MeHeHMe MX 3HaqeHMM. 3To I103BOJIReT C,IJ;eJiaTh 6oJiee rro ­

HRTHbIMM ITO.IJ;ITMCM .IJ;JIR ny6JIMKau;MJ1: M CBepTbIBaTb ypoBHM, C03,IJ;aBaR ypoBHM 

6oJiee BhICOKoro rropR.IJ;Ka .IJ;JIR oTo6pa)KeHMR. HaM6oJiee o6rn;MM M pacnoJiara10-

ll!MM HaJ160JibllIMMM B03MO)KHOCTRMM MHCTpyMeHTOM RBJIReTrn ¢YHKD;MR fct -

re code () . Otta rro3BOJIReT rrepeKO.IJ;MpoBaTh, T.e. M3MeHRTh, 3HaqeHMR Ka)K,IJ;Oro 

ypoBHR.B03bMeM,HarrpMMep, gss_c at$partyi d . 

gss_cat %>% count (partyid) 
#> # A tibble: 10 x 2 
#> party id n 
#> <f ctr> <int> 
#> 1 No answer 154 
#> 2 Don't know 1 
#> 3 Other party 393 
#> 4 Strong republican 2314 
#> 5 Not str republican 3032 
#> 6 Ind , near rep 17 91 
#> # with 4 more rows 

Co.IJ;ep)Karn;aRrn B tta3BaHMRX ypoBtteM: Mtt¢opMau;MR C)KaTa M tterrorne,IJ;o ­

BaTeJibHa. ~aBaMTe HeMHOfO pacurnpMM MX M MCITOJih3yeM rrapaJIJieJibHYIO KOH ­

CTPYKD;MIO. 

gss_cat %>% 
mutate (partyid fct_recode (partyid, 

"Republican , strong " "Strong republican" , 
"Republican , weak" "Not str republican" , 
" Independent , near rep" " Ind , near rep" , 
" Independent , near dem" "Ind , near dem" , 
"Democrat, weak" "Not str democrat " , 
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"Deir.ocra t , strong " 
)) %>% 
count (partyid ) 

~ > # A tibbl e : 10 x 2 
=> partyid 
=> <f c t r> 
=> 1 No answer 
=> 2 Don' t know 
=> 3 Other party 
=> 4 Republican, st rong 
=> 5 Republican , weak 
=> 6 Independent , near rep 
=> # . . . with 4 more rows 

"S~rong democrat " 

n 
<int> 

154 
1 

393 
2314 
3032 
1791 

<l>yHKD;MJI fct _recode () oeTaBJIJieT Bee ypoBHM, KOTOpb1e He 6bIJII1 JIBHO yrro­

~UIHYTbl, B TOM BM,IJ;e , KaK OH M eeTb, I1 rrp ep;y rrpep;MT Bae, eeJIM B bl rny':!aMHO eo ­

WJieTeeb Ha Heeyiu;eeTBy 10iu;11Jlr y p oBeHb. 

MmKHO eo3p;aBaTb rpyrrrrbl , rrp11rr11eb1BaJI HeeKOJibKO rrp e)KHMX y p oBHelir O,IJ;H0-

~1y 11 TOMY )Ke HOBOMY ypoBHIO. 

~ ss_cat %>% 
mu,_.ate (pa r tyi d 

"Republican , 
"Republican , 

= fct_recode (partyid, 

=> 
=> 
=> 
=> 
=> 
=> 
=> 
=> 
=> 
=> 

strong " "Strorg republican " , 

) ) 

weak" 
"Independent , near rep" 
"Independent , near dem" 
"Democrat , wea k" 
"Democrat , s trong " 
"Other " 
"Other " 
"Other " 

%> % 
count (partyid ) 

# A tibble : 8 x 2 

"Not str republican" , 
" :nd, near rep" , 
":nd , near dem", 
"Not st:r democrat " , 
"Strong democrat " , 
"No answer " , 
"Dor. ' t know" , 
"Other party" 

partyi d 
<fct r> 

n 
<int> 

1 Other 
2 Republican , strong 
3 Republican , weak 
4Independent , near rep 
5 Independent 
6Independent , near dem 
# . . . with 2 more rows 

548 
2314 
3032 
1791 
4119 
2499 

3Ty M eTO,IJ;MKY rnep;yeT rrp11MeHJITb e o eTopO)KHOeTbIO: rpyrrrr11py51 BMeeTe Ka­

TeropMI1, KOTOpbl e B p;elireTBMTeJib HOeTM JIBJIJIIOTeJI pa3JII1':!HblM I1, Bbl IIOJIY'IMTe pe-

3YllbTaTbl , KOTOpble 6 y p;yT BBO,IJ;I1Tb B 3a6Jiy)Kp;eH11e. 
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ECJm Bbl rrnam1pyeTe cBepttyTb 3Ha'!MTeJibHoe KOJIM'!ecTBo ypoBHe.i1:, cpyttK­

QMR fct _collapse () - IIOJie3HbIH BJ1,ll;OJ13MeHeHHbIH BapMaHT cpyHKQJ1J1 fct _ 
recode () . ,[J;JIR Ka)l(,D;OH HOBOH rrepeMeHHOH MO)l(HO rrpe,n;oCTaBJ1Tb BeKTOp rrpe)l(­

HJ1X ypoBHeJ1:. 

gss_cat %>% 
mutate (partyid = fct_collapse (partyid, 

other = c ("No answer " , "Don ' t know" , "Other party" ) , 
rep c ("Strong republican" , "Not str republican" ) , 
ind = c (" Ind , near rep" , " Independent " , "Ind, near dem" ) , 
dem = c ("Not st r democrat " , "Strong democrat " ) 

) ) %>% 
count (partyid ) 

#> # A tibble: 4 x 2 
#> party id n 
#> <fctr> <int > 
#> l other 548 
#> 2 rep 534 6 
#> 3 ind 8409 
#> 4 dem 7180 

Mttor,n;a Bbl 3axoTMTe npocTo o6bep;l1Hl1Tb Bee tte6oJibUJJ1e rpynrrbI ,n;nR Toro, 

'IT06b1 ynpocTMTb rpacpMK l1JIJ1 Ta6JIMQy. 3rn pa6oTa cpyHKQJ1l1 f ct_ lump ( ) . 

gss_cat %>% 
mutate (relig fct_lump (relig )) %>% 
count (relig ) 

#> # A tibble : 2 x 2 
#> relig n 
#> <fctr> <int> 
#> l Protestant 10846 
#> 2 Other 10637 

IToBe,n;ettMeM no YMOJI'!aHMIO RBJIReTcR rrocne,n;oBaTeJibHoe o6bep;MHeHJ1e HaJ1-

MeHbIUJ1X rpyrrrr, rapaHTMpy10~ee, 'ITO arperaT Bee e~e RBJIReTcR HaJ1MeHbIUe.i1: 

rpynrro.i1:. B ,n;aHHOM cnyqae :no HeQenecoo6pa3HO: ttecMoTpR Ha TO, 'ITO B 3TOM 

orrpoce 6oJibIUJ1HCTBO aMepMKaHQeB ,n;eJ1:CTBJ1TeJibHO RBJIRIOTCR rrpoTeCTaHTaMJ1, 

Mb!, BepoRTHO, rrepecTapa71J1Cb co CBepTbIBaHJ1eM ypoBHe.i1:. 

BMecTo 3Toro MbI MO)l(eM J1CIIOJib30BaTb rrapaMeTp n , '!T06b1 yKa3aTb, CKOJibKO 

rpynn (l1CKJIIO'!aR ,n;pyrne) Mb! XOTJ1M coxpaHJ1Tb. 

gss_cat %>% 
muLate (relig = fct_lump (relig , n = 10 )) %>% 
count (relig , sort TRUE ) %>% 
print (n = Inf ) 

#> # A t i bble : 10 x 2 
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"> relig n 
#> <f ctr> <int> 
~> 1 Prot estant 10846 
=:: > 2 Cathol i c 5124 
=> 3 None 3523 
=> 4 Christian 689 
=> 5 Other 458 
=> 6 Jewish 388 
=> 7 Buddhism 147 
=> 8 Inte r - nondenominational 109 
=> 9 Moslem/islam 104 
=> 10 Orthodox- christian 95 

Ynpa>KHeH111R 

1. KaK OTHOCYITeJibHbie p;onM mop;di, Mp;eHTmpmi;YipyIO~Mx ce6R KaK p;eMoKpaTbI, 

pecrry6JIYIKaHu;hI YI He3aBMCYIMbie, Y13MeHRIOTC5I co BpeMeHeM? 

2. KaK 6b1 Bbl rnepHym1 rincome B He6oJihlllOI1 Ha6op KaTeropYII1? 
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rnABA 13 

Pa601a c AaTaMM M epeMeHeM 
c noMo~blO naKeta lubridate 

B 3Toi1 rnaBe rrpo,n;eMOHCTpMpoBaHo, KaK pa6oTaTb co 3HaqeHMJIMM ,n;aTbl M Bpe­

~1eHM B R. Ha rrepBblM B3rn>I,n;, pa6oT a c ,n;aTaMM M BpeMeHeM He ,n;omKHa Bbl3bIBaTb 

3aTpy,n;HeHMi1. Mb1 pery1rnpHo rrOJib3yeMCJI MX 3HaqeHMJIMM B rroBce,n;HeBHOi1 )f(M3-

HJ1, M 3,n;ecb, Ka3aJIOCb 6bl, He ,ll;OJI)f(HO B03HMKaTb HMKaKOM rryTaHJ11.~bl. 0,n;HaKO, 

q eM 6oJibllle Bbl Y3HaeTe o rrepeMeHHblX, orrMCbIBaIO~Mx ,n;aTy M BpeMJI, TeM 6oJiee 

110)f(HblMM OHM BaM 6y,n;yT Ka3aTbC5I. B KaqecTBe pa3MMHKM rrorrpo6yi1Te OTBeTMTb 

H a cJie,n;yIO~Me TPM Borrpoca, KOTOpb1e BblrJIJI)l;JIT ,n;oBOJibHO rrpocTblMM. 

• B Ka)f(,n;OM JIM ro,n;y co,n;ep)f(MTCJI 365 ,n;Hei1? 

• B Ka)f(p;b1x JIM cyTKax co,n;ep)f(MTCJI 24 qaca? 

• B Ka)f(,n;oi1: JIM MMHyTe co,n;ep)f(MTCJI 60 ceKyH,n;? 

51 yBepeH, BaM M3BeCTHO 0 TOM, qTo He Ka)f()l;blM ro,n; COCTOMT M3 365 ,n;Hei1, HO 

3HaeTe JIM Bbl ITOJIHblM Ha6op rrpaBMJI, I103BOJI5IIO~MX rrpoBepMTb, 5IBJI5IeTC5I JIM 

.::ia ttHblM ro,n; BMCOKOCHblM? (3To rrpaBMJIO BKJIJOqaeT TPM qacTM.) HaBepHoe, Bbl 

3H aeTe, qTo BO MHOfMX CTpaHax MCI10Jib3yeTC5I nepexo,n; Ha JieTHee BpeMJI, I103TOMY 

B HMX O,ll;HM cyTKM MoryT co,n;ep)f(aTb 23 qaca, ,n;pyrne - 25. B03M0)f(H0, Bbl He 3Ha­

eTe, qTo HeKOTOpb1e MMHYTbl co,n;ep)f(aT 61 ceKyH,n;y, nocKOJibKY p;JIJI yqern rroCTe­

n eHHoro 3aMe,n;JieHM5I CKOpOCTM Bpa~eHMJI 3eMJIM MHor,n;a K MMHyTaM rrpMXO,ll;MTCJI 

:rn 6aBJI5ITb ,ll;OITOJIHMTeJibHble ceKyH,ll;bl. 

Pa6oTaTb co 3HaqeHM5IMM ,n;aTbl M BpeMeHM HerrpOCTO, ITOCKOJibKY OHM ,ll;OJI)f(­

Hbl cornacoBbIBaTb ,n;Ba qm311qecn1x JIBJieHMJI (Bpa~eH11e 3eMJIM BOKpyr co6-

- rneHHOi1 ocM 11 o6pa~eHMe 3eMJIM BOKpyr CoJIHI~a) c MHO)f(eCTBOM >IBJieHMM 



reonoJIJttTJttqecKoro xapaKTepa, BKJIJOqaJI onpe;:i;eneHMR Mecmi;eB, qacOBble noJica 11 

nepexo;:i; Ha neTHee BpeMJI. B 3TOM rnaBe Mbl He 6y;:i;eM pas6JttpaTb pa6oTy c ;:i;aTaMH 

Jt1 BpeMeHeM }J;O MeJibqaMlllJttX no;:i;po6HOCTeM, HO Bbl nonyqJttTe COJIMAHYIO OCHO­

BY }J;JIJI pa3BMTMJI Heo6xo;:i;JttMblX npaKTJttqecKJttX HaBblKOB, KOTOpb1e o6nerqaT BaM 

perneHJtte pa3JIJttqHblX sa;:i;aq, CBJI3aHHblX c aHaJIJt130M BpeMeHHblX xapaKTep1t1CTHK. 

Heo6XOA111Mble pecypcb1 

B 3TOM rnaBe Mbl ccpoKycMpyeM BHJttMaHMe Ha naKeTe lubridate, ynpoll\aIOll\eM 

pa6oTy c ;:i;aTaMM M BpeMeHeM B R. flaKeT lubridate He JIBJIJieTrn qacTbIO H;:i;p a 

6Jtt6JIMOTeKJtt tidyverse, IIOCKOJibKY He06XO}J;Jt1MOCTb B HeM B03HJt1KaeT J1Jt1lllb TOr,n;a, 

Kor;:i;a Bbl pa6oTaeTe c ;:i;aTaMM M BpeMeHeM. B KaqecTBe JttcToqHJttKa ;:i;aHHblX }J;JIJI 

pa6oTbl HaM TaK>Ke noHa;:i;o6JttTrn naKeT nycflights13. 

library (tidyverse ) 

library (lubridate ) 
library (nycflightsl3 ) 

Co3AaHHe nepeMeHHblX, onHcb1Ba10U,\HX Aary H speMJI 
Cyll\eCTBYIOT TPM TJttna ,n;aHHbIX ccbrnaIOll\MXCJI Ha MoMeHT speMeHJtt: 

• oama - KaJieH,n;apHaJI p;aTa, tibble-cppeMMbl BbIBO}J;JIT 3TOT TJttII KaK <date>; 

• apeMR - BpeMJI cyTOK, tibble - cppei1:Mbl BbIBO}J;JIT 3TOT TJttII KaK <time>; 

• Oama/apeMR - KaJieH;:i;apHaJI }J;aTa IIJIIOC BpeMJI cyTOK: O}J;H03HaqHo Jtt}J;eHTJtt ­

cpmi;MpyeT MOMeHT BpeMeHJtt (06h1qHo c TOqHOCTblO }J;O 6JIJtt>KaMrne:i1: ceKyH­

}J;bl); tibble-cppetl.Mbl BbIBO}J;JIT 3TOT TMII KaK <dttm> (B R OH cpMrypMpyer 

TaK>Ke no;:i; HasBaHJtteM POSIXct, HO Mbl He cqJttTaeM 3TO Ha3BaHJtte oco6eHHO 

IIOJie3HblM). 

B 3TOM rnaBe Mbl cocpe;:i;oToqJttMCJI JIJttlllb Ha ABYX TMnax: ;:i;aTa Jtt ;:i;aTa/BpeMJI, 

nocKOJibKY B R He npe;:i;ycMoTpeH co6cTBeHHblM KJiacc, npe;:i;Ha3HaqeHHblM }J;JIJI 

xpaHeHJttJI 3HaqeHJttM BpeMeHJtt cyToK. Ecm1 y Bae B03HMKHeT Heo6xo;:i;JttMOCTb B Ta­

KOM KJiacce, BOCIIOJib3YMTeCb naKeTOM hrns. 
Bbl Bcer;:i;a }J;OJI>KHbl cTapaTbCJI JttCIIOJib30BaTb n p ocTe:i1:rn1t1M. Jtt3 B03MO>KHblX 

KJiaCCOB, y,n;oBJieTBOp5110ll\Jt1X BalllJtI IIOTpe6HOCTJt1. 3To 03HaqaeT, qTo ecJIJtt Bbl MO­

>KeTe Jt1CIIOJib30BaTb 3HaqeHJttJI ;:i;aTbl BMeCTO 3HaqeHMM ;:i;aTbl/BpeMeHJtt, TO TaK 11 

rne;:i;yeT IIOCTynaTb. 3HaqeHJttJI ;:i;aTbl/BpeMeHJtt OTJIJttqaJOTCJI 3HaqJttTeJibHO 6oJiblllett 
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JIO)KHCCTbIO BBJtip;y Heo6xop;JtIMOCTJt1 o6pa6oTKJt1 qacOBblX IIOJICOB, K o6cy)l(p;eHJtIIO 

KOTOpblX Mbl BepHeMCJI B KOH~e rnaBbI. 

AnH nony'feHJtIJI 3HatfeHJtIJI TeKyI.QeM p;aTbl JtIJIJtI p;aTbl/BpeMeHJtI MO)l(HO JtICIIOJib-

30BaTb cpyHK~l1IO today () JtIJil1 now () . 

:--da y () 
=> [l] "2016- 10-10" 
-~-"' () 
=> [l] " 2016-10-1 0 15:19: 39 PDT" 

B p;pyrJtIX cnyqaJIX MO)l(HO BOCIIOJib30BaTbCJI O,D;HJtIM J.13 Tpex cnoco6oB C03p;a­

Hlrn nepeMeHHblX p;aTbl/BpeMeHJ.1; 

• Ha OCHOBe CTpOKl1; 

• Ha OCHOBe JtIH,D;Jt1Bl1p;yaJibHblX KOMIIOHeHTOB p;aTbl/BpeMeHJtI; 

• Ha OCHOBe cyI.QeCTBYIOI.Qero o6beKTa p;aTbl/BpeMeHJtI. 

PaccMoTpMM, KaK OHM pa6oTaIOT. 

C03AaH111e 3HalteHllllll AaTbt/speMeHlll Ha OCHOBe CTpOK 

AaHHble, on11cbrna101.Q11e p;aTy 11 BpeMH, qacTo noCTynaIOT B BJtip;e cTpoK. C op;­

HY!M Jt13 nop;xop;OB K Cl1HTaKCJ1'feCKOMY pa36opy CTpOK ,lJ;JIJI l13BJietfeHJ15I 3HatfeHJtIM 

.":(aTb1/BpeMeH11 Bbl II03HaKOMJ.1JIJ.1Cb B rnaBe 8. Apyroi1: nop;xop; ocHoBaH Ha JtICIIOJib-

30 BaH11JtI BCIIOMoraTeJibHblX cpyHK~MM, npep;ocTaBJIJieMblX naKeTOM lubridate. 0HJtI 

aBTOMaT11qecK11 ycTaHaBJIJtIBaIOT HY)l(HblM cpopMaT, KOJib cKopo Bbl yKa3brnaeTe 

n o p5Ip;OK CJiep;OBaHJ15I KOMIIOHeHTOB. 1-ITo6bl JtICIIOJib30BaTb 9Tl1 cpyHK~JtIJtI, p;ocTa­

TO'fHO onpep;enl1Tb nop5Ip;OK cnep;oBamrn 3HatfeHl1M rop;a, MecJI~a JtI p;HJI B Banrnx 

.JaHHblX, a 3aTeM paccTaBl1Tb 6yKBbl "y", "m'' JtI "d" B TOM )Ke nop5Ip;Ke. ITocnep;oBa­

r enbHOCTb 9Tl1X 6yKB onpep;enJieT JtIMJI cpyttK~Jtil1 naKeTa lubridate, KOTopaH npo­

a ttaJIJ.13JtipyeT Barny p;aTy . 

. °"".'.d ( II 2017 - 01 - 31 II ) 

=> [l] " 2017 - 01 - 31" 
-::..y ("January 31st, 2017" ) 
=> [l ] " 2017 - 01-31" 
_...,_y ( "31-Jan- 201 7" ) 
=> [l] " 20 17 - 01- 31" 

3TJtI cpyHK~l1Jt1 TaK)l(e npl1HJtIMaIOT 'fJtICJia, He 3aKJIIO'feHHble B KaBbl'fKl1. 3TO 

HaJtI6onee KOMIIaKTHblM cnoco6 C03,D;aHJtI5I O,D;JtIHO'fHOro o6beKTa p;aTbl/BpeMeHJtI, 

KOTOpbIM MO)l(eT BaM IIOHap;o6l1TbC5I n p JtI cpHllbTpa~Jtil1 TaKJ1X p;aHHbIX. Ha3BaHJ1e 

cpyHK~l1Jt1 ymd ( ) KpaTKOe Jt1 JtICKJIIOtfaeT H eop;H03HatfHOe TOJIKOBaHJtie. 
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ymd (20170131 ) 
#> [l] "2017 - 01 - 31" 

<l>yttKI.VUI ymd () 11 poACTBeHHbie d i cpyttKu;1111 C03AaIOT AaTbI. qT06b1 C03AaTb 

AaTy/BpeMJJ, A06aBbTe B 11M5I cpyttKu;1111 -napcepa C11MB071 now1epK11BaH115I 11 OAHY 

117111 HeCKOllbKO A0TIOllm1TellbHblX 6yKB "h", "m", and "s'', KOTOpbIM COOTBeTCTBYIOT 

qacbI, M11HYTbI 11 ceKYHAbl. 

ymd _ hms ( "201 7 - 0 1- 31 2 0 : 11 : 5 9 " ) 
#> [1] "2017 - 01 - 31 20 : 11 : 59 UTC " 
mdy __ hm ("Ol/3 1/20 17 08 : 01 " ) 
#> [l] "20 17 - 01-31 08 : 01 : 00 UTC" 

Bb1 TaK>Ke Mo:>KeTe np11ttyA11TellbH O c 03AaTb AaTy/BpeMJJ Ha octtoBe AaTbI, npe­

AOCTaB11B 3HaqeH11e qacOBOfO TIOJJCa. 

ymd (20170131 , tz = "UTC " ) 
#> [1 ] "2017 - 01-31 UTC " 

Co3AaH111e 3Ha"leH111lll AaTb1/speMeH111 Ha 

OCHOBe OTAenbHblX KOMOOHeHTOB 

J1HOfAa BMeCTO OTAellbHOH CTpOK11 Bbl 6yAeTe pacnonaraTb 0TAellbHbIM11 KOM­

TIOHeHTaM11 AaTbI/BpeMeH11, npeAOCTaBJleHHbIM11 B HeCKOllbK11X CT07I6u;ax. J1MeHHO 

TaKOH Bap11aHT peamt30BaH B Ha6ope AaHHbIX flights . 

flights %>% 
select (year , month , day , hour , minute ) 

#> # A t i bble: 336 , 776 x 5 
#> year month day hour minute 
#> <int> <int> <int> <dbl > <dbl > 
#> 1 2013 1 1 5 15 
#> 2 2013 1 1 5 29 
#> 3 20 13 1 1 5 40 
#> 4 2013 1 1 5 45 
#> 5 20 13 1 1 6 0 
#> 6 20 13 1 1 5 58 
#> # . .. with 3 . 368e+05 mor e rows 

qT06b1 c03AaTb 3Haqemrn AaTb1/BpeMeH11 B cnyqae BXOAHbIX AaHHbIX TaKoro 

poAa, 11cnoJ1b3YHTe cpyttKu;1110 make_ date () AllJJ AaTbI 11 make_ datetime () All.R 

AaTb1/BpeMeH11. 

flights %> % 
select (year , month , day, hour , minute ) %>% 
mutate ( 

departure = make_iaretim~ ( year , month , day , hour , minute ) 
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=> # A tibble: 336,776 x 6 
=> year month day hour minute departure 
=> <int> <int> <int> <dbl> <dbl> <dttm> 
=> 1 2013 1 1 5 15 2013 - 01 - 01 05:15:00 
=> 2 2013 1 1 5 29 2013- 01 - 01 05:29:00 
=> 3 2013 1 1 5 40 2013- 01 - 01 05:40:00 
=> 4 2013 1 1 5 45 2013-01- 01 05:45:00 
=> 5 2013 1 1 6 0 2013-01- 01 06:00 : 00 
=> 6 2013 1 1 5 58 2013- 01 - 01 05:58:00 
=> # ... with 3.368e+05 more rows 

Cp;eJiaeM TO :>Ke caMoe p;JIH Ka:>Kp;oro M3 qeTbipex cToJI6u;oB Ta6JIMIJ;bI flights , 

-BH3aHHbIX co BpeMeHeM. B 3TOM Ta6Jittu;e BpeMH rrp ep;cTaBJieHo B ttecKOJibKO tte ­

o6brqHoM cpopMaTe, rro3TOMY p;JIH M3BJieqeHMH qacoB Ji! MMHYT Mbr o6paTMMCH K 

~10.n;yJibHoM: apHcpMeTMKe. Co3p;aB rrepeMeHHbre p;aTbI /BpeMeHM, MbI ccpoKycMpyeM­

- H Ha rrepeMeHHbIX, KOTOpbre 6yp;eM Ji!CCJiep;oBaTb B OCTaJibHOM qacTM rJiaBbI. 

=..ake_datetime_ lOO <- function (year , month, day, time ) { 
::-ake_datetime (year , month , day, time %/ % 100 , t i me %% 100 ) 

: :ights dt <- f l ights %> % 
:ilter (! is.na (dep_t i me ), ! is.na (arr_time )) %> % 
:nutate ( 

dep_t i me = make_dateti:ne_lOO (year , month , day, dep_t i me ) , 
arr_time = make_dai:etime_lOO (year , month , day , arr_t i me ) , 
sched_dep_time = make_da:.etirre_:;_oo ( 

year , mont h , day , sched_dep_t ime 
) , 
sched arr time = make_datetime_:OC: ( 

year , month , day , sched_arr_time 

%> % 
select (or i gin , dest , ends_with ("delay" ), ends_wii:h ("time " )) 

::ights dt 
=> # A tibble: 328,063 x 9 
=> origin de st dep_delay a r r_delay dep_time 
=> <chr> <chr> <dbl> <dbl > <dttm> 
=> 1 EWR IAH 2 11 2013-01 - 01 05:17:00 
=> 2 LGA IAH 4 20 2013- 01 - 01 05:33:00 
=> 3 JFK MIA 2 33 2013- 01 - 01 05:42:00 
=> 4 JFK BQN -1 - 18 2013- 01 - 01 05 : 44:00 
=> 5 LGA ATL - 6 - 25 2013- 01 - 01 05:54:00 
=> 6 EWR ORD - 4 12 2013-01 - 01 05:54:00 
=> # ... with 3.28 l e+05 more rows , and 4 more variables : 
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#> # sched_dep_time <dttm> , arr_t ime <dttm>, 
#> # sched_arr_time <dttm> , a ir_time <dbl> 

J1crronh3YH 3TM p;aHHbie, MbI MO)l(eM BJByan11311poBaTb pacrrpep;enett11e BpeMemt 

Bbmera Ha rrporn)l(eH1111 rop;a (p11c. 13.1). 

flights_ dt %>% 
ggplol (aes (dep_time )) + 
geom_freqpoly (binwidth 86400 ) # 86400 ceKYHll 

1000 -

750 -

c 
6 500 -
() 

250 -

o-
' Jan 2013 ' ' Apr 2013 Jul 2013 

dep_time 

Puc. 13.1 

J1n11 Ha rrporn)l(eHMM 0,lJ;HOfO ,JJ;H5I (p11c. 13.2). 

flights_ dt %>% 
filter (dep_time < ymd (20130102 )) %>% 
ggplot (aes (dep_time )) + 

1 neHb 

' 
Oct 2013 

geom_freqpoly (binwidth = 600 ) # 600 ceKYHll = 10 M~HYT 

' 
Jan 2014 

Y':!TMTe, ':ITO rrp11 11crronh30BaH1111 3Ha':!eH11i1 p;aTbI/BpeMeHM B ':!11cnoBOM KOH­

TeKcTe (KaK B CITY'fae fl1CTOrpaMMbl) 1 03Ha':!aeT 1 ceKyttp;y, I103TOMY 3Ha':!eHJ11-0 

rrapaMeTpa binwidth, paBHOMY 86400, COOTBeTcTByeT O,JJ;MH p;eHb. ,!J;nH p;aT 3Ha':!e­

HJ1IO 1 COOTBeTCTByeT 1 p;eHb. 
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dep_time 

Puc. 13.2 

y Bae MO)KeT B03HJ1KHYTb Heo6XO,ll;J1MOCTb B BbIIIOJIHeHJ.111 rrepexO,ll;OB Me)K,ll;y 

3H a'IeHJ151MJ1,11;aTb1/BpeMeH1111 ,11;aTbI. 3TO pa6oTa cpyttKu;11:H as_ datetirne () 11 as_ 
::ate() . 

~s_datet i~e ( today ()) 

=> [1] "2016 - 10- 10 UTC" 
~s_dai::e ( now ()) 

=> [l ] "2 016- 10- 10 " 

J1ttor,11;a Baum 11cxo,11;ttb1e 3Ha'IeHJ151 ,11;aTbI 11 BpeMett11 6y,11;yT 3a,11;attbI B B11,11;e q11c-

10Boro cMern;ett115! OT 3noxu Un ix ( 1970-01 -01). Eorn 3TO CMern;ett11e 3ap;atto B ce­

:·ytt,11;ax, J1CITOJib3YMTe cpyHKD;J1IO as - da tetirne () ; eCJIJ1 OHO 3a,11;atto B ,ll;H51X, J1C ­

IIOJib3YMTe cpyttKD;J1IO as_ date () . 

=s_datetime (60 * 60 * 10 ) 
=> [1] "1 970 - 01- 01 10:00 : 00 UTC " 
~s_date ( 36 5 * 10 + 2 ) 
=> [1] "198 0- 01 - 01 " 
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Ynpa>KHeHfilR 

1. lfro rrpOYI30M,D;eT rrpYI CYIHTaKCWieCKOM pa36ope CTpOKYI, cop;ep)Ka~eM Hep;o­

rrycTYIMbie 3Ha<JeHYIR p;aTbI? 

ymd ( c ( "2010- 10- 10 " , "bananas " ) ) 

2. KaKoBo Ha3Ha<JeHYie apryMeHTa tzone cpyHKD;YIYI today () ? Tio<JeMy OH Ba)KeH? 

3. li1crroJib3YMTe rrop;xop;R~y10 cpyHKD;YIIO rraKeTa lubridate p;JIJI pa36opa Ka)Kp;OJ1: 

YI3 rrpYIBep;eHHbIX HYI)Ke p;aT. 

dl <- "January 1 , 2010 " 
d2 <- "20 15- Mar- 07 " 
d3 <- "06- Jun- 2017 " 
d4 <- c ("August 19 (2015) " , "July 1 (20 15) " ) 
d5 <- "12/30/14 " # 30 ~eKa6pR 20 14 ro~a 

KoMnoHeHTbl AaTbl/BpeMeHM 

Terrepb, KOrp;a Bbl y)Ke 3HaeTe, KaK BKJIIO'IYITb p;aHHbl e 0 p;aTe YI BpeMeHYI B COOT­

BeTCTBYIO~Yie CTPYKTYPhI p;attHbIX B R, pac cMoTpYIM, 'ITO MO)KHO p;enaTb c HYIMYI. 

B 3TOM pa3p;ene Harne BHYIMaHYie 6yp;eT cocpep;o To <Jetto Ha cpyttKD;YIRX p;oCTyrra, 

I103BOJIRIO~YIX IIOJIY'laTb YI ycTaHaBJIYIBaTb 3Ha<JeHYIR OT,D;eJibHbIX KOMIIOHeHTOB. 

B cnep;y10~eM pa3p;ene MbI o6cyp;YIM BhrnonHeHYie ap Yitj:>MeTYI<JecKYIX orrepau;YIM no 

OTHOilleHYIIO K 3Ha<JeHYIRM p;aTbI/BpeMeH YI. 

nony~eHfileKOMOOHeHTOB 

.D:nR YI3BJ1e'leHYIR OT,D;ellbHbIX KOMIIOHeHTOB p;aTbl YI BpeMeHYI rrpep;Ha3Ha'leHbl 

cpyHKD;YIYI year () , month () , mday () (p;ettb Mernu;a), yday () (p;etth rop;a), wday () 
(p;eHb ttep;eJIYI), hour () , minute () YI second ( ) . 

datetirne <- ymd_hms ("2016- 07-08 12 : 34: 56" ) 

yea (datetirne ) 
#> [1] 20 16 
month (datetirne ) 
#> [ 1] 7 
mday (datetirne ) 
#> [1] 8 

;day (datetirne ) 
#> [1] 190 
wday (datetirne ) 
#> [ 1] 6 
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ITepep;aB cpyHK~JUIM month ( ) M wday () apryMeHT label = TRUE, MO:>KHO rro­

·l)"IMTh COKpa~eHHOe Ha3BaHJ1e MeCJI~a J1JIJ1 p;m1 Hep;eJIJ1. qT06bI IIOJI)"IJ1Tb IIOJI­

HOe Ha3BaHMe, 3ap;aJi!Te apryMeHT abbr = FALSE. 

-=~Lh ( datetime , label = TRUE ) 
=> [l ] Jul 
=> 12 Levels : Jan< Feb < Mar < Apr< May< Jun< . . . <Dec 
~ay ( datetime , label = TRUE , abbr = FALSE ) 

=> [1] Friday 
=> 7 Levels: Sunday< Monday< Tuesday< . .. <Saturday 

Mhl MO:>KeM J1CIIOJib30BaTh cpyHK~MIO wday () p;JIJI Toro, •uo6b1 y6ep;MThCJI B 

:-OM , 'ITO KOJIJ1<JeCTBO BbIJieTOB Ha rrpOTJI:>KeHJ1J1 Hep;eJIJ1 6oJihllle, <IeM B BbIXO,lJ;Hble 

TII J1 (pMC. 13.3). 

::..ights_dt %>% 
~utate ( wday = wday (dep_time , label 
ggplot (aes (x = wday )) + 

TRUE )) %> % 

c 
:::;) 

0 
(.) 

geom _bar () 

50000-

40000 • 

30000-

20000 • 

10000 -

O· 

' 
Sun ' ' ' ' Mon Tues Wed Thurs 

wday 

Puc. 13.3 

' ' Fri Sat 

B rroBep;eHMM cpep;Hero BpeMeHM 3ap;ep:>KKJ1 Bhrnern B 3aBJ1CJ1MOCTJ1 OT MMHYThI 

t:i aca Ha6rr10p;aeTcJI rr106orrhITHaJI 3aKOHOMepHOCTh (pMc. 13.4). IToxo:>Ke, <ITO p;JIJI 

aBMapeJl!coB, BbIJieTaIO~Mx B MMHYTHhre MHTepBaJibI qaca 20-30 M 50-60, 3ap;ep:>K­

: ·a HaMHOro MeHhllle, <JeM ,ll;JIJI OCTaJibHbIX BpeMeHHblX rrpoMe:>KyTKOB! 
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fl i ghts_dt %>% 
mutate (minute = minute (dep_time ) ) %>% 
group_by (minute ) %>% 
summarize ( 

avg_delay = mean (arr_delay , na.rm TRUE ) , 
n = n ()) %>% 

ggplot (aes (mi nute , avg_ delay )) + 
geom_ line () 

10 -

o-

' 0 ' 20 
minute 

Puc. 13.4 

' ' 40 60 

J1HTepeCHO OTMentTb, 'ITO ecm1 B3rJUIHYTb Ha BpeM5I BbIJieTa ITO pacm1caHJ.1!0 

TO Hl1KaKOM 5IpKO Bbipa)KeHHOM 3aKOHOMepHOCTl1 He Ha6mop;aeTC5I (pHc. 13.5). 

sched_dep <- flights_dt %>% 
mutate (minute = minute (sched_dep_time )) %>% 
group_by (minute ) %>% 
summarize ( 

avg_delay = mear (arr_delay , na.rm = TRUE ) , 
n = n ()) 

ggplot (sched_dep , aes (minute , avg_delay )) + 
geom_ line () 

TaK rro'IeMy )Ke HaM yp;aeTC5I Ha6mop;aTb saKOHOMep HOCTb B tj:>aKTMtfecKoM Bpe­

MeHJ.1 BbIJieTa? ITop;o6Ho MHOrMM p;pyrHM p;aHHbIM, rrop;roTOBJieHHbIM rrIOp;bMJ-1. 

sp;ecb Ha6rriop;aeTC5I OTtfeTJIJ.1BOe CMell\eHHe B CTOpOHY aB11ape.i1:COB, OTrrpaBJI5IIO-
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rnJ1x rn B "Kpyrnoe" BpeMR (p1t1e. 13.6) . Pa6oTM c p;attttbIMI1, nop;Bep)KettttbIMI1 Brr11-

m 1110 qerroBetiecK11x cy)Kp;ett11Jlr, Bcerp;a ttap;o 6hITb ttaCTopo)Ke! 

14 -

6 -

' 
0 

' 
20 

minute 

Puc. 13.5 

-;plot (sched_dep , aes (minute , n )) + 
geom_ line () 

60000 -

40000 -

c 

20000 -

o-
' 0 

' 20 

minute 

Puc. 13.6 

' ' 
40 60 

' ' 
40 60 
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OKpyrneH111e 

AnhTepttanrnHhIM rro,n;xo,n; K rrocTpoeHMIO rpacpMKOB oT,n;enbHhIX KOMrrotteH­

TOB - OKpymeHJ1e p;aTbI ,n;o 6JIJ1)!(aMIJJeJ1: e,n;J1HJ1IJ;bl BpeMeHM c IlOMOiu;blO <i>YHK­

U:MM floor date () , round date () M ceiling date () . Ka)!(p;aJI J13 3TJ1X cpyHK-- - -
IJ;MM rrpMHMMaeT BeKTOp ,n;aT, IlO,IJ;Jie)!(aIIJ;MX OKpymeHMIO, J1 Ha3BaHJ1e e,n;J1HJ1IJ;bl , 

,n;o KOTopoJ1: ,!l;Oll)!(HO BblI10lIH51TbC51 OKpymeHJ1e BHJ13 (floor), OKpymeHMe BBepx 

(ceiling) MJIM OKpymettMe ,n;o 6JIJ1)!(aJ1:wero 3HaqeHM51 (round). 3rn, ttanpMMep , 

I103BOJI51eT IlOCTpOMTb rpacpMK KOJil1qecTBa aBI1apeJ1:coB B He,n;enIO (pl1C. 13.7). 

flights_ dt %>% 
c unt (week = floor date (dep_t i me , "week" ) ) %>% 
ggplot (aes (week , n)) + 

geom_ line () 

6000 -

5000 -

c 

4000 -

3000 -

' ' ' Jan 2013 Apr 201 3 Jul2013 

week 

Puc. 13.7 

' ' 
Oct 2013 Jan 20 14 

Oco6etttto rrone3HbIM MO)!(eT 6bITb Bb1qttcnem1e pa3HOCTH Me)!(,n;y OKpyrnettttoJ.i 

l1 HeoKpyrneHHOM ,n;aTaMl1. 

3aAaH111e 3HaLteHllllll KOMOOHeHTOB 

<DyttKIJ;l1H ,n;ocTyrra TaK)!(e I103BOJI5IIOT ycTaHaBJil1BaTb 3HaqeHl151 KOMITOHeHTOB 

,n;aTbI/BpeMeHl1. 
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dat:etime <- yrnd_hms ("2016- 07-08 12 : 34 : 56 " )) 
=> [l ) "2016-07-08 12: 34: 56 UTC" 

_·ear (datetime ) <- 2020 
::iatetime 
=> [l) "2020- 07 - 08 12: 34: 56 UTC" 
~J~th ( datetime ) <- 01 
::iatet i me 
=> [l] "2020- 01 -08 12: 34: 56 UTC" 
:-.:::ur (datetime) <- hour (datetime ) + 1 

AITbTepHaTJrIBHhii1 BapMaHT II03BOJ1ReT He JrI3MeHRTb 3Ha':leHJrIR Ha MecTe, a co3-

.JaBaTb HOBbie 3Ha'IeHMR c rroMOW:bIO cpyHKIJ;JrIJrI update ( ) . KpoMe Toro, MO>KHO 

y CTaHaBJ1JrIBaTb O,ll;HOBpeMeHHO HeCKOJ1bKO 3Ha':leHJrIM. 

_pcta~e ( datetime , year = 202C , month = 2, mday = 2, hour 2) 
=> [l] "2020- 02 - 02 02: 34: 56 UTC" 

EcITJrI 3Ha':leHJrIR CITJrIIIIKOM BeITJrIKJrI, OHM "3aKOJ1bIJ;OBbIBaIOTCR''. 

_-::id ( "2015- 02 - 01 " ) %>% 
update (mday = 30 ) 

=> [l) "2015-03-02" 
_::cd ( "2015- 02 - 01 " ) %>% 

update (hour = 400 ) 
=> [l] "2 015- 02 - 17 16: 00: 00 UTC " 

<PyHKIJ;JrIIO update ( ) MO>KHO JiICI10J1b30BaTb ,ll;J151 Toro, 'IT06bI OTo6pa3JrITb pac­

rrpe,n;eITem1e aBMapei1coB Ha rrporn>KeHMJrI ,n;HR p;ITR Ka>K,n;oro ,n;HR B ro,n;y (pMc. 13.8). 

:lights_ dt %>% 
mutate (dep_hour = update (dep_time , yday = 1)) %>% 
ggplot (aes (dep_hour )) + 

geom_freqpoly (bi nwidth = 300 ) 

3a,n;aHJrie ,ll;J151 6oITee KpyrrHbIX KOMilOHeHTOB ,n;aTbl IlOCTOJIHHOfO 3Ha':lemrn -

y ,n;o6Ha51 MeTO,ll;JrIKa, I103BOJ151IOllJ;a51 JiICCITe,n;oBaTb 3aKOHOMepHOCTJrI, CBR3aHHbie c 

\!eHbIIII1MJiI KOMIIOHeHTaMJrI. 

Yn pa>KHeH LUI 

I. KaK pacrrpe,n;eITeHJrie aB11apei1coB rro BpeMeHJrI Ha rrpoTJI>KeHMJrI ,n;HR JrI3MeHJieTrn 

B Te':leH11e ro,n;a? 

2. CpaBHI1Te Me>K,n;y co6oi1 3Ha':leHJrIR rrepeMeHHhIX dep _ time, sched_ dep _time 
11 dep _delay. CornacyroTrn !111 OHM Me>K,n;y co6oi1? 06'bJICHMTe o6Hapy>KeH­

Hhie BaMJrI pe3Yi1bTaTbI. 
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3. CpaBmITe 3Haqemu:1 nepeMeHHOH air_ time c ,IIJIMTeJibHOCTblO npoMe)KyTKa 

BpeMeHM Me:>K,n;y BbrneTOM Jil npMrreTOM caMorreTa. OfrMICHJilTe norry'IeHHble pe-

3YllbTaTbI. (IIo,n;cKa3Ka: )"IJilTbIBaJ1Te MeCTOIIOJIO)KeHJile a3ponoprn.) 

4. KaK cpe,n;ttee BpeMR: 3a,n;ep:>KKJil Jil3MeHHeTcR: B Te'IeHJile ,n;ttR:? lfro Bbl ,n;orr:>KHhl 

JilCTIOllb30BaTb: dep _time JillIJil sched_ dep _time? I1o'"leMy? 

5. KaKol1 ,n;eHb tte,n;errM Bb16parrM 6b1 Bbl ,n;rrH BbIJieTa, '"IT06b1 MJilHJilMJil3MpoBaTb 

BpeMR: 3a,n;ep:>KKM? 

6. lJeM o6yrnoBJieHo cxo,n;crno pacnpe,n;erreHJilH nepeMeHHblX diamonds$carat 

Jil flights$sched_dep_time? 

7. ITo,n;TBep,n;MTe crrpaBe,n;rrMBOCTb MoeJ1 rMnoTe3bl o TOM, 'ITO CBOeBpeMeHHaR: or­

rrpaBKa aBMapeJ1cOB B MMHYTHble npoMe:>KyTKJil qaca 20- 30 Jil 50-60 o6yrnoB­

rreHa CBOeBpeMeHHOH OTnpaBKOH 3anrraHMpoBaHHblX aBMapeJ1coB. (I1o,n;cKa3Ka: 

C03,n;aJ1Te 6MHapttyIO nepeMeHHyIO, KOTopaR: coo6rn;aeT 0 TOM, 3a,n;ep:>KaJICR: HlIJ-1 

He 3a,n;ep:>Karrrn aBMapeJ1c.) 

BpeMeHH&1e npoMe>KyTKM 
,Il;arree Bbl Y3HaeTe o TOM, KaK BbITIOJIHR:Tb Ha,n; ,n;aTaMJil apwpMeTJil'ieCKJile onepa­

~JilJil, TaKJile KaK Bhl'iMTaHJile, crro:>KeHMe Jil ,n;errettwe. ITaparrrreJibHO Bbl Jil3)"IJilTe Tp11 

Ba:>KHblX Krracca, onpe,n;errHIOrn;Me BpeMeHHbte rrpoMe:>KyTKJil: 
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• O!lumenb1-1ocmu, rrpe,n;cTaB1u110ru;11e Ko;mqecTBO ceKytt,n;; 

• nepuoObl, rrpe,n;cTaBJUIIOllJ;l1e J1CIIOJlh3yeMhie JIIO,ll;bMJ1 rrpoMe:>KyTKJ1 BpeMeHJ1, 

TaKMe KaK tte,n;en11 11 Mecm.1,h1; 

• UHmep6a!lbl , rrpe,n;cTaBJI>IIOllJ;J1e H aqaJibHbUf J1 KOHeqHblM MOMeHTbl BpeMeHJ1. 

AmnrenbHOCTlll 

BR rrp11 Bh1q11Tatt1111 ,n;Byx ,n;aT BhI rronyqaeTe o6'beKT difftime. 

CKOflbKO neT Xs~nM? 
- _age <- ~oday () - yrnd (l9791014 ) 
.::_age 
=> Time d ifference of 13511 days 

06'beKT KJiacca difftime 3arr11cbrnaeT BpeMeHHbte rrpoMe>KyTKM, Bb1pa:>KeHHhie 

B c eKytt,n;ax, MMHyTax, qacax, ,ll;H>IX J1JIJ1 tte,n;eJI>IX. 3Ta HeO,n;H03HaqHOCTb MO:>KeT He­

-KOJlbKO 3aTpy,n;tt>ITb pa6oTy c o6'beKTaMJ1 difftime, II09TOMY rraKeT lubridate 
n p e,n;OCTaBJI>IeT aJibTepttaTMBY - OllUn1e!lbHOCmb (duration), KOTOpa>I BCer,n;a Bbl-

a:>KaeTC>I B ceKytt,n;ax. 

~s.duration ( h_age ) 

=> [l] "1167350400s (-36. 99 years ) 11 

.nn>I ,n;m1TeJibHOCTe:i1: rrpe,n;ycMOTpeH 1.1,eJibIM p>1,n; y,n;o6HbIX KOHCTpyKTopoB. 

_seconds ( l S) 
=> [1] "15s" 
_-cinutes ( 10 ) 
=> [l] "600s (-10 minutes) 11 

_.::ours (c ( l2 , 24 )) 
=> [l] "43200s (-12 hours ) " " 86 400 s (- 1 days ) 11 

_:iays ( 0 : 5 ) 
=> [ l ] " Os " 
=> [3] "l 728 00 s 
=> [5 ] 11 345600 s 

eeks ( 3 ) 

11 86400s (- 1 da ys ) fl 
(-2 days ) " "25 9200 s (- 3 days ) " 
(-4 days ) " 11 432000 s (- 5 days ) " 

=> [l] 11 1814400s (-3 weeks ) fl 
'_·ears ( l ) 
=> [l ] 11 3153 600 0s (-52.14 weeks ) " 

,nn11TeJibHOCTJ1 Bcer,n;a Bbipa:>KaIOT BpeMeHH!Jle rrpoMe>KyTKM B ceKytt,n;ax. Eonee 

r.:pyrrttbie e,n;MHMIJ,hI co3,n;a10Tc>1 rryTeM rrepeBo,n;a MMHyT, qacoB, ,n;tte:i1:, tte,n;eJih 11 JieT 

g ceKyH,!l;bI c J1CIIOJlh30BaHl1eM CTaH,n;apTHbIX K09cpq)J1IJ,J1eHTOB ( 60 Ml1HYT B qace, 

-4 qaca B cyTKax, 7 ,n;tte:i1: B tte,n;ene 11 365 ,n;tte:i1: B ro,n;y). 

,nn11TeJihHOCTJ1 MO>KHO CKJia,!l;hIBaTb J1 YMHO:>KaTb Ha q11cna. 
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2 * dyears (l ) 
#> [1) "630720 00s (-2 year s ) " 
dyears (l ) + dweeks (l2 ) + dhours (15 ) 
#> [1] "388 47600s (-1. 23 year s ) " 

,Il;mITeJibHOCTM TaK>Ke MOfYT )"IaCTBOBaTb B orrepa~MRX CJIO)l(eHMR J,1 Bbl'IMTa­

HMR COBMeCTHO C ,D;HRMM. 

tomorrow <- today () + ddays (l ) 
last_year <- today () - dyears (l ) 

BMecTe c TeM, ITOCKOJibKY ,D;JIMTeJibHOCTM rrpep;c T aBJIRIOT TO'IHOe KOJIM'IeCTBO ce­

KYH,IJ;, MHorp;a B03MO)l(HO noJI)"IeHMe HeO)l(M,D;aHH o r o p e3yJibTaTa. 

one_pm <- yrnd_hrns ( 
"2016- 03 - 12 13 : 00 : 00 " , 
tz = "Amer ica/New York" 

one_prn 
#> [l ] "2 016- 03- 12 13: 00 : 00 EST" 
one_prn + ddays (l ) 
#> [1] "2016- 03- 13 14 : 00 : 00 EDT " 

I1otJeMy MOMeHT BpeMeHM crrycrn 1 cyTKM rrorne 13:00 12 MapTa ITOJI)"IMJICR 

paBHbIM 14:00 13 MapTa?! ECJIM Bbl BHMMaTeJib HO npMCMOTPMTeCb K p;aTaM, TO, 

B03MO)l(H0, o6paTMTe BHMMaHMe Ha M3MeHeHMe 'IaCOBOfO ITORCa. BBM,D;Y nepexop;a 

Ha neTHee BpeMR 12 MapTa cop;ep)l(MT JIMlllb 23 qaca, H O rrorne p;o6aBJieHMR rron­

HbIX cyToK, Bbipa)l(eHHbIX B ceKyHp;ax, MbI rrony q aeM p;p y roe BpeMR. 

neplllOAbl 

,Il;nR pa3pellleHMR 3 To11 rrpo6neMbI rraKeT lubridate rrpep;oCTaBJIReT nepuoObt. 
3TO BpeMeHHble rrpoMe)l(yTKM, HO OHM He pa6oTaIOT c tj>MKCMpOBaHHOM ,ll;JIMTeJib­

HOCTbIO, Bbipa)l(eHHOM B ceKyHp;ax, a MCI10Jlb3YIOT TaKMe ep;MHJ1J.~bl, MCI10Jlb3yeMbie 

JIIO,ll;bMM, KaK ,D;HM M MecR~bI, 6narop;apR tJeM y pa6oTaIOT 6onee MHTYMTMBHbIM o6-

pa30M. 

one_prn 
#> [1) "20 16- 03- 12 13 : 00 : 00 EST" 
one_prn + days (l ) 
#> [1) "20 16- 03-13 13 : 00 : 00 EDT " 

I1op;o6Ho ,ll;JlMTeJibHOCTRM, rrepMO,ll;bl MO)l(HO C0 3,D;aBaTb c ITOMO~b!O ~enoro 

pRp;a pop;cTBeHHblX ¢YHK~MM-KOHCTPYKTOpOB . 
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~2conds ( 15 ) 
=> [1] " 15S" 
-:.:rntes ( 10 ) 
=> [1] "lOM OS" 
-_:·1rs (c (12 , 24 )) 
=> [1] "12H OM OS" "24H OM OS" 
-=-:;-s ( 7 ) 

=> [1 ] "7d OH OM OS" 
-:nths ( 1 : 6) 
=> [ 1] "lm Od OH OM OS " " 2m Od 
=> [ 4] " 4m Od OH OM OS " " 5m Od 

2eks ( 3 ) 
=> [ 1] " 21d OH OM OS" 
2ars ( 1 ) 

=> [l] " ly Om Od OH OM OS " 

OH OM OS" "3m Od OH OM OS " 
OH OM OS " " 6m Od OH OM OS " 

ITep11op;h1 MO>KHO cKrrap;brnaTb 11 yMHO>KaTh Ha q11crra. 

_- * (mcnths ( 6) + days ( l )) 
=> [1] " 60m lOd OH OM OS " 

=-!s (50 ) + hours (25 ) + minutes (2 ) 
=> [ l] "50 d 25H 2M OS" 

Pa3yMeeTCJI, rrep11op;b1 TaK>Ke MO>KHO cKrrap;hrnaTb c ,n;aTaM11. B 0Trr11q11e OT ,n;rr11-

r enhHOCTei1, pa6oTaJI c rrep110,n;aM11, Bbl 6y,n;eTe rrorry':!aTh pe3yrrhTaTbI B cooTBeT­

-rBM11 co CB011M11 O>K11p;aH115IMM. 

= BMCOKOCHbJi1 I'O,ll; 

~rl ( " 2016- 0 1- 01 " ) + dyears ( l ) 
=> [1] " 2016 - 12 - 31" 
~.d ( " 2016- 01 - 01 " ) + years ( l ) 

=> [1] " 2017 - 01 - 01 " 

= Tiepexo.n Ha neTHee BpeMR 
:ne _pm + ddays ( 1 ) 
=> [1] " 2016- 03 - 13 14:00:00 EDT" 
:ne_pm + days (1 ) 
=> [l ] " 2016- 03 - 13 13:00: 00 EDT" 

.IJ:aBai1Te 11CIIOJib3YeM rrep110)l;bl )l;JIJI ycTpaHeH115I Ka>Kyru;11xcJI CTpaHHOCTei1, 

BH3aHHhIX c ,n;aTaM11 aB11ape:i1coB. HeKOTopbi e caMorreThI, ecrr11 Bep11Tb ,n;aHHhIM, 

npirneTaIOT B rryHKT Ha3Ha':!eH11JI eru;e ,n;o Toro, KaK BbIJieTerr11 113 Hh10- J/J:opKa! 

:.!. ights_dt %>% 
filter (arr_ time < dep_time ) 

=> #A t ibble: 10,633 x 9 
=> origin dest dep_delay arr_delay 
=> <chr> <chr> <dbl> <dbl> 

dep_time 
<dttm> 
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#> 1 EWR BQN 9 -4 2013- 01 - 01 19:29 : 00 
#> 2 JFK DFW 59 NA 2013 - 01 - 01 19:39:00 
#> 3 EWR TPA - 2 9 2013 - 01 - 01 20:58 :00 
#> 4 EWR SJU - 6 - 12 2013- 01 - 01 21:02:00 
#> 5 EWR SFO 11 -1 4 2013- 01- 01 21 : 08:00 
#> 6 LGA FLL -10 - 2 2013- 01-01 21 : 20 : 00 
#> # ... with l.063e+04 more rows, and 4 more variables: 
#> # sched_dep_time <dttm>, arr time <dttm>, 
#> # sched_arr_time <dttm>, air t ime <dbl> 

-

3TO aBvi:apeJ1:Cbl, B KOTOpbIX rrpvi: rrepeXOAe qepe3 ITOJIHO'Ib caMOJieT HaxOAVITOI 

B B03Ayxe. Mb1 vi:cnonb30Banvi: OAHY vi: TY :>Ke vi:mpopM~VIIO o AaTe KaK AJIR BpeMe­

HVI BblJieTa, TaK I1 AJIR BpeMeHVI npMJieTa, HO 3TI1 HO'lHbie aBvi:ape11Cbl rrpI16blBaIOT 

B a3porropT Ha3Ha'IeHMR Ha cneAyIOrn;vi:J1: AeHb. Mbl Mo:>KeM 3TO yqecTb, A06aBMB 

days ( 1) KO BpeMeHVI npvi:6blTI1R Ka:>KAOfO HO'IHOfO aBI1apei1ca. 

flights_dt <- flights_dt %>% 
mutat2 ( 

overnight = arr_time < dep_time , 
arr_time = arr_time + days (overnight * 1) , 
sched_arr_t i me = sched_arr_time + days (overnight * 1) 

Terrepb Bee aBvi:apeJ1:cbI ITOA'IVIWIIOTCR 3aKoHaM qm3VIKVI. 

flights_ dt %>% 
f i lter (ove rnight , arr_time < dep_time ) 

#> # A tibble: 0 x 10 
#> # .. . with 10 variables: origin <chr >, dest <chr>, 
#> # dep_delay <dbl >, arr_delay <dbl >, dep_time <dttm>, 
#> # sched_dep_time <dttm> , arr t ime <dttm>, 
#> # sched arr time <dttm>, ai r t ime <dbl>, overnight <lgl> 

IAHTepsanb1 

Pe3ynbTaT AeneHMR dyears ( 1) I ddays ( 365) o'leBVIAeH - l, rrocKOJibKY AJI11-

TeJibHOCTM BCerAa rrpeACTaBJIRIOTCR KOJIM'leCTBOM ceKyHA, a AJIVITeJibHOCTb fOAa 

orrpeAeJIReTCR KaK KOJIVI'leCTBO ceKYHA B 365 AHRX. 

A KaKoJ1: pe3ynhTaT AaCT Aenettvi:e years ( 1) I days ( 1) ? Ecnvi: vi:MeeTcR B BM,l(y 

2015 fOA, TO pe3yJibTaT 6yAeT paBeH 365, a ecnvi: 2016 fOA - 366! 

B AaHHOM cnyqae rraKeT lubridate He pacrronaraeT AOCTaTO'IHOM vi:mpopMa~vi:eM 

AJIR Toro, 'IT06b1 AaTb OAH03Ha'lHbIM OTBeT. BMecTo 3Toro OH AaCT JIMIIIb oQeHK. 

pe3ynbTaTa, corrpoBOAVIB ee npeAyrrpe:>KAaIOUJ;MM coo6rn;eHVIeM. 
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_'-"ars (l ) _/ days (l ) 
=> estimate onl y : convert to intervals for accuracy 
=> [1] 365 

,[(JUI IIOTiyqemrn: TO'!Horo OTBeTa rnep;yeT J1CIIOllb30BaTb u1-1mep6all . J1HTep-

3aTI - 3TO )J;TIMTeTibHOCTb, p;m1 KOTopo:H yKa3aH Ha'!aTibHbIM MOMeHT BpeMeHM, '!TO 

IT0 3BOmleT TO'!HO orrpep;eTIMTb, CKOllbKO BpeMeHM OHa 3aHMMaeT. 

=ext_year <- today () + years (l ) 
: Jday () %--% next_year ) I ddays (l ) 

=> [l] 365 

qT06bI BbUICHMTb, CKOllbKO rrepMO)J;OB rrpMXO)J;MTO! Ha MHTepBaTI, Heo6xop;MMO 

,!CIIOTib30BaTb :u;eTIO'!MCTieHHOe p;eneHMe. 

: :iday () %--% next_year ) %/ % days (l ) 
=> [1] 365 

Pe310Me 

KaKOBbI KpMTepMM Bb16opa Me:>Kp;y p;TIMTeTibHOCTHMM, rrep11op;aMM M MHTepBa-

1aMM? KaK o6bI'!HO, Bcerp;a Bhr611pa:M:Te caMyIO rrpocTyIO CTPYKTypy, KOTopa>1 rro-

3BOTI>IeT peIIIMTb BaIIIy 3ap;aqy, ECTIM Bae MHTepecyeT TIMIIIb cpM3M'!eCKOe BpeM>J, 

; icrrOTib3YMTe )J;TIMTeTibHOCTb; eCTIM BaM Heo6xop;MMO Bblpa3J1Tb BpeM>J B TepMMHaX, 

; icrrOTib3yeMbIX TIIO)J;bMM, J1CIIOllb3YMTe rrepMop;; eCTIM BaM Heo6xop;MMO Bbipa3MTb 

.Jm 1TeTibHOCTb BpeMeHHoro rrpoMe:>KyTKa B TepMMHax, J1CIIOllb3YeMblX TIIO)J;bMM, MC­

;JOTib3YMTe MHTepBaTI. 

Ha pMc. 13.9 rrpMBep;eHa rnop;Ka ap11cpMeTM'!ecK11x orrepa:u;11r1, pa3peIIIeHHbIX 

.].,1>1 pa3TIJ1'!Hb!X TMIIOB p;aTbl. 

date ; date time duration period 
l - - -

interval number 

i 

- -- +--r 
date time · ' 

date - I - I+ 
.,.----r--- - ---,-- . 

- + ' - ' - + 
_, _L_ : - -+ L --t -

- + ' ' ---r-+--+i--t-+ 
/ i _+ x i; , 

' I ! -1 

I - - +~ T - __ , i-~- x I I ' 
/ I I I i i 

--- ---: I r-
- + x 1 - : + i x ' - + x ;J , 

duration , - + 

- + 

- + - , + 
- ; 

- + x 

period - + 

interval 

number ' - + 1 

--· -·-· __ ,_ _ __, --1.--1-...--1--!.- --""- --

Puc. 13.9 

rnaea 13. Pa6ora c AaTaM11 11 epeMeHeM c noMOll.!bto naKera lubridate 325 



Ynpa>KHeHlllR 

1. l1o'!eMy ecTb cpyHK1vrn months () ,HO HeT cpyHK~~n1 dmonths () ? 

2. KaK 060.llCHHTb CMblCJI Bbl30Ba cpyHK~HH days (overnight * 1) qerroBeKy, 

TOJibKO rrpHc TyrrHBUieMy K v13yqeHHIO R? KaK 3TO pa6oTaeT? 

3. Co3p;a:i1Te BeKTop p;aT, rrpep;cTaBJI.llIOru;Hil rrepBbIH p;eHb Ka)l(p;oro Mern~a 

2015 rop;a. Co3p;ai1Te BeKTop p;aT, rrpep;cTaBJI.llIOru;Hil rrepBblH p;eHb Ka)l(p;oro 

Mec.ll~a TeKyru;ero rop;a. 

4. HarrHUIHTe cpyHK~HIO, KOTopa.ll, rrony'IHB p;aHHble o BaUieM p;He po)l(p;eHHR 

(B BHp;e p;aTbl), B03BpaTHT Balli B03pacT B rop;ax. 

5. 11o'leMy He cpa6oTaeT rnep;yroru;ee Bblpa)l(eHHe? 

(Loiay () %- - % ( ~oday () + years (l )) /~~n~h- (1 ) 

llacosb1e nos.ca 
qaCOBble IIO.l1Ca - HeBepO.llTHO CJIO)l(Ha.ll TeMa H3-3a HX 3aBHCHMOCTH OT p.llp;a 

reorroJIHTH'leCKHX cpaKTopoB. K cqacTbIO, HaM HeT HY)l(,D;bl ymy6rr.l1TbC.l1 BO Bee p;e­

TaJIH, IIOCKOJibKY He Bee OHM Ba)l(Hbl )J;JI.ll aHaJIH3a p;aHHbIX, op;HaKo eCTb HeKOTO­

pble Tpyp;HOCTH, c KOTOpblMH Bbl ,D;OJI)l(Hbl Hay'lHTbC.ll crrpaBJI.l1TbC.l1. 

11epBa.l1 J/13 HJ/IX - 3TO TO, 'ITO o6bI'lHO HCIIOJib3YeMbie Ha3BaHH.l1 'laCOBblX IIO­

.llCOB CTpap;aIOT Heop;H03Ha'!HOCTbIO. HarrpHMep, ecJIH Bbl aMepHKaHe~, TO, Bep o ­

.llTHO, 3HaeTe, 'ITO TaKOe EST (Eastern Standard Time - cTaHp;apTHoe BOCTO'!Hoe 

BpeM.ll). Ho B ABCTparrHH H KaHap;e HCIIOJib3YIOTC.l1 CBOH BapHaHTbI EST! Bo H36e­

)l(aHHe rryTaHH~bl B R HCIIOJib3YeTC.l1 Me)l(p;yHapop;HbIH CTaHp;apT 'laCOBbIX IIO.llCOB 

IANA. B HeM rrpHMeH.lleTc.ll comacoBaHHa.ll cxeMa HMeHoBaHH.ll rroRCOB c CHMBO­

JIOM "/" B Ka'leCTBe pa3p;eJIHTeJI.l1, o6bI'lHO B cpopMaTe "< KOHmUHeHm>/<zopoo> 

(eCTb HeKOTOpble HCKJIIO'leHH.ll, IIOCKOJibKY He Bee CTpaHbl pacrronaraIOTC.ll Ha 

KOHTHHeHTe). BoT HeK0Topb1e rrpHMepbl: ''America/New_ York", "Europe/Paris 

H "Pacific/ Auckland': 

Bo3MO)l(HO, Bae yp;HBJI.lleT, 'ITO qacoBoil rro.llc yKa3bIBaeTc.l1 c HCIIOJib30BaHHe 

Ha3BaHH.l1 ropop;a, Torp;a KaK o6bl'IHO '!aCOBbl e IIO.l1Ca CB.l13bIBaIOT co CTpaHaMH 

HJIH perHOHaMH B rrpep;eJiax- CTpaHbl. 3To o6ycJIOBJieHO TeM, 'ITO B 6a3e p;aHHblX 

IANA xpaHHTC.ll HCTopH.ll CMeHbI rrpaBHJI orrpep;erreHH.ll qacoBbrx IIO.llCOB. Ha rrp o­

T.ll)l(eHHH p;eC.llTMJieTHH CTpaHbl ,l:l;OBOJibHO qacTo MeH.llIOT CBOJ/I Ha3BaHJ/l.l1 (HJIH 

pacrrap;aIOTC.ll), HO Ha3BaHM.l1 ropop;oB, KaK rrpaBMJIO, He MeH.llIOTC.ll. )J;pyra.ll n p o-

6rreMa 3aKJIIO'!aeTC.l1 B TOM, 'ITO Ha3BaHH.l1 IIO.llCOB ,D;OJI)l(Hbl OTpa)l(aTb He TOJibK 
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a TeKyI.Qee noBep;eH11e, HO 11 BCIO 11x 11cTopmo. Hanp11Mep, cyI.QeCTBYIOT qacoBbie 

o.Hca KaK p;nH ''America/New_York'', TaK 11 p;nH ''America/Detroit". B HaCTOHI.Qee 

speMH o6a ropop;a ornornTrn K qacoBoMy no.Hey EST, HOB 1969- 1972 rop;ax M11-

Hr aH (rrITaT, B KOTOpOM HaxO,ll;J1TCH ,[(eTpofn) He nepexop;11n Ha neTHee Bp eM>I, 

.1 p;n>I :noro nep11op;a BpeMeHJ1 Tpe6yeTc>I p;pyroe Ha3BaH11e. BaM CTOMT npocMo­

tpeTb 11cxop;Hy10 6a3y p;aHHbIX qacoBbIX no>ICOB (p;ocTynHy10 no ap;pecy http: I I 
-iW . iana. org/time-zon es), rp;e Bbl CMO>KeTe npoq11TaTb o HecKOnbKMX MCTO ­

:llHX nop;o6Horo pop;a. 

Bbl cMo>KeTe BbI>ICHJ1Tb, qyo J13BeCTHO R o BarneM TeKyI.QeM qacoBoM no.Hee, 

3bI3BaB cpyHKIJ;l1IO Sys . timezon e () . 

__ ·.s. timezone () 
=> [l] "America /Los_Angel es" 

(Ecn11 R H11qero 06 3TOM He J13BeCTHO, Bbl nonyq11ye NA B KaqecTBe OTBeTa.) 

A ecn11 Bbl xoTMTe 03HaKOMJ1TbCH c nonHbIM cn11cKoM Ha3BaH11i1: qacOBblX no­

q OB, TO BOCI10ITb3YMTeCb <i>YHKIJ;J1ei1: Ol s o nName s () . 

-~~gth ( OlsonNames ()) 

=> [l ] 589 
~3d ( OlsonNames ()) 

=> [l ] "Africa /Abidjan " 
=> [3 ] "Africa /Addis Ababa" 
=> [5 ] "Africa / Asmara" 

"Africa/Accra" 
"Africa/Algiers " 
"Africa/Asmera" 

B R qacoBoi1: no.He - 3TO aTp116yT p;aTb1/BpeMeH11, KOTopb1i1: n11rnb ynpaBnHeT 

3blBO,ll;OM Ha neqaTb. Hanp11Mep, cnep;y10I.Q11e TPM o6beKTa npep;CTaBnHIOT op;11H 11 

.,..OT >Ke MOMeHT BpeMeHJ1. 

xl <- ymd_runs ("2015- 06- 01 12:00:00 " , tz 
=> [l] "2015-06- 01 12: 00: 00 EDT" 

x2 <- y:nd_h:rcs ("2015- 06- 01 18:00:00 " , tz 
=> \.11 " 2015-05-01 18:00:00 CEST " 

"America /New_York" )) 

"Europe/Copenhagen" )) 

x3 <- ymd_hms ("2015- 06- 02 04 : 00:00" , tz = "Pacific /Auckland" )) 
=> [l] "2015- 06-02 04 :0 0: 00 NZST " 

Mo>KeTe np0Bep11Tb 3TO nyTeM Bb1q11TaH11H. 

:.:. - x2 
=> Time difference of 0 secs 
.. _ - x3 
=> Time difference of 0 secs 

Ecn11 He yKa3aHo 11Hoe, naKeT lubridate Bcerp;a 11cnonb3yeT UTC (Coordinated 

• ·n iversal Time - BceM11pHoe Koopp;11H11poBaHHoe BpeMH). 3To CTaHp;apTHb1i1: 

t:J aCOBOM IlOHC, J1CI10ITb3yeMbIM HayqHbIM coo6I.QeCTBOM, KOTOpblM np11MepHo 
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3KBJ1BaJieHTeH cBocMy rrpe,IJ,lllecTBeHHMKY GMT (Greenwich Mean Time - cpe,IJ,­

Hee BpeM5I no fp11HBJ1'1y). B HeM oTcyTcTByeT rrepexo,IJ, Ha neTHee BpeMR, 'ITO y,IJ,06-

HO ,IJ,JI5I Bhll10JIHeH115I BhI'IMCJieHMM. B orrepa~J15IX, ofrhe,IJ,11Hmo~11x ,IJ,aTy 11 BpeMR, 

Harro,IJ,0611e c ( ) , 'lacoBoM rroRc '!aCTO orrycKaeTc5I. B 3TOM cny'lae ,IJ,aTa 11 BpeMH 

6y,IJ,yT OTo6pa:>KaTbC5I B COOTBeTCTBJ1J1 c BallIMM TeKy~MM 'laCOBbIM I105ICOM. 

x4 <- c (xl , x2 , x3 ) 
x4 
#> [1] "2015-06-01 09:00:00 PDT" "2015-06-01 09:00 :00 PDT" 
#> [3] "2015-06-01 09:00:00 PDT" 

qaCOBOM I105IC MO:>KHO J13MeHJ1Tb ,IJ,BYM5I crroco6aMJ1. 

• Mo:>KHO oCTaBMTh TO :>Ke BpeMR, HO J13MeHJ1Th ero 0To6pa:>KeH11e. J1crroJib-

3yl1Te 3TOT MeTO,ll,, eCJIM XOTJ1Te OT06pa3J1Tb BpeM5I B 6onee ecTeCTBeHHOM 

cpopMaTe. 

x4a <- with_tz (x4 , tzone = "Australia/Lord_Howe" ) 
x4a 
#> [1] "2 015- 06-02 02 : 30: 00 LHST" 
#> [2 ] "2015- 06-02 02:30:00 LHST" 
#> [3] "2015-06-02 02 : 30: 00 LHST" 
x4a - x4 
#> Time differences in secs 
#> [ 1] 0 0 0 

(3TOT rrp11Mep TaK:>Ke J1JIJIIOCTp11pyeT cyTb e~e O,ll,HOM rrpo6JieMbl 'laCO­

BblX I105ICOB: pa3HJ1~a Me:>K,IJ,Y HJ1MJ1 He Bcer,IJ,a Bbipa:>KaeTC5I ~eJibIM 'IJ1C­

JIOM 'laCOB!) 

• Mo:>KHO J13MeHMTh caMo BpeM5I. J1crroJib3YMTe ,IJ,aHHbIM MeTO,IJ,, ecJm BpeMR 

6bIJIO BbIBe,IJ,eHO c HeKoppeKTHO yKa3aHHblM qacOBblM I105ICOM J1 Bbl XOTJ1Te 

11crrpaBJ1Tb 3TO. 

x4b <- force_tz (x4 , tzone = 
x4b 
#> [1] "2015-06-01 09:00:00 
#> [2 ] "2 015-06-01 09:00:00 
#> [3] "2 015-06-01 09:00:00 
x4b - x4 
#> Time differences -in hours 
#> [1] - 17.5 -17.5 -17.5 
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llACTb Ill 

nporpaMMMpOBaHMe 

B 3TOM qacTJ1 Bbl ycoBeprneHCTByeTe CBOJ1 HaBblKJ1 rrporpaMMMpoBaHJ15I. B Ha­

, i<e 0 ,n;aHHblX rrporpaMMl1pOBaHJ1e MrpaeT Ba)l(Hel1rny10 pOJib: HeB03MO)l(H0 J1CCJie­

::IOBaTb ,n;aHHble, BbIITOJIH5I5I Heo6xop;l1Mble Bbl'IJ1CJieHJ15I B rOJIOBe J1JIJ1 ITOJib3Y5ICb 

KapaH,n;arnoM J1 6yMarol1, - p;lI5I 3TOrO Heo6xo,n;J1MO J1CIT01Ib30BaTb KOMITblOTep. 

nporpaMM!llpOBaH!lle 

Pe3yJibTaTOM rrporpaMM11poBaHH5I JIB1rneTC5I Ko,n;, a Ko,n; - 3TO cpe,n;cTBO KOM­

'-I YHHKau;1111. Pa3yMeeTrn, B rrepByIO oqepep;b Ko,n; Heo6xo,n;11M ,n;nJI Toro, 'IT06b1 co-

0 6iu;11Tb KOMITbIOTepy, 'ITO OH ,n;on)l(eH c,n;eJiaTb. Ho KpoMe 3Toro OH coo6iu;aeT o 

.\1blCJie BbIITOlIHJieMblX ,n;eMCTBJ1M ,n;pyrHM JIIO,IJ;5IM. QqeHb Ba)l(HO, 'IT06bl Bbl OT­

HOCJ11IJ1Cb K Ko,n;y KaK K cpe,n;CTBY KOMMYHJ1KaD;J1J1, ITOCKOJibKY Ka)l(,IJ;blM rrpoeKT, 

BbIITOJIH5IeMblM BaMJ1, ITO cyTH 5IBJI5IeTC5I KOJIJieKTJ1BHOM pa6oTOM. ,Il;a)l(e eCJIJ1 Bbl 

He COTpy,n;HwrneTe c ,n;pyrl1MJ1 lIIO,IJ;bMJ1, Bbl HeCOMHeHHO COTpy,n;HH'IaeTe co CBOJ1M 

6y,n;yiu;11M "5I"! 5kHOCTb Ko,n;a - KlIIO'IeBaJI rrpe,n;rrOCbIJIKa Toro, 'ITO ,n;pyr11e JIIO,IJ;J1 

B TOM 'IJ1CJie J1 Bbl caMJ1 BITOCJiep;CTBJ1J1) CMoryT ITOH5ITb, ITO'IeMy Bbl aHaJIJ13l1pO­

BaJIJ1 ,n;aHHble J1MeHHO TaK, a He J1Ha'Ie. 0TCIO,n;a cne,n;yeT, 'ITO pa3BJ1TJ1e HaBblKOB 

n porpaMMHpoBaHJ15I o,n;HoBpeMeHHO pa3BJ1BaeT Barn11 HaBblKH o6iu;eHH5I. Co Bpe­

-.1eHeM BaM He TOJibKO 6y,n;eT Jierqe ITJ1CaTb KO,IJ; - ero 6y,n;eT rrpoiu;e 'IJ1TaTb ,n;pyr11M 

1JO,IJ;5IM. 

Harr11caH11e Ko,n;a BO MHoroM HarroMHHaeT Harr11caH11e rrp03bI. 0,n;Ha J13 rrapan-

1enel1, KOTopy10 Mbl C'IJ1TaeM Ha116onee ITlIO,IJ;OTBOpHOM, - 3TO TO, 'ITO B 06011x 



c11yqaJ1x He Hy:>I<HO 11eHJ1TbCJI nepenMCbIBaTb TeKCT. Ma110BepoJITHO, 'IT06b1 Baunr 

Mp;eM 6bIJIJ1 JICHO J13JIO)l(eHbl y)l(e c nepBOM Il0IlbITKJ1, J1 BaM IlOTpe6yeTCJI MHOro­

KpaTHO nepenMcbrnaTb TeKcT nporpaMMbI. IToc11e Toro KaK 3ap;aqa aHaJIM3a p;aH­

HblX perneHa, qacTo no11e3HO BepHyTbCJI K Kop;y 11 nocMoTpeTb, p;ocTaTO'lHO 1111 

oqeB11p;Ho B HeM l13JIO)l(eHbl Baum HaMepeH11JI . ITocBJITJ1B HeMHoro BpeMeH11 nepe­

n11CbIBaH11IO KOp;a, IlOKa 11p;e11 eru;e CBe)l(J1 B ro110Be, Bbl BI10CJiep;CTBJ1J1 C3KOHOMJ1Te 

Macey BpeMeHJ1, KOTOpoe B npOTJ1BHOM rnyqae np11lllJIOCb 6bl I10TpaTJ1Tb JIJ1lllb 

Ha TO, 'IT06bl BCTIOMHJ1Tb, KaK l1MeHHO pa6oTaeT KO)J;. 3To BOBCe He 03Ha'!aeT, 'ITO 

nepenJ1CbIBaHJ1JI Tpe6yeT Ka)l()J;aJI cpyHKll,J1JI: Bbl p;OJI)l(Hbl CTpeMJ1TbCJI K )J;OCTJ1)1(e­

HJ1IO pa3yMHOro KOMI1pOMJ1CCa Me)l(p;y TeM, qero Bbl XOTJ1Te p;o611TbCJI cei!J:qac, J1 

B03MO)l(HOCTbIO C3KOHOMJ1Tb BpeMJI B p;o11rocpO'IHOM nepcneKTJ1Be. (Op;HaKO 'leM 

60Jibllle cpyHKll,J1M Bbl nepen11rneTe, TeM BepoJITHee, 'ITO Balli KOA np1106peTeT 

6 0 JiblllYIO JICHOCTb.) 

B rnep;y10ru;11x qeTb1pex rnaBax Bbl np1106peTeTe HaBblKl1, c noMoru;bIO KOTOpblX 

BaM 6yp;eT He TOJibKO nporu;e I1J1CaTb HOBble nporpaMMbl c IlOHJITHblM KO)J;OM, HO J1 

nerqe cnpaBJIJITbCJI c cyru;ecTBy10ru;11M11 3ap;a'!aM11. 

• B rnaBe 14 Mbl 3ai!J:MeMcJI yrny611eHHblM 113yqeH11eM B03MO)l(HOCTeifr Ka1-ta­

na, %>%,Toro, KaK OH pa6oTaeT, KaK11e cyru;ecTBYIOT aJibTepHaTJ1Bbl J1 KaK He 

c11ep;yeT ero 11cnoJib30BaTb. 

• Kon11poBaH11e 11 BCTaBKa Kop;a - yp;o6Hb1i!J: np11eM, HO c11ep;yeT 1136eraTb p;e-

11aTb 3TO p;Ba)l()J;bI. ITop;o6Hoe p;y61111poBaH11e cpparMeHTOB onacHo TeM, 'ITO 

MO)l(eT 11erKo np11BeCT11 K orn116KaM 11 HecornacoBaHHOCTJ1 Kop;a. B rnaBe 15 

6yp;eT I10Ka3aHO, 'ITO BMeCTO 3TOro 11yqrne n11caTb cf>y1-tKU,UU , KOTOpble 

no3BOJIJIIOT o6paru;aTbCJI K op;HoMy 11 TOMY )Ke cpparMeHTY Kop;a CTOJib­

KO pa3, CKOJibKO HY)l(HO, 06ecne'l11BaJI npocToTy ero MHoroKpaTHoro 11c­

noJib30BaH11JI. 

• HanMcaH11e 6011ee MOlll;HbIX cpyHK11,11i!J: Tpe6yeT yBepeHHoro BJiap;eHMJI 

cmpyKmypaMu oamtbtX R, '!eMy nocBJiru;eHa rnaBa 16. Bbl M3Y'll1Te 'leTblpe 

'laCTO J1CilOJib3yeMblX aTOMapHblX BeKTOpa J1 Tp11 IlOCTpOeHHblX IlOBepx HJ1X 

Ba)l(HblX KJiacca 53 Jt1 ysHaeTe 060 Bcex TOHKOCTJIX pa60Tbl co CilJt1CKaMJt1 J1 

cppei!J:MaMJtl p;aHHbIX. 

• <DyHKll,Jt1J1 cop;ep)l(aT I10BTOp5IIOlll;J1MCJI KOp;, HO qacTo Tpe6yeTCJI IlOBTopeHJ1e 

O)J;HJ1X J1 Tex )Ke p;ei!J:CTBJ1M no OTHOllleHJtlIO K pa3JIJt1'1HbIM BXO)J;HbIM p;aHHblM. 

,D;JIJI 3TOro BaM IlOTpe6yIOTCJI cpep;crna umepupoBal-lUfl , Il03BOJIJIIOlll;Jt1e BHOBb 

11 BHOBb BbmOJIHJITb op;HOTJ/ITIHbre p;eifrcTBMJI. K 'IMCJIY 3TJ/IX J/IHcTpyMeHTOB 



OTHOC.IITOI 1(li1KJ1bl for li1 cpyHK1(li10HaJibHOe rrporpaMMli1pOBaHli1e, 0 KOTOpblX 

Bbl rrpo'IHTaeTe B rnaBe 17. 

Y3HaMTe 6onbwe 
Ue11b rrepe'IHCJieHHblX BbIIlle rnaB - rroMO'fb BaM rrpHo6pecTli1 TOT Mli1Hli1MYM 

HaBblKOB rrporpaMMli1pOBaHli1.sI, KOTOpblM IIOTpe6yeTC.sI BaM ,ll;Jl.II ocyl.1(eCTBJieHli1.sI 

n pocpecC!llOHaJibHOM ,IJ;e.sITeJibHOCTli1 B 0611aCTli1 HayKH 0 ,IJ;aHHblX li1 o6'beMa KOTO­

p oro Ha rrepBblX rropax 6y,IJ;eT BIIOJIHe ,IJ;OCTaTO'fHO. Mb1 HaCTO.sITeJibHO peKoMeH­

~yeM, 'fT06bl IIOCJie rrpopa60TKli1 MaTepMaJia, J13JIO>KeHHOro B :noi1: KHMre, Bbl rrpli1 -

iIO>Kli1Jlli1 ,IJ;OIIOJIHMTeJibHble ycMJIM.sI K OBJia,IJ;eHHIO rrporpaMMMpoBaHHeM. Pa3BJ1Tli1e 

y MeHJ1.sI rrporpaMMli1pOBaTb - 3TO ,ll;OJirocpO'IHa.sI J1HBeCTJ11(J1.sI: OHa He OKyrrMTC.sI 

HeMe,IJ;JieHHO, HO B rrepcrreKTJ1Be 3 TO II03BOJIJ1T BaM 6b1CTpee pernaTb BHOBb B03-

H J1KaIOI.1(li1e 3a,IJ;a'fl1 11 IIOBTOpHO li1CIIOJlb30BaTb HaKOIIJieHHblM OIIblT B HOBblX c11e ­

Hapli15IX. 

,Il;11.sI pacw11peH11.sI CBOHX 3HaH11i1 BaM rrOTpe6yeTrn H3Y'fli1Tb R KaK .sI3blK rrpo ­

rpaMMMpoBaHH.sI, a He TOJlbKO KaK J1HTepaKTl1BHYIO cpe,IJ;y, o6ecrre'fli1BaIOI.1(YIO aHa­

ill13 ,IJ;aHHblX. Mbl Harr11ca1111 ,IJ;Be KHJ1fl1, KOTOpb1e IIOMOryT BaM B 3TOM. 

• Hands-On Programming with R (fappeTT fpoy11MyH,IJ;). 3TO BBe,IJ;eH11e B .sI3blK 

rrporpaMMMpoBamrn R, KOTopoe OTJIM'fHO rro,IJ;oi1:,IJ;eT ,IJ;JI.sI HatJa11a, ec11M R -
Ball rrepBblM .sI3blK rrporpaMMMpoBaHJ1.sI. 0Ha OXBaTbIBaeT TOT >Ke MaTepMaJI, 

'ITO J1 3Tl1 rnaBbl, HO HaIIJ1CaHa B ,ll;pyroM CTli1Jie J1 c ,ll;pyrMMJif MOTJ1BMpy10-

l.1(J1MJ1 rrp11MepaMJ1 (B 1(eHTpe KOTOpblX HaXO,ll;J1TC.sI pa6oTa Ka3J1HO). KHMra 

IIOCJIY>KHT BaM xopOillJ1M ,ll;OIIOJIHeHJ1eM, eCJIJ1 Bbl COtJTeTe, 'ITO B '-leTblpex 

rrepe'IMCJieHHblX rnaBax MaTepMaJI J13JIO>KeH CJIMillKOM 6erno. 

• Advanced R (X3,IJ;JIJ1 YMKeM) . 3Ta KHHra rroCB.sII.1(eHa rro,IJ;po6HoMy paccMo ­

TpeHMIO .sI3blKa rrporpaMMMpoBaHH.sI R. C Hee Herr11oxo Ha'faTb, ecJIM y Bae 

y>Ke ecTb OIIblT rrporpaMMMpOBaHJ1.sI. 0Ha TaK>Ke OTJIJ1'fHO IIO,ll;OM,IJ;eT BaM B 

Ka'feCTBe c11e,IJ;y1011(ero wara rrorne ornoeHM.sI MaTepMa11a 3Tli1X 'feTb1pex rnaB. 

KpoMe Toro, MO>KeTe BocrroJib30BaTbC.sI 3JieKTpoHHblM BapMaHTOM KHMrM, 

,ll;OCTYIIHblM B J1HTepHeTe Ha cai1Te http: I I adv-r. had. co. nz. 



rnABA 14 

Pa6ora c KaHanaMM c noMOtqblO 
naKera magri ttr 

KaHaJibl - MOIIIHblM rrncTpyMeHT, rro3BOJUIIOII1Mi1 RCHO Bb1pa>KaTb rrornep;oBa­

r enbHOCTb BbIIIOJIHeHJ!IR HecKOJibKJ!IX orrepau;Mi1. Ao 3Toro BpeMeHJ!I Bbl J!ICIIOJib -

30BaJIJ!I J!IX, He 3Ha.H, KaK OHJ!I pa6oTaIOT J!I KaKJ!Ie B03MO>KHbl aJibTepHaTJ!IBbl. 3Ta 

rnaBa rroCBRII1eHa 6onee rrop;po6HoMy paccMoTpeHMIO KaHaJioB. Bbl II03HaKOMJ!I­

r ecb c aJibTepHaTJ!IBaMJ!I KaHaJiaM, Y3HaeTe o TOM, Korp;a He cnep;yeT J!ICIIOJib30BaTb 

KaHaJibl, J!I J!I3)"IJ!ITe p.Hp; IIOJie3HblX pop;CTBeHHblX J!IHCTpyMeHTOB. 

Heo6XOAL'1Mb1e pecypcb1 

KaHaJI, %>% , npoMcxop;MT M3 rraKeTa magrittr, pa3pa6oraHHoro CTecpaHoM 

Yl:JiIJibTOHOM EarneM. I1aKeTb1 6M6JIJ!IOTeKJ!I tidyverse 3arpy>KaIOT KaHaJI %>% aBT0-

~1aTJ!IqecKJ!I, TaK qTo 06b1qHo 3TO He npMxop;MTCR p;enaTb caMOCTORTeJibHO. Op;HaKo 

B ,[\aHHOM CJI)"Iae Mbl cpoKyrnpyeM BHJ!IMaHJ!Ie Ha pa6oTe c KaHaJiaMJ!I J!I He 3arpy­

JKaeM p;pyrMe rraKeTbl, B CB.H3J!I c qeM HaM IIOHap;o6J!ITC.H .HBHa.H 3arpy3Ka 3Toro 

n aKeTa. 

~:brary (magrittr ) 

AnbtepHaTHBblKaHanaM 

CMblCJI J!ICIIOJib30BaHJ!I.H KaHaJIOB 3aKJIIOqaeTC.H B TOM, '-IT06bl TIOMOqb BaM IIJ!I -

aTb KO,n;, KOTOpblM JierKO qJ!ITaTb J!I TIOHJ!IMaTb. lfro6bl npop;eMOHCTpMpOBaTb, 

B qeM J!IMeHHO COCTOJ!IT Il0Jlb3a KaHaJIOB, Mbl J!ICCJiep;yeM p.Hp; crroco6oB HaIIJ!ICaHJ!I.H 



O,IJ;Horo J1 Toro >Ke KO,IJ;a. B Ka'IeCTBe npMMepa J1CTIOJih3yeM KO,IJ;, J13JiaralO~J1i1 J1CTO­

PMIO o MaJieHbKOM KponMKe, KOToporo 3BaJIJ1 Foo Foo. 

Little bunny Foo Foo 

Went hopping through the forest 

Scooping up the field mice 

And bopping them on the head 

3To TeKCT nonym1pttoi1 p;eTCKOM neceHKJ1, J1CI10JIHeHJ1e KOTOpoi1 conpoBO>K,IJ;a­

eTC5I ,Il;BJ1>KeHJ15IMJ1 pyK. 

Ha1rneM c onpep;eneHJ15I o6'beKTa, rrpep;cTaBJI5IIO~ero KponMKa Foo Foo: 

foo_foo <- little_bunny () 

,IJ)rn Ka>Kp;oro KJIIO'IeBoro rnarona J1CTIOJib3yeM COOTBeTcTBy10~y10 ¢YHKJJ;J110: 

hop () (CKaKaTb), scoop () (JIOBJ1Tb) J1 bop () (CTytJaTb). l1cnOJib3Y5I 3TOT o6'beKT 

11 rnaroJibI, MO>KHO rrpep;no>KMTb (no Kpai1ttei1 Mepe) tJeTbipe cnoco6a 11sno>KeHJ1R 

3TOM J1CTOPMJ1 B BJ1,IJ;e KOp;a: 

• coxpatte1rne Ka>Kp;oro npoMe>KyTo'IHOro p;ei1CTBJ15I B HOBOM o6neKTe; 

• MHOroKpaTHOe J13MeHeHJ1e J1CXO,IJ;Horo o6'beKTa; 

• KOMTI03J11J;J15I cpyttKJJ;J1M; 

• J1CTIOJib30BaHJ1e KaHaJia. 

Mb1 rrpopa6oTaeM Ka>Kp;bIM 113 3TJ1X nop;xop;oB, p;eMOHCTPMPYR cooTBeTcrny10-

~J1:i1 Kop; J1 o 6cy>Kp;aR ero npe11My~ecrna J1 ttep;ocTaTKJ1. 

npoMe>t<:yTO"IHble 06beKTbl 

TipocTe:i1nmi1 nop;xop; COCTOJ1T B TOM, 'IT06bI coxpaHJ1Tb Ka>Kp;oe p;ei1CTBJ1e B 

BJ1,IJ;e HOBOro o6'beKTa. 

foo_foo_l <- hop (foo_foo , through = forest ) 
foo_foo_2 <- scoop (foo_foo_l , up = field_mice ) 
foo_foo_3 <- bop (foo_foo_2 , on = head ) 

0cHOBHO:i1 Hep;ocTaTOK 3Toro cnoco6a sarrJ1CJ1 Kop;a saKJIIOtJaeTC5I B TOM, 'ITO OH 

sacTaBJIReT J1MeHoBaTh Ka>Kp;h1:i1 rrpoMe>KyTO'IHbI J.1 3JieMeHT. EcnM p;n5I 3Toro nop;­

xop;5IT ecTeCTBeHHbie MMeHa, TO 3TO Hennoxa5I Mp;e5I, 11 Bbl p;on>KHbI cnep;oBaTh ei1. 

Ho BO MHOrMx cnyqaRx, KaK B HarneM np11Mepe, ecTeCTBeHHbie MMeHa OTCYTCTBY­

IOT, J1 ,IJ;JIR Toro, 'IT06h1 cp;enaTb MMeHa yttMKaJibHbIMJ1, MbI p;o6aBJIReM 'IJ1CJIOBbie 

cycpcpMKCbI. 3rn rropmKp;aeT p;Be npo6neMhI: 
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• KO,JJ; 3acop.iieTC.ll Hecy:w;eCTBeHHbIMM MMeHaMM; 

• Heo6xop;MMO TI.IJ;aTellbHO Clle,JJ;MTb 3a np11pa:w;eHMeM cycptjmKca B Ka:>K,JJ;OM 

CTpoKe. 

Bc>IKMM pa3, Kor,n;a np11xo,n;11Trn n11caTb KOA Hano,n;o611e 9Toro, HeM3MeHHO r,n;e­

r o nponycKaeIIIb HenpaBMllbHbIM HOMep, a TIOTOM CM,JJ;MIIIb M MMHYT ,n;eC.llTb lIOMa­

Illb rorrosy Hap; TeM, noqeMy He pa6oTaeT Ko,n;. 

Bae TaK:>Ke Mo:>KeT 6ecnoKOMTb TOT cpaKT, qTo np.11 TaKoif 3an11c11 Ko,n;a co3,n;aeT-

5I HeCKOllbKO KOTIMM ,n;aHHbIX, Ha qTo TpaTMTCH ,n;onorrHMTellbHaH naM.llTb. K cqa­

TbIO, 9TO He TaK. Bo-nepBbIX, He CTOMT 3apaHee 6ecnoKOMTbC5I no noso,n;y pac­

xo,n;a naM5ITJ!I: HaqJ!IHaifTe 6ecnoKOJ!ITbC.ll TOllbKO TOr,n;a, KOr,n;a 9TO ,n;eifCTBJ!ITellbHO 

TaHOBMTCH npo6rreMoi1 (T.e. Kor,n;a Bbl CTalIKMBaeTecb c HeXBaTKoif naMHTM). Bo­

BTOpbIX, cpe,n;a R BOBCe He lIJ!IIIIeHa J!IHTelllleKTa J!I opraHM3yeT COBMeCTHOe J!ICTIOllb-

30BaHJ!Ie CTorr6u;os cppeifMaMM ,n;aHHbIX, Kor,n;a 9To B03MO:>KHO. PaccMoTpMM KaHarr 

~aHMTIYlIMpOBaHJ!I5I cpaKTJ!IqeCKJ!IMJ!I ,n;aHHbIMJ!I, B KOTOpOM Mbl ,n;o6aBll5IeM HOBbIM 

TOrr6eu; BO cppeifM ,n;aHHbIX ggplot2: : diamonds. 

j iamonds <- ggplot2 : : diamonds 
diamonds2 <- diamonds %>% 

dplyr : :m,1tate (price_per carat price I carat ) 

pryr:: ob=ect_size (diamonds) 
=> 3.46 MB 
pryr:: object_si ze (di amonds2 ) 
=> 3 . 89 MB 
pryr:: object_size (diamonds , diamonds2 ) 
=> 3.89 MB 

<I>yHKIJ;MH pryr:: object_ size ( ) B03Bpa:w;aeT o6'beM naMHTM, 3aHMMaeMoi1 

sceMM ee apryMeHTaMM. IToHaqarry MO:>KeT noKa3aTbC5I, qTo pe3yllbTaTbI npoTMBO­

peqaT rrorMKe: 

• diamonds 3aHMMaeT 3,46 M6ai1T; 

• diamonds2 3aHMMaeT 3,89 M6ai1T; 

• diamonds M diamonds2 BMecTe 3aHMMaIOT 3,89 M6ai1T! 

IToqeMy TaK norryqaeTrn? <t>peifM ,n;aHHbIX diamonds2 MMeeT 10 o6:w;Mx CTorr6-

~oB c cppeifMOM diamonds: Heo6xo,n;MMOCTb ,n;y6rrMpoBaHM5I Bcex ,n;aHHbIX oTcyT­

rnyeT, TI09TOMY o6a cppei1Ma MMeIOT o6:w;Me nepeMeHHbie. 3TM nepeMeHHbie 6y­

;:zyT KonMpoBaTbCH TOllbKO B TOM rnyqae, ecrrM Bbl M3MeHMTe o,n;Hy M3 HMX. B rne,n;y­

!OI.IJ;eM npMMepe MbI M3MeHHeM o,n;Ho 3HaqeHMe B diamonds$carat. 3To 03HaqaeT, 
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'ITO rrepeMeHHaH carat y)l{e He MO)l{eT MCITOJib30BaTbC5I O)l;HOBpeMeHHO ,n;ByMH 

¢pei1MaMM ,n;aHHhIX, a rroTOMY ,n;oJI)l{Ha 6hITb co3,n;aHa ee KOITMH. Pa3Mep Ka)l{,n;oro 

¢pei1Ma ,n;aHHblX OCTaJirn HeM3MeHHbIM, HO MX COBOKYITHblM pa3Mep yBeJIM'IMJICH. 

diamonds$carat [l ] <- NA 
pryr: : object_size (diamonds ) 
#> 3.4 6 MB 
pryr:: object_size (diamonds2 ) 
#> 3 . 89 MB 
pryr: : object_size (diamonds , diamonds2 ) 
#> 4 . 32 MB 

(06paTMTe BHMMaHMe Ha TO, 'ITO 3,n;ecb Mbl MCITOJib3YeM <l>YHKD,MIO pryr : 
:object_size() , a He BCTpoeHHYIO cpyHKD,MIO object.size() . riocne,n;HHH 

rrpMHMMaeT TOJlbKO O)l;MH o6'beKT, 'ITO He Il03BOJI5IeT Bbl'IMCJIMTb o6'beM rraMHTM, 

pa3,n;eJIHeMOM HeCKOJlbKMMM o6'beKTaMM.) 

3aMeHa lllCXOAHOro o6beKTa 

BMecTo Toro 11To6b1 co3,n;aBaTb rrpoMe)l{yTo':IH bie o6oeKThI ,n;TIH Ka)l{,n;oro ,n;eM:­

CTBMH, Mbl MO)l{eM M3MeHHTb MCXO)l;HblM o6'beKT. 

foo_foo <- hop (foo_foo , through = forest ) 
foo_foo <- scoop (foo_foo , up = field_mice ) 
foo_foo <- bop (foo_foo , on = head ) 

TaKOM KO)l; Tpe6yeT MeHbIIIero o6oeMa BBO,n;a (M pa3MblIIIJieHMM), 'ITO CHM)l{aeT 

BepoHTHOCTb orre11aTOK. 0,n;HaKo 11 c 3TMM rrop;xo ,n;oM CBH3aHbI ,n;Be rrpo6neMhI: 

• OCJIO)l{HJieTCH OTJia,n;Ka (eCJIM Bbl ,n;onycTMTe OIIIM6Ky, TO BaM rrp11,n;eTrn 3a­

HOBO BblllOJIHHTb BeCb KaHaJI c caMoro Ha'laJia); 

• IlOBTOpeHMe npeo6pa3yeMoro o6'beKTa (MMH foo _ foo TIOBTOpHeTrn IIIeCTb 

pa3!) 3aTpy,n;HHeT TIOHMMaHMe CMbICJia M3M eHeHMM B Ka)l{)l;OM CTpoKe. 

,UpyroM: no,n;xo,n; 3aKJIIO':laeTC5I B TOM, '1T06bI B006lll,e M36aBMTbC5I OT npMCBaM­

BaHMM M o6oi1TMCb BCero O,ll;HOM CTpOKOM o6oe,n;MHeHHblX Bbl30BOB <l>YHKD,MM. 

bop ( 
scoop ( 

) , 

hop (foo_foo , through 
up = field mice 

on = head 
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Hep;ocTaTKOM 3Toro rrop;xop;a JIBnJieTOI TO, 'ITO Kop; rrpMxop;MTCJI 'fJ1TaTb CHJ13Y 

BBepx J1 cneBa HarrpaBO, a apryMeHTbl J1 COOTBeTCTBYIOI.QJ1e J1M cpyHK~J1J1 OKa3bl ­

BaIOTCJI pastteceHHblMJ1. B 061.QeM, pa6oTaTb c TaKJ1M Kop;oM qenoBeKy O'feHb tte­

,1erKo. 

Vlcnonb30BaH111e KaHana 

HaKoHe~, Mbl MO)KeM Mcrronb30BaTb Kattan. 

: oo foo %>% 
hop (through = forest ) %>% 
scoop (up = f i e l d_mouse ) %>% 
i:lop (on = head ) 

3To Harn J13nI06neHHblM cnoco6 sanJ1CJ1, IlOCKOnbKY OH cpoKycMpyeT BHJ1MaHJ1e 

Ha rnaronax, a He Ha cyI.QeCTBJ1TenbHblX. 3Ty nornep;oBaTenbHOCTb MO)KHO 'fJ1TaTb 

KaK tta6op J1MnepaTJ1BHblX p;eJ1cTBJ1M. KponMK Foo Foo rrpb1raeT (hop), saTeM no­

BMT (scoop), saTeM CTY'fMT (bop). PasyMeeTrn, Hep;ocTaTKOM 3Toro nop;xop;a JIB­

m1eTcJI TO, 'ITO OH Tpe6yeT sttaKOMCTBa c KattanaMJ1. EcnM Bbl p;o 3Toro HJ1Korp;a 

He CTanKMBanMcb c onepaTopoM %>%, TO He 6yp;eTe MMeTb HM ManeJ1wero npep;­

CTaBneHMJI 0 TOM, 'ITO p;enaeT TaKOM KO)J;. K C'faCTbIO, 6onbWJ1HCTBO n10p;eJ1 CXBa­

TbIBaIOT Mp;eIO KaHana O'feHb 6b1CTpO, TaK 'ITO ecnM Bbl rrop;enJ1TeCb CBOJ1M KO)J;OM 

c nIOp;bMJ1, He3HaKOMblMJ1 c IlOHJITJ1eM KaHana, TO CMO)KeTe O'IeHb 6bICTpo o6'bJIC­

HJ1Tb J1M, 'ITO K tfeMy. 

Kattan pa6oTaeT, BbmonHJIJI "neKCJ1tfecKoe npeo6pasoBaHJ1e": magrittr sa KY­

nMcaMJ1 rrepeacceM6nMpyeT Kop; B Kattane, npeo6pasyJI ero B cpopMy, KOTopaJI pa-

6oTaeT nyTeM saMeHbl npoMe)KyTo'fttoro o6'heKTa. Korp;a Bbl BbmonttJieTe Kattan 

Hanop;o6Me npep;b1p;y1.Qero, magrittr p;enaeT npMMeptto rnep;y101.Qee. 

~y_pipe <- function ( . ) { 
. <- hop ( ., thr ough = forest ) 
. <- scoop (., up = field_mice ) 
i:lop (. , on = head ) 

"'!'_pipe ( foo _ foo ) 

0TCIOp;a cnep;yeT, 'ITO Kattan He pa6oraeT p;nJI cnep;yIOI.QJ1X p;Byx KnaccoB cpyHK~J1M. 

• <DyttK~J1J1, Mcnonbsy101.QMe TeKyI.Qee oKpy)KeHMe. HanpMMep, cpyttK~J1JI 

assign () cosp;aeT HOBYIO nepeMetttty10 c sap;aHHblM MMeHeM B TeKyI.QeM 

OKpy)KeHJ1J1. 

ass::..gn ( "x", 10) 
x 
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#> [l ) 10 

"x" %>% assign (lO O) 
x 
#> [ l] 10 

<l>yHKIJ;M5I assign () He MO:>KeT pa6oTaTb e KaHaJIOM, noeKOJlbKY HOBa5I ne­

peMeHHa5I eo3,n;aeTe5I BO BpeMeHHOM OKpy:>KeH MM, MeTIOJlb3yeMOM KaHaJIOM 

%>% . EeJIM Bbl Bee :>Ke XOTMTe MeTIOJlb30BaTb ee eOBMeeTHO e KaHaJIOM, He­

o6xo,n;MMO 5IBHO yKa3aTb OKpy:>KeHMe. 

env <- environment () 
"x" ,%>% assign (lOO , envi r = env ) 
x 
#> [l) 100 

K q11eny ,n;pyrnx cpyHKIJ;MM, Ha KOTOpb1e p aenpoeTpaHJieTrn BbnueCKa3aHHOe, 

OTHOC5ITC5I get () M load () . 

• <l>yHKIJ;MM, 11enoJib3YIOiu;Me "neHMBb1e" BbPrnenemrn. B R apryMeHTbl cpyHK­

u;MI1 BblqJ1eJI5IIOTe5I JIJ1Illb Tor,n;a, Kor,n;a B 3TOM B 03HJ1KaeT He06XO,!l;J1MOeTb, a 

He ,n;o Bbl30Ba cpyHKIJ;MM. KaHaJI Bb1q11eJI5IeT Ka:>Kp;bn1: 3JieMeHT no oqepe,n;M, 

TI03TOMY Bbl He MO:>KeTe TIOJiaraTbe5I Ha TaKOe TIOBe,n;eHMe. 

B KaqeeTBe np11Mepa Toro, r,n;e MO:>KeT B 03HJ1KHYTb ,n;aHHa5I npo6neMa, pae­

eMoTpMM cpyHKIJ;MIO tryCatch () ) KOTopa5I TI03BOJI5IeT nepexBaTbIBaTb M o6-

pa6aTbIBaTb OIIIJ16KM. 

tryCatch (stop ("!" ), error 
#> [ l J "Oll11116Ka" 

stop ("!" ) %>% 

function (e ) "Olll!l!!SKa" ) 

tryCatch (error = function (e ) "Ollli16Ka " ) 
#> Error in eva l( expr, envi r , enclos ) : ! 

Cyru;eernyeT ,n;oBOJibHO IIIMpOKMI1 KJiaee cpyHKIJ;MI1, ,n;eMOHCTp11py10ru;11x no­

,n;o6Hoe noBe,n;eHMe, B TOM q11rne cpyHKIJ;MM try () , suppressMessages ( ) H 

suppress Warnings () , BKJIIOqeHHb1e B 6 a30BblM KOMnJieKT R. 

KaHaJI - MOiu;HblM MHeTpyMeHT, HO He OH O,!l;J1H J1MeeTe5I B BaIIIeM paenop5I:>Ke­

HJ1M, M He Bee 3a,n;aq11 MO:>KHO peIIIMTb e er o noMOIIJ;b IO! HaM6onee u;enecoo6pa3HO 

MeTIOJib30BaTb KaH aJibl ,!l;J15I nepenMebrnaHM5I ep aBHMTeJibHO KOpOTKMX JIMHeMHbIX 
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ncrne,n;oBaTeJibHOCTeJ1: orrepau;11J1:. Mb1 C'IHTaeM, 'ITO Bbl ,n;omKHbl rrpHBJieKaTb ,n;py­

rn:e B03MO)KHOCTJ1 B crre,n;yroru;11x CHTyau;11>1x. 

• .IJ:rr11Ha KaHaJia rrpeBbmraeT, K rrp11Mepy, 10 IIIaroB. B TaKOM crryqae co3,n;al1Te 

rrpoMe)KyTO'IHble o6neKTbl c OITJ1CaTeJibHblMJ1 HMeHaMH. 3To o6rrer':IHT OT­

rra,n;Ky, ITOCKOJibKY rrpoBep>ITb rrpoMe)KyTO'IHble pe3yJibTaTbl 6y,n;eT rrporu;e, 

a KO)l; CTaHeT 6orree ITOH>ITHblM, TaK KaK HMeHa rrepeMeHHblX MoryT OITHCbl­

BaTb HX Ha3Ha'IeHHe. 

• J1MeeTc>1 HecKOJibKO BXO)l;HblX 11rr11 BblXO)l;HblX 3Ha':IeH11J1:. Ecrr11 rrpeo6pa3y­

eMblX o6neKTOB He O)l;HH, a ,n;Ba J1JIJ1 6orree, J1 Bee OHM B3aHMOCB>I3aHbl, He 

J1CITOJib3YMTe KaHaJI. 

• Bbl Ha':IHHaeTe 3a,n;yMb!BaTbC>1 06 11crroJib30BaH1111 HarrpaBJieHHoro rpacpa co 

CJIO)KHOM cTpyKTypoJ1: 3aBHCHMOCTeJ1:. KaHaJibl B c11rry rnoeJ1: rrp11po,n;b! JIH­

HeMHbl, J1 Bblpa)KeHHe CJIO)KHblX OTHOIIIeHHM c MX ITOMOIIJ;bIO o6bl'IHO rrpH -

BO)l;HT K 3arryTaHHOMY Ko,n;y . 

.QpyrMe HHCTpyMeHTbl, AOCTynHble B naKeTe magri ttr 
Bee rraKeTbl 6116rr110TeK11 tidyverse aBTOMaTH':IeCKH ,n;erraroT orrepaTOp %>% ,n;o ­

cTyrrHblM ,D;JI>I Bae, rro3ToMy, KaK rrpaBHJIO, >1BHa>1 3arpy3Ka rraKeTa magrittr He 

r pe6yeTrn. 0,n;HaKo rraKeT magrittr rrpe,n;rraraeT HeK0Topb1e ,n;pyr11e rroJie3Hble 

cpyHKu;1111, KOTOpb1e MoryT rrp11ro,n;11Tbrn BaM B rne,n;yroru;11x rnyqa>1x. 

• B rrpou;ecce pa60Tb1 c 6orree CJIO)KHblMH KaHaJiaM11 HHor,n;a y,n;o6Ho Bbl3bl­

BaTb cpyHKIJ;HIO pa,n;H ee rro60':IHblX 3cpcpeKTOB. 3TO MO)KeT 6b1Tb BbIBO)l; Te­

Kyru;ero o6neKTa Ha rre':IaTb, rrocTpoeH11e ero rpacp11Ka HJIH coxpaHeH11e Ha 

)l;HCKe. Bo MHOfHX rnyqa>1x TaKHe cpyHKIJ;HH HH':Iero He B03Bparu;aroT, cpaKTJ1-

'IeCKJ1 3aKpbIBa>I KaHaJI. 

B Ka':IeCTBe o6xo,n;Horo rryn1 ,D;JI>I peIIIeHH>I 3TOM rrpo6rreMbl MO)KHO 11crroJib-

30BaTb T-KaHaJI. OrrepaTop %T>% pa6oTaeT rro,n;o6Ho orrepaTOpy %>% , 3a 11c­

KJIIO':IeH11eM Toro, 'ITO B03Bparu;aeT He rrpaByro qacTb, a JieByro (p11c. 14.1 
J1 14.2). 

rnorrn (lOO ) %>% 
matrix (ncol 
plot () %>% 
str () 

#> NULL 

2 ) %> % 
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• Ec;m Bbl pa6oTaeTe c cpyttKLi;t·rnMM, He MMeIO~J/lMJ/l rrporpaMMHOro MHTep­

cpefl:ca p;;rn pa6oTbr c cppet1:MaM11 p,attHbIX (T.e. rrepep,aeTe MM 11ttp,11BJ11P,y­

aJibHbie BeKTOpbI, a He cppefl:M p,aHHbIX J/l BbI'IJ1CJI5JeMbie B ero KOHTeKCTe 

Bbipa)l(eHMR), BaM MO)l(eT 6bITb rrone3eH orrepaTop %$%. Ott "BbipbrnaeT · 
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nepeMeHHbie l13 cppeiiMa ,n;aHH bIX, 'lT06bI Ha Hl1X MO)l(HO 6brnO HBHO CCbl­

JiaTbCH. 3To MO)l(eT npl1r O,!l;l1TbCH npl1 pa6oTe co MHOfl1Ml1 cpyHKIJ;l1HMl1, 

BXO,!l;Hiu;l1Ml1 B 6asoBbii1: KOMnJieKT R. 

mtcars %$% 
cor (di sp, mpg ) 

#> [l] - 0 . 848 

• L(nH onepau;l1ii npl1CBal1BaHl1H naKeT magrittr npe.n;naraeT onepaTop %<>%, 

c IlOMOiu;blO KOTOporo , Hanpl1Mep, CJ1e,n;y10iu;l1ii Ko,n;: 

mtca r s <- mtcars %>% 
tra'.1S£°"rl'' (cyl = cyl * 2) 

MO)l(eT 6bITb 3aMeHeH TaKl1M : 

mtcars %< >% transform (cyl = cyl * 2) 

MbI He HBJIHeMcH cTopoHHl1KaMl1 l1cnoJih30BaHl1H 3Toro onepaTopa, no­

CKOJibKY C'll1TaeM npl1CBal1BaHl1e HaCTOJibKO cneu;l1cpHtieCKOi1: onepau;Meii, 

'ITO OHa BCer.n;a ,!l;OJl)l(Ha 6bITb npospatIHOii. Ilo HarneMy MHeHl1lO, He3Ha­

'll1TeJibHOe .n;y6nl1poBaHHe Ko,n;a (l1cnOJib30BaHHe l1Memr o6oeKTa ,n;Ba pasa 

BMeCTO o,n;Horo) - BilOJIHe HOpMaJibHaH nJiaTa 3a 6 0 JibillYIO HCHOCTb orrepa­

IJ;HH rrpl1CBaHBaHHH. 
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rnABA 15 

O,z:i;i,1H M3 ll)"IllIJ1X cnoco6oB nOBbillieHMJI BallieM KBanmpMKau;MM KaK cneu;ManM-

Ta B o6naCTJt1 HayKM 0 p,aHHbIX - HanMcaHMe ¢YHKIJ;Jt1M. <PyHKIJ;Jt1Jt1 n03BOll51IOT 

aBTOMaTJt13MpoBaTb npoCTbie 3ap,a'-!Jt1 ropa3p,O 3cpcpeKTJt1BHee, '-!eM nyTeM KOnMpo­

BaHJt151 Jt1 BCTaBKJ1 KOP,a. HanJ1CaHJ1e ¢YHKIJ;Jt1M o6nap,aeT cnep,yrorn;MMJt1 TpeMJI npe­

l!Myrn;ecTBaMM no cpaBHeHMIO c MeTOP,OM KOnMpoBaHJt151 Jt1 BCTaBKJt1: 

• ¢YHKIJ;J1Jt1 MO:>KHO npMCBOJt1Tb 3anOMJt1HaIOrn;eec51 J1M51, KOTopoe o6ner'-!Jt1T no­

HJt1MaHJt1e Balliero Kop,a; 

• npM Jt13MeHeHJt1Jt1 Tpe6oBaHJt1M BaM 6yp,eT P,OCTaTO'-IHO Jt13MeHJt1Tb KOP, He BO 

MHOrMX MeCTax, a TOllbKO B OP,HOM; 

• ycTpaHJieTC51 Bepo51THOCTb BHeceHJt151 (;JI)"IaMHbIX OllIJt160K, B03MO:>KHblX npM 

Jt1CnOJib30BaHJt1Jt1 MeTop,a KOnl1pOBaHJt151 J1 BCTaBKJt1 (HanpMMep, Bbl o6HOBJt1lIJt1 

J1M51 nepeMeHHOM B OP,HOM MecTe Kop,a, HO 3a6bllIJt1 cp,enaTb 3TO B p,pyrMX 

MeCTax) . 

HanMcaHMe xopollIMX ¢YHKIJ;MM - 3TO nyTellieCTBMe p,nMHOIO B :>Klt13Hb . .lJ:a:>Ke 

n ocne Mcnonb30BaHM51 R B Te'-leHMe MHorMx neT Mbl Bee ern;e M3)"-IaeM HOBbie Me­

TOP,MKM M 6onee onTMMallbHble cnoco6b1 pellieHMJI npe:>KHMX 3ap,a'-!. Uenb 3TOM 

rnaBbl He B TOM, '-IT06bl Jt13JIO)KJt1Tb BaM BCe TOHKOCTJt1 pa60Tbl c ¢YHKIJ;Jt151MJt1, a B 

TOM, '-IT06bI p,aTb npaKTYI'-!eCKJtle COBeTbl, KOTOpble Bbl CMO:>KeTe HeMep,neHHO npM­

'.!eHJt1Tb. 

KpoMe coBeToB no HanMcaHMIO ¢ YHKIJ;J1M, B 3TOM rnaBe TaK:>Ke p,aIOTCJI peKo­

:-.1eHp,au;M11, Kacarorn;MeCJI CTJt1ll51 HanMCaHJt151 KOp,a. XopOllIJt1M CTJt1llb KOP,a MO:>KHO 

y nop,o6MTb KoppeKTHOM nyHKTyau;MM. Co6nrop,eHMe onpep,eneHHoro CTMlIJI He JIB­

,u eTcJI o6JI3aTenbHbIM Tpe6oBaHMeM, HO 3TO 6e3ycnoBHO yn)"IlliaeT '-IMTaeMocTb 



Kop;a. KaK M B cnyqae c lIMTepaTypHblMM CTMll5IMM, B 3TOM OTHOIIIemrn B03M0)1(Hbl 

caMble pa3Hble Baptta1'MM. Htt)l(e rrpep;cTaBJleH CTMllb, KOTOpbIM Mbl MCII07Ib3YeM 

B CBOeM Kop;e, HO caMoe rnaBHOe - 6hITb IIOCllep;oBaTellbHbIM. 

Heo6xoA1t1Mb1e pecypcb1 

B 3TOM rnaBe aK1'eHT cp;enaH Ha Harrttcamrn ¢YHK1'MM c MCIIOllb30BaHtteM 6a3o­

BbIX B03MO)l(HOCTel1 R, rro3TOMY BaM He rr0Tpe6y10Tc5I p;orronm1TellbHhie rraKeThI. 

0 HamicaHMM ¢YHK1'MM rnep;yeT 3ap;yMbIBaTbC5I BC5IKMM pa3, KOrp;a rrpMXO,!J;MTC5I 

KOIIMpOBaTb M BCTaBll5ITb ¢parMeHT Kop;a 6 o nee ':leM p;Ba pa3a (rrony':la5I rrptt 3TOM 

TPM 3K3eMII7I5Ipa op;Horo M Toro )Ke Kop;a). B3rn5IHMTe, HarrpttMep, Ha rrpttBep;eH­

HbIM HM)l(e KO,!J;. lfro OH p;enaeT? 

df <- tibble : : tibble ( 
a == rnorm (lO ) , 
b rnorm (lO ) , 
c == rnorm (lO ) , 
d rnorm (lO ) 

df$a <- (df$a - min (df$a , na . rm == TRUE ) ) I 
(rnax (df$a , na.rm == TRUE ) - min (df$a , na.rm == TRUE )) 

df$b <- (df$b - min (df$b , na.rm == TRUE ) ) I 
(max (df$b, na.rm = TRUE) - min (df$a , na . rm = TRUE )) 

df$c <- (df$c - min (df$c , na.rm == TRUE ) ) I 
(max (df$c , na.rm == TRUE ) - min (df$c , na.rm == TRUE )) 

df$d <- (df$d - min (df$d , na . rm == TRUE )) I 
(max (df$d, na . rm == TRUE ) - m~n ( df$ d , na.rm == TRUE )) 

Bo3MO)l(HO, BaM yp;anoch p;orap;aTbC5I, 'ITO 3TOT Kop; MaCIIITa6ttpyeT 3Ha':leHM5I B 

Ka)l(,!J;OM CT07I61'e TaKMM o6pa30M, ':IT06bI OHM M3MeH5IlIMCb B rrpep;enax OT 0 p;o 1. 

Ho 3aMeTMlIH llM Bbl OIIIM6Ky? Mb1 p;orrycTMlIM ee, Korp;a KorrttpoBalltt M BCTaB­

ll5IllM Kop; ,ll;ll5I df$b, 3a6brn 3aMeHMTh a Ha b. Bbrnecetttte IIOBTOp5IIO~eroc5I Kop;a 

B ¢YHK1'Ml0 - HeIIlIOXa5I Mp;e5I, IIOCKOllbKY 3TO M36aBMT Bae OT OIIIM60K rrop;o6Ho­

ro pop;a. 

qT06h1 ttarrttcaTb ¢YHK1'MIO, HY)l(HO cHa':lana rrpoaHalIM3ttpoBaTb Kop;. CKOllhKO 

B HeM MMeeTC5I BXO,!J;HbIX rrepeMeHHbIX? 

(df$a - min (df$a , na.rm == TRUE )) I 
(max (df$a , na.rm = TRUE ) - min (df$a , na.rm = TRUE )) 
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B 3TOM Kop;e J1MeeTcJI JIJ1lllb op;Ha Bxop;HaJI rrepeMeHHaJI: df $a. (Ecn11 Bbl y,n;11B -

1eHbl TeM, <ITO TRUE He JIBJIJieTcJI BXO,!l;HblM 3Ha<IeHJ1eM, MO)KeTe 11ccnep;oBaTb, rro ­

q eMy 3TOT TaK, c IlOMOI.QblO rne,n;y101.Qero yrrpa)KHeHJ1H.) l fro6bl BXO,!l;Hble rrepe­

~teHHble Bbip;eJIHlIJ1Cb 6onee OT'IeTJIJ1BO, J1MeeT CMbICll rreperr11caTb KO,!l; , J1CI10llb3YJI 

BpeMeHHble rrepeMeHHbie c o6bI'IHbIMJ1 J1MeHaMJ1. B 3TOM Kop;e Tpe6yeTcH Bcero 

,l Ji!lllb O,!l;J1H 'IJ1CJIOBOH BeKTOp, KOTOpbIH Mbl o6o3Ha'IJ1M qepe3 x . 

x <- df$a 
x - rnin (x, na.rrn = TRUE )) I 
::-.ax (x , na. rm = TRUE ) - min (x , na. rm = TRUE )) 

=> [l] 0.289 0.751 0.000 0 . 678 0.853 1.000 0.172 0.611 0.612 
=> [10] 0. 601 

MbI BJ1,!l;l1M, <ITO KO,!l; ,n;y6n11pyeTcH: ,n;11arra30H ,n;aHHblX BbI'IJ1CJIHeTCH TPM pa3a, 

XOTH 3TO J1MeeT CMbICll cp;eJiaTb TOllbKO O,!l;J1H pa3. 

:ng <- range (x, na.rm = TRUE ) 
x - rng [ l ]) I (rng [2] - rng [ ~ J ) 

=> [l] 0.289 0.751 0.000 0 . 678 0.853 1.000 0 . 172 0.611 0.612 
=> [10] 0. 601 

Bb1HeceH11e rrpoMe)KyTO'-!HbIX Bbl'IJ1CJieH11M: B 11MeH0BaHHbie rrepeMeHHbie -

xopolllM rrpaKTMKa, rrocKOllbKY 3TO rrpoHCHHeT, '-ITO 11MeHHO ,n;enaeT Balli Ko,n;. Te­

rrepb, Kor,n;a KO,!l; yrrpoI.QeH J1 Mbl y6ep;J1JIJ1Cb B TOM, 'ITO OH rro - rrpe)KHeMy pa6oTaeT, 

~10)KH0 rrpeBpaTJ1Tb ero B cpyHKQJ1IO. 

:escaleOl <- function (x ) { 
rng <- range (x, na.rm = TRUE ) 
(x - rng [ l ]) I (rng [2] - r ng [ l ]) 

:escaleOl (c (0, 5, 10 )) 
=> [l] 0 . 0 0 . 5 1.0 

Co3,n;aH11e HOBOH cpyttKQJ1l1 BKJIIO'-!aeT Tp11 KJIIO'-leBbIX MOMeHTa. 

I. Bbl p;OJI)KHbI Bb16paTb UMH p;nH cpyHKQJ1l1. 3,n;ecb MbI 11crrollb3yeM MMH 

rescaleOl , IlOCKOllbKY cpyHKQJ1.l'I MaClllTa611pyeT BeKTOp TaKJ1M o6pa30M, 

<IT06b1 ero 3Ha'-leH11JI J13MeHHlll1Cb B rrpe,n;enax OT 0 ,n;o 1. 

2. Bbl p;OJI)KHbI rrepe'-IJ1CJIJ1Tb Bxop;Hbie 3Ha'-leHMJI, J1lll1 ap2yMeHmbt cpyHKQJ1l1, 

rrorne KlIIO<IeBoro rnoBa funct i on, 3aKJIIO'-IJ1B 11x B Kpyrnbre CK06KJ1. B ,n;aH­

HOM rnyqae J1MeeTrn Bcero op;11H apryMeHT. Ecn11 6b1 11x 6brno 6oJibllle, BbI30B 

cpyHKQJ1J1 BblfJIHp;eJI 6b1 rrp11MepHo TaK: function (x, y, z ) . 
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3. Pa3pa6oraHHbu1: KO,n; noMe~aeTrn B mello cpyttKrv111 - 3aKmoqeHHbri1. B ¢11-

rypttbre CK06Kl1 6JIOK KO,n;a, CJie,n;y10~11i1. Henocpep;CTBeHHO 3a Ha3BaH11eM 

¢YHKQl111 co Cill1CKOM apryMeHTOB. 

B3fll51Hl1Te Ha npoQecc B QeJioM: MbI co3,n;am1 cpyttKQ11IO Jil1IIIb rrorne Toro, KaK 

y6e,n;11Jil1Cb B TOM, qTo OHa npaBl1JlbHO pa6oTaeT c npoCTbIMl1 BXO,ll;HbIMl1 ,n;aHHbl­

Ml1. Tipo~e ttaqaTb c pa60TaIO~ero Ko,n;a, a 3aTeM npeBpaTl1Tb ero B cpyttKQl1IO; Ha­

MHoro Tpy,n;ttee CHaqaJia C03p;aTb cpyHKQl1IO 11 TOJibKO IlOTOM IlbITaTbC51 3acTaBl1Tb 

ee pa6oTaTb. 

Ha 3TOM cra,n;1111 Qerrecoo6pa3HO np0Bep11Tb pa60Ty cpyttKQ1111 c pa3rr11qHblMl1 

Bap11aHTaM11 BXO,ll;HblX ,n;aHHblX. 

rescaleOl (c (-10 , 0, 10 )) 
#> [l] 0.0 0.5 1.0 
rescaleOl (c (1 , 2, 3, NA, 5)) 
# > [ l ] 0 . 0 0 0 . 2 5 0 . 5 0 NA 1. 0 0 

Tio Mepe Han11caHl15I BCe 6oJibIIIero KOJI11qecTBa ¢YHKQl1M Bbl B KOHeqHOM cqeTe 

3axOTl1Te rrpeBpaTl1Tb 3Tl1 ttecpopMaJibHbie 11HTepaKTl1BHbie npoBepK11 B cpopMaJib­

Hble aBTOMaTl1311pOBaHHbie TeCTbl. 3TOT npoQecc Ha3bIBaIOT 61!0'1.HblM mecmupoaa 

1-1ueM. K co:>KaJieH1110, paccM0Tpett11e ,n;aHHoif TeMbI Bb1xo,n;11T 3a paMK11 KH11r11, H 

Bbl cMo:>KeTe y3ttaTb 6oJibIIIe, noceT11B rne,n;y10~11i1. caifT: http: I I r-pkgs. had . 
co.nz/tests .html. 

Tenepb, Kor,n;a y Hae 11MeeTrn cpyttKQl151, MbI MO:>KeM yrrpocTHTb nepBoHaqaJib 

HblM np11Mep. 

df$a <- rescale01 (df$a ) 
df$b <- rescale0l (df$b ) 
df$c <- rescale0l (df$c ) 
df$d <- rescale0l (df$d ) 

Tio cpaBHeHl1IO c nepBOHaqaJibHblM Bap11aHTOM 3TOT KO,ll; 6orree TIOH51TeH, 11 

TOMY :>Ke Mbl yCTpaHl1Jil1 B03MO:>KHOCTb BHeceHl151 OIII1160K B npoQecce Kon11po 

BaHl151 11 BCTaBKl1. 0,n;HaKO KO,ll; Bee e~e ,n;y6rr11pyeTC5I, IlOCKOJibKY Mbl BbITIOJIH51e~ 

O,ll;Hl1 11 Te :>Ke onepaQ1111 ,ll;ll51 HeCKOJibKl1X CTOJI6QOB. 0 TOM, KaK yCTpaHl1Tb ,n;y6m1 

p0Batt11e TaKoro po,n;a, Bbl Y3HaeTe B rnaBe 17, no3HaKOMl1BIIIl1Cb rrpe,n;Bap11TeJibH 

co CTPYKTypaM11 ,n;aHHbIX RB rnaBe 16. 

,IJ:pyr11M rrpe11My~eCTBOM ¢YHKQ11M 51BJI51eTC51 TO, qTo np11 113MeHeHl111 Tpe6o 

BaHl1M K Ko,n;y HaM Heo6xo,n;11Mo BHOCl1Tb 11cnpaBJieHl15I TOJibKO B O,ll;HOM MeCTe 

Hanp11Mep, MbI Morn11 6b1 06ttapy:>K11Tb, qTo tteK0Topb1e 113 ttaIII11x nepeMeHHb 

BKJIIOqaJOT 6eCKOHe'IHbie 3HaqeHl151, npwBO,ll;51~11e K aBap11i1HOMY 3aBepIIIem1 

¢YHKQl111 rescaleOl () . 
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x <- c (l : lO , Inf ) 
:-::scaleOl (x ) 
=> [l ] 0 0 0 0 0 0 0 0 0 0 NaN 

ITocKOJibKY Mbl Bb1Hecm1 Kop; B cpyttKU,MIO, rrpaBKY tty)KttO cp;enaTb TOJibKO B op;­

HOM MeCTe. 

:escaleOl <- £unction (x ) { 
rng <- range (x, na.rrn = TRUE , finite TRUE ) 
(x - rng [ l ] ) I (rng [2] - rng[ l ] ) 

:;::scaleOl (x) 
=> [l] 0 . 000 0 . 11 1 0. 222 0.333 0 .444 0 .55 6 0 . 667 0 . 77 8 0 . 88 9 
=> [1 0] 1 . 000 Inf 

3To Ba)Ktta51 cocTaBJIRIOlll,aR rrpMttu,ima "tte rroBTOpRi1Tecb" ("do not repeat 

yourself", coKp. DRY). 'IeM 6oJibllle rroBTopettMM B Kop;e, TeM Tpyp;ttee 6y,n;eT y,n;ep­

)!(J.IBaTb B yMe BCe MeCTa B HeM, KOTOpble 6yp;yT tty)Kp;aTbC51 B o6HOBJieHI1I1 B cny­

"!ae tteo6xop;MMOCTH (a Otta Bcerp;a B03HHKaeT!), H TeM Bep051THee BHeceHHe OlllH-

6oK B KO,D; c TetJeHHeM BpeMeHH. 

Ynpa>KHeH111R 

1. ITotJeMy TRUE He RBJIReTrn rrapaMeTpOM cpyttKU,HH rescaleOl () ? 'ITO rrpo­

Msoi1p;eT, eCJIH x cop;ep)KHT op;tto 0TcyTCTBy10111,ee sttatJettHe, a p;JIR na. r m yCTa­

HOBJietto sttatJettHe FALSE? 

2. Bo BTopoM BapHattTe cpyttKU,HH rescaleOl () 6ecK0He'!Hb1e 3HatJeHH51 ocTa­

IOTCR tteH3MeHHblMH. ITeperrHillHTe cpyttKU,HIO TaKHM o6pasoM, 'IT06b1 sttatJe­

m1e - Inf TpattrnHpoBaJIOCb B 0, a Inf - B 1. 

3. ITorrpaKTHKYMTecb B rrpeo6pasoBaHHH rrpHBep;eHHblX HH)Ke cpparMeHTOB Kop;a 

B cpyttKU,HH. I1op;yMai1Te ttap; TeM, 'ITO p;enaeT Ka)Kp;aR H3 3THX cpyHKU,Hi1. KaKHe 

HMeHa Bbl rrpHCBOHJIH 6bl HM? B CKOJibKHX apryMeHTax OHH Hy)Kp;aIOTC51? 

Mo)KeTe JIH Bbl rreperrHCaTb HX TaK, 'IT06b1 OHH CTaJIH 6onee Bb1pa3HTeJibHblMH 

HJIH cop;ep)KaJIH MeHbllle rroBTop5110111,er orn Kop;a? 

mean (is . na (x )) 

x I surn (x , na.rrn = TRUE ) 

sd (x , na . rrn = TRUE ) I mean (x , na . rm = TRUE ) 

4. OsttaKOMbTeCb c peKOMettp;au,HRMH, rrpHBep;eHHblMH no ap;pecy http:// 

nicercode.github.io/intro/writing- functions.hLml, H ttarrHillHTe 
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-yu~eern11TeJibHblM. Pyi<oBo,n;eTBYHTeeb 3,n;paBblM eMbICJIOM w He 601heeb rrepe11Me­

HOBaTb cpyHK~l1IO, eeJI11 BITOeJie,n;eTBJ,111 rro,n;6epeTe ,ll;Jl5I Hee rryqruee 11M5I. 

JU1IIII<:OM I<:OpOTI<:Oe 

= He rnaron M He orrMcaTenbHOe 
-~·-awesome function () 

= llnMHHOe, HO ITOHRTHOe 
_-pute_missing () 
:::lapse years () 

Eerr11 11M5I cpyHK~1111 eoeTOYIT 113 HeeKOJibKYIX crroB, peKoMeH,n;yeM 11erroJib30-

s aTb "3Mel1Hbll1_perYieTp", B KOTOpOM eJIOBa 3arr11eb1BaIOTe5I B HJ1)KHeM per11eTpe 

11 pa3,n;errJIIOTeJI eYIMBorraMl1 rro,n;qepK11BaH11JI. ITorrynJipHblM arrbTepHaTl1BHblM Ba­

pHaHTOM JIBJIJieTeJI "Bep6rrIO)KH11PerHeTp': B ,n;el1eTB11TeJibHOeT11 He 11MeeT 3Haqe­

HJ15I, KaKol1 Bap11aHT Bbl Bb16epeTe. Ba)KHO 6b1Tb rrorne,n;oBaTerrbHblM: oeTaHOB11B­

WHeb Ha KOHKpeTHOM Bap11aHTe, erre,n;yl1Te eMy. B 3TOM OTHoweH1111 eaM JI3blK R He 

o'!eHb rroene,n;oBaTeJieH, HO TYT y)K tt11qero He rro,n;erraerub. He rrorra,n;11Teeb B TOT 

/Ke KarrKaH 11 6y,n;bTe rroerre,n;oBaTellbHbl, HaeKOJibKO 3TO B03MO)KH0. 

= HMI<:orna TaI<: He nenaMTe! 
col mins <- :unction (x , y) {} 
r owMaxes <- :u::c~ion ( y , x) {} 

Eerr11 y Bae 11MeeTeJI eeMeJ1:eTBO attarror11'!HblX cpyHK~11J1:, rrpoerre,n;11Te 3a TeM, 

'IT06b1 YIX 11MeHa 11 apryMeHTbl eornae0Bbrnarr11eb Me)K,n;y eo6ol1. l1erroJib3YMTe B 

l!X J1MeHax 06~1111 rrpecp11Ke, yKa3bIBaIO~l111 Ha TO, qTo cpyHK~l111 B3al1MOCB5I3aHbl. 

3 TO rryqrue, 'IeM 06~1111 eycpcp11Ke, rroeKOJibKY epe,n;erno aBT03aBepweH115I BBO,n;a 

I103BOJI"1T BaM yB11,n;eTb epa3y Bee eeMel1eTBO, KaK TOllbKO Bbl BBe,n;eTe rrpecpYIKe. 

= Xopolllo 
:..::put_ se::.ect () 
_nput_checkbox () 
:..::put_ text () 

= He o~eHb xopolllo 
select_ input () 
=~eckbox_input () 

:.ext_ inpui: () 

Xopow11M rrp11MepoM TaKoro ,n;113al1Ha MO)KeT rny)Kl1Tb rraKeT stringr: eerr11 He 

Y!O)KeTe BeITOMH11Tb TOqHoe 11M5I HY)KH011 BaM cpyHK~l111, He Harrp5Iral1Te eBOIO rra­

~U!Tb 11 rrpoeTo BBe,n;11Te str _. 

rnasa 15. <l>yHK4~rn 349 



CTapai1Tecb r136eraTb nepeKpbrnamu1 HMeH cpy HKIJ,Hi1 11 nepeMeHHblX. Boo6lll,e 

roBopH, 3Toro pwcKa HeB03MO:>KHO H36e:>KaTb BBHAY MHoroq11cJieHHOCTH HMeH, 

y:>Ke l1CTIOJib3YeMblX ,n;pyrHMH naKeTaMH, HO eCJIH Bbl H36e:>KHTe l1CTIOJib30BaHHH 

6oJibIIIHHCTBa Ha1160Jiee pacnpocTpaHeHHblX wMeH H3 6a30BblX naKeToB R, TO 3TO 

TI03BOJII1T CHI13l1Tb pHCK B03Hl1KHOBeHHH n yTaHHIJ,bl. 

# He nenaHTe TaK! 
T <- FALSE 
c <- 10 
mean <- function (x ) sum (x) 

J1cnOJib3Yi1Te KOMMeHTapHH, T.e. CTpOKH, Ha'lHHaIOlll,HeCH c CHMBOJia #, ,D;JIR OT­

BeTOB Ha BOTipOCbl "3aqeM?'', KacaIOlll,HeCH BaIIIero KO,D;a. 06bI'1HO rne,n;yeT H36eraTb 

KOMMeHTapHeB, OTBe'laIOlll,HX Ha BOnpoCbl "qTo?" HJIH "KaK?" EcJIH O,D;Horo TOJibKO 

'lTeHHJ! KO,D;a He,D;OCTaTO'lHO ,ll;JIH Toro, '1T06bl TIOHJ!Tb, 'ITO OH p;eJiaeT, TO CJiep;yei: 

nop;yMaTb Hap; TeM, KaK ero CJie,n;yeT nepen11caTb, 'fT06bl OH CTaJI 6oJiee TIOHJ!THbI M. 

He CTOHT JIM ,n;o6aBHTb npoMe:>KyTO'lHbie nepeMeHHbie c HHcpopMaTHBHblMH HMe­

HaMH? J1JII1 BbIHeCTH TIO,ll;'lHHeHHblM KOMTIOHeHT 60JibIIIOM cpyHKil,l1l1 B OT,D;eJibHbiti 

KOMTIOHeHT, '1T06bI eMy MO:>KHO 6bIJIO npHCBOHTb HMH? 0,n;HaKO Balli KO,ll; HHKOr 

,n;a He CMO:>KeT TIOHCHHTb npH'IHHbl, no6y,n;HBIIIHe Bae K npHHJITHIO Tex 11Jll1 11Hb • 

peIIIeH11i1. Ilo'leMy Bbl Bb16paJI11 HMeHHO 3TOT no,n;xo,n;, a He ,n;pyroi1? 1fro elll,e Bbl 

TibITaJIHCb c,n;eJiaTb, HO 3TO He cpa6oTaJio? KoMMeHTap1111 npeKpacHo cnpaBHTCR co 

CB011M Ha3Ha'leHl1eM, ecm1 6y,n;yT p;aBaTb OTBeTbl Ha BonpOCbl TaKoro po,n;a . 

.Il:pyrow Ba:>KHOM cpyttKIJ,Hei1 KOMMeHTap11eB RBJIReTCR pa36HeHHe cpawJia Ha Jier­

KO '-:111TaeMble pa3p;eJibI. qT06bI cp;eJiaTb TaKMe KOMMeHTap1111 6oJiee 3aMeTHbIMM, 

l1CTIOJib3YMTe CTpOKH 3afOJIOBKOB, BKJIIO'laIOlll,He ,ll;lIHHHbie TIOCJie,D;OBaTeJibHOCTM 

CHMBOJIOB - HJIH =. 

# 3arpysKa naHHhlX -- - --- - - ------------------------ - - ----

# 0To6pa~eHMe naH HhlX B BMlle rpa~MKa ---------- ----------

RStudio npe,n;ocTaBJIReT KOM611Ha11,1110 KJiaBHIII, no3BOJIRIOlll,YIO co3p;aBaTb Ta­

KHe 3arOJIOBKl1 ( < Ctrl+Shift+R> ), l1 orn6pa:>KaeT 3arOJIOBKl1 B paCKpbIBaIOlll,eMCR 

CTIHCKe HaBHraIJ,HH, pacnOJIO:>KeHHOM B JieBOM HH:>KHeM yrny OKHa pe,n;aKTopa KO,D;a 

(p11c. 15.1). 
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Ynpa>1<HeH111R 
1. IlpO'IMTaJIJ:Te MCXO)J;HblM KO)J; Ka)K)J;OM l13 nprrne,n;eHHblX HM)Ke cpyHKD;MM, onpe­

,n;enMTe, 'ITO OHM ,n;enaIOT, l1 np11,n;yMattTe ,n;nR HMX nyq11rne MMeHa. 

fl <- :unction (s tri ng , prefix ) { 
substr (s tr i ng , 1, ~char ( prefix )) == prefix 

f2 <- funct.ion (x ) { 
if (lengt.h (x ) <= 1) retur~ ( NULL ) 

x [- .'..engtn (x )] 

f3 <- function (x , y) { 
rep (y, length . out = .:.e~gth ( x )) 

2. Bo3bMMTe o,n;tty 113 Han11caHHblX BaMM B nocne,n;ttee BpeMR cpyttKD;MM M no­

TpaTbTe IIRTb MMHYT Ha TO, 'IT06bl np11,n;yMaTb nyqw11e MMeHa ,n;nR Hee caMOM 

M ee apryMeHTOB. 

3. CpaBHMTe cpyttKD;MM rnorm () M MASS : : mvrnorm () . ~fro 6b1 Bbl npe,n;nO)KVIITVI 

,n;nR Toro, <JT06b1 c,n;enaTb VIX VIMeHa 6onee cornacoBaHHblMVI? 

4. IlpVI,o;yMaJIJ:Te IIpVIMep, )J;ITR KOTOporo VICIIOITb30BaTb VIMeHa norm_ r () ' 

norm_ d () VI T.II. 6brno 6b1 nyqrne, <JeM VIMeHa r norm () , dnorm () VI T.II. 

IlpVI,o;yMaJIJ:Te npoTVIBOIIOITO)J(HblM npVIMep. 

YcnoeHoe BbmonHeH~e 
MttcTpyKD;VIR if rro3BOnReT opr aHVI30BaTb ycnoBHOe BbIIIOnHeHVIe Ko,n;a. Otta 

l1MeeT cne,n;y10ru;m1 CVIHTaKCVIC. 

=-= ( ycnoB11e ) { 
# !<:Oil , BbITIOJ1H?IeMbrl1, ecn11 ycnoB11e paBHO TRUE (MCTMHA ) 

else { 
# !<:Oil, BbITIOJ1HlleMbrl1, ecn11 ycnoB11e paBHO FALSE (JIO)Kb) 

IlpVI nony<JeHVIVI cnpaBKVI OTHOCVITenbHO VIHCTPYKD;VIVI if ee Heo6xo,D;VIMO 3a­

KITIO'laTb B o6paTHble anoCTpOcpbl: ? 'if' . IlpVIBe,o;eHHbie B cnpaBO'IHOM CMCTeMe 

CBe,o;eHVIR Mano 'ITO ,o;a,o;yT HeOIIblTHblM nporpaMMVICTaM, HO Tenepb Bbl, no KpaJ/J: ­

HeJIJ: Mepe, 3HaeTe, KaK VIX IIOITY<JVITb! 
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HJtI)J(e rrpJtIBeAeH rrpJtIMep rrpocToJIJ. ¢yttKQJtIJtI, B KOTopoJIJ. JtICITOJib3yeTrn JtIH­

CTPYKQJtIJI if. 3rn ¢YHKQJtIJI B03Bparu;aeT nornqecKJtIJIJ. BeKTop, yKa3bIBaIOru;JtIJIJ. Ha 

TO, JtIMeHOBaH JtIJIJtI He JtIMeHOBaH Ka)l(AblH Jt13 3JieMeHTOB BeKTOpa. 

has_name <- rune ion (x) 
nms <- names (x) 
if (is.null (nms )) { 

rPp (FALSE , length (x)) 
else { 
! i s . na ( nms ) & nms ! = 1111 

B 3TOJIJ. ¢YHKQJtIJtI JtICITOJib3yeTrn CTaHAapTHOe rrpaBJtIJIO: ¢YHKQJtIJI B03Bparu;aeT 

rrocJieAHee Bb1q11cneHHoe 3HaqeHJtie. B AaHHOM rnyqae l1M MO)l(eT 6bITb pe3yJibTaT 

Bb1qJticJieH11JI JII06oi1. 113 ABYX BeTBeJIJ. orrepaTOpa if. 

Ycnoe1.u1 

Pe3yJibTaTOM Bb1q11CJieH11JI ycnoBMJI AOJI)J(HO 6b1Tb 3HaqeH11e TRUE 11n11 FALS E. 

EcJIJtI 3TO BeKTop, Bbl rronyqJtITe rrpeAyrrpe)l(AaIOru;ee coo6ru;eHJtie; ecJIJtI 3TO NA, Bbl 

rronyq11Te coo6ru;eHJtie 06 OIUM6Ke. CneAJtITe 3a 3TJtIMJtI coo6ru;eHJtIJIMJtI B rnoeM KOAe. 

r (c (TRUE , FALSE )) {} 
#>Warning in if (c(TRUE, FALSE)) {: 
#> the condition has length > 1 and only the 
#> first element will be used 
#> NULL 

if (NA) {} 
#>Error in if (NA) {:missing va lue where TRUE/FALSE needed 

HecKOJibKO norJtiqecKJtIX Bb1pa)l(eH11i1. MO)l(HO o6neAJ1Hl1Tb c rroMO!QbIO orrepa­

TOpoB I I (MJU1) JtI & & (M), KOTOpb1e JtICITOJib3YIOT TaK Ha3b1BaeMb1i1. Kop omKuu 

u,uKJZ Bb11.mcnemni . KaK TOJibKO AJIJI orrepaTopa I I 06Hapy)l(11BaeTrn, qTo rrepBoe 

ycnoBJtie paBHO TRUE, ocTaJibHble ycnoBMJI He o6pa6aTbIBaIOTCJI. AHanorJtiqHo, 

ernM orrepaTop && o6Hapy)l(MBaeT, qTo rrepBoe yrnoB11e paBHO FALSE, OH He o6-

pa6aTbrnaeT oCTaJibHb1e ycnoBMJI. HMKOrAa He JtICITOJib3Yi1.Te orrepaTopbl I JtI & B 

J1HCTPYI<QJ1J1 if: 3TJ1 orrepaQJ1J1 BeKTOp1130BaHbl J1 rrp11MeHJIIOTCJI K HeCI<OllbI<J1M 

3HaqeHJ1RM (11MeHHO rro3TOMY OHM l1CITOJib3YIOTCJI B ¢YHI<Ql1l1 filter () ). Ern11 

y Bae J1MeeTCJI JIOr11qecKJ1H BeKTOp, MO)l(eTe CBepHyTb ero B OAJ1HOqHoe 3HaqeHJ1e 

c IlOMO!QblO ¢YHKQJ1J1 any () J1JIJ1 all () . 
EyAbTe BHMMaTeJibHbI rrp11 rrpoBepKe Ha paBeHcTBo. OrrepaTop == BeI<TOpl1-

30BaH, a 3TO 03HaqaeT, qTo MO)l(eT 6blTb rronyqeHO 6onee qeM OAHO BblXOAHOe 
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3HaY:eHMe. B TaKoM CIT)'l.Jae MO)KeTe npoBepMTh, Y:TO p;JrnHa nepeMeHHOrli: y)Ke paBHa 

1 CBepHyTb BeKTOp c IlOMO~bIO cpyttKD;J111 all () l17Il1 any () J17IJ1 J1CTIOllb30BaTb 

He BeKTOpI130BaHHYIO cpyttKD;MIO identical () . <DyttKD;l15I identical () OY:eHb 

~TporaJI: otta Bcer,n;a B03Bpa~aeT JIM6o o,n;MHOY:Hoe 3HaY:eHMe TRUE, n1160 o,n;MHOY:­

tto e 3HaY:ettl1e FALSE l1 tte BhmOJIHJieT np11Be,n;eH11e TMTIOB. 3To 03HaY:aeT, Y:TO Bbl 

.JOlI>KHbl 6hITb OY:eHb BHJ1MaTeJibHbl, cpaBHJ1Ba5I u;eJibie Y:l1CJia c Y:l1CJiaMJ1 ,Il;BOMHOM 

TOY:HOCTJ1 . 

_:::entica:._ (QL, 0) 
=> [l] FALSE 

TaK)Ke cne,n;yeT npoHBJIJITh ocTopo)KHOCTb np11 pa6oTe c Be~ecTBeHHhIMM Y:l1C-

1aMl1. 

x <- sqrt (2 ) " 2 

x 
=> [ l] 2 
x == 2 
=> [l] FALSE 
x - 2 
=> [l] 4. 44e-1 6 

BMecTo 9Toro 11cnoJih3YttTe ,n;nH cpaBHeHMJI cpyHKD;MIO dplyr: : near () , KOTO ­

p aH o6cy>K,n;anach B rnaBe 3. 

KpoMe Toro, 3anoMHl1Te, Y:To cpaBHeH11e x == NA He npMHeceT BaM HMKaKorli: 

Il0 7Ib3bl! 

MH0>1<ecTBeHHb1e ycnoe111sw 

HecKOJihKO 11HcTpyKu;11J/i: if MO)KHO 06ne,n;11HJITb B u;enoY:Kl1. 

_: (this ) { 
cnenai1 3To 

else i: (that ) 
cnenai1 qTo-To eme 
else { 

Ho ecm:1 TaKaJI u;enoY:Ka n o nyy:aeTCJI oY:eHh ,n;JIMHHOM, no,n;yMarli:Te Hap; TeM, 

HeJih3JI JIM nepern1caTh Ko,n; no - ,n;pyroMy. O,n;tta none3HaJI MeTo,n;11Ka npe,n;nonaraeT 

l!CIIOllb30BaHl1e cpyHKD;l1l1 switch () . 3Ta cpyttKD;l15I Il03BOJI5IeT BbI6MpaTb BeTBb 

'O,n;a Ha OCHOBaHJ111 3ap;aHHOM Il031i1D;Jill1 Jillllil l1MeHJil. 

=> function (x, y, op ) { 
=> switch (op , 
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#> plus = x + y, 
#> minus = x - y, 
#> times = x * y, 
#> divi de = x I y, 
#> s top( "Unknown op! " ) 
#> 
#> 

)J;pyroi1: ITOJie3HOM cpyHKI.VIei1, c ITOMO~bIO KOTOpoi1: '!aCTO y,IJ;aeTCJI i136aBJ1TbCJI 

OT ,ll;JIMHHbIX u;erro'!eK J1HCTpyKu;Mi1 if, JIBJIJieTrn cpyHKl.l;MJI cut () , KOTOpaJI J1C­

ITOJib3YeTCJI ,IJ;JIJI ,ll;J1CKpeTJ13au;1111 HerrpepbIBHbIX nepeMeHHbIX. 

KaK 3a MHCTpyKu;11ei1: if, TaK 11 3a n106oi1 cpyHKu;11ei1 (no'!TM) Bcer,IJ;a ,IJ;OJI)l(HbI 

rne,IJ;oBaTb ¢11rypHbie CK06KM ( { } ), co,IJ;ep)l(MMoe BHYTPM KOTopbIX ,IJ;OJI)l(HO oT­

,IJ;eJIJITbCJI ,IJ;BYMJI npo6enaMM. TaK ner'le OTCJie)l(MBaTb 11epapx1110 B KO,IJ;e, CKOJib3JI 

B3flIJI,IJ;OM B,ll;Ollb JieBoro TIOJIJI. 

0TKpbma10~aJI ¢11rypHaJI CK06Ka HMKOr,IJ;a He ,IJ;OJI)l(Ha pacnonaraTbrn Ha OT­

,IJ;eJibHOM CTpoKe, 11 3a Hei1 Bcer,IJ;a ,IJ;OJI)l(eH cne,IJ;OBaTb nepexo,IJ; Ha HOBYIO CTpoKy. 

3aKpbma10~aJI ¢11rypHaJI CK06Ka Bcer,IJ;a ,IJ;OJI)l(Ha pacnonaraTbrn Ha OT,IJ;eJibHOt'I 

CTpoKe, ern11 3a Hei1 He cJie,IJ;yeT 6noK e l se. Ko,IJ; B ¢11rypHbIX CK06Kax rne,IJ;yeT 

Bcer,IJ;a OT,IJ;eJIJITb npo6enaMJ1. 

# Xopowo 
if (y < 0 && debug ) { 

message ("Y is negative " ) 

if ( y == 0 ) { 

log (x ) 
else { 
y A x 

# ITJIOXO 

if (y < 0 && debug ) 
mes.age ("Y is negative " ) 

if ( y = = 0 ) { 

log (x ) 

else { 
y A X 
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B cnyqae KOpOTKJ1X l1HCTPYKQJ1M, yMern;a10w;11xrn B O)l,HOM CTpoKe, qmrypttble 

:K06KJ1 MO)KHO orrycTl1Tb. 

<- 10 
_ <- if (y < 20 ) "Too low" else "Too hi gh" 

MbI peKoMettp,yeM 11crrOJib30BaTb ::ny B03MO)KHOCTb TOJibKO p,JIH oqeHb KopoT­

KJ IX 11HcTpyKu;11JIJ:. B rrpoTMBHOM cnyqae rroJIHhri1 Cl1HTaKc11c sttaq11TeJibHO 06ner­

qi1T qTeHJ1e KO)l,a. 

-= (y < 20 ) 
x <- "Too low " 
else 
x <- "Too high" 

Ynpa>1<HeH111e 

1. B qeM pastt11u;a Me)Kp,y l1HCTpyKu;l1HMl1 if 11 if else () ? Trn;aTeJibHO VIsyqVITe 

cnpaBoqttyIO p,oKyMeHTau;VIIO VI cocTaBbTe TPVI npVIMepa, VIJIJIIOCTp11py10rn;VIe 

KJI10qeBb1e pasJIVIqVIJI Me)Kp,y 3TVIMVI VIHCTPYKD;l1HMVI. 

2. HanVIIIIl1Te cpyttKD;VIIO, BbIBOP,Hrn;y10 op,tto VIS npVIBCTCTBl1M ",IJ;o6poe yTpo!'', 

",IJ;o6pbIM )J,CHb!" VIJIVI ",IJ;o6pb1M Beqep!", B 3aBVICVIMOCTVI OT BpeMeHVI cyTOK. 

(Ilop,CKa3Ka: VICITOJib3YMTe apryMeHT, sap,a10w;VI:i1 BpeMJI, KOTOpbIM no yMoJiqa­

Hl1IO npVIHVIMaeT sHaqeHVIe lubridate: : now () . 3To ynpocn1T TeCTVIpoBaHVIe 

cpyHKD;VIJ1.) 

3. PeanVIsy:i1Te cpyHKD;VIIO f i z zbuz z () . Ee ep,VIHCTBCHHbIM apryMeHTOM HBJIJJ:eTrn 

qVICJIO. Ern11 qVIcno p,eJIVITCH Ha TpVI, cpyHKD;l1H B03Bpaw;aeT CTpoKy "fizz''. EcJIVI 

qVIcJio p,eJIVITCH Ha TIHTb, cpyHKD;VIH B03Bpaw;aeT cTpoKy "buzz". Ecn11 )Ke qVIcJio 

)J,CJIVITCH VI Ha Tpl1, VI Ha ITHTb, cpyHKD;VIH B03Bpaiu;aeT CTpoKy "fizzbuzz''. B JII0-

6oM p,pyroM rnyqae B03Bpaiu;aeTCH CaMO qVICJIO. 06JI3aTCJibHO CHaqaJia HaTIVI­

IIIVITe pa6oTaIOiu;VIM KO)J, VI JIVIIIIb TIOCJie 3TOro C03P,aBai1Te cpyHKD;VIIO. 

4. KaK VICTIOJib30BaTb cpyHKD;VIIO cut () P,JIH ynpoiu;eHVIH rnep,y10iu;ero Ha6opa 

BJIO:>KCHHbIX VIHCTPYKD;VIH if/else? 

if (teI!lp <= 0) { 
"freezing " 
else if (t emp <= 10 ) 
"cold" 
else if (temp <= 20 ) 

"cool" 
else ~ ~ (temp <= 30 ) 
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"warm" 
else { 
"hot" 

KaK cnep;yeT li13Mettli1Tb BbI30B ¢yttK~Ji1Ji1 cut () , ernM McrroJib30BaTb orrepaTOp 

< BMecTo orrepaTopa <=? KaKoBo p;pyroe rnaBttoe rrpeMMy~ecTBO ¢yttK~Ji1Ji1 

cut () B CBJI3li1 c 3TO:i1: rrpo6neMoi1? (ITop;CKasKa: 'ITO rrpoli130i1p;eT, ernM temp 

cop;ep)l(litT HeCKOllbKO 3Ha':!eHJiti1?) 

5. qTO rrp01i130:i1:p;eT, ecJIJit Ji1CI10llb30BaTb ¢YHK~Ji1IO switch () c ':!Ji1CJIOBbIMJi1 3Ha­

'IeHJi1JIMJi1? 

6. q TO p;enaeT rrpMBep;eHHbIM HJit)l(e Bbl30B ¢YHK~Ji1Ji1 switch ( ) ? q TO rrpOli130M ­

p;eT, eCJIJit x paBHO "e"? 

switch (x, 
a = 

b "ab" , 
c = 

d "cd" 

Ctta':!ana rrpoBep;MTe caMOCTOJITeJihHbie 3KcrrepMMeHTbI lit Jilitlllb 3aTeM rrpo':!Ji1-

Ta:i1:Te p;oKyMeHTa~JitlO. 

KaK rrpaBMJIO, apryMeHTbI ¢yttK~Ji1:i1: MO)l(HO pasp;enMTb tta p;Be llllitpOKJite KaTe­

ropi,rn: op;Hlit 113 HMX rrpep;ocTaBJIJIIOT p;attHbie p;mr BbI':!Ji1CJiettM:i1:, a p;pyrMe - rrapa­

MeTpbI, yrrpaBJIJIIO~Me p;eTaJIJIMJ,1 BbI':!MCJieHMM. PMCCMOTplitM rrpMMepbI. 

• <I>yttK~J15I log () : p;aHHbie - X, p;eTalIM BbI':!MCJieHMM - OCHOBaHMe nora­

pM¢Ma. 

• <!>yttK~J15I mean () : p;aHHbie - x, p;eTaJIM Bbl':!J1CJieHJ1M - CKOllbKO p;aHHbIX 

OTceKaeTrn c KOH~a (trim) 11 KaK o6pa6aTbIBaIOTC>I OTCyTcTBy10~11e stta':!e­

HMJI (na. rm). 

• <I>yttK~J,15! t. test ( ) : p;aHHbie - x J,1 y ) p;eTaJIJit TeCTMp OBaHJ15I -

alternative, mu, paired, var. equal lit conf. level. 

• <I>yttK~MJI s tr - c ( ) : Bbl MO)l(eTe rrpep;ocTaBJi1Tb JII06oe KOJIM':!eCTBO CTpOK 

)J;JIJI KOHKaTeHa~Ji1J1, a p;eTaJIM KOHKaTeHa~MJ1 KOHTp01IMpyIOTCJI rrapaMeTpa­

MM sep 11 collapse. 
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KaK npaBMJIO, nepBblMM M,D;YT apryMeHTbl p;aHHblX. ApryMeHTbl, ynpaBJI.mo­

mMe p;eTam!MM BbPrnCJieHMM, p;omKHbl M,D;TM B KOHu;e, J,1 o6bl'rnO ,D;JI5I HMX p;omKHbI 

:Jpep;ocTaBJI5ITbC5I 3Ha'!eHM5I no YMOJI'IaHMIO, KOTOpb1e yKa3bIBaIOTC5I TO'IHO TaK )Ke, 

·aK J,1 npM Bbl30Be cpyHKJJ;MM c MMeHOBaHHblMM apryMeHTaMM. 

= B1>1"!11cneH11e ,u0Bep11Ten1>Horo l1HTepBana BOKpyr cpe,uHero 
l1CITOJ1b30BaHl1eM HOpMaJlbHOI'O pacrrpe,ueneHMR 

=ean_ci <- function (x, conf = 0.95 ) { 
se <- sd (x) I sqrt (length (x )) 
alpha <- 1 - conf 
~ean ( x ) + se * qnorrn (c (alpha I 2, 1 - alpha I 2)) 

x <- runif ( 100 ) 
-ean __ ci (x ) 

=> [l ] 0.498 0.610 
-~an_ci ( x , conf = 0 . 99 ) 
=> [l] 0.480 0.628 

B Ka'!eCTBe 3Ha'IeHM5I no yMOJI'IaHMIO no'ITM Bcerp;a cJiep;yeT McnoJib30BaTb HaM-

6oJiee qacTo MCnOJib3yeMoe 3Ha'IeHMe. J1cKJIIO'IeHM5I J,13 3T0f0 npaBMJia CB5!3aHbI c 

-oo6pa)KeHM5IMM 6e3onacHocTM. HanpMMep, B Ka'!eCTBe 3Ha'IeHM5I no YMOJI'IaHMIO 

::u1H na. rm pa3yMHO npMHHTb FALSE, nocKOJibKY OTCYTCTBYIOIJJ;Me 3Ha'IeHM5I Mrpa­

JOT Ba>KHYIO p oJib. ,IJ;a>Ke ernM Bbl npMBbIKJIM BCTaBJIHTb B cBoi1 Kop; na. rm = TRUE, 

n o YMOJI'IaHMIO MrnopMpoBaTb oTcyTcTByIOIJJ;Me 3Ha'IeHM5I - Heyp;a'!HaH Mp;e5I. 

Korp;a Bbl Bbl3brnaeTe cpyHKJJ;MIO, TO o6bI'IHO onyCKaeTe MMeHa apryMeHTOB p;aH­

HbIX, nOCKOJibKY OHM MCnOJib3YIOTC5I n oBCeMeCTHO. EcJIM Bbl nepeKpbrnaeTe 3Ha'!e ­

HY! e no yMOJI'IaHMIO apr yMeHTa, ynpaBJIHIOIJJ;ero Bbl'IMCJieHMHMM, TO p;OJI)KHbI MC­

n OJib30BaTb noJIHOe MM5I. 

= Xopo!llo 
-ean (l:lO, na.rrn TRUE ) 

= ITnoxo 
-ean (x 1 : 10 , 
-ean (, TRUE , x 

FALSE ) 

c (l:lO , NA)) 

Ha apryMeHT MO>KHO ccbrnaTbOI no ero YHMKaJibHOMY npecpMKcy (HanpMMep, 

::-.ean (x, n = TRUE) ), HO o6bl'IHO, Y'IMTbIBaH B03MO)KHOCTb B03HMKHOBeHM5I nyTa­

HMJJ;bI, 3TOfO JIY'IIIIe J136eraTb. 

3aMeTbTe, 'ITO B Bbl30Be cpyHKJJ;MM 3HaK = CJiep;yeT OKpy)KaTb npo6eJiaMM 

u scerp;a noMeIJJ;aTb npo6eJI norne 3anHToi1, a He nepep; Hei1 (KaK M B o6bI'IHOM 

.R3bIKe). J1cnOJib30BaHMe npo6eJIOB o6nerqaeT BOcnpM5ITMe Ba>KHblX KOMnOHeHTOB. 
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# Xopowo 
average <- mean (feet I 12 + inches , na.rm = TRUE ) 

# ITJIOXO 

average<- mean (feet / 12+inches , na.rm=TRUE ) 

8b16op 111MeH 
li1MeHa apryMeHTOB TaK>Ke MrpaIOT B a)l<HYIO ponb . .[(nH R OHM 6e3pa3JIM<J:HbI, 

HO P,JIJI 'U1TaTeJie:i1: Barnero KOP,a (BKJIIO<J:aJI Bae caMMX B 6yp,yw;eM!) - BOBCe HeT. 

06bll.J:HO CJiep,yeT OTP,aBaTb rrpep,rro<J:TeHJ!Ie P,J1Jt1HHbIM ormcaTeJibHbIM J!IMeHaM, HO 

cyw;ecTByeT MHO:>KeCTBO o6bil.J:HbIX, o<J:eHb KopoTKJ!IX J!IMeH. BoT HeK0Topb1e J!13 

HJ!IX, KOTOpbie BaM CTOJ!IT 3aITOMHJt1Tb: 

• X , y, Z - BeKTOpbI; 

• w - BeKTOp BeCOB; 

• df - cppe:i1:M p,aHHbIX; 

• i , j - l.J:J!ICJIOBbie J!IHP,eKCbl (o6bll.J:HO CTpOK J!I Jt1 CTOJI6U,bI); 

• n - P,J1Jt1Ha, Jt1J1J!I KOJIJ!Il.J:eCTBO CTpoK; 

• p - KOJ1Jt1l.J:eCTBO CTOJI6U,OB. 

Bo Bcex oCTaJibHbIX rnyqaHx rrorrpo6y I1Te rrop,bICKaTb l1MeHa cpep,M aHaJio­

rM<J:HbIX apryMeHTOB cyw;ecrny10w;11x cpyttKU,MM R. HarrpMMep, l1CITOJ1b3yl1Te MMJI 

na • rm P,JIH rrepeMeHHOM, orrpep,eJIHIOw;e:i1:, cnep,yeT JIJ!I MCKJIIO<J:aTb OTCYTCTByIOw;Me 

3Ha<J:eHMJI. 

nposepKa3Ha~eHlll~ 

Harr11caB l13pHp,Hoe KOJil1<J:eCTBO cpyttKu,11J1:, Bbl B KOHel.fHOM Cl.feTe rrp11p,eTe K 

TOMy, 'ITO He CMO:>KeTe T Ol.J:HO BCITOMHl1Tb, KaK pa6oTaeT Ka:>Kp,aJI l13 Hl1X . B TaKOM 

CJ!ITyau,1111 MO:>KHO Ol.J:eHb JierKO Bbl3BaTb cpyttK ll,J!IIO c HeKoppeKTHblMJ!I BXOP,HblMl1 

p,aHHbIMl1. Bo l136e:>Katt11e 3TO:i1: rrpo6n eMbl q acT o 6brnaeT rrone3HO cp,enaTb orpa­

HMl.feHJ!IJI JIBHblMJ!I. I1pep,ITOJIO:>Kl1M, Bbl HaITMCaJIJ!I cpyHKll,l1l1 P,JIJI Bbll.J:l1CJieHl1JI B3Be­

IIIeHHblX Jt1TOfOBblX CTaTl1CTJt1K. 

wt mean <- function (x , w) { 
sum (x * w) I sum (x ) 

wt var <- function (x, w) { 
mu <- wt_mean (x , w) 
sJm (w * (x - mu ) A 2 ) I sum (w) 
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~_sd <- function (x , w) { 
sqrt (wt_var (x , w)) 

lfro rrpOM30M,IJ,eT B TOM CJI)'l.Jae, eCJIM x M w MMeIOT pa3HYIO ,IJ,JIMHy? 

-:: _ :nean ( 1 : 6, 1 : 3) 
=> (1) 2.1 9 

B ,IJ,aHHOM CJI)'l.Jae, )'l.JMTbIBaR rrpaBMJia "3au;1i1KJIMBaHMR" BeKTopoB R, MbI He rro­

~'-IMM coo6iu;eHMe 06 ourn6Ke. 

XopowaR rrpaKTMKa 3aKJIIO'faeTCR B rrpoBepKe Ba:>KHblX rrpe,D,ycrroBMM M reHe­

- u poBaHMM OlllM6KM (c IIOMOiu;blO cpy HKu;MM stop () ), eCJIM OHM He BbIITOJIHRlOTCR. 

~_mean <- f~nct : on ( x , w) { 
::._f ( leng"'.:h (x ) != 2-e!"lgt!_ (w) ) 

stop (" 'x' and 'w' must be tr.e same length" , call. 

sum (w * x ) I sum (x) 

FALSE ) 

Ey,IJ,bTe ocMOTPMTeJibHbl M He rrepeCTapai1Tecb. Miu;MTe pa3yMHblM KOMrrpoMMCC 

- !e:>K,IJ,Y TeM, CKOJibKO BpeMeHM Bbl ITOTpaTMTe Ha TO, 'fT06bl C,IJ,eJiaTb CBOlO cpyHK­

lll1IO po6acTHOM (yCTOM'fMBOM K ourn6KaM), M CKOJibKO BpeMeHM 3amrno ee HarrM­

-aHMe. HarrpMMep, ecnM 6b1 Bbl ,IJ,o6aBMJIM apryMeHT na • rm, TO Mbl, BepoRTHO, He 

rrp oBepHJIM 6bl ero CJIMlllKOM Tiu;aTeJibHO. 

··::_mean <- .:unction (x , w, na.rm = FALSE ) 

if ( ! is.logical (na.rm)) { 
stop (" 'na . rm' must be logical" ) 

if (}.eng;:h (na .rm) != 1 ) 

stop (" 'na . rm' must be length l " ) 

if (leng::h (x) != ~ength (w)) 

stop (" 'x' and w must oe the same length" , cal~ . FALSE ) 

:f (na.rm) { 
miss <- is.na (x ) I is.na (w) 
x <- x[ !miss ) 
w <- w[ !miss ] 

sum (w * x) I su..,.,_ (x) 
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,IJ)rn: rroJiyqemrn: CTOJib tte6oJihlllOro Bhrnrpb1I1Ia HaM rrpMIIIJIOcb rrpo,n;eJiaTb 

MHOfO ,ll;OITOJIHMTeJibHOM pa60Tbl. IToJie3HblM KOMrrpOMMCCOM 51BJI51eTC51 MCITOJib30-

BaHMe BCTpoeHHOM cpyHKU:MM stopifnot () , KOTopa51 BbIIlOJIH51eT rrpoBepKy Toro, 

'-ITO K<DK,ll;blM apryMeHT paBeH TRUE, M rettepMpyeT TMrroBoe coo6iu;eHMe 06 OI1IM6-

Ke, eCJIM 3TO He TaK. 

wt_mean <- function (x , w, na . rm = FALSE ) { 
stopifnoL (is . l0gical (na.rm) , lengLh (na. rm) 1) 
stopifnot (:ength (x) == length (w)) 

if (na.rm) { 
miss <- is.na (x) I is . na (w) 
x <- x [! miss ] 
w <- w [! miss ] 

sum (w * x) I sum (x) 

wt mean (1 : 6, 6 : 1, na.rm = "foo " ) 
#>Error: is.logical( na . rm) is not TRUE 

3aMeTbTe: Kor,n;a Bbl MCITOJlb3YeTe cpyttKU:MIO s topifnot () , Bbl yTBep)J(,n;aeTe 

'-ITO MMeHHO ,ll;OJI:>KHO 6b1Tb MCTMHHblM, a He rrpoBep>IeTe, '-ITO MO>KeT 6b1Tb Herrpa­

BMJibHblM. 

To'IKa-TO'IKa-ro'IKa ( ••• ) 

B R MHOrMe cpyHKU:MM rrpMHMMaIOT rrpoM3BOJibHOe KOJIM'-!eCTBO BXO,D;HblX 3Ha­

'-leHMH. 

sum (l , 2 , 3 , 4 , 5, 6, 7 , 8 , 9, 10) 
#> [l ] 55 
stringr :: str_c ("a " , "b" , "c" , "d" , "e " , "f" ) 
#> [1] "abcde f" 

KaK pa6orn10T TaKMe cpyttKU:MM? OHM rroJia r a10Trn Ha crreu;MaJibHblM apryMeHT 

••• (MHOroTO'-!Me). 3TOT crreu;MaJibHblM apryMeHT 3aXBaTb!BaeT JII06oe KOJIJ/l'-!e­

CTBO apryMeHTOB, KOTOpbIM He Ha3Ha'-leHO 51BHblX MMeH. 

TaKoJ1 rro,n;xo,n; o'-!eHb y,n;o6eH, rrocKOJibKY ,n;aJiee Bbl MO)J(eTe rrepe,n;aTb 3TM "To'i­

Ktt" ,n;pyroii cpyHKU:MM. 3To oco6eHHO ITOJie3HO, eCJrn Ballla cpyHKU:M51 B OCHOB­

HOM MCITOJib3YeTC51 B Ka'-!eCTBe o6oJIO'-IKM ,n;pyroJ1 cpyHKU:MM. HarrpMMep, o6bI'-IHO 

Mbl C03,n;aeM rne,n;y10iu;Me BCITOMOraTeJibHble cpyHKU:MM-060JIO'-IKM ,ll;Jl51 cpyHKU:MH 

str_c() . 

conunas <- function ( ... ) str i ngr :: str c ( ... , co llapse 
commas (letters [ 1 : 10]) 
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=> [ l] "a, b , c, d , e, f , g, h, i, j" 

:::-'.l l e <- function ( ... , pad = "- " ) { 

t itle <- pasteO ( ... ) 
width <- getOpt i on ("width" ) - ncta:r (title ) - 5 
:at (title , "" , stringr :: s'::r_ci'..!p (pad , width ) , " \n " , sep "" ) 

- _.:.e ( "Ba)!(HblM Bb!BO,[l 11
) 

=> Ba)!(HbIM Bb!BO.rl ----------------------------------------

B p;aHHOM cnyqae TO'IKM ( • • • ) no3BOJIRIOT nepep;aTb cpyHK~1111 str _ c () n106b1e 

apryMeHTbl, He Hy)f(p;a10~11ern B o6pa6oTKe. 3rn o'IeHb yp;o6Hb1i1: np11eM. Ho 3a 

Bee npl1XO)J;J1TC>I IIJiaTJ1Tb: JII06b1e HenpaBJ1JibHO 3an11caHHble apryMeHTbl He 6yp;yT 

r e ttep11poBaTb oum6Ky. 1ifa- 3a 3Toro one'IaTKM MoryT nerKo npoi1:T11 He3aMe'IeH­

HhlMJ1. 

:-: <- c ( l , 2 ) 

= ..:..."'.l (x , na .mr 
=> [ l] 4 

TRUE ) 

Ecn11 Bbl xoT11Te Bcero JIMlllb l13BJie'Ib 3Ha'IeHJ1>I ••• , 11cnonb3Yi1Te cpyHK~1110 

~ist ( ... ) . 

JleHVIBble Bbl"IVICneHlllR 

B R apryMeHTbl o6pa6aTbIBaIOTC>I B cooTBeTCTBMM c KOH~en~11ei1: TaK Ha3bIBae­

~1b1x lleHU6blX (OTJIO)f(eHHblX) B bl'·IJ1CJieHJ1tt: Bbl'IJ1CJieHJ1e apryMeHTOB OTKJia)J;bIBa­

eTCR p;o Tex nop, TIOKa B 3TOM He B03HJ1KHeT Heo6xop;l1MOCTJ1. 0TCIOp;a cnep;yeT, 'ITO 

Te apryMeHTbl, KOTOpble He J1CIIOJib3YIOTC>I B cpyHK~J1J1, HJ1KOrp;a He Bbl'IJ1CJI>IIOTC>I. 

O p;ttaKo np11 Han11caH1111 co6cTBeHHblX cpyHK~11i1: p;nR aHan113a p;aHHblX 3TO Ba)f(­

ttoe CBOMCTBO R KaK >I3b1Ka nporpaMM11poBaH11>I BaM, Boo6~e roBopR, He n0Hap;o-

6 11TC>I. Bonee nop;po6Hy10 11HcpopMa~1110 o neHMBblX Bbl'IJ1CJieH11Rx MO)f(HO Hal1T11 

n o ap;pecy http: I I adv-r. had . co . nz / Functions. htrnl#lazy-evaluation1
• 

Ynpa>KHeHVIR 

1. qTo p;enaeT KOMaHp;a commas (letters, collapse="-" ) 113a'feM? 

2. Bbrno 6b1 Hennoxo MMeTb B03MO)f(HOCTb npep;oCTaBMTb apryMeHTY pad tte­

CKOJibKO CJ1MBOJIOB, Hanp11Mep rule ("Title" f pad= "-+" ) . I1o'IeMy ceJ1qac 

3TO He pean113oBatto? KaK 6b1 Bbl 11cnpaB11n11 3TY c11Tya~1110? 

1 CM. TaK)Ke cnep;yIOIQYle CTaTbJ.1: tt tps: I / ru. wikipedia. o rg /wiki / JieHli!Bbie _ BbI­
:;.ncneHli!R YI https: I / habrahabr . ru/post: /24 7213/. - IlpuMett. pea. 
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3. KaKoBa poJib apryMeHTa trim ¢YHKIVH1 mean () ? B KaKMX rnTyaQMHX Bbl 6y­

,n;eTe ero McnoJib30BaTb? 

4. 3ttat.IeHMeM no yMoJit.IaHMIO apryMeHTa method ¢YHKQMM cor () HBJIHeTrn 

c ("pear son 11
, 

11 kendall ", 11 spearman 11
) . l fro 3TO 03Hat.IaeT? KaKoe 3Hat.Ie-

HMe McnoJib3yeTCJI no yMOJit.IaHMIO? 

803epa°"'aeMb1e 3Ha'leHMH 
06b1t.IHO onpe,n;eJieHMe Toro, 'ITO ,n;omirna B03BpaIQaTb Bawa ¢YHKQMH, He co ­

cTaBJIHeT 60JiblllOro Tpy,n;a: Be,n;b MMeHHO ,L(JIH 3TOro npe)l(,n;e Bcero M C03,D;aBaJiaCb 

cpyttKQMH! 0,n;HaKO npM opraHM3aQMM B03BpaTa 3HalJeHMH noJie3HO MMeTb B BM.LI) 

CJie,n;yIOIQMe MOMeHTbl. 

• 06Jiert.IMT JIM t.ITeHMe TeKCTa ¢YHKQMM n pe)l(,n;eBpeMeHHbIM B03BpaT? 

• HeJib3H JIM c,n;eJiaTb ¢YHKQMIO npMro,n;tto:il! ,n;JIH BKJIIO'ieHMH B Qenot.IKM KattaJia? 

ff BHble KOMaHAbl B03BpaTa 

06bI'IHO B03BpaT 3Hat.IeHMH HBJIHeTCH nocne,n;He:il! MHCTPYKQMe:il! ¢YHKQMM, o,n;­

HaKO MO)l(HO opraHM30BaTb paHHMM B03BpaT c n OMO!QbIO ¢YHKQMM return ( . 
MbI C'iMTaeM, 'ITO 3TY cpyttKQMIO rne,n;yeT npM6ep eraTb ,n;JIH Tex cJiyqaeB, Kor,n;a Bb 

XOTMTe no,n;qepKHYTb, 'ITO B cJiyqae npocTor o peweHMH B03MO)l(eH paHHMM B03-

BpaT. TMnMt.IHbIM npMMepoM CMTyaQM:il! no,n;o 6 ttoro po,n;a MoryT cJiy)l(MTb nycTbI 

BXO,D;Hbie 3Hat.IeHMH. 

complicated_function <- functi0n (x, y , z ) 
:f (length (x ) == 0 I I length (y) == 0 ) { 

return ( 0 ) 

.IJ:pyroill CMTy aQMeM, B KOTopoilI QeJiecoo6pa3HO MCnOJib30BaTb paHHMM B03Bp a 

HBJIHeTCH MHCTPYKQMH if c o,n;HMM CJIO)l(HbIM M o,n;HMM npocTbIM 6JioKaMM. H a­

npMMep, Bbl MOrlIM HanMCaTb TaKyIO MHCTPYKQMIO if. 

f <- function () 
L (X) { 

# C.uenaTb 
# '>TO-TO, 

# '>T O 
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# 3aHMMaeT 

# MHOI'O 

# CTpOK 

# KO.l::{a 

el se ( 
# BepHyTb YTO-TO KOpOTKOe 

Ho ecm1 rrepBbn1 6noK o'IeHb ,n;JIHHHbU1, TO K TOMY BpeMeHH, Kor,n;a Bbl ,n;o:iir,n;eTe 

J:O else, Bbl 3a6y,n;eTe 06 yrnoBww. 0,n;HH J13 crroco6oB ycTpatteHWJI 3Toro He,n;o­

craTKa 3aKJIIO'IaeTcJI B HCIIOJib30Bamrn paHHero B03BpaTa B rrpocTOM cnyqae. 

<- functi on () ( 
:._: ( ! x ) ( 

return (something_short ) 

# C.neJJaTb 

# YTO-T O, 

# YTO 

# 3aHMMaeT 

# MHOI'O 

# CTpOK 

# KO.I{a 

B 3TOM rnyqae Bbl o6paTHTe BHHMaHwe Ha paHHHM B03BpaT cpa3y )Ke, He rrpo­

YiaTprrnaJI Beeb ,ll;JIHHHblM KOHTeKCT. 

Ham11caH111e <l>YHK4111rll, np111rOAHblX A11R BKnlO"leHlllR B KaHall 

ErnH Bbl xoTHTe rrHcaTb co6cTBeHHble ¢YHKQWH, crroco6Hble pa6oTaTb B KaHa-

1e, TO Borrpoc o B03Bpa~aeMOM 3Ha'IeHWH rrpwo6peTaeT oco6oe 3Ha'Iettwe. TaKHe 

cpyH~J1J1 MO)KHO pa36HTb Ha ,[\Ba OCHOBHbIX THIIa: rrpeo6pa3oBaHJ1JI J1 rro60'IHble 

3cpcpeKTbI. 

B rnyqae npeo6pa3y1ouiUX ¢YHKQHM wMeeTrn 'IeTKo orrpe,n;eneHHblM "rrepBH'I­

Hbr:iir" o6'beKT, KOTOpblM rrepe,n;aeTcJI B Ka'IeCTBe rrepBoro apryMeHTa, w ero Mo,n;11-

cpwQHpoBaHHa.~1 BeprnR B03Bpa~aeTrn ¢YHKQHe:iir. HarrpHMep, ,ll;JIJI ¢YHKQJ1M rra­

KeToB dplyr H tidyr KJIIO'ICBbIMJ1 o6'beKTaMH JIBJIJIIOTCH ¢pe:iirMbI ,n;aHHbIX. Ecnw 

Bbl MO)KCTe orrpe,n;eJIHTb TJ1II o6'beKTa ,[\JIJI CBOCM rrpe,n;MeTHOM o6JiaCTH, TO BallIH 

cpyHKQJ1J,1 6y,n;yT OTJIH'IHO pa6oTaTb c KaHaJIOM. 
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<l>yHKD;J1J1 c nc6o~tHblM 3cficfieKmOM Bbl3bIBaIOTCJI B rrepByIO oqepep;b p;m! BbIIIOJI­

HeHJ15I KaKoro-n1160 p;e:HcTBMJI, Harrp11Mep p;JIJI p11coBaHJ1JI rpacp11Ka J1JIJ1 coxpaHe­

HMJI cpa:Hna, a He p;JIJI npeo6pa3oBamrn o6oeKTa. 3TJ1 cpyHKD;l1l1 p;OJI)l(Hbl B03Bpa­

l_l_\aTb nepBblM apryMeHT "HeB11p;11Mo': no::iToMy no yMonqaHMIO OHJtI HJ1qero He Bbl­

BO,ll;JIT, Ho MoryT 6b1Tb 11crroJib30BaHbl B KaHaJie . Hanp11Mep, rnep;yrol_l_\aJI rrpocTaJI 

cpyHKD;MJI BbIBO,ll;MT KOJIJ1qecrno oTcyTcrnyroll\MX 3HaqeHJ1M BO cppe:HMe p;aHHblX. 

show_mi ssings <- function (df ) { 
n <- sum (is.na (df )) 
cat ( "OTCYTCTBYIOLUV!e 3Hat>eH!1>!: " , n , " \r. " , sep '"' ) 

invisible (df ) 

Ecn11 Mbl Bbl3brnaeM ee JtIHTepaKTJtIBHO, TO Bbl30B invisible () 03HaqaeT, qTo 

BXO,ll;HOM o6oeKT df He BbIBO,ll;J1TC5I. 

show_missings (mtcars ) 
#> 0TCyTCTByIOm11e 3Hat>eH!1>!: 0 

Ho OH ecTb, rrpocTo rro yMoJiqaHMIO He BbIBO,ll;MTC>I. 

x <- show_missings (mtcars ) 
#> 0TCYTCTByrom11e 3Hat>eHH>l: 0 
class (x ) 
#> [l] "data.frame" 
dim (x ) 
#> [l] 32 11 

M Mbl Bee el_l_\e MO)l(eM 11crroJib30BaTb cpyHKu;1110 B KaHaJie. 

mtcars %>% 
show_missings () %>% 
rnutate (mpg = ifelse (mpg < 20 , NA, mpg )) %>% 
show_missings () 

#> 0TCYTCTBYIOLUV!e 3Hat>eHH>l: 0 
#> 0TCYTCTByrom11e 3Hat>eHH>l : 18 

OKpymeHHe 
I1ocJiep;HJ1M KOMIIOHeHT cpyHKD;JtIJ1 - ee OKpy)l(eHJ1e. 3To He Ta TeMa, B KOTOpoJ.1 

Bbl p;o11)1(Hbl xoporuo pa3611paTbC>I, Korp;a rr11rueTe CBOJ1 rrepBble cpyHKD;l1l1. M TeM 

He MeHee oqeHb Ba:>KHO, qT06bl Bbl 3HaJ1JtI XOTJI 6bl qTO-TO 06 OKpy:>KeHJtIJ1, IIOCKOJib­

KY OHO B 3Haq11Te11bHO:H Mepe orrpep;eJI>IeT, KaK pa6oTaIOT cpyHKD;JtIJtI. 0Kpy:>KeHJtie 

364 lJ aCTb Ii i. n porpaMM~ pOBaH ~e 



. YJ-IK~MM yrrpaBJrn:eT TeM, KaK R Haxo,n;11T 3HaT.IeH11e, emrnaHHoe e MMeHeM. Bo3b-

1eM, Harrp11Mep, CJie,n;y10rn;y10 cpyHKQMIO. 

<- function (x ) 
x + y 

Bo Mttor11x R3bIKax rrporpaMMMpoBaHMR 3TOT Ko,n; 6y,n;eT rrpM3HaH ourn6oT.IHbIM, 

3ep;b B Telle cpyHKQMM oTeyTeTByeT orrpe,n;eJieH11e rrepeMeHHoi1 y. Ho B ,n;aHHOM 

-iyqae 3TO eoBepweHHO HOpMaJibHbIM KO,n;, TaK KaK B R ,D;JIR orrpe,n;eJieHMR 3Ha­

eHJ1M rrep eMeHHbIX MeIIOJib3YeTeR: TaK Ha3bIBaeMaR: !leKCU"teCKafl o6llaCmb 6UOU ­

.ocmu. TioeKOJibKY rrepeMeHHaR y He orrpe,n;eJieHa B cpyttKI\MM, R 6y,n;eT 11eKaTb ee 

B 0KpyJ1ceHuu, eo,n;ep)l(arn;eM orrpe,n;eJieH11e 3TOi1: cpyHKI\MM. 

_· <- 100 
- ::.o ) 
=> [l] 110 

: <- 1000 
: ::.o ) 
=> [l] 1010 

Ka3aJioeh 6hr, orr11eaHHoe rroBe,n;eH11e - rrpRMoi1 rryTh K ow116KaM, 11 Ha rrpaK­

n 1Ke eJie,n;yeT l136eraTb eo3,n;aHJ1R rro,n;o6Hb!X cpyHKQMM, HO B 11eJIOM 3TO He eo3,n;aeT 

·epbe3HbIX rrpo6neM (oeo6eHHO, een11 Bbl peryJIRpHo rrepe3arryCKaeTe R ,n;nR rroJiy­

'ieHMR T.IMeToro eoeTOR:Hl1R). 

Tipe11Myrn;eeTBOM )l(e TaKoro IIOBe,n;eHMR RBJIReTeR: TO, 'ITO e TO'IKJ1 3peHJ1R R3bl ­

Ka OHO II03BOJIR:eT R 6hITb BeebMa rrorne,n;oBaTeJibHbIM. Bee MMeHa rrpoeMaTp11Ba-

10Trn e 11erroJih30BaH11eM o,n;Horo 11 Toro )l(e Ha6opa rrpaBMJI. B enyqae ¢YHKI\l1l1 

: ) 3Tl1 rrpaBMJia 3aTpar11BaIOT IIOBe,n;eHMe ,n;Byx eMHTaKewieeKMX 3JieMeHTOB, KO­

rnpoe MO)l(eT 6b!Tb ,D;JIR Bae HeO)l(J1,D;aHHbIM: { l1 +. BOT ern;e O,ll;l1H rrp11Mep He06bI'I­

HOfO ,D;JIR ,n;pyr11x R3b!KOB rrporpaMMMpOBaHMR: KO,n;a, ,n;orryeTMMOro B R. 

- ' <- function (x , y ) { 

if (runif ( l ) < 0 . 1 ) { 
sum (x , y ) 

else { 
sum (x , y ) * 1.1 

-~ble ( replicate ( lOOO , l + 2)) 
=> 
=> 3 3 .3 
=> 100 900 
_- ( ' + ') 
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3n1 rrp11Mepb1 OTpa:>KaIOT 06~y10 KapT11tty, cBoJ1cTBeHtty10 R. B cpe.n;e R Mano 

'ITO orpaHM'IJ.rnaeT cBo6o.n;y Banrnx .n;eJ1cTB11J1, 11 qacTo .n;onycKaeTCR: .n;enaTb .n;a:>Ke 

TO, 'ITO 3anpe~eHo B .n;pyr11x .s:I3hIKax rrporpaMM11poBatt11.s:i:. )J;n.s:i: Bae TaK:>Ke .n;ocTyn­

HhI 11p11Meptto 99% Tex .n;ei1CTBJ1M, KOTOpbie HaCTO.s:ITeJibHO He peKOMett.n;yIOTC.s:I K 

11p11MeHeHJ1lO (KaK B )l;aHHOM CJiy<Iae, r.n;e nepeonpe.n;emieTrn pa60Ta onepaTopa 

cno:>Kett11.s:i:). Ho MMeHHO 3Ta MO~h 11 r116KoCTh c.n;enan11 B03MO:>KHhIM co3.n;att11e 

TaKJ1X J1HCTpyMeHTOB, KaK ggplot2 J1 dplyr. J13yqett11e Ha116onee OTITJ1MaJibHbIX 

cnoco6oB 11p11MeHeHJ1.s:I nop;o6ttoJ1 r116KOCTJ1 BbIXO,ll;J1T 3a paMKJ1 p;aHHOM KHJ1fJ1, 

op;HaKO 6onee 110.n;po6tty10 11mpopMa~1110 06 3TOM Bbl CMO:>KeTe HaMTJ1 B KHMre 

Advanced R (http : I / adv- r . had. co . nz/). 
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rnABA 16 

BeKropb1 

,Uo CMX rrop Harne BHJtlMaHJtle B OCHOBHOM 6bIJIO cocpep;OTO'ieHO Ha tibble -

peV!Max M rraKeTax, KOTopbie pa6oTaIOT c HMMM. Ho KaK TOJibKO Bbl Ha1rne­

r e rrMcaTb co6cTBeHHbie cpyHK~MM M yrny6MTecb B R, BaM rroHap;o6JITrn BeKTO­

- bl - o6'beKTbI, Jie)J(ar_u;Me B octtoBe tibble-cppeV!MOB. ErnM Bbl M3ytJaJIM R Tpa­

.::urn;MOHHbIM crroco6oM, TO, BepoJITHO, y)l(e 3HaKOMbI c BeKTopaMJtl, TIOCKOJibKY B 

6oJibIIIMHCTBe Y'f e6HMKOB M3Y'f eHMe R Ha'IMHaIOT c seKTopoB, rrepexop;JI p;aJiee K 

tibble-cppeV!MaM. Mbl C'IJtlTaeM, '-ITO lIY'fIIIe Ha'IMHaTb c tibble-cppei1MOB, TIOCKOJibKY 

Henocpep;CTBeHHO JtlCTIOJib3YIOTCJI JtlMeHHO OHM, Jtl JIJtlllib 3aTeM nepexop;MTb K Jtl3-

'IeHJtlIO KOMTIOHeHTOB, Jie)J(ar_u;Mx B JtlX OCHOBe. 

B qacTHOCTM, BeKTOpbI Ba)l(HbI TeM, '-ITO 6oJibIIIMHCTBO cpyHK~Mi1, KOTOpb1e Bbl 

ttanMrneTe, 6yp;yT npep;Ha3HatJeHbI p;JIJI pa6oTbI c HMMM. KoHetJHO, MO)l(HO HarrM­

-aTb cpyHK~JtlJtl, pa6oTaIOr_u;Jtle c tibble-cppei1MaMM (KaK cpyHK~JtlJtl naKeTOB ggplot2, 
dplyr Jtl tidyr), HO JtlMeIOr_u;JtleCJI B HaCTOJir..u;ee speMJI JtlHCTpyMeHTbl, Heo6xop;MMbie 

.:urn JtlX HaTIMCaHMJI, BeCbMa CBOeo6pa3Hbl Jtl BCe er..u;e p;aJieKM OT COBeprneHCTBa. 

X3p;JIM YMKeM pa3pa6aTbrnaeT JIY'fIIIMi1 nop;xop; (https: I I github. com/hadley I 
.:.azyeval), HO K MOMeHTY BbIXOp;a KHJtlfJtl 3Ta pa6oTa er..u;e He 6yp;eT 3aKOH'ieHa. 

H o p;a)l(e rrorne ee 3aBeprneHMJI BaM Bee paBHO noHap;o6MTCJI yMeHMe o6par..u;aTbCJI 

se1<TopaMM; HOBbIM rrop;xop; JIMIIIb o6JiertJMT HarrMcaHMe pacrroJiaraIOr..u;erocJI no­

sepx HJtlX CJIOJI, p;py)l(eCTBeHHOrO no OTHOIIIeHJtlIO K TIOJib30BaTeJIIO. 

Heo6XOAlllMb1e pecypcb1 

B 3Toi1 rnaBe B ~eHTpe Harnero BHMMaHMJI 6yp;yT 6a30Bbie CTPYKTYPbI p;aH­

HblX R, rro3TOMY 3arpy3Ka naKeTOB He rroTpe6yeTcJI. Op;HaKo p;JIJI Toro, '"IT06b1 



M36e)J(aTb HeKoTopbr.x: HecornacoBaHHOCTeM, CBOMCTBeHHbIX 6a30BbIM rraKeTaM R, 
Mbl It1CI10Jlb3YeM pHp; cpyHKIJ;ItlW It13 rraKeTa purrr. 

library (tidyverse ) 
#> Loading tidyverse : ggplot2 
#> Loading tidyverse : tibble 
#> Loading tidyverse : tidyr 
#> Loading tidyverse : readr 
#> Loading tidyverse : purrr 
#> Loading tidyverse : dplyr 
#> Conflicts with tidy packages 
#> filter () : dplyr , stats 
#> lag() : dplyr , stats 

OcHOBHble cseAeHMH o seKropax 
ECTb p;Ba OCHOBHbIX TitlITa BeKTopoB: aTOMapHbie BeKTOpbl It1 CI1It1CKit1. 

• AmoMapHbte aeKmopbt BKJIIOY:aIOT rnecTb rrop;TMITOB: 1wzu•1ecKuii ( l ogical) , 

1~e1w•1ucneHHbtu (integer), aew,ecmaeHHbtU (double), CUMBOllbHbtu (character), 

KOMnlleKCl-lblU (complex) It1 OBOU'iHbte ("cbtpbte") oa1-tHbte (raw). UeJIOY:ItlCJieH­

Hble JtI Beru;ecTBeHHbie BeKTOpbl COBOKYITHO Ha3bIBaIOT 'iUC/l06blMU. 

• CnuCKU, KOTOpbie It1Horp;a Ha3bIBaIOT peKypcu61iblMU BeKrnopaMU, ITOCKOJibKY 

OHJtI MoryT cop;ep)J(aTb p;pyme crrMCKJtI. 

fllaBHOe pa3JIJtIY:Jtie Me)J(p;y aTOMapHbIMitl BeKTopaMJtI It1 CI1It1CKaMit1 3aKJIIOY:aeTrn 

B TOM, Y:TO rrepBbie 001-1opoo1ibl, Torp;a KaK BTOpbre MoryT 6bITb 1ieoo1-1opooHblMU, 

T.e. MoryT cop;ep)KaTb ::meMeHTbI pa3HbIX TJtIITOB. Cyru;eCTByeT eru;e op;MH pop;cTBeH­

Hbliii MM o6'beKT: NULL. Ero Y:aCTo JtICITOJib3YIOT ,IJ;JIH rrpep;CTaBJieHMH oTcyTcTBMH 

BeKTopa (B OTJIMY:Itle OT 3HaY:eHMH NA, JtICITOJib3YeMoro ,IJ;JIH rrpep;CTaBJieHJtIR 0TcyT­

crny10ru;ero 3HaY:eHJtIR B BeKTope). 06b1Y:HO NULL Bep;eT ce6R KaK BeKTop ttyJieBoiii 

,IJ;JIMHbI. B3aJtIMOCBR3b pa3JIItl'IHbIX TMITOB BeKTopoB rroKa3aHa Ha pitic. 16.1. 

Ka)K,IJ;biiii BeKTop xapaKTepM3yeTrn ,IJ;BYMR ocHOBHbIMJtI cBoiiicTBaMM. 

• Tun. ,I:l;JIR orrpep;eJieHMR TJtirra BeKTopa rny)J(MT cpyHKD;MR typeof () . 

typeof (letters ) 
#> [l] "character " 
typeof (l : lO ) 
#> [l] " integer" 

• /!llUHa . ,I:l;JIH orrpep;eJieHitlH ,IJ;JIItlHbl BeKTOpa CJIY)KMT cpyHKD;JtIH length () . 

368 1-laCTb Ill. nporpaMM~poeaH~e 



BeKTOpb1 

AT0MapHb1e seKTOpb1 

nor1114ecK111c:i 

WenoY111cneHHbl~ 

Bew,ecTseHHbl~ 

C111MsonbHb1c:i 

x <- J.ist ("a " , "b " , 1 : 10 ) 
leng::h (x) 
#> [ l ] 3 

NULL 

Cn111coK 

Puc. 16.1 

KpoMe Toro, BeKTOpbI MoryT cop;ep:>KaTb npott3BOJibHbie p;onoJIHMTeJibHbie Me­

r ap;aHHbie B cpopMe aTptt6yToB, KOTOpbie liICIIOJib3YIOTC51 )J;JIJI C03)J;aHJiIJI pacumpeH-

1-! blX BeKTopoB, 06nap;a10~ttx p;onoJIHMTeJibHbIMlil acneKTaMM noBep;eHMR. Cy~e-

rny10T 'leTbipe Ba:>KHbIX TliIIIa pacnrnpeHHblX BeKTOpOB: 

• <jaKmopbt - CTpORTCJI IIOBepx u;eJIO'lliICJieHHbIX BeKTopoB; 

• BeKTOpbl Oambl liI oan1bl/6peMeHU - CTpORTCJI IIOBepx 'lliICJIOBbIX BeKTOpOB; 

• <jpeUMbl oaHHblX liI tibble-<jpeUMbl - CTpORTCJI IIOBepx CIIliICKOB. 

B 3Toi1 rnaBe Bbl no3HaKOMMTecb co BCeMM Ba:>KHbIMM TMIIaMM BeKTopoB, Ha­

Y: MHaR c Hatt6onee npocTbIX liI 3aKaH'IMBaR caMbIMlil cno:>KHbIMlil. Mb1 HatIHeM c 

aTOMapHbIX BeKTOpOB, 3aTeM nepei1p;eM K CIIMCKaM, a 3aKOH'llt1M pacnrnpeHHbIMlil 

BeKTOpaMM. 
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Ba>KHble THnb1 atoMapHblX eeKropoe 
qeTblpbMR HaM6onee Ba)KHbIMM TMTiaMM aTOMapHbIX BeKTOpOB RBJIRIOTCR JIO­

rwieCKMM, ~eJioqMcJieHHbIM, BellJ,eCTBeHHbI M M CMMBOJibHbIM. ,Il,BOMqHbIM M KOM­

TIJieKCHblM TMilbl pep;KO MCI10Jib3YIOTCR B aHaJIM3e p;aHHbIX, 1109TOMY sp;ecb OHM He 

06cy)Kp;a10Trn. 

nor1111.1eCKllll7I Tllln 

JlorMqecKMM TMil - rrpocTeMIIlMM TMTI aTOMapHbIX BeKTopoB, TIOCKOJibKY JIO­

rMqecKMe seKTOpbI MoryT cop;ep)KaTb TOJibKO TPM B03MO)KHbIX sttaqeHMR: FALSE. 

TRUE M NA. 06b1qtto norMqecKMe seKTOpbI cosp;aIOTCR c noMOllJ,bIO orrepaTopos 

cpaBHeHMR, OllMCaHHbIX B rnaBe 3. J1x MO)KHO cosp;aBaTb spyqttyIO c TIOMOllJ,blO 

cpyHK~MM C ( ) . 

1 : 10 %% 3 == 0 
#> [1) FALSE FALSE TRUE FALSE FALSE 
#> [2 ] TRUE FALSE FALSE TRUE FALSE 
c (TRUE , TRUE , FALSE , NA) 

#> [l] TRUE TRUE FALSE NA 

"1111cnosol7I Tllln 

UenoqMcJieHHbie M BellJ,eCTBeHHbie BeKTopbI coBoKyrrtto Ha3bIBaIOTCR qMCJIO­

BbIMM BeKTopaMM. B R3bIKe R qMcJia RBJIRIOTCR BellJ,eCTBeHHbIMM no yMoJiqaHMIO. 

qMCJIO o6osttaqaeTCR KaK ~eJioe CJiep;yIOllJ,eM 3a HMM 6yKBOM L. 

typeof (l ) 
#> [l] "double " 
typeo f (lL ) 
#> (l] " integer " 
1. 5L 

#> [1] 1.5 

KaK npaBMJIO, pasJIMqMe Me)Kp;y ~eJibIM M sem;ecTBeHHbIM TMnaMM He rrpMH~11-

nMaJibHO, 3a MCKJIIOqeHMeM p;Byx Ba)KHbIX cnyqaeB, 0 KOTOpbIX BaM CJiep;yeT 3HaTb. 

• BellJ,eCTBeHHhie qMcJia RBJIRIOTCR rrpM6JIM)KeHHbIMM. 3To sHaqeHMR, rrpe,!I­

cTaBJIRIOllJ,Me qMcna c TIJiaBaIOllJ,eM TOqKOM, KOTOpbie, op;HaKo, He BCerp;a MO­

ryT 6bITb TQqHQ rrpep;cTaBJieHbl c MCTIOJib30BaHMeM rraMJITM cpMKCMpoBaHHO­

ro o6neMa. HanpMMep, qeMy pasett KBap;paTHbIM Kopettb M3 p;Byx? 

x <- sqr t (2 ) " 2 
x 
#> [1] 2 
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x - 2 
#> [l] 4.44e-16 

TaKoe rroBe,n;eH11e JIBJUieTCJI T11rr11qHblM rrpvi p a6oTe c Belll,eCTBeHHblMJ1 q11c­

JiaM11: 60JibIIIJ1HCTBO pe3yJibTaTOB BblqJ1CJieHJ1M BKJUoqaeT OIIIJ16Ky arrrrpoK­

CJ1Mau;1111. BMecTo cpaBHeH11J1 Belll,eCTBeHHblX q11ce71 Me>K,n;y co6o:i1 c rroMo ­

lll,bIO orrepaTopoB == Bbl ,!l;OJI>KHbl J1CIIOJib30BaTb cpyHKIJ;J1IO dplyr: : near () , 

KOTOpaR yq11TbIBaeT 3ap;aHHYIO BeJiviq11Hy ,n;orrycTJ1MOM rrorpernHOCTJ1 . 

• IJ;eJible qJ1cJia BKJI10qa10T o,n;Ho crreu;MaJibHoe 3HaqeHMe - NA, Tor ,n;a KaK cpe­

,r:t;M BelIJ,eCTBeHHblX qJ1ceJI TaKMX 3HaqeHMi1 qeTb1pe: NA, NaN, Inf 11 - Inf. Bee 

OHM MoryT IIOJ!BJIJITbCJI rrp11 p;eJieHMM qvtceJI. 

c (- 1 , o, 1) I o 
#> [l] - Inf NaN Inf 

J136erai1Te VICIIOJib30BaHJ1J! onepaTopa == ,!l;JIJ! TeCTMpoBaHMJI yKa3aH­

HblX crreu;vtaJibHblX 3HaqeHJ1M. BMeCTO 3T0f0 MCIIOJib3YMTe BCTIOMOraTeJib­

Hble cpyHKu;1111 is.f i nit e () , is.infinite () , is.na () vt is.nan ( ) 

(Ta6JI. 16.1). 

Ta6mn-1a 16.1 

0 

is. fi nite () x 
is. infi nite () 
is.na () 
is. nan () 

C111MB01lbHb1UI TL'ln 

Inf NA 

x 
x 

NaN 

x 
x 

CvtMBOJibHble BeKTOpb1 caMbIM CJIO>KHblM TJ1II aTOMapHblX BeKTOpOB, no-

KOJibKY Ka>K,r:t;bIM 3JieMeHT TaKoro BeKTOpa J!BJIJ!eTCJ! CTpOKOM, a CTpOKa MO>KeT 

o,n;ep>KaTb rrpOvt3BOJibHOe KOJIJ1qeCTBO ,n;aHHblX. 

B rnaBe 11 Bbl y>Ke rro3HaKOM11JIMCb c TeM, KaK pa6oTaTb co cTpoKaMvt. 3,n;ecb 

~1bl XOTJ1M OTMeTJ1Tb O,!l;HO Ba>KHOe CBOMCTBO 6a30BOM peaJivt3au;vi11 CTpOK: R VIC­

IIOJib3YeT rno6aJibHblM rryJI CTpOK. 3To 03HaqaeT, qTO Ka>K,r:t;aJI YHVIKaJib HaJI CTpOKa 

oxpaHJieTCJ! B rraMJITJ1 JIMIIlb O,!l;MH pa3, J1 BCJ!KJ1M p a3, Kor,n;a OHa MCIIOJib3yeTC5I, 

cp aKTvtqecKvt J1CTIOJib3yeTCJ! yKa3aTeJib Ha rrpe,n;cTaBJieHMe CTpOKJ1. 3 To II03BOJIJ! -

e r CHM3J1Tb pacxo,n; naMJITM rrpM ,n;y67111poBaHJ1M CTpOK, B qeM MO>KHO Herrocpe,n; ­

TBeHHO y6e,n;vtTbrn c noMOlll,bIO cpyttKu;1111 pryr: : object_ size ( ) . 

x <- " 3TO DOCT a ToqHQ DflMHHaR CTpOKa ." 

pryr : : object_si ze (x) 
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#> 136 B 

y <- rep (x , 1000 ) 
pryr : : object_size (y) 
#> 8 . 13 kB 

I1epeMeHHa5I y He 3aHJ1MaeT B 1000 pa3 60Jibllle rraM5ITJ1 ITO epaBHeHJ1IO e x , 

rroeKOJibKY Ka>K)J;bIH :meMeHT y - Beero JIMlllb yKa3aTeJib Ha o,n;Hy 11 TY >Ke eTpoKy. 

YKa3aTeJib 3aHMMaeT 8 6al1T, rrmToMy )l;JIJI 1000 yKa3aTenel1 Ha eTpoKy, 3aH11MaIO­

ui;yI0 136 6al1T, Tpe6yeTrn rraMJITb o6oeMOM 8 * 1000 + 136 = 8,13 K6ai1T. 

OrcyTCTByt0~111e 3Ha1.1eH111H 

3aMeTbTe, 'ITO )l;JI5I Ka>K,n;oro TJ1Ila aTOMapHbIX BeKTOpOB rrpe.n;yeMoTpeHO eBoe 

oTeyTeTByIOui;ee 3Ha':leH11e. 

NA # Jiorw,iec1we 
#> (1) NA 

NA_integer_ # ueJIO<!Ji!CJieHHOe 
#> [1 J NA 

NA real # semecTBeHHOe 
#> (1) NA 

NA character # CJi!MBOJibHOe 
#> (1) NA 

06hI':IHO BaM Heo6JI3aTeJibHO 3HaTh Bee B03MO>KHbie TMIIbI 0TeyTeTByI0ui;11x 

3Ha':leHJ1H, rroeKOJibKY Bbl Beer.n;a MO>KeTe J1eIIOJib30BaTb 3Ha':leHMe NA, M OHO 6y,n;eT 

aBTOMaTM':leeKM rrpeo6pa30BaHO B KoppeKTHbIH TMII Ha oeHOBe rrpaBJ1JI HeJIBHOro 

npMBe,n;eHJ15I TJ.1TIOB, KOTOpbie orrweaHbl .n;anee. 0,n;HaKO ey ui;eeTBYIOT HeKOTOpbre 

cpyttKIJ;MM, KOTOpbre eTporo OTHOeJITeJI K TMTiaM eBOMX BXO,D;HbIX ,n;aHHbIX, M Il03TO­

MY 3HaHMe rrepeq11eneHHbIX TMIIOB rrpwrop;11TeJI BaM, Kor.n;a eMTya~MJI noTpe6yeT 

OT Bae 6bITb 6onee TO'IHbIM. 

Ynpa>KHeHlilR 

1. OrrwllIMTe pa3JIJ1':1Me Me>K,n;y Bbrpa>KeHMJIMM is . finite ( x) 11 ! is . 

infinite (x) . 

2. ITpO':IMTaHTe MeXO,D;HbIH KO~ cpyHKIJ;MJ1 dplyr: : near () . (I1op;CKa3Ka: ,D;JI5I Toro 

':IT06bI npoeMOTpeTb MeXO,D;HbIH KO)l;, orryeTMTe ( ) IIOCJie Ha3BaHM5I ¢YHKIJ;J1J1 

rrpM BBo,n;e KOMaH,D;bl.) KaK pa6oTaeT 3Ta cpyHK~J15I? 

3. J1or11qeeKMH BeKTop MO>KeT rrpMHMMaTb Tpw B03MO>KHbIX 3Ha'leHMJI. CKOJibKO 

B03MO>KHbIX 3Ha':leHMH MO>KeT rrpMHMMaTb ri;eno'!MeJieHHbIH BeKTop? CKOJihKO 
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B03MO)KHblX 3Ha'leHI1i1 MO)KeT rrp11HJ1MaTb Bern;ecTBeHHblM BeKTop? J1ccnep;yi1Te 

3TJ1 Borrpocb1 c rroMOID;bIO Google. 

4. I1p11p;yMai1Te He Mettee '1eTb1pex cpyHK~11i1, rro3BOJIJIIOrn;11x rrpeo6pa3oBaTb Be­

rn;ecTBeHHoe 'IJ1CJIO B ~eJIO'IJ1CJieHHOe. qeM OHM OTJIM'laIOTCJI p;pyr OT p;pyra? 

Byp;bTe TO'IHbI. 

5. KaK11e cpyttK~1111 113 rraKeTa readr IT03BOJIJIIOT rrpeo6pa3oBaTb CTpoKy B nor11 -

'leCKJ1M, ~eJIO'IJ1CJieHHblM J1 Bern;ecTBeHHblM BeKTop? 

~cnonb30BaHMe aTOMapHblX BeKTOpOB 

Terrepb, Korp;a BaM y )Ke J13BeCTHbl pa3JIJ1'1Hble TMITbl aToMapHblX BeKTopoB, BaM 

He IlOMernaeT 6JIJ1)Ke I103HaKOMJ1TbC5I c HeKOTOpblMJ1 Ba)KHblMJ1 J1HCTpyMeHTaMJ1 

;:vrn pa60Tb1 c HMMM . B 3TOM pa3p;ene o6cy)Kp;aIOTCJI rnep;yIOrn;11e Borrpocb1: 

• KaK rrpeo6pa30BaTb O,D;l1H TJ1Il B p;pyroi1 J1 B KaKJ1X cnyqaJIX BbIITOJIHJieTCJI 

aBTOMaTJ1'1eCKOe rrpeo6pa30BaHJ1e TJ1ITOB; 

• KaK orrpep;en11Tb rrp11ttap;Jie)KHOCTb o6'beKTa K orrpep;eneHHOMY T11rry BeKTO­

poB; 

• 'ITO rrpo11cxop;11T, KOrp;a Bbl pa6oTaeTe c BeKTopaMJ1, J1MeIOrn;J1MJ1 pa3HYIO 

,D;JIMHy; 

• KaK rrp11CBOJ1Tb MMeHa 3JieMeHTaM BeKTopa; 

• KaK 113BJie'lb 3JieMeHTbl, rrpep;cTaBJIJIIOrn;11e MHTepec. 

Cyrn;ecTBYIOT p;Ba crroco6a rrpeo6pa30BaH11JI, 11n11 npuaeoeHuH, op;Horo BeKTOp­

ttoro T11rra B p;pyroi1. 

• 5IBttoe rrp11Bep;ett11e TMITOB rrpo11cxop;11T Torp;a, Korp;a Bbl Bbl3brnaeTe Ta­

K11e cpyHK~MM, KaK as. logical () , as . integer () , as. double () MJIM 

as. character () . Ka)K,D;bI J.1 pa3, Korp;a 11crroJib3yeTCJI JIBttoe rrpMBep;ett11e 

TJ1I10B, B rrepByIO oqepep;b CJiep;y eT rrpoBepJITb, 'IT06bI y Bae He ITOJIY'IMJICJI 

BeKTop HeBepttoro T11rra. Harrp11Mep, MO)KeT rroTpe6oBaTbC5I 11crrpaBJieHMe 

crre~Mcp11Ka~11M col_ types B rraKeTe readr. 

• HeJIBHoe rrpeo6pa30Batt11e TMITOB rrpoMcxop;MT Torp;a, Korp;a Bbl MCITOJib3yeTe 

BeKTOP B crre~McpM'IeCKOM KOHTeKCTe, 0)Kl1,D;aIOrn;eM BeKTOP orrpep;eneHHOro 

T11rra. HarrpMMep, 3TO MO)KeT rrpoMcxop;MTb Torp;a, Korp;a Bbl MCITOJib3yeTe 
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JIOf11'IeCKJtlM BeKTOp c cpyHK~Jtiei1 cyMMitipoBaH JtIJ[ qJticerr MJIJtl KOrp;a Bern;e­

CTBeHHblM BeKTOp JtlCI10Jlb3YeTCJl TaM, rp;e 0)J(J.1p;aeTCJl ~erroqJ.1cJieHHblM. 

TiocKOJlbKY JlBHOe rrpeo6pa30BaHJtie TJtlIIOB J.1CI10Jlb3YeTCJl cpaBHMTeJibHO pep;KO 

Jt1 B OCHOBHOM ero rrerKO IIOHJlTb, Mbl o6cyp;MM 3p;eCb 6orree rrop;po6HO JIJ.1lllb He­

JlBHOe rrpMBep;ettMe. 

Bb1 y)J(e 3HaKOMbl c rrpMMepaMJtI ttaM6orree Ba)J(HOro BJtip;a tteHBHoro rrpMBep;e­

HJtIH: J.1CI10Jlb30BaHJ.1e JIOfJtiqeCKOfO BeKTOpa B qJ.1CJIOBOM KOHTeKCTe. B 3TOM crrriae 

TRUE rrpeBparn;aeTrn B 1, a FALSE - B 0. 3To 03HaqaeT, qTO cyMMMpoBattMe rrorn­

qecKoro BeKTOpa p;aeT KOJIJ.1qeCTBO MCTJtlHHblX 3HaqeHJ.1M, a cpep;Hee JIOfJtiqecKoro 

BeKTopa p;aeT p;omo TaKMx 3ttaqeHMM. 

x <- sample (20 , 100 , replace = TRUE ) 
y <- x > 10 
sum (y) # CKOnbKO 4MCen, 6onblliMX 10? 
#> [l] 44 
mean (y ) # KaKoBa ~onR 4Mcen, 6onbWMX 10? 
#> [l] 0. 44 

Bo3MO)J(HO, BaM BCTpeqarrcH KOp; (cKopee Bcero, ycTapeBlllJtIM), paccqJtITaHHblM 

Ha HeJIBHOe rrpeo6pa30BaHJtie TMIIOB B o6paTHOM HarrpaBJieHMJ.1: OT ~erroqJticJieHHO­

ro TMIIa K JIOrJ.1qecKOMY. 

if (length (x) ) { 
# c~enaTb 4TO-TO 

B p;attHOM crryqae 0 rrpeo6pa3yeTrn B FALSE, a Bee ocTaJibHble 3HaqeHJtIH rrpe­

o6pa3yIOTCH B TRUE. Mb1 cqMTaeM, qTo 3TO 3aTpyp;HJieT rroHJtIMaHJtie Kop;a, JtI He 

peKoMeH,n;yeM JtICIIOJib30BaTb TaKOM rrop;xop;. BMecTo 3Toro rryqllle HBHO Bb1pa3MTb 

CBOM HaMepeHJtIH: length (x) > 0. 

O"Iettb Ba)J(HO IIOHJtIMaTb, "ITO rrpoMcxop;MT, Korp;a Bbl IIbITaeTecb co3p;aTb BeK­

Top, cop;ep)J(arn;JtIJ1 HeCKOJibKO 3Ha"IeHMM, c IIOMOill;blO cpyttK~JtlJ.1 c ( ) ) - Bepx op;ep­

)J(JtIBaeT HaM6orree CJIO)J(HblM TJtlII. 

typeof (c (TRUE , 11 )) 
#> [l] "integer " 
typeof (c (11, 1. 5)) 
#> [l] "double " 
typeof (c (1. 5, "a" )) 
#> [l] "character " 

ATOMapttblM BeKTOp He MO)J(eT cop;ep)J(aTb CMeCb HeCKOJlbKJtlX TJtlIIOB, IIOCKOJlbKY 

TJtIII - 3TO cBoi1cTBO BeKTopa B ~erroM, a tte ero oTp;errbHblX 3rreMettTOB. EcrrM BaM 
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n y)lrna CMeCb HeCKOllbKMX TMTIOB B O,D;HOM BeKTOpe, MCITOllb3YMTe CTIMCKM, K pac­

MOTpeHMIO KOTOpbIX Mbl BCKo pe nepe:H,n;eM. 

<I>yHKL\111111 nposepKlll TlllnOB 

MHor.n;a Tpe6yeTcJI BbITIOJIHJITb pa3Hbie .n;er1cTBMJI B 3aBMCMMOCTM OT nma BeK­

rnpa. 0,n;MH 113 cnoco6oB c ,n;eJiaTb 3TO - MCTIOllb30BaTb cpyHKll;J1IO typeof () . 
A pyraJI B03MO)l(HOCTb 3aKJIIOq aeTcJI B vicnOJib30BaHMM TecTOBbIX cpyHKll,l1M, B03-

Bpa111,a10111,11x 3HaqeHvie TRUE l1lll1 FALS E. Ba30Bbie naKeTbI R npe.n;ocTaBJIJIIOT pR,n; 

cpyHKll,l1M Hano.n;o611e is. vector () 11 is. atomic () , HO OHM qacTO B03Bpa111,a­

IOT HeO)l(J1,D;aHHbie pe3y TibTaT bI. B MecTo 3Toro 6e3onacHee l1CTIOJib30BaTb cpyHK-

11,1111 ceMe:ilcTBa is_* () , npe,n;o CTaBJIJieMbie naKeTOM purrr, KOTOpbie cBe,n;eHbI B 

Ta6JI. 16.2. 

Ta6n1114a 16.2 

lgl 

is logical () x 

is_ integer () 

is_ double() 

is_ numeric () 
is_ character () 

is_ atomic () 
lS list () 

is_ vector () 

x 

x 

int 

x 

x 

x 

x 

dbl 

x 
x 

x 

x 

chr 

x 
x 

x 

list 

x 
x 

,lJ;TIJI Ka)l(.n;oro npe,n;viKaTa TaK)l(e npe.n;ycMoTpeHa CKaJIRpHaR Bepc11JI Hano.n;o611e 

::.s _scalar_ atomic () , KOTopaR npoBepReT, paBHa TIM ,D;TIMHa 1. HanpviMep, 3 TO 

\10)1(eT BaM np11ro,n;J1TbC5I, e CJIJ1 Bbl XOTJ1Te npoBepMTb, 5IBJI5IeTC5I lll1 apryMeHT Ba­

w e:H cpyHKll,l1l1 O,D;MHOqHbI M JIOfMq ecKMM 3HaqeHJ1eM. 

AHaTior11'IHO TOMy, KaK npaBMJia HeJIBHoro n p 11Be,n;eH115I Tl1TIOB 06ecneq11BaIOT 

COBMeCTJ1MOCTb BeK TOpOB, R H e5IBHO npMBO,D;l1T B COOTBeTCTBJ1e ,D;lll1Hbl BeKTopoB. 

3 TOT npo11,ecc Ha3bIBae TC5I 3aU,UKJlU8aHUeM (recycling), TIOCKOllbKY 6oJiee KOpOT­

KMM BeKTop TIOBTOpReTcJI, l1lll1 3a11,11KJIJ1BaeTc5I, ,n;TIJI .n;ocT11)1(eH11JI TOM )Ke p;Til1HbI , 

'-ITO J1 6oJiee ,D;lll1HHblM. 

06bI'IHO 3TO 6oJib rue Bcero HY)l(HO B Tex rnyqaJIX, Kor.n;a cMeIIJ11BaIOTCJI BeKTO­

p bI 11 "cKaTIRpb1". TepMl1H cKa!lHpbl B35IT B KaBbrqK11, nocKOJibKY Ha caMoM .n;ene B R 

CKaJI5Ipbl He onpe.n;eneHbI : BMeCTO 3T0f0 cq11TaeTC5I, 'ITO O,D;MHOqHoe 'IMCJIO - 3TO 
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seKTop e)J;11HJ1PrnoM: )J;JIMHbI. BBtt)J;y OTCYTCTBMJI c1<anRpoB 6oJibllll1HCTBO BcTpoeH­

HhIX cpytt1<~11M: BeKmopu3oBaHo, T.e. B03)J;eMCTByeT Ha q11rnosoM: BeI<Top. MMeHHO 

I103TOMy, Harrp11Mep, pa6oTaeT CJie)J;yIO~J1M KO)J;. 

sample (lO ) + 100 
#> [1 ) 109 108 104 102 103 110 106 107 105 101 
runif (lO ) > 0 . 5 
#> [1) TRUE TRUE FALSE TRUE TRUE TRUE FALSE TRUE TRUE 
#> [10) TRUE 

B R ocHOBHbie MaTeMaT11lfec1<11e orrepa~1111 pa60Ta10T c BeKTopaM11. 3To ostta­

qaeT, lfTO rrp11 ¢opM11poBaHJ1J1 rrpocTbIX MaTeMaTJ1lfeCKJ1X BbllfJ1CJieHJ1M BaM HJ1-

KOr)J;a He rrp11)J;eTCJI JIBHO opraHJ130BbIBaTb J1Tep11poBaH11e no 3JieMeHTaM. 

B cnyqae CJIO)l(eHJ1JI )J;Byx BeKTopoB 0)1;11Ha1<osoM: )J;JIMHhI 11n11 seKTopa 11 "cKa­

JIRpa" J1HTYMTJ1BHO IIOHJITHO, lfTO )J;OJI)l(HO rrpo11cxO)J;J1Tb, HO lfTO 6y)J;eT, eCJIJ1 rro ­

IlbITaTbCJI CJIO)l(J1Tb )J;Ba BeKTOpa pa3HOM )J;JIJ1Hbl? 

1: 10 + 1 : 2 
#> [l) 2 4 4 6 6 8 8 10 10 12 

B rro)J;o6HhIX cnyqaJix R pacll111pJieT, 11n11, 1<a1< rosopRT, 3au,uK1tuBaem, T.e. MHO­

ro1<paTHO IIOBTOpJieT, KOpOTKMM BeKTOp )J;O )J;OCTJ1)l(eHJ1JI )J;JIJ1Hbl 6onee )J;lIJ1HHOro 

seKTopa. 3ToT rrpo~ecc ocy~ecTBJIJieTcJI 6es BhIBO)J;a Ka1<oro-n1160 coo6~eHMJI, sa 

J1CKJIIO'ieHJ1eM rnyqaeB, I<Or)J;a )J;JIJ1Ha 6onee )J;JIJ1HHOro BeKTOpa He JIBJIJieTCJI KpaT ­

HOM )J;JIMHe 1<opoT1<oro se1<Topa. 

1 : 10 + 1 : 3 
#> Warning in 1:10 + 1:3: 
#> longer object length is not a multiple of shorter 
#> obj ect length 
#> (1) 2 4 6 5 7 9 8 10 12 11 

HecMoTpR Ha TO lfTO sa~11KJIJ1BaH11e seKTopoB MO)l(eT 6h1Tb 3cpcpe1<TJ1BHO 11c­

IIOJih30BaHo )J;JIJI C03)J;aHJ1JI KOMIIaKTHOrO KO)J;a, 3TO qpeBaTO B03HJ1KHOBeHJ1eM 

rrpo6neM, rrp11'iMHhI KOTOpbIX 6y)J;eT TPY)J;HO 06Hapy)l(11Tb. I1o3TOMY rrp11 sa~11KJI11-

BaH1111 JII06bIX o6'beKTOB, KpoMe CI<aJIHpOB, BeKTOpl130BaHHbie ¢YHK~J1J1 6116n110-

TeK11 tidyverse reHep11py10T Oll1M6K11. Ecn11 Heo6xo)J;MMO 11crroJih30BaTb sa~MKJIMBa­

HMe, TO 3TO CJie)J;yeT C)J;eJiaTb JIBHO c IIOMO~blO ¢YHK~J1J1 rep ( ) • 

tibble (x = 1 : 4, y = 1 : 2) 
#>Error : Variables must be length 1 or 4. 
#> Problem variabl es : 'y' 

tibble (x = 1 : 4, y = rep (1: 2, 2)) 
#> # A tibbl e : 4 x 2 
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~ > x y 
#> <int> <int> 
#> 1 1 1 
#> 2 2 2 
#> 3 3 1 
#> 4 4 2 

:i.bble (x 1: 4 , y = rep ( 1 : 2, each 2)) 
#> # A tibble: 4 x 2 
J.l. > x y 
#> <int> <int> 
#> 1 1 1 
#> 2 2 1 
#> 3 3 2 
> 4 4 2 

ll1MeHOBaH111e seKTOpOB 

BeKTopaM mo6oro nma MO>KHO rrpMcBaMBaTb MMeHa. 3To MO>KHO cp;eJiaTb B 

rrpou;ecce C03p;aHM51 BeKTopa c IIOMOJJJ;bIO cpyHKIJ;MM c ( ) . 

: (x = 1, y = 2, z = 4) 
#> x y z 
#> 1 2 4 

TaK>Ke 3TO MO>KHO cp;enaTb rroCTcpaKTyM c IIOMOJJJ;bIO cpyHKIJ;MM purrr: : set_ 

:-lames () . 

set_narnes (l : 3, c ("a" , "b" , "c" ) ) 
rr > a b c 
#> 1 2 3 

11MeHOBaHHbie BeKTOpbI yp;o6Hee Bcero MCIIOJlb30BaTb p;JIR Ji13BJiecremrn 3JieMeH­

TOB BeKTopoB, o creM paccKa3aHo B cnep;yroJJJ;eM pa3p;ene. 

lf13snelleH111e ~neMeHTOB 

,lJ,o CMX rrop p;JIR cpMJibTpau;MM CTpOK tibble-cppe11Ma Mbl JiICIIOJlb30BaJIM cpyHKIJ;MIO 

dplyr: : filter () . <PyHKIJ;MR filter () pa6oTaeT TOJibKO c tibble-cppe11MaMM, 

I103TOMY p;7151 BeKTOpOB Heo6xop;MMO MCIIOJlb30BaTb HOBbIM MHCTpyMeHT, KaKOBbIM 

lIBJI51eTrn cpyttKIJ;Ji151 [ ) KOTOpa51 Bbl3bIBaeTrn rrpMMepHo rnep;yIOJJJ;MM o6pa30M: 

x [al . ,lJ,7151 yrrpaBJieHM51 Ji13BJiecreHMeM 3JieMeHTOB MO>KHO MCIIOJib30BaTb Op;Hy Ji13 

'IeTbipex rrepecrMcJieHHbIX HM>Ke CTPYKTYP· 

• qMCJIOBOM BeKTOp, cop;ep>KaJJJ;MM TOJlbKO u;eJible '!MCJia. U,eJibie '!MCJia p;OJI>K­

Hbl 6bITb JIM6o Bee rrono>KMTeJibHbie, JIM6o Bee oTpMu;aTeJibHbie, JIM6o HYJib. 
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J13BJ1eKa10Trn ::meMeHTbI BeKTopa, cooTBeTCTBYlOIIJ,Me YKa3aHHbIM rro3M1'MJIM. 

x <- c ("one " , " t wo " , " three " , " four " , "five " ) 
x [c (3, 2 , 5)] 
#> [l] "three" "two" "five" 

B p;eiicTBMTeJibHOCTM, rroBTOPJIJI HeK0Topb1e rro3M1'MM, MO>KHO rrOJI)"IMTb BbI­

xop;Hoii BeKTOp 6oJibUiei1: ,D;JIMHbl, qeM BXO,D;HOH. 

x [c (l , 1 , 5 , 5, 5 , 2 )] 
#> [1] "one" "one" "five" "five" "five" "two" 

0TpM1'aTeJibHbie 3HaqeHMJI OT6pacbIBalOT COOTBeTCTBYlOIIJ,Me :=meMeHTbl. 

x [c (- 1 , - 3 , - 5 )] 
#> [1 ] "two" " four" 

CMeUIMBaTb rro11o>K11TeJibHbie M OTPM1'aTeJibHbie 3HaqeHMJI HeJib3JI. 

x [c (l , -1 )] 

#> Error in x [ c ( 1, -1) ] : 
#> only O's may be mixed with negative subscripts 

Iloc11ep;Hee coo6IIJ,eH11e 06 OUIM6Ke yBep;oM11JieT o TOM, qTo TOJibKO HYJib MO­

>KeT cMeUIMBaTbCJI c OTPM1'aTeJihHbIMM MHp;eKcaMM. B CBOIO oqepep;b, HYJib 

B006IIJ,e He B03BpaIIJ,aeT HMKaKMX 3HaqeHMM: 

x [OJ 
#> character(O) 

3Ta B03MO>KHOCTb He 113 Tex, KOTOpbIMM ITOJib3YIOTCJI oqeHb qaCTO, HO OHa 

MO>KeT OKasaTbCJI oqeHb TIOJie3HOM, eCJIM Bbl XOTMTe C03,D;aTb Heo6b1qHbie 

CTPYKTYPhI p;aHHhIX p;JIJI TecT11poBaHMJI CBOMX cpyHK1'MM. 

• IlpM M3BJieqeHMM 3JieMeHTOB c TIOMOIIJ,blO 11or11qecKoro BeKTopa coxpaHJIIOT­

CJI Bee 3HaqeHMJI, cooTBeTCTBYlOIIJ,Me 3Ha'-leHMJIM TRUE. 3ToT crroco6 Ha1160-

11ee TIOJie3eH B coqeTaHMM c cpyHK1'MJIMM cpaBHeHMJI. 

x <- c (lO , 3, NA, 5, 8, 1, NA) 

# Bee 3HaqeHMR B x, KpOMe OTCYTCTByromMx 

x [ ! is . na ( x ) ] 
#> (1 ] 10 3 5 8 1 

# Bee qeTHb!e (MJ1M OTCYTCTBYIDmMe ! ) 3HaqeHMR B x 

x [ x %% 2 == OJ 
#> [1] 10 NA 8 NA 

• 311eMeHTbl MMeHOBaHHOfO BeKTopa MO>KHO M3BJieKaTb c TIOMOIIJ,blO CMMBOJib­

HOfO BeKTOpa. 
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x <- c (abc = 1, def 
x [c ("xyz" , "def" )] 
#> xyz def 
#> 5 2 

2, xyz 5) 

KaK Jt1 B eJJyqae u;eJJhIX qJtleeJJ, eMMBOJ1bHbIJ1 BeKTop TaK>Ke rro3Bomi:eT p;y-

6!1It1poBaTb OT)J;eJ1bHbie 3J1eMeHTbI. 

• I1poeTeJ1:IIIeJ1: 113 CTPYKTyp, yrrpaBJJR10rn;11x Jt13BJ1e'IeH11eM 3J1eMeHTOB BeKTO­

poB, RBJ1ReTCR rryeraR eTpyKTypa, x [ ) , KOTopaR B03Bparn;aeT u;eJJhIM BeKTop 

x . B rnyqae BeKTopoB oHa 6eerroJJe3Ha, HO ee MO)KHO e yerrexoM 11erroJJh-

30BaTb )J;J15I J13BJ1e'IeHJ15I 3J1eMeHTOB MaTp11u; (It1 p;pyrMX BbieOKopa3MepHbIX 

eTpyKTYP ), rroeKOJ1hKy, Harrp11Mep, e ee rroMOI.QbIO MO:>KHO Bh16paTb Bee 

eTpOKJtl Jt1J1Jt1 Bee eTOJ16D;bI, OeTaBJ15IR eOOTBeTeTBYIOilJ;J1M J1H)J;eKe rryeTbIM. K 

rrp11Mepy, eCJ1J1 x - p;ByMepHaR MaTp11u;a, TO x [ 1, } Bb1611paeT Bee eTOJ16D;bl 

rrepBOM eTpOKJ1, a x [ ' -1) - Bee eTpOKJtl J1 Bee eTOJ16u;bl, 3a J1eKJ1IO'IeHJ1eM 

rrepBoro. 

I1op;po6Hee 06 J13BJ1e'IeHJ1J1 3J1eMeHTOB pa3J1Jt1'IHbIX o6'beKTOB MO)KHO rrpO'IJ1 -

TaTb B rnaBe "Subsetting" KHMrn Advanced R. 

Cyrn;eeTByeT Ba)KHOe B11p;o113MeHeH11e ¢YHKD;J1Jt1 [ : cpyHKD;MR [ [ . 3Ta cpyHKD;MR 

B03Bparn;aeT JJMIIIb op;11H 3J1eMeHT 11 Beerp;a oT6paebrnaeT MMeHa. Otta OTJ1J1'IHO 

rrop;xop;MT )J;J1R Tex eJJyqaeB, Korp;a Bbl XOTMTe ReHO yKa3aTb, 'ITO l13BJ1eKaeTe op;M ­

HO'IHbIH 3J1eMeHT, KaK, Harrp11Mep, B u;11KJie for. Pa3J1M'IMe Me>Kp;y cpyttKD;Jt1RMJt1 [ Jt1 

[ [ MrpaeT O'IeHb Ba)KHYIO pO!Ib B errMeKax, K paeeMOTpeHJtllO KOTOpbIX Mbl eeJ1:qae 

rrepeM.p;eM. 

Ynpa>KHeH 111J1 

1. qTO roBopMT pe3yJ1bTaT BbIIIOJIHeHJtlR cpyHKD;l1Jt1 mean (is. na (x) ) 0 BeKTope 

x ? A 'ITO HaeqeT cpyttKD;Jt1Jt1 sum (!is. finite (x) ) ? 

2. BttMMaTeJJbHO rrpo'IMTaJ1:Te p;oKy MeHTau;M10 no cpyHKD;Jt1Jt1 is. vector () . qTo 

OHa cpaKTM'IeeKM TeeTMpyeT? I1o'IeMy cpyHKD;JtlR is . atomic () He eornaeyeTrn 

e rrpit1Bep;eHHbIM BbIIIIe orrpep;eJJeHJtleM aTOMapHbIX BeKTopoB? 

3. CpaBHMTe ¢YHKD;Jt1Jt1 setNames () Jt1 purrr: : set_ names () . 

4. Co3p;aJ1:Te cpyHKD;Jt1Jt1, KOTOpbie rrpMHJtlMaIOT BeKTOp B KaqeeTBe BXOp;Horo 3Ha­

'IeHJ15I, Jt1 B03Bparn;aIOT: 

a) rrornep;Hee 3Ha'IeHMe (KaKyIO cpyHKD;MIO rnep;yeT Jt1CIIOJ1b30BaTb: [ MJJM [ [ ?) ; 

6) 3J1eMeHTbI, 3aHJt1MaIOrn;Jt1e 'IeTHbie I103l1D;l1Jt1; 
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B) Bee 3JieMeHTbI, 3a MCKJIIO':leHMeM nocnep;Hero 3HatJeHM.fl; 

r) TOJibKO tJeTHhre ':IMCJia ( oTcyTCTBYIOIQMe 3HatJeHM.fl He p;omKHbI BKJIIO':laTbC.fl). 

5. IlotJeMy x [-which (x > 0)] He TO )Ke caMoe, ':ITO x [x <= 0] ? 

6. qTO npOI130M,D;eT npM nonbITKe !13BJie':leH!151 3JieMeHTOB c nOMOIQbIO nOJIO)K!1-

TeJibHOfO ':IMCJia, npeBbIIIIaIOIQero ,D;JIMHY BeKTOpa? qTO npOI130M,D;eT npM no­

nbITKe !13BJie':leH!151 3JieMeHTa c HecyIQeCTBYIOIQMM MMeHeM? 

PeKypcMBHble eeKtopb1 (cnMCKM) 
Cn11cK11 - 3TO rnep;yIOIQa.fl no CJIO)KHOCTM cTyneHb no cpasHeHMIO c aToMap­

HbIMM BeKTOpaMM, nOCKOJibKY OHM MOryT cop;ep)KaTb p;pyr11e cn!1CKI1. Enarop;ap51 

3TOMY cnMCKI1 O':leHb yp;o6Hbl ,D;JI.fl npep;CTaBJieH!151 11epapx11qeCKI1X !171!1 p;peBOBM,D;­

HbIX CTPYKTYP· CnMCKM co3p;aIOTCJI c noMOIQbIO ¢YHKQI1!1 list () . 

x <- list (1, 2, 3) 
x 
#> [ [l] J 

#> (1) 1 
#> 
#> [ [2]] 
#> [l) 2 
#> 
#> [ [3]) 
#> [1) 3 

BecbMa yp;o6HbIM MHCTpyMeHTOM ,D;JIJI pa6oTbI co cn11cKaMM .flBJI.fleTCJI cpyHKQM.fl 

str () , KOTopaR cpoKyrnpyeTCJI Ha CTPYKType, a He Ha cop;ep)KMMOM. 

str (x) 
#> List of 3 
#> $ num 1 
#> $ num 2 
#> $ num 3 

x_named <- list (a 1 , b 2 , c 3 ) 
..,tr (x_named ) 
#> List of 3 
#> $ a: num 1 
#> $ b : num 2 
#> $ c : num 3 

B OTJIM':IMe OT aToMapHbIX seKTopos cpyHKQM.fl list () MO)KeT cop;ep)KaTb cMeCb 

o6'heKTOB. 
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y <- lis<: ("a" , l L, 1. 5, TRUE ) 
::-:r: ( y ) 
=> List of 4 
=> $ chr "a" 
=> $ int 1 
=> $ num 1. 5 
=> $ logi TRUE 

CmteKM MoryT p;a)Ke cop;ep)KaTh .n;pyrMe cnMCKM! 

= <- ::.ist (list ( l , 2 ) , list (3, 4 )) 
s-:r (z ) 
=> List of 2 
=> $ :List of 2 
=> .. $ : num 1 
=> .. $ : num 2 
=> $ :List of 2 
£> . . $ num 3 
=> .. $ : num 4 

,1];7151 o6'h51CHeHM51 pa6oTbl 6onee CJIO)KHbIX ¢yttK~Mi1, MaHMTIYlIMPYIO~MX CTIM­

CKaMM, y.n;o6tto MCTI07Ib30BaTb BM3yanbttoe npep;CTaBnettMe. Bo3bMeM, ttanpMMep, 

rnep;y10~Me TPM cnMcKa (pMc. 16.2). 

xl <- ::.ist (c. ( l , 2 ) , c (3, 4)) 
x2 < - list ( list ( 1, 2 ) , :;_ i ~ :: ( 3 , 4 ) ) 
x3 <- lis-: (1, lis:: (2 , :'..i_st (3))) 

Mb1 npep;cTaBJI51eM MX rnep;y10~MM o6pa30M. 

xl 

m m 
x2 

Puc. 16.2 

x3 

3TO npep;CTaBJieHMe MHTepnpeTMpyeTC51 B COOTBeTCTBMM co CJiep;yIO~MMM npa­

BMJiaMM. 
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• CmtcKaM cooTBeTCTBYIOT rrpHMoyroJibHMKM co cKpyrneHHhIMM yrnaMM. 

B rrpHMoyroJihHMKax, cooTBeTCTBy10rn;11x aToMapHbIM BeKTopaM, yrnhI He 

CKpyrneHbI. 

• ,IJ;oqepHMe 3JieMeHTbI OTo6pa>KaIOTC5I B p0,Il;J1TeJibCKJ1X J1 MMeIOT HeCKOJibKO 

6oJiee TeMHhIM cpoH, rro,r:i;qepKMBa10rn;11M: CTPYKTYPHYIO 11epapx1110. 

• Op11eHrnu;1rn ,r:i;oqepHMX 3JieMeHTOB (T.e. cTpoK 11 cToJI6u;oB) He MMeeT 3Ha­

qeHMH, II03TOMY Mbl Bb1611paeM ee TaKOM, q To6bI Jrn6o C3KOHOMJ1Tb MeCTO 

Ha p11cyHKe, JIJ16o Hal1JIYqllIJ1M o6pa30M rrpoMJIJIIOCTpMpoBaTb Ba>KHOe 

CBOMCTBO. 

EcTh TPM crroco6a l13BJieqeHMH 3JieMeHTOB crr11cKa, KOTopb1e MhI rrpo11JIJIIOCTp11 -

pyeM Ha rrpMMepe CIIJ1CKa a . 

a <- list (a = 1 : 3 , b = "a string" , c = pi , d = list (-1 , -5 )) 

• [ - J13BJieKaeT rro,r:i;q11HeHHhIM crr11coK. Pe3yJihTaT Bcer,r:i;a HBJIHeTCH crrMCKOM. 

str (a [ l : 2 ]) 
#> List of 2 
#> $ a: int [1:3] 1 2 3 
#> $ b: chr "a string" 
str (a [4 ]) 
#> List of 1 
#> $ d:List of 2 
#> .. $ : num - 1 
#> .. $ : num - 5 

KaK 11 B cJiyqae BeKTopoB, l13BJieqeH11e 3JieMeHTOB crr11cKa MO>KeT ocyrn;ecT­

BJIHThCH c IIOMOI_QbIO JIOrMqecKoro, u;eJioq11cJieHHOfO J1JIJ1 CMMBOJibHOfO BeK­

Topa. 

• [ [ - J13BJieKaeT O,Il;MHOqHbIM KOMIIOHeHT CIIMCKa. 3Ta cpyHKIJJ15l y,r:i;aJIHeT 

0,Il;J1H ypoBeHh 11epapx1111 J13 CIIMCKa. 

str (y [[ l ]]) 
#> chr "a" 
str (y ([ 4 ]]) 
#> logi TRUE 

• $ - coKparn;eHMe ,IJ;JIH J13BJieqeHMH MMeHOBaHHhIX 3JieMeHTOB crr11cKa. Pa6o­

TaeT aHaJIOfJ1qHo cpyHKIJl1l1 [ [, HO He Tpe6yeT J1CIIOJlb30BaHJ15I KaBbJqeK. 
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a$a 
#> [ 1] 1 2 3 
a [ [ "a" ]] 
#> [1] 1 2 3 

B cnyqae cnMCKOB pa3nwrne Me)K,n;y ¢YHKQJt151MM [ Jt1 [ [ MrpaeT ,n;eH:cTBMTeJibHO 

Ba:>I<HYIO pOJib, TIOCKOJibKY ¢ YHKQJt151 [ [ npOHMKaeT B CTIJt1COK, Tor,n;a KaK ¢YHKQJt151 

'. B03Bpa~aeT HOBbIM CTIJt1COK MeHbIIIero pa3Mepa. I1pep;b1,n;y~MM KO)]; Jt1 ero BbIBO)J; 

npoMJIJIIOCTpMpOBaHbl Ha pMc. 16.3. 

a a [1: 2] a[4] 

I 1 I 2 I 3 I I 1 I 2 I 3 I 
I "a string." I I "a string" I 
13.1415251 

[EJ~] [EJ~J 

a[[4J] a[[4]][1] a[[4JJ[[l]J 

[D~J [[] G 
Puc. 16.3 

CmncoK cne4111171 

Pa3nwrne Me)K,n;y [ Jt1 [ [ O'IeHb Ba)KHO, HO B HeM nerKo 3anyTaTbC5I. lfro6b1 no­

MO':lb BaM B 3TOM pa3o6paTbC51, TI03BOJibTe npo,n;eMOHCTpMpoBaTb BaM Heo6bI':IHYIO 

nepe':IHMQY (pMc. 16.4). 

EcJIJt1 yno,n;o6Jt1Tb Balli CTIMCOK x 3TOM nepe':IHJt1Qe, TO x [ l] - 3TO nepe'IHJt1Qa, 

co,n;ep)Ka~a51 o,n;MH naKeTMK nepQa (pMc. 16.5). 

3JieMeHT x [ 2] 6y,n;eT BbirJI51)J;eTb TO':IHO TaK )Ke, HO 6y,n;eT co,n;ep)KaTb BTOpoH: 

na1<eT. 
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Puc. 16.4 Puc. 16.5 

Bb1pa)KeHJ11e x [ 1 : 2] 6y,n;eT rrpe,n;cTaB1rnTb rrepe'-IH11u;y, co,n;ep)Kaiu;y10 ,n;Ba rraKe­

Ta rrepu;a. 

Pe3yJihTaT Bbipa)KeH11.R: x [ [ l] ] rrpe,n;cTaBJieH Ha p11c. 16.6. 

Puc. 16.6 

Ern.11 xoT.11Te rrony'-I11Th co,n;ep)KMMoe rraKeTa, BaM tty)KeH 3JieMeHT x [ [ l] ] 

[ [l]] (p.11c. 16.7). 
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. . , • 

• .. 
• 

Puc. 16.7 

Ynpa>KHeHlllR 

1. HapMcyillTe rpaqmqeCKOe rrpep;CTaBJieHMe CIIMCKOB KaK BJIO)KeHHbIX Ha6op oB: 

a) list (a , b, list (c, d), list (e , fl) 

6) list(list(list(list(list(list(a) ))))) 

2. qTO rrpo1i130Jilp;eT, eCJIM Bbl IIOilbITaeTeCb "13BJieKaTb KOMIIOHeHTbI tib b l e­

cppeillMa TaK, KaK eCJIM 6br 3 TO 6bIJI CIIMCOK? 

3. B tfeM 3aKJII01IaIOTCR OCHOBHbie pa3JIJt11IJt1JI Me)Kp;y CIIMCKOM "1 tibble-cppeillMOM? 

ArpH6yrb1 
JI1060Ill BeKTOp MO)KeT cop;ep )KaTb rrp0"13BOJibHbi e p;OIIOJIHMTeJibHbie MeTap;aH­

Hbie, KOTOpbre xpaHJITCJI B aTp1i16y Tax. Mo)KeTe paccMaTpMBaTb aTpM6yTbI KaK 

l1MeHOBaHHbie CIIJt1CK"1 BeKTOpOB, KOTOpbre MoryT rrp1i1coep;1t1HJITbCJI K rr1060My 

o 6'beKTy . 3tta11eH"1JI OTp;ellbHbIX aTp1i16y TOB MO)KHO rrorry11aTb "1 y CTaHaBJIMBaTb c 

IIOMOI.QbIO cpyHKJ..\"1"1 attr () "1JI"1 rrpocMaTpMBaTb Bee cpa3y c IIOMOI.QbIO cpyttKJ..\"1"1 

attributes () . 
x <- 1: 10 
=:tr (x , "npMBeTCTBHe 11

) 

:! > NULL 
=:tr (x , 11 npMBeTCTBMe 11

) <- 11 ilpMBeT ! 11 

3.:tr (x , "npoI11aHMe 11
) <- 11 CTo!<a. 11 

'"':tribu.i:es (x ) 
=> $greet i ng 
=> [ 1 J 11 ITp1t1BeT ! 11 

=> 
=> $f arewel l 
=> [1) 11 IT0Ka ! 11 
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Cy~eeTByroT TPM o<JeHb Ba)I(HbIX aTp116yTa, KOTOpbre 11erroJibsy10Trn p;JIJI pea­

JI11sa~1111 cpyHp;aMeHTaJibHbIX rroHJITMH R: 

• UMeHa t1eIIOJib3YIOTeJI ,IIJIJI MMeHOBaHMJI 3JieMeHTOB BeKTopa; 

• pa3MepHocmu 06eerre•rnBa10T rroBep;eH11e BeKTop a KaK MaTpM~bI 11JI11 Maee11Ba; 

• KltaCCbl t1eIIOJib3YIOTeJI ,I(JIJI peaJit13a~t1t1 0 6 'beKTHO-op11eHTMpoBaHHOH e11-

eTeMbI S3. 

,IJ;o 3TOro Bbl y)I(e eTaJIKMBaJIMeb e MMeHaMM, II03TOM Y MbI He 6yp;eM MX sp;eeb 

paeeMaTpt1BaTb, a BMeeTe e Hl1Ml1 t1 pasMepHoeTM, rro eKOJibKY He 11errOJib3yeM 

MaTpM~bI B 3TOI1 KH11re. OeTaeTeJI orr11eaTh Jit1lllb KJiaeebI, KOTOpbre yrrpaBJIJIIOT 

pa6oTol1 0606ui,rnHb1x ifJYHKu,uu. I1ornep;H11e rny)I(aT KJIIO'IOM K rroH11M aH1110 06'b­

eKTHo-op11eHT11poBaHHoro rrporpaMM11poBaH11JI B R, rroeKOJibKY 06eerre<J11Ba10T 

pa3Jit1'IHOe IIOBep;eH11e ,I(JIJI pa3Jil1'1HbIX KJiaeeoB BX O,IIHbIX p;aHHbIX. ,IJ;eTaJibHOe 

06ey)I(p;eH11e 06'beKTHO-op11eHTl1pOBaHHOfO rrp o r paMMt1poBaHMJI BbIXO,Ilt1T sa 

paMKM p;aHHOH KHJ1ft1, HO 6oJiee rrop;po6Ho 06 3TOM M O)I(HO rrpO'IMTaTb B KHt1re 

Advanced R. 

T11rr11'1HaJI o6o6~eHHaJI cpyttK~l1JI BbirJIJI,I111T rrp11Meptto TaK. 

as.Date 
#> funct i on (x , ... ) 
#> UseMethod( "as .Date " ) 
#> <byt ecode: Ox7 fa 6le0590d8> 
#> <environment : namespace :base> 

BbI30B "UseMethod" osHa<JaeT, 'ITO 3TO o6o6~eHHaJI cpyHK~11JI 11 'ITO oHa 6yp;eT 

BbI3bIBaTb orrpep;eJieHHbIH Memoo, T.e. cpyHK~l1IO , B 3aBt1et1MOeTl1 OT KJiaeea rrepBo­

r o apryMeHTa. (Bee MeTO,IlbI JIBJIJllOTC.R: cpyttK~l1JIM11, HO He Bee cpyHK~l111 JIBJIJllOTC.R: 

MeTop;aM11.) Crr11eoK Beex MeTop;oB o6o6~eHHoi1 cpyHK~1111 MO)I(HO IIOJiy<J11Tb e rro­

MO~bIO cpyHK~l111 methods () . 

me~hods ( "as.Date" ) 

#> [l ] as. Date . cha racte r as. Date.dat e as . Date. date s 
#> [4] as . Da t e.default as.Date.fact or as .Date . numeri c 
#> [7] as .Date . POS IXct as.Date.POSIXl t 
#> s ee ' ?met hods' f or access i ng he l p and source code 

Harrp11Mep, ern11 x - e11MBOJibHbii1: BeKTop, TO as. Date () BbI30BeT cpyttK­

~1110 as. Date. character () ; eem1 )I(e 3TO cpa KTop, TO 6yp;eT BbI3Batta cpyHK~t1JI 

as.Date.factor() . 

KoHKpeTHYIO peaJI11sa~1110 M eTop;a MO)l(HO yB11p;eTb e rroMO~bIO cpyHK~1111 

getS3rnethod () . 
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getS3metnod ("as . Date " , "default:" ) 
#> function (x , ... ) 
#> { 
#> if (i nherits (x , "Dat e" )) 
#> return(x) 
#> if (is.logical(x) && all(is.na(x))) 
#> return(structure(as .numeric (x) , class= "Date")) 
#> stop ( 
#> gettextf("do not know how to convert ' %s' to class %s ", 
#> deparse (substitute (x)) , dQuote( "Date" )) , domain= NA) 
#> 
#> <bytecode : Ox7fa61dd47e78> 
#> <environment : namespace:base> 

::retS3met:hod ("as. Date" , "numeric" ) 
rr > function (x , origin, ... ) 
~ > { 
~> if (missing(origin)) 
..'.> stop("'origin' must be supplied" ) 
~> as. Date (origin , ... ) + x 

=> 
~> <bytecode: Ox7fa6ldd463b8> 
~> <environment: namespace:base> 

HaM6onee Ba:>KHaR 113 o6o6w,eHHhIX cpyttKu;MM: S3 - print () : otta yrrpaBJIReT 

TeM, KaK o6oeKT BbIBO,Il,MTCR Ha rre'IaTb, KOr,IJ,a Bbl BBO,Il,MTe ero MMR B KOHCOJIM. 

K 'IMCJIY ,!1,pyrnx Ba:>KHbIX o6o6w,eHHbIX cpyHKIJ;MM OTHOCRTCR cpyHKIJ;MM M3BJieqe­

mrn 3JieMeHTOB [, [ [ M $. 

PacwMpeHHble eeKropb1 
ATOMapHbie BeKTOpbI M CITMCKM BbICTyrraIOT B Ka'IeCTBe CTpOMTeJihHbIX K1t1prr1t1 -

'fMKOB ,IJ,JIR ,I1,pyr1t1x BeKTOpttbIX TMITOB, TaKMX KaK cpaKTOpbI M ,IJ,aTbI. MbI Ha3bIBa­

eM MX pacutupeHHlJLMU BeKmopaMU, ITOCKOJibKY OHM JIBJIJIIOTCJI BeKTopaMM c ,IJ,0-

IIOJIHMTeJibHbIMM aTpM6yTaMM, BKJIIO'IaJI KJiacc. B CBJI3M c TeM 'ITO pacurnpeHHbie 

BeKTOpbI MMeIOT KJiacc, OHM Be,IJ,yT ce6JI MHa'Ie no cpaBHeHMIO c aTOMapttbIMM BeK­

ropaMM, ITOBepx KOTOpbIX OHM CTpOHTCJI. B 3TOM KHMre Mbl MCITOJib3YeM 'IeTbipe 

Ba:>KHbIX pacurnpeHHbIX BeKTOpa: 

• cpaKTOpbI; 

• o6oeKTbl ,IJ,aTbI/BpeMeHH J1 ,IJ,aTbI; 

• tibble- ¢pel1MhI. 

Bee OHH orr11caHhI HM:>Ke. 
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<J>aKTOpbl 

<DaKTOpbI rrpep;Ha3Ha<JeHbI p;mr rrpep;CTaBJ1emrn KaTerop11anhHhIX p;aHHhIX, KO­

TOph1e MoryT rrp11HJ1MaTb pRp; 1>11Kc11poBaHHbIX B03MO)l(HbIX 3Ha<JeHJ1M. <DaKTOpbl 

C03p;aIOTCR IIOBepx u;eJiblX 'IMCeJI 11 MMeIOT aTp116yT levels. 

x <- factor (c ("ab" , "cd" , "ab" ) , levels = c ("ab" , "cd" , "ef" )) 
typeof (x ) 
#> [l] " integer" 
attributes (x ) 
#> $level s 
#> [1] "ab" "cd" "ef " 
#> 
#> $class 
#> [1] "factor" 

B R o6'beKTbI p;aTbI - 3To <JMCJIOBbie BeKTOpbI, KOTOpb1e rrpep;CTaBJIRIOT KOJIM ­

qecTBO p;HeM, MCTeKUIMX c 1 RHBapR 1970 rop;a. 

x <- as.Date ("1 971-01-01 " ) 
unclass (x ) 
#> [1] 365 

typeof (x ) 
#> [1] "double " 
attributes (x ) 
#> $class 
#> [1 ] "Date" 

06'beKTbI p;aTbI/BpeMeH11 - 3TO <IMCJIOBbie BeKTOpb1 c KJiaccoM POSIXct, KOTO­

pb1e rrpep;CTaBJIRIOT KOJIM<JeCTBO ceKyHp;, MCTeKUIMX c 1 RHBapR 1970 rop;a. (Ern11 

BaM MHTeperno, "POSIXct" - 3TO c0Kpa~ett11e OT "Portable Operating System 

Interface calendar time" - Kanettp;apttoe BpeMR, cooTBeTCTBYIO~ee CTaHp;apTy 

POSIX.) 

x <- lubridate : : ymd_hm ("1 970-01 - 01 01 : 00 " ) 
unclass (x ) 
#> [ l] 3600 
#> attr( ," tzone") 
#> [1] " UTC " 
typeof (x ) 
#> [1] "double" 
attributes (x ) 
#> $tzone 
#> [1] " UTC " 
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#> 
#> $class 
#> [l] "POSIXct" "POSIXt" 

ATpM6yT tzone - Heo6R3aTeJibHbn1:. OH ynpaBJIReT cnoco6oM Bhrno,n;a BpeMe­

HM Ha ne'faTb, a He a6comoTHbIM BpeMeHeM, Ha 'ITO yKa3bIBaeT ero Ha3BaHMe. 

aLtr (x, "tzone " ) <- "US/Pacific" 
x 
#> [l] "1969- 12- 31 17:00:00 PST" 

attr (x , "tzone " ) <- "US/Eastern" 
x 
#> [l] "1969- 12- 31 20:00:00 EST" 

Cy~eCTByeT ,n;pyroM: TMTI o6'heKTOB p;aTbI/BpeMeHM, KOTOpb1J1: Ha3bIBaeTcR 

POS IXl t . 3TM o6'beKTbl C03,D;alOTCR Ha OCHOBe J1MeHoBaHHbIX CTIMCKOB. 

y <- as.POSIXlt (x ) 
:.ypeof (y) 
#> [l] "list" 
attributes (y) 
#> $names 
#> [l ] "sec" "min" 
#> [7] "wday" "yday" 
#> 
#> $class 

"hour" 
"isdst" 

#> [l] "POSIXlt" "POSIXt" 
#> 
#> $tzone 
#> [l] "US / Eastern" "EST" 

"mday" 
"zone" 

"EDT" 

"men " "year" 
"gmtoff" 

B 6M6m10TeKe tidyverse o6'heKThI POSIXl t MCTIOJib3YIOTrn JIMillh B pe,n;KMX rny­

'faRx. Mx MO)l(HO HaMTM B 6a30BbIX naKeTax R, noTOMY 'ITO OHM HY)l(HbI ,JJ;JIR M3-

BJie'feHMR TaKMX KOHKpeTHblX KOMTIOHeHTOB ,n;aTbl, KaK ro,n; MJIJ1 MeCRI.~. TiocKOJlbKY 

naKeT lubridate npe,n;OCTaBJIReT ,JJ;JIR 9TOro BCTIOMoraTeJibHbie cpyHKQMM, o6'beKTbl 

POSIXl t BaM He HY)l(Hbl. C o6'beKTaMJ/I POSIXct pa6oTaTb Bcer,n;a Jier'fe, M no-

9TOMy, ecJIM Bbl o6Hapy)l(MTe, 'ITO y Bae MMeIOTrn o6'heKTbI POS IXl t , Bcer,n;a npe­

o6pa30BhIBaJ1:Te MX B o6hI'fHbie o6'beKTbl p;aTbI/BpeMeHM c TIOMO~blO cpyHKQMJ!I 

lubridate::as_date_time () . 

Tibble-<f>pe171Mbl 
Tibble-cppel1MbI - 9TO pacllIMpeHHbie cnMCKM. OHM MMeIOT TPM KJiacca, tbl _ 

df, tbl M data. frame, a TaK)l(e ,n;Ba aTpM6yTa: names (MMeHa CTOJI6QoB) M row. 
names (MMeHa cTpoK). 
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tb <- tibble : : tibbJe (x 
,~eo"- ( tb ) 

#> [l] "list " 
at•ributes (tb ) 
#> $names 
#> [l] "x" "y" 
#> 
#> $class 
#> [l] "tb l df " 
#> 
#> $row . names 
#> [l] 1 2 3 4 5 

1 : 5 , y 5 : 1 ) 

"tbl " "data.frame " 

Tpap;m.1,MOHHbIM TMII data. frame MMeeT attanorw-rny10 CTPYKTYPY· 

df <- data.frame (x = 1 : 5, y = 5 : 1 ) 
t /P of (df ) 
#> [l] "list " 
lLri..bt>s (df ) 
#> $names 
#> [l ] "x " "y" 
#> 
#> $row .names 
#> [l ] 1 2 3 4 5 
#> 
#> $class 
#> [l] "da ta . frame " 

OcttOBHbIM OTJIMqMeM RBmreTrn KJiacc. Knacc tibble-cppel1MOB BKJI10qaeT "data. 

frame;' a 3To 03HaY:aeT, qrn tibble-cppel1MbI ttarnep;y10T rroBep;ettMe ofa1qttbIX cppel1-

MOB p;aHHbIX no yMoJiqaHMIO. 

Pa3JIMY:Me Me>Kp;y tibble-cppel1MoM MJIM cppel1MoM p;aHHbIX M crrMCKOM 3aKJIIO­

qaeTrn B TOM, qTO Bee 3JieMeHTbl tibble-cppel1Ma Jl(JIJI( cppel1Ma p;aHHbIX ,ll;OJI)KHbl 

6bITb BeKTopaMM O,ll;MHaKOBOM ,ll;JIJl(Hbl. Bee cpyHKIJ,Jl(JI(, KOTOpbie pa6oTalOT c tibble­

cppel1MaMJI(, yCTaHaBmrnaIOT 3TO orpattMqeHMe. 

Ynpa>1<HeH111.R 
1. q TO B03BpaIIJ,aeT cpyHKIJ,MJI hms : : hms ( 3 6 0 0) ? KaK B03BpaIIJ,aeMoe 3HaqeHMe 

BbIB0,ll;Jl(TC5I Ha rreqaTb? floBepx KaKoro rrpMMJl(TJl(BHOro TJ1Ila CTpOMTC5I pacurn­

peHHbIM BeKTop? KaKMe aTpM6yTbI OH 11crroJib3yeT? 

2. ITorrbITaMTeCb C03p;aTb tibble-cppel1M, CTOJI6IJ,bl KOTOporo MMelOT pa3HYIO ,ll;JIJl(­

HY. qTO rrpM 3TOM rrpo1130J1:p;eT? 

3. Mcxop;R M3 rrpMBep;ettHoro paHee orrpep;eJieHM51, Mo>KeT JIM cTon6e1.1, tibble­

cppel1Ma 6bITb CilMCKOM? 
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rnABA 17 

MtepMposaHMe c noMO°'blO 
naKeTa purrr 

B rnaBe 15 06cy)I(,n,anrn Borrpoc o TOM, HaCKOJibKO Ba)I(HO yMeHblliaTh ,n,y6m1po­

Bam1Ie KO,D,a, C03,D,aBaJI tPYHKIJ;J1J1 BMeCTO Toro, qTo6bI 3aHI!lMaTbCJI KorrnpoBaHJ!leM 

M BCTaBKOM Ko,n,a. CHM)I(eH11e ,n,y6nMpoBaHMJI Kop,a o6ecrreqJ!IBaeT TPI!l ocHOBHblX 

rrpeMMyI.QecTBa. 

• ITpocJie,D,JilTb HaMepeHJ!IJI aBTOpa B TaKOM KO,D,e ropas,n,o Jierqe, IIOCKOJibKY 

BHI!lMaHI!le KOH.QeHTpI!lpyeTCH Ha co,n,ep)I(aTeJibHOM KO,D,e, a He Ha ero IIOBTO­

p5IIOIQ11XCJI yqacTKax. 

• BHOCJ!ITb IilCrrpaBJieHJ!IJI B TaKOM KO,n; B cnyqae Iil3MeHeHJ!l5I Tpe6oBaHJ!IM K 

HeMy cTaHOBMTCJI ropas,n,o nerqe. BMecTo Toro qTo6hr ,n,ep)I(aTb B yMe Bee 

MHOrOqJ!ICJieHHble MeCTa rrporpaMMbI, B KOTOpbie 6bIJI BCTaBJieH CKOIII!lpO ­

BaHHbI M KO,lJ,, ,lJ,OCTaTOqHO BHeCTJ!l Jil3MeHeHJ!l5I TOJibKO B O,lJ,HOM MeCTe. 

• 9To o6JierqaeT ycTpaHeHJ!le OI111160K, KOTOpbie B rrpOTJ!IBHOM rnyqae MOflIJ!l 

6b1 pacrrpocTpaHI!lTbCJI BO MHOrI!le yqacTKI!l rrporpaMMbI. 

0,D,HJ!IM Jil3 pellieHJ!IM rrpo6JieMbI ,n,y6nI!lpOBaHJ!l5I KO,D,a JIBJIJIIOTCH tPYHKIJ;IilJ!l, KO ­

TOpbie o6oco6JIJIIOT IIOBTOpmOIQI!leCH ¢parMeHTbI KO,D,a Jil rrpeBpaI.QaIOT J!IX B Hesa­

BJ!ICJ!IMbie rrporpaMMHbie e,D,11HJ!IIJ;bl, o6nerqaIOIQI!le MHOrOKpaTHOe JilCIIOJib30BaHJ!le 

KO,D,a Jil ero o6HOBJieHI!le. )J;pyrMM cpe,D,CTBOM, CHJ!l)I(aIOIQJ!IM IIOBTOpJieMOCTb KO,D,a, 

JIBJIJIIOTCJI umepatAiUU, II03BOJIJIIOIQ11e BbIIIOJIHJITb O,D,HI!l Jil Te )Ke ,n,eMCTBJ!IJI ITO OT­

HOllieHJ!IIO K pa3JIJ!lqttbIM BXO,D,HbIM ,n,aHttbIM, ttarrpMMep BbIIIOJIHJITb o,n,tty 11 TY )Ke 

orrepau;MIO Hap, pasJIJ!lqHbIM11 cTon6u;aMI!l MJII!l tta6opaMI!l p,aHHbIX. B 3TOM rnaBe Bbl 

II03HaKOMJ!ITeCb c ,D,BYMJI Ba)I(HbIMJ!l rrapap,I!lrMaMJ1 J1Tep11poBaHJ15I: IilMIIepaTJ!IBHbIM 



rrporpaMM11poBa:rt11eM 11 cpyttKu;11ottaJibHbIM rrp o r paMM11poBaH11eM. B 11MrrepaT11B­

HOM rrporpaMMI1pOBaHI1I1 JtIMelOTCH TaKJtie I1HCTp yMeHTbl, KaK D;JtIKJibl for I1 while, 

c KOTOp bIX y,n;o6Ho HaqJtIHaTb, llOCKOJibKY I1Tepau;1111 B HI1X rrpe,n;CTaBJIHIOTCH HBHbIM 

o6pasoM, ,n;enaH oqeB11,n;HbIM CMbICJI Toro, q To rrpo11cxo,n;11T B Ko,n;e. Ho rrp11 3TOM 

D;JtIKJibl for rrp11xo,n;11TCH Olll1CbIBaTb ,n;oCTaTo qHo rro,n;po6Ho, I1CllOJib3YH ,Il;OBOJib­

HO 6oJiblllOM o6oeM BCITOMOraTeJibHOfO KO,n;a , KOTOpblM llOBTOpHeTCH ,Il;JIH Ka)l<,n;O­

ro u;11Kna. <t>yttKu;110HaJibHOe rrporpaMM11poBatt11e rrpe,n;naraeT cpe,n;cTBa 11sonHu;1111 

3TOro IIOBTOpHIOID;erocH Ko,n;a, TaK qTo Ka)l<,Il;bl M IUa6JIOH 06b1qHoro D;JtIKJia for rro­

nyqaeT co6cTBeHHYIO cpyHKD;JtIIO. KaK TOJibKO Bbl OCB OJtITe KOHu;erru;1110 cpyHKD;JtIO­

HaJibHOro rrporpaMM11poBaH11H, BaM 6y,n;eT rop as,n;o rrpoiu;e peIUaTb MHorne 11Tepa­

u;110HHbie sa,n;aq11, rrp11qeM c MeHbIUeM BepoHTH OCTblO COBepIUeHJtIH OIUI160K. 

Heo6XOA111Mble pecypcb1 

Dorne Toro KaK Bbl 11syq11Te u;11KJibI for, rrpe,n;o cTaBJIHeMbie 6asoBbIMI1 rraKeTa­

MM R, Bbl rrosHaKOMMTecb c HecKOJibKMMM MOID;H bIMM rrporpaMMHbIMM 11HcTpyMeH­

TaM11, rrpe,n;naraeMblMI1 rraKeTOM purrr, KOTOpblM HBJIHeTCH qaCTblO H,n;pa fo16n110-

TeKI1 tidyverse. 

library (tidyverse ) 

Tipe,n;rroJIO)l<MM, 11MeeTCH rne,n;y10iu;11M: rrpo cToJ.1 tibble-cpp eM:M. 

df <- tibble ( 
a rnorm (lO ) , 
b rnorm (lO ) , 
c = rnorm (lO ) , 
d rnor1" (10 ) 

Mb! XOTI1M BblqJtICJII1Tb Me,n;11aHy ,Il;JIH Ka)l<,n;o r o CTOJI6u;a. 3TO MO)l<HO c,n;enaTb, 

I1CllOJib3YH MeTO,n; KOIII1poBaHJtIH I1 BCTaBKI1. 

median (df$a ) 
#> [1 ] - 0 . 246 
median (df$b ) 
#> [1] - 0 . 287 
m0dian (df$c ) 
#> [1] - 0.0567 
median (df$d ) 
#> [1 ] 0 . 144 
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Ho 3TO rrponrnopeqJ.1T ttameMy rrpaBMJiy: He MeIIOJib30BaTb KOIIHpoBaHMe M 

BeTaBKY 6onee p;Byx pa3. ITo::iToMy nyqrne MerroJib30BaTb ~MKJI for. 

output <- vector ("double" , ncol (df )) # 1 . BHBO~ 
:or (i i n seq_along (df )) { # 2 . rrocne~oeaTenbHOCTb 

output [[ i ]] <- median (df [[ i ]]) # 3 . Teno 

output 
#> [l] - 0.2458 -0.2873 -0.0567 0 . 1443 

Ka>Kp;b1J1: ~MKJI for eop;ep:>KHT TPM KOMIIOHeHTa. 

3bIBOIJ, output<- vector ("double ", length(x)) 

ITpe:>Kp;e qeM BbIIIOJIHJITb ~MKJI, Beerp;a Heo6xop;MMO Bb1p;eJIJ.1Tb p;oeTaToqtto 

MeCTa )J;JIJI xpatteHJ.1JI BbIXO)J;HbIX pe3yJibTaTOB. 3To oqeHb Ba:>KHO )J;JIJI o6e­

erreqeHJ.1JI ::icpcpeKTJ.1BHOeTJ.1 BblqJ.1eJieHJ.1M: eCJrn Hapa~J.1BaTb BbIXO)J;Hbi e pe-

3YllbTaTbl ~J.1KJia for Ha Ka:>K)J;OM J.1Tepa~J.1J.1 e IIOMO~bIO (HarrpHMep) Bbl30-

BOB c () , TO ~J.1KJ1 6yp;eT pa6oTaTb oqeHb Mep;rreHHO. 

06~MM erroeo6 eo3p;aHHJI rryeTOro BeKTopa 3ap;aHHOM p;JI11HbI rrpep;rraraeT 

cpyHK~11JI vector () . Otta 11MeeT p;Ba apryMeHTa: T11II BeKTopa ("norMqe­

eK11J1:", "~eJioq11eJieHHbIM" "Be~eeTBeHHb1J1:", "eHMBOJlbHbIM" 11 T.II.) 11 )J;JIJ.1Ha 

BeKTopa. 

n ocn eIJ,oBa TeJibHOCTb i in seq_ along (df) 

3 TOT KOMIIOHeHT orrpep;eJIJieT, ITO KaKOM rrepeMeHHOM BbIIIOJIHJieTCJI l1TepH­

poBaH11e: Ha Ka:>Kp;oJ1: 11Tepa~1111 ~11KJia rrepeMeHHOM i 6yp;eT rrp11eBa11B aTbCJI 

p;pyroe 3Haqett11e, 6epy~eeeJI 113 rrornep;oBaTeJibHOeT11 seq_ along ( df) . 

Bo3MO>KHO, paHee Bbl He CTaJIK11Ban11eb e cpyHK~MeJ1: seq along () . 3TO 6e3-

orraeHaJI Bepe11JI 3HaKOMOfO BaM Bbipa:>KeH11JI 1: length ( l) e TeM Ba:>KHblM 

OTJIJ.1qJ.1eM, qTo B rnyqae BeKTopa ttyneBoJ1: p;JIMHbI cpyttK~MJI seq_ along () 

p;enaeT Bee rrpaB11JibHO. 

y <- vector ("double" , 0) 
seq_a2.ong (y ) 
#> integer (O) 
1 : ::._ engt:h (y) 
#> .[ 1 ] 1 0 

CKopee Beero, Bbl He 6yp;eTe HaMepeHHO eo3p;aBaTb BeKTOpbl HyJieBOM )J;JIJ.1-

Hbl, HO 3TO MO>KeT rrerKo rronyq11TbeJI y Bae erryqaJ1:Ho. Een11 BMeeTo cpyttK­

~J.111 seq_ along (x) MerroJib30BaTb Bbipa>KeHMe 1: length (x) , TO, BepoJIT­

HO, Bbl rronyq11Te eoo6~eHMe 06 orn116Ke. 
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Teno UMKna output[[i]] <- median(df[[i]]) 

3TO KO)];, KOTOpbn1: p;e11aeT BCJO pa6oTy. Ott BbIITOJIH51eTC51 MHOroKpaTHO, 

Ka)f()J;bIM pas c p;pyntM stta'!em1eM i. Ha nepBoJ1: Jt1TepaQJt1Jt1 6yp;eT BbIITOJI­

H51TbC51 JtlHCTPYKQJtl51 output [ [ 1] ] <- median ( df [ [ 1] l ) ) Ha BTopoJ1: -

output [ [2]] <-median (df [ [2]]) Jtl T.p;. 

BoT Jtl see, 'ITO HY)f(HO sttaTb o QJtlKJie for ! Tenepb BaM cnep;yeT nonpaKTJtlKO­

BaTbC51 B cosp;aHJtlJtl npoCTbIX (Jtl He COBCeM npoCTbIX) QJtlKJIOB for , BOCTIOJlb30BaB­

lIIJtlCb npMBep;eHHbIMJtl HJ!l)f(e ynpa)f(tteHJt15IMJt1. IIoc11e 3Toro MbI nepeJ1:p;eM K pac­

CMOTpettJtlJO BJtl)J;OJtl3MeHeHHblX BepCMM QJtlKJia for, c TIOMOIQbJO KOTOpblX Bbl CMO­

)f(eTe pelllaTb sap;a'IJ!l, B03HMKaIOIQJtle Ha npaKTMKe. 

Ynpa>KHeH~R 

1. HanJt1lIIJt1Te QJtlKJibI p;1151 pellleHJtl>I nepe'IJtlCJieHHbIX HJ!l)f(e sap;a'l : 

a) BbI'IJtlCJIJtlTb cpep;Hee sHa'lettJtle p;1151 Ka)f(p;oro 113 cT0116QoB Ta611Jt1QbI mtcars; 

6) onpep;e11Jt1Tb TJtlTI Ka)f(p;oro cT0116Qa rn611Jt1QbI nycflights13:: flights ; 

B) BbI'll1CJIJtlTb Ko1111qecTBO YHMKaJibHbIX sHa'!eH11J1: B Ka)f()J;OM cT0116Qe Ta611Jt1 -

QbI iris. 

r) creHepMposaTb 10 cnyqaJ1:HbIX ttopMaJibHbIX pacnpep;e11ettJt1J1: p;1151 Ka)l(p;oro 

Jtl3 3Ha'leHJtlM µ = -10, 0, 10 Jtl 100. 

IIpe)f(p;e '!eM nMcaTb QJtlKJI, xopollleHbKO o6p;yMaJ1:Te nocnep;oBaTeJibHOCTb Jt1 

Te110 QJt1K11a. 

2. YcTpaH11Te QJtlKJibI for B Ka)f()J;OM 113 np11sep;eHHbIX Hl1)f(e npMMepoB, Bocno11b­

sosaBlIIJt1Cb cyIQeCTBYIOIQeJ1: cpyHKQJtleM, KOTopa51 pa60TaeT c BeKTOpaMJtl. 

out <- "" 
for (x in letters ) { 

out <- stringr : : str_c (out , x ) 

x <- sample (100 ) 
sd <- 0 
for (i in seq_along (x)) 

sd <- sd + (x [i ] - mean (x)) A 2 

sd <- sqrt (sd I (length (x) - 1)) 

x <- runif (l00 ) 
out <- vector ("numeric" , length (x)) 
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out [ l ] <- x [l ] 
for (i in 2: length (x)) 

out [i ] <- out [i - 1] + x [i ] 

3. J1crrOJib3YMTe CBOl1 HaBblKJll HaIIMCaHJllR cpyHKll,JllM M C03,ll;aHl1R ll,11KJIOB for )J;JIR 

perneH11R rrepe'-mcrreHHbIX HM:>Ke 3a)J;a'1. 

A. Harr11lll11Te ll,11KJI for, KOTOpblM BblBO,ll;JilT c IIOMOill,blO cpyHKll,JllJll prints () 
TeKcT )J;eTcKo:ilJ: rreceHKM-ctJ11TarroqKJ11 ''Alice the Camel" (http : I /www . 
metrolyrics . com/alice- the-camel - lyrics - children .html). 

B. ITpeo6pa3y:ilJ:Te TeKCT )J;eTcKoJ1: rreceHKJ11-ctJ11TarrotJKM "Ten in the Bed" 

(https : //www.kididdles.com/lyrics/t003 . html) BcpyttKll,MIO. 060-

6I11,11Te 9TY cpyHKll,MIO Ha rnyqaJ1: rr106oro KOJIMtJecTBa JIIO,ll;eJ1: 11 crrarrbHOro 

MecTa rr106oro T11rra. 

B. ITpeo6pa3yJ1:Te TeKcT )J;eTcKoJ1: rreceHKM-C'lMTaJIO'lKM "99 Bottles of Beer on 

the Wall" (https: I /en. wikipedia. org/wiki/99 _Bottles_ of _Beer) 
B cpyHKll,JillO. 0606I11,11Te 9TY cpyHKll,JllIO Ha JII06oe KOJIM'leCTBO cocy)J;OB, co­

,ll;ep:>Kalll,JllX JII06y10 :>KJll,ll;KOCTb 11 HaXO,ll;Rlll,MXCR Ha JII06oJ1: IIOBepxHOCTJll. 

4. qaCTO MO:>KHO BCTpen1Tb 11,JllKJlbl for, B KOTOpblX He rrpe,ll;yCMOTpeHa rrepeMeH­

HaR )J;JIR xpaHeHl1R BbIXO,ll;HblX pe3yJibTaTOB, a BMeCTO 9TOro Ha Ka:>K)J;OM JllTepa-

11,JllJll 11,JllKJia yBeJIM'lJllBaeTCR ,ll;Jl11Ha BeKTopa. 

output <- vec'.:.or ("integer" , 0) 
for (i in seq_a:ong (x) ) { 

output <- c (output , :~~;ths ( x [[ i ]] )) 

output 

KaK 9TO BJIMReT Ha rrpoM3BO,ll;MTeJibHOCTb? CrrrraH11pyi1:Te M rrp0Be)J;11Te 9Kcrre­

pMMeHT. 

BapMaHTbl l.\MKna f or 
Terrepb, KOr)J;a Bbl ocBOMJIM rrpoCTeMlllMM 11,MKJI for , BaM rnep;yeT 113ytJMTb ero 

Bl1,ll;Ol13MeHeHHble BapMaHTbl. BaM Ba:>I<HO 11X 3HaTb He TOJlbKO IIOTOMy, 'ITO OHM 

I103BOJIRIOT rro-pa3HOMY opraHJll30BbIBaTb 11,JllKJlbl, TaK 'ITO He 3a6yp;bTe 0 HMX, KOr­

p;a OBJiap;eeTe MeTO,ll;JllKaMJll cpyHKIJ,JllOHaJibHOro rrporpaMMMpoBaHl1R, 0 KOTOpblX 

Bbl Y3HaeTe B crrep;y10I11,eM pa3p;erre . 

CyI11,ecTByIOT crrep;y10I11,11e Y:eTb1pe BapMall,MM Ha TeMy 11,11Krra for: 
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• J13Mettem1e eyrn;eeTBy10rn;ero o6'beKTa BMeeTo eo3,n;aHJ1J:1 HOBoro; 

• IJ;J1KJIJ1":IeeKJ1M nepe6op J1MeH J1JIJ1 3Ha':IeHJ1M, a He J1H,D;eKeOB; 

• o6pa6oTKa BbIXO,!l;HbIX ,n;aHHbIX, ,D;JIJ1Ha KOTOpbIX HeJ13BeeTHa; 

• o6pa6oTKa noene,n;oBaTeJibHOeTeJ1:, ,D;JIJ1Ha KOTOpbIX Hel13BeeTHa. 

1113MeHeHL11e cyll.\eCTBYIOLL\ero o6beKTa 

Mttor,n;a B03HJ1KaeT tteo6xo,n;MMOeTh B 11enoJib30Batt1111 u;11KJia ,D;JIJI J13Mettett11.R 

eyrn;eeTBy10rn;ero o6'beKTa. BenoMHMTe, ttanp11Mep, 3ap;aqy 113 rnaBhI 15. Mb1 xoTe­

JIM Maeuna6MpoBaTb Bee eTOJI6u;bl cppei1Ma ,n;aHHbIX. 

df <- Libble ( 
a = rnorm (lO ) , 
b rnorm ( 10 ) , 
c rnorm (lO ) , 
d rnorm ( lO ) 

resca l eOl <- function (x ) 
rng <- rangc (x , na.rm = TRUE ) 
(x - rng [ l ]) I (rng [2 ] - rng [ l ]) 

df$a <- rescale:)' (df$a ) 
df$b <- Lescale~l ( df$ b ) 

df$c <- rescalec1 1 (df$c ) 
df$d <- rescaleu' (df$d ) 

qT06bI peWJ1Tb ::ny 3a,n;aqy e TIOMOlll;bIO IJ;J1KJia f or , BHOBb o6paTJ1MCJ:I K TpeM 

ero KOMTIOHeHTaM. 

Bbwoo 
y Hae y)l(e eeTb BhlXO,D;HOM o6'beKT - 3TO TOT )Ke o6'beKT, 'ITO J1 BXO,n;Hoi1! 

floo1 eoot3amenb1-1.ocmb 
<Dpei1M ,n;aHHblX MO)l(HO npe,n;eTaBJIJ:ITb KaK en11eOK eTon6u;oB, TI03TOMY Mb! 

MO)l(eM J1Tepl1pOBaTb no eTOJI6u;aM e TIOMOlll;hIO cpyttKIJ;J1J1 seq along (df) . 

Teno UiUKTta 

I1pMMeHJ1Te cpyttKIJ;J1IO rescaleOl () . 

B pe3yJihTaTe nonyqaeM rne.n;y10rn;11J1: KO,n;. 

Jr (i in s"'q ,u_on' (df )) { 
df [[ i ] ] <- resol"' l (df [[ i ]]) 
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KaK npaBvrno, vrMeHHO 3TY pa3HOBVI,D;HOCTb u;vrKna Bbl 6y,r:i;eTe npvrMem:ITb ,D;JIR 

Vl3MeHeHVI5I Cnl1CKa l1Jll1 ¢pei:l:Ma ,r:i;aHHblX, n03TOMY He 3a6y,r:i;bTe l1CnOJib30BaTb 

¢YHKIJ;l1IO [ [, a He [ . Bo3MO)KHO, Bbl 3aMeTl1Jil1, qTo B CBOl1X u;11Knax Mbl 11cnonb-

30Ban11 ¢YHKIJ;VIIO [ [ : MbI cq11TaeM, qTo ee nyqrne 11cnOJib30BaTb ,r:i;a)Ke B cnyqae 

aTOMapHblX BeKTOpOB, nOCKOJibKY 3TO oTqeTJil1BO yKa3bIBaeT Ha TO, qTO Mbl XOTl1M 

pa6oTaTb c O,D;V!HOqHblM 3JieMeHTOM. 

Wa6noHbl <1>opM111posaH11u1 4111Knos 

Cyrn;ecTBYIOT TPl1 cnoco6a opraH113au;1111 u;11Kna ,D;JIR BeKTopa. ,!J;o c11x nop MbI 

,r:i;eMOHcTp11poBan11 BaM Havr6onee 06rn;11i:J: cnoco6: opraHVI3au;11R u;vrKna for no 

1.JV!CJIOBbIM l1H,D;eKCaM (i in seq_ along (xs) ) l1 l13BJieqeHl1e 3HaqeHl15I c noMOlll;bIO 

Bb1pa)KeHl1R x [ [ i] ] . KpoMe 3TOH, cyrn;ecTBYIOT ,r:i;Be ,r:i;pyrne ¢opMbI, on11caHHb1e 

Hl1)Ke. 

• U11KJil11.JeCKl1H nepe6op no 3JieMeHTaM: for (x in xs) . 3rn ¢opMa Ha1160-

nee none3Ha B Tex cnyqaRx, Kor,r:i;a Bbl 3al1HTepecoBaHbI Jil1IIIb B no6oqHbIX 

3¢¢eKTax, TaKl1X KaK BbIBO,D; ,r:i;aHHblX Ha nel.JaTb l1Jll1 coxpaHeHl1e B ¢ai:l:­

ne, BBl1,D;Y Toro, 'ITO opraHl130BaTb l1HbIM cnoco6oM coxpaHeHl1e BbIXO,D;HbIX 

,r:i;aHHblX 3aTpy,D;Hl1TeJibHO. 

• UvrKJIVI'leCKl1H nepe6op no l1MeHaM: for (nm in names (xs) ) . B pe3yJibTaTe 

Bbl nonyqaeTe l1M5I, KOTopoe MO)KHO l1CnOJib30BaTb ,D;JIR ,r:i;oCTyna K 3Haqe­

HV!IO c noMOlll;bIO Bblpa)KeHl15I x [ [nm] ] . OTO noJie3HO B Tex rnyqaRX, KOr,r:i;a 

Bbl XOTl1Te l1CnOJib30BaTb l1M5I B KaqecTBe Ha3BaHl15I rpa¢11Ka l1Jll1 l1MeHl1 

¢ai:l:na. 

Co3,r:i;aBaR 11MeH0BaHHb1e BblXO,D;Hble ,r:i;aHHbie, np11cBal1Bai:l:Te l1MR pe3yJibTl1-

py10rn;eMy BeKTopy cne,r:i;y10rn;11M o6pa30M. 

results <- vec~or ( " list " , : ength (x )) 
names (results) <- ~a~es ( x) 

:V1Tep11poBaHl1e no 1.Jl1ClIOBbIM l1H,D;eKCaM - caMaR o6rn;a5I ¢opMa, nOCKOJibKy, 

3Ha5l Il03Mll,l110 3TleMeHTa, Bbl CMO)KeTe M3BTle'-lb KaK ero MM5l., TaK M 3Ha'-I.eHvie. 

~or (i in seq_a:ong (x) ) 
name <- names (x ) [[ i ]] 
value <- x [[ i] ] 
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8blXOAHb1e AaHHble He1113secrHo.n AnlllHbl 

l1Hor.z:i;a .z:i;mrna BbIXO,ll;HbIX ,z:i;aHHbIX Hel13BeeTHa 3apaHee. Tipe,z:i;nOJIO)KMM, Bbl xo­

TMTe l1Ml1Tl1pOBaTb Ha6op rnyqaMHbIX BeKTOpOB, l1MeIOill,l1X CJIT-:IaMHYIO ,lJ;lIMHy. ) 

Bae MO)KeT B03Hl1KHYTb eo6Jia3H TIOTiblTaTbeJI peun1Tb 9TY 3a.z:i;aqy nyTeM TIOCTe­

neHHOfO Hapaw.11Bamrn BeKTopa. 

means <- c (O, 1, 2) 

output <- double () 
for (i in seq_along (means )) 

n <- sample (lOO , 1) 
output <- c (output , rnorm (n, means [[ i ]]) ) 

str (output ) 
#> nurn [1 : 202] 0 . 912 0.205 2 . 584 - 0.789 0.588 ... 

O.z:i;ttaKo TaKoil! no.z:i;xo.z:i; He oqettb 9cpcpeKTMBeH, n o eKOJibKY Ha Ka)K,z:i;oil! MTepa-

11,1111 R np11xo,z:i;11TCJI Kon11poBaTb Bee ,z:i;aHHble 113 npe,z:i;b1.z:i;yw.11x 11Tepa11,11il!. foBopJI 

TeXHMqeeKMM JI3bIKOM, Bbl nonyqaeTe "KBa,z:i;paT11qtty10" eJIO)KHOeTb O(n2), a 9TO 

03ttaqaeT, qTo 11,MKJI, o6pa6aTbIBaIOill,MM B TPM pa3a 6oJibllle 9JieMeHTOB, 6y,z:i;eT Bbl­

noJIHJITbCJI B ,z:i;eBJITb (Y) pa3 ,ll;Ollbllle. 

J1yq1IIee pe1IIett11e 3aKJIIOqaeTeJI B TOM, qT06bI eoxpaHMTb pe3yJibTaTbl B BM,z:J;e 

enMeKa, a 3aTeM o6ne,z:J;l1Hl1Tb MX B O,ll;MH BeKTOp no 3aBepllleHMl1 11,MKJia. 

out <- vectcr ("l i s t " , length (means )) 
for (i in seq_along (means )) { 

n <- sample (l OO , 1) 
out [[ i ]J <- rnorm (n , means [ [i ] J ) 

str (out ) 
#> List of 3 
#> $ nurn (1: 83 ] 0.367 1 .1 3 - 0 . 941 0 . 218 1.415 .. . 
#> $ nurn (1: 21] - 0 .4 85 -0.425 2.937 1 .68 8 1.324 
#> $ nurn (1 : 40] 2.34 1 . 59 2 . 93 3 . 84 1. 3 ... 

str (unlist (out )) 
#> nurn [1 :1 44] 0.367 1 . 13 - 0.94 1 0 . 218 1 . 415 .. . 

B ,z:i;aHHOM enyqae MbI 11enoJib30BaJI11 cpyttKll,MIO unlist () ,z:i;nJI CBe,z:i;eHMJI en11-

eKa BeKTopoB B e,z:i;MHbIM BeKTop. Eonee eTpor11il! no.z:i;xo.z:i; 3aKJIIOqaeTeJI B 11enOJib30-

Batt1111 ¢YHK11,Ml1 purrr: : flatten_ dbl () - B rnyqae, een11 BXO,ll;Hble ,z:i;aHHbie He 

JIBJIJIIOTeJI enMeKOM Bew.eeTBeHHbIX q11eeJI, OHa rettep11pyeT OIIIM6Ky. 

TaKoil! rna6noH TaK)Ke BCTpeqaeTCJI B rne.z:i;y10w.11x ,z:i;Byx e11Tya11,11Jix. 
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• Bbl reHepJ11pyeTe PJIJ!IHHYIO CTpoKy. BMeCTo 06nep;J11HeHJ11H pe3ynbTaTOB 

Ka:>Kp;oJIJ: J11Tepau;J11J11 c rrpep;b1p;yrn,J11MJ11 c rroMOllJ,bIO cpyHKIJ;J!IM paste () co­

xpaHMTe BblXO,lJ;Hble pe3y JibTaTbl B CJ!IMBOJibHOM BeKTope, B 3aTeM o61>ep;J!1-

HJ!1Te 3TOT BeKTOp B op;Hy CTpoKy rrocpe,ri;cTBOM Bbl30Ba paste (output, 
collapse = 1111

) . 

• Bbl reHepJ11pyeTe 6onbIIIOM cppeJIJ:M ,n;aHHblX. BMecTo rrornep;oBaTeJibHO­

ro 06'bep;J11HeHJ115I CTpOK JiIJIJ!l CTOJI6u;oB Ha Ka:>Kp;oJIJ: J!ITepau;MM c IIOMOill,blO 

cpyHKIJ;JiIJ/1 rbind () coxpaHJ!ITe BblXO,lJ;Hble p;aHHble B BJ!Ip;e CIIJiICKa, a 3aTeM 

JiICIIOJib3YMTe Bbl30B dplyr: :bind_ rows (output) ,lJ;lIH o6nep;MHeHJ!15I Bbl­

XO,lJ;HblX p;aHHbIX B O,ll;J!IH cppeJIJ:M p;aHHblX. 

BrnKJ!IM pa3, Kor.ri;a BaM BCTpeqaeTrn 3TOT IIIa6noH, rrepexop;MTe K 6onee CJIO:>K­

HOMY o6neKTY pe3ynbTaTa, a no 3aBepIIIeHMJ!I IJ;J!IKJia 06ne,ri;MHJ11Te BblXO,ll;Hble ,ri;aH­

Hble 3a O,ll;J!IH rrpJ11eM. 

nocneAOBaTenbHOCTb He"13BeCTHOlll An"1Hbl 

J1Hor,n;a Bbl ,n;a:>Ke He 3HaeTe, KaKOM ,D;JIJ!IHbl ,n;on:>KHa 6blTb BXO,D;Ha5I rrocne,n;o­

BaTenbHOCTb. 3TO 06b1qHaH CMTyau;MH rrpJ!I BbIIIOJIHeHJ!IJ!l pa3nJ!IqHblX J!IMMTau;MJIJ:. 

ITpe,n;rrono:>KJ!IM, Bbl xoTJ11Te, q T06b1 u;J11Kn BbIIIOJIHHJICH ,n;o Tex rrop, rroKa TPJ11 pa3a 

n o,n;pH,n; He Bbrna,n;eT "open': c TIOM Oill,blO IJ;J!IKJia for Bbl He C03,n;a,n;MTe J!ITepau;MOH­

HblM IJ;JiIKJI TaKOfO po,n;a. 1.l;J!IKn while rrporn,e IJ;J!IKna for, ITOCKOJibKY JiIMeeT BCero 

i!J!Illib ,n;Ba KOMITOHeHTa: ycJIOBJ!Ie Ji1 Teno IJ;J!IKJia. 

',ile (yCJIOBY!e) 
# TeJIO UY!KJia 

0,n;HoBpeMeHHO I.J;MKn while 6onee o6rn,MJIJ: no cpaBHeH11IO c u;MKJIOM for, rro­

CKOnbKY JII06oJIJ: IJ;JiIKJI for MO:>KHO rrepen11caTb KaK IJ;MKJI while, TOr,n;a KaK He 

Ka:>Kp;blM u;11Kn while MO:>KeT 6b1Tb rreperr11caH KaK u;11KJI for. 

:Jr (i i n seq_along (x)) 
# TeJIO 

= 3KB!1BaJieHTHO CJie~y~~eMy 

.: <- l 
~ile (i <= length (x )) 

# TeJIO 
i <- i + 1 
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Hw:>Ke rrpwBep;eH rrp1t1Mep wcrroJib30BaHJ151 IJ;l1KJia while p;JIR orrpep;eneHl151 Toro, 

CKOJibKO IIOTpe6yeTC51 IIOIIblTOK, IIOKa TPI1 pa3a rrop;p51p; He Bbmap;eT "open': 

flip <- function () sample (c ("T" , "H" ) , 1) 

flips <- 0 
nheads <- 0 

while (nheads < 3) { 
if (flip () == "H" ) 

nheads <- nheads + 1 
else { 
nheads <- 0 

flips <- flips + 1 

flips 
#> [l) 3 

Mb1 JIJ1lllb BKpani;e yrroMRHynw o IJ;l1KJiax while, rrocKOJibKY rrpwMeHReM wx 

Kpa{rne pep;Ko. 1.JaIIJ;e Bcero OHM wcrroJih3YIOTrn p;nR l1MJ1Tau;ww rrpou;eccoB, HO pac­

CMOTpeHwe 3Tor1 TeMbl BblXO,D;l1T 3a paMKJ1 p;aHHor1 KHJ1rl1. Op;HaKo Bbl p;oJI:>KHbl 

3HaTb 06 J1X cyIIJ;eCTBOBaHJ1J1, 'IT06bl 'IYBCTBOBaTb ce651 yBepeHHO rrpw perneHJ1J1 

3ap;a'l, B KOTOpblX KOJIJ1'IeCTBO J1Tepau;wr1 Hel13BeCTHO 3apaHee. 

Ynpa>KHeH11u1 

1. Ilpep;rrono:>KMM, B KaTaJiore cop;ep:>KwTrn 6onhrnoe KOJIM'IecTBo CSV-cpar1noB, 

KOTOpble Bbl XOTJ1Te rrpO'IJ1TaTb. IlyTJ1 K HJ1M xpaH51TC51 B BeKTope, files <­
dir ("data/", pattern= "\\.csv$", full.names= TRUE) , w Terrepb 

HY:>KHO rrpo'IJ1TaTb Ka:>Kp;bn1: l13 Hwx c rroMOIIJ;bIO cpyHKu;1111 read_ cs v () . 

Harr11rn11Te u;11KJI for , KOTOpblM 3arpy311T 1t1x B op;11H cpper1M p;aHHblX. 

2. 1.JTo rrpo113or1p;eT, ern11Bbl1t1crronb3yeTe 3arrwcb for (nm in names (x)) , HO x 

He cop;ep:>K11T J1MeH? 1.JTO eCJIJ1 TOJibKO HeKOTOpble 3JieMeHTbl cop;ep:>KaT J1MeHa? 

1.JTO eCJIJ1 J1MeHa He yH11KaJibHbl? 

3. Harr11rn11Te cpyHKIJ;l1IO, KOTOpaR BbIBOp;11T cpep;Hee Ka:>Kp;oro 'Il1CJIOBoro cTon6u;a 

cpper1Ma p;aHHb1x BMecTe c ero 1t1MeHeM. Harrp11Mep, Bbl30B show_ mean (i r is) 
,ll;OJI:>KeH o6ecrre'IJ1Tb TaKOM BbIBO,ll;. 

show_mean (iris ) 
#> Sepal .Length: 5 . 84 
#> Sepal.Width: 3 .06 
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#>Petal .Length: 3.76 
#> Petal . Width: 1 .20 

(,UorrOJIHJ1TellbHOe 3a,D;aHJ1e: KaKyIO cpyHK~J1IO Mbl J1CIIOllb30BaJIJ1 }J;JIJI Toro, 

'IT06bI 'IJ1CJia 6bIJIJ1 BblpOBHeHbl, HeCMOTpH Ha pa3JIJ1'1J15I B ,D;JIJ1He J1MeH rre­

peMeHHbIX?) 

4. qTo ,D;eJiaeT rrp11Be,D;eHHbIM HJ1)l(e KOJJ;? KaK OH pa6oTaeT? 

trans <- list ( 
disp = function (x ) x * C.0163871 , 
am = funct:on (x ) { 

facLor (x , labels c ("auto" , "manual " )) 

for (var in names (trans) ) { 
mtcars [[var ]] <- trans [[ var ]] (mtcars [[ var ]]) 

L\HKnbl for H <l>YHKL\HOHanbl 

B R ~J1KJibI f o r He J1MeIOT TaKoro 3Ha'leHl1H, KaK B JJ;PYTMX H3bIKax, rrocKOJibKY 

R - H3bIK cpyHK~J10HaJibHoro rrporpaMM11poBaHl1H. 3To 03Ha'!aeT, 'ITO BMecTo He­

n ocpe,D;CTBeHHoro J1CTIOJib30BaHJ15I ~J1KJia f o r ero MO)l(HO o6epHyTb B cpy1IK~J1IO J1 

BbI3BaTb ee. 

qTo6bl yB11,D;eTb, rro'leMy 3TO Ba)l(HO, paccMOTpl1M (BHOBb) cne,D;y10~11J1 rrpo­

CTOM cppel1M ,D;aHHbIX. 

df <- t:bble ( 
a = rncrm ( 10 ) , 
b = rnorm (lO ) , 
c = rnor!r, (10 ) , 
d = rr.orm (lO ) 

Ilpe,D;IIOJIO)l(J1M, Bbl XOTJ1Te Bbl'IJ1Clll1Tb cpe,D;Hee 3Ha'leHJ1e }J;JIJI Ka)l(,D;OrO CTOJI6-

~a. 3To MO)l(HO 6bIJIO 6bI C,D;eJiaTb c IIOMO~bIO ~J1KJia for. 

output <- vector ("double" , ::..e'1gth (df )) 
:or (i in seq_a:ong (df )) { 

output [[ i ] ] <- mean (df [[ i ]]) 

output 
~ > [l] 0 . 2026 - 0 . 2068 0 . 1275 - 0.0917 
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Bbl oco3HaeTe, qTo c 3ap;aqe:M: Bb1qJ1cJieHvu1 cpep;Hero 3HaqeHJ1H p;JIH Ka)l(p;oro 

CTOJI6~a BaM rrpJ1p;eTC51 CTaJIKJ1BaTbC51 ,ll;OBOJibHO q aCTO, J1 rrpl1HJ1MaeTe perneHJ1e 

o6epHyTb ~J1Kll B ¢YH~J1IO. 

col mean <- function (df ) { 
output <- vector ("double" , length (df )) 
for (i in seq_along (df ) ) { 

output [i ] <- mean (df [[ i ]]) 

output 

Ho 3aTeM Bbl p;orap;brnaeTecb, qTo 6brno 6b1 Herrnox o Bbl'lJ1CJIHTb TaKJ1M )l(e 

crroco6oM Mep;J1aHy J1 CTaHp;apTHOe OTKJIOHeHJ1e, J1 B CB513J1 c 3TJ1M C03p;aeTe KO­

ITJ1J1 ¢YHK~J1J1 col_ mean () ) B KOTOpbIX 3aMeH51eTe J1M51 ¢YHK~J1J1 mean J1MeHaMJ1 

median J1 sd. 

col median <- function (df ) { 
output <- vector ("double " , lenqth (df )) 
for (i in seq_along (df )) { 

output [i] <- median (df [[ i ]]) 

output 

col sd <- function (df ) { 
output <- vector ("double" , length (df )) 
t r (i in seq_along (df ) ) { 

output [i ] <- sd (df [[ i ] ] ) 

output 

Op;HaKo rrpl1 3TOM BaM rrpMIIIJIOCb p;Ba)l(p;b1 cKorrMpoBaTb J1 BCTaBJ1Tb op;MH J1 

TOT )l(e KO,ll;, a 3TO 03HaqaeT, qTo caMblM pa3 rrop;yMaTb 0 C03,D;aHJ1J1 o6o6rn,eHHOro 

Bapl1aHTa ¢YHK~J1J1. 06paTJ1Te BHJ1MaHJ1e Ha TOT cpaKT, qTQ 6 oJibIIIa51 qacTb 3TOro 

KO,D;a rrpep;CTaBJIHeT co6o:M: 3aroTOBKY ,ll;ll51 ~J1KJia for, J1 3aMeTJ1Tb B HeM TO, qTO OT­

JIJ1qaeT op;MH BapMaHT OT p;pyroro (HMeHa mean, median J1 sd), He TaK -To rrpocTo. 

A KaKJ!le MbICJIJ!I rrpHIIIJIJ1 6b1 BaM B ronoBy, eCJIJ1 6b1 Bbl YBHp;eJIJ1 Ha6op ¢YHK­

~J1i1, rrop;o6HbIM rrpHBep;eHHOMY HJ1)1(e? 

fl <- function (x) abs (x 
f2 <- function (x) abs (x 
f3 <- function (x) abs (x 

mcan (x)) " 1 
mean (x)) " 2 
mean (x) ) " 3 

Hap;eIOCb, Bbl 3aMeTJ1JIJ1 6bI 3,D;eCb ITOBTOp51IOilJ,J1MC51 KO,ll; J1 BbIHeCJIJ1 ero B p;o­

TIOJIHJ1TeJibHbIM apryMeHT: 
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c <- function (x , i ) abs (x - rrean (x )) A i 

TeM eaMhlM Bbl eHl13l1JIJ1 6 b1 BepoRTHoeTh B03Hl1KHOBeHl15I on1J160K (noeKOJih­

KY o6'beM KO,IJ;a yMeHhllIJ1JIC5I B Tp 11 pa3a) 11 06Jierq11JI11 ero 0606rn;eH11e Ha ,I1;pyr11e 

e11Ty~1111. 

Ho TO )Ke eaMoe MhI MO)l(eM c,r~eJiaTh 11 e cpyHK~l15IM11 col_ mean ( ) , col_ 

:nedian () 11 col_ sd () ' ,IJ;06aB11B apryMeHT, npe,I1;0eTaBJI5I10rn;11:i1 cpyHK~l1IO, KOTO­

p a5I ,Il;OJI)l(Ha 6hlTb np11M eHeHa K Ka)l(,IJ;OM Y eTOJI6~y. 

col_summa r y <- :ur:ctio~ ( df , fun ) { 
out <- vec~ r ( "double " , :engtt (df )) 
for (i in seq_a:ong (df )) { 

out [i ] <- fun (df [[ i ]] ) 

out 

:ol_sumrnary (df , median ) 
#> [l ] 0 . 237 - 0 .21 8 0.254 -0 .1 33 
:ol_sc:_rmnary (df , mean ) 
#> [l ] 0 . 2026 - 0 . 2068 0. 127 5 - 0 . 0917 

J1,IJ;e5I nepe,I1;aq11 op;Hoif cpyHK~11 11 B Kaqeerne apryMeHTa ,I1;pyro:i1 - Heo6h1qa:ifHo 

MOrn;Ha5I, 11 3TO O,Il;J1H J13 Bap11aHTOB TIOBe,IJ;eH115I, KOTOpble ,IJ;eJialOT R 5I3blKOM cpyHK­

JJ;l10HallbHOf0 n porpaMMHp oBam rn . Bo3MO)l(HO, BaM noTpe6yeTeR HeKoTopoe Bpe­

MJI ,Il;ll5I Toro, L{T06bI oeMblCJI11Tb ee, HO 3TO ~eHHaJI J1HBeeT11~115I B Barne 6y,IJ;yrn;ee. 

O eTaBrnaJieJI qaeTh rnaBhl n o eBRrn;eHa 113yqeH1110 11 np11MeHeH1110 naKeTa purrr, 

rrpe,IJ;OeTaBJI5IIOrn;ero cpy1m~1111, KOTOpble yCTpaH5IIOT Heo6xO,IJ;J1MOeTb B l1eTIOJib30-

BaH1111 MHOfl1X paenpoeTpaHeHHbIX ~J1KJIOB for. L(JIJI perueHJ15I aHaJIOfJ1L{HOM npo-

6rreMbl npe,IJ;Ha3HaqeHbl cpyHK~l1Jil eeMeifeTBa apply, npe,IJ;OeTaBJI5IeMble 6a30BblMJil 

rraKeTaMM R (apply () , lapply () , tapply () M T.n.), HO naKeT purrr 6orree no­

rne,IJ;oBaTerreH, M TI03TOMY ero rrer qe 113YLfMTb. 

lJ,eJiblO JileTIOJib30BaHM5I cpyHK~JilM naKeTa purrr BMeeTO ~JilKJIOB for 5IBJI5IeTe5I 

rrorryqeHMe B03MO)l(HOeTM pa36 MBaTb 3a,IJ;aqJil, BKrr10qa10rn;Me paenpoCTpaHeHHbi e 

onepa~JilJil MaHMTIYJI5I~Ji1 Jil enMeKaMM, Ha He3aBJileMMbie qaeTJil. TipM 3TOM Bbl ,Il;OJI)l( ­

Hbl 3a,IJ;aBaTb ee6e erre,IJ;yiorn;Me BonpoebI. 

• Ka~ pernMTb 3a,IJ;aqy ,IJ;JIJI O,Il;MHOL{HOro 3JieMeHTa en11eKa? KaK TOJibKO 3Ta 3a­

,IJ;aqa 6y,IJ;eT peweHa, purrr rro3a60TMTe5I 06 o6o6w;eHMM Bawero perneHMJI 

Ha Bee 3JieMeHTbl enMeKa . 

• EeJIM Bbl pewaeTe eJIO)l(H YIO 3a,IJ;aqy, MO)l(eTe JIM Bbl pa36MTb ee Ha MeHb­

rnMe qaeTM, rroerre,IJ;OBaTellbHOe perueHMe KOTOpblX rrpM6JIM)l(aeT Bae K ~errM? 
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J1enOllb3Y.H purrr, Bbl MO:>KeTe nOlIY'fl1Tb pa,n; qaeTWiHblX peweHI1H, KOTOpble 

MO:>KHO o6oe,n;MHI1Tb B O,ll;HO u;enoe e nOMO~bIO KaHalla. 

TaKol1 no,n;xo,n; ynpo~aeT peweH11e HOBblX 3a,n;aq, Ott TaK:>Ke ynpo~aeT noH11Ma­

H11e Baw11x peweH11J1: npe:>KHMX 3a,n;aq, Kor,n;a Bbl nepeq11TbIBaeTe pa3pa6oTaHHbU1 

paHee Ko,n;. 

Ynpa>1<HeH11u1 

I. Ilpoq11Tal1Te ,n;oKyMeHTau;1110 no cpyHKIJ;I1I1 apply () . KaK11e ,n;Ba u;11Kna 0606-

~aeT 3Ta cpyttKIJ;I151 BO BTOpOM np11Mepe? 

2. A,n;anT11pyl1Te cpyHKIJ;MIO col_ swnmary () TaKMM o6pa30M, qT06b1 otta np11Me­

H.Hnaeb TOllbKO K q11enoBblM CTon6u;aM. Bo3MO:>KHO, Bbl 3aXOTI1Te HaqaTb e 11e­

nollb30BaHMJI cpyHKIJ;I1I1 is _numeric () , B03Bpa~aro~el1 nornqeeK11J1: Be1<Top, 

B KOTOpOM 3Haqemrn TRUE eoOTBeTeTBYIOT q11el!OBblM eTon6u;aM. 

G>yHKL\VU1 ceMeMCTBa map 
OpraH113au;11.H u;11Kna no BeKTopy, BhITIOl!HeH11e onpe,n;e11eHHoro Ha6opa ,n;eJ1:­

eTBI1l'1 no OTHOWeHI1IO K Ka:>K,D;OMY 3JieMeHTY BeKTopa I1 eoxpaHeHMe pe3YllbTaTOB 

JIBlIJieTe.H HaeTOJibKO T11n11qttol1 3a,n;aqeJ1:, qTo naKeT purrr npe,n;oeTaBnaeT eeMeJ1:­

eTBO cpyHKIJ;I1H, BbITIOlIHJIIO~I1X Bee 3TO BMeeTO Bae. )J;na Ka:>K,n;oro TI1na BblXO,D;HblX 

pe3yJibTaTOB npe,n;yeMOTpeHa eBOJI cpyHKIJ;I1.H: 

• map () - eo3,n;aeT en11eoK; 

• map_lgl () - eo3,n;aeT lIOfJt1'-IeeKI1H BeKTOp; 

• map_int () - eo3,n;aeT u;elIO':II1ClleHHblH BeKTOp; 

• map_dbl () - eo3,n;aeT Be~eeTBeHHblH BeKTOp; 

• map_chr () - eo3,n;aeT eMMBOllbHblH BeKTOp . 

Ka:>K,n;a.H 113 3TI1X cpyHKIJ;J1J1: np11H11MaeT BeKTop B KaqeeTBe BXO,D;HblX ,n;aHHblX, 

npMMeH.HeT cpyHKIJ;I1IO K Ka:>K,n;oJ1: qaeTI1 J1 B03Bpa~aeT HOBblH BeKTOp TOH :>Ke ,D;JII1-

Hbl (11 e TeMM )Ke 11MeHaM11), qTo 11 Bxo,n;ttol1. T11n BeKTopa onpe,n;enaeTrn eycpcpI1K­

eoM B I1MeHI1 cpyHKIJ;I1I1. 

0eBOI1B 3TI1 cpyHKIJ;I1I1, Bbl yB11,n;11Te, qTo Tenepb Ha pewett11e 11Tepau;110HHblX 

3a,n;aq y Bae yxo,n;MT MeHbille BpeMeHI1. 0,n;HaKO HI1KOr,n;a He eTeeHJIHTeeb 11enOllb-

30BaTb IJ;I1Kll BMeeTo cpyHKIJ;I1I1 oT06pa:>KeHMJI. TaK11e cpyttKIJ;I1I1 ,n;o6aBlIJIIOT HOBble 

ypOBHI1 a6eTpaKIJ;I1I1, I1 ,D;Oll)KHO npol'1TI1 KaKoe-To BpeM.H, npe)K,n;e qeM Bbl oeBOI1Te 
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p a6oTy c Hl1Ml1. Ba:>KHO TO, 'IT06b1 Baurn ycm1mr 6buu1 HanpaBneHbl Ha perneHJ!le 

3ap;aqJ11, Hap; KOTopo:il! Bbl pa6oTaeTe, a He Ha ttanJ11cattJ11e HaJ116onee KOMnaKTHoro l1 

3JieraHTHOfO KOp;a. (Xonr, HeCOMHeHHO, 3TO TO, K 'IeMy Bbl BCerp;a ,D;OJI:>KHbl CTpe­

Y1J1TbCH!) 

Koe-KTO MO:>KeT coBeToBaTb BaM l136eraTb IJ;l1KJIOB l13-3a Toro, 'ITO OHJll Mep;­

n eHHO pa6oTaIOT. 0Hl1 HenpaBbl! (J1JIJ1, no Kpa:il!tte:il! Mepe, OTCTaJIJll OT )KJ13HJ1, 

IIOCKOJibKY IJ;JllKJibl He pa6oTaIOT Mep;neHHO BOT y:>Ke MHOro JieT.) OcHOBHblM npe­

MMyIIJ;eCTBOM cpyttKIJ;JllM Hanop;o6J11e map () .irnm1eTC5! He CKOpOCTb, a 5!CHOCTb: J1C­

IIOJib3YIOIIJ;J1M JllX KO,D; nerKO 'IJllTaTb J1 nJ11caTb. 

OnJ11caHHb1e cpyHKIJ;l1l1 MO:>KHO J11cnoJib30BaTb p;nH BbIIlOJIHeHJ115! Tex :>Ke BbI'IJ11C­

nettJ11:il!, qTo J1 B nocnep;HeM IJ;JllKJie for. 3TJ1 JllTOfOBbie cpyHKIJ;Jilltl B03BpaIIJ;aIOT Be­

lll,eCTBeHHbie 'IltlCJia, n03TOMY Mbl ,D;OJI:>KHbl J1CnOJib30BaTb cpyHKIJ;JllIO map - dbl () . 

~ap_db~ ( df , me an ) 
#> a b 
#> 0.2026 - 0 . 2068 
·ap _dbl (df , median ) 

c d 
0.1275 - 0. 0917 

#> a b c d 
> 0.237 - 0.218 0.254 - 0.133 

... ap_dbl (df , sd ) 
#> a b c d 
#> 0 . 796 0 . 759 1.1 64 1 . 062 

Ilo cpaBHeHJllIO C IJ;JllKJIOM for BH1t1MaHJ11e 3,D;eCb cpoKyc1t1pyeTC5! Ha BbIIlOJIHJ!­

eMOM onepau;J11J11 (T.e. mean () , median () sd () ), a He Ha BcnoMoraTeJibHbIX p;e:il!­

CTBJllJ!X no 06cny:>KJ11BaHJ1IO IJ;JllKJia J1 c oxpaHeHJllIO pe3yJibTaTa. 3TO CTaHOBJllTCJ! 

elll,e 6onee O'IeBJll,D;HbIM, ecJIJll J11cnoJib30BaTb KaHaJI. 

df %>% map_dbl (mean ) 
#> a b c d 
#> 0 . 2026 - 0 . 2068 0.1275 - 0 .0917 
d f %>% ~ap_db~ (median) 

#> a b c d 
#> 0 . 237 - 0 . 218 0 . 254 -0.133 
df %>% map_ dbl (sd ) 
#> a b c d 
#> 0 . 796 0.759 1.164 1 . 062 

Me:>Kp;y cpyttKIJ;l15!Ml1 map_* () l1 col_ summary () cyIIJ;ecrnyeT eIIJ;e HecKOJibKO 

pa3Jil1'1l1M. 

• Bee cpyHKIJ;l1l1 naKeTa purrr peaJIJ130BaHbI Ha 5!3bIKe C. 3To HeCKOJibKO ycKo­

pHeT ltlX pa6oTy 3a cqeT HeKOTOporo CHltl:>KeHJ15! y,r:i;o60'11t1TaeMOCTJ1. 
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• BTopofl: apryMeHT, • f , T.e. npMMemreMaJI cpyttKL\fllJI, MO)l(eT 6b1Tb cpopMynor1, 

a TaK)l(e Cf/IMBOJibHblM f/IJIJ/I 1\eJioqfllcJieHHblM BeKTOpOM. 06 3Tf/IX yp;o6HblX 

coKpameHf!IJIX Bbl y3HaeTe B rnep;yromeM pa3p;en e. 

• .D:JIJI nepep;aqf/I p;onOJIHJ/ITeJibHblX apryMeHTOB cpyHKL\fllfll • f npfll Ka)l(p;OM ee 

Bbl30Be B cpyHKL\fllJIX ceMer1cTBa map_* ( ) npep;ycMOTpeH apryMeHT-MHOfO­

TOqf/le ••• (CM. maBy 15). 

map_dbl (df , mean , trim = 0. 5) 
#> a b c d 
#> 0.237 - 0 . 218 0 . 254 - 0 .1 33 

• KpoMe Toro, cpyHKL\fllfll OTo6pa)l(eHMJI coxpaHJIIOT f!IMeHa. 

z <- list (x = 1 : 3, y = 4 : 5) 
map_int (z , length ) 
#> x y 
#> 3 2 

CoKpall,\eHlllR 

CymecTBYIOT orrpep;eneHHble coKpameHfllJI, KOTOpb1e MO)l(HO fllCTIOJib30BaTb 

c cpyHKL\flleM • f p;JIJI Toro, qT06b1 HeMHOfO yMeHblll f/ITb o6'beM BBO)J;fllMOfO Kop;a. 

ilpep;noJIO)l(f!IM, Bbl XOTJ/ITe npMMeHJ/ITb Jlf11Her1HyIO MOp;eJib K Ka)l(p;Or1 rpyrrrre Ha-

6opa p;aHHblX. HM)l(e rrpep;cTaBJieH He6oJibIIIOr1 npMMep, pa36MBaIOIL\fllM tta6op 

p;aHHblX mtcars Ha TPfll qacTfll (no op;ttor1 p;JIJI Ka)l(p;oro 3Ha':!eHf!IJI rrepeMeHHOM 

cylinder) fll npMMeHJIIOIL\fllM op;Hy fll TY )Ke Jiflltter1H yIO Mop;eJib K Ka)l(p;ofl: f/13 HfllX. 

models <- mtcars %>% 
sr.-lit (.$ cyl ) %>% 
nap ( ~unct1on ( df ) ~m ( mpg - wt , data = df ) ) 

CMHTaKCfllc p;nJI co3p;aHfllJI aHOHfllMHblX cpyHKL\fllM B R p;oBOJibHO rrop;po6eH, rro-

3TOMY naKeT purrr rrpep;OCTaBJIJieT yp;o6Hoe COKpamettf!le: O)J;HOCTOpOHHIOIO cpop­

Myny. 

models <- mtcars %>% 
srlit (.$ cyl ) %>% 
map (- lm (mpg - wt , data = . )) 

3p;ecb Mbl f/ICTIOJib30BaJIJ/I CMMBOJI TOqKfll ( . ) B KaqecTBe MeCTOfllMeHJ/IJI: OH CCbl­

JiaeTCJI Ha TeKYIL\fllM 3JieMeHT CTIJ/ICKa ( ToqHo TaK )Ke, KaK i CCbIJiaeTCJI Ha TeKyll\fllM 

fllHp;eKC B 1\fllKJie for ). 

B rnyqae pa6oTbl op;HoBpeMeHHO co MHOrfllMfll Mop;eJIJIMfll 1\eJiecoo6pa3HO f!IC­

noJib30BaTb TaKMe fllTOrOBble cTaTf!ICTfllKfll, KaK Ko::icpcpML\flleHT p;eTepMMHal\fllfll R2
• 
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.D;1rn '.:HOrO Heo6xo,IT;J1MO BbI3BaTb cpyHKIJ;l1IO summary ( ) , a 3aTeM l13BJie'lb KOMIIO­

HeHT rro,n; Ha3BaHJ1eM r. squared. 3TO MO)l(HO 6bIJIO 6bI c,n;eJiaTb c IIOMOin;bIO co ­

Kparn;eHMM ,n;m1 aHOHI1MHbIX cpyHKIJ;l1M. 

models %>% 
map (swmna r y ) %>% 
map_dbl (- . $r . squared ) 

#> 4 6 8 
#> 0.509 0 .4 65 0 . 423 

0,n;HaKo l13BJie'!eHMe MMeHoBaHHblX KOMIIOHeHTOB - pacrrpoCTpaHeHHaR orre­

pau;MR, rro3TOMY rraKeT purrr rrpe,n;ocTaBJIReT ern;e 6onee 3KOHOMHoe coKparn;eHMe: 

CTpOKy. 

models %>% 
map (swmnary ) %>% 
map_ dbl ( "r. s quared" ) 

#> 4 6 8 
#> 0 .509 0 . 46 5 0 . 423 

TaK)l(e MO)l(HO MCIIOJib30BaTb u;eJible 'IMCJia ,n;JIR Bb16opa 3JieMeHTOB no MX rro-

3l1IJ;l1RM. 

x <- list (list ( l , 2 , 3 ) , list (4 , 5 , 6) , list (7, 8 , 9)) 
x %>% map_dbl (2 ) 
#> [ l] 2 5 8 

6a3oeb1e B03MO)KHOCTlil R 
EcnM Bbl 3HaKOMbl c cpyHKIJ;MRMM ceMeril:cTBa apply, Bxo,n;Rrn;MMM B 6a30BblM 

KOMIIJieKT R, TO MOrJII1 o6paTI1Tb BHMMaHMe Ha l1X CXO)J;CTBO c cpyHKIJ;l1RMI1 rraKeTa 

purrr. 

• <DyHKIJ;l151 lapply () B OCHOBHOM M,n;eHTM'!Ha cpyHKIJ;l1l1 map ( ) , 3a l1CKJIIO­

'!eHJ1eM Toro, 'ITO map () cornacyeTCR co BCeMM OCTaJibHblMI1 cpyHKIJ;l1RMI1 

purrr l1 ,n;orryCKaeT l1CIIOJib30BaHI1e COKparn;eHMM ,ll;lIR cpyHKIJ;l1l1 • f . 

• Ba30BaR cpyHKIJ;MR sappl y () CJIY)l(MT o6oJIO'IKOi1 ,n;nR cpyHKIJ;l1l1 lapply ( ) , 
aBTOMaTI1'leCKI1 yrrporn;aR BbIBO,ll;. 3To y,n;o6HO ,ll;JIR pa60Tbl B l1HTepaKTI1B­

HOM pe)l(J1Me, HO rrpo6JieMaTI1'IHO )J;JIR l1CIIOJib30BaHI1R B cpyHKIJ;l1RX, rro­

CKOJibKY Bbl Hl1Kor,n;a He 3HaeTe 3apaHee, KaKOM Tl1II BbIBO,n;a 6y,n;eT IIOJiy'leH . 

xl <- .'..ist ( 
c (0 . 27 , 0 . 37 , 0.57 , 0. 91 , 0 • 20 ) f 

c (0. 90 , 0 • 94 f 0 . 66 , 0. 63 , 0 . 06 ) , 
c (0 . 21 , 0 . 18 , 0. 69 , 0. 38 , 0 . 77 ) 
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x2 <- list ( 
c (0. 50 , o. 72 , 0 . 99 ' 0 . 38 , 0. 78 )' 
c (0.93 , 0. 21 , 0. 65 , 0 .13 , 0 . 27 )' 
c (0.39 , 0 . 01 , 0 . 38 , 0 . 87 , 0.34 ) 

threshold <- funct~on ( x , cutoff = 0.8 ) x [x > cutoff ) 
xl %>% sapply (threshold ) %>% str () 
#> List of 3 
#> $ nurn 0.91 
#> $ : nurn [1:2) 0.9 0 . 94 
#> $ : nurn (O) 
x2 %>% sapply (threshold ) %>% str () 
#> nurn [1: 3) 0 . 99 0 . 93 0.87 

• <l>yHKll,MR v apply ( ) - 3TO 6es onacHa5I aJibTepHaTMBa cpyHKll,MJ.1 

s a pp 1 y ( ) ) TIOCKOJibKY TI03BOJI5IeT npe,n;OCTaBJIRTb )J;OTIOJIHMTeJibHbn1 ap­

ryMeHT, KOTOpbIM onpe,n;eJIReT TMTI. Ep;MHCTBeHHOM npo6JieMOM, CB5I3aH­

HOM c cpyHKU,Mer1 vapply () ) 5IBJI5IeTrn )J;lIJtIHa BBO,n;a: Bbl30B vapply (df, 
is.numeric,logical(l)) 3KBMBaJieHTeH Bhl30BY map_lgl(d f, 

is. numeric) . <l>yttKU,MR vapply () o6na.n;aeT op;HMM npeMMylll,eCTBOM no 

cpaBHeHMIO c cpyHKU,MRMJ.1 ceMeMCTBa map: OHa TaK>Ke MO:>KeT cos,n;aBaTb Ma­

TpMU,bI, Tor.n;a KaK cpyHKU,MM map Bcer.n;a cos,n;aIOT TOllbKO BeKTOpbI. 

B 3TOM pas.n;ene MbI ccpoKyc1t1poBaJI1t1 Barne BHMMaHMe Ha cpyHKU,MRX naKeTa 

purrr BBM,n;y lly<Iwero cornacoBaHJ.15! MX JtIMeH M apryMeHTOB, HaJIM'IMR TIOJie3HbIX 

coKpaI11,eHHbIX cnoco6oB BbI30Ba, a TaK:>Ke O:>KM,n;aeMoro B 6nM:>Kar1:weM 6yp;yI11,eM 

ynpolll,eHJ.15! pa60TbI c napanJieJibHbIMJ.1 BblqJticJieHMRM M Jt1 npe,n;oCTaBJieHJ.15! MH,D;M­

KaTopoB BbITIOJIHeHMR. 

Ynpa>KHeH11u1 

1. HanMWMTe KO,n;, B KOTOpOM cpyHKU,MM ceMer1crna map MCTI0llb3YIOTC5I ,D;lIR pe­

weHMR cne,n;yIOill,MX sa,n;aq: 

a) BbiqJticJIMTe cpe.n;ttee sttaqeHMe p;JIR Ka:>K,n;oro cTon6u,a Ha6opa ,n;aHHbIX 

mt cars; 

6) onpe.n;enMTe TMn Ka:>K,n;oro cTon6u,a tta6opa ,n;aHHbIX nycflights 13 : 
: flights ; 

B) BbiqJticJIMTe KOJIMqecTBO yttMKaJibHbIX sHaqeHMr1 B Ka:>Kp;OM cTon6u,e tta6opa 

,n;aHHbIX iris; 
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r) creHep11py:i1Te 10 crryqa:i1Hh1X HOpMaJibHhIX pacnpep;eneH11i1 ,ll;JIJI Ka)l(p;oro 113 

3HaqeH11:i1 napaMeTpa µ = -10, 0, 10 11 100. 

2. KaK C03,ll;aTb O,ll;MHOqHblM BeKTOp, KOTOpblM yKa3bIBaJI 6bI ,ll;JIJI Ka)l(,ll;Oro CTOJI6-

11a cppe:i1Ma p;aHHblX, JIBJIJieTCJI JIM OH cpaKTOpOM MJIJ1 HeT? 

3. '-ITO npoM30M)l.eT, ecJIM Bbl 1'1CIIOJlb3YeTe t\iyHKU,1'11'1 ceMeVlCTBa map no OTHOllle­

HJ1IO K BeKTopaM, He JIBJIJIIO~MMCJI CTIMCKaMM? 1·1To p;enaeT Bbl30B cpyHKIIMM 

map ( 1: 5, run if)? JJ:a:i1Te noJicHemrn. 

4. lfro p;enaeT Bhl30B cpyHKIIMM map (-2: 2 , rnorm, n = 5) ? JJ:athe noJICHeHMJI. 

l.fro p;enaeT Bbl30B cpyttKIIMM map_ dbl (- 2: 2, rnorm, n = 5) ? JJ:a:i1Te noJicHeHM. 

5. ITepen11IIIMTe cpyHKIIMIO map(x , function(df) lm(mpg - wt, data= df)) 

TaKV1M o6pa30M, qT06bl yCTpaHMTb aHOHMMHYIO cpyHKIIV1IO. 

06pa60TKa OWM60K 
Korp;a cpyHKllvtvt ceMetkTBa map 11cnoJih3YIOTCJI p;JIJI MHoroKpaTHoro BbITIOJI­

HeHvtJI MHOrvtx onepa11vt:i1, cy~eCTByeT 6oJibIIIaJI Bep05ITHOCTb Toro, qTO 0,ll;Ha V13 

3TvtX onepa11vt:i1 He CMO)l(eT ycneurno 3aBepIIIvtTbCJI. EcnM 9TO crryqvtTCJI, Bbl nony­

'fvtTe coo6~eHvte 06 ourn6Ke 6e3 Bhrnop;a KaKo:i1-JIM6o vtHcpopMallvtvt. 3TO pa3p;pa­

:>KaeT: noqeMy ep;vtHCTBeHHaJI OIIIV16Ka p;enaeT HeB03MO)l(HblM ,ll;OCTYII K pe3yJibTa­

TaM ycneIIIHOro BblTIOJIHeHMJI ocTaJibHblX onepa11vt:i1? KaK p;o6MTbCJI Toro, qT06b1 

iIO)l(Ka p;eITJI He Morna vtcnopTI1Tb 6oqKy Mep;a? 

B 9TOM pa3p;ene Bbl Y3HaeTe o TOM, KaK o6pa6aTbIBaTb nop;o6Hble CvtTya11vtvt 

c IIOMO~bIO HOBOM cpyHKIIMV1: safely () . <DyHKIIMJI safely () - Hapeqvte: OHa 

npvtHvtMaeT cpyHKIIJ1IO (rnaron) J1 B03Bpa~aeT ee MO,ll;I1cp111111poBaHHYIO Bepc11IO. B 

n;aHHOM crryqae MO,ll;I1cp111111poBaHHaJI cpyHKIIJ1JI HJ1KOf,ll;a He creHep11pyeT OIIIJ16Ky. 

BMeCTO 9TOro OHa Bcerp;a B03Bpa~aeT CIIJ1COK, COCT05I~J1:i1 113 ,ll;BYX nepeq11cJieH -

HblX HJ1)1(e 9JieMeHTOB. 

result 

Op11rnHaJibHbltt pe3ynhTaT. B crryqae OIII116K11 9TO 6yp;eT NULL. 

error 

061:>eKT 0III116K11. Ecrr11 onepa11vtJI 3aBepIII11nacb ycneIIIHO, 9TO 6yp;eT NULL. 

(Bo3MO)l(HO, Bbl 3HaKOMbl c cpyHKI1J1e:i1 try ( ) vt3 6a3oBoro KOMIIJieKTa R. 0Ha 

pa6oTaeT aHaJIOfJ1qHO cpyHKIIJ1J1 safely () )HO TIOCKOJibKY J1HOf,ll;a OHa B03Bpa~a­

eT op11rvtHaJibHb1:i1 pe3yJihTaT, a 11Horp;a - o6beKT 0III116Kvt, c Hei1 Tpyp;Hee pa6o­

TaTb.) 
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I1poltlJIJIIOCTp11pyeM 3TO Ha npOCTOM npMMep e, J1CTIOITb3YR cpyHK~J1IO safe 
log() . 

saf e_l og <- safely (log ) 
str (safe_log (l0 )) 
#> List of 2 
#> $ r esul t : num 2 . 3 
#> $ error : NULL 
s•r (safe_l g ("a" )) 
#> List of 2 
#> $ re sul t : NULL 
#> $ e r ror :List of 2 
#> .. $message: chr "non- numeric argument to mathematical 
#> .. $call : l anguage . f( ... ) 
#> - attr(* , "c lass" )= chr [1 : 3] "simpleError" "error" ... 

" 

B cnyqae ycneurnoro BbITIOnHeHJtlR cpyttK~JtlJ1 3neMeHT result cop;ep)KltlT pe-

3ynbTaT, a 3neMeHT error - 3Hal.J.eHMe NULL. B cnyqae aBapmlrnoro 3aBeprneHltlR 

cpyttK~J1J1 3neMeHT result cop;ep)l(ltlT 3Hal.J.ett11e NULL, a 3neMeHT error - o6'beKT 

OllIM6KJtl. 

<l>yttK~ltlR safely () cnoco6Ha pa6oTaTb c cpyttK~J1RMJ1 ceMeikTBa map. 

x <- list (l , 10 , "a" ) 
y <- x %>% map (safely (log )) 
str (y ) 

#> Li s t of 3 
#> $ :List of 2 
#> .. $resul t : num 0 
#> .. $error : NULL 
#> $ :List of 2 

.. $ res ult: num 2 . 3 

.. $ err or : NULL 
$ : Li st of 2 
.. $ resul t: NULL 
.. $ err or :Lis t of 2 

.. $message: chr "non-numer i c argument to 

.. $call : l anguage .f ( . . . ) 
" 

#> 
#> 
#> 
#> 
#> 
#> 
#> 
#> - at tr(* , "class " )=chr [1 : 3] "s impleErr or" "error" 

Ehrno 6hr npo~e pa6oTaTb, ecn11 6hr y ttac 6brno p;Ba cnltlcKa: op;11H - p;nR Bcex 

OllIJtl60K, p;pyroM. - p;nR Bcex BbIXO)J;HbIX pe3ynbTaTOB. J1x nerKO nonyl.J.J1Tb c no­

MO~blO cpyttK~JtlM purrr: : transpose () . 

y <- y %>% transpose () 
'ol r ( y ) 

#> List of 2 
#> $ r esult : Li s t of 3 
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=> 
=> 
=> 

. . $ 

.. $ 

.. $ 

num 0 
num 2 . 3 
NULL 

=> $ error :List of 3 
=> . . $ : NULL 
=> . . $ : NULL 
=> 
;;> 
;;> 

. . $ : List of 2 
. . $message : chr "non- numer i c argument t o 

.... $call : language . f( ... ) 

II 

11 > • .. • - attr(* , "class " )=chr [1:3] "sirnpleError" "error " 

06pa60TKa oun160K ITOJIHOCTblO 3aBJl!CJl!T OT Bae, HO B TJl!ITJl!'IHblX CJiyt-IaHX Bbl 

6y,n;eTe JIJ1160 npocMaTpJl!BaTb 3Ha'IeHJl!5I x , ,Il;lIR KOTOpblX y co,n;ep)l(Jl!T OIIJJl!6Ky, 

JIJ1!60 pa6oTaTb c HOpMaJibHblMJI! 3Ha'IeHJl!5IMJI! y. 

i s_ok <- y$error %>% ~af_la (is null ) 
x [ ! is_ok ] 
#> [ [l] J 
#> [ l] "a " 
y$result [is_ok] %>% flatter._dtl () 
#> [ 1 J 0 . 0 2 . 3 

I1aKeT purrr rrpe,n;ocTaBJIReT ,n;Ba ,n;pyrJ1Ix rrone3HblX ttape'IJl!R. 

• KaK JI! cpyttK~Jl!R safely I) , cpyttK~Jl!R possibly () Bcer,n;a 3aBepIUaeTrn 

ycneIIJHO. Otta rrpo~e cpyttK~Jl!Jll safely () , rrocKOJibKY Bbl nepe,n;aeTe di 

3Ha'IeHJl!e no YMOJI'IaHJl!IO , KOTopoe 6y,n;eT B03Bpa~etto B ClIYl.Jae B03HMKHO­

BeHMR OIIJM6KJI!. 

x <- .:.:s:. (1, 10 , "a" ) 
x %>% ~ta!)_db ::. ( pvssiL _ (log , NA_ real_)) 
#> [ 1] 0 . 0 2 . 3 NA 

• <DyHK~MR quietly () MrpaeT attaJIOn1'IHYIO pOJib, HO, B OTJIM'IMe OT cpyHK ­

~MJI! safely () ) BMeCTO nepeXBaTa OIIJJl!60K OHa rrepeXBaTbIBaeT BbIBO,Il;MMbie 

pe3yJibTaTb1, coo6~eHJ1IR M npe,n;yrrp e)l(p;eHJl!R. 

x <- _ist (l , -l ) 
x %>% map ( qu ~ e~::.y ( log )) %>% s~~ () 

#> List of 2 
#> $ : Lis t of 4 
#> .. $ result num 0 
#> . . $ output chr " " 
#> . . $ warnings : chr (O) 
#> .. $messages : chr(O ) 
#> $ : Lis t of 4 
#> . . $ result num NaN 
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#> .. $ output chr "" 
#> .. $ warnings : chr "NaNs produced" 
#> .. $ messages: chr(O) 

Cl>yHKl,\MM ceMeHCTBa map c HeCKOnbKMMM 

BXOAHblMM nepeMeHHblMM 

LJ:o CJ1X nop Mb! 3aHJ1MaJIJ1Cb OTo6pa)KeHJ1RMJ1 O,ll;HOM BXO,ll;HOM nepeMeHHOH. 

Op;ttaKo 1.JaCTO B03HMKaIOT c11Tya~1111, Korp;a Tpe6yeTcR BbITIOJIHRTb 11Tepa~1111 na­

panJieJibHO no HeCKOJibKJ1M BXO,ll;HbIM nepeMeHHbIM. 3Ty 3ap;a'-ly pernaIOT cpyHK~J1 11 

map2 () J1 pmap () . I1pep;nOJIO)KJ1M, Bbl XOTJ1Te J1MJ1T11pOBaTb HOpl'viaJibHble pacnpe­

p;eJieHJ1R c pa3Hb1MJ1 cpep;H11M11 3Ha1.JeHMRMJ1. Bb1 3HaeTe, KaK 3TO MO)KHO cp;eJiaTb 

nOMO~bIO cpyHK~J1J1 map () . 

mu <- list (5, 10 , - 3) 
mu %>% 

map (rnorm, 
"r r () 

n = 5 ) %>% 

#> List 
#> $ 
#> $ : 
#> $ : 

of 3 
num [1:5] 
num [1:5] 
num [1 : 5] 

5 . 45 5.5 5.78 6 . 51 3 .1 8 
10 .7 9 9. 03 10.89 10 . 76 10.65 
- 3 . 54 - 3 . 08 - 5.01 -3.51 - 2.9 

A KaK 6b1Tb B TOM rnyl.Jae, eCJIJ1 Bbl 3axOTJ1Te Bapb11poBaTb TaK)Ke CTaHp;apTHOe 

OTKJIOHeH11e? Op;11H 113 cnoco6oB cp;enaTb 3TO 3aKJII01.JaeTcR B 11Tep11poBaH1111 n o 

J1H,ll;eKcaM J1 l1Hp;eKc11poBaHJ1J1 BeKTOpOB cpep;Hl1X 3Ha1.JeHJ1M J1 CTaHp;apTHbIX OT­

KJIOHeHJ1M. 

sigma <- list (l , 5, 10 ) 
seq along (mu) %>% 

map (- rnorm (5, mu [ [.]], 
s+-r () 

sigma [ [. J l ) ) %>% 

#> List 
#> $ 
#> $ : 
#> $ : 

of 3 
num [1:5] 
num [1 : 5] 
num [1 : 5] 

4.94 2.57 4 . 37 4 .12 5.29 
11.72 5 . 32 11.46 10.24 12.22 
3 . 68 - 6. 12 22 . 24 -7.2 10.37 

Ho 3TO 3aTpyp;ttRe! noH11MaH11e Ha3Ha1.JeH11R Kop;a. BMecTo 3Toro MO)KHO 11c­

nOJib30BaTb cpyHK~J1IO map2 () ' BbITIOJIHRIO~YIO J1Tepa~J1J1 O,ll;HOBpeMeHHO no 

ABYM BeKTopaM (p11c. 17 .1). 

map2 (mu , sigma , rnorm, n = ~ ) %>% 3~r () 

#> List of 3 
#> $ : num [1:5] 4.78 5 . 59 4 . 93 4.3 4.47 
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=> $ 
=> $ 

num [1:5] 10.85 10.57 6.02 8 . 82 15 . 93 
nurn [1:5] -1.12 7 . 39 -7.5 - 10.09 - 2 . 7 

<flyHKD;J.-UI map2 () reHepMpyeT cne.n;y10ru;y10 rrocne.n;oBaTeJibHOCTb Bbl30BOB 

<PYHKD;Mi1 . 

mu sigma map2(mu, sigma, rnorm, n = 10) 

0 [2J rnorm(S, 1, n = 10) 

~ 0 rnorm(10, 5, n = 10) 

[JJ ~ J rnorm(-3, 10, n = 10) I 
Puc. 17.1 

06paTMTe BHMMaHMe Ha TO, qTo apryMeHTbl, KOTOpbie MeHJIIOTCJI OT Bbl30Ba K 

Bbl30By, rrpe.n;rneCTBYIOT cpyHKIJ;MM, TOr.n;a KaK apryMeHTbl, OCTaIOru;MeCJI IlOCTOJIH­

HblMM )l;JIR BCex Bbl30BOB, yKa3bIBaIOTCJI rrocne Hee. 

KaK M cpyHKD;MJI map () ' cpyHKD;MJI map2 () - 3TO Bcero JIMillb o6onoqKa BOKpyr 

D;MKrra for. 

:nap2 <- funct.ion (x, y, f , ... ) { 
out <- vector ("list" , ::_2rgt.~ ( x )) 

for (i in seq_a:ong (x )) { 
out [[ i ] ] <- f (x [[ i ]], y [ [i )], ... ) 

out 

HecnmKHO rrpe.n;cTaBMTb ce6e co3,n;aHMe aHarrorMqHbIX cpyHKD;Mi1 map3 () , 

:nap4 () ' maps () ' map6 () M T.)l;., HO TaKoi1 rrop;xop; 6bITpo HaCKyqMT. BMeCTO 3TOfO 

rraKeT purrr rrpep;oCTaBrrJieT cpyHKD;MIO pmap () ' KOTopaR rrpMHMMaeT CITMCOK apry­

MeHTOB. Bbl MOrnM 6b1 Mcrrorrb30BaTb ee, ecnM 6b1, HarrpMMep, xoTerrM BapbMpoBaTb 

cpep;Hee 3HaqeHMe, CTaHp;apTHOe OTKJIOHeHMe M KOJIMqeCTBO BbI6opoK. 

n <- :.:st (1 , 3 , 5) 
argsl <- list (n , mu , 
argsl %>% 

prnap (rnorrn) %> % 
str () 

#> List 
#> $ 

of 3 

s igrna ) 

#> $ 13.4 18.8 13.2 
#> $ 

nurn 4.55 
num [1 : 3) 
nurn [1: 5) 0.685 10.801 -11. 671 21 . 363 - 2.562 
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3TO BblrJIRAl1T rrpl1Meptto TaK (p11c. 17.2). 

argsl pmap(argsl) 

rnorm(l, 5, 1) 

rno rm(3, 10 , 5) 

I rnorm(5, -3, 10) 

Puc. 17.2 

ECJrn 9JieMeHTbI crr11cKa He rro11MeH0BaHbI, cpyttKI.J;Jrn pmap () 6yAeT 11crroJib30 -

BaTb rrpM BbI30Be cpyttKl!MM IT03Ml!MOHHOe cooTBeTCTBMe. 3To rrpMAaeT KOAY orrpe­

AeJiettttyIO xpyrrKOCTb M 3aTPYAHReT ero tJTeHMe, TaK 'ITO nyqIIIe rrpMCBaMBaTb ap­

ryMeHTaM JtlMeHa. 

args2 <- list (mean = mu , sd = sigma , n = n ) 
args2 %>% 

pmap (rnorm ) %>% 
str () 

,lJ;aHHbIH KOA rettepMpyeT 6oJiee AJIMHHbie, HO B TO >Ke BpeMR 6onee 6e30ITaCHbie 

Bbl30Bbl (pMC. 17.3) . 

args2 pmap(args2) 

mu sigma n 

0 OJ cu rnorm(mu = 5, sigma = 1, n = 1) 

~ 0 0 rnorm(mu = 10, sigma = 5, n = 3) 

CTI ~ 0 j rnorm(mu = -3, sigma = 10, n = 5) 

Puc. 17.3 

IlocKOJibKY Bee apryMeHTbI JtlMeIOT OAMHaKOBYIO AJIMHy, JtlMeeT CMbICJI coxpa­

HJtlTb JtlX BO cppeJ1Me AaHHbIX. 

pararns <- tribble ( 
-mean , - sd , - n, 

5 , 1 , 1 , 
10 , 5 , 3, 
- 3 , 10 , 5 
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~ararns %>% 
prnap (r no r rn ) 

=> [ [l]] 
=> [ l] 4.68 
=> 
=> [ [2] J 
=> [ l] 23 . 44 12 . 85 7.28 
=> 
=> [ [3] J 
=> [l] - 5. 34 - 17.66 0 . 92 6.06 9 . 02 

KaK TOllbKO Mbl BJ1)J;J1M, 'ITO KO)J; Ha'IJ1HaeT ycJIO)KHB:TbOI, Mbl CTap aeMCB: J1C ­

I10llb30BaTb ¢peM:Mbl p;aHHbIX, IIOCKOllbKY OHJ1 rapaHTMp yIOT, 'ITO Ka)K)J;bIM CTOlI-

6eu, KaK-TO Ha3BaH, a Bee CTOJI6U,bl J1MeIOT O)J;J1HaKOBYIO )J;lIMH y. 

Bbl30B pa31111111Hb1x <l>YHK4111ilt 

Bo3MO)KeH ern,e op;MH war B HanpaBneHMM B03pacTaHMB: CJIO)KHOCTJ1: ttapB:p;y c 

BapbMpOBaHJ1eM apryMeHTOB ¢YHKIJ,Jt1J1 MO)KHO BapbMpoBaTb caMy ¢YHKIJ,J1IO. 

f <- c ("runif" , "rnorrn", "rpois " ) 
pararn <- list ( 

list (rnin = - 1, max = 1) , 
list (sd = 5) , 
list (larnbda = 10 ) 

,[(JIB: o6pa60TKJt1 nop;o6HbIX rnyqaeB MO)KHO Jt1CIIOllb30BaTb ¢YHKU,J1IO invoke_ 

:nap () (p11c. 17.4). 

:nvoke_rnap (f, pararn, n = 5) %>% str () 
#> List of 3 
#> $ nurn [1: 5] 0 .7 62 0.36 - 0.714 0.531 0 . 254 
#> $ nurn [1:5] 3.07 - 3.09 1.1 5.64 9 . 07 
#> $ int [1 : 5] 9 14 8 9 7 

ITepBblH apryMeHT - 3TO CIIMCOK ¢YHKIJ,Jt1M MlIM CMMBOlibHblM BeKTOp J1MeH 

cpyttKIJ,J1M. BTopoM: ap ryMeHT - 3TO CIIJ1COK CIIJ1CKOB, npep;oCTaBJIB:IOIIJ,J1M apry­

YieHTbl, pa3Hble )J;lIB: pa3HbIX ¢YHKIJ,J1M. I1ornep;y10rn,Me apryMeHTbl n epep;aIOTCB: 

BCeM cpyttKU,J1B:M. 

J1 BHOBb, 'IT06bI ynpOCTJ1Tb C03p;aHJ1e 3TJ1X cornacoBaHHbIX nap, MO)KHO Jt1C ­

IIOllb30BaTb ¢YHKIJ,Jt1IO tribble () . 

rnasa 17. illre p~ posaH~e c noMO~btO naKera pu rrr 415 



f pa rams invoke_map(f, params, n = 5) 

min max 

"runif" runif(min = -1, max = 1, n = 5) 

"rnorm" rno rm(sd = 5, n = 5) 

lambda 

"rpois" ~ rpois (lambda = 10 , n = 5 

Puc. 17.4 

sim <- tribble ( 
- f , - params , 
" runif " , list (min = -1 , max 1 ), 
" rnorm" , list (sd = 5 ) , 
" rpois " , list (lambda = 10 ) 

sim %>% 
mutate (sim = invoke_map (f , params , n = 10 ) ) 

<l>yHKL\MM ceMeMCTBa walk 
<DyttK~J/IJI walk () - 3TO aJibTepttanrna cpyHK~J/IJ/I map () , I1CITOJib3yeMaJI ,n;JIJI 

BbI30Ba cpy1IK~I1I1 c ~eJibIO IIOJiyqeHJ/IJI rro6oqHbIX 3cpcpeKTOB, a He B03Bpa~aeMoro 

3HaqeHI1JI . KaK rrpaBI1JIO, 3TO )KeJiaTeJibHO B Tex cJiyqaJIX, KOr,n;a Bbl XOTI1Te OT0-

6pa3I1Tb BbIBO,ll; Ha 3Kpatte I1,ll;I1 coxpaHI1Tb cpa:i1JibI H a ,ll;I1CKe, T.e. Kor,n;a Ba)KHO He 

IIOJI)"II1Tb B03Bpa~aeMoe 3HaqeHI1e, a BbIIIOJIHI1Tb KaKOe-TO ,n;e:i1CTBJ/Ie. 06paTJ/IMCJI 

K oqeHb rrpocToMy rrp11Mepy. 

x <- list ( l , "a " , 3 ) 

x %>% 
walk (print ) 

#> [1] 1 
#> (1) "a" 
#> [l] 3 

B T111rnqHbIX c11Tya~11Jix cpyttK~I1JI walk () Mettee rroJie3Ha, qeM walk2 () 11JI11 

pwal k () . Harrp11Mep, ecn11 11MeeTCJI crr11coK rpacp11KOB 11 BeKTOp 11MeH cpa:i1JIOB, TO 
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)]JUI coxpaHeHJrn Ka)l(p;Oro cpai1:na B COOTBeTCTBYIOlll,eM pacrrOJIO)l(eHJ1J1 Ha ,!l;J1CKe 

MO)l(HO BOCI10Jlb30BaTbCJI cpyHKIJ;J1eM pwalk () . 

:ibrary (ggpl ot2 ) 
plots <- mtcars %>% 

split (. $cyl ) %>% 
map (- ggplot ( ., aes (mpg , wt ) ) + geo::-,_po:;_nt ()) 

paths <- stringr : : str_c (names (p lots ) , " .pdf" ) 

!)walk (list. (pat.hs , plots ), ggs ave , path = tempdir ()) 

Ka)l(,D;a>I J13 cpyHKIJ;J1M walk ( ) , w a l k2 ( ) J1 pw al k ( ) HeHBHO B03Bpalll,aeT • x 

(rrepBbIM apryMeHT), qTo p;enaeT J1X BeCbMa yp;o6HblMJ1 ,D;JIJI J1Cl10Jlb30BaHJ15I B cpep; ­

HJ1X 3BeHb5IX KaHaJIOB . 

.QpyrMe wa6noHbl ~MKnos for 
I1aKeT purrr rrpep;naraeT pH,!1; p;pyrMX cpyHKIJ;J1M, KOTOpbie JIBJIJIIOTCJI a6CTpaK­

IJ;J15IMJ1, I10CTpoeHHblMJ1 ITOBepx p;pyrMX TJ1I10B L\J1KJIOB for. 0HJ1 J1CI10Jlb3YIOTC5I 

pe)l(e, qeM cpyHKL\J1J1 ceMeMCTBa map, HO J1X 3HaHJ1e 6yp;eM BaM He JIMIIIHJ1M. 3TJ1 

cpyHKL\J1J1 rrpoMJIJIIOcTpMpoBaHbI HJ1)1(e Ha He6oJibIIIJ1X rrpMMepax c TOM u;enhIO, 

qT06bI Bbl MOrJIJ1 BCITOMHJ1Tb 0 HJ1X, CTOJIKHYBIIIMCb c aHaJIOrJ1qHblMJ1 rrpo6JieMa­

MJ1 B 6yp;yllJ,eM. Eonee rrop;po6Hy10 MHcpopMau;MIO o HMX MO)l(HO rronyqMTb B crrpa­

BoqHoM p;oKyMeHTau;J1J1. 

Cl>yHK4111111-npeA1i1KaTbl 

PHp; cpyHKL\J1M pa6oTaeT c cpyHKL\J15IMJ1- rrpep;J1KaTaMJ1, KOTOpbie B03Bpalll,aIOT 

op;MHoqHoe 3HaqeHJ1e TRUE J1JIJ1 FALSE. 

<DyHKL\J1J1 keep ( ) J1 discard () yp;ep)l(J1BaIOT Te 3JieMeHTbl BXO,D;HOro o6'beKTa, 

,D;JIH KOTOpb1x rrpep;MKaToM HBJIJieTcH cooTBeTCTBeHHO 3HaqeHJ1e TRUE J1JIJ1 FALSE. 

iris %>% 
keep (i s .factor ) %>% 
St!" () 

#> ' data .frame': 150 obs. of 1 variable: 
#> $Spec i es : Factor w/ 3 levels "setosa ","versicol or ", . . : 

iris %>% 
discard (is.factor ) 
str () 

#> ' data. frame ' : 
#> $ Sepal.Length: 
#> $ Sepa l . Wi dth : 

%>% 

150 obs. of 4 variables : 
nurn 5.1 4. 9 4.7 4 . 6 5 5 . 4 4 . 6 5 4.4 4.9 
num 3 . 5 3 3.2 3.1 3 . 6 3.9 3.4 3.4 2.9 3 
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#> $ Peta l.Length: num 1.4 1 . 4 1 .3 1 . 5 1.4 1 . 7 1 .4 1.5 1 . 4 
#> $ Petal .Wi dth : num 0 .2 0.2 0 . 2 0.2 0 . 2 0 . 4 0 . 3 0 . 2 0 . 2 

<DyttKu;1111 some () 11 every () orrpep;emno T, 51BJrneTCJI JI11 rrpep;11KaT 11CT11HHbI~ 

)J;JI51 HeKOTOpbIX 11lll1 )J;JI51 Bcex 3JieMeHTOB. 

x <- ~ist ( 1 : 5 , letters , list (10 )) 

x %>% 
some (is_charac t e r ) 

#> (1) TRUE 

x %>% 
every (is_vector ) 

#> (1) TRUE 

<DyHKI\1151 detect () HaXO)J;l1T rrepBbIM 3 JieMeH T c 11CTl1HHbIM rrpep;11KaTOM, 

cpyttKI\1151 detect_ index () B03Bpall\aeT rro 311u;11IO 3Toro 3JieMeHTa. 

x <- sample ( 10 ) 
x 
#> (1 ) 8 7 5 6 9 2 10 1 3 4 

x %>% 
detect (- . > 5) 

#> ( 1) 8 

x %>% 
i tect index (- . > 5) 

#> (1) 1 

<DyttKu;1111 head_while () 11 tail_ while ( ) rrp 11tt11MaIOT 3JieMeHTbI c HaqaJia 

11Jil1 c KOHu;a BeKTOpa, p;o Tex rrop IlOKa rrpep;11KaT 11MeeT 11CTl1HHOe 3HaqeH11e. 

x %>% 
head_while (- . > 5) 

#> (1) 8 7 

x %>% 
tail_while (- . > 5) 

#> integer (O ) 

<l>yHKL\111111 reduce 111 accumulate 

B cnyqae CJIO:>KHoro crr11cKa 11ttorp;a B03H l1KaeT rroTpe6ttocTb B rnep;ett1111 ero K 

6onee rrpocTOM Y CI111CKY rryTeM IlOBTOpttoro rrp 11MeHeHl15I cpyHKI\1111, rrpeo6pa3yIO­

Il\el'1 rrapy B Cl1HrJITOH (ofrheKT- O)J;l1HOqKy ) . 3 T o M O:>KeT 6bITb IlOJie3HbIM, eCJIJ1 Bbl 
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x on1Te rrp11Mett11Tb p;ByxTa6rrwrnb1i1. rnarorr dplyr K tteeKOJibKl1M Ta6rrm:i;aM. Ha­

rrp11Mep, y Bae MO:lKeT 6blTb err11eoK cppetl.MOB p;aHHblX, 11 Bbl XOT11Te CBeeTl1 ero 

K O,D;l1HO':!HOMY cppetl.My, o6'be,D;l1Hl1B Bee ::meMeHTbI. 

dfs <- 2.2.s': ( 
age L2-bb::.e (narne "John ", age = 30 ) , 
sex 
trt 

Libb::.e (narne 
tibb:'._e (narne 

c ("John", "Mary" ) , sex = c ("M" , "F" )) , 
"Mary" , treatment = "A" ) 

dfs %>% reduce (full _ join ) 
#> Jo i ning, by "name" 
#> Joining , by = "name " 
#> # A tibble : 2 x 4 
#> name age sex trea t ment 
#> <chr > <dbl> <chr> <chr > 
#> 1 John 30 M <NA> 
#> 2 Mary NA F A 

,Upyr11M rrp11MepoM MO:lKeT 6blTb err11eoK BeKTOpOB, )J;JIJI KOTOporo Bbl XOT11Te 

Hai1T11 rrepeee'Iett11e. 

VS <- ::.ist ( 
c ( 1, 3, 5, 6, 10) , 
c ( 1, 2, 3, 7, 8, 10 ) , 
c ( 1, 2, 3, 4, 8, 9, 10 ) 

vs %>% ~educ8 ( intersect ) 

#> [l ) 1 3 10 

<t>yttK1J;l15I reduce {) rrp11H l1MaeT 6u1-1ap1-1y10 cpyHKl.J;l1IO (T.e. cpyttKl.J;l1IO e ,D;BYMJI 

OCHOBHblMl1 BXO,D;HblMl1 rrepeMeHHblM11) 11 IIOBTOpHo rrp11MeHJieT ee K err11eKy p;o 

Tex rrop, IIOKa OCTaeTeJI XOTJI 6 bl O,D;l1H 3JieMeHT. 

<t>y ttKIJ;l1JI accumulate {) attarrorn':!Ha rrpep;b1p;yiu;et1, HO yp;ep:lK11BaeT Bee rrpo­

Me:lKyTO':!Hble pe3y rrbTaTbI. Bbl M O:lKeTe l1CIIOJib30BaTb ee p;rrJI pearr113aIJ;1111 KYMYJIJI-

Tl1BHoro cyMM11pOBaHl15I. 

x <- sample ( 10) 
x 
ll > [1 J 6 9 8 5 2 4 7 1 10 3 
x %>% accuff,u.'..a te ( '+ · ) 
#> [1 J 6 15 23 28 30 34 41 42 52 55 

rnasa 17. lrlrep~posaH~e c noMOl11bt0 naKera purrr 419 



Ynpa>KHeH111R 
1. Peam13yJi!Te co6cTBeHHYIO BeprnIO ¢YHKI..V·U1 every () c TIOMOI..QbIO IJ;I1KJia fo r. 

CpaBm'!Te ee c ¢yttK~J1eJi! purrr : : every () . lfro l13 Toro, 'ITO He AeJiaeT Barna 

Bepcmi:, AeJiaeT Bepcmi: purrr? 

2. Co3AaJi!Te ycOBepruettcTBoBaHtty10 BepcMIO cpyttK~J1J1 col_ sum () , KOTOpCUI npM­

Memi:eT l1TOfOBYIO ¢yttK~l1IO K Ka:>KAOMY ":ll1CJIOBOMY CTOJI6~y ¢peJi!Ma AaHHbIX. 

3. McXOAH l13 6a30BbIX B03MO>KHOCTeJi! R MO>KHO 6brno 6b1 npeAJIO>Kl1Tb rneAyI0-

1.QMH 3KBl1BaJieHT ¢YHK~l1l1 col_ sum () . 

col sum3 <- func inn (df , f ) { 
is num <- sapp~y ( df , is.numeric) 
df num <- df [, is_num] 

sapply (df_num, f ) 

0AttaKo 3Ta ¢yttK~l1H COAep>KMT pHA nornqecKMX oru1160K, o ":leM CBMAe­

TeJibcTByeT CJieAyIOI..Ql1H np11Mep. 

df <- tibble ( 
x = 1 : 3, 
y 3 : 1, 
z = C ( "a" I "b" , "c" ) 

) 

# OK 
col sum3 (df , mean ) 

-
# ECTb npo6neMa: He Bcer~a B03BpamaeTCR qMCnOBO~ BeKTOp 
col_sum3 (df [l : 2] , mean ) 
col_sum3 (df [l ) , mean ) 
col_sum3 (df [O], mean ) 

qTO norny>KMJIO npl1":1l1HOH Ollll16oK? 
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"IACTblV 

Terrepb, Korp;a B BarneM pacrropJDKeHMM MMeIOTCJI MOlll;Hbie rrporpaMMHbie MH­

cTpyMeHTbI, MbI HaKoHeu,-To MO)KeM BepHyTbCJI K Mop;em1poBaHMIO. Bbl 6yp;eTe 11c­

nOJib30BaTb CBOM HOBbie MHCTpyMeHTbl ,D;JIJI rrop;rOTOBKM p;aHHbIX M MX rrporpaMM­

HOM o6pa60TKJt1 B paMKax MHOrMX MOp;eJieM, 'IT06bI IlOHJITb, KaK OHM pa6oTaIOT. 

B 9TOM KH1t1re ocHOBHoe BH1t1MaH1t1e yp;eJIJieTCJI pa3aeiJottH0My aHa11u3y OaHHbtx 

(exploratory data analysis - EDA), a He rrop;rnep)Kp;eH1t110 rnrroTe3 MJIM cpopMaJib­

HOMY cTaT1t1CT1t1'!ecK0My BblBop;y. Ho MbI rro3HaKOMJt1M Bae c HeCKOJibKMMM 6a30BbI­

:vi1t1 Jt1HCTpyMeHTaMJt1, KOTOpbie IlOMoryT BaM IlOHJITb pa3JIJt1'!Jt1JI Me)Kp;y MO,D;eJIJIMJt1. 

nporpaMMi11pOBaHl!18 

IJ;eJiblO MOp;eJI1t1poBaHJt1JI JIBJIJieTCJI IlOllY'JeHMe rrpocTbIX cyMMapHbIX ( CBO,lJ;HbIX, 

11Tor0Bb1x) xapaKTep1t1cT1t1K Ha6opa p;aHHbIX. B 1t1p;eaJibHOM rny'Iae Mop;eJib p;OJI)l(Ha 
rh (( )) ( 't'OpMaJibHO rrpep;cTaBJIJITb MCTMHHbie CJtlrHaJibl T.e. 3aKOHOMepHOCTJt1 , reHep1t1-

pyeMbie JIBJieHMeM, KOTOpoe rrpep;CTaBJIJieT Jt1HTepec) Jt1 1t1rHop1t1pOBaTb "rnyM" (T.e. 

ClIY'JaMHbie Bap1t1au,111t1, He rrpep;cTaBJIJIIOru;1t1e ,D;JIJI sac MHTepeca) . B p;aHHOM KH1t1re 

p accMaTpMBaIOTCJI JIMllib "rrpep;cKa3aTeJibHbre" (rrporH03Hbre) Mop;eJIM, KOTopbie, 

KaK r0Bop11T caMo Ha3BaH1t1e, reHep1t1py10T rrportt03bI. Cyru;ecrnyeT p;pyroi1: TMrr MO­

~eJiei1:, KOTOpbIM Mbl He 6yp;eM 3p;ecb o6cy)Kp;aTb: MO,D;eJIJt1 "o6Hapy)KeHJt1JI p;aHHbIX" 

(data discovery). 3TM Mop;eJIM He rro3BOJIJIIOT p;eJiaTb rrportt03bI, HO o6Jier'!aIOT BbI­

.1rnJieH1t1e Jt1HTepeCHbIX 3aKOHOMepHOCTei1 B MaCCJt1Bax p;aHHbIX. 



B p;aHHOM KHttre He 6yp;eT l13JiaraTbCR M aTeMaTw-IecKaR TeopttR, Jie)l(a~aR B oc­

HOBe 3Tl1X Mop;erreM:. Op;HaKO Mbl IIOCTapaeM CR IIOM Oqb BaM p;o6l1TbCR l1HTYl1Tl1B­

HOfO IIOHl1MaHl1R TOfO, KaK pa6oTaIOT CTaTl1CTl1q e cKl1e Mop;elll1, l1 rrpep;ocTaBJ1M 

ceMeMCTBO IIOJie3HblX l1HCTpyMeHTOB, c IIOMO~bIO KOTOpblX Bbl CMO:>KeTe l1CIIOJlb-

30BaTb Mop;eJIJ1, II03BOJIRIO~l1e rryqIIIe IIOHJ1MaTb CB OMCTBa l1CCJiep;yeMblX p;aHHblX. 

• B rnaBe 18 pa6oTa Mop;eneM: o6cy)l(p;aeTrn c q11cTo TeXH ttqecKoM: ToqKJ1 

3peHMR c aK~eHTOM Ha Ba)l(HOM ceMeM:cTBe JIMHeMHblX Mop;eneM:. Bbl 0 3Ha­

KOMMTecb c J1HCTpyMeHTaMJ1 o6~ero Ha3Haq eHJ1R, KOTOpbie II03BOJIRT BaM 

rny6)l(e OCMbICJll1BaTb l1HcpopMa~l1IO 0 BaIIIJ1X p;aHHbIX, rrpep;oCTaBJI.HeMyIO 

rrporH03HOM Mop;eJibIO, J1 Hayq11TeCb p a6oTaTb c 3TJ1MJ1 J1HCTpyMeHTaMJ1 Ha 

rrp11Mepe rrpOCTbIX Ha6opoB p;aHHbIX. 

• B rnaBe 19 Bbl y 3HaeTe o crroco6ax orrpep;eneH MR xapaKTep11CTl1K l13BeCTHblX 

3aKOHOMepHOCTeM, c~eCTBYIO~J1X B peaJibHbI X p;aHHbIX, Ha OCHOBe J1CIIOJib-

30BaHl1R Mop;erreM:. KaK TOJibKO BaM yp;acTrn 0 6Hapy:>K11Tb Ba:>KHYIO 3aKOHO­

MepHOCTh, ee CTOJ1T l13yql1Tb c IIOMO~bIO Mop;err11, IIOCKOJlbKY 3TO o6nerqJ1T 

BblRBJieHtte OCTaIO~J1XCR cna6bIX CJ1f HaJIOB. 

• B rnaBe 20 Bbl Y3HaeTe o TOM, KaK rrp o cTbi e M op;entt crroco6cTBYIOT rroHJ1-

MaHl1IO CBOMCTB CJIO:>KHblX Ha6opoB p;aHHblX. 3TO MO~Ha.H MeTO,ll;l1Ka, HO ee 

rrpttMeHeHJ1e Tpe6yeT COBMeCTHOfO J1CIIOJlb30 BaHJ1R l1HCTpyMeHTOB MO)J;eJIJ1-

poBaHJ1R J1 rrporpaMMHblX cpep;CTB. 

Oco6eHHOCTbIO rrepeq11cneHHblX TeM RBJIReT cR TO, qTo OHl1 Boo6~e He 3aTpa­

nrnaIOT l1HCTpyMeHTOB, rrpep;Ha3HaqeHHbIX ,ll;lIR KOJIJ1qecTBeHHOM o~eHKJ1 MOp;eJieM. 

3TO cp;eJiaHO HaMepeHHO: TOqHoe KOJIJ1qecTB eHHOe OIIJ1CaHJ1e MOp;eneM: Tpe6yeT 

IIOHJ1Mamrn KOH~eII~l1M, ,ll;lIR pacCMOTpeHl1R KOTOp bIX B 3TOM KHttre rrpocTO He 

XBaTMJio 6b1 MecTa. ITo3TOMY BaM rrp11p;eTCR rrorraraTbCR TOJibKO Ha KaqecTBeHHbie 

o~eHKM l1 co6cTBeHHbIM 3p;opoBblM cKerrTl1~J13M . B KOH~e rnaBbl 19 rrpttBep;eHbl 

CCbllIKJ1 Ha p;pyrtte J1CTOqHJ1Kl1, B KOTOpblX l13JlO)l(eHa 6onee rrop;po6Ha.H I1HcpopMa­

~J1R no p;aHHOM TeMe. 

B 3TOM KHMre Mbl 6yp;eM ttccrrep;oBaTb p;aH Hbie rryTeM Mop;errttpoBaHttR, RBJIR -

10~eroc.H, HapRp;y c B113yan113a~J/leM l1 rrpeo6pa3o B aHMeM p;aHHbIX, op;HoM: 1!13 co­

cTaBJIRIO~ttx pa3Bep;oqHoro aHaJIJ13a p;aHHblX (EDA), 0 qeM fOBOpl1710Cb B qaCTJ/l I. 
06b1qHo MOp;elll1 o6cy)l(p;aIOTCR B HeCKOJibKO J/lHOM pa3pe3e, op;HaKO, KaK Bbl p;a­

rree YBlil,ll;lilTe, OHJ/l RBJIRIOTCR 3cpcpeKTl!lBHblM MHCTp y MeHTOM EDA. Tpap;l!l~lilOHHhIM 



n o,n;xo,n; rrpe,n;rroJiaraeT rrp11MeHem1e Mo,n;eJI11poBaHI1JI B KatieCTBe MHCTpyMeHTa cTa­

THCTMtiecKoro BbIBO,n;a I1JII1 I1HCTpyMeHTa I10,D;TBep>K,n;eHI1JI crrpaBe,D;JII1BOCTI1 Bbl­

JJ;BI1HYTOH r11rroTe3bI. Pa6oTa :na HecJIO>KHaJI, HO Tpy,n;oeMKaJI. 

KoppeKTHblH cTaTMCTMtieCKI1i1 B brno,n; Tpe6yeT co6mo,n;eHMJI rne,n;y10~Hx ,n;Byx 

6 a30BbIX rrpI1HIJ;I1ITOB. 

• Ka>K,n;oe Ha6JI10,n;eH11e MO>KHO 11crrOJib30BaTb JI1160 ,n;JIJI pa3Be,n;otIHOro aHaJII1-

3a, JI1160 ,IJ;JIJI rro,n;TBep>K,n;eHMJI r11rr0Te3bl, HO He ,n;JIJI Tor o I1 ,n;p yroro o,n;Ho ­

BpeMeHHO. 

• B u;eJIJIX pa3Be,n;otIHoro aHaJIM3a ,n;orrycKaeTCJI MHoroKpaTHoe HCITOJib30BaHHe 

Ha6JIIO,IJ;eHI1JI, HO B u;eJIJIX I10,Il;TBep>K,n;eHI1JI rI1ITOTe3 - TOJibKO O,Il;HOKpaTHOe. 

J1crroJib30BaH11e o,n;Horo H Toro >Ke Ha6JI10,n;eH11JI 6oJiee o,n;Horo pa3a paBHO­

CMJibHO rrepexo,n;y OT no,n;TBep>K,n;eHI1JI rHITOTe3bI K pa3Be,IJ;O'IHOMY aHaJII13y. 

Heo6xo,n;11MoCTb rne,n;oBaHMJI 3TI1M rrp11Hu;11rraM o6ycJIOBJieHa TeM, 'ITO ,n;aHHbie, 

HCITOJib3yeMble ,IJ;JIJI I10,Il;TBep>K,n;eHI1JI rI1ITOTe3bI, He ,Il;OJI>KHbl 3aBI1CeTb OT ,n;aHHbIX, 

Ha OCHOBaHHI1 KOTOpblX 3Ta rI1ITOTe3a 6bma Bbl,Il;BI1HYTa. B rrpOTI1BHOM rnyqae Bbl 

3ai1:MeTe rro311u;1110 cBepxorrTI1MI1CTa. MHoroKpaTHoe HCITOJib30BaHMe o,n;HMX 11 Tex 

:>Ke Ha6JIIO,n;eHI1H B HCCJie,n;oBaHI1JIX BITOJIHe ,n;orrycTHMO, B TO BpeMJI KaK I10,Il;TBep>K­

,n;eHI1e rI1ITOTe3bl Ha OCHOBe pe3yJibTaTOB rrpe,n;BapI1TeJibHOro I1CCJie,n;oBaHI1JI -

B KOpHe HeBepHblM rro,n;xo,n;. 

0,n;MH I13 B03MO>KHblX rro,n;xo,n;oB K aHaJII13y, HarrpaBJieHHOMY Ha ITO,IJ;TBep>K,n;e­

HHe r11rroTe3bI, 3aKJIIOtiaeTcJI B p a36MeHI1I1 ,n;aHHblX Ha TPH qacTM e~e ,n;o Toro, KaK 

Bbl rrpI1CTyrrHTe K aHaJII13y: 

• 60% ,n;aHHblX I1CITOJib3YIOTCJI B KatieCTBe mpem1po80'1.H020 Ha6opa (training 

set); c 3TI1MI1 ,n;aHHbIMH Bbl BrrpaBe ,n;eJiaTb Bee, 'ITO C'IMTaeTe HY:>KHblM (Mo­

>KeTe BH3yaJII13I1poBaTb 11x 11 orrpo6oBaTb 11x Ha ,n;ecJITKax Mo,n;eJiei1); 

• 20% ,n;aHHbIX ITOCTyrraIOT B Ha6op, I1CITOJib3yeMblH ,Il;JIJI 3anpocoa (query set); 

Bbl MO:>KeTe HCITOJib30BaTb 3TI1 ,n;aHHble ,IJ;JIJI cpaBHeHI1JI MO,IJ;eJieM I1JII1 BapI1 -

aHTOB BI13yaJII13aIJ;I1I1 BpyqHyIO, HO I1X He pa3pernaeTCJI I1CITOJib30BaTb B Ka­

'leCTBe qacTH aBTOMaTI13I1poBaHHoro rrpou;ecca; 

• 20% ,n;aHHblX OCTaIOTCJI B mecmoBOM Ha6ope (test set); 3TH ,n;aHHble MO:>KHO 

I1CITOJib30BaTb TOJibKO 0,1J;J1H pa3 ,IJ;JIJI TeCTI1pOBaHI1JI OKOH'laTeJibHOM MO,IJ;eJII1. 

TaKoe pacrrpe,n;eJieH11e ,n;aHHbIX rro3BOJIJieT BaM 11crne,n;oBaTb TpeH11poBO'IHb1e 

ll,O.\\\\b\e., TI\)\\ \\e.()(\X()/1,\\M.()C.1:\,\ Bb\11,BWl.'O.~ \:\,\l\()l:e.?.b\-K0.\\/1,\\/1,<ll:b\, KCll:Cl\)b\e M.Cl)K­

HO npoBep51.Tb c IlOMOill,blO Ha6opa )J,Jl51. 3anpocoB. lZaK TOJibKO y Bae Il051.BI1JiaCb 



yBepeHHOCTb B TOM, 'ITO Bbl TIOCTp011!U1 nop;xop;mu;y10 MO)J;CJib, MO)l(CTe npoBepMTb 

ee TOJibKO op;MH pa3, J1CTIOJib3YJI p;JIJI 3Toro TCCTOBblM Ha6op. 

111Mel1Te B BMp;y, 'ITO p;a)l(e B rnyqae Mop;en11p0Bamrn c I.J;CJiblO TIO)J;TBep>Kp;CHJ15I 

rnnoTe3bl Bbl no-npe>KHeMy tty>Kp;aeTecb B EDA. He BbITIOJIHJIJI EDA, Bbl 6yp;eTe 

OCTaBaTbCJI CJICTibIM B OTHOllICHMM npo6neM Ka'IeCTBa p;aHHbIX. 



rnABA 18 

6a3oBoe MOAen11poBaHMe 
c noMO°'btO naKeta modelr 

:Uenb Mop;em1p0Bamrn: - onpep;e11em1e cyMMapHbIX xapaKTepwcn1K Ha6opa 

,n;aHHbIX. B KOHTeKCTe 3TOM KH1t1flt1 Mbl 6yp;eM lt1CTIOJib30BaTb MOp;eJilt1 p;m1 pa3p;e11e­

Hlt15I p;aHHblX Ha rna6110Hbl, KOTOpbie OTpa:>KaIOT onpep;eneHHbie 3aKOHOMepHOCTlt1, 

M OCTaTKlt1. C1t11IbHbie rna6JIOHbl CTpeM5ITC5I CKpbITb rna6b1e TpeHp;bl, TI03TOMY Mbl 

6y,n;eM 1t1cno11b30BaTb Mop;e111t1 p;JIJI paCKpb1T1t15I rnoeB CTPYKTYPbI no Mepe 1t1ccnep;o­

saH1t15I Ha6opa p;aHHbIX. 

Op;HaKo p;JIJI Toro, qT06b1 np1t1MeHJITb Mop;enw K peanbHbIM p;aHHbIM, npe,n;cTaB­

JIJIIOlll;1t1M 1t1HTepec, Heo6xop;1t1Mo XOTJI 6b1 B o6w;wx qepTax npep;cTaBlIJITb ce6e, KaK 

pa6oTaIOT MOp;eJilt1. B 3TOM OTHOllleHlt11t1 p;aHHaJI rnaBa oco6a5I, TIOCKOllbKY B Hei1: 

MCTI01Ib3YIOTC5I lllt1Illb ltICKYCCTBeHHbie Ha6opb1 p;aHHbIX. 3Tlt1 Ha6opb1 oqeHb npo­

CTbl lt1 COBCeM He ltIHTepeCHbl, HO c Hlt1Mlt1 BaM 6yp;eT nerqe TIOH5ITb cyTb Mop;eJI1t1-

poBaH1t15I, a 1t13yqeHHbie rrp1t1 3TOM MeTO,!l;lt1Klt1 Bbl CMO:>KeTe np1t1MeH1t1Tb K peallbHbIM 

,n;aHHbIM B c11ep;y10w;ei1: rnaBe. 

Mo.n;e111t1poBaH1t1e BK1110qaeT ,n;Ba acneKTa. 

1. ITpe:>Kp;e Bcero Bbl onpep;emceTe ceMeucmao Mooeneu, rrpe,n;cTaBJIJIIOru;1t1x T1t1-

n1t1qHy10 3aKOHOMepHOCTb, Hanp1t1Mep lllt1Hei1HyIO lt1Jllt1 KBap;paT1t1qHy10 3aBlt1Clt1-

MOCTb. CeMei1:cTBO Mo,n;enei1: on1t1cbrnaeTcJI ypaBHeH1t1eM Harrop;o6we y = a_ 1 * 
x + a_ 2 1t1JI1t1 y = a_ 1 * x " a_ 2, rp;e x 1t1 y - 1t13BeCTHbie nepeMeHHbie 1t13 BaIIIe­

ro Ha6opa p;aHHbIX, a a_ l 1t1 a_ 2 - Bapb1t1pyeMbie napaMeTpb1. 

2. .D;anee Bbl reHepwpyeTe nop;xop;J:Iw;yIO Mop;enb, Bb161t1pa5I TY 1t13 ceMei1:crna MO­

p;e11ei1:, KOTOpa5I 6oJibllle Bcero COOTBeTCTByeT BaIIIltIM p;aHHblM. B pe3yJibTaTe 

3Toro o6o6w;eHHOe ypaBHeH1t1e ceMei1:crna Mop;e11ei1: KOHKpeT1t131t1pyeTrn, np1t1-

H1t1MaJI B1t1p; Hanop;o61t1e y = 3 * x + 7 1t1111t1 y = 9 * x " 2. 



Ba)KHO, '-IT06b1 Bbl rroHMMaJIM, 'ITO rro,L106paHHaR TaKMM o6pa3oM MO,L\eJib -

Bcero JIJ1Illb 6JIJ1)KaMilla5I K BallleMy Ha6opy ,[\aHH blX MO,[\eJib, Bb16paHHaR J13 

KaKoro-TO J1X ceMeMCTBa. 9TO 03Ha'laeT, 'ITO Bbl ITOJIY'IJ1JIJ1 "HaMJIY'lllIYIO" (B co­

OTBeTCTBJ1J1 c HeKOTOpblM KpMTepMeM) MO,[\eJib B rrpe,LleJiax ,[\aHHOro ceMeMCTBa, HO 

OTCIO,[\a BOBCe He CJie,[lyeT, 'ITO Bbl ITOJiyqJ1JIJ1 x opo rnyIO MO,[\eJib, J1 3TO HeCOMHeHHO 

He 03Ha'!aeT, 'ITO ,[\aHHaR MO,L\eJib "McTMHHa''. .JJ:)KOP.Ll)K EoKc MeTKO oxapaKTepM3o­

BaJI 3TY CJ1Tyau;J1IO B CBOeM 3HaMeHJ1TOM acpopM3Me: 

Bee MO,L\eJrn HerrpaBMJibHbl, HO HeK0To p b1e J13 HMX rroJie3HbL 

CTOMT rrpMBeCTM 6oJiee rrOJIHbl M cppar MeHT J13 IJ;MTaTbl: 

"EbIJIO 6bl 3aMe'laTeJibHO, eCJIJ1 6bl JII06a5I J13 c yiu;ecTByIOIIJ;J1X B pe ­

aJibHOM MMpe CJ1CTeM Moma 6blTb TO'IH O OITJ1CaHa KaKOM - TO rrpoCTOM 

MO,[\eJibIO. 0,[IHaKO TIIJ;aTeJibHO ITO,L\06paHHaR pac'leTJIJ1Ba5I MO,[\eJib 

'laCTo crroco6tta o6ecrre'IJ1Tb tteo6b1'lai1Ho rro Jie3Hoe rrpM6JIJ1)KeHMe. 

HarrpMMep, 3aKoH PV = RT, CBR3bIBaIOIIJ;Mi1 ,[\aBJieHMe P, o6oeM V J1 

TeMrrepaTypy T "M,[leaJibHoro" ra3a rrocpe,LICTB OM KOHCTaHTbl R, He RB ­

JIReTcR TO'lHblM ,[\JIR peaJibHblX r a30B, HO OH 'laCTO CJIY)KJ1T ,[\OCTaTO'l­

HO xopolllMM rrpM6JIJ1)KeHJ1eM, a ero CTpyKTypa MHcpopMaTMBHa, rro­

CKOJibKY CJie,[lyeT J13 cpM3J1'leCKOM KapTMHbl ITOBe,[\eHJ15I MOJieKyJI ra3a. 

Bonpoc "A J1CTJ1HHa JIJ1 caMa MO,[\eJib?" n o OTHOilleHJ1IO K TaKOM MO,[\e­

JIJ1 HeyMeCTeH. EcJIJ1 ITO,[\ "J1CTJ1Hoi1" ITOHJ1MaTb "rroJIHYIO J1CTJ1Hy'' ' TO 

OTBeT Ha 3TOT Borrpoc ,L\OJI)KeH 6blTb oTpMu;aTeJibHblM. E,L\MHCTBeHHblM 

Bonpoc, KOTOpblM J1MeeT CMbICJI 3a,[\aB aTb C5I: ".JJ:o CTaTO'lHO JIJ1 J1Hcpop­

MaTJ1BHa ,[\aHHaR MO,[\eJib J1 ITOJie3Ha JIJ1 OHa?" 

UeJibIO MO,L\eJIMpoBaHMR RBJIReTCR He yCTa HOBJieHMe OKOH'laTeJibHOM J1CTJ1Hbl, 

a HaXO)K,LleHMe rrpoCToro, HO TeM He M ettee n o Jie3Horo rrpM6JIJ1)KeHJ1R. 

Heo6XOA1i1Mble pecypcb1 

B 3Toi1 maBe Mbl 6y,L1eM MCITOJib30BaTb n aKeT modelr, Bb1cTyrra10iu;Mi1 B Ka'le ­

CTBe o6epTKJ1 ,L\JIR 6a30BblX cpyHKIJ;Mi1 MO,L\eJIMp oBaH MR R, KOTopaR ,[\eJiaeT 6oJiee 

ecTeCTBeHHblM J1X J1CITOJib30BaHJ1e B KaHaJie. 

library (tidyverse ) 

library (modelr ) 
options (na.action = na.warn ) 
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n pocraH MOAen b 
06paTJ1MGI K p;eMOHCTpau;110 HHOMY Ha6opy p;aHHbIX s iml, KOTOpbIH cop;ep)J(11T 

p;Be HerrpepbIBHbie rrepeMeHHbIX: x 11 y. 0TJIO)J(J1M 11x Ha rpaqmKe, qT06b1 yB11p;eTb, 

KaK OHJ1 CBJI3aHbI Me)J(p;y c o6o i1: (p11c. 18.1). 

~gplot ( siml , aes (x , y)) + 
geom _point () 
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MbI Bl1,IJ;l1M, qTo B p;aHHOM cny qae Me)J(p;y rrepeMeHHbIM11 Ha6mop;aeTcJI c1111b­

HaJI B3al1MOCBJI3b. OrrmueM 9TY 3aB11c11MoCTb c rroMO~bIO Mop;e1111 11 Bbipa311M ee 

B JIBHOM B11p;e. Hawa 3ap;aqa - rrpep;ocrnB11Tb 6a30By10 cpopMy Mop;e1111. B p;aH­

HOM c11yqae Mb! 11CITOJlb3YeM J111HeHHOe COOTHOIIIeH11e Me)J(p;y rrepeMeHHbIMJ1, T.e. 

y = a_ 0 + a_ l * x . HaqHeM c rro 11yqeH11JI o6~ero rrpep;CTaB11eH11JI o TOM, KaK BbI­

rJIJI,IJ;JIT MOp;e1111 9TOfO c eMeHCTBa, rryTeM rnyqaifHOH reHepau;1111 HeKOTOpbIX 113 

Hl1X 11 HaJio)J(eH11JI 11x Ha p;aHHbie. B HarneM rrpocTOM c11yqae MO)J(HO 11CITOJib30BaTb 

cpyttKu;1110 geom_ ab line ( ) , KornpaJI rrp11tt11MaeT HaK!COH (slope) 11 y -nepece11eHue 

( intercept) B Kaqecrne rrapaMeTp OB (p11c. 18.2). I103)J(e Bbl IT03HaKoM11Tecb c 6011ee 

o6~11Ml1 MeT0,!1;11KaMJ1, KOTOp bie pa6oTalOT c 11106oi1: MO,IJ;eJiblO. 

mode l s <- tibble ( 
al runif (250 , - 20 , 40 ), 
a2 = runif (25 0, - 5, 5 ) 
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ggplot (siml , aes (x, y )) + 
geom_abline ( 

) + 

aes (intercept = al , slope a2 ), 
data = models , alpha = 1/4 

geom ___ point () 

Ha 3TOM rpacp11Ke npe,n;cTaBJieHbI 250 Mo,n;eneM:, HO 6oJibllIJ1HCTBO 113 HJ1X coBep-

11IeHHO Hey,n;aqHbI! MbI ,n;omKHbI OTbICKaTb cpe,n;11 HJ1X y,n;aqHbie Mo,n;en11, yToqHJ1B 

Hallle J1HTYl1TJ1BHOe IIOHJ1MaHJ1e Toro, qTo 03HaqaeT IIOHJITJ1e "6JIJ130CTb K ,n;aH­

HbIM" ,n;JIR xopo11Ie11. Mo,n;en11. HaM Hy)KeH MeTo,n;, 06ecneq11BaIOlll,J1H KOJIJ1qecTBeH­

HYIO ou;eHKY paccTOJIHJ1JI Me)K,n;y ,n;aHHbIMJ1 11 Mo,n;eJihIO. Tiorne 3Toro MhI CMO)KeM 

no,n;orHaTh Mo,n;eJib no,n; ,n;aHHhie, Ha11,n;R TaK11e 3HaqeHJ1JI napaMeTpoB a _ 0 11 a_ l , 

KOTOpbie reHep11py10T MO,n;eJib, OTCTORlll,YIO OT ,n;aHHbIX Ha MJ1HJ1MaJibHOe pac­

CTOJIHJ1e. 

,IJ;JIR HaqaJia npolll,e BCero OTTOJIKHYTbCJI OT pacCTOJIHJ15I TIO BepTl1KaJIJ1 Me)K,n;y 

Ka)K,!l;OH TOqKOH ,n;aHHbIX J1 MO,!l;eJibIO, KaK IIOKa3aHO Ha CJie,n;yIOlll,eM: ,n;11arpaMMe 

(p11c. 18.3). 06paTJ1Te BHJ1MaHJ1e Ha TO, qTo Mbl HeMHOro CMeCTJ1JIJ1 HeKOTOpbie 

3HaqeHJ1JI x , qTo6bI c,n;enaTb 6onee pa3JIJ1qJ1MbIMJ1 JIJ1HJ1J1, OTMeqaIOlll,tte yKa3aHHOe 

paCCTOJIHJ1e ,!l;JIJI OT,!l;eJibHbIX ToqeK. 
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3TO pacCTOJIHJ1e - rrpoCTO pa3HOCTb Me:>Kp;y 3Ha'-leHJ1eM y, rrpep;ocTaBJUieMbIM 

MO)J;eJibIO (npom03), J1 cpaKTJ1'-leCKJ1M 3Ha'-leHJ1eM y cornaCHO p;aHHbIM data (pe-

3Yllbmam ). 

,Ulm Bbl'-IJ1CJieHHJI pacCT051HJ151 Mbl rrpe:>Kp;e Bcero rrpeBpaTJ1M ceMeMCTBO MO;D;e­

JieJ1: B cpyttK~l1IO R. B Ka'-!ecTBe apryMeHTOB 3Ta cpyHK~l151 rrpI1HJ1MaeT rrapaMeTpb1 

MO)J;eJIJ1 J1 p;aHHbie, a B Ka'-leCTBe BbIXO;D;HOfO pe3yJibTaTa rrpe;n;ocTaBJI51eT 3Ha'-leHJ151, 

rrpe;n;cKa3aHHbie Mop;eJibIO. 

modell <- func~ion ( a , da t a) 
a [ l ) + data$x * a[ 2) 

"'!odell (c (7, 1.5 ) , siml) 
#> (1 ) 8 .5 8.5 8.5 10 .0 10 .0 10.0 11 .5 11.5 11 .5 13.0 13 . 0 
#> (12) 13 . 0 14.5 14 . 5 14.5 16 . 0 16.0 16 . 0 17.5 17 . 5 17 .5 19 . 0 
#> (23) 19 . 0 19.0 20.5 20.5 20 . 5 22 . 0 22.0 22 . 0 

HaM TaK:>Ke Hy:>KeH crroco6 BbI'-IMCJiemrn o6~ero paccT051HJ151 Me:>Kp;y rrpe;n;cKa-

3aHHbIMKJ1 cpaKTJ1'-leCKJ1MJ1 3Ha'-leHJ151MJ1. J1HbIMJ1 CJIOBaMJ1, eCJIJ1 Ha rpacp11Ke OT0-

6pa:>KeHbI 30 pacCT051HJ1M, TO KaKJ1M o6pa30M OHJ1 MoryT 6bITb CBep;eHbI K O;D;HOMY 

'IHCJiy? 

0p;HJ1M J13 pacrrpocTpaHeHHbIX B CTaTJ1CTJ1Ke crroco6oB 51BJI51eTC51 J1CITOJib30-

BaHJ1e TaK Ha3brnaeMoro cpeo1-teKaaopamu11ecK020 omKllo1-te1-tuJr.. MbI BbI'-ll1CJI51eM 

pa3HOCTJ1 Me:>Kp;y cpaKTJ1'-leCKJ1MJ1 J1 npep;cKa3aHHbIMJ1 3Ha'-leHJ151MJ1, B03BO;D;J1M J1X 
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B KBap;paT M ycpep;rrn:eM, a M3 rronyqeHHoro pe3ynhTaTa J13BJieKaeM KBap;paTHbIM 

KOpeHb. 3To paccT05IHJ1e o6nap;aeT p5I,ll;OM rrpMBlleKaTellbHblX MaTeMaT:wqecKJ1X 

CBOMCTB, KOTOpbie Mbl 3p;ecb He 6yp;eM o6cy:>Kp;aTb. ITpocTO TIOBepbTe Ha ClIOBO! 

measure_distance <- function (mod , data ) 
{ diff <- data$y - modell (mod , data ) 
sqrt (mean (diff A 2 )) 

measure_distance (c (7, 1.5 ) , siml ) 
#> [l] 2.67 

Terrepb MbI MO:>KeM 11crronh30BaTb naKeT purrr p;nR Toro, qT06b1 Bb1q11cn11Tb 3TO 

paccTORHMe p;nR Bcex paHee orrpep;eneHHbIX Mop;en eJ.1. HaM tty:>Ktta BCTIOMoraTellb­

ttaR ¢YHKIJ;J15I, IIOCKOllbKY HaIIIa ¢YHKIJ;J15I, BblqJ1ClI5IIOIIJ;a5I paCCT05IHJ1e, O:>KJ1p;aeT 

MO)J;elib B KaqecTBe qJ1ClIOBoro BeKTOpa c )J;lIJ1HOM 2. 

siml_dist <- function (al , a2 ) 
measure_distance (c (al , a2 ), siml ) 

models <- models %>% 
mutate (dist = purrr : :map2 

-
dbl (al , a2 , siml_dist )) 

models 
#> # A tibble: 250 x 3 
#> al a2 dist 
#> <dbl> <dbl> <dbl> 
#> 1 -15.15 0.0889 30.8 
#> 2 30.06 -0 .8274 13.2 
#> 3 16.05 2.2695 13.2 
#> 4 -10.57 1. 3769 18.7 
#> 5 - 19.56 -1. 0359 41. 8 
#> 6 7.98 4.5948 19.3 
#> # ... with 244 more rows 

.IJ;aBaJ.1Te Hano:>KMM 10 HaIIn1x tta:wnyqru:wx Mop;eneJ.1 Ha p;aHHbie. Mb1 Bblp;en:w­

n11 Mop;en11 u;BeTOM, 3aBJ1C5IIIJ;l1M OT 3Ha'IeHmI -dist: 3TO tta:wnyqru:wJ.1 crroco6 p;o-

611TbC5I Toro, qTo6bI Ha11nyqrn11e MO)J;elIJ1 (T.e. Te, KOTOpbie xapaKTepl13YIOTC5I HaJ1-

MeHbIIIJ1M paccTORHMeM) BbfflIRp;en11 Rp'Ie p;pyrnx (p11c. 18.4). 

ggplot (siml , aes (x , y)) + 
geom_point (size 2, color = "grey30" ) + 
geom_abline ( 

aes (intercept al , slope = a2 , color= -dist ), 
data = filter (models , rank (dist ) <= 10 ) 
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- 3 

-4 

-5 

x 

Puc. 18.4 

MbI TaK>Ke MO>KeM paccMaTp11BaTb 3TJ1 Mop,en11 KaK Ha6mop,eHI15l 11 Bl13yaJIJ13l1 -

poBaTb J1X c TIOMOIIJ,blO ToqeqHoM p,11arpaMMbI c OC5IMJ1 al J1 a2 , OTI5ITb-TaKJ1 pac­

u;Benrn ee B COOTBeTCTBJ1J1 co 3HaqeHJ15IMM -dist. IIpM 3TOM MbI y>Ke He CMO>KeM 

Henocpe,D,CTBeHHO YBM,D,eTb, KaK KOHKpeTHa5l MO,D,eJib COTIOCTaBJI5leTC5l c p,aHHbIMJ1, 

HO 3aTO YBM,D,MM MHO>KeCTBO MOP,eJieM O,D,HOBpeMeHHO. J1 BHOBb MbI BbI,D,eJIMJIM 

u;BeTOM 10 Ha11nyqnrnx MO,D,eJieM, Ha 3TOT pa3 o6Be,D,5l J1X KpaCHbIMM Kpy>KoqKaMJ1 

(p11c. 18.5). 

ggplot (models , aes (al , a2 )) + 
geom_point ( 

) + 

data filter (mode l s , yar.~ ( dist) <= 10 ) , 
size = 4, color = "red" 

jeom_point (aes (colour =-dist) ) 

BMeCTO MCTibITaHJ15l MHO>KeCTBa cnyqaMHbIX MOP,eJieM MO>KHO BbI 6paTb 6onee 

CMCTeMaT11qecKMM nop,xop,, c r eHep11poBaB TOqKJ1 p,aHHbIX, o6pa3yIOIIJ,J1e paBHOMep­

HYIO ceTKy (TaK Ha3bIBaeMyIO cemKy noucKa). MbI Bb16pan11 napaMeTpbI ceTKM p,o­

BOJibHO rpy6o, MCXOP,R 113 TOf O, KaK 6bIJIM pacnOJIO>KeHbI Ha npep,bI,D,yIIJ,eM rpaqmKe 

n yqnrne Mop,en11 (p11c. 18.6). 
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grid <- expand.grid ( 
al = seq (-5 , 20 , length = 25 ), 
a2 = seq (l , 3, length = 25 ) 
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) %>% 
mutate (dis t purrr : :map2 dbl (al , a2 , siml_dist ) ) 

grid %>% 
ggplot (aes (al , a2 )) + 
geom_point ( 

data filter (grid , rank (dist ) <= 10 ) , 
size = 4, colour " red" 

) + 
geom_point (aes (color - di st )) 
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- 10 

- 20 

- 30 

- 40 

- 50 

- 60 

ECJrn HaJIO)KJ1Tb 3TJ1 10 Ha l1Jiyqurnx MO,IJ;eJie M Ha MCXO,IJ;Hble ,n:aHHbie, TO OHM 6y­

,n:yT BblfJIR:,n:eTb ,ll;OBOJibHO rrp MJIJ1qHo (pl1C. 18.7). 

ggplot (siml , aes (x , y )) + 
geom_point (size 2, color = "grey30 " ) + 
geom_abline ( 

aes (intercept al , s l ope = a2 , color - dist ) , 
data = filter (grid , rank (dist ) <= 10 ) 
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3TOT rrpou;ecc MO)l(HO rrpep;cTaBMTb ce6e KaK MTepaTMBHOe yMeHbllleHMe lllar a 

ceTKM p;o Tex rrop, rroKa otta He coi1:p;eTc51 K HaMJIY'Illlett Mop;eJIM. Op;ttaKo p;JI5I 

p;aHHOM rrpo6JieMbl MMeeTC51 6onee 3cpcpeKTMBHbIM crroco6 pellleHM51: '1U CllCHHNU 
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Mernoo MUHUMUJau,uu H1J10rnoHa-PaifJC(ma (,IJ,pyroe Ha3Bam1e - Menwo 1wcarnellb­

HbtX). JlorJtIKa, ne)l(aJ.QaJI B OCHOBe 3TOfO MeTO,IJ,a, ,Il,OBOITbHO rrpoCTa: Bbl Bbl6MpaeTe 

Ha'lanbHYIO TO'IKY M JtII.QeTe HarrpaBneHJtie, xapaKTepM3YIOI.QeecJI HaM6onb111eM: Kpy­

TM3HOM HaKnoHa. ,Il;anee ,IJ,enaeTcJI He6onb1110M: 111ar B 3TOM HarrpaBneHJtIJtI, JtI rrpo­

n;e,IJ,ypa IlOBTOpJieTCJI BHOBb Jt[ BHOBb ,Il,O Tex rrop, IIOKa ,IJ,anbHeM:111ee rrpO,Il,BJtl)l(eHJtie 

BHM3 He rrpeKpaTMTCJI. B R 3To MO)l(HO c,IJ,enaTb c rroMOI.QblO cpyHKll;JtIJtI optim () 

(pMC. 18.8). 

best <- optim (c (O, 0) , measure_distance , data siml ) 
best$par 
#> [l] 4.22 2 . 05 

ggplot (siml , aes (x, y )) + 
geom_point (size = 2, color = "grey30 " ) + 
geom_abline (intercept = best$par [l ], slope best$par [2]) 

• 
• 

' 2.5 ' 5.0 

x 

Puc. 18.8 

' 7.5 

• 

' 
100 

He 3a,IJ,yMbrnaM:Tecb OTHOCMTenbHO Toro, KaK pa6oTaeT ¢YHKU:JtIJI optim () , -

Ba)l(Hy10 ponb 3,IJ,ecb MrpaeT MH'.I'YMU:JtIJI. EcnM y Bae ecTb cpyHKll;JtIJI, orrpe,IJ,enJIIOI.QaH 

pacCTOJIHJtle Me)l(,IJ,y MO,IJ,eITblO Jt[ Ha6opoM ,IJ,aHHblX, Jt[ anropMTM MJtlHJtlMJtI3an;JtIJtI 3TO­

ro paccTOJIHJtlJI rryTeM BapbMpOBaHJtIJI rrapaMeTpOB MO,IJ,enJtI , TO Bbl CMO)l(eTe HaMTJtl 

HaMnyq111y10 MO,IJ,enb. ITpMJITHOM oco6eHHOCTblO ,IJ,aHHoro rro,IJ,xo,IJ,a JIBnJieTcJI TO, 

'ITO OH 6y,IJ,eT pa6oTaTb ,Il,ITJI n106oro ceMeMCTBa MO,IJ,eneM:, KOTOpoe MO)l(HO OilJtICaTb 

ypaBHeHJtieM. 
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Cyrn;ecTByeT ern;e o,ri;irn rro,ri;xo,ri;, rrptt:rop;HbIM ,ri;m1 3TOJ1 Mo,ri;e;rn, rrocKOJihKY OHa 

51BJI51eTrn: qacTHbIM crryqaeM 6orree nrn:poKoro ceMe11cTBa mmeuHbtX JvCoOe!leu . JIV1-

Hel1Ha5I MO,D;eJib OIIVICbIBaeTC51 crre,ri;y10rn;V1M ypaBHeHVleM o6rn;ero BVl,ri;a: 

y = a_l + a_2 * x 1 + a_3 * x_2 + ... + a_n * x_ (n - 1) 

I1o3TOMY Harna MO,D;eJib 3KBVIBaJieHTHa o6rn;e11 JIVIHeMHOM MO,D;eJIVI, B KOTopo11 

:1 paBHO 2, a x _ 1 - 3TO x . B R VIMeeTc51 crreQV1aJibHbIM VIHCTpyMeHT, rrpe,ri;Ha3Ha­

'IeHHbIJ1 ,D;JI51 rro,ri;6opa JIVIHeiiHbIX MO,ri;erre11: ¢YHKQVl51 lm ( ) . ,D;rr51 cpyHKQVIVI lm ( ) 

rrpe,ri;ycMOTpeH oco6hIM crroco6 yKa3aHVl51 ceMe11crna Mo,ri;erre11 - ¢opMyrrhI, KOTO­

p bie BbirJI51,D;51T rrpVIMepHo TaK: y - x , 'ITO TpaHCJIV1pyeTC51 ¢YHKQV1el1 lm ( ) K BVl,D;Y 

y = a_ 1 + a - 2 * x . ,D;aBaMTe rro,ri;6epeM MO,D;eJib VI IIOCMOTPVIM Ha pe3yJibTaT. 

siml_mod <- :m (y - x , data = siml ) 
:oef (siml_mod ) 
~> (Intercept) x 
~ > 4.22 2.05 

3To B TO'IHOCTVI Te :>Ke 3Ha'!eHVl51, KOTOpbie MbI IIOJIY'IVIJIVI c IIOMOlll;blO ¢YHKQVIVI 

optim () ! 3a "KYJIVICaMVI" ¢YHKQM51 lm () He rrpVIBJieKaeT ¢YHKQMIO optim () ' a 

Y!CIIOJih3yeT rrpeV1Myrn;ecrna MaTeMaTM'!ecKo11 CTPYKTYPhI mrne11HhIX Mo,ri;errel1. J1c­

IIOJib3Y51 orrpe,ri;erreHHbie CB513VI Me:>K,ri;y reoMeTpVleM, ,D;Vl¢¢epeHQVlaJibHbIM VIC'IVIC­

iieHVleM VI JIVIHeMHOM arrre6po11, ¢YHKQVl51 lm ( ) ¢aKTVl'IeCKVI HaXO,D;VIT 6JIV1:>KaJ1rny10 

Yro,ri;errb 3a o,ri;MH mar c rroMOlll;bJO crro:>KHoro arrropMTMa. 3ToT rro,ri;xo,ri; pa6oTaeT 

6bICTpee VI rapaHTVlpyeT, 'ITO 6y,ri;eT Ha11,ri;eH rno6aJibHbIM MVIHVIMyM. 

YnpamHeH111R 

1. 0,ri;HVIM Vl3 He,ri;ocTaTKOB JIVIHeMHOM MO,D;eJIVI 51BJI51eTC51 TO, 'ITO OHa 'IYBCTBMTeJib­

Ha K Heo6hI'IHbIM 3Ha'IeHVl51M, IIOCKOJibKY ¢opMyrra ,D;JUI paccT051HVl51 BKJIJO'!aeT 

KBa,ri;paTHhIM qJieH. IIo,ri;6epV1Te JIV1Hei1tty10 Mo,ri;errb ,D;JI51 rettepV1pyeMbIX HVl:>Ke 

MCKyccrneHHbIX ,ri;aHHbIX w BV13yarrw3V1pyi1Te pe3yrrbTaTbI. IIpoBe,D;VITe 3TOT 3KC­

rrepV1MeHT HeCKOJihKO pa3, rettepV1py51 pa3JIM'IHbie ,ri;aHHbie. BhICKa:>KV1Te CBOVI 

coo6pa:>KeHVl51 rro rroBo,ri;y Mo,ri;errw. 

simla <- tibble ( 
x = rep (l : l O, each = 3), 
y = x * 1. 5 + 6 + r~ ( ~e~~th ( x ) , d f = 2 ) 

2. 0,ri;HMM M3 crroco6oB IIOBbillieHM51 po6acTHOCTVI JIVIHeMHOM MO,D;eJIVI 51B­

JI51eTC51 wcrroJih30BaHV1e pa3JIM'IHbIX Mep paccT051HVl51. HarrpwMep, BMeCTO 
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cpe,n;HeKBa,n;pan1 qecKoro paccTORHJMI MO)l(HO 11cnoJII>30BaTb cpe,n;Hee a6coJIIOT­

Hoe paccTORHMe. 

measur e distance <- function (mod , data ) 
diff <- data$y - make_prediction (mod , data ) 
mean (abs (diff )) 

Do,n;roH11Te napaMeTpo1 Mo,n;eJ111 no,n; npe,n;o1,n;yrn,11:iii 11CKyccrneHHO creHep11po­

BaHHbIM Ha6op ,n;aHHbIX c TIOMOlll,blO cpyHKll,J1J1 optim () l1 cpaBHJ1Te pe3YllbTa­

TbI c pe3yJioTaTaMJ1 ,D;lIR JIJ1HeMHOM MO,D;eJIJ1. 

3. 0,n;Ha 113 npo6JieM, CB513aHHbIX c BbITIOJIHeHMeM '-IJ1CJieHHOM OTITJ1MJ13all,J1J1, 3a­

KJIIO'-laeTC51 B TOM, 'ITO rapaHTI1pyeTC51 HaXO)l(,D;eHJ1e Jll1Illb O,D;HOfO JIOKaJibHOfO 

OTITttMyMa. KaKaR npo6JieMa CBR3aHa c OTITJ1MJ13a11,11e:iii B paMKax TpexnapaMe­

Tp11qecKOM MO,D;eJIJ1, np11Be,n;eHHOM HJ1)1(e? 

modell <- function (a , data ) { 
a [l ) + data$x * a [2] + a [3] 

ilpOCTbie MO,D;eJIJ1 Hano,n;o611e TeX, KOTOpbie Mbl paCCMOTpeJIJ1 B npe,D;bI,D;ylll,eM 

pa3,n;eJie, y,n;o6Hbl TeM, 'ITO TI03BOJIRIOT J1CCJie,n;oBaTb, KaKMe 3aKOHOMepHOCTJ1 OT­

pa)l(aeT Mo,n;eJib, nyTeM Tlll,aTeJII>Horo 113yqeH11R ceMeiiicTBa Mo,n;eJie:iii 11 no,n;6opa 

onTMMaJibHbIX 3Ha'-leH11:iii Ko::i¢¢1111,11eHTOB. M ecn11 BaIIIeiiI 11,eJibIO RBJIReTcR np11-

MeHeH11e MO,D;eJie:iii ,D;lIR J1CCJie,n;oBaHJ151 CTaTJ1CTJ1'-leCKJ1X xapaKTepI1CTJ1K MaCCJ1BOB 

,n;aHHbIX, TO J1MeHHO 3TOMy, Bepo51THee Bcero, Bbl J1 6y,n;eTe TIOCBRlll,aTb 6 0JibIIIYIO 

qaCTb BpeMeHM. 0,n;HaKo ce:iiJ.qac Mbl paCCMOTpI1M MO,D;eJ111poBaH11e no,n; HeCKOJibKO 

J1HbIM yrnoM J1 npoaHaJIJ13MpyeM B03MO)l(HOCTJ1 Mo,n;eJie:iii KaK cpe,n;cTBa rrporH0-

3I1pOBaHl1R. BoJibIIIMM npe11Myrn,ecTBOM RBJIReTcR TO, 'ITO JII06aR npe,n;cKa3aTeJib ­

HaR Mo,n;eJib crroco6Ha cTpo11Tb rrporH03bI (11Ha'-le, KaKaR 601 OT Hee 6orna noJib3a?), 

TI03TOMY Te )Ke caMbie MeTO,D;l1KJ1 o6ecne'-IJ1BaIOT ITOHJ1MaH11e npe,n;cKa3aTeJibHbIX 

MO,n;eJie:iii JII06oro T11na. 

TaK)l(e ITOJie3HO paccMOTp~Tb TO, 'ITO MO,D;eJibIO He OXBaTbIBaeTC51, - TaK Ha3bI ­

BaeMbie OCTaTKJ1, T.e. TO, 'ITO OCTaeTC51 ITOCJie BbI'-IJ1TaHJ1R rrporH03HbIX 3Ha'-leHJ1M 

113 cpaKTJ1'-leCKJ1X ,n;aHHbIX. 0cTaTKJ1 rrpe,n;ocTaBJI51IOT qpe3BbI'-laMHO TIOJie3HYIO J1H -

¢opMaU,J1IO, ITOCKOllbKY OHM I103BOJI5IIOT J1CITOJib30BaTb Mo,n;eJIM ,D;JIR ycTpaHeHJ1R 

3KCTpeMaJibHbIX TII1KOB l1 TeM caMbIM ,n;aIOT B03MO)l(HOCTb 113yqaTb CJia601e OCTa­

TO'-IHbie TpeH,D;bI. 
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B113ya1n13au,1110 rrpep;eKa3aHH:i1 Ha oeHOBe Mop;en11 MbI HaqHeM e Toro, qTo ere­

ttep11pyeM paBHOMepHyIO eeTKY 3HaqeHI1M, OXBaTbIBaIOII.l,I1X BeIO o6naeTb, B KOTO­

po:i1 paerronaraioTeJI Hanrn p;aHHbie. ITpolll,e Beero 9TO MO:>KHO ep;enaTb e rroMOII.l,bIO 

¢YHKI.l,I1I1 modelr: : data _grid () .Ee rrepBbIM apryMeHTOM JIBJIJieTrn ¢pe:i1M p;aH­

HbIX, a p;JIJI Beex rroenep;yIOII.l,HX apryMeHTOB oHa Haxop;11T yH11KaJibHb1e rrepeMeH­

Hbie 11 reHep11pyeT Bee KOM611Hau,1111. 

grid <- siml %>% 
data_grid (x ) 

grid 
#> # A tibbl e : 10 x 1 
~ > x 
#> <i nt > 
#> 1 1 
#> 2 2 
#> 3 3 
if > 4 4 
~ > 5 5 
~ > 6 6 
~ > # with 4 more r ows 

(Bee CTaHeT ropa3p;o MHTepeettee, Korp;a MbI HaqHeM p;o6aBJIJITb rrepeMeHHbie 

B Harny MOp;eJib.) 

Cnep;yIOII.l,MM Harn11M waroM JIBJIJieTrn p;o6aBJieH11e rrpep;CKa3aH11:i1. Mb1 6yp;eM 

YICITOJib30BaTb ¢YHKU,I1IO modelr: : add _predictions () , KOTopaJI rrp11H11MaeT 

¢ pe:i1M p;aHHbIX 11 Mop;eJib. ITonyqeHHbie e rroMOII.l,bIO Mop;en11 rrpep;CKa3aHI1JI cpyttK­

U.HJI p;o6aBJIJ!eT B HOBblM eTOJI6eu. cppe:i1Ma p;aHHbIX. 

grid <- grid %>% 
add_predictions (siml_mod ) 

grid 
=> # A tibble : 10 x 2 
=> x pred 
=> <int> <dbl> 
=> 1 1 6. 27 
=> 2 2 8 .32 
=> 3 3 10 . 38 
=> 4 4 12 . 43 
=> 5 5 14 . 48 
=> 6 6 16.53 
=> # with 4 more r ows 
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(3Ty cpyttKll,J1IO TaK>Ke MO)l(HO 11enonb30BaTb p;mI p;o6aBneHJ1JI rrpep;CKa3aHJ1M 

B 11exop;HblM Ha6op p;aHHblX.) 

.I:i:anee MhI OTKnap;hrnaeM rrpep;eKa3aHJ1JI B B11p;e rpacp11Ka. Bo3MO)l(HO, Bae yp;11B­

nJieT, 3aqeM Mbl BbIIIOITHJieM BeIO :ny p;ononHJ1TenbHyIO pa6oTy, ecn11 MO)l(HO rrpo­

eTO BOeTIOITb30BaTbeJI cpyHK11,J1eM geom - abline {) . I1pe11My111,eeTBOM OIIJ1ebIBae­

MOro rrop;xop;a JIBnJieTeJI TO, qTo OH 6yp;eT pa6oTaTb e n1060J1 Mop;enhIO B R, OT 

eaMoI1 rrpoeTOJ1 p;o eaMoI1 cno)l(HOM (p11e. 18.9). Bae MoryT orpatt11q11BaTb n11wh 

Baurn HaBbIKJ1 B o6naeTJ1 Bl13yanJ13all,l1J1 p;aHHbIX. I1op;po6ttyIO l1HcpopMall,J1IO OT­

HOeJ1TenbHO BJ13yan113a11,1111 6onee CITO)l(HbIX TJ1IIOB Mop;enel1 MO)l(HO HaMTJ1 no 

ap;peey http : I /vita . had . co . nz/papers/model-vis . html. 

ggp ot (siml , aes (x)) + 
geom_point (aes (y = y)) + 
geom line ( 

aes (y = pred) , 
data = grid , 
col our 
size = 1 

"red " , 

20 -

10 -

• 
• 

' 2.5 
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OcrarK111 

06paTHOM CTOpOHOM rrpep;CKa3aHY1M RBJUIIOTC5I ocmamKU. I1pep;CKa3amrn OT­

pa:>KaIOT 3aKOHOMepHOCTb, KOTopy 10 Mop;eJIJ1 y,n;anoch ynoB1t1Tb, Torp;a KaK ocTaTKJtl 

rrpe,n;ocTaBJIRIOT 1t1HcpopMaIJ,J1IO 0 TOM, 'ITO He OXBaTbIBaeTC5I MOp;eJibIO. 0cTaTKJ1 -

3TO He 'ITO J1HOe, KaK pacCTORHJ1R Me:>K,n;y Ha6JI10p;eHJ1RMJ1 J1 Bbl'IJ1CJieHHblMJ1 HaMJ1 

n porH03HbIMJ1 3Ha'IeHJ1RMJ1. 

Mbl ,n;o6aBJIReM OCTaTKJ1 K ,n;aHHbIM c ITOMOIIJ,bl-0 ¢YHKIJ,Jt!J1 add_ residuals () ) 

KOTOpaR pa6oTaeT BO MHOfOM a H aJIOrltl'IHO ¢YHKIJ,J1Jtl add_predictions () . 3a­

:\1eTbTe, Op;HaKO, 'ITO Mbl J1CITOJib 3YeM Jt!CXO,ll;HbIM Ha6op p;aHHbIX, a He J1CKYCCTBeH­

HO C03p;aHHYIO ceTKy. 3TO o6yrnoBJieHO TeM, 'ITO ,ll;JIR Bbl'IJ1CJieHJ15I OCTaTKOB HaM 

HY:>KHbI cpaKTJ1'IeCKl1e 3Ha'IeHl1R y. 

s iml <- siml %>% 
add residua:'..s (siml mod ) 

- -
siml 
=> # A tibble: 30 x 3 
=> x y resid 
=> <int> <dbl> <dbl > 
=> 1 1 4 . 20 -2. 072 
=> 2 1 7.51 1. 238 
=> 3 1 2 .1 3 - 4.14 7 
=> 4 2 8 . 99 0 . 665 
=> 5 2 10 . 24 1. 919 
=> 6 2 11 . 30 2. 973 
=> # with 24 more rows 

CyIIJ,ecTByeT HeCKOJibKO crroco6oB l13BJie'IeHJtlR l1HcpopMaD;l1l1 o Mop;eJil1 Ha oc ­

HOBe oCTaTKOB. O,n;1t1H l13 Hl1X - 3 TO rpacp1t1'IecKoe rrpe,n;cTaBJieHl1e pacrrpep;eJieHJt!R 

OCTaTKOB c ITOMOIIJ,bl-0 nOJlU20H.a 11.acmom (pl1C. 18.10). 

-;plot (siml , aes (resid) ) + 
geom_freqpoly (binwidth = 0.5 ) 

3To fl03BOJIReT KaJil16poBaTb Ka'IeCTBO MO,ll;eJIJ1: HaCKOJibKO rrporH03 OTJIJ1'IaeT­

-51 OT Ha6mo,n;aeMblX 3Ha'IeHJ1M? 06paTJ1Te BHJ1MaHJtle Ha TO, 'ITO cpep;Hee OCTaTKOB 

3 c erp;a paBHO 0. 

I1oTpe6HOCTb B ITOCTpoeHJ1J1 rpacpl1KOB c J1CITOJib30BaHJ1eM OCTaTKOB BMeCTO 

; i cxop;HOfO npep;l1KTOpa 6y,n;eT B03HJ1KaTb y Bae ,ll;OBOJlbHO 'IaCTO (p11c. 18.11). 

- f HO:>KeCTBO rrp11MepoB 3TOfO Bbl HaJ1:p;eTe B rne,n;y10IIJ,eJ1: maBe. 

;plot (siml , aes (x , resid ) ) + 
;eom_ref_ :'..ine (h = 0) + 
;eom _po :..nt () 

rnaaa 18. 5a3oaoe Mo11em1poaaH~e c n oMO~blO naKera modelr 439 



5 -

4 -

3 -

2 -

1 -

o-
' ' ' ' ' 

- 5.0 - 2.5 0.0 t.!.5 5.0 

resid 

Puc. 18.10 

5.0 -
• 

• 

• 
2.5 -

• • • • • • • 
"O • ·u; • • Q) 0.0 - • • • .... 

• • 
• • • 

• • -2.5 - • • • • 
• 

' ' ' ' ?5 50 7.5 10.0 

x 

Puc. 18.11 

3TOT rpaqn1K HaTIOMJIIHaeT rnyqai1Hbll'1 lIIYM, yKa3bIBa51 Ha TO, 'ITO Hallla Mop;enb 

ttennoxo cnpaBMnacb co CBoei1 3ap;aqeJ'1 onpep;eneHMR 3aKOHOMepttocTM B noBep;e­

HJIIM p;aHHbIX. 
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Yn pa>KHeH 111 fl 

1. Ec1rn c noMO~hIO cpyttKq1111 lm ( ) MO)J(HO annpoKc11M11p oBaTb p;aHHhie np51MOill 

1111H11eill, TO cpyHKQ1151 loess () TI03BOll51eT annpOKC11M11pOBaTb p;aHHbie rnap; ­

KOM Kp11B0Iil. IToBTop11Te npoqecc nop;roHK11 Mop;e1111, rettepaq1111 ceTK11, npo­

rH0311p oBaH115I 11 B113ya11113aq1111 ,!1;1151 tta6op a p;aHHblX s iml, 11CTIOllh3Y51 cpyHK­

QJ/lIO loess () BMecTo cpyHKq1111 lm () . CpaBH11Te pe3y11bTaTbI c npep;b1p;y~11M11 . 

2. Y cpyttKq 1111 add _predictions () 11MeIOTC5I pop;crneHHbie cpyHK11,1111 gather_ 
predictions () 11 spread _predictions () . qeM pa31111qa10Trn ::irn cpyHK­

q1111 Me)J(p;y co6oill? 

3. lfro p;e11aeT cpyHKQ1151 geom_ ref_ line () ? K KaKoMy naKeTy oHa np11Hap;11e­

)J(l1T? fioqeMy TIOlle3HO 11 Ba)J(HO OTo6pa)J(aTb 6a30BYIO (Hy11eBy10) 1111H11IO Ha 

rpacp11Kax, npep;CTaB1151l0~11X OCTaTK11? 

4. 3aqeM Hy)J(eH no1111roH qacToT p;1151 a6co11IOTHhIX oCTaTKOB? YKa)J(11Te npe11My­

~ecTBa 11 Hep;ocTaTK11 3Toro cnoco6a no cpaBHeH11IO c 11cno11h30BaH11eM no1111-

r0Ha qacTOT ,!1;1151 11CXO,D;HblX OCTaTKOB. 

,IJ;o 3TOfO Bbl y)J(e CTa11Kl1Balll1Cb c cpopMy11aM11, Korp;a 11CTIOllb30Balll1 cpyHKQl1l1 

:acet _wrap () 11 facet _grid () . B R cpopMy11b1 06erneq11BaIOT 06~11Iil rnoco6 

rro11yqeH115I "cneq11a11bttoro n0Bep;ett115I". BMeCTO Toro qT06b1 cpa3y )J(e 11cno11b3o­

BaTb nep eMeHHbie B BblqJ1CJieHJ151X, OHM 3axBaTbIBaIOT 11X ,!1;1151 TIOCJiep;yIO~eill l1H­

r epnpeTaQ11l1 c TIOMO~blO cpyHKQ1111. 

Eo11bIIIl1HCTBO cpyHKQ11Iil Mop;e1111p0Batt115I B R 11cno11b3YIOT CTaHp;apTttoe npe­

o 6pa30Batt11e OT cpopMy11 K cpyHKQl151M. Op;11H 113 np11MepOB npocToro npeo6pa3o­

BaHl151 Bbl y)J(e Bl1p;e1111: y - x Tpattc1111pyeTc5I B y = a_ l + a_ 2 * x . Ec1rn Bbl xoTMTe 

ys11p;eTb, qrn cpaKT11qecK11 p;e11aeT R, l1CIIOJib3YillTe cpyttKll,l1IO model matrix () . 

3Ta cpyttKll,1151 IIpl1HJ1MaeT cppeillM p;aHHbIX l1 cpopMyny l1 B03Bpa~aeT tibbl e-cppeillM, 

onpep;eJI51IO~l1M ypaBHeHHe MO,D;eJil1: Ka)J(,D;blM CT0116e11, pe3yJibTaTa CB513aH c O,D;Hl1M 

K03cpcpI111,l1eHTOM MO,D;elll1, a cpyHKll,l151 Bcerp;a l1MeeT Bl1,D; y = a_ l * OU t 1 + a _2 * 
::mt_ 2. ,IJ;1rn npoCToro rnyqa51 y - xl MbI no11yqaeM HeqTo 11106onbITHOe. 

df <- ::r.:._bi:Jle ( 
- y, - xl , - x2 , 
4, 2 , 5 , 
5, 1 , 6 
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xl ) model_matrix (df , y -
#> # A tibble: 2 x 2 
#> ' (I nte r cept)' xl 

<dbl > 
2 

#> <dbl> 
#> 1 1 
#> 2 1 1 

Crroco6, 11crroJib3yeMbIJ1: R p;mr p;o6aBJieHH51 y-rrepecet.JeHH51 B Mop;eJib, CBO,ll;HTC51 

K rrpocToMy p;o6aBJiettmo CTOJI6u;a, 3anonttettttor o ep;HttMu;aMH. Ilo YMOJit.JaHHIO R 

Bcerp;a p;o6aBJI51eT TaKOM CTOJI6eu;. EcJIH XOTHTe OTKa3aTbC51 OT Hero, TO 9TO p;eJia­

eTC51 p;o6aBJieHHeM "-1". 

nodt->l_ma•·r'x (df , y - xl - 1 ) 

#> # A tibbl e : 2 x 1 
#> xl 
#> <dbl> 
#> 1 2 
#> 2 1 

Ilplil p;o6aBJieHHJtl ,ll;OITOJIHHTeJibHbIX rrepeMeHHblX B Mop;eJib pa3Mep MaTpMD;bl 

MO,D;eJIH, KaK l1 CJiep;oBaJIO Q)I<M,D;aTb, yBeJIJtlt.JHBaeTC51. 

m 1· i matrix (df , y - xl + x2 ) 
#> # A tibbl e : 2 x 3 
#> 
#> 
#> 1 
#> 2 

' (Intercept )' xl 
<dbl> <dbl> 

1 2 
1 1 

x2 
<dbl> 

5 
6 

3Ta cpopMyJibtta51 HOTaD;H51, KOTopyIO Httorp;a tta3bIBaIOT Homau,ueu Yun­

KUHCOHa-PooJ1Cepca , 6brna BrrepBbie orr11catta B cTaTbe "Symbolic Description 

of Factorial Models for Analysis of Variance" (https://www.jstor.org/ 
stable/234 6786?seq=l#page _scan_ tab_ contents). lfro6b1 rrony':!MTb rron­

HYIO r,rncpopMau;HIO 06 ame6pe Mop;enMpoBattH51, rrpot.JMTaJ1:Te yKa3attttyIO cTaTbIO. 

B rnep;yIOru;Mx pa3p;enax rrop;po6tto paccKa3atto o TOM, KaK cpopMyJibtta51 HOTa­

D;J.151 pa6oTaeT B cnyqae KaTeropHaJibHbIX rrepeMettttbIX, B3aMMop;eJ1:cTBHJ1: J.1 rrpeo6-

pa30BattHJ1:. 

KaTeropvaanbHble nepeMeHHble 

ErnH rrpep;HKTopoM 51BJI51eTCJI tterrpepbrntta51 rrepeMetttta51, TO rettepau;J.151 cpyttK­

IJ;HJ.1 H3 cpopMyJibI ocyru;ecTBJI51eTCJI tterrocpep;cTBeHHbIM o6pa30M, HO eCJIJ.1 rrpe­

,ll;lilKTop - KaTeropMaJibHaJI rrepeMetttta51, TO Bee tteMttoro yrno:>1arneTc5I. Ilpep;rro­

JIO)!(J.1M, y Bae MMeeTCJI cpopMyna ttanop;o611e y - sex, rp;e rrepeMeHHaJI sex (non) 
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Mo:>KeT rrpMHJ1MaTb ).!.Ba 3Ha'lemrn:, K0 Topb1e o6o3Ha'laIOT MY:>K'IMHY (male) J1 :>KeH­

~MHY (female). I1peo6pa30BbIBaTb 9TY cpopMyny K BMAY y = x_ 0 + x _ l * sex He 

l1MeeT CMbICna, IIOCKOITbKY rrepeMeHHaJI sex He J!BnJieTCJ! 'IJ1CITOM - OHa He MO:>KeT 

y qacTBoBaTb B YMHO:>KeHMM! BMecTo 9Toro R npeo6pa3yeT ee K BMAY y = x _ 0 + 
x _ l * sex_ male, r).l.e sex_ ma le rrpMHJ1MaeT 3Ha'leHMe 1 ).l.ITJI My:>KcKoro nona 

l1 0 - ).l.ITJ! :>KeHCKOfO. 

df <- tribble ( 
- sex , - response , 
"male " , 1, 
"female " , 2, 
"mal e" , 1 

::1odel _matrix ( df , respons e -
#> # A tibble: 3 x 2 
#> ' (Intercept) ' sexma l e 
#> <dbl> <dbl > 
#> 1 1 1 
#> 2 1 0 
#> 3 1 1 

sex ) 

Bo3MO:>KHO, Bae YAMBnJieT, no'leMy R He C03).l.aeT TaK:>Ke cTo n6eu; sexfemale. 

ITpo6neMa B TOM, 'ITO 9TO C03).l.ano 6b1 CTon6eu;, COCTOJ!HJ1e KOTOporo MO:>K­

HO TO'IHO rrpe).l.CKa3aTb Ha OCHOBaHJ1J1 COCTOJ!HJ1M ).l.pyr11x CTon6u;oB (Hanp11Mep, 

sexfemale = 1 - sexmale). K co:>KaneHMIO, paccMOTpeH11e Bcex ).l.eTaneii Toro, 

TIO'leMy 9TO J!BnJieTCJI npo6neMOM, BblXO).l.J1T 3a paMKJ1 ).l.aHHOM KHJ1fJ1, HO ecnJ1 ro ­

BOpl1Tb KOpOTKO, TO cyTb npo6neMbl B TCM, 'ITO 9TO rrpl1BO).l.J1T K C03).l.aHJ110 qpe3-

MepHO r116Koro ceMeMCTBa MO).l.eneii, 6ecKOHe'lHOe KOITJ1'leCTBO KOTOpblX 6y).l.eT 

paBHOy).l.aneHO OT ).l.aHHbIX. 

K cqaCTbIO, eorn ocHOBHOM l1HTepec ).l.ITJI Bae rrpe).l.cTaBnJieT B113yan113au;11J1 

rrpe).l.CKa3aHJ1M, TO BaM He CTOJ1T 6ecrroKOJ1TbCJ! 0 TO'IHOM rrapaMeTpl13aIJ;J1J1. qT0-

6bl KOHKpeTl1311pOBaTb 9TJ1 06iu;11e y TBep:>Kp:,emrn:, o6paTJ1MCJ! K KOHKpeTHblM np11-

MepaM tta6opoB p:,aHHbIX 11 MO)J.eneii . B )J.aHHOM cnyqae Mbl 11crronh3yeM Ha6op 

sim2 113 rraKeTa modelr (pMc. 18.12). 

ggplot (sim2) + 
geom_point (aes (x , y) ) 
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Mb! MO)l(eM no,n;o6paTb Mo,n;eJib ,D;JIR 3Toro tta6opa ,n;attHbIX 11 crettep11poBaTb 

nportto3. 

mod2 <- lm (y - x, data sim2 ) 
grid <- sim2 %>% 

dala_grid (x ) %>% 
add_predictions (mod2) 

grid 
#> # A tibble : 4 x 2 
#> x pred 
#> <chr> <dbl> 
#> 1 a 1.15 
#> 2 b 8 .12 
#> 3 c 6.13 
#> 4 d 1. 91 

B KOHeqttoM cqeTe Mo,n;eJih c KaTerop11aJibHO:i1: n epeMetttto:i1: x 6y,n;eT npe,n;cKa3bI­

BaTb cpe,n;ttee 3Haqett11e ,n;JIJI Ka)l(,n;o:i1: KaTerop1111. (fJoqeMy? IToToMy qTo cpe,n;ttee 

MJ1HJ1MJ1311pyeT cpe,n;HeKBa,n;paT11qecKoe pacCTOJIHJile.) 3To MO)l(HO JierKO yB11,n;eTb, 

ern11 ttaJIO)l(J1Tb rrpe,n;CKa3amrn Ha 11cxop;ttb1e ,n;attHbie (p11c. 18.13). 

~g~~Jt ( sim2 , aes (x )) + 
geom _point (aes (y = y)) + 
ge0m_poir1t ( 

data = grid , 
aes (y = pred) , 
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col or = "red" , 
size = 4 
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Bbl He MO:>KeTe p;eJiaTb nporH03bI OTHOCMTeJibHO ypoBHe:H, KOTOpbie He Ha6mo­

p;aJIM. J1Horp;a 3TO 6yp;eT nonyqaTbOI y Bae cnyqaJ1Ho, TI03TOMY CTOMT 3aTIOMHMTb 

rnep;y10m;ee coo6m;eHMe 06 ourn6Ke. 

cibble (x = "e" ) %>% 
aid_predictions (mod2 ) 

#>Error in model.frame.de f aul t (Terms, newdata, na.action = 

#> na.action, xlev = object$x l evels ) : f actor x has new level e 

83alf1MOAe~CTB111R(Henpep~BHaR 
111 Karerop111anbHaR nepeMeHHbte) 

qTO npoMcxop;MT B Tex rnyqaf!x , Korp;a HenpepbIBHaH nepeMeHHaH coqeTaeTCH 

c KaTeropMaJibHo:H? Ha6op p;aHHbIX sim3 cop;ep:>KMT KaTeropMaJibHbIM M Henpe­

pbIBHbIM npep;MKTOpbI. MbI MO:>KeM BM3yaJIM3MpoBaTb MX c TIOMOlll;bIO npocToro 

rpaqmKa (pMc. 18.14). 

ggplot (sim3 , aes (xl , y)) + 
geom_point (aes (color x2 )) 
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,D;1rn 3TMX p,aHHblX B03MO:>KHbl P,Be MOP,eJIM. 

modl <- l~ ( y - xl + x2 , data = s im3 ) 
mod2 <- lm (y - xl * x2 , data = sim3 ) 

• 

x2 
• 

a 
• 

• • b 

• • c • • • • d • I • • 
• I • • • 

• • 
' ' 15 10.0 

Korp,a Bbl p,o6aBJI5IeTe MOP,eJIM e TIOMO~bIO 3HaKa +, OHM ou;emrnaIOT Ka:>KP,blM 

3cpcpeKT tte3aBMeMMO OT Beex oeTallbHblX. ,lJ;JIJI TIOP,fOHKM TaK tta3bIBaeMOf0 B3aM­

MOP,eweTBV15I MO:>KHO 11eno7Ib30BaTb 3ttaK *. Hanp11Mep, y - x 1 * x2 Tpattrn11pyeTCJI 

B y= a_O + a_l *al+ a_2 * a2 + a_l2 *al* a2 . 3aMeTbTe, 'ITO BCJIKMM pa3, 

Korp,a Bbl 11en07Ib3yeTe 3HaK *) B MOP,eJib BKJIIOl.JaIOTeJI KaK B3al1MOp,eweTBMe, TaK 

J1 l1HP,V1Bl1P,yaJibHble KOMTIOHeHTbI. 

,D;nH B113yan113au;11vi 3Tl1X Mop,enel1 ttaM nottap,o6HTrn p,Ba HOBrneeTBa. 

• y Hae P,Ba npep,vtKTOpa, TI03TOMY Mbl P,Oll:>KHbl npep,oeTaBJ1Tb cpyttKD;l1l1 

data_ grid () o6e nepeMettttb1e. 3Ta cpyttKD;MJI ttawp,eT Bee yttviKa7Ibttb1e 

3tta'lett11JI xl 11 x2 11 erettep11pyeT Bee 11x KOM611tta~1111. 

• l fro6bl erettep 11poBaTb nporH03bl Ha oettoBe epa3y P,BYX MOP,eJieM, MO:>K­

HO 11cnOJib30BaTb cpyttK~MIO gather_predictions () , KOTopaJI p,o6aB7IJI­

eT Ka:>Kp,b1M nportto3 B KaqeeTBe CTpoKvi. KoMnneMettTapttol1 K cpyttK~MH 

gather _predictions () JIBJIJieTrn cpyttK~MJI spread_predictions () , 
KOTOpaH p,o6aBJIJieT Ka:>KP,blM nportt03 B HOBblM eTon6e~. 

446 4acrb IV. MoAemlposaH~e 



3rid <- sim3 %>% 
data gr1 1 (xl , x2 ) %>% 
gather_pr>"dict-ions (modl , mod2 ) 

3rid 
=> # A tibble: 80 x 4 
=> model xl x2 pred 
=> <chr> <int> <f ctr> <dbl> 
=> 1 modl 1 a 1. 67 
=> 2 modl 1 b 4 . 56 
=> 3 modl 1 c 6.48 
=> 4 modl 1 d 4.03 
=> 5 modl 2 a 1. 48 
=> 6 modl 2 b 4.37 
=> # .. . with 74 more rows 

Pe3yJihTaTbI p;m1 06e11x Mop;endi: MO:>KHO B113yan11311poBaTb Ha op;HOM rpacp11Ke, 

OT06pa:>Ka.R: J1X Ha pa3HbIX naHeJIRX (p11c. 18.15). 

;Jploc (sim3 , aLs (xl , y , color = x2)) + 
gee::: _poh:. () + 
gec!'.'._::.be (data = grid, aes (y = pred) ) + 
faceL_wrac (- model) 
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06pan1Te BHMMaHMe Ha TO, qTo Mop;ellb, B KOTOpotl: J1Cll071b3YeTGI: 3HaK +, xa­

paKTep113yeTrn: O,!l;HMM J1 TeM >Ke HaKllOHOM Bcex ITP5IMblX, HO pa3HbIMJ1 TO'-IKaMM 

y-ITepeceqeHMJI. B cnyqae >Ke Mop;enM, B KOTopotl: MCIT071b3yeTC5I 3HaK *, M HaKllOH, 

M TOqKa y -rrepeceqeHMJI pa3Hbie p;nJI pa3HbIX 71MHMH. 

KaKaJI Mop;enb nyqrne orr11cbrnaeT paccMaTpMBaeMbIH H a6op p;aHHh1x? qT06b1 

OTBeTMTb Ha '.HOT BOITpoc, Mbl MO>KeM paccMOTpeTb OCTaTKJ1. B p;aHHOM cnyqae 

Mbl C03,D;a71J1 cpe3bl (ITaHellM) KaK ITO MO,D;elIM, TaK J1 ITO x2 , ITOCKOllbKY TaK rrpow;e 

3aMeTJ1Tb 3aKOHOMepHOCTJ1 B Ka>Kp;otl: rpyITITe (p11c. 18.16). 

s im3 <- sim3 %>% 
gather residuals (modl , mod2 ) 

ggplot (sim3 , aes (xl , resid , color 
geom_point () + 

x2)) + 

facet grid (model - x2 ) 
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B ocTaTKax p;nJI mod2 ITpocMaTpMBaercJI rna6a5I 3aKOHOMepHoCTb. OcTaTKM p;n5I 

modl p;eMOHCTPMPYIOT, qTo MO,D;ellb 5IBHO YITYCTJ171a HeKOTopyIO 3aKOHOMepHOCTb 

B b, KOTOpa5I, XOTJI J1 B MeHhllleH CTeITeHM, ITpMcyTCTByeT B c J1 d. B03MO>KHO, Bbl 

XOTelIM 6hI 3HaTb, cyw;ecTByeT 71J1 TOqHbIM CITOco6, Il03B0715IIOlll;J1M OITpep;ellMTb, 

KaKaJI M3 Mop;enetl, modl MlIM mod2 , nyqrne. TaKoil: crroco6 p;etl:cTBMTeJibHO cyw;e­

CTByeT, HO OH Tpe6yeT cepbe3HOH MaTeMaTMqecKOH 110,!l;fOTOBKM, J1 3,D;eCb Mbl ero 
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• trim = 0. 1 OTCeKaeT 10% XBOCTOBbIX 3Ha':leHJtlM. 9To TIOlle3HO, eCJIJ,1 pac­

npep;eneHJtle JtlMeeT ,D;llJtlHHbie XBOCTbl Jt1 Bbl XOTJtlTe cocpep;OT0'1Jt1TbC51 Ha re­

Hepit1pOBaHit1Jtl 3Ha'IeHJtlM B6JIJt13Jtl ~eHTpa. 

xl <- rcauchy (lOO ) 
seq_range (xl , n = 5) 
#> [l] -115.9 -83.5 -51.2 -18.8 13.5 
seq_range (xl , n = 5, trim = 0 . 10 ) 
#> [1] -13.84 - 8.71 - 3 .58 1.55 6. 68 
seq_range (xl , n = 5, trim = 0 . 25 ) 
#> [1] -2.1735 - 1.0594 0.0547 1.1687 2.2828 
seq_range (xl , n = 5, trim = 0 . 50 ) 
#> [1] -0.725 - 0 . 268 0.189 0.647 1.104 

• expand= 0. 1 npoit13BO,D;JtlT 3cpcpeKT, B HeKOTOpOM CMbIClle npOTJtlBOTIOJIO)l(­

HbIM ::icpcpeKTY trim, npMBO,D;51 K pacnrnpeHMIO p;Mana3oHa Ha 10%. 

x2 <- c (O, 1 ) 
seq_range (x2 , n = 5) 
#> [ 1] 0.00 0 .25 0.50 0.75 1. 00 
seq_range (x2 , n = 5, expand = 0 . 10 ) 
#> [ 1] - 0 .050 0 . 225 0.500 0 . 775 1. 050 
seq_range (x2 , n = 5, expand = 0. 25 ) 
#> [1] -0.125 0.188 0.500 0.812 1.125 
seq_range (x2 , n = 5, expand = 0. 50 ) 
#> [l] -0.250 0.125 0 . 500 0.875 1. 250 

ITonpo6yeM BM3yaJIIt13It1poBaTb 3TY Mop;eJib . Y Hae Jt1Me10Trn p;Ba HenpepbIBHbIX 

npep;JtlKTOpa, TI03TOMY Mbl MO)l(eM npep;CTaBJtlTb M O,D;ellb B BMp;e TpexMepHOM no­

BepXHOCTJtl. ,1J;ll51 ee OTo6pa)l(eHJt151 MO)l(HO BOCTIOJib30BaTbC51 cpyHK~JtleM geom -

t ile () (pMc. 18.17). 

ggplot (grid , aes (xl , x2 )) + 
geom_tile (aes (fill = pred)) + 
facet_wrap (~ model ) 

J13 pe3yJibTaTOB He cnep;yeT, 'ITO MO,D;ellJtl CJtlJlbHO pa3JIJtl':laIOTC51! 0T':laCTJtl 3T 

OTITJtl'IeCKa51 Jtllllll03Jt151: HalllJtl rna3a Jt1 M03r He,D;OCTaTO'IHO 1:1yBCTBJt1TellbHbl, ecn 

pe1:1b Mp;eT o pa3JIJt11:1eHJt1Jt1 ~BeTOBbIX OTTeHKOB. BMeCTo Toro 1:1To6b1 paccMaTpMBarn 

TIOBepXHOCTb CBepxy, Mbl MO)l(eM TIOCMOTpeTb H a Hee c JII06oJ1 CTOpOHbI Jt1 npop;e 

MOHCTpit1pOBaTb He O)J;JtlH cpe3 (pit1C. 18.18 Jt1 18.19). 

ggplot (grid , aes (xl , pred , color = x2 , group = x2 )) + 
geom_ line () + 
facet_wrap (~ model ) 
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;?plo~ ( grid , aes (x2 , pred, color 
georn_Ene () + 
facet_wrap (- model ) 
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KaK eBMp;eTeJibeTBYIOT pe3yJibTaTbI, B3aMMop;eIIIeTBMe p;Byx HerrpepbIBHbIX rrepe­

MeHHbIX pa6oTaeT B OeHOBHOM TaK :>Ke, KaK M B3aMMOp;eIIIeTBMe KaTeropMaJibHOM 

M HerrpepbIBHOJII rrepeMeHHbIX. B3aMMop;eIIIeTBMe yKa3bIBaeT Ha oTeyTeTBMe ¢MK­

eMpoBaHHoro ep;BMra: p;JIR Toro 'IT06b1 rrporH03MpoBaTb 3Ha'IeHM51 y, Heo6xop;MMO 

paeeMaTpMBaTb O)J;HOBpeMeHHO 3HaY:eHM51 xl M x2. 
Bb1 BM)J;MTe, 'ITO p;a:>Ke B eJiyqae Beero JIMlllb p;Byx HerrpepbIBHbIX rrepeMeHHbIX 

rroJiy'IeHMe xopollleIII BM3yaJIM3aD;MM - He11erna51 3ap;a'!a. Ho 9TO BIIOJIHe o6bRe­

HMMO: Bp51p; JIM MO:>KHO 6bIJIO O:>KM)J;aTb, 'ITO IIOH51Tb, KaKMM o6pa30M B3aMMop;eJII­

eTByIOT op;HoBpeMeHHO TPM M 6oJiee rrepeMeHHbI X, 6yp;eT HeTpyp;Ho! Op;HaKo Hae 

HeMHOfO erraeaeT TO, 'ITO Mbl MeIIOJib3yeM MOp;eJIM )J;JIR pa3Be)J;O'IHOfO aHaJIM3a J1 

MO:>KeM rroeTerreHHO yeJIO:>KH51Tb MOp;eJib e Te'IeHMeM BpeMeHM. Mop;eJib He )J;OJI:>K­

Ha 6bITb Mp;eaJibHOM, OHa )J;OJI:>KHa JIMlllb IIOMOraTb o6Hapy:>KMBaTb rryeTb p;a:>Ke He-

6oJibllIYIO )J;OIIOJIHMTeJibHYIO MH¢opMaD;J1IO 0 BallIMX p;aHHbIX. 

MbI rroeB51TMJIM HeKOTopoe BpeM51 paeeMOTpeHHIO oeTaTKOB, 'IT06bI rroeMO­

TpeTb, eMo:>KeM JIM MbI orrpep;eJIMTb, 'ITO mod2 pa6oTaeT nyqllle, '!eM modl. Cyp;H 

no BeeMy, 9TO TaK, HO pa3JIJ1'IJ1e Me:>Kp;y HJ1MJ1 )J;OBOJibHO He3Ha'IHTeJibHOe. y Bae 

eiu;e 6yp;eT B03MO:>KHOeTb rropa6oTaTb Hap; 9TJ1M, BblIIOJIH5151 yrrpa:>KHeHJ151. 
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n peo6pa30Ba H LUI 

B cpopMyne Mop;en11 TaK>Ke MO)J(HO BbITIOJIHRTb rrpeo6pa3oBaHJ1R. Harrp11Mep, 

:.og(y) - sqrt(xl) + x2 rrpeo6pa3yeTCR B y = a_l + a_2 * xl * sqrt(x) + 
a 3 * x2 . Ecn11 Barne rrpeo6pa3oBaHJ1e BKlIIO'-IaeT orrepaTopb1 +, *, " J1JIJ1 - , TO 

Te ':!aCTJ1 cpopMyllbl, B KOTOpblX 9TJ1 orrepaTOpbl J1Cil0llb3YIOTCR B Ka':!eCTBe ap11cp­

~ 1eTJ1':!eCKJ1X, Heo6xop;11Mo o6epHyTb B cpyHKI.J;J1IO I ( ) , ':!T06b1 R He o6pa6aTbrnan 

1ix KaK CJ1MBOJIJ1':!ec1<11e orrepaTopb1 crreu;11cp11Kau;1111 Mop;en11. Harrp11Mep, y - x + 
::: (x" 2) TpaHrn11pyeTCR B y= a_ l + a_2 * x + a_3 * x"2. Ecn11 3a6b1Tb o cpyHK­

u;1111 I ( ) 11 3arr11caTb cpopMyny B BJ1,D;e y - x " 2 + x , TO R 6yp;eT Bbl':!J1CJIRTb ee 

KaK y - x * x + x . Bb1pa)J(eH11e x * x 03Ha':!aeT s3a11Mop;etkTBJ1e rrepeMeHHOM x c 

aMoJ1: co6oJ1:, 'ITO RBJIReTCR TeM )J(e caMblM, 'ITO x. R aBTOMaTJ1'IeCKJ1 orrycKaeT J13-

0blTO':!Hb1e rrepeMeHHble ) Il09TOMY x + x CTaHOBJ1TCR X, J1, TaKJ1M o6pa30M, y - x /\ 

= + x 6yp;eT orrpep;elIRTb cpyHKI.J;J1lO y = a - 1 + a_ 2 * x . 3To, BepoRTHO, He TO, 'ITO 

Bbl HaMepesan11cb cp;enaTb! 

0rrRTb-TaKJ1, ecn11 sac cMyw;aeT To, '!TO p;enaeT s arna Mop;enb, Bbl Bcerp;a MO)J(e­

re BOCilOllb30BaTbCR cpyHKll,J1eM model_ matrix () J1 IlOCMOTpeTb, B COOTBeTCTBJ1J1 

c KaKMM ypasHeHJ1eM cpyHKll,J1R lm ( ) cTpOMT Mop;eJib. 

df <- tribb2-e ( 
- y , - x , 
1, 1 , 
2 , 2 , 
3, 3 

-,odel _matrix (df , y - x"2 + x ) 
rr > # A tibble: 3 x 2 
-r > '(Intercept)' x 
~ > <dbl> <dbl> 
~ > 1 1 1 
-r > 2 1 2 
-r > 3 1 3 
~odel_mat~ix ( df , y - : (x" 2 ) + x ) 

*> # A tibble: 3 x 3 
*> '(Intercept)' ' I (x"2) ' x 
~ > <dbl> <dbl> <dbl> 
#> 1 1 1 1 
#> 2 1 4 2 
#> 3 1 9 3 

I1peo6pa30BaHJ151 IlOJie3Hbl TeM, 'ITO J1X MO)J(HO J1Cil0llb30BaTb )J;lIR arrrrpOKCJ1-

Mall,J1J1 HeJIJ1HeMHblX cpyHKll,J1M. Ecn11 Bbl rrpoxop;l1lIJ1 p;11cpcpepeH11,11aJibHOe J1C':!J1C­

neHJ1e, TO, B03MO:>KHO, CllblrnaJIJ1 0 TeopeMe TeM:nopa, B COOTBeTCTBJ1J1 c KOTOp oJ1: 
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mo6yro rnap;KyIO ¢YHKQI1IO MO)KHO a rmpOKCI1MI1pOB aTb 6ecKOHetrnoi1 cyMMOi1 

MHOfO'IJieHOB. 3TO 03HatJaeT, 'ITO Bbl MO)KeTe MCII0 7Ib30BaTb 7IMHei1HyIO ¢YHKQI1IO 

p;mI IIOlIY'IeHMH 6JIM3KOi1 annpOKCMMaQMM K m ap;Koi1 cpyHKQJ1J1 , CTpOH MOp;eJib 

c IIOMOIQhlO ypaBHeHMH Hanop;o611e y = a_ l + a_ 2 * x + a_ 3 * xA 2 + a_ 4 * x A 3. 

BBO,D;MTb BPYtJHYIO TaKMe p;JIMHHbie nocnep;oBaTeJib HOCTM yTOMMTeJibHO, B CBH3M 

c tJeM ,ll;lIH 3TOf0 B R npep;ycMOTpeHa BCIIOMOraTeJibHaH cpyHKQJ15I poly () . 

rn0del_rnatrix (df , y - poly (x , 2)) 
#> # A t i bble : 3 x 3 
#> ·(Int ercept)· 'poly(x , 2)1' 
#> <dbl > <dbl> 
#> 1 1 -7. 07e - 01 
#> 2 
#> 3 

1 
1 

- 7 . 85e- 17 
7 . 07e- 01 

'poly(x , 2)2' 
<dbl> 
0.4 08 

- 0.81 6 
0 . 408 

Op;HaKo c MCIIOJih30BaHMeM ¢YHKQMM poly () CBH3aHa op;Ha cephe3HaH npo-

6neMa: 3a npep;eJiaMM p;Mana30Ha p;aHHblX 3Ha'IeHJ15I IIOJIMHOMa 6bICTpo CTpeMJIT­

CJI K noJIO)KMTeJibHoi1 MJIM OTpMQaTeJihH Oi1 6 ecKoHe'IHOCTM. Op;Ha 113 6e3onacHbIX 

aJibTepHaTMB 3aKJIIO'IaeTC5I B J1CII07Ib30BaHJ111 HaTypallbHblX CIIJiaMHOB c IIOMOIQblO 

cpyHKQMM splines: : ns () . 

library (splines ) 
model rnatrix (df , y - ns (x, 2 )) 

#> # A t i bble : 3 x 3 
#> · (Intercept) · ns (x , 2) 1. ns (x , 2) 2 . 
#> <dbl> <dbl> <dbl> 
#> 1 1 0 . 000 0 . 000 
#> 2 1 0 . 566 - 0. 211 
#> 3 1 0 . 344 0.771 

ITOCMOTpMM, KaK 3TO 6yp;eT BblflIJI,D;eTb np11 IIOilbITKe annpoKCMMaQMM HeJIM­

Hei1Hoi1 ¢YHKQ1111 (pttc. 18.20) . 

sirn5 <- tibble ( 
x seq (O, 3 .5 * pi , length = 50 ) , 
y = 4 * sin (x ) + rnorm (length (x )) 

ggplot (sirn5 , aes (x , y )) + 
geom _point () 

Mbr co611paeMrn noCTpOMTh IIHTh Mop;enei1 p;nH 3TMX p;aHHhIX (p11c. 18.21). 

rnodl <- lrn (y - ns (x , 1) , data sirn5 ) 
rnod2 <- lm (y - ns (x , 2 ) , data sim5 ) 
mod3 <- lm (y - ns (x , 3) , data sim5 ) 
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:r.odi\ <- lm \y - ns \x , 4) , data = simS) 
~od5 <- lm (y - ns (x, 5) , data = sim5 ) 

grid <- sim5 %>% 
data_grid (x = seq_range (x , n = 50 , expand = 0 .1 )) %> % 
gather _predictions (rnodl , rnod2 , rnod3 , rnod4 , mod5 , . pr ed "y" ) 

;gplot (sirn5 , aes (x , y)) + 
georn_point () + 
georn_line (data = grid , col or 
facet_wrap (- model ) 
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• 
• 

• 
• 
• •• 

• 
• 
• • 
• 

' 
9 

• • • 
• • • •• 

06pan1Te BHJ1Mam1e Ha R:BH O H113KYIO TO'IHOCTb 3KCTparroJIR:lJ;l111 sa rrpe,n;erraMH 

Ha6opa ,n;aHHbIX. TaKOB He,n;oc TaTOK arrrrpoKCMMau;m1 cpyHKu;11J1: c rroMOiu;bIO rro ­

JIHHOMOB. 0,n;HaKo 3TO CTaHOBHTCR peaJibHOM rrpo6rreMoJ1: ,n;rrR Bcex Mo,n;erreI1: HH 

o,n;Ha MO,ll;ellb He II03BOJIR:eT c y ,n;11Tb 0 TOM, 6y,n;eT JIM HaI1,n;eHHOe IIOBe,n;eHMe 11CTl1H­

HbIM rrp11 3KCTparrorr.Hu;1111 sa rrpe,n;errbI BM,ll;MMbI X ,n;aHHbIX. B rro,n;o6HoM crry<Iae Bbl 

,n;omKHbI rrorraraTbCR: Ha BbIBO,ll;bI H aYtIHOM Teoplt111. 
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mod1 mod2 mod3 
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x 

Puc. 18.21 

YnpamHeH lllR 

I. lfro rrpo113oi1.p;eT, ecn11 rroBTOPMTb attaJIJ13 s im2, 11crroJib3YR Mop;enb 6e3 

y -rrepeceqeHJ1.iI? qTO rrpOI130M,D;eT c ypaBHeHJ1eM Mop;eJIJ1? qTO rrpOI130M,D;eT 

c rrporHo3aM11? 

2. J1crrOJib3YMTe cpyttKIWIO model_matrix () ,!l;Jl.il J1CCJiep;OBaHJ1.il ypaBHeHMM, 

crettep11poBaHHbIX ,!l;JI.il Mop;enei1., KOTOpbie Mbl CTpOMJIJ1 ,D;JIR Ha6opoB p;aHHbIX 

s im3 Jt1 s im 4. fJoqeMy orrepaTop * RBJIReTCR HeITJIOXJ1M COKparn,eHJ1eM ,!l;J15! 

B3aJ1MOp;ei1.CTBJ15!? 

3. Orr11pa5!Cb Ha 6a30Bbie rrp11H~J1ITbI, rrpeo6pa3yi1.Te cpopMyJibI p;Byx rrp11Bep;eH­

HbIX HM>Ke Mop;enei1. B cpyttK~J1J1 . (ITop;cKa3Ka: ttaqtt11Te c rrpeo6pa3oBamrn Ka­

Terop11aJibHOi1. rrepeMeHHOM B rrepeMeHHbie 0-1. ) 

modl <- lm (y - xl + x2 , data = sim3 ) 
mod2 <- lm (y - xl * x2 , data = sim3 ) 

4. KaKaR J13 Mop;eneM., modl J1 mod2 , nyqIIIe ITO,!l;XO,!l;J1T ,D;JIR Ha6opa p;aHHbIX sim4? 

Mb! rronaraeM, qTo mod2 nyqwe crrpaBJIReTcR c pa6oToi1. no yp;aneHMIO 3aKoHo­

MepHocTei1. rroBep;eHMR, HO pa3nwrnR p;OBOJibHO cna6h1e. Mo>KeTe JIM Bbl rrop;­

rnepp;MTb rpacpttKOM Hallie rrpep;rrono>KeHtte? 
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Orcyrcrsy10~Me 3HalfeHMH 
CoBeprneHHO otJeBM)J;HO, 'ITO oTcyTcTBYIOw;Me 3Ha'IeHl1JI He MoryT coo6w;l1Tb 

Hl1KaKoi1 MHcpopMaD,Ml1 06 OTHOIIIeHMJIX Me:>Ki:i;y rrepeMeHHblMl1, I103TOMY MO)J;e­

JIMpyIOw;Me cpyHKIJ,!1!1 6yi:i;yT rrporryCKaTb JII06b1e CTpOKl1, KOTOpble coi:i;ep:>KaT OT­

cyTCTByIOw;Me 3Ha'IeHl1JI. ITo yMoJI'IaHMIO R He BbIBO)J;MT rrpM 3TOM HMKaKMX co­

o 6w;eHMi1, HO Bbl MO:>KeTe 3ai:i;aTb MX BbIBO)J; c IlOMOrn;bIO KOMaH)J;bl options (na. 

action= na. warn ), BbIITOJIHMB ee rrepei:i; Ha'IanoM pa6oTbI. 

df <- tribble ( 
- x , - y, 
1 , 2 . 2 , 
2 , NA, 
3, 3. 5 , 
4, 8 . 3 , 
NA, 10 

mod <- lm (y - x , da ta = df) 
#> Warning: Dropping 2 rows with mi ssing values 

.il:JIJI rroi:i;aBJieHMJI BbIBO)J;a coo6w;eHMM ycTaHOBMTe OITIJ,MIO na. action 

na. exclude: 

mod <- lm (y - x , data = df , na.act i on = na.exc l ude) 

Bbl Bceri:i;a cMo:>KeTe Y3HaTb o TOM, CKOJibKO Ha6nIOi:i;eHMi1 6brno McrroJib30BaHo, 

c IlOMOrn;bIO cpyHKIJ,MM nobs ( ) . 

:-iobs (mod ) 
#> (l ] 3 

.Qpyrue ceMeMCTBa MOAeneM 
B 3TOM rnaBe Mbl cocpe)J;OTO'IJ1JI!1 BHMMaHMe MCKJIIO'IMTeJibHO Ha Knacce JIJ1Hei1-

HblX MO,rJ;enei1, KOTOpble rrpei:i;rronaraIOT COOTHOIIIeHMe BM)J;a y = a_ 1 * xl + a - 2 * 
x2 + ... + a _ n * xn. B CJIY':Iae JIMHei1HblX Moi:i;enei1 i:i;orroJIHMTeJibHO rrpei:i;rronara­

eTCJI, 'ITO OCTaTKM xapaKTepM3YIOTCJI HOpMaJibHblM pacrrpei:i;eneHMeM, KOTOpoe Mbl 

ew;e He o6cy:>K,p;anM. 

Cyw;ecTByeT 6onbrnoe pa3Hoo6pa3Me KnaccoB Moi:i;enei1, pacrnMpJIIOrn;Mx Moi:i;enb 

BCeB03MO:>KHblMM crroco6aMM. HeK0Topb1e M3 HMX rrepe'IMCJieHbl HM:>Ke. 

• 06o6w,eHHbte llUHeil1-1b1e Jvwoe!lu , HarrpMMep stats: : glm () . B JIMHeMHblX 

MO)J;eJIJIX rrpei:i;rronaraeTCJI, 'ITO OTKJIMK JIBJIJieTCJI HerrpepbIBHblM, a OIIIJ16KM 
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TIO,ll;'IJ1HHIOTC51 HOpMaJibHOMY paerrpep;eJieHJ1IO. 06o6w;eHHbie JIJ1HeMHbie MO­

p;eJIJ1 paeurnpHIOT JIJ1HettHbie MOp;eJIJ1, ,ll;OTIOJIHJ1TeJibHO BKJIIO'IaH B03M0)1(­

HOeTb OTKJIJ1Ka, He HBJIHIOrn;eroe.s:r HerrpepbIBHbIM (Hanp11Mep, ,ll;BOJ1'1Hble 

p;aHHbie J1JIJ1 e11eT1111K11). Mx pa6oTa 6a3MpyeTrn Ha orrpep;enettltlltl Mepb1 pae­

eTOHHJ1H, oeHOBaHHOM Ha eTaTltleTJ1'1eeKot1: 11,z:i;ee rrpaBp;orrop;o6MH. 

• 06o6w,ertHbte aooumU8Hbte MOOenu, HanpMMep mgcv: : gam () ' pacurnpHIOT 

o6o6w;eHHbl e JlltlHettHbl e MOp;eJIJ1, ,lJ;OTIOJIHJ1TeJibHO BKJIIO'IaH rrpOl13BOJibHble 

rnap;Kltle ¢YHK~J1ltl . 3TO 03Ha11aeT, 'ITO Bbl MO)l(eTe 3arrltleaTb ¢opMyny Ha­

rrop;o6ltle y ~ s ( x) , KOTopa.s:r rrpeBpaw;aeTrn B y paBHeH11e BMp;a y = f ( x) M 

npep;oeTaBJIHeT ¢YHK~lt1J1 gam () B03MO)l(HOeTb o~eHJ1Tb, 'ITO eo6ot1: rrpep;­

eTaBJIHeT ::na ¢y1iK~J1H (rrp11 yrnoBJ1J1 BBep;ett11.s:r HeKOTOpbrx orpatt1111eH11t1: 

Ha rnap;KoeTb, p;eJiaIOrn;J1X B03MO)l(HblM perneHJ1e 3ap;a11It1). 

• Jlw-teUHbte Mooenu co w.mpacfiaMu , Hanp11Mep glmnet:: glmnet () , p;o6aB­

JIHIOT K paeeTOHHJ1lO llITpa¢Hoe enaraeMoe, "HaKa3b1Ba10w;ee" elIJ1llIKOM 

CJIO)l(Hbie Mop;e1111. KaK rrpaBJ1JIO, 3TO rrp11Bop;11T K co3p;aHJ1IO 6onee 3¢¢eK­

TJ1BHbIX o6o6w;eHHblX MOp;enet1: ,ll;JIH HOBbIX Bbl6opoK J13 TOM )l(e reHepaJib ­

HOM eOBOKYTIHOeTltl. 

• Po6acmHbte nuHeuHbte Mooenu, Hanp11Mep MASS: rlm () , KoppeKTMPYIOT pae­

eTOJIHltle ,ll;JIJI yMeHbllleHJ15I Beea 3Ha'IMTeJibHO yp;a11eHHblX TO'IeK p;aHHbIX. 

3TO eHJ1)1(aeT 11yBeTBJ1TeJibHOeTb Mop;eJIJ1 K HaJIJ1'1ltllO Bb16poeoB 3a e11eT He­

KOTOporo yxyp;rneHJ1H Ka11eerna MOp;eJIJ1 B OTeyTeTBJ1e Bbl6poeoB. 

• JJ.epeab5l , Hanp11Mep rpart: : rpart () , pa6oTaIOT eoBeprneHHO 11Ha11e, 11eM 

JIMHettHbie Mop;en11. 0HJ1 11enoJib3YIOT Kyeo11Ho-noeTOHHHYIO Mop;eJib, pa3-

p;emrn p;aHHbie Ha Bee MeHbllIMe 11 MeHbrn11e 11aeT11. CaMM no ee6e p;epeBbH 

He OTJiltl'IaIOTeH oeo6ot1: 3¢¢eKTltlBHOeTbIO, HO B eo11eTaHJ1J1 e Mop;eJIHMJ1 

TMna "rnyqai1Hbii1 nee" (HarrpMMep, randomForest:: randomForest () ) 
J1JIJ1 MO,ll;eJIHMJ1 Ha oeHOBe MallIJ1H rpap;MeHTHOro 6yeTJ1Hra (Hanp11Mep , 

xgboost: : xgboost), eTaHOBHTeH BeebMa MOlll;HblM epep;eTBOM. 

c TO'IKJ1 3peHJ1H rrporpaMMl1pOBaHJ1H Bee 3TJ1 Mop;ellltl pa6oTaIOT 0,ll;J1HaKOBbIM 

o6pa30M. KaK TOJibKO Bbl oeBOJ1Te 1IJ1Hei1Hble MOp;eJIJ1, Bbl o6Hapy)l(lt1Te, 'ITO lt13-

Y11It1Tb Mop;enM p;pyrMX KJiaeeoB BaM He eoeTaBMT 6011brnoro Tpyp;a. YMeH11e eo3p;a­

BaTb Mop;eJiltl OeHOBbIBaeTeH Ha eo6n10p;eHJ1J1 p.s:rp;a TIOJie3HbIX 06w;11x rrpl1H~J1IlOB lt1 

BJiap;eHJ1ltl llll1p0KJ1M Ha6opoM eOOTBeTeTBYIOlll;ltlX MeTO,lJ;J1K. Terrepb, Korp;a Bbl y)l(e 

It13Y'Il1JIJ1 11aeTb 06w;11x J1HeTpyMeHTOB J1 O,ll;ltlH TIOJie3HbIM KJiaee Mop;enei1, MO)l(eTe 

eaMOeTOHTellbHO J13Y1IJ1Tb p;pyr11e MOp;eJIJ1, l1eTIOJib3YH p;pyrltle J1eTO'IHJ1KJ1. 
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rnABA 19 

B npe,IJ;bI,IJ;yw;eM: rnaBe Bbl y3Ha1rn o TOM, KaK pa6oTaeT mrneM:HaJI MO,IJ;eJib, 11 

TI03HaKOMMJIMCb c HeKOTOpbIMM MHCTpyMeHTaMM, TI03BOJIJllOlll;MMM o6pa6aTbIBaTb 

irncpopMa~MIO, KOTopy10 npe,ll;OCTaBJIJleT JIMHeMHaJI MO,IJ;eJib OTHOCMTeJibHO Baurnx 

p;aHHbIX. Pa6oTa Mo;p;eJieJir M3yqaJiacb c MCTIOJib30BaHMeM cp11KTMBHbIX Ha6opoB 

p;aHHbIX. B 3TOM rnaBe ,IJ;JIJI ,IJ;eMOHCTpa~MM npo~ecca noCTeneHHoro nocTpoeHMJI 

MO,ll;eJIM MCTIOJlb3YIOTCJI peaJibHbie ;p;aHHbie. 

MbI BOCTIOJib3yeMc>I npeMMyw;ecTBaMM Toro cpaKTa, qTo Mo;p;eJIM no3BOJIJl ­

IOT npe,ll;CTaBJIJITb ,IJ;aHHbie nocpe,ll;CTBOM wa6JIOHOB, T.e. TeH,IJ;eH~MM TIOBe,IJ;eHMJI, 

11 ocTaTKOB. MbI 6y,IJ;eM 06Hapy:>K11BaTb TeH,IJ;eH~MM nocpe,IJ;CTBOM BM3yaJIM3a~MM, 

a 3aTeM K<?HKpeTM3MpoBaTb M yToqHJITb MX c TIOMOlll;blO MO,IJ;eJIM. 3aTeM Mbl no­

BTOPMM npo~ecc, HO 3aMeHMM CTapyIO nepeMeHHYIO OTKJIMKa OCTaTKaMM, onpe­

p;eJieHHbI MM M3 Mo;p;eJIM. HaweM: ~eJibIO >1BJI>1eTc>1 nepexo,IJ; OT HeJIBHbIX 3HaHMM, 

CO,ll;ep:>Kalll;MXCJI B ,IJ;aHHbIX M HaIIIMX rOJIOBax, K JIBHbIM 3HaHMJIM, CO,ll;ep:>Kalll;MM­

rn B KOJIMqecTBeHHOM MO,ll;eJIM. 3To o6JierqJ!IT MX npMMeHeHMe B HOBbIX o6JiaCTJ!X 

M MCTIOJlb30BaHMe ,ll;pyrMMM JllO,ll;bMM. 

.lJ:JIJI 60JibIIIMX M CJIO:>KHblX Ha6opoB ,IJ;aHHbIX 3TO 03HaqaeT Heo6xO,IJ;MMOCTb Bbl­

TIOJIHeHMJI 3Haq11TeJibHoro o6neMa pa6oTbI. Be3yrnoBHO, cyw;ecTBYIOT aJibTepHaTM­

BbI - B O,ll;HOM M3 TaKMX TIO,ll;XO,ll;OB, OCHOBaHHOM Ha MeTO,IJ;ax MaIIIMHHOro o6yqe­

HM5!, aK~eHT nepeHOCMTCJ! Ha npe,IJ;cKa3aTeJibHbie B03MO:>KHOCTM Mo,IJ;eJIM. Mo:>KHO 

CKa3aTb, qTo 3TM aJibTepHaTMBHbie TIO,ll;XO,ll;bl pa6oTalOT no npMH~Mny "qepHoro 

Jllll;MKa": MO,IJ;eJib ,IJ;aeT ,IJ;eMCTBMTeJibHO xopowMe nporH03bl, HO Bbl He 3HaeTe, no­

qeMy TaK npoMCXO,ll;MT. TaKoJir TIO,ll;XO,ll; BTIOJIHe pa3yMeH, O,IJ;HaKo OH 3aTpy,ll;H5!eT 

npMMeHeHMe K MO,IJ;eJIM HaIIIMX 3HaHMM peaJibHOro MMpa. B CBOIO oqepe,ll;b, 3TO 

OCJIO:>KHJleT o~eHKY Toro, 6y,IJ;eT JIM TIOJiyqeHHaJ! MO,IJ;eJib pa60TaTb B ,ll;OJirOcpoq­

HOM nepcneKTMBe, ecJIM M3MeH5!TC5! ocHOBHbie npe,IJ;nocbIJIKM. Mb1 cqMTaeM, qTo 



B 6oJibllIJ1HCTBe peaJibHbIX MOp;ener1: u;enecoo6pa3HO JilCITOllb30BaTb KaKyIO-TO KOM-

611Hau;1110 3Toro 11 6onee KJiaccJilqecKoro aBTOMaT11311poBaHHoro rrop;xop;a. 

QqeHb Ba>KHO 3HaTb, Korp;a cnep;yeT ocTaHOBJ1TbCJI. Bbl p;oJI>KHbI HayqJiITbC.ll 

orrpep;eJI.llTb TOT MOMeHT, Korp;a MO,D;ellb y>Ke p;OCTaToqHo xopoIIIa 11 MaJIOBepoJITHO, 

qT06b1 p;aJibHer1III11e 3aTpaTbI Tpyp;a ce6.ll 0Kyrr11n11. Ha car1:Te Reddit rroJib30BaTe­

neM Broseidon2 41 6hrno orry6n11KoBaHo xopoIIIee coo6iu;eH11e. 

,lJ;aBHbIM-p;aBHO yq11TeJib xyp;o>KeCTBeHHOM llIKOllbl CKa3aJI MHe: 

"Xyp;o>KHJ1K p;on>KeH qyBcTBOBaTb, Korp;a rrpol13Bep;em1e roTOBO. TbI He 

MO>Keillb 6ecKOHeqHO ,D;OBO,lJ;J1Tb KapT11HY p;o COBeprneHCTBa - 3aKaH -

q11Bar1:. Ecn11 Te6e He HpaB11TOI TO, qTo rronyqMJIOCb, cp;enar1: Bee 3a­

HOBO J1JIJ1 >Ke HaqHJ1 rr11caTb qTO-TO HOBoe''. MHoro I103>Ke MHe KaK-TO 

p;oBenocb ycnh1rnaTb TaKoe BbICKa3bIBaH11e: "ITnoxaJI rnBeJI p;orrycKaeT 

MHoro orpexoB. XopornaJI rnBeJI ycepp;Ho 11crrpaBJIJieT cB011 orpex11. 

0TJIJ1qHaJI llIBe.ll He 60J!1TC.ll BbI6poc11Tb Heyp;aqHyIO pa6oTy J1 HaqaTb 

IIIJ1Tb 3aHOBo''. 

Heo6XOAL1Mbte pecypcb1 
MbI 6yp;eM rroJib30BaTbC.ll TeM11 >Ke 11HcTpyMeHTaM11, qTo 11 B rrpep;b1p;yiu;er1: 

rnaBe, HO p;o6aBJilM peaJibHbie Ha6opbI p;aHHbIX: diamonds 113 rraKeTa ggplot2 w 

flights 113 rraKeTa nycflightsl3. KpoMe Toro, p;JI.ll pa6oTbI c p;aTaMl1 11 BpeMeHeM 

113 pacrrMcaH11.ll aBwaper1:coB HaM rroHap;o6wTrn 6t16n110TeKa lubridate. 

library (tidyverse ) 
.library (modelr) 
cptions (na . action = na . warn ) 

library (nycflights13 ) 
library (lubridate) 

no'leMy 6prtmnMaHTbl HM3KOrO Ka'leCTBa 

OKa3anMCb 6onee AOpOrMMM 

B rrpep;b1p;yiu;11x rnaBax Mbl m~6JIIO,D;aJIJil HeO>KJ1,D;aHHOe COOTHOIIIeH11e Me>Kp;y 

KaqecTBOM 6p11nn11aHTOB 11 11X u;eHOM: 6p11JIJil1aHTbl HJ!13KOfO KaqecTBa (rrnoxaH 

orpaHKa, Heyp;aqHbIM u;BeT 11 xyp;rnaH qJilCTOTa) CTO.llT p;opo>Ke (p11c. 19.1- 19.3). 

ggplot (diamonds , aes (cut , price )) + geom_boxplot ( ) 
ggplot (diamonds , aes (color , price )) + geom_boxplot () 
ggplot (diamonds , aes (clarity , price)} + geom_boxplot () 
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IToxo)l(e, ~eHa HM3KOKa'!eeTBeHHbIX 6pmunrnHTOB OKa3aJiaeh Bbillle 113-3a op;­

HOM Ba)l(HOM nepeMeHHOM, KOTopaJI eMelllaJia Bee KapTbl: carat (Bee B KapaTax). 

Bee 6p11nn11aHTa - 3TO ep;11HeTBeHHO Ba)l(HbIM cpaKTop p;JIJI onpep;eneHMJI ero 

~eHbl, a HJ13KOKa'!eeTBeHHbie 6p11JIJIJ1aHTbl MMeIOT, KaK npaBMJIO, 60JiblllJ1e pa3Me­

pbl (p11e. 19.4). 

ggplot (diamonds , aes (carat , price )) + 
qeom_hex (bins = 50 ) 

HaM 6yp;eT npo~e YBMp;eTb, KaK p;pyr11e aTp116yTbI 6p11nn11aHTa BJIMJIIOT Ha ero 

OTHOe11TeJibHYIO ~eHy, eCJIM Mbl TIOCTp011M MOp;eJib, OTp;eJIJIIO~YIO 3cpcpeKT nepe­

MeHHOM carat. Ho eHa'!aJia HeMHoro nop;npaBMM Ha6op p;aHHbIX diamonds, 'IT0-

6b1 e HMM 6hrno nerqe pa6oTaTb. 

1. CcpoKyrnpyeM BHMMaHMe Ha 6p11JIJIJ1aHTaX BeeOM MeHbIIIe 2,5 KapaTa (99,7% 

p;aHHblX). 

2. I1epe:i1p;eM K norap11cpMaM nepeMeHHbIX carat 11 price. 

diamonds2 <- diamonds %>% 
filter (carat <= 2 .5 ) %>% 
mutate (lprice = log2 (price ) , lcarat l<>g/ (carat )) 
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C oBMeCTHoe BHecem1e 3Tl1X l13Mettett11M: ynporn;aeT BbHIBJieH11e B3al1MOCBR311 

n epeMeHHbIX carat 11 price (p 11c. 19.5). 

gplot (diamonds2 , aes (lcar at , lpri ce )) + 
geom_~ex ( bins = 50 ) 
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B p;aHHOM cny<rne norap11¢MwieCKoe rrpeo6pa30BaH11e oco6eHHO yp;o6Ho, rro ­

CKOJibKY OHO JIMHeap113yeT rua6JIOH, a c JIMHeMHbIMM rua6JIOHaMM nerqe pa6oTaTb. 

Cp;enaeM ew;e op;MH mar 11 MCKJIIO'IMM :=ny HpKo Bbipa:>KeHHYIO JIMHei1Hy10 TeHp;eH­

u;1110. CHaqana MbI .flBHO co3p;aeM rua6noH rryTeM rrocTpoeHM.fl Mop;en11: 

mod_diamond <- lm (lprice - lcarat , data = diamonds2 ) 

3aTeM MbI CMOTPMM, 'ITO roBopMT o p;aHHbIX :=na Mop;eJib. 3aMeTbTe, 'ITO MbI BbI­

rroJIH.fleM o6paTHOe rrpeo6pa30BaH11e rrpep;cKa3aHM:i1:, OTMeH.fl.fl norap11¢M11'1ecKoe 

rrpeo6pa30BaHHe, qT06bI rrpep;cKa3aHM.fl MO:>KHO 6bIJIO HaJIO:>KMTb Ha MCXO,IJ;Hbl e 

p;aHHbie (p11c. 19.6). 

grid <- diamonds2 %>% 
data_grid (carat = seq_range (carat , 20 )) %>% 
mutate (lcarat = log2 (carat )) %>% 
add_predictions (mod_diamond , "lprice" ) %>% 
rnutate (price = 2 " lprice) 

ggplot (diamonds2 , aes (carat , price )) + 
geom_hex (bins = 50 ) + 
geom_l i ne (data = grid, color = " red" , size 1) 
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B pe3yJibTaTe rroJIY'laeM MHTepecHy10 11H¢opMau;1110 o p;aHHbIX. Ecn11 MbI p;o­

BepHeM Harue:i1: MO,IJ;eJIM, TO 60JibIIIMe 6p11JIJIMaHTbl HaMHOro p;erueBJie, qeM MO)KHO 
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6brno m1u1p;aTb. BepoRTHO, 3TO o6'bJICHJieTCJI TeM, qTo HM O,IJ;MH 6pMmrnaHT B p;aH­

HOM Ha6ope He CTOMT 6onee 19000 ,IJ;OJIJiapoB. 

PaccMoTpeHMe ocTaTKOB nop;TBep)Kp;aeT, qTo MbI ycnewHo MCKmoqMJIM RpKo 

Bbipa)KeHHbU1 JIMHettHbIM wa6JIOH (pMc. 19. 7). 

diamonds2 <- diamonds2 %>% 
add_residuals (mod_di amond , "lres id" ) 

;gploL (di amonds2 , aes (lcarat , lres id )) + 
geom_hex (bins 50 ) 
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Ba)KHO TO, qTo Tenepb Mbl MO)KeM saHOBO nocTpOMTb HaWM MOTMBMpy10~Me 

r pa¢MKM, MCnOJib3YJI OCTaTKM BMeCTO nepeMeHHOM price (pMC. 19.8-19.10). 

~gplot ( di amonds 2 , aes (cut , lresid )) + geom_boxplot () 
~gplot ( di amonds2 , aes (color , lresid )) + geom_boxplot () 
;gplot (diamonds2 , aes (clarity , lresid) ) + geom_boxplot () 

Tenepb MbI BM,IJ;MM O)KM,IJ;aeMyIO B3aMMOCBJI3b: no Mepe ynyqweHMJI KaqecTBa 

6pMJIJIMaHTOB pacTeT MX OTHOCMTeJibHaJI QeHa. ,1J;JIJI MHTepnpeTaQMM OCM y Heo6-

XO,IJ;MMO nop;yMaTb 0 TOM, 0 qeM H aM roBOPJIT OCTaTKM M no KaKOM WKaJie OHM M3-

MepRIOTCJI. OcTaTOK - 1 yKa3bIBaeT Ha TO, qTo nepeMeHHaJI lprice 6hrna Ha ep;M­

HMQY HM)Ke npep;cKa3aHHOrO 3HaqeHMJI, eCJIM OCHOBbIBaTbCJI MCKJIIQqMTeJibHO Ha 

ero Bece. 2-1 paBHO lf2, II03TOMY TOqKa co 3HaqeHMeM -1 COOTBeTCTByeT IIOJIOBMHe 



0)1<J.1p;aeMOM u;eHbl, a OCTaTKH co 3Ha'IeHHeM 1 COOTBeTCTBYIOT )J;BOMHOM rrp ep;cKa-

3aHHOM u;ette. 
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6onee cno>KHaR MOAenb 

I1pl1 )KeJiaHl1l1 MbI M0flll1 6bI ,D;OCTpal1BaTb Harny MO,D;eJib, nepeMern;a5I B Hee Ha-

6mo,ri;aeMbie ::icpcpeKThI, qT06b1 OHM npoHBl1Jil1Ch 6oJiee oTqeTJil1BO. HanpMMep, MhI 

MOfll l1 6bI BKJIIOqMTb B Hee rrepeMeHHbie color, cut l1 clarity, qTo6hI c,ri;eJiaTb 

5IBHbIMJ1 ::icpcpeKTbI 9TJ1X Tpex KaTerop11aJibHbIX nepeMeHHbIX. 

~od diarnond2 <- lm ( 
lprice ~ lcarat + color + cut + clarity, 
data = diarnonds2 

Terrepb MO,D;eJib BKJIIOqaeT qeTbipe npe,ri;MKTopa, 11 ee Tpy,ri;Hee B11syaJI11s11poBaTb. 

K cqacTbIO, K HaCTOHrn;eMy MOMeHTY BCe OHJ1 He3aBJ1CJ1MbI, a 9TO 03HaqaeT, qTO 

MbI MO)l{eM OT06pa3J1Tb J1X no OT,D;eJibHOCTJ1 Ha qeTbipex rpacp11Kax (p11c. 19.11). 

qT06bI HeMHOro yrrpoCTJ1Tb rrpo~ecc, MbI J1CIIOJlb3YeM apryMeHT .model cpyttK~J1J1 
data _grid () . 

grid <- diarnonds2 %>% 
data_grid (cut , .model = rnod_diarnond2 ) %>% 
add_predictions (rnod_diarnond2 ) 

grid 
#> # A tibble: 5 x 5 
#> cut lcarat color clarity pred 
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#> <ord> <dbl> <chr> <chr> <dbl> 
#> l Fair - 0.515 G Sil 11. 0 
#> 2 Good - 0.515 G Sil 11.1 
#> 3 Very Good -0.515 G Sil 11. 2 
#> 4 Premium - 0.515 G Sil 11. 2 
#> 5 Ideal - 0.515 G Sil 11. 2 

ggplot (grid , aes (cut , pred )) + 
georn_point () 
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ECJIM MO,D;eJJb Hy)J(,n;aeTCJ! B rrepeMeHHbIX, KOTOpbie Bbl He rrpe,n;oCTaBMJ1J1 eJ1 

J!BHO, cpyHKlJ;MJI data _grid () aBTOMaTJ1qecKJ1 3aIIOJ1HJ1T MX TJ1IIJ1qHbIM 3HaqeHJ1-

eM . .IJ:mr HerrpepbIBHbIX rrepeMeHHbIX OHa J1CIIOJ1b3yeT Me,n;MaHy, a ,D;JJJ! KaTeropM­

aJJbHbIX - Ha116orree qacTo BcTpeqa101u;eecR 3Ha'IeHMe (11rr11 3Ha'IeHMH, ecrrM MMe­

eTCH HeCKOJ1bKO TaKMX CBJI3aHHbIX 3Ha'IeHMH), KaK IIOKa3aHo Ha pMC. 19.12. 

diarnonds2 <- diarnonds2 %>% 
add_residuals (rnod_diarnond2 , "lresid2" ) 
ggplot (diarnonds2 , aes (lcarat , lresid2 )) + 
georn_hex (bins = 50 ) 
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3TOT rpaqrnK yKa3bIBaeT Ha TO, qTO Ji!MeIOTCJI 6pJ!!JIJIJ!laHTbl c ,D;OBOJibHO 6onh­

llIJ!!MJ!l OCTaTKaMJ!l: BCITOMHMTe 0 TOM, 'ITO OCTaTOK 2 03Ha'IaeT qeTbipexKpaTHOe 

npeBbIUieHJ!le u;eHhI no cpaBHeHJ!!IO c mfrnp;aeMo11. qacTo u;enecoo6pa3HO paccMa­

TPMBaTb Heo6b1qHbie 3Ha':IeHJ!!H no oTp;enhHOCTJ!l. 

diamonds2 %>% 
filter (abs (lresid2 ) > 1 ) %>% 
add_predictions (mod_diamond2 ) %>% 
mutate (pred = round (2 " pred ) ) %> % 
select (price , pred , ca rat : table , x : z) %>% 
arrange (price) 

#> # A tibble : 16 x 11 
#> price pred carat cut color clarity depth table x 
#> <int> <dbl> <dbl> <ord> <ord> <ord> <dbl> <dbl> <dbl> 
#> 1 1013 264 0 . 25 Fair F SI2 54.4 64 4.30 
#> 2 1186 284 0.25 Pr emium G SI2 59.0 60 5.33 
#> 3 1186 284 0.25 Pr emium G SI 2 58.8 60 5.33 
#> 4 1262 2644 1. 03 Fair E Il 78 .2 54 5.72 
#> 5 1415 639 0.35 Fair G VS2 65.9 54 5.57 
#> 6 1415 639 0.35 Fair G VS2 65 . 9 54 5.57 
#> # . .. with 10 more rows, and 2 more var i ables : y <dbl>, 
#> # z <dbl > 

B p;aHHOM cnyqae Mbl He HaXO,D;Ji!M HJ!l'Iero Heo6bI'IHOfO, HO, BepOHTHO, CTOJ!l­

JIO 6bI ITOTpaTJ!!Tb K aKoe - TO BpeMJI Ha Bbl5ICHeHJ!le Toro, He yKa3hIBaeT JIM 3TO Ha 
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B03MO)J(Hble npo6neMbl c Harneilr MO,D;ellbIO J17IJ1 Ha Halll1'IJ1e orn1160K B p;aHHblX. 

B cnyqae cyrn;ecTBOBaH115I orn1160K B ,ri;aHHblX 3TO Morno 6b1 o6epHyTbC5I cqacTn11-

BoiiI B03MO)J(HOCTbIO Kyn11Tb 6p11nn11aHTbl no HeonpaBp;aHHO 3aHJ1)J(eHHOM u;eHe. 

Ynpa>KHeHMR 

1. Ha ToqeqHoM rpacl>11Ke p;n>I nepeMeHHblX lcarat 11 lprice Bb1p;en>I10Trn Hp­

K11e BepT11KallbHble TIOJIOCbl. ~fro OHJ1 npep;CTaBJif!IOT? 

2. Ern11 log (pri ce) = a_ 0 + a_ 1 * log (carat) , TO 'ITO MO)J(HO cKa3aTb o CB>I-

311 Me)J(p;y nepeMeHHblMM price 11 carat? 

3. J13BlleKJ1Te p;aHHble 0 6pMllllJ1aHTax c oqeHb 60JiblllJ1MJ1 J1 O'IeHb Mallbl ­

MJ1 oCTaTKaM11. CB5I3aHo n11 c 3Tl1Ml1 6p11nn11aHTaM11 qTo-n1160 Heo6blqHoe? 

5IBJIHeTC5I JIM KaqecTBO 3TJ1X 6p11nn11aHTOB BblCOKJ1M J17IJ1 HJ13KJ1M, J17IJ1 Bbl 

C'IJ1TaeTe, 'ITO p;onyrn;eHbl Ollll16KJ1 B ou;eHKe? 

4. Xoporno n11 npep;cKa3brnaeT u;eHy 6p11nn11aHTOB OKOH'IaTeJibHaH Mop;enb, mod_ 

diamonds2 ? ,IJ;0Bep11n11cb 6b1 Bbl ee npe,ri;cKa3aHJ15IM OTHOC11TeJibHO Toro, 

KaKyIO cyMMY BaM cne,ri;oBaJio 6bl TIOTpaTJ1Tb, eCJIJ1 6bl Bbl n0Kynan11 6pirn­

JIJ1aHTbl? 

'ITO BnM11eT Ha KOnM'leCTBO e>KeAHeBHblX aBMapeMCOB 

,IJ;aBaiiITe npo,ri;enaeM aHanorJ1qHble p;eilrcTBJ1fl B OTHOilleHJ1J1 KOllJ1'IeCTBa aBJ1-

apeilrcoB, e)J(e,D;HeBHO OTnpaBJI>IeMblX 113 Hb10-r1opKa, T.e . B OTHOilleHJ1J1 tta6opa 

p;aHHblX, KOTOpblM Ha nepBblM B3fllfl,D; Ka)J(eTCfl ern;e 6onee npOCTblM, qeM npep;b1p;y­

rn;11JII. 3To p;eiiICTBJ1TellbHO tte60JiblllOM Ha6op p;aHHblX, BKllIO'IaIOrn;11JII Bcero llJ1Illb 

365 CTpOK J1 2 CTOJI6u;a, J1 Mbl He co611paeMrn ,D;OBO,D;J1Tb npou;ecc p;o ITOllHOCTblO 

pean113oBaHHoiiI Mop;en11, HO, KaK Bbl yB11p;11Te ,ri;anee, Ka)J(p;blM Harn mar 6y,ri;eT cno­

co6cTBOBaTb nyqrneMy noH11MaH1110 p;aHHbIX. HaqtteM c nop;cqeTa Kon11qecTBa aB11-

apeilrcoB 3a ,ri;eHb 11 B113yan11311pyeM pe3yJibTaTbl c noMOJJJ;bIO ggplot2 (p11c. 19.13). 

daily <- flights %>% 
mutate (date = make_date (year , month , day )) %>% 
group_by (date ) %>% 
summarize (n = n ()) 

daily 
#> # A tibble: 365 x 2 
#> date n 
#> <date> <int> 
#> 1 2013 - 01 - 01 842 
#> 2 2013 - 01 - 02 943 
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=> 3 2013 - 01 - 03 914 
=> 4 2013- 01- 04 915 
=> 5 20 13- 01-05 720 
=> 6 2013- 01- 06 832 
=> # . . . with 359 more r ows 

~gplot (daily , aes (date , n )) + 
geom_:ine () 
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BbrnBJiett11e p,orrrocpotJHbIX Tettp,em-'11J1 - tterrpocTaR 3ap,a'-rn 113-3a ttaJI11tJ11R 

J1JlbHOro 3cpcpeKTa )J,HR: Hep,eJIJ1, KOTOpbIM )J,OMJ1H11pyeT Hap, 6orree rna6bIMJ1 TeH­

J,eH1"'11RMJ1. HatJHeM c paccM0Tpett11R pacrrpep,erreH11R KOJI11tJeCTBa aB11ap eJ1coB rro 

J,HfIM Hep,eJIJ1 (p11c. 19 .14). 

jaily <- daily %>% 
mu+ate (wday = wda~· ( date , label TRUE )) 

~gplot ( da ily , aes (wday , n ) ) + 
georr _boxp:'..o:: () 
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B BbIXO,D;Hbie p;H11 rroneToB MeHbllle, rrocKOJihKY 6oJibllIJ1HCTBO mop;e11 rryTellle­

CTBYIOT B p;eJIOBbIX ~emi:x. 3ToT 3cpcpeKT oco6eHHO Bbipa)J(eH no cy66onM: MHO­

rp;a Bbl MO)J(eTe BbIJieTeTb B BOCKpeceHbe, 1-IT06bI ycrreTb Ha BCTper..ry, KOTopa5I Ha-

3Ha'IeHa Ha yTpo rroHep;eJibHMKa, HO or..reHb pep;Ko Bb16epeTe p;nR BbIJieTa cy66oTy, 

llOCKOJibKY rrpe,n;rror..rTeTe rrpoBeCTJ1 3TO BpeMJI c ceMbel1 B ,D;OMallIHe11 o6CTaHOBKe. 

Op;11H 113 crroco6oB 11cKn10r..reH115I 3T011 c11JibHol1 TeHp;eH~1111 - 11crroJib30BaTb 

Mop;enb. CHa'IaJia MbI CTpo11M Mop;eJib 11 OTo6pa)J(aeM ee rrpe,n;cKa3aHJ15I rroBepx 11c­

xop;HbIX p;aHHbIX (p11c. 19.15). 

mod <- lm (n ~ wday , data = daily ) 

grid <- daily %>% 
data_grij (wday) %>% 
add_predictions (mod , "n" ) 

qgplot (daily , aes (wday , n )) + 
geom_boxplot () + 
geom_point (data = grid , color = " red" , size = 4) 

3aTeM Bbl'IJ1CJI5IeM J1 BJ13yaJIJ1311pyeM OCTaTKJ1 (p11c. 19.16). 

daily <- daily %>% 
add_residuals (mod ) 

daily %>% 
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ggplot (aes (date , res id )) + 
geom_ref_: 1~e ( h = 0) + 
geom_ line () 
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06paTJ1Te BHJ1MaHJ1e Ha J13MeHeHJ1e CMbICJia OCH y: Tenepb B,!l;OJlb Hee OTKJiap;bl­

BaIOTC51 OTKJIOHeHJ151 KOJIWieCTBa ITOJieTOB OT Q)I<Mp;aeMoro ,!1;!151 pa3HblX p;HeM He­

p;eJIM. 3TOT rpaqmK BeCbMa ITOJie3eH, ITOCKOJlbKY Tenepb, KOrp;a J13 Hero J1CKJIIOqeHa 

3HaqJ1TeJibHa51 qacTb CJ1JlbHOfO 9cpcpeKTa ,!l;H51 Hep;eJIJ1, Mbl MO:>KeM BMp;eTb HeKOTO­

pb1e cna6ble ocTasurnec51 TeHp;emi;1111. 

• I10-s11p;11M0My, Haq11Ha5I c MIOH51 Harna Mop;eJib pa6oTaeT nnoxo: Bbl no­

npe:>KHeMy MO:>KeTe Ha6JIIOp;aTb CJ1JlbHblM perym1pHblM rna6JIOH, KOTOpblM 

Mop;enM He yp;anocb 3aXBaTMTb. Bb1qepq11saH11e r pacp11Ka c 11cnoJib30BaH11eM 

OTp;eJibHblX JIJ1HJ1M ,!1;!151 Ka:>Kp;oro ,!l;H51 Hep;eJIJ1 IT03BOJI51eT nyqrne ys11p;eTb 9TO 

(p11c. 19.17). 

ggplot (daily , aes (date , resid , color 
geom_ref_line (h = 0) + 
geom_ line () 
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Harne:i1: Mop;en11 He yp;aeTC>I TOqHo npep;cKa3aTb Kon11qecTBO as11apeM:cos no 

cy66oTaM: JieTOM KOJIJ1qec'fBO TIOJieTOB npeBbllllaeT O:>KMp;aeMoe 3HaqeHJ1e, 

a oceHbIO OHO HM:>Ke O>KMp;aeMoro 3HaqeHM51. B rnep;yroui;eM pa3p;ene 6yp;er 

IIOKa3aHO, KaKMM o6pa30M MO:>KHO ynyqrnJ1Tb 3axsaT 9T0f0 rna6noHa. 

• ,1J;JI51 HeKOTOpbIX p;HeM KOJIJ1qeCTB O as11apeJ1:coB 3HaqJ1TeJibHO rrpeBbllllaeT 

O>KMp;aeMoe 3HaqeH11e. 
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daily %>% 
fili:er (resid < -1 00 ) 

#> # A tibble: 11 x 4 
#> date n wday res id 
#> <date> <int> <ord> <dbl> 
#> 1 2013 - 01 - 01 842 Tues -109 
#> 2 2013-01-20 786 Sun -1 05 
#> 3 2013 - 05-26 729 Sun - 162 
#> 4 2013-07-04 737 Thurs - 229 
#> 5 2013- 07 - 05 822 Fri -14 5 
#> 6 2013-09- 01 718 Sun -17 3 
#> # ... with 5 mor e rows 

ECJrn BaM It13BeCTHbl ,n:aTbl 06~eHau;It10HaJibHblX npa3,n:HMKOB CIIIA, TO Bbl, 

BepOHTHO, o6paTit1Te BHitlMaHitle Ha ,ll;Hitl, KOTOpblM COOTBeTCTByeT HoBblH 

ro,n:, 4 ItlIOJIH, ,lJ;eHb 6rraro,n:apeHit1H It1 PmK,n:ecrno. Ho o6Hapy)l(eHbl It1 ,n:pyrMe 

,ll;Hitl, KOTOpble He COOTBeTCTBYIOT HitlKaKitlM npa3,ll;Hit1KaM. Bbl nopa6oTaeTe 

Ha,n: 9Tit1M B O,ll;HOM It13 ynpa)l(HeHitlH. 

• O'IeBitl,ll;HO cy~ecTBOBaHitle rna,n:Koro ,n:orrrocpotittoro Tpett,n:a Ha npoTH­

)l(eHMitl ro,n:a. 3TOT Tpett,n: MO)l(HO Bbl,ll;elIItlTb c TIOMO~blO cpyHKIJ;Itlitl geom_ 

smooth () (pit1c. 19.18). 

da ily %>% 
ggp:ot (aes (date , resid )) + 
geom_ref_line (h = 0) + 
gecm_line (color = "gr ey50 ") + 
geom_smootn (se = FALSE , span = 0 .20 ) 

#> 'geom_smooth() · using method = 'loess' 

B HHBape (It1 ,n:eKa6pe) norreToB MeHbllle, a B rrernee BpeMH (Mati-cettrn6pb) ItlX 

6orrbllle. KorrJt1qecrneHttaH o6pa6oTKa ,n:attHoti Tett,n:eHIJ;Itlitl ,n:acT ttaM HeMttoro, no­

CKOJibKY Mbl pa6oTaeM c ,n:aHHblMitl TOllbKO 3a 0,ll;ItlH ro,n:. 0,n:HaKO Mbl MO)l(eM It1C ­

TI07Ib30BaTb CBOitl 3HaHit1H B ,n:aHHOH npe,n:MeTHOH o6JiaCTit1, 'IT06bl Bbl,ll;BitlHYTb B03-

MO)l(Hble o6oHCHeHit1H 9TOfO. 

Ce30HHbl'11 cy660TH111171 l<l><l>eKT 

Tipe)l(,n:e Bcero Mbl nonn1TaeMrn cnpaBMTbCH c rrpo6rreMoI1 TO'Ittoro npe,n:cKa3a­

Hit1H KOlIItl'IeCTBa cy660THit1X aBitlapeticoB. ,Il;JIH Ha'IaJia BepHeMCH K ItlCXO,ll;HblM ,n:aH­

HbIM, cocpe,n:oTO'IIt1BlIIIt1Cb Ha cy66orax (pit1c. 19.19). 
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(ITp11 IIOCTpoeHl111 rpaqrnKa Mbl 11CTIOJib30BaJil1 KaK TO':IKl1, TaK 11 Jil1Hl111, ':IT06 

6bIJIO OT':leTJIJ1BO B11AHO, fAe AaHHbie, a fAe pe3yJibTaTbl l1HTepnomu .. ~1111.) 

ITonaraeM, 3Ta TeHAeH~l1H o6ycJIOBJieHa JieTHJ1Ml1 0TrrycKaM11: JieTOM MHorn 

ye3)KaIOT B oTnycKa, 11 HeT H11KaK11x rrp11tI11H AJIH Toro, ':IT06b1 He AeJiaTb 3Toro 

cy66oTy. BMA rpacp11Ka no3BOJIReT npeATIOJIO)Kl1Tb, 'ITO nep110A JieTH11x oTnycKo 

AJil1TCR c Ha':laJia 11IOHR AO KOH~a aBrycTa. 3To AOBOJibHO xoporno COOTBeTCTBye 

nep110AaM o6ytieHl1R B lllKOJiax: B 2013 fOAY JieTHJ1e KaHl1KYJibl AJI11Jil1Cb c 26 1110 

AO 9 ceHrn6pR. 

ITotieMy KOJIM':leCTBO cy66oTH11X aB11ape:r!IcoB BecHo:riI 6oJibllle, ':leM oceHblO 

MbI 3aAaJI11 3TOT Bonpoc Koe-KOMY 113 Ha1JJ11x aMep11KaHCKJ1X Apy3e:r/I, 11 OHl1 rrpeA 

TIOJIO)KJ1JIJ1, 'ITO ceMeMHbIM OTTIYCK TIJiaH11py10T Ha oceHHJ1M rrep110A He TaK ':laCT 
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113-3a Toro, 'ITO Ha 3TOT rrepMo.n; Bhma.n;aIDT .[J;eHh 6naro.n;apeHJ1IR J1I po)l(.n;ecTBeH­

KJIIe pacrrpo.n;a)l(JII. MbI He pacrronaraeM Ha.n;e)l(HbIMJII .n;aHHhIMJII B rrop;TBep)l(.n;eHJ1Ie 

3TOro, HO B Ka'leCTBe pa6oqeJ'.1 f JIIIIOTe3bl 3TO 3By<IJIIT ,ll;OBOJibHO rrpaB.n;orro.n;o6Ho. 
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Co3.n;a.n;J1IM rrepeMeHHYID "term'', KOTopaR OXBaThIBaeT TPJII xapaKTepHbIX IIIKOJib­

HhIX rrepJ110.n;a, JII rrpoBepJIIM HaIIIy pa6oTy c IIOMOIIJ;blO rpacpJ1Ka (pJIIC. 19.20). 

t.erm <- functi~n ( date) \ 
cut (dat e , 

breaks ymd \20130101 , 20130605 , 20130825 , 20140101 ) , 
l abels = c ("spring" , " sumrner" , "fall " ) 

daily <- daily %>% 
rn~tate ( term = ~e::" ( date )) 

daily %>% 
f ::. r.er (wday == "Sa t " ) %>% 
ggpict. (aes (date , n , col or 
gecm_point. (alpha = 1/3 ) + 
geo!C'._ ::. .:. :-.<> () + 
sca.ie _ x_ date ( 

NULL , 
da t e br ea ks " 1 month " , 

term)) + 
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term 

- spring 

- summer 

· fall 

(MbI BPY1-IHYJO rrop;rrpaB111n1 HeKoTophie p;aTbI, •uo6h1 cp;eJiaTb pa3pbIBhI B rpa~ 

cp11Ke 6onee aKKypaTHhIMJ1. McrroJih30BaH11e B113yan113a~1111 p;JIJI Toro, '!T06h1 JIY'-1-

we IlOHJITb, 'ITO J1MeHHO p;eJiaeT Bawa cpyHK~J15I , - p;e:HCTBJ1TeJibHO MOI~HaJI J1i 

ymrnepcaJibHaJI MeTop;11Ka.) 

I1oJie3HO IlOCMOTpeTb, KaKoe BJIJ15IHJ1e OKa3hIBaeT ::na HOBaJI rrepeMeHHaJI Ha 

p;pyr11e p;H11 Hep;en11 (p11c. 19 .21). 

daily %>% 
ggplot (aes (wday , n , color = t erm)) + 

geom _boxplot () 

I1oXO)Ke Ha TO, 'ITO KOJIJ1'!eCTBO cy66oTHJ1X aB11ape:HcoB 3Ha'!J1TeJibHO Bapb11py 

eTrn OT rrep11op;a K rrep11op;y, rro3ToMy 11p;eJI pa3p;eJihHoro Y'"leTa 3cpcpeKTa p;HJI Hep;e 

JIM p;JIJI Ka)Kp;oro rrep11op;a rrpep;crnBJIJieTrn BITOJIHe o6ocHoBaHHo:H. 3To YlIY'"lIIIae 

Hawy MOp;eJib, HO He TaK, KaK lfaM XOTeJIOCb 6bI (p11c. 19.22). 

modl <- lm (n - wday , data = daily ) 
mod2 <- lm (n - wday * term, data = daily ) 

daily %>% 
gather residuals (without_term modl , with term mod2 ) %>% 
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ggplot (aes (date , resid, color mode l )) + 
geom __ ine (alpha = 0 . ,5 ) 
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MbI MO)J(eM ym1p;cTb KopeHh rrpo6neMbI, HaJJO)J(MB rrpep;cKasaHwc Ha Mcxop;Hbie 

p;aHHbie (pMc. 19.23). 

grid <- daily %>% 
data_grid (wday , term) %>% 
add_predictions (mod2 , "n" ) 

ggplot (daily , aes (wday , n )) + 
geom_boxplot () + 
geom_point (data = grid , color 
facet_wrap (- term) 

spring 
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Harna MOp;eJJb Haxop;MT cpep;HMM 3cpcpeKT, HO MMeeTG! MHOfO 3aMeTHbIX BbI6po­

COB, KOTOpbie yp;amIIOT cpep;Hee Ha 6oJJbIIIOe pacCT05IHMe OT TMrrMqHoro 3HaqeHM5I. 

~aHHYIO npo6neMy MO)J(HO crnap;MTb, MCTI07Ib3Y5I MOp;eJib , po6acTHYIO no OTHOIIIe­

HMIO K Bb16pocaM: MASS:: rlm ( ) . 3To sHaqJtITeJJbHO CHM)J(aeT BJJMHHMe Bb16pocoB 

Ha HaIIIM ou;eHKM M rrpMBO)J;MT K MOp;eJIM, KOTopa5I OTJJJtlqHo cnpaBJJ5IeTC5I c MCKJJIO­

qeHMeM rna6JJOHa 3aBMCMMOCTM OT )J;H5I Hep;eJJM (pMc. 19.24). 

mod3 <- MASS : : rlm (n - wday * term, data = daily ) 

daily %>% 
add_residuals (mod3 , "resid" ) %>% 
ggplot (aes (date , resid )) + 
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geom_hline (yi nter cept 
geom_ lbe () 
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"white" ) + 

' ' 
Oct 2013 .Jan 2014 

Terrepb 3aMeT1t1Tb p;omocpo<IHbIM TpeHp;, a TaK)l(e rroJIO)l(1t1TeJibHb1e 1t1 0Tp1t1~a­

TeJibHbie BbI6poCbl CTaJIO HCl_M HOf O Jier'Ie. 

8b1"1111c11ReMb1e nepeMeHHble 

Ecn1t1 Bbl 3Kcrrep1t1MeHT1t1pyeTe co MHOr1t1M1t1 Mop;emIMJtl 1t1 Bap1t1aHTaM1t1 B1t13ya­

JI1t13a~1t11t1, TO JtlMeeT CMbICJI o 6 'be,!l;Jt1HJt1Tb C03p;aHJt1e rrepeMeHHbIX B O,D;HY cpyHK~JtlIO, 

'ITO II03BOJIJt1T Jt1CKJIIO'IJt1Tb cny qaJ1Hoe rrp1t1MeHeH1t1e pa3HbIX rrpeo6pa30BaHJt1M B 

pa3HbIX MeCTax. Harrp1t1Mep, M bI M onrn 6b1 3arr1t1caTb cJiep;y10~11J1 Kop;. 

compute_vars <- functi~r ( data ) { 
data %>% 

mutate ( 
term ~erm (date ) , 

wday = wday (date , l abel TRUE ) 

EcTb e~e op;Ha B03MO)l(HOCTb - rroMecTMTb rrpeo6pa3oBaHMJ.C Herrocpep;cTBeH­

HO B cpopMyJiy MOp;eJIM. 
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wday2 <- function (x ) wday (x , label = TRUE ) 
mod3 <- lm (n - wday2 (date ) * term (date ), data = daily ) 

PasyMeH Ka:>I<)J;hlM 113 3Tl1X no~o,n;oB. 5IBHOe cos.n;am1e npeo6pasoBaHHhlX nepe­

MeHHhlX u;enecoo6pa3HO l1CnOJib30BaTb B TeX CJlY':IaJ!X, KOr,r:t;a Bbl XOTJ1Te npOBe­

pI1Tb CBOlO pa6oTy 11n.11 11cnoJib30BaTb 3Tl1 nepeMeHHble B B.11syan.11sau;mt. Ho H 

TaK-TO JierKO l1CnOJib30BaTb npeo6pa30BaHJ1JI (Hano.n;o611e cnnaMHOB), KOTOpbl 

B03Bparu;a10T HeCKOJihKO cTOn6u;oB. BKJilO'feH.11e npeo6pasoBaH.11R B cpyHKu;.1110 MO­

.n;en.11 HaMHoro ynporu;aeT :>Kl13Hh, ern.11 Bbl pa6oTaeTe c 6oJibllll1M KOJI.11tfeCTBO 

pa3Jil1'fHblX Ha6opoB ,n;aHHblX, nOCKOJibKY MO,r:t;eJih CTaHOBl1TCJI CaMO,Lt;OCTaTO'fHOM. 

BpeMeHa roAa: anbTepHaTlllBHbllA noAXOA 

B npe,r:t;b1,r:t;yru;eM pas.n;ene MbI 11cnoJib30BaJI.11 rno.11 3HaHl1JI npe,n;MeTHOM o6nacT 

(KaK.11M o6pasoM pacnpe,n;eneH11e no ro.n;y yqe6HhIX nep.110,n;oB B lllKOJiax CIIIA MO­

:>KeT BJil1JITb Ha qacTOTY nepeMeru;eH.11JI n10.n;eJ1:) ,r:t;JIJI ynyqllleH.11JI Mo,n;en.11. AnhTep­

HaTl1BHhIM no.n;xo.n; K JIBHOMY BKJilO'feH.1110 Hallll1X 3HaHJ1M B MO,r:t;eJib saKJilOtfaeTrn 

B OTBe,r:t;eH.1111 ,n;aHHhIM 6onee aKTl1BHOJ1: pon.11. MbI Morn.11 6b1 yc.11JII1Th r.116KocT 

Mo,n;en.11, nosBOJil1B eJ/J: saxBaTl1Tb l1HTepecy10ru;.11J/J: Hae llla6noH. B ,n;aHHOM rnyqa 

npOCTOM J1l1HeMHblM TpeH,r:t; He no.n;xo,n;.11T, B CBJI3l1 c tfeM Mb! nonblTaeMCJI annpoI< 

Cl1MI1pOBaTb ,n;aHHbie no ro.n;y rna,r:t;KOM Kpl1BOM c nOMOlll,blO HaTypaJibHOro cnnaJ1:­

Ha (p.11c. 19.25). 

library (splines ) 
mod <- MASS : : rlm (n - wday * ns (date , 5), data daily ) 

daily %>% 
data_grid (wday , date = seq range (date , n 13 )) %>% 
add_predictions (mod ) %>% 
ggplot (aes (date , pred , color = wday )) + 

georn_line () + 
geom _point () 

3.n;ecb Ha6n10.n;aeTrn RpKo Bbipa:>KeHHbIM llla6noH noBe,r:t;eH.11JI KOJil1tfecTBa cy6-

60TH.11x TIOJieTOB. 3TO o6Ha,r:t;e:>KJ1BaeT, TIOCKOJibKY TY :>Ke TeH,r:t;eHu;.1110 Mbl Ha6n10.n;a­

Jll1 l1 ,ll;JIJI l1CXO,ll;HbIX p;aHHbIX. I1onyqeHJ1e O,r:t;Horo l1 Toro :>Ke Cl1rHaJia np.11 l1CnOJib-

30BaHJ1l1 pa3HblX no.n;xop;OB JIBJIJieTCJI xop01IIl1M 3HaKOM. 
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' ' 
Oct 2013 .ian 2014 

wday 

Sun 

_._ Mon 

_._ Tues 

Wed 

Thurs 

Fri 

-+- Sat 

1. BocrroJib3YttTecb CBOJ!IMJ!I HaBbIKaMJ!I BbIIIOJIHeHJ!IR IIOJ!ICKa c rroMo~bIO Google 

J1 rrpep;JIO:>I<J1Te pa3yMHOe o6'b.HCHeHJ1e Toro cpaKTa, 'ITO ,ll;ll.H 20 JIHBap.H, 26 Ma.H 

l1 1 ceHTR6p.H KOJIJ1I11ecrno aBl1apet1:coB MeHbIIIe o :arnp;aeMoro. (Tiop;cKa3Ka: 3Ta 

oco6eHHOCTb Ka)J(,ll;OfO J13 Tpex yKa3aHHbIX p;Hett J!IMeeT O,ll;HO J1 TO )J(e o6'b.HC­

HeHJ1e.) KaK 6b1 Bbl 0606~J1IJIJ1 3TJ1 ,ll;HJ!I Ha JII06ot1: p;pyrot1: rop;? 

2. lfro rrpep;CTaBJIRIOT Tpl1 p;HR, xapaKTepl13YIO~J1eCR BbICOKJ!IMJ!I rroJIO)J(J!ITeJibHbI­

MJ!I 3Ha11eHJ1IRMJ1 ocTaTKOB? KaK 0606~1i1Tb 3Tl1 p;HliI Ha n106ot1: p;pyrot1: rop;? 

daily %>% 
top_n (3, r es i d ) 

#> # A tibble: 3 x 5 
#> date n wday res id term 
#> <date> <int> <ord> <dbl> <f ctr> 
#> 1 2013-11-3 0 857 Sat 112 . 4 fall 
#> 2 2013-12-01 987 Sun 95 . 5 fall 
#> 3 2013-12 -28 814 Sat 69 .4 fall 

3. Co3p;at1:Te HOBYIO rrepeMeHHyIO, pa361i1Ba10~y10 rrepeMeHHYIO wda y Ha oTp;eJib­

Hbie rrepl10,ll;bl, HO TOJibKO ,ll;ll.H cy660Tbl, T.e., Harrpl1Mep, ,ll;ll.H qeTBepra J1 IIJITHJ!I­

u;bI p;oJI)J(HbI 6bITb rrepeMeHHbie Thurs, Fr i, HO p;JIR cy66oTbI - Sat-summer 
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(neTm-n1 nepHo.n;), Sat-spring (BeceHHJ1i1 nepHo,n;), Sat - fall (oceHHMM ne­

pHo,n;). CpaBHMTe 3TY Mo,n;enb c TOM, B KOTopoi1 Y'-IMTbIBaIOTCH Bee KOM6rrna-

11,J1J1 nepeMeHHblX wday M term? 

4. Cos,n;ai1Te HOBYIO nepeMeHHYIO wday, KOTOPaJI o6ne,n;MttHeT ,n;ettb He,n;enM, ne­

pHo,n; (,n;nH cy66oTbl) J1 06I11,etta11,MottaJibHb1e npas,n;HMKJ1. KaK BbirlIH,D;HT ocTaT­

KJ1 ,D;JIH 3TOM MO,D;eJIJ1? 

5. lfro npOl130M,D;eT, eCJIM Bbl IIOCTpOHTe MO,D;ellb, OIIJ1Cb1BaIOI11,YIO 3cpcpeKT ,D;HH He­

,n;eJIM, KOTOpblM MeHHeTCH OT Mern11,a K Mern11,y (HanpHMep, n ~ wday *mont h )? 

ITo'-leMy 3Ta Mo,n;enb He O'-leHb nonestta? 

6. lfro, no BarneMy MHeHMIO, 6y,n;eT npe,n;cTaBJIHTb co6oi1 Mo,n;enb n ~ wda y + 
n s (da t e , 5) ? Y'-IMTbIBaH Bee TO, '-ITO BaM J13BecTHO o ,n;attHblX, no'-leMy Bbl 

,D;OJI)K.Hbl 0)KJ1,lJ;aTb, '-ITO 3Ta MO,D;ellb He 6y,n;eT oco6eHHO 3cpcpeKTJ1BHOM? 

7. Mhl Bbl,D;BMHYJIM rMnoTesy o TOM, '-ITO JIIO,n;M, BbIJieTaIOI11,J1e BOCKpecHblMJ1 petl:­

caMM, CKopee Bcero, CTapaIOTCH nonaCTb Ha ,n;eJIOBYIO BCTpeqy, Ha3Hal.JeHHYIO 

Ha notte,n;eJibHMK. J1crne,n;ytl:Te 3TY rMnoTesy, npocne,n;MB sa TeM, KaK pacnpe,n;e­

JIHIOTCH ,n;aHHble B 3aBJ1CJ1MOCTJ1 OT paccTOHHJ1H J1 BpeMeHJ1: eCJIJ1 Otta cnpaBe,n;­

lIJ1Ba, TO cne,n;yeT O)KJ1,D;aTb YBM,D;eTb 6onbrnee KOJIM'-IeCTBO Be'-IepttHX BocKpec­

HblX pei1coB, BbIJieTaIOill,MX B oT,n;aneHHble nyttKTbl ttastta'-leHMH. 

8. HecKOJibKO pas,n;pa)KaeT TO, '-ITO BocKpecettbe M cy66oTa pacnonaraIOTCH Ha 

pa3HblX Kott11,ax rpaqrnKa. HanMrnMTe tte6onbrny10 cpyttK11,J1IO, sa,n;a10I11,y10 

ypoBHJ1 cpaKTOpa TaKJ1M o6pa30M, '-IT06bl Hep;eJIH Hal.JJ1HaJiaCb c IIOHe,n;eJibHJ1Ka . 

.QononHMTenbHaH MH<l>OpMal,.\MH 0 MOAenHX 

Harne paccMOTpeHJ1e MO,D;e!IHpOBaHJ1H 6bIJIO BeCbMa IIOBepXHOCTHbIM, HO XOTe­

JIOCb 6bI Ha,n;eHTbCH, '-ITO 3TOf0 BaM 6y,n;eT ,lJ;OCTaTO'-IHO ,D;JIH Toro, '-IT06bI Bbl MOflIM 

tta'-laTb J1CIIOJib30BaTb npocTbre ymrnepcaJibHbi e MHCTpyMeHTbI ,n;nH ynyqrneHMR 

attaJIJ13a ,n;attHbIX, KOTOpbIM BaM npHxo,n;MTCH BbIIIOJIHHTb. Ha'-IMHaTb c caMoro npo­

cToro - 3TO coBeprneHHO ecTeCTBetttto! KaK Bbl YBMp;enM, ,n;a)Ke O'-leHb npocTbie 

MO,D;eJIM cnoco6Hbl 3Hal.JJ1TeJibHO pacrnl1pl1Tb BallIJ1 B03MO)KHOCTJ1 B l13Yl.JeHJ1J1 B3a­

J1MO,n;ei1cTBJ1H nepeMeHHbIX. 

B rJiaBax, IIOCBHill,eHHbIX MO,n;enMpoBaHJ1IO ,n;aHHhIX, HallIJ1 lIJ1'-IHbie npHCTpa­

CTJ1H Bbipa)KeHbl B eI11,e 60llbllieM CTeneHJ1, l.JeM B OCTaJibHbIX l.JaCTHX KHJ1fJ1. Mb! 

npH,n;ep)KHBaeMCH no,n;xo,n;a K MO,D;e!IHpOBaHJ1IO ,n;aHHblX, KOTOpblM HeCKOllbKO OT­

JIJ1'-laeTCH OT IIO,D;XO,D;OB, J1CIIOllb3YeMblX 6oJibllIJ1HCTBOM ,n;pyrMX JIIO,D;ei1:, HO BBJ1,D;)" 
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HexBaTKM MecTa ero l13JIO)Kett11e 6brno ,IJ;OBOllbHO cKynhIM. B ,IJ;eiicTBMTeJihHOCTM 

p aCCMOTpeHMe O,IJ;Horo TOllbKO MO,IJ;err11poBaHI15I ,IJ;aHHbIX 3acJiy)KMBaeT u;erroii KHM­

m , B CB513l1 c l.leM Mbl HaCT051TellbHO peKOMeH,IJ;yeM BaM npo'-IMTaTb no KpaiiHeii 

Yiepe O,IJ;HY 113 nepel.!MCJieHHbIX HJ1)Ke Tpex KHMr. 

• Statistical Modeling: A Fresh Approach (Danny Kaplan; http://www. 
mosaic-web. org I go/StatisticalModeling / ). 3Ta KHMra rrpe,IJ;CTaBJIR­

eT co6oi1: ,IJ;OcTynttoe BBe,IJ;eHMe B Mo,IJ;em1p0Bam1e ,IJ;aHHbIX. Otta noMO)KeT 

BaM pa3Bl1Tb CBOIO MHTy11u;1110, ttay'-IMTbCR noJib30BaTbCR MaTeMaTM'-IeCKMMM 

MHCTpyMeHTaMM 11 napanneJibHO npI1o6pecTM HaBbIKM pa60TbI c R. Ktt11ry 

MO)KHO l1CIIOJib30BaTb BMeCTO Tpa,IJ;MD;MOHHOro BBO,IJ;HOro Kypca CTaTMCTJ1Kl1, 

a CO,IJ;ep)Kalll;MMC51 B Hei1 MaTep11arr COOTBeTCTByeT COBpeMeHHblM Tpe6oBa­

Hl151M l1 op11eHTI1poBaH Ha l1CnOJib30BaHI1e B HayKe 0 ,IJ;aHHbIX. 

• An Introduction to Statistical Learning (Gareth James, Daniela Witten, Trevor 

Hastie, Robert Tibshirani; KHMra ,IJ;OcTyntta ,IJ;JIR 6ecnJiaTHoro cKa'-IMBaHMR no 

a,IJ;pecy http:/ /www-bcf. usc. edu/ ~gareth/ISL/ ). B KHMre npe,IJ;cTaB­

neHo ceMeMCTBO COBpeMeHHbIX MeTO,Il;MK MO,IJ;eJI11poBaHI15I, COBOKynHO l13-

BeCTHbIX KaK cmamucmuttecKoe o6ytteHue . .IJ:rrR 6onee rny6oKoro 113yqeHMR 

MaTeMaTMKM, Jie)Kaiu;ei1: B OCHOBe 3Tl1X MO,IJ;eJieM, BaM CJie,IJ;yeT o6paTJ1TbC51 K 

KJiacrnqecKoi1 KHMre Elements of Statistical Learning (Trevor Hastie, Robert 

Tibshirani, Jerome Friedman; TaK)Ke ,IJ;OCTyntta ,IJ;JIR 6ecnnaTHoro cKal.!MBaHMR 

no a,IJ;pecy https: I /web. stanford. edu/~hastie/ElemStatLearn/). 

• Applied Predictive Modeling (Max Kuhn, Kjell Johnson). B 3TOM KH11re npe,IJ;­

cTaBJieHbI npaKTM'-IeCKMe MHCTpyMeHTbl, rrpe,IJ;Ha3Hal.leHHbie ,IJ;JI51 perneHM51 

peaJibHbIX 3a,IJ;a'-I npe,IJ;cKa3aTeJibHoro MO,IJ;en11poBaH115I. 



rnABA 20 

06pa60TKa MHO>KeCTBa 
" MOAeneM c nOMOlQblO 

naKeTOB purrr M broom 

B 3TOM rrraBe Bbl II03HaKOMMTeCb c TpeMJ! MOru;HblMM perneHMJIMM, KOTOpble 06-

ner'IaT BaM pa6oTy c 6oJibilIMM KOJIM'IeCTBOM MOp;erre:M:. 

• J1crrOJib30BaHMe MHo:>KeCTBa rrpOCTblX Mop;erre:M: ,ll;JIJI rryqrnero IIOHMMaHMJI 

CBOMCTB CJIO)KHblX Ha6opoB p;aHHblX. 

• J1crroJib30BaHMe cTOrr6u;oB-crrMcKoB p;JIJI xpaHeHMJI rrpo.1t13BOJibHbIX CTPYKTYP 

p;aHHbIX BO ¢pe:t1:Me, 'ITO, Harrp.1t1Mep, II03BOJIJieT MMeTb CTOJI6eu;, co,r:i;ep)Ka­

ru;MM JIMHeMHble MO,D;eJIM. 

• J1crroJib30BaHMe rraKeTa broom (pa3pa6oT'IMK LJ;::iBM,ll; Po6MHCOH) p;rrJI rrpe­

Bpam;eHMJI MOp;erre:M: B aKKypaTHble p;aHHble. 3Ta MOm;HaJI MeTO,ll;MKa rrpep;Ha-

3Ha'IeHa ,ll;JIJI pa60Tbl c 6oJibilIMM KOJIM'IeCTBOM Mop;erre:M:, ITOCKOJibKY, Korp;a 

p;aHHble 6yp;yT rrp.1t1Bep;eHbl K aKKypaTHOM ¢opMe, Bbl CMO)KeTe rrp.1t1MeHMTb 

K HMM mo6y10 Jt13 MeTO,ll;MK, M3yqeHHblX BaMM B rrpep;b1p;yru;.1t1x rrraBax KHJt1fJt1. 

Mbl Ha'IHeM c rro,r:i;po6Horo paccMoTpeHMJI MOTMB111py10ru;ero rrp111Mepa, aHa­

JIM3MPYR p;aHHble 0 cpep;HeM rrpop;OJI)KJ1TeJibHOCTJt1 )KJt13HJ1 B pa3JIJt1'IHbIX CTpaHax 

MMpa. 3To He60JibilIOM Ha6op p;aHHbIX, HO OH I103BOJIJieT rrpOMJIJIIOCTpMpoBaTb, 

KaKoe 3Ha'IeHMe MO)KeT MMeTb Mop;err111poBaH111e p;rrJI yrryqrneHMJI BM3yarr1113au;111111. 

Mb! MCIIOJib3YeM 60JibilIOe KOJIM'IeCTBO rrpOCTblX MOp;ene:M: ,ll;JIJI BbI,D;eJieHMJI He­

CKOJibKMX caMbIX CMJibHbIX CMrHaJIOB c TOM u;errbIO, 'IT06bI MO)KHO 6bIJIO 3aMeTMTb 

6orree crra6b1e CMrHaJibI, KOTOpbie OCTaIOTCJI rrocrre 3TOfO. TaK>Ke 6yp;eT ITOKa3aHO, 



KaK eBop;Hbie p;aHHble Mop;em1 06ner11a10T 06Hapy>KeH.11e Bb16poeoB .11 Heo6bI'1HblX 

TpeHp;OB. 

B rnep;y10ru;.11x pa3p;enax MbI 3aJ1MeMrn rrop;po6HbIM .113yqeH.11eM oTp;eJibHbIX Me­

Top;MK. 

• B pa3p;ene "Ha6op p;aHHblX gapminder" 6yp;eT rrpep;eTaBJieH MOTJ.1B.11py10-

ru;wJ1 rrp.11Mep, B KOTOpOM )J;JI.ll rrop;rOHKJ.1 Mop;eneM OKpyroB K o6ru;eMwpoBbIM 

9KOHOMW:IeeKJ.1M p;aHHblM J.1eIIOJib3YIOTe.ll eTon6u;bl errMeKOB. 

• B pa3p;ene "CTon6u;b1-err.11eK.11" Bbl y3HaeTe 06 op;tto.11MeHHol1 CTPYKType 

p;aHHblX, a TaK>Ke 0 TOM, IIOl.JeMy p;orryeTMMO IIOMeru;aTb err.11eKJ.1 BO cppeMMbl 

p;aHHblX. 

• B pa3p;ene "Co3p;aH.11e CTon6u;oB-err.11eKoB" Bbl rro3HaKOMJ1Teeb e TpeM.ll oe­

HOBHblMJ.1 erroeo6aMJ.1 eo3p;aHJ.1.ll eTon6u;oB-errweKOB. 

• B pa3p;ene "Yrrporu;eH.11e eTon6u;oB-err.11eKoB" Bbl Hay11.11Teeb BbIIIOJIH.llTb 06-

paTHoe rrpeo6pa3oBaHJ1e CTOn6u;oB-err.11eKOB B o6bl'1Hble aTOMapHble BeKTO­

pbl (MlIJ.1 J.1X Ha6opbl) , '1T06bl e HJ.1MJ1 6bIJJO nerqe pa60TaTb. 

• B pa3p;ene "Ilp.11Bep;eH.11e p;aHHblX K aKKypaTHOM cpopMe e rroMOIQbIO rraKeTa 

broom" Bbl II03HaKOMJ.1Teeb e IIOJIHblM Ha6opoM J.1HCTpyMeHTOB, rrpep;oCTaB­

JIJieMblX rraKeToM broom, .11 yB.11,n;wTe, KaK .11x MO>KHO rrp.11MeHJITb K ,n;pyr.11M 

T.11rraM CTPYKTYP p;aHHbIX. 

)J;aHHa.ll rnaBa rrpep;'b.llBJI.lleT IIOBblIIIeHHble Tpe6oBaHJ.1JI K 1.JJ1TaTeJIIO: een.11 9Ta 

KHMra - BaIIIe rrepBoe 3HaKOMeTBO e R, TO 11TeH.11e rrp.11Bep;eHHoro HM)I(e MaTep.11-

ana MO>KeT Bbl3BaTb y Bae 3aTpyp;HeHJ.1JI. OT Bae IIOTpe6yeTrn rny6oKoe oeMblCJJe­

HJ.1e BeeJ1 eoBoKyrrHoeT.11 .11p;eJ1, Kaea10ru;.11xe.H Mop;en.11poBaHwJI, eTpyKTYP p;aHHblX 11 

11Tepau;110HHoro rrop;xop;a. 11o9TOMY He orop11al1Teeb, een11 oKa>KeTeJI, 11To Bbl He B 

eoeTOJIHJ1J1 oel1JIJ1Tb 9TY rnaBy. B TaKOM eny11ae OTJIO>KJ1Te ee 1.JTeHMe Ha HeeKOJibKO 

MeeJiu;eB J.1 BepHMTeeb K HeM TOrp;a, KOrp;a rro11yBeTByeTe, 1.JTO fOTOBbI K 9TOMy. 

Heo6XOAL'1Mbte pecypcb1 

Pa6oTa e 6oJibIIIMM Kon1111eeTBOM Mop;enel1 Tpe6yeT 11erroJib30BaHMJI MHO>Keerna 

rraKeTOB 6116n110TeK.11 tidyverse (p;nJI BbIIIOJIHeHMJI pa3Bep;o11Horo attaJIJ13a, rrop;ro­

TOBKM p;aHHblX 11 rrporpaMMttpoBaHttR), a TaK)I(e 6116n110TeK11 modelr, yrrporu;a10-

ru;eJ1 rrpou;eee Mop;en11poBaH11JI. 

library (modelr) 
library (tidyverse ) 
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Ha6op AaHHblX gapminder 
,Il)rn ,n;eMOHCTpau;1111 B03MO)l(HOCTJ1 rro,n;xo,n;a, OCHOBaHHOro Ha npI1B71eqeHJ1J1 o,n;­

HOBpeMeHHO MH0fl1X npoCTbIX Mop;e71eJ1, Mbl 6y,n;eM J1CI1071b30BaTb Ha6op ,n;aHHbIX 

g apminder. 3TJ1 ,n;aHHbie 6brnl1 nonymi:p11311poBaHbI XattcoM Poc71l1HrOM - urne,n;­

CKJ1M BpaqoM J1 crreu;J1a71J1CTOM B o671aCTJ1 CTaTJ1CTJ!IKJ1. 

B Ha6ope ,n;aHHbIX gapminder co,n;ep)l(I1Trn 11mpopMau;mr 06 l13MetteHJ1l1 BO 

BpeMeHJ1 cyMMapHbIX TIOKa3aTe71eM pa3BJ1TJ151 CTpatt MI1pa, paccqJ1TaHHbIX Ha oc­

HOBe TaK11x cTaTJ1CTl1K, KaK cpe,n;H5151 rrpo,n;071)1(J1Te71bHOCTh )l(J13Hl1 11 BBIT. JlerKo­

CTl1 ,n;ocTyrra K 3Tl1M ,n;aHHbIM B R MbI o6513aHbI .IJ:)l(eHHl1 Epa:Hatt, co3,n;aBnie:H rraKeT 

gapminder. 

:_ibrary (gapminder ) 
gapminder 
#> # A tibble: 1, 704 x 6 
#> country continent year lifeExp pop gdpPercap 
#> <fctr> <f ctr> <int> <dbl> <int> <dbl> 
#> 1 Afghanistan Asia 1952 28.8 8425333 779 
#> 2 Afghanistan Asia 1957 30.3 9240934 821 
#> 3 Afghanistan Asia 1962 32.0 10267083 853 
#> 4 Afghanistan Asia 1967 34.0 11537966 836 
#> 5 Afghanistan Asia 1972 36.1 13079460 740 
#> 6 Afghanistan Asia 1977 38.4 14880372 786 

#> # . .. with 1,698 more rows 

B ,n;aHHOM np11Mepe MbI cocpe,n;0Toq11M BHJ1IMatt11e Bcero 71l1IIIh Ha Tpex nepe­

MeHHbIX J1 TIOTibITaeMC51 OTBeTJ1Tb Ha BOnpoc: "KaK J13MeH51eTC51 cpep;H5151 rrpo­

,D;071)1(J1Te71bHOCTb )l(J13HJ1 ( lifeExp ) co BpeMeHeM ( year) )];7151 Ka)l(,D;OM CTpaHbl 

( country)?" .IJ:7151 3Toro tten71oxo ttaqaTb c rpacp11Ka (p11c. 20.1). 

gapminder %>% 
ggplot (aes (year , lifeExp , group = country ) ) + 

geom_l:~e ( alpha = 1/ 3) 

3TOT tta6op ,n;aHHblX He6071bllIOM: OH co,n;ep)l(I1T np11MepHo 1700 tta6mo,n;eHJ1M 

l1 3 nepeMeHHbie. Ji1 TeM He Mettee no B11,n;y rpacp11Ka Tpy,n;tto cy,n;11Tb o TOM, qTo 

rrpo11cxo,n;11T Ha caMoM ,n;e71e! B u;e710M Bee Bbir7151.D;l1T TaK, 6y,n;To cpep;H5151 npop;o71-

)l(J1Te71bHOCTb )l(J13HJ1 I10CT051HHO yBe71J1qJ1BaeTC51. 0,n;HaKO npl1 BHJ1MaTe71bHOM 

paccM0Tpett1111 MO)l(HO yB11,n;eTb, qTo tteK0Topb1e cTpattbI Bbma,n;a10T 113 ::iToro rna-

671otta. KaKJ1M o6pa30M MO)l(HO 6071ee oTqeT71l1BO BbI,D;e71J1Tb rr0Be,n;ett11e ,n;aHHbIX 

,[\7151 TaKJ1X CTpatt? 
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Op;wH M3 crroco6oB 3aKmoqaeTCR B TOM, qT06h1 wcrrollh30BaTb TOT >Ke rrop;xop;, 

qTo l1 B rrpep;b1p;y~e:H rnaBe: cy~ecTByeT O)J;MH CI1llbHbIJf CMrHall (06~11:H lll1He:H­

Hb1Jf poCT), KOTopb1:H 3aTpyp;HReT Ha6mop;ettwe 6onee rna6b1x Tpettp;OB. Mb1 pa3-

Bep;eM 9Tl1 cpaKTOpbI rrocpep;CTBOM nocTpoeHI1R MO)J;elll1 c mrne:HHbIM TpeHp;OM. 

3Ta MO)J;ellb 3aXBaTI1T TIOCTORHHbIJf poCT BO BpeMeHI1, a OCTaTKJ1 TIOKa>KyT, qTQ 

OCTaeTCR. 

Bb1 y>Ke 3HaeTe, KaK 9To cp;enaTh, ern11 6b1 CTpatta 6blna TOllbKO op;Ha (pwc. 20.2) 

nz <- filter (gapmi nder , count ry == "New Zealand" ) 
nz %>% 

ggplot (aes (year , lifeExp )) + 
geom_line () + 
ggtitle ("Full data " ) 

nz_mod <- lm (lifeExp ~ year , data nz ) 
nz %>% 

add_predictions (nz mod ) %>% 
ggplot (aes (year , pred )) + 
geom_line () + 
ggtitle ("Linear trend+ " ) 

nz %> % 
add_residuals (nz_mod ) %>% 
ggplot (aes (year , resid ) ) + 
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geom_hline (yintercept = 0, color 
geom _line () + 

"white" , size 3) + 

ggtitle ("Remaining pattern" ) 

Full data = 
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A HeT JIM rrpocToro crroco6a rrocTpoeHMH Mop;err11 ,IJ;JIH Ka:>K,IJ;OM cTpaHb1? 

Bno>KeHHble AaHHble 

c 3TOM 3ap;aqeJ/r BITOJIHe MO>KHO 6bIJIO 6b1 crrpaBMTbCJ! rryTeM MHOfOKpaTHOfO 

IIOBTopeHMJ! rrpou;e,r:i;ypbl Korr11p oBaHMJ! 11 BCTaBKM KO,IJ;a, O,IJ;HaKO Bbl y>Ke 3HaeTe 

rryqnrnJ/r crroco6! 113BJieKMTe 06lll,MM KO,IJ; B cpyHKD;MIO 11 IlOBTOpHO HCITOJib3YMTe 

cpyHKD;MIO map ( ) 113 rraKeTa purrr. 3ra 3ap;aqa CTPYKTyp11pyeTrn HeCKOJibKO MHaqe 

rro cpaBHeHMIO c TeM, c qeM Bbl cTaJIKMBarr11cb rrpe>K,r:i;e. BMecTo Toro qT06b1 rro ­

BTOPHTb ,r:i;eJ!rcTBMe ,IJ;JIH Ka>K,r:i;oJ/r rrepeMeHHoJir, Mbl MO>KeM p;erraTb 3TO ,IJ;JIH Ka>Kp;oJ/r 

CTpaHbl (rrop;MHO>KecTBa cTpoK) . .IJ:rrH 3Toro HaM HY>KHa HOBaJI CTPYKTypa: BJIO­

>KeHHblM cppeJ!rM p;aHHblX. qT06bl C03,IJ;aTb TaKOM cppeJ!rM, Mbl Haq11HaeM c rpyrrrr11 -

poBKI1 cppeJ!rMa p;aHHblX, a 3aTeM opram13yeM ero "Brro>KeH11e''. 

by_country <- gapminder %>% 
group_by (country, continent ) %>% 
nest () 

by_country 
#> # A tibble: 142 x 3 
#> country continent data 
#> <fctr> <f ctr> <list> 
#> 1 Afghanistan Asia <tibble [12 x 4]> 
#> 2 Albania Europe <tibble [12 x 4]> 
#> 3 Algeria Africa <tibble [12 x 4]> 
#> 4 Angola Africa <tibble [12 x 4]> 
#> 5 Argentina Americas <tibble [12 x 4]> 
#> 6 Australia Oceania <tibble [12 x 4]> 
#> # . .. with 136 more rows 
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(MbI HeMHOfO CX11Tp.HJI11, crpynn11poBaB p;aHHbie KaK no KOHT11HeHTaM, TaK J1 

no cTpattaM. I1p11 3ap;attttoi1 nepeMettttoi1 country nepeMettttaJI continent q}J1K­

c11p0Batta, TaK 'ITO Hl1KaKa5I p;onOJIH11TeJibHa5I rpyrma He p;o6aBJI5IeTC5I, HO 3TO 

npOCTOM cnoco6 ofoaBeCT11Cb p;onOJIH11TeJibHOM nepeMeHHOM.) 

B pe3yJibTaTe MbI nonyqaeM cppei1M p;attHbIX, B KOTopoM 11MeeTrn no op;ttoi1 

CTpOKe Ha rpynny (Ha op;tty CTpatty) 11 O,D;l1H ,D;OBOJibHO He06bI'!HbIM CTOJI6e1r 

data. 3TOT CTOJI6eu; npep;cTaBJI5IeT co6oi1 cn11coK cppei1MOB p;aHHbIX (Bepttee, 

tibble-cppeMMOB, ern11 6bITb TO'!HbIM). Tiotta'!aJiy 3Ta 11,D;e5I Ka>KeTCJI HeCKOJibKO 

CTpaHHOM: Mbl 11MeeM cppei1M p;aHHbIX, cop;ep>Kaiu;11i1 CTOJI6eu;, KOTOpbIM 5IBJI5IeTC5:! 

cn11cKoM, cocT05II.D;l1M 113 p;pyrnx cppei1MoB p;aHHbIX! BCKope MbI o6'b5ICH11M, noqe­

MY ctJ11TaeM ::iTy 11,D;eIO xopowei1. 

PaccMaTp11BaTb CTOJI6eu; data ,D;OBOJibHO tteyp;o6tto, noCKOJibKY OH npep;cTaB­

JI5IeT co6oi1 OTHOC11TeJibHO CJIO>KHbIM cnl1COK, a pa3pa6oTKa 11HCTpyMeHTOB p;mr 

11CCJiep;oBatt115I TaK11x o6'heKTOB eiu;e tte OKOH'!etta. K co>KaJiett11IO, 11cnOJib30Batt11e 

cpyHKD;1111 str () HeJib35I peKOMeH,D;OBaTb, nOCKOJibKY Otta qacTO p;aeT O'IeHb ,D;JI11H­

HblM BbIBO,D;. Ho eCJI11 113BJie'!b 113 CTOJI6u;a data O,D;l1HO'!HblM 3JieMeHT, TO MO>KHO 

yB11p;eTb, 'ITO OH cop;ep>K11T BCe p;aHHble ,D;JI5I COOTBeTCTBYIOtu;ei1 CTpattbI (B p;aHHOM 

rnyqae - Acpratt11cTatta) . 

by_country$data [[ l ]] 
#> # A tibble: 12 x 4 
#> year lifeExp pop gdpPercap 
#> <int> <dbl> <int> <dbl> 
#> 1 1952 28.8 8425333 779 
#> 2 1957 30.3 9240934 821 
#> 3 1962 32.0 10267083 853 
#> 4 1967 34 . 0 11537966 836 
#> 5 1972 36.1 13079460 740 
#> 6 1977 38.4 14880372 786 
#> # ... with 6 more rows 

06paT11Te BHl1MaH11e Ha pa3JI11'!11e Me>Kp;y CTattp;apTHbIM crpynn11poBaHHbI 

cppeMMOM p;aHHbIX 11 BJIO>KeHHbIM cppei1MOM p;aHHbIX: B crpynn11poBaHHOM cppdl:M 

Ka>Kp;a5I CTpoKa 5IBJI5IeTC5I tta6JIIOp;ett11eM, Torp;a KaK BO BJIO>KeHHOM cppei1Me Ka>K 

p;M cTpoKa 5IBJIReT01 rpynnoi1. Bno>KeHHbIM tta6op p;attttbIX TaK>Ke MO>KHO paccMa 

Tp11BaTb KaK MeTatta6JIIOp;ett11e - -CTpoKy, KOTopa5I npep;CTaBJI5IeT He O,D;l1HO'IHY 

TO'IKY BO BpeMeH11, a nOJIHYIO BpeMeHHYIO TpaeKTOp11IO ,D;JI5I CTpaHbI. 



Cron6e1.4-cm11coK 

Tenepb, Kor.n;a y Hae eeTb BJIO)l(eHHbIM cppei1M p;aHHbIX, MbI MMeeM OTJiwrny10 

B03MO)l(HOeTb npMeTynMTb K noCTpoeHMIO onpe,n;eJieHHbIX Mo,n;eJiei1. MbI paenoJia­

r aeM cpyHKti;Mei1 ,ll;Jl.II noCTpoeHM.II MOp;eJIM. 

country_model <- fuEct:ior (d f ) { 
~m ( lifeExp - year , data = df ) 

M MbI xoTMM npMMeHMTb ee K Ka)l(,n;OMY cppei1My ,n;aHHbIX. <Dpei1:MbI ,n;aHHbIX 

xpaHJITe.II B enMeKe, TI03TOMY ,ll;Jl.II npMMeHeHM.II cpyHKIJ;J1J1 country_ model K Ka)l(­

,[\OMY 3JieMeHTY Mbl MO)l(eM MeTIOJlb30BaTb cpyHKIJ;MIO purrr: :map () : 

models <- map (by_country$da ta , country_model ) 

0,n;HaKo BMeeTO Toro, qT06bI oeTaBJ1Tb enMeOK MO,D;eJiei1 B BM,n;e eBo6op;Horo 

o6'heKTa, MbI eqJ1TaeM 6oJiee ::icpcpeKTMBHbIM eoxpaHMTb ero B BM,n;e eToJI6u;a cppei1-

.\1a ,n;aHHbIX by_ country. CoxpaHeHMe po,n;eTBeHHbIX o6'heKTOB B eToJI6u;ax B He­

.\1aJioi1: eTeneHM onpe,n;eJIJieT u;eHHOeTb cppei1MOB ,n;aHHbIX, J1 3TO o6'b.sieHJieT, noqe­

.viy MbI eqMTaeM eToJI6ti;h1-enMeKM HenJioxoi1 M,n;eei1. B npou;eeee pa6oTbI e 3TMMM 

CTpaHaMM y Hae 6y,n;eT MHO)l(eeTBO enMeKOB, eo,n;ep)l(aIIJ;MX no O)J;HOMY 3JieMeHTY 

Ha op;Hy eTpaHy. TaK noqeMy 6hl He xpaHMTb MX BMeCTe B o,n;HOM cppei1Me ,n;aHHbIX? 

MHbIMJ1 eJIOBaMM, BMeeTo Toro qT06bI eo3,n;aBaTb HOBbIM o6'heKT B rno6aJibHOM 

OKpy)l(eHMJ1, Mbl eo3p;a,n;MM HOBYIO nepeMeHHYIO BO cppei1Me ,n;aHHbIX by_ country. 
3TO pa6oTa ,n;JIH cpyHKIJ;MM dplyr: : mutate () . 

by_country <- by_country %>% 
mutat:e (model = map (data , country_ model )) 

by_country 
#> # A tibble: 142 x 4 
#> country continent data model 
#> <fctr> <fctr> <list> <list> 
#> 1 Afghanistan Asia <tibble [12 x 4]> <S3: lm> 
#> 2 Albania Europe <tibble [12 x 4] > <S3: l m> 
#> 3 Algeria Africa <tibble [12 x 4]> <S3: lm> 
#> 4 Angola Africa <tibble [12 x 4]> <S3: lm> 
#> 5 Argentina Americas <tibble [12 x 4]> <S3: lm> 
#> 6 Australia Oceania <tibble [12 x 4]> <S3: lm> 
#> # ... with 136 more r ows 

B 3TOM eeTb 6oJibIIIoe npeMMyiu;eeTBo: noeKOJibKY Bee po,n;eTBeHHbie o6'beK­

TbI xpaHJITe.sI BMeeTe, BaM He HY)l(HO BpyqHyIO eMHxpoHM3MpoBaTb MX B npou;eeee 

cpMJibTpati;MM MJIM nepeCTaHoBKM. CeMaHTMKa cppei1Ma ,n;aHHbIX no3a6oTMTe.sI 060 

BeeM 3a Bae. 
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by_country %>% 
filter (continent == "Europe " ) 

#> # A tibble: 30 x 4 
#> ? country continent data model 
#> ? <fctr> <fctr> <list> <list> 
#> 1 Albania Europe <tibble [12 x 4)> <S3: lm> 
#> 2 Austria Europe <tibble [12 x 4)> <S3: lm> 
#> 3 Belgium Europe <tibble [12 x 4)> <S3 : lm> 
#> 4 Bosnia and Herzegovina Europe <tibble [12 x 4)> <S3: lm> 
#> 5 Bulgaria Europe <tibble [12 x 4)> <S3 : lm> 
#> 6 Croatia Europe <tibble [12 x 4)> <S3: lm> 
#> # ... with 24 more rows 
by_country %>% 

arrange (continent , country ) 
#> # A tibble: 142 x 4 
#> country continent data model 
#> <f ctr> <fctr> <list> <list> 
#> 1 Algeria Africa <tibble [12 x 4)> <S3: lm> 
#> 2 Angola Africa <tibble [12 x 4)> <S3: lm> 
#> 3 Benin Africa <tibble [12 x 4)> <S3 : lm> 
#> 4 Botswana Africa <tibble [12 x 4)> <S3: lm> 
#> 5 Burkina Faso Africa <tibble [12 x 4)> <S3: lm> 
#> 6 Burundi Africa <tibble [12 x 4]> <S3: lm> 
#> # . . . with 136 more rows 

EcnM 6b1 cnMcoK cppei1MoB p,aHHbIX M cnMcoK Mop,enei1 6hrnM OTp,enbHbIMM o6'b­

eKTaMM, TO BaM HY>KHO 6hrno 6b1 ITOMHMTb o TOM, 'ITO Ka>Kp,b1i1: pa3, Korp,a Bbl ne­

peyrropJI,D,O':IMBaeTe op,MH BeKTop MlIM M3B7IeKaeTe M3 Hero :meMeHTbI, TO >Ke caMoe 

cnep,yeT cp,enaTb JiI c p,pyr1t1Mlt1 BeKTOpaMJil c :u,e7Ib10 CMHXpOHJi13a:U,JtIJil JiIX COCTOJIHJiIH. 

EcnM 3Toro He cp,enaTb, TO pa60Tocnoco6HocTb Barnero Kop,a coxpaHMTCJI, HO pe-

3Y7IbTaTbI 6yp,yT HeBepHbIMJtI! 

0TMeHa e110>1<eH111ff AaHHblX 

ITepep, 3TMM MbI BbI':IMC7IJI7IM oCTaTKM ,D,lIJI op,Hor1 Mop,enM c op,HMM Ha6opoM 

p,aHHbIX. Tenepb MbI MMeeM 142 cpper1Ma p,aHHbIX M 142 Mop,enw. ,lJ;nJI BbI':IMcneHMJI 

OCTaTKOB Mbl p,omKHbl Bbl3BaTb cpyHK:U,JiIIO add_ res i duals ( ) ,ll,7IJI Ka>Kp,oi1 rrapbl 

"Mop,enb-p,aHHb1e". 

by_country <- by_country %>% -
mutate ( 

resids = map2 (data , model , add_residuals ) 

by_country 
#> # A tibble: 142 x 5 
#> country continent data 
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#> <f ctr> <fctr> <list> <list> 
#> 1 Afghanistan Asia <tibble [12 x 4]> <S3: lm> 
#> 2 Albania Europe <tibble [12 x 4]> <S3: lm> 
#> 3 Alger i a Africa <tibble [12 x 4]> <S3: lm> 
#> 4 Angola Africa <tibbl e [12 x 4]> <S3: l m> 
#> 5 Argentina Americas <tibbl e [12 x 4]> <S3: l m> 
#> 6 Australia Oceania <t ibbl e [12 x 4]> <S3: lm> 
#> # ... with 136 more rows, and 1 more variable: 
#> # resids <list> 

Ho KaK orno>KHTb Ha rpaqmKe crr11coK cppei1:MOB ,n;aHHbIX? BMeCTO Toro 'IT0 -

6b1 lIOMaTb fOlIOBY B IIOI1CKax OTBeTa Ha 3TOT Borrpoc, ,n;aBaMTe rrpeo6pa3yeM CIII1 -

COK cppei1MOB ,n;aHHbIX o6paTHO B o6bI'IHblM cppel1M. Pattee ,Il;ll5l rrpeo6pa30BaHI15l 

06b1'-1HOro cppei1Ma ,n;aHHblX BO BlIO>KeHHbIM Mbl I1CIIOllb30BaJII1 cpyttK~I1IO nest () ' 

a Terrepb Mbl c,n;eJiaeM rrpOTI1BOIIOlIO>KHOe c IIOMOil\bIO cpyttK~I1I1 unnest () . 

res i ds <- unnest (by_country , resids ) 

tibble: 1,704 x 7 
res i ds 
#> # A 
#> country continent year lifeExp pop gdpPercap 
#> <fctr> <fctr> <i nt> <dbl> <int> <dbl> 
#> 1 Afghanistan Asia 1952 28.8 8425333 779 
#> 2 Afghanistan Asia 1957 30.3 9240934 821 
#> 3 Afghanistan Asia 1962 32.010267083 853 
#> 4 Afghanistan Asia 1967 34.011537966 836 
#> 5 Afghanistan Asia 1972 36 .11 3079460 740 
#> 6 
#> # 

Afghanistan Asia 1977 38.414880372 786 
.. . with 1,698 more rows, and 1 more variable: resid <dbl> 

06paTHTe BHI1MaHI1e Ha TO, 'ITO Ka>K,IJ;blM o6bI'IHbIM CTOJI6e~ IIOBTOp5IeTC5l O,Il;I1H 

pa3 ,Il;ll5l Ka>K,IJ;OM CTpOKI1 BlIO>KeHHOfO CTOJI6~a. 

Terrepb, Kor,n;a y Hae 11MeeTrn o6hI'IHbIM cppeM:M ,n;aHHbIX, MbI MO>KeM rroCTpOHTb 

rpacp11K OCTaTKOB (p11c. 20.3). 

resids %>% 
ggplot (aes (year , resid )) + 

geom_line (aes (group = country ) , alpha 
geom_smooth (se = FALSE ) 

#> 'geom_smooth()' using method = 'gam' 

1 I 3) + 

Oco6etttto 11ttcpopMaTHBHO 0T06pa>Kett11e acrreKTOB no KOHTHHeHTaM Ha pa3-

HbIX rraHelIJIX (p11c. 20.4). 

resids %>% 
ggplot (aes (year , resid , group 

geom_line (alpha = 1 I 3) + 
facet_wrap (- continent ) 

country ) ) + 
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Co3p;aeTcR Bne1-iaTrrem1e, 'ITO MbI ynycT11rr11 KaKyJO-TO crra6yJO TeHp;em.i;wJO. TaK­

)Ke WHTepeceH rpaqmK p;JIR Acpp11K11: 3aMeTHbI OtJeHb 6orrb11111e ocTaTKW, yKa3bIBa­

JOI.IJ;We Ha TO, 'ITO B 3TJ1X crryqaJIX Hawa MO,D;eJib pa6oTaeT He CJI11llIKOM xop owo. 
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MbI JileCJie,ri;yeM 3TO RBIIeHMe B CJie,ri;y10rn;eM pa3,ri;eJie, aHaJilil31ilPYR rrpo6JieMy rro,ri; 

HeeKOllbKO ,ri;pyrli!M yrnoM. 

KaLtecrso MOAem11 

BMeeTo aHaJIJil3a oeTaTKOB, B03HJi!KaIOrn;li!x Jil3 Mo,ri;eJilil, MbI MO)KeM paeeMoTpeTb 

HeKoTopbie o6w;Me MepbI Ka'IeeTBa Mo,ri;eIIJil. B rrpe,ri;hi,ri;yw;efr rnaBe Bbl y3HaJIJil, KaK 

BhI'Ili!CJIRTh erre:u;MaJIJil31i!poBaHHbie MepbI. B 3TOM pa3,ri;eJie 6y,ri;eT rrpo,ri;eMOHeTplil ­

poBaH ,ri;pyrofr rro,ri;xo,ri;, oeHoBaHHhn1 Ha MerroIIh30BaHJi!Jil rraKeTa broom. ITaKeT 

broom rrpe,ri;oeTaBJIReT o6rn;li!M Ha6op ¢YHKIJ;l1M, II03BOJIRIOill;l1X rrpeo6pa30BbI­

BaTb MO,D;elll1 B aKKypaTHbie ,ri;aHHbie. 3,ri;eeb MbI 6y,ri;eM MeIIOJib30BaTb ¢YHKIJ;l1IO 

broom: : glance ( ) ,D;IIR M3BIIe'IeHMR Ka'IeeTBeHHhIX MeTpMK Mo,ri;eIIM. ITpMMeHRR 

lllX K MO,D;elIM, MbI IIOJiyqaeM cppeMM ,ri;aHHbIX, eoeTORill;Ji!M l13 O,D;HOM eTpOKl1. 

broom: : glance (nz_mod ) 
#> r.squared adj.r.squared sigma statistic p.value df logLik 
#> AIC BIC 
#> 1 0.954 0.949 0.804 205 5.4le-08 2 - 13.3 
#> 32.6 34.1 
#> deviance df.residual 
#> 1 6.47 10 

J1crroJib3YR cpyHKD;l1l1 mutate ( ) Ii! unnest () , MhI MO)KeM co3,ri;aTb cppefrM ,ri;aH­

HhIX e O,D;HOM eTpOKOM ,D;lIR Ka)K,[l;OM eTpaHbI. 

by_country %>% 
mutate (glance = map (model , br oom:: glance )) %>% 
unnest (glance ) 

#> # A tibble: 142 x 16 
#> country continent data model 
#> <f ctr> <f ctr> <list> <list> 
#> 1 Afghanistan Asia <tibble (12 x 4]> <S3: lm> 
#> 2 Albania Europe <tibble [12 x 4]> <S3: lm> 
#> 3 Algeria Africa <tibble (12 x 4]> <S3: lm> 
#> 4 Angola Africa <tibble (12 x 4]> <S3: lm> 
#> 5 Argentina Americas <tibble (12 x 4]> <S3: lm> 
#> 6 Australia Oceania <tibble (12 x 4]> <S3 : lm> 
#> # ... with 136 more rows, and 12 more variables: 
#> # resids <list>, r.squared <dbl>, adj.r.squared <dbl>, 
#> # sigma <dbl>, statistic <dbl>, p.value <dbl>, df <int>, 
#> # logLik <dbl>, AIC <dbl>, BIC <dbl>, deviance <dbl>, 
#> # df.residual <int> 

3TO He eoBeeM TOT BbIBO,D;, KOTOporo MbI 0)Kl1,D;alll1, rroeKOJibKY OH Bee ew;e 

BKIIIO'!aeT Bee eToJI6:u;b1 - errMeKJil. TaKoBo rroBe,ri;eHMe no yMoJI'IaHMIO, Kor,ri;a 
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cpyHK~MR unnest () rrpHMeH.HeTCR K O,D,HOCTpO'IHblM cppeH.MaM ,D,aHHblX. qT06bI 

OTMeHMTb 3TO rroBe,D,eHMe, cne.n.yeT MCIIOJib30BaTb apryMeHT • drop = TRUE. 

glance <- by_count ry %>% 
mutate (glance = map (model , broom : :glance )) 
unnest (glance , . drop = TRUE ) 

%>% 

glance 
#> # A tibble: 142 x 13 
#> country continent r.squared 

<fctr> <fctr> <dbl> 
Afghanistan Asia 0.948 

Albania Europe 0.911 
Algeria Africa 0.985 

Angola Africa 0.888 
Argentina Americas 0.996 
Australia Oceania 0.980 

adj.r.squared sigma 
<dbl> <dbl> 
0.942 1.223 
0.902 1. 983 
0.984 1. 323 
0 . 877 1. 407 
0 . 995 0 .292 
0.978 0.621 

... with 136 more rows, and 8 more variables: 

#> 
#> 1 
#> 2 
#> 3 
#> 4 
#> 5 
#> 6 
#> # 
#> # 
#> # 

statistic <dbl>, p.value <dbl>, df <int>, logLik <dbl>, 
AIC <dbl>, BIC <dbl>, deviance <dbl>, df.residual <int> 

(Y,D,ell.HHTe BHMMaHMe rrepeMeHHblM, KOTOpbie He BblBO,!J,RTCR Ha rre'IaTb: B HWX 

co.n.ep)J(HTCR MHOfO IIOJie3HOH HHcpopMa~WH.) 

MMeR B cBoeM pacrrop.H)J(eHMW 3TOT cppeiil.M .n.aHHbIX, MbI MO)J(eM rrp11cTyrrMTb K 

paccMOTpeHMIO Hey,D,a'IHblX MO,D,eneH.. 

glance %>% 
arrange (r.squared ) 
#> # A tibble : 142 x 13 
#> country continent r . squared adj.r.squared sigma 
#> <fctr> <f ctr> <dbl> <dbl> <dbl> 
#> 1 Rwanda Africa 0.0172 - 0. 08112 6.56 
#> 2 Botswana Africa 0.0340 - 0.06257 6 .11 
#> 3 Zimbabwe Africa 0.0562 - 0.03814 7.21 
#> 4 Zambia Africa 0.0598 - 0.03418 4.53 
#> 5 Swaziland Africa 0.0682 -0 .02497 6.64 
#> 6 Lesotho Africa 0.0849 -0.006 66 5.93 
#> # ... with 136 more rows, and 8 more variables: 
#> # statistic <dbl>, p.value <dbl>, df <int>, logLik <dbl>, 
#> # AIC <dbl>, BIC <dbl>, deviance <dbl>, df.residual <int> 

KaK HeTpy.n.Ho 3aMeTMTb, Bee Ha11xy.n.11rne Mo.n.enw cooTBeTCTBYIOT Acpp11Ke. 

TieperrpoBepHM 3TO c IIOMO~bIO rpacpHKa. B ,D,aHHOM cnyqae KOlIM'IeCTBO Ha6n10-

,D,eHMH cpaBHMTellbHO HeBeJIMKO, M Mbl MMeeM ,lJ,MCKpeTHYIO rrepeMeHHyIO, II03TOMY 

HaM IIO,!J,OH,D,eT cpyHK~MR georn _jitter () (pHc. 20.5) . 
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glance %>% 
ggplot (aes (continent , r.squared )) + 

geom_jitter (width 0.5 ) 
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. 
Oceania 

Mb! MO:>KeM onpMJibTpOBaTb p;aHHbie, COOTBeTCTBYIOIIV1e CTpaHaM c oco6eHHO 

HJ13KJ1MJ1 3Ha'IeHJ15IMJ1 Ko3cpqmu;11eHTa p;eTepM11ttau;1111 R2
, 11 oTo6pa311Tb J1X B B11p;e 

rpaqmKa (p11c. 20.6). 

bad_fit <- filter (glance , r.squared < 0 . 25 ) 

gapminder %>% 
semi_join (bad_fit , by = "country" ) %>% 
ggplot (aes (year , lifeExp , color = country )) + 

geom_ line () 

3p;ecb OT'IeTJIJ1BO Bbip;eJI5IIOTC5I p;Ba OCHOBHbIX 3cpcpeKTa, BbI3BaHHbIX ,D;BYMR 

Tparep;11RM11: 3rrnp;eM11ei1: CI1J1,IJ; ( 1999-2002 rop;bI) 11 rettou;11p;oM B Pyattp;e. 

Ynpa>KHeH111R 

1. I1oxo:>Ke, JI11HeMHbIM Tpettp; RBJIReTrn qpe3MepHbIM yrrpom;ett11eM o6m;ero TpeH­

p;a. Mo:>KeTe JIM Bbl YJIY'fllIHTb pe3yJibTaTbI c rroMom;bIO KBap;paTM'IHOM rrorr11Ho­

MJ1aJibHOi1 arrrrp0Kc11Mau;11M? KaK 6bI Bbl 11HTeprrpeTMpoBaJI11 K03cpcpMu;11eHTbI 
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IIOJUfHOMa? (I1op;CKa3Ka: MO:>KHO rrpeo6pa30BaTb rrepeMeHHYIO year, 'IT06bI ee 

cpep;Hee 6brno paBHO 0.) 

2. J1crrb1Ta1he p;pyrwe MeTop;bI B11syam13a~11n1 pacrrpep;eneHMJI R2 p;nR Ka:>Kp;or o 

KOHTMHeHTa. I1orrpo6y:ilne 11crroJib30BaTb rraKeT ggbeeswarm, KOTOpbIM rrpep;o­

CTaBJIJieT MeTO)J;bI, II03BOJIJ!IO~J1e J136e:>KaTb rrepeKpbIBaHJ1J!, aHaJIOfJ1'1Hbie Me­

Top;y jitter () )HO p;eTepMI1HJ1CTJ1'1eCKJ1e. 

3. -Cfro6b1 cosp;aTb rrornep;HMM rpa¢11K ( 0T06pa:>Ka10~11:il! p;aHHbie p;JIJI CTpaH c 

Ha11xyp;llle:il! rrop;roHKOM Mop;en11), HaM rroTpe6oBanocb p;Ba lllara: MbI cosp;am1 

¢pe:il!M p;aHHbIX c O)J;HOM CTpOKOM Ha Ka:>Kp;y10 CTpaHy, a saTeM 'IaCTJ1'1HO o6'be­

)J;J1HJ1JIJ1 ero c J1CXO)J;HbIM Ha6opoM p;aHHbIX. 3Toro o6'be)J;J1HeHJ1J! MO:>KHO J136e­

:>KaTb, ecn11 BMeCTo BbI30Ba ¢YHK~1111 unnest ( . drop = TRUE) 11crroJib30BaTb 

BbI30B unnest () . KaK 3TO cp;enaTb? 

C1on6~b1-cnMcKM 

Terrepb, Korp;a Bbl y:>Ke 3HaKOMbI B 06~11x qepTax c rrpo~eccoM op;HoBpeMeH­

HOM o6pa6oTKJ1 60JibllIOfO KOJIJ1'1eCTBa MOp;ene:il!, Mbl MO:>KeM paccMOTpeTb ero 60-

Jiee T~aTeJibHO. B 3TOM pasp;ene MbI paccMoTpMM cToJI6~b1-crr11cK11 KaK CTPYKTY­

py p;aHHbIX HeMHoro rrop;po6Hee. ABTOpbI KH11r11 JIMlllb Hep;aBHO no p;ocTOMHCTBY 
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\lTI,eR\'\Jl\'\ c:rnn.Enl,bl-CTI\'\CK\'\. 3't'a. CI'Q'fKT'ftJ'a. ")1.'a.RRblX ReRBR\l ~\'\Y)''QWQ)'e1 "B ClTI'Qe­

µ,erreHJ1l1 ¢pei1Ma µ,aHHbIX: cppei1M µ,aHHbIX - 3TO l1MeHOBaHHbIM CTII1COK BeK­

TOpOB paBHoi1 µ,rr11HhI. Cn11coK - 3TO BeKTop, no3TOMY Bcerµ,a MO:>KHO 6hrno Ha 

BTIOITHe 3aKOHHbIX OCHOBaHJ15IX l1CTIOllb30BaTb CTII1COK B Ka'!eCTBe CTOrr6u;a cppei1-

Ma p;aHHhIX. Op;HaKo 6a30Bbie naKeThI R He no3BOITJIIOT CTOITb :>Ke rrpocTo co3p;a­

BaTb CTorr6u;bl-CIII1CKI1, l1 cpyHKD;l15I data . frame ( } TpaKTyeT CIII1COK KaK CIIl1COK 

CTOrr6u;oB. 

iata.frame (x = list (l : 3, 3 : 5) ) 
#> x.1. 3 x.3.5 
#> 1 1 3 
#> 2 2 4 
#> 3 3 5 

TaKoe rroBep;eH11e cpyHKD;l1l1 data . frame (} MO:>KHO npep;oTBpaTMTb c rro­

MOiu;bIO cpyHKD;l1l1 I ( } ) HO rrpl1 3TOM pe3yllbTaT BblBO,ll;l1TC5I He B caMOM yp;o6HOM 

BMp;e. 

::iata. frame ( 
x = I ( lisi: (l : 3, 3 : 5)), 
y c ( " l , 2" , "3, 4 I 5" ) 

) 

#> x y 
#> 1 1, 2, 3 1, 2 
#> 2 3, 4, 5 3, 4, 5 

Tibble-cppei1.M rro3BOJrneT crrrap;MTb 3TY rrpo6rreMy sa c'!eT Toro, 'ITO OH 6orree 

"rreHJ1Bhii1" (cpyHKD;l15I tibbl e (} He l13MeH5IeT CBOJ1 BXO,ll;Hble p;aHHhie), a TaK:>Ke sa 

c'!eT Toro, 'ITO rrpep;ocTaBrrJieT 6orree HarrrJip;Hhii1 MeTop; ne'!aT11. 

:ibble ( 
X = list ( l : 3, 3 : 5) I 

y = c (" l, 2" , "3, 4, 5" ) 

#> # A tibble: 2 x 2 
#> x y 
#> <list> <chr> 
#> 1 <int [3 ] > 1, 2 
#> 2 <int [3 ] > 3, 4, 5 

Ho c cpyHKn;Mei1 tribbl e () eiu;e npoiu;e pa6oTaTb no TOM rrpM'IMHe, 'ITO oHa 

MO:>KeT aBTOMaTJ1'!eCKI1 onpep;errl1Tb, 'ITO BaM Hy:>KeH CTIJ1COK. 

:ribble ( 
- x , - y , 

1 : 3 , " l, 2 " I 
3 : 5, " 3 , 4, 5" 
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) 

#> # A tibble: 2 x 2 
#> x y 
#> <list> <chr> 
#> 1 <int [3] > 1, 2 
#> 2 <int [3] > 3, 4, 5 

CToJI6u;b1-crrMcKJtI qacTo HaJtI6oJiee rroJie3HbI B KaqecTBe rrpoMe)l(yToqHbIX 

CTPYKTYP .n:aHHbIX. C HJtIMJtI TJI)l(eJio pa6oTaTb Herrocpe.n:cTBeHHO, nocKOJibKY 6oJib­

llIMHCTBO cpyHKD;JtIM R JtIMeIOT .n:eJio c aTOMapHbIMJtI BeKTopaMJtI JtIJIJtI ¢pe:i1MaMM 

,IJ;aHHbIX, HO B03M0)l(H0CTb co.n:ep)l(aTb BMeCTe Bee pO,!l;CTBeHHbie 9JieMeHTbl B O,IJ;­

HOM ¢pe:i1Me .n:aHHblX CTOJtIT ,!l;OITOJIHJtITeJibHblX XJIOITOT. 

B o6iu;eM rnyqae 9cpcpeKTJtIBHbIM KaHaJI CTOJI6IJ;OB-CTIJtICKOB COCTOJtIT Jt13 Tpex 

qacTe:i1. 

1. Bbl cos.n:aeTe CTOJI6eu;-cnJticoK c noMOIIJ;bIO o.n:Horo JtI3 cJie.n:yroiu;Jtix BapMaHTO 

Bbl30Ba cpyHKD;JtI:i1: nest () , summarize () + list () JtIJIJtI mutate () + cpyHK 

l_\JtIJI map, KaK OITJtICaHO B pa3,IJ;eJie "Cos.n:aHJtie CTOJI6u;oB -CITJtICKOB". 

2. Bbl cos.n:aeTe .n:pyrMe rrpoMe)l(yToqHbie cToJI6u;b1-c11JticKM, npeo6pasyJI cy 

iu;ecTByroiu;Jtie CTOJI6u;bl-CTIJtICKJtI c ITOMOIIJ;bIO cpyHKD;JtIM map () , map2 () JtIJIJ1 

pmap () . TaK, B rrpe,IJ;bI,IJ;yiu;eM TJtIITOBOM npMMepe MbI cos.n:aBaJIJtI CTOJI6eu; -

CITJtICOK MO,IJ;eJie:i1 nyTeM npeo6pa30BaHJtI.lI CTOJI6u;a - CTIJtICKa ¢pe:i1MO 

,IJ;aHHblX. 

3. Bb1 ynpoiu;aeTe cTOJI6eu; - cnJticoK nyTeM ero o6paTHoro npeo6pasoBaHMJI B 

¢pe:i1M ,IJ;aHHblX JtIJIJtI aTOMapHblM BeKTOp, KaK OITJtICaHO B pas.n:eJie "Ynpoiu;eHI1{1 

CTOJI61_\0B-CTIJtICKOB': 

(03AaHHe CTOn6"'oB-CnHCKOB 

KaK rrpaBJtIJIO, Bbl He 6y.n:eTe C03,IJ;aBaTb CTOJI61_\bl-CTIJtICKJtI c ITOMOIIJ;bIO cpyHKl_\JtI 

tibble () . BMecTo 9Toro Bbl 6y.n:eTe cos.n:aBaTb MX 113 06b1qHblX CTOJI6u;oB, MC 

TIOJib3YJI O,!l;JtIH Jt13 CJie,IJ;yIOID;JtIX Tpex MeTO,!l;OB: 

1) c rroMOID;bIO cpyHKl\MM tidyr : : nest () ,IJ;JI.ll rrpeo6pasoBaHJtI.lI crpynrrMpoBaH 

HOro ¢pe:i1Ma ,IJ;aHHblX BO BJIO)l(eHHblM ¢pe:i1M, B KOTOPOM Bbl JtIMeeTe CTOJI 

6eu; - CTIJtICOK ¢pe:i1MOB ,IJ;aHHblX; 

2) c ITOMOID;bIO cpyHKl_\JtIM mutate () JtI BeKTOpM30BaHHblX ¢YHKD;I1M, B03Bpaiu;aro 

ID;JtIX CTIJtICOK; 
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3) c IIOMO~bIO cpyHKIJ;l1M summarize () l1 summary, KOTOpble B03Bpa~aIOT He­

CKOJibKO pe3yJibTaTOB. 

AJibTepHaTMBHblM crroco6 3aKJI10qaeT01 B C03,IJ,aHMl1 cToJI6u;oB-crr11cKoB 113 11Me­

HOBaHHoro CIIl1CKa c IIOMO~bIO cpyHKIJ;l1l1 tibble: : en frame () . 
06b1qHo, C03,IJ,aBaR CTOJI6IJ;bl -CIIl1CKl1, Bbl )J,OJI)l(Hbl y6e,IJ,l1TbCJI B l1X O,Il,HOp0,D,­

HOCTl1: Ka)l()J,blM :meMeHT ,IJ,OJI)l(eH CO,D,ep)l(aTb o6'heKTbl O,Il,HOfO l1 Toro )Ke Tl1IIa. He 

cy~eCTByeT crroco6oB rrpoBepl1Tb, qTo 3TO ,IJ,eMCTBl1TeJibHO TaK, HO eCJil1 Bbl 6y,IJ,eTe 

11crrOJib30BaTb rraKe'T purrr 11 IIOMHMTb TO, qTo Bbl Y3HaJil1 o cpyHKIJ;MRX, yCTor1:q11-

BblX K TMrraM, TO yBM,IJ,MTe, qTo 3TO rrpo11cxo,IJ,11T ecTecTBeHHblM o6pa30M. 

C03AaH111e CTon640B-cn111cKOB Ha OCHOBe sno>KeHlllVi 

<DyHKIJ;l15! nest () C03,IJ,aeT BJIO)l(eHHblM cpper1M ,IJ,aHHblX, rrpe,D,CTaBJIRIO~l1M co-

6or1 crnJI6eu;-crr11coK cpper1MOB ,IJ,aHHblX. Bo BJIO)l(eHHOM cpper1Me ,IJ,aHHblX Ka)l(,IJ,aR 

CTpOKa RBJIReTCR MeTaHa6JIIO,IJ,eHl1eM: rrepeMeHHble, KOTOpble orrpe,D,eJIJIIOT Ha-

6JIIO,IJ,eHl1e, rrpe,D,OCTaBJIJIIOTCJI ,D,pyr11Ml1 CTOJI6u;aMl1 (KaK B CJiyqae rrepeMeHHblX 

country l1 continent), a CTOJI6eu; - CIIl1COK cpper1MOB ,IJ,aHHblX rrpe,D,OCTaBJIReT 

l1H,Il,l1Bl1,IJ,yaJibHble Ha6JIIO,IJ,eHl15!, KOTOpble o6pa3yIOT MeTaHa6JIIO,IJ,eHl1e. 

<DyHKIJ;l1IO nest () MO)l(HO l1CIIOJib30BaTb ,IJ,BYMR crroco6aMl1. ~o 3TOfO Bbl Bl1-

p;eJil1 rrp11Mepbl ee l1CIIOJib30BaHl15! co crpyrrrr11poBaHHbIMl1 cpper1MaMl1 ,IJ,aHHblX. 

Kor,IJ,a cpyHKIJ;MR nest () rrp11MeHReTrn K crpyrrrr11pOBaHHOMY cpper1My ,IJ,aHHblX, 

OHa OCTaBJIReT rpyrrrr11py10~11e CTOJI6IJ;bl B TOM Bl1,IJ,e, KaK OHM eCTb, a Bee OCTaJib­

HOe o6'he,IJ,l1HJieT B CTOJI6eu;-crrl1COK. 

gapminder %>% 
group_by (country , cont inent ) %>% 
nest () 

#> # A tibble: 142 x 3 
#> country continent data 
#> <fctr> <f ctr> <list> 
#> 1 Afghanistan Asia <tibble [12 x 4]> 
#> 2 Albania Europe <tibble [12 x 4]> 
#> 3 Algeria Africa <tibble [12 x 4]> 
#> 4 Angola Africa <tibble [12 x 4]> 
#> 5 Argentina Americas <tibble [12 x 4]> 
#> 6 A1:1stralia Oceania <tibble [12 x 4]> 
#> # ... with 136 more rows 

3Ty cpyHKIJ;l1IO MO)l(HO rrp11MeHJITb TaK)l(e K Hecrpyrrrr11poBaHHbIM cpper1MaM 

p;aHHblX, yKa3bIBaJI, KaKMe CTOJI6IJ;bl ,Il,OJI)l(Hbl 6blTb BJIO)l(eHHblMl1. 

rnasa 20. 06pa6oTKa MHO>Kecrsa MOAeneiii c noMOL4btO naKeros purrr 11 broom 503 



gaprninder %>% 
nest (year :gdpPercap ) 

#> # A tibble : 142 x 3 
#> country continent data 
#> <fctr> <f ctr> <list> 
#> 1 Afghanistan Asia <t ibbl e [12 x 4) > 
#> 2 Albania Europe <t ibble [1 2 x 4]> 
#> 3 Algeria Africa <tibble [12 x 4]> 
#> 4 Angola Africa <tibble [1 2 x 4] > 
#> 5 Argent i na Americas <t i bble [12 x 4] > 
#> 6 Aus tral ia Oceania <tibble 
#> # .. . with 136 more rows 

C03AaHllle CTOn640B-CnlllCKOB Ha OCHOBe 

BeKTOp11130BaHHblX <l>YHK4111171 

HeKOTOpbie rrorre3Hbie cpyHKIJ;Iill1 rrp11H11MaIOT arnMapHbLM BeKTop 11 B03Bpa­

~aIOT crr11coK. Harrp11Mep, B rnaBe 11 Bbl rro3HaKOMJ1JIJ1Cb c cpyHKIJ;11ei1 stringr: 

: str - split () ) KOTOpaR rrpl1HJ1MaeT CJ1MBOllbHbIM BeKTOp J1 B03Bpa~aeT CIIJ1COK 

CJ1MB07IbHbIX BeKTOpOB. 

ECJIJ1 Bbl J1Cil07Ib3YeTe 3TOT nop;xop; B cpyHKIJ; J1J1 mutate () )TO IIOJIY'fl1Te CTOJI-

6eIJ;-CTIJ1COK. 

df <- tribble ( 
- xl , 
"a,b,c" , 
"d,e, f,g" 

df %>% 
mutate (x2 = stringr : : str_spl~t ( xl , "," ) ) 

#> # A tibble : 2 x 2 
#> xl x2 
#> <chr> <list> 
#> 1 a ,b,c <chr [3]> 
#> 2 d , e , f , g <chr [4]> 

<t>yttKIJ;J1R: unnest () 3HaeT, KaK o6pa6aTbIBaTb TaKJ1e CTIJ1CKJ1 BeKTOpOB. 

df %>% 
m0tate (x2 = stri ngr : : str_split (xl , "," )) %>% 
unnest () 

#> # A tibble : 7 x 2 
#> 
#> 
#> 1 

504 

xl x2 
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a , b , c a 
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> 2 a,b,c b 
> 3 a,b,c c 
> 4 d,e,f,g d 
> 5 d,e,f,g e 
> 6 d,e,f,g f 
> # ... with 1 more rows 

(Ecm1 Bbl o6Hapy>Kl1Te, 'ITO BaM 'IaCTO rrpl1XO,D;l1TCR: l1CI10Jib30BaTb 3TOT wa6JIOH 

KO,D;a, TO ITO ,D;OCTOl1HCTBY 011,eH11Te cpyHKll,l1IO tidyr: separate_ rows () ' KOTOpaR 

1t1HKarrcyJI11pyeT ero). 

AJibTepHaT11BHbu1: Bap11aHT 3Toro wa6JioHa npe,n;rroJiaraeT l1CITOJih30BaH11e 

cpyH1<11,11rlr map () , map2 () l1 pmap () 113 rraKeTa purrr . B Ka'Iecrne l1JIJIIOCTpa11,1111 

MO)l(HO rrp11BeCTl1 nepe,n;eJiaHHbIM Bap11aHT rrp11Mepa 113 rnaBbI 12, B KOTOpOM l1C­

IIOJib3YeTrn cpyHKll,l1R mutate () . 

sim <- i:ribble ( 
-f, - params , 
"runif" , list (mi n = -1 , max -1 ) , 
"rnorm" , list (sd = 5), 
"rpois" , list (lambda = 10 ) 

sim %>% 
mutate (s i ms = i!1voke map ( f , par ams , 

#> # A tibble: 3 x 3 
#> f pa rams sims 
#> <chr> <l ist> <list> 
#> 1 runif <list [2] > <dbl [1 0]> 
#> 2 rnorm <list [1] > <dbl [10] > 
#> 3 rpois <list [1 ] > <int [1 0] > 

n = 10 )) 

c TeXHl1'IeCKOM TO'IKl1 3peHl1R: Ha6op ,n;aHHbIX sim He R:BJIReTCR: O,D;HOpop;HbIM, 

rrocKOJibKY OH co,n;ep)l(11T KaK Belll,eCTBeHHbie, TaK l111,eJIO'Il1CJieHHbie BeKTOpbI. O,n;­

HaKo BpR,D; Jll1 3TO MO)l(eT np11BeCTl1 K cepbe3HbIM rrpo6JieMaM, IlOCKOJibKY l1 Te, l1 

,n;pyr11e RBJIR:IOTCR: 'Il1CJIOBbIMl1 BeKTopaMl1. 

C03AaH111e CTon6~oe-cn111cKOB Ha OCHOBe 

MHOr03Ha"IHblX lllTOrOB 

0p;Hl1M 113 orpaH11'IeH11rlr cpyHK11,1111 summarize () RBJIR:eTrn TO, 'ITO oHa pa6o­

TaeT c l1ToroBhIMl1 cpyHKll,l1RMl1, B03BpaI11,aIOI11,11M11 o,n;11HO'IHoe 3Ha'IeH11e. Ta1<11M 

o6pa30M, ee HeJib3R l1CIIOJib30BaTb c cpyHKll,l1R:Ml1 Hano,n;o611e quantile () ' KOTO­

paR B03BpaI11,aeT BeKTOp rrp0113BOJibHOM ,D;Jil1HbI. 
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mtcars %>% 
group_by (cyl ) %>% 
summari.ze (q = quantile (mpg )) 

#>Error in eval(expr , envi.r, enclos): expecting a single value 

Op;HaKo 3TOT pe3yrrbTaT MO)l(HO 3aBepHyTb B cnttcoK! OH nop;trnmieTcJI KOH­

TpaKTY cpyHKIJ;MM summarize () ' nOCKOJibKY Ka)l(,D;blM MTOf Tenepb 5IBJI5IeTC5I cnM­

CKOM (BeKTOpOM) ,D;JIMHbl 1. 

mtcars %>% 
group_by (cyl ) %>% 
summari.ze (q = li.st (quanti.le (mpg ))) 

#> # A tibble: 3 x 2 
#> cyl q 
#> <dbl> <list> 
#> 1 4 <dbl [5]> 
#> 2 6 <dbl [5]> 
#> 3 8 <dbl [5]> 

,lJ;JIJI noJiytieHMJI noJie3HbIX pe3yJibTaTOB c noMOIIJ;blO cpyHKIJ;MM unnest () BaM 

TaK)l(e noTpe6yeTC5I norryqJ1Tb Bep05ITHOCTM. 

probs <- c (0 . 01 , 0 . 25 , 0 . 5, 0 . 75 , 0.99 ) 
mtcars %>% 

group_by (cyl ) %>% 
summari.ze (p = li.st (probs ), q list (quant1lc (mpg , probs ))) %>% 
unnest () 

#> # A ti.bble: 15 x 3 
#> cyl p q 
#> <dbl> <dbl> <dbl> 
#> 1 4 0 .01 21. 4 
#> 2 4 0 .25 22 . 8 
#> 3 4 0.50 26. 0 
#> 4 4 0.75 30 .4 
#> 5 4 0.99 33.8 
#> 6 6 0.01 17 .8 
#> # with 9 more rows 

(03AaH111e CTon64os-cn111cKOB Ha OCHOBe 

lllMeHOBaHHblX CnlllCKOB 

<t>peMMbl p;aHHbIX co CTOJI6u;aMM-CnMCKaMM o6ecneqMBaIOT perneHMe op; 

HOM qacTO BCTpeqaIOIIJ;eMCJI 3ap;aqJ,1; KaK 6bITb, eCJIJ,1 tteo6xop;MMO MTepHpoBaT 

KaK no co.n;ep)l(MMOMY cnMCKa, TaK J,1 no ero 3JieMeHTaM? BMeCTO Toro qT06b 

nbITaTbCJI BTMCHYTb BCe B O,D;MH o6'beKT, qacTO ropa3,D;O rrerqe C03,D;aTb cppei1:11 
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µ;aHHblX: OP,l1.H CTOJI6eQ MO>KeT cop;ep>KaTb 3JieMeHTbl , a ;n,pyro:H - cnMcoK. ITpo­

CTo:H cnoco6 co3p,aHl1.JI TaKoro cppe:HMa ;n,aHHblX l1.3 crrnCKa npe;n,JiaraeT cpyHKQl1.JI 

tibble: : en frame () . 

x <- list ( 
a = 1 : S, 
b 3 : 4, 
c = S: 6 

) 

df <- enframe (x ) 
df 
#> # A tibble: 3 x 2 
#> name value 
#> <chr> <list> 
#> 1 a <int [SJ> 
#> 2 b <int [2J > 
#> 3 c <int [2J > 

ITpeMMy~ecTBO 3To:H CTPYKTYPbl 3aKJIIO'-IaeTcJI B TOM, qTo oHa o6o6~aeTcJI 

caMblM Henocpe;n,CTBeHHblM o6pa30M: l1.MeHa noJie3Hbl, eCJIJ1. Bbl l1.MeeTe ;n,eJIO c 

Cl1.MBOllbHblM BeKTOpOM MeTa;n,aHHblX, HO B cJiyqae ;n,pyrMX Tl1.nOB ;n,aHHblX l1.lll1. He­

CKOllbKJ1.X BeKTOpOB OHJ1. BaM He noMoryT. 

Tenepb, ecJIM Bbl xoTMTe l1.Tepl1.poBaTb o;n,HoBpeMeHHO no l1.MeHaM l1. 3HaqeHl1.­

JIM, 3TO MO>KHO c;n,eJiaTb c nOMO~bIO cpyHKQJ1.l1. map2 () . 

df %>% 
mutate ( 

smry = map2_chr ( 
name , 
value , 
~ stringr :: str c ( .x , "· " , .y [ l ]) 

) 

#> # A tibble: 3 x 3 
#> name value smry 
#> <chr> <list> <chr> 
#> 1 a <int [SJ> a: 1 
#> 2 b <int [2J > b: 3 
#> 3 c <int [2J > c: s 

Ynpa>1<HeH1t1fl 

I. ITepeqJ1.Clll1.Te Bee cpyHKQl1.l1., KOTOpb1e, no BarneMy MHeHMIO, npl1.Hl1.MaIOT aTo ­

MapHblYr BeKTOP l1. B03Bpa~aIOT cnl1.COK. 
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2. IT pep;JIO)KJ1Te rrone3Hble J1TorOBb1e cpyHKQJ1l1, KOTOpb1e, ITOA06Ho cpyHKQJ1l1 

quantile () ' B03Bpa~aIOT HeCKOJibKO 3HaqeHJ1M. 

3. "liero He xBaTaeT B rrpMBeAeHHOM Hl1)J(e cppei1Me AaHHb1x? KaK cpyHKQJ1JI 

quantile () B03Bpa~aeT 3TY HeAOCTaIO~YIO qacTb? 

mtcars %>% 
group __ by (cyl ) %>% 
swnmarize (q = list (quantile (mpg ) )) %>% 
unnest () 

#> # A tibble: 15 x 2 
#> cyl q 
#> <dbl > <dbl> 
#> 1 4 21. 4 
#> 2 4 22 .8 
#> 3 4 26. 0 
#> 4 4 30.4 
#> 5 4 33.9 
#> 6 6 17.8 
#> # with 9 more rows 

4. "lITO AeJiaeT rrpl1BeAeHHblM HJ1)J(e KOA? "lieM OH MO)J(eT 6b1Tb ITOJie3eH? 

mtcars %>% 
group_by (cyl ) %>% 
summarize_each (funs (list )) 

Ynpoll.\eHMe cron6~os-cnMcKoB 
ITpe)J(Ae qeM Bbl CMO)J(eTe rrpl1MeHJ1Tb J13yqeHHb1e BaMJ1 MeTOAbl MaHl1ITYJIJIQJ1l1 

AaHHblMJ1 J1 l1X BJ13yaJIJ13aQJ1J1, BaM IlOHaA06J1TCJI yrrpoCTJ1Tb CTOJI6eQ-CITJ1COK rry­

TeM ero o6paTHOro rrpeo6pa30BaHJ1JI B 06b1qHblM CTOJI6eQ (aTOMapHblM BeKTOp) 

J1JIJ1 Ha6op CTOJI6QOB. MeTOAJ1Ka, KOTopyro Bbl J1CITOJib3YeTe AJIJI B03BpaTa K 6onee 
rrpoCTo:H CTPYKType, 3aBJ1CJ1T OT Toro, q To BaM HY)J(H O: OAHO l1JIJ1 HeCKOJibKO 3Ha­

qeHl1M Ha 3JieMeHT. 

• Ernl1 BaM HY)J(HO OAMHOqHoe 3HaqeHJ1e, l1CITOJib3Yi1Te cpyHKQJ1IO mutate ( 
c cpyHKQJ1JIMJ1 map lgl () , map int () , map dbl ( ) J1 map chr () AJIJI co3-- - - -
AaHJ1JI aToMapHoro BeKTopa. 

• EcJIJ1 BaM HY)J(Hbl HecKOJibKO 3HaqeHJ1M, l1CITOJib3Yi1Te cpyHKQJ1IO unnest ( 
AJIJI o6paTHoro rrpeo6pa30BaHJ1JI cToJI6Qa-crrJ1cKa B 06b1qHb1e cToJI6Qbl, rro­

BTOpRR CTpOKJ1 CTOJibKO pa3, CKOJibKO Heo6xOAl1MO. 

3Tl1 rnyqaJ1 ormcaHbl 6onee rroApo6Ho B rneAyIO~l1X pa3AeJiax. 
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npeo6pa30BaHllle CnlllCKa B BeKTOp 

IIpeo6pasoBaB CBOM cTorr6eu; -cTIMCOK B aT0MapHb1JiJ: BeKTop, Bbl Tiorryq11Te 

06b1qHblM CTorr6eu;. HaTipMMep, Bbl Bcer.n;a MO>KeTe cyMMMpoBaTb o6'beKT TIO TMTIY 

J.1 )J;J1MHe, TI03TOMY crre,n;yIOID;MM KO)]; 6y,n;eT pa60TaTb )J;J1JI J1I06oro CTOJ16u;a-cm 1CKa: 

df <- tribb l e ( 
- x, 
letters [ 1 : 5] , 
1 : 3, 
runif (5) 

df %>% mut ate ( 
type = map_chr (x , typeof) , 
length = map_int (x , length ) 

) 

# A tibble: 3 x 3 #> 
#> 
#> 
#> 1 
#> 2 
#> 3 

x 
<list> 

<chr [5]> 
<int [3]> 
<dbl [5]> 

type 
<chr > 

character 
integer 
double 

l ength 
<int> 

5 
3 
5 

3.n;ecb TIOJ1yt:IeHa Ta >Ke 6a30BaJI MHcpopMau;MJI, KOTopyio BbIBO)J;J.1T MCTIOJ1b3ye­

MblM TIO yMorrqaHMIO MeTO)J; print, HO TeTiepb Bbl MO>KeTe MCTIOJ1b30BaTb ee )J;J1JI 

cpMJ1bTpau;MM. 3Ta MeTO)J;MKa TipMrO)J;J.1TCJI BaM, ecrrM MMeeTCJI Heo,n;Hopop;HblM CTIM­

COK l1 Bbl XOTMTe OTcpMJ1bTpoBaTb qacTM, KOTOpble BaM He HY>KHbl. 

He sa6brna:i1Te o coKpaiu;eHHblX Bbl30Bax cpyHKD;MM map * () : ,n;rr>I M3BrreqeHMJI 

CTpOK, xpaHJIID;MXCJI B TIOJ1e apple )J;J1JI Ka>K,n;oro 3J1eMeHTa x , MO>KHO MCTIOJ1b30BaTb 

Bbl30B map_ chr (x, "apple") . 3To, HaTipMMep, TI03BOJ1JieT M3Brreqb Brro>KeHHble 

CIIMCKM l1 pa3MeCTMTb MX B 06b1qHblX CTorr6u,ax. J1cTIOJ1b3YMTe apryMeHT • null 
,n;rr>I Tipe.n;ocTaBrreHMJI 3J1eMeHTa, KOTOpb1M: 6y,n;eT B03Bpaiu;aTbCJI (BMecTO NULL) B 

crryqae OTCYTCTBYIOID;ero 3J1eMeHTa CTIMCKa. 

df <- tribble ( 
- x, 
list (a 
list (a 

1, b 2)' 
2 , c = 4) 

df %>% muta te ( 
a map_dbl (x , "a" ), 
b = ma!J_dbl (x , "b" , .null NA_real_) 

) 

#> # A tibble: 2 x 3 
#> x a b 
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#> <list> <dbl> <dbl > 
#> 1 <list [2] > 1 2 
#> 2 <l ist [2] > 2 NA 

0TMeHa Bno>KeHlllA 

Pa6oTa cpyHKll,l1l1 unnest ( ) 3aKmoqaeTrn B rroBTopemm 06h1qHhix cTon611,oB 

no O,l:i;HOMY tta Ka)l():J;hIM :meMeHT CTon611,a-cnJ11cKa. B cne):J;y10I11,eM oqeHb rrpocTOM 

rrpl1Mep e Mbl IIOBTOp51eM rrepByIO CTpOKY qeTbipe pa3a (IIOCKOllbKY rrepBbIM :me­

MeHT y JllMeeT ,l:i;lll1HY 4), a BTop yIO - 0,l:i;JllH pa3. 

tibble (x = 1 : 2 , y = lisL (1 : 4, 1 )) %>% unn&s~ ( y ) 

#> # A tibble: 5 x 2 
#> x y 
#> <int> <dbl> 
#> 1 1 1 
#> 2 1 2 
#> 3 1 3 
#> 4 1 4 
#> 5 2 1 

3ro 03HaqaeT, qTo HeJib351 OTMeHJ11Th BJIO)l(ettli1e O,l:i;HOBpeMeHHO ABYX CTon611,oB, 

KOTOpbie CO,l:i;ep )l(aT pa3HOe KOJIJi1qecTBO 9JieMeHTOB. 

# Pa6oTaeT , TIOCKOflbKY y M z COllep~aT OllMHaKOBOe KOflMYeCTBO 3neMeHT OB 

# B Ka~llOM CTpOKe 

dfl <- tribble ( 
- x , - y , - z , 
1 , c ("a" , "b" ), 
2 , "c" , 

1 : 2 , 
3 

) 

dfl 
#> # 
#> 
#> 
#> 1 
#> 2 

A tibble: 2 x 3 
x y 

<dbl> <list> 
1 <chr [2)> 
2 <chr [1) > 

dfl %>% unnest (y , z ) 
#> # A t i bble : 3 x 3 
#> x y z 

z 
<li st> 

<int [2]> 
<db l [1]> 

#> <dbl > <chr> <dbl > 
#> 1 1 a 1 
#> 2 1 b 2 
#> 3 2 c 3 

# He pa6oTaeT, TIOCKOflbKY y M z MMeIDT pa3HOe KOflMYeCTBO 3neMeHTOB 

df2 <- tribble ( 
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- x , - y, - z , 
1, "a" I 1 : 2, 
2 f C ( "b 11 

f II C JI ) I 3 

j f2 
~ > # A tibble: 2 x 3 
4> x y z 
~ > <dbl> <list> <list> 
4> 1 1 <chr [l]> <int [2]> 
~ > 2 2 <chr [2 ] > <dbl [l] > 
df2 %>% unnest (y , z ) 
4> Error: All nested columns must have 
4> the same number of elements. 

Te )Ke rrpMtt11;r1rrb1 rrpMMeHMMbI M B cny'rne OTMeHbI BJIO)J(eHMR cTon611;0B -

CIIJ!ICKOB cppeMMOB p;aHHbIX. 0TMeHa BJIO)J(eHJ!IR O/];HOBpeMeHHO HeCKOllbKJ!IX CTOJI6-

~0B-CIIJ!ICKOB B03MO)J(H0 TOrp;a, Korp;a BO Bcex ¢pel1Max p;aHHbIX Ka)J(p;aR CTpoKa 

c op;ep)J(J!IT O/];HO J!I TO )J(e KOllJ!IlieCTBO CTpOK. 

Ynpa>1<HeH11U1 

I. qeM cpyttKll;J!IR lengths () MO)J(eT 6bITb IlOJie3Ha /];lIR cosp;aHJ!IR CTOJI6ll;OB aTO­

MapHbIX ceKTOpOB J!I3 CTOJI6ll;OB-CI1J!ICKOB? 

2. ITepe'IMCJIMTe ttaM6onee pacrrpoCTpatteHHbie TJ!IIIbI BeKTopoB, BCTpeqaIOill;MXCR 

BO ¢pel1Max p;aHHbIX. qTO p;enaeT CITJ!ICKJ!I pa3JIJ!I'-IHbIMJ!I? 

npHBeAeHHe AaHHblX K aKKypaTHOM 
ct>opMe c noMO~btO naKera broom 

ITaKeT broom rrpep;ocTaBJIR:eT TPM 06I11;MX J!IHCTpyMeHTa p;JIR rrpeBpaI11;eHMR MO­

p;eneJ1 B aKKypaTHbie cppeMMbI p;aHHbIX. 

• broom :: g l a nce (model ) - B03BpaI11;aeT CTpoKy p;JIR Ka)J(p;OJ1 Mop;enM. 

Ka)J(p;bIM cTOn6e11; rrpep;ocTaBJIReT MToroByIO MttcpopMall;MIO o Mop;enM: JIM6o 

Mepy Ka':IeCTBa MOp;eJIJ!I, m160 Mepy CJIO)J(HOCTJ!I MOp;eJIJ!I, JIM6o KOM6J!Ittall;J!IIO 

o6eMx Mep. 

• broom:: tidy (model ) - B03BpaI11;aeT CTpoKy p;lIR Ka)J(p;oro K03cpcpM11;J!IeH­

Ta Mop;eJIM. Ka)J(p;bIM cTOn6e11; rrpep;ocTaBJIR:eT MttcpopMall;MIO 06 011;ettKe MJIM 

ee J!I3MeH'-IJ!IBOCTJ!I. 
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• broom: :augmc;nt(model, data) - nosnparn;aeT cTpoKy p;1rn Ka)l(p;o11 

CTpOKJ!l p;aHHbIX, p;o6aBJUUI ,D;OTIOJIHJ!!TeJibHbie 3Ha'Iemrn, TaKJ!le KaK OCTaTKJ!l 

Ji! CTaTMCTJ!!KJ!l BJIJ!lf!HJ!!M. 

DaKeT broom pa6oTaeT c nrnpoKMM pRp;oM Mop;enel1, cosp;aBaeMbIX ttaM6onee 

nonynRpHbIMM naKeTaMM Mop;enMponattMR. CnMcoK 110,ri;,ri;ep)l(MBaeMbIX B HaCTOR­

rn;ee npeMR Mop;ene11 MO)l(HO HaMTJ!l no rnep;y10rn;eMy a,ri;pecy: ht tps: I I gi thub . 

com/tidyverse/broom. 
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l4ACTb V 

KoMMYHMKal\MR 

,IJ,o Cl1X nop Bbl 3HaKOMl1Jll1Cb c l1HCTpyMeHTaMl1, npep;Ha3HaqeHHblMl1 ,D;JIJI ne­

peMe~eHJ1JI p;aHHblX B R, np11Bep;ett11JI 11x K aKKypaTHOMY B11p;y, np11rop;H0My p;JIJI 

attaJIJ13a, 11 norne.o;y10~ero 11crnep;oBaHl1JI nocpep;cTBOM npeo6pa3oBaHl1JI, Bl13ya­

Jil13aQl1l1 11 Mop;en11poBaHl1JI. Op;ttaKo qero 6b1 CTOl1JI Barn aHaJil13, ern11 6b1 Bbl He 

MOfJil1 l13JIO)KJ1Tb ero cyTb .o;pyr11M JIIO,D;JIM? ,lJ,JIJI npep;CTaBJieHl1JI CBOl1X pe3yJibTa­

TOB BaM HY)KHbl cpeocmBa KOMMYHUKau,uu . 

TeMa KOMMYHl1KaQl1l1 JIBJIJieTrn npep;MeToM 06cy)Kp;eH11JI nocne.o;y10~11x qeTbl­

pex rnaB. 

• B rnaBe 21 Bbl no3HaKOMl1Tecb co JI3blKOM pa3MeTKl1 R Markdown - l1H­

cTpyMeHTOM, npep;Ha3HaqeHHOM ,D;JIJI l1HTerpaQJ1l1 TeKCTa, KOp;a l1 pe3yJib ­

TaTOB. Ero MO)KHO 11cnoJib30BaTb B pe)KJ1Me 6noKHOTa p;rrJI KOMMYHl1KaQl1l1 

Me)Kp;y attaJI11T11KaM11 11 B pe)K11Me oTqeTa - p;JIJI KOMMYHl1KaQl1l1 Me)Kp;y 

aHaJil1Tl1KaMl1 11 pyK0Bop;11TeJieM. Enaro.o;apJI MO~HblM B03MO)KHOCTJIM cpop­

MaToB JI3b1Ka R Markdown MO)KHO p;a)Ke 11cnoJib30BaTb op;11H 11 TOT )Ke p;o ­

KyMeHT p;JIJI 06e11x Qendi. 

• B rnaBe 22 noKa3aHo, KaK npeBpaTl1Tb 11crnep;oBaTeJibcKy10 rpacp11Ky 

B o6'bJICHl1TeJibHYIO, KOTOpaJI TIOMO)KeT JIIO,D;JIM, BnepBble 3HaKOMJI~l1MCJI 



c pe3yJibTaTaMv. Barnero aHam13a, 6bICTpo 11 6e3 3aTpy,n;HeH11Jir BHMKHYTb 

B cyTb ,n;ena. 

• B rnaBe 23 pe'Ib noM.,n;eT o MHor11x ,n;pyr11x Bap11aHTax Bbrno,n;a, no,n;,n;ep)l(11Ba­

eMbIM H3bIKOM R Markdown, BKJIIO'iaH naHen11, Be6-caJiJ.TbI 11 KH11r11. 

• B 3aBeprna10rn;eM. rnaBe 24 Bbl Y3HaeTe o "KH11re pe3yJibTaToB aHaJI113a", 

a TaK)l(e 0 TOM, KaK opraHJ130BaTb CJ1CTeMaTJ1'ieCKYIO 3an11cb CBOJ1X ycnexoB 

11 Hey,n;aq, 'IT06b1 Y'IMTbCH Ha 11x np11Mepe. 

K CO)l(aJieHJ1IO, B 3TJ1X rnaBaX OCHOBHOe BHJ1MaH11e y,n;eJIR:eTCH TeXHJ1'ieCKJ1M 

BonpocaM KOMMyH11Ka11,1111, a He ,n;eJircTBMTeJibHO cJIO)l(HbIM npo6neMaM nepe,n;a'IH 

rno11x MbICJieJir ,n;pyr11M JIIO,D;HM. 0,n;HaKo TeMe 11HcpopMa11,110HHOM KOMMYHI1Ka11,11H 

TIOCBHrn;eHO MHO)l(eCTBO 3aMe'!aTeJibHbIX KHI1f, CCbIJIKI1 Ha KOTOpbie npttBe,n;eHbl B 

KOHll,e Ka)l(,D;OM rnaBbI. 



rnABA 21 

ff 3blK pa3MeTKM R Markdown 

,IJ;1rn: R3bIKa pasMeTKH R Markdown cy~ecrnyeT cpe,n;a aBTopcKHX paspa6oToK B 

o6rraCTJ1 ttayKH 0 p;aHHbIX, II03BOlIHIO~aH o6be)J;J1HHTb KO,!l;, ero pesyrrbTaTbl J1 IIO­

HCHHIO~J1e KOMMeHTaptttt. AoKyMeHTbI R Markdown rrorrHOCTbIO BocrrpottsBo,n;tt­

MbI 11 rro,n;,n;ep)KttBaIOT ,n;ernTKH BbIXO,ll;HbIX cpopMaTOB, BKlIIO'la.H PDF, Word, rnai1,n;­

woy J1 MHO)KeCTBO ,n;pymx. 

<Dai17IbI R Markdown MoryT 6bITb ttcrrorrbsoBaHbI ,n;rrR pewemrn rne,n;y10~11x 

sa,n;aq: 

• KOMMYHHKa1IHR c pyKoBo,n;ttTell.HMH, )Kerra10~HMJ1 cpoKyc11poBaTb BHttMaHtte 

Ha BbIBO,n;ax, a He Ha Ko,n;e, lle)Ka~eM B OCHOBe aHalIJ13a; 

• COTpy,n;HH'leCTBO c ,n;pyrttMJ1 CIIel111alIHCTaMJ1, pa6oTaIO~l1MJ1 B o6naCTJ1 Ha­

YKM o ,n;aHHbIX (BKlIIO'la.H Bae caM11x B 6y,n;y~eM!), KOTOpb1e sa11HTepecoBaHbI 

KaK B Baw11x 3aKlIIO'leHJ1.HX, TaK 11 B TOM, KaKJ1M o6pa30M OHM 6bl7IJ1 rrolly­

'leHbl (T.e. B BarneM Ko,n;e); 

• rrpe,n;oCTaBlleHMe cpep;bl ,ll;ll.H aBTOpCKJ1X pa3pa60TOK B o6naCTM HayKtt 0 ,n;aH­

HbIX, KOTopy10 MO)KHO 6blll0 6bI J1CIIOllb30BaTb B Ka':leCTBe na6opaTopHoro 

)KypHalla, II03BOll.HIO~ero cp11Kc11poBaTb He TOllbKO TO, 'ITO Bbl c,n;errarr11, HO 

J1 Barn11 pa3MblWlleHJ1.H, KOTOpbre K 3TOMY rrp11Belll1. 

R Markdown MHTerp11pyeT pR,n; rraKeToB R 11 BHeWHMX 11HcTpyMeHTOB. 3To 

03Ha':laeT, 'ITO rrony'leH11e crrpaBKJ1 c IIOMO~blO KOMaH)J;bl ? 6y,n;eT He,n;ocTyrrHO. 

BMecTo 3Toro B rrpol1ecce pa6oTbI c R Markdown BaM rroHa,n;o6.HTC.H rne,n;y10~11e 

wrraprarrK11. 

• R Markdown Cheat Sheet: ,n;oCTyrrHa B HHTepaKTHBHOi1 cpe,n;e paspa60TK11 

RStudio no KOMaH,n;e Help¢Cheatsheets¢R Markdown Cheat Sheet; 



• R Markdown Reference Guide: p;ocTyima B MHTerpMpOBaHHOM cpep;e pa3-

pa6oTKM RStudio ITO KOMaHp;e Help¢ Cheatsheetsc::> R Markdown Reference 

Guide. 

06e umapraJIKM TaK)Ke p;ocTyITHbI ITO ap;pecy http://rstudio.com/ 
chea tsheets. 

Heo6xoA1t1Mbte pecypcbt 
BaM Heo6xop;MM ITaKeT rmarkdown, HO Bbl He p;OJI)KHbI JIBHO ycTaHaBJIMBaTb 

MJIM 3arpy)KaTb ero, ITOCKOJibKY RStudio BbIIIOJIHMT o6e 9TM oITepau;vivi, Korp;a B03-

HMKHeT TaKaJI Heo6xop;MMOCTb. 

OcHOBbl R Markdown 
Tiepep; BaMM cpaM.n R Markdown - ITpocToM. TeKCTOBbIM cpaM.n c pacurnpe­

HMeM .Rmd. 

title: "Diamond sizes" 
date: 2016-08-25 
output: html document 

'''{r setup, include 
library(ggplot2) 
library (dplyr) 

FALSE} 

smaller <- diamonds %>% 
filter (carat <= 2.5) 

We have data about 'r nrow(diamonds) · diamonds. Only 
'r nrow(diamonds) - nrow(smaller)' are larger than 
2.5 carats. The distribution of the remainder is shown 
below: 

'''{r, echo= FALSE) 
smaller %>% 

ggplot(aes(carat)) + 
geom_freqpoly(binwidth 
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B HeM MO:>KHO Bbl)J,eJIMTb TPM Ba:>KHblX Tl1lia co)J,ep:>KMMoro. 

I. 3azonoaoK YAML (HeofoI3aTeJibHb1M.), saKJIIO'leHHblM Me:>K)J,Y rpyrrrraMM CMMBO­

JIOB ---. 

2. <Ppa2MeHmb1 R-Ko)J,a, saKJIIO'leHHble Me:>K)J,Y rpyrrrraMH CMMBOJIOB 

3. TeKcT, rrepeMe:>KaeMblM rrpocTblMJ1 KOMaH)J,aMH cpopMaTMpoBaHJ15I Harro)J,o6Me 

# heading l1 i ta lies_. 

0TKpbIB cpaM.JI .Rmd, Bbl ITOJIY'll1Te J1HTepcpeM.c 6JIOKHOTa, B KOTOpOM KO)J, rrepe­

Me:>KaeTC5I c BbIBO)J,OM. Bbl MO:>KeTe BbIITOJIHJ1Tb JII06oM. cpparMeHT KO)J,a, liieJIKHYB 

Ha KHOITKe Run (BblfJI5I)J,J1T KaK KHOITKa rrycKa rrpol1rpbIBaTeJI5I J1 HaXO)J,J1TC5I Ha)J, 

cpparMeHTOM KO)J,a) MJIM tta:>KaB KOM6J1Ha!IJ1IO KJiaBMill <Ctrl+Shift+Enter>. RStudio 

BbIITOJIHJ1T KO)J, J1 OT06pa3HT ITO)], HMM pesyJibTaTbl (pl1C. 21.1). 

• • 
.:; . 

e , , '! ···} ~~~HHo' 
9 ~ J r-t >< O;>l ) ' r 

lt 
1l ui;.ol.1et diitt<Oll<l \ 

ll h l :~1 (;>~ ... \ :. ' 

H 

" ;s II<! tl;J • t ca:.i ;,o~o~t ': '"~""'(Cl~xiJ~~ :li~~Ot\d~ . Onh 
10 , .1c .. :c.··,)~~ ~ ' · ,,,."'-~· .. 1: .. '. r Ht l.usu t~.111 

:1 2.S uau. T!'wl CB ~r itu tion o- f. t~t a'i i n~t: h 1 1'1o~n 

a '{r. t~/\;> • P •.. ~:; 
; ~ s111flltr '·"· I 
n <;;d•;;H•s· tu.it 

~~ _ ""()"' : ;e;;;>.;l>; ~!nwiCth 

[ow l<onmtm Hi<lfll)' QI 

Puc. 21.1 

,[(JI5I ITOJiyqeHJ15I ITOJIHOfO OT'leTa CB5I:>KJ1Te B O)J,HO IIeJIOe TeKCT, KO)J, J1 pesyJib­

TaTbl, liieJIKHYB Ha KHOITKe Knit J1Jll1 Ha:>KaB KOM6l1HaJJ;l1IO KJiaBJ1Ill <Ctrl+Shift+K>. 

To :>Ke caMoe MO:>KHO C)J,eJiaTb rrporpaMMHblM rryTeM c ITOMOliibIO KOMaH)J,bl 

rmarkdown: : render ( "1-example. Rmd") . 3To rrpMBe)J,eT K oTo6pa:>KeHMIO OT­

'leTa Ha rratteJIM rrpocMoTpa l1 cos)J,aHMIO rroJIHOI!eHttoro HTML-cpaM.Jia, KOTOpblM 

Bbl CMO:>KeTe ITO)J,eJIJ1TbC5I c ,1J,pyrnMJ1 JIIO)J,bMJ1 (pl1C. 21.2). 

rnasa 21. il3blK pa3Mem1 R Markdown 517 



• 

>· 
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ii i~ !r(C ~:>!t,,J:c ~floO tcec' idtn l.ll~O~UlHY lot! ~Allll-'K!Y. 

You ~If . ch_. lo a.:l . H:ibvt<' ll undu ~~ch :i.f\ con<lit 1oiH. 
r~oc ·uccM~O· o:>r ' h:cncc()' to: dBtru1~ti011 11cuils. 

Ku i t0Hl:xi:~t1v• HOj°': dtn l'l~n)' contuDutcn. 
r.,;1,,·co.,t r1b.:1on() ' formortinlo~!ion;w111 

'citatlo1() ' c:11 "°" t o uu ~ o: 11 ~~c1u9e' 11' 1a:ohuuo11<. 

Ty-pe ' d~)" fo: 10,.. ~l , 'hhO' !;n C'ft·llri~ help, or 
'hl' lp Hui(}' for•<lllTll! l>rD•\t: 1r:1t:l"f" tohrlp . 
rn• .. ·qo· to q~u a. 

0 , 

Diamond sizes 
2016-08-25 

Puc. 21.2 

R Markdown 0TrrpaB1u1eT .Rmd-cpattn rraKeTy knitr, KoTOpbIH BbII10JIH51eT Bee 

cpparMeHTbI Ko.n;a 11 co3.n;aeT HOBbIH .n;oKyMeHT Markdown (c pacw11pett11eM .md) 

BKJIIO'-IaIOIIJ;J1H Ko.n; 11 ero Bbrno.n;. 3aTeM cpattJI Markdown, crettep11poBaHHbIH rraKe­

TOM knitr, o6pa6aTbIBaeTC51 KOHBepTepoM pandoc, OTBeTCTBeHHblM 3a co3.n;att11e 

Kotteqttoro cpai1:na (p11c. 21.3). I1pe11Myru;ecrnoM TaKoro .n;ByXlllaroBoro rrpo~ecca 

51BJI51eTC51 TO, qTo OH 06ecrreq11BaeT lll11pOKOe pa3H006pa3J1e BblXO,Il;HbIX cpopMa­

TOB, o qeM rro.n;po6ttee paccKa3atto B rnaBe 23. 

knitr rod pandor 

Puc. 21.3 

lfro6bI rrp11cTyrr11Tb K pa6oTe c co6cTBeHHbIM .Rmd-cpattJIOM, BbI6ep11Te rryH­

KTbl MeHIO Fiiec::>New Fiiec::>R Markdown. RStudio 3arrycT11T rrporpaMMy-MacTep. 

KOTopy10 Bbl CMO>KeTe J1CI10Jlb30BaTb ,Il;Jl51 rrpe.n;Bap11TeJibHOfO 3aITOJIHeHJ151 cpattJia 

IlOJie3HblM co.n;ep>K11MbIM, HaITOMJ1Ha10ru;11M 0 TOM, KaK pa6oTaIOT OCHOBHbie cpe~­

CTBa R Markdown. 
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Crre,IJ;yIOUJ,Me TPM pa3,IJ;erra nocB5IUJ,eHbI no,IJ;po6HoMy paccMoTpeHMIO Tpex oc­

HOBHbIX KOMTIOHeHTOB ,IJ;oKyMeHTa R Markdown: TeKcTa Markdown, KO,IJ;a cppar­

MeHTOB M 3arorroBKa YAML. 

Ynpa>KHeHlllff 

1. C03,IJ;ai1Te HOBbIM 6JIOKHOT c TIOMOUJ,bIO KOMaH,IJ;bl Filec:>New File c:> R Notebook. 

I1po'-IMTai1Te MHCTPYK~MM . ITonpaKTMKYMTecb B BbITIOJIHeHMM cpparMeHTOB. 

Y6e,IJ;MTeCb B TOM, '-ITO MO:>KeTe M3MeHI1Tb KO,IJ;, TIOBTOpHo BbITIOJIHMTb ero M no­

llYl.J:MTb M3MeHeHHbIM BbIBO,Il;. 

2. Co3,IJ;ai1:Te HOBbIM ,IJ;OKyMeHT R Markdown c noMOUJ,bIO KOMaH,IJ;bI Filec:>New 

Filec:>R Markdown. CB5I:>KI1Te ,IJ;oKyMeHT, w;errKHYB Ha cooTBeTCTByIOru;eH: KHon­

Ke. CB5I:>KMTe ero, MCTIOJib3Y5! COOTBeTCTBYIOW:YIO KOM6MHa~MIO KJiaBI1Ill. 

Y6e,IJ;MTecb B TOM, '-ITO MO:>KeTe M3MeHMTb BXO,IJ;Hbie ,IJ;aHHbie 11 YBM,IJ;eTb o6HoB­

rreHHbIM BblBO,IJ;. 

3. CpaBHMTe Me:>K,IJ;Y co6oi1: C03,IJ;aHHbie pattee ¢ai1:rrb1 R Notebook 11 R Markdown. 

"lleM CXO,Il;Hbl MX BbIBO,Il;bI? "lleM OHM pa3JIMl.J:aIOTC5I? "lleM CXO,Il;Hbl BXO,Il;Hble ,IJ;aH­

Hbie? "lleM OHM pa3JII1l.J:aIOTrn? "l!TO npoM30i1:,IJ;eT, ernM Bbl cKon11pyeTe YAML-

3arorroBOK M3 O,IJ;Horo cpaH:rra B ,I1;pyroi1:? 

4. Co3,IJ;ai1:Te no O,Il;HOMY HOBOMY ,IJ;oKyMeHTy R Markdown ,IJ;JI5! Ka:>K,IJ;oro M3 Tpex 

BCTpoeHHbIX cpopMaToB: HTML, PDF M Word. CB5I:>KMTe Ka:>K,IJ;bIM M3 3TMX Tpex 

,Il;OKyMeHTOB. "lleM pa3JIMl.J:aIOTC5! BblBO,Il;bI? "lleM pa3JII1l.J:aIOTC5I BXO,Il;Hble ,IJ;aH­

Hbie? (Bo3MO)KHO, BaM noHa,IJ;o6MTC5! ycrnHOBMTb nporpaMMY LaTeX ,IJ;JI5! co3-

,IJ;aHM5! BbIBO,IJ;a B cpopMaTe PDF - RStudio no,IJ;cKa:>KeT BaM, ern11 B 3TOM B03-

HMKHeT Heo6xO,IJ;MMOCTb.) 

G>opMatMposaHMe teKcra c noMOll\bto Markdown 
TeKCTOBbie no5lcHeHM5! B .Rmd-cpaH:rrax C03,IJ;aIOTC5! c nOMOlll;bIO o6rrer'-IeHHoro 

5!3bIKa pa3MeTKM Markdown, npe,IJ;Ha3Hal.J:eHHoro ,IJ;JI5! ¢opMaTMpoBaHM5! npocThIX 

TeKCTOBbIX ¢ai1:JIOB, KOTOpbIM o6ecnel.J:MBaeT MaKCMMaJibHO y,IJ;o6Hoe l.J:TeHMe M Ha­

rrncaHMe TeKcTa. KpoMe Toro, M3y'-IeHMe 5!3bIKa Markdown He coCTaBJIReT 6orrb­

rnoro Tpy,IJ;a. HM:>Ke noKa3aHo, KaK MCTIOJib30BaTb 5!3bIK Markdown KOHBepTepa 

Pandoc, KOTopbIM npe,IJ;cTaBJIReT co6oi1: He3Hal.J:MTeJibHO pacIIIMpeHHYIO BepcMIO 

JI3bIKa Markdown, pacno3HaBaeMoro cpe,IJ;oi1: R. 
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*KypCMB* MflM _KypCMB_ 
**rrony)!(V[pHblM** MnM _ rronylKMpHbii1:_ 

KO.U 
BepXHMi1 MH,UeKcA2A M HMlKHMi1: MH,UeKc-2-

3aronoBKM 

# 3aronoBOK 1 ypOBHH 

## 3aronOBOK 2 ypoBHH 

### 3aI'OflOBOK 3 ypOBHH 

CrrMCKM 

* 3neMeHT 1 MapKepHOI'O CITMCKa 

* 3neMeHT 2 

* 3neMeHT 2a 

* 3neMeHT 2b 

1. 3neMeHT 1 HYMepoBaHHOI'O CITMCKa 

1. 3neMeHT 2 . HoMepa aBTOMaTMqecKM MHKpeMeHTMpyroTCH B BhlBO,Ue. 

CcwnKM M M306paJKeHMH 

<http : //example.com> 

[cBH3aHHaH ~pa3a] (http : //example.com) 

! [He06H3aTeflbHaH ITO.UITMCb] (path/to/img.png) 

Ta6nMUbl 

ITepBbri1: 3aronoBoK 

Co.nepJK11Moe Hqei1KM 
Co.nepJKMMoe Hqei1:KM 

BTopoi1: 3aronoBOK 

Co.neplKMMoe Hqei1:KM 
Co.uepJKMMoe Hqei1:KM 

CaMbn.f JI)"IIIn1:i1 crroco6 l13y<Iemrn: 3Tl1X rrpaBMJI - ITbITaTbCJI l1X l1CITOJib30-

BaTb. 3To MO)J(eT 3aHJITb y Bae HeCKOJlbKO p;HeM, HO BCKOpe 0Hl1 CTattyT Balm 
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B'IO\lblM "i', V1 Bbl 11,a)Ke H.e 6 y 11.ei:e o H.VlX 30./1.)1MblBO.'tbC5l. EcnVl BaM noH.a11,06Vl't­

rn IlO).l.CKa3Ka, BOCilOJib3YMTeCb cnpaBoqHoi1 l1HcpopMaU,l1ei1, BblilOJIHl1B KOMaHAY 

Help¢Markdown Quick Reference. 

Ynpa>1<HeH111e 

1. I1onpaKTMKy:~1Tecb B npMMeHeHMM CBOMX 3HaHMM, C03).l.aB KpaTKOe pe3IOMe. 

0Ho .n;omKHO 6bITh 03arnaBrreHo BarnMM MMeHeM M BKJIIO'IaTh no.n;3aroJI0BoK 

no Kpat'rneJ1: Mepe .n;rrR o.n;Horo M3 pa3p;eJIOB, Kaca10rn;11xcR Barnero o6pa3oBaHMR 

MJIM Tpy.n;oBoro CTa:>Ka. Ka:>Kp;bIM pa3p;eJI .n;oJI>KeH BKJI10qaTh MapKMpoBaHHhIM 

cnMCOK 3aHMMaeMbIX BaMM ,ll;OJI:>KHOCTeJ1: l1Jll1 Hay'IHbIX CTeneHeM. Bbrp;eJIMTe 

fO,ll;bI norry>Kl1pHbIM rnpMcpTOM. 

2. BocnoJib3YMTecb cpe.n;cTBOM noJiyqeHMR 6brCTpoi1: cnpaBK11 (Markdown Quick 

Reference) .n;rrR Toro, 'IT06br BbIRCHl1Tb, KaK: 

a) .n;o6aBl1Tb CHOCKy; 

6) .n;o6aBJ1Tb ropl130HTaJibHYIO Jll1Hei1Ky; 

B) .n;o6aBJ1Tb 6JIO'IHYIO ll,l1TaTy. 

3. CKon11pyi1:Te co.n;ep>K11Moe cpatl:rra diamond-sizes.Rmd, .n;oCTynHoro no a.n;pecy 

https://github.com/hadley/r4ds/tree/master/rmarkdown,BJIOKaJib­

HbIM .n;oKyMeHT R Markdown. Y6e.n;11Tech B TOM, 'ITO MO>KeTe BbIITOJIHl1Th 9TOT 

cpatl:JI, a 3aTeM .n;o6aBbTe IlOCJie IlOJil1fOHa qacTOT TeKCT, Oill1CbIBa10rn;11J1: ero 

BneqaTJIRIOID;l1e B03MO>KHOCTl1. 

<l>parMeHTbl KOAa 
lfro6hr BbIITOJIHl1Th Kop;, co.n;ep>Karn;Mi1:cR B .n;oKyMeHTe R Markdown, Heo6xo.n;11-

MO BCTaBJ1Tb cpparMeHT. 3TO MO>KHO cp;eJiaTb TpeMJI cnoco6aMl1: 

l) c IlOMOID;blO KOM6l1HaU,l1l1 KJiaBJ1111 <Ctrl+Alt+I>; 

2) c noMOID;bIO KHOnK11 Insert naHeJIM MHCTpyMeHTOB pe.n;aKTopa; 

3) BBo,n;oM BPY'IHYIO pa3p;eJil1TeJiei1: cpparMeHTOB Ko.n;a ' ' ' { r} l1 ' ' ' . 

Ee3ycJIOBHO, MbI peK0MeHp;oBaJI11 6br BaM 3anoMHl1Tb yKa3aHHy10 KOM611Hau,1110 

KJiaBMllI. 3To Il03BOJIJ1T C9KOHOMJ1Tb Macey BpeMeHl1 B ,ll;OJirocpo'IHOM nepcneKTl1Be! 

Mo>KeTe npo.n;oJI>KaTh BhIITOJIHeHMe Kop;a, 11cnoJib3YR KOM611Hau,1110 KJiaBMrn 

<Ctrl+Enter>, KOTopyro (Mbl Ha.n;eeMrn! ) Bbl 3aITOMHl1Jll1 l1 IlOJII06l1JIJ1. 0.n;HaKo ,D;JIR 

cpparMeHTOB npe.n;ycMoTpeHa HOBaR KOM611HaU,l1R KJiaBMrn: <Ctrl+Shift+ Enter>, 
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KOTOpa5I BbIIIOJIHJieT Beeb KO,ll; cpparMeHTa. P accMaTp1rna:i1Te cpparMeHT KaK cpyHK­

u;1110. <DparMeHT ,n;omKeH 6bITb OTHOC11TeJibHO CaMO,ll;OCTaTO'IHbIM 11 rrpe,n;Ha3Ha'!eH­

HbIM ,ll;lIH BblIIOJIHeH11H KaKOM-TO O,ll;HOM 3ap;a'l11. 

B IIOCJie,n;yroiu;11x pa3,n;enax OI111CbIBaeTrn 3af OJIOBOK cpparMeHTa, COCTOHI1\11M 113 

C11MBOJIOB ' ' ' { r , 3a KOTOpblM11 cne,n;yIOT Heo6JI3aTeJib HOe 11MH cpparMeHTa, orr-

1\1111, pa3,n;eJieHHbie 3arrHTbIM11, 11 3aKpbrnaroiu;aH <):>11rypttaH CK06Ka } . )J;anee 11,n;eT 

Barn R -Ko,n;, a OKOH'!att11e cpparMeHTa o6o3Ha'IaeTrn c11MBOJiaM11 

lllMR cl>parMeHTa 

<!>parMeHTaM MO:>KHO rrp11rna11BaTb He06H3aTeJibHbie 11MeHa ' ' ' { r MMH } ) 'ITO 

06ecrreq11BaeT CJie,n;yroiu;11e Tp11 rrpe11Myiu;ecTBa. 

• 06ner'IaIOTCH rrepeXO,ll;bl K KOHKpeTHbIM cppar MeHTaM c IIOMOil\blO pacKpbl ­

BaIOiu;er ocH MeHIO HaB11rau;1111 ITO Ko,n;y, pacrrOJIO:>KeHHOfO B JieBOM H11:>KHeM 

ymy OKHa pe,n;aKTOpa CKp11IITOB (p11c. 21.4). 

in a 
ch Untitled m, 

Chunk 1: setu p 

R Markdown 
SUI 

Chunk 2: cars 

Including Plots 

• ## Chunk 3: press ure 

Untitled 

Puc. 21.4 

• fpacp11K11, C03,ll;aBaeMbie cpparMeHTaM11, 6 y ,n;y T CHa6:>KaTbCH IIOJie3HbIM11 11Me­

HaMM, 06ner qaroiu;11M11 11x 11crroJib30BaHtt:e B ,n;pyr tt:x MecTax. Eonee rro,n;po6-

HO 06 3TOM paccKa3aHO B KOHu;e maBbI 22. 

• Bb1 MO:>KeTe HacTpa11BaTb ceT11 1<eurnpoB aHHbIX cpparMeHTOB, rro3BOJIHIO­

iu;11e 1136e:>KaTb IIOBTOpHoro BbIIIOJIHeH11JI ,n;oporoCTOJIIl\11X Bbl'l11CJieH11M rrpn 

Ka:>Kp;OM 3arryCKe. BcKope 3TOT Borrpoc 6y,n;eT p accMOTpeH 6onee rro,n;po6tto. 

Cyiu;ecTByeT o,n;tto crreu;11aJibHOe MMH, KOTopoe 3 a,n;aeT oco6oe rr0Be,n;ett11e: 

setup. Ecn11 Bbl pa6oTaeTe B pe:>K11Me 6noKHOTa, cpparMeHT c 11MeHeM setup 6y ­

,n;eT aBTOMaT11'IeCK11 O,ll;HOKpaTHO BblIIOJIHHTbCH ,n;o BblIIOJIHeH11H JII06oro ,n;pyror 

Ko,n;a. 
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BbIBO,IJ; cpparMeHTa MO)l(HO HacTpaJ1BaTb c IIOMO~bIO OI11J;J1M - apryMeHTOB, rre­

pe.r:i;aBaeMbIX 3arorroBKY cpparMeHTa. ITaKeT knitr rrpe.r:i;ocTaBJIHeT rroqT11 60 om~11I1, 
KOTOpbie MO)l(HO 11CIIOllb30BaTb ,Il;ll5I HacTpOMKl1 cpparMeHTOB CBOero KO,IJ;a. Mb! 

paccMOTp11M Ha116orree Ba)l(Hble OIIQ1111, KOTOpbie Bbl 6y.r:i;eTe 11CIIOllb30BaTb qa~e 

.r:i;pyrnx. c IIOllHbIM CI111CKOM OIIQl1M MO)l(HO 03HaKOMl1TbC5I no a.r:i;pecy http: / / 
yihui.narne/knitr/options/. 

Ha116orree Ba)l(HbIM Ha6op orrQ11I1, rrepeq11rneHHbIX HJ1)1(e, yrrpaBJIHeT TeM, 6y­

p;eT lll1 BblI10llH5ITbC5I 6JIOK KO,IJ;a 11 KaK11e pe3YllbTaTbl ,Il;Oll)l(Hbl 6bITb BCTaBJieHbl 

B OKOHqaTellbHblM oTqeT. 

• eval = FALSE. ITpe.r:i;oTBpa~aeT Bb1q11rneH11e Kop;a. (CoBepweHHO oqeB11.r:i;­

HO, qTo ern11 KO,IJ; He 6y.r:i;eT BbII10llH5ITbC5I, TO pe3YllbTaTbl He 6y.r:i;yT reHep11-

poBaTbrn.) 3Ta OIIQl15I IIOlle3Ha ,Il;ll5I OTo6pa)l(eHJ15I KO,IJ;a rrp11Mepa 11lll1 OT­

KJIIOqeHJ15I 6ollblliOrO 6rroKa Kop;a 6e3 "3aKOMMeHT11poBaH115I" CTpOK. 

• include = FALSE. I1o3BOJIHeT BbIIIOllHl1Tb Kop;, He oTo6pa)l(aJI B KOHeqHoM 

p;oKyMeHTe Hl1 KO,IJ;, Hl1 pe3YllbTaTbl. J1crrollb3YMTe 3TY OIIQl1IO ,IJ;ll5I KO,IJ;a Ha­

CTpOMKl1, ecrr11 He XOTl1Te, qTo6bI OH 3arpoMO)l(,IJ;al1 OT'IeT. 

• echo = FALSE. ITpe.r:i;oTBpa~aeT 0To6pa)l(eH11e Kop;a, HO He pe3YllbTaTOB, B 

KOHe'IHOM cpar1rre. J1CIIOllb3YMTe 3TY OIIQJ1IO rrp11 rrop;rOTOBKe OTqeTOB ,Il;ll5I 

JIIOp;et1, KOTOpbIX He 11HTepecyeT R-Ko.r:i;, 11crrorrb30BaHHbIM .D;lIH rrorrytieH11H 

pe3YllbTaTOB. 

• message = FALSE 11rr11 warning = FALSE. ITpe.r:i;oTBpa~aeT rroHBlleH11e co -

06~eH11I1 11rr11 rrpe.r:i;yrrpe)l(p;eH11I1 B KOHeqHoM cpar1rre. 

• results = 'hide' . CKpbrnaeT rreqaTaeMbIM BbIBO.D; 

• fi g. show= 'hide' . CKpbrnaeT rpacp11K11. 

• error = TRUE. 06ecrreq11BaeT rrpo.r:i;orr)l(eH11e peH.r:i;ep11Hra, p;a)l(e ecrr11 KO.D; 

B03Bpa~aeT ow116Ky. Heo6xop;l1MOCTb BKllIO'IaTb 3TY OIIQl1IO B OKOH'IaTellb ­

HYIO Bepc11IO CBoero o TqeTa MO)l(eT B03H11KaTh y Bae rr11rub B pep;K11x crryqa­

HX, HO OHa MO)l(eT 6bITb BeCbMa KCTaTJ1 rrp11 OTJiap;Ke .Rmd-cpat1Jia. TaK)l(e 

3Ta OIIQl1H 6yp;eT BaM rrorre3Ha, ecrr11 Bbl rrperro.r:i;aeTe H3bIK R 11 co3HaTerrb­

HO BKJIIOqaeTe B cpar1rr ow116Ky B yqe6HbIX QeJIHX. Do yMorrqaH11IO error = 
FALSE, qTo 03HaqaeT aBap11I1Hoe 3aBeprueH11e, ern11 B p;oKyMeHTe co.r:i;ep)l(11T­

rn xorn 6b1 op;Ha ow116Ka. 

B crrep;yIO~er1 Ta6rr11Qe yKa3aHbI Tl1IIbI Bbrno.r:i;a, rrop;aBJIHeMoro Ka)l(,IJ;OM 113 orrQ11M. 
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Om-111u1 BbmonHeH111e 0T06pa>Ke- Pe3ynb- rpact>111K111 Coo6u.ie- npeAynpe>K-
KO,qa Hiiie KOAa TaTbl HlllJI ,qeHl/IJI 

eval =FALSE x x x x x 

include= FALSE x x x x x 

echo= FALSE x 

results= "hide" x 
fig. show= x 
"hide " 

message = FALSE x 

warning = FALSE x 

Ta6n1114a 
ITo yMOJI'Iatt1110 R Markdown Bhrnop,11T cppeiiMhI p,aHHhIX 11 MaTp11~hI B TOM 

BJ1)J,e, B KaKOM OHJ1 ITOJIBJIJIIOTCJI B OKHe KOHCOJIJ1 . 

mtcars [ l : 5, 1 : 10 ) 
#> mpg cyl disp hp drat wt qsec vs am gear 
#> Mazda RX4 21. 0 6 160 110 3. 90 2.62 16.5 0 1 4 
#> Mazda RX4 Wag 21. 0 6 160 110 3.90 2.88 17.0 0 1 4 
#> Datsun 71 22.8 4 108 93 3.85 2.32 18 . 6 1 1 4 
#> Hornet 4 Drive 21. 4 6 258 110 3.08 3.21 19.4 1 0 3 
#> Hornet Sportabout 18 . 7 8 360 175 3.15 3.44 17.0 0 0 3 

ECJrn BhI rrpep,rro•u1TaeTe, 'IT06h1 p,aHHhie 0To6pa>Karr11cb c p,orrorrH11TeJihHhIM 

cpopMaT11posatt11eM, 11crroJih3YJ'.:ITe cpyHK~1110 kni tr: : kable () . I1p11sep,eHHhIM 

H11>Ke KOP, rettep11pyeT Ta6rr. 21. l. 

kni t r : : kabl e ( 
mtcars [ l : 5 , ] , 
capt i on = "I'eHepaTop Ta61111u knitr::kabl e () " 

Ta6n1114a 21.1. reHepaTOp Ta6n1114 knitr:: kable () 

mpg cyl disp hp drat wt qsec VS am gear carb 

Mazda RX4 21.0 6 160 110 3.90 2.62 16.5 0 4 4 
Mazda RX4 Wag 21.0 6 160 110 3.90 2.88 17.0 0 4 4 
Datsun 710 22.8 4 108 93 3.85 2.32 18.6 1 4 
Hornet 4 Drive 21.4 6 258 110 3.08 3.21 19.4 1 0 3 
Hornet Sportabout 18.7 8 360 175 3.15 3.44 17.0 0 0 3 2 

I1pO'IJ1Tai1:Te p,oKyMeHTa~J1IO (?knitr:: kable), 'IT06bI 03HaKOMJ1TbCJI c p,py-

r11M11 crroco6aM11 ocpopMrreH11JI rn6rr11~. TaK:>Ke 03HaKOMhTecb c 6orree urnpoK11MH 
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B03MO)KHOCTJIMl1, KOTOpb1e rrpepJiaraIOT rraKeTbI xtable, stargazer, pander, tables 
M ascii. Ka)K,JJ;biilr 113 Hl1x rrpep;ocTaBJrneT Ha6op cpep;cTB, B03Bparu;a10ru;11x ¢opMa­

Tl1poBaHHhie Ta6n11u;h1 113 R-Kop;a. 

KpoMe Toro, cyru;ecTByeT 6oraTbiilr Ha6op orru;11J/r , IT03BOJIJIIOIIJ;l1X yrrpaBJIJITh 

BCTpar,rnam1eM p11cyHKOB. 0 H11x rroJ/rp;eT peqb B rnaBe 22. 

Kew111poeaH111e 

06hI'IHO ¢opM11poBaH11e HOBOfO BbIXO,D;HOfO ,JJ;OKyMeHTa c ITOMOIIJ;blO <i>YHKD;l111 

knit () Ka)Kp;b1ilr pa3 Ha'111HaeTCJI c q11cToro n11cTa. 3TO orn11'1Hb1r1 crroco6 06e­

crreq11Tb BOcrrpo113BO,JJ;l1MOCTb pe3yJibTaTOB, rapaHT11py10ru;11J/r, 'ITO Bbl 3aXBaTl1J111 

Bee Ba)KHhie BhI'111cJieH11JI B Kop;e. Op;HaKo OH TaK)Ke MO)KeT p;ocTaBl1Th roJIOBHYIO 

6onh, ecn11 HeK0Topb1e BhI'Il1CJieH11JI 3aH11MaIOT p;JI11TeJibHOe BpeMJI. PerneH11eM 

rrpo6JieMbI JIBJIJieTcJI orru;11JI cache = TRUE, ycTaHOBKa KOTopoilr rro3BOJIJieT co­

xpaHl1Th BhIBO,JJ; cpparMeHTa Ha p;11cKe B cpailrne, 11Me10ru;eM crreu;11aJihHOe 11MJI. ITp11 

rrocnep;y10ru;11x 3arryc1<ax knitr rrp0Bep11T, 113MeH11JICJI n11 1<op;, 11 ecn11 OH He 113Me­

Hl1JICJI, TO ITOBTOpHo 11CITOJib3yeT 1<eru11poBaHHbie pe3yJibTaTbl. 

C11cTeMy 1<eru11poBaH11JI cnep;yeT 11crroJih30BaTb c oCTopo)KHOCTbIO, rrocKOJihKY 

rro YMOJI'IaH1110 oHa 6a311pyeTcJI 11cKJII0'111TeJibHO Ha 1<op;e, a He Ha ero 3aB11c11Mo­

CTJIX. Harrp11Mep, B rrp11Bep;eHHOM Hl1)Ke Kop;e cpparMeHT processed_ data 3aB11 -

CJ1T OT cpparMeHTa raw_ data. 

''' {r raw data} 
rawdata <- readr:: read_ csv ("a_ very_ large_ file. csv") 

'''{r processed_data, cached= TRUE} 
processed_data <- rawdata %>% 

filter(!is.na(import_var)) %>% 
mutate(new_variable = complicated_transformation(x, y, z)) 

Kern11poBaH11e cpparMeHTa processed data 03HaqaeT, 'ITO B cnyqae 113Me­

HeH11JI KaHaJia dplyr OH 6yp;eT BbIITOJIHeH 3aHOBO, HO ern11 6yp;eT 113MeHeH Bbl30B 

read_ csv () , TO 3Toro He rrpo1130J/rp;eT. ITpo6JieMbI MO)KHO 1136e)KaTb, 11crroJib3YJI 

orru;1110 dependson. 

'''{r processed_data, cached = TRUE, dependson 
processed_data <- rawdata %>% 

filter(!is.na(import_var)) %>% 

"raw data"} 

mutate(new_variable complicated_transformation(x, y, z)) 
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Om~rrn dependson p;omKHa co,r:i;ep)KaTb Cl1MBOllbHbIM BeKTop Bcex ¢parMeH­

TOB, OT KOTOpbIX 3aBl1Cl1T KeurnpyeMblM ¢parMeHT. TiaKeT knitr 6y,r:i;eT o6HOBlIJITb 

pe3YllbTaTbl ,!1;7151 KeurnpoBaHHOfO ¢parMeHTa BCJIKl1M pa3, Kor,r:i;a o6Hapy)Kl1T, 'ITO 

O,D;Ha 113 ero 3aBl1Cl1MOCTei1 l13MeHl17IaCb. 

3aMeTbTe, 'ITO B rnyqae l13MeHeH11J1 ¢ai1:na a_very_large_file.csv ¢parMeHTbI 

He 6y,r:i;yT o6HOBlIJITbCJI, ITOCKOJlbKY knitr OTCJie)Kl1BaeT Jll1lllb l13MeHeHl151 B ¢ai1: ­

Jie .Rmd. Ecnw XOTl1Te, 'IT06bI OTClle)Kl1Balll1Cb l13MeHeHl1JI TaK)Ke B . csv-¢ai1:Jie, 

wcrroJib3Yi1Te om~mo cache. extra. 3To rrpott3BOJibHoe Bb1pa)KeH11e R, KOTopoe 

6y,r:i;eT ,r:i;eJiaTb He,r:i;ei1CTBl1TeJibHbIM Kelli BCJIKl1M pa3, Kor,r:i;a OH 6y,r:i;eT l13MeH51TbC51. 

)J;nH 3Toro Herrnoxo wcrronh30BaTb ¢YHK~l1Kl file. info () , KOTopaH B03Bpa~aer 

Macey ttHcpopMa~ww o ¢ai1:ne, BKJIIO'laJI ,r:i;aTy ero rrorne,r:i;Hero l13MeHeHl1JI, 'ITO rro-

3BOllJieT 3a1111caTb rne,r:i;y10~l1M KO,[\. 

'''{r raw data , cache.extra= fi le.info( "a_very_large file.csv")} 
rawdata <- readr::read_csv("a_very_large file.csv") 

TIO Mepe TOfO, KaK Ballll1 CTpaTefl1l1 KeIIIl1pOBaHl1JI 6y,r:i;yT ITOCTerreHHO y c­

JIO)KHJITbCJI, l1MeeT CMbICll perynHpHO O'll11~aTb Bee Kellll1 c ITOMO~blO ¢YHK~l1J1 

knitr : :clean cache() . 
Mb1 cne,r:i;yeM coBeTy ,lJ;3Bl1,D;a Po611Hc0Ha (https: I /twitter. com/drob/ 

status/738786604731490304 ) OTHOCl1TeJibHO l1MeHoBaHl151 TaKl1X ¢parMeHTOB: 

Ka)K,D;OMY cpparMeHTY rrp11cBaI1BaeTCJI l1MJI, acco~l1l1pyeMOe c l1MeHeM rrepBl1'IHO­

r o o6'beKTa, KOTOpb1i1 ero co3,r:i;aeT. 3To ,r:i;enaeT 6onee rroHJITHOi1 crre~wcpwKa~l1Kl 

depends on. 

rno6anbHb1e on4111111 

Tiopa6oTaB KaKoe-TO BpeMJI c rraKeTOM knitr, Bbl o6Hapy)Kl1Te, 'ITO HeKO­

TOpbie 113 3a,r:i;aHHbIX rro YMOJI'laHttIO 011~11i1: ¢parMeHTa He y,n;oBJieTBOpJIKlT Ba­

IIIMM HY)K,D;aM, l1 3axoT11Te l13MeHl1Tb wx. 3To MO)KHO c,r:i;enaTb, BbI3BaB cpyHK~l1IO 

kni tr: : opts_ chunk$set () BO ¢parMeHTe Ko,n;a. Harrp11Mep, rrpw HarrwcaHl1J1 

KHttr 11 pyKoBo,r:i;CTB MbI 11crronb3yeM cne,r:i;yID~Me orr~w11. 

knitr :: opts_ chunk$set ( 
comment = "#>" , 
collapse = TRUE 

3TOT KO,[\ yCTaHaBJil1BaeT rrpe,n;rro'll1TaeMblM MHOKl Bap11aHT ¢opMaT11poBaHI1R 

KOMMeHTap11eB l1 rapaHTttpyeT TeCHYKl CB513b Me)K,n;y KO,!J;OM l1 BbIBO,D;OM. c ,r:i;pyroii 
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CTOpOHbl, rrpH IIO,IJ;fOTOBKe OT':IeTOB u;errecoo6pa3HO ycTaHaBJIHBaTb rnep;yio~yIO 

OIIIJ;HIO. 

knitr : : opts_chunk$set ( 
echo = FALSE 

3To rrpHBe.ri;eT K coKpblTHIO Ko.ri;a no yMoJit:IaHHIO H oTo6pa)l(eHHIO TOllbKO Tex 

cpparMeHTOB KO)];a, )];lIJI KOTOpblX Bbl ycTaHOBHTe 3TO JIBHO ( c IIOMO~blO OIIIJ;HH 

echo = TRUE). Mttor.ri;a Bbl MO)l(eTe pellIHTb BOCIIOllb30BaTbCJI orru;HRMH message = 

FALSE H warning = FALSE, HO 3TO 3aTpy,D;HHT ornap;Ky KO,IJ;a, IIOCKOllbKY Bbl He 

6y.ri;eTe BH)];eTb HHKaKHX coo6~eHHM B KOHe':IHOM )];OKyMeHTe. 

BcrpoeHHbllll KOA 

).J;JIR Btte.ri;peHHJI R-Ko.ri;a B .ri;oKyMeHT R Markdown cy~ecTByeT .ri;pyroH: crroco6: 

Herrocpe,D;CTBeHHaJI BCTaBKa KO,IJ;a B TeKCT c IIOMO~blO KOMaH,IJ;bl ' r ' . 3TOT crroco6 

MO)l(eT 6b1Tb O':leHb IIOlle3HbIM, eCJIH Bbl XOTHTe yrroMHHaTb CBOHCTBa .ri;aHHblX B 

TeKCTe. TaK, B rrpHMepe ,IJ;OKyMeHTa, KOTOpbIM rrpHBO,IJ;HlICJI B Hat:IaJie 3TOH rnaBbl, 

Mbl HCIIOllb30BalIH rne.ri;yIO~HM KO)];: 

We have data about 'r nrow (diamonds) ' diamonds. Only 

'r nrow (diamonds) - nrow (smaller) ' are larger than 2.5 carats. 

T h e distribution of the remainder is shown below: 

DpH cpopMHpOBaHHH OT':leTa c IIOMO~blO cpyHKIJ;HH knit () pe3YllbTaTbl 3THX 

Bbl':IHClleHHM 6yp;yT BCTaBJieHbl B TeKCT: 

We have data about 53940 diamonds. Only 126 are larger than 2.5 
carats. T h e distribution of the remainder is shown below: 

ErnH Bbl BCTaBlIJieTe B TeKCT ':IHClla, BOCIIOllb3YHTeCb cpyHKIJ;HeH f 0 rma t ( ) . 

Otta rro3BOJIHT BaM 3a.ri;aTb KOJIHt:IecTBO u;Hcpp B t:IHClle, t:IT06b1 OHO He BbIBO,IJ;HlIOCb 

c 6eCCMbIClleHHO BbICOKOH CTerreHblO TO':IHOCTH, a OIIIJ;HJI big .mark o6rrert:IHT tJ:Te ­

HHe ':IHCeJI. Mbl t:IaCTO CO':leTaeM 3a)];aHV:Ie ,IJ;Byx 3THX OIIIJ;HM B O,IJ;HOH BCIIOMora­

TellbHOH cpyHKIJ;HH. 

comma <- function (x) fornac (x , digits = 2, big .mark = " , " ) 
comma (3452345 ) 
#> [l] "3, 452, 345" 
corrma ( .12358124331 ) 
#> [l] "0 .12" 
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Ynpa>KHeHlllR 

1. .JJ:o6aBbTe pa3p;eJI, B KOTOpOM MCCJiep;yeTCJI 3aBMCMMOCTb pa3MepoB 6pMJIJIJ1aH­

TOB OT Ka'leCTBa orpattKM, u;BeTa M 'lMCTOTbI. J1cxop;MTe M3 rrpe;n;rroJio>KeHMJI, 

'ITO Bbl IIMllleTe OT'leT ;D;JIJI KOrO-TO, KTO He 3HaeT R, M BMeCTO ycTaHOBKM orr­

D;MM echo = FALSE ;D;JIJI Ka>Kp;oro ¢parMeHTa ycrattOBMTe rno6aJibtty10 orru;MIO. 

2. 3arpy3MTe ¢ai1:JI diamond-sizes.Rmd, ;n;ocTyrrttbIM rro a;n;pecy ht t ps : I I 
gi thub. com/hadley I r4ds/tree/master I rmarkdown. ,1J;o6aBbTe pa3p;eJI, 

onMcbrna10rn;MI1 20 caMbIX KpyrrttbIX 6pMJIJIMaHTOB, KOTOpb1i1: BKJIIO'laeT Ta6JIM­

u;y c orrMcaHMeM MX ttaM6oJiee Ba>KHblX aTpM6yToB. 

3. J13Mem1Te ¢a:i1JI diamonds-sizes. Rmd TaKMM o6pa30M, 'IT06b1 MO>KHO 6brno 

MCIIOJib30BaTb ¢YHKD;MIO comma () ;D;JIJI rroJiy'leHMJI aKKypaTHO ¢opMaTMpOBaH­

HOro Bbrno;n;a. BKJIIO'lMTe TaK>Ke Bbrno;n; rrpou;ettTHOJ1 p;OJIM 6pMJIJIMaHTOB c Be­

coM 6oJiee 2,5 KapaTa. 

4. HacTpoJ1Te ceTb ¢parMeHTOB, B KOTOpblX d 3aBMCMT OT c M b , a b M c 3a­

BMCJIT OT a . OpraHM3YMTe BbIBO;D; ;n;aTbl M BpeMeHM c ITOMOID;blO ¢YHKD;MJ1 

lubridate :: now () , 3ap;al1Te orru;MIO cache= TRUE, a 3aTeM rrpoBepbTe, rrpa­

BMJibHO JIM Bbl IIOHMMaeTe CMbICJI KenrnpoBaHMJI. 

YcrpaHeHHe HenonaAOK 
YcTpattettMe HerroJiap;oK B p;oKyMeHTax R Markdown MO>KeT CTaTb cepbe3HOH 

rrpo6JieMOM, ITOCKOJibKY Bbl y>Ke He HaxO;D;MTeCb B MHTepaKTMBHOM cpe;n;e R, M BaM 

rrpMp;eTCJI ornoMTb HOBb1e rrpMeMbI. ITepBoe, 'ITO Bbl Bcer;n;a ;n;oJI>KHbI ITbITaTbCJI c;n;e­

JiaTb, - 3TO BocrrpoM3BeCTM rrpo6JieMy B MHTepaKTMBHOM ceaHce. ITepe3arrycTMTe R 
M BblIIOJIHMTe KOMaH;n;y "Run all chunks" (c ITOMOID;bIO JIM6o MeHIO Code, JIM6o KOM-

6MHaD;MM KJiaBMlll <Ctrl+Alt+R>). ECJIM BaM ITOBe3eT, Bbl BOCI1pOM3Bep;eTe rrpo6JieM)' 

l1 CMO>KeTe orrpe;n;eJIMTb, 'ITO rrpoMCXO;D;MT Ha CaMOM p;eJie, B MHTepaKTMBHOM pe>KMMe. 

EcJIM yKa3aHHbie MepbI He rroMoryT, TO 3TO 03HaqaeT, 'ITO Me>K;n;y MHTepaK­

TMBHoi1: cpe;n;m1 M cpe;n;oi1: R Markdown cyw;ecrny10T KaKMe-To pa3JIM'IMJI. B rro­

;n;o6HbIX CMTyau;MJIX Bbl ;D;OJI>K.Hbl BHMMaTeJibHO MCCJiep;oBaTb OITD;MM. lfaw;e Bcero 

3TM cpep;bl pa3JIM'laIOTCJI pa60'lMl\1M KaTaJioraMM: pa60'!MM KaTaJIOfOM ;n;oKyMeHTa 

R Markdown JIBJIJieTcJI KaTaJior, B KOTopoM OH Haxo;n;MTCJI. ITpoBepbTe, cooTBeT­

CTByeT JIM pa6o'!MM KaTaJior BallIMM O>KM;D;aHMJIM, BKJIIO'IMB BO ¢parMeHT Bbl30B 

¢yttKD;MM getwd () . 

,lJ;aJiee Tll!aTeJibHO rrpoaHaJIM3i-tpyi1:Te B03MO>KHb1e rrpM'IMHbI OllIM6KM. BaM 

tty>KHbl cwcTeMaTM'leCKMe rro;n;TBep>K;n;eHMJI Toro, 'ITO 3TM rrpM'IMHbl op;MHaKOBbI B 
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ceattcax R YI R Markdown. ITpoiu;e Bcero 3TO MO)KHO cp;eJiaTb, ycTaHOBMB p;mr rrpo-

6JieMHoro cpparMeHTa orru;MIO error = TRUE YI MCIIOJib30BaB cpyHKIJ;MM print () YI 

str () ,JJ;JUI rrpoBepKM Toro, qTO rrapaMeTpbI HacTporiIKM COBrrap;aIOT c 0)KJ1,JJ;aeMbIMJ1. 

3aronoeoK VAML 
Bbl MO)KeTe yrrpaBJIJITb MHOfMMM p;pyrMMM OIIIJ;MJIMM, OTHOCJIIu;MMMCR KO BCeMy 

p;oKyMettTy, HaCTpaMBaJI rrapaMeTpbI B 3aroJIOBKe YAML. Bo3MO)KHO, Bae yp;MBMT 

pacurncppoBKa a66peBMaTypbI YAML: "yet another markup language" ( eiu;e op;viH 

Jl3bIK pa3MeTKM). 3TOT Jl3bIK rrpep;Ha3HaqeH ,JJ;JIJI rrpep;cTaBJieHMJI viepapxMqecKMX 

p;aHHbIX cnoco6oM, ynpoiu;aroiu;MM MX qTeHMe YI 3anMCb. 513bIK R Markdown MC­

rroJib3yeT YAML p;JIJI yrrpaBJieHMJI MHOrMMM p;eTaJIJIMM Bbrnop;a. HM)Ke MbI paccMo­

TPMM rrapaMeTpb1 p;oKyMeHTa vi 6M6JiviorpacpMqecKMe CCbIJIKM. 

napaMeTpbl 

~oKyMeHTbI R Markdown MoryT BKJIIOqaTb op;MH MJIVI HeCKOJibKO rrapaMeTpoB, 

3HaqeHMJI KOTOpbIX MO)KHO ycTaHaBJIMBaTb rrpM cpopMvipoBaHMM oTqeTa. 3TM rra­

paMeTpbl IIOJie3HbI B Tex CJiyqaJix, Korp;a Bbl XOTJ1Te 3aHOBO ccpopMYipoBaTb TOT )Ke 

oTqeT, HO c OTJIMqaroiu;MMMCJI 3HaqeHMJIMM Ba)KHblX BXO,!l;HbIX p;aHHblX. HarrpMMep, 

Bbl MO)KeTe co3p;aBaTb oTqeTbl o rrpop;a)Kax p;JIJI Ka)Kp;oro cpYIJIMaJia, pe3yJibTaTax 

cp;aqM 3K3aMeHOB Ka)K,JJ;blM J13 CTyp;eHTOB VIJIVI p;eMorpacpviqecKMe CBO,!l;KM no pa3-

HbIM CTpaHaM. ~JIJI o6'bJIBJiemrn op;Horo VIJIM HeCKOJibKMX rrapaMeTpOB J1CIIOJib3YM­

Te rroJie pararns. 
B rnep;yroiu;eM rrpviMepe rrapaMeTp my_ class orrpep;eJIJieT, p;aHHbie o KaKoM 

KJiacce aBTOM06MJieriI ,!l;OJI)KHbl OTo6pa)KaTbCJI. 

output : html_document 
params: 

my_ class : "suv" 

'''{r setup, include 
library (ggplot2) 
library (dplyr) 

FALSE} 

class <- mpg %>% filter(class params$my_class) 

# Fuel economy for r params$my_class's 
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'''{r, message= FALSE} 
ggplot(class, aes(displ, hwy)) + 

geom_point() + 
geom_smooth(se = FALSE) 

KaK MO)f(HO BJtip;eTb, rrapaMeTpbI rrpJticyTcTBYIOT B Kop;e cpparMeHTOB B BJtip;e 

crrJtICKa params, p;ocTyrrttoro TOJibKO p;JIJI qTeHJtIJI. 

AToMapttbie BeKTopbI MO)f(HO BKJIIOqaTb tterrocpep;cTBetttto B YAML-saroJIOBOK. 

Bbl TaK)f(e MO)f(eTe BbIITOJIHJITb rrpoJtI3BOJibHbie Bb1pa)f(eHJtIJI, rrpep;BapJIJI sttaqettJtie 

rrapaMeTpa rrpecpHKCOM ! r . 3To tterrnoxoi1: crroco6 yKasattJtIJI rrapaMeTpoB p;aTbI/ 

BpeMeHJtI. 

params: 
start: !r l ubridate: :yrnd ("2015-01-01 " ) 
snapshot: !r lubridate: :yrnd_hrns ("2 015- 01 - 01 12:30 : 00 " ) 

B RStudio MO)f(HO yCTattoBJtITb rrapaMeTpbI, ccpopMMpoBaTb JtI rrpep;BapJtITeJibHO 

rrpocMoTpeTb OTqeT, liieJIKHYB Ha onu,JtIJtI "Knit with Parameters" B paCKpbrnaIO­

liieMCJI MeHIO Knit. Bbl MO)f(eTe ttaCTpOMTb p;Hanor, ycTaHOBMB p;pyrJtie orru,JtIM B sa­

ronoBKe. Eonee nop;po6ttaJI MttcpopMaU,MJI no 3TOMY rroBop;y p;ocTyntta no ap;pecy 

http ://bit.ly/ParamReports. 
EcJIM tteo6xop;JtIMO cosp;aTb Mttoro nop;o6ttbIX napaMeTpHsoBattttbIX oTqeTOB, 

MO)f(HO nocTynJtITb JtIHaqe, BbI3BaB cpyttKU,JtlIO rmar kdown: : render () co cnJtICKOM 

pa rams . 

rmarkdown : : render ( 
"fuel-economy . Rrnd" , 
params = list (my_class "suv" ) 

3To oco6etttto p;ei1:crnetttto B coqeTaHJtIJtI c BbI30BOM cpyttKU,MJtI purrr: pwalk () . 
B npJtIBep;ettHOM HJtI)f(e npJtIMepe cosp;aeTcJI oTqeT p;JIJI Ka)f(p;oro sttaqettMJI class, 
o6ttapy)f(ettttoro B mpg. Cttaqana MbI cosp;aeM cppei1:M p;attttbIX, KOTOpb1i1: cop;ep)f(JtIT 

no op;ttoi1: CTpoKe p;JIJI Ka)f(p;oro KJiacca, npep;ocTaBJIJIJI JtIMJI cpai1:na oTqeTa JtI rrapa­

MeTpbI. 

reports <- tibble ( 
class = unique (mpg$class ), -
filename = stringr : : str_c ("fuel-economy- " , class , ".html" ) , 
params = purrr : :map (class , - list (my_class = . ) ) 

reports 
#> # A tibble: 7 x 3 
#> class filename par ams 
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#> <chr> <chr> <list> 
#> 1 compact fuel-economy-compact.html <list [l]> 
#> 2 midsize fuel-economy-midsize.html <list [l]> 
#> 3 SUV fuel-economy-suv.html <list [l]> 
#> 4 2seater fuel - economy- 2seater.html <list [l] > 
#> 5 minivan fuel - economy-minivan.html <list [l] > 
#> 6 pickup fuel-economy-pickup.html <list [l] > 
#> # ... with 1 more rows 

3aTeM Mbl C0110CTaBJrneM MMeHa CTOJI6ll,OB c J1MeHaMJ1 apryMeHTOB cpyHKll,J1J1 

render () 1111c110Jib3yeM Bap11aHT cpyttKll,MM walk () M3 11aKeTa purrr, 11pe.n;tta3Ha­

'IeHHblM ,ll;JIJ:! napanneJlbHblX Bbl'IJ1CJieHJ1M, 'IT06bl Bbl3BaTb cpyHKll,MIO render () 110 

O,ll;HOMY pa3y ,ll;JIJ:! Ka)K,ll;OM CTpOKJ1. 

r epor t s %>% 
select (out put_fi le = filename , params ) %> % 
purrr : : pwalk ( rmarkdown : : render , i nput = " fuel - economy. Rrnd " ) 

KottBepTep pandoc MO)KeT aBTOMaTM'IeCKM rettep11poBaTb ll,MTaTbl 11 6116rr110-

rpacp11qecK11e CCbIJIKJ1 B pa3JIJ1'IHblX CTMJIJ:!X. 'lTo6bl BOC11071b30BaTbCJ:! 3TOM B03-

MO)KHOCTbIO, Bbl ,ll;OJl)l(Hbl yKa3aTb cpati:JI, co.n;ep)Kalll,MM 6116m10rpacp11qecK11e 

CCbIJIKM, c 110MOlll,bIO 110715:! bibliography B 3afOJIOBKe CBOero cpati:Jia. 3TO 110Jie 

,ll;OJI)KHO co.n;ep)KaTb 11YTb M3 KaTaJIOra, B KOTOpOM co.n;ep)KHTCJ:! Barn .Rmd-cpati:JI, K 

cpati:rry, co.n;ep)Kalll,eMy 6116rr11orpacp1110: 

bibliography: rmarkdown.bib 

Bbl MO)KeTe 11c110Jib30BaTb rr1060J1 M3 MHO)KeCTBa pac11pocTpatteHHblX 6116rr110-

rpacp11qecK11x cpopMaToB, BKJIIO'IaJI BibLaTeX, BibTeX, endnote 11 medline. 

,UJIJI C03,n;aHMJ:! ll,MTaTbl B .Rmd-cpati:Jie crre.n;yeT MC11071b30BaTb KJIIO'I, COCTOJ:!lll,MM 

J13 CMMBOJia "@" U UOeHmuifJUKamopa u,umambl M3 cpaJ1Jia 6116JIMorpacpHM. ,Uarree 

crre.n;yeT ll,MTaTa, 3aKJIIO'IeHHaJI B KBa,n;paTHbie cKo6KM. CooTBeTCTBYIOlll,Me 11pMMe­

pb1 11pMBe,n;eHbl HM)Ke. 

):\nR pasgeneHMR HeCKOnbKMX UMTaT MCTIOnb3YMTe CMMBOn 
Blah blah [@smith04; @doe99]. 

):(onycKaeTCR BKnIOY:eHMe KOMMeHTapMeB B KBagpaTHblX CKOOKax: 
Blah blah [see @doe99, pp. 33-35; also @smith04, ch . l]. 

BcTpOeHHhle UMTaThl cosga~TCR nyTeM yganeHMR KBagpaTHhlX CKOOOK : 
@smith04 says blah MnM @smith04 [p. 33] says blah. 
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~nR rronaBneHMR BhlBO~a MMeHM aBTopa ITOMeCTMTe CMMBOn '-' rrepen UMTaTOH: 
Smith says blah [-@smith04]. 

B npou,ecce B113yarr113au,1n1 Bawero cpaiima R Markdown co3.n;acT fo16rr11orpa­

¢w1ecK11i1: cn11coK 11 npHcoe.n;l1HJ1T ero K KOHIJ,Y .n;oKyMeHTa. 3TOT cn11coK 6y.n;eT 

BKJIIO'laTh Ka)K.n;y10 J13 IJ,11TMpyeMbIX CChIJIOK, co.n;ep)Ka~l1XCJI B 6M6JIMorpacp11qe­

CKOM cpaM:rre, HO He 6y.n;eT co.n;ep)KaTh 3arorroBoK pa3.n;erra. KaK crre.n;cTB11e, 06~e­

np11H>1Toi1: npaKTMKOM >IBJI>IeTrn 3aBepweH11e cpaM:rra 3arorroBKOM pa3.n;erra 6116rr110-

rpa¢1111, TaKl1M KaK # References l1JI11 # Bibliography. 

CTl1Jih u,11TaT J1 6M6rr11orpacpw1ecK11x CChIJIOK MO)l(HO l13MeHMTh, cocrraBw11cb Ha 

cpaiiIJI c pacw11peH11eM CSL (oT Citation Style Language - >I3hIK CTl1JieBoro ocpopM­

rreH11>1 u,11TaT). 

bibliography: rmarkdown.bib 
csl: apa.csl 

KaK 11 B crryqae norr>1 bibliography, Barn CSL-cpaM:rr .n;oJI)l(eH co.n;ep)l(aTh nyT 

K cpaM:rry. B .n;aHHOM rnyqae MhI npe.n;norraraeM, 'ITO CSL-cpaM:rr Haxo.n;11Trn B op;Ho 

KaTarrore c .Rmd-cpaM:rroM. Henrroxy10 KOJIJieKu,1110 CSL-cpaM:rroB .n;rr>1 pacnpocTpa 

HeHHbIX 6116rrHorpacp11qecK11x cT11rrei1: MO)l(HO HaiiIT11 no a.n;pecy http : I I git hub. 

com/citation- style-language/styles. 

AononHMTenbHaH MHcf>opMal.\HH 
5I3hIK pa3MeTKJ1 R Markdown OTHOC11TeJihHO HOBbIM 11 npo.n;orr)l(aeT 6bICTp 

pa3Bl1BaTbC>I. Jiyqllil1M MeCTOM ,Il;lI>I 03HaKOMJieHl1>1 c caMbIMl1 nocrre.n;Hl1Ml1 HOB 

llieCTBaM11, BBe.n;eHHbIMl1 B 3TOT >I3hIK, >1BJI>1eTc>1 0¢11u,11a11hHhIM caiiIT R Markdown 

Haxo.n;>1~11M:rn no a.n;pecy http : I /rmarkdown. rstudio. com. 

3Ta rJiaBa He OXBaTbIBaeT .n;Be Ba)l(Hbie TeMhl: opraHl13aIJ,J1IO COBMeCTHOM pa 

6oTbI 11 o6MeH 11,!l;e>IMM c .n;pyr11M11 JIIO,!l;hMl1. CoTpy.n;H11'leCTBO >1BJI>1eTc>1 HeOT'h 

eMJieMOM '!aCTbIO COBpeMeHHOM HayK11 0 .n;aHHbIX, J1 Bbl MO)l(eTe 3Ha'll1TeJibHO o6-

rrer'll1Tb ce6e )l(l13Hh, l1CnOJib3Y>I TaK11e cpe.n;cTBa ynpaBJieHJtI>I Bepc11>1M11, KaK Gi 

11 GitHub. ,Il;rr>I 06yqeH11>1 pa6oTe c Git MO)l(HO nopeKoMeH.n;oBaTh .n;Ba rne.n;y10~ 

6ecnrraTHbIX l1CTO'!Hl1Ka. 

• Happy Git and GitHub for the useR (Jenny Bryan). KH11ra npe.n;Ha3Ha'leH 

,Il;JI>I nepBoro 3HaKOMCTBa co cpe.n;crnaMJtI Git J1 GitHub M OTKpbITa .n;rr>1 6ec 

nrramoro .n;ocTyna no ap;pecy http : I /happygi twi thr. com/ . 

• fllaBa "Git and GitHub" 113 KHl1rM R Packages (X3,Il;JIM Y11KeM). TaK)l(e OT 

KpbITa .n;rr>1 6ecnrraTHoro .n;ocTyna no a.n;pecy http: I I r - pkgs. had. co . nz 

git . html. 
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rnABA 22 

06MeH rpa~MKOM 
c noMO~btO naKera ggplot2 

B maBe 5 Bbl 03HaKOMJ1JU1Cb c MCITOJib30Bam1eM rpaqmKOB B Ka'leCTBe MCCJiep;o­

BaTeJibCKoro MHCTpyMeHTa. Kor;n;a rpacpMKM co3p;a10TCR p;JIR pa3Bep;o'lHblX Mcrne­

p;0Bam1M., Bbl MO>KeTe 3apaHee, ern,e He BM;D;R rpacpMKa, CKa3aTb, KaKMe rrepeMeHHbie 

6y;n;yT Ha HeM OTo6pa>KaTbCR. ITpM 3TOM Bbl cTpOMTe Ka:>Kp;b1M rpacpMK c orrpe;n;e­

JieHHOM u;eJibIO M rrorne ero 6bICTporo M3y'leHMR Mo:>KeTe rrepetiTM K rne;n;y10rn,eMy 

rpaqmKy. B 6oJibIIIMHCTBe rnyqaeB B xop;e attaJIM3a co3p;a10T p;ecRTKM MJIM coTHM 

rpaqmKOB, 6 0JibIIIYIO qacTb KOTOpblX HeMep;JieHHO BbI6pacbIBaIOT B KOp3MHy. 

Pa3o6paBIIIMCb B TOM, 'ITO 03Ha'laIOT BaIIIM p;aHHbie, Bbl p;oJI:>KHbl rrop;eJIMTbCR 

3TMM rroHMMaHMeM c ;n;pyrMMM JIIO;D;bMM. CKopee Bcero, BaIIIa ayp;MTopMR He MMeeT 

Toro o6'beMa rrop;rOTOBKM JI[ 3HaHMM, KOTOpblMJ![ o6nap;aeTe Bbl, JI[ y Hee He 6yp;eT 

BpeMeHM my6oKO BHMKaTb B 'IY:>KMe p;aHHble. lfro6bl o6Jier'IMTb ;n;pyrMM JIIO;D;RM 

3ap;aqy 6hlcTporo ITOCTpOeHMR MblCJieHHOM MOp;eJIM BaIIIMX p;aHHbIX, Bbl ;D;OJI)KHbl 

rrpMJIO:>KMTb 3Ha'IMTeJibHbie ycMJIMR K TOMy, 'IT06bl rpacpMKM B KaK MO:>KHO 6oJib­

IIIeM cTerreHM roBopMJIM caMM 3a ce6R. B 3TOM maBe Bbl rro3HaKOMMTecb c HeKo­

TOpblMM MHCTpyMeHTaMM, rrpep;OCTaBJIReMblMJ![ ;D;JIR 3TOM u;eJIM rraKeTOM ggplot2. 
B maBe OCHOBHOe BHMMaHMe yp;eJIReTCR MHCTpyMeHTaM, KOTOpble ITOHa;n;o6RT­

CR BaM ;D;JIR co3p;aHMR 3cpcpeKTMBHOM rpacpMKM. ITonaraeM, Bbl RCHO rrpep;cTaBJIRe­

Te, qero XOTMTe, M BaM ocTaeTcR JIMIIIb Y3HaTb, KaK 3TO MO:>KHO cp;eJiaTb. IToToMy 

HaCTORTeJibHO peKOMeHp;yeM ;D;OITOJIHMTeJibHO rrpo'IMTaTb KaKyIO-HM6yp;b 06w,y10 

KHMry, ITOCBRW,eHHYIO TeMe BM3yaJIM3aIJ;MM. llM'IHO HaM HpaBMTCR KHMra The 

Truthful Art (Albert Cairo). B HeM paccMaTpMBaIOTCR He 'IMCTO TeXHM'lecKMe BO­

rrpocbI BM3yaJIM3aIJ;MM, a TO, Hap; 'leM BaM CJiep;yeT 3ap;yMbIBaTbCR ;D;JIR Toro, 'IT06bI 

C03;D;aBaTb 3cpcpeKTMBHYIO rpacpMKy. 



Heo6xoAlllMble pecypcb1 

B 3TOM rnaBe B u,ettTpe ttarnero BH11Mamrn BHOBb 6y,n;eT Haxo,n;11TbCJI rraKeT 

ggplot2. B He6oJibrnoM: CTerreH11 Mbl TaK>Ke 6y,n;eM 11CTIOJib30BaTb rraKeT dplyr ,n;JIJI 

MaH11rryn11poBaH11JI ,n;aHHblM11 11 HeCKOJibKO rraKeTOB pacw11peH11M ggplot2, BKJIIoqaJI 

ggrepel 11 viridis. BMecTo Toro qT06b1 3arpy>KaTb yKa3aHHbie rraKeTbI, MbI 6y,n;eM 

JIBHO CCbIJiaTbCJI Ha J1X <PYHKIJ,1111 c IIOMOIIJ,bIO HOTall,1111 : : . Enaro,n;apJI 3TOMY Bbl 6y­

,n;eTe TOqHo 3HaTb, KaK11e <PYHKIJ,1111 BCTpoeHbl B rraKeT ggplot2, a KaK11e 6epyTrn 113 

,n;pyr11x rraKeToB. He 3a6brnal1Te o TOM, qTo BaM rrp11,n;eTrn yCTaHOB11Tb 3Tl1 rraKeTbl 

c rroMOIIJ,bIO KOMaH,n;bI install. packages () , ern11 3TO He 6brno c,n;enatto pattee. 

library (tidyverse ) 

PaccM0TpeH11e TeMbl rrepexo,n;a OT 11ccne,n;oBaTeJibCKOM rpa<P11K11 K o6'hJICH11-

TeJibHOM rrpoIIJ,e Bcero HaqaTb c 06cy>K,n;ett11JI rro,n;rr11ceM:. I10,n;rr11c11 ,n;o6aBJIJIIOT 

c IIOMOIIJ,bIO <PYHKIJ,1111 labs () . BOT rrpocTOM rrp11Mep ,n;o6aBJieH11JI Ha3BaH11JI rpa­

<P11Ka (p11c. 22.1). 

ggplot (rnpg , aes (displ , hwy )) + 
georn_point (aes (color = class )) + 
georn_srnooth (se = FALSE ) + 
labs ( 
t itle = paste ( 

) 

) 

"Fuel efficiency generally decreases with", 
"engine size" 

IJ;eJib Ha3BaH11JI rpa<P11Ka - rrpe,n;ocTaB11Tb KpaTK11e CBe,n;eH11JI 06 OCHOBHOM pe-

3YJibTaTe. J136eral1Te Ha3BaH11M, KOTOpble JI11lUb OII11CbIBaIOT, qTo co6oJ1: rrpe,n;cTaB­

JIJieT rpa<P11K, Harrp11Mep: ''A scatterplot of engine displacement vs. fuel economy''. 

B Tex cnyqaJix, Kor,n;a Heo6xo,n;11Mo ,n;o6aB11Tb 6onbrne TeKcTa, Mo>KeTe BOC­

IIOJib30BaTbCJI ,D;BYMJI ,n;pyr11M11 IIOJie3HbIM11 Bap11aHTaM11 C03,D;aH11JI rro,n;rr11ceJ1:, ,n;o­

cTyrrHblM11 B BepC11JIX rraKeTa ggplot2 2.2.0 11 6onee HOBblX (KOTOpble y>Ke ,D;OJI)KHbl 

6bITb co3,n;aHbl K TOMY BpeMeHJ1, Kor,n;a Bbl 6y,n;eTe q11TaTb 3TY KH11ry): 

• rrapaMeTp subtitle ,n;o6aBJIJieT ,n;orroJIH11TeJibHOe rro,n;po6Hoe orr11caH11e 

BbIBO,D;l1MOe rro,n; Ha3BaH11eM 6onee MeJIK11M rnp11<PT0M; 

• rrapaMeTp caption ,n;o6aBJIJieT B npaBoM Hl1>KHeM yrny rpa<P11Ka TeKcT, KO­

TOpb1J1: qacTO 11CIIOJib3YIOT ,D;JIJI orr11caHl1JI 11CTOqH11Ka ,n;aHHblX (p11c. 22.2). 
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ggplot (rnpg , aes (displ , hwy )) + 
geom_point (aes (color = class )) + 
georn_srnooth (se = FALSE ) + 
labs ( 

title = paste ( 

• • • • • 
' 
6 

"Fuel efficien~y generally decreases with ", 
"engine size " 

) ' 
subt i tle = paste ( 

' 
7 

"Two seat ers (sports cars) are an exception" , 
"because of their light weight " 

) ' 
caption = "Dat a from f ueleconorny.gov" 

class 

• 2seater 

• compact 

• midsize 

minivan 

pickup 

• subcompact 

e SUV 

<PyHKlJ;JUI: l abs ( ) TI03BOJUCeT J13MeHJ1Tb Ha3BaHJ15I oceti: J1 JiereHp;bI. 06bJqHo 

Bcerp;a HeTIJIOXO 3aMeHMTb KOpOTKMe MMeHa nepeMeHHbIX 6onee nop;po6HbIMJ1 

OTIMCaHJ15IMJ!I J1 yKa3aTb ep;MHMIJ,bl J13MepeHJ15I (pMc. 22.3). 

ggplot (rnpg , aes (displ , hwy )) + 
geom_point (aes (color = class )) + 
geom_smooth (se = FALSE ) + 
labs ( 

x = "Engine displacement (L) " , 
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y = "Highway fuel economy (mpg)" , 
col our = "Car type" 

Fuel efficiency generally decreases with engine size 
Two seaters (sports cars) are an exception because of their light weight 
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class 

2seater 

compact 

• midsize 

minivan 

pickup 

subcompact 

SUV 

Car type 

2seater 

compact 

• midsize 

minivan 

pickup 

subcompact 

SUV 



BMecTo TeKCTOBbIX cTpoK MO)l(HO MCIIOJib30BaTb MaTeMaTJ1qecKMe Bbipa)l(e ­

HMJI . .D,JI5I 3TOro )J;OCTaToqHo OTKa3aTbC5f OT KaBbiqeK J1 J1CIIOJib30BaTb cpyHKll,MIO 

quote ( ) ) rrpep;BapMTeJibHO 03HaKOMJ1BIIIJ1Cb c )J;OCTYIIHbIMJ1 OII11,J15IMJ1 c IIOMOill,bIO 

KOMaH)J;bI ?plotmath (pMc. 22.4). 

df <- tibble ( 
x = runif (10 ), 
y = runif ( 10 ) 

ggplot (df , aes (x , y ) ) + 
geom_point () + 
labs ( 

x = quote (sum (x [i ] A 2, i == 1, n )), 
y = quote (alpha + beta + frac (delta , theta )) 

1.00-

• 
0.75-

60 I°' 
+ 

co.. 0.50-
+ 
ts • • 

• 
0.25-

• 
• • 0 oo- I I I I 

0.0 0.2 0.4 0.6 
n 
I,x~ 
i=1 I 

Puc. 22.4 

Ynpa>1<HeH1..u1 

• 

• 

• 
I 

0.8 

1. Co3p;ai1Te O)J;MH rpacpMK Ha ocHoBe p;aHHbIX no pacxop;y TOIIJIMBa, M3MeHMB 

B HeM 3aroJIOBOK (rryTeM BKJIIOqeHJ15f B Hero )J;OIIOJIHMTeJibHOro IIO)J;3aroJIOBKa) 

J1 IIO)J;IIJ1CJ1 ocei1: J1 BKJIIOqJ1B l(BeTHbie MeTKJ1. 

2. <!>yHK11,J15I geom_ smooth ( ) MO)l(eT BBO)J;J1Tb B 3a6Jiy)l()J;eHJ1e, IIOCKOJibKY C03 -

p;aeT HeKOTOpbIM rrepeKOC B 3HaqeHJ15IX rrepeMeHHOM hwy B 6 0 JibIIIYIO CTOpo ­

HY )J;JIJI MHOrOJIMTpa)l(HbIX )J;BMraTeJiei1:, BbI3BaHHbIM p;aHHbIMM )J;JIJI nerKMX 

r11asa 22. 06MeH rpaqH1Koi1 c noMOl!lb tO naKera ggplot2 537 



cnopTJ1BHbIX aBTOMoforneH: c MOIIJ;HbIMM ,il;BI1faTeJUIMI1. J1cnOJib3YMTe CBOI1 

cpep;CTBa MO,D;eJII1pOBaHI15I ,il;ll5I TIOCTpoeHI15I I1 OT06pa:>KeHI15I lIY'"lllleM MO,D;eJIM. 

3. )J;o6aBbTe B KaKOM-JII160 I13 C03,D;aHHblX BaMM 3a rrorne,ri;HMM MernQ I1CCJiep;o­

BaTellbCKI1X rpaqrnKOB I1HcpopMaTMBHbie Ha3BaHI15I, 06nerqa10rn;Me TIOHMMaHMe 

rpacpMKa ,ri;pyrMMI1 JIIO,il;bMM. 

AHHora~MM 

KpoMe ,ri;o6aBJieHI15I nop;nMceH: K OCHOBHblM KOMTIOHeHTaM rpacpMKa, qacTO Qe­

Jiecoo6pa3HO CHa6:>KaTb no,ri;nMrnMM oTp;eJibHbie Ha6n10,ri;eHMR MJIM rpynnhI Ha6mo­

p;eHMM. B nepByIO oqepep;b o6paTMTe BHMMaHMe Ha cpyHKQMIO geom - text () . 0Ha 

aHaJIOfM'!Ha cpyHKQI1I1 geom_point () ,HO MMeeT ,il;OTIOJIHMTeJibHbIM BM3yaJibHbIM 

aTpM6yT: label . 3To TI03BOJI5IeT ,ri;o6aBJI5ITb Ha rpacpMK TeKCTOBbie MeTKM. 

Cyrn;ecTBYIOT p;Ba B03MO:>KHbIX MCTO'IHMKa MeTOK. Tipe:>Kp;e Bcero, y Bae Mo:>KeT 

6bITb tibble- cppeH:M, KOTOpbIM MX npe,ri;ocTaBJI5IeT. I1pMBe,ri;eHHblM HM:>Ke rpacpMK He 

oco6eHHO TIOJie3eH, HO OH MJIJllOCTpMpyeT O,il;MH 3cpcpeKTI1BHblM no,ri;xo,ri;, cyTb KOTO­

poro CBO,D;I1TC5I K onpe,ri;eJieHMIO HaM6oJiee 3KOHOMI1'1H0f0 aBTOM06MJI5I B Ka:>K,D;OM 

KJiacce M CHa6:>KeHMIO ero nop;nMCblO Ha rpacpMKe (pMc. 22.5). 

best_in_class <- mpg %>% 
group_by (class ) %> % 
filter (row _nurnber (desc (hwy )) == 1) 

ggplot (rnpg , aes (displ , hwy )) + 
geom_point (aes (color = class )) + 
geom_text (aes (label = model ), data = best_in_c l ass ) 

Pa306paTbrn B 3TOM rpacpMKe o'!eHh Tpy,ri;Ho M3-3a HaJio:>KeHMR nop;nMceH: Ha 

,ri;pyrMe nop;nMCM M TO'IKM ,ri;aHHbIX. 3To MO:>KHO HeMHoro yny'lllIMTb, MCTIOJib30BaB 

cpyHKQMIO geom_ label () , KOTOpaR Bbl'lep'IMBaeT npRMoyrOJibHMK TI03ap;M TeKCTa 

(pMc. 22.6). KpoMe Toro, MbI MCTIOJib3YeM napaMeTp nudge y p;nR He3Ha'IMTeJibHO­

ro CMern;eHMJI nop;nMceH: B HanpaBJieHMI1 BBepx OT COOTBeTCTBYIOIIJ;MX TO'leK. 

ggplot (rnpg , aes (displ , hwy )) + 
geom_point (aes (color = class )) + 
geom_label ( 

aes (label = model ) , 
data = best_in_class , 
nudge_y = 2, 
alpha = 0 . 5 

538 4aCTb V. KoMMyH111Ka4111R 



40-

30-

20 -

40 -

20 -

nevjelltletle 

• • • • • • • • attima 
• • • $ • 

• • foresJer awd 
• • 9 

caravaf'.l 2~d 

• • • • • • ••• 

toyota tacoma 4wd 

' 
2 

nevVcll>eetle l 

• 

• 
• • • •• 

' 
2 

• 

3 

• 
• 

. 
3 

• 

• • • •• 

• 
•• 
• • 

• •• 

' ' 4 5 

• 
•• 
• 

,, 

displ 

Puc. 22.5 

• • • • 
•• • • • 
•• 
• 

dis pl 

• 

. 
5 

Puc. 22.6 

con1ette • • 
• 

•• • • •• • • • • • • • 
. 
6 

I corvette l 
• • 
• 

•• • • •• • • • • • • • 
. 
6 

• • 

• 

• 

' 
7 

• 

• 

' 
7 

class 

2seater 

• compact 

• midsize 

minivan 

pickup 

subcompact 

• SUV 

class 

• 2seater 

• compact 

• midsize 

• minivan 

pickup 

subcompact 

SUV 

3To HeMHOfO IIOMOflIO, HO ecm1 BHJ1MaTeJibHO rrpMCMOTpeTbC}[ K JieBOMY Bepx­

HeMy yrny rpaqmKa, TO MO)KHO 3aMeTJ1Tb, '-ITO p;Be IIO)J;IIJ1CJ1 rrpaKTJ1'-IeCKJ1 IIOJIHO­

CTbIO rrepeKpbIBaIOTCH. TaK rrpo1130lll7IO rroToMy, '-ITO 3Ha'-!eHJ1H rrepeMeHHbIX hwy 
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J1 displ ,ll/UI HaJ16onee 3KOHOMJ1'1HbIX KOMilaKTHbIX J1 c y 6KOMIIaKTHbIX aBTOM06J1-

Jiei!J: B ToqHoCTM coBnap;aroT. He cy:w;ecTByeT cnoco6a McnpaBMTh 3TOT Hep;ocTaToK 

nyTeM npMMeHeHJ1JI O,ll;HOfO J1 Toro )Ke npeo6pa30BaHJ151 K Ka)!(,ll;OM J13 TIO,ll;TIJ1Ceilr. 

BMecTO 3Toro MO)!(HO MCnOJih30BaTb naKeT ggrepel (pa3pa60PrnK KaMMJih CnoBM­

KOBCKM) . OH aBTOMaTw:1eCKJ1 KoppeKTMpyeT pacnoJIO)!(eHMe nop;micei/J: TaKMM o6-

pa30M, qT06bI OHM He nepeKpbIBaJIJ1Cb (pHc. 22.7). 

ggplot (mpg , aes (displ , hwy )) + 
geom point (aes (color = class )) + 
geom_point (size = 3, shape = 1, data best_in_class ) + 
ggrepel : :geom_label_repel ( 

>, 
s: 

..c: 

aes (label = model ) , 
data = best in class 

new beetle 
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06pan1Te BHJ1MaHJ1e Ha e:w;e O,ll;J1H TIOJie3HbIM npMeM, KOTOpbIM 6hrn 3,ll;eCb J1C­

IIOJib30BaH: ,ll;lIJI BbI,ll;eJieHJ15:1 TO"':leK, CHa6)!(eHHbIX TIO,!J;IIJ1CJIMJt1, Mbl p;o6aBJ1JIJ1 BTO­

poilr cnoilr c KpynHhIMM TIOJihIMJ1 MapKepaMM Toq eK p;aHHhIX. 

l1Horp;a TY )Ke Mp;ero MO)!(HO McnoJib30BaTb p;nH 3aM eHbI nereH,ll;hI nop;nMCJIMM, 

pacnoJIO)!(eHHhIMM Henocpep;cTBeHHO Ha rpa<l>MKe ( pwc. 22.8) . .IJ:nH p;aHHoro rpa­

<l>MKa 3TOT rrpMeM He oqeHb IIO,ll;XO,ll;J1T, HO B u;eJIOM OH ,ll;OBOJibHO ::i<t><l>eKTJ1BeH. 

(.IJ:nJI OTKmoqeHJ15:1 JiereH,!J;bI MO)!(HO BOCIIOJib30B aTb CJI KOMaH,ll;OM theme (legend . 
position = "none " ) ; BCKop e MhI 06 3TOM nor oBopMM .) 
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class_avg <- mpg %>% 
group_by (class ) %>% 
summarize ( 

displ = med: an (displ) , 
hwy = median (hwy) 

ggplot (mpg , aes (displ , hwy , color = class )) + 
ggrepel : : geom_ label __ repel ( aes (label = class ) , 

data = class_avg , 
size = 6, 
label. size = 0, 
segment . color NA 
+ 

gecm_poi::.i: ( ) + 
i:heme (legend.position 
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Bo3MmKHO, Bbl s axonne p;o 6 aBMTb Ha rpaqmK T071bKO op;Hy nop;nMcb, HO p;7151 

::noro BaM BCe paBH O TIOTpe6y eTC51 cosp;aTb tj:>peiiM p;aHHbIX . q aCTO )Ke71aTe71bHO 

p;o6aBJ1Tb TIO)J;TIJ1Cb B y rny rpa tj:>MKa, TI09TOMY )];7151 Bbl'IJ1C71eHJ151 MaKCJ1Ma71bHbIX 

3Ha'IeHJ1M x J1 y yp;o 6 H O cosp;aTb H OBbIM tj:>peiiM p;aHHbIX, J1CTI071b3Y51 tj:>yHKIJ;MIO 

summarize () (p11c. 22.9) . 

label <- mpg %>% 
summarize ( 

displ = max (displ ) , 
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hwy = max (hwy ), 
label = paste ( 

"Increasing engine size is \nrelated t o" 
"decreasing fuel economy . " 

ggplot (mpg , aes (displ , hwy )) + 
geom _point () + 
geom_ text ( 

aes (label = label ) , 
data = label , 
vjust "top" , 
hjust = "right" 

40 -

30-
>-s: .c 

20 -

• • 
• 

• 
• 

• • • • • 
• • 
• • 

• • • • • • • • • • • • • • •• • • • • • •• • 

' 
2 

• • •• • • 
• 

• • • • • • •• •• •• • • • 
• • 

• 
•• 

. 
3 

• • • • • • • • • • • • • • • •• 
• 

' 
4 

• 

• • 

Increasing engine size is 

related to decreasing fuel economy . 

• • • • • • • • • • • •• • • • • • •• • • • • • • •• • • •• • •• • • • • 
• 

' ' ' 
5 6 7 

displ 

Puc. 22.9 

ECJrn xon1Te pacrrOJIO)l(HTb TeKCT TOqHo B)J;OJlb rpaHJ.11( rpaqrnKa, HCTIOJib3YMTe 

OIIL\HH +Inf H - Inf. ITocKOJibKY Terrepb p;mi: Bb1qucrreHHJI rro3H1(HH He Tpe6yeT­

cJI HCTIOJib30BaTb p;aHHbie mpg, Mbl MO)l(eM C03p;aTb cj:>pei1M p;aHHbIX c IIOMOI1(bl0 

cj:>yHKL(HH tibble () (pHc. 22. 10) . 

label <- tibble ( 
displ = Inf , 
hwy = Inf , 
label = paste ( 
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"Incr easing engine size is nre l a ted to " 
"decreasing fuel economy." 

ggplot (mpg , aes (displ , hwy )) + 
geom_point () + 
geom_i:exi:. ( 

aes (label = label) , 
data = label , 
vjus t "top" , 
hjust = "right " 

• Increasing engine size is 

related to decreasing fuel economy . 
• 40 -

• • • • • • • • • •• • • • • • • • •• • • • • • • • • •• • • • • • • • • • • •• • • • • • • • • • •• • • • • •• •• • • • • • • • • • • • • • • • • • • 20 - • • •• • • • •• • • • • • • •• •• •• • •• • • • • • • •• • • • •• • •• • • • • 
• 

' ' ' ' ' ' 
2 3 4 5 6 7 

displ 

Puc. 22.10 

B 3TJ1X rrp11Mepax MbI BPY'fHYIO rrepettoc11JI11 TeKCT Ha p;pyry10 CTpoKy, 11crroJib -

3YJI CJ1MBOJibI "\n " . ,[(pyroi:1 rrop;xop; 3aKJIIOq aeTcJI B aBTOMaT11qecKOM p;o6aBJieH1111 

CJ1MBOJIOB pa3pbrna CTpOKJ1 c IlOMOll.J;bIO <i>YHK11,J1J1 stringr: : str _wrap () ) KOTO­

poi:1 B KaY:eCTBe apryMeHTa n ep ep;aeTCJI Tpe6yeMoe KOJIJ11.J:eCTBO CJ1MBOJIOB B CTpoKe. 

"Increasing engine size re!ated to decreas i ng fuel economy ." %> % 
stringr : : si::::-_\·;:cap (width = "~ ) %>% 
w:cH.e~iYies () 

#> I ncreas ing engi ne size is related to 
#> decreas ing f uel economy . 
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06pan1Te BHJ!IMaHJ!Ie Ha OIIIJ;J!IJ.1 h just J.1 vj us t , J.1CIIOJib3YeMhie )J;JI51 yrrpaBJie­

HJ.151 BbipaBHJ!IBaHJ!IeM IIO)J;IIJ!ICJ.1 . .IJ:eB51Tb B03MO)l(HbIX KOM6J.1Hau;J.1J1: J!IX 3Ha'leHJ.1M 

IIOKa3aHbI Ha pMc. 22.11. 

1.00- hjust = 'left' hjust = center' hjust = 'right 

vjust = 'top' vjust = 'top' vjust = 'top' 
0.75 -

0.50 ~ 
hjust = 'left' hjust = 'center' hjust = 'right' 
• • • 
vjust = 'center' vjust = 'center' vjust = 'center' 

0.25 -

hjust = 'left' hjust = 'center' hjust = 'right' 

0.00 - ,yjust = 'bottom' vjust = !bottom' vjust = 'bottom'. 
1 1 I I I 

0.00 0.25 0.50 0.75 1.00 

Puc. 22.11 

He 3a6hrnar1Te o TOM, 'ITO B ,D;orronHeHJ!Ie K ¢YHKIJ;J.1J.1 geom_ text () rraKeT 

ggplot2 rrpe,D;JiaraeT MHOfO ,D;pyrnx ¢YHKIJ;J.1M )J;aHHOfO ceMeMCTBa, KOTOpbie rro­

MoryT BaM aHHOTMpoBaTh CBOJ.1 rpa¢J.1KJ.1. H M)Ke rrpMBe)J;eHo HeCKOJibKO J1I,D;eJ1 n o 

3TOMy IIOBO)J;y. 

• McrroJib3YHTe ¢YHKIJ;J.1J.1 geom_ hline () 11 geom_ vline () )J;JI51 p;o6aBnemm 

orropHbIX JIJ!IHJ!IH. MbI qacTo ,D;enaeM MX TOJICTbIMJ.1 (size= 2) J.1 6enoro u;Be­

Ta (color = white) M C03,D;aeM Mx rro)J; rnoeM rrepBM'IHbIX ,D;aHHhix. Enaro­

,D;ap51 3TOMY OHJ.1 OT'leTJIJ!IBO BJ!I)J;Hbl, HO B TO )Ke BpeM51 He OTBJieKaIOT BHJ1 -

MaHJ!Ie OT )J;aHHbIX. 

• Mcrronb3YHTe ¢YHKIJ;J.1IO geom rect () )J;JI51 BbI'-Iep'-IMBaHJ.151 rrp51MoyroJihHJ1-

KOB BOKpyr J!IHTepecyIOiu;J!IX Bae TO'leK. fpaHJ!IIJ;bI rrp51MOyrOJibHJ.1Ka orrpe,D;e­

JI51IOTC51 rrapaMeTpaMJ.1 3CTeTJ.1KJ.1 xmin, xrnax, yrnin J.1 yrnax. 

• McrroJih3YHTe ¢YHKIJ;J.1IO geom_ segment () c apryMeHTOM arrow )J;JI51 rrpu­

BJie'leHJ.151 BHJ!IMaHJ.151 K TO'IKe )J;aHHbIX c IIOMOiu;blO CTpenKJ.1. Ha'laJibHa51 rro-

3J.1IJ;J.151 CTpeJIKJ.1 orrpe,D;eJI51eTC51 rrapaMeTpaMJ.1 3CTeTJ.1KJ.1 x J.1 y, a KOHe'IHa51 -

rrapaMeTpaMJ.1 xend J.1 yend. 

fpaHJ!IIJ;bI B03M0)KH0f0 3aBJ.1C51T JIJ!Illlb OT BaIIIero Boo6pa)KeHJ.151 (J.1 Teprre­

HJ.151 rrpM IIO)J;6ope I103J.1IJ;J.1M aHHOTaIJ;J!IH, o6ecrre'IJ.1BaIOiu;J.1X rrpMBJieKaTeJibHblH 

BJ!I)J; rpa¢MKa)! 
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YnpamHeHlllR 

l. 11crrorrh3Yi1Te ¢YHKll,11IO geom_ text () c 6ecKoHe'IHhIM11 ( Inf) TI0311ll,11HM11 

,IJ;IIH pacrrorro>Kemrn TeKcTa Bo Bcex 'leTbipex yrrrax rpa¢11Ka. 

2. ITpo'IMTaf:ne ,IJ;oKyMeHTall,MIO K tj:>yHKll,MM annotate () . KaK ee MO>KHO MCTIOJih-

30BaTb ,!l;Jl5l ,IJ;06aBJieHJ15l TeKCTOBOM IlO,IJ;nMCJ1 B rpatj:>MK 6e3 C03,IJ;aHJ15l tibble­

tj:>pei1.Ma? 

3. KaK C03,IJ;aTb no,IJ;nMCJ1 c noMOill,blO tj:>yHKll,J1J1 geom - text () ) J1CnOJib3Y5l npe,D;­

CTaBJieHMe pa3JIM'lHhIX acneKTOB Ha OT,IJ;eJibHhIX naHeJIJix? KaK ,IJ;o6aBMTh no,IJ;­

rrMCh B O,!l;MH acneKT? KaK noMeCTJ1Tb pa3Hble no,IJ;nMCJ1 B pa3Hhle acneKTbI? 

(I1o,IJ;CKa3Ka: no,IJ;yMa:ilTe 0 6a30BblX ,IJ;aHHblX.) 

4. KaKMe apryMeHTbI tj:>yHKll,MM geom label () ynpaBJIJIIOT BHelllHMM BM,!l;OM tj:>o­

HOBoro npRMoyronbHMKa? 

5. ITepe'-IMCJIMTe '-1eTb1pe apryMeHTa tj:>yHKU,MM arrow () . KaK OHM pa6on10T? 

Co3,IJ;a:i1Te cepMIO rpatj:>MKOB, ,IJ;eMOHCTPMPYIOill,MX pa6oTy HaM6onee Ba>KHbIX 

Onll,MM. 

WKanb1 
TpeTbMM cnoco6oM yny'lllleHMJI rpatj:>MKOB, KOTopbIMM Bbl co6MpaeTeCb ,IJ;e­

JIMTbCJI c p;pyrMMJ1 JIIO,!l;bMM, 5IBJI5leTC5I HaCTpo:HKa lllKaJI. llIKallbl yrrpaBJIJIIOT npe­

o6pa30BaHJ1eM 3Ha'leHJ1M ,IJ;aHHblX B BocnpMHMMaeMbie qenoBel.J:eCKMM rJia30M 

o6'beKTbI. KaK npaBMJIO, ggplot2 aBTOMaTM'leCKM ,IJ;o6aBJIJieT lllKaJibI. HarrpMMep, 

ecJIM Bbl BBe,IJ;eTe TaKyIO KOMaHp;y: 

ggplot (mpg , aes (displ , hwy )) + 
geom_poi nt (aes (color = class )) 

TO ggplot2 aBTOMaTM'-leCKM ,IJ;o6aBMT lllKaJibI, rrpe,D;ycMOTpeHHbie no yMon'-laHMIO. 

ggplo t (mpg , aes (displ , hwy ) ) + 
geom_pcint (aes (color class)) + 
scale x cont i nuous () + 
sca le_y_continuous () + 
scale __ c_olor _discrete () 

06paTMTe BHJ1MaHJ1e Ha cxeMy J1MeHOBaHJ15l lllKaJI: 3a npetj:>MKCOM scale_ 
CJie,IJ;yeT J1M5l BM3yaJibHOro aTpM6yTa, 3aTeM CMMBOJI nO,IJ;'-IepKMBaHJ15l ( ), 3a KO­

TOpbIM cnep;yeT Ha1t1MeH0BaHMe lllKaJibI. llIKaJihI, Mcnonb3yeMble no YMOJI'laH1t1IO, 

J1MeHyIOTC5l B COOTBeTCTBJ1M c TJ1nOM nepeMeHHOM, KOTopy10 OHJ1 rrpe,D;CTaBJIJIIOT: 
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continuous, discrete, datetime l1Jil1 date. Cy~ecTByeT MHO:>KecTBo ,n;pyrnx 

lllKaJI, He OTHOCJl~l1XCJI K KaTeropl1l1 l1CnOJib3yeMblX no YMOJI'-laHl1IO, c KOTOpb1Ml1 

Bbl TaK:>Ke BCKope no3HaKOMJ1TeCb. 

v1cnoJib3yeMble 110 YMOJI'IaHMIO lllKaJibl T~aTeJibHO no,n;611pan11cb TaKMM o6pa-

30M, 'IT06b1 OHl1 xoporno cnpaBJIJIJIMCb co cBoe"H pa6oTOH ,n;nJI 11111p0Koro ,n;11ana-

30Ha BXO,D;HblX ,n;aHHblX • .>KenaH11e 3aMeHJ1Tb 3Tl1 rnKaJibl MO>KeT B03Hl1KHYTb y Bae 

no ,D;BYM npl1'Il1HaM. 

• Bo3MO>KHO, Bbl 3axoT11Te cKoppeKT11poBaTb napaMeTpb1 rnKaJibl, 11cnoJib3Y­

eMOH no yMOJI'-laHl1IO, Hanp11Mep l13MeHl1Tb MeTKl1 Ha ocJix 11n11 no,n;n11c11 

KJIIO'IeH nereH,n;bI. 

• Bo3MO>KHO, Bbl 3axoT11Te 3aMeHMTb Boo6~e BCIO rnKany l1 11cnoJib30BaTb 

coBeprneHHO ,n;pyrofr anrop11TM. Bo MHor11x cnyqaJix Barn Bap11aHT MO>KeT 

OKa3aTbC5I 6onee npe,n;nO'-ITMTeJibHblM, nOCKOJib KY Bbl ny'Irne 3HaeTe ,n;aHHble 

c KOTOpb1Ml1 pa6oTaeTe. 

MeTKfll Ha OCRX Iii KnlO'lfll nereHAbl 

BHelllHMM Bl1,D;OM MeTOK Ha OCJIX l1 KJIIO'IeH n ereH,D;bl B OCHOBHOM ynpaBJIJIIOT 

,n;Ba apryMeHTa: breaks 11 labels. ITepBblH ynpaBJIJieT nono>KeH11eM MeToK 11mf 

3Ha'IeHJ151Ml1, CBJI3aHHblMJ1 c KJIIO'IaMM, a BTopofr - TeKCTOBblMM 110,n;nMCJIMM, CBJl-

3aHHblMl1 c Ka:>K,D;OH MeTKOH/KJIIO'IOM. lfa~e BCero apryMeHT breaks l1CnOJib3yeT­

CJI ,n;nH 3aMeHbl 3Ha'IeHMH, 3a,n;aHHblX no yMoJI'IaHMIO (p11c. 22.12). 

ggplot (mpg , aes (displ , hwy )) + 
geom_point () + 
scale_y_continuous (breaks = seq (l5 , 40 , by = 5)) 

To'-!HO TaK >Ke MO>KHO 11cnoJib30BaTb 11 apryMeHT labels (c11MBOJibHblH BeKTO 

TOM :>Ke ,D;lll1Hbl, '-ITO l1 BeKTOp breaks), HO ,D;JIJI H ero MO>KHO yKa3aTb 3Ha'IeHJ1e 

NULL, 'IT06b1 noJIHOCTbIO no,n;aBMTb Bbrno,n; no,n;n11ce"H. 3To MO>KeT np11ro,n;11TbCR 

npl1 C03,n;aHJ1l1 KapT l1Jll1 ny6JIJ1Kau;l1l1 rpaqmKOB, a6coJIIOTHble ,n;aHHble KOTOpbIX 

Bbl He XOTJ1Te npe,n;ocTaBJIJITb llll1POKOM ny6n11Ke (p 11c . 22.13). 

ggplot (mpg , aes (displ , hwy )) + 
geom_point () + 
scale_x_continuous (labels 
s~ale_y_continuous ( labels 

NULL ) + 
NULL) 

Onu;1111 breaks 11 labels TaK:>Ke MO>KHO 11cnoJib 30BaTb ,n;nH ynpaBJieH11J1 BHem­

HMM BM,D;OM nereH,n;. Oc11 l1 nereH,n;b1 coBoKynHo Ha3bIBaIOT opurnmupaMu (guid e 
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001 11cnoJib3YIOTC51 A JI R BJ13yaJib HbIX aTp116yToB x 11 y, JiereHAhI - AlIR Bcero 

OCTallbHOfO . 

• 
• 40 -

• • 35 - • • • • • • • •• 30 - • • • >. • • • • •• ~ • • ..c • • •• • • • • • • • • • 25 - • • • • • •• •• • • • • • 
20 - • 

15 -

2 3 

• 
• 

• • • • • • • • • •• • • • • • • • •• • • • • •• • • • • • • • •• • • • •• •• •• • • • • • 
• 

• • • • • • • • • 
• 
• 

•• 

• • • • • • • • • 
• 
• e 

• •• 

• • • • • • • • • • • • • • • • • • •• • 
• 

4 

displ 

Puc. 22.12 

• • • • • • • • • • • • • • • • • • • 
• 

displ 

Puc. 22.13 

• • • 
• • 
•• •• •• 
• 

• • • 
•• 
•• •• •• 
• 

• • • • • • 
•• • • •• • • • • • • • • • •• • • • • 

5 6 7 

• • • • • • 
•• • • •• • • • • • • • • • •• • • • • 
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0IUJ;J15I breaks II_l)J1rO,D,J1TC5I BaM J1 B Tex CJIY'-Ia5IX, KOrp,a KOJIJ1qecTBO ToqeK 

p,aHHbIX cpaBHJ1TCJibHO HCBCJIJ1KO J1 Bbl XOTJ1Te TOqHo o603HaqJ1Tb TY ToqKy Ha 

OCJ1, B KOTopoH. BCTpeqaeTC5I Ha6mop,CHJ1C. PacCMOTpMM, HarrpMMep, CJiep,y10ni;J1M 

rpacl>J1K, Ha KOTOpOM OTo6pa)KaIOTC5I HaqaJIO J1 KOHCIJ; cpoKa rrpe6bIBaHJ15I Ha IIO­

CTY Ka)Kp,oro J13 rrpe3J1,D,CHTOB CIIIA (pMc. 22.14). 

presidential %>% 
mutate (i d = 33 + row_number ()) %>% 
ggplot (aes (start , id )) + 

geom_point () + 
geom_segment (aes (xend 
scale_x_date ( 

NULL , 

end , yend 

breaks = presidential $start , 
date labels = "' %y" 

42 -

---
36 -

--

i d ) ) + 

-

' ' ' ' ' ' ' '53 '61 '63 '69 '7 4 '77 '81 '89 '93 

Puc. 22.1 4 

' ' 
'01 '09 

06paTJ1Te BHJ1MaHJ1e Ha TO, qTo crreu;Mcl>J1Kau;MJ1 b r eaks J1 labels ,D,JI5I IIIKCLl 

p,aTbl J1 p,aTbI/BpeMCHJ1 HCCKOJlb-KO pa3JIJ1qaIOTC5I: 

• date_ labels rrpMHJ1MaeT crreu;Mcl>J1Kau;J1IO cl>opMaTa B TOM )KC BJ1,D,C, qTQ H 

<i>YHKIJ;J15I parse datetime () ; 

• date_ breaks (3p,ecb OTcyTcTByeT) rrpl1Hl1MaeT cTpoKy Harrop,o6Me "2 day 

J1JIJ1 "1 month". 
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KoMnoHOBKa nereHAbl 

Om~1111 breaks 11 labels q arn;e Bcero rrp11MemnoT )JJUI HacTpoiii:K11 rrapaMe­

TpoB oceiii:. J1 XOTR c 11X IIOMOID;blO MO:>KHO TaK:>Ke HacTpa11BaTb rrapaMeTpbl JiereHp;, 

)J;JIR 3TOM IJ;eJI11, BepoRTHee BCero, Bbl 6yp;eTe 11CTIOJib30BaTb 11Hbie cpep;CTBa. 

,Il;JIR ynpaBJieH11R 06rn;11M pacrrOJIO:>KeH11eM JiereHp;bl BaM IIOTpe6yeTrn ¢YHKIJ;l1R 

theme ( ) . K paccM0TpeH1110 TeM M bI ern;e BepHeMCR B KOHIJ;e rnaBbI, a ceiii:qac JI11IIIb 

OTMeT11M, qTo TeMbl yrrpaBJIRIOT KOMIIOHeHTaM11 rpa¢MKa, He RBJIRIOID;l1MJ!ICR p;aH ­

HbIMJ!I . ITapaMeTp legend. position TeMbI orrpep;eJIReT, B KaKOM MecTe rpacpMKa 

6yp;eT oTo6pa:>KaTbrn JiereHp;a. 

base <- ggplot (mpg , aes (displ , hwy )) + 
geom_point (aes (color = class )) 

base + theme (legend.position 
bas e + theme (legend.position 
base + theme (legend.position 
base + theme (legend.position 

"left" ) 
"top" ) 
"bottom" ) 
"right" ) # no yMonqaHMro 

0rrIJ;l1R legend. position= "none" rroJIHOCTbIO OTKJIIOqaeT OTo6pa:>KeHMe Jie­

reHp;bI. 

0To6pa:>KeHJ!leM OTp;eJibHbI X JiereHp; MO:>KHO ynpaBJIRTb c TIOMOID;blO ¢YHKIJ;J!IJ!I 

guides () ' J!ICIIOJib3YeMoiii: COBMeCTHO c ¢YHKIJ;J!Ieiii: guide_ legend () J!IJIJ!I guide -
colorbar () . B cJiep;y10rn;eM rrpMMepe rrpop;eM0HcTp11poBaHa pa6oTa p;Byx Ba:>KHbIX 

HacTpoeK: yrrpaBJieH11e KOJIJ!lqecTBOM CTpOK, J!ICIIOJib3yeMbIX JiereHp;oiii:, c IIOMOID;bIO 

rrapaMeTpa nrow Jil 3aMeHa O)J;HOfO 113 BM3yaJibHbIX aTpM6yTOB )J;JIR yBeJIJ!lqeHJ!IR 

pa3Mepa ToqeK. 3TO OKa3bIBaeTCR oco6eHHO IIOJie3HbIM B rnyqae J!ICIIOJib30BaHJ!IR 

HJ!l3KOf0 3HaqeHJ!IR rrapaMeTpa alpha rrpM OTo6pa:>KeHJ!IJ!I 60JibIIIOf0 KOJIJ!lqecTBa 

ToqeK Ha rpacpMKe (p11c. 22.15) . 

ggpiot (mpg , aes (displ , hwy )) + 
geom_poin~ ( aes ( color = class )) + 
geom_smooth (se = FALSE ) + 
theme (legend.position = "bottom" ) + 
guides ( 

color = guide_legend ( 
nrow = 1, 
override.aes = list (size 4) 

) 

#> geom_smooth ()' using method 'loess' 
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• 
• 40 -

• • • 

• • • • • • 
~ 

30 -

• .c • 
"' • • 

• • • • 20 -

• • • • 
• • • 

' ' ' ' ' ' 
2 3 4 5 6 7 

displ 

class 2seater • compact • midsize minivan pickup subcompact • suv 

Puc. 22.15 

3aMeHa wKanb1 

BMeCTO Toro qTo6bI m1IIIb cnerKa rro.n;rrpaBJIJITb HeKOTOpbie ,n;eTaJIM IIIKaJibI, Bb 

MO)KeTe IIOJIHOCTblO 3aMeHJ1Tb ee. Cyru;eCTBYIOT ,n;Ba TJ1IIa IUKaJI, K KOTOpbIM Bbl 

6oJibllll1HCTBe cnyqaeB 6y,n;eTe rrepexop;MTb: tterrp epbIBHbie rro3MD;l10HHbie l1 1we 

TOBbie IUKaJibI. K cqacTblO, KO BCeM OCTaJibHbIM 3 CTeTJ1qecKJ1M aTpM6yTaM rrp11 

MeHJ1MbI O,Ll;HI1 I1 Te )Ke rrpI1HD;I1IIbI, II03TOMy, KaK TOJibKO Bbl OCBOMTe pa6oTy 

II03I1D;I15IMI1 I1 u;BeTOM, Bbl oqeHb 6bICTpO Hayq11TeCb BbI611paTb .n;pyr11e Bap11aHTb 

3aMeHbI IUKaJI . 

l.Jpe3Bbiqat/rno IIOJie3HO CTpOI1Tb rpaqmKM c I1CIIOJib30BaHMeM rrpeo6pa30BaH 

HbIX rrepeMeHHbIX. Harrp11Mep, KaK 6brno rroKa3atto B rnaBe 19, yB11,n;eTb MCTMHHO 

COOTHOIUeH11e Me)K.n;y BeCOM 6p11JIJIJ1aHTOB I1 MX u;etto tlr ropa3p;O Jierqe, eCJII1 MC 

rroJib30BaTb norapmpM11qecKoe rrpeo6pa30BaH11e rrep eMeHHblX. 

ggplot (diamonds , aes (carat , price ) ) + 
geom_bin2d () 

ggplot (diamonds , aes (loglO (carat ), loglO (price ) ) ) + 
geom_bin2d () 

He.n;ocTaTKOM TaKoro rro.n;xo.n;a 5IBJI5IeTC5I TO, qTo Terrepb IIO,Ll;III1CJ1 COOT 

BeTCTBYIOT rrpeo6pa30BaHHbIM 3Ha'leHI15IM rrep eMeHHblX, I1 3TO 3aTpyp;H5Ie 
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ItIHTepTipeTau;ino rpaqmKa. BMecTo Toro qTo6hI BhITIOJIHRTh Tipeo6pa3oBaHitie Tiepe­

MeHHhIX B cpyHKu;1111 aes ( ) , MO)KHO Tipeo6pa30BaTb uJKaJibI. B113yarrbHaR KapT11Ha 

OT 3Toro HJ1KaK He J13MeHI1TCR, HO TeTiepb MeTKJ1 B,ll;OJib oce:i.1 6y,n;yT COOTBeTCTBO­

BaTb TiepBoHaqarrbHhIM lllKarraM (p11c. 22.16). 

ggplot (diamonds , aes (carat , price )) + 
geom _bin2d () + 
scale_x_loglO () + 
scale _y _ loglO () 

10000 -

Q) 
(.) 

·~ 

1000 -

count 

1000 

500 

' 
1 

carat 

Puc. 22.16 

,npyroi1 ll1Karroi1, KOTopyIO TIPI1XO,ll;J1TCR qacTo HacTpal1BaTb, JIBJI.HeTCR lllKaJia 

u;BeTa. li1cTIOJib3yeMaR TIO yMorrqaHMIO KaTerop 11aJibHaR lllKarra Bh1611p aeT u;BeTa, 

paBHOMepHo pacTipe.n;erreHHbie TIO u;BeTOBOMY Kpyry. I1orre3HOM aJibTepHaTl1BOi1 

RBJIRIOTCR lllKaJibI ColorBrewer, KOTOpbre HaCTpa11Barr11cb BpyqHyIO TaKMM o6pa-

30M, '-IT06bI yqecTb oco6eHHOCTJ1 BOCTipI1RTJ15I u;BeTa JIIO,ll;bMl1 c pacTipocTpaHeH­

HbIMJ1 TMTiaMM u;BeTOBOJ.1 crreTIOThI. Crre,n;y10ru;11e ,n;Ba rpacp11Ka BbirJIR,n;RT TIOXO)Kl1-

Ml1, HO pa3JIJ1qJ1JI B OTTeHKax Kp acHoro J1 3eJieHoro u;BeTOB ,ll;OCTaToqHbI ,ll;JIR Toro, 

qT06b1 ToqKJ1 Ha rpacp11Ke cTipaBa Morrr11 p a3JII1'Il1Th .n;a)Ke JIIO,ll;l1 c ttapyllleH11RMl1 

u;BeTOBOCTipI1RTl15I B KpacHOM J1 3eJieHOi1 o6rraCTJIX CTieKTpa. 

ggplot (mpg , aes (displ , hwy) ) + 
geom_poin~ ( aes ( color = drv )) 
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ggplot (mpg , aes (displ , hwy )) + 
gPom_p)int (aes (color = drv)) + 
scale_color_brewer (palette "Setl " ) 

<.· . .. ... . . . ...... 
: : : : ~ :i :: . :· : : . 

. : : .... .. . .. -
di:;pl 

. ... . . . . 
·:· 

• 1 f 

-4 .. • 

. . . 
. ... .. 

Puc. 22.17 

. .. . ..... . .. . 
. .... .. . : : ·: . 

drv .. 
• I 

He 3a6brna:HTe M o 6onee npocTbIX no,n;xo,n;ax. EcnM MMeeTcH Bcero JIMlllb tte­

CKOJibKO u;BeTOB, MO)l(HO BBeCTJ1 ,n;onOJIHJ1TeJibHbIM napaMeTp OTo6pa)l(eHJ1H, 3a,n;a­

IOtu;J1M cpopMy TO'-IeK. 3TO TaK)l(e 6y,n;eT CJIY)l(J1Tb rapaHTMe:H Toro, '-ITO Balli rpacpMK 

6y,n;eT no,n;,n;aBaTbCH MHTepnpeTau;MM ,n;a)l(e B rnyqae qeptto-6enoro J13o6pa)l(eHMH. 

J9~~~t (mpg , aes (displ , hwy )) + 
qeorn __ point (aes (color = drv , shape = drv )) + 
sca::..e_color_brewPr (pa lette = "Setl" ) 
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Puc. 22.18 

552 4acrb V. KoMMyH111Ka4111R 

drv 

• 4 

.. I 
• • • • • r 
• 

• • • • • 
• • • 

' ' 6 7 



llIKaJihI Color Brewer 3 a p;oKyMeHTMpoBaHbI no ap;pecy http: I I color 
brewer2. org/ M p;ocTyrrHhI B R qepe3 rraKeT RColorBrewer, pa3pa60TaHHbIM 

3p11xoM HoilBMPTOM. H a p11c . 22.19 rrpep;cTaBJieH rroJIHbIM crr11coK Bcex rra­

JIMTp. ITornep;oBaTeJihHbie (BBepx y) M p;MBepreHTHbie (BHM3y) rran11Tpb1 oco6eH­

HO IlOJie3Hbl B Tex CJIY'IaJIX, KOrp;a KaTeropMaJibHbie 3Ha'IeHJ1J! yrropJI,D;O'IeHbl MJIM 

MMeIOT ecTeCTBeHHYIO QeHTp a JibHYIO TO'IKy. TaKMe CMTyaQMM qacTo B03HMKaIOT 

rrpM rrpeBpaII1eHMJ1 HerrpepbIBHOM rrepeMeHHOM B KaTeropMaJibHYIO c IlOMOlllblO 

¢YHKQJ1J1 cut ( ) . 
I1p11 HaJIM'IMM 3apaHee y cTaHOBJieHHoro cooTBeTCTBMJI Me)Kp;y 3Ha'IeHMJIMM M 

QBeTaMM MCITOJib3YMTe ¢ YHKQMIO scale_ color_ manual ( ) . HarrpitIMep, eCJIM MbI 

COilOCTaBMM rrpe3JtI,D;eHTCK Jtie rrapTMJ1 c QBeTaMM, TO CMO)KeM J1CilOJib30BaTb CTaH­

p;apTHOe COilOCTaBJieHJtie KpacHoro QBeTa pecrry6JIMKaHQaM J1 CJtIHero - p;eMOKpa­

TaM (pMC. 22.20). 

presidential %>% 
mutat.e (id = 33 + row number ()) %>% 
ggplot (aes (start , id , color = party ) ) + 

geom_point () + 
geom_segment (aes (xend = end , yend = id )) + 
scale_colour_mar:ual ( 

values = c (Republican = "red" , Democratic "blue " ) 

/J.JIJ! HerrpepbIBHoro QBeTa MO)KHO Jt1CilOJib30BaTb BCTpoeHHYIO ¢YHKQJ1IO 

scale_ color _gradient () JtIJIM scale_ fill _gradient () . B rnyqae p;MBep­

reHTHoil IIIKaJibI JtICITOJib 3YMTe ¢ YHKQHIO scale_ color _gradient2 () . HarrpM­

Mep, Bbl MOrJIJtl 6bI BOCilOJib30BaTbCJ! eIO ,!l;JIJ! BbI,D;eJieHMJ! pa3HbIMJ1 QBeTaMM rro ­

JIO)KJtITeJibHbIX JtI o TpMQaTeJibHbIX 3Ha'IeHMM MJIM TO'IeK, pacrroJIO)KeHHbIX BbIIIIe M 

HM)Ke cpep;Hero 3Ha'IeHMJI. 

)J.pyrne B03MO)KHOCTJtI rrpep;naraeT ¢YHKQJtIJI scale_ color_ viridis {) , BXO­

,D;J1II1aJ1 B cocTaB rraKeTa viridis. 0Ha rrpep;CTaBJIJieT co6oM. HerrpepbIBHbIM aHanor 

KaTeropMaJihHbIX IIIKaJI ColorBrewer. Ee co3p;aTeJIM, HaTaHM9Jib CMMT M CTMBeH 

BaH p;ep BaJibT, TII1aTeJibHO rrop;o 6pan11 QBeTOBYIO cxeMy co CBOMCTBaMM, orrTM­

MaJibHbIMM p;JIJI QBeToBocrrpMJITMJI pa3HbIMM JIIO,D;bMM. BoT op;MH M3 rrpMMepoB, MJI­

JIIOCTpitipy IOII1MX pa6oTy rraKeT a viridis (p11c. 22.21) . 

rnasa 22. 06MeH rpa <j> ~Ko~ c noMOIJ1blO naKera ggplot2 553 



YIOrRd 

YIOrBr 

YIGnBu 

YIGn 

Reds 

Rd Pu 

Purples 

Pu Rd 

PuBuGn 

Pu Bu 

OrRd 

Oranges 

Greys 

Greens 

GnBu 

Bu Pu 

BuGn 

Blues 

Set3 • • 

Sel2 • -

Set1 . • • •-~-• 
Pastel2 

Pastel1 

Paired • 

Dark2 · -

Accent 

Spectral • • 

RdYIGn • • -.~--.. 

RdYIBu • • 

RdGy • • 

RdBu • • 

PuOr · · ---­

PRGn • • 

PiYG • • 

BrBG • • 

Puc. 22.19 

• • 

• • 



42 - -
:2 39 - -

-
36 - -

>-

-
' ' ' 

1960 1980 2000 

df <- tibble ( 
x = rnorm (l OOOO ), 
y = rnorm (l 0000 ) 

ggplot (df , aes (x , y)) + 
geom_ hex () + 
coord_fixed () 

start 

Puc. 22.20 

#> Loading required package: methods 

ggplot (df , aes (x , y) ) + 
geom_hex () + 
viridis :: sca:e fil:_v~ridis () + 
coo rd fixed () 
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3aMeTbTe, qTO BCt u;BeTOBbie IUKallbl rrpep;oCTaBJIRIOTCR B p;Byx pa3HOBJ1,Il;HO­

crnx, scale_ color_ x () 11 scale _fill_ x () , rrp ep;Ha3HaqeHHbIX p;nR 11crroJib30-

BaHJ1R COOTBeTCTBeHHO B KaqecTBe u;BeTa lll1HJ1M I1 u;BeTa 3aJIJ1BKI1 (Bap11aHTbl Ha­

I1J1CaHJ1R color 11 colour 3KBJ1BaneHTHbI). 

Ynpa>KHeHfllff 

1. fJoqeMy rrpvrnep;eHHbIM HYDKe KOp; He 3aMeHJ1T uJKany, 11crroJib3YeMy10 no yMoJI­

qaH1110? 

ggplot (df , aes (x , y ) ) + 
geom_hex () + 
scale_color_gradient (low = "white " , high = " red" ) + 
coord_fixed ( ) 

2. qTo yKa3bIBaeTcR B KaqecTBe rrepBoro apryMeHTa p;JIR Ka)J(p;oti IUKaJibI? KaK 

3TO COOTHOCI1TCR c 3ap;aHJ1eM apryMeHTOB cpyHKIJ;I1I1 labs () ? 

3. J13MeH11Te crroco6 OTo6pa)J(eHl1R cpoKOB rrp e6bIBaHI1R B ,Il;OJI)J(HOCTI1 rrpe3I1 -

p;eHTa rryTeM: 

a) coqeTaHI1R p;Byx rrpep;CTaBJieHHbIX BbIIUe Bap11aHTOB; 

6) ynyqIUeHI1R OT06pa)J(eHI1R OCI1 y; 

B) cHa6)J(eH11R Ka)J(p;oro cpoKa nop;rr11cb10 c 11MeHeM rrpe311p;eHTa; 

r) p;o6aBJieH11R B rpacp11K 11HcpopMaTI1BHbIX rrop;n11cet1; 

p;) p;o6aBJieHJ1R MeTOK qepe3 Ka)J(,IJ;bie qeTbipe rop;a (3TO HeMHOfO CJIO)J(Hee, 

qeM MO)J(eT ITOKa3aTbCR). 

4. J1crroJib3YMTe orru;1110 override. aes p;nR yny q IUeHMR yp;o6oq11TaeMocT11 ne­

reHp;bI rnep;ym~ero rpacp11Ka (p11c. 2.22) . 

ggplot (diamonds , aes (carat , price ) ) + 
geom_point (aes (color = cut ) , alpha = l / 20 ) 

M3MeHeHMe Macwra6a M3o6pa>KeHMH 
YrrpaBJIRTb rpaH11u;aM11 rpacp11KoB MO)J(HO TpeMR crroco6aM11: 

• rrop;6opoM p;aHHbIX, oT06pa)J(aeMbIX Ha rpacp11Ke; 

• yCTaHOBKOM rpaH11u; Ka)J(,Il;OM IUKaJibI; 

• 3ap;aH11eM apryMeHTOB xlim 11 ylim cpyHKu;1111 coord cartesian () . 
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06bl'IHO ,JJ;JUI yBem1qemrn KaKo:i1:-1rn60 06nacT11 rpacp11Ka nyqIIIe Bcero 11cnonb­

soBaTb cpyttK~1110 coord_ cartesian () . CpaBHMTe Me:>K,n;y co6o:i1: cne,n;y10~11e 

,n;Ba rpacp11Ka. 

ggplot (mpg , mapping = aes (displ , hwy )) + 
geom_point (aes (color class )) + 
geom_ smo th () + 
coord_car~es:a~ (xlim ~ ( 5 , '7 ) , ylim 

mpg %>% 

c (l O, 30 )) 

filter (displ >= 5, displ <= 7, hwy >= 10 , hwy <= 30 ) %>% 
ggplot (aes (displ , hwy)) + 
geo~_po:~L ( aes (color = class)) + 
geor.,_ srr.ooth () 

Bbl TaK:>Ke MO:>KeTe ycTattaBJI11BaTb rpatt11'lttb1e sttatJeHMJI ,n;nJI oT,n;eJibHblX IIIKan. 

YMettbIIIett11e rpattM'IHblX sttatJett11:i1: cpaKTM'leCKJ1 3KBJ1BaJieHTHO oTo6pa:>KeHMIO 

JIMIIIb no,n;tta6opoB ,n;attttblX. 06bl'IHO 3TOT cnoco6 ttaM6onee nonesett B Tex cny­

qaJix, Kor,n;a Bbl xoT11Te pacIIIMPMTb npe,n;eJibl rpacpMKa, cKa:>KeM, ,n;JIJI np11Be,n;ettJ1JI 

B coOTBeTCTBMe IIIKaJI pasnM'IHblX rpacpMKOB. Hanp11Mep, ecn11 Bbl J13BJietJeTe ,n;Ba 

KJiacca aBTOM06MJie:i1: J1 TIOCTpo11Te ,JJ;JIJI HJ1X OT,n;eJibHble rpacp11KJ1, TO 3TJ1 rpacpl1KJ1 

6y,n;eT Tpy,n;tto cpaBHJ1BaTb Me:>K,n;y co6o:i1:, TIOCKOJibKY ,n;Mana30Hbl Tpex IIIKaJI (co­

OTBeTCTByIO~l1X OCJIM x J1 y J1 3CTeTJ1Ke ~BeTa) 6y,n;yT pa3HblMJ1. 
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suv <- mpg %>% filter (class == "suv" ) 
compact <- mpg %>% filter (class == "compact" ) 

ggplot (suv , aes (displ , hwy , color = drv )) + 
geom _point () 

ggplot (compact , aes (displ , hwy , color = drv )) + 
geom _point () 

0,n;MH M3 crroco6oB rrpeo,n;oJieHM>I 3TOM rrpo6JieMbI 3aKJIIO'laeTC>I B COBMeCTHOM 

MCITOllb30BaHMM IIIKaJI HeCKOllbKMMM rpaqmKaMM, rpaHM~bI KOTOpbIX orrpe,n;eJI>IIOT­

C>I Ha OCHOBe IlOJIHOfO Ha6opa ,n;aHHblX . 

x_scale <- scale x continuous (limits = rang,= (mpg$displ )) 
y_scale <- scale_y_continuous (limits = rang~ (mpg$ hwy )) 

col_scale <- scale_color_discrete (limits = unique (mpg $dr v ) ) 

ggplot (suv , aes (displ , hwy , color = drv )) + 
geom_point () + 
x scale + 
y_scale + 
col scale 

ggplot (compact , aes (displ , hwy , color 
geom_point () + 
x scale + 
y_scale + 
col scale 

drv ) ) + 

B p;aHHOM KOHKpeTHOM rrpMMepe Bbl MOrJIM 6b1 rrpocTo :iilCIIOJib30BaTb MHoro­

acrreKTHOe OTo6pa)l(eHMe ,n;aHHbIX Ha HeCKOllbKMX rraHeJI>IX, HO o6cy)l(,n;aeMa>I Tex­

HMKa ITOJie3Ha B 6onee o6~MX cnyqa>IX, HarrpMMep, eCJIM Bbl XOTMTe pacrrpe,n;eJIMTb 

rpa¢MKM Ha HeCKOJibKO CTpaHM~ OT'leTa. 

TeMbl 

HaKOHe~, ,n;n>I HacTpo11KM 3JieMeHTOB rpa¢MKOB , He >IBJIRIO~Mxrn ,n;aHHbIMM, 

MO)l(HO MCIIOJib30BaTb TeMbl (pMc. 22.23). 

qgplot (mpg , aes (displ , hwy )) + 
geom_point (aes (colo r = class )) + 
geom_smooth (se = FALSE ) + 
theme_ bw () 
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I1aKeT ggplot2 BKJIIoqaeT BOCeMb BCTpoeHHbIX TeM (pMC. 22.24). fopa3p;O 60Jib­

rne TeM co.n;ep:>KJ!ITCR B naKeTax pacrnMpeHMR, TaKMX KaK naKeT ggthemes, pa3pa-

60TaHHbIM .D:)Ke¢¢pM ApHoJib,ll;OM. 

MHorMx yp;MBJIJieT, noqeMy B TeMe, 3ap;aHHoi1: no yMoJiqaHJ!IIO, McnoJib3yeTCR 

cepblM ¢oH. 3TO 6bIJI C03HaTeJibHbIM Bb16op, noCKOJibKY p;aHHbie B TaKOM rnyqae 

BbIXO,ll;JIT Ha nepBbIM nJiaH, a JIJ!IHJ!Ilil ceTKJ!I OCTaIOTCJI JierKO pa3JIJi1qJi1MbIMJi1. EeJibie 

JIJ!IHJ!IJ!I ceTKJ!I xoporno BJ!I,ll;Hbl (::no Ba)KHO, noCKOJibKY OHJ!I 3HaqJi1TeJibHO o6nerqa­

IOT onpep;eJieHJ!Ie n03Ji1.QJi1M .n;aHHbIX), HO He HanpRraIOT 3peHJi1e, Ji1 Mbl MO)KeM JierKO 

a6CTparnpOBaTbCR OT HMX. Cepb1i1: ¢oH rpa¢MKa 6nli130K K TMnorpa¢cKoMy u;BeTy 

TeKCTa, 6naro.n;apR qeMy rpa¢Ji1Ka, BCTpoeHHaR B .n;oKyMeHT, He 6y.n;eT C03,ll;aBaTb 

pe3KJ!Ii1: u;BeTOBOM nepexo.n;, KaK 6brno 6bl B rnyqae 6enoro u;BeTa ¢oHa. HaKoHeu;, 

cepblM ¢oH C03p;aeT cnJIOIIIHOe .QBCTOBOe none, B pe3yJibTaTe qero rpa¢Ji1K BOCIIpM­

HJ!IMaeTCJI KaK C,ll;J!IHbIM BJi13yaJibHbIM o6'beKT. 

TaK)Ke cyru;eCTBYCT B03MO)KH0CTb ynpaBJICHJ!IJI OT)J;CJlbHbIMJ!I KOMIIOHCHTaMJil 

Ka)K)J;OM TCMbl, TaKJ!IMJ!I, HanpMMep, KaK pa3Mep Ji1 .QBCT rnpM¢Ta, Ji1CIIOJib3YCMOfO 

p;JIR ocM y. K CO)KaJieHMIO, paccMoTpeHJ!Ie 3Toro ypoBHR p;eTaJIJi13a.QJi1Ji1 BbIXO,ll;lilT 3a 

paMKJil Haruei1: KHJilfJ!I, Ji1 )J;JIJI noJiyqeHJ!IJI 6onee IIOJIHOM Ji1H¢opMau;Ji1Ji1 no .n;aHHOM 

TeMe BaM rne.n;yeT o6paTli1TbCR K .n;oKyMeHTa.QMlil naKeTa ggplot2. Bbr TaK)Ke MO)Ke­

Te C03)J;aBaTb co6CTBCHHbie TeMbl, eCJIJ!I XOTJ!ITe CJiep;oBaTb KaKOMY-JIM6o KOHKpeT­

HOMY KopnopaTJ!IBHOMY MJIJ!I )KypHaJibHOMY CTJ!IJIIO. 
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· Themes 
Theme functions change the appearance of your plot. 

c I 8 ___ I 

theme_bw() 

White bilckgrou11d 
wit h grid lines 

theme_ classic() 

Classic theme, 
axes but no t;rid 
lines 

theme_dark() 

Dark background 
for con trust 

theme_gray() 

Grey background 
(default theme) 

___ .I 
· ___ I 
---~ ·-- ----' . . . 

~------1 

___ I 

Puc. 22.24 

CoxpaHeHMerpatHKOB 

theme_light() 

Light axes and grid 
lines 

theme_linedraw() 

Only black lines 

theme_minimal() 

Minimal theme, no 
background 

theme_ void() 
Empty theme, only 
georns are visible 

,IJ) r.sr coxpaHemrn rpacp11KoB, co3,n;aHHbIX B R, B BM,n;e cpaI1na Ha )KeCTKOM ,n;11cKe 

npe,n;ycMOTpeHbl ,D;Ba OCHOBHbIX cnoco6a: c IlOMO~bIO cpyHKQJ1Jll ggsave () Jll rra­

KeTa knitr. <DyHKQJllH ggsave () coxpami:eT caMyro rrorne,n;HIOIO Beprnro rpacpJ11Ka 

(pJllC. 22.25): 

ggplot (mpg , aes (displ , hwy )) + geom_point () 
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ggsave ( "my-plot .pdf" ) 
#>Saving 6 x 3.71 in image 
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Ec1U1 1UMp1-rna J1 BbICOTa rpa<j:>MKa He yi<a3aHbl, TO B Ka'leCTBe COOTBeTCTB)'IOilJ;J1X 

3Ha'leHJ1M 6y,n;yT B35ITbl pa3Mepbl JH1CTa, ycTaHOBJieHHble ,!l;lIR TeKyrn;ero yCTpo:i1 -

CTBa BbIBOp;a. CTapa:i1Tecb Bcerp;a yi<a3bIBaTb pa3Mepb1 rpa<j:>MKa, 'IT06b1 o6ecrre­

'lMTb BOCTipOM3BO,!l;J1MOCTb Kop;a. 

O,n;ttaKo Mbl nonaraeM, 'ITO B 6oJiblllMHCTBe cnyqaeB Bbl 6y,n;eTe roTOBMTb OKOH­

'laTeJibHbie OT'leTbI c noMorn;bIO R Markdown, B CBR3M c 'leM peKoMett,n;yeM BHM­

MaTeJibHO 03HaKOMJ1TbC5I c OTIIJ;J15IMJ1 <j:>parMeHTOB KOp;a, J1MeIOrn;MMJ1 OTH01UeHJ1e 

K rpa<j:>MKe. Eonee no,n;po6tty10 Mtt<j:>opMaIJ;MIO o <j:>yttKIJ;MM ggsave () Bbl tta:i1p;eTe 

B p;oKyMeHTaIJ;J1J1. 

"13MeHeHLl'le pa3Mepa pll'ICYHKa 

llpM o6pa6oTKe pMcyttKOB cpep;cTBaMM R Markdown ttaM60JiblUMe Tpy,n;tto­

CTM CB5!3aHbl c BbI6opoM MX pa3MepoB . .il:JIR yrrpaBJieHJ15I pa3MepaMJ1 pMcyHKOB 

npe,n;Ha3Ha'leHbl TIRTb OCHOBHblX OTIIJ;MM: fig. width, fig. height , fig. asp, 

out . width M out. height . BbillleynoMRHYTble Tpy,n;ttOCTM o6yrnoBJieHbI tte­

o6xop;MMOCTbIO onpe,n;enettMR p;Byx KaTeropM:i1 pa3MepoB (pa3MepoB pMcyttKa, 

co3p;attttoro B R, M pa3MepoB pMcyttKa, BCTaBJIReMoro B BbIXop;tto:i1 p;oKyMeHT) M 
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cyrn,ecTBOBamteM HeCKOJihKMX cnoco6oB yKa3aHJtlJI pa3MepoB (.D;JIJI 3Toro MO)KHO 

BbI6paTh mo6hle ,D;Ba Jtl3 cnep;yIOlll,JtlX Tpex napaMeTpOB: BbICOTa, nrnp1t1Ha Jtl COOT­

HOilleHJtle CTOpOH). 

B CBoei1: npaKTJtlKe MhI 06xo)J;Jt1MCJI Bcero JIJtlillh TpeMJI Jtl3 nepe'rncneHHhIX Bhlrne 

om~1t1i1:. 

• MbI C'IMTaeM, 'ITO rpaqmKM BhirJIJI)J;JIT 3CTeT1t1'1eCKJt1 6onee np1t1BJieKaTeJihHhI­

MJt1, ecJIM OHM MMeIOT O)J;MHaKoByio rn1t1pMHy. ITo3TOMY no YMOJI'IaHMIO MhI 

J1CI10llb3YeM onu;MM fig. width= 6 (6 )J;IOHMOB) J,1 fig . asp= 0. 618 (30JIO­

TOe Ce'IeHMe). 3aTeM Mbl lIJtlillb KoppeKTMpyeM ,D;JIJI OT)J;eJibHbIX cpparMeHTOB 

om~MIO fig. asp. 

• ,lJ,JIJI ynpaBJieHMJI BbIXO)J;HbIMM pa3MepaMJtl Mbl Jt1CnOJih3yeM onu;MIO out . 
width, 3Ha'IeHJtle KOTopoi1: ycTaHaBJIJtlBaeM B BJtl)J;e npou;eHTHOro OTHOilleHJtlJI 

K rn1t1p1t1He cTpOKJtl. B Ka'IeCTBe 3Ha'Iett1t1i1: no yMOJI'IaHMIO MhI 1t1cnonh3yeM 

out.width= "70%" Jt1 fig.align= "center" . 3To 06ecne'11t1BaeT )J;OCTa­

TO'IHO 60JibillOe npocTpaHCTBO )J;JIJI pacnoJIO)KeHJtlJI rpacp1t1Ka Jtl yMepeHHbIH 

pa3Mep nonei1:. 

• ECJIJtl Tpe6yeTCJI pa3MeCTJtlTb B O,ll;HOH CTpOKe HeCKOllbKO rpacp1t1KOB, Mbl 3a­

)J;aeM )J;JIJI onu;M1t1 out . width 3Ha'IeH1t1e 50% B rnyqae )J;Byx rpacp1t1KOB, 33% -

B rnyqae Tpex MJIJtl 25% - B cnyqae l.feTbipex, ycTaHaBJIMBaJI nptt 3TOM on­

u;1t110 fig. align= "default" . B 3aBMCJt1MOCTJt1 OT Toro, 'ITO MhI nhITaeMrn 

npo1t1JIJIIOCTp1t1poBaTb (Hanp1t1Mep, npe)J;CTaBMTb )J;aHHbie MlIJtl npo)J;eMOH­

cTp1t1pOBaTh pa3JIM'1JtlJI Me)K)J;y rpacpMKaMM), Mbl nop;cTpa1t1BaeM onu;MIO f ig . 
width, o 'IeM 6y)J;eT CKa3aHo )J;anee. 

EcnM Bbl 06ttapy)K1t1BaeTe, 'ITO ,D;JIJI 'ITeHMJI nop;n1t1cei1: Ha rpacpMKe BaM np1t1xo­

,D;MTCJI np1t1rn,yp1t1BaTb ma3a, HacTpoi1:Te onu;1t110 fig. width. Ecn11 3Ha'IeHMe 3Toi1: 

onu;1t11t1 npeBbIIllaeT pa3Mepbl p1t1C)'HKa, ccpopMMpoBaHHOrO B roTOBOM )J;OKyMeHTe, 

TO pa3Mep TeKCTa OKa)KeTCJI CJIJtllliKOM MaJieHbKMM; B npOTJtlBHOM rnyqae pa3Mep 

TeKCTa 6y)J;eT ClIJtlillKOM 60JihlliJtlM. "lfro6hI npaBJtlllbHO TIO)J;o6paTb nO)J;XO)J;Jilll,ee co­

OTHOilleHJtle Me)Kp;y 3Ha'IeHJtleM onu;MJtl fig. width Jtl pe3YllbTMpyiorn,ei1: IllltlpltlHOH 

rpacp1t1Ka B rOTOBOM )J;OKyMeHTe, 'IaCTO Tpe6yeTCJI HeMHOrO TI03Kcnep1t1MeHTJt1po­

BaTb. 3TOT npMHIJ;Jtln JtllIJIIOCTPHPYIOT CJie)J;yIOrn,Me rpacp1t1KM, )J;JIJI KOTOpbIX 3Ha'Ie­

HMJI onu;1t111 fig. width COCTaBJIJIIOT COOTBeTCTBeHHO 4, 6 M 8 (p1t1c. 22.26-22.28). 
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t.IT06b1 06ecITeq11Tb cornacoBaH11e pa3Mepa rnpmpToB ITO BCeM p11cyttKaM, rne­

,n;yeT ITP11 Ka)l(,JJ;OM ycTaHOBKe OIII~J1J1 out. width O,JJ;HOBpeMeHHO KoppeKT11poBaTb 

OIT~J1IO fig . width ,JJ;JUI ITOp;p;ep)l(aHJ1JI O,JJ;Horo J1 Toro )l(e COOTHOWeHJ1JI c ycTa­

HOBJieHHbIM BaM11 ITO yMoJiqatt1110 3Haqett11eM 0IT~1111 out. width. HaITp11Mep, ecm1 

3Haqett11e ITO yMoJiqatt1110 ,JJ;JIJI 0IT~1111 fig. width paBHO 6, a 3Haqett11e out. width 

paBHO 0. 7, TO B cJiyqae ycTaHOBKJ1 ,JJ;JIJI OII~J1J1 out.width 3HaqeHJ1JI "50%" Bbl 

O,JJ;HOBpeMeHHO ,JJ;OJI)l(Hbl ycTaHOBJ1Tb ,JJ;JIJI OIII~J1J1 fig. width 3HaqeHJ1e 4. 3 (6 * 
o. s I o. 7). 

EcJI11 BaM rrp11xo,n;11TcJI rrepeMe)l(aTb KOp; 11 TeKcT, KaK 3TO cp;eJiaHo HaM11 B p;aH­

ttoiiI KHJ1re, peKoMett,n;yeM ycTaHOBJ1Tb OII~J1IO fig. show= "hold", '-IT06bI IIOCJie 

Kop;a OTo6pa)l(aJIJ1Cb COOTBeTCTBYIO~J1e rpaq)J1KJ1. I1oJie3HbIM rro6oqHbIM ::icpcpeK­

TOM JIBJIJieTCJI TO, qTo 3TO BbIHY)l(,JJ;aeT Bae pa3pbIBaTb 6oJibll1J1e 6JIOKJ1 Kop;a, BKJIIO­

qaJI B HJ1X CBOJ1 IIOJICHeHJ1JI. 

lfro6bI ,n;o6aBJ1Tb rrop;rr11cb K rpacp11Ky, J1CIIOJib3YMTe OII~J1IO fig . cap . 

B R Markdown 3TO rrp11Be,n;eT K J13Mettett1110 T11rra KOMIIOHOBKJ1 p11cyttKa co BCTpo­

ettttoro Ha "nJiaBa10~11i1:''. 

B rnyqae co3p;att11JI PDF-,n;oKyMeHTa TMIIOM rpacp11K11 no yMoJiqatt1110 JIBJIJieTcJI 

PDF. J1cnoJib30Batt11e 3Toro Bap11attTa ~eJiecoo6pa3HO no TOM np11q11tte, qTo OH 
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o6ecneqrrnaeT noJiy'leH11e BblCOKOKaqecTBeHHOM BeKTopHo:i1: rpa¢11K11. 0.n;HaKo B 

rnyqae rpa¢11KOB, HaC'll1TbIBalO~l1X TblC5I'll1 TO'leK, 3TO 3aMe,n;JrneT pa6oTy l1 np11-

BO)];l1T K co3.n;att1110 ¢a:i1:JioB 6oJiblllOro pa3Mepa. B no.n;o6HblX c11Tya~11>Ix noJie3Ha 

on~M>I dev = "png", 3a.n;a10~M 11cnoJib30BaH11e 11306pa:>KeH11:i1: B ¢opMaTe PNG. 
Tip11 3TOM Ka'!eCTBO l1306pa:>KeHl18 HeMHOfO CHJ13l1TC5I, 3aTO OHO CTaHeT HaMHOfO 

6oJiee KOMnaKTHblM. 

<l>parMeHTaM KO,n;a, co3.n;a10~11M p11cyHKl1, ~eJiecoo6pa3HO np11rna11BaTb MMeHa, 

.n;a:>Ke ecJI11 Bbl, KaK npaBMJIO, He noMeqaeTe .n;pyr11e ¢parMeHTbI. MeTKa ¢parMeHTa 

11cnoJib3yeTrn np11 ¢opM11poBaH1111 11MeH11 rpa¢11qeCKoro ¢a:i1:Jia, coxpaH>IeMoro 

Ha )1;l1CKe, n03TOMY l1MeHOBaHJ1e ¢parMeHTOB 3Ha'!J1TeJibHO ynpo~aeT OT6op rpa­

¢11KOB l1 l1X nOBTOpHoe l1CnOJib30BaHJ1e np11 .n;pyr11x o6CT05ITeJibCTBax (Hanp11Mep, 

ecJIM Bbl 3axOTJ1Te 6blCTpo nepernaTb 0)1;l1HO'IHblM rpa¢11K KOJIJiere no 3JieKTpOH­

HOM nO'ITe). 

AononHMTenbHaH MH<l>opMa'-'MH 
Ha11Jiy'lllll1M MCTO'IHMKOM .n;onoJIHMTeJibHOM 11H¢opMa~1111 no .n;aHHo:i1: TeMe >IB­

JI>IeTrn KHMra ggplot2: Elegant graphics for data analysis. 3T11 Bonpocb1 paccMoTpe­

Hbl B He:i1: Ha ropa3.n;o 6oJiee rny6oKoM ypoBHe 11 c np11BJie'!eH11eM 6a3oBo:i1: Teop1111. 

KpoMe Toro, B He:i1: co.n;ep:>K11Trn HaMHoro 6oJibllle np11MepoB, .n;eM0HcTp11py10~11x 

CO':leTaHMe pa3p03HeHHblX np11eMOB pa60Tbl c rpa¢11KOM )];JIR pellleHJ18 npaKTJ1-

1.:1eCKl1X 3a)];a'l. K CO:>KaJieHMIO, OHJiaMHOBblM .n;ocTyn K KHMre He 6ecnJiaTHblM, HO 

coorneTcrny10~11:i1: 11cxo,n;HblM KO)]; MO>KHO HaMTM no a.n;pecy https: I I gi thub . 

com/hadley/ggplot2-book 
.IJ:pyr11M 3aMe':laTeJibHblM MCTO'IHMKOM RBJIReTcR pyKoBo,n;cTBO no paclll11pe­

Hl1RM ggplot2 (http: I /www. ggplot2 - exts . erg/). B HeM Bbl Ha:i1:.n;eTe crr11coK 

MHO:>KeCTBa .n;pyr11x naKeTOB, paCIIll1p5IIO~l1X naKeT ggplot2 HOBblMl1 reoMeTpl1-

5IMl1 l1 IllKaJiaMJ1. c Hero OTJIM'IHO Ha'!MHaTb, eCJIJ1 Bbl nblTaeTeCb c.n;eJiaTb He':ITO, 

'ITO BaM npe.n;CTaBJI>IeTC>I 3aTpy,n;Hl1TeJibHblM B rnyqae l1CnOJib30BaHJ15I TOJibKO B03-

MO:>KHOCTe:i1: ggplot2. 
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rnABA 23 

BblXOAHble ~opMaTbl R Markdown 

M TaK, Bbl y:>Ke sttaeTe, KaK 11crroJib30BaTb R Markdown AJI5I c03Aamrn HTML­

AOKyMeHTOB. B 9TOM rnaBe rrpeACTaBneH KpaTKJ1M o6sop HeKoTopblX ApyrMx Bbl­

XOAHbIX cpopMaTOB, ITOAAep)KMBaeMblX R Markdown. Cyrn;ecTByIOT ABa crroco6a 

3aAaHJ15I cpopMaTa BblXOAHOro AOKyMeHTa. 

I. 3aAaHMe rrocTOJIHHoro cpopMaTa rryTeM J13MeHeHMJI YAML-saronoBKa. 

title: "Viridis Demo " 
output: html_document 

2. 3aAaHJ1e BpeMeHHoro cpopMaTa rryTeM BbI3oBa cpyttKIJ;J1J1 rmar kdown: 

:render () Bpyqtty10. 

rmarkdown : : :cender ( 
"diamond- sizes. Rmd " , 
output_format = "word_doc1.Lrnent" 

3TOT crroco6 rroneseH, ecJIJ1 Bbl XOTJ1Te o6ecrre•rnTb C03AaHJ1e BblXOAHblX AO­

KyMeHTOB B pa3JIJ1qHblX cpopMaTax rrporpaMMHblM rryTeM. 

:w;enqoK Ha KHOITKe "Knit" B RStudio rrpMBOAMT K C03AaHMIO BbIXOAHOro cpaJ.1na 

B cpopMaTe, yKasaHHOM rrepBblM B ero none output. ,ZJ:n5I paCKpblTJ15I crrMcKa APY­

rnx AOCTyrrttblX cpopMaTOB rneAyeT rn;enKHYTb Ha Mso6pa)KeHJ1J1 cTpenKM PHAOM 

c Ha3BaHJ1eM KH011KJ1 Knit (pMc. 23.1). 



, J '/ ·-;. . ~ · Knit 

Knit to HTML 

- J Knit to PDF 

1 Knit to Word 

Knit with Parameters ... 

Puc. 23.1 

0n1'HH BblXOAHblX <f>opMaTOB 

C Ka)l(,ll;bIM BbIXO,ll;HbIM cpopMaTOM acco11,r1rnpoBaHa cpyHKIJ,l15I R. ,1Jjrn BbI30-

Ba cpyHKIJ,l1M MO)l(HO J11cnoJib30BaTb CJ11HTaKcJ11c foo J!lJIJ.1 pkg : : foo . ECJI1t1 Ha3Ba­

Hl1e naKeTa (pkg) onyIIJ,eHo, TO no yMonqaHMIO npe,n;nonaraeTcR, qTo 3TO naKeT 

rmarkdown. Ba)l(HO 3HaTb l1M5I cpyHKIJ,1t11t1, 06ecneqJ11BaIOI11,eJ1: BbIBO,n;, nocKOJibKY 

3TO no3BOJIReT nonyq1t1Tb cooTBeTCTBYIOIIJ,YIO cnpaBKy. Hanp1t1Mep, qT06b1 Y3HaTb, 

KaKJ.1e napaMeTpbI MO)l(HO ycTaHaBJIJ.1BaTb c noMOIIJ,bIO ¢YHK11,J.1J.1 html_ document, 
CJie,n;yeT BbIIIOJIHJ.1Tb KOMatt.n;y ?rmarkdown: html_ document () . 

l.fro6b1 nepeonpe,n;en1t1Tb 3HaqeHl15I napaMeTpoB, 3a,n;aHHb1e no yMonqaHMIO, He­

o6xo,n;MMO 1t1cnoJib30BaTb pacnrnpettttoe none output. Hanpl1Mep, eCJIM Bbl xoTMTe 

ccpopMMpoBaTb HTML-,n;oKyMeHT c nnaBaIOIIJ,J.1M omaBJieHMeM, 1t1cnonb3yJ1:Te CJie­

,n;yIOI11,1t1J1: KO,ll;. 

output: 
html document: 

toe: true 
toe float : true 

KpoMe Toro, MO)l(HO ccpopMMpoBaTb cpa3y HeCKOJibKJ.1X BbIXO,ll;HbIX cpaJ1:noB, 

npe,n;ocTaBJ!lB cnl1COK COOTBeTCTBYIOIIJ,J.1X cpopMaTOB. 

output : 
html document : 

toe: true 
toe float : true 

pdf_document: defaul t 

06paTJ.1Te BHJ.1MaHJ.1e Ha cne11,MaJibHblM CJ.1HTaKCJ.1C, J.1CnOJib3yeMblM ,ll;ll5I yKa-

3aHJ.151 Toro, qTo Bbl He xoT1t1Te nepeonpe,n;enRTb 3HaqeHJ.15I on11,J11J1:, 3a,n;aHHb1e no 

yMonqaHJ.1IO. 
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B npep;bI,!W~eJII rnaBe Mbl Jt1Mem1 .u;eno B OCHOBHOM c BbIXO.U:HblMJtl cpaJIIJiaM11 

B cpopMaTe HTML. 0.n;HaKo KpoMe 11cnoJib3yeMoJII no yMOJI'-IaH11IO on u;1t111 html_ 

document cy~ecTByeT u;enhIM pR.n; .u;pyr11x onu;11JII, 1103BOJIRIO~Mx co3,n;aBaTb BbI­

xop;Hhie .n;oKyMeHTbl B pa371JfiHbIX 6a30BbIX cpopMaTax. 

• Onu;11R pdf _document co3.n;aeT PDF-.n;oKyMeHT c 110MO~bIO LaTeX - c11c­

TeMhI KOMl1bIOTepHOM BepcTK11 c OTKpbITbIM 11CXO.U:HbIM KO.U:OM, KOTopyIO 

BaM n0Ha.n;o61t1TCR ycTaHOB11Tb. RStudio HanoMH11T BaM o Heo6xo.n;1t1MocT1t1 

ycTaHoBK11, ecJIM paHee 3To He 6brno c.u;enaHo). 

• 011u;11R word_document 11pe.n;Ha3ttaqeHa ,n;JIR co3.u;amrn .n;oKyMeHTOB 

Microsoft Word (.docx). 

• Onu;11R odt _document npe.n;Ha3HaqeHa p;JIR co3,n;aH11R .n;oKyMeHTOB B cpop­

MaTe OpenDocument Text (.odt). 

• 011u;1t1R rtf_ document 11pe.n;Ha3HaqeHa p;JIR co3,n;aH1t1R .n;oKyMeHTOB B cpop­

MaTe Rich Text (.rtj) . 

• Onu;1t1R md document npe.n;Ha3HaqeHa p;JIR co3,n;aH1t1R .n;oKyMeHTOB 

Markdown. KaK 11paB1t1JIO, 3Ta 011u;1t1R caMa 110 ce6e He oqeHh 11one3Ha, HO 

OHa MO)l{eT np1t1ro.n;11TbCR:, ecmt, Ha11pMMep, B BarueJII KopnopaTMBHOM CMCTe­

Me y11paBJieHMR: co.u;ep)l{JtIMblM (CMS) MlIM Jia6opaTopHOM wiki-rncTeMe MC ­

nonb3yeTrn R3hIK Markdown. 

• 011u;1t1R g i thub _document - 3TO MO,n;ttcpm.1,1t1poBaHHaR Bepcmr on1.1,M11 md _ 

document, no3BOJIRIO~aR co3,n;aBaTb .n;oKyMeHTbI .n;nR GitHub. 

Bc110MH11Te o TOM, qTo B rnyqae reHepau;1t1M .n;oKyMeHTOB, 11pe.n;Ha3HaqeHHbIX 

p;JIR pyKoBo,n;cTBa, Bbl MO)l{eTe OTKJIIOqJtITh 3a,u;aHHOe 110 yMoJiqaHJtIIO OT06pa)l{eH1t1e 

Ko.n;a, ycTaHOBMB rno6anbHbie on1.1,11M cpparMeHTa setup: 

knitr : : opts_chunk$set (echo = FALSE ) 

B cnyqae onu;MM html_ documents .u;pyraR B03MO)l{HOCTb 3aKJIIOqaeTcR B TOM, 

qTo6bI c.u;enaTb cpparMeHTbl KO,n;a CKpbITblMM no YMOJiqaHMIO, HO B11.U:Jt1MbIMM 110Clle 

~eJiqKa Ha mu. 

output: 
html document: 

code_folding: hide 
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6nOKHOTbl 

EnoKHOT (oITu;1rn html_ notebook) - 3TO BM,ll;OM3MeHeHHblM Bap11aHT p;oKy­

MeHTa, co3p;aBaeMoro c ITOMOiu;bIO OITIJ;MM html_ document . 06a cpopMaTa oqeHb 

CXO:>KJ1, HO ITpep;Ha3Ha'-leHbl ,[\JIJI pa3HblX u;ener.1. EcJIJ1 p;oKyMeHTbl TMITa h tml_ 
document ITpep;Ha3Ha'-leHbl p;JIJI pyK0Bop;11Tenei1, TO 6noKHOTbl npep;Ha3Ha'-leHbl 

p;JIJI Baumx KOJIJier, pa60Ta10iu;11x B o6nacTM HayKM o p;aHHblX. Pa3JIJ1'-1Me B Ha3Ha­

qeHMJ1 p;oKyMeHTOB p;MKTyeT pa3JIJ1'-IMJI B Bb1xop;Hb1X HTML-p;oKyMeHTax. HTML­

p;oKyMeHTbl 06011x TJ1ITOB cop;ep:>KaT TIOJIHOCTbIO c¢opM11poBaHHblM BblBO,[\, HO 

6JIOKHOTbl p;OITOJIHJ1TeJibHO cop;ep:>KaT ITOJIHblM J1CXO,ll;HblM KO,[\. 3To 03HaqaeT, '-ITO 

¢ai1JI . nb. html, creHep11poBaHHblM 6JIOKHOTOM, MO:>KHO MCITOJib30BaTb ABYMJI cITo­

co6aMM. 

• Bbl MO:>KeTe ITpocMaTpMBaTb ero B 6pay3epe M BMp;eTb BM3yan11311poBaH­

HbIM BbIBO,ll;. B OTJIJ1'-IJ1e OT ¢ai1Jia, C03p;aHHOrO c ITOMOIIJ;bIO OITIJ;J1J1 html -
document, 3Ta BM3yan113au;11JI Bcerp;a BKJIIO'-laeT BCTpoeHHblM Bap11aHT cre­

Hep11poBaBwero ee Kop;a. 

• TaKOM cparl:!JI MO:>KHO pep;aKTMpoBaTb B RStudio. Korp;a Bbl OTKpbrnaeTe .nb. 
html-¢ai1n, RStudio aBTOMaTM'-leCKM Bocco3p;aeT .Rmd-¢ai1JI, KOTopb1M ero 

creHep11poBaJI. B 6yp;yiu;eM Bbl TaK>Ke CMO:>KeTe BKJIIO'-laTb B 3TOT cparl:!JI BCITO­

MOraTeJibHble cpaMJibl (HaITp11Mep, .csv-cpaMJibl p;aHHblX), KOTOpble 6yp;yT aB­

TOMaT11'-leCK11 113BJieKaTbCJf, eCJI11 B 3TOM B03H11KHeT Heo6xop;MMOCTb. 

0TITpaBKa .nb.html-¢ai1JIOB ITO 3JieKTpOHHOM ITO'-ITe - ITPOCTOM cnoco6 ITO­

p;eJIMTbCJf pe3yJibTaTaM11 rnoero aHan113a c KOJIJieraM11. Op;HaKo Bee 3Ha'-IMTeJibHO 

ycJIO:>KHJieTCJf, KaK TOJibKO OHM 3aXOTJIT BHeCTJ1 B Hero CB011 J13MeHeHJ1Jf. Korp;a Ha­

CTYITMT TaKOM MOMeHT, CaMoe BpeMJI TI03HaKOM11TbCJf c TeM, KaK pa6oTaIOT caMTbl 

Git M GitHub. ITottaqany 3TO MO:>KeT p;oCTaBMTb Macey roJIOBHOM 6on11, op;ttaKo ITO­

nyqaeMble ITp11 3TOM npe11Myiu;eCTBa orpoMHbI. KaK y:>Ke OTMe'-laJiocb pattee, pac­

cM0TpeH11e pa6oTbl c Git 11 GitHub Bb1xop;11T 3a paMKM KH11rn, HO Mo:>KeM p;aTb 

0,[\11H COBeT, KOTOpblM ITpMrop;MTCJf BaM, eCJI11 Bbl y:>Ke pa6oTaeTe c 3T11M11 cai1TaM11: 

MCIIOJib3YMTe Bb1xop;ttb1e cpopMaTbl html_ notebook 11 github _document. 

output : 
html notebook: default 
github_document: default 

~oKyMeHT html_ notebook ITpep;ocTaBJIJieT B03MO:>KHOCTb JIOKaJibttoro ITpep;­

Bap11TeJibttoro ITpOCMOTpa J1 ¢ai1JI, KOTOpblM MO:>KHO ITOp;eJIMTbCJf ITO 3JieKTpOHHOM 

ITO'-ITe. ~oKyMeHT gi thub _document co3p;aeT MD-¢ai1JI MMHMMaJibHOro pa3Mepa, 
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KOTOpblM MO:>KHO 3apen1cTp11poBaTb Ha Git. B 3TOM crrrrae Bbl CMO:>KeTe rrerKO 

KOHTporr11poBaTb, KaK pe3yrrbTaTbI Bawero aHarr113a (a He TOJibKO KO,ll;) 113MemnoT­

rn co BpeMeHeM, a GitHub 06ecrrel.f11BaeT Mx 0HrrariIH-B113yarr113a~1110. 

R Markdown TaK:>Ke MO:>KHO 11CIIOJib30BaTb p;mi: co3,D;aH11JI rrpe3eHTa~11r/J.. B 3TOM 

crryl.fae Bbl HeMHOfO TepReTe B B03MO:>KHOCTJIX mrnyarrbHOfO KOHTPOJIJI ITO cpaBHe­

Hl1IO c TaK11M1111HCTpyMeHTaM11, KaK Keynote Mrr11 Power Point, HO aBTOMaT11l.fecKaJJ: 

BCTaBKa pe3yrrbTaToB pa6oTbI Bawero R-KO,D;a B rrpe3eHTa~1110 MO:>KeT C3KOHOM11Tb 

BaM Macey BpeMeH11. I1pe3eHTa~1111 pa6oTaIOT rryTeM pa3611eH11JJ: cop;ep:>K11Moro Ha 

crrarlI,D;bI, rrpwi:eM Hal.farroM HOBoro crrar/J.p;a crry:>K11T Ka:>Kp;brr/J. 3arorroBoK rrepBoro ( #) 

MJIM BToporo ( # #) ypoBHR. KpoMe Toro, MO:>KHO MCIIOJib30BaTb ropM30HTarrbHYIO 

Jll1HeriIKy ( * * *) ,ll;JIJI C03,ll;aH11JI HOB Oro crrar/J.p;a 6e3 3afOJIOBKa. 

R Markdown rrocTaBJIJJ:eTrn c TpeMJJ: BCTpoeHHbIMM cpopMaTaM11 rrpe3eHTa~11r/J.. 

ioslides_presentation 

HTML-rrpe3eHTa~11JJ: c 11CIIOJib30BaH11eM cpopMaTa ioslides; 

slidy_presentation 

HTML-rrpe3ema~11JJ: c 11CIIOJib30BaH11eM cpopMaTa W3C Slidy; 

beamer_presentation 

PDF-rrpe3eHTa~l1R c 11CTIOJib30BaHMeM cpopMaTa LaTeX Beamer. 

,llBa ,D;pymx rrorrymi:pHbIX cpopMaTa rrpe,D;OCTaBJIJIIOTCJI crrep;y10~11M11 rraKeTaM11. 

revealjs: :revealjs_presentation 

HTML-rrpe3eHTa~MR c rroMo~bIO 6116rr110TeK11 reveal.js ( Tpe6yeTrn rraKeT 

revealjs). 

rmdshower 

ITpep;ocTaBJIJieT o6onol.fKY ,ll;BM:>KKa rrpe3eHTa~11r/J. shower . 

.QeMOHCTpal,\HOHHble naHenH 

PeMOHcmpau,uoHl-lbte naHenu (dashboards) - y,D;o6HbIM crroco6 6brCTporo Bl1-

3yaJibHOro o6MeHa 6oJibllll1MJ1 06'heMaM11 11HcpopMa~1111. ITaKeT flexdashboard 
I103BOJIJieT Ol.feHb JierKO C03,ll;aBaTb p;eMOHCTpa~MOHHbie rraHeJI11, J1CI10Jlb3YJI 

R Markdown 11 cnep;y10~11r/J. Ha6op rrpaB11rr, orrpe,D;errJ1:10~11x BJIJ1JIH11e 3aroJIOBKOB 

Ha KOMIIOHOBKY naHen11: 
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• Ka)K)l;bIM 3af01IOBOK 1-ro ypoBH.lI (#) Haq11HaeT HOBYIO CTpattmi;y; 

• Ka)K)l;bIM 3aronoBOK 2 -ro ypoBHR (##) Ha'rnttaeT HOBYIO KOlIOHKy; 

• Ka)K)l;bIM 3arOlIOBOK 3-ro ypoBHR (###) Haq11HaeT HOBYIO CTpoKy. 

BoT rrpHMep ,n;eMOHCTpa1IHOHHOM rratten11, co3p;attttoJ1: c rroMOIIIbIO rroKa3aHHoro 

HH)Ke Ko,n;a. 

-./DocLments/r4Csi14ds;/rma(koown-cemosj1 1 · OM<"lboaud .htf''I 

Show 10 iJ entries 

,,,., .~ 
!' ~) • 

§ ! . 

-'"). 

L._ 

carat cut 

'Ol Fair 

4.'.J F<iir 

carat 4.JJ f .:M 

4.01 Premium 
'•..!! 

4 O! Premium 

4 Very Good 

3.6f Premium 

l.6> Fair 

c • s"'""·--· cul 
3.Jl Prcrniun1 

10 3 s Ideal 

5tlowlng 1 to 10 of ioo cr11rics 

" color -
Puc. 23.2 

title: "Diamonds distribution dashboard" 
output: flexdashboard : :flex dashboard 

Search: 

color 

'''(r setup, include= FALSE} library(ggplot2) library(dplyr) 
knitr: :opts chunk$set(fig.width = 5, fig.asp= 1/3) 

## Column 1 

### Carat 
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pric.e 

18018 

18.';dl 

lf329 

15223 

15223 

15984 

16193 

llb68 

18701 

iistrr 
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, , , { r l 
ggplot(diamonds, aes(carat)) + geom_histogram(binwidth 0.1) 

### Cut 

'"lrl 
ggplot(diamonds, aes(cut ) ) + geom_bar() 

### Color 

, " { r} 

ggplot(diamonds, aes(color)) + geom_bar() 

## Column 2 

### The largest diamonds 

, "{ r} 

diamonds %>% 
arrange(desc(carat)) %>% 
head (100) %>% 
select (carat, cut, color, price ) %>% 
DT :: data table () 

KpoMe Toro, rraKeT flexdashboard rrpep;ocTaBmieT rrpocTb1e HHCTpyMeHTbI 

)];JUI C03p;aHJ1JI Bpe30K, Ta6JIHII, fl1CTorpaMMHbIX CTOJI6IJ,OB l1 l1H)J;J1KaTopoB. ,lJ,JIJI 

rrony'leHHJI 6onee rrop;po6ttor1 11mpopMau,1111 o rraKeTe rroceTHTe cai1T http: I I 
rmarkdown.rstudio.com/flexdashboard/. 

"1HTepaKTHBHOCTb 

J1J06or1 HTML-cpopMaT (p;oKyMeHT, 6noKHOT, rrpe3ettnu,mi: HJIH p;eMottcTpau,11-

0HHaJI rratteJib) MO)KeT cop;ep)KaTb l1HTepaKTJ1BHbie KOMIIOHeHTbl. 

HTML - HHTepaKTHBHbIM cpopMaT, 11 B BarueM pacrropR)KeHHl1 HMeJOTCJI Bl1p; ­

)KeTbI - cpyttKIJ,l1l1 R, rrpep;tta3Ha'leHHbie p;JIJI co3p;attl1J1 l1HTepaKTl1BHbIX sJieMeHTOB 

HTML-B113yan113au,1111. B Ka'lecrne rrp11Mepa paccMoTpHM KapTy, rrp11Bep;eHHYJO Ha 

p11c. 23.3. I1pl1 rrpocMOTpe 3TOM KapTbl B li1HTeptteTe Bbl MO)KeTe rrepeTaCKJ1BaTb 
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ee, yBem1q1rnaTb 1171!1 yMeHblllaTb MaCllITa6 11 T.rr. P a3yMeeTc>I, rrop;o6ttoe tteB03-

MO)l(HO cp;e11aTb B KH11re, IT03TOMY rraKeT rmarkdown aBTOMaT11qecK11 BCTaB715IeT 

cTaT11qecKoe 11306pa)l(ett11e. 

library (leaflet ) 
leaflet () %>% 

setView (l74.764 , -36.877 , zoom = 16 ) %>% 
addTi l es () %>% 
addMa r kers (174.764 , -36.877 , popup "Maungawhau " ) 

+ 

I 

I . 
/ .· 

!! ' 
/ ! 

f.,;1 ()U Jl t eden _ 
. ! 
I B.,ttger Ro,1d 

I 

~/OU'H 

Fdf' I .... 

,, 
~~ 

1,·'.'i l !..;J (~ ~ 

"' _, 
c: 

-- ~ 

Leaflet I © OpenStreetMap contributors, CC-BY-SA 

Puc. 23.3 

B11p;)l(eTbl 3aMeqaTe71bHbI TeM, qTo 11X 11CIT071b3 0 Batt11e He Tpe6yeT 3HaH115I 

HTML 117111 JavaScript. Bee p;eTa1111 11HKarrcy1111poBaHbI B naKeTe, TaK qTo BaM He 

o qeM 6ecrroK011TbC5I. 

B11p;)l(eTbI rrpep;ocTaB115IIOTC5I MHor11M11 rraKeTaM11, BK1110qa51 c11ep;y10w;11e: 

• dygraphs - 11HTepaKT11lrna5I Bl13ya11113au;1151 BpeMeHH blX p5I,D;OB; 

• DT - 11HTepaKT11BHbie Ta61111u;b1; 

• rthreejs - HHTepaKT11BHbie 3D-rpaqmK11; 

• DiagrammeR - p;11arpaMMbI (BK1110qa51 6 110K-cxeMbI 11 rpa¢br). 
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1ho6bI ysHaTb 60Jibllie 0 BM,D;)l(eTaX 11 03HaKOM11TbC5I c 6onee IIOJIHbIM rrepeq­

HeM rrpe,ri;ocTaBJI5IIOI.l\11X MX rraKeTOB, rroceT11Te ca:ih http: I /www. html widgets. 

org/. 

naKeT Shiny 
Bl1,D;)l(eTbl 06ecrre'i11BaIOT 11HTepaKT11BHbie B03MO)l(HOCT11 Ha KJI11eHTCKOM CTO­

poHe - BC5I 11HTepaKTMBHOCTb peamrnyeTrn B 6paysepe, He3aB11Cl1MO OT R. c ,ri;py­

roJ.1: CTOpOHbI, 3TO 11 xopowo, rrocKOJibKY Bbl MO)l(eTe pacrrpocTpaHHTb HTML­

cpa:i.1:JI 6es IIO,D;KJIIO'ieH115I ero K R. 0,ri;HaKO 3TO cyll\eCTBeHHO orpaH11'il1BaeT Baw11 

B03MO)l(HOCT11 B OTHOJJleH1111 B03p;eJ.1:CTB115I Ha 3JieMeHTbI, peaJI1130BaHHbie c MC­

IIOJib30BaH11eM HTML 11 JavaScr ipt. AJibTepHaT11BHbIJ.1: rro,ri;xo,ri; saKJIIO'iaeTcH B 11C­

rroJib30BaH1111 Shiny - rraKeTa , KOTOpb1J.1: no3BOJI5IeT cosp;aBaTb 11HTepaKT11BHbie 

3JieMeHTbI, MCIIOJib3YH 5I3bIK R, a H e JavaScript. 

lfro6b1 Bhl3BaTb Ko,ri; Shiny 113 ,ri;o KyMeHTa R Markdown, ,ri;o6aBbTe B saroJIOBOK 

cTpoKy runtime: shiny. 

title : "Shi ny Web App " 
output: html_document 
runtime : shiny 

Dorne 3Toro Bbl CMO)l(eTe ,ri;o6aBJI5ITb B ,ri;oKyMeHT 11HTepaKT11BHbie 3JieMeHTbI c 

IIOMOI.l\bIO cpyHKIJ;l1M ceMeMCTB a "in put''. 

library (shiny) 

::ext:::r.pu'.: ( "name " , "What is your name? " ) 
::u."1'.er2.cI:-iput ( "age " , "How old are you? " , NA, min = 0, max = 150 ) 

Terrepb Bbl MO)l(eTe CCbIJiaTbC5I H a BBep;eHHbie 3Ha'ieH115I c IIOMOI.l\bIO 11MeH 

input$name 11 input$age, 11 KO,D;, KOTOpbIM 11X 11CIIOJib3YeT, 6y,ri;eT aBTOMaT11'"1e­

CKl1 3aHOBO 11CIIOJIH5ITbC5I rrp 11 Ka)l(,D;OM 11X 113MeHeH1111 (p11c. 23.4). 

What is your name? 

How old are you? 

Puc. 23.4 

MbI He MO)l(eM rrpo,ri;eMOHcTp 11poBaTb BaM, KaK pa6oTaeT peaJibHoe rrp11JIO)l(e ­

H11e Shiny , IIOCKOJibKY Bee B3al1MOp;eJ.1:cTB11e npo11cxo,ri;11T Ha cepBepHOM CTOpOHe. 

0TCIO,D;a CJiep;y eT, '-ITO Bbl M O)l(eTe C03,D;aTb 11HTepaKTMBHOe np11JIO)l(eH11e, ,D;a)l(e 

He 3Ha5I 5I3bIKa JavaScript, HO 3TO TaK)l(e 03HaqaeT, '-ITO ,D;JI5I ero BbIIIOJIHeHM5I BaM 
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ITOHap;o611Trn cepBep. 3p;ecb B03HMKaeT ITpo6neMa norncTMKM: ITp11no:>KeH11IO Shiny, 

11To6b1 BbIIIOJIHJITbCJI B 0Hnai1H-pe:>K11Me, Hy:>KeH cepBep Shiny. Ern11 Bbl 3aITycT11Te 

ITPMJIO:>KeHMe Shiny Ha CBOeM KOMITbIOTepe, OHO aBTOMaTJ11IeCKJ1 yCTaHOBMT cepBep 

Shiny, HO ern11 Bbl 3axoT11Te oITy6n11KOBaTb TaKoro pop;a MHTepaKTMBHoe ITp11no­

:>KeH11e B ceTM, BaM ITOHap;o611TC5f o6rn;ep;oCTyITHblH cepBep. B TOM-TO J1 COCTOMT 

cyrn;ecTBeHHblH KOMITPOMMCC Shiny: Bbl MO:>KeTe p;enaTb B p;oKyMeHTe Shiny TO, 'ITO 

p;enaeTe B R, HO p;JIJI :noro Tpe6yeTCJI, 11To6b1 KTO-To p;pyroif BbIIIOJIHJIJI R. 
I1op;po6Hee o ITaKeTe Shiny MO:>KHO y3HaTb Ha caifTe http: I I shiny. rstudio. 

com/ . 

Be6-cai1Tbl 
BbIIIOJIHMB p51p; p;oITOJIHMTeJibHbIX p;eHCTBMH, Bbl CMO:>KeTe MCITOJib30BaTb 

R Markdown p;nJI co3p;aHMJI ITOJIHO~eHHoro cai1:Ta. 

• I1oMeCTJ1Te CBOM .Rmd-cpaHJibl B op;MH KaTaJIOr. ,UoMaurneif CTpaHM~eH CTa­

HeT cpaifn index.Rmd. 

• ,Uo6aBbTe YAML-cpaifn c MMeHeM _site.yml, 06ecrre1111Ba10rn;11i1: HaB11ra~1110 

ITO caiiTy. H11:>Ke ITOKa3aH ITPMMep TaKoro cpaiina. 

name: "my- websi t e" 
navbar: 

ti tle : "My Website " 
l eft: 

- text: "Home" 
hre f : i ndex .html 

- t ext : "Vi r idi s Colors" 
href : ! - exampl e .html 

- text : "Terrain Colors" 
href: 3-inline. html 

BbIIIOJIHMTe cpyHK~MIO rmarkdown: : render_ site () 11 co3p;ai1Te KaTanor 

_site, B KOTopoM 6yp;yT xpaHMTbrn HTML-cpaifJihl, roTOBble p;JIJI pa3BepTbIBaHMJI 

B BMp;e aBTOHOMHOro CTaTM'leCKoro Be6-cai1Ta MJIJ1, ecJIM Bbl MCITOJib3yeTe ITpoeKT 

RStudio, p;nJI BblllOJIHeHMJI B KaTanore Barnero Be6-cai1Ta. 

Eonee ITop;po6Ho 06 3TOM MO:>KHO ITpo1111TaTh ITO ap;pecy http://bit .ly/ 
RMarkdownWebsites . 
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ApyrPAe <t>opMaTbl 
Cy~ecTByeT pRp; rraKeToB, K0Topb1e rrpe,z:i;ocTaBJIJIIOT p;orroJIHMTeJihHbie Bb1xop;­

Hb1e cpopMaTbI. 

• I1aKeT bookdown (https: //github. com/rstudio/bookdown) yrrpo­

~aeT HaITMCaHMe KHMr, rrop;o6HbIX 3TOM. ,UJIJI 11011yqeHJ15I ,ll;OITOJIHMTeJibHOM 

MHcpopMau;MM rrpoqJ1TaJ1Te KHMry Authoring Books with R Markdown (Yihui 

Xie; https: //bookdown. org/yihui/bookdown/), KOTopaR, pa3yMeeTrn, 

HarrMcaHa c MCITOJib30BaHMeM rraKeTa bookdown. TioceTMTe cal1T http: I I 
WWW . bookdown. org ,1J;ll51 03HaKOMJieHJ151 c ,z:i;pyrMMM KHMraMM, rrop;rOTOBJieH­

HbIMM qJieHaMM R-coo6~ecTBa c rrOMO~bIO 3Toro rraKeTa. 

• I1aKeT prettydoc (https: I /github. com/yixuan/prettydoc/ ) rrpep;o­

CTaBJIJieT 0611erqeHHbie BepcMM cpopMaTOB p;oKyMeHTOB, rrpep;11araIO~J1e 

TeMbI c rrpMBJieKaTeJibHbIM BHeUIHMM BM,ll;OM. 

• B 1iaKeTe rtides (https: //github. com/rstudio/rticles) co6paHbI 

cpopMaTbI, o6ecrreqMBaIO~J1e COOTBeTCTBMe cpopMaTaM pRp;a HayqHbIX )l(yp­

HaJIOB . 

.IJ:1151 03HaKOMlleHM51 c 6oJiee UIMpOKMM CITMCKOM p;oCTyrrHbIX cpopMaTOB rroceTM -

Te cal1T http: I /rmarkdown. rstudio. com/formats . html. KpoMe Toro, MO)l(­

HO C03p;aBaTb co6cTBeHHbie cpopMaTbI, c11ep;y51 J1HCTPYKIJ;J151M, rrpep;cTaBJieHHblM no 

ap;pecy http: I /bit. ly /CreatingNewFormats. 

lfro6bI 6oJiee rrop;po6Ho 03HaKOMJ1TbC51 c J1CI10Jlb30BaHMeM OITMCaHHbIX cpopMa­

TOB ,ll;JIJI opraHJ13aIJ;J1J1 3cpcpeKTJ1BHoro o6MeHa MHcpopMau;MeM, peKOMeHp;yeM 06-

paTMTbCJI K rnep;yIO~MM J1CTOqHJ1KaM. 

• KHMra Presentation Patterns (Neal Ford, Matthew McCollough, Nathaniel 

Schutta) ITOMO)l(eT BaM ycoBepIIIeHCTBOBaTb CBOe MacTepCTBO B 0611aCTJ1 

rrop;roTOBKM rrpe3ettrau;MJ1. B 3TOJ1 KHMre rrpep;cTaBJieH pRp; 3cpcpeKTMBHbIX 

IIIa6JIOHOB (KaK HJ13KO-, TaK J1 BbICOKoypoBHeBbIX), J1CI10llb3YJI KOTOpbie Bbl 

CMO)l(eTe yJI)"-IIIIMTb KaqecTBO CBOMX rrpe3eHTau;MJ1. 

• Ec11M BaM rrpMxop;MTCJI BbICTyrraTb c aKap;eMMqecKMMM p;oK11ap;aMM, peKo­

Mettp;yeM rrpoqecTb pyKoBop;cTBO Leek group guide to giving talks (https: I I 
gi thub. com/j tleek/talkguide). 

rnasa 23. BblXOAHble <j>opMaTbl R Markdown 577 



• JlJ!I'IHO Mbl ellle He BOCIIOJib30BaJIJ!ICb 3TJ1M pecypcoM, O,D;HaKO CllbIIIIaJIJ!I 

MHOro xopOIIIJ1X OT3bIBOB 06 OHJiaMH-Kypce ITO opaTopcKOMY J!ICKyccTBy, 

nop;roTOBJieHHOM M3TTOM MaKf3ppHTJ!I (https: I /www.coursera . org / 
learn/public-speaking). 

• ECJIM BaM rrpMXO,D;J1TGI IIOCBJiliiaTb MHOro BpeMeHJ1 IIO,D;fOTOBKe p;eMOHCTpa-

11,MOHHblX rraHeneJ1:, o6JI3aTeJibHO rrpo'ITMTe KHMry CTMBeHa <DbIO Information 

Dashboard Design: The Effective Visual Communication of Data (https : I I 
www.amazon.com/Information-Dashboard-Design- Effective­

Communicat ion/dp/0596100167). C ee rroMOliibIO Bbl cMo:>KeTe C03p;aBaTb 

p;eMOHCTpaU,MOHHble naHem1, KOTOpble 6yp;yT He TOJibKO BHeIIIHe npMBJieKa­

TeJibHblMJ1, HO J!I p;eJ1:CTBJ!ITeJibHO TIOJie3HblMJ!I. 

• BaM 6yp;eT rrpoliie ,D;OHOCMTb CBOM Mp;ett p;pyrttM JIIO,D;JIM, ecJIJ!I Bbl rrptto6 -

peTeTe 3HaHMJI B o6nacTJ!I rpa¢M'IecKoro p;tt3aJ1:Ha. HennoxoJ1: cTapTOBoJ1: 

IIJIOII1a,D;KoJ1: ,D;JIJI 3Toro Mo:>KeT norny:>KMTb KHMra Po6Mtta YttJibJIMCa The 

Non-Designer's Design Book (https: I /ptgmedia. pearsoncmg. c om / 
images/9780133966152/samplepages/9780133966152.pdf). 



rnABA 24 

OpraHM3a~MH pa6orb1 c R Markdown 

Pattee Mbl o6cyp;mrn KmoqeBble rrpvtHll;ItIIlbl MHTepaKTMBHOH pa6oTbl c KO,ll;OM 

B KOHCO!lU , a 3aTeM paccMOTpem1, KaK pa6oTaTb c KO,ll;OM, Hax:O,D;JIIll,J/IMC5I B OKHe pe­
OaKmopa cKpunmoa. R Markdown o6'he,D;MH5IeT KOHCOJib c pep;aKTopoM CKpMIITOB, 

pa3MbIBa5I rpaHJ/111,bl Me)l(p;y J/IHTepaKTJ/IBHblM J/ICCJiep;oBaHJ/leM J/I p;omocpoqHoriI 

¢MKca11,MeriI Kop;a. Bb1 MO)l(eTe 6b1CTpo MaHMrry1rnpoBaTb KO,ll;OM B rrpep;errax ¢par­

MeHTa, BHOC5I B Hero rrpaBKJ/I J/I IIOBTOpHO BbIIIOJIH5IJI c IIOMOlll;blO KOM61!1Hall,J/IJ/I 

KJiaBMill <Ctrl +Shift+ Enter>. ,JJ;o61!1Bllll!ICb pe3yJibTaTOB, KOTOpb1e Bae YAOBJieTBO ­

p5IIOT, Bbl rrepeXO,ll;J/ITe K pa6oTe c HOBblM ¢parMeHTOM KO,D;a. 

Ba)l(HOe 3HaqeHMe H3b1Ka pa3MeTKl!I R Markdown o6'bJICHJieTc5I TaK>Ke TeM, qTo 

OH TeCHO J/IHTerpMpyeT OIIJ/ICaTeJibHblH TeKCT J/I KO,ll;. 3TO II03BOJI5IeT C03,D;aBaTb OT­

JIJ/lqHble pa6oqJ/le 6rrOKHOTbl ,ll;Jl5I 3aIIJ/ICeriI 0 xop;e J/ICCJiep;oBaHJ/15! - J/IHCTpyMeHT, 

II03BOJI5IIOlll;J/IH corrpoBO)l(,ll;aTb pa3pa60TKY KO,D;a 3aIIJ/ICbIO CBOJ/IX MblCJieriI M 1!1,D;eril. 

TaKoriI 6rroKHOT MMeeT MHoro o6rn;ero c KJiaccMqecKl!IM rra6opaTopHblM )l(ypttarroM, 

MCIIOJib3yeMblM B ¢1!13MqecKMX ttayKax. B qacTHOCTM, R Markdown o6ecrre'IMBaeT 

rnep;y10rn;ee. 

• fI03BOJI5IeT 3aIIJ/ICbIBaTb CBOJ/I p;eriICTBJ/15! J/I corrpoBO)l(,D;aTb J/IX COOTBeTCTBy­

IOlll;J/IMJ/I rroJicHeHl!IHMl!I . KaKoriI 6b1 3aMeqaTeJibHOH rraMHTbIO Bbl HM o6rrap;a­

Jil!I, B caMblH HeIIO,ll;XO,ll;Jllll;J/IH MOMeHT Bp;pyr o6ttapy)l(J/ITC5I, qTQ Bbl 0 qeM-TO 

3a6bIJIJ/I. qT06b1 3TOro He rrp01!130IlIJIO, o6H3aTeJibHO 3aIIJ/ICbIBariITe Ba)l(Hble 

p;eTarrM! 

• CTMMYJIMpyeT CTporocTb Mbl llIJieHMH. Balli attaJIJ/13 ycMJil!ITCJI, ecrrM Bbl 6yp;e­

Te 3aIIJ/ICbIBaTb CBOJ/I MblCJIJ/I ITO xop;y ero rrpoBep;eHJ/IJI J/I BIIOCJie,D;CTBJ/11!1 o6p;y­

MbIBaTb J/IX. 3TO TaK)l(e C3KOHOMJ/IT BaM BpeM5I, eCJIJ/I Bbl pellll!ITe rrop;eJIJ/ITbCJI 

pe3yJibTaTaMl!I aHaJIM3a c p;pyrMMl!I JIIO,ll;bMl!I. 

• 06rrerqaeT IIOHJ/IMaHJ/le pe3yJibTaTOB Ballleril pa6oTbl p;pyrMMJ/I JllO,ll;bMJ/I. 

Jlvtlllb B pe,D;KJ/IX crryqaJIX aHaJIJ/13 BblIIOJIH5IIOT B O,ll;J/IHOqKy; qarn;e Bcero Bbl 



6y,n;eTe pa60TaTb B COCTaBe KOMaH)l;bI. Jia6opaTopHblM >KypHaJI 1103BOJil1T 

BaM 11Hcj:>opM11poBaTb CBOl1X KOJIJier He TOJibKO 0 TOM, qTo Bbl c,n;eJiaJI11, HO 11 

c KaKOW u;eJibIO 3TO COBeprnaJIOCb. 

Mttor11e COBeTbl, OTHOCJIIu;11eCJI K Be,n;eHl1IO Jia6opaTopHblX >KypHaJIOB, B paBHOH 

cTerreH11 rrp11Mett11Mb1 K 6noKHOTY R Markdown. J1cxo,n;JI 113 co6cTBeHHoro orrb1Ta 

11 peK0MeH,n;au;11J.1: Kon11Ha I1ypp11HrT0Ha no Be,n;eH1110 na6opaTopttb1x >KypHaJioB 

(http://colinpurrington.com/tips/lab-notebooks), MO>KeM rrocoBeTo­

BaTb BaM rne.n;yroiu;ee. 

• Cne,n;11Te 3a TeM, qT06b1 Ka>K,ll;bltt 6110KHOT 11MeJI 01111caTe11bHoe Ha3Batt11e 11 

11Hcj:>opMaT11BHoe 11MJI cj:>avma, a rrepBb1l1 afoau; co.n;ep>KaJI KpaTKoe orr11caH11e 

u;enel1 aHaJI113a. 

• J1crroJib3YiiTe none ,n;aTbl B 3aroJioBKe YAML ,n;JIJI cj:>11Kcau;1111 ,n;aTbl HaqaJia 

pa60Tbl C 6JIOKHOTOM: 

date: 20 16- 08 - 23 

I1p11 yKa3aHl111 ,n;aTbl rrp11,n;ep>K11Bar1TeCb cpopMaTa 1508601 ffff-MM-,IJJC 

qT06b1 1136e>KaTb HeO)l;H03HaqHOCTJ1. J1crrOJib3YMTe 3TOT cj:>opMaT ,n;a>Ke B TOM 

rnyqae, ern11 06b1qHo Bbl 3a1111cbrnaeTe ,n;aTbl rro-.n;pyroMy! 

• EcJil1 Bbl 110TpaTl1Jil1 MHOro BpeMeHl1 Ha aHaJil13 KaKOM-JI1160 11.n;e11, HOB KO­

HeqHoM cqeTe 3arnn11 B Tyrr11K, He y,n;aJIJIMTe pe3yJibTaT! KpaTKO 01111rn11Te, 

rroqeMy He cpa6oTaJia 11,n;eJI, 11 coxpaH11Te ee B 6noKHOTe. 3To He .n;acT BaM 

IIOBTOpHo oqyT11TbCJI B TOM >Ke Tyrr11Ke, ern11 B 6y.n;yiu;eM BaM rrp11,n;eTCJI Bep­

HYTbCJI K aHaJI113y. 

• KaK rrpaB11Jio, rro.n;roTOBKY 11cxo,n;HblX ,n;aHHblX nyqrne Bbll10JIHJITb BHe R. Ho 

eCJil1 BaM Heo6xo,n;11M He6oJibllIOM Ha6op ,n;aHHblX, C03,1l;aBai1Te ero c ITOMO­

Iu;blO cj:>yttKu;1111 tibble: : tribble () . 

• Ecn11 06ttapy>K11BaeTcJI, qTo cj:>ailJI ,n;aHHblX co.n;ep>K11T orn116Ky, Hl1Kor.n;a He 

11crrpaBJIJii1Te ee Herrocpe,n;cTBeHHO B cj:>ai1:ne. BMecTo 3Toro Ha1111rn11Te KO,n;, 

KoppeKT11py10iu;11r1 ourn6oqHoe 3HaqeH11e. 06'bJICHl1Te, rroqeMy Bbl BHern11 

,n;aHHYIO KoppeKu;1110. 

• ITpe>K,n;e qeM 3aBeprn11ib rnor1 pa6oq11J1 ,n;eHb, y6e,n;11Tecb B TOM, qTo Bbl MO­

>KeTe ccj:>opM11pOBaTb 6JIOKHOT c ITOMOiu;bIO cj:>yHKu;11J1 knit () . (ECJil1 Bbl J1C­

IIOJib3yeTe Kern11poBaH11e, o6JI3aTeJibHO oq11cT11Te Kern.) 3To 1103BOJil1T BaM 

ycTpaHl1Tb JII06b1e B03Hl1KllI11e rrpo6neMbI, ITOKa BCe, qTO CBJI3aHO c KO,ll;OM, 

eiu;e CBe>Ko B Barner1 rraMJITl1. 

580 4am V. KoMMYH~Ka4~11 



• ECJrn Bbl xoTMTe o6ecneqMTb BocnpoM3BO)J;MMOCTb Ko,n;a B ,n;omocpoqHoi1 

nepcneKTMBe (T.e. qT06b1 Bbl MOfJIM rapaHTMpoBaHHO BbITIOJIHMTb ero B CJie­

,n;yIOlileM Mecm.i;e MJIM ro,n;y), BaM TIOTpe6yeTCJI opraHM30BaTb KOHTpOllb Bep­

CMM naKeToB, KOTOpb1e 3a,n;ei1cTBYIOTC5I BaUJMM Ko,n;oM. CTporMi1 no,n;xo,n; 3a­

KJIIOqaeTC51 B MCTIOJib30BaHMM naKeTa packrat, coxpaH51IOlilero naKeTbl B Ka­

TaJiore Bawero npoeKTa, MJIM naKeTa checkpoint, KOTopb1i1 nepeyCTaHOBMT 

naKeTbl, ,n;oCTynHble Ha MOMeHT yKa3aHHoi1 ,n;aTbI. Eb1CTpoe, XOT51 M rpy6oe, 

peweHMe 3TOi1 3a,n;aqM 3aKJIIOqaeTrn B co3,n;aHMM cpparMeHTa Ko,n;a, 3anycKa­

IOlilero cpyHKIJ;MIO sessioninfo () . 3TO He TI03BOJIMT BaM JierKO BOCC03)J;aTb 

CBOM naKeTbl B MX HbIHeUJHeM COCT05IHMM, HO 3aTO Bbl 6y,n;eTe 3HaTb, qTo 

OHM co6oi1 npe,n;CTaBJI51JIM. 

• Ha npoT51:>KeHMM Bcei1 cBoei1 Kapbepbl Bbl co3,n;a,n;MTe orpoMHOe MHO:>Ke­

CTBO 6noKHOTOB aHaJIM3a. KaK Mx rne,n;yeT opraHM30BaTb, qT06b1 B 6y,n;ylileM 

MO:>KHO 6brno nerKo o6paTMTbC51 K Ka:>K,n;oMy M3 HMx? Mb1 peKoMeH,n;yeM co­

xpaHRTb 6JIOKH0Tbl B OT)J;eJibHblX npoeKTax, npM,n;ep:>KMBa51Cb KaKOM-JIM6o 

y,n;o6Hoi1 )J;JI51 Bae CMCTeMbl npMCBOeHM51 MM JrIMeH. 

rnasa 24. OpraH113a411R pa60Tbl c R Markdown 581 



A 
ASCII 192 

c 
ColorBrewer 553 
CRAN 28 
CSL 532 

E 
EDA 421 
EST 326 

G 

GMT 328 

IANA 326 

L 
lv-p;11arpaMMa 152 

R 
RMarkdown 515 

6JIOKHOT 570 
Be6-car1TbI 576 
BCTpoeHHbIM KOp; 527 
BbIXO,ll;HOM cpopMaT 567, 577 
p;eMOHCTpau;ttOHHa.R rraHeJib 571 
p;oKyMeHTbl 569 
11HTepaKT11BHOCTb 573 
KeurnpoBaHtte 525 
rrpe3eHTau;11R 571 
cpopMaTttpoBaHtte TeKCTa 519 
cpparMeHTbI Kop;a 521 

RStudio 28, 350 
p;ttarHOCTttKa 129 

rrpoeKT 169 
coxpatteHtte pa6o'-Iero rrpoCTpattcT­

Ba 166 
R-cKpttIIT 165 

s 
SQL 251 

T 
tibble-cpper1M 90, 175, 389 

tt3BJie'-!em1e nop;tta6opa 179 
TpaHCIIOHttpoBaHHbIM 177 

u 
UTC 327 
UTF-8 192 

y 

YAML 517, 529 

A 
Ap;p;ttTttBHaR Mop;eJib 458 
AKKypaTHbie p;aHHbie 22, 133 
AHHOTall;11R 538 
AHT11coep;11Hett11e 254 

6 
l3116JI11orpacp11'-IecKaR CCbIJIKa 531 
l3116JittOTeKa 

lubridate 460 
modelr 488 
reveal.js 571 
tidyverse 28, 30, 41, 89 

l311ttaptta.R cpyttKu;ttR 419 
DJIOKHOT 570 
DJIO'-IHOeTeCTttpoBaHtte 346 
l3oJiburne p;aHHbie 25 



B 
BapMaIJ,MR 133, 161 
BeKTop 367 

aTOMapHbIM 370 
oTcyTCTBYJOll\11e 3Ha'-!eH11J1 372 

aTpM6yTbr 385 
MMeHOBam1e 377 
JIOrM'leCKMM 370 
npMBep;eHMe TMTIOB 373 
pacnrnpeHHbIM 387 
peKyprnBHbIM 380 
CMMBOJibHbIM 371 
co3p;aHMe 404 
'IMCJIOBOM 370 

BeKTOpM3aIJ,MR cpyttKIJ,Mil 376 
BMp;)KeT 573 
BM3yaJIM3aIJ,MR 22,39,89,436 
BM3yaJihHbIM aTpM6yT 47 
BJio)KeHHbie p;aHHbie 491 

OTMeHa BJIO)KeHMR 494 
Bttenrnee coep;MHeHMe 244 
BtteruttMil KJIIO'I 237 
BttyTpeHHeecoep;MHeHMe 243 
Bbr6op CTOJI6u,os 99 
Bb16poc 140 
Bhrxop;ttoil cpopMaT 567 

r 
feoMeTpM'IeCKMM o6neKT 57 
feoMeTpMR 57 
fMCTorpaMMa 136 
fpap;au,MR 47 
fpaMMaTMKa rpacpMKM 41, 79 

rnaroJibI 91 
fpacpMK 533 

aHHOTaIJ,MM 538 
Jierettp;a 546, 549 
TIO,D;TIMCM 534 
C03p;aHMe 43 
coxpatteHMe 560 
TeMa 558 
IlIKaJia 545, 550 

fpynnMpOBaHMe nepeMeHHbIX 121 
fpynnOBOM MTOf 107 

A 
.D:eKapTOBO npOM3Bep;eHMe 247 
.D:eMOHCTpaU,MOHHaR naHeJib 571 
LJ:epeBbR 458 
.D:MarpaMMa 

BeHHa 245 
OTHOllieHMM 236 
pa3Maxa 148 
CTOJI6tJaTa51 134 

.lJ:JIMTeJibHOCTb 321 

E 

ECTecrneHHoe coep;MHeHMe 248 

3 
3aIJ,MKJIMBaHMe BeKTopa 375 
3MeMHbIM perncTp 84 
3ttatJeHMe 133 
3oJioTOe cetJeHMe 562 

J1MnepaTMBHOe nporpaMMMpoBaHMe 391 
J1MnopT p;aHHbIX 21 
J1HTepaKTMBHOe npMmarneHMe 31 
J1HTepBaJI 324 

K 
KattaJI 108,333 
KarnJior 168 
KaTeropMaJibHaR nepeMeHHaR 291 
Kaqecrno Mop;eJIM 497 
KBaHTMJih 117 
KenrnposattMe 525 
KJiaCTep 3HatJeHMM 138 
KJIIO'I 237 

Jierettp;bI 546 
tteyHMKaJibHbIM 246 
cypporaTHbIM 239 

KoBapMaIJ,MR 133, 145, 161 
KoMn03MIJ,MR cpyHKIJ,MM 336 
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fleBoecoeAMHeHMe 244 

flereHAa 549 

fleKcw-recKa51 o6naCTb BMAMMOCTM 365 

fleHMBbie Bbl'-IMCJieHM51 361 

fl1rneJ1:HaR MOAeJib 435 

o6o6w;ettHaR 457 

po6acrnaR 458 

co llITpa<f:>aMM 458 

florwieCKMM BeKTOp 3 70 

flornqeCKOe BbIAeJieHMe IIOAHa6opoB 116 

floKaJib 190, 263 

M 

Mac1ma6 M3o6pa)l(eHMR 556 

MeAMaHa 116, 148 

MeAMaHHoe a6comoTHoe OTKJIOHe­

HMe 117 

Me)l(KBapTMJibHhIM pa3Max 117, 148 

Mepa 

IIOJIO)l(eHM51 116 

rropRAKOBaR 118 

pa36poca 117 

paH)l(MpoBaHM51 117 

MeTOA KacaTeJihHbIX (HbioToHa­

Pa<f:>cotta) 434 

MoAenMpoBaHMe 425,459 

<f:>opMyJibI 441 

MoAeJib 161 

MoAynRpHaR apM<f:>MentKa 104 

MyTMpyrow;ee coeAMHeHMe 240 

H 

Ha6nroAeHMe 133 

HaYKa o AaHHbIX 21 

HeaKKypaTHbie AaHHbie 230 

HecMHTaKCM-qeCKoe MMR 177 

HonqMR YMJIKMHCOHa-PoA)l(epca 442 

0 

06o6w;eHHa51 ¢YHKQM51 386 

06paTHbIJ1: arroCTpo¢ 177, 351 

06w;aR JIMHeilrnaR MOAeJih 435 

061,eAMHeHMe 

orrepaqMJ1: 108 

CTOJI6QOB 220 

CTpOK 261 

0AHOCTOpOHH5151 <f:>opMyna 406 

Orreparnp 

[ 180 

[[ 179 

%>% 337 

$ 179 

apM<f:>MeTMqecKMM 103 

JIOfMqecKMM 93,352 

cpaBHeHM51 93, 105 

OCTaTKM 161, 439 

0TCyYCTByrow;ee 3HaqeHMe 95, 110, 143, 

222,372, 457 

n 
IlaKeT 29 

bookdown 577 

broom 487,497,511 

checkpoint 581 

data.table 25 

DBI 205 

DiagrammeR 574 

dplyr 89,91, 128,234 

DT 574 

Dygraphs 574 

feather 205 

flexdashboard 571 

forcats 292 

gapminder 489 

ggplot241,163,294,533 
CMCTeMbl KOOp,[\MHaT 76 
TeMbl 559 
umapraJIKa 59 

ggrepel 534, 540 

haven 205 

hexbin 157 

hms 195 

jsonlite 206 



knitr 523 
Lahman 114 
lubridate 308 
lvplot 152 
magrittr 333, 339 
modelr 426 
nycflightsl3 89, 234, 308 
packrat 581 
prettydoc 577 
purrr 375, 392, 403 
RColorBrewer 553 
RcppRoll 105 
readr 183, 197 
readxl 205 
rio 206 
rmarkdown 516, 568 
rthreejs 574 
rticles 577 
seriation 155 
Shiny 575 
stringi 290 
stringr 259, 261, 274, 290 
tibble 175 
tidyr 207, 226 
viridis 534, 553 
webreadr 184 
xml2 206 
3arpy3Ka 32 

ITatteJib 54 
ITapaJIJieJibHbie BhPrnrnemrn 531 
ITapcep 189 
ITepBvPIHhitt KJIIO'l 237 
ITepeMeHHaH 133 

Bbl'lMCJI5IeMa5I 481 
KaTeropMaJihHaH 134, 146,291,442,445 
HeapephmHaH 135, 146, 445, 449 

ITepecTaHOBKacTpoK 97 -

ITepMo,1:1 322 
ITetiaTb 178 
I10,1:1rOTOBKa ,1:1aHHbIX 22, 173 
I10,1:1TBep:>K,1:1a10ru;Mi1 aHaJIM3 27 

586 npeAMeTHbllii yKa3aTellb 

IToJIMroH qacToT 439 
IToJIHoecoe,[\MHeHMe 244 
I10Jiycoe,1:1MHeHMe 252 
ITpaBoe coe,1:1MHeHMe 244 
ITpeABapMTeJibHbitt attaJIM3 39, 131 
I1pe3eHTaIJ;MH 571 
I1peo6pa3oBaHMe 22,453 
I1pMBe,1:1ettMe TMl10B 373 
ITpoBepKa TMl10B 375 
ITpoeKT 169 
ITyTh 168 

p 

Pa6otIMtt KaTaJior 167 
Pa3Be,[\O'lHhitt aHaJIM3 27 
Pa3rpyaaMpoBaHMe aepeMeHHhIX 122 
Pa3,1:1eJieHMe CTOJI6u;oB 218 
Pa3Mep pHcyttKa 561 
PaH:>KMpoBaHMe 106 
PaccpeAOTO'leHMe CTOJI6u;oB 215 
PacurnpeHHbitt BeKTop 387 
Perymi:pttoe Bbrpa:>KeHMe 265 

rpynl1hI 273 
:>Ka,[\Hbltt l10MCK 272 
3aMeHa COBl1a,[\eHMM 283 
M3BJie'leHMeCOBITa,[\eHMM 279 
KBaHTMcjmKaTOp 270 
l10MCK COBl1a,[\eHMM 276 
CMMBOJibHbIM KJiacc 269 
qepeAOBaHMe 269 
HKOpb 267 

Pe,1:1aKTop rnpmITOB 127, 579 
cpe,L\CTBa ,[\MarHOCTMKM 129 

PeJIHIJ;MOHHhre AaHHhre 233 

c 
CBe,[\eHMe CTOJI6u;oB 213 
CeMettcrno MO,[\eJiett 425 
CeTKa rroMcKa 431 
CMMBOJibHbIM BeKTOp 188, 249, 371 

3aIJ;MKJIMBaHMe 262 
CMHrJITOH 418 



Cl1ttTaKCl1'IeCKl1:i1 attaJil13 
BeKTOpbl 188 
p,aTa l1 BpeMR 194 
CTpOKl1 192 

<\Ja:i1rrb1 197 
•rnrna 190 

Cl1cTeMa Koopp,l1ttaT 76 
Coep,l1HeHl1e 242 

Btteurnee 244 

BHYTpettttee 243 
ecTeCTBeHHOe 248 

MyTl1py10I11,ee 240 
no 9KBl1BaJieHTHOCTl1 244 

qrnrrbTpy10I11,ee 252 
Crrl1COK 380, 501 

Bl13yarrl13a~l1R 381 
CnpaBKa 54 
Cpep,ttee 116 
Cpep,tteKBap,paTl1'IeCKoe OTKJIOHe-

Hl1e 117, 429 

CrnTl1CTl1Ka rpa<\Jl1Ka 65 
CrnTl1CTl1'IeCKoe rrpeo6pa30Battl1e 64 
CTorr6e~-CIIl1COK 493 , 500 

C03p,attl1e 502 

yrrpoI11,ettl1e 508 
CTpOKa 259 

,[l,Jll1Ha 261 
l13BJie'IeHl1e IIO,!l,CTpOK 262 
06oep,1t1Hettl1e 261 

C'IeT'Il1K 111, 119 

T 
Ta6rrl1'IHbie p,aHHbie 133 
TeMa 558 
TecTOBbIH tta6op 423 
T1t1rr rrepeMeHHo:i1 90 
To'IKa p,aHHbIX 133 

TpeH1t1pOBO'IHbI:i1 tta6op 423 

y 

YrnoBHoe Bbmorrttettl1e 351 
MHO:>KeCTBeHHbie ycJIOBl1R 353 

<I> 

<l>aKTOp 193,291,388 
rropR,!l,OK crrep,oBaHl1R 296 
ypoBeHb 302 

<l>1t1rrbTpy10Ill,ee coep,l1HeH1t1e 252 
<l>pe:i1M p,aHHblX 43 

data.frame 178 
tibble 175 
orn6pa:>KeH1t1e 90 
rrpeo6pa30Battl1e 180 

<l>yttK~l10HaJibHOe rrporpaMMl1pOBa­
Hl1e 392 

<l>yttK~l1R 343 
accumulate() 419 
add_predictions() 437 
add_residuals() 439 
aes() 45, 49 
all() 352 
anti_join() 256 

any() 352 
apropos() 289 
arrange() 91, 97 
as.data.frame() 180 
as_date() 313 
as_datetime() 313 

assign() 337 
as_tibble() 176 

attr() 385 
attributes() 385 
boundary() 289 
c() 261, 370, 377 
ceiling_ date() 318 

charToRaw() 192 
coll() 288 
collapse() 262 
complete() 223 
contains() 100 
coord_cartesian() 140, 557 
coord_flip() 77, 151 
coord_polar() 77 
coord_quickmap() 77 



count() 120, 134, 238, 294 
cume_dist() 106 
cummean() 105 
cumsum() 105 
cut_number() 157 
cut_width() 135, 157 
data.frame() 501 
data_grid() 437, 446, 467 
date_names() 196 
date_names_langs() 196 
dense_rank() 106 
desc() 97, 115 
detect() 418 
detect_index() 418 
dir() 290 
discard() 417 
dput() 33 
ends_with() 100 
enframe() 507 
every() 418 
everything() 101 
extract() 282 
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