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ITpeanciaosue

DTa KHUTA HAIIUCAHA [T TeX, KTO XOYeT HAyIUThCA 00pabaThIiBATD JaH-
uple. Takast 3aja4a BO3HUKAET OYE€Hb 9aCTO, OCOOEHHO TOT/a, KOIJa HY»KHO
BBISICHUTH paHee Hem3BecTHBINH dakT. Hampumep: ecrb s sdpdekr or HO-
BOro JiekapcTea? Vim: pasjinyaroTces Jin pedTHHTY JABYX MOJUTUKOB? Wim:
Kak OylleT MeHSIThCSI KypC JoJIIapa Ha CJeayoleil Hemene?

Mmuorue JIoan IyMaioT, 9TO 9TOT HEM3BECTHBIA (PAKT MOYKHO BBISICHUTD,
€CJIn IIPOCTO HEMHOI'O HO,ZLyMaTb HaJl JaHHBIMH. K CO2KaJIEeHUIO, 9acCTO 3TO
COBEpIIIEHHO He TaK. Hampumep, 1o ompocy 262 4esIoBeK, BBIXOISIIUX C U3~
OMpaTEIbHBIX yYIaCTKOB, BBIACHUIOCH, 9TO H2% IpOrosocoBaso 3a KaHIy-
nara A, a 48% — 3a kanauIaTa B (ecrecTBeHHO, MBI yIIPOIIAEM CUTYAIHIO).
Suagur 1 910, uYro Kanaugar A nobexun? Ilogymas, MHOIHME cHadaJIa CKa-
Kyt «Jlar, a gepes mekoTOopoe Bpemsi, BO3MOXKHO, «KTo ero zmaer». Ho
ecTb TPOCTOil (C TOYKM 3PEHUsI COBPEMEHHBIX KOMIIBIOTEPHBIX IIPOIDAMM)
«TeCT MPONOPIHUii», KOTOPBIii T03BOJISIET HE TOJBKO OTBETHTH Ha BOIPOC (B
JaHHOM citydae «Her»), HO M BBIYMCIIUTD, CKOJIBKO HAJ0 ObLIO OIPOCHUTH
9eJIOBEK, YTOOBI MOXKHO ObLIO ObI OTBETUTH Ha TaKOH BOIpoc. B ommcanmom
ciydae 910 pumepHo 5000 gesioBek (cM. 0ObsiCHEHHE B KOHIIE [VIABBI IIPO
OJIHOMEpPHBbIE JIAHHBIE)!

B obimmem, eciam Obl JIIOAM 3HAJM, 9TO MOXKHO CJejIaTh METOJaMU aHa-
JIN3a JAHHBIX, OMMOOK W HESICHOCTEH B HaIleill »KU3HMW CTaJ0 ObI ropas3iio
MeHbIe. K coxajieHuio, cuTyaiust B 3Toi 00JIacTU JaJieKa OT OJIaroroJy-
qns. TeM m3 Hac, KTO 3aKaHIMBAJI MHCTUTYTHI, 9aCTO YUTAIU Kypc «Teo-
pHsI BEPOSITHOCTEH M MaTeMaTHYeCKasl CTATUCTUKA», OJIHAKO KpPOMe yiKaca
U/WJIM TOCKU OT JITMHHBIX MATEMATHYECKUX (POPMYJI, HAOUTHIX I'PEYECKU-
MU OyKBaMM, OOJIBIIMHCTBO HUYEro M3 9TUX KyPCOB HE IIOMHHUT. A Belb Ha
TEOPUH BEPOSITHOCTEH OCHOBAHBI OOJILIIMHCTBO METOJI0B aHAIN3a JAHHBIX!
C gpyroit cTOpoHBI, BeJIb COBCEM He 00sI3aTeIbHO 3HATH PAIUOMUBNKY JIJIsT
TOTO, 9TOOBI CJIYIIATH JIIOOUMYIO PAINOCTAHITAIO IO PAIMOIIPUEMHNKY. 3HA-
quT, AJigd TOI'O LITO6bI AHaJINBUPOBaTh AJaHHBIE B IIPAKTHUYECKUX LEJIAX, HE
00s13aTeIbHO CBOOOIHO BJIAJIETh MaTeMaTUIeCKON CTaTHCTHUKON M TeopHeil
BEPOSITHOCTEH. DTy MPOOJIEMY JABHO YK€ HOUYBCTBOBAJIM MHOIUE AHIJIUI-
CKHE 1 aME€PpUKaHCKHNE aBTOPbI — Ha3BaHUAMMU THUIIA «CT&TI/ICTI/IK& 663 CJIE3»
[IeCTPAT KHMKHBIE ITOJIKH Mara3WHOB, IOCBSIIEHHbIE KHUTaM 10 aHAJIU3y
JIAHHBIX.

Tyr, npasma, ciaeayer ObITh OCTOPOXKHBIM KaK aBTOpaM, TaK U 4UTaTe-
JIIM TAKUX KHUT: MHOTHE METO/IbI aHAIN3a JTaHHBIX UMEIOT, €CJIM MOYKHO TaK



8 IIpeducaosue

BBIPA3UTHCsI, JBOIHOE JHO. VIX (9TH METObI) MOXKHO NPUMEHSTD, TJIyOOKO
He BHUKas B CYIIHOCTH HCIIOJIb3yeMONl TaM MaTEeMATUKHU, OJyYaTh Pe3yJib-
TaThl W ODCYXKJaTh STH Pe3yiabTarbl B ordeTax. OIHAKO B OIUH JIAJIEKO
HE IIPEKPACHBIH JIEHb MOYXET BBIICHUTHCS, YTO JAHHBII METOJ[ COBEPIIEH-
HO He ITOJIXOJIMJI JIJIsl BAIllUX JIAHHBIX, W [OTOMY IOJIyUIEHHBIE PE3yJIbTaThl
U pe3yabTaTaMU-TO HA3BATh HEJb3s... B obiiem, Oyabre OnuTelbHbI, BHU-
MaTeJIbHO YUTANTE PO BCE 02PaHUY4EHUA METOMIOB aHAJIN3a, a IPU YTEHUU
[PUMEPOB JOCKOHAJIBHO CPABHUBANTE MX CO CBOUME JTAHHBIMU.

IIpo npumepsvl: MbI TIOCTAPAJIUCH IPUBECTU KaK MOXKHO OOJIBIIIE IIPUMe-
POB, KaK MPOCTBIX, TAK M CJOXKHBIX, U [0 BO3MOXKHOCTH U3 Pa3HBIX 0bJa-
cTell XKU3HU, TIOCKOJIbKY YMTATEJISIMA 3TOW KHUTH MOTYT OBITH JIFOJIU CAMBIX
pasubix npodeccuii. Kie Mbl monpoboBasin CHU3UTh 00bEM TEOPETUIECKO-
ro Marepuaja, MOTOMY YTO MbI 3HAEM — OYEHb MHOTHE yUaTCd TOJIBKO
Ha npumepax. [[oCKOIBbKY KHHWTa IMOCBSINEHA TAKOH KOMITBIOTEPHON Ipo-
rpamme, KoTopas <«paboTaeT Ha TEKCTOBOM KOJI€», JIOTUYHO OBLIO ITOMe-
CTUTH 3TH CaMble KOJBI B TEKCTOBBIN dailia, a cam daita caenaThb obIe-
JOCTyIHBIM. TaK MBI U TIOCTYIIWIN — MIPUBEJCHHBIE B KHUTE ITPUMEPHI MOXK-
HO HaliTh Ha BeO-cTpaHmIEe 1O a/pecy http://ashipunov.info/shipunov/
software/r/. Tam Ke HAXOIATCS Pa3HBIC MOJE3HBIC CCBHLIKKM U Te (pailibl
JIAHHBIX, KOTOPBIE HE TIOCTABJISIIOTCST BMECTE C IPOTPAMMOii.

O cmpyxmype khuau: TiepBas TJIaBa, MO CYTH, TEJIUKOM TEOPETUIECKAS.
Ecnu jienn unTaTh 0o0Iiue paccyXkIeHns, MOKHO CPa3y IePEXOIuTh KO BTO-
poii riaBe. OHAKO B TIEPBOil IJ1aBe €CTh MHOI'O TaKOi mHMOpMAIUU, KOTO-
past To3BOIUT B OyayIeM He «HACTyIaThb Ha rpabsums». B obmem, peraiite
camu. Bo BTOpOIl ryiaBe camblie BaykKHbIE — pasjielibl, HaunHas ¢ «Kak cka-
9aTh W YCTAHOBUTH R», B KOTOPBIX OODBSICHSIETCSI, KaK PabOTATh C MPOrpaM-
Mmoit R. Ecu e ycBouThb 3TUX pasjiesios, BCe OCTaAbHOE YTeHne OyIeT moITH
becrioniesubiM. CoBeTyeM BHUMATEJBHO IIPOYUTATD U 00S3aTEJIBHO Npopado-
mamov 68ce NPuMePy, U3 ITOTro passesia. [lociemyionue riaBbl COCTABIAIOT
AIPO KHUTHU, TaM PACCKA3BIBACTCS PO CaMble PACIPOCTPAHEHHBIE METOIbI
aHasn3a Janubix. [1aBa «CraTuctuydeckasi pa3Bejikas, B KOTOPO 00Cy K 1a-
eTcst OOIUil TOPSITIOK CTATHUCTUYECKOTO aHAIN3a, MOJIBITOXKUBAET KHUTY; B
Heil elle pa3 PaccKa3bIBAETCs PO METOIbI, 0OCY K IABIINEC B TPEIBIIYIITNX
raBax. B npuioXKeHusix K KHUTEe COJIEPYKUTCS MHOTO T10JIe3HON nH(MOpMa-
IINHU: TaM paccKas3aHo o rpadudecknx mHTepdeiicax Kk R, npusenen mpocToit
MIPaKTUYIECKUil mpuMep paboThl, OMUCAHBI OCHOBBI TPOrpAMMUPOBaHUs B R,
[IPUBEIEHBI BBIJIEPKKH U3 TIepeBo/ia oUInaIbHON JoKyMenTaruu. [lo cyTu,
KaXKJ0€ MPUIOKEHUE — TO OTIACJIbHBIN HEOOIbITON CIIPABOYHUK, KOTOPDI
MOXKHO HCIIOJIb30BaTh 00jIee W MeHee HEe3aBUCUMO OT OCTAJIbHON KHUTH.

Koneuno, MHOXKeCTBO CTATUCTHYECKUX METOJOB, B TOM YHCJIE U JOBOJIb-
HO TOIYJISPHBIX, B KHUTY HE BOMLIU. MBI 1IOYTH HE KACAEMCSI CTATUCTUYIE-
CKUX MOJiejiefl, Hu9ero He MHINEM O KOHTPACTaX, He PaCCKa3blBaeM O CTaH-
JIAPTHBIX PACIPeIesIeHnsIX (32 UCKIII0YeHIeM HOPMAJIbHOIO), 3 derrax, Kpu-
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BBIX BBI2KHBaHNA, OaileCOBBIX MeTomax, (paKTOPHOM aHAJIM3€e, Te€OCTATHCTH-
Ke, He O0bsICHsIEM, KaK JeJIaTh MHOTOMaKTOPHBIM U OJOTHBIN TUCIIEPCHOH-
HBIIl aHAJIN3, JIAHUPOBATH SKCIEPUMEHT W T.JI., u T.1. Hama nems — Ha-
YUYUTh OCHOBAM CTATHCTHYECKOTO aHAJIN3a. A €C/IM YUTaTe/Ib XOPOIIO OCBO-
UT OCHOBBI, TO JII00O# IIPOJIBUHYTHII METO/I OH CMOYKET O10JIeTh 6e3 0coboro
Tpy/ia, OINUPasiCh Ha JUTEPATYPY, BCTPOEHHYIO ClpaBKy u VHTepHeT.

Hecxoavko mexnuveckur sameuarutl: Bce IeCATHIHBIE IPOOH B KHUTE
[PEJICTABJIEHBI B BUJIE YHCEJI C Pa3/Ie/nTesIeM-TouKoi (Ttuna 10.4), a He 3a-
nsroii (tuna 10,4). DTo ¢Ie/IaHo TTOTOMY, UTO porpaMma R mo ymordanuio
«IIOHUMAEeT» TOJIBKO IEePBBIil BapuaHT Japobeii. U eme: MHOrME IpUBEIeHHBIE
B KHHI'€ [IPUMEPbl MOXKHO (M Hy?KHO!) HOBTOPHUTH CaMOCTOsATeIbHO. Takue
IpUMepPhl HATEYATAHBl MAMHONKUCHEM WPUGTOM W HAYUHAIOTCS CO 3HAUKA
«bojibiiey — «>». Ecjin mpumep He yMeIaercst Ha OJHOI CTPOKe, BCe I0-
CJIEJIYIOIIHE €r0 CTPOKU HAUMHAIOTCS CO 3HAKA «ILII0C» — «+» (He Habupaiite
9TH 3HAKHU, KOTJa OyzieTre BHIMOJHATH npuMepsbt!). Ecin B KHure muer peds
0 3arpyske QailjloB JaHHBIX, TO MPEIIIOJIAraeTcss, ITO BCe OHU HAXOISITCSI
B noaaupekTopun data B Tekyiieil aupekropun. Ecin Bbl Gymere cKadu-
BaTh (ailbl JAHHBIX ¢ YIOMSIHYTOI'O BBIIIE caiiTa, He 3a0yIbTe CO3MaTh 3Ty
MO UPEKTOPUIO ¥ CKOTTUPOBATDL Ty/a (hailjibl JaHHBIX.



I'maBa 1

Yrto Takoe JaHHBIE U 3a9Y€eM UX
obpabaTrIBaThH?

B 370it r1aBe paccKasbIBaeTCsT 0 CAMBIX OOIINX MOHATHAX aHAIN3a, TaH-
HbBIX.

1.1. Orkyna GepyTcst JaHHBIE

«be3 pya He BBIIOBUINE U PBIOKY M3 HETO»,— T'OBOPUT HAPOIHAS MY/I-
pocth. [elicTBUTEIBHO, €CIN XOUelllb aHAJIU3UPOBATD JaHHbIe, HAd0 UX CHa-
qaJia Moy duTb. CriocobOB MOJIyUYeHnsT JaHHBIX MHOI'O, & CaMble IJIaBHbIE —
HAOM00EHUA T IKCTLEPUMEHTTLDL.

Habamodenuem Oymem Ha3bIBaTh TAKON CIOCOD MOTYyUIEHUsT JAHHBIX, TTPU
KOTOPOM BO3JeHiCTBUE HabI0IaTe s Ha HabI0IaeMblii 00beKT CBEIEeHO K
MHUHAMYMY. DKCNEepumMenm TOXKe BKJIIOYaeT HabJIoJeHre, HO cCHadaja Ha
HaOJIIOIaeMblii 00BEKT OKA3bIBAETCS 3apaHee pacCUMTAHHOE BO3IEHCTBHE.
JL st HabJTIOIeHNsT OUEHDb BAXKHO 9TO «CBEJICHUE BO3/EHCTBUSI K MIHIMYMY ».
Ecin sToro He cuenarb, MbI IOJIYYUM JAHHBIE, OTPAXKAIOIINE HEe CBOUCTBA
00beKTa, a ero peakIluio Ha Hallle BO3/IeHCTBHe.

Bor, nanpumep, BcTaJia 3ajada UCCAEIOBATH, YeM ITUTAETCS KaKOe-TO
penkoe XKuBoTHOe. OUTUMAaJIbHAS CTpaTerns HabJIIOAeHUs 37eCh COCTOUT B
YCTaHOBKE CKPBITBIX KaM€p BO BCE€X MeCTaX, T'JIe 9TO 2KMBOTHOE O6I/IT&€T.
[Tocste aTOrO OCTAHETCS TOJIHLKO 0OPAOOTATH CHATOE, YTOOBI OIIPEICIUTD BH,
num. O4YeHb 9acTo, OJJHAKO, ONTHMAJIBHOE PEIIeHNe COBEPIIEHHO HEBBIMOJI-
HUMO, U TOTJIA ITBITAIOTCS ODOUTUCDH, CKaXkKeM, HAOJIIOEHIEM 32 YKUBOTHBIM
B 30o0mapke. fICHO, 94TO B IOCJEIHEM CJaydae Ha OObEKT OKAa3bIBAETCA BO3-
JleiicTBre, U HeMaJioe. B caMoM Jiefie, »KUBOTHOE MMONMAJIH, IIPUBE3IA B CO-
BEPIIIEHHO HETUIIUYIHBIE JIJIT HETO YCJIOBUS, JIa U KOPM, CKOpee BCero, OyJer
HEIIOXOK Ha TOT, KAKUM OHO IUTAJIOCh Ha poiauHe. B obmeM, eciau HabJIIo-
JleHns B 300ITapKe ITOCTaBJIEHBI I'PaMOTHO, TO BbISICHEHO 6yﬂeT HE TO, YeM
BOOOIIE IUTAETCI JAHHOE YKUBOTHOE, a TO, UeM OHO IIUTACTCS IPU COIepKa-
HUW B ONIPEIEIEHHOM 300mapke. K coxkaseHnio, MHOTHE (U MCCIIeI0BATEIIH,
n Te, KTO IIOTOM YUTaeT UX OTLIeTbI) JaCTO HE BUAAT Pa3SHUIBI ME2K/1y 9TUMU
IBYMSI YTBEPXKICHUSIMHU.
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Bepuemcs k mpumepy us npeancyioBusd. I1pearmomoKmM, Mbl OIIPaIIBa-
€M BBIXOJSIUX € U30UPATEIbHBIX YIaCTKOB. JacTb Jiojell, KOHEIHO, BO-
0bIIIe OKaXKeTcsl OTBeYaTh. JacTh OTBETUT YTO-HUOYIb, HE OTHOCSIIEECT K
Hey. HacTb BIIOJIHE MOXKET HAMEPEHHO WJIN CJIy9IaiiHO NCKa3UTh CBOI OTBET.
Yactb orBeTuT IpaBmy. U Bce 3T0 cepbe3HBIM 00pa30M 3aBHCHT OT HADJIIO-
JaTessi — 4YeJIOBEKa, IIPOBOISIIErO OIPOC.

Jlaxke yIIOMsiHyThIe BBIIIE CKPBIThIE KAMEPBI IIPUBEIYT K OIPE/IeIEHHO-
My BO3IL€I71CTBI/IIOZ OHH 2Ke CKPbLITbI€, HO HE€ HEBHMNMbIC U HEBECOMDIE. HeT
HMKaKOI TapaHTHUM, YTO Halle »KUBOTHOE WJIM €ro J00bIYa He OTpearupyer
Ha HuX. A KTO Oyzer craBuTh Kamepbl! Eciu 910 Jtoau, To 1eM GoJibIie Ka-
Mep IOCTaBUTh, TEM CHJIbHEe OyJIeT BO3JECTBHE Ha OKPYXKAIOILyIO0 CPELy.
CopacoiBarh ¢ BeproJiera? Hajgeemcs, 9T0 BaM MOHSITHO, K Y€MY 9TO MOYKET
IIPABECTU.

B ob6miemM, n3 ckazaHHOIO HOJIXKHO OBITH IMOHATHO, YTO HAOJIOJECHUE «B
9HCTOM BHIE» 0oJiee MJIM MEHee HEeOCYIeCTBIUMO, ITOCKOJIbKY Bcerma Oymer
BHECEHO Kakoe-HuOy/b BozzaeiicTeue. [losToMy j1st TOro, 9To0bI a/IeKBATHO
paboTaTh ¢ JAaHHBIMHU HAOJIIOIEHN, HAJIO BCErIa YETKO IIPEICTABIISTD, KaK
OHH TPOBOAMIUCEH. Ecu Bo3meiicTBre ObLIO 3HAYNTEIBLHBIM, TO HAJIO IIPE-
CTaBJIATH (XOTH 6bI TeOpeTI/I“IeCKI/I)7 KakKue OHO MOIVIO IIOBJI€Yb M3MEHEHUI,
a B oT4ere 00sI3aTeIbHO YKa3aTh Ha T€ OIPpAaHUYEHMS, KOTOPbIE OBLIN BbI-
3BaHbI criocoboMm HabsoaenHus. He ciemyer 6e3 HEOOXOMMMOCTH ITPUMEHSTH
SKCTPAIIOJISIIIAIO: €CJIM MbI yBUjean, 9To A nenaer B, Henb3st mucarb «A
Bcerga gesnaeT By m maxke «A o6braHO nenaer b». MoxKHO JMIIb IIHACATH
HEYTO BPOJE «B HaIMuxX Hab/oneHusx A jgesan B, 910 1mo3sossier ¢ HEKOTO-
POil BEpOATHOCTBIO IPEIIIOJIOKATH, 9TO OH MOXKET JiejIaTh By,

VY skcnepumenTta cBou mpobsiembl. Hanbosee obiue u3 HUX — 3TO TOY-
HBII y4YeT BO3JEHCTBUs U Haju4dne KOHTpOJs. Hampumep, MbI HCCIeTyeM
JeficTBrue HOBOIO JieKapcTBa. Kiaccumiecknii SKCIEpUMEHT COCTOUT B TOM,
YTO BBIOMPAIOTCS JIBE IPYIIBI GOJBHBIX (%a% BEIOPATH TAKHE IPYIIIIBL, CKOAbL-
K0 JIOJIZKHO OBITBH YeJIOBEK U IIpOvee, PACCMOTPEHO Jiajibiie). Beem 6osibHBIM
COODIIAIOT, YTO ITPOBOINUTCS MCCJIEIOBAHNIE HOBOTO JIEKAPCTBA, HO €ro JIaioT
TOJIBKO 60.HI)HbIM HepBOﬁ prHHbI, OCTaJIbHBIE HOquaIOT TaK Ha3bIBaeMOe€
n.aayeb0, BHEITHE HEOTJIMIUMOE OT HACTOSAIIErO JIEKAPCTBa, HO HE COJIepKa-
IIee HUYero JIEKApCTBEHHOro. 3adeM 3To Aejaerca! /leso B ToM, 9To ecn
0OJIbHOI OyIeT 3HATh, UTO €My JAl0T <«HEHACTOSIIee» JIEKAPCTBO, TO ITO
CKaxKeTcs Ha 3(PPEKTUBHOCTU JI€YEHHUsI, IIOTOMY 9TO Pe3yJIbTaT 3aBUCUAT He
TOJIKO OT TOTO, 9TO OOJIBHOI IbET, HO U OT TOr'O, YTO OH UyBCTByeT. MHbI-
MU CJIOBAMHU, MICUXOJIOTUIECKOE COCTOsIHIE OOJIBHOTO — 3TO JIOTOJHUTE b
HBII (PAKTOP BO3AEHCTBHUSI, OT KOTOPOTO B SKCIEPUMEHTE JIydIlle n30aBUTh-
cs1. O4YeHb 4acTo He TOJBKO DOJIbHBIM, HO U MX BpadaM He COOOIIAIT, KOMY
JIAIOT T1aIe00, & KOMY — HACTOsIIee JIeKapCeTBO (JIBONHOI cJenoii MeTon).
DTO IMO3BOJISIET TAPAHTHPOBATH, UTO M IICUXOJOIMIECKOE COCTOSIHUE Bpada
He IOBJINAEeT Ha HMCXOJ JICUCHUI.
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[pymma, koropoit gaioT mianebo (OHa HA3bIBACTCS KOHMPOAL), HYKHA
JIJIsT TOTO, ITOOBI OTAETUTH 3P(PEKT, KOTOPHIT MOKET IMPOU3BECTH JIeKap-
CTBO, OT 3ddeKTa KaKOro-HuOyIb IMOCTOPOHHErO BHEIHero gakTopa. M3-
BECTHO, HaIlpUMepP, YTO YMEHbBIIEHNE IJINHBI CBETOBOI'O JIHS OCEHBIO U 3U-
MOIl IPOBOIUPYET MHOT'ME HEPBHBIE 3a00/ieBanus. Fc/in Halle uccjae0BaHme
[IPUIETCS Ha 3TO BpeMsi M y HAC He OyJeT KOHTPOJIsI, TO yBeJIMYEeHUuEe JacTo-
THI 3a00JIeBAHUIl MBI BIIOJIHE MOYKEM IPHUHSITH 3a PE3YJIbTaT IPUMEHEHUsI
JIEKAPCTBA.

1.2. I'enepaJjbHasg COBOKYITHOCTH M BBIOOPKA

«Crarucrtuka 3HaeT Bcey,— mmcaiaun Wibd u Ilerpo B «lBeHammaru
CTYJIbSIX», UMesI B BHJY TO, 9TO ODOBIYHO HA3BIBAIOT CTATUCTHKOI,— cOOp
BCEBO3MOKHOI mH(poOpMaruu 0060 BceM Ha cBerTe. UeM rojiHee coOpaHa WH-
dopmarus, TeM, Kak cauTaercs, jydire. OpHaKO JrydIe jim?!

Bozbmewm mipoctoit ipumep. Homyctum, hupMa-mpon3BoIuTe b PEIINIA
BBISICHUTH, KAKOI U3 JBYX COPTOB IPOU3BOJIUMOIO MOPOXKEHOT'O IIPEJIIIOYH-
TafoT nokynaregu. [Ipobsem Obl He ObLIO, ecau ObI BCE MOPOXKEHOE IIPOoia-
BaJIOCh B 0JIHOM Marasune. Ha camom 2ke Jiesie mpoJIaBIlOB O9€Hb MHOTO: 3TO
OIITOBBIE DPBIHKH N THUIIEpMapKeTbI, CpeJHNEC WU MaJible Mara3mHbl, KHOCKH,
OTJIEJIbHBIE MOPOXKEHIIIUKHU C TEJIEXKKAME, T€, KTO TOPTYET B IPUTOPOIHBIX
roesiax, u T. 1. MOXKHO 1onpoboBaTh y4IecThb J0X0/1 OT IIPOJIayKu KaXKI0r0 U3
NBYX copToB. Ec/im oHI CTOST 0IMHAKOBO, TO GOJIBIIAS CyMMa JOXO/a JOJIK-
Ha 0Tpa3uTh OoJibmmii cupoc. [IpepcraBum, OHAKO, UTO CIPOC OIUHAKOB,
HO 110 KAKMM-TO IIPUYMHAM MOPOYKEHOE [IEPBOI0 copTa TaeT bbicTpee. Torma
[OTEPH IIPHU €r0 TPAHCIIOPTUPOBKE OY/IeT B cpeaHeM OOJIbIe, MPoIaBIibl Oy-
JIyT TOKYHATh €r0 HECKOJBKO Yallle, U MOJYIUTCs, IYTO JOXOJ OT IPOJIAXKu
IepBOTO COPTa HYIET HECKOIHKO BBIIIE, T€M OT BTOPOTO. DTO pacCyKIeHNe,
KOHEUYHO, YIIPOIAET PEAJIbHYIO CUTYAIUI0, HO MOILyMaiiTe, CKOJIbKO JIPYTUX
HEYUYTEHHBIX (DAKTOPOB CTOUT HA TYTH TaKOTO crocoba mojcderal Anasms
TOBAapPHbIX YE€KOB IIOJIy4Ille, OJTHAKO MHOI'M€ KOHEYIHBbIE€ IIPOJaBIIbl TaAKUX Ye-
KOB HE UMEIOT U [M03TOMY B aHAJIU3 HE MONaIyT. A HAM-TO HEOOXOINMO KaK
pa3 y4ecTb CIIPOC MOKyTaTeseld, a He IIPOMEXKYTOIHBIX ITPO/IABIIOB.

MO}KHO NOCTYIUTDHb MHa4Y€ — pa3/JaThb BCEM KOHEYHBLIM PO/ IaBIlaM aHKe-
ThI, B KOTOPBIX IIOIPOCUTH YKA3aTh, CKOJIBKO KAKOTI'O MOPOXKEHOI'O ITPOJIAHO;
a 9TOOBI AHKETDI ObLIIN 00513aTE/ILHO 3aII0JTHEHBI, BECTH C STUMU IIPOJABIIAMA
JieJjia TOJIBKO IIPU HaJIMYUU 3allOJTHEHHBIX aHKEeT. TO.HbKO BeJlb HUKTO He 6y—
JIET KOHTPOJINPOBATD, kA% MPOJIABIIBI 3AIOJHIIOT AHKETHL... BOT U MOJIy4IUT
dupma 6OJIBIIYIO, TOAPOOHYIO CBOIHYIO TaOJIHUILY O IMPO/Iarkax MOPOXKEHOTO,
KOTOpast POBHBIM CYETOM HUYErO OTPAXKaTh He OYIeT.

Kak ke nocrynurs? 3/1ech Ha MOMOIID IIPUXOJIUAT UL 6b100POUHBIL UC-
caedosanudi. Beex mMposiaBIoOB He MPOKOHTPOJIUPYEIb, HO Bejlbh HECKOJIbKIX-
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To MoxkHO! Hajio BBIOpaTh n3 06Iero MHOYKECTBA, HECKOJBKO TOPTOBBIX TO-
4eKk (Kkak BbIOMpaTh — 9TO 0cobasi HayKa, 06 STOM HUXKe) U IPOKOHTPOJIU-
pOBaTh TAMOIIHUAE TPOJIAXKN CUJAMU caMOil (DPUPMBI WM TAKUMU HAHSITDHI-
MU JIIOJIbME, KOTOPBIM MOYXKHO JIOBEPSATh. B UTOTre MBI MOJIy4YUM pPe3yJIbTaT,
KOTOPBIHl fABJIsIETCSI YACThbIO 00IIell KapTuHbI. Terepb caMblii TJIABHBINA BO-
IIPOC: MOYKHO JIX 3TOT PE3y/JIbTaT PACHpPOCTPAHUTHL HA BCIO COBOKYIHOCTH
npogax? OKa3blBaeTcst, MOXKHO, MOCKOJIBKY Ha OCHOBE TEOPUU BEPOSITHO-
cTeil yyKe MHOTO JIET HA3a[ ObLIa CO3MaHa MEOPUA GblOOPOUHBIL UCCAEDO0-
sanud. Ee-To 1 HA3BIBAIOT Yallle BCEr0 MaTEMATHIECKON CTATUCTUKON, WK
TPOCTO CTATUCTUKON.

[Tpumep ¢ MOPOXKEHBIM IMOKA3BIBAET BasKHYIO BEIIb: BHIODOPOUHbBIE HCCIIe-
JIOBaHUsI MOTYT OBITH (M 9acTO OBIBAIOT) 3HAYUTEJILHO 0OJiee TOYHBIMU (B
CMBICJIE COOTBETCTBUA peaHbHOCTI/I), 9eM CIIJIONIHBIE.

Erie omun xoporuit mpuMep Ha 3Ty Ke TEMY €CTh B Pe3yJIbTaTax CILJIOII-
Hoit mepenmcu HaceneHus:t Poccun 1897 1. Ecam paccMOTpeTh IMCIEHHOCTH
HaceJeHUs IO BO3paCTaM, TO IOJIYyJaeTCd, 9TO MAKCUMAJILHBIE YUCIEHHO-
cru (NUKK) MMEIOT BO3PACTBI, KpaTHble 5 U B ocobeHHOCTH KpaTHble 10.
[ToHATHO, KaK 3TO MOJYYHIOCH. BOJbIIAd YacTh HACEICHHS B Te BpEMe-
Ha ObLj1a HErpaMOTHA U CBOIl BO3PACT ITOMHIJIA TOJBKO IPUOJIU3UTE/IHLHO, C
TOYHOCTBIO JI0 HATU WIA JO JeCcsTu JeT. IToObl Bce-TaKu y3HATH, KAKOBO
OBLIIO pacIpe/iesieHre 110 BO3pacTaM Ha CaMOM JieJie, Hy?KHO He YBEJTUINBATD
06beM JIAaHHBIX, a HAOOOPOT, CO3/1aTh BLIOOPKY U3 HECKOJBLKUX IPOIEHTOB
HACEJIEHUsI W MPOBECTU KOMILJIEKCHOE HCCJIe0OBaHUEe, OCHOBAHHOE HA Iepe-
KPpEeCTHOM aHaJIn3€ HECKOJIbKUX MCTOYHUKOB: JOKYMEHTOB, CBUAECTEC/IILCTB U
JINYHBIX TTOKA3aHUN. DTO HacT ropaszo 0oJjiee TOUHYIO KAPTUHY, HEYKEJH
CILJIONTHAS [EPEIUCD.

EcrecTBenHo, cam mpoIecc co3MaHnsi BBIODOPKH MOXKET SIBJASITHCST NCTOY-
HUKOM OImnOOK. VX IPUHATO HA3BIBATH «OIMTUOKAME PEIPE3EHTATUBHOCTHY.
OHako MpaBUIbHAST OPTAHU3AINs BBHIOOPKN TO3BOJISIET WX M30ekKaTh. A
IIOCKOJIBKY C BBIOOPKOI MOYXKHO IIPOBOJIUTEL Iopasio 60jiee CJIOXKHbIE UCCTIe-
JIOBaHUsI, YeM CO BCEMH JIAHHBIME (UX HA3BIBAIOT 2€HEPAALHOU COBOKYNHO-
Cmovto, WA nonyasuued), Te ook (ONMOKN TOYHOCTH ), KOTOPbIE BO3HHU-
KalOT IIPU CIIJIONTHOM KCCJIEIOBAHUN, B BHIOOPOYHOM UCCJIEIOBAHUM MOYKHO
UCKJIIOYUTD.

1.3. Kak moJjiyyaTh JaHHbBbIE

B mpenpiaynmux pasmesiax HEOTHOKPATHO YIIOMUHAJOCH, UTO OT IPa-
BUJILHOTO 1TO100Pa BBIOOPKHU CEepPhe3HBIM 00pa30M Oy/1eT 3aBUCETh KadeCTBO
moJiy1aeMbIX JaHHbIX. COOCTBEHHO T'OBOPsi, €CTh J[Ba, OCHOBHBIX IPUHIIAIIA
cocTaBJIeHUs BBIDOPKH: n08MOpHOCMb U patdomusdavus. IloBropHOoCcTH HYXK-
HBI JJIsT TOTO, YTOOBI OBITH 00JIee YBEPEHHBIME B IIOJIyIE€HHBIX PE3yJIbTaTax,
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a PAHJOMUBAINs — JIJIsT TOrO, 9TOOBI M30eXKaTh OTKJIOHEHU, BBHI3BAHHBIX
MTOCTOPOHHUMU TTPUTHHAMI.

Hpuryun nosmoprocmet TPEIIIONATAELT, UTO OJUH U TOT Ke 3PdeKT
OyJeT MCCe/I0OBaH HECKOJIBKO pa3. CoOCTBEHHO TOBODS, JIJI 3TONO MbI B
HMPEJbIAYIIAX IPUMEPAX OIPAIIUBAIN MHONMCECMB0 W30UpaTesieil, JIOBUIN
B 3AIlOBEJIHUKE MH020 YKUBOTHBIX, [TOIOUPAJIA I'PYIIIbI U3 HECKOAGKUL Oe-
CcAMK06 BONMBHBIX U KOHTPOJIUPOBAIH PA3AUYHBLE TTPOTABIIOB MOPOXKEHOTO.
Hy»/1a B HIOBTOPHOCTSIX BO3HUKAET OTTOIO, U4TO BCEe OOBEKTHI (J1azKe TOIBKO
9YTO U3rOTOBJICHHBIE HA (habpUKe U3/e/Iusl) YCTh B MeJI0YaX, HO OTIMIAI0T-
Cst JIPYT OT JIpyra. DTU OTJIMYHS CIIOCOOHDI 3aTYMaHUTh ODIIYIO0 KAPTHHY, €C-
JIX MBI CTaHEM U3y4daTh 00bEeKTHI OOAnHOYKe. I HaobopoT, ecin Mbl GepeM
HECKOJIBKO OO'BEKTOB Cpa3y, UX PA3JINUUs YACTO «B3AUMHO YHUITOXKAIOTCS .

He crout aymMaTh, 9TO CO3JaTh MOBTOPHOCTH — IpocToe nejo. K co-
JKAJIEHUIO, YACTO MMEHHO HeOPEeXKHOe OTHOIIEHWE K MOBTOPHOCTSIM CBOJIUAT
Ha HEeT pe3yJbTaThl Bpoje Obl 6e3ympednbix ucciemoBanuii. [aBHoe mpa-
BHJIO — MNOSMOPHOCTYU QOAHCHBL ObiMb He3asucums, dpye om dpyea. ITo
3HAYUT, HAIIPUMED, YTO HEJMb3sl B KadeCTBE MOBTOPHOCTEN paccMaTpuBaTh
JIAHHBIE, TIOJYyIeHHbIE B TIOCTIEIOBATEILHBIE TTPOMEKYTKHE BPEMEHH C OHOTO
U TOTO K€ 00'beKTa UJIU C OJIHOT'O U TOTO Ke MecTa. [IpenosoxKuM, ITo Mbl
XOTHUM OTPEJIETUTEL Pa3Mep JIATYIIEeK KaKoro-To Buja. st sToro ¢ muTep-
BaJIOM B 15 MuHyT (YTOOBI JISATYIIKU YCIOKOUIKMCH) JIOBUM CAIKOM II0 OJI-
Hoit iarymike. Kak Tobko HabepeTcs ABaIaTh JIATYIIEK, Mbl UX MEpPsieM U
BBIYUC/IsIEM cpeauuil pa3mep. OIHAKO Takoe MCCae0BaHe He OyIeT yI0B-
JIETBOPATDL IIPpaBUJIy HE3aBUCHUMOCTH, IIOTOMY HYTO Ka)I(ILbIﬁ OTJIOB OKazKeT
BJIMSIHUE HA TIOCJIE/YIOIIee MOBEJIeHNE JIArYINeK (HalpuMep, K KOHILY JIOBA
Oy/IyT mOmajaThCsl CaMble CMeJble, WM, HA0OOpOT, camble ruiynble). Eime
Xy2Ke HCIIOJIb30BATh B KAQUECTBE IMOBTOPHOCTEH IOC/IeI0BATEIbHBIE HADJIIO-
Jienust 3a 06bekToM. Hampumep, B HEKOTOPOM OIBITE BBISICHSIIA CKOPOCTH
3PUTETHLHON PEAKITNN, TTOKA3bIBAs UETOBEKY HA JIOJM CEKYHBI TPEIMET, a
3aTeM CIparmBasi, 9To 310 66110. Beero uccrenopasu 10 geioBek, mpuiem
KayKJOMy MOKa3bIBAJIM MPEJIMET MITh pa3. ABTOPBI ONBITA MOCIYUTAN, ITO
y HUX 0bLI0 50 MOBTOPHOCTEH, OJTHAKO HA CAMOM JIEJIE€ — TOJBKO JIECATH. DTO
IIPOU30IILIO TIOTOMY, ITO KaXKJIbIi CJIEYIOIINiA TTOKA3 He ObLI HE3aBUCUM OT
IPEIBLIYINEro (YeJIOBEK MOT, HAIPUMEpP, HAYYIUTbCS JIydIlle PACIO3HABATH
IIPEJIMET).

Hajio 6BITh OCTOPOYKHBIM HE TOJBKO € JAHHBIMU, COOPAHHBIMU B TIOCJIE-
JIOBATENIbHBIE TIPOMEXKYTKH BPEMEHH, HO U MPOCTO C TAHHBIMHU, COOPAHHBIMI
C OJJHOT'O M TOI'o 2Ke MecCTa. HaHpI/IMep, €CJI1 MBI OIIpejesjsdeM KadeCTBO Te-
JIEBU30POB, CXOJAININX C KOHBelepa, He TOIUTCS B KadeCTBe BHIOOPKU GpaTh
HECKOJIBKO TNTYK MOJPST — C OOJBINON BEPOSITHOCTHIO OHU M3TOTOBJICHBI
B OoJiee OJINBKUX YCJIOBUSIX, YeM TEJIEBU30PBI, B3AThIE [MOPO3Hb, M, CTAJIO
OBITh, UX XAPAKTEPUCTUKU HE HE3ABUCHUMBI JIPYT OT JIPYTA.
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Bropoit BakHBIII BOIIPOC O IMOBTOPHOCTSX: CKOJBKO HaJI0 COOpPATh IaH-
HBIX. ECTH TrpoMajiHast jJuTepaTypa IO STOMY IIOBOIY, HO OTBeTa, B 00-
miem, jBa: (1) uem Gosibire, Tem Jryurie u (2) 30. Boirsasiiee HECKOIBKO
IOMOPHUCTHUYIECKN «IIPaBmIo 30» OCBSIIEHO JAECATUIETUSIMU OIBITHON pabo-
Te1. Cunraercst, 9T0 BBIOOpKU, MeHbIHe 30, cjeayeT Ha3bIBATh MAJIBIMH,
a 60spIme — GosbimuMu. OTCIOA TO 3HAYEHHE, KOTOPOe IIPUIAIOT THCITY
TPUANATH B aHAJIN3€ JAHHBIX. BhIBaeT Tak, 9To U TPUIAIATH COOPATH HEIb3SI,
OJTHAKO OTrop4vaTbCid 9TOMY HE CTéI/IT7 IIOCKOJIbKY MHOI'i€ nIponeaypbl aHaJIn-
3a JIAHHBIX CIIOCOOHBLI paboTaTh ¢ OYE€Hb MAJIBLIMU BHIOOPKAMU, B TOM YHCJIE
U3 IATH U Jazke U3 Tpex moropHocreil. Ciiefyer, OIHAKO, UMETh B BULY,
YTO 4Y€M MEHbIIIe HOBTOpHOCTeﬁ, TeM MeHee HaJeKHbLIMN 6y,[[yT BbIBO/IbI.
Cy1ecTByIOT, KpOMe TOr0, CIIEIHAIbHBIE METOIbI, KOTOPbIE TO3BOJISIOT I10-
CUNTATh, CKOJIBKO HAJI0 COOPATh MAHHBIX, JJIS TOTO UTOOBI C OIpEIeIeHHOI
BEPOSITHOCTBIO BBICKA3aTh HEKOTOPOE YTBEPXKJIEHUE. DTO TAK HA3BIBAEMbIE
«TECTBHI MOIIHOCTH» (CM. IPUMEDP B TJIaBE PO OJHOMEPHBIE JJAHHBIE).

Pardomusayus — ere OIHO yCJIOBHE CO3JAQHUS BBIOOPKU, U TaK¥Ke «C
OABOXOM». KaxKplil 06beKT reHepaIbHON COBOKYIHOCTH JIOJIKEH MMETh
pPaBHBIE IIAHCHI IOACTH B BBIOOPKY. OUeHb 9acTO UCC/IeI0BaTeId IoJjara-
0T, YTO BBIOpAJIN CBOM OOBEKTHI CJIyUailHO (IIPOJIeJIaii PAHJIOMU3BAIMIO), B
TO BpeMsI KaK Ha CaMOM Jlejle UX MaTepuaJsi ObLI mogobpan nHade. I1pemmmo-
JIOXKUM, HAM HOPYUEHO CJIyIailHbIM 00pa3oM 0TOOpATh CTO JIEPEBLEB B JIECY,
I{TO6I)I BIIOCJIEJICTBUU ITIOMEPUTDH CTEIICHDb HAKOIIJICHUS TAZKEJIbIX METaJlJIOB B
smcTbax. Kak Mbr 6ymem BeiOMparh jepeBbsa! Ecim mpocTo XomuTh 110 Jie-
Cy W cObOMpaTh JIUCTbSI C PA3HBIX JIEPEBBEB, C OOJIBIION BEPOSITHOCTHIO OHU
He OyIyT COOpAHHBIME CJIYUAHO, TOTOMY YTO BOJIBHO WJIM HEBOJIBHO MBI
GyeM cobupaThb JINCTbsl, YeM-TO MPHUBJIEKIINE BHUMaHUE (HEOOBITHOCTHIO,
OKPACKOii, JIOCTYIHOCTBIO). DTOT METOJI, CTAJIO OBbITh, HE TOJUTCSA. BO3bMeM
METO/I IIOCJI0YKHEe — JJjIsl 9TOTO Hy»KHa KapTa Jieca ¢ pa3MeUYeHHBIMU KOOP-
auHAaTaMu. MBI BBIOMpaeM cirydaitHbIM 00pa30oM JABa Jucjia, nampumep 123 m
K 3aIaty U 15 M K 10y OT TOYKHU, HAXOJIAIIEHCS TPUMEPHO TTOCEPEIUHE JIe-
ca, 3aTeM BBICUNTHIBAEM 9TO PACCTOAHUE HA MECTHOCTU U BLIOMpPaEM JIepeBo,
KOTOpOe OJIMKe BCero K HyKHOMY MecTy. Bymer jim Takoe j1epeBo BBIOpaHO
caydaitno? OkasbiBaercs, HeT. Beslb JiepeBbsi pa3HBIX IOPOJI PACTYT HEOU-
HAKOBO, [I09TOMY y JI€PEBBEB, PACTYIINX TeCHee (HAIPUMED, Y €JIOK ), IIAHC
OBITh BBLIOPAHHBIMU OKaKeTCsI OOJIBbINE, UeM y Pa3pPerKEeHHO PACTYIIUX JIy-
60B. BaxkHbIM yc/I0BHEM paHIOMU3AIMN, TAKIM 00pa30M, sIBJISIETCS TO, YTO
Kaotcovll 0bserm doadcer UMeMb AbCOAIOMHO TE HCE CAMbBLE ULAGHCHL OBIMD
BLOPAHHBIM, YIMO U BCE NPOYUE 00BEKMDL.

Kak ke 6b1Th? Hamo mpocro nepenyMepoBaTh BCe JIEPEBbs, a 3aT€M Bbl-
O6paThb cTO HOMEPOB 110 2Kpebuto. Ho 970 TOIBKO 3ByYuT 1MPOCTO, a monpodyii-
Te Tak caenars! A ecou Hasio cpaBHUTb 20 pazaudHbIX JecoB?.. B obrem,
TpeboBaHNE PAHIOMHU3AINN YacTO 000PAINBAETCA BEChbMa, CEPLE3HBIMU 3a-
TpaTraMu Ha IIPOBeJIeHNEe UCC/IeI0BaHMS. F.CTECTBEHHO [T03TOMY, UTO HEPEJIKO
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PAHJIOMUBAINIO OCYIIECTBIISIOT JIUIIL YacTUIHO. Harnpumep, B HaIlIeM Ciry-
qae MOXKHO CJIyYailHO BBIOpATh HAIIPABJIEHUE, IIPOTIHYTH B 9TOM HAIPaB-
JIeHUU OeYeBKY dYepe3 Bech JieC, a 3aTeM IOCUYUTATH, CKOJBLKUX JIePEBbEB
KacaeTcst OeueBKa, U BBIOPATH KazK/10€ SHHOE ([sIToe, MSTHAIATOE...) JIepe-
BO, TaK 4TOOBI BCEro B BhIOOpKE oKazaJioch 100 mepeBbeB. 3amMerbTe, 4TO B
JIAHHOM CJIydae MeTOJ[ PAHJIOMUBAIMI COCTOUT B TOM, 9TOOBI BHECTU B HC-
CIIeyeMYIO CPeLy makoti nopaAdok, xomopozo mam 3asedomo rwem. Konedano,
Y 9TOr0 IMOC/IETHEr0 METOIa €CTh HeJOCTaTKH, & Kakue — Imonpobyiite go-
ragaTbCsi caMu (OTBET CM. B KOHIIE IJIaBbI).

Teneps BbI 3HAETE JIOCTATOYHO, YTOOBI OTBETUTDH HA €ITe OJUH BOIIPOC.
B onnoit naboparopun nzydasn 3pHEKTUBHOCTD JEHCTBUSA SIOXUMUKATOB
Ha KYKOB-JIOJITOHOCUKOB (UX eIle HA3BIBAIOT «CJIOHUKM» ). Lj1st 9T0r0 XuMn-
KaT HAHOCUJIN Ha (PUIBTPOBAJILHYIO OyMary, a OyMary IOMeIa/J il B CTeK-
JISHHYIO 4Jaliky ¢ Kpbimnkoii (damky Ilerpu). 2Kykos Beibupasn u3 6aHku,
B KOTOPO#l X Pa3BOJIMJIN JJIsI OIIBITOB, OYeHb IPOCTBIM CIIOCODOM: DAHKY C
JKYKaMU OTKPBIBAJIU, U IIEPBOI'O BBIMOJI3IIETO Ha Kpail XKyKa IepecakuBajIn
B YAIKY C sIIOXUMUKATOM. 3aTeM 3aCEKaJIM, CKOJBKO IIPOHIET BPEMEHU OT
MTOCAJIKN KyKa B OaHKy 110 ero rubesm. [lorom 6panm apyroro »kKyka n Tak
nosTopsiyin 30 pa3. [lorom MeHsaIM STOXMMUKAT U HAYUHAIN OIBIT CHAYA-
sta. Ho oftHa2K1bI OTMH YMHBIH Y€JI0BEK 3aMETUJI, 9TO B 9TOM IKCIIEPUMEHTE
CaMbIM CUJIbHBIM BCET/Ia OKa3bIBAJICH TOT XUMHKAT, KOTOPBIH ObLII B3AT JIJIsd
uccjaeoBanusi epBbiM. Kak BbI jiymaere, B ueM TyT jnejo?! Kakwue Hapy-
IIeHUs] [IPUHITUIIOB IOBTOPHOCTU U paHoMu3anuu Obuin nonyinenb! Kax
HaJ10 OBLI0 TTOCTABUTH 3TOT OUbIT? (CM. OTBET B KOHIIE [VIABBL).

st papmoMusaum, KOHEYHO, CYIIIeCTBYeT Mpeiesi. e Mbl XOTUM BbI-
SICHUTH BO3PACTHON COCTaB IOCETUTEJIEN KAKOI'O-TO MarasuHa, He HyKHO BO
UMsI PAHJIOMU3AINN OIPAITUBATH IIPOX0KUX C yauilbl. Hy:KHO 4eTKo mpej-
CTaBJATb cebe reHepasIbHYI0 COBOKYITHOCTH, ¢ KOTOPO#l mjer pabora, U He
BBIXOJINTH 38 ee Tpanunbl. [lomaMTEe puMep ¢ muTanneM KuBOTHOTO? Ec-
JI TeHepaJIbHAs COBOKYITHOCTh — 9TO YKUBOTHBIE JIAHHOTO BHUJA, COIEPIKA-
IUECsT 68 300NapKar, HET CMBICJA JTO0ABIATh K UCCICIOBAHUIO JIAHHBIE O
MATAHUN 3TUX YKUBOTHBIX 6 JOMAWHUT YcAosuar. Ecau ke Takne JaHHBbIE
IPOCTO HEOOXOMMO JI00aBUTH (HAIIPUMED, OTOMY YTO JAHHBIX U3 30011ap-
KOB OY€Hb MAJIO), TO TOTJa TeHepaJIbHasi COBOKYIHOCTH OYIeT HA3BIBATHCSI
«MHOXKECTBO KMBOTHBIX JAHHOTO BUJIA, COJAEPKAIIUXCA 6 HEBONE>.

WNHuTepecHbllt BApUAHT PAHIOMU3AINN HCIOJIb3YIOT, KOIJA B 9KCIIEPH-
MEHTE HUCCJEIYIOTCA OJIHOBPEMEHHO HECKOJIbKO B3ammojeicrBuii. Hanpu-
Mep, MbI XOTUM BBIICHUTH 3(PHEKTUBHOCTH PA3HBIX THUIIOB CPEICTB IPOTUB
obsiesienernsi TporyapoBs. st 9Toro slormdHo BeIGpaTh (CirydaiiHbIM 0Opa-
30M) HECKOJIbKO Pas3HbIX (II0 BO3pACTy 3aCTPOWKH, IJIOTHOCTH HACEJIEeHHUS,
PACIIOJIOKEHUIO) YIACTKOB T'OPO/Ia U BHYTPHU KaxKJOI'0 YIACTKA CJIydaiiHbIM
00pa3oM pacIpeieuTh Pa3Hble TUIIBI 3TUX cpeAcTB. [loToM MoXKHO, HAIPH-
Mep, dukcuposarh (B Gajuiax Win Kak-HUOY/Ib €Ille) COCTOsSIHIE TPOTYapoB
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KaXKJIpli JIEHDb [10CJIe HAHECEHUsI CPEJCTBA, MOYKHO TaKKe IMOBTOPUTH OIIBIT
mpu pasHoil morome. Takoit MOIX0d HAa3bIBAETCsT «OJOUHBIN am3aiiHy». Biro-
KaMU 37IeCh SBJISIOTCS Pa3Hble YIaCTKH TOPOJa, & MOBTOPHOCTL ODECIeYn-
BaeTCs TEM, 9TO B KayKJOM OJIOKE MOBTOPSIOTCS OJHU U Te 2Ke BO3JICHCTBUS.
[Ipu sTOM JA2Ke He 0OsI3aTeIHHO HOBTOPSITH OJHOTUITHBIE BO3IEHCTBUS 110
HECKOJIBKY Pa3 BHYTPHU OJIOKOB, BaXKHO BBIOPATH IMOOOJIBINE OTIUIAIONIAX-
¢t JIpyr OT Jipyra 6si0koB. MOXKHO cuuTaTh pPa3HbIMU OJIOKAMHU U pa3Hble
[OTOJIHBIE YCJIOBHSI, U TOTJA Y HAC IOJIyIUTCSI «BJIOYKEHHBIN OJIOTHBIN U-
3aifH»: B KaXK/IbIil TOTO/IHBIN OJIOK BOHIET HECKOJBKO «T'OPOJICKAX» OJIOKOB,
U yKe BHYTPH 3TUX OJIOKOB OY/yT IOBTOPEHBI BCE BO3SMOXKHbBIE BO3/IEHCTBHSA
(THIIBI CPEJICTB).

B obiacTtu panioMu3aiium JIEXKUT €IIe OJHO KOPEHHOE PA3JININe MEXK Ty
nabJriosieHreM u dKcriepumenToM. Jlomycrum, Mbl u3ydaem 3HdeKTUBHOCTD
JIeCTBUST KAKOTO-TO JIeKapcTBa. BMecTo TOro, 4Todbl mog0upaTsh J1Be TPyIi-
16l OOJIBHBIX, UCIOJIB30BATH ILJIANE00 U T.II., MOYXKHO IIPOCTO IOPBITHCH B
apxmuBax M 10/106paTh coorBercrByfoiue npuMepsl (30 ciydaes IpuMeHe-
Hus JiekapeTBa 1 30 CIyvyaeB HENPUMEHEHUs), a 3aTeM [IPOaHAJIU3UPOBATD
Pa3HUILY MeKIy TpyInamMu (HAIPUMEp, IUCJIO CMepTeii B epPBbIii TOJT OCIe
okoH4aHUsI Jedenus ). OHAKO TAKOM II0/XO/[ COIPSIZKEH € ONACHOCTHIO TOrO,
YTO HA HAIIK BBIBOJIBI OKAYKET BJIUSIHUE KAKOW-TO (MM KAKMe-TO) HEeydTeH-
Hblil HAKTOpP, BBIACHUTH HAJUYNE KOTOPOI'O U3 apXUBOB HEBO3MOXKHO. MBI
IIPOCTO HE MOYXKEM TapaHTUPOBATh, UYTO COOJIIONAN PAHIOMUIAIINIO, AHAJIU-
3Upysl apXuBHBIE janHble. K nmpuMepy, nepsast rpymmna (ciydaiiHo!) okazkeT-
Cd COCTOMIIECH IIOYTHU IEJIUKOM U3 IIOXKUJIBIX JIIOJAEH, a Bropasd — U3 JII0Jei
cpesHero Bo3pacTa. fICHO, 94To 3TO OKaXKeT BO3/IeiicTBIe Ha BBIBOLL. [1o3T0-
My B ODIIEM CJIydae IKCIePUMEHT BCETJia MPEeIIOYTUTebHell HabJII0/IeHus .

1.4. YTto uniyT B JaHHBIX

[IpounTas mpeabIAyINIe pa3eNibl, YNTaTeh, HABEPHOE, yKe He pa3 3a-
JaBaJicst BorpocoM: «Eciim Tak Bce CJIOXKHO, 3a1eM OH BOOOIIE, 9TOT aHAJIN3
nauubix! Heykemn u max He BUIHO, YTO B OJUH MAara3uH XOJUT OOJIbIIE
HapOJLy, OHO JIEKAPCTBO JIydIle JPYyroro u T.1.7» B obmem, max ObiBaeT
BUJIHO JIOBOJILHO YacTO, HO OOBIYHO TOrja, Korja jnbo (1) JaHHbIX u/uim
uccseryeMbix (pakToOpoB OUeHb MaJIo, b0 (2) pasHuUIa MeXK/y HUMU OU€Hb
pe3ka. B 3mux ciaydagx meficTBUTETHLHO 3aIlyCKATh BCIO TPOMO3IKYIO MAIITH-
Hy aHAJIN3a JAHHBIX He cTOnT. OJIHAKO TOPA3/I0 Yallle BCTPEYaioTCs CIIyuaH,
KOT/Ia HA3BaHHbBIE BBIIIE YCIOBUsT HE BBITIOIHSIOTCA. JIaBHO, HaTTpUMep, 10~
Ka3aHO, UTO CPEJIHUI YeJIOBEK MOXKET OJTHOBPEMEHHO yJIepyKaTh B MaMSITH
jiatiib 5-9 00bekToB. CTajio ObITh, AHAJIU3UPOBATH B yMe JIaHHBIE, KOTOPHIE
HACYUTHIBAIOT Oosbiie 10 KOMIIOHEHTOB, yiKe Helb3sd. A 3HauuT, He 00Oi-
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TUCh 6€3 KaKUX-HUOY/ b, IyCTh U CAMBIX IPUMUTUBHBIX (THUIIA BHIYUC/ICHUST
IPOIEHTOB U CPEJIHUX BEJINYUH), METOIOB aHAIU3a JAHHBIX.

BriBaeT 1 Tak, UTO BHEINIHE OYEBUIHBIE PE3YILTAThI HE UMEIOT IO, CODOT
HACTOSAIIEr0 OCHOBaHus. BoT, HAIIpUMeD, 0JTHO U3 UCCIEOBAHUN HACEKOMBIX-
BpeuTeseil. ArpOHOMBI ONPEIEIsiid, HACKOJBbKO CHJIBHO BPEIAT KYKypy3e
TYCEeHUIbI KYKYPY3HOro MOThUIbKA. [losyunmiuchk BIoJiHE mpuemiieMble pe-
3yJIBTATHl: Pa3HUIA B yPOXKAE MEXK/Iy MOPAKEHHBIMH U HEOPaKEHHBIMU
pacTrenusmMu 1ouTH BAaBoe. Kazasock, uTo u oOpabaThiBaTh HUYEro HE Ha-
JI0 — «7 TakK Bce sicHO». OHAKO HAINEJICS BJYMYHUBBIN UCCIIEI0BATEb, KO-
TOPBIN 3aMETHUJI, YTO OPAXKEHHDbIE PACTEHUS, PA3IMYAIONINECH 110 CTEIeHH
MOpaYKeHNs, He PA3JIUIAIOTCSA [0 yPOKAWHOCTU. 31€Ch, OUYEBUHO, UTO-TO
He TaK: eCJIU I'yCEeHUITbl BPeJdT PACTEHUIO, TO YeM CUJIbHEee OHU BPEAT, TeM
MeHbIITe JIOJI?KeH ObITh yposkaii. CTajio ObITh, Ha KAKOW-TO CTA MK UCCIIET0-
BaHUus npousoriia omubka. Ckopee Bcero, 7610 ObLIO TaK: JIjist TOTO YTOOBI
U3MEPSATH YPOXKANHOCTD, CPEJIA 3J0POBLIX PACTEHUN OTOUPAJIN caMble 3710~
poBble (BO BCEX CMBICJIAX ITOO CJIOBA), HY & Cpe/u OOJBHBIX CTAapaJiCh
o106paTh cambie Xujbie. BoT 3Ta omubKa penpe3eHTaTUBHOCTH U IIPUBEJIA
K TOMY, UTO BO3HUWKJIM TAKWe «XOpOIne» pe3ynabrarbl. OOpaTuTe BHIMA-
HEE, YTO TOJIBKO aHAJU3 B3aMMOCBSI3U <IIOpaykKeHHne—ypoxkaii» (Ha s3bIKe
aHaJn3a JAHHBIX OH HA3BIBACTCS «PEPECCHOHHBIN aHAJM3», CM. TVIABY PO
JIByMEPHBIE JIAHHBIC) IPUBEJ K BBISICHEHHIO UCTUHHOW NPUYMHBL. A KyKy-
PY3HBIII MOTBIJIEK, OKA3bIBAETCS, IIOUTH U HE BPEIUT KYKYPY3e€...

Nrak, anaau3 maHHbIX HEOOXO/IUM BCETJIA, KOTJIa PE3YJIbTaT HEOUEBH ICH,
U 9acTOo JlaXke TOIJa, KOTIa OH Kaoxcemces ouesudnum. Termepb paszbepemcst,
K KaKUM IOC/IeCTBUAM MOXKET ITPUBECTU aHAJINU3, UTO OH YMEeT.

1. Bo-nepBbix, aHaan3 JaHHLIX yMeeT HaBaThb OOIIHe XapaKTePUCTUKU
J171s1 OOJIBINUX BBIOOPOK. DTU XapaKTEPUCTUKUA MOI'YT OTPaxKaTh TaK
HA3BIBAEMYIO IIEHTPAIBHYIO TEHJICHIIUIO, TO €CTh YHCIO0 (MU Psifl TH-
cesl), BOKPYI' KOTODPBIX, KaK IyJI BOKPYI JIECSTKU B MUIIEHU, «Pa3-
OpocaHbI» JaHHbIE. BceM M3BECTHO, KaK CUUTATh CpejiHee 3HaYUeHHE,
HO CYIIIECTBYET €Ille HEMAJIO MOJIE3HBIX XapaKTEePUCTUK «Ha Ty YK€ Te-
My». JIpyras xapakTepucTuka — 3TO pa3dpoc, KOTOPLIN OTpaXkaeT He
80KpY2 wez0 «pa3dpOCaHbly JAHHBIE, & HACKOALKO CUAGHO OHU Pasdpo-
CaHbI.

2. Bo-BTOpBIX, MOXKHO IPOBOJIUTH CPABHEHUS MEXKJYy Pa3HBIMH BBHIOOD-
kamu. Hanpumep, MOXKHO BBISICHUTH, B KAKOil U3 rpyIin OOJIbHBIX UH-
dapkTOM MHOKAp/Ia YacTOTa CMEPTEH B MEPBbBIi IO [OC/E JeYeHUs
BBIIE — y T€X, K KOMY IIPUMEHSJIN KOPOHAPHOE NITYHTUPOBAHUE, WU Y
TeX, K KOMY IIPUMEHSLIA TOJHKO MEIUKAMEHTO3HbIE CIIOCOOBI JIeUCHUSI.
«Ha B3ruIsij1» 9T0I1 pA3HUIIBI MOXKET U HE OBITh, & €CJIM OHA U €CTh, TO
IJle TapaHTHUs TOrO, YTO 9TU Pa3JINdus He BBI3BAHbBI CIyYaiHBIMU IIPU-
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YMHaMM, HE€ HMMEIOMUMKM OTHOIIECHMH:A K JICYEHUIO? CKa}KeM, 3ab0J1e71
YEeJIOBEK OCTPBIM alllIEHAUITUTOM M YMED II0CJIE€ OIl€pallun: K JICIECHUIO
I/IHCI)apKTa 9TO MOZKEeT H€ HMETb HUKAaKOI'O OTHOIICHMI. CpaBHeHI/Ie
JaHHBIX IIPU IIOMOIINU CMAMUCIMUYECKUT MTMECIMOE6 II03BOJIAET BbIAC-
HUTDH, HACKOJIbBKO B€JIMKa BEPOATHOCTDH, YTO PaA3JUYINA MEXKAY I'DYII-
IIaMM BbI3BaHbI CJIy‘IaIU/IHbIMI/I nIpuirnHaMu. BalVIeTbTe, q9TO FapaHTI/Iﬁ
aHaJIn3 JaHHBIX TO2KE HE JaeT, 3aTO IIO3BOJIAET OIICHUTDH (‘H/IC.HGHHBIM
06pa30M) mancel. Ananns JaHHBIX ITO3BOJIAET OIEHUTDb U YIIOMSAHYThHIE
BbIIIIE O6H_[I/I€ XapaKTECPpUCTUKHA.

Tperuit T pe3yabraTa, KOTOPBIH MOXKHO MOy YU Th, AaHAJIU3UPYS TaH-
HbIe,— 9TO CBEJIEHUS O B3aUMOCBsI3sX. V3ydenne B3anMOCBs3eil — Ha-
BEpHOE, CaMbIll CepbEe3HbIA U caMblil Pa3BUTLIN pa3zesl aHaIn3a J1aH-
obix. CylmecTByeT MHOXKECTBO METOIUK BBISICHEHUsS U, TJIABHOE, IIPO-
BEPKU «KavecTBa» CBs3eil. B manbHeiinreM HaM MOHAL00STCS CBele-
HHS O TOM, KaKue ObIBAIOT B3aUMOCBSA3H. ECTh TaK HA3bIBAEMBIE COOTM-
6eMCMEUA, HAIIpPUMEP KOTJIa 1Ba ABJICHUA Yallle BCTPEYAIOTCA BMECTE,
HEeXKeJIt 110 OT/IeJIbHOCTU (KaK I'POM U MO.HHI/IH). CooTBercTBUSsT HETPY/I-
HO HAWTH, HO CHJIy MX U3MepHUTh TPyaHo. Clemayionuii THII B3auMO-
CBsI3eil — 3T0 Koppessauuy. Koppeasiun moKa3bIBalOT CUAY B3aUMO-
CBSI3U, HO HE MOT'YT OIIPEIEINTDb €€ HanpasieHus. JIpyruMu cioBaMu,
€CJIN BBIICHUJIACh KOPPEIAIud MEXKJy KadaHUEM JePEBbEB U BETPOM,
TO HEJIb3d PEeIuTb, JyeT JIM BETEP OTTOI0, YTO AEPEBbA KavdalOTCHd,
nan HaobopotT. Hakorerl, ecTh 3asucumocmu, JUIs KOTOPBIX MOXKHO
U3MEPUTh U CUJy, U HaIPaBJICHHE, U OIEHUTH, HACKOJIBKO BEPOAT-
HO TO, YTO OHU — PE3YJIbTaT CAydalHbIX npuduH. KcraTtu roBops,
nocjaeHee MOXKHO, KaK BOJUATCA B aHAJIM3€ NAHHBIX, CJlIeJIaTb U JIJIisd
KOPpEJISIInii, 1 Jaske JJIsT COOTBeTCTBUi. Eie omHO cBOMCTBO 3aBUCH-
MOCTEI COCTOUT B TOM, YTO MOXKHO npedckadamb, KaK OylIeT «BeCTH»
cebsT 3aBHUCHMAs ITEpeMeHHasd B KaKHX-HUOYIb 0 CHX IIOp HE OIPO-
OOBaHHBIX yca0BUSX. Hampumep, MOXKHO ITPOrHO3UPOBATD KOJIEOAHMUST
CIIPOCa, YCTOMINBOCTD OAJIOK IIPHU 3eMJIETPACEHUN, THTEHCUBHOCTD I10-
cTymaeHust 60JbHBIX 1 T. II.

W maxomer, aHajan3 JAHHBIX MOXKHO HCIOJIB30BATH JJIsT YCTAHOBJIE-
HUST CMPYKMYypot. DTO CAMBIl CJIOKHBINA TUI AHAJIN3a, IIOCKOJIbKY JIJIsT
BBISICHEHUSI CTPYKTYPbI OOBIYHO HCIIOJIB3YIOTCS CPa3y HECKOADKO Tl-
paxmepucmuk. EcTh 1 creruabHoe Ha3BaHUE I TAKO pabOThI —
«MHOTOMEpHast crarucTukay. Camoe rjlaBHOE, Ha UTO CIOCODEH MHO-
TOMEPHBIN aHAJN3,— 9TO CO3JAHHE U IPOBEPKA KAIeCTBa KAACCUPU-
xauuy 00bEeKTOB. B yMesbIx pyKax XopoInas KjaacCu(UKAII OYeHb
roJiesHa. Bor, Hanpumep, MebeabHOM dhabpuke MoTpedoBaIOCh BhISIC-
HHUTH, KaKyio Mebesib Kak JIydlle IePEBO3UTH: B pa300paHHOM WU
B coOpaHHOM Bujze. PekoMeHgaluu 10O IMepEeBO3KE 3aBUCIT OT YHMBI
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OpUINH (CIOXKHOCTH COOPKH, XPYIKOCTh, CTOMMOCTb, HAJMYNE CTEK-
JISTHHBIX YacTeil, HaJIW9Iie AMUKOB U IMOJOK U T.1.). OZHOBpeMEeHHO
OTIEHUTD 3TU (PAKTOPHI MOXKET JIUIIb OU€Hb YMeJIbIi esioBek. OTHAKO
CYIIECTBYIOT METO/Ibl aHAJIN3a, KOTOPbIE C JIEFKOCTLIO pa3JiesidaT Me-
6esib Ha JIBe TPYIIILI, & 3a0/IHO U IIPOBEPAT KATECTBO KJIACCU(MUKAIIIH,
HAIIpUMEP €€ COOTBETCTBUE CJIOXKUBIIENCS TPAKTUKE I1€PEBO30K.

CymecTByeT u Ipyroil MOIX0[ K pe3y/abTaTaM aHaIn3a JaHHBIX. B HeM
BCE METOJBbI JEJISITC Ha npedckadamenvhovie U onucemenvHuie. K meppoit
IpyIIe MeTOJA0B OTHOCUTCS BCe, UTO MOXKHO CTATUCTUYECKH OIEHUTH, TO
€CTb BBISICHUTD, C KaKOTU 8ePOAMHOCMHI0 MOXKET ObITH BEPHBIM HJIN HEBEP-
HBIM HaIll BBIBOZ. Ko BTOPOIl — METO/bI, KOTOPBIE «IIPOCTO» COOOIIAIOT UH-
dopManmio 0 TaHHBIX 0€3 MOATBEPKIACHNST KAKIMU-/TN00 BEPOSITHOCTHBIMU
MeToAaMu. B mocieaHmne Toabl Bee [1JIs OOJIBINEro YNC/Ia METOIOB HAXOISITCST
CIIOCOOBI MX BEPOATHOCTHOI OIEHKH, U II09TOMY II€pBas IPYIIIa BCe BPEMs
YBEJININBAETCH.

k k%

OTBeT K 3a7a4e IIPO Cy4YaiiHbIil BBIOOP AepeBbeB B Jjecy. B stom
cJiydae maHc ObITh BRIOPAHHBIME Y €JIOK BBIIIE, YeM y nyooB. Kpome Toro,
JIeC MOXKET UMETh KaKyI0-TO CTPYKTYPY UMEHHO B BLIODAHHOM HAIlPABJICHUH,
U TI09TOMY OJIHOM TaKOi «J[MaroHaJns» Oy/er HeJJOCTATOYHO JIJIsd TOTO, YTOObI
0TOOPa3UTh BECh Jiec. UTOOBI yIIydIIUTh JAHHBI METOJ|, HaJ0 ITPOBECTH
HECKOJIBKO «JIMArOHAJIEN», a PACCTOSHUS MEXK/1y BHIOMPAEMBIME JI€PEBbAMU
10 BO3MO>KHOCTHU YBEJIMIUTh.

OrtBer K 3aj1ave PO BBIOGOP >KYKOB. Jlej10 B TOM, 4TO IEPBBIMU BbI-
JIe3al0T caMble aKTHBHBIE 0COOH, a 4eM aKTHBHee 0cOOb, TeM ObICTpee OHa
HabupaeT Ha JAIKU CMEPTEJIbHYIO JI03Y SI0XUMUKATA U, CTAJI0 OBbITH, OBICT-
pee rubHET. DTO U OBLIO HAPYIIEHHEM IPUHIIUIEA paHoMu3anun. Kpome
TOrO, HAPYIIAJICS MPUHIUAII TOBTOPHOCTU: B YAINKY ITOCIEI0BATEILHO Ca-
JKAJIM XKYKaA 38 2KYKOM, UTO HE MOIJIO HE IMOBJIUSITH HA UCXOJ ombiTa. Jljst
TOrO YTOOBI IOCTABUTD OIBIT MPABUJIBHO, HAJ0 OBLIO CHAYAJIA [TOJI'OTOBUTD
(30 X KOJIMYECTBO $JOXMMHUKATOB) YAallleK, CTOJIBLKO K€ JINCTOYKOB € OyMa-
TOM, CAYHATHbIM 06PA30M PACTPEIECTUTD SITOXUMUAKATHI I10 YaITKaM, a 3aTeM
IepeMeIiaTh }KyKoB B OaHKe, JOCTATh COOTBETCTBYIOIIEE KOJIMIECTBO U PAC-
CAJIATH IO YAITKAM.
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Kak obpabarsiBaTh gaHHBIE

B npunnume, obpabarniBaTh JaHHBIE MOXKHO 1 0e3 KOMIbIoTepa. Tak
IIoCTymnaJin B Te€ TI'oAbl, KOr'Ja KOMIIBIOTE€PpHAasdA TEXHUKa 6])1.}1& HEJIOCTYIIHA.
O/iHaKO MHOTHE CTATUCTUYECKUE PACUYETHI HACTOJBKO TSI?KEJIOBECHBI, 9TO
yxke B XIX Beke cTajm IpUIyMBIBATD CIIOCOOBI MX aBTOMATHU3AIIMH.

2.1. Hecnenmajm3upoBaHHbIE ITPOTrPaMMbl

[TouTn B J1T0OOM KOMIIBIOTEPE C IIPEJLYCTAHOBIECHHON CUCTEMOIT €CTh IIPO-
rpamMMa-KaJabKy/asaTop. Takass mporpaMma OObIYHO yMEET BBIIOJIHATD YeThI-
pe apudMeTnuecKux JAefCTBUs, YaCTO — CYUTATH KBaI[PATHBIE KOPDHU U CTe-
[eHu, HOT A JjorapudMbl. B mpuHIine, 3Toro J0CTaToOvqHO /I TOTO, YTOORI
JIeaTh MPOCTEHITyIo 00paboTKy: CUMTATh CpejHee 3HAUeHNue, CTAHIapTHOe
OTKJIOHEHUE, HEKOTOPHIE TECTHI.

Boobiiie roBopsi, [ijist TOro 9To0bl JIeJIaTh TECTh, KPOME KaJIbKYJIATOPa
IOTPEOYIOTCS eIle W CTATUCTUIECKUEe TabJIUIbI, U3 KOTOPBIX MOXKHO Y3HATD
[IpUMEPHbIE 3HAYEHUS TaK HA3BIBAEMBIX CTATUCTHK — BEJIMYUH, XapaKTe-
pU3YIOMUX JAaHHBIE B IeJIOM. TabJuIlbl UCIOIB3YIOTCA IOTOMY, YTO TOU-
HBI (TO-AHTVIMHACKY «eXact») TMOJICYeT MHOTUX CTATHCTUK CJIMIIIKOM CJIO-
JK€eH, MOPOHl JlarKe I IPOJBUHYTHIX KOMIIBIOTEPHBIX HIPOTPAMM, IIOITOMY
UCIIOJIB3YIOTCsI OneHOuHbIe («estimated» ) 3nauenusi. Crarucruyeckue tab-
JINTIBI MO2KHO HAWTH BO MHOIUX KHHUI'AX I10 KJIACCHYECKON CTATUCTUKE, OHU
TaK>K€ «BCTPOECHBI» BO MHOTHE CIEIUAIU3UPOBAHHDBIE TIPOTPAMMEBL.

naBHBI HEAOCTATOK KAJBKYJIATOPA — CJOYXKHOCTH pabOTHI ¢ CepUsiMU
qHCeNI, B TO BpeMs Kak OOBIYHO JAaHHBIE KaK a3 <«HUIyT» CepusiMu (KOJIOH-
KaMmu, BeKropamn). Urobsl paborarsk ¢ cepusivu 6osee 3hbeKkTuBHO (1 He
TOJIBKO JIJIsi 9TOTO), ObLIN IPUJLYMAHBI 3JIeKTPOHHbIE Tab/uIbl. OObICHATD,
KaK OHU YCTPOEHBI, HaBepHoe, He HyKHO. CHiia 9JIeKTPOHHBIX Tab/IUIT TTPeK-
JIe BCEro B TOM, YTO OHU IIOMOTAIOT BU3yaJU3UPOBATH JTAHHBIE.

[nstist B 971eKTPOHHYIO TAOJIHILY, MOXKHO Cpa3y MOHSATb, KaK BBITJISIIAT
JIAaHHBIE B IIE€JIOM, U <H& [JIA30K» OIEHUTH UX OCHOBHBIE IMapaMeTrphbl. JTO
oYeHb MoJie3Ho0. KpoMe BU3yau3aruu, IporpaMMbl JIEKTPOHHBIX TaOJIUIT
CcHAD2KEHbI PA3BUTHIM HHCTPYMEHTAPHUEM JIJIs BBOJIA U IPe0OPA30BAHUS JTaH-
HBIX — aBTOJIOIIOJIHEHIEM, aBTOKOIIMPOBAHUEM, COPTUPOBKOM U T. 1. O THAKO
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OOJIBIMMHCTBO TAKMX ITPOUPAMM HMMEET CBOEOOPA3HOE «POIUMOE ISATHOS —
OHM CO3/IaBaJIUCh B OCHOBHOM Jjist O(UCHOI'O NPUMEHEHUs] U ObLIM M3HA-
JaJbHO OPUEHTUPOBAHbI Ha OyxrasiTepckue 3amadu. s o6paboTKy JaHHBIX
HYKEH ropasio boJiee Clenuajn3upoBanHublii nHCTpyMeHT. Konedno, pa3su-
ThIe IPOTPAMMBI JIEKTPOHHBIX Tab I, Takre kak MS Excel, Gnumeric wim
OpenOffice.org Calc, nmetor, cpeu mpovero, HaboOp CTATUCTUIECKUX (DYHK-
nwuii. Ho ocKoJIbKy 9T0 — He OCHOBHON KOMIIOHEHT, HA CTATUCTUKY B TUX
IIporpaMMmax TPaIUIIIOHHO obpaliaercs MaJio BHUMaHus. Habop craTrucTu-
YECKUX TECTOB HEBEJUK, MHOIHE METOJbl, 0COOEHHO MHOTOMEPHBIE, OTCYT-
CTBYIOT, peajn3arysi (TO eCTh KaK UMEHHO HJIyT BHYTPH MPOrPAMMBI CAMU
BBIUUCJIEHNUST) YACTO JIAJIEeKa OT ONITUMAJILHOM, HET CIIeIUATU3NPOBAHHON CH-
CTE€MBI OTYETOB, MHOI'O HEYJIO0OHBIX OMPDAHUYEHUN, BO3SMOXKHBI OIMTUOKH, KO-
TOpBIE OYIyT UCIPABISTHCA HE CJUIIKOM OBICTPO, OMATHL-TAKU IIOTOMY, ITO
CTATUCTUKA — HE IepBoovuepe Has PYHKIU JEKTPOHHBIX TaOJIHII,

Kpome Toro, 6a30Bblii TPUHITUIT SJIEKTPOHHBIX TAOJIUIL — BU3yaJIU3AIHAA
JAHHBIX — UMEET U CBOM 0DOPOTHBIE CTOPOHBI. UTO, ec/iu JaHHbIe HE TOMe-
matoTca B okHe? B aToMm cityuae ux Hasio OyJeT MpOKPYUIUBATH MJIA CKPbI-
BaTh 4acTh sgveeK. VI To, u npyroe OKa3bIBAET IMOJH30BATEIIO MEIBEXKDBIO
YCAYTY, IOTOMY YTO OH PACCUMTLIBAJI Ha O0JIErIeHUE BOCIPUATHUS TAHHBIX,
B TO BpeMs KaK IIporpamMMma, CKopee, 3aTpyHsier ero. Mlaun npyroit npumep —
HAJIO TIPOBECTHU OTEPAITH C TPEMsT HECMEKHBIME cTojI0maMu. CaenmaTh 910
Jyepes BbIJEJICHUE HeJIb3sl, IOTOMY UTO BbIJIEJEHNE BCErjia OJHOrO THia (J1a
u Oydep obMeHa 0YeHb YaCTO BCErO OJIVH), IPUXOUTCS JIeJIaTh MHOTO JIBU-
JKEHUH MBIIIKOM ¢ OOJBIIUM PUCKOM OmmOnThCst. VI yK coBceM HUKY/Ia He
roiuTcsi rpaduueckasi CUCTEMa, €CJU HAJ0 COYeTaTh METOIbI 00pPabOTKH
KaKUM-HAOY/Ib CJIO?KHBIM 0OPa30M.

Bruixo — B 10JIb30BAHUY CIIENUAIN3UPOBAHHBIMU CTATUCTUICCKUMU IIPO-
rpaMMaMH.

2.2. Cnenuajan3npoBaHHbIE CTATHCTUIECKE
IporpaMMbl

2.2.1. OKOHHO-KHOIIOYHbIE CUCTEMBbI

EcTb 1Be rpymin creruam3npoBaHHbIX CTATUCTHIECKAX TporpaMm. [lep-
Bble HE OCODCHHO OTJIMYAIOTCS BHEIIHE OT 3IJIEKTPOHHBLIX TabOJIUI], OIHAKO
cHaOKEHbI 3HAYNTEIBHO OOJIBIITNM apCEeHAJIOM JOCTYITHBIX CTATUCTHIECKIX
npuemMoB. Kpome TOro, y HAX TPaIUIIMOHHO MOIMHAA rpadudecKas IacTb
(BO3MOXKHBIX TpaduKoB OoJibllle, U yrnpasjenue umu 6ojiee TubKoe), a Ja-
CTO W TIOJCUCTEMA TIOJITOTOBKH 0T4YeTOB. MHOIMe Takue MporpaMMbl HMEIOT
3HAYUTE/ILHO MEHBIIE OTPAHUYCHUHN, YeM SJIeKTPOHHBIC TaOJIUIIHI.



Cneyuanrusuposantble CMamucmuieckue npo2pammot 23

Ouenb pacnpocTpaneHna B Poccun oTHOCAIIASICS K 9TOH TPyIIe cucTeMa
STATISTICA. Kak ckazaHo BbIllle, OHA OTJIMYAETCS MOIIHON rpadudecKoi
YaCTBhIO, TO €CTh UMEET MHOXKECTBO BO3MOXKHBIX BaAPUAHTOB IpaduuecKoro
BBIBOJIa, KOTOPBIE MPU 9TOM JIOBOJIBHO THOKO HACTPAWBAIOTCS, TaK UTO KO-
JIMIECTBO «CTaHIAaPTHBIX» Fpa(l:)I/IKOB MOXKHO CM€JIO YBEJIMYIUTDH B HECKOJIBKO
pas. HIpyrum, u odenb cepbesnbiM, npeumyinecrBom STATISTICA sapnser-
csl HAJIMIWE TIEPEBEJIEHHON Ha PYCCKUH SI3BIK CHCTEMBI MTOMOIIH, CBOOOIHO
nocrymnuoit B laTepHeTe. DTa crcTeMa MOYKET CJIYKUTD 3a0IHO U PYKOBO/I-
CTBOM II0 CTATUCTHUKE, TIOCKOJILKY TaM OCBEIEHBI U O6IIe BOTPOckhl. V31aH0
nemaJjio KHur, nocBsmeHHbx STATISTICA. Hano, ogHako, 3aMeTuTb, 9TO
TIOIIYJIAPHBIM 9TOT ITaKeT fBJIfACTCA B OCHOBHOM TOJIBKO B POCCI/II/I. BerlVIa
PEIKO MOYKHO BCTPETHUTH CCBHIIKH Ha 0OpabOTKY JAHHBIX ITOH cucTeMoil B
CTaThbdX U3 BEJYHIUX HAYYIHBIX (B OCHOBHOM aHF.HOHSbIUIHbIX) KypHaJIOB, U
9TO HECMOTPsi HA TO, 4TO cucreMa jeyaercs B Amepuke. [losromy jerko
MOKHO TIPEJICTABUTH MPOOJIEMBI ¢ 0OMEHOM JaHHbIMU. Kpome Toro, Kak u
y BCeX BU3YaJIbHBIX CHCTEM, OJHAXKJIBI IIPOBEIEHHOE UCC/IeIOBAHIE HEJIETKO
IIOBTOPUTh, €CJIU, CKAXKEM, MOsBUJINCh HOBbIe jgaHHble. |'mokocts STATIS-
TICA Benmka, HO TOJMBKO B IIpeieiax Tak HasbIBaeMbIX MomyJieil. Eciau Ha-
0 CKOMOMHUPOBATHL PabOTY HECKOJIBKUX MOJIyJIeH, TO MPUIETCS OTONTH OT
rpaduIecKoro MoIxo/1a — HaIpUMep, HadaTh MACATH MaKPOCHI. AJTTOPUTMBI
Beranciiennst B STATISTICA, ecrecTBeHHO, 3aKPBITHI, IIO3TOMY HHOTIA IIPHU-
XOUTCHA IIPOBOAUTD IeJI0e UccjieJJoBaHue, LITO6]::I BBIZICHUTDH, 9TO Ha CaMOM
Jieie B JAHHOM CJIydae JieJiaeT mporpaMma. K Tomy e K cucteme B CBOe Bpe-
M OBLITIO HEMAJIO IIPETEH3UI 110 MOBOY «OBICTPBIX U IPI3HBIX» AJTOPUTMOB
paboThI, U €CTh MOJIO3PEHNE, YTO CATYAIMS HE CJUINKOM M3MEHUIACK.

Jpyroit mporpaMmoii, TOMyJIspHONl B CBOe BpeMs Ha POCCUNCKOM pPhIH-
ke, siBjisiercst cucrema STADIA. HanucanHast pyCcCKOSI3BITHBIMEA ABTOPAMH,
OHa OTJIMYAETCS MPOyMAHHBIM WHTEP(EHCOM U OYeHb XOPOIIei CUCTeMOii
momormu. K cokasieHnio, 9TO TOXKe 3aKpbITas mporpamMma. Hemuoro moxo-
xa #Ha STADIA mporpamma PAST. VsnauaibHO OHA NpeHA3HAYAIACH JJIsT
CTENUAN3UPOBAHHON 00pabOTKY JAHHBIX B T€OJJOTUH, HO 3aTeM (hyHKIUN
3HAYUTE/ILHO PACHIUPUIACh, U B ceiiuac B PAST npeiacrasiensl nmpakTude-
CKH BCe IIPOKO PACIIPOCTPAHEHHBIE CPEJICTBA aHAIN3a JAaHHBIX. | padute-
ckag yactb PAST meborara, HO jocTaTrodHa Jid 6A30BOTO UCCJIEI0OBAHUS.
Cremyer OTMETHATD, YTO, B OTJIMYNE OT JIBYX HpeabLaynux nporpamm, PAST
PaCIIPOCTPAHSIETCST HECTLIATHO.

SPSS u MiniTab mmpoko ucmoab3yores 3a pybexkom, ogHako B Poccun
9TH CUCTEMbI He CJIUIIKOM pacipocTpatnenbl. O0mmuit mHTEpdEiic UX CX0XK CO
STATISTICA, xoTst uMeeTCsT 1 MHOYKECTBO CBOUX OCOOEHHOCTEI, HAIIPIMED
B TIOJICHCTEMAX TeHeparmu oT4deToB. HyKHO ymomsHyTh Takke StatGra-
phics, koropsrit 6611 joctyner B Poccun ere co Bpemen rocmojcrea MS-
DOS, a B Hacrosiee Bpems npuobpesi pa3BuThlii rpadudecknii nuaTepdeiic
7 CTaJI TIOXO0XK Ha OCTAJIbHbIE TPOrPAMMBI 3TOI T'PYIIIHI.
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2.2.2. CraTucTuyecKue cpebl

DTa rpymmna IporpaMMm UCIOJIb3yeT B OCHOBHOM HMHTep(deiic KOMaHIHON
crpoku. Ilomb3oBaTeib BBOAUT KOMAHJIBI, CHCTEMa HA HUX OTBEYAET. 3BY-
YUT TO MPOCTO, OJHAKO CAMU ITHU MPOTPAMMBI — OJHHU U3 CAMBIX CJIOYKHBIX
cucreMm obpaboTku. Boobime ropopsi, KoMaHIHBIM nHTEPdEic TMeeT HeMaJIo
HemocTaTkoB. HampuMmep, moIb30BaTeNb JUIEH BO3MOYKHOCTH BHIOPATH THUII
006paboTKU U3 CIucKa (MEHI0), BMECTO TOrO OH JIOJI?KEH IIOMHUTH, KaKue
Tunbl 06paborku goctynHbl. Kpome Toro, BBOJ KOMaH] CXOXK (& MHOTIA U
HEOTJIMYUM) OT <«HACTOSIIErO» MPOTPAMMEUPOBAHUS, TaK UTO JJIs PAOOTHI
C MOJOOHBIME CHCTEMAMU HYKHbI HEKOTOPBIE HABBIKU IPOrpaMMUCTa (Ujiu
JOCTATOYHO CMEJIOCTH, JIJISI TONO YTOOBI 9TU HABBIKU IIPUOOPECTH IO XOIY
Jie1a). 3aTo MOJIb30BaTe b MOIYIALT NOAHbIL KOHMPOAL Had cucmemoti: OH
MOXKET KOMOMHHUPOBATH JIIOObIE TUITBI AHAJM3a, 3alMCHIBATH MIPOIEILYPhI B
CKPUIITHI, KOTOPbIE MOXKHO 3aIlyCTUTDL B JiI000e BpeMsi, MOJAUMPUITTPOBATD
BBIBOJ] I'Pa(PUKOB, COXPAaHSTh UX B JIEOObIe rpaduueckue popMaThl, JIETKO
IMCATh PACIIUPEHU JJIsT CUCTEMBI, & €CJIM OHA K TOMY K€ eIlle MMeeT OT-
KPBITBIN KOJT, TO ¥ MOAUMDUIIUPOBATEH CAMY CUCTEMY (I/I.HI/I, O Kpaiineit mepe,
JIETKO BBISICHSITH, KAK MMEHHO PabOTAIOT BBIUUC/IUTE/IbHBIE aJITOPUTMBI).

Opnna w3 HanboJiee IPOABUHYTHIX CHCTEM 3TOrO ILIaHa — 3T0 SAS. D10
KOMMepUecKasi, OUeHb MOIIHAS CHUCTeMa, 00JIaIafolasl Pa3BUTON CuCTEeMOit
IIOMOIIM ¥ UMeEIOIIasi JOJTYI0 ucTopuio pa3suTusi. Co3maBaJiach OHa M1 Ha-
VIHOI ¥ 9KOHOMUYIECKO 00pabOTKHU JaHHBIX U 0 CHX IOP SIBJISAETCS OJHUM
U3 JILJEPOB B 9TOM HAalpaBjeHuu. HammcaHo MHOXKECTBO KHUT, OIHCHIBa-
formux paboTy ¢ SAS u HEKOTOpBIE ee aJTOPUTMBI. BMecTe ¢ TeM cucreMa
COXpaHSIEeT MHOXKECTBO PYAMMEHTOB 70-X rOf0B, W MOJB30BAThCA €il TOHa-
YaJly HE OYEHb JIETKO JlarKe UeJIOBEKY, 3HAKOMOMY C KOMAHJHOW CTPOKOM
U IPOrpaMMHUPOBaHUEM. A CTOMMOCTBH CaMOil CHCTEMBI IIPOCTO 3allpeleb-
Hafd — MHOI'€ ThICAYN ,ZLO.H.HapOB!

2.3. I3 ucropuu S u R

R — 310 cpena Jijist cTaTUCTHIECKUX pacdeToB. R 3aiyMbIBajicst Kak CBO-
6oHbBII aHAJOr cpeabl S-Plus, KoTopasi, B CBOIO O4Yepejib, sIBJISIETCS KOM-
MepYecKoil peanm3arueil s3pika pacdeTon S. Z3bIK S — MOBOJBHO cTapast
paspaborka. OH Bo3HHUK emie B 1976 romy B kommanuu Bell Labs u Obut
Ha3BaH, eCTeCTBEHHO, «I0 MoTuBaM» si3bika C. Ilepsast peanusarus S 6b1-
sa Hanucana Ha FORTRAN u paborasa mon yupaBieHHEM OIEPAIHOHHOM
cucrembl GCOS. B 1980 r. peasmsarust 6buia mepenmcana moyg UNIX, u
C 9TOrO0 MOMEHTa S CTaJl PACIPOCTPAHITHCS B OCHOBHOM B HAydHOU cpejie.
Haunnast ¢ rperbeii Bepcun (1988 1.), KomMepueckasi peajusarysi S Ha3bIBa-
ercst S-Plus. Tocenusist pactipoctpansiyiack Kommanueit Insightful, a ceituac
pacipocrpansiercss komnanueir TIBCO Software. Bepcun S-Plus jgocrymmb
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o, Windows u pazsmuansie Bepcun UNIX — ecrecTBenHO, 3a m1aTy, IpHU-
YeM BecbMa M BecbMa HemaseHbKyto (Bepcust st UNIX cromr mopsiaka
$6500). CobeTBeHHO, BbICOKAs IE€HA W CIAEPKUBAJIA IIMPOKOE PACIIPOCTPa-
HEHHUE 9TOr0 BO MHOI'MX OTHOIIEHUSX 3aMedaTebHOro npoaykra. Tyr-T1o n
HagmHaeTca ncropusd R.

B aBrycre 1993 1. 1BO€ MOJIOJBIX HOBO3EJIAHICKUX YUEHBIX aHOHCHPO-
BaJIM CBOIO HOBYIO pa3paboTKy, KOTOpyIo oHN HazBasn R (Oyksa «R» Gbuia
BBIOpaHa IPOCTO ITOTOMY, UYTO OHA, CTOUT IMEpEeJ «S», TYT €CTh AHAJOTUS C
sI3bIKOM TIporpammMupoBanusi C, KoropoMy npejiiectBoBan s3bik B). Tlo 3a-
MBICITy coznaresteii (3To 6p1tn Robert Gentleman u Ross Thaka), sTo goskna
ObLIa OLITH HOBasl PeaJin3alids si3bIKa S, ormmyatorasicss or S-Plus Hekoro-
PBIMU JIETAJIsIMUA, HAIIPUMEDP OOpAIEHUEM C IJI00AJLHBIMU U JIOKAJbHBIMA
[IEPEMEHHBIMU, & TakKe paboToil ¢ maMaTbio. PaKTUIeCKN OHU CO3JAJIU He
anaJsior S-Plus, a HOBy10 «BeTKy» Ha «zepese S» (MHOrHe Bely, KOTOpbIe OT-
mmaaior R or S-Plus, cBsizannt ¢ BiaustaneM s3pika Scheme). [IpoekT BHat1a-
Jie pa3BUBAJICA JOBOJILHO MEJJIEHHO, HO KOTJa B HEM MOSIBUJIOCH JOCTATOYHO
BO3MOXKHOCTEH, B TOM YHCJIe YHUKAJbHAS 110 JIETKOCTA CUCTEMA HAIMCAHUST
JTOTIOTHEHNH (IAKETOB), BCe DOJIbINee KOJIUIECTBO JIOJICH CTAJIO IEPEXOUTh
Ha R ¢ S-Plus. Korga ke, HakoHel, ObLIN yCTpaHeHbI CBONCTBEHHBIE TIEPBBIM
BepcusiM TpobJieMbl paboThI ¢ TAMATHIO, HA R cTasiu mepexouTh u «JIroouTe-
JI» JPYTUX CTATUCTHYICCKHUX MMAKETOB (IPEXK/IE BCErO TEX, KOTOPbIE MMEIOT
unrepdeiic komanaHoit crpoku: SAS, Stata, SYSTAT). Kosmvecrso KHur,
HAIMCAHHBIX PO R, 3a mocsieiame TobI BEIPOCJIO B HECKOJIBLKO pa3, & KOJIU-
YECTBO IIAKETOB YK€ MPUOJINKAETCS K TPEM € IOJOBUHOM ThICSTIaM!

2.4. IIpumeHneHnue, nmpeuMyIiecTBa n HegocTatku R

Kopotko roeopsi, R npumensiercst Besze, rie HyKHa paboTa C JAHHBIMU.
DTO HE TOJIBKO CTATUCTUKA B Y3KOM CMBICJIE CJIOBA, HO U «IIEPBUYHBI» aHa-
su3 (rpaduku, TabJIUIBI CONPSKEHHOCTN ) U IIPOJBHHYTOE MATEMATHIECKOE
MomenupoBanne. B mpuHIune, R MOXXeT UCIIoab30BaThCSI U TaM, TIe B Ha-
CTOSITIIEe BPEMsI IIPUHSITO UCIOJIb30BATDH CIIEIUAJIM3NPOBAHHBIE ITPOTPAMMBI
MaTeMaTnaeckoro ananmia, Takue kKak MATLAB uwmn Octave. Ho, pasyme-
ercst, 6oJiee BCEro ero MPUMEHSTIOT JIJIsT CTATHCTUIECKOTO aHAJIM3a — OT BbI-
YHCJICHUS] CPEIHUX BEJMYHH /10 BeHB/ICT-IPeoGPa30BAHUIl I BPEMEHHBIX Psi-
noB. [eorpadudecku R pacupocrpanen Toxke 09eHb MUPOKO. T PYIHO HANTH
aMEPUKAHCKUN UK 3aI1aITHOEBPOIIEHCKII YHUBEPCUTET, I/ie Obl He paboTain
¢ R. Ouenb mHOrHE Cepbe3nble KOMITaHNN (CKaxkeM, Boeing) ycranaBianbaior
R mast paboThr.

Y R 1Ba rIaBHBIX MPEUMYIIECTBA: HEUMOBEPHAS THOKOCTH U CBOOOHBII
KoJ. 'mOKOCTD MO3BOJIsIET CO37aBATh MPUIOXKEHUs ([TAKETHI) MPAKTHIECKH
Ha JiIobo# ciy4ait xxuzuu. HeT, KaxkeTcsi, HU OTHOTO METO/A COBPEMEHHO-
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0 CTATUCTUYIECKOTO aHAJM3a, KOTOPBIM Obl He OBbLI ceifyac MpejicTaBIeH B
R. CBoGomHblii KOJ| — 3TO He IPOCTO GECIIATHOCTDL IIPOrpaMMbI (XOTsI B
CPABHEHWHU C KOMMEPYECKMMH ITAKETaMU, IMPOIAIIIUMUCS 38 COBEPIIEHHO
6e3yMHbIE JIHbIH, 9TO, KOHETHO, IPEUMYIIECTBO, Ja elrle Kakoe!), HO 1 BO3-
MOXKHOCTb pa300paThCsi, KAK UMEHHO ITPOUCXOIUT AHAJU3, & €CJIM B KOJe
BCTPETUJIACH OMIUOKA — CAMOCTOSITEJIBHO UCIPABUTH €€ U CJIEJIATh UCIIPAB-
JIEHUE JOCTYIHBIM JIJIs BCEX.

Y R ectb u HEMa0 HegoCcTATKOB. CaMblil IJIABHBINA U3 HUX — 9TO TPY/I-
HOCTb ODy4eHusi mporpamme. KoMmaH | MHOTO, BBOIUTb UX HAJ0 BPYYHYIO,
3aIllOMHUTH BCE TPY/IHO, & IIPUBBIYHON cucTeMbl MeHio HeT. [losromy mopoii
OYeHb TPY/JIHO HAWTH, KAK UMEHHO CJIeJIaTh KaKOU-HUOyIb aHaau3. FKcim
¢yHKIINS U3BECTHA, TO y3HATH, YTO OHA JEJIAET, OYEHBb JIETKO, OOBITHO JIO-
CTATOIHO HAOpAThH KoMaH 1y help (naszsanue gynryuu). YBUAETH KO DYHK-
UK TOXKE JIET'KO, JIJIst 9TOr0 HAJ0 IPOCTO HabpaTh ee Ha3BaHUEe 6€3 CKOOOK
nin (JIydine) BBecTH KoMaHy getAnywhere(naszeanue gynruyuu). A BOT
ITO JIeJIaTh, €CJIU «3aJaJIi» [POBECTH, CKAXKEM, JUCIEPCUOHHBIN aHAJNS, &
dbyuxims HenspectHa? (CM. OTBET B KOHIIE IVIABHL. )

He cront 3abpIBaTh, OAHAKO, YTO cHjaa R — TaM ke, Te ero caabocThb.
WNuTepdeiic KOMaHIHON CTPOKH IMO3BOJISIET JEJIATh TAKHE BEIU, KOTOPBIX
PSLIOBOI [TOJTB30BATEIb JPYTUX CTATUCTUIECKAX TPOTPAMM MOYKET JIOCTUYIb
TOJIBKO YacaMH PYy4YHOTo Tpy/a. BoT, Hampumep, mnpocras 3ajada: Tpedy-
eTCsl MPEeBPATUTb BBIOOPKY, COCTOSINYIO u3 1udp or 1 10 9, B Tabiuiy u3
TpeX KOJIOHOK (JIOIYCTHM, 9TO ObLIM JAHHbIE 33 TPU JHs, U KayKJbIi JIeHb
JIeJIATIOCh TpU u3Mepenusi). UTobbl cjiesiarh 310 B HPOrpaMMe C BU3YaJlb-
ubiM uHTepdeiicom, ckaxem B STATISTICA, rpebyercs: (1) yupeaurs e
HOBBIE IepeMeHHble, (2-3) CKONMMpoBaTh JIBazK /bl KyCOK BBIOOPKHU B Oydep,
(4-5) ckonmpoBaTh €ro B OJ[HY U JPYTyiO IepeMeHHyo U (6) yHUYITOXKHUTDH
siatnaue crpoku. B R 910 nenaercst ofHON KOMaHOMM:

> b <- matrix(1:9, ncol=3)

Bropoit menocratok R — orHOCHTeIbHAS MeINTeILHOCTL. HekoTopbie
byHKINN, 0COOEHHO HCIOJIL3YIONINE UKJIbI, U BUIbI OOBEKTOB, OCODEHHO
CIMCKH U TabJIHMIbLI JaHHBIX, «paboTaloT» B JIECITKH pa3 MeJJIeHHee, YeM
UX aHaJOId B KOMMepPUYeCKHX Hakerax. Ho 3ToT HemocTaTok IIpeomoJieBa-
€TCdA, XOTd U MEeIJICHHO. HOBbIe Bepcumn R «yMeIOT» JeJiaThb I1apaJijieJIbHbIe
BBIYUC/IEHNS, CO3IAI0TCA ONTUMU3UPOBAHHBIE BAPUAHTEI ITOAIIPOrPaMM, Pa-
boTaromue MHOTO ObIcTpee, maMaTh B R ncnonb3yercs Bce addexTusHee, a
BMECTO IMUKJIOB PEKOMEHAYETCHA IIPUMEHATH BEKTOPU30BaHHBIC BbIYUCJICHUA
(cM. mpusiozkeHue o nmporpammupoBanuu B R).

Yro ke Kacaercst TPYIHOCTH 00y JeHUs, TO Mbl HAJEEMCsI, ITO 9Ta KHUTa
HOCJAYZKUT OJIHUM U3 CPEJCTB €ro IPeoJI0JeHUs.
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2.5. Kak ckadaTth u ycTaHOBUTHh R

ITockosbky R — cBOOOHAS cECTEMa, TO €ro MOYKHO CKAYaTh M yCTaHO-

BUTbH

TOTO,

6e3 Bcakoll ortaThl. ECTh HECKOJIBKO CITOCOOOB, KOTOPBIE 3ABUCAT OT
KaKasg y Bac OllepallMOHHAas CUCTEMA.

Linux. Eciu y Bac Kakoii-HuOy/ib 13 pacpOCTPpaHEHHBIX JIUCTPUOYTUBOB,

Mac

TO R HaBepHSKA BXOJUT B PENO3UTOPHIl «IPUJIATAIONAXCS» K Ballei
cucTeMe TaKeTOB. EJIMHCTBEHHOE, UTO HYKHO YUeCTb,— OOHOBJICHUE
[IAKETOB YacTO OTCTAaeT OT BhIXoja Bepcuii R (Kak mpasumiio, derbipe
pasa B o).

Bepcust nymepyercst TpeMst 9uciaMu, IepBbie 1Ba — ITO IJIaBHAS BEp-
cusi, obHOBJIIeTCA JiBa pasa B rof. C KaxKioii riaBHO#l Bepcueil B R
BHOCSITCSI U3MEHEHHsI, 9aCTO JTOBOJILHO 3HAYMTEIbHbIE. Kak mpaBmio,
9TO MHO2KEeCTBO HOBBIX KOMAaH/I, UCIIPaBJIEHHbIC aJITOPUTMbI BBITIOJIHE-
HHS CTapblX, U padyMeeTcs, UCIpaBIeHns ommubok. Kpome Toro, ObI-
BaeT TaK, 9TO CTPaJaeT oOpaTHas COBMECTUMOCTL — HOBBIE BEPCHU
HaYMHAIOT MHave HMCTOJKOBBLIBATH KOMaH/IbI, a MHOr/Ja KOMaHAbI UJIN
MX OIIMHU IIEPECTAIOT JIeiicTBOBaTh. EcrecTBeHHO, pa3paboTIYnKH CTa-
paroTcsd MUHUMHU3UPOBATL Takne m3MeHeHms. 110 cBoemy OIBITY MO-
KeM CKa3aTb, 9YTO HallMCaHHBbIEC Ha R IporpaMMbl ISITU-CEMUJIETHEN
JaBHOCTH paboTaroT 6e3 mpobsiem. B obmieM, mMopaJjb Takas: OOHOB-
nsaiite R, HO mpm 3TOM Bcerpa YnTalTe CIIMCOK M3MEHEHHUI BEpPCHUMH.
Ha kaxkjyro 1iaBHYIO BEDPCHIO BBIXOJAT, KAK MPABUIIO, JBE «MUHOP-
Hble» Bepcuu (HysieBast u niepsasi). [lepBasi MuHopHast Bepcust OOBITHO
HUYEro HOBOT'O, KPOME HCIIPABJIEHUS OIMOOK, HE COICPHKUT.

Eciu BBI XOTHTE BCErJia MMETHb CAMYIO CBEXKYIO BEDPCHIO, BAM HAJIO
6yner ckaunBarb R u3 tak nassiBaemoro CRAN (Comprehensive R
Archive Network). ¥V sroro caiita J0BOJIbHO MHOrO 3epkaJi (Komwuii),
TaK ITO BIOUpaiiTe moaxosiiee. CkadaTh MOXKHO KaK UCXOJHBIN KO/
JIJIsI TIOCJIEIYIOIIel KOMITUISIIINN, TaK 1 COOpaHHbBI OMHAPHBIN ITaKeT
(mocJiesiHee, ecTecTBEHHO, He Beerja Bo3MoxkHO). Keraru rosopst, mc-
XOJIHBIN KO/ R KOMIImnpyercsi 04eHb [pOCTO.

OS X. Jljs Toro urobsl HadaTh paborats ¢ R 8 Mac OS X, HaJo cHa-
4asia yoeIUThCsI, YTO Y BAC HOCJIEIHsISI BEPCHs STO! OIlePAIlMOHHOIT CH-
creMmsl. ITocnenne Bepcun R BBIXOAAT TOJIBKO II0J] OCJIE/IHIE BEPCUU
Mac OS. Vcranosounsiii naker ckaunaercsi ¢ CRAN (ne 3abyupbre
rakxke ckadarb orryna Tcl/Tk). Nmeiire B Buy, uto rpadudeckas
obosouka R st Mac (R Mac GUI) obHoBusiercst GbicTpee, 4eM cam
R, mosTomy paspaboTUnKH IPELyCMOTPEIN BOSMOXKHOCTD CKAINBAHIS
U yCTAHOBKM OOOJIOYUKHU OTJIEJILHO. YCTAHOBKA IIPOUCKOIUT IPAKTUYe-
CKI TaK 2Ke, KaK yCTaHOBKa Jiioboit mporpaMmmbl mmox Mac. Hamo ere
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OTMETUTH, 9TO R 3aBoeBaJI cebe MOIyJIIPHOCTD HE B ITOCEIHIOI Ove-
pelb TeM, 9TO OH 3amyckaJjcs moj Mac, B To BpeMms Kak S-Plus mox
9Ty 1maaTdopMy ObLT HETOCTYIIEH.

Windows. [ljs Toro urobsr 3ammyckatb R, MOXKHO mMeTh JiFoObIe BEpCHU
9TOM onlepaImoHHoi cucreMbl, HatunHas ¢ Windows 95. Kak u B ipeipi-
JIyIIEM cjiydae, yeraHoBouHbI maker ckadmbaercss ¢ CRAN. Omnsirb-
TaKW, yCTAHOBKa HarmoMuHaeT oObrauyto it Windows. Ects mporpam-
Ma-yCTaHOBIIUK, KOTOPas 33J]a€T HECKOJILKO BOIIPOCOB, OT OTBETOB HA
KOTOpPBbIE HUYET0 Cephe3HOro He 3aBucut. llocjie MHCTAIAIME TTOSIB-
JISIETCS SIPJIBIK, IIEJIKHYB Ha KOTOPBIN, MOXKHO 3aIrycKaTh R.

31ech UHTEPECHO 3aMeTUTh, uTo Windows-uncraiisnus R sBisiercst,
KaK 9TO IPUHATO ceiigac TOBOPUTh, «portables m MoxKeT 3aIryckaThest,
Harnpumep, ¢ QJISIIKN WK JIa3epHOro qucka. R memaer mapy samuceit
B peecTp, HO st paboOThI OHU COBEPITIEHHO HEe KPUTHIHBL. K IUHCTBEH-
HOE, 9TO HaJ0 IPHU ITOM HMETb B BHIY,— pabodas MallKa I0JKHA
OBITH OTKPBITA JJIsl 3aIUCH, HHAYE BaM HEKYJa OyIeT 3alliChIBATD Pe-
3yJibTaThl paboThl. Kille ojiHa Bellb, BaXKHAsI JJIsI BCEX OMEPAIIMOHHBIX
cucrem: R (B ommiame or S-Plus) gep:kur Bce CBOM BBIYHC/IEHUS B
OIIEpATUBHON TAMSITH, [IO3TOMY €CJIM B IIPOIecce PabOTHI, CKaXKeM,
BBIKJIIOUYMTCSI [MMTAHUE, PE3YJILTAThl CECCHM, HE 3allMCAHHBIE SIBHBIM
obpaszom B daiir, nponagyt. (Tyr Hago 3amernTb, 9TO CyIIECTBYET
naker SOAR, KOTODbIi U3MEHsIET 3TO TIOBEJICHUE. )

2.6. Kak mHauarp paborath B R

2.6.1. 3amyck

Kaxxas oneparmonnast cucrema uMeeT cBou ocobennocTu paborsr. Ho B
[[EJIOM MOKHO CKa3aTh, YTO 10/l BCE TPU yIOMSHYTBIE BBIIIIE OllePAINOHHBIE
CUCTEMBI CYIIIECTBYET TaK HA3bIBAEMbBIIl «T€PMUHAJIBHBINY CIOCOO 3alIlyCKa,
a nox Mac u Windows mmeercst cBoii rpadudaecknit nunrepdeiic (GUI) ¢
HEKOTOPBIMHU JIOIIOJIHUTEIbHBIMI BO3MOYKHOCTSIME (Pa3HBIMU B PA3HBIX OIIe-
PAIMOHHBIX CUCTEMAX ).

TepmunaabHbIil c110COO IPOCT: JOCTATOYHO B KOMAHJIHON CTPOKE TEPMHU-
Hasia (mosb3oBaresin Windows 9acTo Ha3bIBAIOT €r0 «UePHBIM OKOIIKOM»
wm «okHoM DOS») mabparsb

$ R—

U MOSIBUTCA BBOJHBIN 9kpaH cuctembl. [Tog Windows 910 HEMHOTO CJI02K-
Hee — HeoOXOUMO BBI3BIBATH IIpOrpaMMmy Rgui .exe, mpudeM Jjisi 3TOro Ha-
JI0 OO «HAXOIUTLCSI» B TON JKe TAIKe, TJIe HAXOANUTCS 9Ta MPOrpaMMma,
Ji0O0 TyTh K 9TOI NAITKe JIOJI2KeH ObITh mporucal B nepemennoii PATH. Kpo-
M€ TOTO, JIjIsi TOr0 YTOObI B PYCCKOst3bIanoit Windows BBOJIHBIN 9KpaH ObLI
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YUTAEM, HAJ0 CMEHHTh B OKHE TEPMHUHAJA KOJIUPOBKY (KOMaHOi «chcp
1251») u ycraHoBUTH coorBercTByomuii mpudr (ckaxem, Lucida Con-
sole). Eciu 8 UNIX Tepmunan samyren 6e3 rpadbudeckoit cpespt (X11), To
BCe M300pakeHns OyIyT «CKHUJIBIBATHCSA» B OAUH MHOrocTpaHum4Hblii PDF-
daiin Rplots.pdf. [Toxg Mac sro Gyner npoucxourhb, jgaxe ecian X11 3a-
IyIIeH, TaK 9TO IOJHOIEHHO WCIO/Ib30BaTh R mog Mac MOXKHO TOJBKO B
GUI-Bapunante. Tepmunasibabiil 3amyck mojg Windows Takux orpanudenuii
HE nMeeT.

B nmambHeitem jjoropopumcst, 9To moj «ceccueit Ry Mbr 6yiem nmers B
BUIy TepMuHANbHBIN 3amyck mog X11 B Linux n GUl-sanmyck B8 Windows
u Mac. GUI mox 3Tu onepanunoHHbIE CHCTEMBI ITOCTPOEHBI TakK, YTO OHU
BCE PABHO 3aIlyCKAIOT TEPMUHAJ-TIO00HOE OKHO — obmieHne ¢ R Bo3moxk-
HO TOJIBKO B PeXKUMe Juajiora, «koMmauiaa — orsers. losromnennoro GUI ¢
R He mocTaBjisieTcst, XOTsl CYIMECTBYIOT MHOTOYHMCJIEHHBIE TIONBITKH CO3/IaTh
Takyto cucremy. Onna u3 Jjgydmmx, Ha Haml B3Msi, — 370 R Commander,
COBeTyeM TakKKe 00paTuTh BHUMaHMe Ha RStudio; 0 HUX MBI elre MoroBopuM
B npuioxkennu. Ho, BooOIe-To, cucremMa 3 MEHIO U OKOIIEK HE CIIOCOOHA
3aMEeHUTD MOJIHOIIEHHOT0 uHTepdeiica KOMaHIHOM CTPOKU, OCOOEHHO B CJIy-
Jae TaKUX CJIOXKHBIX cucreM, Kak R. MuTepecho, uro S-Plus umeer ovueHb
npwimanbi GUI, HO ecsin BbI oTKpoeTe Jit000l yUeOHUK 1O 3TOH cucre-
Me, Bbl YBHJIUTE, YTO aBTOPHI HACTOATEJIBHO PEKOMEHJYIOT IOJIb30BATHCH
KOMAaHJIHOI CTPOKOH.

Ocobennocts R GUI moxm Windows — ee MOXKHO 3aIllyCTHTh B MHOT'O-
(MDI) u ognookonnom (SDI) pexkumax. HacrosiTeslbHO peKOMeHLyeM BaM
BTOPOIit, TeM OoJiee 9TO BCe OCTAJIbHBIE Pean3anun R TOJIBKO ero u «yMerTs.

Korma Boi 3amyctuiiu R, mepBbIiM J1€J10M MOSIBIISETCS BBOJHBIN 9KpaH. Fc-
JIn y Bac pycudunupoBaHHasi CUCTEMa, TO Bbl YBUIUTE HAJIINCH IO-PYCCKH.
Eciin 0 kakoii-To npuyunHe BaM HAJ0 BUJETHh BCE MO-AHTVIMACKU, YCTAHO-
BuTe nepemennyo LANGUAGE — cozmaiiTe daitr Renviron.site, B KOTODBIit
BHECUTE CTPOUKY

LANGUAGE=en

DroT daita J0MKEeH HAXOANTHhCS B TaK HA3BIBAEMOIl «IOMAIITHE» Iu-
pexTopun R. BoJee moipobHO PO 9TO MOXKHO y3HATH, €CJIN IPOIUTATH I10-
Motk 110 Komanie Startup (). Iox Linux Be3BaTh R TakuMm criocoboMm erre
IPOIIle — HAJI0 BHECTH B CTPOKY BBI30Ba OIIUIO (TY Ke CaMyIO CTPOUKY ).

2.6.2. Ilepsbie maru

Ilepen Tem Kak HadaTh padboTaTh, HAJA0 HOHATH, KaK BbIATH. JljIst 9TOr0
HAJ0 BBECTU OJIHY KOMaH]Iy, HayKaTh Enter m oTBETUTH Ha OJIMH BOIPOC:

qQ
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Save workspace image? [y/n/cl: n

YKe TaKOi MPOCTOi IpuMep MOKA3bIBAET, ITO B R j1100ast KoMaH1a nMeeT
apryMeHT B KPYIVIbIX CKOOKax. Eciu aprymMenT He yKa3aH, CKOOKH BCe PABHO
Hy>kHbI. Ecsin Bbl 3abyjieTe 9TO ¢jie/iaTh, TO BMECTO BbIXoJa u3 R mnosyunre
orpesiesienne byHKITHH:

>q

function (save = "default", status = 0, runlLast = TRUE)
.Internal (quit(save, status, runlast))

<bytecode: 0x4436da0>

<environment: namespace:base>

Kak y3rarh, Kak IpaBuIbHO BBI3BIBATE (DYHKIWIO? [l 9TOrO HA/I0 HA-
VUATBCS MOIYYaTh CIpaBKy. EcTh aBa myTu. IlepBeIif — BBI3BATH KOMaHIY
CITPABKU:

help(q)
nJIm

7q

U BbI yBuUTE OT/IEBHOE OKHO JI00 (ecsm BBl paboraere B Linux) Teker
HOMOIIU B OCHOBHOM OKHE IIPOrPAMMBbI (BBIXOJL U3 9TOIO PEsKUMa — I10 KJIa-
Bullle «qg»). Ecim BHUMATEJBHO MPOYNUTATH TEKCT, CTAHOBUTCS $ICHO, YTO
BBIfiTH U3 R MOXKHO, U He OTBevYas Ha BOIpOC, ecyin BBecTu q("no").

3aueM ke Hy2KeH 3ToT Borpoc! Win, apyrumu cjioBaMu, 910 OyIeT, ecjia
OTBETHUTH TOJIOKHUTEIBHO? B sTOM ciyuae B pabouyio manky R (Ty, n3 Ko-
TOPOU OH BbIBBaH) 3anunIyTcs ABa daiina: OuHapHbIil .RData U TEKCTOBBIHI
.Rhistory. IlepBbiit comep:kuT BCce OOBEKTHI, CO3AHHBIC BAMHU 32 BPEMS
ceccun. BTopoit — HOJIHYI0 UCTOPHUIO BBEIEHHBIX KOMAaH]I.

Korma el paboTaere B R, mpenpliyny o KOMaHIy JIETKO BBI3BATH, HAYKAB
KJIABUIILY-CTPEJIKY «BBepx». Ho ecytn BbI coxpanure daitn .Rhistory, Bamu
KOMAH/IbI OYIyT JAOCTYIHBI U B CJIEAYIONIEH CECCHU — IPHU yCJIOBHUU, GTO
BRI BbI3oBeTe R M3 Toit ke camoil nanku. VI HA00OpOT, €cjii BbI CJIydaiiHO
coxpanuTe pabouyio cpely (9tu nBa dailna), TO IpHU CJEAYIOMEM CTapTe
OHU 3arpyssdarcs apromarudecku. Mmorma takoe mosesenne R cramoBuTcs
MPUYIUHON Pa3/JIMIHbIX HEJIOYMEHHUH, TaK 9TO OyIbTe BHUMATETHHDI!

2.7. R n pabora c JaHHBIMU: BUJ, CHAPYKU

2.7.1. Kak zarpy2karb JaHHbIE

Cuauasia 0 ToM, Kak HabpaTh januble npsimo B R. Moxkno, Hamnpumep,
UCIO0JIB30BaTh KOMaHy ¢ ():
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> a <- C(1:2:3:4’5>
> a
[1] 1 2345

31ech MBI OJIydaeM O0bEKT &, COCTOSIIII U3 9HCes OT OJIHOIO JI0 IIATH.
Mozxxuo ucnosib3oBaTh komanael rep (), seq(), scan(), a Takxke onepa-
TOP ABOETOUNLSI:

>b <- 1:5
> b
[11] 1 2345

Mo2kHO BOCIIOJIB30BaThCsT BCTPOEHHOH B R moamporpamMmMoit — 3J1eKTPOoH-
Hoit TabJnieil Hamomobue cuIbHO yipoirenHoro Excel, misg sroro Hamo Ha-
6parh KoMaHy data.entry(b).

B nosiBuBITIEiicst TADIUIE MOYKHO PEJAKTHPOBATH JIAHHBIE «HA MECTE», TO
€CTh BCe, YTO BBl BBEJIU, HEIIOCPEICTBEHHO CKAXKeTCs Ha COAEPrKaHUU 00b-
€KTa. DTO HECKOJbKO MPOTUBOPEYUT OOIIUM KOHIEIIUSIM, 3aJI0KEHHBIM B
R, u mosromy ecth noxoxkast ¢pyuknus de (), KoTopast He MEHsSIET 00bEKT, a
BBIJAET Pe3y/ibTaT «HapyXKy». Kciam ke y Bac yxKe ecTb Tab/IUIa JAHHBIX,
MOKHO HCIOJIL30BaTh KOMaHIbl £ix () min edit (), KOTOpbIe B TAHHOM CJIy-
4Jae BBI3OBYT TOT ke Excel-110106HbBIH pegakTop.

Oyukiusg edit (), BbI3BaHHAS I JPYyroro TUIla OOBLEKTA, 3aIlyCTUT
ero peJlakTHpoOBaHue B TeKCTOBOM pegakTope (mog Windows 310 06bIaHO
Notepad i BokHOT), 1 BBl CMOXKETe OTPEJAKTHPOBATH 0ObEKT TaM. Ec-
JII BBl XOTUTE MOMEHSATH PEIAKTOD, HAIUIIUTE, HAIPUMED:

options(editor="c:\\Program Files\\CrazyPad\\crazypad.exe")

OnHaKo JIydlle BCero Hay YnThCs 3arpyzkarh B R daiisibl, co3maHHble pu
IIOMOIIU JIDYTUX MporpamMM, ckazkeMm, npu rnomorru Excel. meiiTe B By,
9TO TaKue JaHHbIe MMEIOT OYeHb Pas3HbIi ¢opMar, W HAIUCATH 0 ITOMY
BOIIPOCY CKOJIBKO-HUOY/Ib KOMIIAKTHOE PYKOBOJCTBO TPYaHO. HO MBI BCe Ke
rorpobyem.

B mestom mannbre, KoTopble Hat0 00pabaThiBATh, OBIBAIOT ABYX THUIIOB —
TeKCTOBbIEe U OuHapHbie. He BraBasich B jieTajiu, IPUMEM, 9TO TEKCTOBLIE —
9TO TaKue, KOTOpPble MOXKHO IPOYUTATh U OTPEJAKTHPOBATL B JIIOOOM TEK-
croBoM pemakTope («Bimokuor», Notepad, TextEdit, Vi). das Toro aTobsr
OTPEAKTUPOBATL OMHAPHBIE JAaHHbLIE, HY»KHA, KaK IIPABUJIO, IPOrpaMMa,
KOTOpasi 9TH JaHHbIE KOIJIA-TO BBIBEJIA. 1€KCTOBBIE JAHHBIE IJIsi CTATHCTH-
4ecKoil 00pabOTKH — 3TO OOBIYHO TEKCTOBLIE TaOJIMIILI, B KOTOPBIX KarKIast
CTPOKA COOTBETCTBYET CTPOUKE TADJIHIIBI, & KOJIOHKHU OIPEIEISIIOTCS TIPH 110~
MOIIU pasjenuresneil (00bIIHO MTPOOEIOB, 3HAKOB TabYJISIIUN, 3alsIThIX UK
Tovek ¢ 3amsroit). st Toro urobel R «ycBous» Takme jaHHBIE, HAJO, BO-
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[IEePBbIX, yOEIUThCHA, UTO TEKyIlas Hamnka B R u Ta mamnka, oTkyma OymyT
3arpyzkKaThCs Ballld JAHHBIE,— 9TO OJHO U TO ke. [l 3Toro B 3anyInenHoi
ceccun R HaJ10 BBECTH KOMAHILY

> getwd()
[1] "d:/programs/R/R-2.14.1"

JlomycTuMm, 9T0 9TO BOBCE HE Ta TAIKa, KOTOpast BaM HyKHa. [ [oMeHsITh
pabotyIo mamKy MOXKHO KOMAaHIOM:

setwd("e:\\wrk\\temp")
> getwd()
[1] "e:/wrk/temp"

Ob6parure BHUMaHKEe Ha paboTy ¢ oOpaTHBIME ciamamu 1o Windows:
BMECTO OJTHOT'O CJISIIA HAJI0 YKA3BIBATH J[Ba, TOJHKO Tora R ux moiimer. o
Linux u Mac OS X Bce mportiie: TaM 10 YMOJTYAHUIO UCIOJIB3YIOTCHA PAMbIE
¢y «/», ¢ KOTOPBIME ITpobaeM HuKakux HeT. KcraTn, moa Windows Toxke
MOXKHO HCIIOJIb30BATD IPIMbIE CJISIIN, HAIIPUMED:

setwd("e:/wrk/temp")
> getwd()
[1] "e:/wrk/temp"

JlaJipIlie HAJIO0 TTPOBEPUTD, €CTH JIM B HY>KHOH MO TUPEKTOPUN HYKHBII
daitr:

> dir("data")
[1] "mydata.txt"

Tenepb MOXKHO, HAKOHeIl, 3arpyzKarhb ganubie. (I[Ipeanosaraercs, aro B
TEeKyIIel TUPEKTOPUH y BaC eCTh nanka data, a B Heit — daiiyi mydata. txt.
Eciin 310 He Tak, TO I TOrO, YTOOBI 3aIlyCTUTbL ITOT IIPUMED, HYKHO
ckadaThb Qailyi ¢ yIOMSHYTOrO B IPEINCIOBAN CaiiTa, cO37aTh manky data
U HOMeCTUTh Tyja daiin). Januble 3arpyxkaer komania read.table():

> read.table("data/mydata.txt", sep=";", head=TRUE)

w N =

N b e
© 0N o
© OO W o
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9TO POBHO TO, YTO HAJO, 38 TEM UCKJIOUYECHUEM, UTO [E€PEJ] HAMHU «PO-
47b B KyCTaX» — aBTOPBI 3apaHee 3HAJIN CTPYKTYPY JAHHBIX, & IMEHHO TO,
9T0 y cTOJIONOB ecTh nMeHa (head=TRUE), a pasjeuresieM siBISETCsT TOIKA
¢ sangroit (sep=";"). Pynkuus read.table() odueHb xoporra, HO HE Ha-
CTOJIBKO yMHa, 9TOOBI OIpeIe/isaTh (OpMAT JAHHBIX <«HA JeTy». [losromy
BaM IIPUJIETCs BBISICHUTBH HYXKHbIE CBEJleHUs 3apaHee, CKayKeM, B TOM Ke
caMoOM TEKCTOBOM pesakTope. EcTh 1 crocod BbisicHUTH 9T0 4epe3 R, s
9TOrOo HcIoJb3yeTcs KoMan1a file. show("data/mydata.txt"). Ona BbIBO-
JIUT CBOW JIAHHBIE TAKUM 2Ke 00pa3oM, kak u help(),— OT/e/IbHBIM OKHOM
WIA B OTJIEJIBHOM PEXKUME OCHOBHOI'O OKHA. BOT 4TO BBI JIOJIZKHBI YBU/JIETD:

Bepuemcs k npenpiaymemy npumepy. B R MHOrne koManibl, B TOM IUC/IE
u read.table (), UMeIOT yMaJduBaeMble 3HAUCHUS apryMeHToB. Hampumep,
3HAYCHNE Sep 10 YMOJTYaHUIO "", 9TO B JAHHOM CJIydae O3HA4aeT, 9YTO pa3-
JeJUTEJIEM ABJISIeTCs JI000e KOJIMIECTBO IIPOOEIOB UM 3HAKOB TaOyJIsIINN,
[IO3TOMY €CJIM B BaIllUX JAHHBIX BMECTO TOYEK C 3alsThIMU — IIPOOEJIBI,
MOXKHO apryMeHT sep He yKa3blBaTbh. EcrecTBeHHO, ObIBaET GE3yMHOE MHO-
JKECTBO PA3JINIHBIX YaCTHBIX CJIYIAEB, M KaK Obl MBI HU CTAPAJIUCh, BCE HE
ormcatb. OTMETHM, OJHAKO, €Ille HECKOJbKO BaXKHBIX BEIIEil:

1. Pycckuit Tekct B daitaax oObraHo unTaeTcs 6e3 mpobdbiaem. Ecim Bee xke
BO3HUKJIU MPOOJIEMBI, TO Jiydilie 1epeBectu Bee B KojaupoBky UTF-8
(rpu oMoIH JIFOGOH JIOCTYITHON yTHIIMTHI [IEPEKOIUPOBAHMSI, CKAYKEM
iconv) u 106aBUTH COOTBETCTBYIOINLYIO OIIIHIO:

> read.table("data/mydata.txt", sep=";", head=TRUE,
+ encoding="UTF-8")

2. Nuorma myxxkHO, uT0ObI R mpoumTas, KpomMe MMEH CTOJIOIOB, €Ile u
uMeHa CTpok. ljist 9Toro ncnosib3yercs Takoil IpueM:

> read.table("data/mydata2.txt", sep=";", head=TRUE)
abc

one 123

two 456

three 7 8 9
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B aitte mydata2.txt B mepBoil cTpoke OBLIO TPU KOJOHKH, a B
OCTaJIbHBIX CTpOKaxX — 1o d4erbipe. IIpoBepbTe 3TO 1pH MOMOIIN
file.show().

3. laHHBIE, KOTOPBIE BBIJIAIOT MHOTHE PYCU(MUIIMPOBAHHBIE TPOTPAMMBI,
B Ka4eCTBe JIECATUIHOTO PA3JIEJUTEN OOBIYHO UCIIOJIb3YIOT 3alSATYIO,
a He TO4YKy. B 9Tux ciydasix HaJI0 yKa3blBaTh apr'yMeHT dec:

> read.table("data/mydata3.txt", dec=",", sep=";", h=T)

ObpaTrnuTe BHEMaHUE Ha COKPAIEHHOE 00O3HaUYeHne apryMeHTa U ero
sHadeHusi. COKpaIarb MOXKHO, HO C OCTOPOYKHOCTBIO, TTO3TOMY AJIb-
e B TeKcTe Mbl Beerja Oyem nucatb TRUE miin FALSE, X0Tst Ha [IpaK-
TUKE MHOT'ME UCIOJb3YyIOT npocto T uin F.

Wrak, MOXKHO CKa3aTb, YTO OIUH M3 BO3MOXKHBIX CIOCOOOB PabOTHI C
JaHHBIMHE B R Takoii:

1) jaxHble HAOMPAIOT B KaKO-HUOY/Ib «BHEIIHEH» IPOrpPaMMe;
2) 3aIMCBIBAIOT UX B TEKCTOBBIN (ailyr ¢ pazmesnrensMu (CM. BbIIIE);

3) sarpyzkaroT Kak o6beKT B R u paborator ¢ 9TuM 06'beKTOM, BO3MOXKHO,
BHOCST I3MEHEHMS;

4) ecsin ObLIN W3MEHEHUs, KOMaHIOil write.table() (mpo Hee cM. cie-
JIYIOIIUI OIPa3/Ies) 3aluchiBAIOT 00paTHO B (haill;

5) MMIOPTUPYIOT KaK TEKCTOBBI (ailyl B HCXOHYIO IPOrpaMmy u pabo-
TAIOT JAJIbIIIE.

Taxoit cmoco® BBITASIIUT CIOKHOBATO, HO MO3BOJISET UCIOIB30BATD BCE
[IPEUMYIIECTBA TPOTPAMM 0 HADOPY JIEKTPOHHBIX TAOJIUI[ U TEKCTOBBIX
PEIAKTOPOB.

C J1eKTpOHHBIMEU TaOJIUIIAMEU B TEKCTOBOM (popMaTe OOJIbIINUX TpobJIeM
OOBIYHO He BO3HUKaeT. Pa3Hble 3K30THYECKHE TEKCTOBbIE (POPMATHI, KaK
[IPABUJIO, MOKHO IIPEOOPA30BATH K «THIUYHBIM», €CJIU HE ¢ MOMOIIbIo R, To
C MOMOIIBIO KAKUX-HUOY/Ib TEKCTOBBIX YTUIUT (BILIOTh JI0 «TSYKEJIOBECOB»
tuna s3bika Perl). A Bor ¢ «mocTopoHHUMIY» GUHAPHBIME (POPMATAMHE JIEJI0
ropas3o Xyke. 37eCh BO3HUKAIOT MPEXKJE BCETO MPOOJIEMBI, CBSI3aHHBIE C
3aKPBITBIMU U /UM HEJOCTATOYHO JIOKYMEHTUPOBAHHBIME (hOpMATAMHU, Ta-
KUMHU, HAIpuMep, Kak ¢opmat mnporpammbl MS Excel. Boobie rosopst, oT-
BET Ha BOIIPOC, KaK MPOYUTATh OuHapHblii popmar B R, gacTto cBoauTcsa K
COBETY 10 00pa3Iily U3BECTHOI'O AHEKO0TA — «BBIKJIIOUUM T'a3, BBLILEM BOIY
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U BEPHEMCH K YCJIOBUIO IpeblyIel 3amaans. To ects Ha0 HAllTH CIIOCOD,
Kak 1peobpa3oBaTh (¢ MUHUMAJbHBIME OTEPSIMU 3HAYNMOl nHbOPMAIUH,
eCTeCTBEHHO) OUHAPHBIE JIAHHBIE B TEKCTOBbIe TabsmIbl. [Ipobiem Ha 3TOM
[yTA BO3HUKAET OOBITHO HE CJIUIITKOM MHOIO.

Bropoit myts — HaiiTu criocob mpounrtarh jgaHHbEe B R 6e3 mpeobpazo-
Banusi. B R ecth nmaker foreign, KOTOpBINI MOXKeT UNTATH OUHADHBIE JIaH-
Hble, BeIBoguMble akeTtamu MiniTab, S, SAS, SPSS, Stata, Systat, a Takzke
dopmar DBF. YToObI y3HATHL IIPO ITO MOAPOOHEE, HAIO 3arPpy3UTDH IIAKET
(komanoit library(foreign)) u BbI3BaTh OOIIYIO CIIPABKY IO €r0 KOMAaH-
nam (Hanpumep, koman/oii help (package=foreign) wiu mpocTo MOCMOT-
pPeTh CIpaBKy IO MakeTy 4depes Opay3ep, KOTOPBI OTKPOETCsi 1T0 KOMaHJIe
help.start()).

Yro Kacaercss IPYrux pacipoCTPaHEHHBIX (OPMATOB, CKaxkeM, (popma-
ToB MS Excel, 31ecy nemo xyxke. EcTb He MeHbIE TSATH pa3HBIX CIIOCO-
0oB, Kak 3arpyzarb B R 3Tu ¢aiiabl, HO Bce OHM WMEIOT OTPpaHUIECHMUS.
N30 Bcex crmocoboB HaM Hanbojiee MPUBJIEKATEIbHBIM IIPEICTABISIETCS 00-
MeH ¢ R uepes Oydep. Ecim y Bac otkpbiT Excel, T0O MOXKHO CKOIIUPOBATH
B Oydep 1000€ KOIMIEeCTBO A49€eK, a IMOTOM 3arpy3uTh uX B R Komammoit
read.table("clipboard").

9T0 mpoCTo U, rIaBHOE, paboTaeT ¢ Jboit Kxcel-110100H01 TporpamMmoit,
B ToM uncye ¢ «HOoBbIM» Excel, Gnumeric m OpenOffice.org / LibreOffice
Calc.

JlobaBuM elrie HECKOJIBKO JleTaJei:

1. R moxkeTr 3arpyxarh u3odbpaxkeuus. [[jis 9TOro ectb cpasy HECKOJIb-
KO IIAaKeTOB, Hanbojiee pa3paboTaHHbI M3 HUX — pixmap. R moxer
TakxKe 3arpyxarb Kaprel B ¢dopmare ArcInfo u np. (nakers: maps,
maptools) u BoobIIEe MHOIO |ero eie. JTobbl 3arpy3uTh TaKUe MaKe-
TBI, Hy?KHO, B oTyiIn4ne oT foreign, UX cHadaja CKadaTb U3 PeNo3H-
topusi. st sT0r0 ucnosbyercst Mento (mog, Windows) uiamn komasa
install.packages () (oHa paboraeT Ha BCEX CHCTEMax).

2. ¥ R ectb cobcrBennbiit buHapHbiit popmat. OH OBICTPO 3AIMCHIBACT-
cs1 1 OBICTPO 3arpy»Kaercsi, HO €ro HeJb3sT UCTOJIb30BATh C JPYTUMI
IpOrpaMMaMu:

> x <- "apple"

> save(x, file="x.rd") # CoxpauuTb 06beKT "x"
> exists("x")

[1] TRUE

> rm(x)

> exists("x")

[1] FALSE
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> dir()

[1] "x.rq4"

> load("x.rd") # BarpysuTb ob6bexrT "x"
> X

[1] llapplell

(31ech ecTh HECKOJIBKO JI0Cesie He ONMCAHHBIX KoMaHil. [lins coxpa-
HeHHUsI ¥ 3arpy3Ku OMHApPHBIX (PaillIoB ciyzKaT KoMaHapl save() u
load(), mis ymanennmss obbekra — koMasga rm(). ma Toro dro-
OBbI ITOKA3aTh BaM, UYTO OODBEKT YIAJIEH, Mbl UCIOJIb30BAIN KOMAaHIY-
npoeepky exists(). Bce, 4To HammcaHo Ha CTPOYKE IIOCJIE CHMBOJIA
«#»,— 910 KOMMeHTapuii. Kommenrapun R nporryckaer, He unrast).

3. Hus R manucano muoXkKecTBO nHTEpdEiicoB K 6a3aM JaHHBIX, B 9aCT-
Hoctu i MySQL, PostgresSQL u sqlite (mocsieanuii MOKeT BbI3bI-
BaThCs IPsiMO U3 R, cM. nokymenTarmio K nakeram RSQLite u sqldf).
PaccmaTpuBaTh B MOAPOOHOCTSX MBI X 3/1€Ch HE OyIEM.

4. Haxomer, R MoxkeT 3amuchiBaTh TaOIUIBI U JIPYTHE PE3yJIbTAThI 00-
paboTKu JaHHBIX W, padymeercs, rpaduku. OO 5TOM MBI IOIOBOPUM
HIXKE.

2.7.2. Kak coxpaHsTh pe3yJIbTaThI

Hauunarorue paboty ¢ R 06bIMHO IIPOCTO KOMUPYIOT PE3y/IbTATHI PAabo-
ThI (CKazKeM, JIaHHBbIE TECTOB) U3 KOHCO/M R B TekcroBbiii daiin. U neficru-
TeJIbHO, Ha IMEPBBIX IOpaxX 3TOr0 MOXKET OBITH JocTarouHo. OIHAKO paHo
WJIN TIO3/IHO BOBHUKAET HEOOXOIUMOCTD COXPAHSITh 00beMHbIE 00bEKTHI (CKa-
JKeM, TaDJIUIBI JIAHHBIX ), CO3JIaHHble B Tedenne paborbl. MOXKHO, KaK yKe
TOBOPHUJIOCH, UCIIOJIb30BaTh BHY TPEHHUM OMHApPHDIN (DOPMAT, HO 3TO HE BCET-
na ymaobHo. Jlydine Bcero coxpaHsiTb TaOJIUIBI JAHHBIX B BUJE TEKCTOBBIX
TabJINIL, KOTOPbIe TIOTOM MOYKHO OyJIeT OTKPBIBATH JAPYTUME (B YaCTHOCTH,
oducHbMM) npusokeHusMu. Jljist 3TOro ciyKuT KomMaHa write.table():

> write.table(file="trees.csv", trees, row.names=FALSE, sep=";",
+ quote=FALSE)

B tekymyro manky Oyer 3anucan ¢aiiyi trees. csv, CO3JaHHBIA 13 BCTPO-
eHHoit B R Tabymuiibl 1aHHBIX trees. «Berpoennas tabsmiiay o3HATAET, ITO
9TH JaHHbIe NOCTYHHBI B R 6e30 Besikoit 3arpysku, Hamnpsmyoo. Kcraru ro-
BOpsi, y3HATH, Kakue TaOJIMIbI y?Ke BCTPOEHBI, MOXKHO KoMmamoii data()
(uMeHHO Tak, 6e3 apryMeHTOB).

A gTo, eci HaIO 3aMMCATh BO BHEITHUHN (haiilyl pe3yIbTaThl BLITIOTHEHUST
koMana! B aToM ciytuae ucmosb3yercst KomaHga sink () :
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> sink("1.txt", split=TRUE)
> 2+2

[1] 4

> sink()

Torma Bo BHemHM daii 3amnuirercsa cTrpodka « [1] 4», To ecTb pe3yiib-
TAT BBINOJHEHNS KOMAaHIIbI. (MH 3aganu napamerp split=TRUE, miaa Toro
4TOOBI BBIBECTH JIaHHBIE ellle 1 Ha 9KkpaH.) Cama KoMmaHa 3anucaHa He 0y-
JIeT, a eCJIM Bbl XOTUTE, YTOOBI OHA ObLiIa 3allicaHa, IPUIETCH MUCATH ITO-TO

BpO/IE:

> print("2+2")
[1] ll2+2ll

> 242

[1] 4

Jpyrumu cjioBaMu, NPHUIETCS IMOBTOPATH KAXKIYI0 KOMaH/y IBa pasa.
Jlst coxpaHeHnss UCTOPUHA KOMAHJ CJIYKUT, KaK MbI y»Ke IIHCAJIU BBIIIIE,
KoMaH/ia savehistory (), a g coxpaHeHUsI BCeX CO3/IAHHBIX OOBEKTOB —
save.image (). [lociennsisi MOXKeT OKa3aThCs IOJIE3HOMN JIJIsi COXPAHEHUS
IIPOMEXKYTOTHBIX PE3YJIbTaTOB PabOTHI, €CJIU Bbl HE YBEPEHBI B CTAOUILHO-
cTH pabOThI KOMIILIOTEPA.

2.7.3. R Kak KaJbKyJasdATOP

Cawmplit TpocToit criocob ucrnosb3oBanus R — 3to apudmernyieckue Bbi-
qucyiennsi. Hanpumep, seipazkenne 1og10 (((sqrt (sum(c(2,2))))~2)*2.5)
BBIYUC/IAETCS TaK:

1. Uz aByx aBoek co3maercst BekTop: ¢(2,2).
[ToycauThIBaeTCH CymMMa €ro 4jeHOoB: 2+2=4,
NzBrekaercs: KBajpaTHbIil KOpeHb: sqrt (4)=2.
OH BO3BOIIUTCST B KBajpar: 272=4.

Pesynprar ymuoxkaercs na 2.5: 4%2.5=10.

& Gtk N

Beraucisiercs pecsaruanbtit jgorapudm: 1ogl0(10)=1.

Kak BuanTe, Kpyriible CKOOKM MOXKHO BKJIaJIBIBATH APYT B apyra. R pac-
KDBIBAET MX, BBIUUCISIS 3HAUYEHUE «HM3HYTPU HAPYKY», & €CJIU CKOOKH OT-
CYTICTBYIOT, TO CJleJlyeT IIPaBUJIAM <«CTapIINHCTBa» apupMeTHIeCKUX Olle-
panuii, IOXOXKHUM Ha Te, KOTOPbIM Hac y4miu B IIKose. Hanpumep, B BbIpa-
JKeHnn 2+3*5 cHadasia OyjeT BBIYUCICHO pousBe/enne (3%5=15), a moTom
cymma (2+15=17). IIpoBepsbTe 510 B R camocTosiTesibHO.
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2.7.4. I'paduknu

OIHUM U3 OCHOBHBIX JIOCTOMHCTB CTATUCTUYECKOIO ITAKETa CJIYKUT Pas3-
HOODOpa3me TUIOB IPaPUKOB, KOTOPBIE OH MOXKET ITOCTPOUTE. R B 3TOM cMBIC-
Jie — OJINH U3 PeKopAcMeHOB. B 6a30BoM HabOpe eCTh HECKOJIBLKO JIeCATKOB
TuIoB rpaduKoB, erie OOJIbIe B PEKOMEH/IyeMOM TakeTe lattice, u erre
bosibire — B makerax ¢ CRAN, u3 KOoTOpbIX He MeHbIIe OJOBUHBI CTPOSIT
KaK MUHUMYM OJINH OPUTHMHAJIBbHBIH Ipaduk (a MmojgoBuHa — 3TO GOJIbIIE
nosxyropa Teicsta!l). Takum o6pa3oM, 10 NPUKUKAM IOJIy9aeTcsi, 9TO Pas3-
HOOOpa3HBIX TUIIOB Irpacdrkn B R HuKak He MeHbIre Thicsguu. [Ipu sToMm onn
BCE €Ille JIOCTATOYHO XOPOIIO HACTPAUBAIOTCs, TO €CTb IMOJIb30BATEJb JIEr-
KO MOXKET PA3HOOOPA3UTDH Ty UCXOMHYIO THICATY HA CBOM BKYC. 3/I€CH MBI
ITOCTAPAEMCsi, OJIHAKO, He OIUCHIBATH pas3Hoobpasue R-rpadukwm, a ocrano-
BUMCsi HA HECKOJIBKUX (DYHIAMEHTAIBHBIX IPUHIIAIIAX,, TIOHUMAHIE KOTOPBIX
JIOJIZKHO CYIIECTBEHHO 00JIerYUTh HOBUYKY MOCTpoenne rpadpukos B R.

Paccmorpum takoii npumep (puc. 1):

> plot(1:20, main="3aromosoxk")
> legend("topleft", pch=1, legend="Mowm nwbumile TOuku")

Tyt mHOro Takoro, o yeMm peun moka He mio. Camoe ryiaBHoe — TO,
4UTO mepBasd KOMaHIa pucyeT rpaduk «C HyJsd», TOrjJa Kak BTOpas — H0-
OaBJisieT K y»Ke HapUCOBAHHOMY T'PadUKy JeTaju. DTO U eCTb JBa THUIIA
rpaduvuecKux KOMaH]I, UCIOJIb3yeMbIX B 6a30BoM rpaduueckom nabope R.
Teneps memuOTO MOAPOGHEE. plot() — ocHOBHas rpadudecKas KOMAHIA,
npuYeM KOMaHJa «yMHasi» (& IpaBujibHee cKa3aTh — generic, miam «00-
masi» ). DTO 3HAYUT, UTO OHA PACIHO3HAET THUII O0HEKTA, KOTOPbIil MOJJIEXKUT
PHCOBAHUIO, U CTPOUT COOTBETCTBYyIoMWM rpaduk. Hanpumep, B npusenen-
HOM IipuMepe 1:20 — 310 mocjaesoBaTebHOCTh unces orT 1 j0 20, To ecThb
sexmop (mompobHee 0 BEKTOPAxX CM. HUXKE), & JJIsi «OJUHOYHOIO» BEKTODA
IpejlycMOTpeH Ipaduk, rje 1Mo ocu abCIice — MHIEKCHl (TO eCTh HOMepa
KaXKJIOrO 3JIEMEHTa BEKTOpa 10 MOPSIKY), & MO OCH OPJUHAT — CaMU STH
3JIeMeHTHI. Ecin B apryMmenTe KOMaHIbl OyIeT 4TO-TO ApyTroe, Oyaer, cKopee
BCEro, NocTpoeH uHoii rpaduk. Bor npumep (puc. 2):

> plot(cars)
> title(main="ABTOoMObuUIM IBaAIaTHX LomoB")

3/1ech TOXKe €CTh KOMaH bl 000UX TUIIOB, HO HEMHOT'O WHae 0hOpMIIeH-
uple. Kak Buaure, He Gema, 4TO Mbl 3a0bLIM JATh 3arOJIOBOK B KOMAHJIE
plot (), ero Bcerja MOXKHO JOOABUTH ITOTOM, KOMaH/0i title(). cars —
9TO BCTpoeHHas B R Tab/uiia JaHHBIX, KOTOPas UCIIOJIb30BaHa 3/1eCh 110 IIPsi-
MOMY Ha3HAYEHUIO, IJI JeEMOHCTPALNN BO3MOXKHOCTel mporpaMMbl. IIpoun-
TaTh, YTO TAKOE Cars, MOXKHO, BbI3BaB CIIPABKY OObIYHBIM 06pa3oM (?7cars).
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Puc. 1. Ilpumep rpacduka ¢ 3arolOBKOM U JIET€HIOH

st HAC ceffyac BaXKHO, UTO 3TO — HE BEKTOpP, a Tabymia U3 JABYX KOJIO-
HOK — speed u distance (ckopocTbh U TOpMO3HAast jucTanius). OyHKIUsT
plot() aBromaTmUeckm HapucoBaja Koppejaorpammy (scatterplot), rue mo
OCH X OTKJI IbIBAETCSI 3HAYEHNE OJIHOM [epeMeHHOM (KOJIOHKH), a 10 OCH § —
JIpYTOIi, U elre MPUCBOMJIA OCSM UMEHA ITUX KOJIOHOK. JIT0OOMBITHBIM COBe-
TyeM IIPOBEPUTH, YTO HapHUcyeT plot (), ecim eMy <«IIOJJIOKHUTH> TAOJIUILY
¢ TpeMsi KOJIOHKAMM, CKayKeM BCTPOEHHYIO TaDJIUIly trees.

Kax MBI yKe mrca n, 09eHb MHOTHE TIAKEThI PACIIIUPSIOT TpahOUIecKue
dyukiuu R. Bot, nanpumep, aTo OymeT, ec/ii Mbl IPUMEHUM K TE€M Ke JTaH-
HbIM (1:20) dyukmuo gplot () n3 makera ggplot2 (puc. 3):

> library(ggplot2)
> gplot(1:20, 1:20, main="3aromosox")

(Msr yrke mmcasm BbIIIe, 9TO KOMaHa library () 3arpyzkaer HyKHBIIT
naker. Ho nakera ggplot2 B Bameii cucreme morvio He ObiTh! Eciin R me cmor
3arpy3UTh [TAKET, TO HY2KHO ero ckadaTh u3 VIHTepHeTa n ycTaHoBUTh. lema-
eTcsl 9TO Yepe3 MEeHIO MM KOMaH 1011 install.packages ("ggplot2"). lan-
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Puc. 2. Ilpumep rpacduka, oTpazkaroIiero BCTPOeHHbIE JaHHBIE Cars

Hble 1:20 MBI TOBTOPUJIN JIBAXK b IIOTOMY, 9TO qplot () paboraeT HEMHOTO
unave, yeM plot()).

[Tonyawmimocs modYTH TO Ke camMoe, HO OPOPMJIEHUE BBITJISIIAT CJIOYKHEE.
[Taker ggplot2 m co3maBasCsa JJIs TOTO, YTOOBI Pa3HOOOPA3UTH CJIUIIKOM
ackernuHoe, 110 MHeHuto asropa (sro Hadley Wickham), odbopmienune rpa-
¢uroB B R 110 ymoTuanmio.

2.7.5. I'padpuygeckme ycrpoiicTBa

9T0 BTOPOIT 0UEHDb BaXKHBII MOMEHT JIJIsl IOHUMAHUS yCTPONCTBA I'padu-
ku B R. Korya Ber BBosinTe KoMamay plot (), R orkpsiBaer Tak HazbIiBaeMoe
3KpaHHoe rpaduueckoe yCTPOHCTBO U HAYMHAET BLIBOJ Ha Hero. Eciu ciie-
JlytolTasi KOMaH/[a TOro yKe Tuia (To ecTh He J1obasisiiomiast), To R «corper»
cTapoe n300parkeHue n HAYHET BBIBOJUTL HOBOE. Kc/in BBI 1a/nTe KOMAHITY
dev.off (), To R 3akpoer rpadudeckoe OKHO (4TO, BIPOYEM, MOXKHO CJIe-
JIATh, TIPOCTO IMIEJIKHYB 110 KHOIIKE 3aKPBITUSI OKHA). DKPAHHBIX YCTPONCTB
B R mpeaycMOTpeHO HECKOJBKO, B KaKJIOH OIEPAIMOHHONW CHCTEME — CBOE
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Puc. 3. IIpumep rpacduka ¢ 3aroJIOBKOM, OJIYIEHHOTO IIPU TTOMOIIU KOMAaH-
el gplot () u3 naxera ggplot2

(a B Mac OS X naxe nBa). Ho Bce 910 HE Tak BaKHO, IOKA BbI HE 3aXOTUTE
CcTpouTh rpadUKN U COXPAHSITH UX B ailabl aBTOMaTHIecKu. Torma Bam
Ha0 OyIeT MO3HAKOMUTLCS C APyruMu rpadudeckumMu ycrpoiicrsamu. x
HECKOJILKO (KOJIMYECTBO OMSITh-TAKU 3aBHCUT OT OHEPAIMOHHON CHCTEMBI),
a MakKeThl MIPEIOCTAB/IAIOT elle OKOJIO JIecsaTKa. PaboTaioT OHU Tak:

> png(file="1-20.png", bg="transparent")
> plot(1:20)
> dev.off()

Komana png () orkpbiBaer ojnonMeHHoe rpaduyueckoe yCTpoicTBO, IpHU-
9eM 3a/1aeTCsl IapaMeTp, BKJIIUAoIuii Ipo3padHocTh 6a30B0ro dhoua (y106-
HO, HAIIpUMeED, Jisi BeO-u3aiina). Takoro napamerpa y SKpaHHbBIX yCTPOHCTB
mer. Kax To/ibko BBOUTCS KOMaHa dev.off (), yeTpoiicTBO 3aKphIBACTCH,
u Ha Jiucke nosiBisiercs Gaitan 1-20.png (Ha camom Jesie daiisl mosiBsieT-
cs eIle MPU OTKPBITUM YCTPOMCTBA, HO CHadajIa B HEM HUYErOo HE 3allnca-
HO). png() — OJIHO M3 CAMBIX PACIPOCTPAHEHHBIX YCTPOWCTB NPHU 3allUCH
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daitno. HemoctarkoMm ero siiisiercs, pa3yMeercsi, pacTpoBocTh. R momep-
JKUBaeT W BeKTOpHble ¢opMmarsl, Hanpumep PDF. 3nech, omHako, Moryr
BO3HUKHYTBH CHEIU(PUIECKUE JIJIT PYCCKOSI3BITHOIO MOJIB30BATEIIsT TPYIHO-
ctu co mpudrtamu. OCTaHOBUMCS Ha 9TOM 4yThb Hojipobuee. Bor kak Hajo
«IpaBUIbHO» co3maBaTb PDF-daiin, comepxkarmuii pycckuit TEKCT:

> pdf ("1-20.pdf", family="NimbusSan", encoding="CP1251.enc")
> plot(1:20, main="3aromoBok")

> dev.off ()

> embedFonts("1-20.pdf")

Kak Bumum, Tpebyercs yka3aTh, KAKOH MPU@PT MbI Oy/1eM UCIIOJIb30BaTh,
a TaKKe KOJIMPOBKY. 3aTeM HYXKHO 3aKPbITh I'DadUIeCcKoe yCTPOUCTBO U
sCmpoums 8 nosyueHHull gatia mpudThl. B MpoTUBHOM cIydae KUPUJLIU-
1ma MoxKeT He 0ToOpasuThest! Baxkno ormeruts, uro mpudt «NimbusSans
U BO3MOXKHOCTb BCTpamBaHus IIPUGPTOB KoMamH 10l embedFonts () obecrre-
YuBaeTcsa B3aumMojeiicTBueM R ¢ «iocroponHeii» mporpammoii Ghostscript,
B IIOCTABKY KOTOPOI BXOJAT MIPUMTHI, cojepkaiiue pycckue Oyksol. Kpo-
Me TOTO, ecjii Bbl paboraere mog Windows, To R moikeH «3HaTh» MyTh K
nporpamme gswin3d2c.exe (APYruMu CJIOBaAMU, Hy?KHO, YTOObI IIyTh K 3TOM
nporpamme ObLT 3aliCaH B CHCTEMHYTO TlepeMenHy o PATH), mHavYe BCTpanBa-
Hue mpudToB He cpaboTaer’. K cuacreio, eciin Ghostscript 6611 yeranosien
HOPMAJIBHO, TO IPOG/IEM BO3HHKHYTH HE JIOJIZKHOZ.

Kpome PDF, R «3maer» m apyrume BeKTOpHBIE (POPMATHI, HAIIPUMED,
PostScript, xfig n picTeX. Ectb ornenbubrii maker svglite, KOTOPHBIil MOI-
JIep>KUBAET TOIYJIsIpHBIL BeKTOpHBII (hopmar SVG. I'paduk B sTOM hopma-
Te MOYXKHO, HAIIPUMED, OTKPBITh U BUJIOU3MEHUTH B CBODOJHOM BEKTOPHOM
penaxTope Inkscape.

2.7.6. I'paduyeckune onmuu

Kaxk y»xe roBopusiocsh, rpaduka B R HacTpanBaercst B 0YeHb MIUPOKUX
npejnenax. OauH U3 crocobOB HACTPOWKUM — STO BHJIOU3MEHEHHE BCTPOEH-
HBIX Tpadudeckux ommnuii. BoT, K mpuMmepy, pacipocTpaHeHHas 3a/a9a —
HapHUCOBaTh JiBa IpaduKa OJINH HAJ JIPYIUM HA OJHOM PUCYHKE. UTOOBI 3TO
¢/leJIaTh, HAJI0 U3MEHUTD UCXOJIHBIE OIIUNA — Pa3J/IeJIUTh IPOCTPAHCTBO PH-
CyHKa Ha JIBe 4acTu, IPUMEPHO Tak (puc. 4):

> old.par <- par(mfrow=c(2,1))

'Ha coobmenus tuma ... Invalid BaseEncoding name ... MOXKHO He OOpalaThb
BHUMAHUS.

Y1061 n36eKATH BCEX ITHX CJOMKHOCTEN, MOXKHO IIOCTABUTH [TaKeT showtext, KOTo-
PBlif TO3BOJISIET BCTPANBAThH B IPAMUKHU A100ble CUCTEMHBIE MIPUMTHI.



R u paboma ¢ dannbimu: 6ud crapyoicu 43

> hist(cars$speed, main="")
> hist(cars$dist, main="")
> par(old.par)
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Puc. 4. JIBe rucrorpaMMbl Ha OJTHOM Tpaduke
KiroueBast komanma 31ece — par (). B mepsoit cTrpotuke m3meHsieTcst

OJIUH U3 ee IapaMeTpoB, mfrow, KOTOPBII PEryJupyer, CKOJIbKO n300pazke-
HUit 1 Kak OyIeT pasMeIeHo Ha «JICTey. 3Hadenne mfrow mo yMOTIaHuio —
c(1,1), To ecThb ofuH rpaduK M0 BEPTUKAJINA U OJUH 10 TOPUIOHTAIHN. ITO-
OBI He TIeYATATb KaXKJIblil pa3 KoMaH Iy par () co BceMUu ee apryMEeHTAMU, MbI
«3allOMHIJIN» CTapoe 3HadeHue B 00beKTe old.par, a B KOHIIE BEPHYJIU CO-
crosinve K 3armoMHeHHOMY. Komansa hist () cTrpouT rpaduK-rucTorpaMmmy
(mospobHee 0 Hell paccKa3aHO B IVIaBe PO OJHOMEPHBIE JaHHBIE).

2.7.7. IurepakTuBHAasi rpadpuka

NurepakTuBHas rpaduKa IMO3BOJISIET BBISICHUTD, IIe UMEHHO Ha rpadu-
K€ PacCIIOJIO2KEHbI HYy2KHbI€ BaM TOYKH, IOMECTUTb O6'beKT (CKa)KeM7 HO,ZLIII/ICB)
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B HYXKHOE MECTO, & TaKXKe IPOCIEIUTh «CYAbOY» OJHUX U TEX YK€ TOYEK
Ha pa3HbIX rpadukax. Kpome Toro, ecimu JJaHHbIE MHOIOMEPHbBIE, TO MOYKHO
BpaIllaTh 00JIAKO TOYEK B IJIOCKOCTU PA3HBIX IIEPEMEHHBIX, C TEéM YTOObI BbI-
SICHUTH CTPYKTYDY JaHHBIX. EIlle HECKOJIBbKO JieT Ha3aJ, Mbl Obl HAIMCAJIH,
9TO 3/1eCh BaM BMecTO R ciiegyer BOCIOJIB30BATHCS JAPYTUME AHAJIATHIE-
CKUMU UHCTpYMEHTaMu, HO R pasBuBaeTcsi Tak OBICTPO, U4TO BCE ITU METO-
bl Telephb JIOCTYIIHBI, W JlaXKe B HECKOJIbKUX BapuanTax. lIpuemem mumrnb
onuu npumep. Bor Tak MOXKHO 100aBJIATL IOANUCH B yKA3aHHYIO MBIIII-
Koii obsiacTh rpaduka (IOKa BbI €Ille He HAYAJIN IIPOBEPSTH — HOCJE TOrO
KaK BBeJleHa BTOpasg KOMaH/a, HaJ0 LIEJKHYTb JIeBOII KHOIKOIl MBI Ha
KaKON-HUOYIb TOYKE B CEpelIMHEe, a 3aTeM IMIEJKHYTb B JIIOOOM MecTe I'pa-
buka npaBoit KHOIKON MBI 1 B [OJIYIUBIIEMCsI MEHIO BBIOpATh Stop):

> plot(1:20)
> text(locator(), "Mos mowbumas Touka", pos=4)

NurepakTuBhnasa rpaduka APyrux TUIOB peaan30BaHa KoMaH10il iden-
tify (), a TaKkKe JIONOJTHUTE/ILHBIMA ITAKeTaMU, B TOM 4Hc/e iplot, manipu-
late, playwith, rggobi, rpanel, u TeachingDemos.

k k%

OTBeT Ha BOIIpOC IIPO TO, Kak HailiTu dyHKHuio R, 3Hasg TOIb-
KO TO, YTO OHA JOJI>KHAa JejiaTh. UTo0bl, He BbIXOAs u3 R, y3HaTh, Kak
CHeNaTh, CKaykeM, JUCIEPCHOHHBIN aHaIn3, eCTh HECKOJIbKO citocoboB. [lep-
BBIIl — 9T0 KOMaH/a «?7» (JBa BOIPOCHTEJILHBIX 3HAKA):

> ?7anova

Help files with alias or concept or title matching ‘anova’
using fuzzy matching:

stats: :anova Anova Tables

stats::anova.glm Analysis of Deviance for Generalized
Linear Model Fits

stats::anova.lm ANOVA for Linear Model Fits

stats::stat.anova GLM Anova Statistics

Type ’7PKG::F00’ to inspect entries ’PKG::F00’, or
>TYPE?PKG: :FOO’ for entries like ’PKG::FOO-TYPE’.
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Hano TosgpKO 3HATH, UTO AMCIEPCHOHHBIN AHAJIN3 IIO-aHIVIMICKH Ha-
3biBaeTcst «Analysis of Variances, mim «ANOVA». Iloxoxkero pesyJibra-
Ta MOXKHO JOOWUTBCH, €CjU CHadala 3allyCTHTh WHTEPAKTUBHYIO IIOMOINb
(help.start()), a Tam nepeiiTu Ha MOWCK U 3aJIaTh B [OJIE [IOUCKA TO Ke
caMoOe CJI0BO anova.

Hy a eciu 310 He momoryio, Hano uckare B Uarteprere. Cremarb 310
MO2KHO TIPsiMO u3HyTpH R:

> RSiteSearch("anova")
A search query has been submitted to
http://search.r-project.org

The results page should open in your browser shortly

B 6paysepe JOJIZKHO OTKPBITBCA OKHO C PeE3yJIbTaTaMMt 3allpoca.



I'maBa 3

Tunbl 1JaHHBIX

Yro6b1 00pabaThIBATh JaHHBIC, HAIO HE IPOCTO UX HOJIyInTh. Hamo eme
IIepeBeCTH UX Ha SI3bIK (P, BeIb MaTeMaTHKa, Ha KOTOPOil OCHOBAH aHa-
JIN3 JTaHHBIX, OlIEpUPYET 110 OoJIbIneil YacTu mMeHHO ¢ umciaamn. Cruerarh
9TO MOXKHO CaMbIMU Pa3HBIMHU CITOCODAMU, WHOI/IA — YIAAa4HO, HHOLAA — C
HATSIPKKAMHA.

Co Bpemen [anmmiiesi, KOTOPBI TOBOPHWJI, YTO «CJIEAyeT U3MEPATH TO,
9TO U3MEPpUMO, 1 JeJIaTb U3MEPUMBIM TO, YTO TAaKOBBLIM HE ABJIFAETCA», €B-
poleiickasl HayKa HAKOIMIa I'POMAJIHBIA OIBIT B IIEPEBOJIE OKPY KAIOIIINX
sIBJIEHUII B m3MepeHns. BO3HUKIA U CcIelualbHas HaykKa 00 M3MEpeHHH —
MEeTPOJIOrusd. KO MHOT'MM JOCTHU2KEHUAM METPOJIOTUU MBI y}Ke HaCTOJIBKO
[IPUBBIKJIM, 9TO COBEPIIEHHO MX He 3aMedaeM. Ecjm, Halupumep, CTaBUTCS
OIIBIT C PACIIIPEHHEM METALINIeCKOro OpyCKa IIpyU HarpeBaHuu, caMo coDOi
IIoJgpa3yMeBaeTCd, 9TO JJisI 9TOI'O HaM HY2KHbI T€PpMOMETD U JINHEeHKA. 9TH
JiBa pubopa (J1a, nMeHHO npubopal) Kak pa3 U sBJSIOTCS yCTPOCTBAMH,
[IEPEBOISAIINME TEMITEPATYPY U PACCTOSIHUE HA SA3BIK 1TUADP.

3.1. I'pagycel, Yachl 1 KWJIOMETPbI: UHTEPBAJIbHbIE
JaHHbIE

Ouenb BaKHO, UTO TEMIEPATYpPa U PACCTOSHUE U3MEHSIOTCS TIJIABHO W
HEIPEPBIBHO. DTO 3HAYHUT, UYTO €CJU Yy HAC eCTh JIBE PA3Hble TeMIIepaTy-
PBI, TO BCEr/1a MOXKHO IIPEJICTABUTh TEMIIEPATYPY, IIPOMEXKYTOYHYIO MEK/LY
uumu. JI100bIe ABa MOKa3aTe/IsT TEMIIEPATYPhI U PACCTOSHUS [IPEICTABIIS-
0T c000it MHTEPBAJI, Ky/Ja <«yMeIaeTcs» OECKOHETHOEe MHOXKECTBO JIPYTUX
nokazaTeseii. [losTomy Takme maHHbIE M HA3BIBAIOTCS MHTepBalbHHMU. JH-
TepBaJIbHBIE JIAHHBIE YaIlle BCEI'O CPAaBHUBAIOT C XOPOIIIO U3BECTHOI HaAM U3
Kypca MaTeMaTHUKW YUCJIOBOI NMPSIMOIi, HA KOTOPOl PAcCIOJIOXKEHBI TaK Ha-
3BIBAEMbIE JCHCTBUTEIbHBIC (MM, KAK MX eIe HA3BIBAIOT, BEIIECTBEHHBIE)
qncsia. MoxKHO erre BCIIOMHUTD O PAITMOHAJILHBIX YUCIAX — TO €CTh TAKUX
YUCIAaX, KOTOPbIE MOXKHO MIPEJICTABUTD B BuUE Apobu. U Te, u apyrue oueHb
OJIM3KH 110 CBOEHl CyTU K MHTEPBAJbHBIM JIAHHDBIM.
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He Bcerna, onaako, nHTEpBaJIbHBIE TaHHBIE H3MEHSIIOTCS IIJIABHO U HEIIpe-
PBIBHO, OT (K&K rOBOPST MaTEMATUKN) ILJTIOC GECKOHEYHOCTH K MUHYC OECKO-
HeuHocTH. [IpuMep repes rirazaMu: TeMIepaTypa COOTBETCTBYET He IPSIMOit,
a JIydy, IOTOMY YTO CO CTOPOHBI OTPHIIATEIbHOI (CIeBa) OHAa OrpaHHYeHA
abCOTIOTHBIM HYJIEM, HU2KE€ KOTOPOTO TeMIepaTypbl IpocTo He ObrBaeT. Ho
Ha OCTAJbHOM IIPOTSI?KEHUU STOrO JIyda IM0KA3aTe/ M TeMIEepaTypPhbl MOXK-
HO YHOI00UTH JEeHCTBATEILHBIM YucaaM. Eie nHTepecHee n3MepsaTh yIJIb.
Vron usMmensieTcss HEIPEPLIBHO, HO BOT mocje 359° ciemyer 0° — BMmecTO
[IPsIMOII UMeEeM OTPE30K 6e3 OTpHulaTe/bHbIX 3HadeHn. KcTh 1axe 0coObIi
pasjiesl CTaTUCTHKY, TaK HasblBaeMasl kpyeosas cmamucmurka (directional,
or circular statistics), koropas paboraer ¢ yriamu.

A BoT mpyras curyanus. JlomycTuM, MBI CUATaEeM [TOCETUTE I Marasu-
Ha. IloHATHO, YTO ecam B OOWH JeHB B MaraswH 3amuio 947 wesioBek, a B
Jpyroit — 832, ToO OYeHb JIEMKO MPEJICTABUTD IIPOMEXKYTOUHbIe 3HaUeHus. K
TOMY K€ OYEeBH/IHO, UTO B IIEPBBII JeHb B MarasmHe ObLIO OOJIbITe HAPOJIA.
OHAKO ec/Ii B34Th JIBa «COCEIHMX» ducia, Haupumep 832 u 831, To upo-
MEXKYTOYHOE 3HAYEHHUE IPEJICTABATH HEJIb3sI, [IOTOMY YTO JIIOJYM Ha 9acTH He
nensarcs. Iloaydaercs, 9T0 Takue JaHHBIE COOTBETCTBYIOT HE JE€HCTBUTEIb-
HBIM, & CKOPee HATYPAJbHBIM YUCAAM. Y 3THX UUCE] TOXKE €CThb OTHOIICHUE
MOPsIJIKa, HO BOT IIPOMEXKYTOUYHOE 3HAUEHNEe eCTh He Bcerna. Y orpunareisb-
HBIX 3HaYeHUil y HuX HeT. [lepen HamMu — APYyToi TUI WHTEPBAJIbHBIX JTaH-
HBIX, HE HEIIPEPLIBHLINA, a duckpemuuiil.

C uHTEpBaJbHOCTBHIO U HEIPEPBIBHOCTHIO JAHHBIX HEPA3PLIBHO CBSI3aH
BasKHBII BOJIOPa3/esl B METOJAX CTATUCTUKH. DTU METOJbI YACTO JIEJISIT Ha
JBe OOJIbIIIE I'PYIIIILL: IapaMeTpUIecKue U HenapaMerpudeckue. Ilapamem-
puMecKue mecmo, TIPeIHA3ZHAYIEHBI 1jisi 00pabOTKH TaK HA3BIBAEMBIX IIapa-
MeTPUIEeCKNX JAHHBIX. J[JIsT TOro 4To0bI JaHHBIE CUNTAJNICH HapaMeTpue-
CKUMH, JOJIZKHBI OJHOBPEMEHHO BBIIIOJHATHCS TP YCIOBUSI:

1) pacnpedeaenue darmnvix GIU3KO K HOPMAALHOMY (HE3SHAKOMBIE TEPMU-
HBI MOYKHO [IOCMOTPETH B CJIOBape);

2) BeIGOpKaA — Gostbiias (00bIdHO He Menee 30 HAOJIIOIEHMIA);

3) JaHHbIE — HHTEPBAJIbHBIE HEIIPEPBIBHBIE.

Ecimu xomsa 6w 00no w3 3TUX yCIOBUII HE BBIINOJIHSIETCSI, TAHHBIE CUM-
TAIOTCA HEMapaMeTPUIECKUMU U 00PabaThIBAIOTCST HENAPGMEMPULECKUMU
memodamu. HecOMHEHHBIM JTOCTOMHCTBOM HENIAPAMETPUIECKUX METOJIOB siB-
JIZETCA, KaK HU OaHAJBLHO 9TO 3BYUYHT, UX CIOCOOHOCTH PabOTaTh ¢ Helapa-
MeTPHYECKUMHE (TO €CTh «HEenJIealbHbIMU» ) JAHHBIMUA. 3aTO HapaMeTpude-
CKIE METOJbI HMEIOT GOJIBIIYIO MOITHOCTD (TO ecTh mpH MPOYUX PABHBIX
BEPOSITHOCTD HE 3aMETUTH CYIIECTBYIONLYI0 32aKOHOMEPHOCTD HUXKE). DTOMY
ecTh IPOCTOe 0O'bsICHEHNE: HellapaMeTPUYIeCKue aHHble (eciim OHM, KaK 9TO



48 Tunwv darnowr

OYeHb YacTO ObIBAET, JIUCKPETHBI) MMEIOT CBOWCTBO «CKPBIBATH» MMEIOIIHe-
csl pasyinynsd, o0be/INHsAs OT/Ie/IbHbIe 3HAYEHUS B IPYIIBIL.

Tak Kak napaMeTpuIecKue MeTO/Ibl JOCTYIIHee HellapaMeTPUIeCKUX (Ha-
IpUMeD, B KypPCax CTATUCTUKH W3yYaloT B OCHOBHOM IapaMeTPHUIeCKue Me-
TOJIBI), TO YACTO XOUETCs KAaK-HUOY/Ib «IIapaMeTpU3npoBaThb» JaHHble. Ha
pacipe/ieJieHue JAHHBIX Mbl, €CTECTBEHHO, HUKAK [OBJIUSATH HE MOXKeM (XOTsI
MHOT /I [IPe00PA30BAHUS JAHHBIX MOT'YT «YJIyUIIUTby PACIPE/IEJICHUE U Jia-
JKe CJIeNIaTh ero HOPMAJIBHBIM — 00 9TOM HAIIMCAHO HIKE). UTO MBI MOXKEM
¢/leJIaTh, TaK 9TO MOCTAPATHCSA UMETh JIOCTATOYHO OOJIBINOH 06 beM BBIOOPKU
(aTO, KaK BBI TIOMHUTE, YBEJUINBACT U €€ PEHPE3CHTATHBHOCTD), & TAKIKe
paboTaTh C HENPEPHIBHBIMU JTAHHBIMU.

B R unTepBasibHbIE JAHHBIE IPEJICTABISIOT B BUJIE YUCJIOBBIX BEKTOPOB
(numerical vectors). Hare Bcero ojiuH BEKTOp — 370 ojiHa BbIGOPKa. Joryc-
TUM, Yy HaC €CTh JIAHHBIE O POCTE CEMU COTPYIHUKOB HEOOJIBITION KOMITAHWH.
Bot Tak MOXKHO €c0371aTh U3 9TUX JAHHBIX ITPOCTEUIHI YUCIOBOM BEKTOD:

> x <- c(174, 162, 188, 192, 165, 168, 172.5)

X — 970 uMs obbekTa R, «<-» — dynkmusa npucsoenusa, c() — PyHK-
nust co3/lanust BekTopa (0T aHri. concatenate, cobpars). Cobereento, R n
paboTaeT B OCHOBHOM C 00beKTamMu u (pyHKIuIMU. Y 00bEKTa MOXKET OBIThH
CBOST CTPYKTYpa:

> str(x)
num [1:7] 174 162 188 192 165 168 172.5

To ectb x — 910 umcsIoBOi (num, «numeric» ) Bekrop. B R mer rak Ha-
3BIBAEMBIX CKAJIAPOB, <OANHOYHBIE» OOBEKTHI TPAKTYIOTCH KaK BEKTOPBI U3
OJIHOT'O 3J1eMeHTa. BoT Tak MOXKHO IIpOBEPUTH, BEKTOD JIX Ilepe]] HaMu:

> is.vector(x)
[1] TRUE

Boobmie rosopsi, B R ectb MHOX)KecTBO (byHKIMI «is.dTo-To()» JIst
IO/I00HOM TPOBEPKH, HAIPUMED:

> is.numeric(x)
[1] TRUE

A eme ecrb PYHKINN KOHBEPCHH «as.dTo-TO ()», ¢ KOTOPBIMHU MBI I10-
paboraem Humke. Ha3biBaTh 00BEKTHI MOXKHO B IPUHITAIE KaK YTOIHO, HO
JIyHIle TPUIEPKUBATHCST HEKOTOPBIX TPABLIL:
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1. Ucnonb3oBaTh [j1s Ha3BaHWII TOJBKO JIATHHCKHE OYKBbBI, IUMPHI U
TOYKY (uMeHa OOBEKTOB He JIOJKHBI HAUMHATHCS C TOYKH WU 1u-

pbI).
2. IlomuuTs, uTo R 4yBCTBUTENIEH K DETHCTPY, X U X — 9TO Pa3HbIe HMEHA.

3. He naBaTh 00beKTaM UMEHA, YKe 3aHsIThIe PACIIPOCTPAHEHHBIMA (DYHK-
musivu (Tuma ¢ () ), a TakxKe KIodeBbiMa ciioBaMu (ocobenno T, F, NA,
NaN, Inf, NULL, a Tak»Ke pi — €JMHCTBEHHOE BCTpOeHHOe B R 1mciio).

JI1st co3/laHnst «MCKYCCTBEHHBIX» BEKTOPOB OUYEHb II0JIE3EH OIepaToOp
«:», 0003HAYAIOMINI MHTEPBAJ, & TaKKe (DYHKIME CO3JAHHs HOCIEI0Ba-
resibHOCTEl («sequences») seq() u nmoropenust («replications») rep().

3.2. «Caaguck, ABoiiKa»: IMKAaJbHBIE JJaHHbIE

EC.HI/I nHTEepBaJIbHbIE JJaHHBbIE MOXKHO IIOJIYYUTH HEIIOCPEIACTBEHHO (Ha—
pUMep, MOCYUTATD) UJIK IIPU TOMOIIU TIPUOOPOB (U3MEPHTH ), TO MIKAJIbHbIE
JIAaHHBIE HE TaK IPOCTO COITOCTABUTH dyucjaM. [Ipemosokum, HaM HAJIO CO-
CTABUTH, & 3aTEM [IPOAHAJIM3UPOBATD JAHHBIE OIPOCOB 00 y1006CTBE MebeIIH.
fcno, uTo «ya006CTBO» — Belh CyObeKTUBHAS, HO UTHOPUPOBATH €€ HeJlb-
351, HAQJIO UTO-TO C Hel ciaenaThb. Kak MpaBmio, «9TO-TO» — 9TO IKAJA, TIe
KaXKJIoMy OaJuIy COOTBETCTBYET OIPEIEJICHHOE OIUCAHUE, KOTOPOE U BKJIIO-
qaeTcs B onpoc. Kpome Toro, B Takoii mkaJe Bce 6asIbl 4aCTO MOXKHO paH-
JKUPOBATb, B HAIlEM C/Iydae — OT HauMeHee ynoOHON Mebean K Hambosiee
YIOOHOIA.

Yuco, KOTOpbIM 0603HATEHO 3HAYEHNUE ITKAJIbI,— BEIIb 00JIee 9eM yCI0B-
Hast. [To cyTu, MOXKHO B3sITh JiF060€ IncjI0. 3aT0 €CTh OTHOIIIEHNE TIOPSIIKA U,
boJtee Toro, nogobue HenpepbiBHOCTH. Hampumep, ecin yaobHYIO BO BCex OT-
HOITIEHUSTX MebOesIb MBI cTaHeM 0003HAYATh IHMPoii «H», a HECKOJIBKO MeHee
yI0OHY 0 — 1UdpOit «4», TO B IPUHITUIIE MOXKHO [IPEJICTABUTH, KaKas MeOe/Ib
Moria 661 66ITH 0003HAUeHa M POi «4.5». VIMeHHO 1T03TOMY K MIKAJIHLHBIM
JaHHBIM IPUMEHUMBI O9Y€Hb MHOT'UE U3 TE€X METO/I0B, KOTOPbIE UCIIOJIb3YI0T-
cst st 00pabOTKU MHTEPBAJIBHBIX HEIPEPBIBHBIX JaHHBIX. OJTHAKO K YUC-
JIOBBIM pe3yJibTaTaM 00pabOTKH HaJI0 MOJXOIUTH C OCTOPOKHOCTHIO, BCET 1A
IIOMHUTH 06 YCJIOBHOCTHU 3HAUYEHU MIKAJIBI.

BoJibiie Beero tpysaHOCTEN BOZHUKAET, KOTJA JIAHHBIE M3MEPEHBI B pa3-
HBbIX IITKaJIaX. PaSHbIe IIKaJIbl 1aCTO OY€HDb HEJIETKO IIEPEeBECTU APYT B JIpyTa.

[To ymosrganuto R OyeT pacino3HaBaTh IIKaIbHBIE IAHHBIE KAK OOBITHBIN
qucsIoBOM BeKTOP. OJHAKO JIJIsi HEKOTOPBIX 3aJla9 MOXKET MOTPeOOBATHCS
peobpas3oBaTh €ero B TaK Ha3bIBAeMblil yropsiaoueHHblil (akrop («ordered
factor» — cm. mmxke). Ecim ke crouT 3amada co3gaTh NIKAJbHBIE JIAH-
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Hble U3 MHTEPBAJIbHBLIX, TO MOXKHO BOCIOJIL30BaTbes (yHkimeil cut(. ..,
ordered=TRUE).

JlJIst cTaTUCTHYECKOrO aHAJIM3a, IKAJbHBIX JAHHBIX BCErIa TPEOYIOTCS
HeIapaMeTpUIeCKue MeTOAbl. Kcim ke XodyeTcst IpUMEHUTD IapaMeTpude-
CKM€ METOJbI, TO HYKHO HMHAYe CIJIAHUPOBATHL COOD JMAHHBIX, YTOOBI B pe-
3yJIbTaTe IOJIYyYUTh HHTEPBaJIbHbIE JaHHble. Hanpumep, npu ucciienoBaHu-
sIX PA3MEPOB JIUCTHEB HE JEJIUTh UX BU3YAJbHO HA «MAJEHBKUAEY, «CPEIHIE>
u «DOJIBbIIIME, & U3MEPUTH WX JIJINHY ¥ IIUPUHY P moMoru juaeiikn. O1-
HaKO MHOIJA COOp HEIPEPLIBHLIX JAHHBIX TPEOyeT MCIIOIL30BAHUS TPYIHO-
JIOCTYITHOTO OOOPYIOBAHUS M CJIOXKHBIX METOIUK (HAIPHMED, €CJIA BBI pe-
IIATE UCCJIEJOBATh OKPACKY IIBETKOB KaK HENPEPBIBHYIO IIEPEMEHHYIO, BaM
[OHAJO00UTCSI CIIEKTPOMOTOMETD Il M3MEPEHUs JJIUHLI BOJHBI OTPayKeH-
HOT'O CBE€Ta — KOJIMYIECCTBEHHOI'O BhIpazKCHN A BUINMOT'O HBeTa). B 9TOM C.Hy—
Yae MOYKHO BBINTH M3 MOJIOXKEHUsI IIyTEM ITOCIEIYIONIEro IePEKOIMPOBAHMS
JAaHHBIX Ha cTaguyd uxX obpaborku. Hampumep, mBeT MOXKHO 3aKOIUPOBATH B
3HAYEHUSIX KPACHOIO, 3€JIEHOTO U CUHEI'0 KaHAJIOB KOMIILIOTEPHOI 1IBETOBOI
mkajasl RGB.

Bor eme omua npumep nepekoaupoBaHus. IIpeamnosoxKuM, Bel H3ydae-
Te BBICOTY 3IaHUIl B pa3JUIHBIX rOpoJax 3eMHOro mapa. MoxkHo B rpade
«TOpOJI» HANUCATh €ro Ha3BaHue (HOMHUHAJBHBIC JaHHBIE). DTO, KOHETHO,
[IPOIIle BCEro, HO TOrJA BBl HE CMOYKETE HCIIOJIB30BATH 3Ty MEPEMEHHYIO B
CTATUCTUYIECKOM aHAJM3e JaHHBIX. MOXKHO 3aKOIUpPOBATH TOPoIa udpamMu
B IOPsiJIKe WX PACIIOJIOXKEHNUs, HAIPUMED C ceBepa Ha for (ecju Bac MHTe-
pecyer reorpaduieckasi ©3MEHINBOCTb BBICOTHI 3/[@HUI B FOPOJIE),— TOTIA
[IOJIyYaTCsl MKAJIbHBIE JaHHbIE, KOTOPbIE MOXKHO 00paboTarh HellapaMeTpu-
JecKUMU MeTojaMmu. Y HakKoOHeIll, KaxKIblii TOpoJ MOXKHO OOO3HAYHUTL €ro
reorpaduUYeCKUMKA KOOPAUHATAME UJIA PACCTOSHUEM OT CAMOIO I0XKHOI'O I'O-
polla — TOra MBI IOy YUM UHTePBAJIbHLIE JAHHBIEC, KOTOPbIE MOXKHO OyIeT
mornpoboBaTh 06pPaboTATH TAPAMETPUIECKIMHI METOIAMMA.

3.3. KpacHblii, KeJITblii, 3eJIeHblii: HOMUHAJIbHBbIE
JaHHbIE

Homumnanvroie manable (IX 9aCTO HA3LIBAIOT «KATETOPHAJBHBIMEY ), B
OT/INYYeE OT IIKAJIbHBIX, HEJIb3sl yIopsaounsaTh. 1losromy oHE eme masb-
e OT 4HCeJl B CTPOIOM CMBICJIE CJIOBa, deM HIKaJIbHBIE JaHHblE. Bot, Ha-
mpuMep, nos. [layke ecam MBI IPHCBOMM My KCKOMY U KEHCKOMY IIOJIaM
KaKue-HUOY/[b YNCJIOBbIE 3HaUeHNs (Halpumep, 1 u 2), To u3 31oro He Oyjier
CJIeJIOBAaTh, YTO KAaKOI-TO HOJ «bosbime» npyroro. lla m mpomexKyTodHOE
suavenne (1.5) 3/1eCb HEIIPOCTO MPEJICTABUTD.
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B npunmune, MoxKHO 0603HaYATH pa3IndHble HOMHUHAJIBHBIE TOKA3ATE TN
He mudpamu, a OyKBaMu, MEJIbIMI CJIOBAMU WJIU CIIEITHATbHBIMI 3HATKAMEI —
CYyTb OT 3TOr0 HE M3MEHUTCSI.

OObIuHBIE YHC/IEHHBIE METObI JIJIsi HOMAHAJIbHBIX JAHHBIX HEIIPUMEHU-
MbI. OJIHAKO CYIIECTBYIOT CIIOCOOBI UX YHCJIEHHON 00paboTku. CaMblil mpoc-
TOI — 3TO CYET, HOJACYET KOJUIECTB JaHHBIX PA3HOrO TUIIA B ODIIEM MACCHBE
JAHHBIX. DTU KOJUIECTBA W IIPOU3BOIHBIE OT HUX YUCJIA Y2Ke rOpas3io Jierde
IO IAf0TCsT 00OpaboTKe.

OcobbIif crydaili KaK HOMUHAJIbHBIX, TaK M IMKAJbHBIX JaHHBIX — Ou-
HapPHBLE JaHHbIE, TO €CTh TaKhe, KOTOPhIE IIPOIE BCEro MEPeIaTh IUCIaMu
0 u 1. Hampumep, oTBeTHI «Jjia» M <«HET» Ha BOIPOCHI aHKeThbl. Mm Ha-
Jane,/ OTCy TCTBIE 4ero-yinbo. BunapHblie JaHHbIE HHOTA MOXKHO YIIOPSIIO-
9UTh (CKayKeM, HAJIM4IMe U OTCYTCTBUE), UHOIJIA — HeT (CKAYKeM, BEePHBIi
U HeBepHbINH oTBeThbl). MOXKHO GUHAPHBIE JAHHbIE NPEJICTABUTH U B BHJIE
«JIOTUYECKOI'0 BEKTOpay», TO ecTh Habopa 3uadennit TRUE wmiau FALSE. Ca-
Masl IJIaBHAs II0JIb3a OT OMHAPHBLIX JAHHBIX — B TOM, YTO B HUX MOXKHO
[EPEKOMPOBATH PAKTUIECKU BCE OCTAIbHbBIE THUIIBI JAHHBIX (XOTs MHOIJIA
npu 5ToM OyzeT norepsiHa dacTb uadopmanun). [locie 3Toro K HIM MOYKHO
[PUMEHSITh CIeIMabHbIe METOIbI aHAJIN3a, HAIPUMED JIOTUCTHIECKYIO pe-
rpeccuro (CM. TJIaBY O JIBYMEDHBIX JIAHHBIX ) MU OMHAPHBIE KOI(DMOUINEHTDI
CXO7ICTBA (CM. IVIaBy O MHOTOMEDHBIX JIAHHBIX ).

st 0603HaYEHNsI HOMUHAJILHBIX JaHHBIX B R ecTh HECKOJIBKO CII0COOO0B,
pa3HOI CTEIEeHN <«IIPABUJIBHOCTUY». BO-IIEPBBIX, MOXKHO CO3/IaTh TEKCTOBBII
(character) BekTop:

> sex <- c("male", "female", "male", "male", "female", "male",
+ "male")
> is.character(sex)
[1] TRUE
> is.vector(sex)
[1] TRUE
> str(sex)
chr [1:7] "male" "female" "male" "male" "female" "male"

Ob6parure BHnManue Ha GyHKIHO str()! DTo oueHb BaxKHast (DYHKIHUSI,
MbI ObI PEKOMEH/IOBAJIM BLIyYUTH €e 0/iHO0# u3 nepBbix. Ha mepsbix mopax
HoJIb30BaTe/b R He Beerja MmoHMMaeT, ¢ KAaKUM TUIIOM 00beKTa (BEKTOPOM,
TabJIuIeil, CIIMCKOM U T.11.) OH MMeeT JIeJI0. PaspenuTs COMHEHNsT TIOMOTaeT
str().

[IpemosoxkuM Temepb, YTO S€X — ITO OIMUCAHUE I0JIa COTPYIHUKOB
HeboMbIoH opranu3aruu. BoT Kak R BBIBOAUT cofep:KUMOE 3TOTO BEKTO-

pa:

> sex
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[1] "male" "female" "male" "male" "female" "male" "male"

Kcratu, nopa packpsITh 3arajiky €JIWHUIBI B KBAaJIPATHLIX CKOOKax —
9TO MPOCTO HOMEP 3JIEMEHTa BeKTOpa. BOT Kak ero MOXKHO HCIOIL30BATD
(ma-11a, KBaJpaTHBIE CKOOKI — 9TO TOXKE KOMaH/a, MOXKHO 9TO IPOBEPUTh,
Habpas momomis 7" [):

> sex[1]
[1] "male"

«YMHBIE», TO €CTh 00bEKT-OPUEHTHPOBAHHBIE, KOMaHIbI R Koe-4To 110-
HUMAIOT TIPpO O0OBEKT sex, HampuMep KoMaHga table():

> table(sex)

sex

female male
2 5

A Bor komaHga plot(), yBBI, HE yMeeT HUUYErO XOPOIIEro CJeJIaTh C
TakuM BeKTOpoM. CHava/a HyKHO coobmuTh R, 9T0 9TOT BEKTOP HAJO pac-
cMaTpuBaTh Kak axmop (To ecTb HOMUHAJBHBIH TUIl JaHHBIX). Jlenaercs
9TO TaK:

> sex.f <- factor(sex)

> sex.f

[1] male female male male female male male
Levels: female male

N renepp xkomanga plot() yxke «IIOHHMAaeT», 9TO €fl HAJO JejaTb —
CTPOUTH CTOJGYATYIO Auarpammy (puc. 5):

> plot(sex.f)

DT0 HPOU30IILIO HOTOMY, UTO IepeJl HaMU CIelUaJbHbIil TUIl 00beKTa,
Ipe/IHA3HAYEHHBII JIJIs KATErOPUAJIbHBIX JIAHHBIX,— (DaKTOP € JABYMS YPOB-
usMu (rpajganusivn) (levels):

> is.factor(sex.f)

(1] TRUE

> is.character(sex.f)

[1] FALSE

> str(sex.f)

Factor w/ 2 levels '"female","male": 2 1 22 1 2 2
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female male

Puc. 5. Bor tak xomansa plot() pucyer daxrop

Ouenp muorme ¢ynknum R (ckaxkem, ToT Ke camblii plot()) mpesmmo-
9UTAI0T PAKTOPHI TEKCTOBBIM BEKTOPAM, IIPU STOM HEKOTOPBIE YMEIOT KOH-
BEPTUPOBATH TEKCTOBBIE BEKTOPHI B (DAKTOPHI, & HEKOTOPBIE — HET, TOITOMY
HaJ 0 ObITh BHUMATEJbHBIM. Eille HECKOJIBKO CBOMCTB (DAKTOPOB HAJO 3HATD
3apanee. Bo-miepBoIx, MOAMHOXKECTBO (hakTOpa — 9T0 (PaKTOP C TEM XKe KO-
JITYECTBOM yPOBHEH, JTaXKe eCJii UX B MOAMHOXKECTBE HE OCTAJIOCH:

> sex.f[5:6]

[1] female male
Levels: female male
> sex.f[6:7]

[1] male male
Levels: female male

«30aBUTHCST» OT JIMIITHETO YPOBHS MOYKHO, IPUMEHUB CIIEIUAILHBIN ap-
TYMEHT WJIN BBIMOJTHUB ITPEOOPA30BAHNE TAHHBIX «TY/a U OOPATHO»:

> sex.f[6:7, drop=TRUE]
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[1] male male
Levels: male
> factor(as.character(sex.f[6:7]))
[1] male male
Levels: male

Bo-Bropbix, ¢hakTopsl (B OTJIMYHE OT TEKCTOBBIX BEKTOPOB) MOYKHO JIer-
KO 1peobpa3oBaTh B YUCJIOBbIE 3HAUCHUS:

> as.numeric(sex.f)
[11 2122122

3adeM 9TO HYXKHO, CTAHOBUTCSI ITOHATHBIM, €CJIH PACCMOTPETH BOT Ta-
Koit mpumep. [lomoxkuM, Kpome pocTa, y HAC €CTh €Ille W JIaHHbIEe TI0 Becy
COTPYHUKOB!

> w <- c(69, 68, 93, 87, 59, 82, 72)

N MBI XOTHUM TIOCTPOUTH TaKoO# rpaduk, HA KOTOPOM ObLIM ObI BUIHDI
OJIHOBPEMEHHO POCT, BeC U 1oJi. BOT Kak 310 MOXKHO ciesarh (puc. 6):

> plot(x, w, pch=as.numeric(sex.f), col=as.numeric(sex.f))
> legend("topleft", pch=1:2, col=1:2, legend=levels(sex.f))

TyT, pazymeercsi, Hy?KHO KOe-4TO OObACHUTH. pch u col — 3Tu napa-
MeTPBI IIPeIHA3HAYEHBI JIJIsl OIIPEIe/IEHHsT COOTBETCTBEHHO THUIA 3HAYKOB 1
ux npera Ha rpaduke. Takum o6pa3zoM, B 3aBHCHMOCTH OT TOrO, KAKOMY
[OJIy NIPUHAJJIEXKUT JIaHHAs TOYKA, OHA OyJleT m300parkeHa KPYKKOM MJIN
TPEYTOoJIbHUKOM M YePHBIM MJIM KPacHBIM IBeToM. [Ipu ycsioBnn, pa3ymeer-
Csl, ITO BCE TPU BEKTOpPA COOTBETCTBYIOT APYT Apyry. Eme HaI0 0TMETUTS,
YTO U300parkKeHne MoJIa TP IIOMOIIM 3HAYKA U I[BETa H30BITOYHO, JJIsI <HOP-
MaJILHOT'O» rpaduKa XBATHT U OJHOIO U3 3TUX CIIOCOOOB.

B-Tperbux, paKTOpPHI MOYXKHO YyIOPsI0YNBATh, IPEBPAINAsl UX B OJIUH U3
BapUAHTOB IIKAJIbHBIX JAHHBIX. BBE/IEM 4eTBEPTYIO IIEPEMEHHYIO — Pa3Mep
MaeK ISl TeX YK€ CAMbIX I'MIIOTETUYECKUX BOCBMEDPBIX COTPYIHUKOB:

> m <_ C("L", IISII, I|XLII, ||XXL||’ IISII’ llMll’ IILII)
> m.f <- factor(m)

>m.f

[11 L S XL XXL S M L

Levels: L M S XL XXL

Kak BuauM, ypoBHU PACIIOJIOZKEHBI IIPOCTO 10 aaBUTy, & HAM HAJIO,
aTo6bl S (small) mesr mepseimM. Kpome Toro, Hao Kak-to coobmutsb R, aro
nepea HaMu — IIKaJIbHbIE JaHHBIC. ﬂeﬂa.eTCH 9TO TakK:
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O female o
A male

90

85

80

75

70

65
|

o
I I I I I I
165 170 175 180 185 190

Puc. 6. I'pacduxk, mokaspiBaronmii OMHOBPEMEHHO TPHU IEPEMEHHBIE

> m.o <- ordered(m.f, levels=c("S", "M", "L", "XL", "XXL"))
> m.o

[1J L S XL XXLS M L

Levels: S < M < L < XL < XXL

Temepp R «3HaeT», Kaxoit pasmep OOJIbINE. DTO MOXKET ChI'PATH KPUTH-
9eCKYI0 POJIb — HAIIPUMEpP, MPHU BBIYUCIEHUAX KOIMDPUINEHTOB KOPpPEJIsi-
LU,

Pa6oras ¢ dpakTopaMu, Hy>KHO IOMHUTH U 00 OJHOI ollacHOCTU. Eciu
BOBHUK/JIa HEOOXOINMOCTD IIepeBecTr (PaKTOP B UNC/Ia, TO BMECTO 3HATEHMIA
BEKTOPA MBI TIOJIYIUM YHCJIa, COOTBETCTBYIOIIHE YPOBHsIM (bakTopa! YTobb!
9TOr0 HE CJIYyYMJIOCh, HAJ0 CHaYa/Ia IIpeodpas3oBarh (paKTop, COCTOSIIUN U3
3HQUEHU-4uces, B TEKCTOBBII BEKTOP, & YK€ II0OTOM — B YUCJIOBOM:

> a <- factor(3:5)
> a

[11 345

Levels: 34 5
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> as.numeric(a) # HempaBunpmO!

[11 1 23

> as.numeric(as.character(a)) # IlpaBumbHO!
(1] 345

Korna daiis mjaHHBIX 3arpy»KaeTcs IPU MOMOIIYM KOMaH Ikl read . table (),
TO BCe CTOJIOIBI, I'Ie eCTh XOTsI Obl OJIHO HEYHCJIO, OYAyT Ipeobpa30BaHbl B
daxTopsr'. Ecm xowercst 3Toro msbeskarhb (71 TOro, HAIpUMep, 9To0b! He
CTOJIKHYTbCSI C BBINIEONUCAHHON TIPO6JIeMOii), TO Hy?KHO 3a/aTh JOIOJIHA-
TeJIbHBIH mapamerp: read.table(..., as.is=TRUE).

3.4. /loam, cdyeT U paHTru: BTOPUYHBIE JaHHbIE

3 nasBaHms ICHO, YTO TaKHe JAaHHbIE BOZHUKAIOT B pe3ysbrare obpa-
OOTKM IEePBUYHBIX, NCXOMHBIX JAHHDIX.

HauGosiblee npuMeHenne BTOPUYHbIE JaHHBIE HAXOAAT IpH 00paboTKe
MIKAJBHBIX U B OCOGEHHOCTH HOMUHAJIBHBIX JaHHBIX, KOTOPBIE HEIb3s 00pa-
GarbiBaTh «B J106». Hamnpumep, cdaer («counts») — 9T0 HPOCTO KOJIUIECTBO
YJIEHOB KaKOH-mb0 Kareropuu. Takue IoJCcYeThl U COCTABJISIOT CYTh CTa-
TUCTUKU B OBITOBOM CMBICJIE 3TOrO cjioBa. [IponenTsl (j1om, «ratess) Toxe
9acTO BCTPEYAIOTCS B OBITY, TAK UTO IIOJPOOHO ONMCHIBATL UX, HABEPHOE, HE
Hy>kHO. OJIHO U3 CaMbIX TIOJIE3HBIX UX CBOHCTB — OHU IIO3BOJIAIOT BbIYJjIe-
HUTH IHCJIOBBIE 3aKOHOMEDPHOCTH TaM, TJI€ MCXOHBIE JIAHHBIE OTIMIAIOTCST
110 pasMepy.

JIs1st TOro 9To6bI BU3yaIM3MpPOBATHL CYET U IIPOIEHTDI, IPHLyMaHO HeMa-
J0 rpadudeckux crocobos. Camble U3 HUX PaCHpPOCTPAHEHHBIE — 9TO, Ha-
BepHOoe, TpadUKU-IIUPOrH 1 CTOJI69YaThIe JuarpaMMbl. [TouTn j1i06ast KOMITbIO-
TepHas IPOrpaMMa, UMEIOAs JeJI0 ¢ TabJUIaMu JaHHBIX, YMEET CTPOUTD
rakue rpadukn. OqHAKO HAJI0 3aMETUTL, YTO CTOJIOYATBHIC JAUATPAMMBI 1
B OCODEHHOCTH «IIUPOTW» — HEYJadHbIi Ccrocob mpejcTaBienns nudopMa-
1un. MHOrOYnCIEHHbIE SKCIIEPUMEHTHI JIOKA3AJU, 9TO YUTAIOTCS TAKHE TPa-
dbuku ropazno xyzxke ocranbHbiXx. Camoe nedagbHOE, UTO IVIaBHAs 3a/ada
rpauKoB — IoKa3aTh, rje MUudPbl Pa3JIndaloTcs, & Iyle CXOIHDI, IPaKTH-
YEeCKM He BBINOJIHSETCS. B 9KCIepuMeHTaX JIIOISM MPeJIAraan HECKOJIBKO
MUHYT CMOTPETH Ha TaKue rpadpuKu, a 3aTeM IPOCHIN PACIIONOKUTD TPYII-
IIbI, OTpaykKeHHble Ha rpaduke, B MOPsIKEe 3HATCHUN MOACIUTAHHOIO IPU-
3Haka. OKa3aj10Cch, 9TO 9TO HEJIETKO caeiaTh. Bor npumep. Ha pucynke 7 —
cTonbYaThIil rpaduK pe3yaIbTaToB TaJlaHnus Ha POMAIIKAX:

> romashka.t <- read.table("data/romashka.txt", sep="\t")
> romashka <- romashka.t$V2

1370 BepHO TOMBKO mIst Bepenii R Menbe 4.
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names (romashka) <- romashka.t$Vi

oldpar <- par(mar = c(7, 4, 4, 2) + 0.1)

romashka.plot <- barplot(romashka, names.arg="")

text (romashka.plot, par("usr")[3]-0.25, srt=45, adj=1,
xpd=TRUE, labels=names(romashka))

par (oldpar)

vV + V V VvV V

(ITpuuuIoch HCXUTPUTHCST, ITOOLI IOMECTUTD JJIMHHbIE HAJIINCH O] CTOJI-
Hukam. )
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Puc. 7. Pesynbprars! rajganns sa pomanikax (IPOIEHTHI HCXO/0B), HOKA3AH-
HbBIE C ITOMOIIBIO CTOJIOYATON JTHArPaAMMBbI

[TonpobyiiTe poeIaTh TOT YKe IKCIEPUMEHT: TOCMOTPETH Ha Tpaduk
3-5 MHHYT, a 3aTe€M 3aKPbLITh KHUTY W PACIOJOXKHUTH BO3MOYKHBIE HCXOJIBI
raJlaHus B MOPSJIKE YOBIBAHUSI, OT CAMOTO DOJIBIITOTO 3HAYEHUS] — K CAMOMY
MasieHbkoMy. (OTBeT mpoBepbTE B KOHIIE IJIABbI. )

Cosnmarenn R mpexkpacto 3Ha/1 06 9THX TpobIEMax, U IIO9TOMY B IIEPBBIX
Bepcusx BooOIIe He ObIJI0 KOMAHIBI JJIsi PUCOBAHUS «IUPOroBy. Ha 3ameny
UM, a TaKKe Ha 3aMeHy MeHee COMHUTEIbHBIM CTOJ0YATHIM JUATPAMMAM
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B R ectb Tak HaswpiBaemble Toueunble rpaduku (dotplots). Huke npusenen
npuMep Takoro rpaduka Jist TeX ¥Ke CaMbIX JIAHHBIX 110 rajaHuio (puc. 8):

> dotchart (romashka)

K 9€epPTy IOILIET o

K Cepaly HpuzKMeT o

ToIeIyeT o

IJIIOHeT 9

He JTI00uT (¢}

JI00UT o

I I I I I I
14 16 18 20 22 24

Puc. 8. Pesynbrarsl rajjanus Ha poManikax (IpONEHThI UCXO/I0B), MOKA3aH-
HbIE C [IOMOIIBIO TOYEYHOI'O I'padruKa

Hazeemcst, 910 OOIBITUHCTBO YUTATEIEH COTJIACITCS C HAMUA B TOM, UTO
TOYEUHBIE JIMArPAMMbBI YATAIOTCS JIerde «IIUporoBy». VIMEHHO TOSTOMY MpO-
deccroHa bl PEKOMEHIYIOT TOYedHble IpaduKu U OOKCILIOTHI, a HE «IIHPO-
Irm» n CTOH6anbIe JruarpaMMbI.

Eciu caer u nosin mosiydatoT 0ObBIMHO U3 HOMUHAJIBHBIX JAHHBIX, TO OT-
HOIITEHUST W PAHTH «JOOBIBAIOT» M3 JAHHBIX KOJIMIECTBEHHBIX. OTHOIIEHNST
OCO6eHHO IIOJIE3HBI B TEX CJIy4dadX, KOrJa HU3y4daeMble ABJICHNIA UJIN BEIA
UMEIOT OYeHb Pa3Hble abCOMIOTHBIE XapaKTepuCTUKN. Hampumep, Bec Jmoeit
JIOBOJIbHO TPY/JHO UCIIOJIB30BaTh B MEIUITMHE HAIIPAMYIO, a BOT COOTHOIIIE-
HUE MEXKJy POCTOM U BECOM OYEHb IIOMOTAET B JIMAIHOCTUKE OYKUPEHUS.

YroO6bI MOJYIUTH PAHTH, HATO YIOPSIIOUATH JAHHBIE TI0 BO3PACTAHIIO
" 3aMEHUTH KazKJI0€ 3Ha4Y€HUE Ha HOMED €ro MecCTa B IIOJIYyYEHHOM DsAIY.
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Hanpumep, obbluHast METOAMKA BBIYMCICHUS MEIUAHBI (CM. HUZXKE) OCHO-
BBIBa€TCH Ha paHrax. PaHru ocobeHHO MIMPOKO NMPUMEHSIOTCH [PU aHAJII3e
IMKAJTBHBIX U HEMApaMeTPUUYECKUX WHTEPBAJILHBIX JAHHBIX. PaHroBbIE Me-
TOJUKHU aHaJIN3a, KaK IIPaBUJIO, YCTOMYNUBBI, HO MeHee YyBCTBUTEJIbHBI, YeM
napaMeTpuieckue. JTO U HOHSITHO, Bellb B IIPOIECce NTPUCBanBaHUs PAHTOB
9aCcTh UH(POPMAIUN TEPSIETCS:

> al <- ¢c(1,2,3,4,4,5,7,7,7,9,15,17)
> a2 <- ¢(1,2,3,4,5,7,7,7,9,15,17)
> names(al) <- rank(al)
> al
1 2 34 4.5 6 8 8 8 10 11 12

.5
1 2 3 4 4 5 7 7 7 9 15 17
> names(a2) <- rank(a2)
> a2
1

2 10 11
1 2

3 4 5 7 7 7T 9
3 4 5 7 7 7 91517

Kak BumHO, panru MoryT ObITb He IEJIbIMH, & IOJOBHHHBIMUA. DTO ObI-
BaeT TOrJA, KOrIa OJNHAKOBBIX UHCeT YeTHOe uncjio. Kpome Toro, y onnHa-
KOBBIX THCEJI PAHTH TOYKE OJIMHAKOBBIE. DTO HA3BIBAETCSI «tiesy, OYKBAJIBHO
«HUYbs». Hu4ubsi 9Ta HECKOJBKO MEIIaeT IPU BBIITOJTHEHUN HEKOTOPBIX CTa-
TUCTUYIECKUX OIlepalnii, HaIlpuMep IPHU BBIYUCIEHNN HellapaMeTPUIeCKUX

TeCTOB, OCHOBaHHbBIX Ha paHTaX:

> wilcox.test(a2)

[... pe3ynbTaTH TeCTa NPONYMEHH . ..]

Warning message:

In wilcox.test.default(a2) : cannot compute exact p-value
with ties

B srux ciayuasix R Beerga coobimaer o npobieme. (O camom Tecre pedb
HOIIET B coreyromieit rase. )

3.5. IlponynieHHbIe JJTAHHbIE

He cymecTByeT HE cOBepIIIeHHBIX HAOIIOAEHU, HU COBEPIIIEHHBIX YKCITe-
puMenToB. UeMm 0oJbIlle MacCUB JTAHHBIX, TeM OOJIbIINEe BEPOSITHOCTh BCTPe-
TUTh B HEM pa3/IddHbIe HEJI0YETHI, MPEXKEe BCErO NPONyweHHve OaHHbie,
KOTOpBIE BO3HUKAIOT IO THICSTYe IMPUYUH — OT HECOBEPIIEHCTBA METOINK,
OT cJyvaifHoCTell BO BpeMsi (DUKCAIMHI JTAHHBIX, OT OIMINOOK KOMIIBIOTEPHBIX
nporpamMM u T. 1. CTPOro roBopsi, MPOIYIIeHHbIE JaHHbIE OBIBAIOT HECKOJIhb-
kux Tunos. CaMblii TOHSITHBIA — 3TO «unknowns, HeM3BECTHOE 3HAYCHHUE,
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KOTJIa JIaHHBIE TPOCTO He 3aUKCUPOBAHbI (MM IIOTEPSIHBI, YTO, YBbI, Obl-
Baer Hepenko). Ecrb eme «both», Korma B mporecce HaBIOAEHNI BO3HUK-
JIO COCTOsIHUE, OTBEYAOIee cpa3y HEeCKOJbKNM 3HadeHusM. Hampumep, ec-
JIX MBI HaOJIIOmaeM 3a MOrofoi M OTMedaeM eIUHUIEH COTHEYHBIH IeHb, a
HyJIeM — TIaCMYPHBIi, TO JeHb ¢ IepeMeHHo# obyradHocThio Oyaer «boths
(0BBIYHO ITO 3HAYUT, YTO METOJUKA HaO/IOeHH paspaborana mioxo). Ha-
Kouerr, «not applicable», HenpuMennMoe 3HaYeHNE, BO3HUKAET TOTJIA, KOTa
MbI O6Ha,py)KI/LHI/I HEYTO, JIOTUYIEeCKN HE COBMECTHMOE C TeM IIPU3HaKOM, KO-
TOpbIit HaJ0 ukcupoBaTh. CKaykeM, Mbl MepsieM JIJIMHBI KJII0Ba y oburare-
Jiell CKBOPEYHUKOB, U TYT HaM II0IaJ1ach Oesika. ¥y Hee HET KJIIOBa, 3HAYUT, U
JIUHBL ero Toxke HeT. [Ipo 3tu «dpusocodckre TOHKOCTHY XOPOIITO ITOMHUT,
XOTsi OOJIBIITUHCTBO KOMITBIOTEPHBIX MPOTPAMM, 3aHUMAIONIUXCS AHAJTIU30M
JJAHHBIX, HE Pa3/INYalOT 9TUX BapHUaHTOB.

OnpIT OKA3BIBAET, YTO OOOUTHCH G€3 MIPOIYIIEHHBIX JAHHBIX TPAKTHIe-
CKH HEBO3MOXKHO. Bojiee TOro, mx oTCyTCTBHE B CKOJIBKO-HUOY/IH KPYITHOM
MaCCUBE JJTaHHBIX MOXKET CJIYy?KUTH OCHOBaAHUEM JIJIA COMHEHUII B UX JOCTO-
BEPHOCTH.

B R mponymiennbsie mannble IpUHATO 0003HAYATE ABYMsI OOIbIIIMI OYK-
BaMu JaTUHCKOro ajidasuta «NAs. IIpeamomoxkum, 9To y HAC UMEETCsI pe-
3yJIBTAT OIIPOCA TEX YKE CAMBIX CEMH COTPYIHUKOB. VX clipammBaJii, CKOJIb-
KO B CP€JIHEM YaCOB OHHM CIISIT, IIPH STOM OJIUH U3 OIPAIIUBAEMBIX OTBEYATD
OTKA3aJICsI, JIPYTOil OTBETHUJI «HE 3HAIO», & TPETHEr0 B MOMEHT OITPOCA, IIPOCTO
He ObLI0 Ha paboueM MecTe. Tak BO3HUKJIA MPOIYIIECHHBIE JAHHbBIE:

> h <- c(8, 10, NA, NA, 8, NA, 8)
>h
[1] 8 10 NA NA 8 NA 8

Kaxk Bumamm, NA Ha 10 BBOIUTH 6€3 KaBbIUueK, a R HuMaJso He cMmytnaeTcs,
9TO cpeu udp HAXOUTCS Bpojie Obl TeKeT. OTMETHM, 9TO MPOTYITEHHDIE
JIAHHBIE OYE€HB JaCTO CTOJIb YK€ Pa3HOPOJIHBI, KaK u B HaieMm rnpumepe. O
HAKO KOJIUPYIOTCSI OHU OJIMHAKOBO, U 00 9TOM He HY2KHO 3a0bIBaTh. Tenepb
0 TOM, Kak HaJ0 paboTaThb ¢ MOIydeHHbIM BeKTOpoMm h. Kciam mbr mpocto
nonpobyeM mocuuTarh cpejnee 3Hadenue (pynkims mean() ), TO MOy IUM:

> mean(h)
[1] NA

N 310 «maeoIOrnIecKn MIPABUIBHOY», IMOCKOJBKY (PYHKIUS MOXKET II0-
pazuHomy obpabaTeiBaThL NA, 1 110 yMOTUAHUIO OHA, IIPOCTO CUTHAJIM3UPYET O
TOM, 9TO C JAHHBIMHU 9TO-TO He TaK. UTOOBI BLICINTATEL CPEIHEE OT «HEIIPO-
IIYIIIEHHON» YacTU BEKTOPA, MOXKHO MTOCTYIIUTH OJHUM U3 JIBYX CIIOCOOOB:
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> mean(h, na.rm=TRUE)
[1] 8.5

> mean(na.omit (h))
[1] 8.5

[Tepsoiii crrocob paspernaet Gpyukiyy mean () TPUHIMATD MPOITYIIIEHHBIE
JIAHHBIE, & BTOPOI1 JIejiaeT U3 BEKTOpa h BpEMEHHBIN BEKTOP 6€3 MpOoITyIIeH-
HBIX JaHHBIX (OHM IPOCTO BBIKUBIBAIOTCS U3 BeKTOpa). Kakoil u3 crocobos
JIydIlle, 3aBUCUAT OT CUTYAaIlUU.

YacTo Bo3HUKAET elle 0/1Ha TpobiieMa — Kak CJIeJaTh [OJICTAHOBKY IPO-
MYIIEHHBIX JAHHBIX, CKAXKeM, 3aMEHUTH Bce NA Ha CPEJIHIOI0 IO BBIOODKE.
Bor pacnpocrpanenHoe (HO He OYeHb XOpOoIIiee) pelleHue:

> h[is.na(h)] <- mean(h, na.rm=TRUE)
>h
[1] 8.0 10.0 8.5 8.5 8.0 8.5 8.0

B neBoit wacTu mepBoro BbIParKeHUsT OCYIIECTBIISIETCSI NHIEKCUPOBAHNIE,
TO €CTb BBIOOD HY?KHBIX 3HAYEHHH h — TaKuX, KOTOPBIE SIBJISIIOTCS IIPOITY-
mennbiME (is.na()). Tlocie Toro Kak BbIpaKeHUe BBINOJHEHO, «CTApble»
3HAYEHUS UCHE3AI0M HABCe20a, TIOITOMY PEKOMEHIyeM CHadva/la COXPAHUTH
CTapbIil BEKTOP, CKaXKeM, TOJ APYTUM Ha3BaAHUEM:

> h.old <- h
> h.old
[1] 8 10 NANA 8 NA 8

Ects MHOTO Jpyrux criocob0B 3aMeHbI MPOIYINEHHBIX 3HAYCHU, B TOM
Y9HCJIe U OYEHb CJI0XKHbBbIE, OCHOBAHHBIC HA PEIPECCUOHHOM, & TaKzKe JUCKDPHU-
MHUHAHTHOM aHajn3e. HekoTopble m3 HUX peajM30BaHbLI B IMaKeTaxX mice u
cat, CyIecTByeT JazKe ITaKeT, IPeJoCTaBIAoNmi rpaduaeckuii narepdeiic
JJIsT «6OPBOBI» C IPOIYIIEHHBIME JTaHHbIMU, MissingDataGUT.

3.6. BpiOpochl m Kak UX HalTH

K coxanenuro, mocie nabopa JMaHHBIX BO3ZHUKAIOT HE TOJBKO <ITYCThIE
staeiikuy. OUeHb 9acTO BCTPEYAIOTCS IPOCTO OMMOKU. Halie Bcero 3To ore-
9aTKM, KOTOPble MOI'YT BO3HUKHYTL IIpU pPydHOM Habope. Ecium maHHbIX
HEMHOI'O, TO MO2KHO ITOIIBITATbhCs BBIABUTL TaKHe OH_H/I6KI/I BPpYYHYIO. Xy}Ke,
ecsm 00bEM JAHHBIX BEJIMK — CKaXKeM, OoJiee Thicsuu 3arnmuceit. B srom ciry-
qae MOTYT ITOMOYb METO/IbI 0OPAOOTKH JAHHBIX, [IPEXK/IE BCETO Te, KOTOPhIE
paccunTaHbl Ha BblsiBIeHHe BbIGpocoB (outliers). Cambiii nmpocToii u3 Hux —
HaXOXK/IEHUE MUHUMYMa U MAKCUMyMa, & JIjisi HOMUHAJbHBIX JIAHHBIX — I10-
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cTpoenue TabauIbl YacToT. K coxKaleHnio, TakKue MeTO/ bl TIOMOTaIOT JIUIIb
oryactu. Jlerko HaiiTu onedaTky B TabJIMIlE JAHHBIX POCTA YEJOBEKA, €CJIN
KT0-T0 3amucaj 17 cm Bmecto 170 cm. OHAKO €€ TPAKTHIECKT HEBO3MOXKHO
HaiiTu, eciiu BMecTo 170 cm mHammcano 171 cm. B aToMm ciyvae ocTaeTrcs Ha-
JAeATbCd JIUIITDb Ha CTATUCTUYIECKYIO IIPDUPOJAY JaHHBIX — Y€M UX 6O.J'II)H_Ie7 TEM
MeHee 3aMeTHbBI Oy/lyT ommbKY, U Ha Tak HasblBaeMble pobacTHble (yCToii-
9UBBIE K BBIOPOCAM) METO/bI 06pAaBGOTKH, O KOTOPBIX MBI €Ille IIOrOBOPUM
HU2>KeE.

3.7. MensieM JaHHBIE: OCHOBHbIE ITPUHIIMIIBI
npeoOpa30BaHUS

Eciu B uccienoBanmu 3a1eficTBOBAHO HECKOJBKO Pa3HBIX THUIIOB JIaH-
HBIX — IAapaMeTPUYECKUEe M HelapaMeTpUiecKue, HOMUHAJbHBIE W HEIpe-
pBIBHbBIE, IIPOIEHTHI U HOJCYETHI U T. 1., TO CAMBIM IIPABUJIBHBIM OyJIeT 1IPHU-
BECTH UX K KAKOMY-TO «ODIIEMY 3HAMEHATEIO».

Nuorma takoe npeobpazoBanme cJ1e1aThb Jerko. /lake HOMUHAJIbHBIE JTaH-
Hble MOXKHO IIPeoOpPa30BaTh B HENPEPLIBHBIE, €CJIA UMETH JIOCTATOYHO WH-
dbopmanun. Crazkem, moJ1 (HOMUHAJIbHBIE JAHHBIE) MOKHO [IPE0OPA30BATh B
YPOBEHb MYZKCKOTI'O TOPMOHA T€CTOCTEPOHA B KPOBHU (HENpPEPBbIBHbIE); MPAB-
J1a, JUIst 9TOr0 HY>KHa JOMOJHUTEIbHas HHpoOpMaIus. PacipocTrpaHeHHbIi
BapHUaHT IIpeobpazoBaHusi — 00paboTKa JIUCKPETHBIX JAHHBIX TaK, KaK Oy/I-
TO OHU HelpepbIBHBbIE. B 1esioM 310 6€301MacHo, HO WHOTJA IPUBOJUT K
HEIPUSITHBIM ToceAcTBrsIM. COBEpITeHHO HellpUeMJIeMbIil BAPUAHT — Ipe-
obpa3oBaHNe HOMUHAJIBHBIX JAHHBIX B MIKAJbHBIE. KC/U JaHHBIE IO CBOEH
[IPUPOJIe HE YIOPSI0OYEHBI, TO UX UCKYCCTBEHHOE yIOPSAI0UeHNe MOYXKET pa-
JIMKAJIbHO CKA3aThCsl Ha Pe3yJIbTaTe.

Yacro jmanable TpeodPa3yioT s TOrO, YTOOBI OHU OOJIBINE ITOXO/IAJIN
Ha napamerpudeckue. Ecin y pacupejesieHns TaHHBIX JJIUHHBIE «XBOCTBIY,
eciu rpaduK pacipesiesienust (Kak Ha puc. 12) JMIb 0TYACTH «KOJIOKOJI000-
Pa3HBI», MOXKHO IPUOETHYTH K JIOTAapU(MMHUPOBAHUIO. DTO, HABEPHOE, CAMOE
TacToe mpeobpazoBanne. B rpaduuecknx KomaHgax R ecTs marke crenuaib-
HBIA apryMeHT

., log="ocn",

I7ie BMECTO CJIOBA OCh HAJI0 TMOJCTABUTD X WU ¥, U TOTJ& COOTBETCTBYIO-
masi ocb rpaduka 0Todbpa3uTcs B JiorapudmMudaeckoMm Maciirabe.

Bor cambie pacipocTpanenibie METOIBI IPEOOPA3OBAHMI C yKA3AHUIMHA,
KaK ux Jejgarb B R (Mbl mpejnosiaraem, 9To BAIlU JIAHHBIE HAXOJSITCS B
BekTOpe data):

e Jlorapudmuueckoe: log(data + 1). Ecsim pacnpejienenue CKOIIEHO
BIPaBO, MOXKET JaTh HOPMaJIbHOE pacipeesienne. MoxKeT TakxKe Jie-



Mensem dannwvie: ocrosHble NPuHLUNLL NPEodPA308aHUA 63

JlaTh OoJiee JIMHEHHBIMKA 3aBUCUMOCTH MEXK/Iy IIEePEMEHHBIMHA U ypaB-
HUBATDL JUCIIepCcuu. «Bourcs» Hyseit B JaHHBIX, TOITOMY PEKOMEHIY-
eTcsl IpubaBJIATL eIUHUILY.

Ksamparuoro kopus: sqrt (data). [Toxoxke mo gefictBuio Ha Jiorapud-
mudeckoe. «Bourcsy oTpunaTesTbHBIX 3HAYCHUIA.

Ob6partnoe: 1/(data + 1). DddeKTuBHO 1 CTAOMIU3AIIHN JUCIIEP-
cun. «bourca» Hyseii.

Ksanparmoe: data~2. Ecau pacnpemesieHne CKOIEHO BJIEBO, MOYKET
JaTh HOpMaJIbHOE paclpeeseHne. JImHeapu3yer 3aBUCUMOCTH U BbI-
PaBHUBAET JUCIIEPCHH.

Jlorut: log(p/ (1-p)). Hamre Bcero npumensiercs K nmporoprusiM. JIu-
Heapu3yeT TaK HA3bIBAEMYIO CUIMOBHIHYIO KpuByio. Kpome jorut-
npeobpasoBaHus, Jiist IIPOIOPIIUIi 4ACTO UCTIOJIBL3YIOT U APKCUHYC-TIPe-
obpasoBanue, asin(sqrt (p))

[Ipu 06paboTke MHOTOMEPHBIX JAHHBIX OU€Hb BayKHO, YTOOBI OHU OBLIN
onnoit pasmepunoctu. Hu B KoeM ciiydae HeJb3s OJHY KOJIOHKY B TabJiniie
3alliChIBATH B MIIJUMETPAX, a APYIyI0 — B CAHTUMETPAaX.

B MHoromepnoit CTaTUCTHKE IMUPOKO MPUMEHSETCT W HOPMAJIM3AINs
JIAHHBIX — [PUBEJIEHIE Pa3HBIX KOJIOHOK K 00mieMy Bujy (Hampumep, K OJi-
HOMY CpeJIHEMY 3HaueHuio). Bor Kak MOXKHO, HAIPUMED, HOPMAJIU30BATH
JIBA PA3HOMACIITAOHBIX BEKTOpA:

> a <- 1:10
> b <- seq(100, 1000, 100)
> d <- data.frame(a, b)
> d
a b
1 1 100
2 2 200
3 3 300
4 4 400
5 5 500
6 6 600
7 7 700
8 8 800
9 9 900
10 10 1000
> scale(d)
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[1,] -1.4863011 -1.4863011
[2,] -1.1560120 -1.1560120
[3,] -0.8257228 -0.8257228
[4,] -0.4954337 -0.4954337
[5,] -0.1651446 -0.1651446

[6,] 0.1651446 0.1651446
[7,] 0.4954337 0.4954337
[8,1] 0.8257228 0.8257228
[9,] 1.1560120 1.1560120
[10,] 1.4863011 1.4863011

Kak Buaum, kKomanga scale () IpUBOIUT BEKTOPHI «K OOIIEMY 3HAMEHA-
Teaio». ObpaTnTe BHUMAaHWE HA TO, ITO ITOCKOJBKY BEKTOP b ObLI, 11O CyTH,
[IPOCTO YBEJIMYEHHBIM B CTO pa3 BEKTOPOM a, IOCJe Mpeodpa3oBaHUsl OHU
CTaJIi COBEPIIEHHO OJMHAKOBBIMHU.

3.8. Marpuiibl, CIICKHA 1 TaOJINIbI JAHHBIX

3.8.1. Marpuiibl

Marpuipt — odennb pacipocrpanennas Gpopma IIpejiCTaBIeHns TaHHbIX,
opranu3oBaHHbIX B ¢dopme Tabsunbl. [Ipo marpunsr B R, B 0bmem, HyxK-
HO 3HATDH JIB€ BAXKHBIE BEIM — BO-TIEPBBIX, YTO OHU MOI'YT OBITH Pa3HOU
Pa3MepHOCTH U, BO-BTOPBIX, YTO MaTPHUIl KaK TAaKOBBIX B R, 1Mo cyTu, Her.

Haunewm ¢ nocsegaero. Marpuiia B R — 5T0 IpoCcTO CHEUABHBIA THTT
BEKTOPA, 00JIAIAIONHI HEKOTOPBIMEI J100aBOYHBIMU CBOjicTBaMHU (aTpuby-
TaMM), [IO3BOJISIIOIIUMU UHTEPIPETUPOBATH €ro KaK COBOKYIIHOCTb CTPOK U
ctosi6110B. [IpeanomoKuM, MbI XOTHM CO3/IATh ITPOCTEUIITYI0 MaTpUILy 2 X 2.
g Hagasia co3/1a/ M ee U3 YUCIOBOIO BEKTOpA:

>m<- 1:4

>m

[1] 1 23 4

> ma <- matrix(m, ncol=2, byrow=TRUE)
> ma

[,11 [,2]
[1,] 1 2
[2,] 3 4
> str(ma)
int [1:2, 1:2] 1 32 4
> str(m)
int [1:4] 1 2 3 4
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Kak BuHO, cTpyKTYypa (HAIIOMHUM, CTPYKTYPY JI060r0 06'beKTa MOKHO
[OCMOTPETH IIPU TIOMOIIU OY€Hb BayKHON KoMaH bl str ()) 00beKTOB m 1 ma
HE CJIUIIKOM Pa3/InvdaeTcs, pa3IndaeTcs, 0 CyTU, JUIb UX BBIBOJ Ha SKPaH
KOMITbIOTepa. Kile odeBHHEE €IMHCTBO MEXKJIY BEKTOPAMU U MaTPUIAMU
MIPOCJIEYKUBAETCS, €CJIN CO3/IaTh MATPHUILY HECKOJIBKO WHBIM CIIOCOOOM:

>mb <-m
> mb
[1] 123 4
> attr(mb, "dim") <- c(2,2)
> mb
[,11 [,2]
[1,] 1 3
[2,] 2 4

Boeirnsaur kak mekuit doxyc. OpHAKO BCe HMPOCTO: Mbl ITPUCBANBAEM
BekTOpY mb arpubyT dim («dimensions», pasMepHOCTb) U yCTaHABJIABAEM
3HadeHne 3Toro arpudyra B ¢(2,2), To ecth 2 cTpoKu u 2 croJidia. Yura-
TeJIIO MPEJIOCTABIISIETCS AOTaAaThCs, IOYeMy MaTpUIla mb OTJIMYaeTcs OT
MaTpurpl ma (OTBET CM. B KOHIIE TJIaBbI).

MpsI yKazaJju JIUIib 1Ba CIIocoba CO3AaHusi MATPUIL, B IEHCTBUTEIbHOCTH
ux ropasno 6osbine. OUeHb TOMYISIPHO, HATPUMED, «I€JIaTh» MATPHUIIHI U3
BEKTOPOB-KOJIOHOK MJIM CTPOK IIPHU HOMOIIN KoMaHd cbind () wiau rbind ().
Ecsin pesynbrar Hy»KHO «110BepHYTh» Ha 90 rpajycoB (TpaHCHOHHPOBATS),
UCIIOIb3yeTcst KoMamaa t ().

Haubosee pacrpocrpaneHbl MATPUIIBI, UMEIOIINE IBA U3MEPEHUS, O/HA~
KO HUKTO He MPENsITCTBYET C/eJaTh MHOTOMEPHYIO MaTpHIly (MaccuB):

> m3 <- 1:8
> dim(m3) <- <¢(2,2,2)
> m3
3 3 1
[,11 [,2]

[1,] 1 3
[2,] 2 4

[,11 [,2]
[1,] 5 7
[2,] 6 8
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m3 — 9TO TpexMepHasi MaTpuna (WJId, MO-IPYroMy, TPEXMEpPHBIA Mac-
cuB). EcrecrBenno, mokasarh B Buje TabJIHUIBI €€ HEJb3sI, M09TOMY R BbI-
BOJIUT €e Ha 9KpaH B BUjEe cepur TaOUIl. AHAJOTMIHO MOXKHO CO3JIaTh U
YeThIPEXMEPHYI0 MaTpuily (Kak BCTpoeHHbIe nanuble Titatic). Muoromep-
HbIe MaTPpHUIIbI B R IIPpUHATO Ha3bIBATDb «arrays».

3.8.2. Cuaucku

Crucku — elre OJuH BaXXKHbBII THII [IPEJICTABICHUS naHHbIX. Co3/1aBaATh
"X, 0COOEHHO Ha TEPBBIX MOPaX, CKOPEee BCETO, He MTPUIETCsT, HO 3HATDH X 0CO-
OEHHOCTU HEOOXOIMMO — IIPEXKIE BCETO ITIOTOMY, UTO OU€Hb MHOTHE (PYHKITIN
B R BBIIAIOT «HAPYKY» MMEHHO CIUCKH.

> 1 <- list("R", 1:3, TRUE, NA, list("r", 4))
> 1

([11]

[1] "R."

([2]]
[1] 123

[[311]
[1] TRUE

[[4]]
[1] NA

[[5]1]
(0511 C[1]]
[1] llrll

(0511 C[2]]
(1] 4

BuiHO, 9TO CIIMCOK — 3TO CBOEro pojia accoptu. BekTop (1, ecrecTBeHHO,
MaTPHIA) MOXKET COCTOSTH U3 DJIEMEHTOB OJIHOTO U TOTO K€ THUIla, & BOT
CIIICOK — M3 Yero yrojHo, B TOM 4Yucsie (KaK BUJHO U3 IpPUMepa) U W3
JPYTUX CIIMCKOB.

Tereps moroBopuM I1po UHIAEKCUPOBAHUE, UJIH BBHIOOD SJIEMEHTOB CIIUC-
Ka. DJIEMEHTBI BEKTOPa BBIOMPAIOTCS, KAK MbI [IOMHUM, IIPH TTOMOIIH (DyHK-
MU — KBaJIPATHON CKOOKU:

> h[3]
[1] 8.5
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DJIeMEHTBI MATPHUIIBI BEIONPAIOTCS TaK K€, TOJHKO UCIIOIb3YIOTCS HECKOJIhb-
KO apryMeHTOB (JJIsl JIByMEPHBIX MATPHI[ 9TO HOMED CTPOKU U HOMED CTOJIO-
1[4 — UMEHHO B TaKOll MOC/IeI0BATE/IbHOCTH]):

> mal2, 1]
[1] 3

A BOT 3JIEeMEHTBI CIIMCKA BBIOUPAIOTCS TPEeMsI Pa3JIMYHBIMA METOIAMH.
Bo-mepBbIx, MOXKHO UCIIOJIB30BATH KBaPATHBIE CKOOKM:

> 1[1]
[[1]1]
[1] "R"
> str(1[1])
List of 1
$ : chr "R"

3/ech 0YeHDb BAYKHO, UTO MOJYIEHHBI 00BEKT mooice 6ydem cnuckom.
Bo-BTOpBIX, MOXKHO HCIIOJIHL30BATD JBONWHbIE KBaJIPATHBIE CKOOKH:

> 1[[1]]
[1] an
> str(1[[11])
chr "R"

B sroMm cayuae mosydeHHBI 00bEKT OyIeT TOro THIa, KAKOTO OH ObLI
6bl 710 00'beIUHEHNsI B CIIMCOK (II09TOMY II€PBbIHi OOBEKT Oy/IeT TEeKCTOBBIM
BEKTOPOM, a BOT IATHI — CIHCKOM).

W B-TpeTbux, JUIsl MHIEKCHUPOBAHUS MOXKHO HCIOJb30BaTh HMEHA 3Jle-
MeHTOB cnucka. Ho Jijig aToro cHavyasa HaJlo UX CO3/1aTh:

> names(l) <- c("first", "second", "third", "fourth", "fifth")
> 1$first
[1] an
> str(1$first)
Chr IIRII

Jlns BeiOOpa 110 MMEHHU yIOTPEeDJIsAeTcs: 3HAK J0JJIapa, & IMOJIyIeHHbII
00BEKT OyIeT TaKUM 2Ke, KaK IIPU KCIOJIb30BAHUM JBOWHON KBaJIpaTHON
ckobku. Ha camom jsiesre mmena B R MOryT mMeTh U 9JIeMEHTBI BEKTOpa, U
CTPOKH U CTOJIOIBI MATPHUIIBL:
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> names(w) <- c("Koma", "Xema", "llera", "Cama", "Kara", "Baca",
+ ll)Kopall)
> W
Kona Xems llers Cama KaTs Baca Xopa
69 68 93 87 59 82 72
> rownames(ma) <- c("al","a2")
> colnames(ma) <- c("b1","b2")

> ma

bl b2
al 1 2
a2 3 4

EnuncrBentoe ycaoBue — Bce MMEHa, MOJIKHBI ObITh pasubiMu. OmgHa-
KO 3HaK JI0JLIapa MOYKHO HCIOJIbL30BaTh TOJBKO CO CIMCKAMU. DJIEMEHTDI
BEKTOpPA 110 UMEHHM MOXKHO OTOHUPATH TaK:

> w["Xermsa"]
Xens
68

3.8.3. Tabauiibl JaHHBIX

I/I Ternepb 0 CaMOM BazKHOM THUIIE ITPpEACTaBJICHUA JAaHHBIX — Ta6J'H/IHaX
nanubix (data frame). ViMenHo Tabuuipl JAHHBIX OOJIbIIE BCEIO TOXOXKHU HA
3JIEKTPOHHBIE TabuIbl Excel n anajgoros, u mosToMy ¢ HUMHI PabOTAIOT da-
e Bcero (0cobeHHO HaumHaoIue nosb3oBaresau R). Tabuuipbl 1aHHBIX —
9TO 'UOPUIHBINA TUII IIPEICTABICHUSI, 00HOMEPHBIT CNUCOK U3 6EKMOPOS 00U-
HaKo6ol daunst. Takum obpas3oM, Kazkjias TabJIMIA JIAHHBIX — 9TO CIIMCOK
KOJIOHOK, ITpAYIeM BHYTPH OJIHON KOJIOHKU BCe JIAHHBIE TOIKHBI OBITH OJTHOTO
Tuna (a BOT caMy KOJIOHKH MOTYT ObITh pa3Horo tuma). [IpomwumocTpupyem
9TO Ha IPUMEPE CO3IaHHBIX PaHee BEKTOPOB:

> d <- data.frame(weight=w, height=x, size=m.o, sex=sex.f)
> d

weight height size sex
Konsa 69 174 L male
Kena 68 162 S female
[leTsa 93 188 XL male
Cama 87 192 XXL male
Katsa 59 165 S female
Bacsa 82 168 M male

Xopa 72 172.5 L male
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> str(d)
’data.frame’: 7 obs. of 4 variables:
$ weight: num 69 68 93 87 59 82 72
$ height: num 174 162 188 192 165 168 172.5
$ size : Ord.factor w/ 5 levels "S"<"M"<"L"<"XL"<..: 3 1 4
5123
$ sex : Factor w/ 2 levels "female","male": 2 1 221 2 2

HOCKOJH)Ky Ta6HI/IHa JAaHHBIX ABJIAETCA CIIMCKOM, K Hel IIPUMEHNMEBI BCE
MeTOJbl MHJICKCAIIUN CIIMCKOB. Ta6HHHbI JAHHBIX MO2KHO MHJ/ICKCUPOBATH U
KaK JIBYMEPHBbIC MaTpPHUIIBI. Bor Heckoabko IpUMEPOB:

> d$weight

[1] 69 68 93 87 59 82 72
> d[[1]]

[1] 69 68 93 87 59 82 72
> d[,1]

[1] 69 68 93 87 59 82 72
> d[,"weight"]

[1] 69 68 93 87 59 82 72

OueHnb 9acTo OBIBAET HY?KHO OTOOPATH HECKOJIBKO KOJIOHOK. DTO MOYKHO
¢/lesIaTh pa3HBIME CIIOCODAMU:

> dl[,2:4]

height size sex
Konsa 174 L male
Kens 162 S female
lleTa 188 XL male
Cama 192 XXL male

KaTsa 165 S female
Bacsa 168 M male
Xopa 172.5 L male
> d[,-1]

height size sex

Konsa 174 L male
Kena 162 S female
[leTsa 188 XL male
Cama 192 XXL male
Katsa 165 S female
Bacsa 168 M male
Xopa 172.5 L male
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K unnekcamum mMeer IpsIMO€ OTHOIIEHUE elle OJMH TUIl JAaHHBIX R —
Ao2uneckue sexmopst. Kak, Hampumep, 0To0paTh U3 HaIleil TabIUIIBI TOJTHKO
JAHHbBIE, OTHOCSINMECS K KeHIuHaM? BoT oquH u3 crocobos:

> d[d$sex=="female",]

weight height size sex
Xeusa 68 162 S female
Katsa 59 165 S female

Yro6bl 0TOOpATH HY2KHBIE CTPOKU, MbI IIOMECTHJIN [IEPE]T, 3aIIATON JIOTH-
qeckoe BhIpaskeHne d$sex==female. Ero smauenneMm sIBiIsSIeTCsT JIOTMYECKUIA
BEKTOD:

> d$sex=="female"
[1] FALSE TRUE FALSE FALSE TRUE FALSE FALSE

Takum 06paszoMm, mocje TOro Kak «O0TpaboTajiay CeJeKInd, B TabJmie
JQHHBIX OCTAJIACH TOJBKO T€ CTPOKH, KOTOPbIe cOOTBeTCTBYIOT TRUE, TO ecTh
cTpOKHU 2 U 5. BHAK «==», a TaKxXKe 3HaKWU «&», «|» u «!» UCHOJIB3YIOTCH
JIJISE 3aMEHBI COOTBETCTBEHHO «PABEH?», «M», «HJIH» U <HE».

Bonee cioxHBIM cirydaeM oTOOpa SIBASIETCA COPTUPOBKA TaOIUIL TaH-
HbIX. JJIsi COPTHPOBKH OJIHOT'O BEKTOPA JIOCTATOYHO MPUMEHUTH KOMAaHIY
sort (), a BOT ecjIi Hy2KHO, CKaXKeM, OTCOPTUPOBATH HAIIU JIAHHbIE CHAYAJIA
IO TIOJTYy, & ITOTOM IO POCTY, IPUXOIUTCS IPUMEHUTH OIEPAITUIO TTOCTIOXKHEE:

> d[order(d$sex, d$height), ]

weight height size sex
Xens 638 162 S female
KaTsa 59 165 S female
Baca 82 168 M male
Xopa 72 172.5 L male
Konsa 69 174 L male
[leTta 93 188 XL male
Cama 87 192 XXL male

Komanma order () cosmaer He JIOTMYECKHIA, & YHMCJIOBOH BEKTOP, KOTO-
PBIlf COOTBETCTBYET OYIyIeMy MOPSIIKY PACIIONIOXKeHusT cTpoK. [lomymaiite,
KaK IPpUMEHUTH KoMaHy order () i TOro, YTOOBI OTCOPTUPOBATEH KOJIOH-
KU TOJLy9UBIIEcsT MATPHIBL IO a/ihaBuTy (CM. OTBET B KOHIIE TJIABBI).

X %k X

3akJrro4as pa3roBop O TUIAX JAHHBIX, CJIEIYET OTMETHTh, YTO 9TH THUIIbI
BOBCE HE TaK PE3KO OTTPAHUYIEHDI JPYT OT Apyra. [losromy ecm Bam TpyaHO
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€ TIEPBOTO B3IVIAJA CKa3aTh, K KAKOMY UMEHHO THIy OTHOCSTCS BalllU JaH-
HbIe, HY?KHO BCIIOMHUTBH TJIABHBIN BOIIPOC — HACKOADKO TOPOULO OGHHHLE CO-
OMHOCAMCA € 4UCA0600 Npamot? FEciu cooTHOITIEHne Xopoliee, TO TaHHbIE,
CKOpee BCero, MHTepBaJbHBbIE U HENPEPBIBHLIE, €CIN NJI0X0e — IMKAJbHBIE
mim gakKe HOMUWHaJIbHDBIC. I/I BO-BTOPBIX, HE CJIEIyeT 3a6bIBaTb, 9TO BECbMa
YaCTO YIAeTCsi HallTu criocob mpeobpa3oBaHus JIAHHBIX B TPEOyeMBbIil THIL.

) %k Xk

OTBer Kk 3azade npo Marpunbl. Co3maBas MaTPUILy ma, MbI 381K
byrow=TRUE, TO €CTh yKa3aJju, YTO JIEMEHTHI BEKTOPa Oy/IyT COEIUHATHCS
B MaTpuIly nocrpo4yno. Eciu 661 Mbl ykazayu byrow=FALSE, To moJsyunin
OBl TOYHO TAKYIO K€ MaTPHUILYy, KaK mb:

> ma <- matrix(m, ncol=2, byrow=FALSE)
> ma
[,1]1 [,2]
[1,] 1 3
[2,] 2 4

OTBeT K 3aga4e NpPO COPTUPOBKY. it TOro 9T00BI YTO-TO ClIe/IaTh
¢ KOJIOHKaMU, HaJI0 UCIIO0JIB30BaTh KBapPaTHbIE CKOOKH C 3aIlSITOi B IIEHTPE,
a KOMaHJIbl IIOMEIIATh CIpaBa OT 3audaToil. JIOrmyHo MCIoIL30BaTL TY 2Ke
komanay order ():

> d.sorted <- d[order(d$sex, d$height), ]
> d.sorted[, order(names(d.sorted))]

height sex size weight
Xens 162 female S 63
KaTsa 165 female S 59
Bacsa 168 male M 82
Xopa 172.5 male L 72
Kona 174 male L 69
[leTs 188 male XL 93
Cama 192 male XXL 87

3aMeTbTe, YTO HEJb3sd MMPOCTO HamucaThb order () Iocie 3aldToil, 3Ta
KOMAaH/Ia JIOJI?KHa BBIJIATh HOBBIN MTOPSIIOK KOJIOHOK. I109TOMY MBI «CKOpMU-
JIM» eif IMeHa, 9THX KOJIOHOK, KOTOPBIE JIJIsl TabJIMIbI JAHHBIX BCEr/Ia MOXKHO
IOJIy YUTh, BbI3BaB KoMaH y names (). Kcraru, BMecTo order () 31ech mo1o-
mia Obl m KoMaHaa sort (), MOTOMy YTO HaM HAJ0 OTCOPTUPOBATH BCErO
JIMIIIb OJIUH BEKTOP.

danuble raganus Ha poMamike. Bor onu (mporeHTsr 0T 0611Iero Ko-
JIMYECTBA UCXOJIOB):
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> rev(sort(romashka))

IUIOHET K CepAly NIPHXMET IoIeNnyeT
24 17 16
He JobuT mobuT K 4epTy IomneT
15 15 13

(Msr ucniosibzoBasu rev(), noromy uro sort() coprupyer mo Bo3pac-
TAHMUIO. )
Kaxk BujHO, rajianue ObLIO HE OUEHB-TO YIAUHOE. ..
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Beankoe B maJjiom: OJHOMEPHbIE JaHHbIC

Tenepsb, HaKOHEI, MOYKHO OOpPATUTHCS K cTaTuCTHKe. HawHeMm ¢ caMbIx
QJIEMEHTAPHBIX IIPUEMOB aHaJIn3a — BbIYUCJICHUA O6H.[I/IX XapaKTEPpUCTUK
OJIHOM-eINHCTBEHHOI BBIOOPKH.

4.1. Kak onmeHnBaTh OOIIyI0 T€HIEHIINIO

Y n0b0it BBIOOPKH €CTh JIBE caMble ODIMHe XapaKTEePUCTUKU: UEHMP
(eHTpanbHas TeHjeHIUs) U pasbpoc (pasmax). B kadecTBe IeHTpa va-
e BCEro HCIIOJb3YIOTCS cpedhee W Mmeduaha, a B KadecTBe pasbpoca —
cmandapmmuoe omxaoHeHue U keapmuay. CpegHee OTIIMIAETCS OT Meua-
HBI [IPEXKJIe BCEro TeM, YTO OHO XOPOIOo paboTaeT B OCHOBHOM TOTJIa, KOTJIa
pacipe/iesieHne JJAHHBIX OJIM3KO K HOPMAJIHHOMY (MBI €Ille MOrOBOPHM 00
9TOM HuUKe). MeauaHna He Tak 3aBUCHT OT XapaKTEPUCTUK PACIPE/Ie/ICHNUS,
KaK TOBOPSIT CTATUCTUKM, OHa GoJiee pobacmma (ycroitunsa). [Tonsts pasuu-
Iy JIerde BCero Ha TakKoM IpuMepe. Bo3zbMeM OIsITh HAIIMX MHIIOTETHIECKIX
coTpyiHUKOB. BoT nx 3apruiarsl (B ThiC. pyo.):

> salary <- c(21, 19, 27, 11, 102, 25, 21)

Pasauna B 3apriarax obycioBjieHa, B 9acTHocTH, TeM, uro Carma —
sKcreauTop, a Kara — riaBa pupMbl.

> mean(salary); median(salary)
[1] 32.28571
(1] 21

[Tonmyuaercsd, 4To m3-3a BbICOKON KaTmHoil 3apruiaTel cpejiHee ropas-
JO XyXKe OTpazkaeT «TUIMYHYIO», IeHTPAJIbHYIO 3aplliaTy, YeM MeJuaHa.
Ordero ke Tak nosyuaercsi? Jlejgo B TOM, 9TO MeJUaHa BBITUCJISETCST CO-
BEPIIIEHHO WHa4e, YeM Cpe/IHee.

Meanana — 9T0 3HAaYEHNE, KOTOPOE OTCEKAET MOJIOBUHY YIIOPSI0IeHHON
BeIOOPKU. Ijisi TOrO YTOOBI JIydllle 9TO MOKA3aTh, BEPHEMCS K TE€M JBYM
BEKTOpaM, Ha IIPUMEPE KOTOPBIX B IIPEbIIYIIEN rJ1aBe ObLIO IOKA3aHO, KAaK
[IPUCBAWBAIOTCS PAHTH:
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> al <- ¢(1,2,3,4,4,5,7,7,7,9,15,17)
> a2 <- ¢(1,2,3,4,5,7,7,7,9,15,17)
> median(al)

[1] 6

> median(a2)

(11 7

B BekTOpe al Bcero aABeHaIIIaTh 3HAYEHU, TO €CTh YeTHOE 9HC/I0. B aTOM
caydae MeJIUaHa — CPeJIHee MEXKIY JBYMsI IeHTPAJTbHBIMU TUCIAMU. Y BEK-
TOpa a2 Bce IpOIle, TaM OAUHHAINATDL 3HAYEHUN, [MOITOMY IJIsi MEINaHbI
IpoCTO OepeTcst cepenHa.

Kpome menmanbl, /110 OIEHKH CBOMCTB BBIOOPKH OYEHb IIOJIE3HBI K6ap-
MUAU, TO €CTh T€ 3HAYeHHsI, KOTOPbIe oTceKaroT coorsercTienno 0%, 25%,
50%, 75% 1 100% ot Bcero pacupeseseHus JaHHLIX. K/l Bbl YUTAIN IPeIbl-
AyImpii ab3all BHUMAaTE/JIbLHO, TO, HABEPHOE, Y2Ke IIOHSIIN, 9TO MeIuaHa —
910 npocro tperuii kapruib (50%). IlepBblit U naTHIT KBapTHIM — 3TO
COOTBETCTBEHHO MUHUMYM U MAKCAMYM, & BTOPOH M 4YeTBEPTHI KBapTHU-
JIVL UCIIOJIB3YIOT [Tt POOACTHOrO BbIUYMCIIeHNsT pasbpoca (cm. Huke). Moxk-
HO IIOHATHUE <«KBAapPTUJ/JIb» PaCHINPUTH W BBECTU CHeHHaJIbeIfI TePpMUH JIJId
3HAYEHUsI, OTCEKAIOIIEro JIIOOOH MPOIEHT YHOPSI0UEHHOTO PACIIPEIEICHUST
(He 06sI3aTeIBHO IO YETBEPTSIM ),— 9TO HA3BIBACTCS «KGAHMUAL». KBaHTH-
JIML UCIIOJIB3YIOTCsI, HAIIPUMED, TP aAHAJIN3€e JIAHHBIX Ha HOPMAJIbHOCTD (CM.
HIZKeE).

st xapakTepucTuku pa3dbpoca 1acTo UCIO/IB3YIOT U TapaMeTPUIECKy 0
BEJINUUHY — cmandapmuoe omkioneHue. [IIMPpOKO U3BECTHO «ITPaBUJIO TPEX
CUIM», KOTOPOE YTBEPXKIAeT, YTO €CJIU CpeIHHre 3HaYeHHUsl JIBYX BBIODOPOK
pazaudaioTcs OOJIbIe €M Ha TPOWHOE CTaHIAPTHOE OTKJIOHEHWE, TO THU
BBIOOPKHU PA3HBIE, TO €CThb B3ATHI U3 PA3HBIX N€HEPAJIBHBIX COBOKYITHOCTEIA.
DTO MPaBWJIO OYEHb YJI00HO, HO, K COXKAJEHUIO, IMO/Ipa3yMeBaeT, 4To 0be
BBIOOPKU JTOJIKHBI TOIUMHSATHCA HOPMAaJbHOMY pacipeesiennto. s BbI-
YUCJIEHUSI CTaHIapTHOIO OTKJIOHEeHHd B R mpemycmorpena dyuakims sd ().

Kpowme cpeanero n meanaHbl, eCTh €Ille OJIHA IEHTPAJIbHAT XapaKTEPHC-
THKa paCIIpeJieJIeHsI, TaK Ha3bIBaeMasi M0Jad, CAMOE JacTO BCTPEUAIOIIEeCst
B BbIOOpKe 3HadeHume. Moja IpUMeEHsSIeTCsS] PEJKO M B OCHOBHOM JIjISI HO-
MUHAJIBHBIX JaHHBIX. BoT Kak mocuurarsh ee B R (MbI mcnosb3oBamm st
[O/ICYeTa EPEMEHHYIO SeX U3 IPE/IbLIyIIeil IIaBbl):

sex <- c("male", "female", "male", "male", "female", "male",
"male")

t.sex <- table(sex)

mode <- t.sex[which.max(t.sex)]

mode

male

vV V V + V
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5

Takum obpazom, mMoja Haleil BLIOOpKU — male.

HacTo crouT 3aja4a IMOCYUTATh CpejiHee (MM MeJIMany ) JJIs [eJIoi Tab-
JINIIBI JAHHBIX. ECTH HECKOIBKO OOJIervaromux >Ku3Hb nmprueMoB. Ilokaskem
X Ha IpUMepe BCTPOEHHBIX JIAHHBIX trees:

> attach(trees) # IlepBrii crmocob

> mean(Girth)

[1] 13.24839

> mean(Height)

[1] 76

> mean(Volume/Height)

[1] 0.3890012

> detach(trees)

> with(trees, mean(Volume/Height)) # Bropo#l cmocob
[1] 0.3890012

> lapply(trees, mean) # Tpetuifi cmocob
$Girth

[1] 13.24839

$Height

[1] 76

$Volume

[1] 30.17097

ITepesiit criocob (mpu momonu attach()) mo3BosisieT IPUCOEIUHUTD KO-
JIOHKN TabOJIMIBI JaHHBIX K CIMCKY TEKyIIMX IepeMeHHBbIX. [lociie sToro x
[IEPEMEHHBIM MOXKHO OOPAIaThCsa 110 UMeHaM, He YIOMHUHAT MMEHU TabJIu-
nbl. BaxkHO He 3abbITH cleaTh B KOoHIE detach(), moToMmy 49TO BeJMKA
OTIACHOCTH 3aIlyTaTbCsd B TOM, UTO BBl IPUCOEIUHIIN, & 9TO — HeT. Ecim
[IPUCOEINHEHHBIE TTEPEMEHHBIE OB KAaK-TO MOIU(DUIMPOBAHBI, Ha CaMOM
TabJIUIE 3TO HE CKAYKETCH.

Bropoit criocob, B cyHOCTH, AHAJIOTUYIEH ITEPBOMY, TOJIBKO ITPUCOEINHE-
HUE IIPOUCXOIUT BHYTPH KPYIJIbIX CKOOOK pbyukmmu with (). Tperuit crriocod
HCIIOJIb3YEeT TOT (PAKT, UTO TaOJIMIILI JAHHBIX — 9TO CIUCKU U3 KOJIOHOK. JIj1s1
CTPOK Takoii npueMm He cpaboraer, Hajuo Oyjer 3amycturh apply (). (Ecin
BaM IIPUINET B [OJIOBY YETBEPTHIN CIIOCOD, TO HAIIOMUHAEM, UTO IUKJIAYIE-
ckue KoHcTpyKiuu tuna for B R 6e3 He0OOX0MMOCTH HE IPUBETCTBYIOTCS ).

CraniapTHOE OTKJIOHEHNE, JUCIepCHst (ero KBapar) U Tak Ha3blBaeMblii
MEXKKBaPTHJIHHBIN pa30pOC BBI3BIBAIOTCS aHAJIOIMIHO CPEJHEMY:

> sd(salary); var(salary); IQR(salary)
[1] 31.15934
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[1] 970.9048
(1] 6

[Tocreiaee BeiparkeHue, IUCTAHITIS MEXKTY BTOPBIM U Y€TBEPTHIM KBaP-
muaamu QR (nm MekkBapTUABHBIN pasdpoc), pobacTeH U JIydIle IIOIX0-
JIAT JJIsI IPUMepa, C 3apILIaToil, YeM CTaHIapTHOEe OTKJIOHEHUE.

[Mpumenum 5T GYyHKIUNA K BCTPOEHHBIM JIAHHBIM trees:

> attach(trees)
> mean(Height)
[1] 76

> median(Height)
[1] 76

> sd(Height)

[1] 6.371813

> IQR(Height)
[1] 8

> detach(trees)

Bunno, ¥to myis nepeBbeB 9TH XapaKTEPUCTUKYM 3HAUUTENHHO OJIMKe
JPYT K Jpyry. PasyMHO IpeanosioKuTh, 9TO paclpeie/leHue BBICOTHI Jie-
peBbeB OJIN3KO K HOPMaJIbHOMY. MBI IIPOBEPUM 3TO HUZKE.

B mammx mamHBIX MO 3apriaTe — BCero 7 Mudp. A Kak MOHSATDH, €CTh
JII KAKUEe-TO <«BBIJIAIONTHECsT»> UdpbI, Tuila KaTuHoit 3apIiiaThl, B JaHHBIX
BOJIBITIOTO, «THICTIHOrO» pasmepa’? s aToro ecrb rpadpudeckue (QyHK-
un. CaMasl IpocTasi — TakK HA3bIBAEMBIH «SIIUK-C-yCaMUy», WA OOKCILIOT.
s Havasia 10O6aBUM K HAIMM JAHHBIM €IM1e ThICSIIy TUIIOTETHIECKUX Pa-
OOTHUKOB C 3apILIATON, CIAYyYalHO B3SITONH M3 MEXKKBapPTHILHOIO pasbpoca
HCXOJHBIX JIAHHBIX (puc. 9):

> new.1000 <- sample((median(salary) - IQR(salary))
+ (median(salary) + IQR(salary)), 1000, replace=TRUE)
> salary2 <- c(salary, new.1000)

> boxplot(salary2, log="y")

DTO WMHTEpPECHBIIl NIpUMeEpP ellle W IOTOMY, YTO B HEM BIIEPBBIE IIPeJI-
CTaBjieHA TEXHUKA TOJIyUeHUs ciydaiiabix 3HavdeHuil. Pynkius sample ()
CIIOCOOHA BBIOMPATDH CIyJIaliHBIM 00pa30M JaHHbIE U3 BLIOOPKU. B manHOM
cJiydae Mbl UCIOJib30Ba i replace=TRUE, MOCKOJILKY HaM HYKHO ObLIO BbI-
O6paTh MHOT'O YHCEJ U3 TOPa3/io MeHbIeil Beibopku. Kcn nucars Ha R umu-
TAIMIO KAPTOUHBIX UID (& TaKue HPOrpPaMMbl HAIIMCAHBI!), TO HAJIO UCIIOJIb-
30BaThb replace=FALSE, moroMy 4YTO U3 KOJIOJbI HEJIb3d JIOCTATL OIATL TY
Ke caMyIo KapTry. KcraTn roBops, n3 Toro, 9To 3HaUYeHNUs CIyJaliHbIe, Clle-
JyeT, 9TO PEe3yAbTaThl IOCICAYIOMNX BBIYNCICHAN MOTYT OTJIMYaTbhCA, €CIIN
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Puc. 9. «Admuk-c-ycamuy, uwian OOKCILIOT

X BOCIIPOM3BECTH €Ille pa3, IMOITOMY Balll I'PA(UK MOXKET BBIIVISIIETh UyTh
nHAYe.

Ho Bepuemca k Ookcrutory. Kak Buano, Karuna 3aprurara mpeacras-
JICHA BBICOKO DACIIOJIOYKEHHON TOYKOW (HACTOJIBKO BBICOKO, YTO HAM JIarKe
[PUIIJIOCH BIMCATH HapamMeTp log="y", 4ToObl HUKeJIEeXKAIe TOYKU CTa-
s Buabl Jsiydiie). Cam 60KC, TO eCTh [JIABHBIN IPSIMOYTOJIbHUK, O'PAHUIEH
CBEpPXy U CHU3Y KBAPTUJIAMH, TaK UTO BBICOTA IIPsIMOyTrobHIKa — 5T0 IQR.
TaK Ha3bIBa€eMbI€ <<be1>> 110 yl\AOJILIaHI/IIO O603Ha‘{aIOT TOYKH, yﬂaﬂeHHbIe Ha
noaropa IQR. Jlunust mocepeaune MnpsiMoyroibHUKa — 9TO, KaK JIEFKO JI0-
raJlaTbCs, MeanaHa. TOYKHU, JIesKAINe BHE «YCOB», PACCMATPUBAIOTCS KakK
BBIOPOCHI U TIO9TOMY PHUCYIOTCS OTIEIbHO. BOKCIIOTHI OBLIN CIIENUAJIHHO
IPUAYMAHBI U3BECTHBIM CTaTHCTUKOM JIxkoHoM TBHIOKH, JjIsI TOrO 49TOOBI
OBICTPO, 9HPEKTUBHO U YCTONINBO OTParKaTh OCHOBHBIE PODACTHBIE XapaK-
TEPUCTUKU BBIGOPKH. R MOXKeT pucoBaTh HECKOJIBKO GOKCILIOTOB cpa3y (To
ecTb 9Ta KOMaH/a 6eKMopu306ana, CM. pe3yibrar Ha puc. 10):

> boxplot (trees)
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Puc. 10. Tpu 6okciiora, KaxKIblii OTpaykKaeT OJHY KOJOHKY U3 TaOJIAITGI
JAHHBIX

Ecrtb nBe dynknum, KoTopble cBs3anbl ¢ bokciioramu. Pyukims quantile ()
10 YMOJTYAHUIO BBIJIAET BCE MATh KBapTuiiei, a ¢pyukius fivenum() — oc-
HOBHBIE XapaKTEPUCTUKU PACIIPE/ie/ieHus 10 ThIoKH.

Ipyroit criocod rpaduteckoro n3o0parkeHus — 3TO TUCTOTPAMMA, TO
€CTb JINHUU CTOJIOMKOB, BBICOTA KOTOPBIX COOTBETCTBYET BCTPEIAEMOCTH JAH-
HBIX, TONABIINX B ONPEJEICHHBIN uamna3on (puc. 11):

> hist(salary2, breaks=20, main="")

B namem ciydae hist () mo ymosrganuio pa3buBaer nepeMeHHyto xa 10
WHTEPBAJIOB, HO UX KOJMYECTBO MOYXKHO YKAa3aTh BPYYHYIO, KAK B IPEJJIO-
JKEHHOM ITpuMepe. YUC/IeHHBIM aHAJI0MOM IUCTOIPAMMBI ABJISI€TCH DY HKITHS
cut (). IIpu momoriu 310t PyHKIMH MOXKHO BBIICHUTDL, CKOJILKO JAHHBIX Ka-
KOI'O THIIA Y HAC UMEETCS:

> table(cut(salary2, 20))
(10.9,15.5] (15.5,20] (20,24.6] (24.6,29.1] (29.1,33.7]
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Puc. 11. T'ucrorpamma 3apriar 1007 rumoreTnvecKux COTPYIHUKOB

76 391 295 244 0
(33.7,38.3]
0
(38.3,42.8] (42.8,47.4] (47.4,51.9] (51.9,56.5] (56.5,61.1]
0 0 0 0 0
(61.1,65.6]
0
(65.6,70.2] (70.2,74.7] (74.7,79.3] (79.3,83.9] (83.9,88.4]
0 0 0 0 0
(88.4,93] (93,97.5] (97.5,102]
0 0 1

Ecto emme ne rpaduteckne pyHKINN, «HI€0JOTHTIECKN OJTU3KUIE» K THC-
rTorpamme. Bo-niepBbix, 310 stem() — ncesorpaduieckast (TEKCTOBasI) MUC-
TOrpaMMa;

> stem(salary, scale=2)
The decimal point is 1 digit(s) to the right of the |
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DT0 0YEHBb ITPOCTO — 3HAYEHUSI JAHHBIX U300ParKAKTCsI HE TOUKAMU, a
nudpaMu, COOTBETCTBYIOIUMH CAMHUM 3TUM 3HAYEHUSM. TakuM obpa3oM,
BUJIHO, 4TO B uHTepBase or 10 1o 20 ectsb aBe 3apmwiarel (11 u 19), B un-
TepBaJsie oT 20 0 30 — YeTsIpe U T. 1.

Jpyras dyuknmsa Toxke OJM3Ka K THECTOTPaMMe, HO TpedyeT ropasio
0oJiee U3OIMPEHHBIX BBIYUCIEHUI. DTO IpadUK IJIOTHOCTH PACIPEIeIeHHSsI
(puc. 12):

> plot(density(salary2, adjust=2), main="")
> rug(salary?2)

(Msr ncrosib3oBasn «106aBIsoNy0> rpadmaeckyo dynkimo rug(),
9TOOBI BBIJIEJIUTH MECTa ¢ HaubOoJIee BBICOKON IJIOTHOCTHIO 3HAYEHHUIA. )

[To cyTu, mepe; HAMU C2AaXHCUBAHUE TUCTOIPAMMBI — TIOIBITKA [IPEBpa-
TUTH €e B HeIPEPBIBHYIO Iiaakyo dyukmuio. Hackosmbko riajakoit ona Oy-
JIeT, 3aBUCUT OT mnapamerpa adjust (0 yMOJYAHUIO OH PABEH €JMHHUIIE).
Pesynbrar criiakuBaHust Ha3bIBAIOT €I1E 2PaPuKoM Pacnpedeserus.

Kpome 6OKCILIIOTOB M pasindHbIX IPpadUKOB «CeMEHCTBay THCTOTPaMM,
B R MHOro u apyrux ognomepusix rpadukos. I'paduk-«yieii», Hanpumep,
OTpazkaeT He TOJIBKO IJIOTHOCTb PACIpPe/Ie/IeHNsT 3HAUYEeHUT BBIOOPKHU, HO U
TO, KaK PACIOJIOKEHbI caMi TU 3HadeHus (Touku). st Toro 4robbl 1mo-
crpouthb rpaduk-yiei, morpedyercs 3arpy3uTh (& BO3MOXKHO, €Ile U yCTa-
HOBUTH CHadJaJsa) nakeT beeswarm. Ilocsie 95TOro MOXKHO HOIVISIIETH HA CaM
«yuneii» (puc. 13):

> library("beeswarm")
> beeswarm(trees)
> boxplot(trees, add=TRUE)

Mpr 371€CH HE IPOCTO TTOCTpomA rpaduK-yIieii, HO elle U JOOaBUIN TY-
Ja OOKCILIOT, YTOOBI CTaJIM BUIHLI KBAPTWIN U Meauana. s sToro nam
rionagobumiics aprymenTt add=TRUE.

Hy u, nakoner, camas ryiapnas dyHknus, summary () :
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Puc. 12. ILtornocTs pacupemenenus 3apiiar 1007 rumoreTuvaecKux COTPYI-

HHNKOB

> lapply(list(salary, salary2), summary)

[[11]
Min. 1st Qu. Median
11.00 20.00 21.00
Max.

102.00

[[2]1]
Min. 1st Qu. Median
11.00 18.00 21.00
Max.

102.00

Mean 3rd Qu.
32.29 26.00

Mean 3rd Qu.
21.09 24.00

DakTUIECKN OHAa BO3BpAIaeT Te K& caMble JaHHBIe, 9T0o n fivenum()
¢ nobasyenneM cpejHero 3uadenus (Mean). 3amernbre, KCTaTh, 9TO y 00enx
«3apIiaTy MeIuaHbl OJMHAKOBBI, TOIIA KaK CPEIHME CYIIeCTBEHHO OTINYIa-
FOTCsI. DTO ellle OJINH IIPUMEP HEYCTOWIMBOCTH CPeIHUX 3HAUEHUI — Belb C
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Puc. 13. I'paduk-«ysreity ¢ HaJ0KEHHBIMU OOKCILIOTAMH JIjIsI TPEX Xapak-
TEPUCTHUK JEPEBLEB

o0aBJIEHUEM CJIYYalHO B3ATHIX «3apILiaTy BUJ PACIIPEICJICHUS HE JI0JIKEH

OBLT CYIIECTBEHHO IOMEHSITHCH.

Oynkius summary () — o0rasi, u 10 3aKOHAM 00bEKT-OPUEHTUPOBAHHO-
I'0 TIOJIXOJIa OHA BO3BPAIIAET pa3Hble 3HAYECHUS JIjIs 00 bEKTOB PA3HOI0 TUIIA
BoI TobKO 9TO yBUIE M, OHA paboTaeT MIJId 9MCIOBBIX BEeKTOPOB. s crmc-

KOB OHa paboTaeT HEMHOTO mHade. BBIBOMI MOXKeT ObITh, HAIPUMED, TaKUM

(Ha mpuMepe BCTPOEHHBIX JIAHHBIX attenu o 23 3emserpsicerusix B Kasu-

dbopuun):

> summary (attenu)

event
Min. :1.00
1st Qu.: 9.00
Median :18.00
Mean :14.74
3rd Qu.:20.00

mag
:5.000

Min.
1st Qu.:
Median
Mean

3rd Qu.:

5.300

:6.100
:6.084

6.600

station

117
1028
113
112
135

W w s o

dist

Min.

1st Qu.:
Median :
Mean
3rd Qu.:

0.50
11.32
23.40

: 45.60

47.55
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Max. :23.00 Max. :7.700 (Other) :147  Max. :370.00
NA’s : 16
accel
Min :0.00300
1st Qu.:0.04425
Median :0.11300
Mean 0.15422
3rd Qu.:0.21925
Max. :0.81000

[Tepemennasi station (HoMmep craHmuu HaOMOAEHU) — DaKTOp, U K
TOMY 2K€ C IIPOIIYyIEeHHBIMU JaHHBIMUA, IIO3TOMY OTO6pa)KaeTCﬂ NHa4ve.

ITepen, TeM Kak 3aBEPIIATHL PaccKas 06 OCHOBHBIX XapPaKTEPUCTUKAX BbI-
OOpKH, HAJIO YIOMAHYTH elle o0 OomHO#l xapakTepuctuke pasbpoca. s
CPaBHEHUsI M3MEHYUBOCTU NPU3HAKOB (OCOOEHHO TAKUX, KOTOPBIE M3Mepe-
HBl B Pa3HBIX €AMHUIAX U3MEPEHUs) YacTO MPUMEHSIOT Oe3pa3MepHYIO Be-
JITIUHY — K0aduyueHm eapuayuy. JTO MPOCTO OTHOIIEHNE CTAHIAPTHOTO
OTKJIOHEHHs K CpEJHEMY, B3ATO€ B IPOILEHTaX. BOT TaK MOXKHO CPaBHHUThL
KO3 GUIMEHT Bapuanuy JJis Pa3HbIX MPH3HAKOB JIEPEBbEB (BCTPOCHHBIE
JlaHHbBIE trees):

> 100*sapply(trees, sd)/colMeans(trees)
Girth Height Volume
23.686948 8.383964 54.482331

Baech MbI 1151 GuICTPOTHI TpuMenun sapply () — Bapuant lapply () ¢
YIIPOIIEHHBIM BBIBOJIOM, 1 colMeans (), KOTOpas MPOCTO BBIYUCIISAET CPeE/l-
Hee JIs KaxkJioil kosoHku. Cpazy OTMeTHM, 9TO MMOJI0OHBIX (DYHKIWIL B
R meckosbko. Hampumep, mmpoko ucnoab3yores ¢gyakinun colSums() u
rowSums (), KOTOPbIE BBIJIAIOT UTOIOBBIE CYMMbI COOTBETCTBEHHO 110 KOJIOH-
KaM ¥ 110 cTpokaM (riaBHast (DYHKIUs 3JeKTPOHHbIX Tabsui!). Ecrb, pasy-
MeeTcd, emle u rowMeans ().

4.2. Ommbo4yHbIE JJaHHbIE

Cnocobnocts dynkimn summary () yKasblBaTh HPOIYIIEHHDBIE JIAHHBIE,
MaKCUMYMbl I MUHUMYMBI CJIY2KUT OYCHb XOPOIIUM IOJCIOPHEM HA CAMOM
paHHEM 3Talle aHAJM3a JIAHHBIX — IPOBEpKe KadecTBa. lIpesmnosioxkum, y
HAC eCTb JaHHbIe, HaOpaHHbIE C OIMUOKAMU, U OHU HAXOIATCS B TUPEKTOPUN
data BHyTpHU TeKylIell NUPEKTOPUN:

> dir("data")
[1] "errors.txt"
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> err <- read.table("data/errors.txt", h=TRUE, sep="\t",

+ stringsAsFactors=TRUE)

> str(err)

’data.frame’: 7 obs. of 3 variables:

$ AGE : Factor w/ 6 levels "12","22" "23" . .: 3 4
$ NAME : Factor w/ 6 levels "","John","Kate",..: 2
$ HEIGHT: num 172 163 161 16.1 132 155 183

> summary (err)

35162
314562

AGE NAME HEIGHT

12:1 01 Min. : 16.1
22:1 John :2 1st Qu.:143.5
23:2 Kate :1 Median :161.0
24:1 Lucy :1 Mean :140.3
56:1 Penny:1 3rd Qu.:167.5
a :1 Sasha:1 Max. :183.0

Ob6paboTKa HAYMHAETCsT ¢ MPOBEPKU HAJMYWs HY>KHOTO daitna. Kpome
KoMaH/ bl summary (), 3/1eCh UCIIOJIb30BaHA TAKXKE OYeHb 0JIE3HAT KOMAH, 1A
str(). Kak BujHo, nepemennasi AGE (Bo3pact) nouemy-to craja GakTopoM,
u summary () TOKa3bIBaeT, MOYEMY: B OJIHY U3 s9€eK 3aKpajach OYKBa a
Kpome Toro, oiso u3 nmMen mycToe, CKOpee BCEro, MOTOMY, UTO B SAYeiKy
3abbLu ocraBuTh NA. Hakoner, Munumasbabiit poct — 16.1 cm! Takoro He
ObIBaeT OOBIYHO JIaXKe Y HOBOPOK/IEHHBIX, TAK 9TO MOYKHO C YBEPEHHOCTBHIO
YTBEPXK/IaTh, 9TO HADOPIIUK IIPOCTO CJIYYAHHO IIOCTABUJ TOUKY.

4.3. OgHOMEpHBIE CTATUCTUYECKHNE TECThI

3aKOHYUB pa3dbUPaTHCsS C OMMCATEIbHBIMU CTATUCTUKAMU, IEepeiieM K
IPOCTEHIIMM CTATUCTUIECKUM TecTaM (HOoIpOoOHee TeCTbl PACCMOTPEHBI B
caepyromieit riiase). Haunem ¢ Tak Ha3BIBAEMBIX «OJHOMEPHBIX», KOTODbIE
[TO3BOJIIOT [IPOBEPSTH YTBEPKIEHUST OTHOCUTEIHLHO TOIO, KaK paclpeeie-
HbI UCXOJHbIC JaHHbIC.

[IpeanookuM, MBI 3HAEM, YTO CPEIHSISI 3apIiljiaTa B HaIlleM I€PBOM IIpH-
Mepe — oko0Jji0 32 Toic. py0. IIpoBepum Ternepb, HACKOJIBKO 3Ta mudpa 10-
CTOBEPHA:

> t.test(salary, mu=mean(salary))
One Sample t-test
data: salary
t =0, df = 6, p-value =1
alternative hypothesis: true mean is not equal to 32.28571
95 percent confidence interval:
3.468127 61.103302
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sample estimates:
mean of x
32.28571

9t1o BapuaHT TecTta CTBIOIEHTA [JIsT OJHOMEPHBIX JaHHBIX. CTarmcTu-
YeCKue TeCThbl (B TOM YHUCJIE U STOT) IIBITAIOTCA BBICHUTATH TaK Ha3bIBae-
MYIO TE€CTOBYIO CTATHCTHKY, B JaHHOM ciaydae craructuky Crbiogenta (t-
CTATHCTHUKY). 3aTeM Ha OCHOBAHHUU 9TOH CTATUCTHKU PACCIUTLIBACTCS «P-
BesimumHay (p-value), oTpazKaromasi BEPOSITHOCTh 0wubky Nepeozo pooa
A omubkoit mepBoro posa (ee ere Ha3bIBAIOT «JIOYKHON TPEBOTOM» ), B CBOIO
o4depe/ib, Ha3bIBa€TCA CUTYyallud, KOr'/la Mbl IPpUHUMaeM TaK Ha3bIBa€MYIO
AJIBTEPHATUBHYIO TUIIOTE3Y, B TO BPEMsI KaK Ha CaMOM deae BepHA HyJIeBas
(rumoresa «1o ymosrdaHuio» ). HakoHer, BbIUncIeHHAS P-BEJIMIINHA UCIIOJb-
3yercsi Jisi CDABHEHUsI C 3apaHee 3aJIaHHbIM II0POroM (yPOBHEM) 3HAYUMO-
cmu. Ecnu p-BejinunHa HUYKe TIOPOTa, HyJieBasi TUIIOTE3a OTBEPraeTCsi, eCIn
Bblllle — npunumMaercs. llonpobruee 0 CTATUCTUYECKUX THIIOTE3AX MOXKHO
HPOYECTh B CJIEJIYIONIEN TJIaBe.

B namewm ciiyyae HysieBasi TUIIOTE3a COCTOUT B TOM, UTO UCTUHHOE CPEJI-
Hee (TO eCThb CcpejlHee I'eHepaJsIbHOI COBOKYIHOCTH) PABHO BBIYMCJIEHHOMY
HaMmu cpejHeMy (To ecTb 32.28571).

[epeitnem k ananauzdy BoiBojia dyuknuu. Craructuka CTbiojieHTa IpU
IIeCTH CTereHsX cBo6obl (df=6, HOCKOJIbKY y HaC BCero 7 3HadeHuii) jaer
enuHUYIHOE p-3HavdeHue, 1o ectb 100%. Kakoit 661 pacupocTpaHeHHBIH 0~
por Mol He npuasian (0.1%, 1% win 5%), sro 3HaYeHne Bce paBHO GoJIbIIE.
CietoBaTe/IbHO, MBI IIPUHAMAEM HYJIEBYIO rurtoresy. [IocKobKy ajbTepHa-
TUBHAS TUIIOTE3a B HAIEM CJIyIae — 3TO TO, UTO <«HACTOSINEE» CpeIHee
(cpesnee MCxoyHOM BBIGOPKU) HE PABHO BBIYUCIEHHOMY CPEJHEMY, TO IO
JIyIAeTCsl, ITO «HA CAMOM Jlejiey ITU MUMPBI CTATUCTUIECKNA HE OTJIUIAI0T-
cst. Kpome Bcero sToro, GyHKIMS BBIJIAET €IIe U JIOBEPUTEIBHBIN HHTEPBAJI
(confidence interval), B KOTOpOM, 110 €€ «MHEHUIO», MOXKET HAXOUTbCs Ha-
crosiee cpegHee. 3/1eCb OH OYeHb MIUPOK — OT TPEX C IMOJIOBUHOU THICAY
710 61 TeiCTYM pybIIeii.

Henapamerpuueckuit (To ecTb He CBSI3aHHBIN IIPEJIIIOJIOKEHUSIME O PAC-
[PEJIEJICHNN ) AHAJION 9TOIO TEeCTa TOYKE CYNIECTBYET. DTO TaK HA3BIBAEMBIIl
PaHIOBBIN TECT Y MJIKOKCOHA

> wilcox.test(salary2, mu=median(salary2), conf.int=TRUE)
Wilcoxon signed rank test with continuity correction
data: salary2
V = 221949, p-value = 0.8321

alternative hypothesis: true location is not equal to 21
95 percent confidence interval:

20.99999 21.00007
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sample estimates:
(pseudo)median
21.00004

DT1a GYHKIU U BLIBOAUT MPAKTHIECKH TO Ke camoe, 9To 1 t.test ()
Boire. Obparure, 0JIHAKO, BHUMAHHUE, YTO 3TOT TECT CBSI3aH HE CO CPEIHUM,
a ¢ meguaHoi. Beruucigercsa (eCJII/I 3a/1aTh conf . int=TRUE) U 1OBEpUTEJIb-
HBIH MHTEPBAJI. 3/1€Ch OH 3HAMNTEIHHO Y7Ke, IOTOMY UTO Me/IHaHa HAMHOTO
YCTOWINBEEe CPEIHErO 3HAUEHUS.

[ToHsITH, COOTBETCTBYET JIM PACHPEIEICHUE JIAHHBIX HOPMAJIbLHOMY (UJjIH
X0Ts1 ObI GJIM3KO JIM OHO K HOPMAaJIbHOMY), OY€Hb U O4YeHb BaxkHO. Hampu-
Mep, BCe MapaMeTpUIeCcKre CTATUCTUIECKNe MEeTObl OCHOBAHBI Ha, IIPEJIIO-
JIO)KEHWHW O TOM, UTO JIAHHBbIE MMEIOT HOpMaJibHOEe pachupejienenne. [losTo-
My B R peaiin30BaHO HECKOJIBKO Pa3HBIX TEXHUK, OTBEYAIONINX HA BOIIPOC
0 HOPMAaJIbHOCTU JTaHHBIX. Bo-IIepBBIX, 3TO cTarucTHYecKre TecThbl. CaMblii
npocroii n3 aux — tect amupo-Yuiakca (mompo0OyiiTe mpoBecTH 9TOT TECT
CaMOCTOSITEJIBHO):

> shapiro.test(salary)
> shapiro.test(salary?2)

Ho uro ke on mokasbiBaer? 31aech (DyHKINS BBIBOJUT IOPa3i0 MEHb-
e, 9eM B IPEIbLIyINX Caydasx. bojiee TOro, maxke BCTPOCHHAsT CIIPABKA
HE COJEPKUT OO0bsACHEHUI TOro, Kakas 37eCh, HAIPUMED, aJbTEePHATUBHAS
runore3a. Pasymeercst, MOXKHO 00paTUThCs K JIATEpaType, 6Jiaro crpaBKa
JIAET CCBUIKK Ha MyOJMKAIi. A MOXKHO IPOCTO MTOCTABUTH KCIIEPUMEHT:

> set.seed(1638)
> shapiro.test (rnorm(100))

Shapiro-Wilk normality test

data: rnorm(100)
W = 0.9934, p-value = 0.9094

rnorm() reHepupyer CTOJBKO CAYyYAMHBIX YHUCEs, PACIPEICCHHBIX II0
HOPMAJILHOMY 3aKOHY, CKOJIBKO YKA3aHO B €r0 apryMeHTe. ITO aHAJIOr (DYHK-
nuu sample (). Pa3 Mbl nosy4unsin BbICOKOE pP-3HAYEHHE, TO 3TO CBUJIETEb-
CTByeT O TOM, UTO aJbTepHAaTUBHas TUIIOTe3a B JIAHHOM CJIydae: «paclpe-
JieJIEHUE HE COOTBETCTBYET HOpMAaJIbHOMY». Kpome Toro, 4robbl pe3ysibraThl
[IPU BTOPUYIHOM BOCIIPOM3BEIEHNN OBLIN TEMU K€, MCIIO0/IH30BaHa (DyHKITHIS
set.seed (), peryaupyiolasi BCTPOEHHBII B R reHepaTop ciIydailHbIX ducet
Tak, YTOObI YUCJIa B CJIELYIONIE KOMaH e ObLIN CO3/AHbI [0 OJTHOMY U TOMY
2Ke «3aKOHY».
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Taxum obpazom, pacupesesieHne JaHHBIX B salary u salary2 ormimva-
eTcsl OT HOPMAJIBHOTO.

Jlpyroit nomyaspHbIit criocod MpOBEpUTh, HACKOJIBLKO PacIpe/ie/IeHue M0~
XOKe Ha HOpMaJsbHOe,— rpadudaeckuii. Bor kak s1o nemaercs (puc. 14):

> qgnorm(salary2, main="")
> qqline(salary2, col=2)

100
|

60
|

EEETBO0 O

20

O OCOTITHRS

Puc. 14. I'pacduueckas npoBepka HOPMAJIbHOCTU PACIPEICTICHIS

JLJTst KayKI0To 9JIeMEeHTa BBIMHUCISIETC, KAKOE MEeCTO OH 3aHUMAaeT B COpP-
TUPOBAHHBIX JAHHBIX (TaK HA3bIBAEMBIl «BBIOOPOTHBIII KBAHTIIIbY ) I KAKOE
MECTO OH JIOJIZKEH ObLI Obl 3aHSITh, €CJIU PACIPEIEIeHe HOpMaJIbHOe (Teo-
perndeckuii KBaHTU/Ib). [Ipsimast mpoBoauTest uepes3 KBapruiu. Ecim Touku
JIe’KaT Ha UPSMOM, TO pacipejiesienre HopMaJsibHoe. B Harem ciyuae MHO-
rve TOYKM JIeXKAT JIOCTATOYHO JIAJIEKO OT KPACHON NPSAMOI, a 3HAYWT, HE
IIOXOKU Ha paclpejiejleHHble HOPMaJIbHO.

st IpOBEpKU HOPMAJIBHOCTHA MOYKHO HCIIOJIL30BATDH U 0OJiee YHUBEP-
casibHbI TecT KosmoropoBa—CMUPHOBa, KOTOPBIN CPABHUBAET JIOOBIE JIBA
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pacipeziesieHts, II03TOMY JIJI CPaBHEHUs C HOPMaJIbHBIM paclpe/esleHueM
eMy HaJl0 IPAMO yKa3aThb «pnorms, TO eCTh TaK Ha3bIBACMYIO HaKOILJIEHHYIO
dbyHKkIMIO HOpMasIbHOrO pactpesesenus (OHa BecrpoeHa B R):

> ks.test(salary2, "pnorm")
One-sample Kolmogorov-Smirnov test

data: salary2
D =1, p-value < 2.2e-16
alternative hypothesis: two-sided

OH BBIJIaeT IPUMEPHO TO ke, 910 U Tekcr [lamupo-Yuikca.

4.4. Kak co3maBaTh cBou (pyHKITAN

Tecr [MTanupo-Yunkca BceM XOPOIIl, HO HEe BEKTOPU30BaH, KAK U MHOTHE
JIpyrue TecThl B R, M03TOMY IPUMEHUTD €0 ¢pa3y K HECKOJbKUM KOJIOHKAM
TabUIBl JAHHBIX He MOoaydnTcs. CreraHo 9TO HAPOYHO, IS TOTO ITOOBI
[O/[YEPKHYTh HEXKeJIATeJbHOCTh MHOYKECTBEHHBIX MAPHBIX CpaBHeHuH (00
9TOM MOJPOOHEE HAIMCAHO B IVIaBe MPO JIByMepHbIe Janubie). Ho B Hammem
cydae IMapHBIX CPaBHEHUI HET, a COKOHOMUTH BpeMst XodeTcst. MoKHO, KO-
HEYHO, HAXKUMasl «CTPEJIKY BBEPX», aKKYPATHO MOBTOPUTH TECT JIJIsT KarXK-
JION KOJIOHKH, HO OoJiee MPABUJIbHBIN ITOJIX0JT — CO3/IATh II0JIb30BATEILCKYIO
dyukiuo. Bor npumep Takoit dyHKIMN:

> normality <- function(data.f)

+ {

+ result <- data.frame(var=names(data.f), p.value=rep(O0,
+ ncol(data.f)), normality=is.numeric(names(data.f)))
+ for (i in l:ncol(data.f))

+ A

+ data.sh <- shapiro.test(data.f[, i])$p.value

+ result[i, 2] <- round(data.sh, 5)

+ result[i, 3] <- (data.sh > .05)

+ )

+ return(result)

+

3

Yrobbl yuKIMsa 3apaboTasia, HaIO0 CKOIUPOBATL 3TU CTPOUKUA B OKHO
KOHCOJIM WJIW 3allUCaTh UX B OT/EJIbHBI (dailsl (2KeJ1aTeIbHO ¢ PaCIIupEeHn-
eM *.r), a IOTOM 3arpy3uTh KomaHoii source (). ITocie sToro ee MOXKHO
BBI3BATH:



Kax cosdasamsv ceou dynkuyuu 89

> normality(trees)
var p.value normality

1 Girth 0.08893 TRUE
2 Height 0.40342 TRUE
3 Volume 0.00358 FALSE

OyukIiusg He TOJbKO 3airyckaeT Tect [llamupo-Yuikca HECKOJBKO pas,
HO eIrie 1 pa30opunBo 0hopMIIsieT pe3yabTaT BhinoHeHus. Pazbepem dyHK-
UI0 9yTh moapobHee. B mepBoit cTpouke ykazan ee apryment — data.f.
JabIie, B OKpy2KeHun (PUTYPHBIX CKOOOK, HaxomuTcs Teao dpyHkiunn. Ha
TpeTheil cTpouke opMupyeTcs IycTas Tab/JIuIa JAHHBIX TaKOW pa3mep-
HOCTH, Kakas 1morpebyercs HaM B KoHIE. Jlayibille HAUMHACTCS UKL I
KaXKJI0f KOJIOHKH BBITIOJTHSCTCS TECT, a TMOTOM (9TO BayKHO!) M3 TecTa W3-
BJIEKaeTCs p-3HadeHue. lIporeaypa oTa OCHOBaHA HA 3HAHUU CTPYKTYPBI
BBIBOJIa TECTA — CIUCKA, [JIe JIEMEHT p-value comepkut p-3HaueHue. [Ipo-
BEPUTH 3TO MOYKHO, 3aIVISHYB B CIIPABKY, 8 MOXKHO U 9KCIEPUMEHTAJIHHO
(kak? — cM. OTBET B KOHIIE IVIaBbl). Bce p-3HAUEHMs U3BJIEKAIOTCS, OKPYT-
JISTIOTCs1, CDABHUBAIOTCSL C TIOPOTOBBIM YPOBHEM 3HAYUMOCTH (B JIAHHOM CJIy-
vae 0.05) 1 3anmCHIBAIOTCS B TAOJIUILy. 3aTeM TabJIUIA BBIIACTCS <HADYKY».
[Ipemioxkennast GyHKITHS COBEPIIEHHO HE ONITUMU3UPOBaHa. e Jilerko Mox-
HO C/IeJIaTh 9yTh KOPOYE U K TOMY K€ HECKOJIbKO <«CMBIIIJIEHEE», CKaKeM
TaK:

> normality2 <- function(data.f, p=.05)

+ A

+ nn <- ncol(data.f)

+ result <- data.frame(var=names(data.f), p.value=numeric(nn),
+ normality=logical(nn))

+ for (i in 1:nn)

+ o

+ data.sh <- shapiro.test(data.f[, i])$p.value

+ result[i, 2:3] <- list(round(data.sh, 5), data.sh > p)
+ }

+ return(result)

+ }

> normality2(trees)
PesyabraTsl, pasyMeercsi, He OTJIMYAIOTCSI. 3aTO BUIHO, KAK MOYKHO J10-
0aBUTH apryMeHT, MPUYEM Cpa3y €O 3HAUYEHHEM [0 yMoadaHuio. Terepb

MO>KHO ITNCaTb:

> normality2(trees, 0.1)
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var p.value normality

1 Girth 0.08893 FALSE
2 Height 0.40341 TRUE
3 Volume 0.00358 FALSE

To ectb ecom BMecTo 5% B3ATh JECATUIPOLUEHTHBIN IOPOT, TO YK€ U JIJIs
[EPBOIl KOJIOHKH MOYKHO OTBEPIHYTH HOPMAJIBHOE PacCIpeesieHIe.

V2Ke He pa3 NOBOPUJIOCH, YTO HMKJOB B R ciaexyer nsberars. MoxKHO Jin
crenaTh 970 B HarmeM ciaydae? OKa3blBaeTcs, Ja:

> lapply(trees, shapiro.test)
$Girth

Shapiro-Wilk normality test

data: X[[1L]]
W = 0.9412, p-value = 0.08893

$Height

Kaxk Bujgute, BCe erre mporre! Ecin Mbl XOTUM yJIyUIIUTD 3PUTETbHBIN
3 dEKT, MOXKHO CJIIEIATH TaK:

> lapply(trees, function(.x) ifelse(shapiro.test(.x)$p.value >
+ .05, "NORMAL", "NOT NORMAL"))

$Girth
[1] "NORMAL"

$Height
[1] "NORMAL"

$Volume
[1] "NOT NORMAL"

31ech IpUMEHEHa TaK HA3BbIBAEMAas GHOHUMHGA PYHKUUuA, DyHKINS 6e3
Ha3BaHM:, OOBIYHO YIOTPeOssieMasl B KadecTBe IOCIeIHer0 apryMeHTa Ko-
Man Tuna apply (). Kpome Toro, ucronb3yercs jorundeckast KOHCTPYKITAS
ifelse().

W1 naxoHer, Ha 9TOI OCHOBE MOYKHO CJ€JIaTh TPETHIO I0JIb30BATEIbCKYIO
dbyHKIMO (IPOBEPHTE CAMOCTOSITENHHO, KAK OHA PAbOTAET):
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> normality3 <- function(df, p=.05)

+ {

+ lapply(df, function(.x) ifelse(shapiro.test(.x)$p.value >
+ p, "NORMAL", "NOT NORMAL"))

+ }

\2

normality3(list(salary, salary2))
normality3(log(trees+1))

\2

[Ipumepsr TOKe nHTEpECHBI. Bo-11epBbIX, HAIY TPETHIO (PYHKITUIO MOXK-
HO IPUMEHSITH HE TOJILKO K TaO/IUIAM JIAHHBIX, HO U K «HACTOSIINM» CITUC-
KaM, ¢ HEpaBHOH [JIMHOI 971eMeHTOB. Bo-BTOPBIX, mpocreiiiiee jjorapudmu-
qecKoe Mpeodpa3oBaHue Cpa3y 2Ke N3MEHUJIO0 «HOPMAJILHOCTbY KOJIOHOK.

4.5. Bcer/sa i TOYHBI ITPOIEHTHI

ITone3noit XxapaKTepUCTUKON MPY NCCIEIOBAHUN JAHHBIX SBJISIETCS TPO-
nopiwst (1071s1). B craTucTike 1o/ npornopiyeii HOHUMAOT OTHONIEHHE 00b-
€KTOB C HCCJIeIyeMONl OCOOEHHOCTBIO K 0bIiemy wumciy mabmonenuii. Ilo-
CKOJIBKY JIOJIsT — 3TO YACTb IEJIOTO, TO OTHOIIEHNE YAaCTU K IeJIOMY HaxXo-
mutces B mpenenax ot 0 mo 1. /lisg yamobcTBa BOCHPUSTHS JOJIH €€ YMHOYKAIOT
na 100% u nosydator nporenT — qucio B npegenax or 0% mxo 100%. Cie-
JIyeT BHUMATEJIbHO OTHOCHTBCS K BBIYUCJIEHUIO J10JIefl u He 3a0bIBATH IIPO
ucxomubie nanabie. B 1960-e romsl B paitoHHOM OTIEIE IO CETLCKOMY XO3sTii-
CTBY OBLIIO OOHAPYKEHO, UTO TAJIEXK JIOMIAJEH B OJTHOM CEJIbCKOM ITOCEJIEHUN
cocrau 50%. TIpumioch cOCTaBUTH KOMIIETEHTHYIO KOMEUCCHIO JIJISI ITPO-
BEPKHU IMPUYUH TAKOTO yKACHOrO siBjienust. [IpubbIB Ha MeCcTO, KOMHCCHS
OoOHaApy»KMJIa, YTO B JIAHHOM IIOCEJICHUHU OBLIO BCErO JIBe JIOMIAJH, B TOM
qUCJIe U CIIOXINAasi HeJIABHO CTapas KJsa4a, KOTOpas U IOCTY KA, TPUIHHOMN
dopMupoBaHUsS U BbIE3/1a HA MECTO KOMHUCCUN!

PaccmoTrpum 11pobiieMy, KOTOpasi 4acTO BCTPEYAETCS IIPHU ITPOBEJIEHUN
CTATUCTUYIECKUX HccienoBannii. Kak y3HATD, OTJINYAETCS JIU BBIUUC/IEHHbIIHI
HaMHU IIPOIIEHT OT «UCTHUHHOTO» IIPOIEHTA, TO €CTh JOJIM HHTEPECYIONNX HAC
00BEKTOB B TeHEPATBHON COBOKYTTHOCTH !

Bot npumep. B 6osbuuiie ectsb rpyima u3 476 manueHToB, cpeiu KOTO-
pbix 356 Kypsar. Mbl 3HaeM, 94TO B Cpe/iHEM 110 OOJIBHUIIE JIOJIS KYPSIITIX
cocrasisier 0.7 (70%). A BoT B HaIIeil IpyIiie OHa 4yTh IOOOJIbIIE — IPU-
MepHo 75%. st Toro 4ro0bl MPOBEPUTH TUIIOTE3Y O TOM, UTO JIOJIA Kypsi-
X B PAcCMATPUBAEMON I'PYyIIe MAIMEeHTOB OTIMIAETCS OT CpedHel ToIn
110 OOJILHUIIE, MBI MOXKEM 3aeCTBOBATh TaK HA3bIBAEMbIN OMHOMHUAIbLHBIN
TECT:

> binom.test (x=356, n=476, p=0.7, alternative="two.sided")
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Exact binomial test

data: 356 and 476
number of successes = 356, number of trials = 476,
p-value = 0.02429
alternative hypothesis: true probability of success is not
equal to 0.7
95 percent confidence interval:
0.7063733 0.7863138
sample estimates:
probability of success
0.7478992

[Tockosbky p-3Hadenue 3naduTebHO MeHbie 0.05 U ajgbrepHATUBHAS
[UIIOTE3a COCTOUT B TOM, YTO JIOJIsI KYPUJIBIIUKOB (OHA 371€Ch JOBOJIBHO
U3IeBaTeIbCKN HasblBaeTca «probability of success», «BepogTHOCTL ycite-
xa») He pasHa 0.7, TO Mbl MOYXKEM OTBEPTHYTb HYJIEBYIO TUIOTE3y U IPU-
HATHb aJbTEePHATHUBHYIO, TO €CThb PEeIlINTh, 4To Hamu 74% orTimdyarorca or
cpennux 1o Gonbaune 70% me ciaydaiino. B kadecTBe onmmum MBI UCIIOIb-
30Basin alternative="two.sided", HO MOXXHO OBLIO IOCTYIUTH MHAYE —
[IPOBEPUTH T'MIIOTE3Y O TOM, YTO J0JIsI KYPSIIUX B PacCMaTPUBAEMON IPYII-
I1e TAIMEeHTOB NPesvaem CPeIHIOn OO Kypamux 1o boabaure. Torma
aJIBTEPHATUBHYIO THIIOTE3y HaJ0 ObLJIO OBl 3amucaTh Kak alt="greater".

Kpome 6umHOMHUAIBHOTO, MBI MOYKEM IIPUMEHHUTDL 3/1eCh U TaK HA3bIBAE-
MBIt mecm nponopyut. Hamo 3amMeTnTsb, 9T0 OH MPUMEHSIETCS IITUPE, TTOTOMY
aro GoJiee YHUBEPCAJIEH:

> prop.test(x=356, n=476, p=0.7, alternative="two.sided")
1-sample proportions test with continuity correction

data: 356 out of 476, null probability 0.7
X-squared = 4.9749, df = 1, p-value = 0.02572
alternative hypothesis: true p is not equal to 0.7
95 percent confidence interval:

0.7059174 0.7858054

sample estimates:

p
0.7478992

Kak BugnmMm, pe3ysibTaT IpakTUIeCKH TaKO Ke.
Tect mporopiuii MOXKHO NPOBOJIUTH U C JIByMs BBIOODKAMHU, JIJIs 9TO-
'O UCIIOJIb3YeTCs Bee Ta yKe dyHKIus prop.test () (s JByXBBI6OPOIHOTO
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TEKCTa MPOTIOPIHii), a Takzke mcnemar . test () (s recra Mak-Hemapa, ko-
TOPBIl IIPOBOUTCSI TOT/IA, KOT/Ia BBIOOPKH CBSI3aHbI JAPYT C JIPYTOM). Y3HATh,
KaK UX WCIOJIb30BaTh, MOYKHO, IIPOYUTAB CIPABKY (U 0COOEHHO IpuMeph!)
110 06erM (DYHKITHSIM.

) %k Xk

OrtBert Kk 33za4e npo pyHkuio normality (). Yrobsl y3HaTh, OTKY-
Ia B3sTh 3HaUEeHHUs p-value, HaIO CHaUAIa BCIIOMHUTBH, 9YTO B R mouTn; Bee,
YTO BBIBOJUTCS HA 9KPAH,— ITO PEIYJIbTAT «IIE€UATH» PASJUIHBIX CIUCKOB
TIpU TTOMOINY HEBUANMOM KOMAHILI print (). A m3 cnmcka JIETKO «J0CTATH
Hy?KHOe 160 10 nMeHH, Jubo 110 HOMEpY (eC/Id, CKaXKeM, UMEHH y 3Jie-
MEHTOB HeT — Tak uHorja ObiBaer). CHavyasa BBISCHUM, U3 Y€ro COCTOUT
ciucoK-BoIBOM, byHKIMK shapiro.test():

> str(shapiro.test (rnorm(100)))
List of 4
$ statistic: Named num 0.992
.- attr(*, "names")= chr "W"
$ p.value : num 0.842
$ method : chr "Shapiro-Wilk normality test"
$ data.name: chr "rnorm(100)"
- attr(x, "class")= chr "htest"

B sTom cnmcke m3 4 371eMEHTOB €CTh JIEMEHT 1107, HA3BaHWEM p.value,
9TO HaM U TpeboBasioch. IIpoBepuM Ha BCsKwMit CiIydail, TO JIM 9TO:

> set.seed(1683)
> shapiro.test(rnorm(100))$p.value
[1] 0.8424077

Nwmenno To, uto #Ha 0. OCTaioch TOIBKO BCTABUTH 3TO HA3BAHUE B HAIILY
dyHKIHO.

OTBer K 33Jia4e MPO BBIOOPHI U3 MIPEIUCTIOBUS.

st roro urobsbl paccuntars p-value jyist Hameit nponoprun (48% mpo-
rOJIOCOBABINNX 3a KaHuaTa B), MOXKHO BOCIIOJIb30BATHCS OIIUCAHHBIM BbI-
e prop.test():

> prop.test(0.48%262, 262)
1-sample proportions test with continuity correction

data: 0.48 * 262 out of 262, null probability 0.5
X-squared = 0.343, df = 1, p-value = 0.5581
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alternative hypothesis: true p is not equal to 0.5
95 percent confidence interval:

0.4183606 0.5422355

sample estimates:

p
0.48

[Tony4daercst, YTO OTBEPIHYTH HYJIEBYIO TMIIOTE3Y O PABEHCTBE IIPOIOP-
Ui MBI HE MOXKEM, CJIMIIKOM BeJIUKO p-value (ropasmno 6GoJiblie «IoJI0xkKeH-
ueix» 0.05 u maxe «mbepanbubix» 0.1). IIporenTt ke mporosocoBaBImx
MOZKET JiexkaTh B mHTepBaJie oT 42% mo 54%! Nrak, 1o pesyabraTaM ompoca
HEJIb3s CKa3aTh, 9TO KaHIumaT A mobemt.

A BOT TaK MOXKHO PACCIUTATH KOJTMIECTBO Y€I0BEK, KOTOPBIX HAJIO OTIPO-
CHUTB, 9TOOBI OBITH YBEPEHHBIM B TOM, 4T0 48% 1 52% 1 BIpaBmy oTpazkaror
PEAJIbHYIO CUTYaIMIO (PeHepaJIbHYIO0 COBOKYITHOCTD ):

> power.prop.test(p1=0.48, p2=0.52, power=0.8)

Two-sample comparison of proportions power calculation

n = 2451.596
pl = 0.48
p2 = 0.52
sig.level = 0.05
power = 0.8
alternative = two.sided

NOTE: n is number in *each* group

[Tonygaercst, 9T0 OMPOCUTHL HAO OBLIO TPUMEPHO 5 THICSY YeTOBEK!

MpbI ucop30Ba/n 371eCh TaK HA3BIBAEMBIN POWEr-TeCT, KOTOPBIH IacTo
MIPUMEHSIETCs I TPOTHO3UPOBAaHUs dKcIepuMenTa. Mbl 3amann 3HadeHne
power = 0.8, IOTOMYy YTO UMEHHO TAKOE 3HAYEHUE SABJISETCHA OOIIEIIPUHS-
THIM IIOPOrOM 3HAYUMOCTH (OHO cooTBercTByer p-value < 0.1). Hyrb 6o-
Jiee TIoIPOBHO TIPO MOIIHOCTE (POWer) U ee CBsI3b C JIPYIUMU XapaKTePUCTU-
KaMH TeCTa MOXKHO IIPOYNTATDL B CJICAYIONIEH IiIaBe.



I'maBa 5

AHann3s cBd3eii: ABYMEDPHbBIE TaHHbIE

31ech pedb MOiIeT 0 TOM, Kak paboTraTh ¢ AByMs BbiOOpKamu. Ecim y
Hac JBa Habopa mudp, TO MepBOe, YTO MPUXOAUT B OJIOBY,— CPABHUTH UX.
JLj1st 3TOrO0 HAM HOTPEOYIOTCSI CTATUCTUYIECKHE TECTHL.

5.1. YTo TaKoe cTaTUuCTUYEeCKuil TecT

Hacrana mopa mogpobHee MO3HAKOMUTBLCS C SIIPOM CTATUCTHKH — TEC-
TaM{ W TUIOTE3aMU. B Ipeablayineil TjiaBe Mbl y2Ke KOPOTKO OObsICHSIIH,
KaK CTPOATCA CTaTUCTUYICCKHNE T'MIIOTEe3bl, HO €CJIN aHaJInu3 O,ZLHOﬁ BbI60pKI/I
MOXKHO CJ1eJIaTh, HE BIABasCh IIOJPOOHO B UX CMBIC/, TO B aHAJIN3€ CBA3E
0e3 TOHNMAHUS STUX IPUHITAIIOB He 0DONTHUCEH.

5.1.1. CrarucrndyeckKue rurnoresbl

N3 mepBoit ry1aBbl MBI 3HAEM, YTO CTATUCTUYECKAs BBIOOPKA TOJIKHA
ObITH PElpe3eHTATUBHOI (TO ecTh aJIeKBATHO XapaKTepU30BaTh I'eHEPaJIb-
HYIO COBOKYIIHOCTD, WJIM, KaK ee eIlle Ha3blBaloT, nomyssmnuio). Ho kak xke
MBI MOXKEM 3HATDb, PEIIPE3EHTATUBHA JI1 BLIOOPKA, €CJIN MBI HE MCCJIe0BAJIN
BCIO I'€HEPAJIbHYIO COBOKYITHOCTD ! DTOT JIOTUIECKHUI TYIIMK HA3BIBAIOT HIapa-
JTOKCOM BBIOOPKHU. XOTSI MBI 1 00€CIIEINBAEM PEIPE3EHTATUBHOCTDL BHIOOPKHU
COOJIIOIEHIEM JIBYX OCHOBHBIX IPHUHIUIIOB €€ CO3JIaHus (PaHIOMU3AIA 1
[OBTOPHOCTH ), HEOHPEIEJIECHHOCTh BCe Ke ocTaercs. Kpome Toro, ecim Mbl
MPUHIMAEM BEPOSITHOCTHYIO TOUKY 3PEHUs HA IMPOUCXOXKICHUE HAIUX JAaH-
HBIX (KOTODBIE TIOJIyY€eHbI yTeM CIy4YaifHoro BeI6Opa), TO BCe JaJbHenIme
CyKJIeHWs, OCHOBAHHbBIE HA 9TUX JAHHBIX, OY/IyT UMETh BEPOATHOCTHBIHN Xa-
paktep. Takum oOpaszoM, Mbl HUKOIJA HE CMOXKEM Ha OCHOBAHUU HaIlei
BBIOOPKHU CO CTOIPOIEHTHON YBEPEHHOCTHIO CYJUTh O CBOHCTBAX IeHEPAJIb-
HOM coBOKYTHOCTH! MBI MOYKEM JIUIIL 66106U2AMb 2UNOME3DL U BHLYUCAAND
UT 6EPOATMHOCTID.

Besukue dunocodsr naykn (mampumep, Kapsr [onmep) nocryiuposasin,
YTO MBI HUYErO HE MOXKEM JI0Ka3aTh, MBI MOXKEM JIUIIh YTO-HUOYIbL OMPO-
BeprayTh. JleficTBuresnbro, eciim Mbl cobepem 1000 dhakToB, TOATBEPK TAT0-
X KaKyIO-HUOY/Ib TEOPHIO, 3TO He Oy/eT 3HAYUTb, YTO MbI €€ JOKA3aJIH.
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Brosae Bosmozkuo, uto 1001-b1it (mrm 1 000 001-b1it) dakT onposepraer Ty
Teopuio. [losTomy B T060M CTATHCTUYECKOM TECTE BLIJIBUIAIOTCS JIBE IIPO-
TUBOIOJIOXKHBIE TUNOTE3bl. OJ[HA — 9TO TO, YTO MbI TOMUM JI0KA3aTh (HO
He MOXKeM!),— Ha3bIBaeTCs aavmephamuehol sunomesotl (ee 06O3HAUAIOT
Hi). pyrast — nporuBopedairast aJbTepHATHBHON — Ha3bIBAETCS HYJIEBOR
runotesol (oboznauaercs Hop). Hynesas rumoresa Beerja siBjisiercsi npe-
HOJIOZKEHUEM 00 omcymemeuy, 9ero-anbo (HampuMep, 3aBUCHMOCTH OJTHOI
[IEPEMEHHON OT JPYroif WM pas3jimyus MeXK/Iy JByMsi BbIOOpkamu). Mbl He
MOXKeM Joka3amb aJbTEPHATUBHYIO THIOTE3Y, a MOXKEM JIUIb Onposepe-
HYMb HYJIEBYIO TUHOTE3Yy U NPUHAMbG ATBTEPHATHUBHYIO (IyBCTByeTe pa3-
auity?). Eciin »ke Mbl He MOXKEM ONPOBEPrHYTh HYJIEBYIO I'MIIOTE3Y, TO MbI
BBIHY2KJE€HBI TPUHAITH €€.

5.1.2. CrarucruyeckKue ounimoOKu

EcTecTBeHHO, 9TO KOTJIa MBI Jle1aeM JII00ble Pe/IIoIoKeHns (B HaleMm
CJIyda€ — BbIJIBUTa€M CTATUCTUICCKUEC FHHOTQBBI), MBI MOZKEM OH_H/I6a,T]:>CH
(B HameM ciydae — JieslaTh CTATUCTUYECKUE OIMMOKM). Bcero BO3MOXKHO
verbipe ucxona (rabi. 5.1).

[Tomynsamus
Bepua H Bepua H
Bribopka P 0 P !
[Tpunumaem Hg [TpaBuibHO! CraructTuyeckast
oInbKa,
6mopo2o poda
IIpunumaem Hy Craructuyeckast [TpaBuibHO!
omubKa
nepeozo poda

Tabaumna 5.1. CraTucTrdeckne ommoKN

Ecyin Mbl nipussiin st Beibopku Hy (HyseByro runoresy) u oHa Bep-
Ha [T TeHEePaJIbHON COBOKYMHOCTH (TIOMYJISIUK), TO MbI IPaBbl, U BCE B
nopsijke. Anasiornano u Jyisi Hy (anprepnarusroil runoresst). fcuo, uto
MBI HE MOYKEM 3HATb, UTO B JEHCTBUTEILHOCTH BEPHO JIJIsl T€HEPAJILHOHN CO-
BOKYITHOCTH, U Cefidac MPOCTO PACCMATPUBAEM BCE JIOTUIECKH BO3MOXKHBIE
BapUAHTHI.

A BOT ecim Mbl NPUHSINA JJIs BLIOOPKHU aJbTEPHATUBHYIO HUIIOTE3Y, a
OHa OKa3aJ/IaCh HEBEPHA JJIsT NeHEPAIbHON COBOKYITHOCTH, TO MBI COBEPIITH-
JI TaK HA3bIBAEMYIO CTATUCTUYECKYIO OMIMOKY [EePBOrO poja (HAILIM He-
CYIIECTBYIONLYIO 3aKOHOMEPHOCTD). BeposTHOCTH TOro, YTO MBI COBEPIIHU-
Jm 3Ty omubKy (3TO U ecTh p-3HadeHue, «p-values), Bcerja orobparkaeTcst
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MIpU TIPOBEJICHUH JIIOOBIX CTATUCTUYIECKUX TecToB. OUYeBUIHO, UTO €CJIU Be-
POSITHOCTH TOM OIMUOKU JOCTATOTHO BBICOKA, TO MBI JOJKHBI OTBEPTHYTH
aJIbTEPHATUBHYIO TUIOTE3y. BO3HUKAET ecTeCTBEHHBII BOIIPOC: KAKYIO BEPO-
SITHOCTH CYUTATH JIOCTATOYHO BBICOKOH? Tak yKe Kak M ¢ pasMepoM BBIOOD-
K1 (CM. IEPBYIO IVIABY), OJHO3HAYHOIO OTBETA Ha 9TOT BOLPOC HeT. Bosee
WK MeHee ODIIENPUHSITO, YTO MOPOrOBBIM 3HadYeHWeM Haao cuutaTb (.05
(TO ecTh aJbTEPHATHBHAS TUIIOTE3a OTBEPTaeTCsl, €CAN BEPOSITHOCTD OO~
KU 1IpH ee npuHsTuu 6osbiie win pasaa 5%). B mequnune 1ieHoit ommbkn
HEPEJIKO SBJIAIOTCST YeJI0BEUECKNE YKU3HU, MOITOMY TaM MOPOrOBOE 3Hade-
uue gacto npuanMaioT paBabiM 0.01 mwm gaxe 0.001 (To ects permenne o
CYIIECTBOBAHUU 3aKOHOMEPHOCTHU IIPUHUMAETCS, €CJIM BEPOSITHOCTD OIMTUOKN
HIYTOXKHA).

Takum 0b6pazoM, pernrenne 0 pe3ysIbTaTax CTATUCTUIECKUX TECTOB MPHU-
HUMAETCsI TJIABHBIM 0Opa30M HA OCHOBAHUU BEPOSITHOCTU CTATHCTUIECKOI
omubKu mepBoro posa. CTenenb YBEPEHHOCTH UCCTIEIOBATEST B TOM, UTO 3a-
KJIFOUEHNE, CJIeJIAHHOE Ha OCHOBAHUU CTATHCTUIECKOH BRIOOPKH, OYIET ciipa-
BEJIJIUBO U JIJIsI TEHEPAJIBbHOM COBOKYITHOCTH, OTPAYKAET CTATHCTUYECKAs 0~
CTOBEpHOCTE. JlomycTnM, eciii BEpOSITHOCTh CTATUCTUIECKONH OIMMMOKM TIep-
BOro poja pasaa 3%, TO TOBOpAT, UTO HaiiJeHHAS 3aKOHOMEPHOCTDH JIOCTO-
BepHa € BEPOATHOCTBIO 97%. A eciin BEpOATHOCTH CTATUCTHYECKON ONUOKH
[IepBOIo Pojia paBHa, HanpuMep, 23%, TO TOBOPST, UTO JOCTOBEPHOIl 3aK0-
HOMEPHOCTHU He HailJieHo.

B caydae, ecniu Mbl IpUHUMaeM HYJIEBYIO TUIIOTE3Y JJTsT BHIGOPKHU, B TO
BpeMd KaK JIJIg I‘eHepaﬂbHOﬁ COBOKYITHOCTHU CIIpaBe€I/INBa aJIbTEPpHATHUBHAA
[UIIOTE3a, TO Mbl COBEPIIAEM CTATUCTHYECKYIO OIUOKY BTOPOro poJa (He 3a-
MedaeM CyIIeCTBYIONEel 3aKOHOMEPHOCTH ). DTOT HapaMeTp XapaKTepu3yer
TaK HA3bIBAEMYIO MOIIIHOCTD (DOWET) CTATHCTUIECKOIrO TecTa. eM MeHbIe
BEPOSITHOCTb CTATUCTUYECKOI OMMUOKN BTOPOro pojia (TO eCTh 4eM MeHbIIe
BEPOSITHOCTD HE 3aMETHUTH HECYNIECTBYIOIIYIO 3aKOHOMEPHOCTh), TeM boJtee
MOIIIHBIM fABJIACTCA TECT.

JL71s1 ToJTHOI SICHOCTH TIepepucyeM Halry TabJIUILy JIJIsT KOHKPETHOTO CJTy-
Jasi — MCCIIe/J0BAHUST 3aBUCUMOCTH MEXK/Ly JIBYMs npu3Hakamu (tabir. 5.2).

5.2. Ectb am pazamane, nianm TecTupoBaHUe JBYX
BBIOOPOK

[Ipu oTBeTe Ha STOT BOIPOC HY?KHO BCErJIa MOMHHUTH, 9TO yHOMSHYTHIE
HUKE TECTbl MPOBEPSAIOT PA3JIUYMUS TOJBKO 10 IEHTPAJbHBIM 3HAYEHUIM
(HampuUMep, CPeJIHUM) U TI0/IPa3yMEBAIOT, YTO Pa3dpPOC JaHHBIX B BBIOOPKAX
npuMepHO OofumHAKOB. Hampumep, BBIOOPKHU C OIMHAKOBLIME ITapaMETPaMU
cpeliHell TEHACHITNN U Pa3HbIMU ITOKa3aTe siMu pa3bpoca manubix, c (1, 2,
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[Homymnsiums
Bribopka Bepra Ho Bepra H;
Y . Y e
e "o . e
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Y . Y .
. ..o. ° ' .
. L] ‘e .0 °
""o..c..' ':::.. )
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Tabsmma 5.2. CraTtucrudeckne OMMUOKNA HPU UCCIEIOBAHUU 3aBUCUMOCTH
MEXKTy AByMs pu3HakamMu. MejiKre TOUYKM 0TParkKaioT 00bEKThI TeHePa/ib-
HOIl COBOKYIHOCTH (IOIYJISAIMN), KPYIIHbIE TOYKH — OOBEKTHI U3 HAIEil
BBIOOPKU

3, 4,5,6,7,8,9 uc, 5, 5,5, 5,5, 5,5, 5 pazimyarbcsd
He OyIyT.

Kak BbI momHUTE, /1715 TPOBEIEHNS CTATHCTUIECKOTO TECTA HY?KHO BbI-
JBUHYTD JIBE CTaTUCTUYecKue runore3nl. Hymesast rumoresa 3/1ech: «pasiin-
quit Mexky (JAByMst) BEIOOpKaMu HET» (TO eCTh 00e BBIOGOPKH B3SATHI U3 OJI-
HOIi IeHepaJsIbHON COBOKYITHOCTH). AJIbT€pDHATHBHAsI TUIIOTE3a: «Pa3/IHIMs
MeKy (JBYMsi) BBIOOPKAMU €CTh».

Hanomunaem, 4To Ballu JaHHbIE JIOJKHBI OBITH OPraHU30BaHbI B BU/JIE
JBYX BEKTOPOB — OTIEJIbHBIX UK 00HEINHEHHBIX B JIUCT WU TAOJIUILY TaH-
oerx. HampuMmep, ecim HyKHO y3HATDb, Pa3/IMYaeTCs JIM JOCTOBEPHO POCT
MY?KYUH ¥ 2KEHIIWH, TO B OJHOM BEKTODE JIOJI?KEH OBITH yKa3aH POCT MyK-
YKH, a B JPYIOM — POCT YKEHIUH (KayKjas CTPOYKa — 3TO OJUH 0OCIIe0-
BAHHBII YEJI0BEK).

Ecnu nannble mapamMeTpudeckue, TO HY2KHO IIPOBECTH ITapaMeTPUICCKUi
«t-rect» (mm «rect CroiofenTas ). Ecm pu 910M 11epeMeHHbIe, KOTOPbIE
MBI XOTUM CPABHUTD, ObLIN HOJIYUEHBI Ha PA3HLL 005eKmar, Mbl OyIeM nc-
[I0JIb30BATh JIBYXBbIOOPOUHBIN t-TECT JIJIsi HE3ABUCUMBIX MIE€PEMEHHBIX (two
sample t-test), KOTOpBIii 3amyckaercst Ipu moMoIM KoMaupl t.test (). Ha-
[IPUMeED, €CJIA JIBE CPAaBHUBaeMble BHIOODKH 3aIlMCAHBI B IIEPBOM U BTOPOM
croJibriax TabyuIb! JaHHbIX data, To komaHaa t.test (datal,1], datal,2])
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10 YMOJYAHUIO BBIJIACT HAM Pe3YJIbTAThl IBYXBBIOOPOYHOTO t-TecTa Ijist
HE3aBUCUMBIX [T€PEMEHHBIX.

Ecin »xe mapbl cpaBHUBaEMbIX XapaKTEPUCTUK OBLIN TOJTYyUIEHBI HG 00-
HOM 00B€KMe, TO €CTh TIEPEMEHHBIE 3a6UCUMbL (HATPIMED, 9aCTOTa IIyJIbCa
JI0 U T0CjIe (pU3UIECKOl HArpY3KHU U3MEPSLIach Y OJHOIO W TOTO YKe YesIoBe-
Ka), HAJI0 UCHOJIb30BaTh MapHblil t-rect (paired t-test). st 3roro B KoMaH-
Je t.test () Hamo ykazars napamerp paired=TRUE. B namewm npumepe, ec-
JIV TAHHBIE 3aBUCUMBI, HAJIO UCIIO/Ib30BaTh KOMaH 1y Bumia t.test (datal, 1],
datal,2], paired=TRUE).

Bropoit TecT, TecT 11151 3aBUCUMBIX TIEPEMEHHBIX, Oosiee MommHBIA. [1pen-
craBbTe cebe, I4TO Mbl U3MEPSIIU IIYJIbC 1O HATPY3KH Y OJIHOTO UeJIOBEKA,
a 1mocje HArpy3ku — y jgpyroro. Torma 6bu10 6B HE sICHO, KAK OObSICHUTH
[IOJIYUEHHYIO PA3HUILy: MOYKET ObITh, JacTOTa IYJbCa YBEJUJIUIACH [TOCJIE
HAIPY3KHU, & MOXKET OBITh, TUM JIBYM JIFOJSIM BOODIIE CBOWCTBEHHA DA3HASI
qacToTa IyJibca. B ciiydae ke «IBOHHOrO» M3MEPEHUs IIyJIbCa KarXKIbIil 1ue-
JIOBEK KaK 6bI ABJIAETCA CBOUM CO6CTB€HHI)IM KOHTPOJIEM, 1 Pa3HUIa MEXKJTY
CPABHUBAEMbIMH [EPEMEHHBIMU (JI0 U TIOCJe HAIPY3KH) O0YCJIOBIMBACTCS
TOJIKO TeM (DaKTOPOM, HA OCHOBE KOTOPOT'O OHU BBIJIEJICHBI (HATMIHEM Ha-
IPY3KN).

Eciu MBI uMeeM 1710 C HENApaMempuyeckumy JTAHHBIME, TO HYKHO
[IPOBECTH HeIapaMeTpUIecKuil deyxevbopounviii mecm Buakxoxcona, « Wil-
coxon test» (oH m3BecrTeH eme u Kak Kak mecm Manna-Yumnu, «Mann-
Whitney test»). st 9T70r0 HaJ0 UCHIOAB30BATH KOMaHIy wilcox.test().
B caydae ¢ 3aBucHMBIME BBIOOPKAMM, AHAJOTUIHO t-TecTy, HaI0 UCIOJIb30-
BaTh ItapaMerp paired=TRUE.

[IpuBenem HeckoJILKO puMepoB. st Havaa BOCIIOIb3yeMCsl KIaccude-
CKUM HabOPOM JIAHHBIX, KOTOPBIA UCIIOJb30BAJICSI B OPUTHHAJIBHON pabore
CrbrozieHTa (IICEBIOHUM UpJIaHJICKOro MaTeMaruka Yusbsama Cuau Tocce-
Ta). B ynomsmyToii paboTe MpoM3BOAMIIOCH CPABHEHIE BIIMSHAS JIBYX Pas3-
JIMYHBIX CHOTBOPHBIX HA YBEJIMYEHUE MPOJIOJKUTEJbHOCTH cHa (puc. 15).
B R stu manubie pocrymnHbl 1oy HazBanueMm sleep. B crosbrie extra co-
JIEp>KUTCST CpeJIHee IpUpAIleHrne IPOIOJIKUTETFHOCTH CHA I0C/Ie HadaJa
npuema JiekapcTBa (110 OTHOIIEHWIO K KOHTPOJILHOI TpyIIe), a B CTOJOIE
group — KoJI JieKapcTBa (IIepBoe MJIN BTOPOE).

> plot(extra ~ group, data = sleep)

3/ech UCMOMB30BaHA TaK HasbiBaeMast «(hOpPMYIa MOJENN»: B PACCMAT-
pUBaeMOM CiIyuae extra ~ group O3HAYACT, UTO Eroup HCIOIB3YETCs JIIsT
pa3buBKu extra.

Brusane mekapcTBa Ha KayKJIOTO UeIOBEKA WHINBHUIYATLHO, HO CPE/I-
Hee yBeJIMYEHUE MPOIO/KUTEJIFHOCTH CHA MOYKHO CUUTATH BIIOJIHE JIOTHY-
HBIM [T0OKa3aTeJIeM «CUJIbl» JieKapcTBa. OCHOBBIBAsICH HA STOM IIPEJIIIOJIONKE-
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Puc. 15. Cpetee npupaliienne IpoI0/2KUTEILHOCTH CHA IIOCJIe Hadajia Ipu-
e€Ma Pa3HbIX JIEKAPCTB B JIBYX I'PYIIIAaX 10 OTHOIIEHWIO K KOHTPOJILHON

Huu, noIpobyeM IPOBEPUTH IPU IIOMOLIM t-TecTa, 3HAUYKUMO JIA Pa3/indne B
CPEJIHUX JIJIst 9TUX JBYX BBIOOPOK (COOTBETCTBYIONIMX JBYM Pa3HBIM JICKAP-
crBaM):

> with(sleep, t.test(extralgroup == 1], extralgroup == 2],
+ var.equal = FALSE))

Welch Two Sample t-test

data: extral[group == 1] and extralgroup == 2]
t = -1.8608, df = 17.776, p-value = 0.0794
alternative hypothesis: true difference in means is not
equal to O
95 percent confidence interval:
-3.3654832 0.2054832
sample estimates:
mean of x mean of y
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0.75 2.33

[Tapamerp var.equal 103BOJIIET BBIOPATH *KEJIAEMBINl BAPUAHT KPUTE-
pUsi: OpUTHHAJIBHBIA t-KpuTepuit CThIOIEHTA B IIPEJIIOJIOKEHIH, YTO Pa3-
6pochl JaHHBIX OuHAKOBbI(var.equal = TRUE), min ke t-rect B Moudu-
karun Yaaaa (Welch), cBobommbetit oT 9Toro npe/nosnoxenus (var.equal =
FALSE).

Xorst (popMasIbHO MBI HE MOYKEM OTBEPIHYTH HYJIEBYIO IHIore3y (O pa-
BEHCTBe cpefnnx ), p-3uadenne (0.0794) Bce 2Ke JOCTATOUHO MAJIEHBKOE, ITO-
OBl TIOITPOOOBATE JPYTHEe METOJIbI JJIsi TPOBEPKU TMIIOTE3bI, YBEJTUIUTH KO-
JITYECTBO HADJIIOMIEHUH, elle pa3 yOeauThCss B HOPMAJIBLHOCTH PACIIPE/Iesie-
Huit 1 T. 7. MoxKeT npuiiTt B TOJIOBY MPOBECTH OJHOCTOPOHHUI TECT — BeIb
OH OOBIYHO YyBCTBUTEbHEE. Tak BOT, 9TOTO jesaTh Heyb3st! Herb3s moro-
My, 9TO OOJIBIMUHCTBO CTATUCTUYECKUX TECTOB PACCUMTAHBI HA TO, YTO OHU
OymyT nmpoBoauThCst ad hoc, TO ecTb 6e3 3HAHWS KaKOW-T100 JIOMOJTHUTE/Th-
Hoit uadopmaruu. CyriecTByoT u post hoc TecThl (CKaxkeM, 06Cy XK IaeMBblii
ke «Tukey Honest Significant Differences test»), Ho ux HemHOrO.

Jliist cpaBHEHUS IBYX BBIOOPOK CYIIECTBYIOT, pa3yMEETCsl, 1 HellapaMeT-
putueckue Tectbl. OIUH U3 HUX, MECTM 3HAK06, HACTOJIBKO IIPOCT, 9YTO €r0 HET
B R. Mo:xHo, onHako, JIerkKo ¢ieaThb ero caMoMy. 1eCcT 3HAKOB BBIYUC/ISIET
Pa3HUILY MEXKJy BCEMHU IapaMU JIEMEHTOB JBYX OJIMHAKOBBIX IO pa3Mepy
BBIOOPOK (TO €CTh 9TO TMAPHBINA TECT). 3aTeM MOXKHO OTOPOCHTH BCE OTPH-
[aTebHbIE 3HAUEHHUSI ¥ OCTABUTH TOJIBKO IOJIOXKHUTEIbHBIE. ECin BRIOOPKY
B3sIThI U3 OJIHOI IeHEePaJIbHON COBOKYITHOCTHU, TO IOJIOXKUTETHHBIX DA3HUIL
Oy/leT IPUMEPHO IOJIOBUHA, U TOIJIA YK€ 3HAKOMBIA HAM OMHOMHUAJILHBIHI
TecT He HaligeT oTimunii Mexkry 50% u mponoprmeil moJoKUTEeIbHBIX Pas-
uutl. Ecju BBIOOPKHU pasHble, TO MPOIOPIINs TOJIOKUTE/IbHBIX PA3HUIL Oy1eT
3HAYUMO OOJIBIIIE UM MEHBIIE ITOJIOBUHBI.

3amayga. [Ipuaymaiite, mpu moMoru Kakoro R-BbIpazkeHus: ¢iesiaTh Ta-
KOI TECT, U MPOTECTUPYHITE JIB€ BHIOOPKM, KOTOPhIE MbI IIPUBEJIH B HATAJE
paszena.

[Tepeitnem TeM BpemeneMm K 60jiee CJIOKHBIM HEIapaMeTPUYECKUM TeC-
tam. Paccmorpum npumep. Cranjgaprabiii Habop JaHHBIX airquality co-
nepKuT nHMOPMAINIO O BeJNUHHE 030HA B Bo3ayxe ropoga Hero-Mopka c
Mast 110 ceHTsiOph 1973 roma. KoHImeHTpanus 030Ha MpecTaBjieHa OKpPYyT-
JIEHHBIMU CPEJHUMU 3HAYEHUSMU 38 JeHb, II09TOMY aHAJM3UPOBATD €€ «OT
rpexa MojaJjbliey JIydlle HelapaMeTpUIecKuMU MeTojaMu. Brpodewm, 1mo-
npobyiiTe BBISICHUTH CAMOCTOSITENIbHO (970 3amad4al), HaCKOJIbKO OJIM3KU K
HOPMAJILHBIM TIOMECSYHbIE PACIIPe/iesIeHnsi 3HaYeHU KOHIIEHTPAIi 030Ha
(cM. OTBET B KOHIIE IVIABBI).

[IpoBepum, HATIPEMED, TUIIOTE3Y O TOM, YTO PACIIPE/IE/IEHUE YPOBHS 030-
HA B Mae U B aBI'ycTe OBLIO OJIMHAKOBBIM:

> wilcox.test(Ozone ~ Month, data = airquality,
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+ subset = Month %in% c(5, 8))
Wilcoxon rank sum test with continuity correction

data: 0Ozone by Month
W = 127.5, p-value = 0.0001208
alternative hypothesis: true location shift is not equal to O

[TockobKy Month jiucKpeTeH (3TO MPOCTO HOMEDP MECsIIa), TO 3HAYECHUS
Ozone OyayT CIPYHIUPOBAHBI IIOMECIIHO. Kpome TOro, Mbl MCIIOIb30BAJIN
mapaMeTp subset BMecTe C OepaTopoM %inj, KOTOPBIH BEIONPAET N30 BCEX
MecsIeB Maii 1 aBrycT (IATBI U BOCHMON MECHIBI).

Kpurepuit orBepraer runoresy 0 COTJIACHHU PACIPEIEIeHAN YPOBHS 030-
Ha B Mae U B aBIyCT€ C JIOCTATOYHO OOJIBIION HAIEXKHOCTBHIO. B 310 J10-
CTATOYHO JIEI'KO IOBEPUTH, IIOTOMY UTO YPOBEHbH O30HA B BO3JIyXe CUJILHO
3aBUCUT OT COJTHEYHOU aKTUBHOCTH, TEMIEPATYPHI U BETpA.

Paznmuuns Mexky BBIOOPKAMHU XOPOIIO WJIIOCTPUPOBATL ITPHU TOMOIIN
rpaduka «AMuK-c-ycamuy, Harpumep (puc. 16):

> boxplot(0zone ~ Month, data = airquality,
+ subset = Month %in% c(5, 8))

(O6parure BHUMAHUE Ha TO, UTO 3/1€Ch JIjIsi boxplot () MbI HCIIOJIB30Ba-
JIL Ty Ke camyto (hopMyJry MOJIEJIH. )

YacTo CIUTAIOT, ITO €C/IU «AMUKN» TIePeKPhIBAIOTCA O0JIee IeM Ha TPETh
CBOEil BBICOTHI, TO BHIOOPKH JOCTOBEPHO HE PA3JIMYAIOTCS.

MoKHO HCIIOJIB30BaTh t-TecT U TecT BUIKOKCOHA M JIJIsT OTHOM BBIOOD-
KW, €CJIN CTOUT 33/a4a CPABHUTH €€ C HEKUM <«3TaJIOHOM». [I0CKOIbKY BBI-
OOpKa 0JiHa, TO U COOTBETCTBYIOIINE TECTHI HA3LIBAIOT OJHOBBLIOOPOYHBIMHU.
Hynesyto rumoresy B 3TOM ciaydae HaI0 (POPMYINPOBATH KaK PABEHCTBO
BBIOOPOUTHOM CpeaHel Wan MeauaHbl (;ms{ t-Tecta 1 Tecta BuiakokcoHa, co-
OTBETCTBEHHO) 3aJ[aHHOMY YHCILY [ (CM. IPEJBIIYIIYIO [JIABY ).

agaua. B daitne manHbpIX otsenki.txt 3amrcaHbl ONEHKN OJHAX W TEX
7K€ yUEeHNKOB HEKOTOPOTI'O IIKOJBHOIO KJIacca 3a HEepPBYIO 4eTBepTh (3Haue-
Hue Al BO BTOPOIl KOJIOHKE) U 3a BTOPYIO 4eTBepTh (A2), a TakyKe OIEHKU
YUEHUKOB JIPYroro Kjacca 3a IepByio derBeprb (Bl). Ormvatorcst i pe-
3yJIbTAaThl KJjlacca A 3a IepByIOo U BTOPYIO derBepTh! Kakoii Kjacc yduiics
B 1epBoil yerBepru Jjyuiie — A win B? OTBeT cM. B KOHIIE IJIaBLIL.

3anaya. B cynepmapkere, cpeiu npounx, paboTaoT jaBa kaccupa. s
TOrO YTOOBI IPOAHAIU3UPOBATE 3(PPEKTUBHOCTH UX PAOOTHI, HECKOJILKO pa3
B JIeHb B cepenHe Hele/u MOACIUTBIBAIN Odepean K Kaykioi u3 uux. Jlan-
Hble 3amnucaHbl B (aiiyie kass.txt. Kakoit kaccup paboraer Jrydrie?
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Puc. 16. Pacupenesienne o3ona B BO3ayXe B Mae W MIOHE

5.3. Ectb Jiu coorBercTBHE, Nan AHaJn3 TabJINIL

A Kak cpaBHHTH MeKJy cO0Oil JBe BBIOODKH M3 HOMHHAJLHBIX (KarTe-
rOpUaIbHBIX) JaHHBIX? JIJIs 9TOro 4acTo UCIOJIb3YIOT TAOIHILI COMPSZKEH-
Hoctr (contigency tables). ITocTpouTs TaGIHIYy COLPSZKEHHOCTH MOXKHO C
noMonipio pyHknnn table():

> with(airquality, table(cut(Temp, quantile(Temp)), Month))

Month
5 6 7 8 9
(56,721 24 3 0 1 10
(72,791 515 2 9 10
(79,85] 1 719 7 5
(85,971 0 510 14 5

Crpoku 9T0it TabIUIBEl — YeThIpe nHTepBasa remieparyp (mo Papenreii-
Ty), a cToa0IbI — Mecsil roja. Ha nepecedennn KaxK/0ii CTPOKHU U CTOJIOIA
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HaXOJUTCS YUCJI0, KOTOPOe TMOKA3bIBAET, CKOJILKO 3HAUEHUN B TAHHOM MeCsI-
1€ TIONIaJIaeT B JIAHHBIH MHTEPBAJ TEMIIEPATYP.

Ecnu bakTopos GosbIre 1ByX, TO R 6y1eT cTponTh MHOIOMEPHYO TabJIH-
Iy U BBIBOJUTH €€ B BUJIE CEPUU JIBYMEPHBIX TAOJINII, YTO HE BCEra yI00HO.
Mo2kHO, OTHAKO, IMMOCTPOUTH <ILIOCKYIO» TaOJIUILy COIPSKEHHOCTH, KOTJA
BCce (DAKTOPBI, KPOME OJTHOTO, OO'bEINHSIIOTCSI B OJUH «MHOTOMEPHBINY hak-
TOp, YbU TPAJAINK UCIOJIB3YIOTCHA IPHU rocTpoennn Tabsuipl. [locTpouTns
TaKyIo TabJIMILy MOYXKHO ¢ rmoMoIibio dpyukiuu ftable ()

> ftable(Titanic, row.vars = 1:3)

Survived No Yes
Class Sex Age

1st Male Child 0 5
Adult 118 57

Female Child 0 1

Adult 4 140

2nd Male Child 0 11
Adult 154 14

Female Child 0 13

Adult 13 80

3rd Male Child 35 13
Adult 387 75

Female Child 17 14

Adult 89 76

Crew Male Child 0 0
Adult 670 192

Female Child 0 0

Adult 3 20

ITapameTp row.vars I0O3BOJIET yKa3aTh HOMEpa IIEPEMEHHBIX B HADO-
pe JaHHBIX, KOTOPbIE CJIEIYeT OObEINHUTL B OJMH-€IMHCTBEHHBINH (PaKTop,
rpajall KOTOPOTO U Oy/IyT WHIEKCUPOBATL CTPOKU TaOJIMIILI COIPSIyKEH-
voctu. [lapamerp col.vars mpoJjiesbIBaeT TO »Ke caMoe, HO JJIsi CTOJIOIOB
TaOJIUIIBI.

OyHKIMIO table MOXKHO HCIIOJIB30BaTh W JJIst Apyrux mnejeit. Camoe
IIPOCTOE — 3TO TOJIcYeT YacToT. Hampumep, MOKHO CIUTATH HPOITYCKU:

> d <- factor(rep(c(”A”,"B","C"), 10)’ 1evels=c("A","B","C","D“,
+ "E"))

> is.na(d) <- 3:4

> table(factor(d, exclude = NULL))
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A B C <NA>
9 10 9 2

Qynkiya mosaicplot MO3BoJIAET HOMYIUTH IpaduiecKoe n3odpazkenne
TabJunpl conpsikennocru (puc. 17):

> titanic <- apply(Titanic, c(1, 4), sum)

> titanic
> titanic
Survived
Class No Yes
1st 122 203
2nd 167 118
3rd 528 178
Crew 673 212
> mosaicplot(titanic, col = c("red", "green"), main = "",

+ cex.axis=1)

ITpu momomu dyskiun chisq.test() MOXKHO CTATUCTHYECKU IIPOBE-
PHUTB THIIOTE3y O HE3aBUCUMOCTH ABYX daxTopoB. K mamueiM OymeT mpume-
uen Tect xu-kBajpar (Chi-squared test). Hanpumep, npoBepum runoresy o
HE3aBHCHMOCTH I[BETa IVIa3 U BOJIOC (BCTpoeHHBIE JaHHble HairEyeColor):

> x <- margin.table(HairEyeColor, c(1, 2))
> chisq.test(x)

Pearson’s Chi-squared test

data: x
X-squared = 138.2898, df = 9, p-value < 2.2e-16

(Toro xe adbdekra MOKHO J0O6UTHCsI, ecyin hyHKIun summary () mepe-
JIaTh TabJIMILy CONMPSI)KEHHOCTH B KA4eCTBE apryMeHTa. )

Hab6op nannbix HairEyeColor — 9T0 MHOTOMEPHAs TabJINIIA, CONPSIYKEH-
HOCTHU. JIJIsi CyMMHUPOBaHUSI JACTOT O BCEM <«U3MEPEHUSIM», KPOME JIBYX,
HCIIO/IH30BaJIach QyHKINs margin.table. Takum obpas3oM, B pe3ysbTare
ObLTa TIOMydeHa JAByMepHas TabJINIa COMPsiKeHHOCTH. TecT Xu-KBaJpaT B
KaveCcTBe HYJIEBOI I'MIIOTE3bl TPUHUMAET HE3aBUCUMOCTD (haKTOPOB, TAK UTO
B HAIIleM IpuMepe (IIOCKOJIBKY MBI OTBEpraeM HYJIEBYIO THIIOTE3Y) CJIEIyeT
IPUHATH, 9TO (DAKTOPBI 0OHAPYIHCUBAIOM COOMBEMCMEUE.

Yro06s! rpaduvuecku n300pa3suTh STU COOTBETCTBUS, MOXKHO BOCIIOJIB30-
BaTbest bynkiumeii assocplot () (puc. 18):

> x <- margin.table(HairEyeColor, c(1,2))
> assocplot (x)
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2nd

Crew

1st
o)
Z I

EI

Puc. 17. Hons BepkuBImnx Ha « TUTaHMKe» MacCAXKUPOB U WIEHOB KOMAHIBI
B 3aBHCHMOCTH OT KJIacCa MX OWJIeTa: MO3au4YHbIi rpaduk

Survived

3rd

Class

Ha rpaduke BUIHBI OTKIIOHEHUST OXKHUJAEMBIX YaCTOT OT HADJIIOIAEMbBIX
BesimarH. BhIcoTa TPSIMOYTOJIbHIKA [TOKA3BIBAET ADCOIOTHYIO BEJINIUHY 3TO-
TO OTKJIOHEHUsI, a TOJIOXKEHNe — 3HAK OTKJIOHeHusA. OTUYeTINBO BUIHO, UTO
JIJTST JTIOJIEN CO CBETIILIME BOJIOCAMU XapaKTepeH ToIy0oil IBeT r1a3 1 COBCEM
He XapaKTepeH Kapuil IBET, a JJjisd obJiajiaTesieil YepHbIX BOJIOC CUTYAIUSA 00-
paTHas.

Yr00bI 3aKPENUTH U3y IEHHOE O TADJIUIAX COMPSIKEHHOCTH, PACCMOTPUM
elT1e OMH WHTEePeCHbIH TpuMep. OTHAK B O0TBITAsT KOMITAHUS CTATHCTHKOB-
SMUIEMHOJIOTOB cobpasiach Ha OamkeT. Ha ciemytormee yTpo mocne bankera,
B BOCKPECEHbE, MHOI'UE BCTAJU C CUMIITOMAMH IUIIEBOTO OTPABJICHUS, a B
MTOHEIETHHUK B MHCTUTYTE MHOTO COTPY/IHUKOB OTCYTCTBOBAJIO TI0 GOIE3HM.
[TockobKY 9TO OBLIM CTATUCTUKHU, WU HE IMPOCTO CTATUCTUKH, 8 SIUJIEMUO-
JIOTH, TO OHU DEIWJIA KaK CJeIyeT BCIOMHHUTb, KTO YTO €J1 Ha ODaHKeTe, U
TEeM CAMBIM BBISICHUTD TpUYInHy oTpasienus. [logydnsiimecs nanube nMe-
0T cJreyronuit popmar:

> tox <- read.table("data/otravlenie.txt", h=TRUE)
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Puc. 18. Ces13b MexK Iy IIBETOM BOJIOC U IIBETOM IUIa3: IpadUK COMPSIKEHHO-

CTH

> head(tox)

ILL CHEESE CRABDIP CRISPS BREAD CHICKEN RICE CAESAR TOMATO
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[TepBasi nepemennasi (ILL) moKa3blBaeT, OTPABHJICS yYACTHUK OaHKETa
(1) unm et (2), ocraiabHbIe IepEMEHHBIE COOTBETCTBYIOT PA3HBIM OJIIO/IAM.

ITpocToit B3T/IsIT Ha JaHHBIE HUYErO HE JIACT, BeJb Ha ODaHkeTe ObLIO 45
yesopeK u 13 Osron! 3HaUNUT, HAZO MOIPOOOBATH CTATUCTUYECCKUE METOJbL.
Tak Kax gaHHBIE HOMIHAJIBHBIE, TO MOXKHO IIOIIPOOOBATH ITPOAHAINSHPOBATE
TabJIUIIBI CONPSIZKEHHOCTH  :

for (m in 2:ncol(tox))

{

tmp <- chisq.test(tox$ILL, tox[,m])
print (paste(names(tox) [m], tmp$p.value))
+ }

[1] "CHEESE 0.840899679390882"

[1] "CRABDIP 0.94931385140737"

[1] "CRISPS 0.869479670886473"

[1] "BREAD 0.349817724258644"

[1] "CHICKEN 0.311482217451896"

[1] "RICE 0.546434435905853"

[1] "CAESAR 0.000203410168460333"

[1] "TOMATO 0.00591250292451728"

[1] "ICECREAM 0.597712594782716"

[1] "CAKE 0.869479670886473"

[1] "JUICE 0.933074267280188"

[1] "WINE 0.765772843686273"

[1] "COFFEE 0.726555246056369"

+ + + VvV

He6ombimast xurpocTs (UK for) mo3BosmiIa HaM He HECATh TECT TPU-
HaJIATh pa3 Hojpsij (XoTsl copy-paste HUKTO He OTMEHsLI, 1 MOXKHO ObLIO
OBl c/lesIaTh TaK, KaK CJIeJano B pasjese «IIporunoss riaasel 1po BpeMeHHbIE
pael). Bes dynkmun print () muksa 661 HEUero He Hamedaras, a paste()
noMorsia opopMuTh pe3ynpral. Hy a pesynprar TakoB, UTO €CThb [1Ba 3Ha-
YMMBIX COOTBETCTBUsI — C Iie3apckuM cajiatoMm (CAESAR) u ¢ mommopamu
(TOMATO). ITocmoTpum, uTo HaMm HokaxkeT rpaduk acconuanuii (puc. 19):

> assocplot(table(ILL=tox$ILL, CAESAR=tox$CAESAR))

[IpakTuyeckn Takas »Ke KapTHUHA U IO TEM, KTO €JI IIOMUI0PbI. BuHnos-
nuk Haiinen! I[Tourn. Beaws Bpsiy u ucnopueHabIMU ObLIM cpasy 0ba 6o,
Hamo Tenmeps mompoboBaTh pa3obpaThcst, UTO Ke OBLIO MITABHOW MPUIMHOIA.
ﬂﬂﬁ 9TOI'0 BaM IIPpUJETCHA 3alJIdHYThb HU2KE, Tylda, I'ZIe Mbl SHAKOMUMCHI C
JIOTUCTUYECKON perpeccuei.

"Ha mpeympesx 1eHust MOKHO He 06pamaTh BHIMaHusT. [10/Ty IeHHbIe 3HAMEHHST JIyYIITe
JIOTIOJIHUTEIbHO 00paboTaTh ¢ MOMOIIBIO p.adjust ()
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CAESAR

ILL

Puc. 19. CoorBercTBrE MEXK Iy OTPABUBIIUMUCS U TEMHU, KTO €JIN [1€3aPCKU
cajaT

k kX

Kpome Mero10B paboThl ¢ TabJIMIAME COIPSYKEHHOCTH (TaKUX, HALPU-
Mep, KakK TeCT XH-KBaJIparT), HOMHUHAJbHBIE U MIKAJbHbIE JAHHBIE MOYKHO
0bpabaThIBATh PA3IMIHBIMUI, OOJIee CIeNNaJIn3npOBaHHBIMEI MeTogamn. Ha-
[IpUMeEp, JIJIsi CPABHEHUsI PE3YJIBTATOB SKCIIEPTHBIX OIEHOK IOIYJISIPHBI TaK
HasblBaeMble TecThl coracust (concordance). Cpenn 9THX TECTOB MIMPOKO
pacipocrpaner Tect Kosna (Cohen), KOTODBIH BBIYHCI/IsIET TaK HAa3bIBAE-
myto kanny Koona (Cohen’s kappa) — mepy coesacus, M3MEHSIIONLYIOCS OT
0 mo 1, u B1oGABOK BBIYUC/ISET P-3HAUEHUE JJIsT HYJIEBOI THIOTE3bI (0 TOM,
vyro kanma pasra 0). IIpusegem takoit mpumep: B 2003 romy JBe rpymnisl
He3aBUCUMO (M IPUMEPHO B OJHO M TO K€ BpeMsi Tojia) 00c/ie1oBau OuH
u ToT ke ocTpoB Besoro mops. Ilesbio OBLIO COCTABUTD CIIMCOK BCEX BUIOB
pacTenuii, BcTpeueHHbIX Ha ocTpoBe. Takum obpazom, manubie ObLn OuHap-
ueiMu (0 — BHJIa HA OCTPOBE HeT, 1 — BHJ Ha OCTPOBEe ecThb). Pesysbrarh
obcrenoBannii 3anucansl B daitin pokorm03.dat:
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> pok <- read.table("data/pokorm_03.dat", h=TRUE, sep=";")
> library(psych)
> cohen.kappa(pok)

Cohen Kappa and Weighted Kappa correlation coefficients
and confidence boundaries
lower estimate upper
unweighted kappa 0.55 0.67 0.8
weighted kappa 0.55 0.67 0.8
Number of subjects = 193

(Mpr 3arpysmwin maker psych, mMOTOMy YTO MMEHHO B HEM HAXOIUTCSI
Hy»KHas HaM (byHKIHs cohen.kappal().)

Karma 10BosIbHO BbIcOKa, HUXKHMIL pejest 95% nosBepure/bHOro UHTEp-
BaJjia Boiiie (.5. DTO 3HAYUT, 9TO PE3YIIHTATHI UCCIEIOBAHUS MOYXKHO CIUTATH
COTJIACHBIMU JIPYT C JAPYTOM.

3amadga. B daitne manabix prorostki.txt HAXOATCS pe3y/IbTaThl 9KC-
[IEPUMEHTA 10 TMPOPAIINBAHUIO CEMsIH BAaCHJIBKOB, 3aparKeHHbIX Pa3/IMIHbI-
mu rpubamu (kosiorka CID, CID=0 — 310 KOHTDPOJIb, TO €CTh He3aparkKeHHbIe
cemena). Beero uccienoBasm o 20 ceMsiH Ha KaxKJiblii rpub, TeCTUpOBAJIM
Tpu rpuba, uroro ¢ KourposieM — 80 cemsH. OriimgaeTcs Jin MPOpPacTaHUEe
CeMsTH, 3apakKeHHbIX IpubamMu, 0T KOHTPOJisi? OTBET CM. B KOHIIE I'JIABbI.

5.4. Ectb 1u B3amMocCB#A3b, Wi AHaan3
KOppeJdanun

Mepoii inHeiHOM B3aMMOCBS3M MEXKTy IE€PEMEHHBIMU SABJISIETCS KO-
dbunuent koppessun [Tupcona (0603HauaeTcst TaTUHCKON GyKBOi 7). 3Ha~
deHusi KoddduiimenTa KOPPeJIsiliiud MOI'YT U3MEHATHCS [0 MOJLYJIIO OT Hy-
Jig 1o epwHUIbl. HysreBoit KoadduiuenT KOppessiiu rOBOPUT O TOM, YTO
3HaYEeHUs] OJHON MEPEMEHHON He CBA3aHbI CO 3HAYEHUAMU JIPYTOi epeMeH-
HOIi, a K03(bMUIIEHT KOPPEJISIN, PABHBIN ¢IUHATE (NI MUHYC €JINHUATIE),
CBUJIETEJILCTBYET O YETKON JUHEHHOHN CBsizu MexKj1y mnepemeHHbIMU. [Toso-
JKUATEIBHBIN KO3 MUIIUEHT KOPPEJISIUU TOBOPUT O MOJIOKUTEIBHON B3au-
MOCBsI3U (deM Gouiblie, TeM GOJIbIIE), OTPUIATEIBHBIH — 00 OTPUIATEILHON
(1eMm GoJiblle, TEM MEHbIIE).

Cmenens B3aMMOCBA3U MEXKJIY [TEPEMEHHBIMU OTPaXKaeT koadduyuernm
demepmunayuu: 310 KO3MMUIMEHT KOPPEJINA, BO3BEICHHBIA B KBAJIPAT.
OTa BeJUYNHA [MOKA3BIBAET, KaKasl JIOJs N3MEHEHUY 3HAUCHUN OIHON mepe-
MEHHOMI COIIpsizKeHa C M3MEHEHWeM 3HadeHuil Apyroit nepemennoit. Hampu-
Mep, ecin KoaddumenT koppessnun yseanaurcs siasoe (0.8), To creneHb
B3aNMOCBS3U MKy IIepeMeHHBIMU BO3PacTeT B YeThIpe pa3a (0.82 =0.64).
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IToBTOpuM erre pa3, 9T0 KO3MDOUIUEHT KOPPEJISIIIN XapaKTepu3yeT Me-
py JIMHEIHOI CBS3M MeXKJy llepeMeHHBIMH. /IBe IepeMeHHBIE MOI'YT OBITH
O4YEHb YETKO B3aUMOCBSI3aHBI, HO €CJIH 9Ta CBS3b HE JIMHEiHasd, a, JOIy-
CcTHM, TapabomIecKasi, TO KO3IMPUIUEHT KOPPesiinu OyaeT 6/JIM30K K Hy-
Jiro. IIpumepom Takoil CBsA3M MOXKET CJIYy?KUTh CBSA3b MEXK]Iy CTEIEHBIO BO3-
Oy2K/IEHHOCTH YeJI0OBEeKa U Ka4eCTBOM PeEIleHHs UM MaTeMaTHYeCKUX 3a/ad.
Ouenpb c1ab0 BO30YXK/JIEHHDIH 49e/I0BEK (CKayKeM, 3aCHIIAIONINiT) U OeHb
cuiIbHO BO30OY K JIeHHBIN (BO BpeMsi hyTOOJIBHOrO MaTya) Oy/ier peniars 3a-
JIadU TOPa3/io Xy2XKe, YeM yMEPEeHHO BO30Y:KJIeHHbIN denosek. [losTromy, me-
pell TeM KakK OIEHNUTH B3aWMOCBSI3b YHCJICHHO (BBIYHCIUTH KOIDOUIIEHT
KOPPEJISIIUN ), HY?KHO MOCMOTPETh Ha ee rpaduueckoe Bbipazkenue. JIyd-
IIle BCErO 3JIECh UCIOJIB30BATH JUArPaMMy PACCesiHUs, UJIH KOPPEJIOrPaMMy
(scatterplot) — mmenHo ona BbI3biBaeTcst B R komanzoii plot() ¢ jaByms
apryMeHTaMH-BEKTOPaMH.

Ouenb BayKHO TaK»Ke, 9TO BCIOJY B 9TOM pasjiesie pedb UJIET O HAAUWUL
U Cu/A€ B3aMMOCBSI3U MEKJy IIepEMEHHBIMH, & He O TapaKmepe dTOi B3auMo-
cBs3u. KM MBI HAIIN JTOCTOBEPHYIO KOPPEJISIINAIO MEXKIY IePEeMEHHBIMU
A u B, T0 3T0 MOXKeT 3HAYUTH, UTO:

e A zasucur or b;
e B zaBucur ot A;
e A u b zaBucsar apyr or apyra;

e A u B 3aBucaT or Kakoii-to Tperbeil nepemerHoir B, a mex iy coboit
He UMEIOT HIUYero oobIero.

Hanpumep, xoporo u3BecTHO, 9T0 00beM TPOJIaXK MOPOXKEHOTO W IUC-
JIO TIO2KAPOB YeTKO KoppesnpyioT. CTpaHHO OBbLIO OBbI HMPEIIOJIOKUTb, UTO
oeJaHre MOPOXKEHOT'O PACIIOJIAraeT Joell K HeOPEXKHOMY OOPAIIEHUIO C
OTHEM HUJIU UTO CO3EPIAHUE MMOXKAPOB BO30YKIAET TATY K MOpOXKeHOMY. Bee
ropaszio Ipoie — oba 3TUX [IapaMeTpa 3aBUCSIT OT TeMIepaTypbl Bo3ayxal

st Beraucienus: koadgdunnenta koppessiiuu B R ucnosb3yercss QyHk-
mug cor():

> cor(5:15, 7:17)

[1] 1

> cor(5:15, c(7:16, 23))
[1] 0.9375093

B npocreiitiem cirydae eit iepeialoTes iBa apryMenTa (BeKTOPbI OInHAa-
KOBOI1 JiyinHbl). Kpome TOro, MOYKHO BBI3BATH €€ C OJJHUM apryMeHTOM, eCJIH
9TO — MATPHUIA WX TabJUIA JAHHBIX. B 9TOM mocjemaaeM ciydae (pyHK-
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s cor () BBIYHCIAET TaK Ha3bIBAEMYIO KOPPEAAUUOHHYIO MAMPULY, CO-
CTaBJIEHHYIO 13 KO3(MDMUIINEHTOB KOPPEJISIIIAi MKy CTOJOIAMI MATPUITBI
i Habopa JAHHBIX, B3ATHIX IOIMAPHO, HAIIPUMED:

> cor(trees)

Girth Height Volume
Girth 1.0000000 0.5192801 0.9671194
Height 0.5192801 1.0000000 0.5982497
Volume 0.9671194 0.5982497 1.0000000

Eciin Bce mannble IPUCYTCTBYIOT, TO BCE TIPOCTO, HO YTO JI€JIATh, KOTJIA
eCTb TPOITyIeHHble HabJoaeHusI? st 9TOro B KOMaHje Cor eCTh Iapa-
Merp use. [lo ymosuanuto on paBeH all.obs, 4TO NpU HAJIUYUH XOTS ObI
OJTHOTO TPOIIYIIEHHOTO0 HAOJIIOMEHNS MMPUBOIUT K COOOIIEHNIO 00 ommndKe.
Ecnu use mpupaBuATL K 3HaUeHUIO complete.obs, TO U3 JAHHBIX ABTO-
MaTUYIECKHU YIAJISAIOTCH BCe HAOJIONEHUS C IpOoIyckaMu. MoxeT oKa3arbes
TaK, 9TO MPOILYCKU PACKUIAHBI 110 UCXOHOMY HAOOPY JAHHBIX JIOCTATOYHO
XAOTUYIHO U UX MHOI'O, TAK 9TO IOCJI€ MOCTPOYHOTO yJ/IAJE€HUsI OT MaTPUIIHI
dakTUIeCKN HUYEro He OCTaeTcsA. B TakoM ciiydae IMOMOXKET IOITapHOe yiia-
JIEHHE TIPOIIYCKOB, TO €CTb YJIAJSIOTCA CTPOYKH C IIPOIYCKAMHU HE U3 BCEH
MaTPHUITLI CPa3y, & TOJbKO JIUIIH U3 JBYX CTOJIOIOB HEIIOCPEJICTBEHHO IIepes]
BbIUnC/IeHneM Kodddurinenta koppeJsisitiuu. Jljis aroro omnmuio use cjemayer
IPUPABHSITH K 3HAUEHNUIO pairwise.complete.obs (Ha/0 UMeTH B BUJLY, 4TO
B B 9TOM KO3(DDUITHEHTBI KOPPEJISIIUN BBIUUCISIOTCS IO PA3HOMY KOJITUIe-
CTBY HaOJIIOEHUI U CPABHUBATH UX JIPYT C JPYTOM MOXKET OBITH OMACHO).

Ecnu namabie HenmapameTpuieckue, Hy»KHO UCIIOIb30BATh PAHTOBBIN KO-
sddunment koppessiun Crmpmena (Spearman) p. OH MeHee TOJIBEPKEH
BJIUSTHUIO CJIyYIAHBIX «BBIOPOCOB» B JIAHHBIX, YeM Kodddunment [Tupcona.
JlJist TiozicyeTa p JOCTATOYHO IMPUPABHATL MapamMerp method K 3HAYEHUIO
spearman:

> x <- rexp(50)
> cor(x, log(x), method="spearman")
(11 1

Eciiu koppessiumonHast MaTpuIiia 60JIbIast, TO YATATh €€ JIOBOJIBHO TPY/I-
uo. [losroMy cymiecTByeT HECKOJIBKO CIIOCODOB BU3YaAJILHOIO [IPEJICTABICHUS
TakuX MaTpuIil. MoxKHO, HAIIpEMED, UCIO0JIb30BaTh (pyHKIMIO symnum (), KO-
TOpast BBIBEJIET MATPUILY B TEKCTOBOM BHU/IE, HO C 3aMEHOI InCesI Ha OYKBBI
B 3aBHCHMOCTH OT TOI'0O, KAKOMY JIMalla30Hy IIPUHAIJIeKaJI0 3HaUYeHHe:

> symnum(cor(longley))
GNP. GNP U AP Y E
GNP.deflator 1
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GNP B 1

Unemployed ) , 1

Armed.Forces . . 1

Population B B , 1

Year B B , B 1

Employed B B BB1

attr(,"legend")

[1] 0 ¢ 2 0.3 ‘.2 0.6 “,” 0.8 “+> 0.9 ‘%’ 0.95 ‘B> 1

OTa GyHKIUA UMeeT OOJIbIIOEe KOJIMIECTBO PA3HOOOPA3HBIX HACTPOEK,
HO II0 YMOJYaHWIO OHU BC€ BBLICTABJICHBI B 3HAYECHUA, OITUMAJIbHBIC IJIdA
oToOparkeHnsl KOPPEJIANUOHHBIX MaTPHIIL.

Bropoit coco6 — 310 rpaduiueckoe OMpencTaBIeHne KOPPETIAIHOHHBIX
ko3 durmentos. Uaes npocra: Hy)kHO pa3buth objacTb or —1 g0 +1 Ha
OTIeJIbHBbIE UAla30HbI, HA3HAYUTHL KarK/IOMYy CBOI IIBET, & 3aTeM BCE 3TO
oTobpa3uTh. st 9TOro MOXKHO BOCIOJIL30BaTLCH QyHKIusMU image () u
axis() (puc. 20):

cor.l <- cor(longley)

image(1:ncol(cor.1l), 1l:nrow(cor.l), cor.l,
col=heat.colors(22), axes=FALSE, xlab="", ylab="")

llomgmucu K ocsaM:

axis(1, at=1:ncol(cor.l), labels=abbreviate(colnames(cor.l)))
axis(2, at=1:nrow(cor.l), labels=abbreviate(rownames(cor.l)),
las = 2)

+ V V % + V V

(MbI cokpaTuin 3/1eCh JIJIMHHBIE HA3BAHUSI CTPOK M CTOJIOIOB IIPH I10-
MO KOMaH/[bl abbreviate().)

[Monyvennsiit rpaduk yacto HasbiBaloT «heatmap» («kapra Temiepa-
TYDBI» ).

Eme omwa mHTEpecHbI crocob IpecTaB/ieHus KOPPEJAIUOHHON MaT-
PUIIBI IPeIocTaBIsieTcs TakeToM ellipse. B aroMm ciy4uae 3HavdeHust Koad-
GUIIEHTOB KOPPEJISIIUN PUCYIOTCS B BUIE SJIIATICOB. UeM O/ImrKe 3HATECHIE
ko3ddurmenta koppeadaun K +1 uan —1 — Tem 6oJiee BBITSHYTBIM CTAHO-
BUTCs dJuinic. Hakion siumnica orparkaer 3Hak. st mosydenuns: nzobpa-
JKeHUsT HeOOXOMMO BbI3BaTh (byHKIMIO plotcorr (puc. 21):

library(ellipse)

cor.l <- cor(longley)

colnames(cor.l) <- abbreviate(colnames(cor.l))
rownames (cor.1l) <- abbreviate(rownames(cor.l))
plotcorr(cor.l, type="lower", mar=c(0,0,0,0))

V V V V V
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Empl —

Year —

Pplt —

Jnmp —|

GNP —

GNP. —

[ I I I I I |
GNP. GNP  Unmp ArF Pplt Year Empl

Puc. 20. I'paduueckoe mpencrapieHne KOPPEIAITNOHHON MATPUAITHI

A Kak TpOBEPUTH CTATUCTUIECKYIO 3HATUMOCTD KO3 dUIIEeHTa KOppe-
JISIAn ! DTO PABHOCUIBHO IPOBEPKE CTATUCTHIECKONM TUIIOTE3hI O PABEHCTEE
HyJII0 Koahdurimenta Koppessanun. Eciun rumnore3a OTBEpPraeTcs, TO CBI3b
OJTHOT'O TIPU3HAKA C JPYTUM CIUTACTCSH 3HayvuMmol. s mpoBepkn Takoil ru-
[IOTE3bI UCIIOJIB3yeTCst (PYHKIWsT cor.test ()

> with(trees, cor.test(Girth, Height))
Pearson’s product-moment correlation

data: Girth and Height
t = 3.2722, df = 29, p-value = 0.002758
alternative hypothesis: true correlation is not equal to O
95 percent confidence interval:
0.2021327 0.7378538
sample estimates:
cor
0.5192801
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Puc. 21. KoaddunumenTs Koppesinun B BIIE SJLIUICOB

Jloruka paccy:kaenuii 31ech abCOTIOTHO TaKas »Ke, KaK U B PACCMOTPEH-
HBIX BBIIIE TeCTax. B JaHHOM cilydae HaM HY>KHO IPUHATDH aJIbTePHATUBHYIO
TUIIOTE3Y O TOM, UTO KOPPEJSIusl JIeHCTBUTEIbHO cyiecTByer. ObpaTure
BHUMAaHUE Ha JIOBEPUTEJIbHBI HHTEPBAJ — TECT MOKA3BIBAET, UYTO PeabHOE
3HaUEHNE KOPPEJINT MOXKET JiexKaTh B nHTepBaJie 0.2-0.7.

5.5. Kakas cBsa3b, ujin Perpeccuonnblii aHaJn3

Koppengamuonnsrit anain3 mo3BoJIsIeT ONPeIenTh, 3aBUCUMBI JIN TIepe-
MeHHBbIEe, U BBIUUCIUTH CUJIY 3TOW 3aBUCUMOCTH. UTOOBI ONpPEIeUTb THUII
3aBUCUMOCTH U BLIYUC/IUTDL €€ MMapaMeTphl, UCIOJIb3YETCd PErPeCCUOHHBIN
anaymm3. Hanbosiee nsBecTHa nByMepHasi JTUHEHHAS PErpPeCCUOHHAsST MOJEb:

m =by+ by X x,
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rae m — mojenbHoe (predicted) 3HaueHMe 3aBHCHMOI II€PEMEHHOM ¥,
T — He3aBUCHMasl llepeMeHHasl, a by 1 by — mapamerpsl Mojean (Koadbdu-
I[IEHTHI ).

Takasi MOJIeJIb [TO3BOJISET OIEHUTH CPEJIHee 3HAYCHHe [IEPEMEHHOM Y Ipu
M3BECTHOM 3HAaYeHUH . Pa3HOCTb MEXK/[y UCTUHHBIM 3HAYEHUEM M MO/Ie/Ib-
HBIM Ha3bIBaeTCst owubkotl («errors) niam ocmamrom («residualy):

E=y—m

B mneanbHoM BapmaHTe OCTATKN MMEIOT HOPMAJJIbHOE pacIpeiesieHne C
HyJIeBBIM CPEHIM ¥ HEH3BECTHBIM, HO IIOCTOAHHBIM Pa3bpOCOM 02, KOTOPBIi
He 3aBUCUT OT 3HaYeHUil x u y. B 3TOM ciiydae roBopsT O rOMOTEHHOCTHU
octaTkoB. Ecyim ke pa3zbpoc 3aBUCHT eIle OT KaKUX-JIH00 mapamMeTpoB, TO
OCTATKHU CINTAIOTCs FeTeporeHHbiMu. KpoMme Toro, ecjin 00HaAPYKUJIOCH, 9TO
CpeJlHMe 3HAYEHUsI OCTATKOB 3aBUCAT OT X, TO 3TO 3HAYUT, UTO MEXKIY Y U
& UMEeTCs HeJIMHeHHAs 3aBUCUMOCTD.

st Toro 4ToObl y3HATH 3HAYEHUsI MApaMeTpoB by u by, IPUMEHSIOT
METOJ] HAUMEHBINNX KBaJPATOB. 3aTE€M BBIYHUCJSIIOT CPEIHEKBAIPATUIHOE
oTkyonenne R?:

R?=1- 07271/03,

rme O'S — pas3bpoc mepeMeHHoi y.

st IPOBEPKM TUIIOTE3bI O TOM, YTO MOJIEJIb 3HAYUMO OTJIUYUACTCS OT
HyJIsl, HCIIOJIb3YeTCsT TaK HasbiBaeMasi F-crarucruka (crarucruka Purepa).
Kaxk 06bIuHO, eciii p-3HadeHre MeHbIle ypoBHsl 3HaunMocTh (06brauo 0.05),
TO MOJEJb CUUTAETCH 3HATUMOI.

Bor npumep. Bo BcTpoennoit Tabsmile JaHHBIX women cojepxKarcst 15
HabJIIo/IeHuii 0 pocre (Jroiimbl) u Bece (pyHTHI) KeHIMH B Bozpacre or 30
10 39 jier. [TonpoGyeM y3HATH, Kak BeC 3aBUCAT OT pocra (puc. 22):

# IlpeobpazoBanue B MeTPUYECKYH CHUCTEMY:
> women.metr <- women
> women.metr$height <- 0.0254*women.metr$height
> women.metr$weight <- 0.45359237*women.metr$weight
# BeuMClIeHHE IapaMeTpOB ypaBHEHUS PEerpecCHu:
> lm.women<-lm(formula = weight ~ height, data = women.metr)
> 1lm.women$coefficients
(Intercept) height
-39.69689 61.60999
# BeIBOO MOIENIbHHX 3HAYCHUMN :
> b0 <- lm.women$coefficient[1]
> bl <- 1lm.women$coefficient [2]
> x1 <- min(women.metr$height)
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x2 <- max(women.metr$height)

x <- seq(from = x1, to = x2, length.out =100)

y <- b0 + blx*x

BuBon rpaduka 3aBUCHMOCTH:

plot (women.metr$height, women.metr$weight, main="",
xlab="Poct (M)", ylab="Bec (xr)")

grid()

lines(x, y, col="red")

VvV V + V # V VvV
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1.50 1.55 1.60 1.65 1.70 1.75 1.80

Pocr (m)

Puc. 22. 3aBucumocTb MEXIYy POCTOM U BECOM

JL1st mpocMoOTpa pe3yJsIbTaTOB JIMHEHHOM alllPOKCHMAIINN MOYKHO HCIIOJIb-

30BaTh (QYHKIIUIO
> summary (1m.women)

Call:
lm(formula = weight ~ height, data = women.metr)
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Residuals:

Min 1Q Median 3Q Max

-0.7862 -0.5141 -0.1739 0.3364 1.4137

Coefficients:
Estimate Std. Error t value Pr(>lt|)
(Intercept) -39.697 2.693 -14.74 1.71e-09 *xx*
height 61.610 1.628 37.85 1.09e-14 *xx
Signif. codes: 0 “**%’ 0.001 ‘**’ 0.01 ‘%’ 0.056 .” 0.1 ¢ > 1

Residual standard error: 0.6917 on 13 degrees of freedom
Multiple R-squared: 0.991,Adjusted R-squared: 0.9903
F-statistic: 1433 on 1 and 13 DF, p-value: 1.091e-14
on 1 and 13 DF, p-value: 1.091e-14

Orcroa ciiestyer, 9To:

1.

[Tonydena nuHeliHasT perpecCHOHHAS MOJEJb BUIA
Bec(Mom) = -39.697 + 61.61 * Pocr,

TO ecTb yBesJndeHne pocta Ha 10 cM COOTBETCTBYeT YBEJIHUUIEHUIO Beca
IIPpUMEPHO Ha 6 KI.

. HauboJiblee moaoxKuTeJbHOE OTKJIOHEHHE WCTUHHOI'O 3HAYCHUSA OT-

KJIUKa OT MOIEJIbHOro cocrapisieT 1.4137 kr, Hambojblllee OTpHUIIA-
TenbHOe —0.7862 K.

[Tourn 11OJIOBHHA OCTATKOB HAXOAUTCS B IIPEJieIaX OT ePBOil KBAPTH-
m (1Q = —0.5141 kr) 1o rtperseit (3Q = 0.3364 xr).

Bce koadbdunmentsr 3naunmbl Ha ypoBHe p-value < 0.001; 310 110-
Ka3bIBAIOT *** B cTpoke Coefficients) m camm 3HaveHust p-value
Pr(>|t]):1.71e-09 s by (« (Intercept)») n 1.09e-14 («height»)
11 b.

CpenHekBagpaTHIHOE OTKJIOHEHIE (Adjusted R—squared) IIJIST JTaH-
Hoit Mogiesn cocrapisier R? = 0.9903. Ero 3mavenue 6;msko K 1, uro
TOBOPUT O BBICOKOI 3HAYMMOCTH.

3HAYNMOCTD CPEIHEKBAIPATUIHOIO OTKJIOHEHNS ITOATBEPXKIAET U BbI-
cokoe 3Hadenue F-crarucruku, paBuoe 1433, u oOmuii ypoBeHb 3HA-
quMocTH (OpeiessieMblii 110 9Toi crarucTuke): p-value: 1.091e-14,
q1o MHOro MeHnbIte 0.001.
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7. Ecim Ha ocHOBe 3TOrO0 aHaau3a OyneT coCTaBjeH OTYET, TO Hal0 Oyaer
yKa3aTh elle U 3HadeHus! crerneHeil cBobopl df: 1 u 13 (1o KosoHKam
U 110 CTPOKAM JIAHHBIX COOTBETCTBEHHO).

Ha camom jsiesie 31O elne JlaJIeKO He KOHEI], & TOJIbKO Ha4aJlo J0JINO-
ro IMyTU aHAJW3a U MOATOHKH MOJeNu. B aToM cirydae, HampuMmep, mapa-
Gosrueckast MoJie/Ib (TJ1e MCIOJIb3YeTCsl He POCT, a KBajpaT pocTa), Oyjer
elre JIydlIlle BIMChIBATHCS B JIAHHBIE (KAK BBIPAYKAIOTCs, OYIeT «Jrydie 00b-
SICHATB> Bec). MoKHO 1monpoboBaTh U Jpyrue MOJENH, Bejib O JUHEHHBIX,
00ODIIEHHBIX JIMTHEWHBIX U HEJIMHEHBIX MOJIeJISIX Hamucanbl ropbl KHur! Ho
HaM ceiidyac ObLIO BAXKHO CIEJIATH HEPBBIH mar

Bpewmst or Bpemenu TpebyeTcs He MPOCTO MOIYIUTH PErPECCUIO, & CPaB-
HUTb HECKOJIbKO Perpeccuii, OCHOBaHHBIX HA OJHUX U TeX K€ JAHHBIX. Bor
npumep. VM3BecTHO, UYTO B METOJMKE aHAJI3a BBIOOPOB DOJIBIIYIO POJIb UT-
paeT COOTBETCTBUE MEXK/]Iy HPOIEHTOM H30UpPAaTeJell, IPOTr0JIOCOBABIINX 3a
JAHHOTO KAHAUIATA, U IPOIEHTOM SIBKU Ha, JIAHHOM M30MPATEILHOM YUacT-
Ke. DTH COOTBETCTBUS JJIsI PA3HBIX KAHIUIATOB MOI'YT BBITVISIJIETH [I0-PA3HO-
My, 9YTO TOBOPHUT O PA3JINYINU UX 3jIeKTopaToB. Jlanuble u3 daiiia vybory . txt
COJIEpKAT PEe3yJIbTAThl T'OJIOCOBAHUS 3a TPeX KaHIMUJIATOB IO 0OoJiee UeM
coTHe n30UpaTe/IbHbIX yuacTKOB. [locMoTpuM, paziaundaercs Jiu Ay Pa3HbIX
KaHIMIaATOB 3aBUCUMOCTb UX PE3YJIbTATOB OT siBKU m3bupareseil. CHavasa
3arpy3uM U IIPOBEPUM /JIaHHBIE:

> vybory <- read.table("data/vybory.txt", h=TRUE)
> str(vybory)
‘data.frame’: 153 obs. of 7 variables:

$ UCHASTOK: int 12345678910 ...

$ IZBIR : int 329786 144483 709903 696114 ...

$ NEDEJSTV : int 2623 859 5656 4392 3837 4715 ...
$ DEJSTV: int 198354 97863 664195 619629 ...

$ KAND.1 : int 24565 7884 30491 54999 36880 ...

$ KAND.2 : int 11786 6364 11152 11519 10002 ...

$ KAND.3 : int 142627 68573 599105 525814 ...
> head(vybory)

UCHASTOK 1IZBIR NEDEJSTV DEJSTV KAND.1 KAND.2 KAND.3

1 1 329786 2623 198354 24565 11786 142627
2 2 144483 869 97863 7884 6364 68573
3 3 709903 5656 664195 30491 11152 599105
4 4 696114 4392 619629 54999 11519 525814
5 5 717095 3837 653133 36880 10002 559653
6 6 787593 4715 655486 72166 25204 485669

Temeps mpucoenmHIM TAOJIAIY JAHHBIX, JIJISI TOTO 9TOOBI C €€ KOJTOHKAMM
MOKHO OBLITIO PaboTaTh KaK C HE3aBUCUMBIMHU IIEPEMEHHBIMI:
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> attach(vybory)
Bortaucanm J1oJid IporosiocoBaBIIX 33 KaxK/I0r0 KaHUIaTa U sIBKY:

> DOLJA <- cbind(KAND.1, KAND.2, KAND.3) / IZBIR
> JAVKA <- (DEJSTV + NEDEJSTV) / IZBIR

[TocMoTpUM, €CTh JTH KOPPEJIAIIN:

> cor(JAVKA, DOLJA)
KAND.1  KAND.2 KAND.3
[1,] -0.3898262 -0.41416 0.9721124

Koppensmust ectb, X0Tsi U HEBBICOKasi JJI MIEPBBIX JABYX KAHIMIATOB
IToxozxe, 94TO TOJIOCOBAHME 110 TPETHEMY KaHIUJIATY CEPbE3HO OTJINYAJIOCH.
IIpoBepum 310!

Im.1 <- 1m(KAND.1/IZBIR ~ JAVKA)
Im.2 <- 1m(KAND.2/IZBIR ~ JAVKA)
1m.3 <- 1m(KAND.3/IZBIR ~ JAVKA)
lapply(list(1m.1, 1m.2, 1lm.3), summary)

vV V V V

Call:
Im(formula = KAND.1/IZBIR ~ JAVKA)

Residuals:
Min 1Q Median 3Q Max
-0.046133 -0.013211 -0.001493 0.012742 0.057943

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 0.117115 0.008912 13.141 < 2e-16 **x*
JAVKA -0.070726  0.013597 -5.202 6.33e-07 **x*

Signif. codes: 0 ‘*%x> 0.001 ‘*x’ 0.01 ‘x> 0.05 ¢.” 0.1 ¢ > 1
Residual standard error: 0.01929 on 151 degrees of freedom
Multiple R-squared: 0.152,Adjusted R-squared: 0.1463
F-statistic: 27.06 on 1 and 151 DF, p-value: 6.331e-07

Call:
Im(formula = KAND.2/IZBIR ~ JAVKA)

Residuals:
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Min 1Q Median 3Q Max
-0.036542 -0.014191 -0.000162 0.011782 0.050139

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 0.093487 0.007807 11.974 < 2e-16 *x*
JAVKA -0.066597 0.011911 -5.591 1.03e-07 **x*

Signif. codes: O ‘*xx> 0.001 ‘*x> 0.01 ‘x> 0.05 ¢.” 0.1 ¢ > 1

Residual standard error: 0.0169 on 151 degrees of freedom
Multiple R-squared: 0.1715,Adjusted R-squared: 0.166
F-statistic: 31.26 on 1 and 151 DF, p-value: 1.027e-07

Call:
Im(formula = KAND.3/IZBIR ~ JAVKA)

Residuals:
Min 1Q Median 3Q Max
-0.116483 -0.023570 0.000518 0.025714 0.102810

Coefficients:

Estimate Std. Error t value Pr(>ltl)
(Intercept) -0.43006 0.01702 -25.27 <2e-16 *x*xx*
JAVKA 1.32261 0.02597 50.94 <2e-16 *x*x

Signif. codes: 0 “**x*’ 0.001 ‘**’ 0.01 ‘x> 0.05 “.> 0.1 ¢ *> 1

Residual standard error: 0.03684 on 151 degrees of freedom
Multiple R-squared: 0.945,Adjusted R-squared: 0.9446
F-statistic: 2595 on 1 and 151 DF, p-value: < 2.2e-16

Kosddunmentsr perpeccun y Tperbero KaHAuAaTa CAILHO OTIUYIAIOT-
csa. Jla u R? ropasno Beime. IJocMOTPHM, KaK 9TO BBIIVISIUT IpadbHuecK

(puc. 23):

plot (KAND.3/IZBIR ~ JAVKA, xlim=c(0,1), ylim=c(0,1),
xlab="#Bka", ylab="[lons mporomocoBaBmUX 3a KaHZumaTa')
points(KAND.1/IZBIR ~ JAVKA, pch=2)
points(KAND.2/IZBIR ~ JAVKA, pch=3)

abline(1m.3)

abline(1lm.2, 1ty=2)

abline(1m.1, 1lty=3)

V V V V V + V
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> legend("topleft", 1lty=c(3,2,1),
+ legend=c("Kaugumat 1","Kamgumat 2","Kangumat 3"))

> detach(vybory)

Kanaunmar 1
Kangumar 2
Kangumar 3
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Puc. 23. 3aBucuMocThb pe3y/IbTaToB TPEX KaHIWJIATOB OT sIBKU Ha BHIOOPHI

Nrak, Tperuii KaHIUIAT UMEET IJEKTOPAT, KOTOPBIN 3HAYUTE/THLHO OTJIN-
qaeTcsd II0 CBOEMY IIOBEJIEHUIO OT 3JIEKTOPATOB JBYX IEPBBIX KaHIUIATOB.
Pazymeercs, xouercs MpPOBEPUTH ITO CTATUCTUYECKH, & HE TOJIBKO BU3Y-
ajbHo. st Toro 4ToOBI CpaBHUBATEL PEI'PECCUU, CYMIECTBYET CIECITUAIbHbIIMI
meron, ananu3 koBapuanuii (ANCOVA). Iloapobroe paccMmorpenue 3Toro
METO/Ia BBIXO/IUT 33 PAMKH HACTOSIIEN KHUTH, HO MBI cefidac MoKaKeM, Kak

MO2KHO IPDUMEHUTH aHaJIu3 KOBapI/IaL[I/Iﬁ IJId JaHHBIX O BI)I60anZ

> vybory2 <- cbind(JAVKA, stack(data.frame(DOLJA)))
> names (vybory2) <- c("javka","dolja",'"kand")

> str(vybory2)

’data.frame’: 459 obs.
$ javka: num 0.609 0.683 0.944 0.896 0.916

of 3 variables:
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$ dolja: num 0.0745 0.0546 0.043 0.079 0.0514 ...

$ kand : Factor w/ 3 levels "KAND.1","KAND.2",..: 1 1 1 ...
> head(vybory2, 3)
javka dolja  kand

1 0.6094164 0.07448770 KAND.1
2 0.6832776 0.05456697 KAND.1
3 0.9435810 0.04295094 KAND.1

MBI co3zia/in U IPOBEPUIN HOBYIO TaOJIUILy JAHHBLIX. B Heil gBe mHTEpe-
CYIOIIIIe HAC TIEPEMEHHBIE (J10JIsT IIPOrOJIOCOBABIIIX 38 KAaXK/IOT0 KaHHIaTa
U sIBKA) PACIOJIOXKEHBbI Tellepb B OJMH CTOJIOEI, a TPeTHii cTosber, — 9To
dakTOop ¢ UMeHaMU KaHAUAATOB. UTOOLI IOy YAThL TaKyIO TAOJIMILY, MLl UC-
nosb3oBan GyHKIuo stack ().

> ancova.v <- lm(dolja ~ javka * kand, data=vybory2)
> summary(ancova.v)

Call:
Im(formula = dolja ~ javka * kand, data = vybory2)

Residuals:
Min 1Q Median 3Q Max
-0.116483 -0.015470 -0.000699 0.014825 0.102810

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 0.117115 0.011973 9.781 < 2e-16 *xx
javka -0.070726 0.018266 -3.872 0.000124 =*x*x
kandKAND.2 -0.023627 0.016933 -1.395 0.163591
kandKAND. 3 -0.547179 0.016933 -32.315 < 2e-16 x*xx**
javka:kandKAND.2 0.004129 0.025832 0.160 0.873074
javka:kandKAND.3 1.393336 0.025832 b53.938 < 2e-16 *xx**

Signif. codes: 0 ‘*xx’> 0.001 ‘=%’ 0.01 ‘%’ 0.05 ‘.” 0.1 ¢ > 1

Residual standard error: 0.02591 on 453 degrees of freedom
Multiple R-squared: 0.9824,Adjusted R-squared: 0.9822
F-statistic: 5057 on 5 and 453 DF, p-value: < 2.2e-16

AHajn3 KoBapuaruii UCrob3yer popMyJIy MOJIETN «OTKIUK ~ BO3LEeh-
cTBue * (arTOp», [Jie 3Be3701Ka (*) 0b03HAYAET, YTO HAJO IPOBEPUTH O
HOBPEMEHHO OTKJIMK Ha BO3/IeHCTBHE, OTK/INK Ha (DAKTOP U B3AMMOJICICTBIE
MeKLy OTKJIUKOM 1 dakropom. (HamomuuM, uro jimHeiiHasi perpeccusi uc-
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oJIb3yeT boJiee MPOCTYIO0 GOPMyIly, «OTKIUK ~ Bo3neiicTBue»). B Hamem
cIydae OTKJIMKOM OBLI& JI0JIsI IIPOrOJIOCOBABIINX, BO3/IEHCTBIEM — $IBKA, &
dakTOopoM — UMd KaHauaTa. Bosble Bcero Hac MHTEPECOBAJIO, IIPAB/IA JIH,
4TO UMEETCA CUJIBbHOE B3aUMOIEHCTBHE MEXKIY ABKOH M TPETbUM KaHI1J1a-
oM. [losydenubie pesysbrarsl (cM. cTpoKy javka:kandKAND.3) e ocras-
JIAIOT B 9TOM COMHEHUI, B3aUMOIEHCTBAE 3HAYUMO.

X %k X

JlOBOIbHO CJIOXKHO aHAJM3UPOBATL JAaHHbLIE, €CJIM 3aBUCHUMOCTDH HEJIU-
Heifinast. 3/1eCh Ha IIOMOIIb MOTYT IPHUITH METO/bI BU3yaJm3aluu. bosee
TOr0, YaCTO UX OBIBACT JIOCTATOIHO, YTOOBI C/I€JIATH BBIBOJIBI, IIyCTh U IIPE/I-
BapuTesibHbie. PaccMorpum Takoit npumep. [lo 6epery Yeprnoro mops, or
Hosopoccntiicka no Coun, pacTyT mepBOIBeTHI, Wi npuMyibl. Camast 3amMe-
JaTe/ibHAS UX YepTa — ITO TO, UYTO OKPACKA IBETKOB IOCTEIIEHHO MEHSICTCS
npu npojBukeHnu or HoBopoccuiicka Ha 10ro-3araj, BIoJIb bepera: cCHavasa
OOJIBITIUHCTBO I[BETKOB Oejible WIN KeaThie, a Oymke K JlaroMbicy mosBIis-
ercst Bce OOJIbITIEe U DOJIbINE KPACHBIX, MAJIMHOBBIX, (DUOJIETOBBIX U PO3OBBIX
ToHoB. B caiiie jannpix primula.txt 3alucaHbl PE3YJIbTATHI JECATHICT-
HEro UCCAeI0BAaHUs OEPEeroBbiX Moy adiuit meppomseros. [lonpodbyem BoIsic-
HUATH, KK UMEHHO MEHSIETCsl OKPACKA I[BETKOB II0 MEpE IPOBUXKEHUS Ha
foro-3amas (puc. 24):

prp.coast <- read.table("data/primula.txt",

as.is=TRUE, h=TRUE)

plot(yfrac ~ nwse, data=prp.coast, type="n",
xlab="[luctaunua ot HoBopoccuiicka, KM",

ylab="Ilpomoprus CBETIHX LBETKOB, #4")

rect (129, -10, 189, 110, col=gray(.8), border=NA); box()
mtext ("129", at=128, side=3, line=0, cex=.8)
mtext("189", at=189, side=3, line=0, cex=.8)
points(yfrac ~ nwse, data=prp.coast)

abline(1m(yfrac ~ nwse, data=prp.coast), lty=2)
lines(loess.smooth(prp.coast$nwse, prp.coast$yfrac), lty=1)

V VVV VYV + +V + VvV

B srom HEGOTBITIOM aHa M3e eCTh HECKOJBKO MWHTEPECHBIX JIJIsT HAC MO-
MeHTOB. Bo-TiepBBIX, OKpacKa IIBETKOB 3aKOINPOBAHA IIPOIOPIIAEH, JJIsI TOIO
9TOOBI CJleJIaTh ee MHTePBabHOI. BO-BTODBIX, JUHEiHAsT perpeccusi, otve-
BU/IHO, He OTparkKaeT PeasibHOM cuTyaryn. B-TpeTbux, Jiist U3y deHust HeJli-
HEIHOIO B3aMMOOTHOIIEHUSI MbI IIPUMEHUJIN 3JIeCh TaK HA3bIBAEMOE CIJIa-
xkupanue, «LOESS» (Locally weighted Scatterplot Smoothing), koropoe
IIOMOIJIO YBUJIETh HaM OOIIui B BO3MOXKHON KPUBOIA.
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Puc. 24. Nsmenenune mpomopiiuii CBET/IbIX IIBETKOB B IMOIYJISIIUIX [I€PBOIIBE-
Ta

5.6. BepositTHOCTh ycnexa, nmian Jlormcrmaeckas
perpeccus

HoMunajbHbIe JaHHBIE OYeHb TPYJHO 00pabaTbIBATL CTATUCTUYECKH.
TecT nponopIyit jia XU-KBaJIpaT — HPaKTUYeCKU BCe, YTO UMeeTcs B Ha-
meM apceHaJie IJjigd OJHO- U ,ZLByMeprIX HOMUHAaJIBHDBIX JaHHBIX. OILH&KO
YacTO BCTPEHAlOTCs 3aJadd, B KOTOPLIX TpeObyeTcsl BBIICHUTL HE IPOCTO
JIOCTOBEPHOCTL COOTBETCTBHs, a €ro XapaKTep, TO ecTh TpebyeTcs IpuMe-
HUTHb K HOMHUHaJIbHBIM JaHHBIM HEYTO BPOJ/Ii€ PErpeCCuOHHOIO aHaJIn3a. ]30T7
HaIpUMep, JIaHHbIe O TeCTUPOBAHUU IIPOrPAMMUCTOB C PA3HBIM OIIBITOM Pa-
6orbl. VIx npocuin 3a HEGOJIbIIOE BpeMs (CKarkeM, JBaJliaTh MUHYT) HAIIU-
caTh HECJIOXKHYIO IPOIPaMMy, He TeCTUPYs ee Ha KoMIIbioTepe. [loToM Hamm-
CaHHBIE TPOTPAMMBbI IPOBEPAIN, U €CJIM porpaMMa paboTasa, TUCAIA «S»
(«success», ycrex), a ecan He paborana — nucanu «F» («failure», neynada):

> 1 <- read.table("data/logit.txt", stringsAsFactors=TRUE)
> head(1)
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V1 v2
14
29
6
25
18
4

o O WN -
Mmoo

Kak ysuaTh, Bimsier jin ctaxk Ha ycrex?! Tabymipl CONPSKEHHOCTH TYT
TO/IXOJIAT MaJIo, BEJIb CTaH<(V1)———HHTepBaﬂbHaﬂ nepeMeHHast. JIuHelHasd
perpeccusi He MOIXOIUT, IIOTOMY YUTO JIjis Hee TpebyeTcs He TOJIbKO MHTEep-
BaJIbHOE BO3JICHiCTBHE (B HAIEM CJIydae CTaxK), HO elle M WHTEPBAIbHBII
OTKJIUK. Y HAC YKe OTKJHUK — OumHapHbIil. OKa3bIBaeTcs, CyIIeCTBYeT BbI-
xo/1. Jljist 9TOro HaJio B KavyecTBe OTKJIMKA MCCJIEI0BATh HE YCIeX /HeycIex,
a BEPOAMMHOCTD YCMETA, KOTOpast, KAK BCHAKAS BEPOSATHOCTH, HEIIPEPBIBHO
u3Mensiercd B uarepsaJjie ot 0 o0 1. Mbr #e OyeM 3/1eCh BaBaThCs B MaTe-
MaTHUIeCKHUE MMOJPOOHOCTH, & MIPOCTO MOKAXKEM, KaK 3TO paboTaeT Jjisl JIaH-
HBIX O [IPOTPAMMHUCTAX:

> 1l.logit <- glm(formula=V2 ~ V1, family=binomial, data=1)
> summary(l.logit)

Call:
glm(formula = V2 ~ V1, family = binomial, data = 1)

Deviance Residuals:
Min 1Q Median 3Q Max
-1.9987 -0.4584 -0.2245 0.4837 1.5005

Coefficients:
Estimate Std. Error z value Pr(>|z])
(Intercept) -4.9638 2.4597 -2.018 0.0436 *
Vi 0.2350 0.1163 2.021 0.0432 *
Signif. codes: 0 ‘*%x> 0.001 ‘*x’ 0.01 ‘x> 0.056 ¢.”> 0.1 ¢ > 1

(Dispersion parameter for binomial family taken to be 1)
Null deviance: 18.249 on 13 degrees of freedom
Residual deviance: 10.301 on 12 degrees of freedom

AIC: 14.301

Number of Fisher Scoring iterations: 5
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Nrak, 06a napamerpa JIOTHCTUIECKOH PErpeccuu 3HAYUMBbI, U P-3HATCHUST
MEHBIIE MTOPOTOBBIX. JTOTO JOCTATOTHO, UTOOBI CKA3ATH: OMBIT TPOTPaM-
MHUCTa 3HAYUMO BJIMSIET HA YCIIEITHOE DEIeHue 3a/1axu.

[TonpobyiiTe Teneps permuTh Takyio 3aga4dy. B daiine pokaz. txt Haxo-
JISITCST PE3Y/IbTATHI 9KCIIEPUMEHTA, ¢ TIOKA30M MTPEIMETOB Ha JOJN CEeKYH/IbI,
OIMCAHHOTO B TIepBoii TyiaBe. IlepBasi KOJIOHKA COJEPIKUT HOMED WCIBITYE-
MOro (ux OBLTIO JIECSTH), BTOpasi — HOMED HCIBITaHus (IATh HA YeJOBEKA,
HCIBITAHUST [IPOBO/MIINCH TI0CJIEI0BATEIBHO), a TPeThsl — pe3yJbTar B Ou-
napuoii opme: 0 — ne yragan(a), 1 — yragas(a). Boisicaure, ectb jin ¢Bsi3b
ME2K/ly HOMEDPOM HCIIBITAHUS U PEIYIHTATOM.

B BeItade dynkimn summary . glm() crout oOpaTUTh BHUMAHUE HA IIPEJI-
nocsienaioo crpouky, AIC (Akaike’s Information Criterion) — nndopmariu-
OHHBIIT KpuTepuit AKamke. DT0 KpUTEPHUIl, KOTOPBI TO3BOJISIET CPABHIBATH
Mogiesn Mexty coboil (Heckosibko nojpobuee npo AIC pacckazano B riiase
npo BpeMenHble psizibl). Yem menbie AIC, Tem syurre momensb. [Tokaxkem
9TO Ha IpuMepe. BepHeMcst K HAIIUM JAHHBIM IIPO «BUHOBHUKA» OTPaBJIE-
uusi. [Tomunopsr un canat? Bor Tak MOXKHO OTPOO0OBATH PEmuTh 1pobJie-

My:

> tox.logit <- glm(formula=I(2-ILL) ~ CAESAR + TOMATO,
+ family=binomial, data=tox)

> tox.logit2 <- update(tox.logit, . ~ . - TOMATO)

> tox.logit3 <- update(tox.logit, . ~ . - CAESAR)

CuavaJia Mbl TOCTPOMJIH JIOTUCTHYECKYIO MOJIeJb. [10CKOIbKY JlorucTu-
JecKasl MOJIEJIb «XOUeT» B KauecTBe OTKJIMKA (CJieBa OT TUJIb/IbI) HOJIyYUTh
0 mymm 1, TO MBI IPOCTO BBIYWIM 3HAUYEHUS IepeMeHHoi ILL u3 2, npu 3ToM
3abouieBIre cTaju 3akoiauposanbl Kak 0, a 310poBbie — Kak 1. OyHKIuA
I() mosBosseT HaM n30eXKaTh MHTEPIPETAIINT MUHYCA KaK 9acTi (pOPMYJIbI
MOJIEJIN, TO €CTh BO3BPAIIACT MUHYCY OOBIYHBIE apU(PMETHIECCKIE CBOUCTBA.
Sarem mpu momorn update () MBI BUJIOM3MEHUTH UCXOMHYIO MOJIENb, YOpaB
U3 Hee MOMUJIOPHI, a HOTOM yOpaju U3 MCXOAHON Momesu cajar (TOYKH B
dopmyste MOJIETN 03HAYAIOT, YTO UCIIOJIb3YIOTCH BCE BO3JEHCTBUA U BCE OT-
kimkn). Temeps nmocmorpum na AIC:

> tox.logit$aic
[1] 47.40782
> tox.logit2$aic
[1] 45.94004
> tox.logit3%aic
[1] 53.11957

Yro ke, MOXOXKEe, YTO HACTOSIIUM BUHOBHUKOM OTPABJIEHUS SBJISIETCS
caJiaT, Bellb MOJEJb ¢ cajaroM objamaer HanMmenbIuMm AlIC. Ilouemy ke
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TeCT XU-KBaJIpaT yKasaJ HaM eme u Ha nomumaopbi? [lero, ckopee Bcero, B
TOM, 9TO MEXKJIy CAJaTOM U ITOMUJIOpaMHU CYIIEeCTBOBAJIO 83aumodeticmsue
(interaction). [oBopsi Yes0BEYECKUM SI3BIKOM, T€, KTO OPAJIU cajiaT, OObITHO
OpaJii K HEMY U ITOMUJIOPHI.

5.7. Eciu BbIOOpPOK OoJIbIlle JIBYX

A dTO0 ecnu Temeph MBI 3aXOTUM Y3HATH, €CTH JIM PA3IUUHsT MEXKTY
mpems BoiGOpKamu? IlepBoe, 4TO MPUXOJAUT B rOJIOBY (IPEIIOIOKUM, ITO
9TO HapaMeTPUYIECKHUe JIAHHBIE ),— 3TO IPOBecTH ceputo TecToB CThiojieHTa:
MEXKIy IIePBOIl W BTOPOil BBIOOpKaMM, MEXKIy IIE€PBOIl W TpeTbell U, HAKO-
HEIl, MEeXKJIy BTOPOil m Tperheil — Bcero Tpu Tecra. K coxKajgeHUio, Iuc-
JIo HeoOxoUMBIX TecToB CThIO/IEHTa OyIeT pacTu Ype3BbIUAilHO OBICTPO C
yBEJIMYIEHNeM YNC/Ia HHTEPECYIOMUX HAC BRIOOpOK. Hampumep, miist cpaBhe-
HUsI TIOTIAPHO IECTU BBIOOPOK HAM IMOHAIOOUTCsT IPOBECTH yKe 15 TecToB!
A mupejncrasisiere, kKak 00uIHO Oy/ieT ITPOBECTH BCE 3TU 15 TECTOB TOJIb-
KO JIJIsT TOTO, 9TOOBI Y3HATDH, 9TO BCE BBIOOPKHW HE DPA3TMIAIOTCST MEXKTY
coboit! Ho ritaBHast nmpobjiemMa 3aK/Ii0o4eHa He B COEPEeXKEHIU TPY/1a, UCCIIEI0-
Baress (Bce-TaKu OOBIYHO HAM HYYKHO CDABHUTBH HE 00Jibie 3—4 BBIOOPOK).
Jlesto B TOM, 9TO IPHU MOBTOPHOM IIPOBEIEHUN CTATUCTUIECKUX TECTOB, OC-
HOBAHHBIX Ha BEPOSITHOCTHBIX IOHSITHSIX, Ha OJHOW U TOW K€ BBIOOPKE 6e-
DOAMHOCTID 0OHAPYAHCUMB JOCTNOBEPHYIO 3AKOHOMEPHOCTD N0 OULUOKE 803~
pacmaem. JlomycTuM, Mbl CUHTAEM PA3JIMYUs JTOCTOBEPHBIMU IIpu p-value
< 0.05, upu 3T0M MbI OyjieM omubaTbes (HAXOAUTH PA3IMYIUs TaM, TIe UX
Her) B 4 caydasx n3 100 (B 1 ciyugae us 25). [TorsaTHO, ITO €ciu MBI IpO-
BeJeM 25 CTATUCTHYECKUX TEeCTOB Ha OJHOM W TOU »Ke BBIOOPKE, TO, CKOpee
BCETO, OHAYKBI MBI HalJIEM Pa3/NYUsl TTPOCTO MO OIMUOKe. AHATOTHIHBIE
PACCyKIE€HUsSI MOTYT OBITH MPUMEHEHBI U K 9KCTPEMAJIBHBIM BUIAM CIIOPTA.
Hampumep, BEpOSITHOCTD TOTO, UTO MAPAIITIOT HE PACKPOETCS IIPU MPBIKKE,
JI0BOJIBHO Mauta (fgomyctuM, 1/100), u cTpanHO 66 OBLIO OXKUIATH, UTO Ma-
PAIIIOT He pacKpoercs KakK pa3 TOrJa, KOrJa UeJOBEK IPBITaeT BIEPBBIE.
[Ipu sTOM J1F00OI JTECAHTHUK, UMEIOIIUI OIBIT HECKOJBKUX COTEH IPBbIK-
KOB, MOYKET pacCKa3aTh HECKOJIHKO 3aXBATHIBAIONINX UCTOPUIT O TOM, KakK
eMy IMPUIILIOCh UCIOJIb30BATDH 3AIIACHON IMapaIioT.

[Tosromy st cpaBHEeHHs TpeX U 0oJiee BBIOOPOK UCIOJIB3YETCS CIIeTH-
ambHBIH MeTon — onHodakTOpHbIl aucnepcenonnsiii anamn3 (ANOVA, or
aarymiickoro «ANalysis Of VAriance»). Hynesast runoresa 3iuech Oyjer
yTBEPKIATh, YTO BLIOOPKU HE Pa3INYalOTCd MeXKJy cobolf, a ajabTepHa-
THUBHAS TUIIOTE3a — UTO LOMA 6bl 00HA Napa BEIOOPOK PA3INIAETCS MEXK LY
coboit. ObpaTuTre BHUMaHIE HA (DOPMYIUPOBKY aJbTEPHATUBHON MUIIOTE3bI!
PesynbraTst sT0r0 TecTa OyayT OIMHAKOBBIMI U B CJIYUae, €CTH PA3TUIACTCS
TOJIBKO OJHA Iapa BBIOOPOK, U B CJIyJae, eCJIM PAa3/IMIaloTCsl BCE BHIOOPKH.
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YTobb! y3HATH, KaKue UMEHHO BBIOOPDKH OTIMIAKOTCs, HAIO OYIeT IIPOBO-
JIUTH CIIENUAJbHBIE TECTHI (0 HUX PACCKA3aHO HUKE).

Hannbie mst ANOVA jiyuriie opraHn3oBaTh CJIEAYIONIAM 00Pa30M: 3a-
JIaTh JIBe IEpEMEHHbIE, U B OJIHON M3 HUX yKa3aTh BCe 3HAYEHUS BCEX CPaB-
HUBaeMbIX BbIOOPOK (HAIpUMED, POCT OPIOHETOB, GJIOH/IMHOB U IIATEHOB), &
BO BTOPOIl — KOJIbI BBIOOPOK, K KOTOPBIM IIPUHAJIEXKAT 3HAUEHUS TEPBOt
HepeMeHHoil (HampuMep, OyIeM CTaBUTh HAIPOTUB 3HAYCHUST POCTa OPIOHE-
Ta «bry», HAIPOTUB pocTa OJIOHAUHA — «bly W HAIIPOTUB POCTA IIATEHA —
«shy). Torga MbI cMOXKeEM 3aJ1€fiCTBOBATH y7Ke 3HAKOMYIO HaM JIOTUIECKYTO
perpeccuio (Ipu 3TOM OTKJIMK Oy/IeT KOJIMIECTBEHHBIN, a BOT BO3/ieiicTBrIe —
kadecTBeHHOe). CaM aHAIU3 [IPOBOJUTCA PU MIOMOIIU JBONHOMN (byHKIMN
anova(lm()) (puc. 25):

set.seed(1683)

VES.BR <- sample(70:90, 30, replace=TRUE)
VES.BL <- sample(69:79, 30, replace=TRUE)
VES.SH <- sample(70:80, 30, replace=TRUE)
ROST.BR <- sample(160:180, 30, replace=TRUE)
ROST.BL <- sample(155:160, 30, replace=TRUE)
ROST.SH <- sample(160:170, 30, replace=TRUE)
data <- data.frame(CVET=rep(c("br", "bl", "sh"), each=30),
VES=c(VES.BR, VES.BL, VES.SH),

ROST=c (ROST.BR, ROST.BL, ROST.SH))

boxplot (data$ROST ~ data$CVET)
anova(lm(data$ROST ~ data$CVET))

Analysis of Variance Table

vV V + 4+ V V V V VYV VYV

Response: data$ROST

Df Sum Sq Mean Sq F value Pr (>F)
data$CVET 2 2185.2 1092.58 81.487 < 2.2e-16 *x*x*
Residuals 87 1166.5 13.41

Signif. codes: 0 ‘“**x*’ 0.001 ‘**’ 0.01 ‘x> 0.05 “.”> 0.1 ¢ *> 1

Hano renepp 00bsicHUTh, YTO MMEHHO MbI ¢ienaiau. B R mucnepcunon-
HBIN aHaJu3 MMPOBOJIUTCA IIPU IIOMOIIU TOH Ke caMoit (pYHKITUU JIMHEITHOM
Moziesin 1m (), 910 u perpeccusi, HO GOPMyJIa MOJEIN 3/1ECh APYrasi: OTKIIUK
~ pakTop, rme HaKTOPOM SABJISLETCS WHANKATOD IPYHIBI (B HAIIEM CIIydae
c("br", "bl", "sh")). Takoit anasu3 cHavaga cTpouT TPU Mosen. Kaxk-
AYIO MOJICJIb MOXKHO YCJIOBHO IIPEACTABUTDH B BUJIC BEPTUKAJIBLHON JIMHUU, 110
KOTOPO#l pacipejie/IeHbl TOUYKNA; BEPTUKAJIBHOI II0OTOMY, YTO BCE TOYKU CO-
OTBETCTBYIOT OJIHOMY 3HAUEHUIO MHMKATOPA IPyIIbl (cKazkeM, bl). [Torom
dyuknus anova() cpaBHUBAET ITH MOJEU U OLPEJIEISET, €CTh JIM MEXKTY
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Puc. 25. Paznuaaercs jin Bec MeXKIy TpeMs BBIOOPKAMHE JIIOJEH C PA3HBIM
BeToM BoJioc? (JlaHHbIE 11OJIyYeHbI UCKYCCTBEHHO)

HUMHI KaKHe-HUOy/Ib 3HAYMMbIe OT/IN4ns. MblI cO3Ma/ HAIA JTaHHbIE HC-
KYCCTBEHHO, KaK U JaHHbIE O 3apIljiaTe B IJIaBe PO OJHOMEpPHbBIE JAHHBIE.
Hy u, ecrecrBeHHO, MOJYYMIM POBHO TO, UYTO 3aJIOKUJIM,— HAJA0 HPUHATD
AJbTEPHATUBHYIO THIIOTE3Y O TOM, UTO XOTsI ObI O/IHA BBIOOPKA OTIMIACTCS
oT mpounX. [VIsaast Ha OOKCILIOT, MOYKHO IPEINOJIOKHUTh, ITO 3TO — OJIOH-
muabl. [IpoBepuM mpeimosoKeHne MpH IIOMOIIMU MHOYKECTBEHHOro t-Tecra
(pairwise t-test):

> pairwise.t.test(data$ROST, data$CVET)

Pairwise comparisons using t tests with pooled SD
data: data$ROST and data$CVET
bl br
br < 2e-16 -
sh 1.1e-11 1.2e-05

P value adjustment method: holm
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U Bupasy, U3 MOMYyYEeHHONH TaOIUIKYM BUIHO, ITO OJOHIUHBI 3HAYUMO
(06a p-sHauenusi MHOrO MenbIre 0.05) OTIMYAIOTCS OT OCTAJIBHBIX IPYIIIL.
Ectb u eme oqun noxoxkwuit Tect. 1o «Tukey Honest Significant Differences
test» (y mero ectb u crenuanbHbIil rpaduk, cM. puc. 26):

> rost.cvet <- aov(lm(data$ROST ~ data$CVET))
> (rost.cvet.hsd <- TukeyHSD(rost.cvet))
Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = 1m(data$ROST ~ data$CVET))

$‘data$CVET¢

diff lwr upr p adj
br-bl 11.933333 9.678935 14.187732 0.00e+00
sh-bl 7.533333 5.278935 9.787732 0.00e+00
sh-br -4.400000 -6.654399 -2.145601 3.43e-05

> plot(rost.cvet.hsd)

PesynabraThl 0601X TECTOB, PA3yMEETCs, IOXOKHU.

Bazkno nomuutsb, uro ANOVA — napamerpuyeckuii MeTol, TO €CTh Ha-
I JaHHbIEe JOJIZKHBI MMETH HOPpMaJIbHOE (I/I.HI/I 6J'II/IBKO€ K HOpl\/Ia.HbHOMy)
pacripejiesienne. Kpome Toro, crangapTHbIe OTKJIOHEHUST BBIDOPOK JIOJIZKHBI
ObITh, IO KpaifHeit Mepe, moxoxu. [lociienmee ycmoBre MOKHO 000#fTH TPHU
nomoIu GyHKIMN oneway.test (), KoTopas He IIPeJIIOIAraeT 10 yMoJIda-
HMIO paBeHCTBa pa3dbpocoB. Ho ecin ecTh COMHEHUsI B TapaMeTPUIHOCTH HC-
XOJIHBIX JIAHHDBIX, TO JIYUIIle BCErO MCIIOJb30BaTh HElTapaMeTPUIeCKUil aHa-
jgor ANOVA, recr Kpackasa-Yosumca (Kruskal-Wallis test). Moxkuo 1mo-
IpoOOBaTh €ro Ha, HAIINX UCKYCCTBEHHBIX ITaHHBIX:

> kruskal.test(data$ROST ~ data$CVET)
Kruskal-Wallis rank sum test

data: data$ROST by data$CVET
Kruskal-Wallis chi-squared = 63.9153, df = 2,
p-value = 1.321e-14

Pesynbrar anamornuen «kiaccudeckomys ANOVA, a p-snadenune 9yTh
0oJIbIlle, KaK M ITOJI0XKEHO I HEIapaMEeTPUYECKOI'O TECTA.

3amagya npo Bec. llomnpobyiiTe caMOCTOSTENBHO BBISCHUTH, OTJINYA-
IOTCs JIM HAINK TPYHIBL emie u 1o Becy? Eciam na, To ommmyaioTcs Ju OT
OCTaJIbHBIX TIO-TIPEXKHEMY OJIOHIUHBI?
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Puc. 26. PesyabraTsl post hoc Tecta Thioku. O6Ge pa3sHUIBI MEXKTY CPEIHUMU
JIUTst pocTa, GJIOHIUHOB U [IBYX OCTAJBHBIX IPYIII JIEXKAT BHYTPU JOBEPUTE -
HOTO MHTEpBaJja (CIpaBa OT IMyHKTUPHON JINHWN)

3agava Mpo 3aBUCUMOCTDH POCTA U Beca. A 3aBUCHUT JIM BEC OT pOCTa
B HAIIINX MCKYCCTBEHHBIX JIAHHBIX! HKcim j1a, To xaxas 3Ta 3aBUCUMOCTD !

k kX

OTBeT K 3a/1ave PO TecT 3HAKOB. JlocTtaTouno Hammcars:

a <-c(1, 2, 3, 4,5, 6,7, 8, 9
b <- ¢c(5, 5, 5, 5, 5, 5, 5, 5, 5)
dif <- a-b

pol.dif <- dif[dif > 0]
binom.test(length(pol.dif), length(dif))

3 3

V V V V V

Exact binomial test

data: length(pol.dif) and length(dif)
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number of successes = 4, number of trials = 9, p-value =1
alternative hypothesis:
true probability of success is not equal to 0.5
95 percent confidence interval:
0.1369957 0.7879915
sample estimates:
probability of success
0.4444444

To ecTh oTaIMYMIt OT MOJIOBUHBI HET, U TECT 3HAKOB CUMTAET TaKHE€ BbI-
O6opku oguHaKoBbIMEU! Hero u MOXKHO ObLIO, B OOIEM, OXKUJIATh — BEJb MbI
y2Ke IUCAJH, YTO IPOBEPSIIOTCsI HEe BHIOOPKHU KaK TAKOBBIE, a JIUIIb UX IEH-
TpaJIbHbIE 3HATECHUA.

OrBer K 3aj/1ave PO 030H. YT0OBI y3HATH, HOPMAJIBHO JIX PaCIpee-
JIEHUE, IPUMEHUM CO3/IaHHYIO B IPEJbLIYyIeil riiase pyHKnio normality3():

> ozone.month <- airquality[,c("Ozone","Month")]
> ozone.month.list <- unstack(ozone.month)

> normality3(ozone.month.list)

$C5¢

[1] "NOT NORMAL"

$(6¢
[1] "NORMAL"

$(7(
[1] "NORMAL"

$(8(
[1] "NORMAL"

$(9(
[1] "NOT NORMAL"

31ecb Mbl TpUMeHUIIN QYHKIHIO unstack (), KoTopasi «pa3obpaJjiay JaH-
HBIE TI0 MecsITaM. PazyMeeTcst, 3T0 MOXKHO OBITIO CITATH U IIPU TIOMOTITH Y Ke
U3BECTHBIX BaM (DYHKI[HIA:

> normality3(ozone.month[ozone.month$Month==5,] [1])
$0zone

[1] "NOT NORMAL"

> normality3(ozone.month[ozone.month$Month==6,][1])
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$0zone
[1] "NORMAL"

u T I

MBI HCTIOTB30BAH 371€Ch JIBE TTaphbl KBAJPATHBIX CKOOOK, JIJIST TOTO YTO-
Obl JJAHHBIC HE IPEBPATUINCH B BEKTOD, & OCTAJIUCH Tab/UIeil TAaHHbIX, BeJIb
nama dyuknus normality3() «3arodeHa» MMEHHO MOJ TAGJUILI JAHHDIX.
Eciu ke 9Tu j1Be mapbl KBaJPaTHBIX CKOOOK BaM He HPABATCH, MOXKHO MO-
CTYIIUTH elle TpoIne (XOTs U MyTOPHEe) M BEPHYThCsl K OPUIMHAJBLHOMY
shapiro.test():

> shapiro.test (ozone.month[ozone.month$Month==5, "Ozone"])
Shapiro-Wilk normality test

data: ozone.month[ozone.month$Month == 5, "Ozone"]
W =0.714, p-value = 8.294e-06

(3aryistHuTEe B IPEABIILYINYIO [VIABY, YTOOBI IOCMOTPETh, KaKas B 3TOM
TecTe aJIbTePHATUBHAS THIIOTE3A. )

Kaxk Bumgure, B R oqHy 1 Ty 2Ke 3a1a4y BCerga MOXKHO PEIINTh MHOXKECT-
BOM c110coboB. U 910 npekpacHo!

OTBer K 3azade IIPO OLEHKU AByX KJaccoB. IlonpobyeMm mpoana-
JIN3UPOBATDH JAHHBIE IIPU IIOMOIIN CTATUCTUIECKUX TECTOB:

> otsenki <- read.table("data/otsenki.txt")
> klassy <- split(otsenki$Vi, otsenki$V2)

MoxkHo OBLIO ciesiaTh U MO-JIpyromy, HO dyHKIusg split() — camoe
OBICTpOE pellleHre It pa30UBKM JAHHBIX HA TP TPYIIBI, U K TOMY Ke
OHa BBIJIAET CIIUCOK, JIEMEHTBI KOTOPOI'0 MOXKHO OyJIeT POBEPUTH HA, HOP-
MaJIbHOCTD IIPH TIOMOIIM CO3J[@HHO HAMM B IIPEJIBLIYIIEH TviaBe PYyHKINN
normality3(Q):

> normality3(klassy)

$A1
[1] "NOT NORMAL"
$A2
[1] "NOT NORMAL"
$B1

[1] "NOT NORMAL"

VBBI, TapaMeTpuuecKue MeTobpl HermpuMmeHuMbl. Hajto paboraTs Hera-
pPaMETPUYECKUMH METOTaMMU:
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> lapply(klassy, function(.x) median(.x, na.rm=TRUE))
$A1

[1] 4

$A2

(1] 4

$B1

(11 5

MbI HpUMEHMIIA GHORUMHYIO GYHKUUIO, JIJIT TOTO 4TOOBI H30aBUTHCS OT
IPOIYIIeHHbIX 3HadeHnil (6osesnne yuenuku?). IToxoxe, uro B Kiacce A
Pe3yJIbTATHI TIEPBOI U BTOPOI UeTBepTeil MOX0XKM, a BOT Kjiacc B yumica B
nepBoit yeTBepTH Jjy«mie A. [Iposepum 510:

> wilcox.test(klassy$Al, klassy$A2, paired=TRUE)
Wilcoxon signed rank test with continuity correction

data: klassy$Al and klassy$A2
V = 15.5, p-value = 0.8605
alternative hypothesis: true location shift is not equal to O

Warning messages:

> wilcox.test(klassy$B1, klassy$Al, alt="greater")
Wilcoxon rank sum test with continuity correction

data: klassy$Bl and klassy$Al
W = 306, p-value = 0.02382
alternative hypothesis: true location shift is greater than O

Warning message:
In wilcox.test.default(klassy$B1l, klassy$Al, alt = "greater")
cannot compute exact p-value with ties

Jst geTBepTeil MBI TPUMEHUJIA TAPHBIA TECT: BEJb ONEHKU TOJIYYaJN
OJIHU U Te JKe yUeHUKU. A JiJIsi CpABHEHUsI PA3HBIX KJIACCOB UCIIOJIB30BAH OJI-
HOCTOpOHHI/Iﬁ TeCT, IIOCKOJIbKY TaKHe TeCTbl O6])I‘{HO YyBCTBUTEJIbHEE JIBY-
CTOPOHHHMX M IOCKOJIbKY 3/IeCh KaK pa3 M MOYKEM IIPOBEPUTDL, YUUTCS JIH
Kjacc B uydmie A, a He IPOCTO OTJIMYAIOTCS JIM UX PE3YJIbTATHI.

Urak, pe3ysnbrarsl Kiacca A 3a epBYIO 1 BTOPYIO 9€TBEPTHU JIOCTOBEPHO
HE OTJIMYAIOTCS, [IPU ITOM KJIACC B y4Yujcs B MEPBYIO Y€TBEPTH CTATUCTH-
YeCKHW 3HAYMMO JIydine Kiaacca A.
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OtrBer K 3asave 1po kKaccupos. [lompobyem cHavajia BBISCHUTD,
MOZKHO JIM UCIIOJIb30BaTh I1apaMeTpUiecKue MeTOIbI:

> kass <- read.table("data/kass.txt", h=TRUE)
> head(kass)
KASS.1 KASS.2

1 3 12
2 12 12
3 13 9
4 5 6
5 4 2
6 11 9
> normality3(kass)
$KASS. 1

[1] "NORMAL"
$KASS.2

[1] "NORMAL"

Ormmuno! Kak Hacuer cpeaHux?

> (kass.m <- sapply(kass, mean))
KASS.1  KASS.2
8.380952 7.809524

IToxoxke, 9TO y mepBOro Kaccupa odepeu rnodoJibiie. [Iposepum sro:
> with(kass, t.test(KASS.1, KASS.2))
Welch Two Sample t-test

data: KASS.1 and KASS.2
t = 0.4358, df = 39.923, p-value = 0.6653
alternative hypothesis:
true difference in means is not equal to O

95 percent confidence interval:

-2.078962 3.221819
sample estimates:
mean of x mean of y

8.380952 7.809524

VBBI, MocTOBEpHOIT pasHubl HeT. [lompobyeMm oTobpasnTh 310 rpadmie-
cku (puc. 27) U IPOBEPUTH, BBIIOJIHSIETCSI JIN «IIPABUJIO TPEX CHUTM»:



Ecau evibopor b6oavwe deyx 137

> (kass.sd <- sapply(kass, sd))

KASS.1  KASS.2

.341384 4.154745

library(gplots)

barplot2(kass.m, plot.ci=TRUE,

ci.l=kass.m, ci.u=(kass.m + (3 * kass.sd)),
names.arg=c ("llepsuii xaccup","Bropoit kaccup"),
ylab="0uepezns")

+ 4+ 4+ vV Vs

o .
N
0w
i

A

=

[}

)

s =
-
o

Ilepsbrit Kaccup Bropoit kaccup

Puc. 27. Cronbuarbsie jguarpaMMbl ¢ pa3bpocaMu B TPU CTAHIAPTHBIX OT-
KJIOHEHHST OTOOPaXKaroT M3MEHUYMBOCTH OdYepejieil K JBYM KacCHpaM B Cy-
epMapKere

CrosbuaThle uarpaMMbl ¢ pa3dpocaMu — 3TO PACIPOCTPAHEHHBI, XOTs
1 He caMbIit 93deKTUBHBIN, ClI0OCOO N300PAXKEHUST JTAHHDBIX, ANINKH-C-yCaMU
ropazzo Jiydrte. Jljs Toro 9TobbIl HAPUCOBATH Pa3dbpOC HA CTOJOUKE, MBI
3arpy3uin naker gplots u BbI3BaJn OTTyAa DyHKIMIO barplot2(). Kpome
TOrO, MBI HCIIOJIb30BAJIA IIPUEM C BHEITHUMHU CKOOKAMM, ITOOBI PE3yJIbTAT
dyuknun sapply () 1mres u Ha 3KpaH, 1 B 00beKT kass. sd.
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«IIpaBuio Tpex curm» HaC He MOJIBEJIO — Pa3bpPOCHI MIUPUHON B TPH
CTAHJAPTHBIX OTKJIOHEHUsI CHUJIHLHO TTEPEKPBIBAIOTCS. SHATHUT, BHIOOPKH 10~
CTOBEPHO HE OTJINYAIOTCS.

OtBer K 3a/iavye PO IIPOpAIUBaHNE 3apa>kKeHHbIX IpubOM ce-
MsH. 3arpy3uM JIaHHbIe, IOCMOTPUM HA& UX CTPYKTYpPY M IPUMEHUM TECT
XU-KBa/JIpaT:

> pr <- read.table("data/prorostki.txt", h=TRUE)
> head(pr)
CID GERM.14

1 63
2 63
3 63
4 63
5

6

>

e

63
63 1
chisq.test(table (pr[pr$CID %in% c(0,105),1))

Pearson’s Chi-squared test with Yates’ continuity correction

data: table(pr[pr$CID %inJ <(0, 105), 1)
X-squared = 8.0251, df = 1, p-value = 0.004613

> chisq.test(table(pr[pr$CID %in% c(0,80),1))
Pearson’s Chi-squared test with Yates’ continuity correction

data: table(pr[pr$CID %in’% c(0, 80), 1)
X-squared = 22.7273, df = 1, p-value = 1.867e-06

> chisq.test(table(pr [pr$CID %in’% <c(0,63),1))
Pearson’s Chi-squared test with Yates’ continuity correction

data: table(pr[pr$CID %in% c(0, 63), 1)
X-squared = 0.2778, df = 1, p-value = 0.5982

Warning message:
In chisq.test(table(pr[pr$CID %in% c(0, 63), 1))
Chi-squared approximation may be incorrect

Kak Bugum, sacdbdekror gayx rpubos (CID105 u CID80) ormuarorcst or
koHTpoJist, a Tperbero (CID63) — mer.
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B orBere ucnosib3oBaH orepaTop %in’, KOTOPBIil MO3BOJISIET BHIOPATDH U3
TOTO, 9ITO CJIEBA, TO, ITO €CTH CIPaBa. JTO COKOHOMUJIO HAM HEMHOTO Bpe-
MeHu. MoxkHO ObLI0 HammcaTh u table (pr[pr$CID==0 & pr$CID==63, 1),
rjie & o3HadYaeT JIOTmYecKoe «u». KcTb, pasymeercs, u Jipyrue Crocodbl clie-
JIATb TO K€ CaMoe.

Hyxk#0 3aMeTuTh, 4TO MOCKOJILKY MBI TPU Pa3a MOBTOPUJIN CPABHEHUE
¢ OJHOII W TOH ke rpynmoil (KOHTPOJEM), Hy?KHO HOPOTOBOE D-3HAYEHUE
YMEHBIIUTH B TPU pa3a (3T0 HA3BIBAETCs «Nonpaska Bondepporu s MHO-
JKEeCTBEHHBIX cpaBHeHwmii» ). Kcraru, /st momobHbIx nonpasok B R ects crie-
nuasbnast Gyukims, p.adjust (). B namewm ciaydae nepsble /[Ba 3HAYEHUS
BCE PaBHO OCTAHYTCA 3HAYUMBIMU.

OrtBer K 3azadve npo Bec. /la u Her:

> anova(lm(data$VES ~ data$CVET))
Analysis of Variance Table

Response: data$VES
Df Sum Sq Mean Sq F value Pr(>F)
data$CVET 2 1043.5 521.73 31.598 4.837e-11 *x*x
Residuals 87 1436.5 16.51
Signif. codes: 0 ‘*xx> 0.001 ‘*x> 0.01 ‘x> 0.05 ¢.” 0.1 ¢ > 1
> pairwise.t.test(data$VES, data$CVET)

Pairwise comparisons using t tests with pooled SD
data: data$VES and data$CVET

bl br
br 1.5e-10 -
sh 0.15 7.5e-08

P value adjustment method: holm

Oranynst MeXK1y IpyIIIaMy €CTh, HO OTJINYAIOTCs 110 BECy KaK pa3 Opro-
HETBI, a He OJOHINHEI.

OrtBer K 3a/jaue 0 mokase mpeaMeToB. [locTynuM Tak ke, Kak U B
npuMepe 1Ipo mnporpammuctoB. CHadaa 3arpy3uM JaHHbIE U TPUCOEINHIM
X, 9TOOBI OBLIO Jierde paboOTATh ¢ IePEMEHHBIMIM:

> pokaz <- read.table("data/pokaz.txt")
> attach(pokaz)

3aTreM IPOBEPUM MOJIEb:
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> pokaz.logit <- glm(formula=V3 ~ V2, family=binomial)

> summary (pokaz.logit)

Call:

glm(formula = V3 ~ V2, family = binomial)

Deviance Residuals:
Min 1Q Median 3Q

Coefficients:

Estimate Std. Error z value
(Intercept) -1.6776 0.7923 -2.117
V2 0.9015 0.2922 3.085

Signif. codes: 0 ‘“**x*’ 0.001 ‘**’ 0.01

Max
-2.4029 -0.8701 0.4299 0.7825 1.5197

Pr(>|zl)

0.03423 *
0.00203 *x*

¢*7

0.05 °.

> 0.1 ¢

(Dispersion parameter for binomial family taken to be 1)

Null deviance: 62.687 on 49 degrees of freedom
Residual deviance: 49.738 on 48 degrees of freedom

AIC: 53.738

Number of Fisher Scoring iterations: 4

(BeI3biBast mepeMenmble, Mbl y<uim TOT GakT, 970 R nprucBanBaer KOJIOH-

KaM JIaHHBIX 6€3 3arojIoBKOB uMmeHa V1, V2, V3 u . 11.)

Mognesnn snagnval Tak aro namna wgest, BbICKa3aHHasl B IepBoii rirase (0
TOM, UTO 4YeJIOBEK 00ydaeTcss B XOJjie IOIBITOK), MMeeT MoJ[ coboil onpejie-
JIEHHBbIE OCHOBaHMsA. A BOT TaK MOYKHO IIOCTPOUTH rpaduK JIg 3TOIO IKC-

nepumenTta (puc. 28):

type="response")

plot(V3 ~ jitter(V2, amount=.1))
lines(popytki, pokaz.p)
detach(pokaz)

V V.V + Vv V

Mpsr ucniosb3oBadin predict (), 9T06bI paccuuTaTh BEPOSTHOCTH YCIIEXa
B IO-Pa3HOMY <«PACIIOJIOXKEHHBIX» IOMBITKAX, a Ha Ipaduke, 9TOObI TOUYKH
He HaKJIaJIbIBAJIUChL APYT Ha JApyra, J00aBUJIM HEMHOI'O CJIyYailHBIX OTKJIO-
Henuit npu nomoru dyukiun jitter (). He 3a0yabre oTcoeinuuTh JaHHbie

koMaHIoi detach().

popytki <- seq(1l, 5, 0.081) # poro 50 3mHaueHuit oT 1 zmo 5
pokaz.p <- predict(pokaz.logit, list(V2=popytki),

J

1
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Puc. 28. I'pacduyeckoe nzobparkenne JOrUCTUIECKON MOJIEIH (JJAHHBIE O 1O~
Ka3e [PeJIMEeTOB )

OTBer K 3a7a4e Mpo 3aBUCUMOCTDL Beca OT pocTa. EcTh sHaunmas
KOPPeJIsiIUsl, HO 3aBUCUMOCTD cjiabasi (puc. 29):

> cor.test(data$VES, data$R0OST)
Pearson’s product-moment correlation

data: data$VES and data$ROST
t = 4.8868, df = 88, p-value = 4.565e-06
alternative hypothesis: true correlation is not equal to O
95 percent confidence interval:
0.2818862 0.6106708
sample estimates:
cor
0.4620071

> ves.rost <- lm(data$VES ~ data$ROST)
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> summary(ves.rost)

Call:
Im(formula = data$VES ~ data$ROST)

Residuals:
Min 1Q Median 3Q Max
-10.2435 -3.4745 -0.5642 2.9358 12.3203

Coefficients:

Estimate Std. Error t value Pr(>lt|)
(Intercept) 10.69580 13.37252 0.800 0.426
data$ROST 0.39742 0.08132 4.887 4.57e-06 *x*x

Signif. codes: 0 ‘*%x> 0.001 ‘*x’ 0.01 ‘x> 0.056 ¢.” 0.1 ¢ > 1

Residual standard error: 4.708 on 88 degrees of freedom
Multiple R-squared: 0.2135,Adjusted R-squared: 0.2045
F-statistic: 23.88 on 1 and 88 DF, p-value: 4.565e-06

> plot(data$VES ~ data$ROST)
> abline(ves.rost)

BoeiBosr 0 TOM, UTO 3aBHCHMOCTD cirabast, clieJlaH Ha OCHOBAHUU HU3KO-
ro R? u He3HauIMMOro 1epsoro xKosdduimenta. Kpome Toro, ouenb MHOro
octaTKoB (6ostbie 70% JIMHBI HHTEPBAJIA MEZXK/Y MUHUMYMOM U MAKCHMY-
MOM ) HaXOJIUTCsI CHAPY?KHU OT IIEPBOTo U TpeTbero kpaprusteil. la n rpaduk
MIOKa3bIBAET CEPHE3HBIN pa3dpoc.
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Puc. 29. Cnabag 3aBUCUMOCTD

180



I'maBa 6

Anam3 cTpyKTyphbl: data mining

®pazy «data mining» MokHO Bce dare yBuIeTh B lHTepHere m Ha
O6.HO)KKaX KHUT' 110 aHaJIN3Y JaHHbIX. FOBOpHT JlazKe, 9TO IIoXa CTAaTUCTUKHU
OJIHOM-JIBYX IIEPEMEHHBIX 3aKOHYMIACH, M HACTYIINIO HOBOE BpEMsS — BpPEMsI
aHaJIu3a O0JIBINNX U CBEPXOOJIBIINX MACCHBOB JAHHBIX.

Ha camom meste mog meromamu «data minings moapasyMeBarOTCsI JIFO-
Oble MeTOIbI, KaK BU3yaJIbHbIE, TaK U aHAJUTHIECKHE, IIO3BOJISIONINE «Ha-
IylaThy CTPYKTYPy B JIAHHBIX, OCOOEHHO B JIAHHBIX OOJIBIIIOTO Pa3Mepa.
JlaHHBIE JIJIS TAKOTO aHAJIU3a UCIOJIB3YIOTCs, KAK ITPABUJIO, MHOIOMEDHBIE,
TO €CTh TaKHe, KOTOPble MOXKHO IIPEJICTABUTEH B BUIE TAOIHUIBI U3 HECKOJIb-
KUX KOJIOHOK-TIepeMeHHBIX. [losTomy Gosiee TpajuiiMOHHOE Ha3BAHUE JIJIsT
TUX METOJIOB — «MHOI'OMEPHbII AHAJN3», U «MHOIOMEpPHAas CTATUCTHKAY.
Ho «data mining» 3ByunT, KoHe4IHO, cepbe3nee. KpoMe MHOIOMEPHOCTH M
60JIbIIOrO pa3Mepa (COTHHU, a TO W THICSIU CTPOK U CTOJIOIOB), UCIOJIb3Yye-
MBbl€ JAHHBIE OTIMYAIOTCS €Ile M TEM, YTO IepPeMEeHHbIe B HUX MOIYT OBIThH
COBEPIIIEeHHO PAa3HbIX TUIIOB (I/IHTepBa.HI)HbIe, IKaJIbHBIEC, HOIVH/IHaJIbeIe).

I'py6o TOBOpSsi, MHOTOMEPHBIE METOJIBI JEJIATCS Ha METOJbl BH3yaJn3a-
UM U MeTOABI KiiaccuuKkaiuu ¢ obydeHneM. B mepBoM ciiydae pe3ysibTar
MOZKHO aHaJIMSUPOBaATh B OCHOBHOM 3PUTE/JIBHO, a BO BTOPOM — BO3MOXKHa
CTaTHCTUYECKas IIPOBEPKaA pe3yJIbTaToB. PasyMeercs, rpaHuIia MeXKIy STH-
MU I'PYIIIaMUA Hepe3Kas, HO IJIsl yA0OCTBa MbI CTAHEM PACCMATPUBATH HX
NMEHHO B 9TOM IIODAIKE.

6.1. Pucyem MHOroMepHble JaHHbIE

Camoe mpocToe, 9TO MOXKHO CJIeJIaTh ¢ MHOTOMEDHBIMH JIAHHBIME,— 3TO
octTpouTh rpaduk. Pazymeercs, 11j1st TOro 4TOOBI MOCTPOUTD I'PadUK HECKOJTb-
KOX [I€EPpEMEHHBIX, HAJI0 CBECTU BCe PAa3HOooOpa3ue K JBYM WM, B KpailHeM
caydae, K TpeM U3MEPEHUsIM. DTO HA3BIBAIOT «COKPAIlEHNEeM Pa3MePHOCTH .
Ho unorna moxuo oboiitTuck un 6e3 cokpariennsi pazmeproctu. Hamnpumep,
ecJI TIepeMeHHBIX TPU.
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6.1.1. /luarpamMmmbl paccestHUS

Ecnu Bce Tpm mepeMeHHBIE — HEIpEpPBIBHBIC, TO IIOMOXKET I1akeT RGL,
KOTOPBIii TIO3BOJIAET CO3aBATh HACTOSIINE TPEXMEPHBIE IPAUKI.

g mpumepa BCIOAY, Te BO3MOXKHO, MBI OyIeM HCIIOJIL30BaThL BCTPO-
ennble B R manmble iris. DTu JaHHBIE, 3aMMCTBOBAaHHbBIE U3 PabOTHI 3HA-
MeHHTOro MareMarnka (u 6uosiora) P. @umepa, omnuceiBaoT pasHoobpasue
HECKOJIbKUX IPU3HAKOB Tpex BUAoB npucoB. COOTBETCTBEHHO, B HUX D IIe-
PEMEHHBIX (KOJIOHOK), IIPHYEM IOCIEIHSIsT — 9TO HA3BAHUE BUJIA.

Bor kak MOXKHO 1306pa3uth 4 u3 5 KoJaoHOK 1pu nomomm RGL (puc. 30):

> library(rgl)
> plot3d(iris$Sepal.Length, iris$Sepal.Width, iris$Petal.Llength,
+ col=as.numeric(iris$Species), size=3)

2.0

3.0

35 iris$Petal.Length

4.0

iris$Sepal.Width

iris$Sepal.Length

Puc. 30. IIpumep Tpexmepuoro rpacduka RGL

Paszmep nosiBUBIIErocs: OKHa U IIPOEKIIUIO MOYKHO (M HY?KHO) MEHSITh [IPH
IIOMOIIN MBIIIKH.

Cpasy BugHO, 4TO ofuH u3 BUIOB (Iris setosa) XOpoIIo OTIHIAETCS
OT JIBYX JPYIHX II0 IPU3HAKY JJIMHBL JenecTkoB (Petal.Length). Kcra-
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TH, B TOM, 9YTO MBI W300pa3uju UMEHHO 4 Ipu3Haka, He ObLIO OTOBOPKH,
BeJIb BUJ UPUCA — TOXKE IPU3HAK, 3aKOJUPOBAHHBIN B JAHHOM CJIydae IIBe-
ToM. MokHO oboiituchk u 6e3 RGL, Torma BaM MOXKET MOTPEOOBATHLCS MAKET
scatterplot3d, comepxkaruii ogHouMennyto ¢dyuknuo. Ho, BoobIe roso-
psi, TpeXMepHbIMU IpaduKaMu JIydIie He 3/I0yIoTpedIsIiTh — OUeHb OHU He
PaCKpBIBAIOT, a 3aTEMHAIOT CYTh sBjeHus. [Ipasaa, B cirydae RGL 310 KOM-
[IEHCUPYETCsi BO3MOXKHOCTBIO CBOOOHO MEHSATH «TOUYKY 0030pay.

Jpyroii criocob Bu3yasim3annu MHOTOMEPHDBIX JAHHBIX — 9TO IIOCTPOCHUE
COCTaBHBIX IpaduKOB. 37ech y R KoJsioccaabHbIe BO3SMOXKHOCTH, TTPEIOCTAB-
JdeMble TakeToM lattice, KOTOpBIN NpeaHasHadeH JJId TaK Ha3bIBAEMON
nanenbHoli (Trellis) rpaduku. Bor kak MOXKHO M306pa3uTh YeTbpe IIpU-
3HaKa upucos (puc. 31):

> library(lattice)

> xyplot(Sepal.Length ~ Petal.Length + Petal.Width | Species,
+ data=iris, auto.key=TRUE)

Petal.Length ©
Petal. Width  ©
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Petal.Length + Petal. Width

Puc. 31. Ilpumep Trellis-rpacduka
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[Monyumniack KapTHHKA 3aBUCUMOCTH JJTUHBI 9aIlIeJINCTUKOB KaK OT JIJIH-
HBI, TAK U OT IIUPHUHBI JIEIECTKOB JJIsT KAXKJIOI0 U3 TPeX BUIOB.

MoxkHo obotiTuck n 6e3 lattice. HeckonbKo mo00HBIX rpadUKOB JT0-
cryunbl 1 B 6a30Boit nmocraBke R. Hampumep, coplot() odeHb Mmoxoxk Ha
xyplot () (puc. 32):

> coplot(dolja ~ javka | kand, data=vybory2)

Given : kand
KAND.3
KAND.2

KAND.1

00 02 04 06 08 1.0

dolja

00 02 04 0.6 08 1.0

S R Y
T T T T T T

0.5 0.6 0.7 0.8 0.9 1.0

javka

Puc. 32. Jannbie o BbIOOpax u3 pasjiejia O PErPecCCUOHHOM aHAJIM3e, IIPel-
CTaBJIEHHBIE C IIOMOIIBIO MyHKIMH coplot ()

MpbI Bu3yam3mpoBaJu JAHHBIE O BBIOOpAaX W3 pazjesia PO PEerpeccu-
OHHBIN aHaIM3. DTU JAHHBIE TOXKE MOXKHO HA3BATH MHOTOMEDHBIME, BEJIbH
KaXKJIpll KAHIAJIAT, 110 CYTH,— 9TO OTJEJbHAasI [IEPEMEHHAS.

Marpuunstiii rpaduk pucyercst mpu nomoru dbyskiun pairs () (puc. 33):

> pairs(iris[1:4], pch=21, bg=c("red", "green3", "blue")
+ [unclass(iris$Species)])
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Puc. 33. Marpuuansrit rpadpukx

MpbI oIy 9uIM 3aBUCUMOCTD 3HAYEHUs KaKJIOT0 IIPU3HAKA OT KaXKJI0r0
pHU3HAKA, IPUYEM 3a0/[HO U «IIOKPACUJIN» TOYKH B I[BETA BUJIOB (JJ1s1 9TO-
ro MPUILIOCH «JeKJIaccupoBarhy dakTop iris$Species, npesBparuB ero B
TeKCTOBbI BeKTOD). Takum 06pasoM, HaAM yIAJI0Ch 0TOOPA3UTh CPa3y HsAThH
IepeMeHHBbIX.

6.1.2. ITukrorpamMmmsbl

s Bu3yaaMsaiui MHOIMOMEDPHBIX JAHHBIX MOYXKHO HCIIOJb30BAThL Pas-
HOOOpasHble IPpadUKU-ITUKTOIPAMMBI, IIle KaXXIbI SJIEMEHT IIPEeICTaBJIs-
er oIuH O0bLEeKT HabOJIIONEHHI, & ero mapaMeTpbl XapaKTepU3yIOT 3HATCHMS
MIPU3HAKOB OOHEKTA.

OuH U3 KIIaCCHYIeCKUX IMPaQUKOB-IIMKTOrPaMM — 3Be3bl (puc. 34):

> stars(mtcars([1:9,1:7], cex=1.2)

3/1ech KaxKaasi TUKTOI'PAMMa, — 9TO OJIUH TUIl ABTOMOOWJIS, & JJINHDI JIy-
Jeli COOTBETCTBYIOT 3HAUEHUSIM PA3HBIX XaPAKTEPUCTUK STUX MaIuH. JIerko
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Mazda RX4 Wag

Mazda RX4 % Datsun 710

Hornet 4 Drive Valiant
Hornet Sportabout

<7

Merc 240D
Duster 360 Merc 230

Puc. 34. 3Be3pl n306pazkaioT pasHble MapKU aBTOMOOUIIEH

BUJIETH, HanpuMep, obe «Mazpl» CXOXKHU ¢ IPYT ¢ JAPYyroM GOJIbINe, YeM C
OCTAJILHBIMH MapKaMN.

A BoT DoJTEe IKBOTUIECKIH IPAPDUK-TIMKTOTPAMMA, TaK HA3BIBAEMBIE «JIU-
na Yepruosay. Wnes rpaduka cOCTOMT B TOM, UTO JIMIA JIFOAU PA3IAYAIOT
o4eHb xoporio (puc. 35):

> library(TeachingDemos)
> faces(mtcars[1:9,1:7])

Bech KazKJi0e JIMIO COOTBETCTBYET OJHOMY UCCJIeyeMOMY 00beKTy (TH-
Iy aBTOMOOWIIs), & YepPThI JIUIA XapaKTepU3yIOT 3HAYCHUS TPU3HAKOB 00b-
ekTa. CxomcTBO «Masmy XOpoImo 3aMeTHO U Ha 9TOM rpaduke.

«Mneosornueckn» K mUKTOrpaMMaM OJIM30K rpaduk ocobOro Tuma —
2paur NAPasLeAbHHT Koopduram. KTo MOXKHO TOCTPOUTH TPU TTOMOIITH
dyukiun parcoord() u3 makera MASS. YToObI TOHATH, YTO OH JI€JIAET, JIyU-
e BCero cpasy MOoCMOTPETb Ha pedysibrar Ha puc. 36 (st rpaduka mc-
I0JIb30BAHBI JJaHHbIE 00 U3MEPEHUsIX PACTEeHMHIA):
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Mazda RX4 Mazda RX4 Wag Datsun 710
f =)=\
\T0%)
-_—
Hornet 4 Drive Hornet Sportabout Valiant
‘ @ \ > ‘ @ © \
\ o)) \ &) ()
15 Y v
Duster 360 Merc 240D Merc 230

Puc. 35. JIuna YepHoBa n306parkatoT pasHble MAPKNI aBTOMOOMIIEH

> measurements <- read.table("data/eq-s.txt", h=TRUE, sep=";")
> library(MASS)

> parcoord(measurements[,-1],

+ col=rep(rainbow(54), table(measurements[,1])))

C omHOIT CTOPOHBI, 9TO OYEHDb IIPOCTOM I'paprK, HEITO BPOIE MHOTOMED-
HOro Gokcrutora (nan rucrorpammbl). Kaxapiit crosben janubix (y HAC UX
BCEro JIEBSITh, HO [IEPBbIii — 9T0 HOMEP MECTOOOUTAHMsI) [IPEJICTABJIEH B BH/IE
OJTHOM OCH, Ha KOTOPOIl paBHOMEPHO OTMEYAIOTCSA BCE BO3MOXKHBIE 3HATECHMS
JIAHHOIO IPU3HAKA JIJIs KaXK/I0fi CTPOUKY JIAHHBIX (B HAIIEM CJlydae — Jyisi
KaxKJIOr0 OTJIeJIbHOrO pacrenusi). [1oToM jijist KayKJI0ro pacTeHusi 3TH TOY-
KW COEIUHSIOTCS JIMHUSMU. B J10mojiHeHne Mbl PACKPACUJIM 3TU JIUHUU B
nBera Mecrooburanuii (Bcero y Hac 6610 54 Mecrooburanusi). OpHAKO HA
TaKoi rpapuK MOXKHO CMOTPETh OYEHDb J0JITO U KaK/IbI pa3 HAXOIUTh TaM
HHTEpECHbIE JIeTaJll, PacCKa3bIBaIoOIIe O CTPYKType JaHHbIX. Hampumep,
BUJIHO, UTO HEKOTOPBIE TPU3HAKN U3MEPEHBI JINCKPETHO, JlaXKe HeB3Upasl Ha
TO, YTO OHHU HenpepbiBHbIe (Hampumep, DL.TR.V); BHIHO, 9TO HEKOTODBIE
IIOITYJIAIIUX II0IIa/Ial0T IIPUMEPHO B OAHO W TO K€ MECTO Ha KazKJIOM IIpu-
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Puc. 36. I'paduk mapajienbHbIX KOOPIUMHAT

3HaKe; BUJHO, YTO y HEKOTOPBIX MpU3HAKOB (Tuia DL.BAZ) M3MEHYMBOCTH
CMeIeHa B CTOPOHY MEHBINX 3HaJYeHuil, 1 MHOTOE Apyroe. VIMeHHO 1m03TOo-
My rpaduK napaJjieabHbIX KoopiauHar (Kak u «heatmap», onncaHHbIi B
pasjiesie 0 KOPPEJISIIUsX ) TOUTH 00sI3aTeIbHO HAXOIUTCS B apCeHalIe JIFOoit
IporpaMMbl, 3aHuMaromeiics «data minings.

6.2. Tenn MHOI'OMEPHbIX 00J/IaKOB: aHAJIN3 IJIABHBIX
KOMIIOHEHT

[Tepeiinem Temepb K MeTO/aM COKparmennsi pasmepHoctu. CaMblit pac-
IIPOCTPAHEHHBIN U3 HUX — 3TO aHAJIN3 TJIaBHBIX KOMIIOHEHT. CyTh €ro B TOM,
9TO HAIM O0'bEKTHI MOYKHO IIPEJICTABUTH KAK TOYKHU B N-MEPHOM IIPOCTPaH-
CTBe, TJIE N — 9TO YUCJO AHAJU3UPYEMBIX NPU3HAKOB. depes moJryueHHOe
006JIaKO TOYEK IPOBOJUTCS TPsAMAasd, TaK, YTOObI yUIeCTh HAMOOJBIIYIO J0-
JIIO UI3MEHYUBOCTH IIPU3HAKOB, TO €CTh IPOHU3bIBas 3TO OOJIAKO BIIOJb B
HauboJIee BBITSIHYTOMH €ro 4acTu (3T0 MOXKHO IIPeJICTaBUThH cebe KaK IPYIILy,
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HAJIETYIO Ha CTAJIbHON CTEPXKEHb), TaK IOJIydaeTcs MepBasi TIaBHAs KOM-
MTOHEHTA. 3aTeM depe3 3TO 00JIaK0 TPOBOIUTCS BTOPAs, TEPIEH INK Y ISTPHAST
[IEPBOIl IpsiMast, TaK, IYTOOBI yIeCTh HAUOOJIBIITY IO OCTABITYIOCS JOJTIO U3MEH-
YUBOCTH TIPU3HAKOB,— KaK BBI yKe JOraJaIiuch, 9T0 OyIeT BTOpas NIaBHAs
KOMIIOHEHTa. JTH JB€ KOMIIOHEHTBI 00pa3yIoT IJIOCKOCTh, Ha KOTODPYIO U
[IPOEIUPYIOTCS BCE TOUKH.

B pesynbrare Bce MpU3HAKU-KOJOHKN TPEOOPA3YIOTCST B KOMITOHEHTHI,
npudeM HAuOOJIBIIYIO HH(POPMAIINIO O Pa3HOOOPa3un 0OHLEKTOB HECET IIep-
Basl KOMIIOHEHTa, BTOpas HECET MEHbITe MH(MOPMAIIUN, TPEThS — €IIe MEHb-
e u T. 7. TakuM 06pa3oM, XOTsT KOMIIOHEHT TTOJTYIaeTCsT CTOJIBKO JKe, CKOJTh-
KO H3HaYaJIbHBIX IIPDU3HaKOB, B II€PBLIX JIBYX-TPEX N3 HUX COCPEAOTOYCHAa
MOYUTH BCsT HyKHast HaM uHdopMarms. [103ToMy X MOXKHO HCIOTH30BaTh
TSl BU3YAJIM3alUK JIAHHBIX Ha IIJIOCKOCTH, OOBIYHO II€PBOii U BTOPO# (pexe
[EepPBOi 1 TPeTbeil) KOMIIOHEHTBI. KKOMIIOHEHTBI YacTO HA3BIBAIOT «(haKkTopa-
MHI», U 9TO MOPOXKIAET HEKOTOPYIO MYTAHUILY C TOXOKUM HA AHAJN3 TJIaB-
HBIX KOMIIOHEHT (PAKTOPHBIM AHAJU30M, [PECIeIYIOMNM, OIHAKO, COBCEM
Jpyrue ey (Mbl ero pacCMaTPUBATH He Oy/IeM).

Bor kak menmaercst aHa M3 TITABHBIX KOMIIOHEHT Ha, HAINX JAHHBIX PO
UPUCHI:

> iris.pca <- princomp(scale(iris[,1:4]))

(Msr ymorpebuin dyskimo scale() st TOro, 9robbl MPHUBECTH BCE
JeThbIpe IIePEMEHHBIE K OJIHOMY MacuiTady.)
Terneppb OCMOTPUM Ha caMu KOMIIOHEHTHI (puc. 37):

> P]-Ot (iris .pca, main=" u)

D10 ciyxkebHbIl rpaduK, Tak Ha3biBaeMbIil «screeplot» (B GyKBajabHOM
nepeBojie «rpaduK OCBIIN» ), TTOKA3BIBAIOIINT OTHOCUTEIbHbIE BKJIAJIbI KazK-
J0¥ KOMIOHEHTHI B oOmmii pa3sdbpoc JaHHBIX. XOPOIIO BUIHO, YTO KOMIIO-
HEHT YeThIpe, KaK U IPU3HAKOB, HO, B OTJINYUNE OT IEPBOHAYAIbHBIX IPU3HA-
KOB, HAUOOJIBIIUI BKJIA] BHOCSAT IIEPBBIE JIBe KOMIIOHEHTHI. BMmecTo rpaduka
MOKHO TIOJIyIUTH TO K€ CaMOe B TeKCTOBOM BHJIE, HAIINCAB:

> summary (iris.pca)
Importance of components:

Comp.1 Comp. 2 Comp.3 Comp.4
Standard deviation 1.7026571 0.9528572 0.38180950 0.143445939
Proportion of Variance 0.7296245 0.2285076 0.03668922 0.005178709
Cumulative Proportion 0.7296245 0.9581321 0.99482129 1.000000000

OTMeTbTe, 9TO TepBbIe JIBe KOMIIOHEHTHI BMeCTe 00bACHAIOT moutn 96%
pasbpoca (Kak roBOpsAT, UX BKJJbI, «proportions of variance» = 73% u
23% COOTBETCTBEHHO).
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Puc. 37. I'pacduk, orparkarorumii BKJIaIbl KarkI0ii KOMIIOHEHTBI B pa3dpoc
JAHHBIX

ITepeiiiem K cobeTBeHHO BU3yasu3anun (puc. 38):

> iris.p <- predict(iris.pca)

> plot(iris.p[,1:2], type="n", xlab="PC1l", ylab="PC2")
> text(iris.pl[,1:2],

+ labels=abbreviate(iris[,5],1, method="both.sides"))

Bot Tak Mbl Bu3yaJn3uposasu pa3znoodbpasue upucos. Ilomyunnocs, 1ro
Iris setosa (0b6o3HaveH GYKBOIl S) CHJIBHO OTJIMYAETCS OT JIBYX OCTAJIBHBIX
BUJIOB, Iris versicolor (v) wu Iris virginica (a). @yukuus predict() mos-
BOJISIET PACIIOJIOKUTH MCXOJHBIE CJlydan (CTPOKH) B IIPOCTPAHCTBE BHOBb
HaﬁﬂeHHbIX KOMIIOHEHT.

Unora nosesnoii 6eisaer u dbyukims biplot () (puc. 39):

> biplot(iris.pca)
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Puc. 38. Paznoobpasue npucos na rpaduke mepBbIX ABYX IVIABHBIX KOMITO-
HEHT

[Tapubiit rpacduk maeT BO3MOXKHOCTH MOHSATH, HACKOJBKO CUJIEH BKJIAL
KaXKJIOI'0 U3 YeTHIPEX MCXOHBIX IIPU3HAKOB B IIePBbIe JB€ KOMIIOHEHTHI. B
JAHHOM CJIy4ae XOPOIIO BHUJHO, YTO IIPU3HAKU JJIMHBI U IIMPUHBL JICIIECT-
KOB (B OTJIMYME OT NMPU3HAKOB JUIMHBI U IIMPUHBI YAIIEJUCTHKOB) BHOCHT
ropasjio OOJIbIINI BKJI&J[ B IIEPBYIO KOMIIOHEHTY, KOTOpas, COOCTBEHHO, U
«pazmgaers Bujibl. K coxkasieHnio, rpaduKOM, BbLIABAEMBIM IIPU TTOMOIIH
biplot (), JOBOJBHO TPYAHO «yHPABIATH». [loaTOMY YacTo npemnodTureib-
Hee pynKIus loadings():

> loadings(iris.pca)

Loadings:

Comp.1 Comp.2 Comp.3 Comp.4
Sepal.Length 0.521 -0.377 0.720 0.261
Sepal.Width -0.269 -0.923 -0.244 -0.124
Petal.Length 0.580 -0.142 -0.801
Petal.Width  0.565 -0.634 0.524
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Puc. 39. IlapHbrit rpaduk mokasbIBaeT BKJIAI KarKI0T0 IMIPU3HAKA B IIEPBLIE
JB€ KOMIIOHEHTBI

Comp.1 Comp.2 Comp.3 Comp.4
SS loadings 1.00 1.00 1.00 1.00
Proportion Var 0.25 0.25 0.25 0.25
Cumulative Var 0.25 0.50 0.75 1.00

CobcTBeHHO, TIOKa3bIBaeT OHA TO Ke camoe, 4To u biplot(), HO mO-
JIpobHee: B IEPBOIl YacTU BBIBOJA KaxKasi sTIeiika TabJIUIBl COOTBETCTBYET
BKJIaJIy IPU3HAKA B OIPEJIeJIEHHBIN KOMIIOHEHT. YeM OJimke 3TO 3HAUYEeHUEe
10 MOZYJ/IIO K €IUHULE, TeM OOJIbIIEe BKJIAIL.

[TaxeTor aded4 n vegan pean3yiOT MHOXKECTBO BAPUAIINI aHAIN3a TJIAB-
HBIX KOMIIOHEHT, HO CAMOE IVIABHOE — COIEPXKAT ropasao DOJIbLIIE BO3MOXKHO-
cTeil IJIst BU3yaJu3alnni. BoT KakK MOYKHO [IPOaHAIN3UPOBATh Te XKe JaHHbIe
B naxere ade4 (puc. 40):

> library(ade4)
> iris.dudi <- dudi.pca(iris[,1:4], scannf=FALSE)
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> s.class(iris.dudi$li, iris[,5])

versicolor

]

virginica

Puc. 40. Paznoobpasue npucos na rpaduke mepBbIX ABYX IVIABHBIX KOMITO-
HeHT (naker ade4)

He npasma ju, Ha mosyduBiieMcst rpaduke pasjinddsl BUIHBL sicHee?
Kpome Toro, MOKHO IIPOBEPUTH KAYECTBO Pa3pelleHus MexK1y Kiaccamu (B
JIAHHOM CJIyYae BUJIAME UPUCOB):

> iris.between <- bca(iris.dudi, iris[,5], scannf=FALSE)
> randtest(iris.between)

Monte-Carlo test
Call: randtest.between(xtest = iris.between)

Observation: 0.7224358
Based on 999 replicates

Simulated p-value: 0.001
Alternative hypothesis: greater
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Kiaces! (Buibl mpucoB) pasandatorcs: Xopoino. O6 3ToM roBOPUT OCHO-
BanHOe Ha 999 moBTOpeHMsX (CO CerKa Pa3IMYAIONIMUCS TapaMeTPaMH)
aHaan3a 3HadeHne Observation. Ecau O6b1 370 3HaueHne ObL10 MeHbIe 0.5
(ro ecrb 50%), To HaM HNPHUIUIOCH ObI TOBOPUTH O HEYETKUX DA3IMIUSIX.
Kak BumHO, nCrioib30BaHHbBIN METOM, y2Ke OJInyKe K «HACTOSIINEel CTaTuCTH-
Ke», HeXKeJIM K TUIMMIHONW BU3yaJU3AIUN JIAHHBIX.

6.3. Kinaccudukamnus 6e3 odOydeHns, NN
Knacrepnsbrit anaans

JpyrumM criocoboM CHUXKEHUS] PA3MEPHOCTHU SBJIAETCH KJIACCUDUKAIIHS
6e3 00y UeHMst (yHIOPsiIOYeHIe, UM OPJNHAIINS ), IPOBOJAUMAsT HA OCHOBAHUM
3apaHee BBIYUCJICHHBIX 3HAUEHUH CXOICTBA MEXK/IY BCEMU MMapaMu 00bEKTOB
(cTpok). B pesysbrare 9T0i MPOIELyphl MOJIYyYaeTCs KBaIpaTHas MAaTPUIA
paccrostHuii, JuaroHaab KOTOPOIl OOBIYHO COCTABJIECHA HYJsIMU (BeIb pac-
CTOsIHME MEXKJly OOBEKTOM U UM YK€ CAMHUM PaBHO HYJ0). 3a JeCsTUIIeTUS
pasBUTHUs ITON OOJIACTU CTATUCTUKUA IPUIYMAHBI COTHU KO3(DDUIIUEHTOB
CXOJICTBA, U3 KOTOPBLIX HaunboJjiee YyIIOTPEOUTETbHBIMU SBJISAIOTCH IBKIIUIOBO
U KBapTajibHOE (MAHXETTEHOBCKOE), IPUMEHUMbIE B OCHOBHOM K HEIIPEPHIB-
HBIM [IepeMeHHbIM (06 bsicenne M. Ha puc. 41). Kosddunuent koppesim
TOXKEe MOXKeT OBITh MepOil cxojicTBa. basibuble u OnHAapHDBIE ITIEPEMEHHBIE B
obreM cirydae TpedyIoT Ipyrux KoddUImeHToB, HO B makeTe cluster pea-
sim3oBana dyukius daisy (), crocobHast paclo3HaABATH THII [IEPEMEHHON U
IPUMEHSTH COOTBETCTBYIONINE KOIDMUIMEHTHI, & B IAKETE Vegan pean3o-
BaHO MHOXKECTBO JIOMOJTHUTEIBHBIX KOIMDMUIIMEHTOB CXOJICTBA.

(1) 2)

]

A A
d(AB)=AB d(AB)=AC+CB

Puc. 41. 9Bknaoso (1) n MaHXeTTEHOBCKOE (2) paccTOSHUS

Bor Kak MOYKHO HOCTPOUTH MaTPHUILY CXOACTBA (JIydIle ee BCe-TAKH Ha-
3bIBaTh MaTpUIleil pa3/imuunii, IIOCKOJbKY B €€ d4eiKax CTOAT MMEHHO pac-
CTOsIHUSI) JIJIsl HAIITMX UPUCOB:

> library(cluster)
> iris.dist <- daisy(iris[,1:4], metric="manhattan")
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(VkazaHHOe HAMU B Ka4eCTBE apryMEHTa MAHXETTEHOBCKOE DACCTOSTHUE
Oy1eT BBIYHUC/IEHO TOJIBKO JJIsi HHTEPBAaJbHBIX JAHHBIX, /IS JAHHBIX IPYTUX
TunoB yuknug daisy() caMoCTOATETILHO paccuuTaeT 60Jiee YHUBEPCATh-
Hoe paccrosinue ['osepa, «Gower’s distance» ).

C moJiyueHHON MaTpuIlell MOXKHO JIeJaTh caMmble pasHble pemu. OHO
U3 caMbIX MPOCTBIX ITPUMEHEHUN — CJIeJIATh MHOTOMEPHOE IIKAJIMPOBAHUE
(nm, KaK ero ere HHOT/[a HA3bIBAIOT, «aHAJN3 TVIABHBIX KOOpauHaT» ). CyTh
MEeTO/1a MOYXKHO 00bsICHUTD TaK. J[omycTuM, Mbl U3MEPHUIN 10 KAPTE PACCTOSI-
HHE MEXK/IY JIECSITKOM I'OPOJIOB, & KapTy HOTEPSIN. 3a/1a49a — BOCCTAHOBUTH
KapTy B3aWMHOT'O PACIIOJIOZKEHUS TOPOJIOB, 3HAST TOJBLKO PACCTOSTHUS MEXK LY
HuMHU. Takyo XKe 3a/71a9y perraeT MHOroMepHoe mKaanposanue. [Ipugaem aTo
He MeTadopa — Bbl MOXKeTe 3aIycTuTh example (cmdscale) u MOCMOTPETH
(Ha pumepe 21 eBpPOIIEHCKOro TOpo/Ia), KaK 3TO IPOMCXOUT Ha CAMOM JIeJie.
A BOT JIJIs1 HAIIUX UPUCOB MHOTOMEPHOE IITKAJTUPOBAHNE MOXKHO ITPUMEHUTH
Tak (puc. 42):

> iris.c <- cmdscale(iris.dist)

> plot(iris.c[,1:2], type="n", xlab="Dim. 1", ylab="Dim. 2")
> text(iris.c[,1:2], labels=abbreviate(iris[,5],1,

+ method="both.sides"))

Kak Buano, pe3ysbraT O4YeHb IMOXOXK Ha Pe3y/bTaT aHaIu3a TJIABHBIX
KOMIIOHEHT, 9TO HEYJWBUTEJILHO — BeIb BHYTPEHHSIS CTPYKTYypPa JAHHBIX
(koTOpyI0 HaM ¥ HaJO HaiiTu B mporecce «data mining») He U3MEHWJIACD.
Kpowme cmdscale(), coBeryeM 0OpaTuTh BHUMaHIE Ha HeIapaMeTPUIeCKUi
BapUAHT 9TOr0 METOJA, OCYIIECTB/IAEMbIi ITpu moMoIu (pyukmun isoMDS ().

PesynbraT MHOTOMEPHOIO IMIKAJUPOBAHUST TOXKE MOXKHO YKPacuThb. Bor
KaK MBI [OIBITAIICH BBIJICJUTE MOy IUBINHECs rPynnbl (puc. 43):

library(KernSmooth)

est <- bkde2D(iris.c[,1:2], bandwidth=c(.7,1.5))
plot(iris.c[,1:2], type="n", xlab="Dim. 1", ylab="Dim. 2")
text(iris.c[,1:2],

labels=abbreviate(iris[,5],1, method="both.sides"))
contour (est$x1l, est$x2, est$fhat, add=TRUE,
drawlabels=FALSE, 1ty=3)

+ V + V V V V

Oyuknusa bkde2D() u3 makera KernSmooth mpecKasbiBAeT JJIsT KayK-
JI0it TOUKM IpaduKa IIOTHOCTD PACIIPE/IEICHNS IAHHBIX (B HAIIEM CJIydae —
6ykB), a dyHKIMst contour () prCyeT HEYTO BPOJIE KAPTHI, TJIe THKAMU sIBJIsi-
IOTCS MECTa C MaKCUMAJIbHON IJIOTHOCTHIO OyKB. UT0OBI rpaduk BhITIIAIET
KpacuBo, napameTpbl bkde2d () 6pu Mog00paHbl BPYUHYIO.

Jpyroit BapuaHT pabOTHI C MATPHUIIEH PA3ININ — 9TO KJIACTEPHBII aHa-
sm3. CyIecTByeT MHOXKECTBO ero pasHoBuigHocTeil. Hambosiee ymorpebu-
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Puc. 42. PesymbraT MHOrOMEpHOTO IIKAJIUPOBAHUS JAHHBIX 00 UpHCAX

TEJIbHBIMU SBJISIOTCS MePapXUIecKNe METOJIbI, KOTOPbhlE BMECTO YK€ IIPU-
BBIYHBIX HAM JBYMEPHBIX I'Pa(pUKOB MPOUSBOIAT <«IIOJIyTOPAMEPHBIE JI6-
peBbsi KytaccuUKaIiu, WIn JeHaporpaMMbl. BoT kak 510 nesnaercst (puc. 44):

+ V V Vv VvV

iriss <- iris[seq(l,nrow(iris),5),]

iriss.dist <- daisy(iriss[,1:4])

iriss.h <- hclust(iriss.dist, method="ward.D")
plot(iriss.h, labels=abbreviate(irissl[,5],1,
method="both.sides"), main="")

HOCKOJH:Ky Ha BBIXOJIE IIOJIydYaeTCd <«JIE€PEBO», Mbl B34AJIN IJIsd €ro I10-

CTPpOEHUA Ka}K,ZLyIO HHTyIO CTpOKy JAaHHBIX, THa4Y€¢ BETKHN CHUIEe/IN 6]31 CJIAIII-
KOM IJIOTHO (39TO, KCTaTH, HEJOCTATOK MePAPXUYECKOil KlacTepu3aiun Kak
MeTo/[a BU3yaau3aun Januex). Merox Yopaa (ward.D) jgaer ogeHb XOpO-
110 OYepUYEHHBbIE KJIACTEPhl (KOHEYHO, €CJIM UX YJAeTCsl HAfTH), U II09TOMY
HEYIMBUTEILHO, 9YTO B HAIIEM CJIy4Yae BCE TPU BUAA Pa3Ae/IMINCh, IPHIEM
OTJIMYIHO BUJIHO, UTO BUJIbI Ha «v» (Iris versicilor u 1. virginica) pasaesor-
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Dim. 2

Dim. 1

Puc. 43. Busyanmuzanus pe3y/ibrara MHOTOMEPHOTO IMKAJIUPOBAHUS IIPHU I10-
MOIK (GYHKIIUK ILJIOTHOCTHU

cst Ha Gostee HU3KOM ypoBHe (Heightas 12), To ecTh CXOJCTBO MEXK/[y HUMU
CUJIbHEE, 9eM KaXKJIOTO U3 HUX C TPEThUM BHJIOM.

3anaya. [TonpobyiiTe MOCTPONTHL HEPAPXUIECKYIO KIACCH(PUKAIIUNIO COP-
ToB nuBa. JlanHbBIE cojiepKaTcs B daile pivo-s.txt, a pacmudpoBKa Ipu-
3HaKOB — B (aiisie pivo-c.txt. Ceejnenns cobupanuck B 2001 romy B Mockse
(9TO HaJO y49€CTb, €CJIN Balll OIIBIT I'OBOPUT O Y€M-TO I/IHOI\J).

KiracrepHbiit aHam3 3T0r0 THIA BeCbMa IIPUBJIEKATEIEH TEM, UTO JTAET
roroByio Kiaaccudukammo. OIHAKO He CTOHT 3a6BIBATh, UTO 3TO — BCe-
o JIMIIIb BU3yaJIU3allud, 1 K.HaCTeprIﬁ aHaJIu3 MOXKET <«HaBA3aTbh» JaH-
HBIM CTPYKTYPY, KOTOPO#l y HUX Ha caMoM Jiejie HeT. HacKo/IbKO «XOporims
[IOJIYYMBIIIHECS KJIACTEPbI, [IPOBEPUTH HOPOH HEIPOCTO, XOTS U 3/eCh CO-
3JIaHO MHOXKeCTBO MeTo0B. OJIMH MeTo, peaju3yer maker cluster — 3T0
Tak HasbiBaeMblii «silhouette plot» (3a mpumepom MOKHO OOpaTHUTBCS K
example (agnes)). pyroii, oueHb «MOJHBIl» METOJ, OCHOBAHHBIN Ha Tak
Ha3bIBaeMoii bootstrap-peminkaiu, peajusyer naker pvclust (puc. 45):

> library(pvclust)
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Puc. 44. dengporpaMma, OTparKkarolias HEPAPXUIECKYIO KJIACCU(PUKAIIAIO
HUPHCOB

irisst <- t(irissl[,1:4])

colnames(irisst) <- paste(abbreviate(iriss[,5], 3),
colnames (irisst))

iriss.pv <- pvclust(irisst, method.dist="manhattan",
+ method.hclust="ward.D", nboot=100)

Bootstrap (r = 0.5)... Done.

vV + VvV V

Bootstrap (r = 0.5)... Done.
Bootstrap (r = 0.5)... Done.
Bootstrap (r = 0.75)... Done.
Bootstrap (r = 0.75)... Done.

> plot(iriss.pv, col.pv=c(au=0, bp="darkgreen", edge=0), main="")

Hayt KazKJIbIM y3JI0M [1€9aTaloTCsl p-3HadeHnst (au), CBsi3aHHbIe C YCTOM-
YUBOCTHIO KJIACTEPOB B IIPOIECCE PEIINKAINKA UCXOJIHBIX JIAHHBIX. JHAe-
uusi, oiuskue Kk 100, cauraiorcs «xopomnmMusy. B HameM cirydae Mbl BUIUM
KaK pa3 «XOPOIIyI» YCTONYNBOCTH HMOJYUUBIINXCS OCHOBHBIX TPeX KJlacTe-
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Puc. 45. lenaporpaMma €O 3HAYEHUSAMH IOJJICPKKH KJIACTEPOB (IaKeT
pvclust)

poB (pa3HBIX BHUJIOB MPUCOB) U HEIIOXYIO YCTOWYUBOCTH KJIacTepa, COCTOsI-
IIero U3 JBYX BUJOB Ha «V».

Kpowme nepapxuyecknx METOIOB KJIACTEPU3AIINY, CYIIIECTBYIOT U JIPYTHE.
Ectb, HanpumMep, «MeTO/BI CPEHUX», KOTOPBIE CTAPAIOTCS IOy IUTH 3apa-
Hee 33J]aHHOe KOJIMIecTBO KjaacTepoB. [Ipusemem npumep. B daiine eq. txt
3alnCaHbl JaHHbIE M3MEPEHUl PA3HBIX YacTell pacTeHuil y AByX CHJIBHO OT-
JYalonmxcs BuIoB xBoineit. [lorpodyem mpoBepuTh, CMOXKET JIU TaKO# Me-
TOJI PACIIO3HATL 9TU BUJBI, 3HAd JUMb nmpusHaku. Mcmomab3yem dyHKIIIO
kmeans ():

> eq <- read.table("data/eq.txt", h=TRUE)
> eq.k <- kmeans(eql[,-1], centers=2)
> table(eq.k$cluster, eq$SPECIES)

arvense fluviatile
1 37 5
1 41
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[omyunnocs! Onmbka KiaaccuduKalun J0BOIbHO HU3Kas. VHTEpecHO
OyzeT MOTOM IIOCMOTPETh, HA KAKUX MMEHHO DACTEHUSAX METOJ| OImOCs I
nodemy. Ormersre, kcrarn, 9To dyHkius kmeans() (Kak # CJeylomue
aBe) GepeT Ha BXOJe He MATPHILy PACCTOSHUIA, & OPUIUHAJIbHbIE JAHHBIE.

OteHb HHTEPECHBI TAK HA3BIBAEMBIE HEUEMKUE MEMOObL KIIACTEPH3AIIHL,
OCHOBaHHbIE Ha HJee TOrO, YTO KarK/blii OOBEKT MOXKET IPUHAJIEKATD K
HECKOJIBKIM KJIaCTepaM Cpa3y — HO C pa3Hoil «cujoit». Bor kak peaunsy-
ercst Takoil MeToj B nakere cluster (puc. 46):

> iris.f <- fanny(iris[,1:4], 3)
> plot(iris.f, which=1, main="")
> head(data.frame(sp=iris[,5], iris.f$membership))

sp X1 X2 X3
1 setosa 0.9142273 0.03603116 0.04974153
2 setosa 0.8594576 0.05854637 0.08199602
3 setosa 0.8700857 0.05463714 0.07527719
4 setosa 0.8426296 0.06555926 0.09181118
5 setosa 0.9044503 0.04025288 0.05529687
6 setosa 0.7680227 0.09717445 0.13480286

[TomobHbBIA IpadUuK MBI YK€ HEOJHOKPATHO BUIENH, 3J6Ch HET HUYEro
HPUHIUIIAAIBHO HOBOI'O. A BOT TEKCTOBLIH BLIBOJ HHTEpecHee. st KarKaoii
CTPOYKH yKa3aH «membership» — mokasaTesib «CHUJIbl» CBSI3M, C KOTOPOU
JAHHBIA 3JIEMEHT <«IPUTIIHBAETCS» K KaXKIOMy U3 Tpex KjacrepoB. Kak
BUIHO, ITeCcTast 0co0b, HECMOTPSI HA TO, UYTO HMOYUTU HABEPHAKA TPUHAICIKUT
K IepPBOMY KJIACTEPY, TITOTEET W K TpeThbeMy. HemocTarkoM 3Toro meroma
SIBJISIETCST HEOOXOIMMOCTD 3apaHee YKa3bIBATh KOJUIECTBO ITOJIYIaIOIIIXCSI
kJiacTepoB. [lomobubIilt MeTom peasnm3oBaH U B makere 1071 — dyukims
HasbiBaeTcst cmeans (), HO B 9TOM CJIy4ae BMECTO KOJHMYECTBA KJIACTEPOB
MOXKHO yKa3aTh IIPEIoIaraeMble EHTPBI, BOKPYT KOTOPBIX OYAYT IPyIIId-
PoBaTbhCsA 3JIEMEHTDI.

k 3k x

Kak BbI y2x€ moHstin, MeTo/ bl Kiaccudukanuu 6e3 00ydeHnst MOryT pa-
6oTaTh HEe TOJIBKO ¢ HHTEPBAJbHBIME U IIKAJbHBIMUA, HO U ¢ HOMUHAJIbHBIMU
JganubiMu. JlJ1s 9TOro Ha0 JUIIL 3aKOMPOBATH HOMUHAJILHBIE ITPU3HAKU B
BHjIe Hyse# u ejqunun. Jlanbine ymuble dyaknun tuma daisy () camu BbiOe-
pyT KO3hMUIMEHT CXO/ICTBA, a MOXKHO M YKa3aTh €ro BPYYHYIO (HAIIPHMED,
Tak: dist (..., method="binary”). A ecTb 11 MHOrOMEpHBIE METObI, KO-
TOpbIE MOTYT paboTarh ¢ TaburaMu compsizkeHHocTn ! OKa3bIBAETCs, TAKUE
HE IIPOCTO CYIIECTBYIOT, HO IIMPOKO UCIIOIB3YIOTCS B PA3HBIX 00JIACTSIX, Ha-
IpUMEpP B SKOJIOTUH.
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Puc. 46. Pesysbrar kinacrepusaiuu dynkipeit fanny ()

Anainus cszeii (correspondence analysis) — oxun u3 Hux. Kak u so6oi

MHOI'OMEPHBII METO/I, OH IO3BOJISIET BU3YAJIU3UPOBATEL CTPYKTYPY JAHHBIX,
mpudeM paboTaeT OH Yepes COCTaBJEHNe TabIuIl conpsixKeHHocTn. [Ipocroii
BapUaHT aHAJIN3a CBaA3ell peasm3oBan B nmakere MASS dbyukimeir corresp ()

(puc. 47):
> library(MASS)
> caith.ru <- caith
> row.names(caith.ru) <- abbreviate(c("romybormasse",
+ "cepormasme", "kaperaasse", "wyeprorsmasse"), 10, method="both")
> names(caith.ru) <- abbreviate(c("6noxzuun","psxue",
+ "pycoBonocue", "maTens" , "6poHeTs"), 10, method="both")
> caith.ru
6JIOH] pLIXHE pYyCOB MaTeH b6piHe
romy6 326 38 241 110 3
cepor 688 116 584 188 4

Kaper 343 84 909 412 26
YepHO 98 48 403 681 85
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> biplot(corresp(caith.ru, nf = 2))
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Puc. 47. I'paduk B3ammocBsi3eil, MOIyIeHHBINH U3 TAOIUIBI CONPSI)KEHHOCTH

JlaHHBIE TIPEJICTABJISIOT COOOM CTATUCTUYECKYIO TaOJIUIly, CO3IAHHYIO B
pe3yJIbTaTe MePEenucy HaceJIeHHus, IJIe OTMEeJaJNCh, CPeIN MPOUEro, IBETa
ria3 u Bojioc. Ha rnosmyuuBiiemcst rpaduke yaaaoch Bu3yaan30BaTh obde me-
pPEMEHHbIe, IPUYEM YeM dYallle JIBe MpHU3HaKa (CKarKeM, roJiyborjia3ocTb u
CBETJIOBOJIOCOCTD) BCTPEYAIOTCSI BMECTE Y OJJHOTO YEJIOBEKa, TeM OJInKe Ha
rpaduke 3TU HAIINCH.

Dra BO3MOXKHOCTH (BU3yaM3alysi OJHOBPEMEHHO HECKOJIBKUX HABGOPOB
[PU3HAKOB) IIMPOKO MCIIOJIbL3YeTCsI B 9KOJIOIHUH [IPU aHAJIHM3€e COOOIIECTB YK~
BOTHBIX U PACTEHUil, OOUTAIONUX Ha OJHON TeppuTopun. Kciu ecTsb, Hanpu-
Mep, maHuble o 10 o3epaM, rie yKa3aHbl UX HA3BAHUA U TO, KAKUE BUIBI PHIO
B HIX OOUTAIOT, TO MOYKHO OyIeT MOCTPOUTh rpaduk, riie Ha3zBaHus o3ep 0y-
YT PacIoJIOXKEHbI OJIMKE K TeM HA3BAHUSM PbIO, KOTOPBIE JIJIsI 9TUX CaMbIX
o3ep bosiee xapaKTepHBI. bojtee Toro, eciin B JaHHbBIE JOOABUTH €IIe U abMO-
TUYECKHE IPU3HAKH 03ep (CKayKeM, MaKCUMAJIbHYIO [JIyOUHY, IIPO3PavHOCTD
BOJIbI, IPUJOHHYIO TEMIIEPATYPy JIETOM), TO MOYKHO OyJIeT BU3yasn30BaTh
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cpady Tpu Habopa npusHakos! IlakeT vegan COmEp:KUT HECKOJIBKO TaKHX
dyuxnuii, nanpumep cca() u decorana().

6.4. Knaccudukanus ¢ odyvueHneM, NI
JMCKpUMUHAHTHBIN aHAJJIN3

[lepeitinem Temephb K MeTOaM, KOTOPBIE JIMIIh YACTUIHO MOTYT HA3bI-
BaThCs «BU3yasm3anueiis. B 3apybekHOl juTeparype MMEHHO WX MPUHS-
TO HA3bIBATH «MeTOJaMM Kjaccuduxaruuy». Jjast Toro 9robbl padborarhb ¢
MeToaMu Kjaccuduraiun ¢ odydenneM, HaJl0 CHAYAIA OCBOUTH TEXHUKY
«0byuenusi». Kaxk npaBuiio, BEIOUpaeTcs: 9acTh JAHHBIX ¢ U3BECTHOI IPyII-
[OBOI pHUHA/IE’KHOCTHIO. Ha ocHOBaHMM anammsa 9Toil dacTu (TpeHHpO-
BOYHOI BBIOOPKH) CTPOUTCSI THIIOTE3a O TOM, KaK JIOJIZKHBI PACIPEIeNIsITh
¢sI 110 TPYIIIIaM OCTaJIbHbIE, HEeKJIACCH(DUIIUPOBAHHBIE JIJaHHbIE. B pe3ysibrare
aHaJIn3a, KaK IIPAaBUJI0, MOYKHO Y3HATH, HACKOJIBKO XOPOIIO Pab0TAeT Ta MJIH
nHas rurnore3a. KpomMe Toro, MeTobl KiacCuuKanuu ¢ 00yIeHneM MOK-
HO C YCIIEXOM NIPUMEHATDH W JjIs APYTUX Iejeil, HapuMep s BbISICHEHUS
BasKHOCTH MMPU3HAKOB /IS KJIACCU(DUKAIIAN.

OnuH U3 caMbIX TTPOCTBIX METOJOB B 9TOM IpyIIe — JIUHEHHBI TUCKPH-
muHaHTHBI anann3 (linear discriminant analysis). Ero ocnoBnast nmest —
co3nanue GpyHKIM, KOTOPbIe HA OCHOBAHUM JIMHEWHBIX KOMOUHAINI 3HAYE-
HUl TPU3HAKOB (9TO M €CTh KJIACCU(DUKAIMOHHASI TUIIOTE3a) «COODIIAIOTY,
KyJda Hy>KHO OTHECTH JAaHHYIO 0co0b. BOT Kak MOXKHO NMPUMEHUTH TAKOM
AHAJIN3:

> library(MASS)
> iris.train <- iris[seq(l,nrow(iris),5),]
> iris.unknown <- iris[-seq(l,nrow(iris),5),]
> iris.lda <- lda(iris.train[,1:4], iris.train[,5])
> iris.ldap <- predict(iris.lda, iris.unknown[,1:4])$class
> table(iris.ldap, iris.unknown[,5])
iris.ldap setosa versicolor virginica
setosa 40 0 0
versicolor 0 40 7
virginica 0 0 33

Harma TperupoBodHasi BHIOOpPKa IIPUBEJa K IMOCTPOEHUIO TUIMOTE3bI, 110
KOTOPOIi BCe BUJIbI (32 MCKJIIOYEHIEM YacTH virginica) momaim B «CBOIO»
rpyIiy. 3aMeTbTe, UTO JIMHEWHBI IUCKPUMUHAHTHBIN aHajiu3 He Tpeby-
et mkaauposanus (ynkinus scale()) nepemenubix. MoxHo 6ojiee TOUHO
MIOACYUTATh OMMUOKN Kjaaccudukamun. s 9Toro Mbl Hamuca mn (QyHKIIIO
misclass():
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> misclass <- function(pred, obs) {

+ tbl <- table(pred, obs)

+ sum <- colSums(tbl)

+ dia <- diag(tbl)

+ msc <- (sum - dia)/sum * 100

+ m.m <- mean(msc)

+ cat("Classification table:", "\n")

+ print(tbl)

+ cat("Misclassification errors:", "\n")

+ print(round(msc, 1))

+ %

> misclass(iris.ldap, iris.unknown[,5])

Classification table:

obs

pred setosa versicolor virginica
setosa 40 0 0
versicolor 0 40 7
virginica 0 0 33

Misclassification errors:
setosa versicolor virginica
0.0 0.0 17.5

Kak Buaum, ommbka kinaccudukanu — 17.5%.

PesyabraT IucKpuIMUHAHTHOTO aHAIN3a MOXKHO IIPOBEPUTH CTATHCTHYE-
cku. JIjist 3TOro UCHOJIb3yeTcsi MHOTOMEDHBIH jiucrepcnonnbiii anaamus (MA-
NOVA), KoTopblii M03BOJISIET BBISCHUTH COOTBETCTBHE MEXKY JAHHBIME W
MOJIeJIBIO (KJIaccuduKaIyei, oIy YeHHONH IPU IIOMOIIU JUCKPUMUHAIMOH-
HOT'O aHAJIN3a):

> ldam <- manova(as.matrix(iris.unknown[,1:4]) ~ iris.ldap)
> summary(ldam, test="Wilks")

Df Wilks approx F num Df den Df Pr (>F)
iris.ldap 2 0.026878 145.34 8 228 < 2.2e-16 *xx**
Residuals 117

Signif. codes: 0 “**x*’ 0.001 ‘**’ 0.01 ‘x> 0.05 “.”> 0.1 ¢ > 1

B1eck uMeer 3HavdeHne u 3Ha9nMOCTh craructuku Pumrepa (F) (em. ria-
By IIPO aHaJu3 cBsA3eit), n camo 3uadenne « Wilkss, mockosbky sro — «likeli-
hood ratio», To ecTh OTHOIIIEHUE TPABIONIONOOUsI, B JAHHOM CJIy9ae BepOsiT-
HOCTB TOTO, 9TO I'PYIIBI He pas3ianvaiorcs. Jem Osmke crarncruka Wilks K
HYJIIO, T€M Jiydlle Kjaaccudukarus. B 1anHoM ciaydae eCTb U JIOCTOBEPHBIE
pasynans MeXKJy IPYIIaMU, U KAYeCTBEHHAsT KJIaCCU(DUKAIUS.
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JInHeHbIl IMCKPUMUHAHTHBIA aHAIM3 MOXKHO HCIOJIL30BaTh U /IS BU-
3yasM3alii TaHHbIX, HAIPIMED Tak (puc. 48):

+ V V Vv V

method="both.sides"))

iris.lda2 <- lda(iris[,1:4], iris[,5])

iris.ldap2 <- predict(iris.lda2, dimen=2)$x
plot(iris.ldap2, type="n", xlab="LD1", ylab="LD2")
text(iris.ldap2, labels=abbreviate(iris[,5], 1,
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Puc. 48. I'pacdudeckoe mpejscraBieHne pe3yabTaToOB JUCKPUMUHAHTHOTO

aHaJIn3a

3/1ecb MBI B Ka4eCTBE TPEHUPOBOYHON UCIIOJIB30BAJIH BCIO BBIOOPKY Iie-
simkoM. Kak BUJIHO, BHJIBI HA «V» PA3JIEIUIIUCH JIarXKe JIydIlle, YeM B [IPeJIbl-
JyIIUX [IPUMepax, MOCKOJbKY JUCKPUMUHAHTHBII aHAJ/JIN3 CKJIOHEH YacTo
NEPEOUEHUBAMb PAJININS MEXKJIY I'PYIIIaMU. JTO CBOHCTBO, a TaK¥XKe Ia-
PaMeTPUYIHOCTh MeTOJa MPUBEIN K TOMY, UYTO B HACTOSIIIIEE BPeMsI STOT THII
aHaJIN3a UCIIOJIb3YeTCsl BCe peKe.

Ha 3aMeny IuCKpIMUHAHTHOMY aHAJIN3Y TPUIYMAHO MHOXKECTBO METO-
JIOB C TIOXOXKHMM HPHUHIUIOM paborel. OIMH W3 CaMbIX OPUTMHAJIBHBIX —
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9TO TaK Ha3bIBACMBIC «JI€PEBbs KJIACCU(MUKAINNY, UIH «/IePEBbs DEIICHUN»
(«classification trees», nnu «decision trees»). OHU HO3BOJISIIOT BBISICHUTD,
KaKue HMMEHHO IIOKa3aTeJd MOIYT OBITh HCIIOJIB30BAHBL JJI Pa3leIeHusI
00BEKTOB Ha 3apaHee 3aJaHHble IDYNIBL. B pesynapraTe cTponTCs KIIIOY,
B KOTOPOM Ha, KaKJIOil CTyIIeH! 00'beKThI JIeJISITCs Ha JiBe rpyIbl (puc. 49):

> library(tree)

> iris.tree <- tree(iris[,5] ~ ., iris[,-5])
> plot(iris.tree)

> text(iris.tree)

Petal.Length < 2.45
T

Petal. Width < 1.75

setosa

Petal.Length < 4.95 Petal.Length < 4.95
e —
Sepal.Len£t11 < 5.15 virginica virginica

. . virginica
versicolor  versicolor

Puc. 49. JlepeBo knaccudukanum 1jisi JaHHBIX 00 Upucax

3/1eCb MBI OISTH UCIOJIb30BAJIM BCIO BBIDOPKY B KadeCTBE TPEHUPOBOU-
HOIl (94TOOBI IIOCMOTPETH HA HPUMED YACTUIHON TPEHUPOBOYHON BBIOOPKI,
MOXKHO Habparb ?predict.tree). [lomyunsics rpaduk, 0YeHb TOXOKUNA HA
TaK Ha3bIBaeMble OIPEJeTUTEIbHBIE TAOJUIBI, IO KOTOPBIM OHOJIOTH OIpe-
JIeJISIIOT BUILI oprann3moB. V3 rpaduka Jierko moHATh, 9TO K setosa oT-
HOCSITCsI BCE UPUCHI, Yy KOTOPBIX JJINHA JIEHECTKOB MeHbIne 2.45 (uurarhb
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rpaduK HAJO BJIEBO), & M3 OCTABIINXCS UPHCOB T€, Y KOTOPBIX IIUPUHA Jie-
mecTkoB MeHbIe 1.75, a anumHa — MeHbIre 4.95, oTHocsTCs: K versicolor.
Bce ocranpHBIe HPUCHL OTHOCATCA K virginica.

JepeBbsi KIaccuUKaIMy peajn30BaHbl U B APYTIOM IIakeTe — rpart.

3anaua. [lonpobyiiTe BLIICHUTH, KaKWe MMEHHO 3HAYECHUS MTPU3HAKOB
pa3/InIaioT JBa BUJA PACTEHUN, KOTOPbIE MBI HCIIOJIb30BAJIM KAK IIPUMEDP K
dbynknun kmeans () (nannble eq.txt, pacmmdpoBKa IpU3HAKOB — B daiiie
eq-c.txt).

Ere oua, Habuparorimii Bee OOIBIIYIO MOMYISIPHOCTH METO/] TOXKE UJI€0-
JIOTHIeCcKH OJIM30K K JepeBbsaM Kiaccudukaruu. OH HasbiBaeTcst «Random
Forest», mockoJsibKy O0CHOBOIT MeTO/Ia SABJISIETCS IIPOU3BOICTBO OOIBIIOTO KO-
JITYECTBA KJIACCU(DUKAITMOHHBIX «JIEPEBHEBY.

> library(randomForest)

> set.seed(17)

> iris.rf <- randomForest(iris.train[,5] ~ .,

+ data=iris.train[,1:4])

> iris.rfp <- predict(iris.rf, iris.unknown[,1:4])

> table(iris.rfp, iris.unknown[,5])

iris.rfp setosa versicolor virginica
setosa 40 0 0
versicolor 0 39 9
virginica 0 1 31

BameTHa 3HAYNTENLHO GoJiee BbICOKast 9(PMEKTUBHOCTL ITOrO METOA
110 CPaBHEHMIO C JINHEHHBIM JUCKPUMHUHAHTHBIM aHajm3oM. Kpome Toro,
Random Forest 1o3BoJisier BbISICHUTH 3HAYNMOCTH («importances) KaxKJ1o-
IO IPU3HAKA, & TAKKe JUCTAHIINI MEXK/Iy BCeMH 00'beKTaMU TPEHHPOBOYHOIT
BBIOODKH («proximitys ), KOTOpbIE 3aTeM MOYKHO HCIIOJB30BATD JJIs KJIacTe-
PH3AIIK WX MHOIOMEPHOTO INKajmpoBanus. Hakomerr, sTor MeTo[| mo3Bo-
JISIET TPOU3BOJIUTH «IHCTYI0 BU3YAJU3AIUIO» JIAHHBIX, TO €CTh OH MOXKET
paboraTh Kak Mero]| Kiaccudukanun 6e3 obydenust (puc. 50):

> set.seed(17)
> iris.urf <- randomForest(iris[,-5])
> MDSplot(iris.urf, iris[,5])

Bennkoe MHOXKeCcTBO MeTOI0B «data mining», pasyMeercsi, HEJIb3sI OXBa-
TUTHb B OJHOI ryiaBe. OJHAKO HeJIb3sI HE YIIOMSIHYTH elie 00 OJHOM COBpe-
MEHHOM MeToje Kaaccupukamuu ¢ o0yJeHrneM, OCHOBAHHOM Ha HJ1e€ BbIIUC-
JIEHUsI ITapaMeTPOB THUIEPILJIOCKOCTH, Pa3Iesionieil pasjindHble IPYIIIb B
MHOIOMEPHOM IIPOCTPAHCTBE HPU3HAKOB, «Support Vector Machines».
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Puc. 50. Buzyasmmszanus namabix npu nomoru «Random Forest»

library(e1071)

iris.svm <- svm(Species .

data = iris.train)

iris.svmp <- predict(iris.svm, iris[,1:4])

setosa

versicolor
virginica

table(iris.svmp, iris[,5])

setosa versicolor virginica

50 0 0
0 50 14
0 0 36

DTOT METO/T U3HAYAJIBHO PAa3pabaThIBAJICS IS CIydast OMHAPHON KJrac-
cudukanum, ogHako B R ero MOXKHO MCIIOIBb30BaTh (KAK MBI 3/1€Ch BUIVIM)
u Jjist 60sbiniero ducya rpymi. Padoraer on addexTuBHEe NTUCKPUMUHAHT-
HOT'O aHaJIN3a, XOTs U He TaK TOYHO, Kak Random Forest.
B zaksiouenne nmpuBeneM KpaTKuii 0030p TPUMEHHMOCTH OCHOBHBIX U3
0OCy2KTaBIINXCA B 3TOH IJlaBe METOJ0B MHOI'OMEPHOTO aHanu3a JIaHHLIX
(puc. 51). Ilpu ureHnn auarpaMmbl CTOUT IOMHUTB O TOM, YTO HUCXOJHBIE
JIAaHHBbIE MOXKHO TpaHCchOPMHUPOBATH (HAIIPUMED, CO3/IATh U3 TAOJIUIBI JaH-
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W3BecrHa 1 npuHAIEKHOCTH OOBEKTOB K TPYIIIAM !

7

Hyxmo s nckarn IIpeamonaraercs
JUATHOCTUIECKUE 3HAUCHUS nepapxusi TPy’
[IPU3HAKOB?
da Hem
Nepapxuieckuii aHHbBIE —
depeBba pap “ -
KJIACTEPHBIHI 9TO MATPHUIA
KnaccuduKanum aHaJIu3 paccrosHuit?
SVM, :
Random Forest,
A ncKpuMUHaAHTBIN da Hem
aHaIN3
MuoromepHoe Ananus
HIKAJIAPOBaHIE TJIaBHBIX

KOMIIOHEHT

Puc. 51. Kak BeIOpaTh MOAXOAAIINI METOI MHOTOMEPHOIO aHAM3A,

HBIX MATPHILy PACCTOSHUIL), U TOTJA CTAHYT JOCTYIHBI U JPYIHE METOJIbI
aHaJIN3a.

) %k Xk

OTBeT K 3aJa4ye IIPO MEPAPXUUECKYIO KJacCU(PUKAIAIO NHBA.
Y0066 MOCTPOUTH UEPAPXUIECKYIO KIACCHMPUKAIINIO, HAJIO BHAYAIE BBITUC-
JIITh MaTPUILY PACCTOSIHUM, a yKe IOTOM CIPYIIIUPOBATH O0bEKTHI U M300-
pPa3uTh 9TO IPHU MOMOIIHU JAeHaAporpaMmbl. CHadYaa TOCMOTPUM Ha JAHHBIE:

> pivo <- read.table("data/pivo-s.txt", h=TRUE)
> head(pivo)

c.1C.2C.3C.4C.5C.6C.

Q
[N
o

1
baltika.3 0
baltika.6 0
baltika.9 0
ochak.klassicheskoe 0
ochak.temnoe 0
sib.kor.prazdnichnoe 1

il = o e o O]
P P, ORFR,EFEP,OW
P P, O R P OB
=, Ok, =, O O;
H O O O OO,
O OOk = = N
OrRr Rk, KL, K, REL, O
O, P Pk P -
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JlanHble, Kak BUJUTE, OMHADHBIE, U, 3HAUNT, HAJIO IPUMEHSITh crerudu-
YecKHit MeToJ BblumcsieHusi paccrostauii. (Kcratu roBopst, bunapubie nan-
HbIE YaCTO UCIOJb3YIOTCS TaM, Te HYXKHO KJACCU(MUIUPOBATH OOBLEKTHI,
OIMCAHHBIE KAYeCTBEHHBIME XapaKTepUCTHKaMH ). Bocmosb3yemcest hyHKIN-
eit vegdist () u3 nakera vegan, KOTopasi yMeeT UCIIOJIb30BATh HOILYJISPHBIII
JUIst GUHAPHBIX JlaHHBIX MeTon 2Kakkapa (method="jaccard"). Hasephoe,
JO 3TOrO0 MOMEHTa BBl HE 3HAJIM IIPO TAKOW METON W MOIVIA PEeIINTh 3aJa-
9y HECKOJIbKO MHa4de, HallpUMep, UCIOJIb3ys METO binary n3 CTaHIapTHONR
dyuknun dist (). Bor Tak MbI HOJYYWIN JIEHIPOIPAMMY, U300ParKEHHYIO
Ha puc. 52: 0

> library(vegan)
> pivo.d <- vegdist(pivo, "jaccard")

> plot(hclust(pivo.d, "ward.D"), main="", xlab="", sub="")
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Puc. 52. NUepapxudeckas KiaaccuduKalys COPTOB ITBA

[Monyunnmucs e GoJbITHE TPYIIDL, OdHA ¢ «2KuryieBckuMy u «baarn-
Koit», npyras ¢ «Kymuackumy n «CTapbiM MEJTBHIKOM ».



174 Ananruz cmpyxkmypu: data mining

OTBer K 3ajade Ipo JBa Buja pacTeHuii. IlonpobyeM II0CTPOUTH
JepeBo Kiaccudukaimu (puc. 53):

> eq <- read.table("data/eq.txt", h=TRUE, stringsAsFactors=TRUE)
> eq.tree <- tree(eql,1] = ., eql,-11)
> plot(eq.tree); text(eq.tree)

N.REB, < 15.5
1

DL.R £ 631.5

fluviatile

arvense arvense

Puc. 53. epeso knaccudukaiuy mokasblBaeT, YTO JIBA BUJA XBOIIEH pa3-
Jmgatorest mo npusHaky N.REB (910 kosmdecTBo pebep crebiist)



I'maBa 7

Y3HaeM OyjyIiiee: aHAJIU3 BPEeMEHHBIX
pPsII0B

B sTo0it ritaBe MBI paCCMOTPHUM TOJIBKO CAMbl€ OCHOBHBIE TTPUHIIAIIBI Pa-
/
0OOTBHI ¢ BPEMEHHBIME PAIaMu. 3a 0oJiee MOApOOHBIMEI CBEICHUSIMUA PEKOMEH-
JyeM oOpaTUThCA K CIEIUAIbHON JIUTepaType.

7.1. Yto Takoe BpeMeHHbIE Ps/IbI

Bo mMHOrEX 06/1aCTAX JEATETHLHOCTH JTI0jIel 3aMephl TIoKazaTe el mpoBo-
JIATCS HE OJUH Pa3, & IMOBTOPAIOTCS 9EPe3 HEKOTOPBIE NHTEPBAJIBI BPEMEHHN.
WHora 5ToT MHTEpBaJ paBEH MHOIMM TOJIaM, KaK MIPU TEPENUCH HACEICHIS
CTPAHDI, HHOT/IA — JIHSIM, YaCaM, MUHYTAM U JIayKe CeKYHIAM, HO HHTEePBAJT
MEXKJIy U3MEPEHUSMH BO BPEMEHHOM PsiJly €CTh BCerja. Kro Ha3bIBaIOT UH-
mepeasom ewbopku (sampling interval). A obpasyronuiicsi B pe3ysbrare
BBLIGOPKH DI/ IAHHBIX HA3BIBAIOT 6pementolm padom (time series).

B sr060M BpeMEHHOM PsiJly MOYKHO BBIJEJIUTH JIBE KOMIIOHEHTHI:

1) HecsryudaiiHyto (JleTEpMUHIPOBAHHYIO) KOMIIOHEHTY
2) citydaiiHyi0 KOMIIOHEHTY.

Hecnyuaiinas koMionenTa OOBIYHO HambOJiee MHTEPECHA, TaK KaK OHA
JIAET BO3MOYKHOCTH IIPOBEPUTH I'UIIOTE3bI O IPOU3BO/ISAIIEM BPEMEHHON DSl
ABJICHNUN. MaTeMaTI/ILIeCKaH MOJIeJIb HeCJIy‘IafIHOfI KOMIIOHEHTHI MOZKET 6bITb
HCIIOJTb30BAHA JIJTsi IIPOTHO3a [MOBEJIEHUS] BPEMEHHOTO Psifia B OYILyIIEeM.

7.2. Tpena n nepuoj, KojiebaHmit

Ecnu gasiierne, pesyabTaToM KOTOPOTO SIBISIETCS M3YYaeMbIil Ps, 3a-
BUCUT OT BPEMEHHU Tojia (WM BPEMEHU CYTOK, WJIN JHsSI HEJeJIU, WA UHO-
1o PUKCUPOBAHHOTO IEPUOIA KaneH):Lapﬂ), TO U3 HeC/Iy4aiHOIl KOMIIOHEHTHI
MOXKET OBITDH BBIJEJICHA €IIIe OJIHA KOMIIOHEHTA — CE30HHbLe KOJIeOAHUS sIBJIe-
Hus. Ee ciieqyer oTindaTh OT MUKJIMYECKOH KOMIOHEHTHI, He TPUBA3aHHON
K KaKOMY-Iu00 eCTeCTBEHHOMY KaJIeHIapHOMY ITUKJIY.
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[Tox mpendom (TeHjeHNIUElH) TIOHUMAIOT HECTYYAHyIO U HEIIePHOIIYe-
CKYI0 KOMIIOHEHTY psia. [lepBoIil BOIIPOC, ¢ KOTOPBIM CTAJIKUBAETCS HCCIIe-
J0BaTEb, AaHAJU3UPYIONINA BPEMEHHON Psijl,— CYIIECTBYET JIU B HEM TPEHI?

IIpy HAIMYINHE BO BPEMEHHOM DsiJie TPEH/Ia U HEePUOINIECKOil KOMIOHEH-
ThI 3HAYEHUs] JIFOOOIO IMOCJIEAYIONEro 3HAUEHUs PsJjia 3aBUCSIT OT IIPEeJIbl-
aymux. Cuoy u 3HaK 9TOH CBA3M MOXKHO HU3MEPHUTL y¥K€ 3HAKOMBIM BaM
HHCTPYMEHTOM — KO3(MPUIMEHTOM Koppessanun. KoppeslsnnoHHast 3aBU-
CUMOCTBH NIe)KILy IocjieJ0BaTEeJIbHBIMU 3HAYCHUAMN BPEMEHHOTI'O PsJla Ha3bI-
BAaETCS ABMOKOPPEAAUUET.

KosdbdunuenT aBTOKOppeIsIIiny MePBOro MOPSIIKA OIPeaeIsieT 3aBUCH-
MOCTb MEYKJIy COCETHUMU 3HAUEHUAMU pAga ty U ty_1, GOJIBIITIX MOPSITKOB —
MeK Iy boJiee OTIaIeHHBIMU 3HaUeHusIMU. Jlaz (CIBUT) aBTOKOPPEJISIIUT —
9TO KOJIMYECTBO IEPHUOJIOB BPEMEHHOI'O Psijia, MEXKy KOTOPBIMU OIpejie-
Jsiercs KoadduimenT aBrokoppesanun. [locienoBarebHoCTh KOMDDUIU-
€HTOB aBTOKOPPEJISIUA IIEPBOr0, BTOPOro U APYIUX MOPSIIKOB HA3BIBAETCS
a8MOKOPPENAUUOHHOT, PYHKUUET BPEMEHHOTO PSIJIA.

AHann3 aBTOKOPPEISIMONHON PYHKIMY [O3BOJIAET HAWTH JIar, IPUA KO-
TOPOM aBTOKOPPEJISAUs HanboJiee BHICOKAsI, a CJIeI0BATEIbHO, CBI3b MEXKILY
TEeKYIIUM 1 HpeﬂblﬂyH_H/IMI/I ypOBHHMI/I BPEMEHHOT'O pPAIa HaI/I60.Hee TEeCHad.
Eciin 3HAUMMBIM OKa3aJIcsl TOILKO IIePBLIi KO3 MUIUEHT aBTOKOPPEJIAINN
(k03bduIeHT aBTOKOPPEJISIIUK [IEPBOTO MOPsIJIKA ), BDEMEHHOI psifl, CKO-
pee BCero, COJEPKUT TOJbKO TeHjeHIuo (Tpeni). Ecium 3HaYMMbIM OKa-
3ajicst KO3 MUINEHT aBTOKOPPEJISIUE, COOTBETCTBYIOMIUI J1ary 1, TO Psi,
CONEPZKUT IMUKJINICCKUEe KO.He6aHI/IH C IIepUOAUIHOCTBIO B I MOMEHTOB BpPe€E-
Menu. Eciu au ogun 3 K03dGUIUEHTOB AaBTOKOPPEJISIIINA He ABJILeTC 3Ha-
YIMBIM, TO MOYKHO CKa3aTh, UTO JIMOO Psifl He COAECPIKUT TE€HICHIINH (TPEH 1A, )
U IUKJIUIECKUX KOoJieOaHuil, OO psifi COMEPKUT HEJIMHEHHYIO TEHIEHIINIO,
KOTOPYIO JIMHEHHBIH KO3 MUIUEHT KOPPEISIUI BLISIBUTL He CIOCOOEH.

Bzanmnast koppessiiust (kpocc-Koppesayua) OTPayKaeT, eCTh JIN CBI3b
MEXKy paiamu. B 9ToM ciydae pacdeT MPOUCXOIUT TaK YKe, KaK U JJIsd aB-
TOKOPPEJIAIUT, TOJIBKO KOI(DDUIMEHT KOPPEISIIIA PACCUNTHLIBACTC MEXK LY
OCHOBHBIM PAJOM U PATIOM, CBA3b C KOTOPBIM OCHOBHOTI'O pdA1a Hy)KHO OIIpe-
JesinTh. Jlar (caBur) npu 3ToM MOXKeT ObITh U OTPUIATELHOI BEeJIMIMHOIN,
[TOCKOJIBKY LIEJIb PaCcueTa B3aNMHON KOPPEJISAIUE — BBISICHEHIE TOIO, KAKO
U3 JABYX PSIJIOB «BEJIYIINI».

7.3. IlocTpoeHue BpeMeHHOTO psijia

/
AHa.HI/I3 BPEMEHHOI'O pdla 9aCTO CTPOUTCA BOKPYT O6’bHCHeHI/IH BbIAB-
JICHHOT'O TPEHJIa U MUKJINIeCKUX KojebaHuii 3navueHuil psijia B paMKax HEKO-
TOPOU CTATUCTUYICCKON MOJIeJIN.
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Haiinernast Mojiesib MO3BOJISIET: IPOTHO3UPOBATE Oy LyIIe 3HAYCHUS Psi-
na (forecasting), rerepupoBaTh NCKYCCTBEHHBIN BPEMEHHOMN Psifl, BCE CTATH-
CTHYECKHE XapaKTEePUCTUKU KOTOPOrO SKBUBAJEHTHBI MCXOJHOMY (simula-
tion), u 3aH0IHATH MPOGEJIBI B MCXOJHOM BPEMEHHOM Dsily HauboJiee Bepo-
ATHBIMU 3HATCHUSIMU.

Hy:kHO OoT/In9aTh 9KCMPAnosAyuto BPEMEHHOTO psijia (IpOrHO3 Oyiry-
MUX 3HAYEHUiT psifa) OT unmepnosayuy (3amosHeHne TPODETIOB MEeXK Iy
MMEOIIUMHUCS JTaHHbIME Dsizia). He Bcerjia Mozesnu psijia, UPUTOJHBIE JIJIst
WHTEPIIOJISNNN, MOYKHO UCIOIb30BaTh JJIsl Tporuo3a. Hampumep, mosunom
(cTemennoe ypasHenue ¢ KoabdUIIERTaM1) OueHb XOPOTIIO CTIIasKHBaeT HC-
XOJHBIA s/ 3HAYCHUI U [IO3BOJISIET IIOJIy YUTh OIICHKY I10Ka3aTe 11, KOTOPbIX
OTMNCHIBAET JAHHBIN PsI/l B MPOMEXKYTKAX MeXKy 3HadeHuaMU pana. Ho ec-
JI MBI TONBITAEMCSI IPOJIUTH OJUHOM 33 CTAPTOBOE 3HAYEHHUE Psjia, TO
IIOJIyIUM COBEPIIIEHHO CJAYYalHbIi pe3ysbTaT. BMmecTe ¢ TeM OOBIYHBIN JU-
HEUHBIN TPEH/I, XOTs U HE CTOJIb U30IIPEHHO CJIeyeT N3rubaM BHYTPH Ps/ia,
JaeT YCTOMYIMBBIN IIPOTHO3 PA3BUTHS psijia B OyIyIIeM.

Paznbie ygacTku psia MOTYT ONHCHIBATH PA3JIUYIHLIE CTATUCTUYUECKUE
MOJIEJIN, B 9TOM CJIy4ae TOBOPSAT, 9TO Psili HecmayuonapHuid. Hecrarmonap-
HBIIf BPEMEHHOI PsiJl BO MHOTUX CJIyYasX YIAeTCs IPEBPATUTH B CTAIIMOHAD-
HBII TIyTeM Ipeobpa30BaHus JTAHHBIX.

B 6a3oBbIe BO3MOKHOCTH R BxomsT cpeacTsa mits HpeJICTAB/ICHNA 1 AHa-
JIN3a BPEMEHHBIX PsijioB. OCHOBHBIM THIIOM BPEMEHHBIX JAHHBIX SIBJISETCS
«tS», KOTOPBIH IIPEICTABIISIET CODON BPEMEHHON PsiJi, COCTOANINN U3 3HATE-
HIii, Pa3/leJIeHHBIX OIMHAKOBBLIME HHTEPBAJIAMHI BpeMeHn. BpeMeHHbIe Psijibl
MOT'YT OBITH 0Opa30BAHBI U HEPABHOMEPHO OTCTOSAIIUMU JIPYT OT JApyra 3Ha-
deHusiMU. B 3TOM citydae cieyer BOCIOJIb30BaAThCs CIeAIbHbIMI TUIIAME
JAHHBIX — Z0O0 U its, KOTOPbIE CTAHOBATCS JIOCTYIIHBIMU IIOC/€ 3arpy3Ku
ITAKETOB C TEMU K€ MMEHaMU.

Yacro HEoOX0mMMO 00pabaThIiBaTh KajaeHIapHbIe 1aThl. 110 yMoTI1aHuio
read.table() cuuThiBaeT BCe HeUHMCJIOBbIE JaThl (Hanpumep, «12/15/04»
wim «2004-12-15») Kak TeKcTOBble CTPOKU win (akTopbl. [losromy mocse
3arpy3Ku TaKWX JIAHHBIX IPHU moMomu read.table() HyXHO 00s3aTe/h-
HO npuMeHuTh (byHKIHO as.Date (). OHa «mOHUMAET» OIHMCAHUE MIADJIOHA
JIaThl U 1peobpa3yeT CTPOKHM CUMBOJIOB B THIl JlaHHBIX Date. B mociemnnx
Bepcusax R ona paboraer u ¢ dpaxkTopaMu:

> dates.df <- data.frame(dates=c("2011-01-01","2011-01-02",
+ "2011-01-03","2011-01-04","2011-01-05"))

> str(dates.df$dates)

chr [1:5] "2011-01-01" "2011-01-02" "2011-01-03"

> dates.1 <- as.Date(dates.df$dates, "%Y-Vm-%d")

> str(dates.1)

Date([1:5], format: "2011-01-01" "2011-01-02" "2011-01-03"



178 Yanaem oydywee: anarus epemernnvir pados

"2011-01-04"
A BOT Kak CO3/AI0TCsI BpEMEHHBIE PsiIbl TUIA ts:

> ts(1:10, # pan DaHHHX
+ frequency = 4, # IOKBapTaJIbHO
+ start = c(1959, 2)) # =HauummaeM Bo BTOpoM KBapTame 1959 roza

Qtrl Qtr2 Qtr3 Qtr4d
1959 1 2 3
1960 4 5 6 7
1961 8 9 10

MoxkHO KOHBEPTHUPOBATH CPa3y MaTPHILY, TOTMA KaXKIasd KOJOHKA MaT-
/
PUIIBI CTaHET OTJIEJIbHBIM BPEMEHHBIM PAJIOM:

# MaTpuIla OAHHHX U3 TpeX CTOJ6IIOB
> z <- ts(matrix(rnorm(300), 100, 3),
+ start=c(1961, 1), # mHaumHaeM B 1-# Mecsan 1961 roza

+ frequency=12) # moMecsuHO
class(z)
[1] "mts" "ts" # Tun IaHHEX -- MHOTOMEpPHH BpEMeHHOM par,

Psaner orobpaxkaiorcst rpadudIecKu ¢ IOMOIIBIO CTaHIAPTHON DYyHKITNN
plot () (puc. 54):

> plot(z,
+ plot.type="single", # moMecTuUTbL BCe pAIn Ha ONHOM Ipadure
+ 1ty=1:3) # Tunmsl JIUHUE BpPEeMEHHHX pPALOB

MeToIb! JI/Ist aHAIN3a BPEMEHHBIX PAIOB H HX MOJICIHPOBAHMS BK/IIOUA-
ot ARIMA-Monenu, peanuzoBannbie B pyHkiusx arima(), AR() u VARQ),
CcTpyKTypHBIE Mojiein B StructTS (), dyHKIMYU aBTOKOPPEJISIIIUT U IaCTHON
aprokoppessanun B acf () m pacf(), KIacCHIECKYIO JEKOMITO3UITUIO Bpe-
MeHHOTO psiyia B decompose (), STL-aexkommosunuto B stl(), cKojb3siIee
cpesHee u aproperpeccuBHbIil GuabTp B filter ().

[Tokarkem Ha HpuUMepe, KaK MPUMEHUTb HEKOTOPbIE U3 TUX (DYHKIIUIA.
B texcroBom daitie leaf2-4.txt B nupexkTopun data 3almcaHbl pe3yabTa-
ThI JIJTUBIIUXCS TPOE CYTOK HEIPEPBIBHBIX HAOJIIOIEHUN HAJ| XUIIHBIM Pac-
TeHNeM POCSTHKOI. JIMCThsT 9TOTO pacTeHns! IMOCTOSTHHO OTKPBIBAIOTCS U 3a-
KPBIBAIOTCsI «B HAJEXKJIe» MMONMATD U 3aTeM IIePEBAPUTH MEJIKOEe HACEKOMOE.
Daiisr colepKUT Pe3yJIbTAThl HAOJIIOIEHUN HAJ| I€TBEPTHIM JINCTOM BTOPOTO
pacTeHusl, TIO9TOMY OH TakK HasbiBaeTcsi. COCTOsSTHUE JINCTa OTMedaju Kark-
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I I I I
1962 1964 1966 1968

Puc. 54. I'paduk Tpex BpeMeHHBIX PsI0B ¢ OOIIIME OCSIME BPEMEHH

awie 40 MuUHYT, Bcero B cyTKu Aesaym 36 Habaogenuii. [lonpobyeMm cuenarnb
BpeMeHHOU psaji n3 KoJoHKH FORM, B KOTOpO#l 3aKOAUPOBAaHbI W3MEHEHUS
bOpPMBI IJIACTUHKU JIUCTA, (1 — MPaKTUYECKU TIOCKad, 2 — BOFHyTaH); 3TO
IIKaJIbHbIE JAaHHBIE, ITOCKOJBbKY MOXKHO IIPEJICTaBUTH cebe dopmy = 1.5.
CrauaJia TOCMOTPHUM, KaK YCTPOeH (pailyl JaHHBIX, PU ITOMOIINA KOMAHIbI
file.show("data/leaf2-4.txt"):

ORM; ZAGN ; OTOGN ; SVEZH ; POLUPER ; 0STATKI

1;0;1
0;1;1
;1;051
1;0;0
1;0;0

Temepb MOXKHO 3arpyzKaTh €ro:

> leaf <- read.table("data/leaf2-4.txt", head=TRUE,
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+ as.is=TRUE, sep=";")
!
Cpasy CTOUT ITOCMOTPETH, BCE JIM B ITOPSIJIKE

> str(leaf)
’data.frame’: 80 obs. of 7 variables:

$K.UVWL :dint 2112111111 ...
$ FORM :dint 1112222222
$ ZAGN :int 2223332222
$0TOGN :int 2111111111
$SVEZH :int 1011111111
$ POLUPER: int 01 00000000
$ OSTATKI: int 1110001111
> summary (leaf)
K.UVL FORM ZAGN
Min. :1.000 Min. :1.0 Min. :1.0
1st Qu.:1.000 1st Qu.:1.0 1st Qu.:2.0
Median :1.000 Median :2.0 Median :2.0
Mean :1.325 Mean :1.7 Mean :2.5
3rd Qu.:2.000 3rd Qu.:2.0 3rd Qu.:3.0
Max. :2.000 Max. :2.0 Max. :4.0
0TOGN SVEZH POLUPER
Min. :0.00 Min. :0.0000 Min. :0.000
1st Qu.:0.00 1st Qu.:0.0000 1st Qu.:1.000
Median :1.00 Median :0.0000 Median :1.000
Mean :0.75 Mean :0.1625 Mean :0.925
3rd Qu.:1.00 3rd Qu.:0.0000 3rd Qu.:1.000
Max. :2.00 Max. :1.0000 Max. :2.000
OSTATKI
Min. :0.0000
1st Qu.:0.0000
Median :1.0000
Mean :0.6125
3rd Qu.:1.0000
Max. :2.0000

Bce zarpysmioch npaBuibHO, BUANMBIX OIMIOOK 1 BEIOPOCOB HeT. Ternepnb
npeobpazyem KojouHKy FORM BO BpeMeHHON psij;:

> forma <- ts(leaf$FORM, frequency=36)

ITpoBepum:
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> str(forma)
Time-Series [1:80] from 1 to 3.19: 1112222222 ...

Bce npaBuibHO, HabGIIO/EHUsT BEJMCh 9y Th Oosibiie Tpex (3.19) cyTok.
Hy Bot, a Tenepb monpobyem NoHATH, HACKOJIBKO HAIIN JIAHHbBIE TIEPHO/IAIHbI
U €CTh JIM B HUX TpeH{ (puc. 55):

> (acf(forma, main=""))
Autocorrelations of series ‘forma’, by lag

0.0000 0.0278 0.0556 0.0833 0.1111 0.1389 0.1667 0.1944 0.2222
1.000 0.614 0.287 0.079 0.074 0.068 -0.038 -0.085 -0.132
0.2500 0.2778
-0.137 -0.024

0.3056 0.3333 0.3611 0.3889 0.4167 0.4444 0.4722 0.5000 0.5278
0.030 0.025 -0.082 -0.087 0.027 0.021 -0.043 -0.090 -0.137

1.0

0.8
|

ACF
0.4

0.2

0.0

Puc. 55. I'paduk aBTOKOppesnuit it COCTOSTHIS (POPMBI JINCTA POCSIHKN
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Dra komaHa («auto-correlation function», ACF) BbBogur x0o3duru-
€HTBI ABTOKOPPEJANNA U PUCYeT IpadUK aBTOKOPPEJISIUU, Ha KOTOPOM B
HaIlleM CJIy4ae MOXKHO YBHJIETb, YTO 3HAYMMON IIEPHOIUIHOCTA HET — BCE
[UKHU JIeXKaT BHYTPU 0D03HAYEHHOIO IIYHKTUPOM JOBEPUTEILHOIO HHTEPBa-
Jia, 38 UCKJIFOUEHHEM CAMBIX IIePBBIX IIHKOB, KOTOPbIE COOTBETCTBYIOT aBTO-
KoppeJsuun 6e3 jara Wid ¢ O4eHb MajeHbKuM JiaroM. 1o cyTu, sro moka-
3bBaeT, 4ro B npemesnax 0.05 cyTok (y HAC mepHOI HAOMIONEHUN — CYTKH),
TO ecTh OKOJIO 1 9aca, CJiejyrolnee COCTOSTHIE JIUCTa OYIeT TaKUM Ke, KakK
U TeKyIlee, a BOT Ha OOJIBIINX MHTEPBAJAX TAKHX IPEICKA3AHUI CIeIaTh
Hesib3s1. 1o, ITO BOJTHOOOPA3HBIN rpaduK MUKOB KaK ObI 3aTyXaeT, TOBOPUT
0 TOM, YTO B HAIUX JIAHHBIX BO3MOXKeH Tpen 1. [Iposepum 310 (puc. 56):

> plot(stl(forma, s.window="periodic")$time.series, main="")

0.2

seasonal
0

2.0-04 —0.2
|

1.8 1.9

trend

1.7

0.6
|

0.2

remainder

—0.2
|

—0.6
|

Time
Puc. 56. I'paduk ce30HHON TEKOMIIO3UITUN JJIsT COCTOSTHUS (POPMBI JIUCTA
pocsaKu. Bo3aMOXKHBIN TpeH I M300pakKeH Ha cpemHeM rpaduke

JeiicrBuTe IbHO, HADJIIOIAETCS TEHACHIINS K YMEHBIITEHUIO 3HAMeHUsT (POP-
MBI C Te4eHneM BpeMeHn. Mbl BBISICHIIM 3TO Ipu oMoty dpyHkiun stl ()
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(nasBana mo umenn merona, STL — «Seasonal Decomposition of Time Se-
ries by Loess» ), Koropast BEIUJIEHsIET U3 BDEMEHHOI'O Psija TPH KOMIIOHEHTHI:
CE30HHYIO (B JAHHOM CJIydae CyTOYHYTO), TPEH | U CJIyIaiiHyIO, IIPU IIOMOIIH
criuaXXnpaHust JaHHbIX MeromgoM LOESS.

3anaya. [TonpobyiiTe MOHITH, UMEET JIi JPYTOil IPU3HAK TOrO YKe JILCTA
(K.UVL, ko>(punuenT yBIaxKHEHUs], OTPAYKAIOIIUNA CTEIeHb «MOKDPOCTHU»
JICTA) TaKyIo ¥Ke IEePHOMIHOCTh U TPEH/I.

7.4. IIporuos

Hayuusimmics 6a30B5IM MAHUITYJIAIASM C BDEMEHHBIMI PSAIAMHI, MBI MO-
2Ke€M TOIPOOOBATH PEIIUTh 33/ady ITOCTPOEHUsT MOJIE/IN BPEMEHHOTO Psijia.
[TocTpoennast MOJIE/Tb TTO3BOJIUT HAM IPOCIEIUTh PA3BUTHE HAOJIIOIAEMOr0O
mporiecca B byaymeM. Kpome Toro, Mbl cMOXKEM PACCMOTPETH TPUMEHEHHE
GoJtee CIIOXKHBIX (DYHKIMI aHA/IM3a BPEMEHHBIX PsJIOB, a 3a0/HO [O3HAKO-
MUTBH 9UTATE/si ¢ OOIUMU IPUHIUIIAMUA CPABHUTEILHOIO aHAJIN3a CTATUC-
THYIECKUX MOJEJIEN.

Hairr mpumep 6ymeT 3ak/1109aThbCsl B IIPOTHO3€E YKC/Ia ADOHEHTOB MHTEPHET-
npoBaiiziepa. VlcxoHble JaHHBIE COCTOAT U3:

1) maHHBIX O MOAK/IIOYEHHsX 3a Jekabpb 2004 rosa,;

2) TOMeCSTYHBIX JIAHHBIX O MojKIovYeHnsx B 20052008 roxax.

> polzovateli <- ts(read.table("data/data.txt")$V3,
+ start=c(2004,12), frequency=12)

OO0111ee KOIMIeCTBO aDOHEHTOB Ha KaXKIBI MeCSI] OTYETHOI'O IIEePUOIa
COCTABUJIO:

> cum.polzovateli <- ts(cumsum(polzovateli),
+ start=c(2004,12), frequency=12)

OTobpasuM JIaHHBIE MOMECSTHOTO IMOJK/IIOUCHHST U U3MEHEHHUs] KOJIU-
"ecTBa Tosb30BaTesieit rpabmaeckn. O6a BPEMEHHBIX DsTa TOKA3BIBAIOT
9KCIIOHEHIINAJIbHBIN POCT, II09TOMY BBIBEJIEM HX B IOJIYJIOrapupMUYECKUX
KoopjuHarax (puc. 57):

> oldpar <- par(mfrow=c(2,1))

> plot(polzovateli, type="b", log="y", xlab="")

> plot(cum.polzovateli, type="b", ylim=c(1,3000), log="y")
> par (oldpar)
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Puc. 57. IsMenenust moMecs9HOr0 M OOIIEro KOJAMYECTBa, [I0JIb30BaTe e

JInHeHHBIA POCT BPEMEHHBIX PsJIOB B HOJY/IOrapupMIUECKIX KOOP/IH-
HaTaX MOITBEPKIACT MIPEIII0I0KeHNe 00 IKCIIOHEHITNAILHOM POCTE BO Bpe-
MEHU U KOJIMYECTBA MOJKIIOUEHUI B MECSIl, U ODIIEro KOJUIECTBA TOJIb30-
BarTeJseit.

[Torpobyem Tereph MOCTPOUTH MOIEIb BPEMEHHOTO Psjia OOIIEro Jucja
nozikJoueHnii pacripocrpanenabiM MeTogioM ARIMA («Autoregressive In-
tegrated Moving Averages, aBTOperpeccusi HHTETPUPOBAHHOTO CKOJIB3SIIIIE-
ro cpesnero). Ham Ha10 BHIOpaTh moJxoIsiiee 3HaYeHne napamerpa order,
JIJISE 9TOTO MBI OyJIeM IepedbupaTh Pa3JIndHble 3HAYEHUs] KaXKJI0T0 U3 TPEX
€ro KOMITOHEHTOB:

> modelOl <- arima(cum.polzovateli, order=c(0,0,1))
> model02 <- arima(cum.polzovateli, order=c(0,0,2))
> model03 <- arima(cum.polzovateli, order=c(0,0,3))
> model04 <- arima(cum.polzovateli, order=c(0,0,4))
> model05 <- arima(cum.polzovateli, order=c(0,0,5))
> model06 <- arima(cum.polzovateli, order=c(0,0,6))
> model07 <- arima(cum.polzovateli, order=c(0,0,7))
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model08 <- arima(cum.polzovateli, order=c(0,0,8))

model09 <- arima(cum.polzovateli, order=c(0,0,9))

model010 <- arima(cum.polzovateli, order=c(0,0,10))
modelO11 <- arima(cum.polzovateli, order=c(0,0,11))
model012 <- arima(cum.polzovateli, order=c(0,0,12))
model013 <- arima(cum.polzovateli, order=c(0,0,13))
model014 <- arima(cum.polzovateli, order=c(0,0,14))

V V V V V V V

(MozkHO 66110 OBl HAIIMCATD 37€Ch IUKJI ¢ OEepaTOpoM for, Kak Mbl Jie-
JIaJIi JJIsl TaHHBIX 00 OTPaBJIEHUN B IVIaBe PO JABYMEPHBIE JaHHBIE, HO HAM
ObLI0 JieHb. Tak ITO BOT BaM, JIOPOrOil UnTaTE/Ih, 3a4a49a: HAIIUIIIATE TAKON
k. BaskHas mojickas3ka: Hy:KHO UCIOJIB30BaTh dyHKIMIO assign().)

Temepn cpaBamM Mogenu. «Jlydmras» Momenb OymgeT COOTBETCTBOBATD
muaumyMmy AIC (puc. 58):

> plot (AIC(modelO1l, model02, modelO3, model04, model05, modelO6,
+ modelO7, modelO08, model09, modelO010, modelO11, modelO12,
+ model013, model014), type="b")

Ha rpaduke MOXKHO yBUIETH, YTO IO XOLY KPHUBOH IEPBBIA MUHHMYM
Ha0JIIO/IAeTCs B PaiioHe KOMIIOHEHTA, COOTBETCTBYIONIEro KOI(MPUIUEHTY =
12, a masiplie X0 BBIUHUCJIEHUH CTAHOBUTCS HECTAOUIbHBIM.

Teneps BbIGEPEM JIar aBroperpecuu (IEepBbIi 3eMeHT order):

model012 <- arima(cum.polzovateli, order=c(0,0,12))
modell12 <- arima(cum.polzovateli, order=c(1,0,12))
model212 <- arima(cum.polzovateli, order=c(2,0,12))
model312 <- arima(cum.polzovateli, order=c(3,0,12))
model412 <- arima(cum.polzovateli, order=c(4,0,12))

vV V V V V

31echb Toxke MOKHO npumernTb AIC:
> AIC(model012, modell112, model212, model312, modeld12)

df AIC
model012 14 477.4036
modell12 15 438.3171
model212 16 435.7380
model312 17 438.1186
model412 18 439.0120

AIC muHUMAJIEH, KOT/IA 1Al aBTOPEI'DECUH PABEH 2, TO3TOMY ITPUHUMAEM
3TO 3HAUCHUE JIJId JTAJIbHEHIEro aHaan3a.
AHaJIoruvIHO BBIOEpPEM BTOPOl KOMIIOHEHT:
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Puc. 58. Ilouck Hamydineir Mogesn mo MuHUMYMY 3HadeHuss AIC
> model2120 <- arima(cum.polzovateli, order=c(2,0,12))
> model2121 <- arima(cum.polzovateli, order=c(2,1,12))
> model2122 <- arima(cum.polzovateli, order=c(2,2,12))
> model2123 <- arima(cum.polzovateli, order=c(2,3,12))
> model2124 <- arima(cum.polzovateli, order=c(2,4,12))
> model2125 <- arima(cum.polzovateli, order=c(2,5,12))
> AIC(model2120, model2121 ,model2122, model2123, model2124)
df AIC
model2120 16 435.7380
model2121 15 421.6246
model2122 15 405.5416
model2123 15 399.1918
model2124 15 407.6942

Buaso, 4ro onruMabHOR MOIEJIBIO siBJisieTcsi model2123.

Hy a Temepn, 3Has onTHMAJIbHYIO MOJEIb, IIOCTPOUM IIPOTHO3 H3Me-

HeHust obiero uncia aborentos Ha 2009 rog (puc. 59):
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+ + VvV ## + + V. H + V H + V

plot(cum.polzovateli, # HakommeHHOe YHCIO HONIb30BaTenel
x1im=c(2004.7,2010), ylim=c(0,6500))

'paHuIp BRINYAWNT ¥ JAHHHE NPOTHO3a. JIMHWS NpOrHO3a:
lines(predict(model2123, n.ahead=12, se.fit = TRUE)$pred,
col="green")

BepxHaAsd TpaHuna IpoTrHO3A:

lines(predict(model2123, n.ahead=12, se.fit = TRUE)$se +
predict(model2123, n.ahead=12, se.fit = TRUE)S$pred,
col="red")

Huxwssa rpaHuia IpOrHO3a:

lines(-predict(model2123, n.ahead=12, se.fit = TRUE)$se +
predict(model2123, n.ahead=12, se.fit = TRUE)$pred,
col="red")

2000 3000 4000 5000 6000
| |

1000

0
|

I I I I I I
2005 2006 2007 2008 2009 2010

Puc. 59. IIporunos mamenenust obmiero unciaa abonernTos Ha 2009 rox

MakcuMaIibHOE U MUHAMAJILHOE 02K JaeMO€ KOJIMYIEeCTBO abOHEHTOB 110

MecsaMm 2009 roza cocraBuT:

>

round (predict (model2123,
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+ n.ahead=12, # mepmoz IPOTHO3a

+ se.fit = TRUE)$se + # 6epeM u3 06beKTa TONBKO OWUOKY

+ predict(model2123, # cKiIazpBaeM OmMMOKY M JaHHbHE IIPOTHO3a
+ n.ahead=12,

+ se.fit = TRUE)$pred) # GepeM TONBKO [aHHEE CAMOTO IPOTHO3a

Jan Feb Mar Apr May Jun Jul Aug Sep O0Oct DNov Dec
2009 3158 3337 3533 3767 3992 4239 4494 4765 5050 5349 5663 5991

> round(-predict (model2123, n.ahead=12, se.fit = TRUE)$se +
+ predict(model2123, n.ahead=12, se.fit = TRUE)$pred)

Jan Feb Mar Apr May Jun Jul Aug Sep O0Oct DNov Dec
2009 3134 3283 3437 3628 3817 4031 4253 4490 4728 4969 5213 5463

Yo ke, Temepb MOXKHO 3aHSTHCA OOCIIAHHBIM B IPEIUCTOBAN <IIPEJI-
cKazaHUeM Kypca JoJuapa Ha CIeayIonyio Hemeroy. tak, 3agada: B daii-
Jie dollar.txt comepxkarcs 3HaYeHUs Kypca jgosuiapa LlearpanbHoro Ban-
ka ¢ 1 miong no 9 asrycra 2011 roga, Bcero 3a 11 menenn. Ilompobyiire
IpeacKa3aTh Kype JoJuIapa Ha JABe HeJesn Biepe. UToObl IPOBEPUTDH 3h-
$EeKTUBHOCTD IIPEICKA3aHNA, BO3bMUTE JIJIsT MOJIEJH JaHHbIE 110 26 IO, a
[IPEJ/ICKAXKUTE MOCTIEIHNE JIBE HEJICIH.

k ok ok

OTBeT K 3aj/la4e PO JIUCT POCAHKHU. [IpmMeHMM TOT 2Ke MOIXO,
KOTOpI)II'?I MBI UCIIOJIb30OBaJIN [IJIsl IIPU3HaAKa (i)OprI JINCTa.

> uvl <- ts(leaf$K.UVL, frequency=36)
> str(uvl)
Time-Series [1:80] from 1 to 3.19: 2112111111
> acf (uvl)
> plot(stl(uvl, s.window="periodic")$time.series)

(I'pacdbuku MBI mpeIaraeM BaM IIOCTPOUTH CAMOCTOSITEIBHO. )

Bummo, 9To Ha 3TOT pa3 mpUCYyTCTBYET HEKas IMEPUOSUIHOCTD, C HHTEP-
BasioM 0Ko0Ji10 0.2 cyToK (mpuMepHO 5 9acoB). A BOT BBIPAXKEHHOI'O TPEHJIA
HET.

OTBeT K 3aja4e NPo IMKJIL. BOT Kak MOXKHO €ro ¢JIeIaTh:

for (m in 1:14)

{

assign(paste("model0",m,sep=""), arima(cum.polzovateli,
order=c(0,0,m)))

}

+ 4+ + + Vv
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Qyukims assign() 3aMeHsieT CTPEJOUKY (<-) U PH ITOM IIO3BOJISIET
[IPOrPAaMMHO MEHATH Ha3BaHUEe 00beKTa — aJjpeca MPUCBOEHUS.

OrtBer Kk 3aga4e o0 Kypce goJjuiapa. llocrynum poBHO Tak e, Kak B
IIpUMepe O HOJIL30BaTe/dX IpoBaiiepa, TO eCTh CHadaJjla IIPeBPaTUM JaH-
HbIe BO BPDEMEHHON PAJL:

> dollarl <- read.table("data/dollar.txt", dec=",")$V3
> dollar <- ts(dollari[1:56], frequency=7)

(HecsitmunbiM pasmpesuresiem 6buia 3angras! Eiie Mbl yuaim, 94T0 Kype
JIOJIIapa UMeeT HeJIeTbHYIO IePUOINIHOCTD, M OPTAHN30BAJHN JAHHbIE TOHE-
JICJIBHO. )

3arem mpoepuM paszubie Koaddurmentsr Mogen ARIMA:

> for (m in 1:7)

+{

+ mm <- paste("model0", m, sep="")

+ assign(mm, arima(dollar, order=c(0,0,m)))
+ cat(paste(mm, ": ", AIC(get(mm)), "\n", sep=""))
+ %

modelOl: -67.8129312683548

model02: -80.9252194390681

model03: -82.7498433251648

model04: -82.4022042909309

model05: -84.5913013237983

model06: -83.0836200480987

modelQ07: -82.2056122336345

> for (m in 0:5)

+ {

+ mm <- paste("model", m, "05", sep="")

+ assign(mm, arima(dollar, order=c(m,0,5)))

+ cat(paste(mm, ": ", AIC(get(mm)), "\n", sep=""))
+ %

model005: -84.5913013237983

modell05: -82.772885907062

model205: -81.8467316861654

model305: -79.9942752423287

model405: -83.3710277055304

model505: -80.7835758224462

> for (m in 0:5)

{

mn <- paste("modelO", m, "5", sep="")
assign(mm, arima(dollar, order=c(0,m,5)))

+ + +
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+ cat(paste(mm, ": ", AIC(get(mm)), "\n", sep=""))
+ 3}

model005: -84.5913013237983

model015: -78.0533071948488

model025: -69.4383206785473

model035: -58.0629434523778

model045: -36.1736715036462

model055: -18.2117126978254

st yckopeHmst 1portecca ObLT TMPUAYMAH IUKJI, KOTOPBIA HE TOJIBKO
MEHsIET 3Ha4YeHUsl KOIP(MUIIMEHTOB U UMEHa MOJeel, HO ellle U BLIYUC/ISAeT
n BeiBoguT AIC mnsa xakmoit n3 Hux. Obparure BHUMaHHE Ha (DYHKIMIO
get (), ee UCIOIb30BaHUE B Y€M-TO IIPOTUBOIIOJIOXKHO assign(): ecm nme-
ercsd uMs name, To get (name) Oy/ieT UCKATh OOBEKT C UMEHEM Name U Iepe-
JaBaTh €ro Hapy»Ky UMEHHO KakK 00sexm, a He KaK CTPOKY TekcTa. PyHKIs
cat () mcrobp30BaIaCh [ Ie9aTh «HapyKy», 0e3 Hee IUKJI Obl HUYEro He
BBIBEJL.

Nroro, momens model005 umeer muauMasibibiii AIC, u, cramgo OBbITb,
HaM JIydIlle BbIOpaTh JJIsT MpeJcKa3anus uMeHHO ee. Iloctpomm rpaduk
[peacKa3anusi, J00aBUB Tyza €Ile U peajbHble 3HAYCHUsI Kypca T0JIapa
3a MocJIeiHuE JBe Hefeau, ¢ 27 uioss mo 9 asrycra (puc. 60):

> plot(dollar, xlim=c(1,11), ylim=c(27.3,28.5))

> lines(predict(model005, n.ahead=14, se.fit = TRUE)$pred,
+ 1ty=2)

> lines(ts(dollar1[56:70], start=9, frequency=7))

Nrak, mHama Moe/b He CMOIVIA MIPEJICKa3aTh PEe3Koe MajieHne Kypca 29
WI0JIsd, HO TeM He MeHee yKa3aJia Ha HEKOTOPOE YBeJUUeHUue Kypca B CJIeJIy-
fomupe aBe Hemenn. Ha camom jmerte pesysabTaThl gaske JIydile, 9eM MOKHO
OBbLIO OXKHJIATH, IOCKOJIbKY IpaduK aBTOKOPpeJIsIyii (IpOoBephTe 9TO Ca-
MOCTOSITEJIBHO) TIOKA3BIBAET, YTO 3HAUUMBIX ABTOKOPPEJISAINIi B HAIIIEM DsiJTy
MaJIo.
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Puc. 60. IIpenckazamnme kypca posnapa (Ipeicka3aHHble 3HAYCHIsT 0003Ha~
YeHbl yHKTUPHOIT jimHumedt). 1o ocu x OTJI0kKeHbI Hejesn, Iporieime ¢ 1

mionda 2011 roma
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CraructndyecKada pa3BegKa

Bor n oxomumsioch Hallle M3JI02KEHHE OCHOBHBIX METOJIOB CTATUCTUKU
n ux ucnojab3oBanusg B R. Temepp HacTamo BpeMsi HIPUMEHUTH 3HAHUS Ha
mpaxkTuke. Ho mepen TeM, Kax cieJiaTb 3TOT AT, HEILJIOXO ITPEJICTABUTD I10-
JIyIeHHbIe 3HAHUS B «KOHIIEHTPUPOBAHHOM» Buie. Tak, Kak HY»KHO aHa-
JIN3UPOBATD JTaHHbIE?

8.1. IlepBuynas oOpaboTka JIJaHHBIX

Bragaste HaJ0 BBIACHUTH HECKOJIBKO BOIIPDOCOB:

1. Kaxoit Tum y maHHBIX, KAKHM CIIOCOOOM (CIIocobaMu) OHU MPE/ICTaB-
JICHBI?

2. O,ZLHOpO,ZLHbI JIN JJaHHBbIEC — B KaKUX €JIMHUIIaX U3MEPECHDbI [oKasaresn’?

3. Tlapamerpuveckue mjin HemapaMeTPUIECKUE y HAC JAHHBIE — MOYKHO
JIM TIPEJTIOJIOKUTH HOPMAJIbLHOE PaCIIpeie/IeHIe JTaHHbIX !

4. Hy:xHa i1 «IUCTKa» ITaHHBIX — €CTh JIU [IPOILYIIEHHbIE JTaHHBIE, BbI-
OpOChI, OIEeYaTKU !

Ecnu B Tabmune ects, kpome 1nudp, OYKBBI, TO HYKHO TIIATEIBLHO TPO-
CJIeJIUTD, HET JiU olevaToK. Horaa onedaTky ObIBAIOT TOYTH HEBUIUMBIMU,
CKaykeM, pyccKkasi OyKBa «C» W aHIVIMICKAs «C» 10 BUY HEPA3JIMINMBI, &
BOT IporpaMma oOpabOTKM JAHHBIX MOCUYATAET UX pasHbiMu. K cuacTbio,
Oa3oBble KOMaHIpl read.table () n summary () HO3BOJISIIOT «BBIJIOBUTE» IIO-
HaBJsioniee OOIBITUHCTBO MOMO00HBIX TpobseM. KcraTu, eciu ipu monbITke
3arpy3Ku JaHHbIX B R Bo3HUKaeT omunbKa, HE CHEIIUTe BUHUTH ITPOIPAMMY':
GOJIBINAs YACTh TAKHX OMIMOOK — 9TO PE3Y/IbTAT HEIPABUILHOIO 0opMIIe-
HUS /WM BBOJA JAHHBIX.

8.2. OkonuarejbHasi 0OpaboOTKa JaHHBIX

Jna Toro 4To0BI IOMOYB YUTATETIO PAa300paThCAd B MHOTOYHCICHHBIX
criocobax aHasIn3a, Mbl COCTABH/IH cjeaylontyio tabmumy (tabi. 8.1). Ona
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yCTPOeHa OYeHb IIPOCTO: HAJIO OTBETUTDH BCEr'O JIMIIb HA TPU BOIIPOCA, U CIIO-
cob 00paboTKHU HaMAeTCs B COOTBETCTBYIOIIEH suelike. [yraBHBII BOmpoc —
9TO THUII JIAHHBIX (CM. COOTBETCTBYIOIILYIO IJIaBy ). Ecau JaHHbIE KOJIMYIeCT-
BEHHBIE, TO MOIONIeT BEPXHsisl ITOJIOBUHA, TAOJIAIIBI, €CJIH KaIeCTBEHHbBIE MJIH
HOPSIAKOBbIE — HUXKHSIS [IOJIOBUHA. 3aTeM HaJI0 HOHSTH, MOXKHO JIU IIOCYH-
TaThb BaIlli JIAHHBIE PACIIPEIEIeHHBIMA HOPMAJIbHO, TO €CTh IlapaMeTpude-
CKAMH, WIN II0 KpaifHeil mepe 6e3 orracKu 3aKpbITh IJ1a3a Ha HEKOTOPOe
YKJIOHEHUE OT HOpMaJibHOCTU. U HAaKOHeI[, Hy2KHO HOHATDH, 3aBUCAT JIU Pa3-
HbIe KOJIOHKH JAHHBIX IPYT OT APYTa, TO €CTh CTOUT HJIH HE CTOHT IIPHMe-
HSTH HapHbBIE METOJBI CPABHEHUS (CM. TVIABY O JIBYMEDHBIX JAHHBIX).

Haitnst B Tabiiuite HyKHBIH METO/I, 3aIJITHUTE B YKa3aTe/b U IepeiuTe
Ha CTPaHUIy ¢ OoJiee MOAPOOHLIM onucaHueM (PYHKIUH. A MOXKHO IIPOCTO
BBecTH KOMaHIy help().

8.3. OTuer

JIt0boe 1moJIHOIIEHHOE HCCIIe/I0BAHNE OKAHINBAETCH OTYETOM — IIPE3€H-
Tanuel, crarbeit uau nybsukanueit B urepuere. B R ecth MHOXKECTBO aB-
TOMATU3UPOBAHHBIX CPEJICTB MOJAIOTOBKHA OTYETOB.

Tabmurpl, co3manuble B R, MoykHO coxpaHuTh B (opmarax KIEX wim
HTML npu nomoru nakera xtable. EcrecTBenHo, xo4ueTcs MONTH HasIbIIIe
U COXPAaHATH B KaKOM-HHOYIb M3 THX (opMaToB BoobIime Bcio R-ceccuro.
it HTML Ttakoe BO3MO2KHO, €CJIi UCIOJIb30BaTh naker R2HTML:

library (R2HTML)
dir.create("example")
HTMLStart ("example")
2+2

plot(1:20)

HTMLplot ()

HTMLStop ()

V V. V V V V V

B paboueit qupekTopun 6yIeT co3aHa MOIIUPEKTOPHs example, 1 TyIa
oynyr 3amucanbl HTML-daitabl, comepskalnme MOJIHBIH OTIeT O TeKyIei
Ceccruu, B TOM YHUCJIe U CO3JaHHBIN I'PadUK.

MozkHo noiiTu u erre jaJibiie. UTo, ecjin co3maTh (aiti, KOTopsil OyIeT
coJiep2KaTh KoJi R, nepemerianiblii ¢ TEKCTOBBIMU KOMMEHTAPUSIMU, U TIOTOM
«CKOpPMUTB» 3TOT aitn R, Tax 4To0OBI dpparMeHTbl KOIa 3aMEHWJINCH Ha
pesyabrar ux ucrnosjHenus! Mnes sta HasbiBaercs «literate programmings
(rpamoTHOe iporpammupoBanune) u npuna iexut Jonansiny Kuayry, cosna-
tesiio TEX. B ciyuae R Takast cucrema ucrob3yercst Jijisi aBTOMATHIECKOM
reHepaluu OTYeTOB — O0CODEHHOCTH, KOTOpas jeiaeT R noucrune nHesame-
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Ta6JII/ILLa 8.1. BapI/IaHTbI CTaTUCTUYIECKOI'O aHaJIM3a W COOTBETCTBYIOIIUE

dyukun R
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HUMBIM. [Ij1s1 co3manus moI06HOr0 oT4eTa HaJ0 BHadaje HaOpaTh IPOCTOM
K TEX-daiis u Ha3BaTh €ro, HAIPUMeED, test-Sweave . Rnw:

\documentclass [adpaper,12pt]{article}
\usepackage [T2A] {fontenc}
\usepackage [utf8] {inputenc}
\usepackage [english,russian] {babel}
\usepackage [noae] {Sweave}

\begin{document} % TyT HauumaeTcsa oTdueT
\textsf{R} xax kKambKyIaTOp:

<<echo=TRUE, print=TRUE>>=
1+1

1+ pi

sin(pi/2)

e

KapTuuka:

<<fig=TRUE>>=
plot(1:20)

(¢
\end{document}

3arem sToT (aitn Heobxomumo obpaborars B R:

> Sweave("test-Sweave.Rnw")
Writing to file test-Sweave.tex
Processing code chunks

1 : echo print term verbatim

2 : echo term verbatim eps pdf

You can now run LaTeX on ’test-Sweave.tex’

[Ipu sTom cozmaercs roroseiit INTEX-daitn test-Sweave.tex. U maxo-
mert, pu nomorn KWIEX n dvips man pdfIATEX MOoXKHO MOMyYInTh pe3yith-
tupyomuit PDF-daii, koropsrii n3obpaxken Ha puc. 61

Taxoit oT4eT MOXKHO PACIIUPATD, NUIN(OBATH, U3MEHATH UCXO/HBIE JTaH-
HbIE, U IIPU 3TOM YCHJIMA 110 ODOPMIIEHHIO CBOJIATCHA K MUHUMYMY.
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R KakK KaJIbeJIH'l'OpZ
>1+1
[1] 2
> 1+ pi
[1] 4.141593
> sin(pi/2)
[11 1
Kaprunka:

> plot(1:20)

IS )
o
o
o
o
B °
o
o
o
8 o °
-9 o
o
o
o
o
w - o
o
o
o
o
T T T T
5 10 15 20

Index

Puc. 61. IIpumep ordera, MOJYyIEHHOI'O C MOMOIIBIO KOMaH/IbI Sweave ()
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Ectb u apyrue cucreMbl reHEpPAITIN OTUYETOB, HAIPUMED HaKeT brew, Ko-
TOPBINl IO3BOJISIET CO3/IABATH ABTOMATHYECKHNE OTYETHI B TEKCTOBOI hopme
(pasymeercsi, 6e3 rpadukos), u naker odfWeave, KOTOPBIH MOXKeT pabOTATH
¢ ODF (dopmar OpenOffice.org).

U1 BCe-TAK! MOJIHOCTBIO HOJIATATHCS HA ABTOMATUKY HUKOIVIA HE CTOHT.
O06si3aTeILHO TTPOBEPHTE, HAIIPUMED, MOJIyUYeHHbIe IPAMDUKI — JOCTATOUYEH
Jm pa3mep rpadudeckux ¢ailyioB, HeT Jin mpobjeM ¢ nperamu. U He 3a-
Oy/bTe 3AIllOMHUTH B (DAilJl ICTOPUIO BAIIUX KOMAHJI. DTO OYEeHb IIOMOXKET,
ecJIi TIPUJIETCsT OISITh BEPHYTHCS K 0O6pabOTKE 3THX JAHHBIX. A eciv BbI
3aXOTHUTE COCTIATHCS B CBOEM OTYeTe Ha TOT 3aMevdaTesbHBI MHCTPYMEHT,
KOTOPBI# TOMOT BaM 006paboTaTh JIaHHLIE, HE 3a0YyIbTE BCTABUTH B CIUCOK
JITTEPATYPLI TO, UYTO BLIBOJIUT CTPOKA

> citation()

Viaadnoro BaM aHaJIn3a, JAHHBLIX!



ITpunoxxenne A

ITpumep paborsr B R

DTO NPUIOKEHHE HAIMUCAHO IS TeX, KTO He XOYeT YUTATh JJTHHHbIE
TEKCTBI, & XOUeT KAK MOXKHO CKOpee HAyIUThCsl 00pabaThIBATH JaHHBIE B
R. st 3TOr0 HaJO «IIPOCTO» MOC/IEI0BATEIHLHO BBIIOJHUTD IPUBEICHHBIE
HmKe KoMauapl. 2KegaTebHO He KOUPOBATEH X OTKY/Ia~JIH00, & HAOpaTh ¢
KJIABHATYPBI: TAKUM CIIOCOOOM 3AIIOMHUTD U, CTAJIO ObITh, HAYIUTHCsS Oy/IeT
ropas/io mpore. XOopoIno, eCJIA PO KasKIyl0 BBINOJHEHHYIO KOMAHJY BbI
[IpoYTeTe COOTBETCTBYIONIMI Pa3/iesl CIpaBKH (HAIIOMUHAEM, 9TO JeJaeTCst
komaH10if help(xomanzna)). Mbl He craau MOKA3bIBATH 3/1€Ch TO, YTO BbI-
BoauT R, n He mpuBoaMM nosyvarommecs rpaduKn: BCe 9TO BaM HY>KHO
OyJeT IOJIyYUTh U IIPOBEPUTH CAMOCTOSITEJIbHO.

Bee koMaHbl OyjyT OTHOCUTLCS K (haiily JAHHBIX O BOOOpasKaeMbIX
JKYKaX, COCTOSIIIEMY U3 YeThIPeX CTOJIONOB (IIPU3HAKOB): 1moJ »Kyka (POL:
camku = 0 u camubl = 1), nuBer xkyka: (CVET: kpacHubiii=1, cunuii=2, 3eje-
HbI1=3), Bec )kyka B rpammax (VES) u jymna »Kyka B Musuinmerpax (ROST):

POL CVET VES  ROST

0 1 10.68 9.43
1 1 10.02 10.66
0 2 10.18 10.41
1 1 8.01 9

0O 3 10.23 8.98
1 3 9.7 9.71
1 2 9.73 9.09
0 3 11.22 9.23
1 1 9.19 8.97
1 2 11.45 10.34

Haunnaem...

CozaeM Ha 2KECTKOM JIUCKe pabodyIo JUPEKTOPHUIO, CO3JaeM B Hell jiu-
pekTopuio data; KOnupyeMm B IOCJIETHION (aiiyl JaHHBIX B TEKCTOBOM (Op-
MaTe ¢ pacliupeHueM * . txt u pasesnuresem-rabyssiueii (nenaercs u3 daii-
sta Excel mm npyroit mogobHoit mprpaMMbl KOMaHI0i MeHio Save as... /
CoxpaHWUTh Kaxk...). [lycTsb Bam daiin HasbiBaercst zhuki.txt.
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Brumanue! TIpoBepbre, 9TOOBI JIECATHIHBIN pa3IeIUTETb OBLT «.», TO
ecTh TOYKOM, a He 3ausToii: nojosuta — 3to 0.5, a me 0,5! Eciau necsruy-
HBII pa3lie/IuTeIb — 3amdTas, TO MOYKHO 3aMEHUTh €ro Ha TOUYKY B JIIOOOM
TEKCTOBOM pejiakTope, Hanpumep B Biokunore/Notepad.

OrkpeiBaeMm mporpaMMmy R. YkasbiBaeM IUPEKTOPHUIO, TIE HAXOIUTCS
Bari pailji JaHHBIX, IPU ITIOMOIIK MeHIO: dalin -> /3MeHWTb manky -> BHOU-
paeM IUpeKTOpUb, U ledaraeM KoMaHay setwd(...), B aprymenTe KOTo-
POIl JTOJIZKEH CTOSATDH IIOJHBIA IIyTh K Balllel AUPEKTOPUU (;Lﬂﬂ YKa3aHUsL
IyTH HAJI0 UCIOJIb30BATDH MPSMbIE CJIIIIHA — </ ».

st IpOBEPKU MECTOIIOJIOKEHUS [TeYaTaeM KOMAHLY

> dir("data")

..M HakuMaeM Enter (9Ty KJIABUIIY HYXKHO HayKUMaTh KayKJblil pas
[OCJIe BBOJIA KOMAH/IBI).

DrTa KOMaH/a JOJIXKHA BBIBECTH, CPEIU IIPOYero, MMsl Ballero daiiia
(zhuki.txt).

Huraem daiia ganueix (co3maeM B HAMATH IPOrPAMMBI OOBEKT MO/ Ha-
3BanneM data, KOTODBIil mpezcTaBisieT coboit Konuio Bariero daitia maH-
HBIX). B cTpoke BBOsA HabOMpaem:

> data <- read.table("data/zhuki.txt", h=TRUE)

Brumanue! Bynpre 0oCTOPOXKHBI €O CKOOKAMM, 3HAKAMU MIPEIUHAHUS U
peructpom 6ykB! Ecin mecaTuvHbiil pa3aenTeb — 3aIsTast U Bbl TOUEMY-
JinbO HE CMOIVIM 3aMEHUTH €ro Ha TOYKY, TO €CTh CI0CO0 3arpy3uTh U TaKHe
JIAHHbBIE:

> data.2 <- read.table("data/zhuki_zap.txt", h=TRUE, dec=",")

Kcraru, noxoxyio Tabymity TaHHBIX MOXKHO CO3/1aTh IIpu TOMOIIH R ciie-
JYIOIIUMU KOMAHTAMMU:

data.3 <- data.frame(POL=sample(0:1, 100, replace=TRUE),
CVET=sample(1:3, 100, replace=TRUE),

VES=sample(20:120, 100, replace=TRUE),
ROST=sample(50:150, 100, replace=TRUE))

+ + + vV

ITepasi komanma co3zjaer jaHuble (y Hac ykasana nosroprocts 100)
METOJIOM CJIYUAHON BBIOOPKH, & BTOpPAasi 3alMCHIBACT UX B (aili ¢ 3ajaH-
ubiM HazBanueM. [ludper n rpadukn OyayT HEMHOTO JIpyrue (BbIOOPKa-TO
ciydaiinas!), HO Ha HAIIU yIPAYKHEHUsI 9TO MOBJIUATD HE JIOJIZKHO.

[Tocmorpum na Bam daiin ganabIX (ecan daiia GOIbINoi, TO MOXKHO
HCIIO/Ib30BaTh CICIHAIbHYI0 KoManay head(data)):
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> data

Brumanue! Bayrpu R BHOCUTH n3MeHeHUsI B TaHHBIE HE OUeHb YI00HO.
PazymHO BHOCHTB MX B TE€KCTOBBIi (bailyl JaHHBIX (OTKPBIB €ro, HAIPUMED,
B Excel), a morom 3anoBo unrarh ero B R.

[Tocmorpum Ha cTpykTypy (daitia nanubix. CKOJIBLKO 06beKTOB (obs. =
observations), ckoJibKO pu3HakoB (variables), Kak Ha3BaHBI NPU3HAKH U B
KaKOM IIOPSIJIKE OHU CJIEJIYIOT B TabJIuIe:

> str(data)

Ormerbre ast cebst, aro POL u CVET 3arpy»KeHbl Kak IUC/a, B TO BpEMsI
KaK Ha CaMOM JIeJIe 3TO HOMUHAALHDbIE TaHHBIE.

CozmauM B TAMSATH €I1e OJMH 00BEKT C JAHHLIMH, Ky/Ia oTOepeM JTaH-
HBIE TOJIBKO JIsi caMok (POL = 0):

> data.f <- datal[data$POL == 0,]

A Temepb — OTJENBHBIT O0BEKT C JAHHBIMU JIsi KPYHNHBIX (6OJIbIIE
10 MM) camIos:

> data.m.big <- datal[data$POL == 1 & data$ROST > 10,]

I’{CT&TI/I7 STy KOM&H,I[y IpoImne He BBO/JIUTL 3aHOBO, a HO.HyLII/ITI) HyTeM
peJlaKTUPOBaHUsT IpeIbLLyIel kKoman bl (06branoe s1esio B R). [lisi BbI3oBa
MIPeIbIAY e KOMAH bl BOCIIOIB3YATECh «CTPEIKO BBEpX» Ha KJIABHATYPE.
I/ICHOJIBBOBaHHbIe 3HAKU «==» U «&» — DTO JIOTUYECKUe BbIpa2KCHUA «Ta-
KHX, 9TO» U «H». VIMEHHO OHHU cily:KaT Kpurepusamu orbopa. Kpome toro,
J71s1 0TOOpA TAHHBIX 00sI3aTEILHO HYKHBI KBaIPATHBIE CKOOKH, 8 €CJIN JaH-
Hble TabJn4Hble (KaK y HAC), TO BHYTPU KBaJIPATHBIX CKODOK 00sI3aTe/IbHA
3amsTast, Pa3ae/IsaioNnasi BoIpayKeHusl AJisi CTPOK U CTOJIOIOB.

JlobaBuM elrie OfMH NMPHU3HAK K HameMy (afluly: yaesbHBIH Bec KyKa
(oTHOIIEHNE Beca XKyKa K ero JymHe) — VES.R:

> data$VES.R <- data$VES/data$ROST

IIpoBepbTe, UTO HOBBIM MPU3HAK MOSIBUJICS, ITPU ITOMOIMHN yKe HUCIIOb-
3oBaHHOl Hamu KoMmamibl str(data) (crpeska Beepx!).

Hosprit mpusnak ObLIT /100aBJIeH TOJBLKO K KOIIIH Baliero gaiira TaHibx,
KOTOPBIN HAXOJIUTCH B AMSITH TPOrPAMMBI. I TOOBI COXPAHUTH U3MEHEHHBIH
daiin maHHbIX 107 nMeneM zhuki_new.txt B Baleil JUPEKTOPUN Ha, 2KECT-
KOM JIMICKE KOMIIbIOTEPa, HY>KHO HAIIACATD:

> write.table(data, "data/zhuki_new.txt", quote=FALSE)
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OxapakrepusyeM BBIOOPKY...
[TocmoTpuM cHaUa A HA OCHOBHBIE XAPAKTEPUCTUKN KAXKIOTO MPU3HAKA
(HE MMeeT CMBIC/IA JIJIsl KATErOPUAJIbHBIX JAHHBIX ):

> summary (data)

Koneuno, xomanay summary(), Kak U MHOTHE IIpOYNE, MOXKHO IIPHMe-
HATH KaK K BceMy (aiily JaHHBIX, TaK U K JIIOO0OMY OTJ/I€JIbHOMY IPU3HAKY:

> summary (data$VES)

A MOXKHO BBIMHUCIIATDL 3TU XapaKTEePUCTUKU 110 OTACJIbHOCTHU. MI/IHI/IMyM
" MaKCUMYM:

> min(data$VES)
> max(data$VES)

. MeJMaHa;
> median(data$VES)

. CpeiHee a,pI/I(bMGTI/I‘IeCKOe TOJIBKO [IJIsl BeCa U JIJIsd Ka2K/10T'0 U3 IIPpU-
3HAKOB:

> mean(data$VES)

u
> colMeans(data)

COOTBETCTBEHHO.

K coxanenuro, mpeabaynme KOMaHIbl He paboTaioT, eC/id eCTh IPOILy-
HIeHHbIe 3HadeHns. s Toro 4robbl IMOCYNTATL CPEIHee IJIs KaXKIOoro u3
[IPU3HAKOB, N30aBUBIINCH OT IIPOIYIIEHHBIX 3HAYEHUI, HAaJ0 BBECTH

> mean(data, na.rm=TRUE)

KCTaTI/I, CTPOKH C IPOIIYIIEHHBIMHA SHAYCHUAMU MOXKHO YAaJIUTh U3 Tab-
JINIObI JaHHBIX TaK:

> data.o <- na.omit(data)
WNuorna 6bIBaeT HyKHO BBIYUCIUTH CYMMY BCEX 3HAYEHHI IpU3HAKA:

> sum(data$VES)
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. WM CyMMYy BCEX 3HaYeHHH OJHON cTpoKH (mompobyeM Ha IIpuMepe
BTOpOI1):

> sum(datal2,])

.. WU CyMMY 3HAYEHUI BCEX MPU3HAKOB JJIsT KAYXKIONH CTPOKM:
> apply(data, 1, sum)

1t HOMUHAJIBHBIX MPU3HAKOB UMEET CMBICJI TOCMOTPETD, CKOJIBKO pa3
BCTPEYaeTcs: B BBIGOPKE KaKJ10€ 3HaUeHUe IPU3HAKa (320/[HO y3HAEM, KAKue
3HAYCHUST TIPU3HAK [TPUHUMACT):

> table(data$POL)

A Temepb BBIpa3UM YaCTOTy BCTPEUAEMOCTH 3HAUEHUI NpU3HAKA He B
4yucsie 00bLEKTOB, & B IPoleHTaX, UpuHas 3a 100% obiee 4nciao 06beKTOB:

> 100*table(data$POL) /length(data$POL)

U eme oKpyryimM 3HaYEHUs] IPOIEHTOB JIO MEJBIX THCE:
> round(100*table (data$POL) /length(data$POL), 0)

OJ1Ha U3 OCHOBHBIX XapaKTEPHCTHK Pa30poca JIAHHBIX BOKPYT CpejHe-
ro 3HaueHus: (Hapsity ¢ abCOJIOTHBIM M MEXKKBAPTUIBHBIM Pa3sbpoCoOM) —
craniaprHoe orkionenue (standard deviation). Beraucsmwm ero:
> sd(data$VES)

Boranciinm Hamocsie 10k u 6e3pasmephbiii koadduiment apuaryu (CV):
> 100*sd(data$VES) /mean (data$VES)

MO2KHO BBIYUC/ISATH XaPAKTEPUCTUKHU JIIOOOTO IIPU3HAKA OTJIEIbHO JIJIsI
caMmIoB u s caMoK. [lompobOyem Ha mpuMepe cpeanero apudMeTHIecKOro
JJTs Beca:
> tapply(data$VES, data$POL, mean)

HOCMOTpI/IM, CKOJIBKO 2KYKOB DAa3HOI'O IIBE€Ta CpeJu CaMIIOB U CaMOK:!

> table(data$CVET, data$POL)
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(CTpoku — pasHble 1BeTa, CTOJIOIBI — CAMIIbI I CAMKH. )
A rerepb TO Ke camMoe, HO He B IITyKaX, a B IIPOIEHTaX OT ODIIero Iucia
2KYKOB:

> 100*table(data$CVET, data$POL)/sum(data$CVET, data$POL)

N nakomer;, BbIYUCIUM CpeJIHUE 3HAYEHHUS BeCa KYKOB OT/EJIHLHO JIJIs
BCeX KOMOWMHAIM 1BeTa U 10Jia (Jisi KPACHBIX CAMIIOB, KPACHBIX CAMOK,
3€JICHBIX CAMIIOB, 3€JIEHBIX CAMOK...):

> tapply(data$VES, list(data$POL, data$CVET), mean)

Temeps mopucyeM aAmarpaMMBbl...
[IpoBepuMm cHadasa, Kak paclipeie/ieHbl JaHHbIe, HET JI BRIOPOCoB. s
9TOI'0 IIOCTPOUM T'HCTOIPAMMBI JJId KazKJIOT0 IIpU3HAKA!

> hist(data$VES, breaks=20)

Jlera/iu3aIiio rucTorpaMMbl MOXKHO U3MEHSITh, BAPbUPYS UUCIIO HHTEP-
BasioB (breaks).

MozKHO 3aJaTh TOYHYIO IMINPHHY HHTEPBAJIOB 3HAYEHUH NPU3HAKA HA
rucrorpamme (3agaguM mmpuny B 20 eIUHAL, & 3HAYCHUs] IPU3HAKA [yCTh
u3menstiorcst or 0 1o 100):

> hist(data$VES, breaks=c(seq(0,100,20)))

Bousee Touno IIPOBEPUTDH HOPMAJIbHOCTDL pacCIIpeJIeJICHU A IIPU3HaKa MO2K-
HO IIpU IIOMOIIU ABYX KOMaH/I:

> qgqnorm(data$VES) ; qqline(data$VES)

O6e KOMaH[BI «JIeaaroT> OfAuH rpaduk (MOITOMY MbI HAIMCAJIN UX B
OJIHY CTPOUKY {epe3 TOUKY ¢ 3amsToil). Hem Gosibiie pacipeieseHne ToueK
Ha 9TOM rpaduke OTKJIOHSIETCS OT MPSIMOMl JIMHUU, TeM JAaJbIle pacipe/ie-
JIEHUE JIAHHBIX OT HOpMaJibHOro. Kcraru, mjst Toro 4Tobbl OTKPBHITH HOBOE
rpadudeckoe OKHO (HOBBII rpaduk OymeT HAPHCOBAH PSIOM CO CTapbIM, &
HEe BMECTO HEro), MOXKHO UCIOJIb30BaTh KoMaHly dev.new().

[TocTponm mumarpaMMy paccestHusi, Ha KOTOPOW 00beKTHI OyIyT 0603Ha~
4eHbl Kpy:Koukamu. Poct 6yier 1o ocu abeipce (ropusoHTaIbHASI OCb),
BeC — II0 OCH OpJIMHAT (BEpPTHKAIbHAS OCb):

> plot(data$ROST, data$VES, type="p")

Mo2KHO U3MeHsITH pa3Mep Kpy:KoukoB (mapamerp cex). CpaBuure:
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> plot(data$ROST, data$VES, type="p", cex=0.5)

n

> plot(data$ROST, data$VES, type="p",

cex=2)

MoKHO M3MEHUTH BUJI 3HAUKA, KOTOPBIH 0003HAUYAaET 00HEKT (CM. HOME-
pa 3Ha4dKOB Ha puc. 62)). [ToxoxKyro TabIUIy MOKHO BBI3BATH IIPH TOMOITH
KoMaH/Ibl example (points) u HaXKaTh HECKOJILKO pa3 Enter, moka «JieMOH-
cTpalusgy He OKOHYHUTCS.

00l
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7 X

10 &

11 XX

12 HH

13 &

4N

151

16 @

17 A

18 &

19@
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24 /A

Puc. 62. Homepa 3HAYKOB, HCIIOIB3YyEMBIX B CTAHIAPTHBIX rpadukax R

Bor, manpumep, 0603Ha9MM 00BEKTBI 3HATKOM 2-T0 THIA (IIyCTBIM Tpe-

YTOJIBHUKOM ):

> plot(data$ROST, data$VES, type="p",

pch=2)

Mo2KHO BMECTO 3HAYKOB 0003HAUYUTL O0BHEKTHI Ha AruarpaMMe KOJIO0M II0-

aa (0/1):
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> plot(data$ROST, data$VES, type="n"
> text(data$ROST, data$VES, labels=data$POL)

Ob6e KOMaHJIBI 3/1€Ch JICHCTBYIOT Ha OJuH U TOT XKe rpacduk. [lepsas
revaTaeT IyCcToe 10Jie, BTopas J00aBJIseT Ty1a 3HAYKH.

Eie moxHO ciiesraTh Tak, 9T0OBI pasHbie UG PHI-0003HAMCHIST UMETH U
pasmbie 1Bera (Mbl J00aBUIN «-+1», nHAYE ObI 3HAYKU JJIsi CAMOK IIedaTa-
JICH HYJIEBBIM, IIPO3PAYHBIM I[BETOM ):

> plot(data$ROST, data$VES, type="n"

> text(data$ROST, data$VES, labels=data$POL, col=data$POL+1)
A MOXKHO CAMIIOB U CAaMOK OOO3HAYUTH PA3HBIMU 3HAYKAMU:

> plot(data$ROST, data$VES, type="n")

> points(data$ROST, data$VES, pch=data$POL)

Jpyroii, 6ojiee C/I0XKHBIII BAPUAHT — C UCIOJIL30BAHUEM BCTPOEHHBIX B
R mpudros Hershey (B mopsijike uck/rouennst npuBoumM ero Ha puc. 63):

> plot(data$ROST, data$VES, type="n", xlab="Poct", ylab="Bec")
> text(data$ROST, data$VES,
+ labels=ifelse(data$POL, "\\MA", "\\VE"),
+ vfont=c("serif","plain"), cex=1.5)
.. U ellle PA3HLIMU I[BETaMU:
> plot(data$ROST, data$VES, type="n")
> text(data$ROST, data$VES, pch=data$POL, col=data$POL+1)

Hakowerr, B citydae ¢ pa3HOIBETHBIME 3HATKAMU HY?KHO JI00aBUTH YCIOB-
Hble 0003HAUEHNUsT (JIereH/Ty ):

> legend (50, 100, c("male", "female"), pch=c(0,1), col=c(1,2))

Hucnamu yKa3aHo MoJIoxkKeHne (KOOpAUHATEL Ha TpaduKe) BEPXHEro Jie-
BOTO yTIJIa JiereH Ibl: TiepBas mudpa (50) — abcrucca, Bropas 1mudpa (100) —
OpJMHATA.

CoxpansieM Tpaduk IpH HOMOIIM MeHIO: Paitnm -> CoXpaHUTbL Kak. ..
-> PNG -> graph.png wjm medataeM dee KOMAHIbI:

> dev.copy(png, filename="graph.png")
> dev.off()
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Puc. 63. Pacupezesenne caMiioB U caMOK KYKOB IO POCTY ¥ Becy (Jjist
CUMBOJIOB HCII0JIb30Banbl mpudThl Hershey)

He 3abynpre naneyarars dev.off ()!

Yrobbl mosiyanTh Ipaduk 6e3 MOCTOPOHHUX HAIIMNCEH, CaeayeT IaTb
koMaHy plot(..., main="", xlab="", ylab=""), rie MHOroTO4YNE 060-
3HaYaeT BCE OCTAJIbHBbIE BO3MOXKHBIE apI'yMEHTEHI.

Coxpaaarh rpaduK MOXKHO, U HE BBIBOS €ro Ha KPaH, cpa3y B rpadu-
qecKuil aiiji, O Th-TaK! ¢ MOMOIIBIO J8YX JIOTOJHUTEBHBIX KOMaH]I;:

> png("data.png")
# [... TyT mevaTaeM KOMaHIM JAJA IOCTPOEHUWS rpaduwka ...]
> dev.off ()

Pucyem xoppenorpammy:
> plot(datalorder(data$ROST), c("ROST", "VES")], type="o")

3/1eCb MBI OTCOPTUPOBAJIH YKYKOB II0 POCTY, MIOTOMY UTO HHAYE BMECTO
rpaduka HoJIyIUI0Ch O MHOXKECTBO IEPECEKAIONINXC S JIMHUIA.
A Temepb HApHUCYeEM JIBE JIMHUK HA OJHOM TpaduKe:
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> plot(datalorder(data$CVET), c("CVET", "VES")], type="o",
+ ylim=c(5, 15))
> lines(datalorder(data$CVET), c("CVET", "ROST")], 1lty=3)

Apryment ylim sazgaer pauny ocu opausar (ot 0 1o 50). AprymenT 1ty
3aj1aeT THUI JIUHUA («3» — 9TO MyHKTHD).

Pucyem «siiuk-c-ycaMu», Win, H0-Apyromy, 60KCIIOT (OH HOKAXKeT Bbl-
6pOChl, MUHIMYM-MaKCHMyM, KBaPTHJIBHBI pa3bpoc n Me/uany):

> boxplot(data$R0OST)
... & Telepb — JJIsl CAMIIOB U CAMOK TI0 OTJIEJILHOCTH:
> boxplot(data$ROST ~ factor(data$POL))

CraTucTudeckue TecCThbl
,HOCTOBepHOCTI) paSJII/I‘{I/Iﬁ JJId ITapaMeTPUICeCKUX JaHHBIX (TGCT Crbio-
,Z[eHTa), JJIgd 3aBUCHUMBIX II€PEMEHHBIX!

> t.test(data$VES, data$ROST, paired=TRUE)

.. 1 JIJIgd He3aBUCHUMBIX IIE€PEMEHHBIX!
> t.test(data$VES, data$ROST, paired=FALSE)

... €CJIM HYKHO CPABHUTL 3HAYCHUS OIHOTO IIPU3HAKA IJI ABYX TPYIIL
> t.test(data$VES ~ data$POL)

Ecnu p-value < 0.05, To pasinune MexKy BBIOOPKAMHU JOCTOBEPHO.
B R o ymosrqanuio He TpedyeTcst IpOBEPsITh, OMMHAKOB JIX pa3dpoC JAHHBIX
OTHOCUTEJIFHO CPEJTHETO.

HocroBepHoCTh pasimanii 11 HemapaMeTpUIecKuX JTaHHbIX (TecT Bui-
KOKCOHA):

> wilcox.test(data$VES, data$ROST, paired=TRUE)

JlocToBepHOCTh pa3nuyuii MeXk 1y TpeMs u 60Jiee BLIOOPKAMU MapaMeT-
PHYECKUX JIAHHBIX (BApUAHT OMHOMAKTOPHOIO JUCIEPCHOHHOIO AHAJII3A):

> oneway.test(data$VES ~ data$CVET)
[TocMOTpHUM, KaKne MMEHHO Mapbl BBIGOPOK JIOCTOBEPHO PA3INYAIOTC:

> pairwise.t.test(data$VES, data$CVET, p.adj="bonferroni')
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A rernepb NPOBEPUM JIOCTOBEPHOCTD PA3INYUI MEXK Y HECKOJbKIMU BbI-
OopKaMU HelTapaMeTPUIECKUX JTAHHBIX:

> kruskal.test(data$VES ~ data$CVET)

JocToBepHOCTH COOTBETCTBYS JJIsl KATErOPpUAIbHBIX JaHHBIX (Tect [Tup-
COHA, XU-KBAJIPaT):

> chisq.test(data$CVET, data$POL)
JI0CTOBEPHOCTD PAa3Iuyaus TPONOpIHMil (TECT MPOMOpPITHii ):
> prop.test(c(sum(data$POL)), c(length(data$POL)), 0.5)

31ech MBI IPOBEPUIN — TPaBJA JIH, YTO JI0Jsl CAMIIOB JOCTOBEPHO OT-
maaaerca or 50%°7

J10CTOBEPHOCTD JIMHEHHON CBA3U MEXK/y MapaMeTPUYIeCKUMU JAHHBIMU
(koppeJsironnblii Tect [Tupcona):

> cor.test(data$VES, data$ROST, method="pearson")
. M MEXK/Iy HelapaMeTpuiecKuMu (KoppessimuonHbiii recr CrumpMmena):
> cor.test(data$VES, data$ROST, method="spearman")
JucrepcrnoHHbIi aHaJIn3 IPU IOMOIIN JIUHEAHONR MOIEIN:
> anova(lm(data$ROST ~ data$POL))

3aKaH4YuBaeM...
CoxpansieM UCTOPUIO KOMAHJ 4epe3 MEHIO WJIU IPU IIOMOIIY KOMAaHIbI

> savehistory("zhuki.r")

Bce BBeieHHbIC BAMU KOMaH/IBI COXPAHATCI B (Paill ¢ PACIIUPEHUEM * . T,
KOTOPBI MOXKHO OTKPBLITH B JIIOOOM TEKCTOBOM PEIAKTOPE M HCIPaBJISATD,
JOTIOJTHSATH UJIXM KOIUPOBATh B CTPOKY BBOJIA ITPOTrPAMMBI B CJIEYIOININI pa3.
Dror daiia MOXKHO BBIIOJIHUTD HEJUKOM (3aIlyCTUTB ), JJIsl 9TOTO UCHOJIb3Y-
ercst KomaHaa source ("zhuki.r"). Bojee Toro, MOXKHO 3aIlyCTUTD JAHHBIIMA
daitn, He 3axoast B R,— mj1st sTOro B KOMaHIHO#M cTpoKe HaI0 HAOpaTh

$ Rscript zhuki.r

Brumanue! Becerma coxpansiiTe T0o, 94T0 BbI JAejain B R!

BruixoguM u3 mporpamMMbl Ye€pe3 MEeHIO HJIU C TOMOIIBIO KoMaHabl  ("no") .
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I'paduyecknii uurepdeiic (GUI) gms R

[Ipex e gem nagats pacckas o GUI, xoresmocs Ob1 cKa3aTh mapy CJIOB B
[I0JTh3y KOHCOJIBHOI'O MHTepdeiica. AHAIN3 JAHHBIX — 3TO TBOPYECKUIL IIPO-
1Iecc, 1 HUYITO He IPOIBUTAET €ro JIydIle, YeM HECIIEIIHbII BBO, C KJIaBUATY-
pot. EcrecTBerHO, 9TOMY 3aHATHIO JOJIKEH [IPEIIECTBOBATh NHTEPBAJI Bpe-
MEHHU, TEJIUKOM U ITOJIHOCTBIO MOCBSAIIEHHBIH YTEHUIO JOKYMEHTAIUU, KHUT
1 crareil Mo TeMaTuke IpobJieMbl. MEHIO M KHOIKH OTBJIEKAIOT, CO3/1aBast
UJLTIO3UIO MIPOCTOTHI TBOPUYECKOTO IIPoIiecca, Tpedys HaXKaTh UX HEeMEJIeH-
HO U IOCMOTPETh, UTO HoJiyunTcsi. Kak mpaBusio, He MojIyvaeTcs HUIero, To
€CTh BCE PABHO IPUXOJIUTCS OpaTh B pYKA KHUTY U JyMaTh.

Koncombubrit uarepdeiic B R ugeanen. OH mperocTaBisieT Mojb30BaTe-
JIIO MCTOPHIO KOMAaH/I, JomoJiHeHne 1o Tab (To ecTh BBIJAET IPU HAXKATUH
Ha 9Ty KJIABUIIY CIACOK BO3MOXKHBIX ITPOJIOJI?KEHUNl KOMAaH, 00BbEKTOB U
nazke uMeH (haiios), coxpaHser MHGOPMAIMIO 1 00bEKThI MEXK/Ly CECCHUsI-
MU (€C/Ii TI0JIb30BATE b ITOrO 3aX04eT, ecrecTBeHHO). Hy)kHo mopaborarsb
Ha yJIaJeHHOM KoMmibioTepe? C KOHCOJIbIO HET HUKAKUX MpobseM. A eciin
BOCITOJIb30BaThCS ITPOTPAMMOIL SCreen, TO MOXKHO He 60ATbCs PAa30PBAHHBIX
CeCCUil U CJIydaiiHO 3aKPBITHIX TEPMUHAJIOB.

K cuacreio, mpakTudecku Bce rpadudeckue 000JI0UKK Jjig R yUIuThI-
BAIOT 9TO M, KaK IIPABUJIO, «PACIIMPAIOT> 0a30Bble BO3MOXKHOCTH IIAKETa,
TAKUMU JOTOJTHEHUSIMHI, KAK WHTEIPUPOBAHHBIN PEIaKTOP KO/A ¢ HOICBET-
KO, OTJIAIIUK, PEIAaKTOD MAaCCUBOB JIAHHLIX U T. II.

B.1. R Commander

R Commander, nim Remdr (puc. 64),— xkpocc-tardopMmeHHblil rpadu-
yeckuii unrepdeiic k R, manucannwiit va Tcl/Tk. Ero momammiomo crpa-
HUITy MOYKHO HailTH 110 ajpecy http://socserv.mcmaster.ca/jfox/Misc/
Remdr/.

Asrop R Commander /Izxon @oxkc (John Fox) npusnaercsi, uro B cirydae
[pOTpaMM JIJIsI CTATUCTUIECKOIO aHAJIM3a OH He sIBJIsieTcst (baHaTOM HMHTEP-
reiica, cocrositiiero u3 MeHto u juajoros. C ero rouku 3penusi, R Comman-
der moJiesen B OCHOBHOM Jijisi 00pa30BaTEeIbHBIX Iejell pu BBejeHnn B R,
a TaKyKe B OTIEJbHBIX, OYeHb PEJIKUX CAydasiXx — JJjIsl OBICTPOrO aHAJIU3A.


http://socserv.mcmaster.ca/jfox/Misc/Rcmdr/
http://socserv.mcmaster.ca/jfox/Misc/Rcmdr/
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000 X| R Commander X Prestige
Fle Edit Data Statistics Graphs Models Distributions Tools Help education income women prestige census
; . 1. .8 1113
R, Dataset: prestige | Edit data set|Viewdata set| Model: <o active modal i : 1130 peot
SerptWIndow I . - s . 15. .4 1171 prof
library(el071, pos=4) - . 9. . 1175 prof
numSummary (Prestige[,c("income', 'prestige’)], statistics=c('mean’, sts . 11. . 2111 prof
"quantiles®), quantiles=c(0,.25,.5,.75,1)) 2113 prof

25. 2133 prof

5

boxplot (income~type, ylab="income", xlab="type', data-Prestige) g on :
. . pro:

1

0

1

tapply (PrestigeSincome, PrestigeStype, median, na.rm=TRUE)
kruskal.test(income ~ type, data-Prestige)

library(relimp, pos=4)

showData(Prestige, placement='-20+200', font-getRemdr('logFont'),

civil.engineers

2143 prot
Imining.engineers
vo

2153 prof
2161 prof

- ighte - o 7. : 2163 prof
dth=80, height=30, SX11. ~FALSE

maxe maxheld Suppress warnings ) = ter.programers . 15. . 2183 prof
< ] O} mists . 57. . 2311 prof
Output Window. submit psychologists . 48.
e S e e gl social.workers . 54.

. 5. . 2343 prof |-

> boxplot(income~type, ylab="income®, xlab="type", data=Prestige) - . 270 51 prot

vocational.counsellors . 34. . prof
ministers . . . prof
university.teachers . . . prof
primary.school.teachers . . . prof
secondary.school.teachers| . . . 2733 prof

> tapply(PrestigeSincome, PrestigeStype, median, na.rm=TRUE)
< prof we

5216.5 8865.0 4741.0

> kruskal.test(income ~ type, data=Prestige)

Kruskal-Wallis rank sum test osteopaths.chiropractors

nurses . . . 3131 prof
nursing.aides . . . 3135 bc
physio.therapsts . . . 3137 prof
pharmacists . B . 3151 prof
medical.technicians . . . 3156 we

i 3314 prof

data: income by ty]
Kruskal-Wallis chi-squared = 33.2265, df = 2, p-value = 6.095e-08
> library(relimp, pos=4)

> showbData(Prestige, placement='-20+200', font=getRemdr('logFont'),
+  maxwidth=80, maxheight-30, suppress.Xl1l.warnings-FALSE)

<
Messages

[5] NOTE: Loading required package: class

[6] ERROR: There are no models from which to choose.

Puc. 64. Oxno R Commander

O/1HO# U3 OCHOBOTIOJIATAIOIINX TIEJIel, TPeCIeyeMbIX [IPU CO3IaHUU UHTEP-
deiica R Commander, ObLI MITKHI IEPEBOI, IIOJIb30BATEsSI B KOHCOJIb, TIe
MOYKHO aBTOMATHU3UPOBATH CBOU JeiicTBusi 6ojiee rirobaIbHO.

ITaker pacupocrpansiercs o jurersueit GPLv2, u mosromy mocryten
BO BCEX CTAHIAPTHBIX AucTpubyTuBax Linux. Hampumep, st ycTaHOBKH B
Debian/Ubuntu 0cTaTovHO BBIIOJHUTH KOMAH/LY:

$ sudo aptitude install r-cran-rcmdr

ITaker npucyrcrsyer Takke u Ha CRAN, 103TOMY €ro yCTaHOBKY MOKHO
MIPOU3BECTH U COOCTBEHHbIMU cryiaMu R:

> install.packages("Rcmdr", dependencies=TRUE)

Obparure BHEMaHue Ha 3Hadenue onnun dependencies: R Commander
3aBHCHT OT JIOBOJILHO OOJIBITIOrO 4Ynciia makeTos. Ilociie ycraHoBKE B ceccnn
R crenyer BBITOSIHUTE KOMAHTY

> library(Rcmdr)

[Tpu zamycke R Commander oTkpbIBaeTCst CHAOKEHHOE TOBOJBHO «pas3-
BECHCTBIM» MEHIO OKHO, pasjeseHHoe Ha OkHO ckpunToB (Script Win-
dow), Okno BeIBoza (Output Window), a rakke mHbOpMAIOHHOE OK-
Ho Coobmenust (Messages). Muorue jaeiicreust B R Commander moxuO
BBITIOJIHATD I€pe3 MEHIO, KOTOPOe JOCTATOYHO JIETKO HACTPAUBAETCS, Ha-
IIPUEMEP C ITIOMOIIBIO PEIAKTHPOBAHUS TEKCTOBOTO draitsia Remdr-menus. txt.
B Ox#e cKpuOTOB MOXKHO BBOJUTDL KOMAHJIBI, TO €CTh KOHCOJb HUKY/IA HE
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nenach. I'paduKn MOSBIAIOTCS B OTAEIbHBIX OKHAaX, KAK U B CIydae «9HC-
Toros» R.

R Commander mmeer pycckmii mmepeBoji, KOTOPbIi aKTUBU3UPYETCS aB-
TOMATUIECKHU, €CJIU CUCTEMA PyCHMUIIMPOBaHA.

Ocnosuasg npob6sema pycudunuposannoro R Commander (ecsiu Bol paGoraere
B Linux) — 310 Kupwuimdyeckue mpudThbl, KOTOPbIE BHIOPAHBI O YMOJIYAHUIO.
[TosToMmy ecnu BBI mipeamounTaeTe pyccKuit maTepdeiic, To mepes 3arpy3koit R
Commander emy ¢ IOMOIIHIO KOMAH/IbI OPtions cieayer nepeaTh MPUMEPHO CJie-

JIyIoree:

> options(Rcmdr=1list(default.font=
"-rfx-fixed-medium-r-normal-*-20%", suppress.X1l.warnings=TRUE))

Pacrposbiii mpudr cemeiicrea rfx or Imurpus Bosxosursanosa (20 B KoHue
CTPOKH — 3TO pa3Mep [0 YMOJUAHWIO ), YCTAHOBJICHHBIN B KadecTBe default . font,
HaXOUTCsI OOBIYHO B cocTaBe makeTa xfonts-bolkhov Bamrero guctpubytusa Lin-
ux. Bropoit mapamerp, suppress.X11l.warnings, moJaBiseT HaJI0IIUBLIE COO0-
[EHUS] TP CO3JIAHUY HOBBIX I'PAUIECKUX OKOH.

Berittu n3 R Commander MoxkHO Yepe3 MeHto ®aitnm -> BriiTu, pu 3T70M
MOXKHO OJIHOBPEMEHHO 3akpbITh U ceccuio R. Eciu ke ceccust R ocramach
OTKPBITO#, TO MOBTOPHBIH 3amyck R Commander BBIIOTHSETCS ¢ TOMOIIHIO
KOMaH/IbI

> Commander ()

JL1st BBOMHOIO 0O3HaKOMJIeHHsT ¢ Bo3aMoxKHOCTsiMA R Commander citeryer
Ipo4YnTaTrh TeKCT Getting-Started-with-the-Rcmdr.pdf, nonyuurs m0-
CTYI K KOTOPOMY MO2KHO 4epe3 MeHIO [loMoms -> BBemenume B R Commander.

Ecnu mo kakoii-ro npudnae OBLIO IMPUHATO PEIIEHUE AHAJIU3UPOBATH
JIAaHHBIE UCKJIOUUTENBHO ¢ rnomomibio R Commander, To MOXKHO caenarh
Tak, 9TOOBI mpu 3aiycke R sTa rpadudeckas 060109Ka 3arpyrKagach aBTO-
Marudecku. [Iasg sToro B daits mosb3oBarebckux HacTpoek ~/.Rprofile
JIOCTATOYHO MOOABUTH CJIEIYIONINE CTPOKU:

0ld <- getOption("defaultPackages")
options(defaultPackages = c(old, "Rcmdr"))

Inobanbuas nepemennasi defaultPackages comepkuT HHGPOPMAIAIO O
MOJLYJISIX, AaBTOMATHIECKN 3arpyKaeMbIX 1pu crapre R.

B.2. RStudio

RStudio (http://www.rstudio.com/ide/) — 9TO OTHOCHTEJILHO HOBasI
obosiouka myst R, mocrymHas mon cBobomaHo# Jsimnensueii. Cpema paboraer


http://www.rstudio.com/ide/
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1oj; OCHOBHBIME oneparmonabiMu cucremamu (Windows, Linux, Mac OS
X), u, KpoMe 9TOro, IpeJocTaBiser nocTyn K R depes Web-unrepdeiic.

[Tocsie 3amycka mosiBisiercst oKHO (puc. 65), yao6HO pasiesieHHOe Ha
HECKOJILKO JacTeil: MCXOIHBIN KOJI, peIaKTUPyeMOoro daiijia, KOHCOJIb, COIep-
JKUMOe pabodero IMpoCTPaHCTBa, UCTOPUsI KOMaHJ, U YacTh, IPEI0CTABJIsI-
foIast JOCTYII K CIIMCKY ITAKeTOB, PUCYHKOB U (DailyioB B TeKyIeM pabouem
KaTaJjiore M CIpaBKe (COIepKUMOe OTJEJIbHBIX YacTeil OKHA MOXKHO IOMe-
HATH Yepe3 MeHio Tools -> Options -> Pane Layout).

ano RStudio
3 Untitedr® —01| Workspace | History _;
& Osourceonsave | Q /- “#Run | % [ #Source v| Pload~ | [ Saver | [ #Import Dataset~ | o Clear All
1 Library(ggplot2) oaa
2 data(diamonds) diamonds 53940 obs. of 10 variables
3 head(dianonds)
4 aplotCcarat, price, dota-dioronds, facets-clarity-color)
5
L1 (rop Leved RSeript £
Console Files Plots Packages  Help
“help.start()" for an HTML browser interface to help. i e TG T G
Type 'a0)" to auit R. L
R o . 13 s W | f
> library(ggplot2) . 35 1 . o iy sl
Coading reared package: reshape Spunm sybn st mb e Bge nopln nrs
Loading required package: plyr -
Attaching package: *reshape’ / j j / I , / b
The following object(s) are masked from ‘package:plyr’ / / / / / / / 2
renane, round_any ' am
H
Loading required package: grid 8
Loading required package: proto & e .
> dataCdianonds) g
> head(dianends) .
carat cut color clarity depth table price  x y z - -
1023 Ideal E  SI2 615 55 3263.953.98 2.43 / J H
2 021 premun £ SIL 59.8 61 326 3.89 3.84 2.31 .
3023 God E VSL S6.9 65 327 4.05 4.07 2.31 . i =
4 0.29 Premiun 1 VS2 62.4 58 334 4.20 4.23 2.63 j / 2
S 031 Good ) SI2 63.3 58 335 4.34 435 2.75 f .
6 0.26Very Good  J WSz 628 57 336 3.94 3.9 2.48 . i } ] . -
> @lot(carat, price, datomdianonds, facets=claritycolor) 7 / /7 / B
B B B carat B - s

. £
Z

Puc. 65. Oxkno RStudio

B kagecTBe OTHEIBHBIX PEUMYIIECTB 0DOJIOYKU CJIELYET OTMETUTDH Pe-
JAKTOP KOJla C aBTOMATUYECKON II0JICBETKOM, aBTOAOIOJIHEHUEM, IIPOCTeli-
muMHU 1Ipeobpas3oBaHus Kojla (HAIpUMep, BbIIEJIEHNEe HECKOJIbKUX CTPOK B
OTJEIBHYIO (DYHKIIUIO), MOJIEPIKKY PEJAKTUPOBaHNUs He TOJIbKO R Koza, HO
1 JOKYMEHTOB Sweave.

ABTOPBI CpeJIbI TIOIIIN HEMHOT'O JTAJIbIIE IIPOCTOTO ITPEI0OCTABJIEHUsT (DY HK-
nwmit R uz-io 0bostouku: B komiiekre ¢ RStudio mocrasisercs naker manipu-
late, MO3BOJISIFOIIUI UHMEPAKMUSHO MEHSITH IIapaMeTPhl TPadpUKOB BHY TPU
cpenbl (puc. 66). Tak, HapuMep, cieryomuil Ko

> library(manipulate)
> manipulate(plot(cars, xlim = c(0, x.max), type = type,

+ ann = label),

+ x.max = slider(10, 25, step=5, initial = 25),

+ type = picker("Points" = "p", "Line" = "1", "Step" = "s"),
+ label = checkbox(TRUE, "Draw Labels"))
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BbIBEJET OKHO HACTPOEK, II03BOJIAIOIIECEe MEHATH 3HAUCHUE epeMEeHHbIX
X.max, type u label u npu 3TOoM cpasy Ke BUIAETH Pe3yJbTaT TaKoro u3Me-
HeHUsT Ha I'paduke.

b.3. RKWard

RKWard (http://rkward.sourceforge.net) — 3TO JOBOJBHO Y100~
ubiit, ocuoBanublii Ha KDE unrepdeiic k R (puc. 67). Paspaborankn RK-
Ward crapannck coBMecTHTh MOIIL R ¢ mpocToToit ncnoip30BaHns, Io100-
HOIl IpeIoCTaB/IsIeMOl KOMMEPUYECKUMU CTATUCTHYECKUMU TTaKeTaMu (TaKu-
v, kak SPSS nan STATISTICA).

s mauunaronux nosb3oBaresaeii RKWard mpemocraBiser mmupokue
BO3MOXKHOCTH II0 BBIOOPY MHOTMX CTAHIAPTHBIX MPOIENYD CTATUCTUIECKO-
ro aHaJu3a 10 IPUHIUILY <«BBIIEJN U MEJKHUY: JIOCTATOYHO aKTUBUPOBATD
COOTBeTCTByIOH_I‘I/H'?'I IIYHKT MEHIO.

Jns nponsunyTtoro nosb3oBarens RKWard npesgaraer ymnobHbiil pe-
JAKTOP KOJa C IIOJACBETKONU, aBTOMAaTU4YECKON PaCCTaHOBKON OTCTYIIOB, aB-
TOJIOTIOJITHEHUEM — TeMHU BelaMu, 0e3 KOTOPBIX B HACTOsIIIee BpeMs He 00-
XOJIUTCS HU OJ[HA CpeJia IporpaMMupoBanus. [IpuBsranas kKoHco b R Takxke
HAJIMYECTBYET, OHA JIOCTYIIHA B jiI0b0e BpeMs Ha BKJajke R Console.

Apropet RKWard B3siim Kypc Ha Kak MOXKHO 60Jjiee TOJIHYI0 WHTerpa-
nuio GyHKIni R B rpadudeckyio cpey: mpucyTcrByeT 6pay3ep TeKyIie-
ro OKpy>keHus (environment) u peJakTop JaHHBIX. Ecrb MeHemKep
MAKEeTOB, yMEIOIIIil HE TOJBKO YCTAHABIMBATD WX, HO U CJIEJUTD 38 OOHOB-
JieHusiMI; 0DeCIIeYnBaeTCs Mpo3padHasi HTerpalus o CIPABOYHON cucTe-
moit. Kpome Toro, RKWard ymeer nmepexBaTbiBaTh co31aHNe IpapuIecKux
OKOH U J0DaBJISITH K HUM OY€Hb yJI0OHBIE (DYHKIMKA TUIIA COXPAHEHUS CO-
JiepKuMOro B hailsl OHOro U3 CTAHIAPTHBIX (DOPMATOB, MOIEPKUBAEMbBIX
R (PDF, EPS, JPEG, PNG).

Nurepdeiic RKWard upesBbrdaitHo ruboK: 1M0JIb30BaTEb MOXKET pPac-
IMINPATH €ro 3a CUYET HalluCaHMAg CO6CTB€HHbIX l\lOILyJIeﬁ (KCTaTI/I, BCe€ BCTPO-
eHHBbIe CPEeJICTBA aHaJIN3a, JOCTYIIHBIE CPpa3y Ke MOCJe 3allyCKa U3 MEeHI,—
9TO TaKHe Ke MOJLYJIH, HO TOJIBKO co3anuble aBropamu RKWard).

Bb.4. Revolution-R

Kirouesbie ocobennoctu Revolution-R (ero momarmasist crpanuna — http:
//www.revolutionanalytics.com) — 310, pasymeercsi, rpacdbudeckuii us-
repdeiic (puc. 68), nosnnas unrerpanust ¢ Microsoft Visual Studio, nauuuune
[TOJTHOIIEHHOT'O IIOIIAr0OBOI0 OTJIAINKA U OIITHMU3UPOBAHHBIX [TO/IIPOIDAMM
MmaremaTtudeckux Gpyukiuit BLAS u LAPACK, O3BOJIAIONINX aBTOMATUIECKH
UCIIO/T30BATH ITPEUMYIIECTBA MHOTOIIPOIIECCOPHBIX CUCTEM.


http://rkward.sourceforge.net
http://www.revolutionanalytics.com
http://www.revolutionanalytics.com
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Orsudo

€ C fi © hserverlocal:8787 IR
@ | rie- | cine | view~ | Workspme~ | ploss~ | Tonis~ | e~ a1 Dose | Suppors ianOut
Console -/ 5| Workspace  History =0
Platforn: x86_64-pc-linux-gnu (64-bit) ~| Ploade [ saver | importDatmset- | o Clear All c]
Values
R is free software and cones with ABSOLUTELY NO WARRANTY. w 10
You are welcone to redistribute it under certain conditions. o o

Type "license()’ or 'licence()' for distribution details.
Natural language support but running in an English locale

R is a collaborative project with many contributors.
Type "contributors()" for more information and
“citation()' on how to cite R or R packages in publications.

Type "deno()’ for some denos, "help()" for on-line help, or
"help.start()' for an HTML browser interface to help.
Type 'q0)" to auit R.

Files Plots Packages Help =0
> manipulateC @ | £ zoom | Eexportr | @) f Clear All g
plot(cars, xlim = c(0, x.nax), type = type, amn = label),
+ e = slider(10, 25, step=5, initial = 25),
+  type = picker(*Points’ = "p", "Lin | Ustep” = "s"),
© Lobel = checkboxCTRUE, “Oraw Labels™)) °
Error: could not find function "manipulate” &
> library(manipulate)
> nanipul o
+  plot(ears, xlim = (@, x.max), type = type, ann = label), S
+ x.nox = slider(10, 25, stepsS, initial = 25),
+  type = picker("Points” = "p", "Line "Step” = 5", o | ° o
+ label = checkbox(TRUE, "Draw Labels™) ® o
> library(help=nanipulate) = o
> manipulateC g 3 o o
+ plot(cars, xlim = c(9, x.max), type = type, ann = label), o ,° 8
+  x.max = slider(10, 25, stey tial = 25 o o ©
+ type = picker("Points” = "p", - S . o009
+ label = checkbox(TRUE, © ° o o o
098000
> manipulateC o ° g 2
+ plot(cars, xlin = c(0, label), . o 90 g
+  x.mox = slider(10, 25, o °
+  type = picker("Points" =5, o4 o °
+ label = checkbox(TRUE, "Draw Labels")) T T T T T
> aa < [ 5 10 15 20
> bb < 10
< speed
009/ Grsudo
€ C fi © hserverlocal:8787 PR
O fie- | e | views | Workspxer | Plows | Tools+ | Help~ asi | Docs | Support | Sian Out
Console -/ | Workspace History =0
~| Pload- [ saver [ importDatmset- | o Clear All ]
Natural language support but running in an English locale Values
R is a collaborative project with many contributors. :; ::
Type "contributors()" for more information and
“citation()' on how to cite R or R packages in publications.
Type ‘demo()’ for some denos, 'help()" for on-line help, or
*help.start()' for an HTML broser interface to help.
Type 'aQ)’" to quit R.
> manipulateC
+ plot(cars, xlin = (8, x.nax), type = type, ann = lobel),
+ - nixial
+ label = checkbox(TRUE, "Draw Labe\s")) UI5 el 255 | 6ED =0
Error: could not find function "manipulate” @ | 2 z00m | Eexpors | O o Clear Al c]
> library(nanipulate)
> manipulate Manioulae L2
¢ ot xlin - <0, x.700), tye - tyve, o < lbel), xmax: 20
e e ) o
1 Upe= pickerCPointst = vpr, "Linet = Step” 1 25 &
+ lobel = checkbox(TRUE, "Dran Labels » e
> library(help=nanipulate) =)
> manipulateC o = = S
plotCears, xlin = <8, x.ra), type = e, am = label),
+  x.max = slider(10, 25, #Draw Labels o |
+ type = picker(*Points" ) step" = 5", @
1 Tobet - checkboxCTRUE, “Dron Labels™) L
> manipulateC Z g
+ plot(cars, xlin = (8, x.nax), type = type, ann = lobel),
+  xmax = slider(10, 25, ste tial = 25 °
¢ bpe - pidarChoins” - v, Line: o g
Label = checkbox(TRUE, "Draw Labels"))
S
> manipulateC
plotears, alin « <0, x.700, type = tpe, om = label), o
x.nax = slider(10, 25. 25) T T T T T
0 5 10 15 20

type = picker("Points'
Lobel = checkboxCTRUE, “Oraw Labels™)

. speed

Puc. 66. Bor Tak B RStudio patoraer nmaker manipulate
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Fle Edit View Morkspace Run Analysis Plots Distributions Windows Settings Help
Dataset  [] serptrie {h OpenR scrpt e () Open
Al Non-Functions ( Runtions (7]
Show All Environments
Show Hidden Objects

indow | ] B runselection (&

codesawikiR | [ splothtml | ] crabs. html x
raphics Windows:

s

Date
208.9KiB 05/08/09 01
179.5Ki8 05/08/09 01
1621 Ki8 05/08/09 01
424 KB 05/08/09 12
27.5Ki8 05/08/09 01
32.4Ki8 05/08/09 01
385 Ki8 05/08/09 01
386 Ki8 05/08/09 01
40.3KiB 05/08/09 01,

4258 05/08/09 01

= [name | Class Type  Label

Tayout=c(1,2))
yout=c(1,2))

7] package:qrDe
7] package:grap.
package:stats

riwa

wass
7] package:lattice
v

£ Command log o PendingJobs |7/ R Console [ Help search

i romerseraph NN

Puc. 67. Okao RKWard

Kak unraresb y»ke HOHsII, OCHOBHAs IIAT(OPMAa, HA KOTOPYIO <«HAIle-
smBaeTcs» Revolution-R, — ato Windows. Bepcust oy Linux Toxke cyrmect-
BYET, HO IOIIArOBBIA OTJIJIUMK B KOMILJIEKTE OTCYTCTBYET, UTO Cpas3y »Ke
CHUYKAET IEHHOCTh TTaKeTa.

Revolution-R cymecrByer B ByX penaknusx: beciutaraoit Community
Edition w ouenn tarHoit Enterprise Edition (1ieHa Ha IIOCJIEIHION HAYW-
naercs ¢ $1000 3a pabouee mecro). [taBHOe orTiimune GecriaTHONW BepCUu
3aKJII0YAETCA B OTCYTCTBUHU Kakoii-mmb6o muTerpamun ¢ Visual Studio (a,
CJIEJIOBATENIHO, U B OTCYTCTBHU OTJIQJYUKA). Brpodem, oNTHMU3HPOBAH-
HBIE MATEMATUIECKHE TTOIIIPOIPAMMBI JOCTYIIHBI BCIOJLY, TO9TOMY OJIyYaTh
[IPEUMYIIECTBA OT MHOTOIPOIIECCOPHBIX BBIYUCIEHUN MOXKHO COBEPIIEHHO
OecILIaTHO.

Crour OTMETHUTD, YTO CYNIECTBYET IIPOrPAMMA I10 [IPEIOCTABJIEHUIO Oec-
IJIATHBIX JInleH3uii (Ho 6e3 TexHU4YecKoil mojep:kku) Ha Enterprise pe-
JIAKITUIO TIPU YCJIOBUU HUCIIOJIb30BAHUS JJIsi HAyUIHBIX uccjenoBanmii. Jlst
[IOJIyYeHUs] TAKOH JIMIEH3UN Ha BeO-caiiTe IPOrpaMMBbl CJIELYET OTIPABUTD
3aIIPOC € UCIIOJIB30BAHUEM «aKa[eMUYECKOro» (HAlpUMep, YHUBEPCUTETCKO-
ro) aJpeca 3JeKTPOHHON MOYTHI.
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B ®svolusion & Enserprise for Windows

Fie Edt View Debug Took Data Packages Window Help
- & - B | Debug - b

X1

v
5]

Problernl 1 ace-t| SciptA

S

=17 x|

- x

# TepeBop 1 threshold' op I REAOMO SmMBAIA
compare <- function|imdx, m = 20, cownt = 100, prume = FALSE){
4 <~ supset (ace, 1id *int indk, select = c(lid, latitude, longitude))
d.split <- split(d, ss.factor(d§lid)]
ez <- lapply(d.splic,
function(d.temp) (
temp <- d.temp[i:counc, ]
m.d < dist(cewp, method = distance]
vth <= seq(min(m.d), wax(w.d), length = n]
1id <- unique(d.cempilid)
Lapply(veh,
fanevion (cem) {
emn <~ EMH(chreshold = tem, centroid = TRUE, measure = distance)
e <- build(emn, temp)
if {prune)

centers <- cluster_centers (erm)
#desc <~ sum{apply(dist (x = temp, v = cemters), 1, min])
Tt < dist(x = temp, v = centers)

e <~ prune (emm, count_threshold = count * D.05, transitions = FALSE)

=
[ Solution RSalution (1 project)
& [ Projectd

7 e
73 Froblem.c

LW seimth

<Sear + [ PN
37 GlobalEny

{2 Packagss |1
{Z Packages

Velcome to Revolution R Enterprise for Uindows hcademic License version 4.3 - 100% R and more...
Tnis software is to be used only for edusational purposes and academic research.
Revolution R Enterprise for Vindovs Copyright © Revolution inalycics, Ine.

R version 2.12.2 (2011-02-25)
Copyright © 2011 The R Foundation for Statistical Computing
ISEN 3-900051-07-0

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribucion details.

_GlabalEny
Type: environment

Ready

Puc. 68. Oxkno Revolution-R

B.5. JGR

Ln13

Col 1 chi INS

[Ipemnouunraere, 4To0BI rpadudecKuit UHTEPGEIC OTPUCOBBIBAJICA CPEI-
creamu Java (puc. 69)7 Torga JGR (Java GUI miast R) — sro To, uro BBI
nckasn. JGR (mpomsHocuTest Kak «siryap» ) ObLT BIepBbIe IPEJICTABIICH Ty 6~
smke B 2004 rojy, HO pa3BUBAETCA U MOJJAEPKUBAETCs 110 cux mop. [laker
JGR pacmpocrpansiercs ot orkpbiToit autiensueit GPLv2, u ero nomariasis
CTpaHHIa JOCTYIHA 10 ajpecy http://jgr .markushelbig.org/JGR.html.

JGR cozmasasicsa myisg Mac OS X «co BCeMH BBITEKAIOIIUMMUY», HO IO

Windows u Linux ou Toxke paboraer. st ncnonwszosanust JGR mox Linux
Heobxonumo uHcTa/umposarsh Sun Java Development Kit (JDK):

$ apt-get install sun-java6-jdk

$ sudo update-java-alternatives -s java-6-sun

$ sudo R CMD javareconf

ITocse ycTanoBKY 11 HACTPOUKY Java-OKpYKeHUs CIeyeT 3allyCTUTD Cec-

cuio R 1 BBIMIOJIHUTD CJIIYIONINAE JIeHCTBUA:

> install.packages(’JGR’)
> library(JGR)

> JGRQO)

Starting JGR run script.

lF'otoo — JGR zamymen.


http://jgr.markushelbig.org/JGR.html
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Console ) Help

(search )

¥ Exact Match (¥ Help Page Titles (] Keywords (] Object Names (] Concepts
(©Im | © packages )
I {stats} R Documentation [

Fitting Linear Models

Description

odels. It can be use

1mis used to fit els. Tt ca
¢ (although aov

o fi
and analysis of

Usage

3 sq ean sq ¢ valve Fr(oE) In(formula, data, subset, veignts, na.action,
T oveesd boesend Tuiiot M50 oy, e g SHo0 - earse, ar - moe,
I8 7292 oldsase Singular.ok = TRUE, contrasts = NULL, Gffset, -..)

Arguments
vetgnt - group - 1)

formila  an object of class *formula” (or one that can be coerced to that class): a symbolic
10 Median 39 Max description of the model to be fitted. The details of model specification are given under
-1.0710 -0.4938 0.0685 0.2462 1.3690 “Details’

ent (or object coercible

std. Error t value Pr(>|t|)
0.2202  22.85 9.55e-13 *rv
0.2202 21116 3.620-14 *v

cedon
0.9798 Im(weight ~ group)

Residuals vs Fitted

a7 a5 )
Fitted values

Constant Levera

e
Scale-Location Residuals vs Factor Tevels
C3 P

(R |

Puc. 69. Okno JGR

B JGR ecTb BCTpOEHHBIN TEKCTOBBIN PEJAKTOD, B HEM €CTh IOJCBETKA
cuHTakcuca u Tab-3aBepiiienune KomaH[. ECTb U IuiiepTeKcTOBas MOMOIIb,
[IPOCTEHBKA IJIEKTPOHHAs TabJIHIIA, BOSMOYKHOCTh YIIPABJIATH OO BEKTAMH,
B TOM YHCJIE U C TIOMOIIBIO MBIIIH, IMeETCs U IpadpuaecKuii nHTepdeiic ais
ycranoBku u 3arpy3kn R-makeros. C yderom Toro, uto stor GUI moxker
paboTaTh Be3/le, IJle eCTh Java, Ha Hero CTOUT 0OPATUTh BHUMAHUE.

B.6. Rattle

Rattle (http://rattle.togaware.com) — coKpalleHue, 0603HAYAIOIIEE
«R Analytical Tool To Learn Easily» (nerkasi B ocBoenun cpeja aHajmsa
R). IIporpamma akTuBHO pasBuBaercs. Rattle — 1o cpema jyist «pas3riisi/ipi-
BaHMsI» JAHHBIX 4ejoBekoM (puc. 70), OHa Ipe/iHA3HAYEHA /I WHTEJJIEK-
TyaJIbHOrO aHajn3a JaHHbIX (data mining), WHBIME CJIOBAMU, JIJIsl BBISIBJIC-
HUs CKPBITBIX SaKOHOMepHOCTeﬁ NJIN B3aHUMOCBSI3ei MeXK/J1y IIepeMeHHbIMU
B OOJIBIINX MACCHBAX HEOOPAOOTAHHBIX JIAHHDLIX.

st yeranoBku Rattle mog Linux Heobxo/mMo HaJIm4due IakeToOB ggobi
(mporpaMma BU3yaJM3aluu JaHHBIX) U 1ibglade2-dev:

$ apt-get install ggobi libglade2-dev
[Tocsie aToro B Koncosin R cie/iyer BBIIOJHATH KOMAHTY

> install.packages("rattle", dependencies=TRUE)


http://rattle.togaware.com
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(h@ R Data Miner - [Rattle] = =n=

Project Tools Settings Help Rattle Version 2.6.6 togaware.com

o [ & H | E =« | & &

Execute New  Open  Save Report  Export Stop Quit

Data ‘ Explore |Test‘Transfurm ‘Cluster‘Assuciate|Mudel | Evaluate ‘ Log ‘

Source: ® Spreadsheet O ARFF O ODBC (O RDataset O RDataFile O Library O Corpus O Script

Filename: Separator: D Decimal: D Header
O Partition | | | |

. . Target Data Type
Olnput .Ignnre Weight Calculator: : @ Auto O Categoric O Numeric O Survival

Welcome to Rattle (rattle.togaware.com).

Rattle is a free graphical user interface for Data Mining, developed using R. R is a free software environment for
statistical computing and graphics. Together they provide a sophisticated environments fer data mining,
statistical analyses, and data visualisation.

See the Help menu for extensive suppert in using Rattle. The Togaware Desktop Data Mining Survival Guide includes
Rattle documentation and is available from datamining.togaware.com

Rattle is licensed under the GNU General Public License, Version 2. Rattle comes with ABSOLUTELY NO WARRANTY. See
Help -> About for details.

Rattle Version 2.6.6. Copyright 2006-2011 Togaware Pty Ltd
Rattle is a registered trademark of Togaware Pty Ltd

To Begin: Choose the data source, specify the details, then click the Execute button.

Puc. 70. CraproBoe okno Rattle

1 OTKMHYTBHCS Ha CHUHKY Kpecia. V3-3a 00JIbIIIOro KOJIn4ecTBa 3aBUCH-
MOCTel YCTAHOBKA 3aHUMAET MHOI'O BPEMEHN.
Bamyck GUI mponssonTest Kak OOBITHO:

> library(rattle)
> rattle()

B.7. rpanel

[Taker rpanel — 3T0 mpocras ¥ OJJHOBPEMEHHO BBICOKOYPOBHEBAs HAJI-
crpoiika HaJi R, Hanucannasi B Tom uncie Ha sizbike Tcl/Tk. Dro me GUI
B CTPOTOM CMBICJIE CJIOBa, a cKopee cpejcTBo (toolkit) mis Toro, 4Tobbl
CaMOCTOATENLHO co31aTh npocthie GUI, KOTOpble TTOTOM MOYKHO HCIIOJIh-
30BaTh I MHOXKecTBa Iesteit. Camoe, HaBepHOE, BayKHOE IPEUMYINECTBO
rpanel — BbI MOXKeTe CIeJIaTh rpadudecKoe IPUIOKEHNE 110/, KOHKPETHYIO
3aJ1ady BCErO 3a HECKOJIHKO MUHYT!

Eciu naker rpanel oTcyTCTBYET B CHCTEME, TO HAJIO €TI0 CKAYATh U yCTa-
HOBUTBH C IIOMOIIBIO KOMaH bl install.packages ("rpanel"). ITocse sToro
MOKHO 3arPy3UTh caMy OUOIMOTEKY:

> library(rpanel)
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Jloruka ncro/Jb30BaHmus IIAKETa JIOBOJILHO IIPDOCTA!:

1. C momombio hyHKIHM rp.control HyXKHO CO3/MaTh OOBLEKT panel u
O00BABUTH B HEM HY?KHBIE HAM IIepeMEHHbIE.

2. asee HEOOXOIMMO «HACEUThY OOBEKT rpanel pasjIndHBIMU JIEMEH-
Tamu rpadudeckoro naTepdeiica (MOI3yHKAMH, KHOIKAME, KApTHH-
KaMU U T.JI.) U CBSI3aHHBIMH C HUMU [I€PEMEHHBIMU.

3. B camowm kourie TpebyeTcs onpeaeuTh HyHKIUIO, KOTOpas OyJIeT Bbl-
MIOJTHATHCS B OTBET HA B3aUMO/IEHCTBHE [T0Tb30BATEIIsA ¢ TPaPUIeCKUM
naTepdeiicom.

Paszbepewm tipocreiimiuit ipumep, B KOTOPOM (PYHKITUsI BBIBOJUT HA SKPAH
OJIHO U3 JIBYX: UJIM TUCTOIPAMMY IIOJTy Y€HHBIX JTAHHBIX, WU «SIIAK-C-yCaMU»
(BOKCILIOT) B 3aBUCUMOCTH OT BBIODAHHOI'O 3HAUEHHUSI B djieMeHTe rp.radio-
group (puc. 71).

Ob6bsaBuM 006beKT panel u JaHHBIE, KOTOPHIE OyIeM 0TOOpaKaTh:

> panel <- rp.control (x=rnorm(50))

Teneps nomecTum B panel nepeksrovaresb rp.radiogroup U CBAKeM
ero ¢ nepeMeHHoii plot.type u ¢ dyHKImei hist. or.boxp:

> rp.radiogroup(panel, # caM ob6bekT

+ plot.type, # IepeMeHHada

+ c("histogram", "boxplot"), # 3HaueHMd IepeKIoOYATEINS
+ title="Plot type", # Ha3BaHWe IIepeKIYaTels
+ action=hist.or.boxp) # monb3oBaTelbCKad QyHKINA

B zaksouenne o0bssBUM (QyHKINIO, KOTOpasi OYIEeT BBIIOJHATHCSI B OT-
BET Ha B3aNMOJIEWCTBUE C TEPEKJIIOTATETIEM:

> hist.or.boxp <- function(panel) {

if (panel$plot.type == "histogram")
hist(panel$x)

else
boxplot (panel$x)

panel

+ 4+ + + + o+

}

Tenepn Bce roToBO. ¥ HAC €CTh TOTOBas HAHEb C IEPEK/II0YaTEIeM, KO-
TOPBIH B 3aBUCUMOCTH OT BBIOOPA MOKaYKET JINOO FUCTOrpamMmy, Jinbo DOKC-
ILJIOT.
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R Graphics: Device 2 (ACTIVE)

Histogram of panel$x

Plot. type
4 histogram
.~ hoxplot.

15

10

Frequency

panelfx

Puc. 71. IIpumep mpocToro repek/iovuaTeist

B.8. ESS u apyrue IDE

Teneps noroopum He 0 GUI B y3KOM CMBIC/IE CJIOBA, & O TAK HA3BIBAE-
MBIX cpencTBax paspaborku, IDE (integrated desktop environments), mosn
KOTOpPbIMHA O6I)I“IHO IIOHUMAIOTCA CHUJIBHO PaCHINPEHHBbIE TEKCTOBBLIC DelaK-
TOPBI CO BCTPOEHHBIMU CPEJICTBAME KOMITUJISITIAN, aHAJN3a UCXOIHOTO KOJIa
" T. .

Ty npexe Bcero Hajo BcioMuutb ESS (http://ess.r-project.org).
ESS — 370 cnenmanusupoBaHHas MHTEPAKTUBHAST CPEJIA WM MOJIA IS pe-
nakTopa Emacs. ESS asisercsa cokpamenunem or ¢dppasnl «Emacs Speaks
Statistics», KoTopyIo MOXKHO ITepeBecTr Kak «Emacs roBopur Ha si3bIKe cTa-
tuctukny. [laker ESS mommepkuBaeT He TOJBKO CUCTEMY CTATHCTUIECKOTO
anaym3a R, Ho 1 MHOTHE npyrue craTucTrydeckue cpenbl. [Ipu ycranoske ma-
kera ESS (Tak, kak 910 IPUHATO B Balleiicucreme) U J0OABJIECHUN CTPOUKH
1 mHAnnajgn3anun ESS B /. emacs

(require ’ess-site)
penakTopy Emacs craHOBATCsT JJOCTYIIHBIL JB€ JTOMOJHUTEIbHBIE MOJIbI:
e Mogaa ESS, koropast npepHazHaueHa JJisi PEJAKTUPOBAHUST UCXO/I-

HBIX DailyIoB ¢ HCmoJb30BaHeM KOMaH[ R (BKJIOUas TONOIHUTEb-
HYIO TIOJJIEPXKKY JIUIsI PeJaKTUPOBaHus Rnw-daiiios), u


http://ess.r-project.org
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e Moga iESS — 3amena obbrunoit R-komcosn.

Nurepuperarop R 3amyckaercss ¢ momomibio KoMauabl «Ry»: Alt+X, a
3ateM R u Enter. [Ipu crapre crpammBaercss 0 MeCTONOIOXKeHUN pabodeit
JIMPEKTOPUH JIJIsi OTKPbIBaeMoit ceccun R, a 3aTeM 0oToOpakaeTcst CTaHiapT-
Hoe R-mipuryamenue. MoxkHO napaJiielbHO 3aIlyCTUTh HACKOJIBKO CECCHA, a
TaKKe 3aJ1efiCTBOBaTh Y/aJIeHHbI KoMIboTep (KoMaHa ess-remote). Pa-
6oTa B 9TOI MOJIE TOYTH HUYEM HE OTIMYAETCS OT KOHCOJIU, 33 UCKJIIOYEHHEM
HaJIMYUsI CTAHIAPTHBIX BO3MOYKHOCTEH peJlaKTUPOBaHUsl TekcTa B Emacs u
JOIIOJIHATEILHOTO BeroMorareibHoro Mento iESS. V3 mero moxkHO mosry-
YUTDH JOCTYIl K TaKUM UHTEPECHBIM BO3MOXKHOCTAM, KaK, HallpUMeEp, pelaK-
TupoBaHue 06bekTOB R. Kmacs — 910 mpexkie Bcero TeKCTOBBIN pelakTop,
IIO9TOMY TIOIOOHBIE OCOOEHHOCTH JEJAI0T aHAJIN3 JaHHBIX KOMMOpPTHEE.

ESS-Moia nHUIUAM3UPYETCS aBTOMATUIECKU [IPU 3arpy3Ke (hailyioB ¢
pacmupenueMm R. Emacs mpeiocraBiseT 1moib30BaATENIO MOICBETKY CUHTAK-
cuca, BbIDABHUBAHME HMCXOIHOIO KOja 10 HaxKaTuu Tab, BBIIOJHEHUE OT-
JIEJIBHBIX CTPOK, (pparMeHToOB U Bcero aitia B mHTepriperatope R. Jlo-
noJtHuTEIbHOE MeHIo ESS 1mo3Bosisier moyduTh JOCTYII KO BCEM 3TUM BO3-
MoxkHOCTSIM. Peakruposanue Row-daitios (cmech ITEX- n R-koman st
OBICTPOrO COCTABJIEHUsI OTYETOB C IOMOINBIO Sweave) dyTh Gojiee Myjpe-
noe: Mojia ESS akTuBHUpyeTcs, TOJBKO KOIJa KypCop OKa3bIBAETCS BHYTPH
dparmeHToB ¢ R-koMaHaMm.

Tax uro ecsin y Bac ecTh HaBbIKK paboThl B Emacs, To ESS — 310 BepHHbIit
BbIOOp. HO ecsin BBI pejiiiounTaere JIpyroii pejlakTop, TO PaCCTPAUBATHCH
He crouT. [lourn Bce «yBaxkarorue cebsi» TEKCTOBBIE PEIAKTOPHI MJIH Cpe-
JIbl pa3paboOTKU B TOW Wu uHOI crerenu mnojepxkuBaior R. Kpome yxe
yIoMstHyTOro Emacs, K TakoBbIM oTHOcsTcss U Vim, n jEdit, u Bluefish,
u SciTE. «Boaemmues IDE, manpumep Eclipse u Komodo, Toxe nmeer co-
orBeTcTByIoImue Moayau (coorsercreento, StatET, http://www.walware.
de/goto/statet, u SciViews-K, http://www.sciviews.org/SciViews-K/
index.html). ITox Windows ectb 3amedaresbbiit pegakrop Tinn-R.


http://www.walware.de/goto/statet
http://www.walware.de/goto/statet
http://www.sciviews.org/SciViews-K/index.html
http://www.sciviews.org/SciViews-K/index.html

ITpunioxkxenne B

OcHoBbI mporpaMmmMupoBanus B R

DTO TPUIOKEHUE — JIJIsT «IIPOJIBUHYTOTO» TUTATEIST, KOTOPBIN y2Ke MMe-
€T OIPEIeJIEHHBII OIBIT TPOrPAMMUPOBAHUS U XOUET OCBOUTD a3bI IIPOrPaM-
MupoBanug B R.

B.1. BazoBblie 00beKTHI g93bIKa R

JIro6oit 06bexT s3bika R nmeer nabop arpubyros (attributes). ror na-
00p MOXKeT OBITH Pa3HBIM JIJIsT 0O BEKTOB PA3HOTO BUIA, HO KaXKIbIil 00BEKT
00s13aTeIbHO UMeEeT JIBa BCTPOEHHBIX aTpudyTa:

o jumna (length);
e tun (mode).

Cwmbics aTpubyTa «JJIMHA» JOCTATOYHO OUYeBueH. Tur oobekTa — Gotee
CTIOXKHAs CYITHOCTh. Tak Hampumep, THI 00bEKTa Vector OMpeeIsieTcs
THUIIOM 3JIEMEHTOB, U3 KOTOPbLIX OH COCTOMUT.

B.1.1. BekTop

BekTop siBsteTcst MPOCTEHIITIM OOBEKTOM, OOBHETUHSIONIM JIEMEHTEI
OJTHOTO MPUMHUTHUBHOrO THa. Co371aTh IMYCTON BEKTOP MOXKHO IIPHU ITOMOIIN
dyukiun vector():

> v <- vector(mode = "logical", length = 0)

3aecy aprymenT length 3ajaer jMHY BeKTOpa (TO €CTh KOJIXYECTBO
COZIEPPKAIIIXCS B HEM 9JIEMEHTOB), & mode — MPUMHUTHBHBII THII 9JIEMEHTOB.

OO6beKTHl IPUMUTUBHOIO THUIIA NUMEric CIyKaT JIsi [PeJICTaBJICHUsI
OOBIHBIX YHCEJT C IUIABAIONIEl Toukoit. OTMeTnM, ITO, KPOME «OOBITHBIX>
3HAYEHU, 00 BEKTHI THIIA NUMET 1C MOI'YT IPUHUMATD PsiJ| ClIelHalbHbIX. Ta~
KOBBIMH SIBJISIIOTCsI OeCKOHEYHOCTH Inf (KOTOpasi, B CBOIO OYePEilb, MOXKET
6bITh moJtoKUTeIbHON min orpuriaresnbhoii) u NaN (Not-A-Number). ITo-
clIeJiHee CIIy KUT [Jist OTOOPasKeHUsT PE3yIbTATOB OIEPAIHil B TOM Crydae,
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KOTJ[a 9TOT PE3yJIbTaT He olpeJiesieH (HalpuMmep, JeJieHne HOJIsl Ha HOJIb,
BBIYATAHNE U3 OECKOHETHOCTH M T. II.)

Ee ogno cnienmasbaoe 3uauenne, NA (Not Available), ciyzkur jjist oro6-
paXKeHusl <IPOIIYCKOB» B HAHHBIX. VCIo/Ib30BaHUE OTAEJIBHOINO 3HAYEHUS
JIJIsI TIPOITYIIIEHHBIX HAOJIIOAEHUN IO3BOJISET PEIUTh YHUBEPCAJbHBIM 00pa-
30M MHOXKECTBO IpoOJjieM IIpu padoTe ¢ peajbHbIMHU daHHBIMU. Cpasy ke
OTMETHM, YTO 3HauYeHne NA MOIYyT HPUHUMATHL OObEKTHI JIIOOOI0 IPUMUTHB-
HOI'O THUIIA.

Ob6bexThI THIA complex COMEPKAT KOMIIEKCHBIE 9nciia. MHIMAas 9acThb
KOMIIJIEKCHOTO YHCJIa 3aIlMCBIBAETCS C CUMBOJIOM i Ha KoHIe. IIpumepom
KOMIIJIEKCHOT'O BE€KTOpa JAJIMHBI 3 MOZKeT CJIYy2KHTb

> c(5.01, -1.3+8.73i, 2.0)

Kowmriuiekcrnble BEKTOPbI MOTYT IIPUHUMATH T€ K€ CIIEIUAJIbHbIE 3HaYe-
HUsI, 9TO U IUCJIOBLIE.

Ob6bexThI THTIA [0gical MOTYT TPUHUMATDH OJHO U3 TpexX 3Hadenuit: TRUE,
FALSE u NA. Kpowme sToro, cymecTByioT (B OCHOBHOM B TE/SIX OOpaTHOI
COBMECTHMOCTH) IyiobasibHbie nepemennbie T u F, umerorniue 3nadenne TRUE
u FALSE COOTBETCTBEHHO.

Kazxnprit s;temenT BeKTOpa THHA character sBIseTCsi, KaK CJIEIyeT U3
Ha3BaHUs THUIIA, CTPOKOH. Kaxkmas Takast CTpoKa MOYXKET UMETh ITPOU3BOJIb-
HYIO JIJTHHY.

Kaxk u B sizbike C, cuMBOJI 0OpPATHON KOCON YePTHI SBJISIETCS CIEIUA/b-
HBIM W IIPeJIHA3HAYECH JIJIs BBOJA TaK HA3BIBAEMBIX €SCape-TOoC/IeI0BATE b
Hocrefi. B uacTHoCTH, 06BIYHBIHA cuMBOJI 06paTHOi Kocoit ueprer (backslash)
BCTABJISICTCSI IIPU ITOMOIIH TIOCJIEIOBATEILHOCTH «\\», CUMBOJI TaOyJIAIIN —
npu momoru «\t», a Mepexojia Ha HOBYIO CTPOKY — IPH MOMOIIH «\L.
CTpoKM 3aKJIFOUAIOTCST B OJUHAPHBIE UJIU JIBOMHBIE KaBbIUKU. B ciydae uc-
[TOJIb30BAHUST JIBOWHBIX KABBIUEK JIFOOYIO JIBOIHYIO KABBIUKY BHYTPH CTPOKH
HEOOXO/IMO TIPEBAPSTH CUMBOJIOM «\». AHAJIOIMYHO CJI€/LyeT MOCTYIATh C
OMHAPHBIMU KaBBIYKAMU BHYTPHU CTPOKHU, 3aKJIOUEHHONW B OJUMHAPHBIE Ka-
BBIUKY. [Ipu BBIBOJIE HA 9KPAH BCETIa UCIOIB3YIOTCS JIBONHBIC KABBIUKH.

Bwmecto Bb3oBa dyuknun vector () ¢ ykazanueMm THIIA JIeMEHTa YI00HO
BBI3BIBATDL (DYHKIINU, CO3TAIONINE 00BEKT HY2KHOT'O THUIIA, CPa3y:

> vl <- numeric(length = 0)
> v2 <- character(length = 0)
> v3 <- complex(length = 0)
> v4 <- logical(length = 0)

B.1.2. Cuaucok

BekTop comepKuT 3/ieMeHThI UCKJIIOUUTEIBHO OJIHOTO TUIIA. DTO JeIaeT
€ro MpPOCTBIM, HO B TO K€ BPEMsI HECKOJILKO OrpaHuYInBaeT cepy ero mpu-
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MeHeHHsI. B 9TOM IOJIHOI IPOTHBOIOJIOXKHOCTBIO BEKTOPY CJIYKHAT CIIHCOK.
Cuucox siBjsieTcss 00beKTOM THIa 1ist, ero JUIMHa — 9T0 KOJIUYECTBO KOM-
[IOHEHTOB, U3 KOTOPBIX OH COCTOUT. KarKJIblii KOMIIOHEHT CIIHCKA, sIBJISIETCSI
IIPOU3BOJIBHBIM 00BLEKTOM si3bIka R.

Taxk, HAIIPUMED, IEPBBII KOMIIOHEHT CIIACKA MOXKET ObITh YNC/TIOBBIM BEK-
TopoM JuHbl 10, BTOPOI KOMIIOHEHT — CIHCKOM, a TPETHl — CTPOKOIA.
[IycToii crmcoK MOXKHO IOJIyYUTh BBI30BOM (DYHKIMH vector ():

> 1 <- vector(mode = "list", length = 3)
Crmcok ¢ 0JJHOBpEMEHHOM MHUITNAI3aIIel co3maercs (pyukmueii 1ist ():
> 1 <- list(c(l, 5, 7), "string", c(TRUE, FALSE))

OtiesibHBIE KOMITOHEHTBI CIIHCKA MOTYT uMeTb uMsi. JIjist ero 3ajianust
HeobxoauMo nepeaaTh QyHKIMA 1ist () mapbl «uMa—3HadeHHE :

> 1 <- list(A=c(1, 5, 7), "string", B=c(TRUE, FALSE))

[TpeobpazoBaTh CIUCOK B BEKTOP MOXKHO KOMaH 10# unlist (), a B Mar-
puity — npu nomontu do.call() (cm. Huke).

B.1.3. Marpuiia 1 MHOroMmepHas MaTpuiia

Kak 6b110 0T™Me1ueHO BbINIe, KaxKIblil 00bekT s3bika R obsamgaer meko-
TOPBIM HabOpoM aTpubyTOB. ATPUOYTHI — 9TO CIIMCOK, KarKIblii KOMIIOHEHT
KOTOPOTO MMeeT MMsi (MMEHOBAHHBIN CIHCOK). MaTpHUIBI SBIAIOTCS XOPO-
IITUM TIPUMEPOM IIPUMEHEHUsI aTpuOyTOB Ha mpakTukKe. Tak, MaTpuia (Mac—
cuB) bakTHUECKH MpeJICTaBisieT co0Oi MPOCTO BEKTOP € JOMOJTHUTEIbHBIM
aTpubyToM dim u, ONIIMOHAIBLHO, aTpuOyTOM dimnames.

ArpubyT dim npegcrapisier coboil YHMCIOBOI BEKTOP, JJIMHA KOTOPOIO
paBHA Pa3MEPHOCTH MATPHIILI (TaKUM 00pa30M, TUIINIHAS JBYMEPHAs MaT-
puria nmeer aTpudyT dim JJTHHBI 2). DJieMeHThI BeKTopa dim [OKa3bIBAaIOT,
CKOJIbKO CTPOK, CTOJIOIIOB M T.JI. COIEPXKUTCA B Marpuie. IlpousBenenue
BCEX 3JIEMEHTOB BeKTopa dim JOJIXKHO COBIALATh C JJIUHON oObekTa. AT-
pubyT dimnames MO3BOJIsIET 33JaTh HA3BAHWE JJIsT KAXKJOH PazMepHOCTH
MaTPHUILBI.

Mmuoromeprasi Marpuria (MHOOMEPHBIT MaCCHB) co3aaeTcs (yHKIme
array():

> a <- array(data = NA, dim = length(data), dimnames = NULL)

3nech data — UCXOJHBIE JIAHHBIE I MaTpuUIlbl, dim, dimnames — 3Ha-
YeHHUsI COOTBETCTBYIOMNX aTpuOyToB. JIByMepHas MaTpuia (KaK Hanbosee
4acTO UCIIOJIb3yeMbli BI/I,IL) MOXKET OBITH CO3JIaHa ITPY IOMOIIN CIIEINAILHOM
dyuknnm matrix():



Basosvie obsexmut asvxa R 225

> m <- matrix(data = NA, nrow = 1, ncol = 1, byrow = FALSE,
+ dimnames = NULL)

3nech data — HMCXOJIHOE COIEP;KUMOE MaTPHUIIBI, NTOW, ncol — KOJIN-
YeCTBO CTPOK W CTOJOIOB. APryMeHT byrow MO3BOJISIET 381aTh, KAKUM 00-
Pa30M 3all0JIHATh MATPUILY U3 BeKTOpa data: 1o croJbram (1o yMOJTIaHuUIO )
WIK 10 CTpoKaM. dimnames IO3BOJIZET 3aJaTh MMEHa CTPOK M CTOJIOIOB.
Kpowme sToro, coznarb MaTpuily Wain MHOTOMEPHYIO MATPHUILY MOXKHO IIPOC-
TBIM Ha3HAUYEHUEM aTpudyTa dim BEeKTOpPY:

> v <- numeric(6)

> dim(v) <- c(2, 3); v
[,11 [,2] [,3]

[1,] 0 0 0

[2,] 0 0 0

B.1.4. ®akTopsbi

O6bekT Tuna factor ABJISIeTCs CIIOCOOOM IIPEICTABICHNST HOMUHAIbHBIX
(kaTeropuaJsibHBIX) ¥ MIKAJbHBIX THIIOB NaHHbIX B R. KauecTsenuble nantble
IIPUHUMAIOT 3HAYEHUsI B HEKOTOPOM KOHEYHOM MHOKecTBe. llosTomy srs
3ajlaHusl TTOJOOHBIX JIAHHBIX JIOCTATOYHO 3aJIaTh 9TO MHOXKECTBO (CIOCOO
KOJIMPOBAHMUST STUX JIAHHBIX) — MHOXKeCTBO 2padayud, win yposked (levels),
dakTopa. Hailre Bcero st KOAMPOBAHMSI IpaJaiuii 6epyT oObIYHbIE YUCIA.

Cosnars pakTop MOKHO 1Tpu oMot pyuknuu factor (data, levels,
labels=levels). 3mech data — OTJ/e/IbHbIE 3HAYEHUs, levels — BEKTOD
BCEeX BO3MOXKHBIX 3HaUYEHUN JIJ1d rpajanuii, labels — onnuoHaJIbHBINA BEK-
TOp, COJIEPKAINII TEKCTOBbIE 00O3HAYEHUs IPAIAIN, UCIOIb3yeMble TPU
BBIBOJIE (PAKTOPa HA SKPaH. 3a/[aHue JOIOJHATE/IHLHO apryMenTa order 1mo3-
BOJISIET IOJIYYUTDH YIOPSAJOYEHHBIH (hakTop.

> f <- factor(c(1, 1, 2, 1, 3), levels = 1:5,
+ labels=c("A", "B", "C", "D", "E"))

> f

[1] AABAC

Levels: ABCDE

> f <- factor(c(1, 1, 2, 1, 3), levels = 1:5,

+ labels = c("A", "B", "C", "D", "E"), ordered = TRUE)
f

[11] AABAC

Levels: A< B << C<DXKE
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B.1.5. Tabaumna gaHHBIX

Marpuipl ¥ MHOIOMEPHBIE MATPHIBI HO3BOJIAIOT XPAHUTDH JIEMEHTDHI
TOJILKO OJIHOT'O THUIIA M ITO9TOMY HE OY€Hb XOPOIIIO IIPUCIIOCODIEHBI JjIs Pa-
0OTHI ¢ peaTbHBIMU JAHHBIMU. PeajibHble JaHHBIE, KAK [TPABUJIO, IPEICTAB-
JIAIOT co00it HAbOP OAHOTUIIHBIX HabAtodenut. Kaxkmoe HabIIOIeHNEe, B CBOIO
04epe/ib, eCTh COBOKYITHOCTD 9JIEMEHTOB PA3HOIO THIl (HAIIPUMED, JJIsl Me-
JUIAHCKUX JTaHHBIX XapaKTEPHO HaJUYMe II0JIsl «HUMsI» CTPOKOBOI'O THIIA,
KATErOpHaJIbHOTO MOJIS «II0» M IHCIOBOTO TOJIsT «BO3PACT ).

Takum 0b6pasoM, mmoMernasi OTAeIbHbIE HAOIIOJEHUS B CTPOKH, MPUXO-
UM K CBOEODpasHoil Marpuile, mabiuye JarHvT, B KOTOPOH SJIEMEHTHI B
OJTHOM CTOJIOIIE MOJI2KHBI 00sI3aTeIbHO UMETh OJMHAKOBBIN THUII, HO 9TOT THUII
MOKET MEHSITbCsI OT CTOJOIa K croJidiny. B crarucrtudeckoit jmreparype
TPAJUIUOHHO OTAEIbHOE HADIIOACHNE HA3BIBAETC UHIUBUIOM, & CTOJIOET ¢
JIAHHBIMH — NPUSHAKOM.

C apyroii croponbl, 00bekT «rabiauna JaHHbix» (data frame) moxker
paccMaTpUBaThCs KaK OOBIYHBIN CIIUCOK BEKTOPOB OJMHAKOBOI JTTMHEI (C00-
CTBEHHO, OH TAaKOBBIM U siBjisiercsi). Co3iarh Tabimily JAHHBIX MOXKHO DU
oMo pyuknyun data.frame(..., row.names = NULL).

B kadecTBe apryMeHTOB 371€Ch EPeIalOTCsI CTOJIOIBI CO3aBAEMOTO Ha-
Oopa MaHHLIX JIMOO B BUJIE AP TUIA UMA = 3HAYEHUE, JUDO IMPOCTO «KakK
ecTby (B TAKOM CJiydae CTOJIOEI] OJIy YT aBTOMATHIECKN HA3HAUYAEMOE UMST
V1, V2, ...). AprymMenT row.names IO3BOJISIET 33/IaTh BEKTOD C HA3BAHUAMIU
JIUIST OTJIEIBHBIX CTPOK (KOHEUHO, €ro JjinHa O0s3aTeIbHO JIOJIZKHA COBIIA-
JIaTh C JUIHHO BEKTOPOB JIAHHBIX, & CAMH UMEHA, He JOJIKHBI TIOBTOPSITHCS ).

OrmeruM, 9TO GOJIBIIMHCTBO OOBEKTOB MOIYT OBITH ITPeOOPa30BAHBI B
obbekT Tuila data.frame «ecTeCTBEHHBIM» 0OPa30M, HAIIPUMED:

> data.frame(matrix(1:6, nrow = 2, ncol = 3))

X1 X2 X3
1 1 3 5
2 2 4 6

B.1.6. Bripaxkenue

Aszbik R mpegocrapiser gocTyn K KOHCTPYKIUSM CaMoOro si3bika. Tak,
byHKINI, KaK OyJIeT ONMcaHo jaJjee, sBIseTcd 00beKToM Tuna function,
[PUYEM €r0 COJEPYKUMOe — 3TO MPocTo Ko pyukimu. [losromy ¢ dpyukius-
MU MOYKHO B HEKOTOPOM CMBICJIE PA00TATh KaK ¢ OOBIKHOBEHHBIMU [T€PEMEH-
HBIME ([IEPENMEHOBBIBATD, II€PE/IABATL B KAUeCTBE apryMEHTOB, COXPAHATD
B CIIUCKH ¥ T. JI.)

Ob6bexkT THIla expression HpeCTABIIAET COOOH €Ie He BbNOAHEHHOE
BBIpaXKeHIe si3blKa R, TO eCThb MOIpOCTy CTPOKY WM HADOpP CTPOK KOJA.
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Takue BbIparkeHUsi MOYKHO BBITIOJIHATD WK, B Hojiee o0IIeM ciydae, IOJI-
CTaBJIATb B HUX 3HAYEHUS KAKUX-JUOO IE€PEMEHHBIX, IPE0OPA3OBBIBATH U
1. 1. Co3maTh BeIpaykeHNe MOXKHO IIpH moMoIu (hpyHKIun expression():

> e <- expression((x + y) / exp(z))
> x <-1; y <- 2; z <- 0; eval(e)
[1] 3

Ee aprymenTom sBisieTcs Bhipaxkenue s3bika R. Borawmciaunth Bbipake-
Hre MOXKHO 1pu romormu ¢yuknun eval (). Ilo ymosryanuo mnepeMeHHbIE
JIJTST TIOZICTAHOBKH GEPYTCs M3 TEKYIIETO OKPYKEHUsT. DTO TTOBEJCHNE MOYKHO
[IEPEOIPEIE/IUTD, Ilepe/iaB TpedbyeMoe OKPYyKeHUe Yepe3 apryMeHT envir.

B kadectBe npumMepa HETPUBUAIBLHOTO IPEOOPA30BAHUS BhIPAYKEHUH OT-
MeTuM (DYHKIIUIO CHMBOJIBHOTO auddepenrmpoBanust D(), mepBbIM apry-
MEHTOM KOTOPOU SIBJISIETCS BhIPAXKeHHE, KOTOpoe HeobxoauMo juddepen-
[IUPOBATh, & BTOPbIM — Ha3BaHUE [epeMeHHOI JuddepeHITnPOBaAHUS:

> e <- expression((x + y) / exp(z))
> D(e, nyn
1/exp(z)

Pesynpratom dyukmum D() cHOBa siBjIsteTcss OOBEKT THIIA expression.

B.2. Onepatopsl goctyna K JaHHBIM

Bce omnepanuu goctyna K JaHHBIM MOXKHO Pa3/IeJINThL HA JBE KATETOPUU:
U3BAEYEHUA U 3aMEHDL. B TIEPBOM CiIydae omepaTop JIOCTya K JAHHBIM CTO-
UT CIIpaBa OT OllepaTopa MPUCBAaUBaHUs, BO BTOPOM — CJIEBA!

value <- x[sub] # usBmeueHnue
x[sub] <- value # 3aMeHa

XoTd manbHeRIne npuMepsl U Oy/IyT, KaK MPABUJIO, OIIMCAHBI B T€PMU-
HaX Ollepallii U3BJIEUEHNS, CPA3Y YK€ CTOUT OTMETUTD, 9YTO BCe HUZKEOIIUCAH-
HOE IIPUMEHUMO U K OIepAIlK 3aMeHbI (€C/IM $IBHO HE CKA3aHO 0OPATHOIO).

B.2.1. Onepartop [ ¢ mo/io>kuTejIbHbIM apryMeHTOM

OrmepaTop «ojuHApHAs JieBast KBaJpaTHas CKOOKay CJIY2KUT JIJIsi U3BJIe-
YeHUusdA I3JIEMEHTOB C MHAEKCaMHU, COOTBETCTBYIOHNIMMU dJIEMEHTaM IlepelaH-
Horo BekTopa. Hanmpumep, ciemyromas KOHCTPYKIUS U3BJIeUeT U3 BEKTOPa
V TIEpPBBIE 3 JIEMEHTA:
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> v <- 1:5
> v[1:3]
[1] 1 2 3

PesynbpraTr uMeer Ty Ke JUIMHY, 9YTO M BEKTODP MHJEKCOB. Hukakux orpa-
HUYEHUI HU Ha JUIMHY, HE HA COJEP’KIMOE BEKTOPA WHJIEKCOB HET (TaKuM
06pa30M, 11060 HHJIEKC MOXKeT BCTPeYaThCsl IIPOM3BOJIBHOE YHCJIO pas3). VIH-
JIEKCBI, paBHble NA, UJIM MMeIOIe 3HavMeHne OOJIbIe, YeM JJINHA BEKTODA,
IPUBOJIAT B pe3yabraTe K NA (MM K ITyCTBIM CTPOKAM).

B ciyuae mcrojib30BaHUsI Oll€palliy 3aMeHbl JJINHA De3yJIbTaTa pPaBHA
MAKCHUMAJbHOMY WHJIEKCY. DJIEMEHTBI, 3HAaYeHHe KOTOPBLIM He IPUCBOEHO,
HOJIyJaroT 3HadeHne NA:

> v <- 1:5

> v[10] <- 10

> v

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

B.2.2. Oneparop [ c orpunarejabHbIM apryMeHTOM

B ciydae, Korsia BEKTOp HHIAEKCOB COAEPKUT OTPUIATEIbHBIE 3HATEHNS],
pPEe3y/IbTAT COMEPXKUT BCE IJIEMEHTHI, KpoMe yKaszaHHbIX. Hampumep:

> v <- 1:5
> v[-c(1,5)]
[1] 2 3 4

Hynesbre, moBTOpsiiomnuecs u MHAEKCHI O0JIbIIE JJINHBI BEKTOPA UTHOPU-
pytorcs. IlponyieHnble 3HaYeHUs B UHJIEKCAX IPUBOIIT K OIMNOKE, PABHO
KaK U CMECh ITOJIO?KUTEJIbHBIX U OTPUIIATEIbHBIX UHACKCOB.

B.2.3. Onepatop [ co CTPOKOBBIM apryMeHTOM

B kauecTBe nHIEKCa MOYXKHO HCIIOJIB30BAaTh CTPOKY. B TakoM citydae 11o-
WCK 3JIEMEHTOB UJET He 110 HOMEDPY, a MO0 MMEHN.

> v <- 1:5

> names(v) <- c("first", "second", "third", "fourth", "fifth")
> v
first second third fourth fifth
1 2 3 4 5

> v[lc("first", "third")]
first third
1 3
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B.2.4. Oneparop [ c Jioru4ecKuM apryMeHTOM

THUnuIHbIM TPUMEPOM HMCIIOJB30BAHUSI ollepaTopa [ ¢ JIOrmJecKuM BeK-
TOPOM B Ka4eCTBE apryMeHTa ABJIgeTCA KOHCTPYKIUAS BUIA

> v[v < 0],

W3BJIEKAIONIAA U3 BEKTOPA V TOJBKO OTPHUIlATeIbHBIE 3jieMeHTHI. [Ipes-
IojiaraeTcs, YTo JJINHA apryMeHTa COBIIQIACT C JJIMHON BEKTOPAa, B IIPOTUB-
HOM CJIy9ae apryMeHT ITOBTOPSIETCST CTOJIBKO pa3, CKOJIBKO HEOOXOIUMO JIJIst
JIOCTUKEHUsI JIJTAHBI BEKTOpa. B pe3ysbrar monajgaoT TOJIbBKO Te JIEMEHTHI
BEKTOpA, 3JIEMEHT BEeKTOpPa MHIEKCOB I KOTOPbIX coBnamaer ¢ TRUE. H-
nexc NA Boibupaer sement NA (¢ «HUKaKUM» UHIEKCOM). Takum obpaszom,
JIJIMHA Pe3y/IbTaTa COBIIaIaeT ¢ obmmM KoandecTBoM umekcoB TRUE u NA:

> v <- 1:50
> even <- c(FALSE, TRUE)
> v[even]

[1] 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
38 40 42 44 46 48 50
> three <- rep(c(FALSE, FALSE, TRUE), length = length(v))
> v[even & three]
[1] 6 12 18 24 30 36 42 48

OTMeTuM, 9TO B CJIydae 3aMeHbl HHIEKCHI NA JIOIyCKaIOTCs, TOJIBKO €CJIN
JUTIHA BEKTOPA, CTOSIIErO CIIpaBa OT OllepaTopa IpucBanBaHus, paBHa 1 (B
IIPOTUBHOM CJIyYae HEIOHATHO, CJEIyeT JIM UCIOJIb30BaTh OYEPEIHON 3Jie-
MEHT 3aMEeIAIONIero BeKTOpa WJIW HET; MPHU JIJIUHE 3aMEIIAIONIEero BEKTopa
= 1 9Ta HEOJ[HO3HAYHOCTH, OYEBUJIHO, He BJIUSET Ha PE3yJIbTar):

v[c(TRUE, NA)] <- 1:50

Error in v[c(TRUE, NA)] <- 1:50 :

NAs are not allowed in subscripted assignments

> v[c(TRUE, NA)] <- 0

> v
[1] 0 2 0 4 0 6 0 8 010 012 014 0 16 O 18
020 022 024 O

[26] 26 028 030 032 034 036 038 040 0 42
044 046 0 48 0 50

B.2.5. Onepatop $

OnepaTop $ CIIYZKUT IJIsA U3BJICICHUA OTAEJIBHOI'O 3JIEMEHTa U3 CIIMCKA.
Cunraxkcuc oueHn IIPOCT: CjieBa OT 3HaKa $ CTOHUT CIIMCOK, dJIEMEHT KOTOPOI'O
cjeyeT n3BJjiedb, a ClIpaBa — UM U3BJICKAaEMOI'O dJIEMEHTa:
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> .Machine$double.eps
[1] 2.220446e-16

Omeparop $ obsiajiaeT OJHON TIOJIE3HONW OCOOEHHOCTBIO: UM IJIEMEH-
Ta HeT HEOOXOMNMOCTH TEPETaBATEH TOTHBIM, JTOCTATOYHO JIUIIH MpeduKca,
OTIPEIEJISIFOIIETO HYKHBIN 9JIEMEHT OJTHO3HAYHO.

> .Machine$double.ep
[1] 2.220446e-16

B ciyuae, eciu aeMeHT He ONpeIedeTcsd OJHO3HATHO, Oy/IeT BO3Bpa-
meHo 3HadyeHue NULL:

> names (.Machine) [grep("double.e", names(.Machine))]
[1] "double.eps" "double.exponent"

> .Machine$double.e

NULL

Caremyer, 0JHAKO, IPEJIETBHO OCTOPOXKHO OOPAIATHCSI C HEIIOJTHBIMU MMe-
HaMU IIPU BBITIOJIHEHUH 3aMEHBI: IIPOU30HIeT J00aBIeHNE HOG020 3HATCHUS
¢ KopoTkuM uMmeneM. Crapoe 3HadYeHue C HOJHBIM UMEHEM OCTAHETCsl Her3-
MEHHBIM:

> 1 <- list(abc=1:10)

> 1

$abc

[1] 1 2 3 4 5 6 7 8 9 10
> 1%a

[1] 1 2 3 4 5 6 7 8 9 10
> 1%a <- 1:3

> 1

$abc

[1] 1 2 3 4 5 6 7 8 9 10
$a

[1] 1 2 3

B.2.6. Oneparop [[

Boobirie roBopsi, orrepaTop $ MoxKeT OBITH yIajleH U3 sA3bIKa 0e3 morepu
Kakoi-imbo dyuknuonagspaoctu. Omeparop [[ mosBosisier oCymiecTBAATD
BCe Te Ke ollepaluu u jaxe 6oJibine. Boipaxkenne Tuna .Machine$double. eps
MTOJTHOCTBIO 9KBUBaJIeHTHO .Machine[["double.eps"]]. Ileproe, npasia,
KOpOdYe Ha 5 CHUMBOJIOB U BBITVISIUT KaK €INHOE IIejI0e.
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OrmepaTop $ He MOXKeT OBITH UCIIOJIBL30BAH, €CJIM JIEMEHT CIIUCKA HE MMe-
eT MMEHU: JIOCTYII 110 MHJEKCY BO3MOYKEH TOJIBKO IIOCPEICTBOM OIlepaTopa
[[. Kpome sToro, omeparop [[ ciieiyer nmpuMeHSITH B TOM CjIydae, KOTJIA
UHTEpeCyIoIee HAC UMl SJIEMEHTA yKe COJEPKUTCS B HEKOTOPOIA IepeMeH-
HOIL:

> 1 <- list(A=1:10)
> cname <- "A"
> 1$cname

NULL
> 1[[cname]]

1] 1 2 3 4 5 6 7 8 910

OTMeTuM Tak:Ke, 94TO 10 yMoI4aHuio oneparop [ [ Tpebyer TOYHOro coB-
[MaJieHns MepeJaHHoOr0 Ha3BaHUA JIEMEHTa. DTO IOBEIEeHHE MOXKHO Iepe-
OIIPEIEJIUTE IIPH ITOMOIIN apryMeHTa exact:

> 1 <- list(abc=1:10)

> 1%a

[1] 1 2 3 4 5 6 7 8 9 10
> 1[["a"1]

NULL

> 1[["a", exact=FALSE]]
[1] 1 2 3 4 5 6 7 8 9 10

HeobxonumMo Beerpa uMeTh B BUAY BasKHDLIA dakT: pa3oOpaHHbIi paHee
oneparop [ paboraeT He TOJLKO ¢ BEKTOPaMU, HO U co cuuckaMmu. Orindue
3aKJII0YaeTCs B TOM, 4To onepaTop [ [ Bceria BO3BpaIaeT 2.AeMeHim cnucka,
a [ — cnucox:

> .Machine[[1]]
[1] 2.220446e-16
> .Machine[1]
$double.eps

[1] 2.220446e-16

Kpowme storo, apryment omneparopa [[ Bcerma nmeer miuay 1, a apry-
MeHT orepaTopa [ MoKeT ObITh BEKTOPOM C CEMAHTUKOMN, OITMCAHHOI BBIIIIE.

B.2.7. JocTyn K TabJIMYHBIM JIAHHBIM

TabauaHble JTaHHBIE, OPTrAaHU30BAHHBIE B MATPUIIBI WU TAOJIUAIBLI JTAaH-
HBIX, ©IMEIOT CBOM IPABUJIa JOCTYIIA: KarKJI0€e M3MEpPEHNE MOYKET OBbITH WH-
JEKCUPOBAHO HE3aBUCUMO. BEKTOp MHIEKCOB I KasKJI0TO M3MEPEHUS MO-
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JKeT IPUHUMATH JTI00YI0 u3 (popM, JOMYyCTUMBIX JjIst onieparopa [, Kak 66110
OIMCAHO BbIIIE (XOTs BEKTOPbI CTPOK OyJyT UHIEKCUPOBATH HE UMEHa dJie-
MEHTOB, a UMEHA U3MEPEHMUil):

> state.x77[1:2, c("Area", "Population")]
Area Population

Alabama 50708 3615

Alaska 566432 365

B cayuae ecsim oziHo (min 6oJibliie) u3MepeHue pesyJibraTta 0y1er uMeThb
JuHy 1, TO 9T0 u3Mepenue OYIET «CXJOMHYTO»: TaK, HUXKE BHUJIHO, “TO

> state.x77[1:2, "Area"]
Alabama Alaska
50708 566432

SIBJISIETCSI BEKTOPOM, a He Marpuieit. Eciam Ttakoe moBemenne Hexkesa-
TEeJIbHO, TO €r0 MOXKHO IEPEONIPEJIETUTD 3aJaHNeM apryMeHTa drop:

> state.x77[1:2, "Area", drop=FALSE]
Area

Alabama 50708

Alaska 566432

Tak Kak MaTpUIBl SABISIOTCH OOBIYHBIMU BEKTOPAMU, TO MX SJIEMEHTHI
MOXKHO WHJIEKCUPOBATD 10 MOPSIIAKY TaK Ke, KAK €CJIU Obl U3MEPEHUS OTCYT-
crBoBaJsin. JIByMepHbIE MATPUIIBI IIPU STOM UHJIEKCUPYIOTCSA IO CTOJIOIAM;
MHOTOMEpPHDBIE — TakK, 9TO IIePBOE U3MEpPEHHe MEHsIeTCs HamboJiee 9acTo, a
rocJiesiHee — HauboJIee PeJKo:

> m <- matrix(1:6, nrow = 3)
>m
[,11 [,2]

[1,] 1 4

[2,] 2 5

[3,] 3 6
> m[2:4]

[1] 2 3 4

Takast THOKOCTH OYE€HBb YACTO MPHUBOJUT K TPYAHOYJIOBUMBIM OIMTHOKAM
B C/Iydae MPOIYyCKa 3alsThIX TPU WHIEKCUPOBAHUU.

O6bexT Tuna data.frame sBjsieTcss OOBIYHBIM CITHCKOM U3 BEKTOPOB,
[IO9TOMY JIOCTYII K HEMY IIPH IIOMOIIX oliepaTopa [ aHajgornydeH J0CTyIly K
CITHCKY.
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B.2.8. IlycTbie nHIEKCHI

OTﬂeﬂbeIe NHAECKCUPYIOIINE BEKTOPBI MOT'YT ObITD OIIyIICHDI. B Takom
cJryvdae BbI6I/Ipa€TCH BCe m3MepeHue m HeT H€O6XO,ZLI/IMOCTI/I JOIIOJIHUTEJIBbHO
yY3HaBaTb €ro pasmep. Hau6osee gacTo 310 HCIIOJIB3YETCdA IIpu BI)I60pKe oT-
JEJIbHBIX CTPOK HJIN CTOJI6HOB U3 MAaTpPUILbI:

> m <- matrix(1:6, nrow = 3)
> m[c(2,3), ]
[,11 [,2]
[1,] 2 5
[2,] 3 6
> m[, 2]
[1] 4 5 6

[Tycroit nHEKC MOXKHO UCHOJIB30BATh U € BeKTOpamMu (OCTOPOXKHO!):

> v <- 1:10
> v[] <-0
> v

[1J 0000000000

3aMeHsIeT Bce 9J1eMeHThl BeKTopa v Ha (), HO P 9TOM COXpaHseT BCe
arpubyThl (HAIPUMED, UMEHA OTJIEIbHBIX JIEMEHTOB). B HEKOTOPBIX CJIyda-
sIX 9TO MOXKET OBITH OoJiee MPEIOYTUTENHHO, YeM, CKAXKEM, KOHCTPYKITHS
BU/JIA

> v <- rep(0, length(v))

B.3. ®ysKnum u apryMeHTbI

OyHKIUHU SBJISIIOTCS 00bekTamu Tuia, function. EjpuHcrBeHHOE UX OT-
Jindne, CKaykKeM, OT BEKTOPa 3aKJ/II0YAETCS B HAJMYUHA B S3BIKE JOIIOJTHU-
TeibHOTO oneparopa Ber3oBa GyHKImE (). Cozmars (hyHKIUIO MOXKHO IIPH
IIOMOIHM BbI30Ba (byHknu function():

function(arglist) expr

31ech arglist — CIMCOK apryMEHTOB B BUJIE UMEH UJIU TAD UMA = 3HA-
yenue, a expr — OObEKT THIla exXpression, COCTABILIONIHI Teso (YHK-
nuu. Beimosinenne QyHKINT TPOUCXOJIUT J0 BbI3oBa (yHKIuu return(),
apryMeHT KOTOPOW CTaHOBHUTCS BO3BPAIAEMbIM 3HAYEHHEM, JUOO IO BbI-
[TOJTHEHUsT TTOCJIEIHEr0 BhIpaXkKeHusi B Tejie PyHKInU. B mociemsaem ciytae
MMEHHO 3HAYEHUE TOCJIEIHETO BhIpaXKeHus OyIeT BO3BPAIEeHO n3 QyHKIIIH.
Bozspariiaemoe 3nadenne MOXKHO 3aMaCcKUPOBATH I[IPU HOMOIMYM (PYHKIIAN
invisible(Q).
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> norm <- function(x) sqrt(x)*%x)

> fib <- function(n)

+ {

+ if (n<=2) {

+ if (n>=0) 1 else O

+ }

+ else {

+ return(Recall(n-1) + Recall(n-2))
+ }

+ %

Ob6parure BHUMaHUE HA HUCIOJIb30BaHue (UIYypHBIX cK0oOOK. Hecmorpst
HA TO YTO BO MHOTHX CJIydasiX OHH MOT'YT OBITBH OIYIIEHBI, Mbl PEKOMEH/LY-
€M UX HCIOJb30BATL Yallle, 0COOEHHO i (DYHKIUN, IMUKJIOB U YCIOBHBIX
koHcTpyKimit. Hao6opoT, Touka ¢ 3amsiToif B KOHIE CTPOKH, XOTS U JOMYC-
KAETCsI, HO COBEPINEHHO He 00sA3aTesbHA, U JIyUIle ee onyckaTb. OTMerum
eIrle MCIoJib30BaHue KoHCTpyKIimu Recall () Bo BropoMm mpumepe. Tak kax
GYHKINN CYyTH 0OBIYHBIE TIEPEMEHHBIE, TO OHU MOTYT OBITH TIEPENMEHOBAHBI
€CTECTBEHHBIM 00Pa30M:

> fibonacci <- fib; rm(fib)
> fibonacci(10)

Koncrpyxkius Recall () mo3BoJisieT BbI3BATH «TEKYITYIO (DYHKIIMIO» HE-
3aBUCUMO OT HUCIIOJIb3YEMOI'0 UMEHHU, TeM CAMBIM COXpaHsis paboTOCIoCo0-
HOCTb PEKYPCHUBHBIX (DYHKIIHIL JIa2Ke TIOCIIe [IEPENMEHOBAHMSI.

AprymenTsl (DYHKIHI MOYKHO pas3euTh Ha obsi3aTe/bHble U HeOobsI3a-
TesibHbIe. Hajinvane BO3MOXKHOCTHU TIepelaBaTh HEOOsA3aTEIbHBIE Py MEHTHI
(omrun) sIBJISIETCS OJTHOM M3 OTJIMUNTEIBHBIX 4epT s13biKa R.

Tak kak (GyHKIIMK MOXKeT ObITH Iepe/laH He Bech HabOp apryMeHTOB,
TO, €CTECTBEHHO, JIOJI)KEH CYIIECTBOBATH MEXAHU3M HA3HAMEHUSA GPYMEH-
moe. Tak, apryMeHThl MOI'YT HEPEIaBATHCS [0 MMEHH (¥ OCKOJIBKY MX 9HC-
JIO KOHEYHO, TO CTaHJaPTHBLIE TTPABUJIA COKPAICHUSI UMEH JI0 YHUKAJIHLHOTO
npedukca paboraior u 37ech). EcTh Takxke crnocobd mepeadn apryMeHTOB
10 UX MO3UIIUU B OIIEPATOPE BBI30BA (DYHKIIUN.

Hasuauenue 3HaveHUil aprymMeHTaM MPOUCXOIUT B TPU ITAIA:

1. AprymeHThl, Tlepe/laHHBIE B BUJIE ApPbl UMA = 3HAYEHUE, UMEHA KO-
TOPBIX COBIIaAI0T SABHO.

2. AprymeHTsl, nepeJlaHHble B BUJE MAPbl UMA = 3HAYEHUE, UMEHA KO-
TOPBIX COBHAJIN 10 YHUKAJIBHOMY IIPedUKCY.

3. Bce ocraibHble apryMeHTHI 110 TOPSJIKY.
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KiroueBoe ciioBo «. . .» (ellipsis) mossossier co3maBarh GQyHKIMU C IPO-
U3BOJIBHBIM YUCJIOM apryMeHTOB. Ero Hajindne HECKOJIBKO YCIOXKHSET IIPO-
1eaypy Ha3HAUYEHUsI apr'yMEHTOB, TaK KaK IPOUCXOJUT pa3/ejieHue apry-
MEHTOB Ha Te, YTO HaXOAATCd JI0 TPOETOUHs, U PACIOJIaraloninXcs II0ce.
Ecu x mepBbIM IPUMEHSIOTCS CTAHIAPTHBIE IPABUJIA HA3HAMEHUS aPTyMeH-
TOB, TO IOCJIETHUE MOYKHO HA3HAYUTH UCKJ/IIOUYUTEIHHO 10 TIOJTHOMY UMEHU,
BCe HEeHa3HAUYEHHbIEe apI'yYMEHTBI «CbheJIaloTCsa» TPOeTOYUeM U JIOCTYIIHbBI 13-
HYyTPHU (QYHKIWHU B BUJIE UMEHOBAHHOT'O CIIMCKA.

Kak npaBujio, apryMeHTsI (hyHKIUHU, UJIYIIHE [TOCJIE TPOETOYUNS, B CIIPAB-
Ke IIPEeJICTABJEHDI B BUJIE [Iaphl UM = 3HadeHwe. Kpome TOro, Tak Kak ap-
CYMEHTBI HA3HAYAIOTCSI 10 UMEHH, TO NP BBI30BE (DYHKIMU OHU MOTYT Ha-
XOJIUTHCs Ha JIIO0O0H O3UIUHU, HET HEOOXOIMMOCTHU MEPEJABATH UX TOCJIEI-
HuMu. PaccMoTpuM mpocToit mpumMep:

> f <- function(aa, bb, cc, ab, ..., argl = 5, arg2 = 10) {
+ print(c(aa, bb, cc, ab, argl, arg2)); print(list(...))

+ %

> f(argl =7, aa =1, a =2, ac = 3, 4, 5, 6)

[1] 1 4 5 2 710

$ac

[1] 3

[[2]1]
(1] 6

Haszuauenue ApPryMEHTOB 31€Ch IIPOUCXO/UT TakK:

1. Haznauatorcg aprymMenTsl argl u aa, Tak KaK UX UMEHa COBIIAJIAIOT
TEJTTKOM.

2. 3HaueHMe apryMeHTy aa y»Ke ObLJIO IIPUCBOEHO Ha IPEIbIIYIINEM IIa-
re, MOITOMY ab MOXKeT OBITh HAa3HAYEH 110 COBIAJIEHUIO IpeduKca a,
CTABITETO YHUKAJIBHBIM.

3. BemencrBue coBnasienns UMEHH U TIEPEIAHHOTO apryMeHTa ac Ipo-
UCXOJUT JOOABJIEHUE apryMeHTa K CIHUCKY (...). arg2 nojydaer 3Ha-
JeHue 1o ymosdanuio. Ilociie sToro srama nMeHOBaAaHHBIX apryMeHTOB
HE OCTaeTcsl.

4. AprymeHTBl bb U cC HA3HAYAIOTCS 1O MOPSIKY 3HaYeHUsiMH 4 u 5
COOTBETCTBEHHO. Apryment 6 nobapisercs K cnucky list(...).

IIpu orcyTcTBUM OmEpaTOpa TPOETOUNS BHIZ0B (PYHKITUU OKAHINBAETCS
OIMMOKOH MPU MOMIBITKE HA3HAYUTD ApryMEHThI Ha mmarax 3 u 4.
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Oyukius args (fun) BBIBOJUT CIIMCOK BCEX apryMeHTOB (byHKIuu fun.

B 3akJtiouenne oTMETHM €Ilie OJIHY BayKHYIO OCODEHHOCTD, OTJINYAIOILYIO
R or MHOTHX JPYTHX SI3BIKOB IPOTPAMMUPOBAHUST: APTYMEHTHI (DYHKITNN BbI-
YUCIISIOTCS «JIEHUBO», TO €CTh HE B MOMEHT BbI30Ba (DyHKIIUU, & B MOMEHT
HCHosIb30BaHusT (3TOT (haKT 00bsICHSIETCsI IIPOCTO: sI3bIK R siBiIsieTcst nHTEP-
nperupyeMbiM). B ¢Bsi3u ¢ 3TuM Haj0 COOJIIOIATH GOJIBIITYI0 OCTOPOXKHOCTD,
CKayKeM, [IPH [epejiade B KAYeCTBe apryMEHTOB PE3YJIbTATOB BI30BOB (DyHK-
uit co CTOPOHHUMHU dPdeKTaMu: MOPSAIOK UX BBI30BA MOXKET OTJIUIATHCS
OT OXKHUJAEMOTO.

C npyroit cTOPOHBI, TAKOE TIOBEJ/IEHNE TI03BOJISIET B HEKOTOPBIX CJIydasX
CYIIIECTBEHHO YIIPOCTUTH 3aJaHNe 3HAYCHUI M0 yMOJTIAHUIO NI apTyMeH-
TOB:

f <- function(X, L = N %/% 2)
{

N <- length(X)
do.something (X, L)

}

3/1ech BBIUMCIEHNE apryMeHTa L MPOU30MIeT Ie-TO BHYTPHU (PYHKIIAN
do.something (). K sromy MmomenTy mepemenHoit N y2ke OyJieT Ha3HAYUEHO
3Hadenune, u Boipaxkeraue N %/% 2 Oymer KOPPEKTHO OIPEIeIeHO.

B.4. IMukibl u ycJioBHBbIE Ol€PATOPHI

Kax u MHOTHE SI3BIKM TPOTPAMMEPOBaHUs, R IpeocTaBisieT KOHCTPYK-
U, TTO3BOJISIFOIIUE YIIPAB/ISITh HCIIOJHEHUEM IIPOIPAMMBI B 3aBUCUMOCTU
OT BHEIIHUX YCJIOBHUI: ONEPATOPHI IUKJIA U YCJIOBUS. XOTs, B OTJUYIUE OT
«OBBIYHBIX» SI3BIKOB JIEKJIAPATUBHOrO IIporpammupoBanus (Hamnpumep, C),
OHU UCIIOJIB3YIOTCs CYIIECTBEHHO PEXKe 0 IPUIUHAM, KOTOPhIe OYIyT pa3o-
OpaHbI HIXKE.

Vc10BHOE BBIMIOJIHEHIE KOJIa, IIPOM3BOIUTCS IIPU TIOMOIIM ortepaTopa if:

if (cond) cons.expr else alt.expr

3neck cond — JIOrUYeCKuUil BeKTOp JUIMHBI 1, cons.expr, alt.expr —
BBIPaYKEHUsI, KOTOPBIE OYIyT BBIIIOJHEHBI B CJIyYae, ecjiu cond UCTUHHO MJIN
JIO?KHO COOTBETCTBEHHO. 3HadeHue NA /jisT yeoBUST He MOMycKaeTcs. Ecmm
JUIMHA YCJIOBUS OOJIBIIE 1, TO NCHOJIB3YETCS TOJIBKO Nepsbitl sAeMEHM BEK-
TOpa W BBIAETCA MPEyIpPEKICHUE.

JlamHbiit pakT ABISETCS UCTOYHUKOM MHOTOYHUCEHHBIX HeI0pa3yMe-
Huit: oneparop == paboTaeT MOKOMIIOHEHTHO, IT03TOMY B KOHCTPYKIIUU BUJIA
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if (vl == v2) do.something(vl, v2)

OyJ1eT TPOUCXOIUTH CPABHEHUE TOJILKO IIEPBBIX 3JIEMEHTOB BEKTOPOB, HO
HE UX COAEPKUMOro e uKoM. OKUIaeMOro OBEIEHNsT MOYKHO JOCTHIb IIPH
oMot dynkiuii identical () uiu all.equal() B 3aBUCHMOCTH OT TOTO,
TpedyeTCst TOYHOE WIH IPUOIMKEHHOE PABEHCTBO BEKTOPOB.

Hukser B R peasusyiorcs mpu momornu orepatopos while u for. Cun-
TAKCHUC IIEPBOI'0 CJICYIONINA:

while (cond) expr

31ech cond — yCII0BHE BBIIOJIHEHMs! TeJla [UKJIA ([IPaBUIa BBIIUCICHUST
YCJIOBHsI COBIAJIAIOT C TAKOBBIME JIJIsi orieparopa if), expr — cobCTBEHHO,
TEJIO IUKJIA.

Omneparop for mO3BOJISIET MEPEUUCTUTH BCE JIEMEHTHI IOCTIe10BaTE b=
HOCTHU:

for (idx in seq) expr

31ech 1dx — nepeMeHHas [UKJIA, Seq — [EePEeIUCIseMast IIOCse0BaTe b
HOCTb, & €Xpr — TeJjo IuKJja. llocienoBaTelbHOCTD S€q BBIYUCIISETCH JI0
HepPBOr'o BBIIIOJHEHUS TeJjla IIUKJIA, ee Ilepeollpe/ie/leHue BHYTPU TeJla [IUKJIA
He BJUsIeT HA YNCJIO UTEPAInii, aHaJOTUIHO Ha3HAYEHNE KaKOro-Inbo 3Ha-
YeHHUd IIepeMEeHHON idx He BiaMgeT Ha CJeAyIoNue UTepalun IINKJIA. [Tuk
MOZKHO IIpepBaTh OllepaTopoM break; 3aKOHUYUTH TEKYNIYIO UTEPAIUIO U TIe-
peiliTu K ciiejiyromnieil — onepaTropoM next.

B.5. R xak CYB/I

Hecmorpst na 1o uTo Kk R Hanucanbl naTEpdENRCHl KO MHOI'MM CHCTEMAaM
yupasienust 6azamu ganubix (CYBJl) u jgaxke ecrb creruabHBI maker
sqldf, KOTOpPBI O3BOJISIET YIPABIATH TaOJUIAMHU JAHHBIX HOCPEJICTBOM
koMmaux SQL, crour obparuTh BHMMaHWe M Ha 6a30Bble ocobeHHOCTH R,
[IO3BOJISIONINE IPEBPATUTD €0, TPAKTUYIECKH HE PACIIUPSsIsS, B OPraHU3aTOP
CBSI3AHHBIX (pEJISIIIMOHHBIX) TEKCTOBBIX 6a3 JAHHBIX.

TewMm, KTO 3HAKOM € OCHOBaMH st3bIKa SQL, MOryT moKasaTbcst HHTEepec-
HBIMU COOTBETCTBUS MEXKJy KOMAHIAMU U OIIEPATOPAMU ITOTO S3bIKA U KO-
mamgamu R. Hekoropble n3 Hux npusemensr B Taba. B.1.

CooTBeTCTBUST 3TU HE OJHO3HAYHBIE U HE abCOJIFOTHBIE, HO XOPOIIIO BUJI-
HO, uTo orneparuu SQL MoryT 6bITh 6e3 0COOBIX TPODJIEM BBITOJTHEHB «U3-
uytpu» R. EnuHCTBEHHBIM CEPBE3HBIM HEJIOCTATKOM SBJIETCH TO, YTO MHO-
rue u3 3TuX (PYHKIUH BBIMOJIHSIIOTCA BeChbMa MeJjieHHO. ['pemuT 3TtuM u
oveHb BaxkHasi pyHKIMA merge (), KOTOpas MO3BOJISET CBSI3bIBATH Pa3HbIE
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SELECT [ u subset()

JOIN merge ()

GROUP BY | aggregate(), tapply()

DISTINCT | unique() m duplicated()

ORDER BY | order(), sort(), rev()

WHERE which(), %in%, ==

LIKE grep()
INSERT rbind ()
EXCEPT 'm -

Tabsnuna B.1. Hekoropsie (npuMepHbIe) COOTBETCTBUS MEXKJLY OTIEPATOPAME
u koMaHgamu SQL u pyrrmusavu R

TabJIUIbI HA OCHOBAHMU OOIIEil KOJOHKHU («KJI0Ya» B TEPMHUHOJOIUU 6as3
JIAHHBIX ).
Bot npumep mosb3oBareibekoit pyHKINM, KOTOpas paboraer ObicTpee:

> recode <- function(var, from, to)

+ A

+ x <- as.vector(var)

+ x.tmp <- X

+ for (i in 1:length(from)) {x <- replace(x, x.tmp == from[i],
+ tol[il)}

+ if(is.factor(var)) factor(x) else x

+ %

Oma jsesraer To, 9€ro He yMeeT JesiaTh BCTpoeHHast pyukims replace (), —
[IEPEKOIUPOBAHIE BCeX 3HAYCHUIA 110 OIPEICICHHOMY IIPABUILY:

> replace(rep(1:10,2), c(2,3,5), c("a","b","c"))

[1] ||1|| llall II'bIl ll4ll ||C|| ||6|| |l7ll ||8|| ll9ll "10"
ll1l| ||2|| ll3ll ||4|| ||5||

[16] l|6|| "7" ||8|| "9" l|10’|
> recode(rep(1:10,2), <(2,3,5), c("a","b","c"))

[1] ||1|| llall ||b|| ||4|| ||C|| “6“ ||7|l ||8|| ll9l| ||10||
ll1ll Ilall "'b" ||4|| HCH

[16] ||6|| ||7|| ||8|| ||9|| ||10ll
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Kak Bunute, replace () 3aMeHUJ TOJBKO IIePBbIe 3HAUCHUS, B TO BPEMS
Kak recode () 3aMeHNJ UX BCe.
Termepb MBI MOXKEM OIEPUPOBATH HECKOJIBKUMU TAOIUIAMU KaK OJHOMN.
DTO OYeHb BAXKHO JJIs MePApPXUIEeCKU OPraHM30BaHHBIX JaHHBbIX. Hampu-
Mep, MBI MOXKeM PabOTaTh B PA3HBIX PErMOHAX U BCIOY JEJATh ITOXOXKHE
oneparyu (CKazxKeM, 4To-T0 u3MepsTh). Torjga yjaobHee uMerh He OJiHY Tab-
JINILY, & JBE: B I€PBOil Oy/IyT JAaHHbIE 10 PErHOHAM, & BO BTOPO#l — JIaHHBIE
usMepenuii 06bekToB. JIjist cBA3bIBaHUS TAOJIUIL HY?KHO, YTOOBI B KaXKIOi
U3 HUX ObLIa OJIHA U Ta Ke KOJIOHKA, HAIpUMep HOoMep pernoHa. BoT kak
9TO MOYXKHO OPraHU30BaTh:

locations <- read.table("data/eq-1l.txt", h=T, sep=";")

25
13
13
23
12
15

measurements <- read.table("data/eq-s.txt", h=T, sep=";")
head(locations)
N.POP WHERE SPECIES
1 Tverskaja arvense
2 Tverskaja arvense
3 Tverskaja arvense
4 Tverskaja arvense
5 Tverskaja pratense
6 Tverskaja palustre
head (measurements)
N.POP DL.R DIA.ST N.REB N.ZUB DL.0OSN.Z DL.TR.V DL.BAZ DL.PER
1 424 2.3 13 12 2.0 5 3.0
1 339 2.0 11 12 1.0 4 2.5
1 321 2.5 15 14 2.0 5 2.3
1 509 3.0 14 14 1.5 5 2.2
1 462 2.5 12 13 1.1 4 2.1
1 350 1.8 9 9 1.1 4 2.0
loc.N.POP <- recode(measurements$N.POP, locations$N.POP,

as.character(locations$SPECIES))

head (cbind(species=loc.N.POP, measurements))

species N.POP DL.R DIA.ST N.REB N.ZUB DL.OSN.Z
arvense 1 424 2.3 13 12 2.0
arvense 1 339 2.0 11 12 1.0
arvense 1 321 2.5 15 14 2.0
arvense 1 509 3.0 14 14 1.5
arvense 1 462 2.5 12 13 1.1
arvense 1 350 1.8 9 9 1.1

5

ISR

3.

NNDNDNDDN

DL.TR.V DL.BAZ

O~ N WO O
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3/iech MOKa3aHO, KaK paboTarh C JIByMsl CBA3AHHBIMYU TaOJIUIAMU U KO-
Man10it recode (). B oxnoii Tabimie 3anucanbl Mmecrooburanust (locations),
a B JIpyroit — u3Mepenusi pacrenuii (measurements). Hazsanusi BUsioB ectb
TOJIBKO B I1epBOi Tabsuie. Kciam Mbl XOTUM y3HATH, KAKUM BHJIAM KaKHe
IPU3HAKU COOTBETCTBYIOT (CM. IVIABY 1IPO MHOIOMEPHBIE JIAHHBIE), TO Ha-
JI0 CJIUTH HEPBYIO W BTOPYIO TAOMUITBI. MOKHO HCHOJB30BATH JJIsSI 3TOIO
merge (), Ho recode() paboraer Obictpee u 3pdbekrusnee. Hajo Tosibko
[IOMHUATB O THUIIE JAHHBIX, YTOOBI (DAKTOPHI HE MPEBPATUIUCH B IUQPHI.
Kimodom B sTOM Ccotydae siBistercst Kostonka N.POP (Homep MecTooOnTaHMSI).

B.6. IIpaBuia nepenucbiBanusi. Bekropusarus

Berpoennblie onepanun s3bika R eexmopuszosansi, T0 eCTh BBITOJIHSIOT-
sl TIOKOMIIOHEHTHO. B TakoMm cilydae J0CTaToOqHO GBICTPO BCTAET BOIPOC,
KaKUM 00Pa30M OCYIIECTBIISIOTCSI OLEPAIE B CJIydae, eCJII OlePAH bl IMe-
10T Pa3HyIo JUIMHY (HAIPEMED, [P CJIOXKEHUM BEKTOPA JIIMHBL 2 U JJINHBI
4). 3a 9T0 OTBEYAIOT TaK Ha3bIBACMBIE NPacUAa nepenucuiearus (recycling
rules):

1. Jnwaa pe3ynbTaTa COBIIQIAET C JIUHON OlepaH a HAMOObINeH M1 Th-
HBIL.

2. Ecian pgnuua omepania MeHBINEH JJIMHBI IEJUT JJIMHY BTOPOTO OIle-
paH/a, TO TaKOoll Orepamj MOBTOPSeTCsi (HEePENUChIBACTCS) CTOJIBKO
pa3, CKOJIbKO HY?KHO JI0 JIOCTUZKEHUs JJINHBI BTOporo omepamaa. [loc-
Jie 3TOr'0 ollepald IIPOU3BOJUTCH ITOKOMIIOHEHTHO HaJI OIl€paHIaMu
OANHAKOBOUN IJINHBI.

3. Ecymm jytmHa oniepaH ia MEHbBIEN JIJIMHBI HEe SIBJSIETCS JIeJIUTEIeM JJTH-
HBI BTOPOT'O omnepanaa (To eCTh OHA He YKJIAJbIBACTCS IIEJI0€ THCIIO
pa3 B JInHY OOJIBIIEro OlEpaHJa), TO TAKOil OlepaHj] MOBTOPSETCsI
CTOJIBKO pa3, CKOJIbKO HYYKHO JIJIS TIEPEKPBITHAS JIJINHBI BTOPOTO OIle-
pasga. JIumaue 371eMeHThl 0TOPaChIBAIOTCS, IIPOU3BOINTCSI OIIEPATIHST
7 BBIBOJIUTCS MPETYTPEXKIEHUE.

Kax ciiejicTBre 9TUX [IPABUJI, ONEPAIMN TUIIA CJIOXKEHUs IUCIIa (TO eCTh
BEKTOPA €JMHUIHON JIJINHBI) ¢ BEKTOPOM BBIIOJIHSIOTCSI €CTECTBEHHBIM 06~
pazoM:

>2 + ¢(3, 5, 7, 11)

[1] 5 7 9 13

>c(l, 2) +c(3, 5, 7, 11)
[1] 4 7 8 13
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>c(1l, 2, 3) +c(3, 5, 7, 11)

[11] 4 7 10 12

Warning message:

In c(1, 2, 3) + c(3, 5, 7, 11)
longer object length is not a multlple of shorter object
length

BosbmuncrBo BeTpoenHbIx (DyHKINM 3bIKa R Tak mian nHade BEKTO-
PU30BaHbl, TO €CTh BBLJAIOT «ECTECTBEHHBIN» pE3yJbTaT IIPU liepejiade B
KaJecTBe apryMeHTa BEKTOpa. K 9ToMy HEOOXOMMMO CTPEMUTLCS IIPU HaIU-
caHuu COOCTBEHHBIX (DYHKIINN, TaK KaK 9TO, KaK MPABUJIO, ABJISIETCS KJIIO-
4YeBBIM (DAKTOPOM, BJIUSIONIAM Ha CKOPOCTH BBIIIOJIHEHUsI IIPOrpaMMbl. Pa3-
6epeM pocToii mpuMep (HAMMCAHHBIH, OYEBUIHO, T€JIOBEKOM, XOPOIIIO 3Ha-
KOMBIM € s13bIKOM THIa C, HO MaJ03HAKOMBIM ¢ R):

>p <-1:20

> 1lik <- 0

> for (i in 1:length(p))
+{

+ 1lik <- 1lik + log(pl[il)
+}

D10 XKe camoe JefiCTBIE MOKHO PEeaTn30BATH CYIIECTBEHHO MPOIIE U
KOpoue (KpoMe TOro, 06ecrievunB KOPPEKTHYIO paboTy B CJIydae, eCii BEKTOD
p uMes Obl HYJIEBYIO JITHHY ):

> 1lik <- sum(log(p))

OTMmeTuM, 9TO «IIPOIE» UMEETCS B BHJY HE TOJBKO C TOUYKH 3PEHUS
KOJITYECTBA CTPOK KO/I&, HO U BBIUUCINTEJHHON CJI0ZKOCTH: TIEPBBIil 00pa3zer
KOJIa BBIIIOJIHSAETCS IIOJJHOCTBIO Ha UHTEPIIPETATOPE, BTOPOI 2Ke HUCII0JIb3yeT
3¢ deKTUBHBIE U OBICTPBIE BCTPOEHHBIE (DYHKIIIH.

Bropoit obpazer; kojia paboraer noromy, uro dbyaknun log() um sum()
BekTOopu3oBanbl. OyHKIUs 1og() BEKTOPU30BaHA B OOBITHOM CMBICJIE: CKa-
Jisipaast GYHKIMS IPUMEHSIETCS TI00YEPE/IHO K KaXKJIOMY SJIEMEHTY BEKTOPA,
TakuM obpazoM pesysbrar log(c(l, 2)) muenruden pesynbrary c(log(l),
log(2)).

Oyuxnusa sum() BEKTOPU30BaHA B HECKOJIHLKO MHOM CMBICIE: OHA Oeper
Ha BXO/I BEKTOP U CIHUTaET 9TO-TO, 3aBUCHAIIECEC OT BEKTOPa IEJIMKOM. B JdaH-
HOM CJjIydae BbI30B sum(x) IOJIHOCTBIO SKBUBAJIEHTEH BbIpakeHuio x[1] +
x[2] + ... + x[length(x)].

OueHb 9acTO BEKTOPHU3AIUsT KOJA MOSIBJISIETCsT caMa, CODOH 3a cUeT HAJIH-
qusi BCTPOEHHBIX (DYHKITUH, PABUJI IEPEIUCHIBAHUS JIJI apuMETUIeCKUX
onepanuii u T. 1. O7HAKO (0COGEHHO YaCTO ITO MPOUCXOIUT IIPH II€PEIHCHI-
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BaHUM KOJ[a C JIPYIHUX sI3BIKOB IPOrPAMMEPOBAHUS) KO CJIEyeT NW3MEHUTD
JI7IST TOTO, YTOOBI OH CTAJI 