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IIpenuciaosue

DTa KHUI'a HAIIMCAHA JJIsl TEX, KTO X04YeT HAyIUThCsl 00pabaThIBATh JIaH-
uple. Takast 3a7a7a BO3HUKAET OYEHDb YaCTO, OCODEHHO TOI/Ia, KOrAa HYKHO
BBISICHUTH paHee Heum3BecTHLIN (akT. Hampumep: ects sin apdexkT or HO-
Boro JiekapcTa? Man: pazmuyarorcs i peUTHHIH ABYX moauTtukos? Wim:
Kak Oy/ieT MeHSAThCS Kype JI0JIIapa Ha ClIeyIollei Hejaese?

Muorue Jirony JyMaioT, 9TO STOT HEU3BECTHBIN (DAKT MOYKHO BBISICHUTD,
€CJIM IIPOCTO HEMHOI'O IOAYMAaTh HaJl JaHHbIMEA. K coKaIeHuio, 9acTo 3TO
coBepIeHHo He Tak. Hampumep, 1mo onpocy 262 9eioBeK, BBIXOIIIIUX C U3~
OupaTeIbHBIX YUYaCTKOB, BBISICHUIOCH, 9TO H2% HPOrosiocoBaso 3a KaHu-
nara A, a 48% — 3a xangugara B (ecrecTBEHHO, MBI YIIPOIAEM CUTYAIIUIO).
SuaguT Jin 3710, 9YT0 Kauaumar A nobexui? [logymas, MHOTME CHaYa a4 CKa-
KyT «Jla», a depes HeKoTOpOe BpeMsi, BO3MOKHO, «KTo ero smaer». Ho
€CcTb TPOCTOi (C TOYKM 3PEHUsT COBPEMEHHBIX KOMIBIOTEPHBIX POIDAMM)
«TeCT TPONOPIHUii», KOTOPbIii T03BOJIsIET HE TOJBKO OTBETHTH Ha BOIPOC (B
JaHHOM ciydae «Her»), HO M BBIYMCIINTD, CKOJIBKO HAJIO0 OBLIO OIPOCHUTH
9€eJI0BEK, ITOOBI MOXKHO ObLIO ObI OTBETUTDH Ha Takoi Bompoc. B omucanmom
citydae 910 nipumepro 5000 desioBek (cM. 0ObsiCHEHHE B KOHIIE IJIABBI PO
OJIHOMEPHBIE JaHHbIE)!

B obmem, eciu Obl JIIOAM 3HAJIH, UTO MOXKHO CHEJaTh METOMAMU aHa-
JIN3a JTaHHBIX, OMMOOK M HEsSCHOCTEH B HAaIllell >KU3HM CTaJI0 ObI ropas3io
MenbIe. K coXKajmeHnto, CUTyalusi B 9TOM 00JIacTH HaJieKa OT OJ1aroroJy-
que. TeM U3 HaC, KTO 3aKaHIUBaJI MHCTUTYTbHI, 9aCTO YUTAJIN KYPC <<Teo—
pUs BEPOATHOCTEN M MaTEeMaTHIeCKas CTATUCTUKA», OJHAKO KPOME yrKaca
U/WJIN TOCKH OT JJIMHHBIX MaTeMaTHIeCKuX (HopMys1, HAOUTBIX I'PEUECKU-
My OyKBaM#, 6OJIBIIMHCTBO HUYEIO U3 9THX KypPCOB HE HOMHUT. A Beib Ha
TEOPUHU BEPOSITHOCTEH OCHOBAHBI OOJIBIIMHCTBO METOLOB AHAJIN3a JTaHHLIX!
C nmpyroit ¢cTOPOHBI, BEJb COBCEM HE 00sI3aTe/IbHO 3HATH PAIUOMDUIUKY JJIsT
TOrO, 9TOOBI CIYIIATH JIOOUMYIO PAJMOCTAHIIAIO 110 PAUOIIPUEMHUKY. 3HA~
9UT, JJIsI TOTO YTOOBI AHAJIM3MPOBATDL JAHHBIE B IMPAKTUIECKHUX IEJIAX, HE
00s13aTeIbHO CBOOOIHO BJIAJIETH MATEMATHIECKON CTATUCTUKON W Teopuei
BEPOSITHOCTEH. DTy MpobjeMy JaBHO yrKe IOIyBCTBOBAJIN MHOI'HME AHIJIHIA-
CKU€ W aMePUKAHCKNe aBTOPbl — HazBaHusMmu Triia «CtaTucTtuka 6e3 cie3»
IeCTpAT KHH2KHBIE ITIOJIKK Mara3WHOB, ITOCBANIEHHbIE KHUT'aM II0 aHaJIU3y
JTAHHBIX.

Ty, mpaBma, ciaeayer ObITH OCTOPOXKHBIM KAaK aBTOPAM, TaK U UNTATE-
JISIM TaKUX KHUT: MHOTHE METOJIbI aHAIN3a JIAHHBIX UMEIOT, €CJIM MOXKHO TaK
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BBIPA3UTHCsI, JBOfiHOE JHO. VX (9TH MEeTO/bl) MOXKHO HPUMEHSTh, TJ1y6OKO
HE BHUKAsi B CYIHOCTH MCIIOJIb3YEMOIl TaM MAaTEMATUKU, OJyIaTh PE3YJib-
TATBl W 0DOCYKIATH 9TU pPe3yabTaThbl B orderax. OJHAKO B OIWH JTAJIEKO
HE NPEKPACHBLIN JIEHb MOXKET BBISICHUTBLCS, UTO JAHHBIA METOJ[ COBEPIICH-
HO He TIOJIXOJIMJI JIJIS BAIUX JAHHBIX, U HOITOMY IOJIYUE€HHBIE PE3YJIbTATHI
U pe3yJIibTaTaMU-TO HA3BAThL HEJb3s... B obmiem, Oyabre OauTe/IbHBI, BHU-
MaTe/JbHO YUTANTE PO BCE 02PaHUMEHUA METOJIOB aHAIN3a, & IIPU YTEHUH
[IPUMEPOB JOCKOHAJILHO CPABHUBAMTE MX CO CBOMMHU JIAHHBIMHU.

1Ipo npumepvi: MBI TIOCTAPAJIUCH IPUBECTU KAK MOYKHO OOJIbIIIE ITPUMe-
POB, KaK MPOCTBIX, TAK M CJOXKHBIX, U 110 BO3MOXKHOCTHU U3 pa3HbIX 00Jia-
cTell 2KU3HU, TOCKOJIbKY YUTATEAME 9TOM KHUTH MOTYT OBITH JIIOJU CAMBIX
pasHbIX Tpodeccuii. Eite Mbl mompoboBain CHU3UTh 00bEM TEOPETUIECKO-
ro MaTepuajia, MOTOMY 9YTO Mbl 3HAEM — OYEHb MHOTHUE YUATCH TOJBKO
Ha npuMepax. [JockobKy KHHra IOCBSINEHA TAaKOH KOMIIBIOTEPHON IIpO-
rpamMme, KoTopas «paboTaeT Ha TEKCTOBOM KOJE», JOTUIHO OBLIO IOMe-
CTUTH 9TH CaMble KOIbI B TEKCTOBBIH daiin, a cam daiin caemarh obie-
JOCTYIHBIM. TaK MbI U MOCTYIIMJIM — IPUBEJICHHDbIE B KHATE IIPUMEPHI MOXK-
HO HaiiTu Ha BeO-cTpaHuIle 10 ajpecy http://ashipunov.info/shipunov/
software/r/. Tam ke HaxousiTCs pa3Hble HOJIE3HbIE CCHUIKH U Te (ailjibl
JMAHHBIX, KOTOPhIE HE MOCTABJISIOTCS BMECTE C IIPOTPAMMOIA.

O cmpyxmype kHuzu: TIepBasi TJIaBa, 10 CYTH, IEJTUKOM TEOPETHIECKAs.
Ecisn nens anrars obiue paccykIeHus, MOXKHO CPa3y ePeXouTh KO BTO-
poit rmage. O HAKO B MEPBOIl IJIaBe €CTh MHOIO TaKOH mHMOpMAaInm, KOTo-
pasi TO3BOJIUT B OYIyIeM He «HACTYIaTh Ha rpabsms». B obiiem, perraiite
camu. Bo BTOpOii 1y1aBe camble BayKHbIe — pa3fesibl, HadnHasg ¢ «Kak cka-
YaTh U YCTAHOBUTH R», B KOTOPBIX OOBSICHSIETCsI, KaK pabOTaTh C MPOrpam-
Mmoit R. Ecitn e ycBouTh 9TUX pa3/iesioB, BCe OCTAJIBHOE YTeHue OyIeT mouTh
becriosiesabiM. CoBeTyeM BHUMATEIBHO IIPOYUTATE U 00s3aTEIBHO Npopado-
mamov 6ce npumeps, U3 3Toro paszesa. [locaemyromniue rjaaBbl COCTABISIOT
AJIPO KHUTH, TaM PaCCKa3bIBAETCH PO CaMble PACIIPOCTPAHEHHBIE METO/IbI
aHau3a JaHHbX. [1aBa «CraTuctrdeckast pa3Bejikas, B KOTOPO 00Cy K 1a-
ercs OOIUil MOPSIIOK CTATUCTUIECCKOIO aHAJN3a, HMOJBITOXKNBAECT KHUTY; B
Heil ellle pa3 PaccKa3bIBAETCs PO METO/IbI, O0CY K IABIIUECH B IIPEJIBIILY IITIX
rJaBaxX. B MpuioKeHnsiX K KHUTEe COJAEPXKUTCS MHOTO T0JIe3HON mHMOpMa-
M TaM paccKas3aHo o rpadudeckux narepdeiicax Kk R, mpuBesen mpocroit
IPaKTUIECKUN IpruMep pabOThI, OIUCAHBI OCHOBBI IIPOrpaMMHUpOBaHus B R,
[IPUBEJIEHBI BBIIEPXKKE U3 IepeBojia opuinaibHoil qokymenTamnun. [To cyru,
KaXKJ10€ MPUJIOKEHNEe — ITO OTIAEIbHBIA HEOOIbIION CIIPABOYHUK, KOTOPBII
MOKHO HCIIOJI30BaTh DOJiee WIn MeHee HE3aBUCUMO OT OCTAJIbHON KHUTH.

Koneuno, MHOXKECTBO CTATUCTHIECKUX METOJIOB, B TOM YHUCJIE U JOBOJIb-
HO TIOIYJIAPHBIX, B KHUT'Y He BOILIU. MBI 1104TH He KacaeMcs CTaTUCTUYe-
CKUX MOJIeJiell, Hu9ero He MUIIeM O KOHTPACTaX, HE PaCCKa3bIBaeM O CTaH-
JaPTHBIX PACIpeIe/IeHUSX (3a NCKIIOYeHIEeM HOPMAaJIbHOr0), 3ddeKTax, Kpu-
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BBbIX BbDXKMBaHUA, 0aileCOBbIX MeTOmaX, (PaKTOPHOM aHAJ/IM3e, T€O0CTATUCTHU-
Ke, He O0bsCHSIEM, KaK JIeJIaTh MHOIO(MAKTOPHBINA 1 OJIOYHBIA JUCIIEPCHOH-
HBIM aHaIn3, IJIAHUPOBATH SKCIIEPUMEHT W T. 1., n T.11. Harma measr — Ha-
YUUTHh OCHOBAM CTATHCTUYECKOI'O aHajm3a. A eciin YhTaresb XOPOIIo OCBO-
UT OCHOBBI, TO JIIOOO# MPOABUHYTHIN METO/ OH CMOYKET OI0JIETh 6e3 0coboro
TPy/a, ONUPAasiCh Ha, JIUTEPATYPY, BCTPOEHHYIO ciupaBky u Vnrepuer.

Hecxonvko mexnuveckuxr 3amevanuti: Bce JEeCITUUHBIE JTpoOU B KHUTE
[PEJICTABICHBI B BUJIE UHCEJT C PA3/IeINTeIeM-TOuKoil (Tuna 10.4), a He 3a-
nsroii (tuma 10,4). DTo ¢eaaHo moToMy, 4To nporpamma R mo ymosraanuto
«IIOHUMAaEeT» TOJIBLKO IEPBLI BapuaHT apobeii. U ere: MHOIHE IPUBEIEHHDIE
B KHHT€ NPUMEPBI MOXKHO (1 Hy?KHO!) MOBTOPHUTH camocTosiTesbHo. Takne
IpuMepbl HalledaTaHbl MallXHOIIXCHBIM H.IPI/Iq)TOM 1 HaAYUHAITCAd CO 3HaA4YKa
«bosbiliey — «>». Ecin npruMep He yMeIaeTcsd Ha OJHONU CTPOKe, BCE II0-
CJIeJIYOIIE €r0 CTPOKU HAYMHAIOTCSI CO 3HAKA «ILII0C» — «+» (He Habupaiite
9TH 3HAKU, KOTJa OyJere BBIIOIHATH puMepst!). Eciu B KHure ujaer pednb
0 3arpyske ¢ailJioB JaHHBIX, TO MIPEIOJIAraeTCsl, YTO BCE OHU HAXOIATCS
B mojaupekTopun data B Tekylmneil gupekropun. Eciau Bel Oymere ckadu-
BaThb (pailjIbl JAHHBIX C yIOMSIHYTOI'O BBIIIE CaiiTa, He 3a0yIbTe CO34aTh 3Ty
IO/ IUPEKTOPHIO M CKOIIMPOBATH Ty/1a (hailibl JaHHBIX.



I'maBa 1

Yro Takoe JaHHbIE U 3a9eM UX
obpabarnsIBaThL?

B sr0it rmaBe paccka3biBaeTCs O CAMBIX OOIIUX IMOHATUIX aHAIH3a JaH-
HBIX.

1.1. OTkyna 6epyTcsa JaHHbIE

«be3 npyna He BBLIOBUINE U PBIOKY U3 HENO»,— I'OBOPUT HAPOIHAS MY/I-
pocTb. eiicTBUTENIBHO, €CJIM XOYelllb AaHAJIN3UPOBATE JTaHHble, HaJ0 UX CHa-
Jaja moaydnThb. CrocoboB Moy deHns JaHHBIX MHOTO, & CaMble IJIABHBIE —
HAON00EHUA T IKCNEPUMEHNDL.

Habaodenuem OyneMm Ha3bIBaTh TAKOM CIOCOD IMOJIyYEHUsT JAHHBIX, IIPU
KOTOPOM BO3JEelCTBIE HaOI0IaTe st Ha HabI0IaeMbIil 00bEeKT CBEIEHO K
MUHAMYMY. IKcnepumenm TOXKe BKIIOUAeT HAOIIOIEHNe, HO CHAYATIA Ha
HabJIIOMaeMbIil 0OBEKT OKa3bIBAETCS 3apaHee PACCUNTAHHOE BO3JECTBHE.
JL1st HabJTIOIeHNsT OUeHDb BaXKHO 9TO «CBEJIEHUE BO3IEHCTBUST K MIHIMYMY ».
EC.HI/I 9TOro He caeJsiaTb, MbI IIOJIYIHMM JIaHHBIE, OTpazKaloliue He CBOIICTBa
00beKTa, a ero peaxilfio Ha Halle Bo3JeiicTBue.

Bot, nanpumep, BcTaJia 3aja4da UCCIEI0BATH, YEM IIUTAETCS KAKOE-TO
penkoe KuBorHoe. OUTHMAaJIbLHAS CTpaTeruss HabJIIOAeHUs 316Ch COCTOUT B
YCTAHOBKE CKPBITHIX KaMep BO BCEX MeCTaX, IJI€ 9TO >KUBOTHOE OOUTAET.
Ilocne sToro ocramercst TOJBKO 0OPAbOTATH CHITOE, UTOOBI ONIPEASTNTD BU/T
numy. O4YeHb 9acTo, OJHAKO, OITUMAJIbHOE PEIIeHNEe COBEPIIEHHO HEBBIIIOJI-
HUMO, ¥ TODJA IBITAIOTCS OOOMTUCH, CKaykeM, HabJIIOIeHNEM 38 sKUBOTHBIM
B 300mapKe. fIcHO, 4TO B IOCJIEIHEM CIydae Ha OOBEKT OKA3BIBAETCS BO3-
JeiicTBue, U HeMaJjioe. B caMoM Jiejie, *KMBOTHOE IOMaJIN, IPUBE3JIN B CO-
BEpIIEHHO HETUIIMYHBIE JIJIS HETO YCJIOBHSI, J1a U KOPM, CKOpee BCEero, Oyaer
HEMOX0K Ha TOT, KAKUM OHO IUTAJIOCH Ha poauHe. B obiieMm, ecim HaOJII0-
JIeHUsI B 300IapKe IOCTaBJIEHBI I'PAMOTHO, TO BBISCHEHO OyaeT He TO, YeM
BOODIIIE IUTAETCA JAHHOE YKMBOTHOE, & TO, YeM OHO IIMTAETCS IIPU COLeprKa-
HUU B ONPEJIEJIEHHOM 300mapKe. K coxkajieHnio, MHOrue (U UCC/ie10BaTelIn,
U Te, KTO OTOM YUTAET UX OTUYETHI) YaCTO HE BUIAT PAZHUIIBI MEXK Y STUMHU
ABYM:I yTBep)KrILeHI/IHMI/I.
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Bepuemcst kK mpumepy u3 npeaucyioBust. 1IpeamomoxKum, Mbl OIIpAITABa-
€M BBIXOISIINX ¢ M30MpaTe/bHBIX yIacTKOB. JacThb Jifozeil, KOHEYHO, BO-
0011te OKaXKeTCsT OTBeYaTh. 1acTh OTBETUT UTO-HUOYIb, HE OTHOCSIIEECST K
JeJ1y. qaCTb BIIOJIHE MOXKE€T HaMEPEHHO NJIN C.Hy‘{a,ﬁHO HCKa3UTH CBOI OTBET.
Yacrb orBeTuT mnpaBmay. 1 Bce 3T0 cepbe3HBIM 00pa30M 3aBUCHAT OT HabOJIIO-
JlaTesist — YeJIOBEKa, IIPOBOJISIIEIO OIIPOC.

Jlaxke yIIOMSIHYTBIE BBIIIE CKPBIThIE KaMepbhl IPUBEIYT K OIPEIeJIEHHO-
My BO3JEHCTBUIO: OHHU XK€ CKPBIThIE, HO He HEBUIMMbIE W HeBecoMble. Her
HUKaKOW rapaHThUU, 9TO HAIIE YKUBOTHOE WJIU €ro J00bIYa He OTpPearupyer
Ha HUX. A KTO OyJeT craBuTh Kamepbl! Eciu 910 Jitoju, To 1eM OoJIbIle Ka-
Mep IOCTaBUTh, TEM CHJIbHee Oy/eT BO3/EHCTBHE Ha OKPYKAIOILYIO CPELy.
CopaceiBarh ¢ Beprojiera? Hajeemcst, 9To BaM MOHSITHO, K IEMY 9TO MOXKET
[IPUBECTH.

B obmeMm, n3 ckasaHHOTO JOJKHO OBITH MTOHSITHO, YTO HAOJIOJEHNE <«B
YHUCTOM BHE» OOJlee MM MeHee HEeOCYIIECTBUMO, IIOCKOJILKY BcCerga Oyrer
BHECEHO KaKoe-HHOyab BozzeiicTeue. [losToMy j1st TOro, 9To0bl 8IeKBATHO
paboTaTh ¢ JAHHBIMU HAOJIOIEHU, HATO0 BCETIA YETKO MPEeICTaBISITh, KaK
OHU IPOBOAMJINCE. Fcjm Bo3ieiicTBue ObLIO 3HAYUTEIbLHBIM, TO HAJIO IIPE-
CTaBJIATD (XOTsT ObI TEOPETUYIECKH ), KAKHE OHO MOIJIO MOBJIEYb M3MEHEHNUs,
a B ordeTe 00s13aTEJIbHO YKA3aTh HA Te OrpaHUYEHUsI, KOTOpbIe ObLIN BbI-
3BaHbI criocoboM HabmonaeHusi. He ciriemyer 6e3 HEOOXOIMMOCTH IPUMEHSTD
SKCTPAIOJISIIIAIO: €CJIM MBI YBUJEIU, 9T0 A Jenaer b, Henb3st nmcarb «A
Becerga jgenaer Bb» u gaxke «A o6biuHO Jjienaer B». MoxHO auibL nucarhb
HEYTO Bpoe «B Hamux Habmogenusx A ngeian B, 970 mo3BoJisieT ¢ HEKOTO-
POt BEPOSAATHOCTBHIO TMPEAIOJI0KUTE, ITO OH MOYKET J1eJaTh b».

Y skcniepuMmenTa cBou 1pobsembl. HauboJsiee obIue n3 HUX — 9TO TOY-
HBIII ydeT BO3JAEHCTBUsI W HaJWdWe KOHTPOJIsI. Hampumep, MbI HCCIELyeM
JieficTBre HOBOI'O JieKapcTBa. KilaccumyecKuii SKCIEPUMEHT COCTOUT B TOM,
9TO BBIOUPAIOTCS JIBE IPYIIIbI GOJIBHBIX (Ka% BHIOPATH TAKHUE IPYIIIbL, CKOAbL-
KO JIOJIZKHO OBITH YeJIOBEK W Ipovee, pacCMOTPEHO JaJibiie). Beem GombHBIM
COODIIAIOT, YTO IIPOBOIUTCSI UCCJIEJOBAHIE HOBOI'O JIEKAPCTBA, HO €ro JIaloT
TOJIbKO OOJIbHBIM IIEPBOil I'PYIIIbI, OCTAJIbHBIE MTOIYYalOT TaK Ha3bIBAEMOE
nAaueb0, BHEIITHE HEOTTHINMOE OT HACTOMAIIEro JIEKAPCTBA, HO HE CO/IepKa-
[ee HAYEro JIEKapCTBEHHOro. 3adeM 3TO jgejaercda! /leyio B ToM, 9To eciiu
60JIbHO# OyHeT 3HaTh, 9TO eMy JAI0T «HEHACTOSIIEe» JIEKAPCTBO, TO 3TO
CKazKeTCd Ha S(beeKTI/IBHOCTI/I JICUCHNI, HOTOMy q9To peSy.HI)TaT 3aBUCUT HE
TOJIBKO OT TOI'0, 9TO OOJILHOH IIbeT, HO U OT TOr0, YTO OH YyBCTBYeT. VIHbI-
MH CJIOBAMH, IICHUXOJOTHIECKOE COCTOSHHE OOJIBHOINO — 9TO JIOHOJHUTE/ b
HbIN (HaKTOP BO3MEHCTBUSA, OT KOTOPOrO B 9KCIIEPUMEHTE JIyUIlle n30aBUTh-
cs1. O4ueHb 9acTo He TOJBKO OOJBHBIM, HO U UX BpadaM He COOOIIAIOT, KOMY
JaroT 11amnebo, a KoMy — HACTOIIee JIEKAPCTBO (;LBoﬁHoy”I cJIenon MGTO,ZL).
DTO0 MO3BOJISIET MAPAHTHPOBATH, YTO U IICUXOJOIMYECKOE COCTOSIHHE BPada
He TOBJINAET Ha UCXOJ, JICICHHS.



12 Ymo maxoe darnvie u 3avem uxr obpabamueams?

[pynmna, koropoil naoT mwianebo (OHa HA3BIBAETCS KOHMPOAL), HYKHA
JUTsT TOTO, YTOOBI OTAETUTb 9(PPEKT, KOTOPHIA MOYKET MPOU3BECTHU JIeKap-
cTBO, 0T 3¢ deKTa KaKoro-HUOYIbL ITOCTOPOHHEro BHemHero ¢axropa. M3-
BECTHO, HallpuMep, 9TO YMEHbIIEHNE JJIMHBbI CBETOBOI'O JIHA OCCHbBIO U 3U-
MOIi IPOBOIUPYET MHOI'ME HEPBHLIE 3a00/1eBanus. Fcim Hamte uccireosanme
HPUIETCA Ha 9TO BPEMA U y HAC HE OyZeT KOHTPOJIA, TO YBEJUIEHNE TacTO-
ThI 3aD0JIEBAHUN MBI BIIOJIHE MOYXKEM TPUHATH 38 PE3yJbTAT MPUMEHEHUS
JIEKAPCTBA.

1.2. I'enepaJjibHasi COBOKYITHOCTH 1 BBIOOPKA

«CratucTuka 3Haer Bce»,— nucanu Miubd u Ilerpos B «/IBenamuaru
CTYJIbsIX», UMesI B BHUJY TO, 9TO OOBIYHO HA3BbIBAIOT CTATUCTHUKONW,— cOOP
BCEBO3MOKHOI nH(popMaImu 060 BceM Ha cBere. UeM mosiHee cobpaHa MH-
dopmarust, TeM, KaK cauTaercs, jy4ire. OHAKO JIydIe Jin?!

BosbmewMm mipoctoit pumep. Homycrum, dupmMa-mrpon3BOAUTEb PEITHIA
BBISICHUTH, KaKOH M3 JBYX COPTOB IIPOM3BOIUMOIO0 MOPOXKEHOI'O IIPEIIT0YH-
TaloT noKymnareau. [Ipobaem 661 He ObLIO, eciu ObI BCe MOPOXKEHOE IPo/Ia-
BaJIOCh B OJIHOM Marasmure. Ha camom »Ke J1ejie poIaBIOB O9€Hb MHOT'O: 3TO
OITOBBIE PBIHKU U THUIIEPMAPKETHI, CPEIHNE U MaJible MarasnHbl, KHOCKH,
OTJIeJIbHBIE MOPOYKEHIIIUKN C TEJTeKKAMU, T€, KTO TOPTYeT B IMPHUTOPOTHBIX
moesiax, u T. 1. MoxKHO mompob0oBaTh yUecThb JOXOJ OT MPOJIaXKHU KaXKJI0ro 13
nBYX copToB. Ecim oHI CTOST OMUHAKOBO, TO GOJIBINAS CyMMa JTOXOA JTOJIK-
Ha OTpa3uTh Oosbiuit crupoc. [IpemcraBumM, ogHAKO, UTO CIIPOC ONUHAKOB,
HO 110 KAKUM-TO [IPUYMHAM MOPOYKEHOE IIEPBOTo copTa Taer bpicTpee. Torma
[IOTEPh IIPHU €0 TPAHCIIOPTUPOBKE OyIeT B cpeHeM OOJIbIIe, TPOAABIILI Oy-
AYT HOKYIIATh €ro HECKOJIbKO 4Yalle, U IMOJYy9IUTCd, 9TO J0XO0J OT IPOdazKn
[IEPBOro cOPTa OyIeT HECKOILKO BBIIIE, YeM OT BTOPOI'0. DTO PACCYKICHHE,
KOHEJHO, YIIPOIIAEeT PEAJTbHYIO CUTYAIINIO, HO MOIyMaiiTe, CKOJIBKO APYTIUX
HEYUYTEHHBIX (PAKTOPOB CTOUT Ha IIyTH TAKOro criocoba mojgcueral Anamms
TOBAPHBIX YEKOB IOJIYUIIE, OJHAKO MHOI'ME KOHEYHBIE IIPOJIABILI TAKAX Ue-
KOB HE UMEIOT U ITO93TOMY B aHaJIU3 HE IIOIIa/IyT. A HaM-TO HeO6XO,ZLI/IMO KaK
pa3 y4ecThb CIIPOC MOKyHaTeieil, a He ITPOMEKYTOUHBIX ITPOJIABIOB.

Mo2KHO TOCTYIIUTH WHAYE — Pa3/iaTh BCEM KOHEUHLIM IIPOJIABIAM aHKe-
ThI, B KOTOPBIX ITOIIPOCUTH yKA3aTh, CKOJIBKO KAKOTO MOPOYKEHOI'O IIPOIAHO;
a 9T00bI aHKEThI OBLIN 0032 Te/IbHO 3aII0JIHEHbI, BECTH C 9THMU IPOIABIAMEI
JleJia TOJIBKO IIPY HAJIUYNN 3AII0JTHEHHBIX aHKET. 10JIbKO BeIb HUKTO HE Oy-
JIeT KOHTPOJIMPOBATD, KGK ITPOJABIIGI 3AIIOJHAIOT AHKETHI... BOT U moyyauT
dupma OOJIBIIYIO, IOAPOOHYIO CBOIHYIO TabJIMILYy O IPOIarkaX MOPOXKEHOIO,
KOTOPasi POBHBIM CYETOM HHUYIErO OTParkaThb He OyIeT.

Kaxk ke mocrynurs? 31ech Ha IOMOIIb IIPUXOIUT UIEST 8bl00POUHBLT UC-
caedosarudi. Beex TpogaBIOB He IIPOKOHTPOJINPYEITb, HO BEIb HECKOJIbKIX-
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to MoxkHO! Haio BeIOpaTh 13 00IIero MHOYKECTBA, HECKOJILKO TOPrOBBIX TO-
4yek (Kax BbIOMpATh — 9TO 0cobasi HayKa, 00 9TOM HUKE) U IPOKOHTPOJIU-
POBATDH TAMOIIIHHE IIPOJAXKH CHUJIAMUA caMOil (PUPMBI WU TAKUMU HAHSATDHI-
MM JIIOJbMU, KOTOPBIM MOXKHO JIOBEPsATh. B MTOre MbI MOJIyYnM PE3yJIbTAT,
KOTOPBI ABJISIETCsT YAaCThIO ODOINEll KapTHUHBI. Telepb caMblil IJIABHBIA BO-
[IPOC: MOKHO JIM 3TOT PE3yJILTAT PACIPOCTPAHUTH HA BCIO COBOKYIIHOCTD
npomaxk? OKa3blBaeTCst, MOXKHO, ITOCKOJIBKY Ha OCHOBE TEOPUU BEPOSITHO-
cTell y)Ke MHOI'O JIeT Ha3aJ, Oblia CO3/[aHa MeoPus 6ul00POYHbBIT UCCAEAO-
eanuti. Ee-To m HA3BIBAIOT YAIlle BCEIO0 MaTEMATUIECKOW CTATUCTUKON, WIn
IIPOCTO CTATUCTUKOIA.

[Ipumep ¢ MOPOXKEHBIM MTOKA3BIBAET BAXKHYIO Belllb: BLIDOPOYHbBIE UCCTIE-
JIOBaHUsI MOT'YT ObITH (M 9acTO OBIBAIOT) 3HAUUTEJNHHO GOjiee TOYHBIME (B
CMBICJIE COOTBETCTBHUSI PEAJbHOCTH ), €M CILIOIIHBIE.

Emte osiun xoporiuit npuMep Ha 3Ty K€ TeEMY €CTh B Pe3yJIbTaTax CILIOII-
HOll mepenmcu HacesneHus Poccum 1897 1. FEciu paccMoTpers YUCIEHHOCTD
HaceJIeHUs IO BO3pacTaM, TO IMOJIyYaeTcs, 9TO MAaKCHMAJIbHBIE INCIIEHHO-
cru (IIMKKM) MMEOT BO3PACThl, KpaTHble b U B ocobeHHOCTH KparHble 10.
[ToHATHO, KAK 3TO MOJIYYHIOCH. BO/bIIAs YacTh HACEJIEHHS B Te BpEMe-
Ha OblIa HErPaAMOTHA U CBOI BO3PACT IIOMHUJIA TOJBKO IIPUOJIU3UTENBHO, C
TOYHOCTBIO JIO IATH WIH JI0 JECATH JieT. YToObl BCe-TakKu y3HATDH, KAKOBO
OBLIO pacIpeieIeHre 110 BO3pacTaM Ha CAMOM Jiejie, Hy?KHO He YBeJTMINBATD
00beM JAHHBIX, a HA00OPOT, CO3/aTh BLIODOPKY M3 HECKOJIBLKHX IPOIEHTOB
HaCeJICHUsI U IIPOBECTU KOMILJIEKCHOE HCCJIE/IOBAHUE, OCHOBAHHOE Ha Iepe-
KPECTHOM aHaJN3€e HECKOIbKNX UCTOYHUKOB: JTOKYMEHTOB, CBUAETEILCTB I
JIMYHBIX TMOKA3aHUU. DTO JIACT ropasjo 0ojiee TOUYHYIO KapPTHUHY, HEXKETH
CILIONTHAS IT€PEINCh.

EcrecrBenno, cam mporiecc co3ianusi BEIOOPKH MOXKET SBJISATHCA UCTOY-
HUKOM OImnOoK. VX MpUHATO HA3bIBATDL «OIMIUOKAMU PEIPE3€HTATHBHOCTHY.
OpHako TpaBUJIbHAST OpPraHU3aIlUsi BHIOOPKY IO3BOJIsIET WX H30eX)aTh. A
[IOCKOJIbKY C BBIOOPKOW MOXKHO ITPOBOJIUTDH ropa3io 0ojiee CI0KHbIE UCCIIe-
JIOBAHUSI, YeM CO BCEMU JAHHBIMU (UX HA3BIBAIOT 2eHEPAAbHOT COBOKYNHO-
cmwio, W nonyaayuet:), Te ommbku (OIMUOKM TOYHOCTH ), KOTOPbIE BO3HHU-
KaIOT IIPU CILIOIIHOM HUCCJIEJI0BAHUHU, B BHIOOPOYHOM HUCCJIEIOBAHUU MOYKHO
HCKJIIOYUTD.

1.3. Kak mosryyaThb JaHHBIE

B mpempraymux pasesiax HEOTHOKPATHO YIIOMUHAJIOCH, UTO OT IIpa-
BUJILHOT'O TTO/I00Pa BBIOOPKH CePhe3HBIM 00pa3oM Oy/ieT 3aBUCETh KAIeCTBO
moJTyIaeMbIX TaHHbIX. COOCTBEHHO TOBOPSI, €CTh JIBa OCHOBHBIX TPWHIIAIIA
COCTaBJIEHUsI BBIDOPKU: NOSMOPHOCTL U pardomuidayus. IloBropHOCTH HY K-
HBI JIJIE TOTO, 9TOOBI OBITH OOJIee YBEPEHHBIMU B TOJIyYEHHBIX PE3yJIbTaTax,
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a paHJIOMU3AIUs — JJIS TOrO, YTOObI M30eKaTh OTKJIOHEHU, BBI3BAHHBIX
[TIOCTOPOHHUMHU ITPUINHAMIU.

IIpunuyun noemoprocmeti TPEANOIaraeT, 9T0 OAUH U TOT Ke IPPeKT
Oyaer mcciaeoBaH HECKOJILKO pas3. CobCTBEHHO IOBOPs, JJIsi 3TOTO MbI B
IPEIBIAYINNX IIPUMEpPaxX OMPAIIUBAIA MHOHCECTNEO U3OMpaTEseil, JTOBUIN
B 3AIIOBEJHUKE MH020 YKUBOTHBIX, MOJOUPAJIN TPYIIIBI U3 HECKOALKUL Je-
cAMK06 OOJIBHBIX U KOHTPOJIMPOBAJIH PA3AUYHHLL TPOJABIIOB MOPOXKEHOTO.
Hy»k/1a B MOBTOPHOCTSIX BO3HUKAET OTTOTO, 9TO BCE OOBEKTHI (/1a7Ke TOJIBKO
YTO M3rOTOBJIEHHbIE Ha (habpUKe U3/IeJIHsl) IyCTh B MeJI0Yax, HO OTJINIAI0T-
CsI APYT OT JApyTa. DTU OTJIUYUHSA CIIOCOOHBI 3aTyMAaHUTh OOIIYIO KApTUHY, €C-
JIM MBI CTAHEM M3y4YaTh OOBEKTHI MOoauHO4YKe. M Ha0b60poT, ecan MbI bepem
HECKOJIBKO OOBEKTOB Cpa3y, UX Pa3/InInsi YACTO «B3ANMHO YHUITOKAOTCS.

He crour mymarb, 9T0 cO3JaTh IMOBTOPHOCTH — IpocToe aeso. K co-
JKAJICHUIO, JaCTO MMEHHO HeOPEeKHOE OTHOIINEHHE K IMOBTOPHOCTSIM CBOIUT
Ha HET pe3yJbTaThl Bpojie Obl Oe3ylpevuHbIX uccejoBanuii. [1aBHOE mpa-
BUJIO — NOBMOPHOCTAU QOAHCHBL Obimb HE3aBUCUMDBL Ipye om dpyea. DTO
3HAYUT, HAIIPUMED, UTO HeJIb3sl B KAUeCTBE IOBTOPHOCTEN paccMaTpUBaTh
JIaHHBIE, IIOJIyYEeHHBIE B IIOC/IEI0BATE/IbHBIE IPOMEXKYTKI BPEMEHN C OJHOI'O
U TOTO K€ 00bEKTa UJIN C OJHOTO M TOT'O Ke MecTa. IIpemosioKumM, 9T0 MbI
XOTHM OIPEJIEUTh PasMep JIATYIIeK KaKoro-to Buja. Jljis 3Toro ¢ mHTEp-
BAJOM B 15 MHHYT (4TOOBI JIATYIIKU YCIOKOUJIKMCH) JIOBUM CAIKOM IO OJI-
Hoit siarymike. Kak ToabKo Habepercst ABaIaTh JISACYIIeK, Mbl UX MEPSieM 1
BBIUHCIIsiEM cpefauil pasmep. OHAKO Takoe UcCjeoBaHue He OyIeT yIoB-
JIETBOPSTH IPABUIY HE3aBHCHUMOCTH, ITOTOMY UTO KaXKIBI OTJIOB OKarKeT
BJIMsIHUE Ha II0CJIe/IyIOllee [OBeJIeHNe JIsryliek (HApuMep, K KOHILY JIOBa
Oy/lyT HOIaJaThCsl caMble CMeJible, Wi, HaobopoT, camMble Tiyibie). Fiie
Xy»Ke HCII0JIb30BaTh B Ka9YeCTBE MOBTOPHOCTEH IOCJIEI0BATEIbHBIE HADJIIO-
JeHnst 3a 00bekToM. Hampumep, B HEKOTOPOM OIIBITE BBISICHSIIA CKOPOCTH
3PUTEIbHON PEAKINH, ITOKA3BIBas YEJIOBEKY Ha JIOJHM CEKYHIbI IPEeIMET, a
3aTeM CIIpalmBasi, 9TO 3TO ObLI0. Beero nccmemoBanu 10 geaoBek, mpudeMm
KaXKJIOMY TOKA3bIBAJIH MPEIMET IISTh pa3. ABTOPBI OIBITA TOCIUTAJIH, ITO
y HUX 06110 50 TOBTOPHOCTE!, OMHAKO HA CAMOM JEJI€ — TOJIBKO JIECSITh. DTO
[IPOUBOIILIO TTOTOMY, 9TO KaXK I CJIEIYIOIMIHI MOKa3 He ObLT HE3aBUCUM OT
PEBIIAYIIEro (Ye/I0BeK MOT, HAIPUMED, HayUUThCs JIydIle PACIIO3HABATD
peJMer).

Hamo 66T OCTOPOXKHBIM HE TOJIBKO C JAHHBIMM, COOPAHHBIMU B IIOCJIE-
JIoBaTeIbHbIE IPOMEXKYTKIA BPEMEHH, HO U IIPOCTO C JaHHBIMH, COOPAHHBIMU
C OJIHOTO M TOTO Ke MecTa. Hampumep, ecji MBI OlpeiesiseM KadecTBO Te-
JIEBI30POB, CXOJSIIIUX C KOHBeilepa, He TOAUTCS B Ka4eCTBe BHIOOPKH OpaTh
HECKOJILKO INTYK IOAPSIA — C OOJIBINOI BEPOSITHOCTHIO OHU HM3TOTOBJIEHBI
B Oojiee OJIM3KUX YCJIOBHSX, 9€M TeJIeBU30PbI, B3ATHIE MMOPO3Hb, U, CTAJIO
OBITH, UX XAPAKTEPUCTUKN HE HE3ABUCHUMBI JIPYT OT JIpyTa.
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Bropoit BaxkHbIit BOIPOC O MMOBTOPHOCTSIX: CKOJILKO HA0 COOPATH JaH-
HBIX. ECTh rpoMainas jureparypa II0 9TOMY IIOBOIY, HO OTBeTa, B 00-
menM, jBa: (1) gem Gosbre, Tem sydnie u (2) 30. Boirisisinee HeCKOIBKO
FOMOPUCTUYIECKHU «ITpaBUio 30» OCBSIIIEHO JECSITUIETUSIMU OIBITHON pPabo-
Tol. Cunraercs, 9To BbIOOPKHU, MeHbinue 30, cjejyeT HA3bIBATh MAJIBIMH,
a 60sbIme — GosbimMu. OTCIOa TO 3HAYEHHE, KOTOPOE MPUJIAIOT UHCITY
TPUIATH B aHAJIN3E JIAHHBIX. BhIBAET Tak, UTO U TPUIIIATH COOPATH HEJIB3S,
OJIHAKO OFOPYATHCS STOMY HE CTOUT, MOCKOJILKY MHOITE IPOIIE/YPhl AHAJH-
3a JIAHHBIX CIIOCOOHBI pabOTaTh C OYEHb MAJIBIMU BLIOOPKAMU, B TOM HYHUCJIE
U3 IITH U Jayke u3 Tpex noBropHocreil. Ciiemyer, oHAKO, UMETh B BHILY,
9TO YeM MeHbBIe MMOBTOPHOCTEH, TeM MeHee HAJIeKHBIMHU OVIYT BBIBOIHI.
Cy1ecTByOT, KPOMe TOTO, CIIeNUaIbHBIE METO/IbI, KOTOPBIE TTO3BOJISIFOT 110~
CYUTATD, CKOJIBKO HAJI0 cOOpaTh JAHHBIX, JJIs TOTO YTOOBI C OIPE/IETEHHOM
BEPOSITHOCTBIO BBICKA3aTh HEKOTOPOE yTBEP:KIEHHE. JTO TaK Ha3bIBaeMble
«TeCThI MOIIHOCTH» (CM. IPUMED B IJIABE PO OJHOMEPHBIE JIAHHBIE).

Pandomusayus — erre oaHO yCI0OBHE CO3MaHUS BBIOOPKHU, W TAaKXKeE «C
mo1BoXOM». KasKJbIii 00bEeKT T'eHepajIbHOM COBOKYITHOCTH JIOJI?KEH MMeEThb
paBHBIE IIAHCHI TOMACTb B BBIOOPKY. O4UeHb YacTO UCC/Ie/I0BATEN oIara-
0T, 9YTO BBIOPAJIN CBOM OOBEKTBI CJIYYaiiHO (IIPOIeIasn PAHIOMUA3AIINIO), B
TO BpeMsI KaK Ha caMOM Jejie UX MaTepuaJi ObLT mogobpan nHatwe. [Ipemmo-
JIO2KMM, HAM TIOPYYEHO CJIy9IaliHbIM 00pa30M 0TOOPATH CTO JIEPEBLEB B JIECY,
9TOOBI BIIOCJIEICTBUY ITIOMEPUTH CTEIIEHD HAKOIIJIEHUS TSXKEJIbIX METAJIJIOB B
JmcThsiX. Kak Mbl 6yjieM BbIOUpaTh JepeBbsi? FKciu mpocTo XoauTh 110 Jie-
Cy U cobOMpaTh JIUCThSI C PA3HBIX JEPEBBEB, C OOJIBIIONH BEPOSITHOCTHIO OHHU
He Oy1yT COOPAHHBIME CJIYUYAIHO, IOTOMY YTO BOJIBHO WJIA HEBOJIBHO MBI
Oy/ieM cobupaTh JIMCTbsl, YeM-TO [MPUBJIEKIINE BHUMaHUE (HEOOBITHOCTHIO,
OKPACKOii, IOCTYITHOCTHIO). DTOT METOJI, CTAJIO OBITh, HE TOAUTCA. Bo3bMem
METO/I ITOCJIOYKHEe — JIJIsi 9TOTO HyKHAa KapTa Jieca C pa3MeUYeHHBIMU KOOP-
nuHaTaMu. Mbl BbIOUpaeM cirydaiiHbiM 06pa30M JBa duciia, Hanpumep 123 m
K 3ammay u 15 M K 10Ty OT TOYKH, HAXOSIIEeca MTPUMEPHO TTOCEPeInHe Jie-
ca, 3aTeM BBICUUTHIBAEM 9TO PACCTOSHUE HA MECTHOCTU U BLIOMPAEM IEePEBO,
KOTOpOe OJIMKe BCEro K Hy?KHOMY MeCTy. Bymer jm Takoe JIepeBo BHIOPAHO
caydaitno? OKasbIBaeTCsl, HeT. Belb epeBbsi pa3HbIX MOPOJL PACTYT HEOIU-
HAKOBO, TI03TOMY Yy JI€PEBbEB, PACTYIIHUX TeCHee (HAIPUMED, Y €JIOK ), IAHC
OBbITH BBHIOPAHHBIMU OKAXKETCs OOJIBINE, 9eM Y pa3peskeHHO PaCTYIINX JIy-
60B. BaxxabIM yCioBreM paHIOMU3AINH, TAKUM 00pa30M, SIBJISIETCS TO, ITO
Kxaotcdull obsexm doadcen umems abCOAOMHO TE JHCE CAMbBLE ULGHCHL ObIMb
BLIOPAHHDBIM, 4O U BCE NPOYUE 00BEKMDL.

Kak ke 661767 Ha1o mpocTo mepeHyMepoBaTh BCE JIEPEBbBsI, & 3aTE€M BbI-
6paTh cTO HOMEPOB 110 >Kpebuio. Ho 970 ToILKO 3By YIHUT IIPOCTO, a IOIpodyii-
Te Tak caenarb! A ecim Hamo cpaBHUTH 20 pas3judHBIX JiecoB?.. B obeM,
TpeboBaHNE PAHIOMU3AINNA JACTO 000PAUUBAETCS BECHbMA CEPbE3HBIMU 3a-
TpaTaMy Ha IPOBEIeHNE NCCIeI0BaHnst. ECcTecTBEHHO M09TOMY, 9TO HEPEIKO
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PAHIOMUBAIIIO OCYIIECTBIISIOT JIUITh YaCTUIHO. Hampumep, B HalreMm ciry-
Jae MOYKHO CJIYYaiiHO BBIOpaTh HAIpaBJEHUE, IPOTSIHYTh B 9TOM HAIIPAB-
JieHnn OeYeBKYy Uepe3 BeCh JIieC, a 3aTeM IMOCYUTaTh, CKOJBKUX JIEPEBbEB
KacaeTcst 6eueBKa, U BLIOPATH KAXKJI0€ SHHOE (IIsIToe, MSITHAJIIATOE. ..) JIepe-
BO, TaK YTOOBI BCEro B BbIOOpPKe oKazaJsioch 100 mepeBbeB. 3amMeTbTe, 9TO B
JIAHHOM CJIyYae MeTOJ PAHIOMU3AINKA COCTOUT B TOM, UYTOOBI BHECTH B HC-
CIIEJIYEMYIO CPELy makoti nopadok, Komopozo mam 3asedomo nem. Koneuano,
Y 9TOr0 MIOCJIEIHEN0 METOIa €CTh HEJIOCTATKH, a KaKlie — HonpodyiiTe d0-
rajaTbCsi caMu (OTBET CM. B KOHIIE TJIABbI).

Teneps BBl 3HaETE JTOCTATOYHO, YTOOLI OTBETUTDL HA €Ie OJUH BOIPOC.
B oxnoit maboparopun m3sydann 3pHeKTUBHOCTD AeHCTBUAS AJOXUMUKATOB
Ha JKYKOB-JIOJI'OHOCUKOB (UX €Ille HAa3bIBAIOT «CJOHUKM» ). [{st sroro xumn-
KaT HAHOCWIN Ha (PUILTPOBAJLHYIO OyMary, a OyMary IIOMeIaJd B CTEK-
JISHHYTO YaIlKy ¢ Kpbimikoii (damky Ilerpu). 2Kykos Bbibupasu u3 6aHku,
B KOTOPOI WX pa3BOJMJIN JIJIsl ONBITOB, OYeHb MIPOCTBIM CIIOCODOM: DAHKY C
JKYKaMK OTKPBIBAJIM, U IEPBOrO BBIIOJIZIIEr0O Ha Kpail 2KyKa IepecaXKuBajii
B YAIIKY C SITIOXUMUKATOM. 3aTeM 3aCEKaJIM, CKOJIbKO IPOIIeT BPEMEHHU OT
[IOCAJIKK KyKa B OaHKy 110 ero ruben. Ilorom Gpaju apyroro »Kyka 1 Tak
rosTopsiyim 30 pa3. [loroM MeHSIN SATOXMMUKAT W HAYUHAJNA OMBIT CHAJa-
sta. Ho oftHa»K TbI OJIMH yMHBII U€JI0BEK 3aMETUJI, ITO B 9TOM SKCIIEPUMEHTE
CaMbIM CHUJIbHBIM BCEIa OKA3BIBAJICS TOT XMMUKAT, KOTOPbI ObLI B3AT JIJIsI
nccaenoBaHus 1mepBbiM. Kak BblI JymMaere, B ueM TyT nejio? Kakwe Hapy-
[IEHUs] TPUHIMIIOB [IOBTOPHOCTU M PaHIOMU3AIUK ObLIM JomyIneHbl! Kak
Ha 10 66110 TIocTaBUThH 3TOT OnbIT? (CM. OTBET B KOHIIE TJIABBI).

s paHIOMU3aIAN, KOHETHO, CYIIIECTBYET Ipejies. Kcu Mbl XOTUM BbI-
SICHUTHh BO3PACTHON COCTAB MOCETUTEJEH KAKOr0o-TO Mara3uHa, He HY>KHO BO
UM PAHJIOMUBAIMK OIIPAIIUBATH IPOXOXKUX € yaulbl. Hy»KHO YeTKo mpe-
CTaBJISITH cebe NeHepaJIbHYI COBOKYITHOCTH, C KOTOPOil miuer pabora, U He
BBLIXOJIUTL 3a €€ IpaHuilbl. IloMHUTE IpuMep ¢ NUTaHueM KUBOTHOro? Ec-
JII PeHepaJIbHasl COBOKYIIHOCTh — 3TO YKMBOTHBIE TaHHOIO BHUIA, COIEpKa-
IUeCsT 8 300MaAPKAT, HET CMBIC/IA JODABJISITH K HUCCAEJOBAHUIO JTAHHBIE O
MATAHUM 3TUX KUBOTHBIX 68 QOMGUHUT Ycaosuazr. Ecim XKe Takue JTaHHbBIE
IPOCTO HEOOXOAUMO 106aBUTH (HAIPHMED, TIOTOMY 9TO JAHHBIX U3 300I1ap-
KOB OY€Hb MAJIO), TO TOTJa MeHepaJibHasi COBOKYIHOCTh OYJIET HA3BIBATHCS
«MHOXKECTBO YKUBOTHBIX JIAHHOI'O BHUIA, COLEPIKALIUXCI 6 HEBONE>.

WNHTepecHBIlT BapUaHT PaHIOMU3AINN HUCIOJb3YIOT, KOIIa B IKCIEPH-
MEHTEe HUCCJEIyIOTCA OJHOBPEMEHHO HECKOJIBKO B3aummojeiicrsuii. Hampn-
Mep, Mbl XOTUM BBISICHUTH 3 (DEKTUBHOCTh PA3HBIX THIIOB CPEICTB IIPOTUB
obsiesieHenusi TpoTyapoB. s aroro slorndHo BeIGpaTh (CIIydaiHbIM 00pa-
30M) HECKOJIbKO Pa3HbIX (II0 BO3PACTy 3aCTPONKM, IJIOTHOCTH HACEJICHUS,
PACITOJIOKEHNUIO) YIACTKOB TOPOJia M BHYTPH KaXKJIOTO YIACTKA CIIyIaiiHbIM
00pa3oM pacIpeie/InTh Pa3Hble TUIIBI 9TUX CPeJCcTB. [loToM MOXKHO, HaITpU-
Mep, dhukcuposarh (B 6a/u1ax WM Kak-HUOYIb €IIe) COCTOSHUE TPOTyapoB
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KaXKJIBIA JIEHb MOCJ/Ie HAHECEHUs CPeACTBa, MOXKHO TaK2Ke MOBTOPUTH OMBIT
pu pasHoii morozge. Takoil MOAX0J Ha3bIBaeTCsl «OJIOUHBIN qu3aiiis. Biro-
KaMU 3/1eCh SIBJISIOTCSI pa3Hble YIaCTKUA TOPO/a, & MOBTOPHOCTL Obecredn-
BAETCs TeM, UTO B KaxKJI0M OJIOKe ITOBTOPSIIOTCS OJHU U Te K€ BO3AeHCTBUSI.
IIpu sToMm mazke He 00A3aTEILHO MMOBTOPATH OJHOTHIIHBIE BO3JIEHCTBUS 110
HECKOJIbKY Pa3 BHYTPHU OJIOKOB, BAXKHO BBIOPATDL MTOOOJIBIINE OTINIAIONTIX-
csl ApYr oT apyra 00KoB. MOXKHO CUMTATh pa3HbIMU OJIOKAMU U pPa3HbIE
[TOT'OJIHBIE YCJIOBUSA, W TOTJIA Y HAC MOJYYUTCS <«BJIOYKEHHBIH OJIOYHBIN Tu-
3aifH» : B KarK/IbII MOTOAHBIN OJIOK BOIIET HECKOJIBKO «TOPOJACKNX» OJIOKOB,
1 y2Ke BHYTPH 9THUX OJIOKOB OYIyT ITOBTOPEHBI BCE BO3MOKHBIE BO3/ICHCTBHS
(THOBI CPEJICTB).

B obaacTtu paHmoMu3aum JesKUT eIe OJHO KOPEHHOE Pa3IuIne MEeXK Iy
HabJIIoIeHneM U 3KcrnepuMenToM. JlomycruM, Mbl u3ydaeM 3(hHeKTUBHOCTD
JefCTBHUS KAKOr0-TO JIeKapCcTBa. BMecTo Toro, 9To0bl MOA0UPATh JIBe IPYII-
bl OOJIBHBIX, UCIIOJB30BaTh ILIAIE00 U T.II., MOXKHO IIPOCTO IOPBITHCSA B
apxuBaxX U Mo700paTh cooTBeTCTBYIOMME IpuMephl (30 ciydaeB mpuMeHe-
Hust JiekapeTBa u 30 cilydaeB HElPUMEHEHUs ), & 3aTeM [IPOaHAIM3MPOBAThH
pa3HUILy MeXKJ1y rpylnamu (HalpuMep, 9ucjio CMepTell B IePBBI IO/ TI0C/Ie
okoH4YaHus Jedenust). OQHAKO TaKOM IOXO COIPSIZKEH C OMACHOCTHIO TOTO,
YTO Ha HAIM BBIBOJbI OKAXKeT BJIMsIHUE KAKON-TO (MM KaKue-TO) HeydTeH-
HBII (paKTOp, BBISICHATHL HAJIMYINE KOTOPOIO M3 apXUBOB HEBO3MOXKHO. MbI
IIPOCTO HE MOXKEM TapaHTUPOBATL, ITO COOJIIONAIN PAHIOMU3AIINIO, aHAII-
3upys apxuBHbIe JaHHble. K npumepy, nepsast rpymnma (cirydaitso!) okazker-
Cdl COCTOAIIEH MOYTH IEJIMKOM U3 MOXKUJIBIX JIIOJEeH, a BTopasd — U3 JIOJICH
cpegHero Bo3pacra. ZIcHO, ITO 3TO OKayKeT Bo3eiicTBre Ha BBIBOIBL. 11o9T0-
My B OOINEM CJIydae 3KCIEPUMEHT BCEr/ia IpeIoITHTeIbHel HabJIIoIeHus.

1.4. Yrto muryT B JaHHBIX

IIpounTas npeabIAyle pa3ielibl, YATaTe/lb, HABEPHOe, y2Ke He pa3 3a-
JaBaJics BopocoM: «Ecim Tak Bce CI0XKHO, 3a49eM OH BOODIIE, 3TOT aHAJIN3
/:LaHHBIX? Hey}Ke.HI/I n max He BUIHO, YTO B OJWH MaradmH XOIUT 60Hbﬂle
HAPOJLY, OJIHO JIEKAPCTBO JIydIle JIpyroro u T.1.7» B obmiem, max ObiBaer
BUJIHO JIOBOJIHO YaCTO, HO OOBIYHO TOrja, Korja jau6o (1) maHHbIX u/uam
ncesIelyeMbIX (DAKTOPOB OU€Hb MaJIo, ubo (2) pasHUIA MeK Ly HUMHU OYeHb
peska. B 3Tux caydasx JeificTBUTEILHO 3allyCKaTh BCIO IPOMO3IKYIO MAIld-
Hy aHaJIN3a JaHHBIX He cTONT. OHAKO TOPA3/I0 Yalle BCTPEIAIOTCs CIIydIan,
KOT/1a, HA3BAHHbBIC BBIIIEC YCJIOBUs HE BBINOJHAIOTCS. JlaBHO, HAITpUMED, J10-
KAa3aHO, 9TO CPEIHMIT 9eJIOBEK MOXKET OJHOBPEMEHHO YIEPXKATb B HAMATH
Jaitb 5—9 06bekToB. CTaso 6bITh, AHAJU3UPOBATL B yME JAaHHbIE, KOTOPHIE
HACYUTHIBAIOT 0osibiie 10 KOMIIOHEHTOB, y»Ke Hesb3s. A 3HauuT, He 00O0ii-
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TUCH 6€3 KaKUX-HUOY/Ib, IIyCTh U CAMBIX IIPUMUTHBHBIX (THIIA BBIYUCJICHUS
[POIEHTOB U CPEJHUX BEJIMYKH), METOJIOB AHAIM3A JIAHHBIX.

BriBaer u Tak, ITO BHEIIHE OU€BUIHbIE PE3YILTATHI HE UMEIOT IO COOO
HACTOMAIIEr0 OCHOBaHMsI. BoT, HalmpuMep, 0JIHO U3 UCCIIEI0OBAHIN HACEKOMbIX-
BpeauTeseil. ArpoHOMBI OIPEIE/IslId, HACKOJIBKO CHJILHO BPEIAT KYKypy3e
IYCEHUIIbI KYKYPY3HOI'O MOTBLIBKA. [loJyuniinch BIIOJTHE IpUEMJIEMbIE pe-
3yJIbTATHI: PA3HUIA B yporKae MEXKIy IOPayKEHHBIMH U HEIOPaKEHHBIMEI
pacTeHUAMH MOYTH BABoe. Kazasmoch, 910 1 0OpabaTbiBaTh HUYErO HE Ha-
JI0 — <« TaK Bce sicHO». OJIHAKO HAIEJICS BJIYMYMBBIA MCCJIEI0BATED, KO-
TOPBII 3aMETUJI, 9TO IOPaKEHHbIE PACTEHUS, PA3JIMIAOIINECs 110 CTEIIEHI
[TOPaXKeHUsI, He PAa3JINIalOTCA 110 YPOKAWHOCTH. 371eCh, OUYEBUIHO, ITO-TO
HE TaK: eCJIU I'YCEHUIIbI BPEIsIT PACTEHUIO, TO YeM CUJIbHEee OHU BPEJISIT, TeM
MEHBIIIE JIOJIZKEH ObITh ypoxKaii. CTago ObITh, Ha KAKOW-TO CTaUH UCCJIEI0-
BaHU« IpousolLia omubka. CKopee BCero, J1ej1o ObLIO Tak: JIjisi TONO YTOOLI
U3MEPATDH YPOXKARHOCTD, CPEIU 30POBLIX PACTEHUI OTOMPAJIM CaMble 310~
poBbIe (BO BCEX CMBICJIAX ITOrO CJIOBA), HY a Cpeau OOJBHBIX CTApAJIUCDH
mogobpaTh camble Xuible. BoT 3Ta ommbKa pernpe3eHTaTUBHOCTH U IIPUBEJIA
K TOMY, 9TO BOZHHUKJIM TaKHE «XOpolnue» pe3yiabrarbl. ObparuTe BHUMa-
HI€, YTO TOJBKO aHAJN3 B3AMMOCBSI3U <«IOparKeHne—ypoxkaii» (Ha s3bIKe
aHaAJIN3a JAHHBIX OH HA3BIBAETCSI «PErPECCHOHHBIN aHAJM3», CM. [JIABY IIPO
JIByMEPHbIE JIAHHBIE) TPUBEJI K BBISICHEHUIO MCTUHHOW NMPUYUHBI. A KyKy-
PYBHBIN MOTBLIEK, OKA3bIBAETCS, ITOUTH U HE BPEIUT KYKYPY3e...

Nrak, aHaans JaHHLIX HEOOXOINM BCEra, KOT/la Pe3y/IbTaT HEOUYEeBUIEH,
M 9acTO Jlazke TOTa, KOrJda OH Kadcemcs ouesudHnvim. Ternepb pasdbepemcs,
K KaKUM TOCJIEJICTBUSM MOXKET ITPUBECTH aHAJM3, UYTO OH YMEeT.

1. Bo-miepBbIX, aHaan3 JAHHBIX yMeeT JaBaTh OOIMMe XapaKTEePUCTUKN
JUTsT OOJTBIIUX BBIOOPOK. DTH XapaKTEPUCTHKH MOTYT OTPAYKATDL TaK
HA3BIBAEMYIO [[EHTPAIBHYIO TEHJIEHIIUIO, TO €CTh YUC/I0 (MU Psifl Iu-
ces), BOKPYT KOTODBIX, KaK Iy BOKDPYT JECATKU B MUIIEHU, «Pa3-
Opocamnbl» JmaHHbIe. BeceM m3BeCTHO, KAK CIYUTATH CPeJHee 3HAUYCHUE,
HO CYIIECTBYET ellle HEMAJIO MOJIE3HBIX XapaKTEePUCTUK «Ha Ty 2Ke Te-
My». pyras xapakrepucTuka — 3T0 pa3dbpoc, KOTOPBIil OTpaxKaeT He
80KpYe 4e20 «pa3dpPOCAHBI» JAHHBIC, & HACKOADKO CUALHO OHU Pa3dpPOo-
CAHBL.

2. Bo-BTOpPBIX, MOXKHO IPOBOJIUTH CPABHEHUSI MEXKJYy Pa3HBIMEU BBIOOD-
kamu. Hanpumep, MOXKHO BBISICHUTD, B KAKO# U3 T'PYIIT OOJbHBIX HH-
dapKTOM MHUOKapIa JaCTOTa CMEPTell B MEPBBLIN Ioj MOCTE JICUCHUS
BBIIIE — y Te€X, K KOMYy IIPUMEHSIJIN KOPOHAPHOE NTIyHTUPOBAHUE, WIIN Y
TeX, K KOMY IIPUMEHSJIN TOJBKO MeIMKAMEHTO3HbBIE CIIOCOOBI JIEYEHUS.
«Ha B3ryIsi1y 9TON PA3HUIILI MOXKET U HE OBITH, a €CJIM OHA U €CThb, TO
rjie rapaHTus TOro, YTO 3TU Pa3J/In4yus He BbI3BaHbI CIydYailHbIMU IIPU-
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YUHAMM, HE UMEIOIIMMU OTHOIIeHus! K Jedenuio? Ckaxkem, 3a00J1es
YEJIOBEK OCTPBLIM AIIIEHIUIMTOM U yMep II0CJIe OIEPAlNn: K JIEICHUIO
nH@pApPKTa 9TO MOXKET He MMeTh HUKakKoro orHorneHus. CpapBHeHUe
JIAHHBIX TPHU TOMOIIA CIMAMUCMUYECKUT MECMOE TIO3BOJISIET BhIsIC-
HUTDb, HACKOJBLKO BEJIMKA BEPOATHOCTD, YTO PA3JIUYIUS MEXKIY I'DYI-
[IAMH BBI3BaHBI CJIyYafiHBIMU NMPUYMHAMU. 3aMeThTe, UTO IapaHTHil
aHAJIM3 JIAHHBIX TOXKE HE JIAeT, 3aTO0 II03BOJISIET OIEHUTDH (YMCIIEHHBIM
00pa3oM) IMaHChl. AHAJII3 JTAHHBIX [TO3BOJISIET OIEHUTD M YITOMSIHY ThIe
BBIIIIE O0IE XapaKTePUCTUKH.

Tperuit Tun pesysbrara, KOTOPBIt MOZKHO OJIYIATh, AHAJIUIUPYS JAH-
HbIE,— 9TO CBEJECHUS O B3aUMOCBsA34X. V3ydeHrne B3auMOCBsi3€eil — Ha-
BEPHOE, CaMbIil CEPBbE3HBIA M CaMbIil PA3BUTHIA pa3nes aHaJIn3a JIaH-
bixX. CylmecTByeT MHOXKECTBO METOIUK BBLISICHEHUsI U, TJIABHOE, IIPO-
BEPKHU <«KadecTBa» CBA3eil. B masbHeiineM HaM HMOHAIOOSITCS CBelle-
HUA O TOM, KaKne 6bIBaIOT B3aNIMOCBA3U. ECTb TaK Ha3bIBa€MbIE€ COOM-
8emcmaeus, HalIpuMep KOrJla JIBa sIBJIEHUS JYallle BCTPEYAIOTCsl BMECTE,
HEKEJIH TI0 OT/EIBbHOCTH (KaK TpoM 1 MoJiHust ). COOTBETCTBUS HETPY/I-
HO HAWTH, HO CHJIy UX U3MepuThb TpyaHO. Cireyronmii THI B3auMo-
cBsizeit — 3T0 Koppessyuu. Koppessiun MoKa3bIBalOT CUAY B3AUMO-
CBA3M, HO HE MOTYT ONPEICUTh ee Hanpasaerus. pyrumu cioBamu,
€CJIN BbISACHUJIACH KOPPEJIANA MEe2K/1y KadaHueM J1ePEeBbEB U BETPOM,
TO HeJb3sl PENUTh, JyeT JIX BETepP OTTOrO, YTO JIePEBbS KAdaroTCH,
nmm Haobopor. Hakowner, ectb sasucumocmu, IJIsE KOTOPBIX MOXKHO
U3MEPUTh U CUJIy, U HaIlpaBJEHUE, U OIEHUTH, HACKOJIBbKO BEPOLAT-
HO TO, 4TO OHM — PE3yJbTAT CIyJalHbIX NpUYuH. KcTaTtn roBops,
IocJjIeJIHee MOYKHO, KaK BOJUTCS B aHaJIU3€ JIAHHBIX, CAEJaTh U JIJIs
KOppeIsInii, u J1axke Jjist cooTBeTcTBUil. Eirle oHO cBO#CTBO 3aBUCH-
MOCT€ COCTOUT B TOM, 9TO MOYKHO Mpedckadamsv, KaK OyIeT «BeCcTh»
cebsi 3aBUCHMAs TEPEMEHHas B KAKUX-HUOYIb 0 CUX I[OP HE OIPO-
OOBAaHHBIX yCJIOBHUsIX. Hampumep, MOXKHO IIPOrHO3UPOBATL KOJIEOaHMUsT
CIIPOCA, YCTONINBOCTD OAJIOK IIPH 3€MJIETPSICEHNN, THTEHCUBHOCTD 10~
CTYILJICHU A 60.J'H)HI)IX n T.II.

W wmaxkonern, aHajan3 JAHHBIX MOXKHO HMCIIOJIB30BATH JJI yCTaHOBJIE-
HUS CMPYKMYpvl. ITO CAMBIN CJIOXKHBIN TUIT aHAJIN3a, TOCKOJIbKY JIJIsT
BBISICHEHUSI CTPYKTYPBI OOBIYHO HUCIIOJIB3YIOTCS CPa3y HECKONDKO Ta-
paxmepucmuk. EcTh 1 creruajibHoe Ha3BaHUE I TAKOH pPabOThI —
«MHOIrOMepHasl crarucTukay. CamMoe IJIaBHOE, Ha UTO CIHOCOOEH MHO-
TOMEpHBIN aHAJM3,— 3TO CO3JAHUE W IIPOBEPKa KAIECTBA KAGCCUPU-
Kauuu 0ObEKTOB. B yMelbIX pyKax XopoIlas KIaCCHU(MUKAIUS OYeHb
noJsiesHa. Bor, Hanmpumep, MebeabHON dabprKe MOTpebOBAIOCH BBISIC-
HHUTb, KaKyio MebOeslb Kak JIydlle [IePEeBO3UTH: B pa3oOpaHHOM MU
B cOOpaHHOM BHJe. PeKOMeHIAIlMU 110 IepPeBO3Ke 3aBUCAT OT VMBI
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IpuunH (CI0KHOCTH COOPKU, XPYIKOCTb, CTOMMOCTH, HAJIMYNE CTEK-
JISSHHBIX 9acTeil, HaJM4Iue SIUKOB U MOJIOK U T.1.). OJHOBpEMEHHO
OTIEHUTDH STU (PAKTOPHI MOXKET JIUIITH OYeHb YMEbIi demoBek. OqHaKko
CYILICCTBYIOT METO/bl aHAJIN3a, KOTOPLIE C JIETKOCTBIO PAa3JesIdT Me-
6eJib Ha JIBE TPYIIIIbI, & 320/[HO U IIPOBEPSAT KAYECTBO KIACCU(DUKAIINHN,
HaIIpUMEP €€ COOTBETCTBUE CJIOXKUBIIEHCA ITPAKTUKE IIEPEBO3OK.

CymecTByeT u ApYyroil MOAX0M K pe3ysbTaTaM aHaju3a JaHHBIX. B HeM
BCE METOJIbI JEJISITCS Ha npedckazamenvrvie u onucamenvhoie. K mepsoit
rpyIIle MeTOJ/IOB OTHOCHUTCHA BCE, UTO MOXKHO CTATUCTUYECKH OIEHUTH, TO
€CTb BBISICHUTD, € KAKOU GEPOAMHOCTILIO MOXKET ObITh BEPHBIM UJIU HEBEP-
HBIM HaIll BbIBOJ. KO BTOPOil — METO/IbI, KOTOPBIE «IIPOCTO» COODIAIOT MH-
dopMarmio 0 JaHHBIX 6€3 TOITBEPXKJICHNs] KAKUMU-/IN00 BEPOSITHOCTHBIMI
MeTrogaMu. B nociieiane rofpl Bee jyist GOJIbINEro Ynuc/ia MeTOI0B HAXOISATCS
CIIOCOOBI UX BEPOATHOCTHOMN OIEHKHU, U IIOITOMY IIepBas I'PYIIIa BCE BPEMs
YBEJIMYNBAETCS.

* ok %

OTBeT K 3aj/a4e PO CJIyYaliHbIl BHIOOP JIepeBbeB B Jjiecy. B aTom
clydae maHc ObITh BRIOPpAHHBIME Y €JIOK BBIIIE, YeM y j1y0oB. Kpome Toro,
JIeC MO2KeT UMETh KaKyIOo-TO CTPYKTYPY UMEHHO B BLIODAHHOM HaIlPABJICHUH,
U TIO9TOMY OJTHOMN TaKOil «IMAroHaJn» OY/IeT HEIOCTATOYHO JIJIsi TOTO, 9TOOBI
0TOOpa3uTh BECh Jiec. UTOOBI y/IyUIMUTh JAHHBIA METOJ, HAJIO IIPOBECTH
HECKOJIBKO «JIHATOHAJIEN», 8 PACCTOSTHUS MEXK/J[y BRIOMPAEMBIMU JIEPEBbSIMU
10 BOBMOX>KHOCTHU YBEJIHIUTD.

OrtBer K 3a/1ave MPo BBIGOP 2KYKOB. Jlej10 B TOM, ITO IIEPBBIMU BBI-
JIE3AIOT CAMble aKTUBHBIE O0CODOH, & YeM aKTHBHeE 0COOb, TeM ObICTpee OHA
HabUpaeT Ha JIAIIKU CMEPTEIbHYIO JT03Y SAOXUMHUKATA U, CTAJIO OBITH, OBICT-
pee rubHeT. DTO U OBLIO HAPYIIEHWEM IIPUHIUIEA paHIoOMU3anuu. Kpome
TOrO, HAPYIAJICH MPUHIUII TOBTOPHOCTU: B YAIKY IOCJIEI0BATEILHO Ca-
JKaJIA 2KYKa 33 JKYKOM, YTO He MOIJIO He MOBJIUATHL Ha MCXOJ, omnblTa. Jlis
TOTI'O ‘{TO6]:>I IIOCTaBUTBH OIIBIT IIPaBUJIbBHO, HaI0 6bI.HO CHa4aJla IIOAIOTOBUTDL
(30 X KOJIMYECTBO sIJIOXMMHUKATOB) YAIlleK, CTOJIBKO JKe JINCTOYKOB ¢ OyMa-
Lo, CAYUGUHBIM 00PA30M PACIIPEIENIATD SITOXUMUAKATHI [I0 JaIIKaM, a 3aTeM
[epeMEIIaTh XKYKOB B OaHKe, JTOCTATh COOTBETCTBYIOIIEE KOJMIECTBO U PAC-
CAJIUTD 110 YAIITKAM.
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Kak obpabarnpiBaTh JaHHBIE

B upunmune, obpabareiBarh JaHHBIE MOXKHO U 0e3 KoMmIboTepa. Tak
[IOCTYIIAJN B Te TOJ/bI, KOTJa KOMIBIOTEDHAs] TEXHUKA ObLIa HEJIOCTYIHA.
OsHaKO MHOI'HE CTATUCTUYIECKUE PACYEThI HACTOJBKO TSI?KEJIOBECHBI, UTO
yxke B XIX Beke craju mpuayMbIBATH CIIOCOOBI UX aBTOMATUZAIINH.

2.1. HecnenmaJim3ampoBaHHbIE TPOTPAMMBbI

[TouTu B J1000M KOMIILIOTEDE € IIPE/IYCTAHOBIECHHON CHCTEMOIT €CTh ITPO-
rpaMma-KaJabKyiasaTop. Takas mporpaMma OObIYHO YMEET BBIIOTHSATD YeThI-
pe apudMeTHYecKux JAefCTBU, 4acTO — CYUTATH KBa/IpaTHbIE KOPDHU U CTe-
neHu, nHorIa Jjorapudmbl. B npuHItue, 3Toro J0CTaTOYHO JIJIst TOTO, YTOOBI
JIeJIaTh IIPOCTERIYIO 00pabOTKY: CYUTATDH CpejiHee 3HAUYeHUe, CTAHIAPTHOE
OTKJIOHEHUE, HEKOTOPBIE TECTHI.

Boobrie roBopst, iyt TOro 4To0bI JI€JIATH TECThI, KPOME KaJbKYyJIATOPA
OTPeOYIOTCH €ellle U CTATUCTUYECKHe TabJINIIbl, 13 KOTOPBIX MOXKHO Y3HATH
[pPUMEpPHBIE 3HAYEHUSI TaK HAa3bIBAEMBIX CTATUCTUK — BEJIUUIHH, XapaKTe-
pUBYIOIIUX JAHHbIE B IEeJOM. TabJMIlbl UCIOJIb3YIOTCH [IOTOMY, YTO TOY-
HbLi (HO-aHIIMICKE «exact») MOJCYeT MHOTUX CTATUCTUK CJIUIIKOM CJIO-
JKeH, IIOPO#l JlaxKe JJIsl MPOJIBUHYTLIX KOMIIBIOTEPHBIX IIPOIDAMM, IIO3TOMY
UCIIOB3YIOTCsT oneHounble («estimated») snavennsi. Crarucrudeckne Tab-
JIMIIBI MOXKHO HAHWTH BO MHOI'MX KHHUI'aX I10 KJIACCUYECKOI CTATHCTUKE, OHU
TaK»Ke «BCTPOEHBI» BO MHOTHE CIEIHAJIU3UPOBAHHDBIE IIPOIPAMMEBI.

I'maBHBI HEOCTATOK KAJbKYIATOPA — CJI0KHOCTH PAbOTHI C CEPUSIMU
qucel, B TO BpeMsi Kak OOBIYHO JIAHHBIE KaK Pa3 «HUIyT» cepusiMu (KOJIOH-
Kamu, BeKTopamn). Utobel paborars ¢ cepusimu 60siee 3DpdOEKTUBHO (1 He
TOJIBKO JIJIsl TOr0), ObLIN IPUJLyMAaHbl 9JIeKTPOHHBIE TabJiuIbl. OO bICHST,
KaK OHHU YCTPOEHBI, HaBepHoe, He HyKHO. Cuiia 3J1eKTPOHHBIX TabJIUIT IIPezK-
Jie BCErO B TOM, YTO OHH [TOMOTAIOT BU3YAJM3UPOBATDH JIAHHDIE.

I'nang B 971€KTPOHHYIO TaOIUILY, MOXKHO CPa3y IMOHATH, KaK BBITJIS AT
JIaHHBIE B IIE€JIOM, U <«HA TJIA30K» OIEHUTH MX OCHOBHBIE ITapaAMETPhl. DTO
odeHb 10J1e3HO. Kpome Bu3yasmsaluu, IporpamMMbl SJIEKTPOHHBIX TabJINIL
CHA02KEHBI PA3BUTHIM MHCTPYMEHTAPHUEM I BBOJIA U IPe0Opa30BaHUsI JTaH-
HBIX — aBTOJOMNOJHEHNEM, AaBTOKOIIUPOBAHUEM, COPTUPOBKOIT 1 T. . O THAKO
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OOJIBIMUHCTBO TAKUX IIPOIPAMM HMEET CBOeOODPa3HOE «POJMMOE ISATHO» —
OHHU CO3/IABAJINCh B OCHOBHOM JjIsi OPUCHOIO IPUMEHEHHsI W OBbLIN HM3Ha-
JaJIbHO OPUEHTHPOBAHDI Ha OyxrasTepckue 3amadu. s o6paboTKy JaHHBIX
HYy?KeH ropasjio boJiee Creruajn3upOBaHHbI HHCTPYMeHT. KoHedHo, pa3Bu-
ThIE IPOTPAMMBI 3JIEKTPOHHBIX TabsuIl, Takne kak MS Excel, Gnumeric nin
OpenOffice.org Calc, umeror, cpeu mpovero, HabOp CTATUCTUIECKUX (DYHK-
nuii. Ho MoCKOJIbKY 9TO — He OCHOBHOI KOMITOHEHT, Ha, CTATUCTUKY B ITHUX
mporpamMMax TPaJuInoOHHO obparaercsa Majio BHuManus. Habop crarucru-
YeCKUX TECTOB HEBEJIUK, MHOI'HE METOJIbI, 0COOEHHO MHOTOMEPHBIE, OTCYT-
CTBYIOT, peaju3aliys (TO eCTh KaK UMEHHO HJIyT BHYTPU IIPOIPAMMBI CAMU
BBIUUCJICHNS) YACTO TAJICKA OT ONITUMAJIBHOI, HET CIIeIUAIN3NPOBAHHON CH-
CTEMBI OTYETOB, MHOTO HEYTOOHBIX OIPAHUYIEHUI, BOSMOXKHBI OIMTUOKM, KO-
TOpBbIE OYIAYT UCHPABIATHCI HE CJIUIIKOM OBICTPO, OISATHL-TaAKU IOTOMY, ITO
CTaTUCTUKA — He IepBoovuepe Has MYHKIN SJIeKTPOHHBIX TaOJIHII.

Kpome Toro, 6a30BbIif TPUHITUIT 3JIEKTPOHHBIX TabJIAIl — BU3YAJABAIIMS
JAHHBIX — MMEeT U CBOM OOOPOTHBIE CTOPOHBI. UTO, €c/in JTaHHbIE He ITOMe-
matoTcst B okHe? B aroM ciiydae ux Ha0 OyIeT NpOKPYJHBATH MJIA CKPbI-
BaTh 4acTh sdeek. M TO, U JIpyroe OKa3bIBAET IOJIB30BATENIO MEIBEKbIO
YCJIYTY, IOTOMY 9TO OH PACCYUTHLIBAJ Ha OOJIErdeHne BOCIPUATHUS JAHHBIX,
B TO BpeMsl KaK [porpaMMa, CKopee, 3aTpyaHsier ero. i apyroit npumep —
HaJ0 IIPOBECTH OIlEpAIlii C TpeMs HeCMeXKHbIME cTojibmamu. Craenarb 3T0
Yepe3 BBIJEJICHNE HeJIb3sl, MOTOMY UTO BBIJEJICHNE BCEr/Ia OJHOro Thla (11a
u 6ydep obMeHa 0UeHb YaCTO BCErO OJIMH ), IPUXOUTCS JIEIaTh MHOTO JIBU-
JKEHMI MBIIIKOM ¢ GOJIBIIMM PUCKOM OImubuThCst. U y»K coBceM HUKYy1a He
roJUTCs rpaduveckasl CUCTEMa, €CJIH HaJI0 CcoveTaTb MeTOIbl 00pabOTKH
KaKUM-HUOY/Ib CJIO?KHBIM 00Pa30M.

Boixom — B 0JIb30BAHUY CIIEIUATM3TPOBAHHBIMU CTATUCTHIECKUMU ITPO-
IPAMMAaMH.

2.2. Cnenmaju3upoBaHHbIE CTATUCTUYECKUE
mporpaMMbl

2.2.1. OKOHHO-KHOIIOYHbIE CUCTEMbI

EcTb 1Be rpymiibl cenuan3npoBaHHbIX CTATHCTHIECKHUX IporpaMM. 1lep-
Bble He OCODEHHO OTIMYAIOTCS BHEIIHE OT 3JIeKTPOHHBIX TabOJINIL, OJHAKO
CHa6?KeHbI SHAYUTEJIbHO 6OJIbH_H/IM apCeHaJIOM ,ZLOCTyHHbIX CTaTUCTNYECKUX
npueMoB. Kpome Toro, y HEUX TPaIUIMOHHO MOLIHAs IpadrdecKas JacTb
(BO3MOXKHBIX TpaduKOB 06OJIbIe, U yrnpasiaeHue uMu 6osee TubKoe), a da-
CTO U IIoJCHUCTEMa IIOAI'OTOBKHN OTYETOB. MHOFI/IG TaKHue IIporpaMMbl UMEIOT
BHAYUTEJILHO MEHbIIE OrPAHUYEHUN, YeM 3JIEKTPOHHBIE TAOJIMIIBL.
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Ouenb pacipocTpaneHa B Poccun 0OTHOCSIIASICST K 9TOM I'PYIIE CHCTEMA
STATISTICA. Kak ckazaHo BbIIe, OHa OTJIMYAETCsT MOIIHOM TpaduyecKoit
YaCTbhIO, TO €CTh UMEET MHOXKECTBO BO3MOXKHBIX BapHUAHTOB I'PadUdecKoro
BBIBOJIA, KOTOPBIE IIPU ITOM JIOBOJIBHO TMOKO HACTPAUBAIOTCS, TAK UTO KO-
JITYECTBO «CTAHIAPTHBIX» IPAMUKOB MOXKHO CMEJIO YBEJIMYUTH B HECKOJIBKO
pas. Apyrum, u ouens cepbesnbiM, npenmyinecrBoM STATISTICA sapnser-
cs1 HAJIMYME TIePEeBeIeHHON Ha PYCCKUl SI3bIK CUCTEMBI ITOMOIIU, CBODOHO
npocrynHoit B IHTepHeTe. DTa cucreMa MOXKET CIIYyKUTb 3a0/IHO U PYKOBO/I-
CTBOM IT0 CTATUCTHKE, ITOCKOJIBKY TaM OCBEIEHbI 1 O0IIue BOPOCkL. M31aHo
nemajio Kuur, nocssmenubix STATISTICA. Hago, ogHako, 3aMeTUTh, 9TO
HOIIYJIAPHBIM STOT ITAKET SBJSIETCS B OCHOBHOM TOJIbKO B Poccuu. Becbma
PEeJIKO MOYKHO BCTPETHTBH CCBLJIKH Ha 00pabOTKY JAHHBIX STOH cHCTEMO# B
CTaThsIX U3 BEJYIIUX HAYUIHBIX (B OCHOBHOM QHIVIOSI3BIYHBIX) YKYDPHAJIOB, U
9TO HECMOTps Ha TO, UTO cucTeMa genaercss B Amepuke. [losromy serko
MOXKHO TIPEJICTABUTH MPOOJIEMBI ¢ OOMEHOM JIaHHBIMHU. Kpome Toro, Kak u
Yy BCeX BU3YaJbHBIX CUCTEM, OJTHAXKJIbI IIPOBEJIEHHOE UCCJIEIOBAHUE HEJIETKO
[IOBTOPUTH, €CJIM, CKayKeM, MMOsIBUJINCh HOBbIe janHble. I'mokocts STATIS-
TICA Besnmka, HO TOJIBKO B IIpeJleiax Tak Ha3blBaeMbIX Mojysieii. Eciu Ha-
JI0 CKOMOMHUPOBATH pabOTy HECKOJILKUX MOJyJell, TO IPUJIETCS OTONTH OT
rpaUIECKOro MOIX0 18 — HAIPUMEp, HAdaTh TUCATH MaKPOChI. AJITOPUTMBI
Borancyenusi B STATISTICA | ecrecTBeHHO, 3aKPBITHI, TO9TOMY WHOTIa TPHU-
XOJIUTCS IIPOBOIUTD II€JI0€ UCCIIEJ0BAHNE, YTOObI BBISICHUTD, YTO Ha CAMOM
JieJie B JAHHOM CJiydae jesiaet nporpamma. K romy ke K cucreme B CBOe Bpe-
MsI OBLIO HEMAJIO IPETEH3UIA 110 MOBO/LY «OBICTPBIX U IPSI3HBIX» AJITOPUTMOB
paboThI, U €CTh IOIO3PEHNE, UYTO CUTYAIMS HE CJUNIKOM H3MEHUJIACH.

Hpyroit mporpaMmoii, HOMy/IAPHONl B CBOe BpeMsI Ha POCCUIICKOM PhIH-
ke, stBistercst cucreMa STADIA. Hanncanmast pycCKOSI3BITHBIME ABTOPAM,
OHA OTJIMIAETCS IIPOyMaHHBIM HHTEePdEicOM 1 OYeHb XOPOIIEH CUCTeMOi
momoru. K coxkaJleHnio, 9T0 TOXKe 3aKphiTasi nporpamma. HemHOro moxo-
xka #Ha STADIA nporpamma PAST. MsnauaibHO OHA IpeaHA3HATAIACH JJIsI
CIIEIIMAIN3UPOBAHHON 00pAbOTKU MAHHBIX B M€OJIOTUM, HO 3aTeM (DYHKIINH
S3HAYUTETHLHO PACIINPUINCE, U B ceiidac B PAST npescraBiieHbl mpakTude-
CKH BCe IUPOKO PACIIPOCTPAHEHHbIE CPEJICTBA aHAIN3a JaHHbIX. |'padude-
ckasg yactb PAST meborara, HO jocraTovHa i OA30BOIO MCCJIEIOBAHMS.
Crneyer OTMETUTD, 9TO, B OTJIMYNE OT ABYX MpeAbIIymux mporpamm, PAST
pacrpocTpaHsieTcst 6eCILIaTHO.

SPSS u MiniTab mupoko ucmois3yrorest 3a pybexom, ogaako B Poccun
9TU CUCTEMBI HE CJIUIIKOM pacipocrpanenbl. O6iuit nnrepdeiic ux cxox co
STATISTICA, xoTst uMeeTcst 1 MHOXKECTBO CBOUX OCOOEHHOCTEMH, HAIIPUMED
B HOJICUCTEMAaX TeHeparuu ordeToB. HyxkHO ymnomsuyTh Takxke StatGra-
phics, Koropsiii ObL1 mocTyner B Poccum erne co Bpemen rocmomacrBa MS-
DOS, a B Hacrositee BpeMsi npuobpest pa3BUThIi rpadpudeckuii naTEpdeiic
U CTaJI MOXO0XK Ha OCTAJbHBIE ITPOrPaMMbI 9TOI I'PYIIIIHL.
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2.2.2. CraTuctuveckKue cpejibl

DTa I'pyIa MporpaMM KUCIOIb3yeT B OCHOBHOM HHTepdEc KOMAaHTHOI
crpoku. [lomb3oBaresb BBOAUT KOMAH/LI, CUCTEMa HA HUX OTBEYAET. 3BY-
YUT 9TO MPOCTO, OTHAKO CAMHU 3TH IIPOTPAMMBI — OJHU U3 CAMBIX CJIOXKHBIX
cuctem 0bpaborku. Boobire roBopsi, KOMaHIHbIN HHTEPdEC nMeeT HEMAJIO
HeJocTaTkoB. Hampumep, moJjib3oBareib JIMIIEeH BO3MOXKHOCTU BBIOPATh THII
06paboTKu u3 crmucka (MEHIO), BMECTO TOrO OH JIOJIKEH [OMHUTH, KaKue
Tunbl 06paboTku mocTynHbl. Kpome Toro, BBOJI KOMaH]| CX0XK (& MHOTIA U
HEOTJIMINM) OT <«HACTOSIIErO» MIPOrPAMMEPOBAHUS, TaK YTO /I PaOOTHI
€ HOJOOHBIMK CHCTEMaMU HYKHbI HEKOTODbIE HABBIKHU [IPOrpaMMUCcTa (UjIn
JIOCTATOYHO CMEJIOCTH, JJIs TOrO YTOOLI 3TH HABLIKH IPUOOPECTU IO XOLY
Jies1a). 3aTo MOJIb30BATE b MOIYIACT NOANbIL KONMPOAL Ha0 Cucmemots: OH
MOXKET KOMOMHUPOBATH JIFOOBIE TUIIBI aHAJN3a, 3AIMCHIBATE MPOIEIYPhl B
CKPHUIITBI, KOTOPbIE MOXKHO 3allyCTUTL B JI000€ BpeMs, MOIU(DpUINPOBATD
BBIBOJ I'padUKOB, COXPAHSITh UX B JIOObIe rpadudeckne POpMAThI, JETKO
[ACATH PACIIUPEHUS JJIsi CUCTEMBI, & €CJIM OHA K TOMY Ke eIlle MMeeT OT-
KDBITBII KOJ[, TO U MOAUMDUIUPOBATE caMy cucremy (win, o Kpaiineii mepe,
JIETKO BBISICHSITH, KAK MMEHHO PA0OTAIOT BBIYUCIUTETHHBIE aJITOPUTMBI).

Opira u3 HanboJiee TPOABUHYTHIX CHCTEM 3TOrO IilaHa — 310 SAS. D10
KOMMepYeCKasi, O9eHb MOIIHAs CHCTeMa, 00JIaJaolast pasBUTON CHCTEMOIH
[TOMOIIU ¥ UMEFOITAsI JOJITYI0 HCTOoprto pa3suTus. Co3maBajiach OHA sl Ha-
VUIHOM U 9KOHOMHUYECKOH 00pabOTKH JAHHBIX U [0 CUX IIOP SABJISETC OJIHUM
13 JUJIEPOB B 3TOM HallpaBjeHHu. HammcaHo MHOXKeCTBO KHUT, OIKMCHIBa-
omux pabory ¢ SAS u HekoTopbIe ee aJaropuTMbl. Bmecre ¢ TeM cucreMa
COXPaHseT MHOXKECTBO PYAUMEHTOB 70-X IOIOB, M II0JL30BAThCS €l [oHa-
JaJly He OYeHb JIErKO JlaXke 4e/IOBEKY, 3HAKOMOMY C KOMAHJIHOW CTPOKOIi
U IpOorpaMMHUpPOBaHHEM. A CTOMMOCTBH CaMOW CHCTEMBI [IPOCTO 3alpeieib-
Hasl — MHOIUE TBHICSIU J0JIIapOB!

2.3. 3 ucropum S n R

R — 310 cpena juist craTucTUYeCKUX pacdeToB. R 3aiyMbIBasics Kak CBO-
OoHBIN aHAJIOT cpelbl S-Plus, KoTopasi, B CBOIO OYepeilb, SIBJISIETCS KOM-
MepYecKoil peasimzalueil si3bika pacderoB S. 3K S — 70BONBHO cTapas
paspaborka. Ou Bo3uuK eme B 1976 romy B kommanuu Bell Labs u 6bur
Ha3BaH, €CTECTBEHHO, «I10 MoTuBaM» si3bika C. Ilepsast peasmsarus S ObI-
sta Hanmcana Ha FORTRAN u paborana o yrpaBjiieHuEM OIEpaIuOHHO
cucreMbl GCOS. B 1980 r. peanmusamus 6blia nepernucana mon UNIX, u
€ 9TOTO MOMEHTa S CTaJl pacpOCTPaHSITHCsI B OCHOBHOM B HAYYHOI cpeje.
Hauunas ¢ rperneii Bepcun (1988 1.), KoMMepUecKasi peau3arys S Ha3bIBa-
ercst S-Plus. Iocennsist paciipocrpansiack Komanueit Insightful, a ceituac
pacupocrpansiercs kKomianueir TIBCO Software. Bepcun S-Plus mocrymmbt
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nox, Windows u paszymmanbie Bepcuun UNIX — ecrecTBenno, 3a 1miary, mpu-
YeM BecbMa U BecbMa HeMaJieHbKyito (Bepcust st UNIX crour mopsiika
$6500). CoberBeHHO, BBICOKAsl IeHA M CEPKUBAJIA IUPOKOE PaCIPOCTpa-
HEHUE TOI0 BO MHOTUX OTHOIIEHHUSX 3aMedaTe/IbHOrO MpoyKTa. 1yT-To u
HaunHaercs ucropus R.

B aBrycre 1993 r. 1BOE MOJIOJBIX HOBO3EJAHICKAX YUIEHBIX aHOHCHUPO-
BaJI CBOIO HOBYIO paspaboTKy, KOTOPYIO OHN HaszBasm R (Oyksa «R» Gbuia
BBIOpaHa MPOCTO IIOTOMY, YTO OHA CTOUT IIEPEJ «S», TYT €CTh AHAJIOTHS C
sI3bIKOM IIporpaMmuposanusi C, KoTopoMmy mpejriectsoBad s#3biK B). 1o 3a-
MbIcTy coznaresteii (9ro 6bun Robert Gentleman u Ross Thaka), sTo qommkna
ObLIa OBITH HOBasl pean3alns sI3blKa S, orTyinmyaromasicss or S-Plus Hekoro-
PBIMHU JIeTaJIsSIMUA, HAIIPUMED OOpallleHneM ¢ TJIOOAJBHBIMU ¥ JIOKAJbHBIMA
[IEPEMEHHBIMU, a TakkKe paboToii ¢ mamaTbio. PakTUIecKn OHU CO3/1aJIU HE
anaJsior S-Plus, a HoBy10 «BeTKy» Ha «zepeBe S» (MHOTHE BEIy, KOTOPbIE OT-
augator R or S-Plus, cBsizanbl ¢ BiusianeM si3bika Scheme). IIpoekT BHava-
Jie Pa3BUBAJICH JIOBOJILHO MEJIJIEHHO, HO KOT/[A B HEM IOSIBUJIOCH JOCTATOTHO
BOBMOXKHOCTE, B TOM YUC/I€ YHUKAJIbHAS 10 JIETKOCTH CHCTEMa HAITUCAHUS
JIONOJTHEeHHH (ITaKeTOB), BCe BOJIbIIee KOJUIECTBO JIFOJIEH CTAJIO IIePEXOUTh
ua R ¢ S-Plus. Korja ke, Hakoner, 66111 yeTpaHEeHbI CBORCTBEHHBIE TEPBBIM
BepcusM mpobJieMbl paboThI ¢ TAMATHIO, HA R cTaiu nmepexonuTs u «obure-
JII» JPYTUX CTATUCTHYECKUX MAKETOB (IPEXKJIe BCEro TeX, KOTOPbIe MMEIOT
unrepdeiic komanaHoit crpokn: SAS, Stata, SYSTAT). Konuvecrso kuur,
HaIUCAHHBLIX PO R, 3a mocjie/iHme rojibl BLIPOCIO B HECKOJILKO pa3, a KOJIU-
YeCTBO MAKETOB y K€ MPUOIMIKAETCA K TPEM C MTOJIOBUHON ThICsTdam!

2.4. Ilpumenenue, IIpenMylIlecTBa 1 HeJJocTaTKu R

Kopotko roeopsi, R npumensiercst Besje, rje HyKHa padoTa C JaHHBIMU.
DT0 He TOJIBKO CTATUCTUKA B Y3KOM CMBIC/IE CJIOBA, HO M «IIEPBUYHBII» aHa-
s3 (rpaduku, TabJIUIBI CONPSZKEHHOCTH ) U IIPOJBUHYTOE MATEMATHIECKOE
MozeaupoBanne. B mpunnume, R MoxkeT HCIOJIB30BATHCS U TaM, Ie B Ha-
CTOdIIee BpeMdd IMPUHATO MCIIOJIB30BaTh CICINAJIM3NPOBAHHBIC ITPOrPAaMMBI
MaremMaTudeckoro anajansa, Takue kak MATLAB win Octave. Ho, pazyme-
ercsi, 60JIee BCEro ero MPUMEHAIOT JJIsi CTATUCTUIECKOT0 aHAIN3a — OT BbI-
YUCJIEHUs CPEeIHIX BEJIMUMH JI0 BEHBIICT-IPeoOPA30BAHUIl U BPEMEHHBIX Psi-
noB. I'eorpadudecku R pacrnpocrpanen Toxke o9eHb MUPOKO. TpyaHo HalTH
aMEPUKAHCKUI UM 3aI18THOEBPOIIEHCKII YHUBEPCUTET, ri1e ObI He paboTa I
¢ R. Ouenb MHOrHE cephe3nble KOMnanuu (CKazkeM, Boeing) ycranaBimpaioor
R my1st paboTsr.

YV R mBa rjaBHBIX MIPEHMYIIECTBa: HEMMOBEPHAsI TMOKOCTb U CBOOOTHDIIH
KOJI. 'MOKOCTD MO3BOJISIET CO3/IaBATh MPUIOXKEHUs (AKEThI) MPAKTHIECKH
Ha JIIoOo# ciydait »kusun. HeT, KaxkeTcst, HI OTHOTO METOa COBPEMEHHO-
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o0 CTATHCTUYIECKOTO aHAJIN3a, KOTOPbI Obl He OBbLI ceifdac MpeJcTaBieH B
R. CBobGoaublil KO — 9TO He HPOCTO GECIIATHOCTH MPOrPAMMbL (XOTs B
CPaBHEHUHU C KOMMEPYECKMMH IAKETAMU, ITPOJAIONIUMUCH 38 COBEPIIEHHO
6e3yMHBIE JIEHbI'H, 9TO, KOHEYHO, [IPEUMYIIECTBO, Jia ellle Kakoe!), HO U BO3-
MO2KHOCTb Pa300paThCsi, KAK UMEHHO IPOUCXOJUT aHAJIU3, & €CJIU B KOJE
BCTPETUJIACH OIMIMOKA — CAMOCTOSITE/IbHO UCIPABUTH €€ U CJIe/IaTh UCIPaB-
JIEHUE JOCTYIIHBIM JIJIsi BCEX.

Y R ectb u Hemasio HejocTaTKoB. CaMblil IVIABHBIN U3 HUX — 9TO TPY/I-
HOCTB OOydeHHust mporpamme. KomMaH i MHOTO, BBOJMTh UX HAJIO0 BPYIHYIO,
BAIIOMHUTH BCE TPY/IHO, & MPUBBITHON CUCTEMbI MeHIO HeT. [losromy mopoii
OYeHb TPYJAHO HANUTH, KAK MMEHHO CJeJaTh KakKoH-HuOy b anaan3. KEcim
dYHKIWST U3BECTHA, TO y3HATH, ITO OHA JEJIAET, OUEHb JIETKO, OOBITHO JI0-
craTouHo HabpaTh KoMaH y help (nassarue Pynkyuu). YBUmeTh KO (pyHK-
MU TOKE JIETKO, JJISI 9TOr0 HAJJI0 IMPOCTO HAOpaTh ee HazBaHMe 0e3 CKOOOK
win (Jrydine) BBecTH KoMaHiy getAnywhere(naszeanue dynruyuu). A BOT
YUTO JIeJIaTh, €CJU «3aJaJIny» [POBECTU, CKAYXKEM, JINCIIEPCUOHHDBIN aHAIN3, &
dbyuxims HenszpectHa? (CM. OTBET B KOHIE IVIABHL. )

He crour 3abbiBaTh, oHako, 94To cuyia R — mam ke, rje ero ciabocThb.
WNurepdeiic KoMaHHONR CTPOKH IIO3BOJIET JIE€JIATH TAKWe BENIU, KOTOPBIX
PSIIOBOII ITOJTB30BATENB JPYTIUX CTATUCTUIECKAX ITPOIPAMM MOYKET JIOCTUYb
TOJIBKO YacaMu pPydHOro Tpyla. Bor, Hampumep, mnpocrasi 3ajada: Tpedy-
€TCsl MPEBPaATUTh BBIOOPKY, COCTOAINLYIO0 u3 1udp or 1 10 9, B Tabauiy u3
TPeX KOJIOHOK (JIOIyCTHM, 3TO ObLINM JAHHBIE 3a TPU JIHsI, U KaXKJIblil JIeHb
JIEJIAJIOCh TpU u3MepeHusi). UTobbl ¢jiesaTh 9TO0 B IPOrpaMMe ¢ BH3yaJlb-
ubiM naTepdeiicom, ckaxkem B STATISTICA, tpebyercs: (1) yupeaurs ase
HOBBIE [IepeMeHHbIe, (2-3) CKOIUpPOBATH JIBaXK /bl KyCOK BbIOOPKHU B Oydep,
(4-5) ckomMpoBaTH €ro B OJHY W JPYIYIO IepeMeHHyIo U (6) YHHYTOXKUTH
guiare cTpokn. B R 310 memaercst omHoOM KOMaHIOM:

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

Bropoit #HemoctaTok R — oTHOCHTEMbHAS MeauTeIbHOCTh. HekoTophie
GYHKINNI, 0COOEHHO HCIOJIL3YIONINE UKL, U BUIAbI 0O0BLEKTOB, OCOOEHHO
CIIUCKM ¥ TaOJIUIBI JAHHBIX, «PabOTAl0T» B JECATKH pa3 MeJJIEHHEe, deM
X aHAJIOTM B KOMMEpPUYECKUX makeTax. Ho 3TOT HeIOCTATOK IpeoIosieBa-
ercs, xoTsd u Memienno. Hoeble Bepcun R «ymerory jesrarh mapaJuiesibHbe
BBIYUC/IEHUSI, CO3/IAI0TCs ONTUMU3NPOBAHHBIE BAPUAHTHI MTOAIIPOrPAMM, Pa-
borarorre MHOTO ObICTpee, maMsiTh B R ucmonbs3yercs: Bce addexkTupHee, a
BMECTO IUKJIOB PEKOMEH/IYeTCS IIPUMEHSITh BEKTOPU30BAHHDLIE BLITUCICHUS
(cM. mpmJIOZKeHHe O porpaMMupoBanuu B R).

Yo ke KacaeTcsa TPYSHOCTH 00yYeHHUsI, TO MbI HAJIEeMCH, ITO 9Ta KHUTaA,
[TOCJIY?KUT OJHUM U3 CPEJCTB €ro MPEeO/I0ICHUSI.
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2.5. Kak ckadaTth U ycTaHOBUTHh R

[Tockobky R — cBoOoHAsI cCTeMa, TO €ro MOYKHO CKa4aTh M yCTaHO-
BUTHL 0e3 BCSKOI omiaThl. ECTh HECKOBKO CIIOCOOOB, KOTOPHIE 3aBUCIT OT

TOTO,

KaKasl y Bac OlepaloHHasl CUCTEMA.

Linux. Ecmu y Bac kakoit-uuOynb U3 pacupoOCTPAHEHHBIX IUCTPUOYTUBOB,

Mac

TO0 R HaBepHsIKa BXOJIWUT B PEINO3UTOPHI «IIPUJIATAIOIINXCS> K BaIlei
cucreMe NAKeTOB. EMHCTBEHHOE, YTO HYKHO y4eCTh,— OOHOBJICHUE
[IAKETOB YacTo OTCTaeT OT BbIXOJa Bepcuil R (Kak mpaBuio, derbipe
pasa B roj).

Bepcust Hymepyercst TpeMsi 9ucIaMu, IEPBhIE ABa — 9TO IVIaBHAS Bep-
cusi, obHOBJIsIeTCcd JBa pas3a B rox. C Kaxkjoii riaBHO Bepcueil B R
BHOCSITCsT U3MEHEHUSs, 9aCTO JIOBOJILHO 3HAUNTE/bHBIE. Kak mpaBuio,
9TO MHOXKECTBO HOBBIX KOMAaH/I, UCIPABJIEHHbIE AJITOPUTMbI BBIIIOJIHE-
HUsI CTAPBIX, U Pa3yMeeTcs, HCIpaBjenus: omubdbok. Kpome toro, Obni-
BaeT Tak, 4TO CTPaJaeT obparTHasi COBMECTHMOCTh — HOBBIE BEpCHU
HAYMHAIOT WHAYe MCTOJKOBLIBATH KOMAHIbI, 8 WHOIIA KOMAHIbl WU
UX OIIUU IIePecTaroT JeicTBOBaTh. KcTecTBeHHO, pa3paboOTUNKK CTa-
paloTCcsi MUHAMUA3HPOBATL Takue u3MeHeHus. 1o cBoemy OIBITY MO-
JKe€M CKa3aThb, 9TO HalnCaHHbe Ha R mporpamMmbl maTu-cemuieTHeit
JaBHOCTH paboraroT 0e3 mpobsiem. B obmiem, Mopasib Takas: 0OHOB-
jggitre R, HO mpm 9TOM Beerjga YmTaiiTe CIMCOK M3MEHEHU BEpCHU.
Ha kaxyro riaBHYIO BEPCHIO BBIXOJAT, KaK IIPABUJIO, JIBE «MUHOD-
Hble» Bepcuu (HyJsieBast u niepsasi). [lepsasi MUHOpHAsT BepCUst OOBIYHO
HUYIEero HOBOTO, KPOME HCIIPABJIEHUS OIMIMOOK, HE COMEPIXKUT.

Eciin BbI XOTHTE BCErJla MMETH CAMYIO CBEXKYIO BEPCUIO, BaM HAJO
Gyaer ckaumBarh R u3 rak HaspiBaemoro CRAN (Comprehensive R
Archive Network). ¥ sroro caiita J0BOJIBHO MHOTrO 3epKaJl (Komwuii),
TakK 4TO BbIOMpaiiTe nojxosiiee. CkadaTb MOKHO KaK UCXOJIHBIN KO/
JJIS TIOCJICYIOIIel KOMITUJISIIINY, TaK U COOPaHHbBIN OMHAPHBIN MaKeT
(mocstesiHee, ecTeCTBEHHO, He Beerja Bo3MOoxKHO). Keraru roBopst, nc-
XOJHBIN Ko/ R KoMIuIupyercst 0ueHb IIpoCTo.

OS X. Jlas Toro urobsr HadaTh paboraTth ¢ R B Mac OS X, Haio cHa-
yaJia yOeuThCsl, YTO Y BAC ITOCJIeIHSIST BEPCUsT 9TOM OIIePAIlnOHHON CH-
creMbl. [Tocienuue Bepenn R BBIXOIST TOJIBKO MO IOCIEIHIE BEPCUU
Mac OS. Vcranosounslii naker ckaunBaercsi ¢ CRAN (me 3abyzbre
rakxke ckadarh orryaa Tcl/Tk). Umeiite B Buy, uro rpadudeckas
obosouka R mrs Mac (R Mac GUI) obnosisiercs: 6picTpee, deM cam
R, mosToMy paspaboTInKu IPeyCMOTPEIN BO3MOYKHOCTD CKATHBAHS
U YCTAHOBKHU ODOJIOUKHU OTMEJIBHO. YCTAHOBKA MPOUCXOIUT TPAKTUIE-
CKHM TakK 2Ke, KaK YCTaHOBKA JII0O0H nmporpaMMbl mon Mac. Hano erme
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OTMETHUTD, ITO R 3aBOeBas cebe MOMyIAPHOCTD HE B IMOCJIETHIO OUe-
pesib TeM, 9TO OH 3aryckaJjcs nox Mac, B To Bpems kak S-Plus mox
9Ty wiardopMy ObLIT HEIOCTYIIEH.

Windows. [Ijas Toro 4robbl 3amyckaTrhb R, MOXKHO mMeThb JiioOble BepCHH
9TOI onepaloHHOi cucreMbl, HaunHas ¢ Windows 95. Kak u B ripeibI-
JIyIIEeM ciydae, YCTaHOBOUHBIN makeT ckaunBaeTcst ¢ CRAN. Onsarb-
TaKM, yCTAHOBKA HAITOMUHAET 00branyI0 it Windows. Ects mporpam-
Ma-yCTaHOBIIUK, KOTOPasl 33/1aeT HECKOJILKO BOIIPOCOB, OT OTBETOB Ha
KOTOpbIE HUYEro Cephe3HOoro He 3aBucHT. [lociie MHCTAIAIUN 0SB~
JIETC SIPJIBIK, MEJKHYB Ha KOTOPBIH, MOXKHO 3aIyckaThb R.

31ech nHTEPECHO 3aMeTuTh, 9T0 Windows-uHcrarsanus R siBisercs,
KaK 9TO IPUHATO ceiitac TOBOPUTD, «portables u MmoxkeT 3amyckarhbesd,
HanpumMmep, ¢ (JISIIKA WK JIa3epHOro Aucka. R memaer napy samnuceit
B peecTp, HO it pabOThI OHU COBEPIIIEHHO He KPUTUIHLI. K anHCcTBeH-
HOEe, YTO HAaJO0 IPHU 3TOM HUMeTh B BHUIY,— pabodvasl Ialka I0JIKHA
OBITH OTKPBITA JJIsl 3aIlCH, NHAYE BaM HEKY/1a OyJeT 3alliChbIBATDL pe-
SyﬂbTaTbI pa6OTbI. Eme OJIHa BEIllb, BaKHag JIJIgd BCEX OllepallMOHHbIX
cucrem: R (B ormume or S-Plus) jiepkuT BCe CBOM BBIUUC/ICHUS B
OIIEPATHUBHOM ITaMsTH, IMOSTOMY €CJU B IIPOIecce PabOTHI, CKarKeM,
BBIKJIIOUYUTCA IIUTaHUEC, peSyﬂbTaTbI ceccuun, He 3allMCaHHbIe ABHBIM
obpaszom B aiis, nponaxyr. (TyT HaIO 3aMeTHTH, YTO CyIIECTBYET
nakeT SOAR, KOTODBIil M3MEHSIET 9TO TOBE/ICHNE. )

2.6. Kak magarp padorath B R

2.6.1. 3amyck

Kaxkmas onmeparmonHast cucreMa mMeeT ¢cBon ocobeHHocT pabdboThl. Ho B
II€JIOM MOKHO CKa3aTh, 9TO IO BCE TPHU YIIOMSIHYThIE BBIIIE OIEPAITOHHBIE
CHCTEMBI CYyIEeCTBYeT TaK HA3bIBAEMBIN «TEPMHUHAIBHBINY» CIIOCOD 3aIycKa,
a nox Mac u Windows umeercst cBoit rpaduueckuit unarepdeiic (GUI) ¢
HEKOTOPBIME JIOMOTHUTEIbHBIMUA BO3MOXKHOCTSIMU (PA3HBIMU B PA3HBIX OIIe-
PAIMOHHBIX CUCTEMAX ).

TepMuHAIBHBINA CIIOCOO IIPOCT: JOCTATOYHO B KOMAHIHON CTPOKE TEPMHU-
Hasa (nmosb3oBarenn Windows 9acTo HA3BIBAIOT €r0 «9IEPHBIM OKOIIKOM»
win «okHom DOS») Habparsb

$ R

U TIOSTBUTCSI BBOHBIN 3KpaH cucreMbl. Ilox Windows 310 HEMHOTO CITOXK-
Hee — HeOOXO/IMMO BBI3BIBATL IPOrpamMMy Rgui . exe, mpUteM Jjist 9TOTO Ha-
10 b0 «HAXOIUTHCSI» B TOM 2Ke IMalke, IJe HAaXOAWTCA 3Ta IPOorpamMMma,
00 TyTh K 9TOM IAIKe J0J2KeH ObITh mpormcan B mepementoit PATH. Kpo-
Me TOroO, JJISI TOI'0 4TOOBbI B PyCcCKoA3bIIHON Windows BBONHBINH 9KpaH ObLI
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quTaeM, HaJ0 CMEHUTh B OKHe TepMHHAJja KOIMPOBKY (KoMaHoil «chcp
1251») m ycraHoBuTh coorBercTByommii mpudr (ckaxkem, Lucida Con-
sole). Ecin 8 UNIX repmunasn samymen 6e3 rpadudeckoii cpeapt (X11), To
BCe M300parkeHusi OYIAyT «CKHUIAbIBATbCSA» B OJWH MHOTOCTpaHudHbIN PDF-
daitin Rplots.pdf. [log Mac sro Gyaer npoucxoauTsb, jgaxe eciu X11 3a-
OYIEH, TaK YTO IOJTHOIIEHHO KCI0JIb30BaTh R mom Mac MOXKHO TOJIBKO B
GUlI-Bapuante. Tepmunasibabiil 3amyck mog Windows Takux orpaHudeHuit
HE MMEeT.

B nanbmeiinem jroropopuncst, 9To moj «ceccueit Ry mbr Oymnem mmers B
By TepMuHAIbHBIN 3amyck noj X11 B Linux u GUI-3anyck B Windows
n Mac. GUI mox sTm omepannoHHBIE CHCTEMBI ITOCTPOEHBI TaK, UTO OHH
BCEe PaBHO 3aIyCKaIOT TEPMUHAJ-TI0I00HOE OKHO — obtienue ¢ R BozMoxk-
HO TOJIBKO B PEXKUME JIHaJiora, «komana — orsery. [losnonernunoro GUI ¢
R me nocrasiseTcs, XOTsd CYNIECTBYIOT MHOTIOYHMC/IEHHBIE TIONBITKH CO3/IaTh
rakyto cucremy. OnHa u3 jgydmux, Ha Hail B3nsd, — 370 R Commander,
coBeTyeM Takke 00paTuTh BHUMaHue Ha RStudio; o HUX MBI erie TOroBopuM
B npuioxkenuu. Ho, BooOIIe-To, cucremMa m3 MEHIO U OKOIIEK He CrocoOHa
3aMEHHUTD TOJIHOIIEHHOT0 HHTepdeiica KOMAHIHON CTPOKU, OCOOEHHO B CJIy-
Jae TaKWX CJIOXKHBIX cucTeM, Kak R. utepecHo, uro S-Plus numeer oueHb
npuinabbiii GUI, HO eciin BbI OoTKpoere Jio0oi yIeOHMK 110 9TOH cucTe-
Me, Bbl YBHJIUTE, YTO aBTOPBI HACTOSTEIBHO PEKOMEHIYIOT IOJIb30BATHCS
KOMAaHHOU CTPOKOIA.

Ocobernocts R GUI mox Windows — ee MOXKHO 3allyCTUTb B MHOTO-
(MDI) un ognookonnom (SDI) pexknmax. Hacrosirenbno pekomeryem Bam
BTOPOIi, TeM DoJjiee UTO BCe OCTaIbHbIE peaan3auu R TOJIBKO ero u «yMeroTs.

Korma el 3ammyctuiiz R, mepBbiM j1eJ10M MOSIBIISIETCST BBOJHBIN 9KpaH. Fc-
Jin y Bac pycuduIMPOBAHHAST CHCTEMA, TO Bbl YBUIUTE HAJIIUCH TO-PYCCKH.
Ecan nmo kakoit-to nmpudmHe BaM HAJIO BUJETH BCE MO-aHTJIUHACKU, yCTAHO-
Bute nepeMeHHyio LANGUAGE — cozpaiite daitss Renviron.site, B KOTODBIii
BHECUTE CTPOUKY

LANGUAGE=en

DToT dailyl ToJKEeH HAXOAWTHCs B TaK HA3BIBAEMON <«JOMallHel» -
pektopuu R. Bosee mogpobHO 1Ipo 9TO MOXKHO y3HATD, €CJIN TPOIUTATD 110~
Morb 1o Komanze Startup (). [Tox Linux Ber3BaTh R TakuMm criocobom erre
[pPOIIe — HAJI0 BHECTH B CTPOKY BBI30Ba OMIMIO (Ty YK€ CAMYIO CTPOUKY ).

2.6.2. Ilepsbie miarm

[Tepen Tem Kak HAYATH PADOTATH, HAJO MOHATH, KAK BLIATH. st 9TOTO
HaJI0 BBECTH OJHY KOMaHIy, HaXKaTh Enter u OoTBETUTH HA OJUH BOIIPOC:

aq()
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Save workspace image? [y/n/c]: n

VaKe Takoil IpocToil IpuMep AeMOHCTPHUPYET, 94TO B R jobas KoMaHIa
MMeeT apryMeHT B KPYIJIbIX CKOOKax. Ecianm aprymMeHT He ykKas3aH, CKOOKH
BCe paBHO HYKHBI. Ficiu Bl 3abyeTe 9TO ¢iesiaTh, TO BMECTO BbIxoja u3 R
[IOJIy YuTe onpejienenrne QyHKIUI:

>q

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

<environment: namespace:base>

Kak y3HaTh, Kak IpaBUIbHO BbI3BIBATH (DyHKIMIO? JIjIsT 9TOTO HAJI0 Ha-
VUHATBCS MOYyYaTh CIpaBKy. EcTh aBa myTu. [lepBoIit — BhIZBATH KOMaHIY
CIIPABKHU:

help(q)

NJIn

7q

U BBl yBUMTE OT/IEIBHOE OKHO 160 (eciu BbI paboraere B Linux) Tekcr
[IOMOIIY B OCHOBHOM OKHE IPOIPAMMBbI (BBIXOJL U3 9TOr0 PEsKUMa — M0 KJla-
Buie «qg»). Ecin BHUMATEIBHO MPOYUTATH TEKCT, CTAHOBUTCS $ICHO, UTO
BBIATH 13 R MOXKHO, 1 He oTBeuast Ha BOIpPOC, ecyu BBecTn q("no").

3aueMm ke HyKeH 3TOT Bonpoc? Viun, apyruMu cjioBaMu, 9To OyIeT, ecyin
OTBETHUTH TOJIOKUTETHHO? B sTOM cityuae B pabouyio nanky R (Ty, u3 ko-
TOPO# OH BbISBaH) zanuiryTes aBa daitaa: OmHapHBI .RData um TeKCTOBDIH
.Rhistory. IlepBblil comepkuT Bce O0OBEKTHI, CO3MAHHBIE BAMHU 3a BpPEMS
ceccuu. BTopoit — MOHYI0 NCTOPUIO BBEIEHHBIX KOMAHT,

Korna Ber paboraere B R, npeablayniyio KOMaH/Iy JIETKO BbI3BaTh, HAXKAB
KJIABUIIY-CTPEJIKY «BBepx». Ho ecsu BbI coxpanute daiti .Rhistory, Bamm
KOMAaH/IbI OY/IyT JOCTYIHBI U B CJEJYIOIIEe CeCCUU — MPHU yCJIOBUU, YTO
BBI BbI3oBeTe R m3 Toit ke camoit manku. VI HA0bOpOT, ecu BB ciydaitHoO
coxpanure pabouyio cpeiy (sru nBa dailia), TO IpHU CIEAYIONEM cTapTe
OHM 3arpy3srcd aBromarudecku. VHorma Takoe nosejienne R cranoBuTcs
MPUYUHON pa3IuIHBbIX HEJOYMEHU, TaK ITO OyJbTe BHUMATE/bHBI!

2.7. R m pabora c JJaHHBIMU: BU/J CHApPY KN

2.7.1. Kak 3arpy2kaThb JJaHHbIE

CHauaJsa 0 TOM, KakK HaOpaTh jgaHHble OpsaMo B R. MoxKHO, Hampumep,
HICIIOJb30BAThL KOMaHIy ¢ ():
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> a <- ¢(1,2,3,4,5)
> a
[1] 12345

311ech MBI IOJIyd9aeM OObEeKT a, COCTOSIIMIL U3 9ice/l OT OQHOI'O A0 IISITH.
MozkHo ucnosibzoBath KoMauael rep (), seq(), scan(), a Takxke orepa-
TOP JIBOETOYNS:

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

Mo2KHO BOCITOIb30BaThCSI BCTPOEHHOM B R mmogmmporpaMmoit — 371eKTPOH-
HOI TabJsuiielt Hamomobue cuiibHO yiiporenuoro Excel, mjis aToro najgo na-
6park KomaH iy data.entry(b).

B nosiBuBIieiics tabnie MOXKHO PEeIaKTUPOBATD JIAHHBIE «Ha MECTE», TO
€CTb BCE, UYTO BbI BBEJIU, HEIIOCPEJICTBEHHO CKAYKeTCsl Ha COIEPKAHUMU 00b-
€KTa. DTO HECKOJIBKO IPOTHBOPEYUT OOIMUM KOHIEHIINSAM, 3aJI03KEHHBIM B
R, u nmosToMy ecth moxoxkast ¢pyakius de (), KoTopas He MeHsIeT 00bEeKT, a
BBIJAET pe3yJIbTaT «HapyKy». Ecim ke y Bac yxKe ecTb Tab/Iula JaHHBIX,
MOZKHO MCIOJb30BaTh KoMaH el £ix () mim edit (), KOTOpBIe B IAHHOM CJIy-
Jae BBI3OBYT TOT ke Excel-110/100HbBII pemakTop.

Oyuknnsa edit(), BbI3BaHHAs [JjIs APYIrOro THUIA OOBEKTA, 3aIyCTHT
ero peJaKTHpOBaHUe B TEKCTOBOM pegakTope (mox Windows 9T0 00BITHO
Notepad umu BiokHOT), 1 BBl CMOXKETe OTPEIAKTHPOBATH 0ObEKT TaM. Fc-
JIX BBl XOTUTE IOMEHSATHL PEJAKTOP, HAIUIINATE, HAIIPHIMED:

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

Oj1HaKO JIydIlle BCEro HayInThCs 3arpyKaTh B R daiinbl, cosmanubie npu
[IOMOIIU JIPYTUX IIPOrpaMm, ckaxkem, upu nomoru Excel. Vmelite B Buy,
YTO TaKue JaHHbIe UMEIOT OYeHb Pa3HbId (popMar, U HAIKMCATH MO STOMY
BOIIPOCY CKOJIBKO-HHOY/Ib KOMITAKTHOE PYKOBOJICTBO Tpy/iHO. Ho MBI BCe ke
orpodyeMm.

B nesiom nannbie, KOTOpble HAJI0 00pabaThIBATL, OBIBAIOT JBYX TUIIOB —
TeKCTOBbIE 1 OuHapuble. He BiiaBasich B jieTajm, IPUMEM, 9TO TEKCTOBBIE —
9TO TaKue, KOTOPbIE MOXKHO HPOYUTATDL U OTPEIaKTHPOBATL B JIIOOOM TEK-
croBoM pegakrope («Bsoknor», Notepad, TextEdit, Vi). st Toro aro6er
OTPEJIAKTUPOBATH OMHAPHBIE JAHHBIE, HYKHA, KaK [IPaBUJIO, IPOrPAMMA,
KOTOpas 9TU JAHHBbIC KOTA-TO BbIBEJA. TeKCTOBBIE JAHHBIC JJIsi CTATUCTU-
1ecKoil 06pabOTKU — 3TO OOBITHO TEKCTOBBIE TAOIUIIBI, B KOTOPBIX KaXK/Iast
CTPOKa COOTBETCTBYET CTPOUKE TAOIHIIBI, & KOJIOHKHU OIIPEJIEIISIIOTCS IIPH 110~
MOIU paszenuresieil (0ObIYHO MPOGEIOB, 3HAKOB TAOYJISIIIUY, 3aISIThIX UJIH
ToUueK ¢ 3amndaToii). s Toro 4rodbl R «yCcBOMI» Takme IaHHBIE, HAIO, BO-
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IEPBBIX, yOeIuThCsd, YTO TeKyllas nanka B R u Ta namka, orkyma OyyT
3arpyzKarThbCs BaIllll JJaHHBIE,— 3TO OJHO M TO Ke. J[yis 9TOro B 3amyneHHoi
ceccuu R HaJ10 BBeCTH KOMAHILY

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

JomycTuM, 4TO 9TO BOBCE HE Ta IAIKa, KOTopas BaM HyxkHa. [loMeHATD
pabo4yIo HaIKy MOXKHO KOMAaH/IO:

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

Ob6parure BHUMaHue Ha paboTy ¢ obparHbiMu cidinamu 1mod Windows:
BMECTO OJTHOTO CJIAIIA HATO YKA3BIBATE JIBA, TOJBLKO ToTaa R nx moimer. Ilox
Linux u Mac OS X Bce mpotiie: TaM 10 YMOJTIAHIIO UCIOIB3YIOTCS TPSIMBbIE
CJI3IIN «/», ¢ KOTOPBIME IpobjieM HuKakux HeT. Kcraru, mox Windows Toxke
MOXKHO HCIIOJIb30BATH IPSIMbIE CJISIIIN, HAIIPUMED:

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

JlaJibIlle HAJIO IMPOBEPUTD, €CTh JIM B HY>KHOM MOJIUPEKTOPUN HYKHBII
dait:

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

Teneps MokHO, HaKOHeI, 3arpyKarhb jannbie. (IIpennonaraercs, aro B
TEKyIIell JUMPEeKTOPUH Y Bac eCcTh nalka data, a B Heil — daiiin mydata. txt.
Eciu 310 He Tak, TO JyIsi TOTO, Y9TOOBI 3AlyCTUTH STOT IIPUMEDP, HYKHO
cKadaTh (ailyi ¢ YIIOMIHYTOrO B IIPEJIUCIOBUN caiiTa, co3aaTh namnky data
u nomectuTh Tyja daiin). Jannble 3arpyKaer komasa read.table():

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

N e
o o1 NN o
O OO W o
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DTO POBHO TO, UTO HAJO, 38 TEM HCKJIOUCHUEM, UTO MEPe HAMHU <«PO-
sJIb B KyCTaX» — aBTODBI 3apaHee 3HAJIN CTPYKTYDPY JAHHBIX, & UMEHHO TO,
9T0 y cTOJIONOB ecTh nMeHa (head=TRUE), a pasjieinTeseM siBISETCS TOTKA
¢ zansToit (sep=";"). @yuxius read.table() oveHb xXopolla, HO HE Ha-
CTOJIBKO yMHA, 4TOOBI OIpeessaTh (hopMaT JAHHBIX «Ha JeTy». lloaromy
BaM TIPUJIETCS BBISICHUTL HYKHBIE CBEJICHUST 3apaHee, CKaykeM, B TOM JKe
CaAMOM TEKCTOBOM pejiakTope. EcTh u crocob BbISICHUTL 3TO 1depe3 R, s
9TOro ncuosb3yercs Komana file.show("data/mydata.txt"). OHa BBIBO-
JIUT CBOU JIAHHBIE TAKUM ke o0pa3oMm, Kak u help(),— OTIEIbHBLIM OKHOM
WU B OTJIEJIbHOM DEXKIME OCHOBHOT'O OKHa. BOT YTO BBLI JIOJ2KHBI YBUJIETD:

;b

C
2;3
;5;6
8;9

NS Rk

Bepmemcst k npeapiaymemy npumepy. B R MHOrMe KOMaH /161, B TOM 9nCIIE
u read.table (), uMmeroT ymMagauBaeMble 3HaUeHUsT apryMmeHToB. Hampumep,
3Ha4YeHUEe sep 110 yMOoJidaHuio "", 4To B JaHHOM CJy4dae O3HadaeT, YTO pas-
JIeJTUTEJIEM SIBJISIETCS JTI000€ KOJIMIeCTBO MPOOEJIOB WU 3HAKOB TaOYJISIINH,
II09TOMY €CJIM B BalllMX JAHHBIX BMECTO TOUYEK C 3allsiTBIMU — IIPODEJIHI,
MO2KHO apryMeHT Sep He yKa3blBaTbh. EcrecTBeHHO, ObIBaeT GE3yMHOE MHO-
2KECTBO PA3JIMIHBIX YACTHBIX CJIYYaeB, U KakK Obl Mbl HU CTAPaJINCh, BCE HE
omucarb. OTMETHM, OJHAKO, ellle HeCKOJIHLKO BayKHBIX BeEIeii:

1. Pycckuii Tekct B daitax oObIaHO unTaercs 6e3 mpobsem. Eciim Bee xe
BOBHUK/JIH IIPOOJIEMBI, TO Jiydlle rnepeBectu Bce B KoaupoBky UTF-8
(rpu oMot JIFOOOI JTOCTYITHOMN YTUIUTHI IEPEKOIUPOBAHMUS, CKAZKEM
iconv) u 06aBUTH COOTBETCTBYIOINLYIO OIIIHIO:

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

2. Nuorma my»xH0, 94T0OBI R mpounTas, KpoMe MMEH CTOJIOIOB, €Ie u
UMeHa CTPOK. [ 9TOTro Mcnob3yeTcs TaKoi mpuem:

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

one 123

two 456

three 7 8 9

B daitie mydata2.txt B mepBoil cTpoke ObLIO TPU KOJOHKH, a B
OCTaJIbHBIX CTPOKaxX — I0 derbipe. IIpoBepbTe 5TO IpH IIOMOIIU
file.show().
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3. Jlanmble, KOTOPBIE BBIIAIOT MHOTUE PYCUMUIINPOBAHHDBIE ITPOrPAMMBI,
B Ka4eCTBE JECATUIHOTO PA3IEIUTE Isi OOBITHO UCIOJIb3YIOT 3alSTYIO,
a He TOYKy. B arux ciaydasx Haj0 yKasblBaTh apryMeHnT dec:

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

Ob6parure BHUMaHUE Ha COKPAIEHHOE 0DO3HAYMEHUE apryMeHTa U ero
3Hadenusi. COKpaIaTb MOXKHO, HO C OCTOPO’KHOCTBIO, [TO3TOMY JAJIb-
e B TeKcTe Mbl Beera 0yaem mucarb TRUE win FALSE, XOTs Ha IIpak-
TUKE MHOI'ME UCHOJIb3YIOT npocro T uim F.

Nrak, MOXKHO CcKa3aTb, YTO OJUH U3 BO3MOXKHBIX CIIOCOOOB paboOThHI C
JanHbIME B R Takoit:

1) naxHble HAOMPAIOT B KaKOH-HUOY/Ib «BHEIIHEH» IPOrpaMMe;
2) 3amUChIBAIOT UX B TEKCTOBBIN (ailr ¢ pazmennTensMu (CM. BbIIe);

3) sarpyzaroT Kak 00beKT B R 1 paboraror ¢ 9TuM 06beKTOM, BO3MOXKHO,
BHOCA MU3MECHEHU I,

4) ecyim ObLIM M3MEHEHUs, KOMaH/0il write.table() (mpo Hee cM. cie-
JIYIOIIUI [OPa3Ien) 3alucbiBaOT 06paTHO B (aiil;

5) UMIOPTUPYIOT KAaK TEKCTOBBIi (baiilyl B MCXOMHYIO IporpaMmy u pabo-
TaIOT JlaJIbIIIe.

Takoit c11oco® BBIIVISIUT CJI0XKHOBATO, HO MO3BOJISIET UCIIOJIH30BAThL BCE
[IPEUMYIIECTBA IPOrPAMM 0 HAOOPY 3JIEKTPOHHBIX TAOJIHUI] U TEKCTOBBIX
PEIIAKTOPOB.

C 971eKTPOHHBIME TAOJUIAMEI B TEKCTOBOM (opMaTe HOJIBIITIX MIPodJIeM
OOBLIYHO HE BO3HUKAET. PasHble 9K30TUYUECKHE TEKCTOBbIE (POpPMAaThl, KaK
[IPABUJIO, MOYKHO TPe0dpa30BaTh K «THUIIMIHBIM», €CJIH HE ¢ TOMOIIbI0 R, To
C TOMOIIBIO KAKUX-HUOY/[b TEKCTOBBIX YTUJIHUT (BILIOTH JIO «TSI?KEJIOBECOB»
tura g3bika Perl). A BOT ¢ «mocTopoHHUMEY GUHAPHBIMU hOpMATAME JIEJIO
ropasio Xyxe. 3/eCb BO3HUKAIOT IIPEXKJIe BCEro MpoOJIeMbl, CBSI3aHHDBIE C
3aKPBITBIME U/UJIM HEJOCTATOYHO JIOKYMEHTUPOBAHHBIMU (hOpMaTaMu, Ta-
KUMHU, HAIIpUMeED, Kak ¢gopmar mporpammbl MS Excel. Boobime roBopst, oT-
BeT Ha BOIIPOC, KaK IMPOUNTATh OMHApHBIA dopMmar B R, wacTo cBomnTcs K
COBeTy 110 00pasily U3BECTHOI'O AHEKJ0TA — «BBIKJIIOUNM T'a3, BBLIBEM BOJLY
U BEepHEMCs K YCJIOBHUIO MPEIBLIYIIEiH 3a/auny». 1o ecTh HAI0 HAflTH Cr1ocob,
KaK 11peobpa3oBaTh (¢ MUHUMAJBHBIME IIOTEPSAME 3HATNMON nHMOpMAINH,
€CTEeCTBEHHO) OUHAPHBIE JIAHHBIE B TEKCTOBbIe TabsmIbl. [Ipobiem Ha 3TOM
OVTHA BOSHUKAET OOBIYHO HE CJIMIITKOM MHOTO.
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Bropoit nmyts — nHaliTu criocob npountarh jgaHubie B R 6e3 npeobpazo-
Banusi. B R ectp naker foreign, KOTOpBIN MOXKET UNTATH OMHAPHBIE JIAH-
Hble, BeIBoguMbIe maketaMu MiniTab, S, SAS, SPSS, Stata, Systat, a Takxke
dopmat DBF. YToOBI y3HATL MPO ITO MOApPOOHEe, HAJO 3arpy3UThb HAKET
(komanoit 1library(foreign)) u BbI3BaTh OOIIYIO CIPABKY IO €r0 KOMAaH-
nam (mampumep, KoMamnoit help (package=foreign) mjm mpocTo MOCMOT-
peTh CIpaBKY II0 MMakeTy 4epe3 Opay3ep, KOTOPBI OTKPOETCs M0 KOMAHJIE
help.start()).

Yro Kacaercst Ipyrux pacupoCTPaHEHHBIX (POPMATOB, CKaxKeM, hopma-
toB MS Excel, 31ech gemo xyxke. EcTb He MeHbIE TSTH pa3HBIX CIIOCO-
6oB, Kak 3arpyx)artb B R 3Tu aiinbl, HO Bce OHM WMEIOT OTPAHUICHHUS.
130 Bcex crmocoboB HaMm Hanbojiee TMPUBJIEKATEIbHBIM IIPEICTABIISIETCS 00-
MmeH ¢ R gepe3 6ydep. Ecimu y Bac orkpbiT Excel, T0 MOXKHO cKOIMpOBATH
B Oydep 1000€ KOIUIeCTBO s9eeK, a IMOTOM 3arpy3uTh uxX B R komanmoit
read.table("clipboard").

DTO IPOCTO U, TVIaBHOE, paboTaeT ¢ Joboit Fxcel-110106H0i porpaMmoit,
B TOM uncie ¢ «HOBbIM» Excel, Gnumeric u OpenOffice.org / LibreOffice
Calc.

JlobaBuM elte HECKOJIBKO JeTaell:

1. R moxket 3arpy)arb m3obpazkenns. [y 9T0ro ectb cpasy HECKOJIb-
KO IMaKeTOB, HamboJiee pa3pabOTaHHBIN W3 HUX — pixmap. R moxker
Tak)Ke 3arpyzxarb Kaprbl B (opmare Arclnfo u ap. (makersr maps,
maptools) u BoOOIIEe MHOTO 4ero ere. UToObl 3arpy3uTh TaKue IIaKe-
Tbl, HY2KHO, B oTyiInuue OoT foreign, UX cHavajla CKa4aTb U3 PEIIO3U-
ropust. st aroro ucnosbsyercs mento (nog Windows) nim komasa
install.packages() (ona paboTaeT Ha BCEX CHCTEMAax).

2. Y R ectb cobcrBennbiii bunapubiit popmat. OH OBICTPO 3aIMCHIBAET-
cs1 M OBICTPO 3arpy’Kaercsi, HO €ro HeJib3sl UCIO0JIb30BaTh C JIPYTUMU
MporpaMMaMu:

> x <- "apple"

> save(x, file="x.rd") # Coxpamutrs obbexT "x"
> exists("x"

[1] TRUE

> rm(x)

> exists("x"

[1] FALSE

> dir()

[1] "x.rq"

> load("x.rd") # BarpysuTb obbexrT "x"
> x

[1] "apple"
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(311eCch ecTb HECKOJIBKO JI0cesie He OIMCaHHBIX KoMmaHl. st coxpa-
HEHUsi W 3arpy3Ku OMHAPHBIX (BailjioB ciykar KoMaHIbl save() u
load(), mua ymanenmst obbekra — koMaHga rm(). ms Toro [ro-
OBI TIOKA3aTh BaM, 9TO OOBEKT YIAJIE€H, Mbl UCIIOJIb30BAIH KOMAaHTY-
mpoBepky exists(). Bee, uro HammcaHo Ha CTPOYKE IMOCTE CHMBOJIA
«#» — 510 KOMMeHTapuii. Kommenrapun R nporyckaer, e uurast).

3. Jlna R mammcano MmuOXKecTBO nHTEpdEiicoB K 6a3aM JTaHHDLIX, B 9aCT-
nocru st MySQL, PostgresSQL u sqlite (mocsieuuii MozKeT BbI3bI-
BaTbcs OpsiMo u3 R, cM. mokymenTanumio K nakeram RSQLite n sqldf).
PaccmarpuBaTh B MOApOOHOCTSX MBI X 3/1€Ch HE OyIeM.

4. Haxomner, R moxkeT 3ammchiBaTh TaOJUILI U JIPYTUE PE3Y/ILTATHI 00-
paboTKU JAaHHBIX U, pasymeercs, rpadukn. O6 3TOM MbI TOTOBOPUM
HIKE.

2.7.2. Kak coxpaHsaTh pe3yJbTaTbl

Hauunaromue paboty ¢ R 00bITHO IPOCTO KOMUPYIOT pe3yabTaThl pabo-
ThI (CKayKeM, JIAaHHBIE TeCTOB) U3 KoHcoyu R B TekcToBblil daiin. U neficTu-
TeJbHO, Ha MEPBBIX IIOPax ITOr0 MOXKeT OBITH jJocrarodno. OmHako paHo
UJIN TIO3/JHO BO3BHUKAET HEOOXOJIUMOCTD COXPAHSTH 00beMHBIE 00bEKTHI (CKa-
JKeM, TaDJIUIBl JIAHHBIX ), CO3JIaHHble B TedeHne paborbl. MOXKHO, KaK yKe
TOBOPUJIOCH, UCITOJIb30BATh BHY TPEHHMI OMHAPHBIN (DOpPMAT, HO 3TO He BCETr-
Ja ymobHo. Jlydime Bcero coxpaHsiTh TaOJIUIBI JTAHHBIX B BHIE TEKCTOBBIX
TabJInIl, KOTOPbIe TIOTOM MOYKHO OyJeT OTKPBIBATH JAPYTUME (B YaCTHOCTH,
ocbI/ICHHMM) npuiokeHusiMu. /s Toro ciykuT KoMauaa write.table():

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

B rekymryto nanky 6ymer 3anucan (aiis trees . csv, CO3IaHHBIN U3 BCTPO-
eHHoil B R Tabmuibl maHHBIX trees. «Berpoennast Tabauiiay o3HATAET, UTO
9THU JAaHHBbIE JOCTYHHBI B R 6e30 Bcakoil 3arpy3ku, Hanpsmyio. Kcratu ro-
BODsI, y3HATDH, Kakue TabJIUAIBI yKe BCTPOEHBI, MOXKHO KoMamoi data()
(umeHHO Tak, 6e3 apryMeHToB).

A o, eciu Ha 1O 3amEcaTh BO BHEIIHUI (Daiiyl pe3y/IbTaThl BBITOJTHEHMST
koMaua? B sToMm ciyuae ucmoJb3yercs KoMaHaa sink ():

> sink("1.txt", split=TRUE)
> 2+2

[1] 4

> sink()
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Torma Bo BHemHuit daitsr 3anumrercs: crpodka «[1] 4y, TO ecTb pe3yiib-
TaT BBIIIOJHEHUS KOMAaHJIbI. (MLI 3anasm napamerp split=TRUE, nnaa Toro
9TOOBI BHIBECTH JaHHBIE ele 1 Ha 9kpaH.) Cama KoMaH/a 3anucaHa He Oy-
JIeT, & €CJIM Bl XOTUTE, YTOOBI OHA OBLIa 3aIMCaHa, TPUIETCs TUCATH ITO-TO
BpOJIE:

> print("2+2")
[1] ||2+2||

> 242

[1] 4

IlpyrumMu cjioBaMu, MPUIETCS MOBTOPSITh KayKIyi0 KOMAaHIy IBa pasa.
ZLHH COXpaHEeHUd HCTOPHUM KOMaHJ CJIYy2KHT, KaK MbI y2Ke€ IIHMCaJIl BBIIIIe,
koMaHa savehistory(), a Jjig coxpaHeHUs BCeX CO3/IAHHBIX OOBEKTOB —
save.image (). Ilociennsss MOXKeT OKa3aThCHA IOJIE3HON JJI COXPAHEHUs
[IPOMEXKYTOYHBIX PE3Y/ILTaTOB PabOThI, €CJIM Bbl HE YBEPEHBLI B CTabMILHO-
CTH pabOTHI KOMITBIOTEPA.

2.7.3. R Kak KaJbKyJIATOPD

Camblit TIpoCTOIi crrocob ucmob3oBanust R — 310 apudgmernyueckue BbI-
yncsenus. Hanpumep, Boipazkenue «log(((sqrt(sum(c(2,2))))"2)*2.5)»
BBIYHUCISIETCST TaK:

1. U3 aByx nBoek cosmaercst BeKTop: ¢(2,2).

2. TlosmcunTeiBaeTcs CyMMa €ro 4JIeHOB: 2+2=4.

3. M3Biekaercd KBaJapaTHBIN KOpeHb: sqrt(4)=2.
4. On BO3BOJMTCS B KBajpar: 2~2=4,

5. Pesynbrar ymuoxaercd ma 2.5: 4%2.5=10.

6. Beramciserca pecarnynslit jgorapudm: log(10)=1.

Kak BuuTe, KpyTiible CKOOKH MOXKHO BKJIAJBIBATH JIPYT B Apyra. R pac-
KpPbIBaeT UX, BLIUUC/IsASA 3HAUEHNE «U3HYTPU HAPYKY», a €CJIM CKOOKH OT-
CYTCTBYIOT, TO CJIe/lyeT IIPaBHJIAM <«CTAPHIMHCTBA» apuMETHUYECKUX OIle-
panmii, HOXOXKMM Ha Te, KOTOPBIM HAC yuujM B mKose. Hanpumep, B BeIpa-
JKeHun 2+3*5 cHavasia OyjieT BbIYUC/IEHO TpousBe/ienne (3¥5=15), a morom
cymma (2+15=17). IIpoBepbTe 510 B R camMocTosITeIHHO.
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2.7.4. I'padukn

OHIM M3 OCHOBHBIX JIOCTOMHCTB CTATUCTUYECKOIO [IAKETa CJIYXKUT Pas-
HOOOpa3ue TUIIOB IPadUKOB, KOTOPLIE OH MOXKET IIOCTPOUTh. R B 3TOM CMbIC-
Jle — OIMH M3 peKopAcMeHoB. B 6a30BoM HaOOpe eCTh HECKOJIBKO AECSITKOB
TUIIOB T'PadUKOB, elle DOJIbIle B pEKOMEHIyeMOM Takere lattice, u ere
posnbire — B nmakerax ¢ CRAN, u3 KOTOpBIX He MeHbIIe IOJIOBUHLI CTPOSIT
KaK MHHOMYM OJIMH OPUTHMHAJIBHBIH rpaduk (a MoJoBHHA — 3TO OOJIbIIE
nostyropa Thicsd!). Takum 06pazoM, 10 MPUKUIKAM II0JIyYAeTCsl, 9TO Pas-
HOOOpa3HbIX TUIIOB rpacduku B R HuKak #He MenbIne Toicssan. [Ipu sToMm oHI
BCE ellle JIOCTATOYHO XOPOIIO HACTPAMBAIOTCSI, TO €CThb IOJIb30BATEJb JIer-
KO MOXKET Pa3HoOOpa3uTh 3Ty UCXOAHYIO TLICATY Ha CBOH BKyC. 31€Ch MbI
rmocTapaeMcsi, OJJHAKO, He OMMCHLIBAThL pasHooOpasme R-rpaduku, a ocraHo-
BUMCAd Ha HECKOJIBKUX beH,ILaMeHTa.HbeIX IIPpUHIUITaX, IOHUMaHne KOTOPbIX
JIOJIZKHO CYIIECTBEHHO OOJIErYUTh HOBUYKY IIocTpoeHue rpadgukos B R.

Pacemorpum takoii npumep (puc. 1):

> plot(1:20, main="BaromoBok")
> legend("topleft", pch=1, legend="Mou nobumbie TOdUKH")

TyT MHOro Takoro, o 4eMm pedr moka He mio. Camoe IIaBHOE — TO,
4TO IepBasi KOMaHJia pucyer rpaduk «C Hyjs», TO/a KakK BTopas — J0-
baBJisieT K y»Ke HapUCOBAaHHOMY rpaduKy JleTaju. DTO U €CTb JIBa THUIIA
rpadgudeckux KOMAaH]I, UCIOJIb3yeMbIX B 6a30BoM rpadudeckom rHabope R.
Tenepb Hemuoro mompobuee. plot() — ocHoBHas rpadudeckast KOMaH]A,
npruYeM KOMaH/a «yMHas» (& IpaBuibHee CKa3aTh — generic, miam «ob-
masi» ). TO 3HAYUT, YTO OHA PACIHO3HAET TUII OOBEKTA, KOTOPBIH I10/[JIE?KHUT
PUCOBAHUIO, U CTPOUT COOTBETCTBYIOWMii Irpaduk. Hanpumep, B npuseneH-
HoM npumepe 1:20 — 3To IocjaeioBaTebHOCTb unces oT 1 1o 20, To ecTh
sexmop (ompobHee 0 BEKTOPAX CM. HUXKE), & JJisi «OJUHOYHOIO» BEKTOPa
npejycMoTper rpaduk, rje mo ocu abCeIiuce — MWHIEKCHI (TO eCTh HOMEpa
KasKJIOr'O JIEMEeHTa BEKTOpa 110 MOPsJIKY), & [0 OCH OPJMHAT — CaMU 3TH
sjieMeHThl. Ecm B aprymMenTe KoMaHIbl OyIeT 9To-TO JApyroe, OyIeT, CKopee
BCEro, MOCTpoeH nHoit rpaduk. Bor npumep (puc. 2):

> plot(cars)
> title(main="ABTOMOb6UIM IBaAIATHX LOHOB")

31ech TOXKe eCTb KOMAH IbI O0OMX THUIIOB, HO HEMHOTO WHaYe 0pOpPMIICH-
wole. Kak Bumute, #He 6ema, 9To Mbl 3a0bLIM JaTh 3aro/IOBOK B KOMAHJE
plot (), ero Bcerga MOXKHO JOOABUTH ITOTOM, KOMaH[0# title(). cars —
9TO BCTpoeHHAas B R Tabmiia nanubix, KOTOpast UCIOIb30BaHA 3/1€Ch 10 IPsi-
MOMY Ha3HAYEHUIO, JIJIs JIEMOHCTPAIIMI BO3MOYXKHOCTEH mporpaMmMbl. [Ipodn-
TaTh, YTO TAKOE Cars, MOXKHO, BBI3BAB CIIPABKY OOBLITHBIM 00pa3oM (?cars).
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Puc. 1. I[Ipumep rpacduka ¢ 3aroJoBKOM U JIETEHION

s nac ceifgac BayKHO, UTO 9TO — HE BEKTOp, a TabJIHIA U3 JBYX KOJIO-
HOK — speed u distance (cKOpocTb M TOpMO3Has JucTanIws). PyHKIUSA
plot() aBrOoMaTHuUecku HapucoBajia Koppejaorpammy (scatterplot), rue 1o
OCH X OTKJIQIBIBACTCST 3HAYCHIE OTHOI IepeMeHHO (KOJIOHKH), a 10 OCH y —
IPYTOii, U ellle MPUCBOUIA OCIM UMEHA STUX KOJIOHOK. JII00OMBITHBIM COBe-
TyeM IPOBEPUTH, YTO HapucyeT plot (), ecii eMy <IOJJIOXKUTH» TAOIHUILY
¢ TpeMs KOJIOHKaMHM, CKayKeM BCTPOEHHYIO TAaOJIUIly trees.

Kak MBI yke mucasin, 0ueHb MHOTHE MTaKeThl PACIIUPSIOT IpaduiecKue
dyukiun R. Bot, Hampumep, 9To 6yaeT, ecid Mbl IPUMEHIM K TE€M Ke JTaH-
ubM (1:20) dbyrximo gplot () u3 nakera ggplot2 (puc. 3):

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

(MsI y2ke mucasu BbIIIe, 9T0 KOMaHa library () 3arpyskaer HyzKHbIii
naxeT. Ho makera ggplot?2 B Bareii cucreme Moruio ve 66iTh! Ecm R He emor
3arpy3UTh ITAKET, TO HY2KHO ero ckavdaTh u3 HrepHuera u yctranoButh. lesra-
eTCs ATO Yepe3 MEHIO WM KOMaHIoi install.packages ("gegplot2"). Jlan-
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Puc. 2. [Ipumep rpacduka, orpakaromero BCTpOeHHbIE JaHHBIE Cars

Hble 1:20 MBI IOBTOPWJIN JIBAXK/IBI IIOTOMY, 4TO gplot () paboraeT HEMHOIO
unade, 1eM plot()).

[Mony4uiock moyTu TO ke camoe, HO OPOPMJIEHUE BBITVIAIUT CJIOXKHEE.
ITaker ggplot2 u co3maBaJcs Jjisg TOrO, 4TOOBl PA3HOOOPA3UTH CJIMIIKOM
ackeTuuHoe, 110 MHeHuo aBropa (310 Hadley Wickham), odopmienue rpa-
dukoB B R o ymo9anuio.

2.7.5. I'padpuyeckue ycrpoiictBa

DT0 BTOPOil OUeHBb BaXKHBII MOMEHT JIJIsl IOHUMAHUS yCTPORCTBA Ipadu-
ku B R. Korma Bel BBOstUTE KOMan 1y plot (), R orkpeiBaeT Tak HaszbiBaeMoe
SKpaHHoe rpaduyueckoe yCTPOHCTBO U HaYMHAET BLIBOJ, Ha Hero. Fcim ciie-
JIyIoIlast KOMaH/1a TOro e TuIa (To ecThb He jnobasisonias), To R «corpers»
crapoe n300pakeHne U HAYHET BBIBOJUTH HOBOE. KC/n BBl JaiuTe KOMaHITY
dev.off (), To R 3akpoer rpadudeckoe OKHO (UTO, BIIPOUEM, MOXKHO CJie-
JIATh, TIPOCTO MIEJKHYB 110 KHOIKE 3aKPBITUSI OKHA). DKPAHHBIX YCTPONCTB
B R mpemnycMoTpeHO HECKOJIBKO, B KaXKI0H OIEPAaIMOHHON cucTeMe — CBOE
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Puc. 3. ITpumep rpacduka ¢ 3aroJIOBKOM, TIOJIyI€HHOIO IPU TOMOIIU KOMAaH-
nel gplot () u3 makera ggplot2

(a B Mac OS X naxe aBa). Ho Bce 910 He Tak BaKHO, II0Ka Bbl HE 3aXOTUTE
cTpouTh TpadUKU U COXpaHATh UX B (pailibl aBTOMaTHYecKu. Torma Bam
HaJI0 Oy/IeT O3HAKOMUTLCH C APYTUME IpacdudecKuMu ycrpoiicTsamu. Vx
HECKOJIBKO (KOJII/I‘—IGCTBO OIIAdThb-TaKM 3aBUCUT OT OIIepaI_LI/IOHHOfI CI/ICTeMbI),
a IaKeThl IPeJIOCTABJISIOT ellle OKOJIO JlecaTKa. PaboTaloT OHM TaK:

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

Komana png () oTKpbIBaeT OIHONMEHHOE TpadUIeCKOe YCTPOICTBO, IPU-
9eM 3a/[aeTCsT TapaMeTp, BKIIIOTAIONN Ipo3padHocTh 6a30B0ro doua (y106-
HO, HAIIpUMeP, JJist Be6-nu3aiina). Takoro napamerpa y SKpaHHbBIX yCTPOHCTB
uet. Kak Tosibko BBOsMTCst KOMaH 8 dev.off (), ycTpoiicTBO 3aKpbIBACTCH,
U Ha JucKe nosipisiercs daitn 1-20.png (Ha camom jeste daiin nosiBisieT-
Cs ellle MPU OTKPBITUM YCTPOMCTBa, HO CHa4Yaja B HEM HUYErO He 3allica-
H0). png() — OOHO U3 caMBIX PACIPOCTPAHEHHBIX VCTPOMCTB IPHU 3AINCH
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daitnos. HemocrarkoM ero siBjisieTcsi, pa3yMeeTcst, pacTpoBOCTh. R momaep-
KuBaeT U BekTopHble dopmarel, Hanpumep PDF. 3nech, omnako, mMoryr
BO3HUKHYTDH CrenudUuIecKue Jjis PyCCKOSI3bIYHOIO MOJIH30BATEIN S TPY/IHO-
ctu co mpudramu. OCTaHOBUMCS HA 9TOM UyTh 1ojipodbHee. Bor Kak Ha0
«paBwibHO» co3faBarh PDF-daiin, comeprxkaruii pycckuit Tekcr:

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

> dev.off ()

> embedFonts("1-20.pdf")

Kaxk Bugum, Tpebyercs yka3aTh, KAKOi IMIPUQT MBI Oy/1eM UCITOJIb30BaTh,
a TakKe KOJIMPOBKY. 3aTeM HYXKHO 3aKPbITh I'DaUIECKOe yCTPOUCTBO W
8CMPOUMB 68 NOAYUeHH Patia pudThl. B poTUBHOM CilydYae KUPUJLIU-
1a, MOxKeT He orobpasurbes! Baxkno orMmerurs, uro mpudrt «NimbusSan»
¥ BO3MOXKHOCTBH BCTpamBaHus mpudTOoB KoMaHI0il embedFonts () obecre-
qrBaeTca B3ammogeiicTBueM R ¢ «mocToponneit» mporpammoit Ghostscript,
B IIOCTaBKY KOTOPO#l BX0mAT MIPudTHI, copepKaliue pycckue Oyksbl. Kpo-
Me Toro, ecjin Bel paboraere nox Windows, To R nmojkeH «3HaTb» IMyTh K
nporpamme gswin32c.exe (JIPYruMu CJIOBaMU, HY?KHO, 9TOOBI IIyTh K 9TOi
nporpamme ObLT 3alUCaH B CUCTEMHYIO iepeMenHyto PATH), nnaue Bcrpansa-
Hue mpudToB He cpaboraeT. K cuacrbio, eciim Ghostscript 6b11 ycranosien
HOPMAJILHO, TO 1IPODJIEM BO3HUKHYTH HE JIOJIXKHO.

Kpome PDF, R «3naer» u jnpyrue BekTOpHBIC (HOPMATHI, HAIPUMED,
PostScript, xfig u picTeX. Ecrb ornesnbubiil maker RSvgDevice, KOTOPbIit
[IOJIJIEPXKUBaET IONYJSApHBIA BekTOpHBbIH dopmar SVG. I'paduxk B 3TOM
dopmaTe MOKHO, HAIPUMED, OTKPBLITh U BUJIOU3MEHUTH B CBOOOHOM BEK-
TopHOM pemakTope Inkscape.

2.7.6. I'padbuyeckme onmun

Kak yxke roBopuioch, rpacduka B R HacTrpamBaeTcs B OUY€HDb IMMPOKUX
npegenax. OauH u3 CrocobOB HACTPOUKKA — 3TO BHUJIOU3MEHEHHE BCTPOEH-
HBIX T'padudeckux ommuil. Bor, K mpuMmepy, pacripocTpaHeHHasT 3a1a9a —
HapUCOBATDH JBa rpaduKa OIUH HA APYTUM Ha OJHOM puUCyHKe. UT0OBI 9TO
cIeNaTh, HAJI0 N3MEHUTH UCXOIHBIE OIIUNA — Pa3JIeJINTh IPOCTPAHCTBO PH-
CYHKa Ha JIBe YaCTH, IPUMEPHO Tak (puc. 4):

> old.par <- par(mfrow=c(2,1))
> hist(cars$speed, main="")

> hist(cars$dist, main="")

> par(old.par)
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Puc. 4. IIpe rucrorpaMMbl Ha OJHOM Ipacrre
KuroueBasi komanma 31ecb — par(). B mepBoii crpouke usMeHseTCs

OJ/IVH U3 ee TapaMeTpoB, mfrow, KOTOPBIHl PEryaupyer, CKOJIbKO n300pazke-
HUM 1 KakK Oy/IeT pa3MeIneHo Ha «JIucTes. 3HadeHne mfrow 1o yMOTIAHIIO —
c(1,1), To ecTb onuH rpauK MO BEPTUKAJIN U OJWH 110 TOPU30OHTAIN. ITO-
OBl He TIeYaTaTh KaXK Iblil pa3 KoMaH 1y par () co BceMU ee apryMEHTAMU, MbI
«3aIlOMHMJIN» CTapoe 3HadeHue B 00bekTe 0ld.par, a B KOHIIE BEPHYJIU CO-
croguue K 3anomuennomy. Komanma hist () crpout rpaduk-rucrorpamMmy
(mospobHee O Hell paccKa3aHO B IVIaBe PO OJHOMEDHBIE JaHHBIE).

2.7.7. NIutepakTuBHas rpadpuka

NurepakTuBHast rpaduKa MO3BOISIET BLISICHATD, IIe UMEHHO Ha Ipadu-
K€ PACIOJIOKEHbI Hy KHbIE BaM TOYKH, IOMECTUTb 00bEKT (CKazKeM, IIO/[IIUCh)
B HY2KHOE MECTO, a TaKKe IIPOCJIECIUTh «CyIbOy» ONHUX M TeX Ke TOYeK
Ha pas3HbIX rpadukax. Kpome Toro, eciim JaHHBIE MHOIOMEDPHBIE, TO MOYKHO
BpalaTh 00JIAKO TOYEK B ILJIOCKOCTU Pa3HBIX IEPEMEHHBIX, C TEM YTOObI BbI-
SICHUTBH CTPYKTYPY JaHHBLIX. EIe HECKOJILKO JieT Ha3al Mbl Obl HAIIMCAJIH,
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9TO 3/1eCh BaM BMeECTO R ciiegyer BOCIIOJIB30BATHCA JAPYTUMHU AHAJIUTHIE-
CKUMU MHCTpYMeHTaMu, HO R pasBuBaeTcss Tak OBICTPO, 9TO BCE ITU METO-
JIbl Tellepb JOCTYIIHDBI, U JlaKe B HECKOJIbKUX Bapuantax. llpusemem Jjmminn
onuH npuMmep. BoT Tak MOXKHO 100aBJIATHL IOMANUCH B yKA3AHHYIO MBIIII-
Koii 0bsiacTh rpaduka (MoKa BbI €Ille He HAYAIN MPOBEPSTh — IOCJE TOTO
KaK BBeJIEHa BTOpas KOMaH/a, HaIO IMEJKHYTH JIEBOM KHOUKON MBIINA HA
KaKON-HUOYIb TOYKE B CEPE/INHE, & 3aTeM IIEJKHYTbL B JIIOOOM MecTe rpa-
dbuka mpaBoit KHOMKON MBI ¥ B ITOJIY IUBIIEMCS MEHIO BHIOpATh Stop):

> plot(1:20)
> text(locator(), "Mos mwbuMas Touxa", pos=4)

NurepakTuBnasa rpaduka APYyTruxX TUIOB peajn3oBaHa KOMaH 10 iden-
tify (), a Tak>Ke JIOMOJHUTEIHLHBIMA IIAKETAMH, B TOM 4HcjIe iplot, manipu-
late, playwith, rggobi, rpanel, u TeachingDemos.

X 3k ok

OTBeT Ha Bompoc PO TO, Kak HailiTu dyHKHUio R, 3Has ToIb-
KO TO, YTO OHA JIOJI?KHA JieJaThb. UTobbl, He BBIXO/S n3 R, y3HaTh, Kak
ceslaTh, CKazKeM, JUCIEPCUOHHBIN aHaIN3, €CTh HECKOILKO CIoco0oB. Ilep-
BBIl — 9T0 KOMaHaa «?7» (1Ba BOIPOCHTE/IBHBIX 3HAKA):

> 77anova
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: :FO0’ for entries like ’PKG::FO0-TYPE’.

Hano Tombko 3HATH, 9TO AUCIEPCHOHHBIN AHAJIN3 TO-aHTIANCKA Ha-
spiBaeTcst «Analysis of Variance», mim «ANOVA». Tloxoxkero pesysibra-
Ta MOXKHO JOOUTBCsI, €CJIM CHAYAJa 3allyCTUTh UHTEPAKTUBHYIO ITOMOIIb
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(help.start()), a Tam nepeiiTu Ha IIOUCK ¥ 3aJIaTh B II0JIE [IOMCKA TO Ke
CaMo€ CJIOBO anova.

Hy a ecim sT0 He momorso, Hamo uckarh B WaTepHeTe. Crenarb 3TO
MOXKHO IIPsIMO 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 Opaysepe 10/2KHO OTKPBITHCA OKHO € PE3Y/IbTATAMU 3AIIPOCa.



I'maBa 3

Tunpl faHHBIX

Yrobbl 06pabaTbiBaTh JaHHbIe, HAI0 He IPOCTO WX MOIyIuTh. Hao eme
NEePEBECTH UX Ha A3BIK MUdp, BeJb MaTeMATUKA, HAa KOTOPOI OCHOBAH aHa-
JIU3 JAHHBIX, OIEpUpyeT 1o 0osblneil yacTu umenHo ¢ ducaamu. Cuaenars
9TO MOXKHO CAMBIMHU Pa3HBIMU CIIOCOGAMU, MHOIJA — YAadHO, MHOIJA — C
HATSPKKAMHA.

Co Bpemen Tajmiiesi, KOTOPBI TOBOPUJI, UTO <CJIEAYeT U3MEPATH TO,
YTO U3MEPUMO, U JEJaTh U3MEPUMBIM TO, YTO TAKOBLIM HE SABJISETCS», €B-
porneiickas HayKa HAKOIJIA TPOMAJIHBIA ONBIT B IEPEBOJE OKPYZKAIOMINX
SIBJICHUI B M3MepeHusi. BO3HMK/A U clenuaibHas HaykKa 00 M3MEepeHur —
Merposiorusi. Ko MHOIMM JIOCTHKEHHSIM METPOJIOTUU MBI Y2K€ HACTOJIBKO
IPHUBBIK/IM, 9TO COBEPIIEHHO MX HEe 3aMedaeM. Ecam, HampuMmep, CTaBHTCS
OIIBIT € PACHIMPEHUEM METAJLINIECKOr0 OPYCKa TP HAPEBAHUU, caMo co0Oit
HOJpa3yMeBaeTcst, YTo JIJisi STOr0 HAM HY?KHBI TEPMOMETD W JINHeHKa. DTH
JBa pubopa (1a, nmenno npubopal) Kak pa3 U sIBJISIOTCS yCTPONHCTBAMH,
HEePEBOJISAIIIME TEMIIEPATyPy U PACCTOSTHUE Ha A3bIK Q.

3.1. I'pasychbl, 9achl 1 KWJIOMETPbI: THTEPBAJIbHbIE
JaHHbIE

OueHb BaXKHO, UTO TeMIIEPATYPa U PACCTOSHUE U3MEHSIOTCS IJIABHO U
HETPEPLIBHO. JTO 3HAYUT, YTO €CJU Y HAC €CTh JBE PA3HBIE TEMIEPATY-
Pbl, TO BCErga MOXKHO IIPEJACTaBUTh TeMIIepaTypy, IIPOMEXKYTOYHYIO MEXK Ly
uumu. JI100bIe JiBa MmoKa3aTesss TEMIEPATYPhI UJIH PACCTOSHUS [IPEJICTABIISI-
0T CODO MHTEPBaJ, Ky/la «yMeIaeTcs» OeCKOHEIHOEe MHOMKECTBO JIPYIUX
nokazaresieii. [loaTomy Takue JaHHbIE U HA3LIBAIOTCS UHTepBalbHbMU. VH-
TepBaJbHble JaHHbIC Yallle BCEro CPaBHUBAIOT C XOPOIIIO U3BECTHON HaM U3
Kypca MaTeMaTUKU YUCJIOBOI IPAMOI, Ha KOTOPOH PAaCIIONOXKEHBI TaK Ha-
3bIBaeMble JieficTBUTEe/IbHBIE (UM, KAK MX ellle HA3bIBAIOT, BEIIECTBEHHbIC)
qncsa. MoXKHO elie BCIOMHUTD O PAIMOHAJIBHBIX YUCIAX — TO €CTh TaKHX
qucJIax, KOTOPbIE MOXKHO IIPEJACTABUATDL B Buje npobu. U Te, u apyrue ovueHb
OJIM3KH 110 CBOEH CyTH K MHTEPBAJbHBIM JIAHHBIM.
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He BcCerga, OJHaKO, MHTEePBaJIbHbIC JTaHHbIC U3MEHAIOTCA IIJITaBHO U HEIIPpe-
PBIBHO, OT (KaK MOBOPSIT MATEeMaTHKH) ILIFOC OECKOHEUHOCTH K MUHYC GECKO-
uneunoctu. [Ipumep riepe/ riazamu: TeMuepaTypa COOTBETCTBYET He IIPAMOIA,
a JIydy, OTOMY YTO CO CTOPOHBI OTPHUIIATEILHOI (Cj1eBa) OHA OrpaHUYeHa
abCOJIIOTHBIM HYJIEM, HUKE KOTOPOI0 TeMIepaTypbl pocTo He ObiBaer. Ho
Ha OCTaJIbHOM HPOTAXKEHUUN ITOTO JIyda IIOKa3aTeJIn TeMIIepaTypPbl MO2K-
HO YIIOJOOUTH JAeHCTBUTEILHBIM YUCIaM. Ellle mHTepecHee U3MePATh yIJIb.
Yros m3aMeHsieTcsi HEIPePbIBHO, HO BOT 1ocje 359° caemyer 0° — BMecTO
IpsIMOiT UMeeM OTPe30K 0e3 OTPUIATENbHBIX 3HadeHuil. EceTh maxe 0cooOblit
pas3Jiesi CTATUCTUKHU, TaK Ha3blBaeMast kpyzosas cmamucmuka (directional,
or circular statistics), KoTopast paboTaer ¢ yriiaMu.

A Bot sapyrast curyarust. JlomycTum, MbI cIUTAEM MTOCETUTEIE Maras3u-
ua. [loHsTHO, YTO ecjiM B OIWH JIEHb B Mara3uH 3aruio 947 dejioBek, a B
apyroit — 832, TO OYEHDb JIETKO MIPEICTABUTH IPOMEXKYTOIHbIE 3HadeHus . K
TOMY K€ OYEBHUJIHO, UTO B IEPBLIA JeHb B MarasmHe ObLIO OOJIbIlle HAPO/IA.
OpfHaKo ecim B34Tb JBa «COCEIHUX» ducia, Hampumep 832 u 831, To mpo-
MeXKYTOYIHOE 3HaYeHNE NIPEJCTaBUTDh HEJIb34, IIOTOMY YTO JIIOJU HA 9aCTU HE
nesisitesi. [losyuaercsi, 910 Takue JaHHBIE COOTBETCTBYIOT HE JEHCTBUTE b
HBIM, a8 CKOP€e HATYPAJIbLHBIM YUCIaM. ¥ ITHX YHCEJ TOXKE €CThb OTHOIIEHIE
[IOPSIIKA, HO BOT IIPOMEXKYTOTHOE 3HAUEHNE eCTh He Bceraa. U orpunare/ib-
HBIX 3Ha4YeHWit y HUX HeT. llepes HaMu — Apyroit THII MHTEPBAJIBHBIX JIAH-
HBIX, He HePEPBLIBHBIHN, & Juckpemmuiil.

C NHTEPBAJIBHOCTBIO U HEIIPEPBIBHOCTHIO JaHHBIX HEPAa3PBIBHO CBsA3aH
BayKHBII BOJIOPA3/IE] B METO/IAX CTATUCTUKUA. DTU METOJbI 9aCTO JIEJSIT HA
J1Be OOJIbIITHIe TPYIIILL: TapaMeTpUIecKue u HenapaMmerpuaeckue. [lapamem-
puMeckue mecmo, peIHAZHAYCHBI st 00pabOTKN TaK HA3BIBAEMBIX IIapa-
METPUYECKUX JAHHBIX. J[Jisi TOro 4Tobbl JAaHHBIE CIUTAJINCH TapaMeTpuie-
CKUMMU, JOJIZKHBI OTHOBPEMEHHO BBLIIIOJIHATHCA TPU YyCJIOBULI:

1) pacnpedeaenue darnvix GIU3KO K HOPMAAbHOMY (HE3HAKOMBIE TEPMU-
HBI MOZKHO IIOCMOTDETH B CJIOBApE);

2) BbIbOpKa — Gosibias (06bIYHO He MeHee 30 HabJIOEHWI );

3) JaHHbIC — WHTEPBaJIbHbIC HEIIPEPLIBHBIC.

Eciiu zomsa 6v 00mo w3 9TUX yCJIOBUII He BBITOJHSIETCS, JAHHBIE CUH-
TAIOTCST HEMAPAMETPUYECKUME U 00PabaTBIBAIOTCS HENAPAMEMPUBECKUMU
memodamu. HecCOMHEHHBIM JIOCTOMHCTBOM HETIAPAMETPUIECKUX METOIOB STB-
JIgeTcs, KaK HU OaHAJILHO 9TO 3BYYHUT, UX CIIOCODHOCTH pabOTaTh ¢ Hemapa-
METPUIECKUME (TO €CTh «HEHJIeabHBIMU» ) JIAHHBIME. 3aTO HapaMeTphie-
CKIe METOJBI MMEIOT GOJIBITYI0 MOMHOCTH (TO €CTh HMPH HPOYNX PABHBIX
BEPOSITHOCTD HE 3aMETHUTh CYIIECTBYIONLYI0 3aKOHOMEPHOCTD BBIIIIE). DTOMY
eCTh IIPOCTOe 0ObICHEHNE: HellapaMeTpUIecKe TaHHbIe (€CIn OHU, KaK 9TO
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O4Y€Hb YaCTO 6]:>IB8,€T, ,ZLI/ICerTHbI) NMEIOT CBOICTBO «CKPbIBaTb» MMeEIOIIe-
Csl pa3aIndus, 00beINHSS OTAe/bHbIE 3HAYEHNUs] B I'PYIIIIbL.

Tax Kak mapaMeTpruaecKne MeTO/Ibl JTOCTYIIHEee HellapaMeTPUIeCcKuX (Ha-
IIpUMEpP, B KypCaxX CTaTUCTUKU U3y4dar0oT B OCHOBHOM IapaMeTpUYeCcKue Me-
TOJIBI), TO YACTO XOUYETCs KAaK-HUOYJ/b «lapaMeTpu3npoBaTh» JaHHble. Ha
pacpejesienne JaidHbIX MBI, €eCTeCTBEeHHO, HUKaK IIOBJINATH HE MOXKEeM (XOTH
WHOTIa ITpeodpa30BaHusl JAHHBIX MOTYT «YJIyUIIATb» PacIpejiesieHne U ga-
JKe ClIeJIaTh ero HOPMAJIbHBIM — 00 9TOM HAIIMCAHO HUXKE). UTO MBI MOXKEM
cIesIaTh, TaK 9TO MOCTAPAThCS MMETh JOCTATOYHO OOIBINONH 00beM BHIOOPKN
(4To, KaK BBI IIOMHUTE, YBEJUIUBAET U €€ PEIPE3EHTATUBHOCTD), & TAK¥Ke
paboTaTh ¢ HENPEPBIBHBIMY JTAHHBIMHA.

B R uHTepBabHBIE JaHHBIE MIPEICTABISIOT B BUAE UNCJIOBBIX BEKTOPOB
(numerical vectors). Yare Bcero oJiuH BEKTOp — 3T0 ojHa BbibopKa. Jlomyc-
THM, Y HAC €CTh JIAHHBIE O POCTE CEMU COTPY/IHUKOB HEDOJIBINON KOMIIAHWH.
Bot Tak MOXKXHO c0O3/1aTh U3 9TUX JAHHBIX IIPOCTENRINH INCIOBOI BEKTOD:

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

X — 3710 nMs obbekTa R, «<-» — dbynkius npucsoenusi, c() — yHK-
s CO3/aHms BeKTopa (0T aHrI. concatenate, cobpars). CobcrBenno, R u
paboTaeT B OCHOBHOM C 00'beKTaMu U PYyHKIUAMU. Y 0ObeKTa MOXKET OBITH
CBOsI CTPYKTYypa.:

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

To ectb x — 910 Ync/I0BOH (num, «numeric») Bekrop. B R mer tak Ha-
3bIBAEMBIX CKAJIIPOB, <OJHHOYHBIE» OOBEKTHI TPAKTYIOTCH KAK BEKTOPBI U3
OJIHOTO 3JjIeMeHTa. BOT Tak MOYKHO IPOBEPHTH, BEKTOD JIH II€Pe]] HAMM:

> is.vector(x)
[1] TRUE

Boobitie ropopsi, B R ectb MHO>KecTBO byHKIMI «is.uTo-To()» s
I0I0OHO IIPOBEPKU, HAIIPUMED:

> is.numeric(x)
[1] TRUE

A ermme ecth pyHKIMN KOHBepCHU «as.dTo-TO()», ¢ KOTOPBIMU MBI I10-
paboraem Himke. HaspiBarh 00BEKTHI MOYXKHO B IPUHIIAIE KAK YTOJHO, HO
JIydlIle [IPUJIEPKUBATHCH HEKOTOPBIX ITPABHIL:
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1. Ucnionb3oBarh 1jisi HA3BAHUI TOJILKO JIATUHCKHE OYKBBI, IUMPHI U
TOUKy (MMeHa OOBEKTOB HE JOJIKHBI HAYUHATHCS ¢ TOYKH UM -

pBI).
2. Ilomuuts, 9to R 4yBcTBUTENEH K pErHCTDY, X M X — 9TO pa3Hble NMEHA.

3. He maBarh 0ObekTaM nMeHa, y2Ke 3aHATHIE PACIIPOCTPAHEHHBIME (DY HK-
musivu (Tuna ¢ () ), a TakKe KJIoueBbiMu ciioBaMu (ocobenHo T, F, NA|
NaN, Inf, NULL, a Tak»Ke pi — eJIMHCTBEHHOE BCTpoeHHoe B R 1mciio).

st co3maHmusl «UCKYCCTBEHHBIX» BEKTODOB OYEHBb II0JIE3€H OlIEPATOD
«:», 0DO3HAYAIOMNN MHTEpBaJ, a TaKxKe (DYHKIUN CO3JaHUS IOCJIEIO0Ba-
resibHOCTEl («sequencesy) seq() u nosropenusi (<«replications») rep().

3.2. «Canuce, ABOiiKa»: IKaJbHBIE JJaHHbIE

Ecsin naTepBaIbHBIC JaHHBIE MOYKHO ITOJIYYUTH HEIOCPEICTBEHHO (Ha-
IpuUMep, IIOCYUTATD) UJIH IIPU IIOMOIIH TIPUGOPOB (M3MEPHUTH ), TO MIKAJTIbHbBIE
JIaHHBIE HE TaK [IPOCTO COMOCTaBUTH ducjiaM. IIpeamnosoxum, HaM HAJIO0 CO-
CTaBUTD, & 3aTEeM IIPOAHAIN3UPOBATH JIAHHBIE OIIPOCOB 00 y100CTBEe Mebe TH.
fcHo, uTO «ym00CTBO» — BeIb CyObEeKTUBHASI, HO UTHOPUPOBATH €€ HeJlhb-
35, HaJI0 YTO-TO C Hell cuesaTh. Kak mpaBmiio, «4To-T0» — 39TO IIKAJa, Te
KaYKJIOMY OAJITy COOTBETCTBYET OIPEIEICHHOE OIMCAHNE, KOTOPOe W BKJIIO-
qaeTcs B opoc. Kpome Toro, B Takoil mKaJjie Bce 6aIbl 4aCTO MOYKHO PaH-
JKUPOBATh, B HaIlleM C/Iydae — OT HanMeHee yI00HOI Mebean K Hambosiee
y/106HOi1.

Yucii0, KOTOPBIM 0003HAYUEHO 3HAYEHUE TITKAJIbI,— BEIIb 00JIee YeM yCJIOB-
mast. [lo cytn, MOXKHO B3ATE TI060€ 9nci0. 3aTO €CTh OTHOINEHNE TIOPSIIKA 1,
6oJiee Toro, rnogobue HenpepoiBHOCTU. Hanpumep, ecitu yao0HYyIO BO BCex OT-
HOIIIEHUsIX MeDeJIb MbI CTAHEM 0003HAYATDH MUMPOi «5», a HECKOJIBKO MEHee
yIo0Hy10 — 1 poil «4», TO B MPUHITATIE MOXKHO IIPE/ICTABUTD, KaKast MebeJIb
MorJia Okl OBITE 0603HAUYEHA M POt «4.5». IMEHHO TT09TOMY K IIKAJbHBIM
JIAHHBIM [IPUMEHUMBI OYeHb MHOT'HE U3 T€X METOJ/IOB, KOTOPbBIE UCIIOJIB3YIOT-
Cd JIJId O6pa.6OTKI/I NHTEePBaAJIbHBIX HEIIPEPBLIBHLIX JTaHHBIX. OI[‘HaKO K Y9UucC-
JIOBBIM pPe3yJibTaTaM 00pabOTKH HAJIO MOJIXOIUTh C OCTOPOYKHOCTBIO, BCETIA
[IOMHUTL 00 YCJIOBHOCTH 3HAYEHUN IIKAJIBI.

Bosbitie Bcero TpymHocTeil BOZHUKAET, KOT/Ia JAHHBIC U3MEPEHBI B Pa3-
HBIX ITKaJIaX. Pa3Hble MIKAJIBl 9aCTO 0YeHb HEJIETKO IEPEBECTHU APYT B JAPYTa.

[To ymorganuio R 6ymer pacno3naBarh IIKAJbHBIE TAHHBIE KAK OOBITHDIIH
qucyioBoit BeKTOop. OJIHAKO JJIs HEKOTOPBIX 338 MOXKET HOTPebOBAThCS
npeobpas3oBaTh €ro B TaK Ha3bIBaeMblil yropsigodenuslii pakrop («ordered
factors — cm. Humke). Eciu ke crour 3ajada co3zarh IIKaJbHBIE JIAH-
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HblEe M3 WHTEPBAJIbHBIX, TO MOXKHO BOCIIOJIb30BaTbCsl (pyHKIWMeH cut(. ..,
ordered=TRUE).

st cTaTUCTUYEeCKOrO aHAIN3a IIKAJIBHBIX JTaHHBIX BCEra TPeOyIoTCs
HelrapaMeTPUYecKue MeTOJbl. FKciu »Ke Xo4ercsl NIPUMEHUTD [IapaMeTrpude-
CKHE MEeTOIblI, TO HyKHO MHaYe CIJIAHUPOBATL cOOp HAHHLIX, YTOOLI B pe-
3yJIbTaTe MOJyINTh WHTEpPBaJbHbIE JaHHbe. Hampumep, npu mccienoBaHu-
SIX Pa3MEPOB JINCTHLEB HE JEIUTh UX BU3YAJILHO Ha «MAJIEHHBKUE», «CPEIHUE>
1 «DOJIbIIKME», 8 U3MEPUTD UX JJIMHY ¥ IIXPUHY IpHU oMo JuHedku. O1-
HAKO MHOTIa COOp HENpPEepPBIBHBIX JAHHBIX TPEOyeT MCIIOJIb30BAHUST TPYHO-
JIOCTYITHOTO O0OPY/IOBAHUSI M CJOXKHBIX METOJVMK (HAIPUMED, €CJIU BbI Pe-
[IITE UCCJIeN0BaTh OKPACKY IIBETKOB KaK HEIPEPBLIBHYIO IEPEMEHHYIO, BaM
[IOHAI00UTCS CIEKTPOMOTOMETD JIJIsI U3MEPEHUsI IJINHBI BOJIHBI OTParKeH-
HOT'O CBeTa — KOJIMYECTBEHHOIO BBIPAXKEHUsI BUIMMOTO I[BeTa). B amoM ciry-
Jae MOXKHO BBIMTH M3 IIOJIOXKEHHUSI IIyTEM ITOCJIEYIONIErO ePEKOINPOBAHS
JIAHHBIX Ha CTaIUN X 00paboTku. Hampumep, 1iBeT MOXKHO 3aKOINPOBATDH B
BHAYEHUSIX KPACHOI'0, 3€JIEHOI'O U CUHEIO KAHAJIOB KOMIILIOTEPHOI IIBETOBOIA
mkasbl RGB.

Bor eme ogun mpumep nepexkoanpoBanusd. [IpemanosokumM, Bbl U3ydae-
Te BBICOTY 3JAHUI B Pa3IUYHBIX rOpojax 3eMHoro mapa. MoxkHo B rpade
«IOpOJI» HAIUCATH €ro Ha3BaHue (HOMHMHAJILHBIE JAHHBIE). DTO, KOHEIHO,
IIPOIIE BCETro, HO TOIJA Bbl HE CMOXKETE HCIIOJIb30BATh 3Ty IEPEMEHHYIO B
CTATUCTUYECKOM aHAJIM3€e JAHHBIX. MOXKHO 3aKOAUPOBATL IOPoa IudpaMu
B IOPsiJIKE WX PACIIOJIOXKEHUsI, HAIPUMED C ceBepa Ha Ior (ecjii Bac MHTE-
pecyer reorpadudeckas I3MEHIUBOCTb BBICOTHI 3JIAHUN B TOPO/JIE),— TOIJIA
[TOJTydaTCsl IIKaJbHbBIE TaHHBIE, KOTOPhIe MOYKHO 00paboTaTh HelapaMeTpu-
YeCKHMHU MeTomaMu. Y HaKOHeIl, KarKJblii TOpoj, MOXKHO ODO3HAYUTHL €ro
reorpaduIecKIMI KOOPIMHATAME UJId PACCTOSTHIEM OT CAMOTO I0XKHOIO I'O-
pojia — TOrJia MBI IOy YUM WHTEPBAJIbHbIE JaHHBIE, KOTOPhIE MOXKHO Oy1er
orpoboBaTh 06paboTaTh MapaMeTPUICCKIMU METOIAMMU.

3.3. KpacHblii, »KeJIThblii, 3eJIeHbIii: HOMIHAJIbHbIE
JAHHbIE

Homunanvrvie naaable (MX 4aCTO HA3BIBAIOT «KATErOPHAJBHBIMUY ), B
OTJIMYHE OT MIKAJbHBIX, HEJIb3s yHopsjaodnBarh. [losroMmy oHu erre jajib-
e OT YUCeJI B CTPOIOM CMBICJIE CJIOBa, YeM IKaJbHbIe JaHHble. BoT, Ha-
npumep, noJi. Jlaxke eciim MBI IPUCBOUM MY2KCKOMY W YKEHCKOMY ITOJIaM
KaKne-HuOY/ b INCIIOBbIe 3HaUeHNsl (HampuMep, 1 u 2), To u3 3Toro He Gyaer
CJIeJIOBATh, UTO KAKOU-TO 1oy «bosbiies apyroro. Jla um mpomexkyTouHoe
snavenue (1.5) 3/1ecb HEIPOCTO TPEJICTABUTS.
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B mpuHInne, MoykHO 0603HAYATE PA3JIMIHBIE HOMUHAJIbHBIE TOKA3ATE N
He nudpamu, a OyKBaMU, IEJTbIMEI CJIOBAMY UJIU CIIEIUAIbHBIMUA 3HAYKAMU —
CyTb OT 9TOI'O HE M3MEHHUTCH.

OObBIYHBIE YUCJIEHHBIE METO/IBI JIIsT HOMUHAJIbHBIX JAHHBIX HEIPUMeHM-
Mbl. OJTHAKO CYIIECTBYIOT CIIOCOOBI UX YUCJIEHHON 00paboTku. Cambril rpoc-
TOI — 9TO CUET, MOJACUET KOJUIECTB JAHHBIX PA3HOIO THUIIA B ODIIIEM MACCHBE
JIAHHBIX. DTHU KOJUIECTBA, U ITPOU3BOIHBIE OT HUX YUCJIA YIKE rOpaso Jierde
MTO/IAIOTCSI 0OpaboTKe.

OcoObIit cityuail KaK HOMUHAJIBHBIX, TAK U IIKAJBHBIX JTAHHBIX — OU-
HapHBle danMble, TO eCTh TaKue, KOTOPBIE IIPOIIE BCErO MEPEaTh YHCIaMu
0 u 1. Hampumep, oTBeThI «Ja» U «HET» Ha BOOPOCHI aHKeTwbl. Vjn na-
Jimaue /OTcy TCTBIE Yero-in6o. BuHapHble JaHHbIE HHOTIA MOXKHO yIIOPSIIO-
9UTh (CKayKeM, HAJIMIhe U OTCYTCTBHE), WHOTJA — HET (CKaykKeM, BEPHBbIil
U HeBepHBIN oTBeTbl). MoXKHO GUHADHBIE JAHHBIE NPEJICTABUTH U B BUJE
«JIOTUYECKOTO BEKTOpa», TO ecThb Habopa 3Hadenmit TRUE miau FALSE. Ca-
Masl TJIABHA I10JIb3a OT OMHAPHBIX JAHHBIX — B TOM, YTO B HUX MOYKHO
[IEPEKO/[MPOBATH [IPAKTUYECKH BCE OCTAJIbHBIE THUIIbI JAHHBIX (XOTsI HHOIJIA
upu 3ToM OyzeT norepsina 4actb undopmanun). Ilocie 5Toro K HUIM MOYKHO
[PUMEHSTH CIelHaJbHbIe METO/bI aHAJN3a, HAPUMED JIOTUCTHIECKYIO pe-
rpeccuio (CM. IVIaBy O JIByMEDHBIX JIAHHBIX ) MM OMHAPHBIE KO3hUIMEHTHI
CXOJICTBA, (CM. TJIABY O MHOIOMEPHBIX JIAHHBIX ).

st obo3HaMeHNsT HOMUHAJIBHBIX JAHHBIX B R €CTh HECKOJIBKO CIIOCODOB,
PA3HOI CTeNeHN «IIPABUIBHOCTH Y. BO-TIEPBBIX, MOXKHO CO3/1aTh TEKCTOBBI
(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"

Obparure BHnMaHue Ha GyHKINO str()! D10 0YeHb BarxKHast (DYHKIINS,
MBI ObI PEKOMEHJIOBAJIM BBIYYUTH €€ OJIHO# u3 nepBbix. Ha mepBbIx mopax
nosib30BaTe b R He Beerjja moHMMAET, ¢ KAKUM TUIOM 00bEeKTa (BEKTOPOM,
Tab/Iuieli, CIIMCKOM U T. I1.) OH UMeeT JIeJI0. PaspernTb COMHEHUsI TIOMOTaeT
str().

[IpeamomokuM Temepb, 9TO SeX — JTO OMMCAHWE TI0Ja COTPYIHUKOB
HeOOIBINON opranm3aruu. Bor kak R BBIBOIUT COMEp:KUMOE 3TOr0 BEKTO-

pa:

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

Kcrarn, nopa pacKkpbITh 3arajiky eJIMHUIBI B KBAJPATHBIX CKOOKax —
9TO IPOCTO HOMED JIEMEHTa BEKTOPa. BOT Kak ero MOKHO HCIOJIB30BATDH
(ma-na, KBaJpaTHble CKOOKH — 3TO TOXKe KOMaH/Ia, MOXKHO 9TO [IPOBEPUTD,
Habpas momorp 7" ["):

> sex[1]
[1] "male"

«YMHBIE», TO €CTh 00bEKT-OPUEHTHPOBAHHBIE, KOMAaH/bI R Koe-4To 110-
HUMAIOT IIPO 0OBEKT SeX, HalpuMmep KoMaHaa table():

> table(sex)

sex

female male
2 5

A Bor komanma plot(), yBBI, HE yMeET HUYETO XOPOIIETO CIEIATH C
rakuM BekTopoM. CHavaja Hy»KHO coobmuThb R, 4To sToT BeKTOp Ha/10 pac-
cMaTpuBaTh Kak gaxmop (To ecTb HOMUHAJIBHBIA THIT JaHHBIX). [lemaercs
9TO TaK:

> sex.f <- factor(sex)

> sex.f

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

1 Tenepr komanma plot() y2Ke <«IIOHUMAET», UTO €l HAJIO HEJaTb —
CTPOUTDH CTOJIOUATYIO Auarpammy (puc. 5):

> plot(sex.f)

DTO HPOU3OILIO IIOTOMY, UTO IEpe]] HAMH CIEIUAIbHDIA THII 00bEKTA,
[pe/IHA3HAYEHHBIH JIJIs KATerOPUAJIbHBIX JIAHHBIX,— (haKTOP € JABYMs YPOB-
Hsamu (rpajgaiusvm) (levels):

> is.factor(sex.f)

[1] TRUE

> is.character(sex.f)

[1] FALSE

> str(sex.f)

Factor w/ 2 levels "female","male": 2 1 221 2 2
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1
|

female male

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

Ouenb MHOrme dynknuu R (ckaxkem, Tor e cambiii plot()) npemmo-
YUTAIOT PAKTOPHI TEKCTOBBIM BEKTOPAM, IIPU STOM HEKOTOPBIE YMEIOT KOH-
BEPTUPOBATH TEKCTOBBIE BEKTOPBI B (PAKTOPDI, & HEKOTOPBIE — HET, [I09TOMY
HaJI0 OBITH BHUMATEJbHBIM. Fille HECKOJIBKO CBOMCTB (DAKTOPOB HAJIO 3HATH
3apanee. Bo-TiepBbIX, TOIMHOXKECTBO (haKTOpa — 3TO (PAKTOP C TEM YKe KO-
JIMIECTBOM YPOBHEH, arke €CIM UX B MOJMHOYKECTBE HE OCTAJIOCH:

> sex.f[5:6]

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

[1] male male
Levels: female male

«36aBUTHCsT» OT JIMIITHETO YPOBHST MOXKHO, IPUMEHUB CIIEIIUAIbHBIN ap-
CYMEHT WJIU BBIIOJIHUB 11peo0pa30BaHme JAHHBIX «TYyJla U O0PATHO» !

> 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-Bropsix, dhakTopsl (B OTIMYIE OT TEKCTOBBIX BEKTOPOB) MOXKHO JIer-
KO ITpeobpa30BaTh B YUCIOBLIEC 3HAUEHUS:

> as.numeric(sex.f)
[1] 2122122

3adeM 3TO HY2KHO, CTAHOBUTCS MOHATHBIM, €CJIM PACCMOTPETH BOT Ta-
koit mpumep. Iomoxxum, Kpome pocTa, y HAC €CTb €Ile U JAHHBIE 110 BeCy
COTPY/IHUKOB:

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

N MBI XOTHUM 1OCTPOUTH TaKOil rpaduk, Ha KOTOPOM OBbLIU ObI BHTHBI
OJIHOBPEMEHHO POCT, BeC U 10JI. BOT Kak 9T0 MOXKHO cjiejarh (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))

Ty, pazymeercsi, Hy>KHO KOe-ITO OObSICHUTBH. pch u col — 3Tu mapa-
METPbI IIpe/IHa3HAuYeHbI JJjld OlIpe/eIeHUsl COOTBETCTBEHHO THUIIA 3HAYKOB U
X nBeTa Ha rpaduxe. Takum ob6pa3zoM, B 3aBUCUMOCTU OT TOT'O, KAKOMY
[OJTy TIPUHA/JJIEXKUT JTaHHAS TOYKA, OHA OyJ/eT m300parkeHa KPYKKOM KN
TPEYTOJbHUKOM U YEPHBIM WA KPAacHBIM mBeroM. [Ipu yciosuu, pasymeer-
Csl, IYTO BCE TPU BEKTOPA COOTBETCTBYIOT JPYT Apyry. Eie HAJI0 OTMETHUTD,
49TO U300parKeHue [0J1a IIPU IIOMOIIM 3HAYKA U [[BETa U30BITOYHO, JJIsd «HOPD-
MaJILHOTO» I'paduKa XBATUT U OJHOIO U3 ITUX CIIOCODOB.

B-1tperbux, hakTOpbl MOXKHO YIHOPSIOYNBATE, IPEBPAIas UX B OJIUH U3
BapUAHTOB IIKAJIbHBIX JAHHBIX. BBE/IEM 4eTBEPTYIO IIEPEMEHHYIO — Pa3Mep
MaeK JIJIs TeX »Ke CaMbIX T'MIIOTETUYECKUX BOCbMEPBIX COTPY/IHUKOB:

>m <- c("L", "S", "XL", "XXL", "S", "M", "L")
> m.f <- factor(m)

>m.f

[1J] L s XL XXLS M L

Levels: L M S XL XXL

Kak Bugmm, ypoBHH pacCIOIOXKeHBI IIPOCTO 10 ajihaBUTY, & HAM HAJIO,
qTo6bl S (small) mesn nepseiM. Kpome Toro, Hajmo kak-ro coobmursb R, 1ro
nepes HaMU — IMKaJIbHbIE JIaHHbIe. JlejlaeTcs 3TO Tak:
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o female A
A male

90
|

85

80
|

75

70
|

65

60
|

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

Puc. 6. I'paduk, nokassiBaonuii 0JJHOBPEMEHHO TPU HIePEeMEHHbBIE

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

[ L S XL XXLs M L

Levels: S < M < L < XL < XXL

Teneps R «3naer», kKakoil pasMep 60JIbIIE. ITO MOXKET ChIrPDATh KPUTH-
YECKYIO pOJIb — HAIIPUMED, IPHU BLIYUCIECHUAX KOI(PPUIMEHTOB KOPPEJs-
I,

Paboras ¢ dpakTopamu, HyKHO TOMHUTH U 00 OHOI omacHocTu. Ecim
BOBHHUKJIa HEOOXOIMMOCTD IepeBecTH (PAKTOP B YMCJIA, TO BMECTO 3HAYCHMIA
BEKTOpa MBI IIOJIYIUM YHCJIa, COOTBETCTBYIONINE YPOBHAM (bakTopa! UToObI
9TOr0 HE CJYYU/IOCh, HAJIO0 CHAYAJ A IIpeodpa3oBaTh (GAKTOP, COCTOSIIUN U3
3HAYEHUI-INCe]I, B TEKCTOBBIA BEKTOp, & yKe IOTOM — B YHMCJIOBOIL:

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

[11 34 5

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

[11 123

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

Korna daii nagabIx 3arpy2KaeTcst IIpu IoMoIu KoMaHabl read . table (),
TO BCE CTOJIOIIBI, T/I€ €CThb XOTs ObI OJIHO HEYHUCJI0, OyIyT Ipeodpa30BaHbl B
dakropsl. Ecin xouercst sToro nzbexkarh (Jijist TOro, HapUMep, YTOObI He
CTOJIKHYTHCSI C BBIIIEOIIUCAHHOM 1IPOOJIEMOIt), TO HYKHO 33/aTh JONOJIHU-
TeJIbHBI mapaMerp: read.table(..., as.is=TRUE).

3.4. Honau, cyeT u paHru: BTOPUYHbIE JIaHHbIE

W3 HaszBaHMS SICHO, YTO TaKue JaHHblE BO3HUKAIOT B pe3yJsibrare obpa-
OOTKHU HEPBUYHBIX, MCXOIHBIX JAHHBIX.

HawubosbItiee npuMeHeHre BTOPUYHBIE JaHHBIE HAXOMST IPH 00paboOTKe
IIMTKaJIbHBIX 1 B OCO6€HHOCTI/I HOMUHAJIBHBIX JaHHBIX, KOTOPbIC HEJIb3d 06pa—
6arbBaTh «B J106». Hampumep, cuer («counts») — 9T0 MpOCTO KOJIMUIECTBO
9JIEHOB KaKoOi-1mb0 Kareropuu. Takme IMOACIETHI U COCTABJSIOT CyTh CTa-
TUCTUKY B OBITOBOM CMBICJIE 9TOrO cjioBa. IIponenTsl (1nosm, «rates») Toxe
9aCcTO BCTPEYAIOTCsI B OBITY, TaK YTO ITOJAPOOHO OIKMCHIBATD X, HABEPHOE, HE
HY2KHO. OﬂHO 13 CcaMbIX IIOJIE3HBIX UX CBONMCTB — OHM IIO3BOJIAIOT BbIYJIE-
HUATH YHCJIOBbIE 3aKOHOMEPHOCTH TaM, I'Jle MCXOIHBIE JTaHHbIE OTJIMYAIOTCSI
110 pa3Mepy.

Jljist TOro YTOOBI BU3YAJIM3UPOBATD CUET U IIPOIEHTHI, IPHUYMAHO HEMA-
JI0 rpadudeckux crocobos. Camble M3 HEUX PACIpPOCTPaHEHHbIE — 9TO, Ha-
BepHOE, TPapUKI-IINPOTH U CTOJI0UaThIe AuarpaMMbl. IlouTn gobas KOMIbIO-
TepHasi IIporpamMMa, UMeIas Ae0 ¢ TadJIUIAaMHI JTaHHBIX, YyMeeT CTPOUTH
rakne rpacdukn. OaHaKo HaI0 3aMETUTh, UTO CTOJOYATHIE TUATPAMMBI U
B OCOOEHHOCTH «IIUPOTU» — HEYIAAYUHBIN Crocob mpejcTaBieHns nHpopMa-
nuu. MHOTOYNC/IEHHBIE SKCIIEPUMEHTHI JJOKA3a/ 1, YTO YUTAIOTCS TaKUe I'Pa-
dukn ropasmo Xyzxe ocTaJbHbIX. Camoe medajbHOe, ITO IVIaBHAdA 3aJada
rpaduKoB — IOKa3aThb, Ijie MudPhl PA3IUIAIOTC, a Ie CXOIHBI, TPAKTHU-
YeCKM He BBIIOJIHSIETC. B sKclepuMeHTax JIIOAAM IIPeIarajil HECKOJIbLKO
MUHYT CMOTPETH Ha TaKue rpadrKu, a 3aTeM IPOCHIN PACIOIOKATD IPYII-
IIbI, OTPakeHHbIE Ha rpaduke, B MOPsSIKE 3HAUCHUN MOICUUTAHHOTO IIPU-
snaka. OKa3aj10ch, 9TO 3TO HEJIEerKo caeaaThb. Bor npumep. Ha pucynke 7 —
CTOJIOYATHIN TPadUK Pe3y/IbTATOB TaJaHU HA POMAIITKAX:

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

names (romashka) <- romashka.t$Vi

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

vV V V V
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> 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)

(ITpUII0Ch UCXUTPUTHCS, ITOOBI HOMECTUTD JJIMHHBIE HAJIIICH TI0J CTOJI-
Bukamu. )
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Puc. 7. PesyabraTs! rajanns Ha poManikax (IPOIEHTHI HCXOJI0B), MOKA3aH-
HBIE C ITIOMOIIBIO CTOJIOYATON aArarpaMMbl

[TorrpobyiiTe mpojeaTh TOT Ke SKCIEPUMEHT: MOCMOTPETh Ha I'paduk
3-5 MUHYT, & 3aTeM 3aKPbIThb KHUT'Y U PACIOJIOXKHUTH BO3MOXKHBIE HCXOJIbI
raJlaHus B IOPsi/IKe YObIBAHUS, OT CAMOT'O DOJIBIIOTO 3HAYEHUS — K CAMOMY
masienbkoMy. (OTBeT HpOBEPbTE B KOHIIE IJIaBbI. )

Coznarenu R npekpacuo 3uas1 00 3TUX IPodIeMax, 1 0ITOMY B IIEPBBIX
Bepcusx BooOIe He OBLI0 KOMAH/IBI )T PUCOBAaHUS «Iuporosy. Ha 3ameny
UM, & TaKKe Ha 3aMeHy MeHee COMHHUTEJIbHBIM CTOJIOYATHIM JTHArDAMMAM
B R ectb Tak HaspiBaemble Toueunsie rpaduku (dotplots). Hike npusenen
puMep Takoro rpaduka Jijisl TeX e CaMbIX JAHHBIX [0 rajaHuio (puc. 8):
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> dotchart (romashka)

K 4epTy IOILIeT °

K cepany npuzxxmer o

TonesyeT °

IJIIOHET o

He JII00UT °

JTFOOHT °

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

Puc. 8. Pesynbrars! rajanus Ha pomanikax (IpOIEHTHI UCXOJIOB), MOKA3aH-
HBIE C TIOMOIIBIO TOYEIHOTO TpaduKa

Haneemcsi, 4T0 OOBITMHCTBO YUTATE IEH COIJIACATCS C HAMHU B TOM, UTO
TOYEYHBIE JIMarPAMMbl YUTAIOTCS Jierde «IUporoBy». VIMeHHO mO3TOMY IIPO-
deccronabl PEKOMEHIYIOT TOUedHble rpaduKu U OOKCILIOTHI, a HE «IIHPO-
U» U CTOJOYATHIE JTMATPAMMBL.

Eciu caer u noJin o1y 4aioT 0O6bIYHO U3 HOMUHAJIBHBIX JAHHBIX, TO OT-
HOIIEHUA U paHI'l <<,ZL06bIBaIOT>> 13 JaHHbIX KOJIMYEeCTBCHHDLIX. OTHOH.[GHI/ISI
0CODEHHO TIOJIE3HBI B TEX CJydasX, KOTJa U3ydaeMble SIBJICHUS WM BEIH
MMEIOT OYeHb Pa3Hble aDCOJIIOTHBIE XapakTepucTuku. Hanpumep, Bec sozei
JIOBOJIBHO TPYIHO WCIOJIHB30BATH B MEIUIIMHE HAINPIMYIO, & BOT COOTHOIIIE-
HUE MEXKJIy POCTOM U BECOM OYEHb [IOMOTAET B JIMAIHOCTUKE OXKUPEHUSI.

Yr1o06b!I TOJYyIUTh PAHTH, HAJO YIOPSIOUNTH JAHHBIE 110 BO3PACTAHUIO
¥ 3aMEHUTh KaKJI0e 3HAUYeHHe Ha HOMEp ero MecTa B IOJIYYeHHOM psIiy.
Hanpumep, obbrdHasi MeTO[MKa BBIYUCACHUS MeJUAHBl (CM. HUXKE) OCHO-
BbIBaeTCd Ha paHIrax. PaHFI/I OCO6€HHO OINPOKO IIPUMEHAIOTCA IIPU aHAJIN3e
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IMKAJbHBIX U HemapaMeTPUIeCKUX WHTEPBAJIbHBIX JIAHHBIX. PaHTOBbBIE Me-
TOJVKH aHAIN3a, KaK IIPABUJIO, YCTONYUBLI, HO MeHee TYBCTBUTELHBI, €M
napaMeTpuieckue. JTO U IHOHSITHO, BEIb B IIPOIECCe IPUCBANBaHUs PAHIOB
qacThb WHPOPMAIIUNA TEPSIETCS:

> al <- ¢c(1,2,3,4,4,5,7,7,7,9,15,17)
> a2 <- ¢c(1,2,3,4,5,7,7,7,9,15,17)
> names(al) <- rank(al)

> al

1 2 34.54.5 6 8 8 8 10 11 12
1 2 3 4 4 5 7 7 7 9 15 17
names (a2) <- rank(a2)
> a2

1 2 3
1 2 3

\

4 5 7 7 7
4 5 7 7 7

Kak BujiHO, panru MoryT OBITH HE IEJIBIMU, a MOJIOBUHHBIMH. DTO ObI-
BaeT TOT/a, KOTIa OJNHAKOBBIX YHCes YeTHoe yucio. Kpome Toro, y omnna-
KOBBIX YHCEJI PAHTH TOXKE OJIMHAKOBBIE. DTO HA3BIBAETCs «ties», OyKBaJIBHO
«HIYbsT». HUUbs 9Ta HECKOJILKO MEIAeT IPU BLIOJHEHNNT HEKOTOPBIX CTa-
TUCTUYECKUX Ollepalluii, HalIpUMep IIPU BBIUYMCJIEHUHN HellapaMeTPUYeCKUX
TeCTOB, OCHOBAHHBIX Ha paHIaX:

> wilcox.test(a2)

[... pesynbpTaTH TecCTa NPONYWEHH . ..]

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
noiiieT B ciemyromeil riase.)

3.5. IlponynieHHble JJaHHBbIE

He cymecrByeT Hu coBepIIEeHHBIX HAOIIOMECHN, HU COBEPIIEHHBIX YKCIIE-
puMeHTOB. YeMm 6oJIbIlle MACCUB JAHHBIX, TEM OOJIBIITE BEPOSTHOCTH BCTPE-
TUTh B HEM pa3JIM4YHbIe HEI0YETHI, IIPEXKJE BCErO NPonyweHHve JarHbie,
KOTOpPBbIE BO3HHUKAIOT IO THICAYE MPUIUH — OT HECOBEPIIEHCTBA METONVK,
OT CJIy9JalfHOCTEH BO BpeMsl (PUKCAIMK JAHHBIX, OT OIMMOOK KOMITbIOTEPHBIX
nporpamMM u T. ;1. CTporo roBopsi, MpOIyIeHHbIE JaHHbIE OBIBAIOT HECKOJIb-
kux TUoB. CaMblil MOHATHBI — 9T0 «unknowns, HEM3BECTHOE 3HAUEHIUE,
KOTJIa JIAHHBIE TIPOCTO He 3a(UKCUPOBAHBI (UM MOTEPSIHBI, UTO, YBbI, ObI-
BaeT Hepenko). EcTe eme «boths, Korma B mporecce HAOTIOIEHIIT BO3SHIK-
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JIO COCTOSTHUE, OTBEUAIONIEee Cpa3y HECKOJLKUM 3HadeHusiM. Hampumep, ec-
JIM MBI HADJIIOAEM 3a TOrOJI0 U OTMEYaeM €JIMHUIEH COJTHEUHbBIH JIeHb, a
HyJleM — TaCMYPHBIH, TO Ie€Hb ¢ IepeMeHHoil obyragnocTbio Oymer «boths
(OOBIYHO ITO 3HAUUT, YTO METOJMKA Hab/OIeHu paspaborana 1m1oxo). Ha-
KoHerl, «not applicable», HenpuMeHUMOE 3HAYEHUE, BOSHUKAECT TOTIA, KOTJIA
MBI OOHAPYKUJIU HEUTO, JJOTHIECKU He COBMECTUMOE C TEM IPU3HAKOM, KO-
TOpbIi Hao ukcupoBaTh. CKaykeM, MBI MepsieM JITHHBI KJII0Ba y obuTare-
Jieli CKBOPEYHUKOB, U TYT HaM I[ONAJIAach OeJiKa. Y Hee HET KJIIOBa, 3HAUUT, U
IIuHbI ero Toxke HeT. [1po stu «dunocodckre TOHKOCTH» XOPOIIO IIOMHUTD,
XOTs1 OOJIBITUHCTBO KOMITBIOTEPHBIX MTPOTPAMM, 3aHUMAIOIIUXCS aHAJA30M
JIAHHBIX, HE PA3JIUYAIOT TUX BaAPUAHTOB.

OmbIT MOKA3BIBAET, YTO OOONTHUCH 63 MPOITYIIEHHBIX JAHHBIX TPAKTHIe-
CKHU HEBO3MOXKHO. Bojiee TOro, mX OTCyTCTBUE B CKOJIbKO-HUOY/Ib KPYITHOM
MaCCHUBE JAHHBIX MOYKET CJIY>KUTHh OCHOBAHUEM JIJIsi COMHEHUI B UX JIOCTO-
BEPHOCTH.

B R npomyimiennbie gjaHHble TPUHSITO 0003HAYATE JABYMsI OOIBIIIMI OYK-
BaMu JiaTuHCKOTO ajidpaBura «NA». IIpesmosoxum, IT0 y HAC UMeeTcsl pe-
3yJIBTAT OIIPOCA TEX YKE CAMBIX CEMU COTPYIHUKOB. VX clipammBaJiu, CKOJIb-
KO B CPE€JIHEM YaCOB OHU CIIAT, IPUA 3TOM OJIUH U3 OIPAIINBAEMbIX OTBEYATDH
OTKA3aJICSI, JIPYTOil OTBETUJI «HE 3HAIO», 8 TPETHEIN0 B MOMEHT OIIPOCA, IPOCTO
He ObLI0 Ha pabodeM Mecre. Tak BO3HUKIIM MPOIYIIEHHBIE JTAHHBIE:

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

Kak Bumum, NA Ha 10 BBOUTH 6e3 KaBblvuek, a R Humasio He cmytmaercs,
9TO cpenn Mudp HAXOAUTCs Bpoje Obl TeKeT. OTMETHM, ITO HMPOITYIIEHHBIE
JIaHHBIE OYEHb YaCTO CTOJIb YK€ PA3HOPOJIHBI, KaK U B HareM mnpumepe. O
HAKO KOJIUPYIOTCSI OHU OJIMHAKOBO, U 00 9TOM He HYKHO 3a0bIBaTh. 1enepb
0 TOM, KaK HaJ0 paboTaTb C MOJydYeHHBIM BeKTOpoM h. Eciam mbr mpocTto
nonpobyeM mocuuTarh cpejgnee 3Hadenue (pynkius mean()), TO MOy IUM:

> mean (h)
[1] NA

N s1o «maeosiornvuecku MpaBUIbHO», MOCKOJBKY (DYHKIUS MOXKET II0-
pasHomy 06pabareiBaTh NA, U 110 YMOJYAHUIO OHA, IPOCTO CUTHAJIU3UPYET O
TOM, UTO C JJAHHBIMHU 9TO-TO HEe TaK. UTOOBI BLICIUTATH CPE/IHEE OT «HEIPO-
IYIIEHHON» YaCTU BEKTOPA, MOXKHO IOCTYIUTh OJHUM U3 JBYX CIHOCODOB:

> mean(h, na.rm=TRUE)
[1] 8.5

> mean(na.omit(h))
[1] 8.5
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[Tepsoiit criocob paszperaer Gpyukiuu mean () IPUHAMATD IPOILYIIEHHBIE
JIaHHBIE, & BTOPOIl Jle/IaeT U3 BEKTOpa h BpeMeHHBIN BeKTOp 6€3 MpOILyIeH-
HBIX JAHHBIX (OHM IPOCTO BBIKUBIBAIOTCA U3 BekTOpa). Kakoil u3 criocobos
JIydiiie, 3aBUCAT OT CUTYaIlUU.

YacTo Bo3HUKAET el1e OHa ITPodJeMa — Kak CJIeJaTh [OJICTAHOBKY IIPO-
OYIEHHBIX JAHHBIX, CKaXkKeM, 3aMEHUTh Bce NA Ha CPEHIOI0 II0 BBIOOPKE.
Bor pacipocrpanenHoe (HO He OY€Hb XOpOIIee) 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 sieBoit vacTu 1epBoro BbIparKeHnusi OCYIIECTBISETCA NHIECKCUPOBAHUE,
TO €CTb BBIOOD HY2KHBIX 3HAUEHUI h — TaKuxX, KOTOPBIE SIBJIAIOTCS MPOILY-
merabiME (is.na()). Ilocie Toro Kak BbIparKEHUE BBIIIOJTHEHO, «CTapble»
BHAUEHUST UCYE3GI0M HaABCe20q, TIOOTOMY PEKOMEHIyeM CHAYAIA COXPAHUTD
CTapblil BEKTOP, CKarKeM, 110/l JIDYyIUM Ha3BaHUEM:

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

Ectb MHOrO npyrux crmocoboB 3aMeHbI MPOIYIEHHBIX 3HAYEHUH, B TOM
quCJe U OYEHb CJIO0XKHBIC, OCHOBAHHBIC Ha PEIPECCUOHHOM, & TaKzKe JUCKPU-
MHUHAHTHOM aHajm3e. HekoTopble U3 HUX Peaju30BaHbl B IMaKeTaxX mice u
cat, CyIIecTByeT jJazke MaKeT, IPEIOCTABIAIONII rpadudecknit maTEepdeiic
JUIs «B6OPBOBI» € IIPOIYIIEHHBIME JIAHHBIMY, MissingDataGUI.

3.6. BrIOpochI 1 KaK UxX HaiiTu

K coxanennro, mocae HaOOpa JAaHHBIX BO3ZHUKAIOT HE TOJIBKO <«IIyCTHIE
sg4aeiikny. O4eHb 9acTO BCTPEYAIOTCA IPOCTO OmMOKM. Halre Bcero 9To orre-
9JaTKH, KOTOpPbIe MOI'YT BO3HUKHYTDL IIpU PYYHOM Ha6ope. ECHI/I JaHHBIX
HEMHOTO, TO MOYKHO IOIIBITATHCST BBISIBUTH TAKUE OIMMOKU BPYJIHYIO. XyIKe,
eca 00beM JIAHHBIX BEJIMK — CKaXkKeM, OoJiee Thicsdn 3amnuceii. B atom ciy-
Jae MOTyT IIOMOYb METOJbI 00PabOTKHU JAHHBIX, IIPEXKJIE BCEIO TE€, KOTOPHIE
paccYMTaHbl HA BblsBJIeHHE BBIOPoCcoB (outliers). Camblil ipocToit n3 HUX —
HaXOXKJICHNEe MUHAMYMa U MAaKCUMYMa, a JIJIs HOMAHAJbHBIX JAHHBIX — I10-
cTpoeHue TabJIMIBI YacTOT. K coXKajleHnio, TaKue MeTO/Ibl TIOMOTaloT JIUIIb
ordacT. Jlerko HaiiTu onedaTky B TabJIMIE JAHHBIX POCTa UEJIOBEKA, €CJIH
KTO-TO 3amucali 17 cMm BMecto 170 em. OHaKo ee NPaKTUYeCK HEBO3MOXKHO
Hafitu, ecyiu BMecTo 170 cm Hammcano 171 cm. B stom ciydae ocraercsd Ha-
TeATHCS JINITb Ha CTATUCTUYIECKYIO IPUPOIY JTAHHBIX — deM UX OOJIbIIE, TEM
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MeHee 3aMeTHbI Oy/yT OomubKM, 1 Ha TaK HasblBaeMble pobacTHbIe (yCTOM-
9uUBBIE K BBIOpOCAM) MeToJbl 06pabOTKH, O KOTOPBIX MbI €II€ MOIOBOPHM
HUKE.

3.7. Mensiem gaHHBIE: OCHOBHBIE€ ITPUHIINIIHI
npeobpa3oBaHUA

Ecimu B ncciaenoBanmm 3a1efiCTBOBAHO HECKOJILKO PA3HBIX TUIIOB JIAH-
HBIX — TapaMeTPUYIecKrne W HelapaMeTpUdecKne, HOMUHAJbHbIE U Helpe-
PBIBHBIE, IIPOIEHTHI U TOJICIETHI U T. II., TO CAMBIM IPABUJIBHBIM OyIeT Ipu-
BECTH UX K KAKOMY-TO «O0IIEMY 3HAMEHATEIOY.

Wmorma Takoe mpeobpaszoBaHme caeaaTh Jerko. Jlaxke HoMuHaIbHbBIE TaH-
HBbIE MOYKHO IIPeoOpa30BaTh B HEIPEPBIBHBIE, €CJIM UMETH JIOCTATOYHO WH-
dopmanun. CrazkeM, moJ1 (HOMUHAJIBHBIE JaHHBIE) MOKHO TPE0OPA30BATh B
YPOBEHb MyZKCKOI'O FOPMOHA TECTOCTEPOHA B KPOBH (HEIPEPBIBHBIE); IPaB-
Jla, JJIsl 9TOr0 HY»KHA JOMOJHUTEIbHAsS WHpopMalus. PaciupocrpaneHHbIit
BapuaHT Ipeobpa3oBanmst — 00pabOTKa IUCKPETHBIX JaHHBIX TaK, KaK OyI-
TO OHM HempepbIBHBIE. B 1e1oM 3T0 6e30macHO, HO WHOTAA IMIPUBOINT K
HEIPUSATHBIM TocjieAcTBUsIM. COBepIIeHHO HellpUeMJIEMbI BAPDUAHT — IIpe-
obpa3oBaHme HOMUHAJIbHBIX JAHHBIX B MIKaJbHBIE. EC/ JaHHBIE IO CBOeit
IIPUPO/Ie HE YIIOPAJOYEHBI, TO UX UCKYCCTBEHHOE YIOPALOYCHUE MOXKET pPa-
JMKAJBHO CKa3aThCA Ha Pe3yJbrare.

Yacro gamHble TPeodpasyoT Jjisi TOro, 9TOObI OHM OOJIBINE TOXOIU/IN
Ha napameTpudeckue. Keim y pacripejiesieHust JaHHBIX JITHHHBIE «XBOCTBI»,
ecsii rpaduK pacrpejieeHus (Kak Ha puc. 12) JHIb 0T9aCTH «KOJIOKOTI000-
PAa3HBI», MOXKHO IIPUOETHY Th K JIOrapu(pMIPOBAHUIO. DTO, HABEPHOE, CAMOE
JacToe npeobpasoBanne. B rpadudeckux komangax R ecrs maxe crenyalib-
HbIII apryMeHT

., log="ocn",

rJie BMECTO CJIOBa OCb HAJIO IOJCTABUTD X WU §, U TOTJIa COOTBETCTBYIO-
mast 0ch rpaduKa 0TOOPA3UTCS B JTOTap(pPMUTIECKOM MAacIITabe.

Bor cambie paciipocTpaHeHHbBIE METOBI IPEOOPA3OBAHUIT C YKA3AHUSIMH,
KaK ux jeaarb B R (MBI mpe/mosiaraem, 9TO BaIllld JIAHHBIE HAXOJATCS B
BeKTOpe data):

e Jlorapudmuueckoe: log(data + 1). Ecsim pacupejesenue CKOIIEHO
BIIPABO, MOXKET JIaTh HOPMAaJIbHOE pacipejiesicHue. Moxker Takxke je-
JiaTh OoJiee JTMHEHHBIMY 3aBUCUMOCTH MEXK/Iy IMEePEeMEHHBIMHU U yPaB-
HUBATDL JIUCIIepCcuu. «Bourcs» HyJel B JAHHBIX, TO3TOMY PEKOMEH LY~
ercs IpUOABJIATD €JIUHUILY.

o Ksagparnoro kopus: sqrt (data). [loxoxke o geficTBuio Ha Jjiorapud-
MHYeCKoe. «BouTcsy oTpunaTe/IbHbIX 3HAYCHUTIA.
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e O6parnoe: 1/(data + 1). DddeKTuBHO IJjIsi CTAOUIU3AINKA JUCIIED-
cun. «Bourcs» mysiei.

o Kpagparnoe: data~2. Ecin pachpenenenne CKOIIEHO BJIEBO, MOXKET
JIaTh HOpMaJIbHOE paclipejiesienue. JIlnneapusyer 3aBUCUMOCTH U BbI-
pPaBHUBAET JIUCIIEPCUH.

e Jlorut: log(p/(1-p)). Harre Bcero npuMeHsieTcsi K IPOIOPIHUsIM. JIu-
Heapu3yeT TaK Ha3bIBAEMYIO CHTMOBHJHYIO KpuByto. Kpome jormt-
IPeobPA3OBAHUSL, JIJIsT TPOIIOPIINI TACTO UCTIOTH3YIOT U APKCUHYC-TIPe-
obpaszoBanue, asin(sqrt(p))

[Tpu 06paboTke MHOTOMEPHBIX JIAHHLIX OYE€Hb BayKHO, YTOOBI OHU ObLIN
onHoit pasmepnoctu. Hu B KoeM cjiydae HeJb3si OJHY KOJOHKY B TaOJIHIIE
BAIUCHIBATH B MIJLIUMETPAX, & JIPYIyI0O — B CAHTUMETPAX.

B MHOromepHoi#l CTATUCTHKE MIUPOKO MPUMEHHAETCA W HOPMAJIM3AIIN
JIAHHBIX — IPUBEJICHIE Pa3HBIX KOJIOHOK K 00OIeMy BHy (HApuMep, K OJi-
HOMY CpeJIHEMY 3Ha4YeHHUI0). BOT Kak MOXKHO, HAIpHMep, HOPMAaJM30BaTh
JIB& 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)

a b
[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
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[8,1 0.8257228 0.8257228
[9,] 1.1560120 1.1560120
[10,] 1.4863011 1.4863011

Kaxk BunnM, komanga scale () IpUBOAUT BEKTOPLI <K OOLIEMY 3HAMEHA-
teioy. OOpaTrnTe BHUMaHNE HA TO, ITO ITOCKOJBKY BEKTOP b ObLI, 11O CyTH,
[IPOCTO YBEJMYEHHBIM B CTO pa3 BEKTOPOM a, IOCje MpeobpasoBaHUs OHU
CTaJIl COBEPIIEHHO OJUHAKOBBIMHU.

3.8. Marpuiibl, CIICKHA 1 TaOJINIBI JaHHBIX

3.8.1. Marpuiibl

MaTtpuisl — odenns pacipocrpanennas GopMa IpeIcTaBIenns JTaHHbIX,
OpraHm3oBaHHBIX B (opme Tabjunbl. [Ipo marpuier B R, B obmem, HyxX-
HO 3HATDH JIBE Ba’KHbBIE BEIU — BO-TIIEPBBIX, 9TO OHM MOI'YT OBbITh PAa3HOIA
Pa3sMepHOCTH U, BO-BTOPBIX, 9TO MATPHUIL KAK TAKOBBIX B R, 10 cyTwH, HET.

Haurewm ¢ nociemaero. Marpuna 8 R — 970 mpocto crienuajibHbIi Tui
BEKTOPA, 00JIAIAIONIIT HEKOTOPBIMHU JI00aBOYHBIMU CBOficTBaMHU (aTpubdy-
TaMHU ), TIO3BOJISIIOIIMMHU UHTEPIPETUPOBATL €r0 KAK COBOKYITHOCTb CTPOK M
cTo610B. [IpeanoioKnM, Mbl XOTHM CO3/IaTh TPOCTEHIITYIO0 MATPUILY 2 X 2.
Jlns Hadasia co3/ia/ M ee U3 YUCJIOBOIO BEKTOpa:

>m<- 1:4

>m

[1] 1 23 4

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

[,1]1 [,2]
[1,] 1 2
[2,] 3 4
> str(ma)
int [1:2, 1:2] 1 3 2 4
> str(m)
int [1:4] 1 2 3 4

Kak Bu/iHO, cTpyKTYypa (HAIIOMHIM, CTPYKTYPY JI060I0 0OBEKTa MOXKHO
[OCMOTPETH IPU HOMOINU OYeHb BasKHOI KoMaH bl str () ) 00beKTOB m 1 ma
HE CJIUIITKOM PAa3JINIAeTCsl, PA3JINIAETCH, 110 CYTH, JIUIIb UX BHIBOJ] HA SKPAH
KoMIIbIoTepa. Eite odeBmiHee eIUHCTBO MEXKYy BEKTOPAMU U MATPUIIAMU
[IPOCJIEXKUBAETCS, €CJIU CO3JATh MATPHUILY HECKOJBKO MHBIM CIHOCOOOM:

>mb <- m
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> mb
[11 1234
> attr(mb, "dim") <- c(2,2)
> mb
[,11 [,2]
[1,1] 1 3
[2,] 2 4

Beirngmnr kax Hekuit dpokyc. OmHAKO BCe TPOCTO: MBI MPUCBAWBAEM
BeKTOpY mb arpubyr dim («dimensions», pasMepHOCTb) U yCTAHABJIUBAEM
3HaYeHre TOro arpudbyTa B ¢(2,2), TO ecTh 2 CTPOKHU U 2 cTo/0Ha. dura-
TeJII0 IIPEeJOCTAB/ISIETCS AOTAAATHC, [T0YeMy MATPHUIA Mb OTIMIAeTCsT OT
MaTpuilbl ma (OTBET CM. B KOHIIE IJIABbI).

MpbI yKazaJsu JIIb JBa CIIocoba CO3JaHns MATPUIL, B JIEHCTBUTEIHLHOCTH
ux ropasjo 6oJibire. OUeHb MOMYJISPHO, HAIIPUMED, «JIeJaThy MATPHUIBI U3
BEKTOPOB-KOJIOHOK WJIM CTPOK IpU HoMoIu koMmas ] cbind () mwimm rbind ().
Ecsu pesynbprar HY:KHO «110BepHYTb» Ha 90 rpajycoB (TpaHCIOHHPOBATH),
HCTIOJIb3yeTcsa KoMaHaa t ().

Haubosiee pactipocrpaneHbl MaTPUIIBI, IMEIOIINE B U3MEPEHUS, OJIHA~
KO HUKTO HE IPEISITCTBYET CJeJIaTh MHOIOMEPHYIO MaTpUIly (MaccuB):

> m3 <- 1:8
> dim(m3) <- c(2,2,2)
> m3
3 b 1
[,1]1 [,2]

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

[,1] [,2]
[1,] 5 7
[2,] 6 8

m3 — 9TO TpexMepHasi MaTpuna (WId, MO-IPYroMy, TPEXMEpPHBIH Mac-
cuB). EcrecrBenHo, 10Kka3arh B Buje TabJMIBI ee Helb3sl, I09TOMY R BbI-
BOJINT ee Ha 9KpaH B BUJE Cepuy Tabanll. AHAJOIMYIHO MOYKHO CO3/IaTh W
YEeTBIPEXMEPHYIO MaTPHUILY (KaK BCTpOeHHbIe nanube Titatic). Muoromep-
HbIE MATPUITEI B R IPUHSITO HA3BIBATH «arrayss.
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3.8.2. Cuucku

Crucky — elre oJWH BaKHbII THUII IIpeAcTaBieHns JaHubix. Co3maBarh
UX, 0CODEHHO Ha IEPBLIX [I0Pax, CKOpee BCero, He MPUAETCs, HO 3HATH UX 0CO-
GeHHOCTU HEeOOXOIMMO — IIPEXK e BCEro IOTOMY, 9TO OYeHb MHOTHE (DYHKITIH
B R BBIAIOT «HAPYXKY» MMEHHO CIIUCKHU.

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

[[11]

[1] nR"

[[2]]
[1]1 123

[31]
(1] TRUE

[[4]1]
[1] NA

[[51]
(e11001]1]
[1] “I‘“

(5110211
(1] 4

Buzno, aro crimcok — 970 cBoero poja accopru. BekTop (1, ectecTBeHHO,
MATPHIA) MOXKET COCTOSITh U3 SJIEMEHTOB OJIHOIO M TOIO K€ THIIA, a BOT
CIIMCOK — W3 Yero yrojHo, B TOM 4Yuc/iae (KaK BHJIHO M3 HPHUMEpAa) U U3
JPYTHUX CIUCKOB.

Temepb OroBOpHM PO MHIEKCUPOBAHUE, WU BBIOOD 9JIEMEHTOB CIIHC-
Ka. DJEMEHTHI BEKTOPa BHIOMPAIOTCSI, KAK MbI IIOMHUM, IIPU ITIOMOIIHA (DYyHK-
MU — KBaIPATHON CKOOKM:

> h[3]
[1] 8.5

DJIeMEHTBI MATPHUIILI BHIOMPAIOTCS TaK Ke, TOJBKO UCIOJIL3YIOTCS HECKOJIb
KO apryMeHTOB (J|jIsi JIByMEPHBIX MATPHIL 3TO HOMED CTPOKHU U HOMEP CTOJI0-
I[a — UMEHHO B TAKOIl [OCJIEI0BATEILHOCTH):

> mal2, 1]
[1] 3
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A BOT 3JIEMEHTBI CIIICKA BbI6I/IpaIOTCSI TpeMdA Ppa3JIMIHbIMI METO/aMHU.
BO—HepBI)IX, MO2KHO HCIIOJIb30BaThb KBa/JIpaTHbIE CKOOKU:

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

31ech OY€Hb BaXKHO, UTO TOJIyUYEHHBIH O0BEKT mookce bydem cnuckom.
Bo-BTOpBIX, MOXKHO MCIOIH30BATDH JBOWHDBIE KBapaTHbIEe CKOOKM:

> 1[[1]1]

[1] ||R||

> str(1[[1]1])
Chr HRH

B srom ciydae mosydeHHBINT 00bEeKT OyIeT TOro THIa, KAKOTO OH ObLI
Obl JI0 OObEJIMHEHNs] B CHUCOK (II09TOMY EPBBIH OOBEKT OyJIeT TEKCTOBBIM
BEKTOPOM, & BOT IISITBIH — CIIUCKOM )

W B-TpeTbux, sl WHJIEKCUPOBAHUST MOXKHO HCITOJIB30BATH UMEHA DJIe-
MeHTOB crucka. Ho 1jist 9Toro cHadasia HaJI0 UX CO3ATh:

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

Jliist BBIOOpA IO MMEHU yIOTPEeO/IIeTCsT 3HAK JI0JIIapa, a IOJIYIeHHBIH
00beKkT OyIeT TaKMM 2Ke, KaK IPU KCIOJb30BAHUU JIBONHON KBaIpaTHO
ckobku. Ha camom peste mmena B R MOryT mMeTb U 9JIEMEHTBI BEKTODA, W
CTPOKH U CTOJIOIBI MATPUIIBI:

> names(w) <- c("Kona", "Xema", "llera", "Cama", "Kars", "Baca",
+ "Xopa")
> w
Kona Xema Ilera Cama Kata Baca Xopa
69 68 93 87 59 82 72
> rownames(ma) <- c("al","a2")
> colnames(ma) <- c("bi","b2")
> ma
bl b2
al 1 2
a2 3 4
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EnunacTBEHHOE yC/TOBHE — BCEe MMEHA JOJIKHBI ObITh pasHbiMu. OjiHa-
KO 3HaK JI0JIIapa MOXKHO HCIIOJIb30BaTh TOJBKO CO CIHCKAMM. DJIEMEHTBI
BEKTOPA 110 UMEHU MOXKHO OTOHMPATh TaK:

> w["Xemsa"]
Kens
68

3.8.3. Tabauiibl JaHHBIX

W Terepb 0 caMOM BarXHOM THIIE IIPEICTABICHUs JaHHBIX — TabJIMIax
nanabix (data frame). ViMenHO TabuIbl JAHHBIX OOJIbIIE BCETO TIOXOXKH HA
ayrekTpounbie Tabsmibl Excel u anasoros, u mosromMy ¢ HUMU PabOTAIOT HYa-
e Bcero (0cobeHHO HaumHAaroNMe noJb3oBaTesn R). Tabiaumpl jaHHbIX —
9TO TUOPUIHBII TUII IIPEICTABIEHUS, 0JHOMEPHDLT CNUCOK U3 BEKMOPOE 00U-
Hakosol daunst. TakuMm obpas3oM, Kazkas TabJIMIa JTaHHBIX — 9TO CIHCOK
KOJIOHOK, IIPUYEM BHYTPH OJIHON KOJIOHKU BCE JAHHBIE JTOJI?KHBI OBITH OJHOIO
Tuna (& BOT caMi KOJIOHKH MOTYT ObITh pa3Horo tuia). [Ipousuocrpupyem
9TO Ha MPUMEPE CO3JAHHBIX paHee BEKTOPOB:

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

weight height size sex
Komnsa 69 174 L male
XeHs 63 162 S female
lleTa 93 188 XL male
Cama 87 192 XXL male
Kata 59 165 S female
Bacsa 82 168 M male
Xopa 72 172.5 L male
> 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": 212212 2

[TockobKy TabuIa JAHHBIX SIBJISETCS CIIMCKOM, K HEil IPUMEHUMBI BCE
METObI WHICKCAIIUH CIIUCKOB. TabJuIbl JAHHBIX MOXKHO UHIEKCUPOBATH W
KaK JIByMepHbIe MaTpuIlbl. BoT HECKOJIBKO IPUMEPOB:



Mampuyol, cnucky u mabAuyb, 0aHHbLT 69

> d$weight

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

Ouenb 4acTo OLIBAET HYXKHO OTOOPATh HECKOJIBKO KOJOHOK. DTO MOXKHO
CIeJAaTh Pa3HbIMU CIIOCODAMMU:

> d[,2:4]

height size sex
Konga 174 L male
Xeua 162 S female
lleTs 188 XL male
Cama 192 XXL male

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

height size sex

Komsa 174 L male
XeHs 162 S female
[leTa 188 XL male
Cama 192 XXL male
KaTa 165 S female
Bacsa 168 M male
Xopa 172.5 L male

K wamekcanmmu mmeer mpsiMoe OTHOINEHUE eIle OJWH THUM JAaHHBIX R —
AozuMeckue sexmopst. Kak, HapuMep, orodparh U3 Hallleil TabJIMIBI TOJIHKO
JIAHHBIE, OTHOCAIINECS K KEeHImuHaM ! BoT ouH u3 crrocoboB:

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

weight height size sex
Xensa 68 162 S female
KaTsa 59 165 S female

Y0661 0TOOPATH HY2KHBIE CTPOKU, MBI ITOMECTHUJIN IIEPE]T 3AITATON JIOTH-
Jeckoe BhIpaxkenue d$sex==female. FKro 3madenuem gBjseTcs JOTMIECKUit
BEKTOP:
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> d$sex=="female"
[1] FALSE TRUE FALSE FALSE TRUE FALSE FALSE

Takum obpazom, 1mocjie TOTO Kak «OoTpaboTajiay CeJeKIns, B Tab/uIe
JIAHHBIX OCTAJIUCH TOJIBKO T€ CTPOKHU, KOTOPhIe cOOTBETCTBYIOT TRUE, TO €CTh
cTpoku 2 m 5. 3HAK «==», a TakyKe 3HAKU «&», «|» W «!» HMCIOJB3YIOTCS
JJIg 3aMeHbl COOTBETCTBECHHO «paBeH?», «HU», «UJIN» U <HE».

Boistee cnoxkubiM citydaem orbopa SIBJISIETCS COPTUPOBKA TaOJIUIL JIAH-
HBIX. [[JIsT COPTUPOBKM OJHOTO BEKTOpA JOCTATOYHO MPUMEHUTH KOMAHITY
sort (), a BOT ec/ii Hy>KHO, CKaXKeM, OTCOPTUPOBATH HAIIU JAHHBIE CHAYAJIA
IO TIOJTY, & TIOTOM IO POCTY, TIPUXOAUTCST TPUMEHUTE OTIEPAIIHAIO TTOCTIOYKHEE:

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

weight height size sex
Xens 63 162 S female
KaTtsa 59 165 S female
Baca 82 168 M male
Xopa 72 172.5 L male
Komnsa 69 174 L male
lleTs 93 188 XL male
Cama 87 192 XXL male

Komanma order () cosmaer He JIOTMYECKHi, a IMCIOBONH BEKTOP, KOTO-
PBIlt COOTBETCTBYET OYIyIeMy MOPSIAKY PACIOJIOKeHusI cTpok. [lomymatite,
KaK IpUMEHUTH KoMaHay order () i TOro, 4ToObI OTCOPTUPOBATEH KOJIOH-
KU TIOJTy9UBIIEiicss MATPHIBI IO aadaBuTy (CM. OTBET B KOHIIE [VIABHI).

X 3k ok

3akJiio4dast pa3roBOp O THIIAX JAHHDBIX, CJIELYET OTMETUTD, YTO ITU THUIIBI
BOBCE HE TaK PE3KO OTTPAHUYIEHDI IPYT OT Apyra. [losToMy eciim BaM TPYIHO
C TIEPBOTO B3IVIAJA CKa3aTh, K KAKOMY UMEHHO THUITy OTHOCSTCS Ballld JIaH-
HbIe, HY’KHO BCIIOMHUTBH TJIABHBIH BOIIPOC — HACKOADKO TOPOWO JGHHDIE CO-
OMHOCAMCA € Yucn080l npamot? Ecan cooTHOIIEHE Xopoliee, TO TaHHbIE,
CKOpee BCero, MHTepBaJbHblE U HEIPEPBIBHBIE, €CIU IIJIOX0e — ITKAJbHBIE
WK J1ayke HOMUHAJbHBIE. I BO-BTOPBIX, HE cjeyeT 3a0bIBaTh, ITO BEChbMa
YaCTO YIAeTCsi HAUTH Criocod mpeobpa30BaHusi JAHHBIX B TPeOyeMbliil THII.

X K X

OTtBeT Kk 3azmade mpo Marpunbl. Co3/aBas MaTPUILY Ma, MbI 33111
byrow=TRUE, TO eCcTh yKa3aJju, YTO JIEMEHTHI BEKTOPA OY/IYT COeTUMHATHCS
B MaTpuIly nocrpo4yno. Eciu 661 Mbl ykazasum byrow=FALSE, To noJsy4dunin
OBl TOYHO TAKYIO YK€ MaTPHUILy, KaK mb:
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> ma <- matrix(m, ncol=2, byrow=FALSE)
> ma
(.11 [,2]
[1,] 1 3
[2,] 2 4

OTBer K 3a7ave PO COPTUPOBKY. [lJist TOro 9T06BI 94TO-TO CIALIATH
¢ KOJIOHKaMU, HAJI0 UCIIOJIB30BaTh KBaJpaTHbIe CKOOKH C 3aIsITOi B IIEHTPE,
a KOMAaH/Ibl IIOMEIIATh CIpaBa OT 3audToil. JIorm4Ho nucrnosmb30BaTh Ty 2Ke
koMmany order():

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

height sex size weight
XeHs 162 female S 68
KaTa 165 female S 59
Bacsa 168 male M 82
Xopa 172.5 male L 72
Konga 174 male L 69
lleTa 188 male XL 93
Cama 192 male XXL 87

3aMerbTe, ITO HEJb3sl MPOCTO HammcaTb order () Iocje 3amsToii, Ta
KOMaH/Ia JIOJPKHA BbIIATH HOBBIN MOPSIJIOK KOJIOHOK. [109TOMYy MBI «CKOpMU-
Jin» ell UMeHa 3TUX KOJIOHOK, KOTODPBIE JIJIsi TaOJIUIIbI JJAHHBIX BCET I8 MOXKHO
[IOJIy4nTh, BbI3BaB KoMaH 1y names (). Kcratu, BMecro order () 3jech 1ojio-
mia 66l U KoMaHa sort (), MOTOMy 9TO HAM HAJ0 OTCOPTUPOBATH BCETO
JIMIIb OJIUH BEKTOP.

Januble raganusi Ha poMaiike. Bor oHu (IIPOIEHTHI OT OBIIEro Ko-
JITYECTBA UCXOJIOB):

> rev(sort(romashka))

IUIIOHET K CepAlly IPUXMET IoIexyeT
24 17 16
He no0OUT I6UT K 4UepTy IomIeT
15 15 13

(Mbr ucniosibzoBasu rev(), nmoromy 4rto sort() coprupyer Ho Bo3pac-
TAHWIO. )
Kak BumaHo, rajianne ObLIO HE OYE€HB-TO YIATHOE. ..
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Besunkoe B maJjiom: O/IHOMEPHbIE JaHHbIE

Ternepnb, HaKOHEI, MOXKHO 00pAaTUThbCA K cTraTtucTuke. HauneM ¢ caMbIx
9JIEMEHTAPHBIX IPUEMOB AHAIN3a — BBIUHUCIEHNS OOIMUX XapaKTePUCTUK
OJTHO-e IMHCTBEHHOI BBIOOPKM.

4.1. Kak onmeHuBaTh OOIIYIO T€HAEHITIIO

VYV m060ii BLIGODKH €CTh JBe caMmble O0IIUE XapaKTEPUCTUKU: UCHITD
(menTpasbHas TeHJeHIMs) U pa3bpoc (pasmax). B kadecTBe menTpa ua-
e BCETrO HUCIOJL3YIOTC cpedhee M meduaha, a B KadecTBe pasbpoca —
cmandapmnoe omxaonenue 1 xeapmuasu. CpeaHee OTIMYAECTCS OT MEINA-
HBI IIPEXK/IC BCETO TEM, YTO OHO XOPOIIO PadOTaeT B OCHOBHOM TOIZA, KOTIA
pacipejieJieHue JIAHHBIX OJM3KO K HOPMAJbHOMY (MBI €Ille IIOroBOpUM 00
9TOM HEZKe). MennaHa He Tak 3aBUCHT OT XapaKTEPUCTUK PACIIPE/IC/ICHNUS,
KaK MOBODSIT CTATUCTUKH, OHA boJiee pobacmma (ycroitunsa). [ToHsaTs pasuu-
Ily JIerde BCEero Ha TAKOM IIpuMepe. BosbMeM OIATh HAIINX THIOTETUICCKIX
COTPYIHUKOB. BoT nx 3aprutaTsl (B ThIC. pyo0.):

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

Pasuuna B 3aprsiarax obycsoBjeHa, B yacTHOCTH, Tem, uro Cama —
skcrenuTop, a Kara — rurasa dupmbl.

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

[Tosryaaercs, 1aTo m3-3a BbICOKOH KaTwHOoil 3apruiarhl cpejiHee ropas-
JI0 Xy2Ke OTPaKaeT «THIUYHYIO», IMEeHTPaJbHYyIO 3apIuiaTy, 94eM MeIhaHa.
Oruero ke Tak mosydaercs! ego B TOM, UTO MeIUaHa BBIYHCIISETCS CO-
BEPIIEHHO MHaYe, YeM CPeIHee.

Meanana — 9T0 3HAYEHHE, KOTOPOE OTCEKAET MOJIOBUHY YIIOPSIIOYEHHOM
BeIOOpKHU. Jlj1sT TOTO 9TOOBI Jiydille 9TO IMOKa3aTh, BEPHEMCS K TE€M JIBYM
BEKTOpaM, Ha IIPUMEPE KOTOPLIX B IPEILLIYINEH IJ1aBe ObLIO IMOKa3aHO, KaK
OPUCBANBAIOTCS DAHTH:
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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 Becero ABeHAIATE 3HAYEHUN, TO €CTh YETHOE YUCJI0. B 3TOM
cydae MeJINaHa — CpeHee MEXKIY IBYMsI TIeHTPATbLHBIMI TUCIAME. Y BEK-
TOpa a2 Bce IIPoIlle, TaM OJIMHHAIIATh 3HAYEHU, IMO3TOMY JJIsl MeIUaHbl
mpocTo Gepercs cepenHa.

Kpome menmanbl, 11 OIEHKU CBOMCTB BBIOOPKU OYE€HBb ITOJIE3HBI KEaAp-
MUAU, TO €CTh Te 3HAYEHUsI, KOTOpble oTcekaroT coorsercTienno 0%, 25%,
50%, 75% u 100% ot Bcero pacipejienenust JaHHbIX. K/ Bbl 4nTaIu Ipe Ibl-
aymuit ab3all BHUMATE/JbHO, TO, HABEPHOE, Y2Ke IOHSIA, 9TO MeInaHa —
510 npocro Tperuit KBapTuiab (50%). IlepBblil U nATBHIH KBApTUIM — 3TO
COOTBETCTBEHHO MUHUMYM M MAKCHUMyM, & BTOPOIl M YeTBEPTHI KBapTHU-
JIM UCTIOJIB3YIOT JIJIs POOACTHOIO BBhIYMC/IeHUs pasbpoca (cm. Huzke). Mox-
HO TIOHSITHE <«KBAPTWJIb» PACIIMPUTH U BBECTHU CIHENUAJLHBIN TEPMITH JIJIsT
3HAYEHUs, OTCEKAIOIIEro JI000#l IPOIEHT YIIOPSI0YEHHOTO PAaCIpeIeIeHIs
(He 06sI3aTeILHO 1O YeTBEPTSIM ),— 3TO HA3BIBAETCS «K6AHMUALY. KBaHTH-
JIU MICLIOJIB3YIOTCs, HAIPUMED, [IPH aHAJN3€e JAHHBIX HA HOPMAJBHOCTD (CM.
HIKE).

s xapaKTepUCTUKN pazdpoca IacTo UCIOJIb3YIOT U TAPpAMETPUIECKY O
BeJIMINHY — cmandapmmoe omxraonerue. IIInpoko n3BECTHO «IPaBUIIO TPEX
CUTM», KOTOPOE YTBEPKIAET, UTO €CJIU CPEIHME 3HAUCHUs JBYX BBIOOPOK
pasymmaaiorcs OoJIbIlie YeM Ha TPOIHOE CTaHIAPTHOE OTKJIOHEHHE, TO STH
BBIOOPKU PA3HbIE, TO €CTh B3ATHI U3 PA3HBIX I€HEPAJIHLHBIX COBOKYITHOCTEIA.
DTO HnpaBUIO OYeHb YIOOHO, HO, K COXKAJEHUIO, IOAPa3yMeBaeT, 4To 0be
BBIOOPKU JIOJ2KHBI [OIYUHATHCS HOPMAJBHOMY pacipe/eseHuto. st BbI-
YUCJIEHUSI CTAHIAPTHOTO OTKJIOHEeHus B R mpemxycmorpena gpyukims sd ().

Kpome cpejiaero u MeiuaHbl, eCThb €1le OJIHa IEHTPAJIbHAS XapaKTEePUC-
THKa PACIIPEJIeJIeHUs], TaK Ha3bIBaeMast M00Q, CAMOE YaCTO BCTPEUAIOIIEECs
B BbI60pKe 3HAQUYEHUueE. MOIL& IIPpUMEHsACTCA PEJKO M B OCHOBHOM JJIsI HO-
MUHAJIBHBIX JAHHBIX. BOT Kak mocunrarh ee B R (Mbl mcnosb3oBaim st
[OJICYeTa TEPEMEHHYIO SeX U3 HMPE/BLIYINEeil [IaBbl):

> sex <- c("male", "female", "male", "male", "female", "male",
+ I|male")

> t.sex <- table(sex)

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

> mode

male
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5

Taxum obpa3om, Moja Haleil BHIOOpKH — male.

Hacro cTouT 3a/1aua HOCYUTATh cpeiHee (UM MeJUuaHy) Jils 1esoii Tab-
JINTIBI TAHHBIX. KCTh HECKOJIBKO 0DJIerdaronux Ku3Hb npueMoB. [Tokaxkem
X HA TPUMepe BCTPOEHHBIX JIAHHBIX trees:

> attach(trees) # IlepBmii cmocob

> mean(Girth)

[1] 13.24839

> mean(Height)

(1] 76

> mean(Volume/Height)

[1] 0.3890012

> detach(trees)

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

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

[1] 13.24839

$Height

[1] 76

$Volume

[1] 30.17097

[Tepsorit crioco6 (mpu momornu attach()) mO3BoMsIET TPUCOETUHATE KO-
JIOHKHU TabJINIBI JAHHBIX K CIIMCKY TEKYIIUX IepeMeHHBIX. [loce aroro K
[IepeEMEHHBIM MOYKHO OOpallaThCcsd IO UMEeHaM, He YIOMHUHAs UMEHU Tab/Iu-
npl. Baxxao He 3abbiTh ciaenarh B Konie detach(), moromy 4ro BesnKa
OIIACHOCTh 3aIlyTaThCsl B TOM, UTO BBI IIPUCOEIUHWIIA, & ITO — HeT. Hcym
[IPUCOENHEHHBIE TTIepeMEeHHbIe ObLIN KaK-TO MOAU(UIINPOBAHBI, HA CAMOIA
TaDJIAIIE 3TO HE CKAYXKETCH.

Bropoit criocob, B cyIHOCTH, aHAJIOTUYEH [IEPBOMY, TOJIBKO ITPUCOETUHE-
HIUE ITPOUCXOIUT BHYTPHU KPYIUIbIX CKOOOK (byuKImu with (). Tperuit crrocod
HCITOJIb3YeT TOT (DAKT, ITO TAOJUIIBI JTAHHBIX — 9TO CIUCKHU U3 KOJOHOK. JIJ1st
CTPOK Takoii mpueMm He cpaboraer, HajIo0 Oyjer 3anycrurb apply (). (Eciau
BaM IPUIIEJI B TOJOBY YeTBEPTHIN CIOCOD, TO HAIIOMUHAEM, ITO IUKIHIe-
ckue KOHCTpyKiuu tuiia for B R 6e3 HEOOX0MMMOCTH HE IPUBETCTBYIOTCS ).

CranjapTHoe OTKJIOHEHUE, JcHepcrst (ero KBaJipar) 1 Tak Ha3bIBaeMbIil
MEXKKBapPTHUIbHBIN pa3dPOC BBI3BIBAIOTCS aHAJIOTUIHO CPEIHEMY:

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

[Tocteinee BoIpaXkenue, JUCTAHITUST MEXKLYy BTOPBIM U I€TBEPTHIM KBaP-
rusisivu [QR (mm MeXKBapTUIIbHBL pa3dpoc), pobacTeH U JIydIlle MOJX0-
JT JIJIsT IpUMepa ¢ 3apILIaToi, YeM CTaHJIAPTHOE OTKJIOHEHHE.

[Tpumenum 3Tu PyHKIUN K BCTPOCHHBIM JTAHHBIM trees:

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

> median(Height)
[1]1 76

> sd(Height)

[1] 6.371813

> IQR(Height)
1] 8

> detach(trees)

Bunno, 4TO /151 JIEpEBBEB 3TH XapaKTEPUCTUKU 3HAYUTEIBHO OJIMKe
JpyT K JApyry. PazyMHO TPEIOIOKNATh, YTO PaCIpeJiesieHine BBICOTHI Jle-
peBbeB 0JIN3KO K HOPMajbHOMY. MBI IIPOBEPUM 3TO HUKE.

B mammmx jaHHBIX M0 3apruiaTe — Bcero 7 mudp. A Kak TMOHSTbH, €CTh
JIN KAKUEe-TO <«BBbIJIAIONINECH» UdpbI, Tuila KaTuHo 3apiiaThl, B JAHHBIX
OOJIBIIIOTO, «THICSTIHOIO» pasMmepa? st aroro ecrs rpadudeckue pyHK-
nuu. CaMas IPOCTasi — TaK HA3BIBAEMBIN «SIIUK-C-yCAMU», MJIA OOKCILIOT.
s Hagasia mo6aBUM K HAIUM JIAHHBIM €Ille ThICAYY TUIIOTETUYEeCKUX Da-
OOTHHMKOB C 3apILIATOH, CIy4allHO B3dTOH M3 MEXKKBapTHUJIBLHOIO pasbpoca
HCXOJHBIX JAHHBIX (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 WHTEPECHBIN NpUMEp €Ile U OTOMY, YTO B HEM BIIEDPBBIE IIPEJ-
CTaBJIeHA TEXHUKA IOJIyYeHUs ciydaiiHbix 3HadeHuil. Oynkims sample ()
criocobHa BBIOUPATH CJIydailHbIM 00pa3oM JaHHBIE U3 BRIOOpKU. B mamHOM
cJiydae Mbl HCIIOIb30Basm replace=TRUE, MOCKOJIbKY HaM HY?KHO OBLIO BbI-
O6paTh MHOTO YHCEJ U3 rOpa3I0 MeHbIneil BbioopKu. Eciu nmucars Ha R nMmu-
TAIMIO KAPTOYHBIX UT'D (& TaKue MporpaMMbl HAIIUCAHBL! ), TO HAJO UCIOJIb-
30BaTh replace=FALSE, MmOTOMY YTO M3 KOJIOABI HEJIb3s AOCTATh ONATH TY
2Ke caMyio KapTy. KcraTn roBopsi, 3 TOro, 4To 3Ha4EeHUS CIIydailHble, Cile-
JIVET, 4TO PEe3VJIbTaThl HOCJIECAYIONINX BHIYUCJICHUN MOTYT OTJINYATHCS, €CJIN
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Puc. 9. «dmuk-c-ycamny, wian 60KCILIOT

UX BOCIIPOM3BECTH €IIe Pa3, MOITOMY Balll IPaduK MOXKET BBITVISIETh IyTh
VHaYe.

Ho Bepmemcs k Ookcmtory. Kak Buano, Karuna 3aprurara mpejcras-
JIEHA BBICOKO DACIIOJIOKEHHON TOUYKON (HACTOJIBKO BBICOKO, YTO HAM JIarKe
[PUIILJIOCH BIUCATH HapamMeTp log="y", 9To0bl HUKEJIEXKAINE TOUYKUA CTa-
s BugiHbI srydre). Cam GOKC, TO €CTh IVIABHBIL IPSMOYTOJIbHUK, OTPAHUIEH
CBEPXY U CHU3Y KBAPTUJISIMU, TaK UTO BBICOTA IPSIMOYTOJIbHIKA — 310 [IQR.
Tax Ha3BIBaEMbIE «YChI» [0 YMOJYAHUIO 0003HAYAIOT TOYKH, YAJIEHHDBIE HA
mositopa IQR. Jlunus nocepeauHe npsiMOYTOJbHIKA — 3TO, KaK JIETKO JI0-
raiaThes, Meauana. Touku, JeXkallue BHE «YCOB», PACCMATPUBAIOTCH KaK
BBIOPOCHI U [IO3TOMY PUCYIOTCS OT/EJIBHO. BOKCILIOTHI OBLINA CIIEIUAIBHO
IPUIYMAHBI U3BECTHLIM cTaTucTukoMm Jlxonom TwIOKH, /i TOrO YUTOOBI
6BICTPO, 3D DEKTUBHO U YCTORYINBO OTParXKaTh OCHOBHBIE POOACTHBIE XapaK-
TEePUCTUKHU BBIOOPKU. R MOKeT prcoBaTh HECKOTBKO OOKCIIOTOB cpa3y (To
eCThb 9Ta KOMAaHJIa 6eKMopu306aHa, CM. pesyiabrar Ha puc. 10):

> boxplot(trees)
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Puc. 10. Tpu 6okciuiora, KaxKIblli OTPaxKaeT OJHY KOJOHKY U3 TabJIUIThI
JAHHBIX

Ectb e dyukmnmum, kKoropbie cBsizanbl ¢ 6okciuiotamu. OyHKius quantile
0 YMOJTYIAHUIO BBIJAET BCE TATH KBapTuieit, a dyuknns fivenum() — oc-
HOBHBIE XapaKTEPUCTUKU PACIPEJIESICHUS 110 T bIOKH.

Ipyroit crocod rpadudeckoro n300parkeHnsi — 9TO THCTOTPAMMA, TO
€CTh JINHUUN CTOJ’I6I/IKOB7 BBICOTA KOTOPBIX COOTBETCTBYET BCTPEIaEMOCTHU JTaH-
HBIX, TIONABIINX B ONpeJeIeHHbIi quana3on (puc. 11):

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

B namem ciygae hist () o ymosrqanuio pazbusaer nepemenuyio na 10
NHTEPBaJIOB, HO UX KOJIMIECTBO MOXKHO yKa3aTb BPYYHYIO, KaK B IIPEIJIO-
2KEHHOM TipuMepe. YHUC/IEHHBIM aHAJIOTOM THCTOIDAMMBI SIBJISETCST (DYHKITUS
cut ). Ilpu nomoru 31oit PyHKINN MOKHO BBISICHUTD, CKOJIBKO JTAHHBIX Ka-
KOro Tuiia y HaC UMeeTCA:

> 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. I'mcrorpamma 3apniar 1007 runoTeTuvecKuX 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

Ectb eme npe rpadpuyueckue GyHKINU, «UI€0JOTHICCKH OJIU3KHIE» K IHC-
Torpamme. Bo-tiepBoix, 9170 stem() — ncesnorpaduaeckast (TEKCTOBasT) THC-
TorpaMmMai

> stem(salary, scale=2)
The decimal point is 1 digit(s) to the right of the |
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DTO OYeHb IPOCTO — 3HAYCHUSI JAHHBIX M300ParKaloTcsd He TOYKAMHU, a
nudpamMu, COOTBETCTBYIOMINMU CaMUM 3TUM 3HadeHUsiM. TakuMm obpazowm,
BUHO, 4TO B mHTepBase or 10 mo 20 ectb ase 3aprutarsl (11 u 19), B un-
tepsaJjie ot 20 g0 30 — yeTbIpe u T. JI.

Ipyras ¢yHkoys Toxke 6JM3Ka K I'HCTOIpaMMe, HO TpedyeT ropasiio

6oJiee MBOIIPEHHBIX BBIYUCJIEHUH. DTO IpaduK IJIOTHOCTH PACIPEIeIeHIs
(puc. 12):

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

(MbI ucnosib3oBasm «I106aBJIsIONLy 0> rpadudeckyo dyHkmmo rug(),
9TOOBI BBIJIEINTH MECTa C HAMOOJIee BBICOKOM IJIOTHOCTHIO 3HAYCHHIA. )

ITo cyTu, mepesr HAMU C2AGHCUBAHUE TUCTOIPAMMBI — IIONBITKA IIPEBPa-
THTb €€ B HEIPEPBIBHYIO IJiaJikyio dyHKuoo. Hackosbko riragkoit ona Oy-
JIeT, 3aBUCAT OT Iapamerpa adjust (10 yMOJTYAHUIO OH PABEH E€IUNHHUIIE).
Pesynbrar criakuBanust Ha3bIBAIOT €ITIe 2PaPUKoM PaAcnPedeseHus.

Kpome GOKCIIOTOB 1 pas/iniHbIX TPAGUKOB «CEMENCTBAaY TUCTOIPAMM,
B R mHOro m npyrux ogmomepHbix rpadukos. ['paduk-«ysieit», Hampumep,
OTpaxKaeT He TOJIbKO IUIOTHOCTb PaCIpejieleHusl 3HAYeHU BHIOOPKHU, HO U
TO, KaK PACIOJIOXKEHbI caMi 9T 3HadeHusi (Touku). st Toro 9robbl mo-
cTpouThb rpaduk-yiei, morpedyercst 3arpy3uTh (& BO3MOXKHO, €IIe U yCTa-
HOBHUTH CHavYaJia) makeT beeswarm. [lociie 5T0ro MOXKHO TOIJISIETh HA CaM
«ymeii» (puc. 13):

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

Mgl 371€Ch HE TIPOCTO MOCTPOMIH rpaduK-yieil, HO elre U J0OABUIN TY-
JIa OOKCILIOT, 9TOOBI CTAJIN BUIHBI KBAPTUIM W MemuaHa. s 3Toro Ham
nonaobuscs aprymenT add=TRUE.

Hy un, makoner, camaga ryiaBHad dbyHKITS, summary ():
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Puc. 12. ITnoraocTs pacnpenenenns 3apmiar 1007 runoTeTUIecKuX COTPYI-
HUKOB

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

[[11]
Min. 1st Qu. Median Mean 3rd Qu.
11.00 20.00 21.00 32.29 26.00
Max.

102.00

[[21]
Min. 1st Qu. Median Mean 3rd Qu.
11.00 18.00 21.00 21.09 24.00
Max.

102.00

DaxTUIECKH OHA BO3BpAIAeT Te YK€ caMble JaHHble, 9T0 U fivenum()
¢ gobasienueM cpe/Hero 3uadenust (Mean). 3ameTbTe, KCTaTH, 9TO ¥ 00enx
«3apIuiaTy MeJUaHbl OJIMHAKOBBI, TOT/Ia KaK CPETHUE CYyIIEeCTBEHHO OT/INTa-
IOTCS. DTO elle OIUH IIPUMEDP HEYCTOMYMBOCTH CPENHNX 3HAYEHUI — Belb C
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Puc. 13. I'paduk-«ysieity ¢ HATOKEHHBIMU OOKCILIOTAMH JIJIsi TPEX Xapak-
TEPUCTUK JIePEBLEB

J00ABJIEHIEM CITYUIaliHO B3ATHIX «3apILIaT» BUJ PACITIPEIEICHUS He JTOTKEH
OBLTT CYIIECTBEHHO TOMEHSITHCS.

Oyukius summary () — o0Iasi, 1 10 3aKOHAM 00bEKT-OPUEHTUPOBAHHO-
O TIOIXO/Ia OHA BO3BPAIAET PA3HBIE 3HAUEHUS JIJIsT 00HEKTOB PA3HOTO THTIA.
Bet TosibKO 9TO yBUIEN, OHA PADOTAET JJIsT YUCIOBBIX BeKTOPOB. [l crimc-
KOB OHa paboTaeT HEMHOTO WHade. BBIBOI, MOXKET OBITH, HAIIPUMED, TAKUM
(Ha TpuMepe BCTPOEHHBIX JaHHBIX attenu o 23 3emyierpsicenusix B Kajm-

dopuun):

> summary (attenu)

event mag station dist
Min. : 1.00 Min. :5.000 117 5 Min. : 0.50
1st Qu.: 9.00 1st Qu.:5.300 1028 4 1st Qu.: 11.32
Median :18.00 Median :6.100 113 4  Median : 23.40
Mean :14.74 Mean :6.084 112 3 Mean : 45.60
3rd Qu.:20.00 3rd Qu.:6.600 135 3 3rd Qu.: 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 crannuu HabJOAeHU) — dakTOp, U K

TOMY K€ C HPOIYIIEHHBIME JAHHBIMH, [I0O9TOMY OTOOparkaeTcst MHade.

ITepe/; TeM Kak 3aBepIINTh PAcCKa3 06 OCHOBHBIX XapaKTEPUCTUKAX BbI-
6OpKH, HAJO YIOMSHYTH elle 00 OJHOW XapakTepucTHke pasbpoca. s
CPaBHEHUs] M3MEHYMBOCTH IPU3HAKOB (OCOOEHHO TaKMX, KOTOPbIE H3Mepe-
HBl B Pa3HBIX €/IMHUIAX U3MEPEHNUs) YacTO MIPUMEHSIIOT Oe3pasMepHYIO Be-
JIMIUHY — Koouruenm 6apuayuu. DTO IPOCTO OTHOIIEHNE CTAHIAPTHOIO
OTKJIOHEHUsI K CDeJIHEMY, B3sTOe B IIPOIEHTaX. BOT Tak MOXKHO CPaBHUTH
k03hdurenT Bapuanun Jisi Pa3HbIX [PU3HAKOB JEPEBbEB (BCTPOECHHBIE
JaHHbIE trees):

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

31ech Mbl 1151 OBICTPOTHI TpuMeHmn sapply () — BapuanT lapply () c
YIIPOIIEHHBIM BBIBOJIOM, 1 colMeans (), KOTOpast HPOCTO BBIMHUCIACT CpeJHee
JUTST Kaxk 101t KoJtoHKH. Cpasdy oTMeTHM, 9To (DyHKIHiA, 10m00HbIX colMeans ()
B R Heckosibko. Hampumep, oveHb MMUpoOKo UCIIOIb3yI0TCst hyHKIMH colSums (
u rowSums (), KOTOPbIE BBIJIAIOT UTOTOBBIE CYMMBI COOTBETCTBEHHO 10 KO-
JIOHKAM ¥ 10 ¢TpokaM (TiaBHash (DyHKIMs 31€KTPOHHBIX Tabuun!). Ecrb
pasymeercs, erme 1 rowMeans ().

4.2. Ommbo4YHbIe JaHHBIE

Crocobuocth dyakimu summary () yKa3blBaThb MPOIYIIECHHBIE JAHHBIE,
MAaKCUMYMBI I MUHUMYMBI CJTY?KUT OYEHb XOPOIIUM TO/ICIIOPHEM Ha CAMOM
paHHeM 3Talle aHAJM3a JIAHHBIX — IPOBEPKe KadecTBa. lIpeamosiokum, y
HAC €CTb JIAHHBIE, HabpaHHbIE C OMMOKAMY, W OHU HAXO/ISITCA B JUPEKTOPUN
data BHyTpHU TeKyIleil JUPEKTOPUN:

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

> 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

O6paboTka HAUMHAETCS € TPOBEPKU HaJmunsi HyKHOTO (haitra. Kpome
KOMaH/ bl summary (), 3/ieCh UCIIOJIb30BaHA TAKXKe OUYeHb 110JI€3HAs KOMAH/ A
str (). Kak Busno, nepemennasi AGE (Bospacr) mouemy-To craja ¢hakTopoM,
u summary() IMOKa3bIBAET, IOYEMY: B OJIHy U3 sd4UeeK 3aKpajach OYKBa a.
Kpome Toro, oHO U3 MMeEH IIycTOe, CKOpee BCEro, IOTOMY, UTO B STUEHKY
3abbLn mocTaBuTh NA. Hakoner, muauMasbHb#i poct — 16.1 em! Takoro we
ObIBaeT OOBIYHO JaKe Y HOBOPOYK/IEHHBIX, TAK UTO MOYKHO C YBEPEHHOCTBHIO
YTBEPKIaTh, YTO HADOPIIUK IIPOCTO CJIYUIANHO IMOCTABUI TOUKY.

4.3. O,Z[HOMepHI)Ie CTaTHUCTN4YeCKHNe TeCTbl

3aKOHYNB paszbUpaThCs ¢ OMUCATETLHBIMU CTATHCTUKAMMU, TepeiizeM K
OPOCTEHIIMM CTATHCTUIECKUM TecTaM (IOoJpOoOHee TeCThl PACCMOTPEHBI B
caepytomnieii riase). Haunem ¢ Tak HA3BIBAEMBIX «OJHOMEPHBIX», KOTODBIE
TTO3BOJISTIOT TIPOBEPATH YTBEPIKJIEHNSI OTHOCUTEJILHO TOTO, KaK paclpejesie-
HBI UCXOJIHBIE JIAHHBIE.

[IpeamosioykuM, MBI 3HAEM, 9TO CPEJIHSS 3apIljiaTa B HAIIIEM IIEPBOM IIPH-
Mepe — oKo0ji0 32 Thic. py0. IIpoBepum Teneph, HACKOIBKO 3Ta mudpa J10-
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
sample estimates:
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mean of x
32.28571

Oro BapuaHT Tecta CTBHIOJEHTA JJIsi OJHOMEPHBIX NaHHBLIX. Crarucru-
YecKue TeCThl (B TOM YHC/IE M 9TOT) HBITAIOTCS BBICUUTATH TAK HA3BIBAE-
MYIO TE€CTOBYIO CTATHCTHKY, B JaHHOM ciydae crarucTuky Crbiomenta (t-
CTaTI/ICTI/IKy). BaTel\I Ha OCHOBAHUU dTOH CTATUCTUKU pPacCCIUTBIBaETCA <«P-
BesinurHay (p-value), oTparKkarommasi BEPOSITHOCTh 0wWubKY Mepeozo poda
A omubKkoii iepBoro poja (ee erre Ha3BIBAIOT «JIOYKHOI TPEBOI'Oii» ), B CBOIO
o4depe/ib, Ha3bIBa€TCdA CUTyallrd, KOI'ZJa MbI IIPpUHUMaeM TaK Ha3bIBaA€MYIO
AJIbTEPHATUBHYIO THIIOTE3Y, B TO BPEMsi KaK HaA CAMOM Odeae BEPHA HyJIeBas
(FI/IHOTGS& «IIO yMOJ’I‘{aHHIO»). I‘IaKOHeH7 BBITUCJICHHAsT P-BeJIMYNHA NCIIOJIb-
3yercs JIJIsl CDABHEHUsI C 3apaHee 3aJIaHHBIM [IOPOroM (YPOBHEM) 3HAUUMO-
cmu. Eciu p-Besmdunna HUXKe 10pOTa, HyJIEBas TUIIOTe3a OTBEPraeTCs, eCIu
BBIIIIE — IIPpUHHUMACTCH. HO,ZLpO6Hee O CTaTUCTUYECKUX TI'MIIoTEe3aX MOZKHO
[POYECThb B CJIEJYIONIEN TiIaBe.

B namem ciiyuae HysieBasi rurioTe3a COCTOUT B TOM, YTO UCTUHHOE CPEJI-
Hee (TO €CTh CPEJIHee I'eHEPAJbLHON COBOKYITHOCTH) PABHO BBIUYUCJIEHHOMY
HaMu cpejateMy (To ecthb 32.28571).

[epeiinem x ananmmusy BbiBoma dyukimu. Crarnctuka CThIOAEHTa TPH
mecTu crerneHsx cBobopl (df=6, HOCKOIBKY y HAC BCero 7 3Ha4YeHuii) jaer
enuHIIHOE p-3HadeHue, To ectb 100%. Kakoit 661 pacmpocTpaHeHHBIH O~
por mbl He npussan (0.1%, 1% wumu 5%), 910 3HaYeHNE BCe paBHO GOJIbIIIE.
CirenoBare/ibHO, MBI IPUHUMAEM HYJIEBYIO runore3dy. [lockoabKy ajaprepHa-
THBHAs TUIIOTE3a B HAIIEM CJIydae — 3TO TO, YTO <«HACTOSIIEE» CpeIHee
(cpesHee mcxoHOI BBIGOPKM) HE PABHO BBIUUCIEHHOMY CDEJHEMY, TO IIO-
JIyUAeTCsl, YTO «HA CAMOM Jiejiey TU MUMPBI CTATUCTUYECKH HE OTJIUYIAIOT-
cs1. Kpome Bcero sToro, GyHKIMS BbIJIAET €Ie U JIOBEPUTEIHLHBII NHTEPBAJI
(confidence interval), B KoTopoM, 10 ee «MHEHUIO», MOYKET HAXOJIUTHCs Ha-
crosiee cpejHee. 3/eCb OH OYeHb IMUPOK — OT TPeX C IOJOBUHON THICAY
710 61 Toicsum pybuieit.

Henapamerpudeckuii (To ecTh He CBSI3aHHBII TIPEJINIOIOKEHUSIMU O PAC-
[PEJICJICHAN) AHAJION 9TOI0 TECTA TOXKE CYIIECTBYET. DTO TaK HA3bIBACMBbIil
PAHTOBBIN TECT YUJIKOKCOHA:

> 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

sample estimates:
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(pseudo)median
21.00004

OTa (PYHKIMS ¥ BBIBOIUT ITPAKTUIECKU TO K€ caMoe, 9YTo U t.test ()
Boimte. OOpaTuTe, OJJHAKO, BHUMAHKE, ITO 3TOT TECT CBS3aH HE CO CPEIHUM,
a ¢ MeauaHoi. Brerancigercsa (eC.HI/I 3a7aTh conf . int=TRUE) W JOBEPUTEJIb-
HBIH MHTEpBaJl. 3/1eCh OH 3HAUNTEILHO yIKe, HOTOMY UTO MeIMaHa HAMHOI'O
YCTOMYMBEE CPETHETO 3HAUCHUS.

[TonsiTh, COOTBETCTBYET JIM PACIPE/Ie/IeHIe JAHHBIX HOPMAJbLHOMY (HJIH
X0Tsi ObI GJIN3KO JIM OHO K HOPMAJILHOMY ), OY€Hb U OY€Hb BaxKHO. Hanpu-
Mep, BCe IapaMeTpUIecKue CTATUCTUIECKUE METO/Ibl OCHOBAHBI Ha, IIPEJIIO-
JIO’KEHUU O TOM, 9TO JAaHHBbIE UMEIOT HOpMaJjbHOe pacipesesienue. [losro-
My B R peaynzoBaHO HECKOJIBKO PA3HBIX TEXHUK, OTBEYAONIUX HA, BOIPOC
0 HOPMAJILHOCTH JTAHHBIX. Bo-11epBhIX, 9TO crarucrudeckue TecTbl. CaMblii
npoctroii u3 Hux — recr [lanupo-Yuskca (monpobyiite poBecTH STOT TECT
CaMOCTOSITEJILHO ):

> shapiro.test(salary)
> shapiro.test(salary2)

Ho uro ke oH mokasbiBaer? 3j1ech (QYHKIUs BBIBOJUT TOPa30 MEHb-
e, YeM B IPEJBIIYIUX CIydasX. bojiee TOro, Jaxke BCTPOEHHAs CIIPaBKa
HE COHEPKUT OObACHEHHUI TOro, Kakasl 37eCh, HAIIPUMED, aJIbTepHATHBHAS
runore3a. Pazymeercsi, MO2KHO 00paTUTbCs K JIATEpaType, 0/1aro crpaBKa
JaeT CCBUIKH Ha IIyOauKaruu. A MOXKHO IIPOCTO IOCTaBUTh SKCIIEPUMEHT:

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

Shapiro-Wilk normality test

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

rnorm() reHepupyer CTOJIBKO CIYIAWHBIX YHCEN, PACIPEIeIeHHBIX 10
HOPMAaJIbHOMY 3aKOHY, CKOJIBKO YKA3aHO B €r0 apr'yMeHTe. DTO aHAJIOT PYHK-
nuu sample (). Pa3 MblI mosiyunsin BbICOKOE P-3HAYEHHE, TO 3TO CBUJIETEIh-
CTBYeT O TOM, 4YTO aJIbTEPHATUBHAS THIIOTE3a B JTaHHOM CJIydae: «pacipe-
JIeJIEHHE HE COOTBETCTBYET HOPMAaJIbHOMY ». Kpome Toro, 4robbl pe3ysibTaThl
[IPY BTOPUYHOM BOCIPOU3BEIEHNH OBLIN TEMH K€, UCIOJIb30BaHa (byHKITIS
set.seed (), peryiupyiomas BCTPOEHHBIH B R reHepaTop ciydaifHbIX Iuce
Tak, 9TOObI YUCJIa B CJIEAYIOME KOMaH 1€ ObLIN CO3aHbI I10 OJIHOMY 1 TOMY
XKe «3aKOHY ».
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Takum obpa3oM, pacipejiesienne JJAHHBIX B salary u salary2 orynya-
eTcsi OT HOPMAJILHOTO.

Jpyroii momyasapHbIii cocob TPOBEPHUTH, HACKOILKO PaCIpeIeIeHue mo-
XO0Ke Ha HOpMaJsibHOe,— rpadudeckuii. Bor kak s1o jmemaercst (puc. 14):

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

100
|

80

60

40

20

Puc. 14. T'padu1eckast mpoBepKa HOPMAaJIbHOCTH PACIPEIeIeHN

JLJtst KarKI0r0 9JIEMEHTa BBIYHUC/ISIETCS, KAKOE MECTO OH 3aHUMAET B COP-
TUPOBAHHBIX JIAHHBIX (TAK HA3BIBAEMbIN «BBIOOPOUHBIH KBAHTHIbY ) U KAKOE
MECTO OH JIOJI?KeH ObLI OBl 3aHSATH, €CJIN PACHpeeeHrne HOpMaibHoe (Teo-
peTuuecKuii KBaHTUIh). [IpsiMast poBoMTCsT Uepe3 KBapTuiin. Kcjm Touku
JIeXKaT Ha MPAMO, TO pacupejiesienne HOpMaJbHOoe. B HarmeMm ciaydae MHO-
rge TOYKHM JiezKaT JOCTATOYHO JIAJIEKO OT KpacHOIl IpAMOil, a 3HAYUT, He
IIOXOYXKW Ha paclpeie/leHHbIe HOPMAaJIbHO.

i IpoBEpKHM HOPMAJIBHOCTH MOXKHO HCIIOJIb30BaTh U OOJjiee yHUBEP-
canmpubIil TecT Kommoroposa—CMIPHOBA, KOTOPBIH cCpaBHUBAET JIIOOLIE JTBA
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pacIpeie/IeHnsl, TI03TOMY JIJIsl CPaBHEHUsI ¢ HOPMAJIbHBIM PACIPeIeIeHueM
eMy HaJIO IPSAMO yKa3aTh «PROTM», TO €CTh TaK HA3bIBAEMYIO HAKOIJICHHYTO
dbyHKIMIO HOpMAJIBHOTO pacipeesenus (ona Bcrpoena 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 BbLIAET NPUMEPHO TO 2Ke, uTo U TeKeT [lamupo-Yuiikca.

4.4. Kak co3gaBaTh cBou (pyHKIIIN

Tect lanumpo-Yuakca BceM XOPOIII, HO He BEKTOPU30BaH, KAK U MHOTHE
IpyTHe TeCThl B R, M03TOMY NPUMEHUTH €ro Cpa3y K HECKOJIBLKUM KOJIOHKAM
TabJIUIBL JTaHHBIX He 1nojyauTcs. CIejaHo 9TO HAPOUYHO, JIJIsi TOTO YTOOBI
HOTIEPKHYTh HEXKEJIATETbHOCTh MHOYKECTBEHHBIX MAPHBIX CpaBHEHHiT (00
9TOM IOPOOHEe HAIMCAHO B TVIaBE PO JIByMepHbIe jaHHbie). Ho B Hamem
cIydae MapHbIX CPABHEHUH HET, & COKOHOMUTH BpeMs xXoueTcs. MoxKHO, Ko-
HEYHO, HAYKUMas «CTPEJIKY BBEPX», aKKyPAaTHO MOBTOPUTH TECT JJIS KaK-
JIOil KOJIOHKH, HO 060Jiee TPaBUIbHBIN ITO/IX0J] — CO3/IaTh IT0JIb30BATEIHCKYIO
dyukimo. Bor npumep Takoit pyHKINAN:

> 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 1l:ncol(data.f))

+ o

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

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

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

+ %

+ return(result)

+

}

Yrobb! dyukmus 3apaboTasia, HAIO CKOMHPOBATH 9TH CTPOYKH B OKHO
KOHCOJIM WJIU 3aIlMCaTh UX B OTJ/EJIbHBIH aiiy (2Kes1areibHO ¢ paciiupenn-
eM *.r), a HOoTOM 3arpy3urb kKomaoii source(). Ilocse sToro ee MoxHO
BBI3BATh:
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> normality(trees)
var p.value normality

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

Oyukiusa He TOJILKO 3amyckaeT TecT Ilamupo-Yuakca HECKOIBKO pas,
HO ellie 1 pa36opunBo ohbopMIIgeT pe3yabTraT BelnoHeHus. PasbepeM dpyHK-
A0 9yTh mojgpobHee. B mepBoit crpouke ykazan ee aprymeHT — data.f.
Jasbine, B OKpy2KeHUn (PUTYPHBIX CKODOK, HaxomuTcst Teyo dpyukimu. Ha
TpeTheil cTpouke pOopMHUpPYyeTcs IycTad TabJNIa JAHHBIX TaKOW pasmep-
HOCTHU, KaKasl HOTpe6yeTCH HaM B KOHIIE. J_—Lanbme HadMWHaeTCA IMUKJI: JJId
KaxKJI0il KOJIOHKH BBINOJIHSIETCSL TECT, & IMOTOM (39T0 BaykHO!) M3 Tecra mu3-
BJIEKaeTCs p-3Hadenue. llporeaypa 9Ta ocHOBaHA Ha 3HAHUU CTPYKTYPBI
BBIBOJIA TECTA — CIIUCKA, [JIe 3JIEMEHT p-value cojepuT p-3Hadenue. [Ipo-
BEPHUTH 3TO MOXKHO, 3aIJIAHYB B CIIPABKY, & MOXKHO U 9KCIIEPUMEHTAIbHO
(KaK? — cM. OTBET B KOHIIE IVIaBbl). Bce p-3HaveHMst N3BIEKAIOTCS, OKPYT-
JISTOTCSI, CPABHUBAIOTCSI C TIOPOIOBBIM YPOBHEM 3HAYUMOCTH (B JAHHOM CJIy-
gae 0.05) 1 3anKUCHIBAIOTCS B TAOJIUILY. 3aTeM Tab/IUIA BBIIAETCS <HAPYKY ».
IIpenmoxkennast GyHKIMS COBEPIIIEHHO HE ONTUMU3UPOBaHA. Fe JIerko Mox-
HO CJeJIaTh 4yTh KOpOYe M K TOMY K€ HECKOJIbKO <«CMBIIILJIEHEE», CKAYKEM
TaK:

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

+ {

+ nn <- ncol(data.f)

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

+ for (i in 1:nn)

+ A

+ 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)
PeByﬂbTaTbI, pasyMeeTcd, HE OTJINYal0TCHA. BaTO BHUJ/IHO, KaK MO2KHO JIO-
0aBUTH ApPryMEHT, IMPUYEM CpPa3y CO 3HAYEHHEM 10 yMOJIYaHHUIO. Termepb

MO2KHO ITHCaTb:

> normality2(trees, 0.1)



Kax cosdasams ceou dymnruyuu 89

var p.value normality

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

To ectb ecim BMeCTO 5% B3ATh JECATUIIPOIEHTHBIA ITOPOT, TO y7Ke U JIJIsT
[EPBOIl KOJIOHKU MOYKHO OTBEPIHYTH HOPMAJILHOE PACIPEIEICHHE.

VaKe HE pa3 rOBOPUJIOCH, UTO IUKJIOB B R ciaeayer nsberars. MoxHO i
caenaTh 3To B HameM ciaydae? OKasblBaeTcs, Ja:

> lapply(trees, shapiro.test)
$Girth

Shapiro-Wilk normality test

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

$Height

Kak Bumure, Bce eme npomte! Eciin MBI XOTUM YJIYUIIATL 3PUTEIbHBII
3ddeKT, MOXKHO CIeIaTh 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"

3/iech MpUMeHeHa TaK Ha3bIBaeMas aHOHUMHAA GYHKYUA, DYHKIHST 6e3
Ha3BaHUs, OOBIYHO yIIOTpedJIsieMast B KAIeCTBe TOC/IeTHEr0 apryMeHTa KO-
mang tuna apply (). Kpome Toro, ncnonmb3yercst torndeckast KOHCTPYKITHST
ifelse(Q).

U naxonerr, Ha 9TOif OCHOBE MOXKHO C/IEJIATH TPETHIO MOJIL30BATEILCKYIO
dyukIMIO (MpOBEPbTE CAMOCTOATEIHHO, KaK OHa paboTaer):
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> normality3 <- function(df, p=.05)

+ {

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

+ }

\Y

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

A\

[Tpumepsr Toxke nHTEPECHBI. BO-11€PBBIX, HAILY TPETHIO (DYHKITUIO MOXK-
HO IPUMEHSITh HE TOJIBKO K TAOJUIAM JIAHHBIX, HO U K «HACTOSIIIMM» CIIHC-
KaM, ¢ HepaBHO JJIMHON 31eMeHTOB. Bo-BTOPBIX, IIpocTeiitiee jorapudyu-
JecKoe MpeodpasoBaHue Cpasy 2Ke U3MEHUJIO «HOPMAaJbHOCTbY KOJIOHOK.

4.5. Bcerga i1 TOYHBI IIPOIIEHTHI

[Tosre3noit XapaKTEepPUCTUKON MIPU UCCIEIOBAHUN JAHHBIX SBJISETCS IPO-
nopuust (1o7s1). B craTucTuke moj| mponopuuei TOHUMAKT OTHOIIEHHE 00b-
€KTOB C HCCJIeIyeMOil 0CODEHHOCThIO K 0b0IeMy uwmciry Habsaomaennii. [lo-
CKOJIBKY JIOJIsI — 9TO YaCTh IEJ0T0, TO OTHOIIEHNE YACTH K I[EJTOMY HAXO-
murces B pegenax ot 0 go 1. s ynobcTBa BOCIPUATHS O €€ YMHOXKAIOT
na 100% u nosydaror npoueHt — uucyio B npejaenax or 0% mo 100%. Cie-
JlyeT BHUMATEJIbHO OTHOCUTHCSI K BBIYHCJICHUIO J0Jeil 1 He 3a0bIBAThL IIPO
ncxomubie anabie. B 1960-e rofabl B paifOHHOM OT/IEIE M0 CETbCKOMY XO3STii-
CTBY OBLIIO OOHAPY?KEHO, UTO AJIEXK JIOMIAJIEeH B OHOM CEJIbCKOM ITOCEJIEHUN
cocrapmwi 50%. ITIpummoch cOCTaBUTH KOMIIETEHTHYIO KOMUCCHIO I IIPO-
BepKHU IMPUYUH TAKOTO Y>KACHOTO siBjieHHsI. [IpuOBIB Ha MeCcTO, KOMUCCHS
oOHApY»KMJIa, YTO B JIAHHOM IOCEJIEHUU OBLIO BCErO JIBE JIOMAJM, B TOM
qHCcIIe U CIOXINAasi HEIaBHO CTapast KJsida, KOTopasi U MOCTY KT8 TPUINHON
dbopMupoBaHUs U BbIE3JA Ha MECTO KOMUCCHM!

Paccmorpum mpobiteMy, KOTOpast 9acTO BCTPEUYAETCsI IPU ITPOBEJICHUN
CTAaTUCTUYIECKUX HccaegoBannii. Kak y3HaTh, OTJInIaeTcs JIn BHIYUCIEHHBIH
HAMU IIPOIEHT OT «UCTUHHOI'O» IPOIEHTA, TO €CTh IO HHTEPECYIOIIINX HAC
00bEKTOB B I'€HEPAJILHON COBOKYIIHOCTH !

Bot npumep. B GombHume ects rpyima u3 476 manueHToB, CPeand KOTO-
pbix 356 KypsaT. Mbl 3HAaeM, YTO B CpelHEM IO OOJILHUIE MOJIsd KyPSAIUX
cocrasiister 0.7 (70%). A BOT B Hameii TpyIine oHa 9yThb HOOOJIbINE — IIPU-
MepHO 75%. s TOro 9To6bl HPOBEPHUTH TUIOTE3Y O TOM, 9TO JOJA Kyps-
IIUX B PACCMaTPUBACMON I'PYIIIE IIAIUEHTOB OTINYaeTCdA OT CPpeJHeNd 0JIn
110 OOJILHUIIE, MBI MOXKEM 3aJIeiCTBOBATh TaK HA3bIBAEMbI OMHOMUAIbHBII
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

[TockombKy p-3HaveHmwe 3HAYUTENHLHO MeHbIe 0.05 M agbTepHATUBHAL
TUIIOTe3a COCTOUT B TOM, YTO JOJs KYPUJIBIIUKOB (OHA 37€Ch JIOBOJBHO
u3JIeBaTeJIbCKA HasbiBaeTcst «probability of success», «BeposiTHOCTH ycIte-
xa») He paBHa (.7, TO MBI MOXKEM OTBEPIHYTb HYJIEBYIO TMIOTE3y U HPHU-
HATH AJbTEPHATHBHYIO, TO €CTh pemuTh, 9To Hamm 74% oramdaiorcs oT
cpeaHux 1o Gonbuune 70% me ciywaiino. B kKadecTse onnmum MBI HCIIOJIb-
30Bajm alternative="two.sided", HO MOXKHO OBLIO MOCTYIHUTH WHAYTE —
IIPOBEPUTH TUIIOTE3Y O TOM, YTO JIOJIsI KYPAIUX B PACCMATPUBAEMON T'PYII-
e MaIueHTOB NPe6uUaem CPEeTHIOK IO Kypamux mo boipHUle. Torma
aJIbTEPHATUBHYIO THIIOTE3y HaJ0 ObLIO OBl 3ammcaTh Kak alt="greater".

Kpowme 6unHOMUAIBLHOIO, MBI MOYKEM HTPUMEHUTDH 3/1€Ch U TaK HA3bIBAE-
MBI mecm nponopyuti. Hago 3aMeTuThb, 9T0 OH MPUMEHSIETCH IITIpe, TOTOMY
9T0 O0JIee 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 BuanMm, pe3ysbTaT IpaKTUIECKH TaKOH 2Ke.
Tect mporopnuit MOXKHO IIPOBOIUTH U C JABYMsSI BBIOOPDKaMU, IS 3TO-
0 UCIIOJIb3yeTCs Bee Ta ke dyakmud prop.test () (mis aByXBHIOOPOIHOrO
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TeKcTa mponopiuii), a Takzke mcnemar . test () (yis recra Mak-Hemapa, Ko-
TOPBIi IPOBOJUTCS TOTJIA, KOI/Ia BBIGOPKH CBSI3aHbI JAPYT € JIPYTOM). Y3HATH,
KaK MX HCIOJIb30BATh, MOXKHO, IIPOYUTAB CHPABKY (1 0COGEHHO npuMepbi!)
1o 06enM (PYHKITUSIM.

X 3k 3k

OrtBer Kk 3asa4e npo pyukuio normality (). Yrobsl y3HATE, OTKY-
Jla B3ATb 3Ha4YeHusi p-value, HaJI0 CHAYaja BCIOMHUTH, 94TO B R mouTnu Bce,
YTO BBIBOJIUTCS Ha 9KPaH,— 3TO PE3YJIbTaT «II€YaTH» PA3JIUIHBIX CIHUCKOB
[IPU TIOMOIIK HEeBUIUMO# KoMaH bl print (). A U3 crucka JIerko «J0CTaTb»
Hy?KHOE OO 0 MMEHH, JHOO 10 HOMepY (ecim, CKaykKeM, UMEHH Y 3Jie-
MEHTOB HeT — Tak uHoryia ObiBaer). CHavasa BBISICHUM, U3 Y€r0 COCTOUT
CIUCOK-BBIBOJ, (byHKIME 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 crniucke u3 4 371eMEHTOB €CTh 3JIEMEHT I10J, Ha3BaHueM p.value,
uro HaM U TpeboBasiock. [IpoBepuM Ha BCsKuil cirydaii, TO Ji 3TO:

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

Nmenno to, aro Ha 0. OCTasoch TOJIHKO BCTABUTH 3TO HA3BAHNE B HAIITY
BYHKITHTO.

OTBeT K 33aj71a4e NPO BBIOOPHI U3 IPETNCTIOBUSI.

st Toro arobel paccunrarh p-value jyist Harmeit nponopuuu (48% tmpo-
FOJIOCOBABIIIX 3a KAHIIaTa B), MOXKHO BOCIIOJIb30BATHCS OMUCAHHBIM 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

[Tonygaercs, 9T0 OTBEPIHYTH HYJIEBYIO THIIOTE3y O PABEHCTBE IIPOIIOP-
i MBI HE MOXKEM, CJIMIIKOM BeJIHKO p-value (ropas3zmo GoJIbIire «II0I0KeH-
Heix» 0.05 u maxe «mbepanbhbix» 0.1). TIporeHT Ke mpPOroJIocoBaBIINX
MOKeT JiexkaTh B uHTepBaJie ot 42% no 54%! Urak, o pesyabraram omnpoca
HEJIb3sl CKa3aTh, 9TO KaHIuaaT A mobe .

A BOT TaK MOXKHO pacCIUTATh KOJTMIECTBO UEJI0BEK, KOTOPBIX HAJIO OIIPO-
CHUTh, 9TOObI OBITH YBEPEHHBIM B TOM, 4T0 48% 1 52% u Brpasiy oTpazkaror
peabHY0 CUTyaluio (FeHepaabHY0 COBOKYIIHOCT):

> 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

[Tosty4uaercst, 9T0 OLIPOCUTH HAJIO OBLIO IPUMEPHO D THICSAY Ye/IOBEK!

MBI HCIIOIL30BAM 3/1eCh TaK Ha3bIBaeMblil POWer-TecT, KOTOPBI 4acTo
IPUMEHSIeTCS JIJI ITPOTHO3UPOBAHUS dKCIepuMenTa. Mbl 3a1a1u 3HaYeHne
power = 0.8, IOTOMY YTO MMEHHO TaKOe 3HAUEHUE ABJISETCH OOIICIPUHS-
TBIM MOPOIOM 3HAYUMOCTH (OHO COOTBeTCTBYeT p-value < 0.1). YyTh Go-
Jiee TI0/IPOGHO TIPO MOIIHOCTH (POWer) U ee CBsI3b C JIPYTUMU XapaKTepUCTh-
KaM# TecTa MOYKHO IPOYUTATh B CJelylomeil Tiase.



I'maBa 5

ABanu3 cBsa3eii: AByMepHbIe JaHHbIE

31ech pedb MoiiIeT 0 TOM, Kak paboTarh ¢ AByMsi BeiOOpKamu. FKcju y
Hac JBa Habopa Mudp, TO IMEPBOE, 9TO IIPUXOJUT B NOJOBY,— CPABHUTH UX.
Jlist 5TOro HaM MOTPEOYIOTCI CTATUCTUIECKUE TECThI.

5.1. YUTo TaKkoe cTaTUuCTUYEeCKuil TecTt

Hacrana nmopa mogpobHee MO3HAKOMUTBLCS C sIIPOM CTATUCTUKU — TEC-
TaMU W TUIOTe3aMU. B Ipepiayieil rjiaBe Mbl y2Ke KOPOTKO OObSICHSLIN,
KAK CTPOSITCS CTATHCTUYECKHUE TUTOTE3BI, HO €CJIN AHAJIN3 OHON BBIOODKM
MOXKHO CJIeJIaTh, He BJAaBasiCh MOJPOOHO B X CMBICJI, TO B aHAJU3E CBsI3eil
6e3 MOHMMAHUS STUX MTPUHITUIIOB HE 0DONTHUCH.

5.1.1. CrarucruyeckKue rurores3bl

N3 nepBoit ryraBbl MbI 3HAEM, YTO CTATHCTUYECKAS BBIOODKA JOJIZKHA
ObITH pernpe3eHTaTUBHOl (TO €CTh aJIEKBATHO XapaKTepU30BaTh IeHEPAJIb-
HYIO COBOKYIIHOCTB, WJIH, KAK €e ellle Ha3bIBAIOT, HolyJsinuio). Ho kak xe
MBI MOYKEM 3HATh, PEIIPE3EHTATUBHA JI BHIOOPKA, €CJIU Mbl HE MCCJIEIOBAJIN
BCIO T'eHepPaJIbHY0 COBOKYITHOCTH ! DTOT JIOTUIECKUI TYIIMK HA3BIBAIOT [Aapa-
JIOKCOM BBIOOpKH. XOTsI MBI 1 00ECIIEUNBAEM PEIIPE3EHTATUBHOCTD BHIDOPKHU
COOJIIOJICHIEM JIBYX OCHOBHBIX IPUHIMUIIOB €e Co3jaHusl (paHIOMU3AIUN U
HOBTOPHOCTH ), HEOIPEJIEJIEHHOCTh BCE ¥Ke ocTaeTcsi. KpoMe Toro, eciin Mbl
[PUHAMAEM BEPOSATHOCTHYIO TOUKY 3PEHUs Ha IIPOUCXOK/IEHUE HAIIUX JIaH-
HBIX (KOTODBIE MOJIyY€eHbI IIyTeM CJIy9ailHOro BBIOOPA), TO BCe JajibHeilnne
CyKIeHWsI, OCHOBAHHBIE HA 9TUX JAHHBIX, OYIyT UMETh BEPOSTHOCTHBIN Xa-
pakrep. Takum obpazom, Mbl HUKOTJa HEe CMOXKEM HA OCHOBAHUU HAIIEi
BBIOOPKHU CO CTOIPOIEHTHON yBEPEHHOCTHIO CYUTH O CBOWCTBAaX T'€HEPAJIb-
HOU coBOKyTHOCTH! MBI MOYXKEM JIUIIL 66106U24Mb 2UNOMESDL U BHIUUCAAND
UL BEPOAMHOCTID.

Besukue dbuocodst nayku (manpumep, Kaps [Monmep) nocrynmuposasiu,
YTO MbI HUYETO HE MOXKEM JIOKA3aTh, Mbl MOXKEM JIUIIIb YTO-HUOY/Ib OIIPO-
BepruyTh. JleiicrBurensno, eciin Mol cobepem 1000 dhakTOB, MOATBEPK IAIO-
UX KaKyI-HUOYJb TEOPUI0, 3TO He OyJeT 3HAYUTDb, UTO MBI €€ JOKA3AJIN.
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Buosine BoamokHo, uro 1001-b1ii (rrz 1000 001-b1it) dbakT onposepraer sty
reopuio. [Toaromy B J1II0OOM CTATUCTUIECKOM TECTE BBIIBUIAIOTCS JIBE IIPO-
THUBOMOJIOXKHBIE TUIOTE3bl. OJfHA — 9TO TO, YTO MBI TOMUM JTOKA3aTh (HO
He MOxKeM!),— Ha3bIBAeTCs aabmephamuehotls eunomesdoti (ee 0603HAYAIOT
H,). dpyras — nporusopevalas ajJbTePHATUBHON — HA3bIBAETCS HyJIeBOH
runoresoit (obosnavaercs Hp). Hysesast runoresa Beerna sBiisieTcst mpe/i-
HOJIOZKEHUEM 00 0mcymemeuy 1ero-aubo (HampuMep, 3aBUCUMOCTH OJIHO
[ePEMEHHON OT JAPYToil WM pas3indust MeXKLy JByMsi Bbibopkamu). Mbl He
MOXKeM 00Ka3aMb AJIbTEPHATUBHYIO THIIOTE3Y, a MOXKEM JIUIIb 0Nposepe-
HYMb HYJIEBYIO TUIOTE3y U NPUHAMbL AJBTEPHATUBHYIO (IyBCTBYeTE pas-
auiy?). Ecim »ke Mbl He MOXKeM OIIPOBEPIHYTH HYJIEBYIO [HIIOTE3Y, TO MbI
BBIHY2K/ICHbI [IPUHSATD €e.

5.1.2. CrarucrudyeckKkue ouImOKu

EcrecTBeHHO, 9TO KOI/Ia MBI JleIaeM JIF0ObIe IIPE/IIIOJIOKEHNs! (B HAIIEM
cilydae — BBIJBUTAEM CTATUCTHYECKHE THIIOTE3bI), MBI MOYKEM OIMHOATHCS
(B Hamem cjiaydae — JielaTh CTATUCTHYECKHE OmmbKu). Beero BO3MOXKHO
Jerbipe ucxoa (rabur. 5.1).

Honymnsanusa
Bepna H Bepna H
Bribopka P 0 P !
ITIpuanmaem Hy [TpasubHo! Crarucruueckas
ormubKa
8mMopozo poda
[Tpuaumaem Hy Crarucruuyeckas | IIpaBuibno!
orrnbKa
nepeozo poda

Tabsymma 5.1. CrarucTuyeckue ommoOKu

Ecsin mbr npunsiin st Beibopku Hy (HyseByro rumnoresy) u oHa Bep-
Ha JIJIs T€HEPAJIbHONW COBOKYIHOCTH (TIOILYJISIIIAK), TO MbI IPaBbl, U BCE B
nopsizike. Anasorngyuo u juisgt Hy (anprepHaTusHOll rumoress). fcHo, 9ro
MBI He MOXKEM 3HaTh, UTO B JIEHCTBUTEIBHOCTA BEPHO JIJIsl P€HEPAJIBHON CO-
BOKYITHOCTH, W Ceifi9ac IPOCTO PACCMATPUBAEM BCE JIOTUUYECKH BO3MOXKHBIE
BapUAHTHI.

A BOT ecqim MBI IPUHSIIN JJIsI BEIOOPKHU aJbTEPHATHBHYIO T'HIIOTE3Y, &
OHa OKa3ajIaCh HEBEpHA JJisi TE€HEPAJBHON COBOKYITHOCTH, TO MbI COBEPIIIHU-
JIM TaK Ha3bIBAEMYIO CTATHCTHYECKYIO ONIMOKY MEepBOrO poja (HAILIN He-
CYIIECTBYIOINLYIO 3aKOHOMEPHOCTB). BeposiTHOCTh TOr0O, 9TO Mbl COBEPINHU-
Jin 9Ty omubKy (9T0 M ecThb p-3HavYeHue, «p-values), Beerja orobpazKaeTcst
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[IPU [IPOBEJIEHUU JIIOOBIX CTATUCTUIECKUX TeCTOB. OUEBUIHO, UTO €CJIU Be-
POSITHOCTD 3TO OIMMOKHU JOCTATOYHO BBICOKA, TO MbI JIOJI)KHBI OTBEPIHYTh
aJIbTEPHATUBHYIO IUIIOTE3Y. BO3HMKAET ecTeCTBEHHDIN BOIIPOC: KAKYIO BEPO-
SITHOCTH CUATATH JIOCTATOYHO BBICOKOH! Tak ke Kak u ¢ pa3smMepoM BBIOOD-
Ki (CM. IEPBYIO IVIaBYy), OJJHO3HAYHOIO OTBETA HA 3TOT BOIPOC Her. Bosee
WK MeHee OOIMEeIPUHATO, 9TO IMOPOTOBBIM 3HadenneM HaJjio cuntarhb 0.05
(TO ecTb ajbTepHATUBHAsI TUIIOTE3a OTBEPraeTCsl, €CJIU BEPOSITHOCTD OG-
KV IpU ee NpUHATHH GoJibine uian pasHa 5%). B meauune nenoit ommbku
HEPEJIKO SIBJIAIOTCS YeJIOBEUECKNE KU3HM, ITO3TOMY TaM ITOPOTOBOE 3HAYE-
Hue yacro npuaumaior paBabiM 0.01 win gaxe 0.001 (To ectb pemienue o
CyIIECTBOBAHNN 3aKOHOMEPHOCTHU IIPUHUMAETCS, €CJIM BEPOSITHOCTD OIMTUOKH
HUYTOXKHA).

Takum obpa3oM, perieHne O Pe3yabTaTax CTATUCTUYECKUX TECTOB IIPH-
HUMAaeTCs IVIaBHBIM 00pa30M Ha OCHOBAHWH BEPOSATHOCTH CTATUCTHYECKOM
omubKu epporo poja. CrerneHb YBEpEeHHOCTH UCCJIEI0OBATENSI B TOM, UTO 38~
KJIIOYEHNUE, CJIEJTAHHOE Ha OCHOBAHUU CTATUCTUIECKOH BHIOOPKH, OyIeT ciipa-
BEJJINBO | JIJII T€eHEPAJIbHOU COBOKYITHOCTH, OTPAXKAET CTATUCTUYIECKAs J10-
cTOBepHOCTH. JlomycTuM, ecjin BEepOSITHOCTh CTATUCTUYECKON OIMIMOKHU Iep-
BOro poja pasHa 3%, TO rOBOpAT, YTO HaiijleHHas 3aKOHOMEPHOCTDb JIOCTO-
BepHa ¢ BeposATHOCThI0 97%. A eciin BepOSITHOCTb CTATUCTUYECKON OIIMOKH
[IEPBOrO Pojia paBHa, HanpuMmep, 23%, TO TOBOPSIT, YTO JOCTOBEPHOIl 3aK0-
HOMEPHOCTH HE HAWJIECHO.

B cnydyae, eciiu MbI TpUHUMAEM HYJIEBYIO THUIOTE3Y I BHIOOPKHU, B TO
BpeMsl KaK JIJIs TeHepajibHOM COBOKYITHOCTH CIIPABEJINBA AJIbTePHATHBHAS
IUIOTE3a, TO MbI COBEPIIAEM CTATHCTHIECKYTO ONMOKY BTOPOro poja (He 3a-
MedyaeM CYIIECTBYIONIEeH 3aKOHOMEPHOCTH ). DTOT HapaMeTp XapaKTepusyer
TaK HA3BIBAEMYIO MOIIHOCTD (POWEr) CTATHCTHIECKOTO TecTa. eM MeHbIIe
BEPOSITHOCTH CTATUCTHIECKON OMMOKU BTOPOro pojia (TO eCTh YeM MeHbIIe
BEPOSITHOCTH HE 3aMETUTh HECYIECTBYIONIYI0 3aKOHOMEPHOCTh ), TeM DoJiee
MOIIHBIM SIBJISIETCS TECT.

11 TOJTHOM SICHOCTH TIepePUCYEeM HAIY TabJIUILY JJisi KOHKPETHOTO CJIY-
Yasi — UCCJIEIOBAHNUS 3aBUCUMOCTH MEXKJIy JBYMsl Ipu3Hakamu (Tabi. 5.2).

5.2. Ectb qmu paziuyuwne, nim TecTupoBanue JIBYyX
BBIOOPOK

[Ipu oTBeTe HA 3TOT BOIPOC HYYKHO BCErJA MIOMHUTH, UTO YIOMSHYTHIE
HUZKE TeCTBbl IIPOBEPAIOT Pa3/IM4YUs TOJIBKO II0 IEHTPAJIbHBIM 3HAYECHUIM
(HaIpUMED, CPeJIHUM) U IIOJPa3yMeBaIOT, 4T0 pa3bpoC JIAHHBIX B BBIGOPKaX
npuMepHo onuHakoB. Hanpumep, BBHIOODKEU € OJMHAKOBBIMU IMTapaMeTpaMu
cpejiHell TEeH/IEHIINY ¥ Pa3HBIMU [OKa3aTesiMu pa3dbpoca janHubix, c(1, 2,
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Tabauna 5.2. Crarucrudeckue OMUOKA TPU HMCCJIEIOBAHUNA 3aBUCHUMOCTH
MeXK/1y JIByMs Ipu3Hakamu. MeJjikue TOYKH 0OTPakaioT 00bEKTHI TeHEPAJIh-
HOIl COBOKYNHOCTHU (IIOIYJISIIUK), KPYIIHbIE TOYKU — OOBEKTHI U3 Haruei
BBIOOPKU

3, 4, 5,6, 7,8, 9 uc, 5,5, 5,5, 5,5, 5, 5 paziudarbcs
He OYIyT.

Kax BBI HOMHHATE, /I IPOBEACHUS CTATUCTUYCCKOIO TECTAa HYYKHO BbI-
JABUHYTH JBE CTaTUCTUYICCKHE I'MIIOTE3hI. Hy.HeBaﬂ TUIIOTEe3a 3/IeCh: «Pa3JIn-
quii Mexk1y (JByMsi) BBIGOpKaMu HET» (TO eCTh 00€ BBIGOPKU B3sIThI U3 O/I-
HOIl TeHepasbHOIl COBOKYIHOCTH). AJIbTEpHATUBHAS TUIOTE3a: «Pa3/IMIUsT
MeK 1y (JiByMsi) BBIGODKAME €CTh».

Hanmomunaem, 9To Baly maHHBIE JOJDKHBI OBITH OPTaHU30BAHLI B BHIE
JIBYX BEKTOPOB — OTHEJIBHBIX WA OObEINHEHHBIX B JINCT WX TAOJINILY JaH-
HeIX. Hampumep, eciim Hy>KHO y3HATD, Pa3IMyYaeTCsd JIU JOCTOBEPHO POCT
My>K9HMH U >KCHIIUH, TO B OIHOM BEKTOPE JOJKEH ObITh YKA3aH POCT MY2K-
9HH, a B JPYTOM — POCT JKEHIUH (KayKJas CTPOIKa — 9TO OJUH 0OCIe0-
BAHHBIN YEJIOBEK ).

Ecnn nannble mapaMeTpudecKue, TO Hy2KHO IIPOBECTH TaPaMETPUIeCKUil
«t-recry (mim «rect CroiofenTas ). Ecim npu 5TOM nepementbie, KOTOPbIE
MBI XOTUM CPaBHUTD, ObLIU IOJIYYEHBL MG PA3HLLT 065eKmax, Mbl OyIeM Hc-
[OJI30BaTh JIBYXBBIOOPOUHBII t-TECT JIJIs HE3ABUCHMBIX IIE€PEMEHHBIX (two
sample t-test), KoTopblii 3amyckaercs pu moMorm KoMau bl t.test (). Ha-
HpUMED, €CIU JBe CPAaBHUBACMbBIC BHIOOPKH 3allMCAHBI B IIEPBOM U BTOPOM
cToI0IaxX Tab ULl JaHHEIX data, To KoManaa t.test (datal,1], datal,2])
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IO YMOJIYaHUIO BbIJaCT HaM pPe3yJibTaTbl ,Z[ByXBbI6OpOLIHOI‘O t-Tecra JLJISL
HE3ABUCUMbBIX IIEPEMEHHBIX.

Ecnn ke mapbl cpaBHUBAEMBIX XapPAKTEPUCTUK OLLTH TOJIYIEHBI Ha 00-
HOM 00BeKme, TO €CTh IIEPEMEHHbIE 3a6UCUMbL (HATIPUMED, 9acTOTa IIYJIbCA
JI0 U 110cjie (PU3UIECKON HArPY3KH U3MEPSIACh Y OJIHOI'O U TOTO KE UeJIOBe-
Ka), HaJI0 UCIOJIb30BaTh napHslii t-rect (paired t-test). st sroro B koman-
Je t.test () Has0 yKaszare napamerp paired=TRUE. B maiem npumepe, ec-
JIV TaHHBIE 3aBUCUMBI, HAJI0 MCIIO/IH30BaTh KOMaHLy Bujga t.test (datal, 1],
datal,2], paired=TRUE).

Bropoit Tect, TecT jijist 3aBUCUMBIX TIEPEMEHHBIX, DoJiee MOIHBIN. [Ipes-
craBbTe cebe, YTO Mbl U3MEPSJIHN IIYJIbC JO HATPDY3KHU Y OJIHOIO YeJIOBEKA,
a mocJjie HArpy3ku — y apyroro. Torma 0b110 Obl HE SICHO, KAK OObICHUTD
[IOJIYIE€HHYIO PA3HUILy: MOYXKET ObITh, YaCTOTa IyJIbCA YBEJIUIUIACH [TOCTE
HATPy3KHU, a MOXKET ObITh, STUM JIBYM JIIOJSAM BOOOIIE CBOWCTBEHHA Pa3Has
YacToTa MyJibca. B ciydae ke «IBOMHONO» M3MEDPEHUs ITYJIbCa KarXKIbIi 1e-
JIOBEK KaK ObI sIBJISETCs CBOUM COOCTBEHHBIM KOHTPOJIEM, U PA3HUIIA, MEXK LY
CPABHMBAEMbIMU II€EDEMEHHBIMU (JI0 U II0CJI€ HAIPY3KH) O0YCJIOBIMBAECTCS
TOJILKO TeM (hbaKTOPOM, HA OCHOBE KOTOPOI'O OHU BbIJEJIeHbI (HAJIMIMeM Ha-
IPY3KH).

Eciin MBI uMeeM J1eJ10 ¢ Henapamempuieckumy JTaHHBIME, TO HYYKHO
[IPOBECTU HEApaMETPUIeCKUil d8yxrenbopourni mecm Buaxoxcona, « Wil-
coxon test» (om m3BecTen eme u Kak Kak mecm Manna- Yumnu, «Mann-
Whitney test»). st 9T0r0 Ha/10 UCnoab30BaTh KOMaH Ly wilcox.test().
B ciygae ¢ 3aBucuMbIME BBIOOPKaMM, AaHAJOTUYHO t-TeCTy, HAJIO UCIOJIB30-
BaTb napamerp paired=TRUE.

[Tpusenem HeCKOJIBKO puMepoB. st Hadaa BOCIIOIb3yeMCst KJIaCcCude-
cKUM HabOPOM JTAHHBIX, KOTOPBI UCIOJIH30BaJICHd B OPUTMHAJIBHOM pabore
CrbrosierTa (IICEBIOHIM MPJIAHICKOro MareMaruka Yuibsama Cum Tocce-
Ta). B ynomsinyToit pabore Npou3BOAMIOCH CPABHEHHE BJIUSIHUST JBYX Pa3-
JIMYHBIX CHOTBOPHBIX HA YBEJIMYEHHE MPOIOIKUTETBHOCTH cHa (puc. 15).
B R st mammble poctymnnbl 1mof HaszBanuem sleep. B crosibie extra co-
JIEPYKUTCS CPeJIHEE MPUPAIIEHNAE TPOIOJKATEFHOCTH CHA TOC/E HAJIAJIA
npueMa JieKapcrBa (110 OTHOIIEHWIO K KOHTPOJBHON IpyIie), a B cToJbIe
group — KoJI JiekapcTBa (IIepBoe WJin BTOPOE).

> plot(extra ~ group, data = sleep)

31ech UCIIOIb30BaHa TaK HasbiBaeMasl «(pOpMYyJia MOIEIN»: B pPacCMar-
pUBaEeMOM ciiydae extra ~ group O3HAYAET, UYTO Eroup MCIOJIb3YeTCsT ISt
pa3buBKHU extra.

Biusinne jiekapcTBa Ha KaykKIOr0o 9eI0BEKa WHIMBUILYAJILHO, HO CpPEJl-
Hee yBeJIMUEHUe MPOJOJIKUTEBHOCTH CHA MOYKHO CUUTATH BIIOJIHE JIOMHY-
HBIM IIOKa3aTeJIeM «CHUJIBI» JIEKapCTBa. OCHOBBIBaﬂCb Ha 93TOM IIPEAIIOJIOZKEe-
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Puc. 15. Cpennee npupariienne mpoIo/2KUTEIbHOCTH CHA, TIOCTIe Hava Ia Ipu-
eMa Pa3HbIX JIEKAPCTB B JBYX I'DYIIIax II0 OTHOIICHUIO K KOHTPOJILHOMN

HUY, TOIPOOYEeM HPOBEPUTH IIPU MOMOIIH t-TecTa, 3HAIMMO JIH Pa3/Iindre B
CPeJIHUX JIJIsI 9THX JIBYX BBIOOPOK (COOTBETCTBYIONIMX JIBYM PA3HBIM JIEKAP-
cTBaM):

> 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 vy
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0.75 2.33

[Tapamerp var.equal 103BOJISIET BBIOPATH YKEJIAEMBIN BAPUAHT KPUTE-
pusi: OpUrHHAJIBHBIH t-KpuTepuit CThIOJEHTA B IIPEJIIOIOKEHUH, 9TO Pa3-
OPOCHI JTAHHBIX O)jLI/IHaKOBbI(Var .equal = TRUE), mwim ke t-Tect B Moandu-
karuu Yasua (Welch), cBobosmbiii oT aroro npemnosoxenus (var.equal =
FALSE).

Xotst hopMasbHO MBI HE MOXKEM OTBEPIHYTBH HyJIeBYIO rumoresy (o pa-
BEHCTBe cpejiHuX ), p-3uadenue (0.0794) Bce 2Ke JOCTATOUHO MaJIEHBKOE, ITO-
OBl IOIPOOOBATH JAPYIHE METO/IbI JJIsd IPOBEPKH TMIIOTE3bI, YBEIUIUTH KO-
JIMYECTBO HAOJIIOJIEHUI, €Ille pa3 yOeauThcs B HOPMAaJbHOCTH pacIpejiesie-
Huit u T. 1. MoXKeT npuiiTu B TOJIOBY TPOBECTU OJIHOCTOPOHHUN TECT — BEJIb
OH OOBIYHO UyBCTBUTeNbHee. Tak BOT, 9TOTO menarh Henb3st! Hemwsst moto-
MY, 9TO OOJIBIIIMHCTBO CTATUCTUIECKUX TECTOB PACCIUTAHBI HA TO, 9TO OHU
OyayT npoBoauThCs ad hoc, TO ecTb Oe3 3HAHUA KAKON-IU00 JOMOJHUTE b
Hoit nadopmarmn. CymmecTByIoT u post hoc TecThl (CKaxKeM, 00Cy XK TaeMblil
ke «Tukey Honest Significant Differences test» ), Ho ux HemHOrO.

s cpaBHEeHUS JBYX BHIOOPOK CYIIECTBYIOT, PA3yMEETCs, U HellapaMeT-
pudeckue Tectbl. OJIUH U3 HUX, MECM 3HAK06, HACTOJBKO IIPOCT, YTO €r0 HET
B R. MoxHo, ojiHaKo, JIerko ¢jesiaTh ero caMomy. 1ecT 3HAKOB BBIYHCJISET
PA3HUILY MEXKJIy BCEMH [apaMU JIEMEHTOB JIBYX OJMHAKOBBIX 110 pa3Mepy
BBIOOPOK (TO €CTh 3TO TAPHBIA TECT). 3aTeM MOXKHO OTOPOCUTH BCE OTpPU-
HaTebHBIE 3HAYCHUS ¥ OCTABUTH TOJILKO MOJIOXKHUTEbHBIE. Kciin BhIOOpKH
B3ATBI U3 OJIHOI IeHePaJIbHON COBOKYIIHOCTHU, TO HOJIOXKUTEJIbHBIX DPa3HMUIL
Oy/eT TPUMEPHO ITOJIOBUHA, U TOTJA YK€ 3HAKOMBIN HAM OMHOMUAJILHBIIM
TecT He Haijer ormanii Mexkay 50% u mponopnueil moJIOXKUTETbHBIX Pas3-
uutl. Ecyin BBIOOpKHU pa3HbIe, TO MPOIOPIUS ITOJTOXKUTEIHHBIX PA3HUIL Oy1eT
3HAYUMO OOJIBIIIE UJIU MEHBIIE [TOJIOBUHBL.

Bamaua. [Ipunymaiite, mpu momomnn Kakoro R-BeIpazkeHus cienarsb Ta-
KO TecT, U IpOTeCTUpyiiTe J1Be BHIOOPKH, KOTOPhIE MBI IIPUBEJIN B HaUAJIe
pasgeia.

[Tepeiijiem Tem BpemeneM K 0oJjiee CJI0XKHBIM HEAPAMETPUYECKUM TEC-
tam. Paccmorpum npumep. CrammgapTHbIii HAOOD JaHHBIX airquality co-
JepKUT MHMOPMAIMIO O BeJMYHHEe 030HA B BO3ayxe ropoga Hero-lMopka ¢
Mas 10 ceHTdgophb 1973 roma. Konrenrpaius o30HA IpPEACTABICHA OKPYT-
JIEHHBIMU CPEJHUMU 3HAUCHUSIMU 38 JIeHb, I09TOMY aHAJM3UPOBATH €€ «OT
rpexa IoJajbliey JIydile HellapaMeTPpUIeCKUMHU MeTojaMu. Brpodewm, 1mo-
1pobyiiTe BBISICHUTH CAMOCTOSATEJILHO (3TO 3amadval), HaCKOJIbKO GJIM3KN K
HOPMAJILHBIM IOMECSIHBIE PACIIPEJIE/ICHUs] 3HAYCHUI KOHIIEHTPAINI 030HA
(cM. OTBET B KOHIIE TJIABBI).

[TpoBepum, HaIIpUMED, TUIIOTE3Y O TOM, YTO PACIPEJIC/ICHIE 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: O0Ozone by Month
W = 127.5, p-value = 0.0001208
alternative hypothesis: true location shift is not equal to O

[TockonpKy Month jJcKpeTeH (3TO IPOCTO HOMED Mecsma), TO 3HAYCHUSA
Ozone OyIyT CIpyHIUPOBAHBI MMOMeCSIHO. Kpome TOro, Mbl HCIIOJIb30BAJIN
mapaMeTp subset BMecTe ¢ OIepaToOpoOM %in%, KOTOPBIA BRIOMpaET U30 BCEX
MecsiiieB Maif 1 aBrycT (IATBI U BOCHMON MeCsIpbl).

Kpurepuii orBepraer ruroresy 0 COrJIacCUu PACIPEIEIEHUN YPOBHS 030-
Ha B Mae W B aBIyCTe C JIOCTATOYHO OOJIBLINON HaJEeXKHOCTHIO. B 910 110-
CTATOYHO JIETKO HOBEPHUTH, IIOTOMY YTO YPOBEHB O30HA B BO3JIyXe CHJIBLHO
BAaBUCHUT OT COJIHEYHOI aKTUBHOCTU, TEMIIEPATYPBI U BETPA.

Pazsmmans mex 1y BHIOOpPKAMHU XOPOIIO HJIIIOCTPUPOBATH IPU ITOMOIIH
rpaduka «AIMUK-C-ycaMu», Hanpumep (puc. 16):

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

(O6parure BHIMAHKE Ha TO, YTO 3/1€Ch JJIst boxplot () MBI HCIIOJIB30BA-
JI Ty 2Ke camyto (hOpMyJLy MO/IEJIH. )

YacTo cYuTaior, 9To eCIu «SIUKIy IepPeKpPhIBAIOTCA O0jiee 9eM Ha TPETh
CBOE€it BBICOTBI, TO BBIOOPKU JOCTOBEPHO HE PA3IUIAIOTCSI.

MokHO nCIoab30BaTh t-TecT M TecT BUIKOKCOHA U JJIsT OAHON BBIOOP-
KI, €CJIM CTOUT 33Ja4a CPAaBHUTH €€ C HEKUM <«3TaJIOHOM». II0CKOIbKY BBI-
OOpKa OjiHa, TO U COOTBETCTBYIOIINE TECTHI HA3BIBAIOT OJHOBBIOOPOIHBIMHU.
Hyneryto rumoresy B 9TOM ciydae Haj0 (GOPMYyJIUPOBATH KaK PABEHCTBO
BBIOOPOYHON CpeIHel MIH MeIuaHbI (;LJIH t-TecTa u Tecra Buikokcona, co-
OTBETCTBEHHO) 3aJIAHHOMY YUCIY [ (CM. HIPEJIbIILYILYTO IVIaBY ).

Samaua. B daiine manubix otsenki . txt 3ammcanbl ONEHKN OJHUX U TEX
’Ke YIEHUKOB HEKOTOPOT'O MIKOJIBHOTO KJIACCA 3a MEPBYIO YeTBEPTH (3Hade-
Hre Al BO BTODOIl KOJIOHKE) U 3a BTOPYIO 4eTBepTh (A2), a Tak»Ke OIEHKU
YUEHHUKOB JIPyroro Kjacca 3a mnepByto derseptb (B1l). Ommvarorcs jim pe-
3yJIbTAThI KJjacca A 3a IepByIO W BTOPYIO 4eTBepTh! Kakoil Kjiacc ydauics
B 1epBoii yerBepTu Jjydme — A mim B? OTBer cM. B KOHIIE TJIaBbI.

3amaua. B cynepmapxkere, cpeau npounx, paboraior jBa Kaccupa. Jst
TOTO ITOOBI IIPOAHAIN3NPOBATH IPMEKTUBHOCTD UX PAOOTHI, HECKOJIBKO Pa3
B JIeHb B CcepejiHe Hele/In MOJCIUThIBAIN OUepe/in K Kaxk 10# u3 uux. /lan-
Hble 3anmcanbl B daiiie kass.txt. Kakoit kaccup paboraer Jy«me?
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Puc. 16. Pacnipeniesienne 0o30Ha B BO37yXe B Mae U HIOHE

5.3. Ectb Jiu cooTBeTcTBUE, NN AHAJIN3 TaOJINIL

A Kak cpaBHUTb MexXKJy cO0Ofi JiBe BBIOODKM U3 HOMHUHAJIBHBIX (Kare-
rOPUAJIBHBIX) JaHHBIX? J[JIs1 9TOr0 4acTo UCHIOJIB3YIOT TabJIUIIbI COTPSIZKEH-
Hocru (contigency tables). IlocrponTs Tabiuily CONPSZKEHHOCTH MOYKHO C
moMoIbo GyHKImT table ():

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

Month
5 6 7 8 9
(656,721 24 3 0 1 10
(72,791 515 2 9 10
(79,851 1 719 7 5

(85,971 0 5 10 14 5

Crpoku 3T0# TabJ/IuIBl — YeThipe nHTepBasa remueparyp (o @apenreii-
TV)., a CTOJOIBI — Mecdar rona. Ha mepecedeHn KaxKIoil CTPOKH U CTOJIOIA
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HAXOJIATCsT IUCJI0, KOTOPOE MMOKA3BIBAET, CKOJIbKO 3HAYEHUIT B JIAHHOM MeCsi-
1€ TOIAIAeT B JAHHBI MHTEPBAJ TEMIEPATYP.

Ecmu dpaxTopos 6ostbite aByx, T0 R Oymer crpouts MHOrOMEPHYIO TabJIH-
Iy U BBIBOJIUTH €€ B BUJIE CEPUM JBYMEPHBIX TaOJIHI], YTO HE BCET A Y I00HO
MozkHO, OIHAKO, IIOCTPOUTH <ILIOCKYIO» TabJIMILY CONPS?KEHHOCTH, KO
Bce (PaKTOPbI, KPOME OJTHOT0, OOBEINHSIIOTCSI B OJUH «MHOTOMEPHBIN» ak-
TOpP, YbHU IPAJAINN UCIOJB3YIOTCs Mpu mocTpoeHun Tabsmiel. [TocTponTsb
TaKyIo TabJINIy MOXKHO C IToMoInbio ¢pyakimun 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

[Tapamerp row.vars mO3BOJIET yKa3aThb HOMEpPa IEPEMEHHBIX B HAa0O-
pe JTaHHBIX, KOTOPbIC CJIEAYeT O0bEeINHUTH B OJUH-CIUHCTBEHHDINH (HaKTOD,
rpaJallii KOTOPOTO M OyAyT MHIEKCHPOBATH CTPOKM TaOJIHMIIBI COMPSIZKEH-
vHoctu. Ilapamerp col.vars mpomenbiBaeT TO K€ caMoe, HO JJIsT CTOJIOIIOB
TaOJIATIHI.

OyHKINIo table MOXKHO HCIOIL30BaTh M id apyrux neseit. Camoe
[IPOCTOE — 3TO IOCYeT JacToT. Hanpumep, MOKHO CINTATH IIPOITYCKU:

> d <- factor(rep(c("A","B","C"), 10), levels=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

Dynknus mosaicplot MO3BOJISET MOy INTh IpaduuecKoe N300parkKeHue
TabsmIpl conpsizkenHocTn (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)

IIpu nomoru dyukiun chisq.test() MOXKHO CTATUCTUYECKH IIPOBE-
PUTH TUIIOTE3Y O HE3ABUCUMOCTH JBYX (pakTopoB. K manubiM Oymer mpume-
Hen rect xu-kBagapar (Chi-squared test). Hanpumep, npoBepum rumoresy o
HE3aBUCHMOCTH I[BETa IVIa3 U BOJIOC (BCTpoeHHBbIe qaHHBIe 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 ke adderra MoKHO HOOUTHCs, ecan dyHKIKE summary () mepe-
JIaTh TabJIMILy COIPSI?KEHHOCTH B KAYECTBE apryMEeHTA. )

Habop nannpix HairEyeColor — 5T0 MHOTOMEDHAs TabJIMIIA, COTPSIZKEH-
HocTu. Jljisg cyMMHUpOBaHUS 9acTOT 110 BCEM <«H3MEPEHHUSAM», KPOME JBYX,
ncrnoJib3oBanach GyHKIma margin.table. Takum obpaszoMm, B pe3ysbTare
ObLIa TTOJIyYeHa JIByMepHas TabJiniia colpsikeHHocTH. TecT Xu-KBajpar B
KadeCTBEe HYJIEBOI TMIIOTE3bI IPUHUMAET HE3aBUCUMOCTD (DAKTOPOB, TAK ITO
B HalleM npumepe (HOCKOJIbKY Mbl OTBEPraeM HYJIEBYIO THIOTE3Y) CJIEJyer
[PUHSATH, 9TO0 (HAKTOPBI 0OHAPYHCUBAIOM COOMBEMCMBUE.

Yrobb! rpadudeckun m306pasuThb 3TU COOTBETCTBUSA, MOYKHO BOCIIOJIB30-
Barbcs byHKIMed assocplot () (puc. 18):

> x <- margin.table(HairEyeColor, c(1,2))
> assocplot (x)
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3rd

Crew
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Puc. 17. doinsa BeikuBmmux Ha « TUTaHKE» TACCAayKUPOB U UJIEHOB KOMAHIHI
B 3aBHCHMOCTH OT KJacca WX OmIeTa: MO3aWIHBIN rpaduk

Survived

2nd

Class

Ha rpaduke BUIHBI OTKJIOHEHHUS OXKUIAEMBIX JAaCTOT OT HAOJIIOMAEMBIX
BeJIMIMH. BhIcOTa IPSIMOYTOJILHUKA TTOKA3BIBAET aDCOTIOTHY O BEJIMIUHY 9TO-
IO OTKJIOHEHHS, a IOJIOXKEHHEe — 3HaK OTKJIoHeHus. OTYeT/IMBO BHIHO, ITO
JUTST JIEOJIEH CO CBETJIBIME BOJIOCAMH XapaKTepeH roJiyboil IBET IJ1a3 U COBCEM
He XapaKTepeH Kapuil 1BeT, a Jjist 0bJiagaresiell YepHbIX BOJIOC CUTYAIns 00-
paTHasi.

Yr006b! 3aKpenuTh N3y9eHHOE O TAOJINUIAX COMPIAXKEHHOCTH, PACCMOTPUM
elre oauH nHTepecHblil npumep. OnHazK bl 60JIbIIass KOMIIAHUST CTATUCTHKOB-
SIIMJIEMHUOJION0B cobpasiach Ha bankeT. Ha ciemytoree yrpo mociie 6aHkera,
B BOCKpeCeHbe, MHOT'ue BCTaJId C CUMIITOMaMHt IMUIIEBOT'O OTpaBJICHHA, & B
[IOHEJIEILHUK B MHCTUTYTE MHOT'O COTPYAHUKOB OTCYTCTBOBAJIO 110 OOJIE3HH.
ITocKobKY 3TO OBLIM CTATUCTUKU, W HE IPOCTO CTATUCTUKU, a SIUIEMUIO-
JIOTH, TO OHM DPeIJIi KaK CJeyeT BCIIOMHHUTH, KTO UTO eJ1 Ha OaHKeTe, U
TEM CaMbIM BBISICHUTDH IPUYHHY OTpaBjeHusi. [loayduBImmecs JaHHbIE TMe-
0T Cjeayromuit popmar:

> tox <- read.table("data/otravlenie.txt", h=TRUE)
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Puc. 18. Ca3b MexK 1y IBETOM BOJIOC U IIBETOM IJ1a3: IPaAdUK COIPIKEHHO-
cTu

> head(tox)
ILL CHEESE CRABDIP CRISPS BREAD CHICKEN RICE CAESAR TOMATO

1 1 1 1 1 2 1 1 1 1

2 2 1 1 1 2 1 2 2 2

3 1 2 2 1 2 1 2 1 2

4 1 1 2 1 1 1 2 1 2

5 1 1 1 1 2 1 1 1 1

6 1 1 1 1 1 1 2 1 1
ICECREAM CAKE JUICE WINE COFFEE

1 1 1 1 1 1

2 1 1 1 1 2

3 1 1 2 1 2

4 1 1 2 1 2

5 2 1 1 1 1

6 2 1 1 2 2
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[Tepsasi nepemennasi (ILL) HOKa3bIBaeT, OTPABHUJICS YIACTHUK OaHKETa
(1) win mer (2), ocrajabHBIE TIEPEMEHHBIE COOTBETCTBYIOT PA3HBIM OJIIO/IAM.

IIpocToit B3rIsia Ha JaHHBIE HUYETO HE JACT, BeIb Ha OamkeTe ObLIO 45
4yesioBeK U 13 6uron! 3HaunT, HaJO0 MOIPOOOBATH CTATUCTUYECKAE METOMIbI.
Tak Kak JaHHBIE HOMAHAJIbHBIE, TO MOXKHO ITOIIPOOOBATH ITPOAHAIU3UPOBATD
TaOJIAIBI CONPSIKEHHOCTI:

> 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"

HebGosbmast xurpocts (UK for) mo3BoJinia HaM He HCATh TeCT TPHU-
HaJIATh Pa3 Mo/psij (XoTs copy-paste HUKTO HE OTMEHsI, ¥ MOXKHO ObLIO
OBl cesIaTh TaK, KakK c/ieaHo B pazzene «IIpornoss riasbl Mpo BpeMeHHbIe
psizibl). Bes dynknun print () nmks 6b1 HuYero He HamedaTads, a paste ()
moMoT/Ia 0OPMUTE pe3yabTaT. Hy a pe3ynbTaT TakoB, UTO €CTh /IBa 3HA-
YUMBIX COOTBETCTBHS — C Ie3apckuM cajgaroMm (CAESAR) u ¢ moMmjopamu
(TOMATO). ITocmoTpum, 9To HaMm TOKaxkeT rpaduk accormanuii (puc. 19):

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

[TpakTuyecku Takas »Ke KapTHHA U IO TE€M, KTO €JI [IOMUI0Pbl. BUHOB-
uuk Haiinen! ITouru. Beap Bpsm jin ucnopyeHHBIMET ObLIN cpa3y oba 6JIoia.
Hano remeps mompoboBaTh pazobpaThbcst, ITO Ke OBLIO INTaBHON MPUIHHOIA.
Z];.H?I 9TOI'0 BaM IIPUAETCA 3alVIdAHYTb HU2KE, Tylda, I'/Ie Mbl SHAKOMHUMCHA C
JIOTUCTUYECKOU perpeccuei.

X 3k 3k

Kpome meros10B paboThl ¢ TabIUIAMA CONMPSIXKEHHOCTH (TaKuX, HAIIPU-
Mep, KaK TeCT XH-KBaapaT), HOMUHAJILHBIE W IIKAJbHBIEC ITaHHBIE MOXKHO
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CAESAR

ILL

Puc. 19. CoorBercrBue ME2K/1y OTPaBUBIIUMUCA U TEMU, KTO €JI1 HeBapCKI/IfI
caJiaT

0bpabaThIBATh PA3IUIHBIMI, OOJIee CIeNNaJIn3nPOBAHHBIMEU MeTogaMu. Ha-
[puUMep, JJisi CPABHEHUsI PE3YJIbTATOB IKCIIEPTHBIX OIEHOK TOIYJISPHBI TAK
Ha3bIBaeMble TecThl coryacust (concordance). Cpeu 9THX TECTOB MIMPOKO
pacnpocrpanen Tect Kosna (Cohen), KOTOpBIHt BBIYUC/ISET TaK HA3bIBAE-
myto kanny Koona (Cohen’s kappa) — mepy cozaacus, M3MEHSIIONIYIOCS OT
0 1o 1, n B1OoGABOK BBIMUCJISIET P-3HAYCHUE IS HYJIEBOI THIOTE3DI (0 TOM,
gro kanmna pasua 0). [Tpusegem takoit npumep: B 2003 rojy JBe IpyIilbl
HE3aBUCUMO (M IPUMEPHO B OJTHO U TO K€ BpeMsi rojia) 00C/Ie10BaIN OIUH
1 TOT 2Ke ocTpoB Bemoro mopst. Ilenbio OBLIO COCTABUTH CINCOK BCEX BUIOB
pacTeHuil, BCTPEUEHHBIX Ha OCTPOBe. TakuMm obpa3oM, JaHHbIe ObLIN OMHAD-
el (0 — BHIa Ha OCTPOBE HET, 1 — BHJI Ha OCTPOBE €CTh). PesysnbraTe
obcyenoBanuil 3anucanbl B daitn pokorm03.dat:

> pok <- read.table("data/pokorm_03.dat", h=TRUE, sep=";")
> library(concord)

> cohen.kappa(as.matrix(pok))

Kappa test for nominally classified data
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2 categories - 2 methods
kappa (Cohen) = 0.718855 , Z
kappa (Siegel) = 0.67419 , Z
kappa (2*PA-1) = 0.761658

0
5.68656e-13

8.56608 , p
7.11279 , p

(Msr 3arpy3uian naker concord, MOTOMY YTO MMEHHO B HEM HAXOJIHTCSI
Hy»KHast HaM QyHKIus cohen.kappa().)

Kanma moBosibHo 6sin3ka K equnure (0.718855), BeposiTHOCTD HyJI€BOM
TUTOTE3bI — HyJIeBasi. DTO 3HAUNUT, UTO PE3YIHTATHI UCCIETOBAHISI MOXKHO
CUUTATh COTVIACHBIMU JIPYT C JAPYTOM.

3anayga. B daiine janabix prorostki. txt HAXOAATCH Pe3yJIbTaThI 9KC-
IIEPUMEHTa, TI0 TTPOPAIITUBAHUIO CEMSH BACHJIbKOB, 3aPAaKEHHBIX PA3JIMIHbBI-
mu rpubamu (kosiorka CID, CID=0 — 510 KOHTPOJIb, TO €CTh HE3aPAKEHHbIE
cemena). Beero uccenoBamm no 20 ceMsiH Ha KayKJblil rpub, TeCTUPOBAIIH
Tpu rpuba, uToro ¢ KourposieM — 80 cemstH. OT/IMIaeTCs JIM TpOPaCcTaHue
CeMsiH, 3apakKeHHBbIX rpudbamu, 0T KOHTPOJisi? OTBET ¢M. B KOHIIE IJIABBI.

5.4. EcTb u B3amMOCBA3b, W AHaJIN3
KOppeadaiuiin

Mepoii JTUHEIHON B3aUMOCBSI3M MEXKIY MEPEMEHHBIMU SIBJISETCS KO-
dunment koppessamun [Iupcona (obo3nauaercs: TaTuHCKON 6yKBOii 7). 3Ha-
YeHUA KOS(b(l)I/IL[I/IeHTa KOoppeJjdnuu MOryT UM3MEHATHCA IO MOJAYJIIO OT HY-
Jist 1o euHUIbl. HysteBoit k03 duimeHT KOppeisnun roBOPUT O TOM, UTO
3HAYCHUS OJHOI IIePEeMEHHON He CBA3aHbl CO 3HAUYCHUAMU JIPYIOi IIepeMeH-
HOI1, a K03 dUIMEHT KOPPEISIUY, PABHBIN euHUIE (UM MUHYC €JIMHUIIE),
CBUJETEJBCTBYET O UeTKOU JUHENHON CBSA3U MeXITy nepemMeHHbIME. [losto-
JKUTEJBHBIA KO(DDUIMEHT KOPPEJIAINY TOBOPUT O IOJOXKUATEILHON B3au-
MoCBsA3H (4eM GoJIbIe, TeM GOJIBbINE), OTPUIATE/IbHBINA — 06 OTPHUIATETLHO
(uem GOJIBINE, TEM MEHBIIE).

Cmenens B3aMMOCBSI3N MKy ITEPEMEHHBIMU OTPaskaeT Koadduyuerm
demepmuranyuy: 3T0 KO3MMUITMEHT KOPPEJISIUT, BO3BEICHHBI B KBaJpar.
OTa BeINYNHA MTOKA3BIBAET, KaKas 0/ M3MEHEHNI 3HaYeHU OIHON mepe-
MEHHOM COIpsi?)KEeHA ¢ M3MEHEHUEM 3HavueHwuit apyroit nepemennoit. Hampu-
Mep, ecsin koabdurpenT Koppessituu yeesuaurcs sasoe (0.8), To creneHb
B3aMMOCBSI3U MeXKJTy IIepeMeHHbBIMI BO3PAaCTeT B UeThIpe pa3a (0.82 = 0.64).

[TosTopuM ertie pa3, 9To KOI(POUIMEHT KOPPEJISIINNA XapPaKTEPU3YET Me-
py JIMHEHHON CBsI3U MeXKJy lepeMeHHbIMU. /[Be mepeMeHHble MOTYT OBITH
OYeHb YeTKO B3aMMOCBfA3aHbI, HO €CJIN dTa CBA3b HE J'[I/IHGI‘/’IHHJH7 a, JOILy-
cTUM, apabosmIecKast, To KoahuimenT Koppesanun oyjaeT OJu30K K Hy-
gro. IIpumepom Takoit CBA3M MOXKET CIYyKUTH CBA3b MEYKJIY CTEIEHBIO BO3-
6y)K,ZLeHHOCTI/I JeJIOBEKa 1 Ka9eCTBOM DeIlleHrsd UM MaTeMaTHIeCKUX 3aJ1a'q.
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Ouenb c1ab0 BO30YK/IEHHbIH 4YesOBEK (CKayKeM, 3achIIAoIIuii) U O4YeHb
CHJIbHO BO30YKJIeHHBIN (BO BpeMsi (yTOoIbHOrO MaTda) Gy/Ier perarh 3a-
JTadn TOpa3nio XyKe, 9eM yMepeHHO BO3OYKIeHHbIl 1eoBek. [loaToMy, me-
peJl TeM KakK OIEHUTh B3aUMOCBSI3b UUCJEHHO (BBIYUCIUTH KOI(DuUIment
KOPPEJISIIUN ), HY’KHO MOCMOTPeTh Ha ee rpaduueckoe Bbipazkenue. JIyd-
ITle BCEro 3/1eCh UCIMOIb30BATH JUATPAMMY DACCESTHUSI, WU KOPPEJIOTPAMMY
(scatterplot) — umenHo oHa BbI3bIBaercs B R komamoi plot() ¢ jaBymst
apryMeHTaMHI-BEKTODAMI.

Otenb BayKHO TaK»Ke, UITO BCIOJY B 3TOM pas3fieie Pedb UIET O HAAUYUL
U cuje B3aNMOCBSI3U MEXK/ Ty TIEPEMEHHBIMU, & HE O Tapaxmepe 3TOH B3armMo-
cBs13U. EcM MBI HAIIA JTOCTOBEPHYIO KOPPEJSIUIO MEXKTy TePEMEHHBIMU
A u B, TO 9T0 MOXKET 3HAYUTD, UTO:

e A zasucur or B;
e b 3aBucur or A;
e A u b zaBucar apyr or apyra;

e A u B zaBucar or Kaxoii-ro Tperbeil nepemertoi B, a Mexky coboit
HEe MMEIOT HUYero OOIIEero.

Hanpumep, XopoImo m3BeCTHO, 9TO 00bEM MPOJAK MOPOYXKEHOTO U JHC-
JIO TIOXKAPOB 9eTKO Koppesupyor. CTpaHHO ObLI0 ObI MIPEIOI0KHUTH, UTO
[Oe/IaHNE MOPOXKEHOT'O PACIIOJIATAeT JIFOJIEHl K HEOPEXKHOMY OOPAIECHUIO C
OTHEM WJTH YUTO CO3EPIAHNE TTOXKAPOB BO30YXKIAeT TATY K MOpOKeHOMY. Bee
ropasJo mpoirne — 06a ITUX apaMeTpa 3aBUCAT OT TEMIIEPATYPhI BO3TyXa!

s Beraucienus KoadduimenTta koppessiiuu B R ucriosbsyercst dyHK-
must cor ():

> cor(5:15, 7:17)

[1] 1

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

B npocreiimem ciydae eii epesatoTcst gBa apryMenTa (BEKTOPbI OJInHA-
KOBOI1 JiytiiHbI ). Kpome Toro, MOXKHO BBI3BATD €€ € OJIHUM apryMEHTOM, eCJIH
9TO — MAaTpHUIla W TabauIa JAHHBIX. B 3TOM mociemqHeM ciaydae QyHK-
st cor () BBITUCIAET TaK HA3BIBAEMYIO KOPPEAAUUOHHYIO MAMPUYY, CO-
CTaBJIEHHYIO 13 KO3(MPUIINEHTOB KOPPEIIIN MEXKIy CTOJIOIAMN MaTPHITHI
i HabOpa JTAHHBIX, B3ATHIX IIOITAPHO, HAIIPUMED:

> cor(trees)
Girth Height Volume
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Girth 1.0000000 0.5192801 0.9671194
Height 0.5192801 1.0000000 0.5982497
Volume 0.9671194 0.5982497 1.0000000

Eciu Bce maHHbIe MPUCYTCTBYIOT, TO BCE IPOCTO, HO YTO JEJIaTh, KO/
eCTh TpomyIeHuble Habmogerus? st 9Toro B KOMaHIe COr eCcTb mapa-
MeTp use. [lo ymomuanuio on paeH all.obs, UYTO IpPU HAJIMIUU XOTS OBI
OJIHOT'O IIPOIYIIEHHOIO HAOJIIOJEHNS IMPUBOIUT K COOOIIEHHIO 00 OmmOKe.
Eciin use npupaBHaTbh K 3HaYeHuio complete.obs, TO U3 JAHHBIX aBTO-
MaTUYIECKHU YIAJIAIOTCS BCe HAOJIIOJEHUSI ¢ IporyckaMu. MoxKeT oKa3aThes
TaK, YTO IPOIYCKH PACKUIaHbI 10 NCXOAHOMY HAOOPY JAHHBIX JOCTATOYHO
XaOTUIHO W WX MHOIO, TaK YTO IIOCJIEe MOCTPOTHOIO YIAJEHUS OT MATPHUIIHI
daKTUIeCKN HUYIEro He OCTaeTCd. B TakoM cjIydae IOMOXKET IIOapHoe yia-
JIEHHE IIPOIIYCKOB, TO €CTb yAAJSIIOTCS CTPOYKH C IIPOIIyCKAMHU He U3 BCeit
MaTPHUIIBI CPa3y, & TOJBKO JIUIIh U3 JIBYX CTOJIOIOB HEIIOCPEICTBEHHO TepeT
BBbIYHCIeHTEM KO3 PUImeHTa Koppesinun. [Ijst 9Toro oniuio use cjieayer
IPUPABHATH K 3HAYCHUIO pairwise. complete.obs (HA0 NMETH B BUJLY, 9TO
B B 9TOM KO DUIMEHTHI KOPPEJISIIANA BHIYUCIAIOTCS 110 Pa3HoMYy KOJIHYe-
CTBY HaOJIIOJIEHUI U CPABHUBATH UX JIPYT C JIPYTOM MOXKET GbITh OIACHO).

Ecnu namabie HemapameTpudeckue, HyKHO UCIIOJIb30BaTh PAHTOBBIN KO-
s durment koppessimuu Crupmena (Spearman) p. OH MeHee TI0IBEPKEH
BJIUSIHUIO CJIy9IaiflHBIX «BBIOPOCOBY» B HAHHBIX, UYeM Kodddumuent [Iupcona.
st mozcaeTa p MOCTATOYHO MPUPABHATH HapaMeTp method K 3HAYEHUIO
spearman:

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

Ecnu koppessiiinontast MaTpuiia 00JIbINast, TO YUTATH €€ JOBOJIbHO TPY/I-
Ho. [Tosromy cyrecTByeT HECKOIBKO CIIOCOOOB BU3YaJIbHOI'O MIPEJICTABICHIS
rakux Marpull. Moxxno, Harpumep, UCI0JIb30BaTh QyHKIMIO symnum(), KO-
TOpasi BBIBEJIET MATPUILy B TEKCTOBOM BHUJIE, HO C 3aMEHON YUCes Ha OYKBBI
B 3aBHUCHMOCTHU OT TOI'0, KAKOMY JUAIla30HYy MPUHAJJICKAIIO 3HAUCHUE:

> symnum(cor (longley))

GNP. GNP U AP YE
GNP.deflator 1
GNP B 1
Unemployed , , 1
Armed.Forces . . 1
Population B .
Year B B , . B1

[s9]
-
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Employed B B . .BB1
attr(,"legend")
[1] 0 ¢ 2 0.3 .2 0.6 “,> 0.8 ‘+> 0.9 ‘%’ 0.95 ‘B’ 1

OTa QYHKIUsT UMeeT OOJIBINTOE KOJUIECTBO PA3HOOOPA3HBIX HACTPOEK,
HO TIO0 YMOJYAHUIO OHU BCE BBICTABJIEHBI B 3HAYUCHWS, ONMTUMAJBHBIE IS
0TODPaXKEHUsI KOPPEJSATMOHHBIX MATPHIL.

Bropoit criocob — 310 rpaduteckoe mpeicTaBICHIE KOPPEIATMOHHBIX
ko3 durmenton. Maesa mpocra: HyKHO pa3buthb objactb or —1 10 +1 Ha
OT/Ie/IbHBIE JTMAIa30Hbl, HA3HAYUTD KaXKJIOMY CBOM I[BET, a 3aTeM BCE 3TO
0T06pa3uTh. JIJs 9TOr0 MOXKHO BOCIOJIL30BaTLCA (PyHKIMAMYU 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="")

llommucu K ocaM:

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

+ V.V &% + VvV V

(MBI COKpaTuIu 3/1eCh JJIMHHBIE HA3BAHUS CTPOK M CTOJIOIOB IPU I10-
MOIIU KOMaH bl abbreviate().)

[Tosyuennsit rpaduk yacro HasbiBaloT <heatmap» («kapra Temiepa-
TYDbI» ).

Eme omuma muTEepecHBI cmocob mpeacTaBieHns] KOPPEJIAMUOHHON MaT-
pHUlIbI IpenocTaBisercs nakerom ellipse. B sTom ciaydae 3HaueHus koad-
PUIMEHTOB KOPPEJSIINA PUCYIOTCsI B BUJE SJUIMIICOB. UeM O/ImKe 3HaYeHne
ko3 durmenTta koppessaiun K +1 uan —1 — tem 6oJiee BHITAHYTHIM CTAHO-
BuTCA Jumnic. HakioH anmnca orpaxkaer 3HaK. JJist mosydeHnst n300pa-
JKeHMsT HeOOXOIMMO BbI3BaTh QyHKIMIO plotcorr (puc. 21):

library(ellipse)

cor.l <- cor(longley)

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

V V V V V

A Kax mpoBepUTH CTATUCTUYECKYIO 3HAYMMOCTb KO3 PUIIMEHTa KOppe-
Jauu’ DTO paBHOCUIIBHO ITPOBEPKE CTATUCTUYIECKOH TMIIOTE3BI O PABEHCTBE
Hysio Koadgdunnenta Koppeadanuu. Ecan runore3a oTBEpraeTcs, TO CBA3b
OJIHOT'O TIPU3HAKA C APYTUM CUHTAeTCA 3Hayumol. s mpoBepku Takoit ru-
[IOTE3BI UCIOJIb3yeTcsd PYHKIMs cor.test ():
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Empl —

Year —

Pplt

Ar.F —

Jnmp —

GNP —

GNP. -

[ I I I I I 1
GNP. GNP  Unmp ArF Pplt Year Empl

Puc. 20. I'pacduueckoe mpejicTaBieHne KOPPEIAITUOHHON MATPHUITBI

> 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

Jloruka paccyzkaenuii 37ech abCOIOTHO TaKas 2Ke, KaK U B PACCMOTPEH-
HBIX BBIIIIE TeCTaxX. B JaHHOM cjlydae HaM HY2KHO IPUHSATH AJIbTEPHATUBHYIO
CUIIOTE3Y O TOM, UTO KOPPEJsIusl JeiicTBUTebHO cyinecTByer. Obparure
BHUMAaHIE Ha JIOBEPUTEJIbHBIM NHTEPBAJ — TECT MTOKA3BIBAET, UYTO PeaJbHOE
3HAUYEHUEe KOPPEeJIAInU MOXKeT JiexkaTh B narepsaJje 0.2-0.7.
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Puc. 21. KosddurmeHTsl KOppessiiuu B BUIE JIUIICOB

5.5. Kakaga cBsa3b, njiu Perpeccuonnblii aHajm3

Koppensmuonnbiit anajin3 mo3BoJiseT ONPeIeuTh, 3aBUCUMBI JIU IIepe-
MEHHDIE, U BBIYUCJIUATH CUJIYy ITOW 3aBUCUMOCTU. UTOOBI OIPEIETUTh THII
3aBUCHMOCTH U BBIYHCJIATL €€ IlapaMeTpPbl, UCIIOJIb3yeTCd PerpeCCUOHHDIN
anasu3. Hanbosiee n3BecTHa JAByMepHasi JTHHEHHAS PEIPECCHOHHAS MOJIEIb:

m =bo+ b X x,

rje m — mojenbHoe (predicted) 3mavenne 3aBHCHMOl IIEPEMEHHOMN ¥,
xr — He3aBHUCHMasl IlepeMeHHasl, a by u by — nmapamerpsl Mojenn (Koabdu-
IIUEHTHI).

Taxast MOJIe/Ib TO3BOJISIET OIIEHUTD CPe/IHee 3HAUEHNe [IEPEMEHHO Y IPH
U3BECTHOM 3HAYEHUM . PA3HOCTH MEXK/[y UCTUHHBIM 3HAYEHUEM U MOJIEJIb-
HBIM Ha3bIBACTCsT owubkotl («errors) mimm ocmamrom («residuals):

E=y—m
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B uneanbHOM BapuaHTe OCTATKH MMEIOT HOPMAJIbHOE PacIpejieieHue ¢
HyJIEBBIM CPEHIM U HEM3BECTHBIM, HO IIOCTOSHHBIM Pa3bpocoM o2, KOTOPBIl
HE 3aBUCUT OT 3HAYeHUN & u y. B 9TOM ciydae roBopsAT O FOMOT€HHOCTH
ocTaTKOB. Ecin ke pas3dbpoc 3aBUCHUT ellle 0T KAKUX-JTUOO0 IapaMeTpoB, TO
OCTaTKHU CUYNTAIOTCA reTeporeHHbiMu. KpoMe Toro, ecji 00HapYKUJI0CH, 9TO
CpeJiHIe 3HAYEeHHUsT OCTATKOB 3aBHUCSIT OT &, TO 9TO 3HAYHUT, UTO MEXKIY Y W
T UMEETCsI HeJINHEHHAS 3aBUCUMOCTh.

Iljist Toro 9TobBI Y3HATH 3HAYEHUsT HapaMeTpoB by m by, IpUMeHSIOT
METO/ HAaMMEHBIIINX KBa/JpaTOB. BaTeM BBITUCJIAIOT CPpEeJIHEKBa/IpaTUIHOE
oTKjI0oHeHHE R2:

2 2 2
R*=1-o0p/0,,

rje 05——7pa36poc IIepeMeHHOI ¥

1t IpOBEpPKM I'MIIOTE3BI O TOM, UTO MOJEIb 3HAYNMO OTJIMIAETCS OT
HyJIsI, HCIIOJIb3YeTCsl Tak HasblBaeMasi F-crarucruka (crarucruka Puiepa).
Kak 00bI4HO, eciin p-3HateHne MeHbIIe ypoBHs 3HadnMocTH (066raHo 0.05),
TO MOJIEJIb CIUTAETCS 3HAIUMON.

Bor npumep. Bo Bcrpoennoii Tabsmile JAHHBIX women cojeprkarcs 15
HabJTI0/IeHnit 0 pocre (JroitMbl) n Bece (PyHTBI) KeHIMH B Bo3pacre or 30
1o 39 sier. ITonpobyem y3HaTh, Kak Bec 3aBUCAT OT pocta (puc. 22):

# IlpeobpazoBaHue B MeTPUUECKYH CUCTEMY:

> women.metr <- women

> women.metr$height <- 0.0254*women.metr$height

> women.metr$weight <- 0.45359237+*women.metr$weight
# BhuYHCIIeHNE IIapaMeTPOB yPaBHEHUS pPErPecCHUHU:

> 1lm.women<-lm(formula = weight ~
> 1m.women$coefficients
(Intercept) height

-39.69689 61.60999

BeBOZ MOZENbHHX 3HAYCHUI:

b0 <- 1m.women$coefficient[1]
bl <- 1m.women$coefficient[2]
x1 <- min(women.metr$height)

x2 <- max(women.metr$height)

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

y <- b0 + blxx

BuBogm rpaduka 3aBHCHUMOCTH:

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

grid()

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

height, data = women.metr)

VV + V %V VYV VYV YV H
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Pocr (M)
Puc. 22. 3aBucumocTh MEXK Ty POCTOM U BECOM
Jl1s1 mpocMOoTpa pe3yJIbTaToOB JTHHEHHON allllPOKCUMAITIH MOXKHO HCITOJThb-
30BaTh (DYHKIIUIO

> summary (1m.women)

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

Residuals:
Min 1Q Median 3Q Max
-0.7862 -0.5141 -0.1739 0.3364 1.4137

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) -39.697 2.693 -14.74 1.71e-09 **x*
height 61.610 1.628 37.85 1.09e-14 *x*

Signif. codes: 0 ‘*x%x> 0.001 “‘*x%x’ 0.01 ‘%’ 0.05 ¢.” 0.1 ¢ *> 1
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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: 1.091le-14
on 1 and 13 DF, p-value: 1.091e-14

Orcroma cireyer, 9To:

1.

ITosnyuena JiMHeliHAs PErPECCUOHHAA MOIE/b BHJIA
Bec(Mom) = -39.697 + 61.61 * PocrT,

TO €CThb yBeJndeHne pocta Ha 10 ¢cM COOTBETCTBYET YBEJIMIECHHUIO Beca
mpuMepHo Ha 6 KT.

HawnbousbItiee mo1okuTebHOE OTKJIOHEHHE UCTHHHOTO 3HAYEHUs OT-
KJIIKa OT MOJEJbHOro cocrapisier 1.4137 kr, HambojbIllee OTPHUIIA-
TenbHOe —0.7862 K.

[Tourn m0JIOBIMHA OCTATKOB HAXONUTCS B IIPEJIeIaX OT IIE€PBO KBAPTH-
mun (1Q = —0.5141 kr) mo rperneit (3Q = 0.3364 xr).

Bce koadbdunuentsr 3naunmbl Ha ypoBHEe p-value < 0.001; 310 110-
Ka3bIBAIOT *** B cTpoke Coefficients) m camu 3HaueHusi p-value
Pr(>|t]):1.71e-09 ms by (« (Intercept)») n 1.09e-14 («heighty)
I by.

CpemmekBaIpaTHIHOEe OTKJIOHEHUE (Adjusted R—squared) IJIsT TaH-
Hoit Mojiesn cocrasisier R = 0.9903. Ero 3uauenue 61m3k0 K 1, uto
TOBOPUT O BBICOKOI1 3HAYNMOCTH.

SHAYUMOCTD CPETHEKBAIPATUIHOIO OTKJIOHEHUS TIOATBEPKIAeT U BbI-
cokoe 3navenue F-crarucruku, papuoe 1433, u obuit ypoBeHb 3Ha-
YUMOCTH (OIpe/Ie/ISIeMBIit 110 9Toii craTucTuke): p-value: 1.091e-14,
yTo MHOro MeHnbIie 0.001.

Ecim Ha ocHOBe 3TOrO0 anaausa 6ymeT coCcTaBIeH OTYET, TO HAI0 OyIer
yKa3aTh elle U 3HadeHus crerneneil cBobonpt df: 1 u 13 (mo komoHKam
n 110 CTPOKaM JaHHBIX COOTBGTCTBGHHO).

Ha camoMm jejie 3TO ere gajieko He KOHEI[, a TOJIbKO HaJaJo JIOJIIO-
ro MyTH aHaJIM3a W MOJATOHKM MOJead. B 3ToM ciydae, Hampumep, mapa-
Gosmaeckast MOJIesIb (IJie UCIOJIB3yeTCsl He POCT, a KBaJpaT pocra), Oyer
elre JIydIile BIMCHIBATHCS B JIAHHBIE (KAK BBIPAYKAIOTCS, OYIeT «JIydine 00b-
SICHSITBH» Bec). MOXKHO 1OompoboBaTh U JApyrue MOJENH, Belb O JUHEHHBIX,
0600IIIEHHBIX JTUHEHHBIX W HEJIMHEHHBIX MOJIE/IsIX Hamucanbl ropbl Kaur! Ho
HaM ceifgac ObLIO BaxKHO CleJaTh II€PBbLIN IIar.
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Bpewmst o Bpemenu Tpebyercs He IPOCTO IMOJIYUUTh PErPECCUIO, a CPpaB-
HHATb HECKOJIbKO PErpeccuii, OCHOBAHHBIX Ha OJHUX U TeX XK€ JaHHbIX. Bor
npumep. V3BecTHO, YTO B METOJNKE aHAJIM3a BHLIOOPOB OOJIBIIYIO POJIb UI-
paeT COOTBETCTBUE MEXKIy IPOIEHTOM M30MpaTesieil, MPOTrOJIOCOBABIINX 34
JIAHHOI'O KAHIMIATa, U IPOIEHTOM SIBKHM Ha JaHHOM M30HpaTe/IbHOM yYIacT-
Ke. STI/I COOTBETCTBUA JIJI Pa3HBIX KaHANJIaTOB MOFyT BBITJISAICTDH ITO-Pa3HO-
My, 9TO TOBOPUT O PA3JININU UX 3j1eKTopaToB. JlanHbie u3 (aitia vybory . txt
COZIepKaT Pe3yJIbTAThI TOJIOCOBAHUS 3a TPEeX KaHIWJIATOB IO OoJiee deMm
COTHE M30UpPATEIbHBIX YIACTKOB. [locMOTpuM, pa3nvyaeTcs U st Pa3HbIX
KaHIUJIATOB 3aBUCUMOCTDb UX PE3YyJIbTAaTOB OT ABKU m3dbmpareseit. CHadasia
3arpy3uM U IIPOBEPUM TaHHBIE:

> vybory <- read.table("data/vybory.txt", h=TRUE)
> str(vybory)
’data.frame’: 153 obs. of 7 variables:
$ UCHASTOK: int 123456789 10 ...
$ 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 IZBIR NEDEJSTV DEJSTV KAND.1 KAND.2 KAND.3

1 1 329786 2623 198354 24565 11786 142627
2 2 144483 859 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

Temnepn npucoenHIM TAOJIUILY JAHHBIX, JIJIS TOTO YTOOBI C €€ KOJIOHKaMU
MO2KHO OBLJIO paboTaTh KaK ¢ HE3ABUCUMBIMU TIEPEMEHHBIMU:

> attach(vybory)
Borumcmm 1011 TpOrosIocoBaBIIIX 38 KaxK/I0r0 KaHuIaTa U sBKY:

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

[TocmoTpuM, €CTh U KOPPEJIATIHSL:
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> cor (JAVKA, DOLJA)
KAND.1  KAND.2 KAND.3
[1,] -0.3898262 -0.41416 0.9721124

Koppensamusa ectb, XoTd U HEBBICOKAsS I MEPBLIX JIBYX KAHIUIATOB.
[Toxoxke, 94TO TOJIOCOBAHME 110 TPETHEMY KAHIUJIATY CEPHE3HO OTIIMIATIOCH.
IIpoepum 3to0:

> 1m.1 <- 1m(KAND.1/IZBIR ~ JAVKA)

> 1m.2 <- 1m(KAND.2/IZBIR ~ JAVKA)

> 1m.3 <- 1m(KAND.3/IZBIR ~ JAVKA)

> lapply(list(lm.1, 1m.2, 1lm.3), summary)
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 *xx
JAVKA -0.070726 0.013597 -5.202 6.33e-07 **x*

Signif. codes: 0 ‘#*%*’ 0.001 ‘**’> 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:
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 *xx
JAVKA -0.066597 0.011911 -5.591 1.03e-07 *x**
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Signif. codes: 0 ‘#*%*’ 0.001 ‘**’> 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(>|t|)
(Intercept) -0.43006 0.01702 -25.27 <2e-16 #***
JAVKA 1.32261 0.02597 50.94 <2e-16 *x*

Signif. codes: O ‘*%x> 0.001 ‘*x’ 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

Kosddunumentsr perpeccun y TpeTbero KaHIUAATa CHIBHO OTINIAIOT-
csa. Jla u R? ropazno Beime. ITocMOTPHM, KaK TO BBHIIVISIUT IpabUuecKn
(puc. 23):

plot (KAND.3/IZBIR ~ JAVKA, xlim=c(0,1), ylim=c(0,1),
xlab="#Bka", ylab="[lona mporosocoBaBWMX 3a KaHmuzaTa")
points(KAND.1/IZBIR ~ JAVKA, pch=2)
points(KAND.2/IZBIR ~ JAVKA, pch=3)

abline(1m.3)

abline(1m.2, 1lty=2)

abline(lm.1, 1ty=3)

legend("topleft", 1ty=c(3,2,1),

legend=c("Kaugumat 1","Kasmumat 2","Kamzuzmat 3"))
detach (vybory)

V + V V V V V V + V

Nrak, Tperuit KaHIUIAT UMEET JIEKTOPAT, KOTOPbIN 3HAUNTEIHHO OTJIH-
qaeTcsl 110 CBOEMY IIOBEJIEHUIO OT 3JIEKTOPATOB JABYX IEPBBIX KaHJIUJIATOB.
Pazymeercs, xodeTcs mMpoBepUTH ITO CTATUCTUYECKH, a HE TOJILKO BUIY-
aybHo. Jist TOro 4ToObhI CpaBHUBATHL PErPECCHE, CYIECTBYET CIEIUAIbHDBIN
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Puc. 23. 3aBucumocTh pe3ysibTaTOB TPEX KAHIUIATOB OT SBKU HA BBIOODHI

meroz, ananu3 kopapuanuii (ANCOVA). IToxpobuoe paccMoTpeHue 5Toro
METOZa BLIXOAUT 34 PAMKHU HACTOMINEH KHUTH, HO MBI CefUac IOKAXKEM, KaK
MOXKHO IIPUMEHNATh aHAJIU3 KOBAPHAIWIL JJI JAHHBIX O BBIOOpAX:

> vybory2 <- cbind(JAVKA, stack(data.frame(DOLJA)))
> names (vybory2) <- c("javka","dolja","kand")
> str(vybory2)
’data.frame’: 459 obs. of 3 variables:
$ javka: num 0.609 0.683 0.944 0.896 0.916 ...
$ 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
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MpbI cozniaau u MpOBEpPUIN HOBYIO TaO/IMIy JAHHLIX. B Hell 1Be mHTEpe-
CYIOIIIe HAC [IePEMEeHHbIe (J10JIsT TIPOrOJIOCOBABIINX 38 KaXKJIOI0 KaH1IAaTa
U sIBKA) PACIOJIOXKEHBI Terepb B OJUH CTOJIOEI, a TPeTHii cTosber, — 310
daxTop ¢ UMEeHAMHU KAHIUIATOB. UTOOBI MOy IUTDh TAKYIO TaOJIUILY, MbI UC-
moJib3oBasn PyHKIMO 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 **x
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*x
javka:kandKAND.2 0.004129 0.025832 0.160 0.873074
javka:kandKAND.3 1.393336 0.025832 53.938 < 2e-16 *x**

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

Awnayns KoBapuanuit ucroJib3yer (opMyJIy MOJE/IN «OTKIUK ~ BO3Zel-
cTBHe * axTOp», Iyie 3Be3/0UKa (*) 0603HAYAET, YTO HAJIO TIPOBEPUTH OJI-
HOBPEMEHHO OTKJIMK Ha BO3/IefiCTBIe, OTKJIMK Ha (haKTOp U B3anMojeiicTBre
MeKy OTKJIUKOM U (pakropoM. (HamomuuM, uro jinHeiiHast perpeccusi uc-
noJsib3yer GoJiee IPocTyio HbOpMyIly, «OTKIUK ~ BoszelicTsue»). B Hammem
CJlydae OTKJIMKOM ObLIa JI0JIsi IIPOrOJIOCOBABIINX, BO3/IEHCTBIEM — sIBKA, &
dakTopom — ums Kanuaara. Bosbiine Bcero Hac MHTEPeCOBAaJIo, IpaBJia Jiu,
9YTO UMEETCsl CUJIbHOE B3auMOJEHCTBIE MEXKJLy SIBKOI U TPeTbUM KaHIH/1a-
tom. [Tonydennsie pesysbrarsl (cM. cTpokKy javka:kandKAND.3) me ocras-
JISIOT B 9TOM COMHEHHH, B3aUMOJIefiCTBUE 3HATUMO.
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* ok %

JIOBOJIBHO CJIO2KHO aHAJM3UPOBATH JIAHHBIC, €CJIU 3aBUCUMOCTH HEJIU-
HelfHast. 3JIeCh Ha MOMOIINb MOTYT IPUWTH METOJBI BU3yaJm3aluu. BoJee
TOr'0, YACTO UX OBIBAET JOCTATOYHO, YTOOLI CIEIAThL BBIBOJIBI, IIYCTh U IIPEJI-
BapuTeabHble. PaccMorpuMm Takoit mpumep. Ilo Gepery Yepnoro mopsi, ot
Hosopoccuiicka g0 Coun, pacTyT nepBOIBeTH, min npuMmy/bl. Camast 3ame-
JaTejbHAs UX UYepPTa — 3TO TO, YTO OKPACKA IIBETKOB IOCTEIIEHHO MEHSIETCS
npu npojsuzkennu ot HoBopoccuiicka na ioro-3araj, BIoJb Oepera: cHagasa
GOJIBIITUHCTBO IIBETKOB OeJIble UJIN KeJThie, a Oyimke K JlaroMbicy 1osiBIs-
eTcs Bce 0oJibIlie U OOJIbIITE KPACHBIX, MAJIMHOBBIX, (DHOJIETOBBIX U PO30OBBIX
ToHOB. B aiie janubix primula.txt 3alucanbl Pe3yIbTAThI JECATHIIET-
HEro UCCJIeI0BaHNs OeperoBbIX MOy il mepBorBeTos. [lonpobyeMm BbIsic-
HUTH, KK UMEHHO MEHSETCS OKPACKA I[BETKOB 110 MEPE MPOJIBUYKEHUS 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="[lluctannua ot HoBopoccuiicka, xM",

ylab="Ilponopuus CBETIHX LBETKOB, #%")

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

V VVV VYV + 4+ V + vV

B sTom nHebosibioM anain3e ecTb HECKOJIBKO MHTEPECHBIX JJIs HAC MO-
MEHTOB. Bo-TiepBhIX, OKpaCcKa IBETKOB 3aKOAUPOBAHA IIPOTIOPIIHEt, /11 TOTO
9TOOBI C/IeJIaTh ee MHTEpPBaJbHON. BO-BTODBIX, JUHEHHAs perpeccusi, oue-
BUJIHO, HEe OTPaXKaeT peasibHOl curyanuu. B-TpeTbux, ijs n3ydeHus HeJIu-
HEHHOr0 B3aMMOOTHOIICHUSI Mbl IIPUMEHWJIM 3JeCh TaK Ha3bIBa€MOE CIJIa-
xkupanue, «LOESS» (Locally weighted Scatterplot Smoothing), koropoe
[TOMOTJIO YBUJIETh HaM OOIHUil BU] BO3MOYKHON KPUBOI.

5.6. BeposiTHOCTDh ycnexa, njian Jlorucrtuieckast
perpeccust

HomunabHble JaHHBIE OYE€Hb TPYIHO 0OpabaThIBATh CTATUCTHICCKIH.
Tecr npomopuuii j1a XU-KBaJApaT — IPAKTUYECKH BCE, 9TO MMEETCsl B Ha-
meM apceHaJje it OJHO- W JBYMEPHBIX HOMUHAJIbHBIX JaHHBIX. OmTHAKO
4aCcTO BCTPEYAIOTCA 3aJa9U, B KOTOPBLIX TPEOyeTCS BBISCHUTHL HE IIPOCTO
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Puc. 24. smenenne nponopIuii CBETIILIX IIBETKOB B TOITYJIAINIX TEPBOIIBE-
Ta

JIOCTOBEPHOCTH COOTBETCTBHSA, a €ro XapakTep, TO €CTh TpebyeTcs IpuMe-
HUTb K HOMUHAJILHBIM JAHHBIM HEYTO BPOJIE PErPECCHOHHOIO aHAJIN3a. BorT,
HAIIPUMEp, JAaHHBIE O TECTHPOBAHUN MPOIPAMMECTOB C PA3HBIM OIIBITOM pa-
6orbl. Ux npocusu 3a HEGOJIbIIOE BpeMs (CKayKeM, JBAJIIaTh MUHYT) HAIU-
caTh HECJIOXKHYIO IIPOIPaMMy, HE TECTUPYS €€ Ha KoMIbioTepe. [ToToM Hamu-
CaHHBIe IIPOI'PAaMMBbI IPOBEPSIIM, U €CJIM IIPorpaMMa paboTaa, IMHCAJIA «S»
(«success», yciex), a eciu He paborana — nucainn «F» («failures, neynaqa):

> 1 <- read.table("data/logit.txt")

> head (1)

Vi V2

14
29
6
25
18
4

oG WN
R R R B !
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Kax y3natn, Bauser i crax Ha ycrex? Tabiuibl COMPSKEHHOCTH TYT
HOJXOJAT MaJIo, BeJb crax (V1) — mHTepBajibHast nepeMeHHasi. JIuHelHast
perpeccusi He IOJIXOAUT, IIOTOMY 4TO JIjsl Hee TpeOyeTcsl He TOJILKO MHTep-
BaJIbHOE BO3jieificTBrE (B HAIlleM Cjlydae CTaxK), HO elle M WHTEePBAJbHDII
OTKJ/IMK. ¥ HAC K€ OTKJUK — OuHapHblil. OKa3bIBaeTcs, CYIIECTBYET BbI-
x0/1. Jljist 9TOro HaJI0 B KaYeCcTBe OTKJIMKA UCCIIE0BAThH He YCIeX /HeycCIex,
a 8epoAMMHOCb YCNexra, KOTopasl, KaK BCAKas BEPOSTHOCTb, HEIPEPBHIBHO
n3Mensercs B naTepsase or 0 1o 1. Mur He Oyniem 371ech BJaBaTbCs B MaTe-
MaTHIecKue IOIPOOHOCTH, a IIPOCTO MOKaXKeM, KaK 3TO paboTaeT I JaH-
HBIX O IIPOI'PAMMHUCTAX:

> 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> 0.05 ¢.”> 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

Nrak, oba mapamerpa JJOrHCTHIECKON PEIPECCUN 3HAUUMBI, U P-3HAYEHU ST
MEHBIIE MMOPOrOBLIX. JTOI0 JOCTATOTHO, YTOOBI CKA3aTh: ONBIT IPOrPaM-
MHCTa 3HAYUMO BJIUSIET Ha YCIIEITHOE PelleHne 3a1a4u.

[TorrpobyiiTe Teneps pemuth Takyio 3agady. B daitne pokaz. txt naxo-
JISATCsT PE3YJIBTATHI SKCIIEPUMEHTA, C TTIOKA30M IIPEJIMETOB Ha, JIOJIU CEKYH/IbI,
OIIMCAaHHOTO B 1epBoii rviaBe. [lepBasi KOJIOHKA CO/EPYKUT HOMED HCIIBITYe-
Moro (ux OBLIO JIECATH), BTOpasi — HOMEP MCIBbITaHusl ([sITh Ha YeJIOBEKA,
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UCIILITAHUST TPOBOJIUJIMCH TIOC/IEI0BATEIBHO), & TPEThsl — PE3yJbTaT B Ou-
Hapuoit opme: 0 — ne yragas(a), 1 — yragas(a). Beisicaure, ecrb Jjin CBsi3b
Me2K/ly HOMEDPOM HCIIBITAHUS U PE3YIHTATOM.

B BeItade dpynknny summary . glm() cront oOpaTuTh BHUMAHKE Ha IIPEJI-
nocsesaioo crpouky, AIC (Akaike’s Information Criterion) — nndopmaru-
OHHBIN KpuTepuit AKanke. 9T0 KPUTEPHUIl, KOTOPBIil MO3BOJISIET CPABHIBATH
Mojies MexK 1y coboil (Heckosibko mojapobree po AIC pacckazano B riiase
npo Bpemennbie psbl). Yem menwine AIC, tem mydme mosensb. [Tokarxkem
9TO Ha mpuMepe. BepHeMcst K HAIIUM JIAHHBIM ITPO «BUHOBHUKA» OTPaBJIe-
uusi. [Tomuiopsr wiu casar? Bor Tak MOXKHO TOTPOOOBATH PEIuTh 11pobJie-

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)

CragaJjia MbI TIOCTPOMJIA JIOTHCTHIECKYIO MOJE/Ib. [[0CKOIBKY JIOTHCTH-
JecKasi MOJIE/Ib «XO4YeT» B Ka4eCTBe OTKJIMKA (CJIeBA OT TUJIbJIbI) TIOJIyYUTh
0 mym 1, TO MBI TPOCTO BBIYIN 3HAUYEHWS IlepeMeHHOM ILL u3 2, mpu 3ToM
zaboJieBIne CTa U 3aKoaupoBaHbl Kak 0, a 3mopoBbie — Kak 1. OyHKIums
I () mo3BoJisieT HaM n3beKaTh HHTEPIPETAINA MUHYCA KaK YaCTU (POPMYJIbI
MOJIEJIN, TO €CTh BO3BPAIAeT MUHYCY OObIUHbIE apudMeTHIECKNEe CBONCTBA.
Barem mpu oMot update () MBI BUJOU3MEHU/IN UCXOHYIO MOJIESh, yOpaB
U3 Hee MOMUJIOPHI, a MOTOM YOPAaJIU M3 UCXOJIHOM MoJesn cajar (TOYKU B
dopmyste MOIe M 03HAYMAIOT, 9TO UCIIOJb3YIOTCS BCE BO3/IEHCTBUSA U BCE OT-
ksmkn). Teneps nocmorpnm Ha AIC:

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

Yto ke, MOX0XKe, UYTO HACTOSIININM BHHOBHUKOM OTPABJIEHUS SIBJISETCS
caJiaT, Bellb MOJIeb ¢ cajaroM obiamaer HaumMmenbimMm AIC. Ilouemy ke
TeCcT XU-KBaJpaT yKasaj HaM ellle U Ha moMuopki! Jleso, ckopee Bcero, B
TOM, YTO MEXKJY CAJIATOM M IIOMUJIOPAMHU CYIIECTBOBAJIO 83aUMOJETCmEUE
(interaction). 'oBopst gesoBeYeCKUM SI3BIKOM, Te, KTO OpaJii cajat, OObITHO
OpaJii K HEMY U ITOMUJIOPHI.
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5.7. Ecsu BbIOOpPOK OoJIbIlIE JIBYX

A 49To ecnm Temeph MBI 3aXOTUM Y3HATb, €CTb JIU PA3JIUUUS MEXKILY
mpems BeIOOpKamu?! IlepBoe, YTO MPUXOIUT B TOJIOBY (IIPEIMOTIOKIM, ITO
9TO HapaMeTPUYECKUe JAHHbBIE),— ITO IPOBecTH ceputo TecToB CThiojeHTa:
MEXKJIy IIEpBOIl M BTOPOW BBIOOPKaMM, MEXKJY IIEPBOI W TpEeTbeil 1, HAKO-
HeIl, MEeXK/Iy BTOPOil W Tperheii — Bcero Tpu Tecra. K coxkajaeHUio, duc-
JIo HeoOxoIuMBIX TecToB CTbiojieHTa OyJeT pacTh Ype3BbIYailHO OBICTPO C
YBEJIMYEHUEM YHCJIa HHTEPECYIONX Hac BbiOOpok. Hanpumep, jist cpaBhe-
HUsI TIOTIAPHO MTECTH BBIOOPOK HAM IMOHAJI0OUTCsT TPOBECTH yKe 15 TecToB!
A mpencraBisiere, Kak 0OHIHO OyJIeT MPOBECTH Bce 3TU 15 TECTOB TOJb-
KO JIJI TOTO, 49TOOBI y3HATH, UTO BCE BLIOOPKU HE DPA3IUYAIOTCH MEXKJLY
coboit! Ho riraBHast mpobjieMa 3aK/II09eHa He B COEPEXKEHUN TPY/Ia UCCIIEI0-
Baress (Bce-TaKu OObIYHO HAM HYZKHO CPABHUTDH He 0OJibie 3—4 BBIGOPOK).
Jleso B TOM, YTO IIPU IIOBTOPHOM IPOBEJIEHUN CTATUCTUYECKUX TECTOB, OC-
HOBAHHBIX HA BEPOSITHOCTHBIX TOHSITUSIX, HA OIHON U TOM >Ke BBIOOPKE &e-
POAMMHOCTIL 00HAPYIHCUMD DOCTNOBEPHYIO 3AKOHOMEPHOCTIL N0 0WUOKE 803~
pacmaem. lomycTum, Mbl CYUTAaEM Pa3JIM4us JOCTOBEPHBIMU IIpu p-value
< 0.05, npu 3T0M MbI OyzieM omubaThest (HAXOJAUTD PA3/IUYUUsT TaM, [JIe UX
uer) B 4 ciayuaax n3 100 (B 1 ciyuae u3 25). [TorsaTHO, 9TO €ciu MBI IIPO-
BeJeM 25 CTATHUCTUYIECKMX TEeCTOB Ha OJHOM M TOi »Ke BBIOOPKE, TO, CKOpee
BCETO, OHAYKILI MBI HafiIeM pa3/indusi TPOCTO MO OMIMOKe. AHAJIOTUYHBIE
paccykJIeHus MOI'YT OBITH IIPUMEHEHBI U K 9KCTPEMAJILHBIM BHJIAM CIIOPTA.
Hampumep, BepogTHOCTE TOrO, 4TO MApAIIIOT HE PACKPOETCS IIPU IIPBHIKKE,
JI0BOJIbHO Madta (momyctuM, 1/100), u crpanHo 6bI 6BLIO OXKUJIATH, YTO Ia-
pAIIOT He PacKpOoeTCsl KaK pa3 TOor/a, KOrja YeJOBEK IPHINaeT BIIEPBBIE.
IIpu sToM J1F06OI JIECAHTHUK, UMEIOIIUI OIBIT HECKOJIBKUX COTEH MPbIK-
KOB, MOXKET PacCKa3aTh HECKOJIBKO 3aXBATBHIBAIOIINX HUCTOPHUI O TOM, Kak
€My HIPHUIIJIOCH HUCIIOJIb30BATDH 3al1acHO ITapamnIroT.

[TosTomy sy1st cpaBHEeHUsT TpeX U 0OJiee BBIOOPOK UCIOJIB3YETCS CIIEITH-
ambHBI MeTon — onHodakTopHblil aucnepcnonnsiii anamn3 (ANOVA, or
anrmiickoro «ANalysis Of VAriance»). Hynesast rumoresa 3iech Oyjer
YTBEP2K/IaTh, UTO BBIOOPDKHM HE PA3JIMIaloTcs MexKiy coboii, a ajbrepHa-
TUBHAS TUIOTE3a — ITO TOMA Obl 00HaA NaAPa BEIDOPOK PA3TUIAETCS MEKITY
coboii. ObpaTure BHUMaHUE Ha (DOPMYIHPOBKY aJbTePHATUBHON MUIIOTE3bI!
PesynbraTst aToro recra 6y1yT OIMHAKOBBIME U B CJIyUa€, €CJIM PA3JIAIACTCS
TOJIBKO OJIHA Tapa BHIOOPOK, U B CJIydae, eC/U PasjindaroTcsl BCe BHIOOPKH.
Yro0bI y3HATH, KaKUE UMEHHO BBIOOPDKH OTIHMIAIOTCs, HAJIO OYIEeT IIPOBO-
JIITH CIEIUAIbHbIE TeCTHI (0 HIX PACCKA3AHO HUXKE).

Hannbre it ANOVA sydie opraHu3oBaTh CAELYIOMIM 00pa3oM: 3a-
JlaTh JIBe TIepeMeHHbIe, U B OJIHON U3 HUX yKa3aTh BCE 3HAUYECHUS BCEX CPAB-
HIBAEMBIX BBIOOPOK (HAIPUMED, POCT OPIOHETOB, OJIOH/IHOB U IIATEHOB), &
BO BTOPOHl — KOIbI BBIOOPOK, K KOTOPBIM ITPUHAJJIEYKAT 3HAUCHUS IIEPBOit
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nepeMeHHO (Hanpumep, OyJIeM CTaBUTh HAIIPOTUB 3HAYEHUs] POCTa OPIOHE-
Ta «br», HAPOTUB POCTa GJOHAUHA — «bly U HAIPOTUB POCTA MIATEHA —
«shy). Torya MBI cMOXKEM 3a7€fiCTBOBATD y7Ke 3HAKOMYIO HaM JIOTHYECKYTO
perpeccuto (Ipu 3TOM OTKJIMK OyJIeT KOJIMIECTBEHHBIH, a BOT BO3jeiicTBue —
kadecTBernoe). CaM aHAIN3 IPOBOAUTCS IIPH ITOMOIIM JIBOHHON (DyHKIMN
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 + +V VV VYV VVYV

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
Residuals 87 1166.5 13.41

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

Hamo Temeph 00bsiCHUTH, 9TO MMEHHO MbI caenann. B R mucmepcuon-
HBIIl aHAJIU3 [IPOBOJIUTCS [IPU IIOMOIIM TOM Ke caMoil (DYHKIUU JIMHEHHOI
Mogiesin 1m(), 9To U perpeccusi, HO OPMyJIa MOJIEJN 3/ECh JAPYTasi: OTKIAK
~ daxTop, rje (HaKTOPOM sIBJISIETCSI WHIUKATOP IPYIIbI (B HAIIEM CJIydae
c("br", "bl", "sh")). Takoii ananu3s cHadaaa crpout Tpu Mozesu. Kax-
JIYIO MOJIE/Tb MOYKHO YCJIOBHO IIPEJCTABUATDL B BUJE BEPTUKAJILHON JIMHUU, 110
KOTOPOU pacrpeeseHbl TOYKHN; BEPTUKAJILHONW TOTOMY, UTO BCE TOUKHU CO-
OTBETCTBYIOT OJJHOMY 3HAYEHUIO MHMKATOpa IPymIibl (ckaxkeM, bl). [Torom
dyukIius anova() cpaBHUBAET dTU MOJEIU U OIPEIE/IAET, €CTh JIU MEXKIY
HUMH KaKune-HuUOy/Ib 3HAYUMBbIe OTjindnsi. MBI cO37a/u HAIK JIAHHBIE HC-
KYCCTBEHHO, KaK W JaHHBbIE O 3apIllaTe B IVIaBe PO OJHOMEDPHBIE JAHHBIE.
Hy u, ecrecTBeHHO, MOJIyYM/Ii POBHO TO, YTO 3AJIOXKUJIN,— HAJIO0 HPUHSATD
AJIbTEPHATUBHYIO THIIOTE3y O TOM, YTO XOTs ObI OJHA BBHIOOPKA OTJIMIACTCS
OT TpounX. [VIsIast Ha OOKCILIOT, MOXKHO IIPEIIOJJIOKNATH, ITO 3TO — OJIOH-
nuHbl. [IpoBepuM mpemnosioykeHne IpU IMOMOIIY MHOYXKECTBEHHOTO t-TecTa
(pairwise t-test):
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Puc. 25. Paznugaercs jm Bec MeXK/y TpeMsi BBIGODKAMU JIOjeli ¢ pasHbIM
nperoM BoJioc? (/laHHbIE MOy YeHbI HCKYCCTBEHHO)

> 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

N Bupapmy, 3 nosrydeHHOM TaOJUIKU BUIHO, 9TO OJIOHIUHBI 3HATUMO
(oba p-sHauenust muOoro Menbine 0.05) OTIIMYIAIOTCS OT OCTAIBHBIX TPYIIIL.
Ecrb u eme ogun moxoxkuii Tect. 1o «Tukey Honest Significant Differences
test» (y Hero ectb u crnenuaabHbIil rpaduk, cM. puc. 26):

> rost.cvet <- aov(lm(data$ROST ~ data$CVET))
> (rost.cvet.hsd <- TukeyHSD(rost.cvet))



130

Ananus ceaseti: dsymeprwvie darmovie

Tukey multiple

comparisons of means

95% family-wise confidence level

Fit: aov(formula

$¢data$CVET*
diff

br-bl 11.933333

sh-bl 7.533333

sh-br -4.400000 -

> plot(rost.cvet.

brbl
|

shbl
|

= 1m(data$ROST ~ data$CVET)

lwr upr p adj
9.678935 14.187732 0.00e+00
5.278935 9.787732 0.00e+00
6.654399 -2.145601 3.43e-05

hsd)

shbr
|

)

—

—

I
5

I
0 5

I
10

15

Puc. 26. Pezynbratst post hoc Tecta Thioku. OGe pa3HUIBI MEXK Ty CPEITHUMA
JIJTsT pocTa, OJIOHIMHOB U JIBYX OCTATBLHBIX TPYIII JI€XKAT BHYTPH JOBEPUTETH-
HOT'O MHTepBaJia (ClpaBa OT IYHKTUPHOI JIMHNAN )

PesynbraThr 060ux TECTOB, pa3yMeeTcs, TOXOXKH.
Bax#o nmomuuTh, 9o ANOVA — mapamerpudeckuili MeTos, TO €CTh Ha-
I JaHHBbIE HOJIXKHBI MMETh HOPMaJIbHOE (MJIH OJU3Koe K HOPMAJHLHOMY)
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pactpenenenne. Kpome Toro, cranaapTHbIE OTKJIOHEHNS BHIOOPOK JTOJI?KHBI
ObITH, 110 KpaiiHeii Mepe, moxoxku. Ilocaennee ycaoBue MOXKHO 0OOMTH IpH
nomory GyHKIuu oneway.test (), KoTopasi He IPEIIOIaraeT mo yMoIda-
HUIO paBeHCTBa pa3bpocor. Ho eciin ecTh cOMHEHUST B TApaMETPUIHOCTH HC-
XOIHBIX JAHHBIX, TO JIyYIlle BCErO MCIOJIb30BATH HENApAMETPUICCKUl aHa-
agor ANOVA, recr Kpackamna-Yosumca (Kruskal-Wallis test). Moxwuo 1o-
IpobOBaThL €ro Ha HaIIMX MCKYCCTBEHHBIX JAHHBIX:

> 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 anajgornven «kjaaccudeckomy» ANOVA, a p-sHavdeHne 4yThb
6oJIbIIe, KAK U [OJIOYKEHO JIJIsI HEIIAPAMETPUIECKOIO TECTA.

Bamaua mpo Bec. [lompolbyiiTe caMoOCTOATENHHO BBISCHUTH, OTJIMIA-
FOTCsI JIU HAIM TPYIIBL ele u 1o Becy! Ecau ma, TO OTIMYaTCs U OT
OCTAJIbHBIX TO-TIPEXKHEMY OJIOHUHBI !

3agava po 3aBUCUMOCTDH POCTA M Beca. A 3aBUCHUT /i BeC OT pOCTa
B HAIIUX UCKYCCTBEHHBIX JAHHBIX! Kcim j1a, TO xaxas 9Ta 3aBUCUMOCTD !

X 3k ok

OTBer K 3aJa4de IIpo TeCT 3HAKOB. ,HOCT&TO‘IHO HalluCaTb:

a<-c(,2,3,45,6,7,8,9)
b <- c(5, 5, 5, 5, 5, 5, 5, 5, b)
dif <- a-b

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

V V V V V

Exact binomial test

data: length(pol.dif) and length(dif)
number of successes = 4, number of trials = 9, p-value =1
alternative hypothesis: true probability of success is not equal
95 percent confidence interval:
0.1369957 0.7879915
sample estimates:
probability of success
0.4444444
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To ectb oTaIMYHMit OT MOJTOBUHBI HET, U TECT 3HAKOB CUNTAET TAKHE BhI-
oopku onuHakoBbIMu! Hero u MozKHO ObLIO, B 00IIEM, OXKUIAThL — Belb MbI
y2Ke THCAJIN, YTO IPOBEPSIOTCS HE BHIOOPKU KAK TaKOBBIE, a JIUIIb UX IEH-
TpaJbHbIE 3HATEHUS.

OTBeT K 3aga4e Ipo 030H. UToObI y3HATH, HOPMAJIBLHO JIU pacipe/ie-
JIeHue, IIPUMEHUM CO3/IaHHYIO B IIpebLyIneit riase dyHknuio normality3():

> ozone.month <- airquality[,c("0Ozone","Month")]
> ozone.month.list <- unstack(ozone.month)

> normality3(ozone.month.list)

$(5(

[1] "NOT NORMAL"

$¢6¢
[1] "NORMAL"

$¢7¢
[1] "NORMAL"

$¢8¢
[1] "NORMAL"

$t9(
[1] "NOT NORMAL"

31ech MBI IpuMeHNIN GYHKIUIO unstack (), KoTopas «pa3obpaJiay JaH-
HBIE 110 MecsiiiaM. PasyMeercst, 370 MOYKHO OBLIO CIAeIaTh U IIPU IIOMOIIH yKe
U3BECTHBIX BaM (OyHKITHIA:

> normality3(ozone.month[ozone.month$Month==5,] [1])
$0zone
[1] "NOT NORMAL"

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

T .

MBI UCIOJIL30BAIM 3J1€Ch JIBE IIapbl KBaAPATHBIX CKODOOK, JJIsl TOrO 4TO-
OBl JaHHBIE HE IPEBPATUIINCH B BEKTOP, & OCTAJIUCh TaOJINIIEH JaHHBIX, BEb
Harra QyHKiusg normality3() «3arToueHas UMEHHO O], TAOJIUIBI JTAHHBIX.
Ecim ke 3Tu aBe mapbl KBaJIPaTHLIX CKOOOK BaM HE HPABSITCS, MOXKHO I10-
CTYIUTH elle Ipoiie (XOTsi U MyTOPHEE) U BEPHYThCS K OPUTHHAJIBHOMY
shapiro.test():
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> shapiro.test(ozone.month[ozone.month$Month==5, "0zone"])
Shapiro-Wilk normality test

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

(3aryisiHUTE B IIPEJBIIYILYIO [VIABY, YTOObI II0CMOTPETH, KaKasi B 9TOM
TecTe aJbTepHATUBHAS TUIIOTE3A. )

Kak Bunnre, B R ogHy u Ty »Ke 3a1a4y BCEra MOXKHO PEIIUTHL MHOMXKECT-
BOM c11ocoboB. U 910 npekpacHo!

OTBeT K 3a/jave PO OMEHKHU JBYX KJaccoB. Ilonpobyem mnpoana-
JIN3UPOBATDH JAHHBIE TIPU IIOMOIIM CTATUCTUIECKUX TECTOB:

> otsenki <- read.table("data/otsenki.txt")
> klassy <- split(otsenki$V1l, otsenki$V2)

MoxkHO OBLTIO cliejiaTh U MO-IPYroMy, HO ¢yHKIus split() — camoe
ObICTPOE pellieHne st Pa30MBKU JIAHHBIX HA TPU TPYIIBI, U K TOMY K
OHa, BBIJIAET CIIMCOK, 3JIEMEHTHI KOTOPOI'0 MOXKHO Oy/IeT IIPOBEPUTH HA, HOP-
MaJIbHOCTD IIPH TIOMOIIM CO3/IAHHOI HAMU B IIPEJIbLLyIIell TyiaBe OYyHKINHA
normality3():

> normality3(klassy)

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

[1] "NOT NORMAL"

VBEI, MapaMeTpUUIeCcKe MeTOAbl HempuMeHnMbl. Hamgo paborars Hemna-
paMeTPUYECKUMHI METOIAMU:

> lapply(klassy, function(.x) median(.x, na.rm=TRUE))
$A1

(1] 4

$A2

(1] 4

$B1

(11 5

MBI IPpUMEHIIIA GHOHUMHYIO PYHKUWIO, IS TOTO 9TOOBI N30ABUTHCS OT
IPOILYIIeHHBIX 3HadeHuil (Gosesie y4aenuku?). [Toxoxke, uro B Kiacce A
Pe3yJIbTAThI IEPBOIT U BTOPOI UeTBepTeil OX0XKHU, a BOT Kjaacc B yumica B
nepBoii yerBepTu Jyumie A. [IpoBepuM 3T0:
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> 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$B1l, klassy$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$Bl, klassy$Al, alt = "greater")
cannot compute exact p-value with ties

Jlst geTBepTEil MBI TPUMEHUJIN MAPHBIA TECT: BEJb OMEHKHU MOJIYYaIN
OJTHM U Te JKe yIeHUKU. A JIJIsi CDaBHEHMs PA3HbIX KJIACCOB UCIIOJIb30BaH OJI-
HOCTOpOHHHﬁ TECT, IIOCKOJIbKY TaKne TEeCTbI O6I:)I‘IHO TyBCTBUTEJ/IbHEE JIBY-
CTOPOHHMX W TIOCKOJIBKY 37€Ch KaK Pa3 M MOXKEM IMPOBEPUTH, YUUTCS JIN
Kjaacc B iydmie A a He IPOCTO OTJIMYAIOTCS JIU UX PE3YJIBTATHI.

Urax, pesyibrarhl Kiacca A 3a IEPBYIO U BTOPYIO Y€TBEPTH JOCTOBEPHO
He OTJIMYAIOTCS, IPH ITOM KJIacC B y4Yujcs B MEPBYIO YETBEPTH CTATUCTH-
YeCKHU 3HAYMMO JIydIne Kjacca A.

OTrBer K 3amade Tpo Kaccupos. [lomnpobyem cHadaja BBISICHUTD,
MOYKHO JIM UCIIOJIb30BATh TapaMeTpUIecKue MeTOJIbl:

> 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
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> normality3(kass)
$KASS.1

[1] "NORMAL"
$KASS.2

[1] "NORMAL"

Ommano! Kak Hacuer cpeauux?

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

[Toxoxke, uTo y mepBOro Kaccupa odepenu mobdoJibie. I[Iposepum 3T0:

> 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

VBEI, TocTOBEpHOM pasHuilbl HeT. [lompobyem 0ToOpasuTh 3TO rpadute-
cku (puc. 27) U IPOBEPUTH, BBITOJIHSIETCS JIH «IIPABUJIO TPEX CHTM»:

> (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 ("llepssit kaccup","BTopoit kaccup"),
ylab="0uepezns")

+ 4+ + VvV

Cronbuarbie quarpaMMbl ¢ pa3bpocaMu — 9TO PACIPOCTPAHEHHBIHN, XOTsT
1 He caMblit 3 PEKTUBHBIN, CII0COO M300parKeHNnsT JaHHBIX. IJIs1 TOro IToObI
HAPUCOBATL Pa30pOC Ha CTOJOMKE, MBI 3arPY3UJIN MAKET gplots U BHI3Ba-
g orTyiaa dyHKIMIO barplot2(). KpoMe Toro, Mbl HCHOJB30BAJIA ITPUEM
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Ouepenp

20

10

i)

Ilepssrit kaccup Bropoit kaccup

Puc. 27. Cronbuarsie pumarpaMmbl ¢ pa3dpocaMu B TPU CTAHJIAPTHBIX OT-
KJIOHEHHsI O0TOOparkaloT M3MEHYMBOCTH Odepejieil K JBYM KaccupaMm B Cy-

repMapKeTe

C BHENIHUMU CKOOKaMM, 4TOOBI pe3ysbTar hyHKIuu sapply() men m Ha
9KpaH, U B 00bEeKT kass.sd.

«IIpaBuiio Tpex curM» HacC He HOABEIO — Pas3OpOChl MIMPHUHOW B TPHU
CTAHJAPTHBIX OTKJIOHEHWSI CHJIBHO EPEKPBIBAIOTCs. 3HAUUT, BBIOOPKU JI0-
CTOBEPHO HE OTJINYAIOTCH.

OTBeT K 3aJa4e PO ONpopalluBaHUE 3apPa>KeHHBIX T'PUOOM ce-
MSIH. 3arpy3uM JIaHHbIE, IOCMOTPUM HAa UX CTPYKTYPY U HPUMEHUM TECT

XU-KBa/JparT:

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

> head(pr)
CID GERM.14
1 63 1
2 63 1
3 63 1
4 63 1
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5 63 1
6 63 1
> chisq.test(table(pr[pr$CID %inY c(0,105),]1))

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

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

> chisq.test(table(pr [pr$CID %inY 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 %inj 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

Kaxk BuguMm, sabdexror 1yx rpubos (CID105 u CID80) oriauuatorcs or
KOHTpOJIsA, a Tperhero (CID63) — uer.

B orBere ncmonb3oBan onepaTop %in%, KOTOPBIA ITO3BOJISIET BHIOPATD U3
TOrO, UTO CJIEBA, TO, UYTO €CTh CIPaBa. JTO CIKOHOMUJIO HAM HEMHOTO Bpe-
MeHu. Moxk#O 6bLI0 HamucaTh u table (pr [pr$CID==0 & pr$CID==63, 1),
rze & o3HavaeT JIOrmYecKoe «u». KcTh, pasyMeercst, U ApPyrue CIocodbl cle-
JIATHb TO YK€ CaMoe.

Hy»Ho 3aMeTHTh, 9TO MOCKOJIBKY MBI TPH pa3a MOBTOPUIM CPABHEHUE
¢ OJHOI M TOM »Ke rpymnmoil (KOHTPOJIEM), Hy?KHO MOPOTOBOE D-3HAYCHUE
YMEHBINUTHL B TPHU pa3a (3TO Ha3bIBaeTCs «nonpaska Bongepponu st MHO-
JKECTBEHHBIX cpaBHenuii» ). Kcraru, 1yist momobubix nonpasok B R ectb crie-
nuasibHas Gyakius, p.adjust (). B namem ciaydae nepsble JBa 3HAYEHUS
BCE PABHO OCTAHYTCsI 3HATUMBIMU.

OrtBer K 3azade npo Bec. Jla u Her:

> anova(lm(data$VES ~ data$CVET))
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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
Residuals 87 1436.5 16.51
Signif. codes: 0 ‘*%x> 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

Ommyunst MexKJly IpyIIIaMHA €CTh, HO OTJIMYAIOTCS 110 BECY Kak pa3 Opio-
HETHI, a He OJIOHUHBL.

OTBer K 3aJave 0 mokase IpeaMeToB. [locTynuM Tak e, Kak U B
npuMepe mpo nporpaMmmuctos. CHadasa 3arpy3uM JaHHBIE W IPUCOEINHIM
X, 9TOOBI OBLJIO JIertde paboTaTh ¢ MepPeMEeHHBIMM:

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

3areM IpOBEPUM MOJIEIb:

> pokaz.logit <- glm(formula=V3 ~ V2, family=binomial)
> summary(pokaz.logit)

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

Deviance Residuals:
Min 1Q Median 3Q Max
-2.4029 -0.8701 0.4299 0.7825 1.5197

Coefficients:
Estimate Std. Error z value Pr(>|z|)
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(Intercept) -1.6776 0.7923 -2.117 0.03423 *
V2 0.9015 0.2922 3.085 0.00203 *x*
Signif. codes: 0 ‘“#*%*’ 0.001 ‘**x’> 0.01 ‘x> 0.05 “.” 0.1 ¢ > 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

(BoI3biBast mepemenubie, Mbl yain TOT (akT, 9To R mpucBamBaer KOJIOH-
KaM JIAHHBIX 6e3 3arojoBkoB uMmeHa V1, V2, V3 u T. 1.)

Mogesb snaunmal Tak aro Haia wjesi, BbICKa3aHHasl B 1epBoii riiase (0
TOM, YTO YeJIOBEK 00ydIaeTCs B XOJ€ HOIMBITOK), MMeeT 1oJ| coboil ompesie-
JIEHHBIE OCHOBAHUs. A BOT TaK MOXKHO TOCTPOUTL T'PAMUK JJIsT ITOTO IKC-
nepuMmenta (puc. 28):

popytki <- seq(l, 5, 0.081) # posHo 50 3mHaueHumit or 1 mo 5
pokaz.p <- predict(pokaz.logit, list(V2=popytki),
type="response")

plot(V3 ~ jitter(V2, amount=.1))

lines(popytki, pokaz.p)

detach(pokaz)

V V.V + VvV V

Mper ucnionbzoBasu predict (), 9To6BI pacCINTATH BEPOATHOCTH yCIIeXa
B IIO-Pa3HOMY <«PAaCIOJIOKEHHBIX» IOIBITKAX, & Ha rpaduKe, 9T00BI TOUKH
HEe HAKJIAALIBAJIUCHL APYT Ha APYyTa, NOOABIIA HEMHOI'O CIyYalHLIX OTKJIO-
uveHuit npu nomoru ¢yukiuu jitter (). He 3a0yabre oTcoeMHUTD JTaHHBIE
koManoi detach().

OTBer K 3a/ia4e IIPO 3aBHCUMOCTL Beca OT pocTa. Ecrh snauumas
KOppeJIsiiisi, HO 3aBUCAMOCTD cyiabast (puc. 29):

> cor.test(data$VES, data$ROST)
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:
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Puc. 28. I'paduieckoe n300pakenne JOrUCTUIECKOH MOJIEIH (JJAHHBIE O 10~
Ka3e [IPEeMETOB)

0.2818862 0.6106708

sample estimates:
cor

0.4620071

> ves.rost <- 1lm(data$VES ~ data$ROST)
> 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:
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Estimate Std. Error t value Pr(>|t])
(Intercept) 10.69580 13.37252 0.800 0.426
data$ROST 0.39742 0.08132 4.887 4.57e-06 ***

Signif. codes: 0 ‘*%x> 0.001 ‘*x’ 0.01 ‘x> 0.05 ¢.”> 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)

85

155 160 165 170 175

Puc. 29. Cnabag 3aBUCIMOCTD

BoiBom 0 TOM, UTO 3aBHCHMOCTH cjiabasi, CIeJlaH Ha OCHOBAHUU HUBKO-
ro R? u mesmaummoro mepsoro xkoaddummenta. KpoMe Toro, 04eHb MHOIO
octaTKoB (6ostbie 70% JIMHBI HHTEPBAJIA MEXK/Ty MUHUMYMOM U MAKCHMY-
MOM) HAXOJUTCSI CHAPY?KU OT [IEPBOI'o U TpeThero ksapruieil. Ja u rpadux
[TOKA3bIBAET CEPhE3HBIN pasbpoc.



I'maBa 6

Anaym3 cTpykTyphbl: data mining

Opasy «data minings> MOXKHO Bce 4Yalrle yBuaeTh B HTepHeTe m Ha
00JTOKKaxX KHUT 110 aHAJIN3Y JTAHHBIX. | OBOPST /Tazke, ITO SI0Xa CTATUCTUKHI
O,ZLHOI'?I—,ZLByX IIEepeMEHHbIX 3aKOHYINJIaCh, 1 HaCTyHI/I.HO HOBOE€ BpeMs — BpeMsd
aHaJIM3a OOJIBIIMX U CBEPXOOJIBIINX MACCUBOB JIAHHBIX.

Ha camom memne mox meromamu «data minings moapas3ymeBaioTCs JIIO-
6bIe MeTO/Ibl, KaK BU3yaJibHbI€, TaK U aHaJIUTUYCCKUE, IIO3BOJIAIOIINE <«Ha-
IIyIaTb» CTPYKTYPy B JAHHBIX, OCOOEHHO B JAHHBIX OOJILIIOTO pa3Mepa.
JlaHHbIe [1jI TAKOrO aHAJM3a UCIOJIb3YIOTCHA, KaK IIPABUIO, MHOIOMEPHBIE,
TO €CThb TaKHe, KOTOPble MOYXKHO IIPEJICTABUTH B BUJIE TAOJIUIBI U3 HECKOJIb-
KIX KOJIOHOK-TIepeMeHHBIX. [losToMy Oojiee TpaaumuoHHOE Ha3BaHUE JIJIsT
ITUX METO/0B — «MHOFOIVIeprIfI aHaJIn3», NJIN «MHOI'OMEpHasd CTATUCTHUKA».
Ho «data mining» 3By4nT, KoHe4YHO, cepbe3Hee. KpoMe MHOrOMEPHOCTH
60JIBITIOr0 pa3mepa (COTHHU, & TO W TBICAYIN CTPOK ¥ CTOJIONOB), MCHOJIb3ye-
MbI€ JaHHBbI€ OTJINYalOTCsd €eIle U TeM, 9YTO IIepeMeHHbIe B HUX MOI'yT 6bITb
COBEPIIIEHHO PA3HBIX TUIOB (MHTEPBAIbHBIE, IKAJIbHBIC, HOMUHAJIBHBIE).

['pybo roBopsi, MHOrOMEpPHBIE METOIbI JE/SATCSI Ha METOIbI BU3YyaIn3a-
MU U MEeTOJbI KJIaccudukaluu ¢ odydeHneM. B mepBoM cirydae pe3ysibTar
MOKHO aHaJN3WPOBATH B OCHOBHOM 3PHUTEJIHLHO, & BO BTOPOM — BO3MOKHA,
CTaTUCTUYIECKAs MIPOBEPKaA Pe3y/IbTaToB. PazymMmeeTcst, rpaHUIla MeXKIy 9THU-
MM IpYIIIaMH Hepe3Kasl, HO JJIs yI0OCTBa MBI CTaHEM PacCMaTpPUBATL UX
MMEHHO B 9TOM IOPSIIKE.

6.1. Pucyem mHOromepHblie JJaHHbIE

Camoe IpocToe, 9TO MOYKHO CJI€JIATh ¢ MHOI'OMEPHBIMU JAHHBIMUA,— 3TO
nocTpouth rpaduk. Pazymeercs, 1Jist TOrO YTOOBI TOCTPOUTH TPadUK HECKOJIE
KUX MEPEeMEHHBIX, HAJI0 CBECTH BCE Pa3HOOOpa3ue K JIBYM WJIM, B KpailHeM
cydae, K TPeM U3MEPEHUsIM. DTO HA3BIBAIOT «COKPAIEHIEM Pa3MEPHOCTH.
Ho unorna moxkuo oboiiTuchk n 6e3 cokparenus pasMmeproctr. Hampumep,
€CJIN TIEPEMEHHBIX TPH.
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6.1.1. /lmarpamMmmbl paccessHUA

Ecnu Bce Tpu mepeMeHnHblie — HENPEPBIBHBIE, TO MOMOXKET makeT RGL,
KOTOPBIil TIO3BOJISIET CO3/IaBaTh HACTOSIINE TPEXMEPHbIE TPAPUKH.

s npumepa BCIOAY, I/le BO3MOXKHO, MbI OyJIleM HCIOJIB30BaTh BCTPO-
ennble B R nanHbple iris. OTu jJgaHHBIE, 3aMMCTBOBaHHBIE U3 PabOTHI 3HA-
MeHuTOro Maremaruka (u 6uosora) P. @uinepa, onucsBaloT pazHoobpasue
HECKOJIbKHMX ITPU3HAKOB TpeX BUIAOB upucoB. COOTBETCTBEHHO, B HUX D IIe-
PEMEeHHBIX (KOJIOHOK ), IPUYEM IIOC/IE/[Hsisl — 9TO Ha3BaHUE BUJIA.

Bor kak MoKHO n300pa3uTh 4 u3 5 KoJaoHOK mpu nomornu RGL (puc. 30):

> library(rgl)
> plot3d(iris$Sepal.Length, iris$Sepal.Width, iris$Petal.Length,
+ col=as.numeric(iris$Species), size=3)

2.0

3.0

85 iris$Petal.Length

4.0

iris$Sepal.Width

iris$Sepal.Length

Puc. 30. IIpumep Tpexmepnoro rpaduka RGL

Pasmep nosiBuBIIErocst OKHa ¥ IPOEKIIUIO MOYKHO (M HY?KHO) MEHSITh [IPU
IIOMOIIY MBIIITKH.

Cpasy BujHO, ur0 onuH u3 BUOB (Iris setosa) XOpoOIO OTINYAETCS
OT IOBYVX APVYIUX 10 OPHU3HAKY IJINHBI JenecTKoB (Petal.Length). Kcra-
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TH, B TOM, YTO Mbl M300pa3suad MMEHHO 4 IpHU3HAKa, HEe OBbLIO OI'OBOPKH,
BeJb BHJ UPHCA — TOXKE MMPU3HAK, 3aKOANPOBAHHBIN B JAHHOM CJIydae IiBe-
ToM. MokHO 0oboiiTiCh 1 6e3 RGL, Torma BaM MOXKET IMOTPeOOBATHLCS MAKET
scatterplot3d, conepxkaruii ogHonMmenuyo dyuknuio. Ho, Boobiie roso-
psi, TPEXMEPHBIMU I'pauKaMu JIydIe He 3JI0yIoTpedIITh — OYeHb OHU He
PaCKpBIBAIOT, & 3aTEMHSIOT CyTh saBjenus. [Ipasaa, B ciyaae RGL 9T0 KOM-
[IEHCUPYETCsl BO3MOXKHOCTBIO CBOOOJIHO MEHSITH «TOYKY 0030pas.

I pyroii criocob BU3yaJm3aiiny MHOTOMEPHBIX JAHHBIX — 9TO IIOCTPOEHUE
COCTaBHBIX I'pauKOB. 37eCh y R KoJioccajbHBIE BO3SMOXKHOCTH, IPEI0CTAB-
JIseMble TTaKeToM lattice, KOTOpPBLIN IpeaHasHadeH JJjIsi TaK Ha3bIBaeMO
nanenpHoit (Trellis) rpaduku. Bor kak MOXKHO M306pasuThb YeThIpE IIPHU-

3HaKa upucos (puc. 31):

> library(lattice)

> xyplot(Sepal.Length ~ Petal.Length + Petal.Width | Species,

+ data=iris, auto.key=TRUE)
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Puc. 31. ITpumep Trellis-rpacduka
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[Mosryuniach KapTUHKA 3aBUCUMOCTH JITUHBI JAIIIEJINCTAKOB KaK OT JIJIM-
HBI, TAK U OT IIUPHUHBI JIEIECTKOB I KAXKJIOTO U3 TPEX BUIIOB.

MoxkHo oboiiTrchk n 6e3 lattice. Heckonbko momobHBIX rpadUKOB 10-
crynubl U B 6a30Boii mocraBke R. Hampuwmep, coplot() odeHb 1mOX0XK Ha
xyplot () (pumc. 32):

> coplot(dolja ~ javka | kand, data=vybory2)

Given : kand
KAND.3
KAND.2

KAND.1

°
o
1‘5&
o
e
T
00 02 04 06 08 1.0

dolja

o
o wRNDURTS, 4y tootte, [ BNMIINRSIS 4% Sooyy,..,
T T T T T
0.5 0.6 0.7 0.8 0.9 1.0

00 02 04 06 08 1.0

javka

Puc. 32. /lannabie o BeIOOpax u3 pasjesia O PerpecCHOHHOM aHaJIn3e, IPe/I-
CTaBJIEHHBIE ¢ TIOMOIIBIO DyHKIUU coplot ()

Mpbl Bu3yaau3upoBaJsu JIAHHbIE O BbIOOpAxX U3 pazjesia PO PErpeccu-
OHHBII aHaJN3. DTHU JIAHHBIE TOXKE MOXKHO Ha3BATb MHOTOMEPHBIMU, BEJIb
KaXK/JIbI KaHIUJIAT, 110 CYTH,— 9TO OTJe/IbHAs [IePEMEHHAs.

Marpuunbtii rpaduk pucyercs npu nomontu dbyskiuu pairs () (puc. 33):

> pairs(iris[1:4], pch=21, bg=c("red", "green3", "blue")
+ [unclass(iris$Species)])
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Puc. 33. Marpuunsbtit rpadux

MpbI moTyYnan 3aBUCUMOCTD 3HAUYEHUs KayKJIOro IMPU3HAKA OT KaKJIOTO
HpU3HAKA, IPUYIEM 330/IHO U «IIOKPACHJIN» TOYKU B I[BETA BHUJIOB (JJIsI 9TO-
r'o IPHUILIOCH «JIEKJIaCCUpOBaThy hakTop iris$Species, mpeBpaTus ero B
TEKCTOBBIN BeKTOP). Takum 06pa3oM, HAM yJaJI0Ch OTOOPA3UTh Cpa3y MATh
IIEPEMEHHBIX.

6.1.2. ITukTorpamMmmsbi

st BU3yam3aliil MHOTOMEPHBIX JIAHHBIX MOXKHO HCIIOJIb30BaTh Pas-
HOODpa3Hble T'PAPUKH-TIUKTOIPAMMBI, TJi€ KarXKIbIil 3JIeMEHT IIPEeJICTABIIs-
eT oauH 00bEeKT HADJIIONEHNUM, & ero IapaMeTPbl XapaKTePU3yIOT 3HATEHUST
[IPU3HAKOB O0HEKTA.

OnuH n3 KiiaccudecKux rpaduKOB-MIMKTOIPAMM — 3Be3/bl (puc. 34):

> stars(mtcars[1:9,1:7], cex=1.2)

S,ZLGCI) KaxKgasd IIMKTOrpaMMa — 93TO OJUH THUIIL ELBTOMO6I/IJIE{7 a JJIMHBI JIY-
e COOTBETCTBYIOT S3HAUYECHNAM PA3HbBIX XapaKTEPUCTUK 9TUX MaIlIlH. Jlerko
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S o

Mazda RX4 Wag
Mazda RX4 % Datsun 710
Hornet 4 Drive Valiant

Hornet Sportabout

SO\

Merc 240D
Duster 360 Merc 230

Puc. 34. 3Be3 b1 n300parkaioT pasHble MapKU aBTOMOOUIIEH

BHUJIETh, HanpuMmep, obe «Masznpry Cx0XKu ¢ APyr ¢ APyroMm OOJIBIE, €M C
OCTAJIbHBIMUA MapKaMHU.

A BoT Gostee 9K30THIECKUI TPADUK-TTHKTOIPAMMA, TAK HA3BIBAEMBIE «JIH-
ma Yeprosay. Unest rpacdnuka cOCTOUT B TOM, UTO JIUIA JIOIA PA3IAIAIOT
oveHb xopomio (puc. 35):

> library(TeachingDemos)
> faces(mtcars([1:9,1:7])

3/1eCh KazK10€ JIMIO COOTBETCTBYET OHOMY HCCIIEyeMOMY 00beKTy (TH-
Iy aBTOMOOWJIsI), & YepPThI JINIA XaPAKTEPU3YIOT 3HAUCHHsI IPU3HAKOB 00b-
exkta. CxomcTBo «Masmg» XOpoImo 3aMeTHO W Ha 9TOM IpaduKe.

«neonorndeckny K MUKTOrpaMMaM OJIM30K rpaduKk 0coboro Tuia —
epaur. NapastesvbHulx Koopduram. Ero MOXKHO HOCTPOUTH IIPH IIOMOIIU
dyuknuu parcoord() u3 nakera MASS. UToObI IOHATH, YTO OH JI€JIAET, JIyd-
IIe BCEro cpasy HOCMOTPETh Ha pe3ysibraTr Ha puc. 36 (s rpaduka mc-
[0JIb30BaHbI JJAHHbIE 00 U3MEPEHUsIX PACTEHHUI ):
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Puc. 35. JIuna YepHuoBa nzobpakaioT pa3Hble MapKu aBTOMOOUIIEH

> measurements <- read.table("data/eq-s.txt", h=T, sep=";")
> library(MASS)

> parcoord(measurements[,-1],

+ col=rep(rainbow(54), table(measurements[,1])))

C ofHO#t CTOPOHBI, 3TO OYEHBb TPOCTOI rpaduK, HEITO BPOJIE MHOTOMED-
HOro 6okciiora (mmm rucrorpammbl). Kaskaplit crosber; qaHubIX (y HAC UX
BCErO JIEBSITh, HO NIEPBbIH — 9TO HOMED MeCTOOOUTAHNUS) IPEJICTABIIEH B BU/IE
OIHOIl ocHu, Ha KOTOPOI pPaBHOMEPHO OTMEYalOTCsA BCE BO3MOXKHDBIC 3HAYCHU
JTAHHOTO TPU3HAKA JJIsi KaXKJIOM CTPOYKH JAHHBIX (B HAIEM CIydae — st
KasKJIOr'0 OTJIEJIbHOTO pacTeHust). I1oToM Jisi KaXK/[0ro pacTeHust STH TOUY-
KU COEUHAIOTCA JIMHUAMU. B JIomosiHeHne Mbl PACKPACWIA 3TU JIMHUU B
nBeTa MecroobuTaHmii (Bcero y Hac 6bl10 54 MecToobmramms). OgHako Ha
Takoil rpaduK MOXKHO CMOTPETH OY€Hb JIOJIT0 M KaKJbIil pa3 HaXOUTh TaM
MHTEPECHBbIE JeTaIN, PacCKa3bIBAaIONINe O CTPYKType JaHHBIX. Hampumep,
BUJIHO, YTO HEKOTOPBIC IPU3HAKN U3MEPEHBI JUCKPETHO, Na2Ke HEB3Upad Ha
TO, 4TO OHU HenpepbiBHble (Hanpumep, DL.TR.V); BHJIHO, 4TO HEKOTODbIE
HONVJILIIAA TOHIAJIAIOT IIPUMEPHO B OJHO U TO K€ MECTO Ha KarKJIOM IPU-
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DL.R DIAST N.REB N.ZUB DL.TR.V DL.PE.

Puc. 36. I'pacduk napajiebHbIX KOODAUMHAT

3HAKe; BUJHO, YTO Y HEKOTOPBIX NpU3HAKOB (Tuia DL.BAZ) M3MEHUUBOCTDH
CMeIlleHa, B CTOPOHY MEHBINUX 3HAYeHUil, 1 MHOTOe Jipyroe. IMeHHO 1Mo3To-
My rpaduK mapaeabHbiX KoopaumHar (kak u «heatmap», onmcanublii B
pas/iesie 0 KOPPEJISIUsX ) NOYTH 00s13aTeJIbHO HAXOUTCsI B apceHaJie JIroboii
[IpOrpaMMBbl, 3aHUMaloIIeiica «data minings.

6.2. Teanm MHOromMepHbIX ODJIAKOB: AHAJIN3 IJIABHBIX
KOMIIOHEHT

[Tepeitmem Tenepb K MeTOmaM COKpaleHus pasmeproctu. Cambrit pac-
MPOCTPAHEHHBIH N3 HUX — 9TO AHAJIN3 TVIABHBIX KOMIOHEHT. CyTh €ro B TOM,
9TO Hallln O6’beKTbI MO2KHO ITpE/ICTaBUTh KaK TOYKH B N-MEPHOM IIPOCTPaH-
CTBE, TJIe M — 9TO YUCJO AHAJU3UPYEMBIX MPU3HAKOB. depe3 IMOJIydeHHOe
00JTaKO TOYEK MPOBOJIUTCA IMPsMAasi, TaK, ITOObI yIECTh HAMOOBIIYIO 10~
JIFO M3MEHUYMBOCTH IIPU3HAKOB, TO €CTh IPOHMU3BIBAasi 3TO 0OJIAKO BJIOJIb B
HanboJIee BBITSIHYTOIN ero 4acTu (9T0 MOXKHO HPEJCTABUTH cebe KAk IPYIILY,
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HAJIETYI0 Ha CTAJbHON CTEPXKEHb), TaK II0JIydaeTCsl NepBas IJIaBHAs KOM-
[IOHEHTA. 3aTeM Yepe3 3TO 00JIaKO IPOBOUTCS BTOPAs, IEPIEH UK YJIsIPHAST
MEPBOH TPsIMAast, TaK, ITOOBI yIeCTh HANOOIBIITYIO OCTABITYTIOCS TOJTIO T3MEH-
YIUBOCTHU MPU3HAKOB,— KaK BbI y2Ke JIOraJAJIICh, 3TO Oy/IeT BTOpas IJIaBHAas
KOMIIOHEHTa. JTH J[B€ KOMIIOHEHTHI 00pa3yIoT IJIOCKOCTh, HA KOTOPYIO W
[IPOENUPYIOTCST BCE TOUKM.

B pesysibrare Bce NpU3HAKHU-KOJIOHKHU ITPEOOPA3YIOTCA B KOMIIOHEHTHI,
nprdeM HaubOJIBIIYIO HH(POPMAIINIO O PAa3HOOOPasuu 0ObEKTOB HECeT Iep-
Bagd KOMIIOHEHTa, BTOpas HeCeT MEHbIIIe I/IHCbOpMaLH/H/I, TpeTbd — elle MEHb-
e u T. j1. Takum 06pa30M, XOTs KOMIIOHEHT ITOJIy9aeTCsI CTOJIBKO YK€, CKOJIhb-
KO M3HAYATBHBIX MPU3HAKOB, B MEPBBIX JBYX-TPEX M3 HUX COCPEIOTOUEHA
IIOYTH BCdA HYXKHagd HaM I/IH(i)Opl\/IaL[I/Iﬁ. HOSTOI\ly X MOXKHO HCIIOJIB30BaTb
JIUIsl BU3yaJIM3allii JAHHBIX Ha MJIOCKOCTH, OOBIYHO TIEPBOil 1 BTOPOii (pexe
[ePBOii U TpeThell) KOMIIOHEHTHI. KKOMIIOHEHTBI 9acTO HA3BIBAIOT «(aKTOpa-
MU», ¥ 3TO IMOPOXKIAET HEKOTOPYIO IYTAHUILY C ITOXOXKUM Ha aHAJIU3 TJIaB-
HBIX KOMIIOHEHT (DAKTOPHBIM AHAJM30M, MTPECJIEIYIONINM, OTHAKO, COBCEM
Jpyrue mesn (Mbl €ro paccMaTpuBaTh He OyiieMm).

Bor kak jiejiaercsi aHaIu3 IJIABHBIX KOMIIOHEHT HA HAIUX JAHHBIX PO
HPUCHL:

> iris.pca <- princomp(scale(iris[,1:4]))

(Mbr ynorpebunu dyukiuo scale() jyisi TOro, 94Tobbl IPUBECTH BCE
JeTbIpe epeMeHHbIe K OJJHOMY MaciiTay. )
Tenepb IOCMOTPUM Ha CaMU KOMIIOHEHTHI (puc. 37):

> plot(iris.pca, main="")

Do ciykebHBIN rpaduK, Tak Ha3blBaeMblil «screeplot» (B GyKBaJIbHOM
riepeBojie «IpadyK OCBIIIY ), HOKA3bIBAIOIIUI OTHOCUTEbHbIE BKJIAIbI KazK-
JIOIl KOMIIOHEHTBI B 00N pa3dbpoc JaHHBIX. XOPOIIO BUIHO, YTO KOMIIO-
HEHT YeThIpe, KaK ¥ IMPU3HAKOB, HO, B OTJINYIHE OT I€PBOHAYAILHBIX IIPU3HA~
KOB, HaNOOJIBIINIT BKJIaI BHOCST IIEPBBIE JIBe KOMIIOHEHTHI. BMecTo rpaduka
MOXKHO IIOJIyIUTDb TO K€ CaMOe B TEKCTOBOM BHJE, HAIINCAB:

> summary(iris.pca)
Importance of components:

Comp.1 Comp.2 Comp.3 Comp.
Standard deviation 1.7026571 0.9528572 0.38180950 0.14344593
Proportion of Variance 0.7296245 0.2285076 0.03668922 0.00517870
Cumulative Proportion 0.7296245 0.9581321 0.99482129 1.00000000

OTMeTbTe, UTO HepBble JiBe KOMIIOHEHTBI BMecTe 00baCcHsI0T noatu 96%
pasbpoca (Kak roBopsaT, UX BKJaJbl, «proportions of variance» = 73% u
23% CcOOTBETCTBEHHO).
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Puc. 37. I'paduk, orpaxkaromuii BKJIaJbl KaXKJI0W KOMIOHEHTBI B pa3dpoc
JAHHBIX

ITepeitnem k cobcTBEHHO Bu3yasm3anun (puc. 38):

> iris.p <- predict(iris.pca)

> plot(iris.pl[,1:2], type="n", xlab="PC1", ylab="PC2")
> text(iris.pl[,1:2],

+ labels=abbreviate(iris[,5],1, method="both.sides"))

Bot Ttak Mbl BusyasimsupoBasin paznoobpasue upucos. Ilomxyaunmocs, 9To
Iris setosa (06o3HaueH GYKBOM S) CHJIBHO OTJIMYACTCS OT JIBYX OCTAIbHBIX
BuzioB, [ris versicolor (v) m Iris virginica (a). @yuxiusa predict() mos-
BOJISIET PACIIOJIOKUTh HCXOJHBIE CJlydan (CTPOKH) B IIPOCTPAHCTBE BHOBb
HaliIEHHBIX KOMIIOHEHT.

Unorna nosesnoit 6piBaer u dynknus biplot () (puc. 39):

> biplot(iris.pca)
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Puc. 38. Paznoobpasue upucos Ha rpaduke mepBbIX IBYX IVIABHBIX KOMIIO-

HEeHT

[Tapubrit rpaduk 1aeT BO3MOXKHOCTDH IOHSATH, HACKOJLKO CUJIEH BKJIA/T
KaXKJIOT'0 U3 YEThIPEX MCXOIHBIX IIPU3HAKOB B IIEPBbIE JBE KOMIIOHEHTHI. B
JIAHHOM CJIydae XOPOIIO BUJIHO, YTO IPU3HAKHU JUIMHBI ¥ HTUPUHBI JIETIECT-
KOB (B OTJIMYME OT IPU3HAKOB JIMHBI U NIUPUHBI YAIIETUCTUKOB) BHOCST
ropaso OOJIBINUI BKJIAJ] B IEPBYIO KOMIIOHEHTY, KOTOpasi, COOCTBEHHO, W
«paziaudaery BuAbl. K coxajenuio, rpadpuKOM, BBIIABAEMBIM IIPU ITOMOIITH
biplot (), JOBOJIBHO TPYIHO «yIPaBISTh». [l03TOMY YaCcTO NpEAImoITUTE Th-

Hee dyukius loadings ():

> loadings(iris.pca)

Loadings:

Comp.1 Comp.2
Sepal.Length 0.521 -0.377
Sepal.Width -0.269 -0.923
Petal.Length 0.580
Petal.Width 0.565

Comp.3 Comp.4

0.720 0.261
-0.244 -0.124
-0.142 -0.801
-0.634 0.524
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Puc. 39. [Tapubriit rpaduk moKas3piBaeT BKJIAJ, KayKJI0TO IPU3HAKA B IIEPBBIE
J1B€ 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, TOKa3bIBaeT OHA TO Ke camoe, 9To u biplot(), HO mmO-
JipobHee: B TEPBOH 4acTH BBIBOJIA KayKJasl staeiika, TabJIUIBI COOTBETCTBYET
BKJIQ Iy TIPU3HAKA B OMPE/IECHHBINT KOMIOHEHT. UeM OJImKe 9TO 3HAUEHUE
[0 MOJTYJIIO K €JIMHUIE, TeM OOJIbINe BKJIAJ.

[TakeTsr aded u vegan peasi3yiOT MHOXKECTBO Bapuallyii aHAIN3a TTIaB-
HBIX KOMIIOHEHT, HO CAMO€ TJIABHOE — COJIEPZKAT TOPAa3/ 10 OO0JIbIIe BO3MOKHO-
creil myrs Budyasm3anuu. BoT Kak MOXKHO IIPOaHAJIN3UPOBATE Te YKe JaHHbIe
B nakere 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. PaznooGpasue upucos Ha rpaduke MepBbIX ABYX [NIABHBIX KOMIIO-
HeHT (maker aded)

He npasia sin, Ha mosydmsIiieMcs: rpaduke Pasindust BUIHBI siCHee?!
Kpome Toro, MOXKHO IIPOBEPUTH KAYECTBO Pa3peIeHnst MeXK/1y Kaaccamu (B
JIAHHOM CJIydae BUJIAMH MPHCOB):

> 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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Kutacent (Bu/ibl upucoB) pasimdarorcst xoporno. O6 5ToM roOBOPUT OCHO-
BanHoe Ha 999 moBTrOpeHMsiX (CO CJIerka PasIMYaOIIMUCS TapaMeTPaMHM)
anajun3a 3uHadenne Observation. Ecsu 661 910 3Ha4enue 6610 Menbiine 0.5
(ro ectb 50%), TO HaAM HPUNLIOCH GbI TOBOPUTH O HEYETKUX DPA3IUUUSIX.
Kak BUIHO, HCHOIB30BAHHBINA METOJ, y2Ke OIMKe K «HACTOSIIEH CTaTUCTH-
Ke», HeXKeJIn K TUNNYHON BU3yaJjin3aliu JaHHbIX.

6.3. Knaccudukamnusa 6e3 odyvdeHnd, NN
KnacrepHsblii anam3

JpyrumM criocoboM CHUKEHUsT PA3MEPHOCTHU SIBJISIETCS KJIACCU(DUKAITIS
6e3 obyueHusl (yIOpsIOUeHNE, UK OPJAUHAIIUS ), IPOBOJUMAST HA OCHOBAHUY
3apaHee BBIYNC/IEHHBIX 3HAYEHU CXOACTBA MEXKJIy BCEMU ITapaMu OObEeKTOB
(cTpok). B pesysbraTe 3T0i HpOIEyphI OJTyYaeTcs KBaApaTHasi MaTPUIla
pacCTosIHUil, JMAroHab KOTOPOil OOBIYHO COCTaBJIEHA HYJISIMU (Belb Pac-
CTOsTHHE MEXKJ1y OOBEKTOM U UM Ke CaMHM PaBHO HYJO). 3a JeCATUICTUS
pa3BuTHUs 3TOM 00/IACTU CTATUCTUKU MPUIyMaHbI COTHH KOI(MDMUINEHTOB
CXOJICTBA, U3 KOTOPBIX Hanbojee yIoTpeOUTETbHBIMY SIBJIIOTCS IBKJIUIOBO
U KBapTaJbHOe (MAHXETTEHOBCKOE), IPIMEHUMBIE B OCHOBHOM K HEIIPEPbIB-
HBIM [IepeMeHHbIM (0O bsicHerne cM. Ha puc. 41). Koaddunumenr koppesinuu
TOXKE MOXKET OBITh MEPOH €X0/IcTBa. baslibHble U OMHADHBIE TIEPDEMEHHbBIE B
obreM citydae TpebyIoT Apyrux KoddUIneHToB, HO B makeTe cluster pea-
sm3oBana pyukius daisy (), criocobHas pacro3HaBaTh TUI ITEPEMEHHON U
[PUMEHSTH COOTBETCTBYIONIME KOIDDUIUEHTDI, a B IAKETE Vegan peajn3o-
BAHO MHOXKECTBO JIOMOJTHUTEIbHBIX KOI(MDPUITNEHTOB CXOIACTBA.

M 2

/B ‘B
A A ¢
d(AB)=AB d(AB)=AC+CB

Puc. 41. 9Bkinioso (1) n MaHxeTTEHOBCKOE (2) paccTOsTHUS

Bor Kak MOXKHO HOCTPOUTH MATPHUILy CXOJCTBa (JIydllle ee BCe-TaKU Ha-
3bIBATh MaTpUIEl pa3u4uii, IIOCKOJbKY B €€ d4efKax CTOAT MMEHHO pac-
CTOHHI/IS[) JJIgl HAIIINX UPHUCOB:

> library(cluster)
> iris.dist <- daisy(iris[,1:4], metric="manhattan")
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(Yka3aHHOe HAMU B KadeCTBe apr'yMeHTa MaHXeTTEHOBCKOE PACCTOsIHIE
Oy1eT BBIYNUCJIEHO TOJIBKO JIJIsI HHTEPBAIbHBIX JAHHBIX, JJIsI JAHHBIX APYTUX
tunoB dyukiug daisy() caMocTosTeNbHO paccauTaeT 0oJiee YHUBEPCAJb-
Hoe paccrosinue ['oBepa, «Gower’s distance» ).

C mosrydeHHOM MaTpuIeil MOXKHO Jejarb caMble pasHble Bemn. OmHO
U3 CaMBIX IPOCTBIX MPUMEHEHUH — CHeJaTh MHOIOMEpPHOEe IIKAJINPOBaHNE
(mmm, Kak ero ere HHOTJIa HA3bIBAIOT, «aHAJIN3 IJIABHBIX KoopauHaTy ). CyTh
METO/1a MOKHO OObICHUTD Tak. JlOmycTHM, MbI I3MEPHUJIN 10 KAPTE PACCTOSI-
HIE MEXK/Iy JIeCATKOM IOPOJIOB, & KapTy MOTEPSIN. 3a/iada — BOCCTAHOBUTH
KapTy B3aUMHOI'O PACIIOJIOXKEHUsT TOPOJIOB, 3HasI TOJBKO PACCTOSIHUAS MEXK LY
aumu. Takyro »Ke 3a1ady peraeT MHOTOMEpHOe MmKaanpoBanue. [Ipmaem 3To
He MeTadopa — BbI MOYXKETe 3aIlyCTUTL example (cmdscale) u MOCMOTPETDH
(na mpumepe 21 eBpONeRcKoro roposia), Kak 9To IMPOUCKOIUT Ha CAMOM JIeJIe.
A BOT JJIsl HAIIMX MPHCOB MHOIOMEPHOE IIKAJIUPOBAHIE MOXKHO IIPUMEHUTH
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(irisl[,5],1,

+ method="both.sides"))

KaK BUJJHO, PE3yJbTaT OYE€HbL IIOXOXK Ha pPe3yJjbTaT aHaJIn3a IJIaBHBIX
KOMITOHEHT, UTO HEYJMBUTEJHLHO — BeJIb BHYTPEHHsISI CTPYKTYpa JAHHBIX
(KoTOpyIO HaM ¥ HaJ0 HaiiTu B mporecce «data mining») He M3MEHIIACE.
Kpowme cmdscale(), coBeTyeM 0OpaTuTh BHUMAHIE HA HEIlApAMETPUIECKU
BapHUaHT TOT0 METOIA, OCYIIECTBIsIeMbIil Tpu oMol (GbyHKIun isoMDS ().

Pe3yﬂbTaT MHOI'OMEPHOT'O IMKaJUPOBaHUA TOXKE MOXKHO YKPaCUTb. BOT
KaK MbI [IOIBITAIICH BBIIEIUTH Oy YUBIIHECs IPYHIbl (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$x1, est$x2, est$fhat, add=TRUE,
drawlabels=FALSE, 1ty=3)

+ V + V V V V

Oyuknnsa bkde2D() m3 makera KernSmooth mpeickasblBaeT sl Kazk-
JI0if TOUKY TpadUKa IIOTHOCTH PACIIPE/IEJICHIS TAHHBIX (B HAIIIEM CJIydae —
6ykB), a pyHkiust contour () pucyeT HEUTO BPOJIe KAPTHI, IJI€ TUKAMU SIBJIsI-
IOTCSA MECTa C MaKCUMaJIbHON IJIOTHOCTBIO OYKB. UTOOBI rpaduK BBITJIALET
KpacuBo, napameTpsl bkde2d () ObLin og0OpPaHbl BPYIHYIO.

Jpyroit BapuanT paboThI C MATPUIIEH PA3INYUNN — TO KJIACTEPHBIN aHa-
au3. CyImecTByeT MHOXKECTBO €ro PasHOBUIHOCTell. Hambosee yiorpedbn-
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Dim. 2

I I I I
0 2 4 6

Dim. 1

Puc. 42. PezynbraT MHOrOMEPHOTO MIKAJUPOBAHUS JAHHBIX 00 HpPUCAX

TEJTbHBIMU ABISIOTCH MEPAPXUIECKUE METOJIbI, KOTOPblE BMECTO yIKe IPHU-
BBIYHBIX HAM JIBYMEPHBIX IPa(UKOB IIPOUBBOJISAT <«IIOJYTOPAMEPHBIE» €~
peBbsi KaccubUKaII, UK JIeHIporpaMMbl. BoT Kak 1o nesaercs (puc. 44):

+ V V V V

iriss <- iris[seq(1,nrow(iris),5),]
iriss.dist <- daisy(iriss[,1:4])

iriss.h <- hclust(iriss.dist, method="ward")
plot(iriss.h, labels=abbreviate(iriss[,5],1,
method="both.sides"), main="")

HOCKOJIbe Ha BbIXO/JE IIOJIydJaeTCd <«AepeBO», Mbl B3dJIA JIJId €ro II0-

CTPOEHUS KaXKJIYIO MSITYIO CTPOKY JAHHBIX, HHAYE BETKU CUJEH ObI CJIUIII-
KOM ILJIOTHO (9TO, KCTaTH, HEJOCTATOK MEPAPXUYECKON KJIaCTepU3aIii Kak
MeTo/la Bu3yasu3anuu gaHubix). Meros Yopaa (ward) maer od9eHb XOPO-
10 OYEPUCHHBIE KJIACTEPHI (KOHETHO, €CIM UX yIAeTCs HANTH), U IIOITOMY
HEYJIMBUTEJIBHO, YTO B HAIIIEM CJIydae BCe TPU BUJIA Pa3/IeUINCh, TPUIEM
OTJIMYHO BUJIHO, YTO BUJIBI Ha «V» (Iris versicilor u 1. virginica) pa3messitor-
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Dim. 2

T \ \ \ \ I
4 2 0 2 4 6

Dim. 1

Puc. 43. Busyanuzanus pe3yabraTa MHOTOMEPHOTO MIKAJUPOBAHUS TPH I10-
Moty DYHKIUN IIJIOTHOCTH

cs1 Ha Oosee Hu3KkoM yposHe (Height~ 12), TO eCTb CXOACTBO MEXKIY HUMHU
CUJIbHEE, YeM KaXKJIOr0 U3 HUX C TPETHUM BUJIOM.

3anaqa. [lomnpobyiiTe TOCTPONTH NEPAPXUIECKYIO KIACCUDUKAIITIO COP-
ToB nuBa. Jlannble cojep:kaTcs B daiise pivo-s.txt, a pacmudpoBKa Ipu-
3HAKOB — B (haiiyie pivo-c.txt. Ceenenus cobupasuck B 2001 romy B8 Mockse
(9TO HAJIO YUECTh, €CJU BAIIl OIBIT TOBOPUT O YEM-TO HHOM).

Krnacrepubiit anaimn3 9TOoro Tuiia BeCbMa IIPUBJIEKATEICH TEM, 9TO JTAeT
roroByio kiaaccudukammo. OJHAKO He CTOUT 3a0bIBATH, UTO 9TO — BCe-
ro JIUIb BU3YAJIU3AINA, M KJIACTEPHBIN aHAJIN3 MOXKET <«HaBdA3aTb» JIaH-
HBIM CTPYKTYPY, KOTOPOHl y HUX Ha caMOM Jejie HeT. HacKOJIbKO «XOoporimmy
[IOJTy IUBIIIMECS KJIACTEPHI, IPOBEPUTH IOPON HENPOCTO, XOTd U 3JECh CO-
37IAHO MHOXKeCTBO MeTo10B. OIMH MeTO, peajndyeT makeT cluster — 5To
Tak HasbiBaeMblii «silhouette plot» (3a mpumepom MOKHO OGpaTUTHCS K
example (agnes)). JIpyroii, oueHb «MOJHBIi» METOJ, OCHOBAHHBIN HA Tak
Ha3bIBaeMoii bootstrap-pernimkaiun, peajausyer mnaker pvclust (puc. 45):

> library(pvclust)
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Puc. 44. dennporpaMma, oTpakaomias UEPAPXUIECKYIO KIACCU(DUKAIIIIO
UPUCOB

irisst <- t(iriss[,1:4])

colnames(irisst) <- paste(abbreviate(iriss[,5], 3),
colnames(irisst))

iriss.pv <- pvclust(irisst, method.dist="manhattan",
method.hclust="ward", nboot=100)

Bootstrap (r = 0.5)... Done.

Bootstrap (r = 0.5)... Done.

Bootstrap (r = 0.5)... Done.

Bootstrap (r = 0.75)... Done.

Bootstrap (r = 0.75)... Done.

+ V + Vv V

> plot(iriss.pv, col.pv=c(1,0,0), main="")

Ha KasKpIM y3/10M medaTaiorcs: p-3HadeHus (au), CBsS3aHHbIE C YCTOM-
IUBOCTHIO KJIACTEPOB B TPOTECCE PETIMKAIINN MCXOMHBIX JAHHBIX. 3HAYTE-
Hud, 6mu3kue K 100, cauTaroTed «XOopomuMuy. B HaIeM ciiydae Mbl BUJIAM
KaK Pa3 «XOPOIIVIO» YVCTONYUBOCTD MOJIVIUBIINXCA OCHOBHBIX TpeX KJacTe-
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Puc. 45. JlennporpaMMa O 3HAUEHHSIMHE OJJIEPKKN KJIACTEPOB (IIaker
pvclust)

pOB (pa3HBIX BUJIOB UPUCOB) U HEILIOXYIO YCTOHUUBOCTH KJacTepa, COCTOsI-
IIIeTO U3 JBYX BUJIOB HA «V».

Kpowme nepapxuiaeckux METOMOB KJIACTEPU3AINH, CYIIIECTBYIOT U JIPYTHE
Ecrb, Hanpumep, «MeTOIbI CpeTHUX», KOTOPbIE CTAPAIOTCS MOy IUTh 3apa-
Hee 3a/IaHHOe KOJIm4YecTBO KJacTtepos. [Ipusenem npumep. B daitie eq. txt
3allMCaHbl JaHHble U3MEPEHUI PAa3HbIX YacTell pacTeHuil y IByX CUJIBHO OT-
JITYAIONIUXCS BUJIOB xBotreil. [lorpobyem mpoBepuTh, CMOXKET Jin TAKOH Me-
TOJI, PACIO3HATH 3TH BUJbI, 3Hasl JIUING lpu3Haku. Vcronb3yem dyHKIIUIO
kmeans ():

> eq <- read.table("data/eq.txt", h=TRUE)
> eq.k <- kmeans(eq[,-1], 2)
> table(eq.k$cluster, eq$SPECIES)

arvense fluviatile
1 37 5
2 1 41
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[Monyamnocs! Ommbka KiaaccuduKaiuu T0BOJbHO HU3Kasl. MHTepecHO
6y/IeT TOTOM TOCMOTPETDH, Ha KAKUX WMEHHO PACTEHUSIX METOJI OIMHMOCS U
nouemy. Ormersre, Keraru, uro (yHKius kmeans() (kak u ciemyromue
JBe) Geper Ha BXOJe He MATPHILy PACCTOSIHUIL, a OPUTUHAJIbHbIE JIAHHBIE.

OueHb MHTEPECHB! TAK HA3BIBAEMBIE HEYEMKUE MEMOOb, KITACTEPU3ATIHH,
OCHOBAHHBIE HA WJIEe TOI0, YTO KaXKJIblii OObEKT MOXKET MPUHAJJIEXKATh K
HECKOJILKMM KJIACTEpaM Cpa3y — HO ¢ Pa3HOil «cmiioits. Bor kak peanunsy-
eTcsl Takoii MeTo/1 B makere 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

[TomobubIN rpaduKk MBI y2Ke HEOTHOKPATHO BUIETIH, 37€Ch HET HUIEro
MPUHITUTHATHLHO HOBOTO. A BOT T€KCTOBBIN BBIBOJ MHTepecHee. [T KaxK 1o
CTPOYKH yKazaH «membership» — moxasareib «CHJIBI» CBSI3U, C KOTOPOit
MAHHBIA JIEMEHT <«IIPUTATUBAETCA» K KaXKJIOMy U3 TpeX KjacrepoB. Kak
BHJIHO, IIIecTasi 0cOOb, HECMOTPsI Ha TO, YTO IHOYTH HABEPHAKA, ITPUHAIICIKUT
K IIePBOMY KJIACTEpY, TAroTeeT u K Tperbemy. HemocrarkoMm aToro merosa
ABJISIETCS] HEOOXOJIMMOCTD 3apaHee yKa3bIBATb KOJUYECTBO ITOJTYIAIONTUXCS
kJtacTepoB. IlomobubIii MeTon peasm3oBan n B makere e€1071 — dyHkmus
Ha3biBaeTcd cmeans(), HO B 9TOM CJIydae BMECTO KOJIMIECTBA KJIACTEPOB
MOXKHO YKa3aTh IIPEJIIOJIaraeMble IEHTPhI, BOKPYT KOTOPBIX OY/yT IpyIIIId-
pPOBaTHCS JIEMEHTEL.

* % %

Kaxk BbI y2Ke moHsn, MeTobl KaacCuuKammn 6e3 o0y deHnst MOTyT pa-
6oTaTh HE TOJILKO C MHTEPBAJIbLHBIMU U MKAJLHLIMU, HO U C HOMUHAJILHBIMU
maHHbIMEA. JIJ1sT 5TOTO HAJO JIUIE 3aKOINPOBATH HOMUHAJIbHBIE IIPU3HAKHI B
Bujie Hyseit u equnuil. Jlanbire ymubie dynkiun tura daisy () camu BbiOe-
pyT K03 DUIMEHT CXOICTBA, a MOXKHO U YKa3aTh €ro BPy4YHYyIO (HalpuMep,
tak: dist (..., method="binary"). A ecTh JiIi MHOIOMEPHBIE METObI, KO-
TOPBIE MOTYT PAbOTATH C TaDIUIAME COTpsizkeHHoCTH ! OKA3bIBACTCS, TAKHE
HE ITPOCTO CYIIECTBYIOT, HO IMIUPOKO UCIOJIL3YIOTCS B Pa3HbIX 00JIaCTIX, Ha-
OpuMep B SKOJIOTUH.
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Puc. 46. Pesysnbrar knacrepusaruu dyukiueit fanny ()

Awnanus cBsaseii (correspondence analysis) — ofun u3 vux. Kax n sro60it

MHOFOMeprIﬁ METO/, OH ITO3BOJILAET BI/I3yaJII/I3I/IpOBaTb CprKTypy JAaHHBIX,
npuyeM paboTaeT OH Uepe3 COCTaBJIeHMe TabJIML, ColpszKeHHocTn. IIpocToii
BapWaHT aHAIN3a CBs3ell peanm3oBaH B makere MASS dyukimeir corresp ()

(puc. 47):

> library(MASS)

> caith.ru <- caith

> row.names(caith.ru) <- abbreviate(c("roxy6ormaszue",

+ "cepormasse", "kapernasse", "uepHormnasmwe"), 10, method="both")
> names(caith.ru) <- abbreviate(c("6moumuun","poxue",

+ "pycosomocre", "maTenu" , "6poreTn"), 10, method="both")

> caith.ru

6II0HI pHXHMe DPyCOB IaTeH OpoHe

roxy6 326 38 241 110 3
cepor 688 116 584 188 4
kaper 343 84 909 412 26
YepHOo 98 48 403 681 85
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> biplot(corresp(caith.ru, nf = 2))
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Puc. 47. I'pacduk B3anMocBsazeii, IOJIyIeHHBIN 13 TAOJUITLI COMPIAKEHHOCTH

JlaHHBIE TIPEJICTABJISIIOT COOOM CTATUCTUIECKYIO TaOJINILy, CO3TaHHYIO B
pe3yJbrare Ieperucu HACEJEHUsI, TJe OTMEeYasiuCh, CPeIu MPOYEro, IBeTa
ry1a3 u Bojioc. Ha mosyamsIiiemcst rpaduke yaaaoch BU3yaaIn30BaTh 0be me-
peMeHHbIe, IIPUYeM YeM dalle J[Be NMPU3HaKa (CKaykeM, royyboriaszocTb u
CBETJIOBOJIOCOCTD) BCTPEYAIOTCS BMECTE y OJJHOTO YeJIOBEKA, TeM OJIMKEe Ha
rpaduKe ST HAIINCH.

DTa BO3MOKHOCTH (BU3yaJM3alisi OJJHOBDEMEHHO HECKOJIBKIX HAOOPOB
IPU3HAKOB) MHUPOKO UCIIOJIb3YETCsI B 9KOJIOTUY [IPU aHAJIN3€E COODIIECTB K-
BOTHBIX W PACTEHHUI, OOUTAIOMNX HA OHON TeppuTopun. Kcin ecTh, HATTPH-
Mep, daHHbIe 10 10 o3epaM, TJie YKa3aHbl UX HA3BAHUS U TO, KAKUE BUbLI PbIO
B HUX OOMTAIOT, TO MOYKHO OyeT ITIOCTPOUTH rpaduK, T1e Ha3BaHus 03ep Oy-
JIyT PACIIOJIOXKEHBI OJIM2KE K TeM HA3BAHUAM PHIO, KOTOPBIE JIJIS 9TUX CaMbBIX
03ep boJiee xapakTepHbl. Bojiee Toro, ecyin B JJaHHBIE IOOABUTH €ITle 1 abuo-
THYeCKUe IPU3HAKN 03€p (CKazkKeM, MAKCUMAJIbHYIO TJIyOHHY, TPO3PATHOCTD
BO/IbI, IPUJIOHHYIO TEMIIEPATYPy JIETOM), TO MOXKHO OyJIeT BU3yaM30BaTh
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cpagy Tpu nabopa mpusnakoB! [laker vegan comepKuUT HECKOTHKO TAKUX
dyukiuit, Hanpumep cca() u decorana().

6.4. Kinaccudukamnus ¢ odydyeHnem, mjimn
JucKkpuMHAHTHBIN aHAJIN3

[Tepeitiem Tenepb K MeTOaM, KOTOPBIE JIUIIb YaCTUIHO MOI'YT HAa3bI-
BaTbCs «BU3yasm3alueiis. B 3apyOekHO juTepaType MMEHHO WX MPUHSI-
TO HA3bIBATh «MeTOJaMHu KJjaccupukamuns». s Toro 4robbr paborars ¢
METOIaMI KJIACCUpUKAIUNA ¢ 0OydeHreM, HaJI0 CHaYaIa OCBOUTD TEXHHUKY
«0byuenusi». Kak mpaBuio, BRIOUpaeTCs: IacTh JAHHBIX C U3BECTHON I'DyII-
HOBOI IpuHaIeXKHOCTHI0. Ha ocHOBaHuM aHasm3a 9Toil 9acTu (TpeHupo-
BOYHO{1 BBIOOPKM) CTPOUTCS TUIOTE3a O TOM, KaK JOJIKHBI PACIPEIEIISITh
CsI TI0 TPYIIIIaM OCTaJIbHbIE, HeKIaccuUIMpoOBaHnble faHube. B pe3yibrare
aHaJIN3a, KaK IPABUJIO, MOXKHO Y3HATDH, HACKOJIBKO XOPOIITO paboTaeT Ta mim
rHas runore3a. Kpome TOro, MeTOmbl KJIaCCU(PUKAINNA ¢ 00yIeHNEeM MOXK-
HO C YCIIEXOM IIPUMEHATDb U I JPYTUX IeJieil, HalpuMep IJisi BbIICHEHUS
BayKHOCTH MPU3HAKOB JJIsi KJIACCU(DUKAIIAHN.

OuH U3 caMbIX IIPOCTBIX METOIOB B 9TOM I'pyIIe — JTHHEHAHBIH TUCKPH-
mMuHaHTHBI aHasm3 (linear discriminant analysis). Ero ocuoBhast ujgest —
co3manne pyHKIMI, KOTOPbIe Ha OCHOBAHUY JINHEHHBIX KOMOUHAINN 3HAUE-
HUIl IIPU3HAKOB (9TO U €CTh KjacCu(UKAIMOHHAS TUIIOTE3a) «COODIIAITY,
KyJ/la HY>KHO OTHECTH JAaHHYI0 0CoOb. BOT Kak MOXKHO IPUMEHUTH TaKO
AHAJHI3:

> 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

Harmra tpernpoBodHas BeIOOPKa IpHBEIa K IMOCTPOEHUIO TUIIOTE3DI, 110
KOTOpPOIi Bce BU/IB! (32 MCKJIIOUEHNEM YacTH virginica) momajm B «CBOIO»
rpyimiy. 3aMeTbre, UTO JIMHEWHBIH IMNCKPUMUHAHTHBLIA aHaau3 He Tpely-
er mkaguposanus (byrkuus scale()) nepemenubix. MoxHO Gojiee TOYHO
OICYUTATL OMUOKN Kjiaccudukanuu. /s 3Toro Mbl Hamucaau QyHKIIUIO
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

Kax BujumM, ommbka kiaaccudukanyu — 17.5%.

PesynbraT IUCKPIMUHAHTHOIO aHAJIM38 MOYXKHO IIPOBEPUTDH CTATUCTHIE-
cku. 111 3TOro UCIoIb3yeTest MHOTOMEPHBIi aucepcnoHnblii anamn3 (MA-
NOVA), KoTOpblil TI03BOJISIET BBISICHUTH COOTBETCTBHE MEXK/IY JAHHBIMHU U
MoJiesbio (KJaccudukameii, Moy YeHHO IpU ITOMOIH JINCKPUMUHATINOH-
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 **x
Residuals 117

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

31ech nmeer 3HaveHne u 3aaduMocTh crarucrukn Puinepa (F) (em. ria-
By IIPO aHaJ/In3 cBsA3eil), u camo 3Hadenue « Wilks», nockosbKy 3ro — «likeli-
hood ratio», To ecTb OTHOIIIEHHE TTPABIOIIOIO0USI, B JAHHOM CJIy9Yae BEPOST-
HOCTBb TOT'O, UYTO I'PYIIBI He pasandatorcs. Jem Oummke cratuctuka Wilks
HYJIIO, TeM JIydIne Kiaaccudukaius. B manHoM ciaydae ecTh W JJOCTOBEPHBIE
pasInIns MEXKly TPYIIAMU, U KadeCTBeHHAasT KJIACCU(DUKAIIUSI.
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JInHeHHbBI JUCKPUMIHAHTHBIN aHAJIN3 MOXKHO MCIIOJI30BATh 1 JIJIS BU-
3yaJu3alluy JaHHbIX, HAIIpUMEDP TakK (pI/IC. 48):

> 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,
+ method="both.sides"))
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Puc. 48. I'padudeckoe mpencraBiieHne PE3yJbTaATOB JUCKPUMUHAHTHOIO
aHaJINn3a

31ech MBI B Ka4ecTBe TPEHUPOBOYHON HCIOJIB30BaIU BCIO BBIOOPKY Ile-
JukoM. Kak BHJIHO, BUJIBI HA «V» Pa3JIEJUINCD JaxKe JIYJIle, 9eM B IIPeJIbI-
AYIIUX [IPUMepax, IIOCKOJIbKY JUCKPUMHUHAHTHBIA aHaJ/IUM3 CKJIOHEH 4YacTo
NEPEOUEHUBAMb PASIAINST MEXKIY I'PYIIaMUA. JTO CBOUCTBO, a TaK¥Ke Ia-
PaMETPUYHOCTb METOJIa IPUBEJIM K TOMY, YTO B HACTOIIlEe BPEMs 3TOT THUII
aHaJIN3a MCIIOJIb3YETCsT BCE PEKeE.

Ha 3ameny TUCKpUMUHAHTHOMY aHAJM3Y MPUIYMAHO MHOXKECTBO METO-
JIOB € MOXOXKHAM MPUHIHANOM padoTbl. OIWH U3 CaMbIX OPUTHMHAJBHBIX —
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9TO TaK Ha3bIBaE€Mble «JI€PEBbsl KIACCU(PUKAINN», U «J[€PEBbs PEIICHUl»
(«classification trees», nim «decision trees»). OHU HO3BOJISIIOT BBLISICHUTD,
KaKue MMEHHO II0Ka3aTesl MOIYT OBbITh HCIOJIb30BaHbBI JIJIs Pa3/ie/IeHNusI
00BEKTOB Ha 3apaHee 3aJlaHHbIE I'DYNIbL. B pesyiabrare CTPOHTCS KJIIOY,
B KOTOPOM Ha KasKJIOi CTYIIEHN 00bEKTHI JIEJIATCS Ha JiBe rpynsl (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
1
Sepal.LenEth < 5.15 virginica  virginica
. ) . virginica
versicolor  versicolor

Puc. 49. JlepeBo kinaccudukarmu Jijisi JAHHBIX 00 Hpucax

3/1ech MBI OIISITh UCIIOJIb30BAJIM BCIO BBIDOPKY B KadeCcTBE TPEHUPOBOU-
HOi (4TOOBI TOCMOTPETH HA TPUMED YACTUIHON TPEHUPOBOYHON BBIOOPKH,
MOXKHO HabpaTh ?predict.tree). [losyunics rpaduk, oUeHb MOXOXKMI Ha
TaK Ha3bIBaeMble OIPEJIeTUTEIbHbIE TAOIUIIBI, 10 KOTOPBIM OHOJIOTH OIIpe-
JIeJIIOT BUABI OopraHu3MoB. U3 rpaduka Jierko MOHATH, 9TO K setosa oT-
HOCSITCSI BCE WPHCBI, Y KOTODPBIX JUIMHA JIENeCTKOB MeHble 2.45 (durarh
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rpad¥K HaJI0 BJIEBO), & U3 OCTABIIUXCSI UPUCOB Te, y KOTOPBIX IIUPUHA Jie-
[IeCTKOB MeHbIrle 1.75, a jummHa — Menbiie 4.95, oTHOCATCA K versicolor.
Bce ocrasbuble upucsl oTHOCATCH K virginica.

HepeBbs KnaccuduKaIyy peajgn30BaHbl 1 B JPYTIOM IlakeTe — rpart.

3anaya. [lonpobyiiTe BBISICHUTH, KAKWe UMEHHO 3HAYCHUS MPU3HAKOB
pa3anvaloT /1Ba BUJA PACTEHNI, KOTOPBIE MBI NCIIOJIb30BAIN KaK IPUMeEDP K
dyukiun kmeans () (nannble eq.txt, pacimmdpoBka npusHakoB — B daiije
eq-c.txt).

Eie onun, nadbuparoriuit Bce 60IBITYIO MOMY/ISIPHOCTE METO TOXKE U0~
JIOTIYIecKn OJIN30K K JiepeBbsiM Kiaccudukanuu. O HasbiBaeTcs «Random
Forest», mocko/ibKy OCHOBOI MeTO/Ia SABJISAETCS ITPOU3BOICTBO OOJIBIIIOTNO KO-
JITYECTBA KJIACCU(DUKAIMOHHBIX «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

SaMeTHa 3HAYUTETHLHO OoJiee BBICOKAs 3(MMOEKTUBHOCTH ITOTO METOMA
[0 CPaBHEHUIO C JIMHEHHBIM JUCKPUMUHAHTHBIM aHaJIu3oM. Kpome Toro,
Random Forest mo3BosisierT BBISICHUTH 3HAYMMOCTH («importance») Kazxo-
rO TPU3HAKA, & TAKYKE JUCTAHITNNA MEXKTY BCeMU 00BEKTAMU TPEHUPOBOTHOIM
BBIOOPKH («proximity» ), KOTOpbIE 3aTe€M MOYKHO UCIIOJIb30BATD JIJIsl KJIacTe-
pHU3AIUU WM MHOTOMEPHOTO TIKAJIUpOoBanus. Hakomer, 5ToT MeTo 1 mo3Bo-
JISIET TPOU3BOJUTDL «IUCTYIO BU3YAJIM3AIMNIO» JAHHBIX, TO €CTb OH MOYKET
paborarh Kak MeToj Kiaccudukaiym 6e3 odydenus (puc. 50):

> set.seed(17)
> iris.urf <- randomForest(iris[,-5])
> MDSplot(iris.urf, iris[,5])

Benukoe MmHO>KecTBO MeTOIOB «data miningy, pasyMeercsl, HEJIb3s OXBa-
TUTHh B oxHoil rimaBe. OaHAKO HEJIb3sl HE YIOMAHYTDH eIle 00 OJHOM COBpe-
MEHHOM MeTo/1e KﬂaCCI/ICbI/IKaL[HI/I C O6y‘{eHI/IeM, OCHOBaHHOM Ha HJ1e€ BbIINC-
JIEHHSI ITapaMeTPOB I'HIIEPILIOCKOCTH, Pa3JIeJIAolleil pa3indHble I'PYIIbl B
MHOI'OMEPHOM IIPOCTPAHCTBE IPU3HAKOB, «Support Vector Machines».
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Puc. 50. Busyasmszanus manubix mpu nomomn «Random Forest»

*

50

data = iris.train)

setosa versicolor virginica

> library(el1071)
> iris.svm <- svm(Species
> iris.svmp <- predict(iris.svm, iris[,1:4]1)
> table(iris.svmp, iris[,5])
iris.svmp
setosa 50
versicolor 0
virginica 0

0 0
14
0 36

DTOT MeTO/T M3HAYAJBHO pPa3pabaThIBAJICS JJIsT CJIydasi OMHAPHON KJrac-
cudukanum, oHako B R ero MOXKHO HCII0/Ib30BaTh (KAK MBI 3J1€Ch BUJIVIM)
U JiTs1 OOJIBIIEro Yucja rpyi. Paboraer on 3¢ deKTUBHEE TUCKPUMIHAHT-
HOT'O aHaJIn3a, XOTs U He Tak To4uHO, Kak Random Forest

B zakouenne mpuBeneM KpaTKuil 0030p IPUMEHHMOCTH OCHOBHBIX W3
00CY2KIABIINXCST B 3TOH TJIaB€ METOI0B MHOIOMEPHOI'O aHAJIM3a JTaHHBIX
(puc. 51). Tlpu ureHnn auarpaMMmbl CTOUT HOMHUTB O TOM, YTO HCXOJHBIE
NAaHHBIE MOYKHO TpaHCchOPMUPOBATH (HAIPUMED, CO3AATH U3 TaOJIUIIbI TaH-
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WsBecTHa i1 IPUHAJIEXKHOCTH OOBEKTOB K I'PyIIIaM?

S

Hy:xn0 1 nckare IIpenmonaraercsa nm
JAArHOCTUYCCKNe 3HAYCHUA nepapxusi TPy’
NIPUBHAKOB?
da Hem
WNepapxuueckuii AHHBIE —
depeBba pap - -
KJIACTEPHBIN 9TO MATPUIA
KJaccuuKamm AN ACCTOSHITH?
SVM, p TOAHUU !
Random Forest,
JAucKpuMUHAHTBIN da Hem
aHaIN3
MmuoromepHoe Amnanus
IKAJINPOBaHUE TJIaBHBIX

KOMIIOHEHT

Puc. 51. Kax BbIOpaTh MOAXOIANIINI METO/I MHOTOMEDHOI'O aHAJIN3a

HBIX MATPUILy PACCTOSHUIT), U TOTJA CTAHYT JOCTYIHBI U JPYTHUE METOJIBI
aHaJIn3a.

X 3k ok

OTBer K 3aj/lavye PO MEPAPXUYECKYIO KJIACCU(PUKAIUIO MUBA.
YT00bI HOCTPOUTH HEPAPXUIECKYIO KIACCHMDUKAIINIO, HAJIO BHAYAJIE BHIUUC-
JINTH MATPHUILY PACCTOSHUMN, & yKe ITOTOM CI'PYIIUPOBATH O0BEKTHI 1 U300~
Pa3UThb 3TO MPU MOMOIIH JieHIporpaMMbl. CHaYaja TOCMOTPUM Ha, JTaHHBIE:

> pivo <- read.table("data/pivo-s.txt", h=T)
> head(pivo)

c.1C.2Cc.3C.4C.5C.6C.7C.8C.9¢cC.10
baltika.3 0 1 0 0 0 0 1 0 1 1
baltika.6 0 1 1 1 1 0 1 0 1 1
baltika.9 0 1 1 1 1 0 1 0 1 1
ochak.klassicheskoe 0 1 0 0 0 0 0 0 1 1
ochak.temnoe 0 1 1 1 1 0 0 0 1 1
sib.kor.prazdnichnoe 1 1 1 1 1 1 0 0 © 0
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Jlanubie, Kak BUAUTE, OMHAPHDBIE, W, 3HAYUAT, HAJIO IPUMEHSITH Clienndu-
JecKuil MeroJ| Bbraucyenust paccrosiuuii. (Kceratu rosopsi, GunapHbie J1aH-
HbIE YaCTO HUCIOJb3YIOTCS TaM, IJie HY»KHO KJacCuHUIUPOBATH 00bEKTHI,
ONMCAHHBIE KAUECTBEHHBIMY XapaKTePUCTUKAMU ). Bocosb3yeMcest hyHKIN-
eit vegdist () u3 nakera vegan, KOTOpasi yMEET UCIOIb30BATH MOYISPHBII
JUIsi GUHAPHBIX JaHHBIX Mero)| 2KKakkapa (method="jaccard"). Hasepmoe,
JI0 9TO0 MOMEHTa BBl HE 3HAJIM IIPO TaKOH METOJI U MOIVIM PENIUTH 3a/jla-
4y HECKOJIbKO MHa4e, HaIlpUMep, UCIIOJIL3Yys MeTo binary u3 crangapTHOR
dbyukiun dist (). Bor Tak MBI mOydnsin JeHIPOrPAMMY, H300PAXKEHHYIO
Ha puc. 52: 0

> library(vegan)
> pivo.d <- vegdist(pivo, "jaccard")

> plot(hclust(pivo.d, "ward"), main="", xlab="", sub="")
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Puc. 52. Nepapxuieckas KiaccuduKaiys COPTOB MIHUBA

[Monyawumuck jiBe OoJibilie rpymibl, ojHa ¢ «2Kurynesckum» u «bajru-
Koit», apyras ¢ «Kinnackumy» un «CTapbiM METHbHUKOM ».
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OrBer Kk 3aj/iaye mpo JBa Buja pacrenuii. [lonpobyem mocrponts
JepeBo Kiaaccudukanuu (puc. 53):

> eq <- read.table("data/eq.txt", h=TRUE)

> eq.tree <- tree(eq[,1] = ., eql,-11)
> plot(eq.tree); text(eq.tree)

N.REB < 15.5
T

DL.R { 631.5

fluviatile

arvense arvense

Puc. 53. epeBo kmaccudukaiinym MmoKas3bIBaeT, 9TO JIBa BHUA XBOIIEH pa3-
JuyaroTcs 1o npusHaky N.REB (sro kosmuecTBo pebep crebiist)



I'maBa 7

Y3HaeMm Oyaymiee: aHaJn3 BpeMeHHbIX
psII0B

B 3T0i1 TytaBe MBI paccMOTPHUM TOJIBKO CaMble OCHOBHBIE ITPUHITAIBI Pa-
/
6OTBI ¢ BpEMEHHBIMU PsijiaMi. 3a 00Jiee OAPOOHBIMY CBEIEHUSMU PEKOMEH-
JyeM o0paTHThCs K CIEIUAJIbLHOI JIuTeparype.

7.1. YTo Takoe BpeMeHHbIE PsJIbI

Bo MHOrEX 00J1aCTSIX JIeATEILHOCTH JIFOIEl 3aMephl IToKa3aTeseil mpoBo-
JIATCs HE OJIUH Pa3, a IMOBTOPSIOTCS Yepe3 HEKOTOPbIE HHTEPBAJIbI BPEMEHH.
I/IHOF,Z[a. 9TOT MHTEPBaJI paBeH MHOT'UM roJiaM, KaK IIPpH II€ePEeIncu HaCeJICHU A
CTpaHbI, HHOTJIA — JHsIM, JacaM, MUHYTAM U JiayKe CEeKYHJIaM, HO HHTePBAJI
MeK/1y M3MEPEHUsIMA BO BPEMEHHOM DPsijly €CTh Bcerjia. Kro nasniBaioT uh-
mepsaaom ewvbopru (sampling interval). A obpasyroruiicss B pesyibrare
BBLIGOPKH PsiJl JIAHHBIX HA3BIBAIOT 6pementoim padom (time series).

B s060M BpeMeHHOM PsijIy MOXKHO BBIJIEJIUTD JIBE KOMIIOHEHTHI:

1) meciydaiiayio (JeTepMUHIPOBAHHYIO) KOMIIOHEHTY;
2) cory9aiiHyio KOMIIOHEHTY.

Hecny4aiinas koMmmonenTa oOBIYHO HamboJiee WHTEPECHA, TaK KaK OHa
JaeT BO3MOXKHOCTb IPOBEPUTH T'UIIOTE3bI O MIPOU3BOLAIIEM BPEMEHHON Dl
saBjIeHnr. MareMaTuuecKas MOIE/Ib HECIY YaffHOH KOMIIOHEHTHI MOYKET ObITh
HCIIOJIb30BaHa JIJIsl TIPOrHO3a MTOBEJIEHUSI BPEMEHHOIO Psijia B Oy IyIeM.

7.2. Tpena u nepuosa KojgedaHmit

Ecnmu saBiienme, pe3yabTaTroM KOTOPOTO SIBJISETCS U3YyYIAEMBIN Psl, 3a-
BUCUT OT BPEMEHHU rojia (MU BPEMEHU CYTOK, WJIU JHS HEJEeJIU, WA UHO-
ro (bUKCUPOBAHHOTO TIEPHOJIA KAJIEHIAPSs), TO U3 HECITY YailHOH KOMIIOHEHTHI
MOKeT OBITH BBIJEJICHA €II1e OJIHa KOMIIOHEHTA — CE30HHVIE KOJTEOAHNS sTBJIe-
Hud. Fe cieyeT oTmdaTh OT IMUKJINYECKON KOMIIOHEHTHI, He MPUBA3aHHOM
K KaAKOMY-JU0OO0 €CTeCTBEHHOMY KaJIEHIIAPHOMY ITHUKJIY.
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[Mox mpendom (TeHjeHnUel) TOHUMAIOT HECTYIANHYIO U HEIIEPHO e~
CKYIO KOMIIOHEHTY psizia. [lepBbIil BOIIpOC, ¢ KOTOPBIM CTAJIKMBAETCST HCCJIe-
JI0BaTe b, AHAJIU3UPY IO BPEMEHHON Psijl,— CYIIECTBYET JIU B HEM TPEHT !

[Ipy HAIMYME BO BPEMEHHOM Dsi/ie TPEH/Ia U HePUOIUIECKOil KOMIIOHEH-
ThI 3HAYEHUS JIFOOOIO IOCIEIYIONIEro 3HAUECHUS PsA/ia 3aBUCAT OT IIPEIbl-
aymux. Cuily m 3HaK 9TOM CBSI3M MOYKHO H3MEPHUTDH YK€ 3HAKOMBIM BaM
UHCTPYMEHTOM — KO3 duiimeHToM Koppessanun. KoppessinuoHHasi 3aBu-
CHMOCTD MEXK/Iy MTOCJIeI0BATETbHBIMI 3HAUEHNSIMI BPEMEHHOTO Psi/ia Ha3bI-
BAETCS A8MOKOPPEAAUUET.

Koadbdumuent aBrokoppesisiiiuu epBOro MOPsiJIKa OIPeIeIsieT 3aBUCH-
MOCTDb MEZK/Iy COCEIHIMNI 3HAYEHUSAMI PsiIa ty, 1 ty,_1, GOTBIINX TOPSIKOB —
MexkIy 0oJiee OTIaleHHbBIMU 3HadeHusiMu. Jlae (CIBUT) aBTOKOPPEJIsIng —
9TO KOJIMYECTBO TEPHUOJOB BPEMEHHOI'O Psifia, MEXKJIy KOTOPBIMU OIIpE/ie-
JsieTcst KoadpunmenT apTokoppeasnun. IlocmenoparensHOCTE K03hDDUIm-
€HTOB aBTOKOPPEJISIIIUU IEPBOT0, BTOPOI0 U JPYTUX MOPSIKOB HA3BIBAETCS
a8MOKOPPENAUUOHHOT PYHKUUET BPEMEHHOTO PAIA.

AHam3 aBTOKOPPEISIMOHHON (DYHKIINN TO3BOJISIET HANTH JIAT, IIPU KO-
TOPOM aBTOKOPPEJISIIus HauboJiee BICOKAs, a CJIEIOBATEIHO, CBSI3b MEXK LY
TEKYIIUM U IIPEJILIIYIIMI YPOBHAMHI BPEMEHHOTO psijia HamboJjee TecHas.
Ecan 3raunMbIiM oKazascs TOAbKO TEPBbI KOMDMOUITHEHT aBTOKOPPEIAINN
(ko3 duIEeHT aBTOKOPPEJISIIIMU [IEPBOro TOPsijiKa), BPEMEHHOI psiJl, CKO-
pee BCero, COIEPXKUT TOJIbKO TeHjeHnuoo (Tpes). Eciau 3HaunMbIM OKa-
3ajicsad KOd(MPUITHEHT aBTOKOPPEJSIINN, COOTBETCTBYIONMINI JIary n, TO Psi
COJIEPKUT IUKJIMIECKHE KOJeOaHUsl ¢ MEPUOJNIHOCTHIO B 72 MOMEHTOB Bpe-
Menn. Ecin Hu oanH 13 K03(hOUITMEHTOB aBTOKOPPEISIIINT He SIBJISIETCST 3HA-
YUMBIM, TO MOYKHO CKa3aTh, 4TO JIUOO PsiJi HE COJIEPIKUT TEHICHIINH (TPEHIA)
7 OUKJIAIeCKAX KoJiebaHuit, OO0 Psl COMEPKUT HEJTUHEHHYIO TEeHIEHIINO,
KOTOPYIO JTUHEHHDBIN KOI(MDPUITUEHT KOPPEJISIIUYA BhISIBATH HE CIIOCODEH.

Bsaumuasi koppesisitiusi (Kpocc-Koppeaauyus) OTPayKaeT, eCTh JIU CBsI3b
MEXKIy psaaMu. B 9ToM ciydae pacdeT IPOUCXOANT TaK Ke, KaK U JJIsT aB-
TOKOPPEJISIIIAT, TOJIBKO KOI(DDUITMEHT KOPPEAINNA PACCIATHIBACTCST MEXK LY
OCHOBHBIM PAJIOM U PsIJIOM, CBSI3b C KOTOPBIM OCHOBHOI'O Psijia HY>KHO OIIpe-
nesuthb. Jlar (caBur) npu ToM MOXKeT ObITh U OTPHUIATENLHON BEJTMINHOII,
ITOCKOJIBKY TI€JIb pactieTa B3aUMHON KOPPEISIUN — BLIsICHEHHE TOT0, KaKOit
U3 JIBYX PSIIOB «BEIYIINIL».

7.3. IlocTpoeHnne BpeMeHHOIrO psjia
AHaJII/IB BpeMeHH(/)FO pdadga 9aCcTO CTPOUTCA BOKDPYT OObACHEHUS BbLISB-

JIEHHOT'O TPeH/Ia 1 [MUKJIMIECKNX KoJIebaHnil 3HaYeHn psiaa B paMKaxX HEKO-
TOPOM CTATUCTUYECKON MOJICJIN.
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Haiinennasi MozesIb 1O3BOJISIET: IPOTHO3UPOBATL Oy IyIine 3HAYCHUS Psi-
na (forecasting), renepupoBaTh UCKYCCTBEHHBIN BPEMEHHON DPsijl, BCE CTATH-
CTHYECKIE XapaKTEePUCTUKN KOTOPOrO 9KBHUBAJEHTHBI HCXOAHOMY (simula-
tion), u 3aN0JHATL NPOGEJIBbI B UCXOJHOM BPEMEHHOM DPsily HamnboJiee Bepo-
ATHBIMHA 3HAYEHUSIMU.

Hy»XHO oTm9aTh 3KCmMpanoasyuo BPEMEHHOTO psiia (IIPOrHO3 Gy/ry-
MUX 3HAYEHUI Dsijia) OT UHMeEePnoaiyuy (3amojiHeHne POOEIoB MeXK Ly
UMEIOIIUMICS JTAHHBIME psifa). He Bcerga Mogenu psifia, TPUTOJHBIE IS
MHTEPIIOJISINN, MOYXKHO UCIOJIBL30BATH JjIs Tporuo3a. Hampumep, mosmmHOM
(crenennoe ypasnenue ¢ Ko3bdOUIMEHTaMI) 0Y9eHb XOPOIIO CIIIasKHBACT HC-
XOJTHBIH PsITT 3HAYMEHNH U TO3BOJISET OJIYIUTD OIIEHKY OKa3aTesl, KOTOPHIi
OIIUCBLIBAET JAHHBIN Psif B IIPOMEXKYTKAX MEXKIY 3HadeHusMu psia. Ho ec-
JIM MBI TOIBITAEMCSI TPOJJTUTH TIOJWHOM 33 CTapTOBOE 3HAUEHUE Psa, TO
[TOJTyYUM COBEPIIeHHO C/IyYaliHbIi pe3yabTar. BMmecre ¢ TeM OOBIYHBIN JIU-
HEWHBII TPEHI, XOTs U HE CTOJIb U30MIPEHHO CJIEIyeT U3rnbaM BHYTPHU Psia,
JIaeT YCTONYUBBIN TPOTHO3 PA3BUTHUS PsJia B OYIIyIIIEM.

Paznbie ygacTku psiia MOTYT OIHUCBHIBATH Pa3JIUYIHBIE CTATHCTUIECKUE
MOJIEJIU, B 3TOM CJIydae FOBOPHAT, UTO Pl HecmayuonapHrviti. Hecrammonap-
HBIY BPEMEHHOU Psi/T BO MHOTHX CJIyYasX yIaeTcs IPEBPATUTH B CTAIOHAD-
HBII IIyTeM IIpeodpa30BaHust JTAHHBIX.

B 6azoBbie Bo3aMoxkHOCTH R BXOJIAT CpeCTBA sl IIPEJICTABJICHUS] U AHA~
/N33, BPEMEHHBIX PAoB. OCHOBHBIM THIIOM BPEMEHHDBIX TAHHBIX ABJISETCS
«ts», KOTOPBIN MPEJICTaBISIET COOOM BPEMEHHO psiJi, COCTOAIINY U3 3HAME-
HUI, Pa3/Ie/ICHHBIX OJIMHAKOBLIMU HHTEPBAJIAME BPeMeHn. BpeMenurie psiibl
MOTyT OBITH 0OPA30BAHBI U HEPABHOMEPHO OTCTOAIIUME JIPYT OT JApyra 3Ha-
geHuaMu. B 3TOM ciydae ciieIyeT BOCIOIb30BATHC CIEITUATLHBIMU TUIIAMEI
MAHHBIX — Z00 M its, KOTOpBIE CTAHOBATCH JOCTYIMHBIMH IIOCTIE 3arpy3Ku
[TAKeTOB C TEMU K€ UMEHAMU.

Yacro HeobxouMo 06pabaThiBaTh KajeHIapHubie garhl. [lo ymomganuio
read.table() cumTHIBaCT BCe HEUIMCIIOBBIE JMaThl (Hampumep, «12/15/04»
win «2004-12-15»), kak dakropser. I[losTomy mocie 3arpy3ku Taknmx JaH-
HBIX TIpu nomornu read.table() HYXKHO 00s13aTEJIbHO TPUMEHUTH (DyHK-
nuto as.Date (). OHa «ITOHEMAET» ONUCAHKE MIAOJIOHA JATHI U Ipeodbpasyer
CTPOKHU CHMBOJIOB B THUII JaHHBIX Date. B mocimenuux Bepcusix R ona pabo-
TaeT u ¢ (pakTOpaMu:

> 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)

Factor w/ 5 levels "2011-01-01","2011-01-02",..: 1 2 3 4 5
> 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"
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"2011-01-04"
A BOT Kak €O31a0TCsI BpeMEHHbIE PsIIbl THIA tS:

> ts(1:10, # pan maMHEX
+ frequency = 4, # IIOKBapTAaIbHO
+ start = c(1959, 2)) # HaumHaeM Bo BTOpoM KBapraie 1959 roza

Qtrl Qtr2 Qtr3 Qtré
1959 1 2 3
1960 4 5 6 7
1961 8 9 10

Mo2KHO KOHBEPTUPOBATH CPa3y MATPHUILY, TOIIa KarxKIas KOJTOHKA MaT-
!
PUIIBI CTAHET OT/EJIbHBIM BPEMEHHBIM PsIIOM:

# MaTpuua OAHHHX U3 TpPeX CTOI6I0B
> z <- ts(matrix(rnorm(300), 100, 3),
+ start=c(1961, 1), # maummaeM B 1-# Mecan 1961 rozma

+ frequency=12) # moMecsdHO
class(z)
[1] "mts" "ts" # TUD JaHHEX -- MHOTOMEDHHH BPEMEHHOH P

Psanpr orobpaxkatorcs rpadudecKn ¢ MOMOIIBIO CTAHIAPTHON (YHKITAN
plot() (puc. 54):

> plot(z,
+ plot.type="single", # moMeCcTUTb BCe psAXb Ha ONHOM Ipaduke
+ 1ty=1:3) # Tuns JNUHUE BPEMEHHBX PALOB

MeToIbI JI/Isl aHAIN3a, BPEMEHHBIX PSIOB H HX MOJIEIHPOBAHIS BK/IIOYa-
ot ARIMA-Mmojienn, peanusoBannbie B dpyHKIuax arima(), AR() u VARQ),
CTPYKTypHbIe MOgen B StructTS (), PyHKIIUN aBTOKOPPEJISIIIANA U IACTHO
aBTrokoppessiuu B acf () u pacf (), KIacCHIECKYIO JTEKOMIIO3UIIUI Bpe-
Mennoro psiyia B decompose (), STL-nexkommosunuio B stl(), ckob3siimee
cpemHee U aBTOperpeccuBHbI buabTp B filter().

ITokaxkem Ha mpuMepe, Kak IMPUMEHATH HEKOTOPbIE U3 9THX (PYHKIUI.
B tekcroBom daiine leaf2-4.txt B aupexkTopun data 3almcanbl pe3yabTa-
ThI JJIUBIIUXCS. TPOE CYTOK HEIPEPBIBHBIX HAOJIOJEHUI HAJ XUIHBIM Pac-
TEHHEM POCSIHKON. JIMCTbs 3TOro pacTeHusi MOCTOSTHHO OTKPBIBAIOTCS M 3a-
KPBIBAIOTCS «B HAJIEXKIe» MOMMATDh U 3aTeM IEePEeBAPUTDH MeJIKOe HACEKOMOE.
Dailst cOIepKUT PE3yIbTATHI HADJIIOIEHU HaJ[ YeTBEPTHIM JINCTOM BTOPOI'O
pacTeHnd, ITO9TOMY OH TaK HasbiBaeTcd. CocTosgHMEe JIUCTa OTMEYaJIid KarK-
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I I
1962 1964

Puc. 54. I'pacdux Tpex BPEMEHHEIX PSJIOB C OGIIUMHU OCAMHI BPEMEHH

I
1966

I
1968

neie 40 MuHyT, BCcero B cyTKu nenasu 36 mabsoaenuii. [lonpobyem cuenars
BpeMeHHON psaj n3 kKojaoHnku FORM, B KOTOPOH 3aKOAUPOBAHLI U3MEHEHUS
dopmbr mnacruakn jmcra (1 — OpakTUYeCcKH IJIOCKasi, 2 — BOUHYTasl); 9TO
[IKAJIbHBIE JaHHBIC, MOCKOJbKY MOXKHO IPEJICTaBUTHL cebe dopmy = 1.5.
Crayajia TOCMOTPUM, KaK YCTPOEH (Dailyl JAHHBIX, [IPU ITOMOIINA KOMAHIbI

file.show("data/leaf2-4.txt"):

Temepb MOXKHO 3arpyKaTh €ro:

> leaf <- read.table("data/leaf2-4.txt", head=TRUE,
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+ as.is=TRUE, sep=";")
!
Cpasy cTouT IMOCMOTPETD, BCE JI B MOPSIIKE:

> str(leaf)
’data.frame’: 80 obs. of 7 variables:

$K.UVL :int 2112111111
$ FORM tint 1112222222
$ ZAGN :int 2223332222
$0TOGN :int 2111111111
$SVEZH :dint 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
OTOGN 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 zarpysunoch npaBuibHO, BUAUMBIX OIMMUOOK U BHIOPOCOB HeT. Ternepnb
peobpazyem KojioHKy FORM BO BpeMeHHOI psi:

> forma <- ts(leaf$FORM, frequency=36)

IIposepum:
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> str(forma)
Time-Series [1:80] from 1 to 3.19: 1112222222 ...

Bce npaBuiibHO, HaOJIIOEHNsT BEJUCh 1yTh Gosbiie Tpex (3.19) cyTok.
Hy Bor, a Tenepnb nonpobyem MoHATh, HACKOJIbKO HAIH JAHHbIE TIEPUOTUTHBI
U €CThb JII 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

0.6
|

ACF
0.4
|

0.2

0.0

Lag

Puc. 55. I'paduk aBTOKOppEIATINil /111 COCTOAHUS (POPMBI JINCTA, POCSTHKU
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Dra komania («auto-correlation function», ACF) BeiBojuT K03dbdUIN-
€HTBI aBTOKOPPEJISAINA U PUCYET I'PadUK ABTOKOPPEJISINE, HA KOTOPOM B
HAIIIEM CJIy4Yae MOXKHO YBHJETbH, 9TO 3HAYUMON IIEPUOJIMIHOCTU HET — BCE
IIUKU JIezKaT BHYTpHU 0603Ha‘{eHHOFO IIYHKTHUPOM JIOBEPUTE/IbHOI'O UHTEPBa-
Jia, 33 UCKJIOYEHUEM CAMBIX IEPBbIX [UKOB, KOTOPBIE COOTBETCTBYIOT aBTO-
KoppeJisiiuu 6e3 Jjiara uin ¢ o4eHb MaJieHbKuUM Jiarom. [lo cyTu, sTo mnoka-
3biBaeT, uro B npejesnax 0.05 cyTok (y HAC nepro HabJIOJIEHUH — CyTKH),
TO €CThb OKOJIO 1 4aca, CJIeIyioliee COCTOSTHUE JINCTa Oy/IeT TaKuM 2Ke, Kak
n TeKyiiee, a BOT Ha 66HBHIHX nHTrepBaJjiaX TaKHuX Hpe,[(CKa:SaHHfI caesiaTb
HeJb3si. 1o, 9T0 BOJTHOOOPA3HBIN I'PadUK MUKOB KaK OBl 3aTyXaeT, TOBOPUT
0 TOM, YTO B HAINX JAHHBIX BO3MOXKeH Tper. [ITposepum sTo (puc. 56):

> plot(stl(forma, s.window="periodic")$time.series, main="")

0.2

seasonal
0.0

0.2

trend
18 19 2004

1.7

remainder
02 06

0.2
|

0.6
|

Time
Puc. 56. I'padux ce30HHON [TEKOMIIO3UIUU JIJIsT COCTOSTHUST (DOPMBI JIUCTA
pocsaHKU. BO3MOXKHBII TpeH 1 n300paskeH Ha CpeiHeM rpaduke

JeitcTBATEIBHO, HAOJIIOIAETCS TEHIECHINA K YMEHbITEHUIO 3HaYeHusT (DOp-
MBI € TedeHneM BpeMenu. Mbl BbIsICHIIN 3TO Iipu oMoty pyHkinn stl ()
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(nazBana no umenu meroga, STL — «Seasonal Decomposition of Time Se-
ries by Loess» ), KoTopasi BbIUJIEHsIET U3 BPEMEHHOI'O PsiJIa TPH KOMIIOHEHTHI:
Ce30HHYIO (B JAHHOM CJIydae CyTOYHYIO), TPEH[ U CJIydaiiHyio, IIPH HOMOIIM
criakuBanus Janabix merojgoM LOESS.

Bamaua. [TonpoOyiiTe MOHATH, IMEET JIX APYTOii IPU3HAK TOI'O YKe JINCTA,
(K.UVL, ko3dunmenT yBIaXKHEHUsI, OTPAYKAIONMN CTEIEHb «MOKPOCTH»
JIICTA) TaKyo Ke IMEePUOJUIHOCTD U TPEH/I.

7.4. 1Iporuos

Ha,y‘—II/IBLHI/ICI) 6&3OBbIl\1 MaHUILYJIAIIAAM C Bpel\/IeHHI;IMI/I pdagaMu, Mbl MO-
2KeM [IOIPo0OBaTh PEIIUTb 3aJa4y IOCTPOEHUs] MOJIEJ]N BPEMEHHOIO PsJa.
ITocTpoennast MOJIE/Ib TTO3BOJIUT HAM IPOCJIEINTh PAa3BUTHE HADJIIOIAEMOI0
mporecca B OyayimeM. Kpome Toro, Mbl CMOXKEM PacCMOTPETh IPUMEHEHHE
Gostee CIIOKHBIX (DYHKIHIT aHAIN3a BPEMEHHBIX DSIJIOB, & 3a0/IHO HO3HAKO-
MUTH YuTaTesJId C O6H_H/IMI/I IIPpUHITUITaMX CPAaBHUTE/JIBHOI'O aHaJin3a CTaTHC-
THYIECKUX MOJIEJICIA.

Harrr mpumep 6y1eT 3aK/II09aThCsT B IIPOTHO3E 9HC/Ia ADOHEHTOB MHTEPHET-
npoBaiizepa. Vcxomnuble JTaHHBIE COCTOAT U3:

1) maHHBIX O MOAKJIIOUEHHsX 32 JeKabpb 2004 roja,;

2) HMOMeCSIHBIX JaHHBIX O MOJKI0YeHusaX B 2005-2008 rogax.

> polzovateli <- ts(read.table("data/data.txt")$V3,
+ start=c(2004,12), frequency=12)

O6iree KOIMYECTBO aDOHEHTOB Ha KaXKbIA MECsI] OTYETHOIO IIEPUOJIa,
COCTABUJIO:

> cum.polzovateli <- ts(cumsum(polzovateli),
+ start=c(2004,12), frequency=12)

OToOpasuM JIaHHbIE TTOMECSIYHOrO IIOJIKIIOUCHUS W U3MEHEHHs KOJIU-
gecTBa T0JIB30BaTeseil rpadudeckn. O6a BPEMEHHDBIX Psila MOKA3BIBAIOT
SKCIIOHEHIIUAIBHBII POCT, TO3TOMY BBIBEJEM HMX B MOJIYJIOrapuMUIECKNX
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)



182 Vanaem bydyuiee: anasud pemertbs pados

o
S o
xQ 00 ©
o oo
o '
= o oo o |
0© 00 © \ooo
% | o ©O4 o©
o ’ 0000
o 0° o 600 °%o
o °© o
o | o o °
N \/ e
[s
S 4 o
/
o
I I I I I
2005 2006 2007 2008 2009
°
ooooooo°°°°
] oooo<>°’-’°°°<>
8 — o°°°°°
w0 oo°°°°°
00°
o
_| °
(e ou
R °

I I I I I
2005 2006 2007 2008 2009

Puc. 57. Iamenenust moMecss4HOTO U O6HI€FO KOJIMYECTBAa II0JIb30BaTesIeil

JIMHEHAHDBIH POCT BPEMEHHDLIX PSIOB B HOJIYIOrapH(MMIYECKHX KOOP/IH-
HaTaX MOATBEPIKIAET IIPEII0I0KeHne 00 IKCIIOHEHIINAILHOM POCTE BO Bpe-
MEHM ¥ KOJIMYECTBa IOJIKJIIOYEHUI B MECsIl, U OOIIEro KOJMYECTBA [0Ib30-
BaTeJseil.

[Torrpobyem Terepb MOCTPOUTH MOIEIb BPEMEHHOTO Psifia ODIINEro 4mcia
noJKJIroUeHnit pacupocrpaseHHbIM MerojoM ARIMA («Autoregressive In-
tegrated Moving Average», aBroperpeccus HHTEIPUPOBAHHOIO CKOJIL3SIIE-
ro cpeanero). Ham Ha 10 BBIGpaTh M0X0/Is1II€e 3HAUEHNE [IapaMeTpa order,
JIJISI 9TOr0 MbI OyjeM Iepebuparh pasjddHble 3HAYEHHS KaxKI0ro U3 TPex
€ro KOMIIOHEHTOB:

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))
modelO4 <- 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))

V V V V V V V
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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))
modelO011 <- 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

(MoxkHo 6bL10 GBI HAIIMCATH 3/1ECh IUKJI C OIIePATOpoM for, KakK Mbl Jie-
JIaJIu JIJTst TAHHBIX 00 OTPABJICHUH B IJIABE PO JBYMEPHBIE TAHHBIE, HO HAM
6bLI0 JieHb. Tak 9To BOT BaM, JOPOrOil YnTaTE b, 3aIAYa: HAIUIINTE TAKOH
ukII. BaxkHasi mojickaska: Hy?»KHO UCHOJIb30BaTh GyHKIuo assign().)

Tenieps cpaBHUM Momesu. «Jlydrmasi» Mojesib Oy/IeT COOTBETCTBOBATH
munnmymy AIC (pue. 58):

> plot (AIC(modelOl, model02, model03, model04, model05, modelO6,
+ modelO7, modelO08, modelO09, modelO010, model011, modelO12,
+ model013, model0O14), type="b")

Ha rpaduke MOXKHO yBUIETH, 9TO IO XOJy KPUBOW IEPBbLI MIHUMYM
HabJII0/IaeTCs B paiilone KOMIIOHEHTa, COOTBETCTBYIONIEro KoM duimenTy =
12, a ja/bIne X0/ BLIMACICHUH CTAHOBUTCS HECTAOM/IHLHBIM.

Tenepsb BbIGEpeM Jsiar aproperpecun (1epBblil 31eMeHT order):

> modelO012 <- 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))
3nech Toxke MOXKHO nmpuMmeruTb AIC:

> AIC(modelO012, modell112, model212, model312, modeld12)

daf AIC
model012 14 477.4036
modell12 15 438.3171
model212 16 435.7380
model312 17 438.1186
model412 18 439.0120

AIC MuHEMAaJIEH, KOTIa JIaI aBTOPErPECUN PABEH 2, ITOITOMY IIPUHIMAEM
9TO 3HAYEHUE JJIsl JTaJbHENIero aHaan3a.
AHaJjiornyHO BbIOEpPEM BTOPOH KOMIIOHEHT:
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Puc. 58. Ilouck mamryuineii Momenu no MUHUMYMY sHadenus 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

Bungno, ¥To onTuMaabHON MOAEIbIo siBjsteTcst model2123.

Hy a Tellepb, 3Hasd OINTUMaJIbHYIO MOJEJIb, IIOCTPOUM IIPOIHO3 U3ME-

HeHust obmero dnciaa abornenTtos Ha 2009 rox (puc. 59):
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plot(cum.polzovateli, # HakomneHHOe YHCIO IIONb30OBaTElNEl
x1im=c(2004.7,2010), ylim=c(0,6500))

TpaHuIE BRINYAT ¥ LAHHHE NPOTHO3a. JIMHWA OporHO3a:
lines(predict (model2123, n.ahead=12, se.fit = TRUE)$pred,
col="green")

BepxHsg rpaHuna IporHO3a:

lines(predict(model2123, n.ahead=12, se.fit = TRUE)$se +
predict (model2123, n.ahead=12, se.fit = TRUE)S$pred,
col="red")

HuxHsas CpaHWlla IPOTHO3A:

lines(-predict(model2123, n.ahead=12, se.fit = TRUE)$se +
predict (model2123, n.ahead=12, se.fit = TRUE)$pred,
col="red")

+ + vV + + V H# + V H + V

1000 2000 3000 4000 5000 6000
|

0
|

I I I I I I
2005 2006 2007 2008 2009 2010

Puc. 59. IIporuos usmenenus obmrero dmcia aborneraToB Ha 2009 rom

MaxkcuMaabHOe 1 MUHIMAJILHOE OXKIJIAEMOE KOJMYIECTBO aDOHEHTOB 110
mecsanaMm 2009 roma cocTaBuT:

> round (predict (model2123,
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+ n.ahead=12, # IIepuol IIPOTHO3a

+ se.fit = TRUE)$se + # GepeM u3 06bEKTA TONBKO OWUOKY

+ predict (model2123, # criagzpBaeM omMOKy ¥ JaHHHE IPOTHO3a
+ n.ahead=12,

+ se.fit = TRUE)$pred) # 6GepeM TONBKO [OaHHEHE CAMOTO IPOTHO3a

Jan Feb Mar Apr May Jun Jul Aug Sep 0Oct Nov 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 Nov Dec
2009 3134 3283 3437 3628 3817 4031 4253 4490 4728 4969 5213 5463

Yro ke, Termepb MOYXKHO 3aHATHCA OOEIAHHBIM B ITPEIUCTOBUN <IIPEJI-
CKa3aHUeM Kypca JoJuIapa Ha CJIeyIoNiyio Heesoy. Utak, 3agada: B daii-
jie dollar.txt comepxkarcs 3HadeHUs Kypca jgosurapa [lenrpasibaoro Ban-
ka ¢ 1 mionsg o 9 aerycra 2011 roma, Bcero 3a 11 nemesb. Ilompobyiite
[IpeJICKa3aTh Kype JoJjIapa Ha jJgBe Heaean Buepes. UToObl mpoBepuTh 3¢h-
dEKTUBHOCTD IIPE/ICKA3aHNsT, BO3LMUTE JIJI MOJIC/IN JIaHHDbIE 110 26 U0, a
MIpEJICKaYKUTE TOCTIETHIE JIBE HEIeN.

X 3k ok

OTrBer K 3aj/iaye PO JUCT POCSHKU. [IpuMeHMM TOT Ke MOIXO/I,
KOTOPBIN MBI UCIIOJIH30BAJIN JJIsl IpU3HaKa (DOPMbI JIUCTA:

> uvl <- ts(leaf$K.UVL, frequency=36)

> str(uvl)

Time-Series [1:80] from 1 t0 3.19: 2112111111
> acf (uvl)

> plot(stl(uvl, s.window="periodic")$time.series)

(I'paduku MBI npeIaraeM BaM MOCTPOUTH CAMOCTOSITEJIBHO. )

Buano, uTo Ha 3TOT pa3 NPUCYTCTBYeT HeKas IepUOAMIHOCTD, C HHTEP-
BasoM 0kKoJio 0.2 cyTok (npumepHO 5 4acoB). A BOT BBIPA)KEHHOI'O TPEHJIA
HeT.

OTBer K 3aja4e Npo IMKJ. BoT Kak MOYKHO €T0 ClIeIaTh:

for (m in 1:14)

{

assign(paste("model0",m,sep=""), arima(cum.polzovateli,
order=c(0,0,m)))

}

+ + + + Vv
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Dynknus assign() 3ameHsieT CTpPesoUKy (<-) U HPU STOM [O3BOJISIET
[POrpaMMHO MEHSITh Ha3BaHUe 00bEKTa — aJ[Peca IIPUCBOCHHUSL.

OTtBer K 3a7a4e 0 Kypce goJutapa. IlocTynnm poBHO Tak ke, Kak B
[pUMepe O M0JIb30BATEIsIX IIPOBaiijiepa, TO eCTh CHAavYasa [IPEBPATHM JIaH-
HbIe BO BDEMEHHOMN DsiJ:

> dollarl <- read.table("data/dollar.txt", dec=",")$V3
> dollar <- ts(dollari[1:56], frequency=7)

(decsirmanbiv paszzesmresieM Obuia 3ansTas! Eme Mbl yuaam, 910 Kypce
JIOJITIapa UMEET HEJIEJIbHYIO TEPUOIMTHOCTD, M OPraHU30BAJIN JIAHHBIE TIOHE-
JICJIBHO. )

3areM poBepuM pasHble KoaddurmenTol Mogean ARIMA:

> for (m in 1:7)

+ A

+ mm <- paste("model0O", m, sep="")

+ assign(mm, arima(dollar, order=c(0,0,m)))
+ cat(paste(mm, ": ", AIC(get(mm)), "\n", sep=""))
+ }

modelO1l: -67.8129312683548

model02: -80.9252194390681

model03: -82.7498433251648

model04: -82.4022042909309

model05: -84.5913013237983

model06: -83.0836200480987

model07: -82.2056122336345

> for (m in 0:5)

+ A

+ mm <- paste("model", m, "O5", 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)

+ {

+ mm <- 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=""))
+ }

model005: -84.5913013237983

model015: -78.0533071948488

model025: -69.4383206785473

model035: -58.0629434523778

model045: -36.1736715036462

model055: -18.2117126978254

st yckopeHust mporecca ObLI TPUIYMaH IUKJI, KOTOPBIA HE TOJIBKO
MeHsIeT 3HaYeHsT KOIDPUIMEHTOB U UMEHA, MOJEJeH, HO €Ille U BbIYUCJIAeT
u BeiBOoUT AIC 1151 Kaxkjoit u3 mHux. OOpaTure BHUMaHUEe Ha (DYHKIIUIO
get (), ee uCroIb30BaHUE B UYEM-TO [IPOTUBOIOJIOXKHO assign(): eciiu ume-
ercsd uMsi name, To get (name) Oy/ieT UCKATH 0OBEKT C UMEHEM Nname u Iepe-
JlaBaTh €0 HAPY Ky UMEHHO KaK 00BeKkm, a He KaK CTPOKY TekcTa. OyHKIUsI
cat () ucro/b30BaJIACh JIJIsl Ie9aT «HAPYKY», 0€3 Hee MUK Obl HUYETrO HE
BBIBEJL.

Nroro, moens model005 umeer muHuMasibHbi AIC, u, crajgo ObITh,
HaM JIydlle BBhIOpaTh IJis IpelcKasaHus uMeHHo ee. Ilocrpoum rpadux
[peJicKa3aHusi, J00ABUB Tya eIlle U peajbHble 3HAUEHHs Kypca I0JIapa
3a mocJiejiHue JiBe Hejenu, ¢ 27 utosist o 9 asrycra (puc. 60):

> plot(dollar, xlim=c(1,11), ylim=c(27.3,28.5))

> lines(predict(modelO05, n.ahead=14, se.fit = TRUE)$pred,
+ 1ty=2)

> lines(ts(dollar1[56:70], start=9, frequency=7))

Urak, nama Momes b He CMOIJIa MPEICKa3aTh Pe3Koe NajieHne Kypca 29
UI0JId, HO TeM He MeHee yKa3aJla Ha HEKOTOPOe yBejndeHue Kypca B Clle/ly-
fomue naBe Herenau. Ha camom Jesie pe3ysibTaThbl Jlazke JIydiine, 9eM MOYKHO
ObLIO OXKUJIATH, MOCKOJIBKY I'padUK aBTOKOppEsIuii (IIpoBephTe ITO ca-
MOCTOSITEJIBHO) TIOKA3BIBAET, ITO 3HAYNMBIX ABTOKOPPEJISIIINIT B HAIIIEM DsIJTy
MaJIo.
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27.6 27.8 28.0 28.2 28.4
| | | | |

27.4
|

I
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Puc. 60. IIpejickazanue Kypca jposiapa (Ipecka3aHHble 3HAYEHHsT 0003HAa~
YeHbl yHKTUPHOIT simawmeit). [To ocn x ornoxensl Hemesu, mpormeinme ¢ 1

nionst 2011 roxa
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CraTucTmieckas pa3BeaKa

Bor u OKOHYM/IOCH HAIlle M3JIOXKEHUE OCHOBHBIX METOIOB CTATHUCTHUKN
n nx ucnonbsopaaua B R. Temeppr HacTasmo BpeMs NPUMEHUTH 3HAHUS Ha
npakTuke. Ho mmepen TeM, Kak caemaTh 3TOT IAT, HEILJIOXO MIPEeJACTaBUTh I10-
JIyUEHHbIE 3HAHUS B «KOHIEHTPUPOBAHHOM» Buie. VTak, Kak Hy»KHO aHa-
JIM3UPOBATDH JIaHHDbIET

8.1. IlepBuuynas oOpaboTka JJaHHBIX

Brauause Ha/J0 BBIZICHUTH HECKOJIBKO BOIIPOCOB:

1. Kaxoit Tuir y JaHHBIX, KAKUM CIIOCOOOM (CIIOCODAMM) OHU IIPEJICTAaB-
JIeHbL?

2. OHOPOIHBI JIX JAHHBbIE — B KAKUX €IMHUIAX N3MEPEHDI TOKA3ATE N !

3. IlapaMmeTrpuieckue mim HemapaMeTpUUecKre y HAC JTaHHbIE — MOYKHO
JIA TIPEIOJIOXKUTh HOPMAJIbHOE paciipejiesieHre TaHHbIX !

4. HyxxHa 1 «4nCTKa» MNAHHBLIX — €CThb JIM IIPOIYINEHHDLIE JAaHHbLIE, BhI-
OpOChI, OLEYATKI !

Ecnu B Tabaune ects, kKpome mudp, 6YKBBI, TO HY?KHO TIIATEILHO IPO-
CJIEJINTH, HET Jiu orteuaToK. MHOrja orleya Tk OBIBAOT TOYTH HEBUIUMBIMH,
CKayKeM, pyccKas OyKBa «C» U AHIVIMICKAs «C» [0 BUJY HEPA3JIUIUMBI, &
BOT mporpaMma oOpabOTKHU JAHHBIX MOCUUTAET MX pas3HbiMu. K cyacTbio,
6a30oBble KOMaH b read.table () u summary () MO3BOJISIIOT «BBLIIOBUTEY IO~
JTABJISTIONIee DOJIBITUHCTBO MOAO0OHBIX mpobeM. Kcraru, ecyin Ipu MOIBITKE
3arpy3KH JaHHBIX B R Bo3HUKaeT OmubKa, He CIelnTe BUHUTD IIPOrPaAMMY:
BOJIBIIAS JACTh TAKIX OMIHOOK — 3TO PE3yJIbTAT HEHPABIILHOTO O(OPMIIE-
HUs 1/UJIM BBOJA JAHHBIX.

8.2. OkoH4arejbHast 0OpadboOTKa JaHHBIX

st TOro 4ToOBI ITOMOYb YUTATEI0 Pa300parTbCcs B MHOIOYMCICHHBIX
cnocobax aHaJmu3a, Mbl COCTABUJINA CJEaVIomyio Tadoaumy (Tads. 8.1). Ona
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YCTPOEHa O4Y€Hb IIPOCTO: HAJI0 OTBETUTDH BCET'O JIMIIL Ha TPU BOIIPOCA, U CIIO-
cob 0b6paboTKM HalJEeTCss B COOTBETCTBYIOIIEH sueiike. [1aBHbI Bompoc —
5TO TUII JAHHBIX (CM. COOTBETCTBYIOINLYIO IviaBy). Eciiu naHHbIE KOJIMIECT-
BEHHBIE, TO MOJIONIET BEPXHsisl ITOJIOBUHA, TaOJIUITHI, €CJIU KAUeCTBEHHbBIE UJIH
[IOPSiJIKOBBIE — HIKHSIS [TOJIOBHHA. 3aTe€M HAJIO IMOHATH, MOYKHO JIU TTOCUHU-
TaTh Balll JIAaHHBIE PacCIIpe/ieJIeHHbIMA HOPMaJIbHO, TO €CTh IlapaMeTpHute-
CKUMU, WIN TI0 KpaiiHeil Mepe 6e3 OmacKu 3aKpbITh IJIa3da Ha HEKOTOPOEe
VKJIOHEHWE OT HOpMaJbHOCTHU. /] HaKoHeI, Hy2KHO OHATDH, 3aBUCAT JIN Pa3-
HbIE KOJIOHKH JIAHHBIX JIPYT OT JIPYTa, TO €CTh CTOUT UM He CTOUT HpPHMe-
HSTH TIAPHBIE METOJbI CPaBHEHMsI (CM. TJIABY O JIByMEPHBIX JIAHHBIX ).

Haiing B Tabiniie HyKHDBIN METOJ, 3aIJITHATE B yKa3aTeIb U repeiinre
Ha CTpaHWIly ¢ OoJiee MOAPOOHBIM ONMUCAHWEM (DYHKIUH. A MOXKHO ITPOCTO
BBecTH KoManay help().

8.3. Oruer

JIr060€e TIOJIHOIIEHHOE MCCJIEIOBAHNE OKAHUUBAETCS OTYETOM — IIPE3€H-
Tarueit, cratbeil wan nybsmkarmeit B Murepaere. B R ectb MHO)KecTBO aB-
TOMATU3UPOBAHHBIX CPEJCTB IIOJAT'OTOBKU OTYETOB.

Tabaunel, cosmanubie B R, MoxkHO coxpanuTh B (opmarax KWIEX wmim
HTML mpu momoru makera xtable. EcTrecTrBerHO, XOUeTcss MONTH FaJIbIire
U COXPaHsITh B KAKOM-HUOYIh U3 3TUX (HopMaroB BoobOIe B R-ceccuro.
g HTML Ttakoe BO3MOXHO, €CJIi UCHOJIb30BaTh makeT 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 6yeT co3/laHa HOJJUPEKTOPHS example, U Ty/a
oyayT 3anucanbl HTML-daiiibl, comeprkaliye MOJHBIN OTYET O TEKyIei
Ceccuu, B TOM YHCJIe U CO3JIAHHBIN IpaduK.

MozxkHo motiTu u ere gasbiine. Uto, ecin co3aaTh (aiii, KOTophIi OyaeT
coliepKaTh Ko R, mepeMeramibIil ¢ TEKCTOBBIMU KOMMEHTAPUSIME, ¥ TIOTOM
«CKOPMUTBL» 3TOT (haitim R, Tak uToOBI dpparMeHThl KOJAa 3aMEHWINCH Ha,
pesyabrar ux ucnojHeHust! Vmest ata HasbiBaeTcs «literate programmings»
(rpamoTHOe porpamMMupoBanue) u npuaaiexkut Jlonansry Kuyry, cozna-
teio TEX. B ciyaae R Takas cucrema mMCIob3yercst Ayl aBTOMATHIECKO
reHepalul 0TIYeTOB — OCOOEHHOCTH, KOTopas denaeT R moucrure Hesame-
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rpyI- IPYIIIL
pasauyans CBSI3U ob1ast
na CBSI3U KapTia
-~ oneway.
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= HeszaBucumbre t.test() 7‘3‘ paiwise. mano.
3 t.test(),
o 2 va()
2 g anova(),
= 5 Im()
&
< °
= :
o = t.test(..., <
E = | 3aBucumbie paired — g _ _
—
g TRUE) g
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Z -
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@
=
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mo = g SaBucnMbIe mar. B _ _
o test()

Tabsmra 8.1. BapuadTsl CTaTHCTUYECKOTO AaHAJIM3a U COOTBETCTBYIOIIUE

dyukun R
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HUMBIM. JIJIsT co3manms mogo0HOro oTdeTa Had0 BHaYaJje HabpaTh MPOCTOM
IXTEX-daitr u HA3BaTH €ro, HAIIpUMED, test-Sweave . Rnw:

\documentclass[a4paper, 12pt]{article}
\usepackage [T2A] {fontenc}
\usepackage [utf8] {inputenc}
\usepackage [english,russian]{babel}
\usepackage [noae] {Sweave}

\begin{document} % TyT HauuHaeTcs oTdYeT
\textsf{R} Kak KamIbKyIATOp:

<<echo=TRUE, print=TRUE>>=
1+1

1+ pi

sin(pi/2)

@

KapTunka:

<<fig=TRUE>>=
plot(1:20)

Q
\end{document}

3arem sror daiiy HeobxoauMo obpaborarh 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 coznaercs rorosorit INTEX-daiin test-Sweave.tex. U naxo-
uerr, npu nomomu KIEX u dvips min pdfIATEX MOXKHO MOIYYUTH pe3yiib-
tupyiomuit PDF-daitsr, koTopsrit m306pazken uHa puc. 61

Takoif 0TYeT MOXKHO PaCIINPATD, MIIN(POBATH, NU3MEHATH UCXOIHbIE JIaH-
Hble, U [IPX 3TOM YCHJIHS O O(DOPMJIEHUIO CBOJIATCS K MUHHMYMY.
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R Kak KaJabKysIsTOp:
>1+1
[11 2
> 1 + pi
[1] 4.141593
> sin(pi/2)
[11 1
Kaprunka:

> plot(1:20)

20
|

15

1:20
10
|
°

5 10 15 20

Index

Puc. 61. IIpumep oTdera, mOIyIEHHOTO C TTOMOIIBIO KOMAHIbI Sweave ()
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Ectb u npyrue cucrembl reHepanuu OTY€TOB, HAIPUMeED IAKeT brew, Ko-
TOPBIN MO3BOJISET CO3/ABATH ABTOMATHIECKNE OTYETHI B TEKCTOBOI (hopme
(pasymeercst, 6e3 rpadukos), u maker odfWeave, KOTOPBI MOXKeT paboOTAThH
¢ ODF (dopmar OpenOffice.org).

11 BCe-TaKy MOJIHOCTBIO MOJIATATHCS HA ABTOMATHKY HUKOI/A HE CTOHT.
Ob6s13aTEILHO TIPOBEPHTE, HAIIPUMED, MOJIyUYeHHbIe I'PA(UKU — JOCTATOUEH
Jin pasmep rpadudeckux aityioB, Her Jjinm 1pobjeM ¢ 1Beramu. U He 3a-
Oy/pTe 3aIOMHUTH B (bailyl UCTOPHUIO BaIllMX KOMAH/I. JTO OYEHb TOMOXKET,
€CJIn IPUJIETCA OIlATb BEPHYTBHCA K 06pa60TKe ITUX JaHHDbIX. A €CJI1 BbI
3aXOTUTE COCJATHLCSA B CBOEM OTYETe Ha TOT 3aMedaTeTbHbIH WHCTPYMEHT,
KOTOPBI ITOMOT BaM 00paboTaTh JaHHbIE, He 3a0yIbTe BCTABUTH B CIIHCOK
JIATEPATYPbI TO, 9TO BBIBOIUT CTPOKa

> citation()

VaadyHoro BaM aHAJIM3a JAHHBIX!



ITpnaoxkenue A

IIpumep pabornsr B R

DTO NMPUIOKEHUE HAIUCAHO JjIs TeX, KTO He XOUeT YUTAThH JJINHHBIE
TEKCTBHI, & XO4YeT KaK MOXKHO CKODee HaydnThCd 00pabaThiBATh JAHHBIE B
R. [l aTOr0 HAMO «IIPOCTO» IOCTEIOBATENHHO BBINOJHUTH IIPUBEICHHDIE
HuKe KoMaH/ el 2Kerare/ibHO He KOMMPOBATh UX OTKYya-1u00, a HabpaTh ¢
KJIABUATYPBI: TAKUM CIIOCOOOM 3alIOMHHUTD ¥, CTAJIO ObIThH, HAYUUTHCS Oy/IeT
ropasio mpoime. XOpOIIo, €CJIM PO KAXKYIO BBIIIOJHEHHYIO KOMAHJY BbI
IpoYTeTe COOTBETCTBYIOMUIT pas3jies CpaBKu (HAIIOMHHAEM, 9TO JeJaeTCst
koMaH 101 help(xomanzna)). Mbl He cTasu HOKa3bIBATH 3/1€Ch TO, YTO BbI-
BouT R, m He nmpuBOUM MO/IyUaroOIrecss TpapuKu: BCe 3TO BaM HY>KHO
OyJeT MOJIyYuTh U ITPOBEPUTH CAMOCTOSTEJIHHO.

Bce xomanmnr OyayT oTHOCHTBCS K bailly JaHHBIX O BOOOparkaeMbIX
JKyKaX, COCTOSIINEMY U3 YeThIpeX CTOJOINOB (npu3HaKoB): mos »Kyka (POL:
camn = 0 u camipl = 1), mBer xkyka: (CVET: KpacHbIii=1, cunmii=2, 3eJre-
HBIII—=3), Bec )KyKa B rpammax (VES) u jymHa )Kyka B Musuimmerpax (ROST):

POL CVET VES  ROST

0 1 10.68 9.43

1 1 10.02 10.66
0o 2 10.18 10.41
1 1 8.01 9

0 3 10.23 8.98

1 3 9.7 9.71

1 2 9.73 9.09

0O 3 11.22 9.23

1 1 9.19 8.97

1 2 11.45 10.34

Hauunaem...

CoszmaeM Ha YKECTKOM JIUCKe pabouyio IUPEKTOPUIO, CO3/1aeM B Hell Jin-
pekTopuio data; KOnupyeM B HOCJIEIHION (aill TaHHBIX B TEKCTOBOM (Op-
MaTe ¢ pacliupeHneM * . txt u pasjesureseM-TadyJsnueii (jenaercs us daii-
Jsta, Excel mim npyroit momo6HO# mprpaMMbl KOMaH 10l MeHiO Save as... /
CoxpaHUTh Kak...). llycTs Bam daiin nassiBaercs zhuki.txt.
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Brumanue! Ilposepbre, 4T00Bl JECATUYHBIN pa3deaUuTe/] b ObLI <.», TO
€CThb TOYKOM, a He 3auaroil: nojgosuna — 3ro 0.5, a ne 0,5! Eciin mecaruy-
HBII pas3jiesnTe/b — 3alsTas, TO MOXKHO 3aMEHUTL €0 Ha TOYKY B JIIOOOM
TEKCTOBOM pejiakTope, Hanpumep B Bioknore /Notepad.

OrkpeiBaeM mporpammy R. VKasbiBaeM JUPEKTOPHIO, TJE HAXOJUTCS
Barl Gails1 JJaHHbBIX, IPU IOMOINY MeHIO: ®afim -> /3MeHWTh [amKy -> BHOU-
paeM IUpeKTOpHo, WX IedaracM KoManay setwd(...), B apryMeHnTe KOTo-
poii JTOJIZKEH CTOSATH IMOJHBIH MyTh K Balleil AupekTopun (s yKa3aHUsI
IIyTH HAJIO UCIIOJIL30BATD MIPSAMbBIE CJIIINA — «/».

J1J1sT TPOBEPKH MECTOTIOJIOXKEHUS TTedaTaeM KOMAaHTY

> dir("data")

..M HakuMaeM Enter (9Ty KJIABHIy HYKHO HaKUMaTh KayKIblil pas
nocJie BBOJa KOMAH/JIbI).

OTa KOMAaHJIa JOJI’KHA BBIBECTH, CPEIN IIPOUEro, mMsi Barrero dQaiiia
(zhuki.txt).

YuraeMm daita JaHHbIX (CO3/aeM B HAMSATH IPOrPAMMbl O0BEKT MO Ha-
3paHneM data, KOTOPBIl IpeacTaBsieT coboif KOIMI0 Balrero daiiaa mTaH-
HBIX). B cTpoke BBOJA HAOUpaeM:

> data <- read.table("data/zhuki.txt", h=TRUE)

Brumanue! Bynapre 0CTOPOXKHBI €O CKOOKaMM, 3HAKAMH IIPENMHAHUS 1
perucrpoM 6yKB! Ecin necsTudHbIi pa3ie/inTesb — 3alsITasd U Bbl II0YeMy-
JinbO He CMOIVIM 3aMEHUTH €ro Ha TOUYKY, TO €CTh CII0CO0 3arpy3uTh U TAKUE
JaHHBIE:

> data.2 <- read.table("data/zhuki_zap.txt", h=TRUE, dec=",")

Kcrarn, moxoxkyio Tabmily JaHHBIX MOXKHO CO31aTh IIpH IToMoIu R cie-
JYIOIMAMA KOMaHIAMU:

> 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))

[TepBast komamma cozmaer Jdaunble (y Hac ykasaxa moBTopHOCTH 100)
METOJIOM CJIyYaiiHON BBIOODKM, a BTOpas 3aIlUChIBacT uX B (ailn ¢ 3aman-
HbIM HazBanueM. [ludpbr u rpadukn G6yayT HeMHOrO jpyrue (BBIOOPKa-TO
caydaiinast!), HO Ha HAINM YIPAYKHEHUST 3TO MOBJIHSTH He JIOJIXKHO.

[Tocmorpum Ha Bam daiin gaHHbIX (ecsm daita GoJbINOi, TO MOXKHO
HICIIOJb30BATD CIIENUAJbHYIO KoMaHay head(data)):



198 IIpumep pabomwv, 6 R

> data

Brumanue! Buyrpu R BHOCHTH U3MeHeHUsI B JaHHbIE HE OY€Hb YI00HO.
PasymHO BHOCHTB UX B TEKCTOBBIii (haiisl JJAHHBIX (OTKPBIB €ro, HaIPUMED,
B Excel), a morom 3anoBo uurars ero B R.

[Tocmorpum Ha cTpykTypy (daiira nanubix. CKOJIBKO 00bEKTOB (obs. =
observations), cKoJbKO npu3HakoB (variables), Kak Ha3BaHBI IPU3HAKH U B
KAKOM TIOPSIJIKE OHU CJIEJIYIOT B TabJIuIe:

> str(data)

Ormerbre mj1st cebst, o POL u CVET 3arpy»KeHbl Kak qicja, B TO BpEMs
KaK Ha CaMOM JIeJIe 3TO HOMUHAAbHbIE JTAHHBIC.

CosmaauM B aMATH eIle OAuH O0bEeKT ¢ JaHHBIMU, Ky/Ia oTOepeM JIaH-
HbIe TOJIBKO Jyist caMok (POL = 0):

> data.f <- datal[data$POL == 0,]

A Tenepb — OTJENBbHBI O0BEKT C JAHHBIMU Jisi KPYIHBIX (GoJIbIIe
10 MM) camIoB:

> data.m.big <- datal[data$POL == 1 & data$ROST > 10,]

KcraTtu, sty KoMaHIy mpoIle He BBOAWTL 3aHOBO, & IMOJYYUTDH IIyTEM
peJIaKTUPOBaHUs pebLLyIeil KoMaH bl (00bruHOe 1eiio B R). st BozoBa
[IpEIbIAYINeil KOMaHIbl BOCIIOJIb3YHTeCh «CTPEJIKOI BBEPX» Ha KJIABHATYPE.
Wcnonb3oBaHHbIe 3HAKA «==» U «&» — 9TO JIOTUYIECKUE BBIPAYKEHUS <«Ta-
KX, 9TO» U «HU». VIMeHHO OHU ciiyKaT KpuTepusmu orbopa. Kpome toro,
J1s1 0TOOpa JaHHBIX 00sI3aTeIbHO HY KHBI KBaIpaTHbIEe CKOOKH, 8 eCJIN JIaH-
Hble Tab/imuHble (KaK y HAC), TO BHYTPU KBaJPATHBIX CKOOOK 00si3aTeIbHA
3arsTas, pa3essionias BbIPaXKeHUs JIJisd CTPOK U CTOJIOIOB.

JlobaBuM ere OaMH TpU3HAK K HalmeMmy ailyly: yIeJbHBIA Bec XKyKa
(orHOIIEHNME Beca XKyKa K ero jymHe) — VES.R:

> data$VES.R <- data$VES/data$ROST

[TpoBepbTe, UTO HOBBIM MPU3HAK MOSABUJICS, IIPU IIOMOIIHU YKE UCIIOJIb-
30BaHHON HaMu KoMaH[Ibl str(data) (crpeska BBepx!).

Hossrit mpusHak 0611 0OABIEH TOJBKO K KOIUK Balrero daiiia JaHHbBIX,
KOTOPBIl HAXOIUTCS B TAMSITH ITPOrPaMMBbI. UTOOBI COXPAHUTH N3MEHEHHBIH
daiis JaHHBIX O MMeHeM zhuki_new.txt B Ballleil TUPEKTOPHUM Ha YKECT-
KOM JIICKe KOMITBIOTePa, HYy?KHO HAINCATh:

> write.table(data, "data/zhuki_new.txt", quote=FALSE)
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OxapakTepusyem BBIOOPKY...
[TocMoTpuM cHavaJIa Ha OCHOBHBIE XapaKTEPUCTUKH KaXK/I0r0 TPU3HAKA
(He mMeeT CMbIC/IA JJisl KATErOPHAJIbHBIX JIAHHDIX ):

> summary(data)

Koneuno, komanmy summary(), Kak ¥ MHOTHE IIPOYUE, MOXKHO IIPUME-
HSTh KaK K BceMy Gailly JaHHBIX, TaK U K JIOO0OMY OTJ/I€JILHOMY IIPU3HAKY:

> summary (data$VES)

A MOXKHO BBIYUCJIATDL 3TU XapaKTEpUCTUKHU 10 OTAE/JIbHOCTHU. MI/IHI/IMyM
" MaKCUMYM:

> min(data$VES)
> max(data$VES)

... MEIUAHA:
> median(data$VES)

. cpenHee apudMeTHIECKOe TOJBKO IJIsT Beca M ISl KaXKI0ro U3 IIPH-
3HAKOB:

> mean(data$VES)
n
> colMeans(data)

COOTBETCTBEHHO.

K coxasrennio, mpeabiayiime KOMaH/IbI He PabOTaioT, €CJU €CTh IPOILY-
IIeHHbIe 3HAUeHUs1. [IIsT Toro 4Tobbl MOCUNTATH CpeaHee IJIsT KarKI0ro 13
[IPU3HAKOB, N30aBUBIINCH OT IPOIYIIEHHBIX 3HAYEHU, HaJ0 BBECTH

> mean(data, na.rm=TRUE)

Kcratu, crpoku ¢ mporynieHHbIMI 3HAYEHUSIMI MOYKHO YIAJIUTh U3 Tab-
JIAIBI JTAHHBIX TaK:

> data.o <- na.omit(data)
WNHorma ObIBaeT HY>KHO BBIYHCJIUTH CYMMY BCEX 3HAYEHMI IIPU3HAKA:

> sum(data$VES)
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. WIM CyMMYy BCeX 3Ha4YeHWi OJHON CTpoKH (HompobyeM Ha mpuMmepe
BTOPOIi):

> sum(datal[2,])

... IJIN CyMMY 3HaYeHHUil BCeX IPU3HAKOB JJIsT KaxK/[0 CTPOKM:
> apply(data, 1, sum)

Jl1st HOMMHAJIBHBIX IIPU3HAKOB NMEET CMBICI IOCMOTPETD, CKOJIBKO Pa3
BCTPEYAETCS B BBIOOPKE KAzKJI0€ 3HAUEHNE IPU3HAKA (320/[HO y3HAEM, KaKue
3HAYEHUs PU3HAK IPUHIMAET):

> table(data$POL)

A Tenepp BbIpasMM YaCTOTY BCTPEYAEMOCTH 3HAUEHMI NpHU3HAaKa He B
qucsie 00LEKTOB, a B IporeHTax, npunsas 3a 100% obmiee 4ucio 06bLEKTOB:

> 100*table(data$POL)/length(data$POL)

U emte okpyrnM 3HAYEHUS MTPOTEHTOB JI0 TIEIBIX THCE:
> round(100*table (data$POL) /length(data$POL), 0)

OsHa M3 OCHOBHBIX XapaKTEPUCTHUK pas3dpOca MTaHHBIX BOKPYT CpeJIHE-
ro 3HavYeHus: (Hapsily ¢ abCOJIOTHBIM M MEKKBAPTUILHBIM Pa3bpocoM) —
crangapTaoe oTkionenne (standard deviation). Berancouwm ero:
> sd(data$VES)

Beruncsmm Hanocsieiok u 6espasmepbiii koadduiment sapuarmu (CV):
> 100*sd (data$VES) /mean (data$VES)

MoO2KHO BBIMHUCIATH XapPaKTEPUCTUKHU JIOOOr0 MPU3HAKA OTIEILHO JIJIsT
caMIioB u st caMokK. [lorpobyem Ha npumepe cpesiHero apudMeTuIecKoro
JIIST Beca:
> tapply(data$VES, data$POL, mean)

[TocMoTpuM, CKOJIBKO »KYKOB PA3HOTO IIBETA CPEJHM CAMIIOB U CAMOK:

> table(data$CVET, data$POL)
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(Crpoku — pasHble 11BeTa, CTOJIOIbI — CaMIbl 1 CAMKH. )
A renepsb TO ke caMoe, HO He B IITYyKaX, & B IPOIEHTAaX OT OOIIEro 4mucia
KYKOB:

> 100*table(data$CVET, data$POL)/sum(data$CVET, data$POL)

W wakoHell, BBIYUCIUM CpEJHUE 3HAUEHHUs BeCa KYKOB OTJEIbHO JIJIst
BCeX KOMOWHAIMIT TBeTa W Tosia (JyIsi KPACHBIX CAMIIOB, KPACHBIX CAMOK,
3€JIEHBIX CAMIIOB, 3€JIEHBbIX CAMOK...):

> tapply(data$VES, list(data$POL, data$CVET), mean)

Temneps mopucyeM auarpaMMBbl...
[IpoBepum cHadasIa, KaK pacipeaeieHbl JaHHbIe, HET JU BEIOpocoB. Jlist
9TOTO MOCTPOUM T'HCTOI'PAMMBI JIJIsT KaXKJIOI0 ITPU3HAKA!

> hist(data$VES, breaks=20)

JleTanusanyio rucTOrpaMMbl MOXKHO H3MEHSITh, BAPbUPYSI UUCIO HHTEP-
BasoB (breaks).

Moo 3a7aTh TOYHYIO IMUPHHY HHTEPBAJIOB 3HA4YCHUI NMpU3HAKa Ha
rucrorpamMe (3aaguM mupuHy B 20 eJMHUI, a 3HAUEHUs] IPU3HAKA IIyCTh
m3mensiorcst ot 0 1o 100):

> hist(data$VES, breaks=c(seq(0,100,20)))

Bomee TouHO TpoBEPUTH HOPMAJIBHOCTE PACIIPEISTIeHIST TPU3HAKA MOXK-
HO IIPU TIOMOITHA JABYX KOMAaH;

> qqnorm(data$VES); qqline(data$VES)

O6e KOMaH[IBI «JIeJal0T» OJUH Tpaduk (I09TOMY Mbl HAIMCAJIN UX B
OJIHY CTPOYKY 4epe3 TOUKY ¢ 3arsToil). Yem Gosibliie pacipeieseHne ToUeK
HA 9TOM TpaUKe OTKIOHSETCS OT MPSMON JIMHUN, TeM JAJbIIe PACTIpeIe-
JieHne JaHHBbIX OT HOPpMaJIbHOTI'O. I{CT&TI/I7 JJIsl TOT'O ‘—ITO6bI OTKPBITH HOBOE
rpadudeckoe OKHO (HOBBII rpaduk OygeT HAPHUCOBAH PSIJIOM CO CTAPbIM, &
HE BMECTO HEro), MOYKHO HCIOJIb30BaTh KoMaH Iy dev.new().

[TocTpoum muarpaMmy paccestHusi, Ha KOTOPOil 00beKThI Oy/1yT 0603HaA-
YeHBbl Kpy:Koukamu. Poct Oyaer mo ocu abcruee (ropusoHTaJbHAST OCh),
BEC — 110 OCH OPJMHAT (BEPTUKAJbHAS OCh):

> plot(data$ROST, data$VES, type="p")

MoxKHO U3MEHATh pa3Mep Kpy>KoukoB (mapamerp cex). CpaBHure:
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> plot(data$ROST, data$VES, type="p", cex=0.5)

u
> plot(data$ROST, data$VES, type="p", cex=2)

MorkHO U3MEHUTH BUJL 3HAUKA, KOTOPBI 0003HaYaeT 00BEKT (CM. HOME-
pa 3Ha4uKOB Ha puc. 62)). [ToxoxKyto TabIUIy MOKHO BBI3BATH [IPH IIOMOIIH

KOMaHJ bl example (points) u HaxKaTh HECKOJBKO pa3 Enter, moka «J1eMOH-
CTpall¥is» He OKOHYHUTCH.

00 5y A 15l 200 25/

2 A\ 7 X 12 B8 17A 220

3+ 8K 13X 18 & 23O 14

4 X 9¢¢ 14N 19e 24 A

Puc. 62. Homepa 3Ha49KOB, HCIIOIb3yEMBIX B CTAHIAPTHBIX rpadukax R

Bort, nanpumep, 0603HaUNM 0OBEKTHI 3HATKOM 2-T0 THIA (ILyCTBIM Tpe-
YTOJIBHUKOM ) :

> plot(data$ROST, data$VES, type="p", pch=2)

Mo»KHO BMECTO 3HAYKOB 0003HAYMNTH OOBEKTHI Ha JUArPAMME KOIOM II0-

aa (0/1):



IIpumep pabomwv, 6 R 203

> plot(data$ROST, data$VES, type="n")
> text(data$ROST, data$VES, labels=data$POL)

Ob6e KOMaHJBI 3/1€Ch JEHCTBYIOT Ha OAUH U TOT »Ke rpacduk. [leppast
rmedaTaeT IIyCcToe I0Jie, Bropas H00aBjIsieT TyIa 3HaYKH.

Ere MoxxHO caemaTh Tak, 9T0OBI pasHble MM PHI-0003HATEHUS NMEIN 1
pasHble 1Bera (Mbl 106aBun «+1», nHade Obl 3HAYKHU I CAMOK IeYaTa-
JIICH HYJIEBBIM, ITPO3PAYHBIM IIBETOM ):

> plot(data$ROST, data$VES, type="n")

> text(data$ROST, data$VES, labels=data$POL, col=data$POL+1)
A MOXKHO caMIIOB U CAMOK O0O3HAYUTDL PA3HLIMU 3HAUYKAMU:

> plot(data$ROST, data$VES, type="n"

> points(data$ROST, data$VES, pch=data$POL)

Ipyroii, 6oj1ee CI0KHBII BAPpUAHT — C UCIOJIb30BaHUEM BCTPOEHHBIX B
R mpudros Hershey (B mopsijike nckiouennsi puBo M ero Ha puc. 63):

> plot(data$ROST, data$VES, type="n", xlab="Poct", ylab="Bec")
> text(data$ROST, data$VES,
+ labels=ifelse(data$POL, "\\MA", "\\VE"),
+ vfont=c("serif","plain"), cex=1.5)
.. U €Ille Pa3HBbIMU I[BETAMU:
> plot(data$ROST, data$VES, type="n"
> text(data$ROST, data$VES, pch=data$POL, col=data$POL+1)

Haxomern, B ciiydae ¢ Pa3HOIBETHBIME 3HAYKAMUI HYZKHO 00ABUTD yCJIOB-
Hble 0003HAYEHNUS (JIETeH Ty ):

> legend (50, 100, c("male", "female"), pch=c(0,1), col=c(1,2))

HucmamMu yKa3aHo MoJIoXkKeHne (KOOpAnHATEl Ha TpadUKe) BEPXHETO Jie-
BOI'O yTJIa JiereH ibl: epBas mudpa (50) — abcrucca, Bropast mudpa (100) —
OpJIMHATA.

Coxpansiem Tpaduk IpHU MOMOIM MeHIo: Paitn -> CoxXpaHHThH Kak. ..
-> PNG -> graph.png ujim nedaraeM dgée KOMAHJIbL:

> dev.copy(png, filename="graph.png")
> dev.off()
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Puc. 63. Pacnpenesienne caMIloB U caMOK KYKOB II0 DOCTY U Becy (st
CUMBOJIOB HCII0JIb30Banbl mpud Tl Hershey)

He 3abympre Hameuarars dev.off ()!

Yrobbl mosiyuanTh rpaduk 6e3 IMOCTOPOHHUX HAJINCEH, CIelyeT IaThb
komaHy plot(..., main="", xlab="", ylab=""), rie mHOroTO4YNE 0OO-
3HAYAET BCe OCTAaJIbHBbIE BO3MOXKHBIE APTYMEHTHI.

CoxpaHsaTh rpaduK MOXKHO, U HE BBIBOJS €0 HA 9KPAaH, Cpa3y B rpadu-
qecKuil aili, olATb-TaKN C [IOMOINBIO J8YX JIOTIOJHUTEIBHBIX KOMaH]T:

> png("data.png")
# [... TyT mevaTaeM KOMaHZH IJs NIOCTPOeHUS Ipadura .. .]
> dev.off ()

Pucyem koppesorpammy:
> plot(datalorder(data$R0OST), c("ROST", "VES")], type="o")

31ech Mbl OTCOPTUPOBAJIHA YKYKOB II0 POCTY, IIOTOMY 9TO MHAYe BMECTO
rpaduKa Moy InIOCh ObI MHOXKECTBO IEPECEKAIONTNXCs JTUHUIA.
A Teneppb HapucyeMm JBe JUHHUU Ha OgHOM I'paduke:
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> plot(datalorder(data$CVET), c("CVET", "VES")], type="o",
+ ylim=c(5, 15))
> lines(datalorder(data$CVET), c("CVET", "ROST")], lty=3)

Apryment ylim 3azgaer quHy ocu opgusar (ot 0 1o 50). Apryment 1ty
3aj1aeT THIl JUHUA («3» — 3TO IMYHKTUD).

Pucyem «siimuk-c-ycamuy, win, mo-ApyroMy, OOKCILUIOT (OH MOKaYKeT BbI-
6pOoChl, MUHUMYM—MaKCUMyM, KBAPTHJILHBII pazbpoc u Mejuany):

> boxplot (data$ROST)
... & TeIepb — JIJIsI CAMIIOB U CAMOK IO OTJIEJTbHOCTH:
> boxplot(data$ROST ~ factor(data$POL))

CraTucruyeckme TecTbl
HocroBeprocThb pasimunii st mapamerpudeckux jaHubix (rect Crbio-
JIEHTA), JIJIsl 3aBUCHMBIX [I€PEMEHHbIX:

> t.test(data$VES, data$ROST, paired=TRUE)

... U JJIsl HE3ABUCUMBIX [I€PEMEHHDIX:
> t.test(data$VES, data$ROST, paired=FALSE)

... €CJIM HY>KHO CPaBHUTh 3HAYEHUsT OJHOTO MMPU3HAKA JJIS JBYX TPYIIIL:
> t.test(data$VES ~ data$POL)

Ecnmu p-value < 0.05, To pazjudue MeKJIy BBIOOPKAMHU JIOCTOBEPHO.
B R 1o ymosrganuio He Tpedyercst IpoBepsiTh, OMMHAKOB JI pa3dbpoc JaHHBIX
OTHOCUTEJHHO CPEJTHETO.

HocToBepHOCTD pas3anvuii /il HelmapaMeTPUIeCKuX JaHHBIX (TGCT Bui-
KOKCOHA):

> wilcox.test(data$VES, data$ROST, paired=TRUE)

JlocToOBEPHOCTD pa3/nIuil MEXK/Iy TpeMs u 0oJiee BLIOOPKaMU MapaMeT-
PHYECKUX JIAHHBIX (BAPUAHT OJHOMAKTOPHOTO JIMCIIEPCHOHHOIO AHAJIN3A):

> oneway.test(data$VES ~ data$CVET)
[TocMmoTpuM, KaKnue UMEHHO Iaphbl BBIOOPOK JIOCTOBEPHO PAa3/IMYAIOTC:

> pairwise.t.test(data$VES, data$CVET, p.adj="bonferroni")



206 IIpumep pabomwv, 6 R

A Temnepb MpoBEpPUM JIOCTOBEPHOCTD PA3IMIHI MEXK Ty HECKOJIbKIMU BbI-
OopKaMu HellapaMeTPUIeCKuX JTaHHbIX:

> kruskal.test(data$VES ~ data$CVET)

JocToBEPHOCTD COOTBETCTBUS JIJIsl KATErOPUAIbHBIX JAaHHBIX (Tect [Tup-
COHA, XU-KBaJIPar):

> chisq.test(data$CVET, data$POL)
HocroBeprocTh pazimdunst Mponopiuii (TecT IpomopImii):
> prop.test(c(sum(data$POL)), c(length(data$POL)), 0.5)

3/1ech MBI IPOBEPUIN — HPAB/A JIM, 9TO JIOJsl CAMIIOB JOCTOBEPHO OT-
muaaerca ot 50%7

JIoCTOBEPHOCTD JIMHEHHON CBSI3M MEXKJIy ITapaMeTPUYECKUMU JTaHHBIMA
(koppessiuonnbit Tect [Tupcona):

> cor.test(data$VES, data$ROST, method="pearson")
... I MEXKJIy HelapaMeTpudecKuMu (KoppessinoHublii Tect Crimpmena):
> cor.test(data$VES, data$ROST, method="spearman")
HucnepcrnoHHBIN aHAJIN3 TIPYU OMOIIN JUHEHHON MOaesn:
> anova(lm(data$ROST ~ data$POL))

3akaH4yuBaeM...
CoxpansieM UCTOPUIO KOMAaHJI, Yepe3 MEHIO WJIU IIPU IIOMOIIM KOMAHIbLI

> savehistory("zhuki.r")

Bce BBeseHHbIE BAMI KOMAaH bl COXPAHSIITC B ailJl ¢ PACIINPEHUEM * . T,
KOTOPBI MOXKHO OTKPBITH B JIFOOOM TEKCTOBOM PEIAKTOPE W HUCIPABJISITD,
JOIIOJIHATD WJIM KOIIMPOBATh B CTPOKY BBO/Ia IIPOI'PAMMBL B CJICAYIOIIUI pas.
Dror daiisl MOXKHO BBIIOTHATD [EJUKOM (3aIlyCTUTB), JJisi 3TOTO UCIIOJIB3Y-
ercs KomaHaa source ("zhuki.r"). Bojee TOro, MOXKHO 3aITyCTUTD JAHHBII
daiis, He 3axond B R,— st 3TOr0 B KOMaHIHOI CcTpOKe HaJI0 Habparb

$ Rscript zhuki.r

Brumanue! Becerma coxpamnstiite To, uro BbI gejajin B R!

BoixouM u3 mporpaMMbl Yepe3 MEHIO WU C TIOMOIIBLI0 KoMaH bl q("no").
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I'paduyecknii nurepdeiic (GUI) ansa R

[Ipex e gem HauaTh paccka3 o GUI, xoresiock ObI CKa3aTh Mapy CJIOB B
MOJTb3y KOHCOJIBLHOTO mHTepdeiica. AHAIN3 JAHHBIX — 9TO TBOPYECKUIN TTPO-
Iecc, 1 HU4TO HE IPO/IBUTra€T €ro Jiy4diie, 1eM HeCHeITHbIIA BBO/I C KJIaBUATY-
pbl. EcTecTBeHHO, 9TOMY 3aHATUIO JOJIXKEH IPEIIIIECTBOBATH UHTEPBAJ Bpe-
MEHH, IEJUKOM U IOJHOCTBIO ITOCBSAIIEHHBI YTEHHUIO JOKYyMEHTAIINH, KHUT
U cTaTeil Mo TeMaTuKe IIpO6JIelVH)I. MGHIO 1 KHOIIKM OTBJIEKalOT, CO3/1aBasl
WJLIIO3UIO [IPOCTOTHI TBOPYECKOTO IPOIecca, Tpebyst HaXKaTh UX HEME/IJIEH-
HO U TIOCMOTPETD, 9TO IMOJIYyIUTCHA. KaK IIpaBUJIO, HE IIOJIyIaeTCd HU4IEero, To
€CTb BCE PABHO IPHUXOJUTCS OpaTh B pYKU KHUT'Y U JIyMaTh.

Koncosbusriit uarepdeiic B R ujeanen. OH mpeocTaBiseT MoJIb30BaTe-
JIF0 UCTOPUIO KOMAaHJ, JOIOJHeHUe 110 Tab (To €CTh BBIJIACT IPU HAXKATUU
HA 9Ty KJABUIILY CIHUCOK BO3MOXKHBIX MPOJOJKEHUIT KOMaH], OObEKTOB 1
Jaxe nMeH GaitioB), coxpaHsgeT HHMOPMAINIO 1 0ObEKTBI MEKIY CECCHs-
ME (ecim [oJIb30BaTeIb ITOro 3axover, ecrecTBeHHo). HykHo nopaborarhb
Ha yaageHHOM KoMmmbioTepe? C KOHCOIBIO HET HUKAKHUX MpobieM. A ecim
BOCIIOJIB30BaThCs IIPOrPAMMOil Screen, TO MOXKHO He 0OsIThCs Pa30pPBaHHBIX
CeCcCHii U CJIydailHO 3aKPBITBIX TEPMUHAJIOB.

K cuacrbio, mpakTrdeckn Bce rpadudeckue 000I0UKN it R ydIuThI-
BAIOT 3TO M, KaK IIPABUJIO, «PACIIUPSOT»> 0a30Bble BO3MOYKHOCTHU IIAKETa
TaKUMU JOMOJTHEHUSIMEI, KAK WHTEIPUPOBAHHBIN PeaKTOP KOJa C MMOJICBET-
KO, OTVIaTIUK, PEJAKTOP MACCUBOB JAHHBIX U T.II.

B.1. R Commander

R Commander, min Remdr (puc. 64),— kpocc-mmardopmennstii rpadu-
qecknit narepdeiic k R, mammcannenii ma Tcl/Tk. Ero momarmmioo crpa-
HUILy MOXKHO HaiiTu 1o ajpecy http://socserv.mcmaster.ca/jfox/Misc/
Rcemdr/.

Agsrop R Commander /Tzxkon Pokc (John Fox) npusnaercst, 4ro B cirydae
MPOTpPaMM JIJIsT CTATHCTUIECKOTO aHAJIN3a OH He sIBJIsIeTcsT (PaHATOM WHTEpD-
deiica, cocrositero n3 Mewto u auaaoros. C ero Toukn 3perns;, R Comman-
der mojie3eH B OCHOBHOM /Ijisi 00pa30BaTEeIbHBIX Iejieil pu BBejeHun B R,
a TakxkKe B OTHeJbHBIX, OUeHb PEeIKUX CJIVUasaX — Ui ObICTPOrO aHAJIN3a.


http://socserv.mcmaster.ca/jfox/Misc/Rcmdr/
http://socserv.mcmaster.ca/jfox/Misc/Rcmdr/
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000 Xl R Commander X Prestige
Fle Edt Data Statistics Graphs Models Distributions Tools Help education inc omen prestige census type
i
1. .8 1113 prof [
R, Dataset: prestige | Edt data set|View data set| Model: <o active model> Rt iisf
Script Window .4 1171 prof
e Ty r il ol
library(el071, pos=4) -8 1175 prof
numSummary (Prestige([,c("income', *prestige')], statistics=c('mean’, +5 2111 prof
"quantiles"), quantiles=c(0,.25,.5,.75,1)) -6 2113 prof
boxplot(income~type, ylab="income®, xlab='type', data=Prestige) +6 2133 prof
tapply(PrestigeSincome, PrestigeS$type, median, na.rm=TRUE) -1 2141 prof
kruskal.test(income ~ type, data=Prestige) -1 2143 prof
library(relimp, pos=4) -8 2153 prof
showData(Prestige, placement='-20+200', font=getRcmdr('logFont'), <0 2161 prof
maxwidth=80, maxheight=30, suppress.Xll.warnings=FALSE) +0 2163 prof
Efl computer. prograners .8 2183 prof
ki T O < conomists .2 2311 prof
Output Window Submit psychologists .9 2315 prof
B S - gl social.workers .1 2331 prof
.3 2343 prof
> boxplot(income~type, ylab="income', xlab='type®, data=Prestige) 11 2381 prot
. .3 2391 prof
> tapply(PrestigeSincome, PrestigeStype, median, na.rm=TRUE) 's 7511 prot
b rof we university.teachers .6 2711 prof
5216.5 8865.0 4741.0 primary.school.teachers .6 2731 prof
secondary.school.teachers .1 2733 prof
> kruskal.test(income ~ type, data=Prestige) 12 3111 prof
Kruskal-Wallis rank sum test oo et
.7 3131 prof
data: income by type To a1as Tpe
Kruskal-Wallis chi-squared = 33.2265, df = 2, p-value = 6.095e-08 11 3137 prof
.3 3151 prof
.5 3156 wc
> library(relimp, pos=d) 12 3314 prof
L6 3337w
> showData(Prestige, placement='-20+200', font=getRemdr('logFont'), 1 3373 <ns
+  maxwidth=80, maxheight=30, suppress.Xll.warnings=FALSE) = o o e
fl I L9 4113 we
Messages L4 4131 we
[5] NOTE: Loading required package: class [ .3 4133 we
[6] ERROR: There are no models from which to choose. L7 4143 we
< L9 4153 we
k] i 4 L7 4161 we

Puc. 64. Oxkno R Commander

O/1HOIT U3 OCHOBOIIOJIATAIONINX TIEJIEH, IPEC/IelyeMbIX DU CO3IAHUN UHTEP-
deiica R Commander, ObLI MATKHA EPEBOJ, IOJIB30BATESI B KOHCOJIb, I/
MOXKHO aBTOMATU3UPOBATH CBOU JIEHCTBUST OoJiee riiobaibHO.

[Taxer pacmpoctpamsiercs: oz qunensueit GPLv2, u mostomy mocrymen
BO BCeX CTaHIApPTHLIX qucTpubyruBax Linux. Hampumep, njst ycranHoBku B
Debian/Ubuntu gocTaTo9HO BBIIOJIHUTD KOMAHJLY:

$ sudo aptitude install r-cran-rcmdr

[Taker npucyrcrByer Takke u Ha CRAN, 105TOMY €ro yCTaHOBKY MOYKHO
[IPOM3BECTU U COOCTBEHHBIMU cujiamu R:

> install.packages("Rcmdr", dependencies=TRUE)

ObpatuTe BHMMaHUe Ha 3Hadenne onnun dependencies: R Commander
3aBUCUT OT JIOBOJIbHO OOJIBITIOrO duciia nakeroB. [locie ycranoBKEU B ceccuu
R ciemyer BBITOTHUTH KOMAHLY

> library(Rcmdr)

[Tpu 3amycke R Commander oTkpbiBaeTcst CHAOXKEHHOE JOBOJIBHO «pa3-
BECHCTBIM» MEHIO OKHO, pasjesiennoe Ha OkHO ckpunToB (Script Win-
dow), Okno BeIBoga (Output Window), a rakxke mHMDOPMAIMOHHOE OK-
Ho Coobitenust (Messages). Muorue jgeiicreust 8 R Commander moxkuO
BBINIOJIHSATD YEPE3 MEHIO, KOTOPOE JIOCTATOYHO JIETKO HACTPAUBAETCS, Ha-
IPHUMEP ¢ MOMOIIBLIO PEIAKTUPOBAHUS TEKCTOBOTO (haiiia Remdr-menus . txt.
B OkHe CKPHUIITOB MOYXKHO BBOIUTH KOMAHILI, TO €CTh KOHCOJIb HUKYIIa He
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Jej1ach. Fpa(l)I/IKI/I IOABJIAIOTCA B OTJACJ/JIbHBIX OKHaX, KakK U B Cnyqae «YUC-
Toro» R.

R Commander numeer pycckuil mepeBoj, KOTOPBI aKTUBU3UPYETCsT aB-
TOMATUIECKU, €CJTU CUCTEMa, PyCUPUIINPOBAHA.

Ocnosnag npo6sema pycudunuposannoro R Commander (ecyu Bbl paboraere
B Linux) — 910 Kupwimyeckue mpudThl, KOTOPblEe BBHIOPAHBI 1O YMOIYAHUIO.
[TosTomy ecnm BBI mpeamoumTaeTe pyccKmit mHTEpdelic, TO mepen 3arpy3koit R
Commander emy ¢ TOMOIIBIO KOMAaH Bl options cjemayer mepeJarb MIPUMEPHO CJie-
JLyIOITIee:

> options(Rcmdr=1list(default.font=
"-rfx-fixed-medium-r-normal-*-20%", suppress.X1l.warnings=TRUE))

Pacrpossiii mpudt cemeiicrsa rfx or Jmurpust BoaxosursiHosa (20 B KOHIE
CTPOKHU — 9TO Pa3Mep 110 YMOJIUAHUIO), YCTaHOBJIEHHbIT B KauecrBe default . font,
HaXOIUTCsT OOBITHO B cocTaBe makera xfonts-bolkhov Bamrero aucrpudbyrusa Lin-
ux. Bropoit mapamerp, suppress.X11l.warnings, nomasisier HaJ0€JIUBbIE COOO-
IIIEHNS [IPU CO3JAHUN HOBBIX I'DaUIECKUX OKOH.

Borittu m3 R Commander moxkHO depe3 MeHio ®aitn -> BHUTH, IIPU 9TOM
MOKHO OJHOBPEMEHHO 3aKphITh 1 ceccruio R. Ecim ke ceccust R ocramack
OTKPBITO#1, TO moBTOpHBI 3amyck R Commander BbIIOTHSIETCST ¢ TTOMOIIBIO
KOMAaHIbI

> Commander ()

115t BBOIHOIO O3HAKOMJIEHHsI ¢ Bo3MoykHOCTsME R Commander ciemxyer
IpoYnTaTh TEKCT Getting-Started-with-the-Rcmdr.pdf, nmomyumTs nmo-
CTYII K KOTOPOMY MOXKHO depe3 MeHIo [lomoms -> BBemernuwe B R Commander.

Ecimu mo xakoii-ro npudnHe OBLIO HMPUHATO PEIIeHNE AHAJIN3HPOBATDH
JIAHHBIE MCKJIIOUYUTENbHO ¢ momombio R Commander, To MOXKHO cieaTb
Tak, 9ToObI IIpH 3aIrycke R sra rpadudeckas 000J0UKa 3arpyKajIach aBTO-
maTudecku. s aroro B dailsr mosib30BaTeIbckux HacTpoek ~/.Rprofile
JOCTATOYHO T0DABUTDH CJIEAYIOIINE CTPOKH:

old <- getOption("defaultPackages")
options(defaultPackages = c(old, "Rcmdr"))

[nobasibaast mepemennast defaultPackages cojep:KuUT HHMOPMAIHIIO O
MOJIYJISIX, aBTOMATHYECKH 3arpykKaeMbIx 1pu crapre R.

B.2. RStudio

RStudio (http://www.rstudio.com/ide/) — 9TO OTHOCHTEJILHO HOBAasI
obosiouka g R, mocrymuasg mon cBobonHoil aunensueii. Cpena padboTaeT


http://www.rstudio.com/ide/
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110J1 OCHOBHbIMK onepanuorabiMu cucreMamu (Windows, Linux, Mac OS
X), u, Kpome 3T0ro, npejgocrasiser noctyi Kk R uepes Web-unrepdeiic.

[Tocse 3amycka nosiBisiercss oKHO (puc. 65), yI00HO pasjesieHHOe Ha
HECKOJIBKO JacTell: UCXOMHBIN KO peTlakKTUPyeMoro daiiia, KOHCOIb, COIep-
KUMoe pabodero mpoCTPAHCTBA, UCTOPUsT KOMAHI, U YaCTb, IPEIOCTABIIsI-
OIas JOCTYI K CIIUCKY HAKETOB, PUCYHKOB U (pailJIOB B TEKYIIEM pabodeMm
KaTajore u CupaBke (COIEpKUMOE OTIEIbHBIX YacTell OKHA MOYKHO IIOMe-
HATH Yepe3 MeHio Tools -> Options -> Pane Layout).

RStudio

Workspace | History.
SRun | 5% | b Source ~| <Ploadw  [J Saver | #importDatasets ¥ Clear All

Daa
dianonds 53940 obs. of 10 variables

3 head(dianonds)
4 gplot(carat, price, data-diamonds, facets-clarity-color)
H

11 @ (TopLeve) Rscript
Console )| Files Plots Packages Help
"help.start()" for an HTML browser interface to help. B/ 2oom | exporte | @] | f Cear Al
Type 'q0)" to quit R

°
2

NN

S NN
ENSNNNNNY

> libraryCggplot2) =
Loading required package: reshape P
Loading required package: plyr

2
Attaching package: 'reshape’ "
The following object(s) are masked from 'package:plyr': 2

renane, round_any

Loading required package: grid g
Loading required package: proto & ”

> data(diamonds)
> head(diamonds)

carat. cut color clarity depth table price
0.23  Ideal £  SI2 615 55 32

o zsan

x
5
0.21 Premiun E  SI1 9.8 61 3263.89
0.23 God E VL 56.9 65 327 4.05
0.29 Premiun I  VS2 62.4 S8 334 4.20
0.31 God ) SIZ 63.3 S8 3354.3t4

NN
‘S\\\\\\xx
SNANNNNY

ouawn e

0.24 Very Good ) 7
> aplot(carat, price, dato=dianonds, facets=clarity~color)

e NN,

Puc. 65. Oxuno RStudio

B kadecTBe OTHEIBHBIX MPEMMYIIECTB 00OJIOUKN CJIEIYeT OTMETUTD Pe-
JAaKTOp KOJa C aBTOMATHUYECKON IIOJCBETKOM, aBTOMOIIOJHEHUEM, IIPOCTEH-
UMY 1peobpa3oBanus Kojia (HAIpUMep, BbIJIEJIeHIe HECKOJIbKIX CTPOK B
OTJIEJIBHYIO (DYHKITHIO), MOJJIEPIKKY PeJIaKTUPOBaHUsI He TOJIbKO R Koma, HO
U JIOKYMEHTOB Sweave.

ABTOpDBI Cpeibl MO HEMHOI'O JIaJIbIIe IPOCTOrO IPEI0CTaBIEHNsT (DY HK-
it R u3-mom obostouku: B komiiekte ¢ RStudio mocrapisiercst makeT manipu-
late, HO3BOJIAIOIIAI UHMEPAKMUBHO MEHITD IapaMeTPbl IpapUKOB BHY TpH
cpenpl (puc. 66). Tax, nampumep, cemLyromuit 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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BBIBE/I€T OKHO HAaCTPOEK, IIO3BOJIAIONICEe MEHATH 3HaAYCHNE IMepEeMEHHbIX
X.max, type u label u IpU 3TOM CPa3y *Ke BUIETb PE3YJIBTAT TAKOTO U3Me-
HeHUsT Ha Tpaduke.

B.3. RKWard

RKWard (http://rkward.sourceforge.net) — 9TO JIOBOJIBHO y00-
ublii, ocHoBanublii Ha KDE nnrepdeiic k R (puc. 67). Pazpadorunkun RK-
Ward crapasucek coBMecTuTb MOIb R ¢ IPOCTOTON UCIIOIB30BaHMS, 110,100~
HOIi IIPeI0CTaBIISIEMOli KOMMEPUECKIMU CTATUCTHIECKUMHY TTaKeTaMu (TaKu-
mu, kak SPSS nian STATISTICA).

Ina maunnatorux mnosib3oBaresieit RKWard npegocrasiisier mmpokue
BOBMOXKHOCTH 110 BBIOOPY MHOTHMX CTAHIAPTHBIX IIPOIEIYP CTATUCTHIECKO-
ro aHaJIU3a 10 MPWHITUITY <«BBLIEIN U MEJKHI» : JIOCTATOYHO aKTHBAPOBATH
COOTBETCTBYIONIUI IIYHKT MEHIO.

st mpoasuuyToro mosibzoareass RKWard mpeniaraer ymnobHBIN pe-
JIAKTOP KOJa C IMOJCBETKOW, aBTOMATUYIECKONH PAaCCTAHOBKON OTCTYIIOB, aB-
TOJIOIIOJTHEHUEM — TEeMU BellaMu, 6e3 KOTOPLIX B HACTOsSIINEe BpeMs He 00-
XOJIUTCSI HU OJIHA, CpeJia ITporpaMMupoBanus. [IpuBbranas KoHcoib R Takxke
HAJIMIECTBYET, OHA JOCTYIIHA B jI000e BpeMs Ha BKIajke R Console.

Aproper RKWard B3siin Kypc Ha Kak MOXKHO 0OoJiee IOJIHYIO WHTerpa-
nuto GyHKIui R B rpadudeckyto cpeiy: NpucyTcrByeT Opay3ep TeKyIiie-
ro OKpy2keHms (environment) u peJakTop JaHHBIX. EcTh MeHemKep
MaKeTOB, yMEIOINil He TOJIbKO YCTAHABINBATL UX, HO U CJICIUTDH 38 OOHOB-
JIEHUSIMU; 0DECIIeUnBaeTCs MPO3PadHasi MHTErPaIis CO CIIPABOYHON cucTe-
moit. Kpome Toro, RKWard ymeer nepexBarbiBaTh co3aHme rpaduIecKux
OKOH U JI00aBJATh K HUM OY€Hb ya00HBbIe (DYHKIUUA THUIIA COXPAHEHUS CO-
JIepKUMOTO B hailsl OHOrO U3 CTAHAAPTHBIX (DOPMATOB, MOIIEPKUBAEMbBIX
R (PDF, EPS, JPEG, PNG).

Nuarepdeitc RKWard wupesBbrdaitno ruboK: M0JIb30BaTEIb MOXKET Pac-
HIIPSITH €r0 3a CYeT HAIMCaHWUsi COOCTBEHHBIX MOJIyJIeil (KCcTaTu, Bce BCTPO-
€HHBbIE CPEJICTBA AHAJIN3A, JOCTYIHBIE CPA3y 2Ke IMOC/Ie 3AITYCKa U3 MEHIO,—
9TO TaKue ¥Ke MOJLYJIH, HO TOJbKO co3/ianuble apropamu RKWard).

Bb.4. Revolution-R

Kutouessie ocobernocru Revolution-R (ero gomarmnsst crpanuna — http:
//www.revolutionanalytics.com) — 910, pasymeercsi, rpaduaecKuii nH-
tepdeiic (puc. 68), mosHas unrerpanus ¢ Microsoft Visual Studio, naauaune
IIOJTHOIIEHHOI'O TIOIIAr0BOr'0 OTJIa /TUNKa U ONTUMU3UPOBAHHBIX HOIIPOTPAMM
MaremaTndecknx GyHkIimit BLAS 1 LAPACK, O3BOJISIONINX aBTOMATHIECKH
HCII0JIB30BaTh IIPEUMYIIECTBA MHOTOIIPOIECCOPHBIX CHUCTEM.


http://rkward.sourceforge.net
http://www.revolutionanalytics.com
http://www.revolutionanalytics.com
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@rsudo
€ C i © hserver.local:8787 T
O | Fie- | tane | views | Workspace~ | Plois~ | Tools+ | Help~ at | ocs | Suppors ian Ous
Console | Workspace  History =0
Platform: x86_64-pc-linux-gnu (64-bit) P load~  [J Saver #ImportDataset= ¥ Clear All g
Values,
R is free software and comes with ABSOLUTELY NO WARRANTY. a0 10
You are welcone to redistribute it under certain conditions. o 0

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 infornation and
"citation)' on how to cite R or R packages in publications.

Type "deno()’ for sone demos, 'help()’ for on-line help, or
‘help.start()' for an HTML browser interface to help.
Type 90" to quit R.

Files  Plots Packages Help
> manipulate( ) £ 200m | Epxport- @] | Clear Al
+ plot(cars, xlin = c(9, x.nax), type = type, ann = label),
+  x.max = slider(10, 25, step=5, initial = 25),
+  type = picker("Points”
+ label = checkbox(TRUE, "Draw Labels"))

Error: could not find function "manipulate” &
> library(manipulate)
> manipulateC =)

plot(cars, xlim = c(@, x.max), type = type S
+ xomax = slider(10, 25, step=5, initial
+  type = picker("Points” = "p", "Line" o o ©
+ label = checkbox(TRUE, "Draw Labels")) @ o
> library(help=nanipulate) o o
> manipulate Z 3 ° . o
+ plot(cars, xlim = c(0, x.nax), type = type, ann = label), ° 4 8
+ xnox = slider(10, 25, steps5, initiol = 25), ° o o ©
+ type = picker("Points "L J Ustep” = "s"), S o 0°0°°%,

4 label = checkbox(TRUE, "Draw Labels") © 0o S ° o °

> manipulate( o o 028000

+  plot(cars, xlin = c(9, x.max), type = type, ann = label), « o ° o g ©

+ xnox = slider(10, 25, stepe5, initiol = 25), o o

+ type = picker("Points” = "p", "Line" = "1", "Step" = "s"), o ° °

1 Tobet < checkboxCTRUE, oren luhels")) T v v v v

> aa < 0 5 10 15 20

> bb < 10 Y

. speed

000 Orsudo \ &

€ C O hserver.local: 8787 N
O i | cane | viewr | Workspacer | Ploise | Tools+ | Help~ as! | Docs | upport | Sian Out
Console -/ 5| Workspace | History =0

load | [J Saver [ #import Dataset- Clear Al

Natural language support but running in an English locale Values

R is @ collaborative project with rany contributors. :: i:

e "contributors()" for more infornation and
mnnmo' on how to cite R or R packages in publications.
Type "deno()’ for sone denos, 'help()’ for on-line help, or
help.start()" for an HTML browser interface to help.

Type 'qQ)" to auit R.

> manipulateC

+ plot(ars, xlin = c(9, x.rax), type = type, ann = label),
+ x.max = slider(10, 25, step=5, initial = 25),

+  type = picker("Points” = "p", "Line" , "step"

‘Label = checkbox(TRUE, "Draw Labels")) e riots'[{acoesTle o =0
Frror: could ot find function ranipulate” & - | & 200m | Eexport~ | @ | o Clear All [
ioraryCaantpitote
L e enipdlate) Manipulte »
¢ plosCears, adin -« <0, x.ma), type - e, o - labeD), xmax: 20
+ slider(10, 25, step=5, initial = 25, o

o ctent - e 10 2
1 e pickerCirotnta® - vpey Line' Step 2 I
+ label = checkbox(TRUE, "Draw Labels")) _
> libraryChelp=nanipulate) =}
> manipulate( type: [ Step ] S
+ plot(cars, xlin = c(9, x.max), type = type, ann = label),
+ x.nex - slider(10, 25, stepsS, initial = 25), 0raw Labels =)
. type , "Line" "Step" @®
+ label = checkbox(TRUE, "Draw Labels")
> manipulate( Zg
¢ plotCaars, sdin + <0, x.n0), type - e, am -
+ xomax = slider(10, 25, st!p-S, initial = 25,
+ type = picker("Points" "Line" "Step 1
1 oot = checkboxCTRUE, “Dren Lebels™>
> aa < 10 o
> bb < 1 &
> manipulate(
+ plot(ars, xlin = c(9, x.7ax), type = type, ann = label), o
+ X sliderCl, 35 stepS, nittal - 2, T T T T y
+  type = picker("Points” - 0 5 10 15 20
+ label = checkbox(TRUE, "Draw laba\s"))
N . speed

Puc. 66. Bor tak 8 RStudio paboraer maker manipulate
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Fle Edit View Workspace Run Analysis Plots Distributions Windows Settings Help
Datuset  [B) ScrvkFle o) Opan R Scit il i) Opan Recart  [€] Previeus Window [ 3] A Runssiecion (&

Functions. 1 riward

### Hultiple Gr

codesawikiR | [ xplothtml 7] crabs.html CREE I L
= = /omeseraph/s

Home | siee Date
W RiWardApplicationDeta. . 209.9 KB 05/08/09 01
W RKVardApplicationCom... 1795 KB 05/08/09 0L
B MiltiDevices.png 1621 KB 05/08/09 01
ayoutect1,2)) ® LoadPackages.png 4248 05/08/09 12
Tayout=e(1,2)) B GraphicsExporiz.png 27.5 K8 05/08/09 01,
® GraphicsExportl.png 324 K8 05/08/09 01,
. pn 38.5 K8 05/08/09 01
30.6 K8 05/08/09 01
4038 05/08/09 01
4258 05/08/09 01

Jriward_wiki/

sou [

Library(MASS) # crabs
Uibrary(lattice)

bs.p
splom(~Lcrabs pcl, 1:3
|

package:grap.
package:stats

package:rinard
package:MAS:

crabs.pc  matrix
crabs data.frame

Update

5, layout=c(1,2))
Tayout=c(1,2))

£ command log & Pending Jobs 7| R Console [ Help search

Ready home/seraph AERGRENE

Puc. 67. Okno RKWard

Kak unraresnns yxxe monsi, ocHOBHAs IiaTdopMa, Ha KOTOPYIO «Halle-
smBaercsa» Revolution-R, — 3o Windows. Bepcus mox Linux Toxe cyrect-
BYET, HO TIOIIATOBBIA OTJIAJIMK B KOMILIEKTE OTCYTCTBYET, 4TO CPa3y IKe
CHUYKAET IEHHOCTH IIaKeTa.

Revolution-R cyrmecrByer B 1ByX pemakmnusx: Geciaraoit Community
Edition n ouenb mnartHoit Enterprise Edition (1ieHa Ha MOCIEIHIOID HAYM-
Haercst ¢ $1000 3a pabouee mecro). [iaBHOe orimume GecruiaTHON Bepcun
3aKJI0YAETCs B OTCYTCTBUUM Kakoii-jmbo uaTerpanun ¢ Visual Studio (a,
CJIeZIOBATENIbHO, ¥ B OTCYTCTBUHU OTJIAQT9MKa). BIpodueM, onTHMuU3MpOBAH-
Hbl€ MaTeMaTUICCKHNE IOAIIPOrpaMMbl JOCTYIITHBI BCIOAY, IIO3TOMY IOJIy1aThb
[PEUMYIIECTBA OT MHOT'OIIPOIECCOPHBIX BBIYUCICHUI MOXKHO COBEPIIEHHO
GecriaTHO.

CrouT OTMETHTD, UTO CYIIECTBYET MIPOI'PAMMAa 10 MPEI0CTABIEHUIO Oec-
IUIATHBIX JIMIEH3ui (HO 6e3 TeXHWJEeCKOoi TMo/JepKK) Ha Enterprise pe-
JaKIOUIO IIPpU YCJIOBUU HUCIIOJIb3OBaHUA JIJIA HaYIHBIX HCCHeﬂOBaHHﬁ. I[J'IH
[IOJTyIEHUsT TAKOH JIUIEH3UN Ha, BeO-caiiTe MPOrpaMMbl CJIEJyeT OTIIPABUTH
3aIIPOC € UCTOJB30BAHIEM «AKaIeMIIECKOT0» (HAIIPUMED, YHIUBEPCUTETCKO-
o) ajipeca 3JIeKTPOHHON HOYTHI.
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Bl ®evofusion R Easerprise for Windows

MNCIN-) o Bl fos RO

Fiobleml.r~ ace.t | Geipt A - x
# Tepebop n threshold' o mus meswmoro smunesma
compare <- function(indx = 100, prune = FALSE]{ L
d <~ subset (acc, lid x, select = c{lid, latitude, longitude}
d.split <- split(d, as.factor(dslid))
£ez <- lapplyid.split,
function(d.cempl {
aistance)
.}, length = n)
lapply(veh,
funetion (tew) {
emm <- EMM(threshold = tem, cencroid = TRUE, measure = distance]
erwmn <— build {emm, temp)

if (prune)
erm <

eshold = count * 0.05, transitions = FALSE)

centers < . )
#desc <- sum(apply(dist(x = temp, y = centers), 1, minj)
tt < dist(x = temp, y = centers) .
Al - o]
Veleome to Revolution R Enterprise for Windows hcademic License version 4.3 - 1004 R and more...

This software is to be used only for educational purposes and academic resesrch.
Revolution R Enterprise for Windows Copyright © Revolution Amalytics, Inc.

R version 2.12.2 (2011-0z-25)
Copyright ® 2011 The R Foundation for Statistical Computing
ISEN 3-900051-07-0

R is free softvere and comes with LBSOLUTELY NO WARRINTY.
me to redistribute it under certain conditions.

(1* or ‘licence()' far distribucion details.
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B.5. JGR

—lslx]

2
(5] Salution RS ol (1 prject]
& 10

A Problemil

& scipth
Gear - AN

. GlobaEny

{3 Packages In
7 Packages L

GlobalEny
Type: environment

[IpenmounTaere, urobb! rpadudeckniit nHTEPdENC OTPUCOBBIBAJICS CPEJI-
crBamu Java (puc. 69)? Torga JGR (Java GUI miusa R) — aro To, 4to BBI
uckasm. JGR (npousHocuTest Kak «sryap» ) ObLI BIIEpBbIE TIPEJICTABJIEH 11y6-
guke B 2004 romy, HO pa3BHUBaeTCS U MOAJEPKUBaAETCs A0 cux mop. llaker
JGR pacupocrpansiercst o orkpuitoit aunensueir GPLv2, u ero qomalinnss
CTPAHUIA JOCTYIIHA 110 aJpecy http://jgr .markushelbig.org/JGR.html.

JGR cozpasanca g Mac OS X «Co BCeMH BBITEKAIONUMEU», HO IO
Windows u Linux on Toxke paboraer. st ucnonbzopanusa JGR mox Linux
HeobxonmMo uHCTa/umposarh Sun Java Development Kit (JDK):

$ apt-get install sun-java6-jdk

$ sudo update-java-alternatives -s java-6-sun

$ sudo R CMD javareconf

[Tocste ycranoBKY 1 HACTPOUKY Java-OKPY2KEHUS CIEyeT 3alyCTUTD CeC-

crto R 1 BBIOJIHATD CJleIyIONIKe 1eiCTBHA:

> install.packages(’JGR’)
> library(JGR)

> JGRQ)

Starting JGR run script.

Toroo — JGR zamyien.


http://jgr.markushelbig.org/JGR.html
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Console

10 M X O

‘Encoding’ field and re-encoding is not possible
‘Encoding’ field and re-encoding is not possible

.. done

Introduction to Generalized Linear Models

9)
analysis of variance Table

response: velgnt
Sun Sq Mean Sq F value Pr(>F)
D1 oieuad oreaszg T1aist o249

arowp
siduals 18 817292 0.48496

call:
In(formula = veight ~ group - 1)
Residuals:

in 10 Hed:
10710 0,453 0°0685 0.2485 1.3630

coessicients:
Estimate Std. Error t value Pr(>|t|)

growctl | 3.0320  0.2202  22.85 3.330-13 e

GroupTrt  4.6610 02 21116 3.6ze-14 *rr

Signif. codes: 0 '¥sr’ 0.001 '+’ 0.01 "% 0.05 .’ 0.1 C 1

Residual standard error: 0.6964 on 18 degrees of freed
Multiple R-squared: 0.981 Mjunted Resquareds 0.9730
Fostatistic: 485.1

on 3 and 18 BF

[Ee

weiahts

Help
(Csearch
V Exact Match (V! Help Page Titles (| Keywords (] Object Names [ Concepts
e

{OImN © packages }
Im {stats} R Documentation

Fitting Linear Models

Description »
1mis used to it linear models. It can be used to carry out regression, single stratum analysis of variance
and analysis of covariance (alfhough acy may provide a more convenient interface for these).
Usage
In(fornula, data, subset, weignts, na.action,

method © "qr”; model © TRUE, = FALSE, y'= FALSE, qr = TRGE,

singular.ok = TRUE, contrasts = NULL, Offs 3
Arguments

formila  an object of class "zormala” (or one that can be coerced 1o that class): a symbolic
description of the model to be fitted. The details of model specification are given under

Details’

data an optional data frame, list or environment (or object coercible by as. data. frase to a data
frame) containing the variables in the model. If not found in data. the variables are taken
from environnent (ormula), typically the environment from which 1m i calle
subset an optional vector specifying a subset of obs sed in the hmng prces
wianl vector af w Shald b 2 mmaric

b o
JavaGD (2) *active*
Im(weight ~

Residuals vs Fitted

s a5
Fitted values Theoretical Quantiles

Constant Leverage:

Scale-Location Residuals vs Factor evels
r

Puc. 69. Okno JGR

B JGR ecTb BCTpOEHHBIH TEKCTOBBII PEIAKTOP, B HEM €CTb IOJCBETKA
cuHTakcuca u Tab-3aBepiieHne KOMaH[I. KCTb U TMIIEPTEKCTOBas TOMOIIb,
[IPOCTEHbKAas JIEKTPOHHAs TabJINIla, BOSMOXKHOCTD YIIPABJIATH O0bEKTAMHU,
B TOM YHCJIE€ U C IIOMOIIBIO MBI, UMeeTcst U rpadudeckuit uarepdeiic s
ycraHoBKu u 3arpy3ku R-makeros. C yderom toro, uro sror GUI moxker
paboTaTh Be3Jie, e eCTh Java, Ha Hero CTOUT OOpaTuTh BHUMAHUE.

B.6. Rattle

Rattle (http://rattle.togaware.com) — cokpaieHne, 0003HaATAIOIIEe
«R Analytical Tool To Learn Easily» (sierkast B ocBoeHuu cpejia aHajinza
R). IIporpamma akTusHO passusaercs. Rattle — sTo cpena jyist «pasriisibi-
BaHUsA» JAHHBIX desoBekoM (puc. 70), oHa mpejHasHAYEHA IS MHTEJIICK-
TyaJbHOIO aHasm3a JaHHbIX (data mining), HHBIMEU CJIOBAMU, JJIsI BbIsIBJIE-
HUsl CKPBITBIX 3aKOHOMEPHOCTEH U/ B3aUMOCBSI3€H MEXKJIy IIepEMEHHBIMU
B OOJIBININX MacCHBaX HeEOOpaOOTAHHBIX JAHHBIX.

s yeranoBku Rattle mox Linux HeobxonuMo Hajmdne makeToB ggobi
(mporpaMma BU3yaJM3aIi TAHHBIX) U libglade2-dev:

$ apt-get install ggobi libglade2-dev

[Tocsie aToro B KoHcosin R ciiejiyeT BBIIOJHUTH KOMAHLY

> install.packages("rattle",

dependencies=TRUE)


http://rattle.togaware.com
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| © R Data Miner - [Rattle] i[53

Project Tools Settings Help Rattle Version 2.6.6 togaware.com

o | [ & ®H | E = | & B8

Execute New Open Save Report Export Stop Quit

Data | Explnre|Test |Transl‘nrm ‘ Cluster |Assnciate ‘ Model ‘ Evaluate|Lng |
Source: @ Spreadsheet © ARFF (O ODBC (O RDataset O RDataFile O Library O Corpus O Script

Filename: | (None) =i | separator: D Decimal: D Header
[ Partition ‘ | ‘ |
R . Target Data Type
@nput - @1gnore weight Calculator: l: @ Auto O Categoric © 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 for data mining,
statistical analyses, and data visualisation.

See the Help menu for extensive support 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 2006-2811 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. Craprosoe okuo Rattle

7 OTKHHYTBLCSA HA CIUHKY Kpecia. 13-3a 60JIBIIOro KOJIu4ecTBa, 3aBUCH-
MOCTEH yCTAHOBKA 3aHUMAET MHOI'O BPEMEHH.
Sanyck GUI mpousBoanuTcss Kak OOBITHO:

> library(rattle)
> rattle()

B.7. rpanel

[Taker rpanel — 3T0 mpocTasi U OJHOBPEMEHHO BBICOKOYPOBHEBasS HAJI-
crpoiika Haj R, Hanucannas B oM uucie Ha sibike Tcl/Tk. Dr1o me GUI
B CTPOIOM CMBICJIE CJIOBa, a cKopee cpezctBo (toolkit) mast Toro, aTo6bl
caMocToATeNIbHO co3/1aTh npocthie GUI, KoTOpble OTOM MOXKHO HCIOJIb-
30BaTH JIJIsT MHOXKecTBa Tesieit. Camoe, HABEPHOE, BAYXKHOE PEUMYIIECTBO
rpanel — BBl MOXKETE CJIEJIATH IPabUIECKOe IIPUIIOZKEHNE 10]] KOHKPETHYIO
3aJ1a9y BCETO 3a HECKOJIHKO MUHYT!

Ecisin naker rpanel orcyTcTByeT B CHCTEME, TO HAJIO €0 CKAYaTh U yCTa-
HOBHTB C IIOMOIIBIO KOMaH bl install.packages ("rpanel"). Ilocse sToro
MOKHO 3aIrpy3UTh caMy OMO/IMOTEKY:

> library(rpanel)
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Jloruka MCIIOJIb30BAHUSI IIAKETA, JOBOJIBHO IIPOCTa.:

1. C nomompio dyHknun rp.control HYXKHO CO3/IaTh 00bEKT panel u
OOBSIBUTH B HEM HY:KHBIE HaM IIepeMeHHBIE.

2. Jlajree HeoOXOIUMO «HACEIUTH» O0BEKT rpanel pPas/IMIHBIMU dJIEMEH-
ramu rpadudeckoro unrepdeiica (MOI3yHKAME, KHOIKAMUI, KAPTUH-
KAMW U T.JI.) U CBSI3aHHBIMU C HUMH [I€PEMEHHBIMIL.

3. B camowm komrie Tpebyercs ompeaenTsb QyHKIINIO, KOTOpasi OyIeT Bbl-
IIOJIHATBHCA B OTBET HA B3aI/IMO,ZLeI>‘ICTBI/Ie II0JIB30BaTEJIA C Fpa(bI/I‘IeCKI/IM
naTEepdEiicoMm.

Paszbepem npocreiinmuii mpuMmep, B KOTOPOM (PYHKIIHsT BBIBOIUT Ha SKPaH
OJTHO W3 JIBYX: MJIM TUCTOTPAMMY TIOJTY Y€HHBIX JIAHHBIX, UJIU «SIIIAK-C-yCAMU>
(BOKCIIIIOT) B 3aBUCHMOCTH OT BHIOPAHHOTO 3HAYEHUS B dJieMeHTe rp.radio-
group (puc. 71).

O0bsiBUM 00bEKT panel u JIaHHBIE, KOTOPBIE OyIeM 0TOOpParsKaTh:

> panel <- rp.control(x=rnorm(50))

Temepsp moMecTM B panel mepekaiovdaTes b rp.radiogroup U CBsKeM
€ro ¢ nepeMeHHoOi plot.type u ¢ dyHkiwmei hist.or.boxp:

> rp.radiogroup(panel, # caM 06beKT

+ plot.type, # mepeMenHas

+ c("histogram", "boxplot"), # 3HaYeHUH IepeKINYATENS
+ title="Plot type", # HasBaHUe IepeKiodYaTels
+ action=hist.or.boxp) # momp3oBaTeNnbCKad OGyHKIUSA

B zaksiouenue o6bsgBuM DYHKIUIO, KOTOPast OYJET BBIIOJTHATHCS B OT-
BET HA B3aUMOJEHCTBUE C MTEPEKIIOYATETEM:

> hist.or.boxp <- function(panel) {

if (panel$plot.type == "histogram")
hist(panel$x)

else
boxplot (panel$x)

panel

+ + + + + +

}

Ternepb Bce rOTOBO. ¥ HAC €CTb T'OTOBAs HAHED C IIEPEKIIIOUATEIEM, KO-
TOPBIN B 3aBUCHMOCTH OT BBIOOpA MOKAaXKeT JIUO0 TUCTOrpaMMy, 00 OOKC-
ILJIOT.
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R Graphics: Device 2 (ACTIVE)

Histogram of panel$x

2

Flottype—————————————;
4 histogram
~ boxplot

15

10

Frequency

panel$x

Puc. 71. IIpumep mpocToro mepexrouaTesist

B.8. ESS u apyrue IDE

Teneps moropopum He 0 GUI B y3KOM CMBICJIE CJIOBa, a O TaK Ha3bIBae-
MBIX cpesicTBax paspaborku, IDE (integrated desktop environments), o
KOTOPBIMIA OOBITHO TOHUMAIOTCS CHJIBHO PACITHPEHHBIE TEKCTOBBIE PeTaK-
TOPBI CO BCTPOECHHBLIMU CPEACTBaMM KOMITNJIANINN, aHaJIn3a UCXOJHOI'O KOJa
" T. I,

Tyt npex e Bcero Ha 1o BecnomunTh ESS (http://ess.r-project.org).
ESS — 310 crenmanusupoBaHHasi MHTEPAKTUBHAS CpPeJia WU MOJa, JJIsl pe-
makropa Emacs. ESS sBisiercst cokpamenuem ot dpasbr «FKmacs Speaks
Statistics», KOTOPyI0 MOXKHO IepeBecT Kak «Emacs roBoput Ha si3bIKe CTa-
ructuku». Ilaker ESS nomiep:kuBaer He TOJIBKO CUCTEMY CTATHCTUYECKOIO
anaim3a R, HO m MHOTHE JpyTrHue cTaTucTHIecKue cpebl. [Ipu ycranoske ma-
kera ESS (Tak, Kak 970 NPUHATO B BamejicucreMe) u 106aBIEHUN CTPOYKU
g nannuasmsanuu ESS B /. emacs

(require ’ess-site)
penakTopy Emacs craHoBATCS TOCTYIIHBI JIBE JOMOJTHUTEIbHBIE MOJIbI:
e Moaa ESS, xoropasi mpenHasHatdeHa IJIsT PEIAKTUPOBAHMS MCXOI-

HBIX (DailyIoB ¢ UCHOJb30BaHIEM KOMaH[ R (BKJIIOUasi JOMOJHATE b
HYIO TIOIIEPXKKY IIJI PeIaKTHPOBAHUS Rnw-daiiios), n


http://ess.r-project.org
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e Moga iESS — 3amena obbrunoit R-xoncoum.

Nurepuperarop R 3amyckaercst ¢ nmomornbio komauibl «R»: Alt+X, a
s3areM R u Enter. Ilpu crapre cmparmmBaeTcss 0 MECTOIIOJIOXKEHUN paboueit
JUPEKTOPUH JIJIst OTKPBhIBaeMOil ceccun R, a 3aTem oTobpazkaercst CTaHIapT-
Hoe R-mipurmnamntenne. MokHO napaJsjieibHO 3allyCTUTh HACKOJIBKO CECCHil, a
TaKzKe 33J1efiCTBOBATh YIaJeHHbI KoMIbloTep (KoMaH a ess-remote). Pa-
6oTa B 3TO# MOJIe TOYTH HUYEM HE OTJIMIACTCS OT KOHCOJIU, 38 UCKJIFOUCHUEM
HAJIMYHs CTAHJIAPTHBIX BO3MOXKHOCTEN peJlakTUpoBaHus Tekcta B Emacs u
JIOIIOJIHUTEILHOIO BeroMorareabHoro merto iESS. 3 Hero MoxXHO 1oJIy-
YUTH JIOCTYI K TAKUM UHTEPECHBIM BO3MOXKHOCTSIM, KaK, HAIIPUMED, PeJIaK-
TupoBaHme o0bekToB R. Emacs — 9T0 mpexkie Bcero TeKCTOBBII pemaKkTop,
[I03TOMY TIOJIOOHBIE OCOOEHHOCTH JIEJIAIOT aHAJU3 JTAHHBIX KOM(OPTHEE.

ESS-Moma nnunua msupyeTcs aBToMaTudecku 1pu 3arpyske (aiios ¢
pacmupenueM R. Emacs mpenocraBisieT moJIb30BATENIO MTOJACBETKY CUHTAK-
cHuca, BbIDABHUBAHME HCXOJHOIO KOJa 10 HaxKaTuu Tab, BBIIOJHEHUE OT-
JeIbHBIX CTPOK, (pbparmMeHToB u Bcero daitna B maTeprnperarope R. lo-
[OJIHATEIbHOE MeHIO ESS 103BoJIsSIeT MOJIyYUTh JIOCTYII KO BCEM STHM BO3-
MoxkHOCTsIM. PeakrupoBanne Row-daitinos (cmech WTEX- n R-koman mst
OBICTPOrO COCTABJIEHUsI OTYETOB C MOMOIINBLI0 Sweave) 4yTh Oosiee My/Ipe-
HOe: Mojla KSS akTuBupyeTcsi, TOJBKO KOIJia KypCOp OKa3bIBAETCSI BHYTpH
dparmenToB ¢ R-komangamm.

Tak aTo eciin y Bac ecTh HaBBIKU paboThl B Emacs, To ESS — 510 BepHbIii
BeIOOp. Ho eciti BRI mpesmiovunTaere Apyroil peiakTop, TO pacCTPaAnBAThHCS
ue crouT. [louru Bce «yBaxKarorue cebsi» TEKCTOBBIE PEJAKTOPBI WU Cpe-
bl pa3paboTKM B TOW MM WHOIM cTeneHu nojiepkuBaioT R. Kpome yxe
yrnomstayToro Emacs, Kk TakoBbiM oTHOcsiTca u Vim, u jEdit, u Bluefish,
u SciTE. «Boabmme» IDE, nanpumep Eclipse n Komodo, Toxe umeer co-
orBercTByIomue Moiyau (coorsercrsenHo, StatET, http://www.walware.
de/goto/statet, u SciViews-K, http://www.sciviews.org/SciViews-K/
index.html). ITox Windows ectb 3ameuaresbhbiii pejgakrop 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

IIpunoxxenue B

OcHoBbl mporpamMmmupoBanusd B R

DTO MPUIIOKEHUE — JIJIsi IIPOJIBUHYTOI0» UUTATE/ s, KOTOPBII y2Ke mMe-
€T OIIPEJIEJIEHHBI OIBIT IPOrPAMMUPOBAHUS U XOYET OCBOUTD a3bl IIPOTPaAM-
MmupoBanus B R.

B.1. BazoBble 00beKThI g93bIKa R

JTroboit o6bekT s3bika R nmeer nabop arpubyros (attributes). Dror na-
6op MOXKeT OBITH PA3HBIM JIjIs OOBEKTOB Pa3HOTO BUJA, HO KAXKIBIH 00bEeKT
00s13aTe/IbHO MMeeT JIBA BCTPOEHHBIX aTpudyTa:

e ymHa (length);
e tun (mode).

Cwmbics aTpubyTa «JIMHA» JOCTATOYHO OUeBUIeH. T uir oObekTa — GoJtee
CJIOXKHAs CYIIHOCTh. Tak HampuMep, THI OObEKTa Vector OIpPeIessieTcs
THUIIOM 3JIEMEHTOB, 13 KOTOPBIX OH COCTOMUT.

B.1.1. BekTop

BekTop siBsteTcst mpoCcTeHIuM 00bEKTOM, OOBEINHSIONINM 3JIeMEHThI
oJHOro MpuMUTUBHOrO THIa. Co31aTh IIyCTO BEKTOP MOYKHO IIPU ITOMOIIH
dyukiun vector ():

> v <- vector(mode = "logical", length = 0)

3/ech aprymMeHnT length 3amaeT JJIMHY BEKTOPA (To €CTh KOJINYECTBO
COJIEPIKAIIMXCSL B HEM 9JIEMEHTOB), a mode — IPUMUTHBHBIH TUIT 9JIEMEHTOB.

OObeKkTbl IPUMUTHBHOIO THIIA NUMEric CIyXKaT JJIsd [PeJICTABJICHIS
OOBIMHBIX YUCEN ¢ TIaBaonieil Toukoit. OTMeTuM, ITO, KPOME «OOBITHBIX>
3HAYEeHN!, OOLEKTHI TUIIA NUMEric MOI'YT IPUHIMATD PsIJI ClIeIUaIbHbIX. Ta-
KOBBIMU $IBJISIIOTCsI GecKoHeuHOCTh Inf (KoTopasi, B CBOIO OY€DPEib, MOXKET
ObITh moJoKuTeIbHON nian orpunarenbHoii) u NaN (Not-A-Number). Tlo-
cJIeTHEE CIIVIKUT Ui OTODparkKeHUd DPE3VJALTATOB OIepalliii B TOM CJIydae,
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KOTJIa 9TOT PE3yJbTaT He OlpejiesieH (HalpuMmep, JeJIeHne HOJis Ha HOJIb,
BbIUUTAHNUE U3 GECKOHEYHOCTH U T.II.)

Eme ogno crienmanbaoe 3nadenne, NA (Not Available), cayzxut st 0106~
parkeHusl <IIPOIYCKOB» B JAHHBIX. VICIIOJIb30BaHUE OTIE/JIHHOIO 3HAYCHIUSI
JIJISI TIPOIYIIEHHBIX HAOJIIOAEHII [T03BOJIET PEIIUTh YHUBEPCAILHLIM 00pa-
30M MHOXKECTBO IpobJjieM mpu pabore ¢ peajbHbIME jgaHHBIME. Cpa3sy ke
OTMETHUM, YTO 3HadeHre NA MOTyT NPUHUMATh OObEKTHI JIIOOOIO IPUMUTHAB-
HOI'O THIIA.

OObekTH! THIIA complex coep:KaT KOMILIEKCHBIE YnC/ia. MHUMAasT 9aCTh
KOMILJIEKCHOT'O YHCJIa 3aIlUChIBAETCS C CUMBOJIOM 1 Ha KoHie. IIpumepom
KOMILIEKCHOTO BEKTOPA JJIUHBI 3 MOMKET CJIyKUTh

> c(5.0i, -1.3+8.731i, 2.0)

KoMmmiekcuble BEKTOPHI MOTYT MPUHUMATH T€ K€ CIIENUAJIbHBIE 3HATe-
HUA, 9TO U YUCJIOBBIC.

O06bekTh! THIIA [0gical MOTYT IPUHUMATE OIHO U3 Tpex 3Hadenunii: TRUE,
FALSE u NA. Kpome sToro, cymectByorT (B OCHOBHOM B IeJIsIX OOpaTHOI
COBMeCTI/IMOCTI/I) riobasbHble TepeMerdble T u F, nMerorne 3uadenne TRUE
u FALSE COOTBETCTBEHHO.

Kaxprit sslemenT BekTOpa THHA character siBIsieTCsi, KaK CJIE/lyeT U3
Ha3BaHUs TUIA, CTPOKOH. Kaxknas Takas CTpOKa MOXKET UMETh ITPOU3BO/Ib-
HYIO JIJIUHY.

Kak u B si3pike C, cuMBOJI 0OpPATHON KOCOW YEPTHI SBJISETCS CHEIUAb-
HBbIM U IIpeAHa3HadeH Jijls BBOJA TaK Ha3bIBacMbIX escape-110CjeJ0BaTe/Ib-
HocTeii. B wacrrocTH, 00bI9HBIN cuMBOJI 06paTHOiT Kocoit depTs! (backslash)
BCTABJIAETCS IIPU IIOMOIIH [TOCJIEIOBATETLHOCTU «\\», CHMBOJI TAOYJIAIUN —
npu moMmomu «\t», a Iepexosa Ha HOBYIO CTPOKY — IIPHU IMOMOIIHM «\Ly.
CTpoku 3aK/II0YAIOTCS B OJIMHAPHBIE UJIU JIBOIHBIE KaBbIUKA. B cilydae uc-
[IOJTb30BAHNUS JIBOMHBIX KaBbIUEK JIIOOYIO JBOMHYIO KABBIYKY BHYTPH CTPOKH
HEODXOIUMO TIPEJIBAPATH CUMBOJIOM «\». AHAJIOTUYIHO CJIeAyeT MOCTYIATD C
OJVMHAPHBIMU KaBbIYKaMW BHYTPH CTPOKH, 3aKJIIOYCHHON B OJIMHAPHBIC Ka-
Beruku. [Ipu BbIBOZE HA SKPAH BCETJIA UCIOIb3YIOTCH JTBOWHBIC KABBIUKMI.

Bwmecto BerzoBa dyukmm vector () ¢ ykazaHueM TUIA JeMEHTa yI00HO
BBI3bIBATH (DYHKIMH, CO3/IAIONINE OObEKT HY?KHOT'O THUIIA CPa3y:

vl <- numeric(length = 0)
v2 <- character(length = 0)
v3 <- complex(length = 0)
v4 <- logical(length = 0)

VvV V V V

B.1.2. Caoucok

BekTop comepKuT 3/1eMEeHThI UCKIIOYUTEIHHO OJHOTO TUIIA. DTO JIeJIaeT
€ro IIPOCTBIM, HO B TO 7K€ BPeMS HECKOJIBKO OIDaHUYUBaET chepy ero npu-
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MeHeHHs. B 9TOM MOJIHON TPOTUBOIIOJIOXKHOCTBIO BEKTOPY CJIYZKHUT CIHCOK.
Crmcok sBjIsteTcsi 00bEeKTOM THIA 11st, ero JJInHA — 9TO KOJUIECTBO KOM-
[IOHEHTOB, U3 KOTOPBIX OH cOCTOUT. Kark/blii KOMIIOHEHT CITMCKA SIBJISETCS
[IPOU3BOJIBHBIM OOBEKTOM si3bIKa R.

Tak, HarpumMep, EPBBIN KOMIIOHEHT CIIUCKA MOYKET ObITh YUCIOBBIM BEK-
TOpoM JiTMHBI 10, BTOPO#l KOMIIOHEHT — CIIUCKOM, & TPETUM — CTPOKOIi.
Ilycroit crimcok MOXKHO TIOJIy9UTh BBI30BOM (DyHKIUHU vector ():

> 1 <- vector(mode = "list", length = 3)
Crmcok ¢ OHOBpeMeHHOI MHUIaIn3auei cozaaercs pynkmnueir 1ist ():
> 1 <- list(c(1, 5, 7), "string", c(TRUE, FALSE))

OtmesibHBIE KOMIIOHEHTHI CIMCKA MOLYT MMeTh uMs. JIjIst ero sagaHust
HeobxoauMo mepefaTh GyHKImu 1list () mapbl «uMAd—3HAUYCHUEY :

> 1 <- list(A=c(1, 5, 7), "string", B=c(TRUE, FALSE))

IIpeobpaszoBaTh CIMCOK B BEKTOP MOYXKHO KOMaH10# unlist (), a B MaT-
puily — npu nomoru do.call() (cm. Huke).

B.1.3. Marpuiia u MHOroMmepHas MaTpuiia

Kaxk 6b110 0TMEUEHO BBINIE, KaXKIbI 00beKT sI3blka R obiramaer Heko-
TOPBIM HabOPOM aTpubyTOB. ATPpUOYTHI — 3TO CIMCOK, KayK IbIif KOMIIOHEHT
KOTOPOro MMeeT MMsi (MMEHOBAHHBIN CIUCOK). MaTpuiibl sIBJISIOTCS XOPO-
MM TIPUMEPOM IpUMeHeHnst aTpubyToB Ha npakTuke. Tak, marpuna (Mac-
cuB) baKTHUECKH IIPEJICTAB/IsIeT CO00il IIPOCTO BEKTOP C JIOHOJHUTEIbHBIM
aTpudbyToM dim u, ONIUOHAJIBLHO, ATPUOyTOM dimnames.

ATpubyT dim mpejcraBisier coOOil YHCIOBOI BEKTOD, IJIMHA KOTOPOIO
paBHa Pa3MEPHOCTH MATPUIIbI (TaKUM 06pa30M, TUIIMIHAS JIBYMEPHAs MaT-
punia uMeer arpudyT dim JUTHHLL 2). DJIeMeHThl BeKTopa dim MOKa3bIBaIoT,
CKOJIBKO CTPOK, CTOJIOIIOB W T.JI. COAEpPXKUTCA B MmaTpurie. lIpounssenenue
BCEX 9JIEMEHTOB BeKTOpa dim JOJIKHO COBIAQJATh C JJIMHONH oObekTa. AT-
pubyT dimnames ITO3BOJISIET 3aJIaTh HA3BAHME JJIsi KarKIOH pasMepHOCTH
MaTPUIIHI.

Muoromepnasi Marpuria (MHOIOMEPHBIH MacCHB) cO31aeTcst (DyHKIUeH
array():

> a <- array(data = NA, dim = length(data), dimnames = NULL)

3aech data — ucxXomHbIE JAaHHBIE I MaTpUibl, dim, dimnames — 3Ha-
YeHUsI COOTBETCTBYIONMX arpuOyToB. /IByMepHas Marpuna (Kak Hambosiee
9aCTO UCIIOJIb3YEeMblii BU[) MOYKET OBbITh CO3/IaHA IIPU IOMOIIU CHIEIUATLHOT
dbyakmur matrix():



Basoswvie obsexmol asvka R 223

> m <- matrix(data = NA, nrow = 1, ncol = 1, byrow = FALSE,
+ dimnames = NULL)

31ech data — HMCXOJIHOE COJEP:KUMOE MATPHUIIBI, NTow, ncol — KOJIK-
YECTBO CTPOK U CTOJIONOB. APryMeHT byrow MO3BOJISIET 3a/1aTh, KAKUM 00-
pa30M 3aI0JHATH MATPHILY U3 BeKTOpa data: 1o cTosabrmam (1o yMOTIaHuo)
WIN TI0 CTpokKaM. dimnames IO3BOJSIET 3aJaTh HMeHa CTPOK W CTOJIOIOB.
Kpome storo, coznate MaTpuily WM MHOTOMEPHYIO MATPHUILY MOXKHO ITPOC-
TBIM Ha3HadYeHuneM aTpudyTa dim BEeKTOpY:

> v <- numeric(6)

> dim(v) <- ¢c(2, 3); v
[,1]1 [,2] [,3]

[1,] 0 0 0

[2,] 0 0 0

B.1.4. ®akTopsI

O0bekT Tura factor siBjIsieTcst ClIocoOOM IIPeCTaB/IEHIsT HOMIHAIbHBIX
(KaTeropraJibHbIX ) 1 IKAJbHBIX THIIOB JaHHbIX B R. KauecTBennbie janube
[PUHAMAIOT 3HAYEHUs] B HEKOTOPOM KOHEYHOM MHOXKecTBe. [losromy jjist
3aJlaHUsl MOJOOHBIX JIAHHBIX JIOCTATOYHO 33JIaTh 9TO MHOXKECTBO (CI0C00
KOJIMPOBAHUsI TUX JIAHHBIX) — MHOXKECTBO epadayuil, niu yposnetl (levels),
daxTopa. Harre Bcero /s KOAUPOBAHUS rpajgaruil 6epyT oObIYHbIE TUC/TIA.

Coznars hakTop MOXKHO pu nmomotnu ¢pyukiun factor (data, levels,
labels=levels). 3mech data — OTae/NbHBIE 3HAYEHUs, levels — BEKTOpP
BCEX BO3MOXKHBIX 3HAQUCHUI JUid rpajganuil, labels — ONIMOHAJIBHBINA BEK-
TOP, COJIEPIKAIIUI TEKCTOBbIE 0DO3HAYEHUS I'PAJIAIUil, UCIOIb3yeMbIe MIPH
BBIBOJIE (DAKTOpA Ha dKpaH. 3a/aHue JOMOJTHUTEILHO apryMenTa order 1mo3-
BOJISIET TIOJIYIUTDb YIOPSIOUYCHHBIH (DaKTop.

> 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

[1] AABAC

Levels: A<B<<C<DKXKE
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B.1.5. Tabauna gaHHBIX

MaTpuibl ¥ MHOIMOMEpPHBIE MATPHUIIBI MTO3BOJISIIOT XPAHUTH 3JIEMEHTBI
TOJIBKO OJIHOT'O THUIIA U TIOITOMY HE OYE€Hb XOPOIIO IIPUCIIOCOOIEHBI JJIsd Pa-
60THI C peaJIbHBIMU JaHHBIMU. PeasibHble JaHHbIE, KAK [IPABUJIO, [IPEJICTAB-
JIIOT cOO0I HAOOP OJHOTUIIHLIX Habatodenutl. Kazkioe HabI0IeHne, B CBOIO
o4epejib, €CTh COBOKYITHOCTD JIEMEHTOB PA3HOIO THINA (HAIIPUMED, JIJIs Me-
JUIMHCKAX JAHHBIX XapaKTepHO HAJUUYMe IOJIST «HAMsi» CTPOKOBOI'O THIIA,
KaTeropuaJibHOrO MOJIs «I0JI» ¥ YHCJIOBOIO TOJIsl «BO3PACT» ).

Takum obpazomM, momernast OTJEIbHbIE HADJIIONEHNUS] B CTPOKH, ITPUXO-
JIUM K CBOeOOpa3HOi MaTpuie, mabiuue JaHHbLT, B KOTOPOI 3JIEMEHTHI B
OJTHOM CTOJIOIE JIOJI2KHBI 00s13aTe/IbHO MMETh OIMHAKOBBIM TUII, HO 9TOT THII
MOKeT MEHSIThCA OT CTOoJIOna K crosbiyy. B crarucrudeckoit guteparype
TPAJIMIMOHHO OT/Ie/IbHOE HabJIIOAEHNEe HAa3hIBACTC UHOUBUIOM, 8 CTOJIOELL C
JAHHBIMU — NPUSHAKOM.

C apyroii cropoHbl, 00bekT «rabiuia gaHHbx» (data frame) moxker
paccMaTpUBaThCs KAK OOBIYHBII CIIUCOK BEKTOPOB OJIMHAKOBOIT JI7TMHBL (CO6-
CTBEHHO, OH TaKOBBIM U siBjsieTcsi). Co3marh Tab/Iuily JTaHHBIX MOXKHO MIPH
nomortu ¢pyuknun data.frame(..., row.names = NULL).

B kadecTBe apryMeHTOB 3/€Ch IIEPEIAIOTCs CTOJIOIBI CO3/IaBAEMOr0 Ha-
6opa JAHHBIX MO0 B BHIE Map THUMIA UMA = 3HGYEHUE, JTUOO IIPOCTO «KaK
ecTb» (B TAKOM CJIydae CTOJIOEI MOy IUT AaBTOMATUIECKN HA3HATAEMOE UMST
V1, V2, ...). ApryMeHT row.names I03BOJIsIET 33JIaTh BEKTOD C HA3BAHUSIMU
JIsl OTJIEJIbHBIX CTPOK (KOHEYHO, ero JjInHa O0sS3aTeIbHO JIOJIZKHA COBIIA~
JIATh C JIJIMHON BEKTOPOB JIAHHBIX, & CAMU UMEHA HE JIOJIZKHBI [IOBTOPSITHCS ).

OrmeTuM, 9TO BGOJIBIMUHCTBO OOBEKTOB MOI'YT OBITH IPEOOPA30OBAHBI B
obbekT Tuna data.frame «ecTeCTBEHHBIM» 0OPA30M, HAIIPUMED:

> data.frame(matrix(1:6, nrow = 2, ncol = 3))

X1 X2 X3
11 3 5
2 2 4 6

B.1.6. Bripaxkenue

Aszpik R mpemocTaBiseT M0CTYyI K KOHCTPYKIIMSAM CaMOTO sI3bIKa. Tak,
dyHKIMs, Kak Oy/IeT OIUCAHO Jajiee, siBjisieTcss o0beKToM Tuna function,
IIPUIEM €0 COIEPKUMOe — 3TO MpocTo Ko pyukiun. [losromy ¢ pyHKIMSI-
MU MOYKHO B HEKOTOPOM CMBICJIE PAbOTATh KaK ¢ OOBIKHOBEHHBIMU IT€PEMEH-
HBIME ([I€PEHMEHOBBIBATD, TI€PEJIABATH B KAUECTBE apryMEHTOB, COXPAHATD
B CIIFICKH ¥ T. JI.)

OObekT THITa expression IpeJCTaBIIsIET CODOH €Ie He GbINOAHEHHOE
BbIpazKeHNe S3bIKa R, TO ecTh HMONPOCTY CTPOKY WM HAOOP CTPOK KOJIA.
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Takne BbIparkeHusi MOXKHO BBINIOJIHATL WM, B Oojiee oOIeM Cjytdae, MOJ-
CTaBJIATH B HUX 3HAUEHWS KAKUX-JIUOO IEPEeMEHHbBIX, [IPeo0Pa30BbIBATD U
T. 1. Co3maTh BhIpayKeHne MOXKHO TIPU MOMOIIH (hYHKINN expression():

> e <- expression((x + y) / exp(z))
>x <-1; y <- 2; z <- 0; eval(e)
(1] 3

Ee aprymenTtom siBiisiercst Bbipaxkenue sizbika R. BoramcianThb BhIpazke-
nre Moxkuo 1pu momomu dyuknuu eval(). [lo ymoruanuio nepemMeHHbIC
JIJIST TIOJICTAHOBKY OEPYTCst U3 TEKYIIEro OKPYKEHUsI. JTO MOBEJICHIE MOXKHO
[IEPEOIIPE/IENIUTD, IIepe/iaB TpebyeMoe OKPyKEHHEe Yepe3 apryMeHT envir.

B kadecTBe npuMepa HETPUBHAJIBLHOI'O ITPEOOPA30BAHUS BBIPAYKEHHT OT-
MeTuM (PYyHKIUIO CUMBOJIbHOTO Juddepentuposanust D(), mepBbIM apry-
MEHTOM KOTOPOH SIBJISIETCsT BhIparkeHne, KOTOpoe HeobxommMo auddepeH-
[IAPOBATh, & BTOPBIM — Ha3BaHME MepeMeHHON TudepeHImpoBaHus:

> e <- expression((x + y) / exp(z))
> D(e, "X")
1/exp(z)

PezynbraTrom dyuxnuu D() cHOBa siBisieTcs OOBLEKT THUIA expression.

B.2. Oneparopsl goctyna K JaHHBIM

Bce onepanuu goctyma K JaHHBIM MOXKHO PA3JIE/INTH HA JIBE KATETOPUU:
u3eaeverus U 3amensl. B IepBoM ciydae onepaTop J0CTyIIa K JaHHBIM CTO-
UT CcIIpaBa OT olepaTopa MPUCBANBAHUSI, BO BTOPOM — CJIEBA:

value <- x[sub] # usBmedernue
x[sub] <- value # zamMeHa

Xors JanpHelie npuMepsl U OYIyT, KaK IIPABUJIO, OIMUCAHLI B TEPMU-
HaX OII€PAINU U3BJICUYEHHs, CPA3y K€ CTOUT OTMETUTD, YTO BCE HUZKEOMCAH-
HO€ [IPUMEHVMO U K Ollepalluy 3aMeHbI (eCJIU SIBHO He CKa3aHO OOPATHOIO).

B.2.1. Onepatop [ ¢ HMOJIOXKUTEJTBHBIM apryMeHTOM

Omneparop «onuHapHAs JeBas KBJIpaTHAsT CKOOKAa» CIYXKUT JJIsT U3BJIC-
YeHNs 3JIEMEHTOB C MHJEKCaMM, COOTBETCTBYIOIMMU 3JIEMEHTaM IepejlaH-
HOrO BekTOpa. Hampumep, ciieyrorias KOHCTPYKIIUSA U3BI€YIET U3 BEKTOPA
V IIepBbIE 3 dJIEMEHTA:
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> v <- 1:5
> v[1:3]
[1]1 123

Pesynbrat nmeer Ty ke JjinHYy, 9TO U BeKTOp WHAEKCOB. Hukaknx orpa-
HUYEHU HU Ha JJIMHY, HU HA COJIEPIKUMOE BEKTOPA UHJIEKCOB HeT (TaKuM
06pazoM, 060 HHIEKC MOYKET BCTPEIATHCS TPOM3BOJILHOE 4ncio pa3). VH-
JeKchl, papuble NA, man mMeroIe 3HadeHne OOJbINe, UeM JJINHA BEKTOpa,
OPUBOJAT B pe3ysbrare K NA (Wi K IyCTBIM CTPOKAM ).

B ciygae mcmosib3oBaHmsI OnEpariuy 3aMeHbl JJINHA Pe3y/IbTaTa paBHa
MaKCUMAaJbHOMY HHJIEKCY. DJIEMEHTBI, 3HAUEHHEe KOTOPBIM HE IIPHCBOEHO,
oJIy4aroT 3HadeHne NA:

> v <- 1:5

> v[10] <- 10

> v

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

B.2.2. Onepatrop [ ¢ oTpunareJibHbIM apryMeHTOM

B cnyudae, Korzia BEKTOp HHIEKCOB COIAEPKUT OTPUIATEIbHBIC 3HAUCHUSI,
PE3YIIBTAT COIMEPIKUT BCE JIEMEHTHI, KpOMe yKazaHHBIX. Hampnmep:

> v <- 1:5
> v[-c(1,5)]
[1] 2 3 4

Hynesbie, oBTopsitoruecs: u HHIAEKCHI OOJIbINE JIJIMHBI BEKTOPA UTHOPH-
pyiorcsa. Ipormyiennbie 3Ha49eHnsT B WHIEKCAX TPUBOIAT K OMMOKE, PABHO
KaK U CMECh IIOJIO?KATEJIbHBIX U OTPULATEIbHBIX HUHJICKCOB.

B.2.3. Onepatop [ co CTPOKOBBIM apryMeHTOM

B kadgecrBe NHJIEKCa MOXKHO HUCIIOJIb30BaThb CTPOKY. B TakoMm cjryvae 110-
HCK 3JIEMEHTOB MAeT He II0 HOMEPY, a I10 UMEHH.

> v <- 1:5

> names(v) <- c("first", "second", "third", "fourth", "fifth")
> v
first second third fourth fifth
1 2 3 4 5

> v[ic("first", "third")]
first third
1 3
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B.2.4. Oneparop [ ¢ jJorudeckuM apryMeHTOM

TunuaabIM TPUMEPOM UCIIOJIB30BaHUA OoepaTopa [ ¢ JIOTMYeCKUM BEK-
TOPOM B Ka4eCTBE apryMeHTa sBJISeTCA KOHCTPYKIIAS BUAA

> v[v < 0],

U3BJIEKAIONIAsl U3 BEKTOPA V TOJLKO OTPUIATEIbHBIE djeMeHThI. [Ipes-
roJsiaraeTcs, 9TO JJINHA apryMeHTa COBIIaIaeT C JJIMHOI BEKTOpa, B IIPOTUB-
HOM CJIy9ae apryMeHT IMOBTOPSETCS CTOJBKO Pa3, CKOJIbKO HEOOXOIUMO s
JOCTYKEHUS JITMHBI BEKTOPa. B pe3y/ibrar monajgaioT TOJIbLKO Te JIEMEHTDI
BEKTOPA, 3JIEMEHT BEKTOpa WHJEKCOB JIjisd KOTOPLIX coBnajaeT ¢ TRUE. MH-
nekc NA Boibupaer siemenT NA (¢ «HukakuM» uHjekcoM). Takum obpasom,
JUTMHA Pe3yJIbTaTa COBIAAaeT ¢ o0muM KoamdecTBoM uHaekcoB 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

OrmeTnM, 9TO B CIydae 3aMeHbI WHIEKChI NA TOIyCKAOTCs, TOJIBKO €CJIN
JUTMHA BEKTOPA, CTOSIIEro ClipaBa 0T ollepaTopa IpucBanBaHusi, paBHa 1 (B
IIPOTUBHOM CJIy4ae HENOHSATHO, CJEAYyeT JIA NCIOJIb30BaTh OYEePEIHON 3Ie-
MEHT 3aMEIIAIOIIEro BEKTOpa WU HeT; IPU JJIMHE 3aMelaloliero BeKTOpa
= 1 9Ta HEOHO3HAYHOCTH, OYEBH/IHO, HE BJIMsIET 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)] <- O
> v

(1] 0 2 0 4 0 6 0 8 010 012 014 0 16 0 18
020 022 024 O

[26] 26 028 030 032 034 036 038 040 0 42
044 046 048 0 50

B.2.5. Oneparop $

OHepaTop $ CJIIYy2KHUT JIJId U3BJICYCHUA OTAEJIBHOI'O dJIEMEHTa U3 CIIUCKA.
CuHTAKCHC OYeHD IIPOCT: CJIEBa OT 3HAKa $ CTOUT CIIMCOK, 3JIEMEHT KOTOPOIr'o
cjieyeT U3BJji€9db, a ClIIpaBa — UM U3BJIEKAEMOI'O 3JIEMEHTA:
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> .Machine$double.eps
[1] 2.220446e-16

Oneparop $ obiagaer OJHON IOJIE3HONH OCOOEHHOCTBHIO: MM 3JI€MEH-
Ta HET HEOOXOIUMOCTH IepeIaBaTh IIOJHBIM, JOCTATOYHO JIUIIb IpeduKca,
OIIPEIEJISIONIEr0 HY XKHBIH 9JIEMEHT OJHO3HATHO.

> .Machine$double.ep
[1] 2.220446e-16

B ciyuae, eciim 37eMeHT He OIpeessieTcsl OJHO3HAYHO, OyIeT BO3Bpa-
meHo 3Hadenne NULL:

> names(.Machine) [grep("double.e", names(.Machine))]
[1] "double.eps" "double.exponent"

> .Machine$double.e

NULL

Crenyet, oqHaKO, IPEJIeIbHO OCTOPOXKHO OOPAIIATHCS C HEITOJTHBIMU HMe-
HaMU IIPU BBITOJHEHUN 3aMEHbI: IIPOU30HIET T00aBIeHIE H0B8020 3HAUEHUST
¢ KopoTkuM uMeneM. Crapoe 3HaYeHUE C ITOJHBIM UMEHEM OCTaHeTCsl Hem3-
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 8 910
$a

[11 1 23

B.2.6. Oneparop [[

Boobmie rosopsi, oepatop $ MoxKeT OBITH yIAaJIeH U3 si3blka 0e3 moTepn
Kakoii-mbo dyarnuoHaspHOCcTH. Oneparop [[ mosBosisier oCyiecTBIsTH
BCe Te Ke olepaluu u jaxe boJibiie. Boipaxkenune Tuna .Machine$double. eps
[IOJTHOCTHIO dKBHUBaJIeHTHO .Machine[["double.eps"]]. IlepBoe, npasia,
KOpo41e Ha 5 CHUMBOJIOB U BBIIVIAJUT KaK €JIHNHO€e IIeJIoe.
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Omneparop $ He MOXKeT OBITH MCIIOJIB30BAH, €CJIN JIEMEHT CIIUCKA HE NMe-
€T UMEHH: JOCTYII IO MHIEKCY BO3MOMKEH TOJILKO IIOCPEICTBOM OIEPATOPa
[[. Kpome sToro, oneparop [[ ciemyer mpuMeHATbH B TOM Cjaydae, KOTIa
HHTEpeCyIoIee HAC UMl 3JIEMEHTa Y2Ke COIEPXKUTCI B HEKOTOPOi ImepeMeH-
HOIA:

> 1 <- list(A=1:10)
> cname <- "A"
> 1$cname

NULL
> 1[[cname]]

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

OrMeTnM Tak»Ke, 9TO 110 YMOTIaHuo oneparop [ [ Tpebyer TouHOro coB-
HAJCHUS MIEPEIAHHOI0 HA3BAHMS 3JIEMEHTA. JTO IMOBEIACHHE MOXKHO IIepe-
OIIPEIEJINTD IIPHU IIOMOILIN apryMeHTa exact:

> 1 <- list(abc=1:10)

> 1%a

[1] 1 2 3 4 5 6 7 8 9 10
> 1[["a"]]

NULL

> 1[["a", exact=FALSE]]
[1] 1 2 3 4 5 6 7 8 910

Heobxoaumo Bcersia mMeTh B BUY BaKHBIM (DaKT: pa300paHHBIN paHee
oneparop [ paboraer He TOJIBKO ¢ BEKTOpaMU, HO U cO crimckamu. Orimane
3aKJII09aeTcsI B TOM, 4To onepaTop [ [ Bcersia Bo3BpalaeT saemenm cnucka,
a [ — cnucox:

> .Machine[[1]]
[1] 2.220446e-16
> .Machine[1]
$double.eps
[1] 2.220446e-16

Kpowme sToro, apryment omneparopa [[ Bcerma mmeer mymny 1, a apry-
MEHT oneparopa [ MoxkeT ObIThH BEKTOPOM C CEMAHTUKOM, OIMMCAHHON BBIIIIE.

B.2.7. Hoctyn K TaOJMYHBbIM JaHHBIM

Tabauuable JaHHBIE, OPTAHN30BAHHBIE B MATPUIILI MJIM TaOJIUIBI JAH-
HBIX, MMEIOT CBOU IIPABUJIA JOCTYIA: KaxKI0€ M3MEPEHUE MOYKET ObITh MH-
JIEKCUPOBAHO HE3aBUCUMO. BEeKTOp MHIEKCOB IS KayKI0I0 U3MEPEeHUS MO-
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2KeT IPUHUMATD JIFOOYIO 13 (POPM, JIOIIyCTUMBIX J1jisI oriepaTropa [, Kak ObL10
OIIMCAHO BBIIIE (XOTsI BEKTOPBI CTPOK OYJIyT MHJIEKCUPOBATH HE MMEHA 3Jie-
MEHTOB, a NUMeHa U3MEPEHHil)

> state.x77[1:2, c("Area", "Population")]
Area Population

Alabama 50708 3615

Alaska 566432 365

B cayuae ecom oo (wiim 6oJibiiie) u3MepeHue pe3ysbrara Oy1eT UMeTh
muHy 1, TO 9T0 u3MepeHue Oy/IeT «CXJIOMHYTO»: TaK, HUXKE BUJIHO, ITO

> state.x77[1:2, "Area"]
Alabama Alaska
50708 566432

ABJIAETCA BEKTOPOM, a He ManHHeﬁ. Ecim takoe ImoBeaeHne HexkeJjla-
TEJIbHO, TO €0 MO?KHO II€PEOIIPEJIC/INTL 3aJJaHNEM apryMeEHTa dI‘OpI

> state.x77[1:2, "Area", drop=FALSE]
Area

Alabama 50708

Alaska 566432

Tak Kax MaTpHUIlbl ABJISIIOTCA OOBIYHBIMU BEKTOPAMU, TO UX JIEMEHTbI
MOXKHO UHJIEKCHPOBATD I10 HOPSIIKY TaK Ke, KaK eCJIi Obl M3MEePEHUsT OTCYT-
crBOBaU. JIByMEpHbIE MATPUIIGI TIPU STOM HHIEKCUPYIOTCH IO CTOJIOIAM;
MHOI'OMEPHBIE — TaK, 9TO IEePBOE M3MEpPEeHHe MeHsIeTCsl HanboJiee 9acTo, a
rocjiegHee — HamboJIee PEIKo:

> m <- matrix(1:6, nrow = 3)
> m
[,1]1 [,2]

[1,] 1 4

[2,] 2 5

[3,] 3 6
> m[2:4]

[1] 2 3 4

Takast rMOKOCTb OY€Hb YaCTO NPUBOAUT K TPYIHOYJIOBUMBIM OITHOKAM
B CJIydYae IPOIyCKa 3alsiThIX IPU WHIEKCUPOBAHUU.

O6bekT Tuna data.frame siBjsieTCs OOLIYHBIM CIIMCKOM U3 BEKTOPOB,
[IO3TOMY JOCTYI K HEMY IpPHU IIOMOIIM OIlepaTopa [ aHAJIOIMYeH JOCTYIy K
CITVCKY.
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B.2.8. IlycTbie nHaEKCHI

OtnesibHBIE HHIEKCUPYIONINE BEKTOPBI MOI'YT OBITH OIYINEHBI. B Takom
cllydae BBIOMpaEeTCsl Bce U3MEpPEHHe U HeT HEOOXOIMMOCTH JIOIOJTHUTEIHLHO
y3HaBaTh ero pasmep. Hanbosiee 1acTo 9TO UCHOIB3yETCs TPU BHIOOPKE OT-
JEJIbHBIX CTPOK MJIN CTO.H6LLOB n3 MaTpunbI:

> m <- matrix(1:6, nrow = 3)
> m[c(2,3), ]
[,1]1 [,2]
[1,1] 2 5
[2,] 3 6
> m[, 2]
[11 4 5 6

[Tycroii uHEKC MOXKHO UCIOJIB30BATh U ¢ BEKTOPaAMU (OCTOPOXKHO!):

> v <- 1:10
> v[] <- 0
> v

[1] 0000000000O0

3aMeHsieT Bce 3JIeMEHTHI BeKTopa v Ha (), HO IPU 3TOM COXpaHSeT BCe
arpubyThl (HAPUMEp, UMEHA OTJIeJbHBIX JIEMEHTOB). B HEKOTOPBIX ciryda-
sIX 9TO MOXKET OBITH 00Jiee MPEITOUTUTENIFHO, YeM, CKaXKeM, KOHCTPYKITUS
BUJIQ

> v <- rep(0, length(v))

B.3. ®ysknuu u apryMeHTbI

QyukImy ABIdgI0TCH o0bekTamu Tuita function. Ejmncreennoe ux or-
JITYME, CKaykKeM, OT BEKTOpa 3aK/II0YaeTCs B HAJIMYUHU B A3BIKE JOIIOJIHU-
TesibHOTO oneparopa Bbr3oBa dyuknun (). Co3mars QYHKIUIO MOXKHO [IPH
romoru Bbi3oBa dyHkIimy function():

function(arglist) expr

3rech arglist — CIOUCOK apTyMEHTOB B BUJE MMEH WU AP UMA = 3H0-
yenue, a eXpr — OOBEKT THIlA eXpression, COCTABJISIONMI Teso (ByHK-
uuy. BeimosHeHne (hyHKIUH IPOUCXOAUT 0 BbI3oBa PyHKIUEM return(),
apryMeHT KOTOPOW CTaHOBHUTCSI BO3BPAIAEMbIM 3HAUYEHHEM, JIUOO 0 BbI-
[TOJIHEHUS IIOCIEIHEr0 BhIpaskeHusi B Teje byHKnuu. B mociemgHeM cirydae
MMEHHO 3HaJeHHe IOCIEIHETO BhIpaXKeHnsT OyIeT BO3BPAIIEHO U3 (PYHKIIUH.
Bosppaimaemoe 3HadeHne MOXKHO 3aMacKHpPOBaTh IIPU IIOMOINU (DYHKIIIH
invisible().
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> norm <- function(x) sqrt(x¥%*%x)

> fib <- function(n)

+ A

+ if (n<=2) {

+ if (n>=0) 1 else O

+ 3}

+ else {

+ return(Recall(n-1) + Recall(n-2))
+ 3}

+ }

Ob6paruTe BHUMaHUE Ha KCIOJIb30BaHUe (PUTYPHBIX CKOOOK. Hecmorpst
HA TO YTO BO MHOT'HX CJIyYasiX OHH MOT'YT OBITBH OIYIIEHBI, Mbl PEKOMEH/TY-
€M HUX HUCIOJIb30BaTh Yallle, 0COOEHHO i (PYHKIINN, ITUKJIOB U YCJIOBHBIX
KoHCTpyKImit. Haobopor, Touka ¢ 3aIsaToil B KOHIIE CTPOKH, XOTs U JOIIYC-
KaeTCsi, HO COBEPIIEHHO He 0DsA3aTesIbHA, U JIydIle ee oiycKaTb. Ormerum
elre UCIo/Ib30BaHne KouncTpykimu Recall () Bo BTopoMm mpumepe. Tak Kak
byHKIUK CyTh OOBIYHBIE [TIEPEMEHHBIE, TO OHU MOT'YT OBITH IEPEUMEHOBAHBI
€CTEeCTBEHHBIM 00Pa30M:

> fibonacci <- fib; rm(fib)
> fibonacci(10)

Koncrpyxkimst Recall () mo3BoJIsieT BBI3BATH «TEKYILYIO (DYHKIMIO» He-
3aBUCUMO OT HCIIOJIb3yeMOI0 MMEHHU, TeM CAMBIM COXpaHsisl PaboTOCIOCO0-
HOCTb PEKYPCUBHBIX (DYHKIIUN JaxKe MMOCje TePeNnMEeHOBAHUSI.

AprymenTbl GyHKINIE MOXKHO pasdesuTh Ha 00sg3aTeIbHbIE U Heobsa3a-
TEJIbHBIE. Ha.HI/ILII/Ie BO3MOXKHOCTHU IIepe/laBaThb HeO65133,Te.HbHI)Ie APryMeHTbI
(omrun) sIBJISIETCsT OJIHOM M3 OTJIMUUTEJIBHBIX YepT si3bika R.

Tax xkak QyHKINI MOXKET OBITH IEpeaH He BeCh HADOP apryMEHTOB,
TO, €CTECTBEHHO, JIOJI?KEH CYIIECTBOBATH MEXAHU3M HA3HAYEHUA GD2YMEH-
moe. Tak, apryMeHTbI MOI'YT [IepeIaBaThCs 110 UMEHH (M MOCKOJIBKY MX YUC-
JIO KOHEYHO, TO CTaHIAPTHBIE IPABUJIA COKPAIIEHUST UMEH JI0 YHUKAJIBLHOTO
npedukca paboraror u 37ech). Ecth Tak:ke crocob mepegadn apryMeHTOB
10 UX IO3UIUHU B OIEPATOPE BHI30Ba (DYHKIIMH.

Hasnadenue snadenuii apryMeHTaM IPOUCXOIUT B TPH ITAla:

1. ApryMmeHTbl, epelaHHble B BUJE MMaphl UMA = 3HAUEHUE, TMEHA KO-
TOPBIX COBIIQIAIOT SIBHO.

2. AprymeHThI, nIepeaHHbIE B BUJIE TAPBl UMA = 3HAYEHUE, UMEHA KO-
TOPBIX COBIAJIM [0 YHUKAJBHOMY ITPEUKCY.

3. Bce ocrajibHBIE apr'yMEeHThI 110 TTOPAJIKY.
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Kutiouesoe ciioBo «. . .» (ellipsis) mossosster cozgasars QyHKIUE C IPO-
MU3BOJIBHBIM YUCJIOM apryMeHTOB. Kro Hajindne HECKOJIBKO YCJIOXKHSET IIPO-
[eypy Ha3HAYEHUS apryMEHTOB, TaK KaK IPOUCXOIUT Pa3/Ie/IeHhe apry-
MEHTOB Ha T€, UTO HAXOJATCHA 0 TPOETOUMS, U PACIIOJIATAIONINXCS MOCJIE.
Ecim K mepBbIM IPUMEHSTIOTCsT CTaHIaPTHBIE IPABUJIA HA3HAYEHUSA apTyMEeH-
TOB, TO ITOCJIEIHIAE MOXKHO HA3HAYNUTDH UCKJIIOIUTE/IHLHO 110 TOJTHOMY UMEHH,
BCe HEHA3HAUYEHHBIE apIyMEHTHI «CheJIAI0TCA» TPOETOUYNEM U JIOCTYITHBI U3~
HyTpHU (DYHKIWHE B BUJIe NMEHOBAHHOIO CITHCKA.

Kaxk npaBuiio, apryMeHThl (OyHKIIAN, UIYIIHAE IOCIe TPOETOUNS, B CIIPAB-
Ke IIpeJCTaB/IeHbl B BUJE IMaphl UM = 3HadeHme. Kpome Toro, Tak Kak ap-
CYMEHTBHI HA3HAYAIOTCSI 10 UMEHH, TO IIPHU BbI30Be (DYHKIIMU OHM MOTYT Ha-
XOMUTHCST HA JIFOOOM IMO3UINHI, HET HEOOXOANMOCTH IepeIaBaTh UX IMOCJIe]-
HuMu. PaccMorpuM mmpocToit mpumMep:

> f <- function(aa, bb, cc, ab, ..., argl = 5, arg2 = 10) {
+ print(c(aa, bb, cc, ab, argl, arg2)); print(list(...))

+ 3}

> f(argl =7, aa=1, a=2, ac = 3, 4, 5, 6)

(11 1 4 5 2 710

$ac

[1] 3

[[2]1]
[1]1 6

Haznadenue apryMeHTOB 3/1€Ch ITPOUCXOINT TAK:

1. Hazmavatorcss aprymeHTHl argl m aa, Tak Kak UX UMEHa COBIIAJIAIOT
TEJTUKOM.

2. 3HaueHNe apryMeHTy aa y»Ke ObLJIO IMPUCBOEHO Ha IPEIbIAYINEM Ia-
re, MOTOMY ab MoxKeT ObITH HA3HAYEH I10 COBIIAJEHUIO TpeduKca a,
CTaBIIEI'0 YHUKAJIbHBIM.

3. Bcenencrue coBnaieHuss UMeHU JJIsT TIEPEIAHHOTO apryMeHTa ac IIpo-
UCXOMUT JobaBIeHne apryMeHTa K CIUCKY (...). arg2 mnojyvaer 3Ha-
yeHue 110 ymosrdanuto. Ilocsie aToro srama nMeHOBaHHBIX apryMEHTOB
He ocTaeTcd.

4. AprymenTnsl bb u cc Ha3HAYAIOTCS IO TOPSIKY 3HAYeHUSIME 4 1 5
cooTBeTcTBeHHO. AprymenT 6 nobasisiercst K cucKy list(...).

[Ipu oTcyTcTBHE onepaTopa TPOeTOYns BbI30B (DYHKIMM OKAHINBAECTCS
OIMMOKON IIPY NOIBITKE HA3HAYUTh apPIYMEHTHI Ha Imarax 3 u 4.
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QOyukrus args (fun) BBIBOJUT CIIUCOK BCeX aprymMeHTOB dyHKIMHU fun.

B zaksmouenne oTMeTHM €Ille OJHY BaXKHYIO OCOOEHHOCTD, OTIMYAIOINLYIO
R or MHOrUX APYI'uX SI36IKOB IIPOI'DAMMUPOBAHUS: apI'YMeHTHI (DYHKIINI BBI-
YUCJIAIOTCS «JIEHUBO», TO €CTh HE B MOMEHT BbI30Ba (DYHKIINU, & B MOMEHT
UCIIOIB30BaHus (3TOT (PaKT OObICHIETCS TPOCTO: sA3BIK R siBJIsIeTCst HHTEP-
nperupyeMbiM). B ¢Bsi3u ¢ 9TUM Hasio cOBII01aTh GOJIBIITYI0 OCTOPOXKHOCTD,
CKazKeM, IIpH Ilepejiade B KAYeCTBE aPI'YMEHTOB PE3YJIbTaTOB BI30BOB (DyHK-
Uil co CTOPOHHUMU 3DdPeKTaMu: MOPSIOK UX BBI30BA MOXKET OTJIMYATHCS
OT OXKHUJIA€MOT0.

C npyroit CTOPOHBI, TAKOE MOBEJIEHUE O3BOJIAET B HEKOTOPBIX CJIydasiX
CYIIECTBEHHO YIIPOCTUTDH 3a/iaHMe 3HAYEHUI 10 yMOTYAHUIO JJIsl apr'yMeH-
TOB:

f <- function(X, L = N %/% 2)
{

N <- length(X)
do.something (X, L)

+

31ech BbIYHCIEHNE apryMeHTa L npou3oiijier rie-To BHYTPH (DYyHKIUNA
do.something(). K sromy MomeHnTy repemenHoit N y»ke Oy/ieT Ha3HAYEHO
3HaveHue, u Boipaxkenue N %/% 2 Oymer KOPPEKTHO OIPE/IEJICHO.

B.4. IMukjbl 1 ycJOBHBIE ONEePaTOPHI

Kak u MHOrHMe si3bIKM IIporpaMMupoBanusi, R mpegocTapisieT KOHCTPYK-
[{H, [O3BOJISIIONINE YIIPABJIATH HUCIOJHEHHEM IIPOrPAMMBbI B 3aBUCHUMOCTH
OT BHEIIHWX YCJOBHUI: OIEPATOPbI UKJIA W YCJIOBUsl. XOTs, B OTJIAINAE OT
«OOBIYHBIX» SI3BIKOB JIEKJIapaTHBHOIO TporpamMMupoBanusi (Hamnpumep, C),
OHM HUCIIOJIb3YIOTCSI CYIIECTBEHHO PeXKe 10 IIPUIHHAM, KOTOPbIe OYIyT pa3o-
OpaHbI HIXKE.

Vc10BHOE BBITIOJIHEHNE KOJA IPOU3BOINUTCS IIPU IIOMOIIHU oltepaTopa if:

if (cond) cons.expr else alt.expr

3nech cond — JIOTMYECKHII BEKTOp JJIMHBI 1, cons.expr, alt.expr —
BBIPaKEHUs, KOTOPbIe OY/yT BBIIIOJHEHBI B CJIydae, ecjiu cond UCTHHHO WK
JIOZKHO COOTBETCTBeHHO. 3Hadenune NA jyis yciioBus He jionyckaercs. Eciau
JUINHA yCJIOBHs O0JIbIe 1, TO NCIOIB3YeTCsT TOJIBKO NePsuill sAeMenm BeK-
TOPa U BBLIACTCA MPEAYyIPEKICHUe.

Jlanuplilt GakT sBJsIeTCH UCTOYHUKOM MHOIOYHCJIEHHBIX HeJ0pasyMe-
HUil: onlepaTop == paboTaeT IOKOMIIOHEHTHO, I03TOMY B KOHCTPYKIINU BH1a
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if (vl == v2) do.something(vl, v2)

OyJIeT IPOUCXOIUTH CPABHEHHE TOJILKO MEPBLIX 9JIEMEHTOB BEKTOPOB, HO
HE WX COAEP:KUMOTO e IMKOM. OKUIAeMOT0 IMOBEIEHUsT MOXKHO JOCTUYb [TPU
oMot yakimit identical () wim all.equal() B 3aBUCUMOCTH OT TOTO,
TpedyeTcss TOYHOE WA PUDJIMAKEHHOE PABEHCTBO BEKTOPOB.

Hukner B R peanusytorcest mpu nmomotnu orneparopos while u for. Cun-
TAKCUC TIEPBOTO CJIEITY FOTIIHI:

while (cond) expr

3/ech cond — ycJI0BHE BBIIOTHEHHST TeJIa MUKJIA (IPABUJIA BBIIHCICHIS
YCJIOBUSI COBIIRJIAIOT C TAKOBBIMU JIJIs oreparopa if), expr — cobGCTBEHHO,
TEJIO ITUKJIA.

Omneparop for 1O3BOJISET IEPEUUCTUTH BCE JIEMEHTHI ITOCJEI0BATE b
HOCTH:

for (idx in seq) expr

3rech 1dx — nepeMeHHast UKJIA, Seq — [ePeUncsieMast TOC/Ie10BaTe /b
HOCTB, a exXpr — Tejo nukaa. [locmenoBaTessbHOCTL Seq BBIYUCIISAETC 10
IIEPBOTO BBINIOJHEHUA TeJIa UK, €€ IIePEOoIIPeIeJICHUe BHY TP Tesla IAKJIA
He BJIMSIET Ha YHUCJIO0 UTEepalnii, aHAJIOTMIHO Ha3HAUYEHUE KAKOro-Jnbo 3Ha-
JeHus IMepeMeHHO 1dx He BIUAET Ha CJIeAyIoNpe uTepanun MuKiaa. [k
MOXKHO IIpEePBaTh OllepaTopoM break; 3aKOHYUTH TEKYIIYIO UTEPAIUIO U IIe-
peilTu K cileJlyIoneid — onepaTopoM next.

B.5. R kak CYB/I

Hecmotpst Ha TO uTo K R Hamucanbl mHTEPGENHCH KO MHOI'UM CHCTEMAaM
yupasiennst 6azamu jganubix (CYBIL) u jgaxke ecThb crienuasabHBI maker
sqldf, KOTOpPBIl MTO3BOJISIET YIPABAATH TaOJIUIIAMEI JAHHBIX IOCPEICTBOM
koman SQL, crour obparuTh BHuMaHue u Ha 06a30Bble ocobenHocTu R,
MTO3BOJISIIONINE TPEBPATUTD €TI0, TPAKTUIECKH He PACIINpsIs, B OPTaHU3aTOD
CBSI3aHHBIX (PEJISIIIHOHHBIX) TEKCTOBBIX 0a3 JIAHHBIX.

Tem, kT0 3HAKOM € OCHOBaMU si3blka SQL, MOryT mOKa3aTbCs MHTEPEC-
HBIMH COOTBETCTBHSI MKy KOMaHIAMH 1 OIlepaTOpaMMU 3TOTO sI3bIKA U KO-
mangamu R. Hekoropble n3 Hux npusesensl B Tabs. B.1.

CooTBeTcTBUSs 9TU HE OJHO3HAYHBIE U HE aDCOJIIOTHBIE, HO XOPOIIO BUJI-
HO, uTO onepamnyu SQL MoryT ObITh 6e3 0COOBIX ITPOOGJIEM BBITTOJTHEHBI «H3-
HyTpu» R. EMHCTBEHHBIM CEPBE3HBIM HEJIOCTATKOM SIBJISIETCS TO, UTO MHO-
rue u3 3TuX (QYHKIUN BBIIOJIHAIOTCS BechbMa MeljieHHo. ['pemmT stum u
odeHb BaxkHadad pyvHKIUA merge (). KOTOpad IMO3BOJLET CBA3BIBATHL PA3HbIE
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SELECT [ u subset()

JOIN merge ()
GROUP BY | aggregate(), tapply()

DISTINCT | unique() u duplicated()

ORDER BY | order(), sort(), rev()

WHERE which(), %inj, ==
LIKE grep()

INSERT rbind ()
EXCEPT ' -

Tabsuna B.1. Hekoropeie (ipuMepHble) COOTBETCTBUS MEXK/LY OllePATOPaMU
u koMaugamu SQL u dyrkmusmu R

TabJINIBl HA OCHOBAHUU OOINEH KOJIOHKU (<«KJI0Ya» B TEPMHHOJIOrHU 0a3
JIAHHBIX ).
Bot nmpumep nosb3oBarebckoit pyHKIMM, KOTOpas paboraer ObicTpee:

recode <- function(var, from, to)

{

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

}

+ + + + + + + Vv

OHa sres1aer T0, 9ero He yMeeT JieJiaTh BCTpoeHHast pyHKIus replace () ,—
MEePEKOINPOBAHNE BCEX 3HAYEHUI 10 OMPEJIeIEHHOMY MPABUIIY:

> replace(rep(1:10,2), ¢(2,3,5), c("a","b","c"))

[1] "1" ||a|| llbll |l4|l IICII ll6ll ||7|| l|8ll ||9|| "10||
||1|| ll2ll ||3|| l|4|| ||5|l

[16] ||6|| ||7|| ||8|| ||9|l ||10ll
> recode(rep(1:10,2), <(2,3,5), c("a","b","c"))

[1] lllll ||a|| llbll |l4ll “C“ ll6ll ||7|| ll8l| ||9|| "10“
||1|| llall ||b|| "4“ ||C|l

[16] 11611 ||7|| ||8|| |l9ll “10"
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>
>
>

O WN -

\2 + VO O WN - \2

Ok WN -

Kak Bunute, replace () 3aMeHMI TOJBKO IIE€PBbIe 3HAYCHUSI, B TO BPEMs
Kak recode () 3aMEHUT UX BCE
Terieps MbI MOXKEM OIEPUPOBATH HECKOJIBKUME TAOIUIAME KaK OJHOIA.
DTO OYeHb BAXKHO JIjIsi MePapXUIeCKd OPraHU30BaHHBIX JaHHBIX. Hampu-
Mep, MBI MOXKEM pabOTaTbh B PA3HBIX PErMOHAX U BCIOJY JI€JATH MOXOXKUE
oneparnuu (ckaxkeM, 9T0-TO u3MepsTh). Toria yiobHee UMeTh He OJHY Tab-
JINILY, & J[BEe: B IEPBOii Oy/IyT JAHHBIE 10 PETHOHAM, & BO BTOPOH — JaHHBIE
n3MepeHnit 00 beKToB. Jjisi CBA3bIBAHUS TAOJINI] HYy?KHO, 9TOOBI B KaXK 0
u3 HUX ObLIa OJIHA W Ta Ke KOJIOHKa, HAIIPUMep HOMep permoHa. BoT kak
9TO MOXKHO OPIaHU30BATh:

locations <- read.table("data/eq-1l.txt", h=T, sep=";")
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.
1 424 2.3 13 12 2.0
1 339 2.0 11 12 1.0
1 321 2.5 15 14 2.0
1 509 3.0 14 14 1.5
1 462 2.5 12 13 1.1
1 350 1.8 9 9 1.1

V DL.BAZ DL.PER

5 3.0 25
4 2.5 13
5 2.3 13
5 2.2 23
4 2.1 12
4 2.0 15

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.
arvense 1 424 2.3 13 12
arvense 1 339 2.0 11 12
arvense 1 321 2.5 15 14
arvense 1 509 3.0 14 14
arvense 1 462 2.5 12 13
arvense 1 350 1.8 9 9

R R, PN RPN

Z
0
0
.0
5
1
1

DL.TR.V DL.BAZ
5 3.0
4 2.5
5 2.3
5 2.2
4 2.1
4 2.0
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31ech MOKa3aHO, KaK paboTaTh C JIBYMsI CBI3aHHBIMEU TabJIAIAMU U KO-
man10ii recode (). B oxnoit Tabsmie 3anucansl Mecrooburanus (locations),
a B Ipyroif — n3Mepenus pacrenuii (measurements). Hazsanust BujioB ectob
TOJIbKO B IIepBoOil Tabjuie. Ecim Mbl XOTUM y3HaTh, KAKUM BHJAM KAKHE
[OPU3HAKU COOTBETCTBYIOT (CM. TVIABY PO MHOIOMEDHBIE JaHHbIE), TO Ha-
JI0 CJINTH MEPBYIO U BTOPYIO Tabymibl. MOXKHO HCIOJIB30BATD JJIsT TOTO
merge (), HO recode() paboraer ObicTpee u apderTuBnee. Haao TosibKO
[IOMHATH O THUIE JAHHBIX, YTOOBI (DAKTOPHI HE MPEBPATUINCH B IUQPHI.
Kitogom B 9TOM Ccity4dae siBiisiercst Kosionka N.POP (HoMep MecTooOuTaHusl).

B.6. IIpaBuja nepernucbiBaHusi. BekTopusalius

Berpoennsie oneparun s3bika R 6exmopus3osansi, T0 €CTh BBIIOJIHSIOT-
Csl HOKOMIIOHEHTHO. B TakoMm ciiydae J0CTaTOYHO OBICTPO BCTAET BOIIPOC,
KaKHIM 00pa30M OCYIIECTBIISIIOTCS OIEPAII B CJIydae, eCJIU OlePAH/IbI HMe-
I0T Pa3HYIO JUIMHY (HAIPUMEp, [IPU CJIOXKEHUN BEKTOPA JUIMHBI 2 U JJIMHBL
4). 3a 9T0 0TBEYAIOT TaK HA3bIBAEMbIE NPAGUAG Nepenucueanus (recycling
rules):

1. Jlnuna pe3dy/braTa COBIAJAET C JJIMHON OllepaH i HAnOOJIbINeH JIJTu-
HBI.

2. Ecim njunaa omepaHia MeHbIeH JUIMHBI JEJIUT JIIUHY BTOPOTO OITe-
paHJla, TO TaKoil onepaH HOBTOPsieTCs (IIE€PEIUChIBAETCs) CTOIBKO
pa3, CKOJILKO HY2KHO JI0 JIOCTUXKEHUSI JIJIMHBI BTOpOro onepania. Iloc-
Jie 9TOro olepanud IPOU3BOJAUTCH ITOKOMIIOHEHTHO HAJl OIEPAHIaMA
OJ/IMHAKOBOW JIJINHBI.

3. Ecin pnuna onepamnia MeHbINEH JIJIMHBI HE SABJISIETCS JICJIUTE/IEM JIJTN-
HBl BTOPOTO Orepanjia (TO eCTh OHA HE YKJIQJbIBACTCS II€JI0€ UUCIIO
pa3 B JUIMHY OOJIBIIErO OIIEPaH/1a), TO TAKOIl OlEepal/] MOBTOPSIETCS
CTOJIBKO Pa3, CKOJBbKO HY?KHO JIJIsI NIePEeKPBITUA JJIMHBI BTOPOTO Olle-
panjia. Jlunraume sjneMeHTsl 0TOPAChIBAIOTCS, IPOU3BOUTCS OLEPAIINs
1 BBIBOJIUTCSI IIPEJIYIIPEK/IEHNE.

Kak ciieicTBre 9TUX IpaBil, OlEpPAIlNi THIIA CJIOKEHHsT IHucya (TO ecThb
BEKTOpa eﬂHHHqHOﬁ ,ZLJII/IHBI) C BEKTOPOM BBIIIOJIHAIOTCA €CTECTBEHHbIM 06—
pazom:

>2 + ¢(3, 5, 7, 11)

[1] 5 7 9 13

>c(1l, 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

BosbmmacTBO BeTpoeHHBIX (YyHKIMN A3bIKa R Tak miam mHade BEKTO-
PH30BaHBI, TO €CTh BBIIAIOT <«ECTECTBEHHBIIl» Pe3y/IbTar IPH Iepejiade B
KavyecTBe apryMeHTa BeKTopa. K 3ToMy HEeoOXO0INMO CTPEeMUTHCS TIPU Halll-
caHHM COOCTBEHHBIX (DYHKINH, TaK KaK 3TO, KaK IIPABUJIO, SBJIAETCH KJIIO-
4eBbIM (DaKTOPOM, BJIMSIIOIINM Ha CKOPOCTBH BBIIIOJIHEHUSI IIPOrPaMMBbl. Pas-
Hepem mpocToit mpumep (HAIUCAHHBIA, OYEBU/HO, YEJIOBEKOM, XOPOIIO 3Ha~
KOMBIM C s13bIKOM THIIa C, HO MaJIO3HAKOMBIM ¢ R):

>p <-1:20

> 1ik <- 0

> for (i in 1:length(p))
+

+ lik <- 1lik + log(pl[il)
+}

DTO Ke caMoe JefCTBAE MOXKHO pPeajin30BaTh CYIIECTBEHHO IIPOINE U
KOpoUe (KpoMe TOro, 006ecrevnB KOPPEKTHYIO paboTy B CIydae, eCIH BEKTOD
p uMeJ1 Obl HYJIEBYIO JITHHY ):

> 1lik <- sum(log(p))

OTrMeTnM, 9TO <IPOIe» MMEETCsT B BUJY HE TOJBKO C TOYKH 3PEHUsI
KOJITYECTBA CTPOK KOJ[&, HO U BBIYUCUTEIBHON CJI0YKOCTH: IIEPBBIi 0bpaserr
KO/I& BBIIIOJIHAETCS [TOJTHOCTHIO HA MHTEPIIPETATOPE, BTOPOH K€ UCIOJIL3YET
s dexTuBHbIC U OLICTPBIE BCTPOCHHBIC (DYHKIIUN.

Bropoit obpazern koja paboraer noromy, aro dyakiuu log() u sum()
BekTOpu30Banbl. Pynkimsa log() BeKTOpU30BaHA B OOBIYHOM CMbBICJIE: CKa-
JigpHasd PYHKIU TPUMEHIETC TI00YEPETHO K KayK/IOMY 3JIEMEHTY BEKTOPA,
TakuM ob6pa3oM pesysbrar log(c(l, 2)) maentuden pesysbrary c(log(l),
log(2)).

Oyukius sum() BEKTOPU30BaHA B HECKOJIBKO MHOM CMBIC/IE: OHA Oeper
Ha BXOJ[ BEKTOD U CUUTAET YTO-TO, 3ABUCIIIEE OT BEKTOPA IEJIUKOM. B j1am-
HOM CJIy4ae BbI30B sum(X) IIOJIHOCTHIO SKBUBAJICHTEH BhIpaxkKenmio x [1] +
x[2] + ... + x[length(x)].

Otenb 9acTO BEKTOPU3AIHS KOJA TOSIBIISIETCST caMa coDoit 3a CIeT HAJI-
YUsi BCTPOEHHBIX (DYHKITHIA, TPABUJI TIEPENUCHIBAHUS JIJIsT apUPMETHICCKIX
ornepanuii 1 T. 0. OaHAKO (0COOEHHO YACTO 3TO MPOUCXOIUT MPH IIEPEIUCHI-
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BaHUU KOJa C APYTUX A3bIKOB HpOI‘paMMI/IpOBaHI/IH) KO/ cjIe/lyeT U3MEHUTDH
JJIdd TOTO, 4TOOBI OH 