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BBenenne
Meronuyeckue peKOMEHAALMU IpeIHAa3HAYEHbl A CTYJEHTOB 2 Kypca
Hanpasienus: noarorosku 01.03.02 INpuxnagnas marematnka U WH(pOpMaTHKA,
BBIXOJSIIMX Ha CTAlMOHApHYIO Y4EOHYIO NPAKTUKy B YETBEPTOM CEMECTpe.
PexomeHanmu cocTaBiieHbl B COOTBETCTBUU C IIPOrpaMMOil yueOHOM MpaKTUKH,
CoZiepKaT OCHOBHBIC TpPeOOBaHUS, TPEABABISIEMblE K NPOXOXKICHUIO U

pe3yabTaTtaM MPaKTHKH, K BEACHUIO U 0(POPMIICHHUIO OTYETHOW JJOKYMEHTAIUH.

VYueOHass TpPaKTHKA: TEXHOJOTHYECKass  (MPOEKTHO-TEXHOJIOTHYECKas)
IIpaKTUKa ABJISICTCS 065133TCJIBHBIM DJIEMECHTOM yqe6H0r0 mnmponecca nmoAroTOBKu
OakamaBpoB 1o Hampasienuto 01.03.02 [lpuknagnas wmarematwka U

nHpopMaTHKa.

[Ipoxoxaenne y4eOHOM  NPAKTHKU: TEXHOJOTHMYecKas  (IIPOEKTHO-

TEXHOJIOTUYECKAsl) TPAKTUKA UMEET 1eJIb (POPMUPOBAHUE CIIOCOOHOCTH:

- yIOpaBJIATb CBOUM BpPEMCHCM, BBICTpAWMBATh U PCAIIM30BbLIBATH
TPACKTOPHUIO CaMOpPAa3BUTHA HAa OCHOBC IIPUHIHMIIOB 06pa3013aH1/1;1 B

TEUeHHE Bcel KHN3HHU,

- pa3pa6aTI)IBaTI) U OPpUMCHATH MCETOJbl MAIIMHHOT'O 06yqu1/I$1 JIIs

peHICHUS NPAKTUYCCKUX 3a4a4;

- HCHOJIb30BAThb HMHCTPYMCHTAJIBHBIC CPECACTBA IJId PCIICHHUA 3alav

MAaIIMHHOTO O0OyUYEHUs;

- OCYIICCTBJIATD C60p U NOArOTOBKY JAaHHBIX I  CHUCTEM

UCKYCCTBEHHOI'O MHTEIIJIEKTA.
IIpu 3TOM pemarorcs 3agaum:

- 3aKpeIUICHHs U PaCIIMpPEHUs 3HaHUH, MOJYyYEHHBIX NPU HU3Y4ECHUH
0a30BbIX JUCIHMIUIMH TMEPBOrO M BTOPOIO KYpPCOB, MOBBIIIEHUS

o0uieil u npodeccrnoHaIbHOMN 3pyIUINY;

- c6opa U aHaJIu3a TCOPETHUUYCCKOro M CIIPABOYHOI'0 Marc€puaia IJid

BBITIOJTHEHUS WHAMBUIYaIbHOTO 3aaHUs;
- u3yueHwus s3bika R u cpensl pazpadbotku RStudio Cloud;

- OCYIICCTBJICHUA IMOMCKAa AAaHHBIX, UX MOJATOTOBKU W PAa3SMETKH JIA

BBITIOJIHCHHUA MPAKTHYCCKOI'O 3a1aHUA;



- BBI60pa METOJ0B MAaIIMHHOTO 06yqu1/151 JJIs1 BBIIIOJIHCHUS

MPAKTUYCCKOI'O 3alaHUA;

- OHnpCACICHHUA MCTPUKHU OHLCHKHU PE3YJILTATOB  HCIIOJIB30BaHUSA
MCTOAOB MallIMHHOI'O O6yquH${ B paMKax BBITTOJTHCHHA

MMPAKTUYCCKOI'O 3alaHUA;

- BbIOOpa  MHCTPYMEHTAIbHBIX  CPEACTB Ul  BBIIOJHEHUS

MPAKTUYCCKOI'O 3alaHUA;

- pa3pa60T1<H MOJACIN MAIIMHHOI'O O6y‘leHI/Iﬂ JJIs1  BBIITOJTHCHUA

MMPAKTUYCCKOI'O 3aJaHUA;

- (bOpMy.]'II/IpOBaHI/IH TCOPCTHYCCKUX M IMPAKTHUYCCKUX BBIBOJOB Ha

OCHOBC KPUTHYCCKOT'O IICPCOCMBICIICHNA HAKOIVNICHHOI'O OIIbITA.

VYyeOHast MpakTHKa: TEXHOJIOTHYECKas (MPOEKTHO-TEXHOIOTUYECKAs)
IpaKkTUKa Oa3upyercs Ha 3HAHUAX, IMOJYYEHHBIX IMPH HM3YyYEHHUH CIETYIOLIUX
Monyne ydeOHoro miuaHa: «Marematuka»; «JlMCKpeTHas MaTeMaTHKay;
«AmnmapaTHOE W TpPOrpaMMHOE OOecledeHHe KOMIBIOTEpay, a TaKXkKe Ipu
W3Y4YEHUU JUCLUIUIMH: «AJITOPUTMBI U AIITOPUTMHUUECKHE A3BIKNY; «CTPYKTYpbI

" aJITOPHUTMbI O6pa6OTKI/I JaHHBIX», «MalmHHoOe O6y‘I€HI/Ie».

Pe3ynpTaThl  MpOXOXJIEHHS  MPAaKTUKM  BOCTpeOOBaHBI B XO[e
MIPOU3BOJCTBEHHOMN MIPAKTUKHU " pu MIOATOTOBKE BBIITYCKHOM

KBaJIN(UKALIMOHHOU paboThI.

MeToauveckue peKOMEeHAANH
110 MPOXOKIACHUIO OTAEJAbHBIX ITANOB MPAKTUKHU

qu6Hy10 MMPAKTUKY YCIIOBHO MOXHO Pa3ACIIMTh HAa YCTBIPE dTaIlia.

Iloozomoeumenvhnolii  3man  3aKIOYAEeTCs B IOJATOTOBKE M IPOBENECHUU
YCTaHOBOYHOTo coOpanus. Ha coOpaHuM NpOUCXOAMT O3HAKOMIICHHE C IPHKA30M
MPaKTUKU, C LEISIMU U 33JadyaMu IPaKTUKU; CTYACHTHI IMOJIy4aloT MHPOPMAIUIO O
BBIIIOJTHEHUM 3aJaHUl M 3allOJIHEHUI0 OTYETHOM JOKYMEHTAllMM; IPOBOAUTCS
MHCTPYKTaX MO PEXUMY pabOThl BO BpeMs MPAKTHKH, MO OXpaHE TPyAa U TEXHUKE

0€30MMacCHOCTH; COCTABJISIOT UHIUBUIYaTbHBIN TUIaH-TPadUK MPOXO0KIECHUS MPAKTUKH.



O3HAKOMUMENbHBLI IMan 3aKII0YacTCs B W3YYCHHE BO3MOXKHOCTEH si3bika R u
cpenbl pazpadorku RStudio Cloud: opranusamuu padotsl B RStudio Cloud; usyuarotcst
oreparopsl U pabora ¢ QyHKIHMSIMHU B si3bIKe R; CTpyKTYpbI naHHBIX B R; ynpaBnenue

JTaHHBIMU B R; Bu3yanu3anus n1aHHbeix B R.

IIpakmuueckuii 3man — Ha 3TOM 3Talle OCYILECTBIISIETCS TOUCK, CUCTEMATU3aluUs U
00001eHne HeoOXOOUMOM /sl BBINOJHEHUS WHAWBUIYAIBHOTO 3a/JaHUsl HAay4dHO-
TEXHUYECKON MH(OpPMAIMKU U JIUTEPATyphl C MCIOJIb30BAHUEM PECYPCOB U CEPBUCOB
CEeTM HUHTEPHET W JPYIMX HMCTOYHUKOB. CTYyAEHTHI BBINOJIHSAIOT WHAWBUIYaJbHbIE
3aJJaHus 110 TIOUCKY, MOJITOTOBKE U Pa3METKE JaHHBIX, pa3padOTKe MOJIETH MAITHHHOTO

oOydeHUs JJIs PEeIICHUs MPAKTHYECKOH 3a/1a4u.

3aknwoyumenvuulii Iman COIACPKUT B cebe: IOATOTOBKY HWHIMBUIYaJIbHBIX
3alaHuM; COCTABJICHUE OTYETa, 3AIOJHECHHE IHEBHHKA IPAKTHKU C IOCIEAYIOIIEH
clayeil pyKOBOAMTENIO MPAKTUKH; IOATOTOBKY M 3allMTy OT4YeTa I0 Yy4deOHOU

IIPpaKTHUKE. 3aBepmaeT y‘IC6HYIO IMMPAKTUKY UTOr'OBAsA aTTECTAlUs 10 IIPAKTUKE.

q)OprI OTYECTHBIX JOKYMEHTOB 110 IIPAKTHKE

[Tocne okoHYaHMS TPAaKTUKU OakajgaBp NPEACTABIAET B TPEXJHEBHBIA CpPOK
CIEAYIOLLYIO OTYETHYIO JTOKYMEHTALUIO:

— JHEBHUK MPAKTUKH;
OTYET MO Pe3yJIbTaTaM MPAKTHKH.
TpeboBaHus K 0OPMIIEHHUIO OTYETA.

Oruer BbINONIHAETCS Ha aUcTax popmara A4, TekcT nevaraercs mpudrom Times New
Roman, xerens 14 uepes 1,5 unrepsan.

OTtuyer no IMPAKTHUKE COCTABIACTCA KaXXJIbIM CTYACHTOM WHAWBUAYAJIBHO Ha OCHOBC
MaTepualioB TMPAKTHKA W WHIUBUIyalbHOTO 3agaHus. Pabora Hajg OTYETOM JOJDKHA
BECTUCh CHCTEMAaTHUYECKH B TCUCHHE BCETO TMeproaa npakTuku. ColepkaHue M3JIaracTces ¢
cobmonenrem npasui ECITI.

Crpykrypa oTyera:

TUTynpHBIA JUCT JOJDKEH COJAEp)KaTh: HAaUMEHOBaHHME Y4YeOHOrO 3aBeleHUs U
CTPYKTYPHOTO TOApa3AelieHus] (MHCTUTYT, Kadeapa), B KOTOPOM OOydaeTcsi CTYJEHT,
mudp W HAUMEHOBaHME HAINpPABICHMS, HA3BaHUE NPAKTUKU, MECTO MPOXOXKICHHS
npaktuku, DUO crymenta, OUO pykoBonutTenss mnpaktuku ot Kadenps, DO
PYKOBOJUTENS MPAKTUKHU OT NMPENPUATHUS, TOJ] IPOXOKIACHHUS MPAKTHKH.

TUTYTBHBIA JHCT TMOAIMUCHIBAETCS aBTOPOM, OTYET MPOBEPSETCS W TMOIIHCHIBACTCS
PYKOBOJUTENSIMH MPAKTUKH OT MPEIIPUATHS U OT Kaeaphl.

Bo BBeaeHun onpenenstoTcs 1eau y4eOHOM NMpakTUKK U 3aJaud Ui €€ JTOCTHKEHUS.
[TpumepHsIif 00beM BBeaeHUS - 1-2 CTpaHUIIBI.

B mepBom pazgene «f3pik R m cpema paspadotku RStudio Cloud» npuBomutcs
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peleHre 3ajad, HalpaBJICHHBIX Ha HM3y4deHue s3blka R u cpensl paspabotku RStudio
Cloud.

Bo Btopom pasnene «Peanuzanys HMHAMBUAYaTbHOTO 33JaHUS) MPHUBOAUTCS
GopMynMpoBKa  MHAMBUAYaJbHOTO  3amaHus.  Jlamee  BBINOJNHSETCS ~ ONMCAHUE
MaTeMaTHYECKOro amrmapara, anmapaTHOro M mporpaMMHoro obecrnedenus OBM,
UCTIOJIb30BAHHBIX /ISl PeAIN3alliy TIOCTAaBICHHOHN 3aaul, HEIOCPEICTBEHHAs peai3ans
pelIeHUsT TOCTABJICHHOW 3aJayd: IOMCK, MOArOTOBKA M pa3MeTKa JaHHBIX; METOJIbI
MAIIMHHOTO OOYYeHMS IS BBIOJHEHUS WHIUBHIYAIBHOTO 3aJlaHHS; METPUKH OIIEHKH
pe3yJIbTaTOB UCIIOIB30BAHUS METOJOB MAIIMHHOTO O0YYEeHHUsI B PaMKaxX WHAWBUIYAIBHOTO
3a7aHusl; BBHIOOP HWHCTPYMEHTAJBHBIX CPEACTB JUIS BBINOJHEHUS WHIUBHIYAIBHOTO
3aJaHusi ¢ 0OOCHOBAHHEM BBIOOpA; MOJENIN MAIIMHHOTO OOYYEHHUS HCIOJIb30BAHHBIC MPH
BBINIOJTHEHUH WHIUBHIyaIbHOTO 3a1aHUsL.

B 3axiroueHNMM Ha OCHOBE KPUTHUYECKOTO IEPEOCMBICIICHUS HAKOIJICHHOTO OIIbITa
HPUBOJATCS TEOPETUYECKUE M TPAKTHUECKHIE BBIBOJIBI, PE3yIbTAaThl PAOOTHI, JATCs OIIEHKA
pe3yibpTaToB cOOCTBEHHON paboThl. OHU NOJKHBI M3JIaraThCsl B KpaTKoi (opme u J1aBathb
NPE/ICTaBICHUE O CTENCHU BBHINMOJHEHUS 3aJa4d, IIOCTABJICHHOW TIepel] CTYICHTOM.
[TpumepHsIil 00BeM 3aKitodeHus — 1 cTpanuma.

B criucke JIATECPATYpPhI IPUBOIAATCA BCC UCTOYHUKH, BKIITOYasA pECypChbl CETU HHTCPHCT,
HCIIOJIb30BAHHBIC CTYJCHTOM B XOA€ ITPOXOKACHUA HpOHSBO[{CTBeHHOﬁ IIPAaKTHUKH.

OneHouHble cpeacrsa

TunoBble KOHTPOJIbHbIE 32/IaHUSI U MHbIE MaTepHaJbl, He00OX0AUMBbIe VISl OLEHKH 3HAHUIA,
YMeHHUIi, HABBIKOB U (MJIM) ONBITA AeATEJbHOCTH, XaPAKTEPU3YIOIIUX 3TANbI ()OPMHUPOBAHUSA
KOMIIeTeHIINH

3amanue 1. CocraBbTe  MHIUBUAYalbHBIM  IJIaHA-TpaQUK  MPOXOXKIACHHUS  MPAKTHUKH.
dopma npecTaBiIeHUs pe3ynbTaTa: MIaH-rpaduK NPOXOKIACHUS MPAKTUKY.

3amanue 2. OpraHu3yiTe MOUCK, BHITOJHUTE CUCTEMATH3alUI0 U 0000IICHHE HAyYHO-TEXHUYECKOM
uH(GOpMAllMM U JIUTEPATypbl, HEOOXOAMMOW JJis BBHINOTHEHHUS WHIWBUIYaTbHOTO 3a/IaHUS.
®dopma npeAcTaBieHus pe3ybTaTa: CIUCOK JIUTEPaTyphl.

Bamanne 3. M3yunte s3pik R u  ocobeHHoctu cpenpl paspaborku  RStudio  Cloud.
dopma TpENCTABICHUST Pe3yJbTara: MPHUBEACHO PEIICHUE 3ajad, HAMpaBICHHBIX HA HM3YYCHHUC
si3pika R u cpenpl paspadorku RStudio Cloud.

3aI[aHI/I€ 4, OCYHICCTBI/ITC INOUCK JAaHHBIX, WX IOArOTOBKY MW Ppa3MCTKy [JI1 BBIIIOJHCHUA
HHAUBUAYAJIBHOI'O 3a1aHUA. d)opMa MMpEACTABJIICHUA PE3YyJIbTaTad: OITMCAHUEC NaTaCCTa.

3amanne 5. BpiOepute METONBI MAIIMHHOTO OOYYEHHS MJIS BBIMOJTHEHUS WHIWBHIYAIHHOTO
3aJlaHus.

®dopma TpeACTaBICHHUS pe3yJbTaTa: OMUCAHWE METOJIOB MAITMHHOTO OOY4YeHUS, BHIOPAHHBIX IS
pELIeHUs] UHIUBUYAJIbHOTO 3a/1aHMUS.

3aganue 6. Omnpenenute METPUKHA OIEHKU PE3yJIbTaTOB HMCIIOJIb30BAaHUS METOJIOB MAIIMHHOTO
oOydeHus B paMKax WHIUBUIyaJIbHOTO 3aJIaHus.
®dopma TpeACTABICHUS pe3yJbTara: OMHUCAHWE METPHUK OICHKU PE3YJIbTaTOB HCIIOIb30BaHUS
METO/I0B MAIIMHHOTO 00YYEHUs B paMKaX WHJIMBUIYAIHHOTO 3aaHUSI.

3ananue 7. BeiGepuTe HHCTpYMEHTAIbHbBIE CPEACTBA IS BHIIIOIHEHUSI HHAMBHIYaTbHOTO 3aaHuUs.
[TpuBenure 000CHOBaHUE CBOETO BbIOODA.
dopma MpeacTaBiIeHUs pe3yibTaTa: ONKUCAHHE WHCTPYMEHTAJIbHbIE CPEICTBAa JUISl BBIIOJHEHHUS
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WHAMBUIYAILHOTO 3aaHus ¢ 000CHOBaHUE BHIOODA.

3amanne 8. PazpaboraiiTe Moaenu MAIIMHHOTO OOYYEHHUS JJIs BBITOJHCHHUS WHIUBUIYAIBHOTO
3aJIaHUs.

®dopma mpeacTaBiIeHUs pe3ysIbTaTa: ONMUCAHWE MOJCIH MAIIMHHOTO OOYYEHHMS JIS BBIMOJHEHUS
I/IHI[I/IBI/II[yaJILHOFO 3aJaHUs.

3amanue 9. CdopMmynupyiTe TEOpEeTUYECKHE M MPAKTUUYECKHE BBIBOJBI, a TaKKe pPEe3ybTaThbl
BBITIOJIHCHUSI ~ MHAUBUIYaJIbHOIO  3aJaHUSl HA OCHOBE KPUTUYECKOTO  IEPEOCMBICICHUS
HAKOIUICHHOTO OTIbITA.
®opmMa KOHTPOJISI: TEOPETUUECKUE U TPAKTUYECKUE BHIBOIBI

[Tpumepsl 3a1a4, HaNpaBJIEHHBIX HA U3y4YeHHeE sA3bIka R u cpenpl pazpadorku RStudio Cloud:

3ananmue 1. IlepBelii ceanc RStudio Cloud.

BrinonHuTe 3aaHus ¥ OTBETHTE Ha BOMPOCHL. OTYET O Mpoie/laHHON paboTe MpeCTaBbTe B
paszerne otdeTa 1o npaktuke «S3bik R u cpena pazpadorku RStudio Cloudy.

1. 3Bamycrute RStudio Cloud (https://rstudio.cloud). ITpoiiaure perucrpanuto.

2. B cBoeM paboueM MpoCTpaHCTBE Co3aiTe HOBBIH MpoekT PracticeTaskl.

3. CozpaaiiTe mpocToii HAOOP NaHHBIX (B TEPMUHOIOTHH R — BekTOp), cocrosimuii u3 uucen 1, 2 u
4, ¥ IpUCBOWTE EMY UM X:

>x<-c¢(1,2,4)

CrangapTHBIM ONEpaTOpoOM TpucBaMBaHuid B R sBisercs omeparop <-. Takke MOXKHO
HCTIOJIB30BATh OMEPATOP =, HO JIYYIIIE 3TOTO HE JIeNaTh, TaK KaK OH He Oy/eT padoTaTh B HEKOTOPHIX
crenupuIecKuX CUTYyalusx.

O6paTI/IT€ BHUMAaHHE: C ICPEMCHHBIMHA HC CBA3BIBAIOTCA HUKAKHNEC (bHKCHpOBaHHI)Ie THUIIBI.

HWmMsa ¢ o3Havaer KOHKAaTCHAaIuIo (concatenate). B JaHHOM CJIY4a€ KOHKATCHAHA BBIIIOJIHACTCA
C YHucjlaMu 1, 2 u 4. Tounee roBOpA, Mbl BBIIIOJHACM KOHKATCHAIMUIO TPEX OJHOIJIEMCHTHBIX
BCKTOPOB, Ka)KI[I:IfI N3 KOTOPBIX COACPKUT OAHO M3 ITUX YHUCCIL. I[eno B TOM, 4TO 11000€ YHUCII0
TAKXKE pacCMaTpUBACTCA KaK BEKTOP C OAHHUM DJIEMCHTOM.

A Tenepb yoenuMmcs B TOM, YTO JJaHHbIE IEHCTBUTEIBHO XpaHATCA B X. UTOOBI BBIBECTH BEKTOP
Ha 9KpaH, MpocTo BBeauTe ero ums. Ilpu BBoae 000ro MMEHH NHepeMeHHOW (uiaum B Oosee
IIUPOKOM CMBICIIE — JIF0O0TO BBIPAKEHMsI) B MHTEPAKTUBHOM pekuMe R BbIBeZeT 3HaueHue 3Ton
NEePEMEHHOM (MM BBIPaYKEHUS).

Takoke 1751 BBIBOJA MOYHO HCIOJIb30BaTh (pyHKIHIO Print. BeiBeaute Ha skpan ¢pasy «ITo
MO¥ TIepBBIi ceanc paboThl ¢ R». CTpokoBbIe BeIpakeHUS B R 3aKIII09arOTCS B KABBIUKH.

4. BeimonHUTEe KOMaHAy, KOTOpas npucBamBaeT ( 3Hauenue (1,2,4,1,2,4,8), ucnonw3ys paHee
ONpeAEeICHHBINA BEKTOP X.

> <- ¢(X,X,8)
5. BriBenuTe Ha 3KpaH 3HaYeHHE 3-TO JIEMEHTa BEKTOpa X.

Jnis oOpaiieHust K OTJENbHBIM 3J€MEHTaM BEKTopa HCHoib3yeTcs cuHTakcuc []. Kak u B
IpYTUX S3bIKaxX, CEJIeKTOp (B JaHHOM ciy4yae 3) HasblBaeTcsl MHJEKcoM. WHaekcupoBaHue
AJIEMEHTOB BEKTOpOB R HaunHaercs ¢ 1.

> X[3]



6. BriBemuTe Ha SKpaH dIEMEHTHI BEKTOpa X co 2 1o 3.

Ceemenmayusi — OJHA W3 BaXHEWIIMX oOmnepanuid ¢ BekTopaMu. Beipaxkenue x[2:3]

0003Ha4yaeT MOJBEKTOP X, COCTOSALIMI M3 AJIEMEHTOB € 2 10 3 (B JAaHHOM Cllydae 3JEMEHTBI CO
3HAYCHUSIMU 2 U 4).

> x[2:3]
7. BbiBequTe Ha 3KpaH MaTeMaTHYECKOE OXUIAHUE M CPETHEKBAJAPATUUECKOE OTKIOHEHHE IS
3JIEMEHTOB BEKTOpA X.

> mean(x)
[1] 2.333333
> sd(x)

[1] 1.527525

B mepBoii cTpoke BbIpakeHHEM SBISETCs BbI30B (DyHKUIMK mean(X). Bo3Bpaiaemoe 3HaueHue
9TOW (PYHKIIMH BBIBOJUTCS ABTOMATHYECKH, BBI3BIBaTH (yHKIMIO R print() mis 3Ttoro He
o0s3aTenbHO. CpeHEeKBaAPATHICCKOE OTKIOHEHHE PACCUMTHIBACTCS MPpH TIoMoIn GyHKIwn SA(X).

8. BriBemuTe Ha SKpaH NEpeUCHb BHYTPCHHUX HAOOPOB JAHHBIX, TPESIHASHAYCHHBIX JIJIS
JIEMOHCTpAITUH.
> data()

9. BplumMcIHTE MATEMATHYECKOE OXKHIAHNE U CPEAHCKBAAPATHICCKOE OTKIIOHEHHE JIJIsl Habopa
nanabix Nile (3ToT Habop COMEPKUT JaHHbIE 0 TeueHud Huma).

> mean(Nile)
[1] 919.35
> sd(Nile)
[1] 169.2275

10. BeiBeiuTe rucTorpaMMy 3TUX JAHHBIX:
> hist(Nile)

11. CoxpaHute NpoexT.

12. OTBeTbTE Ha BONPOCHI:

1)
2)
3)
4)
5)
6)
7)
8)

Kak copmupoBats BekTop?

Yro o3HavaeT oneparus ¢ (concatenate)?

Kak BrIBecTH Ha 3KpaH 3HaYEHHUE EPEMEHHON BEIUYNHBI?

HyxHo 51 yKa3pIBaTh THUII IEPEMEHHOM BEINYMHbI?

Kak BpIBeCTH Ha 3KpaH MepeyeHb IEMOHCTPAIIMOHHBIX HAOOPOB TAaHHBIX?
Kak paccunrars cCpeJHEKBaIPATUYECKOE OTKIOHEHHUE?

Kak paccuurars MaTeMaTHuecKoe Oxuaanue?

Kak noctpouts rucrorpammy?

3aganue 2. Padora ¢ pynkuusamu B si3bike R.

BeimosHKTE 3a1aHUs M OTBEThTE Ha BONPOChl. OTYET 0 MpoJIeaHHOM paboTe MPeICTaBbTE B
pasnerne oTuera 1o npaktuke «S3bik R u cpena paszpadborku RStudio Cloud».

1. Banyctute RStudio Cloud. Cosznaiite HOBbIH mpoekT PracticeTask2 B cBoem pabouem
MIPOCTPAHCTBE.

2. Ompenenute pynknuto ¢ umernem oddcount(), mpeaHa3HAYEHHYIO JUIS TMOJCYETa HEYETHBIX
qrcell B [IEIOYUCIICHHOM BEKTOPE:

# q)yHKHI/ISI MOACUYUTHIBACT KOJIMYCCTBO HEUYETHBIX LEJIbIX YHUCEI B X
oddcount <- function(x) {

K <- 0 #B Hayase BBIYHMCIIEHUH KOJIMYECTBO HEUETHBIX YKCEN PaBHO 0

for (ninx) {



if (n %% 2 == 1) {# %% - BeIUKCIICHHE OCTATKA
k <- k+1

}

return(k)

}
3. Bemonuaure komanay Code — Source File...

4. B pexuMe MHTEPIIPETaTOpa BBIYUCIUTE KOJUYECTBO HEUYETHBIX YHCEN B C(POPMUPOBAHHBIX B
npenpiayiei padore HaOOPOB TAHHBIX X U  C UCIOIb30BAHUEM CO3JITaHHOW (DYHKIIUU:

> oddcount(x)
[1]1
> oddcount(q)
[1]2

5. TlonbITaliTech BBIBECTU B MHTEPIPETATOPE 3HAUCHHUS TIepeMeHHbIX K 1 N. Yto Bel momyummu?
>k
>n

[Tepemennas, BuaMMas TOJIBKO B Telie (DYHKIIUHU, HA3bIBACTCS JIOKATHHOW IO OTHOIICHHIO K
stoit pynkuuu. B oddcount() k u n sBnsitoTCs MOKaNbHBIMU NiepeMeHHbIME. OHHM TPONAAAI0T MOCie
TOTO0, KaK ()YHKITUSI BEPHET yIIPaBJICHHE.

@dopmanbHble MapaMmeTpbl B (YHKIMH R SBIAIOTCS JIOKalIbHBIMU IEpeMeHHbIM. UTOObI
BBIUUCIIUTh pPE3YNbTaT BbI30BAa (yHKIHMH, R Komupyer Kaxkablii (aKTHYeCKUHd apryMeHT B
COOTBETCTBYIOIYIO IIEPEMEHHYIO JIOKAJBHOIO IapaMeTpa, U U3MEHEHMsI B 3TOM IIEPEMEHHOHN He
OyayT BHIHBI 32 TIpeaeTaMu () yHKIIHH.

IlepemenHble, co3iaHHbIe 3a NpeaenaMu (QYHKIMHA, SBIAIOTCA TJI00aJbHBIMU; OHH TaKKe
JIOCTYIHBI BHYTPU (QYHKIUH.

6. Omnpenenute QyHKIMIO SUM_2, CKJIQABIBAIOIIYIO ABA YMCIA, OHO U3 KOTOPhIX UMEET 3HaUCHUE
o yMosiyaHuto, paBHoe 5. [Iporectupyiite padory ¢pynkuuu. Coxpanure (aiia B cBoel mamnke
noJa uMeHeMm lab2 2.
3HayeHWe 1O YMOJYAHUIO 3aJaeTcsi TpU OIMCAHWW apryMeHTa IMOocje 3HaKa paBeHCTBA.

Hanpuwmep, y=5.

>sum_2(3)

[1]8

> sum(3,8)

[1] 11

7. Hanwmmute ¢pynkuuio fX, onpeneeHHyo Ha BCell YHCIOBOM MPSIMOii:
1—(:17—0—2)2? mpn & < —2
flz) = —%, mpn —2 < x <2

(13—2)2—1—1, npu 2 < T

[Ipotectupyiite padoty ¢pynkuuu. Coxpanute (ailn B cBoel namnke moj uMeHem lab2 3.

> fx(4.5)
[1] 7.25
> fx(-4.5)
[1] -5.25



> fx(1)
[1]-05

8. CoxpaHHTE POEKT.
9. OtBeThTE HAa BOIPOCHI:
1) Kak onpenenutsb GyHKIINIO?
2) Kak omnmcath €10 GyHKIUU?
3) Kaxk 3anuceiBaercs oneparop if B si3pike R?
4) Kak 3anuceiBaercs onepatop for B s3pike R?
5) Kakue nepeMeHHbIC SBISIOTCS II00aTbHBIME?
6) Kaxkue nepeMeHHbIC SBISIFOTCS JIOKAJIbHBIMHU 110 OTHOMICHHUIO K (QYHKIIUN?
7) Kak onpenenuTh 3HaYCHHSI 110 YMOJTYAHHIO JJISl apryMEHTOB (QyHKIUU?
8) B kakoM mopsjake MODKHBI pacrosiaraTbCsi apryMeHThl (DYHKIUH, HE HMEIOIIHE 3HAYCHUH
[0 YMOJIYaHUIO, U APTYMEHTBI, UMEIOIIUE 3HAYCHHS 110 YMOJIYaHUIO?

3aganue 3. CTpyKTyphl 1aHHBIX B R.
W3yduTe mNpeicTaBICHHYI TEOPUIO, BBINONHHUTE 3afaHus. OTY4eT O TNpojAeNaHHOW pabdore
Hpe/ICTaBbTE B pa3Jieliec 0TueTa 1o npakTuke «S3bik R u cpena pazpadorku RStudio Cloudy.

B pasHBIX s3bIKaX MPOrpaMMHPOBAHHS CYIIECTBYET MHOXKECTBO THIIOB CTPYKTYp JaHHBIX,
Ka)K7asi U3 KOTOPBIX UMEET CBOM CHUJIbHBIE U Clla0ble CTOPOHBI U MOIXOIUT ISl OMPEIEICHHOTO
kpyra 3amad. Ilockombky R — 93T0 s3BIK TpOrpaMMHUpPOBaHUs, IIUPOKO MPHUMEHSIEMBIN IS
CTaTHUCTUYECKOTO MOMCKA 3aKOHOMEPHOCTEH, UCIIOIb3YeMbIe UM CTPYKTYPHI JaHHBIX pa3paboTaHbl
UMEHHO Juia 3TOro Tuma 3amad. CTpykTypsl AaHHBIX R, Hambojee dYacTo BCTpeuarommecs B
MaIlIMHHOM OOYy4YeHHH, — 3TO BEKTOpbI (vectors), ¢axrtopsl (factors), crmucku (lists), MacCUBBI
(arrays), marpuimbl (matrices) u tabmumbl (ppeiimbl) manHbIX (data frames). Kaxmas w3 atmx
CTPYKTYp aJalTUPOBaHa K KOHKPETHOM 3a7aue yrpaBieHUs JaHHBIMU, TOSTOMY BaXKHO MOHSThH, KaK
OHHU OyZIyT B3aMMOJICHCTBOBAThH B R-mipoekre.

BekTopsl

OcHOBHOW cTpyKTypol naHHbIX B R sBisercs BekTop. B Hem XpaHuTCS ymopsgoyeHHOe
MHOXECTBO 3HAYCHUH, HA3bIBAEMBIX JJIEMEHTaMHU. BEKTOp MOKET CoJepkaTh JII000e KOJIHMIECTBO
sneMeHTOB. OJJHAKO BCE 3JIEMEHTHl BEKTOpa JOJDKHBI OBITh OJAHOTO TUIA; HAIPUMEp, BEKTOP HE
MOXET COAEp)KaTh W HUQPBI, U TEKCT. THUI BEKTOpa V ONpEAENSeTCS C IOMOIIBI0 KOMAaHIIbI
typeof(v). B mammHHOM 00ydyeHUM OOBIYHO HCIOJIB3YIOTCS CIIEIYIOLIME THUIIBI BEKTOPOB: integer
(uncna 6e3 JecsATHUYHBIX 3HakoB), double (umcna co 3HaAUYEHHMSAMM IOclie 3amAToil), character
(rexcroBble nanHbie) U logical (mpuaumaromue 3Hadenuss TRUE wimu FALSE). Ecth Takke nBa
CHeNHaNbHBIX 3HaueHus: NA — OTCyTCcTBYIomIee (IIPOMYIIEHHOE WM HEJAOCTYITHOE) 3HAUYCHUE U
NULL — mner 3HaueHus (mycroe MHOXECTBO). J[Ba MOCIENHHMX 3HAUEHUS MOTYT IOKa3aTbCs
CHMHOHUMHYHBIMH, OJIHAKO Ha CaMOM JeJie OHHW pasiuyaroTcs. 3HadeHne NA  sBisercs
3aM0JIHUTENEM I 4ero-i1ubo JIpyroro, ¥ Mo3ToMy €ro JJIMHA paBHA equHMIE, a 3HaueHne NULL
— JEWCTBUTENHHO MYCTOE, U €T0 JUTMHA paBHA HYIIIO.

BBoauTh 60JbII0€ KOJIMYECTBO JAHHBIX BPYYHYIO YTOMUTEIBHO, OJHAKO HPOCTbIE BEKTOPHI
MO’KHO CO3/1aBaTh C MOMOIIBI0 PYHKINU 00beauHeHus c(). BekTopy Takyke MOKHO IPUCBOUTH UMS
C MIOMOIIbIO orepaTopa <. IT0 onepaTop MPUCBaWBaHU sI3bIKa R, HCTIONB3yeMBbIil MPAKTUUYECKU TaK
e, KaK Oleparop = BO MHOTHX JPYIHX SI3bIKaxX MporpamMMHupoBaHus. [yl mpuMepa MOCTpOUM
Ha0Op BEKTOPOB, COJIEPIKAIIMX JAaHHBIE O TPEX MalueHTax. Mbl cO34a UM CHUMBOJIbHBIA BEKTOP C
Ha3BaHMEM subject name JJis1 XpaHEHHs] UMEH TPEX IMallMEeHTOB, YUCIOBOM BEKTOp temperature Jist
XpaHEHHUs TeMIepaTypbl Tella KaXJI0ro M3 MauueHToB (B rpanycax dapenreiita) um JIOrM4ecKui
BeKTOp ¢ Ha3BaHueM flu_status mist xpanenust nuartosa kaxnaoro namuenta (TRUE, ecnu y Hero
rpunn, 1 FALSE — ecnu Her). DTH Tpu BeKTOpa BBIIIAAAT TaK, Kak MOKa3aHO B CIEAYIOIIEM
dbparmMenTe kona:



subject_name <- c("John Doe", "Jane Doe", "Steve Graves")
temperature <- c(98.1, 98.6, 181.4)
flu_status <- c(FALSE, FALSE, TRUE)

3HaueHuss B R-BeKkTopax COXpaHSIOT CBOIO IOCIENOBAaTeNbHOCTh. IloaTomy nnst momyueHus
JOCTyNa K JaHHBIM Ka)KJI0T0 MaIlMeHTa MOXHO HUCII0JIb30BaTh €ro MOJOXKEHUE B HaOope, HaunHas ¢
1, 1 yKa3pIBaTh 3TO YMCIIO B KBAJPATHBIX CKOOKax ([ U |) mocie uMeHn BekTopa. Hanpumep, 9To0b1
MOJIyYUTh 3HAUEHUE TeMIepaTypsl ais nauueHTku Jxeitn Jloy, BTOpoil B cmucke, JOCTaTOYHO

BBCCTH:

> temperature[2]
[1] 98.6

B sa3pike R ecTh MHOKECTBO METOAOB M3BJICUCHUS IAHHBIX M3 BEKTOPOB. Tak, ¢ MOMOILBIO
oreparopa JBOETOYUS MOKHO NOJYYHTh JWana3oH 3HaueHWid. Hampumep, 4TOOBI MONYyYHTH

TEMIICPATYPY TEJIa BTOPOI0 U TPETHETO MALIMCHTOB, BBEAUTE CICAYIOIICC:

> temperature[2:3]

[1] 98.6 101.4

Y10o0OBI UCKITIOYUTH BBIBOJI 3JICMCHTA BCKTOpPA, HY>KHO yYKa3aTb €0 HOMEpP CO 3HAKOM «MHUHYC).
TaK, AJI1 UCKITFOYCHUSA JaHHBIX O TEMIICPATYypPC BTOPOT'O MMAllMCHTA BBEAUTC!

> temperature[-2]

[1] 98.1 101.4

WNHorpa nose3Ho ykasaTh JIOTMUECKUH BEKTOpP, KaXJbIl 3JIEMEHT KOTOPOI'O TOBOPUT O TOM,
CJICAYCT JIM BKJIKOYATh BO MHOXKECTBO PE3YJIbTATOB COOTBeTCTBYIOH_II/Iﬁ JJICMCHT. HaHpHMep, YTOOBI

BKJIFOYUTD [IBa IICPBBIX IMOKA3aAHUA TEMIICPATYPhI, HO UCKIIIOYUTb TPETHEC, BBCAUTE CIICAYIOIICE:
> subject_name[c(TRUE, TRUE, FALSE)]
[1] "John Doe" "Jane Doe"

Bekrop sBiseTcs OCHOBOM MJIi MHOTMX JApPYruX CTpYKTyp AaHHbIX R. Ilostomy 3HaHume
pas3JINYHBIX BEKTOPHBIX ONEpaluii UMEET pellaolee 3HaYeHue A1l paboThl ¢ JaHHBIMU B R.

DaKTOopbI

HomuHanbHbIe TPU3HAKU TMPEICTABISIOT COOOW XapaKTEPHCTUKY C KaTErOpUsSMHU 3HAYCHUU.
Jlis XpaHeHHs: HOMHUHAJIBHBIX JaHHBIX MOXKHO MCIIOJIb30BaTh BEKTOP CUMBOJIOB, OJHAKO B R ecThb
CTPYKTypa JaHHbBIX, CIELUAIbHO NpeAHa3HauYeHHas IS 3TOM 1enu. PakTop — 3TO 0cOOBIN ciaydaid
BEKTOPA, KOTOPBIN HYKEH MCKJIFOUUTENBHO JUISl IPEICTABICHNS KaTErOPUAIBHBIX WIIN MOPAIKOBBIX
nepeMeHHbIX. B MeaunuHckoM Habope AaHHBIX, KOTOPBIH MBI CO3[a€M, MOKHO HCIOJb30BaTh
dakTop U1 yKa3aHMs I0Jla MalUEeHTa, ISl 3TOr0 €CTh JBE KaTerOpHM: MYXKYMHBI U >KEHIIHHBL
3aueM HCNoNb30BaTh (PAKTOPBI, a HE BEKTOPHl CUMBOJIOB? OJIHUM M3 NPEUMYILIECTB (PAKTOPOB
ABJIIETCS TO, YTO METKH KaTEropHil COXpaHAIOTCA TOJIBKO OJUH pa3. BMecTo coxpaHeHuUs CloB
MALE, MALE u FEMALE komnbiotrep coxpanut uncia 1, 1 u 2, 9To MO3BOJIUT COKPATUTH O0BEM
namsITH, HeOOXOIUMBIH JUTsl XpaHeHust 3HaueHuid. Kpome toro, pasusie anroputmsl ML no-pasHomy
00pabaThIBalOT HOMUHAJIbHBIE U YKCIIOBbIe pyHKIMU. KoaupoBaHue kaTeropruaibHbIX EPEMEHHBIX
Kak (paKTOpoB rapaHTHpyeT, 4ro R Oyner oOpabaTbiBaTh KaTeropuaibHble JaHHBIE HAJISKAIUM
00pazomM.

Jns Toro yToOBl €O3/1aTh (DAKTOp M3 CHMBOJIBHOTO BEKTOPA, MPOCTO MPHUMEHUTE (PYHKIUIO

factor(), Harpumep:
> gender <- factor{c("MALE", "FEMALE", "MALE"))
> gender
[1] MALE FEMALE MALE
Levels: FEMALE MALE

OOpaTuTe BHHMaHue, 4TO Npu oToOpakeHuU (akTopa gender BBIBOAUTCS JOIMOJIHUTENbHAS
uHpopManus o ero ypoBHsAX. YpoBHH (levels) mpeacraBisitor co00il MHOXKECTBO BO3MOXKHBIX
KaTeropuii, KOTopele MOKeT npuHUMaTh (aktop, B 1anHoM ciaydyae MALE u FEMALE. Co3naBas
(dakTopbl, MOXHO J00aBIATh B HHUX JOINOJHHUTEIbHBIE YPOBHHU, KOTOpbIE MOTYT OBITH HE
NPEJICTaBJICHBl B UCXOIHBIX MaHHBIX. [IpennonoxumM, Mbl CO3/1ad emie oauH (pakTop ISt TPYIIIBI
KPOBH, KaK MOKa3aHO B CIEIYIOLIEM IIPHUMEpE:
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> blood <- facter(c("0", "AB", "4"), levels = c("a", "B", "aB", "0"))
> blood

[1] O AB A

Levels: A B AB O

Omnpenenus (akrop blood, ¢ momompio mapamerpa levels Mbl yka3aid JOMOJHUTEIBHBINA
BEKTOP, COCTOSIIMI W3 YEeTHIPEX BO3MOXKHBIX TpYNI KpoBU. HecMmoTpss Ha TO, 4TO JaHHBIE
BKJIIOYAIOT B ceOs Tosbko rpymmbl kpoBu O, AB u A, B ¢dakrope blood, kak moka3biBalOT
pe3yNbTaThl, COXPAHSIOTCSA Bce udeThipe Tumna. CoxpaHEeHHE MOMOIHUTEIBHOTO YPOBHS IO3BOJIHT
NO0ABJIATh MAIMEHTOB C JAPYrodW TPYNIONW KPOBU. DTO TaKXKe TapaHTUPYET, YTO, €CIU Obl MbI
co3manu TaOJMIly TPYyNm KPOBU, MBI OBl 3HAIM, YTO TUN B CyIlecTByeT, HECMOTpPS Ha €ro
OTCYTCTBUE B HAIIUX HCXOJHBIX JaHHBIX. DaKTOp KakK CTPYKTypa JAaHHBIX JaeT BO3MOXKHOCTh
BKIIIOYaTh WHQPOPMAIUIO O IOCJIEI0BATEILHOCTA KAaTErOPHUl HOMUHAIBHBIX IMEPEMEHHBIX, YTO
MO3BOJISIET CO3/aBaTh MOPSIKOBBIC MPU3HAKU. Hampumep, MpennonokKum, 4To y Hac €CTh JJaHHBIE O
BBIPQXCHHOCTH CHUMIITOMOB Y TAIlMEHTa, 3aKOJAMPOBAHHBIC B TOPSAKE BO3PACTAHUS CTEIICHU
TSOKECTH — OT JIETKOM JI0 YMEPEHHOW WIIM TsDKENOH. MBI yKa3blBaeM HallM4ue MOPSIKOBBIX
JTAHHBIX, MPEIOCTABISISI YPOBHU (aKTOpa B HKEIAEMOW MOCIEAOBATEILHOCTH, TEPEUHUCIIssS WX B
HOPSIJIKE BO3PACTaHUS — OT CAMOTO HHM3KOTO JIO CaMOT'0 BBICOKOTO — W NPHUCBauBasi mapameTpy
ordered 3nauenne TRUE, xak mokasaHo HIXe:

> symptoms <- factor(c("SEVERE", "MILD", "MODERATE"), levels = c("MILD", "MODERATE", "SEVERE"), ordered = TRUE)
> symptoms
[1] SEVERE MILD MODERATE

Levels: MILD < MODERATE < SEVERE
[Tony4yennslii B pe3ynabTare ¢akTtop symptoms Temepb BKJIOYaeT B ceds HHGOpMAIHIO O
TpebyeMoM mopsizike. B oTimune oT mpeapiynux (pakTOpoB YPOBHHU 3TOr0 (akTopa pas/iesieHsbl
CHUMBOJaMu < 7151 0003HaveHus nociuenaosarensHoctd oT MILD no SEVERE:

[Tone3HpIM CBOWCTBOM YINOPSAJOYEHHBIX (DAaKTOPOB SBISETCA TO, YTO ISl HHUX JIOTUYECKUE
TeCThl paboTalT Tak, Kak Tpedyercs. Hampumep, MOXHO NpOBEPUTH, HACKOIBKO BBIPAKEHBI

CHUMIITOMBI KaXXJ10I'0 ITalflUCHTAa — CEPHE3HEC JIM OHH, YEM YMCPCHHBIC!
> symptoms > "MODERATE"
[1] TRUE FALSE FALSE

AJIFOpI/ITMI)I MAIInHHOI'O 06y‘-I€HI/I$I, CHOCO6HI>I€ MOI[CJIHpOBaTL yHOpﬂ[[O‘IGHHBIG JaHHBIC,
OXXKUJAIOT Ha BXOJE YMOPAMOUYEHHBIE (DAKTOPBI, MOITOMY O00S3aTeNbHO MPEACTABIANTE TaHHBIC
COOTBETCTBYIOIINM 00pa3oM.

Cnuckn

Cnucok — 3TO CTPYKTypa [aHHBIX, OYEHb II0XO)Kasi HA BEKTOP TEM, 4YTO OHA TOXeE
UCTIONB3YeTCs Ul XPaHEHUsl YIOPSAJA0YEHHOTO MHOXECTBA 3JI€MEHTOB. OHAKO €CH Ul BEKTOopa
TpebyeTcst, 4ToObl BCE €ro 3JeMEHThl ObUTM OJMHAKOBOIO THIA, TO CIHMCOK IO3BOJIIET COOMpaTh
pa3Hble TUIbI JaHHBIX. brarogaps Takodl rMOKOCTH CIMCKHM 4acTO HMCIONb3YIOTCS JUIsl XpaHEHUS
pa3IMYHBIX TUIOB BXOJHBIX M BBIXOAHBIX JaHHBIX, a TaK)XXe MapaMeTpoB KOHQUrypauuu [Uis
Mojiele MamuHHOro 00ydeHus. [l Toro 4troObl MPOAEMOHCTPUPOBATH CIUCKH, PACCMOTPUM
NOCTPOCHHBIM HaMu HaOOp JAHHBIX O TpPeX MHallMeHTaX, KOTOPBIA XpaHUTCA B LIECTH BEKTOpax.
Ecnu MbI XO0THM 0TOOpa3suTh BCE JAaHHBIE JJIs IEPBOrO MalMeHTa, TO HaM HY)KHO BBeCTH IATh R-
KOMaHJ;
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> subject name [1]
[1] "John Doe"

> temperature [1]
[1] 98.1

> flu status [1]
[1] FALSE

> gender [1]
[1] MALE
Levels: FEMALE MALE

> bloed [1]
[1]1 ©
Levels: A B AB O

> symptoms [1]

[1] SEVERE

Levels: MILD < MODERATE < SEVERE

Y100BI UMETH BO3MOKHOCTD HCCIICAO0BATL AAHHBIC O ITAIMCHTC IIOBTOPHO, HE BBOAA 3aHOBO 3TH
KOMaHJbI, MOXHO HCIIOJb30BAaTh CIIMCOK. OH MO3BOJISIET CIpymniuMpoBaTb BCC 3HAUYCHUA B OJUH
00BEKT, KOTOPBI MOYHO HCIIOJIb30BaTh MOBTOPHO. II0JOOHO TOMY Kak BEKTOp CO3/aeTcs C
nomoIipio  GyHKIuH C(), CIHUCOK co3faeTcs ¢ mnomornbto ¢yHkimu list(), kak mokaszaHo B
CIICOYIOEM IIPUMEPE. EZII/IHCTBCHHOC 3aMCTHOC pa3JIniIneC 3aKIIIOYACTCA B TOM, 4YTO IIPpU CO3AaHHUN
CIIMCKa KaXJIOMY KOMIIOHCHTY B IHOCICAOBATCIBHOCTHU OOJIKHO OBITH IIPUCBOCHO UM Hannune
HMCH BIIOCJICACTBUU ITO3BOJIUT IMOJYYUTH JOCTYIlI K 3HAYCHUAM IO MMCHH, a4 HC IO IOPAAKOBOMY
HOMEDY. I[J'IH TOTO YTOOBI CO3JaTh CIIMCOK C MMCHOBAHHBIMH KOMIIOHCHTAMU [JI1 BCCX AdAaHHBIX
MEPpBOro nmanyveHTa, BBCAUTE CIICAYIOUTYIO KOMAaHAY:

> subjectl <- list(fullname = subject_name[1],

+ temperature = temperature[l],
flu_status = flu_status[1],
gender = gender[1],

blood = blood[1],
+ symptoms = symptoms[1])

Teneps naHHbIe alMeHTa coOpaHbl B crircke subjectl:
> subjectl

$fullname

[1] "John Doe"

+ + +

$temperature
[1] 98.1

$flu_status
[1] FALSE

4gender
[1] MALE
Levels: FEMALE MALE

$blood
[1] o
Levels: A B AB O

$symptoms

[1] SEVERE

Levels: MILD < MODERATE < SEVERE

O0Oparute BHUMaHHWE, YTO 3HAYCHHS TIOMEUYCHBI HWMEHAMH, KOTOPhIE MBI YyKa3aJld B
npeapiayed koMagae. I10CKobKy CIIUCOK COXPaHSET MOCIIEI0BATENBHOCTh 3HAYEHHUM TaK XKe, KaK
W BEKTOP, K €r0 KOMIIOHEHTAM MOHO ITOJIYYUTh JIOCTYII MO MOPSAKOBBIM HOMEpPaM, KaK MOKa3aHO
Janee 11 3HaueHus temperature:

> subjectl[2]
$temperature
[1] 98.1
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Pe3ynbpraTom mpuMeHEHHUs BEKTOPHBIX OMEPATOPOB K OOBEKTY CIUCKA SBIISICTCS APYTOi OOBEKT
CIIMCKa, KOTOPBIA TIPEACTABISIET COOOH TIMOAMHOXKECTBO HMCXOJHOTO CIucka. Hampumep,
NpEeAbIIYIIMNA KOJ| BO3BpAIlAa€T CIMCOK, COCTOSIIIMN M3 €IMHCTBEHHOTO KOMIIOHEHTa temperature.
UroObl BEpHYTh OJMH DJIEMEHT CIHCKA C €ro COOCTBEHHBIM THIIOM JAaHHBIX, IpU BHIOOpE
KOMIIOHEHTa CIIMCKa HCIONb3yiTe ABOMHBIE ckoOku ([[ u ]]). Hanpumep, cinemyromas koMaHa

BO3BpaliacT YHUCIIOBOM BEKTOD e,[[HHH‘IHOfI JJIMHBI.
» subjectl[[2]]
[1] 98.1

I[HSI TOYHOCTH JIyUlIC 06paH_IaTBC5I K KOMIIOHCHTaM CIIMCKa IIO0 MMCHH, CTaBs IIOCJIC MMCHU

CIIMCKa 3HAK $ U UMs KOMIIOHEHTA CICAYIOIIUM O6p&30MZ

> subjectl$gender
[1] MALE
Levels: FEMALE MALE

ITonoOHO 3amucu B JBOWHBIX CKOOKax, 3Ta 3alKCh BO3BpAllaeT KOMIIOHEHT CIIMCKa €ro
COOCTBEHHOI0 THIIA JaHHBIX (B JAHHOM Clly4yae — YHMCIOBOW BEKTOP €AMHUYHOM JIJIUHBI).

Jis Toro 4roObl MOJIyYUTh HECKOJIBKO 3JIEMEHTOB CIIMCKA, HY)KHO YKa3aThb BEKTOpP HMMEH.
Crenyromas KOMaHa BO3BpAIIaeT MOJMHOKECTBO crmcka Subject]l, KOTOpbIl CONEPKHUT TOJBKO

kommoHeHThI temperature u flu_status:
> subjectl[c("temperature", "flu_status")]

$temperature
[1] 98.1

$flu_status
[1] FALSE

C moMOIIbI0 CIUCKOB U CIIMCKOB CITUCKOB MOKHO CTPOUTH IIeJIble HaOOophl JaHHBIX. Hampumep,
MOXHO CO3J1aTh CIUCKHU SUbject2 u subject3 u crpynmupoBath X B CHHCOYHBIH 0O0BEKT C HMEHEM
pt_data. Takoe mocTtpoeHre HaOOpa MaHHBIX MIMPOKO PACIPOCTPAHEHO, HO B s3bIke R ecTh
cnenuaabHas CTPYKTypa JaHHBIX.

®peiiMbl TaHHBIX

HaubGonee BaxHOWH cTpykTypodl naHHbBIX R, mcmnonszyemoit B ML, sBusercs, Oe3ycioBHO,
¢peiiM TaHHBIX — CTPYKTYpa, aHAJIOTHYHAs 3JIEKTPOHHOHN Tabiuie uiau 6a3e JaHHBIX, B KOTOPOH
€CTh CTPOKHM U CTOJOLBI. B KOHTeKkcTe si3pika R ppeliM naHHBIX MOXKHO MPEACTaBUTH KaK CIHCOK
BEKTOPOB WM (DAaKTOPOB, KAKIBIH M3 KOTOPBIX HMEET OJUHAKOBOE KOJIMYECTBO 3HAYCHMM.
[Tockonpky ¢peiiM NaHHBIX SBISETCS, B CYIIHOCTH, CIMCKOM OOBEKTOB BEKTOPHOI'O THIIA, OH
o0benuHseT B ceOe CBOMCTBA, KaK BEKTOPOB, Tak M crnuckoB. CozganuMm QpeiM JaHHBIX s
Hallero Habopa JaHHBIX O MalMeHTtax. i 3Toro Ucnob3yeM COo3JaHHbIE paHEEe BEKTOPHI TaHHBIX

0 MaIMeHTe 1 Bbi3oBeM ¢GyHkuuto data.frame(), koTopast 0ObEAUHUT UX BO (PpeiiM TaHHBIX:
> pt_data <- data.frame(subject_name,

temperature,

flu_status,

gender,

blood,

symptoms,

stringsAsFactors = FALSE)

Kak BBl MOIIM 3aMeTHUTh, B 3TOM KOJI€¢ MOSBHWJIOCH HEUYTO HOBOE. MBI BKIIOYWIN CIOAA
JOTIOJTHUTEIBHBIN mapameTp: stringsAsFactors = FALSE.

Ecnu ero He ykaszarb, TO R aBromarmuecku mpeoOpa3yeT Kaxablii CUMBOJBHBI BEKTOp B
daktop. B nmamHOM ciywae, Hampumep, Tojie subject name ONpEACNIeHHO HE CUYUTAETCs
KaTeropuaJbHbIMU JAHHBIMH, TIOCKOJIbKY UMEHA HE SBISAIOTCSA KaTeropusMu 3HadeHuil. Iloatomy,
npucBouB napamerpy stringsAsFactors 3nauenue FALSE, wmbl Oyaem mnpeoOpa3oBhIBaThH
CHUMBOJIbHBIE BEKTOPBI B (DAKTOPBI TOJIBKO B TEX CIIydyasiX, KOTJa 3TO UMEET CMbICI JIJIs IPOEKTa.

[Ipu BeIBOAE (peiima naHHbIX pt data Mbl BUAMM, YTO €0 CTPYKTYpa CHJIBHO OTIMYAETCS OT
CTPYKTYpP AAHHBIX, C KOTOPBIMU MBI YK€ UMENH JEIO:

> pt_data

+ o+ o+ 4+ + +
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subject name temperature flu status gender blood symptoms

1 John Doe 898.1 FALSE MALE 0 SEVERE
2 Jane Doe 98.6 FALSE FEMALE AB MILD
3 S5teve Graves 1e1.4 TRUE MALE A MODERATE

B ornmume OoT OZHOMEPHBIX BEKTOPOB, (DaKTOPOB M CIHCKOB (peiiM MaHHBIX HMMEET JBa
U3MEpeHusi U oToOpaxkaeTcss B MaTpu4HOM Qopmare. KoHKpeTHO B 3TOM ¢peiliMe NaHHBIX €CTh
OJIMH CTOJIOCI JUISl KaXKIOTO BEKTOpa JaHHBIX MAallMeHTA U OJHA CTPOKA JUIA KaKAOTo manueHra. B
MaIIMHHOM OOYy4eHHUH CTOJNOIBI (PpeiiMa JaHHBIX — 3TO MPHU3HAKH, WM aTpUOYTHI, a CTPOKU —
npuMepsl. [ Toro yToObI U3BJICYB LIENbIe CTOIOIBI (BEKTOPHI) JaHHBIX, MOXKHO BOCIOJIBb30BAThCS
TeM, 4TO (pelM JaHHBIX TPEACTaBIIET COOOW MPOCTO CHHCOK BeKTOpoB. Ilogo6GHO crmckam,
caMblii IPSIMOH CIIOCOO M3BJIEYb OT/EIBHBIN IEMEHT — 00paTUThCS K HEMY 1o uMeHu. Hanpumep,

4TOOBI MOJIYyYUTh BEKTOp subject name, BBeIUTE CieIyIOMIEe:
> pt_data$subject_name
[1] "John Doe" "Jane Doe" "Steve Graves"
HOI[O6HO CIIMCKaM, BEKTOP UMCH MOXXHO HUCIIOJb30BaTh AJId U3BJICUCHUSA HECKOJIBKUX CTOH6HOB

u3 ¢periMa TaHHBIX:
> pt_data[c("temperature", "flu_status")]
temperature flu_status

1 98.1 FALSE
2 98.6 FALSE
3 181.4 TRUE

Ecnu 3ampammBare cTonOubsl Bo QpeiiMe NaHHBIX 110 UMEHHU, TO pe3ylbTaToM OyAer ¢peiim,
COJIEp KAl BCE CTPOKH JIAHHBIX JIJIS1 YKA3aHHBIX CTOJIOIIOB.

Komanga pt_data[,2:3] Toxxe usBieuet cToidubl temperature u flu_status, ogHako oOparienue K
CTOJIOIIAaM 0 MMEHU MPUBOIUT K SCHOMY M IPOCTOMY B CONPOBOXKACHHH R-KOIy, KOTOpBIM HE

nepecTaneT paboTark, eciu GppeiimM TaHHBIX OyAeT BIOCICICTBHH NEPEYOPSI0UYCH.
» pt_data[,2:3]
temperature flu_status

1 98.1 FALSE
2 98.6 FALSE
3 181.4 TRUE

Jns usBnedeHus u3 (QpeilMa AaHHBIX KOHKPETHBIX 3HAUEHWH MCIOJIB3YIOTCS METObI,
HOI[O6HI>IG TEM, YTO HNPHUMCHAIOTCA Mg JO0CTylla K 3HAYCHHUAM BCEKTOPOB. OI[HaKO 31E€Ch €CThb
Ba)XHOE OTJIMYHME: MOCKOJBbKY (pelM NaHHBIX SBISETCS IBYMEPHBIM, HEOOXOIMMO YKa3blBaTh HE
TOJIbKO HY>KHBIE CTPOKH, HO M cToJOLbl. CHavana yKka3blBalOTCS CTPOKHM, 3aT€M CTaBHUTCS 3amsTasd,
3a KOTOpOH ciemyroT ctoioumsl: [row, col]. Kak u s BeKTOpoB, HOMEpa CTPOK M CTOJOIOB
HauuMHAIOTCA ¢ eauHunbl. Hampumep, yToOBl M3BJIE€UYb 3HAUEHHE, CTOsAIIEE B MEPBOW CTpOKE U
BTOpPOM cToJO1e ¢peiimMa JaHHBIX MMalleHTa, UCIIOJIb3YeTCs CIeAYIoNas KOMaHaa:

> pt_data[l, 2]

[1] 98.1

Ecnu tpebyercst u3Bledb HECKOJIBKO CTPOK WJIM CTOJIOIOB JAHHBIX, TO HYXHO YKa3aTb
BCKTOPBI, COOTBECTCTBYIOIIIHEC KCIIACMbBIM CTPOKaM U CTOJ'I6I_[aM. Cnez[yfomnﬁ OnepaTop HU3BJICKACT
JTaHHBIE U3 IEPBON U TPEThEH CTPOK, a TAKXKE U3 BTOPOTO U YETBEPTOTO CTOJIOIOB!

> pt_data[c(1, 3), c(2, 4)]

temperature gender

1 98.1  MALE

3 181.4  MALE

UtoOBI cocnaTbCs Ha KaXAYH CTPOKY MM CTOJOEI, MPOCTO OCTaBbTE€ HYaCTh CTPOKH WIIH

CTOJ'I6]_[a HyCTOfI. HaHpI/IMCp, yTOOBI U3BJIEYDL BCE CTPOKHU IICPBOT'O CTOH6LI3., BBCAUTC KOMAaHAY:
> pt_data[, 1]
[1] "John Doe" "Jane Doe" "Steve Graves"
Tak MOXHO U3BJIEYh BCE CTOJIOIIBI JIJISI IEPBOM CTPOKU:
> pt_data[l, ]
subject_name temperature flu_status gender blood symptoms
1 John Doe g8.1 FALSE MALE 4] SEVERE

A Tak — Bce JaHHBIC!
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> pt_datal , ]
subject_name temperature flu_status gender blood symptoms

1 John Doe 98.1 FALSE MALE 0 SEVERE
2 Jane Doe 98.6 FALSE FEMALE AB MILD
3 S5teve Graves 1e1.4 TRUE MALE A MODERATE

Koneuno, k cTonbmam rydmie obpamarbes MO0 UMEHH, a HE TI0 TOPSAKOBOMY HOMEPY, a JUIs
UCKJIIOYEHHS] M3 BBIBOJIAa CTPOK MJIM CTOJIOIOB JAHHBIX MOXHO HCIIOJIb30BAaTh OTPHUIIATEIbHBIC

3HaueHus1. Takum 00pa3om, pe3yabTaT KOMaHIbl:
> pt_data[c(1l, 3), c("temperature", "gender")]
temperature gender
1 98.1 MALE
3 161.4 MALE

SKBUBAJICHTEH PE3YyJbTATy CIEIYIOICH:
> pt_data[-2, c(-1, -3, -5, -6)]
temperature gender

1 98.1  MALE
3 181.4  MALE
Wuorma Bo ¢peiiMax JaHHBIX HEOOXOIMMO CO3/1aBaTh HOBBIE CTOJIOLBI — HAmpuUMeEp, Kak

GYHKIMIO OT CyHecTBYyIOUMX CTonOmoB. Tak, HamM MoxkeT mnoTpedoBaThCs Mpeodpa3zoBaTh
MOKa3aHHUs TEeMIIEpaTypsl BO (peliMe NaHHBIX O ManueHTe W3 mKanel PapeHreiiTa B IIKaIy
Lenbcusa. yigs 3TOro AOCTaTOYHO BOCHOJIB30BAThCS OMNEPATOPOM IPUCBAUBAHUS U TPHUCBOUTH
pe3yabpTaT mpeoOpa3zoBaHus CTOIOIY C HOBBIM UMEHEM CIICYIOIIUM 00pa3oM:

> pt_data$temp_c <-(pt_data$temperature - 32) * (5 / 9)

UroObl yOeauThCs B MPaBUIBHOCTU BBIYMCICHHWM, CpaBHUM HOBBIM crondern temp_C c
temneparypoii no Llenscuto ¢ mpeapiaynm crondiom temperature, rue yka3zaHa Temieparypa o
®dapeHrenry:

> pt_data[c("temperature", "temp_c")]

temperature temp c

1 98.1 36.72222
2 98.6 37.08000
3 181.4 38.55556

VYBUEB 3TH MOKA3aHUSA PSIIOM, Mbl MOKEM MOJITBEPIUTH, YTO PACUET BHIMOIHEH BEpHO. UTOObI
JydIle 0O3HAKOMHTBHCS ¢ (peiiMaMH JaHHBIX, OMPOOYHTE BBHIMOJHUTH aHATIOTHYHBIE OTEPAINH C
Ha0OpOM JaHHBIX O MalMEHTaX WJIM, YTO elle Jydlle, UCIOJIb30BaTh JAaHHBIE OJHOTO M3 BalIMX
COOCTBEHHBIX ITPOEKTOB.

Marpuusi

Matpuiia — 3TO CTPYKTypa MJAaHHBIX, CBEICHHBIX B JIBYMEpPHYIO TaOmuIly, TIe JaHHbBIE
MIPEJICTABJICHBI B BHUJIE CTPOK U cTONIONOB. [10100HO BekTOpam, MaTpuilkl B R MoryT comepkartb
TOJILKO OJIMH THUII JAHHBIX, XOTS OHH YaIlle BCETO MCIOIB3YIOTCS s MaTeMaTHUECKUX OIepaluii, u
MO03TOMY OOBIYHO XPAHST TOJIBKO umcia. [[ist Toro 4ToObl co31aTh MATPHILY, TOCTATOYHO BBI3BATH
dbyHKIMIO matrix() U yKa3aTb BEKTOp JAHHBIX, a Tak)Ke MapaMeTp, OMpPEIesIONINi KOTUIECTBO
cTpok (nrow) wim ctoao1oB (ncol). Hanpumep, nis coznanus Matpuiibl 2 X 2, B KOTOPOM XpaHATCS
qrclia OT €AMHUIIBI IO YEThIPEX, MOXKHO MCIOIb30BaTh MapaMeTp Nrow, 4ToObI 3alPOCUTH JIaHHBIE,

KOTOpBIE OY/yT pa3/IeleHbl Ha IBE CTPOKH:
>m <- matrix(c(1, 2, 3, 4), nrow = 2)
> om

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

Wiy e MOKHO CO3JaTh TaKyk K€ MaTPUILy ¢ HCIOIb30BaHKEM mapaMeTpa ncol = 2:
>m <- matrix(c(1, 2, 3, 4), ncol = 2)

>om

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

BeposiTHO, BBl 3aMeTHIH, uTO B R cHavana 3arpy»aercs mepBblid CTOJI0EI MaTPHIIbI, a 3aTeM —
BTOpOil. DTO Ha3bIBaeTCA pa3MelIeHUeM o CToJI0IaM, KOTopoe nmpumeHsiercs B R nmo ymonyanuto
JUTs 3arpy3Ku MaTpuil. J{Jst pa3MerieHust Mo CTpoKaM HCHoib3yercs mapamerp byrow=T.
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>m <- matrix(c(1l, 2, 3, 4), nrow = 2, byrow = T)

>om

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

PaCCMOTpI/IM Ha IIpuMeEpe, 4To HpOI/ISOfI,I[eT, €CJIN YBCIIMYUTH KOJIMYECTBO 3HAYCHHUI MaTpUulbI.

Ecmu YKa3aThb IECTh 3Ha‘{eHI/II71, TO I ABYX CTPOK 6y,[[eT CO3JaHa MaTpula u3 TpEX CTOJ'I6I_IOBI

> m <- matrix(c(l, 2, 3, 4, 5, &), nrow = 2)
> m
[,1] [,2] [,3]
[1,] 1 3 s
[2,1] 2 4 6

Ecnu 3a1ath 1Ba cT0JI01A, TO Oy/IET CO3/1aHa MaTPHIIA U3 TPEX CTPOK:
>m <- matrix(c(1, 2, 3, 4, 5, 6), ncol = 2)

> m

[,1] [,2]
[1,] 1 4
[2,] 2 5
[3.] 3 6

Kak u B cnywyae c¢ ¢peiimamu JaHHBIX, 3HAUE€HUS MATPULl MOTYT OBITh H3BJIEYEHBI C

UCIIONIb30BaHueM HoTamuu [row, column]. Hanpumep, m[1,1] s maTpumpl m BepHET 3Ha4YeHHE 1,
am[3,2] — 6. Kpome TOro, MOHO U3BJIEKATh LIEJILIE CTPOKH UJTU CTOJIOIBI:

>m[1, ]
[1] 1 4

>m[, 1]
[1] 1 2 3

3aganusa:

1.

3
>

3anycture RStudio Cloud. B cBoem paboyem HpOCTpaHCTBE CO3/AaliTe HOBBIA MPOEKT
PracticeTask3.

Coznaiite Bektop al u3 BekTopa al momyuute BekTop al, 100aBUB B cepeIuHy BEKTOpa YUCIIO
161.

al<-c(34,5,73,12)
al

[1] 34 5 73 12

3.

Cosnaiite akrop monthl, coneprkaniuii Ha3BaHHs BECEHHUX MECSIIECB IO/, IPU 3TOM JIOJDKCH
OBbITH 3a/1aH MOJIHBIN NIepevYeHb MECALIEB U YCTaHOBIIEH MOPSIOK CIIeI0OBAHUS MECSILIEB.
Cdhopmupyiite crnucok emp, cojepalluil CBeIEHUS O COTPYJHHMKE: UMs (name — UMeeT
CHUMBOJIbHBIE 3HAUEHUs); 3apruviata (salary — BEIIECTBEHHOE YHWCIO), MPHHAIEKHOCTh K
npodcoro3y (union — JIorH4YecKoe 3HaueHue). Buecute manHsie 00 ogHOM coTpynHuke: Irina,
40800.00, F. BeiBegute 3apmiaTy coTpyAHuka. M3MeHuTe 3apruiary cOTpyJIHHUKA, 3a/1aB
3nauenue 50000.00.

Coznaiite dpetim department, onrucaB COTpyAHUKOB OT/eNa aTpuOyTamMu: name; salary; union.
BBenute nmanuble 1O 2-M COTpyAHMKaM. BbeiBequTe MMEHa BCEX COTPYAHUKOB. BriBeaute
3apIuiaTy BTOPOTrO COTPYAHUKA.

Cozpnaiite MaTpuily m pazmepom 3x2.

>om

[,1] [,2]

[1,] 1 4

[2,] 2 5

[3,1] 3 6
Ha ocHoBanun MaTpulbl m coznaﬁTe HOBYIO MaTpuly m2 CJICAYIOICTO BUaA:

> m2
[,1] [,2]
[1,] 3 6

[2,] 2 5

7. CoxpaHHTE MPOEKT.
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3ananue 4. YnpasJiieHue 1aHHbIMH B R.
W3yuynre MNpeaCcTaBIEHHYIO TEOPHIO, BBIMOJHHWTE 3amaHus. OT4eT O MpojeaaHHOW padoTe
IpeCTaBbTE B pa3zeiic oTyeTa Mo npakTuke «SI3pik R u cpena paspaborku RStudio Cloudy.

Opna u3 npodieM, ¢ KOTOPBIMH MPUXOJUTCS CTATKUBATHCS MPU paboTe ¢ OOIBIIUMU HaOOpamMu
JAHHBIX, 3aKIF0YaeTCs B COOpE, MOATOTOBKE JAaHHBIX, MOCTYMAIONUX U3 PA3TUYHBIX HCTOYHUKOB, U
yrpaBieHUN UMH. Jlajgee Ha mpuMepe pealbHbIX 3a7ad MAIIMHHOTO OOY4YEeHHS Mbl PacCMOTPUM
MOATOTOBKY JIaHHBIX, KX OYUCTKY U YIPABJICHUE UMH.

CoxpaneHnmue, 3arpy3Ka M yJaajieHue CTPYKTYyp AaHHbIX B R

Ecau BBI 071MH pa3 moTpaTHiiM MHOTO BPEMEHH Ha IIpeoOpa3oBaHue (ppeiiMa TaHHBIX B HY)KHYIO
dbopMy, TO BaM HE HY)XHO OyJeT 3aHOBO BCE MepeielibiBaTh NMPHU KaXKIIOM Tepesamycke R-ceanca.
UToOBl COXpaHWUTh CTPYKTYPY AAHHBIX B (aiiie, KOTOPBIA BMOCIEACTBUU MOXKHO 3arpy3uTh WJIH
MIEPEHECTH B JPYTyI0 CHCTEMY, MCIONB3YHTe QyHKIMIO save(). DyHKIUS 3aMUChIBACT OJHY WU
HECKOJIBKO CTPYKTYp JaHHBIX R B MecTomnonoxenue, ykazannoe nmapameTpoM file. daiijibl JaHHBIX
R nmerr pacumpenue .RData. [Ipennonoxum, y Bac ecTb TpU 00bEKTa C UMEHaMU X, Y U Z,
KOTOPBIE BbI XOTEJIN OBl COXPaHUTh B IMOCTOSHHOM (paityie. He3aBUCUMO OT TOTO, SABJISIOTCS JIU 3TH
00BEKTHI BEeKTOpamH, (aKkTOpaMH, CIUCKaMU WU (PpeiiMaMu MaHHBIX, UX MOXXHO COXPAHHTH B
daitne mydata.RData ¢ momotsko ciaenyromnei KOMaHIbl:

> save(X, Y, z, file = "mydata.RData")

3aoanue: otkpoiite aiin PracticeTask3, co3maHHBI Kak pe3ylbTaT BBITOJHEHUE
MPEIBIIYIIETO 3a/laHusl, COXpAaHUTE OOBEKTHI ¢ MMeHaMmu subjectl, department, monthl B
¢aitn mydata.RData.

Komanza load() mo3Bosisier Bocco3aath M00bIe CTPYKTYPHI JAHHBIX, KOTOPBIE ObLITH COXPAHEHbI
B ¢aiie .RData. [l Toro 4roObl 3arpy3uTh co3laHHBIN ¢aiin mydata.RData, mpocto BBeauTe
cienyromiee:

> load("mydata.RData™)

ITo aroit komange B cpene R OynyT Bocco3iaHbl CTPYKTYphl JAHHBIX X, Y U Z.

3aoanue: co3naiite HOBBIN (haiin ¢ umeneM lab2.R u 3arpy3ute B Hero oObEKTH U3 (aiina
mydata labl.RData, BeiBegute 00bekThI subjectl, department, monthl.

Ecnu Bam Hy)XHO OBICTpO 3aBEpIIUTH ceaHC R, Bocnomb3yiiTech KOMaHA0M save.image() — OHa
3anMieT Bech ceaHc B (paiin, HazbiBaeMblil .RData. [lo ymonuanuio nmpu cienyromieM 3amycke R
Oyzer uckaThb TOT (aiis, u ceanc OyJIeT BOCCO3/IaH TOUYHO B TOM BHUJIE, B KAKOM BbI €I0 OCTaBHJIH.

3aoanue: coxpaHuTe TEKYIUI ceaHc, BOCTIOIb30BaBIINCH KOMaH oM save.image().

ITocne Toro xak Bbl HEKOTOpOE BpeMs IopaboTaere B ceaHce R, BbI, BO3MOXXHO, HAaKOIHTE
HECKOJIbKO CTPYKTYp AaHHbIX. @yHkuus Is() Bo3BpallaeT BEKTOp, KOTOPBIM COCTOMT M3 BCEX
CTPYKTYp AAHHBIX, HAXOIALIUXCS B [TAMATH B HACTOSIIMM MOMEHT. HanpuMep, eciii Bbl BBITOIHSIIN

BCE MPEABIAYIINE KOMAaHAbI 3a/1aHusl, TO GyHKIUS Is() BO3BpATUT ClieIyroIIee:
> 1s()
[1] "department" "monthl" "subject1"

[Tpu BeIXO/E M3 ceaHca R aBTomMaTHuecku yJanseT U3 MaMsITH BCE CTPYKTYPhI JaHHBIX, OJHAKO
JUTSE OOJTBIIMX OOBEKTOB, BO3MOKHO, BBl 3aXOTHTE OCBOOOUTH MaMATh paHbIle. [T 3TOro MOXHO
UCTONB30BaTh GyHKIMIO yaaneHus rm(). Hanpumep, 9yto0s! ynanutse o0bekTel monthl u subjectl,

IMPOCTO BBEAUTEC CICAYIOLICC:
> rm{monthl, subjectl)
> 1s()

[1] "department"
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Oyukmuu rm() Takke MOXKHO TepelaTh CHUMBOJIBHBIA BEKTOP UMEH OOBEKTOB, MOJJIEKAITUX

ynanenuro. Eciu ke nepenate e pe3ynbrat padotsl pyHKm#H I1s(), To OyaeT ouuiieH Bech ceanc R:
> rm(list = 1s())
> 1s()
character(@)
ByabTe oueHb OCTOPOKHBI IMPH BBIOJHEHUM STOW KOMAaHMbI, TaK Kak Iepel] yAaleHUEM

00BEKTOB BBl HE OJYYUTE NPEAYIPEKICHMS!

3aoanus:

1. Ucnone3yst ¢ynkumto rm() ymamure oobektel monthl u subjectl, mpoBeppTe crHcok
OCTaBIIHXCS 00BEKTOB, UCIIOJIB3YS G yHKIHIO Is().
2. VY nanure BCE OOBEKTHI.

3. Ucnonw3ys ¢aitn .RData, BocctaHoBUTE OOBEKTHI.

HNmnopt u coxpanenue naHHbix u3 CSV-paiisiioB

OOmenoctynHbie HAOOPH! JAHHBIX OOBIYHO XPAHATCS B TEKCTOBBIX (paiinax. TexcToBbie (haitibl
MOTYT OBbITh IPOYUTAHBI IPAKTHUECKU Ha JIIOOOM KOMIIBIOTEPE U B JIFOOOH ONEPaLlMOHHON CUCTEME,
YTO JIeJaeT ATOT POpMaT YHUBEPCATbHBIM. TeKCTOBBIE (PaiiiIbl TAK)KE€ MOTYT OBITh SKCTIOPTUPOBAHBI
U MMIIOPTUPOBaHbl B Takue nporpammbl, kak Microsoft Excel, yTto mo3Boisier ObICTpO M JIETKO
paboTtate ¢ [JaHHBIMH, TMPEJICTABICHHBIMH B BHIE OJJEKTPOHHBIX TaOmui. TaOnu4HbIHA
(mpencTaBiieHHBIN B BUJIE TaOMUIbl) (paiiia JaHHBIX UMEET MAaTPUUYHYIO CTPYKTYPY: Kakaas CTpOKa
TEKCTa OTPAXaeT OJMH MPHUMEP U KaXIbI MPUMEpP MMEET OJWHAKOBOE KOJIMYECTBO MPH3HAKOB.
3Ha4yeHUs1 NMPHU3HAKOB B KaXIOM CTPOKE pa3JesieHbl MPeloNpe/ieIeHHbIM CHMBOJIOM, KOTOPBIH
Ha3bIBaCTCs pasjenuTeneM. B mepBoii ctpoke ¢aiina TaOMMYHBIX TaHHBIX YacTO COAEPIKATCs MMEHA
cTOJIOIOB. DTa CTpOKa Ha3bIBaeTCs 3arosioBKoM. Iloxanyi, caMbIM pacnpocTpaHeHHbIM (hopMaToM
TaOJMYHOTO TEKCTOBOTO (haima siBisiercss Gaill 3HAUYEHHWH, pa3/eNeHHBIX 3amaThiMHA (comma-
separated values, CSV), B KOTOpOM, Kak clelyeT U3 Ha3BaHMs, B KauyecTBE pa3eiuTens
ucronb3ytoTes 3amsarbie. CSV-¢ailibl MOKHO MMIIOPTUPOBATh W OKCIIOPTUPOBATh BO MHOTHX
pacrpocTpaHeHHbIX npuiokeHusx. CSV-¢aiul, onuceiBaronmii HabOp MEIUIMHCKUX JaHHBIX,
MOET OBITh COXpaHEH CJIEIYIOIIUM 00pa3oM:

subject_name,temperature,flu_status,gender,blood_type

John Doe,98.1,FALSE,MALE,O

Jane Doe,98.6,FALSE,FEMALE,AB

Steve Graves,101.4, TRUE, MALE,A

ITycth daiin ¢ naHHBIMU 0 maiuenTax pt data.csv pacnoioxeH B pabodyeM katanore R. Torna
¢yskuto read.csv() MOXKHO HCIIOJIb30BaTh CIEAYIOLIMM 00pa3oM:

> pt_data<-read.csv("pt_data.csv",stringsAsFactors = FALSE)

Ota ¢yskuus npountaer CSV-daitn m momectuT naHHble BO ¢peiim ¢ umenem pt_data.
[Tono6GHO TOMY, Kak MBI C/A€NAIN 3TO MPHU CO3AaHUM (peiiMa TaHHBIX, 37€Ch HY)KHO UCIOJIb30BaTh
napametp StringsAsFactors = FALSE, uro0sl mpeaoTBpaTuTh MpeoOpa3oBaHHE BCEX TEKCTOBBIX
nepeMeHHbIX B (akTopel. Ecnm Bl yBepeHbl, uro Bce cronOubl B CSV-daiine neicTBUTENBHO
SBIISTIOTCS (DaKTOpaMHU, JaHHBIN IIAr JIy4IlIe BBITOJHUTH CAMOCTOSITENIFHO, a HE TPEAOCTABISATh ITO
R.

Ecnu HaGop naHHBIX HAXOAWUTCSA 3a MpezenaMu padbodero katanora R, To mpu BbI3oBe QyHKIUU
read.csv() Hy>KHO yka3aTb OJHBINA MyTh kK CSV-daiiny (Hanpumep, "/path/to/mydata.csv").

[To ymomuanuto R mpenmomaraer, uto B CSV-(aitie ecthb cTpoka 3aroioBka, B KOTOPOH
NepevnciIeHbl UMeHa 00BbEeKTOB U3 Habopa naHHbIX. Ecnu B CSV-(aiine HeT 3aroyioBka, yKaKuTe
napametp header = FALSE, xak noka3ano B cieaytouieit komanae, 1 R Ha3HauUuT MMeHa MpU3HaKOB
110 YMOJYaHUI0, Hymepys ux V1, V2 u t. 1.

> pt_data<-read.csv("pt_data.csv",stringsAsFactors = FALSE,header=FALSE)

Oynkius read.csv() sBIseTcs 4acTHBIM ciydyaeM ¢(yHkiuu read.table(), koTopas mo3BosisieT
CUMTHIBATh TaONMYHBIC JaHHBIE B pa3IMYHBIX (opmarax, BKIOYas JApyrue ¢Gopmarbl ¢
pa3enuTeNsiIMH, TaKKe Kak 3HAYCHHUS, pa3/ielieHHbIe Ta0ysuuei (tab-separated values, TSV).

UtoOb1 coxpanuth ¢peiim ganuaeix B CSV-daiine, ucnonsiyiite dyaknuio write.csv(). Ecmu
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¢peiim naHHBIX Ha3bIBaeTcs pt data, mpocTo BBenUTE CIEAYyIOIIEE:

> write.csv(pt_data, file="pt_data.csv",row.names = FALSE)

ITo »Toit komanae B pabouunii katasor R Oynmer 3amucan CSV-daitn ¢ mumenem pt data.csv.
[lapameTp row.names mepeomnpenesieT 3aJaHHOE IO YMOJYaHHUIO TMoBeneHue R, kotopoe
3aKJII0YAeTCs B BbIBOJE MMEH CcTpok B CSV-daiine. Kak mpaBuiio, 3TH BBIXOJHBIC JaHHBIC HE
HY>KHBI U OyTyT JIMIIb YBEIIMYUBATH pa3Mep moiydaemMoro (aiina.

3aoanus:

1. Otkpotite daitn R, co3panHbIil B X0/1€ BBIITOJHEHUS MPEIBIIYIIETO 3a1aHus. 3aHUIIUTE B
¢daiin pt data.csv ¢peiim manHbIXx pt data, ompenenuB mapamerp row.names=FALSE.
2. Bepautecs B ¢aiin R tekymeit pabotsl. [IpounTaiite conepkumoe (aiina pt data.csv.

I/ICCJICIIOBaHI/Ie AAHHBIX H UX HHTEPIIPETALINA

ITocne cOopa naHHBIX M 3arpy3Kd MX B CTPYKTYpbl JaHHbIX R cienyromuil mar B mporecce
MaIIMHHOTO 00y4eHUs] — MOAPOOHOE MCCIIeJOBaHUE JaHHBIX. IMEHHO Ha 3TOM 3Tarne HauuHaeTCs
UCCIICIOBAaHME NPU3HAKOB M INPUMEPOB JAHHBIX, a TAKXKE BbISBIEHUE OCOOEHHOCTEH, KOTOpbIE
JIeNAIOT 3TU JaHHBIE YHUKAIBHBIMA. YeM mydiie OyyT HHTepIpEeTHPOBAHbI JaHHBIE, TEM JTyYIle BbI
cMoxeTe BbIOpaTh MoAenb ML 11 Bameii 3agaun.

Paccmorpum HaOop JaHHBIX usedcars.csv, KOTOpBIM COAEPKUT pealbHbIE JIaHHBIE O
HOJEpKAHHBIX aBTOMOOWIISIX, BBICTABJIBIIMXCS HAa MPOJIAXy Ha MONYJISIPHOM aMEPUKAHCKOM caiTe
B 2012 rony.

3aoanue: 3arpy3ute (aiin usedcars.csv Ha cepBep, eciu Bbl ncnonsdyere cpexy RStudio

Upload
Cloud, ucnonb3ys KHOIKY

[Tockonbky HabOp MaHHBIX XpaHutcs B (popme CSV, MBI MOXEM HCIOIB30BATH (PYHKITUIO
read.csv() A 3arpy3Ku IaHHBIX U3 HETO BO (ppeiim naHHbIX R:
> usedcars <- read.csv("usedcars.csv”, stringsAsFactors = FALSE)

3aoanue: 3arpysute nannble ux (aiira usedcars.csv Bo ¢petim usedcars.

Teneps, korzna y Hac ecTb (peliM JaHHBIX usedcars, peicTaBbTe ce0sl B POIM CIIEUAINCTA 110
aHaJU3y JIaHHBIX, KOTOPBIN JOJKEH U3yYUTh JJAaHHBIE O MOJIepKaHHbIX aBTOMOOMIIsIX. HecMoTps Ha
TO, YTO U3y4YEHHE JTaHHBIX — TMOKUI MPOLECC, €ro 3Tanbl MOKHO MPEJICTaBUTh KaK CBOETO pojia
MCCIIEJOBAHNE, B KOTOPOM JAOTCS OTBETHI HAa BOIPOCH! O JaHHBIX. BOMpOCkl MOTYT pa3yinyaTsCs B
3aBUCHUMOCTH OT IIPOEKTAa, OJHAKO THIIbI BOIIPOCOB BCErJa MOXO0XKU. Bbl cMokeTe ananTupoBath
OCHOBHBIE 3Talbl 3TOr0 HCCIENOBaHMUA K JI0OOOMY HabOpy MaHHBIX, OyIb OH OOJBLIMM WU
MaJICHbKUM.

Cmpykmypbol 0aHHbIX

[lepBbie BOMpOCHI, KOTOpBIE CIEAYyeT 3a/aTh MPHU HCCIEIOBAaHUU HOBOTO Habopa JaHHBIX,
JIOJDKHBI OBITH O TOM, KaK OpTraHM30BaH Ha0Op MaHHBIX. Eciy MoBe3eT, TO Ball HCTOYHUK
MPEIOCTaBUT CIIOBAph JAHHBIX — JOKYMEHT, B KOTOPOM OMHUCaHbl MPU3HAKK Habopa JaHHBIX. B
HaIlleM Cydae JIaHHBIE O TMOJEP>KaHHBIX aBTOMOOWIISX HE COMPOBOXKIAIOTCS TAaKUM JIOKYMEHTOM,
MO3TOMY MPHUAETCS CO3/aTh ero camocTtosTrenbHo. DyHKIuUs str() mpeacTaBiseT coOOM MeToq
OTOOpaXEeHHSI CTPYKTYpbl R-00BEKTOB, Takux Kak (peiiMbl JaHHBIX, BEKTOPHI M CIUCKH. OTYy

(I)YHK]_II/IIO MOXHO HUCITIOJIB30BaTh AJIs1 CO31aHUS 63.30B0ﬁ CXCMBI CJIOBAps JaHHBIX:
> str(usedcars)

'data.frame’: 158 obs. of & wvariables:

$ year : int 2811 2811 2011 2811 2012 2018 2011 2816 2811 2816 ...

$ model : chr "SEL" "SEL"™ "SEL" “SEL"

$ price : int 21992 20995 19995 17809 17588 17495 17600 16995 16995 16995
3 mileage : int 7413 18926 7351 11613 8367 25125 27393 21826 32655 36116

$ color : chr "Yellow" "Gray" "Silver" "Gray"

$ transmission: chr "AUTO" "AUTO"™ "aUTO" "aUTO"

19



3aoanue: orobpasute cTpyKTYpy Usedcars, ucmonb3ys komanmy Str().

Kak mHoro undopmanuu o HabOpe TaHHBIX MbI MOJYYWIM C TOMOINBIO TaKOMl MPOCTOM
komaHbl! @parment 150 obs o3HavaeT, 4To JaHHBIE BKIIOYArOT B ceOs 150 Habmronenuii — ere
OJIMH CIOc00 COOOITUTH, YTO HA0Op JaHHBIX coAepKuT 150 3amucel, wim nmpumepoB. KoaudyecTBo
HaOmroenuii yacto o6o3Havaercst OykBoW n. IIOCKONBKY MBI 3HAaeM, YTO JAHHBIC OIMCHIBAIOT
MoJiep>KaHHble aBTOMOOWIIM, TO MOXKEM TEIepb MPEANOI0KUTh, YTO y HAC €CTh mpuMepsl n = 150
aBToMoOmier ans mpojaxku. ®dparment 6 variables roBopuUT O HAJIMYMM HIECTH TNPHU3HAKOB,
KOTOpBIE 3aIllMCaHbl B IaHHBIX. DTH MPU3HAKU MEPEUYUCIICHBI 10 HA3BaHUSAM B OTAEIBHBIX CTPOKAaX.
[ HA CTPOKY [T TpU3HAKa color, MOKHO OTMETHTD JOMOJHUTEIbHBIE JICTAIH:

$ color : chr "Yellow" "Gray" "Silver" "Gray"

[Tocne nMeHH mepeMeHHON CTOMT MeTKa chr, KoTopas cooOuaer, 4To 3TOT MPU3HAK SBISAETCS
CUMBOJIbHBIM. B 3TOM Habope JaHHBIX TpU NEpEeMEHHbIE CHMBOJIbHbBIC, @ TPH OTMEYEHBI Kak int, 4To
o3Hauaetr Tl integer. Habop nanHbIX usedcars cCOAEPKUT TOJIBKO CUMBOJIBHBIC M LEJIOYNCICHHBIC
NepPEeMEHHbIE, OHAKO B APYTUX CIy4asX, IPHU HCIOIb30BAaHUH HE TOJIBKO IEIOYHCICHHBIX JaHHBIX,
MOYKHO BCTPETHUTHh THUI hum wim numeric. Bee ¢akrtopsl Oyayr umers Tun factor. Ilocne tuma
Kaxaoi R-mepeMeHHON yka3zaHa MOCIEI0BATEIbHOCTh MEPBBIX HECKOJIBKUX 3HAYCHHUM MPU3HAKOB.
[TepBbIME YeTHIPHMSI 3HaYCHHUAMH TIpU3HaKa color seistorces "Yellow", "Gray", "Silver" un "Gray".
[TpMeHHB K IMEHAM U 3HAYCHHSIM MPU3HAKOB HEKOTOPBIC 3HAHUS U3 MIPEIMETHON 00J1aCTH, MOXKHO
C/IeNaTh MPEAIONIOKEHHS O TOM, YTO IPEACTABISIOT co00H nepeMeHHbie. [lepemennas year MOXeT
YKa3bIBaTh Ha TOJ BBIYCKAa aBTOMOOWIIS MJIM Ha roj, KOTJa ObLIo OMmyOJMKOBAaHO OOBSBICHHE O
npogaxe. [lo3:xe Hy)kHO OyHeT UCCIeI0BaTh ITOT MPU3HAK 0oJiee MOAPOOHO, MOCKOIBKY YEThIpe
npumepa 3Hauenuid (2011, 2011, 2011, 2011) MOryT HOCTYUTh apryMEHTOM B IOJIb3Y JIFOOOH U3
stux Bepcuil. Ilepemennsie model, price, mileage, color u transmission OTHOCATCS K
XapaKTepUCTHUKaM MpojaBaeMoro aBTomMoOmis. Iloxoke, YTO JdaHHBIM OBUIM MPHCBOEHBI
OCMBICJICHHbIE IMEHA MEPEMEHHBIX, OJHAKO TO HE Bcerna Tak. VHorma HaOOphl JaHHBIX MMEIOT
NpU3HAKU C OECCMBICICHHBIMU MMEHAMU WM KOAaMH, TakuMu Kak V1. B »Tux cimyyasx Moxer
oTpedOBaThCS JIOMOJHUTEIBLHOE PACCiIeIOBaHUE, YTOObI ONPENENIUTh, YTO MPEACTABIsAET COOOM
TOT WM WHOM mpusHak. Ho paxke ¢ mH(pOpMATHBHBIMM MMEHAMU NPU3HAKOB CIIEAyeT BCerja
CKENTHYECKH OTHOCHUTHCS K IPEOCTABICHHBIM MeTKaM. [Ipo1oimkuM rccienoBanume.

Yucii0BbIe IEpEeMEHHbIE

Uro0Osl HccienoBaTh YHCIOBBIE MEPEMEHHBIE B JaHHBIX O MOJAEPKAHHBIX aBTOMOOMWIISIX, MBI
BOCITOJIb3yeMCsi 0a30BBIM HAOOPOM M3MEPEHHUM, OMMCHIBAIOIINM 3HAYEHUsI, U3BECTHHIE KaK CBOJIHAS
cratuctuka. OyHKIMs summary() MO3BOJSIET BBIBECTH HECKOJBKO BUJOB CBOJHON CTaTHCTHUKH.

PaccMOTpUM OIMH U3 TIPU3HAKOB — Year:
> summary(usedcars$year)
Min. 1st Qu. Median Mean 3rd Qu. Max.
2008 2008 2089 2089 2010 2812

IToka He Oynem oOpaiiaTh BHUMaHUE Ha KOHKPETHbIE 3HAUE€HUS] — BaXKeH TOT (hakT, 4TO 37ECh
ectb nudps 2000, 2008 u 2009, KOTOpPBIE TOBOPAT O TOM, UTO NIEPEMEHHAs year yKa3bIBaeT Ha IoJ
BBIITyCKa aBTOMOOWJISI, a HE Ha roJ, Korjga ObUIO OmyOJIMKOBAaHO OOBSBICHHE, MOCKOJIBKY, Kak
U3BECTHO, CNMHMCKH aBTOMoOuieil Obumn coctaBienbl B 2012 roxy. Eciu nepenmats dyHKIMN
summary() BEKTOp MMEH CTOJOLIOB, TO IOJIyYUM CBOJHYIO CTaTUCTHKY Cpa3y A HECKOJIbKHUX

YHUCJIOBBIX IIEPEMCHHBIX !
> summary(usedcars[c("price","mileage"}])
price mileage
Min. : 3808 Min. 4867
1st Qu.:18995 1st Qu.: 27288
Median :13592  Median : 36385

Mean 112962 Mean : 44261

3rd Qu.:14984  3rd Qu.: 55124

Max. 121992 Max. 1151479
CBonHas craTHCTHKa, IpeaocTaBiieHHas (yHKuued summary(), — IOPOCTOW, HO MOIIHBIN

HHCTPYMCHT UIA UCCIICAOBAHUS NAHHBIX. Omna ObIBaeT ABYX THUIIOB: MCPBI ICHTPA U MCPBI pa36poca.
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3aoanue: wcnonezys ¢yHkmmoo summary() 3ampoCHTE CTATHCTHKY 10 BCEM YHCIIOBBIM
nepeMeHHBIM Usedcars.

N3mepenne cpexHnx 3Ha4eHUii: cpeaHee apupMeTHdecKoe U MeIUAHA

W3mepenne cpetHuX 3HaUCHUH — 3TO 3aja4a U3 CTATUCTUKHU, UCIOJIb3yeMast ISl OIPe/ICICHUS
3HaUYeHMs, KOTOpOe TomajaeT B cepeauHy Habopa JaHHbIX. Ckopee Bcero, OJUH
pacnpocTpaHeHHBIN MOKa3aTelb [IEHTPa BaM YK€ 3HaKOM: CpeiHee 3HaueHue. B menom, koraa uro-
TO CUMTACTCS CPEIHUM, 3TO 3HAUUT, YTO OHO HAXOTUTCA I/Ie-TO MEXIY KpAalHUMU TOYKAMH LIKAJIbI.
Ecnm y yuenuka cpequuii 6ajul ycrieBaeMOCTH, 3TO TOBOPUT O TOM, YTO €My OBUIM BBICTABIICHBI
CpelHHE OTMETKU B Kjlacce. B menoMm cpenHuii mpeaMer TUNMYEH M HE 0cO00 OTIIMYAeTcs OT
Ipyrux B cBoed rpymme. Ero MokHO mpencTaBuTh Kak oOpasel, 1Mo KOTOpoMy cyasaT 000 Bcex
OCTAIbHBIX. B craTHCcTHUKE cpeiHee TakKe Ha3bIBACTCA CPEOHUM apu(METHUECKUM — 3TO
U3MEpeHHe, ONpeseNsieMoe KaKk CyMMa BCEX 3HA4YCHHUH, pa3/iesieHHas Ha KOJMYECTBO 3HAYCHUIL.
Hanpumep, amst Toro, 4ToObl BEIYUCIUTH CPEAHUHN J10XO0/ B TPYIIIE U3 TPEX YEIIOBEK C I0X0JaMH 36

000, 44 000 u 56 000 momIapoB, MOKHO BBIOJHUTH CJICAYIOIIYI0 KOMAHIY:

> (36800+44000+56000) /3
[1] 45333.33

B R Taxke ecth ¢yHkums mean(), KOTOpas BBIYHCISIET CpeaHEee apuPMETHYECKOe BEKTOpa

YUCCII:
> mean(c(36000,44008,56000))
[1] 45333.33

3aoanue: ucrionb3ys QyHKIUIO Mean() mocuuTanTe CpeiHrue 3HAYCHUS JIUISl BCEX YHCIIOBBIX
IepeMEHHBIX Usedcars.

Cpennuii 10X0 3TOM rpynIibl Jr0el cocTasisier npuMmepHo 45 333 nomnapa. KonuenryanbHo
3TO MOYKHO TPEICTABUTh KaK JTOXO]I, KOTOPBIK ObUT ObI Y Ka)KJ0T0 YeJI0BeKa, €ciii Obl 00m1ast cymma
JI0X0J]a JIeJuiiach MOPOBHY Ha BceX. [Ipu BeIBOAE MpenblIyluX pe3yiabTaToB summary() Obuin
3a/laHbl Cpe/lHHMEe 3HA4YEeHUs MEepPEeMEHHbIX price M mileage. OTu 3HaUeHMs yKa3bIBAIOT Ha TO, YTO
TUIIMYHAs MO/Iep’KaHHas MallliHa B 3TOM HalOope naHHbIX cToUT 12 962 nomnapa, a mokasaHue ee
onomerpa — 44 261. Yto 3T10 roBopuT o AaHHbIX? I[loCKOJBKY CpefHssl IleHa OTHOCHUTEIbHO
HU3Kas, TO MOXHO OXHJaTh, YTO B HaOOpe JaHHBIX COJEP)KATCsI aBTOMOOMIIM 3KOHOMKJIAcca.
KoneuHo, cpenn HMX MOTYT TakKe MPUCYTCTBOBAaTh ABTOMOOWIIM IMOBBIIMIEHHON KOM(OPTHOCTH
nocienHe Moaenu ¢ 6onbuM npoderom. Ho cpaBHUTENBHO HU3KUM CTaTUCTUYECKUN MTOKa3aTelb
cpenHero npodera He MPUBOJUT JOKA3aTENbCTB B MOIJIEPXKKY ATON runoressl. BnpoueM, oH Takxke
HE TMPEAOCTaBISIET JO0KA3aTeNbCTB, IO3BOJSIONIMX IPOMTHOPUPOBATH TAaKyl0 BO3MOYKHOCTD.
Cnenyer mMOMHHUTH 00 3TOM MpH JaJbHEHIIEM H3Y4eHHH AaHHbIX. CpeaHee apu@meTHuecKoe
ABJIsIeTCA HanboJee YacTo YIIOMHUHAEMbIM CTaTUCTUYECKHM IOKa3aTeNneM JUIsl U3MEPEHUs CPEHETO
3HaueHusi B HaOOpe JMaHHBIX, OJHAKO HE BCErJa CaMbIM MOAXOASIIMM. Jlpyrum wyacto
UCIIOJIb3YEMBIM TIOKA3aTEJIEM CPEOHETO0 3HAYEHUS BBICTYNAET MEIUWaHa — 3HAuY€HUEe, KOTOpOoe
HaxXOJUTCS B CEpeluHE YIOPSAOYEHHOro chucka 3HaueHud. Kak u B ciydae co cpeIHuM
apupmetnueckum, B R ecth pynkius median(), KOTOpyt0 MOKHO IPUMEHHUTH K HAIIMM JaHHBIM O

3apIuiate cleayromuM oopa3om:

> median(c(36000,44000,56000))

[1] 44000

Urax, mennanueiii goxon coctasiset 44 000 qoiutapos.

Ha mepBblil B3risin KakeTcsi, YTO MeIMaHAa M CpeAHee apUPMEeTHYEeCKOe OYEHb MOXOXKH.
Koneuno, cpengnee apudmerndeckoe 45 333 mommapa u memuana 44 000 monmapoB HE OYEHB
pa3ianyaroTcs. 3a4eM jK€ HY)KHBI JIBa U3MEPEHUS CpeHUX 3HaueHuil? [IpnunHa 3aKkiirodaeTcs B TOM,
YTO cpelHee apu(MeTHUecKoe M MelHaHa MO-pa3HOMY 3aBUCAT OT 3HAUEHUM, HaXOMAAIIUXCS Ha
rpaHulax Auamna3oHa. B wacTHocTH, cpenHee apupMeTHYecKoe OueHb YyBCTBUTENIBHO K BEIOpOCAM
— 3HAYEHUSM, KOTOPbIE HETUIMYHO BEJIMKU WJIM Majbl 10 CPABHEHUIO C OOJBIIMHCTBOM JIaHHBIX.

Takum oOpa3oM, MOCKOJBKY cpefHee apu(pMeTHUYeCKOe UYyBCTBUTEIbHEE K BbIOpOCaM, OHO C

21



OoJbIICH BEPOSITHOCTBIO OyNET CABHUraTbcs B OONBIIYIO MJIM MEHBIIYIO CTOPOHY NPH HAJIWYUU
HEOOJIBIIOT0 YUCIIa SKCTPEMAIbHbBIX 3HAYEHUH.

3aoanue: wcnonsdys ¢yakiuo median() mocyWTaiTe MeIuaHbl IS BCEX UYHCIOBBIX
nepeMeHHbIX Usedcars.

OOpatuMcsi K TOJTYyYEHHBIM MEIMAHHBIM 3HAYCHHUSM B BBIBOJC PE3yJIbTaToB summary() JUis
HaOopa JaHHBIX O MOJEPKAHHBIX aBTOMOOHWIsIX. CpenHee apupMeTHdeckoe U MeIuaHa JUIsl IEeHBI
JIOBOJILHO ONU3KK (pa3inyaloTcs NpUMEpHO Ha 5 %), OIHAKO pa3HHMLA MEXKIY CpPEIHUM
apudMeTHUYECKUM M MeIuaHoW mpoOera HamHoro Oosbie. CpemHee apudMeTHUYEcKOoe Mpodera
cocraBisier 44 261, yro mouru Ha 20 % Oonbme memuansl — 36 385. Ilockonbky cpemnee
apudMeTHueckoe 0ojiee YyBCTBUTEILHO K 3KCTPEMalbHBIM 3HAYCHUSM, YeM MeluaHa, TOT (akT,
4TO cpeiHee apu(pMETHIECKOE MOTYyYHIIOCh HAMHOTO OOJIbIIE MEIUAHbI, MOKET HAaBECTH Ha MBICIIb,
4YTO B HA0OpE JaHHBIX €CTh IMOJCP)KAHHBIC aBTOMOOWIIM C YPE3BBIYAMHO BBHICOKMMHU 3HAYCHHSIMH
npobera. YtoObl moapoOHee HcciaeqoBaTh ATOT (HaKT, HYKHO JOOABUTH B aHAJIHU3 JOMOJHUTEIBHYIO
CBOJIHYIO CTaTUCTHKY.

H3zmepenue pazopoca: Keapmuiu u NAMUYUCI08A5 C600KA

Cpennee apupmMeTHYecKOe M MEIUaHa IO3BOJIAIOT OBICTPO MOJYYHTH CBOJHBIC 3HAYCHHS,
OJIHAKO 3TH M3MEpPEHMs CPeHUX 3HAYCHUH Majo CKaXyT O TOM, CYIIECTBYET JM pazHooOpasue B
u3MepeHusx. i Toro yToObl U3MEPUTH pa3HOOOpa3ne, HYKHO UCIOJIb30BaTh APYroil TUIl CBOAHON
CTaTUCTHKH, Kacalolluics pa3dpoca MJaHHBIX, — TOrO, HACKOJBKO TECHO WM LIMPOKO
pacrpezneneHsl 3HaueHus. 3HaHHE O pa30dpoce JaeT MPEeACTaBICHHE O MAaKCUMyMaX M MUHHMYyMax
JAHHBIX, a TaKKe O TOM, HACKOJbKO OOJBIIMHCTBO 3HAYeHUH OIU3KU K CpelHeMy
apupmeTrueckoMy U Meauane. IlsTuumcioBast cBogka — 3TO HAOOp M3 MATH CTATUCTHYECKUX
nokasaresuei, KOTopble NPUOIU3UTEIbHO 0TOOpaXkaroT pa3dpoc 3HaYeHUH HEKOero mpus3Haka. Bee
9TH MATh CTATUCTHUYECKMUX IIOKa3aTesieil BKIIOUEHBbl B BBIXOJHBIE AaHHbIE (QyHKUMH summary().
[Tepeuncinum ux 1o NOPSAAKY:

e wMuHuMYM (Min.);

e nepBbIif kBapTUih, uiau Q1 (1st Qu.);
e Meamana, win Q2 (Median);

e Tpetuil kBapTUik, uiau Q3 (3rd Qu.);
e MakcumyM (Max.).

Kak u cnemoBano oxxujgaTh, MUHHUMAlIbHOE M MaKCUMalbHOE 3HAYEHUS SIBISIOTCA Hambolee
OKCTPEMATBHBIMHA 3HAUCHUSMHU TPHU3HAKA, YKa3blBas HA HAaUMEHBINEC W HAWOOJbIICe 3HAYCHUS
COOTBETCTBEHHO. J[J1s1 BEIUMCIICHHS 9TUX 3HaUEHUH 17 BekTopa B R ecth dyHkimu min() u max().

WNuTepBanm Mexay MUHAMYMOM M MAaKCHMYMOM Ha3bIBaeTcs Juana3oHoM. B R ecte gyHkmwms

range(), KOTOpasa BO3BpAaCT MUHUMAJIbHOC U MAKCHUMAJIbHOC 3HAYCHUC:
> range(usedcars$price)
[1] 3800 21992

Coueranue range() u pasHocTHOM ¢yHkiuu diff() mo3BoJIIET BBIUKUCIUTH CTATUCTHKY

JAuaria3oHa B OI[HOI71 CTPOKE KOa:
> diff(range(usedcarsiprice))
[1] 18192

Ilepssiii u Tpetuit kBapTiin, Q1 u Q3, — 3TO 3HAYEHMSI, HUXKE U BBILIE KOTOPHIX PACIOJIOKEHA
yeTBepTh BcexX 3HaueHuil. Hapsiny ¢ menuanoit (Q2) xBapTuiin AensST HaOOp NaHHBIX HA YEThIpe
4acTH, Ha KaXAY M3 KOTOPBIX HPUXOAUTCA OJMHAKOBOE KOJIMYECTBO 3HaueHui. Kpaprtuim
SBJIIIOTCS YaCTHBIM CIy4aeM KBaHTHWIIEH, MPECTABISAIOMUX cOO0M uncia, KOTOpbIe AEAT JaHHbIE
Ha OJUHAKOBBIE IO pa3Mepy MHoOXkecTBa. Kpome KBapTWiied, B UYHCIIO YacTO HCIOJb3YEMBIX
KBaHTUJIEH BXOJAST TEPTWIM (AeNleHuEe Ha TPHU YacTH), KBUHTWIM (MSATh YacTel), Oerin (IecaThb
qacTeil) ¥ MPOLIEHTUIIH (CTO YacTei).

[IponieHTHIIM 9acTO MCHOJIB3YFOTCSL Il ONHCAHMS paHXKUPOBaHWA 3HadeHW. Hampuwmep,
CTY/CHT, TECTOBBIH Oasljl KOTOPOTo olleHeH Ha 99-i mpoueHTHIIb, MoKa3all pe3yabTaThl, KOTOpPbIE
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KaK MUHUMYM HeE XyXke, ueM Y 99 % npyrux TecTupyembix.

Cpennue 50 % paHHBIX MEXAY MEPBBIM M TPETHUM KBAapPTWISMU MPEICTABISIOT OCOOBIM
MHTEpeC, MOTOMY 4YTO 3TO mpocTas Mepa pasbpoca. Pasmmma mexny Q1 m Q3 HasbpiBaercs
MEXKBapTHJIbHBIM Juamna3oHoM (interquartile range, IQR) u MoxeT ObITh BBIYHCIICHA C TTOMOIIBIO

¢ynkuuu IQR():
> IQR(usedcars$price)
[1] 3909.5

Mpbl Mornu Obl BBIYMCIHTH 3TO 3HAYEHHWE sl nepeMeHHou usedcars$price BpydHyrO, IO
pesynbratam summary(): 14 904 — 10 995 = 3909. HeOonpimas pa3HHWIIA MEXAY HAIIMMH
pacueramu u pe3yiabraroM IQR() oOycnoBiena Tem, yto R mpu BbIBOJE pe3ysibTaToB summary()
ABTOMATHUYECKH OKPYTJISET YUCIIA.

Oyuknua quantile() mpeacrabiser co0O YHUBEpPCATBHBIM MHCTPYMEHT IS OIpPEAeTICHUS
KBaHTWIEH B Habope 3HaueHuid. [lo ymomuanuto ¢ynknms quantile() Bo3Bpamaer miaTUIUCIOBYIO
cBonKy. Eciam mpuMmeHHTh 3Ty (GyHKIHMIO K TiepeMeHHoi usedcars$price, TO MOIy4nM Ty Ke

CBOAHYIO CTaTUCTUKY, YTO U paHbLIC:
> guantile(usedcars%price)
e% 25% 50% 75% 100%
3600.0 18995.8 13591.5 14984.5 21992.0

VYKka3aB JIONOJHUTENIBbHBII MapaMeTp probs U UCHOJb3Ys BEKTOp, COJEP)KAIIMM TOYKH

pa3aciiCHusA, MOXKHO ITOJIYUYUTb ITPOU3BOJIbHBIC KBAHTUIIN — HAIIPUMCD, 1-i1 u 99-1 IMPOUCHTHUIIN:
> quantile(usedcars$price, probs = c(@.81, ©8.99))
1% 99%
5428.69 208505.84

@OyHKIMS TOCTIEN0BATEIILHOCTH seq() TeHEPUPYET BEKTOPHI C PABHOMEPHO paclpeesieHHbBIMU
3HAYEHUSAMHU. DTO OOJerdaer HOoJydeHHE IPYrux (QparMeHTOB JAHHBIX, TAKUX KaK KBHUHTUIIH,

HOKA3aHHBIE B CAEAYIOIEM IIPUMEDPE:
> quantile(usedcars$price, seq(from=0, to=1, by=0.28))
e 208% A8% 6B% 30% 186%
3800.8 18759.4 129%93.8 13992.8 14999.0 219%2.8

Tenepb, 3Has, 4YTO Takoe ISATUYMCIOBAs CBOJAKA, Mbl MOYKEM IEPECMOTPETh CBOAHYIO
CTaTUCTHKY O TMOJACPKAaHHBIX MallMHaX, MOJYYCHHYIO ¢ MoMombio summary(). Yto kacaercs
NEpEeMEHHOI price, To ee MMHUMaJIbHOE 3HaueHHue coctanisieT 3800 noutapoB, a MaKCUMaIbHOE —
21 992. MnTtepecHo, 4TO pa3HHILa MexAy MUHUMYMOM U Q1 coctasisier okosio 7000 nonnapos, Kak
U pazHuua Mexay Q3 m MakCUMyMOM; OJHaKo pazHuua Mexay Q1 n menuanoit 1o Q3 cocrasiser
npumepHo 2000 nosnnmapoB. DTO TOBOPUT O TOM, YTO HUXKHHE M BepxHHE 25 % 3HaueHui
pa3bpocansbl 6onee mUpoko, yeM cpeaHue 50 % 3HaueHui, KOTopble, MO-BUAUMOMY, Oojiee TECHO
CTpYyNIUPOBaHbl BOKPYT IIEHTpa. AHaJIOrWYHasi TeHAeHIM HaOoqaeTcs JUisl mepeMeHHol mileage.
JlaHHBIH maTTepH pa3zdpoca TOCTATOYHO LIMPOKO PACHPOCTPAHEH, U €ro Ha3blBAIOT HOPMAJIbHBIM
pacripeieieHueM JaHHBIX. Pa30poc mepemeHHOl mileage BBISBISET €€ OAHO HHTEPECHOE
CBOWCTBO — pa3HHIa Mex]ly Q3 1 MaKCHMyMOM HaMHOTO OOJIbIIIe, YeM MEXIYy MUHUMYMOM U Q1.
Jpyrumu cioBamu, pazdpoc Mex1y OOJIbIIMMU 3HaYEHHUSIMU po0era ropaszio 00blle, 4eM MEXAY
MaJIbIMA. DTO OTKpBITHE IOMOTaeT OOBACHUTb, MOYEMY CpelHee apu(pMETHYECKOe OKazajloCh
HaAMHOTO OoJbime, 4eM Meauana. I[lOCKONbKY cpeaHee apupMeTHYecKoe YyBCTBUTEIBHO K
HKCTpEMaJIbHBIM 3HAUEHUSIM, OHO OKAa3aJoCh BBIIIE, B TO BPEMs KaKk MEJUaHa OCTAJach Ha TOM e
YpOBHE. DTO Ba)XHOE CBOWMCTBO, KOTOpPOE CTAaHOBHUTCS OoJjiee OYEBUIHBIM, KOT/a JaHHBIC
IPEeCTaBICHbl BU3YAIbHO.

3aoanue: n3yunTe NATUUMCIOBYIO CBOJIKY JUJIs IEPEMEHHBIX price U mileage.

3ananue 5. Buzyaaunszanusi 1annbix B R.
W3yuuTe MpeiCTaBICHHYIO TEOPHUIO, BBINONHHUTE 3afaHus. OTYeT O TNpOJAENaHHOW pabote
IpeJICTaBbTe B pasjielie 0TueTa Mo npaktuke «S3bik R u cpena pazpadorku RStudio Cloudy.

Bn3ya.1m3aunﬂ YHUCJTOBbIX NCPEMECHHBIX: THArpaMMbl padMaxa
BI/I3yaJ'II/I38.I_II/ISI YHUCJIOBBIX TCPEMCHHBIX MOKET OBITH IOJIC3HA JJIs1 BBISABJIICHUA npo6neM C
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JaHHBIMHU. PacnpocTpaHEeHHBIM CIIOCOOOM BH3YaJH3allMHM IATHYMCIOBOW CBOJIKM SIBISETCA
auarpaMMma pasmaxa, TakKe M3BECTHAs Kak «ouK ¢ ycamu» (box-and-whisker). Ha nuarpamme
pa3Maxa oToOpakaloTcs IEHTP U pa3dpoc YUCIOBOUW MEpEeMEHHOW B BHUJIE, MO3BOJISIONIEM OBICTPO
MOJYYHTh TIPEACTABICHUE O JUAla30He W OTKIOHCHHHM TIEPEMEHHOW WM K€ CPaBHHUTH €€ C
JIpYTUMH TIepeMEeHHbIMU. PaccmMoTpuM auarpamMmy pa3maxa il JaHHBIX O IIeHe W Tmpobere
MOJICPXKAHHBIX aBTOMOOWIEeH. UYTOOBl TOJMYYHTH JAMAarpamMMmy pa3maxa JJisl  [ePEeMEHHOM,
Bocrosib3yemes (pyHnkiueit boxplot(). 3agagum mapy JOMOTHUTEIBHBIX MMapaMeTpoB, main u ylab,
yToOBl J00aBHTh K JUarpaMMe 3arojloBOK M 0003HAYUTh OCh Y (BEPTUKAJIBHYIO OCH)
COOTBETCTBEHHO. KOMaHIIbI MOCTpOCHHS AMarpaMM pa3maxa Juid IEepeMEeHHbIX price W mileage
BBITJISISIT TaK:

> boxplot(usedcars$price, main = "Boxplot of Used Car Prices",
ylab = "Price ($)")
> boxplot(usedcars$mileage, main = "Boxplot of Used Car Mileage",

ylab = "Odometer (mi.)")
R BeImact cnenyromue nzobpaxenus (puc. 1).

Aduarpamma pazmaxa ueH Ouarpamma pasmaxa npobera
Ha nogepxaHHele aeToMobunmn o nogepxaHHbix asTomobunei
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Pucynoxk 1. J/IlnarpamMmel pazmaxa il TaHHBIX O LIeHe U Tpo0ere moepKaHHbIX aBTOMOOMIeH

Juarpamma pa3zmaxa oToOpa)kaeT MATUYHCIOBYIO CBOJAKY, MCIIOJIb3Ysl TOPU3OHTAIbHbIE JTUHUU
U TOYKH. ['OpHU30HTaNbHBIE JTUHUH, 00pa3yrolue NpsIMOYrOJIbHUK B CEPEelMHE KaXKJ0ro PUCYHKa,
orpaxaroT 3HaueHus QIl, Q2 (Meamana) u Q3, ecnu CMOTpPETh Ha JIUarpamMmy CHH3Y BBEpX.
Menuana o6o3HaYeHa TEMHOM JIMHHUEW, KOTOpas COOTBETCTBYeT 3HadueHWsM 13 592 mommapa mo
BEPTHUKAIBHON OcH AJis 1ieHbl U 36 385 Munb 1 mpobera.

Ha npocteix auarpammax pasmaxa, TakKMX Kak JuarpaMMbl, TIOKa3aHHbIe Ha pHcC. |, mupuHA
<GILIUKaY SIBJISETCS MPOU3BOJILHOW M HE OTOOpaXxkaeT Kakyro-IuM00 XapakTepUCTHUKY JaHHbIX. Jlis
Oosee CIOXKHBIX BHMJIOB aHajdM3a MOXHO BapbUpoBaThb (OpMy U pasMep <GILIUKOBY», YTOObI
00JIerYnuTh CpaBHEHHE JTAHHBIX 10 HECKOJIBKUM IpymmnaM. Eciau Bbl XOTUTE y3HaTh OOJIbIIE O TAKUX
(GyHKIMAX, HAYHUTE C U3Yy4eHHs napameTrpoB notch u varwidth B gokymenrtanuu x R-pynkuun
boxplot(), BBens komanay ?boxplot.

MuHuMabHbIE U MaKCUMAaJIbHbIE 3HAYEHUS MOKHO MPOUJUIIOCTPUPOBATH C MTOMOUIBIO «yCOBY,
KOTOpBIE TIPOCTUPAIOTCS HWXKE M BBIIIE <CIIIMKA»; OJHAKO pPACIpPOCTPAHEHHOE COIJAalllEHUe
JIOTTyCKaeT JUIMHY «ycoB» He Oosee yem Ha 1,5 IQR Hmwke Q1 wumu Beime Q3. JIroObie 3HaYCHUS,
KOTOPBIE BBIXOJAT 3a IMPEeJeNIbl 3TOr0 MOPOra, CYUTAIOTCSA BBIOpOCaMU M 0003HAYAIOTCS KPY>KKaMU
an6o toukamu. Tak, HanoMmHI0, uTo IQR m11s1 mepemenHoi price cocrasnser 3909, mpurom yto Q1
paBHo 10 995 um Q3 pasuo 14 904. Takum 00pa3zom, BBHIOPOCOM SBISETCS JI00O€ 3HAYEHUE,
MmensbIiee yem 10 995 — 1,5 x 3909 = 5131,5 unu Gonbiuee yem 14 904 + 1,5 x 3909 = 20 767,5. Ha
JMarpaMMme pasMaxa Juis epeMeHHO price BUAHBI J1Ba BbIOpoca cBepXy M cHU3y. Ha nuarpamme
pa3Maxa IepeMeHHOM mileage B HIDKHEH dYacTh BBIOPOCOB HET, MOITOMY HIDKHHUHA «yc»
IPOCTHUpAETCs 10 MUHMMalbHOTO 3HaueHHs 4867. BBepxXy Mbl BHAMM HECKOJIBKO BBIOPOCOB,
npesbimaomux otMeTky 100 000 munb. IMeHHO 3TH BBIOPOCHI OTBETCTBEHHHI 32 TO, YTO, KaK ObLIO
BUJIHO, Cpe/iHee apu(MeTHIecKoe 0Ka3aloch HAMHOTO OOJIbIIIE, YeM Me/IhaHa.
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Bmya.)msaunﬂ YUCJTOBbIX NEPEMECHHBIX: THCTOIPaAaMMBbI

I'mcrorpaMmma — 3TO emIe OJHO CPEACTBO BHU3YaJIHM3alMM pa3dpoca 3HAUYEHUH YUCIOBOM
nepeMeHHol. ['ncrorpaMma noxoxka Ha JuarpaMMy pazmaxa TeM, 4TO JeJIUT 3HaueHHsI IepeMEeHHON
Ha 3apaHee OIpeJesIeHHOE KOJMYECTBO 4acTed, Wiu MHTEepBaIoB (bin), KOTOpbIE UIPaiOT pPOJIb
«KOHTEHHEpOoB» A 3HayeHHH. OJHAKO Ha 3TOM CXOJCTBO 3akaHuuBaercs. Ecim nuarpamma
pa3Maxa COCTOMT M3 YEThIpEX YacTeil, COAeprKallMX OJMHAKOBOE KOJIMYECTBO 3HAUYEHUH, HO
pasInyaomuUXxcs M0 AUaNa3oHy, TO HAa IMCTOrpaMMe UCIOJb3YeTcsl Oolbliee KOJUYECTBO yacTen
OJIMHAKOBOI'0 JHMAaIa30Ha, a €€ MHTEPBAIbl MOT'YT COCTOATh U3 PA3HOIO KOJIMYECTBA 3HaYeHUU. [l
TOr0 YTOOBI MOCTPOUTH FMCTOTPaMMY ISl JAHHBIX O IIEHE U Mpodere MmojepKaHHbIX aBTOMOOUIIEH,
MOXHO Bocmoiib30BaThess ¢GyHkuueit hist(). Kak u B cimyyae ¢ numarpammoil pasmaxa, 3agaauM
3aroJIOBOK PUCYHKa, UCIIOJIb3Ys TapaMeTp main, ¥ BBEJIEM UMs OcH X C IOMOLIbI0 ITapameTpa xlab.
KOMaHI[BI AJI MOCTPOCHU A TUCTOTPAMM BBITTIAAAT TAK:

» hist(usedcars$price, main = "Histogram of Used Car Prices",
xlab = "Price ($)")
> hist(usedcars$mileage, main = "Histogram of Used Car Mileage",

xlab = "Odometer (mi.)")

FI/ICTOFpaMMH, KOTOPELIC 6YI[YT CO31aHbI ITPH 3TOM, IIPUBCACHLI HA PHUC. 2.

FMcTorpamMmma ueH Nactorpamma npobera
Ha nogepXxaHHble aBToMoBuIu NnoaepXaHHbIX asToMmobunei
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Pucynok 2. 'ucrorpamMmMsl TaHHBIX O [IeHE U Ipo0ere NmoiepKaHHbIX aBTOMOOHIIEH

I'mcrorpamMmma COCTOUT U3 MHOXKECTBA CTOJIOIIOB, BHICOTA KOTOPBIX COOTBETCTBYET KOJIHUYECTBY,
WIM 4YacTOTe, 3HAUEHUM, NOMAJAIOUIMX B KaXKAbId WHTEpBaJl; BCE HMHTEPBAIbl MMEIOT PABHYIO
MIMPHHY. BepTukanbHble JINHUM, KOTOPBIE pa3AessioT CTOJIOIbI, KaK MOKa3aHO Ha TOPU30HTAILHON
OCH, YKa3bIBalOT Ha HauaJbHYI0 U KOHEUHYIO TOUKH JHara3oHa 3HaY€HUH, NONaJaloniiuX B JAHHbBIN
WHTEPBAIL.

Bo3MOkHO, BBl 3aMETWUIIM, YTO Y MPHUBEACHHBIX BBIIIE THCTOIPAaMM pa3HOE KOJUYECTBO
UHTEPBAJIOB. DTO CBA3aHO C TeM, 4To (yHKuus hist() mbITaeTcst ONpeneNuTh ONTUMAIbHOE
KOJIMYECTBO HMHTEPBAJIOB JJIsl 33JaHHOTO JWana3oHa NepeMeHHOM. [[ias Toro 4toObl M3MEHUTh
3Ha4YeHHue, MpeaiaraeMoe 1o yMoI4yaHHIo, UCIONb3yiTe napameTp breaks. Eciau mpucBouTh 3TOMY
napameTpy IeJoYrCcIeHHOe 3HaueHue, Hanpumep breaks = 10, To OyaeT co3gaHO POBHO NECATH
MHTEPBAJIIOB OJMHAKOBOM IIMPUHBI, a €CIM 3aJaTh BEKTOp, Takoi kak c(5000, 10000, 15000,
20000), To pazmeneHue Ha HHTEPBAIBI OYET BHIMIOTHEHO 10 YKa3aHHBIM 3HAYCHUSIM.

Ha rucrorpamme nmepeMeHHOH price KaxIblii U3 JAECATH CTOJOIOB COOTBETCTBYET MHTEPBAILY
2000 nommapos, ot 2000 mo 22 000. Camblii BBICOKMN CTOJIOEL, PACIIONONKEHHBIH B IIEHTpE
pUCYHKa, cooTBeTcTBYeT nuamnazoHy ot 12 000 mo 14 000 nmomnapoB m vacrore, paBHOW 50.
[TockonbKy M3BECTHO, UYTO JaHHbIE OXBaTbiBalOT 150 aBTOMOOMIIEH, TO TPETh BCEX aBTOMOOMIIEH
orneHuBaercs Ha cymmy oT 12 000 mo 14 000 mommapos. [Toutu 90 aBTOMOOMIENH — Oonee
MOJOBUHBI — MpojaroTcs 1o nexne ot 12 000 go 16 000 gosmapos.

I'ucrorpamma nepeMeHHOM mileage COCTOMT M3 BOCBMH CTOJOLOB, MPEJICTAaBIs FOLIUX
uHTepBaisl Mo 20 000 mune kaxnaei, or 0 go 160 000 Mune. B oTimume OT rMCTOrpamMmsl
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NIEPEMEHHOI! price, caMblil BRICOKHUI CTOJIOEI] HAXOAUTCS HE B LICHTPE, a B JIEBOM YacTH AUarpaMMmBl;
70 aBTOMOOMIICH, TTOMAAAOIIMX B 3TOT MHTEpBal, UMEIOT TokazaHusi ogomerpa ot 20 000 mo 40
000 mMuib. Bl Takke MOTJIM 3aMETHTh, YTO (pOpMA STHX JBYX TMCTOIPAMM HECKOJIBKO Pa3JIMdHA.
[Toxoske, YTO LIEHBI Ha MOJEPKAHHBIE AaBTOMOOMIIM MMEIOT TEHJICHIIUI0 PAaBHOMEPHO Pa3/esaThCs
no o0e CTOpPOHBI OT CEpeIuHbl, a MpOOETH aBTOMOOMJICH BBITATUBAIOTCS BIPaBO. OITa
XapaKTEePUCTUKA M3BECTHA KaK KOd()HUIMEeHT acuMMeTpun (skew) wim, TouHee, MOJIOKUTEIbHBIN
KOO QHUIMEHT acUMMETpUH, MOTOMY YTO BEpXHHE 3HAadyeHus (mpaBas CTOpPOHA) pa3OpocaHb
ropa3no Oomblie, yeM HIKHUE (JeBasi cropoHa). Kak moka3zano Ha puc. 3, Takue THCTOIPaMMBI
JAHHBIX BBITJIAIAT PACTSAHYTHIMU C OHON CTOPOHBI.

MonoxuTentHbIA Hynegoi koagpduumneHT OTpuuaTensHeii
KOAPPULUMEHT aCUMMETPUIK acuMmMeTpun KO3 PUUMEHT AaCUMMETPUK

Pucynok 3. Tpu npumepa kodduimeHTa aCHMMETPHH, IOKa3aHHbBIC Ha UACATU3UPOBAHHBIX
TECTOTpaMMax

Bo3moxHOCTB 6BICTpOﬁ JUArHOCTUKH TAaKUX IMATTCPHOB JIA HAIMX JAHHBIX ABJIACTCA OJIHOM
N3 CHUJIIBHBIX CTOPOH THCTOTpaMMbl KaK MHCTPYMCHTA HCCICAOBAHHWA JaHHBIX. DTO cTaHeT caic
BAKHCC IIPU U3YUCHUU APYTUX MoJienen p336p003 YHUCJIOBBIX JAHHBIX.

I/IHTepnpeTaunﬂ YUCJIOBBIX JAHHBIX: PABHOMEPHOE€ U HOPMAJIbHOC pacnipeacjicHue

I'mcrorpammel, nuarpamMmel pa3smaxa M CTAaTUCTHYECKUE JaHHBIE, OIMCBHIBAIOIINE CpEIHUE
3HA4YeHUs1 M pa3dpoc, MPENCTaBIIAIOT COOOH CIOCOOBI MCCIEOBAaHUS PACHpPEeNCHUs] 3HaYeHUN
nepemMeHHou. PacnpeneneHue nepeMEHHOW ONMCBHIBAET BEPOSTHOCTh IONANAHMS €€ 3HAYCHHUS B
pasynyHble AMana3oHbl. Eciau Bce 3HaYeHUs paBHOBEPOSITHBI — HAINPUMEpP, B HAOOpe NaHHBIX, B
KOTOPOM 3alycaHbl 3HAYCHHs], BBIMAAAIONINE MPHU OPOCAHUHM WTPAIBHOrO KyOWMKa, — TO TaKoe
pacipenelieHue Ha3bIBaeTCs paBHOMEPHBIM. PaBHOMEpHOE paclipefenieHue JIETKO paclio3HaTh Ha
TUCTOTpaMMeE, TIOCKOJbKY €ro CTOJOLbl MPUMEPHO OJUHAKOBOW BBICOTHI. [ 'HMcTorpamma
PaBHOMEPHOTO paclpelesieHnsl IpUBeneHa Ha puc. 4. BakHO OTMETHTB, YTO HE BCE Ciy4ailHble
cOOBITHSI SBIIAIOTCS PaBHOMEPHO pacnpeaeneHHbIMU. Hampumep, OpocaHue ECTUTPaHHOIO
UTPAJILHOTO KyOHKa CO CMEIIEHHBIM IIEHTPOM TSKECTH MPHUBEIET K TOMY, YTO OJHU 4YHCia OyAyT
BbINAa/aTh yaile, 4yem apyrue. Kaxasiii 6pocok KyOuka NpUBOJIUT K CIydallHO BEIOpaHHOMY UYHCIY,
OJIHAKO BEPOATHOCTD UX BBINAJIECHUS HEOJUHAKOBA.

Pucynok 4. PaBHoMepHOe pacnipesiesieHue, NpeACcTaBI€HHOE B BUJIE U1€aTM3UPOBAHHOMN
THCTOTpaMMbI

Bo3bMmem, k mpumepy, AaHHBIE O IieHe M mpolere nojaepkaHHbIX aBToMoOMiIedH. OHM SIBHO
HCOAHOPOJHBI, ITOCKOJIBKY OJHU 3HAYCHUA, OUCBUIHO, Ooiee BCPOATHBI, UEM JPYTHC. B CYIIHOCTH,
Ha TUCTOrpaMMe MePEeMEHHOM price BUIHO, YTO 3HAUEHHs CTAHOBSATCS TEM MEHEe BEpOSATHBIMU, YEM
Janpllie OHU HAXONATCS OT O00euX CTOPOH I[EHTPAIbHOIO CTONOIA, YTO TPUBOIUT K
KOJIOKOJI000pa3HOMY pacrpeseseHnto. Takoe pacnpeieraeHne HaCTONIbKO HIMPOKO PaclpoCTPaHEHO
CpE€an pCAJIbHBIX JAaHHBIX, UTO SABJIACTCSA OTJIMYHUTEIILHON '—ICpTOfI TaK Ha3bIBAECMOI'0 HOPMAJIBHOTI'O
pacripeniesieHus. XapakTepHas KOJIOKoJI000pa3Has KprBas HOpMaJIbHOTO pacHpeesieHHs MoKa3aHa
Ha puc. 5.
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Pucynok 5. HopmanbHoOe pacnpeneneHnue, NoKa3aHHOE Ha UACaIU3UPOBAHHON FMCTOrpaMMe

CyIiecTByeT MHOXECTBO THIIOB PACIpEICICHUH, HE SBISIONIMXCS HOPMAIbHBIMHU, OJHAKO
MHOTHE SIBIICHHS pPEAILHOIO MHpa CO3JAI0T JaHHBIC, KOTOPHIC OIKCHIBAIOTCS C IOMOILBIO
HOPMAaJIbHOTO pacHpeeNiCHUs], TI03TOMY CBOWCTBAa HOPMAJIBHOTO PACIPEICICHHS H3YYCHbI OYCHb
nopoOHO.

H3mepeHue pa3dpoca: Tucnepcusi H CTAaHIAPTHOE OTKJIOHEHUE

Pacrnipenienienrie MO3BOJISIET XapaKTepU30BaTh OOJBIIOE KOJUYECTBO 3HAYEHUH, HCHOIB3YS
MEHbIIIEEe KOJIMYECTBO NapaMeTpoB. HopmanbHoe pacnpeneneHue, KOTOpOe ONMUCHIBAET MHOKECTBO
TUTIOB PEAbHBIX JIaHHBIX, MOXXET OBITh ONPEAENEHO BCEro IBYMs IapamMeTpaMu: LIEHTPOM H
pazopocom. LleHTp HOpMaJILHOTO paclpenesieHusl ONPENENAEeTCs €ro CPeIHUM apuPMETHUYECKUM
3HaYeHHEM, KOTOpoe ObUIO HCIONb30BaHO paHee. Pa3bpoc wu3MepsieTcss CTaTHCTUYECKUM
napamMmeTpoM — CTaHAAPTHBIM OTKJIOHCHUCM.

Jlis Toro 4troObl paccyuTaTh CTaHJAPTHOE OTKIOHEHHE, HEOOXOJUMO CHayalla BBIYHCIHUTH
mucriepcuto (variance, Var), KOTopasi OINpeneisieTcsi KaK CpeIHEKBaJIpaTHUECKOE OTKIOHEHHE
MEXy KaXIbIM 3HAYCHHEM U CPeIHUM apumMeTuuecKuM. B MaTemaTHueckoi HOTAallUU JUCTIEPCHUS
Habopa U3 n 3HAYCHHUI B HA0OPE ¢ UMEHEM X ompeelsercs mo Gopmyse:

R .
Var(X 2=y (x 3
r(X) = o " Z;( L W)

['peueckast OykBa «Mr0» (BHEIIHE MOX0Kasi HA M WK U) 0003HAYaeT cpeHee aprupMeTHIECKOe,
a cama jgucrnepcusi o0Oo3HayaeTcs TIpedeckoil OykBoil «curma» B KBaapare. CranmapTHOe
otkioHeHue (standard deviation, StdDev) npencrasnser coboit KBaJpaTHBIM KOPEHb U3 TUCIEPCUN
U 0003HayaeTcst OyKBOW «CUTMay:

II 1 n _ )
StdDev(X) = & 1‘;' . Z;("i H°
B R 151 BEIYKCIIEHUS TUCIIEPCUH U CTAHIAPTHOTO OTKIOHEHHS UCITOIB3YIOTCS QyHKITHH var() u
Sd() HaHpI/IMep, €CJIM BBIYUCIIUTL OUCHCPCUI0O U CTAHAAPTHOC OTKIIOHCHHC IO BCKTOPaAM price u
mileage, TO MOy4YUM Clieayromee:
> var({usedcars$price)
[1] 9749892
> sd(usedcars$price)
[1] 3122.482
> var(usedcars$mileage)
[1] 728033954
> sd{usedcars$mileage)
[1] 26982.1

[Tpu uHTEpHpeTanu AUCHIEpCHH OOJbIINE YUCIA YKa3bIBAIOT HA TO, YTO JaHHbIE pa30opOCaHbl
Oonee MIMPOKO OTHOCUTEIBHO CcpenHero 3HadeHus. CTaHAapTHOE OTKIOHEHHE I10Ka3bIBAeT,
HACKOJIBKO B CPEHEM KaX/10€ 3HAYCHHE OTIMYAETCS OT CPEIHETr0 apu(PpMETUIECKOTO.

Ecnu BBIUMCIUTD 3TH CTaTUCTHUYECKUE JIaHHbIE BPYYHYIO, UCIOJIB3YS (GOPMYIIbI, TPUBEACHHbIE
BBIIIIE, TO PE3YyJbTAT OyAeT HECKOJIbKO MHOM, YeM €CiM 3aJeicTBOBaTh cTaHnapTHble R-pyHKIMH.
OTO CBSI3aHO C TE€M, YTO B MPHUBEACHHBIX (POpPMyax HCIOJb3YETCsl JAMCIEPCHS COBOKYITHOCTH
(koTopast nenuTcs Ha n), a B R — BbIOOpouHas nucnepcust (Kotopas nenutcs Ha n — 1). 3a
UCKJIIOYEHHEM OY€Hb MaJI€HbKUX HAa0OPOB JTaHHBIX, pa3IMUKe HEBEIHKO.

CranyiapTHOE€ OTKJIOHEHHE MOXKET MCIIONb30BaThCs Ui TOTO, YTOOBI OBICTPO OILICHUTH,
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HACKOJIBKO OKCTPEMAaJbHBIM SIBIISICTCSl JTAHHOE 3HAYCHHWE, HWCXOAS W3 TMPEANOIOKCHHS, YTO
pacnpeneneHue sBiIsSeTcs HopMaiabHBIM. [IpaBuno 68-95-99,7 rmacut, 4TO TIpH HOPMAIBLHOM
pacnpeneneHud 68 % 3HaYCHUN HAXOIATCSA B IMpeenax OJHOT0 CTaHAAPTHOTO OTKJIOHEHHS OT
CpeIHero apupMeTHIecKoro, B To BpeMs kak 95 u 99,7 % 3HaueHuil HaXoAATCA B IIpeaenax ABYX U
TPEX CTaHJAPTHBIX OTKJIOHEHUN COOTBETCTBEHHO. JTO [T0OKA3aHO Ha puc. 6.

-2c -1o

HopmansHoe pacnpegeneHue

Pucynoxk 6. IIpouieHT 3Ha4eHNH B Ipeeax OJHOTO, IBYX U TPEX CTAHIAPTHBIX OTKIOHEHHUH OT
cpeaHero apu(pMETHYECKOro P HOPMAJILHOM pacrpeieIeHUN

[IpumenuM 3Ty HHPOpPMAIMIO K JaHHBIM O MOJEP:KaHHBIX aBTOMOOWISX. M3BecT HO, 4TO
cpenHee apu(METHIECKOE W CTAaHAAPTHOE OTKJIIOHEHHWE IEHBI cocTaBsum 12 962 u 3122 monnapa
COOTBETCTBEHHO. Takum o0O0pa3oM, U3 MPEANOJIOKEHHUS O HOPMAIBHOM pacHpeleeHUd LeH
CIIEZyeT, uTO MpUMepHO 68 % aBTOMOOWMIIEH B MPUBEACHHBIX JAHHBIX PEKIAMHPOBAIUCH MO IIEHAM
Mexay 12 962 — 3122 = 9840 gomnapamu u 12 962 + + 3122 = 16 804 nonnapamu.

[TpaBmwio 68-95-99,7 npUMEHHMO TOJIBKO B Cllydae HOPMAJIBHOTO PaCHpeleICHHs, OJTHAKO
0a30BBI MPUHIMI paboTaeT Uil JMIOOBIX JAHHBIX; 3HAYEHHUS, MPEBBIIIAIONINE TPH CTaHIAPTHBIX
OTKJIOHEHUS OT CPEIHET0 apru(PMETHIECKOTO, YPE3BBIUANHO PEIKH.

Kareropua/jibHble nnepemMeHHbIe

Kak Bbl momHHMTE, HA0Op MJAaHHBIX O TOAEP)KAHHBIX aBTOMOOMIISIX COIEPXKHUT TpHU
KaTeropuajibHble nepeMenHble: model, color u transmission. B R 3Tu nepemeHHble coXpaHeHbl Kak
cuMBOJbHbIE (chr) BekTopsl, a He Kak Tum factor, MOTOMy 4YTO MHpH 3arpy3Ke JaHHBIX ObUI
ucnoinp3oBaH napamerp stringsAsFactors = FALSE. Kpome Toro, XoTst nepeMeHHasi year XpaHUuTCs
B BH/JIE YMCIIOBOTO (int) BEKTOPA, KaX/bIi IOl MOKHO MPEICTABUTh KaK KaTEerOpuIo, MPUMEHIEMYIO
K HECKOJbKUM aBTOMOOWIIAM. [loaTOMy mepeMeHHyro year TakKe MOXHO paccMaTpuBaTh Kak
KaTteropuayibHyto. [lo KOHTpacTy C YHCIOBBIMH JAaHHBIMU KaTeropuaibHble JaHHbIE OOBIYHO
UCCIIEYIOTCS C UCIOJIb30BAHUEM TAOJIUL, @ HE CBOJHOW CTAaTUCTHKU. Tabmuua, mpeacTaBisroIas
OJIHYy KaTeropuasibHyl0 IEepPEeMEHHYI0, Ha3blBaeTcsi TaOiuiedl 4acTOTHOCTH. UYTOOBI MOCTPOMTH
Ta0JIMIly YaCTOTHOCTU JJsi JI@HHBIX O TMOJEpKAaHHOM aBTOMOOWJIE, MOXXHO BOCIIOJIb30BaThCA
bynkuueit table():

> table(usedcars$year)

2008 2001 2002 20083 2804 20085 2006 2087 2008 2009 2018 20811 20812
3 1 1 1 3 2 6 11 14 42 49 16 1

> table(usedcars$model)

SE SEL SES

78 23 49

> table(usedcars$color)

Black Blue Gold Gray Green Red Silver White Yellow
35 17 1 16 5 25 32 16 3

Pesynpratrom pabothl table() SBISIOTCS CNHMCKM KaTeropuid HOMHHAIBHOW TMEPEMEHHON U
KOJIMYECTBO 3HAUCHHH, TOMAJAONMX B KXYy Kateropuio. M3BecTHO, 4TOo HabOp MaHHBIX
BKJIIOYaeT cBeeHus o 150 mopep)kaHHBIX aBTOMOOMJISIX, U MOXHO OIPENENINUTh, YTO NMPUMEPHO
TpeTh Bcex aBromoOmiel BoimymieHa B 2010 roxy, yuutsiBas, uro 49 / 150 = 0,327. R Ttakxke
MO3BOJISIET BBIYUCIUTH MPOMOPIUH TAOIUIIBI HAMPSIMYIO, C MMOMOIIBIO KOMaHbl prop.table() ams
TaOuIBI, cO3MaHHOM GyHKIMEH table():
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> model_table <- table(usedcars$model)
> prop.table(model_table)

SE SEL SES
0.520000808 8.1533333 B.3266667

Pesynbrater prop.table() MoxxHO 00BEeqUHATH ¢ ApyruMu GyHKIHSAMU R 11s mpencraBieHus
BBIBOJIA B Apyroi ¢opme. [Ipeanonokum, 4To Mbl XOTUM OTOOpa3UTh PE3ylbTaThl B MPOIECHTAX C
OJIHUM JECSITHUYHBIM 3HakoM. Jljis 3TOro MOXHO YMHOXHUTH mnpomopuuu Ha 100, a 3arem
BOCIIOJIb30BaThes (pyHkImei round(), ykaszas digits = 1, Kak MOKa3aHO B CIEYIOUIEM ITPUMEpE:

> color_table <- table(usedcars$color)

> color_pct <- prop.table(color_table) * 1080

> round(color_pct, digits = 1)

Black Blue Gold Gray Green Red Silver White Yellow
23.3 11.3 @.7 1a.7 3.3 16.7 21.3 18.7 2.9

OT0 Ta xe uHpopMaIs, YTO U B pe3ysbTaTe BhIMOJHEHUs prop.table() mo yMon4aHuio, 0THAKO
BHECCHHBIC HM3MEHEHHUs OOJIer4aroT 4TEHHE MAaHHBIX. Pe3ynmpTaThl MOKa3bIBAalOT, YTO Hamboiee
pacnpocTpaHeHbl YepHbIE MallMHBI, B 3TOT LIBET OKpamieHa mno4yTu ueTBepTh (23,3 %) Bcex
pexinamupyembix aBTomoomiiell. Ha BTopom Mecte HaxoauTcst cepeOpucTbiii ¢ nmokazareneMm 21,3 %,
a Ha TpeThbeM — KpacHbIi, 16,7 %.

I/I3Mepe}me CpeaHux 3HAYEHHMH: MOJIa

B cratuctryeckoi TEPMHHOJIOTUM MOJIa — 3TO CBOWCTBO, 3HAYEHUE KOTOPOTO BCTPEHAECTCS
yame Bcero. [lomoOHO cpenHeMy apudmeTnyeckoMy M MeAHMaHe, MOJA BBICTYNAET €IIe OJHUM
nokaszarejeM cpeaHero 3HaueHus. OOBIYHO MOJA HCIONB3YETCS IS KaTerOpHajbHBIX JaHHBIX,
MOCKOJIBKY cpefiHee aprupMEeTHUEeCKOe U MeIuaHa /7l HOMUHAJIbHBIX IIEPEMEHHBIX HE OTPEICIICHBI.

Hanpuwmep, B 1aHHBIX 0 TOAEPKaHHBIX aBTOMOOWIISIX MOJia epeMeHHoi year pasHa 2010, ans
nepemeHHbIX model u color — SE u Black coorBercTBenHno. Ilepemennas Moxer uMeTh Oonee
OJIHOWM MOJpl; NMEPEMEHHAsI C OJHOM MOJOW SBIIIETCS YHHMOJAJIBbHOM, a IIEPEMEHHAs C JIBYMs
MoJlaMU — OUMOZaNbHOM. [laHHBIE C HECKOJIBKUMHU MOJIaMU Ha3bIBAIOT MYJIbTUMOJAIbHBIMHU.

Bbl MoOrIM O1yMaTh, YTO VIS BEIYKCICHUS MOJIbI B R MOXHO rcnosb3oBath GyHkuuo mode(),
HO B R 3Ta QyHKUHMA McTIoNb3yeTcs He A BBIYMCICHUS CTaTUCTUYECKON MOJIBI, a JJIsl TTOJTy4eHUs
TUINA TEPEMEHHOM (YMCIOBOW, CHUCOYHBIA M T. M.). UTOOBI MOJYYUTh CTATUCTUYECKYIO MOJY,
MOCMOTpUTE Ha pe3ynbTarT (yHkuuu table() mas Kareropum ¢ HAUOONBIIUM KOIUYECTBOM
3HA4YCHUM.

OnHa WM HECKOJBKO MOJI HCHOJB3YIOTCS JJIsl KaueCTBEHHOIO aHalM3a, MO3BOJIAS MOHAThH
BakHble 3HaueHHWs. OIHAKO OIMACHO YIeNATh MHOTO BHHMAHHUS MOJaM, IIOCKOJIBKY camoe
pacrpoCcTpaHEHHOE 3HAYE€HUE HE BCerja sBseTcs JOMHHHUpYomMM. Hampumep, HecMOTpst Ha TO
YTO YEePHBIN OBUT €IUHCTBEHHBIM CaMbIM TIOMYJISIPHBIM IIBETOM aBTOMOOWIIS, TAKOW IIBET MMEIOT HE
Oosiee 4eTBEpPTH BCEX pEKIAMUpPYEMbIX aBTOMOOWiel. Jlyumie aymMaTb O COOTHOIIEHHUH MOJ C
OCTaBbHBIMU KaTeropusiMu. CyIIecTBYeT JIM OJHA KaTeropws, KOTopas JOMHHHPYET Hall BCEMHU
OCTaJIbHBIMHU, WJIM 7K€ TaKUX KaTeropui Heckoibko? I1o00HbIE pa3MBIIITIEHHs O MO/AaX CHOCOOHBI
IIOMOYb T€HEPUPOBATh MPOBEPSIEMbIE THIIOTE3bI, 33/1aBasi BOIPOCHI O TOM, TIOYEMY OJHH 3HAYCHUS
Oosee pacmpocTpaHeHbl, yeM Jpyrue. Ecnu depHblii U cepeOpucThIi — Haubosiee MomyssipHbIe
[[BETa TOJECPKAHHBIX aBTOMOOMJICH, TO MOYKHO TIPEAIOJIOKUTh, YTO 37I€Ch OMUCAHBI aBTOMOOWIN
KJIacca JIIOKC, KOTOpbIe, KaK MPaBUIIo, BHITYCKAIOTCS B O0Jiee KOHCEPBATUBHBIX 1BeTax. Miu e 3Tu
I[BETa MOTYT YKa3bIBaTh Ha aBTOMOOMJIM SKOHOMKJIacca, BEIOOP I[BETa KOTOPBIX BEChMa OTPaHUYCH.
3aroOMHUM 3TO U MPOJIOJDKUM paccMaTpuBaTh JaHHble. CunTast MOJbI CTAaHAAPTHBIMU 3HAUCHUSMH,
MBI MO’KEM TPUMEHUTH KOHIETIIIAIO CTATUCTUYECKONH MOJIBI K YUCIIOBBIM TaHHBIM. CTpOTo TOBOPH,
€/1Ba JIn Moja Oy/eT UMETh CMBICH Uil HEIIPEPhIBHOM MEPEMEHHOM, TaK KaK y Hee He CYILECTBYeT
JIBYX TIOBTOPSIFOIIMXCS 3HaueHH. OHAaKO, €clii MPEeJCTaBUTh MOAY KaK caMblii BBICOKHUH CTOJIOEI]
Ha TUCTOrpaMMe, MOXXHO HCCIIeZIOBaTh MOJbI TaKUX MEPEMEHHbIX, Kak price U mileage. I[lone3no
OyzerT M3y4uTh MOAY IIPH HUCCIEIOBAaHHM YWCIIOBBIX IAHHBIX, B YAaCTHOCTH, YTOOBI NPOBEPHTH,
SIBIISIIOTCSI JIM JTAHHBIE MYJIbTUMOJANIbHBIMU (pHC. 7).
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YHUMOAaNsHOE pacnpeaeneHune BumMopancHoe pacnpeneneHue

—

PI/ICYHOK 7. I'unoreTnyecKue pacnpeaciCcHusd YuCIOBbIX JaHHBIX C OI[HOfI " AByMs MOJaMU

B3aumocBa3u MEXKITY NEPEMEHHBIMU

Jlo cux 1mop Mbl paccMaTpUBaId IEPEMEHHBIE 110 OTAEIBHOCTH, BBIYUCIIASA TOJIBKO OJJHOMEPHYIO
CTaTUCTHUKY. B mpouecce OblM 3a1aHbl BOIIPOCHI, HA KOTOPHIE Bbl HE MOIJIM OTBETUTH PaHbIIIE.
e OsHayaloT M JaHHBIE O LEHE U IpoOere, 4Tro HCCIEAYIOTCS TOJIBKO aBTOMOOMIN
HKOHOMKJIACCA, WM CPEAX JAaHHBIX €CThb aBTOMOOMIN KJlacca JIIOKC ¢ O0IbIIuM IpobGerom?
o
e MOXHO 1M Ha OCHOBAaHUM B3aUMOCBSA3EH MEXy MOJENbIO U LIBETOM CJIelaTh BbIBOJ O THUIIE
aBTOMOOMJIEH, KOTOPBIE MBI HCCIEyeM?

OTBeTHI Ha HOI[O6HBIG BOIIPOCHI MOKHO MOJYYUTH IIYTEM U3YUCHUA ABYMCPHBIX 0THOH.I€HPII>1,
TO €©CTh B3aHMMOCBS3CH MCXKAY ABYMA HNCPEMCHHBIMU. OTtHOMEHHS MCKOY Oosee 4yem ABYMA
NEPEMCHHBIMU HA3bIBAOTCA MHOI'OMCPHBIMMU. Haunewm ¢ ABYMCEPHOT'O Cl1ydad.

Busyaju3anusi OTHOIIEHHF: AMarpaMMBbl pa3opoca

Huarpamma pa3Opoca BH3yallU3UPyeT JBYMEPHBIC OTHOIICHUS MEXIY YHUCIOBBIMH
npu3HaKaMu. JTO JAByMEpHOE M300pakeHue, I/l Ha KOOPAMHATHOM IUIOCKOCTH HAaHECEHBI TOYKH,
TaK 4YTO 3HAYEHUS OJHOTO MPH3HAKA OTKIIAJLIBAIOTCS IO TOPU3OHTAIBHOM OCH X, a 3HAUYCHHUS
JIpYroro mpu3Haka — MO BepTUKAIbHOW ocu Y. [laTTepHBI pacroyioKeHHs TOYEK OTPaKaroT
OCHOBHBIC B3aMMOCBSI3M MEXKIY OSTHUMH JIBYyMs Mpu3HakaMud. UTOOBI OTBETHUTH Ha BOIIPOC O
COOTHOIIEHUH IIEHbI U Mpolera, MOCTPOMM auarpamMmy pazdpoca. s 3TOro BOCIOJIb3yeMcs
¢yuknueit plot() ¢ mapamerpamu main, xlab u ylab. YtoObl mpumenuts plot(), HaM HyXHO
OTIPEICNIUTh BEKTOPHI X U Y, COAEpIKAIINE 3HAUCHUS, UCTIOIb3yeMble AJIs MO3ULIMOHUPOBAHUS TOYEK
Ha pucyHKe. XOTs BBIBOJBI HE 3aBUCST OT TOTO, Kakas UMEHHO INepeMeHHas OyJeT BbhIOpaHa IJis
ocu X, a Kakas — Juig ocH Y, OOlllee corjiamieHue TaKkoBO, YTO B KauecTBE MEPEMEHHOH Y
BBHIOMpAETCS Ta, KOTOpas MPEAMNONOXKHUTEIbHO 3aBUCUT OT JPyrol (M TOITOMY Ha3bIBaeTCA
3aBUCHUMON TiepeMeHHoi). [lockonbKy mpojaBel] HE MOXXET W3MEHUTh TOKa3aHHs OJO0METpa
aBTOMOOWJISA, MPOOET Bps M OYAET 3aBHCETh OT 1eHBbl. HaobopoT, rumore3a COCTOUT B TOM, UYTO
[[eHa aBTOMOOMIIA 3aBUCHUT OT TMOKa3aHuil ojomerpa. [losTromy B KauecTBe 3aBUCUMOM MEPEMEHHOM
y MBI BeIOEpeM 11eHy. [10THOCThIO KOMaH/1a TOCTPOEHHUS JUarpaMMbl pa3opoca BBITIISAINT TakK:

> plot(x = usedcars$mileage, y = usedcars$price,
main = "Scatterplot of Price vs. Mileage",
xlab = "Used Car Odometer (mi.)",
ylab = "Used Car Price ($)")

B pesynerare momyuum nuarpammy paszbpoca, TpencTaBieHHyl0 Ha puc. 8. Ha manHOM
quarpamme pazdopoca 4eTKO BHHA 3aBHCHUMOCTH MEXKAY LIEHOH Ha MOjepKaHHBIA aBTOMOOWIbL U
MOKa3aHUsIMUA ojioMeTpa. UToObl MpOYHMTATh JUATPAMMY, M3YYHUTE, KaK H3MEHSIOTCS 3HAYCHHS
MEPEeMEHHOM y TP YBEJIMYEeHUHU 3HaYeHni Ha ocu X. B 3ToM ciydae, kak mpaBuiio, 4em OoJbIiie
npoOer, TeM HIKe IeHa aBTomoOwis. Ecam Bam korma-nmmbo NPHXOAMIIOCH TMPOJABaTh WU
MOKYTIaTh MOIePKaHHBIN aBTOMOOWIIB, TO BPS JIU ATO OYAET ISl BAC OTKPBITHEM.
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Pucynok 8. 3aBUCHMOCTD LIEHBI MMOACPKAHHOTO aBTOMOOWIIS OT mpobera

BosmoxHo, 60ee uHTEpeceH TOT (PAaKT, YTO OUYEHb Majo aBTOMOOWJIEH HMMEIOT U BBICOKYIO
1eHy, U O0JBIION mpober, 3a UCKIIOYESHUEM OJMHOKOTO BhIOpoca Ha otMeTke 125 000 muns u 14
000 momnmapoB. OTcyTcTBHE OONBIIETO KOJUYECTBA TOYEK, MOJOOHBIX 3TOH, CBUAETEILCTBYET O
TOM, YTO 3TOT HAOOp NMAaHHBIX BPAJ JIM BKJIIOYACT B ce0s aBTOMOOMIIM Kjlacca JIIOKC ¢ OOJBIINM
npoberom. Bee cambie noporue aBToMoOMIU B HAOOpe JaHHBIX, OCOOCHHO T€, YTO CTOST CBbIIE 17
500 monnmapoB, UMEIOT OYEHb HU3KHMU MpoOer. ITO TOBOPUT O TOM, YTO MBI HMMEEM JIeJI0 C
ABTOMOOWJISIMH OJHOTO THUIIA, KOTOpbIE, OyAy4dd HOBBIMH, Mpojatorcs mnpumepHo 3a 20 000
nojutapoB. OTHoLEHUE, KOTOpoe HaOI0JaeTcs, MEXIy LIeHaMH Ha aBTOMOOWIM U NpoOeroM, —
oTpulaTellbHAsl CBsI3b, OHa OOpa3yeT MaTTepH TOYEK, MPEICTaBISAIONINI Cco00i JIHMHUIO,
HAIpPaBJICHHYIO BHU3. AHAJIOIMYHO MOJIOXKUTENIbHAS CBA3b 00pa3yeT JUHUIO, HAIIPAaBJIECHHYIO BBEPX.
PoBHast nmuHUS, WM KaXKYIIUICS Cay4ailHBIM pa3Opoc TOYeK, CBUIETENLCTBYET O TOM, UTO ATH JBE
nepeMeHHbIe BOoOIIe He cBs3aHbl. Criia TMHEHHOW CBSA3HM MEXIY ABYMS TIEPEMEHHBIMU U3MEPSIETCS
BEJIMUMHOM, U3BECTHON KaK KOPPEIAIHS.

Wwmeiite B BUIly, YTO HE BCE CBSA3M 00pa3yroT npsmble tuHuU. MHOTIa Toukn o0paszytoT U- wim
V-o0pa3nyio hopmy, a B ApYyrux ciaydasx NaTTepH 3HAUCHUS NMePEMEHHBIX X WIH y KaxeTcs Oonee
WIM MEHee SPKO BbIpAKEHHBIM. Takue MOJEIM MOApPa3yMEBalOT, YTO B3aUMOCBS3H MEXKIY
MEPEMEHHBIMU HE SBJISIOTCS JIMHEUHBIMU.

HccnenoBanne B3auMocBsi3eii: nepekpecTHbIe Ta0IHIIbI

Jist u3ydeHHsl B3aMMOCBSI3M MEXKIYy JIBYMsI HOMHHAJIBHBIMU TEPEMEHHBIMU HCIIOIb3YETCS
nepekpecTHas Tabnuia (Takke HM3BECTHAs KaK KpOcc-Tabivila WU TabIuIla COMPSKEHHOCTH).
Kpocc-Tabnuna moxoka Ha aAuarpaMMmy pa3z0dpoca TeM, 4YTO IO3BOJISIET HCCIEAO0BATh, KaKUM
00pa3oM 3HaueHUsl OJHON MEPEMEHHON M3MEHSIIOTCS B 3aBUCMMOCTHU OT 3HA4YE€HUU Apyroil. B aroii
TabJIMLEe CTPOKH MPEACTABISAIOT COO0M YPOBHU OJHOM NMEPEMEHHOM, a CTOIOIbI — YPOBHHU JAPYrou
nepeMeHHo. Uncno B Kaxaoi sueiike TaOIHIIbl MOKA3bIBAET KOJIMYECTBO 3HAYCHHH, MOMAJar0IINX
B KOHKPETHOE TMePECeYeHNe CTPOKHU U CTONOIA. YTOOBI OTBETHTH HA BOMPOC O TOM, CYIIECTBYET JIH
CBSI3b MKy MOJIETIBIO U I[BETOM, PACCMOTPUM KPOCC-TaOIHITY.

B R ecthb Heckonbko (YHKIUMN I CO3JaHUs TEPEKPECTHBIX TaOywil, BKItodas table(),
KOTOPYIO MBI HCIIOJIB30BaIU /Jisi (hOpMUPOBaHUs TabmauIl yacToTHOCTH. [loxkanyii, camoit ynoOHOM
spisiercst pyaknus CrossTable() u3 makera gmodels, coznannoro I'peropu P. Yopuacom (Gregory R.
Warnes), Tak kak oHa oToOpakaeT B OJHOHM TaONuWIle MPOIEHTHI CTPOK, CTOJIOIOB U TOJEH,
n30aBJIsIst HAC OT HEOOXOMMOCTH BBIYUCIISITH X CAMOCTOSITEIHHO.

YroObl ycTaHOBHUTH TTAKeT gMOdelS, BBeIUTE ciieny oIyt KOMaHy:

> install.packages("gmodels™)

[Tocne ycranoBku nakera BBeaute library(gmodels), utoObl 3arpy3uTh makeT. 9T0 HEOOXOIUMO
JenaTh B KaxJoM ceaHce R, B KoTopoMm rutanupyetcs ucnonb3oBath (yHkiuio CrossTable().
[Ipexxne yeM HMPUCTYNUTHh K aHAIM3y, YIPOCTUM HaIll MPOEKT, COKPATHB KOJIMYECTBO YPOBHEW B
nepeMeHHoil color. DTa mepemeHHass MMeeT NEBATh YPOBHEH, HO HaM HE HYXHO TaK MHOIO
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noapobHocreil. Ha camom siene Hac WHTEpecyeT, OTHOCUTCS JIM LBET MAIIMHbI K KOHCEPBATUBHBIM.
C 9Toli 1eNbI0 MBI Pa3/ieiuM JIEBSATH I[BETOB Ha ABe rpymnmbl. [lepBas rpymnma OyneT BKIIOYATH B
cebst koHcepBaTtuBHEIe 1BeTa: Black, Gray, Silver u White; Bropas — Blue, Gold, Green, Red u
Yellow. Co3maguM JBOWYHYIO HHIUKATOPHYIO IEPEMEHHYKO (YacTo Ha3biBaeMyl (UKTUBHOU
HepeMeHHOﬁ), YKa3bIBaOUIYH0, OTHOCUTCA JIM LIIBET MAallIMHbI K KOHCCPBATHBHLIM, COTJIACHO HALICMY
OTIpeNIeIICHUI0. DTa NIepeMeHHast OyIeT IPUHUMATh 3HAYeHHUE 1, ecii IBET KOHCEpBaTUBHBIN, 1 ) —
€CITU HET:

> usedcars$conservative < usedcars$color %in% c("Black”, "Gray", "Silver”, "White™)

Bo03M0KHO, BBl 3aMETWJIM HOBYIO KOMaHny: oneparop %in% Bo3Bpamaer TRUE umun FALSE
JUTSL KXKJIOTO 3HAUCHHS BEKTOPA, CTOSIIIETO C JIEBOW CTOPOHBI OT OIlepaTopa, yKa3biBas, HAWICHO JIN
B BEKTOpE 3HAYeHHWE, 33/JaHHOE C MpaBoil CTOpoHbI. llpomie ToBOps, 3Ty CTPOKY MOXKHO
ucTonkoBath Tak: «llogepkaHHBI aBTOMOOWJIb YEPHOTO, CEpPOro, cepeOpHcToro wim Oernoro
nsera?».

Uccnenys pesyabTaT BbINoOJHEHUsS (QyHKIuuU table() /st Hamield HOBOM NMEPEMEHHOM, MOXKHO
YBHJIETh, YTO MIPUMEPHO JIBE TPETU aBTOMOOMIICH MMEIOT KOHCEPBATUBHBIC 1IBETA, a OJHA TPETh —
HET:

> table(usedcars$conservative)

FALSE TRUE

51 99

Tenepp mocMOTPHM Ha KPOCC-TaONUIy, YTOOBI YBHJIETh, KaK KOJMYECTBO aBTOMOOWIICH
KOHCEPBATUBHBIX I[BETOB 3aBHCUT OT MOJAETU. [lOCKONBKY, WPEINOIIOKHUTEIBHO, MOICIH
aBTOMOOWJISI JIUKTYEeT BBIOOp IIBETa, PAcCMOTPUM HHIUKATOP KOHCEPBATHBHOTO I[BETA Kak
3aBucumyto repemeruyio (Y). [Toaromy komanma CrossTable() OymeT BoIrIsAeTh Tak:

> CrossTable(x = usedcars$model, y = usedcars$conservative)

Pesynbrar Oyner ciaeayrommm:

Cell Contents

| N
| Chi-square contribution |
| N / Row Total |
| N / Col Total |
| N / Table Total |

Total Observations in Table: 150

usedcars$conservative

|
usedcars$model | FALSE | TRUE | Row Total |
--------------- e L L.
SE | 27 | s1 | 78 |
| e.ee9 | @8.004 | |
| 9.346 | 9.654 | e.528 |
| @.529 | @.515 | |
| 9.180 | 9.340 | |
--------------- e et B B e
SEL | 7| 16 | 23 |
| 9.086 | 0.044 | |
| 8.304 | 9.69 | 9.153 |
| e.137 | 0.162 | |
| 8.047 | 0.107 | |
--------------- e et BT B
SES | 17 | 32| 49 |
| 8.007 | 0.004 | |
| 0.347 | 9.653 | 9.327 |
| 0.333 | 0.323 | |
| e.113 | e.213 | |
--------------- R et Rt B
Column Total | 51| @ | 150 |
| 9.340 | 0.660 | |

B pesynbrarax ¢ynkumm CrossTable() comepkutcss MHOXECTBO JaHHBIX. PacmonoskeHHasi BBEpXy
nerenpa (c 3aromoBkoM Cell Contents) yka3siBaeT Ha TO, KaKk CIEAyeT HHTEPIPETUPOBATH KAXKI0€
3HaueHue. B cTpokax TabmuIkl yKkazaHel TpU Mojenu moaepkanabix apromoomneit: SE, SEL u SES
(u emie oJHA MOTIOTHHUTENbHAS CTPOKa Uil BceX Mojeneil). CTonOIbl yKa3pIBatOT, OTHOCUTCS TN
[IBET MAIlIMHBI K KOHCEPBATUBHBIM (IUTIOC €II€ OJWH CTOJOeI i 000ouX THUIOB IBETOB). IlepBoe
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3HaUEHUE B KaXKIOW sUeHKe YKa3bIBaeT, KAKOE KOJMYECTBO aBTOMOOWICH WMEEeT MaHHYIO
KOMOMHAIIMIO MOJIETH U 11BeTa. [Iponopiuy moka3pIBalOT BKJIA KaXI0H AYEHKH B CTATUCTUKY XU-
KBaJpaT, CyMMYy CTPOK, CyMMY CTOJOIIOB M OO0myl0 cymMMy Ta0muiel. Hambompmmii mHTEpec
BBI3BIBACT JI0JI1 KOHCEPBATUBHBIX aBTOMOOMIIEH Ui Kaxk10i Mozenu. [Iponopiiuu cTpok roBopsT o
toMm, uto 0,654 (65 %) aBrOoMOOMieil mozenu SE okpaimieHbl B KOHCEPBATHUBHBIC IIBETA, IO
cpaBaenuo ¢ 0,696 (70 %) aBromoOuieit mogenu SEL u 0,653 (65 %) monenu SES. Dtu paznuuus
OTHOCHUTEJIBHO HEBEJIUKHU, YTO CBUIETEIBCTBYET 00 OTCYTCTBUM CYLIECTBEHHBIX Pa3IM4Uil B TUIIAX
[[BETOB, BBIOPAHHBIX MAJISI KaKJOW MOJENM aBTOMOOWJIS. 3HAYCHHUS XM-KBaJpaT O3HAYAIOT BKJIIA
JJAaHHOM S4eUWKU B Kpurepui cornacus Ilupcona, uium KpuTepuil coryiacus XM-KBaapaT Uil ABYX
nepeMeHHbIX. JJaHHbIA KpUTEpHil TOKA3bIBAET, HACKOJIBKO BEPOSTHBIM SIBJISIETCA TO, YTO Pa3HUIIA B
KOJINYECTBE sSYeeK B TaOIuUIe 00YCIOBIEHA OIHOM JIMIIb CIy4aiiHOCThI0. ECIIM BEpOATHOCTh OUYEHb
HU3Kasl, 3TO JaeT yOenuTeJabHbIe I0KA3aTelbCTBA TOrO, YTO JIBE MEepeMEeHHbIE CBA3aHbl. Jljig Toro
4TOObI BBIUYMCIIUTh KPUTEPUH XH-KBaJApaT, MOXHO 100aBUTh B BbI3OB (QyHKUIuU CrossTable()
nonosHUTenbHBIN mapamerp: chisq = TRUE. B ganHoM ciiydae BEpOSTHOCTH COCTABIISIET OKOJIO
93 %, a 3TO TOBOPUT O TOM, YTO, BEChbMa BEPOSTHO, PA3IUYUS B KOJUYECTBE SUCCK O0YCIOBICHBI
TOJIBKO CITY4aifHOCTBIO, a HE JeMCTBUTEIHHON B3aMMOCBA3BI0 MEX/Y MOJACIBIO U I[BETOM.

[Ipumepbl MHAUBUAYAJIBHBIX 32/ IaHMIA:

1. Pa3paboraiiTe NpeTUKTUBHYIO MOJEIb IS KJIaCCU(UKAIIMYA MY3BIKH 10 IIECTU KaTETOPHSIM.

2. PazpabotaiiTe NMpenUKTUBHYIO MOJENb JJISi ONpPENCIICHUs] BEPOATHOCTH yCIexa 3asBKUA Ha
MOJIy4YeHHUE TPaHTa.

3. PazpabotaiiTe TpPETUKTUBHYIO MOJAEIL IS ONPEICICHHUS BEPOSTHOCTH TOTO,
JIEeKapCTBEHHBIN Mpemnapar B MpoLecce MpueMa BbI30BET y MallMeHTa MOPaKEHUE MeUeHU.

4. Pa3pabotaiiTe NPEIUKTUBHYIO MOJEINb, MPEICKa3bIBAIOIIYI0, OTKAXKETCS JU a0OHEHT OT
YCIYT CTPaXxOBOM KOMIIAaHUHU (MHTEpHET-MpoBaiiiepa/kadeNbHOrO TEIEBUACHUS U Tp.) Ha
CIEAYIOLIMNA MECSL.

qTo

5. PaszpabotaiiTe MpeAUKTUBHYIO MOJIENb BBISIBICHUS paKa.

6. PaspabotaiiTe NpeTMKTUBHYIO MOJIENb TIPEACKa3aHMsI KPEAUTOCTIOCOOHOCTH KIIMeHTa OaHKa.

7. PazpabotaiiTe NMpeIUKTUBHYIO MOJEINb MpeAcKa3aHUsi CTOUMOCTH MEIUIIMHCKOM CTPaxOBKU
JJIs1 KOHKPETHOI'O KJIIMCHTA MGHHHHHCKOﬁ KOMIIaHUH.

8. PazpabotaiiTe NpeIMKTUBHYIO MOJIENIb IPECKa3aHMsl IPOYHOCTU OETOHA.

9. Pa3zpaboraiiTe TPETUKTUBHYIO MOJCIb TpPEICKa3aHUs pEe3yJIbTaTOB TECTUPOBAHUS TIO
MaTeMaTUKE CPEAU CTYAEHTOB IIEPBOrO Kypca.

Kpurepuu oueHuBaHus CTYICHTOB

IIIxana oneHUBaHUsI KOMIICTCHIIWNI:

Onenka B 100-6amibHOM Onenka B 5-Tu OanabHOM VYpoBeHb chOpMUPOBAHHOCTH
IKaiae IKaie KOMIISTEHITHI
0-54 6annos HEYJIOBJIIETBOPUTEILHO HEZ0CTaTOYHBIN
55-69 6amioB YIOBJIETBOPUTEITHHO 0a30BBbIil
70-85 GannoB XOpOIIO
TOBBIIICHHBIN
86-100 G6ayioB OTIIMYHO
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Kpurepun onieHHBaHNUs KOMIIETEHIUI:

KpuTeplm OlleHMBAHHUA KOMIEeTEHIIMH

Nuaukaropsl
AOCTHKEHU S . .
. HemocraTounsblii . IToBnIIeHHBIN
KOMIIeTeHI Uit Ba3oBblii ypoBeHb
YpoBEHDb YPOBeHb
NVYK6.1 ITpumensier HcnwiThiBaeT [Ipumensier 3Hanusi 0 | CaMOCTOSTENBHO U

3HaHUS O CBOUX
pecypcax u ux
npezenax
(JIMYHOCTHBIX,
MCUXO(H3HOIOTUYECK
UX, CUTYaTHUBHBIX,
BPEMEHHBIX ) IS
YCIIEIIHOTO
BBITTOJIHEHUS
MOPYYEHHOU padoTHI.

3aTpyJHEHUS B
MPUMCHCHHH 3HAHUH O
CBOMX pecypcax M ux
npeenax
(TMYHOCTHBIX,
MCUX0()HU3UOJIOTHIECK
WX, CHTyaTUBHBIX,
BPEMCHHBIX ) JIsI
YCIICTITHOTO
BBITIOJTHCHHS
MOPYYECHHOU pabOTHI.

CBOMX pecypcax M ux
npezaenax
(JIMYHOCTHBIX,
NCUXO(PH3HOIOTHIECK
WX, CHTyaTUBHBIX,
BPEMEHHBIX ) TS
YCIIEIIHOTO
BBITTOJTHEHHS
MOPYYEHHOM pabOTHI B
CTaHJAPTHBIX
CUTYaIUsX.

OCO3HAHHO MPUMEHSIET
3HaHUS O CBOUX
pecypcax u ux
npezenax
(IMYHOCTHBIX,
NCUXO(H3HOIOTHYECK
UX, CHTyaTUBHBIX,
BPEMEHHBIX ) IS
YCIICIIHOTO
BBITTOJTHEHHSI
OpY4YEHHOU paboTHI, B
TOM YHCJIC B HOBOH

CUTYallUu.
NVYK6.2 [Inanupyer nu | McnelTbiBaeT YcenemHso mianupyer | CaMOCTOATENBHO,
peanusyer 3aTpyAHEHUs [IpH U peanusyer OCO3HAHHO U YCIIEIIHO

HaMEUYEHHBIE 1IeJIU C
YYETOM YCJIOBUH,
CPEJICTB, TUYHOCTHBIX
BO3MOXKHOCTEH,
3TanoB KapbepHOTO
pocTta, TpeboBaHUM
pBIHKA TpyJa.

IJIAHUPOBAHUHU U
peanu3anuu
HaMEYEHHBIX IIeJIeH ¢
Y4€TOM YCIIOBUH,
CPEACTB, TUYHOCTHBIX
BO3MOXKHOCTEH,
3TaIoB KapbEPHOTO

HaMEUYEHHBIE LIeJIU C
Y4ETOM YCIIOBUH,
CPENCTB, TUYHOCTHBIX
BO3MOXKHOCTEH,
3TanoB KapbepHOTO
pocta, TpeboBaHUM
pBIHKA TpyZa Mo

IJIaHUPYET U
peanusyer
HaMEUEHHBIE IIEJIU C
Y4ETOM YCIIOBHH,
CPEACTB, TUYHOCTHBIX
BO3MOXKHOCTEIA,
3TaIoOB KApbEPHOTO

pocTta, TpeboBaHUM aHaJIOTHH C pocTta, TpeboBaHUM
pBIHKA TpyZa. paccMOTPEHHBIMHU pPBIHKA TpyZa, B TOM
IIPUMEPAMMU. YHUCJe B HOBOU
CUTYallUH.
NVYK6.3 Ucnonb3yer | UcnbiThiBaeT Hcnonssyer CaMocTosATENbHO U
IIPEIOCTABIICHHBIE 3aTpyJHEHUS TIPU IIPEOCTABIICHHBIE YCIIELLTHO UCIIOJIB3YET
BO3MOXKHOCTH ISt HCIOJIb30BaHUU BO3MOYKHOCTH ISt IPEIOCTABIICHHBIE
PUOOPETEHUS HOBBIX | MIPEJOCTaBIEHHBIX nproOpETEHNsI HOBBIX | BO3MOXHOCTH IS

3HaHUH, YMEHHUN U

BO3MOKHOCTEN I

3HaHUM, YMEHHUN U

npUOOpPETEHUs] HOBBIX

HaBBIKOB. NpUOOPETEHUS HOBBIX | HaBBIKOB B 3HaHWW, yMEHUH U
3HaHUW, YMEHUHN U CTaH/IapTHBIX HaBbIKOB, B TOM UHCJIE
HaBBIKOB. CUTYaLUsX. B HOBOM CUTYaIuH.
NVYK6.4 Kputnueckn | McnsIThIBaeT Kputnueckn CamocTosTenpHO U
OLICHUBAET 3aTpyJHEHUS IpU OLICHUBAET YCIIEITHO OLICHUBAET
3¢ (HEeKTUBHOCTh KpUTHYECKOH OlleHKe | 3((HEKTUBHOCTH 3¢ (HeKTUBHOCTH
HCII0JIb30BAHUS 3¢ HEeKTUBHOCTH HCII0JI30BAHHUS MCIIOJIb30BaHUS
BPEMEHH U JPYTUX HCIIOJIb30BAHUS BPEMEHH U JPYTHUX BPEMEHHU U APYTUX

pecypcoB npu
peIICHUH
MOCTABJICHHBIX 3a/1a4 U

BPEMEHH M JIPYTUX
pecypcoB mpu
pelieHun

pecypcoB npu
peIICHUH
MOCTABJICHHBIX 3a/1a4 U

pecypcoB npu
pelIeHUH
TIOCTABJICHHBIX 3a]1a4 U
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Kpurepun oneHuBaHusi KOMIeTEHIM A

HNuaukaropsl
HOCTmKeHHﬂU HemocraTouHblii . IToBBINIEHHBIN
KOMIIeTeHIH i Ba3oBblii ypoBeHb
YPOBEHb YPOBEHb
OTHOCUTEIBEHO MOCTABJIECHHBIX 33/1a4 U | OTHOCUTEIILHO OTHOCHUTEIILHO
MOJIyYEHHOT O OTHOCHUTEIIbHO MOJIy4YEHHOTO MOJIy4YEHHOT O
pe3yibTaTa. MOJTY4YEHHOTO pe3yibTaTa B pe3yJbTaTa, B TOM
pe3yibTaTa. CTaHIapTHBIX YHUCJe B HOBOU
CUTYaIUsX. CUTYaIIHH.
HIIK4.1 IIpoBoaut He 3naer: npuHuunsl | 3HaeT: IPUHLUIBI U JleMoHCTpHpYyET
aHaJM3 TpeOOBAaHUN M | U METOBI MAIIMHHOTO | METOJbI MAIITMTHHOTO rIyOoOKOe 3HAHUE U
onpenensier oOyueHus1, TUIIbI U oOyueHus1, TUIIbI U [IOHUMAaHUeE:

He00XOIUMBIE KJIACCHI
337124 MAIIMHHOTO
o0OydeHusl.

KJIacCHI 3a7a4
MalIMHHOTO 00yUeHus,
MeTopoioruo ML
Ops; CTaTUCTUYECKUE
METO/IbI aHAIIK3a
naHHbIX. He ymeer:
COIIOCTAaBHUTH 3aJadaM
MPEAMETHOM 00IacTH
KJIaCCHI 3a7a4
MAaIlIMHHOTO
o0y4eHus;
HCITIOJIb30BaTh
CTaTHUCTHYCCKHE
METOJIbI aHAJIH3a
JAHHBIX TIPU PEIICHUN
3aJla4 MaIlIHHHOTO
oOydeHwus.

KJIacCHI 3a7a4
MAaIIMHHOTO 00y4YeHus,
MeToaooruo ML
Ops; CTaTUCTUYECKUE
METO/IBI aHaIN3a
JIaHHBIX. Y MeeT:
COIMOCTaBHUTH 3aJadaM
pPEMETHOM 00J1acTH
KJIACChI 3a7a4
MAaIIHHHOTO
o0y4eHus;
HCITIOJIb30BAaTh
CTaTUCTUYCCKHE
METO/IBI aHAJIN3a
JTAHHBIX MIPU PEUICHUU
3a7a4 MalluHHOTO
o0ydeHwUsI.

HpI/IHI_II/IHOB U MECTOA0B
MAaIIMHHOTO 00y4YeHus,
THUIIOB U KJIACCOB 3a7a4
MAIIMHHOTO O0y4YeHus,
MeTooiornu ML
Ops; CTaTUCTUYECKUX
METOJIOB aHAJINU3a
naHHbIX. IToJIHOCTRIO
BEPHO U
CaMOCTOSITEJILHO:
COMOCTABIISICT 3aa4aM
IPEAMETHOM 00J1acTH
KJIACChI 3a7a4
MAaIIMHHOTO O0yUYEHUS;
HCIIOJB3YET
CTaTUCTHYCCKHUE
METO/IBI aHaIN3a
JAHHBIX [IPU PELICHUU
3a/1a4 MaIlTuHHOTO
o0OyueHusl.

NIIK 4.2 Onpenensier
METPUKH OLIEHKH
pe3yIbTaToOB
MOJEIIUPOBAHUS U
KpUTEpPUHU KauecTBa
MTOCTPOEHHBIX
MOJIEIEH.

He 3Haet meTonasl u
KpUTEPUU OIICHKU
Ka4yeCcTBa MOJIEIEn
MAaIIMHHOTO 00yUeHHSI.
He ymeer onpenensats
KpUTEPUU U METPUKH
OIICHKH PE3YJIhTaTOB
MOJICTTUPOBAHUS TIPU
MMOCTPOCHUH CUCTEM
HCKYCCTBEHHOTO
HHTCIIJICKTA B
HCCIIeTyeMOi 00IacTu.

3HaeT METOIbI
KPUTEPUU OLICHKH
KadecTBa MOJieIIel
MAIIMHHOTO O0y4YeHHUSI.
YwMeet onpenensaTh
KPUTEPUU U METPUKHU
OIICHKH Pe3yJIbTaTOB
MOJICTTUPOBAHUS TIPH
MTOCTPOCHHUH CHCTEM
HCKYCCTBEHHOTO
WHTEJICKTA B
HCCIeyeMOi 00IacTu.

I'myGoko 3HaeT u
MOHUMAET METOJIBI U
KPUTEPUU OIICHKH
KayecTBa MoJienei
MaITUHHOTO OOYYEHHSI.
[TonHOCTBIO BEPHO U
CaMOCTOSITEITEHO
OTIpe/IeTIIeT KPUTEPUHN
Y METPHUKH OIEHKA
pe3yIbTaToOB
MOJICTTUPOBAHUS TIPH
MOCTPOCHUU CHUCTEM
UCKYCCTBEHHOT'O
WHTEJICKTA B
UCClIeTyeMoil 001acTu.

NIIK4.3 IIlpuaumaer
y4acTHE B OLICHKE,

He 3Haer
KJIACCUYECKUE METOIbI

3HaeT KIIaCCHYECKHUE

MCTOABI 1 AJITOPUTMBEI

JemoHcTpupyeT
IyOOKO€ 3HAHUE U
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Kpurepun oneHuBaHusi KOMIeTEHIM A

HNuaukaropsl
HOCTmKeHHﬂU HemocraTouHblii . IToBBINIEHHBIN
KOMIIeTeH Ui Ba3oBblii ypoBeHb
YPOBEHb YPOBEHb
BbIOOpE U TIpU 1 aJITOPUTMBI MAIIUHHOTO OHUMAaHHE
HE00XO0IMMOCTH MAaIIMHHOTO 00y4YCHHS: KJIACCUYECKHUX
pa3paboTKe METOJIOB o0OyueHus: MPETUKTHBHBIC — METOJIOB H
MAIIMHHOTO OOYYCHHUS. | TPESIUKTHBHBIC — 00y4YeHHE C YUUTENIeM, | alTOPUTMOB
o0y4YeHHE C YUUTENIeM, | JAECKPUITHBHBIC — MAIIMHHOTO O0y4YeHUSI:
JECKPUTITHBHBIC — oOy4enue 6e3 NPEIUKTHBHBIC —
oOyuenue 6e3 yuuTens. YMmeer 00y4YeHHE C YUUTEIIEM,
yuutens. He ymeer IPOBOJTUTH JIECKPUTITUBHBIE —
MIPOBOJIUTH CpaBHUTEIbHBIN oOyuenue 6e3
CpaBHUTEIbHBIN aHam3 u yuauTtens. [losHOCTBIO
aHaIM3 " OCYIIECTBIISITH BBIOOP, | BEPHO U
OCYIIECTBIISATh BBIOOP, | HACTPOMKY, IPU CaMOCTOSITEIILHO
HACTPOWKY, IPH HE0O0X0IMMOCTH IPOBOJTUT
HE00XO0IMMOCTH pa3paboTKy METOJIOB U | CPaBHUTEIILHBIN
pa3paboTKy METOJIOB U | aJTOPUTMOB IS aHAJINA3 |

QITOPUTMOB JIJIs
perieHus 3aaa4y

MalllMHHOTI'O O6y‘leHI/IH.

pCIICHUA 3aaa4

MAIIMHHOTO O0y4YeHHUSI.

OCYIIECTBIISIET BHIOOD,
HACTPOWKY, IIPU
HEO0OXO0IMMOCTH
pa3paboOTKy METOJIOB U
AJITOPUTMOB IS
penIeHus 3a1a4
MAaIIUHHOTO O0YYCHHSI.

NIIKS.1
OcyiecTBIsIeT OLICHKY
1 BBIOOP
MHCTPYMEHTAIbHBIX
CPEeACTB ISl pEeUICHUs
MOCTaBJIEHHON 3aJauu.

He 3naer
BO3MOKHOCTH
COBPEMEHHBIX
WHCTPYMEHTAIBHBIX
CPENICTB M CUCTEM
MIPOrpaMMHUPOBAHUSA
JUTSL peleHus 3a/1a4
aHajaW3a JaHHBIX U

MaITMHHOTO 00YJYEeHUSI.

He ymeer npoBouTh
CpaBHUTENIbHBIN
aHaIM3 "
OCYILECTBISATH BHIOOD
WHCTPYMEHTAIBHBIX
CPEeACTB ISl pelIeHHUs

3HaeT BO3MOKHOCTH
COBpPEMEHHBIX
I/IHCTPYMGHTaJ'IBHI)IX
CPEICTB U CUCTEM
MPOTPaMMHUPOBAHHUS
JUISL peIleHus 3aa4
aHaJIn3a JaHHbBIX U

MAalIrMHHOT O O6y‘leHI/I$I.

YMeer npoBOJIUTH
CPaBHUTEIIbHBIN
aHaJIN3 U
OCYIIIECTBIISATH BIOOD
MHCTPYMEHTAIBHBIX
CPEICTB AJIsl pEeLIeHUs
3a/1a4 MAalIMHHOTO

JemoHcTpupyeT
CBOOOJIHOE BIIAJICHHE
BO3MOXXHOCTSIMH
COBPEMEHHBIX
UHCTPYMEHTAJIBHBIX
CPEZCTB U CHUCTEM
IPOTPaMMHUPOBAHUS
JUISL peLIeHus 3a1a4
aHaM3a IaHHBIX U
MAIIMHHOTO O0y4YeHUSI.
YMeer NpoBOIUTH
CpPaBHUTEIbHBIN
aHaIN3 U
OCYIIECTBIISATH BHIOOD
UHCTPYMEHTAJIBHBIX

3aJ1a4 MaITMHHOTO 00y4YeHHS. CPEACTB ISl peHICHUS
00y4YeHHUs. 3aJa4 MallluHHOTO
00yd4eHus1, B TOM
quciIe B HOBOM MM
HECTaHAapTHOM
CUTYaIlUH.
HIIKS.2 He 3Haer: 3HaerT: JleMoHCTpHpYyET
PazpabatbiBaeT (GyHKIMOHATIbHBIE (GyHKIMOHATIbHBIE ri1y0oKO€e 3HaHUEe U
MO/IEJIA MAITUHHOTO BO3MOKHOCTH BO3MOKHOCTH MTOHUMaHHE:
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Kpurepun oneHuBaHusi KOMIeTEHIM A

HNuaukaropsl
JOCTHKEHHUSA . .«
. HenocraTouHblii . IToBbINIEHHBIHA
KOMIIeTeHIIMH ba3oBblii ypoBeHb
YPOBEHb YPOBEHb
oOyueHus st COBPEMEHHBIX COBPEMEHHBIX (G YHKIIMOHATBHBIX
pelIeHHs 3a/1a4. UHCTPYMEHTAIbHBIX MHCTPYMEHTAJIbHBIX BO3MOKHOCTEH
CPEACTB U CUCTEM CPEACTB U CUCTEM COBPEMEHHBIX
MPOrPaMMHUPOBAHUS B | IPOTPAMMHUPOBAHUSA B | HHCTPYMEHTAIbHBIX

00J1aCTH CO3JJaHHS
MOJEJIEH U METOIOB
MAIIMHHOTO
00y4eHUS; TPUHITUTIBI
MIPOBEICHUS
MAaIIUHHOI'O
IKCIIEPUMECHTA,
poOIeMbI
nepeoOydeHUs U
HEZ000y4YeHHUS
MOJIeTH, TPEOOBaHUS K
oOyuaroliei, TeCTOBOM
¥ BaJUJAITMOHHON
BBIOOpKAM JIJIst
penIeHus 3a1a4q
aHa/lIu3a JAHHBIX U

MAalIMHHOTO 00yUCHUSI.

He ymeer: npumeHsaTs
COBpPEMEHHBIC
WHCTPYMEHTAJIbHBIE
CpeACTBa U CUCTEMBI
MIPOTpaMMHUPOBAHUS
U1 pa3paboTKu
MOJEJIEW MAIIMHHOTO
o0OyueHus;
TUTAHUPOBATh U
BBITIOJTHSATh
MAITHHBIC
9KCHEPUMEHTHI,
OLIEHUBATh TOYHOCTH U

00J1aCTH CO3JaHHSs
MOJIeJIEH ¥ METOIOB
MAIIHHHOTO
00y4eHUST; TPUHITUTIBI
MIPOBEICHUS
MAIIIHHHOTO
IKCIIEPUMCHTA,
POOIEMBI
nepeoOydeHus 1
He000y4deHus
MOjieNd, TpeOOBaHUS K
oOyuaro1ieit, TeCTOBOM
W BaTUJAIIMOHHOMN
BBIOOpKAM JIJ1s1
penIeHus 3a1a4
aHaJlIu3a JaHHBIX U

MAIIMHHOTO O0y4YeHHUSI.

YMeeT: IpUMEeHSATh
COBpPEMEHHBIC
WHCTPYMEHTAJIbHBIE
CpeACTBa U CUCTEMBI
MPOrpaMMHUPOBAHUS
U1 pa3paboTKU
MOJEJIEW MAIIMHHOIO
oOyueHus;
TUTAHUPOBATh U
BBITIOJTHATH
MaIIMHHBIC
9KCHEPUMEHTHI,
OLIEHUBATh TOYHOCTH U

CPEICTB ¥ CHCTEM
IPOrpaMMHUPOBAHUS B
obyacTu co3aaHms
MOJIEJIEH ¥ METOOB
MAaIIMHHOTO O0YYEHHUS;
MPUHIIUIIOB
IPOBEIICHUS
MAaIIMHHOTO
IKCIIEPUMECHTA,
npo0semM
nepeoOydeHus 1
He000y4eHus
MojieNd, TpeOOBaHUI K
oOyuaro1iei, TeCTOBOM
Y BAJIMJIALITMOHHOMN
BBIOOpKAM ISt
penIeHus 3a1a4
aHaJIM3a JaHHBIX U
MalIUHHOTO OOY4EHHS.
[TonHOCTBIO BEPHO M
CaMOCTOSITENIFHO:
MIPUMCHSICT
COBpPEMEHHBIE
WHCTPYMCHTAJbHBIC
CPEICTBA M CUCTEMBI
IPOTPaMMHUPOBAHHUS
U1 pa3paboTKU
MOJENEN MAIIMHHOTO
o0OyueHus; TIIaHUPYeT
Y BBITIOJTHSICT

Ka4eCTBO Ka4yeCcTBO MalllMHHBIE
MMOCTPOEHHBIX MOCTPOEHHBIX SKCIIEPUMEHTHI,
MOJIEIIEH. MOJIETIEN. OLIEHUBAET TOYHOCTh U
Ka4eCTBO
MTOCTPOEHHBIX
MOJIEJIEH.
UIIKS.3 Cozpnaer, He 3Haer npunHImmne: 3HaeT MPUHIIMIIBI JeMoHCcTpHpYyET
MOJIEPKUBACT U MOCTPOEHUS CUCTEM ITOCTPOEHHUSI CHCTEM cBOOOHOE BIIaJIEHUE
HCIOJIB3YET CUCTEMBI | UICKYCCTBEHHOI'O HUCKYCCTBEHHOTO MIPUHLUIIAMHA
HCKYCCTBEHHOTO WHTEJUIEKTa, METOJIbl U | UHTEJUIEKTA, METOJIBI U | TIOCTPOEHUS CUCTEM
HMHTEJUICKTA, MOJXO0IBI K MOJXO0/IbI K HUCKYCCTBEHHOTO
BKJIFOYAIOIIUE IJTAHUPOBAHUIO U IUTAHUPOBAHUIO U WHTEJUICKTA,
pa3zpaboTaHHbIE peanu3alny NPOEKTOB | peaIM3allMi IPOEKTOB | METOJAMH U
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IToBbINIEHHBIHA
YPOBEHb

MOJIENIA U METOJIBI, C
IPUMEHEHHEM
BBIOPAHHBIX
UHCTPYMEHTOB

MalIMHHOTO 00yUeHUSI.

10 CO3JaHUI0 CUCTEM
HCKYCCTBEHHOTO
MHTEJUIEKTa C
MIPUMEHEHHEM
MAaIIMHHOTO 00yUeHUSI.
He ymeer pemiars
3a/1a4u 1o
BBITIOJTHEHUIO
KOJUJIEKTUBHOM
MPOEKTHOM
NEeSATEIbHOCTH JIJIst
CO3/IaHUS, TOJEPKKH
Y UCIIOJIb30BaAHUS
CUCTEMBI
HCKYCCTBEHHOTO
MHTEJJIEKTA C
MIPUMEHEHUEM
MAalIMHHOTO 00yUYeHUSI.

10 CO3JaHUI0 CUCTEM
UCKYCCTBEHHOT'O
WHTEIUIEKTA C
IpUMEHEHHUEM
MAaIIMHHOTO 00yUeHUSI.
YMeeT pemiate 3a1auu
IO BBITTOJIHEHUTO
KOJUIEKTUBHOM
MPOEKTHOMU
NEeSITeIbHOCTH IS
CO3/IaHHUS, TIOJIJICPIKKH
U UCTIOJIb30BaHUS
CUCTEMBI
UCKYCCTBEHHOT'O
WHTEJUIEKTA C
IpUMEHEHHUEM
MAIIMHHOTO O0y4YeHHUSI.

IIOAXOJAMHU K
IJIAHUPOBAHUIO U
peanu3anuy NpoeKTOB
10 CO3/IAHUI0 CUCTEM
HCKYCCTBEHHOI'O
WHTEJUIEKTA C
MPUMEHEHUEM
MAIIMHHOTO O0y4YeHHUSI.
[TonHOCTBIO BEPHO U
CaMOCTOSITEJIBHO
pemaet 3a1a4u 1o
BBIIIOJIHEHUIO
KOJUJIEKTUBHOU
MPOEKTHOU
JEeATEIbHOCTH IS
CO3JaHus, OAJIEPKKHU
Y UCITOJIb30BaHUs
CHUCTEMBI
HCKYCCTBEHHOI'O
WHTEJUIEKTA C
pUMEHEHUEM
MAIIMHHOTO O0y4YeHHUSI.

HIIK7.1
Ocy1ecTBIsSIET MOUCK
JTAHHBIX B OTKPBITHIX
HCTOYHHKAX,
CTCTIHATU3UPOBAHHBIX
OnONIMoTeKax u
PETIO3UTOPHSIX.

He 3naert: Buasl
MpeACTaBICHUS
JIAHHEIX, METOJIbI
MOMCKA U MapCUHTa
JAHHBIX;, YPOBHHU
MpeACTaBICHUS
nauubix (ODS, DDL,
CEMaHTUYECKHI CIIOM,
MOJIETb TaHHBIX);
OCHOBHEIE
WHCTPYMEHTBHI,
OubIHMOTEKH U
TexHojioruu Data
Science. He ymeer:
OTJCIATh
JIOCTOBEPHBIE
HCTOYHUKHU JTAHHEBIX OT
COMHUTEJIHHEIX,
OCYUIECTBIISATh
KPUTHYECKHI 0TOOD
JAHHBIX, TPOBEPSTH UX
Ha IEJIOCTHOCTh B
HEMPOTUBOPEUNBOCTb;
HCTIOJIB30BATh
WHCTPYMEHTHI U

3HaeT: BUIbI
pEICTaBICHUS
JIAHHBIX, METO/IbI
MoMCKa U apCUHTa
JAHHBIX; YPOBHU
pEeICTaBICHUS
nauubix (ODS, DDL,
CEMaHTUYECKHI CIIOM,
MOJIETb IaHHBIX);
OCHOBHEIE
UHCTPYMEHTHI,
OuOIMOTEKH U
texHojoruu Data
Science. Ymeer:
OTJCIATh
JIOCTOBEPHBIE
HWCTOYHHKU JAHHBIX OT
COMHHTENBHBIX,
OCYIIECTBIISATh
KPUTHYECKHI 0TOOD
JAaHHBIX, TPOBEPSTH MX
Ha IE€JIOCTHOCTD U
HETPOTUBOPEUNBOCTb;
HCII0IL30BaTh

HUHCTPYMCHTBI U

JemoHcTpupyeT
rI1yOoOKOe 3HAHUE U
ITIOHMMAaHUE: BUJIOB
MIPEICTABICHUS
JIaHHEIX, METOJIOB
MOMCKA U TapCUHTa
JIAHHBIX; YPOBHEN
MIPEICTABICHUS
nanubix (ODS, DDL,
CEMaHTUYECKUM CIIOH,
MOJIEJIb JTAHHBIX );
OCHOBHEIX
UHCTPYMEHTOB,
OUOJINOTEK U
TexHojoruii Data
Science. [ToaHOCTRIO
BEPHO U
CaMOCTOSTENILHO:
OTICIISACT
JIOCTOBEPHBIE
HCTOYHUKHU JAHHBIX OT
COMHUTEJIHHEIX,
OCYUIECTBJISIET
KPUTHYECKHI 0TOOD
JAHHBIX, TPOBEPSIET UX
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YPOBEHb YPOBEHb
oubnuoreku mias Data | OubOnuoreku mist Data | Ha 1[EJIOCTHOCTD U
Science 114 moucKa Science 1y moucKa HEMPOTUBOPEUYHUBOCTH;
JAHHBIX B OTKPBITHIX JAHHBIX B OTKPBITHIX UCIIOJIb3YET
HCTOYHHKAX, HCTOYHHMKAX, MHCTPYMEHTBI U
CHEIMAIM3UPOBAHHBIX | CHCIHATM3UPOBAHHBIX | OnbOmoreku s Data
ounobaMorekax u ounobanorekax u Science 1 ITouckKa
PEIO3UTOPUSIX. PETMO3UTOPUSIX. JAHHBIX B OTKPBITBHIX
HCTOYHMKAX,
CHeIUATU3UPOBAHHBIX
oubanorexkax u
PETO3UTOPHSIX.
UIIK7.2 BemmoaHsaeT He 3HaeT: MeTOabI 3HaeT: METOIbI JlemoHCTpUpYyET
MOATOTOBKY U penyKIuu penyKIuu IyOOKO€ 3HAHUE U
pa3MeTKy pa3MepHOCTH pa3MEpHOCTH IMIOHUMAaHHE: METOJIOB
CTPYKTYPUPOBAHHBIX U | DJIEMEHTOB Habopa 3JIEMEHTOB Habopa penyKuu
HECTPYKTYPUPOBAHHbI | TAaHHBIX U UX JIaHHBIX U UX pa3MEepHOCTH

X JaHHBIX IS
MalIMHHOTO 00yUYeHUSI.

IIpEeABAPUTEIILHON
CTaTUCTUYECKOU
00palboTKH, pa3METKH
CTPYKTYPUPOBAHHBIX U
HECTPYKTYpPHUPOBAHHBI
X JIaHHBIX; METO/bI
IJIaHUPOBAHUS
BBIYHUCIIUTEIBHOTO
JKCIIEPUMEHTA,
¢dbopmupoBaHus
oOyyaroreit u
KOHTPOJIBHOU
BbIOOpOK. He ymeer:
BBISBJIATH U
UCKJIIOYaTh U3
MacCHBa JAHHBIX
OLIMOOYHBIE TaHHBIE U
BBIOPOCHI; BBIJIETSATh
BXOJIHBIE U BBIXO/IHBIE
MIEPEMEHHBIE C LENbI0
HCII0JI30BAHHUS
MPEIUKTUBHBIX
MOJICNEH;
OCYILIECTBIISITh
pa3MeTKy
CTPYKTYpUPOBAHHBIX U
HECTPYKTYpHUPOBAHHBI
X JIaHHBIX;
HCII0JIb30BATh
UHCTPYMEHTHI,
O6UOIMOTEKH U

IIpEeIBapUTEIbHON
CTaTHCTUYECKOU
00paboTKH, pa3sMETKH
CTPYKTYPUPOBAHHBIX U
HECTPYKTYPUPOBAHHBI
X JIaHHBIX; METO/BI
IJIaHUPOBAHUS
BBIUNCIIUTEIBHOTO
JKCIIEPUMEHTA,
¢dbopmupoBaHus
oOyyaroreit u
KOHTPOJIBHOU
BBIOOPOK. YMeerT:
BBISBJISITH U
HCKJIIOYaTh U3
MaccHBa JJaHHBIX
OLIMOOYHBIE TaHHBIE U
BBIOPOCHI; BBIIEIATH
BXOJIHBIE U BBIXO/IHBIE
MIEPEMEHHBIE C LENbI0
HCII0JI30BAHHUS
MIPEIUKTUBHBIX
MOJICIEH;
OCYILIECTBIISITh
pa3MeTKy
CTPYKTYpUPOBAHHBIX U
HECTPYKTYPHUPOBAHHbI
X JIaHHBIX;
HCII0JIb30BATh
WHCTPYMEHTHI,

OUOJINOTEKU U

3JEMEHTOB Habopa
JAHHBIX U UX
IIpEeABapUTEILHON
CTaTUCTHUYECKON
00paboTKH, pa3METKH
CTPYKTYPUPOBAaHHBIX U
HECTPYKTYPUPOBAHHBI
X JIaHHBIX; METOJIOB
IUTAHUPOBAHUS
BBIUNCIIUTEIBHOTO
JKCIIEPUMEHTA,
dopmupoBaHus
oOyyaroreit u
KOHTPOJIBHOU
BbIOOpOK. [TosHOCTBIO
BEPHO U
CaMOCTOSITENIBHO:
BBISIBIISIET U
UCKJIIOYAeT U3 MAacCUBa
JaHHBIX OIINOOYHEIE
JTaHHbIE U BBIOPOCHI;
BBIJIETISIET BXOAHBIE U
BBIXO/IHbIE
MIEPEMEHHBIE C LENbI0
MCIIOJIb30BaHUS
MPETUKTUBHBIX
MOJIEIEH;
OCYIIIECTBIISIET
pa3MeTKy
CTPYKTYpUPOBAHHBIX U
HECTPYKTYpPUPOBAaHHbI
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texHojioruu Data texHojioruu Data X JIaHHBIX; UCTIOJB3YET
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pa3sMeTKu pa3sMeTKu TexHosornu Data
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X JIAaHHBIX JIJIs1 X JTAaHHBIX JJIs1 pa3MeTKu
MalIMHHOTO O0OYyYEHHUs. | MAIIMHHOTO OOYYEHUs. | CTPYKTYPUPOBAHHBIX U
HECTPYKTYpPUPOBAHHBI

X JIaHHBIX JJIs
MalIUHHOTO OOY4EHHS.

IlepeyeHb OCHOBHOM M JONMOJHHUTEJIHLHOM Y4eOHOH JMTEPATYpPbl, HEOOXOAMMOM
JJISE OCBOCHHUS TUCUMIIJIMHBI (MOTYJIs)

OcHoBHas nuTeparypa:

1.

bperr Jlann. MamuHHoe oOydyeHue Ha R: skcrepTHble TEXHUKU Ji MPOTHOCTUYECKOTO
ananuza. - Cankrt-IlerepOypr : Ilutep, 2020. - 464 c. - ISBN 978-5-4461-1512-9. - URL:
https://ibooks.ru/bookshelf/367984/reading (mata ob6pamenus: 08.06.2022). - Tekcr:
JJIEKTPOHHBIN.

Kyn Makc. IlpeauktuBHOE MosienupoBanue Ha npakTuke. - Cankr-IlerepOypr : ITutep, 2019. -
640 c. - ISBN 978-5-4461-1039-1. - URL: https://ibooks.ru/bookshelf/365287/reading (nata
obparmenust: 08.06.2022). - TekcCT: 27IeKTPOHHBIH.

JlononHuTenbHas IUTEpaTYypa:

3amagaeB, C. A. Martematuka Ha si3bike R : yueOnuk : [16+] / C. A. 3aganaeB. — Mocksa :
[Tpomereit, 2018. — 324 c. : cxeM., wi. — (YueOHUKH A5 By30B. CrienuanbHast IuTeparypa). —
Pexum J0CTyna: o MIOJIITHCKE. —
URL: https://biblioclub.ru/index.php?page=book&id=494941 (nata oOpamenus: 08.06.2022).
— ISBN 978-5-907003-59-0. — TeKcT : 37eKTPOHHBIH.

Boponuna, B. B. Teopust u npaktuka MammHHOro oOydeHus : yueOHoe mocobue / B. B.
Boponuna. — ViesHOBCK : YAl TV, 2017. — 290 ¢. — ISBN 978-5-9795-1712-4. — TekcT :
AJIEKTPOHHBIH // Jlann : 3JIEKTPOHHO-OMOIMOTEIHAS cucrema. — URL:
https://e.lanbook.com/book/165053

Kazauenok, H. H. YueOnas npaktuka : yue6HO-MeToanueckoe nocooue / H. H. Kazauenok, O.
I1. MuxeeBa. — Tomesartu : TI'Y, 2018. — 37 ¢. — ISBN 978-5-8259-1385-8. — Tekcr :
AIIEKTPOHHBIH // Jlanb : 3JIEKTPOHHO-OUOINOTEYHAS cucTema. — URL:
https://e.lanbook.com/book/140139

40


https://biblioclub.ru/index.php?page=book&id=494941
https://e.lanbook.com/book/165053
https://e.lanbook.com/book/140139

Ilepeuennb pecypcosB HHGPOPMALMOHHO-TEJIeKOMMYHHUKANIMOHHOM ceTn
«HTEepHeT», HEOOXOAUMBIX /JJIsl OCBOEHUS] JUCHUIUIMHBI (MOXYJIfl), BKJIKHOYasA
nepevyeHb HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (TP HEOOXOAMMOCTH)

DrexkTpoHHas oubnnoreka «YHUBepcuTeTCKas oudmmoreka online». URL: http://biblioclub.ru/

Nudopmanmonnas cucrema «EauHoe okHO goctyna kK oOpa3oBaTeinbHBIM pecypcam». URL:
http://window.edu.ru/

OOpa3oBarenbHblii  mopran  Yepenosenkoro rocyaapctBeHHoro yHuBepcutera. URL:
https://edu.chsu.ru/

Ilepeyenb HMHPOPMALMOHHBIX TEXHOJOIHH, HCHOJb3YeMbIX NPH H3yYEHUH

no

AUCHHUILIHHBI, BK/IIIOYas IPpOorpaMmMHoO¢€ oOecreueHue

Microsoft Windows
RStudio Cloud
MozillaFirefox

41



