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BBEJAEHHUE

JlaHHBIA MPAKTUKYM NpPU3BAaH NO3HAKOMMUTb YUTATEJs C HEKOTO-
pPbIMU OCOOEHHOCTSIMU M BO3MO>KHOCTSIMU MOMYJIIPHOTO U aKTHUBHO
pa3BUBAIOIErOCS NPOTPAMMHOrO0 CpeicTBa — sA3bIKa R.

Kitaccuuyeckast cTaTUCTHKA B OCHOBHOM OCHOBBIBAeTCS Ha POBEP-
Ke CTaTUCTUYECKHX TMIIOTE3 — AlPUOPHBIX NPEIOJI0XKEHUN O CBOUCT-
Bax UCCJIeyeMbIX JJaHHBIX.

[losiB/leHMEe KOMIBIOTEPOB MO3BOJIMJIO CYLIeCTBEHHO MOBBICUTh
3¢pPeKTUBHOCTh BbluMcJeHHM. HO B mepBoe BpeMs, NOKa KOMIIbIOTEPHI
ObLJIM ellle 0YeHb CJabbl B 06J1aCTHM OTOOpa)keHUsI WHPOpPMaIUH, 0CO-
O6eHHO rpadu4yecKoy, NpaKTHUKa CTATUCTHUKHU, KaK U MOATOTOBKA CTaTH-
CTUKOB, OpPUEHTHUPOBaJIaCh Ha MOCTPOEHHE MOJieJied U Ha IPOBEPKY T'U-
noTes.

[lono6HBIA NOJX0/J, pealr30BaH B MPOTPaMMHBIX CPeACTBax, Mo-
no6HbIX SPSS, KoTOpble 06asvUpylOTCA Ha 3JEKTPOHHBIX TabJIMLAX U
YIPaBJAKTCA € NOMOUIbI0 MeHIO. PaKTHUYeCKH NepBble BEPCUU IPO-
rpaMMHbIX TpoayKToB SPSS u SAS Analytics cocTostsiu U3 nognporpamm,
KOTOPbIE MOXKHO ObLJIO BbI3BaTh U3 OCHOBHOW NporpaMmbl (Ha Fortran
WJIM Ha JPYroM $I3blKe) C IieJibl0 MOJATOHKM W TMPOBEPKH MOJEeJd U3
MMeKLerocs Habopa MoJeJsien.

AsbTepHAaTUBOM 3TOMY MOAXOAY CTaJla KOHILEeNUs pa3BeJA0YHOTO
a”Hanusa aaHHbix (Exploratory Data Analysis, EDA), npepJsioxxeHHas
/l>xkoHoM Trroku (John Tukey). PazBeiouHbIN aHA/IM3 JJAHHBIX IPUMEHS-
eTcs JJI1 HaXOXK/AeHHUs CBSI3ed MeX/y NepeMEHHbIMU B CUTYyalUsX, KO-
rja OTCYTCTBYIOT (MJIM HEJOCTATOYHbI) alpUOPHbIE NMPEeACTABIEHHUS O
npupojie 3Tux cBsizer. Kak nmpaBusio, Npyu pa3BejlOYHOM aHAJIU3€E Y4UU-
TBIBA€TCS U CPAaBHUBAETCA OOJIbIIOE YMCJIO IEPEMEHHBIX, a /IS IIOUCKA
3aKOHOMEPHOCTEN UCIOJIb3YITC CaMble pa3Hble METO/bL.

R coenuHsieT B cebe 3THU KOHIENIMHU, I03BOJISISI UCNIOJIb30BaTh KaK
OCHOBHbIE CTaTUCTUYECKHE METO/Jbl, TAK U OOJiee CJIOXKHbIE, Cllelhalb-
HO pa3paboTaHHble MeTO/bl MHOTOMEPHOI'0 aHaJiu3a, NpeJHa3Ha4YeH-
Hble /11 OThICKAHWSl 3aKOHOMEPHOCTEN B MHOTOMEPHBIX JIaHHbIX.

R, B oTsinume ot SAS u SPSS, — 3TO yHHMBepca/ibHbIA A3BIK NMPO-
rpaMMUPpOBaHUs, pa3pab0TaHHbIM /I IPUMEHEHHUSA B TAKUX 00J1aCTHX,
KaK pa3BeJloOYHbIM aHA/IM3 JaHHbIX, KJIaCCUYECKHE CTaTUCTUYECKUE TeC-
Thl ¥ BBICOKOYpPOBHEBasi rpaduka.

R ob6s1azjaeT psioM CyleCTBEHHbBIX JJOCTOUHCTB.

R — cBoGOoaHas nporpaMMHas cpejia BBIYUCJIEHUU C OTKPBITHIM
UCXOAHBIM KOJOM. JTO peasiu3anusa A3bIKa S C JONOJHUTENbHBIMU MO-
JleJisiMY, pa3paboTaHHbIMU B si3bIKe S-Plus. B HEKOTOpPBIX ciaydasix Mo-



JleJIIMA B 000X fI3bIKaxX 3aHUMAJIMCh OJHU U Te ke JiIoJu. R noctynen
B COOTBETCTBMHU C JinlieH3ueu GNU.

Ha stom ¢pyHnameHTe R npojosmkaeT pa3BUBAThCS, B 3HAYUTEJIb-
HOM CTENeHU MOCpPeJCTBOM /100aB/JeHUs NaKeTOB. R-makeT npejcTaBJis-
eT cO00U KOJIJIEKIIMI0 HAOOPOB JJaHHbIX, QYHKLMUU A3bIKa R, JoKyMeHTa-
MY U JIMUHAMHYECKU 3arpyKaeMbIxX 3/1eMeHTOB Ha s3bIke C wiu Fortran.
[locpeacTBOM 3TUX MAKeTOB UCCJIEN0BATENN MOTYT C JIETKOCTbIO 0OMe-
HUBATbC BBIYUCJIUTENBHBIMU METOJAMU CO CBOUMHU KOJLJIETAMU.

R y>ke UMeeT COGCTBEHHYIO OOLIMPHYI0O U HENNPepPbIBHO pacCILlIy-
PAKINYIOCA OUOJMOTEKY MAKETOB, Co/iep>Kalllylo 00Jibllloe KOJUYECT-
BO TOTOBBIX pellleHUH pa3JInYHbIX 3a/a4.

HekoTopble nakeTbl UMEOT OTPAaHUYEHHYI0 00J1aCTh IPUMEHEHUH,
Jipyrue NpeAcTaBJSAOT IeJble 00J1aCTU CTaTUCTUKU, a HEKOTOpPbIE OT-
paXkaroT HOBeMIIKE pa3paboTKu. MHOrve HOBble pa3pabOTKU B 00J1aCTH
CTAaTUCTUKHU, IKOHOMETPHUKH, OUOJIOTUH, XUMUH, MEIUIIMHbI, reorpaduu
Y [IpyTUX NPUKJIaJHBIX 00J1acTel CHavasa NOoABJAITCA Kak R-nmakeTsl, U
TOJIbKO NIOTOM PeaJM3yITCA B KOMMepYeCKHX NPOrpaMMHbIX NPOAYK-
Tax.

R — 3TO MOWHBIAN CKPUOTOBbLIA A3bIK. CKpUIITOM Ha3bIBAETCS
NporpaMMHbIM ClLieHAapuH, Jitobash MCHOoJIHSeMas Npoleaypa, KoTopas
3alyCKaeTCd aBTOMAaTHUYECKU WJIM e C MOMOLIbI KOMaH/bl M0OJIb30Ba-
Tesisd. CKpUNITHI UCHOJIb3YIOT HE TOJIBKO B IPOTPaMMHUPOBAHUHU, 00J1aCTh
UX NpuMeHeHUs wupe. CKpUNT MOKeT ObITh MCIOJIb30BaH JJs MOBTO-
psieMbIX Y CJIOXKHBIX /151 3alI0MUHAHUS M10JIb30BaTEJII0 ONEpPalUH.

Jlnsi 06paboOTKKU HeynopsiIoUeHHbIX JAaHHbIX TPEeOYIOTCS BO3MOXK-
HOCTHA fI3blKa NpPOTrpaMMHUpOBaHUdA: NpPoAYKTbl SAS u SPSS wumeror
CKpPUIITOBBbIE S3BIKU [JJIS pelleHUs] OTHeJIbHBbIX 3a/la4y, OJHAaKo R ObLI
CO3/JlJaH UMEHHO KaK S13bIK IPOTPaMMHUPOBAHUS U IIO3TOMY SIBJIsIeTCS 6O-
Jiee MOJAXOASAIMM CPEeICTBOM JJIsI 3TOU LieJIH.

Takum o6pasom, R ABseTCA M0JIe3HBIM UHCTPYMEHTOM B 00J1aCTH
aHasiM3a OOJIbIIMX MAacCUBOB JaHHbIX. OH yKe MHTErpUpPOBaH B PAL,
KOMMepuyecKuX nakeToB, Takux kak IBM SPSS u InfoSphere, a Takxe
Mathematica.

R — A3bIK, OpUEHTUPOBAHHBIM Ha CTAaTUCTUKY, KOTOPBIM MOXXHO
paccMaTpUBaTh B KayeCTBe KOHKYpeHTa JJisl TaKUX aHaJIMTHYEeCKUX
cucteM, kak SAS Analytics, He roBops y»Ke 0 TaKUX 60Jiee MPOCTHIX MaKe-
Tax, kak StatSoft STATISTICA usu Minitab.

R opraHM4HO MHTErpupyeTcs ¢ CUCTeMaMHy NyGJIMKaLMHU [[OKY-
MEHTOB, YTO MO3BOJIIET BCTPauBaTbhb CTAaTUCTUYECKUE Pe3yJbTaThl U
rpaduky u3 cpefibl R B JOKyMeHTbI yOGJIMKALMOHHOTO KayeCcTBa.

JTa BO3MOKHOCTb HY»KHa He BCeM, O/IHAKO eCJIU Bbl XOTUTE HaIlU-
caTb KHUTY O CBOEM aHaJ/Ih3e JJaHHbIX W/ MPOCTO He JIIOUTE KONUPO-



BaTb CBOM pe3yJbTaThl B JJOKYMEHTbI TEKCTOBOTO MpOLIEeCCOpa, TO ca-
MbIM KOPOTKHUH M CaMbIi 3JIeETAHTHBIM MapIIPYT COCTOUT B UCIIOJIb30Ba-
HuUU R.

B kauecTBe si3blka mporpaMMupoBaHus R mojo6eH MHOTUM Jpy-
MM fi3blKaM. JIF0OOU 4esioBeK, KOTOPBbIK KOTZa-J1M0b0 mrcas nporpaMm-
HbIMA KO/, HaWJeT B R MHOXeCTBO 3HAaKOMbIX MOMeHTOB. OTJINYUTEIb-
Hble 0COOEHHOCTHU R J1e3kaT B CTaTUCTUYECKON PUIOCOPUH, KOTOPYIO OH
UCIIOBEYET.

A3bik R uMeeT Jierku CUHTAKCUC — 3TO YHUBEPCAJbHbIM WHCT-
PYMEHT, pa3paboTaHHbIX Cel}MaJIbHO AJis1 paboThl C JaHHBIMU. R Takxke
BKJ/IIOYAET B Ce0s1 Ype3BbIUaWHO MOIIIHbIE IrpaduUecKre BO3MOKHOCTH.

B flaHHOM mpakTHUKyMe paccMaTpuBaeTcs paboTta ¢ R us-nop omne-
pauroHHOU cucteMbl Windows.

Jl/is1 BBINIOJIHEHWSI NMPAKTUKyMa YUTATEJS0 HEOOXOAHMMO YCTaHO-
BUTb:

1. A3bik R:

— KJlaccuueckui https://cran.rstudio.com/bin/windows/base/;
— nau PRO https://mran.revolutionanalytics.com/download/.

2. 'paduvyeckut wuHTepPelic mnosab3oBaTesss RStudio:
https://www.rstudio.com/products/rstudio/download/ — Habop uH-
TErPUPOBAHHBIX HWHCTPYMEHTOB, pa3pabOTaHHBIX, 4YTOObl HauboJiee
NPOAYKTUBHO UCIOJb30BaTh R.

RStudio Bk/tO4aeT B cebs KOHCOJIb, peJJaKTOpP C MOJACBETKOW CHH-
TaKCHUCa, NOAJep>KUBAIIMN KaK NpsIMOe BbINIOJIHEHUE KOJA, TaK U UH-
CTPYMEHTHI /i TOCTPOEHHUS TPaPpUKOB, COXpaHEHUE UCTOPUH KOMaHJ,
OTJIaJIKYy U yIIpaBJieHrWe pabo4yuM NPOCTPAHCTBOM.

[Ipu ycraHoBke R 6yzeT Jsiydiie, eciv uMs noJib3oBaTesisa Windows
OyJeT HanvcaHo JlaTUuHULel. Eciy uMsa nosib3oBaTe st HAOpaHO KUPHUJI-
Junen (HanpuMmep, "UBaH"), To HE06XOAUMO CO3/1aTh HOBOTO I0OJb30Ba-
TeJisl C UMeHeM 0e3 KUpWJIMLbI (HanpuMep, "Ivan"), a ycTaHOBKY npo-
rpaMM M JaJIbHEUIIY0 paboTy peKOMeHAyeTCs NPOBOAUTb, BOUJA B
CUCTEMY N0/ KAaHTJINKCKHUM» [10JIb30BaTeJIEM.

Ha Bpemsa yctaHoBku R u RStudio Takke pekoMeH/yeTCsl OTKJIIO-
YUTb aHTUBUPYCHYIO NporpaMmy. /lpyruM BapuaHTOM MU30eraHus OILIH-
OOK, CBSI3aHHBIX C KUPWUJJIULEH, ABJISIETCA YCTaHOBKA R U JlasibHennas
paboTa OT UMEHU aJIMUHHUCTPATOPA.

[Ipu coxpaHeHuu *.R ¢aiioB He cieyeT UCHO0Jb30BaTh HAa3BaHUS
$alI0B MM NANOK, COZlepXKaljuX PYCCKHUE OYKBBI UJIM NPOOeJibl, BO U3-
OexaHUe OLIUOOK.

Jiss  paborel B R morpebyerca crabusbHoe HWHTepHeT-
coeJIMHEHUE, T.K. MOXKEeT NOTpeboBaThCs OHJIAMH-3arpys3kKa JOINOJIHU-
TeJIbHbIX IAKeTOB /11 00pab0TKHU JaHHBIX.



AHTJIOA3BIYHBIX UCTOYHUKOB 10 R 4ype3BblyaliHO MHOTO. [Ipu BO3-
HUKHOBEHHY BOINPOCOB, OTBETOB Ha KOTOpble HET B clpaBke R, MOXXHO
MCII0JIb30BaTh CAeAYIOIMe PeCypPChI:

— http://rseek.org/ — Google, MoguPUIIUPOBAHHBIN MO/, MOUCK
110 MICTOYHHKAM, CBSI3aHHBIM C R;

— http://stats.stackexchange.com/ — o6pamatbcsd ¢ BONpocaMu
10 IOBO/ly CTaTUCTUYECKHX METO/0B U UX peasn3aluu B R;

— http://stackoverflow.com/ — obpamaTbcs ¢ BonpocaM Mo Mo-
BO/Zly IpOrpaMMUpOBaHusd B R;

— http://vk.com/rstatistics — rpynma B coLjMaJibHOM CeTH
«BKoHTakTe», y4aCTHUKHA KOTOPOW MOTYT OTBETUTh HAa BO3HUKIIME BO-
IPOChHI;

— http://r-analytics.blogspot.ru/ — oguH U3 caMbIX MacIITaOHbIX
PYCCKOSI3bIYHBIX TPOEKTOB 110 R.

JlaHHBIM KypC NpeAnoJiaraeT 3HaHWe YUTaTeJ MU 6a30BOro Kypca
5KOHOMETPUKU U OCHOB NPOTPAaMMHPOBAHUS HaA JIIOOOM SI3bIKE BBICOKO-
ro ypOBHSI.



JIABOPATOPHAA PABOTA 1. OCHOBbI PABOTbI C R.
OBPABOTKA CTATUCTUYECKHUX JAHHbIX

Ilesib paGoTHI

O3HakoMUTbCcs ¢ UHTepdericoM RStudio, HayyuThCs pabOTaTh
B peKMM€e KOHCOJIM M TyTeM HalKCaHUS CKPUIITOB, a TaKXe MOJKJIIO-
YaTb BHELIHHWE MaKeTbl, U3yYUTh OCHOBHbIE METO/Ibl 0OPAOOTKHU CTATH-
CTUYECKHX JAaHHBIX.

3azaHue

1. 3arpysuTh JaHHble /[Ji1 CBOEro BapHWaHTa B IepeMeHHYIo-
BEKTOP.

2. Tlosy4yuTh CIpaBOYHYI MHPOPMALUIO [0 CBOMM JAAaHHBIM, PO-
CMOTPETb UX COZEPKUMOE.

3. IlpoBepuTh, ECTH JIU CPEAHU JJAHHBIX IPONYCKHU.

4. Co3JaTb HOBYIO lepeMEHHYI0-BEKTOP, B KOTOPOU OYAyT 1, eciun
3HaYeHHEe B UCXOJHOM BeKTOope OoJiblle CpeHero, U —1, eciv 3Ha4YeHue
nepeMeHHOU MeHblle cpefHero, U 0, eciv 3HayeHMe paBHO CPeHEMY.

5. BeiBecTH onvcaTesbHYI0 CTaTUCTHUKY.

6. IlocTpouTh rpaduku abGCOJIIOTHBIX YAaCTOT U MJOTHOCTH pac-
npejeseHus.

YKa3zaHuA K BbINNIOJIHEHUIO paGOTbI

KoHcoabHBI pexxum

[Tocne 3anycka RStudio mosib30oBaTesib momnajiaeT B KOHCOJIbHBIU
pexxuM paboThl (puc. 1). Jlrobass koMaH/la, HAMKMCAaHHAsA MOJb30BaTEJIEM,
oyneT cpa3y BblnoJiHeHa R no HaxkaTuto Enter.

PaccMoTpyM OCHOBHBIE BblpaXkeHUd B R: 4Kciia, CTPOKU U Jioruye-
CKHe llepeMeHHbIe.

Mo0>KHO UCI0/1b30BaTh R KaK KaJbKyJ4TOP, HAlIpUMeD:

Pe3ysibTaT cpa3y NosiBUTCA B KOHCOJIH.
CTpOKHM nevyaTarTCsd B KaBblYKaX: JBOWHbBIX UM OJUHAPHBIX:

> "Hello world!"
[1] "Hello world!"



> 'Hello world!'
[1] '"Hello world!'

8 rstudio _|o] x|
File Edit Code Wew PBlots Session Buld Debug Tools Help
- - & project: (Mong] «

Console Environment = History
> 1+l ‘P |:| _HImport Dataset- \}fclear List=

[ 2 =
5 | Global Erwironment -

Files Plots Packages Help Viewer

18| Export=

Puc. 1. KoHcoabHBIM pexxuM B RStudio

Jlornyeckue BbIpaXXeHHs BO3BpallaloT TRUE WJIK FALSE:

YToObl CpaBHUTDH [iBa BbIpaKE€HUS, UCNOJIb3YETCSA ABOMHOU 3HAK

paBeHCTBa:
> 2 + 2 ==
[1] FALSE

Kak u B APYTIUX A3bIKaX NPOTrpaMMHUPOBAHHUA, MOKHO COXPAHATD

3Ha4yeHUA B lepeMeHHY0. CoXpaHUM 42 B IepeMeHHYI0 x:
> x <= 42

M B 06paTHYI0 CTOPOHY:
> 5 -> X

Mo>xHO pacledyaTaTh 3HayeHHe TepeMeHHOH B JIt060e BpeMs, po-
CTO HabpaB ee UMs B KOHCoJIH. [lonpoOyeM Hame4yaTaTh TEKYIlee 3Ha4Ye-

HHE X
> X
[1] 42

MO>XHO TakK >Xe MOBTOPHO HAa3HAYUTh JIl0O6Oe 3HAUYEeHHe NepeMeH-
HOMU B JIt060€e BpeMHI.
R 4yBCTBUTENIEH K PErUCTpPY: MepeMeHHble x U X — 3TO pa3Hble

IIepeMEeHHbIE:
> X
[1] 5
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YT0O6bI BbI3BAaTh (PYHKIMIO, HY?)KHO OOPATUTBCA K HEW [0 MUMEHH,
yKa3aB B CKOOKax Hy>KHble apryMeHTbl. Hanpumep, GyHKLUS CYMMBI:
> sum(1l, 3, 5)
[1]1 9

[lonyyuts  nmomMowb 10O  QYHKUUA  MOKHO  KOMaH/OU
help (functionname) WJIHK ?functionname.

B nmpaBoM HumKHeM yrJjy Ha BkJagke Help mosBuTca cnpaBka

(puc. 2):

8 rstudio _ o] x|
Fle Edt Code View Flots Session Buld Debug Tools Help
Q- =~ & Project: (None] ~
Console Environment  History
> ox <- 42 # [ ImportDatasets | 3 Clear Grid~
> 5 - X
= 7EUM Global Environment-
[~ Mame A Type length  Size “alue
I x numeric 1 48 B 5 s
[ x numeric 1 48 B 42 -
Files Plots Packages Help Viewer
& M il

R: Sum of Vectar Elements -

surn {base} R Documentation

Sum of Vector Elements

Description

zum returns the sum of all the values present in its arguments
Usage

sum(..., na.rm = FALIE)

Arguments

. numeric or complex or logical vectors.
na. rrw logical. Should missing values (including Mam) be removed? vI

Puc. 2. CnpaBka 1o GyHKIIMH sum

3aaauM BEKTOP € NOMOlIbI0 GYHKIUH € (COKP. OT aHrJ. Combine):
>y <= c(-3, 2, NA, 5)
>y
[1] -3 2 NA 5

NA — 3TO MponyileHHoe HabJsoAeHue (oT aHrj. Not Available).
Ero He cnegyer nytaTb ¢ NaN (Not a Number — «He 4ucio»,
HeOoIpe/leJIEHHOCTD):

> 0/0
[1] NaN

[Tonpo6GyeM NpoCyMMHUpPOBATH 3J1€MEHThI BEKTOPA y:
> sum(y)
[1] NA

Heob6sa3aTesbHbIM apryMeHToM QYHKLUUU sum SBJSETCA na.rm
(cokp. oT aHrs1. Remove NA), no ymo/i4aHMIO paBHbIM FALSE.

Eciu ykasaThb JJi1 Hero 3Ha4YeHUe «UCTHUHA», TO QPYHKIASA CYMMBbI
OyJeT CK/IaAbIBaTh BCe 3JIEMEHThI BEKTOPA, UCKJIK0Yas NPONyLieHHbIE:



> sum(y, na.rm = TRUE)
[1] 4

[Toceq0BaTe/IbHOCTD YHMCEJ MOXKHO 33JlaTh JBYMs CIIOCOO6AMM:
start:end an60 QYHKIUEHN seq () :

> 5:9

[1] 56789

> seq(5,9)

[1] 56 789

> seq (10,50, by = 10)
[1] 10 20 30 40 50

O6paI_LlaTbCH K 3JIEMEHTaM BEKTOpAa MOHO, HCIIOJIb3YyA
KBaJipaTHbIE CKOOKHM:
> sentence <- c('mack', 'the', 'knife')
> sentence[3]
[1] "knife"
> sentence[c (1, 3)]
[1] "mack"™ "knife"

JIn60 MOXHO 3a/1aTh 3JIeMEHTaM BEKTOpa UMeHa:

> ranks <- 1:3

> names (ranks) <- c("first", "second", "third")
> ranks
first second third
1 2 3
> ranks["first"]
first

1

Hanucanue cKkpunros

B R y106Hee nucaTh He 1O OJHOM KOMaH/ie, a Cpa3y LeJbld Habop
KOMaH/i U MOTOM 3alyCKaTh UX BCe Ha BbINOJIHEHHE. [lJIs1 3TOr0 HY>KHBbI
CKPUIITHI.

YToO6bI cO3/1aTh CKPUNT, ciaenyeT BbioOpaTh File —> New File -> R
Script. OTKpoeTcs HoBasA 06J1aCTh, B KOTOPOH MOXXHO MHUCAaTh KOMaH/bl.
KoMMeHTapuu, KOTopble He O6yAeT BbINOJHATH R, mAmyTcsa co 3Haka #
(puc. 3).

[Io HaxkaTul0 Enter koMaH/ibl B CKpUIITE BBIMOJIHATCS HE OYAYT, a
OyAeT JIMIIb OCYyLIECTBJIEH MIepeX0/; Ha HOBYK CTPOKY.

YToOBI BBINOJIHUTh KOMaH/ly B PeXXHME CKPHUIITA, CJeAyeT MOCTa-
BUTb KypCOp Ha HYXHYI0 CTpPOKy U HaxaTb Ctrl+Enter. Eciiu komaHzaa
3aHUMMaeT 00Jiee OJTHOU CTPOKH, TO HEOOXOAUMO CTaBUTh 3HAK + B KOH-
Ile KaXJ0M CTpokU. KoMaH/1a BBINOJIHSAETCS MOCTPOYHO, B KaXKJ0U CTPO-
Ke TpebyeTcsd HaxkuMaThb Ctrl+Enter, in60 Bbl1eJIMTh BCIO KOMAHAY Iie-
JIMKOM Y HaxkaTb Ctrl+Enter oquH pas.
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8 rstudio =1
File Edit Code View Plots Session Buld Debug Took Help
- =2- B B &) Project: (Mone) =
@7 Untitled1* Environment  History
Hsouree | @ A~ | & B e [P Import Datesets 3 Clear Grid-
1 # 3A2Ce MOKHO MMCATE CEPMAT ﬂ Glabal Environment-
2
l_ Mame A Type Leng,., Size alue
Files Plots Packages Help Viewer
18| Exporte
| -
21 B Top Lewel R Script
Console
-
R owersion 3.1.2 (2014-10-31) -- "Pumpkin Helm
et"
copyright (CJ 2014 The R Foundation for stati
stical Computing
Platform: xBo_64-wad-mingw3z, x4 (84-bit)
o dc fraa sofrwars and comas with aRscLITELY

Puc. 3. Co31aHre HOBOTO CKpUIITA

R MoXeT no/icka3bIBaTh, KAKMe KOMaH/Ibl IOCTYIHbI, €CJIM HAa4YaTh
BBOJWTb NIePBble CUMBOJIbI U HaxKaThb J1n60 Tab, 160 Ctrl+Enter.

B ocHoBHOM B R paboTawT ¢ HabopaMu AaHHbIX. Takasi CTpyKTypa
HOCUT B R Ha3sBaHue data.frame W NMpeACTaBIAseT COO0U TAaOJIUILY, B KO-
TOPOM KaKJbld CTOJIOEl, — 3TO HEKOTOpas MepeMeHHas, a Kaxjaas
CTPOKa — 3TO OJJHO HabJII0ieHUe.

Co3zaiuM B pexuMe CKpUINTa data. frame. [lycTh uMerOTCS HabJIIO-

JIeHUs 32 POCTOM U BECOM HEKOTOPBIX JItOJEeN. 3a/laiUM JiBa BEKTOpa:
rost <- c(1e0, 175, 155, 190, NA)
ves <- c(NA, 70, 48, 85, 60)

N 06beauHUM HUX B HAOOpP AAaHHBIX, KOTOPbIM MOMECTHUM B Iepe-

MEHHYIO df, a 3aTeM BbIBE€ZIEM HaA 3KpaH:
df <- data.frame(rost, ves)

df
B KOHCOJ/IY OJIy4YUM CJAeyI0NYI0 Ta0JJIUILY:
rost ves
1 160 NA
2 175 70
3 155 48
4 190 85
5 NA 60

O6palaTbcs K KOHKPETHBIM HaOJII0JleHUSAIM df MOXXHO, UCII0JIb3ys
KBaJipaTHbIE CKOOKU:
> df[3,1]
[1] 155

O6palaTbcs K MepeMeHHbIM MOXXHO, UCMO0JIb3ys 3HAK $ WM yKa-
3bIBas CTOJI0EL, C IPOMYyCKOM HOMepa CTPOKH:

> dfSrost
[1] 160 175 155 190 NA
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JZnpnz
> df[ ,1]
[1] 160 175 155 190 NA
O6pamaTbcsl K HaOJIIOJEHUSIM MOXHO, yKa3blBasg KOHKPETHYIO
CTPOKY W IpOIycKasg HoMep CToJi61a:

> df[4,]
rost ves
4 190 85

OcHOBHbIE ONMUCATeJbHble CTAaTUCTHUKM (CpefHee, CTaHAAPTHOE
OTKJIOHEHHE U MeIMaHy) MOXKHO MOJIYYUTb C TOMOUIbI0 GYHKLIMU mean,

sd Umedian:

mean (dfSrost, na.rm = T)

[1] 170

sd(dfSrost, na.rm = T)

[1] 15.81139

median (dfSrost, na.rm = T)
[1] 167.5

Mo>xHO coxXpaHUTh CKpUNT, HaxkaB File —> Save. [Ipy nepBomMm co-
xpaHeHUHU R npegJioxkuT BbIOpaTh KOAUPOBKY. PekoMeHyeTcs yKa3aTh
UTF-8 (puc.4), 4ToO6bl pyccKHMe OyKBbI (HalpuMep, B KOMMEHTApUSIX)
OTOOpaKaJIMCb KOPPEKTHO. 3aTeM HEOOXOJMMO BbIOpPATh JUPEKTOPHUIO
Y 3a4aThb UMs dania, KOTOPbIA OyZleT COXpaHeH € paciiupenyeM *.R.

Choose Encoding

CP1251 (System default) -
ASCH

BIGS

GB18030

GB2312

150-2022-1P

150-2022-KR

150-8859-1 1
150-8859-2

150-8859-7

SHIFT-JIS

UTF-8

WINDOWS-1252

[]Show all encodings
[]Set as default encoding for source files

0K Cancel |
| T

Puc. 4. Bb160p KOAWPOBKU NPH COXPAaHEHUH
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YcTaHoOBKA MMAKETOB

B R cyuiecTByeT 6a30Bbiii HAb60p MakeTOB (OUOJIMOTEK), COAEPIKa-
IMX caMble HeoOxoAuMble GYHKIUU [2]. [y peanusanuu 3ajiad 3KO-
HOMETPUKH TPeOYIOTCSA JONOJHUTEJbHbIE TAKETHL.

Jl/1s1 paboThI C BHEIIHUMU NMaKETaMU HEOOXOJUMO BbINIOJHUTH JjBa
JIEACTBUSI — YCTAHOBKY W NOJKJ/JIIOUYEeHHEe HYKHOTO MaKeTa. YCTaHOBKY
He0O0XO0ZMMO BBINOJHUTH OAWH pa3, a MOAKJIKYATbh — B KaXJ0u pabdo-
Yyeu CeCCHUM.

Jnis YyCTaHOBKHU NaKkeTOB CyueCTByeT byHKIUA
install.packages. Takke aBTOMaTH4YeCKd OyAyT [AOYCTAaHOBJIEHBI
CBSI3aHHbIE MAKETHI.

J\11 IOAKJII0YEeHUs] YCTAHOBJIEHHOTO IaKeTa CJelyeT BOCIOJIb30-
BaTbCsA PyHKIUEN library [1].

Hanpumep, ycTaHOBUM ciieiyloujie NaKkeThl:

psych — cofep>KUT QYHKIUU /I pacyeTa ONUcaTebHbIX CTATH-
CTUK;

dplyr — cofep>UT QYHKIUH /18 pabOThI C data. frame;

ggplot2 — caMbli MOLIHbIM NaKeT JJisl MOCTPOEHUS KPaCUBbIX
rpad®uKoOB, AUarpaMm, KapT U T. [I.
install.packages (c ("psych","dplyr", "ggplot2"))

HpHMbIM COO6LH€HI/I€M 00 olINOKe YCTAaHOBKH ABJIA€TCA TOJIBKO
CJIOBO Error, NModBJdmOIIeeCcd B KOHCOJIH. Bce ocTtasnbHbIE COO6I_I_[eHI/IH
Warning ABJAKOTCA NPOCTO NpeAyNpeXJAeHUAIMU O 4eM-JIU6O0.

Jl/is1 TOro 4YTOOBI ONpeIe/NIUTh, KaKhe NMaKeTbl HY>KHbI JJIs1 paboThlI,
MOKHO BOCIIOJIB30BAaTbCA IIONMCKOM B CE€THU HHTepHeT, 3aaB BOIIPOC Ha
AHTJIMMCKOM SI3bIKE. HaanMep, YTOOBI HaﬁTH, B KAdKOM IIdKeTe€ HaXO-
AUTCs aaroputM JleBeHb6epra—MapkBap/aTa Jijisd pacdieTa HeJIMHEWHOTro
MHK, moxHO HabpaTb B noucke «levenberg-marquardt algorithm in r» u
IIepBOM e CCbIJIKOM OyAeT nakeT minpack.lm BR.

/lns BbINOJIHEHUS JAHHOW paboOThbl MOHAAOOUTCSA MOAKJIYHUTH
cdiaegyronue rnakKeThl:
library ("psych") # ommcarenbHEle CTATUCTUKM
library("lmtest") # TecTupoBaHMe TMIIOTE3 B JIMHEMHHIX MOIEJISAX
library ("ggplot2") # rpadmkn
library ("dplyr") # Manunymngaummu C OaHHEMMA
library ("MASS") # nomroHKa pacrpelnesieHnn

[losryyrM, HanpuMep, ONMCaHUE HAabopa JaHHbIX 10 aBTOMOOHUJISIM
cars KOMaH/10M:

help(cars)



Pe3ysibTaT BbINOJIHEHHWSI KOMaH/Abl (B MPaBOM HUWXXHEM YIJIy Ha
BKJIaJIKe Help) MOKa3aH Ha pUCYyHKe 5.

B sToMm Habope gaHHbIX 50 HAOJIIO/IEHWH U [BE TIepeMeHHbIX (CKO-
pOCTb, MWJIb/4YacC U JIIMHA TOPMO3HOI'0 IyTH B PpyTax).

EH r: Speed and Stopping Distances of Cars - | O |i|
CH=)

r
cars {datasets} R Documentation ——

Speed and Stopping Distances of Cars

Description

The data give the speed of cars and the distances taken to stop. Mote that the data were recorded in the 1920s.
Usage

cars

Format

A data frarne with 50 observations on 2 variables.

[.1] speed numeric Speed (mph)
[2] dist  numeric Stopping distance (ft) _I
-

Puc. 5. CnpaBKa 1o Habopy JIaHHbIX cars

[TomecTuM B mepeMeHHYI0 d BCTPOEHHbIM B R HaboOp JaHHBIX IO
ABTOMOOUJIAM!:

d <- cars # »5TOT Habop HaHHHIX HAXOOMUTCA B Oa30BOM HakeTe datasets

Tenepb d MeeT THUN JJaHHBIX data.frame (HAOOpP JAHHBIX), B YeM
MOXXHO y/JIOCTOBEPUTBCS, IOCMOTPEB B IPaBOM BEpPHEM YIJy OKHA Tab-
JIULY cpefbl Environment (pHUC. 6).

JlJ1s1 3TOrO JloJ2KEeH OBITh BbIOPAH peXUM Grid. C MOMOLIbIO KHOII-
KM | | MOKHO MPOCMOTPETD COJlEPKUMOe Habopa JaHHbIX B BU/Jle Ta0JIU-

IbI.

Environment  History

= [ Import Dataset- _\}’CIear
Global Environment -

I_ Mame A Type Length Size “Walue

[T d data.frame 2 1.5 KE 50 obs. of 2 wariables

Puc. 6. OnucaHue Habopa JaHHBIX d B TabJIMLEe Cpebl Environment

Cienyoliedl KOMaHI0M MOXXHO NMOCMOTPEeTb Ha 3TOT Habop JlaH-
HbIX, B pe3yJibTaTe yero OyAyT NMepeyuceHbl Bce IepeMeHHbIE U TUIIbI
JIAaHHBIX:

glimpse (d) # byHxums m3 nakera dplyr

1 B nanbHe#eM MOXHO paboTaTh Kak C IepeMeHHOH d, TaK U HENOCPEeJCTBEHHO C cars, HO B NOC/e[-
HeM CJ1y4ae eCTb PUCK UCIIOPTUTDb UCXOJHbIE JJaHHbIE

15
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PGBYIIbTaT BbIIIOJIHEHHUA KOMAdHABLI ITIOABUTCA B KOHCOJIH.

> d <- cars

> glimpse (d)

Observations: 50

Variables: 2

$ speed (dbl) 4, 4, 7, 7, 8, 9, 10, 10, 10, 11, 11, 12, 12, 12, 12, 13,...
S dist (dbl) 2, 10, 4, 22, 16, 10, 18, 26, 34, 17, 28, 14, 20, 24, 28,...

[lepeMeHHbIe speed M dist UMEWT THUI AaHHbIX dbl (double) u co-
aepxxat no 50 Ha6sroAeHUH. J{Jish APYTrUX TUIOB JaHHBIX UCMOJIb3YIOTCS
caeAywue cokpamieHus: chr (character/string), int (integer), fctr
(factor), tims (time), 1g1 (logical).

[TocMoTpuM Ha nepBble ECTb HAGJIIOJeHUH Habopa JJaHHbIX d:

> head(d) # ¢yuxumsa u3 6az0BOro makera utils
speed dist
4 2
10
4
22
16
10

oY U s LW DN -
O O J J b

Y nocJieJHHEe 1IeCTh HabOJII0JIeHUH:
> tail(d) # oyukxuma m3 6az’0BOTO IakeTa utils
speed dist
45 23 54
46 24 70

477 24 92
48 24 93
49 24 120
50 25 85

HOJ’IY‘II/IM Ta6J'II/ILly C oIlruCaTeJIbHbIMHM CTAaTHUCTUKaAMH: CpeagHee,
MoOJia, MeJiIMaHa, CTaHJJapTHOE OTKJIOHEHHWE, MUHUMYM /MaKCUMYM, aCUM-
MeTpHUs, IKCLECC U T. [I.:
> describe (d) # dyHkums u3 nakera psych

vars n mean sd median trimmed mad min max range skew kurtosis

speed 1 50 15.40 5.29 15 15.47 5.93 4 25 21 -0.11 -0.67
dist 2 50 42.98 25.717 30 40.88 23.72 2 120 118 O0.76 0.12

se
speed 0.75
dist 3.64

[TocTpouM rucrorpaMMmy abCOJIIOTHBIX 4YacTOT [Jil lepeMeHHOM
dist (AJIMHBI TOPMO3HOIO MYTH).

Bocnosnb3yemca ¢yHkuuen gplot, 3aaB UCTOYHUK JaHHBIX d (ap-
TYMeHT data), IepeMeHHYI AJs NoCcTpoeHUs rpaduka (dist), moAmnu-



meM ocy (mapaMeTpbl GYHKIUU xlab U ylab) M Ha3BaHUe rpaduka (na-
paMeTp main):

# oyHkUMs M3 nakera ggplot?2

gplot (data=d, dist, xlab="ImmuHa TOpMO3HOTO nyTH (byTe)", ylab="Uucio
aBTOMOOMNIENn" , main="axure 0o aBTOMOOMIAM 1920x")

Pe3ysibTaT BbINOJIHEHUS JAaHHOW QYHKIIUY MTIOKA3aH Ha PUCYHKE 7.

NanHble No asTomobunam 1920x

-Ihil |

Anuna T-o-pmoaHoro nyTi (i)

Yucno aeToMofuned

Puc. 7. T'ucTorpamma abCoIOTHBIX YACTOT AJ1s1 IepeMeHHOH dist

MO>XHO MOCTPOUTH TaKXXe F'MCTOrpaMMy IJIOTHOCTH pacipejeie-
HuUs (puc. 8):

# dyHrUMS M3 6a30BOTO MakeTa graphics
hist (dSdist, probability = TRUE, col="grey")

Histogram of cars$dist

Density

]
| | | | | | |

0 20 40 60 80 100 120

0.000 0005 0010 0015

cars$dist
Puc. 8. T'uctorpaMma IJIOTHOCTH pacnpezesieHUs AJs nepeMeHHoun dist

[loaroHWM MJIOTHOCTH pacnpejesieHrs Belbysia, moMecTuB pe-
3yJIbTAT (OL,EHKHY [TapaMeTpPOB pacnpeje/leHNs1) B IEPEMEHHYIO fit:

fit <- fitdistr(d$dist, "weibull") # OoyHkuMa m3 nakera MASS

17



[lepeMeHHas fit Tenepb mpeAcTaBJsgeT cOO0UM cnUcOK (List) U3
5 3/1eMEeHTOB, YTO MOXKHO YBUJETh B Environment (puc. 9).

Environment = History

# [ | FImport Dataset+ | 37 Clear Grid-
Glabal Enviranment =

I_ Mame A Type Length Size Walue

[T d data.frame 2 1.5 KB 50 obs. of 2 variables =

[~ fit fitdistr 5 2.1 kB List of §

Puc. 9. OnucaHue nepeMeHHOU fit B TabsUle cpeAbl Environment

JloCTyIl K 3/IeMeHTaM CIHMCKa MOKHO MOJIYYUThb Yepe3 3HA4Y0K J10JI-
Jiapa sS.

OueHKM JIByX MapaMeTpoB pacnpejesieHuss BelbyJsia 6blIM pac-
CYHMTaHbI METOA0M MaKCMMaJIbHOT'O IIPaB/0MO06HsI.

[IpocMOTpUM KX, 0OPATUBIIKCH K 3JIEMEHTY CITMCKA fit:
> fitSestimate

shape scale
1.72371 48.15234

[lokaxkeM Ha TOM ke rpadrKe TeOpPeTUYECKYIO IIJIOTHOCTb pacnpe-
nenenus Beibyaia (puc. 10):
xvals <- seq(0, 120, .20) # snauvenma no ocm abcumcc or 0 mo 120 c
marom 0,2

lines(xvals, dweibull (xvals, shape=fitSestimate[l],
scale=fitSestimate[2]))

Histogram of d$dist

0015

0.010

Diensity

00s

1]
4

!

T T T T T T
] 20 40 60 80 100 120

dfdist

Puc. 10. TuctorpamMmMma pacripesiesieHUs nepeMeHHOM dist

[lepBbiii apryMeHT QYHKLMHU lines — 3TO 3HA4Y€HHUSA MO OCU abC-
I[MCC, HA OCHOBE KOTOPbIX OyZleT NOCTPOEH rpad UK.



Jlasiee yka3biBaeTcsl QYHKIUS MJIOTHOCTH dweibull. [ljisl Hee HYX-
HO yKa3aTb 3HAaYeHHUS apryMeHTa /[Jisl pacyeTa U 3HaYeHHUs JABYX Mapa-
METPOB pacnpejiesieHus: KoapduuueHT Gopmbl (shape) U MacuiTaba
(scale).

KOHTpOJIbeIe BOIIPOCBbI

1. Kak HauTu cpe/iHee BbIOOPOYHOE 3HAYEHHE U CTaHJapTHOE OT-
KJIOHeHue?

2. Kak npoBepUTb HaJIM4Ue NPONYCKOB B UCXOAHBIX JaHHBIX?

3. Kakum o6pasoM ¢yHKIUSA gplot pa3bUBaeT BbIOOPKY Ha HWH-
TepBaJibl?

JIABOPATOPHASA PABOTA 2. JUHEHHASA PET'PECCHA

Llesb paGoThI

N3y4uTh npremMbl UCCAeL0BaHUA KOPPEJAIUOHHON 3aBUCUMOCTH,
MOCTPOEHUS TAPHOW U MHO>KECTBEHHOHW JINHENHOM pErpPecCUu.

3azaHue

1. 3arpy3uTh HaOOp [JaHHBIX JIJIs CBOET0 BaApUAaHTa, 03HAKOMUTh-
CSl C €eT0 COZeP>KUMBIM.

2. IloctpouTh rpaduK KOpPPENSAUOHHOTO MOJS I KaXKAoro
dakTopa.

3. IlocTpouTh ypaBHeHHE NAPHOW JIMHENHOU PETPECCUU JIJIS KaXK-
Jloro ¢pakTopa.

4. [lpoBepUTb 3HAYUMOCTb KaXKJOT0 M3 MOJIyYeHHbIX YPaBHEHUH
perpeccuu. [loka3aTp ypaBHeHUs perpeccuu C 3aJlaHHbIM B BapuaHTe
JIOBEpUTEJIbHBIM HHTEPBAJIOM Ha rpadpuKax.

5. IlocTpoUTh NPOTrHO3bI N0 KAXKJOMYy U3 YPaBHEHUM MapHOU per-
peccuu AJid 3aZlaHHbIX B BaApUaHTe 3Ha4YeHUH QpaKTOPOB.

6. [locTpouTh ypaBHeHHE MHOXECTBEHHOM JIMHEMHOM perpeccuu
Y [OJIYYUTHb KOPPEJIALUOHHYIO0 MaTPULy.

7. IlocTpoUTh NMPOrHO3 MO YpPaBHEHUI0 MHOXXECTBEHHOU perpec-
CUU [J1d 3aJaHHBIX B BApUaHTe 3Ha4eHUH GaKTOpPOB.

YKa3aHus K BbINIOJTHEHUIO Pa6GOThI

ITapHasi 1uHelHas perpeccust

PaccmMoTpuM nocTpoeHue apHOW JIMHEWUHON perpeccuy Ha BCTpPO-
€HHOM Habope JaHHbIX cars.
d <- cars

Byaem paccMaTpuBaTh 3aBUCHMOCTb JJIMHbI TOPMO3HOTO MYTH
(mepeMeHHas dist) OT CKOPOCTH (MmepeMeHHas speed).

19
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[loctpouM rpaduk 3aBUCHUMOCTH [JIMHbl TOPMO3HOTO MYTU OT
CKOPOCTH aBTOMOOUJIS:

gplot (data=d, speed, dist)

YToObI HACTPOUTH BHENIHWM BUJ, rpaduka, HEOOXOAMMO HCIOJIb-
30BaTh GQYHKUMIO ggplot (puc. 11).
ggplot () +
geom point (aes (x=d$speed, y=dSdist), size = 2) + theme bw(base size =
18) +
xlab ("CkopocTs, Mujib/u") + ylab ("IimuHa TOPMO3HOTO nyTu, OyTe") +
labs (title = "KoppensauuoHHOe moje")

JlaHHasA QYHKIUA UMeeT MHOXeCTBO JPYTrUX HAaCTPOeK, C KOTOPHI-
MM MOXXHO O3HAaKOMUTbLCS B crnpaBke [6]. OLeHUM MoJiesib JIMHEWNHOMN
perpeccuu AJIMHbI TOPMO3HOTO NYTH HA CKOPOCTh aBTOMOOUJIS.

i1 3TOro KOMaH/Z0M 1m MIOMECTUM B MEpPEMEHHYI0 model MOJEJb
JIMHEMHOU perpeccuy, ykasaB dist B KayeCTBe 3aBUCUMOU NepeMeHHOH,
Y yepe3 3Ha4OK ~ IepeMeHHYI0 speed B Ka4eCTBE perpeccopa:

model <- Im(data=d, dist~speed) # Gasz30BENI nakeT stats

KoppenaluoHHoOe none

125 A

sy
h =l o
[ n o }
1 1 1
L]
L]

OnuHa TopMo3HOro MyTH, QyThl

5 10 15 20 25
CKopocTb, MUNb/Y

Puc. 11. T'padvk 3aBUCHMOCTHU AJMHBI TOPMO3HOTO YTH dist OT CKOPOCTH
aBTOMOOMJIA speed

Tun 1m npegcraBssieT c060¥ cnucok u3 12 anemeHToB (puc. 12).



21

Environment  History

[ | Import Dataset= | 3 Clear Grid=
Global Enviranmernt-

I_ Marne A Type Length Size Walue

[ d data. frame 2 1.5 KB 50 obs. of 2 wvariables |

[T maodel Im 12 24.1 KB List of 12

Puc. 12. [lepeMeHHasA-CIMCOK 1m B B TabJIM1e CpeAbl Environment

[TocMoTpyM Ha K03bdUILIMEHTbI ypaBHEHUS TUHENHOW perpeccuM:

modelScoefficients

Pe3ysibTaT B KOHCOJIU:

> modelScoefficients
(Intercept) speed
-17.579095 3.932409

(Intercept) — 3TO KOHCTaHTAa B YPaBHEHUHU perpeccui, speed —
KO3 PUIIMEHT perpeccuH.
Takum 06pa3oM, ypaBHEHUE perpeccuy UMeeT BUJ;

dist" = —17.579 +3.9324 - speed,

Takke MOXXHO OCMOTpPETh 3HAYE€HUS BEKTOpPA OLIMOOK MOJeJIu —
pa3HULy MeXJy peaJbHOW AJIMHOW TOPMO3HOrO MyTH dist Y MOJIy4YeH-
HOHU 1o MoJenau dist". BoiBegem mnepBble 10 3HaYeHUUW 3TOr0 BEKTOpa

C TOYHOCTBIO ZiBe LU PPbI MOC/Ie 3aNATOU:

modelSresiduals[1:10]
options(digits = 3)
1 2 3 4 5 6 7 8 9 10
3.85 11.85 -5.95 12.05 2.12 -7.81 -3.74 4.26 12.26 -8.68

BoJiee nmosiHbIN Ha60p pac4deToB 110 MoAeJIN MOXKHO IIOJIYIUTDb KO-
MaHJO0N summary:

summary (model) # ©as30BHII MakeT base

Call:
Im(formula = dist ~ speed, data = d)

Residuals:
Min 10 Median 30 Max
-29.069 -9.525 -2.272 9.215 43.201

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) -17.5791 6.7584 -2.601 0.0123 *
speed 3.9324 0.4155 9.464 1.49e-12 **x*

Signif. codes: 0 ‘**x’ (0,001 “**’" 0.01 “*" 0.05 ‘.” 0.1 Y"1
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Residual standard error: 15.38 on 48 degrees of freedom
Multiple R-squared: 0.6511, Adjusted R-squared: 0.6438
F-statistic: 89.57 on 1 and 48 DF, p-value: 1.49e-12
[TomrMo K03PPUIKEHTOB perpeccuy, R BbIBOAUT:
— CTaHJapTHbIe OIMOKU KO3 PUIIUEHTOB (Std. Error);
— HabJitoJlaeMble 3HaY€HUS t-KpUTepus MpPHU MPOBEpPKe 3HAYUMO-
CTU K03(pPULIMEHTOB perpeccui (t value);
— P-3HaveHusd A1 K03GPUIIMEHTOB perpeccuu (P-value).
3Be3/04KaMU WU TOYKaMHU B CTOJIOIe cripaBa R nmokasbiBaeT 3Ha-

YUMOCTb HJIM HE3HAYUMOCTb KO3(QPUIMEHTOB: *** — 3HAYUMbl Ha
ypoBHe 3HayuMmoctu MeHee 0.001; ** — 3HAaYUMBbI Ha YPOBHE 3HAYMMO-
cty 0.001; * — 3Ha4YMMBbI Ha ypoBHe 3HAYUMOCTHU 0.01; . — 3HA4YKUMBbI HA

ypoBHe 3HayuMocTH 0.05 u T. 7. ITH 0603HAYEHHUS IPUBEJIEHDI B pas/ie-
Jie Signif. codes.

KoaddpuuumeHT getepMuHanuu (Multiple R-squared) paBeH
0.6511; ckoppeKTHPOBaHHbIK KO3QPUIUEHT JeTepMUHALMU (Adjusted
R-squared) paBeH 0.6438. Hab6sarwjgaemoe 3HauyeHus1 F-kputepusi mpo-
BEPKHM 3HAYUMOCTH YPaBHEHUS B 1|eJIOM U P-3HayeHue:

F-statistic: 89.57 on 1 and 48 DF, p-value: 14%-12
TakuM 06pa3oM, ypaBHEHHE PETPECCHUHU MOJYIHUIOCh 3HAYUMBIM.

[IpoBeneM Ha rpaduKe NMOJy4eHHYIO JIMHUIO perpeccuu ¢ 95% jo-
BEpUTEJIbHbIMU HHTepBasiaMu (puc. 13):

gplot (data = d, speed, dist) + stat smooth(method="lm", level = 0.95) +
theme bw(base size = 18)

125 1

100 7

757

dist

20

] 10 15 20 25
speed

Puc. 13. Tpaduk IMHENHOM perpeccui C OBEPUTENbHbIMUA UHTEPBAaIaMH



Paccuutaem Takxke 95% poBepuTes/ibHble MHTEPBAJIbI JJis Mapa-
METPOB JIMHEMHOHW perpeccuu:

> confint (model, level = 0.95) # OasoBrnt makeT stats

2.5 % 97.5 %
(Intercept) -31.167850 -3.990340
speed 3.096964 4.767853
PaccyvutaHHble 1O MoJend 3HadyeHUdA dist" = —17.579+3.9324 - speed,
MO>KHO MOJIYYUTh KOMaH/I01

fitted(model) # GaszoBeni maker stats

HeobObsicHeHHast cyMMa KBaZpaTOB OTKJIOHEHUH:

RSS <- deviance (model) # ©as30BEII nakeT stats

MO>XXHO Takxe paCcCIUTAThb NIOJIHYIO CYMMY KBaZlpaTOB, BOCIIOJIb30-
BaBIINCH YK€ U3BECTHBIMHU (1)YHKI_[I/IHMI/I sum M mean.

TSS <- sum((y-mean(y))"*2)

[lns Toro YTOOBI IIOCTPOUTH IPOrHO3 IO HOJIyquHOﬁ MO/I€JIH,
HY>XHO 3aJaTb 3HadYeHHsI perpeccopa U IOMECTUTb UX B HOBBIH
data.frame.

# cozmaem HOBEII HAOOP HAHHHIX
nd <- data.frame (speed=c (40,60))

CTpouM NporHo3 PyHKIUEN predict:

> predict (model, nd)
1 2
139.7173 218.3654

MHoskecTBeHHas1 TUHEIHAsSI perpeccust

PaccMoTpuM BCTpOeHHBIM HAbOp [JAaHHBIX [0 COLUAJbHO-
3KOHOMHWYECKUM IoKasaTesisiM B 47 npoBuHLUsAX [lIBerinapruy B 1888 .

t <- swiss # BCTpOeHHBIM Ha®Op HaHHEX IO llBeluapnyu

ITOT HAabOp JIaHHBIX COJIEPXKUT 6 MepeMeHHbIX Mo 47 HabJwoe-
HUU, KaXK/1asl U3 KOTOPbIX U3MepseTcs B polleHTax (help (swiss) ):

Fertility — POXJaeMOCTb;

Agriculture — % MY>KYHH, 3aHATBIX B CEJIbCKOM XO351MCTBE;

Examination — % MNPU3bIBHUKOB, MOJYYHUBIIUX BBICIIYIO OLIEHKY Ha
3K3aMeHe B apMUU;

Education — % NpPHU3bIBHUKOB, UMEIUUX 00pa3oBaHUE MOMHMO
Ha4yaJbHOTO;

Catholic — % KaTOJIMKOB Cpe/iu HaceJeHus;

Infant.Mortality — % JeTeu, yMepLIUX A0 roja.

23
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[TocMOTpUM Ha 3TOT HAOOP AAHHBIX:

> glimpse (t)
Observations: 47
Variables: ©

$ Fertility (dol) 80.2, 83.1, 92.5, 85.8, 76.9, 76.1, 83.8, 92.4...
$ Agriculture (dbl) 17.0, 45.1, 39.7, 36.5, 43.5, 35.3, 70.2, 67.8...
S Examination (int) 15, o6, 5, 12, 17, 9, 16, 14, 12, 1o, 14, 21, 1...
S Education (int) 12, 9, 5, 7, 15, 7, 7, 8, 7, 13, 6, 12, 1, 12,...
S Catholic (dbl) 9.96, 84.84, 93.40, 33.77, 5.16, 90.57, 92.85,...
S

Infant.Mortality (dbl) 22.2, 22.2, 20.2, 20.3, 20.6, 26.6, 23.6, 24.9...

BcTpoeHHBIM NakeT graphics COAEPXUT PYHKIHUIO pairs, MO3BO-
JAOIYIO MOJIYYUTh BC€ BO3MOKHbIe AHarpaMMbl pacceqgqHUd Ha O4HOM
rpadrkKe, a TakXKe BBINOJHUTb UX CrJIa)KWBaHWE C IOMOIIbIO ONIUH
panel.smooth:

pairs(swiss, panel = panel.smooth)

PesysibTaToM OyzieT rpaduK, IOKa3aHHbIK Ha pUCYHKe 14.

DyHKIMA cor MO3BOJISIET KaK BBIYUCIWUTbL KOPPEJSLUI0 MEeXIy
JIByMsl BbIOOpKaMH, TaK M MOJIYYUTb KOPPEJSLMOHHYI MaTpULy AJs
BCeX NepeMEeHHbIX U3 HAbOpa JIaHHbIX:

> cor (swiss)
Fertility Agriculture Examination Education Catholic

Fertility 1.000 0.3531 -0.646 -0.6638 0.464

Agriculture 0.353 1.0000 -0.687 -0.6395 0.401

Examination -0.646 -0.6865 1.000 0.6984 -0.573

Education -0.664 -0.6395 0.698 1.0000 -0.154

Catholic 0.464 0.4011 -0.573  -0.1539 1.000

Infant.Mortality 0.417 -0.0609 -0.114  -0.0993 0.175
Infant.Mortality

Fertility 0.4166

Agriculture -0.0609

Examination -0.1140

Education -0.0993

Catholic 0.1755

Infant.Mortality 1.0000

KoppeiiinoHHY0 MaTpHUIy MOXHO MOJYYHUTb U B JPYTUX BUJAX,
HalpuMep, C NOMOLbIO QYHKIUHU sjp.corr U3 MaKeTa sjPlot (puc. 15):
library("sjPlot")
sjp.corr (t)

CywmecTByeT euje oHa GYHKLMS, TO3BOJISAOIASA NOJYIYUTh KOppe-
JIALIMOHHYI0 MaTpHlly, AUarpaMMbl pacCcesiHUS U CrJIaXKeHHble paclpe-
JleJleHrs1 0JHOBpeMeHHO (puc. 16):

library ("GGally")
ggpairs(t) # oyHkuMs m3 nakera GGally



YTOOBI OLIEHUTb PErpecCcUld POXKJAeMOCTU Ha OCTaJibHble Mepe-
MeHHbIe, MO’KHO BOCII0JIb30BaThCS YKe 3HAaKOMOU QYHKI[MEH 1m, a per-
peccopbl MEPEYHCIUTD Yepes3 3HAK «IIJIHC»:

model2 <- Im(data=t, Fertility~Agriculture+Education+Catholic)

B naHHOM ciiydae perpeccopamu ctaiu % 3aHATHIX B ¢/X; % KaTo-
JINYECKOT0 HaceJieHUs U % UMeloIMX 06pa3oBaHe Bblllle HA4YaJIbHOTO.
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Puc. 14. JluarpaMMbl paccesiHus, TOJly4YeHHbIE C TOMOILbI0 QYHKIUU pairs

- @ @ o e @
O O O O |
Cathalic - O O O i 0.086 0414
Ariculture Q Q i 0259 0152 0243
Educat O -0.850° 0144 0019 0443
Examination - i 0675 0,585 Sirraks 0,059 -0.6611
Examination Education Agrcuhurs Canholc Infare Monaliy Fertlty

Puc. 15. KoppessiiimoHHas MaTpUIa, OJAy4YeHHast
C MOMOLIbI0 PYHKIIMU STp.COrY
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Puc. 16. KoppensaMoHHad MaTpULLa, JUarpaMMbl pacCessHUA U CrylaKeHHble
pacnpejeseHus1, NoJy4YeHHbIe C TOMOIbI0 QYHKIUU ggpairs

[Toly4ruTh OLleHKH K03 PUIMEHTOB YPaBHEHUSI pErPeCcCUH, a TaK-
Ke MPOBEPUTb OCHOBHbIE T'MIIOTE3bl TOMOXKET PYHKILMSA summary:

> summary (model?2)

Call:
Im(formula = Fertility ~ Agriculture + Education + Catholic,
data = t)
Residuals:
Min 10 Median 30 Max
-15.178 -6.548 1.379 5.822 14.840

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 86.22502 L713472  18.211 < 2e-16 **+*
Agriculture -0.20304 .07115 -2.854 0.006062 **
Education -1.07215 .15580 -6.881 1.91e-08 *x**
Catholic 0.14520 .03015 4,817 1.84e-05 **x*

Signif. codes: 0 ‘***xr (0,001 “**" 0.01 “** 0.05 “.” 0.1 Y"1

O O O B

Residual standard error: 7.728 on 43 degrees of freedom
Multiple R-squared: 0.6423, Adjusted R-squared: 0.6173
F-statistic: 25.73 on 3 and 43 DF, p-value: 1.08%-09
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[TocTpouM NPOTrHO3 M0 aHAJIOTUHU C TAPHOM JIMHEMHOMN perpeccuen.
OT/in4Me 3aKJII0YaeTCs JIMIb B TOM, UYTO B HAb0Ope JaHHbIX HE00X0AUMO
yKasaTb 3HaYeHUS KaXK/A0T0 paKTopa:

# cozmaeMm HOBENI HaOOP IAHHBEIX
nd2 <- data.frame (Agriculture=0.5,Catholic=0.5, Education=20)
> predict (model2,nd2)

1
04.75316

HOCTpOEHI/Ie IIPOrHo3a IO HECKOJIbBKMM TOYKdM BbIIIOJJIHAETCA
C IIOMOLIBbO BEKTOPOB 3Ha4YeHHU:
# coszmaeMm HOBENI HAOOP MAHHEIX
nd2 <- data.frame(Agriculture=c(0.5,0.8),Catholic=c (0.5, 0.65),
Education=c (20, 25))

# mporHosMpyeM
predict (model2, nd2)

1 2
64.75316 59.35330

KoHTpoJ/iIbHBIE BOIIPOCHI

1. Yro Takoe Intercept B IapHOU JIMHEUHOU perpeccumn?
2. Kak npoBepHTb 3HAYUMOCTb YPaBHEHUSI perpecCcuu B 11eJI0M?
3. Kak y3HaTb pa3bpoc 3HaueHHH K03dPUILIMEHTOB perpeccun?

JIABOPATOPHAA PABOTA 3. BPEMEHHBIE PA/IbI

Ilesib paGoOTHI

N3y4yuTh 6a30Bble COCOOBI aHA/IU3a, MOJEJUPOBAHUSA U MPOTHO-
3WUPOBAHUSI BpeMEHHbIX PSJOB.

3azaHue

1. 3arpy3uTh JjaHHbIe U3 BPEMEHHOIO ps/Jia AJis1 CBOero BapuaHTa
3a oCJieJHUe MOJIT0/a.

2. TlocTpouTh rpadpuK BpeMeEHHOTO psja ¢ rpadpuKaMy aBTOKOP-
peSIiMOHHOM U YaCTHOU aBTOKOPPEJAUOHHOU QYHKIUU.

3. IllogobpaTe BpyuHyw nopsaaok ARMA-mopenu. [lyig nmopbopa
MCI10J1Ib30BaTh BU3YyaJIbHbIU aHAJIU3 rpadukKa.

4. Tlopo6patb ARMA-Mo/1e/1b aBTOMATHUYECKH.

5. IlocTpouTh NpoOrHo3 Ha yKa3aHHOE B BapUaHTE YMCJIO LIATOB.
[loka3aTb NporHo3 Ha rpaduke.
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YKa3zaHuA K BbINNIOJIHEHUIO pa60Tb1

AHaau3 BPEMCHHbLIX PsI/IOB

,[[JIH pa6OTbI INIOAKJ/IIOYHUM CJieAyrolre IaKeThbI:

library("lubridate") # pabora c maTamm

library("zoo") # paboTa C BpeMeHHEMM PsSOaMu

library("xts") # momosHuTesnbHEle OyHKUMM 171 PaOOTHL C BPEMEHHEMM PSAIaMMA
library ("dplyr") # pabora c nHabBopamu IaHHHIX

library("ggplot2") # rpaduxu

library("forecast") # mpoTHO3EI

library ("lmtest")# TecTupoBaHMe THUNOTE3 B JIMHEWHEIX MOIEJISX
library("quantmod") # 3arpys3Ka OAHHHX C Pa3JIMUHBIX MCTOUHUKOB

,[[JIH Ha4aJia IIOCMOTpPHM, KadK CT€eHEpPpHUPOBATb TE€CTOBLIE BbI60pKI/I.
i1 3aToro BocmnoJib3yeMcsi QyHKIMeH arima.sim U3 6a30BOro MakeTa
stats.

BeinmosiHuM cumyssnuio AR(1)-npouecca B 100 Habt0eHUN MO
Mojesu: y, =06y, , +& U IOMECTUM B IePEMEHHYIO Y.

y <- arima.sim(n=100, list(ar=0.6))

B 3TOol QYHKIMKM HEOOXOJIMMO yKa3aTb 00'beM BbIOOPKH, a TaKXKe
B apaMeTpe list K03pPULIMEHTHI MO/JIEIH.
Mo0>KHO IOCTPOUTD NMOJIyYEHHbIN psAJl HA rpaduke (puc. 17):

plot (y)

o

0 20 40 60 80 100

Time

Puc. 17. 'paduk BpeMeHHOro psifia

['padrku aBTOKOPPESAUOHHON U YaCTHOM aBTOKOPPEJISILIMOHHOM
bYHKIMM AJ1 mpollecca y BbI3bIBAIOTCSA KOMaHAaMH COOTBETCTBEHHO:

Act (y)
Pact (y)
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Bce Tpu rpaduka 0JHOBPEMEHHO MOTYT ObITh BbI3BaHbl KOMaH-
JIOH:
tsdisplay(y)

PGBYIIbTaT BBIIIOJIHEHHUA KOMaH/AbI IOKA3dH Ha pPUCYHKE 18.
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Puc. 18. 'paduk BpeMeHHOTO0 psijia c rpadMKaMu aBTOKOPPEJISLMOHHON
M YaCTHOM aBTOKOPPEJSAIMOHHON QPYHKIIUM

[TocMOTpUM elje HECKOJIBKO NTpUMepoB cuMyiauuu AR, MA, ARMA,
ARIMA niponeccos.
[Ipontecc MA(1) y,=¢ -08¢,,

arima.sim(n=100, list(ma=-0.8))
Mpouecc ARMA(1,1) Ve =01 +6-084,
arima.sim(n=100, list(ma=-0.8, ar=0.5))
HpoueCC ARMA(Z,Z) yt = 0'9yt—1 _0'5yt—2 +& —0.2€t_1 +0'3‘9t—2
arima.sim(n = 100, list(ar = c¢(0.9, -0.5), ma = c(-0.2, 0.3))
[Ipouecc ciydaiHOTO OJYKAAHUS Y, =Y, , + &
arima.sim(n=100, list (order=c(0,1,0)))
Besplit mym Yt =4;
arima.sim(n=100, list (order=c(0,0,0)))

[Tonpobyem nomo6pathk passinydbie ARIMA-mMoenn noj peasbHbIE
JlaHHble. [l npuMepa BbibepeM BpEMEHHOU psiji, coaepkaui 98 exe-



ro/IHbIX HAaOJII0/IEHM M 32 YPOBHSIMU BOJibI B 03epe ['ypoH ¢ 1875 no 1972
rr. (puc. 19).

help (LakeHuron)
EH R: Level of Lake Huron 1875-1972 — |EI |i|

@ &

LakeHuron {datasets] R Dacumentation

Level of Lake Huron 1875-1972

Description

Annual measurements of the level, in feet, of Lake Huron 187561972,
Usage

LakeHuron

Format

A time series of length 93,

Source

Brockwell, P, J. and Davis, B, A (1331). Time Seres and Forecasting Methods. Second edition. Springer, Mew York, Series &, page 555,

Brockwell, F. J. and Davis, . A, (1996). Introduction to Time Senes and Forecasting. Springer, Mew York. Sections 2.1 and 7.6.

Puc. 19. CnipaBKa 1o Habopy JaHHbIX LakeHuron

Ouenum ARMA(2,1) Mogenb c NOMOLIbIO GYHKI UK Arima U3 MTaKeTa
forecast:

mod<- Arima(y, order=c(2,0,1))
HOCMOTpI/IM Ha pesyanaT OLl€eHUBAHUA.

summary (mod)
Series: y
ARIMA(2,0,1) with non-zero mean
Coefficients:
arl ar? mal intercept
0.7829 -0.0342 0.2857 579.0533
s.e. 0.3262 0.2845 0.3144 0.3467
sigma”2 estimated as 0.4749: log likelihood=-103.24
AIC=216.48 AICc=217.13 BIC=229.4
Training set error measures:

ME RMSE MAE, MPE MAPE MASE
Training set -0.008638553 0.6891058 0.5492008 -0.001635858 0.09486097 0.9378958
ACF1

Training set 0.002260998

Monyumms  mogenp Y =579.0533+0.7820y, ~0.0342y,, +¢ +0.2857¢,,

B cTpoke s.e. mepeuuc/sieHbl CTaHAAPTHbIE OUIMOKU KO3QPUIUEHTOB.
OneHka aucrnepcuu 6 =0.4749  CTpokol HIKe Iepedyrc/IeHbl 3HaYeHUs
kputepuss Axauke (AIC=216.48), CKOPpPEKTUPOBAHHOIO KpUTEPUS
Axkauke (AlCc=217.13) u kputepus llIBapua (BIC=229.4).




Mo0>XHO OT/e/IbHO BbIBECTH 3HAaueHHe KpuTepus AKavKe KOMaH-
JIOH:

AIC (mod)

Komanpou fitted(mod) MOXKHO MOJIYYUThb MOJIEJIbHble 3HAYEHUA
BpeMeHHOTO0 psja. [locTpouM peasibHblE M MO/Jle/ibHble 3HAYE€HUs Ha
ogHoM rpaduke (puc. 20):
matplot (cbind(y,fitted (mod)), type="1")

DyHKIMA matplot CTPOUT 3HAYEHUS CTOJIOI0OB MATPHUIlbl, TO3TOMY
ee apryMeHTOM HYKHO 33JlaTh CToJIOIbl. KoMaH/la cbind coeIMHSET B
MaTpHUIy CTOJIOel, Yy U CTOoJI0el, 3HAaYeHUU, PacCCYNTAHHbIX MO0 MOJEJH.
type="1"' yKasbIBaeT, YTO TUIl rpadprKa — JIMHUS.

chindiy, fitted{mod))
577 578 579 530 581 582
! ! 1 1 ! !

576
|

T T T T T T
0 20 40 5o 50 100

Puc. 20. 'paduk MOJie/IbHBIX U peaibHbIX 3HAaYEHUH BpEMEHHOTI0 psifia

[TocTporM nporyHo3 Ha 5 mwaroB BHepeS:

prognoz<- forecast (mod, h=b)

BeiBesieM mnoJsiydeHHble 3HayeHud. PesysabraTr BriawodaeT 80%
1 95% noBepUTebHBINM UHTEPBAJI JJIsI IPOTHO3a:

prognoz

Point Forecast Lo 80 Hi 80 Lo 95 Hi 95
1973 579.7407 578.8576 580.6238 578.3901 581.0913
1974 579.5605 578.2680 580.8530 577.5838 581.5372
1975 579.4269 577.9528 580.9009 577.1725 581.6813
1976 579.3284 577.7645 580.8924 576.9366 581.7203

1977 579.2559 577.6453 580.8666 576.7927 581.7192
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Ctpoum rpaduk nporHosa (puc. 21):
plot (prognoz)

Forecasts from ARIMA(2,0,1) with non-zero mean
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Puc. 21. T'paduk nporHo3sa no mogeau ARIMA

R Takxe MoxkeT aBTOMaTuyeckyd noaoupatbh ARIMA-mMozenb mno
mTpapHOMY KpUTEPHIO (MUHHUMaJIbHOE 3HAaYeHUE KpUTepus AKauke):

mod a<- auto.arima(y)
summary (mod a)

Series: y
ARIMA (0,1,4) with drift
Coefficients:
mal maz2 ma3 mad drift

0.0584 -0.3158 -0.3035 -0.2349 -0.0205
s.e. 0.1031 0.1058 0.1100 0.1299 0.01e7
sigma”2 estimated as 0.4806: log likelihood=-101.09
AIC=214.18 AICc=215.12 BIC=229.63
Training set error measures:
ME RMSE MAE MPE MAPE

MASE
Training set 0.002898915 0.6886758 0.5441565 0.0003830464 0.093983
0.9292814

ACF1
Training set 0.01081339

«ARIMA(0,1,4) with drift» o03HayaeT, 4YTO ObLIA MOJ00paHa
ARIMA(0,1,4) c nMHelHBIM TpeHAOM (drift), HO 6€3 KOHCTAaHTHhI (OTCYT-
CTBYeT MapaMeTp intercept).

TakuM o6pa3om, MOJYYUM MO/IEb

Y, =Y, +¢ +0.0584¢, , —0.3158¢, , —0.3035¢, , —0.2349¢, , —0.0205t.



3arpy3ka JaHHBIX U3 Pa3JIMYHbIX HCTOYHNKOB B R

/I KOpPEKTHOTO MepeBoa AaT Ha aHTJIMUCKUM A3bIK B PYCCKOS-
3bi4yHOM Windows, He0OX0UMO CHayaJia BBIMOJHUTH CAEeAYIOUIYI0 KO-
MaHJYy:

Sys.setlocale ("LC TIME","C")

[lakeT quantmod MO3BOJISIET 3arpy>KaTh AaHHbIE U3 HECKOJbKHUX HC-
TOYHUKOB, @ UMEHHO:

— Yahoo! Finance (OHLC data) — http://finance.yahoo.com/;

— Federal Reserve Bank of St. Louis FRED® (11,000 skoHOMUH4e-
CKHX BpeMeHHbIX psfioB) — http://research.stlouisfed.org/fred2/;

— Google Finance (OHLC data) — http://finance.google.com/;

— Oanda, The Currency Site (FX and Metals) —
http://www.oanda.com/.

Jis1 3arpy3KM [AaHHBIX HCHOJIb3YeTCA OJlHA U Ta e (QYHKLUS
getSymbols, HalpHUMep:
#manHele o crommocTmM akumy  I'yrom ¢ finance.google.com 3a nepuon

c 1 auBapsa 2015r. nmo 1 mexabps 2015r.
getSymbols ("GOOG", src="google", from="2015-01-01", to="2015-12-01")

GOOG — 3TO KpaTKOe Ha3BaHHE aKI MUKW KOMIAHMM Ha OUpXKe
(THkep). Tenepb 3THU AaHHbIE 3arpy>keHbl B MEPEMEHHYI0 C TAaKHUM K€
Ha3BaHUEM GOOG.

Ec/iiu He yka3bIBaTh HavyaJIbHYO UK KOHEYHYIO AaTy, TO OYyAyT 3a-
TPy’KEHBI BCE JOCTYINHbIE JaHHbIE. MOKHO MOCMOTpPETH LIECTh NEePBbIX
3Ha4YeHUU U LIeCTb MOCJAeJHUX 3HaYeHUH KOMaHAaMU head U tail COOT-
BETCTBEHHO.

head (GOOG)

GOOG.Open GOOG.High GOOG.Low GOOG.Close GOOG.Volume GOOG.Adjusted
2015-01-02 529.0124 531.2724 524.1023 524.8124 1447600 524.8124
2015-01-05 523.2624 524.3324 513.0623  513.8723 2059800 513.8723
2015-01-06 515.0024 516.1773 501.0523  501.9623 2899900 501.9623
2015-01-07 507.0023 507.2463 499.6522  501.1023 2065100 501.1023
2015-01-08 497.9922 503.4823 491.0022  502.6823 3353600 502.6823
2015-01-09 504.7623 504.9223 494.7922  496.1723 2069400 496.1723
tail (GOOG)

GOOG.Open GOOG.High GOOG.Low GOOG.Close GOOG.Volume GOOG.Adjusted
2015-11-23 757.45  762.708  751.82 755.98 1414500 755.98
2015-11-24 752.00  755.279  737.63 748.28 2333100 748.28
2015-11-25 748.14  752.000  746.06 748.15 1122100 748.15
2015-11-27 748.46  7753.410  747.49 750.26 838500 750.26
2015-11-30 748.81  754.930  741.27 742.60 2035300 742.60

2015-12-01 747.11  768.950  746.70 767.04 2129900 767.04
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[TocMoTpuM Ha rpaduk (puc. 22):
barChart (GOOG, theme = "white")

GOOG [2015-01-02/2015-12-01]
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Puc. 22. T'paduk croumoctu akuui ['yran GOOG

Takxe MO>XHO IOCMOTPEeTh Ha LieHYy 3aKPbITHS C TOMOIIbI0 QYHK-
ouu tsdisplay (puc. 23):

tsdisplay (GOOGSGOOG.Close)

GOOG$GOOG.Close
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Puc. 23. T'paduk ueHsbl 3akpbITU] akuuu I'yra GOOG
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HpI/IBe,HEM ele HECKOJIbKO ITIPUMEPOB:

#maHHEIE O cTOMMOCTM akumii Yahoo ¢ finance.google.com
getSymbols ("YHOO", src="google")

#manHele o cTomMocTM akumit Apple ¢ finance.yahoo.com
getSymbols ("AAPL", src="yahoo", from="2015-01-01", to="2015-12-01")

fAnoHckue cBeuu (puc. 24):
candleChart (AAPL, multi.col=TRUE, theme="white")

AAPL [2015-01-02/2015-12-01]
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Puc. 24. 'paduk ctoumocTu akuui Apple AAPL

Jlns 6osiee JeTalbHOW MHPOPMALIMKM MOXXHO OOpPaTHUTbhCA Ha CaWT
pa3paboOTUYMKOB nakeTa [7].

KOHTpOJIbeIe BOIIPOChbI

1. B yeM oT/in4ve aBTOKOPPEJANUOHHOW U 4YaCTHOM aBTOKOppe-
JISLLMOHHOW QYHKLIMN?

2. Yrto Takoe ciay4yarHoOe OJIY>KJaHUE U OesIbIH yM?

3. Kak MOXHO CpaBHUTb MOJeJIU BDEMEHHOT'0 pAJa 10 TOYHOCTHU?
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JIABOPATOPHAA PABOTA 4. TEHETUYECKHE AJITOPUTMbI

Ilesib paGoTHI

HayyuTbcsd npuMeHATh reHeTudeckue aiaroputmbl (I'A) [5] anas
MIOMCKa OIl€HOK ITapaMeTpPOB HeJIMHENHBIX MO/iesIeN.

3agaHue

1. BbINOJIHUTH reHepalyio 3HAYEHUU X U ).

2. TlocTpouThb rpad kK 3aBUCUMOCTH Y OT X.

3. 3azatb QYHKIMIO 3aBUCUMOCTHU y OT X B R ¥ COOTBETCTBYIOIIYIO
e pynknuo MHK.

4. OnpenendTh MUHUMaJbHblE U MaKCUMaJlbHble 3HAaY€HHUSA Ia-
paMeTpOB.

5. 3anycTuTh NOUCK pelieHUsa ¢ noMmoiubio 'A. Pasmep nony.sis-
L UH, IpeJieJIbHOE YMCJI0 UTEPALIMM U YCJIIOBHE OCTAaHOBA aJITOPUTMaA 3a-
JlaHbl B BApUaHTe.

6. Iloctpouth rpaduk 3Ha4eHUH fitness-QyHKUUHA U TrpaPUK
C UCXOHBIMU JJAHHBIMY U MOJIYYEHHOU MO/IEJIBIO.

7. IIOBTOpUTBH NYHKTHI 5 U 6 elle 2 pa3a U CPAaBHUTD MOJIyYeHHBIE
pe3yJIbTaThl.

8. BriOpaTh HaWJIy4YlIUK M3 TPeEX Pe3yJibTAaTOB MO 3HAYEHHUIO KO-
spPuLMeHTa JeTepMUHALIUH.

y}ﬂa3aﬂﬂﬂﬂECBLJH(UHHEPH&K)[EN5OTTﬂ

I'eneTHuyeckue AJITOPUTMBI

PaccMoTpuM pemenue 3agauu HesimHerHoro MHK ¢ momoieio re-
HETHUYEeCKOI'0 aJiIr0OPUTMA HAa BCTPOEHHOM Habope JJaHHbIX trees.

Jl/1s1 paboThI NOAKJIIOYUM CleAytolnve nakeTsl [10]:
"GA") # TeHeTMUeCKME aAJITOPUTMEL
"dplyr") # paBora c Habopamu HAHHBIX

"ggplot2") # rpaduxu
"spuRs") # comepxuT HabOp IOAHHEHX trees

library
library
library
library

o~ o~ o~ —

[TosiyuuM onrcaHre Habopa JaHHBIX N0 JlEPEBbSIM trees U3 MTaKeTa
spuRs KOMaH/Z0H (puc. 25):

help ("trees", package = "spuRs")



EH r: von Guttenberg Norway spruce tree measurement data = |E| il

-
trees {spuRs} R Documentation —

von Guttenberg Norway spruce tree measurement data

Description

These are a subset of the von Gutienberg data, a set of measurements on Morway spruce (Picea ables [L.] Karst) in several different
locations and site categories

Usage
data(tress)
Format
A data frame with 1200 observations on the following 3 variables.
D
A factor identifying the tree by location, site, and tree number.
Age
The age at which the tree was measured
Wl

The hole wvolume of the tree, in cobic dm

Puc. 25. CipaBKa 1o Habopy AaHHbIX trees U3 MaKeTa SPuRs

B sTom Habope gaHHbIX cogepxkuTca 1200 Hab/IlOAeHUN U TPU Tie-
peMeHHbIX (ID AepeBa, KOTOPbIA BKJIIOYAET HOMEpP MECTONOJIOXKEHUS,
IJIOIIA/IKM ¥ HOMED JlepeBa; BO3pacT JepeBa; 06’beM B Ky0. AM). bynem
paccMaTpUBaTh 3aBUCHUMOCTb 00'beMa JiepeBa (mepeMeHHas Vol) OT
Bo3pacTa (mepeMeHHas Age).

AKTHUBYpYeEM HabOp AAaHHBIX KOMaH/I0M:

data ("trees", package = "spuRs")

[locMOTpUM Ha 3TOT HabOP AAHHBIX:

> glimpse (trees)

Observations: 1200

Variables:

$ i (fctr) 1.1.1, 1.1.1, 1.1.1, 1.1.1, 1.1.1, 1.1.1, 1.1.1, 1.1.1,
1.1.1, 1.1.1, 1....

$ Age (dbl) 9.67, 19.67, 29.67, 39.67, 49.67, 59.67, 69.67, 79.67,
89.67, 99.67, 109....

S Vol (dbl) 5.0, 38.0, 123.0, 263.0, 400.0, 555.0, ©688.0, 820.0, 928.0,
1023.0, 1104....

BribepeM aJis1 fanbHeHIIed paboThl TOJIBKO JaHHbIE /s IepEBbEB
C ompezesleHHbIM MecToIloJioKeHueM, HanpuMep, ID = 1.3.111. [Tomec-
THM B IIEpEMEHHYI0 tree BIOPAHHYIO 4YaCTh UCXOAHOW BbIOOPKHU:

tree<- trees[treesSID == "1.3.11", 2:3]

KoMaHz0i1 trees[] MOXHO BbIOpPATh HY>KHble CTOJIOIbI U3 Habopa
JlaHHbIX. TakuM 06pa3oM, npeabIAyIasg KOMaH/ia BbioMpaeT U3 Habopa

1 [Tonpo6Hee cM. B Zeide, B. Analysis of growth equations. Forest Science. 1993. 39 (3). Pp. 549-616.
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JAAaHHBIX TOJIBKO BTOpOI‘/JI 151 TpETPII;'I CTOJ'I6I_U:>I, HO Tak, YTOOBI B IIepBoM
cToJ101e ID O6b11 pUu 3TOM paBeH 1.3.11.
HOCMOTpI/IM Telepb Ha tree:
> glimpse (tree)
Observations: 12
Variables:
$ Age (dbl) 2.44, 12.44, 22.44, 32.44, 42.44, 52.44, 62.44, 72.44,
82.44, 92.44, 102....

$ Vol (dbl) 2.2, 20.0, 93.0, 262.0, 47¢.0, 705.0, 967.0, 1203.0,
1409.0, 1659.0, 1898...

[losiyueH Habop AaHHBIX U3 12 HabOJIOAEHUH C ABYMS TepeMEHHbI-
MU.

[TonpobyeM onucaTbh 3aBUCUMOCTb 06'beMa JiepeBa (y) OT ero Bo3-
pacTa (x) ¢ HOMOIIbI0 JIOTUCTHYECKON GyHKUMU Pruyapaca:

y= a(l—e‘bx)c.

3aTeM HY>XHO 6y,£[8T IIPUMEHHUTDb METOJ HAMMEHbIIWX KBAZAPaTOB,
I[IpHU4YeM liapaMeTpbl BXOAAT B MOAEJIb HeJIMHENHO:

12 2
a,b,c=argmin Z(Voli - a(l— e DA )Cj :
abc j=x1

MHHUMU3UPOBATh CYMMY KBa/IpaTOB OIIMOOK OyZ€eM YUCJIEHHO —
C TIOMOIIIbI0 TEHETUYECKOTO aJropuTMa. [eHeTUYeCKUN aJropuTM pea-
Jin30BaH B R QpyHKIMEN ga U3 akeTa GA.

DyHKIMSA ga MAKCUMHU3UPYET QYHKUMIO fitness, KOTOPYIO CaeayeT
3aAaThb. [l0CKOJIbKY CTOWUT 3aJlaya MUHMMH3AlLlMH, TO BOCIOJIb3yeMCs
caeAyIUM GaKTOM:

argmax(®) =argmin(-0).
® ®

Jlnst aToro Heo6x0AMMO 3371aTh B R dyHKIMI0 Pruyapsca — oHa 6y-
JleT MUCIOoJIb30BaHa AJi1 QYHKIUM fitness, YKa3aHHOM B apryMeHTax
¢yHkuuu ga. [lyctb BeKTOp napamMeTpoB PYHKIIMM 0003Ha4eH theta. To-
rga a = theta[l], b = theta[2], ¢ = theta[3]. 3ajaeM d)yHKI_[I/I}O
richards:
richards<- function(x, theta)

theta[l] * (1 - exp(-theta[2] * x))"theta[3]

B mepBo# CcTpoKe yka3aH apryMeHT QYHKIMHU x U BEKTOp mapa-
MeTpoOB theta. Yepe3 mpobes B cieyollel CTPOKE ONMUChbIBAETCS caMa
byHkuusa Puyap/ca, nopsijok napaMeTpoB a, b, c B BeKTOpe theta A0J-
»KEH COXPaHSAThCS.



3agaeM QYyHKIMIO fit CyMMbl KBa/IpaTOB OIIMOOK M Iocje npobe-
Jla IOCTaBUM Iepe pyHKIMel CyMMbl KBaipaTOB OLIMOOK 3HAK MHUHYC:

fit<- function(theta, x, y) -sum((y - richards(x, theta))"2)

B dyHKIMM ga 3a4a10TCA cleAyoLie napaMeTphl:

fit — HyHad HaM QYHKUHUSA AJid apTyMeHTa fitness, KOTOPYIO
MaKCHUMU3UPYyeT reHeTUYEeCKHUH aJITOPUTM;

type BblOepeM real-valued, NMOCKOJIBKY BO3pacCT JepeBbeB U
00'beM SIBJISIIOTCS J€CTBUTEJbHBIMU YU CJIAMU;

x U y — 3TO COOTBETCTBEHHO BO3pacCT JepeBa (treeSAge) U 00b-
eM JlepeBa (tree$Vol) — apryMeHTbl QyHKUUHU fitness;

min — 3TO BEKTOP MMHHUMAaJIbHBIX 3HAY€HUU MMapaMeTpoB a, b, ¢
bynkuuu Pruyapaca;

max — BEKTOpP MaKCUMaJIbHbIX 3HaUYeHUW MapaMeTpoB a, b, C;

crossover — (QYyHKUYA B R, BbINOJIHAWOUAA KPOCCOBEp, T. €.
byHKIMs, KOTOpasi 0bpa3yeT NOTOMKOB, 00'beJJUHUB 4YacTb FeHETHYe-
CKOM MHPOpMAIUU OT POJUTEJEN;

popsize — pa3Mep NonyJasiluu,

maxiter — MaKCMMaJIbHOE YUCJIO UTepaldH, ocjie KOTOPOro pa-
00Ta reHETUYECKOT0 a/ICOPUTMA IpeKpaLaeTCs;

run — YUCJO MOCJe[0BaTeJbHbIX MOKOJEHUN 0e3 KaKoro-yiubo
yJy4lleHUsT B 3HAa4YeHUU fitness-QYHKLIUU Tepej, OCTAHOBOM aJiro-
pUTMa U T. [I.

3anuilieM pe3yJibTaT BbINOJHEHUS QYHKIUU ga B NMEPEMEHHYIO
myGA, 33/1aB 3HaYE€HUsI ONIMCAHHBIM apryMeHTaM:

myGA<- ga(type = "real-valued", fitness = fit,x = tree$Age,
y = tree$Vol, min = <¢(3000, O, 2), max = c(4000, 1, 4),
popSize = 500, crossover = gareal blxCrossover, maxiter = 5000,
run = 200, names = c("a", "b", "c"))

dyHKUUA pU paboTe OyJeT BbIBOAUTH B KOHCOJIb 3HaUeHUs fit
Ha KaXXJ0U UTepallMu aJIrTOPUTMa:

Iter =1 | Mean = -74580573 | Best = -6766.369
Iter = 2 | Mean = -64840448 | Best = -6766.369
Iter = 3 | Mean = -56793683 | Best = -6766.369
Iter = 4 | Mean = -48988112 | Best = -6766.369
Iter = 5 | Mean = -38083470 | Best = -6766.369
Iter = 6 | Mean = -31671411 | Best = -4661.229
Iter = 7 | Mean = -21836845 | Best = -4661.229

[locMOTpUM Ha KpaTKue pe3y ibTaThbl oJo60pa GyHKLMU Pudyapjca
Ha UCXO/IHbIE IaHHbIE:
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>summary (myGA)

et +
| Genetic Algorithm |
- +
GA settings:

Type = real-valued
Population size = 500

Number of generations = 5000
Elitism = 25
Crossover probability = 0.8
Mutation probability = 0.1

Search domain

abec

Min 3000 0 2

Max 4000 1 4

GA results:

Iterations = 792

Fitness function value = -2774.113
Solution =

a b C

[1,] 3589.788 0.01546055 2.786145

TakuM 06pa3oM, MoIy4yeHo Cleayrlnee YypaBHeHHE perpecCum:

9 = 3589788(1_ e_0-015x )2-786 .

KoMaHzo# plot (myGA) MOXXHO MOCMOTpPETh, KaK U3MEHSJIUCh 3Ha-
yeHUs fitness-QYHKIMU HA NPOTSHKEHUU Bcex 792 MTepalMil aaropur-

Ma (puc. 26).
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Puc. 26. U3meHeHHe 3Ha4YeHUH fitness-QyHKIMU B 3aBUCUMOCTH
OT YMCJia UTepanum



MOﬂeﬂbeIe 3HAY€HHUA y MOKHO IIOJIYIYHUTD KOMaHﬂOﬁ:

richards (treeSAge, myGA@solution)

[locTpouM Ha rpadurke UCXOJHYIO BbIOOPKY U pe3yJbTaT Mmojbopa
¢yHknuu Puuappaca (puc. 27):
ggplot () +

geom point (aes (x=tree$Age, y=trees$Vol)) +
geom line (aes(x=tree$Age, y=richards(tree$Age, myGA€solution)))

B naHHOM KOMaH/ie yKa3aHo:

ggplot () aKTHUBUPYET MOCTPOEHHE rpaduKa € MOMOIIbI0 GYHKIIUN
naketa ggplot2;

geom point (aes (x=tree$Age, y=tree$Vol)) — CTPOUT TOYKAMH 3aBH-
CHUMOCTb 00'beMa JlepeBa OT BO3pacTa 0 UCXOHOH BbIOOPKE;

geom line (aes (x=treeSAge, y=richards(treeSAge, myGA@solution))) —
CTpOHUT JUHUEN MoOJAeJIbHbI€ 3HA4YEeHHUA ob6beMa A€epeBbEB B 3aBUCHUMO-
CTH OT BO3pPaACTa, paCCHUTAHHBIE 110 CI)YHKI_U/II/I PI/Iqapaca C [TapaMeTpaMH,
HaﬁﬂeHHbIMH reHeTU4eCKHUM aJITOPUTMOM.

2000 1

1500 +

1000

tree$Vol

200

0 30 60 90
tree$Age

Puc. 27. T'pad UK MCXOAHBIX JAaHHBIX U MOJIydeHHOU GyHKIIMK Puyapaca

Jl7s1 OLlleHKW TOYHOCTU MOJieJIU paccyuTaeM ee KO3bPUILIMEHT Je-
TEepMHWHaAl NN
RSS <- sum( (tree$Vol-richards (treeSAge, myGA@solution))”"2)
TSS <- sum( (tree$Vol-mean (tree$Vol))"2)
R2 <- 1-RSS/TSS
> R2
[1] 0.9995553

[lTocTporM MO MoOJIy4YeHHOW MOJieJIU NMPOTHO3 06'beMa JepeBa AJs
Bo3pacTta 150 u 200 JieT:

Age forecast <- c¢(150,200)
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richards (Age forecast, myGA€solution)
[1] 2691.205 3156.228

Jlns moctpoeHus rpadukKa NporHosa B BU/Jie IJIaJIKOW JIMHUH I10-
TpebyeTcsl 60JIbIlIOe YUCJIO0 TOYEK, KOTOPbIEe Y00Hee 3a/laTh B BU/IE T0-
caengoBatesbHOCTH OT 115 10 200 ¢ marom 5:

Age forecast <- seq(115,200, by = 5)

ggplot () +
geom point (aes (x=tree$Age, y=trees$Vol)) +
geom line (aes (x=tree$Age, y=richards(tree$Age, myGA€solution))) +
geom line (aes(x=Age forecast, y=richards (Age forecast, myGA€solution),
color = "maroon")) +

theme bw(base size = 18)

Pe3ysibTaT MoKa3aH Ha pUCyHKe 28.

3000 1

2000 »

tree$Vol

1000 +

a 50 100 150 200
tree$Age

Puc. 28. T'pad UK MCXOHBIX JAaHHBIX U OJIyYeHHOU GyHKIIMK Puyapaca
c nporHo3om o 200 Jiet

I'eHepaumsi JTaHHBIX

BbIlOIHMM reHepalnyio 3Ha4YeHUW X C HOpMaJIbHbIM 3aKOHOM pac-
npejie/ieHUsi, MaTeMaTUYeCKUM OXXUJaHUeM 45 U cpeJHeKBajpaTHye-
ckuM oTkyoHeHUeM (CKO) 7. 06'beM BbIOOPKH 3agaauM paBHbIM 100:

x <= rnorm(n = 100, mean = 45, sd = 7)
Jl/is1 TeHepalu y He06X0AMMO 3aJaThb GOPMYJy 3aBUCUMOCTH, Ha-
pyUMep, JIMHEWHYI0, U HAJIOXKUTb Ha Hee CJIyYaluHYI0 [IOMeXY &:
a <- 20
b <=5

y <- a + b*x



['eHepaluI0 € TaKXKe BBIIIOJIHUM 10 HOPMaJIbHOMY 3aKOHY pacrpe-
JleJIEHUS, C HyJIEBbIM MaTeMaTUYeCKUM OXUJAHUEeM U eJUHUYHOU JHC-
nepcuer. OlHAKO, MOCKOJIbKY Te€HepaTOpbl CJAy4YaWHbIX 4YHUCEJ Heuge-
aJIbHbI, HEOOXOAMMO [ONOJIHUTEJbHO BBINOJHUTh HOPMUPOBKY U LI€H-
TPpUpPOBaHHUE 3HAYEHUU:
er <- rnorm(n = 100, mean = 0, sd = 1)
er <- (er- mean(er))/sd(er)

[locsie 3TOro MOXXHO HaJIOKUTh IOMexXy Ha GOpPMYyJTy 3aBUCUMOCTH
¢ 3agaHHbIM CKO, paBHbIM 2:

Ser <= 5
y <- y + er*Ser

B pe3yJsibTaTe noJ1y4uM 3aBUCUMOCTb, IOKA3aHHYIO Ha pUCYHKe 29.

300

150 200 250
|

20 30 40 a0 60

Puc. 29. CreHepypoBaHHas 3aBUCUMOCTD ) OT X

KoHTpoJ/IbHBIE BOIIPOCHI

1. MakCUMHM3UpPYET UJIM MUHUMU3UPYET reHETUUYECKUH aJITOPUTM
B R fitness-pyHKIUIO?

v )3

2. Kak 3agaTh B R pyHKIIMIO y=a(x-b)"+c ?

3. Kakum o6pa3om B R M0KHO creHepupoBaTh BbIOOPKY CO CTaH-
JlapTHBIM HOPMaJIbHbIM 3aKOHOM pacnpe/jiesieHus?
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BAPUAHTEI 3AJIAHUN

JlagopaTopHas pa6oTa 1

Ne 1| 2 3. | 4 |s. 6. 7. | 8 10.
BapUaHTA
HaGop Cco2 ChickWeight Orange airquality faithful
JTAaHHBIX
Hms
nepeMeHHoM | conc | uptake | weight | Time | age | circumference | Wind | Temp | eruptions | waiting
(BekToOpa)
JlaGopaTopHas pa6oTa 2
Ne BapuaHTa 1. 2. 3. 4. 5.
HaGop airquality statex77 Cars93* Cars93* Cars93*
JIAHHBIX
y Ozone Life Exp*** Price Min.Price Max.Price
i{i‘f{zﬁ; X | g olarR =350 [literacy = 1,0 Horsepower =200 gf (1)‘sepower - IZ_I; gsepower -
A Wind=83 Murder = 12 RPM = 5200
NpOrHosa RPM =5500 RPM = 6000
Temp =80 Income =4000 Passengers =4
Passengers =4 Passengers =6
N9 BapuaHTa 6. 7. 8. 9. 10.
HaGop stackloss longley longley LifeCycleSavings | Anscombe™**
JIAHHBIX
y stackloss GNP Employed sr education
ijf;‘;‘:; X @gﬂ:‘%’ejs_ Unemployed=221 | GNPdeflator=102 pgp;g - 2555 income = 3200
A eMP= | Armed Forces=180 | ArmedForces=170|P°P/2 = young=347,8
rporHosa 20 Population =125 Population=110 dpi=2500 urban =425
AcidConc=89 | P B p B ddpi=2,15 B

* He0O6X0AMMO MOJK/IIOUYUTb OUOJIUOTEKY MASS
** He06X0/IMMO MOAKJIIOUYUTH OUOJIUOTEKY Car
*#* MOCKOJIbKY B Ha3BaHWHW NepPeMEeHHOW HeJib35l MCIO0JIb30BaTh CUMBOJI Mpobesia, AaH-
HYl0 MepeMeHHYI0 Heob6X0JUMO NMeperuMeHOBaThb KOMaH/J0M colnames, HaOpUMep, B

Life_Exp, 1160 o6pamaTbcs K Hell 10 HOMepy cToJ16ua [, 4]

d <- state.x77
colnames (d) [4] <- "Life Exp"

#1m

d$Life Exp <- d[,4]
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JlabopaTtopHas pa6oTa 3

Ne 1. | 2 3, 4. 5. | 6| 7. 8. ) 10.
BapUaHTa
Kommnanusi | Yandex | Twitter | Facebook | BKonTakTe | Amazon | EBay | Microsoft| Coep6ank | Beivneakom| MTC
Tukep YNDX | TWTR FB VK AMZN |EBAY| MSFT SBNC VIP MBT
Laybura | 6 | 45 20 25 30 | 25| 20 15 10 20
NpOrHo3a
JlaGopaTopHas pa6oTa 4
Ne
1. 2. 3. 4., 5. 6. 7. 8. 9 10.
BAPpHUAHTA
CpepnHee x 7 30 100 20 50 10 25 40 60 33
cr. 2 3 15 4 6 1 4 7 | 10 8
OTKJIOH. X
O6veM | 5y | 100 | 150 70 50 30 60 90 | 110 | 80
BbIOOPKU
®opmyna 2 b bx+c
=a+b(x—c) + —a+——+e|y=a+e™ + — s
y Y (Xx-c)"+¢& |y —C y € 14 P00
a 10 100 -5 10 150 20 1000 50 80 20
b -2 5 -0.1 3 -10 0.8 -0.25 0.25 03 0.22
c 5 32 90 10 30 0.5 5 35 52 30
Crt.
OTKJIOH. 4 28 14 0.05 0.1 3000 0.25 3 6 15
IIOMeEXU




AJA 3AMETOK
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