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IIpeaucioBue

JlanHOe BBeleHHE B R MOJIy4eHO U3 MCXOJHOTO HAabOpa MpUMEYaHH, OMMCHIBAOIINX
cpeny S u SPlus, mamucanubix B 1990-2 Bumiom Bens6inszom u [IpBuaom M. CmurtoMm B
yauBepcutete Anenanabl. CaenaHo MHOTO HEOONBITUX U3MEHEHUHN JJI1 OTPAKCHUS pa3Iuauid
MeXay nporpamMmmaMu R u S, u pa3BepHyIM 4acTh MaTepuana.

BeipaxkaeM wuckpeHHIOIO OnaromapHocTh bmuty Bews6mezy (u [Iaugy Cwmwuty),
rapaHTHUPOBABIINX pa3pelIeHHE paclpoCTpaHEHHs dSTOH MOAU(UIMPOBAHHON BepcHH
3aMeTOK, MOJIIepKaB, TAKMM o0pa3oM, R oT myTtu Hazas.

KomMmeHnTapun u wucnpaBieHusi Bcerga npuBercTByroTcs. I[lokamyiicra, ampecyiite
KOPPECIIOH/ICHIIMIO Ha 3JICKTPOHHYIO mouty R-core@R -project.org.

IIpensoxkeHuss ynTaTe/ 10
BonpmmHcTBO HOBMYKOB R HayHer ¢ BBojgHOro ceanca B I[lpunoxenun A. OuH
MO3HAKOMUT CO CTUJIEM ceaHcoB R u, uTo eme 6osee BaxHO, JaCT HEKOTOPOE BIEUATICHHUE O
TOM, 4TO (DaKTHUECKU MTPOUCKOTHT.

MHorue mnonp3oBaTeau MpUAYT B R, rmaBHBIM 00pa3om, u3-3a €ro rpaduuecKux
cpeacts. Cmotpu I'maBy 12 [I'padukal, KOTOPYIO MOXKHO MPOYECTh B MOYTH JIFOOOE BpeMs U
HE CIIeZyeT OKUIAaTh YCBOCHMSI BCEX MPEIBbIIYIIUX Pa3JIEoB.

O nepesoae
JlaHHas KHUTA SBJISETCS NEPEBOJOM JTOKYMEHTAllUM, JOCTYIHOW Ha AaHTJIUUCKON
s3pIke B coctaBe nuctpuOymmu R. Ilocnme ycTaHOBKHM OpHTHMHAN MEpEeBOAa TOCTYIEH IO
anpecy \xkamanoz R\doc\manual\R-intro. Eciu manusiii daiia mepeBoaa nepeMMeHoBaTh B R-
INtro ¥ 3aMEHUTHh OPUTMHANBHBIA (Dailyl Ha NaHHBIA, TO W3 CHpaBku Mo R Oyxer nocrymnex
JTaHHBIN MEPEBOI.

HepeBozl BBITIIOJIHCH IIOJIHOCTBIO 34 HCKOTOPBIMH OTINYHSIMMU.

L B HCKOTOPBIX MECTAX HMCKIHOYCHBI TCKCTBI, OTHOCAIIUCCA K WHBIM OC, Kpome
Windows;

L] HNCKIIHOYCHBI CHpaBO‘-IHBIe HpI/IJIO)KeHI/I}I, B KOTOpHX GBIJII/I C06paHH CCBIJIIKM Ha
(YHKIIMHM ¥ TEPMUHBI B aHTJIMUCKOM TEKCTE;

¢ paClMUpCH pasaci Mo MmakeraM 3a CUCT OIMCAaHHWA IMAKCTOB, MPUMCHACMBIM B
SKOHOMETPHKE.

[TepeBoguuk OyneT Gy1aromapeH 3a BHISABICHHBIC OMIMOKN M HETOUHOCTH.
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1. BBegeHue U npeaBapuTe/bHbIE 3aMeYaHUs

1.1. Cpena R
R mnpencraBnser coboii HAOOp MNPOrpaMMHBIX CPEIACTB JII MaHUITYJIMPOBAHUS
JAHHBIMH, BBIYUCICHHS U Tpaduueckoro orodpaxkeHus. Kpome 3Toro Bo3MoKHO:

e addexTuBHAS 00paOOTKA U XPAHCHHUE TAHHBIX;

o HabOp omepaTopoB IS BEIYMCIICHUN HA MacCUBaX, 0COOCHHO MaTpHUIlaX,

e IIeNbHAs, HETIPOTUBOPEUNBAsA, KOMIUIEKCHASI KOJUIEKIMS YTHJIUT AJIS aHalu3a
TAHHBIX,

o Trpaduueckue CpeicTBa [UIsi aHaluW3a JaHHBIX M OTOOpaXeHHs WIH
HEMOCPEJACTBEHHO Ha KOMITBIOTEPE WIIM IIPH BBIBOJIC HA TI€YaTh, U

e XOpOIIO pa3pabOTaHHBIN, TPOCTON M PPEKTUBHBINA S3BIK MPOTPAMMHUPOBAHUS
(Ha3pIBaeMbIil  ‘S’), KOTOpBIA BKIIIOYAET YCIOBHBIC BBIPAXKECHUS, ITHKIIBI,
oTpezieNiieMble I0JIb30BAaTEIEM peKypcHBHbIE (YHKIMU M CPEACTBAa BBOJA U
BbIBOosa. JlelicTBUTENbHO, OONBIIMHCTBO  MOAJEPKUBAEMBIX  CHCTEMOM
GyHKIMI caMy HamMCaHbI Ha sI3BIKE S.

Tepmun "okpyxkeHue/cpena" mpenHazHaueH, YTOOBI XapaKTEpPU30BaTh €€ Kak
IOJTHOCTBIO  3AIUIAHMPOBAHHYIO M IOCIENOBATEIbHYIO CHUCTEMY, a HE IOCTENEHHO
BO3HHKIIIETO KOHTJIOMEpaTa BEChbMa CIEU(PUUECKUX U HETMOKUX MHCTPYMEHTOB, KaK 4acTo
HUMEET MECTO C APYTHM ITPOrPaMMHBIM 00€CIIeYeHNEM aHAIN3a JaHHBIX.

R sBnsieTcs cpeacTBoM pa3pabOTKU METOA0B MHTEPAKTUBHOTO aHalu3a JaHHBIX. OHa
ObuTa paspaboraHa OBICTPO M ObLIa pacHIMpeHa OOJBIIUM KOJWYECTBOM makeToB. OmHako,
6OJ'II>H_II/IHCTBO nporpamMmM, HAIIMCAHHBIX B R, MNPUHIUIIHAAIBHO ABJISIIOTCA TIpOorpaMMaMu-
OJTHOJTHEBKAMH, HAITMCAHHBIMH TSI KOHKPETHOTO CITydasi aHaJIi3a TaHHbIX.

1.2. CBsi3aHHO€E MPOrpaMMHOe o0ecneyeHne 1 JOKyMeHTaus
R MOXHO paccMOTpeTh Kak peaiM3alldio s3blka S, KOTOphIM paspaboran B Bell
Laboratories Pukom bekkepom, Ixonom YemOepcom u AiaHOM YHIKCOM, M KOTOPBIN
COOCTBEHHO JIGKHT B OCHOBE cucteM S-Plus.

DBOJIOLUS OCHOB f3bIKa S XapakTepu3yercsl 4yeThlpbMs KHuramu J/xona Yembepca c
coaBTopamu. [ R ocHoBoii siBisiercss «HoBwiii f3pik S: Cpema mporpaMMHUpOBaHHS IS
aHayu3a JIaHHBIX U TpaduKuy, HanucanHoi Puuapnom A. bekkepowm, Jxxonom M. Yembepcom
nu Amnanom P. Vwikcom. HoBweie dynkumm S, omybnukoBanHeie 1991, naner B
«CTaTUCTHYECKUX MOJIEIAX B S», oTpeaakTupoBanHoM J[xonom M. Uembepcom u TpeBopom
Jx. Xactu. @opMallbHBIE METOABI M KJIACCHI ITAKETa METOAOB OCHOBAHBI HA ONMCAHHBIX B
«[IporpammupoBanuu ¢ nanaeiMu» JIxxonom M. Uembepcom. Cm. [punoxkenne F [Cebuiku],
I TOYHOH CCBLIKM.

Celiyac ecTb MHOIO KHMI, KOTOpBIE ONMCHIBAIOT MCIIONb30BaHME R 11 aHanusa
JaHHBIX ¥ CTATUCTUKH, U JOKyMeHTarwms s S/S-Plus moxkeT, Kak mpaBHIIO, HCIOIB30BATHCS
¢ R, ecnn momuuTh paznuuus mexay peanmsanuamu S. Cm. Pasznen, "Kaxas noxymenTanus
cymectByeT uisi R?” B craructuueckom cucremaom FAQ R .

1.3. R u cratucruka

Hamie BBenenue B cpeny R He yrmoMHHaeT CTaTUCTUKY, HO MHOTO JIFOJIEH UCIIONB3YIOT
R B kauecTBe cHCTEMBbI CTaTUCTUKUA. MBI TpeNNmouuMTaeM AymMaTh O HEH Kak O cpeie, B
mpenenax KOTOpol ObuIM  pealii30BaHbl  MHOTO  KJIACCHUYECKUX UM COBPEMEHHBIX
CTaTUCTHYECKUX METOJ0B. HekoTopble M3 HUX BCTPOEHBI B OCHOBY cpelbl R, HO MHOrue
npeOoCTaBlIeHbl KakK MakeThl. B coctaBe R cymiectByer okono 25 makeToB (Ha3BaHHBIX
"crangapTHHIMH" U "pEKOMEHIYEeMBIMH'  TMaKeTaMH), M eme OoJblle JIOCTYIIHO Yepes3
cemetictBo caiitoB CRAN (uepe3 http://CRAN.R -project.org) u u3 Apyrux HCTOYHHKOB.
Bonee moapobHyro nHpopMaluio o makerax paccMorpum mozxe (cm. ['maBy 13 [I[Taketsi]).
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BoJIbIMHCTBO KITACCHYECKUX CTATHCTUK U MHOTOE U3 TIOCIECTHUX METOIUK JOCTYITHO
JUTSL MCTIONB30BaHUS B R, HO MOIB30BaTENN TOJKHBI OBITh TOTOBBI K HEOOJBIIUM YCHIIUSM,
yTOOBI HAWTH HY)KHOE.

Ectp BaxkHoe paznuuue B unocodpuu mexnay S (u, ciemoBarensHo, R) m npyrumu
OCHOBHBIMHM CTaTUCTHMYECKHMHU cHCTeMaMu. B S cratuctuueckuii aHaau3 OoOBIYHO JeNaeTcs
KaK psAJ IIaroB C MPOMEXYTOYHBIMH Pe3ylIbTaTaMU, COXPAHCHHBIMH B OOBEKTaX. Takum
obpazom, Torma kak SAS um SPSS nmagyr oOwibHBIE pe3ynbTaThl PErPECCUOHHOTO WU
TUCKPUMHUHAHTHOTO aHanu3a, R BeIBemeT MHUHUMYM peE3yJabTaTOB W COXPAaHUT HUX B
MOJOTHAHHOM OOBEKTE ISl TIOCIEYIOIIETO UCTIOIb30BaHus (pyHKIusaMu R.

1.4. R n oxoHHas cucTEMA
Campiii ynoOHBIH croco0 MOaB30BaThcsi R — 9TO HWCMONB30BaTh TIpadUUECKYIO
pabodyro CTaHIUIO C OKHAMU. JTO PYKOBOJICTBO HAIIEJICHO HA MOJB30BaTENCH, y KOTOPHIX
€CTh ATO CcpeACTBO. B ocobeHHOCTH MBI Oy/eM MHOTAA 00pamarbcsl K UCIOJIb30BaHUi0 R Ha
Windows XP, xots oOmupHBIi 00beM TOTrO, YTO CKa3aHO, OOBIYHO MPHUMEHHUM K JIFOOOM
peanuzanuu cpensl R.

BonpmmHcTBO Monb30Barenel, BpeMsi OT BPEMEHHU, HEMOCPEACTBEHHO CTAIKMBAETCS C
OTICPAIIMOHHON CHCTEMOW Ha CBOEM KOMIIbIOTEpe. B 3TOM pyKOBOACTBE, TJIaBHBIM 00pa3om,
oOcyxaeTcsi B3auMOJICHCTBHE C oIeparmoHHoi cucremoit Ha MammHax UNIX. Ecim R
ucnionasercs moxg Windows mim Mac OS, To Oymer HEOOXOIUMO BHECTH HEKOTOPHIE
HeOOoJIbIINE KOPPEKTUPOBKH.

VYcranoBka pabodeid  CTaHIMHM, 4YTOOBI B TOJMHOW MEpe BOCIOJIB30BATHCS
HACTpauBaeMbIMH (DYHKIMSMH R, sBIsSe€TCS MPOCTOH, XOTSI M HECKOJBKO YTOMUTEIHLHON
npoueaypoi U 37ech paccMarpuBaThes He Oyner. [Ipu TpyAHOCTSX MOJIb30BATENH JOKHBI
MCKaTh MECTHOT'O OMBITHOTO CHEIUAINCTA.

1.5. Ucnoan3oBaHue R B HHTEPAKTUBHOM peKHMe
ITpu ucnonp3oBaHuM NMporpamMmbl R OHa BBIAET 3aIIPOC OXKUAAHUS BXOAHBIX KOMaH.
3anpoc mo ymondanuto ‘>’, kotopeiii Ha UNIX coBmamaer ¢ 3ampocoM 000T0YKH, U TaKUM
00pa3oM, MOXKET Ka3aThCsl, YTO HUYEro He npoucxoauT. OAHaKo, KaK YBUIUM, NP KeJTaHUU
JIETKO U3MEHUTh Ha Jpyroi 3ampoc R. MbI mpeanonoxkum, 4ro 3anpoc obomaouku UNIX - “$’.

B wucnone3oBanun R mox UNIX mpennoskeHHas mpoueaypa i MEepBOTO Ciydas
clenyromas:

1. Co3garb OTAEIBHBIN MOJAKATANOr, CKaxeM 'WOrk' mms aiinoB ¢ maHHBIMH, Ha
KOTOpbIX BbI Oynere mcmonb3oBate R amst cBoeit 3amaun. Oto Oyner pabouum
KaTaJIOrOM BCSIKUU pa3 MPHU UCIIOJIb30BAaHUHU R 17151 3TON ompenesieHHOM 3a1auH.

$ mkdir work
$ cd work
2. Hauatp nporpamMmmy R komaH10ii

$R
3/1ech MOXKHO /1aBaTh KOMaH/IbI
4. Jlns 3aBepiieHus mporpammel R BBenure:

q0

B sTom stane Bac cnpocsr, xotute nu Bel coxpanuThk naHHble cBoero ceanca R. Ha
HEKOTOPBIX CHUCTEMax 3TO OyJeT CAENaHO C MOMOIIbIO AUAJIOrOBOrO OKHA, a Ha JApyrux Bbl
MOJYyYNUTE TEKCTOBBIN 3aMpoOcC, HA KOTOPbIA BBl MOXKETE OTBETUTH «/1a», KHET» WM €OTMEHa»
(mocraTtouHo OymeT BBECTH TEPBYIO OYKBY), 4TOOBI COXPaHHTh JAHHBIC MEpe] BHIXOJOM,
BBINTH 0€3 cOXpaHEeHUs, W BepHYThCs B ceaHc R. CoxpaHeHHBIE JaHHBIE OYAYyT JOCTYITHEI B
Oynymem ceance R.

w
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JanpHeimue ceanchl R TpeOyroT MEHbIIE NeHCTBUH.

1. Cpenaiite 'work' pabounM KaTaJoroM U 3alyCTHTE POTPaMMYy KakK MPEK/IC:

$ cd work

$R
2. Hcnomas3yiite mporpammy R, koTopas 3aBepmutcs komanoi (() B KOHIIE ceaHca.
s ucnionp3oBanus R mog Windows mporienypa B ocHOBHOM Takasi ske. Cosmaiite

Manky Kak pabouyuid KaTajor, W ycraHoBuTe ero B moje ‘Start In’ spasika R. 3atem
3aIlyCTUTC R, ABaX bl IICJIKas 110 UKOHKE.

1.6. IlepBbIii ceaHc
Yurarensm, KeNarolUM HCIBITaTh R Ha KOMIBIOTEpE, NPEXAEC YEeM IPUCTYNHTH
HACTOSITEIHHO COBETYeM IpopadoTaTh BBOAHBIA ceaHc, naHHbIN B [lpunoxenun A [Ceanc
BBIOOPKH].

1.7. IloayyeHne cnpaBKu Mo GyHKIHMAM U CpecTBaAM
VY R ecTh BCTpOEHHOE CIPAaBOYHOE CPelCTBO. UTOOBI MOMY4YUTh 00JIbIle HH(pOpMALIUU
0 J11000# onpeIeICHHON UMEHOBaHHOM (YHKIIMK, HartpuMep SOIvVe, HamuIMTe KOMaHIy:
> help(solve)
AnpTepHaTHUBA!

>7? solve

st cpeAcTB, yKa3aHHBIX CHCIUATBHBIMA CHMBOJIAMH, TapamMeTp TOJDKEH OBITh
BKJIIOYEH B JBOMHBIC WM OJMHAPHBIC KaBBIYKU, Jeias €ro 'CHUMBOJIBHOW CTPOKOM': 3TO
TaK)Xe HEOOXOIMMO I HECKOJIBKUX CIIOB C CUHTAaKCHYECKUM 3HadyeHueM, BKiroyas if, for u
function.

> help("[[")

MoseT HCIOoNb30BaThes JTI00ast (hopMa CHMBOJA KaBBIYKU JIJISI UCKITFOUEHUS IPYTHX
KaBbIueK, Kak B cTpoke, "It’s important”. Harre cornarienne cOCTOUT B MPEANOYTHTETBHOCTH
HCTOJIL30BaHMUsI CUMBOJIA JBOMHOM KaBBIUKH.

Ha GonpmmHcTBEe ycTaHOBOK R cmpaBka moctymHa B ¢opmare HTML, mocrarouno
BBITIOJIHUTD.

> help.start ()

9TO0 3amycTuT Beb-Opaysep, mpenocTaBisomuii BO3SMOKHOCTh MCIIOIb30BaTh THIIEPCCHIIKU B
cnpaBke. Ccputiku ‘Search Engine and Keywords’ na crpanuiie, 3arpyxxenHoi help.start(),
0COOCHHO MOJIE3HBI, TaK KaK COJEPXKAT BHICOKOYPOBHEBBIN CITMCOK IOHSTHH, UCTIOIb3yEeMBIH
IpU TIOUCKE AOCTYNHBIX (DYHKIMH. DTO MOXET OKa3aThCsd OTIMYHBIM CIIOCOOOM OBICTPO
PemnTh MPOOIJIEMBI U TIOHSTH IUPOKHUNA CIIEKTP BO3MOXKHOCTEH R .

Komanpa help.search (anprepHaTuBHO ??) MO3BONSET MCKATh CHPABKY Pa3IUYHBIMH
Croco0amH.

Hamnpumep,

>?? solve
[TompoGyiiTe ?help.search mus meraneit 1 6OBIIEro KOJHYECTBA TPUMEPOB.
[Tpumep Ha TeMe crIpaBKU OOBIYHO MOYKHO BBITIOJHHTH!

> example(topic)

VY Bepcuit R g Windows ecTth apyrue MOMOJHHUTEIBHBIE CHCTEMBI CIPABOYHOU
uHpopmanuu. Mcnomnp3yiirte:
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>?help
JUTSL TIOJTYYeHMsI TalibHeHIel nHdopmanuu.

1.8. Komanasl R, yuet perucrpa u T.1.

Texnuueckn R sBisieTcss SI3bIKOM BBIPAXKEHUI ¢ OYEHb NMPOCTBIM CHHTaKcucoM. OH
YUUTBIBAET PETUCTP, KaK OOJBIIMHCTBO Apyrux nporpamMm UNIX, Takum obpaszom, A u a
ABJISIFOTCS pa3IMYHBIMU CUMBOJIAMH U CCBIJIAIOTCS Ha pa3Hble nepeMeHHble. Habop cuMBoIIOB,
KOTOpbIE MOTYT HCIIOJIb30BaThCsl Al UMEH R, 3aBUCHT OT ONEpalMOHHOH CHCTEMBI U
CTpaHbl, B KOTOPOH R mcnosHseTcst (TEXHHYECKH TOBOPS, OT MCIONIb3yeMoi jJokaiu - locale).
OO0bIuHO pa3zpenieHbl Bce an(aBUTHO-IIUGPOBBIE CUMBOJIBI IUIIOC ' M ° °, ¢ OrpaHUYEHUEM,
YTO UM JOJKHO HAYMHATBCS € «.» WIN OYKBBI, U €CIIM HAUMHAETCA C «.», TO BTOPOIl CUMBOJI
HE MOXeT ObITh IU(poil. ViMeHa B HacTOAUIMI MOMEHT ()aKTUYECKM HEOTPAaHUYEHHBI, HO
ObUTH orpaHuyeHbl 256 Gaiitamu 10 R 2.13.0.

[IpocThie KOMaHIBI COCTOSAT W3 BBIpaKEHUH (EXPression), OO0 MPUCBOCHHIA
(assignments) . Eciu BbIpakeHHE BBOIUTCS KaK KOMaH/a, TO OHO BBIYUCISCTCS, BHIBOAUTCS
(moka crenuaNbHO HE CACIAaHO HEBUAMMBIM) W 3HadyeHue TepseTcsa. [IpucBoeHHME Takke
BBIYHCIISICT BBIPAKCHUE U TIEpEIacT 3HAYCHUE MIEPEMEHHOM, HO Pe3yyibTaT aBTOMAaTHYCCKH HE
BBIBOJIMTCSI.

Komannpl paznenensl mubo Toukoi ¢ 3amsito (°;), 1m0 HOBOM cTpokoi. [IpocTeie
KOMaH/Ibl MOTYT TPYNIIHPOBATHCS B OJTHO COCTaBHOE BhIpakeHUe purypusiMu ckookamu (“ {’°
u‘}’). KommenTapuu MOryT OBITh TOMEIICHBI PAKTHYSCKH T YTOIHO, HAYMHASACH CO 3HAKa
"pemerku” (‘#’), Ipu 3TOM BCe 10 KOHIIA CTPOKH SIBIISICTCS KOMMEHTapUEM.

Ecnm xomanma He TmonHA B KOHIIE CTpOKH, TO R macT ocoboe mpuriamieHue, 1o
YMOJTYaHUIO!

+

HAa BTOpPON U TOCIHEAYIOIIUX CTpPOKaXx M NPOAOKUT YUTaThb BBOJA, IOKa KOMaHJa
CUHTAKCHUYECKH HE IMOJHA. DTOT 3ampoC MOXKET ObITh M3MEHEH MOJb30BaTeneM. MBI, Kak
paBUJIo, OyZeM OIMyCKaTh MpUTJIAIIEHHE MPOJODKEHUS BBOJAa U 0003HAUYMM MPOJOJKEHUE
MPOCTBIM OTCTYIIOM.

Komannnpie CTpOKH, BBOAMMBIC Ha KOHCOJIM, OTpaHUYEHBI B pazmepe nos 4095 Oailt
(HEe CIMBOJIOB).

1.9. IloBTOp M KOppeKUMs MPeAbIAYIIUX KOMAH/

R oOecrneunBaeT MeXaHW3M JJIsl TIOBTOPHOTO BBI30BA M BBIMOJHEHHS MPEABIIYIIUX
KoMaHJ. BepTukanbHble KIaBUIIN CO CTPEIKaMU HA KJIABHAType MOTYT MCIOJIb30BaThCS IS
IPOKPYTKH BIIEPEN U Ha3aJ 10 UCTOpUU KOMaHJ. Kak TOIbKO KOMaH/1a JIOKAIU30BaHa TaKUM
croco0oM, Kypcop MOXeT ObITb MepeMelleH B Ipelelax KOMaHIbl, HCHOIb3ys
TOPU30HTAJIbHBIE KJIABUIIIN CO CTPEJIKAMHU, U CUMBOJIBI MOTYT ObITh yianeHsl kinaBuiieir DEL
WK [00aBIE€Hbl OpYrMMHU KiaBumiamu. bosiee moapoOHas uHbopMamus NperycMOTpeHa
nanee: cM. [Ipunoxenue C [Penakrop KoMaHIHON CTPOKH].

Kpome Toro, pemaktop Tekcra Emacs mpemocTamisier Oojiee TOJHBIA MEXaHU3M
nonnepxkku (uepe3 ESS — Emacs Speaks Statistic) mist uaTepaktuBHOi padbotsl ¢ R. CmoTpu
paszaen “R and Emacs” B The R statistical system FAQ.

1.10. BoinostHeHne koMaHa U3 ¢aiiia uiu nepeHanpapjieHne BbIBoAA B daii
Ecmu xomaHasl ObUIM COXpaHEHBI BO BHemHeM (aiiie, ckaxem ‘command.R ° B
paboyem karamore 'WOrk', To oHM MOTYT OBITH BBHINOJIHEHBI B JI000OC Bpems B ceaHce R
KOMAaH/IOM.

> source(*'commands.R ")
Js Windows Source takke moctyreH B MeHto File. @ynkims Sink:
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> sink("record.lis")
OTKJIOHHT BECh MOCJICIYIOIINI BBIBOI KOHCOJIM BO BHeImHUH daiin ‘record.lis’. Komanma

> sink()
BOCCTAHOBHUT BBIBOJA B KOHCOJIAX €IIIC pa3

1.11. CoxpaHeHue JaHHBIX U yaJieHHe 00bEKTOB
CymrHocTH, KOTOpble R co3maeT M MaHUIYJIUPYET, U3BECTHBI Kak 00BbekThl (Object).
OnHM MOTyT OBITh TIEPEMEHHBIMU, MAaCCUBAMH YHCENI, CAMBOJIBHBIMH CTPOKAMHU, (HYHKIIHSIMHU
wim OoJiee OOIUMH CTPYKTYPaMH, TOCTPOCHHBIX U3 TAKUX KOMIIOHEHTOB.

Bo Bpems ceanca R 00bEKTHI CO3AI0TCS U XPAHATCS TI0 UMEHHU (MBI 00CY)K/1aeM ATOT
npoiiecc B cieayromiem ceance). Komanma R

> objects()

(takxe kak 1S()) MoXkeT UCTIOIB30BATHCS JIJIS BBIBOJIA HA SKPaH UMEH (B OCHOBHOM) OOBEKTOB,
KOTOpPBIE B HACTOSIIIIMA MOMEHT XpaHATcs B npezaenax R. HaGop oObeKTOB, COXpaHEHHBIX B
HACTOSIIMN MOMEHT, Ha3bIBAIOT paboueii oosiacThio (Workspace).

Jlst ynanenus oObeKTOB TOCTYITHA KOMaHaa Fm:

> rm(x, Y, z, ink, junk, temp, foo, bar)

Bce 00bekThl, co3maBacMble BO BpeMsi ceaHca R, MOTyT XpaHHTbCS HOCTOSHHO B
daiine nmns wcnoiab3oBaHUs B OyaymeM ceance R. B konme kaxmoro ceanca R
IPEOCTABIISCTCS BO3MOXKHOCTh COXPAHUTh BCE B UMEIOIIMECS B JaHHBIA MOMEHT OOBEKTHI.
Ecnu noaTBepAuTh HEOOXOAUMOCTH 3TOT0, TO OOBEKTHI 3aMUCHIBAIOTCS B (haiis, Ha3bIBaEeMBbIi
“RData’ B TexyiieM karajuore, a CTpPOKM KOMaH/, UCIIOJIb30BAHHBIX B CEAHCE, COXPAHSIOTCS B
daiin ‘.Rhistory’.

ITpu mocnenyromem 3amycke R pabGouass oOmacte 3arpyxaercs U3 3Toro (aiina.
OnHOBpEeMEHHO 3arpyaetcs MPUCOeIUHEHHAs! UCTOPUS KOMaHI.

PekoMeHayercss HCIONB30BaTh OTHCNBbHBIE pabodne KaTalorh [UIsl  aHAJIH30B,
npoBoAuMbIX ¢ R . OueHb pacnpoCTpaHEHO MCIOJIb30BATh AJIsl aHAJU3a O0BEKThl C UMEHAMU
X u Y. [lomoOHbIe UMEHA YacTO 3HAYUMBI B KOHTEKCTE OTACIHHOTO aHaIHM3a, HO MOXET OBITh
JOBOJIBHO TPYAHO PEIIUTh TO, Y€M OHHU OTJIMYAIOTCS, €CIM HECKOJIbKO aHalM30B ObLIO
BBITIOJIHEHO B OJJHOM U TOM K€ KaTaJyiore.
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2. HpOCTbIe MAaHUIIYJIALOUH; YUCTIA U BEKTOPbI

2.1. BekTopa u npucBauBaHus
R omepupyer MMeHOBaHHBIMU CTPYKTypamu naHHbIX (data structures). I[Tpocreitmast
Takas CTPYKTypa — 3TO YHCIOBOH BEKTOpP, KOTOPBIA SBISETCS OTACIBHBIM OOBEKTOM,
COCTOSIIIIUM M3 YIIOPSA0YEHHOTro Habopa unceln. UToObl cO31aTh BEKTOP C UMEHEM X, CKaXKEM,

COCTOAIIMN U3 MATH Yncel, a uMeHHo, 10.4, 5.6, 3.1, 6.4 u 21.7, ucnonb3yrot komauay R:

> x <- ¢ (10.4, 5.6, 3.1, 6.4, 21.7)

D10 - omeparop MPHCBaWBaHUS, HUCIONB3YIONIMNA (QyHKIUIO C(), KOTOpas B 3TOM
KOHTEKCTE MOXET B3SITh IIPOU3BOJIBHOE YHCIO apryMEHTOB BEKTOpAa M 3HAYEHHUEM KOTOPOM
SIBJISIETCSL BEKTOP, MOJIYICHHBIH ITyTeM 00beTUHEHUS apTYMEHTOB KOHEII C KOHIIOM.

OtnenbHOE YKCIIO, BXOMSIIEE B BBIPAXKECHHM, TPAKTYETCS KaK BEKTOP €IUHUYHOMN
JJIAHEL

VYutute, 9To oneparop npucBauBaHus (° <-’), KOTOPBI COCTOUT ATUX ABYX CUMBOJIOB
‘<’ (“menbmie yem”) u ‘-7 ("MuHYyC"), BBIMOJTHSICTCS OJHOHAMPABICHHO W 'yKa3bIBaeT Ha
00BEKT, MOMyYaIoOU[Nil 3HaUeHNE BhIpaKeHUs. B G0NbIIMHCTBE ClTydyaeB MOKHO HCIOJIB30BaTh
omneparop ‘=" B KAYECTBE aIbTEPHATHUBBI.

Tax)ke MOXHO ClIeaTh MPUCBOCHUE, UCIOB3Ys (QyHKIHIO0 assign(). DKBUBaICHTHBIH
BBIIIC TPUBCACHHOMY CHOCO6 IMPUCBOCHUS BBITTIAOAUT KakK:

> assign ("x", ¢ (10.4, 5.6, 3.1, 6.4, 21.7))

OOBIYHBIH orepaTop <- MOXKET CUMTATHCS CHHTAKCUYECKIM COKpAIICHUEM JJIsl HETO.

[IpucBoeHrs MOryT Takke OBITh CIENaHbl B JPYrOM HamlpaBlIE€HUH, HCIOJb3Ys
OUEBHJHOEC W3MEHEHHWE B OIepaTope MpUCBaWBaHUA. TakuM o00pa3oM, TO K€ camoe
MIPUCBOEHHUE MOTJIO OBITh CIIEIAHO, UCTIONb3YS:

> (10.4,5.6,3.1,6.4,21.7)->x

Ecnn BeipaxkeHne UCNONIb3yeTCsl B KAYECTBE MOJIHOW KOMAaH/Ibl, 3HAUEHHUE MeYaTaeTcs
u Tepsiercs. Mrak, ecau Obl HaM MPUILIOCH UCIIONB30BAaTh KOMaHY:

> 1/x

TO OOpaTHBIC BETMYMHEI MATH 3HAYCHUI ObUTH OBl HaleyaTaHbl B TEpMUHAIE (a 3HAYCHHUE X,
KOHEYHO, HE U3MEHHUIIOCH).

JlanbHenee NpucBauBaHue:
>y <-Cc(x0,x)
co3aact BeKTop Y ¢ 11 anemMeHTaMu, COCTOAIMME U3 ABYX KOIHUH X ¥ HYJIEM MEXIY HUMH.

2.2. BekTopHas apudmMeTuKa

BekTopsl MOTYT HCITONIB30BaTHCS B apU(METHUECKUX BBIPAKEHUSAX, H B 3TOM ClIydae
OTIEpalliU BBIMOTHSIOTCS MO3JEMEHTHO. BEKTOPHI, HCIIONB3yeMbl B OJHOM BBIPAXECHUU, HE
00513aTeNbHO JOJDKHBI UMETh OJMHAKOBYIO JUIMHY. Eciam JUMHBI OTIMYaroTCs, TO pe3yabTar
BBIPQKEHUSI — 3TO BEKTOp C JUIMHOM CaMmoro JUIMHHOTO BEKTOPa, KOTOPBIH HAXOAWUTCS B
BeIpaXEeHUU. KOpOTKHE BEKTOpPHI B BBIPRKEHHM HCIIOIB3YIOTCSI MOBTOPHO CTOJBKO Pas,
CKOJIBKO 3TO HEOOXOAMMO (BO3MOXHO HE LIENOE€ YHUCIO pa3), IO TeX IOp, [IOKAa OHU HE
COBHAIYT C JUIMHOM CaMoro JUIMHHOTO BEKTOpa. B dYacTHOCTM KOHCTaHTa TIPOCTO
noBTopsieTcs. Tak, yuuThiBasi NpeAbAYIIEe IPUCBAaUBAHNS, KOMaH/IA:

Sy<-2*x+y+1

CO3/1aCT HOBBIM BEKTOp V JUTMHBI 11, COCTABICHHBIN MMyTEM CIOKEHUS DJIEMEHT 3a 3JIEMEHTOM
2*X moBTOpeHHOTO 2.2 pa3a, Y IOBTOpSETCS TOJIBKO pa3, u | moropsercs 11 pas.
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DreMeHTapHBIMU apr(PMETHIESCKUMHU OIlepaTOpaMu SBISIOTCS OObIUHBIE +, -, *, [ u
JUTSL BO3BEJCHUS B CTEINCHb. J[OTIONHUTEIBHO MPUCYTCTBYIOT BCE MPOCTHIC apr(pMETHUECKHE
dbyuxuuu. log, exp, sin, cos, tan, sqrt u Tak ganee, BCe OHH UMEIOT CBOE OOBIYHOE 3HAUCHHE.
max u Min BeIOKPAIOT caMble OOJBINNE W HAUMEHBIINE JIEMEHTBI BEKTOpa COOTBETCTBEHHO.
range siisiercst GyHKIMEH, 3HaUYCHHE KOTOPOM - BEKTOp JUIMHBI JBa, a uMeHHO, C(min(X),
max(x)). length(x) siBisiercst 4rcoM 3JIEMEHTOB B X, SUM(X) JaeT CyMMy BCEX AJIEMEHTOB X, U
prod(X) ux nmpousBeaCHHE.

JIByMsi CTaTHCTUYCCKUMHU (DYHKIUSAMH SBJISIFOTCS  Mean(X), KoTopask BBIYUCIISIET
cpeaHee BBIOOPKH, uTO cooTBeTcTBYeT SUmM(X)/length(x), u var (X), koropas maet

sum((x-mean(x))"2)/(length(x)-1)
WM Jucriepcuio BeiOOpku. Ecim mapamerpom var() sBisiercss N-Ha-p MaTpula, 3HAUYCHHE -

MaTpulla KOBapHallUW BBIOOPKH P-Ha-P, MOJy4yeHHas IyTeM HHTEpIpeTaly CTPOK Kak [
HE3aBHCHUMBIX BEKTOPOB-BEIOOPOK.

sort(X) Bo3BparaeT BEKTOp TOTO e pa3Mepa Kak X ¢ JIEMEHTaMH, PACIIOIOKEHHBIMU
B BO3PACTAIOIIEM HOPSIKE; OJJHAKO JOCTYITHBI U Apyrue Oosee THOKUE CPecTBa COPTUPOBKH
(cm. order(), mau sort.list(), koTopbie MPOU3BOISAT EPECTAHOBKY IIPH COPTHPOBKE).

3ameTuM, 4TO Max U MIN BEIOMPAIOT camoe OOJIBIIOC U HAUMEHBIIIeE 3HAYCHUE B UX
apryMeHTax, Jake €CITU UM Jaf0T HECKOJILKO BEeKTOPOB. [lapamiensHble PyHKIIMN MakcUMyMa
¥ MHHHMyMa pPmax u pmin BO3BpamialoT BEKTOp (IUIMHBI, PAaBHOHW UX CAMOMY JUIMHHOMY
apryMEHTY), KOTOPBIH COJACPXKHT B KaKIOM CBOEM 3JIEMEHTE HamOoJblice (HauMEHBIIEE)
3HA4YCHUE HA PTOU MO3UIMH BO BCCX BXOJHBIX BCKTOPAX.

B GonpmmHCTBE ciTydaeB MOJIB30BATEIIO HE BAXKHO, SBJISIFOTCS JU ""dncia’ B YHCIIOBBIX
BCKTOpax MCJIbIMH, pPCAIbHBIMU WM HaXXC KOMIIJICKCHBIMHU. BHyTpeHHI/Ie PAaCUCTLL
OCYHICCTBJIAKOTCA B PCAJIBHBIX YHCIAX I[BOﬁHOfI TOYHOCTH, HJIM KOMIIICKCHBIX YHCJIaX
JBOMHON TOYHOCTH, €CJIM BXOHBIE JaHHbBIE SIBJISIOTCS KOMILIEKCHBIMHU.

HJ’IH pa6OTI>I C KOMIUICKCHBIMH 4YHUCJIaMU HAJA0 SABHO MNPEAOCTAaBUTL MHUMYIO 4YaCTb.
Takum oOGpazom:

sgrt (-17)
nact NaN u npenynpexaenue, HO
sgrt (-17+0i)
CeNaeT BHIYMCIICHUS KaK KOMIUIEKCHBIX YHCEI.

2.3. N'eHepamusi peryJsipHbIX MOCJI€I0BATEILHOCTEMH
Y R ecTh MHOTO CpeACTB sl TEHEpAIMH WCIIONB3YEMbBIX MOCIECI0BATEIbHOCTEH
o0bruHbIX uncen. Hanpuwmep, 1:30 sBasiercs Bextopom C(1, 2., 29, 30). V oneparopa
JIBOCTOYMSI €CTh BBICOKHI NMPUOPUTET B TIpejeiax BBIPAKCHHs, TAKUM 00pa3oM, HarpuMep
2*1:15 sBniseTcs BEKTOPOM c(2, 4.., 28, 30). Beemure n <-10 u cpaBHUTE
nocienosarenbroctr 1:n-1 u 1: (n-1).

Beipaxxenne  30:1  MoxeT — MCHonbp30BaThCs  JUISL  CO3MAHMS  OOpaTHOMU
HIOCJICIOBATEIEHOCTH.

OyHKIUA seq() sBasercs  Ooaee  oOmUM CpEACTBOM  [UIA  TeHepauuu
MOCJIEI0OBATENbHOCTU. Y HEe MMeeTCs MATh MapaMeTpoB, TOJBKO HEKOTOpbIE U3 KOTOPBIX
MOTYT cnenuduuupoBaThcsi B JT1000M BbI3oBe. [lepBble aBa mapamerpa, €CiIH JaHO,
cnenuuUIUpPYIOT Hayallo U KOHEI [TOCJIeJ0BAaTeIbHOCTH, U €CIIU TOJILKO 3TH JIBa MapaMeTpa,
TO pe3yJibTaT aHAJOTHuYEH ormeparopy aBoetouus. Hampumep, seq(2,10) maer rtakoit xe
BEeKTOp Kak 2:10.
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Aprymentst st Seq() ¥ KO MHOTHM JAPYrUM QYHKIHSIM R, MOTYT Take ObITh JaHbI B
MMEHOBaHHOM (opme, KOT/Ia MOpsAI0K, B KOTOPOM OHH IMOSIBJISIFOTCS, HE BakeH. IlepBbie nBa
aprymeHTa MoHO Ha3Bath from=value u to=value; takum o6pazom seq(1,30), seq (from=1,
t0=30) u seq (t0=30, from=1) sBustorcs oaunakoBbiMu ¢ 1:30. Crnenyromniue aBa apryMmeHTa
s sed() moskno HasBaTh by=value u length=value, kotopsie cnenudpuuupyrOT pasmep rara
U JUTHHY JJIS TIOCJIEA0BATEIbHOCTH COOTBETCTBEHHO. ECM HM OJMH W3 HUX HE JaH, TO IO
YMOJTYaHHIO MpenoaracTes by=1.

Hamnpumep:
> seq(-5, 5, by=.2) ->s3
reaepupyet Bektop C(-5.0, -4.8, -4.6, ..., 4.6, 4.8, 5.0). [Togo6HO 3TOMY:
> s4 <- seq(length=51, from=-5, by=.2)
TEHEPUPYETCS. aHATIOTUYHBIA BEKTOP.

[TaTeiii aprymMmeHT MOXKHO HasBath along=vector, KOTOpbIi HCHOJB3YETCS Kak
€JIMHCTBCHHBIN apryMeHT M CcO3[aeT mociemoBarenbHocTh 1, 2..., length(sexmop), wnn
MYCTYIO MOCEA0BATEIIBHOCTD, €CITM BEKTOP MYCT (TaKOe TOKE MOXKET OBITH).

CootserctBytomas  ¢GyHkius rep(), KOTOPYHd MOXHO HCIOJIb30BATHCS IS
THPAXUPOBAHUS 00BEKTA PA3IMYHBIMU CJIOXKHBIMH criocobamu. Camast mpocTast opma:

> s5 <- rep(x, times=5)
KOTOpasi IOMECTUT IATh KOIUM X OT Hayajia J0 KoHUa B s5. [pyras noJie3Has Bepcus

> 36 <- rep(X, each=5)
KOTOpas MOBTOPUT KA 3JIEMEHT X MATh pa3 Nepe NEPECHUIKON B CIETYIOLIYIO.

2.4. Jloruvyeckne BEeKTOPbI

Tak ’ke Kak YHUCIIOBBIE BEKTOPHI, R TMO3BOJISIET MaHUIYJUPOBAHHME JIOTMYECKUMU
BEeJTMYMHAMU. Y 3JIEMEHTOB JIOTUUECKOTO BeKTOpa MoryT ObiTh 3HaueHue TRUE, FALSE, u
NA (m1a “He noctynHO”, cM. Huke). llepBble nBa uacto cokpamarorcss kak | u F,
COOTBETCTBEHHO. 3aMETHUM, OJJHAKO, 4TO T U F - TOJIbKO NepeMeHHbIe, KOTOPbIE YCTaHOBIICHBI
B TRUE u FALSE no ymonuaHuio, HO HE 3ape3epBHUPOBAHHbIC CJIOBA U, CJIEAOBATEILHO,
MOTYT OBITh Iepe3anucaHsl nojb3oBareneM. Ciae0BaTeNnbHO, ClIeyeT BCeraa UCIOIb30BaTh
TRUE u FALSE.

Jlornyeckue BeKTOpBI FeHEpUPYIOTCS ycnoBusiMu. Hanpumep:

> temp <-x>13

yCcTaHaBIMBaeT {emMp Kak BEKTOp OAMHAKOBOW JJIMHBI Kak X co 3HaueHuem FALSE,
COOTBETCTBYIOIIMX TE€M dJIEMEHTaM X, rae yciaoBue He cobmiomaercsa, 1 TRUE, roe umeer
MECTO.

Jlornueckumu orepaTopaMu SABISIIOTCA <, <=, =>,>=, == JJIs1 TOYHOI'O PAaBEHCTBA U
I= nns HepaBeHcTBa. Kpome Toro, ecimm €1 u C2 - norndeckue BblpaxkeHus, To C1&C2 - ux
nepeceuenue ("u"), c1|c2 - ux oobeaunenue ("unn'"), u Icl - orpunanue cl.

Jlornueckue BEKTOPBI MOTYT MCIOJIb30BATHCS B OOBIYHON apH(METHKE, B TOM CiIydae
OHM TpeoOpa3yroTcs B uncioBbie BeKTOpbl, FALSE paBHo 0 u TRUE paBuo 1. OnHako ecth
CUTyalluu, TJAC JIOTUYCCKHUEC BCKTOPbI M HX Hp€O6pa3OBaHHBIe YUCIIOBBIC ,Z[yGHHKaTBI HE
9KBUBAJICHTHBI, HAIPAMEP CM. CIICIYIOIIUH TOApa3ed.

2.5. [IponyumieHHbIE 3HAYECHUS
B HEKOTOpBbIX ciaydasx KOMIIOHEHTbI BEKTOPA HE MOTYT ObITh MOJIHOCTbIO M3BECTHBI.
Korma »snemeHT wnm 3HaueHWe “He JOCTYNHO  WJIM "OTCYTCTBYET 3HaueHue" B
CTAaTUCTHUYECKOM CMBICIIE, MECTO B IIpeJesiax BEKTOpa MOXKET OBITh 3ape3epBHPOBAHO,
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npucBauBas eMy criennaibHoe 3HadeHue NA. BooOmie mo6oe aeiictBue ¢ NA maer NA.
O06ocHOBaHHME 3TOTO TpaBUjIa MPOCTO COCTOWT B TOM, YTO, €CIH CIEIUPUKANUS TEHCTBUS
SIBJIIETCS] HETIOJTHOM, TO Pe3yJIbTaT HE MOXKET OBITh U3BECTEH U, CJICIOBATEIBHO, HE TOCTYIICH.

@Oynkius 1S.na(X) gaet JOTHYECKUN BEKTOP OJMHAKOBOTO pa3Mepa ¢ X CO 3HaYCHUEM
TRUE, ecnu 1 TOBKO €CI COOTBETCTBYIONINMA 37IeMeHT B X paBeH NA.

>z <-¢(1:3,NA); ind <-is.na(z)
3aMeTuM, 9TO Joruueckoe BoipakeHre X == NA odeHb oTiimuaercs ot iS.na(X), tak
kak NA He JeWCTBUTENILHO 3HAYCHHE, a MapKep s KOJMYECTBA, KOTOPOE HE JOCTYITHO.
Takum 06pa3zom, X == NA - BEeKTOp OJIMHAKOBOM JUIMHBI C X, BCE 3HAYCHHS KOTOPOTO PaBHBI

NA, MOCKOJBbKY CaMO JOIMYECKOE BBIPAXKEHHME SIBJIETCSI HEMOJHBIM M CJIEJOBATEIIBHO
HEepa3peLIMbIM.

3aMeThM, 4YTO CYIIECTBYET BTOPOM BHUI "MPOMYHIEHHOro" 3HAYEHHs, KOTOpOE
MPOU3BCACHO YUCIIOBBIM BBIYUCJIICHUCM, TAaK HA3bIBACMOC 3HAYCHHC «He Yucmo» - NaN.
[Tpumep:

> 0/0

NI

> Inf — Inf
KoTopbiid 00a marot NaN, Tak kak pe3yabTaT HE MOXKET ObITh ONPECIICH 3aMETHO.

B wrore, is.na(xx) pasao TRUE wu mms NA wu mis 3HaueHus NaN. Tlpu
nuddepeHirpoBannu ux, is.nan(xx) pasao TRUE Toibko mis NaN.

OrtcyrcTBytone 3HaueHHs uHornaa mnedararoTcs kak <NA>, korna CUMBOJIbHBIC
BEKTOPHI Harle4aTaHbl O€3 KaBbIUCK.

2.6. BekTopbl CHMBOJIOB
CuMBONIBHBIE KOJIMYECTBA M CHUMBOJIBHBIE BEKTOPBHl YacTO HCHOJIB3yIOTCI B R,
HarpuMmep, Kak MEeTKH pucyHka. ['1e HeoOXoauMo OHM 00O03HAYEHBI IOCIIE0BATEIBHOCTBIO
CHUMBOJIOB, pa3rpaHMYEHHBIX CHUMBOJIOM JIBOMHOM KaBbIUKHM, HAIpUMeEp, ' X-3HaueHnuem',
"Hosas umepayus 3axanuusaemcs’”.

CUMBOJIbHBIC CTPOKH BBOJSTCS, UCTIOJB3Ys JitoObie aBokHbIe (') miau oauHapHbie ()
KaBBIUKHM, HO HAleyaTaHbl, UCIIOJIb3Ys JBOWHBIC KaBBIYKH (WM MHOT/AA O0e3 KaBbluek). OHU
UCTIONIB3YIOT escape-mocienoBarenbHocT C-CTHIIS, UCTOJB3Ys \, MOCKOIbKY cuMBOI ESC,
TakuM 00pa3oM, \\BBOJUTCS U redaraeTcs Kak \\, ¥ B JBOMHBIX KaBbIYKaX, 'BBOAUTCS Kak \".
Jlpyrue moJe3Hble escape-TmocieIoBaTeIbHOCTH: \N - HOBas cTpoka, \t — Talymnsuus u \b -
knaBuia Backspace — cmotpu ?QUOteS sist MOTHOTO CIIHCKA.

CuMBOIIBHBIE BEKTOPHI MOTYT OBITH CBSI3aHBI B BEKTOp (DyHKIHMEW c(); MPUMEPHI HX
UCIOJIb30BaHUs OyyT 4acTO MOSBISATHCS.

Oyukius paste() OGepeT MPOU3BOIBHOE YKCIIO APAMETPOB M CBSI3bIBACT UX OJUH 3a
JIPYTHM B CHMBOJIbHBIC CTPOKH. JIFOOBIE YMcia, TaHHBIC CPEeIU MapaMeTpPOB, MPUHYXKICHBI B
CUMBOIIbHBIE CTPOKH OYEBHUIHBIM CIOCOOOM, TO €CTh, TAKHM € 00pa3oM OHU ObUIH ObI
TAaKOBBIMH TIPH IedyaTH. [lapamMeTpsl 10 YMOJTYaHHIO Pa3JieICHBl B PE3yJIbTaTe OJUHOYHBIM
3HAKOM MpolOena, HO 3TO MOXKET ObITh W3MEHCHO MMEHOBAaHHBIM apryMEHTOM Sep=string,
KOTOPBIA U3MEHSET UX Ha CTPOKY, BO3MOXKHO ITyCTYIO.

Hanpumep:
> labs <- paste(c("X","Y"), 1:10, sep=""")
npeobpasyet labs B cumBobHBIN BEKTOP

c("X1", y2", X3, ty4t, X5, tYe", X7, Y8, "X9", "Y10")
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3aMeTUM OT/ENBHO, YTO PEIUPKYJISINS KOPOTKUX CIIUCKOB TAKXKe MMEET 3/1eCh MECTO;
takuM obpazom, C("'X","Y") moBTopeH 5 pa3 ans cooTBeTCTBUS nociedosamenvhocmu 1:10.

2.7. BeKTOpBI HHAEKCOB; BHIOOP M M3MEeHEeHUe MOMHOKECTB HA0OPOB JaHHBIX
[TomMHOXecTBa 3JIEMEHTOB BEKTOpPa MOTYT OBITH BBIOpaHBI IyTeM J00aBICHHS K
MMEHHU BEKTOpa UHOEKCHO20 8eKmopa B KBAJpaTHBIX CKoOkax. bomee mmpoxo y mo6oro
BBIPa)KEHUS, KOTOPOE OLIEHUBAET BEKTOP, MOXKET OBITh MOJIMHOXKECTBA €0 3JIEMEHTOB, TaK XKe
BBIOpaHHBIX ITyTEeM M00aBICHUS WHAEKCHOTO BEKTOpPa B KBaAPaTHBIX CKOOKax cpasy Iocie
BBIPa)KEHUSI.

Takoil HHIEKCHBII BEKTOP MOKET OBbITh JIFOOBIM U3 YETHIPEX Pa3IMUHbIX THIIOB.

1. Jlormyeckmii BekTOp. B 53TOM cCilyyae UWHAEKCHBIH BEKTOP PELUKIMYHO
IPUBOAUTCS K TOM k€ caMOM JIMHE KaK BEKTOP, U3 KOTOPOTO JOJIKHBI OBITH
BBIOpaHBI 3JIeMEHTHI. 3HaYeHue, coorsercTByroniee TRUE B nHaexcHOM BeKTOpeE,
BBIOpAHO, U T€, KOTOpBIe cOOTBETCTBYIOT FALSE, onmymenst. Hanmpumep:

>y <-x[lis.na (x)]
co3zmaer (MIM BOCCO3[aeT) OOBEKT Y, KOTOpBIM OyIeT coiepkaTh HE HECYLIECTBYIOIIHE

(TONBKO CYILIECTBYIOUIME) 3HAUEHUS X B TOM K€ CAMOM TOPsIAKE. 3aMETHM, YTO, €CJIU Y X €CTh
OTCYTCTBYIOIIIME 3HAYCHMSI, TO Y OyIeT Kopoue, ueM X. Takxe:

> (x+1) [(Tis.na (X)) & x> 0]->z

co3maeT OOBEKT Z W TIOMEIaeT B HEro 3HaueHWe BekTopa X+1, maId  KOTOporo
COOTBGTCTBYIOH_IGG 3HAa4YC€HUEC B X U HE HpOHYH_[eHO 1 ITOJIOXKHUTCIIBHOC.

2. BekTOp mNOJOKUTEJBHBIX IEJBbIX BeJHYMH. B 3TOM ciiyuae 3Ha4YeHHE B
WHJICKCHOM BEKTOpe JODKHO Jexarb B Habope {1, 2.., length(x)}.
COOTBETCTBYIOIIIME SJIEMEHTHI BEKTOpa BBIOPAHBI M CBSI3aHBI B 3TOM IMOPSJIKE B
pe3ynbrare. MHICKCHBIN BEKTOP MOXET HMETh JIFOOYIO [UTHHY, U PE3YJIbTaT UMEET
OJIMHAKOBYIO JUIMHY C WHJICKCHBIM BekTopoM. Hampumep, X[6] sBisiercs mectoit
KOMIIOHEHTON X 1

> x [1:10]
BeIOHpaeT nepsbie 10 amemenToB X (mpeanonaraercs, uro length(x) He menbie,
yem 10). Taxxe:

>c("x","y")[rep(c(1,2,2,1), times=4)]

(mo oOmieMy TpPHU3HAHUIO BEIlb MAJIOBEPOSTHAsS), MPOW3BOAUT CHUMBOJBHBIN

BEKTOp JUIHHBI 16, cocTosmuii u3 "X", "y", "y", "X" MOBTOpEHHBIX YETHIpPE pa3a.

3. BexkTop oTpuuATeIbHBIX MNeJbIX BeJIWYHMH. Takoll MHICKCHBIH BEKTOp
yKa3blBa€T 3HAYCHME, KOTOpoe OyJeT MCKIIoYaThcs, a He BKIIOYaTbed. TakuMm
obpa3zom:

>y <-x[-(1:5)]
JacT BCE y KPOME TIEPBBIX ISATH 3HAUCHUH.

4. BeKTOp CHMBOJIBHBIX CTPOK. JTa BO3MOXHOCTh MPHUMEHSETCS TaMm, TAC Y
00BbeKTa eCcTh aTpuOyT MMEH i1 HACHTHU(UKAIMK €ro KOMIIOHEHTOB. B 3ToM
ClIy4ae TOJBEKTOP BEKTOpAa MMEH MOXKET MCIOJIb30BAaThCS TAKUM Ke 00pa3oM B
Ka4eCTBE IMOJIOKHUTEIBHBIX IIEIBIX METOK B ITYHKTE 2 J1ajiee BBIIIIC:

> fruit <- c(5, 10, 1, 20)
> names(fruit) <- c("orange", "banana”, "apple", "peach")

> lunch <- fruit[c("apple”,"orange")]
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[IpenmyIiecTBO COCTOMT B TOM, 4TO aj¢aBUTHO-UHU(POBBIE HWMEHA YacTO Jierde
3allOMHUTh, Y€M YHCIOBBIE HWHACKCHL. JTa OMIMs OCOOCHHO TMOJe3HAa B COCAMHCHHH C
¢bpeliMaMy JaHHBIX, KAK YBUIUM TO3XKE.

Takke MHAGKCHOE BBIPAKCHUE MOXKET MOSIBUTHCS HA MPUEMHOM KOHIIC MPUCBOCHHS,
KOTJIa OTepaIysi MPUCBOCHHS BHIITOJHSACTCS TOJIBKO Ha ATUX DJIEMEHTaX BeKTopa. BripaxkeHne
JIOJDKHO MMETh BeKTOp BHa [Index_vector], mockoyibKy HaJlM4ne MPOU3BOJIBHOTO BBIPAKEHHS
BMECTO BEKTOPHOT'O HIMEHHU HE UMEET 37IeCh OOJIBIIOrO CMBICIIA.

IIprCBOEHHBIN BEKTOp OJIKEH COOTBETCTBOBAThH JJIMHE HMHJEKCHOTO BEKTOpa, U B
cllydae JIOTHYECKOr0 MHAEKCUPYIOT BEKTOpP, Y HErO JOJDKHA CHOBA OBITh Ta )K€ camas JUIMHA
KaK BEKTOp, KOTOPBIN OH UHAEKCUPYET.

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

3aMCHJCT MPOIMYIICHHBIC 3HAYCHUS B X HA HYJIU U

>yly <0] <--y[y<0]

MMEET TaKOU K€ pe3yJIbTaT Kak:
>y <- abs(y)

2.8 /Ipyrue Tunbl 00EKTOB
Bekrops! - camblif BaxHBIN THII 00beKTa B R, HO €CTh HECKOJIBKO APYIHX, KOTOPHIX
MBI oripeieiuM Oosiee PopMaIbHO B TTOCIICAYIONINX pa3iesiax.

e matrices (Matpuiibl) Wi 0oJjiee HIMPOKO arrays (MaccuBbI) - MHOTOMEPHBIC
00001IeHnsT BEKTOpPOB. DaKTUUECKH, OHU - BEKTOPHI, KOTOPHIE MOTYT OBITh
WHJCKCUPOBAaHbI JBYMsS WM OOJNbIIe WHACKCAMH W OyAyT HareYaTaHbl
cnenuaabHbIMu criocobamu. Cum. ['maBy 5 [MaccuBbl 1 MaTpuIib|.

o factors (dakropsl) oOecrmeynBarOT KOMITAKTHBIE CIIOCOOBI  00OpPabOTKH
KaTeropuueckux AaHHbiX. CMm. ['naBy 4 [DakTopsi].

o lists (crucok) - obmias ¢opma BeKTOpa, B KOTOPOM Ppa3IHUYHBIC 3JICMEHTHI
MOTYT HE HMETh OJUHAKOBBIA THI, M SIBISIOTCS YacTO CaMOCTOSTEIBHO
BEKTOpaMH Wiu criuckamu. Criucku o0ecnednBaioT yIoOHbI MyTh K BO3BpATy
pe3yabTaTOB CTaTUCTHYECKOro Bhiuncienus. Cm. Paznen 6.1 [Coucku].

o data frames (¢ppeiimMbl TaHHBIX) - TOJOOHBIC MAaTPHIIE CTPYKTYPhI, B KOTOPHIX
CTOJIOIBI MOTYT UMETh pa3jMyHble TUIBL JlymaiiTe 0 (ppeiiMax TaHHBIX KakK O
‘MaTpulle NaHHBIX C OJHOW CTPOKOHW Ha OTIeIbHOE HAONIOACHUE, HO C
(BOBMOXKHO) ¥ YHCIOBBIMH M KATETOPUATBHBIMU TEPEMEHHBIMU. MHOTO
AKCIIEPUMEHTOB JIyUIlle BCEro OMHUCHIBAIOTCA (ppeliMaMu NTaHHBIX: 00pabOTKH
KaTerOpU4YHbl, HO OTKJIMUK siBisieTcs uuciaoBbiM. Cm. Paznen 6.3 [Dpeiimbl
JIaHHBIX |.

e functions (pyHknum) - camocTosATENbHBIE OOBEKTHI B R, KOTOpBIE MOXKHO
COXpaHUTh B paboueil obOsacTH mpoekTa. DTO oOecrmeymBaeT NPOCTON H
ynoOHbIi crocob pacmmpenuss R . Cm. ['maBy 10 [Hammcanue coOcTBEHHBIX

byHKIunii].
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3. O0'beKTHI, UX PEKUMBI U ATPUOYThI

3.1. BHyTpeHHue aTPUOYTHI: PeKUM M JJIMHA
Paboune cymuoctu R TexHHUECKH M3BECTHBI Kak 00BEKTHI. [IpuMepaMu MOTYyT OBITH
BEKTOpPbl C YHUCJIECHHBIMU (pEaJbHBIMM) WM KOMIUIEKCHBIMM BEJIUYMHAMM, BEKTOPHI C
JIOTUYECKUMH 3HAYEHHUSMU U BEKTOPBI CTPOK CUMBOJIOB. OHM HM3BECTHBI Kak '"aromapHble"
CTPYKTYPBI, TaK KaK UX KOMIIOHEHTHI HIMEIOT OIMHAKOBBIN THIT MK pexxum (Mode), a mMeHHoO,
numeric, complex, logical, character u raw.

VY BEKTOPOB JIOJDKEH OBITH OJIMHAKOBBIM PEXKHUM U1l BCEX 3HAUYCHHMM. Takum oOpa3om,
m000W MaHHBIA BEKTOp JOJDKEH OBITh OJHO3HAYHO WM JIOTUYECKUM, YHCIIOBBIM,
KOMILICKCHBIM, CHMBOJIbHBIM i cTpokoBeiM (logical, numeric, complex, character wiu
raw). EquHCcTBEHHOE OYEBHIHOE MCKIIIOYCHHUE K 3TOMY MPaBHJIY - CIClHaIbHOE "3HaueHue",
ob6o3Havaemoe kak NA 11 OTCYTCTBYIOIINUX 3HAYCHHUH, XOTS peaTbHO €CTh HECKOJIBKO THIIOB
NA. 3aMeTuMm, 4TO BEKTOP MOKET OBITh IyCTHIM U UMETh pexuM. Hanmpumep, mycToii BEKTOp
CHMBOJIBHON CTpokHM oOo3Hauaercs kak character(0) um mycToif 4YMCIOBOM BEKTOp Kak
numeric(0).

R Taxke paboraeT ¢ 00bekTaMu, Ha3piBaeMbIMU cririckamu (list), KoTopble HMEIOT THIT
ciucok (list). CyriecTByOT ymOpsSIOYEHHBIC TOCICAOBATEILHOCTH OOBEKTOB, KOTOPBIC
UHIUBUIYAIbHO MOTYT UMETh Ji000i tum. Crucku (list) m3BecTHs! Kak "pekypcuBHbIE", a HE
aTOMapHbIe CTPYKTYPHI, TaK KaK HX KOMIIOHEHTHI MOTYT CaAMOCTOSTEIBHO OBITH CITUCKAMH.

JIpyrue peKkypcHuBHBIE CTPYKTYphl M3 3TOTO THIA - 3TO (DYHKIUH W BBIPAKECHUS
(function u expression). ®yHKIMK — 3T0 OOBEKTHI, KOTOPBIC SBJISIOTCS YacThIO CHCTEMBI R
HapsAy C aHAJOTMYHBIMU HAIMCAHHBIMHU TOJIB30BaTe/ieM (YHKIUSIMH, KOTOPhIE B JCTAJISAX
00CyX/TatoTCsl T03KEe. BhIpaskeHUsl, Kak OOBEKThI, COCTABJISIFOT CaMyI0 CIIOXKHYIO 4acTh R,
KOoTOpas He OymerT oOCYyKIaTbcs B 3TOM PYKOBOACTBE, KpPOME KaKk  KOCBEHHO IIpH
obcyxaenuu popmyin (formulae), uconbzyemsix npu moaenupoBannu R.

Tumom (mMode) oObekTa MBI 0003HAYMIM OCHOBHOW THIT €ro (hyHIaMEHTaJIbHBIX
CBOWCTB. DTO - 0COOBIi cityuail "cBOHCTB" oObekTa. [Ipyroe CBOHCTBO KaXa0ro 0OBEKTa -
cBOs JutnHA. MokHO mcmoab3oBath Gykimu mode(object) u length(object), uto6sr y3Hath
THUI U JJTUHY JIIOOOH OTpeIeIeHHON CTPYKTYPBHI.

Jlpyrue cBoiicTBa 00BeKTa OOBIYHO MMOJy4arOT mocpeacTBoM  attributes(object),
cmotpu Paznen 3.3 [[lonydyenue u ycranoBka aTpuOyToB]. M3-3a 3TOro THN U JUIMHY TaKXKe
Ha3bIBAIOT “BHYTPEHHUMH aTpuOyTamMu’” 0OBEKTA.

Hanpumep, ecnu z - xomIuieKcHbId BekTop uuHB 100, To B Bhlpakennn mode(z)
SIBIISICTCS CUMBOJIBHOM cTpokoit "complex”, u length(z) pasma 100.

R O6CJ'Iy)KI/IBa€T N3MCHCHUA THUIIA MMPAKTUYCCKU BC3AC, I'I€ 3TO UMCCT CMBICII CACIIATD,
U MHOT/Ia TaM, re 3Toro He Tak. Hanpuwmep, c:
>7<-0:9
MOXXHO BBECTHU
> digits <- as.character(z)
nocsie kotoporo digits seistercst cuMmBosbHBIM BekTopom C("0", 1", "2"..., "9™). [lanbHeliiee
MPUBCACHUC, UJIM U3BMCHCHUC THUIIA, BOCCTAHABJIMBACT JHCIIOBOU BCKTOP CHOBA:
> d <- as.integer(digits)
Tenepp d u z omuuakoBbl. CylmecTByeT OOJBIIOE KOJMYECTBO (YHKIMIA BHIa

as.something() wmnm uis mpuUBEACHWS OT OJHOTO THUNA K APYroMy, WM JJIsl HaJeJCHUS
00bEeKTa HEKOTOPBHIM JPYTUM aTpuOyTOM, KOTOPHIM OH, BO3MOXKHO, €Ile He o00JagaeT.
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Yurarenb JOMHKEH KOHCYJIbTHPOBATHCS C Pa3IUYHBIMU CIPaBOYHBIMU ainamMu  Asis
03HAaKOMJICHHUSI.

3.2. U3mMeHsiI01IasicA JJMHA 00beKTa
«[Tycroii» 00beKT MOXKET Bce erie uMeTh Tuil. Hampumep:

> e <- numeric()

JICNIacT € MyCTOW BEKTOPHOW CTPYKTypou THma uucioBoil (numeric). Tak e character()
ABJISICTCS IMYCTBIM CUMBOJIBHBIM BCKTOPOM, U TaK AaJICc. Kaxk Tonbsko OG’beKT HIO6OFO pasmepa
OBLI CO3/1aH, HOBBIC KOMIIOHEHTBI MOTYT OBITH MPOCTO MOOABICHBI K HEMY, IaBas €My
3HaYEHHE UHICKCOB BHE €ro MPEAbIIyIIero auamnasona. Takum oopazom:

>e[3] <-17
TeTeph JeNIaeT € BEKTOPOM JUIMHBI 3, (TTepBbIe IBE KOMIOHEHTHI KOTOporo paBHbl NA). 310

npuUMeHsieTcs K J1I000i CTPYKType BOOOILE, €CIM THM JOMOJHUTEIHLHOIO KOMIIOHEHTAa (OB)
COTJIACOBAH C THUIIOM IIEPBOT0 OOBEKTA.

Ora aBTOMaTHYecKas HACTpOWKa JUIMH OOBEKTa YacTO HCIOJB3YeTCsS MJisi BBOJA,
Hanpumep, B Gyrakuu scan() (cm. Pasgen 7.2 [@yukus scan()]).

HaoGopoT TpebOyercst yceueHue pasmepa OOBEKTa JUIS BBITIOJHEHHS MPUCBOCHUS.
CnenmoBarenbHo, ecnu alpha - o6bext mmnsr 10, TO

> alpha <- alpha[2 * 1:5]
AeJIacT €ro O6I>GKTOM JJIMHBI 5, COCTOSAIIUM TOJIBKO U3 MPCKHUX KOMIIOHCHTOB C YCTHBIM

uHaekcoM. (Ctapble MHIIEKCHI HE COXpaHEHbl, KOHEUHO). 3aTeM MOKHO COXPaHUTh TOJBKO
nepBble TPU 3HAUCHUS:

> length(alpha) <- 3
Y BEKTOP MOXKET OBITh pacIupeH (MMyTeM MPOMYIEHHBIX 3HAYCHHH ) aHAIOTMYHBIM 00pa3oM.

3.3. [losryyeHue U yCTAaHOBKA aTpuOyTOB
dynkuus attributes(object) Bo3Bparaer cnmucok Bcex HE BHYTPEHHHX aTpUOYTOB, B
HACTOSAIIMH MOMEHT OIPEACTICHHBIX JUIL 3TOro 00beKTa. MOKHO HCHONB30BaTh (DYyHKIUIO
attr(object, name) s BbIOOpa ompeneacHHOro arpuOyTa. Ta (QYHKIHMS —PEAKO
UCTIONIB3YIOTCS, 32 HMCKJIIOUYCHHEM JOBOJBHO OCOOBIX OOCTOSATENBCTBAX, KOIZIA HEKOTOPBIN
HOBBIM aTpuOyT co3maercss [UIi HEKOTOPOM KOHKPETHOW IIeNd, HampuMmep uTOOBI
HPUCOETMHNTH 1Ty CO3/IaHMsI Min onieparop ¢ o0bekToM R. [lonsATHE, OHAKO, OYEHB BayKHO.

HGKOTOpOG BHUMAHUE JOJKHO 6I>ITB YACIICHO, KOrJa NpUCBANBAIOTCA UIIU YAAISAIOTCA
aTpuOyTHI KaK HEOThEMIJIEMAsi YacCTh CUCTEMBI 00BbEKTa, UCIOJIb3yeMoii B R.

Korga Takoe wucnonb3yercss Ha JE€BOM CTOpOHE NPUCBOEHUS, TO OHO MOXET
UCIIOJIb30BAThCSl WJIM JUI MPUCOCAMHEHHs HOBOro atpubyra ¢ Object wmim u3MEHEHUs
cymecTByromero. Hanpumep:

> attr(z, "dim") <- ¢(10,10)
no3BoJisieT R 06pabdatkiBaTh Z Kak OynTo oH sBisieTcs maTpureit 10-#a-10.

3.4. Knacc o0bexTa
VY Bcex 00bekToB B R ecth kiace (class), onpenensemsr mpu momoinu Gyskiwu class.
JInst mpocThIX BEKTOPOB ATO - TOJIBKO THII, HampuMmep, "numeric”, "logical”, "character" nim

"list", mo "matrix", "array"”, "factor" u "data.frame SIBJISIIOTCSL APYTUMH BO3MOKHBIMH
3HAYEHUSIMU.

CrienanbHbIi aTpuOyT, M3BECTHBIM Kak Class (kzacc) oObekTa, UCIONB3yeTCs s
ydeTa OOBEKTHO-OPMEHTHPOBAHHOIO CTHIIA MporpammupoBaHusi B R. Hampumep, ecnu y
obbekTa Oymer kiacc "data.frame", To on OymeT HamedyaTtaH OINpPEIEICHHBIM CITIOCOOOM,
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¢yukuus plot() BeiBeser Ha 3KpaH ero rpadUUecKy ONpeAeICHHBIM CITIOCOO0M, U IPYTHe, TaK
Ha3bIBacMbIe yHUBEpCaJbHbIC (QYyHKIUH, Takke kak summary(), OyayT pearupoBaTh Ha HEro
KaK Ha rmapameTp, Cltoco60M MPUMEHHUMBIM K €r0 KJIaccy.

YroObl ymamuTh BpeMEeHHO J(GQeKT Kiacca, HUcmoiab3yidTe Qynkmuio unclass().
Hampumep, eciiu y winter ects kiace "data.frame™ to:

> winter
HareyartaeT ero B ¢popme (peiima JaHHBIX, KOTOpasi CKOpee MOXOJUT Ha MaTPHUILy, TOT1a Kak:
> unclass(winter)

HaleyaTaeT €ro Kak OOBIUHBIM CHHCOK. TONBKO B JIOBOJBHO CHEIMAIbHBIX CUTYalUsIX
CJeyeT UCIOJIb30BaTh 3TO CPEJICTBO, HO KaXABIA pa3 JJisl JOCTHIKEHUS COTJIACOBAHUS UIECH
KJlacca U YHUBEPCATbHBIX (PYHKIIHA.

VYHuBepcanpHble (YHKIMH W Kiacchl OyayT oOcyxaensl nanee B Pazmene 10.9
[OpuenTanus 00beKTa], HO TOJIBKO KPAaTKoO.
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4. Ynopsajgo4eHHbIEe M HEyNnopsAAo4YeHHble GPaKTOPbI

@akTop - BEKTOPHBIH OOBEKT, MCIOJIB3YEMbIH Uil CrHeuu(UKaul JUCKPETHON
kinaccuukanuu (TPyMIMUPOBKH) KOMIIOHEHTOB APYTMX BEKTOPOB OJWHAKOBOW JIMHBL. R
MOJIJICPIKUBACT KaK YnopsooyeHHble, TaK U He ynopsooudenHvle hakTopsl. XoTs "peanbHOE"
npuMeHeHne (GakTopoB uMeeT Mecto B dopmynax wmoxenu (cMm. Pazmenm 11.1.1
[[IpOoTHBOMONIOKHOCTH]), 3A€CH PACCMOTPUM Ha CHEIUATBHBIN pUMeEp.

4.1. CnienuajJbHbIH mpuMep
[Ipenmonoxum, Hanpumep, y umeeTcs: Bbioopka 30 HaIOroBBIX ACKIapaIil U3 BCeX
HITAaTOB M TEPPUTOPUN ABCTpalUd, U WX WHIAUBUAYAIbHOE MPOUCXOXKJIECHUE YKa3bIBACTCS
CUMBOJIBHBIM BEKTOPOM a0peBHATYPHI IITATA KaK:

> State <_ C( lltasll’ "S&", llqldll’ llnSWll’ llnSWll’ "l’]t", llwall’ "W&",

llqldll’ llViCll’ llnSWll’ llViCH’ "qld", "qld", "Sa", "taS ,
nmon " "Wa",

"S&", "nt", "Wa", llViCll’ llqldll’ "I']SW , nSW ,

llsall, llactll, llnSWll, llViCll, llViClI’ llaCtll)
3aMeTuM, 4TO B Cly4ae CHMBOJBHOTO BEKTOpa, «SOrted» o3Ha4yaeT COPTHPOBKY B
as1(haBUTHOM TOPSIZIKE.
Co3pmarorcs hakTopsl aHAJIOTHYHBIM 00pa3oM ¢ momMoinkio ¢pyukiuu factor():

> statef <- factor(state)
Oyuxius print() oopadbateiBaeT GakTOpPbl HECKOIBKO HHAYE, YEM JAPYTUE OOBEKTHI:

> statef
[1] tas sa gld nsw nsw nt wa wa gld vic nsw vic gld gld sa
[16] tas sa nt wa vic gld nsw nsw wa sa act nsw vic vic act
Levels: act nsw nt gld sa tas vic wa
YroObl BEISICHUTH YPOBHHU (haKTOpa MOKHO MCIOJIp30BaTh GyHkmuto level():

> |levels(statef)
[1] "act" "nsw" "

nt" "gld" "sa" "tas" "vic" "wa"

4.2. ®yukuus tapply () 1 MaccuBBI ¢ NepeMeHHOM AJINHOM CTPOK
YrtoObl MPOJOKUTH MPEABITYIIHE IPUMEP, MPEINOI0KHM, YTO Y HAC €CTh TOXO/bI OT
Ka)XJI0r0 HAJIOTOIUIATESNIBINNKA B JPYTOM BEKTOpe (B MOAXOMASIIMX KPYIHBIX JICHEKHBIX
eIMHUIIAX):
> incomes <- ¢(60, 49, 40, 61, 64, 60, 59, 54, 62, 69, 70, 42, 56,
61, 61, 61, 58, 51, 48, 65, 49, 49, 41, 48, 52, 46,
59, 46, 58, 43)
YroObl BBIYMCIUTH CPEJHUE JIOXOJ B BBIOOPKE MO KAXKJAOMY IITATY HCIOJIb3YyeM
Teneps crneruanbayo GyHkiuio tapply():
> incmeans <- tapply(incomes, statef, mean)
JIAIOIIeH BEKTOP CPEIHUX C KOMIIOHEHTAMH, MAPKUPOBAHHBIMHU YPOBHSIMH:

act nsw nt gld sa tas vic wa
44.500 57.333 55.500 53.600 55.000 60.500 56.000 52.250

Gynkuus tapply() ucrnonssyercs i npuMeHeHus 3aech GyHKuuu mean() Kk Kaxmon
rpynmne KOMIIOHEHTOB IIEPBOrO Iapamerpa, 3[eCh JOXOJI0B, OIpeAeiCHHbIE YpPOBHSAMU
BTOPOTO KOMIIOHEHTa, 3aech Statef, kak OyaTo OHM OBUIM OTHENBHBIMH BEKTOPHBIMHU
CTPYKTypaMu. Pe3ysibTaT - CTpyKTypa TOW e caMOM JJIMHBI KaK aTpuOyT ypoBHEH (akTopa,
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coJlepiKallero pe3ysibrarhl. YuTaTenb JOKEH KOHCYJIbTHPOBATHCS C JOKYMEHTOM CIpPaBKHU
JUTSE OOJTBIIIETO KOJMYECTBA JeTaleH.

[Mpenmnonoxu manee, 4T0 HEOOXOIMMO BBIUYMCIUTH CTAaHIAPTHBIC OMIMOKH CPEIHUX
0X0J0B ImTaTa. st aToro cienyer 3amucaTh QyHKIHIO R A BBIYMCICHUS CTaHAAPTHOM
OLITUOKHY TS JTFOOOTO TAaHHOTO BeKTOpa. Tak Kak CylnecTByeT BCTpoeHHas GpyHkuus var() mis
BBIUMCJICHHSI TUCTIEPCUH BBHIOOPKH, TO Takas (DYHKIIMS 3alKCHIBACTCS B BUJAE OJHOW CTPOKH,
3ajiaBaeMasi IIPUCBOCHUEM:

> stderr <- function(x) sqrt(var(x)/length(x))

Hanucanue ¢ynkuumit paccmorpum mnoxe B ['naBe 10 [Hamucanme coOCTBEHHBIX
byHkuuii], ¥ B 3TOM ciydae OBUIO HEHYXXHBIM, IOCKOJIbKY R Takke MMeeT BCTPOCHHYIO
¢dynxkimro Sd(). [Tocie 3Toro NPUCBOSHMS CTaHAAPTHBIE OIIMOKN BHIYHCIICHBI:

> incster <- tapply(incomes, statef, stderr)
Y 3aT€M BBIYUCIICHHbIE BEIMYHHBIL:

> incster
act nsw nt gld sa tas vic wa
15 43102 4.5 4.1061 2.7386 0.5 5.244 2.6575

B kauecTBe mprMepa MOKHO BBIYHUCIUTH OOBIYHBIC 95%-bie TOBEPUTEIIbHBIC TPAHUIIBI
JUISL CPEAHMX JT0XO00B mTara. J{ist aToro Moxuo ucmnonb3osath tapply() eme pas ¢ pyHkiuei
length(), uToOb! HaliTu pasMepsl BEIOOPKH, ¥ QyHKIHIO t(), 9TOOBI HAUTH NPOLIEHTHBIC TOUYKH
COOTBETCTBYIOIINX t-pacnpeneneHuii. Takke MOXKHO paccMOTpPETh cpencTBa R aist t-TecToB.

Taxoxe MoxxHO ipuMeHHTh QyHKIUIO tapply() k Oosiee cOXKHOI WHAEKCAIUS BEKTOpa
Ha HECKOJIbKO Kareropuil. Hampumep, MOXKHO pa3[esuTh HAJOTOBBIE CUETAa KakK IO IITaram,
Tak W 1o mnoxy. OgHaKo B 3TOM NPOCTOM Ipumepe (TOJNBKO OauH (aKTop) TO, UTO
IPOMCXOIUT, MOKHO IMPEACTABUTH CIEAYIOUIMM 00pa3oM. 3Ha4eHHE B BEKTOpE COOpaHO B
IPYMIIbI, COOTBETCTBYIOIINE PA3INYHBIM NMO3ULMAM B (pakTOpe. 3aTeM QyHKIMS NPUMEHSAETCS
K KaKIOH M3 JTUX TPYyNH OTAEIbHO. Pe3ynpTar - 3TO BEKTOp 3HAUCHWH (QYHKIUH,
MapKHPOBaHHBIX coriacHo levels ¢akropa.

KomOunamust BexkTopa M (akTopa METOK - NMPUMEpP TOro, YTO HMHOIJA Ha3bIBAIOT
HEPOBHbIMU MAcCcUgamu, TaK Kak pa3Mephl IMOJKIAacca BO3MOXKHO He oauHaKoBbl. Korma
PasMEpbl IOJAKJIaCCa BCCTAa OAWHAKOBBI, TO HHIACKCAIUS MOXKCT 6I>ITB ccjIaHa HEIABHO U
HaMHOTO OoJiee A3 (PEeKTUBHO, KaK MbI YBUIIUM B CIIEAYIOIIEM pa3eie.

4.3. YnopsiioueHHbIe (aKTOPHI
VYpoBHH (PaKTOPOB COXPAHSIOTCS B al()aBUTHOM IMOPSJKE, UIM B TOM IOpSIKE, B
KOTOPOM OHHM YKa3bIBAJIHCh K (DAKTOPY, €CIIU OHU YKa3bIBAIUCH SIBHO.

Wuorma y ypoBHeil OyJIeT €CTECTBEHHOE YIMOPSAAOYMBAHUE, KOTOPOE MBI 3alliCalld U
XOTEJIM HKCIOJb30BaTh B craTUcTUYeckoM aHanu3e. Dynkinus ordered() cosmaer Takue
yIopsI0YeHHbBIC (DaKTOPBI, HO, B TIPOTHBHOM, OHa HacHTHYHA factor. B GonpmuHCTBE 1emei
CJIMHCTBCHHON pasHUICH MEXIY VYIOPSIOYCHHBIMH U HEYIOPSJIOUYCHHBIMU (aKTOpaMu
SBISICTCS TO, YTO NPEXKHE HarmedaTaHHOE JUIS YIOPSAAOYEHHBIX YPOBHEHW OTJIMYAETCS OT
TCHEPUPYEMBIX JIJISI HUX B MOJTOHKE JIMHEHHBIX MOJICIICH.
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5. MaccuBBbI M MaTpULbI

5.1. MaccuBbl
Maccus (array) MOXHO pacCMOTPETh KaK YMHOXKEHHE NPeoOpa30BaHHOTO B HW)KHUIA
UHJIeKC Habopa BBOJOB JaHHBIX, HAIPUMEP YUCIOBBIX. R MO3BOJISIET IPOCThIE CPEACTBA IS
co3zanus 1 00pabOTKKU MacCUBOB, U MX OCOOBIH CiTyyail - MaTpHiL.

Pa3mepHOCTBIO BEKTOpa SABISAETCS BEKTOP HEOTPHULATEIBHBIX LENbIX yncen. Ecnu ero
JUTMHA paBHA K, TO MaccuB siBisieTcsl K-MEpHBIM, HampuMep, MaTpHIa SBISETCS 2-MEPHBIM
MacCUBOM. Pa3MepHOCTM HMHIEKCHPOBAHBI OT €JUHMIIBI 10 3HAYEHUS, JAHHOIO B BEKTOpE
pPa3sMEpHOCTH.

BekTop MokeT wucnons3oBaThcsi B R B KadyecTBE MaccHWBa, TOJIBKO €CIIM y HETO
UMEETCSl BEKTOP pa3MEPHOCTH Kak ero atpuoyt dim. I[Ipenmnonoxum, Hanpumep, Z - BEKTOp U3
1500 nyeMeHTOB.

> dim(z) <- ¢(3,5,100)
naet eMy arpuOyT dim, KOTOpkIN MO3BOJISIET ero 00padaThIBaTh Kak MaccuB 3-Ha-5-#a-100.

Jpyrue ¢ynkiuu, Takue kak matrix() « array() moctymHsl s O6osee MPOCTBIX U
0osiee eCTECTBEHHO BBIMJIIANIMX NPUCBOCHUH, KaKk Mbl yBUIuUM B Paznene 5.4 [Dynkuwus

array()].

3HavYeHHE B BEKTOPE JIAHHBIX J1a€T 3HAUEHHE B MACCHUBE B TOM K€ CAMOM MOPSJIKE, KaK
oau npomsonutn 661 B ®OPTPAHE, xoTopsiii siBnseTcs “cTONOIOM TJIaBHOTO TOPsAKa” C
IMCPBbIM HUKHUM HHIACKCOM, N3MCHSAIOMIUMCH 6I>ICTp€€, n nMoCJI€AHUM CaMbIM MCIJICHHBIM
HUKHUM HHJEKCOM.

Hampumep, ecii BEKTOp pa3sMEpHOCTH ISl MACCHBa, CKaxkeM a, siBistercst €(3,4,2) To
ecTb 3 * 4 * 2 =24 3anucu B @ U BEKTOPE JaHHBIX COAEPKUT ux B mopsiake [1,1,1], [2,1,1], ...,
[2,4,2], [3,4,2].

MaccuBbl MOTYT OBITH OJHOMEPHBIMH: TAaKHE€ MAaCCHUBBI OOBIYHO 0OpabaThIBAIOTCA
TaKUM € 00pa30oM KaK BEKTOpHI (BKIIOYas, Me4yaTh), HO HCKIIOYEHHUS MOTYT BBI3BaTh
OeCcTopsJIOK.

5.2. Muaekcauus maccuBa. [logpasaensl maccuBa
Ha oTaenpHBIE 3JEMEHTHI MacCMBa MOJXKHO COCHAaThCS, JaBas MMsS MacCHBa,
COTPOBOXKIAEMOT0 HIKHIUMH WHJEKCAMU B KBaJPATHBIX CKOOKAaX, pa3AelieHHBIX 3aSThIMU.

bonee IIMPOKO MOXKHO YKa3aTb MIoApas3aciibl MaCCHBa, JdaBas IOCJICO0BATCIBHOCTDH
BCKTOPOB MHACKCOB BMCCTO HUKHUX HHJCKCOB; OOJHAKO, CCJIN Kakas-10o IIO3uIMA MHACKCA
JaHa IMIyCTbIM MHACKCHBIM BEKTOPOM, TO 6epeTc;1 TTOJTHEIN CIICKTP 3TOr'0 HU’)KHETO MHACKCA.

[Mpomomkas npeapiaymuii npumep, a[2,,] sBisercs maccuBoM 4x2 C BEKTOPOM
pasmeprocti ¢(4,2) ¥ BEKTOPOM JIaHHBIX, COJACPIKAIIMNM 3HAYCHHE:
c([2,1,1], [2,2,1], [2,3.1], [2,4,1],
[2,1,2], [2,2,2], [2,3,2], [2,4,2])
B TOM mopsjake. af,,] CTOMT Juis BCEro MacCuMBa, KOTOPBIH SIBISICTCS TaKHUM JK€ C
MCKJTFOUYCHHBIMH HI)KHUMH MHIEKCAMH MTOJTHOCTHIO M UCIIOJIB30BAHUEM @ OT/ICIIBHO.

Jlnst m060ro MaccuBa, CKakeM Z, Ha BEKTOP Pa3MEPHOCTH MOXHO COCJIAaThCSI IBHO KaK
dim(Z) (o 06e CTOPOHBI OT MPUCBOCHHUS).

Kpome Toro, ecnu mMs MaccuBa J1aHO TOJIBKO C OJHUM HMKHUM HHJIEKCOM, WU
UHJIEKCUPYETCA BEKTOPOM, TO TOJBKO HCIOJIb3YETCSl COOTBETCTBYIOILIEE 3HAUEHHE BEKTOPA
JAHHBIX; B 3TOM CIIy4ae BEKTOP Pa3MEPHOCTH UTHOpupyercs. [leno oOCTOUT He Tak, OJHAKO,
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€CIIM OTACJbHBI HMHICKC HE BEKTOp, HO OH HEMOCPEICTBEHHO MACCHB, Kak MBI 3aTeM
o0cyxaaem.

5.3. Unaexc MaTpunbl
Bxurodast MHIEKCHBIM BEKTOP B JIFOOOH MO3HWIIMKM HUKHETO MHJEKCA, MAaTPUIIA MOXKET
HCITOJIB30BAThCS C OTIEIBLHON Mmampuyeli uHOeKco8 B TIOPSAKE JUOO0 MPUCBOCHHS BEKTOpa
KOJIMYECTBY HEPETYISPHON KOJUICKIIMM DSJIEMEHTOB B MAacCHBE, JHMOO B H3BJICUCHUU
HEPETYJISIPHOW KOJUIEKIIMM KaK BEKTOPa.

IIpuMep MaTpHIBl SICHO AACT IOHATH Ipolecc. B ciydae BABOMHE NHIEKCUPOBAHHOIO
MaccHBa MHJIEKCHAs MaTpPUIIAa MOKET COCTOSITh M3 JBYX CTOJIOLIOB M TaK MHOTO CTPOK Kak
TpeOyercs. BXoapl B MHIEKCHONH MaTpuIle - CTPOKAa M HMHIEKCHI CTONOIA MAJis BABOWHE
WHJIEKCHPOBAHHOTO MaccuBa. [Ipenmnonoxxum, Hampumep, 4TO y Hac €CTh MaccuB X 4-na-5,
MBI XOTUM CJENIaTh CIEAYIOIIee:

e u3BIeYb deMeHThl X/1,3/, X[2,2] u X/3,1] kaKk BEKTOPHYIO CTPYKTYpY, U
[ 3aMEHUTH OTH 3allUCU B MaccuBe X HYJISIMU.

B sTom cnydae HEoOXOaMM MacCHB HIDKHETO WHJIEKca 3-Ha-2, KaK B CIEIYIOIEM
npuMepe.

> x <- array(1:20, dim=c(4,5)) # cenepupyem maccus 4 na 5.

> X
[1] [21 [31 [4 [S]

[1] 1 5 9 13 17

[2] 2 6 10 14 18

[3] 3 7 11 15 19

[4] 4 8 12 16 20

> i <-array(c(1:3,3:1), dim=c(3,2))

> # | sensiemest unoexkchvim maccueom 3 Ha 2
[1] [2]

[1] 1 3

[2] 2 2

[3] 3 1

> Xx[i] # Uszenexaem me snemenmol

[1] 9 6 3

> x[i] <-0 # 3amensem me s1emenmol HYIAMU.

>X

L1 [21 [31 [4] [5]
[1] 1 5 0 13 17
[2] 2 0 10 14 18
[3] O 7 11 15 19
[4] 4 8 12 16 20

OtpunarenbHble MHAEKCHl HE pa3pelleHbl NMpU HHAEKCUpoBaHUM MaTpuubl. NA n
HYyJ€BO€ 3HAUYEHHUE II03BOJIEHBL: CTPOKM B HWHAEKCHOM MaTpule, cojaepKalled Hyib,
UTHOPUPYIOTCS, U cTpokH, conepskamue NA, mpousBoaat NA B pesyibTare.

Kak MeHee TpWBHANBHBIA MpUMEp, MPEANOIOKAM, YTO HEOOXOIUMO T'CHEPHPOBATH
(He TPUBEEHHYI0) MATPHUILy MPOEKTA JUIsi OJIOYHON KOHCTPYKIIUH, OMPEICIIEHHON OJIoKaMu
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daxTopoB (b ypoBHu) u BapuaHThl (V ypoBHH). [lajee MPEAMONIOKAM, YTO B SKCIICPUMEHTE
€CTb N PUCYHKOB. MBI MOTJIH MPOJOJKUTH CIETYIOIIUM 00pa3oM:
> Xb <- matrix(0, n, b)
> Xv <- matrix(0, n, v)
> ib <- cbind(1:n, blocks)
> iv <- cbind(1:n, varieties)
> Xb[ib] <-1
> Xv[iv] <-1
> X <- chind(Xb, Xv)
JIJ1st KOHCTPYHPOBAHUS MHICKCOB MAaTPHIIBI, CKaxkeM N, MOKHO MCTIOIh30BATh:
> N <- crossprod(Xb, Xv)
Onnako Oosiee TPOCTHIM CHOCOOOM TPOW3BOACTBA ASTOM MATPHUIIBI  SBISETCS
ucnonp3oBanue table():
> N <- table(blocks, varieties)
WNunexcHass MaTpuia J0JDKHA OBITh YWCIIOBOM: MpenoCTaBlieHHas Iodas Apyras
dbopma MaTpuibl (JIOTHYecKast Il CUMBOJIbHAs ) 00pabaThiBaeTCs Kak MHICKCHBIA BEKTOP.

5.4. dynxuus array()
Tak ke, Kak JaBas BEKTOPHOW CTpPyKType arpuOyT dim, MaccCUBBI MOTYT OBITh
CO3/1aHbI U3 BEKTOPOB (DyHKIMEH MaccuBa (array), y KOTopoi ects dopma:

> Z <- array(data_vector, dim_vector)
Hamnpumep, eciu BexTop h comepxut 24 nim MeHee 4rcell, TOT/1a KOMaH/a!

> Z <- array(h, dim=c(3,4,2))

ucmonp30Bai Ol h, yT0OBI ycTaHOBUTH 3-Ha-4-na-2 maccuB Z. Ecmu pasmep h Touno 24,
PE3YIbTAT BBITJIAIUT TaK:

>Z <-h;dim(Z) <-c(3,4,2)
Onnako, ecnmu h kopode, yem 24, ero 3HadyeHUsT OYAYT B3STHI IUKIMYECKH IS
nomnosHeHus 10 pasmepa 24 (cm. Pasmen 5.4.1 [IIpaBuno peumpkyssiiuu]), Ho dim(h) <-c

(3,4,2) curnanusupoBan Obl OMIMOKY O HECOOTBETCTBUH JuinHEe. Kak sKCTpeMallbHBINA, HO
TUIAYHBIN IPUMED:

> Z <-array(0, c(3,4,2))
nenaet Z MacCMBOM BCEX HYJIEH.

B aroit mecte dim(Z) o6o3nauaer BekTop pazmepHoctH C(3,4,2), u Z[1:24] conepxur
BEKTOpa JTAaHHBIX, KaK 3T0 0bu10 B N, 1 Z[] ¢ mycThIM HUKHUM MHICKCOM WIIU Z COCTOHT 0e3
HIDKHETO WHJICKCA [T BCEr0 MacCHBa B KAUeCTBE MacCHBA.

MaccuBbl MOTYT HCIIOJIB30BaThCsl B apU(METUYECKUX BBIPAKECHUAX, U Pe3yibTaT
SIBIISIETCST MacCUBOM, C(HOPMHUPOBAHHBIM MOZJIEMEHTHO ONEpalMsIMA Ha BEKTOPax ITaHHBIX.
ATpuOytel dim omepaHIOB OOBIYHO JOJDKHBI OBITH OJUHAKOBBIMH, W OHH CTaHOBSTCS
BEKTOPOM pa3MepHOCTH pe3yabrara. Tak, eciu A, B u C sBasiorcs Bce MOAO0OHBIMHU
MacCHBaMH, TO:

>D<2*A*B+C+1

nenaet D mogoOHBIM MacCHBOM C €r0 BEKTOPOM JTaHHBIX, SBIISIOMIMMCS PE3YJIbTAaTOM JTaHHOU
MO3JIEMEHTHO omnepanuu. OJHAKO TOYHOE MPABUIIO OTHOCUTEIBHO CMEIIAHHOTO MAacCUBa M
BEKTOPHBIX BBIUYMCIICHUHN HY)KHO PaCCMOTPEThH HEMHOTO 00JIee TIIATENIbHO.
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TouHoe IMMpaBUJIO, BJIMAIOIICC IMO3JICMCHTHO Ha CMCIIAHHBIC BBIYHCIICHUA C BEKTOpaAMU
N MaCCHBaMU, SBIACTCA bonee HU30PEHHBIMHA U TOYHO OIIMCAHLI B CCBIJIKAax. OT ombITa MBI
HalIri CJICAYIOIICC HAACKHOC PYKOBOACTBO.

e BrIpaxkeHne npocMaTpUBAETCS CJIEBA HAIIPABO.

o JlroOble KOpPOTKHE BEKTOPHBIE ONEpaH/Abl PACIIUPSIOTCA LMKINYECKH UX
3HA4YCHUSIMH, ITOKA OHU HE COBIAJIET C pa3MepOM JIOOBIX APYTrUX ONEPaH/IOB.

o Ecnu nnuHHBIE M KOPOTKHE BEKTOPA ¢ MACCUBaMHU JIMIIb IIEPECYUTHIBAIOTCS, TO
BCC MacCCHUBBI JIOJDKHBI UMETh OJMHAKOBBIA arpuOyt dim wmimm OyzneT BbinaHa
omuoKa.

o JlroGoit BekTOpHBIA omepaHja Oosiee UIMHHBINA, YeM OMNEpaHA MaTpPHUIbl WIIH
MacCcuBa, TeHEPUPYET OIIHOKY.

o Ecmu umerorcss cTpyKTypsl MaccuBa, W HET OMIMOOK, WM TPUBEACHUE K
BEKTOpPY OBLJIO BBINOJHEHO, TO Pe3yiabTaT - CTPYKTypa MaccuBa ¢ OOLIMM
arpubyTom dim ee oniepaHI0B MacCHBa.

5.5. BHelHee nmpon3BegeHne IBYX MacCUBOB
Baxxnas paborta Ha MaccuBax — BHemIHee npousBeneHue. Ecnu a u b - nBa yncinoBbix
MaccuBa, UX BHEIIHEE MPOU3BEJICHHE - MAacCHB, BEKTOP Pa3MEPHOCTH KOTOPOTrO IOJIy4YEH,
CBSI3bIBasi MX JIBa BEKTOpa PasMEpPHOCTH (TIOPSIOK BaXKEH), M Yel BEKTOP JAaHHBIX MOIY4YEH
nyreM (OpMHUpPOBaHMS BCEX BO3MOXKHBIX IIPOM3BEIECHUM HJIEMEHTOB BEKTOpa a C
COOTBETCTBYIOLIMM JJIECMEHTaMH BeKTOpa D. BHemiHee mpou3BelIeHHE BBIMOIHSICTCS
CrienuagbHbIM orepatopoM %0%:

> ab <-%0 % b
AnbpTepHaTHBa

> ab <- outer(a, b, "*")

OYHKIIUS YMHOXKEHHS MOXET OBITh 3aMEHEHAa MPOM3BOJIBHON (QYHKIMEH JBYX
nepeMenHbIx. HarpumMep, ecim HeoGxoauMo oueHuTs dyrkimo f(X; y) = cos(y)/(1 + x°) Ha
PEryJsipHOIl ceTke 3Ha4eHHs ¢ X-U Y-KOOpJUHATaMHM, ONpeAeseHHbIMU BeKkTopaMu R X u Yy
COOTBETCTBEHHO, MOKHO MPOJIOJDKUTH CIEAYIOLUM 00pa3oM:

> f <- function(x, y) cos(y)/(1 + x"2)
>z <- outer(x, y, f)

B ocoGeHHOCTH BHeElIHEe MNPOU3BENEHHE [BYX OOBIYHBIX BEKTOPOB - BJIBOMHE
npeoOpa30BaHHBIA B HIDKHUI MHJEKC MAacCUB (KOTOpBIA SIBISIETCS MAaTpHUICH paHra camoe
6onbee 1). 3aMeThTe, UTO ONEPATOP BHEIIHErO NPOU3BEICHUS, KOHEYHO, HEKOMMYTaTHBEH.
Omnpenenenne Bammux cobctBeHHBIX QyHKIMI R paccmorpsaT nanee B ['nase 10 [Hanucanue
COOCTBEHHBIX (YHKIIHIA].

5.6. O0001IeHHOE TPAHCIIOHMPOBAHUE MACCHBA

MOXHO HCITOJB30BaTh (GYHKIHIO aperm(a, perm) mas mepecTaHOBKH MacCHBa a.
[MapameTpom perm noikHa OBITH HepecTaHoBKa menbix uucen {1, .... , K}, rae K sBusercs
HOMEPOM HIDKHUX WHICKCOB B a. Pe3ynbTaT yHKIIMH - MAaCCHUB TOTO K€ CaMOT0 pa3Mepa Kak
a8, HO CO CTapoil pa3MEpHOCTHIO, BBIYMCICHHOW Perm[j], craHoBsmelics HOBOW |-i
pa3mepHocThi0. CaMblii MPOCTOM CMOCOO MOHUMAHHUS ATOM oOnepauuud — 3To 00oOuIeHne
TPAaHCIIOHUPOBAHUS i1 Matpuil. JleWcTBuTenpHO, ecau A - marpuia, (TO eCcThb, BIBOWHE
npeoOpa3oBaHHbII B HIDKHHUI HHIEKC MaccuB) Torna B Beruucnsercs myrem:

> B <-aperm (A, ¢ (2,1))

U TIPEACTaBIIIET cOOOW TpaHcmoHUpoBaHue. [lmst 3Toro ocoboro ciydas aoctymHa Oosee
npoctas ¢pyuknus t(), Takum 00pa3oM, MbI, BO3MOXKHO, HCIOJIb30Bau B <-t (A).
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5.7. MaTpu4HbIe HHCTPYMEHTBI
Kak oTmedeHo BbIIIe, MaTpPUIlA - 3TO MAaCCHUB C JABYMs HIDKHUMH HMHAeKcamu. OIHAKO
9TO TaKOW Ba)KHBIM OCOOBIN CiIydyai, 4TO HY)KJIaeTCsl B OTIIEILHOM OOCYXIeHUHU. R comepkut
MHOT'O OIEepaTopoB U (DYHKIHMI, KOTOPBIC MOCTYIHBI TOJbKO Juist MaTpull. Hampumep, t(X) —
GyHKIHSA TpaHCIOHHUPYIOIIAash MAaTPHILY, Kak oTMedeHO Bbime. Dyukiuu NFow (A) u ncol (A)
JAIOT YHUCIIO CTPOK U CTOJIOIIOB B MaTPHUIIe COOTBETCTBEHHO.

Omneparop %*% ucnonp3yercs Ui YMHOXKEHUs MaTpull. Matpuusl N-#a-1 nwnm 1-una-
N MOryT, KOHEYHO, HCIOJb30BAThCA B KadyecTBE N-BEKTOpa, €CJIU 3TO COOTBETCTBYET
KOHTeKcTy. Hao0opoT, BEKTOPBI, KOTOPbIE BCTPEUAIOTCS B BHIPAXKCHUSAX YMHOKEHHS MaTpHII,
aBTOMATHUYECKH PACHIMPSIOTCS WIM Ha BEKTOP CTPOKU MJIM Ha BEKTOp CTOJIOLA, KaKOH Obl HU
SBISUICA MYJIBTUIUIMKATUBHO KOTEPEHTHBIM, €CIIM BO3MOXHBIM, (XOTS 3TO He Bceraa
OJITHO3HAYHO BO3MOXHO, KaK MbI BUJIUM I103KE).

Ecnu, Hanpumep, A u B - kBazpaTHbIe MaTpHIIBI OTMHAKOBOTO pa3mMepa, TO
>A4*B
MaTpHIla TI03JIEMEHTHO POU3BEICHHIN 1
>%*%B
MaTpu4yHoe npousBeneHue. Ecimu X - BekTop, TO
> X %*% %*%x
KBajpaTHas GopmMma.
Gynkuus  crossprod() ¢opmupyer "BEKTOpHBIE NpOHM3BEACHUs", 3HAYCHUE, YTO

crossprod(X, y) sBiusiercst Takum ke kak t(X) %*% Yy, Ho BeimoHsIeTCst Oosiee 3(h(HEKTUBHO.
Ecnu BTOpoit mapametp crossprod() onyiieH, To MoJIy4aeM TO JKe, YTO B TICPBOM CiIydae.

3nauenne diag() 3aBucur ot ee aprymenra. diag(v), rme V - BeKTOp, JdaeT
JIMAarOHaJIbHYI0 MATPHUIly C JJIEMEHTAMH BEKTOpAa B KAueCTBE IMAroHadbHbIX 3HaueHHid. C
npyroii croponsr diag(M), rae M siBisieTcs: MAaTPHUIICH, TaeT BEKTOP OCHOBHBIX JIMArOHAJIbHBIX
snadenuii M. Oto oamnakoBoe cornamenue s diag() B Matlab. Kpome Toro, He o4eHs
YETKO, eCli K SIBJISIETCSl €IMHCTBCHHBIM YMCIIOBBIM 3HaueHueM, To diag(k) ssisercst K-ra-k
eIMHUYHON MaTpuIei!

Pemienne nuHEWHBIX ypaBHEHMH SIBIISIETCS WMHBEpCUEH yMHOXeHUs matpull. Korga
nociue

> Db <- A %*% X
TOJBKO A 1 b 1aHbI, BEKTOP X SIBIIAETCS PEIICHHEM 3TON CHCTEMBI IMHCHHBIX ypaBHeHui. B R
> solve(A, b)

pelaeT cuctemMy, Bo3Bpaias X (C HEKOTOpOii MOTepei TOUHOCTH). 3aMETUM, YTO B JIMHEHHOMN
anredpe, GopmanpbHO X = A'b, rne A7 oGosnauaer WHBEpCcUIO A, KOTOpas MOXET OBbITh
BBIYHCIICHA:

solve(A)

HO peako HeoOxoaumo. B mudpoBoit dopme 3To sBIseTcs W HEIDPEKTUBHBIM U
MOTEHIMATLHO HECTAOUIBHBIM, YTOOBI BRIYUCITHUTD X <- SOIve(A) %*% b Bmecrto solve(A,b).

Kpaznparnanas gopma X' A™'X, KOTOpasi HCIIOIB3YeTCs B MHOTOMEPHBIX BBIYHCIICHHSIX,
JIOJDKHA OBITh BhIUUCIIeHa Mo100H0 X %*% solve(A,X), BMecTo BbIYHCICHHS HHBEpCUU A.
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Oyukius eigen(Sm) BbIYKCIsSCT COOCTBEHHBIC 3HAYCHUS U COOCTBEHHBIC BEKTOPBI
CHMMETPHYHON MaTpuibl SM. Pesynabrar 3TOil (GYHKIMH - CIHUCOK JABYX KOMIIOHEHTOB,
Ha3BaHHBIX 3HAYCHUEM M BEKTOPAMH.

[IpucBoenue:
> ev <- eigen(Sm)
IPUCBOUT ITOT chucok eV. 3atem evdval - BekTop coOCTBeHHBIX 3HaueHH SM u evdvec -

MaTpHUlla COOTBETCTBYIOIIUX COOCTBEHHBIX BEKTOPOB. Eciau Obl MBI TOJIBKO HYXKIAJIUCh B
COOCTBEHHBIX 3HAYCHHSIX, MBI, BO3MOKHO, UCITOJIb30BAI TIPUCBOCHUE:

> evals <- eigen(Sm)$values

evals Terepp COIEPKUT BEKTOP COOCTBEHHBIX 3HAYCHHWl, H BTOPOH KOMIIOHEHT OTOPOIICH.
Ecnu Belpaxenue

> eigen(Sm)
HCIIOJIB3YCTCSA OTACIBHO B Ka4€CTBC KOMAHAbI, 3TH ABa KOMIIOHCHTAa Hall€4aTaHbl C HX

uMeHaMu. [l OONMBIIMX MaTpuIl Jydmie HU30eXaTh BBIYHUCICHUS COOCTBEHHBIX BEKTOPOB,
€CJIM OHU HE HEO0OXOAUMBI IIPU UCTIOIBb30BaHUH BBIPAXKECHUSAX:

> evals <- eigen(Sm, only.values = TRUE)$values

Oyukius svd(M) GepeT HpOW3BOJIBHBIA MaTpHUHBIA Tapamerp M W BBIYHCIISET
CHHTYJIsIpHOE pasnoxenue M. OHa SBJISICTCS MaTPULICH ¢ OPTOHOPMUPOBAHHBIMH CTOJIOIIAMHU
U ¢ oamHakoBbIM mpoOenoM crosndna kak M, BTopas MaTpuila OPTOHOPMHUPOBAHHBIX
cronbioB V, ueit mpoben crombma - mpoben cTpokn M W AMaroHajlbHAs MaTpuila
MOJIOKUTENbHBIX 3HaueHuil D Ttak, uto M = U % * % D % * % t(V). D daxtuuecku
BO3BpAIllCH KaK BEKTOp JIHAroHaJdbHBIX 3jeMeHTOB. Pesympratom Svd(M) sBasiercs
(aKTHYECKHU CIIUCOK TPEX KOMIIOHCHTOB, Ha3BaHHbBIX U, U ¥ V C OYEBUIHBIMU 3HAUCHHSIMH.

Ecmu M siBnsiercst hakTUUECKH KBaJAPATHOM, TO HE TPYJIHO BUIETH, UTO:

> absdetM <- prod(svd(M)$d)

BBIYHUCIISICT a0CONMOTHOE 3HaYeHue onpenenurenss M. Eciu Ob1 5TO BBIYHMCICHHE YacTO OBLIO
HEO0OXOIMMO CO MHOXXECTBOM MATPHII, TO 3TO MOTJIO ObI OBITH OmpeneneHo Kak GpyHkius R

> absdet <- function(M) prod(svd(M)$d)

1IOCJIE KOTOPOTO MBI MOTJIHM HCIHoJb30BaTh absdet() mmme kak apyryro ¢ysknuio R. Kak
JNaTbHEUITNN TPUBHAJIBHBINA, HO TOTEHIHMAIBLHO TMOJE3HBIH mpumep, Bam wmorio Obl
MIOHPABHUTHCS pacCMaTPUBaTh 3aMUCh QYHKIMHU, cKaxeM tr() /Ui BBIYMCICHUS TPACCUPOBKU
KkBagpaTHOM Mmatpuupbl. [Iloackaska: He cieayeT HMCIOIb30BaTh SIBHBIA HUKI. CMOTpuUTE
cHoBa Ha ¢ynkiuro diag().]

V R ectb BcTpoeHHast GyHkiws det, 9T0OBI BEIYHUCIUTE OMPEIEITUTENb, BKIIIOYast 3HAK,
u apyras determinant, 4ToObl JaTh 3HaK U MOJYJNb (IOMOJHUTEIBHO B JOTapu(hMUUECKOM
macirabe).

Oyukius Isfit () Bo3BparmaeT CnmMcok, MAONMUA PE3yabTaThl MPOLEAYPHI MOATOHKH
METOIOM HAWMEHBIIMX KBapaToB. Takoe MPUCBOCHUE KaK:

> ans <- Isfit(X, y)

JIaeT pe3yJIbTaThl MOJATOHKH METOJOM HAaMMEHBIINX KBAIPAaTOB, IC Y - BEKTOP HAOJIIOICHUIA,
u X sBigercss mpoektupyemor marpuueil. CM. CIpaBOuHOE PYKOBOJICTBO JJsi OOJIBIIETO
KOJIMYECTBA JCTajCH, M Takke Juis mocneayromeid Gyukiuu Is.diag(), mexmy npodnm, s
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JIMATHOCTUKWA PErpeccuu. 3aMEeTHUM, 4YTO TJaBHBIM CpEIHHIl mapamMeTp aBTOMAaTHYECKU
BKIIIOUEH M HE JIOJDKEH OBITh BKIIOYEH sSBHO Kak ctoinbernr X. /lamee orMeThTe, 4TO BCeraa
npeanouTuTenbueii ucrmons3osath IM() (em. Paszgen 11.2 [Jluneitasie moaenu]) k Isfit() mms
MOJICTTUPOBAHUS PETPECCHUH.

Jlpyrasi TecHO cBsizaHHas QyHKIHsS — 370 Qr() u ee mocienoBarenn. PaccmoTpum
CJIeIYIOIIME TPUCBOCHUS:

> Xplus <- gr(X)
> b <- gr.coef(Xplus, y)
> fit <- gr.fitted(Xplus, y)
> res <- gr.resid(Xplus, y)
OHM BBIYKCIISIIOT OPTOTOHAIBHYIO Mpoeknuio Y Ha auana3on X B fit, mpoekmus Ha

OPTOTOHAJIIBHOE JIOTIOJIHEHHE B €S U BEKTOpe Kod(puImeHTa ajsl mpoekiuu B b, To ectb, b
SIBJISICTCSI TIO CYIIECTBY PE3YJIbTATOM OllepaTopa 'HaKJIOHHOW 4epThl BieBo' Matlab.

He npeanonaraercsi, yto X MMeeT MOJHBIA paHr ctonbua. M30bTouHOCTh Oymer
oOHapy)KeHa U yAaJeHa IPH e¢ BBISIBICHNH.

Ota anpTepHaTHBa - Oojee CTapblii, HU3KUH YpPOBEHb CHOCO0a BBIMOJIHEHUS
BBIYHCIICHU HaMMEHBIINX KBaJIpaToOB. XOTS BCE €IIe IMOJE3HBIH B HEKOTOPHIX KOHTEKCTaX,
OH OBbLI OBI TETEeph 3aMEHEH CTATUCTUYECKUMHU (PYHKLIUSAMHU MOJETEH, Kak OyeT 00CykIeHO B
I'naBe 11 [Craructrueckue Moaenu B R ].

5.8. ®opmupoBanue pazaeneHnbx maTpui cbind () u rbind ()

Kak ™Mbl yxe Bumenu HepOpMalbHO, MATPHIBI MOTYT OBITh CO3IAHBI M3 JAPYIUX
BEKTOpPOB U MaTpull GyHkiusmu cbind() u rbind(). Hanpumep, cbind() popmupyer MaTpuirst
IyTEM CBS3BIBAHUS MATPHIl TOPU3OHTAIBHO, WK 110 cToiOmamM, a rbind() BeprukanbHo, nin
10 CTPOKaM.

B npucsoennu:

> X <-chind (arg_1, arg_2, arg_3...)
napamerpamu  Cbind() MODKHBI OBITH WM BEKTOPHI JIOOOW JUIMHBI, WJIH MATPHIBI C
OJIMHAKOBBEIM Pa3MEpOM CTOJIOA, KOTOPBIA SIBISIETCS OJUHAKOBBIM YHCIOM CTPOK.
PesynpTaTom siBIIsIeTCS MaTpuIla ¢ MpUCOeAUHEHHbIME arg_1, arg_2..., kotropsie GopMUPYIOT
CTOJIOIIBI.

Ecmu HexkotopbiMu u3 mapamerpos chind() siBistoTcss BEKTOpaMu, TO OHH MOTYT OBITh
KOpoue, YeM pa3Mep CTOJIONa JOOBIX CYIIECTBYIOIIMX MATpHIl, TaK KaK OHH IMKINYECKU
pacHIupSIIOTCS, YTOOBI COOTBETCTBOBATH pa3Mepy CTOJIOMA MaTPHIbl (MW JJIUHE CaMOTo
JJIMHHOT'O BCKTOpPA, CCJIN HCT ManI/II_[).

Oyukius rbind() memaer cooTBeTCTBYyIOIIYIO paboTy aas CTpoK. B 3TOM citydae
1100011 BEKTOPHBIM MapaMeTp, BO3MOXKHO LMKIMYECKH DACHIMPEHHBIM, KOHEYHO B3ST B
Ka4eCTBE BEKTOPOB CTPOKHU.

[Mpennonoxum, yto X1 u X2 umeer ogMHAKOBOE YUCIO CTPOK. OOBEAUHUTH UX MO
croiéiiaM B Matpuie X, BMECT€ C HadalbHBIM CTOJOIIOM, paBHBIM 1, MOXHO
HCIIOIL30BAHUEM.

> X <-cbind (1, X1, X2)

VY pesyabrara rbind() wiu cbind() Bcerma cratyc marpunsl. CiaemoBarensro, chind(x)
u rbind(x) sBIsSIOTCS, BO3MOXKHO, CaMBIMH TPOCTBIM CIIOCOOOM 00pa0OTaTh BEKTOP X Kak
CTOJOCII UITH CTPOKY MATPHUIIBI COOTBETCTBEHHO.
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5.9. ®yHKuMs CBA3bIBaHUSA MAacCHBOB C()

HyxHo otMeruth, uro, Torma kak cbind() u rbind() sBustorcs GyHKUIMSIMU
CBSI3BIBAHMS, KOTOPbIC NMPHHMMAIOT BO BHUMaHUe arpuOyThl pasmepHoctd dim, Ga3oBas
¢dynkims ¢() aTOro He eNaeT, a CKOpee OYHIIAeT YUCIOBbIe O0BEKTHI OT BceX aTpuOyToB dim
n dimnames. MHOrma 3To moie3Ho caMo 1o cebe.

OdunmanbHbiil cmocod mpeodpa3oBaTh MaccuB OOpPAaTHO K MPOCTOMY BEKTOPHOMY
00BEKTY COCTOHT B HCIOJIb30BaHkK aS.vector():
> vec <-as.vector (X)
OnHako TOJOOHBIM pe3yabTaT MOKET OBbITh JOCTHUTHYT HPH HCHOJIb30BaHUU C()
TOJIBKO C OJTHUM TTapaMeTPOM, ITPOCTO B KauecTBE MOOOYHOTO d(pdekra:
> vec <-c (X)
Mex 1y HUMU €CTh He3HAYUTENIbHBIC PA3JINYusl, HO, B KOHEYHOM CYETE, BHIOOP MEXKIY
HUMHU - B 3HAYUTEILHON CTEMIEHU BOMPOC CTUIIS (MIPEKHUIN MPEITOUYTUTEITbHEH).

5.10. Ta6auubl 4acTOT OT (pAKTOPOB
BcnomuanmM, uto dakrop ompenenser paszaeneHue Ha rpynmnsl. [logobHo 3ToMy mapa
(akTopoB ompenenser ABa MyTH KiaccHduKauus Kpocca u Tak jganee. Oynkius table()
BBIYUCIISIET TAOJUIIBI YacTOT OT (haKTOpPOB paBHOI nHBL. Eciu ecth mapameTpsl K-dakropa,
pe3ynbTar - K myTeM MaccHuBa 4acToT.

[Mpenmnonoxum, Hanpumep, uto Statef - dakrop, maromuit Ko COCTOSIHUS TS KA I0H
3alucu B BeKTope AaHHbIX. [IpucBoeHue:
> statefr <- table(statef)
naet B Statefr tabnuiry 4acToT Ka)XI0ro COCTOSIHHS B BbIOOpKEe. YacTOTHI yrmOpsAOYCHBI U
MapKUPOBaHBI aTpUOYTOM YPOBHEH (akTopa. DTOT MPOCTON ciaydail SKBUBAJICHTEH, HO Ooee
yI0OEH yeMm:
> statefr <- tapply(statef, statef, length)

Jlanee mpenmomokum, dro incomef -  ¢dakrop, garomuii  COOTBETCTBEHHO
ONpEeIETCHHBIN “NOCTYMUBIINM KJIacc” ISl KaXK0M 3aKiCH B BEKTOPE AAHHBIX, HAIPUMED, C

byukuueit cut():
> factor(cut(incomes, breaks = 35+10*(0:7))) -> incomef
3areM BBIYHMCINM JBYXBXOJ0BYIO TaOJIUILY YaCTOT:
> table(incomef,statef)
statef
incomef act nsw nt gld sa tas vic wa

354511 1 0100 1 0
@555]1 1 1 1 2 0 1 3
(5565] 0 3 1 3 2 2 2 1
657510 1 0 0 0 0 1 O

Pacmpenue 6oee BEICOKOTO MyTH TaOJIUIBI YACTOT HEMOCPEICTBEHHO.
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6. Cnucku ¥ pperMbl JaHHBIX

6.1. Cniuckn
Cnucok (list) — aTo 00BexT R, cocrosmmii U3 yrnopsgo4eHHOro Habopa O0OBEKTOB,
M3BECTHBIX KaK €r0 KOMITOHEHTBHI.

OTCYTCTBYIOT ONpEJCIICHHbIE TpeOOBaHUS OJMHAKOBOCTH pPEXKHUMa WM THIA, W,
HalpUMep, CHHCOK MOXKET COCTOSITh W3 YHCIOBOIO BEKTOpa, JOTMYECKOro 3HAYEHUS,
MaTpPHUIIBI, KOMIUIEKCHOTO BEKTOpPa, CHUMBOJBHOTO MaccuBa, (QyHKIMM M Tak npanee. BoT
MIPOCTOM MPUMEpP CO3/IaHUS CITUCKA!

> Lst <- list(name="Fred", wife="Mary", no.children=3,
child.ages=c(4,7,9))

KoMImoHEHTHI BCeria HyMEpYIOTCS M MOTYT BCETa YIIOMUHATHCS KaK TaKOBbIC. TakuM
obpazom, ecinu LSt ums criucka ¢ 4YeThIphbMsi KOMIIOHCHTAMH, OHH MOTYT WHAMBUAYaJIbHO
ynomuHatbes kak LSt[[1]], Lst [[2]], Lst [[3]] u Lst [[4]]. Ecmu, nmanee, Lst [[4]]
npeoOpa30BaHHbIN B HIDKHHI HHAEKC MaccuB Bektopa Toraa Lst [[4]] [1] ero mepBas 3amuchk.

Ecmu Lst cmnucok, to ¢ynkuus length(Lst) maer uucimo (BepxHero ypoBHs)
KOMITOHEHTBI, KOTOpPbIe OH MMeeT. KOMIIOHEHThI CITMCKOB MOYKHO TaK)Ke Ha3BaTh, U B 3TOM
Clly4ae Ha KOMIIOHEHTY MOXXHO COCTAThCsl WJIM, J1aBas WMs KOMIIOHEHTHI KaK CHMBOJIBHOUN
CTPOKHM BMECTO 4YHCIa B JBOMHBIX KBAJApPAaTHBIX CKOOKax, wWiau, Ooiee ymaoOHO, maBas
BBIPQXCHHE BHJIA!

> name$c0mp0nent_name
I TOH K€ caMOM BEIIN.

DOTO - OYeHb TOJIE3HOE COTIANlIEHUE, TOCKOJIBKY OHO OOJerdaer moaydaTh
MPaBUJIbHYIO KOMIIOHEHTY, €CJIH 3a0bUTH YHCIIO.

Tak B poCTOM MpPUMEPE, TAHHOM BBIIIIE:

Lst$name - To sxe camoe xak Lst [[1]] u sBisieTcst crpokoit "®Pped”,

Lst$wife - To sxe camoe kak Lst [[2]] u sBastercst ctpokoit “"Mopu”,

Lst$child.ages [1] sBisiercst Tem ke cambim Kak Lst [[4]] [1] u sBisiercst unciom 4.

HOHOHHI/ITGHBHO, MOXHO TaKX€ HCIIOJIb30BaThb HMMEHA KOMIIOHCEHTOB CIIMCKa B
JIBOMHBIX KBaIpaTHBIX CKOOKax, To ecTh, LSt//"ums"]] 1o *e camoe kak Lst$name. Dro
OCOOCHHO TIONIE3HO, KOTJAa WMS W3BJICKAEMOW KOMIIOHEHTHI COXpaHSETCsl B JIPYroi
MEpEMEHHOM KaK B!

> x <-"name"; Lst[[x]]

Ouenp BaxkHo paznmumuuth LSt[[1]] ot Lst[1].* [[...]]” sBusercs omeparopom,
UCIIOIB3YEMBIM JIISI BBIOOpA OTAEIBHOTO 3jJeMeHTa, Toraa kKak ‘[...]7 oOmmit omeparop
npeoOpa3oBaHus B HIDKHUN UHACKC. Takum o0pa3oM, MPEKHUN - nepaviti 00vekm @ Cnucke
Lst, ¥ eciM 5TO HMMCHOBAHHBIM CIHCOK, TO HMMA He BKJIIOYeHO. llocimemHuii sBiseTcs
noocnuckom cnucka Lst, cocmoswum monvko us nepeoui sanucu. Eciu smo - umenosanmwiii
CHUCOK, UMEHA nepedaHbl NOOCNUCKY.

HMeHa KOMIIOHEHTOB MOTYT OBITh COKpAIIEHbI ype3aHWEeM 0 MUHUMAIBHOTO YHUCIIa
OyKB, HEOOXOAMMBIX IS WX WIASHTU(UKAIMK EAMHCTBEHHBIM oOpazoM. Takum oOpazom,
Lst$coefficients moxxer munnmanbho cnenuduirpoBarses kak Lst$coe u LstScovariance kak
Lst$cov.
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BekTop nMmeH - ¢akThueckw mMpocTo aTpuOyT CMHCKa Kak JIOO00W JAPYrod W MOXKET
ObITh 00paboTaH Kak TaKOBOW. [Ipyrum CTpyKTypam MOMHUMO CIIMCKOB MOKHO, KOHEUHO, TaK
K€ 1aTh aTpuOyT UMEH.

6.2. IlocTpoeHne U N3MeHEeHHE CITHCKOB
HoBbie criricku MOTYT OBITH CHOPMHUPOBAHBI U3 CYIIECTBYIONIUX 00BEKTOB (YHKIIUCH
list(). [IprcBOCHME BUA:

> Lst <- list(name_1=object 1, ..., name_m=object_m)
yCcTaHaBJIMBaeT CMHCOK LSt M3 M kommoHeHTOB, HMcmonb3ys Object 1, . . ., object m mus
KOMITOHEHTOB M JaeT WM HMEHa KaK YKa3aHO HMMEHaMu mapameTpa (KOTOpbIE MOYKHO
cB0OOIHO BbIOpaTh). Ecim 3TH HMMeHa OIMymieHBl, TO KOMIOHEHTHI TOJBKO HYMEPYIOTCS.

Hcnons3yemble ipu GOPMUPOBAHUU KOMIIOHEHTHI KOMUPYIOTCSI, U HOBBIH CIIUCOK HE BIIUSET
Ha OpUTUHAJIBL.

Crniucku, kak J000H MpeoOpa3oBaHHBI B HIDKHUN HHIEKC OOBEKT, MOTYT OBITh
pacHIMpeHsl yKa3aHUueM JOTOIHUTEIBHBIX KOMIIOHEHT. Hanpumep:

> Lst[5] <- list(matrix=Mat)

[Mpu konkareHanuu ¢yHkiwend C() ¢ apryMeHTamH B BHJE CIHCKOB MOJYyYaeTcs
pe3ynbTar B BHIE OOBEKTA C PEKUMOM CIHCKA, KOMIIOHEHTBHI KOTOPOTO COCTOSIT U3
MocIe0BaTeIbHO 00BEAMHEHHOTO CIIHCKA MTapaMeTPOB.

> list. ABC <- c(list.A, list.B, list.C)

BcnoMHuM, 9TO ¢ BEKTOPHBIMH OOBEKTAaMH B KauyeCTBE apryMEHTOB, (QYHKLHUS
KOHKATEHALIMH TaK K€ 0OBbEeIUHsIIa BCE MapaMeTpsl B OTICIBHYIO BEKTOPHYIO CTPYKTYpy. B
ITOM Clly4yae BCe Jpyrue aTpuOyThl, Takue Kak aTpuoyT dim, oTOpachIBaroTCs.

6.3. ®peiiMbl JTAHHBIX
Dpetim Oannvix — 3TO CIHCOK ¢ Kiaaccom "data.frame”. Ectb orpannueHus Ha CITUCKH,
KOTOPBIE MOTYT OBITH MIPEBPAIEHBI B (DpEHMBI JaHHBIX, & UMEHHO,

e KOMNOHEHTHI AOKHBI OBITh BEKTOpaMU (YMCIOBBIMH, CHUMBOJIBHBIMHU WU
JOTHYECKUMH), (PaKTOpaMH, YUCIOBBIMH MATPHLIAMH, CIIUCKAMH WM IPYTUMHU
bpeitMaMu TaHHBIX.

e Marpuupbl, CIUCKU, U (HPEerMbl JAHHBIX MPEIOCTABISIOT CTOJIBKO MEPEMEHHBIX
JUTSL HOBOTO (hpeiiMa TaHHBIX, CKOJIBKO y HUX UMEETCS CTOJIOIOB, SJIEMEHTOB WJIH
MEPEMEHHBIX, COOTBETCTBEHHO.

e  YuCOBBIE U TOTUYECKUE BEKTOPHI, a TAKKE (PAKTOPHI BKITFOYAIOTCS KaK TaKOBBIE,
U TI0 YMOJYAaHUIO CUMBOJIBHBIE BEKTOPHI MPEoOpPa3yloTcsi B (PaKTOPHI, YPOBHH
KOTOPBIX - €TUHCTBEHHOE 3HaYCHHE, MOSIBIISIIOIIEECS B BEKTOPE.

e BekTOpHBIE CTPYKTYpHI, MOSBISIONIMECS KaK IMEepeMeHHble (peiiMa JaHHBIX,
JOJDKHBI UMETHh OAUHAKOBYIO JUIMHY, 4 MAaTpUYHBLIE CTPYKTYPHI JOJDKHBI NUMETH
OJIMHAKOBBIN pa3Mep CTPOKH.

Jlyis MHOTUX 1eneil GppelMbl JaHHBIX MOKHO PACHEHUTh KaKk MaTPHIly CO CTOIOIaMu
BO3MOJKHO OTJIMYAIOIIUXCS PEKUMOM H aTpuOyToM. OH MOXKET OBITh BBIBEJICH Ha JKpaH B
MaTpUYHOU (hOpMe, M €ro CTPOKHU U CTOJIOIBI U3BJICKAIOTCS C HMCIOJIB30BAHUEM COTJIAIICHUS
MHJIEKCAIIMU MaTPHILIBI.

OOBEKTHI, yIOBIECTBOPSIOIINE OrPAHUYCHUSM, YCTAaHOBICHHBIM [UI CTOJIOIIOB
(KOMIOHEHTOB)  ¢peliMa JaHHBIX, MOTYT HCHOJB30BAaTbCsi Ui (OPMHUPOBAHHUA C
ucnonp3oBanueM ynkuu data.frame:

> accountants <- data.frame(home=statef, loot=incomes, shot=incomef)
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CrHcoK, KOMIIOHEHTHI KOTOPOTO COOTBETCTBYIOT OrpaHHYEHHsSM (peiima NaHHBIX,
MOXeT OBITh npeobpaszosar BO HpeiM NaHHBIX, UCTIONB3Ys GyHKIHIO as.data.frame().

Cawmplii mpocToii cioco6 co3aanus pperiMa TaHHBIX C HYJIS COCTOUT B UCIIOIh30BaHUH
¢ynkuuu read.table()npu cumteiBanum Bcero ¢peliMa JaHHBIX M3 BHeHIHero ¢aitna. OTo
obcyxmaercs nanee B ['maBe 7 [Urenue manHbIX u3 (aiina).

Horanus $, Takas xax accountants$home, mis KOMIIOHEHTOB CIIMCKA HE BCErAa OYEHb
ymobna. ITome3noe cpeacTBO JOMKHO AeiaTh KOMIIOHEHTHI CIHMCKA WM (DpeiiMa JTaHHBIX
BPEMCHHO BHUJMMBIMH B KaueCTBE MEPEMEHHBIX IMOJ] HMX HMEHEM KOMIIOHEHTOB 0e3
OTPEOHOCTH SIBHO KaXK/IbIH pa3 3aKII0YaTh UM CITUCKA B KABBIYKH.

@ynkuums attach(() Geper '6a3y maHHBIX', TAKYIO KaK CIHCOK MM (QpEHM JaHHBIX, KaK
cBoii mapameTp. Takum oOpasom, mpeamonoxkuMm, uro lentils - ¢peiim maHHBIX ¢ Tpems
nepemennbivu lentils$u, lentils$v, lentils$w. TTpucoenunenue:

> attach(lentils)

pa3MecTuT (QpelM MJaHHBIX B NYTH TOMCKAa HA MO3MIMH 2 U OOECHEeYUT OTCYTCTBUE
MEPEeMEHHbIX U, V WIM W B To3unuu 1; U, V. uim W TOCTYIHBI Kak MepeMeHHbIe U3 (peiima
JTaHHBIX B UX COOCTBEHHOU MO3uIu. B 3TOM MecTe Takoe MPUCBOCHUE KaK:

> U <-v+w

HE 3aMEHsIeT KOMIOHEHT U (hpeiiMa JaHHBIX, a CKOpee MACKUPYET ero ¢ APYroi nmepeMeHHon
U B paboueM Karajore B MO3UIMH | Ha MyTH moucka. YToObI MPOU3BECTU MOCTOSHHOE
U3MEHEHHE HEMOCPEJCTBEHHO BO (peiiMe NaHHBIX, CaMbli NPOCTOM IyTh COCTOMT B
oOpainenuy emre pas Kk Horauuu $:

> |entils$u <- v+w

OnHako HOBOE 3HAYCHHE KOMIIOHEHTa U HE BHUIUMO, MOKa (peiiM IaHHBIX HE
OTCOEUHEH U IIPUCOEINHEH CHOBA.

UTo0OBl 0TCOENUHUTD (PPEM JaHHBIX, UCIIOIB3YHTE (QYHKITHUIO:

> detach()

Bonee TOuHO 3TOT omepaTop OTCOCAWHSET OT MYTH MOMCKA OOBEKT B HACTOSIIHUHA
MOMEHT B no3uluy 2. Takum o0pa3oM, B CYIIECTBYIOIIEM KOHTEKCTE MepeMeHHbIe U, V. 1 W
OoJtbiie He ObLTH OBl BUIUMBI, KPOME, KaK B COOTBETCTBHH C HOTAIIMEH CITHCKA KaK lentils$u n
Tak ganee. OOBEKTHI B MO3ULMAX, OOIbIIE YeM 2 Ha IIyTH IIOMCKa, MOI'yT OBITH OTCOEIUHEHEI,
JaBast UX YHUCJIO JJIsI OTCOCAUHCHH A, HO HAMHOI'O 0osee 0e30macHo BCEraa UCII0JIb30BaTh NMs,
nanpumep detach(lentils) or detach(*'lentils").

3ameuanue: B R ciicku u ¢peiimMbl JaHHBIX MOXKHO MPUCOSIUHUTH TOJBKO B
NO3UIMH 2 WM BBIILIE, U TO, YTO MPUCOEANHEHO, SIBIISIETCS KOIUEH NCXOIHOIO
00BbekTa. MOKHO U3MEHUTH MPUCOEIMHEHHOE 3HAUEHUE Yepe3 MPUCBOCHUE, HO
UCXOJIHBIN CIIMCOK MM (PpeiiM TaHHBIX HEM3MEHEH.

[Tone3sHoe cormameHue, KOTOpOE TMO3BOJISIET YAOOHO paboTaTh €O MHOTHMHU
Pa3IMYHBIMU ITPOOJIEMaMH B TOM K€ CaMOM padodeM KaTajore sBIISeTCS:

e coOpaTh Bce MEpeMEeHHbIE IS JII0OOH YEeTKO OIpeneleHHOW W OTACNbHOM
po0JeMbl BO (ppeliMe TaHHBIX MMOJT COOTBETCTBEHHO HH(POPMATUBHBIM UMECHEM;

o 1pu pabore ¢ MpobIEeMON MPHUCOSTUHUTE COOTBETCTBYIOIIMN (hpeiiM TaHHBIX B
MO3UIIMH 2, U UCTIONB3YHTE pabouyuii KaTajior Ha ypoBHE | IS oneparioOHHBIX
BEJIMYMH U BPEMEHHBIX MIEPEMEHHBIX;
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e Mpexzie, YeM OCTaBUTh MpoOseMy, M00aBbTE JIFOOBIE TEPEMEHHBIC, KOTOPHIC
HEOOXOIMMO COXPAaHUThH IS OyIyIIer CChUIKA Ha (peiM MaHHBIX, UCIIOIB3YS
dopmy npucsoenus $, a 3arem detach().

e HAKOHEI[ yJaJINTe BCE HEXeNlaTeNbHBbIC NMEpPEeMEHHBIE M3 padoyero karajora H
COXPAHUTC €ro CTOJIb XC YUCTBIM H3 OCTAaBIIMXCSA BPCMCHHBLIX IMNCPEMCHHBIX
HACKOJIbKO BO3MOKHO.

Takum o0pa3om, JOBOJIBHO MPOCTO pabOTaTh CO MHOTUMH MpoOJIeMaMy B OJHOM U
TOM K€ KaTajore, y KaKJ10M U3 KOTOPBIX €CTh IEPEMEHHBIC, HA3BaHHBIE X, Y U Z, HAIIPUMED.

attach() sBastercst oOmieii GyHKIMEi, KOTOpas MO3BOJISACT HE TOJBKO MPUCOCAUHSATH
KaTaJorh U (peiMbl JaHHBIX K IyTH IOHMCKAa, HO TakXe ApYyrue Kiacchl 00beKkToB. B
YAaCTHOCTH JIIO00H OOBEKT C PEXUMOM "cnucok” MOXeT OBbITh MPHUCOCTUHEH CIIECIYIOITUM
obpa3zom:
> attach(any.old.list)

Yro-1100, 4T0 OBUIO MPHUCOETUHEHO, MOXKET ObITh oTcoeauHeno detach(), Homepom
Mo3unuu Ui, NpeAnoOuYTUTCIbHO, IO UMCHHU.

Gynkuus Search moka3piBaeT TEKYNIMH ITyTh MOWCKA, U TaKUM 00pa3oM SIBISETCS
OYCHB MOJIC3HBIM CITOCOOOM OTCICKHUBAHUS, Kakue (PpeiiMbl JaHHBIX M CIHHCKH (M MaKETHI)
6I>I.HI/I MNPUCOCAUHCHBI U OTCOCANHCHBI. HepBOHa‘-IaJII:HO nojiydacm HYTb:
> search()
[1] ".GlobalEnv" "Autoloads" "package:base™
riae .GlobalEnv sBrisercst paboueii 061acThio.

[Mocne npucoenuuenus lentils mbr momy4yaem:

> search()

[1] ".GlobalEnv" "lentils™ "Autoloads™ "package:base™

> 15(2)

[2] "u™ vt tw
u kak BuauM IS (umm Object) MoXkeT HMCIOIB30BATHCA I ONMPEAEICHUS KOHTEHTa JIF000M
IMO3UIMK Ha ITYTHU ITOUCKA.

Hakonen, Mb1 oTcoenuuseM (GpeiiM TaHHBIX U TIOJTBEPKAAEM, YTO OH OBLI YAAJICH U3
MyTH MOUCKA.

> detach("lentils")

> search()
[1] ".GlobalEnv" "Autoloads" "package:base™
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7. YTeHue gaHHBIX U3 PailjIoB

Bonbuive 06beKThl JaHHBIX OOBIYHO YMTAIOT KaK 3HaYeHHE U3 BHEIIHUX (ailyioB, a He
BBOJIUTHCS BO Bpems ceaHca R ¢ knaBuarypsl. Cpenctsa BBoja R mpocTsl, n ux TpeboBaHUs
SCHO OTpaHUYEHBbI U Jake J0BOJIbHO He THOKH. EcTh sicHOe mpeanonoxenue pa3paboTYNKOB
R, uro Bbl B COCTOSIHUM W3MEHUTH CBOM BXOJAHBIE (Dailsibl, HCIIONB3YS APYTrUe UHCTPYMEHTHI,
Takue Kak pefaaktopsl ¢ainoB wim Perl mst cornmacoBanus ¢ TpedboBanmsimu R. OOGbIYHO 3TO
OYEHb MPOCTO.

Ecnu nepeMeHHBIe MOUTEKAT XPaHEHHIO, TIIABHBIM 00pa3oM, BO GpeiiMax JTaHHBIX, TO
CTpOro Tpenasaraercs, 4ro Bechb (peiiM MaHHBIX MOXET OBITh CUMTAH HENOCPEACTBEHHO
dbyuknueii read.table(). Ecte Taxkke Gonee mpumuTHBHAsS (QyHKIMSA BBoma Scan(), KOTOpyro
MOYKHO BBI3BaTh HEMOCPEICTBEHHO.

Jlnst mosry4eHus TOTOJIHUTENbHON HH(pOpMALMY [T0 UMIIOPTY U SKCIOPTY JaHHbIX B R
cM. cupaBouHuk Mmnopra/Okcnopra naHHbX R .

7.1. ®ynkuus read.table()
YroObl HEMOCPEACTBEHHO CUUTATh BECh (PpeiiM MaHHBIX M3 BHEUIHETO (aiia 0ObIYHO
UCIONb3YyeTCs creluanbHas Gpopma.

® JlepBas cTtpoka (aitia MOIDKHO HMMETh uMs I KaKI0M TEpEeMEHHOW BO
bpeiiMe TaHHBIX.

o Kaxnas nomonHuTeIbHAS CTpOKa (haiiya B KaueCTBE CBOETO MEPBOTO IEMEHTa
UMEET MemK)y CMpoKU U 3HaYCHHE [Tl KaKI0M epeMEeHHOM.

Ecnu ¢aitn nmeer Ha 0IMH 3JIEMEHT MEHbBIIIE B €r0 NEPBOI CTPOKE, YEM B €TI0 BTOPOW,
TO 3TO PACHOJIOKEHHE, KaK MPEIIOIaraloT, HAXOAUTCs B clile. Tak, epBbIe HECKOJIBKO CTPOK
daiina, moaneKaIiero YTEHUIO B KauecTBe (ppeiiMa MaHHBIX, MOTYT BBIIISJIETh CIEAYIOIIUM
obpazom.

®dopma BXOAHOTO (aiiyia ¢ IMEHaMU U METKaMH CTPOK:

Price Floor Area Rooms Age Cent.heat
01 52.00 1110 830 5 6.2 no
02 54.75 1280 710 5 7.5 no
03 57.50 101.0 1000 5 4.2 no
04 57.50 131.0 690 6 8.8 no
05 59.75 93.0 900 5 1.9 yes

[To ymoi4aHHWIO YHCIIOBBIE AJIEMEHTHI (KpOME METOK CTPOKH) CUMTBIBAIOTCS Kak
YHCIIOBBIC TIEPEMEHHBIC, U HEYMCIIOBBIC IepeMeHHble, Takue kak Cent.heat B mpumepe, kak
(bakTophl. DTO MOXKET OBITH U3BMEHEHO B CITydae HEOOXOIUMOCTH.

3arem ¢yukuuto read.table() MoXHO HCMONB30BaTh JJIi  HEMOCPEACTBEHHOTO
CUUTHIBAHUS QpEiM TaHHBIX:

> HousePrice <-read.table (""houses.data")

YacTo xenareabHO OMYCTUTh BKIIOYEHHBIE METKM CTPOK M HCIIOJIb30BAaTh METKU IO
yMOJ4aHuoo. B 3ToM ciydae B ailie MOXKHO ONMYCTUTh CTOJNOEI] METKH CTPOKH KakK B
CIIEIYIOILIEM.

Bxonnas dopma daiina 6e3 METOK CTPOK:
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Price Floor Area Rooms Age Cent.heat
52.00 1110 830 5 6.2 no
54.75 1280 710 5 7.5 no
57.50 101.0 1000 5 4.2 no
57.50 131.0 690 6 8.8 no
59.75 93.0 900 5 1.9 yes

3aTtem ¢peiiM TaHHBIX MOXKET ObITh CYMTAH KaK:

> HousePrice <-read.table ("houses.data", header=TRUE)

rae ornuus header=TRUE yka3biBaer, 4T0O miepBasi CTPOKA - CTPOKA 3ar0JIOBKOB, YTO CIIEAYET
u3 ¢opMsl Gailsa, ¥ 4TO OTCYTCTBYIOT SIBHBIE METKU CTPOKH.

7.2. ®yukmus scan()

[Ipenmonoxum, 4TO BEKTOPHl JAHHBIX HMMEIOT PaBHYIO JUIMHY U JOJKHBI OBITH
CUMTaHbl mNapawieabHo. [lanee mnpeAamnonokuM, 4YTO €CTb TPU BEKTOpA, MEPBBIA HMEET
CHMBOJIBHBIN PEKHM, a OCTaBIIHECS JBa — YHUCIOBOM pekuM, u (daiin - ‘input.dat’. Tlepssrii
IIar COCTOUT B HMCIOJb30BaHUU SCAN() Ui YTEHUS B TPU BEKTOpa KaK CIMCKA, CIICAYIOIIUM
obpazoM:

> inp <- scan("input.dat", list("",0,0))

Bropoii mapamerp - (UKTHBHAs CTPYKTypa CIHCKa, KOTOpas YCTaHABIMBAET PEKUM
9THX TPEX CUYMTHIBAEMBIX BEKTOPOB. Pe3ymbTarom, cOXpaHEHHBIM B INP, SIBISETCS CITHCOK,
KOMITOHCHTBI KOTOPOI'0 - 3THU TPpU MPOUYUTAHHBIX BCKTOPA. ILJBI pasacICHUA MMYHKTOB OAHHBIX
Ha TPH OTJEIBHBIX BEKTOPA UCIOJIB3YIOTCSI TPUCBOCHUS, TTOJT00HBIC CIEAYIOIICM:

> label <-inp[[1]]; x <-inp[[2]]; y <- inp[[3]]
Jlnst Gombiero yno0cTBa (PMKTUBHBINA CIIMCOK MOT UMETh MMEHOBAHHBIE KOMITOHEHTHI

JUISL  TIOCJIEAYIOIIEr0 HCIOJIb30BaHMS MPU TOJYyYEHUH JOCTyNa K UTEHUIO BEKTOPOB.
Hanpumep:

> inp <- scan("input.dat™, list(id="", x=0, y=0))

Ecnu xenaTenbHO MONYYHUTH AOCTYI K MEPEMEHHBIM OTIENbHO, TO UX MOXHO JINOO

MOBTOPHO MPHCBOUTH TIEpEMEHHBIM B pabouem (peiime:

> label <- inp$id; x <- inp$x; y <- inp$y
00 CIMHUCOK MOXKET OBITh MPUCOCAMHEH B MO3WIMU 2 W3 MyTH moucka (cMm. Pazgen 6.3.4
[[TpucoenuHEeHNE TPOU3BOIBHBIX CITHCKOB]).

Ecnu BTOpO# MapameTp - OTIETbHOE 3HAYECHHE, a HE CIIMCOK, CYUTHIBAECTCS OTIAEIbHBIN
BCKTOpP, BCC KOMIIOHCHTBI KOTOPOTO AOJIKHBI HMMCTbH OI[I/IHaKOBI:II\/'I PCKUM C q)HKTI/IBHBIM
3HAYEHUEM.

> X <- matrix(scan("light.dat", 0), ncol=5, byrow=TRUE)

Ecte Ooiee TIIATCIIBHO IMPOAYMAHHLIC JOCTYHNHBIC CpCACTBA BBOJA, U OHHU
ACTAIIM3UPOBAHBI B CIIPpaABOYHHKAX.

7.3. JlocTyn K BCTPOEHHBIM HA00PaM JaHHBIX
[Mpubnusurensio 100 HaGOpoB HMaHHBIX MpeaocTaBieHbl R (B Habopax JaHHBIX
[aKera), W Jpyrue JOCTYIIHbl B IIakeTax (BKJIIOYas pPEKOMEHIYEMbIE IIaKETBhl,
npepocrapieHubie R). [TocMOTpeTh CIHMCOK HAOOPOB MAHHBIX, MOCTYIMHBIX B HACTOSIIMA
MOMCHT AJId UCIIOJIb30BaHUsA, MOXXHO:

data()
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HaGopbl nmaHHBIX, TpEAOCTaBICHHBIE R, IOCTYIHBI HEMOCPEICTBEHHO MO WMEHH.
OnHako MHOTO TIAKETOB BCE €IIE WCIOIB3YIOT OOIIee COrjamieHue, B KOTOPOM TaKKe
ucnonb3oBajiack data mms 3arpy3ku HaOOpOB JaHHBIX B R, Hampumep:

data (infert)

¥ 9TO MOXKET BCE €IIIe MCIOIh30BaThCS CO CTAHAAPTHBIMU MMakeTaMu (Kak B 3TOM mpumepe). B
OOJILITMHCTBE CiydaeB OynmeT 3arpykeH o0bekT R Toro ke camoro mmenu. OmHako B
HEKOTOPBIX CIIyYasiX 3arpy’KaeTcsi HECKOJBKO OOBEKTOB, TaK CM. OHJIAHHOBYIO CIPaBKY IS
00BbeKTa, YTOOBI YBUACTh OXKHIAEMOE.

K nmaHHBIM JOCTyma W3 OIpPEAeiCHHOrO ITaKeTa WCIOJIb3YHTE IapaMeTp IIaKeTa,
HaTnpuMep:
data(package="rpart")
data(Puromycin, package="datasets")
Ecnm maker Obul mpucoennHEH OMOIMOTEKOW, €€ HAaOOphl JAaHHBIX ABTOMATHYECKU
BKJIFOUYCHBI B ITOUCK.

BHecenHble Mosib30BaTeNeM MAaKEThl MOTYT HMETh OOrarblii HCTOYHMK HabOpoB
JAaHHBIX.

7.4. PenakTHpOBaHUE JaHHBIX
Korna BeI3BaH ¢peiiM TaHHBIX WM MATPUIIA, PEJaKTUPOBAHUE MIEPEBOIUT OTICITHHYIO
MOJO0HYIO 3JIEKTPOHHYIO TabJUIly cpeabl B pabodee COCTOSIHUE ISl peJaKTHUPOBAHUS. DTO
MOJIC3HO /ISl CO3/IaHUsI HEOOIBIINX H3MEHEHHI MOCIIe CUUTHIBAaHHUS HA00Opa JaHHBIX.

Komanna:

> xnew <- edit (xold)

IIO3BOJIMT PEIAaKTHPOBATh CBOW HaOOp NaHHBIX XOld, 1 1o 3aBepiIeHNN N3MEHEHHBIH 00BEKT
npucBoeH XNew. Ecinu XoTuTe M3MEHNUTh MCXOIHBIH Habop JaHHBIX X0ld, To camblii mpocTOi
yTh COCTOUT B ucnoab3oBanuu fix(xold), uro sksuBanentno Xxold <-edit (xold).

Hcnons30BaTh:

> xnew <- edit (data.frame)
Y BBECTH HOBBIC JaHHBIC Yepe3 HHTeperc FMEKTPOHHON TaOJIHIIBI.
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8. PacnipeaesieHnue BepoOATHOCTH

8.1. R kak psix cTaTucTHYECKHX TA0 UL
OnHuM U3 yIOOHBIX HMCHONB30BaHMKH R cocrouT B 00ecreyeHMH HCUEPIIBIBAIOIIETO
Habopa cTaTucTUYeCKUX TaOmuI. DYHKIUU MO3BOJISIIOT OLEHUTh KyMYJISTUBHYIO (DYHKIIMIO
pacnpenenenus P(X < X), GyHKIHIO MJIOTHOCTH BEPOSATHOCTH M (DYHKIIMIO KBaHTWIS (JJ1s1
JAHHOTO (|, HAUMEHBIIH# X Takoe, 4To P(X < X)> ([), ¥ UMHTHPOBATh pacrpeIeIeHusI.

Pacnpenenenue Nwms R JlonomHuTEebHBIE TAPAMETPBI
beta beta shapel, shape2, ncp
binomial binom size, prob

Cauchy cauchy location, scale
chi-squared chisq df, ncp

exponential exp rate

F f df1, df2, ncp
gamma gamma shape, scale
geometric geom prob
hypergeometric hyper m, n, K

log-normal Inorm meanlog, sdlog
logistic logis location, scale
negative binomial nbinom size, prob
normal norm mean, sd

Poisson pois lambda

signed rank signrank n

Student’s t t df, ncp

uniform unif min, max

Weibull weibull shape, scale
Wilcoxon wilcox m, n

Cuabmute npedurcom ums, aanHoe 3aech ‘d’ s mmotHoctw, ‘P’ ans CDF, ‘qQ° mns
GyHKIMU KBAaHTWISA M ‘I’ s umuTanuu (CiydaiiHele OTKIOHeHus ). IlepBolii mapametp - X
Jutst OXXX, Q JUIst PXXX, P U1 XXX | N Juist PXXX (3a uckoroueHuem rhyper, rsignrank u rwilcox
JUTs KOTOpPOro 3To - NN). He Bo Bcex ciydasx B HACTOSIIMIA MOMEHT TOCTYIICH apaMeTp He
[EHTPUPOBAHHOCTH NCP: CM. OHJIAWHOBYIO CIPABKY IS JETaCH.

VY Bcex QyHKIHI PXXX U QXXX HMEIOTCS JIorndeckue mapametpsl lower.tail u log.p, a
dxxx ~ mmeer norapudmM. DTO TO3BOJSET, HANPHUMEpP, NOIYyY4aTh COBOKYNHYIO (WK
"unterpupoBannyio") ¢pyukiuro pucka H(t) = - log (1 - F (t)) myrem:
- pxxx(t, ..., lower.tail = FALSE, log.p = TRUE)

wii Oojiee TOYHBIC JIOTHOpMalbHBIe —mpaspomogodus (dxxx(..., log = TRUE))
HEMOCPEICTBEHHO.

Kpome TOro, ecrp ¢ynkuum ptukey wu  qtukey s pacnpeneneHus
CTHIOICHTH3UPOBAHHOI'O JTHAIa30Ha BEIOOPOK M3 HOPMAIBHOTO pacrpeaenacaus, u dmultinom
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v rmultinom s pacnpeneneHus MHOrowieHa. JlanbHEHIME pacpeaeseHus JOCTYIHBI BO
BHECCHHBIX TaKeTax, ocooenHo SuppDists.

Bot HekoTOphie MpUMEPHI.

> ## 2-tailed p-value for t distribution
> 2*pt(-2.43, df = 13)
> ## upper 1% point for an F(2,7) distribution
> f(0.01, 2, 7, lower.tail = FALSE)
8.2. UccienoBanue pacnpeaeseHnsi HAOOpPa TAHHBIX
s  pgamHOoro (ogHOMEpHOro) Habopa JaHHBIX MOXHO  HCCIENOBATh  €ro
pacripeiesieHre OOJBITUM KOTMYeCTBOM crtoco0oB. CaMoe mpocToe ucciaeaoBarh uncia. JIse
HEMHOI'O OTJIMYAKIINUXCA CBOAKU JAaHBbI Summary n fivenum M IMOKa3bIBACT 4YHCJIa C IIOMOIIBIO
stem (prCyHOK “OCHOBa M JIHCT”).
> attach(faithful)
> summary(eruptions)
Min. 1st Qu. Median Mean 3rd Qu. Max.
1.600 2.163 4.000 3.488 4.454 5.100
> fivenum(eruptions)
[1] 1.6000 2.1585 4.0000 4.4585 5.1000
> stem(eruptions)
JlecsiTudHas TOUYKa HAXOAMUTCS Ha | pa3psiae ciieBa oT |:

16 | 070355555588

18 | 000022233333335577777777888822335777888

20| 00002223378800035778

22| 0002335578023578

24| 00228

26 | 23

28| 080

307

32| 2337

34 | 250077

36 | 0000823577

38 | 2333335582225577

40 | 0000003357788888002233555577778

42 ] 03335555778800233333555577778

441 02222335557780000000023333357778888

46 | 0000233357700000023578

48 | 00000022335800333

50| 0370

PucyHOK OCHOBBI-U-TTHCTAa TOXOAWUT Ha rucrorpammy, u y R ectb Qynkims hist k

TUCTOIrpaMMaM PUCYHKaA.

> hist(eruptions)

## make the bins smaller, make a plot of density

> hist(eruptions, seq(1.6, 5.2, 0.2), prob=TRUE)

Ctpanuua 40



BBegenue B R

> lines(density(eruptions, bw=0.1))
> rug(eruptions) # show the actual data points

Bosee u3smHbIe pPUCYHKH TUIOTHOCTH MOTYT OBITh CIICNIaHBI C MOMOIIBI0 density, u MbI
npuOaBUIN JIMHUIO, IPOAOJDKEHHYIO IIJIOTHOCTBIO B 3TOM npuMepe. LllupuHa nosocsl 4acTot
MPOIMYCKHON CIOCOOHOCTH ObLIa BHIOpaHa SMIUPUYECKUM, MOCKOJIBKY MO YMOIYAHHUIO JTaeT
CJIMIIIKOM MHOTO CTJI&KMBaHUs (3TO 0OBIUHO AenaeT it "mHTepecHoi" mioTtHocTH). (Jydmne
ABTOMATHU3MPOBAaHHBIE METOJbI BHIOOpPA MPOIMYCKHON CIIOCOOHOCTH JAOCTYIHBI, U B 3TOH
HIMPUHE MOJIO0CHI YaCTOT B KayecTBe npumepa =, "SJ" naet xopommii pe3yapTart.)

Histogram of eruptions
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eruptions

Mo3kHO HapuCOBaTh SMIUPUUYECKYIO KyMYJISITUBHYIO (DYHKITHUIO paclipeiesICHHs] ITyTeM
ucronp3oBanus Gynkuuu ecdf.
> plot(ecdf(eruptions), do.points=FALSE, verticals=TRUE)
DTO0 pacnpeneseHue OYeBUIHO aJeKO OT JIFDOOTO CTaHAapTHOTO pacnpeneneHus. Kak
0 MPaBOM pEXHUME, CKAKUTE NPEPBIBAHUE JOJblle, 4YeM 3 MUHYTHI? [laBaiiTe MOATOHUM K
HOPMaJIbLHOMY pacrlpeieIieHUIO U HaloKuM nogoraannyio CDF.
> long <- eruptions[eruptions > 3]
> plot(ecdf(long), do.points=FALSE, verticals=TRUE)
> x <-seq(3, 5.4,0.01)
> lines(x, pnorm(x, mean=mean(long), sd=sqrt(var(long))), lty=3)
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Pucynok kBaHTWIb-KBaHTHIIb (Q-Q) MOXET MOMOYb HaM MPOBEPUTH ITO OoJee
THIATEJIbHO:
par(pty="s") # arrange for a square figure region
qgnorm(long); qgline(long)

KOTOpbIE TIOKA3bIBAIOT Pa3yMHYIO TIOATOHKY, HO O0jiee KOPOTKUH MPaBbIil XBOCT, Y€M MOYKHO
ObUIO OBI OXKHJATh OT HOPMAJIBHOTO pacnpezaeneHus. /laBaiiTe cpaBHUM €ro ¢ HEKOTOPBIMU
UMUTUPYEMBIMU JaHHBIMU OT t pacnipeneneHus:

Normal Q-0 Plot

Sample Cuaniles

Theoretical Quantiles

X <- rt(250, df = 5)
ggnorm(x); qqline(x)
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KOTOPBIA 0OBIYHO (eciii 3TO OyneT ciydaiiHash BBIOOpKa) MOKaXeT 0oJiee JITMHHBIE XBOCTHI,
YeM OXHJAeTCs s HOPMAJIBHOTO pachpeaencHus. Mbl MoxeM ciaenatb pucyHok Q-Q
MPOTUB PacIpeieTICHHUs TeHEPaLUU MyTeM:

qgplot(gt(ppoints(250), df =5), x, xlab = "Q-Q plot for t dsn™)

qqline(x)

Hakonern, MoxxHO TipoBecTH Ooliee (hOpMaIbHBINA TECT COTJIACOBAHMS C HOPMATbHBIM

pacrnipenenenuem (nau HeT) R mpenocrasnser tect [lamupo Ywunka:

> shapiro.test(long)

Shapiro-Wilk normality test

data: long

W =0.9793, p-value = 0.01052
N Tect Konmoropa-CmupHoBa:

> ks.test(long, "pnorm™, mean = mean(long), sd = sqrt(var(long)))
One-sample Kolmogorov-Smirnov test
data: long
D =0.0661, p-value = 0.4284
alternative hypothesis: two.sided
(3ameTHM, 4TO TEOPHs pacIpeeICHHs HEe JOIMYCTUMA 3/1€Ch, IOCKOJIBKY MbI OIICHIIIH
napaMeTpbl HOpMAJIbHOTO PaCpCACICHUA OT TOMU JKe caMoil BBI60pKI/I.)

8.3. TecTbl Ha O/IHOI1 M IBYX BbIOOpPKAaX
Jlo cux mop MbI CpaBHWJIM OTAEIHHYIO BBIOOPKY C HOPMAaJIbHBIM pacmpe/encHueM. B
Oosee 00mIeM CpaBHUBAIOT TapaMeTpbl JBYX BBIOOpPOK. 3ameTuMm, 4YtO0o B R, Bce
"kJaccuueckue' TEeCThI, BKIIIOYas MCIOIb3yeMbIX HIDKE, HAXOAATCS B OOBIYHO 3arpy’KaeMbIX
CTaTHCTUKAX MaKeTa.

PaccMoTrpuTe ciieayromue HaOOphl JAHHBIX HA CKPBITOM TEILIE IUIABJICHHS JIbIaa
(cal/gm) ot Paiica (1995, p.490).

Method A: 79.98 80.04 80.02 80.04 80.03 80.03 80.04 79.97
80.05 80.03 80.02 80.00 80.02
Method B: 80.02 79.94 79.98 79.97 79.97 80.03 79.95 79.97
Boxplots o6ecrieunBaroT mpocroe rpaduueckoe CpaBHEHHUE IBYX BHIOOPOK.

A <-scan()

79.98 80.04 80.02 80.04 80.03 80.03 80.04 79.97
80.05 80.03 80.02 80.00 80.02

B <- scan()

80.02 79.94 79.98 79.97 79.97 80.03 79.95 79.97
boxplot(A, B)

YTO YKa3bIBACT, YTO II€pBas Irpyniia CKJIOHHA /1aBaTb 0oJiee BBICOKHE PE3YyIbTaThl, YCM BTOpA4.
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UtoObl TIpOBEpUTH HA PABEHCTBO CPEAHUX OTHUX JBYX IPUMEPOB, MBI MOXKEM
UCIIOJIb30BAaTh HENApHBIH {-TecT.
> t.test(A, B)
Welch Two Sample t-test
data: Aand B
t = 3.2499, df = 12.027, p-value = 0.00694
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
0.01385526 0.07018320
sample estimates:
mean of x mean of y
80.02077 79.97875
KOTOPBI  JICMCTBUTENBHO  YKa3blBa€T HA 3HAUYMUTENBHYIO  pa3HUIly, Mpearnosaras
HopMalnbHOCTh. [1o ymomyanuto ¢pyHkuus R He mpeanonaraer paBeHCTBO IUCIEPCHI B IBYX
BBIOOpKaX (B OT/IMUHKE OT Moa00HOo# GyHKImu B S-Plus t.test). Mb1 MOXeM HCIOIB30BaTh TECT
F, 4roObl mpoBepuUTh HAa PABEHCTBO B JAWUCHEPCHUSX, MPU YCIOBHH, YTO JIBE BBIOOPKH W3
HOPMAJIbHBIX COBOKYITHOCTCH.
> var.test(A, B)
F test to compare two variances
data: Aand B
F =0.5837, num df = 12, denom df = 7, p-value = 0.3938
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.1251097 2.1052687
sample estimates:
ratio of variances
0.5837405
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KOTOPBI HE TPHUBOJAUT JIOKA3aTEIHCTBA 3HAYMTEIIBHOW PAa3HUIBI, W TaKUM OOpa3oM, MBI
MO>KEM HCIIOJIb30BaTh KIIACCUYECKUN t-TECT, KOTOPBIN IIPEAIOIaraeT paBeHCTBO JUCIIEPCUM.

> t.test(A, B, var.equal=TRUE)

Two Sample t-test

data: Aand B

t =3.4722, df = 19, p-value = 0.002551

alternative hypothesis: true difference in means is not equal to 0

95 percent confidence interval:

0.01669058 0.06734788
sample estimates:
mean of x mean of y
80.02077 79.97875
Bce atu TecThl mpenmonararoT HOPMaJbHOCTH ABYX BBIOOpOK. Wilcoxon ¢ nByMms

BbIOOpKamMu (Wi MaHH - YUTHH) MPOBEPSIOT, TOJBKO IMpEanoaraeT odlee HenpepbIBHOE
pacnpenesnieHre noj HyJeBOW TMIOTE30H.

> wilcox.test(A, B)

Wilcoxon rank sum test with continuity correction

data: Aand B

W = 89, p-value = 0.007497

alternative hypothesis: true location shift is not equal to 0

Warning message:

Cannot compute exact p-value with ties in: wilcox.test(A, B)

[IpenynpexaeHue: CyIIECTBYET HECKOJIBKO CBsi3eli B  KaXIOW BBIOOPKE, 4YTO
MpEeJIoyiaraeT CTPOro, YTO ITH JAaHHBIE OT JAMCKPETHOTO pacrpeneicHus (BEpOsSTHO, M3-3a
OKPYTJICHUS).

EcTb HeckonbKO crocoOOB CpaBHUTH rpaduuecku IBe BHIOOpKH. MBI yXe BHIEIU

napy boxplots. Crnenyromuit mpumep:

> plot(ecdf(A), do.points=FALSE, verticals=TRUE, xlim=range(A, B))

> plot(ecdf(B), do.points=FALSE, verticals=TRUE, add=TRUE)
Oyner mokasano jaBa smnupuueckux CDF, u qqplot Bemosaut pucyHok Q-Q aByX BBIOOPOK.
Tect KonmMoroposaa-CMHpHOBa MMEET MAaKCHUMAaJIbHOE BEPTHUKAIBHOE PACCTOSHUE MEXIY
nByMms ecdf, mpenmnonaras o0Iiee HePEPLIBHOE paclpeieiCHue:

> ks.test(A, B)

Two-sample Kolmogorov-Smirnov test

data: Aand B

D =0.5962, p-value = 0.05919

alternative hypothesis: two-sided

Warning message:

cannot compute correct p-values with ties in: ks.test(A, B)
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9. 'pynnupoBKa, UUKJ/IbI U YCJIOBHOE BBINOJIHEHUE

9.1. I'pynnupyomue BbIpasKeHUs
R - sA3bIK BBIpa’)K€HUS B TOM CMBICIIE, YTO €r0 €IMHCTBEHHBIM TUII KOMaHAbI - () yHKIIHS
WIM BBIPaXEHHE, KOTOPOE BO3BpalllaeT pe3ynbTar. Jlake NpHCBOEHHE - BBIPAXKECHHUE,
pe3yapTaT KOTOPOro MPUCBOEHHOE 3HAYEHUE, U 3TO MOXKET UCIOJIb30BaThCs BE3JIE, Te J1000e
BBIpa)KEHHE MOKET UCIIOJIb30BAThCS; B 0COOCHHOCTH MPH MHOKECTBEHHBIX IPUCBOCHUSX.

Koman/sl MOTYT rpynmupoBathesi B QUrypHBIX CKOOKax, {expr_1;...; expr_m}, kormaa
3HAYEHHUE TPYIIIBI - PE3YJIbTAT MOCIEIHETO BBIPAKEHUS B OLICHEHHOU IpyIne. Tak Kak Takas
TpyIIa - TAKKE BEIPAKEHUE, TO OHA MOXKET OBITh, HAIIPUMED, BKIIFOUYEHA B KPYTJIbIe CKOOKH H
HCIIOJIb30BATHCS KaK YacTh eIlle OOJBIIEro BEIPaXEHUS U TaK Jlajee.

9.2. IIpoBepka yTBep:KIeHUS

B s13bIK€ NOCTYITHBI YCIIOBHBIE KOHCTPYKIIMU B BU/JIE:
> if (expr_1) expr_2 else expr_3

rae expr 1 oueHuBaeTcs K €IMHCTBEHHOMY JIOTHUECKOMY 3HAUEHHUIO, M Pe3ylbTaT BCEro
BBIPKEHUSI TOTJa OYEBHU/ICH.

Omneparopsl "KopoTkoro mnukia" && ® || 4acTO HCMONB3YIOTCS B KAayeCTBE YaCTH
ycioBus B oneparope if. [Ipumem Bo BHHMaHMe, 4TO & M | IPUMEHSIOTCS TO3JIEMEHTHO K
BeKTOpaM, && W || MPUMEHSIOTCS K BEKTOpaM UTHHBI OJIMH, U OLICHUBAIOT JIUIIb UX BTOPOU
napaMeTp B cIydae He0OXOIUMOCTH.

Ecte BekTopHas Bepcust koHcTpykuus if/else, dynxmus ifelse. Mmeercs dopma
ifelse(condition, a, b), koTopas Bo3BpamaeT BEKTOp JUIMHBI €F0 CaMOT0 JUIMHHOTO MapaMeTpa,
¢ anementamu a[i], ecom condition[i] siBisercst ucturom, nHade b[i].

Taxke uMeeTcst KOHCTpYKIUs ukia for, y koropoii ectsb hopma:
> for (name in expr_1) expr_2
re Name - mepeMeHHas ULuKiIa. expr_l sBhseTcss BEKTOPHBIM BBIpXKEHUEM (4acTo
nocseaoBarebHOCTh Kak 1:20), u eXpr_2 4acto SBISETCS CTPYINITHPOBAHHBIM BBIPAKCHHEM
CO CBOMMMU IMOABBIPAKCHUAMMU, 3AlIMCAHHBIMH C TOYKHU 3PCHUA (1)I/IKTI/IBHOI‘O HNMCHU. eXpr_2

HEOJHOKPATHO OLICHMBAETCS, MOCKOJIbKY NAME MMeeT 3HAaueHue B Ipejeraax BEKTOPHOIO
pe3ynbrara expr_1l.

Kak mpumep, mpeamonaoxum, 9to ind - BEKTOp HMHIMKATOPOB Kiacca, X MBI XOTHM
IIPOU3BECTH OTAEIBbHBIE PUCYHKH Y IPOTUB X B Ipezenax KiaaccoB. OHa BO3MOXKHOCTb 3/1€Ch
COCTOMT B TOM, 4TOOBI mcmonb3oBaTh COPlOt(), kKOTOpBIA mMpoM3BEnET MAacCUB PUCYHKOB,
COOTBETCTBYIOIIUX KaXJIOMY YPOBHIO (akTopa. J[pyroii cmocod caenaTsh 3TO - TOMECTUTH BCE
PUCYHKH B OOWH BBIBO/I CIEAYIOIIIUMU OII€paTOpaMu:

> xc <- split(x, ind)

> yc <- split(y, ind)

> for (i in 1:length(yc)) {
plot(xc[[i]], yc[li]l)
abline(lsfit(xc[[i11, yc[[i1D)
}

3ametum, uro ynkiwus Split(), koTopas MPOU3BOIUT CITUCOK BEKTOPOB, MOJYYCHHBIX
paszienieHreM OOJBIIOro BEKTOPa COMVIACHO KilaccaM, yKa3aHHBIM (aKTOPOM. DTO MOJIe3HasI
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(GyHKIUSA, TIaBHBIM 00pa3oM HCroiib3yemass B coeamHeHun ¢ boxplots. Cm. crmpaBouHoe
CPEACTBO JUIS MOJTy4eHHs! JaybHeiel nHpopMaru.

[penynpexnenne: nukisl for() ucmonb3yrores B kojge R HaMHOTO MEHEe 4acTo, YeM
Ha s3bIKaX KoMmmwiupyromero Tuma. Koa, KoOTopelii momy4daer ‘Henblii  00BEKT’
MIPEICTABJICHHUE ‘LIEIBIN 00BEKT’, BEPOSTHO, OyJIeT 1 OoJiee YeTKUM 1 ObicTpee B R .

Ilpyrne CpCACTBA NUKIINYHOTO BBIITOJHCHN A BKIIFOYAKOT OIICpaTOp:
> repeat expr
U omepaTop
> while (condition) expr

Omneparop break mosxeT ucnonp30BaThes s 3aBEPILICHUS JTHOOOTO MUKJIIA, BO3MOXKHO
HEIMPaBUIBLHO. JTO - €AMHCTBEHHBIN CIIOCO0 3aBEPIIUTh 3aIIMKINBAHNE.

Omneparop next MOXeT HCIONB30BaThCS, YTOOBI MPEKPATUTh OJUH OIpEIeCHHBII
LUKJI M IEPEUTH K "clieyromemy".

YropaBnsoomuye yTBEPXKACHHUS 4Yallle BCErO HCIOJNB3YIOTCS B COCAUHEHHH C
byHkIuaMu, KoTopbie oocykaarorcs B [maBe 10 [Hanucanue coocTBeHHBIX GYyHKIHNI], 1 r1e
uMeeTCst OOJIbIIE PUMEPOB.
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10. HanucaHue co6CTBeHHbIX QYHKIUA

W3 nHedopManbHBIX NPUMEPOB BHAHO, YTO S3bIK R TO3BONSET MOJIB30BATEIIO
co3maBaTth OOBEKTHI pexkuma ¢yukyuu. CymiecTBYIOT peanbHble (QyHKIMH R, KOoTOpbIe
XpaHATCS B CHENMalIbHOM BHYTpEeHHEH (opMe M MOTYT HCHOJIb30BATHCS B JAIbHEHIINX
BBIpOXKEHUAX U Tak jainee. B npouecce si3bIk 4pe3BbIYAfHO YCUIIMIICS B MOIIIHOCTH, YA00CTBE
U DJIETAaHTHOCTH, W OOy4YeHHE HANUCAHUIO TIOJIE3HBIX (QYHKUUN SBISIOTCS OJHUM U3
OCHOBHBIX CIIOCOOOB ceNIaTh UCIOIb30BaHUE R yJOOHBIM M TPOU3BOANUTEIBHBIM.

HyXHO mom4epkHyTh, YTO OOJBIIMHCTBO (YHKUMH, MPEIOCTABICHHBIX KaK YacTh
cucremsl R, Takux kak mean(), var(), postscript() u Tak manee, camu Harmucanbl Ha R 1, Takum
00pa3oM, CYIIECTBEHHO HE OTIMYACTCS OT HAIMMCAHHBIX MOJIb30BaTeIeM (DyHKIIHA.

DyHKIUS onpeiesieHa MPUCBOSHUEM BU/IA.

> pame <- function(arg_1, arg_2, ...) expression

expression sto BeipaxkeHue R, (0ObIYHOE TPYIIOBOE BBIPAKEHHUE), KOTOPOE
UCIIOJIb3yeT MapameTpbl arg_i s BBIYMCICHUS 3HAYCHHs. 3HAYCHUE BBIPAKCHHUS — ITO
3HaueHUE, BO3BpalaeMoe QyHKIHEH.

OOBIYHO B 9TOM cCiydae BBI3OB (DYHKIIMH 3aTeéM OOBIYHO OepeT uMs (opMyIbl
name(expr_1, expr_2...) ¥ MOKET BBITIOJHITHCS BE3/C, T/IE IOMYCTUM BbI30B () yHKIIHH.

10.1. IIpocThie npuMepbI
Kak mepBbiii mpumep, paccMOTpUM  (DYHKIIUIO, BBIYHCISIONIYIO t-CTaTUCTUKM JBYX
BBIOOPOK € MOKa30M “BCE€X IMIAroB”. DTO - MCKYCCTBEHHBIN NMpUMEpP, KOHEYHO, TaK KaK €CTh
npyrue, 6ojee IpocThie CIIOCOObI TOCTUKEHUS TOH K€ CaMOM LIeJH.

OyHKIUA onpeiesieHa CIeayomuM 00pa3oMm:

> twosam <- function(y1, y2) {

nl <- length(yl); n2 <- length(y2)

ybl <- mean(yl); yb2 <- mean(y2)

sl <-var(yl); s2 <-var(y2)

s <- ((n1-1)*s1 + (n2-1)*s2)/(n1+n2-2)
tst <- (ybl - yb2)/sqrt(s*(1/nl + 1/n2))
tst

}

C oroil ompeneneHHONW (yHKUIMEH, MOKHO BBINOJHUTH t-TECT AJS JBYX BBIOOPOK,
WCIIOJIb3YS TAKOW BBI3OB:

> tstat <-twosam (data$male, data$female); tstat

B kadectBe BTOpPOro mpuMmepa pacCMOTpUM  (YHKLHUIO, HEMOCPEICTBEHHO
SMYJIUPYIONIYI0O KOMaHAy HAKIOHHOM d9epTel BieBo Matlab, koTtopas Bo3Bpamaer
KO3(PPHULIMEHTH OPTOrOHAILHON MPOEKIIMH BEKTOPA Y Ha MPOCTPAHCTBO CTONO1a MAaTPHUIIBI X.
DTO OOBIYHO HA3bIBAIOT OIEHKOW KOA((PHUIIMEHTOB perpeccid MeETOJAOM HaWMEHBIINX
KB3JIpaToB. DTO OOBIYHO Jenanoch Obl (yHkimed Qr(); OZHAKO 3TO WHOTIA HEMHOTO
MYZAPEHO, YTOOBI UCIIOJIB30BAaTh HETOCPEACTBEHHO, W MPOIIE UMETh MPOCTYI0 (QYHKIHUIO KaK
HIDKE /17151 0€30MacHOT0 UCTIOIb30BAHUS.

Takum oOpazom, yuutTbhiBas N-xa-1 Bexktop Y W N-Ha-p Mmarpuiy X, 10 X Yy
ompenenens kak (X'X) X'y, rae (X'X) sBisercst 0606ueHHoi nuBepeueii X’ X.
> pslash <- function(X, y) {
X <- gr(X)
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gr.coef(X, y)
}

Ilocne CO3aaHus O6’beKTa, OH MOXKCT HCIIOJb30BaThCA B TAKHUX OIICpATOpaAX KakK:

> regcoeff <-bslash (Xmat, yvar)
U TaK jasee.

Knaccuueckas ¢ynkums R Isfit() nemaer »to 3amanme nydmie. B cBoro ouepenn
ucnione3ytoress  pyukiuu  qr() u gr.coef() memHoro mapagoOKcadbHBIM CIOCOOOM IS
BBITIOJTHEHUS CBOCH 4acTH BhIUUCIcHUH. Clie0BaTEIbHO, CYIIECTBYET, BEPOSTHO, HEKOTOPBI
CMBICJT B MPOCTOM BBIJICJICHHH TOJIBKO 3TOW YaCTH IS MCIOJIb30BaHUs QYHKIUH B YaCTOM

ynotpebnennn. Ecin Tak, TO MOXKHO caenaTh 3TO MAaTPUYHBIM OMHAPHBIM OINEPATOPOM IS
OoJiee y100HOTO MCTIOb30BaAHUS.

10.2. OnpenesieHne HOBBIX ONHAPHBIX ONMEPATOPOB
Ecmu nate dynkiuu bslash() apyroe nms, a umMeHHO 0HO# 13 hopM:
%anything%
TO 3TO, BO3MOXKHO, HCIIOJIb30BAJIOCH ObI B KAUECTBE OUHAPHO20 Onepamopa B BBIPAKEHUAX, a
He B ¢opme ¢ynknuu. [Ipeanmonoxum, Hampumep, Mbl BbIOMpaeM | mJis BHYTPEHHETO
cumBona. Onpezenenue QyHKIIUU TOTAa Obl HAUMHAIOCH KaK:
> "0%1%" <- function(X,y){ ... }

3aMeTHM HCIOJB30BaHKUE JABOWHBIX KaBBIYCK. 3aTeM (YHKIIMIO MOKHO HCIIOJIh30BATh
kak X%!%y. CuMBon caMoil HAaKJIIOHHOW 4YepThl BJIEBO HE YAOOHBINA BBIOOp, TMOCKOIBKY OH
NPEJCTaBIsIeT CIeNUaIbHbIe MPOOJIEMBI B TOM KOHTEKcTe. OmnepaTop YMHOXKEHHUS MaTpHIL
%*%, ¥ BHEUIHUI OIEpaTOp MaTPULbI Tpou3BeaeHus %0% SBISAIOTCS APYTUMH NIPUMEpPaMU
OMHAPHBIX OMEPATOPOB, OMPEICTCHHBIX TAKIM 00pa3oM.

10.3. UMeHOBaHHBIE NapaMeTPbl U YMOJIYAHUS
Kak cnauana ormeueno B Paznene 2.3 [['enepanusa nocienoBatenbHoctu Komm], ecinu
napaMeTphl BBI3BaHHBIM (YHKIMAM mepenansl B Qopme ““name=object”, To ux MOXKHO
nepeaate B J000M mopsake. Kpome Toro, mocienoBaTenbHOCTh HapaMETPOB MOXKET
HauuMHaThCA 0e3 MMEH, B MO3UIMOHHON (opMe, U YKa3bIBaTh MapaMeTphl, epeaaBaeMble 1O
MMEHH 0CJI€ MO3UIMOHHBIX TapaMeTPOB.

Takum o6pasom, eciu cymectByeT pynkius funl, onpenenennas kax:

> funl <- function(data, data.frame, graph, limit) {
[meﬂo gbyHKL;uu onyu;eHo]
}
TO (byHKI_[I/DI MOXKET GBITB BbI3BadHA HECKOJIBKUMHU 3KBHUBAJICHTHBIMU CHOCO6aMI/I, HaHpI/IMep:
> ans <- funl(d, df, TRUE, 20)
> ans <- funl(d, df, graph=TRUE, limit=20)
> ans <- funl(data=d, limit=20, graph=TRUE, data.frame=df)

Bo MHOTHX ciydasx mapameTrpaM MOKHO JaTh OOBIYHO COOTBETCTBYIOIINE 3HAYCHUS
o ymoOJI4aHuro, Torga OHU MOr'yT 6]:ITB OMYHICHBI B LIEJIOM OT BbI30BA, KOraga COOTBECTCTBYIOT
ymorganuio. Hampumep, ecau funl Gslia onpeaencHa Kak:

> funl <- function(data, data.frame, graph=TRUE, limit=20) { ... }
TO MOXKHO OBLIIO BBEI3BATh KakK:

> ans <- funl(d, df)
YTO SKBHUBAJICHTHO TPEM MPECALIAYIINUM ClIyUasiM HUJIN KaK:
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> ans <- funl(d, df, limit=10)
B KOTOPOM U3MCHACTCA OAWH M3 ITapaMETPOB HA YMOJTYaHUSI.

BaxHO OTMETUTH, YTO MO YMOJYAHUIO MOTYT OBITH NMPOHU3BOJILHBIMHU BHIPAKCHHSIMH,
JTa)ke BOBJICUEHHBIC APYTMMM apryMEHTaMu TOW ke caMoil (pyHKUIMM; OHM HE OTrpaHUYEHbI
OBITH KOHCTAHTAMU KaK 3/I€Ch B HAaIlIeM IMPOCTOM IPUMEpE.

10.4. IMapameTtp “...

Jlpyroe yactoe TpeOOBaHHE COCTOUT B MPEIOCTABICHUU OJHOW ()YHKIIUU IMEepeIaBaTh
YCTAaHOBKHM apryMeHTOB npyroil. Hampumep, MHOrO Tpaduuecknx (YHKIHA HCIONB3YIOT
¢yukuuto par(), u ¢ynkuun nomoOHyro plot(), mo3BosisAs MMOIB30BATENIIO MEpeaaBaTh
rpadudeckue mapameTpbl par(), 4roObl ympaBiaTe rpadpudeckuM BbiBogoM. Cwm. Pasnen
12.4.1 [Par() ¢byukuums], mist Oonbliero Koindectsa jaetaied o Gynkiuu par(). ITo MoxeT
OBITH CAENAHO BKJIIOYEHHUEM JOTOJHUTEIBHOTO MapaMeTpa GyHKIUU OYKBaJIbHO °...", KOTOpas
MOJKET 3aTe€M MOXET OBbITh nepenana. [IpuMep cxemsbl JaH HIDKE.

funl <- function(data, data.frame, graph=TRUE, limit=20, ...) {
[nponywennviii onepamop]

if (graph)
par(pch="*",...)

[0anvretiuue nponyckul

}

Pexxe QyHKIMH HEOOXOIUMO COCIAaThCA Ha KOMIOHEHT ‘...°. Boipaxenwme list(....)
OLCHUBACT BCC TAKUC MAapaMCTPbl U BO3BPAIIACT UX B UMCHOBAHHOM CITUCKC, XOTA ... 1, .. .2, n

T.J. OIIEHWBAEeT WX OJWH pa3 C BO3BpalieHHEM ‘...N" I N-20 HE COIMOCTaBICHHOTO
napaMmerpa.

10.5 IIpucBoenus B npeaeaax GpyHKIu
3ameTuM, 4YTO JIIOOBIe OOBIYHBIC TPHCBOCHUS, CIEIaHHBIC B Mpejenax (yHKIHH,
SIBJITFOTCSI JIOKQJIbHBIMH W BPEMEHHBIMH U TEPSIOTCSA TOCTe BbIXoJa W3 (YHKIUHU. Takum
obpaszom, npucsoenne X <-gr (X) He BiMseT Ha 3HAYCHHE apTyMEHTa B BBI3BIBAIOIICH
porpaMMe.

UroObl MOHATH MOJHOCTHIO TMpaBUjia, YIPaBISAIONIME KOHTEKCTOM mpHucBoeHui R,
YUTATENI0 HEOOXOMUMO O3HAKOMUTCS C TMOHSATHEM BBIYHCIEHUS (peiiMa. ITO HECKOIbKO
yriayOieHHOe 3HaHUe, XOTs BPSI JIU CI0KHOE, OJHAKO TeMa B JalibHellieM He OyleT 37ech
paccMaTpuBaThCsl.

Ecnm TpeOyrorcst TiiobaibHBIE M TTOCTOSIHHBIC TIPUCBOCHHS B Tpenenax (yHKIHH, TO
MOET OBITh MCIIOJIb30BaH WM orepartop "cynepnpucBoeHus" <<-, wiu QyHKims assign().
[Tonpo6Hee cmoTpu nokymeHTtanuio. [loms3oBarenu S-Plus momkHBI 3HATH, 4TO <<- UMEET
OTJIMYAIONIYIOCS ceMaHTUKy B R . Dtu Bompocsl obcyxnatorcst nanee B Pasnene 10.7
[KonTtekcT].

10.6. BoJiee c10:KHbIE MPUMEPBI

bonee monHBIA HEWHTEpECHBIM mNpuUMEp (QYHKIHUHA, PACCMATPUBAIOIINN ITOUCK
3¢ (HEeKTUBHOCTH TIPU MPOCKTHPOBAHUM OJIOKOB. HeKoTOpbIe acmeKThl 3TOi mpobIeMbl ObLITU
yke oocyxnensl B Paznene 5.3 [MIHaekcHBIE MaTPHITHI].

bnounast KOHCTpyKIHs ompeseicHa AByMs dakTopamu, cKakeM Oyoku (D ypoBHU) U
BapuanTsl (V ypoBHu). Eciiu R u K sBnsitorest V-na-v u b-na-b perumkanusiMu 1 MaTpuiamMu
pa3smepa Ojoka, coorBercTBeHHO, M N sBisercs D-wa-v MHIUACHTHOW MaTpHICH, TO
K03 (UIIMEHTHI TOJIE3HOTO IEUCTBUSA ONpEIeNieHbl KaK COOCTBEHHBIE 3HAYCHUS MATPHUIIBL:
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E=1,-RYNKINR™ =1,-AT A;
rne A=K 2NRY2, OnuH u3 yTei HanucaHus QYHKIIMY TaH HIDKE:
> bdeff <- function(blocks, varieties) {
blocks <- as.factor(blocks) # minor safety move
b <- length(levels(blocks))
varieties <- as.factor(varieties) # minor safety move
v <- length(levels(varieties))
K <- as.vector(table(blocks)) # remove dim attr
R <- as.vector(table(varieties)) # remove dim attr
N <- table(blocks, varieties)
A <- 1/sqrt(K) * N * rep(1/sqrt(R), rep(b, v))
sv <- svd(A)
list(eff=1 - sv$d"2, blockcv=sv3u, varietycv=sv$v)

}

B mudposoii hopme HeMHOro sydine paboTaTh C CHHTYISAPHBIM Pa3iIOKEHHEM Hal
9THM CIIy4aeM, a He TIOANPOrpaMMaMy COOCTBEHHOTO 3HAUCHHSL.

Pesynprar ¢yHKIMHM - CHOUCOK, NAIOMMKA HE TOJNBKO 3(¢eKTuBHBbIC (HAKTOpHI B
Ka4yecTBe IEPBOT0 KOMIIOHEHTA, HO TAK)KE M KAaHOHWYECKHE OJOYHBIE M BapHAlMOHHBIC
KOHTpAacTbl, TaK KaK MHOTJa OHM JAIOT JIOMOJHUTEIBHYIO IOJIE3HYI0 KayeCTBEHHYIO
nHpopMaIuio.

ﬂ.]'[f[ ueneﬁ rmevyaTtu OOMBIINX MaTpul UWiIkd MAaCCUBOB YacCTO ITIOJIC3HO HAIll€4YaTaTh X B
dopme mroTHOTrO ONOKa O€3 MMEH MaccuBa WM 4ucenl. Ypaienue arpubyra dimnames He
JIaCT HYXHOTO 3 deKTa, HAIPOTHB MACCUBY HYKHO JaTh aTpuOyT dimnames, cocTosmui u3
MyCTBIX CTpOK. Hampumep, 4To0BI HareuaTaTh MaTpUILy X:

>temp <- X

> dimnames(temp) <- list(rep(""', nrow(X)), rep("*", ncol(X)))

> temp; rm(temp)
4TO MOKHO C/ieNaTh Oojiee ynoOHO, HCrob3ys GyHKIHIo NO.dimnames(), moka3aHHYIO HHKE,
Kak "oOepTKy' mJisl MOCTHXKEHHS TOTO ke pe3yibrara. OHa TaKkKe WUTIOCTPUPYET, HACKOJIBKO
KOPOTKHMH U TIOJIE3HBIMH MOTYT OBITh (DYHKIIMH MTOJTB30BATEIS.

no.dimnames <- function(a) {

## Remove all dimension names from an array for compact printing.

d <- list()

I<-0

for(i in dim(a)) {

di[l <-1+1]] <-rep("™, 1)

}

dimnames(a) <-d

a

}

C TtakuMm omnpeneneHueM (QYHKIMM MacCUB MOXKET OBITh HaleyaTaH B IUIOTHOM
dbopMaTe myTeM HCIOTH30BAHUS:
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> no.dimnames(X)

OTO TONe3HO I OOJIBIIUX IEJIOYMCICHHBIX MAacCHBOB, B KOTOPBIX oOpasell
MIPE/ICTABIISIET peabHbIN HHTEPEC, a HE 3HAYCHUE.

@OyHKIIMM MOTYT OBITh PEKYpPCUBHBIMH, M MOTYT CaMOCTOSITEJIIBHO OIPEICIIUTh
GyHKIIMK B mpejenax ceOs. 3aMeTWM, OJHAKO, YTO Takue (DYHKIMH, VI JICHCTBUTEIBHO
IIepeMEHHbIe, HE HAacJelIOBaHbl BbI3BAaHHBIMH (YHKIHMSIMH B Oojiee BBICOKHX (perimax
OIICHKH, KaK €CJIM OHU OBbLIN OBl HA MTYTH TMOUCKA.

[Ipumep HUKE MOKa3bIBA€T HAWBHBIM CIOCOO BBIMOJIHUTH OJHOMEPHOE YHCIOBOE
uHTerpupoBanue. [lonpHTErpalbHOE BEIPAKEHUE OLICHEHO B KOHEYHBIX TOYKAX JUarna3oHa U
B cepeauHe. Ecnu B 11e510M MpaBuiio Tparenuy JaeT OTBET AOCTATOYHO ONM3KHM Juis o0enx
4yacTe, TO MOCIAEIHUN BO3BpallaeTCs B KadyecTBE 3Ha4YeHUA. MHaue mporecc peKypCHUBHO
IIPUMEHEH K KaXJ0M 4yacTu. Pe3ynbTaT - aganTUBHBIA MHTEIPALMOHHBIN MIPOLIECC, KOTOPBII
KOHLIEHTPUPYET (DYHKIMOHAJIbHbBIE OLIEHKU B 00JACTSX, I/Ie NOJBIHTErPaIbHOE BBIPAXKEHUE
HaunOosee yaneHo ot JnHeiHoro. EcTh, 0HaKo, TsSKeIble U3IEePKKU, U PYHKIUS CIIOCOOHA
KOHKYPHPOBATh C IPYTMMH AJITOPUTMAMH, KOIZla MOABIHTETPAIBHOE BBIPA)KCHUE SIBIISIETCS U
[JIAJKUM, U OYEHb TPYIHBIM JUIsSl OLICHKH.

[Ipumep maH dYacTUYHO B  KauecTBe HEOONBIIOW  TOJIOBOJIOMKH B R
nmporpaMMHupOBaHUH.
area <- function(f, a, b, eps = 1.0e-06, lim = 10) {
funl <- function(f, a, b, fa, fb, a0, eps, lim, fun) {
## function “funl’ is only visible inside ‘area’
d<-(a+h)2
h<-(b-a)4
fd <- f(d)
al <- h* (fa + fd)
a2 <-h* (fd + fb)
if(abs(al - al - a2) <eps || lim==0)
return(al + a2)

else {
return(fun(f, a, d, fa, fd, al, eps, lim - 1, fun) +
fun(f, d, b, fd, fb, a2, eps, lim - 1, fun))
}
}
fa <-f(a)
fb <- f(b)

a0 <- ((fa + fb) * (b - a))/2
funl(f, a, b, fa, fb, a0, eps, lim, funl)

10.7. Ob6aacTth neiicTBust
OOcyxneHrne B 9TOM pasfielie SBISICTCS HECKOJBKO 0oJiee CXeMAaTHYHBIM, YeM B
JIPYTUX YacTsX 93TOro JokymeHTa. OJHAaKO  JETaTU3UPYeTCs OIHO W3 CYIIECTBEHHBIX
paznuuniit Mexay S-Plusu R .

CumBouibl B Tene (YHKIIMM MOTYT OBITH pasfieleHbl Ha TpH Kiacca: (hopManabHBIC
napaMeTphbl, JTOKAJIbHBIC IICPEMCHHBIC U CBO60,Z[HBI€ MEPCMCHHBIC. (DOpMaJIBHBIG napamMeTphbl
(GyHKIMU STO Te, KOTOpbIE BO3HHKIM B CIHCKE TMapamMeTrpoB (yHKuuu. WX 3HaueHme
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OTIpeIeNIIeTCs MPOLIECCOM CBA3BIBAHUA (AKTUYECKUX apryMEHTOB (QYHKIUU ¢ (GOopMalTbHBIMU
aprymMmeHTaMu. JIokanbHbIE MEPEMEHHBIE 3TO TE€, 3HAYEHHE KOTOPBIX OMPEJEICHO OLIEHKOMN
BEIpwKeHH B Tene GyHknuil. IlepemeHHBIE, KOTOpbIE HE SBISIOTCA (POopMaTbHBIMHU
napamMeTpamMu HJIU JIOKAJIbHBIMU TMCPCMCHHBIMU, HA3BIBAIOT CBOGOI[HI:IMI/I NEPCMCHHBIMU.
CBOOOJIHBIE TEpeMEHHbIE CTAHOBSTCS JIOKAJbHBIMH IEPEMEHHBIMH, €CIM UM OHH
npucBauBaroTcs. PaccMoTpum cneayroiee onpeneneHne QyHKIHH.

f <- function(x) {
y <- 2*x

print(x)

print(y)

print(z)

}

B sroii ¢pynkumm X - dopmanbHBIA mapameTp, Y - JIOKaJbHas TEepeMeHHas u Z -
CBOOOIHAs TepeMEeHHas.

B R cBsa3piBaHre CBOOOJHOW TEPEMEHHOW pasperiaeTcsi CHadaja MyTeM ITOMCKa B
obnacTu, B KOTOpPOH co3gaBaiiach (DYHKIMSA. DTO HA3bIBAIOT JIEKCHYECKUM KOHTEKCTOM.
CHauvana ompenenuM GyHKIm0 cube.

cube <- function(n) {
sg <- function() n*n
n*sq()

}

[lepemennas N B QpyHKIUHU SO HE SABISIETCS apryMeHTOM 3Toi QyHKIiuu. [losaTomy -
9TO CBOOO/HAs NEpPEMEHHas!, U CIelyeT UCIOJb30BaTh MpaBuiia 00JacTH AEWCTBUS, YTOOBI
YCTAaHOBUTH 3HAYCHHE, KOTOpOE MAOJKHO OBITh e HazHadeHo. CorjacHO CTaTHYeCKOU
obnactu aeiictus (S-Plus) 3naueHue onpezensercs riodanbHON epeMEHHO# ¢ uMeHeM N. B
obmactu nperictBus (R) oHa siBiseTcst mapamerpoMm (yHKmMH CUDE, Tak Kak 3TO aKTHBHOE
CBSI3bIBAHME TIEPEMEHHOI N B MOMEHT ompeaeneHust pyHKIus Sq. Pa3HocTh MeX 1y OLICHKOW B
R u omenkoit B S-Plus B Tom, uro S-Plus umer rimobanbHyro mepeMeHHyro ¢ uMeHnem N, a R
CHaYaja UILEeT NEePEMEHHYIO C UMEHEM N B OKPYKCHUH, CO3JJAaHHOM TIOCIIE OTpeiesieHus Cube.

## cnauana evluucium 6 S

S> cube(2)

Error in sq(): Object "n™ not found

Dumped

S>n<-3

S> cube(2)

[1] 18

## 3amem ma dice Qpynxyus, eviuucientas 6 R

R > cube(2)

[1] 8

Taxke JEKCUYECKUH KOHTEKCT MOXKET WCIOJIB30BATHCS U UBMEHEHUs. COCMOSHUSA

dbyHkusaM. B crnemyroniem npuMepe moKakeM, Kak MOXKHO MCIOJIB30BaTh R s uMuTanumn
0aHKOBCKOTO cueTa. Y (PyHKIIMOHHPYIONIEro 0AHKOBCKOTO CYETa JODKHBI OBITh OalaHC WITH
UTOT, (QYHKIUS Ui BBIBOJA CPEACTB, PYHKUUS Ui (OPMHUPOBAHUS JETO3UTOB M (YHKIHS
OTIpeNIeNICHUs TEeKYIIEeTo OaaHca. JTO TIOCTUTACTCS IMTyTeM CO3AaHus TpeX PYHKIUH B BHYTpH

cuera (account), a 3aTeM BO3BpalllCHUs CIIMCKa, cojepxamiero ux. Korma cuer (account)
3aBOJIUTCS, TO OH MPHUHUMAET YHUCIOBOM apryMmeHT total u Bo3BpalaeT Cucok, coaepKarini
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tpu yHkuuu. [Tockoabky 3TH (QYHKIIMK OMpenesieHbl B cpefe, KoTopas comepxut total, y
HUX OYZIET IOCTYII K €€ 3HAUEHHUIO.

CrnenuanpHbIi  OmMeparop TMPHCBaWMBaHUs <<- HUCIOJB3YeTCS Ui H3MCHEHHS
3HaveHus, cBsi3aHHOro c total. DToT omeparop aemaer oOpaTHBIN MPOXOA B OKPYXKAIOLIHE
Cpeibl, KOTOpbIe COAEpXKUT cuMBOJ total, u korma OoH HaXOAUT TaKyl Cpedy, TO 3aMEHsET
3HaYeHHE B TOM cpele 3HAYCHMEM C MpaBoil cTropoHbl. Ecinm cpena rinoGaibHOrO WM
BEPXHEro ypoOBHS JOCTUTHYTa, HE Haxojs cuMBoja total, To cozmaercs mepemeHHas U Tam
npucBauBaercs. J{s OONBIIMHCTBA MOJIb30BaTeNel <<- c037aeT IM00AIbHYIO IEPEMEHHYIO U
MIPUCBAaMBACT €l 3HAYCHWE MPaBOW CTOPOHBI. JIHib Korma <<- HUCIMOJB30BAICSI B (DYHKITUH,
KOTOpasi BepHyJa B KauyecTBE 3HAYEHUS JpYyroil (hyHKIMM, TO BO3HHKAET CIEHUAIbHBINA
PEKHUM, OTTMCAHHBIN 3€ECh.

open.account <- function(total) {

list(
deposit = function(amount) {
if(amount <= 0)
stop("'Deposits must be positive!\n™)
total <<- total + amount
cat(amount, "deposited. Your balance is", total, "\n\n")
h
withdraw = function(amount) {
if(amount > total)
stop("You don’t have that much money!\n")
total <<- total - amount
cat(amount, "withdrawn. Your balance is", total, "\n\n")
h
balance = function() {
cat("Your balance is", total, "\n\n")
}
)

}

ross <- open.account(100)
robert <- open.account(200)

ross$withdraw(30)
ross$balance()
robert$balance()

ross$deposit(50)

ross$balance()

ross$withdraw(500)
10.8. HacTpoiika okpy:KeHuUst

ITosp30BaTen MOTYT HACTPOUTh CBOE€ OKPY)KCHHE HECKOJBKUMHU PA3JIMYHBIMU
croco0amMH. CYIIECTBYET CHCTEMHBIH (aiifl, U y KaXJOro KaTajora MOXXET OBbITb CBOMU
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COOCTBEHHBIM CHEeNUANIbHBIA (ailyT WHUIMaTu3anuk. HakoHen, MOYKHO HCIOJb30BaTh
crieranbHble GyHkiun First u .Last.

Pacnonoxenne cucremHoro (aiina HMHUIMATU3aMK  Oepercs W3  3HAYCHUS
nepemenHoil okpyxxeHust R_PROFILE. Ecnu sTa nepemenHas cOpolieHa, TO HCIOJIb3YyeTcs
daitn ‘Rprofile.site’ B moakaramore 'etC’ momamHed aupextopuu R. DTOT daiin momkeH
CoJiepKaTh KOMAaH]Ibl, KOTOPbIE HEOOXOIUMO BBIMOJIHATh KAl pa3 mpu 3amycke R B
Barreii cucreme. Bropoii, mepconanbHbli (aiia npoduiast ¢ umenem ‘.Rprofile, moxker ObITH
noMerieH B Jr000it karanor. Eciu R BbI3BaH B 3TOM Katanore, TO Qaiin OyJaer cuuTaH u3
Hero. OTOT (ailn JaeT OTACIBbHBIA MOJb30BATEIbCKUNA KOHTPOJL Haa pabodeil 00acThio U
YUUTBIBAET PA3JIMYHBIC MPOICIYPHI 3alyCKa B pa3MYHbIX paboumx Karaiorax. Ecimu daiin
“.Rprofile’ ue naiinen B karanore 3amycka, To R umter ¢aitn ‘.Rprofile’ B kopaeBom kaTamore
HIOJIB30BATENsl M HCIONB3YeT ero (eciu OH cymiecTByeT). Ecnmu ycTaHOBIIeHa mepeMeHHas
cpenst R_PROFILE_USER, t0 ¢aiin, Ha KOTOpBI OHA YKa3bIBaeT, MCIIOIB3YETCS BMECTO
daiinos “.Rprofile’.

VY nro6oit pyukinuu ¢ umeneM .First() B mo0om u3 3THX ABYX ¢aitioB mpoduis, oo
B oOpaze ‘.RData’ mmeercs ocoOblii cTaryc. OHa aBTOMAaTHUYECKU BBIMOJIHAETCS B Hadaie
ceaHca R ¥ MOXXeT MCIONIB30BaThCS I MHUIMANIN3AMK cpensl. Hampumep, onpenenenue B
IpUMEpe HIXKE WU3MEHSCT NPUIIIAICHHE CUCTEMbl Ha $ M ycTaHABIMBAaeT pasHbIC APYIUE
HIOJIE3HBIE BEIIN, KOTOPBIE 3aTEM MOTYT CUHTATHCS caMO cOOOH Pa3yMEIONIMMCS B OCTAIEHON
YacTH CeaHca.

Takum oOpa3oM, TOCIEIOBATEIHLHOCTh, B KOTOPOH BBIMOJHSAIOTCS (alibl, 3TO
‘Rprofile.site’, ‘Rprofile’, *.RData’, a 3atem .First(). Onpenenenue B nmocneayromux ¢aitiax
3aMacKUpyeT omnpeaesieHus B 6ojiee paHHUX (aiinax.

> .First <- function() {

options(prompt="$ ", continue="-+\t") # $ kax npuenawenue
options(digits=5, length=999) # popmam wucen u obracme nevamu
x11() # epaguueckuii Opatieep
par(pch ="+" # plotting character

source(file.path(Sys.getenv("HOME"), "R", "mystuff.R "))
# cobcmeenHvle (hyHKYUU
library(MASS) # npucoeounums naxem

}

Ananoruyno, eciau onpenenena Gynxius .Last(), To oHa (0OBIYHO) BBHIOIHAETCS B
caMoM KoHIe ceanca. [Ipumep 1aH HIKE.

> Last <- function() {

graphics.off() # nebonvuasn mepa 6esonacnocmu.
cat(paste(date(),"\nAdios\n")) # Bpems 0beoa?
}
10.9. Kaaccsl, yHHBepcaJibHble (YHKIMH W  00BEKTHO-OPHEHTHPOBAHHOE
NPOrpaMMHpPOBaHUeE

Knacc o6bekra omnpenenser, kak oH Oyaer oOpabotaH yHusepcanvhuvimu QyHKIHSIMU.
Haobopor, yauBepcanbHas (QyHKITUS BBITIOJHSET IEUCTBUS U 00paOOTKY CBOMX apryMEHTOB B
3aBUCUMOCTH OT KOHKPEMHO20 KAACCAd camoeo apeymenma. Ecin y apryMeHTa OTCYTCTBYET
aTpuOyT KJlacca, WM OH MMEET KJIacc, HE YAOBIETBOpPSIOmMUNA ¢Gopmary oOmied GyHKIuH,
BCEr/a PEeyCMOTPEHO ACUCTBUE IO YMOJIYAHHUIO.
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[MosicauM 3TO MprMepoM. MexaHu3M Kiiacca Mpejiaraet mojib30BaTelli0 CPeICTBO 0
NPOEKTUPOBAHHUIO ¥ HAIIMCAHUIO YHUBEPCATBHBIX (QYHKIMI IS ONpeIeNIeHHbIX 1esei. Cpenun
psana yHuBepcanbHBIX (yHKIMA umeercs plot() mms BeiBoga Ha dKpaH rpadUIecKux
00beKTOB, summary() s CyMMHpPOBaHHS aHAJIW30B pa3jIMYHBIX THUMOB, W anova() s
CPaBHEHUS CTATUCTHYCCKUX MOJICIICH.

KonnyectBo yHuBepcadbHBIX (DYHKIUI, KOTOphle MOTYT 00paboTaTth Kiacc
OTpeIeJICHHBIM 00pa3oM, MOXKET OBITh JOBOJBHO OoibIMM. Hampumep, QyHKIINU, KOTOpHIE
MOT'YT OBITh IPUMEHEHBI K HEKOTOPBIM 00beKTaM Kitacca "'data.frame”, Bkirouarot:

[ [[<- any as.matrix
[<- mean plot summary

Texkymuii MOMHBIA CHUCOK MOXET OBITh TOJIYYeH HCIIONIb30BaHUEM (YHKIIMH

methods():
> methods(class="data.frame")

HaoGopot, wumcno kiaccoB, oOpabaThiBaeMbIX YHUBEpPCAIbHON (YHKIIMEH, Takxke
MOeT OBITh T0BOJIbHO OobiuM. Hanpumep, y ¢pyHakimm plot() ects MeTox mo ymoauaHuio u
pasHOBHIHOCTH 151 00BeKTOB KiaccoB “data.frame™, *““density”, "factor" u muoroe mpyroe.
[TonHbIi CIMCOK MOXKET OBITH MOJYYCH CHOBA MIPU UCTONIb30BaHuu (GyHkiuu method():

> methods(plot)

Jlis MHOTUX YyHHMBEpCadbHBIX (YHKIMHA Telo (QYHKIMH JOBOJBHO KOPOTKOE,

Harmpumep:
> coef
function (object, ...)
UseMethod("*coef")

[Mpucyrcreue UseMethod yka3eiBaeT, 4Tro 3TO yHHBEpcaibHas (QYHKIHS. YTOOBI

YBHJIETh, KAKOH METOJ AOCTYIICH, CIIEAYyeT Hcmob30BaTh method():
> methods(coef)
[1] coef.aov* coef.Arima* coef.default* coef.listof*
[5] coef.nls* coef.summary.nls*
Non-visible functions are asterisked
B sTom npuMepe CymeCTBYCT IICCTb MCTOAOB, HU OJUWH M3 HHUX HCIb3S YBUICTD,
HaOpaB ero ums. MO>XHO IPOYECTh UX, BBEIIS:

> getAnywhere("coef.aov")

A single object matching ’coef.aov’ was found

It was found in the following places
registered S3 method for coef from namespace stats
namespace:stats

with value

function (object, ...)

{
z <- object$coef
z['is.na(z)]

}

> getS3method("coef", "aov")

function (object, ...)
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z <- object$coef
z['is.na(z)]
}

Uwuratenp orcbutaercs kK «OnpeneneHuto s3pika Ry» 1is 6osree moTHOTo 00CYKIeHHs
9TOro MEXaHH3Ma.
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11. CtaTucTudYecKue Mmoaeau B R

9T10T pasacia npceamnojiaract, 4Yro |y 4YUTATCIIsl CCThb HCKOTOPLIC IIO3HAHHA B
CTaTUCTHYECKOW METOJIOJIOTHH, B OCOOCHHOCTH B PETPECCHOHHOM aHAJN3€ U IUCTIEPCHOHHOM
ananmze. [lo3xe crenaem HEKOTOpBIE 0oJiee YECTOMOOMBRIC TIPEAIONOKEHUS, & UMEHHO, YTO
YTO-TO U3BECTHO 00 OOIIEeH TMHEHHONW MOJCIIN U HEJTMHEHHON perpeccui.

TpeGoBanust 11 TMOATOHKM CTAaTUCTHYECKOW MOJENU JOCTaTOYHO XOPOIIO
orpezeNieHbl A pa3pab0TKH YHUBEPCAIBHOTO, IPUMEHUMOIO JJIsl IIUPOKOT0 CIIEKTpa 3aaa4
WHCTPYMEHTapUsl.

R oOecreunBaer HAOOp B3aMMOCBSI3AHHBIX HMHCTPYMEHTOB, KOTOPBIM JIeJaeT OYCHBb
IPOCTOIl TMOATOHKY CTAaTUCTHYECKMX Mojened. Kak ymoMmuHanoch BO BBEICHHH, IIO
YMOJYaHHIO OTOOpa)kaeTcss MUHHMAJIBHBI HAOOp pe3yslbTaToB, W HYXXHO 3alpamiuBaTh
opOOHOCTH TPU 0OpaIIeHUH K (PYHKIUSAM BBIBOJA.

11.1 OnpenesieHue CTATUCTUYECKUX MoeJieii; GopMYyJibl
[ITabmoH 11 CTaTUCTHYECKOW MOJAETH - JIMHEHHAs pEerpecCHOHHas MOJAEIb C
HE3aBUCUMBIMH, TOMOCKEJACTUYHBIMH OIIMOKaMHU:

Yy = E Bz + €5, e; ~ NID(0, &%), i=1,..., T

B MaTpuiIHOM BUJC MOKHO 3aITUCaTh:
y=Xp+e
r7e Y - BEKTOp OTKIMKa, X Mampuya Mooeau uiu Mampuya npoexma 1 UMeeT CTOJOIBI Xo; X1

.} Xp ompefessomux nepeMeHHbIX. OueHb 4acTo Xg OyleT cToa010M, JarolHii napaMeTp
CMEILECHUS.

[Ipexxne yem nath (opmanbHOE OMNpeAeseHue, HECKOJBKO MPUMEPOB MOMOTYT
COCTaBHTH 0O0I1Iee PEeCTaBICHHUE.

[Ipeanonoxum, uaro Y, X, X0, X1, X2... urcioBbie nepemMeHHbie, X matpuma u A, B, C...
apisitorest  (pakropamu. Hioke crienyrommue (opMyibl 33Jal0T CTaTUCTUYECKHE MOJIEIH,
CIpaBa JaHbl OIMTMCAHUS MOJICIICH.

y~X
y~1+x

O06e noapazymMeBaroT OAMHAKOBYIO MTPOCTYIO JIMHEHHYIO PETPECCHOHHYIO MOJIEh Y Ha
X. Y nepBoH eCTh HESIBHBINM MapamMeTp CMEUICHHUS, a Y BTOPOU - SBHBII.

y~0+x
y~-1+Xx
y~x-1

[Ipocras nuHeiiHas perpeccus Yy Ha X 4epe3 HCTOYHHK (TO ecTh, Oe3 mapameTpa
CMEITICHUS ).

log (y) ~ x1 + x2
MHoxecTBeHHasi perpeccusi npeodpazoBanHoil nmepemenHor log(y) Ha X1 u X2 (c
HESIBHBIM ITapaMeTPOM CMEIICHHUS).
y ~ poly (x, 2)
y~1+x+1(x"2)
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[TapaGonuueckas perpeccuss Y Ha X crtenenu 2. Ilepas ¢dopma wucnosb3yer
OpTOrOHAaJIbHBIC MOJIMHOMEI, BTOPAasA UCIOJIb3YCT ABHYIO CTCIICHb, KAK OCHOBAHHC.
y ~ X+ poly (x, 2)

MHoOXeCTBEHHasE perpeccusi Y ¢ MOJACIHHOW MaTPHUIICH, COCTOSIIIEH W3 MaTPHIBI X,
BKJIIOYas apaMeTp MOJIMHOMA X CTETEHH 2.

y~A
Mopnenb AMCIIEPCHOHHOTO aHalu3a OAMHOYHOM KJacCU(pUKAUMU Y C KilaccaMu,
ONpeIeICHHBIMU A.

y ~A+X

Mopenb KOBapHAllMOHHOTO aHalM3a OJMHOYHOW Kiaccuukanmuu Yy ¢ Ki1accamu,
onpeneeHHbIMU A, U C KOBAPUAHTOM X.

y ~A*B
y~+B+AB
y~B %in% A
y ~A/B

Mopens aByx ¢akrtopHoro aucnepcuoHHoro aHanmm3a Y mo A u B. TlepBeie nBe
cneuu(UIUpPyIOT OAMHAKOBYIO KpOCC KJIacCH(UKALUIO, a BTOpPHIE JBE CIECHUPHUIHMPYIOT
OJIMHAKOBYIO BJIOYKCHHYIO KJIACCH(PHUKALIUIO.

B abcTpakTHBIX HMOHATHIX BCE YEThIpE CEHUUIMPYIOT OJUHAKOBOE MOJIMHOKECTBO
MOJIEJIEH.

y~((A+B+C)"2
y ~A*B*C - A:B:C
Tpex ¢akTOpHBII IKCIEPUMEHT, HO C MOJEIBIO, CoIepKalell OCHOBHBIE d(D(PEeKTh 1

¢dakTopsl momapHoro B3aumonelcTBus. O06e ¢dopmysbl cnenuUIUPYIOT OJUHAKOBYIO
MOJEJb.

y~A*X
y ~ AlX
y~A/(1+x)-1

N3omupoBaHHbBIE MOJENIM IIPOCTOM JINHEWHOU PErpeccu Y Ha X B IIpelelaX YpOBHEU
3aJJaHHBIX B A pa3JM4YHBIMM METKaMu. B mocieaHeM BHJE NPOM3BOIUT YETKO CTOJIBKO
BBIYUCIICHUH PAa3IMYHBIX OTCEKAEMBIX OTPE3KOB M KOA(P(UIIMEHTOB HAKJIOHA, CKOJBKO
UMeeTcs ypoBHEH A.

y ~ A*B + Error(C)
OkcrepuMeHT ¢ ByMs (hakropamu BozzieiictBus A u B, u crparuduumpoBaHHOM

ommOKoi, onpeaensemort pakropom C. Hanpumep, pa3znenuTs 0TOOpakeHHE dKCIIEPUMEHTA
Ha YJacTKH (U, CJIEIOBATENLHO, YaCTH PUCYHKA), onpeaensiembie (hakTropoM C.

OmnepaTop ~ wWcmoib3yeTcs mis ompeneneHus Gopmynsl Mmogenmu B R . dopma ms
MPOCTOMN JTMHEWHOW MOJIEIIN:

response ~op_1term_1op_2term_2op_3term_3 ..
TIae:

response - BEKTOp WJIM MaTpulla (MM OLIEHKAa BBIPAXKEHUS K BEKTOPY WIIHU
MaTpHIie), OMpeAesioIIas IEPEMEHHYIO (bI€) OTKIHKA.
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op_i - omeparop, wam “+” wIH , TIoJpa3ymMeBas BKJIIOYCHHE WIIH
UCKITIOYCHHE ITapaMeTpa B MOJeNH (TIEpBOE SBISIETCS TOTIOTHUTEILHBIM).

term_i Taxxxe sBisercs 1u00:

® BCKTOPHBIM WUJIM MATPUYHBIM BBIpaKEHUEM, WK 1, mru6o

e (bakrop, mu60

e BhIpakeHHEM (OPMYIIBI, COCTOAMIEH U3 (HAaKTOPOB, BEKTOPOB HIIM MATPHIIL,
COCIMHEHHBIX OrepaTopaMu (HOPMYIIHL.
Bo Bcex cinydasx KakIplid mapameTp omnpezesseT Habop CTOJOI0B 100
JUTsE TOOABJICHHSI K MaTPHIIE MOJENH, JHOO Ui yNalCHHs U3 MaTPHIIBI
mMonenu. 1 ycraHaBmuBaeTCs s CTOJONA CMENICHUS W 10 YMOJYaHHIO
BKIIIOUEHA B MATPUILy MOJICITH, €CITU SIBHO HE yJaJICHA.

Omnepatopsl popmyIibl MOOO0HBI HOTAMKM YWJIIKWUHCOHA M Pomxkepca, Mcmosibp3yemMoi
TakuMu nporpamMMamu kak Glim u Genstat. OiHO Hen30eKHOE U3MEHEHHE TO, YTO OIEepaTop
"." cTaHOBUTCS ‘i’ TaK KaK TOYKa SIBJISIETCS JOMYCTUMBIM CUMBOJIOM UMEHHU B R.

B urore Hmxke nonydena Horanus (ocaoBano Ha Chambers & Hastie, 1992, p.29):
Y ~M Y cMmonenupoBaH kak M.

M_1+M_2 BxmouatorM_1uM_2.

M_1-M_2 Bxmouator M_1 u uckmouarot nmapamerp M_2.

M_1:M_2  Tenzopuoe mnpoussenenne M_1 um M_2. Ecnum oba mnapamerpa -
(dakTopsl, TO dhakTop "MoAKIACCOB".

M_1 %in % M_2

[Tomo6HO M_1:M_2, HO C pa3nuyHBIM CUHTAKCHUCOM.
M1*M2M_1+M_2+M_1:M_2.
M1/M2M1+M 2%in%M 1.

M”™n Bce mapamerpsl B M BMecTe O "B3aUMOJEHCTBUSIMH" 10 TIOPSIKA N

(M) W3onupoBanHoe M. Buytpu M Bce omnepaTopbl UMEIOT CBOE OOBIYHOE
apudMeTnIeckoe 3HaYCHUE, U ITOT MapaMeTp MOSBISETCS B MATPHIE
MOJICITH.

3aMeTUM, 4YTO B KPYIJIbIX CKOOKax, KOTOpble OOBIYHO BKJIIOYAIOT apryMEHTHI
¢yHKLINH, Y BCEX OMEpaTopoB €CTh CBOE HOpMallbHOE apudmMeTnueckoe 3HaueHne. OyHkuus
I() siBsieTcst 3epKaIbHBIM OTOOPAKEHUEM, MCIOJIb3YEMbIM JIJISl MPUIAHUS OMPEIeICHHOCTH
napameTpam B (hopMyIiax MOJIENH, UCTIONB3Ys apU(PMETHIECKHE OTIEPATOPHI.

B wactHocTH 3ameTuM, 4YTO (OPMYJIBI MOJENH OMHCHIBAIOT CTOJOLBI MaTPHIIbI
MOJIENH, OIpeJIeIeHUe MOAPA3yMEBAIOIINXCS IapaMeTpoB. J[eno oOCTOUT He Tak B APYrux
KOHTEKCTaX, HallpUMep B OIpeIeJICHUH HETMHEHHBIX MOeNeH.

Mpb1 HyX7gaemcs, IO KpaiHell Mepe, B HEKOTOpOW wujee, Kak (GopMysabl MOACIH
OIINCBIBAKOT CTO.H6I_H>I ManI/II_IBI MOJICIIN. 9TO HpOCTO JUISA HereprBHBIX HepeMeHHBIX,
MOCKOJIBKY KaXKJasi 0OCCIedYrBaeT OJUH CTOJOEN MaTpuIlbl MOAEIH (M CBOOOIHBIM YJICH
3aJaeT CTOJIO0CI] U3 CIUHMII, €CJTH OH BKJIFOUEH B MOJICIIb).

Yro orHocutenbHo K-ypoBHeBOoro ¢daktopa A?  OTBeT oOTAMYAETCA IS
HEYIOPSAOYCHHBIX W YIOPSAOYEHHBIX (akTopoB. s HeymopsmoueHHBIX (akTopoB K-1
CTONOEI] TEHEPUPYIOTCS JJIS TO0Ka3aTeld BTOPOro, ..., K-20 ypoBHe#t daktopa. (Takum
o0Opa3om, MpuUMeHseMas mapaMeTpu3anus CO3JaeT Ha KaKIOM YPOBHE TaKOW K€ KOHTPACT
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OTKJIMKOB, 4TO W Ha mepBoM.) st ymopsmodeHHBIX (akTopoB, K-1 cTOMONBI SBISIOTCS
OpTOroHaJIbHBIMHU IMOJIMHOMAaMH 11O OCHOBAHUIO 1, ey k, HCKJTIO4Yas mapaMeTpbl KOHCTAHTHI.

XOTsl OTBET y)K€ JaH, HO 3TO €Ile He BCe. BO-NEpBBIX, €CIM CMEIICHHUE OIYILEHO B
MOJIeNN, KOTOpast COACPKUT (PaKTOPHBIM MapameTp, IepBoe, TAKOH MmapaMeTp 3aKOJMPOBaH B
K cTonmOuoB, HalomuxX HWHAUKATOPHI Uil BCEX YPOBHEH. Bo-BTOpPHIX, MOBEICHHE B IIEIOM
MOXET OBITh M3MEHEHO YCTAHOBKOW ONMUUH JUIs mpoTHBomnonoxHocTel. Ilo ymomyanuio B R

YCTaHOBJIEHO.

options(contrasts = c("contr.treatment™, "contr.poly™))

['maBHas mpu4KMHA 3TOrO YIIOMUHAHUS COCTOUT B TOM, 4TO Y R 1 S ecTh paznuuus no
YMOJTYaHUIO JIJIsI HEYMOPSI0USHHBIX (DaKTOPOB, S MCHOIB3YeT MPOTHBOMONIOKHOCTH Helmert.
Tax, eciu HE0OOXOIUMO CPaBHUTH PE3YIbTATHI C TAKOBBIMU U3 YUeOHUKA WM CTaThU, KOTOpas
ucronp3oBaia S-Plus, To cienyer ycTaHOBUTS:

options(contrasts = c("contr.helmert", “contr.poly"))

DTO - IpeIHaMepeHHasl Pa3HOCTh, MOCKOJIBKY 00pabOTKa MPOTHUBOIOJIOKHOCTEH (110
YMOJTYaHUIO R) 6y;[eT JICTYEC AJId IOHUMaHHWs HOBUYKaMU.

Ms1  Bce €€ HE 3aKOHYMIIM, TIIOCKOJIBKY CXEMa IIPOTUBOIIOCTABICHUA JJIA
HCIIOJB30BAHUS MOXET OBITh YCTAHOBJICHA IJId KaXXJOro napamMeTpa B MOACIIHU, HUCIIOJIb3Ys

npoTtuBonosoxuoctd Gyrkuuii u C.

Mpbl emie He paccMOTpenH MapaMeTpbl B3aWMOJACWUCTBUS: OHU T'€HEPUPYIOT
MIPOM3BEICHHUS CTOJOIOB, IPECTABICHHBIX IS KOMIIOHEHTOB ITHX TapaMeTpPOB.

XOTS CIIOKHBIE OCOOCHHOCTH M COXPAHSIOT HEKOTOPYIO MAaprUHAIBHOCTB, (POPMYIIBI
mojenu B R Oyayr OOBIMHO TeHepupoBaTb MOJENH, KOTOpPbHIE OXKHAAT OBl OINBITHBINA
CTaTHCTUK, NpPU YCIOBHH, YTO TNPHUHLIUI MajbIX NpHUpalleHuid coxpaHeH. [loaronka,
HampuMep, MOJENU B3aUMOJCHCTBUS, HE BKIIOYAIONIAs] COOTBETCTBYIOIIMX TJIaBHBIX
3¢ eKToB, B IIETIOM NMPHUBEAET K HEOXKHUIAHHBIM pe3yJabTaTaM, U MpeJAHA3HAuYCHA TONBKO JUIS
IKCIIEPTOB.

11.2. J/Inneiinbie MoaeIn
OcHoBHast (QYHKIHUS [UIS MOATOHKH OOBIYHBIM MHOTOYPOBHEBBIM MOJIEISIM SIBIISCTCS
Im(), a ycoBepIieHCTBOBaHHBI BAPHAHT BHI30BA BBITIAAMT CIECAYIOIIMM 00pa3oM:

> fitted.model <- Im(formula, data = data.frame)
Hanpumep:
> fm2 <- Im(y ~ x1 + x2, data = production)
OyZIeT COOTBETCTBOBAThH MOATOHKE MHOXKECTBEHHOW perpeccuoHHoi monaenu Y Ha X1 u X2 (c

HESIBHBIM [1apaMETPOM CMELIEHUS).

Baxxublit (HO TEXHHUYECKH JOMOJIHUTENIBHBIN) mapamerp data = production ykasbiBaer,
YTO JIFOOBIC MIEPEMCHHBIC, HEOOXOAUMBIC JJIs CO3JaHMsI MOJEIH, JOJDKHBI OBITh B MEPBYIO
ouepenb u3 ¢gpeiima dannvix production. dmo ne 3asucum om moeo, bvL1 U Gpeim OanHbIX
production npucoedunen k nymu noucka uiu Hem.

11.3. YHuBepcajbHble PYHKIMY 115 U3BJIedeHUs1 MHGOpMAaLUM 0 MO/ieIU
3unauenueM Im() sBasiercs momorHaHHBIH 00BEKT MOdEl; TEXHWYECKH 3TO CIHCOK
pe3yabTaToB Kiaacca "Im". B aTom ciydae uHbopManus o MOJOTHAHHOW MOJIETH MOKET OBITh
BBIBE/ICHA Ha DKPaH, W3BJICUCHA, rpaduuecku n300pakeHa W TaK Jajee MpU UCIOIb30BAHUU
YHHUBEPCATbHBIX (DYHKIIHI, KOTOPBIC OTHOCATCS K 00bekTaM Kiacca "'Im™. OHu BKIIOYAIOT:

addl deviance formula predict step
alias dropl kappa print summary
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anova effects labels proj vCcoV
coef family plot residuals
Kpartkoe onucanue HanboJiee 4acTo UCIOIb3YEMbIX (PYHKITUN JaHO HIKE.

anova(object_1, object_2)
CpaBHMTE TOAMOETH C BHEIIHEH MOJENBI0 M MPOU3BEIUTE TaOIHILY
AUCTICPCUOHHOT'O aHAJIM3a.

coef(object)
W3Bnekute KOG PHUIMEHT perpeccuu (MaTpuiIry).
Jmunnas Gopma: coefficients(object)
deviance(object)
CyMMa KBaaApaTOB OCTATKOB, B3BCUICHHASA CCJIM BO3MOKHO.
formula(object)
W3Bnexute GopMyny MoJIENH.
plot(object)

[IpousBenure 4YeTbIpe pUCYHKA, II0Ka3aB OCTAaTKH, I1OJAOTHAHHOE
3HAa4EeHUE U HEKOTOPYIO IUAarHOCTHKY.

predict(object, newdata=data.frame)

[IpenocraBnenHoMy (peliMy JaHHBIX HY)KHO OBLIO CIeU(HUITUPOBATH
NEpPEMEHHBIE C TEMH K€ CaMbIMH METKaMHU KaK OpUTHHAJ]. 3HAYCHHE -
BEKTOp WJIM MaTpHIla OXHIAEMbIX 3HAUCHHH, COOTBETCTBYIOIINX
3HAYEHHSIM OIPEICIICHHBIX NIepeMeHHbIX B data.frame.

print(object)

HaneuaraiiTe kKpaTkyio Bepcuio oObekTa. Yarne BCero MCIONb3yeTcs
HESIBHO.

residuals(object)
W3BnexuTe (MaTpHIly) OCTaTKOB, B3BEIIEHHBIX €CIIM BO3MOXKHO.

Kpatkas dhopwma: resid (o6wexm).

step(object)
Bribepute momxomsmryro  Monaenb, J00aBisAs WM OTOpachiBas
mapaMeTpsl M COXpaHsis wHepapXxuu. Bo3Bpamaercss MoAenb C
HauMeHbIIMM  3HadeHHueM AlIC  (MHpOpMAaIMOHHBIA  KpHUTEpPHUA),
O0OHapYKEHHBIM B TIOIIATOBOM ITOUCKE.
summary(object)
HamneuaraiiTe 0011yI0 CBOJIKY PE3yJIbTaTOB PErPECCHOHHOTO aHAU3a.
vcov(object)

Bo3sspaiaer marpuny KOBapualuy JUCIIEPCUU OCHOBHBIX ITapaMETPOB
MIOJIOTHAHHOTO 00BEKTa MOJIEIH.

11.4. JluciepCHOHHBIH aHAJIN3 U CPABHEHHE MO/IeJIH
OYHKIUSA TOATOHKH MOJEIu aov(gpopmyna, data=data.frame) pabotaer Ha camMoOM
POCTOM ypPOBHE OUYEHb MMOXOXKUM crocobom kak ¢yHkius Im(), u OGOIBIIMHCTBO
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YHUBEpCAIbHBIX (DYHKITMH, TepeuncieHHbIXx B Tabmuue B Pasmene 11.3 [YHuBepcaibHbIe
GyHKIUY 1715 U3BJIeUYeHUs HH(OPMAIIAIO O MOJICIH |.

Hy»XHO OTMETHTH, YTO JOMOJHHTEIHHO A0V() MO3BOJSET aHAIM3MPOBATH MOJCIH C
MHO>KCCTBCHHBIMHU CJIOSAMHA OI_HI/IGOK, TaKUMH KaK pI/ICYHKaMI/I p%ﬂeHeHHBIX 3KCH€pI/IM€HTOB,
Wi cOalaHCUPOBAaHHBIC HETOJHOONIOYHBIC IIJIAaHBI C BOCCTAHOBJIEHUEM MEKOI0YHOM
uHpopmanuu. opmysa MOAEITH:

response ~ mean.formula + Error(strata.formula)

yKa3plBaeT HA MHOTOCIOWHBIA OSKCIEPHUMEHT C OIIMOKAMH CJIOEB  OINpPEICICHHBIMU
strata.formula. B camom npoctom ciryuae strata.formula - mpocto daxrop, korna onpexaensiet
JIBa CJIOS1 9KCIIEPUMEHTA, 2 IMEHHO, MEXy U BHYTPH YPOBHEH (akTopa.

Hanpuwmep, co BceMu ompeaesieHHbIMU ITepeMEHHBIMU (pakTopaMu, GopMysa MOJETH
BBITJIATUT CIETYIOIUM 00pa3oM:

> fm <- aov(yield ~ v + n*p*k + Error(farms/blocks), data=farm.data)

¥ OOBIYHO HCIIOJIB3YETCs Ul ONMCAHUS 3KCIEPUMEHTa CO cpeaHed mopenu V + N*p*k u
TpeMsl CJIOSMH OIIMOOK, a uMeHHO: "Mexnay farms", "BHytpm farms, mexmy bloks" u "B
pamkax blocks".

3aMeTUM Takke, YTO aHaJM3 JUCIIEPCUOHHBIX TaONHIl (MM TAOJIHIIBI) BBITOJIHSIETCS
JUIL  TIOCTIENOBATEIbHOCTH MOAOTHAHHBIX Mojened. CymMMbl KBaJpaTOB IOKa3bIBAIOT
YMEHBIIEHUE CYMMBbI KBaJIpaTOB OCTATKOB B PE3YJIbTaTe BKIIOUCHUS KOHKPEmHO20 TIapaMeTpa
B MOJElNb B onpeoeileHHoe MECTO TocienoBareabHocTd. ClieoBaTeNbHO, TOJIBKO IS
OpPTOTOHAILHBIX YKCIIEPUMEHTOB MOPSAO0K BKIFOUEHUS OYJET HECYIIECTBEHHBIM.

Jlnsi MHOTOCTIOMHOTO 3KCHEPUMEHTA HAYMHAIOT MPOLEAYPY MPOEKIMEH OTKJIMKAa Ha
CJIOM OIIMUOKH, IO MOPSAIKY, U 3aTE€M MOATOHSIOT MOJEJIBHOE Cpe/lHee Ui KaXK 10 MPOEKILIUH.
Bonee noapobuyro nnpopmanuio cm. Chambers & Hastie (1992).

bonee rubkyro anprepHaTuBY monHOM Tabmmme ANOVA mno ymondaHuio, s
CpPaBHEHHS JBYX WJIHM Oojiee MOJENeHd MOXHO HEMOCPEACTBEHHO HCIOIb30BaTh (PYHKIIHIO
anovay().

> anova(fitted.model.1, fitted.model.2, ...)

B pesynbrare otoOpaxkaercs tabmuna pazmumuuiit ANOVA Mexny moJorHaHHBIMU
MOJIEISIMH, TIPU MOJATOHKE 10 MopsAAKy. [logorHanHbie MOJIENH CPaBHUBAIOTCS, KOHEYHO, KaK
MIPABUIIO, B UEPAPXUUYECKON MOCIIEOBATEILHOCTUA. DTO HE JaeT WH(GOPMAIIHIO, OTIUYHYIO OT
crocoba 1o yMoJI4aHHIo, a IPOCTO MPOILE AJIsi HOHUMAaHUS U KOHTPOJIS.

11.5. O0HOBJIeHHE TOJOTHAHHBIX MOJeJIeH
Oyukius update() B 3HauMTeNnbHOM crermeHH (GYHKIHS IS ya00CTBa, KOTOpas
MmoATrOHACT MOIACIL C OTIUYHUAMHU OT PaHEC HOHOFHaHHOﬁ OGBI‘IHO TOJBKO HECKOJIbKUMU
JOTIOTHUTEIbHBIMU WM yJlaJeHHbIMU NTapaMeTpamu. Ee cuHTakcuc:
> new.model <- update(old.model, new.formula)
B new.formula cnenunansHoe uMsi, cocTosimee U3 TOYKH ., KOTOPast UCIIOIb3YETCs IS
0003HaYeHHS “‘COOTBETCTBYIOMIEH YacTu cTapoi hopmyisl monenu”. Hanpumep,
> fm05 <- Im(y ~ x1 + x2 + x3 + x4 + x5, data = production)
> fm6 <- update(fm05, . ~ . + x6)
> smf6 <- update(fmé, sqrt(.) ~.)
MOJrOHSAET MHOXXECTBEHHYIO PETPECCHUIO C MATHIO CIy4YailHbIM MEPEMEHHBIM (IIO-BUINMOMY)
U3 (QpeiiMa maHHbIX Production, MOATOHSET MOMOJHUTEIBHYIO MOJICb, BKJIIOYAs MIECTON
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perpeccop, H TOATOHSET PA3HOBUIHOCTh MOJENH, TIJA€ K OTKIMKY HPUMCHHIH
npeoOpa3oBaHuE KBAIPATHOTO KOPHSL.

3ametrM 0coOeHHO, 4To, ecnu data = mapamerp cHenU(UIMPYETCS B HCXOIHOM
BbI30BE (DYHKIIMU TMOATOHKU MOJENH, TO 3Ta WH(pOpMalus TepefaHa depe3 MOJAOTHAHHBIN
00BekT Mozenu B Update() u ero CoOr3HUKH.

"

Nms ' MOXeT Takke HCIOIb30BaTbCsl B JPYrUX KOHTEKCTaX, HO C HEMHOIO
oTIMYaIuMes 3HadeHneM. Hampumep

> fmfull <- Im(y ~ ., data = production)

NOJ0THaJ OBl MOZIETTN OTKJIMKOM Y ¥ TIEPEMEHHBIMH PETPECCOPOB BCE IPYTrUe MEPEMEHHbBIE BO
dpeiimax ganubIx production.

Jpyrue (yHKIUM UIS  UCCIENOBaHMUS JOMOJHUTEIBHBIX MOCIEI0BATEIbHOCTEN
mogaeneit seisrorest addl(), dropl() u andstep(). Mmena ux maloT yKa3aHWE Ha LENb HX
HUCIIOJIBb30BaHUA, HO AJIA ITOJIHOI'O U3JI0OKCHHUSA CM. OHHaﬁHOBYIO CIIpaBKY.

11.6. O0001mIeHHBIE JTMHEHHbIE MOAEIH
O06001IeHHOe TUHEHHOE MOJECIMPOBAHHE 3TO pa3pabOTKa JIMHEWHBIX MOJENeH s
ydeTa YHCTHIM M MPOCTBIM CIIOCOOOM, KaK HE-HOPMaJbHBIX PACIPECICHUN OTKINKA, TaK U
JMHEApU3YIOMX npeodpazoBanuil. O0o0IIeHHas TMHEWHAs MOJIETb MOXKET OBITh OMKCaHa B
TEpMHHAX CJIEAYIONIEH MOCIEA0BATEIbHOCTH MPEANOIOKECHUN:

e EcCTh OTKIMK Y W BO3JICHUCTBYIOIIHUE NEPEMEHHBIE X1, X2 ...., Yb€ 3HAUEHUE
BJIMSIET HA PACIIPEAECIEHNE OTKIMKA.

e Bo3zzaelicTByrone nepeMeHHbIE BIMSIOT Ha PACHPENCICHUE Y MONbKO yepes
COUHCMBEHHYIO JTUHElHYI0 QYHKyuto. DTy JIMHEHHYIO (QYHKIIMIO Ha3bIBAIOT
JIUHEUHbIM NPeOUKmopom, U OOBIYHO 3aIHCHIBAIOT KaK:

N = Bz + farz + - + BpTp,
CJIeIOBATENbHO, X; HE MMEET HUKAKOTO BIMSHUSA Ha paclpeiesieHue Y eciu u
TosbKo ecim fi = 0.

e Pacnpenenenue y umeer popmy

frlyip, @) = exp i{yﬁx[“] — (A} 4+ Ty, @)

TO, TAE ¢ KOIPPUIMEHT MacIITaOMpOBaHUS (BO3MOXKHO HW3BECTHBIN), H
SBJISICTCSI TIOCTOSTHHBIM I BCeX HaOmoneHuid, A TpeacraBiiser cobOou
MPEIIIECTBYIONUN BeC, MPEINOJIOKUTEIFHO W3BECTHBIA, HO BO3MOXKHO
MEHSIFOIIMICS B 3aBUCUMOCTH OT HAONIOJCHWH, W M SIBISICTCS CPEIHHM Y.
TakuM oOpa3oM, TpPEAnoyaraeTcs, 4TO paclpeesiecHue Y OMpPEeIeIeHO €ro
CpPEeIHHMM, a TaK)ke, BO3MOXKHO, KO (PHUIIMEHTOM MacIITaOUPOBAHMUS.

e Cpennee u, rnankas oOparumas QyHKIUS JIMHEHHOTO MPEIUKTOpA!

po= mn), = m~ ) = Flu)

u 9ta oopaTtHas pyukums (i) HassiBaeTCs QYHKIMEH CCHUTKH.

OTH TNPEANONOKEHUS JOCTATOYHO HETOYHBI, YTOOBI OXBAaTUTh IIMPOKUN Kilacc
MoJieJIei, TOJIe3HbIX B CTATUCTUYECKONW MPAKTHKE, HO JOCTATOYHO YKECTKUE NI pa3paboTKu,
Mo KpailHel Mepe, MPUOIU3UTETHHOW OOBETUHEHHONW METOMOJIOTUM OIICHKHM W BBIBOJA.
Yurarenb OTChIIACTCS B JIIOOYIO U3 TEKYIIMX CCBUIOYHBIX PadOT MO MpeaMeTy JUIsl TOJTHOIrO
uznoxenus, Hanpumep, McCullagh & Nelder (1989) uiu To6con (1990).
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Knacc  00oOmieHHBIX  NUHEHHBIX  Mojeneld, oOpabOTaHHBIX  CPENCTBAMU,
npeocTaBIeHHBIMU B R, BKiroyaer gaussian, binomial, poisson, inverse gaussian u gamma
response pacrmpeneieHus, a TaKXKe MOJENN KBAa3WUIPABAONOI00Us, TIE pachpeleicHHe
OTKJIMKa SIBHO HE YyKa3biBaeTcs. B mocinemHem ciydae (QyHKIUS AUCIEPCUH  JIOJDKHA
cneuuuupoBaTbcs Kak (QYHKUUS CpPEAHEro, HO B JPYrUX CiIydasx odTa (QyHKIUSA
MOJIpa3yMeBaeTCsl pacupeelICHHEeM OTKITUKA.

Kaxnoe pacnpeneneHne OTKIMKA JOIYCKaeT, YTO MHOXKECTBO (DYHKIMH CCHUIKH
COEIMHAET CpeHEE C IMHEWHBIM MPEAUKTOPOM. ABTOMATUYECKH TOCTYIIHbIE paclpeieieHus
NOKa3aHbl B ceyomeil Tabuuie:

msa cemeiicTBa DYHKIUHU CBSI3U
binomial logit, probit, log, cloglog
gaussian identity, log, inverse
Gamma identity, inverse, log
inverse.gaussian 1/mu”2, identity, inverse, log
poisson identity, log, sqrt
quasi logit, probit, cloglog, identity, inverse,

log, 1/mu”2, sqrt
KoMOunanmst pacmpeneneHuss OTKIWKA, (YHKIHH CCBUIKM W Pa3IUYHBIC IpyTHe

HEOOXOMUMBIC CBEICHHS JUIS BBIMOJIHEHHS 3a/1a4 MOJICIIMPOBAHUS, HA3bIBAIOTCSA CEMEHCTBOM
000011IEHHON TUHENHON MOIEIU.

IlockonbKy  pacmpeleneHue  OTKIMKAa  OHpENesseTcss  BO3JCHCTBYIOIIUMU
NEPEMEHHBIMH MTOCPEICTBOM TOJIBKO OJHOM JTUHEHHOM (PYHKIIMH, TOT K€ MEXaHU3M, KOTOPBIN
ObUI HMCMONB30BaH JJS JMHEWHBIX MOZENEH, MOXET ObITh MCIIOJNB30BaH Ul 3aJaHus
JTUHEHHON yacTu 00001eHHON Moie. B ceMelicTBe 3TO 3a1aeTcst pa3IMdHBIME CIIOCO0aMHU.

Oyukius R ams moaronkw o0000mICHHON nuHEHHOW Momenu HaspiBaetcs gIm() u
UMECT BU.

> fitted.model <- gim(formula, family=family.generator, data=data.frame)

Enuncreennas HoBas dynkius - family.generator, kotopas sSBiIsleTCs HHCTPYMEHTOM
JUIS OTIHMCAHMs ceMeiicTBa. DTO - UMs (YHKIMH, KOTOpas T'€HEPUPYET CIHUCOK (YHKUUN H
BBIPQKEHUH, KOTOPBIC BMECTE OMPEICISIOT M YIPABISIOT MOIETBIO M MPOIECCOM OIECHKH.
XO0Td PTO MOXKET Ka3aTbCsl HEMHOI'O YCHIOKHCHHBIM Ha HepBBIﬁ B3rJId4, HUCIIOJb30BAaHHUC
JIOBOJILHO TIPOCTO.

NMena craHgapTHBIX, MPEAOCTABICHHBIX TE€HEPAaTOPOB CEMEHCTBA JaHbl TIOJ
"®amunuen" B Tabnuie B Paznene 11.6.1 [cemeiicTBal. ['ne ecTh BHIOOP CCHUTOK, UMSI CCHIITKH
MOXET TaK)Ke OBITh MPEIOCTAaBICHO (haMIIIMEil B KPYIIIBIX CKOOKax B KayecTBe mapaMeTpa. B
cly4yae KBa3W CeMeicTBa (YHKIHMS JHUCIIEPCHU MOXKET TAKKe CHEIU(HUIIMPOBATHCS TaKUM
obpa3zom.

HekoTopsie mpumeps! ICHO AalOT MOHATH MpoIiecc.

I'ayccoeckoe c e Mm e Hc T B O
BbI30B Takoil kak

> fm <- gIm(y ~ x1 + x2, family = gaussian, data = sales)
AOCTHUTACT TOI'O K€ CaMOTI'0 pE3yJibTaTa KaK

> fm <- Im(y ~ x1+x2, data=sales)
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HO HamMHOTO MeHee 3P dexkTrnBHO. OOpaTUM BHUMAaHHE, MTOCKOJIBKY IayCCOBCKOMY CEMEHCTBY
ABTOMATHYCCKU HC MPCAOCTABJIAIOT BBIGOp CCBUIOK, TO W HC HOOIYCKACTCA HHKAKHX
napameTpoB. Ecim 3aaua TpedyeT raycCoOBCKOro CeMelcTBa ¢ HECTaHAAPTHON CCBIIIKOM, 9TO
MOXKET OGBI‘IHO AOCTUTaThCA UCPE3 Kea3U CeMefICTBO, KaK YBUJUM I1037KC.

BuHomuaivHoe ¢c e M € H C T B O
PaccmoTpuTe HeOO0IbII0M UCKYCcCTBeHHBIH puMep oT Silvey (1970).

Ha octpose Kalythos B Drefickom MOpe MECTHBIE KUTENIN CTPAJAIOT OT BPOXKICHHOM
00JIe3HM TIJ1a3, CUMOTOMBI KOTOPOH CTaHOBATCS Ooyiee 3aMETHBI C BO3pacToM. BriOopku
MYKUYHH-OCTPOBHUTSHHH PA3IMYHBIX BO3PACTOB OBIIM NMPOBEPEHBI HA CIEHOTY M PE3yIbTaThI
3anucaHbl. DTU JaHHBIC TIOKAa3aHbl HUXKE:

Bospacr: 20 35 45 55 70
KonnuecTBO MCHBITAHUN: 50 50 50 50 50
KomnuecTBo cinenpix: 6 17 26 37 44

IIpoGnema, o HalleMy MHEHHIO, 3aKJII0YAETCs B TOM, 4TOOBI MOAOTHATh KaK JIOTHT,
TaKk U NPOOUT MOJENU 3THUX JaHHBIX, U ONpeNeNuTh s Kaxaoil moxenn LDS0, to ectb
BO3pacCT, B KOTOPOM BEPOSITHOCTH CJIETIOTHI JIsI MY>KCKOTO HaceneHus cocTaBisieT 50%.

Ecnu y 3T0 4HMCIo cienbiX B BO3pacTe X U N YUCIO MPOBEPEHHBIX, 00€ MOAETH UMEIOT
Bun y ~ B(n, F(Bo + PB1 X)), rme mns mpobut ciyvas F(z) = Phi(z) sBusieTcss cranmapTHO#
HOpMalibHOW (pyHKIMEN pacmpeneneHus, a B JIOTUT ciydae (mo ymonuanuio), F(z) =
e’z/(1+e”z). B o6oux cimyqasx LD50 ssisercs LD50 = - beta_0/beta 1, To ecTh TO# TOUKH, B
KOTOPOH apryMeHT (YHKIHHU pacHpeeNICHHUs PaBeH HYIIO.

[TepBbrIit mIar - 3T0 BBOJ JAHHBIX, B BUJIE TAOJIUIIBI JAHHBIX

> kalythos <- data.frame(x = ¢(20,35,45,55,70), n = rep(50,5), y = ¢(6,17,26,37,44))
YroObl momorHathk binomial momens ¢ ucnonb3oBanuem glm() ectb Tpu BapuaHTa
BBOJIA OTKJIHKA:

e Ecnu OTKIMK 3TO BEKTOp, TO MPEANOIAraeTcsi YTO B HEM JABOWYHBIE JAHHBIE U
OH JIOJDKEH cofiepkath Tosibko 0/1.

e Ecim OoTKIMK 3TO ABYX-KOJIOHOYHAs MaTpulla MpearoyiaraeTcs, 4ro INepBas
KOJIOHKAa COJEP’KUT YHMCIIO YCIEUIHBIX HCXOJ0B, a BTOPOH COIEPKUT UHUCIIO
HeyJau.

e Ecnu oTkiMK siBiseTcss (pakTOpoM, €ro MEpPBbI YpOBEHb - BOCIPHUHHUMAETCS
kak "mpourpeim” (0) u Bce npyrue ypoau kak "ycmex" (1).

371ech HAM HY)KHO BTOPOE M3 ATHUX COTJIANIEHUN, TTO3TOMY MbI JOOABIIIEeM MAaTPHUILY K
HaIei TabiuIe JaHHbIX:
> kalythos$Ymat <- cbind(kalythos$y, kalythos$n - kalythos$y)
UT0OBI MOIOTHATH MOJIETH MBI UCIIOIB3YEM
> fmp <- glm(Ymat ~ x, family = binomial(link=probit), data = kalythos)
> fml <- glm(Ymat ~ x, family = binomial, data = kalythos)
[Tockonbky logit cBA3b CTOUT 1O YMOJTYAHUIO, ITOT MMAPAMETP MOXKET OBITH IPOIYIEH
BO BTOPOM BBI30BE. UTOOBI YBHAETh PE3YJNbTaThl KaXIAOW TOJTOHKA MBI MOTJIH OBl
HUCIIOJIb30BaTh
> summary(fmp)
> summary(fml)
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O06e Mozenu COOTBETCTBYIOT XOpomio (naxe caumkom). Utoos! Hatith LDS50 ornenkn
MBI MO’KE€M HCITIOJIb30BATh MPOCTYIO (PYHKIIHIO:

> 1d50 <- function(b) -b[1]/b[2]
> |dp <- 1d50(coef(fmp)); Idl <- 1d50(coef(fml)); c(ldp, IdI)

dakTueckas OIlEHKa 10 OSTUM JaHHBIM gaeT 43,663 ner u 43,601 ner
COOTBETCTBEHHO.

Modeau Ilyaccona

C cemeiictBom IlyaccoHa cchUlka MO yMONYaHUIO - log, W MPaKTUYECKH TIIaBHOE
WCIIOJIb30BAaHUE 3TOTO CEMEWCTBA JOJDKHO TOJOTHATh cypporatHomy Ilyaccony log -
JTUHEHHBIE MOJENTH K JaHHBIM YacTOThI, (DaKTHUECKOE paclpeieNieHue KOTOPBIX YacTo -
MHOTOWIEH. DTO - OOJIbIIas U BaXKHasl TeEMa, KOTOPYIO MBI HE OyJIeM 3aTparuBath Jajee 37ecCh.
DT0 Jaxke SABJISETCS TJIABHON YacCThIO MCIIOIH30BAHMS HErayCCOBCKUX O0OOIIEHHBIX MOAeNe
TIOBCIOAY.

WNuorpa uctuHHO naHHble IlyaccoHa BO3ZHUKAIOT NPAKTHUYECKH, M B IPOLIIOM OHHU
4acTO aHAIM3UPOBAINCH KaK TayCCOBCKHME JlaHHBIE WIIM MOcie MpeoOpa3oBaHus log wium
KBaJpaTHOro KOpHA. Kak KoppekTHas anbTepHaTHBa IOCIEIHEMY, OOOOILECHHYIO MOJIENb
[TyaccoHa MOXHO MOJOTHATH KaK B CIEAYIOLIEM IpUMEpeE:

> fmod <- gim(y ~ A + B + x, family = poisson(link=sqrt),
data = worm.counts)

Modeau keazunpasdonodo6usi

Jlnst Bcex ceMeMCTB Iucnepeus OTKINKA OyleT 3aBUCETh OT CPEAHEro U OyAeT UMETh
MacITaOHBIA KO(UIIMEHT KaKk MHOXKHUTETh. DopMa 3aBUCUMOCTH AUCIIEPCUU HA CPETHEM -
XapakTEPUCTHKA paclpeaecHHs OTKIMKA; HarpuMep IS pacnpeaencuus [lyaccona VAR[Y]
= H_

JIns OLEHKM KBa3uIpaBlononoO0uss W BbIBOJA TOYHOE pACHpeAeiIeHHE OTKIUKA He
cneuuuIupyercs, a cKopee TOIbKO (YHKUIUS CChUIKM M ¢dopMma (YHKIHH AUCIEPCUH,
IIOCKOJIBKY OHHM 3aBUCAT OT CpegHero. XOTs OLEHKM KBa3UIpaBaononoOus (opMaibHO
UCTIONB3YIOT MICHTUYHBIE METOJbl pacmpeaeneHus ['aycca, 3To ceMelCTBO oOecriednBaeT
Croco0 TMOATOHKM TayCCOBCKMX MOJENeH HEeCTaHIapTHBIMU (YHKIMSIMHM CCBUIKM WIH
(GYHKUIMSAMEU TUCTIEPCHH, CITy4YaiiHO.

Hanpumep, paccMoTpuTe NOATOHKY HETMHEUHOW PETPECCUU:

y = 0121/(22-02) + €

YTO MOXKHO 3aIlliuCaTh aJIbTCPHATHBHBIM CIIOCOOOM:

y=1U(B1X1+ poxo) + €
[Ipeanomnaras COOTBETCTBYIOIINI (hpeiiM TaHHBIX MOYKHO MOJOTHAThH ATy HEIMHEHHYIO
pErpeccuio Kak:

> nlfit <- glm(y ~x1 + x2 - 1,
family = quasi(link=inverse, variance=constant),
data = biochem)

11.7. HenuHeliHble HAMMEHbIIME KBAAPATHI U MO/1eJIM Han(0JIb1Iero NpaBaonox00us
OrmpesieiecHHOTO BHUJA HEJIWHEWHBIE MOJEIH MOXHO TogorHaTh OO00O0IIeHHBIMU
JlunetrineiMu Mogensimu (glm). Ho B 60JIBIIMHCTBE CIy4yaeB CleayeT MOAXOIUTh K MpodiemMe
noadopa HEIMHEWHBIX KPUBBIX KaK K OJHOM M3 HEJIWHEWHBIX onTuMmu3anuidi. HemuHeliHbie
noanporpamMmel ontummzanud R - optim(), nlm() u nlminb(), koTopeie obecneunBaroT (U
npeBocxomaT)  (QyHKIHMOHAIBHOCTh S-mmrocoBbix MS() u niminb(). Mmercs 3HaucHme
napameTpa, KOTOpO€ MUHUMHU3UPYET HEKOTOPBIA MHIEKC OTKIOHEHUS-OT- LEIH, U JIeJaeTCs
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9TO IYTEM MHOTOKPATHOTO WCIBITAaHWS Pa3IUYHBIX 3HAYCHUU MapaMmeTrpoB. B orimume ot
JMHEWHOU perpeccuu, HanpuMep, HeT HUKAKOi rapaHTHH, YTo Ipoleaypa OyIeT CXOIUuThCs K
yJIOBJIETBOPUTEIbHBIM OLIEHKaM. Bce Meronpl TpeOyroT MCXOIHBIX MPENNOJIOXKEHUH O
Ha4aJIbHOM 3HAY€HUU [1apaMeTpa, U CXOAMMOCTb MOKET KPUTHYECKHU 3aBUCETh OT KadyecTBa
HAYaJIbHBIX 3HAYCHUM.

OnvH U3 crmocoOOB MOATOHKH HETMHEHHON MOJIENN COCTOUT B MUHHUMH3AIUU CYMMBI
KBaJIpaTHBIX omMO0K (SSE) uinm ocTaTkoB. DTOT METOJl UMEET CMBICH, €CJIM HaOII0gaeMbie
OIIMOKH, BO3MOXHO, IPABIOTIOA00HO HMEIOT HOPMaJIbHOE pacipe/ieiCHue.

Bot npumep ot balitca & Barr (1988). [lannsie:

> x <-¢(0.02, 0.02, 0.06, 0.06, 0.11, 0.11, 0.22, 0.22, 0.56, 0.56,
1.10, 1.10)
>y <-¢(76, 47,97, 107, 123, 139, 159, 152, 191, 201, 207, 200)
Kputepuit moaronku, nojjexxanmi MUHUMUA3ZALAN:
> fn <- function(p) sum((y - (p[1] * x)/(p[2] + x))"2)
HHH IIOATOHKH H€O6XOI[I/IMBI NCPBOHAYAJIBHBIC OLCHKH IIapaMCTPOB. OI[HI/IM nu3

Croco0OB HANTH HayalbHblE 3HAYEHUS COCTOUT B PHUCOBAHUU JaHHBIX, YraJlbIBaHUs
HEKOTOPBIX 3HAYCHUH ITapamMeTpa, U HAJI0KEHUs KPUBOM MOJEIH, UCIIOJIb3Ysl OTO 3HAUCHUE.

> plot(x, y)

> xfit <- seq(.02, 1.1, .05)

> yfit <- 200 * xfit/(0.1 + xfit)
> lines(spline(xfit, yfit))

MoxHo cnaenarb Jydiie, HO 3TH cTaptoBble 3HadeHus 200 u 0.1 kaxyrtcs
aZiekBaTHBIMU. Teneps cienaem MmoAroHky:

> out <- nlm(fn, p = ¢(200, 0.1), hessian = TRUE)

IToce momgronku out$minimum pasHo SSE, u out$estimate siseTcs OICHKOI
napaMeTpoB METOJAOM HaUMEHBIIUX KBaApaToB. YTOOBI MOMYYUTh OLIEHKY MPUOIU3UTEIbHBIX
cTaHaapTHBIX ommoOok (SE), MbI nenaem:

> out <- nlm(fn, p = ¢(200, 0.1), hessian = TRUE)
2 B CTpOKE BBIIIE MPEACTABISIOT YHUCIO IapamMeTpoB. 95%-blil TOBEpUTEIBHBIN

uHTEepBaja ObUT ObI orleHKoU mapamerpa + 1.96 SE. Mbl MOKeM HaJOXUTh MOJ00P METOIOM
HaVMEHBIINUX KBAJPaTOB HA HOBBIM PUCYHOK:

> plot(x, y)

> xfit <- seq(.02, 1.1, .05)

> yfit <- 212.68384222 * xfit/(0.06412146 + xfit)
> lines(spline(xfit, yfit))

CranmapTHbIi naker StatS mpeaocTaBiIslOT HAMHOTO OoJiee OOIIMPHBIE CPEICTBa IS
MOArOHKN HEJIMHEMHBIX MOJENIEH HAUMEHBIIUMH KBaaparamu. Mozeib, KOTOPOW MBI TOJIBKO
YTO TIONOTHAIM, sABIsSETCS Monaenbto Michaelis-Menten, Takum 00pa3oMm, MOXKHO
HCIIOJB30BaTh.

> df <- data.frame(x=x, y=y)

> fit <- nls(y ~ SSmicmen(x, Vm, K), df)
> fit

Nonlinear regression model
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model: y ~ SSmicmen(x, Vm, K)
data: df
Vm K

212.68370711 0.06412123
residual sum-of-squares: 1195.449
> summary(fit)

Formula: y ~ SSmicmen(x, Vm, K)

Parameters:

Estimate Std. Error  tvalue Pr(>|t])
Vm 2.127e+02 6.947e+00  30.615 3.24e-11
K 6.412e-02 8.281e-03 7.743 1.57e-05

Residual standard error: 10.93 on 10 degrees of freedom
Correlation of Parameter Estimates:

Vm
K 0.7651

MakcumanbHOe MpPaBAONOJ00HE - METOJ MOJITOHKM HEJTMHEWHOW MOJENU, KOTOPBIHA
IpUMEHSETCs, AaXe €ClIM OMMOKM He HOpMalbHbl. MeToa HaXOAWUT 3HA4YEHUE MapaMmerpa,
KOTOpPO€ MaKCUMH3UpPYET JorapupMUUecKoe MpaBAONOJ00Us, WJIM YTO SKBHUBAJICHTHO,
KOTOPO€ MHUHUMH3UPYIOT OTpULATeIbHOE JorapupMuueckoe npasaonogooue. Bor npumep
or Jlobcona (1990), ctp 108-111. DroT mpuUMep MNOATOHSET JOTUCTUYECKOH MOJEIH K
JTaHHBIM OTKJIMKa JO3bI, KOTOpPBIC SICHO MOIJH Tarkke ObITh momorHanbl glm(). JlanHble
TaKOBBI:

> x <-¢(1.6907, 1.7242, 1.7552, 1.7842, 1.8113,
1.8369, 1.8610, 1.8839)
>y <-¢(6, 13, 18, 28, 52, 53, 61, 60)
>n <-¢(59, 60, 62, 56, 63, 59, 62, 60)
OtpunarensbHas  jorapupmuueckass (yHKIMS — T[PaBAOMOAOOMS,  IOJUIekKAIas
MHHUMH3AL1IH, PaBHA:

> fn <- function(p)
sum( - (y*(p[1]+p[2]*x) - n*log(1+exp(p[1]+p[2]*X))
+ log(choose(n, y)) ))

Bo3sMmeMm PAa3yMHOC HAYAJIbHOC 3HAYCHUC IJIA TOATOHKH:
> out <- nIm(fn, p = ¢(-50,20), hessian = TRUE)

[Tocne moaroHku Outdminimum paBHO OTpHIIATENFHOMY JIOTApUPMUUIECKOMY
npapjgonogoouio, W outbestimate sBasercss HaMOOJBHIMM  MPABIONOIO0MEM  OIIEHKH
napameTpoB. UTOOBI MOTYYUTh PUOIU3UTENBHYIO OLICHKY SE, BRITOTHUM:

> sqrt(diag(solve(out$hessian)))
95% noBepuTenbHbIi nHTEpBa noayuuM npu SE + 1.96
11.8. HexoTopble HeCTaHAAPTHbIE MOJIEJIH

3aBepIaercs 3Ta IVlaBa KPaTKUM YHNOMHHAHUEM O HEKOTOPBIX IAPYIMX CPEACTBax,
JOCTYIHBIX B R, /U1 cienmanbHoi perpeccuu U npo0seM aHalu3a JaHHbIX.

e CwmemaHHble Moaeau. PexoMmenayemeiii maketr Nlme obecrieunBaet QyHKIHH
Ime() u nime() mis IUHEHHBIX W HETMHEWHBIX MOJCIEH CMENIaHHBIX
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3¢ PEeKTOB, KOTOPHIA SBIACTCS JTUHEHHBIMU U HEITMHEHHBIMH PErpecCUsMH, B
KOTOpPBIX HEKOTOpble U3 KOA()(PHUIIMEHTOB COOTBETCTBYIOT CIIy4aiiHBIM
abpdextaMm. OTH (PYHKIIMA HWHTCHCHUBHO HCIONB3YIOT (GOPMYJIBI IS
crenu(pUKAIUU MOJIEITH.

e JlokaibHo mogorHaHubie perpeccun. Oynkuus loess() moaronser
HEMapaMeTPUUECKyl0 PETPecCHi0 HCMOJIb30BAaHUEM JIOKAIbHO B3BEIICHHOMN
perpeccun. Takwe perpeccMu TIONE3HBI M BBIICTCHHS TpPeHIA B
3allyMJICHHBIX JAHHBIX WJIM JJIS CHIDKEHUs oObeMa JaHHBIX Juisi 0030pa
6onpbIoro Habopa TaHHBIX.

Oyuxkiums l0ess() HaxoauTes B CTaHIapTHOM MakeTe Stats BMecTe ¢ KOJaoM is
MPOTHO3a CIEASIIEH perpeccu.

e VYcroiiuuBasi (podacTtHas) perpeccusi. EcTh Heckonbko GYHKIMA s
MOATOHKU MOJeNiel, YCTOMYMBBIX K BIUSHUIO AKCTPEMAaJbHBIX BHIOPOCOB B
nanHbiX. Dynkuus 1gS B pexomenmyemom makere MASS obecnieunBaer
COBPEMEHHBIE AJITOPUTMBI I YPE3BBIYANHO YCTOMYMBOW MOATOHKH. MeHee
YCTOMUYMBBIE, HO CTaTHCTUYECKU Oojee 3((EeKTUBHBIE METOMAbI, JOCTYIHBI B
naketax, HapuMep Gynakius rim B makere MASS.

e AJAUTHBHBIE MOJeIH. OTOT METOJ CTPEMHTCS CO3/1aBaTh (YHKIUIO
perpeccu W3 aAMUTUBHBIX (YHKIMH CTIaKWBaHUS JETESPMHUHUPOBAHHBIX
MEPEMEHHBIX, KaK MPABUIIO, 110 OAHOM ISl KaXKI0W HE3aBUCUMOM MEPEMEHHOM.
dynkuuu avas u ace B makere acepack u ¢ynkumsx bruto m mars B makere
mda obecrieyrBalOT HEKOTOPBIC MMPUMEPhI ITUX METOJ0B B MOJH30BATEIBCKHX
nakerax R. Pacmmpenuem sBnsercs OO000meno ApautuBHas Mopens,
pealin30BaHHas B MOJIb30BATEILCKUX MAaKeTax gam u mgcv.

e JIpeBoBHAHBIE MOJ€eJH. BMecTO moucka siBHO TTI00aNbHON THHEWHON MOACTH

JUIS TIPOTHO3a WIJIM WHTEPIPETAlNH, IPEBOBUIHBIC MOJETH CTPEMSITCS
PEKypCUBHO pa30UTh JaHHblE B KPUTHYECKHX TOYKAX HE3aBUCHUMBIX
MEPEeMEHHBIX 7S pa3zeiia JaHHBIX, B KOHEYHOM CYETe, Ha TPYIIbI, KOTOPHIE
SBJIIOTCS. HACTOJIBKO OJHOPOJAHBI, HACKOJIBKO BO3MOXKHO BHYTPH TPYIIBI, U
HACTOJMBKO HEOJHOPOIHBIMH, HACKOIBKO BO3MOXKHO MEXAY TpYIIaMU.
Pe3ynbrarel 4yacto mMpUBOASAT K MOHUMAaHHIO, K KOTOPOMY JAPYTHE METOJbI
aHallM3a JaHHBIX HE MPEIOCTABIISIOT.
Mopenu eme cnenu@UIUPYOTCS B OOBIYHON (opMe ITHHEWHOW MOJEIH.
@OyHKIUS TMOATOHKHM Ha3biBaeTcs tree(), HO MHOrO JAPYrMX YHUBEPCATbHBIX
bynknunii, Takux kak plot() u text(), xoporro aganTHPOBaHHBIX K OTOOPaKEHUIO
pE3yNbTAaTOB JIPEBOBHAHON Moaenu B rpaduueckoit Buae. JpeBOBUAHBIC
MOJIETIM TOCTYIIHBI B R uepe3 monb3oBaTeNbCKue MakeThl rpart u tree.
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12.I'padpuyeckue npoueaypbl

I'paduueckue cpencTBa - BaXXHBIN U YpE3BBIYANHO YHUBEPCATBHBIH KOMIIOHEHT CPEJIbI
R. Bo3M0OXHO wucCHonb30BaHUE CPEACTB U1 BBIBOJA HAa DSKpaH IIMPOKOIO CIEKTpa
CTaTUCTHUYECKUX I'PaUKOB, a TAKXKE CO37aTh MOJHOCTHIO HOBBIE THITBI TPa(UKOB.

I'padmyeckue cpeacTBa MOTrYT HUCHOJB30BAaThCS KaK B HMHTEPAKTUBHOM, Tak U B
MAaKeTHOM pEeXUMaxX, HO B OOJBIIMHCTBE CIy4yacB WHTEPAKTHBHOE HCIIOJIb30BaHUE Oolee
NPOAYKTUBHO. IHTEpaKTHBHOE UCIIOIb30BaHUE TAKXKE MTPOCTO, MOTOMY YTO BO BpeMs 3aIlycka
R unnumanusupyercs rpaguueckuil apaiiBep ycTpoiCTBa, KOTOPBIA OTKPBHIBAET CHEIMAIBHOE
rpaguyeckoe OKHO I OTOOpPaKEHHsS WMHTEPAKTHBHOW Tpapuku. XOTS OSTO JeIacTcs
ABTOMATHYECKH, IMOJIE3HO 3HATh, uTO Hcmoib3yeTcss komanaa X11() mox UNIX, windows()
nog Windows u quartz() mox OS X. HoBoe ycTpoiCTBO Bcerja MOKET OBITh OTKPBITO C
nomorisio dev.new().

[Ipu 3amycke npaiiBepa yCTpOHWCTB MOTYT UCIIOIB30BAaThCsI KOMaHbI pucoBanus R s
IMMPOU3BOACTBA Pa3JINYHBIX rpa(bnqecmflx OT06pa)K€HI/II\/'I 1 CO3JaHus IMMOJHOCTHIO HOBBIX THUIIOB
M300paKCHUM.

KOMaH,Z[BI PpUCOBaHUA Ppa3ACIICHbBI HAa TPHU OCHOBHBIX I'PYIIIIBI:

o BrbicokoypoBHeBble (QYHKIMH PHCOBAHUS CO3JAI0T HOBBI PHUCYHOK Ha
rpauuecKoM YCTPOHCTBE, BOZMOXKHO C OCSIMH, METKaMH, 3aroJIOBKaMU U TaK
nanee.

o HuskoypoBHeBble (QYHKIUM pPHCOBaHMS JOOABISIIOT JIOTOJIHUTEIBHYIO
MHQOPMAIMIO K CYIIECTBYIOIIEMY PHUCYHKY, TakHe KakK IOIOJHUTEIbHBIC
TOYKH, JINHUHU U METKH.

o MHurepakTuBHBIe Tpaduueckue GYHKIMHM TO3BOISIOT B HHTEPAKTHBHOM
pexxume 100aBUTh, MO0 M3BJICYb MH(POPMALIUIO O CYHIECTBYIOIIEM PHCYHKE,
UCTIONB3YA TpaduIecKnii MaHUITYISTOP, HAIPUMED, MBIIIb.

Kpome toro, R mognep:xuBaeT Cnucok rpauuecKkux mapaMeTpoB, KOTOPHIMUA MOXHO
YNPaBJIATH AJIs1 HACTPOMKH PUCYHKOB.

OTOT CHPaBOYHMK OMMCHIBAET TOJBKO TO, YTO H3BECTHO Kak 'Oa3oBas’ rpaduka.
OtnenbHas rpaduyeckas mojacucTema B makere grid cocymiecTByer ¢ 6a30Boit - oHa Oojee
MOIIIHAs, HO €€ TPYAHEee HCIoNib30BaTh. EcCTh pexoMeHnyemblii maker lattice, xoropsrit
nocTpoeH Ha grid u mMeeT MHCTPYMEHTHI ISl MTOJYYEHHsI COCTAaBHBIX IpaMKOB HAIoxo0une
TeM, KoTopbie umetorcst B Trellis cucremsr S.

12.1. BricokOypoBHeBbIe KOMAaH/Ibl PUCOBAHMS
BbicokoypoBHEBBIE (YHKIHMM PHCOBAaHUS pa3padOTaHbl IS TEHEPaluH IOJHOTO
pUCYHKa JaHHBIX, MepelaHHbIX (PYHKIMM B KauecTBe mapamerpoB. Ilpum Heobxommmoctn
ABTOMAaTUYECKH TEHEPHPYIOTCS OCH, METKHM U 3aroJIoBKH (€Clid He YKa3aHO WHaue).
BbicokOypoBHEBBIE KOMaH/AbI PHUCOBAHMS BCEr/a 3allyCKalOT HOBBIH pPHCYHOK, CTUpas
TEKYIIUI PUCYHOK B CIIy4ae HEOOXOIUMOCTH.

OnHa u3 HauboJiee YacTo UCIONb3yeMbIX (YHKIMI pucoBanus B R - ¢pynkmms plot().
D10 yHHBepcaibHas QYHKIHS: THI MPOU3BEICHHOTO PHCYHKA 3aBHCHUT OT THIIA WIU KIACCA
HIEpBOTO IMapaMeTpa.

plot(x, y)

plot(xy) Ecmu X u Yy - BekTopsl, To Plot(X, ¥) BBIBOAUT KOppeiorpaMmmy Y 1o X.
Tor xe camblii 3pdekT MoxKeT ObITh MONy4YeH, MPEAOCTABIAS OIMH
mapametp (BTopas (opma) WM KakK CIUCOK, COJEpKaIluid JBa
AJIEMEHTA X U Y WM KaK MaTPHUILy U3 JABYX KOJOHOK.
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plot(x) Ecmu X - BpeMeHHO# psiji, TO BRIBOJUT rpaduk BpeMeHHOro psaa. Eciu
X — BEKTOP 4HCEJl, TO BBIBOJAUTCS PUCYHOK 3HAaUYEHUH B BEKTOPE IO €TI0
MHJECKCY B BEKTOpe. Ecim X - KOMIUIEKCHBIM BEKTOp, TO BBIBOJUTCS
rpadMK MHUMOHM YacTH NPOTUB JEHCTBUTEIBHBIX YacCTeH HJIEMEHTOB

BEKTOPA.

plot(f)

plot(f, y) f - daxTopubii 00BeKT, Y - uymcaOBOH BekTop. IlepBas (dopma
reHepupyeT pucyHok Oapa f; Bropas ¢opma mpou3BOAMT CBEYM Y UIs
Kaxoro yposHs f.

plot(df)

plot(~ expr)

plot(y ~ expr) df - ¢peiim naHHbBIX, Y - TH000i 00BEKT, EXPI - CIIMCOK UMEH 0OBEKTOB,
pasnmeneHHbIx ‘+’ (Hampumep, a + b + c). IlepBeie nBe dopmyibl
BBIBOJIAT TpaduKU pacrlpeleieHus] MEePeMEeHHBIX BO (peiime JaHHBIX
(mepBast ¢dopmyna) WIM MHOTHX HMEHOBAaHHBIX OOBEKTOB (BTOpas
¢dopmyna). Tperbst ¢opmyna pucyer Y HpPOTHB KaXIOro OOBEKTa,
yKa3aHHOMY B €Xpr.

R obecneunBaeT /1Be OYEHB MOJC3HBIX (DYHKIMH TSI TIPEACTABICHUS MHOTOMEPHBIX
naHHbIX. Ecm X uncnoBas maTpuiia win GppeimM TaHHBIX, TO KOMaH/Aa:

> pairs(X)
IPOU3BOAUT MOMAPHBIE PUCYHKH PACCEMBAHUS NMEPEMEHHBIX, ONPEICICHHBIX CTONOmaMu X,
TO €CTh, Kaxabli cromdenr X rpaduueckd H300pakeH NPOTHB J0OOro crojbdua X H

pesynbrupytonme N (N - 1) rpadukoB pacronoxeHbl B BUAC MATPHUIBI C MOCTOSHHBIM
MacmTaboM PUCYHKA IO CTPOKAM M CTOJI0IIaM MaTpPHIIBI.

PaccmoTpenne Tpex WM 4eThipeXx mepeMeHHbIX COplot moxer ObITh Gosee
noyuuTenbHbIM. Eci @ u b - 4mciaoBble BEKTOPHI, a C - YHCIOBOW BEKTOPHBIA WK
(bakTOpHBII 00BEKT (OIMHAKOBOM IITMHBI), TO KOMaH/A!

> coplot(a~b|c)

IPOU3BOAUT HAOOP PHCYHKOB pacceMBaHMs @ MpoTHB D ast maHHOTO 3Ha4YeHus C. Ecmu C -
(dakTop, TO 3TO MPOCTO O3HAYAET, YTO @ rpaduUecKu U300paKkaeTCs MPOTHB D s KaKa0ro
ypoBHst C. Kora C sIBIsieTCSI YUCIIOBBIM, TO OH Pa3/IeiCH Ha PsJl YCJIOBHBIX HHTEPBAJIOB M IS
Ka)XJ0ro MHTEpBaia @ rpapuuecku n300paxkaeTcst MPOTHB D st 3Ha4YeHUs C B Mpeaenax
UHTEepBaJa. YUCIOM W TMO3MUIMEH MHTEPBAJIOB MOXKHO YIpaBlsATh myTteM given.values =
napamemp, a st coplot() - dbyukuums co.intervals() mosnesna mist BeIOOpa HHTEpBaIOB. TaKke
MOYKHO UCIIOJIb30BaTh JIBE MIEPEMECHHBIC B KOMAH/IE, KaK:

> coplot(a~b|c+d)

KOTOpasi MPOU3BOJUT PUCYHKH PACCCMBAHUS @ TNPOTHUB D Ui KaXIOro OOBETMHEHHOTO
YCJIOBHOTO MHTepBasia C u d.

Oyukiuu  coplot() u pairs() obe OGepyr mapamerp panel=, KOTOpbIi MOXHO
UCIIOJIB30BAaTh JUIsl HACTPOMKY THUIIA PUCYHKA, KOTOPBIN MOSABIISAETCS B KaXA0U U3 maHenen. I1o
yMOJTYaHHUIO TpuMensieTcst Points() mis BeiBoja rpaduka pacceMBaHMs, HO MyTEM yKa3aHHUs
HEKOTOPBIX IPYTMX HU3KOYPOBHEBBIX (DYHKIMU rpaduiku IBYX BEKTOPOB X M Y KaK 3HAUCHUE
panel =, MoxHO mpom3BecTH JO0OW THI PHCYHKA, KOTOPBIA moxenaere. [Ipumepom
nosne3Hou ¢pynkuuu panel mst coplots seisercs panel.smooth().
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Jlpyrue BBICOKOYPOBHEBbIE (YHKIMU TpauKu MTPOU3BOIAT PpaA3IUYHBIC THUIIBI
pucyHkoB. HekoTopelie mpumMepsl:

ggnorm(x)

qqgline(x)

qgplot(x,y) TI'paduku cpaBHeHHs-pactpeneicHus. [lepBblii  BapuaHT pPHUCYET
YHUCJIEHHBIM BEKTOP X B CPaBHEHHMH C OxuaaeMblM HopmaibHBIM
pacripenieieHueM  KBaHTWieW (Tpaduk 3HAYeHMH TEepUEHTUIICH,
OTHOCALIMXCS K JIOJIEBBIM OLIEHKAaM), a BTOPOH J00aBIseT MNPAMYIO
JUHUIO K TaKOMY rpaduKy, MPOBOJs €€ yepe3 paclpeesieHue JaHHbBIX
U KBapTWIM. TpeTWii BapHaHT BBIBOAWT KBAHTHIUM X IO Y IUIs
CPAaBHEHUS UX PACIPEIECIICHUM.

hist(x)
hist(x, nclass=n)

hist(x, breaks=b, ...) Ilpou3BoaUT THUCTOrpaMMy 4YHCJIOBOTO BekTOpa X. OOBIYHO
BBIOMpAETCS  pa3yMHOE KOJIMYECTBO HMHTEPBAIOB TPYIIHUPOBKH, HO
MOYHO JIaTh PEKOMEHIAIHNIO TyTeM nclass = napamemp. Kpome atoro,
TOYKH pa30OMEHUs MOXHO TOYHO 3a1arh nyreM breaks = napamemp.
Ecmu man  mapamerp probability=TRUE, ©6apsl mpeacraBiasioT
OTHOCHTEJIbHBIE YaCTOTHI, pa3jieieHHbIC HA MIMPHHY KOJOHKH BMECTO
pacyYETHOM.

dotchart(x, ...) Co3maer ToueyHyl0 OUarpaMMy JaHHBIX B X. B ToueuHoii
auarpamMme ochb Y J1aeT MapKUpOBaHHE JaHHBIX B X, M OCh X JAeT CBOE
3HaveHune. Hampumep, 3TO MO3BOJIAET JETKUH BU3YyalbHBIM BHIOOpP BCEX
BBOJIOB J@HHBIX CO 3HAYEHUEM, HaxXOJAUIMMCS B YKa3aHHBIX
Juarna3oHax.

image(x, v, z, ...)
contour(x, Y, z, ...)

persp(x, vy, z, ...) I'papuku  Tpex mepemennbix. ['paduk image pucyer
NpSIMOYTOJIBHYIO ~ CEeTKYy, HCHOJb3ysl  pa3juuHble IBeTa  JUIS
NPEJCTaBICHNUS 3HaYeHUs Z, Tpauk CONtOUr pucyeT ropH30HTAIN IS
MpEeACTaBICHUS 3HaUeHue Z, 1 rpaduk persp pucyer 3D mMOBEPXHOCTS.

EcTp psin mapaMeTpoB, KOTOpbIE MOXKHO MEpeiaTh ISl BRICOKOYPOBHEBBIX (DYHKIIUI
rpaduKH, TaKUe Kak:

add=TRUE 3acraBnsier (YHKIUIO [ICHCTBOBATh B KAaueCTBE HU3KOYPOBHEBOM
GyHKIIMU TpauKd, HAKIAOpIBas PHUCYHOK HAa TEKYIIHA PHCYHOK
(TOTBKO JIs1 HEKOTOPBIX (DYHKITHIA).

axes=FALSE TIlogaBisier TeHepaIuio oceil - MoJIe3HO s JO0OaBJICHUS COOCTBEHHBIX
oceii ¢yukumeri axes(). Ilo ymomuanuio, axeS=TRUE o3nauaer
BKJIFOUEHHUE OCEM.

Iog:llxll
log="y"
log="xy" [IpuBoguT X, y wim o0e ocu K Jorapudmuueckomy wmacmrady.

CpabaTbIBaeT He JUIsl BCeX BHJIOB rpa)uKoB.
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type= type=napamemp YUpPABISET THIIOM TPOU3BOJAMMOro rpaduka, a
UMEHHO:
type=""p” Pucyet otnenpHbIe TOUKH (1TO YMOTYAHHUIO)
type=""1" Pucyer nunun
type=""b" Pucyer Touku, coefuHEHHBIC TUHUSIMHI
type=""0" Pucyet Touku, nepekpsIThie TUMHUAMU
type=""h" Pucyer BepTuKanbHBICE JIMHHUM OT TOYKH JO HYJIEBOH OCH
(6vicokas nnomnocmv)
type:,’s,,
type=""S" Crynenuarass (QyHKUUs pucoBaHus. B mepBoM ciyuae Bepx
BEPTUKAJIHHOHN JIMHUH OTIPENENSICTCS TOYKOH, BO BTOPOM — HU3.
type=""n" Boobme He pucyer. OmHako ocu Bce elle pHUCYIOTCs (IO
YMOJTYaHHIO), ¥ CHUCTEMa KOOPAWHAT YCTAHOBIIEHA COTJIACHO
JAaHHBIM. Nnean  pgnst pucoBaHusT  MOCIEAYIOIIUMHU
HU3KOYPOBHEBBIMU (DYHKITUSMU TPAPUKH.
xlab=string

ylab=string Metku mis oceii X u Y. Mcnoap3yiiTe 3TH mapaMeTpsl IS H3MEHEHHS
MCTOK IIO YMOJIYaHUIO, OGBI‘IHO HNMCH O6’BGKTOB, HCIIOJIb3YCMBIX B
BBI30BE BHICOKOYPOBHEBOW (DYHKIIMH PUCOBAHUSI.

main=string 3ariaBue pUCyHKa KPYIHBIM HIPU(PTOM B BEpPXHEHl YaCTH PHCYHKA.

sub=string  Tloa3aros0BOK MEHBIIUM MIPU(TOM YYTh HUKE OCH X.

12.2. Hu3koypoBHeBbIe KOMAH/bI PHCOBAHUS
NHorma BeICOKOYpOBHEBBIC ()YHKIIMM PUCOBAaHMS HE JAOT TpeOyeMbld B rpaduka.
B »TOM ciydae MOKHO HCHOJIB30BaTh HHU3KOYPOBHEBBIC KOMAHIBI PHUCOBAHUS, UYTOOBI
npuOaBUTh JIOTIOJIHUTENbHYIO HH(pOpMAIMio (TaKyl0 KaK TOYKH, CTPOKM MM TEKCT) K

TeKyIeMy rpaduky.

Hexotopsbie u3 Hanbosee moyie3HbIX HU3KOYPOBHEBBIX IpauiuecKux (PyHKITHIL:

points(x, y)
lines(x, y)

text(x, y, labels, ...)

[IpubaBnseT TOYKH WM CBS3BIBAIONINE JUHUU K TEKYIIEMY
rpaduky. ns plot() type = napamemp Taxxke mepemaacT dTUM
¢yukuusam (v mo ymonuanuto kK "p" mis points() u "I" mns
lines()).

JlobaBjieHHe TeKCTa K PHCYHKY B TOYKax, YKa3aHHBIX X,Y.
OO6bruno labels - nemounciieHHpIii WM CUMBOJIBHBIA BEKTOD, B
stom ciyuae labels[i] rpaduuecku nzodpaxen B Touke (X [i], y
[i]). [To ymomuanuto 1:length (x).

3ameuanue: OJTta  (QYHKOMS ~ 4YacTO  HUCHONB3YeTCsl B
MI0CJIEIOBATEIBHOCTH:

plot(x, y, type="n"); text(x, y, names)

I'papuueckuit mapamerp type = "n" momaBisieT TOYKH, HO
ycTaHaBimuBaeT ocu, a ¢yuknus text(), mnpemocraBiser
CIeUalbHBIC CHMBOJIBI, KOTOpbIE 3aJaHbl HWMCHAMH B
CHMBOJIbHBIM BEKTOPE ISl KKIOH U3 TOUEK.
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abline(a, b)
abline(h=y)
abline(v=x)
abline(Im.obj)

polygon(x, y, ...)

BBegenue B R

[Mpubasnser cTpoky HakioHa D W cMerieHue a K TeKylieMy
pUCYHKY. h=Yy MoOXeT uCmoNb30BaThCs Ui yKa3aHus Y-
KOOPJMHATBI BBICOTHI TOPU3OHTAJIBHON JMHUUM HA PUCYHKE, W
V=X Tak e U X-KOOPAWHAT JUIs BEPTUKAIBHBIX CTPOK. Taroke
Im.obj MoXxeT ObITh CTUCKOM C KOMIIOHEHTOM KO3()()UIIUCHTOB
JUTAHBI 2 (Takoil Kak pe3yabTaT (PYHKIIMH MOATOHKH MOJICIIH),
KOTOPBIC B3SITHI B KAUeCTBE CMCIICHHMS W HAKJIOHA MMEHHO B
TaKOM TIOPSITIKE.

Pucyer MHOrOyrosbHUK, OIPEIEICHHBIM YIOPAIOYCHHBIMU
BepmuHamMd  (X,y), ©  (JOMOJHHUTEIBHO) 3aTEHSET  €ro
IITPUXOBKOW, WM 3aKpallMBaeT €ro, €ciu Trpadpuueckoe
YCTPOMCTBO TO3BOJISIET 3aKPACKy PUCYHKOB.

legend(x, y, legend, ...) [TpubaBnsier nereHay TEKyIIEMYy PUCYHKY B YKa3aHHOM

no3unuu. Hauepranusi CMMBOJIOB, CTUJIU JIMHUM, [IBETA U
T.4., ONPCACIAOTCAd MCTKaMU B CHUMBOJIBHOM BCKTOPC
ommcanus. [lo kpaiiHelr Mepe, OAMH apryMeHT V (BEKTOP
TaKoOM e JUIMHBI KaK OMHCAHUE) C COOTBETCTBYIOLIUMU
3HAYEHUSIMU €AMHUIl U3MEpPEHUsl IOJDKEH TakkKe ObITh
3aJlaH CIIeIYIOmUM 00pa3oMm:

legend(, fill=v) I[BET 3aIOJIHEHUS MPSMOYTOJbHUKA
legend( , cov=v) I[BET TOYEK WJIA JIHHHMA

legend(, Ity=v) CTHJIb JINHUU

legend( , lwd=v) [IMPUHA JTHHUN

legend( , pch=v) pPUCYET CUMBOJIBI (BEKTOP CHMBOJIOB)

title(main, sub)

axis(side, ...)

HuzkoypoBHEBBIE
MH(OpPMAIIHIO PaCTIONOKEHUS (HalIpUMep, KOOPIMHATHL X U Y) ISl ONPEIESIICHUS TTOJIOKCHUS
HOBBIX DJJICMEHTOB pHCyHKa. KoopaumHaTel AaHBI C TOYKHM 3pEHHS IOJIb30BATEIbCKHUX
KOOPJIMHAT, KOTOpBIE OINpEeNeNeHbl MPEeabIIyIeii BRICOKOYPOBHEBOH KOMaHIOW rpaduku U
BBIOMPAIOTCSI HA OCHOBE MPEI0CTABICHHON HH(OPMAITHH.

[IpubaBnsieT cBepXy OCHOBHOHM 3arojIOBOK TEKYIIETO PHUCYHKA
OoJybIIM TIPUPTOM, U (JOMOJHUTEIBHO) TOA3aroIoBOK SUD B
HUKHEHW YaCTH MEHBIIUM IIPUPTOM.

[IpubaBnsger ock K TEKyIIeMYy PUCYHKY Ha CTOpPOHE, TaHHOMN
nepBbIM napameTrpoMm (1 - 4, pacCUMThIBasi O YaCOBOM CTPEIIKE
OT HWXHEW 4actu.) [Jlpyrue mnapaMeTpsl  YIPaBIISIFOT
pAacIlOJIOKEHUEM OCH BHYTPHM WIH PSAOM C PUCYHKOM, H
MO3UIMH  OTMETOK W MeToK. IlomesHo st  moOaBieHUS
MOJIB30BATEIbCKUX Oceil mocie Bei3oBa Plot() ¢ aprymentom
axes=FALSE.

(GYHKIIUM  pUCOBaHUsA OOBIYHO  3aNpPAIIUBAIOT  HEKOTOPYIO

Ecan nmapaMeTpel X U 'Y O6H3&T€HBHBI, TO AOCTATOYHO MPCAOCTAaBUTL OJWH APTryMCHT

U3 CIKCKa C DJIEMEHTaMH 10 UMCHHU X H Y. MaTrpuiia ¢ TAKUMH K€ JABYMsI CTOJOLAMH - TAK)Ke
JONyCTUMBIA BBOJA. Takum oOpa3zoMm, ¢yHkuuu, Takue kak locator() (cMm. HuXke) MOryT
UCIIOJIb30BATHLCSI IS ONPE/ICIICHHSI TO3HUIIMKM HA PUCYHKE B HHTEPAKTHBHOM PEXUME.

Ctpanuna 75



BBegenue B R

B HEKOTOpHBIX Citydasx MoJje3HO MPUOABUTH MaTEMAaTUYECKUE CUMBOJIBI U (POPMYITBI K
PUCYHKY. DTO MOXKET OBITh IOCTUTHYTO B R HE CHMBOJILHOM CTPOKO# B Jr000M U3 text, mtext,
axis wmm title, a omucanmem BbIpakeHus. Hampumep, ciepyrommii kox pucyer (Gopmyry
OMHOMHUATBHOU (PYHKITUU pacTpeieICHUs:

> text(x, y, expression(paste(bgroup(" (", atop(n, x), ")), p”*x, g™{n-x})))

bonee mompoOHyr0 wuHGpOpMaIMIO, BKIOYAs IMOJHOE MEPEUUCICHUE IOCTYITHBIX
BO3MOXKHOCTEH, MOXKHO MOJIY4YHUTH B R, HCTONb3ys KOMaH/IbI:

> help(plotmath)
> example(plotmath)
> demo(plotmath)

MoxHo crnenuduIupoBaTh BEKTOpHBIC MpU(TH Xepmu ais peHICpUHTa TEKCTa,
KOTJ]a HMCHOJNB3YIOTCS (YHKIMH KOHTypa M Tekcrta. ECThb Tpu NPUUMHBI HCIOJIB30BAHUS
mpudToB Xepuu:

o IHpudter Xepum MOTYyT JaTh JIYUIIMKA pe3yabTaT 0COOEHHO Ha MOHUTOPE IS
MOBEPHYTOI'O M/MJIN MEJIKOTO TEKCTa.

o [pudrter Xepru npeaocTapiIsioT HEKOTOPbIE CUMBOJIBI, KOTOPbIE, BO3MOKHO,
HE JIOCTYNHBI B CTaHIApTHBHIX mpudrax. B wacTHOCTH ecTh 3Haku 3o1uaxa,
KapTorpapuueckue CUMBOJIbI U aCTPOHOMUYECKHE CUMBOJIBI.

o I[pudrer Xepmu oOecneunBaroT Kupuuimdeckue u snoHckue (Kana wu
Kann3u) cuMBOJIBL.

bonee moapoOHyro wuHpOpManuu, BKIIOYas TaOJWIBI CHMBOJIOB XEpIIH, MOXKHO
MOJIYYHUTh B R IMyTEM UCIIOJIb30BaHHA KOMaHI:

> help(Hershey)
> demo(Hershey)
> help(Japanese)
> demo(Japanese)

12.3. UnTepakTuBHas rpadguka
R takxe oOecneunBaeT (QyHKIIMH, KOTOPBIE IMO3BOJSIOT TMOJIH30BATEISAM H3BIICKATh
Wik TpuOaBIATE WHPOPMAIMIO K PUCYHKY C TOMOIIBIO MbIH. CaMoil MpOCTON M3 HUX
sBasieres Gpyukuus locator():

locator(n, type)

OxujaeT MOJb30BATEIbCKHI BBIOOP PACIOJNOKEHHUSI Ha TEKYIIeM
PHCYHKE, UCTIOJIB3YS JICBYIO KHOIKY MBIIIH. JTO MPOAOJIKACTCS 10 TEX
mop, moka He OynmeT BbIOpaHo N (1m0 ymomyaHuio 512) Todek, Wiu
HakaTa Jpyras KHOMKa MbIind. [TapameTp type mpuMeHUM Ui BBIBOJA
OTMEUEHHBIX TOYEK U JICHCTBYET TakK)Ke, KaK BBICOKOYPOBHEBBIC
KOMaHbl TpapHuKH; MO YMOIYAHHIO: BBIBOJI OTCyTCTBYeT. locator()
BO3BpAIAaCT PACIIOJOKEHHS TOYCK, BHIOPAHHBIX KaK CIHCOK C JBYMSI
KOMITOHEHTaMH X H Y.

locator() o0ObIMHO BBI3BIBAIOT 0€3 MapaMeTpoB. DTO OCOOCHHO TOJE3HO IS
MHTEPAaKTUBHOIO pEXHMMa BbIOOpa MO3MLIMM JUIsl TpaQUUeCKHX JJIEMEHTOB, TaKMX Kak
JeTeH/Ibl UM METKHU, KOT/Ia TPYAHO BBIYMCIMTH 3apaHee, KyJa HaJo MOMECTHTb Ipaduky.
Hampumep, 4T00bI MTOMECTHTH HEKOTOPHI HHPOPMATHBHBINA TEKCT OKOJIO OTAAICHHON TOYKH,
KOMaH/a
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> text(locator(1), "Outlier”, adj=0)

MOYET OBITh TOsIe3HO#. locator() OymeT MTHOPHPOBATHCS, €CIIM TEKYIIEE YCTPOUCTBO, TAKOE
Kak Postscript He OyzneT moaaepKUBaTh HHTEPAKTHBHOE yKa3aHUE.

identify(x, y, labels)

[To3BomsieT MOIB30BATENIO BBIICIUTD JHOOYIO U3 TOUYEK, OMPEAEICHHBIX
X W Y (MCHONB3YIOIIUHA JIEBYI0 KHOIKY MBIIIM) PHUCOBAaHUEM
COOTBETCTBYIOLINI KOMIIOHEHT METOK NMOOIU30CTH (MM MHJIEKC TOUYKH,
€CITi METKHM OTCYTCTBYIOT). Bo3Bpariaer MHIEKChl BBIOPAHHBIX TOYEK
MPY HAKATOW IPYroi KHOIIKE.

WHorna xenarebHO UISHTU(HUIMPOBATH ONPEACICHHBIC TOYKH Ha PUCYHKE, a HE UX
no3unnu. Hampumep, HeEoOXoauMO BBIOpaTh HEKOTOPOE HMHTEpecyeMoe HaOJIOJCHHE Ha
rpadu4ecKoM JUCILIee, a 3aTEM OIPEIeJIEHHBIM CIIOCOOOM YIPABIATh 3TUM HAOIIOACHUEM.
JInst monydeHHs: 3HAUCHUS] KOOpAWHAT (X; Y) B JIBYX YHCIOBBIX BEKTOpax X WM Y MOXKHO
ucnonp3oBath Gynkuuto identify() cnemyronmm oopazom:

> plot(x, y)
> identify(x, y)

Oyukius identify()nenocpeacTBEHHO He BBIMOIHIET PUCOBAHUS, a MMPOCTO MO3BOJISIET
IOJTB30BATENI0 MEPEMENIaTh yKa3aTelb MBIIIM W INEIKAaTh JICBOH KHOIMKOW MBI OKOJIO
TOoYKH. EciaM TOdYka CyIIecTByeT OKOJO YKa3aTessl MBIIIM, TO OHAa OyJeT OTMeYeHa C ee
UHJIEKCOM (TO €CTh, €¢ MO3UIlKMel B BekTopax X/y) rpaduuecku m300paKCHHOU MOOIM30CTH.
Kpome 3Toro, MOKHO HCIOJIBb30BaTh HEKOTOPYIO WH(POPMATHBHYIO CTPOKY (TaKyro Kak HMs
BBIOOpA) Kak BBIACICHUE IyTeM HCHOJIb30BaHus mnapamerpa labels ms identify(), wim
OTKJIIOYMTH MapKUPOBKY B 1esioMm mapamerpom plot = FALSE. Korma mporiece 3aBepiieH (CM.
Boimie), identify() BosBpamiaeT WHIEKCHI BBIOPAHHBIX TOYEK; MOKHO HCIIOJNB30BaTh 3TH
WHJICKCHI [T U3BJICYCHUS BEIOPAHHBIX TOUYEK U3 HCXOIHBIX BEKTOPOB X H Y.

12.4. Ucnoan3oBanue rpaguyeckux napaMmeTpoB

Co3naBas rpaduky, 0cOOCHHO Ui BBICTYIUICHUH MM MyOJIMKanui, mo ymomyanuo R
HE BCerjaa BBIBOJUT MMEHHO TO, 4To TpeOyerca. OJHAKO MOKHO HACTPOUTH MPAKTUYECKU
KaX/IbIil acleKT I0Ka3a, MCIOoJIb3ys rpaduuecKkue mapaMeTpsl. R MOJIepKUBaeT CIMCOK U3
00JBIIOr0 YHcla rpa@HUuecKux MapaMeTpoB, KOTOPHIE YNPABISIOT BEllaMHU, TaKUMH Kak
CTHJIb JIMHUM, 1IBETA, PACIIONIOXEHUE PUCYHKAa U TEKCTOBOE BBIPABHMBAHUE CPEIUd MHOTHX
Apyrux. Y Kaxaoro rpaguueckoro mapamerpa ecth uMs (Takoe Kak 'COl' s 1Bera) u
3HaueHue (HOMEp LIBETA, HAIIpUMED. )

OtTnenbHBIN CIMCOK TpadUIecKuX MapaMeTpoB COXPAHACTCS JUI KaKIOTO aKTHBHOTO
BJIEMEHTA, W Y KaXAOro YCTPOWCTBA €CTh HA0Op MapaMeTpoB IO YMOJIYAHHUIO NpHU
MHHIMaT3anuu. [ paduyeckne mapameTpbl MOTYT OBITh YCT@HOBJIEHBI IBYMSI CIOCOOAaMHU:
a100 TOCTOSIHHO, BIUSS Ha Bce rpaduueckue (QyHKIMH, KOTOpBIE IOJIYYalOT IOCTYI K
TEKyIIEMy YCTPOWCTBY; WJIHM BPEMEHHO, BIIUSS TOJBKO HAa OTACNBHBIA BBI30B TpaduuecKont

byHKIMN.

Gynkuus par() ucnomp3yercss sl JOCTyNa W M3MEHEHHS CIHCKa TpaduvecKux
apaMeTpoB Ul TEKYLIETo rpa)uyeckoro ycTpoicraa.

par() be3 mapameTpoB, BO3BpaIlaeT CIIUMCOK BceX rpauueckux mapameTpoB U
UX 3Ha4E€HHUs AJIS TEKYILEro yCTpoicTBa.

par(c(*"col", "lty"))

Ecniu  apryMeHT CHMBOJBHBI BEKTOp, TO BO3BpAIlaeT TOJBKO
MMEHOBaHHbIE rpaduyeckre mapameTpsl (CHOBa, KaK CITUCOK. )
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par(col=4, Ity=2)
C moMMEHOBaHHBIMH TapaMeTpaMH (WM OJHUM OOIIUM CIHUCKOM
apryMEHTOB) YCTAHaBJIMBAET 3HAYEHHWE HMEHOBAHHBIX TIpapUUeCcKuX
mapaMeTpoB, M BO3BpAIacT HCXOAHBIE 3HAYCHUA IIapaMeTpPOB Kak
CIIMCOK.

[Mpu ycranoBke rpaduyeckux mapamerpoB (yHkimed par() 3HaYeHHs MapaMeTpoB
U3MEHSIOTCS TOCTOSHHO, B TOM CMBICJIE, YTO Ha Bce OyAyIIHMe BBI3OBBI TpapHUuecKuX
GbyHKIMA (Ha TEKyIIeM YCTpPOMCTBE) OyAeT BIMATH HOBOE 3HaueHHWe. MOXXHO AyMarh 00
YCTAHOBJICHHBIX I'pa)MUecKUX MapaMmerpax Kak o0 yCTaHOBKE 3HAYCHHMH "NO yMOJT4aHUIO"
JUIsL TTApaMETPOB, KOTOPbIE OYIyT MCIOIb30BaThCSl BCEMH TpadudecKuMu (QyHKIUSMU, €CIn
IIOTOM HE 33/1al0TCS alIbTepHATUBHbIC 3HAYCHHUS.

3ameTuM, 4TO BBI30BHI Par() 6cec0a BAWSIOT Ha TII00ATbHOEC 3HAUYECHUE TPaHUUSCKUX
napaMeTpoB, Jaxe mnpu par() Be3oBe W3HYTpU (YHKIMU. DTO YacTO HEXKEIaTelbHOES
TIOBEJICHHE - OOBIYHO JKEJIATEIIbHO YCTAHOBUTH HEKOTOPBIE rpaduyeckre mapaMeTpsl, CIenaTh
HCKOTOPBIC PUCYHKH, 4 3aTEM BOCCTAHOBUTL UCXOJHBIC 3HAUCHUS, ‘ITOGBI HE BJIUATH HAa CCaHC
noib3oBaresi R. M0OXHO BOCCTaHOBUTHh HayallbHBIC 3HAYCHHUS MPH BHECEHWH HM3MCHEHHH,
coxpaHsisi pe3yiabTar par(), ¥ BOCCTAHOBUTH IEPBOHAYAIBbHBIC 3HAYCHHUS IO 3aBEPLICHUIO
pHUCOBaHUS.

> oldpar <- par(col=4, Ity=2)
. . . KOMaHJbl pUCOBAHUA . . .
> par(oldpar)

UToOBbl BOCCTAaHOBUTH BCE YCTAHOBJIEHHBIE TIpaduueckue mapaMeTpbl CIeayeT
UCII0JIb30BATh:

> oldpar <- par(no.readonly=TRUE)

. . . KOMaHJbl pUCOBAHUA . . .

> par(oldpar)

I'paduueckue mapameTpbl MOXHO Takke Mepenarb (moutd) Jo0oil rpaduueckon
(GYHKIMM KaK IMEHOBaHHBIE MapaMeTphl. JTO IEHCTBYET Tak ke, Kak repeaada mapamMeTpoB
Gynkmum par(), 3a UCKIIIOYSHUEM TOTO, YTO M3MEHEHUS JCUCTBYIOT TOJBKO BO BPEMs BBI30Ba
dbyakuun. Hanpumep:

> plot(x, y, pch="+"

MPOU3BOJUT PUCYHOK PACCEMBAHUS, UCIIOIB3Ys 3HAK "TUIIOC" B KAYECTBE CHMBOJIA PUCOBAHMUS,
HE U3MEHSIs1 CUMBOJI PUCOBAHUS IO YMOIYAHUIO JUIsl OyIYIIHUX PUCYHKOB.

K COXKAJICHUIO, 3TO HC PCAIU3YCTCA IMOJHOCTBIO IIOCICAOBATCIBHO, W HWHOrJA
HEOOXOIUMO YCTAaHOBHUTH M COPOCHTH IpaHueCKUe MapaMeTphl, HCIOob3ys par().

12.5. Cnucok rpa¢guyeckux napaMmeTpon
Crnenyromue paszfensl  JETATU3UPYIOT MHOTHME W3 HIMPOKO  HCHOJIb3YEMBIX
rpaduyeckux mapameTrpoB. B cmpaBouyHOM AokymeHTanuu mo R cBemeHus ans  QyHKIHS
par() mpenocTaBIeHbI KPaTKo; 3[1eCh JaH HECKOJIBKO Ooliee TI0ApOOHBIIT BapHaHT.

I'paduueckue napameTpsl OyayT IpeACTaBICHbI B ceayomei Gpopme:
name=value

Onucanve BO3AEHCTBUA IapaMmeTpa. Name  SBISETCS HMMEHEM
rapameTrpa, TO €CTh, UMs IlapaMeTpa JJId MCIOJIb30BaHUSA B BBbI30BAX
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par() wiu rpaduueckux (QyHkEsax. value - TUIUYHOE 3HAYEHHE,
KOTOpPO€ MOYKHO HCITOJIb30BaTh MPH 33[aHUH MTapaMETPOB.

3aMeTHM, 9TO OCH He rpad)uuecKue MmapameTpsl, a MapaMeTp HECKOJIbKHX METOJI0B
plot: cm. xaxt u yaxt.

Pucynku R cocraBieHsl U3 TOYEK, TUHUN, TEKCTA U MHOTOYTOJIbBHUKOB (3all0JTHEHHBIX
obnacreit). I'paduyeckne mapaMeTpsl CYIIECTBYIOT [UIs YIPABICHUS PHCOBAHUEM OSTHX
rpaduuecKux 3IEMEHTOB, @ UMEHHO:

pch="+" CumBOJI, KOTOPBI OyNeT MCIOIB30BATHCS MJIsi pUCOBaHUS TO4YeK. [lo
YMOJTYAHHUIO MEHSETCS B 3aBUCUMOCTHU OT rpaduueckux apaidBepoB, HO,
KaKk TpaBwio, Kpyr. ['paduyecku wu300pakeHHBIE TOYKH HMEIOT
TECHACHIINIO IOABJIATHCA HEMHOI'O BBIIIC HUJIN HUXKE COOTBGTCTByIOH_Ieﬁ
nn

O3ULMH, ecau Bel He ucnonb3yere "." B KayecTBe CUMBOJIAa pUCOBAaHMS,
KOTOPBIN TPOU3BOJUT LICHTPUPYEMBIE TOUKHU.

pch=4 Ecmu pch paBuo menomy uuciy mexay 0 m 25, TO MPOM3BOAMTCS
CHEIMAbHBIA CUMBOI me4yaTr. YToOBl YBHIIETh CHUMBOJ, UCTIOIB3YHTE
KOMaHy

> legend(locator(1), as.character(0:25), pch = 0:25)

CumBonsl ¢ 21 10 25 Moryt KonmupoBaTh 0oJjiee paHHHE CHUMBOJIBI, HO
MOT'YT OBITH OKpAIICHBI MMO-pa3HOMY: CM. CIIpPaBKy o POINtS u ee
IIPUMEPBHI.

Kpome Toro, pch Moxet ObITh CHMBOJIOM WJIM YHCJIOM B IUara3oHe
32:255 nns mpencTaBlieHUs CHMBOJIA B TEKYIIeM Ipudre.

Ity=2 Tunel nuHUKM. AJNBTEpPHATUBHBIE CTWIM JIMHUU HE MOJJIEPKHUBAIOTCS
BCEMHU TpapUUecKUMH YCTpOMCTBaMH (M pa3aMyaloTcs y pPasHbIX
YCTPOMCTB), HO TUMN | — 3TO Bceraa cruiomHas JuHus, TMO 0 JTUHUK
BCEr/la HEBUUM, U JTUHUS 2 U O0JbIlIe SBISIOTCS IITPUX-TTYHKTUPHBIMU
WM YHKTUPHBIMU JIMHUSMU, WJIA HEKOTOPOU KOMOMHAIHMEH 00enX.

Iwd=2 [upuna nuanu. TpeOyemasl mupuHA JIMHUA KpaTHa '"cTaHmaapTHOMR'
TOJIIWUHE JITMHUU. Bnuster Ha nuHuun OCH, a TaK KC Ha MPOBCACHHLIC
lines(), u T.1. He Bce ycTpoiicTBa MOAAEPKUBAIOT 3TO, M Y HEKOTOPHIX
€CTb OTPAaHUYCHUS Ha IIMPUHY, KOTOPOM MOKHO I10JIb30BAThC.

col=2 [[Bera, KOTOpBIE OyIyT HMCIOIB30BATHCS IJISI TOYEK, JIMHHUH, TEKCTa,
3aMoHEHUH 005acTu M u300paxeHud. YUCIo OT TeKyIied MaltuTphbl
(cm.?palette) nau Ha3BaHUS 1BETA.

col.axis

col.lab

col.main

col.sub [{BeT, KOTOPHI OyIET UCTIOIB30BATHCS ISl AHHOTAIIUU OCEH U METOK X
1 Y, 3ar0JI0BKa U MO3aroJI0OBKH, COOTBETCTBEHHO.

font=2 Ienmoe uncio, KOTOpoe onpeaesseT MpuQT, UCTIOTb3yEeMbIH JJISI TEKCTa.

Ecnu Bo3MOKHO, IpaiiBepbl YCTPOHCTBA OPraHU3YIOT 3TO TaK, YTOOBI 1
COOTBETCTBOBAJ MPOCTOMY TEKCTy, 2  MOJYXUPHOMY CTHIIO, 3
KYpCUBY, 4 TOIYXHUPHOMY KYpPCUBY H S5 CHMBOJBHOMY IIPHUQTY
(BKITROUArOIIEMY TpEUECKHEe OYKBBI).
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font.axis
font.lab
font.main
font.sub

adj=-0.1

cex=1.5

cex.axis
cex.lab
cex.main
cex.sub

pudt, KOTOPBI OyAET NCTIOIB30BATHCS ISl AHHOTAIIUHN OCEH U METOK
X ¥ Y 3arojIoBKa M IOJ3arojJ0BKOB, COOTBETCTBEHHO.

BI:IpaBHI/IBaHI/Ie TEKCTAa OTHOCHUTCJIIbHO IMO3UIIUN pI/ICOBaHI/IH. 0 O3Ha4yacT
BBIpAaBHHBAHKWE BJICBO, 1 O3Ha4YaeT BbIpaBHHBaHHWE BHpaBo u 0.5
O3Ha4dacT BBIpaBHI/IBaHI/Ie 10 I_[eHpr I‘OpI/IBOHTaJ'H:HO II0 IO3UlIUn
pucoBanus. @akTHYECKOe 3HAYECHUE - COOTHOIICHUE TEKCTa, KOTOPHIH
ITOSBJIACTCS HAJICBO OT IMMO3UIINU pI/ICOBaHI/IH, TaKuUM 06p3.30M, 3HAYCHUC
-0.1 ocraBnsier MeXAy TEKCTOM M mo3uied BeiBoga mpoden 10% ot
H_II/IpI/IHBI TCKCTaA.

Pactsokenne cumBosioB. 3HaueHue - TpeOyeMbIil pa3Mep CHMBOJIOB
(BKJItOYAsk BBIBOJMMBIE CHUMBOJIbI) OTHOCHUTEIBHO pa3Mepa TEKCTa II0
YMOJTYaHHUIO.

Pactsoxenne CHUMBOJIOB, KOTOpPOC 6y,Z[eT HUCIIOJIB30BaThCA  JJIA
aHHOTAIlMM OCe U METOK X H Y 3arojIoBKOB H II0OA3aroJIOBKOB,
COOTBETCTBCHHO.

MHorue BBICOKOYpPOBHEBbIE PHUCYHKH R HUMEIOT OCH, HO MOXHO C€O3JaThb OCHU
CaMOCTOSITEIILHO C MOMOINBIO HU3KOYpPOBHEBOU rpaduueckoit ¢pynkuun axis(). Ocu uMeror
TPU OCHOBHBIE KOMIIOHEHTHI. JIMHUIO OCH (CTHJIb JMHHUU IOJ KOHTPOJEM TpaduuecKoro
napamerpa Ity), mkany (koropas 0603HaYaeT AeICHHUE JIMHUU OCH CIUHHIIAMH M3MEPCHHS) U
METKH MIKanbl (KOTOpble 0003HAYalOT EIUHMIBI HW3MEPEHHSA.) DTH KOMIIOHEHTHI MOXKHO
HACTPOUTH CIEAYIOLUIUMH MapaMeTpaMu rpaduKH.

lab=c(5, 7, 12)

las=1

IlepBbie nBa ymcna - TpeOyemMoe YMCIO MHTEPBAJIOB Ha OCAX X U Y,
COOTBETCTBEHHO. TperTbe umcimo - Tpedyemas JJIMHA METOK OCH B
CHUMBOJIaX (BKJIIOYasl JECATUYHYIO TOYKY.) BbIOOp cnmmikom maioro
3HAQUEHMs U1 3TOTO IapaMeTpa MOXKET NPHBECTH K TOMY, 4YTO BCE
METKH MacIITaba OKpyTisaTcs K OTHOMY YuCiy!

Opuenranusa MmeTok ocu. 0 Bcerjia 03HavyaeT napajieinbHo ocH, 1 Bcerna
O3Ha4yaeT TOPU30HTAIBHO U 2 BCErJa O3HAYaeT MEPHEHIUKYISIPHO K
OCH.

mgp=c(3, 1, 0) [Mo3unnu KoMmoHEeHTOB OocH. [IepBhIii KOMITOHEHT - PACCTOSIHUE

tck=0.01

OT METKM OCH JI0 TMO3UIUM OCH B TEKCTOBBIX CTpOKax. Brtopoii
KOMIIOHCHT - paCCTO}IHI/Ie J0 MCTOK IIIKaJbl, H 3aKJIIO‘II/IT€JIBHBII>'I
KOMITOHEHT - PacCTOSIHHUE OT IMO3WIMU OCH JI0 JIMHUU OCH (OOBIYHO
Hynp).  llonoxkuTenbHble  yMciaa  M3MEPAIOT  BHE  PUCYHKAa,
OTpHUIIATEILHBIE YHCIIA - BHYTPH.

JInrHa METOK IIKaJIbl, Kak J0Jis pa3Mepa obnactu pucoBanus. Eciu tck
sBisieTcs: HeOonpmuM (MeHblie 4em 0.5), To METKHM Ha ocax X u Y
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NPUHYIUTEFHO UMEIOT OJIMHAKOBbBIE pa3sMephl. 3HaueHHe | Jaer ceTky
JIMHUH. OTpI/IHaTeHBHBIe BCIIMYHWHBI JAaKOT MCTKH BHC OGHaCTI/I
pucoBanus. Hcmomssyiite tck=0.01 uw mgp=c (1,-1.5,0) mua
BHYTPEHHUX METOK ILKaJIbI.

Xaxs='r

yaxs="1I Crunu 1751 oceit X u Y, cootBeTcTBeHHO. Co ctrusamu i (BHYTpEHHUI )
u "'r"" (mo ymMom4aHUIO) METKH IIKajbl BCET/Ia HAXOMATCS B Tpeaeiax
IAama3oHa [OaHHBIX, OJHAKO CTHIbL ' ocTaBisieT HEOOJIBIIOE
MPOCTPAaHCTBO Ha KpasX. (S MMeeT Apyrue CTHJIH, He Peali30BaHHbIC B

R).

OtnenbHblid pucyHOK B R m3Becten kak figure m BrIO4aeT 00JIaCTh PHUCYHKA,
OKPY>KEHHYIO TIOJIIMH (BO3MOXHO COJIEPIKAIIM METKH OCH, 3arOJIOBKH, U T.1.) B (OOBIYHO)
OTpPaHWYEH OCSIMHU HEMOCPEACTBEHHO.

Plot region

mail2]

I'paduueckue mapameTpsl, KOHTpoOJIUpYyOMmKe GopMart GUTYypHl BKIIFOYAIOT:

mai=c(1, 0.5, 0.5, 0) Illupuna noJsst BHU3Y, CJIeBa, BBEPXY H CIIPaBa, COOTBETCTBEHHO,
M3MEpPEHHas B Jr0iiMax

mar=c(4, 2, 2, 1) [Momo6HO Mai, 3a UCKIIFOYCHHUE TOTO, YTO SAUHUIICH U3MEPCHUS
SIBJISIFOTCSI CTPOKHU TEKCTA.

mar u mai SKBHBaJICHTHBI B TOM CMBICIIE, YTO HACTPOIKa OJJHOIO U3MEHSCT 3HAYCHUE
Apyroro. 3HaueHHWs IO YMOJIYaHUIO, BBIOpAHHBIE JJIsI ATOTO IapaMeTpa, SBISIOTCS YacTo
CITUILIKOM OOJIBIIMMH;, MPABOE IOJIE PEIKO HEOOXOJMMO, M HE HYXXHO BEpXHeEe I0JIe, eClin
3aroJIOBOK HE MCHONb3yeTcs. HIbKHIE U JIeBbIe MO JOJDKHBI OBITh JOCTATOYHO OOJIBIINMH,
YTOOBI pa3MECTUTh OCh M METKH Maciutaba. Kpome Toro, ymom4yanusi BeIOpaHbl 6e3 yueTa
pa3mepa MOBEPXHOCTH YCTPOMCTBA: HampuMep, MCmoib3ys postscript() mpaiieep ¢ height=4
napaMeTpoM TPHUBEIET K PHCYHKY, KOTOPBIH SBISIETCS MpUOMM3UTENbHO 50%-BIM MOJIEM,
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ecIIi Mar wiM Mai He YCTaHOBJICHBI sBHO. Kora BRIBOASTCS COCTaBHBIC QUTYPHI (CM. HIKE),
TO TOJSI YMEHBIIAIOTCS, OJIHAKO 3TO, BO3MOXXHO, HE JOCTATOYHO, KOTJJa MHOTO PHCYHKOB
COBMECTHO Pa3JIENSIOT OJIHY CTPAHHUILY.

R mo3BosisieT co31aTh MacCHB PUCYHKOB B Ha M HA OTIEILHOMN CTpaHuIle. Y KaKI0TO
pUCYHKA €CTh CBOM COOCTBEHHBIC TOJSl, U MACCHB PHUCYHKOB JOIOJHHUTEIHHO OKPYKEH
BHEIITHUM I10JIEM, KaK IMOKa3aHOo B CJIETYIONIEM PUCYHKE.

omal3]

omi[4]

mfg=c{3.2,3,2)

mfrow=c(3,2) omif]

I'paduueckue nmapameTpbl, CBA3aHHBIE C COCTABHBIMU (PUTYpaMH 3TO:

mfcol=c(3, 2)
mfrow=c(2, 4)

mfg=c(2, 2, 3, 2)

VYcraHaBnmuBaeT pasMep MaccuBa cocTaBHBIX ¢uryp. IlepBoe
3HAYEHHE - ITO KOJMUYECTBO CTPOK, & BTOPOH - YUCIIO CTOJIOIIOB.
EnuHCTBeHHAs pa3HUIIA MEXIy STHMH JIByMs IapaMeTpaMH,
yTo ycTtaHoBieHHe mfcol BBIBOIUT (UIYpHI MO KOJOHKaM;
mfrow 3amosHsIeT MacCHB MTOCTPOYHO.

Pacnonokenne Ha figure wmokHO OBLIO CO37aTh IyTEM
ycranoBku Mfrow=c(3,2); ¢urypa oroOpa3uTcs Ha CTpaHHIE
I0CJIC BBIBOJIA BCEX YETHIPEX PUCYHKOB.

VYcraHoBKa JI000TO M3 3THX IOKa3aTelell MOXET COKpaTUTh
0a30BBIl  pa3Mep CHUMBOJIOB U TEKCTa (KOHTPOJIUPYETCS
par(“cex") u pointsize ycrpoiictBa BeiBoa). B popmare ¢ poBHO
JIBYMsSI CTPOKAaMHU M CTOJOIIaMHU 0a30BOM pa3Mep yMEHBIIAETCs
Ha Koa(pduuueHT 0.83: ecnu ecTh TPU WU OOJBIIE CTPOKU HIIH
croiona, ko durreHT ymenbiienus pasex 0.66.

[osumms  Tekyme ¢urypsl B cocTaBHOM  (purypHom
okpyxenun. IlepBeile aBa HOMepa 3TO CTpoKa M CTOJIOEI
TEKyLIEeH QUrypsl; MOCIeIHUE IBA YHCIIA 3TO CTPOKU U CTOJIOIIBI
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B cocTaBHOM MaccuBe puryp. Mcnonp3yiiTe 3TOT mapamerp st
nepexona Mexay ¢urypamMu B MaccuBe. Bbl maxe MoxkeTe
UCIOJIb30BAaTh  OTJMYAIOLIMECS OT HUCTHUHHBIX  3HAuYeHUM
3HAYeHUA JJIS TIOCIEHHUX JIBYX apryMEHTOB, JUI OTOOpakeHUs
pa3Ho pa3MepHBIX GUTYpP HA OJTHOM M TOU e CTPaHHUIIC.

fig=c(4,9,1,4)/10 Tlo3umuss Tekymed GuUrypbl Ha CTpaHulle. 3HAYCHUS
napaMeTpoB 3TO TMO3HMIMH JIEBOrO, IPABOTO, BEPXHETO U
HUOKHETO Kpasi COOTBETCTBEHHO, B MPOIICHTaX OT pasMepa
CTpaHULIbI, U3MEPSIEMOT0 OT HHM)KHETO JIEBOTO Yriy. 3HAUEHUIO
npuMepa COOTBETCTBYeT (urypa B HHKHEM TIIPaBOM YIIIy
cTpaHullbl. Mcnonb3yiTe 3TOT mapameTp MJisi MPOU3BOJBHOTO
NO3UIMOHNUpOBaHus (uryp Ha crpaHune. Ecnu Bel XOTHUTE
n00aBuUTh GUTYPY K TEKYIIEH CTpaHUWIle, WCIOJIb3YyHTe
new=TRUE (B otiuuue ot S).

oma=c(2, 0, 3, 0) omi=c(0, 0, 0.8, 0)
Pasmep BHemnux mosei. Kak mar u mai, mepBoe u3MepsieTcs B
TCKCTOBBIX CTPOKax, a BTOPOC - B I[IOI\/'IMaX, Ha4yuHasx ¢ HUXXKHET O
T0JIs1, ¥ BBITIOJIHAETCS IO YacOBOIl CTpEIIKe.

Bremrnee nonie 0cOOCHHO MOJIE3HO ISl 3aMETOK Ha TOJSAX U T.1I.
Texct MoxkeT OBITh J00aBIEH K BHEIIHEMY MO0 (yHKITHEH
mtext() c¢ aprymentom outer=TRUE. Ilo ymonuanuio He
CYIIECTBYET BHEIIHWUX IIOJIed, UMEHHO IO3TOMY BBI JOJDKHBI
CO3J1aTh MX HEMOCPEICTBEHHO MCIIOJIL3Ysl O0Ma wiiu OMi.

Bonee cioxHbBIE CXEMbI COCTaBHBIX (DUTYp MOTYT OBITH M3TOTOBJIEHBI (DYHKIHMSIMHU
split.screen() u layout(), a Taxxe ucrnonb3ys makeTs grid u lattice.

12.6. YcrpoiicTBa BbIBO/IA
R MoxeT reHepupoBath rpaduky (pa3HOr0o ypOBHEH KavyecTBa) Ha MOYTH JIFOOOM THIIE
JUCTUIES WITK TIedaTaromiero ycrpoiicrsa. Ho cuavana R momkeH ObITh ipouH(pOpMIpPOBaH 00
YCTPOMCTBE, C KOTOPBIM OH UMEET JIeJI0. DTO ACNACTCS MyTEeM 3allycKa JApailBepa yCTpOICTBA.
Lenp npaiiBepa ycTpoiicTBa COCTOMT B INpeoOpa3zoBaHMU rpaduyeckux HHCTpYKIMA u3 R
(“uepTuTh NWHUIO”, HampuMmep) B GOpMY, KOTOPYIO MOXKET TOHATh OMNPEACICHHOE
YCTPOMCTBO.

JlpaiiBepbl yCTpONCTBA CTApTYIOT NMyTEM BBI30Ba (YHKIHIO ApaBepa yCTPONCTBA.
CymiecTByeT equHCTBEHHas (DYHKIUS JUIsL KaXJAOTO YCTPOWCTBA rpadUyecKoro BBIBOJA!
seeaute help(Devices)) ms monmydeHus moHoro cnucka. Hanpumep, BBO KOMaH/IbI:

> postscript()

OTIIpaBIsieT Bech Oynaymmii rpaduyeckuii BbIBog Ha mpuHTep B (opmarte PostScript.
HexkoTopble MIMPOKO UCTIOIB3yEMbIE IpANBEPHI YyCTPONUCTBA:

X11() Jnis ucnonb3oBanus ¢ X11 okonHoit cucremoii Unix-mogoousrx OC
windows()  Hcmonssyercs B Windows
quartz() Hcnonssyercs B OS X

postscript()  Jlns mewatu Ha mpuHTepax PostScript, win cozmaHus rpadUYecKux
¢aiinos PostScript.

pdf() [MpousBoaut ¢aitn PDF, koTopslii Takke MOXET OBbITh BKJIIOYCH B
npyrue daiinsr PDF.
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png() [MpousBoaut aBomunbiid ¢aitn PNG. ([octymHo He Bcerma. Cwm.
CIIPaBKY).
jpeg() [MpousBoaut nBowunblii Qaitn JPEG, Hanbosee MOAXOMSIIMEA IS

nzobpaxenuit. (loctymHo ne Bcerna. CM. CipaBky).

IIpu 3aBepimieHuu pabOTBl € YCTPOWCTBOM cIeNyeT YOEOUTbCs B 3aBEpLICHUU
JpaiiBepa yCTpOMCTBA IOMOLIBIO KOMaH/BbI:

> dev.off()

OHa rapa"THpyeT, 4TO YCTPOWCTBO 3aKaHUYMBAETCS YHUCTO; HAIpUMeEp, B Ciydae
YCTPOMCTB Ha OyMa)KHOM HOCHUTEIIE TAPAHTUPYETCS 3aBEPILICHUE BCEX CTPAHUI] U MX OTIPaBKa
Ha npuHTEp. (DTO MPOU30HIET aBTOMATHUECKH [TPH HOPMAJIbHOM KOHIIE CEaHca).

JloGaBnsisi mapameTp ¢ mMeHeM (aiima B (yHKIMIO ApaiiBepa BbiBoga Postscript(),
MOXHO COXpaHUTh rpaduky B (opmate PostScript B nmpousBonbHbIi ¢aitn. PucyHok Oyzaer
HUMETh albOOMHYIO OPHEHTAIIMIO, €CJIM TOJIBKO He MpUBOaUTCs mapamerp horizontal=FALSE,
¥ BBl MOKETE€ KOHTPOJIMPOBAThH pazMmep m300pakeHus nmapamerpamu Width u height (rpadux
OyzeT MacmTabMpoOBaH ¢ yYeTOM ITUX pa3mepoB.) Hampumep, komanza:

> postscript(“file.ps", horizontal=FALSE, height=5, pointsize=10)
NOATOTOBUT (aiin, conmepxkamuit kon PostScript mms pucyHka NATh AIOMMOB BBICOTOI,
BO3MOXXHO JJISl BKJIIOYEHHS] B JOKYMEHT. BakKHO OTMETUTh, uTO, ecnu (haiiia, Ha3BaHHBINA B
KOMaHie, y)Ke CYyIIECTBYeT, TO OH OyneT mepesanucad. J[eno oO6cTouT Tak, naxe eciu (aiin
TOJIKO CO3/IaBaJICs paHee B ATOM ke caMoM ceaHce R.

OObruHo PostScript BbIBOJ BKIIOYAIOT KaK PUCYHOK B JIPYrod TOKYMEHT. OTO
paboTtaer Jydiie BCEro, KOTJa HCIOJB3YIOT HWHKancynmupoBaHHbIH PostScript: R Bcerma
JieTlaeT COBMECTUMBIN Tpadudeckuii BBIBOJ, HO TOJBKO B CiIydae 3aJaHHs Iapamerpa
onefile=FALSE. IIpoucxoaur 310 u3-3a S-COBMECTHMOCTH: B 3TOM ClIy4ac JCHCTBUTEIHHO
JIOCTUTAETCS TO, YTO Pe3ybTaThl OyAyT HA OJHOW cTpaHHIlEe (4To siBiseTcs: ycimoBuem EPSF
cneundukanuu). Takum oOpazom, /Ui MOTYUYeHUs Tpaduka Ui MOCIEIYIONIEr0 BKIIOYCHUS
UCTIONIB3YIOT YTO-TO BPO/JIE:

> postscript(“plotl.eps”, horizontal=FALSE, onefile=FALSE,
height=8, width=6, pointsize=10)

B mpodeccnoHanbHOM HWCHOJB30BaHMM R 9acTo TMOJNIE3HO HMMETh HECKOJIBKO
rpaduuecKux YCTPOHCTB B HCIOJIB30BAHUU OJHOBpeMEHHO. KOHEYHO, TOJNBKO OJIHO
rpaguIecKkoe yCTPOHCTBO MOXET MPHUHATH Tpaduueckre KOMaHbl B JTI0OOH MOMEHT, W 3TO
M3BECTHO KaK TEKyIllee ycTpoiicTBO. Korga oTKphITO MHOTO YCTPOWCTB, TO OHH (DOPMHUPYIOT
IPOHYMEPOBAHHYIO MOCIIEIOBATEIBLHOCTh C UMEHAMH, OINPEIEISIONUME THII YCTPOWCTBA B
000 TTO3UITUH.

OcHOBHbIE KOMaH/bI, UCHOJb3YyeMble ISl pabOTbl MHOTMMH YCTPOMCTBAMHM, U HX
3HAYCHUSIMU, CIIEIYIOIIHE:

X11() [UNIX]
windows()
win.printer()
win.metafile()
[Windows]
quartz() [OS X]
postscript()
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pdf()
png()
Jreg()
tiff()
bitmap()

Kaxxmoe HOBBINM BBI30B (YHKIIMU JpaiiBepa YCTPOMCTBA BBIBOJA OTKPHIBAET HOBOE
rpaduyeckoe yCTpONCTBO, UYTO pacHIUPSET HA OJHY MO3UIIMIO CITUCOK YCTPOHUCTB BHIBOJA. DTO
YCTPOWMCTBO CTAaHOBUTCS TEKYIIMM YCTPOWCTBOM BBIBOJA, W TpaduuecKuii BBIBOJ
HampaBisgercss Ha Hero. (Hekortopble mnargopMbl MOTYT HMMETh JIOTOJIHUTENbHBIC
YCTPOMCTBA).

dev.list() BosBpamaer Komu4ecTBO W HAMMEHOBAHHME BCEX aKTHUBHBIX
YCTPOMCTB BbIBOJA. YCTPOMCTBO B MO3UIMM | chmcka Bceraa
seisiercst NUll yctpoiicTBOM, KOoTOpOe BOOOLIE HE NMPHHUMAET
rpaguIecKux KOMaHI.

dev.next()

dev.prev() BosBpamaer HomMep M Ha3BaHHE TpadUUECKOrO YCTPOUCTBa,
MOCIISYIOIIETO HIIH IPEIBIAYIIET0 COOTBETCTBEHHO.

dev.set(which=k) Moxer OBITH HCIOJNb30BaHa I  HM3MEHEHHS TEKYIIETO
rpaguyYecKoro ycTpoiicTBa Ha yCTPOMCTBO B MO3HLIUU HOMEp K
CIIHCKAa YCTPOMCTB BbIBOJIA. Bo3Bpamaer HOMEp M METKY
YCTPOMCTBA.

dev.off(k) 3akpeITh TpadUuecKoe YCTPOWCTBO B MO3UIMH K crmcka

YCTPOMCTB BbIBOJA. [liI1 HEKOTOPBIX YCTPOMCTB, TAaKUX, Kak
ycTpoicTBa POStSCript, b0 HEMEIJICHHO pacredaThIBACTCsI
daiin WM KOPPEeKTHO 3aBepmiarth (aily s Mocienyromen
neyaTH, B 3aBHCHUMOCTHM OT TOrO KakK OBUIO WHHUIIMMPOBAHO
YCTPOMCTBO.

dev.copy(device, ..., which=k) dev.print(device, ..., which=k)

Jenaet xomuio ycTpoiicTa K. 31ech YCTPOHCTBO - 3TO (DyHKIUS
JpaiiBepa yCTpOMCTBa, Takoe Kak postscript, B ciyuae
HEOOXOMMOCTH c JIOTIOTHUTETHHBIMU apryMeHTaMH,
Ha3HAYECHHBIMHU IMOCpeacTBOM ... dev.print aHamoru4so, HO
KOIUPYEMOE YCTPOMCTBO HEMEIJIEHHO 3aKpBIBA€TCS, TaK YTO
3aBeplIAIOIINE, TaKHEe KaK IedaTh TBEPAOM KOMHH, JACHCTBHS
HEME/IJICHHO BBITTOIHSATHCS.

graphics.off() 3akpbITh BCEe TpapUUECKUE YCTPOMCTBA B 3TOM CITHCKE, KPOME
null ycrpoiictaa.

12.7. lunamudeckasi rpaguka
Y R HeT BCTPOCHHBIX BO3MOXKHOCTEH JTWHAMHYECKOW MM MHTEPAKTUBHOW rpaduku,
HalpuMep, «BpalieHuss oOJlaka TOYeK» WM "PUCOBAaHUA KHUCTHIO" (BBIICICHHUE B
UHTEPAKTHUBHOM pexume) Touku. O1HaKo, OOIIMpHBIE JMHAMUYECKHE TpaduuecKre CpeacTBa
noctymHbl B cucteMe GGobi Swayne, Cook u Buja, noctymnHoli o aapecy:

http://www.qgobi.org/
M K HUM MOXHO TMOJNYy4YHTh JOCTYmn u3 R dYepe3 maker rggobi, onucaHbiM B

http://www.ggobi.org/ rggobi.

Ctpanuna 85


http://www.ggobi.org/

BBegenue B R

Kpome Ttoro, maker rgl obOecrmeunBaeT cmocoObl B3ammojekcTBoBath ¢ 3-D
pHUCyHKaMH, HallpUMeEp IMMOBEPXHOCTIMU.
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13. IlakeTnl

Bce ¢ynkmmm R u HaOOphl MaHHBIX XpaHATCS B MakeTax. ToJMbKO, KOTJa Maker
3arpy’keH, IOCTYITHO €T0 CojepKaHue. ITO cAeNaHo U 1 3 (HEKTUBHOCTHU (TTOJHBIA CITMCOK
B3sU1 OBl OOJNbINe MaMATH W 3aliMeT OOJbIlleé BPEMEHH, YeM IOWCK B IMOAMHOXECTBE), U
pa3zpaboTyvkKaM MPOrpaMMbl MOMOIIM, KOTOPHIE 3ALIUIICHBI OT KOJUIM3UU UMEH C JIPYIHM
kogoM. [Iporecc pa3zpaboTku nakeroB onucan B Paznene, "Co3znanue nakeros” B Hamucanuu
pacmupenuii R . 3aech, Mbl onuieM UX ¢ TOYKU 3pEHUS MOJIb30BATENS.

Uto0Ob! yBHIETh YCTAHOBJICHHBIC MAKETHI Ha Baliel HHCTAISAINY, BBEIUTE KOMaH/Y:

> library()

0e3 mapaMeTpoB. 3arpy3uTh OIPEACIICHHBIA MaKeT (HampuMmep, MakeT HadajdbHOW 3arpy3KH,
conepxkamuii pynkmun oT Davison & Hinkley (1997)), ucnons3yror komaHay:

> library(boot)

[Tonb3oBarenu, coenuHeHHble ¢ HTepHEeTOM, MOTYT HCIOJIB30BaTh (DYHKIUHU
install.packages() u update.packages() (mocrymuo yepe3 meHto Packages B Windows u GUI,
cM. Pazgen “IlakeTsl ycTaHOBKM” B YCTaHOBKE WU AJIMHHHCTPUPOBAHWU R) yCTaHOBUTH M
OOHOBUTH TTAKETHI.

UtoOb! y3HATh 3arpyKE€HHbIE B HACTOSALINI MOMEHT MaKeThl, CJIEIyeT BBECTH:

> search()

JUIE OTOOpaKEHUsI CIHMCOK moucka. HekoTopele makeTsl MOTYT OBITh 3arpyXeHbl, HO He
JIOCTYIIHBIE B criicke moucka (cM. Paznen 13.3 [TIpocTpancTBa uMeH|): OHU OyIyT BKIIFOUCHBI
B CITMCOK, BbIBOI[HMBIﬁ Io:

> loadedNamespaces ()

YTo0OBI YBHUACTH CIIMCOK BCEX JOCTYIHBIX TEM CIpaBKHW B YCTAHOBJICHHOM IIAKETC,
CJICAYCT UCIIOJIb30BATh.

> help.start ()

JUISL 3allycKa CUCTeMbl cripaBouHoW wuHpopManmmun HTML, a 3atem mepeidtm Ha CIHCOK
nakeToB B pazjeiie «CCbUIKM.

13.1. CrannapTHble NaKeThl
Cranpmaptheie (wiu base) makeThl CYMTAIOTCS YaCThiO HMCXOAHOro koma R. Onu
coJiepaT OCHOBHBIC (YHKIIMH, KOTOpPHIE MO3BOJSIOT R pabGoTaTh, W HAOOPHI JMAHHBIX H
CTaHJApPTHBIE CTATUCTUYECKHE U Trpaduueckue (YHKIUU, KOTOPHIE OMUCAaHBI B 3TOM
cnpaBoyHuKe. OHU JOJKHBI ObITh aBTOMAaTHUECKU JAOCTYIHBIMH B J1000i ycraHoBke R. Cwm.
Paznen “R nmaketsr” B FAQ R mis moaHoro crimcka.

13.2. Croponnue nakerbl 1 CRAN

EcTe ThICSYM CTOPOHHHMX MAKeTOB Ui R, 3amMcaHHBIX MHOTHMH Pa3UYHBIMH
aBTOpamMH. HekoTopele M3 OSTHX TMAKeTOB - 53TO peIN3alHs CIEHHATN3HPOBAHHBIX
CTaTHCTUYECKUX METOJIOB, JPYTHE, MPEAOCTABISIOT AOCTYNl K JaHHBIM HJIHM aniapaTHbIM
CpencTBaM, a TpPETbM TPHU3BAHBI JIONOJHATH pYyKOBOACTBA. Hekoropsle wn3 HHX
(peKOMeHayeMble TaKEThl) PACHpOCTPAHAIOTCA C KakAoW OuHapHOW auctpubyrumei R.
BonbsimacTBo foctynHo aas ckaumBanus ¢ CRAN (http://CRAN.R -project.org/ u ero
3epKaia) U Ipyrux perno3uTapuen, Takux kak buonposoanuk (http://www.bioconductor.org/)
n Omegahat (http://www.omegahat.org/). FAQ R conmepxutr cnucok mnakeroB CRAN,
aKTyaJIbHBIX BO BPeMs IyOJIMKAIIUK, HO HA0OP JOCTYIHBIX MAKETOB MEHSIETCS O4YEHb YacTo.
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13.3. IIpocTpancTBa UMEeH

VY makeTtoB MOTYT OBITh MPOCTPAHCTBA UMEH, M B HACTOSIIUI MOMEHT Bce base u
PEKOMEHyeMble MaKeThl UMEIOT MakeT HabOpoB MaHHBIX. [IpocTpaHcTBa MMEH JIENalOT TPH
BEIIM: OHU TIO3BOJIIIOT MHCATENI0 IMAKeTa CKPbhIBaTh (YHKUMU M JaHHBIE, KOTOpBIC
IpeHA3HAYAI0TCS TOJIBKO ISl BHYTPEHHETO MOJIb30BAHMSA, OHH HPEISTCTBYIOT TOMY, YTOOBI
(GyHKIMU JOMAaJINCh, KOTJa TOJb30BaTeNb (MM aBTOp IOPYroro IakeTa) BHIOMpaeT HM,
KOTOpOE IepeceKaeTcsi ¢ APYTUM B TAKETe, U OHU IPEIyCMATPHUBAIOT CIIOCOO OOpaTHTHCS K
00BEKTY B Mpeenax ONpeaesIeHHOTO aKeTa.

Hamnpumep, t() siBisiercss GpyHKImei TpaHCIOHUPOBaHUS B R, HO MOIb30BaTEIN MOTJIH
Obl OIpeneNuTh CBOIO cOOCTBeHHYIO (yHKIMIO, Ha3BaHHyio 1. IIpocTpancTBa HMeH
MPEMSTCTBYIOT TOMY, 4YTOOBI OINpeiesieHUuE IMO0JIb30BATENs] MMENO0 TMPUOPUTET, U CIOMAJIO
KaX1yI0 (YHKIIMIO, KOTOpAs MbITAETCS] TPAHCIIOHUPOBATH MATPHILY.

Ecte nBa omepatopa, KoTOpble paboTalOT € MpOCTpaHCTBaMU HMeH. Oneparop
JIBOMHOTO JIBOETOYMS .. BBHIOMpAET ONpEAEICHUs U3 ONMPEeICHHOrO MpOCTpaHCcTBa UMeH. B
npuMepe Bbilie, GyHKIUS TPAaHCIIOHUPOBAHUS BCeraa OyaeT mocTymHa Kak base :: t, motomy
4TO 3TO ONpenesieHO B makere base. Takum crmocoOOM MOKHO MOJYYHUTh TOJNBKO (YHKIUH,
KOTOpPBIE SKCIIOPTUPYIOTCS U3 MaKeTa.

OrmepaTop TPOHHOTO TBOETOYHMS ::: MOXKET OBITh 3aMEYEH B HECKOJIKUX MECTaxX B
Koze R: oH JelcTByeT Kak onepaTop ABOMHOTO ABOETOUMS, HO KPOME 3TOTO MPEIOCTABISIET
JOCTYIl K CKpBITBIM oOBekTaM. Ilomb3oBatenu, Oojee BEpOSTHO, OYAYyT HCIOJIB30BATh
dyukuuio getAnywhere(), koTopas HIIET cpa3y B HECKOIBKHUX AKETaX.

[TakeThl SBISIOTCA YAaCTO B3aMMO3aBUCHUMBIMHU, U 3arpy3ka OJIHOTO IaKeTa MOKET
IPUBECTH K aBTOMAaTUYECKOW 3arpy3ke Apyrux. Onepatopbl JBOETOYMsSI, ONHMCAHHBIE BBIIIE,
TaK)K€ BHI30BYT aBTOMATHUYECKYIO 3arpy3Ky MpHCOEANMHEHHOro makera. [Ipu aBromaTnueckoi
3arpy3Ke MakeToB ¢ MPOCTPAHCTBOM UMEH OHU HE JOOABISIOTCS K CIIUCKY IMTOUCKA.

13.4. ITakeTsI AJ151 aHAJIM3a BPEMEHHBIX PA/10B
Opwurunan texcra: http://cran.r-project.org/web/views/TimeSeries.html

OcTanpHBIe CCBIIKH MOYKHO B3SITh B OpHUIHHAJIC.

Bonpmias ¢pyHKIMOHATHHOCTE 0a30BOH MOCTaBKU A MOJIe3HA /I BPEMEHHBIX PSIOB B
0COOEHHOCTH B makere cTaTUCTUK. OH pomnonHeH MHoruMu nakeramu Ha CRAN, xoTopbie
KpPaTKO M3JI0KEHBI HIKE. ECTh Takke 3HAUUTENBHOE MEPEKPHITHE MEXKIYy HHCTPYMEHTaMHU
JUTSI BpEMEHHOTO Psifia M B 3a/1adax DKoHOMeTpuKkd U duHaHcoB. [TakeTsl B 3TOM BHJIE MOTYT
OBITH MPUMEPHO CTPYKTYPUPOBAHBI B clieayronue TeMbl. Ecnu Bel gymaere, 4T0 HEKOTOPBIi
MakeT IPOMYIIEH B CITHCKE, MOXATyHCTa, COOOIUTE HAM.

HNudpacrpykrypa: OcHoBHBIC TTakeThl R comepxut 6a30Byt0 MHGPACTPYKTYPY IJIS
MPE/ACTABJICHUS] W aHalIM3a JAaHHBIX BPEMEHHOro psna. PyHIaMeHTAIbHBIA Kiacc - ''ts",
KOTOPBIA MOXET TMPEJACTaBUTh PACHOJIOKCHHBIM C paBHBIMH HMHTEPBAJIAMU BPEMEHHOW s
(MCTIONB3YIOIMUK YUCIOBBIE OTMETKH BpemeHu). ClenoBaTelbHO, OH SIBISIETCS OCOOCHHO

MOAXOAAIINM JJIA €KCTOJHBIX, CXKEMECAYHBIX, CKCKBAPTAJIbHBIX JaHHBIX W T.[.

MogaeanpoBanue:. Meronel I aHaJIM3a U MOJEIUPOBAHMSA BPEMEHHOIO psiaa
Bkioyaror mMozenmn ARIMA B arima(), AR(p) u VAR(p) momenu B ar(), CTpyKTypHbIe
mojenu B StructTS(), Busyanusanus uepes plot(), (wacTHbie) aBTOKOPPEISIMOHHBIE ()YHKIIUA
acf() m pacf(), xmaccuueckoe pasznoxkenue B decompose(), pasnoxenme STL B stl(),
CKOJIB3sIILIEe CpeHee W aBToperpeccuBHble nuHedHble GuibTpel B filter(), u ocHoBHOM
nporuo3 Holt-Winters 8 HoltWinters().
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Kiace "'tS" MOXeT TOJIbKO MUMETh AEJI0 C YUCIOBBIMU OTMETKAMH BPEMEHH, HO €IlIe
MHOT0 KJIaCCOB JOCTYITHO JJIsi XpaHeHus: HHGOpMaIluy BPEMEHU/1aThl U BHIYUCIICHUM C HUMHU.
Hns kpatkoro o63opa cmotpu CmpaBounyio ciayxOy R: Kiacc Jlatet u Bpemenu B R
I'360pom I'porenaukom u Tomacom Ieroaarom B HoBoctsx R 4 (1), 29-32.

Krnaccer "yearmon" u "yearqtr" w3 Z0O y4uTHIBaIOT Oojiee ya0OHOE BBIUMCICHHE C
€KEMECSIYHBIMU U €KEKBaPTAITbHBIMH HAOIIOJCHUSIMHU, COOTBETCTBEHHO.

Kmacc "Date" u3 OCHOBHOrO ITakeTa SBIISIETCS OCHOBHBIM KJIaCCOM Mg JaT B
€KEJTHEBHBIX TaHHBIX. [[aThl BHyTpeHHE XpaHsTcs Kak uyncio aHew ¢ 01.01.1970.

[MTaket chron obecneunBaet kinaccer s dates(), hours() u natel/Bpemenu (MHTpamdi).
OTCyTCTBYET MOAIEPKKA YACOBBIX MMOSCOB M JICTHErO BpeMeHu. BHyTpenne o0bekTh ""chron”
— 910 Apobusie quu ¢ 01.01.1970.

Kmaccer "POSIXct" u "POSIXIt" peamusyror POSIX - cramgapt (MHTpamdii)
uH(pOpMaIUK AJIs JaThl/BPEMEHH, U TaKXKe TOJACPKUBAIOT YaCOBBIC IMOsICa U JIETHEE BPEMSI.
OpnHako, BBIYMCICHHUS YacOBOrO TMosica TPeOYyIOT HEKOTOPOro BHHUMAaHHS U MOTYT OBbITh
CHUCTEMHO 3aBHCUMBIMU. BHyTpenne o0bekTshl "POSIXct" - umcno cexkyHn, HaumHas ¢
01.01.1970 GMT 0:00:00. ITaker lubridate obGecnieurBaeT pyHKIIMH, KOTOpPBIE OOJET4arOT
onpenenenubie Berancnenus POSIXbased.

Knacc "timeDate" o6ecrieuen B timeDate makere (panee: fCalendar). O HameneH Ha
¢dbuHAHCOBYIO HH(OPMAIIMIO BPEMEHH/IAThI M COTJIAIIICHHS C YaCOBBIMH TIOSICAMHU U BPEMEHEM
nepexojia Ha JITHEEe BpeMsl uepe3 HOBOe MOHsATHE "(UHAHCOBBIX IIEHTPOB". BHyTpeHHE, BCs
uHpopmanusa xpanutcs B "POSIXct" um nemaer Bce Bbrumcienusi toasko B GMT. Taxoke
BKJIIOUEHBI KaJIeHJapHble (YHKINH, HallpuMep, HHGOPMAIIUIO O BBIXOIHBIX U MPa3AHUYHBIX
JTHSIX JJI Pa3InYHBIX (DOHIOBBIX OMPIK.

tis maker obecneunBaet "ti" kiacc s HHGOPMALIUU BPEMEHH/ IAThI.

"mondate" kmacc or makera mondate oOserdaer BBIYMCIEHUS C OAaTAMH C TOYKHU
3peHUsI MECSIICB.

rv mnaker y4duThIBa€T MPEACTABICHUE, MAHHUIYJUPOBAHUE M  BU3YAIM3aLHIO
NEPEMEHHBIX CIIy4aliHOIO BPEMEHH.

TSAQQ obecrieunBaeT GyHKIMH JIJISl arperariiy HEMOJIHBIX TaHHBIX BPEMEHHOTO PsJia.

tempdisagg maker BKJIHOYAET METOABI JUISI BPEMEHHOTO Pa3yKpYIHEHHS H
MHTEPIIONSIIIMYA HU3KOYAaCTOTHOTO BPEMEHHOT0 psiia K psAy 0ojiee BHICOKOM YacTOTHI.

Kak ymomsiHyTO BBINIE, "tS" - OCHOBHOHM KJlacC AJIS PacCIOJIOKEHHOTO C PaBHBIMH
HWHTCpBAJIaMU BPEMCHHOT'O pAaad, UCITOJIB3YIOHICTO YU CJIIOBBIC OTMCTKHU BPECMCHU.

[Taker z00 obecmieurBaeT WHGPACTPYKTYPY A BPEMEHHOTO psiia C PETYISIPHO U
HCPCTYJSIPHO PACIHOJIOXKCHHBIMU HWHTCPBAJIAMU, HCIIOJb3Yys HNPOU3BOJILHBIC KJIIACCHI JJIA
OTMETOK BPEMEHHU (TO €CTh, MO3BOJISASI BCE KIACCHI M3 TIPeAbIAyIero pasnena). OH pa3paboTaH
TaK, 4YTOObI IO Mepe BO3MOXKHOCTH He mpotuBopeunth "tS". IlpuBenenue «u3» u «» "z00"
JOCTYITHO ISl BCEX APYTUX KIJIACCOB, YIIOMSHYTBIX B 3TOM pa3Jiele.

[Taket XtS ocHOBaH Ha ZOO W OOECIEYMBAECT YHHUBEPCAIbHYIO 00pa0OTKY pa3IMYHBIX
OCHOBaHHBIX Ha BPEMEHH KJIaCCOB JaHHBIX R.

PasnuuHble makeTsl peanu3ylOT HENpPaBUIIBHBIA BPEMEHHOM psJl, OCHOBAaHHBIM Ha
ormeTkax Bpemenn "POSIXct", mnpenHasHaYeHHBIX CHENHAIBHO Ui  (DUHAHCOBBIX
npumenennid. Onu BkimodaroT "irts" ot tseries u "fts" or fts.
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Knacc "timeSeries" B timeSeries (pamee: fSeries) peamusyer BpEeMEHHOH psI C
"timeDate" oTMeTkaMu BpeMEHH.

Knacc "tis" B tis peanusyet BpeMeHHO# psj ¢ "ti" oTMeTKaMu BpEMEHH.

[Maker tframe comepxuT UHPPACTPYKTYpy Ml YCTAaHOBKU IEPUOJOB BPEMEHHU B
pa3nmuuHbIX popmarax.

[Taker forecast oOecrmeumBaeT Kjgacc W METOIBI JUISI OJHOMEPHBIX IPOTHO30B
BPEMEHHOTO psia, U obecreyrBaeT MHOTO (DYHKIMHA, peaqn30BbIBasi Pa3IUYHbIE MOJAEIU
MPOTHO3a, BKJIIOYAsi BCE U3 MMAKETa CTAaTUCTHK.

JKcnoHeHIMAIbHOe criuaxkuBanue: HoltWinters() B crarucTukax mpegocTaBiiseT
HEKOTOpbIM 0a30BBIM MOJEISIM 4YacTHylo onrtumusanuioo, ets() u3 makera forecast
obecrieunBaeT OOJIBIINI HAOOP MOJIEIECH B CPEJCTB C TIOJIHON ONTHMHU3AIINEH.

ABTOperpeccuBHbie Mojaenu: ar() B craructukax (¢ Beioopom moxenu), FitAR mis
MOAMHOXeCTBa Mojnened AR, m pear mmda nepruoandecKux aBTOPErPECCHBHBIX MOJEIEH
BPEMEHHOT0 psija.

Mogaeau ARIMA:

e arima() B craTuctukax sBisercs ocHoBHOW QyHkimed it ARIMA, SARIMA,
ARIMAX, n nonMHoxecTBa Moaenu ARIMA. DTo yiyd4lieHo B IaKeTe MPOrHo3a
Hapsay ¢ auto.arima() st aBTOMaTHYECKOTO BEIOOpA TOPSIIKA.

e arma() B makere tSeries oOecrneynBarOTCs Pa3IHUHbIC aJTOPUTMBI JUISI MOJEIeH
ARMA u ee mOIMHOXKECTB;

e FitARMA peanusyet ObicTpsiii anroputm MLE mis moxgesneir ARMA. Hekoropsie
yeiryru 11 ipooHbIx auddepennupoBanubix Moaeneit ARFIMA npenocraBieHb
B makere fracdiff. afmtools mnpoBoauT OllEHKY, AMArHOCTHKY W MPOTHO3 IS
moaeneii ARFIMA. armaFit() w3 makera fArma sBisercs uHTEpdeiicom s
ARIMA wu wmogeneii ARFIMA. Ilaker gsarima comepuT QYHKIUH [UIs
uMUTaMu 0000meHHol Mojaenu BpemeHHoro psga SARIMA. Ilaker marls
oOpabarbeiBaeT MyIbTUILTUKATUBHEIN AR(1) ¢ ce30HHBIMHE MTpolIeccaMHu.

Moaean GARCH:

e garch() u3 tseries noaronsier ocioBHbiM MozieniiMm GARCH, garchFit() us fGarch
peanuzyet mojenu ARIMA ¢ mupokum kiaccom nnHoBauuii GARCH.

e bayesGARCH omnenuBaet BaitecoBckyro momens GARCH(1,1) ¢ t unHOBaIIUAMHE.

e gogarch peamusyer wmomenar O6obGmiennoit  OprtoronamsHoii  GARCH
(GOGARCH).

e Ilpoexr R-Forge rgarch crpemurcs oOecrneunBaTh THOKOE U Ooraroe
monenupoBanne GARCH wu TectoByro cpenmy, BKIOYas OJHOMEPHBIE U
mHoromepueie makeTsl GARCH. Ha ero BeO-cTpanume ectb oOmmMpHas
nH(popMaIus ¥ MIPUMEPHI.

Pa3noe: |tSa comep>kuT METOBI I IMHEHHOTO aHAIM3a BPEMEHHBIX psaaoB, dim ms
BaiiecoBoro anammsa AWHAMHYECKUX JHMHEHHBIX Mojeiei, timsac i aHaan3a BPEMCEHHBIX
psanoB u ympaBieHus, BOOtPR s wncmpaBineHuss cmelieHus NpPOrHO3a U MHTEPBAJIOB
MIPOTHO3a 3arpy3KH JIJIsl aBTOPETPECCUBHOTO BPEMEHHOTO PsIa.

byrcrpanmunar: maker boot obGecreunBaer ¢yukmmio tsboot() mas Oyrcrpamunra
BPEMEHHOI'O psAJa, BKJIIOYas OJOYHBIM OYTCTPAMMHI C HECKOJIBKUMH Pa3sHOBUIHOCTSIMH.
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tshootstrap() ot tseries obecrieunBacT OBICTPBIN CTAIIMOHAPHBIN M OJIOYHBIA OYTCTPAIHHT.
MakcumalbHast SHTPOIHsL OYTCTPAIMHTA JJIsl BDEMEHHOTO psijia TOCTYITHA B Meboot.

®unbTpsl: filters() B ctatrcTukax obecrneynBaeT aBTOPETPECCUBHYIO U CKOJIB3SIIETO
CPEIHETO JIMHEHHYIO (DUIBTPAIlMI0 MHOTUX BPEMEHHBIX PSJIOB OJHOW mepeMeHHou. [laker
robfilter obecrieunBaeT HECKOIBKO YCTOWYMBBIX (PHIBTPOB BPEMEHHOTO Psijia, B TO BPEMsI Kak
mFilter BkmowaeT pasHbie (QUIBTPHI BPEMEHHOTO psja, MOJE3HBIC MJIsl CTIIaXHBAaHUS U
U3BJICYCHUS TPEHAA M HUKINYSCKUX KOMIIOHCHTOB.

PazyiokeHue: Kiaccuueckoe pasiokeHnue obecredeno uepe3 decomposition(), 6oee
YCOBEPIICHCTBOBAHHOE M TMOKOE pa3jiokKeHHUE - JOCTYITHO MyTeM ucnoib3oBanus Stl(), 06a u3
OCHOBHOT'O TTaKeTa CTATUCTHUK.

Metoabl BeiiBjeTa: TakeT BEHBJIETOB BKIIIOYAECT BBIYMCIUTEIbHBIE (DUIBTPHI
BeliBJIeTa, MPE0Opa30BaHMs BEHBIIETa U aHAJIM3bI MYJIbTHpPA3pelIeHrus. MeTo bl BeHBIIeTa JIs
aHaJIM3a BPEMEHHBIX psA0B, ocHOBaHHOTO Ha IlepcuBane u Yonnene (2000), nansr B wmtsa.
JlanpHe#ne MeTo 161 BeiiBiieTa MOTYT OBITh HaliZICHBI B TakeTax rwit, waveslim u wavethresh.

Pasnoe:

signalextraction mast SKCTpakIHMK CHTHala B PeaJbHOM BpeMEHH (TIPAMOM IOIXOJ
dunbTpa). bspec mis baiiecoBoro BeIBoJa Ha JUCKPETHOM CHEKTPE MOIIHOCTH BPEMEHHOT'O
pana. kza obGecneunBaer Kommoroposckue-Zurbenko ApantuBHble DUIBTPHI BKIIOYAS
oOHapy>KeHHEe pa3pblBa, CIIEKTPAIbHBIN aHau3, BeliBneTsl 1 Dypbe Tpanchopma KZ.

quantspec BKkJIIOYaeT METOJbl BHIYMCIIEHUS U PUCOBaHHUA INepuojorpammsl Jlamiaca
JUIs1 OTHOMEPHOTO BPEMEHHOTO Psijia.

Rssa obGecneunBaeT ObicTpyro peanuzaiuio CunrynspHoro Anamuza CrekTpa s
pa3oKeHUsI BPEMEHHOTO psija.

CranoHapHOCTh W €IWHUYHBIC KOpHH: tSeries obecrieunBaeT pPas3IUYHBIC TECThI
CTallMOHAPHOCTH W €IWHWYHOrO KOpHsS BKimouas Pacmupennsiii dickey-fuller, Phillips-
Perron, u KPSS. Ansrepnarususie peanuzauuu tectoB ADF m KPSS naxopsarcs B urca
MakeTe, KOTOPBIM Tak)Ke BKJIIOYACT MabHEUINE METO/bI, Takue Kak IrnoT-PorsanOepr-
Crok, IlIMuar-®Oummunc u Tecthl 3uBoT-DHAproca. fUNItROOLS maker Taxke obecreynBaet
TecT MakKHHHOHA.

CADFtest obecrieunBaeT peaiausaluu TecToB U cranaaptHoro ADF u yBennueHHOTO
koBapuantom ADF (CADF).

KounTerpanus: IByX IIAroBblii MeTox OHIVI-I'peHIkEpa C TECTOM KOMHTErpaluu
Oumnnica-Ynusprca peannszoBad B tseries u urca. Ilocneanuii TOMOIHUTEIBHO COACPKHUT
GyHKUIMU 1715 TpaccupoBKU JPKOXIHCEHA U TECTOB MAKCUMAJIbHOM JIIMOTBI.

Henunelinaa asroperpeccus: Pasnuusble BUABI HEIMHEWHOM aBTOPErPECCHUHU
noctymHbl B tsDyn, Bkimrovas agautuBHyto AR, Heliponnsie cet, SETAR u monenu LSTAR.
bentcableAR peamusyer aBToperpeccuio Bent-Cable. BAYSTAR o6GecneunBaer BaitecoB
aHaJIU3 MOPOTOBBIX ABTOPETPECCUBHBIX MOJIETEH.

ITpoext TISEAN obecrieunsn alropuTMbl Ui aHAIW3a BPEMEHHBIX PSJIOB U3 TEOPHUU
HEITMHEHHBIX TuHaMHYeCKuX cucteM. RTisean obecreunBaeT nunaTepdeiic R 1yt anropurMos,
u tseriesChaos obecneunBaeT peanuszanuio R aaropurmos.

Tectel: Paznuunbie TecTsl HA HEMMHEWHOCTH oOecnieuensl B TNonlinear.
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JluHamMuueckue JIMHEWHBIE MoJenu: yaoOHbIM  uHTepdeiic A  MOATOHKU
JUHAMHUYECKOH MOJENH perpeccuu ¢ ucmojibp3oBanueM OLS, uro goctymuao B dynim;
YIYYIIEHHBI TOAXOJ, KOTOPBI Takke padoTaeT C ApYrUMH (DYHKIMSIMH PErpeccHd U
OOJIBIIIUM KOJMYECTBOM KJIaCCOB BPEMEHHOIO psida, peaiam3oBan B dyn. tslars maker
NPUMEHSIET JUHAMHUYECKYI0O TEPEMEHHYIO TMpoIenypy OTOOpa, HCIONb3ys paclIupeHue
anroputMa LARS. JIns Gosee yCoBEepIIeHCTBOBAHHOM MOJATOHKH YPAaBHEHHUH JHHAMHUYECKUX
CHUCTEM MOXXHO HCIoib30Bath dSe. Jlns moaroHku [ayCCOBCKHMX JIMHEHHBIX MOJEICH B
IPOCTPAHCTBE COCTOSIHUN MOXHO HCmoib3oBath dIm (depes Hambosbimee mpaBmaonoao0ue,
¢mpTpanuio/crnaxkuBanue Kanbsmana u meronsl Bayesian).

JInst mOArOHKM Mozened ¢ HM3MEHSIOUMMUCS BO BPEMEHHM IapaMeTpaMu MOXKHO
HCTIOJIB30BaTh tPr maker.

Henunelinbie MOJIENTH ¢ pacripeie/ieHHbIM JIaroM o0pabareiBatoTcst yepe3 dinm maker.

Bekrophas aBToperpeccuBHas mojenb (VAR) obecriedena uepe3 ar() B OCHOBHOM
MakeTe CTAaTUCTUK, BKIOYas BbIOOp mopsnka yepe3 AIC. DTu Momenum orpaHuyYeHbI
CTallMOHAPHOCTHIO. Bo3MokHO, HecTannoHapHble Moaenu VAR mpucnocoOrneHbl B makere
MAI, KOTOpBIH Takke 1mo3BoJsieT Moaenu VAR ¢ OCHOBHBIM KOMITOHEHTOM MPOCTPAHCTBA.

Bosiee TmaTensHO MpoayMaHHBIE MOJETH oOecrieueHbl B vVars makera, eStVARXIS() B
dse, u baiiecoBckmii moaxon mocrynen B MSBVAR. fastVAR wcmombs3yer ObICTpbIe
peanu3anuu, 4roObl OIEHUTh MoJAeTd VAR (BO3MOKHO C 93K30T€HHBIMH BBOJAMH H
MIPOPEKEHHBIMHU MaTpHUIlaMH KodhpuireHTa).

Mogaenmu VARIMA u Mojenu B MPOCTPAHCTBE COCTOSIHUIN oOecrieuensl B dSe makere.
EvalEst o6nergaer sxcriepumenTsl MoHTe-Kapiio, 4ToObI OLICHUTH MPHCOCIMHEHHBIC METO/IbI
OLIEHKH.

BekTopHble MOAENM KOpPpPEKUMH OIIMOOK JOCTYMHBI 4Yepe3 MakeTsl Urca um vars,
BKJIFOYAsi BEPCUU CO CTPYKTYPHBIMU OTPAHUUYEHUSMH.

dakTopHBI aHaTM3 BPEMEHHOTO psiia odecredeH B tsfa.

MHoroMepHble MOJCIH B MPOCTPAHCTBE COCTOSHUN peanu3oBaHbl B makete FKF
(boictpriii  ¢punbTp Kanmbmana). OH obecrieunBaeT OTHOCHUTENBHO THOKHE MOJENH B
npoctpancTBe cocrostuuii uepes fkf() komMenTapuii: mapameTpam MpOCTPAHCTBA COCTOSIHHIM
HIO3BOJISIIOT OBITh M3MEHSFOIIMMUCS BO BPEMEHH, U CMEIICHHS BKIIOYCHBI B 002 YpaBHCHHSI.
AnbprepHaTUBHAs peanm3aius odecnedeHa naketom KFAS, koTopslit obecriednBaeT ObICTpPHIH
MHOTOMepHBIN (priibTp Kanbmana, Oojiee CriaKiMBaHUe, UMUTAIMS CTIIQKUBAHUS M POTHO3A.
Eme onna peanusanus nana B dIm makere, KOTOPBIA TakKe COACPKUT MHCTPYMEHTBI IS
TOro, 4TOOBl TNpeoOpazoBaTh JApPYrHe MHOTOMEpPHBIE MOAETH B (OpPMY MPOCTPAHCTBA
COCTOSIHUI.

MARSS  noaronser  orpaHuMY€HHblE M HEOIPAHMYEHHBIE  MHOI'OMEpHbBIE
ABTOPErPECCHUBHBIE MOJIEJIM B TPOCTPAHCTBE COCTOSHUM, MCHONb3ys anroputm EM. Bce
YeThlpe MakKeTa MPEeAIoyaraloT HEKOPPEIMPOBAHHOCTh MapaMeTpoB HAOMIOJECHUH M OIMIMOOK
COCTOSIHUH.

YactuuHno HaOmogaeMble mpouecchl MapkoBa - 0000IIeHHe OOBIYHBIX JTMHEHHBIX
MHOTOMEPHBIX MOJIeJIe B MPOCTPAHCTBE COCTOSHHM, MO3BOJISSI HETAyCCOBBI M HENMHEHHBIC
mojenu. OHU pealn30BaHbl B MakeTe Pomp.

ABTOpErpeccuBHOE MOJICIMPOBAHUE HEMPEPHIBHOIO BPEeMEHH 00ecIieueHo B Cts.
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Onenka monenun ARMA HenpepbhIBHOTO BpeMEHH W UMHUTAIWA TOCTYITHA B ctarma.

Data from Makridakis, Wheelwright and Hyndman (1998) Forecasting: methods and
applications are provided in the fma package.

Data from Hyndman, Koehler, Ord and Snyder (2008) Forecasting with exponential
smoothing are in the expsmooth package.

Data from the M-competition and M3-competition are provided in the Mcomp
package.

Data from Tsay (2005) Analysis of financial time series are in the FinTS package,
along with some functions and script files required to work some of the examples.

TSdbi provides a common interface to time series databases.
fame provides an interface for FAME time series databases
VhayuR provides an interface to he Vhayu Velocity time series database

AER and Ecdat both contain many data sets (including time series data) from many
econometrics text books

dtw: JluHamuueckue aaropuTMbl JeOPMHUPOBAHUS BPEMEHHU Ul BBIYUCICHUN WU
pHUCOBaHMsI IONIAPHOE BhIPAaBHUBAHUE MEKYy BPEMEHHBIM PSIIOM.

fractal: dpakTansHOE MOJACTUPOBAHKE BPEMEHHOTO Psi/ia M aHAU3.

fractalrock: T'enepanmst ¢QpakTadbHOr0o BpPEMEHHOTO psAa € HEHOPMAJIbHBIM
pacnpeneneHrueM pupanieHui.

GeneCycle u GeneNet: BpeMeHHOM psiZi MUKPOMACCHBA M CETEBOM aHAJIH3.

pastecs: PerynupoBanue, pa3ioKeHUE U aHAJIH3 IPOCTPAHCTBEHHO-BPEMEHHOTO Psa.
ptw: [Tapamerpudeckoe Bpemsi, 1eOpPMUPYSCH.

sde: muTanus v BEIBOA JJISl CTOXACTHUECKUX TU(PPEepPCHIINATBHBIX YPaBHEHUH.

tiger: ompezerneHne W BU3yalM3alUs BPEMEHHO DA3PEIICHHBIX TPYII THIHYHBIX
pasHocTeil (OmMOKK) MEXKAY IBYMsI BDEMEHHBIMU PsIIaMH.

wavethresh: JlokagpHO CcTalMOHapHBIE MOJCIU BEHBJIETa Ui HECTAI[HOHAPHOTO
BpPEMEHHOI0 psifa (BKIouas QyHKIMH OLIEHKU, PUCOBAHHS U UMHUTALUU JUI1 H3MEHSIOIUXCS
BO BPEMEHU CIIEKTPOB).

13.5. TlepedyeHb MaKeTOB /JIsl AHAJIM32 BPEMEHHBIX PSA0B:

« AER . afmtools « bayesGARCH
« BAYSTAR « bentcableAR o boot

. BootPR « bspec o CADFtest

« deseasonalize o dl o dinm
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http://cran.r-project.org/web/packages/AER/index.html
http://cran.r-project.org/web/packages/afmtools/index.html
http://cran.r-project.org/web/packages/bayesGARCH/index.html
http://cran.r-project.org/web/packages/BAYSTAR/index.html
http://cran.r-project.org/web/packages/bentcableAR/index.html
http://cran.r-project.org/web/packages/boot/index.html
http://cran.r-project.org/web/packages/BootPR/index.html
http://cran.r-project.org/web/packages/bspec/index.html
http://cran.r-project.org/web/packages/CADFtest/index.html
http://cran.r-project.org/web/packages/chron/index.html
http://cran.r-project.org/web/packages/ctarma/index.html
http://cran.r-project.org/web/packages/cts/index.html
http://cran.r-project.org/web/packages/deseasonalize/index.html
http://cran.r-project.org/web/packages/dlm/index.html
http://cran.r-project.org/web/packages/dlnm/index.html

nl

:

EvalEst
fArma

EinTS

EKE

forecast (core)

fractalrock

GeneCycle
gsarima
Interpol. T

kza
mAr
Mcomp
mondate
pastecs
ptw

robfilter
RTisean
sde
tempdisagqg
timeSeries
tpr

tsDyn

BBegenue B R

dtw

Ecdat
expsmooth
fastVAR
FitAR
fma
fracdiff
fts
GeneNet
hydroGOF
its

Itsa

marls
meboot

MSBVAR

pear

quantspec
RSEIS

rtv
season
tiger

timsac

TSAqg

tseries (core)

ensembleBMA

FitARMA
fNonlinear
fractal

fUnitRoots

gogarch

hydroTSM
KFAS

lubridate

MARSS

RMAWGEN
Rssa
rwt

signalextraction

timeDate
tis
TSdbi

tseriesChaos
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http://cran.r-project.org/web/packages/dse/index.html
http://cran.r-project.org/web/packages/dtw/index.html
http://cran.r-project.org/web/packages/dyn/index.html
http://cran.r-project.org/web/packages/dynlm/index.html
http://cran.r-project.org/web/packages/Ecdat/index.html
http://cran.r-project.org/web/packages/ensembleBMA/index.html
http://cran.r-project.org/web/packages/EvalEst/index.html
http://cran.r-project.org/web/packages/expsmooth/index.html
http://cran.r-project.org/web/packages/fame/index.html
http://cran.r-project.org/web/packages/fArma/index.html
http://cran.r-project.org/web/packages/fastVAR/index.html
http://cran.r-project.org/web/packages/fGarch/index.html
http://cran.r-project.org/web/packages/FinTS/index.html
http://cran.r-project.org/web/packages/FitAR/index.html
http://cran.r-project.org/web/packages/FitARMA/index.html
http://cran.r-project.org/web/packages/FKF/index.html
http://cran.r-project.org/web/packages/fma/index.html
http://cran.r-project.org/web/packages/fNonlinear/index.html
http://cran.r-project.org/web/packages/forecast/index.html
http://cran.r-project.org/web/packages/fracdiff/index.html
http://cran.r-project.org/web/packages/fractal/index.html
http://cran.r-project.org/web/packages/fractalrock/index.html
http://cran.r-project.org/web/packages/fts/index.html
http://cran.r-project.org/web/packages/fUnitRoots/index.html
http://cran.r-project.org/web/packages/GeneCycle/index.html
http://cran.r-project.org/web/packages/GeneNet/index.html
http://cran.r-project.org/web/packages/gogarch/index.html
http://cran.r-project.org/web/packages/gsarima/index.html
http://cran.r-project.org/web/packages/hydroGOF/index.html
http://cran.r-project.org/web/packages/hydroTSM/index.html
http://cran.r-project.org/web/packages/Interpol.T/index.html
http://cran.r-project.org/web/packages/its/index.html
http://cran.r-project.org/web/packages/KFAS/index.html
http://cran.r-project.org/web/packages/kza/index.html
http://cran.r-project.org/web/packages/ltsa/index.html
http://cran.r-project.org/web/packages/lubridate/index.html
http://cran.r-project.org/web/packages/mAr/index.html
http://cran.r-project.org/web/packages/mar1s/index.html
http://cran.r-project.org/web/packages/MARSS/index.html
http://cran.r-project.org/web/packages/Mcomp/index.html
http://cran.r-project.org/web/packages/meboot/index.html
http://cran.r-project.org/web/packages/mFilter/index.html
http://cran.r-project.org/web/packages/mondate/index.html
http://cran.r-project.org/web/packages/MSBVAR/index.html
http://cran.r-project.org/web/packages/paleoTS/index.html
http://cran.r-project.org/web/packages/pastecs/index.html
http://cran.r-project.org/web/packages/pear/index.html
http://cran.r-project.org/web/packages/pomp/index.html
http://cran.r-project.org/web/packages/ptw/index.html
http://cran.r-project.org/web/packages/quantspec/index.html
http://cran.r-project.org/web/packages/RMAWGEN/index.html
http://cran.r-project.org/web/packages/robfilter/index.html
http://cran.r-project.org/web/packages/RSEIS/index.html
http://cran.r-project.org/web/packages/Rssa/index.html
http://cran.r-project.org/web/packages/RTisean/index.html
http://cran.r-project.org/web/packages/rtv/index.html
http://cran.r-project.org/web/packages/rwt/index.html
http://cran.r-project.org/web/packages/sde/index.html
http://cran.r-project.org/web/packages/season/index.html
http://cran.r-project.org/web/packages/signalextraction/index.html
http://cran.r-project.org/web/packages/tempdisagg/index.html
http://cran.r-project.org/web/packages/tiger/index.html
http://cran.r-project.org/web/packages/timeDate/index.html
http://cran.r-project.org/web/packages/timeSeries/index.html
http://cran.r-project.org/web/packages/timsac/index.html
http://cran.r-project.org/web/packages/tis/index.html
http://cran.r-project.org/web/packages/tpr/index.html
http://cran.r-project.org/web/packages/TSAgg/index.html
http://cran.r-project.org/web/packages/TSdbi/index.html
http://cran.r-project.org/web/packages/tsDyn/index.html
http://cran.r-project.org/web/packages/tseries/index.html
http://cran.r-project.org/web/packages/tseriesChaos/index.html
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. Isfa - tslars « tsModel
. urca e vars « VhayuR
o Wwavelets o Waveslim « Wwavethresh

« 200 (core)
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http://cran.r-project.org/web/packages/waveslim/index.html
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http://cran.r-project.org/web/packages/wmtsa/index.html
http://cran.r-project.org/web/packages/wq/index.html
http://cran.r-project.org/web/packages/xts/index.html
http://cran.r-project.org/web/packages/zoo/index.html
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[Ipusioxkenue A. IlpuMepHBIi ceaHC

Crenyrouuii ceanc npenHa3zHadeH Ui IEMOHCTPAIMH HEKOTOPBIX (yHKIUK cpensl R
yepe3 UX npuMeHeHne. MHOro QpyHKIMii cucTeMbl OyAyT HE3HAKOMBIMHU U 033]a4MBAIOIIUMU
CHayaja, HO 3TO 3aMEIIaTEeIbCTBO CKOPO UCUE3HET.

3anyctutre R cooTBercTBeHHO ni1si Bamreit mmargopwmel (cMm. [lpunoxenue B [Brizos
R]).
[TporpamMma R HaunHAETCSI ¢ OAHHEPOM.

(B mpenmenax koma R BO u30eraHWW ITyTAaHUIIBI TPUTJIAIICHHWE CJeBa HE Oynaer
MIOKa3bIBATHCS).

help.start()

Crapryer HTML wunTepdeiic Kk cucTteMe WHTEPAKTUBHOM IMOMOIIHM (C TOMOIIBIO
Opay3epa MMEIOIIErocss Ha Balledl mamuHe). Bel JOMKHBI BKpATIE U3YYUTh BO3MOXKHOCTH
3TOM CHUCTEMBI C TTOMOIIBIO MBIIIIH.

CBepHUTE OKHO C MIOMOILBIO U IEPEXOINUTE K CIEAYIOIIEH YaCTH.
x <- rnorm(50)
y <- rnorm(x)
Co3paet nBa rnceBaOCTy4YaiiHbIe HOPMAJIBbHBIX BEKTOPOB € X U Y - KOOpAMHATAMU.

plot(x, y) Pucyer Toukn Ha MIOCKOCTH. ABTOMAaTHYECKH TOSIBUTCS
OKHO rpa)MuecKoro BBIBOJA.

Is() [Toka3piBaeT R 0OBEKTHI, KOTOPBIE B HACTOALIEE BpeMs
Haxo/sATcsl B pabodeM mpocTpaHcTBe R.

rm(x, y) VY nanser He Hy)KHbIE 00BbeKTHI. (OUncTKa).

x <-1:20 Cozmaerx =(1, 2, ..., 20).

w<- [ + sqrt(x)/2 "BecoBoii" BeKTOp CTaHIAPTHBIX OTKIOHECHHM.

dummy <- data.frame(x=x, y= x + rnorm(x)*w) dummy
Cnenath TaONMIly NaHHBIX U3 JIBYX CTOJIOLIOB X U y M
BBIBECTHU €€.

fm <- Im(y ~ x, data=dummy) summary(fm)
[TogornaTe MpPOCTYI0 JHUHEMHYIO PErpeccuro y mo X u
BBIBCCTU pPC3YJIbTAT aHAJIN3a.

fml <- Im(y ~ x, data=dummy, weight=1/w"2) summary(fm1)

[TockonbKy MBI 3HAaeM CTaHJAPTHBIE OTKJIOHEHHMS, MbI
MOKEM MOJIOTHATh B3BEIICHHYIO PErPECCHIO.

attach(dummy) Cnenatp croyiOnpl B TaOiWIE MAHHBIX BHUAUMBIMH B
Ka4ecTBE MEPEMEHHBIX.
Irf <- lowess(x, y) Bbruuciute QyHKIMIO HenmapaMeTpHuecKO JIOKaIbHOM
perpeccuu.
plot(x, y) CraHaapTHBIA PUCYHOK TOYEK.
lines(x, Irf$y) J106aBUTh B HETO JIOKAJIBHYIO PETPECCHIO.
abline(0, 1, Ity=3) VctuHHas TUHUS perpeccuu: (OTceKaronmii orpe3ok 0,
HaKJIoH 1).
abline(coef(fm)) Hes3BelieHHast THHUS PETPECCHH.
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abline(coef(fm1), col = "red")
B3BenienHas IMHUS perpeccum.

detach() VY nanuTh TabJIMIly JaHHBIX U3 IYTH TTOMCKA.
plot(fitted(fm), resid(fm), xlab="Fitted values", ylab="Residuals"”, main="Residuals
vs Fitted™)

CraHmapTHBIN TUAarHOCTHYECKUH rpaduK perpeccuu s
MIPOBEPKHU Ha T€TEPOCKETACTUIHOCTh. Bl ee BuanuTe?

ggnorm(resid(fm), main="Residuals Rankit Plot™)

I'padux  HOpMaNBHBIX  3HAUEHUH I MPOBEPKH
aCUMMETpPHH, JKCliecca W Bblmagaromux 3HaueHui. (He
OYEHb I0JIE3€H B JAHHOM CIIy4ae).

rm(fm, fm1, Irf, X, dummy) CrHoBa ouncrka.

B cnenmyromem paszmene OyayT NpoaHATM3UPOBAaHBI JaHHBIE M3 KIACCHYECKOTO
skcniepumenta Michaelson u Morley s u3mMepeHus CKOPOCTH CBeTa. JTOT HAOOp IaHHBIX
JOCTyIieH B 0OBekTe MOrley, u MbI cuMTaeM ee, 4TOOBI MPOMUIIOCTPUPOBATH (YHKIIHIO
read.table.

filepath <- system.file("data™, "morley.tab” , package="datasets") filepath
3anucaTh MyTh K TEKyIIeMy (ailiry JaHHBIX.

file.show(filepath) He o0s3arenpHO: MOCMOTPETh Ha (haiii.
mm <- read.table(filepath) mm

Uuraer manneie Michaelson u Morley, kak tabmuiy
IaHHBIX, W BBIBOOUT HX. 31€Ch IIATh, HaJUICKALINM
00pa3oM 3aKOAMPOBAaHHBIX, HIKCIEPUMEHTOB (cTONOEL
Expt), kaxneiii umeer 20 nporoHos (cronben Run), a sl
SBISIETCSI N3MEPEHHOM CKOPOCTHIO CBETA.

mmS$Expt <- factor(mm$Expt) mm$Run <- factor(mm$Run)
Tpancdopmanus Expt u Run B paxropsr.

attach(mm) Cnenath TabNMIly MAHHBIX BHAHOW B MO3MIUH 3 (IO
YMOJIYAHHUIO).

plot(Expt, Speed, main="Speed of Light Data", xlab="Experiment No.")
CpaBHeHue SITH HKCIIEPUMEHTOB IPOCTHIMHU

KOpPOOOYHBIMU JarpaMMaMH.

fm <- aov(Speed ~ Run + Expt, data=mm) summary(fm)

AHanu3upoBaTh, Kak pPaHIOMH3UPOBAHHBIN OJIOK, C
"runs" u "experiments" B kauecTBe (haKTOPOB.

fm0 <- update(fm, . ~ . - Run) anova(fm0, fm)
[TomorHats k cyoMonenb omyckas "runs'", ¥ CpaBHUTB C
MTOMOIIBIO (HOPMAITBHOTO TUCIIEPCUOHHOTO aHAIH3a.
detach() rm(fm, fm0) [Tounctum nepen nanpHeWIeH paboToi.
Celiyac TOCMOTPHM Ha HEKOTOpbIe MJalbHEHIHe TpaduyecKue BO3MOKHOCTH:
KOHTYpHBIE Tpaduku U rpaduku n300pakeHHi.

X <- seq(-pi, pi, len=50) y <- x
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X 970 BekTop 3 50 paBHOMEPHO pacHpeac/iCHHBIX 3HaUeHui B uHTEpBaie [-pi\, pi]. y Takoi
e BEKTOP.

f <- outer(x, y, function(x, y) cos(y)/(1 + x"2))

f - 3TO KBampaTHas MaTpuIa, IPUYEM CTPOKH U CTOJIOIBI MHACKCUPOBAHBI KaK X H ),
COOTBETCTBEHHO, COCTOMT U3 3HaYeHui Qyukimu cos(y)/(1 + x"2).

oldpar <- par(no.readonly = TRUE) par(pty="s")
CoxpansieM mapaMeTpsl TpauuecKoro BBIBOJA M YyCTaHaBIMBaeM 'KBaJIpaTHBIN"
PEruoH BhIBOJA IpaduKu.

contour(x, y, f) contour(x, y, f, nlevels=15, add=TRUE) [lenaem kouTypHyto KapTy f;
n00aBIIsieM MoOOoIIbIIe TMHUN IS IeTATbHOCTH U300pakeHusl.
fa <- (f-t(f))/2

fa - aro "acummerpuunas gacte" f. (t() - 310 Tpancmonmposanue). contour(x, y, fa,
nlevels=15)

JlenaeM KOHTYpPHBI PUCYHOK, ...
par(oldpar)
... 1 BOCCTAHABIIMBAEM CTapble rpaduuecKue mapameTphl.
image(x, y, f) image(x, y, fa)

Jlemaem mapy BBICOKO YETKHX TrpaduKoB-H300paxeHui, (M3 KOTOPBIX MOXKHO
MOJIyYUTh, €CIIU HYXKHO, PacleyaTKy)

rm (x, y, f, fa)

... ¥ OUHMIIIaeM Tiepe1 JanbHened paboTo.
R nMmeeT KOMITIEKCHYIO apu(METHKY:
th <- seq(-pi, pi, len=100) z <- exp(Lli*th)
1i ucronb3yeTcs ik KOMILIEKCHOTO YHCIa .
par(pty="s")
plot(z, type="1")

BbIBO KOMIUIGKCHBIX apryMEHTOB O3HAa4aeT Tpauk MHHMOW 4YacTH YHCIA 10
peanbHON. DTO T0JKEH OBITh KPYT.

w <- rnorm(100) + rnorm(100)*1i

[Ipenmnonoxum, HaM HY>KHbI TOYKU B Ipejaenax eIWHUYHOU OKpyKHOCTH. OfuH u3
CIoco00B, ATO MOTYYUTh KOMIUIEKCHBIC YHCIIA CO CTAaHIAPTHO HOPMAJIBHO pacHpeeIeHHON
peaTbHOM U MHUMOM YacTsIMU ...

w <- ifelse(Mod(w) > 1, 1/w, w)
... 1 0TOOpa3uTh BCE BBIXOSIKUE 32 MPeeNbl Kpyra Ha uX o0paTHOe 3HaYCHHUE.
plot(w, xlim=c(-1,1), ylim=c(-1,1), pch="+" xlab="x", ylab="y")
lines(z)

Bce ToukuM BHYTpUM €IUHUYHON OKPYKHOCTH, HO paCHpelelieHHe HE SBISETCS
PaBHOMEPHBIM.

w <- sgrt(runif(100))*exp(2*pi*runif(100)*1i)
plot(w, xlim=c(-1,1), ylim=c(-1,1), pch="+", xlab="x", ylab="y")
lines(z)
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Btopo#i MeTon ucmosib3yeTcsi paBHOMEpPHOE pacnpenesieHre. TOYKH JOJKHBI TENeph
BBITJIAACTH 60)166 PaBHOMCPHO paCpCACIICHHBIMU 110 BCEMY KPYTY.
rm(th, w, z)
CHoBa yOopka.

q0

Beixon u3 R mporpammel. Byner 3aman Bompoc, XOTHTE JM COXpaHUTh padouee
MPOCTPaHCTBO R, M /1 Tako# y4eOHOM ceccuM Kak 3Ta, 3TO HaBEpHOE HE TIOHAI00UTCS.
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IIpunoxenusn B. Bbi3oB R

[Monb3oBarenn R wa Windows mmm Mac OS X cHayana [OJDKHBI TPOYECThb
cootBercTBYtomuid mig OC pasznen, HO TakKe MOJIEPKUBACTCA MCIOJIb30BAaHUE KOMaHIHOM
CTPOKH.

B.1. Bbi30B R U3 komaHaHO#i cTpOKH
Pabortas B komanmHoi ctpoke mox UNIX wmm Windows, komanaa 'R' moxer
UCIIOJIb30BaThCs KaK /I 3allycka OCHOBHOM mporpammsl R B popme:

R [onyuu] [<infile] [> outfile],
Tak 1 yepe3 unreppeiic <R CMD», kak obepTKka K pa3InuHbIM HHCTpyMeHTaM R (Hampumep,

st o0paboTku (aitioB B dopmare JOKyMEHTAIMu R wim ympaBieHHsS TOMOJHUTEIbHBIMU
IIaKeTaMM ), KOTOPbIE HE IPEIHA3HAYEHBI 1)1 "HEOCPEICTBEHHOI 0" BBI30BA.

B xomananoii crpoke Windows rterm.exe mpeamourutensHee R.

Craenyer yoenuThCs, 4To UM nepeMeHHast okpyxenuss TMPDIR cOpomena, nim ona
yKa3bIBAET Ha JJOMYCTUMOE MECTO Ul CO3/1aHUs BPEMEHHBIX (DailyIoB M KaTaJIOrOB.

bonpminHCTBO OmNIMI yhpaBisieT HayaJloM M OKOHYaHMEeM ceaHca R. Mexanusm
3aImycka COCTOMT B CIICAYIOIIEM (CM. TakKKe€ OHJIAMHOBYIO CIPABKY IJIsi TEMBI '3amyck' IJis
MOJIyYEHHUsI TOTIOJIHUTENILHOW MH(OpMAIMK, U pa3fes HIKE Ui HEKOTOPBIX CHeln(UIHBIX
st Windows netaseii).

o [Iloka He 3aman ‘--no-environ’ R wuiet ¢aiiibl MOIb30BaTENs U CUCTEMBI IS
00pabOTKH YCTaHOBOK TIEPEMEHHBIX OKpYyKeHus. Mms cucrtemHoro aiina
yka3zaHo B nepemeHHod okpyxkeHus R_ENVIRON; ecnu ona cOpomiena, To
HCIIOJIB3YETCS ‘R_HOME/etc/renviron.site’ (ecmi OH  CYIIECTBYET).
[Tonp3oBarenbckuii ¢aitn ¢ Hactpoiikamu umerca kak R_ENVIRON_USER,
€CIIM OH yCTaHOBJICHA; WHAuUe Pa3bICKUBAIOTCs (aiiiasl ‘.Renviron’ B Tekyiiem
WIM B KOPHEBOM Karajore IMoJib3oBarens (B 3TOM MOpsAKe). DT Qailibl
JOJDKHBI COIEpKaTh CTpOoKH Buaa ‘name=value’. Cwm. crpaBky "3amyck" mist
TOYHOTO omnucanus. [lepeMeHHBIC, KOTOPbIE MOKHO yCTaHOBUTH, BKIIIOUAIOT
R_PAPERSIZE (pa3mep Oymaru mo ymomyanuto), R_PRINTCMD (komanna
nevyatu mo ymonyanuro) u R_LIBS (yka3biBaeT cnimcok nepeBbeB OMOIMOTEKU
R nu1s moncka MOMOJIHUTETBHBIX ITAKETOR).

o 3areMm R umier cucTeMHBIH 3arpy304HbIi TPOGUITh, €ClIM ObLT 33/1aH TapaMeTp
KOMaHIHOW CTpoku ‘--no-site-file’. Mms storo daiima B3ITO W3 3HAYCHHUS
nepemenHoit okpyxkenuss R_PROFILE. Ecnu 3ta mepemenHas copoiieHa, To
ucrnoie3yercs mo ymomuanmio ‘R_HOME/etc/rprofile.site’, ecnmu  on
CYIIECTBYET.

o 3arem, ecimu ‘--no-init-file’ Opu1 man, R wmmer mpoduias MoNb30BaTENs H
orpeneNAeT ero MCTOYHUK. Mmsa »3Toro ¢aitna B3ATO M3 INEepeMEHHOU
okpyxenus V_PROFILE_USER; ecimu cOpomieno, To passickuBaercs ¢haii ¢
umenem “.Rprofile’ B Tekymem karamore wiMm B KOPHEBOM KaTajore
MOJTK30BaTENIs (B ATOM MOPSIIAKE).

o Taxxe 3arpyxaercss coxpaHeHHas pabodass obOnacte u3 aiina ‘.RData’ B
TEKYIIEeM KaTajore, €CJIM TaKoW CylmiecTByeT (IMOKa He yKazaHo ‘--no-restore’
i ‘--no-restore-data’ ).

o Haxonen, ecnmn ¢ynkius .First() cymecTtByer, ToO OHa BBIMOJHIETCA. DTa
¢bynknus (Tak xe kak .Last(), kotopas BeImodHsETCS B KOHIIE ceanca R) moxer
OBITh OIpe/esieHa B COOTBETCTBYIONINX MPOMMIISIX 3aITycKa, WM HaXOJUTHCS B
“.RData’.
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Kpome Toro, ects onumu [uis ynpaBieHUs NaMsThbiO, JOCTynHas mporeccy R (cm.
OHJIAHOBYIO CIIpaBKy JUIst TeMbl 'TIaMsATh' A1 TOMydYeHHs TOTOJHUTENLHON MH(pOpPMAaILUN).
[Tonp3oBarensiM He clieAyeT UX OOBIYHO MCIOJIB30BATh, €CIIM OHU HE IMBITAIOTCS OTPAHUYUTH
00beM NaMsITH, UCTIONIb3yeMbIil R.

R npunuMaet cneayroiue napaMeTpbl KOMaHIHOM CTPOKH.

‘--help’

‘_h)

[ledataer KOPOTKOE COOOIICHNE TTOMOIIH U YCIIEIITHO BBIXOHUT.

‘--version’

[Teyaraet nHGOPMAIUIO O BEPCUU U YCIIEIIHO BBIXOIUT.

‘--encoding=enc’

VkaxuTe KOAUPOBAHKUE, KOTOPOE OYIET MCIOIBb30BaThCS IS BBOJA ¢ KOHCOJIH
v Stdin. DTo J0KHO OBITH KOAMPOBAHHUEM, H3BECTHBIM ICONV: CM. CTPaHUILY
cnpaBku. (--encoding=enc’ Takke NpUHUMAETCA.) BXOaHbIC JaHHBIC
HEPEKOUPYIOTCS M UCTIONIHAIOTCS B JIOKaTH R M HE0OXO0IUMO Mpe/CTaBUTh B
HOCJIEAYIONIEM KOAMPOBAHUH (UTAK, HEIIB3s IEPEKOIUPOBATH TPEUECKUIN TEKCT
BO (ppaHITy3CKYIO JIOKaJIb, IIOKA JIOKAJIb UCIONB3yeT KoaupoBky UTF-8).

‘RHOME’

Haneuwaraiite nyts k "KOopHeBOoMy Kartajory" R K cTaHZapTHOMY BBIBOAY U
BBIXONy ycmemHo. Kpome ckpunra 00OJI0YKM M CTPaHMIBI CIIPABOYHHUKA,
ycTaHoBKa R momemiaer Bce (MCIIOJHUMBIE TPOTPAMMBI, IIAKETHI, U T.J.) B 3TOT
KaTaJIor.

‘--save’
‘--no-save’

VYrpasnser, 0JKHBI JTH HA0OPbI TaHHBIX ObITh COXPAHEHBI WM HET B KOHIIE
ceanca R. Ecinu He yka3aHO B MHTEPAKTHBHOM CEaHCE, MOJIb30BATENS CIPOCSAT
OTHOCHUTEJILHO TpeOyemMoro pexkuma mnpud okoHdanmu ¢ ((); B He
HWHTCPAKTUBHOM MHCIIOJIb30BAHUKU OJWUH H3 HHUX HOOJDKCH YKa3bIBATHCA HIIU
MOApa3yMeBaThCsl HEKOTOPOU JPYTroi ONIuen (CM. HUXKE).

‘--no-environ’

He unTath Kakoi-mu6o moyib30BaTeNbCKUi (Paiii 1y yCTaHOBKH CPEJIb

‘--no-site-file’

He uurath mpodwitb ¢ caiita mpu crapre.

‘—-no-init-file’

He uurats npoduiis noap3oBates Mpu cTapTe.

‘--restore’
‘--no-restore’
‘--no-restore-data’

VYnpasisier, AODKEH JH ObITh COXpaHEHHBIH 00pa3 BOCCTAHOBJICH TPU CTapTe
wii HeT (daiin “.RData’ B xaranore, rae R Obut 3amymieH). [lo ymondanuto
JIOJDKEH BOCCTaHABIMBATHCS. ‘--NO-restore’ moapasyMeBaeT BCE YKa3aHHbBIC
onuuy ‘--no-restore-*’.

‘--no-restore-history’
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VYnpasienue, T0HKEH Jd (ailsl ICTOpUU ObITh BOCCTAHOBJICH NPU CTApTE WA
Her. OObunO (aiin “.Rhistory’ maxogurcs B karaiore, u3 KoToporo R Obu1
3aImmyIieH, HO MOXKET ObITh YCTaHOBJIEH nepeMeHHou okpyxeHust R_HISTFILE
[To ymomyaHuIO cliefyeT BOCCTAHOBUTb.

‘--no-rconsole’
(Tomsko Windows). brokupyert 3arpysky ¢aiina ‘rconsole’ mpu crapre.

‘--vanilla’
Kombunupyer ‘--no-save’, ‘--no-environ’, ‘--no-site-file’, *--no-init-file’ u “--
no-restore’. ITox Windows Taxoke BkitogaeT ‘--no-rconsole’.

‘f file’

‘--file=file’
(ue rgui.exe). bepyr BBox U3 daiina: ‘-’ o3navaromwmii stdin. [Togpaszymesatot ‘-
-N0-save’, moka He YCTaHOBJICHO ‘--Save’.

‘-e expression’
(me rgui.exe). Hcrmomb3yercss €Xpression kak BXOIHYKO CTpPOKy. Moxker
HCITONIB30BaThCA OfHa Win OoJiee ommuil “-€’, Ho He BMmecTe ¢ “-f” mum ‘--file’.
[TompazymeBator ‘--no-save’, moka He ycTaHOBJIeHO ‘--Save’. Ectb npenen 10
000 GaifToB Ha MOJHOW NJIWHE BBIPAKEHHH, UCIIOIB3YEMBIX TaKUM OOpa3oOM.
Beipaxkenus, copepxkamue mpoOeisl WM METaCUMBOJIBI 00OJOYKH, CIEIyeT
3aKJIIOYUTH B KaBBIYKHU.

‘--max-ppsize=N’
VYka3plBaeT MaKCHUMaJbHBI pa3Mep CcTeka 3alluThl ykazaTens kak N
pacrnionoxenus. [lo ymomganuto pasao 10000, HO MOXKET OBITH YBEIHYEH, YTO
MO3BOJIUT JenaTh Ooyiee CJIOXKHBIE BBIYMCIEHUA. B HacTosmmii MOMEHT
MakcuMaiabHOe puHsTOE 3HaueHue pasHo 100000.

‘--max-mem-size=N’
(Windows TosbK0). YKa3bIBaeT mpenen st o0beMa mamsiTH, KOTOPBId OyaeT
UCTIOJIb30BaThCS M U1l 00beKTOB R 1 1t pabounx obmacteil. Y CTaHOBJICHO 110
YMOJITYaHUIO B MEHbIIIEE U3 KojaudecTBa ¢uzndeckoir RAM B mammne pist 32-
paspsaaoro R - 1.5Gb, u nmomkno ObITh Mexnay 32 MBb u Makcumymowm,
MO3BOJICHHBIM Ha Bepcuu Windows.

‘--quiet’

‘--silent’

-q

He neuaraTts npusercrBue

‘--slave’

Crenars HCHOJNHEHME R HACTOIBKO CHOKOWHO HACKOIBKO BO3MOYKHO. DTa
oMMl MpeIHa3HaueHa K MporpaMMaM MOJACPKKU, KOTOPbIE HCIONB3YIOT R,
4TOOBI BBIYUCIIUTE PE3YNIbTaThl s HHUX. [loapasymeBaercs ‘--quiet’ u *--no-
save’.

‘--ess’

(Windows Tonbko). YcranoButh RteRm mis ucnonb3oBanus R-inferior-mode B
ESS, Bxitouast yrBepik/ieHHe HHTEPAKTUBHOTO UCIIOJNB30BaHUS 0€3 pemakTopa
KOMaHJHON CTPOKH.

‘--args’
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OT1oT (nar He NenaeT HUYEro KpoMe KaK BBI3BIBAET MPOITYCK MOCIEAYIOLIUX
KOMaH/: 3TO MOXET OBITh IMOJEe3HO, YTOOBI MOJYYUTh 3HAYEHUE OT HUX C

commandArgs(TRUE).

3aMeTHM, YTO BBOJ U BBIBOJ MOXKET OBITh IEPEHANpPaBICH OOBIYHBIM CIIOCOOOM
(ucmonw3ys © <’ m “>’), HO mpenmen IMHBI CTpoku 4095 GaiTOB Bece ele, MPUMEHSIETCS.
[Ipenynpexaaromnme cooOmEeHUS U COOOIIEHUsT 00 OIMMOKaX OTIPABIEHBI IO KaHATY OIIHOOK
(stderr).

Komanger R CMD 1o3BosisitoT BBI30B pa3iMYHBIX HHCTPYMEHTOB, KOTOPBIC MOJIE3HBI
COBMECTHO ¢ R, HO He mpeHa3HAUYCHHBIX 7151 "HeToCcpeACTBEHHOTO " BhI30Ba. O01Iast popma:

R CMD command args

rae command  siBIsieTCss KIMEHEM CpEJCTBa, a args sBISIeTCS apryMEHTOM, KOTOPBIH eMy
nepenaercs.

B Hacrosiee BpeMst JOCTYITHBI KOMaH/IbI:

BATCH Hcnonuser R B maketHoM pexxume. Mcnonnsger R --restore --save c
BO3MOYKHOCTBIO B JIaJIbHEHIIIEM JIOMOJHUTENBHBIX OMIUA  (CMOTpH
?BATCH).

SHLIB Crpourt paszzaenseMyro OuOInOTeKy U JUHAMUYECKOH 3arpy3KH.

INSTALL Y craHaBiIMBacT BCTPOCHHBIE NTAKETHI.

REMOVE VY nanser BCTpOCHHBIE TTAKETHI.

build Ctpowur (T.e. MaKeT) BCTPOCHHBIC MAKETHI.

check [TpoBepsieT BCTpOEHHBIE TAKETHI.

RpRof ITocne obpabotka (haitnoB npoduis R.

rdconv

rd2txt ITpeobpasyet dopmar rd B pasusie apyrue Gpopmarsl, BKI0Yas HTML,

LATEX, mpocTbie TEKCTHI, © M3BIEKaeT npuMepbl. rd2txt Moxer OBITH
HCIOJIB30BaH Kak Kpatkas popma st rd2conv -t txt.

rd2pdf [Tpeobpasyer popmar rd B PDF.

Stangle W3Bnekaer koa S/R Cu3 qoKyMeHTaIu Sweaven

Sweave Oo6pabaTbIBaeT TOKYMEHTALIMIO Sweave

rdiff Ornensier Beixoa R ot 3aronoskos

config [Tonmy4aet uHpOpMaLIKIO O KOHPUTYpALTHH

open (Tomexko Windows) OrtkpeiBaeT aitn uepe3 accoruanuio ¢aiios
Windows

texify (Tomexko Windows) O6pabateiBaet daitner (La)TeX files B crume
¢aitnos R

Hcnonp3yii:

R CMD command —help

I-ITO6I>I MOJIYYHUTh HCIIOJIb30OBAHHC I/IHq)OpMaI_II/II/I IJId KAXKA0TO CpCACTBA, JOCTYIIHOI'O 4CpPE3
unrepdeiic R CMD.
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Kpome Toro, MoxkHO HCIOaB30BaTh onyuu ‘-arch =’, *--no-environ’, ‘--no-init-file’, ‘-
-no-site-file’ and *--vanilla’ mexxny R u CMD: onu BiausitoT Ha Jr00ble mporiecchl R,
UCTIOTHsIeMbIe HHCTpyMeHTamH. (3aech “--vanilla’ sksuBanentna ‘--no-environ --no-site-file -
-no-init-file’.).) Oxguako ormetsTe, uTo R CMD cama o cebe He ucnomb3yet ¢ailiibl 3amycka
R (B wacTHOCTHM HHU TOJB30BaTeNIbCKKE, HU (hailibl caiita ‘renviron’), u Bce mporecchl R,
UCTIOJNIHAEMBbIE ASTHMU HWHCTpyMeHTamH, (kpome BATCH) wucnonssytor ‘--no-restore’.
BonbimacTBO HMemons3yioT ‘--vanilla’ u Ttak crapryior 6e3 ¢aiino 3amycka R: Tekyrme
uckmrouenus - INSTALL, REMOVE, Sweave u SHLIB (rae ucnons3yrotes ‘--no-site-file --no-
init-file”).

R CMD cmd args

JUIsL JII000# pyrod MCIIOJTHUMOW TporpaMMbl CMd Ha MyTH WM AaHHOM a0COJIFOTHOM ITyTH
daiina: 3To MoNe3HO, YTOOBI UMETH TY XK€ CaMyI0 cpely Kak R wim ompeneneHHbIe KOMaH/IbI,
10/l KOTOPBIMH HUCIIOJHSIOT, Hanpumep, ucnonuuts ldd wim pdflatex. Tlon Windows cmd
MOXXET OBITb HCIOJHHMOW TIPOTPaMMOM WM TIAKeTHbIM (alaoM, WIM €CId y HEero
pacumpenue .Sh wim .pl ¢ COOTBETCTBYIONIMM HHTEPIPETATOPOM (IIPU HATTHYHH).

B.2. Boi3oB R mox Windows
Ectp nBa cmocoba wucnomuuth R mox Windows. B mpenenax oxHa TepMmuHana
(mampumep, cmd.exe uau 6osiee MpUroaHas 000I0YKa), METOBI, OMMMCAHHBIC B MIPEIBIAYIIEM
paszene, MOTYT HCIIOJIb30BaThCs Uil BbI30Ba R.exe unu Oonee HemocpeacTBeHHO Rterm.exe.
Jlyis MHTEPaKTHUBHOTO HCob30Banus (RQui.exe) ectb ocHoBaHHbIH Ha KoHCOaH GUI.

[Mpouenypa 3amycka nox Windows mogo6na mon UNIX, HO CChITKM Ha 'KOpHEBOU
KaTaJIOT' JI0JIKHBI ObITh pa3bsICHEHBI, TIOCKOJIBKY 3TO HE Bceraa ompeaenserca Ha Windows.
Ecnu nepemennas okpyxenus R_USER omnpenenena, To oHa 1aeT KOpHEBOW KaTajor. 3aTeM,
ecnu nepeMeHHast okpyxxenust HOME ompenenena, To ona naet kopHeBoil kataior. Ilocie
9THX JIByX YIPABISIEMbIX II0JIb30BaTEIeM HACTpoeK R mbITaeTcs HaWTH, 4YTO cHCTeMa
ompenenuia KOpHeBble Karajoru. (CHauyama mbITaeTcss  UcHoib3oBath  Windows
"mepconanbHbIi" katamor (oosraro C:\Documents and Settings\user name\My Documents B
Windows XP). Ecnu 310 mepecrano pabotars, u nepemennbie okpyxenus HOMEDRIVE u
HOMEPATH onpezaencusl (a Tak ¥ €CTh), TO OHH ONPEICIAIOT KOPHEBOH Kartaior. [lpwu
OTCYTCTBUH O€peTcsi KOPHEBOM KaTaJloT B KauecTBa KaTajora 3amycka.

Crnenyer rapa"TupoBaTh, 4To Jio0as mnepemeHHas okpyxkenus TMPDIR, TMP u
TEMP wunm cOpoieHa Wid OJHA W3 HUX YKa3bIBa€T HA JOMYCTHMOE MECTO JUISl CO3JIaHus
BPEMEHHBIX (paiijIOB M KaTaJIOTOB.

[TepemeHHBIE OKpYXEHHSI MOTYT OBITh MpPEIOCTABJICHBI Kak mapel ‘name=value’ B
KOMaHHOM CTPOKE.

Ecnmu ectp mapamerp, 3akaHumBarommiics ‘.RData’, (B mobom ciydae) OH
WHTEPIPETHPYETCS KaK NyThb K pabodeid 00JacTH, KOTOPBIA OyAET BOCCTAHOBJICH: 9TO
noapasymeBaer ‘--restore’ m ycraHaBIuMBaeT pabouMii KaTalor B POAMTENS WMEHOBAHHOTO
daiina. DTOT MeXaHU3M HCIOIB3YeTCs IS IEePETaCKUBATh-H-OTOPACHIBATh M 3aBUCHUMOCTH
daiina ¢ RGui.exe, Ho Takke u padoraer B Rterm.exe. Ecnm mmeHoBaHHBIN (aitn He

CYIIECTBYET, OH YCTaHABIMBAET pabOUYnil KaTalor, eCiIi POJUTEIbCKHUI KaTalor CyIIECTBYET.

Crnenyrouiye 1ONOIHUTENbHBIE TApaMETPbl KOMaHIHOW CTPOKH JOCTYIHBI IIPU BBI30BE
RGui.exe.

‘—-mdi’
‘--sdi’
‘--no-mdi’
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VYupasasier, Oymer au Rgui paborare kak mporpamma MDI  (co
MHO>KECTBEHHBIMH JIOYEPHUMH OKHAMH B TIPEJENIax OJHOTO TJIABHOTO OKHA)
niu npumeHenue SDI (co MHOXKeCTBEHHBIMH BRICOKOYPOBHEBBIMU OKHAMH JIJISI
KOHCONM, TpapuKd W  CTPaHUI]). YCTAaHOBKA KOMAHIHOW  CTPOKH
niepeonpeeseT YCTaHOBKY B (aiine ‘Rconsole’ mombs3oBaress.

‘--debug’

Bkiouaer mynkT mento ““Break to debugger” B Rgui, n nannmupyer nepexon
K OTJIQJIYMKY BO BpeMsi 00paO0OTKH KOMAaHIHOW CTPOKH.

ITon Windows ¢ R CMD Ttaksxe MoxeT crienu(puiupoBaTh CBOM COOCTBEHHBIE (Daiiiibl
“bat’, “.exe’, *.sh’ u “.pl’. OHM HCHOJHATCA MOA COOTBETCTBYIOMUM HHTEpIpeTaTopom (Perl
st “.pl’) ¢ HecKONbKUMH Ha0OpaMH TEPEMEHHBIX OKPYKECHHUS COOTBETCTBEHHO, BKIIIOYAsS
R HOME, R OSTYPE, IIVTh, BSTINPUTS n TEXINPUTS. Hampumep, ecnmu yxe ecTb
‘latex.exe’ B myTH, TO:

R CMD latex.exe mydoc

to Oymer mcrmomnen LATEX mms ‘mydoc.tex’, ¢ myrem mis makpoca R ‘share/texmf’,
npucoequHeHHoM kK TEXINPUTS. K HecuaTthio 310 He momoxker ¢ mocrpoenuem MiKTeX
LATEX, o mis R CMD texify mydoc 6ymer paboTars.

B.3. BezoB R moxg OS X
Ectp nBa crioco6a ucnonmuuthk R mox OS X. B mpenenax okna Terminal.app BeI30BOM
R mpumeHsitoTcs METOJBI, ONMCAHHBIC B MEPBOM Mojpasneie. EcTh Takke OCHOBaHHBIA Ha
koHconmn GUI (R.app), KOTOpbIii MO yMOJYaHWIO YCTAaHOBJICH B mamnke [IpuMeHeHuWilt Ha
Baweii cucreme. Oto - ctanaaptHoe npuMmenenue OS X.

[Tponenypa 3anmycka mox OS X momo6ua mox UNIX. 'KopreBoit kaTtamor' - omHa
BHYTpEHHss 4acTh, R.framework, HO 3amyck ¥ TeKymuid pabo4uii KaTaJior yCTaHOBJICHBI KaK
KOPHEBOW  Karajor TOJbh30BaTeNsA, €CIM JpYyrod Karajior 3amycka He JaH B
[IpuBunernpoBaHHOM OKHE, focTynnHOM u3HyTpu GUI.

B.4. Ckpunter R
Ecmu tonmbko HeoOXoauMo UCTONMHHUTH Komaunday R ‘f00.R °, pekomeHmyeMbli myTh
COCTOHUT B TOM, 4T00bI Hcnoiab3oBath R CMD BATCH foo0.R. Eciaun Heo0X0oauMo HCIIOIHHUTE
ero B (/OHOBOM peXHMMe WJIM KaK HMCIOJIb30BaHUE MaKeTHOro 3aianus cneuuduunbie ans OC
CpeACTBa, YTOOBI ClIeNIaTh TaK: HampuMmep B OonbIIMHCTBE 000s0ueKk Ha Unix momoOHbix OC
R CMD BATCH foo. R & ucnomnusierOcst HU3KOIMPUOPUTETHBIM 33 JaHHEM.

MoxHO IepenaTb IapamMeTpbl CKPUIITAM Yepe3 JIOIOJHUTEIbHBIE apryMEHTBI B
KOMaHJIHOM CTpoOKe: Hampumep (TIe HeoOXOAMMO TOYHOE 3aKIIOYEHHE B KAaBBIUKH OyAeT
3aBUCETh OT MCIIOJIb3yeMON 00O0IOUKH):

R CMD BATCH "--args argl arg2" foo.R&
nepeaacT nmapaMeTpsl CKPUNTY, KOTOPBIA MOKET OBITh TIOJIYY€H KaK CUMBOJIBHBIN BEKTOP
args <-commandArgs (TRUE)

MOo3KHO cienath Mpolie aabTepHATHBHBIM RSCript, KOTOpBIN MOXKET OBITH BBI3BAH:

Rscript foo. rargl arg2
M 3TO MOXET TaK)X€ MCIOJIb30BATHCS, UTOOBI 3aMMcaTh UCTIOJHUMBIE (pailyibl cKpHnTa Kak (1o
kpaiineit mepe, Ha Unix-nogo6ubx OC, u B HEKOTOphIX obomoukax Windows)

#! /path/to/rscript

args <- commandArgs(TRUE)
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g(status=<exit status code>)
Ecmu sto BBOmMTCS B TEeKCTOBBIM (aitm ‘RUNFOO’, u 3TO caemaHo HCIOIHUMOM
nporpammoii (chmod 755 RUnfoo), 310 MosxeT ObITh BBI3BAHO IS pa3IHMUHBIX TAPAMETPOB
runfoo argl arg2

Jlns paneHe#mux onmmii cMotpu  help('rscript”). Pesymsrar Oymer 3amucan R B
‘stdout’ m ‘stderr’, u 310 MOKET OBITh NEpEeHANpPaBICHO OOBIYHBIM CIIOCOOOM K 00O0JIOUKE,
HCHOJIHSIONEH KOMaHIOM.

Ecnu He kenaTteneH ycTaHOBJICHHBIH IyTh K FSCript, TO B MMyTH MOXXHO HCOJIbH30BATh
(410 OOBIYHO MMEET MECTO I yCTaHOBJACHHOTO R 3a nckmoyenneM Windows, HO Hampumep,
nosas3oBaren Mac OS X, BO3MOXKHO, T0JDKHBI TpruOaBuTh ‘/ust/local/bin’ k ux myTtn):

#!/usr/bin/env rscript

ITo kpaiineit mepe, B Bourne #! MexaHu3sm HE TMO3BOJISIET OTOJHUTEIHHBIC
napameTpsl, Takue kak #!/usr/bin/env rscript --vanilla.

Paccmotpum emie, k yemy oOpamaercs Stdin(). Dto OanambHO, YTOOBI 3aIKCaTh
CKpHUIITHI R ¢ cermMeHTamMu Kak:
chem <- scan(n=24)
2.90 3.10 3.40 3.40 3.70 3.70 2.80 2.50 2.40 2.40 2.70 2.20
5.28 3.37 3.03 3.03 28.95 3.77 3.40 2.20 3.50 3.60 3.70 3.70

u stdin() oOpamraercs k aitmy ckpunrta, 4YTOOBI TO3BOJIUTH TAKOE TPAJUIHOHHOE
ucronp3oBanue. Eciu HeoOxoaumMo oOpaTuThes K mporeccy ‘stdin’, To ucmons3yite "stdin” B
kadgectBe coenunenus file, manmpumep, scan("stdin™...).

Jlpyroit crmoco0 3amucath HMCIOMHHMBIC (Gaitibl ckpunTa (mpeanoxeHo Francois
Pinard) cocTouT B TOM, YTOOBI HCIIOJIB30BATH 30€Ch OOKYMeHm Kak:

#1/bin/sh

[environment variables can be set here]

R --slave [otheroptions] <<EOF

rprogram goes here...

EOF
HO 371ech Stdin() oOparmaeTcs kK HICTOYHKMKY TporpaMMsl, 1 "stdin™ He OymeT IpUMEHHM.

OueHb KOPOTKHE CKPHIITBI MOXKHO IepenaTh K RSCript B komMaHIHOW CTpoke uepe3

dbnar ‘-e’.

3ametum, uro Ha Unix-momgoOubix OC BxogHOoe ums (aiina (takoe kak ‘f00.R’), He
JIOJIKHO COJICP)KATh HU METACHMBOJIBI O0OJIOUKH, HU TTPOOECITBI.
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[Ipunoxenue C. PeakTop KOMaHAHOU CTPOKHU
Cy1iecTByeT clieyrouue BapuaHThl peJakTUPOBAHUS UCXOAHOTO0 Kojia R:

e JuIs KoHcoi R
e s cKpuntoB R
® BHEIIHETO TEKCTOBOTO PEIAKTOpa

ITpu BeI30Be RGUI.EXE OTKpBIBaETCS OKHO KOHCOJIHM R, B KOTOPO# MOYKHO TIOMECTHTh
MO0YI0  MOCTEA0BATEIbHOCTh KOMaHJl, KOTOPbIE HEMENJICHHO HCIOJHSAIOTCS  IpH
pacro3HaHWM 3aBEpPLIEHHOCTH omeparopa sizbika R. MMeromuiicss B KOHCOMU TEKCT MOKET
OBITH OTPEeNaKTUPOBAaH. BO3MOKHOCTH pelakTUPOBAHMS H3JI0KEHBI B «CIIpaBKa» B 3aKJIaJIKE
«KoHconby.

JItoOoli HOBBIM TEKCT Ha s3bIke R MOXeT ObITh HAOpaH WM OTPEAAKTUPOBAH
UMEIOLIHICS ¢ HCMoNb30oBaHUEeM NOHATHS «Ckpunt» u3 3akianku «Daiim». OTKpbIBaeTCS
OKHO ¢ Ha3BaHue «Penaktop R». Ecin 3T0 0KHO akTuBHO, TO B «CIIpaBKa) UMeeTCs 3aKialka
«Penaktop», B KOTOPOI U3J105K€HA MHCTPYKIIHS 110 UCIIOJIB30BAHUIO ITOIO PENAKTOPA.

OCOOEHHOCTBIO pEIAaKTOpa MJsl CKPHUITOB SBISETCS BO3MOXHOCTb HCIOJIHEHUS
OTJENILHOTO OTIepaTopa WU IPYIIIBI ONEPATOPOB MO MEpe HEOOXOIUMOCTH.

Ob6a ykazaHHBIE pPEIAKTOPbl HMEIOT KpailHe OrpaHUYEHHbIE BO3MOXKHOCTH IO
PENaKTUPOBAHUIO M UWHCTPYKIMHM IO HUM MHUHUMaIbHBEL [losTOMy 31ech He OyayT
U3JIaraTthcs, Tak Kak UMU yJ1I00HO BOCIIOJIb30BAaThCSI MPU KOHKPETHOI padoTe.

Cpemu CcTOpoHHHMX pemakTopoB cieayer Notepad++, KOTOpbIii  pacro3HaeT
porpaMMHBIE TEKCThI, HanucaHHble Ha R. VimeeT mmpokue BO3MOKHOCTH O HANKCAHUIO U
peIaKkTUpOBaHUIO Ko/Ia Ha R.
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