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I'taBa 1

BBenenne

1.1 Ilesan 3Toii KHUTK

amnmnoe mocobue mnpeHazsHAYEHO JJI CTYJAECHTOB 3—4 KypCOB CIIEIUATBLHOCTU
«IIpuktagnas maremaTuka n naGoOpMaTUKay, n3ydaomux Kypc «IIpakTukym mo
CTATUCTHUKE», & TAKZKe JIJIs BCEX KeJIAIONNX Pa300paThbcsd B MPUKJ/IAHBIX aCIIeKTax
MaTeMaTHIeCKON CTATUCTUKU Ha IpuMepe paboThl B nakere R.

1.2 Yrto u3 cebsa npeacraBiser naker R

R — 370 01HHOBpEMEHHO U CBOOOHO pacnpocTpaHseMasi IMporpaMMHasi CPeJia C
OTKPBITBHIM KOJIOM, pa3BuBaemas B pamkax mpoekta GINU, u sa3bik nporpammupo-
BaHUA JIJI CTATUCTUYIECKONW 00pabOTKM JIAHHBIX U PA0OTHI ¢ TPapUKOil.

R moxkHO puMeHSATH Be3jie, T/ie HyKHa paboTa ¢ JaHHBIMEA. DTO U caMa MaTe-
MaTHIecKas CTATUCTUKA BO BCEX €€ MPUJIOKEHNUSIX, W IEPBUYHBIN aHAIN3 JAHHBIX,
u MareMaTudeckoe MojesmmpoBanne. OcuoBHast MoIb R jIydiie Bcero mposBiisgercs
UMEHHO IIPU CTATUCTUIECKOM aHaJn3€ JIAHHBIX: OT BBIYUCJIEHUS CPETHUX BeJTMINH
JIO CepPbE3HBIX oreparliuii ¢ BpeMeHHbIME psijamu. C momombio R MOXKHO 110roTo-
BHUTD JIAHHBIE JIJISI UCCJIEIOBAHUs, KOTOPOE MOYXKET OBITH OCYIIECTBJIEHO C TTIOMOIIBIO
peaM30BAHHBIX B PA3JUIHBIX (DYHKIMAX CTATUCTUIECKHX METOJOB, & 3aTEM BbI-
BECTH ITOJIyYeHHbIE Pe3yJIbTaThl I JTaIbHENIIero aHaImu3a.

Ceitvac mpaKTHUYeCKN BO BCEX 3allaIHOEBPOIENCKUX U aMEPUKAHCKUX YHUBEP-
CUTeTAaX M3Yy4aloT U UCIOJIL3YIOT R, €KeroHo n3aoTcs MHOTOCTPAHUYHbIE yieh-
HUKHW U MOHOI'pPauu OTHOCUTEJIBHO KakK paboThl ¢ camuM makeToM R, Tak um ero
NIpUMEHEHUsI TIPU UCCJIeIOBaHNU U 00pabOTKe JAHHBIX B CTATUCTHKE, MEIUINHE,
9KOJIOTUH, (PMHAHCOBOM aHaJ/IM3e, aKTyapHOil Maremarwke u rnp. Muorme xomma-
nun Takxke npumensiorT R, manpumep Boeing.



1.3 MWcropusa co3panud

R BozHumK Kak cBobomubIil anasior cpeanl S-PLUS, koTopast B ¢cBoI0 odepeib
SIBJITETCSI KOMMEPUECKOH peasm3aliueil s3blka pacIéTon S.

Aspik S 6611 pazpaboran B 1976 rony B komnanuun AT&T Labs. [lepsas pea-
smzanug S Obia Hamucana Ha FORTRAN u pa6orasia 1oj yupapieHHeM Ollepa-
mronnoit cucrembl GCOS. B 1980 romy peanmsanus 6bLia nepernucana mog UNIX.
Nmenno Torjia B HaydHOM cpejie U cTajl pacipocTpandaThed S. B 1988 romy Bbinuia
TpeThs BepCcHsi, KOMMepUeCcKasi peau3aliist KOTopoii craja HasbiBarbess S-PLUS.
JIOBOJIBHO BBICOKasi CTOMMOCTD IIPEIaraeMoro KOMMEPYECKOro CTATUCTUIECKOIO
[aKeTa U IpuBe/ia K BOSHUKHOBeHUIO R.

B asrycre 1993 nBoe noozenanjckux yuénbix (Robert Gentleman u Ross
Thaka, Statistics Department, Auckland University) anoHncupoBaju CBOIO pa3pa-
6oTKy o1 Ha3zBaHueM R. DTo Obliia HOBas peajn3alius A3bIKa S, OTINIAIONIAICT
ot S-PLUS psjom serageil, Haripumep, paboToil ¢ maMATbio, 0OpaIleHueM ¢ IJ10-
OaJIbHBIMI 1 JIOKAJIbHBIMU II€PEMEHHBIMIU.

[Tonauasry mpoeKT pa3zBUBaJICS JOBOJIBHO MEJJIEHHO, HO C ITOSBJICHUEM BO3MOXK-
HOCTH JIOBOJIBHO JIEPKOTO HAITMCAHMSI JOMOJHEHU (I1aKeToB) BCE GOJIbIIIee KOIHIe-
ctBo Jrofieit craso nepexonuTh ¢ S-PLUS na R. Ilocie ycrpanenusi mpobsiem,
CBSI3QHHBIX C MAMSATHIO, Cpeu moJib3oBaresieil R crajan mosiBAgThCS U «ITOKJIOHHU-
ku» spyrux nakeros (SAS, Stata, SYSTAT, SPSS). KosmuecrBo kuur o R
3a MOCJIeTHIE TO/Ibl 3HAYUTEIHLHO BBIPOC/IO, & YUC/IO JIOMOJHUTETLHBIX K 0a30BOit
BEPCHU MAKETOB CTAJI0 DOJIbIe IBYX Thicstd (Ha Hadatgo guBapst 2010 roma wmcsio
aKeToOB cocTaBiio 2142).

HomoiauTeIbHYI0 Oy IsipHOCTh R mprHec/io co3manue meHTpaabHOM cucre-
Mbl xpanenus u pacrpocrpanenus maketoB — CRAN (Comprehensive R Archive
Network — http://cran.r-project.org).

1.4 «Ilmtocel» m «MmMunycbl» R

[lepeunciaum jocTonHCTBA U HeJoCcTaTKH 1akera R.
«ILmrocwr»:

- R aBagerca cBoOOAHO pacHpoCTpaHsIeMbIM IPOrPAMMHBIM ODeCIedeHIEM
(IT1O), xaxplii Moxker ero GecmlaTHO cKadaTh ¢ caifta http://www.r-
project.org;

— JIOCTATOYHO TPoCTO yeranapimpaercs o Windows, MacOS X, Linux;

— GazoBas kKomIiuieKTarus R 3aHMMaeT HEMHOI'O MecTa Ha YKECTKOM JIUCKE U
BKJIIOUYAET B ce0s1 Bce PYHKIINHU, HEOOXOIUMBIE JIJIsT CTATUCTHIECKOTO aHAJIU-
3a;



JJIA boJtee CepbéSHOﬁ pa60T1>1 Bcerjga MO2KHO AOIIOJIHUTEJIbHO YCTaHOBHUTDL
BCIIOMOI'aTeJ/JIbHbIE ITIaKEThI C H606XO,ZLI/IMBIMI/I CI)YHKHI/IHMI/I;

Ha JJAHHBIE MOMEHT pa3paboTaHbl MAKeThl, IPUMEHUMbIE TPAKTHICCKH BO B
BCeX 00J1aCTAX 3HAHUs, TJIe UCIIOJIb3YeTCs CTATUCTUKA,

MOKHO paboTarh ¢ GOJIBIIMMI MACCHBAMU JAHHBIX (HECKOJIBKO COTEH ThICAY
HabJo1eHui );

BCTpO€HHad CUCTEMa IIOMOIIMN U ITIO/ICKa30K;

Xoporune rpaduieckine BO3MOKHOCTH IIPEJCTABICHNAS PE3YJIbTATOB HCCIIE0-
BaHUii;

BO3MOZKHOCTDb CaMOCTOATE/JIbHOI'O HalIMCaHMA HGO6XO,ZLI/IMI)IX (byHKLLI/IIU/I,

MHOI'0 ¢BOOOHOM JimTepaTypbl 110 R.

HenocraTkm:

B OTJINYHE OT OOJIBIITMHCTBA KOMMepUecKuX mporpaMm R nmeer He rpaduyie-
ckuii naTepdeiic, a nurepdeiic KOMaHHON CTPOKHU, TAKUM 0O0pa30M HYKHO
3HATH HEOOXOIUMBIE JIJIsi PAOOTHI (DYHKIIUKA U CUHTAKCHC SI3bIKa ITPOTPAMMU-
pOBaHUS;

HEeT KOMMepLIeCKOfI IIOJAECPZKKHU (HO €CTb MEezK/IyHapO/JHasd CUCTEMa PACCBLIIKK
coo0IIeHIit 06 OOHOBJIEHUSIX );

JIOBOJIBHO MaJio Jireparypbl 10 R Ha pycckoM si3bike (B OCHOBHOM JIMTepa-
Typa Ha aHIJIMHCKOM ), HO TIPU YKeJIaHUKM MOXKHO Haiitu B VHTepHeTe.

5 l1lojse3Hble cChlIKN

[TpuBeiEM ps1 MOJIE3HBIX CCBHLIOK:

http://www.r-project.org/ — caiir mpoekra R;
http://cran.gis-lab.info/ u http://www.cran.r-project.org/ — CRAN;
http://journal.r-project.org/ — caiir xxypuasa o R;
https://stat.ethz.ch/mailman /r-help/ — cnmcok paccoiiku R-help;

http://wiki.linuxformat.ru/index.php /LXF100-101:R — neGosbinass Kaura
o R Ha pycckom s3bIKe;



— http://herba.msu.ru/shipunov/software /r /rplusl.htm — wneGoJbInast meTo-
JIAYKA HA PYCCKOM SI3BIKE;

— http://www.sciviews.org/Tinn-R/ — rpaduueckuit uarepdeiic s paborst
c R;

— http://ru.wikipedia.org/wiki/R_Commande — rpaduueckuii unrepdeiic
st paboter ¢ R;

— http://cran.r-project.org/doc/contrib — yuebnuku no R wa anrimiickom u
JPYIUX sI3bIKAX;

— http://finzi.psych.upenn.edu/nmz.html — nouck B marepuanax o R;

— http://www.statmethods.net /index.html — crpaBounsiii pecypc;

— http://pj.freefaculty.org/R/Rtips.html — cosers 1o ucnonb3oBanuio R;

— http://www.uic.unn.ru/ zny/ml//Labs/ — emgé ouH pycCcKOsI3bIYHBII caiiT

mo R.

1.6 buaaromapHocTu

Asrop Garogapen cryiaentam 3, 4 u 5 Kypcos crenuaibrocTu «lIpukiataast
MaTeMaTuka 1 nudopMaTukay paxyabrera (hU3NKO-MaTeMaTUIeCKUX U €CTECTBEH-
vbix Hayk PYJ/IH 3a momors B pazpaborke jganaoro mocobusi. Ocobast 6aromap-
noctb [lyoununoit FO. u Cranapaenko U.



I'taBa 2

Hauvajbnable aTanbl padboTsl B R

2.1 YcraHoBka u 3allyCK CTaTUCTHNYIECKOI'O
ITaKEeTa

2.1.1 YcraHOBKAa IIakKeTa

Ckagath u ycranoBuTb R gososbHO mpocro. Hajgo 3aiitm  Ha  caifr
http://cran.gis-lab.info/ u BEIOpaTh Ty Bepcuio makera, KOTOpasi MOJXOJUT MO
Bary omneparonnyto cucremy. [Tocentsist (Ha MOMEHT CO3/aHUsT JAHHOTO MTOCO-
6ust) Bepcust R — R-2.12.1 or 16 jexa6ps 2010 rogal. Ha npumepe BoieyKazanHoit
BEPCUU W PACCMOTPUM YCTAHOBKY. DTAIbI YCTAHOBKU:

e Bribupaem HyKHYIO Bepcuio makeTa (B HameMm ciaydae R-2.12.1), jydmie Bee-
ro HermocpeJjicTBeHHO exe-daita (exe-daiii B 6a30Boil KoMmIuiekTanun base
3aiimMér 37 merabaiir).

e VYcranoska R nmox Windows? nososbno Tunmyna. [gnkaem 110 cKaganHOMY
exe-daitry. I1o xXomy ycTaHOBKHU 3a7aE6TCsI PsIJT BOIPOCOB.

— Tlepsbiii Bopoc — $3bIK BO BpeMs YCTaHOBKH. Bbibupaem pycckuii (B
[PUHIIATIE, OH U IPEJIAraeTCs ).

— [lanee mpejiaraercs 3aKpbITh BCe padoune MPUJIOKEHHUS TepeJ] Havda-
JIOM ycTaHoBKU. MOXKHO Tak U ¢jiesiaTh (a4 MOXKHO U He JiesiaTh). Haxxu-
MaeM KHOTIKY «/lajees.

'Kax mpaBmio, B HOBOH BEPCHH YCTPAHSIOTCH HEJIOCTATKU Hpeasraymmx. Ho, KeaTesbHO
YCTAHOBUTH HECKOJIBKO BEPCHil (TEKYILYIO U NPEABIAYILYIO), YTOOLI IPOBEPUTH, KaKasd U3 HUX I10
dysrmmonaspHOCTH 60JbINe oaxoauT. K mpumepy, B Bepcuu R-2.9.2 mo cpasuenuto ¢ R-2.7.2
€CTh HEJOCTATOK — JJIsI MOJIHOIEHHON PabOTHI B MOJOKHAX HEOOXOIMMO UX Pa3BOPAYMBATEH HA
BeChb 9KpaH

’B nasbHeiieM pedsb NOHIET 0 paboTe MMEHHO B TOH OIEPAIMOHHON CHCTeMe



— 3aTeM BBIBOJIUTCH JIUIEH3MOHHOE COTJIAIIEHUE, €CJIU C HUM COTJIACHBI,
TO CHOBa >KMEM Ha KHOIKY «/lajee».

— Beibupaem manky, rue 6ymaer ycranoien maker. (Ilo ymosrgammio co-
znaérca pupexktopus «R» ¢ mogmupexktopueit «R-2.10.1» B «Program
Files» )

— Jlanee mpegmararorcst BapuaHThl yecTaHOBKU. Beioupaem Bce pdf-daiiinr
¢ pykoBogicTBOM TioJib3oBatens (Manual). [ToHblil BaApHaHT ycTaHOBKH
zafiMér npumepHo 65 MerabaiiT Ha XKECTKOM JIUCKE.

— Co3aéM sIpJIbIKU B TIpejiiaraeMoil mamnke (M BbIOMpaeM CaMu) MEHIO
«ITyck».

— Ha crepyiomenm mare BbIGUpaeM IpejjiaraeMble BAPUAHTBI (CO3/aHUe
spibika Ha «Pabouem crose» u npusssbiBanue Kk R daiios ¢ paciiu-
perrem .Rdata).

e Cama ycraHoBka 3aiiMéT OykBasbHO napy MunyT. [lo eé okonuanuio Ha pa-
BoueM cToJIe TIOSBUTCS APJIBIK C YKA3aHUEM BEPCUU TAKETa.

2.1.2 3amyck mporpamMMbl 1 Ha49aJio pabOThI

[Tocste ycranoBku Ha pabodem cTojie nMeeTcs ApJblK R, ménkas 1o KoTopo-
My, 3amyckaeM mporpaMmy. [losiBUTCS OCHOBHOE OKHO IIPOIDAMMBI, COJEpIKAaIiee
nookHo — R Console. Kaxknast ceccust 8 R HaunHaercst co c/ieytonmx cTpoK

R version 2.12.1 (2010-12-16)
Copyright (C) 2010 The R Foundation for Statistical Computing
ISBN 3-900051-07-0

R -- 3To cBobogmuoe II0, m oHO mocTaBuseTca 6e30 BCAKUX TapaHTUH.
Bbl BOJBHE paCIpPOCTPAHATb €T0 IIPU COOIIOZEHMM HEKOTODPHX YCJIOBHUH.
Beemure ’license()’ mna momydeHus 6ojee mompobHOW mHPOPMAIWY.

R -- 3To mpoexT, B KOTOpPOM COTpyIHHYaeT MHOXECTBO pa3paboTUUKOB.
BeemuTre ’contributors()’ mng monyYeHUsS NONOJHUTENbHON wHGOpMALUU X
>citation()’ myis o3HAKOMIIEHHS C IpaBUIAMU yIOMUHAHHA R M ero makeTos
B IybivKanuax.

Beemure ’demo()’ mmis 3amycka OeMOHCTpAUMOHHEX IporpamM, ‘help()’ -- mua

mony4YeHus cupaBku, ’help.start()’ -- mus mocTyma K CIpaBKe depes3 bpaysep.
Beemure ’q()’, uTobH BHUTH u3 R.

10



[3arpyxeHo paHee CoxpaHeHHOe pabodee NIPOCTPAHCTBO]

>

D10 KOMaHJHOE OKHO (KOHCOJIb), B KOTOPOM IOJIb30BATEIb BBOJIUT KOMAHJIbI, a
mporpamma Iedaraer pes3yjibrarbl. B xoie paboThl B OCHOBHOM IpadpuIecKoM OKHe
MOI'YT IOSIBUTLCA U JIDYTHE OKHA — PEJAKTOpP CKPUITOB, OKHA ¢ TrpaduyecKum
PEe3yJIbTATOM BBIIOJIHEHUST KOMaHT (rpadukn).

Koman el BBOJATCS MOIH30BATEIEM B KOHCOJIM (KOMaHHOM OKHE) MOCJIe TIPHU-
DJIAIIEHIs, UMEIOIIEro BUJL

>

[Toce naxkarus xkuonku Enter, BBeménHas KomaHa mocryiaer Ha odpaboTky. B
OJIHOIl CTPOKE MOXKHO BBECTH HECKOJIBKO KOMAaH/I, pazjessdsd ux ;. OHy KOMaHIy
MOKHO PACIOJIOKUTE U Ha JIBYX (1 60s1ee) crpokax. J1jist 9TOro J10CTaTouHO HAZKATh
Enter, Toria Ha HOBO# CTpPOKe BMECTO

>

IOABUTCSA IIPpUTJIAIIEHUE

+

CuMBOJI #£ 03HaYaeT HAYAJI0 KOMMeHTapusi. BCé, 9T0 HaX0UTCs 1TOCIe 9TOTO 3HAKA
B paMKaxX OJIHO¥ CTPOKHU, HTHOPUPYETCsI IIPOIPAMMOIA.

Koonku 1T u | Ha KjaaBuarype IO3BOJIIOT OCYIIECTBJISTH HABUIAIMIO CPEJIH
paHee BBEJEHHBIX KOMaH[ (MOYKHO BBIOPATH OJIHY U3 MPEIBILIYIINX KOMAH]).

C moMOIIbIO KHOIIOK — ¥ <— MOKHO ITEPEMEIATHCA B YK€ BBEJIEHHON KOMAH/IE,
B YaCTHOCTH, PEJTAKTUPYS €€.

B R MOXKHO co3/1aBaTh UMEHA JIJIS PA3JIMIHBIX OOBEKTOB (IIEPEMEHHBIX) Kak
Ha JIATUHHIE, TaK M Ha KUPUJLIHIES, HO CIeyeT y4ecTh, 9To a (KUPH/IUIA) U a
(ylaruHMIQ) — 9TO JiBa pasHbIX 00bekTa. Kpome Toro, R dyBcrBUTEIEH M K peru-
CTPY, T.€. CTPOYHBIE U 3arjaBHble OYKBBI B HEM pasyimyatorcs. ViMeHa mepeMeHHbBIX
(nnerruduraropos) B R cocrosat u3 6yks, nudp u 3HAKOB TOUKH (.) U HOTIEPKU-
Banust (). VMgt 06beKTa He MOXKET HAUMHATHCS ¢ UMD, U eCIM MePBBIi CHMBOJT
— 3TO TOUKa, TO nudpa He MOKET OBITH BTOPBIM cuMBosIoM?. ITpn momomn ?umst
MOYKHO TIPOBEPUTH, €CTh JIN TaKas epeMeHHast Wi (DYHKIUS C TEM YKe UMEHEM.

Oneparopamu npucBamBaHusi 8 R BeicTynaior 6o =, jmbo <- (coctos-
Uit U3 JIBYyX CHMBOJIOB: < U -) — IPUCBaWBaHUe CIpaBa, Jubo -> — MprcBanBaHue
cJeBa, Kak MOOJMHOYKE, TaK U B MOC/IEI0BATETHHOCTH.

3IpeamouTnTenbHee B TATHHUIIE
4B03MOKHBI HMeHa IIepeMEHHbIX, COCTOAIINE TOIBKO U3 TOYEeK, HPHYEM JII06G0T0 MX KOJIde-
CTBa, KPOMe TPEX
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IIpumep 1. Paccmompum HeCkorvko 8apuanmos.

> aa<-5jaa
[1] 5

> 6->bb;bb
[1] 6

> ¢c=7;c
(1] 7

> cc<-dd<-8;cc
[1] 8

> dd

[1] 8

>

Cuavajia 1epeMeHHO aa cIpaBa IPUCBAMBAETCS 3HAYEHHE D, MOBTOPHOE 00-
palenne K 9Toil epeMeHHOIl BBI3BIBAET BBIBOJL Ha dKPaH pe3y/bTaTa OIMepaIinui.
Barem mepemenHoit bb ciieBa mpucBanBaercs 3HadeHne 6 U Pe3yIbTAT BBIBOINTCS
Ha sKpaH. [lepeMenHoi ¢ Tpyu TOMOTIIM 3HaKa «PaBHO» IIPUCBAMBAETCA 3HAUYEHUE 7.
N, nakonerr, mepeMeHHOIl CC IprcBanBaeTcs 3HadeHne nepeMennoit dd, koTopoii B
CBOIO O4epe/ib ObLIO ITPUCBOEHO 3HAYEHUE 8.

3aMeTnM, 9TO BBIBOJMMBIE DE3yJIbTaThl HAYMHAIOTCA ¢ [1]. D10 0ObsicHsIeTCST
tem, uro R paccmarpusaer Jo0ble BBOAMMbBIE JIaHHBIE (€C/IM HE yKA3aHO HMHOE)
KaK MaccuB. BbIBOMMOE IMCJIO — 3TO BEKTOP JJINHBI 1, IEPBBINA U € IMHCTBEHHBII
9JIEMEHT KOTOPOro u obozuavaercs [1].

> bb->cc<-7

B nannom cirydae moydum coodienue o0 ommoKe, TaK KaK [IePEMEHHOI CC CIeBa
[pUCBanBaeTcs 3HadYeHue repeMenHoit bb, a cripasa — 7.

> cc=7
> cc<-5;cc
[1] 5

[IpucBanBanme HOBOrO 3HAYEHUS TIEPEMEHHON YHUYITOXKAET IIPUCBOCHHOE PaHee
Yr0o0bI J1719 BBIBO/IA PE3YIBTATOB TIOBTOPHO HE 0OPAIAThHCA K IIepEeMEHHOI, J10-
CTATOYHO B34ATHb OIEPAINIO B KPYIJIble CKOOKH.

> (z=6)
[1] 6

Eciu my2kH0, 9TOOBI BBIBOJIMJIMCH PE3Y/ILTATHI TOJTHKO ITOCIETHEr0 BHIPAXKEHUS,
HY?KHO BeCb OJIOK KOMaH]I B34Th B (PUTYpPHbBIE CKOOKH.
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> {z=5;
+ c=4;z
+ c}
[1] 4

Boipaxkenusi B {} BOCHPUHUMAIOTCS KaK €JMHOE TIeJI0€.

B R muOro QgpyHknuii, 468 UMg COCTOUT TOJBKO U3 OJHOI GYKBLI® (HAIpHMED,
c() wam t()), mosToMy Co3/aHUe IEPEMEHHON CO CXOXKHUM HA3BAHMEM MOXKET IIPHU-
BeCcTH K psifry mpobsem. YTobbl mpoBepuTh, ecTh i B R dyrkuus, npumepy, t(),
HY?KHO CJIeJIaTh CJIe/IyoIee:

>t

function (x)

UseMethod ("t")

<environment: namespace:base>

B pesymbraTe BbIBEIEHO cOODIEHME O TOM. UTO B IlakeTe base ecThb (GpyHKIHA C
TAKUM HMEHEM.

Ojnako, paboraTh B peKuMe KOMAHJIHOW CTPOKU HE OYEHBb y/I0OHO, OCOOCHHO
ecJin TaIIeTcss Oosibiasi porpamma. [locae mozo, xax wascama xknonka Enter,
UCHPaAsUML HAOPAHHYIO KOMAHIY YyorHce Heeodmootcho. VI, ecim ObLta omubdKa, TO
MPUIETCS HAYaTh 32HOBO C TOTO MECTa B BBOIUMOI IIporpaMMe, Tye 1 ObLIa ¢ie/1aHa
ommbka. [loaTomy, mmepeitiém K ciieyoleMy pasey.

2.1.3 Pabora co ckpuntamu

CKpHUIIT — 9TO CAMOCTOSITE/ILHO HAIUCAHHAS IIPOrPAMMa C HCIOJIH30BAHUEM
Bcex BosMmokHocTell R. B komannom Menio Boioupaem Paii, a 3aTeM HaXKuMaeM
na HoBbrii ckpunt. OTKpoeTcst HOBOe OKHO, ITPEJICTABIISIONIee n3 cebs PeIaKTop,
B KOTOPOM MOKHO ITHCATH U IMPABUTH TEKCT CO3/IaBAEMOI ITPOTPAMMBI.

CTouT OTMETUTD, 9TO JIjI TOJIHOIEHHON paboThl B 9TOM peJakTope He 00si3a-
TeJIbHO €0 pacKpbIBaTh Ha BeCh 9KpaH MOHUTOpa. IIpu mepexose or pegakTopa K
KOHCOJIN U HA00OPOT OYJIeT MEHATHCS KOMAHJIHOE MEHIO.

Pazbepém komaHIHOE MEHIO pPe/IaKTOpa.

o Daiin:

— HoBbIll CKpUIIT — cO31aéTCsI HOBOE «OE3BIMAHHOE» OKHO TEKCTOBOIO
peJIaKTOpa, OTKPBITHIE paHee OKHA PEJAKTOPA He 3aKPBIBAIOTCsT (MOXKHO
TaKzKe BOCHOJIb30BaThest coueranneM kiaapuin Ctrl4+IN).

— OTKpBITh CKPUINT — OTKPbIBaeM panee co3panubiii ckpunt (Ctrl+O0)

5BCé cJleIyIoIIee BEPHO U Il (PYHKIMI, HMsI KOTOPBIX COCTOUT GoJjIee ueM 3 OJHOH GYKBBI
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— CoxpaHuTb — CO3/IaHHbIN CKPUIIT COXPaHIETCsI B paboveil TUPEKTOPUI
(Ctrl+S). Eciiu ckpunt coxpaHsieTcs B IepBblii pas3, TO MOSIBUTCS OKHO,
B KOTOPOM OY/IET MPE/IJIOKEHO BBECTH UMl COXpaHAeMOTro daiijia, MeCTo
XpaHeHUsi (TAIKY, Ky/la 3aIcaTh; 10 YMOJIAHUIO — 9TO pabodast Jiu-
PEKTOpUsI, KOTOPOil siBjisiercst nanka «J/{okymenToi» Pabodero crosa),
paciupenue coxpansemoro daiiia (npejyiaraemoe paciipenne R —
pacmmpenue st R, MOKHO COXPAHUTH ¢ PACIHIUPEHUAMEA JJId S — .q,
.SSC U .S, HAKOHEIl, MOXKHO COXPAHUTH C JIIOOBIM WHBIM PACIIHPEHUEM,
Harnpumep .txt). B mambneitmem, npu Haxkarun COXpaHUTH CKPUIIT
Oy/JeT COXpaHdATbCd B paHee BLIOPAHHOM MeCTe ¢ BhIOpaHHBIM UMEHEM U
pacIImpeHueM.

— CoxpaHuTh KaK — IOIBUTCA OKHO, B KOTOPOM OY/IET IIPE/IJIO?KEHO BBe-
CTH UMs COXpaHseMoro (aiijia, MecTo ero XpaHeHus U PaclIupeHre co-
XpaHsieMoro aiia.

[} HpaBKa — 3/1eCb OCTaHOBHMCHA TOJIBKO Ha JIBYX IIYHKTaX:

— 3allyCTUTh CTPOKY WJIM OJIOK — 3allyCK Ha WCIOJHEHUE OTIeIbHON
BBIJIEJIEHHOl CTPOKM WK BbIjeeHHOro 6J10ka nporpammbl (Ctrl4+R).

— 3anycTuTh BCE — 3allyCK Ha HCIOJIHEHHE HAOPAHHON B CKPHIITE HIPO-
I'PAMMBI.

2.1.4 Bpixoa u3 mmporpaMmbl, COXpaHeHHE JJaHHBIX

Brriity u3 mporpaMMbl MOXKHO HECKOJILKUMHE CIIOCODAMMU:

1. IlepBwrit criocod — HabparTh KOMaHLy
> q0)

[TosiBuTCST AMAIOTOBOE OKHO, IpE/IJIAraroliee COXPAHUThL padotuee MPOCTPAH-
cTtBO. Jla — coxpaHsoTcs Bce KOMaH/ Ibl, HAOpaHHbIE 3a PabOIyI0 CECCHI0, a
TaKzKe pe3y/bTaThl ux ucnogHenud. [lpu ciaenyromem 3amycke R onn OyyT
noctyiabl. Her — Boixosr n3 R 6e3 coxpaHeHust ”HGOPMAIIAHN.

2. Buixonm uepe3 komanmgHOe MeHIO. 3axomuMm B Paita u BeIOMpaem BpiiiTn.
Jlajiee BCE aHAJIOIUYIHO TPEJIBLIYIIEMY CIydalo. Takxke 3aiijig B Paity u Bbl-
oupass Coxpanuthb pabovee npocrpancTBo win CoXpaHUTh HCTOPUIO
KOMAaH/JI, MOXKHO JIHOO IIOJTHOCTBIO COXPAHUTH BCE HaOpaHHOE 3a BpeMsi pa-
00ThBI, 1100 TOJIHLKO KOMAHILI.
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Ecmu npu Beixozie n3 R Ha Bompoc o coxpaneHnu padbovuero mpocTpaHCTBa ObLI
JIaH TOJIOZKUTE/ILHBII OTBET, TO B paboveil TupeKTOpun Oy/IyT CO3/IaHbI JiBa dQaiiia:
ounapubrii .RData n Ttekcroswrit .Rhistory. B mepBom cojepxkarcss Bce 00bEKTHI,
COBJIAHHBIE 33 BpeMsi ceccuu. Bo BTOpoOM — MoJTHAasT NCTOPUsT BBEIEHHBIX KOMAH]I.

Bcio Tekyriyio pabodyio CECCHIO MOXKHO COXPAHUTb W IIPU TIOMOIIU ITYHKTA
Coxpaunutb B (aiisr KomangHoro merio @aiisa. g coxpaHeHus: mnpejjaraer-
cd daitn ¢ paciupenuem .txt B paboueil TUPEKTOPUH.

2.2 lloae3nple KOMaHOBI

[Tepeunciimm camble TJIaBHBIE U [T0JIE3HBIE KOMAH bl — KOMAaH/Ibl BHI30Ba IIOMO-
mu help() u help.search().

Eciu Touno msBecTHo HasBaHue (PYHKIMUA U HY?KHO IOJIYYUTDH JIOTIOJHUTE b
Ho uHAOPMAIMIO O €€ apryMeHTax, O pe3yjabTarax €€ HCIIOJHEHHs, TO MOYKHO
(1 myxHO) Habparh B KoMaHHOH cTpoke help(umsi  dynkmum). B pesyibs-
TaTe — OKHO C IIOJIHO# CcIpaBKOl O Hy:KHOU (yHKIuu. BapuanTbl HanmcaHus:
help("umsi_ dbynkmun") mwim help('umsa  dynknun’). Takxke MokHO B KO-
MaH/IHO! CTpOKe HanucaTbh ?MMs_ (pyHKIun. B pesyiabrare Bcé paBHO HOJLYdUM
CIIPABOYHYIO0 NHMOPMAIIMIO O HYXKHO# (DYyHKITNH.

IIpumep 2. Bosvmém womandy 1s() u na eé npumepe pazbepém cmpykmypy 6vi-
600UMOTL CNPABOYHOT, UHPOPMAUUL.

> help(1ls)

B pesyavmame bydem nosyueno:

1s {base} R Documentation
List Objects
Description

1s and objects return a vector of character strings giving the names of the
objects in the specified environment. When invoked with no argument at the
top level prompt, ls shows what data sets and functions a user has defined.
When invoked with no argument inside a function, ls returns the names of the
functions local variables. This is useful in conjunction with browser.

Usage

ls(name, pos = -1, envir = as.environment(pos), all.names = FALSE, pattern)
objects(name, pos= -1, envir = as.environment(pos), all.names = FALSE, pattern)

Arguments

name which environment to use in listing the available objects. Defaults to
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the current environment. Although called name for back compatibility,
in fact this argument can specify the environment in any form; see
the details section.

pos an alternative argument to name for specifying the environment as a
position in the search list. Mostly there for back compatibility.

envir an alternative argument to name for specifying the environment
evaluation environment. Mostly there for back compatibility.

all.names a logical value. If TRUE, all object names are returned. If FALSE,
names which begin with a . are omitted.

pattern an optional regular expression. Only names matching pattern are
returned. glob2rx can be used to convert wildcard patterns to
regular expressions.

Details

The name argument can specify the environment from which object names are taken
in one of several forms: as an integer (the position in the search list); as
the character string name of an element in the search list; or as an explicit
environment (including using sys.frame to access the currently active function
calls). By default, the environment of the call to 1ls or objects is used. The
pos and envir arguments are an alternative way to specify an environment, but
are primarily there for back compatibility.

Note that the order of the resulting strings is locale dependent, see Sys.getlocale.
References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language.
Wadsworth & Brooks/Cole.

See Also

glob2rx for converting wildcard patterns to regular expressions.

ls.str for a long listing based on str. apropos (or find) for finding objects in
the whole search path; grep for more details on ‘regular expressions’; class,
methods, etc., for object-oriented programming.

Examples

.0b <- 1

ls(pattern = "0")

ls(pattern= " 0", all.names = TRUE) # also shows ".[fool"

# shows an empty list because inside myfunc no variables are defined
myfunc <- function() {1s()}
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myfunc ()

# define a local variable inside myfunc
myfunc <- function() {y <- 1; 1sQ}
myfunc () # shows "y"

CrpyKkTypa crupaBoYHO HHMOPMAINN:

e Ha IIE€PBOII CTPOKe NPUBEJIEHb Ha3BaHue (DYHKIMK U ITAKET, B KOTOPOl OHa
HAXO/IUTCS;

e Description — onucanue GyHKIUU, g 9€ro OHA UCIOJIL3YEeTCA, UTO OHA
JleJIaeT;

e Usage — npaBuibHOe Halicanue pyHKIIUU CO BCEMH €€ apryMeHTaMHU;

e Arguments — 1ojpoOHOe omMcCaHue ApPryMeHTOB (DYHKITNH,KAKUE 3HAUCHST
OHM MOTYT IIPUHUMATD;

e Details — pazyimmunble jgerasin;

e References — ccouika na pa3paboTUnKOB;

e See Also — uHbIe peKOMEH IyeMble JIjisi TTPOCMOTpa (DYHKIIAN;
¢ Examples — npumepsl ucrnob30BaHMs.

Eciu »xe nazpanue GyHKIUN U3BECTHO He IIOJHOCTHIO (MJIM HE YBEPEHBI B Ha-
3BaINU, NI U3BECTEH apryMeHT (byHKINH, NN PE3YJIbTAT Pealn3auu QyHKIHN ),
TO MOZKHO Bocnosb3oBaThes help.search("umsa")b. PesyibraTom ucnonnenns Ko-
MaH[Ibl OTKPOETCS OKHO CIIPABKH B KOTOPOM IPUBEJIEH CIIICOK MAKETOB U (DYHKITHIT
U3 9TUX IAKETOB, COJEPXKAIINX yKa3aHHOe B KaBblYKaX MM.

IIpumep 3. > help.search("norm")
B pesyavmame noayuwaem okno co caedyrousetc urgopmarueti:

Help files with alias or concept or title matching ‘norm’ using
regular expression matching:

boot::norm.ci Normal Approximation Confidence Intervals
MASS: :bandwidth.nrd
Bandwidth for density() via Normal

6K asbuku 06s13aTEIBHBI
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Reference Distribution

MASS: :mvrnorm Simulate from a Multivariate Normal
Distribution
Matrix: :ddenseMatrix-class

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

Virtual Class "ddenseMatrix" of Numeric
Dense Matrices
:dgeMatrix-class
Class "dgeMatrix" of Dense Numeric (S4
Class) Matrices
:diagonalMatrix-class
Class "diagonalMatrix" of Diagonal
Matrices
:dspMatrix-class
Symmetric Dense Numeric Matrices
:dtpMatrix-class
Packed triangular dense matrices
%% ,dtrMatrix,dtrMatrix-method
Triangular, dense, numeric matrices
:ldenseMatrix-class
Virtual Class "ldenseMatrix" of Dense
Logical Matrices
:ndenseMatrix-class
Virtual Class "ndenseMatrix" of Dense
Logical Matrices

Matrix: :norm Matrix Norms
Matrix: :sparseMatrix-class
Virtual Class "sparseMatrix" -- Mother of
Sparse Matrices
nlme: :qqnorm.gls Normal Plot of Residuals from a gls Object
nlme: :qqnorm.1lm Normal Plot of Residuals or Random Effects
from an 1lme Object
nnet: :nnet Fit Neural Networks
stats::Lognormal The Log Normal Distribution
stats::Normal The Normal Distribution
stats::qgnorm Quantile-Quantile Plots
stats::shapiro.test
Shapiro-Wilk Normality Test
utils::normalizePath

Express File Paths in Canonical Form

Cxoxasn ¢ help.search() xomanga apropos("ums'") Bo3Bpaaer CIHCOK
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(bYHKHI/Iﬁ, Co/ZlepzKallluX YKa3aHHOE€ B KaBbl9KaX MM:I.

IIpumep 4. Komanda apropos("ums").

> apropos ("norm"

(1] "dlnorm" "dnorm" "normalizePath" "plnorm"
[5] "pnorm" "qlnorm" "gqnorm" "qgnorm"
[9] "qgnorm.default" "rlnorm" "rnorm"

Hoaywuau cnucox uz 11 gynryutd, 6 Ha36aHUE KOMOPBLIT BLOOUM <NOTM».

Emgé oxna komanga — help.start() orkpeisaer HTML-niomors B okue 6pay-
3epa.

Kpowme Toro, neobxogumyio nHMOPMAIUIO MOXKHO TOJyunTh 1 13 CrpaBKu
KOMAH/THOIO MEHIO:

e Koncoab — crpaBka 110 pabore B KoHcO/M. BKjiodaer B ceda nHMoOpMa-
IIMIO TIO «TOPSTYNM KJIABHUINIAM », TIOJIE3HBIM IIPU PA00Te B PEKIMe KOMAaHTHO
CTPOKH

e HaBO no R — orBernl Ha Hanbojiee 1acTo BCTpedaembie BOIPocH 1o R.

e YaBO no R aja Windows — aHaJIOTUYIHO IPEIbILAYIIEMY IIyHKTY, TOJIBKO
yxke ¢ yuéroM B3anMojeiictsug R u Windows.

e Pykosoxacrsa (B PDF) — pykososcrsa’ o pabore B R: kpaTkoe BBejienue

(100 crpanwmir) B paboTy €O CTATHCTHYECKUM MTAKETOM; HOJIHOE PYKOBOJICTBO
o BeeM (QYHKIIUSM, BXOJASIM B 6a30ByI0 yctaHoBky (1719 crpanmu); py-
KOBOJICTBO IO YTEHUIO/3amucu JaHHbiX (34 cTpaHuiibl); BBejeHne B R-s3bik
IPOrPAMMUPOBAHUs; PYKOBOJICTBO 110 HAIMCAHUIO MPUJIOXKEHUH (HOBBIX Ia-
KeroB) Ha 138 crpaHunax; pykoBojcTBO 1O BHyTpeHHeil ctpykrype R (51
CTPaHWIIA); PYKOBOJCTBO 110 YCTAHOBKE U aJMuHUCTpupoBanuio R.

e Oyukimu R (TeKCT) — BBIBOIUTCH OKHO, Ijle HY’KHO HAIUCATH (DYHKIUIO,
[0 KOTOPO#l Hy2KHa cupaska (axasor koMmanasl help(ums  dyukmun)).

e I'unieprekcroBasi ciipaBKa — CIIPaBKa B PEKUME I'MIIEPTEKCTA.
e lckares momorns — anasior komas sl help.search().

e search.r-project.org — mouck Hy»KHOTI'O CJIOBa B apXUBaX CIIMCKOB PACCHLI-
KN 1 B JIOKyMEHTAITNN Ha caiiTe r-project.org.

7K COXKaJIEHUIO, TOJIbKO Ha AHIJINIICKOM S3bIKE
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IToackaska komau 1 — anajaor Komas sl apropos("ums").

JomariHsiss cTpanuiia npoekta R — oTKpbITHe jJoMaliHeil mHTepHeT-
crpaHuInbl mpoekTa R.

Homamnmusass crpanuna apxuBa CRAN  — orkpbiTHe goMarirHeit
nHTepHeT-cTpaHuibl mpoekta CRAN.

pyrue mojie3nble KOMaH/Ibl:

2.3

Is() u objects() BBIBOIAT HA SKpaH BCe CO3JAHHBIE B TEUEHUE CECCHU OOb-
eKThI (OY€Hb TOJIE3HO, €CIIM porpaMMa OoJTbImast );

rm(uMsi  06beKTa) — yJassieT 00beKT ¢ YKa3aHHBIM UMEHEM.

example(ums  dyHKnmMmM) — BbIBOAUT HpuMep (€C/IH €CTh) JJIs BBIOPaH-
HOI (byHKITHH.

history(n) — 6yzer BbIBeIeHO HOBOE OKHO, B KOTOPOM II€PEUUCJIEHBI N T10-
CJICJTHUX KOMaH/]I.

getwd() — BBIBOJ TekyIeil (paboueii TUpeKTOpUH)

> getwd()
[1] "C:/Users/1/Documents"

setwd("umsi HOBO# paboueii gupekTopun") — cmena pabodueil Ju-
pekropun (npu nomonty VIsmenuts manky B Paiisie Takxke 370 MOKHO
CIeJIaTh ).

dir() — BeiBouT crncok daitnos B paboueil AUpeKTOpun.

source(’'umsa__ ¢aiina.R’) — coxpanenne R-koma B TexyImneit 1upeKTOpHH
B hailjie ¢ yKazaHHBIM UMeHeM U pacimpenuem R

sink(’ums  daiina.pacimmpenue’) — nepeHanpaBiIseT BHIBOJ C SKpaHa B
yKa3aHHbIi (aii; HTOBTOPHBIN BbI30B KoMaH 16! sink () 3akpeiBaeT daiir.

ITakeTnl

Hosbie makeTsl B R MOXKHO yCTAHOBHUTD JIByMsi CIIOCODAMUT:
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1. Moxmno 3aiitu B IlakeThl KOMaHIHOTO MEHIO U BLIOpATL YCTAHOBUTH IIa-
ket (b1). Cravasa npejgioxkar Beiopars 3epkaio CRAN — crpany, orkysia
Oy/LyT cKadeH makeT. B ciydae yiaun MosiBUTCS CIIMCOK JIOCTYITHBIX TTAKETOB,
OTKY/Ia Hy?KHO BbIOpATh HY’KHBIN (HYy:KHbIe) 1 HaxkaTh KHONKy OK. [lamee
MIPEJITIOZKAT CO3JaTh MEPCOHATBHYIO OMOIMOTEKY /I CKaueHHBIX ITaKeTOB.
[Tocsie sTOrO HYXKHBII TTAKET yCTaHOBJEH. /I €ero MHUNMaIn3aun HyKHa
koMan/a library(ums makera).

2. Ecin o kakuMm-u60 npuanaaM R caMocTosiTe/IbHO He MOYKeT BBIATU Ha 3ep-
kasia CRAN, T0 MOXKHO HeNocpeJIcTBeHHO 3aiiTu Ha caiiT http://cran.gis-
lab.info/web /packages/ u BeIGpaTh Hy:KHBIIT TakeT st ycranoBku (IIpewmmy-
IIECTBO — MOYKHO IIPEIBAPUTETHLHO TOCMOTPETH MHMOPMAITUIO TI0 TTAKETY, TaK
K KaxKJIOMY TIaKeTy [IPUIAraeTcs OMMCaHne BXOJAAIUX B Hero dbyukiuii). Bee
[AaKeThl 3aapxuBupoBanbl. CKadnBaeM HYXKHBIN B BbIOpannyio nanky. [locie
9TOr0 3aX0/IMM B KOMaHHOM MeHIO B llakeThl u BbIOMpaeM YCTaHOBUTH
NnakeTbl W3 JOKAJbHBIX Zzip-daiiyioB. B oTkpbIBIIeMcs OKHE BbIOMpaeM
MAINKYy C HY’KHBIM [AKETOM, BbIOMpaeM IakeT — U BCE, OH 3arpyxken. [l
€ro MHUIAAIU3AIUN [Iepe]] HEIOCPEICTBEHHBIM HCIIOIb30BAHNEM CHOBA HY K-
Ha Komama library(ums  nakera).

Kaxk BU/JHO, YCTaHOBKa HOBBIX IIaKETOB B R JOBOJIBHO IIPpOCTA.

2.4 Kiaccel 00bEKTOB, THUHObI JAHHBLIX U
CTPYKTYPbl 00beKTOB B R

2.4.1 Komaaccel 00bekT0oB B R

Bce nannblie (a ciegoBaTesibHO U epeMeHHbie) B R MOXKHO TO/IeIUTh Ha clie-
JIYIOTIUE KJIACCHI:

1. numeric — nasBamme Kjacca, a Takyke Tuia o0bekToB. K nemy orHocaTCs
neiicrBuTesbable qnciaa. OOBbEKTHI JAHHOIO KJIACCa IeJIATCS Ha [eJIOIHCIIeH-
usle ( integer) u cobersenno feiicturensibie ( double nm real).

2. complex — 00bEKTHI KOMILJIEKCHOTO THIIA.

3. logical — jornveckue 0ObEKTHI, TPUHAMAIOT TOJIBKO JABa 3HavdeHus:: FALSE

(F)® u TRUE (T) .

4. character — cuMBOJIbHBIE OOBEKTHI (CHUMBOJIBHBIE TIEPEMEHHBIC 3a/IAI0TCs
b0 B JIBOMHBIX KaBblUKax (), b0 B oguHapHbIX (7).

8R 1103BOJIfIET UCIO/IB30BATH COKPAISHHOE UMl 00BbeKTOB (TlepeMeHHbIX )
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5. raw — OOBEKTBI IOTOKOBOTO THIA (pasbuparbes He OY/IyT, HO JKeJIaroIie
caM# MOTYT HOJIPOOHO ¢ HUMH O3HAKOMUTHCS )

Uepapxusa Tunos: raw < logical < integer < real < complex < character.

Numeric

OO6beKT Kiaacca numeric co3maérest Ipu MOMOIM KOMaHIbl numeric(n), rie
N — KOJUYEeCTBO 3JIEMEHTOB JaHHOTO THia. Co31aéTcsa HyIeBOi BeKTOp JIMHBL 7.

> x=numeric(5b)
> X
[1] 00000

B pe3syibraTe cosjiaH HysIeBOi BEKTOP THIIa NUMEric JJIMHBL 5.

O6bekTst  THnOB  integer wu  double  cozmarorcs,  cooTBeTCTBEH-
HO, mpum nomomu komaHj integer(n) u double(n), a mupm momonm
by HKIIIT is.numeric(ums_o6bekTa) (is.double(umsi_obbekTa),
is.integer(uMsi_ 06beKTa)) MOXKHO IPOBEPUTH OOBEKT Ha MPUHAJIEKHOCTD K
kiaccy numeric (double u integer). lecstudanbiM pasjenureneM i dUCE
SIBJIAETCS TOYKA.

> x=3.7

ITpumep 5. Coszdadum nepemennvie x u y munos double u integer coomeem-
CMBEHHO.

x=double (1)
x=b5
y=integer (1)
y=7
is.integer(x)
[1] FALSE

> is.double(x)
[1] TRUE

> is.integer(y)
[1] FALSE

> is.double(y)
[1] TRUE

> is.numeric(x)
[1] TRUE

> is.numeric(y)
[1] TRUE

V V V V V
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u

> y=integer(1)
> is.integer(y)
[1] TRUE

[Tosicanm sroT npumep. CHadasa co3aaam 0obekT x Tuia double u mpucsonm
emy 1esioe aucsio 5. [Ipu momornu is.integer(x) nposepuiin Ha NPUHAIIEKHOCTD
k tuiy integer. Pesynbrar — FALSE. [Ipoepuiin na npunaiexkaocts K double
u numeric, B oboux ciaydasx — TRUE. T.e., necMoTpsi Ha HnpuUCBOEHUE IEJIOTO
4qncIa, epeMenHas © ne craJa resoduncientoii. [lepemennas y Oblra co3/ana 1e-
nouanciaennoii (y=integer(1)) u eit mpucBonan 3nadenue 7. Ho mocse mposepkn ona
okazaJiach He integer, a double.

[Touemy? OtBer tpoct. Ilo ymoraanuto, Bce dncia B R sBISIOTCS BelecTBeH-
HbIMU. UTOOBI ceiaTh UX MEJIOYUC/IEHHBIMU, HAJ0 BOCIIOIL30BATHCA KOMAHJIOMN
as.integer(uMs_ oO6beKTa).

ITpumep 6. Cozdadum nepemernyro x xaacca double, samem npucsoum et 3r1a-
wenue 3 u 6ocnosvayemca xomandot; as.integer|().

> x=double (1)

> x=b

> is.double(x)
[1] TRUE

> x=as.integer(x)
> is.double(x)
[1] FALSE

> is.integer(x)
[1] TRUE

Kak BujnHO, IepeMenHast x craJia MeJ0IUCIeHHOM.

Complex

Teneps mepeiiiéM K 00beKTaM KOMILIEKCHOTO Tuma. OHM CO3Al0TCA IIPH I10-
moru dyukimu complex(length.out = 0, real = numeric(), imaginary =
numeric(), modulus = 1, argument = 0). O6parenue

> z=complex(5)
>z
[1] 0+0i 0+0i 0+0i 0+0i 0+0i
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CO3/IaéT HyJIeBOl KOMILIEKCHBIH BekTop’. B KadecTsBe apryMeHTa B3sITO 3HAYEHHE
length.out = 5. [Tapamerp length.out 3ajaér gy BeIBOIMMOTO BeKTOpa (UrC-
J0BOiT apamerp), real u imaginary 3a1ai0T JefHCTBUTENBHYIO U MHIMYIO 9aCTH
KOMIIJIEKCHOT'O BEKTOpa (00a 9TH apryMeHTa —- 9HCJIOBbIe BEKTOPA).

> z=complex(5,c(1:5),c(6:10));z
[1] 1+ 6i 2+ 7i 3+ 8i 4+ 9i 5+10i

HazBanus aprymenTos ¢yHknnii B R MOXKHO OIycKaTh U MHCaTh TOJbKO UX 3Ha-
YeHNs, HO 3TO TOJIBKO B TOM CJIydae, €CJIH apryMEHThI UIYT II0 HOPSIKY.

[Tapamerpst modulus 1 argument — ajibTepHATUBHBIN CIIOCOO 3aIaHIA KOM-
IUIEKCHOTO BEKTOPa Uepe3 ero Mojy/b p U apryMeHT o'

> z=complex(5,modulus=c(1:5),argument=c(6:10));z
[1] 0.9601703-0.2794155i 1.5078045+1.3139732i -0.4365001+2.96807471
[4] -3.6445210+1.6484739i -4.1953576-2.72010561

Haxomner, ecth emé oauH HOBOJIBHO IPOCTOI CII0cOO 3a/IaHMs KOMILIEKCHOIO
qHUCIIA;

> x=4

> y=b

> z=x+1i*y;z
[1] 4+5i

Bripakenue 1i coorBeTcTBYyeT MHUMOM equHUIE i = +/—1.
[IpoBepka nmpuHa /IE:KHOCTH 00BEKTa KOMILIEKCHOMY THITY ITPOU3BOJIUTCS MPH
nomoru dbyHkImn is.complex(ums  obbekTa).

> x=b5+1i+10

> is.complex(x)
[1] TRUE

> is.numeric(x)
[1] FALSE

OO6beKThI KJIacca NUMeric He sABJISIIOTCS KOMILIEKCHBIMU, KOMIIJIEKCHbBIE OO'bEKThI
He ABJIAI0TCA oObekTaMu Tuiia numeric. [lepesoj; HEKOTOPOro o6beKTa B Kjace
complex MOXKHO ¢JieJIaTh IIPU HOMOIIHE KOMaH bl as.complex(ums  obbekTa),
[IpU 9TOM MHHUMAas YacTh KOMILIEKCHOTO BEKTOPa OYIET HYJIEBOIA.

> x=3.7
> y=as.complex(x);y
[1] 3.7+01

9Botee 1101po6HO 0 BEKTOPaxX OyeT M3JI0XKEHO B pasjese 5.2 TIaBbl 5.
YHanmomuum npejicTaBieHne KOMILIEKCHOTO YHCTa 28 2 = ¥ +1iy, tae x = pcos(p), y = psin(yp)
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[lepeBos; KOMILIEKCHBIX OOBEKTOB B JICHCTBUTENbHBIE MOXKHO —CJIE€JIATH
npu  momory  dyHKIUE as.numeric(umsa  06beKTa), JmbO [pPU  TOMOIIH
as.double(umsi  obbekTa).

> z=2.3-11%6

> x=as.numeric(z)

Warning message:

MHUMble 4dacTH ybpaHs Ipu IpeobpasoBaHUU
> y=as.double(z)

Warning message:

MHUMbHE 4YacTu ybOpaHb IpH Ipeobpa3oBaHUU
> x

[1] 2.3

>y

[1] 2.3

Kak BugHO m3 mpumepa, MHUMBIE YaCTH IIPUA TAKOM IIPEOOPA30BAHUU IIPOCTO OT-
OpachIBalOTCSI.

[Ipumeps! orepanuii HaJT KOMILIEKCHBIMU OObeKTaM# Oy/IyT IMPUBEJIEHBI B pa3-
nene 3.2.4 rnaBbl 3.

Logical

[Tepeitném Teneps K JorunueckuM odbekTaMm, T.e. oobekTam Tuna logical. O6b-
eKTBI 9TOT0 KJacca MpUHUMAIOT JBa Bo3MOKHBIX 3HadeHus: TRUE (ucruna) u
FALSE (noxb)M, u cosnatorcs npu nomoru komamas! logical(n), rae n — 3to
JUIMHA, CO3/1aBaeMOr0 BEKTOPA.

> x=logical(4)
> X
[1] FALSE FALSE FALSE FALSE

Kax BujiHo u3 npumepa, npu obpaiennu K komasje logical(5) 6bu1 cosman Jio-
PUYeCKuil BeKTOp, cocrosmuii Topko u3 FALSE.

[IpoBepka 00beKTa HA IPUHAIEIKHOCTD K JIOTUYIECKOMY THUITY OCYIIECTBIISITCS
npn nomory is.logical(umsi _ o6bekTa).

> x=1;y=F

> is.logical(x)
[1] FALSE

> is.logical(y)
[1] TRUE

UB nambueitmem Gymem mucars npocto T u F
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[lepeBecTrt  OOBEKT B JIOTHYECKUIT ~ MOXKHO  TPH  MOMOIIM  (DYHKIIUU
as.logical(umsi obwbekTa). Vcronb3yem IpebLIyIuil MpUMep.

> z=as.logical(x)
> z
[1] TRUE

[lepemenmoit  ObLIO MPUCBOEHO 3HAYEHWE 1, W TOTOM 3Ta IepeMeHHas OblLia
nepeBesieHa B Jormdeckuit Tum. llpm Takom mnepexome 1 cranosurca TRUE, a
0 — FALSE. Eciu nepesectn jiormdeckne OOBEKTHI B IHCIOBBIE (IIPU OMOIIH
as.numeric(), as.double() win as.integer()), To Bce soruueckue 3HaueHuss F
mepeiiyr B0, a’l’ — B 1.

> x=F;y=T

> zl=as.numeric(x);z1
(11 O

> (z2=as.double(y))
(1] 1

> (z3=as.integer (x))
(11 ©

B pazznene 3.2.1 miaBbr 3 OyayT pacCMOTPEHBI pa3jUvHble OllepaIuyd HaJl JIO-
IUYEeCKUMU O0beKTaMu, a B pasjese 5.2.4 rjiaBbl 5 OyayT OMUCAHBI JIOTUYECKUE
BEKTOPA.

Character

[Tocnennit Kiace 00 bEKTOB, KOTOPBIH OY/IeT PACCMOTPEH B JJAHHOM Pasjiesie —
910 00bekTH! THIta character, T.e cuMmBoJibHBIE 00BEKTHI. CO3aI0TCs TPU TTOMOIII
koMaH bl character(n), pesysibrar — IyCcTON CHMBOJIBHBIII BEKTOD Pa3MEPHOCTH
n.

> x=character (1) ;x

[1] nn

IIpoBepka Ha NPUHA/IIEKHOCTb K JAHHOMY THIIY OCYIIECTBIIAETCH IIPH HOMOIIH
is.character().

> (X=’a’)

[1] nau

> (y=uan)

[1] l|a|l

> is.character(x)
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[1] TRUE
> is.character(y)
[1] TRUE

CuMBOJIbHBIE OOBEKThI 0053aTeJILHO 38/IAI0TCsT B KABBIYKAX (OJIMHAPHBIX WU JBOTi-
HBIX ). CHUMBOJIBHBIM O0BEKTOM MOXKET OBITH KaK IIPOCTO CHMBOJI, TaK M CTPOKA.

> x=’a’;x

[1] "a"

> y=’CUMBOJBHHN 00BEKT’;y
[1] "cumBOnBHHK 06BEKT"

OO6BeKTH! JTI0O60TO TUIA MOYKHO MEPEBECTH B CUMBOJIBHBIE. [[jIs1 9TOr0 HY»KHO
BOCIIOJIB30BaThCs KoMaH, 10 as.character(umsi o6bekTa).

> x=F;y=2.4

> (zl=as.character(x))
[1] "FALSE"

> (z2=as.character(y))
[1] "2.4"

CuMBOJIBHBII 2Ke 00BEKT IePEBECTH B WHOW THII CJIOYKHEE.

> x="1’

> y=as.numeric(x);y

[1] 1

> x="b’

> y=as.numeric(x);y

llpenynpexnenue

B pe3ynbTaTe IpeobpasoBaHus cosmaHs NA
[1] NA

CHUMBOJIBHBII 00BEKT MOXKHO IIEPEBECTH B IHCJIOBOM, €CJIH OH IPEJICTABIIAET U3 Ce-
Os1 TIHCII0, OKPY>KEHHOE KaBbIIKaMU. Kc/n ke B KaBbIIKaX CTOSI HEIIOCPEICTBEHHO
cumBosl (mii HAOOP CHMBOJIOB), TO TAKOi MepeBoJ| NPUBEIET K HosiBaeHnio NA
(emoTpu ciestytormuii pasen).

pyroit npumep.

> x="F"
> (yl=as.logical(x))
[1] FALSE

> x=’T?

> (yl=as.logical(x))
[1] TRUE
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Cumpouibabie mepemennbie T u 'F’ moxno nepeBectn B Jormdyeckue TRUE
n FALSE (910 BepHo m orHOcuTeabHO cuMBOJIbHBIX mHepemerubix 'TRUE’ u
"FALSE’).

Omnepanum HaJT CUMBOJIBHBIMI O0beKTaMu Oy/IyT PACCMOTPEHBI B pasjese 5.2.2
IJIaBBI .

Tun 1106010 06BEKTA MOKHO IPOBEPUTH (M M3MEHUTD) IIPU HOMOIIHU (DYHKINN
mode(uMsi__ obbeKkTa).

> x=’TRUE’

> (yl=as.logical(x))
[1] TRUE

> mode (x)

[1] "character"

> mode (y1)

[1] "logical"

YT100bI U3MEHUTDH THIT 00bEKTA HYKHO CJIEJIATh CJIe/IyIONIee:

> x=F

> mode (x)=’numeric’ ;x
(1] O

> mode(x)=’character’;x
[11 "o"

> mode (x)=’complex’;x
[1] 0+0i

> mode(x)=’logical’;x
[1] FALSE

> mode (x)=’double’ ;x
(11 O

2.4.2 ChnenuaJjabHble IepeMeHHbIEe B R

B R cymectByer psi 0cOObIX 00BHEKTOB:

Inf — Geckoneunocts: nosmoxurenbias (+0o — Inf) n orpunaresnsaas (—oo

— -Inf);
NA — «orcyrerBytomniee 3uadennes (Not Available);
NaN — «ue gucio» (Not a Number);

NULL — «auuro».
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Bce 9T 00beKTBI MOYKHO HCIHOJIB30BATH B JIIOOBIX BbIpaykeHUsiX. PaccMoTpum nx
6oJ1ee 110/ IpoOHO.
Inf nogBigercst 1pu nepenoHennu 1 B pesy/ibraTe onepanuil Buia g, riae a <>

0.

> x=5/0;x
[1] Inf

> y=log(0);y
[1] -Inf

IIpoBepuTh 00BLEKT HA KOHEYHOCTD (OECKOHEIHOCTD) MOXKHO IIPH HOMOIIU KOMAHI
is.finite() ( is.infinite()):

> x=5;y=1og(0)

> is.finite(x)
[1] TRUE

> is.infinite(y)
[1] TRUE

O6bekT NaN — «He 9mcI0», MOABJSIETCs IPU OlEpAIlUusIX HaJ YUCIAMU, Pe-
3yJIbTAT KOTOPBIX He ONPEJICJIEH (He SBJISETCS TUCIIOM):

> x=0/0;x

[1] NaN

> y=Inf-Inf;y
[1] NaN

> y1=log(-2);y1
[1] NaN

> y2=Inf/Inf

> y2=Inf/Inf;y2
[1] NaN

> y3=cos(Inf);y3
[1] NaN

IIpu nomommu is.nan(umsi  06bEKTA) MOXKHO IIPOBEPHUTD, SIBJISETCS JIH OOBEKT

NalN:

> x=Inf-Inf
> is.nan(x)
[1] TRUE

«OtcyTcrBytomee 3uadenne» — NA — BO3HHUKAET, ec/id 3HAYCHIE HEKOTOPOrO
obbekTa He JocTyHO (He 3aaH0). Briowaer B cebst 1 NalN. IIpoBepka,oTHOCHTCS
i 00bekT K NA| festaercs npu momorny is.na(umsi  06bekTa).
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> x=NaN

> y=NA

> is.na(y)
[1] TRUE
> is.na(x)
[1] TRUE

«Hmaro» — NULL — mysesoit (mycroit) o6bekT. Bosnukaer Kak pe3ysibTar
BhIpazkenuii (byHkiuii), ubn 3HaueHns He onpejeneHbl. OOHYIUTH 0ObEKT MOKHO
npu momMom komamae! as.null(umsa  06beKTa), IpoBepuTh OOBLEKT Ha IIPUHAI-
aexuocTb K NULL mozkno npu nomornu dbyukimn is.null(umsa  obbekTa).

> x=7;y=as.null(x)
> is.null(x)

[1] FALSE

> is.null(y)

[1] TRUE

[Ipu 3asanum aprymeHToB pa3jiudHbiX (yHKnii R ucnosb3yercd aHajgoruvaHo

NA.

2.4.3 Co3agaHue 9YMCJIOBBIX IOCJIeI0BATEeJILHOCTEN B

R

B srom pazzpene pazbepém pasiMyuHbIe BAPDHAHTBL 33 IaHUs YUCI0BBIX IIOCJIEI0-
BaTeJabHOCTEit 2,

Ecnu s7eMenThl 9uc/I0B0il OC/Ie0BATE/ILHOCTU OTIMIAIOTCH APYT OT APYTa Ha
enuHUITY (BO3pACTAIOIIAS MOCJIEI0BATEILHOCTS), Win Ha —1 (yObIBaroras moce-
JIOBATEJIbHOCTD ), TO MOYKHO 3aJIaTh TOJBKO HAYabHOE a U KOHeYHOe b 3HadeHwust
HCKOMOIi T10cJIe10BaTeIbHOCTH — a:b.

> x=2:10;x
[1] 2 3 4 5 6 7 8 910
> y=10:2;y
[11 10 9 8 7 6 5 4 3 2

Bropoii BapuanT — npu momoru koMan sl seq(). BapuanTsl nenob3oBaHust:

e seq(from, to) — anasorununo BapuanTy a:b.

123aanme 9UCI0BLIX BEKTOPOB PACCMOTPEHO B 5.2.3 TiIaBbI b
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> x=seq(from=-5,t0=5) ;x

[1] -5 -4-3-2-1 0 1 2 3 4 5
> x=seq(-5,5);x

[1] -5 -4-3-2-1 0 1 2 3 4 5

e seq(from, to, by= ) — szajatorcs HadaibHOE, KOHEUYHOE 3HAYEHUs ¥ I1ar

I10CJIeJ0BATCJIbHOCTH.
> x=seq(-5,5,by=0.5) ;x

[1] -5.0 -4.5 -4.0 -3.5 -3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
[16] 2.5 3.0 3.5 4.0 4.5 5.0
> x=seq(-5,5,0.5);x

[1] -5.0 -4.5 -4.0 -3.5 -3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
[16] 2.5 3.0 3.5 4.0 4.5 5.0

(Kak BujiHO U3 mpuMepa, He 063aTe/IbHO yKa3bIBaTh UMsl apryMeHTa by)

e seq(from, to, length.out= ) — zamatorcsa HavasbHOE, KOHEIHOE 3HA-
YEHUSI [TOCJIe/IOBATEILHOCTH, a TaKzKe ODIlee YUC/I0 SJIEMEHTOB IOC/IeI0Ba-

reabHocTr. 1lar nocseoBaTeIbHOCTH ONPEIEIIFETCsT CAMOCTOITEILHO by =
((to — from)/(length.out — 1)).

x=seq(-5,5,1length.out=10) ;x
[1] -5.0000000 -3.8888889 -2.7777778 -1.6666667 -0.5555556 0.5555556
[71] 1.6666667 2.7777778 3.8888889 5.0000000

e seq(c) — moc/e0BATEILHOCTD CTPOUTCSA OT 1 J10 C.

> x=seq(6);x

[11 123456

> y=seq(-4);y

(1] 1 0-1-2-3 -4

Jpyrue BapuaHThI 3a/IaHIsT 9UCIOBBIX MOCJIEI0BATEIBHOCTEH (TOUHEE TOBODSI,
YHCJIOBBIX BEKTOPOB) OyIyT TpejcTaB/IeHbl B pasjese 5.2.3 IJIaBbl 5.

2.4.4 Kuiaaccel gaaabix B R

[Mocemunit pasmest 3Toit TyIaBbl MOCBAIIEH CTPYKTYpaM daHubix B R. Orpanu-
YUMCs TOJILKO TEPEYUCIeHNeM, TaK KaK M0JIpOOHO OHM PacCMATPUBAIOTCS B IJIaBe

d.

B R MO>XKHO BBIIEINTD:
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BekTopa ( vector) — ojiHOMEpHBIE MACCUBBI, COCTOSIIIIE U3 JIEMEHTOB OJI-
HOT'O THTA JIAHHBIX. MO0XKHO BBIJIEIUTDH YUCIOBBIE, JJOTMYECKIE U CUMBOJIbHBIE
BEKTOPA.

Marpuribl (matrix) — jByMepHbIe MACCUBbI, KaK [IPABUJIO YUCIIOBbIE.

MHoroMmepHbie MacCHUBBI (array) — MacCHBbI, Ubsl PA3MEPHOCTH OOJIbIIIE
JIBYX.

dPakropsl ( factor)— crpykrypa, mosesnas npu pabore ¢ KaTeropuasbHbI-
MH JTAHHBIMU.

Crucok ( list) — 910 KOJUIeKINST OOBEKTOB, JOCTYI K KOTOPBIM MOXKHO
OCYINECTBATH MO HOMEPY WJIA NMEHH.

Tabauma manubrx ( data.frame) — maubosiee obrmasi CTPyKTYpa, UCIIOJb-
gyemas nipu pabore B R.
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I'1aBa 3

Onepanym HaJ Pa3JAMIHBIMA
nepemenubiMu. MaremaTtuka B R

3.1 IlIpeaucaoBue

B sToit raBe 6ymyT paccMOTPEHBI ONEpalny HaJ PA3JIMYHOTO THIIA MepeMeH-
HBIMU: JIOTUYECKUMHU M KOMILJIEKCHBIMU; IIPOCTeINe MaTeMaTUIeCKUe ollepallul;
TPUTOHOMETPUYECKUE OICPAITNH.

3.2 llpocreiimne onepanuu

3.2.1 Jloruyeckue onepalan

B stom paszene OygayT pacCMOTPEHBI HE TOJIBKO OIEePAaIlluy HAJI JIOTHIECKUMU
o0beKTaMu, HO U OIl€PAIui, TPUBOJISAIINE K BOSHUKHOBEHHIO JIOTUIECKUX O0ObEKTOB.

Tabmuma 3.1: Jlormyeckue oneparm

3amucs B R | Onucanue
! x | jjormueckoe oTpuaHmue
x &y | mosnementroe jorudeckoe VI
x && y | normaeckoe Yl TOIBKO 7715 TEPBBIX 3JIEMEHTOB BEKTOPOB X H ¥
x|y | nosnementHoe sormaeckoe VIJIN

x ||y | mormaeckoe IJIV ToJILKO Jijisi IEPBBIX 3JIEMEHTOB T ¥ Y
xor(z,y) | eciim x u y paziuunsl, o noaydum TRUE, unase FALSE

B cienyiomeit Tabuiie TPUBOJIATCS ONEPATOPHI CPABHEHUS, PE3YJILTATOM pa-
OOTBHI KOTOPBIX ABJISIIOTCS JIOTHIECKUE OOBEKTHI.
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Tabmua 3.2: OnepaTopbl CpaBHEHUS

Omneparop | Onucanue
> | GoJibIie
>= | DOJIbIIIC WU PABHO

< | MeHBbIIIe

<= Yy | MEHbIlIe UJI1 PaBHO

== | TOZKICCTBO
= | ne TOZKJIECTBEHHDBI

OTHu onepaTopbl CPaBHEHUsT TPUMEHUMBI HE TOJIBKO K UHNCJIOBBIM IT€PEMEHHBIM,
HO U K CHUMBOJIbHBIM. TOrjia cpaBHEHUE IPOUCXOJIUT B JIEKCHKOIPa(UIECKOM I10-
psilIKe.
> J a I < b b b
[1] TRUE
> J us J >= J us )
[1] FALSE
> ‘pa’ l=nug’
[1] TRUE
> b u b > b ) b
[1] FALSE
> Iyplicing?
[1] TRUE
> J BT ) >= ) BB )
[1] TRUE
Ecian cpaBHuUBarOTCS CHUMBOJIBHBIN OOBEKT M YUCIOBOW, TO CHUMBOJIBHBIN Oyaer
OoJIbIIIE.
> x=10000; y=’a’; x>y
[1] FALSE
> x=10000;y="a’;y>x
[1] TRUE
Tak>ke MOXKHO CpaBHUBATL U JIOTUYECKHE IIepEeMEHHBIE:
> x=F;y=T
> x<y
[1] TRUE

Jloruyeckue mmepeMennble MOXKHO CPABHUBATDH KAK C YHCJIOBBIMU, TaK U C CUMBOJIb-
ubiMu. [Ipu sTOM JTOTMYecKasi mepeMeHHasi MePEeBOJUTCSA MO0 B YUCIOBOW THII,
JIOO B CUMBOJILHBI.

[Ipu cparennn Jsioboro oobekta ¢ NA mwmu NalN pesynsrarom Oymer NA.
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> x=10;y=NA
> x>y
[1] NA
> x=NA;y=NaN
> xX>=y
[1] NA

3.2.2 Maremaruieckne pyHKINN
HpOCTeﬁHJHe MaTeMaTn4deCcKue oriepaium

Yucna B R gBigroTcsd oJHEM M3 OCHOBHBIX THUIIOB JaHHBIX. JIpoOHas JacThb
KT OT MEJI0l OTIesIseTCst TOUKON ( TOJIbKO TO4UKOi#). [lokazarens oTnessiercs
OT MaHTHCCHI JIOO cuMBoJIOoM €, Jubo E. B nmpumepe

> x=0.235;x

[1] 0.235

> x=.235;x

[1] 0.235

> x=23.5e-2;x
[1] 0.235

> x=235E-3;x
[1] 0.235

> x=0.00235e2;x
[1] 0.235

[PEeJICTABJIEHbI PA3/IIMIHbIE CIIOCOOBI 3alUCH OJJHOTO U TOTO YK€ IHCIIA.

B R Haj unciiaMu MOXKHO BBIIOJIHSITE OOBIUHBIE apUMMeTUIeCKHe OIepPaIlin:
+ (cnoxkenue), — (Borauranue)x (ymuoxenue), / (jenenue), A (Bo3BejieHue B CTe-
uenb), %/ % (nenounciennoe jenenue), %% (ocrarok or genenns). Ouepaun nume-
10T OOBIIHBII IPUOPHUTET, T.€. CHAYAJA BBIIOIHSIETCS BO3BEICHNE B CTEIIEHbD, 3aTEM
YMHOXKEHWE UJIM JIeJIEHNe, TIOTOM Y2Ke CJIOYKCHUe WJIM BhIYUTaHue. B BhIpaXKeHUsIX
TaKyKe UCIOJIB3YIOTCs KPYTUIble CKOOKM U OIlepaIii B HUX UMEIOT [TPUOPHUTET.

Habpaunoe B KOMaHIHO{ CTPOKe apudMeTHIecKoe BBIPAYKEHHUE [0C/Ie HasKaThst
Ha Enter Bbrumcsisiercst 1 pe3ysibrar cpasy ke 0To0parxKaeTcs:

> 2%(7-9)~8+6/3
[1] 514

OtBer — H14.

CrouTr 3aMeTUTh, 4TO BCe apu(pMETUYECKHe OIlepallii, TPUBEJICHHBIC BBIIIE,
SIBJISTIOTCsI HA CaMOM Jiesie (DYyHKITASIMHU:
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> 747(2,3)
[1] 5

> 7/7(9,2)
[1] 4.5

PaCCMOTpI/IM QJIeMeHTapHble MaTeMaTUu4IeCKHue (bYHKHI/II/I

JlorapudmMudeckne u 3KCIIOHEHIUAIbHbIE DYHKIIUU
OKCIIOHEHTHI:
e exp(x) — BBIUHCICHHE €7
e explm(x) — mia |z] < 1 maxoxgenne e* — 1.

B R peaymzoBano HecKOJIbKO JiorapuMudecKnxX (OyHKITHIL:

log(x) u logb(x) — HarypasbHblii JorapudmM ducia x;

log10(x) — sorapudm 1o JeCATHIHOMY OCHOBAHUIO;

log2(x) — Jsorapudm 1Mo OCHOBaHUIO 2;

loglp(x) — Beramcsenne sorapudma In (1 + ) ma |z| < 1 (mpu z ~ —1
TOYHOCTD BBIYUCIICHHT CHIZKACTCA);

log(x, base=) u logb(x, base=) — Bbruncienue jgorapudmMoB M0 MPOU3-
BOJIbHOMY OCHOBAaHHIO.

> x=exp(2);x

[1] 7.389056

> log(x)

[1] 2

> logb(x)

[1] 2

> 1log10(100)

[1] 2

> log(8)

[1]1 2.079442

> loglp(0.01)

[1] 0.00995033

> loglp(-0.99999)
[1] -11.51293

> log(125,base=5)
(1] 3

> logb(256,base=16)
(1] 2
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DyHKIINN OKPYTJIEHUS
Hocrymnbl ciemyroriye OYyHKIIUNA OKPYTJIEHUA.

e ceiling(x) — HaxXoaUT MUHUMAJIBLHOE IeJI0e, He MeHbIee X (OKpyTJIeHHe B
cropony +1);

e floor(x) —Bo3BpaImaeT MakCUMaJIbHOE TI€JI0€, He TPeBOCXosIee T (OKpyT-
JIeH#e B CTOPOHY —1);

e trunc(x) — orGpacsiBaer JApobHYIO YacTh (OKpyrJienue B cropony 0);
e round(x) — OKpyIIsieT K OJIMKAIIEMy EJTOMY;

e round(x, dig) — obmuit Bug dysakimm round(x), JTONOJTHUTETHHbIH Mapa-
Merp dig yKasbIBaeT Ha YMCJIO 3HAKOB IOCJE 3allTOi, 10 KOTOPOro HYy KHO
[IPOM3BECTU OKPYTJIEHHUE;

e signif(x, digits = 6) — oxpyrster j0 3amannoro (digits) wmcsra 3HagaIX
3HAKOB (T.e. YHCEN, OTIMYHBIX OT HYJs), MO0 yMoJYaHuio mapamerp digits
paBeH 6.

> x=1.5555

> ceiling(x)
[1] 2

> floor(x)
(1] 1

> trunc(x)
[1] 1

> y=-1.5

> ceiling(y)
(1] -1

> floor(y)
[1] -2

> trunc(y)
[1] -1

> x=1/33;x
[1] 0.03030303
> round(x)
(1] O

> round(x,4)
[1] 0.0303

> signif(x,5)
[1] 0.030303
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Moaynb 1 KBapaTHbII KOPEHb

e abs(x) — MOy/Ib apryMeHTa &, KOTOPBIl MOKET ObITh KaK YUCJIOBBIM (Jeii-
CTBUTE/IbHBIA UJIM KOMILJIEKCHBI ), TaK U JIOPHYECKUM apryMEHTOM.

> x=-5; y=F;
> abs(x)

(11 5

> abs(y)

[1] O

> z=T;abs(z)
(1] 1

> z=5-1i%2

> abs(z)

[1] 5.385165

e sqrt(x) — KOpeHb KBAJPATHBIN [IEPEMEHHOIT .

> x=4;sqrt(x)

[1] 2

> y=-4;sqrt(y)

[1] NaN

llpenynpexnenue

In sqrt(y) : cosmamm NaN

Yro0bI HAWTU KBAIPATHBIN KOPEHb OTPHUIIATEILHOTO YUC/IA T, HY?KHO T OIIPEJICTIUTD
KaK KOMILJIEKCHOE YUCJIO:

> y=as.complex(y); sqrt(y)
[1] 0+2i

Cnenuajbuble (byHKITNI

K crenmasibabiM byHKIMSAM OTHOCATCS: OeTa~pyHKIHS 1 e€ jjorapudm, ramma-
dyHKIWM, JorapudM MOy raMMa-(YHKIUH, TPOU3BOIHBIE TaMMa-(QyHKIIH,
daxTopras U UUCJI0 COUETAHUIA.

e gamma(x) — ramma-gynkuus ['(z), ['(z) = [t*te ' dt, nue © — neficrsu-

0
TeJIbHOE YUCJIO, HE PaBHOE HYJIIO U HE fABJIdIOIIeecd IIeJIbIM OTpulaTe/IbHbIM.

e lgamma(x) — HaTypasbHBIi Jorapudm abCOMOTHONO 3HAYEHUS TaMMa-
dyHKIIN.
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e digamma(x) — mepBas OPOU3BOJHAZA HATYDAIBHOrO Jorapudma raMma-

dyHKIIN.

e trigamma(x) — BTOpasi MPOM3BOJHAS HATYDAJIBHOIO Jiorapudma raMma-
dyHKIHIN.

e psigamma(x, deriv) — Borumcssier deriv-pousBojHY0 0T )-DYHKIMN

(meppoit npousBoaHON Tamma-dyHKIWK) (1m0 ymosdanuio deriv=0, T.e.
psigamma(x)=digamma(x)).

> x=-8.9

> gamma (x)
[1] -3.507258e-05
> x=2.15

> gamma (x)
[1] 1.072997
> digamma (x)
[1] 0.5152385
> psigamma (x)
[1] 0.5152385
> trigamma (x)
[1] 0.5894157

e beta(a, b) — Beruncssierca snauenne 6era-byuximn B(a,b) ¢ mapamerpaMn
a un b, rue

napaMeTpel @ 1 b 6oJIble HyJId.
e lbeta(a, b) — narypasnbubiii sorapudm 6era-byukuun B(a, b).

> a=2;b=3

> beta(a,b)

[1] 0.08333333
> 1lbeta(a,b)
[1] -2.484907

e choose(n, k) — uucio coueranuit C¥ uz n no k, rae n — neiicreurensuoe

quCJIO0, k— meJjioe HOJIO}KI/ITGJIbHoel.

Tpu k < 0 BbIIASTCS HOMB, Hellesioe k OKPYIVISETCS JI0 1eI0r0 HCIA
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e Ichoose(n, k) — narypasbnblii jorapudm uncia coderanuii CF.
e factorial(x) — daxropuan z, rue = > 0.
e Ifactorial(x) — marypasubhslii Jorapudm dakropuaia .

> n=5.4;k=3;x=4.6;x1=4
> choose(n,k)

[1] 13.464

> choose(round(n) ,k)
[1] 10

> factorial(x)

[1] 61.55392

> factorial(x1)

[1] 24

3.2.3 Tpuronomerpmdeckue pyHKIIN
B R peayimzoBanbl cjeayromnme TPUrOHOMETpUIecKre (DyHKITUN:
e sin(x) — sin (z), rue = 3a1an B pajguanax (Hanpumep 7/6);
e cos(x) — cos (z);
e tan(x) — tg(x).
Ob6paTHble TpUTOHOMETPUYECKUE (DYHKITAN:
e asin(x) — arcsin(z);
e acos(x) — arccos(z);
e atan(x) — arctg(z).

> sin(pi/2)
[1]1 1

e pi — 3710 KoHcTaHTa 7. Kcau y pyHKIIMN HECKOJIBKO apryMeHTOB, TO OHHM OT-

JleJIsTioTest 3HaKoM , (3amsrast). Hanpumep, atan2(y,x) Bo3Bpalaer yroa Mezy
ocbio OX 1 BEKTOPOM (X; ¥).

[Nunepbosmmaeckue yHKIUN:
e cosh(x) — runepbosmvyecKnii KOCHHYC apryMeHTa &,

e acosh(x) — obparHbriil runepboIMIecKil KOCHHYC X}

40



sinh(x) — runep6osmueckuit CUHyC ;

asinh(x) — o6paTHblil THIIEPOONIECKHIT CHHYC ]

tanh(x) — runepbosmdeckuii Tairenc x;

atanh(x) — obpaTHblii runepbOINIeCKuil TAHI€HC .

3.2.4 Omnepanuu HaJ KOMILJIEKCHBIMU IIepeMeHHbI-
MU

Haﬂ KOMILIEKCHbIMI 4ncyiaMu B R MoxKHO IIPOU3BOAUTL Ollepallui CJIO2KCHUA,
BblYUTaHUA, YMHO2KEHUA, A€JIeHN A, BO3BCACHUA B CTEIICHDb:

> x=b5+1i%5

> y=4-1i%5

> X+y

[1] 9+0i

> X-y

[1] 1+101

> x*y

[1] 45-5i

> x/y

[1] -0.121951+1.0975611
> X7y

[1] 118961-44137.3i

CIIGHI/I&JII)HI)IG (bYHKLLI/II/I JJId KOMIIJIEKCHBIX II€PpEMEHHBIX!

Re(z) — maxoxenue JefiCTBUTEIbHO 9acTH KOMILUIEKCHOTO IHCIIA Z;

Im(z) — ManMag 9acTb KOMILJICKCHOTO YUCTIA, 2|
)

Mod(z) — Momayis p = /22 + y? KOMILIEKCHOTO 9uC/Ia 2 = T + iy;

Arg(z) — apryMeHT ¢ KOMILIEKCHOTO YhC/Ia 2 = T + 1y, TJie & = pcos p,
y = psing;

Conj(z) — KOMILIEKCHO CONPSZKEHHOE K 2 YUCIIO.

K koMIiekcHbIM IIepeMeHHbIM MO2KHO IIPUMEHATH U TPUTI'OHOMETPHUYICCKUEe
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> x=2+1i%2;y=2-1i%3
> Re(x)

[1] 2

> Im(y)

[1] -3

> Mod(x)

[1] 2.828427

> Arg(x)

[1] 0.7853982

> Conj(x)

[1] 2-2i

> cos(x)

[1] -1.565626-3.2978951

U KyMyJIATHBHbIE (DYyHKIIH.

2CMotTpu pazaen 5.2.3 riaaBsl b



I'1aBa 4

OnepaTopbl UKJIa U YCJIOBUA.
Coznanne coocTBeHHbIX PYHKIINIT B

R

HecmoTps Ha TO, uTO B pamkax rnpoekTta R Hammcano ouenb OOJIbIIIOe YHUCIIO MTa-
KETOB C pa3HOOOPA3HLIMU (DYHKIIUAMU, KAXKJIBII [I0JIH30BATE/Ib MOYKET CO3/aBaTh
CBOM COOCTBEHHBIE (DYHKITUHU, UCIIOJIb3Ysl B HUX ONEPATOPHI YIIPABJIEHUS — ITUKJIbI
U YCJIOBHBIE OIIEPATOPHI.

4.1 Omnepatopsl 1uKJa n ycjoBus B R

B sToit vacTu paccMOTpUM CTPYKTYPbI,IIO3BOJISIONINAE YIIPABIATH 00PabOTKOIM
JIAaHHBIX, TaK Ha3bIBaeMble OIEPATOPbI YIIPABJIEHUs — IUKJIbI U YCJIOBHBIE Oll€pa-
TOPBI.

4.1.1 Omnepatop if

Hauném ¢ yciioBaoro oreparopa if, koropoiit B R umeer jiBe dpopmbl 3armcu:
KpaTKyio (6€3 peaqnsaliui aabTepHATUBBI) U TOJIHYIO (BO3MOKHOCTD PEATN3aIlUm
AJIbTePHATUBHBIX OIEPAIHIA).

Kparkuii BapunaHT omneparopa if
if (ycmoBue) BhpaxeHue
ycsioBue — jiioboii oneparop yeiaosus (<, >, >=, <=, ==, | =), pe3yabraTom

BBITIOJTHEHUS KOTOPOI'O $IBJISETCs JIOTHYECKUN BEKTOD €IMHWYHBIA JIHHBL. Kcan
snadenne BekTopa TRUE, To BbITIOTHSIETCS BBIPpAXKEHUE.
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BBbIPaXKE€HNEe — OJIHO UJIM HECKOJIBbKO BBIPAYKEHUMH, BBIIOJIHIEMBIX B CJIydae
BEPHOCTHU yCJI0BUst. /M 3a/1aHO HECKOJILKO BBIDAYKEHU, TO OHM JIOJIZKHbBI ObITH
3aKJIIOUCHBI B (DUIYPHBIE CKOOKH {} M pa3ensTbcs TOUKON ¢ 3amdroii (ecau Ha
omHOl cTpoke)!.

Oneparop Bo3Bpallaer 3HadYeHHe BBIPAXKEHMSI B C/Iydae BEPHOCTHU YCJIOBUS
nim wudero He Bosppaiaer (NULL).

> x=b5;y=4
> if(x>y) {z=x+y;z}
[1] 9

VYeioBue BBLIIOJIHEHO U B pe3yjbTaTe II0JIy9Y€HO 3Ha4YCHUEe 2.

> x=5;y=4

> if (x<y) w=x+y

> w

Ommbra: obbekT ’w’ He HalmeH

B sroMm mmpumMepe ycsioBre He BBIIOJIHSIETCS, CIEI0BATE/IHLHO, 33/ laHHOE BhIPaskKeHne
He OyJIeT ITOCYUTAHO U OOBEKT W HE CO3/IaETCH.

IIpumep 7. Paccmompum eusé odum npumep, 8 KOmopom T U Y AGAAOMCA GEKIMO-
pamu 00unarosot daunv (10). Badadum ycaosue: ecau x ne pasen y, mo 6epémcs
omnowenue x/y. B pesyavmame 00ANCHBL NOAYHUMD GEKMOP, Yo PASMEPHOCTID
coenadaem ¢ pa3mepHoCcmvlo UCTOOHuT 6exmopos. Ho uz kaxux asremenmos ow
cocmoum?

> x=1:10; y=10;1
> X
1] 1 2 3 4 5 6 7 8 910
>y
[1] 10 9 8 7 6 5 4 3 2 1
> if (x<y) {x/y}
[1] 0.1000000 0.2222222 0.3750000 0.5714286 0.8333333 1.2000000
[7] 1.7500000 2.6666667 4.5000000 10.0000000

Hoayuwaemes, 4mo 634MO OMHOWEHUE MOALKO NEPEBIT INEMEHMOE BEKMOPOE.
Kpome mozo, evieodumes npedynpesrcienue

[lpenynpexnerue
In if (x !'=y) { :
InuHa ycnoBus > 1, OyIeT MCIONIB30BAH TOJLKO IIEPBHN 3JIEMEHT

Taxum 06pazom, OAUHG YCAOBUA DOANCHA DBIMD PaGHOT eduruye.

1Hal’IOMHI/IM7 9TO B CJIy4dae 0JI0Ka, Bpra}KeHI/Iﬁ BBIBOJIUTCHA PE3YyJbTaT IMOCJIEIHEro N3 HUX
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Ilosabiii BapuaHT oneparopa if

if (ycnoBue) BhpaxeHuel else BhpaxeHue?2

Eciu ycjioBue BBINOJTHSIETCS, TO BBIYHUCIsieTcst Bhipazkenuel (uiu 670K BbIpazke-

Huil), B IPOTUBHOM CJiydae Bbipazkenue2 ( uam 60K BbIpasKeHwuii )?.

> x=5;y=4
> if (x<y) {x+y} else {x-y}
[1]1 1

4.1.2 Omnepatop ifelse
OyHKIMA
ifelse(ycnoBue, yes, no)

[IO3BOJISIET MTEPEMEHHON B 3aBUCHMOCTH OT BBIIOJHEHUs (HEBBIIOJHEHs) HEKOTO-
pPOTO yCJIOBUST IPUHUMATE pa3ndHble 3HadeHus. OTandaue ot oneparopa if cocto-
UT B TOM, YTO 3J/IeCh YCJIOBUE $IBJISETCs JIOTUYECKHM BEKTOPOM JIIOOOU 3a/IaHHOI
pasMepHOCTH (3aBUCUT OT PA3MEPHOCTH CPABHUBAEMBIX 00beKTOB). TTopsiIKOBbIi
HOMEP 3JIeMEHTa JIOTMYECKOI'O BEKTOPa U €ro 3HaYCHUE OlIpeesIdeT KaKOi 3JIeMEeHT
BEKTOpa yes Win No 6epeéTcs HOBOM IePEMEHHOA.

ITpumep 8. Coszdadum dsa eexmopa x u y 00uHaAKOB0T OAUHDL U NPUCBOUM NeEPe-
MEHHOUT 2 AUOO CO 3HAKOM + HOMED COBNAVAIOWUL INEMEHMOE, AUOO CO ZHAKOM —
HOMED HEeCOBNAJAOUUL INEMENHMOG.

> x=c(1,3,1,5,1,7,1,9)

> y=c(2,3,4,5,2,7,1,8)

> z=ifelse(x==y,1:10, (-1):(-10))
> z

[1] -1 2 -3 4-5 6 7 -8

Lpyeoti npumep. Cozdadum nocaedosamenvrocms wuces om 6 do —4 u eviuucauM
Kopens Keadpammbil.

> x <- c(6:-4)

> sqrt(x)
[1] 2.449490 2.236068 2.000000 1.732051 1.414214 1.000000 0.000000
(8] NaN NaN NaN NaN

[lpenynpexnenue

In sqrt(x) : cozsmame NaN

2cM.TaxKe puMep 9
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IIpu ussaeuwenuy K6a0paMH020 KOPHA U3 OMPUUAMEALHOT YUCEA ObIAU CO30aHD
NaN u swisederno npedynpeorcdenue. Ilonpodbyem viuuciums KOpeHs mak, 4mobol
He bvi.A0 npedynpestcioeru.

> sqrt(ifelse(x >= 0, x, NA))
[1] 2.449490 2.236068 2.000000 1.732051 1.414214 1.000000 0.000000
(8] NA NA NA NA

Ewé odun npumep:

x=rep(c(1,2,3),3)
x=matrix(x,3,3)

z=cos (ifelse (1<x,x*pi,x*pi/2))
z

vV V V V

[,1] [,2] (,3]
[1,] 6.123032e-17 6.123032e-17 6.123032e-17
[2,]1 1.000000e+00 1.000000e+00 1.000000e+00
[3,] -1.000000e+00 -1.000000e+00 -1.000000e+00

4.1.3 Omnepatop for

for(nepeMeHHaﬂ in HOCJIe,ILOBaTeJIbHOCTb) BhIpaxeHue

Omnepatop nukiia. [loka mepemMeHHast HaXoUTCAd B paMKax 3aJaHHOM THCJIO-
BOIl 11OCJI€JIOBATEILHOCTH, BBIIOJIHIETCS BhIpazkeHue (Ui OJI0K BbIDAYKEHMUIA ).

IIpumep 9. Obpamumcs x npumepy 7.

> x=1:10; y=10:1
> x
[1] 1 2 3 4 5 6 7 8 910
>y
(1] 10 9 8 7 6 5 4 3 2 1
> w=vector (length=10,mode=’numeric’)
> for(i in 1:10)
+ { if (x[il<y[i]) {wlil=x[il/y[il}
+ else {wlil=x[i]l*y[i]}
+ }
> w
[1] 0.1000000 0.2222222 0.3750000 0.5714286 0.8333333 30.0000000
[7] 28.0000000 24.0000000 18.0000000 10.0000000
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B nukiie MbI 3318711 YCJIOBHBIH OIIepaToOp, BBHITOJHEHNE KOTOPOTO O3HAYAET, ITO
9JIEMEHT BEKTOPA W PaBeH OTHOIIEHUIO T /Y, HEBBIIIOJTHEHHE YCJIOBUSI IPUBOJUT K
ITIOZABJICHUIO dJIEMEHTa W = .Z'y OTMeTI/IM, 9TO 10 IIUKJIa Hy}KHO 3a/JaThb BeKTOp ’l,U7
nHave OyJeT BbIJIAHO COODIeHne 00 OIrnoKe

Emé ogun npumep. CHOBa HCIIOIB3yeM BEKTOpa X U Y U3 IpUMepa 7, HO Terepb
W — 3TO MPOCTO THUCJIO.

> for(i in 1:10)

+ { if (x[il<y[i]) {w=x[il/y[i]}
+ else {w=x[il*y[il}

+ }

>

W
(1] 10

B pesynbrare nepemennoit w OyJieT TPUCBOEHO 3HAYEHNUE, CO3/IAHHOE HA MTOC/IeTHEM
BHUTKE ITUKJIA.

Ecimu o kakuM-/imb0 mpuyarHaM TOC/IE/I0BATE/IbHOCTD, 3a/IaI0Iasd IUCI0 BUT-
KOB B IIUKJIe, UMEET HYJIEBYIO JUIMHY, TO IIMKJI BBIMOTHATHLCS He OyIeT.

c=integer (0)

for (i in ¢) {m=i}

m

Ommbxka: 06bexT ’m’ He HalimeH

4.1.4 Omneparop while

Emé oqun oneparop mukJa.
while(ycnoBue) BhHpaxeHHe

[Toka BBITIOJTHSIETCS YCJIOBHE BBIUHUC/IAETCSA BbIpaXKeHHe, KaK TOJIBKO Pe3yIbTaToM
yeaosust cranoBuTcst FALSE, BeIxomum u3 mMuKJIa.

> x=-10

> while (x<0) {z=x; x=x+1}
>z

(11 -1

4.1.5 Omnepatopsl repeat, break u next

Omneparop repeat

repeat BhHpaxeHUe
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cO371a6T GECKOHEYHBIN UKJI, B KOTOPOM BBIUUC/IAETCS BbipazkeHue (Ui GJIOK BbI-
pazkenuit). [lyist BbIXO/I@ M3 9TOrO NMUKJIA HY?KHO WCIOJIb30BaTh break, a takxke
YCJIOBHBII OIlepaTop B Ka4eCTBE OJIHOI'O U3 BbIPAYKEHUII.

ITpumep 10. Ilocmpoum uyuka npu momowu onepamopa repeat, npu nomouwu
yeaosrozo onepamopa if u break sadadum evixod. Pesysvmamom pabomo. onepa-
mopa repeat 6ydem BviMUCAEHUE HAMYPAALHO20 A02APUPMA AOCONOMMH020 3HAYE-
Hus nepemerHoti t.

> t=-10

> repeatq{

+ if (t>0) break
+ f=log(abs(t))
+ t=t+1}

> f

[1] -Inf

Kax moavko t cmano 6oavwe 0 6vixodum u3 yukaa ¢ nomowswvto onepamopa break
u noayuaem nocaednee svruucaennoe 3naverue f = 1In|t|, pasnoe f =1In0 = —oo.

Omnepatop
next

Kak n break MoxkKeT NPUMEHSAThCA TOJBKO BHyTpu IukjaoB. Orinuane or break
COCTOUT B TOM, YUTO IIPOUCXOJIUT HE MPEePhIBAHUE ITUKJIA, & IIePEeX0JT Ha CJIe Ty OITni
BHUTOK.

4.1.6 Omnepatop switch
Omneparop

switch(ympaBnsomee BhHpaxeHHe, albTepHATUBHHE [EWCTBUS)

ITO3BOJISIET BBIOJIHATH OJJHY W3 HECKOJIBKUX OIlepalluii B 3aBUCUMOCTHU OT Pe3YJib-
TATOB YIPABJILAIONIETO BhIPAYKEHU .
YupasJdioniee BbIpayKeHne BO3BPAIIAET:

e 1160 neJjioe 9mucijio (OT 1 0 9UCJIa aJIbTepHaTI/IB), KOTOPOE€ ABJIFETCA HOMEPOM
BDBIIIOJIHAEMOI'O ,ZLefICTBHH;

e 100 CUMBOJIBHYIO TIEPEMEHHYIO (CTPOKY ), COOTBETCTBYIOILY IO UMEHHU BBIOJI-
HSEMOIl ollepalu.
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Ecnu Bo3Bpaimaemoe KOHTPOJIBHBIM BBIDAXKEHHEM 3HAYUCHHE HE COOTBETCTBYET HU
HOMEDY BBINIOJIHAEMOIl ollepaliuu, Hi UMEHHU, TO pe3yJbTaToM oreparopa switch
oyzner NULL.

OmnepaTop switch e sgBjIsSIeTCST CAMOCTOATETBHBIM, UCIOIB3YETCS JTUO0 BHY TPU
dyukmmit, 1160 BHYTPHU APYTHUX YIPABIAIONIUX KOHCTPYKITAN.

IIpumep 11. Cozdadum wucro60t 6exmop x OAUHbBL 5, IAEMEHMDBL KOMOPO20 NPU-
HUMAIOM 3HAYEHUA 6 3ABUCUMOCTIU OM 3HAMEHUA & — AUO0 COST, AUbO €, Aubo
logy(4), aubo 1g,,(0.01), aubo, narxorey, wucio, coOMEEMCMEYOULEE AOLUNECKOMY
snavenuro TRUE.

> x=numeric(5)

> for (i in 1:5)

+ { x[i]=switch(i,cos(pi),exp(1l),log2(4),log10(0.01),TRUE)}
> X

[1] -1.000000 2.718282 2.000000 -2.000000 1.000000

4.2 Hanucanue dpynknuii B R

4.2.1 Craggapraag dopma 3aganng GyHKOnn B R
Coznars coberBennyio dyukmnuio B R j1oBosibHO ipocto. Ob6mumit BuI:

function(aprymentr) { BrpaxeHuel}

31ech:

e function — koueBoe coBO, coobmaroree R o ToMm, 9To Oymer co3mana
bynxuus;

e apryMeHTbI (DYyHKIAN — CIHCOK POPMABHBIX aPTyMEHTOB (MOXKeT UMETh
POU3BOJIbHYIO JIJIMHY), OT KOTOPBIX 3aBUCUT BbIpaxkenmeb aprymen-
ThI pazJjiensaorcs 3ansaroii. PopMaJbHbBIM apryMEHTOM MOXKET ObITh: CHM-
BOJI (T.e. MMsI TIEPEMEHHON, HAIPUMEDP, T WIH ¥), BbIDAKEHHUE BHJIA CHUM-
Bosi—BbIpaxkenue (nanpumvep, x=TRUE), cnennanbubiii dhopMaibHbIit
apryMeHT — TPOETOYHE . . . .

e BbIpakeHwue (Tejio (BYHKIUKN) — [peJcTaBjsieT coO0i KoMaH Ly win 0JIOK
KOMaHJI (3aK/II0OUEHHBIX B (DUTYPHBIE CKOOKH {}), KAK MPABUJIO, 3aBUCSIINX
OT OIIPEJEJIEHHBIX paHee apryMenToB pyHkiun. OTaebHble KOMaHIbl B 0J10-
Ke IUIIYTCsI ¢ HOBOM CTPOKM (HO MOXKHO U Ha OJIHON CTPOKe 4Yepes ;).

o DyYHKINA B Ka4eCTBE CBOETO 3HAYEHNUS BO3BPAIAET Pe3yJIbTaT IOCTIETHETO B
PpUTYPHBIX CKOOKAX BbIPAaYKEHUS.
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Ob6paenue k dynkimu uveer suj umsi(aprl, apr2, ...). 3jech 3HaYeHUs
BhIpazkeHnuit aprl, apr2, ... gBasdioTcd (paKTHIECKUMUI apryMeHTaMi, KOTOpbIe
ITOJICTABJISIIOTCS BMECTO COOTBETCTBYIONINX (DOPMAJIBHBIX apI'yMEHTOB, OIIPeIeIEH-
HBIX IPHU 3aaHnn QYHKIUH.

ITpumep 12. Cozdadum Pynruyuro, 8LMUCAAIOWYIO HOPMY — KOPEHD KEAIPAMHbLTL
CKAAAPHO20 NPOUZBELOCHUA GEKMOPOS T U .

> norm = function(x,y) sqrt(x)*%hy)
> norm(1:4,2:5)

[,1]
[1,] 6.324555

Ecmu pakTrdeckue apryMeHThl 3a/laHbl B MMEHOBAHHOM BHJIe UMsI — BbIpa-
2KeHUe, TO OHU MOTYT OBITH IIEPEYNC/IeHbl B MPOU3BOJILHOM HOpsijike. Bosee Toro,
CIUCOK (haKTUIECKUX apryMEHTOB MOXKET HAUYMHATHCHA C apr'yMEHTOB, IIPEJICTaB-
JIEHHBIX B OOBIYHON MO3UIMOHHOM (hopMe, TOCje Uero MOryT UJATU apryMEHTHI B
umenoBanuoit popme. Harpumep, nmeercs dyukius fun, 3ajannast CJie/ Ly ONIM
obpazoM:

> fun = function(argl, arg2, arg3, arg4)
{
# Teno PyHKIUHU OIymEHO

}

Torma fun moxkeT ObITH BbI3BaHA MHOTOYUC/IEHHBIMU CIIOCODAMU, HAIIPUMED:

> ans = fun(d, f, 20, TRUE)
> ans = fun(d, f, arg4 = TRUE, arg3 = 20)
> ans = fun(argl = d, arg3 = 20, arg2 = f, argd = TRUE)

Bce 31 criocobbr 9KBUBAJIEHTHBL.

Bo muorux ciyuasix npu onpejiesennn (hyHKIIMA HEKOTOPBIM apryMeHTaM MO-
I'yT OBITH TPUCBOEHBI 3HAYEHUS 110 YMOJYAHUIO. TOr/Ia P BbI30BE (DYHKIMH 3TU
apryMeHTBI MOTYT ObITH OIyTeHbl. [Ipeamooxkum, aro yHKIms fun ompegeieHa
KakK

> fun <- function(argl, arg2, arg3 = 20, arg4 = TRUE)
{

# Temo QYHKIMU OIyLEHO

}

Torma obparenue K 3Toit GyHKIINT BUIA

> fun(d, f)
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SKBHUBAJIEHTHO TPEM, IPUBEICHHBIM Bbie. Creyromiee odpalienne
> fun(d, f, arg4 = FALSE)

MeHseT OJJHO U3 3HAaYEHUU M0 YMOJIaHUIO.

BamMeTuM, 9TO B 3HAYEHUSX 110 YMOJIIAHUIO MOYKHO KCIIOJIb30BATh JIFOObIE BhI-
parkeHus, B TOM YHC/I€ BKJIIOYAIOIIUE JIPYTHe apryMeHThbl (DYHKITUN.

[Ipu BBI3OBE PYyHKINHN (paKTHIECKUE apTyMEHThI 3aMEHAIOT (POpMaJIbHbIE, TTPO-
[IICaHHbIE TIPU CO3AHUN (DYHKIIMH. DTO MOXKET IIPOUCXOIUTH PA3HBIMU CIIOCOOAMMU:

e TOYHOE COOTBETCTBHE — eCjii (PAKTHUECKHe apryMeHThl 3aJIaHbl B MMe-
HOBAHHOM BHJIE, TO TIPU BBI30BE (DYHKIMU IIPOMCXOIUT MOUCK IO IIOJIHOMY
UMEHU COOTBETCTBYIOINX (DOPMAJIbHBIX APIYMEHTOB (T.e. HILyTCs Te (Pop-
MaJIbHBIC apI'yYMEHTDI, 9Yb€ UMSI IIOJIHOCTBIO COOTBETCTBYET UMCHU (baKTI/ILIe-
CKOTO apryMeHTa);

® YACTUYHOE COOTBETCTBUE — IIPU BbI30BE (DYHKINNM UMEHOBAHHBIE (DAKTU-
JecKre apryMeHThl MOTYT 3aMEHUTH (POPMAJIBHBIE U B TOM CJIyYae, €CJIU UM
daKTUIECKOr0 apryMeHTa COBIIAJIACT C YaCThIO UMEHH (DOPMATBLHOTO;

e MTO3UIIMOHHOE COOTBETCTBUE — HEMMEHOBaHHbIE (DOPMaJIbHbIE apI'yMEHThI
3aMEHSIOTCA HEMMEHOBAHHBIMU (DAKTUIECKUMU COTJIACHO MOPSIKY UX PACIIO-
noxkenust (epBbIil (paKTUIeCKUil apryMeHT 3aMeHseT TepBblil (hopMaTbHbII

" T.JL.).

e Fcymm ocranyTcd HecoBnasiime (pakTHIECKHE apryMeHThI, TO OyJ/IeT BbIBEJIECHO
coob1ienne 06 OIImoKe.

4.2.2 AprymesHr ...

[Ipu paspaborke MpUIOKEHUH HHOT/IA ObIBAET HEOOXOIMMO CO31aTh (DYHKIIUN
JUUTsl TIPOM3BOJIBHOTO YuC/Ia (DOPMAIBHBIX apryMEHTOB. DTO MOXKHO CJI€JIATh IPU
romoIu (hopMaIbLHOTO APIYMEHTA . . . , O3HAYAIOIIEr0, YTO OTOM (DYHKIUHN Oy1eT
[ePeJIaH0 MIPOU3BOJILHOE YUC/IO (DAKTUIECCKUX apryMEHTOB.

IIpumep 13. B xauecmee npumepa paccmompum GynKuuo, Haxo0auyro ot npo-
UBBOALHO20 YUCAG BEKTMOPOE UT MUHUMAALHDIE, MAKCUMANDHDBLE U CPEOHUE 3HAYME-
HUA.

fun= function (...) {
data = list(...)

n =length(data)

maxs = numeric(n)
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mins = numeric(n)
means<- numeric(n)

for (i in 1:n) {

maxs[i] = max(datal[il])
mins[i]<-min(datal[[i]])
means [i]<-mean(datal[[i]])
}

print (maxs)

print (mins)

print (means)

invisible (NULL)

}

3adadum MenepsL Mpu YUCAOBVIT 6EKMOPA — CAYHATHbLE 8VIOOPKU, NOOUUHAIO-
wuecs cmandapmuomy HOPMaLLHOMY 3aKOHY

x=rnorm(100)
y=rnorm(200)
z=rnorm(300)

U 68b306EM PYHKUUIO, PAKMULECKUMU AP2YMEHMAMU KOMOPOT ABAAOMCA 300aH-
Hole sexmopa. B peayavmame nosyuum mabaiuyy

>fun(x,y,z)

[1] 2.220520 2.429910 3.541140

[1] -2.185287 -2.436616 -3.001431

[1] -0.13654894 -0.03310537 0.07264300

2de nepeas cmpoxra — 3MO0 MAKCUMAANDHDBIE SHAYEHUA GEKIMOPO6, 61MOPas CImpoxa
— MUHUMANDHDIE, G NOCACOHAA — cpe@nue SHAYEHUA.

4.2.3 ®DopmaJibHble apryMeHTbI, JIOKAJIbHbIE Iepe-
MEeHHBbIE 1 CBOOOJIHbIE IIepeMeHHbIe

Bce Berpegarornpecs: B Tesie (DyHKIIMKA CHMBOJIBI JIEJIATCA Ha TPU TPYIIIBL: 9TO
dopMasibHbIE apryMeHThI, JIOKAJIbHbIE IIepEMEHHbBIE U CBOOOIHBIE ITIEPEMEHHBIE.

e QopmasbHBIE apryMeHTHI (hopMasbHbIE TAPaAMETPhI) — 9TO APIyMEHTHI, T1e-
pEeUNCIIeHHBbIE B 3ar0JI0BKe (DYHKIMN (B KPYIUIBIX CKOOKAX MOC/IE KIIF0UEBOTO
cioBa function).

e JlokasbHbIE IIEPEMEHHbBIE — 3TO IIEPEMEHHbIE, He SBJIAIONUEcs (hOPMaJIbHbI-
MU apryMeHTaMHd, 3HaYeHNsT KOTOPBIX OIIPEJIETISIOTCS BO BPEMSI BBIITOTHEHUS
dyHKIIN.
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[} HepeMeHHble, HE ABJIAIOIMECA CbOpMaIII)HbIMI/I aprymeiTaMu 1 JIOKaJIbHbIMK
IIEPEMEHHbBIMU, ABJIAIOTCA CBO60,HHI)IMI/I IIEepEeMEHHbIMU.

Hanpuwmep, B dpyuximn

> f = function(x)
{

y = 2%x

print(x)

print (y)

print(z)

}

x — (OpMaAJILHBIN apTYMEHT, y — JIOKaJIbHAS [IepeMeHHasd, 2 — CBOOO/IHAS ITepEMeH-
Hasg. O6racTb BUINMOCTH (hOPMATHHBIX apIyMEHTOB U JIOKAJTbHBIX TIePEMEHHBIX —
TOJIBKO caMa 3Ta PYHKINsI. DTO 03HATAET, UTO U3MEHEHN STUX TIePeMeHHBIX BHYT-
pu GYHKIUN HUKAK HE OTParKaloTCd Ha IePEeMEHHDLIX ¢ TaKUMH YK€ UMEHaMU BO
BHerrHeil pyukinn. O6/1acTh BUAMMOCTH CBOOOIHBIX ITEPEMEHHBIX PACIIPOCTPAHSI-
ercs JI0 BHeITHell (pyHKIINK, B KOTOPO#l OHM OBbLIN olpejiesieHbl. VI3MeHeHne Takux
IIepEMEHHBIX B Tesie (DYHKIUN BJIMAET TaKzKe Ha COOTBETCTBYIOIINE TIepEeMEHHbIE B
9TOI BHEITHEH (DyHKITNU.

4.2.4 Tlonnas dpopma 3amaausg pyHKOun B R

[Tonnag dpopma 3amucu oT KpaTKOHl OTIMYaETCd TOJBKO JIONOJHUTETLHON 3a-
[IACHIO B Tesle PYHKIINNU:

> uMa = function(aprymenTs) {BhHpaxeHue
return(3HaveHue)

b

return(3Hadenne) — Bo3sBpaiaemoe dyHKImel 3HadeHne(s1) (Bo3BpalmaeMoe
3HAYEHUE — BEKTOP €JIMHUIHOIN JIJTUHBI, B IPOTUBHOM cJiydae Oy/IeT BbIBEJIEHO TIpe-
JIYIIPEK JICHNE ).

IIpumep 14. [Ipusedém déa npumepa — c return(3nauenue) u Ges.

ff=function(x){
y=sum(x)
z=cumprod (x)

}

y=ff(1:10); y
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Pesyavmamom pyrnkuuy Asasemcs 3HaueHue nepemertots z, max Kax ona nocAeo-
Hell BLIYUCAAEMCA 6 PYHKUUL.

[1] 1 2 6 24 120 720 5040 40320
[9] 362880 3628800

Bsodum xomandy 6036paterun 3HAUEHUA.

ffi=function(x){
y=sum(x) ; z=cumprod (x)
return(y)}

££1(1:10)

Hoaywum
[1] 55

[Tpu Hasm4un return(3Hadenune) Jist BbIBOJA PE3YIbTATOB pAbOThHI (DYHKIHN He
HY’KHO TIPUCBAMBATH JIOMOJHUTETHLHOM TeEpEMEHHON Pe3yJIbTaT UCIOJHEHNs (DYHK-
mun y=ff(1:10); y, a 3aTeM BbI3BIBATH 3Ty NepeMeHHy 0. JlocTaTouHo 06paTuThCs
K GyHKIWMH 1 OyjIeT BbIBEJIEHO 3HAYEHUE TOM MepeMeHHoil, uTo yKa3aHa B return().

YTo HYKHO ¢/1e/1aTh, YTOOBI B pe3y/IbTare padOThl (DYHKIIMHI BHIBOIMIOCH JIBA U
bostee 3HavdeHus ! [l 9TOr0 HYKHO, 9TOOBI TIepeMeHHasi B return ObL1a CIIICKOM,
9JIEeMEHTaMH KOTOPOTo ObLau Obl HyzKHble HaM 3uaderud. Co3nagnM (YHKIHUIO,
BO3BPAIIAIOINLYI0O MUHUMAIbHOE U MAKCUMAJILHOE 3HAYEHHUS YNCIOBBIX BEKTOPOB T

uy.

ITpumep 15. Cozdadum crayvana camu eexmopa X u'y.

x<-c(1,9,2,8,3,7)
y<-c(9,2,8,3,7,2)

Dynxyua:

minmax=function (a,b) {

cl=max(a)

c2=max (b)

dil=min(a,b)

d2=min(b)

answer<-list(cl,c2,d1,d2)

names (answer) [[1]]<-"MakcuManbHOe 3HaYeHHE BEKTOpa X'
names (answer) [[2]]<-"MakcumanbHOe 3HaUYeHHe BeKTOpa y'"
names (answer) [ [3]]<-"muHuManbHOe 3HaueHWe BekTOpa X"
names (answer) [ [4]]<-"MuHuUManbHOE 3HAYeHHMe BeKTOpa y"
return(answer) 7
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Bwisodumviti pesyavmam

minmax (x,y)

$‘MakcuManpHOe 3HAYEHHE BEKTOpa X°
[1]1 9

$ ‘marcumanpHOE 3HAYeHHWE BeKTOpa y°
(11 9

$ ‘MuHUManbHOE 3HAYeHWE BeKTOpa X°
[1] 1

$ ‘MuHEManbHOE 3HaveHMe BekTOpa y°
[1] 2

4.2.5 CuapHoe npucBanBanue B R

[eitcTByst OOBIYHBIM 00pa30M, MeHsdsl 3Ha4YeHHs (HOPMATLHBIX apryMeHTOB
BHYTPHU (DYHKIIUU, BBl HE MEHsIeT€ COOTBETCTBYIOIMIMX (DAKTUIECCKUX apryMEHTOB
EpuncTBennblit criocod cenarb 3TO — HCIOJIB30BaTh B Tejle (PYHKIMH CUJILHOE
npucBanmBaHne << —:

argl <<- BhpaxeHUe

IIpumep 16. Paccmompum npumep ¢ CULOHBIM NPUCCAUCTHUEMS.
y=5;z=6

ff=function(x){

y=sum(x); z<<- sqrt(y)

return(y)}

f£(1:10)

y
z

Hatidennoe snavenue dpyrxuyuu

> £f£f(1:10)
[1] 55

Snavenus NEPEMEHHDIT Y U 2.

>y

[1] 5

> z

[1] 7.416198

3Ecmm HeT >, TO BCe BBHIPAYKEHHs HAINCAHLI B PEJAKTOPE CKPUIITOB
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B dyuknuu umerca 3nadenue mepeMeHHON Yy, 1 UMEHHO 3TO 3HAYEHUE U BbI-
BOJUTCS KaK pe3ysbTar BbinosiHenus dyuxnuu. Ho naiinennoe BuyTpu yHKIUN
3HAYEHNE Y He BJIUIET Ha olpeaeIéHHoe BHe (DYHKINU. Birarojapsa CHaIbHOMY IIPH-
CBaMBAHUIO 3HAYEHUE Z, HAWJICHHOE BHYTPU (DYHKIINU, «IIePEKPbIBacT> 3HAYCHUE,
[IPUCBOEHHOE BHE (DYHKITIH.

4.2.6 Komanasr apply(), sapply() u lapply()

Anonumusie pyHKIUN

C apply(), sapply() u lapply() uacro ucnosb3yor aHOHUMHBIE (DYHKIHH,
IpUMep OJIHOM U3 KOTOPBIX IPUBEJIEH HUKeE.

(function(x,y){ z <- 2*%x~2 + y~2; x+y+z })(0:7, 1)
[1] 2 5 12 23 38 57 80 107

Cozmaérces auc/ioBoit BEKTOp, HO caMa (DYHKITHS He 00J1a/1aeT UMEHEM.

Komanzga apply()

Komanga apply() wucnosbsyercst Torja, Korja HyKHO NPUMEHUTH KAKYIO-
HUOY1b (DYHKIIMIO K CTPOKE WJIN CTOJIOIY MaTPHIbI (Tabuibl JaHHbX). [losrHast
dopma 3ammcu:

apply (X, ykasaTenb, QyHKRIUI, ...)
3ech:
e X — MM MATPUILI WA TaOJUIBI JTAHHBIX;

e yKasareJyib — yKa3blBaeM, K ueMy npuMensieM GyHKImo: 1 — K cTpokaM, 2
— Kk crosibnam, ¢(1,2) — K cTpoKaM u cToJIbIAaM OJIHOBPEMEHHO (ecyin (DyHK-
1T IPUMEHSIeTCsT KO BCEM 3JIEMEHTaM MaTPUIIBl U Pe3y/IbTaT — MaTPHIA, TO
ONEIETISAETCS TOPSAJIOK BBIBOJIA SJIEMEHTOB);

o byHKIUS — uMs npuMensiemoit dbyuknun, Eciin HYy»KHO TPUMEHUTH MIPO-
CTBIE OIlepalluy BUJA -+, - U T.JI., TO UX HEOOXOJNMO 33/IaTh B KABBIYKAX.

[Tokazkem Ha TIpuMepe.

IIpumep 17. Chavana cozdadum mampuuy X .
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> (X=matrix(1:25,nrow=5))
(,11 [,2]1 [,3] [,4] [,5]

[1,] 1 6 11 16 21
[2,] 2 7 12 17 22
[3,] 3 8 13 18 23
[4,] 4 9 14 19 24
[5,] 5 10 15 20 25

Hatidém cymmy anemernmos no cmpoxam

apply(X,1,sum)
[1] 55 60 65 70 75

U nNo cmoabuam

> apply(X,2,sum)
[1] 15 40 65 90 115

B 0boux cAyuaAT noAyHus 8EKMOPA, UbU OAUHDL COOMBEMCMEYIOM, YUCAY CTMOND-
U408 U CMPOK COOMBEMCMBEHHO.
Hatidém xopensv xeadpammoili no 6Cem INEMEHMAM MAMPULDL.

apply(X,1,sqrt)

[,1] [,2] [,3] [,4] [,5]
1.000000 1.414214 1.732051 2.000000 2.236068
2.449490 2.645751 2.828427 3.000000 3.162278
3.316625 3.464102 3.605551 3.741657 3.872983
4.000000 4.123106 4.242641 4.358899 4.472136
4.582576 4.690416 4.795832 4.898979 5.000000

[1,]
[2,]
(3,]
(4,]
(5,]

3decwv ussaexaemces Kopensv Keadpammulll U3 6CET INEMEHMOE MAMPUUDBL U BbIEOJD
nPOUCTOOUM NOCAECAOBAMENBHO MO CMPOKAM.
IHpumenum cobcmeennyro Gyrryuro:

> apply(X,1,function(x) x~2-x)

(11 [,2] [,3] [,4] [,5]
[1,] 0 2 6 12 20
[2,] 30 42 56 72 90
[3,] 110 132 156 182 210
[4,] 240 272 306 342 380
[5,] 420 462 506 552 600

DAEMEHMDBL BVLBOOAMCA NO CMPOKAM: CHAYAAL N0 NEPSOT, CMPOKeE, 34MeM NO 8MO-
poti u m.0.
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Komanga sapply()

Oynknus sapply() npumensercs axagormaso apply(), HO TOJIBKO K BEKTO-
pam u crmckam. OHa I110J1€3Ha NIPU CJIOKHBIX UTEPAIMOHHLIX BBIUMCIEHUAX, TAK
KaK [03BOJISIeT n36eKaTh CO3/aHus MUKJIOB (CMOTPH BhIUYncIeHne (haKTOPHAJIOB B

4.2.7).
sapply (X, ¢ymknusa, ..., simplify = TRUE, USE.NAMES = TRUE)
e X — 00BeKT, K KOTOPOMY IIPUMEHsIeTCs KOMaH/Ia,;

o (pyHKIMsST — npuMeHAeMas K 00beKTy X (PYHKITHS;

e simplify — jrormdeckuii aprymeHT: HY>KHO JIM IPEJICTABIATD BbIBOIUMBI
pesysbrar B Bujie BekTopa mim Marpuiibl (3aadenne TRUE — no ymosrga-
HUIO);

e USE.NAMES — jioruveckunii aprymMeHT: ecJii JIaHHbII apryMeHT IPUHUMa-
et 3aadenne TRUE (no ymosraanmio) n X ¢cHMBOJIBHOTO THIIA, TO B KAYECTBE
Ha3BaHMII 71 BBIBOJUMBIX PE3Y/IbTATOB UCIOJIb3yeTcs X.

B pesyubrare npumenenus sapply () cosmaéres crmcok Toii ke pa3sMepHOCTH, 9TO
n 00bekT X.

ITpumep 18. Coszdadum cnucok, snemenmamu KOmMopo2o ABAANOMCA MPU BEKMOPa
— dea wucao8ux U 00un Ao2uMeckul.

x <- list(a = 1:10, beta = exp(-3:3), logic = c(TRUE,FALSE,FALSE,TRUE))
X
$a
(1] 1 2 3 4 5 6 7 8 910
$beta
[1] 0.04978707 0.13533528 0.36787944 1.00000000 2.71828183
[6] 7.38905610 20.08553692
$logic
[1] TRUE FALSE FALSE TRUE

Tenepv ¢ nomowpro sapply() naxodum ksanmusu 0Af GHUUEYKA3AHHYLET GEKMO-
po6.

> sapply(x, quantile)

a beta logic
O\% 1.00 0.04978707
25\% 3.25 0.25160736
50\% 5.50 1.00000000
76\% 7.75 5.05366896
100\% 10.00 20.08553692

= = O O O
O O 01 O O
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Komanpa lapply()
O yHKIUA
lapply (X, bymrums, ...)
siByisieTcst Bepeueit dyukimn sapply(), a uvenHo:
sapply (X, dyskmms, ..., simplify = FALSE, USE.NAMES = FALSE)

lapply() sBislercst mosesHoit mpu paboTe CO CINCKAMH, [O3BOJISET IIPUMEHSTD
passmdHble (DYHKINH K 3JIEMEHTaM CIHCKa (YUCIOBble (DYHKIMN MOYKHO IHIPUMe-
HATb TOJIBLKO B TOM CJIydae, €C/IH BCEe SJIEMEHTBI CIHCKa X IIPUHA/JIE’KAT KIACCY
numeric).

ITpumep 19. Cozdadum cnucox u3 mpéxr KOMNOHEHM — CUMBOALHOZ0, YUCAOB020
U N02UMECK020 BEKMOPOE.

a=c("a","b","c","d")
b=c(1,2,3,4,4,3,2,1)
c=c(T,T,F)
X=list(a,b,c)

IIposepum, ® Kaxomy KAGCCY NPUHAOAEHCUM CO30AHHIT 005EKM U 6bIBEJEM €20
INEMEHMDL HA IKPAH.

class(X)
[1] "list"
X

[[1]1]

[1] nau nbn "C" ndn
[[2]1]

(11 12344321
[[3]]

[1] TRUE TRUE FALSE

Hatdém npu nomouwyu lapply () daunor ssemenmos cnucka

> lapply(X,length)
[[1]]
(1] 4
[[2]]
(1] 8
[[3]]
[1] 3
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u cpe@wue 3HAYEHUA

> lapply (X,mean)
[[1]1]

[1] NA

[[2]]

[1] 2.5

[[3]]

[1] 0.6666667

Kpome mozo evieederno coobuwenue

Tlpenynpexaenue
In mean.default(X[[1L]1], ...)
apTyMeHT He SBJISETCS YHCJIOBHM WM JIOTWYECKHM: Bo3Bpamabo NA

Mo A02UYHO, MAK KAK NEPEbIT INEMEHM CNUCKE — CUMBONDHBLT 6EKMOP U K HEMY
HE NPUMEHUMbBL YUCA08blE PYHKUUL.

4.2.7 Ilpumepnl nHanucanuda dyukmmii B R ¢ wmc-
IIOJIbBOBAHUEM YIIPABJIAOIINX KOHCTpYKI_[I/Iﬁ
B sroit vactu paszbepéM HECKOJILKO BapuaHTOB (DYHKIUM, TO3BOJIAIONINX BhI-

qrcnTh hakropuast = (x!), UCHOIb3ys MUKJIBI U YCIOBHBIE OEPATOPHI.
C nowmorpio oreparopos if u for:

facl=function(x){

f=1

if (x<2) return(l)
for (i in 2:x) f = f*i

£}
Brui3oB dyHKInm u pe3ysibTaTh:

> sapply(0:5,facl)
[1] 1 1 2 6 24 120

C nomomipio while:

fac2=function(x) {

f=1

t =X
while(t>1) {
f = fxt

t =1t-11}

return(f) }
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Uctnionb3ys oneparop while, BaxkHo He 3a0bITh PO KOHTPOJIBHYIO IEPEMEHHYIO
(t B Hamem cjydae) W Ipo U3MEHeHHe eé 3HaUeHWH Ha KaxkJoil nrepanunu (& =
t — 1). llpumenss cozmannyo OYHKIMO I TOCIEI0BATEIBHOCTH dncesa ot 0 110
5, TOJIYIUM

> sapply(0:5,fac2)
[1] 1 1 2 6 24 120

Hakomner, nmpu nomortru oneparopa «0eCKOHEUHOTO» IHKJIa repeat:

fac3=function(x) {

f=1

t =x

repeat {

if (t<2) break
f = f*xt

t =1t-11}%

return(f) }

[Ipu ucnosib3oBaHuu repeat BaxKHO He 3a0bITh PO KOMAHJIY HMPEPLIBAHMUS ITHKJIA
break.

PeSyﬂbTaTbI HCIIOJTHEHU A (l)yHKL[I/II/I AHaJIOTUYIHbI IIPpEAbLIYIITUM:

> sapply(0:5,fac3)
[1] 1 1 2 6 24 120

[TocTpoenus NMUKJIOB MOXKHO N30€KaTh, €CJIM HCIIOIb30BATH BCTPOEHHBIE (DYHK-
. JIjisg Hamero npuMepa Taxoit nmosesHoit dbynkuueit spiagerca cumprod()?.

fac4=function(x) max(cumprod(1l:x))

Oynknusg max() HyKHA JJIg TOrO, YTOOBI MOIYIUTh (haKTOPHAJ HYJIsl, PABHBII
enuaute (0! = 1). Beos dyuknun fac4d cHoBa NPUBOIUT K y2Ke 3HAKOMBIM pe-
3YJILTATAM.

sapply(0:5,fac4)
[1] 11 2 6 24 120

4Cm. pazmesn 5.2.3 riaBsl 5
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I'1aBa 5

Kiaaccel nanapix B R

5.1

B

HBbIX !

5.2

5.2.
B

IIpeaucinosue

9TOI TJIaBe PACCMOTPUM CJIEYIONIHe Kaacchl ((hOpMaThl, CTPYKTYPbI) JTaH-

BekTopsr ( vector) — oiHOMEpHBIE MACCUBBI, COCTOSIIUE U3 SJIEMEHTOB OJI-
HOT'O THTA JJAHHBIX. MOXKHO BBIJIEIUTD YUCIOBBIE, JJOTMYECKAE U CUMBOJIbHBIE
BEKTOPA.

Marpuript (matrix) — jByMepHBbIE MACCUBBI, KAK [IPABUJIO IHCIOBBIE.

MHoroMmepHbie MacCHUBBI (array) — MacCHBbI, Ubsl PA3MEPHOCTH OOJIbIIIE
JIBYX.

dPakropsl (factor)— crpykrypa, mosie3Has npu pabore ¢ KATeropuaibHbIMI
JIAHHBIMU, TIO3BOJISIET OIPEJIETUTD PA3INIHbIC KATCTOPUH JTAHHBIX.

Crucok (list) — 510 KOLIEKIINSA 0OBEKTOB, JTOCTYI K KOTOPBIM MOYKHO OCY-
MIECTBUTH 110 HOMEPY HJIM IMEHH; CIIMCOK IOXOK Ha BEKTOP, HO €r0 3JIeMeHThI
MOT'YT OBITH PA3IMYHLIX TUIOB.

Tabauna ganaerx (data.frame) — nanbosiee obrmasi CTpyKTypa, UCHOJb-
3yemas nipu pabore B R.

BekTopnl

1 Cnooco0bl 3alaHNSA BEKTOPOB B

R moxnO BbLIC/JINTH HECKOJIBKO CII0CO00B 3a/laHud BEKTOPOB :
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® CO3/1a6TCsl HYJIEBOI BEKTOD HY’KHOTO THIIA, (JIOTUIECKUil, TUCTOBOMN, CUMBOJIb-
HBI, KOMILIEKCHBIIT) ¥ 38/IAHHOTO pa3Mepa, B JIaJIbHEHIIeM 9JIeMEeHTAM [IPH-
CBAMBAIOTCS 3HAYEHUS, OTJIMIHBIE OT HYJIH;

® Cpasy 3aJIaéTCs BEKTOP C HYKHBIMH JJIEMEHTAMHU.
[IepBbiit criocod peau3yercs pu MOMOIIH (DYHKITUN
vector(mode = "Tunm maHHHX", IJIMHA)

apryMeHTaM# KOTOPOIi $IBJISIFOTCS THUII BeKTOpa (YMCI0BOil — numeric, jiornde-
ckuit — logical, komiuiekcublii — complex, cumBosbHBINT — character), ykasan-
HBI B KaBbIIKaX, U JIJIMHa BEKTOPa - IEJIOC IIOJIO2KUTEJIbHOE YHNCJIO.

> vector (’numeric’,10)
[1] 0000000000
> vector(’complex’,10)
[1] 0+0i 0+0i 0+0i 0+0i 0+0i 0+0i 0+0i 0+0i 0+0i 0+0i
> vector(’logical’,10)
[1] FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE

> vector(’character’,10)
[1] nn nn nn nn nn nn nn nn nn nn

Kak BUJIHO M3 TIpuMepa CTPOUTCS HYJIEBOH BEKTOD (JIsi JIOTUYIECKOrO BEKTOpa —
toapko FALSE, nis cuMBOJIBHOTO — IIyCTOR CHMBOJI).
Ecinn 3a1aTh TOBKO JIJTHHY BEKTOPA

vector (10)

TO OYIEeT BBIIAHO COODIIEeHNe 00 OIIIOKe.
AusbrepuaruBoit  dynkmun vector() ssisiorcs numeric(), logical(),
complex(), character(), koropeie paccMoTpenbl B paszese 2.4.1 riaBer 2.
Bropoii criocob 3amanmnst BeKTOpa — HEIOCPEICTBEHHO 3a/1aTh €0 3JIEMEeHThI.
DTO MOKHO OCYIIECTBUTE pH moMoru GyHKinu Koukarenawu c(). AprymeHTs
9TON (DYHKIMH SIBJIAIOTCA SJI€MEHTaMI BEKTOPA.

> x=c(3,5,-2,4);x

[1] 3 5 -2 4

> y=c(T,F,T,T);y

[1] TRUE FALSE TRUE TRUE
> z=c(’a’,’b’,’ab’,’abc’) ;z
[1] "a" "b" "ab" "abc"
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Ecsmm B KauecTBe apryMmeHnToB (bYHKHI/II/I C() 3aJaTh JaHHbIe Ppa3/INIHbLIX TUIIOB, TO
OHU 6yﬂyT IIPUBOAUTLCA K €/IMHOMY: JIOTUIECKNE U YUCJIOBbIC JTaHHbIE IIPUBO/IATCHA
K 9MUCJIOBOMY THUITY JaHHBIX; JIOTUYECKUEC, YMCJIOBbIEC 1 CUMBOJIbHbIE — K CUMBOJIb-
HOMY THUILY, ,HefICTBI/ITGJIbeIe 1 KOMILJIEKCHbBIE — K KOMIIJIEKCHOMY THILY.

> x=c(2,3,-2,T,F,T);x

[1] 2 3-2 1 0 1

> y=c(4,-6,2.8,T,’a’,F,3,%abc’);y

[1] ||4|l ||_6ll ||2.8|| ||TRUE|| llall IIFALSE" ||3|| llabCH

B dysknun ¢() aprymeHTamMu TakxKe MOTYT OBITh U BEKTODA:

> x=c(1,-3.2,2);x

[1] 1.0 -3.2 2.0

> y=c(-0.6,pi,Inf,5);y

[1] -0.600000 3.141593 Inf 5.000000

> z=c(2,x,-1,y);z

[1] 2.000000 1.000000 -3.200000 2.000000 -1.000000 -0.600000 3.141593
[8] Inf 5.000000

Haxomern, MOXKIHO 3a7aTh BEKTOP, Habupas JAHHbIE HA KJIABHATYpe. DTO pea-
smsyercst ipu nomoryn scan ().

IIpumep 20. Cozdadum wucaosot eexmop 'y npu nomowu Pgyrkyuu scan().
> y=scan()

Ilocae amozo c./Leayem Hastcamsv HA KAABUWY Enter. B xoncoau nossumcs npu-
caaquerue

1:

NOCAE %e20 MONHCHO 8600UMb darnvie (wucaa), nabupas uz na kiasuamype. IIpobea
pasdessem wucaa,

1: 2 34
naotcamue na Enter osnavwaem neperod wa nosyro cmpoxy

3: 13567
7:

/sotinoe nastcamue na xaasuwy Enter sasepuwaem 660d. Busodumes coobwerue
0 KOAUMECTNBE CHUTNAHHDIT INEMEHMOE GEKMOPA.

'Bostee moapo6Ho 06 3T0il (DYHKIHH, & TAKIKE O CINTHIBAHIN JAHHBIX 13 (QailjloB PACCKA3aHO
B ruiaBse 6.
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Read 6 items

Ymobvi evieecmu co3dantbith marxum 06pa3om 6exmop, docmamouno Habpams €20
UMA:
>y
[1] 23413 5 6 7

CrouT 3aMeTUTh, 9TO IPU TTOMOIH Scan () MOKHO CO3/1aBaTh TOJBKO UHCIOBbIE
BEKTODA.

B 3akjioyenue paccMOTPUM JiBe TOJIe3HBIX  yHkuuu: is.vector() u

as.vector(). IlepBasi u3 HUX TPOBEpSIET, SBJSETCS JIK APIYMEHT 3TOH (DYHKIIUK
BECKTOPOM.

ITpumep 21. Cozdadum dsa obsexma — 6eKMOP Y, COCMOAWUT U3 IAEMEHMOB
paznozo muna, u gaxmop z (Paxmopu. paccmomperivt 6 pasdese 5.6 dannoll 2aa6L).
> y=c(T, F, 1, -3, 2,1+1ix2);y

[1] 1+0i 0+0i 1+0i -3+0i 2+0i 1+2i

> z=factor(y)

> z=factor(y);z

[1] 1+0i O0+0i 1+0i -3+0i 2+0i 1+42i

Levels: -3+0i 0+0i 1+0i 1+2i 2+01

HpOS@pUM uxr Ha npunad@emnocmb K KAACCY GEKRIMOPOE.

> is.vector(y)

[1] TRUE
> is.vector(z)
[1] FALSE
Bropas — as.vectOI'()a — IIEPEBOJAUT CBOM apryMeHT B BEKTODLI.

IIpumep 22. IIpodorosicum npumep 21 u nepesedém cozdarnvili armop 6 6eKmop.

> is.vector(z)
[1] FALSE
> w=as.vector(z)

IIposepum menepv, A6aaemcas W 6EKMOPOM

> is.vector(w)
[1] TRUE

U ebisedem e20 Ha IKPaH

>W
[1] l11+0i|l llO+Oi|l l11+0i|l ll_3+Oill ll2+0i|l |11+2i|l

Hoquy B IIOCJIeJHEM HpI/IMepe BeKTOp cTaJI CHI\TBOHBHBIM, a He III/IC.HOBBHVI7
Gyzer obbsacHeHo nasee (pasmuen 5.6).
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5.2.2 CumMBoOJIbHBbIE BEKTOPbI 1 CTPOKM
3a,£[aH1/1e CHUMBOJIbBHBIX BEKTOPOB

Kak yxxe roBopusiocsk B pazjene 2.4.1 cumBosibHBIe TIepeMennble B R 3a1ai0Tcs
[IPY OMOIIH JIBORHBIX UJIM OJIMHAPHBIX KABBIYEK, JIM0O0 7Ke [IPU MOMOIIU ByHKIUK
character().

y=character(10);y
[1] nn nn nn nn nn nn nn nn nn nn

> for (i in 1:length(y)) yl[il=letters[il

>y
[1] nan Hb“ HCH Hd“ nen Hf“ ngn Hh“ Hi” Hjﬂ

HpI/I 9TOM HE€ BazKHO, IIPUCBanBaCTCA HepeMeHHOfI OJWH CUMBOJI WJIN IIEeJIad CTPOKA.

> x=’a’;x

[1] nau

> y=’TOXe CHUMBOJIbHAs NIepeMeHHad’;y
[1] "Toxe cuMBONbHas IepeMeHHas"

3 oT/1e/IbHBIX CUMBOJIBHBIX HIEPEMEHHBIX MOXKHO CO3/IaBaTh BEKTOPDI C TIOMO-
mpio Gyuknuu c().

> BpeMeHa_roza=c(’3uma’, ’BecHa’, ’neTo’,’0CeHb’)
> BpeMeHa_roza
[1] "suma" "Becma" "meTo" "oceHb"

Takzke 11 CO3/IaHMA CUMBOJILHOIO BEKTOPa MOXKHO BOCIOJIB30BATHCA (DYHK-
mueit character(n), 3ajaormeii mycToit CHMBOJIBHBIN BEKTOD JIJIMHBI N.

> character(10)

[1] L L L L L L L L A L L I L I 1)

HpI/ICBOGHI/Ie 3HAUYEHNII TaKHM BEKTOpaM IIPOUCXOJUT IIPU IIOMOIIN MHIECKCOB (CM.

pazes 5.2.6 IaHHOI TJIABbI) U YIPABJISIONUX KOHCTPYKIMi (CM. TiaBy 4).
Ecim HyKHO cO371aTh CUMBOJIBHBINT BEKTOD, COCTOSIINN M3 MIPOIMUCHBIX WU 3a-

IJIABHBIX OYKB JIATMHCKOTO aJihaBUTa, TO MOYKHO BOCIIOJIB30BATHCA (DYHKITUSIMUI
letters u LETTERS.

> letters

[1] g NpM nen ngn ngn ngn ||gn npHnongn uju Nt nn g npn g upu nqu npn o ongn
[20] "t" null Ilvll ' " llyll non

> LETTERS

[1] LU - LU o LU » LY mAUNE ~S LN 1Yo UMY « AUNNEUS s UL IS JRUNNLY ¥ ALRS | AUSR I g LU ~ 2T nQu ngpn ongn
[20] WTH nyn nyn nggn onyn o onyn ngn
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dyukmust paste()

Konkarenarmio (ckieiika) crpok ocyrectsiser dbyuakims paste(). B mpocreii-
nieM BapuaHTe, KOrZia 9JIEMEHTBI — CHMMBOJIbHBIC CTPOKH, ITPOUCXOIUT CKJIeiKa YKa-
3aHHBIX CTPOK CO BCTaBKOI Ipobesia B Ka4eCTBe pasJIeuTesl.

paste("suma", "mepsuit", "cesom", "rozma")
[1] "suma mepBHit ce3on roza"

Eciu aprymentsl dyuknuu paste() — MacCUBbI, TO CKJIEMBAIOTCS COOTBET-
CTBYIOIIIE KOMIIOHEHTHI. [Ipu 9TOM, ecjin JIyTMHBI MACCUBOB Pa3JIMIHbI, ITPOUCXOTUT
MUIKJIMIEecKas O/ICTAHOBKA MEHBIIIETO M3 HUX.

> paste(c(’3uma’,’BecHa’, ’neto’,’ocens’),c(’-BpeMs roza’),sep=’")
[1] "suma-BpeMs rozma" "BecHa-BpeMa roma" "meTo-BpeMs roza" "oCeHb-BpeMs

Ecnmu oqun u3 BEeKTOPOB — YUCJIOBOM, TO OH aBTOMaTHYECKH Oy/IeT KOHBEPTH-
POBaH B CUMBOJIBHBIIA:

> paste("x", 1:5)
> [1] "X 1|| "X 2|| "X 3" "X 4|| "X 5||

MozKkHO 3aMEeHUTH pas3/le/IuTe b Ha JIPYTOii:

> paste("x", 1:5, sep = "")
> [1] "X1" "X2" ||X3|| ||X4l| ||X5||

Paszbuenue CTPOK Ha CHUMBOJIbHBbIE II€epeMeHHbIe

Dynknus substr(x, start, stop) 1103BoJIg€T BHLIEISTE (3aMEHATD) MOJCTPOKU
B cTpoke. Eé aprymeHTsI:

® X — HMCXOJIHAsl CTPOKA;
e start — HOMep 3JIeMEHTA CTPOKHU X, ¢ KOTOPOI'O HAYUHAETCS BbIJIEJIEHUE;
e stop — HOMeEp 3JIeMEHTa CTPOKH X, Ha KOTOPOM 3aKaHIMBAETCA BbIJICJIEHUE.

IIpumep 23. Buideaum pazasuvmvie nodcmpory u3 cmpoxu CbITOe OPIOX0 K y4e-
HUIO TJIYXO.

phrase=’cuToe 6pX0 K y4YEeHUD IIyXo’
g=character(26)
for (i in 1:26) ql[i]=substr(phrase,1,i)

Hoayvwum caedyrowuts cumsosvHbili 6eKmop q
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> q

[1] "c" "y

[3] "cur" "cpTo"

[5] "crToe" "crToe "

[7] "cwToe 6" "coToe 6p"

[9] "cmToe 6po" "coToe 6piox"

[11] "chToe 6pox0" "crToe 6poxo

[13] "cmToe 6poxo K" "crToe 6pHXO0 K "

[156] "cmToe 6pwxo K y" "chToe 6pioxo kK yu"

[17] "cwuToe 6poxo k yue' "crToe bpoxo K yueH"

[19] "cmToe 6pxo K ydueHH" "chToe OpHX0 K y4eHMD"
[21] "cmToe 6pixo K ydueHumoO " "coToe 6pox0 K ydeHmio I
[23] "chToe 6pox0 K ydueHuo TI" "crToe 6poX0 K yYeHmO riy"
[25] "cmToe 6poxo K yueHmb riyx" "cCHTOe 6poX0 K yYEHHD TJIyXo"

C momompio Oyukimn strsplit(x, split=character(0)) moxHO paz6ouTh cum-
BOJIbHBIN BEKTOP X Ha OTJCJIbHBIE CUMBOJIBI.

phrase=’cuToe 6pox0 K y4eHUD IIyXo0’
strsplit(phrase,split=character(0))

[[1]1]
[1] IICII "BI“ II.I.II |IO|I Ilell nn I|6ll |lpll IIIOII |IXI| IIOII "nn IIKII nn Ilyll |lqll
[20] "IO" nn llrll "JI“ llyll |IX|I IIOII

Ecau st aprymenta split 3aate Hekoe 3HadeHne (CHMBOJIBHOE), TO pas3bue-
HEE 3JIEMEHTOB MCXOIHOTO BEKTOpa OyJeT MPOUCXOANTH OTHOCUTEILHO 3aaHHOTO
SHAYCHUS.

strsplit(phrase,split=’ ’)
[[1]1]

[1] "cwToe" "6poxo" "k" "yuenuw" "rmyxo"

31ech pasbueHne TpoOU3BOIIIOCH OTHOCUTEILHO IIPOOeIa.
B zaksouenne emié oiHa mojiesHast pyHKIMsI, TO3BOJIAIONIAA OMPEIeTUTh KO-
JIMYECTBO CUMBOJIOB B CTPOKE WJIM CUMBOJILHOM BeKTOpe. D10 (yHKIms nchar().

> nchar(phrase)
[1] 26
> nchar(q)

Ilell |IHI|

[1] 1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24

[26] 26
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5.2.3 YmucaoBble BEKTOPHI

Kak y:ke ynomumHaoch B paszaese 5.2.1 Bekropsl B R hopmupyrores dyHkimei
c().

Aprymenramu dyHKIwn ¢() caMu MOTYT SBIATHCS BEKTOpaMu. B 9ToM cirydae
KaK pe3ysibTaT MoJIydaeM KOHKaTeHAIo (00be/iuHenre) 5Tux BeKTopos. CKaJisp-
Hble 3HAYEeHUs (T. €. YUCJIa) BOCIpUHUMAIOTCS R Kak BeKTOpbl JymHbl 1. Taknm
o6paszoM, aprymenTamu GyHKIuu ¢() MOryT ObITh KaK BEKTOPBI, TAK U CKAJISPHL.
Hanpuwmep,

> c(c(1, 2, 3, 4, 5), 6, c(7, 8))
[1] 123456738

BeKTOp, COCTOHH_H/Iﬁ n3 1ocjiea0BaTe/IbHbIX 9YUCEJI, MO2KHO IIOJIYIUTH C IIOMO-
b0 KOMAaHIbl HavYaJIbHOE-3HauYeHUe:KOHedHoe-3HadeHne. Hampumep, 1:5.
Ha a1y xomany nmoxoxa dyHkIims seq(), Koropast reHepupyer apudMeTuIecKyo
nporpeccuio. Hy>kHo 3a1aTh HauaIbHOE 3HAUEHNE, KOHETHOEe 3HAYEeHNe 1 JIN0O IIar
[IPOTPECCHUN:

> seq(0, 1, by = 0.1)
[1] 0.0 0.1 0.2 0.3 0.4 0.50.6 0.7 0.80.91.0

JIIO0 KOJIMYECTBO 3JIEMEHTOB I10CJIEJ0BATE/IbHOCTH !

> seq(0, 1, len = 11)
[1] 0.0 0.1 0.2 0.3 0.4 0.50.6 0.7 0.8 0.9 1.0

B pesynbrare 6yner chopMUpPOBaH BEKTOP, COCTOSAIIMNA U3 3a/IaHHOIO YUC/Ia D16
MEHTOB, PABHOMEDHO PACIIPeJICJIEHHBIX Ha 3a[aHHOM OTPE3Ke.

Oyukius rep(v, k) cozmaér Bekrop, cocrosmuii u3 k Komnuii BeKTOpa v, ecjin
k — 3T0 "mnco:

> rep(c(l, 2), 3)
1] 121212

6o, ecm k = (kyi, ko, ..., k,) — BEKTOp, TO 3JIEMEHTBI BEKTOpa V OyIyT MOBTO-
patbed ki, ks, ..., k, pa3 cOOTBETCTBEHHO.

> x=rep(c(1,2,3,4,5),c(1,2,3,4,5));x
[11 122333444455555

Tak>ke MOXKHO cO3/1aBaTh BEKTOPa IIPHU IOMOIIH (DYHKINI, TeHEPUPYIOIIUX CJIy-
YaNHYIO TTOCAEIOBATETBHOCTD YUCE, ITOTINHAIONINXCS OJHOMY N3 PeaJIn30BaHHBIX
B R BEpOATHOCTHBIX 3aKOHOBZ.

DsiemenThl BeKTOpa MoryT uMmeTh 3Hadenus Inf, NalN, NA. Hanpuwmep,

2Cwmorpn rnaBy 8
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> age = c(23, NA, NA, 18, 19, Inf, NaN)

Han BekTOpamMu MOYKHO BBITIOJIHATEH apudMeTHIeCKIe OMEePAIH U dJIeMeHTap-
uble GyHKIMU. Bunapuasi oneparus HaJI JIByMs BEKTOPAMU OJUHAKOBOW JIJTUHBI
[IPOU3BOIUTCA HA/T KazK 101 I1apoil 9/J1eMEHTOB, U Pe3yJIbTaTOM ABJIACTCI BEKTOP TOI
JKe JUIMHBI, 9TO U UCXOHBIe. B cirydae, KoT/1a pa3MepHOCTh BEKTOPOB HE COBIIQ/IAET,
MIPOM3BOJINTCS TIPUBE/IEHNE JITIMHBI O0JIee KOPOTKOTO BEKTOpa K JJINHE JJIMHHOTO.
[IpuBesienre BBIOHIETCS CJIELYIONIM 00PA30M — 3JIEMEHTHI BEKTODPA JIyOJIMpY-
I0TCs HEOOXO/IMMOE IHC/IO Pa3 MOJHOCTHIO (ecn JjimHa GOJIBIIEro BEKTopa KpaTHa
JITHE MEHBIIIEr0 BEKTOPA)

> c(l, 2, 3, 4) +c(1, 2)
(11 24 46

>c(1, 2, 3, 4) - c(1, 2)
[11 0022

> c(1, 2, 3, 4) *x c(1, 2)
[1]1 1438

> c(1, 2, 3, 4)/c(1, 2)
[1] 1132

>c(1, 2, 3, 4)~c(1, 2)
[11 1 4 3 16

> c(1, 2, 3, 4)/c(1, 0)
[1] 1 Inf 3 Inf

> 2%c(1, 2, 3, 4, 5)

[11 2 4 6 8 10

WJIM 9aCTUYHO (B MIPOTHBHOM CJIydae), IPH 9TOM BBIIAETCS MPeJIyIPeXK/IeHIe, HO
peE3yJILTAT BCE PABHO BBIYUC/ISETCS.

>c(3, 1, 4, 1, 5, 9, 2) + c(9, 5)
[1] 12 6 13 6 14 14 11

Bbipaxkenusi Bujia BEKTOP*YHCIIO, BEKTOP/YNCIJIO, BEKTOP-|+4YHUCIO,
BEKTOP-YHCJIO 03HAYAIOT, YTO KaXK/Iblil 3JIeMEHT BEKTOpa yMHOXKaeTCs WU Jie-
JITCS Ha IHCII0, THOO0 K KazKIOMY 9JIEMEHTY BEKTOpPa IPUOAaBIIseTCs (BBITHTACTCS)
YHCII0

> x1=c(10,-3,6,2,-4,NA,1:5) ;x1
[1] 10 -3 6 2 -4NA 1 2 3 4 5
> x1x%2
[1] 20 -6 12 4 -8 NA 2 4 6 8 10
> x1/4
[1] 2.50 -0.75 1.50 0.50 -1.00 NA 0.25 0.50 0.75 1.00 1.25
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> x1+5

[1] 156 211 7 1 NA 6 7 8 9 10
> x1-2

[1] 8-5 4 0-6NA-1 0 1 2 3

DJeMeHTapHble MaTeMaTudeckne (DyHKIMH HPUMEHSIOTCS K KayKJIO0H KOMIIO-
HEHTE BEKTOpPA.

> x = c(0, pi/2, pi)

> sin(x)

[1] 0.000000e+00 1.000000e+00 1.224606e-16

> x1=c(10,-3,6,2,-4,NA,1:5) ;x1
[11 10 -3 6 2 -4NA 1 2 3 4 5

> sqrt(x1)
[1] 3.162278 NaN 2.449490 1.414214 NaN NA 1.000000 1.414214
[9] 1.732051 2.000000 2.236068

llpenynpexnenue

In sqrt(xl) : cozsmams NaN

DyHKIUN IJid paboThbl C BEKTOpaMu

B R peanuzoBano MHOro 1mojie3nbix (pyHKIUN 1 PAOOTHI ¢ BEKTOPAMHE, 1103~
BOJIAIONINX N30€eKaTh MUCIOJIHL30BAHUS ITMKJIOB!

e length() — mmma BekTODA.

> x=c(1:5,NA,NaN,6:10) ;x

[1] 1 2 3 4 5 NANaN 6 7 8 9 10
> length(x)

[1] 12

e max() u min() — HaXOXKJEHIE MAKCHMAJILHOTO U MUHUMAJBHOIO 9JI€MEH-
TOB B 3aJaHHOM BeKTope. Eciam xors Obl omuH 3j1eMeHT paeH NA, To pe-
3yJbTaT nmoncka Makcumyma (Murnmyma) — NA, ecn ectb NalN — pesyiib-
rar NaN. /luga ycrpanenuss NA (NalN) u3 pacuéroB JOCTATOYHO 3aJ1aTh
max(x,na.rm=T) u min(x, na.rm=T). /Jis 4ucioBoro BeKTOpa HyJe-
BOIi JUIMHBI MakcHMaJibHOe 3Hadenne pasHo -Inf, a munnmaibuoe — Inf.

> x=c(1:5,NA,NaN,6:10) ;x

[1] 1 2 3 4 5 NA NaN 6 7 8 9 10
> min(x)

[1] NaN

71



> max(x)

[1] NaN

> min(x,na.rm=T)
[1] 1

> max(x,na.rm=T)
[1] 10

e pmax() u pmin() — napa/IebHbI MaKCUMyM (MUHUMYM) JJIsl JIO-
6oro 3aJIaHHOIO YHCJIa BEKTOPOB. Pesysibrar — BEKTOp, JJIMHA KOTODPO-
ro paBHa JIMHE MAKCUMAJbHOTO U3 CPABHUBAEMBIX BEKTODOB U 3JIEMEH-
ThI KOTOPOI'O €CTh MaKCUMaJIbHble (MUHUMAJbHBIE) 3HAYEHWsI CDABHUBAE-
MBIX BEKTOPOB, HAXOJSIINECs HA OJMHAKOBBIX mo3urugax. T.e. pmax(x,y) =
(max(x1,y1), max(xa, vy, ...), pmin(z,y) = (min(zq, y1), min(zs, y), . ..). Ec-
JIM BEKTOPa-apryMeHT UMEIOT PA3HYIO JUIMHY, TO HAUMEHbIIUIT BEKTOD IIPHBO-
JUATCsI TIPU TIOMOIIH [TOBTOPEHUsI 9JIEMEHTOB K JIJIMHE HAUOOJIBIIEr0 BEKTOPA.

> x=rpois(10,1);x

(1] 2013111102
> y=rpois(6,1);y

(1] 042100
> pmax(x,y)

[1] 2423111422
> pmin(x,y)

(1] 0011000101

Eciu cpein cpaBHUBaeMbIX 3JEMEHTOB HMCXOAHbIX BeKTOpoB ecth NA (NalN),
to pesyiabrarom Oyger NA (NalN). Ecin ke B cpaBHUBaeMbIX BEKTOPax BCe
sementbl npununmator 3Hadenus NA (NaN), 1o gaxke HCHOJIB3ysi OIIUIO
na.rm=TRUE, B pesynbrare nosyanm

> x=c(NA, NaN,NaN)
> y=c(NaN,NA,NaN)
> pmin(x,y,na.rm=T)
[1] NaN NA NaN

> pmax(x,y,na.rm=T)
[1] NaN NA NaN

e mean()® — cpejnee apudmernieckoe BeKTOpa. Ecam ecTb XOTs Obl 0JUH
sstemenT, ubé 3Hadenne NA (NaN), To pe3yabTaroM CyMMUPOBAHHs TAKZXKe
6yner NA (NalN). Uro6bl u36ekarh 9TOro, TakKe HY’KHO 3aJaTh JIOMOTHA-
TesibHbINA aprymenT mean(x,na.rm = TRUE).

3C aroit dpyHKIMEl emé BCTpeTUMCs B IIaBe 8
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> x1=c(10,-3,6,2,-4,NA,1:5) ;x1
[1] 10 -3 6 2 -4 NA 1 2 3 4 5
> mean(x1)
[1] NA
> mean(xl,na.rm=T)
[1] 2.6

e range() — BEKTOp, COCTOSIIINIT U3 JIBYX 3JIEMEHTOB — MUHUMAJIBLHOTO U MaK-
CUMAJILHOTO 3HAYEHUil CBOEro apryMenTa (BEKTOpa).

> x1=c(10,-3,6,2,-4,NA,1:5) ;x1
[1] 10 -3 6 2 -4NA 1 2 3 4 5
> range(x1)
[1] NA NA
> range(x1,na.rm=T)
[1] -4 10

e sum() — cymMMa 3JIEMEHTOB BeKTOpa. i ecTh X0Ts Obl OJINH 9JIEMEHT, Ubé
suauenne NA (NaN), to pesyibrarom cymmmupoBanusi Takxke Oymer NA
(NaN). YTobbr m36ekaTh 9TOro, Tak:Ke HYKHO 3aJaTh JOHOJTHUTETHHbII
aprymenT sum(x,na.rm = TRUE).

> x=c(1:5,NA,6:10)
> sum(x)

[1] NA

> sum(x,na.rm=T)
[1] 55

e prod() — npousse/ieHIe KOMIOHEHT BeKTOpa. Ec/u cpe/in 371eMeHTOB HCXO/T-
noro Bektopa ectb NA (INaN), To pesynsrarom 6yger NA (NaN).Hro6wr
yopars NA (NaN) u3 paccmorpennst, Hy:kHO 33/aTh prod(x,na.rm="T).

> x=c(1:5,NA,NaN,6:10) ;x
[1] 1 2 3 4 5 NANaN 6 7 8 9 10
> prod(x)
[1] NA
> prod(x,na.rm=T)
[1] 3628800
>

e sort() — Bo3Bpamaer BEKTOP TOfi ¥Ke JIMHBI, YTO U UCXOJHBII, ¢ 37IeMeHTa-
MU, OTCOPTUPOBAHHBIMU B MOPSJIKE BO3pacTaHus (110 yMOJIAHUIO), JUOO B
nopsizike yooiBanus — sort(x,decreasing=T) (uau sort(x,dec=T)). 3ua-
gennst NA (NalN) aBromMarnveckn omycKarmTCs IPU PACCMOTPEHHH.
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x1=c(10,-3,6,2,-4,NA,1:5) ;x1

[1] 10 -3 6 2 -4 NA 1 2 3 4 5
> sort(x1)

[1] -4 -3 1 2 2 3 4 5 6 10
> sort(x1l,dec=T)

[1] 10 6 5 4 3 2 2 1 -3 -4
> sort(xl,decreasing=T)

[1] 10 6 5 4 3 2 2 1 -3 -4

e rev(sort()) — copTupoBKa BeKTOpa B yOBIBAIOIIEM MOPSIJIKE.

> x1=c(10,-3,6,2,-4,NA,1:5) ;x1

[1] 10 -3 6 2 -4NA 1 2 3 4 5
> rev(sort(xl))

[1] 10 6 5 4 3 2 2 1 -3 -4

e rank() — mpucBamBaHIE PAHTOB SJIECMEHTAM BEKTOPA B MOPS/IKE BO3PACTAHIS
3HaYCHNA 9TUX IJIEMEHTOB B COOTBETCTBUM C OJHUM U3 3a/laHHBIX METOI0B (
random, average, first, max, min).

Ecnm Bce smeMenTHI BEKTOpa pa3jndHbI, TO PE3y/IbTaT IPUCBAUBAHUS PAHTOB JIJTA
BCEX METOJIOB OJINH U TOT 2Ke€.

x=c(5:1,6,9,10,8,7) ;x

[1] 5 4 3 2 1 6 910 8 7
random=rank (x,ties=’random’)
average=rank(x,ties=’average’)
first=rank(x,ties=’first’)
max=rank(x,ties=’max’)
min=rank(x,ties=’min’)
rbind(x,random,average,first,max,min)

(,11 (.21 [,3] [,4] [,8] C,6] C(,71 [,8] [,9] [,10]

X 5 4 3 2 1 6 9 10 8 7
random 5 4 3 2 1 6 9 10 8 7
average 5 4 3 2 1 6 9 10 8 7
first 5 4 3 2 1 6 9 10 8 7
max 5 4 3 2 1 6 9 10 8 7
min 5 4 3 2 1 6 9 10 8 7

Ecim xe Cpean 9JIEMEHTOB BEKTOPa €CTh ITOBTOPAOIIUECd, TO PaHI'l OJJUHAKOBBIM
QJIEMEHTaM BEKTOPa IIPpHUCBAaNBalOTCA B KaKJIO0OM METO/E 110 CBOEMY.
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(,11 (.21 [,3] [,4] [,8] [,6] C[,7] [,8] [,9] [,10]

X 6.0 11 10.0 9 13 12 8 7 10.0 6.0
random 2.0 8 7.0 5 10 9 4 3 6.0 1.0
average 1.5 8 6.5 5 10 9 4 3 6.5 1.5
first 1.0 8 6.0 5 10 9 4 3 7.0 2.0
max 2.0 8 7.0 5 10 9 4 3 7.0 2.0
min 1.0 8 6.0 5 10 9 4 3 6.0 1.0

Meros random — paHr KazK/I0ro U3 OJMHAKOBBIX 3JIEMEHTOB OIPE/Ie/ISeTCsT CIIy-

JafiHbIM 06pa30M; average — OJMHAKOBBIM 3JIEMEHTAM [PHCBAUBAETCS CPEJIHee

apudmeTnyeckoe ux panros; first — paHru oJJMHAKOBBIX JIEMEHTOB OIPEJIEJITIOT-

Cs UX PacCIIOJIOZKEHUEM B BEKTOPE,; IMax — OJMHaKOBBIM 3JIEMEHTaM IIPUCBanBaCTCA

MaKCUMAaJbHBIA U3 OHpe;LeJIéHHbIX JJIgd HUX PaHT'OB] min — OIMHAaKOBBIM 3JIEMEH-

TaM [PUCBAMBAETCS MUHUMAJIbHBIA U3 OLPEJIeEHHBIX /IS HUX DAHIOB.
Apryment na.last dyukiun rank() orseuaer 3a NA.

> last=rank(x,na.last=T)
> fierst=rank(x,na.last=F)
> Na=rank(x,na.last=NA)
> keep=rank(x,na.last=’keep’)
> rbind(x,last,first,keep)
(,11 [,2]1 [,3] [,4] [,8] [,6] [,7]1 [,8] [,9] [,10]

X 8 11.0 13 NA 7.0 11.0 10 NA 14 7.0
last 3 5.5 7 9 1.5 5.5 4 10 8 1.5
first 5 7.5 9 1 3.5 7.5 6 2 10 3.5
keep 3 5.5 7 NA 1.5 5.5 4 NA 8 1.5
> Na

[1] 3.0 5.57.0 1.5 5.54.08.01.5

Suadenne aprymenTa na.last=T — N A npucBanBaiorcss HauOOIBIIIIE PAHTU Cpe-
Jm 3yeMeHToB BekTopa; na.last=F — NA npucsauBaiorcsd HaumMeHbIIIUE PaHTH
cpeau 3jaeMeHTOB BekTopa; na.last=NA — mepes npucBamBanmeM pPaHIOB 3Jie-
MenTsl NA ynansiores u3 Bekropa; na.last=’keep’ — sjiementam BekTOpa, Ubu
sunavenus ectb NA | npucBanBaercs panr NA.

e match(x,y) — onpejessier, Ha KAKOM MeCTe B BEKTODE Yy BIIEPBbIe BCTpeda-
IOTCS 3JIEMEHTHI BEKTOPA X.

> X

[1] 811 13 9 7 11 10 12 14 7
>y

[1] 910 9 10 9
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> match(x,y)

[1] NA NA NA 1 NA NA 2 NA NA NA
> match(y,x)

[11 4747 4

KymynsartuBHabie (HakonureabHbIe) (hyHKIUIN

K kymynarusubiMm dyuKImsaM B R oTHOCATCA ciieyroniue (DyHKITUN:

e cumsum(X) — KyMyJIsTHBHAsI CyMMa 10 apryMeHTY X (II0CsIe0BaTeIbHOe
CJIOXKEHNEe 9JIEMEHTOB BEKTODA);

e cumprod(X) — KyMyJSITHBHOE IIPOM3BE/ICHNUE;

e cummax(X) — KyMyJATUBHbBIA MakKCUMyM (IIOC/I€I0BATE/ILHbIA MAKCUMYM
0 9JIEMEHTaM X);

e cummin(x) — KyMyJsSITUBHBI MUHUMYM ([OCJIEI0BATEIbHBI MUHIMYM 110
9JIEMEHTAM BEKTODA).

> x=1:10
> cumsum(x)

[1] 1 3 6 10 15 21 28 36 45 55
> y=-5:5
> cumprod (y)

[1] -5 20 -60 120 -120 0 0 0 0 0 0
> x=-5:4
> cummax (x)

[1] -5 -4-3-2-1 0 1 2 3 4
> cummin(x)

[1] -5 -6 -5 -5 -5 -5 -5 -5 -5 -5

5.2.4 JlormyeckKkue BeKTOPbI

R ymeer paboraTh ¢ JIOrndecKuME BEKTOpaMu (U, CJIeJIOBATEIIHHO, € JIOTHIECKU-
MU CKaJisipaMu ), 3jieMeHThl KoToporo moryT uMerh 3Hadenns TRUE u FALSE,
a takxke 3HadeHne NA. Jloruvueckne BEKTOPBI TOJIyYIAIOTCA B PE3y/IbTaTe CpaBHe-
HUif W IPUMeHEHNs K JOTHYeCKHM BeKTopaM Jjormdecknx dpynknmiit. Ouepamins
MOT'YT UMeTh pa3uyio jyuHy. CpaBHeHUs] U JIOTHIeCKHe (DYHKIMNA BBITTOJTHAIOTCS
[IOJIEMEHTHO U, €CJIu TpebyeTcs, ¢ MUKJIMIeCKUM CJIBUTOM, KaK U B CIydae apud-
METUYECKUX OIEePAIIUi.

4Cmorpu pasmesn 3.2.1 ruassr 3

76



ITpumep 24. Cosdadum sozuveckuti 6exkmop young mot sce AUHDL, Mo U age,
¢ xomnonenmamu, pasnumu TRUE, 2de ycaosue evinoaneno, u FALSE, 2de
YCcA08UE HE BHINOAHEHO.

> age = c(1, 2, NA, Inf, NaN, 18, 19, 40)
> young <- (age >= 2) & (age <= 30)

> young

[1] FALSE TRUE NA FALSE NA TRUE TRUE FALSE

Jlormdaeckne BEKTOPBI MOT'YT HCIOJIB30BaTLCsl B 0ObIdHON apudmeruxe. [Ipu
srom TRUE unarepuperupyercs kak 1, a FALSE xaxk 0.

QOyHKIMS TPOBEPKN HA MIPUHAJIEZKHOCTD JTHOO K TUITY JAHHBIX, JIMOO K KJIACCy
JIAHHBIX, a TakyKe (DYHKIUH IIPOBEPKH HA COOTBETCTBHE HEKOTOPBIM 3HAYCHUSIM

BO3BPAIIAIOT JOIMYECKUI BEKTOP TOW »Ke JJINHBI, YTO U IPOBEPSIEMBII 00LEKT, C
komunoentamu TRUE u FALSE.

ITpumep 25. IIposepum, ABAAOMCA AU INEMEHMDL GEKMOPG & NEPEMEHHBLMU 6UAA
NA uau NaN. /Jlaa amozo socnosvayemca dynryuet is.na().

>a = c(0, 1, Inf, NaN, NA)
> is.na(a)
[1] FALSE FALSE FALSE TRUE TRUE

B pesyavmame noayuum sozuveckuti 6ekmop, uvsA dauna cosnadaem ¢ 0aunol
sexmopa a, ¢ komnonernmamu, pastivimu FALSE, 2de coomeemcemsyroujue 3nave-
nusa eexkmopa a He pasiv, NaN uau NA, u TRUE 6 ocmasrvrvz cayuas.

DQynryua is.nan(a) makrotce 6036pauLaem A02UNECKUT 6€KMODP MOT dHce OAUNDL,
umo u nposepaemwili obsexm (eexmop a), ¢ anemenmamu TRUE, 2de coomsem-
cmeyrowue 3navenus ucrodnozo sexmopa a pasho. NalN, u FALSE 6 ocmaavhoix
CAYUAAL.

> is.nan(a)
[1] FALSE FALSE FALSE TRUE FALSE

5.2.5 3agaHne MMEH 3jJeMeHTaM BEKTOPOB

WNuorma npu pabore ¢ BeKTOpaMu ObIBaeT IIOJIE3HO 3a/1aTh MMEHA 3JIeMeHTaM
BekTopa. CJiesiaTh 970 MOXKHO pu oMoty pyHKIMy names(uMs BEKTOPA).

ITpumep 26. IIpednorosicum, umeromces ciedyroujue 0aHHbLE — KOAUMECTNEO CINY-
denmos 6 pasauunoir epynnar (HK-201, HII-201, HII-202, HHU-201, HII-203).
MU YUCAQ NPUBEIEHDL 68 BEKMOPE X.

> group=c(17,19,25,13,7)
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Oodnaxo, moavko Mmom,kKmo CoOCMagAAL IMOM GEKMOP 3HAEM, KAKOT INEMEHM, CO-
omeemcmeyem Kaxot 2pynne.

Ipucsoum umena KaHcOOMY INEMEHMY BEKMOPG, MO200 CMBICA €20 CMAHEM
nouamen A10060My.

names (group)=c (’HII-201°, *HII-202’ , *HII-203’ , >’HK-201’, ’HU-201")

U NOCMOMPUM HA PE3YADBINAN,

> group
HII-201 HII-202 HII-203 HK-201 HK-201
17 19 25 13 7

[Tocne nmpucBamBaHus MMEH 3JEMEHTAM BEKTOpPa OOpAIaThCd K 3SJIEMEHTaM
MOXKHO KaK C TIOMOIIBIO WH/IEKCA, TaK U UMEHMU:

> group[2]

HII-202
19

> group[’HII-203"]

HII-203
25

> group[’HII-203°]=18

> group

HII-201 HII-202 HII-203 HK-201 HU-201
17 19 18 13 7

5.2.6 BekTopbl U UHIEKCHI
NBnekcanust BEKTOPOB

octy K sy1eMeHTaM BEeKTOpa, OCYIIEeCTBIIsAeTCs onepaTropoM [i], riae ¢ — Homep
Hy2KHOTO sj1eMeHTa. Hanpumep, u[5] — sro 5-it smement Bektopa u. Hymepanus
9JIEMEHTOB HaunmHaercst ¢ 1. Boipaxkenust Buja ufi] MmoryT BeTpedarbes u B JieBoii
JacTU OT 3HaKa NpucBamBaHud. [Ipm sToMm eciim BeKTOp MMeeT JIJINHY He MeHbIIe
i, To uli] mpocro mpumer HOBOe 3HaueHME. B poTUBHOM CiIydyae BEKTOpP U yBeJIH-
YUT CBOIO JUINHY JI0 4, 97eMeHT ufi] mpumver HOBoe 3HaUeHMe, a OCTATbHBIM HOBBIE
KOMIIOHEHTaM OyIyT MpucBoeHbl 3Hadennst NA.

>u <-1
> ul[b] <- 5
> u

[1] 1 NA NA NA 5
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Broipaxenue Bujia u[-i] osnagaer, aro Gyer co3aH HOBBIH BEKTOD IYTEM y/la-
JIEHUS -T'0 9JIEMEHTa U3 MCXOTHOTO BEKTOPA U.

> x1=c(10,-3,6,2,-4,NA,1:5) ;x1
[1] 10 -3 6 2 -4NA 1 2 3 4 5
> length(x1)
[1] 11
> x1[-6]
[1] 10 -3 6 2 -4 1 2 3 4 5

O6pameHHe BHIa 11[] IIPpUBOAUT K CO3JaHHNIO HOBOI'O BEKTOPa, COCTOAIIEIO U3
BCEX 9JIEMEHTOB MCXO/JHOI'O BEKTOpa U.

> x1[]
[1] 10 -3 6 2 -4NA 1 2 3 4 5

BeKTOpr B KadveCcTBe NMHIEKCOB

[Iycrb v — HEKOTOPBI BEKTOP (YHCIOBOI, JOrMYIecKuii, cuMBOJIbHbIN). Ha-
MIOMHUM, 9TO OOpalleHre K KOHKPETHOMY 3JIEMEHTY 9TOTO BEKTOPa OCYIIECTBJISA-
eTcs ¢ MOMOIIBbI0 KOMaH bl HJekcupoBanus V[i]. B kauecTse uHjekca X Moxker
BBICTYIIATH He TOJILKO CKaJdp, HO U BEKTOp. B 3TOM citydae cTpouTCcs HOBBI BEK-
TOP, COCTOAIINNA U3 TeX JIEMEHTOB BEKTOPa V, KOTOPbIE YIOBJIETBOPAIOT 38/ [aHHbIM
YCJIOBUSAM.

Yro Oyzer 1moydeHo B pe3y/abTare IPUMEHEHNsT B KA9eCTBe NHJIEKCa BEKTOpa !
BosMoxkHBI cieytoniye ciydan:

® X — 9TO JIOTHYECKUl BEKTOp. B 9TOM ciiydae KesarebHO, 9TOOBI JINHBI
BEKTOPOB X M V coBHajaan. Ecam Jormaecknii BEKTOp X, HCIOIb3YEMBblil B
KavecTBe MHJIEKCA KOPOUe BEKTOpa JAHHBIX V, TO JINHA BEKTOPA X JOBO/HAT-
Csl JI0 JIJIMHBI BEKTOPA V IIUKJIMIHBIM [TOBTOPEHIEM 3J1eMeHTOB. Ecim BekTOp-
UHJIEKC OOJIbINE UCXOJHOTO BEKTOPA V, TO BEKTOP V JIOBOJUTCS JI0 pasMepa
BeKTOpa X Jobassenuem snemenToB N A. Hosblit BekTOp V[X] cocrout TosH-
KO U3 T€X KOMIIOHCHT MCXOZHOIO BEKTOPA V, JJIs KOTOPBIX COOTBETCTBYIOIIEE
3HadeHne B BekTope-uHiekce X ectb TRUE.

> x1=c(10,-3,6,2,-4,NA,1:5) ;x1
[1] 10 -3 6 2 -4NA 1 2 3 4 5
> x2=c(T,F,T,F,F)
> y=x1[x2];y
[1] 10 6 NA 2 5

> x3=rep(c(T,F),10);x3

79



[1] TRUE FALSE TRUE FALSE TRUE FALSE TRUE FALSE TRUE FALSE TRUE
[13] TRUE FALSE TRUE FALSE TRUE FALSE TRUE FALSE
> y=x1[x3];y

[1] 10 6 -4 1 3 5 NA NA NA NA

® X — 3TO HOJIOYKUTEJIbHBIN IeJ0YNC/IeHHbIIT BeKTOp. Toraa KOMIIOHEHThI BeK-
TOpa X MHTEPIPETUPYIOTCS KaK OObIYHbIE HHJEKCHI, U V[X] — BekTop, cocTo-
AMMUN U3 3JEMEHTOB BEKTOpPA V B TOU IOCJIEI0BATEHLHOCTH, B KOTOPOW OHU
yKa3aHbl B BEKTOPe-NHJIEKCE X.

> x1=c(10,-3,6,2,-4,NA,1:5) ;x1
[1] 10 -3 6 2 -4 NA 1 2 3 4 5
> x=c(1,3,5,15)
> y=x1[x];y
[1] 10 6 -4 NA

® X — OTpI/IHaTeJH)Hblf/'I HeJIO‘IHCHeHHbeI BEKTOPD. AGcomoTHbIe 3HAYCHUSA BEK-
TOpa i NHTEPHPETUPYIOTCA KaK HOMEPa IJIEMEHTOB, NCKJIIOYa€MbIX U3 V.

> x1=c(10,-3,6,2,-4,NA,1:5) ;x1
[1] 10 -3 6 2 -4 NA 1 2 3 4 5
> x=c(-1,-3,-5)
> y=x1[x];y
[1] -3 2NA 1 2 3 4 5
> y=x1[-(2:6)];y
[1] 10 1 2 3 4 5

® X — CHUMBOJILHBII BeKTOP. Ero 3navuenns ”HTEPIPETUPYIOTCH KAK UMeHa dJj1e-
MEHTOB BeKTopa V. B pesysbrare, v[x| — BekTop, copmupoBanHbIil n3 coot-
BETCTBYIOIINX 3JIEMCHTOB BEKTOPA V B TOH IIOCIEI0BATCIBHOCTH, B KOTOPOH
OHM YKa3aHbBI B X.

> x1=c(10,-3,6,2,-4,NA,1:5) ;x1

[1] 10 -3 6 2 -4 NA 1 2 3 4 5
> names (x1)=letters[1:length(x1)];x1
a b c d e f g h i j k
10 -3 6 2 -4NA 1 2 3 4 b5

>

> y=x1[c(’a’,’c’,’f’) ]y
a ¢ f

10 6 NA

> y=x1[letters[3:81];y
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c d e f g h

6 2 -4NA 1 2
>y=x1[c(’g’,’a’,’j’,’d’)];y
g a j d

110 4 2

Tak>ke B KauecTBe NH/IEKCOB MOXKHO YKa3blBaTb pa3/IMYHbIC Ollepallun, IIPUBO-
Jd1mnue K CO34aHnIO JIOTHYIECKOI'O BeKTOpa5. HaHpI/IMep

> x1=c(10,-3,6,2,-4,NA,1:5) ;x1
[1] 10 -3 6 2 -4 NA 1 2 3 4 5
> y1=x1[x1<5];y1
[1] -3 2 -4NA 1 2 3 4
> y2=x1[(-4<x1)&(x1<3)];y2
[1] -3 2 NA 1 2
> y3=x1[(x1<=-2) | (x1>3)];y3
[1] 10 -3 6 -4 NA 4 5
> y4=x1[!((-3<=x1)&(x1<3))];y4
[1] 10 6 -4 NA 3 4 5

nJIm

> yb=x1[!is.na(x1)];y5
[1] 10 -3 6 2 -4 1 2 3 4 5

31ech hopMupyeTcss BEKTOP Y5 TOJIBKO U3 TeX KOMIIOHEHT BeKTOpa X1, KOTOpbie
ne asidaiorced NA u NalN.

> x1=c(10,-3,6,2,-4,NA,1:5) ;x1

[1] 10 -3 6 2 -4NA 1 2 3 4 5
> x1[8]=NaN;x1

[1] 10 -3 6 2 -4 NA 1NaN 3 4 5
> y6=x1[!is.nan(x1)];y6

[1] 10 -3 6 2 -4NA 1 3 4 5

Komanna
> x[is.na(x)] <- 0

zamensieT 3uadenusd NA u NalN nysrsamn.
Bripaxkenne

5Cmorpu paszes 3.2.1 riass 3
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> x1=c(10,-3,6,2,-4,NA,1:5) ;x1

[1] 10 -3 6 2 -4 NA 1 2 3 4 5
> z=(x1 + 1)[(Mis.na(x1)) & x1 > 0];z
[1] 11 7 3 2 3 4 5 6

CO3MIAET BEKTOD Z U Pa3MeIaeT B HeM 3jieMeHThl BekTopa X1 + 1 (K KaxKoMmy
9JIEMEHTY BeKTopa X1 mpubasiieHa 1), yIOBIETBOPSIONINE 33 [aHHBIM YCIOBHSIM.

5.2.7 @Dyuknus which()

IIpu pabore ¢ maccuBamu ObIBaeT HYXKHO OIIPEJIE/IUTH JIJII HEKOTOPOI'O 3Jie-
MeHTa(0B) BeKTOpa ero mujekc. s sroro cayxur dyukius which(), pabdory ¢
KOTOPOIl PACCMOTPUM Ha, IIPUMEPE.

IIpumep 27. Ilycmov 3adan sexmop X.

> x

(1] 10 4 7 9 7 8 61410 10 5 8 11 11 20
> length(x)

[1] 15

Onpedeaum nomepa anemenmos eexmopa X, xomopoie borvwe 10.

> which(x>10)
[1] 8 13 14 15

Tenepv, ecau HYaHcHo 6 6eKMOPE X HAUMU, K NPUMEPY, 6MOPOT INEMEHM, NPECOC-
rodawud 10, mo docmamouno yxazamo

> x[13]
[1] 11

AUO0

> y=which(x>10)
> x[y[2]]
[1] 11

pyroit mpumep.
ITpumep 28. Hatidém 6 sexmope X 6mopoti anemenm, Kpammvit .

> X
[1] 10 4 7 9 7 8 614 10 10 5 8 11 11 20
> y=which(x\%\%5==0) ;y
[1] 1 9 10 11 15
> x[y[2]]
[1] 10
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C ¢yskmueit which() cxoxu emé nse dynkuun — which.max() u
which.min(), Koropble Hax0AT, COOTBETCTBEHHO, HOMED MAKCHMAJIBHOIO U MU-
HUMAJILHOTO 3JIEMEHTOB BEKTOPA.

> which.max(x)
[1] 15
> which.min(x)
[1] 2

C nomornpsio which() MOXKHO HAXOIUTE 3JIEMEHTBI BEKTOPA, YbM 3HAUCHUsT HAM-
60s1ee OJIM3KM K HEKOTOPOMY 3a/IaHHOMY.

IIpumep 29. Crosa socnoavsyemcs eexmopom X us npumepa 27 u Hatioém 6ce
aneMeHMbL 8exMoOpa, Haubosee baudkue x 12

> y=which(abs(x-12)==min(abs(x-12)));y
[1] 13 14

U evieedem UL Ha IKPAH.

> x[yl]
[1] 11 11

5.3 Marpuiibl

5.3.1 3agaHne MaTPUIIbI

HHCIOBYIO MATPHILY MOXKHO CO3J/IATh U3 THCIOBOIO BEKTOPA C MOMOIIBIO PyHK-
i matrix()

matrix(x, nrow, ncol, byrow, dimnames)

JLnst 3a1aHus MaTPUIIBI HEOOXOIMM MaCCUB JIAHHBIX X, HY?KHO YKa3aTh YUCJI0 CTPOK
Nrow = m u/WIu 9UCJI0 CTONOIOB Ncol = n (10 yMOJT9IaHUI0, YNCI0 CTPOK PaBHSI-
eTCsl 9UCITY CTOJIOIOB M PABHO 1); ONPeIeINTh KAaK JIEMEHTHI BEKTOPA X 3AII0JTHSIIOT
MaTpPUILy — [0 CTPOKAM WJIU [0 cTOJONaM (110 yMOJTYAHUIO MATPUIIA 3aII0JIHAETCS
o crosibam). B pesysibrare sjieMeHTBl U3 BEeKTOpa OYJIyT 3allCaHbl B MATPHILY
YKa3aHHBIX pa3MepoB. AprymenT dimnames — cImcok u3 JIByX KOMIIOHEHT, TIep-
Basl U3 KOTOPBIX 33aéT HAa3BaHUs CTPOK, & BTOpas — Ha3BaHUS CTOJOIOB (110
YMOJTIAHUIO UMEHA CTPOK U CTOJIOIOB HE 3a/1at0TCsl).

> matrix(1:6, nrow = 2, ncol = 3)
[,11 [,2] [,3]
[1,] 1 3 5
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[2,] 2 4 6

> matrix(1:6, nrow = 2, ncol = 3, byrow=T)
(,11 [,2] [,3]

[1,] 1 2 3

[2,] 4 5 6

> matrix(1:6, nrow = 2, ncol
ABC

123
456

3, byrow=T,list(c(1,2),c(’A’>,’B*,°C?)))

Vv N~

QopmaabHO HYKHO, 9TOOBI JIJTMHA BEKTOPa X ObLIa KpaTHA TPOU3BEIEHIIO TPe-
OyeMoro 4mncJia CTpOK Ha TpedyemMoe YUCI0 CTOJIOIOB,

matrix(1:2, nrow = 2, ncol = 3)
(,11 [,2] [,3]

[1,] 1 1 1

[2,] 2 2 2

matrix(1l, nrow = 2, ncol = 3)
(,11 [,2] [,3]

[1,] 1 1 1

[2,] 1 1 1

HO 9TO He 0043aTeJILHO:

> matrix(1:12, nrow = 5, ncol = 3)
(,11 [,2] [,3]
[1,] 1 6 11
[2,] 2 7 12
(3,] 3 8 1
[4,] 4 9 2
[5,] 5 10 3
[lpenynpexnenue
In matrix(1:12, nrow = 5, ncol = 3)
InvHA OaHHHX [12] He gBISeTCH MHOXUTEIEM KOJIUYecTBa CTPOK [5]

Ecii ykasblBaeTcsl TOJBKO OJ[HA U3 pa3MepHOcTeil (Hampumep, TOJbKO YUCI0
CTOJIOIIOB), TO KeJIaTeJIbHO, YTOOBI JIJINHA BEKTOPa ObLIa KpaTHa 9TON pasMepHO-
ctu. Bropast pazmepHOCTh OyzieT ompeje/ieHa Kak OTHOIIEHNE JJINHBI BEKTOpPa K
epPBO pa3MEpPHOCTH.
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> matrix(1:12, ncol = 3)

[,11 [,2]1 [,3]
[1,] 1 5 9
[2,] 2 6 10
[3,] 3 7 11
[4,] 4 8 12

Ecau ke 9mcesio cTosbnoB (CTPOK) He sIBJISIETCs JIeJIUTeNIeM JITMHBl BEKTOpa X,
TO MaTpuIa BCE paBHO OyjleT mocTpoeHa (mpapia ¢ npejynpexjenneM). Bropas
pasMepHOCTD OyIeT olpeje/eHa KakK OmzKaiiinee 6oJIbIIee eJIoe YUcjIo K OCTaTKY
OT JIeJIeHUS JJINHBI BEKTOPa Ha 3aJaHHYI0 PA3MEPHOCTD.

> A=matrix(1:12, ncol = 5);A
[lpenynpexnerue
In matrix(1:12, ncol = 5)
InuHa OaHHHX [12] He dBIsSeTCA MHOXUTEJEM KOJWYecTBa CTONOIOB [5]
(,11 [,2] [,3] [,4] [,5]
[1,] 1 4 7 10 1
[2,] 2 5 8 11 2
[3,] 3 6 9 12 3
> B=matrix(1:12, nrow = 5);B
llpenynpexnenue
In matrix(1:12, nrow = 5)
InVHA OaHHHX [12] He ABIgeTCH MHOXUTEJNEM KOJIWYecTBa CTPOK [5]

[,11 [,2]1 [,3]
[1,] 1 6 11
[2,] 2 7 12
[3,] 3 8 1
[4,] 4 9 2
[5,] 5 10 3

Oynknun nrow(A), ncol(A) u dim(A)Bo3BpamaioT YUCI0 CTPOK, HYUCIO
CTOJIOIOB U Pa3MEPHOCTb MATPHIBI A COOTBETCTBEHHO.

> nrow(A)
[1] 3

> ncol(B)
[1] 3

> dim(A)

[1] 3 5

Oynknus cbind (A, B)
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> C = cbind(A, B)

CO371a6T MaTPUILy U3 MaTpPuIl (BEKTOPOB), IIPUIUCHIBas cripaBa K A mMaTpuily (Bek-
top) B (m1st aToro gucsio crpok y A u B o/mkHO coBnagaTh).

> A=matrix(1:12,nrow=3) ;A
[,11 [,2] [,3] [,4]
[1,] 1 4 7 10
[2,] 2 5 8 11
[3,] 3 6 9 12
> B=matrix(13:24,nrow=3) ;B
[,11 [,2] [,3] [,4]
[1,] 13 16 19 22
[2,] 14 17 20 23
[3,] 15 18 21 24
> Z=cbind(A,B);Z
(,11 [,2]1 (,3] [,4] [,5] [,6] [,71 [,8]
[1,] 1 4 7 10 13 16 19 22
[2,] 2 5 8 11 14 17 20 23
[3,] 3 6 9 12 15 18 21 24

Oynknus rbind(A, B)
> A = rbind(A, B)

CO371a6T MaTPUILy, IPUIICHIBast CHU3y K Marpure A marpuiy B (st sToro wmc-
JIO CTOJIOIOB y MCXOJHBIX MATPUIL JOJZKHO COBIIAJATH). 3aMEeTUM, YTO B CIHHCKAX
aprymenTos ¢dyskimit cbind() u rbind moxkHO ykazarh 6oJsiee IByX MaTpPHIIL.
> Z=rbind(A,B);Z
[,11 [,2] [,3] [,4]
[1,] 1 4 7 10
[2,] 2 5 8 11
[3,] 3 6 9 12
(4,1 13 16 19 22
(5,] 14 17 20 23
[6,] 15 18 21 24

Yrobbl 33/1aTh JUArOHAIBHYIO MaTPHILy JOCTATOYHO BOCIIOJIB30BATHCS (DYHK-
mueit diag(x,nrow,ncol).
> diag(1,3,3)
[,11 [,2] [,3]
[1,] 1 0 0
[2,] 0 1 0
[3,] 0 0 1
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Jst mocTpoeHnst KBaIpaTHOl eMHUTHON MAaTPHUIIBI HY?KHO 3a/1aTh TOJBKO YHCIIO
CTPOK NIOW B MaTpwuIle (€cau 3aaTh 9UCI0 CTOJOINOB Nncol, To OyneT BbIBEIEHO
coob1reHme 06 OIIIOKe).

> diag(nrow=4)
(,11 [,21 [,3] [,4]
[1,] 1 0 0 0
[2,] 0 1 0 0
[3,] 0 0 1 0
[4,] 0 0 0 1
Ecaun apryment X dynknnn diag(X) ecrs marpuiia, To B pe3yibraTe IpHU-

MeHeHusd (DYHKIUU OyJIeT MOCTPOEH BEKTOP U3 3JEMEHTOB X, PACIIOJIO?KEHHBIX Ha,
IJIABHOU AWAroHaJIN.

> X=matrix(1:16,nrow=4) ;X
[,11 [,2] [,3] [,4]
[1,] 1 5 9 13

[2,] 2 6 10 14
[3,] 3 7 11 15
(4,] 4 8 12 16
> diag(X)

(1] 1 6 11 16

[Tocsie Toro, kKak mMaTpuiia co3jlaHa, ee MOKHO M3MEHsTh, [IPUCBAnBas €€ dJjie-
MEHTaM HOBble 3HaueHUs (CM. MHJEKCHI). EcTh u npyroii crocob pegakTupoBaHus
Marpuiibl. B Mento koncosmm Hasio BeiOparh IIpaBka, 3arem Haxkarh PemakTop
JAHHBIX U B BBIBEJCHHOM OKHE 33JIaTh MMl HY?KHOI MATPHIILI (TOXKE CaMOe MOK-
HO cienarh u npu nomontu dyukiun fix(umst 06bekTa)). B pesyibrare Gyaer
BBIBEJICHO HOBOe pabouee okHO, moxoxkee Ha crpanuily MS Excel.

ITpumep 30. Cozdadum mampuuyy A

A=matrix(1:16,nrow=4) ;A
[,11 [,2] [,3] [,4]
[1,] 1 5 9 13

, 2 6 10 14
, 3 7 11 15
, 4 8 12 16

U usMenuM €€ 6 pedarxmope.

B pemakrope TakKe MOKHO IPUCBaMBATh (MEHSITH) MMEHA CTPOKAM U CTOJIO-
IIaM.
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RGui ala
Qaitn Okna Mpapka Cnpacka

R rconsole [=EE]
R version 2.10.1 (2009-12-14)

Copyright (C) 2009 The R Foundation for Statistical Computing
ISBN 3-900051-07-0

R -- 310 cBOBOmHOE MO,
Bu BONEHH pacnpoCTpPaHATH coll col2 col3 coléd vars varé var7 varg
Beemure 'license()' aam
1 s 13
e B 10 s = EE=]
ENE 7 11 1s
s s e 1z 16
s
&
7
e
. s
> A-matrix(1l:16,nrow=4%) ;
1,11 2] [,3]1 [,4)] 20
w1 1 s s 1911
2,1 2 & 10 14[ 3
31 3 7 11 1
13
4, 4 1

Puc. 5.1: PemakTop marpuir

5.3.2 Omnepanum Haja MaTpUIIAMUI

ApI/I(bMeTI/ILIGCKI/Ie olrepanmy Ha/J MaTpUIaMKU OCYIIECTBJ/IAIOTCA ITO3JIEMEHTHO,

[IO3TOMY, YTOOBI, K IPUMEPY, CJOXKUTD JIBE MATPHUIIBI, OHU JIOJIZKHBI UMETh OJIMHA~
KOBBIE Pa3MeEPHI:

A = matrix(1:9, nrow = 3);A
[,11 [,2] [,3]

[1,] 1 4 7

[2,] 2 5 8

[3,] 3 6 9

B = matrix(-(1:9), ncol = 3,byrow=T);B
[,11 [,2] [,3]

[1,] -1 -2 -3

[,11 [,2] [,3]
[1,] 0 2 4
[2,] -2 0 2
[3,] -4 -2 0
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Bupodem, MOXKHO OCYIIECTBIISITH CMENIAHHBIE ONEPAINH, KOTJa OJINH U3 OIle-
PaHJIOB — MaTpHIA, a JIpyroii — BekTop (B YacTHOCTH, cKajsip). B arom ciayuae
MaTpHIla paccMaTpuBaeTcs KaK BEKTOD, COCTAaBJEHHBIII U3 ee 3JeMEHTOB, 3alll-
CAHHBIX I10 CTOJIOIAM, U JIEUCTBYIOT T€ Ke IPaBU/Ia, 9TO U JjId apudMeTUIeCKuX
onepanuii HaJ| BEKTOPaMU:

> A+3

(,11 [,2] [,3]
[1,] 4 7 10
[2,] 5 8 11
[3,] 6 9 12
> B+3

(11 [,2] [,3]
[1,] 2 1 0
2,1 -1 -2 -3
[3,] -4 -5 -6
> (1:3)%A

[,11 [,2]1 [,3]
[1,] 1 4 7
[2,] 4 10 16
[3,] 9 18 27
> A%x(1:3)

[,11 [,2]1 [,3]
[1,] 1 4 7
[2,] 4 10 16
[3,] 9 18 27
> (1:9)+A

[,11 [,2]1 [,3]
[1,] 2 8 14
[2,] 4 10 16
[3,] 6 12 18
> B2

[,11 [,2]1 [,3]
[1,] 1 4 9
[2,] 16 25 36
[3,] 49 64 81

Ecim pymuabl 00beKTOB HE KPATHBI, TO BBIBOJUTCS ITPELYITPEKICHNE

> (0:3)*A
[,11 [,2] [,3]
[1,] 0 12 14
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[2,] 2 0 24
[3,] 6 6 0
[lpenynpexnenue
In (0:3) * A :
onuHa 6onbllero ob6beKTa He ABIASTCH IIPOU3BELEHUEM OJINHH MeHbIlero obbekTa

SHGMQHTaprIe MaTeMaTHU4YE€CKHUEe beHKI_[I/II/I TaK2Ke IIPUMEHAIOTCHA II03JIEMEHTHO!

> sqrt(A)

[,1] [,2] [,3]
[1,] 1.000000 2.000000 2.645751
[2,] 1.414214 2.236068 2.828427
[3,] 1.732051 2.449490 3.000000
> log(abs(B))

[,1] [,2] [,3]
[1,] 0.000000 0.6931472 1.098612
[2,] 1.386294 1.6094379 1.791759
[3,] 1.945910 2.0794415 2.197225

Oynknus outer(x, y, «omeparusi») IpHMeHsieT 3aJaHHYI0 OMEPaIuio K
KazKJIO T1ape 3JIeMEeHTOB BEKTOPOB X u y. [loydum MaTpuily, COCTaB/IEHHYIO U3
Pe3yJIBTATOB BBINOJTHEHH 3TOM onepanuu. Inucjio CTPOK MaTpUIbl — JJIMHA BEK-
TOpa X, a YUCJI0 CTOJIONOB — JITMHA BEKTOpa Y.

>x =1:5; x
[1] 12345
>y =-2:3;y
[1] -2 -1 0 1 2 3
> outer(x, y, "*")
(,11 [,21 [,3] [,4] [,5] [,6]
1,1 -2 -1 0 1 2 3

2,1 -4 -2 0 2 4 6
3,] -6 -3 0 3 6 9
4,1 -8 -4 0 4 8 12
[5,] -10 -5 0 5 10 15
> outer(x, y, "™")
[,1] [,21 [,3] [,4] [,5] [,6]

[1,] 1.0000000 1.0000000
[2,] 0.2500000 0.5000000

e
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©

[3,] 0.1111111 0.3333333 27
[4,] 0.0625000 0.2500000 16 64
[5,]1 0.0400000 0.2000000 25 125



Bumecro outer(x, y, "*") (Bueminee npousBejieHre BEKTOPOB) MOXKHO HCIIOJIB30-
Bath X %0% y:

> x%hohy

(,11 [,2] (,3] [,4] [,5] [,6]
[1,] -2 -1 0 1 2 3

[2,] -4 -2 0 2 4 6
3,1 -6 -3 0 3 6 9
4,1 -8 -4 0 4 8 12
[5,1] -10 -5 0 5 10 15

TpancnonnpoBanue MaTpuipbl ocyiecTaser dynkimusa t(A), a mMaTpuaHoe
npoussejienne — onepanust %*%:

> A = matrix(1:9, nrow = 3);
> B = matrix(-(1:9), ncol = 3,byrow=T)
> A%*YB
[,11 [,2] [,3]
[1,] -66 -78 -90
[2,] -78 -93 -108
[3,] -90 -108 -126
> Bh*hA
[,11 [,2] [,3]
[1,] -14 -32 -50
[2,] -32 -77 -122
[3,] -50 -122 -194

st perrenusi cucTeMbl JIMHEHHBIX ypaBHeHUit AX = b ¢ KBaJjpaTHOil HEBbI-
poxkenHoit MaTpurieit A ecrtb dyukiws solve(A, b):

> A = matrix(c(3,4,4,4), nrow = 2);A
[,1]1 [,2]

[1,] 3 4

[2,] 4 4

> b=c(1,0)

> solve(A,b)

(1] -1 1

CucreMbl JIMHEHHBIX yPAaBHEHUH, 9bU MATPUIILI KOIPMHUINEHTOB NMEIOT BEPXHHI
TPEYTrOJIbHBI MM HUZKHUI TPEYroJabHbINH Buj (T.€, 60 BCe 9JEMEHTHI O/ [VIaB-
HOfI IMArOHAJIBIO PABHBI HYJIIO, JTOO0 HAJ] IVIABHOI JHATOHAJIBIO) MOXKHO PEIIaTh C
nomortpio dhyukiwit backsolve (A, b) u forwardsolve(B b), rie A u B — Bepxuss

TPEYToJIbHAas U HUXKHSAS TPEyroJbHas MaTPHUIIbl, b — BEKTOP CBOOOIHBIX KO3 DU-
IIUEHTOB.
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> A = matrix(c(3,0,4,4), nrow = 2);A
[,1]1 [,2]

[1,] 3 4

[2,] 0 4

> b=c(1,1)

> backsolve(A,b)

[1] 0.00 0.25

> B= matrix(c(3,4,0,4), nrow = 2);B
[,1] [,2]

[1,] 3 0

[2,] 4 4

> forwardsolve(B,b)

[1] 0.33333333 -0.08333333

Oynknus det(A) HaxoauT onpemesnTesb MaTpHIlpl, a solve(A) — obparHyio
MATPHILY:

> det(A)
[1] -4
> solve(A)

(11 [,2]
[1,] -1 1.00
[2,] 1 -0.75

B R ecrb dyukims determinant(), momnas dpopma KoTopoii
determinant(x, logarithm = TRUE, ...)

B ormmane or det() Bossparmaer He ckajsp (OIpeesuTe/ b MATPUIB), & CIHUCOK,
COCTOSIINN M3 JBYX 3JIEMEHTOB, IIEPBBI M3 KOTOPBLIX JUOO MOJY/Ib ONPeIe/INTe-
ng (normveckuii apryment logarithm npuanmaer snavenne FALSE), qu6o Jio-
rapudm Momyias onpeenurens ( logarithm = TRUE), a sropoit — sm6o —1
(oupesiesuresib orpuraresiet), 6o 1 (onpejesuresb HEOTPUIATEIEH ).

> X

(,11 [,2] [,3]
[1,] 1 2 3
[2,] 2 1 1
[3,] 4 1 2
> determinant (X)
$modulus
[1] 1.609438
attr(,"logarithm")
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[1] TRUE
$sign

(1] -1
attr(,"class")
[1] "det"

Kpome dyuximn solve() mis HaxoxeHus o6paTHON MATPHUIBI MOXKHO HC-
nosib3oBaTh u byHKIMO ginv() (HO Jyist 5TOro cHavasa HAJI0 MOJKIIOYATD ITaKeT

MASS).

> X=matrix(c(1,2,4,2,1,1,3,1,2),nrow=3) ;X

(,11 [,2]1 [,3]
[1,] 1 2 3
[2,] 2 1 1
[3,] 4 1 2
> solve(X)
[,11 [,2] [,3]

[1,] -2.000000e-01 0.2 0.2
[2,] -3.172066e-17 2.0 -1.0
[3,1] 4.000000e-01 -1.4 0.6
> library(MASS)

> ginv(X)

[,11 [,2] [,3]
[1,] -2.000000e-01 0.2 0.2
[2,] -2.224918e-16 2.0 -1.0
[3,] 4.000000e-01 -1.4 0.6

Pacemorpum emé psjr pyHKIMNE 10JE3HBIX IIpH paboTe ¢ MaTPUIIAMUA. JTO:
e colSums(X, na.rm) — cymMMma 3JIEMEHTOB O CTOJIOIAM;

e rowSums(X, na.rm) — cymMma 3JeMeHTOB 110 CTPOKAM;

e colMeans(X na.rm) — cpejiHue 3HAYEHUS 110 CTOJIOIIAM;

e rowMeans(X na.rm) — cpe/iHue 3HAUYEHUS 0 CTPOKAM.

Aprymentst dyuknuit: X — HCXOJHBIH YUCIOBON MacCuB (Marpura), na.rm —

JIOPUYECKUI apIyMEHT, HY>KHO Jii youpars u3 paccMorperns NA (110 yMOT9aHUIO
na.rm=FALSE).

> A=matrix(1:12,nrow=3) ;A
[,11 [,2] [,3] [,4]
[1,] 1 4 7 10
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[2,] 2 5 8 11
[3,] 3 6 9 12
> colSums(A)

[1] 6 15 24 33

> rowSums (A)

[1] 22 26 30

> colMeans(A)

[1] 2 5 8 11

> rowMeans (A)

[1] 5.5 6.5 7.5

CobcTBeHHbIe BEKTOPA U COOCTBEHHBIE YMC/Ia MATPUIL® HAXOIATCS IPU HOMOIIH
eigen(X, symmetric, only.values = FALSE)

rae X — UcxoiHasg MaTpula. symmetric — JJorudecknii apryMeHT, eCJIi ero 3Hade-
uue ectb TRUE, o npenonaraercs, aro marpura X — cuMMeTpuaHast (DpMuTo-
Ba JIJIsi KOMILIEKCHBIX YHCEJT), U OEPYTCs JIEMEHTBI. JiesKalllue TOJIbKO Ha TJIaBHOIL
nuaronaymm u noj veo. Eciim apryment symmetric me 3ajan, 7o MaTpuria oy/er
IIpOBEpeHa Ha CUMMETPUIHOCTE. Jlormueckuii aprymenT only.values ompejensger,
HY?KHO JIi BBIBOJUTD TOJIHKO COOCTBEHHBIE UNC/Ia WU 1€ U COOCTBEHHBIE BEKTOPA.

> X

(,11 [,2]1 [,3]
[1,] 1 2 3
[2,] 2 1 1
[3,] 4 1 2

> eigen(X)
$values
[1] 5.892488 -2.266818 0.374330
$vectors
[,1] [,2] [,3]

[1,] 0.5917695 0.7343437 -0.01899586
[2,] 0.3865001 -0.2573049 -0.83006716
[3,] 0.7074083 -0.6281191 0.55733982

Bozpaiaer BeKTOp COOCTBEHHBIX 3HAYEHUI, PACIIOJIOZKEHHBIX B TOPsJIKE yObIBa-
HUsT UX MOJIyJieii (COOCTBEHHBIE 3HAYEHUST MOTYT OBITh U KOMILUIEKCHBIMHU) M MaT-
PUILy, Y61 CTOJIOIBI €CTh COOCTBEHHBIE BEKTOPBI NCXO/IHON MaTPHIIHL.

QOyHKINN

SHamoMHNM, 9TO COGCTBEHHBIME 3HAYCHISIMI MATPHUIBI A HA3BIBAIOTCS KOPHU \; XaPAKTEPH-
crudeckoro ypasuenusi |[A — AI| = 0, cobcTBeHHBIE BEKTOPBI X — BEKTODBI, YIOBJIETBODSIIOIINE

Ax = \;x
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lower.tri(X, diag = FALSE)
u
upper.tri(X, diag = FALSE)

CTPOSIT JIOTUIECKIE MATPHIIBI(IbU PA3MEPHOCTH COBIIAJIAIOT C PA3SMEPHOCTHIO MaT-
puriel X), B KOTOPBHIX Ha JuaroHajsx Hmke riasHoit (lower.tri(X, diag =
FALSE)) wm Beime rinasaoii (upper.tri(X, diag = FALSE)) croaT jorude-
ckue nepemenable TRUE. Apryment diag orBedaer 3a riaBHYIO JIUaroHAJb.

5.3.3 Omnepanuu c mHIAEKCAMN

Hoctyn K 37eMeHTaM MaTPUIlBl TPOUCKOANT 1m0 nHjekey. Ali, j| cebuiaercs na
9JIEMEHT i-#f CTPOKHU 1 j-r0 cTosiOIa Marpulibl A. Ha Mecte nHIeKCOB ¢ 1 j MOTYT
CTOATHb BEKTODBI.

e i1 j — moMOKUTEIbHBIE [EJOYNCIeHHBIe BeKTOPHI, Toraa Al[i,j] — mommar-
putia MaTpurbl A, obpa3oBaHHasT dJIeMEHTaMU, CTOSIIIIUMHI HA TepecedeHnn
CTPOK C HOMEpaMU U3 BEKTOpa i U CTOJIOIOB ¢ HOMEPaMH 3 j.

e iuj— orpurarenabHble MeI0UNCIeHHBIe BEKTOPHI, Toraa A[i,j] — moamarpu-
&, TOJIyIeHHas W3 MCXOJHON MATPHIILI YAaJeHHEeM 3JIEMEHTOB Ha COOTBET-
CTBYIOIIUX CTPOKAX W CTOJIOIAX.

e iu j— smormueckue BekTopbl. Torga Ali,j] — HOBas MaTpuIa, cocToAIAs U3
TeX 9JIEMEHTOB MCXOIHON MaTPHIIBI, JIJIsI KOTOPBIX 5JIEMEHTBI BEKTOPOB 1 U j
npunnmaior 3nadenne TRUE.

e i 1 j — CUMBOJIbHBIE BEKTOPHI, T.€.BEKTOPbI ¢ MMEHAMU CTPOK U CTOJIOIOB.
HoBast marpuria obpaszoBaHa 3jeMeHTaMU HCXOIHOMN, HAXOIAIMMUCT Ha TIe-
pecevdeHnn CTOJIOIOB M CTPOK C 3a[aHHBIMU UMEHAMH.

e Ali, | — sxBuBanentro Ali, 1:ncol(A)].
o Al, j] — sxBuBanenrno A[l:nrow(A), j|.
Bo3MozKeH J0CTyI K 9/7eMeHTaM MaTPHUIBL ¢ IIOMOIIBIO OJIHOIO HHJICKCA:

e A[5] osnauaer 5-if sjeMeHT MaTpUIbl A, €CJIM CYUTATH, YTO JIEMEHTBI IPO-
HYMEPOBaHbI 110 CTOJIOIAM.

e Eciu i — BekTop, 10 Ali] o3HaYaeT BHIGOPKY COOTBETCTBYIOIINX JIEMEHTOB
T .
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MozkHo 3a/JaTb UM€E€Ha CTOH6H&M n CTpOKaM MaTpPHIIbI

A=matrix(1:12,nrow=3)

rownames (A)=letters[1:nrow(A)]
colnames (A)=LETTERS[1:ncol(A)]
A

vV V V V
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'_L
N

ITocse sToro JOCTYII K CTPOKaM " CTOJI6H31VI, KaK y2Ke€ I'OBOPUJIOCH BbIIIE MOXKET
IIPOUCXOIUTDH 110 MMEHMU.

> A[’a’,’C’]
(11 7
> A[2,°B’]
[1] 5
> A[,JB7]
abc
456
> A[’b’,]
A B C D
2 5 811

5.4 MmnuoroMmepHble MaCcCUBBI

Matpuiibl — 9TO YaCTHBIN CJIydail MHOIOMEPHBIX MacCuBOB. MaTpuiibl nmeror
JiBe pa3MepHocTH. B 00IeM ciiydae MacCHUBBI MOTYT MMETH OOJIbIE pPa3MepHO-
creii. Pabora ¢ muoromepubiMu MaccuBaMu B R Bo MHorom amajiorndna pabdore ¢
marpuriamu. OCHOBHOI criocob ux coznanus — dyukiws array (X, BeKTop pas-
MEPHOCTEI ). YKa3bIBAIOTCs 9JIEMEHTHI MACCUBA M BCE €r0 PA3MEPHOCTH.

ITpumep 31. Cozdadum maccus pazmeprocmu 3 X 5 X 4
> A=array(1:60, c(3,5,4))
IIpu 6wi306e Maccus 6u800UMCA NOCAOTNHO.

> A
|
(,11 [,2]1 [,3] [,4] [,5]
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1 4 7 10 13
g 1 14
3 6 9 12 15

N
o

[1,]
[2,]
[3,]
, , 2
(11 [,2] [,3] [,4] [,5]
[1,] 16 19 22 25 28

[2,] 17 20 23 26 29
[3,] 18 21 24 27 30

(11 [,2] [,3] [,4] [,5]
[1,] 31 34 37 40 43
[2,] 32 35 38 41 44
[3,] 33 36 39 42 45

(,11 [,2] [,3] [,4] [,5]
[1,] 46 49 52 55 58
[2,] 47 50 53 56 59
[3,] 48 51 54 57 60

MozkHO 3a/1aTh UMeHa Pa3MEPHOCTSIM:

> diml =c(’A’, ’B’, ’C’)
> dim2 =c(’X1’, ’X2’, ’X3’, ’X4’, ’X5’)
> dim3 = c(’3uma’,’Becna’,’Jleto’, ’0Ocenn’)
> dimnames(A) = list(diml, dim2, dim3)
> A
, , 3uMa
X1 X2 X3 X4 X5
A 1 4 7 10 13
B 2 5 811 14
C 3 6 912 15
, , BecHa

X1 X2 X3 X4 X5
16 19 22 25 28
17 20 23 26 29
18 21 24 27 30
, , JeTo

X1 X2 X3 X4 X5
31 34 37 40 43
32 35 38 41 44
33 36 39 42 45
, , OceHb

QW =

QW =
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X1 X2 X3 X4 Xb
A 46 49 52 55 58
B 47 50 53 56 59
C 48 51 54 57 60

U TI0CJIE TOr0 OOpAINATHCH K JIEMEHTY 110 UMEHHU er0 CTPOKU, CTOJIONA, CJI0S U T.
.

> A[,,"Ocenn"]
X1 X2 X3 X4 X5
A 46 49 52 55 58
B 47 50 53 56 59
C 48 51 54 57 60
> A[,’X2?,"3uma"]
ABC
456

OTMeTI/IM, 9TO HO,ZLO6HBIM 06pa30M IIPOUCXOIUT pa60Ta C MaCCuBaMM, COCTOA-
IIMMHA U3 CUMBOJIBHBIX CTPOK, JIOTMYCCKUMU MacCCUBaMH U MaCCUBaMH, IIOJIyY€H-
HBIMI Ha OCHOBE CIIMCKOB.

5.5 Crauckn

Crucku B R — 310 KOJLIEKIM 06BHEKTOB, JOCTYI K KOTOPOM MOYKHO IIPOM3BO-
JIUTH TI0 HOMEPY WJIU MUMEHH.

CHmcok MOXKeT CoJiepkKaTh OOBEKTHI (KOMIOHEHTBI) PA3HBIX THIIOB, YTO OT-
JINYAET CIUCKU OT BEKTOPOB. KOMIIOHEHTAMU CITUCKAa MOTYT OBITH B TOM YUC/IE
BEKTOPBI U JIDYTUE CIUCKH.

OyHKIMSA

> list(obberTl, 06BEKT2, ...)
CO3/IaéT CIIMCOK, COAepKalluil yKa3aHHbIe O0bEKTHI.

ITpumep 32. Coszdadum cnucox writer ¢ yxa3zaHHLLMU NOAAMU: GAMUAUA, UM
200 pootcderus, 200 CMEPMU, NO2UMECKOE NOAE CEMETIHO20 NONOAHCEHUA, NPOPECCUs,
QUO orcenv, (myorca) (ecau nem — NA), koauvwecmseo demeti (ecau ecmnv), mpu
Haubosee U3BECMHUT NPOUZEEIEHUA (MPU NOAA).

writer=1list("llexcuup", "Vumpam", "1564", "1616", T, "mpamaTypr",
"XaTays# Amma",3,"Pomeo um xymnberTa", "Tammer", "OTesmno")

Buwisedem wa sxpan.
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>writer

[[1]]

[1] "lexcmup"
[[2]]

[1] "Yunpsam"
[[3]]

[1] "1564"
[[4]]

[1] "1616"
[[5]]

[1] TRUE

[[6]]

(1] "zpamaTypr"
[[7]]

[1] "XaTay»# Anza"
[[8l]

[11 3

[[9]]

[1] "Pomeo m [ixynberTa"
[[10]]

[1] "Tammet"
[[11]]

[1] "QOrenmo"

TakzKe CIECOK MOXKHO cO3/JaTh ¢ mnomoripio vector("list qmuua). Byger co-
3J1aH MyCTOl crucok 3asannoil jaymabl. Oyukius list() 6e3 aprymeHToB Takxke
CO3/MAET IIYyCTOI CIIHUCOK.

[IpoBepka oObeKTa Ha MPUHAJIEZKHOCTD K CITHCKAM OCYIIECTB/ISIETCS C TIOMO-
mpio is.list(), mepeBos obbekTa B crimckn — as.list().

K xommonenTam MO:KHO obpalnaThcd 1o HoMepy. Homep ykasbiBaeTcs B JIBO#-
HBIX KBaJIPATHBIX CKOOKaX ITOC/I€ UMEHU CIIACKA.

> writer[[1]]
[1] "lexcmup"
> writer[[9]]
[1] "Pomeo u [xymbeTTa"

MozkHO CO3JaBaTb HOBbIC KOMIIOHCHTDI:

writer[[12]]=’Agrnusa’
writer

[[1]]

99



[1] "lexcmup"
[[2]]

(1] "YunpaM"
[[3]]

[1] "1564"
[[4]]

[1] "1616"
[[5]]

[1] TRUE

[[6]]

(1] "mpamaTypr"
L[7]1]

[1] "XaTay»# A=za"
[[8]l]

[1] 3

[[9]]

[1] "Pomeo u [xynberTa"
[[10]]

[1] "Tammet"
([11]]

[1] "Oremmo"
[[12]]

[1] "Agrmug"
Nmena 5/1eMEHTOB CIIMCKA 33Ial0TCSA TaKKe, KaK U B CJIydae BEKTOPOB:

> names (writer)<-c("pamunusa","uma","ron poxzenus",'"roxm cmerpu",
"cemeliHbit cTaTyc","upopeccua","uMa Xewu','udncio merei",
"mpousBegernuel", "mpousBemenuel" , "mpousBenenue3")

writer

$pamuua

[1] "lexcmup"
$umsa

[1] "Yunbam"
$‘ronm poxmenus‘
[1] "1564"

$‘ron cmetTpnu®

[1] "1616"

$ ¢ cemeitnnit cTaTyc
[1] TRUE
$mpodeccus

[1] "mpamaTypr"

1
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$‘umMa xems*

[1] "XaTay»# A=za"
$‘uncno mereir®

[1]1 3
$mpoussenennel

[1] "PoMeo u [xynberTa"
$mpoussenenue?

[1] "Tammet"
$npousBenenue3d

[1] "Oremmo"

$<NA>

[1] "Aurmaus"

BaMeTI/IM, qTO €CJIM Ha3BaHHUE II0JIS CIIMCKA COCTOUT Oejee UeM U3 O/THOI'O CJIOBa,
TO 9TO Ha3BaHUE BBIBOJAUTCA B OAMHAPHDBIX KaBblIKaX. HpI/ICBOI/IM M« 11oCJICJHEMY
QJIEMEHTY CIIMCKAa.

> names (writer) [12]=’CTpana’
> writer

$pamunua

[1] "lexcmup"

$uma

(1] "Yunpam"

$‘ron poxmenus‘
[1] "1564"

$‘ron cmerpnu®

[1] "1616"

$ ¢ cemeitnnit craTyc®
[1] TRUE
$npodeccusa

[1] "mpamaTypr"
$‘uma xenw*

[1] "XaTay»# Anza"
$‘uucno mereir®

(1] 3
$npousBenmenuel

[1] "Pomeo um [JxynbeTTa"
$npoussenenue?

(1] "Tammet"
$upouzBenenne3

[1] "Oremmo"
$Crpana
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Ctpana
"Aurnua"

NMena KOMIIOHEHT CHUCKa MOXKHO yKa3aTh cpa3y IPU €ro CO3JaHUN:

writer=1list (pamunua="llekcnup" ,uMma="VYunpam", ’ron poxzmenus’="1564",
’ronm cMepTu’="1616", ’ceMeiiHoe monoxeHue’=T, npopeccus="gpamaTypr",

‘uma xenws’="XaTays# AmHa",’uucno gmeTeit’=3, npoussemenuel="Pomeo um [IxynperTa"

npousBemeHue?2="Tamnet", npousBemernu3="0Teso0")

Terreppr K KOMIIOHEHTaM BEKTOpPa MOXKHO oOpallarbcd 1o uMmeHu. s sroro
€CTh JIB€ BO3MOXKHOCTHU. VIMs MOXKHO yKa3bIBaTh II0C/Ie 3HaKa $, KOTOPLBIA mpumm-
CBIBAETCs K HA3BAHUIO CIIHCKA.

> writer$"ums xeHs"
[1] "XaTay»# Anza"

> writer$’pamunus’

[1] "llexcmup"

> writer$upodeccus

[1] "mpamaTypr"

Cront 3aMeTnTh, ITO €CJIM Ha3BaHWE KAKOTO-JTNOO JIEMEHTa CINCKA COCTOUT W3
JIByX 1 0oJiee CJIOB, TO obpallieHne BUa

writer$umMmsa xemnl

NPUBEJIET K MOABJIEHUIO COOOIIEHNs 00 OIHMOKe.
Bropoit criocob — mms 3jeMeHTa CINICKa 331aéTCAd B KaBbIIKaX W JIBOMHBIX
KBaJIpaTHBIX CKOOKax

writer [[’umMs’]]
[1] "Yunpam"
writer[["umsa"]]
[1] "Yumbam"

O iunapubie KBaJIpaTHbIE CKOOKU CO3/IAI0T HOBBIE CIIMCKU Ha OCHOBE IEPBOHA-
yajsbHoro. Hampumep:

e Ist[1:4] — HOBBIl CIEICOK, COCTOSATINI U3 MIEPBBIX YE€THIPEX HITEMEHTOB UCXO/T-
HOro crucka lIst;

o Ist[-(2:4)] — cuucok, mosyueHHbBI UCKIIOYEHHEM BTOPOTO, TPETHErO U IeT-
BEPTOIO 3JIEMEHTa U3 MCXOJHOIO CIIMCKA;

e Ist|c("name "occupation")| — cnucok, cocrosmmil U3 JIEMEHTOB CIIHCKA
Ist ¢ ykazaHHBIMU UMEHAMU.
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HpaBI/IHa HCIIOJIb30BaHUA HHJ/IEKCOB aHAJIOTUYIHBI COOTBETCTBYIOIIUM IIpaBUJIaM

JJ1g BEKTOPOB.

Baxkno nmonnmarh pa3jn4due MeXK/1y IIpaBUJIaMH UCIIOJIb30BaHUA OJUHAPHBIX 1

JIBOMHBIX KBaIPATHBIX CKOOOK:

e Ist[[1]] — mepBas KommoOHEHTA crinCKa;

e Ist[1] — HOBBIl crmcoK, cocTosUil U3 MEPBONl KOMIIOHEHTBI CIIMCKA MCXO/-

HOI'O CIIUCKa.

OrMmernM, 9TO B JABOMHBIX KBaJAPATHBIX CKOOKAX B KaueCTBE MHICKCOB HE MOTYT

HCIIOJIb30BAaThCA BEKTOPHI.

Crucku gBJIAIOTCHA PEKYPCHUBHBIM THIIOM JaHHBIX, T. €. KOMIIOHEHTBI CIIMCKa

MOr'yT caMu OBITH CIIICKAMIU.

> Pushkin <- list(name = "Amekcauzp Cepreesuu llymkuu", year = 1799)
> Gogol <- list(name = "Hukomnai#l BacunbesBuu Toromp", year = 1809)

> 1lst <- list(Pushkin, Gogol)

> 1st[[1]]@name

[1] "Anekcaump Cepreemny [lymxun"
> length(1lst)
[1] 2

®ynknus ¢() ocyIiecTBIseT KOHKATEHAIMIO JIBYX WK 00JIee CIIICKOB:

> clst <- c(Pushkin, Gogol)

> clst

OGname

[1] "Anexcaump Cepreesuu [lymxun"
Qyear

[1] 1799

Gname

[1] "Hukonai# BacunbeBuu Toroms"

Qyear

[1] 1799

> length(clst)

[1] 4

> clst@name

[1] "Anexcaump Cepreesuy [lymxun"
> clst@year

[1] 1799

> clst[[3]]

[1] "Hukonai#t BacunbeBuu Toroms"
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> clst[[4]]
[1] 1809

®ynknus unlist(x, recursive, use.names = TRUE) npeoGpasoBbiBaer ciiu-
COK X B BEKTOP, JIEMEHTAMHU KOTOPOT'O SIBJIIOTCSI KOMIIOHEHTBI CIicKa. Jlormde-
CKHUIl apryMeHT recursive oImpejessier, Hy»KHO JIM PacKJIaIbIBATh KOMIIOHEHTHI
cnucka Ha BekTopa (logical, integer, real, complex, character) win Her (10
ymosruanuio recursive = TRUE). Jloruueckuii aprymeHnT use.names mo3BoJisi-
€T COXPaHUTb UME€Ha KOMIIOHEHT CIIMCKa W IIPUCBOUTH UX dJIeMeHTaM CO3JaBaeMOI'0
BekTopa ( use.names = TRUE — 3navenue 1o yMo49anuio).

Ipumep 33. Jlaa mampuuyws X ¢ nomowwio gynxyuu determinant ()’ cozdadum
CNUCOK,

> X

(,11 [,2] [,3]
[1,] 1 2 3
[2,] 2 1 1
[3,] 4 1 2
> Y=determinant (X);Y
$modulus
[1] 1.609438
attr(,"logarithm")
[1] TRUE

$sign
[1] -1

attr(,"class")
[1] "det n

Komopwitl npeobpadyem 6 6eKmop.

> z=unlist(Y);z
modulus sign
1.609438 -1.000000

[Tpu ipeobpasoBaHUK CIUCKA B BEKTOP YUUTHIBAETCS] HEPAPXHsi TUIIOB JIAHHBIX
(logical < integer < real < complex < character). CoorBercrBenHo, B pe-
3yJIbTaTe IMpeobpasoBanus OyJeT HOIYUeH BEKTOP, Yeil THUIl JAHHBIX OlPeIeIaeTcs
HaubOJILIINM COIVIACHO MEPAPXUU THUIIOM KOMIIOHEHTBI CIIMCKA.

B R npegycmorpena u obparnast dynkius relist(), mososstormas Bocco3iaTh
crimcok. Aprymentst dyukiuu relist():

7CwM. pazzen 5.3.2
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e flesh — BexTOp, KOTOPBIN HYKHO IIPEOOPA30BaTh B CIIUCOK;
e skeleton — crmcok, CTpyKTypa KOTOPOTO OIPE/IEISIET CO3/IaBAEMBIIl CITNCOK.
ITpumep 34. IIpeobpazyem nosywennoili 6 npedvidyuiem npumepe 6eKmop z

> z

modulus sign
1.609438 -1.000000

cHosa 6 cnucoxk. /laa amoezo 3adadum <ckeaems — cnucok, 3a0aouuti cmpykmypy
UCKOMO20 PE3YALMAMNA.

> Z=1list(c(1),c(1));Z
[[1]]
[1] 1

[[2]1]
(1] 1

Boccosdaém cnucox.

> Y=relist(z,Z);Y
[[1]]
[1] 1.609438

[[2]]
[1] -1

5.6 PakTOpbl U TAOJIUIIBI

5.6.1 Pakrtopnl — factor()

DaKTOp — 3TO BEKTOPHBIN OOBEKT, KOJMPYIONUN KaTeropuasbHbIe JTaHHbIE
(kmmaccer). PakTopsl cozmatores ¢ momorsio dynknun factor().

IIpumep 35. Ilposeau onpoc, 6 xode xomopozo 150 uenoser Ovia 3adar 00uH U
mom otce sonpoc:«Hazosume camviti uzsecmmoiti purom Andpes Taprosckozos.
B pesyavmame chopmuposar cumeosvhuvili 6ekmop opros, cocmoswut us 150
ANEMEHMOB.

> length(opros)
[1] 150
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Buideaum passuunvie Kamezopuy, — 8apuaHmov. 0Meemos.
> factor(opros)

B pesyavmame 6ydem evieeden cam ucrodmvili 6EKmMop U YKa3amvl 6CE PAAUHHDLE
kamezopuu (parxmopui).

[1] =He 3Haw Annpeit Pybner  lBanHoBO geTcTBO CTankep

[5] Comspuc Bepxkaio He 3Hao Aunpeit Pybnes
[9] VBanoBo meTcTBO CTankep Conszpuc 3epkaio

[13] He 3Hap Amppeit Pybnes  UBamoBO gercTBo CTankep

[17] Conspuc Bepkaio He 3HAL Aunpeit Py6nes
[21] UBanoBo mercTBO CTaikep Conspuc 3epKaio

[25] me 3HaL Aunpeit PybneB  MBaHOBO meTcTBO CTankep

[29] Consapuc Bepxkaio He 3HaD Aunpeit Py6nes
[33] VBaHoBO meTcTBO CTankep Comspuc 3epkaio

[37] He 3Hap Auppeit Pybnes  UBamoBO geTcTBo CTaskep

[41] Comnspuc Bepxkaio He 3HAD Aunpeit Py6ues
[45] UBanoBo mercTBO CTaikep Conapuc Bepxkaio

[49] He 3HaD Amgpet Pybmes  UBanoBo gmercTBO CTamkep

[63] Coxsapuc Bepkaio He 3Han Annpeit Py6ies
[57] VBaHoBO meTcTBO CTankep Conspuc 3epkaio

[61] He 3Hap Aunpeit Pybnes  UBanoBo gercTBo CTankep

[65] Comspuc Bepxkaio He 3Hao Aunpeit Py6ues
[69] UBanoBo mercTBo CTankep Conspuc Bepxkaio

[73] He 3Hap Aunpeit PybneB  VMBamHoBO meTcTBO CTankep

[77] Consapuc Bepxkaio He 3HAL Aunpeit Py6nes
[81] VBaHoBO meTcTBO CTankep Conapuc 3epkaio

[85] me 3Han Angpeist Pybmes  UBanoBo gzeTcTBO CTamkep

[89] Comspuc Bepkaio He 3Hao He 3Han

[93] Augpeit Pybme  Augpeit Pybme  Amgpeit PybmeB  Augpeit Py6ies
[97] Auppei#t Pybme  Amppeit Pybme  Amgpeit Pybme  Augpeit Py6ies

[101] He 3Haw He 3Hap He 3Hap He 3Hap
[105] He 3Haw He 3Hao He 3Hao He 3Hap
[109] He 3Haw He 3Hao He 3Hao He 3Hap
[113] me 3Haw He 3Ha He 3Ha He 3Ha
[117] He 3Hawp He 3Hap He 3Hap He 3Hap
[121] He 3Haw He 3Hap He 3Hap He 3Hap
[125] me 3map He 3HAD Cranxep CTanxep
[129] Crankep Crankep Crankep Crankep
[133] Crankep He 3Hao Conspuc He 3Hao
[137] Crankep Conspuc He 3HaL Crankep
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[141] Comspuc He 3HAL CTanxep Comnspuc

[145] He 3HaD0 Crankep Conapuc He 3Hao

[149] Crankep He 3HaL

Levels: Ammpeit Pybne 3epkano llBamoBo meTcTBO He 3Haw Comspuc Crankep

[Ipu BbIBOZE (baKTOpBI (KATeropum) pacrosiaralTcs B aabaBUTHOM HODSIKe
(ecam MMeeM J1eJI0 ¢ CHMBOJIBHBIME JIAHHBIME) HJIM B [OPSJIKe BO3pacTaHus (duc-
JIOBBIE JIAHHBIE),eCTH HE HYKHO YIODSJIOUNBATH KATETOPUH, TO CJIEIyeT CJIe/yer
Bocrnosib3oBaThest factor(x,ordered=F). 3uadenus NA, eciu 6butn s71eMeHTAME
HCXOJIHOI'O BEKTOPa, UTHOPUPYIOTC. UTOOB!I UX yIUTBIBATBH, HY?KHO HCIIOJIb30BATh
dbyurmmo addNA (x), rje X — HCXOIHBII BEKTOP.

Oynknus ordered(x) geiicrByer ananornuno factor(), Tonabko Kareropun
00sI3aTeIbHO  YIOPSIOYNBAIOTCS ¥ YKa3blBaeTCs YHCIO Kareropuil. PyHKius
is.ordered(x) mpoBepsiet, yIOPSIOYEHBI JI KATETOPUN WU/ HET.

ITpumep 36. Coxpamum ucxodnvil eexmop opros do 30 ssemenmos u 60CNoAb-
syemcs ordered().

> opros2=opros[10:40]
> opros2

Conpamu,/m GEKMMOP U B6BIBEAU €20 HA IKPAH.

[1] "Cramkep" "Conspuc" "3epkaino" "He 3HaN"

[5] "Augnpeit Py6mes" "MBaroBo gmercTtBo" "CTrankep" "Conapuc"

[9] "Bepxkamo" "He 3HaN" "Augpeit Py6bne"  "HBaHOBO meTcTBO"
[13] "Cramkep" "Consapuc" "3epkaino" "He 3HaW"

[17] "Auppeit Pybmen" "Banoso merctBo" "CTamkep" "Conapuc"

[21] "3epxamno" "He 3HaD' "Auzpeit Py6bues" "IBaHoBO HmeTCTBO"
[256] "Crankep" "Conapuc" "3epkaino" "He 3Haw"

[29] "Aumpeit Pybme"  "UBamoBo mercTBo" "Cramkep"

Tenepv nposepum Ha YnopadouenHoCms Kame2opul.

> is.ordered(opros2)
[1] FALSE

Henoavsyem ordered()

> opros3=ordered (opros2)

> opros3
[1] Cranxep Conapuc 3epxkaio He 3HaD
[5] Amgppeit Pybmer  lBanoBO neTcTBO CTankep Conspuc
[9] 3Bepkamo He 3HaD Argpeit PybneB  /lBaHOBO IETCTBO
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[13] Crankep Comnspuc Bepxkaio He 3HAD

[17] Augpei#t Pybner  lBamoBO meTcTBO CTamkep Comnsapuc

[21] Bepxkano He 3Hao Annpeit PybneB  MBaHOBO HEeTCTBO

[25] Crankep Consipuc 3epkaio He 3HaK

[29] Amppeit Pybmer  lBanoBo meTcTBOo CTankep

6 Levels: Aumpeit PybneB < 3eprano < lMBaHOBO ZeTcTBO < He 3Haw < ... < Cramkep

U CHOBG NPOBEPUM HA YNOPAJOUEHHOCTD.

> is.ordered(opros3)
[1] TRUE

[IpoBepka Ha MPUHAIEKHOCTD KAKOr0-1100 00beKkTa K (pakTopam OCyIIeCTB-
nsiercst ipu nomoru dyukun is.factor(), nepesos B dpakroper — as.factor() (
as.ordered() — HepEBOAUT B YIODsIIOUCHHBIE (DAKTOPHI).

> is.factor(opros2)

[1] FALSE
> as.factor(opros2)

[1] Cranxep Conapuc 3epxkaio He 3Hao

[5] Ammpeit Pybnes  lBaHoBO mercTBo CTankep Conspuc

[9] Bepxamo He 3Ha Angnpeit Pybies BaHOBO HOETCTBO
[13] Crankep Comnspuc 3epxkaio He 3HAD

[17] Amgppeit Pybmer  lBanoBo meTcTBo CTankep Comnsapuc

[21] Bepxano He 3HaL Aunpeit PybneB  llBaHOBO HEeTCTBO
[25] Crankep Consapuc 3epkaio He 3HaW

[29] Amppeit Pybnes lBamoBO meTcTBO CTankep
Levels: Amgmpeit Pybne 3epkano llBamoBo meTcTBO He 3Haw Comapuc Crankep

Eciu my»kHO mepesectr (hbakTOpbl B BEKTOPBI, TO UCHo/b3yeM as.vector(). [Tpu
9TOM (DAKTOp MPEOOPABOBBIBAETCS B CUMBOJILHBIN BEKTOD.

> x=rep(c(1,5,7,3,2),6);x

[1] 157321573215732157321573215732
> y=factor(x);y

[1] 157321573215732157321573215732
Levels: 1 2357
> is.vector(y)

[1] FALSE
> z=as.vector(y);z

[ ST AL LU L L SO AL L L L U A L L
[17] ’|5l| |l7|l ’|3l| |l2|| ’|1|| |l5|| ’|7l| |l3|| ’|2|| |l1|| ’|5|| |l7|| ’|3|| |l2|l
> is.vector(z)

[1] TRUE
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Dyukmus gl()

Oyuxius gl() mosBosisier co3aBaTh KaTeropuaJjbHble JAHHBIE C 33JIaHHBIM
HCJIOM YPOBHE# (KaTeropuii, (hakTopos).
[Tomnas 3anmch

gl(n, k, length, labels, ordered = FALSE)
Pazbepém aprymeHTHI:
® N — IEJIOYNC/IEHHBIN apryMeHT, 38/J1a6T KOJINIECTBO PA3JINIHBIX KATETOPUIi.

e k — 1le/l0uMCIICHHBIIl apryMeHT, olpeje/iseT CKOJBLKO pa3 9TU KaTeropHu
BCTpeYatoTcst (YMCJI0 TIOBTOPEHNit Habopa KaTeropuii).

> g1(5,3)
(11 111 222333444565H5
Levels: 1 2 345

e length — nesounciennbIii apryMenT — JIMHA CO3/IaBA€MOI0 KaTeropuaib-
HOTO BeKTOpa (mo ymosdanuio length = n-k). Eciu 3aannas 1mHa MeHb-
1re npoussejieHnst N-K, To Oy/IeT CO3/1aH yCeUEHHBIH BEKTOP, €CJIN 3aJaHHAs
JUHa Gostbine, yeM n-K, To KaTeropuaabHblii BEKTOP JJIMHBI N-K MOBTOPSI-
eTcsl JIO TeX T0P, MOKa ero JIJINHa He COBHAJIET C 3aJIaHHOI.

> g1(5,3,15)
(11 11 1222333444555
Levels: 1 2 3 4 5
> g1(5,3,12)
[1] 111222333444
Levels: 1 2 345
> g1(5,3,25)
1] 1112223334445551112223334
Levels: 1 2 34 5

e labels — cumBoOJIbHBII apryMeHT, BEKTOD JJIUHBLI N, 330NN HA3BAHUSI
KaTeropuii (1o yMoJTIaHuIo 3a/[al0TCsl IUCI0BbIe KaTeropun labels = 1:n).

gl(5,3,15,1abels=LETTERS[1:5])
[1] AAABBBCCCDDDEEETE
Levels: ABCDE
gl(5,3,15,1labels=c(’kaTeropusl’, ’kaTeropus2’, ’kareropus3’, ’kaTeropuss’
’kaTeropusb’))
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[1] xaTeropusil xaTeropusl kaTeropusl KaTeropusi2 KaTeropus2 KaTerOpHUa2
[7] raTeropua3 kaTeropusa3 kKaTeropus3d kKaTeropus4d kaTeropuséd raTeropussd
[13] xaTeropmsb kaTeropusb raTeropusab
Levels: kateropual kaTeropua2 KaTeropusa3d KaTeropuaé4 kareropmusab

e ordered — JlormYecKuili aprymMeHT, OmpeaesdeT, Hy?KHO JIU YIOPSA0UYNBATD
kareropuu (1o ymosrdanuio suadenne FALSE).

gl(5,3,15,1labels=c(’kaTeropusal’, ’kaTeropusa2’, ’kaTeropusa3’, ’kaTeropusd’,
’kaTeropusb’), ordered=T)
[1] xaTeropusil xaTeropusl kaTeropusil raTeropusi2 KaTeropus2 KaTerOpUa2
[7] raTeropus3d xraTeropus3 kKaTeropus3d kKaTeropus4d kaTeropuséd raTeropussd
[13] xaTeropusb kaTeropusb raTeropusb
Levels: kateropual < kaTeropua2 < KaTeropua3 < kKaTeropuaé4 < kaTeropusab

5.6.2 Tabaurpr — table()

Hpyras dyHKIms, 103BOJIsIONAasd paboTarh ¢ KATErOPUAJIHHBIMU JIAHHBIMU —
table(umst o6bekTa). OcobeHHOCTH ITOM (DYHKINN 3aKII0UACTCS B TOM, ITO OHA
HE TOJIbKO BBIJEJISIET Pa3/IMTIHble KATETOPUN JIAHHBIX, HO U CUCTEMATH3UPYeT UX,
yKa3bIBas CKOJIbKO 3JIEMEHTOB HAXOJIUTCA B KaxKJIoi Kareropuu. B pe3yibrare pa-
6orel table() mosryunm TabiuiLy, epBast CTPOKa KOTOPOH — 9TO Pa3nvdHble KaTe-
ropuH, a BTOpasi — CKOJIBKO pa3 OHU BCTPEUAIOTCS.

IIpumep 37. Ilpodossicum npumep 36 u npumenum x 6eKmopy OPros2 Gynruuo
table().

> table(opros2)

opros2
Aunpeit PybneB  3epkano lBaHoBO ZeTcTBO He 3Haw Condpuc
5 5 5 5 5
Crankep
6

Kareropun ynopsiyiouennl. Eciin B mepBoHavdabHOM MaccuBe JaHHbIX ObLin N A
u (nm) NalN, ro npu dopmupoBanuu tabauisl oHu OyayT oTOpoIieHbl. ITo6bl ux
YUeCTh HAJI0 IPOIKCATh JIONOJIHUTEbHBIH aprymenT table(x,exclude=NULL).

ITpumep 38. /Jlobasum 6 sexmop opros2 saemenmovs NA u NalN.

> opros2=c(opros2,rep(c(NA,NaN),c(6,9)))
> opros2
[1] "Cramkep" "Consapuc" "3epkamno" "He 3HaN"
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[5] "Augppei#t Pybmes" "Banoso mercTBOo" "CTamkep" "Congapuc"
[9] "3epxkamno" "He 3Hap" "Augnpeit Pybnes" "IBaroBO meTcTBO"
[13] "Crankep" "Comsapuc" "3epkano" "He 3Hap"
[17] "Amppeit Py6ien" "UBanoBo metctBO" "CTamkep" "Conspuc"
[21] "3epxamno" "He 3Hap' "Auppeit Pybnes" "VBaroBO HeTcTBO"
[256] "Crankep" "Consapuc" "3epkaio" "He 3HaL"
[29] "Auppei Py6ies" "UBanoso pmercTBo" "CTamkep" NA
[33] NA NA NA NA
[37] NA "NaN" "NaN" "NaN"
[41] "NaN" "NaN" "NaN" "NaN"
[45] "NaN" "NaN"
Ilocmpoum mabauyy, ombopacwvisas NA u NaN
> table(opros2)
opros2
Annpeit PybmeB  3epkamo UBanoBo meTcTBO  He 3Haw Couspuc
5 5 5 5
Crankep
6

U ywumoleas ux

> table(opros2,exclude=NULL)
opros2

NaN  Amgpeit Pybnes
9 5 5
Comnsapuc Crankep <NA>
5 6 6

3epkano /BaHOBO LEeTCTBO

5

He 3Haw

5

[Ipunamnexkaocts obbekTa K Kiaccy table() mposepsiercst mpu momorin
is.table(), a mepesox B 3TOT KIIacc — as.table().

IIpumep 39. IIposepum, npunadsescam au eexmop u gaxmop % kaaccy table()
u wmo bydem, ecau nonvmamves nepesecmu eexkmop u gaxmop 6 xaacc table().

> x=rep(c(1,5,7,3,2),6);x
[1] 157321573215732157321573215732
> y=factor(x);y
[1] 1573215732157321573215732157332

Levels:

12357

Cosdasu eexmop u na ocrnose amozo éexmopa gaxmop. Ilposepum ux na npunao-
aedrcrocmy K Kaaccy table().
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> is.table(x)
[1] FALSE
> is.table(y)
[1] FALSE

Ilonpobyem paccmampusamsv éexmop X kax table().

> z=as.table(x);z

A B CDEF GHTI J KL MDNUOU P QI RS TUV W
i 57 3 215 7 3 2 15 7 3 2 15 7 3 2 157
Al B1 C1 D1

5 7 3 2

> is.table(z)

[1] TRUE

Ananoeuvno u ¢ paxmopom y.

> z=as.table(y);z

Omubxa B as.table.default(y) : He Mory mpeobpaszoBaTb B Tabiuiy
> is.table(z)

[1] FALSE

Kaxk mokasano B npumMepe BeKTopa, daktopbl u Tabsmipl (table()) —sro pas-
HBIE CTPYKTYpbL. BeKTOpa MOXKHO paccMaTpuBaTh Kak Tabuuipbl (IPH 9TOM KazK-
JIBII 9JIEMEHT BEKTOPa — 9TO CKOJIBLKO pa3 BCTPEUYAETCs HeKasl KaTeropusl, MMeHa
KaTeropuii 00pa3yoTcs IpU MOMOIIHN JIATHHCKOTO ajipaBuTa), a (pakToOpbl — HeJlb-
3.

Tabuiy MOKHO ITpeobpa30BaTh B BEKTOP:

> as.vector(z)
[11 157321573215732157321573215732

Bamernm, 9TO B 9TOM ciiydae (B OTJHYne OT MpeobpasoBanusi (GaKTOPOB B BEKTO-
PBI) YKCIIa HE CTAHOBSITCSI CUMBOJIAMMU.

5.7 Tabauipl JaHHBIX

Tabmumpsr (peiiver nanneix) (data frames) — oguH U3 CaMbIX BarKHBIX THIIOB
naHubIx B R, mosBossionuit 06beIMHATE JaHHbIE PA3/IIMIHBIX TUIIOB BMECTE.

Ecim cierka ynpocrurs, To Tabinna JaHHBIX — 9Ta JByMepHAas TaOJHIA, B
KOTOPOii (B OT/IMYMe OT YHCJIOBBIX MATPHIL), Pa3Hble CTOJOIBI MOIYT COAEPIKATD
JIAHHbIE PA3HbIX TUIOB (HO BCe JAHHBIE B OAHOM CTOJIOIE MMeIoT ofuu Tui). Ha-
IpuMep, TakKas TabJIMIa MOXKET COJEPKaTh Pe3y/IbTarhl KciepuMmenta. Co3narn
dbpeiiM 1aHEBIX MOXKHO ¢ TIomotbio dyHakun data.frame():
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> frm <- data.frame(datal, data2, ...)

SILGCB MHOI'OTOYHME O3HadacT, 9YTO CIIMCOK JJaHHBLIX MOXKET COIdepzKaTb ITPOMn3-
BOJIBHOE YHCJIO 9J1eMeHTOB. B Kadectse jannbix (datal, data2, ...) moryT BbI-
CTyIIaTh BEKTOPBI (YUCIOBBIE, CHMBOJIBHBIE UM JIOTUIECKHUE), (DaKTOPbI, MATPHILHI
(‘{I/IC.HO— Bbl€, CUMBOJIbHbBIEC NJIN JIOFI/I‘IGCKI/IG), CIIMCKHU WUJIA JIpyrue Ta6JH/H_[I)I JaHHDBIX.
HpI/I 9TOM BC€ BEKTOPBI JOJI2KHbI UMETHb OJMHaKOBYIO JAJINHY, & MaTPUIbl U TabIn-
I[bl — OJIMHAKOBOE (Takoe ¥Ke) 9hCI0 CTPOK. MOryT TakKe BCTPeYaTbCsi BEKTOPHI,
JUTMHA KOTOPBIX MEHBIIle, HO B 9TOM CJIydae 9Ta JJIMHA JIOJKHA ABJIATHCS JIeJIH-
TeJleM MaKCHMaJIbHOH Berpedatomeiica aymubl. To ke TpeboBaHMEe IPEIbABIIAET-
ca K KoMmroneHTaM ciuckos. Qynknua data.frame mpocro cobupaer Bce JaHHBIE
BMecTe. CUMBOJIbHBIE BEKTOPhI KOHBEPTUPYIOTCA B (hakTOpbl. OcTa/ibHbIE JAHHDBIE
cobuparoTcst Bo ppeiiM TaKuMU, KaKie OHI eCTh.

ITpumep 40. Cosdadum mabruyy dannvix no wemupém cmydenmam — 200 pootc-
denus u 200 nocmynaenus 6 BY3.

Y = matrix(c(1988,1987,1989,1989,2005,2005,

2006, 2005), nrow = 4)

rownames(Y) = c("UBamos", "Vmbamo", "Kpacumoma", "YcToros")
colnames(Y) = c("roxm poxmerus", "roxm mocTymmeHus")

IIpu obpausenuu nosywuM CAeYIOUYI0 MAbAULY:

> Y

TOJ, POXIEHUS TOJ INOCTYILICHUS
BaHOB 1988 2005
YabgHOB 1987 2005
KpacuoBa 1989 2006
YcToros 1989 2005

Jobasum 1Ho6vlE CMOAOUDL — eCmb AU Y CMYIEHMA 30400AHCEHHOCTNY, U HE KAKOM
KYpPCe.

n = c(FALSE, TRUE, FALSE, FALSE)

y=c(2,1,3,2)
Yi=data.frame(Y,n,y)
Y1

TOJ POXIEHus TOoJ INOCTYIJICeHUS ny
BaHOB 1985 2002 FALSE 2
YabsgHOB 1987 2004 TRUE 1
KpacuoBa 1986 2003 FALSE 3
YcToros 1984 2001 FALSE 2
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Iepeumenyem nocaedrue cmosbuv, U cHo8a vi6edem MabAULY

colnames (Y1) [3] = "zamomxeHHOCTH"
colnames (Y1) [4] = "xypc"
Y1

TOZ POXIEHWS O IOCTYIUICHHS 3aLO0JIKEHHOCTb KYpC
BanoB 1985 2002 FALSE 2
YabpsgHOB 1987 2004 TRUE 1
KpacHoBa 1986 2003 FALSE 3
YCcTroB 1984 2001 FALSE 2

Ecau cpeu aprymentos dbyukimn data.frame() ects crimcok, To Kazkiasi ero
KOMIIOHEHTa IIpeBpalaercsd B cTojber (ppeiiMa n nMeHa cToJION0B (DOPMHUPYIOTCS
CaMOCTOSITEJIBHO, ITO BUIHO U3 IIPUMeEpA.

> 1st = 1list(1:4,FALSE, c("A", "B"))
> data.frame(lst)
X1.4 FALSE. c..A....B..

1 1 FALSE A
2 2 FALSE B
3 3 FALSE A
4 4 FALSE B

Hoctyn K sjeMeHTaM TaOJIUIbI OCYIECTBIIAETCH JIByMsl CIIOCODAMH: B «MaT-
PUYHOM» HJIM «CIHUCKOBOM» CTUJIAX. B 1epBoM ciydae yKa3bIBaIOTCS HOMEPa WU
UMeHa CTPOKM u cTosibna. Bo BropoMm Tab/miia paccMaTpuBaeTcs Kak CIIUCOK, 9J1e-
MEHTaMU KOTOPOI'O SIBJISIFOTCsI CTOJIONBI TAOJIUIIBI, B YTOOBI OOPATUTHCA K €ro 3Jie-
MEHTY HY?KHO YKa3aTh WMs HJIH HOMED 3TOrO 3JeMeHTa (T. e. UMsl WJIH HOMEp
crosibIia), a 3aTeM UMs UM HOMED CTPOKHU.

IIpumep 41. Beprémca x npumepy 40.

Y1["UBaroB", "xypc"]
[1] 2

Y1["YcToros",]
TOL.pPOXOEHNsI TOZ.IOCTYIJIEHNS 33L0JIXEeHHOCTb KypC

YcToroB 1989 2005 FALSE 2

Y1[4, 3]
[1] FALSE

Y1[,c(2,4)]
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TOJ . IOCTYIJIEHUST KYpPC

BaHOB 2005 2
YibsaHOB 2005 1
KpacrHoBa 2006 3
YcToros 2005 2
Y1$xypc

[1] 2132

Y1[["samomxerxHocTn"]] [3]
[1] FALSE

Y1[["zamonxernocTs"]] [2]
[1] TRUE

PeakTupoBars TabImIBl TAHHBIX MOXKHO U B peJakTope (cM. pazzes 5.3.1 sroit
IJIABBI).
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I''1aBa 6

BBoa m BeiBo naHHBIX B R

B makere R peasimzoBano 00JIbIIOE KOJIUIECTBO (DYHKIINIA, TO3BOJISIONINX CUH-
THIBATH JIaHHBIE U3 (DailIoB, a TaKxKe 3allNChIBATh JaHHbe. B 9Toil ryraBe OyIyT
PacCMOTPEHBI TOJLKO OCHOBHBIE U3 HUX (C OCTaJIbHBIMU (DYHKIIUIMHI BBOJIA/ BBIBOJIA
JKeJIAIOIIe MOTYT CAMOCTOSITE/IbHO O3HAKOMUTHCH ).

6.1 Bsoa manabix B R

B s7oit wactn pacemorpum ciepyomue GyHKIAN, TTO3BOJISIONINE BBOIUTD JTaH-
mele B R.

e scan( );

e read.table( ) u read.csv( ).

6.1.1 ®yukius scan( )

JlaHHBIE CIUTBHIBAIOTCS B BEKTOP WJIM B CIIUCOK C KOHCOJIU WU U3 (haiiia.
[Tonnbrit Bu:

scan(file = "", what = double(0), nmax = -1, n = -1, sep = "",
quote = if(identical(sep, "\n")) "" else "’\"", dec = ".",
skip = 0, nlines = O, na.strings = "NA",

flush = FALSE, fill = FALSE, strip.white = FALSE,
quiet = FALSE, blank.lines.skip = TRUE, multi.line = TRUE,

comment.char = "", allowEscapes = FALSE,
encoding = "unknown")
AprymeHTsr:
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file — nma daiina, oTkya cuuThHIBaIOTCA JanHbie; ecu file=, To npounsBo-
JIATCST BBOJL C KJIABHATYPBI; €CJIU 3aJ[aH0 TOJIBKO MMsi (baiiia, To oH (daii)
UINETCs B TEKYIIell JUPEKTOPUN; WHade 3aJ1aéTcd MOJTHBIN MyTh K hailry;
moxkeT ObiTh 1 URL.

what — 3agaéres tun canreiBaembix jganabix: logical, integer, numeric,
complex, character, list; eciiu caurhiBaeTcst cmcok, To cTpoku B haiise
BOCIIpUHUMAIOTCA KaK IIOJId CIIMCKa YKa3aHHBIX BbIIIEC THUIIOB]

nmax — IeJjoe IOJOKUTEIbHOE YUCJIO — MAKCUMAJIbHOE YUCJI0 JAHHBIX JJIs
YTEHUs WJIM MaKCUMaJIbHOE YHMCJIO 3allUCE B CIHCKE; IIPU IIPOILYCKE 3TOrO
apryMeHTa WU [IPU HEIPABUJILHOM €ro 3aJJaHuu (haiiyi CIUTHIBACTCH JI0 KOH-

a;

n — Iejoe MOoJIOYKUTEIbHOE YUC/I0 — MaKCUMAaJIbHOE YHUCJI0 JIAHHBIX JJId UTe-
HU¢; HellpaBUJIbHbIE 3HAYECHUA WJIM He THUIa integer urHopupyoTcs

sep — pas3JenTelb oJeil; 110 YMOJTIaHUIO - IIPoDeT;

quote — BUJI KaBbIUeK (JBONHbBIE WU OJMHAPHBIE);

dec — secarudHbIil pasennTeb (TOUKA MM 3aIaTasi);

skip — 11eJ10€ 0JI0XKUTEIbHOE UHUCJI0 — YUCI0 CTPOK (haiiia, KOTOpbIe CJie-
JIyeT POIYCTUTD Mepe]] ITEHUeM;

nlines — neJsioe IIOJIOZKHUTEJIbHOE YHCJIO — MaKCUMaJIbHOE YUCJIO CTPOK JIid
CUUTBbIBaHUA,

na.strings — cuMBOJIbHBIII BEKTOP — €I'0 3JIEMEHThI HHTEPIIPETUPYIOTCA KaK
nporymieHHbie 3uadennss NA; MycTble MOJIsd O yMOJYIaHUIO CIUTHIBAIOTCS

kak NA;

flush — sormueckuit aprymenr — 3Hadenne TRUE nmosBosster 106aBIaThH
KOMMEHTAPUN K CIUTBIBAEMBIM JIAHHBIM TIOC/I€ ITOCETHETO0 CIUTAHHOIO TIOJIA
(HO He GoJtee OJIHOTO);

fill — normveckmit apryment — 3nadenne TRUE mobasisrorest mycTbie moJist
K CTPOKaM, B KOTOPBIX KOJIMYECTBO ITOJIeil JAHHBIX MEHBIIe OIPeIeIEHHOTO
rapaMeTpoM what;

strip.white — Jjrormdeckuii BeKTOp; MUCIOIB3YyeTCSd TOJIBKO €C/IM 3aJaH Ia-
pameTp sep, yJajsier MycToe MPOCTPAHCTBO (Mpobest) Tmepesi CUMBOJIBLHBIME
[IepEMEHHBIMU U TI0CJI€ HUX;
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quiet — Jyroruueckuii apryment; npu 3uadennn FALSE ¢ynkiusa BoiBeer
COODIIEHNE O TOM, CKOJIBKO 9JIEMEHTOB OBLIO ITPOYUTAHO;

blank.lines.skip — Jioruuecknii apryment; npu 3uadennn TRUE mycrbie
CTPOKM UTHOPUDPYIOTCS (He CUUTBIBAIOTCsI) (3aMeTuM, 4To napaMerpbl skip
u nlines Bcé paBHO OY/IyT yUUTBHIBATH BCE IIYCThIE CTPOKH);

multi.line — Jjorudeckuii aprymenT; HCIOJb3yeTcs ecjin apryMmenT what
npununmaet 3uadenwue list; npu snavenun FALSE Bce 3amucu OyayT cauTanbt
B o1Hy cTpoKYy; ecyn ke u fill=T, To ureHune npu J0CTUKEHUN KOHIA CTPOKH
OyJleT IpeKpalleHo;

comment.char — cuMBOJILHBIA APTYMEHT, OIIpee/IdeT SHaK KOMMEHTapPUA;

allowEscapes — jlorndeckuit apryMeHT — Hy2KHO JIU CJIEJIYIOIINE TOCJIE/10-
BaTEJILHOCTH CUMBOJIOB \1, \a, \b, \ f, \7, \t, \v 1pu drennn paccmarpuBarh
kak koMaHIpl ( TRUE) mwin npocro kak cumBosiel ( FALSE);

encoding — cUMBOJIbHBII apryMeHT, 3a/Ia€T KOJUPOBKY CUNTHIBAEMOTo (haii-
JIa.

6.1.2 @Pynknun read.table() u read.csv()

Ecnu ucxosnbie qaHHbIe PEJCTaBICHBI B BUJE TAOJUIBI U UTOTOBBIA PE3y/Ib-
Tar JOJKeH ObITh Tabsmieid (ppeiiMoM JIaHHBIX), TO y/I00HEEe BOCIOJIb30BATHCSI
dbyuxuueit read.table( ) subo read.csv().

[Tonnag 3anuch yHKINAN:

read.table(file, header = FALSE, sep = "", quote = "\"’",
dec = ".", row.names, col.names,

as.is = !stringsAsFactors,

na.strings = "NA", colClasses = NA, nrows = -1,

skip = 0, check.names = TRUE, fill = !blank.lines.skip,
strip.white = FALSE, blank.lines.skip = TRUE,
comment.char = "#",

allowEscapes = FALSE, flush = FALSE,

stringsAsFactors = default.stringsAsFactors(),
fileEncoding = "", encoding = "unknown")

Vupoménnuble BapuaHThbl (HYHKITUN:

read.csv(file, header = TRUE, sep = ",", quote="\"", dec=".",
fill = TRUE, comment.char="", ...)
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read
fill
read
fill
read
fill

.csv2(file, header = TRUE, sep = ";", quote="\"", dec=",",

= TRUE, comment.char="", ...)

.delim(file, header = TRUE, sep = "\t", quote="\"", dec=".",

= TRUE, comment.char="", ...)

.delim2(file, header = TRUE, sep = "\t", quote="\"", dec=",",

= TRUE, comment.char="", ...)

KOTOpPbIEe OCOOEHHO II0JIE3HBI IPU CYUTBHIBAHUU JIaHHbIX u3 daitio Excel. Jlna
9TOTO UCXOMHBIN (hailyl coxpaHseTcd B hopMaTe .CSV U 3aTeM MPOYUTHIBAETCS TTPU
HOMOIIH OJIHOf U3 4eTHIPEX IPUBEIEHHBIX Bble QYHKIUi (JIydIle BOCIOIb30BATb-
cst read.csv2()).

AprymeHTsr:

file — obsizaTenbubBIl aprymenT, uMs daiiia;

header — jorngeckuii mapamerp; npu 3uadernnn TRUE cauTbiBatoTcs nmena
IepeMeHHbIX u3 (aiia;

sep — pa3/eJUTeNb MOJIell; 0 yMOTIAHUIO - IPOOeT;
quote — BUJ KaBbIUeK (JBOIHBIE NN OJMHAPHBIE);
dec — nmecATUUHDIN pa3ienTesb B Yncaax (TOYKa WK 3alATas);

row.names — BEKTOP UMEH CTPOK; IPeJICTaBJIsAeT co00il MO0 BEKTOP C NMe-
HAMHU CTPOK HTOTOBOI TaOJIMIIBL; JIMOO YUCIO — HOMEDP CTOJIONA MCXOMIHOM
TabJIUIbI ¢ HA3BAHUSAMU CTPOK; JIMOO MMsI CTOJIONA CUUTHLIBAEMON TabJIUIIbI,
IJIe TPUBEIEHBI HA3BAHUS CTPOK; €CJIU TOT ImapaMerp He 3aJiaH, TO CTPOKH
B UTOTOBOI Tab/nIle OYIyT MPOHYMEPOBAHDI;

col.names — BEKTOp UMEH CTOJIOIOB B UTOIOBOI TAOJIUIE; IO YMOJJIAHUIO
— «V<HOMEp cTOoJIOIa> »;

as.is — Hy»KHO JI CUMBOJIbHbIE [I€PEMEHHBIE, He TPE0OPA30BAHHDBIE B YUCJIO-
BbI€ WJIN JIOTUYIECKHE, IEPEBOIUTD B (DAKTOPHI. as.is — b0 JIOTHIeCcKuit, Jin-
00 YHCJIOBOI BEKTOD, ONPEJIE/IIONINi CTOIOIbI, HEKOHBEPTUPYEMbIE B (ak-
TODHI.

colClasses — cUMBOJIbHBIIT BEKTOD; OIPeIeIsieT KJIACCHI JJAHHBIX B CTOJIO-
nax (CHMBOJIbHBIE, JIOTWYECKUe, YHUCJIOBbIe, JaThl). BO3MOKHbBIE 3HAUEHUS:
NA — apromarudeckasi Koupepranus TunoB jgaHHbix, NULL — crosberr
npoiryckaercs (JlaHHble He TPeodPa3OBBIBAIOTCS ), THIT JAHHBIX B KOTODbIi
Oy/IyT 1epeBejieHbl dJIeMeHThl cToso1a, factor;
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na.strings — cUMBOJIBHBIN BEKTOD, 9JIEMEHTHI KOTOPOTO TIPH YTEHUH UCXOJI-
HO¥t Tabsiunbl B (haitie OyayT unTeprpeTupoBaThcsd Kak NA;

Nnrows — HGJIO‘{I/ICJIGHHBIﬁ aApryMeHT; olIpe/iesjideT MaKCuMaJIbHOE YUCJIO CYU-
ThIBa€MbIX CTPOK]

skip — MOJIOKUTEIbHBIN TEJIOYUCICHHBI apryMEeHT; OIpeJIe/IsdeT YUCTIO
CTPOK, IMPOITYCKAEMBIX IIEPE]] UTEHNEM;

check.names — siornvecknit apryment; npu 3uadeann TRUE nmena nepe-
MEHHBIX Oy/IyT TPOBEPEHBI HA CUHTAKCUIECKYIO TPABUIBHOCTDH U OTCYTCTBUE
JlyOJIMPOBaHUS;

fill — noruveckuit apryment; npu 3uadennn TRUE cTtpoku pasHoit JiMHbBL
Oy lyT UPUBEJIEHbI K eJIMHON (MaKCUMAJIbHON) JOOABIEHUEM IIyCTBIX TOJIEi;

strip.white — jjoruveckunit aprymMmenT; UCrob3yeTcs TOJIBLKO €CJIU ONPE/IC/ICH
pas3jaeauTeNb Sep, M03BOJIAeT yOUPaTh MPOOEIbI Iepe/] U MOCIe CHMBOJIbHBIX
IIepEMEHHbBIX;

[Tpumeuanmust:

Oyukius read.table() sBisercs OCHOBHOI JIst CUNTBHIBAHUS JAHHBIX U3
TaOJINIL.

IToste Ta6.HI/H_LbI CHUTaECTCA IIYCTBIM, €CJ/IN B HEM HUYEro HeT (,ZLO 3HaKa KOM-
MeEHTapud Wik JO0 CUMMBOJIa OKOHYaHUA CTpOKI/I).

Ecyin mapamerp row.names He onpejie/iéH (T.e. He 3a/laHbl NMEHa CTPOK pe-
3yJILTUPYIOIIEH TabJIMIbl), a JJIMHA 3aroJIOBKa Ha €JIMHUILY MEHBIIe YhC/Ia
CTOJIOIIOB, TO TEPBBIl cTOJIOEIL Oy/IeT paccMaTPUBAThCs KaK CTOJIOEIl ¢ Ha-
3BaHUSMU CTPOK.

Yucso ¢TosIONOB B CINTHIBAEMOI TaOJIUIIE OIIPE/Ie/ISIeTCsl aBTOMATHIECKH T10-
cJ1e TIPOYTEHNsT TIEPBBIX IISATH CTPOK.

Bcé, uro maxoguTcs B MCXOAHONM TAO/IUIE IMOCTE 3HAKOB KOMMEHTApUsd, HeE
CUUTBIBACTCS.

SaﬂaHI/Ie ITapaMeTpa Nrows (HyCTb JazKe C O4eHb N30LITOYHBIMY 3HAYCHUA-
MI/I) IIO3BOJIZAET YMEHBIINTDL 3aTPpaThbl IIaMATH.

J1st arenust GOJIBIINX MATPUL HPEAHOYTHTEIbHEE UCIOIBL30BATD (DYHKIUIO
scan().
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6.2 BriBoag ganabpIX B R

3/1eCh MBI pACCMOTPHM CJIeLyIonTHe (DyHKIAN:
e write();
e cat();

e write.table(), write.csv() u write.csv().

6.2.1 Pyukinusa write()

Oynkuus write() npeaHasHaueHA JIJIs 3aMUCH JIAHHBIX (B OCHOBHOM MATPHIL)
B R. Eé Bun:

write(x, file = "data",
ncolumns = if(is.character(x)) 1 else 5,
append = FALSE, sep = " ")

AprymeHTsr:

® X — JlaHHbIe, KOTOPbIE HYYKHO 3aIINCAThH;
o file — uma daitra, Kyga Oyer 3amnucana nHGOPMAIINS;
e ncolumns — 4ucj0 cTOIOIOB, B KOTOPLIX OyJ/IeT 3anncaHa nHMOOPMAIIHST;

e append — Jyiornyeckuii aprymenT — ecsu 3Hadenne TRUE, o nanmnbie 10-
Uiy Ted B uexoaubiit dait, ecom ke FALSE, To daitn Oymer nepenmcan
3aHOBO;

e sep — pasjesuTeab cToiooB ( \t — Tabysrms)

Eciin B kauecTBe aprymenTa (hyHKINHN 33/IaTh TOJBKO JIaHHBIE — Write(x), To
oHU OyJ/IyT BBIBEJICHBI Ha SKPAH.

6.2.2 Pyukius cat()

Oynknus cat() umeer Buj

cat(... , file = "", sep = " ", fill = FALSE, labels = NULL,
append = FALSE)

Eé aprymenTsr:

e ... — 0obbekTHl R, KOTOpBIE Oy/1yT 3amucansl B (aii.
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o file — umsa daiira, Kyaa OyjaeT 3anncana HHGOPMAIIN; €CJIU ITOT apryMeHT
OTCYTCTBYET, TO JIaHHbIE OYIYT BBIBEJIEHBLI Ha SKPaH;

e Sep — pa3/e/uTeNb JEMEHTOB 3aIUChIBAEMOTO O0bEKTA;

e fill — yrormueckuit MM MOJOKUTETBHBIN TEJOUUCICHHBIH apryMeHT — KOH-
TPOJIIPYET CO3IaHIe HOBBIX CTPOK B 3armcbiBaemMoM (aitne. Eciu fill — unc-
JIOBO#i, TO 3aJ1aéTCs JIMHA CTPOKU (KOJMYIECTBO CHUMBOJIOB B CTpoke). Ecim
fill — noruveckuit u ero snadenne FALSE, To HOBbIe CTPOKM CO3/1a10TCSI
TOJILKO TP HAJIMYUHU B 3aIIMCBIBAEMbIX JIAHHBIX CUMBOJIA ’\n”; ec/u 3HaUe-
nne TRUE, 1o 3agaérca jponosiurenbHbiil apryment width, ompemessio-
Uil JIMHY co3/iaBaeMoil B daiijie CTPOKU;

e labels — cumBoJIbHBIN BeKTOD, 3a/1al0Mnii Ha3BaHus cTpokK. rnopupyercs,
eciu ecan apryment fill=FALSE.

e append — Jjioruvueckuii apryMeHT — HCIOJIb3YeTCsd, eC/In 3aJaH0 M aii-
ja. Ecian 3nadenne aprymenta TRUE, To HOBBIe jgaHHBIE JT00aBISIOTCS K
ncxomgaomy daiiny, eciim FALSE, To 3anmncbiBaloTcss BMECTO CTAPBIX.

Oynknus cat() npeobpa3oBBIBAET MCXOIHBIE JaHHBIC B CUMBOJIbHBIE, 00HE/ -
HYeT UX B €JIMHbIN CUMBOJIBHBII BEKTOD M 3allNChIBAET B 38 IaHHBIN (aiil.

6.2.3 Pysknmm  write.table(), write.csv() wm
write.csv()

Oyuknun write.table() sanuceiBaer Tabsuily JaHHBIX (MM MATPUILY) B 3a-
Jnanubiil dair. Ecin s3amucbiBaeMblii 00beKT He siBisgercs: Tabsmieii (ppeitmom
JIAHHBIX ), TO OH aBTOMATUYIECKU OyJIeT KOHBEPTUPOBAH.

Buy dyskmun:

write.table(x, file = "", append = FALSE, quote = TRUE, sep = " ",
eol = "\n", na = "NA", dec = ".", row.names = TRUE,
col.names = TRUE, gmethod = c("escape", "double"))

PaznoBuanocTu:

write.csv(...)
write.csv2(...)

AprymenTsor:

e X — 3ammuchiBaeMblil 00beKT. [Ipeamoaruresbaee, 9ToOBI 3TO ObLIA MATPUIIA
win Tabsuna (ppaiiM) JaHHbBIX.
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e file — uma (aiina, B KOTOpBIit OyAyT 3aliicaHbl JaHHbBIE.

e append — JOrnIecKuii apryMeHT — UCIIOIb3YeTCsl, €CJIM TOJBKO 38 [aH0 MM
daitsra. Eciu 3nadenne aprymenta TRUE, To HOBBIE jTaHHbBIE JT00AB/IAIOTCS
K ucxogaomy daiiry, ecin FALSE — zanucbkiBaioTcsi BMECTO CTapbIX.

e quote — Jjiormveckuii MM YKUCJIOBO aprymeHnT. Eciu quote ssisiercs Jio-
rudeckuM aprymenTom u ero suadenne TRUE, To Bce cumBosbHbIE TTepe-
MeHHbIe U (haKTOPbI OYy/yT 3amucanbl B (ailjl B JBOMHBIX KaBblukKax. Hcjm
sunavenue aprymeata FALSE — cuMBosibHbBIE IepeMeHHbIe 1 (DaKTOPBI 3aIl-
chiBaloTcsd 6e3 KaBbrieK. Kcim quote — 4mc/ioBoii BEKTOP, TO €10 3J1eMEHThI
3a/1aI0T HOMepa, CTOJIOIOB, B KOTOPBIX JaHHBIE JIOJIKHBI OBITH 3alCaHbl B
KaBbluKax. Haspanus cTo/IONOB U CTPOK O YMOJTYAHUIO OYIYT 3allUCAHBI B
KaBBbIIKAX.

® Sep — apryMeHT, OIIPeIesIAIoNINN Pa3le/InTe/b [10JIeil; 3HaYeHUd B KaxKJ0i
CTPOKE MCXOIHBIX JIAHHBIX PA3ACJIAIOTCH STUM CAMBOJIOM.

e eol — cumBost okonuanusi crpoku; g Windows u Unix - "\n”, "\r”; mis

MacOS - "\r".

® Na — CHUMBOJIbHBINI APTYMEHT JId 0003HaICHI OTCYTCTBYIOIIIUX 3JIEMEHTOB
B NCXO/JHBIX JaHHDbIX.

e dec — jecATHYHBI pa3IeInTeNb B YACIaX (TOYKA UM 3aATas).

e row.names — apryMeHT, 3aJal0liil Ha3BaHUsi CTPOK B (ailie. Apryment
60 sorndeckuii (ecam 3nadenne TRUE, To ucnonb3yoTes nMeHa CTPOK,
yKa3aHHble B MCXOJHBIX JIAHHBIX), JIHOO MpeJcTaBIsgeT coOOil CHMBOIBHbII
BEKTOD, HEIIOCPE/ICTBEHHO 3a/IAI0NMUI UMEHA CTPOK.

e col.names — aHaJIOrUYHBII apryMEHT, 3a/1af0IUil UMEHa, CTOJIOIOB.

e qmethod — cuMBOJIBHBIIT BEKTOD, OIPEJIESIONNI KAK IOCTYIIATh C BJIOKEH-
HBIMI JIPYT B JApyra KaBelakamu — “a””. JIBa 3HadeHus — escape (BHeIIHHE
KaBbIUKH youpatorcs - o ymosdanuio) u double (Bce KaBbrakm ocrarorcs).

s dysxiumit write.csv( ) u write.csv2( ) aprymentst col.names, sep, dec
n qmethod He MOryT OBITH U3MEHEHBI.
[Tpumevanust:

e Ecim B mcxojHOI 3altMchbiBaeMoOil TabJ/IUIlEe JAHHBIX HET CTOJIOIOB, TO IIPHU
3alliCl HMMEeHa CTPOK OyAyT IPUCBOEHBI TOJBKO B TOM CJIydae, KOIJa
row.names—TRUE, u nao6opor.
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[} ﬂeﬁCTBHTeﬂbele 11 KOMIIJICKCHBIE€ 9H1CJIa 3allIChIBalOTCAd ¢ MaKCUMaJIbHO BO3-
MOXKHO¥I TOYHOCTBIO.

e Ecim B ncxo/Hoitl 3anucbiBaeMoil Tab/IUIEe JAHHBIX UMEJICh CTOJIONBI ¢ MaT-
PUYHOM CTPYKTYPOil, TO IPU 3aIUCH KaXKJIbIif U3 CTOJIOIOB 3TOW MATPHUIIHI
Oy/IeT Mpe/ICTaBICH B BUJIE OT/EIBHOIO CTOJIONA; B CBA3U C 9TUM apryMEHTHI
col.names u quote JO/KHBI COOTBETCTBOBATDH YUCJTy CTOJIONOB PE3Y/IbTH-
pyloineii TabJIMIbI, a He UCXOTHOII.

e Kaxkplii crosiber; B Tab/uIe JaHHBIX, SBJISIONIANCA CIUCKOM WJIM JIaTOM,
Oy/leT IIepeKOHBEPTUPOBAH B CUMBOJIBI.

e ToJIbKO CUMBOJILHBIE CTOJIOIBI (HJIH CTOJIOIBI, [IEPEKOHBEPTUPOBAHHBIE B CHM-
BOJIBI) GY/IyT IPHU 3allUCH 3aK/IIOUEHBl B KABBIYKN (€C/IH 9TO YKa3aHO B apry-
MeHTe quote)

o Apryment dec mpuMeHSIETCsI TOJIBKO K TEM CTOJ0IAaM, KOTOpPbIe He ObLIN
[IEPEKOHBEPTUPOBAHBI B CUMBOJIBHBIE (T.€. TOJBKO K YHCJIOBBIM JIAHHBIM).

*.CSV daitiibr

Oyuknun write.csv( ) u write.csv2( ) ucnosb3yiorest s 3amucu haiios B
dopmare *.csv.

Eciu napamerp row.names=TRUE, o 3nauenus napamerpos qmethod u
col.names ycranasuBaercss NA; ecin 2ke row.names=FALSE, to qmethod=
col.names=TRUE.

st dyukiun write.csv( ) mapamerp dec npunnmaer 3uadenue . a napa-
MeTp sep — 7.

g dyukuun write.csv2( ) gecaruunsiii paszgenurens dec=","  paszieu-
Tesb 1oJieit sep="%".

3ameuaHwme.

o [lombITKN UBMEHNTH 3HAYMEHUS 10 YMOJTIAHUIO TTapaMeTpoB col.names, sep,
dec 1 qmethod urnopupyrorca u OyJIeT BBIJAHO TIPETYITIPEXK ICHIE.

e Ecimm tabiuia JaHHBIX COMEP:KUT GOJIBIIOE YUCJIO CTOJOIOB (6osiee cra),
dbyuxims write.table( ) paboraer MeIeHHO, TaK KaK KayKIblil CTOJIOEI] MO-
JKeT ObITh IIEPEMEHHOI CBOEI0 KJIacca U II03TOMY 00pabaThiBaeTcs 0TI/ IbHO.

ITpumep 42. Cozdadum mabruyy darnvr
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\2

x<-data.frame(a=letters[1:3], b=1:3);x
ab

al

b 2

c 3

rownames (x)=LETTERS [1: 3]

vV V. W N+~
»

=

B
C

0O o PP
w N~ T

U 3aMeEM NPU NOMOULY PASAUNHBLEL PYHKUUT 3aNUWEM IMY MAOAUYY U NPOLUMAEM
co30aHHvLT Patin.
3anuco

write.table(x, file="example.csv", sep=",", row.names=T, col.names=NA,
qmethod="double")

u wmerue

> read.table("example.csv", header=T, sep=",", row.names=1)
ab

Aal

Bb2

Cc3

uaU

> write.csv(x, file="example.csv",row.names=T)

> read.csv("example.csv", row.names=1)
ab

Aal

Bb2

Cc3
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I'maBa 7

bazoBas rpacdpuka B R

B 6azoBoit konduryparun R oius 3 naketos (rpadudeckux NaKeTOB HECKOTh-
KO, HO PACCMOTPUM TOJIBKO OJIMH) OTBedaeT 3a rpaduky — maker graphics. Boi-
JIEJTEM TPU TPYIIIBI BXOJAANINX B 9TOT IMaKeT (pYyHKITHI:

e (yHKIUM BBICOKOTO YPOBHsI (BBICOKOYPOBHEBBIE);
e (hyHKIMM HU3KOTO yPOBHSI (HU3KOYPOBHEBBIE);
e UHTEpPAKTUBHBbIE (DYHKINUN;

DyuKIwy 1epBOro Tuma (BLICOKOYPOBHEBBIE) MPUBOJAT K CO3JIAHUIO Ipadute-
CKOI'O OKHA, B KOTOPOM CTPOUTCS 3aJ[aHHOE N300pazKeHue.

HwuskoypoBHeBble hyHKINN TO3BOJISIOT H3MEHUTD (JOTOJIHATD) y7Ke TIOCTPOEH-
HOe paHee m3oOpazkenme. CaMu OHH He MOTYT CO3/aTh rpadutaeckoe okHo. Kak
IPaBUIIO, OOJIBITTHCTBO HU3KOYPOBHEBBIX (DYHKITHI TyOIUPYIOT apryMeHThI BBICO-
KOYPOBHEBBIX (DYHKIHIA.

Haxkomner, naTepakTUBHbBIE (DYHKIUH IIO3BOJIAIOT 10 IIOCTPOEHHOMY M300paske-
HIIO (rpaduKy) HOIYy9IUTh HEKOTOPYIO HHMOPMAIHIO.

B cirenyromux pasesnax 3Toit riaBbl 60J1€e MoApoOoHO OYIyT PacCMOTPEHBI I'pa-
dudeckue HyHKINN.

7.1 @OyHKIUU BbICOKOI'O YPOBHH

Boraenum ocHOBHBIE (DYHKIIMKA BBICOKOTO YPOBHS:
e par() — coznanue rpaduIecKOro OKHa € 3aJaHHBIME TADAMETDAM;

e barplot() — mocTpoeHre MO3an9HON JrarpaMMbl (CTATHCTHKA);
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boxplot() — nocrpoenne boxplot — o0coboii juarpaMmbl Jjist CTATHCT-
YECKOI'0 aHAJIM3a JIaHHBIX OTHOCHUTE/HHO IIPEIIIO/araeMoro paclpeeIeHus
(crarucruka);

boxplot.matrix() — anasoruuno boxplot;
bxp() — ananornuno boxplot;

contour() — nocrpoenne rpaduKa ¢ KOHTYPHBIME JTUHUSIMA (JTHHUSIMEA yPOB-
Hsl);

curve() — mocrpoemne JUHAN (KPUBOI);
dotchart() — Toueunble quarpaMmbl (CTATHCTHKA);
frame() — 3aganue HOBOrO rpaduIecKoro OKHa;
plot.new() — 3amanme HOBOro rpaduIecKoro OKHa;
hist() — mocTpoenue rucrorpaMmbl (CTATUCTHKA);

image() — mocrpoeHue IBETHO! IPAMOYTOIBHON CETKH COMVIACHO 3aIaHHbBIM
1BeTaM;

matplot() — usobparkenune 31€MEHTOB CTOJOIOB OJHO MATPHUIIBI OTHOCH-
TEJIbHO 3JIEMEHTOB COOTBETCTBYIOIIMX CTOJIOIOB JPYIOif MATPHUIIH;

mosaicplot() — mocTpoerre MO3anIHON JrarpaMMbl (CTATHCTHKA);
persp() — mocTpoeHne TPEXMEPHBIX TPahUKOB;

pie() — mocTpoenne KpyroBoii JinarpaMMbl;

plot() — ocHoBHast DYHKIMSI TIOCTPOEHUsI IBYMEPHBIX TPadUKOB;
plot.data.frame() — rpadudeckuii anaan3 Tab/IuIl JAHHDIX;
plot.default() — mocrpoenune auarpamMmbl pacceMBaHUS ;
plot.factor() — mocrpoenne juarpammbl paccenBanust Jjist (GaKTOPOB;

plot.formula() — nocrpoenue auarpaMmbl pacCenBaHUsI ¢ TIOMOIIBIO CTPYK-
Typsl formula;

plot.histogram() — mocrpoenne rucrorpaMMbl (CTATHCTHKA);
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e plot.table() — rpaduvecknii anagn3 TabJUIbI JAHHBIX (IIOCTPOEHUE MO3a-
UYHBIX JIHAIPAMM );

e screen — ympasJicHue rpaduIecKuM OKHOM;
e stem() — mocTpoenue IpeBeCHOI AuarpaMMbl (CTATHCTHKA);
e stripchart() — nocrpoenue guarpammer paccenBanus (axasor boxplot()).

PaccmatpuBats ke OyieM TOJIBKO HEKOTOPBIE U3 BBIIEITPUBEICHHBIX (DYHKITHIA.
DYHKIINNA, OTHOCAIINECST K CTATUCTHKE, OYIyT PacCMOTPEHBI OTAEJIbHO B ITOCOOUH,
ITOCBSIIIIEHHOM TEOPUN BEPOsITHOCTEH M MaTeMaTudecKoi craructuku B R.

7.1.1 @yskiusa par()

Hauném noapobHoe paccMOTpeHHe BBICOKOYPOBHEBBLIX rpadudecKkux (pyHKIMit
¢ par(), onpe/esonieil BCe ImapaMeTphl CO3/[aBaeMOro rpaduaeckoro okHa. B

dyHKIIH:
par(..., no.readonly = FALSE)

3/7ech ... — apryMeHTbl BUJla UMA—3HAYEHUS UJIU CIINCOK UMEHOBAHHBIX apry-
MEHTOB, OIPEJIE/IAIONNX BUl I'padpudeckoro okna. s Toro, 9ro0bl y3HATH BCe
aprymenThl dhyHKIn par(), Heobxo Mo obparuThes K Heil B R.

> par()

Pesynbrar — cosmanue rpadpuaeckoro oKHa W BBIBOJ ciiiucKa (u3 70 KOMIIOHEHT)
BCEX €ro IapaMeTpoB (M3MeHsIeMbIX U HeM3MEHSEMbIX ), T.e. apI'yMeHTOB (DyHKIIK
U UX 3HAYEHUN, COOTBETCTBYIOMNX JAHHOMY IpadrIecKOMy OKHY.

$xlog $cin $family $1height $mkh
$ylog $col $fg $1ljoin $new
$adj $col.axis $fig $1lmitre $oma
$ann $col.lab $fin $1ty $omd
$ask $col.main $font $1wd $omi
$bg $col.sub $font.axis $mai $pch
$bty $cra $font.1lab $mar $pin
$cex $crt $font.main $mex $plt
$cex.axis $csi $font.sub $mfcol $ps

$cex.lab $cxy $lab $mfg $pty
$cex.main $din $las $mfrow $smo
$cex.sub $err $lend $mgp $srt
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$tck $usr $xaxs $xpd $yaxs
$tcl $xaxp $xaxt $yaxp $yaxt
Bropoit aprymenr dynknun par(..., no.readonly = FALSE) —

no.readonly — sioruveckuit apryment, eciiu ero 3uadenne TRUE u ne 3aanbt
JIpyTue apryMeHTbhl, TO Oy/IyT BBIBEIEHBI TOJBKO Te TapamMerpbl dyHKIimn par(),
KOTOPBIE YCTAHOBJICHBI JIJIsi TEKYIIEro rpaduaecKoro OKHa 1 MOT'YT ObITh YCTaHOB-
JieHbl (M3MeHeHbl) B jasbhefimem. Takux napamerpos — 65.

Taxum 06pa3oM, TOJILKO 5 apryMeHToB (GpyHkinuu par() He MOryT ObITh 38/IaHbI
u (W) W3MEHEHbI [0JIb30BaTeIeM. DTO CJIEYIONINE apryMeHThI:

A1 1n??

cin” — pasmep (IUpuUHA, BHICOTA) CUMBOJIOB B JIOMaX,

“cra” — pa3mep (mupuHa, BHICOTA) CAMBOJIOB B pacTpax (MUKcessax) (HeKo-

Topble rpaduvecKue yCTPOCTBA YCTAHABIMBAIOT IIPOU3BOJIBHBIN pa3Mep
[HKCeJIst, OOBIHO OKO0JI0 1/72 moiiva),

k) 177

CSI’’ — BBICOTA CUMBOJIA B JIIONMAaX,
Ycxy”’ — paszmep CHUMBOJIA, B 10JIb30BATEIbCKIX €JIMHI-
rnax (emHATBI pasmMepa,ornpeieIEHHbIe [IOJTb30BaTEe/IEM —

par(’cxy”) = par(”cin”) / par(”pin”)) u, Hakower,

’din” — pa3mepbl rpaduueckoro ycTpoicTBa B JTIoiiMax.

U3 ocrasimxcst 65 aprymMeHToB (apamerpoB rpaduieckoro OKHa) CJIeLyoIie
(21) moryT OBITE 3ajaHBI TOJIBKO B (byHKIWHN par():

“ask” — srormueckuii apryment (mo ymosdanuto 3Hadenne FALSE); npu
snadennn TRUE B nHTEpakTUBHOM peKUME 3alpaliuBaeT pa3pelieHre Ha
IIOCTPOEHNE HOBOT'O M300PaKEHUsI;

’fig” — amcsoBoit BekTop c(x1, X2, y1, y2) — 3a1aéT KOOPJAUHATHI 00JIACTH
BBIBOJIIMOTIO PUCYHKa Ha rpadudeckoM 0ObeKTe (0 yMOIIaHUIO CTPOUTCS
HOBBIIT 00BEKT, YTOOBI JOOABUTH CO3/IABAEMBII K Y2Ke CYIIECTBYIONIEMY HE00-
xoamuMo 3a1aTh mapamerp new=7T); ”fin”=c(width, height) — napamer-
PBI 06JIACTH, HA KOTOPOIi CTPOUTCS N300pazkeHue, B AroiMax (10 yMOTIaHTIO
CTPOUTCST HOBBIl OOBEKT € 3aJJAHHBIM [APAMETPOM );

7lheight” — uwnciioBoit aprymenT, 3aJafouii MHOKUTEb BBICOTHI CTPOKHU
BBIBOJIUMOI'O TEKCTa (BBICOTA CTPOKU = BBICOTA CHMBOJIA (110 YMOJTIAHUIO) X
MHOXKHUTEJIb BBICOTHI CUMBOJIa X MHOXKHUTEJIb BBICOTHI CTpOKI/I), UCIIOJIB3YETCsd
B text();
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e “mai”=c(BHU3, BJIEBO, BBEPX, BIIPABO) — 4YHCJIOBOIl BEKTOp — mHapa-
MeTphl (B JII0iiMax) OTCTYIa OT OBJACTH ¢ M300parKeHueM (110 yMOJTIAHUIO
c(1.02, 0.82, 0.82, 0.42)); "mar”’=c(BHu3, BJIeBO, BBEPX, BIIPABO) —
YHCJIOBOW BEKTOP — HapaMeTpbl OTCTYIA (B JHHHUAX) OT O0JIaCTH ¢ M300-
paxenneMm (o ymosdanuio c(5, 4, 4, 2) + 0.1); "mex” — cumBoJbHAsS
[epeMeHHasl, OMUChIBAIONIAs apaMeTPhl OTCTYIIA OT 00JIACTH C PUCYHKOM;

e “mfcol” u "mfrow” — uucioBsle BekTOpa Buja c(nr, nc), rpaduueckoe
OKHO pa3buBaeTCst Ha NI X Nc MOJOKOH, B KOTOPBIX OY/yT BbIBEJIEHBI N300~
parkeHusI, MOPSIAOK 3aIl0JIHEHNsT — 110 CTOJIOIAM U CTPOKAM, COOTBETCTBEHHO
(IpU 5TOM YMEHBINAIOTCS pa3MepPbl BBIBOAUMOIO B M300parKEHUIX TEKCTA);
"mfg”—=c(i, j) — 9muCcI0BOI BEKTOP, APTYMEHTHI KOTOPOTO OIPEJIEIISIOT Bbi-
BOJIMMBII CJIEJYIONMM PUCYHOK (U3 co3gaHHOro ¢ mnomornsio “mfcol” wmm
“"mfrow” mMaccuBa pUCYHKOB);

e "new” — jormueckuii mapamerp; npu 3nadennn TRUE cieayiomast Bbico-
KOYpPOBHEBas KOMaHIa He OYUIaeT Ipaduieckoe OKHO Iepej] IOCTPOCHHEM
rpacduka; mo ymosdannio umeer 3uadenne FALSE;

970ma?7

— YHCJIOBON BEKTOD C(BHU3, BJIEBO, BBEPX, BIIPABO) — 33/alT B
JIMHUSAX pa3Mepbl BHEITHETO MoJjid I'padudeckoro okna, ’omd” — 9ucI0BOI
BekTOp c(x1, X2, yl, y2) — 3a1aéT pasmepbl BHEIIHEro T0Jis Ipadude-
CKOTO OKHa B JIOJISIX BCero rpaduyueckoro okHa (rak HasbiBaembie NDC ko-
Op/IMHATHI — HOPMUPOBAHHBIE KOOPAMHATHI ycrpoiicTBa (normalized device
coordinates)); "omi” — uucsoBoii BekTop ¢(BHU3, BJI€BO, BBEPX, BIIPABO)

— 33J1a€T B JII0MIMAaxX pa3Mepbl BHEITHErO IM0JIs TPahuIecKoro OKHa;

e ”pin” — Tekymwe pasmepsl (MIUPUHA U BHICOTA) M300payKeHUs B JIIONMAX,
”plt” — BekTop BHia c(x1, x2, yl, y2) — KOOpJAMHATEl M300pasKeHUs B
JI0JIAX TpaduIeckoro okHa, ’ps” — 9mcsIo —pa3Mep TeKCTa B TOYKaX (OJHa
TOYKaA MpUMepHO paBHa 1/72 moitma), 7pty” — cuMBOJIBHBIN napamerp —
ompeessieT THII 00JIaCTH, BbIJIEIsIeMOIl 1101 n300pakenue, ”’s” — KBapaTHasd
00J1acTh, ’m” — MaKCUMaJbHO BO3MOXKHAs 00JIACTbh;

e “usr” — unciaoBoil BekTop Buia c(x1, x2, yl, y2) — 3a1aér nupejebHbie
[OJIB30BATEJIbCKIE KOOPANHATHI 00IaCTH n300pazkenns (HadaabHOe U KOHEU-
HOe 3HAYEHUS 10 OCSM);

e ’xlog” u ’ylog” — normueckme apryMeHTBI — HYXKHO JII OCEBYIO IIKAJY
[IEPEBOJIUTH B JIOTapuMUIECKYIO (POPMY.

OcrasbHble 44 aprymMeHTa MOI'YT 3a/1aBaThCs Kak B par(), Tak U B IPYIUX I'pa-
dbuaecknx GyHKIMAX (BBICOKOYPOBHEBBIX U HI3KOYPOBHEBBIX ), IOITOMY UX Oy1eM
paccMaTpuBaTh B CIEAYIOMUX pa3jesaax 3TON IJIaBbI.
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3ameuanne. Bo nzbekanne BO3MOXKHBIX HEJIOPa3yMeHUil, CBA3AHHBIX C CO3/1a-
HueM TrpadUIecKux OKOH, PEKOMEHIYeTCs MPUCBANBATH [TapaMeTPhl HOBOI'O I'Da-
dpudeckoro okna HEKOTOPOI ITepeMeHHO, YTOOBI B JIAJIbHEHIIIEM MOXKHO OBLIIO Bep-
HYTBhCsI K UCXOJIHBIM ITapaMeTpaM ( [0 YMOTIAHUIO).

op = par(mfrow = c(3,3), mar = .1+ ¢c(2,2,3,1))

par (op)

7.1.2 @yukius plot()
OyHKIUSA
plot(x, y, ...)

[I03BOJIsIET T'PadUIECKn 0TOOPAKATH 3aBUCUMOCTD Y OT X.
AprymenTs! QyHKITUH:

® X — KOOD/JMHATHI TOYKHU Ha rpaduke.

® y — KOOpJAUHATHI 11O OCHU Y, €CJIN 3a/[aHbl COOTBETCTBYIOIIME 3HaAYEHUA 110 OCH
X.

® ... — JOIIOJIHUTEJ/IbHbIE apl'yMEHTDI. K muMm orHOCATCA:

— type — CUMBOJIBHBII apryMeHT, OIPE/IE/ISONUN TUIT TOCTPOEHUsT T'Pa-
dbuka. Bosmoxkubre 3navenust: ’p” — touku (kpyru), "1’ — munum, ’b”
— JIMHUHU ¥ TOYKH, ~’C”’ — CTPOSTCs TOJBbKO Juauu u3 ’b’”’, ’0” — Touku
U JIMHUU IIepecekatoTcst, ’h’”’ — rucrorpaMMo-11og00HbIe BEPTUKAILHBIE

Jimnuu, ’s” —crynenydaras juHUSA, S — Jpyrasg cTyleHdYaTas JIMHUAs

(cm. Bamedanust HuKe), ’n” — HUYEro He CTpouTes (HO 3aTO OIpejie-

JIAIOTCsT 00JIACTH O OCsiM). Pe3ybTar pasjimdHOro 3aJaHus mapaMerpa

type npusenén Ha puc.7.l.

99.

0% 99

— log — cuMmBOJIBHBINA aprymeHT — 3ajaérces HasBanume ocu (X7, y
win ’Xy”’), KOOPMHATEI TI0 KOTOPOIi TIEPEBOJIATCSI B JIOrapiuhMIIECKY IO

IIKAJTY.

— lty — crunb smaun. Bosmoxkubie 3nadenus: ’solid” (1) — crutontaast
munus; ’blank” (0) — orcyrersyer smnnst; ’dashed” (2) — mrpuxo-
Bas jmaus; dotdash” (4) — mrpux-nynkrup; ’dotted” (3) — myHk-
tupHas gunns; “longdash” (5) — maunnbLl mTpux; "twodash” (6) —
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Puc. 7.1: sin(x) npu pasinvHbIX 3HAUEHUSIX apryMeHTa type

JIBOMHOIT IITpuX (CJIe/yeT OTMETUTD, ITO JIOJI2KEH ObITh 3a/1aH IapaMeTp
type="1"). Pesyibrarsl HCIIOJL30BaHES STOTO IapAMETpPa [IpeJICTaBe-

HbI Ha puc. 7.2

xlab, ylab, main u sub — cumBoJIbHBIE TIepEMEHHBIE — Ha3BaHUsI OCeil,
OCHOBHOT'O U JIONOJIHUTEIHHOIO 3aroJioBKOB rpaduka (6osee mogapobHo
— CM. paz/iens! 7.2.2 u 7.2.3 970l r1aBbI).

col — cuMBOJIbHBIH UM 9UCJIOBOI aprymeHT — 1BeT rpaduka. [1oapod-

Hee — cM. paszen 7.1.6 JaHHOII IJIaBHI.

bg — cumBoJIbHAs ITepeMeHHas, oTBevaloIas 3a 1BeT GoHa rpadude-

ckoro okna. [lo ymosuanuto 6esbrit — bg=""white”.
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Puc. 7.2: sin(x) npu pasinvHbIX 3HAUEHUSIX apryMeHTa type

col.axis — cuMmBOJIbHASI ITepeMeHHass — npeT oceil. [lo ymomuanuio 9ép-

weiii — “black”.

col.main — cuMmBoOJIbHAS TIEpEeMEeHHAast — I[BET OCHOBHOI'O 3aroJyioBka. [1o
yMorganuio uépubiii — ’black”.

col.sub — cumMmBosBLHAA ImepeMeHnHasd — IIBeT JOIIOJIHMTEJILHOI'O 3aIlo-

jioBKa. [lo ymomaanuio uépnnrit — ’black”.

fg — cumBoIbHAS TIEpeMeHHAast — IBET PaMKU BOKPYT I'PaduKa.

font.axis, font.lab, font.main u font.sub — uucioBble aprymenTs
— tun mpudTa Ui Ha3BaHUS OCEHl, OCHOBHOI'O W JIONOJTHUTEIHHOIO
3aroJIoBKOB. BosMmoxkHbIe 3HaueHns: 1 — mpocroii (1o yMosdaHuio), 2

— JKUPHBII; 3 — KypcuB u 4 — YKUPHBIN KYPCHUB.
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— lwd — nosoxKuTENBHOE HEI0E YUCIO — TOJIIUHA JTUHUN; TI0 YMOJIIAHIIO
lwd=1.

— xlim — gucnoBoit BekTop ¢(x1, X2) — mpeesIbl o OCH X.
— ylim — gucsoBoii BekTop c(y1l, y2) — mpejiesst 110 ocu y.

— frame — jormveckuit apryMeHT — HYXKHO JI CTPOUTD PAMKY BOKPYT
rpacduka.

pyroit Bapuant ucnosb3oBanust dpyuknun plot(). B kauecrse nmepsoro ap-
ryMeHTa 3a/1aéTcsd UMsi (PYHKITUU, BBIYUC/IAIONIEH 3HAYEHUs 110 OCH Yy, BTOPOW U
TPeTnit apryMeHThl — HavdaJIbHOE M KOHEUHOE 3HAUYECHHE 110 OCH X.

IIpumep 43. ITocmpoum epagur dynruuu y = cos(z) na ompeske [—27; 2] dsy-
MA CNOCOBAMU U 6bl8edeM 6 COUHOM 2PapuuecKom OKHE.
Cravana cozdadum epaduveckoe oxkHo U paddesum €20 Ha 066 NOJOKHA.

par (mfrow=c(1,2))
Ilepswiti epagdur nocmpoum, 3a0a6as MACCUBH, MOYEK NO OCU X U OCUY .

x=seq(-2xpi,2*pi,by=0.01)
y=cos (x)

Cmpoum epagux:
plot(x,y,type=’1’,1ty=1,col="black’,ylab="cos(x)’)

Tenepv 603vMmém 6 Kauecmae nepsozo apeymenma plot() uma dyrnkyuu — cos, a
maxotce 3a0a0umM HAUAADHOE U KOHEYHOE 3HAYEHUSA NO 0CU X — —2T U 2T, CO0Mm-
8EMCMBEHHO.

plot(cos,-2*pi,2*pi)
Pesyavmam npedcmasaen na pucynre 7.3.
Buy dyskiun plot() mo ymosrdanuio:

plot(x, y = NULL, type = "p", xlim = NULL, ylim = NULL,

log = "", main = NULL, sub = NULL, xlab = NULL, ylab = NULL,
ann = par("ann"), axes = TRUE, frame.plot = axes,
panel.first = NULL, panel.last = NULL, asp = NA, ...)

JI1s TIOJTHOM KapTUHBI PACCMOTPUM CJIEJIYIONTNE apryMeHTHI:

e ann — JIOTUYECKUI I1apaMeTp — HYy>KHO JIM BbIBOAUTH Ha3BaHWe PUCYHKA U
oceit; o ymosrganuio 3unadenne TRUE.
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Puc. 7.3: 'paduk dbynknun y = cos(x) Ha orpeske [—27; 27]

axes — JIOTMYECKHUH [apaMeTp — BBIBOJAUTH 00e OCH WM HeT (3HadYeHue
axes = NULLrake mojgassieT BbIBOJL OCEi).

xaxt 1 yaxt — cuMBOJIbHBIE apryMeHThl — youparor och 0x ( xaxt="n’) u
och Oy (yaxt='n’).

frame.plot — noruueckuit mapamerp; npu suadennu TRUE crpoutcsa pam-
Ka BOKPYT I'paduka.

panel.first — BeIpakeHre — OIEHMBAETCS TIOC/IE TTOCTPOEHUsT OCell Ha, T'pa-
duke, HO /10 TTOCTPOEHHSI camoro rpacduka. [losesHo pu mocTpoeHnn ceTKn
Ha rpaduke.

panel.last — BoIpakeHne — OIEHUBAETCSI IOCJIE BBIBO/A I'paduKa.
asp — COOTHOIIECHHeE ¥ /.

lab — uucnosoii BekTop Buja c(x, y, len), rje X u y — 4ncjio MeTok Ha co-
OTBETCTBYIOIIUX OCsX, len — jyimHa nojnuceii K Merkam (He MCHOJIb3yeMblil
napamMeTp). 3HadeHne apryMenTa mo ymosdanuio lab = ¢(5, 5, 7).

las — umc/I0BOIT aprymMeHT — CTH/Ib Ha3BaHUs OCEil OTHOCHUTEIHLHO CAMMX
oceit. Boamoxkuple sHadenns: 0 — Ha3BaHMs BBIBOJAATCA HAPAJLICILHO OCAM
(o ymosraanuio), 1 — ropusoHTAIbHO PACTIOIOKEHNE, 2 — HePIeHINKYIAP-
HO, 3 — BEPTUKAJLHO.
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7.1.3 VYnpasnjenue rpadpmiecKuM OKHOM

Yupasiieane rpadudeckiuM OKHOM (pa30ueHre Ha HECKOJIBKO MOJOKOH) MOXKHO
OCYIIECTBIATH Kak 1pu momornn dbyskimn par() ¢ aprymentamu mfrow u mfcol,
TaK U IIPU TIOMOIIHU CJICTYIONUX (DYHKITHIL:

split.screen(figs, screen, erase = TRUE)
screen(n = , new = TRUE)

erase.screen(n = )

close.screen(n, all.screens = FALSE)

e split.screen() — rpadudaeckoe 0OKHO pa3buUBaeTCs Ha 3aJJAHHOE YHCJIO OKOH,
KaskJi0e U3 KOTOPBIX PACCMaTPUBAETCS KaK OTAeTbHOE I'padUIecKoe OKHO;
[TOJIE3HO TIPU TTOCTPOEHUN OOJIBIIIONO KOJNIECTBa IPpadpUKOB B OJHOM OKHE.

e screen() — BbIOOD TOJOKHA, B KOTOPOM OyIeT OCTPOeH Ipaduk.

e erase.screen() — OYMCTKA ONPEIETEHHOIO MOJOKHA (3aKPAIIMBAETCS 11BE-
ToM (hoHA)

e close.screen() — yiasenue Bcex BBIOPAHHBIX MOJIOKOH.

AprymenTst 3mux OyHKIHIII:

e figs — unCI0BOIl BEKTOP, COCTOSINUI U3 JIBYX 3JIEMEHTOB — YHUCJIO IOJOKOH
o crpokam u 1o crosbam ( figs=c(2,3) osnauaer, uro rpaduieckoe OKHO
pasbuBaercs Ha 2 CTPOKH, B KayKJIOH U3 KOTOPBIX 3 MOJIOKHA).

e screen — HOMep pa3dMBAEMOro MOJOKHA.
e erase — JIOTMYECKUIT apT'yMEHT — HYXKHO JIM OYHINATH JAHHOE OKHO.

® n — HOMEp OKHa B KOTOpOM crpoutcst rpaduk (dyukius screen(n)), giubo
koropoe ouniaercs ( erase.screen()) win 3akpbiBaerca (close.screen()).

e new — Jjiorndeckuii apryment; npu 3nadennun TRUE rpaduueckoe okmo
OyIeT OUUIIEHO Tepe/i TOCTPOEHUEM HOBOI'O I'paduKa.

e all.screens — jioruveckuii aprymenT —cjejyer Jin 3aKpPbITh BCe OKHA.
3amMeuyaHud.

1. Tlepsbiii BbI30B dyHKIuu split.screen() mepesogur R B pexkum pa-
6OThI ¢ HECKOJIbKUMU OKHaMmu. Bce ocrasbhble dyukiun — screen(),
erase.screen(), close.screen() u split.screen() (s nanbreiimmero pas-
6uenus) OyyT paboTaTh TOJIBKO B 3TOM YCTAHOBJIEHHOM pexkuMme. Bbrxo u3
pekuMa pa3breHnst OKHa, OCyIIecTBIIsieTcs Tpu momoru close.screen(all =

TRUE).
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2. TlepBoe cozfanHOe B pe3ysbrare pasOMeHusi OKHO sABJISETCS aKTHUBHBIM (T.e
JIUIsE PabOTBI B HEM He HaJI0 00paIaThCsd K HEMY 110 HOMEDY ).

3. Pexomenmyercs MOTHOCTHIO IOCTPOUTH IPpadUK U BCe JOMOTHEHNS K HEMY B
TEKYIIeM rpaduyueckoM OKHe, IIPeXK/Jie YeM MepexXoIuTh K cieyomemy. [lo-
BTOpPHOE 00paIlleHne K OKHY C y2Ke IOCTPOEHHBIM N300pazKeHneM BO3MOXKHO,
HO Pe3yJIbTaT BHECEHUS M3MEHEHUI HelpeICKa3yeM.

4. @yukuun screen(), erase.screen(), close.screen() u split.screen()
HecoBMecTUMBI ¢ dyHknusmu par(mfrow) u par(mfcol).

5. OyuKIus erase.screen He Oy1eT padboTaTh,eciu (GoH rpaduIecKoro ycTpoii-
crBa npospadnblii (a B R 910 3HaueHune doHa 110 yMordaHuio).

6. [lo okornyanuio paboThl B pexkuMe split.screen ob6sizaTe/IbHO HY?KHO BBIATH
u3 Hero — close.screen(all = TRUE).

Paccmorpum pabory dyHKIHUiT HAa IpuMepe.

IIpumep 44. Cravanra yemanosum don epaduka (no ymosianuo on npospa-
HoLd. )

par(bg = "white")

Tenepv pazobvém epagduyeckoe okHo Ha dee wacmu:
split.screen(c(2,1))

Huotcrroro wacmo chosa paszobvém — moavko menepv Ha mpu 4acmu
split.screen(c(1,3), screen = 2)

IIposepum, ckoavko 3KpPaH08 6CE20 NOAYHUNOCD.

> split.screen()
[1] 12345

HUmozo — 5 oxon: dea boavwuxr u mpu MAAEHOKUT — “ACMU 8MOP020 HONBULOZ0
OKHA.
Buibepem nepeoe okno u nocmpoum 6 HEM 2paduk.

screen(1)
plot(cos,-pi,pi)

Tenepv nocmpoum 2padur 6 4 oxme.
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Puc. 7.4: Pasbuenne rpacdpuaeckoro okua
screen(4)
plot(sin,-pi,pi)
Buixodum us pestcuma pasbueru.
close.screen(all = TRUE)
Pesyavmam npedcmasaen na puc.7.4

ITpumep 45. Chosa usmensem hon epaduieckozo okHa, pa3dusaem cHA%AAL OKHO
Ha d6e wacmu, 6Mmopyro U3 KOmopwvlir ewé Ha mpu.

par(bg = "white")
split.screen(c(2,1))
split.screen(c(1,2),2)

Axmuehoim Aasemea nepeoe u3 Mpex 0KoH, CO30AHHOE 6 PEe3YAbmame 6Mmo-
pozo padbuenus. Ilocmpoum 6 Hém epadux.

plot(1:10)
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Xomum dobasums naseanue ocu y. Jlas amozo cmupaem co3danmnvili epagdur u
CHOBG €20 CMPOUM.

erase.screen()
plot(1:10, ylab=’’)

Ilepexodum x nepeomy okHY, G 34MEM K 4eMBEPTOMY.

screen(1)
plot(1:10)
screen(4)
plot(1:10, ylab="ylab 4")

Bosspawaemcs x nepeomy okny, o He cmupaem e20.

screen(1, FALSE)
plot(10:1, axes=FALSE, lty=2, ylab="")

Buizodum us peostcuma pazbueru.
close.screen(all = TRUE)

Pesyavmam npedcmasaen na puc.7.5

7.1.4 ®Dyuknus contour()

Oynknust contour() — co3naér rpaduk ¢ KOHTYPHBIME JHHASME JIHOO 106aB-
JIseT KOHTYPHbBIE JIMHUH K YK€ CYIIEeCTBYIONEMY T'PapUKY.
[Honuwrit BUA DYHKITIN:

contour(x = seq(0, 1, length.out = nrow(z)),
y = seq(0, 1, length.out = ncol(z)),
z, nlevels = 10, levels = pretty(zlim, nlevels),
labels = NULL,
x1lim = range(x, finite = TRUE),
ylim = range(y, finite = TRUE),
zlim = range(z, finite = TRUE),
labcex = 0.6, drawlabels = TRUE, method = "flattest",
viont, axes = TRUE, frame.plot = axes,
col = par("fg"), lty = par("lty"), lwd = par("lwd"),
add = FALSE, ...)

AprymeHTsr:
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Puc. 7.5: Pazbuenune okua

X, Y — YHMCJOBBbIE BEKTOpa — KOOPJUHATHI JUHAN CETKHU, B KOTOPBIX OIIpe-
JACJIAIOTCA 3HaAYCHUA Z. BHa‘IeHHH BEKTOPOB X M y J0OJI2KHBI KOHE€YHBLI, HE
HoJKHO ObITh NA U JHOJKHBI PaciojaraTbCs B BO3PACTAIOIIEM IIOPIKE.
[Io ymosrganuio 3T BeKTOpa NpUHUMAIOT 3HadeHus Mexkiay 0 m 1. Ecom x
—CIIMCOK, TO ero KommnoHenTol X$x u x$y szamaror Bekropa x n y. Eciu B
CIINCKE €CTh KOMIIOHEHTa X$Z, TO €€ 3HaUYeHUs ONPEJIe/IAIOT apryMeHT Z.

Z — 9HCJIOBas MATPHIA — 3HadYeHus B Toukax (X,y): 2z = (f(xi,y;))is-
nlevels — 4nc/io KOHTYPHBIX YPOBHEH, €c/ii He 3a/laH apryMeHT levels.
levels — «uc/10BOIt BEKTOD YPOBHEl, B KOTOPBIX CTPOATCH KOHTYPHDIC JIMHIH.
labels — cuMBOJIbHBII BEKTOD — METKHM KOHTYPHBIX JIMHUA.

labcex — pa3mMep KOHTYPHBIX JTUHUIA.

drawlabels — jiorudeckunit apryMeHT — BBIBOJI METOK KOHTYPHBIX JIUHUIA.

method — cuMBOIBLHBI APTYMEHT — Olpe/jie/ieHne MeCTa pacloIOKEHUs Me-
Tok. BosmokHble 3navenus: ’simple’; ’edge’ u "flattest’ (mo ymosrganuo).
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’simple’ — MeTKu BBIBOJSTCS Ha Kpaio IpadrKa U HAKJIAILIBAIOTCS Ha KOH-
TypHyIO Jinano. ‘edge’ — MeTKU BBIBOJIATCH Ha Kparo rpaduka, BIUCHIBA-
I0TCA B KOHTYPHYIO JIMHUIO, Pa3/InIHble METKH He mepecekatorcs. 'flattest’
— METKHU BCTPAWBAIOTCS B ILIOCKON YaCTH KOHTYPHOMN JIMHUN, METKH He Iepe-
CeKaroTCs. 3aJlaHre BTOPOTO MJIN TPETHEro MeTOa MOYKET IMPUBECTH K TOMY,
9TO HE BCE METKH OYyJIyT BBIBEJICHBI.

e vfont — 3amanme cemeiictBa mpudToB s MeTok. Ecim snadenne NULL
— HCIIOJIB3YeTCs] CeMENCTBO MIPUMTOB MO0 yMOJTIAHUIO.

e xlim, ylim u zlim — npejenbuble 3Ha4YeHUd JJIA X, Y U Z.

e axes u frame.plot — jiorudeckue apryMmeHTbl — HYKHO JI CTPOUTH OCH U
paMKy BOKpPYT rpaduka.

e col — cuMBOJIBHBII apTyYMEHT — IBET KOHTYPHBIX JIMHUA.
e Ity — Tun juHMN.
e lwd — Tommuna auHMA.

e add — Jlormyeckuil aprymMenT — Hy>KHO JIM J00ABUTH KOHTYPHbBIE JIMHUU K
yxke cymecrByomemy rpadbuky (add=TRUE) win Hamo co31arh HOBBIL.

e ... — JIONOJIHATEJbHBIE apI'yMEHTBHI, OTBeYaoNe 3a BUJ, Oceli, 3aroJIOBKOB
u 1p.

IIpumep 46. M3zobpasum «ysop nepcudckozo xkospas (puc.7.6).
3adadum 3HaUEHUA BEKMOPOS X Uy

X <- y <- seq(-4*pi, 4*pi, len = 27)
U onpedesum Ha HUT GYHKUUIO.
r <- sqrt(outer(x~2, y~2, "+"))

Pa3obvém epaduyeckoe okno na 4 wacmu u 3a0adum pazmepv,. Omemynos om epa-
Puros.

opar <- par(mfrow = c(2, 2), mar = rep(0, 4))

Tenepv dasa passuunoir 3navernutd napamempa f = iw, w = 0,3 nocmpoum 2pa-

dux Pyrryuu z = cos (r?) - e, 20e r = /22 + 12

for(f in pi~(0:3))
contour (cos(r~2)*exp(-r/f),
drawlabels = FALSE, axes = FALSE, frame = TRUE)
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Puc. 7.6: Y30p nepcujickoro koBpa
ITpumep 47. IHocmpoum xKonmypHwit epaduk Npu Pa3AUYHLLT 3HAYEHUAT aPey-
menma method. Cravanra 3adadum aremenmor sexmopa X.
x <- -6:16
Pasbusaem epaduyeckoe oxkno na 4 wacmu.
op <- par(mfrow = c(2, 2))
Tepsviti Korumyphroil epagduk:
contour (outer(x, x), method = "edge", vfont = c("sans serif", "plain"))

Jlas emopozo epagpura onpedeaum z = x/+/|z|. Hocmpoum cnavara 3axpawser-
Hyro cemky npu nomowy dynrkyuu image(x, X, z), Ha Komopol yoice 3adadum
KOHMYPHDIE NUHUL.

z <- outer(x, sqrt(abs(x)), FUN = "/")

image (x, x, z)

contour(x, x, z, col = "pink", add = TRUE, method = "edge",
vfont = c("sans serif", "plain"))
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Tpemuti epagpur:

contour(x, x, z, ylim = c(1, 6), method = "simple", labcex = 1)

U YEeMBEPMBLIL.

contour(x, x, z, ylim = c(-6, 6), nlev = 20, 1ty = 2, method = "simple")

Pesyavmam npedcmasaen na puc.7.7.
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Puc. 7.7: Koutypuble TuHIN TIpU pa3IudIHbIX 3HaYeHUSAX apryMenTa method

7.1.5 ®@yuknus curve()

Oynknus curve( ) crpout rpaduk 3agaHHOM (DYHKIMH HA HEKOTOPOM HHTED-
BaJIe.

curve(expr, from = NULL, to = NULL, n = 101, add = FALSE,
type = "1", ylab = NULL, log = NULL, xlim = NULL, ...)

AprymenTsl byHKIUN:
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e expr — BbIpakeHue Kak PYHKIUs OT X WK UMsI PYHKIUH, IPAPUK KOTOPOI
HYKHO ITOCTPOUTD.

e from u to — 4YKMCIOBBIE apIyMEHTBI — TPAHMIBI OTPE3Ka, Ha KOTOPOM CTPO-
urcst rpaduk. Ecim He 3aaibl 3T apaMeTpbl, TO IPAHUILI OIIPEIEIAIOTC
3HAYCHUEM apryMeHTa T 3aJaHHOIO BhIpasKeHus. FC/m »Ke 1 & He oupee/IcH,
To rpaduk crpontcs Ha orpeske [0;1].

® 1N — YNCJIOBOIl apryMeHT — YHUCJIO TOY€EK, B KOTOPbIX Ollpe/iesisdeTcs 3HaueHne
expr.

e add — syloruveckuit aprymMeHT — HYKHO JiU JIOOABJIATH CTPOANIUICS T'PaduK
K yxe cymecrByomemy (add=TRUE) i myx)H0 co3mars HOoBoe rpadu-
geckoe okHO (add=FALSE).

IIpumep 48. ITocmpoum epaguru neckorvkuxr gynwuyut — fi(r) = x* — 3z,
fo(z) = 22 =2, f3(x) = cos(x) u fi(x) = sin (cos(x) - e=*/?) npu nomowyu curve(),
pesyavmam npedcmasaen Ha puc.7.8.

par (mfrow=c(2,2))

curve(x~3-3*x, -2, 2)

curve(x~2-2, add = TRUE, col = "violet")

plot(cos, -pi, 3*pi)

plot(cos, xlim = c(-pi,3*pi), n = 1001, col = "blue", add=TRUE)
f1 <- function(x) sin(cos(x)*exp(-x/2))

curve(f1, -8, 7, n=2001)

plot (f1, -8, -5)

7.1.6 3ananme 1Beta B R

B R peann3oBaHO HECKOJIBKO BO3MOXKHOCTEN 3aaHUsI IIBETA.

Ilepsasi — 3a7aTh CHMBOJIBHYIO IE€PEMEHHYIO — Ha3BAHUE Hy’KHOIO IIBETa.
Co CIHCKOM JOCTYIHBIX IIBETOB MOXKHO O3HAKOMHTBLCS IIPH IIOMOIH (DyHKITHI
colors() umm colours() — Oyaer BeiBeseH BeKTOp U3 657 HazBanuit 1BeToB. Ecim
pesyibrar Bei3oBa dynkunn colors() (mmm colours()) HpuCBOUTL HEKOTOPOIT TTe-
PEMEHHOI (T.e. CO3JaTh BEKTOD I[BETOB), TO MOYKHO OyJIET UCIIOIB30BATD SJIEMEHTEI
9TOrO BEKTOPA.

> color=colors()

> color[10:30]

[1] "aquamarine2" "aquamarine3" "aquamarine4" "azure"
[56] "azurel" "azure2" "azure3" "azured"
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Puc. 7.8: UcnonbsoBanue dynknuu curve()
[9] "beige" "bisque" "bisquel" "bisque2"
[13] "bisque3" "bisqued" "black" "blanchedalmond"
q q
[17] "blue" "bluel" "blue2" "blue3"
[21] "blued"
Wnn nporre
> colors() [1:5]
[1] "white" "aliceblue" "antiquewhite" '"antiquewhitel"
[5] "antiquewhite2"
> colors()
[1] "white" "aliceblue" "antiquewhite"
[4] "antiquewhitel" "antiquewhite2" "antiquewhite3"
[7] "antiquewhite4" "aquamarine" "aquamarinel"
[10] "aquamarine2" "aquamarine3" "aquamarine4"
[13] "azure" "azurel" "azure2"
[16] "azure3" "azured" "beige"
[19] "bisque" "bisquel" "bisque2"
[22] "bisque3" "bisqued" "black"
[25] "blanchedalmond" "blue" "bluel"
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[28]
[31]
[34]
[37]
[40]
[43]
[46]
[49]
[52]
[55]
[58]
[61]
[64]
[671]
[70]
[73]
[76]
[79]
[82]
[85]
[88]
[91]
[94]
[971
[100]
[103]
[106]
[109]
[112]
[115]
[118]
[121]
[124]
[127]
[130]
[133]
[136]
[139]
[142]
[145]
[148]
[151]
[154]
[157]
[160]
[163]
[166]
[169]
[172]

"blue2"
"blueviolet"
"brown2"
"burlywood"
"burlywood3"
"cadetbluel"
"cadetblued"
"chartreuse2"
"chocolate"
"chocolate3"
"corall"
"coral4"
"cornsilkl"
"cornsilk4"

n Cyan2 n
"darkblue"
"darkgoldenrodl"
"darkgoldenrod4"
"darkgrey"
"darkolivegreen"
"darkolivegreen3d"
"darkorangel"
"darkorange4"
"darkorchid2"
"darkred"
"darkseagreenl"
"darkseagreen4"
"darkslategrayl"
"darkslategray4"
"darkviolet"
"deeppink2"
"deepskyblue"
"deepskyblue3d"
"dimgrey"
"dodgerblue2"
"firebrick"
"firebrick3"
"forestgreen"
"gold"

"gold3"
"goldenrodl"
"goldenrod4"
"grayl"

"gray4"

"gray7"

"gray10"
llgrayisll
"grayl6"
"grayl19"

"blue3"

"brown"

"brown3"
"burlywoodl"
"burlywood4"
"cadetblue2"
"chartreuse"
"chartreuse3"
"chocolatel"
"chocolate4"
"coral2"
"cornflowerblue"
"cornsilk2"

n Cyanll

"cyan3"
"darkcyan"
"darkgoldenrod2"
"darkgray"
"darkkhaki"
"darkolivegreenl"
"darkolivegreen4"
"darkorange?2"
"darkorchid"
"darkorchid3"
"darksalmon"
"darkseagreen2"
"darkslateblue"
"darkslategray2"
"darkslategrey"
"deeppink"
"deeppink3"
"deepskybluel"
"deepskyblue4d"
"dodgerblue"
"dodgerblue3"
"firebrickl"
"firebrick4"
"gainsboro"
"gold1l"

"gold4"
"goldenrod2"
|Igrayll

"gray2"

"grayb"

"gray8"

"grayl1l"
|Igray14ll
"grayl7"
"gray20"
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"blue4d"
"brownl"
"brown4"
"burlywood2"
"cadetblue"
"cadetblue3"
"chartreusel"
"chartreuse4"
"chocolate2"
"coral"
"coral3"
"cornsilk"
"cornsilk3"
"cyan1"

"cyan4"
"darkgoldenrod"
"darkgoldenrod3"
"darkgreen"
"darkmagenta"
"darkolivegreen2"
"darkorange"
"darkorange3"
"darkorchidl"
"darkorchid4"
"darkseagreen"
"darkseagreen3"
"darkslategray"
"darkslategray3"
"darkturquoise"
"deeppinkl"
"deeppink4"
"deepskyblue2"
"dimgray"
"dodgerbluel"
"dodgerblued"
"firebrick2"
"floralwhite"
"ghostwhite"
"gold2"
"goldenrod"
"goldenrod3"
"gray0"

"gray3"

"gray6"

"gray9"
"gray12"
|Igray151l
"grayl8"
"gray21"



[175]
[178]
[181]
[184]
[187]
[190]
[193]
[196]
[199]
[202]
[205]
[208]
[211]
[214]
[217]
[220]
[223]
[226]
[229]
[232]
[235]
[238]
[241]
[244]
[247]
[250]
[253]
[256]
[259]
[262]
[265]
[268]
[271]
[274]
[277]
[280]
[283]
[286]
[289]
[292]
[295]
[298]
[301]
[304]
[307]
[310]
[313]
[316]
[319]

"gray22"
"gray25"
"gray28"
llgraysl n
"gray34"
"gray37"
"gray40"
"gray43"
llgray46Il
"gray49"
"grayb2"
"grayb5"
"gray58"
llgray61 n
llgray64ll
"gray67"
"gray70"
"gray73"
"gray76"
llgray79Il
"gray82"
"gray85"
"gray88"
"gray9ol"
llgray94ll
"gray97"
"gray100"
"green2"
"greenyellow"
"greyl"
llgrey4ll
"grey7"
"grey10"
"greyl3"
"greyl6"
llgreylgll
"grey22"
"grey25"
"grey28"
"grey31"
llgrey34ll
"grey37"
"grey40"
"grey43"
"grey46"
"grey49"
llgrey52ll
"greyb55"
"greyb8"

"gray23"
"gray26"
"gray29"
llgray32ll
"gray35"
"gray38"
"gray41"
"gray44"
llgray47ll
"gray50"
"grayb3"
"gray56"
"grayb59"
llgray62ll
|Igray65ll
"gray68"
"gray71"
"gray74"
"gray77"
llgraysoll
"gray83"
"gray86"
"gray89"
"gray92"
llgraygsll
"gray98"
"green"
"green3"
llgreyll
"grey2"
|Igrey5 n
"grey8"
"greyl1l"
"greyl4"
"greyl7"
llgreyQOH
"grey23"
"grey26"
"grey29"
"grey32"
llgrey35"
"grey38"
"grey41"
"grey44"
"grey4T"
"grey50"
|Igrey53"
"greyb56"
"greyb59"
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"gray24"
"gray27"
"gray30"
"gray33"
"gray36"
"gray39"
"gray42"
"gray45"
Ilgray48ll
"grayb51"
"grayb4"
"gray57"
"gray60"
Ilgray631|
|Igray661l
"gray69"
"gray72"
"gray75"
"gray78"
llgraysi n
"gray84"
"gray87"
"gray90"
"gray93"
Ilgray96"
"gray99"
"greenl"
"green4"
"grey0"

"grey3"

|Igrey6ll

"grey9"

"greyl12"
"greyl5"
"greyl18"
llgrey21 n
"grey24"
"grey27"
"grey30"
"grey33"
"grey36"
"grey39"
"grey42"
"grey45"
"grey48"
"grey51"
|Igrey54ll
"greyb57"
"grey60"



[322]
[325]
[328]
[331]
[334]
[337]
[340]
[343]
[346]
[349]
[352]
[355]
[358]
[361]
[364]
[367]
[370]
[373]
[376]
[379]
[382]
[385]
[388]
[391]
[394]
[397]
[400]
[403]
[406]
[409]
[412]
[415]
[418]
[421]
[424]
[427]
[430]
[433]
[436]
[439]
[442]
[445]
[448]
[451]
[454]
[457]
[460]
[463]
[466]

"grey61"
"grey64"
"grey67"

n grey70 n
"grey73"
"grey76"
"grey79"
"grey82"

n grey85 n
"grey88"
"grey9ol"
"grey94"
"grey97"
"grey100"
"honeydew2"
"hotpink"
"hotpink3"
"indianredl"
"indianred4"
"ivory2"
"khaki"
"khaki3"
"lavenderblush"
"lavenderblush3"
"lemonchiffon"
"lemonchiffon3d"
"lightbluel"
"lightblue4"
"lightcyanl"
"lightcyan4d"
"lightgoldenrod2"

"lightgoldenrodyellow"

"lightgrey"
"lightpink2"
"lightsalmon"
"lightsalmon3"
"lightskyblue"
"lightskyblue3"
"lightslategray"
"lightsteelbluel"
"lightsteelblue4"
"lightyellow2"
"limegreen"
"magental"
"magentad"
"maroon2"
"mediumaquamarine"
"mediumorchidl"
"mediumorchid4"

"grey62"
"grey65"
"grey68"

llgrey71 n
"grey74"
"grey7T"
"grey80"
"grey83"
"grey86"
"grey89"
"grey92"
"grey95"
"grey98"
"honeydew"
"honeydew3"
"hotpink1l"
"hotpink4"
"indianred2"
"ivory"

"ivory3"
"khakil"
"khaki4"
"lavenderblushl"
"lavenderblush4"
"lemonchiffonl"
"lemonchiffon4"
"lightblue2"
"lightcoral"
"lightcyan2"
"lightgoldenrod"
"lightgoldenrod3"
"lightgray"
"lightpink"
"lightpink3"
"lightsalmonl"
"lightsalmon4"
"lightskybluel"
"lightskyblue4"
"lightslategrey"
"lightsteelblue2"
"lightyellow"
"lightyellow3"
"linen"
"magental2"
"maroon"
"maroon3"
"mediumblue"
"mediumorchid2"
"mediumpurple"
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"grey63"
"grey66"
"grey69"

n grey72 n
"grey75"
"grey78"
"grey81"
"grey84"

n grey87 n
"grey90"
"grey93"
"grey96"
"grey99"
"honeydewl"
"honeydew4"
"hotpink2"
"indianred"
"indianred3"
"ivoryl"
"ivory4"
"khaki2"
"lavender"
"lavenderblush2"
"lawngreen"
"lemonchiffon2"
"lightblue"
"lightblue3"
"lightcyan"
"lightcyan3"
"lightgoldenrod1"
"lightgoldenrod4"
"lightgreen"
"lightpink1"
"lightpink4"
"lightsalmon2"
"lightseagreen"
"lightskyblue2"
"lightslateblue"
"lightsteelblue"
"lightsteelblue3d"
"lightyellowl"
"lightyellow4"
"magenta"
"magenta3"
"maroonl"
"maroon4"
"mediumorchid"
"mediumorchid3d"
"mediumpurplel"



[469] "mediumpurple2" "mediumpurple3d" "mediumpurple4"
[472] "mediumseagreen" "mediumslateblue" "mediumspringgreen"
[475] "mediumturquoise" "mediumvioletred" "midnightblue"
[478] "mintcream" "mistyrose" "mistyrosel"
[481] "mistyrose2" "mistyrose3" "mistyrose4"
[484] "moccasin" "navajowhite" "navajowhitel"
[487] "navajowhite2" "navajowhite3d" "navajowhite4"
[490] "navy" "navyblue" "oldlace"

[493] "olivedrab" "olivedrabl" "olivedrab2"
[496] "olivedrab3" "olivedrab4" "orange"

[499] "orangel" "orange2" "orange3"

[502] "orange4" "orangered" "orangeredl"
[505] "orangered2" "orangered3" "orangered4"
[508] "orchid" "orchid1" "orchid2"

[511] "orchid3" "orchid4" "palegoldenrod"
[614] "palegreen" "palegreenl" "palegreen2"
[5617] "palegreen3" "palegreend" "paleturquoise"
[620] "paleturquoisel" "paleturquoise2" "paleturquoise3"
[623] "paleturquoise4" "palevioletred" "palevioletredl"
[526] "palevioletred2" "palevioletred3" "palevioletred4"
[629] "papayawhip" "peachpuff" "peachpuffi1"
[632] "peachpuff2" "peachpuff3" "peachpuff4"
[635] "peru" "pink" "pinkl"

[538] "pink2" "pink3" "pink4"

[541] "plum" "pluml" "plum2"

[544] "plum3" "plum4" "powderblue"
[547] "purple" "purplel" "purple2"

[650] "purple3" "purple4" "red"

[653] "red1" "red2" "red3"

[556] "red4" "rosybrown" "rosybrownl"
[559] "rosybrown2" "rosybrown3" "rosybrown4"
[662] "royalblue" "royalbluel" "royalblue2"
[565] "royalblue3" "royalblue4" "saddlebrown"
[668] "salmon" "salmonl" "salmon2"

[671] "salmon3" "salmon4" "sandybrown"
[674] "seagreen" "seagreenl" "seagreen2"
[677] "seagreen3" "seagreen4" "seashell"
[680] "seashelll" "seashell2" "seashell3"
[683] "seashelld" "sienna" "siennal"

[686] "sienna2" "sienna3" "sienna4"

[689] "skyblue" "skybluel" "skyblue2"
[592] "skyblue3" "skyblued" "slateblue"
[595] "slatebluel" "slateblue2" "slateblue3"
[598] "slateblue4" "slategray" "slategrayl"
[601] "slategray2" "slategray3" "slategray4"
[604] "slategrey" "snow" "snowl"

[607] "snow2" "snow3" "snow4"

[610] "springgreen" "springgreenl" "springgreen2"
[613] "springgreen3" "springgreen4d" "steelblue"
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[616] "steelbluel" "steelblue2" "steelblue3d"
[619] "steelblue4" "tan" "tanl"

[622] "tan2" "tan3" "tan4"

[625] "thistle" "thistlel" "thistle2"
[628] "thistled" "thistle4" "tomato"
[631] "tomatol" "tomato2" "tomato3"
[634] "tomato4" "turquoise" "turquoisel"
[637] "turquoise2" "turquoise3" "turquoise4"
[640] "violet" "violetred" "violetred1"
[643] "violetred2" "violetred3" "violetred4"
[646] "wheat" "wheat1" "wheat2"
[649] "wheat3" "wheat4" "whitesmoke"
[652] "yellow" "yellowl" "yellow2"
[655] "yellow3" "yellow4" "yellowgreen"

Ha puc.7.9 npusenens! Bce ngeta B R.

x=1:657
yl=rep(1,length(x))

plot(x,yl,type=’1’,1ty=1,col=colors() [5],x1lim=c(0,658) ,ylim=c(0,658))
for (i in 2:657) abline(h=i,col=colors()[i])

Takxke 1BeT rpaduka MoKHO 3ajaTh B (popmare RGB — cumBosibHas niepe-
vennas Bujga "H#RRGGBB”, rie napet RR, GG u BB cocrost u3 aByx miect-
Ha/IIIATEPUIHBIX (P U, CJIeI0BATEILHO, MOTYT npuHHMaTh 3HadeHus or 00 10
FF.

Tpermit BapraHT — I[BET MOYKHO 3a/1aTh KaK JIEMEHT BEKTOPA-MAJUTPHI C O~
Moo Gy palette()

> palette()

[1] "black" "red" "green3" "blue" "cyan"
[8] "gray"

> z=palette()

> z[3]

[1] "green3"

"magenta" "yellow"

HerBEpTHIil BApHAHT — IBET MOXKHO 3a 33/1aTh Kak yHknuio rgb(red, green,
blue), rie red, green, blue = 0, 1.

> rgb(0,0,1)

[1] "#O0OOOFF"

> rgb(0,0,0.2)

[1] "#000033"

> rgb(0.1,0.1,0.2)
[1] "#1A1A33"
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Puc. 7.9: [IeroBas naymrpa B R

7.2 @DOYHKIUU HU3KOI'O yPOBHH

K dyukusm HU3KOro ypoBHsI MOKHO OTHECTH:

abline() — mocrpoenne IPsAMBIX JIMHUI B y2Ke CYIIECTBYOIMEM I'PadIIecKOM
OKHE;

arrows() — puCOBaHUE CTPEJIOK;

axis() — nocrpoenune ocu rpaduka;

box() — nocrpoenne paMKu BOKpyT rpaduka,;

grid() — 3ajaHue MpsIMOYTOJILHOI CeTKU Ha rpaduke;
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e legend() — 3aj1anne pasIMIHBIX JIereH ] K TpaduKy;

e lines() — mocTpoeHue JTMHWIA, COETMHSIIONNX 3aaHHbIE TOUKH;
e mtext() — BBIBOJ HAIMCEH B COOTBETCTBYIOIIEH 001aCTH;

e points() — mobasyienue Touek Ha rpaduk;

e polygon() — mocTpoeHre MHOTOYTOJIBHUKOB;

e rect() — mocTpoeHme IPSIMOYTOTHHUKOB;

e segments() — coeJiMHEHNE TOYEK HPSIMBIMU OTPE3KAMHU;

e symbols() — mocrpoerue ojHOro U3 1ectu BUgoB Guryp (Kpyr, KBajpar,
PSIMOYTOJIBHUK, 3Be3/1a, TepMomerp, boxplot) na rpaduke;

e text() — mobasienue TekcTa K rpaduKy;
e title() — mobGaiieHME 3ar0JIOBKOB;

° xspline() — IIOCTpOEHNE CILJIaiilHa OTHOCUTEJIBHO 3aJaHHbIX KOHTPOJIbHBIX
TOYEK.

7.2.1 JlobaBjsieHue HOBBIX O0OBLEKTOB Ha rpadpmk —
dbyukmuu abline(), lines(), arrows(), points(),
polygon(), rect(), segments(), symbols()

B sTo0ii wacTn paccMOTpPUM HU3KOYPOBHEBBIC (DYHKIIUHU, [TO3BOJIAIONINE J100aB-
JISITh pa3ndHble rpadudecKkrne 00bEeKThI K y2Ke IIOCTPOEHHOMY rpaduky.
®Pyuknus abline()

Bun dynkiun:

abline(a = NULL, b = NULL, h = NULL, v = NULL, reg = NULL,
coef = NULL, untf = FALSE, ...)

JI00aBJIAET OJHY MJIM HECKOJIBKO MPAMBIX JIMHUM BUAA Y = @ + br K CO3JIaHHOMY
panee rpaduky.
AprymeHTbl QyHKIIN:

e au b — 4Ync/IOBBIE APIyMEHTHI — TOYKA ME€PECEUeHUs] ¢ OChI0 y U KO3 hu-
[UEHT HAKJIOHA, COOTBETCTBEHHO.
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e h — unc/I0BOIT apryMeHT — 3HaYeHHe 110 OCU Y I IOCTPOEHUS TOPU30H-
TaJIbHON JIMHUU.

® V — YNCJIOBON apryMEHT — 3Ha4YeHUE MO OCHU X JJIA ITOCTPOCHUS BEPTHUKAIIb-
HON JINHUU.

e coef — uucyioBoit BekTOp BHa c(a,b) — 3amaér aprymenTsr a u b.
® reg — YHUCJIOBOI apryMeHT — OIpeje/sdeT BuI psaMoit. Ecim 3ro
— YUCJIOBON BEKTOP JUIMHBI 1 — 3ajaH K03 duiuenT HakjaoHa b mpsmoit
y = bx, npoxojdmieii Yepe3 HavaI0 KOOPIUHAT;
— YUCJIOBON BEKTOP JUIMHBI 2 — 3a/iaHbl apryMEHTHl a 1 b.
e untf — jloruueckuit aprymenT — orBedaer 3a MPUBEJIEHIe CTPOSAIIErocs I'pa-
duka B coorBeTcTBHE € 33 1aHHON cucteMoit koopauHat. Ecin untf=TRUE,
a ozHa u3 oceil (nam 06e) ObLIM HepeBejieHbl B Jorapudmmudeckuii opmar
(aprymentsl xlog u ylog), To npsiMast BCé paBHO CTPOUTCS B UCXOJHOI (He

npeobpa3oBaHHON) CHCTEMe KOODJMHAT, B IPOTUBHOM CJIydae MpsiMasi CTPO-
UTCA COTJIACHO MOJIUMPUITUPOBAHHBIM KOOPIMHATAM.

® ... — JOIIOJIHUTECJ/IbHbIEC apT'YMEHTDI:

— col — 1uBer JiHUN.
— Ity — Tun juanmn.

— lwd — mmmpuna juHun.

Bosmozkmbre BapuaHTbI UCIIOJIb30OBaHUA:

abline(a, b, untf = FALSE, ...)
abline(h=, untf = FALSE, ...)
abline(v=, untf = FALSE, ...)
abline(coef=, untf = FALSE, ...)
abline(reg=, untf = FALSE, ...)

ITpumep 49. Ha npumepe nokasrcem pasiuyHbvie cnocobvl MOCMPOEHUS NPAMDBLT
aunuti 6 R. Pesyavmam npusedén na puc.7.10.

x=seq(-pi,pi,by=0.01)

y=cos(x)

plot(x,y, type=’n’,xlab="x", ylab="y", xlim=c(-pi-0.1,pi+0.1),
ylim=c(-1.1,1.1))

abline(a=0,b=1,1ty=1)
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abline(a=0,b=-1,1ty=2)
abline(coef=c(0,0.5),1ty=3)
abline(reg=c(0,-0.5),1ty=4)

abline(v = -3:3, col=colors() [451:457])
abline(h=seq(-1,1,by=0.5), col=colors() [21:25])
abline (h=0,v=0,1lwd=2,col=’"black’)

0.5

0.0

Puc. 7.10: ITocTpoenune mpsaMbIX JIMHUT

®yuknus lines()
Oynknus lines() coepunsger 3ajaHHble TOUKN OTpe3Kamu. Eé Bu:
lines(x, y = NULL, type = "1", ...)

EjuacTBeHHBIM aprymMeHTOM (DYHKIIUN SBJIAETCA apryMEeHT X — CIHCOK U3 JIBYX
KOMITOHEHT (TiepBasi KOMIIOHEHTa — KOOPJMHATHI 110 ocu 0X, BTOpas — KOOPIMHATHI
no ocu 0y) wiam MaTpuria u3 JAByX CTOJOIOB (IEPBBIil CTOIOEI] — KOOPAUHATHI 110
ocu 0x, BTOpOit — KoopauHaThl 1o ocu 0y ).
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Ecin aprymenT X — 4mUC/I0BOI BEKTOP — KOOPAWHATHI 110 ocu 0X, TO JI0IKeH
OBITH 3a/IaH APTYMEHT Y — KOOPJUHATHI 110 ocu Qy.

Cpen 3Havennii aprymenTos X u (i) y mMoryt 0brth 1 NA. B takom ciryuae
K TOUKE C TaKOi KoopauHaToil (KoopauHaTaMu) (MM OT HeE) mpsMast IPOCTO He
CTPOUTCHA — CO3/IAIOTCS PAa3PBIBLI B JIMHUASX.

Ecmu type = ’h’, To napamerp col, orBeuaroruii 3a MBeT JUHUN, MOKHO
3aJIaTh KAK BEKTOP.

ITpumep 50. IIpusedém neckoavko npumepos 3adarus KoOpAUHAM MOYEK, KOMO-
poule 6yodym coedurervL AUHUAMU.

par (bg="white’)

x=seq(-pi,pi,by=0.01)

y=sqrt (abs(cos(x)))

x1=seq(-3,3,by=0.5)

yl=sqrt(abs(cos(x1)))

split.screen(c(2,1))

plot(x,y, type=’1l’,xlab="x", ylab="y", xlim=c(-pi-0.1,pi+0.1),
ylim=c(-0.1,1.1))

lines(x1,yl,col="blue’,lwd=2)
lines(x1l,yl,type=’h’,col="green’)

split.screen(c(1,2),2)

plot(x,y, type=’1l’,xlab="x", ylab="y", xlim=c(-pi-0.1,pi+0.1),
ylim=c(-0.1,1.1))

z=list(x1,y1)

lines(x1l,yl,col="darkred’,lwd=2)

screen(4)

plot(x,y, type=’1l’,xlab="x", ylab="y", xlim=c(-pi-0.1,pi+0.1),
ylim=c(-0.1,1.1))

z=cbind(x1,y1)

lines(x1l,yl,col="1lightgoldenrod’,lwd=2)

close.screen(all = TRUE)

Pyukius points()

Oynknus points() pucyer ToUKM 3aJaHHOTO THIA (IO YMOJIAHUIO - KPYTH) B
3aJIaHHBIX KoopuHaTax. Buy dbyHkimu:

points(x, y = NULL, type = "p", ...)

CHoBa, TOJILKO OJINH 005132 TEIbHBIN APTYMEHT — X, €CJIM X — CIUCOK I MaTPUIIA
¢ KOOPJMHATAMU CTPOAIINXCA TO4YeK. Kcm X — YuC/I0BOI BEKTOP — KOOPJINHATDHI
1o ocu 0X, TO JIOIIOJTHUTEBHO 33/IaI0TCSI KOOP/IMHATHI 110 ocu 0y — apryMeHT y.
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Puc. 7.11: Coenunennie To4eK JTMHUSIMEI

Ormerum P JOIIOJTHUTEJ/IbHBIX ITapaMeTpPOB:

e pch — 4ncoBOIT apryMeHT — THII PUCYEMOTO CHMBOJIA B TOUKE C 33/ JaHHBI-
Mi KoopjuHaTaMmu. Bo3morkuble 3uadenuss — ot 0 o 255, u3 Hux: 0 — [,
1—0,2—A,3—+,4—x%x,5—0,6—V,7T—KX,8— % 9 — pomb c
KpectoM BHyTpH, 10 — @, 11 — 51Ba nepecekaronuxcs TpeyroJibHuKa, 12 —
H, 13 — ®, 14 — kBajipaT CO BIUCAHHBIM TPEYTOJLHUKOM; CUMBOJIBI 1525
— 3aKpalluBaeMble TeoMeTpuieckne Gpurypsr; 26-31 — He UCIOIB3YIOTCA U
urHopupytorcs npu 3aganun; 32-127 — ASCII cumBoser, 128-255 — pas-
JaugHble cuMBOJIbL. HacTh u3 Hux (0-127) npexcrasienst Ha puc.7.12.

® CceX — YHCJOBOI apryMeHT — BO CKOJIBKO Pa3 YBEJIWYUATHL Pa3Mep BbIBOJIU-
MOT'O CIMBOJIA.

e bg — CUMBOJIBHBIN WK YUCTOBOM apryMeHT — IBeT (POHA, KOTOPHIM MOXKHO
3aKpacuThb CUMBOJIBI 15-25.

e col — cUMBOJIbHBIN WU YHUCJIOBOI apT'yMEHT — I[BET CHMBOJIA.

IIpumep 51. Busedem 6ce cumsorvs oz pynryuu points().
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x=0:20

y=0:20

plot(x,y,type=’n’)

for (i in 0:14)
points(x[i+1],y[20],pch=i,cex = 1.5)
for (i in 15:25)
points(x[i+1-15],y[18],pch=i,cex
for (i in 32:51)
points(x[i+1-32],y[16],pch=i,cex = 1
for (i in 52:71)
points(x[i+1-52],y[14] ,pch=i,cex = 1
for (i in 72:91)
points(x[i+1-72],y[12] ,pch=i,cex = 1
for (i in 92:111)
points(x[i+1-92],y[10],pch=i,cex = 1
for (i in 112:127)
points(x[i+1-112],y[8],pch=i,cex = 1

I
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Puc. 7.12: [Tpumeps! pasinvHbIX CHMBOJIOB, BRIBOJUMBIX (yHKIHeH points()
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Pyuakust arrows()
O yHKIUA

arrows(x0, y0, x1 = x0, y1 = yO, length = 0.25, angle = 30, code = 2,
col = par("fg"), 1ty = par("lty"), lwd = par("lwd"),...)

[IO3BOJISIET PUCOBATH CTPEJIKH Ha yrKe CO3JIAHHOM TI'paduKe.
Eé aprymenTsr:

e X0 u y0 — KOOp/MHATHI TOYKH, OTKY/IA CTPeJia BBIXOJIUT (HAUAJA CTPEJIbI).
MoryT OBITH BEKTOpaMU.

e x1 1yl — KOOpMHATHI TOYKH, Ky/la CTPeJIKa BXOUT (KOoHer cTpesibl). MoryT
OBITH BEKTOPAMU.

e length — nyuna crpenku B jIrofiMax.
e angle — yroa Mexy JPEBKOM CTPEJIbIl I HAKOHETHUKOM (B Tpajycax).

e code — napamerp, ONpeAEIAONUil THII cTpesibl: 1 — ocTpue CTPeJIbl B TOUKe
(x1,91), 2 — ocrpue cTpesbl B TOUKe (Tg, o), 3 — OCTPHE CTPEJIbl B TOYKAX

(z1,91) 1 (o, Yo)-

e col, Ity u lwd — nmapamerpsl, orpejie/Igionue IBeT CTPEJIbl, TUII €€ JTPeBKa
U TOJIIUHY CTPEJIBI.

Kak pucoBath cTpesibl moKa3aHo B IpuMepe 52.

Pyukus segments()
O yHKIUSA

segments(x0, y0, x1 = x0, yl = y0,
col = par("fg"), 1ty = par("lty"), lwd = par("lwd"),...)

coeguHAgEeT PAMBIMA OTPpE3KaMU 3a/JlaHHbIE TOYKMH. ApI‘yMeHTbIZ

e X0 n yO — Hava/ibHblE KOODJIMHATHI — OTKY/Ia OTPE30K BBIXOAUT. MoryT
OBITH BEKTOPaAMU.

e x1 u yl — KOHEYHBIE KOODJMHATHI — KyJa BXOJAUT BXoauT. MoryT ObITbH
BEKTOpaMH.

e col, Ity u lwd — mapamerpsbl, onpenessome BT CTPEJIbl, TUIl JIMHUN 1
TOJIIIIHY.
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IIpumep 52. Hapucyem na epagdure cmpeno.

x=1:12;y=c(12,10,11,9,6,7,5,8,1,3,2,4)

i = order(x,y); x <- x[i]; y <- yl[i]

par (mfrow=c(1,2))

plot(x,y)

s = seq(length(x)-1)# one shorter than data
arrows(x[s], yl[s], x[s+1], y[s+1], col= 1:3,angle=10)

U ceemermast

plot(x,y)

## draw arrows from point to point :

s <- seq(length(x)-1)# one shorter than data
segments(x[s], y[s], x[s+1], y[s+1], col= 1:3)
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— —
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Puc. 7.13: IlocTpoenue cTpes u cerMmeHTOB

®yuknus polygon()

OyHKINA
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polygon(x, y = NULL, density = NULL, angle = 45,

border = NULL, col = NA, 1ty = par("lty"),
., fillO0ddEven = FALSE)

CTPOUT MHOI'OYT'OJIBHUK C 33JIJaHHBIMU BEpPIINHAMU U 33/IaHHBIMU IapaMeTpaMU.
AprymenTs! byHKIUN:

53.

® X 'y — KOOPJUHATHI BEPIIMH MHOTOYTOJbHUKA. EC/In X — CIUCOK U3 JIBYX
KOMIIOHEHT WJIM MaTpHIA U3 JABYX CTOJIOIOB, TO JOCTATOYHO TOJBKO TOIO
aprymenTa. Eciam cpeanm KoopaumHAT ecTh XOTs Obl ogHO 3Hadenne NA, To
MHOTI'OYTOJIbHUK Pas3duBaeTcsi Ha HECKOJIBKO.

e density — umc/0BOil apryMeHT — IJIOTHOCTD IITPUXOBKH MHOT'OYTOJIbHUKA,
qucio auHuit Ha ojuu joiitM. [lo ymomuanuio density = NULL — orcyr-
cTBUE MTPUXOBKU. 3HadeHune density — 0 — He Oyjer HU IITPUXOBKU, HU
3aKkpacku MHoroyrojbHukKa. density = NA wimm orpunaresbHoe 9ucio —
IMITPUXOBKY He OyJIeT, HO MOXKHO 3aKPAINBATh.

e angle — yros HakJIOHa (B Ipajiycax) JIMHAH IITPUXOBKIL.

e col — mnBer BHyTpeHHe#l YacTu MHOroyrosbHuka.Fcmm col=NA, to muO-
TOYTOJIHUK HE 3aKpallliBaeTCsl, €C/JU He OIpeje/ieHa NITPUXOBKa. Kcun
density — nosioxkuTebHOE YUCTIO, TO apryMeHT col 3a/1aéT 1BeT mTPUxoB-
k. Apryment col MoxKeT OBITH BEKTOPOM B CJIyUAe MOCTPOCHUST HECKOJIBKIX
MHOT'OYTOJIbHUKOB.

e border — 1Ber rpaHuUINBl MHOrOyroJbHUKa. llo ymomdanmio —
border=NULL — 1BeT rpaHuiibl COBIIaJIaeT ¢ MBETOM (poHaA IpadUIECKOro
okna. 3HaueHue border=NA o3na"gaeT OTCYTCTBUE TI'DAHUIl. 3JHAYECHUE
border=FALSE »sksuaieatno border=NA, a border=TRUE —
border=NULL. Aprymenr border moxker OBITH BEKTOPOM B ClIydae
[IOCTPOEHNsT HECKOJIBKIUX MHOT'OYTOJbHIKOB.

e lty — Tun mcrnoJib3yeMoit JIMHUHN.

e fillOddEven — aprymenT, oTBevaroniuii 3a oOKpac u IMTPUXOBKY IepeceKa-
IOIUXCS TacTeil MHOTOYTOJIbHUKOB.

Heckoabko BapruaHTOB IIOCTPOCHUA MHOT'OYI'OJIbHUKOB PaCCMOTPEHO B IIpDUMEPE
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dyukius rect()

YacTHbIil caydaii MHOTOYTOJBHUKA — MPSIMOYTOJIBHUK — MOYKHO TIOCTPOUTD C
ITOMOTIILIO (DYHKITUN

rect(xleft, ybottom, xright, ytop, density = NULL, angle = 45,
col = NA, border = NULL, 1ty = par("1lty"), lwd = par("lwd"),...)

Tax Kak OOJBIIMHCTBO apryMEHTOB COBIIQJaeT C apryMeHTaMu (YHKIIHA
polygon(), paccMOTpUM TOJIBKO OTIMIHBIE:

o xleft — seBas KoopauHaTa 110 ocu 0X (CKaJsAp WK BEKTOD).

e ybottom — mmkHsig KoopauHaTa 110 ocu 0y (cKajsip WK BEKTOD).
e xright — npasas koopuHaTa 1o ocu 0X (ckaJjsip WM BEKTOP).

e ytop — BepxHss koopauHata 110 ocu 0y (CKaJjsip Wl BEKTOD).

ITpumep 53. Ilocmpoum HECKONDKO MHO20Y20AbHUKOS U NPAMOY204bHUK0S. CHa-
Yaaa pas3odvLém epaduveckoe OKHO Ha 4 4aCmU.

op = par(mfrow=c(2,2))
B nepeoti nocmpoum mMH020y2000HUK € 3G0GHHBMU BEPWUUHAMU.

plot(c(1,9), 1:2, type="n",xlab="", ylab="")
polygon(1:9, c(2,1,2,1,1,2,1,2,1),
col=c("red", "blue"),
border=c("green", "yellow"),
1lwd=3, 1lty=c("dashed", "solid"))

Ha smopom npedcmasaen cayuati, xoeda odna us xoopduram ecmv NA.

plot(c(1,9), 1:2, type="n",xlab="", ylab="")
polygon(1:9, c(2,1,2,1,NA,2,1,2,1),
col=c("red", "blue"),
border=c("green", "yellow"),
1lwd=3, 1lty=c("dashed", "solid"))

Tp€m’bﬂ Hacmv — NOCMpPOEHUE MHO20Y20A4bHUKOG.

plot(c(100, 250), c(300, 450), type = "n", xlab="", ylab="")
i = 4%(0:10)
rect(100+i, 300+i, 150+i, 380+i, col=rainbow(ll, start=.7,end=.1))

Ha nocaedneti wacmu — npumepol 3axpatiuarus U UWmMpULosKy.
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plot(c(100, 200), c(300, 450), type= "n", xlab="", ylab="")
rect (100, 300, 125, 350) # transparent
rect (100, 400, 125, 450, col="green", border="blue")
rect (115, 375, 150, 425, col=par("bg"), border="transparent")
rect (150, 300, 175, 350, density=10, border="red")
rect (150, 400, 175, 450, density=30, col="blue",

angle=-30, border="transparent")

par (op)
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Puc. 7.14: MuoroyroysbHIKHI

Pyukmus symbols()

[Tpu oMot byHKITIHI

symbols(x, y = NULL, circles, squares, rectangles, stars,

thermometers, boxplots, inches = TRUE, add = FALSE,
fg = par("col"), bg = NA,

xlab = NULL, ylab = NULL, main = NULL,

xlim = NULL, ylim = NULL, ...)
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MOYKHO PHCOBaTh Ha rpaduKe KPyrd, KBaJpaThl, TPAMOYTOJbHUKN, 3BE3/bI, TEp-
MoMmeTphl 1 boxplot.
AprymeHTsr:

X, Y — KOODJMHATHI CO3/IaBaeMbIX pUryp.
circles — BeKTOp pajyCcoB CO3/IaBAEMbBIX OKPY2KHOCTEI].
squares — BEKTOD JJIMH CTOPOH KBaIPATOB.

rectangles — marpuiia u3 JIByX CTOJIOIOB: IIEPBBIH CTOJIOEI] — JJIUHBI OCHO-
BaHUIl TPSMOYTOJBHUKOB, BTOPOil — BBICOTHI IPAMOYTOJILHUKOB.

stars — marpuiia u3 TpExX u OoJiee CTOJOIOB - JJIUH JIydeil cO31aBaeMbIX
3BE3]I.

thermometers — marpuna u3 Tpéx Wan 9eTbIpEéx crosonos. Ilepsbie aBa
cToIb1a — IMUPUHA 1 BBICOTA CO3/IaBaeMbIX CUMBOJIOB. Ecin B MaTpurie ToJib-
KO TpHU CTOJIOIA, TO TPeTuii cTosIber 3a/1aéT BBICOTY 3aKpalliBaeMONl 1acTu
(mBeroMm mapametpa fg) repmomerpa (moss or obieit). Ecoin B MmaTpuiie we-
ThIpE CTOJIOIA, TO TPETUI U YeTBEPTHINA CTOJOIBI 33/IAI0T BHICOTHI 3aKPAallli-
BaeMbIX dacTeil (1Berom napamerpa fg) repmomerpos (CHU3Y U CBEpXy, CO-
OTBETCTBEHHO) KaK JIOJIN OOIIEeil BBICOTBI (OCTABINASICS 9ACTh 3aKPAITNBACTCS
BeToM bg).

boxplots — marpuna u3 ngaru crosomos. [lepBrie aBa cToI0IA OIPEIETIAIOT
IIIPUHY ¥ BBICOTY paMKH OCHOBHOI dactu boxplots, Tperuit u deTBépThIit
— BEPXHUN W MPaBBIi «yC», NATBI CTOJIOEN — 3aJ1aéT MeJnaHy Kak JI0JIIO
BBICOTBI OCHOBHOIT 1acTu boxplots.

inches — jioruveckuii njn YUCIOBOI APIyMEHT — BBICOTA CO3/IaBAEMBIX CHUM-
BosioB. Ecin inches=TRUE (o ymosganuio), T0 BBICOTA PUCYyeMbIX (bu-
T'yP OIIPeJIeJIsIeTCsT TAKUM 00pa30M, YTOOBI MAKCHMAJIbHAST PABHSIACH OJTHOMY
mroiimy. Ecim inches=FALSE, To pasmeps! co3/iaBaeMbIX CUMBOJIOB OIIpe-
JenigroTes 1o paszMeproctu ocu 0x. Eciau apryment inches —uuciio, To 3a-
JIaéTcs BBICOTA B JIOMIMAX.

add — Jjioruveckuit aprymeHT — J00aBUTH JIM (PUTYPHI K YK€ CYIIECTBYIO-
meMy rpaduky Wid HOCTPOUTH HOBBII.

fg — nper okpammBaHus 3JeMeHTOB ( B OCHOBHOM DaMKA).

bg — mnBer 3akpammuBanusg Guryp.
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e xlab, ylab, main, xlim, ylim — aprym™menTsl, 3a/iaBaeMble B CJIydae IO-
crpoenusi Hooro rpaduka ( add=FALSE).

IIpumep 54. H306pasum na epapure pazsusrvie CuMBOAbL NPU MOMOULY PYHKUUL
symbols().

x=1:100

y=1:100

plot(x,y,type=’n’)

x1=seq(10,90,by=10) ;x1

yl=rep(90,9);y1

A=seq(1,5,length=9) ;A
symbols(x1,yl,circles=A,bg=1:9,add=T,inches=FALSE)
B=seq(5,1,length=9)
symbols(x1,y1-10,squares=B,bg=1:9,add=T, inches=FALSE)
C=cbind(seq(1,5,length=9),seq(5,1,length=9))
symbols(x1,y1-20,rectangles=C,bg=1:9,add=T, inches=FALSE)
D=matrix(3,nrow=9,ncol=3)
symbols(x1,y1-30,stars=D,bg=1:9,add=T, inches=FALSE)
E=matrix(3,nrow=9,ncol=4)
symbols(x1,y1-40,stars=E,fg=1:9,add=T, inches=FALSE)
FF=matrix(3,nrow=9,ncol=5)
symbols(x1,y1-50,stars=FF,bg=1:9,add=T, inches=FALSE)
G=cbind(rep(3,9),rep(6,9),seq(0.1,0.9,by=0.1)) ;G
symbols(x1,y1-60,thermometers=G,fg=1:9,add=T,inches=FALSE)
H=cbind(rep(3,9) ,rep(9,9),seq(0.1,0.45,1length=9),seq(0.1,0.45,1length=9))
symbols(x1,y1-70,thermometers=H,fg=1:9,bg=5,add=T, inches=FALSE)

7.2.2 Odopmienue rpaduka — dyuknun axis(),
grid() u box()

Pacemorpum dyHKIwn, mososstornme oopMIaTh rpaduk — 106aBaaTh (13-
MEHSTb) OCH, JIOMOJHUTELHO BBIBOJIUTH KOODJMHATHYIO CETKY, PUCOBATH PAMKY
BOKDYT I'paduka.

Dynakus axis()

OyHKIUA

axis(side, at = NULL, labels = TRUE, tick = TRUE, line = NA,
pos = NA, outer = FALSE, font = NA, 1ty = "solid",
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Puc. 7.15: @yukrus symbols()
lwd = 1, 1lwd.ticks = 1lwd, col = NULL, col.ticks = NULL,
hadj = NA, padj = NA, ...)
[TO3BOJISIET CO3/IABATH OCH TI0 OT/EIbHOCTUA. APryMEeHTHI:

e side — uucJi0, orpe/iesIoIiee T/ie OTHOCUTEIHLHO IpaduKa OyIeT MOCTpoeHa
och. 3Hauenus: 1 — camsy , 2 — cjeBa, 3 — cBepxy, 4 — ciupasa.

e at — 4YMC/IO0BOIT BEKTOP — JieJIeHNs Ha OCsX (OT HAMMEHBINIEro JI0 HAMOO b
ntero 3uavenus). 3uaderusi Inf, NaN u N A urnopupyrorcst.

e labels — joruveckuit miim CUMBOJILHBIN APIYyMEHT — METKH CO3/IaHHBIX Jlesie-
unit. Eciiu labels = TRUE, 1o B kauecTBe METOK HCIIOJIb3YIOTCS 3HAUEHUS
aprymenTa at. CUMBOJIbHBI BEKTOP 3a/a6T Ha3BAHWS METOK JIeJIEHUI, orpe-
JIEJIEHHBIX apryMeHTOM at (I09TOMY JIJIMHBI BEKTOPOB JIOJI?KHBI COBIIAJIATH).

e tick — Jjlormveckuii aprymeHT — JOJIZKHBI JII PUCOBATHCSI METKHU (mTpHXH)
Ha caMOIi OCH.
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line — uwmciio JiMHMIA, HA KOTOPOE MOCTPOEHHAs OCh MOXKET BBIXOJIUTH 3a 00-
JlacThb noctpoenus rpaduka. 3uadenne line = NA | o3nadaer, 4T0 0Cb CTPO-
UTCSI TOJIBKO B 00J1acTh rpaduka.

pOs — KOoOpAMHATa rpaduyueckoro oKHa, /10 KOTOPOil OyJIeT CTPOUTHCS OCh.
Ecmm 3uauenne aprymenTta ormdao or NA, To oTK/I049aeT aprymest line.
Suadenne line = NA, o3ragaer, 9T0 0Cb CTPOUTCST TOJBKO B 00JIACTH T'Da-
duxa.

outer — Jiorm4yecKuit APTYMEHT — A0JI2KHa JIX OCb BBIXOJIUTDH 3a CTaHAaPTHYIO
obJtacTb rpaduka.

font — cemeiicTBo MpUdTOB, KCHOML3YEMOE JJIsi TEKCTa. Bo3MOXKHbIE 3Ha-
gennsi: 1 — mpocToil (o yMoJ9aHuio), 2 — KUPHBIA; 3 — KypcuB u 4 —
JKUPHBII KypPCUB.

Ity — Tun qunum 715 ocu u JeseHunii Ha ocu. Bosmorkuble 3nadenust: “’solid”
(1) — crurommas Jyumnus; “blank” (0) — orcyrersyer smnus; “dashed” (2)
— mrpuxoBas Junns; “dotdash” (4) — mrpux-nyskrup; “dotted” (3) —
nyuktupHast junus; “longdash” (5) — jymanbbl mrpux; “twodash” (6)
— JIBOIHOI mTpuX (cJelyeT OTMETHTD, YTO JIOJZKEH ObITh 33/[aH IIapaMeTp

type="1").

Iwd — TOJIIIINHa OCH. OTpI/IHaTeJH)HOG nJin HyJieBOo€ 3HadeHune 1oJaBJIdeT I10-
CTpOE€HHE OCH.

Iwd.ticks — rommuna juHURE g jgejennii Ha ocu. OTpHIIATEIHLHOE WK
HyJIeBOE 3HAYEHHE MOIABJISIEeT TOCTPOEHUE JIeIeHU.

col — mBer ocu.
col.ticks — mBer MeTOK Ha OCH.

hadj — gucj0 mim 9MCI0BOI BEKTOP — pAacCIOIOKEHUe TOAINCeH K MeTKaM
Ha ocax. Bee mojmmen mapasiienbHbl (TOPU30HTAJBHBL) HAIPABJICHUIO YTe-
Hust. Bosmozkable 3HaUeHus: 0 — IOINICH CTaBATCA cjieBa oT MeTku, 0.5 —
110 TIEHTPY MeTKHU, 1 — ciipaBa OT METKH.

padj — 9mc/I0 WM YUCJI0BOI BEKTOP — PAaCIOJIOXKEHHUE TOJIIINCcell K MeTKaM
Ha ocgax. Bcee mojmmmcn pacoyiararoTes mepreHInKy/IsipHO HAITPABICHUIO ITe-
Husi. Bosmoxkable 3Hadennsa: 0 — Ha3BaHMe ClipaBa WM BbIIe METKH, 1 —
Ha3BaHUE CJIeBa WJIM HUXKE METKHU.

Paznuunbie BapuanThbl 3a/1aHus oceil IPUBEJIEHBI B TIpuMepe Hd u puc.7.16.
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Pyuakmnus grid()
O yHKIUA

grid(nx = NULL, ny = nx, col = "lightgray", 1ty = "dotted",
lwd = par("lwd"), equilogs = TRUE)

3a/1a6T TMPSAMOYTOJIBHYIO CeTKY Ha rpaduke. ApryMeHTsl QyHKIUN:

® NX U Ny — KOJIMIeCTBO g9eeK ceTku 1o ocam 0x u 0y, coorBercrBento. Ecim
nx = NULL, to cerka crpoutcst Ha ocHOBe jeseHuii ocu. Ecmm nx = NA
mwm ny = NA, To ceTKa B COOTBETCTBYIOIIEM HAIIPABJIEHUN HE CTPOUTCH.

e col — mBer smHMIt ceTKMU.
e Ity — Tun quHUN ceTKu.
e lwd — Tommmba JUHUN CETKH.

e equilogs — sioruvueckuit apryment. Vcnoss3yercs, ecyin ocu jiorapudpmurie-
CKHeE 1 CeTKa CTPOUTCHA B IIPUBA3KE K OCAM.

Cront 3aMeTUTD, YTO TOAOOHYIO CETKY MOYKHO TIOCTPOUTD U IIPU TIOMOIITH (DYHK-
uu abline() (cm. pasmesn 7.2.1 jgaHHOM rVIaBbI).

BapuanTsl pas3jinaHOro 3a/JlaHust CETKU IIPUBEJICHBI B IIPUMepe 5D U IpeJIcTaB-
JleHbl Ha puc.7.16.
Pyuaknus box()

N nocneanss pyHKIua B JaHHOM pasjese — (pYHKIUS

box(which = "plot", lty = "solid", ...)

CTPOsIIIast IPSMOYTOJIBHUK (paMKy) BOKPYT I'paduka (3a1aHHOi 00/1aCTH) HYKHO-
ro 1BeTa W TUIA JUHUU. APryMeHTHI:

e which — cumBosibHBIll apryment. Bosmoxkubie 3nadenus: ’plot’ — pamka
BOKpYT rpaduka, 'figure’ — pamka BOKpyr Bceil rpaduieckoii obractu (OK-
Ha WJIM TIOJIOKHA), 'inner’ u ’outer’ — pamka 0 Kparo BCEro rpadpuaeckoro
OKHa.

o lty — Tun yiuaun.
® ... — JIONOJTHUTEJIbHbIE TTApAMETPHI — IIBET PAMKU, €€ TOJIIIHA.

ITpumep 55. Ilpusedém neckoavko npumepos nocmpoenus ocet, 3a0aHus CEMKU
u pamxu. Ipedcmasum epaguyeckoe okHo 6 6ude HECKOALKUL
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op=par (mfrow=c(3,2))
Lepswiti sapuanm sadarus ocet

plot(1:4, rnorm(4), axes = FALSE)
axis(1l, at=1:4, labels=LETTERS[1:4])
axis(2)

Hnoti sapuarm:

plot(1:7, rnorm(7), axes=FALSE,

type = "s", frame = FALSE, col = "red")
axis(4, col "violet", col.axis="dark violet", 1lwd = 2)
axis(3, col "gold", 1ty = 2, lwd = 0.5)

Eweé sapuarnm

plot(1:4, rnorm(4), axes = FALSE)

axis(1, at=1:4, labels=LETTERS[1:4],col=’darkblue’,
col.ticks=’violet’,lwd.ticks=2)

axis(2,col=’red’)

Cemxa moavko no ocu 0y.

plot(1:3)
grid(A, 5, lwd = 2)

1o oboum nanpasieHusM:

plot(cos,-pi,pi)
grid(7, 5, 1lwd = 1, 1ty = 1) # grid only in y-direction

Pasauunvie sapuarmov. nocmpoenus pamku (nociednue 06a 6apuarma cmposm
PAMKY 60KPY2 6Ce20 2padhuneckozo okHa,)

plot(1:7, abs(rnorm(7)), type = ’h’, axes = FALSE)
axis(1l, at = 1:7, labels = letters[1:7],col=’blue’)
box(which=’plot’,1ty = ’solid’, col = ’red’)
box(which=’inner’,1ty = 4, col = ’blue’,lwd=2)
box(which=’outer’,1ty = 5, col = ’gold’,lwd=3)
box(which="figure’,1ty = 3, col = ’green’)

Boixod us dannozo pestcuma epapuieckozo okna

par (op)
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Puc. 7.16: @yuxrun axis(), grid() u box()

7.2.3 Tekcr B rpadumdyeckoM OKHe — ((PYHKIUNU
expression(), text(), legend(), mtext() wu
title()

OTa YacTb IJIABbI MMOCBSIIEHA BBIBOJLY JIOIOJHUTE/IHLHON TEKCTOBON mH(pOpMa-
MK K TTIOCTPOEHHOMY IpadUKy — 3arojIOBKHU, JIETE€H/IBI U TEKCT.

Pyukius expression()

Cuauasa pasbepém yunknuo expression()!, mossonsioniyio coszgaBaTh TeKCT
C HCIIOJIb30BAHUEM MATEMATHIECKUX CHMBOJIOB, IPEYECKHUX OYKB.
Obparrenne K QyHKITUN:

expression (Bupaxenue)

C noMomso

L®ynkmua expression() cozmaér ocobyio cTpykTypy B R — «BBIpazkeHue», UCIOJIL3YeMYIO
[IpU CUMBOJIBHOM 1 DepeHImpoOBaHuN B YaCTHOCTH
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demo (plotmath)

MOKHO O3HAKOMUTBCSI C 3aIIUCHI0 PA3JIMIHBIX MaTeMaTUIeCKIX CUMBOJIOB. Tak »Ke
OHU TIpUBEJIeHBbI Ha puc.7.17-7.21

[ Arithmetic Operators | Radicals ‘
X+y X+y sqri(x) VX
X-y x-y sqrt(x, y) X
X*y Xy l Relations ‘
xly x/y x==y x=y
X %+-% Yy Xty xl=y XZY
X%/%y X+y X<y X<y
X %*% y XXy X<=y xsy
X %.% y xy x>y x>y
X -x X>=y xzy
+X +X X %~~%y X=y
[ Sub/Superscripts X %=~%y x Oy
x[i] Xi X %==%y X=y
X2 X2 X %prop% y x Oy
[ Juxtaposition | Typeface
xX*y Xy plain(x) X
paste(x, y, z) Xxyz italic(x) X
[ Lists bold(x) x
list(x, y, z) X, ¥,z bolditalic(x) X
underline(x) X

Puc. 7.17: Paziuynbie MaTeMaTudeCKue OIepaTopbl U CUMBOJIBI
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l Ellipsis Arrows
list(x[1], ..., X[n]) X1, ..oy Xy X %<->%y X ey
X[A] + ... +X[n] Xyt Xy X %—>%y X -y
list(x[1], cdots, X[n]) X1, ***y Xn X %<-%y X<y
X[1] + Idots + x[n] Xi+...+X, X %up% y X1ty
l Set Relations X %down% y Xly
X %subset% y xOy X %<=>%y X ey
X %subseteq% y x0Oy X %=>%y xOy
X %supset% y xOy X %<=%y xOy
% %supseteq% y xOy x %dblup% y x Oy
X %notsubsety%oy  x0Oy X %dbldown% y x Oy
X %in% y x 0Oy Symbolic Names
X %notin% y xOy Alpha — Omega A-Q
l Accents alpha — omega a-w
hat(x) 2 phil + sigmal d+¢
tilde(x) X Upsilonl Y
ring(x) X infinity o0
bar(xy) Xy 32 * degree 32°
widehat(xy) Xy 60 * minute 60’
widetilde(xy) Xy 30 * second 30"

Puc. 7.18: Paziinunbie MaTreMaTnyiecKue ornepaTopbl U CUMBOJIBI

displaystyle(x)

textstyle(x)
scriptstyle(x) x

Style

scriptscriptstyle(x)

X~ -~y

x + phantom(0) +y

X + over(1, phantom(0))

Spacing
Xy

X+ +y

X+—

frac(x, y)

over(x, y)

atop(x, y)

Puc. 7.19: Paziinanbie MareMaTu4decKue orepaTopbl U CUMBOJIBI

Pyuknus text()

OyHKIMA

Fractions

< X K| X <|Xx
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Big Operators ‘

sum(x[i], i = 1, n) %
prod(plain(P)(X == x), ) [1P(x=x)
integral(f(x) * dx, a, b) Lbf(x)dx
union(Alil, i == 1, n) QA,
intersect(A[i], i == 1, n) ﬁl A
lim(f(x), x %—>% 0) lim f(x)
min(g(x), x >= 0) ming(x)
inf(S) infS
sup(S) supS

Puc. 7.20: Paznuunbie MaTeMaTn4decKue ornepaTopbl U CUMBOJIBI

Grouping

x+y)*z (c+y)z
XMy + 2 X +z
Xy +2) X0
XMy + 2z} X'
group("(", list(a, b), "") (a,b]
bgroup("(", atop(x, ), ")") gﬁ
group(Iceil, x, rceil) O
group(Ifloor, x, rfloor) 0O

group('l", x, ") K

Puc. 7.21: Pasiuvunble MaTeMaTuIeCKue OIepaTopbl U CUMBOJIBI

text (x, y = NULL, labels = seq_along(x), adj = NULL,
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NULL, offset = 0.5, vfont = NULL,
1, col = NULL, font = NULL, ...)

pos
cex

[I03BOJIAET BBIBOJUTH JOMOJHATEIBHYIO TEKCTOBYIO HH(MOPMAIINIO K TIOCTPOCHHOMY
rpaduky. ApryMeHnTsbl yHKINN:

X U Y — YHCJIOBBIE BEKTOPA — KOOPIMHATHI BBIBOJ[A TEKCTA ( BBIBOJAUMBII TEKCT
[0 YMOJTYAHUIO EHTPUPYETCs OTHOCUTEJIHHO 3aJ[aHHO# KoopauHaTh ). 2Kena-
TEJILHO, YTOOBI JIINHBI BEKTOPOB COBIAJIAIN, B IPOTUBHOM CJIydae MEHBITU
BEKTOD JAyO/UpyeTcs 70 JJIMHBI OOJIBITIETO.

labels — ymbo cuMBOJIbHBIN BEKTOD, JIMOO BEKTOP, dJIEMEHTAMHU KOTOPOIO
SIBJIAIOTCS eXpression — 3aJal0T BBIBOJIUMBIN TekcT. zKenareibHo, ITOOBI
JymHa BeKkTopa labels coBmajiana ¢ jymaaMu BEKTOPOB, 3a/IaI0ITUX KOOP/IU-
HATHI.

adj — omHo mim JBa 3Hauenus u3 [0; 1], onpesessoniue MOJIOKEHHE BBIBO-
JAMOrO TEKCTa OTHOCHATEJIBHO KOOPJMHAT X U Y.

pPOs — aJbTepHATUBHOE 33 IaHue TOJIOKEHUS TeKCTa OTHOCUTETHHO KOOP/IH-
Hatr. Bo3moxkHble 3HaUeHUs: 1 — HHUKe 3aJJaHHON KOOP/IMHATHI, 2 — CJIeBa OT
neé, 3 — cepxy, 4 — cupasa. [logasisger apryment adj.

offset — manHBIT apryMeHT 3a/1aéT CMeIlleHe BBIBOIUMOIO TEKCTa OT 3a/1aH-
HOU KOOPIAHATHI (CMemeHI/Ie B JIOJIAX IMAPUHDI CI/IMBO.Ha).

vfont — jjonosiHUTEBHBIN apryMeHT, oTBevdaeT 3a TUll mpudTa ceMeii-
crBa Hershey. Ilo ymomuanuio 3uatenue vfont = NULL — crangaprabrii

mpudT.

cex — YHUCJIOBOI mapaMeTp — MHOXKUTE/Ib CTaHJAPTHOIO pasMepa CHMBOJIA.
SHavueHne 3TOro apryMeHTa, YMHOXKEHHOe Ha CTAaHIAPTHBINA pasMep CUMBO-
na par(’cex’), onpeessier OKOHYIATEbHBIH pasMep BBIBOAUMBIX CHMBOJIOB.
Buauenns cex — NULL u cex — NA sksuBajenTanl cex — 1.0.

col — 1BeTr Tekcra.

font — tun mpudra. Bosmoxubie 3Havenus: 1 — 0ObIYHBIN TEKCT (110 yMOJI-
qaHnio), 1 — KupHblii mpudt, 3 — Kypcus, 4 — KUPHBI KypPCHB.

Pyuknus mtext()

OyHKIMA
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mtext (text, side = 3, line = 0, outer = FALSE, at = NA,

adj = NA, padj = NA, cex = NA, col = NA, font = NA, ...)

OTBeYaeT 3a BBIBOJI TEKCTA CHU3Y WJIA CBEPXY, UJIU CJIEBa, WM CIIPaBa OT rpaduka.
Paccmorpum €€ aprymenTsl (YacTh U3 HUX y7Ke 3HAKOMBI):

text — cUMBOJIBHBIIT BEKTOD WJIM BEKTOP, 3JIEMEHTAMU KOTOPOT'O SIBJISTIOTCS
expression — BBIBOJIUMBII TEKCT.

side — cropoHa rpaduka, OTHOCUTEIHEHO KOTOPOI BBIBOIUTCS TEKCT. 3HaUe-
Husi: 1 — cHusy, 2 — cieBa, 3 — cBepxy, 4 — cupasa.

line — 4yucsoBOil MTapaMeTp — KOJUYECTBO JIMHUI, HA KOTOPOE HAJI0 OTCTY-
OUTh OT I'PAHUIBI OOJACTH PUCYHKA (OTPHUIIATEbHOE 3HAUYEHHE — MePexojl
BHYTPb O0JIACTH PUCYHKA).

outer — jgormueckuii aApPryMeHT — MO2KET JIM TEKCT BbIXO/IUTH 3a O6ﬂaCTb
rpaduIecKoro OKHa.

at — pacroJio’KeHne TeKCTa B I0Jb30BaTeIbCKIX KoopauHaTax (o1 0 70 1).

adj — mojio¥KeHue CUMBOJILHOM CTPOKH, TIAPAJIICILHON HAIIPABJICHUS ITCHUS.
adj=0 — TekcT HaxoUTCs CHU3Y WK cieBa, adj=1 — cupaBa WM CBEPXY.

padj — moJsioXKeHne CUMBOJIBHON CTPOKH, IEPIEHINKY/ISIPHO HaIlpaBICHIS
yrernst. padj=0 — TekcT HaXOAUTCA ClipaBa Wn cBepxy, padj=1 — cieBa
WM CHU3Y.

cex — pa3Mep BBIBOJUMOIO TeKCTa (MOXKeT OBITh BEKTOPOM ).
col — 1BeT BBIBOJIMMOIO TEKCTa (MOXKeT ObITh BEKTOPOM).

font — Tumn mpudra (MoxkeT GBITH BEKTOPOM).

Oynkius legend()

OyHKIMSA

legend(x, y = NULL, legend, fill = NULL, col = par("col"),

border="black", 1lty, lwd, pch,
angle = 45, density = NULL, bty = "o", bg

par(”bg") ,

box.lwd = par("lwd"), box.lty = par("lty"), box.col = par("fg"),

pt.bg = NA, cex = 1, pt.cex = cex, pt.lwd = lwd,
xjust = 0, yjust = 1, x.intersp = 1, y.intersp = 1,
adj = c(0, 0.5), text.width = NULL, text.col = par('"col"),
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merge = do.lines && has.pch, trace = FALSE,
plot = TRUE, ncol = 1, horiz = FALSE, title = NULL,
inset = 0, xpd, title.col = text.col)

MO03BOJISIET JIO0AB/ISITDH JIET€HIbI K TpaduKy. ApryMeHThI:

® X Uy — KOOD/JMHATHI, 33 IaI0IIHe TTOJIOKEeHHe JiereHbl. Feim x u'y — qucia,
TO 33/jaHa KOOP/IMHATA BEPXHETO JIEBOI'O yTJIa MPAMOYTOJbHAKA C JIETE€H 0.
Ecim x n y 3a/1a10T 71Be TOYKHU, TO TEM CaMbIM OIIPEJIeJIEHBI ITPOTUBOIIOIONK-
HBIE YTJIbI JIET€H/Ibl. TaK»Ke IMOJIOYKEHUE JIeTeH/Ibl MOYKHO 3a/1aTh IIPU TTOMOTIITI

CJIJTYIONNX CUMBOJIBHBIX TepeMeHHbIX: 'bottomright’ — B HmkHeit npa-
BOIT yacTu obJiacTu rocrpoenusi rpaduka, ’bottom’ — B HmkHelr yacTn,
’bottomleft’ — B HukHEi j1eBoit yacTu, ’left’ — B jeBoit wacTu, ’topleft’

— B BepXHeli JIeBoil vacTu, 'top’ — B BepxHeil wactu, 'topright’ — B Bepxueit
npaoit yactu, ‘right’ — B npasoit yactu, ’center’ — B nenTpasbHON YacTu
obJtactu rpaduka.

e legend — TeKCT BBIBOJUMOIl JIEr€HJbI — BEKTODP, CUMBOJIBHBIN WK
expression.

o fill — 3ajaér mBer boHa JIEreH bl WU I[BET IMTPUXOBKHU JIETCH/IbI.

e col — BekTOp — 3a/1aéT 1BeTa TOYEK, COOTBETCTBYIOIINE 3AIUCAM B apry-
Mente legend.

e border — 1Ber pamku Jsierenibl. Vcnomn3yeres, ecin 3ajan apryment fill.
e lty — Tun jiunuu B JiereH/e.
e lwd — TommuHA JTUHUM JIET€H/ThI.

e pch — Tun cumBosIOB B Jierenjie. Vcnosb3dyercs, ecin rpaduk HOCTPOEH
npu oMoy cuMBoJIoB. [loapobuo 06 sTom mapamerpe cm.7.2.1 (pyHknus
points()) u upumep 51.

e angle — HAKJIOH JIMHWIA ITPUXOBKU (B TPaJIycax).

e density — mI0THOCTH MITPUXOBKU — IOJIOXKUTEIbHOE Uncjao. Ecnn 3Hauve-
ure NULL, NA uiu orpunareibHoe, TO 00/1aCTh JIeT€H/Ibl 3aKPaIlliBaeTCsI
CILJIOTITHBIM T[BETOM.

e bty — cuMBOJIbHBII aprymMeHT — pamKa BOKPYT obJyiacTu ¢ JjiereHjoi. /Isa
3HAYEHUsl: 'O’ — paMKa CTPOUTC (110 YMOTYaHW0) U 'n’ — paMKa He CTPO-
UTCH.
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bg — don obactu ¢ jerenioit (ncnosb3yercs, eciu bty He MpUHSI 3HAYEHIE
n’).

box.lwd — rosmuHa paMKu Jieren bl (MCHosb3yeTcs, eciaun bty = ’0’).
box.lty — Tum UM paMku Jieren bl (UCHoOb3yeTcs, ecin bty = ’0’).
box.col —1Ber pamku Jieren bl (Ucosb3yercs, ecin bty = ’0’).

pt.bg — nBer 3akpacku cumBosioB (cm.7.2.1, pyuknus points()).
cex — napamerp M3MEeHEHHUs pa3Mepa BBIBOJUMOIO TEKCTa.

pt.cex — nmapameTp U3MEHEHUs pa3Mepa HCIOJIb3yeMbIX CUMBOJIOB (CM.7.2.1,
dbyuknus points()).

pt.lwd — rosnmmHa JuHWIE B BBIBOAMMBIX cuMBosiax (cM.7.2.1, dyHKIws
points()).

xjust — YncI0BOil MapaMeTp — pacIloJIOKEHUE JIETCHIbI OTHOCUTE/ILHO KO-
opamHaThl X. BoaMmorkuble 3Hadenusd: 0 — cjeBa oT 3ajiaHHOI Toukn, 0.5 —
MEHTpUPyeTCcsd OTHOCUTEILHO X, 1 — cIipaBa OT X.

yjust — uncsoBoii mapamMeTp — pacioJoKeHue JIEreHIbl OTHOCUTE/ILHO KO-
opauHaTrhl y. BosmokubIe 3HavueHus: 0 — cBepxy oT 3ajaHHoil Touku, 0.5 —
MEHTPUPYyeTCcsd OTHOCUTEILHO y, 1 — CHU3Y OT Y.

X.intersp — pacrojioKenne TeKCTa OTHOCUTETHHO KOOP/IMHATHI X.
y.intersp — pacrojiokenne TeKCTa OTHOCUTETbHO KOOP/IMHATHI Y.

adj — 49MC/IOBOIT BEKTOP M3 JIBYX 9JIEMEHTOB — PACIOJIOKEHUE TEKCTa OTHO-
CUTEJIbHO KOOD/JMHAT X U Y.

text.width — mmpuna BEIBOIMMOIO TEKCTa B MOJIH30BATEILCKIX KOOPINHA-
Tax (T.e. KoopAuHaTax Xy ). TOJIBKO MOJOXKUTETHHOE 3HAYECHHE.

text.col — nBer TekcTa JereHipl.

merge — JIOTUYECKUI APryMEHT — CcoeJUHAET TOYKHN U JINMHUU, HO HE 3aKpPa-
IMeHHble CUMBOJIBI.

trace — jornueckuii APTYMEHT — IIOKa3bIBa€T XO/I IIOCTPOEHUA JIET'€H bl (BI)I-
BOAUT HCIIOJIB3yEMbIC 1MCJIOBbBIE 3Haqu1/1${).

plot — jioruveckuit — HyKHO Jin cTpouTh Jiereuay. [lpu snavennun FALSE
JIETE€H/Ia He CTPOUTCH,.
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ncol — 4KcsI0Bo# apryMeHT — KOJIMYECTBO CTOJIOIOB (KOJOHOK), B KOTOPBIX
BbIBOJIUTCs JtereHia. [lo ymosraanmio ncol = 1 (BeprukasibHasi JIereH ia).

horiz — smormdecknit apryMeHT — HYKHO JIX JIET€HY JeJaTh TOPU30HTAb-
HOM.

title — cuMBO/IBHBII APTYMEHT — 3ar0JIOBOK JIET€H/IbI.

inset — 4nC/I0BOIT apryMeHT — OTCTYII OT I'paHuIlbl 0b1acTu rpaduka. 3Ha-
genusi ot 010 1 — j1o71s1 0T Beeit obactu rpaduka.

xpd — JIOTMYECKUIT apryMeHT — MOKET JIU JIEN€H 18 BBIXOJIUTH 3a 00JIaCTb
caMoro pucyHka (rpaduka).

title.col — nBer 3aroj0BKa JIEr€HIbI.

Dyukius title()

Hakomer, mocyenss pyHKIUA B 9TOM pasjielie, 3T0 (PyHKIIs

title(main = NULL, sub

NULL, xlab = NULL, ylab = NULL,
FALSE, ...)

line = NA, outer

BBIBO/ISIITIAST OCHOBHOW U JIONIOJIHUTE/IbHBIN 3ar0JIOBKH, a TaKyKe Ha3BaHWSA OCEil.
AprymeHTsbr:

main — CUMBOJIBHBII apryMEeHT — OCHOBHOI 3aro/i0BOK. Pacrioiaraercst Ha
rpadukom.

sub — cHUMBOJILHBINl apryMeHT — JIONOJIHUTEILHBIN 3aroioBok. Pacrosara-
eTcs 101, rpaUKOM.

xlab — cuMBoJIBHBIIT apryMeHT — Ha3BaHue ocu 0X.
ylab — cumBosbHBIN aprymenT — nasBanue ocu 0y.

line — 4ncsoBOIT ApryMeHT — Ha CKOJBKO JIMHUN 3ar0JIOBOK JIOJIZKEH OTCTY-
[IUTH OT Kpas 00JIACTH C PUCYHKOM.

outer — jJormdecknii APryMEHT — HY2KHO JIM 3al'OJIOBKH BBIHOCHUTL BO BHEIII-
HIOIO 9acTh I'padUIecKoro OKHa.

ITpumep 56. B danrom npumepe nokazaHo HECKOAbKO 8GPUAHMOE 6618004 MeK-
cma K 2padury, nocmpoerus sezend U 3a420406K08.
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op=par (mfrow=c(3,2))

plot(-1:1,-1:1, type = "n", xlab = "Re", ylab = "Im")
K <- 16
text(exp(1i * 2 * pi *x (1:K) / K), col = 2)

plot(1:10, (-4:5)"2, main="Parabola", xlab="",6ylab=’’)
mtext("10 of them")
for(s in 1:4)
mtext (expression(y=x"2), line = (-1)"s,
side=s, col=s, font=s, cex= (1+s)/2)

x <- seq(-pi, pi, len = 65)
plot(x, sin(x), type = "1", ylim = c(-1.2, 1.8), col = 3, 1ty = 2)
points(x, cos(x), pch = 3, col = 4)
lines(x, tan(x), type = "b", 1ty = 1, pch = 4, col = 6)
legend(-1, 1.9, c("sin", "cos", "tan"), col = c(3,4,6),
text.col = "greend", 1ty = c(2, -1, 1), pch = c(-1, 3, 4),
merge = TRUE, bg = ’gray90’)

x <- seq(-pi, pi, len = 65)

plot(x, sin(x), type="1", col = 2, xlab = expression(phi),
ylab = expression(f(phi)))

abline(h=-1:1, v=pi/2*(-6:6), col="gray90")

lines(x, cos(x), col = 3, 1ty = 2)

ex.csl <- expression(plain(sin) * phi, paste("cos", phi))

legend (-3, .9, ex.csl, 1lty=1:2, col=2:3, adj = c(0, .6))

x <- seq(-pi, pi, len = 65)

y=cos (x)

plot(x, y, type=’n’)

legend("bottomright", "(x,y)", pch=1, title="bottomright")

legend("bottom", "(x,y)", pch=1, title="bottom")

legend ("bottomleft", "(x,y)", pch=1, title="bottomleft")

legend("topleft", "(x,y)", pch=1, title="topleft, inset = .05",
inset = .05)

legend("topright", "(x,y)", pch=1, title="topright, inset = .02",
inset = .02)

x <- seq(-4, 4, len = 101)
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y <-sin(x)
plot(x, y, type = "1", xaxt = "n", xlab=’’,ylab=’’)

title(main = expression(paste(plain(sin) * phi, " and ",
plain(cos) * phi)),
ylab = expression("sin" * phi, "cos" * phi), # only 1st is taken
xlab = expression(paste("Phase Angle ", phi)),
col.main = "blue")
curve (cos,from=-4,to=4,add=T)
axis(1, at = c(-pi, -pi/2, 0, pi/2, pi),
labels = expression(-pi, -pi/2, 0, pi/2, pi))
abline(h = 0, v = pi/2 % c(-1,1), 1ty = 2, 1lwd = .1, col = "gray70")

par (op)
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I'1aBa 8

Peinenne HenmHeiiHbIX YpaBHEHU 1
CUCTEM HeJIMHEMHBbIX YpPaBHEHUIA.
NuTerpupoBanue un
anddpepeHnupoBanne. JKCTPEMYMbI

b yHKITIiT

B sroit riiaBe OyyT paccMoTpeHbl (DYHKITHH, TO3BOJIAIONINE PEMaTh HeJTnHe-
HblE YPAaBHEHUS U CUCTEMbl YPABHEHUS, BBIYUCIATH NHTEI'PAJIbl 1 HAXOJAUTH IIPOU3-
BOJIHBIE (B TOM YHCJIe U YaCTHBIE) DYHKIWHA, 3HAUCHUsI TPOU3BOHBIX B 3a/IaHHBIX
TOYKAX, & TAKXKe SKCTPEMYMbI (DYHKITUIA.

8.1 Penienue HeJanHeHbIX ypaBHEHUA u
CUCTEM HEJIMHEMHBLIX YPaBHEHU

31eck OyayT pacecMoTpeHbl Tpu (byHKIuH: PYHKIM uniroot 6a30Boro makera
base u ¢ynknun uniroot.all 1 multiroot makera rootSolve.

8.1.1 ®Pynkumg uniroot

uniroot(f, interval, ...,

lower = min(interval), upper = max(interval),
f.lower = f(lower, ...), f.upper = f(upper, ...),
tol = .Machine$double.eps~0.25, maxiter = 1000)

AprymeHTsr:
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o f— dbyukius, HysIb KOTOPOii (T.€. KOpeHb) Bbrauc/gercs.. OTMETHM, 4TO HYJIb
dyukimn f umercs TOJBKO 110 €€ 1IepBOMYy apryMeHTY.

e interval — wmcsioBOIl BEKTOp — WHTEpBas, Ha KOTOPOM WINETCS KOPEHD
(HEOOXOIMMO, YTOOBI 3HAYECHNsT (DYHKIMU Ha KOHIAX 9TOrO0 HHTEPBAJIa NMEJIN
pa3HbIe 3HAKH).

e lower u upper — ajpTepHATUBHOE 3ajlaHle WHTepBaJja Ioncka interval
Jepe3 ero HavaJjo U KOHeI.

e f.lower u f.upper — rpannunbie 3HaYeHUs HYHKIMU (10 YMOTIYAHUIO 3HA-
genust pyuknuu f HA rpaHUIAX UHTEPBAJIA TIOUCKA).

e tol — xeaemMad TOYHOCTD.
e maxiter — MakcuMaJIbHOE YUCIO0 UTEPAIHii.
® ... — JIONIOJIHUTEJIbHBIE apr'yMEHTHI.

Pemmenne cuntaercs HaiieHHbIM, JIHOO ec/ii 3HavUYeHne (DYHKIUUA B HalICHHOM
Touke r* pasugercsa nyso (f(x*) == 0), subo eciim u3MeHeHne 3HaYEHUs T* HA
caeyIoneil uTeparun MeHblne 3aJanHoi Tounoctu tol. Ecin mocturnyT maxcn-
MYM HUTepaluii, a perieHne He HaiiJIeHO, TO BBIJIAETCs IIPeLyIpexKIeHne.

Pezynbrarom dpyHKIMN uniroot sBjseTcs CIIUCOK U3 YETHIPEX KOMIIOHEHT: UC-
KOMOoe peliienre * — root, 3Hadenne byHKIUN B HaiienHoit Touke f(z*) — f.root,
YHUCJIO UTepanuil iter m TOYHOCTL pelneHus estim.prec. Ecim x* coBnamaer ¢ on-
HUM U3 KOHIIOB 3aJIJAaHHOIO MHTEpBaJia IIOUCKA, TO TOTJia 3HAYeHue estim.prec —
NA.

Cy1ecTBeHHBI HEIOCTATOK (DYHKIIMK UNiroot — 9TO TO, YTO MINETCA TOJIb-
KO OJIHO pellleHre Ha 3aJIaHHOM HHTepBaJje. Eciu cymecTByeT HECKOJIbKO HyJIei
dyHKIMU, TO Oy/IeT BBIBOIUTHCSA TOJIHKO HEPBBIA Hail/IeHHBI.

IIpumep 57. Hatidém pewenue ypasrernus 5x — 10z = 0 cnavasa na ompesxe
[1;3], a nomom na [0; 3].

> f=function(x,a=5,b=10){f=a*x"2-b*x}
> uniroot (f,c(1,3))

$root

[1] 2.000000

$f.root
[1] -2.678252e-06
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$iter
[1] 6

$estim.prec
[1] 6.535148e-05

> uniroot (f,c(0,3))
$root
[1] 0O

$f.root
(1] 0

$iter
[1] O

$estim.prec
(11 ©

Bo B6TMOPOM CAYHAE 6 KAYUECTNEE PEUEHUA rnaxodumcesa moavko x = 0.

8.1.2 @®ynknug uniroot.all

®ynxima uniroot.all' yecrpanser megocTaTKi uniroot, Mo3Bo/IAd BHIYUCIATE
HECKOJIbKO KODHEll Ha 3a/JaHHOM WHTEpBaJIe.

uniroot.all(f, interval, lower=min(interval), upper=max(interval),
tol=.Machine$double.eps~0.2, maxiter=1000, n=100, ...)

Oryinane 3aK/II09A€TCs B BBEJICHUN apTyMEHTa N — YHC/IO TOJMHTEPBAJIOB, HA KO-
TOPBIE AETNTCHA UCXOIHBIN MHTEPBAJI, U Ha KazKJIOM U3 3TUX OIMTHTEPBAJIOB UIIETCS
HyJIb QYHKINHN. Pe3ysibrar Ber3oBa (OYHKINH — BEKTOP C HAIEHHBIMI PEIEHUSIMU.

ITpumep 58. Bepnémca k npedvidywemy npumepy u HAUOEM pewerue YpasHeHUs
522 — 10z = 0 na ompesxe [0; 3].

> f=function(x,a=5,b=10){f=a*x~2-b*x}
> uniroot.all(f,c(0,3),n=10)
[1] 0.000000 2.000000

Hatidenwvr 06a pewenus. Ommemum, 4mo ecau 3a0amv CAUULKOM DOABULOE “UCAO
NnoJUHMEPBANOE NOUCKE, TO BO3MONCHDL NOPEWHOCTNU 6 PEUEHUL.

Hlaker rootSolve
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> uniroot.all(f,c(0,3))
[1] 0.000000 1.999999

3decy n =100 (no ymosuaruo).

8.1.3 ®dynkuma multiroot

Oynknus multiroot nossosger HajiTu pererne (ecjam OHO CYIIECTBYET) CH-
CTeMbl U3 1 yPaBHEHWI C 1 HEN3BECTHBIMU.

multiroot(f, start, maxiter=100,
rtol=1e-6, atol=1e-8, ctol=1e-8,
useFortran=TRUE, positive=FALSE,
jacfunc=NULL, jactype="fullint",
verbose=FALSE, bandup=1, banddown=1, ...)

PaccmoTpuM TOJIBKO YacTh apryMeHTOB, HEOOXOIUMBIX JIJIsi PabOTHI:

o f— dyuknus, B KoTOpoii 3a/1aHa cucrema ypaBHeHuil. Jlo/kKHa BO3BpaIaTh
BEKTOP TOI 2Ke JIJIMHbI, 4TO U start.

e start — BEKTOP Ha4daJIbHBIX 3Ha4YCHUM JJIAd TCKOMDBIX HensBecTHBIX. Ecian a1e-
MeHTaMm start IIPUCBOEHLI NMEHa, TO 9TU UMEHa 6y;[yT HCIIOJIB30BATHLCA IIPpU
BBIBOJIE pelIcHudd.

e maxiter — MakcuMaJjbHOE JOIYCTUMOE YUCJIO UTEPAITUI.

e rtol u atol — orHOCHTEeIbHAST W aOCOTIOTHAS HOTPENIHOCTA — CKAJIAP WJIN
BekTOp. Ecanm BekTOpa, TO KaXKJIblii UX JIEMEHT 3aJ1a€T MOTPEITHOCTU IPU
IIOMCKE COOTBETCTBYIOIIE HEU3BECTHOM.

e ctol — TekyIast MOrpenHOCTb — CKajIdp. Ko Mexry AByMsl UTE€pAIUsME
U3MEeHEeHNe HEM3BECTHOU MEHBIIE 3TOr0 3aJJaHHOTO IIapaMeTpa, TO CUUTAETCS,
YTO pelreHue HaliaeHo.

e positive — jyiormuecknii apryment. Ecin positive=TRUE, To npesmona-
raeTcst, 9TO PeIlIeHnsl CUCTeMbl — TTOJIOKUTE/THHBI.

Pezyiibrarom BbI3oBa (DyHKIIUN ABJIAETCA CIUCOK U3 YETHIPEX KOMIIOHEHT: 100t
— peIeHus CUCTeMBI, f.root — 3HaYeHUs] yPaBHEHUN CHCTEMBbI B HAMIEHHBIX TOY-
Kax, tter — 4Yucjo urepanuil, estim.precis — TOYHOCTD IIOJIyI€HHOTO PEIeHus.
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8.2 IuarerpupoBanue n auddpepeHimpona-
HIIe. DKCTPEeMYyMbI (DyHKITUIA

B R peanmnzoBano nHeckoabK0 (OYHKIIHI, TO3BOJIAIONINX BEIYUCIATH UHTETPAJIBI,
HaXO/IUTh IPOU3BOJIHBIE KaK B CUMBOJILHOM BHJIE, TAK U 3HAYCHUA IIPOU3BOJIHBLIX B
3a/IAHHBIX TOYKAX, ONPEIC/IATH SKCTPEMYMbI (DYHKITNI, PEMIATh ONTUMHU3AIIMOHHbIE
3a/1a41.

8.2.1 DBplunciieHrue MHTErpaJjioB U IIPOU3BOHBIX OT
dbyHKIIiT 1 3HaAYEeHUs MPOU3BOJIHBIX B 3a/IaH-
HbIX TOYKaX

[Taker R mo3BoJisieT BBIYUCIATH MHTEIPAJIBI 110 KOHEYHBIM MJIN OECKOHEYHBIM
npejenam. s sToro ucrnonb3yercs pyHKIUS

integrate(f, lower, upper, ..., subdivisions=100,
rel.tol = .Machine$double.eps~0.25, abs.tol = rel.tol,
stop.on.error = TRUE, keep.xy = FALSE, aux = NULL)

C apryMeHTaMU:

o f — ompenenénnas B R dyHkius, narerpupyemasi 1mo mepBoMy apryMeH-
Ty. PesysnbraroMm nHTErpUpOoBaHus QYHKIINN JIOJIKHO ObITH KOHETHOE THCIIO,
MHaYe BBIBOJINTCA COODIEHIE 00 OIINOKe.

e lower u upper — HuKkHMIT 1 BepxHuil npegens uaTErpupoBanug. MoryT
ObITH GECKOHEYHBIME. EC/IM N3BECTHO, UTO B Pe3y/IbraTe MHTEIPUPOBAHUA Ha
6eCKOHETHOM (IOJTy-0ECKOHETHOM ) MHTEPBAJIE JIOJIKHO HMOJIYIUThCS KOHEU-
HOE YHUCJIO, TO B KadecTBe IpejieioB (mpejera) cieayer 3aiasarh Inf, a ne
Gosbinue gncaa (em. mpumep 59).

® ... — JIONOJIHUTEIbHDbIE apryMeHThl, oTHOcdAmuecd K f. OHu Jo/KHBL pacto-
JIATAThCS B TOM 2K€ MOPsiJIKe, YTO U B 33/[aBaeMOIl HHTEIPUPYEMOiil (DyHKITUH.

e subdivisions — MakcuMaIbHOE YMCI0 HHTEPBAJIOB, HA KOTOPOe Pa30UBaeTCsI
MHTEPBaJ UHTETPUPOBAHMSI.

e rel.tol — Tpebyemasi oTHOCUTE/IbHAS TOYHOCTD, HE MOXKeT ObITh MeHbIe 0.5 -
10728,

e abs.tol — Tpebyemasi abcosrfoTHasS TOTHOCTD.
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e stop.on.error — jioruveckuii aprymenT. [Ipu BOSHUKHOBEHUN OMIMOKHU TIpe-
KpalaeT BBIYHUC/IeHNEe, B TPOTUBHOM CJIyUae BBIJIAETCHA Pe3yJIbTaT C MPeJy-
TPEXKIEHUIMMU.

e [oc/IeHUE JiBa apryMeHnTa: keep.Xy u auxX, — He HCIOJb3YIOTCsI, BBEJICHBI
IJI1 COBMECTUMOCTH C A3BIKOM S.

PezyibraTrom paboThl OY/I€T CIIMCOK. COCTOSAIINI U3 CJIEIYIONNX MOJIei:
e value — pesysibTaT UHTETPUPOBAHUSI.

e abs.error — orenka Moy aOCOTIOTHON OIMMUOKHU.

e subdivisions — 4uci0 MOAMHTEPBAIOB UHTEIPUPOBAHUA.

e message — BbIBOJ, coobIennst « OK» b0 cuMBoOIbHAS CTPOKaA ¢ COOOIIE-
HIeM 00 OInoOKe.

PaCCMOTpI/IM HECKOJIBKO IIPUMEPOB BBIYUCJIECHUA MHTEI'PDAJIOB.

ITpumep 59. Buiuucaum eeposmmocmsd nonadaHus HOPMAALHO PAcnpedesérnor
cayuatinot eesuunse ¢ napamempamu =0 u o =1 na unmepsan [0;00).

> integrate(dnorm,0,Inf)
0.5 with absolute error < 4.7e-05

Tenepv 6 Kawecmee 6eprHe20 NPedeas PaccMOmMpum Koneunvie anavenus: 2, 20,
200, 2.000 v 20.000.

> integrate(dnorm,0,2)

0.4772499 with absolute error < 5.3e-15
> integrate(dnorm,0,20)

0.5 with absolute error < 3.7e-05

> integrate(dnorm,0,200)

0.5 with absolute error < 1.6e-07

> integrate(dnorm,0,2000)

0.5 with absolute error < 4.4e-06

> integrate(dnorm,0,20000)

0 with absolute error < 0

IHocaednuti sapuanm (sepxruti npedes unmezpuposarus paser 20000) npusodum
K owubxKe.

B xauecmee dpyzozo npumepa natidém unmezpan om gynkyuu f(x) = m
IIpeden unmezpuposarus — om 0 do co. Chauana 3adadum camy nodurmezpasv-
HYW PYHKUUIO.
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integrand = function(x) {1/((x+1)*sqrt(x))}
Tenepov evivucay, unmezpan

> integrate(integrand, lower = 0, upper = Inf)
3.141593 with absolute error < 2.7e-05

Haxoneu, 6 xauecmee nocaednezo npumepa paccmompum caywall, x020a Yy uh-

mezpupyemoti GynKyuuL Heckoavko napamempos: f(x) = m, 2dea=2,b=
2.

> integrand = function(x,a,b) {1/(a*(1+(x-b)"2))}
> integrate(integrand, lower = 0, upper = Inf,a=2,b=2)
1.338973 with absolute error < 5.5e-08

Kpowme Toro, B 6azoBoit ycranoBke R peasnzoBanbl Tpu (DyHKIIMH, KOTOPLIE B
CUMBOJIBHOM BUJIE€ BBIUUC/ISIOT IPOU3BOJIHBIE (B TOM YKCJIE€ U YACTHBIE) 3aJIaHHBIX
BbIpazKeHUN.

Bu dynkmii:

D (expr, name)

deriv(expr, namevec, function.arg = NULL, tag = ".expr",
hessian = FALSE, ...)
deriv3(expr, namevec, function.arg = NULL, tag = ".expr",
hessian = TRUE, ...)

Oyuxiwst D() 1o3BosigeT BLIYUCIATL IPOU3BOAHYIO (DYHKIUH II0 OIHOMY ap-
rymenty. Oyuknnn deriv() u deriv3() mo3BoJSIOT BBIUUCIUTH YACTHDBIE IIPOH3-
BOJIHBIC.

AprymeHTsr:

e expr — b0 BhIpazkeHne (expression) nim (3a nckmodenneM Gyaknnn D)
dbopuyra (formula).

e name, namevec — CHUMBOJIbHBINl BEKTOD, 3aJlal0lNiil NMeHa IepeMEeHHbIX
(TosbKo onHa niepeMentas i D()), 10 KOTOPbIM GepyTesi IPOU3BOJIHBIE.

e function.arg — eciu manubiit apryment onpejenéa u ne paser NULL —
CUMBOJIBHBINT BEKTOP apryMEHTOB PE3YJIbTUPYIONEell (pyHKIUN uin (HyHK-
must (¢ mycrbiM Tesiom), wiaun Jormdeckuii apryment TRUE, ompesensio-
Uit ncnoJib3oBanue PyHKIUU ¢ apryMeHTaMi, UMEHA KOTOPBIX OIIPE/Ie/IeHbI
namevec.

e tag — CHUMBOJIBHBIN apryMeHT — IpeduKC, UCIOJIL3YeMbIil /11 0003HAYEHI
CO3JIAHHBIX JIOKAJBbHBIX ITIEPEMEHHBIX IIPU BBIBOJIE PE3YJILTATA.
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e hessian — jgormudeckuit apryMmenT — HY2KHO JIM BbBIYUCJ/IATH BTOPLIE IIPOU3-
BOJHBIEC 1 JOJIZKHBI JIM OHM OBLITHb BKJ/IOYEHBI B BBIBOJIUMBIE DE3YJ/IbTAThI.

® ... — JOIIOJIHUTEJ/IbHbIC apT'YMEHTDI, OIIpeaeIdeMble NCITOJIb3yEMbIMU METO/a-
M.

PezysibraTrom paboThl hyHKINI, KaK OBbLIO Y2Ke YIOMSIHYTO BBIIIE, OyJIyT CUM-
BOJIbHBIE BBIPAXKEHUsI, 3HAYCHUSI KOTOPBIX MOTYT OBITh HAWIEHBI B KOHKPETHBIX
TOYKAX.

Crout ormerutb, uTo dyHKIus D() MOXKET NPUMEHATHCS K CBOMM DE3Y/IbTa-
TaM, T.€. MOXKHO BBIUUCJISITH IPOU3BOJIHBIE (10 OJTHOMY apryMeHTY ) JI000T0 HOPsI-
Ka.

[Ipumepsr paboThl ¢ DYHKIIUAMHU.

IIpumep 60. B kawecmee npumepa HaGoém nepsylo u 6mopylo npousdeodrvie
pynxyuu f(z,y) = sin(cos(z + y?)) no nepemenrvim T U Y, @ MAKIHCE GHUUCAUM
BNANEHUA HATOCHHBIT NPOUICOOHDIT 6 MOKAT T = § u Yy = &.

> trig = expression(sin(cos(x + y~2)))

> ( D.x = D(trig, "x") )

-(cos(cos(x + y~2)) * sin(x + y~2))

> ( D.y = D(trig, "y") )

-(cos(cos(x + y~2)) * (sin(x + y~2) * (2 * y)))

Bmopuie npoussodnuie:

> ( D.x.x =D(MD.x, "x") )

-(sin(cos(x + y~2)) * sin(x + y~2) * sin(x + y~2) + cos(cos(x +
y~2)) * cos(x + y~2))

> ( D.x.y = D(D.x, "y") )

-(sin(cos(x + y~2)) * (sin(x + y~2) * (2 * y)) * sin(x + y~2) +
cos(cos(x + y~2)) * (cos(x + y~2) * (2 x y)))

> (D.y.y = D(D.y, "y" )

-(sin(cos(x + y~2)) * (sin(x + y~2) * (2 * y)) * (sin(x + y~2) *
(2 x y)) + cos(cos(x + y°2)) * (cos(x + y~2) *x (2 * y) %
(2 x y) + sin(x + y~2) * 2))

> (D.y.x = D(D.y, "y") )

-(sin(cos(x + y~2)) * (sin(x + y~2) * (2 * y)) * (sin(x + y~2) *
(2 x y)) + cos(cos(x + y°2)) * (cos(x + y~2) * (2 * y) %
(2 * y) + sin(x + y~2) * 2))
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Tenepv Hatidém 3navenus HAGIEHHDIT NPOUBOOHBIT 68 3a0aHHBLT MOYKaAT. [lrd
amozo socnoavayemca gynryued eval(). Jlas amozo nado npucsoums neuszsecms-
HOLM AP2YMEHMAM PYHKUUY (6 HAWEM CAYYGE — IMO T U Y) KOHKPEMHILE 3HaMe-
HuA, 3amem 6 kawecmee apeymenma gynruuu eval() sadamov umena nosyueHHOIT
B8vLPAAHCEHUT.

> x=pi/4; y=pi/6
> eval(D.x)

[1] -0.7698184
> eval(D.y)

[1] -0.806152
> eval(D.x.x)
[1] -0.7893344
> eval(D.x.y)
[1] -0.8265891
> eval(D.y.y)
[1] -2.405239
> eval(D.y.x)
[1] -2.405239

Tenepv npu nomowu pynruyuts deriv() v deriv3d() swvuucium wacmmoe npo-
U3800HBIE.

> deriv(trig, c("x","y"), func = TRUE)
function (x, y)
{
.expr2 <- x + y~2
.expr3 <- cos(.expr2)
.exprb5 <- cos(.expr3)
.expré <- sin(.expr2)
.value <- sin(.expr3)
.grad <- array(0, c(length(.value), 2L), 1list(NULL, c("x",
"y")))
.grad[, "x"] <- -(.expr5 * .expr6)
.grad[, "y"] <- -(.expr5 * (.expr6 * (2 * y)))
attr(.value, "gradient") <- .grad
.value

b

Hoayuen epaduenm - wacmmuvie npoussodnsvie, .value — ucroonas (dugpepenyu-
pyemas) GyHKyuA.
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> deriv3(trig, c("x","y"), func = TRUE)
function (x, y)

{

.expr2 <- x + y~2

.expr3 <- cos(.expr2)

.expr4d <- sin(.expr3)

.exprb <- cos(.expr3)

.expr6 <- sin(.expr2)

.exprld <- 2 x y

.exprlb <- .expr6 * .expril4d

.exprl6 <- .expr4 * .exprlb

.exprl8 <- .expr3 * .exprléd

.value <- .expr4

.grad <- array(0, c(length(.value), 2L), 1list(NULL, c("x",
"y'")))

.hessian <- array(0, c(length(.value), 2L, 2L), list(NULL,
c("x", "y"), c("x", "y")))

.grad[, "x"] <- -(.expr5 * .expr6)

.hessian[, "x", "x"] <- -(.expr4 * .expr6 * .expr6 + .exprb x
.expr3)

.hessian[, "x", "y"] <- .hessian[, "y", "x"] <- -(.expri6 x
.expr6 + .expr5 * .expri8)

.grad[, "y"] <- -(.expr5 * .exprilb)

.hessian[, "y", "y"] <- -(.exprl6 * .exprlb + .expr5 * (.expril8 x
.exprld + .expr6 * 2))

attr(.value, "gradient") <- .grad

attr(.value, "hessian") <- .hessian

.value

}

[lony4eHs 4YacTHEHE IPOM3BOLHbHE M MATPUIlA BTOPHX IPOM3BOIHHX - MaTpuua lecce (reccuman

Henoavsysa ecmpoennvie pynrkuuy, co30adum GyHKUU 0ai oi4UCACHUS NPO-
U3600HHLT cMapuwe2o nopadka (no 00not nepemennots).

DD = function(expr,name, order = 1) {
if (order < 1) stop("’order’ must be >= 1")

if (order == 1) D(expr,name)
else DD(D(expr, name), name, order - 1)
}

Buwizos ¢pyrrxyuu v pesyavmam:
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> DD(expression(sin(cos(x + y~2))),’x’,3)

-((sin(cos(x + y~2)) * cos(x + y~2) - cos(cos(x + y~2)) * sin(x +
y~2) * sin(x + y~2)) * sin(x + y~2) + sin(cos(x + y~2)) *
sin(x + y~2) * cos(x + y~2) + (sin(cos(x + y~2)) * sin(x +
y~2) * cos(x + y~2) - cos(cos(x + y~2)) * sin(x + y~2)))

8.2.2 Haxoxenue 3KctpemyMoB pyHKOnn. Perlre-
HUe 33134 ONITUMU3AIAN

B R, kak npaBujio, peraercsd 3a/iada MONCKa MUHUMYMa (DYHKITMH Ha HEKOTO-
POM MHTepBaJie ¢ HEKOTOPBIMU YCJIOBUSIMU WU 0€3.

Oynknus optim() gBISIETCST OCHOBHON B PEIIEHUN 38189 HAXOXKIEHUs SKCTPe-
MYMOB.

optim(par, fn, gr = NULL, ...,

method = c("Nelder-Mead", "BFGS", "CG", "L-BFGS-B", "SANN"),
lower = -Inf, upper = Inf,

control = list(), hessian = FALSE)

Eé aprymenTsr:

® par — IepBoOoHa4dYaJIbHbI€ 3HAYCHUA IIapaMETPOB, OTHOCHUTE/ILHO KOTOPLIX IIPO-
BOAUTCA OIITHUMHUI3AIIMA d)YHKLLI/II/I

e fn — vMuHMMEBHpYemas (WM MakcHMu3HpyeMmasi) (QYHKIUs, epBbIi apry-
MEHT KOTOPOIl — BEKTOpP IapaMeTpPOB, OTHOCHUTEIHHO KOTOPBIX ITPOBOINTCS
ontTuMu3alyd. PesyiabraTom BbI3oBa (OYHKINUN JIOJKEH ObITH CKaJIsp.

e gr — (dyHuknuda, Bo3Bpamaoiias rpajauerT 1 metogos 'BFGS’, "CG’ u
"L-BFGS-B’.

® ... — JIOTIOJIHUTEJ/IbHBIE APTYMEHThI, UCIOoJIb3yeMble fn u gr.

e method — wucnosbsyembrii Meron. g dynknnn optim() peanumsoBaHbl
CJIEJTYIONIIE METOIbI:

— 'Nelder-Mead’ — 6a30Bblit MeTO/I. YCTONYMBBI, HCIIOIL3YETCS TOJIHKO
cama (pyHKIUS, HO MeJjieHHo cxojauTcsd. [Ipumenum s weauddepen-

MUPYEMBIX (DYHKITHIT.
— 'BFGS’ — kBasu-HboToHOBCKUIT METO/, NCHIOJIB3YIOMNNA (PYHKIUIO 1
€€ TDaJTUEHT.

— CG’ — MeTo/1 CONPSIKEHHBIX IPAJIMEHTOB, MEeHee YCTONYINB 10 CpaBHe-
HUIO C TIPEJBIIYIIAMA IBYMd, HO TAaKKe U MeHee PecypCco3aTpaTeH.
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— 'L-BFGS-B’ — mogudukanusa meroga "BFGS’, ucnonb3yioras orpa-
HUYEHUsI Ha, IIepEMEHHBIE.

— 'SANN’ — croxacTuyeckuii ONTHUMU3AIMOHHBIN MeToxd. Mcmob3yer
TOJIBKO caMy PYHKIINIO, HO MeIIeHHO cxoauTces. [ pumenum ais Heaud-
depenmupyembix GyHKImil. CHIBHO 3aBUCAT OT KOHTPOJIBHBIX IIapa-
METPOB.

e lower u upper — rpaHuIpBl I IEPEMEHHBIX, UCIIOIb3YIOTCS TOJIHKO IIPH
merosie L-BFGS-B.

e control — cnucok, B KOTOPBIfi MOI'YyT BXOJUTH CJIEJIYIOIIUE YIIPABJISIOIIIE
rapaMeTphl:

— trace — Heorpunare/bHOE 1EI0€ YUCI0. Keau momoKuTe/1bHOe, TO BhI-
BoJUTCsE MHQPOPMAIKUA O XOJe ONTHUMU3AIUU. dem OoJbIlle 3HaUEHNe
IPUHIMAET KOHTPOJIbHBIN mapaMmeTp trace, Tem OoJiee moapoOHasi WH-
dopmarust BHIBOJIUTCS.

— fnscale — macmrabupyromuit mapaMerp Jjisi ONTUMU3UPYEeMOit hyHK-
muu. Fcim nmpuwHUIMaeT oTpuIaTe/bHOE 3HaUeHWe, TO pPelraeTcs 3a/a-
Ja MakcuMmums3anuu. TakuMm o0pas3oM, ONTUMHUBAIMS TPOUCXOIUT I
fn(par) /fnscale.

— parscale — 4nc/I0Boit BEKTOP, MacHITAONPYIONIHil TapaMeTPhl OIITUMU-
saruu. Takum o6pa3oM, onTUME3AIs TPOM3BOUTCS 110 par /parscale
napaMeTpaM.

— ndeps — BEKTOP, OIPEJIEIIONINi pa3Mep mara ONTUMA3AINN, 110 YMOJI-
qaamio — 1073,

— maxit — MakcuMaJjIbHOe YHCI0 UTepalyii. SHAYeHHs 10 yMOJIYaHHIIO:
100 — g meromoB 'BFGS’, "CG’ u 'L-BFGS-B’, 500— ’Nelder-
Mead’, 10000 — ma 'SANN’.

— abstol — abcosroTHas TOYHOCTD CXOUMOCTH, TPUMEHUMA TOJILKO JIJIS
HEOTPUIATEIHLHBIX (DYHKITHIA.

— reltol — oTHOCHTEIBHASA TOYHOCTH CXOJAMMOCTH. 3HAUEHHE TI0 YMOJIIa-
Huro 1078,

— alpha , beta, gamma — macmrrabupyiomniue mapaMerpbl i METO/IA
’Nelder-Mead’.

— REPORT — ugacrora BBIBOAUMBIX coobiienuii ;s Mmetonos "BFGS’,
’L-BFGS-B’ u 'SANN’, eciiu KOHTpOJIBHBIN MapamMerp trace moJio-
xureser. [lo ymorgannio oiHO cooOIeHne BBIBOAUTCA Ha Kazkbie 10
nrepannii 111 MeTo10B "BFGS’ 1 ’L-BFGS-B’ wim na kaxxapre 100
ureparmii 1y meroaa SSANN.
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type — KOHTPOJIbHBII MapamMeTp I METOJla COIPSIKEHHBIX T'pa-
JneHToB. BbIOOD pa3HOBUIHOCTH MeTOoJla. JHadYeHwe 1 — BapuaHT
Fletcher—Reeves, 2 — Polak—Ribiere, 3 — Beale—Sorenson.

Imm — nenoe guciao — Bapuant mogudukanun meroga bf’ L-BFGS-B’.
[To ymomyanuio — 3HadeHwne .

factr — wmcioBoit mapamerp, KoHTposmpyrommii cxomumocTh bf’L-
BFGS-B’ metrona. Metos1 cxojurces, ecin n3MeHEeHUe OINTUMU3UPYEMOit
byHKIMK MeHbIe b0 paBHO 3HAYEHHIO MAITMHHOf TounocTu (1071%),
ymHozkenHoMy Ha factr. Ilo ymomrganmo — 107,

pgtol — mapamerp, ympassrormuii cxoauMocTbio MeToa bf’L-BFGS-
B’

temp 1 tmax — ymupasigionue napaMerpsl g MmeToga 'SANN’.

e hessian — jiormueckuil apryMeHT — HYKHO JIM BBIBOJUTH UUCJCHHBIC 3Ha-
YeHUsI MaTPHUIbI BTOPbIX ITPOU3BOJHbBIX.

Dynkiwst optim() MOXKeT HCIOJIB30BATHCS HECKOJIBKO pa3 Mojps (KaK OTHO-
CHTEJILHO OJJHOTO ITapaMeTpa, TaK U HECKOJIbKHX).
B pesynbrare pabors! dbynkimn optim() co3gaéres CIUCOK CO CIe/ly oMM

IIOJIAAMM

e par — onruMaJjbHble HaliJleHHbIE 3HAYCHUsI MAPAMETPOB (TOYKA MUHUMYMA
WJIH MAKCHMYMA).

e value — 3Hadenue onTuMuU3UpPyeMoil HYHKIUN B HANJICHHON TOUKE.

e counts — IIeJIOUYUCJIEHHBIII BEKTOP U3 JBYX KOMIIOHEHT, OIUCHIBAIONINI,
CKOJIbKO Pa3 MCIOJ/Ib30BaJIach (DYHKINs U €€ I'PAJIUEHT IPU ONTUMU3AIIN.

® convergence — I1eJ/10e 49uciio - COO6HL€HI/I€‘ O TuUlle 3aBeplIeHud OIITUMUI3a-

IUN:

0 — ynaunoe 3aBepiienue ( npaktudecku Beerga st *"SANNY).
1 — JOCTUTHYTO MaKCHMAJIBLHOE THCJIO UTEPAIIHIA.

10 — pacxoxaenune merojna Nelder-Mead’.

51 — ommbka B Merojie b’ L-BFGS-B’.

52 — ommbka B Merojie b’ L-BFGS-B’..

e message — JIONOJHUTEIHHO BBIBOIMAast nHOpMaIust 06 ONTUMHI3AIN (JIH-

60 NULL).
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e hessian — marpuia — oreHKa MaTPHUIBI BTOPBIX MTPOU3BOJIHLIX B HaillcH-
HOIT TOUKe (BBIBOJMTCS TOJIbKO ecj apryMenT hessian dynknun optim()
npuanmaer 3Haderne TRUE).

IIpumep 61. B xauecmese npumepa paccmompum gynryuto Posenbepea f(x,y) =
100(y — 2%) + (1 — 2)? u natidém ee munumMyM.
Cravanra 3adadum camy pynryuro (x[1] = x,z[2] = y):

fr <- function(x) {

x1 <- x[1]

x2 <- x[2]

100 * (x2 - x1 * x1)"2 + (1 - x1)°2
}

DYHKYUA, BOHUCAAIOULAA HACTHDIE NPOU3BOOHDBLE (2paduermbt):

grr <- function(x) {

x1 <- x[1]

x2 <- x[2]

c(-400 * x1 * (x2 - x1 * x1) - 2 *x (1 - x1),
200 * (x2 - x1 * x1))

+

Pesym)mamm noucra mo4Kku MUHUMYMQ ons Pa3AUHYHDBLT MEMOO08:

> optim(c(-1.2,1), fr)
$par
[1] 1.000260 1.000506
$value
[1] 8.825241e-08
$counts
function gradient

195 NA
$convergence
(11 0
$message
NULL

> optim(c(-1.2,1), fr, grr, method = "BFGS")
$par

(1] 11

$value

[1] 9.594955e-18
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$counts

function gradient
110 43

$convergence

(1] 0

$message

NULL

> optim(c(-1.2,1), fr, NULL, method = "BFGS", hessian = TRUE)
$par
[1] 0.9998044 0.9996084
$value
[1] 3.827383e-08
$counts
function gradient

122 38
$convergence
(11 ©
$message
NULL
$hessian

[,1] [,2]

[1,] 801.6881 -399.9218
[2,] -399.9218 200.0000

> optim(c(-1.2,1), fr, grr, method = "CG")
$par
[1] -0.7648373 0.5927588
$value
[1] 3.106579
$counts
function gradient
402 101
$convergence
(1] 1
$message
NULL

> optim(c(-1.2,1), fr, grr, method = "CG", control=list(type=2))
$par
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[1] 1.018684 1.037829
$value
[1] 0.0003491976
$counts
function gradient

389 101
$convergence
[1] 1
$message
NULL

> optim(c(-1.2,1), fr, grr, method = "L-BFGS-B")
$par
[1] 0.9999997 0.9999995
$value
[1] 2.267597e-13
$counts
function gradient
47 47
$convergence
[1] ©
$message
[1] "CONVERGENCE: REL_REDUCTION_OF_F <= FACTR*EPSMCH"

> optim(c(-1.2,1), fr, method = "SANN")
$par
[1] 0.9945856 0.9895046
$value
[1] 3.856351e-05
$counts
function gradient

10000 NA
$convergence
(11 ©
$message
NULL

Kax 6udno u3 npusedénmnvix peaysomamos memod cOnPANCEHRHBLT 2padueHmos
dan meseprwill peaysvmam.

Cuneyromue jiBe (bYHKIUU OJIMHAKOBBI U PA3IUIAIOTCS TOJTHKO HAIUCAHUEM.
[To3BOJISAIOT ONpEIENTh TOUKY MUHHMYyMa (MakCHMyMa) (QYHKINM Ha 3aJIaHHOM
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HMHTEPBaJIE.

optimize(f = , interval = , ..., lower = min(interval),
upper = max(interval), maximum = FALSE,
tol = .Machine$double.eps~0.25)

optimise(f = , interval = , ..., lower = min(interval),

upper = max(interval), maximum = FALSE,
Nx aprymeHTbI:

o f — onrummsupyemasi ¢yukus. B 3aBucumMocTm OT 3HAYMEHUS apryMeHTa
maximum HIreTcd MO0 MUHUMYM, JITOO MakcuMyM dyHkimn f.

e interval — uucs0BOit BekTOp, 3aja0MUil UHTEPBAJ, HA KOTOPOM HUIIETCS
9KCTPEMYM (DYHKIIUH.

® ... — JIONOJIHUTEIbHBIC apryMeHThI it f.
e lower — HUXKHsIsI TPAHUIA HHTEPBAJIA ONTUMU3AIIIH.
e upper — BePXHss I'PaHUIA WHTEPBaJa ONTUMU3AIINN.

e maximum — jioruueckuii apryment. HykHo nckarh MuHUMYM (110 yMOJT9a-
HUIO) WJIK MAKCUMyM (DyHKIUH?

e tol — xesraeMad TOYHOCTD.

Oyuknun optimize u optimise npumeHUMBI (TOJIBKO) I HENPEPHIBHBIX
dbyukwii. Ecu onrumusupyemas byHKIMs yHIMOAAIbHA, TO Oyjle HaijeH (mpu
PABUIBHOM 3aJIaHUK MHTEepBaJa ONTUMU3AINMN) TJIOOATbHbBIA MUHUMYM (MaKCcu-
MyM), €CJIi K€ ONTUMHU3UpyeMasi (DYHKIUs HEe YHUMOJAJbHA, TO, CKOpee BCEro,
Oy/eT HalljieH JIOKAJIbHBI MUHAMYM (MAKCHMYyM).

Pezyibrar BhI30Ba Optimize nin optimise — crnmucok u3 JIByX KOMIIOHEHTOB:
minimum — HaiileHHOI TOUYKN MUHIMYMa (MAKCHMyMa) U 3HaYeHusl (DYHKIUN B
sToit Touke — objective.

Paccmorpum mipumep.

(z=5)*sin

IIpumep 62. Hatdém munumym u maxcumym dynxyuu f(r) = 12)?

Ha
unmepsanax [—1;4], [0;3] u [1,3].

> f = function (x,a,b) {(x-a)~ 2xsin(x)/((x+b)~2)}

> xmin = optimize(f, c(-1, 4), tol = 0.0001, a = 5, b=2)
> xmin

$minimum
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[1] 3.642265
$objective
[1] -0.02779574

> xmax = optimize(f, c(-1, 4), tol = 0.0001, a = 5, b=2, maximum=T)
> xmax

$maximum

[1] 0.691799

$objective

[1] 1.634088

0.0001, a

> xmin = optimize(f, c(0, 3), tol 5, b=2)
> xmin

$minimum

[1] 2.999958

$objective

[1] 0.02258725

> xmax = optimize(f, c(0, 3), tol = 0.0001, 5, b=2, maximum=T)
> xXmax

$maximum

[1] 0.6917868

$objective

[1] 1.634088

)
]

0.0001, a

> xmin = optimize(f, c(1, 3), tol 5, b=2)
> xmin

$minimum

[1] 2.999952

$objective

[1] 0.02258839

> xmax = optimise(f, c(1, 3), tol = 0.0001, = 5, b=2, maximum=T)

> Xmax

oY)
|

$maximum

[1] 1.000048
$objective
[1] 1.495910

Oynknus nlm () HaxoAUT MUHUMYM 3a1aHHON DYHKIMHI f [TPU MTOMOIIH MeTO/Ia
Herorona. Vcnonb3yiorcss 4acTHBIE NPOM3BOJHBIE U BTOPbIE ITPOM3BOJIHBIE. Bu
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dyHKIUN

nlm(f, p, ..., hessian = FALSE, typsize = rep(l, length(p)),
fscale = 1, print.level = 0, ndigit = 12, gradtol = le-6,
stepmax = max (1000 * sqrt(sum((p/typsize)~2)), 1000),
steptol le-6, iterlim = 100, check.analyticals = TRUE)

n eé APryMEHTDI:

o f — mvunMMUBUpyemas dyukims. Ecim cpean atpubyToB (hyHKIUN 33/ 1aHBI
IPaJINEHT U TeCCUaH, TO OHM OY/IyT MCIOJIHL30BaHbI NpU Bblunciaennu. Mua-
ye OY/yT UCIOJIL30BAHBI PE3Y/IbTaThl YucjieHHoro Jauddepeniuposanus. K
npumMepy, deriv 1mo3BoJIgeT MOJYyIUTh (PYHKIIUIO C FPAJUEHTOM B KadeCTBE
aTpudyTa.

® D — HaYaJibHble 3HAYCHUHA JId apryMeHToOB, II0 KOTOPbIM HUINECTCA MUHUMYM.
® ... — JIOIIOJIHUTEJIbHBIC IJId f ApryMeHThl.

e hessian — joruveckuii apryment. Ecim 3naterne TRUE, To BbIBOgUTCS
3HAYCHUE MATPHUIILI BTOPBIX MPOU3BOIHBIX B HAWJJIEHHONW TOYKE MUHUMYMA.

e typsize — oreHka pa3zmepa KaxkJ0ro rnapaMerpa B TOUKE MUHUMYMA.
e fscale — onenka pasmepnoctu f B Touke MuHHMYMA.

e print.level — uuncioBoit aprymenT — onpejesnser 00bEM UHMOPMAIIUN, BbI-
BOJMMOIi B IIPOIECCE MIHIMU3AIINN.

— 0 (3Hauenue mo ymosrdaHuio) — uHdOpMaIus He BHIBOIUTCH,
— 1 — fgaHHBIE O TIEPBOM U TIOCJIETHEM dTAlaM MUHUMHI3AINN BBIBOIATCS.

— 2 — TOJIHOCTBIO BCsT HHGOPMAIIHS O IIPOIECCe OMTUMUBAINN BBIBOIUTCS.
e ndigit — uwmcio 3navamyx 3HaKkoB i pyukiwmn f.

[ J gradtol — IOJIOZKHUTEJIbHOE YMCJIO, JJOCTUTr'ad KOTOpOe, I'pa/JueHT CUHuTaeTCA
PaBHBIM HYJIIO 1 IIPOLECC OIITUMHU3AIINU IIPEPBIBACTCH.

[} stepmax — IIOJIOZKUTEJIbHOC YMCJIO — OTBeYacT 3a IIal' OIITUMHN3aIllN.

e steptol — nosoxKuTETEHOE YHMCIO — MUHUMAJBHBIN JTOIYCTUMBIIT TIIar ONTH-
MU3AIAN.

e iterlim — makcuMasIbHOE YUCIO UTEPAITHII.
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e check.analyticals — sioruvecknit aprymeHT — Hy»KHO JI CpaBHHBaThH aHa-
JINTUYECKUEe TPAJUEHThl U BTOPbIE ITPOU3BOJHBIE C PE3y/IbTATaMU HHCJIeH-
noro jauddepennupoBanns. [lomoraer BHIIBUTH HEKOPPEKTHO C(HOPMYJIAPO-
BaHHBbIE aHAJIUTHIECKNE TPANEHTHI U BTOPBIE TTPOU3BOHBIE.

Pesynbrarom paborsr dyukiwy nlm() gBIseTCsT CIUCOK CO CJIEAYIONUME O~
JISIMU:

e minimum — 3nauenue f B Touke MuHEMYyMA.
e estimate — Touka, B KOTOpOii ocTHTraeT cBoero MuHUMyMa GyHKIws f.
e gradient — 3HaveHue rpaJiueHTa B HAJIEHHON TOUYKE MUHUMYMA.

e hessian — 3HadeHue MATPUILI BTOPLIX MTPOU3BOJHBIX B HANJICHHON TOYKE
MHUHUMYMaA.

e code — KoJ1 3aBepIIEeHHs IIPOIlecca ONTUMu3aIun. 1 u 2 - HailJleHHbIe 3HaUe-
HUSL SBJIAIOTCA (CKOpee BCEro) perrenneM, 3-5 — coobuierns 00 OImmoKax.

e iterations — 4uC/I0 BBITOTHEHHBIX UTEPAIIHIA.

Paccmorpum nipumep.

IIpumep 63. Crosa Hatidém munumym Gynryuu f(x) = %

aaz [—1;4], [0;3] w [1,3].

Ha urmepea-

> f = function (x,a,b) {(x-a)"2*xsin(x)/((x+b)~"2)}
> nlm(f,0,a=5,b=2)
$minimum

[1] -1.635157e+15
$estimate

[1] -2

$gradient

[1] 8.10962e+20
$code

[1] 2

$iterations

(11 17

Homensaem navarvHoe sHaveHue T

> f = function (x,a,b) {(x-a)~2xsin(x)/((x+b)~2)}
> nlm(f,4,a=5,b=2)
$minimum
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[1] -0.02779574
$estimate

[1] 3.642274
$gradient

[1] 4.610341e-09
$code

(1] 1
$iterations

(11 7

Kax eudno, menas HavasvoHble 3HAYEHUA, MOAHCHO HATMU PA3HbBLE MOYKY MU-
HUMYMG.

Dyukiwst nlminb () ucnosb3yercs B pemenus 3a1ad ONTHMI3AINE ([IOUCK MI-
HUMyMa (GYHKIUK) OpH HATWIUKA (OTCYTCTBHU) OIPAHWYEHUl HA HapaMeTpbl ¢
nomoripio nporneayp PORT (nogpobuas undopmanus - cm. http://netlib.bell-
labs.com/cm/cs/cstr/153.pdf).

nlminb(start, objective, gradient = NULL, hessian = NULL, ...,
scale = 1, control = 1list(), lower = -Inf, upper = Inf)

Eé aprymenTsr:

e start — 4YmMC/IOBOII BEKTOP — HAdaJbHbIE 3HAYEHUS apryMeHTOB (DYHKIIUH,
OTHOCUTEJILHO KOTOPBIX HPOBOJIATCA ONTUMUAZAIIAS.

e objective — dynknuga, MEHUMYM KOTOpPOi miercsd. [lepBbiM aprymenToM
dyHKIMN T0KeH OBITH BEKTOP MTapaMeTpoB, OTHOCHTEHHO KOTOPBIX ITPO-
BOJINTCs ONITUMU3aIUs. B KadecTBe cBoero 3HavdeHns (pyHKIMSA JTOJIKHA BO3-
Bpamarh ckajsip. (Bo3moxkubie 3nadenns — Inf u NA). Beomoraresbabie
aprymeHThl pyHKIuu objective moryT onpesesenbl ObITh gajee (CM. ...).

e gradient — jonosiHUTE/IbHBINH apryMeHT (QYHKIHsI), BEIYUC/ISIONNN TPai-
eHT (OYHKIINU.

e hessian — JOMO/JTHUTEIBLHBIN APTYMEHT, TIO3BOJISIONIII BEITUCIUTH 3HAYCHUS
BTOPBIX [IPOU3BOIHBIX MUHUMHU3UPYEMO (hyHKIMN (TOXkKe (DYHKIHUS).

® ... — JIONOJHUTE/JbHbIE aPIYMEHTHI I MUHUMHU3UPYEMOil (yHKIIUN
objective.

e scale — macmrabupyromuii napamerp (cMm. goxymenrtarmo st PORT —
http:/ /netlib.bell-labs.com/cm/cs/cstr/153.pdf).

e control — crmcox yrpaB/gronuii mapaMeTpos:
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— eval.max — MakcuMaJbHOE JOMYCTUMOE YHCJIO BBI30BOB IIEJIEBOI
dyukiuu. 3uadgenne 1o ymosraanuio — 200.

— iter.max — MakCHMaJIBHO JIOMyCTHMOE 1ncjo urepanunit. [lo ymorga-
auio — 150.

— trace — BBIBOJ 3HAYEHHS I1€/1€BON (DYHKIIMK U ITAPMETPOB OITHMU3A-
UM Ha Kaxkaoi mreparnmn. 3HadeHne 0 o3HadaeT, 4TO HMHPOpPMAIIU
BBIBOJIUTHCS HE OyJIeT.

— abs.tol — abcosrorHast TounocThb. [lo ymomganuio — 0. AEciu nenteBas
dyHKIUA HEOTPUIATEIbHAS, TO JIYUIlle UCIOIHL30BaTh 3HadYeHne 1e-20.

— rel.tol — ornocurenbuas Tounocts. [lo ymorganuio — 1e-10.

— x.tol — TounocTs orHOCHTETLHO apryMeHTOB. [lo y Mmoganuio — 1.5e-

8.

— step.min — MuHUMAJIBHBIN pasmep Iara urepanun. [lo y mMosrganuio
— 2.2e-14.

lower u upper — BEKTOpa — HHUXKHAA U BePXHAd I'Padulbl JJjid apryMeHTOoB
OIITUMUI3AIINN.

PezysibraTrom paboThl (DyHKINN SBJISI€TCs CIIMCOK, BKJIIOYAIONINI B ce0s cieTy-
IoIIue TOJIs:

IIpumep 64. Crosa Hatidém munumym Gyrryuu f(x) =

par — oInTuMaJbHbIi HAOOp apryMeHToB (DYHKIMHU (T.e. TOYKA MUHUMYMA).
objective — 3navenue GbyHKINN B HAWJIEHHON TOUKE MUHUMYMA.

convergence — KoJI 3aBepiieHust padborbl pyHKuu. 0 — ycremiHoe 3aBep-
IreHue.

message — CTpoka ¢ Jjonosauresbaoil nadopmanueit (mu60 NULL).
iterations — uwucsio ureparnuit. N

evaluations — 4uncjo BbI30BOB Ie/1eBOil (DYHKIINKM 1 PYHKIUN I'PAJIHEHTOB.

(z—5)2sinx

(@+2)2 Ha urmepea-

aaz [—1;4], [0;3] w [1,3].

> f = function (x,a,b) {(x-a)~ 2*sin(x)/((x+b)~2)}
> nlminb(4,f,a=5,b=2,)

$par

[1] 3.642276
$objective
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[1] -0.02779574
$convergence
(1] ©
$message
[1] "relative convergence (4)"
$iterations
[11 7
$evaluations
function gradient
9 10

3adadum ozparuverus OmHocumenvHo x,a umernno x > 0:

> nlminb(4,f,a=5,b=2,lower=0,upper=Inf)
$par
[1] 3.642276
$objective
[1] -0.02779574
$convergence
(11 ©
$message
[1] "relative convergence (4)"
$iterations
(11 7
$evaluations
function gradient
8 10

[Tocnennsas dyukims, Koropad Oy/IeT pacCMOTpeHa B 9TOM pazjesie — 3TO
dyukiusa constrOptim, /s KOTOPOit MOXKHO 3a/1aBaTh OIPAHUYEHUA B BHUJIE JIN-
HEWHBIX HEPABEHCTB.

constrOptim(theta, f, grad, ui, ci, mu = 1le-04, control = 1list(),
method = if(is.null(grad)) "Nelder-Mead" else "BFGS",
outer.iterations = 100, outer.eps = 1le-05, ...)

Eé aprymenTsr:

e theta — 4mcI0BOIT BEKTOP HAYAIbLHBIX 3HAYEHUS apryMEHTOB ONTUMU3UPY-
eMoit (bYHKIMN JUTHHBL p (HaYaIbHbIE 3HAYEHUS JOJZKHBI HAXOUTHCSA B 00-
JIACTHU, OIPEJIeIEHHON OrPAHIUYEHUSIMI B BUJIe HEDABEHCTR).

o f — MuHMMUBUpYyeMas QYHKIHA .
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e grad — rpajguent dyukiun f (toxxe dyuknns) 60 NULL.

e ui — MarTpura orpaHuyeHuit pazmepa k X p.

® Ci — BEKTOD OrpaHUYeHUil JTHHBI k.

e mu — mapaMeTp OTJIAJKH ONTUMUASAIIIH.

e control, method u hessian — napmeTpsr, oTHOCAMECd K DyHKIUNT optim.

e outer.iterations — 4ucjo uTeparuii, COBEpIIEHHLIX AJTOPUTMOM OIITUMHU-
3aliu.

[ J outer.eps — HeOTpulaTeJIbHOE YUCJIO - OTHOCUTEJ/IbHad TOYHOCTb CXOIMUMO-
CTH aJI'OpUTMa OIITUMUI3AIIUN.

e ... — JIpyrue aprymenTsbi, oTHocsmmecsd K f u grad.

O6s1acTb, B KOTOPOIi UIIETCs TOYKA MUHUMYMa, OIPEJIe/IAeTCsl HePAaBEHCTBOM
(marpuunasi ¢popma) uif — ci > 0.

Pezysibrar paborbl (DYHKIIUU - CIHUCOK, aHAJOTHYHBIN CO37aBaeMOMY (DYHK-
et optim(), HO ¢ JBYMsI JIONOJHATENBHBIME KOMIOHeHTamu: barrier.value
(3HAYeHMEe CO3AHHOI clieruanbHOil (DYHKIMN B HAIEHHON TOYKe MUHUMYyMA) U
outer.iterations.

PaccmoTpum nipumep.

IIpumep 65. Chosa paccmompum dyrruuro Posenbepaa f(x,y) = 100(y — 2?) +
(1 — )2 u natidém ee MunuMYM.
Cravanra 3adadum camy pynxyuwo (x[l] = x,z[2] = y):

fr <- function(x) {

x1 <- x[1]

x2 <- x[2]

100 * (x2 - x1 * x1)~2 + (1 - x1)~2
+

DYnKUUA, GOUUCAAIOWAA YACTIHBLE NPOU3BOOHBIE (2paduermbt):

grr <- function(x) {

x1 <- x[1]

x2 <- x[2]

c(-400 * x1 * (x2 - x1 * x1) - 2 * (1 - x1),
200 * (x2 - x1 * x1))

}
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Tenepv natidém eé munumym 6 obaacmu {x < 0.9,y —x > 0.1} ¢ nomowwro
dynryuu constrOptim()

> constrOptim(c(.5,0), fr, grr, ui=rbind(c(-1,0),c(1,-1)), ci=c(-0.9,0.1))
$par
[1] 0.8891335 0.7891335
$value
[1] 0.01249441
$counts
function gradient
256 48
$convergence
(1] ©
$message
NULL
$outer.iterations
[1] 4
$barrier.value
[1] -7.399944e-05

A menepv murumym amot orce Gynkuuu, HO Yoce ¢ OPY2UMU 02PAHUYEHUAMU
{z<1,y<1}

> constrOptim(c(-1.2,0.9), fr, grr, ui=rbind(c(-1,0),c(0,-1)), ci=c(-1,-1))
$par
[1] 0.9999761 0.9999521
$value
[1] 5.734117e-10
$counts
function gradient
297 94
$convergence
[1] 0
$message
NULL
$outer.iterations
[1] 12
$barrier.value
[1] -0.0001999195
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