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CTpykTypa BBHITIOJIHEHHSI CaMOCTOSITEIBHOW pPa0OThI MarucTpamu B
CEMECTpE BKJIIOYAET B CeOs:

1. VYcBoeHme Tekylmero y4ye0HOro marepuaja Ha JeKIUIX U
JadopaTtopHbix paborax (ouHas ¢dopma oOyueHus— 48 u; 3aouyHas Qopma
oOyueHus — 6 4)

B mpomecce nekuuu CTYIEHT BeAET KOHCIEKTHPOBAHHE W3JIaraeéMoro
IpernojiaBaresieM MaTepuaia ¢ BblIEJICHUEM OCHOBHBIX MOHATHH, (akToOB, hopmy,
npaBui U T.1. JICKIIMOHHBIE, TA0OPAaTOPHBIC 3aHATUI MPOBOIITCSI B KOMITBIOTEPHOM
KJIACCE C MPOEKTOPOM WJIM MHTEPAKTUBHOW JTOCKOM, a TAKKE HAIMYHMEM ITAKETOB
yucieHHoro mozaenuposanusi, naketoB MATLAB, MATCAD, cpenoit 06paboTku
CTaTUCTHYECKUX JaHHBIX R.

KoHcniekT nekmuii  ciemyeT BeCTH aKKypaTHO, BBIACISAS — paslielbl,
MoApa3Aeibl, OTAECIbHbIE TeMbl. [lpu  mocrmemyromendn  CaMOCTOSITEIIBHOMN
BHEAYIUTOPHOM paboTe CTyACHTY HEOOXOIMMO OTMETHTh HETIOHSATHBIC BRIPAKCHUS
U TIOJIOKEHMSI, 3aKOHYHMTH (BCTaBUTh) CJIOBA, MPOMYIIEHHbIE (yMYIIEHHBIE) MPHU
KOHCITCKTUPOBAHHUHU C UCITOJIb30BAaHUEM PEKOMEHYEMOMU K JISKIIHH JINTEPaTyPhI.
YcBoeHure TeKyIiero yueoOHoro MmaTepuaa mpeaycMaTpuBaeT:

- IOBTOPEHHE paHee U3YYEeHHOTO MaTepuana;

- U3yUYEHHUE TEKYIINUX TeM JICKIIUH C UCTIOIh30BAaHUEM OCHOBHOU M IOTIOJTHUTEIHLHOM
JUTEPATYPHI U3 paboueit MPOrpamMmBbI;

- BBISIBJICHHE HanOoJIee TPYHOTO JUTsl TOHUMAaHMS MaTeprara;

- IOJTOTOBKY BOIIPOCOB IO MaTEpHUAITy JICKITHH.

B Teuenuwe cemectpa mpemnonmaBaTelieM MPOBOJSTCS KOHCYJbTanuu. B
TIEPHO]T CECCUU TIPOBOIITCS WHINBUYJIbHBIC U TPYIIIIOBBIE KOHCYIbTAIIMH, B TOM

YUCJIIC IICPCa 9K3aMCHOM.

2. CamocrositesibHasi padora (ouHas ¢opma oOydeHus - 92 4; 3a04Has
dbopma o0yuenus — 161 )
B npouecce u3yuenus kypca «MHbOpMaoHHbIe CUCTEMBI M TEXHOJIOTHHU B

HAYYHBIX UCCIIEIOBAHUIX) CTYJACHTaM HEOOXOAMMO 00paTUTh 0C000E€ BHUMAHUE Ha



CaMOCTOATEJIBHOE H3Y4YEHHE JOINOJHHUTEIbHBIX Pa3JeioB AUCUUIUIMHBL U TEM
JICKIIUM, BBIHECEHHBIX HA CaMOCTOATENBHYIO MPOPa0dOTKYy C HCIOJIb30BAHUEM
PEKOMEHIOBaHHOU y4eOHOM (a Takke HAyYHOW U TOIYJISAPHON) JUTEpaTyphl, A
4Yero MpeaycMOTpeHa palboTa B OMONHMOTEKE M B KOMIIBIOTEPHOM KJlacce II0
U3Y4YEHUIO0 MatepuaioB B HTepHeTe, a Tak ke Ha TOJrOTOBKY K JIaOOpaTOPHBIM
paboTam.

CamocrosiTenbHast paboTa ¢ yueOHBIMH MOCOOUSIMU, HAYUYHOH U MOIYJISIPHOU
JUTEPATYypod MO MaTepuajaM mepuoauku u HWHTepHera sBisierca HauOolee
3¢ ()EKTUBHBIM METOJOM IOIYYEHUS 3HAHUH 110 NPEIMETY, TO3BOJISET 3HAUUTEIIHHO
aKTUBU3MPOBATh IMPOLIECC OBJAACHUS HH(POpMaluel, crnocoOCTByeT Ooee
IyOOKOMY YCBOEHHUIO M3Y4aeMOro MaTepHala.

[Ipu pabote c nurepaTypoll MO KOHKPETHBIM TeMaM Kypca OCHOBHOE
BHUMAaHHE CIIEAYET YACNATh BaXHEHIIMM IMOHATHUAM, TEPMUHAM, ONPEIECICHUSM,
JUTSI CKOPEUILIEr0 YCBOEHUSI KOTOPBIX LIEeCO00pa3HO BECTU KPATKUIl KOHCIIEKT.

CamocTosiTenbHass paboTa CTYJEHTOB C JINTEPATYPOI HE OT/AEIEHA OT JIEKLIUN
U J1a0OpaTOpHBIX PabOT, OAHAKO BAYMYHMBOE UYTEHUE HCTOYHHKOB, COCTaBIICHUE
TE3UCOB, O0O0OIICHHE MPOUYUTAHHBIX MaTEPHAJIOB CIIOCOOCTBYET Tropas3fo Ooliee
rIyOOKOMY TIOHUMaHUIO H3ydyaemMou TmpoOnembl. JlaHHas pabota Takxe
IpeanojaraeT o0palleHue CTYAEHTOB K CIPABOYHOW JIUTepaType Uil YSICHEHUS
KOHKPETHBIX TEPMHHOB W TIOHATUHN, BBEACHHBIX B KypC, YTO CIOCOOCTBYET
MOHUMAHUIO U 3aKPEIJICHUIO MTPOHIEHHOTO JISKIIMOHHOTO MaTepuaia U MOATOTOBKE
K JJa0OpaTOPHBIM 3aHSTHSIM.

CaMOCTOSTENBHOE W3YyYEHHE JOINOJIHUTENIBHBIX PAa3[eioB JAUCLMIUINHBI
JOJDKHO BBITIOJIHATBCS, B TOM 4YHCJE, HAa OCHOBE TEXHMYECKHX CpPEICTB B
KOMIBIOTEPHBIX KJIaccax MpPU HCHOJIB30BAaHUU COOTBETCTBYIOIIMX OOYYaIOLINX
pOrpamm.

[ToaroToBka K J1a0OpAaTOPHBIM 3aHSTHSIM OCYLIECTBISIETCS HAa OCHOBAHHUU
TEMaTHKH, MPEACTaBICHHOW B paboueill mporpamMme JUCIHHIUIMHBI, MAaTepUAIOB K
7a00paTOPHBIM 3aHATHSAM, a TaKKe BOMPOCOB MpEIJIaraéMbIX JJisi TOJATOTOBKHU K

3aHATHUIO NPETOIABATENEM IIPU U3YUYEHUHN MTPEABIAYILIEN TEMBI.



Crynent mepen nabopaTopHOW  pabOTOW JOJDKEH HW3YYUTh OCHOBHBIC
BOIIPOCHI, TEOPETUUECKUI Marepuan, HeOOXOIUMBIN Il MOHMMAHUS CYIIHOCTH
MIPOIIECCOB MPOTEKAIONTUX MPHU €€ BHITIOJHEHHUH.

[ToaroToBka u 3anmTa 1a0OpaTOPHBIX pabOT OCYIIECTBIISAETCS HA OCHOBAHUU
peIBapUTENHLHO O(POPMIICHHBIX OTYETOB, a TAKKE BOMPOCOB JJIsi CAMOKOHTPOJIS,
MPUBEJACHHBIX B MaTepuajax I10 BBITOJHEHHUIO COOTBETCTBYIONIUX PaldOT WU
MPEIOKEHHBIX MPenojaBaTeeM B Ipoliecce 3aHsITHH.

CTyaeHT JAOMKEH YTOYHUTH I1Ie7b pabOThl, H3YYHTh TEOPETUUCCKUN
MaTepHuay, HEOOXOIUMBIN I TIOHUMAHHs CYIIHOCTH IPOIIECCOB MPOTEKAFOIINX
IIpU €€ BBIMIOJIHEHUH, BBIBOJIBI, C(HOPMYIUPOBAHHBIC MO pe3yJibTaTaM paboThl U
OTBETHI HA KOHTPOJBHBIC BOMPOCHI.

[Ipuem naGopaTopHbIX pabOT MpernojaBaTeIeM MPOU3BOJUTCA B TCUCHHE
ceMecCTpa, Kak TpPaBWIO, HA 3aHATHUSAX, JUOO HA TUTAHOBBIX KOHCYJIbTAITUSX,
Ha3HAYaeMbIX MMPEIOIaBaTEIeM B TCUCHUE CEMeCcTpa.

Jist cTyAeHTOB 3a04HOM (OpMBI O0y4YeHHUs MPEANoJaraercs KOHTPOJb
CaMOCTOSATENLHON pabOTBI B CEMECTpPE B BHUIAE HWHIUBHUIYAIBHOTO 3a7aHUs
(KOHTPOIBHOM PabOThI), MPUBEICHHOMN HIDKE.

KonTpouabHasi padora 1Jis1 MATUCTPAHTOB 3204HOI GopMbI 00yUeHHS
B cpene craructudeckoit 00paboTku f1aHHBIX R:

1. TloctpouTts rpaduk 3a7anHON GYHKIIUU FIOTHOCTH BEPOSITHOCTH
1 2740 xela,b)

0,15,x €[b,c)

12672079 xe[c,d)
0,x¢(a,d]

f(x)=

rae a=9.945, b=13, ¢=16, d=19.083, 11=0.3, 12=0.45
2. Ucnonb3yto MeTos oOpaTHON (QYHKIIMU M KOMITO3UIIMH, MPETIOKUTH aIrOPUTM
MOJYYEHHUS] CIyYallHbIX BEJIWYUMH B COOTBETCTBUU C 3aJlaHHBIMU MapameTpamMu
3aKOHA pacIpe/iesieHus.
3. Tlomyuuts BbIOOPKY pazmepoM 10000 ciydyaliHBIX YHCET B COOTBETCTBUHU C

3aJIaHHBIMHU I1apaMETpaMHU 3aKOHaA PACIIPCACICHUA.
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4. IlpoBectu  pa3BeAbIBATEIbHBIA  aHAIU3, OCHOBHBIE  CTAaTHUCTUYECKHE
XapaKTEPUCTHUKU MTOTYYECHHBIX JaHHBIX.

5. IlpoBepuTh COOTBETCTBHE TMOJIYUYECHHBIX [AHHBIX TEOPETUYECKOMY 3aKOHY
pacnpenenenus no kpurepuro [upcona, Konmmoroposa, Ilanupo-Yunka.
[IpuMepbl BBITIOTHEHUS Pa3BEIbIBATEILHOTO AaHAIN3a, IIOJYYEHHUS OCHOBHBIX

CTaTUCTHYECKUX XAPAKTEPUCTUK IIPUBEICHBI B IPUIIOKEHUAX 1,2.

Tabmura 1.

Howmep IlyacconoBckoe | DxcnoHeHnmansbHoe | HopmanbHoe
BapUaHTa pacnpeneneHue | pacnpeaeieHue pacnpezesneHne

A u Mx o2
1 1,0 0,33 0,15 2,55
2 1,1 0,44 0,22 2,22
3 5,2 0,45 0,33 2,07
4 1,4 0,55 0,45 1,91
5 1,5 0,66 0,51 2,11
6 4,6 0,75 0,62 1,88
7 1,8 0,72 0,77 2,33
8 2,0 0,83 0,83 1,77
9 9,5 0,94 0,91 2,44
10 3,0 1,08 1,05 0,66

[To KOHTpONBHOU PabOTE MPOBOAUTCS YCTHBIA OMPOC (3a4eT KOHTPOIHHOU
paboThl), MOCHE KOTOPOTrO MAaruCTpaHT NPUCTYIMAET K cJadye MPOMEKYTOYHOU

atTectanuu B popMe 3x3aMeHa. [1o pe3ynpraTam ycTHOTO ompoca 1mo KOHTPOJIbHOM
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paboTte 0OydJaroneMycsi BRICTaBIISIETCS OIIEHKA «3aYTCHOY, I «HE 3a4TCHOY.

O1eHKa «3a4TE€HO» BBICTABIIAECTCS 00YUaIOIIEMYCSl, €CIIH:

- 00y4JaroIIMIACs 3HAET U BOCTIPOU3BOIUT OCHOBHBIE TIOJIOKCHHUSI TUCIIUTUTUHBI
B COOTBETCTBUU C 33JJaHUEM, IPUMEHSET UX ISl BBIMOJIHEHUS! TUIIOBOTO 3a7aHus, B
KOTOPOM OUYEBHJIEH CIIOCOO PEIlICHHUS;

- 00ydvaromuiics JAEMOHCTPUPYET Oa30BbIC 3HAHMS, YMEHHS U HaBBIKH,
MPUMEHEHHBIE NP BHITIOJHEHUHU 3a/IaHU KOHTPOJIbHON PabOTHI;

- y oOydJaromierocss He WMEETCS 3aTPyJAHCHHH B HWCIOJHb30BaHUM HAyIHO-
MOHATHUIHOTO ammapara B TEPMUHOJIOTHH Kypca, a €CJIU 3aTPyTHCHHS] UMEIOTCS, TO
OHU HE3HAUYUTEIILHBIE;

- Ha JOMOJHUTEIBHBIC BOIMPOCH TIpErojaBaTeis OOyJaroIIMiCca mal
MpaBUJIbHBIC UM YACTUYHO MPABUIIbHBIE OTBETHI.

OreHKa «HE 3a4TEHO» CTABUTCS 00yYarOIIeMYyCsl, €CIIH:

- 00yJaroImuiics UMEET TPEICTABIICHNE O COACPKAHUU AWCITUIUIMHBI, HO HE
3HAET OCHOBHBIE MOJIOKEHUS (TEMBI, pa3zielia, 3aKoHa U T.1. ), K KOTOPOMY OTHOCUTCS
3aJlaHne, HE CTIOCOOCH BBIMOJTHUTH 3aJJaHUE C OUCBUIHBIM PEIICHUEM, HE BIIaJIeeT
HABBIKAMH B 00J1aCTH U3y4aeMOM JUCIUILINHEI;

- o0yJaromuiicsi He JTEMOHCTpPUpPYET 0a30Bble 3HAHUS, YMEHUS U HABBIKH,
HEOOXOMMBIC JUTsI BBITTOTHEHUS 3aJJaHU KOHTPOJLHOM paOOTHI;

- B TIPOIIECCE€ OTBETA MO TEOPETUYECKOMY U TMPAKTUYECKOMY MaTepuaity,
coJiep KalieMycst B BOITPOCax KOHTPOJIBHON padOThI, AOMYIICHBI MPUHIIUITAATBHBIC
OLLIMOKHU MPHU U3J0KEHUU MaTepuana.

3. [loaroToBKa K 3K3aMeHY

[ToaroroBka K 3K3aMeHy MPECTaBISIET cOO0M 0000IIeHe BCero MaTepuaa
JTUCIUTUIMHBI HAa OCHOBAHMHM KOHCIEKTAa JIEKIIMH W  PEKOMEHJOBAHHBIX
JUTEPATYPHBIX UCTOYHUKOB U 3aKIFOYAETCS BO BCECTOPOHHEM PACCMOTPEHUH BCEX
TeM ¢ 00s13aTeIbHBIM IIOBTOPCHUEM MaTepHalia J1ab0paTOPHBIX 3aHITHM.

Bormpocel, BEIHOCHMBIE HAa 9K3aMEH, B COOTBETCTBUHU C paboyeii mporpaMmmoin
JUCUUIUIMHBL JOBOJSATCA A0 CTYJIEHTOB Ha IMOCJIEAHEM JIEKIIMOHHOM 3aHSATUU B

ceMmecTpe.



[IpuMepHblid TIEpEYEHb BONPOCOB K  JK3aMeHy (BOIPOCHI  MOTYT
UCIIOJIb30BATHCS KaK TEMBI pedepaToB JJis CTYACHTOB 3a04HOM (POpMbI OOyUEHHS)
1. Hayunoe uccrnenoBanue: ero CymHocTb M ocobeHHocTH. Knaccudukarms
Hay4YHBIX UCCIIEIOBAHUI. METOI00THS HAYYHOTO UCCIIEI0BaHUSI.

2. Mertoaonorusi 1 Hay4yHoe Mo3HaHue. MeTo Hay4qHoro uccienoBanus. Meton
Y TEOpUSl HAYYHOI'O UCCIIEIOBaHUS.

3. TeopeTndecknii W SMIOUPUYECKUII YPOBHM HAYyYHOTO HCCIEAOBAHUA.
Knaccudukanusa meroaos (pustocodckue, oOLIeHayYHbIE, YACTHOHAYYHBIE).

4, Metoapl MEXKIUCUUIUIMHAPHOTO  HccienoBaHus. CHCTEMHBIA  METOJ
HAy4YHBIX MCCIIEJOBAHUM, €70 CYIIHOCTh U OCHOBHBIE XapAaKTEPUCTUKH.

5. Knaccudukanus CHUCTEM (cTraTuyeckue, JTWHAMUAYECKHUE,
JETEPMUHUCTHUYECKHE, CTOXaCTHUECKHUE).

6. [ToHATHSA «MOJENb» U «MOJIETUPOBAHKNE» B HAYYHOM HCCIIEIOBAHUU. DTaIbI

npoliecca MoaenupoBanus. Knaccudukanus Mmozaeneit u GopmMbl MOJEITHPOBAHUS.

1. MaremaTudeckue MOJICIN U MCTOABEI.
8. 3HaueHHMEe MaTEeMaTHUYECKHX MOI[CJ'ICfI B HAYYHBIX HCCICIOBAHUAX, HX
OCHOBHBIC THUIIbI (OHI/ICaTeJII)HI)Ie, O6T>${CHI/IT€J'IBHI>16, IIPOIrHO3HBIC,

ynpasieHueckue). [lonaTre HayuyHOro 3HaHUSI U ONpeesieHue HayYHbIX MPOOJIeM.
Q. AHanu3 W cuHTE3, al0cTparupoBaHue, WHIAYKUUA WM JAeayKuus. MeToJsl
MOJIETTUPOBAHUS U3y4aeMbIX OOBEKTOB.

10. Marematuyeckoe U (¢uzMUeckoe MonaenupoBaHue. Bbibop HampaBiieHus
HAyYHOT'O UCCJIEAOBAHMS U 3Tallbl HAYYHO-UCCIIEI0BATEIBCKON pabOTHI.

11. Knaccudukanusa nHayyHo wuccienoBarensckux padbotr (HUP). OcnoBubIe
stanel HUP. Kputepun akryansnoctn HHP.

12.  COop um ananu3 wHpOpPMAIUKA TIO TeMe HUccienoBanus. Pabouas rumotesa
COCTaBJICHME IUlaHa  uccienoBaHus. OCHOBHbIE  CTaAMM  BBIMIOJIHEHHUS
TEOPETUUECKUX UCCIENOBAaHUM. MaT. METO/IbI B UCCIICIOBAHUSX.

13.  Tumel mat. Mmozaeneil. Buapl ypaBHEHUHN. ONUCHIBAIONINX JUHAMHUKY OOBEKTA.
AHanmMTU4YECKHE METOBI UCCIIENOBAHMS MAT. MoJesie. MeTonbl cTaT aHanusa.

14.  JluCHepCHOHHBIN, PErpeCCUOHHBIN, KOPPEISLUMOHHBIM M CHEKTpaJIbHBIN



aHanu3bl. OCHOBHBIE 33]1a4M, BU/Ibl 1 OCHOBBI IUIAHUPOBAHUS SKCIIEPUMEHTA.

15. Merponoruyeckoe oOecreyeHrue HSKCIEPUMEHTAIbHBIX HCCIEI0BAHUM.
['ocymapcTBeHHast cucTtemMa OO€CIeUeHHs €IWHCTBAa M3MepeHuid. MeTombl
WU3MEPEHUN MPSMBbIE U KOCBEHHbBIE. METObI OLICHKHU.

16. ABTOMaTM3MpOBaHHAsA CHCTEMa, OOBEKT MCCIEIOBAHUS, WCIIOJHUTENIbHAS,
uH(GOPMAIIMOHHAS U BBIUMCIUTENbHAS MOJACUCTeMbl. KBaHTOBaHNE HENMPEPHIBHOTO
CUTHaJa.

17. Amnanoro-uudpoBble ¥ LHHPpO-aHATIOTOBBIE MpeoOpazoBarenu. llpumepsl
aBTOMATU3UPOBAHHBIX CUCTEM JIJIsl HAYYHBIX UCCe10BaHui. OCHOBHBIE CTPYKTYPHI
CHUCTEM aBTOMATU3ALIMH HAYYHBIX UCCIIEIOBAHUN.

18. Bumpr obecneuenniit ACHW  (oprammszammonHHoe, HWH(HOPMAIMOHHOE,
MaTeMaTU4YeCKoe, TEXHUYECKOE, IPOrpaMMHOE, JIMHIBUCTUYECKOE,
METPOJIOTUYECKOE, IPABOBOE U IPTOHOMHUYECKOE).

19. TexHuueckue CpeacTBa aBTOMATH3alMM JKcrepuMeHTa. lIporpammuoe

obecrnieuenue. CTpyKTypa ynpaBJIsIOIICH MPOrpaMMBbl.
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Cnucok HCTOYHHUKOB AJIs1 YCBOCHUA y‘l@ﬁHOI‘O mMarTrepuaJjaa nmo TMCHUILINHE

«I/IH(l)OpMaIII/IOHHbIe CUCTEMBI U TEXHOJOI'MHA B HAYYHBIX HCCJICI0BAHUAX»

ABTODBHI,

3arnasue

N3narenncTBo, rox

Adanacwen, B.H.,
Epemeesa, H.C.

CratucTrueckast METOOJIOTHS B
HAyYHBIX UCCIICIOBAHUSIX:
YyebHoOe 1ocodue mis

Openoypr: OpeHOyprekuit
TOCy/IapCTBECHHBI YHHUBEPCUTET,
3bC ACB, 2017

JI1.2 [Ka3ues, B.M. BBenenue B ananmms, CUHTE3 U Mocksa, CapaTtoB: HTepHET-
MOJEIUPOBAHUE CUCTEM: Yuausepcurer MHPpOpMAITHOHHBIX
YyeOHoe nocobue Texunonoruit (MHTYUT), Ait [In
Ap Menua, 2020
JI1.3 |baG&nsimes, Marematnueckue METOIbI U XKenesnoropck: Cubupckas
C.B., MarepoB, [nH(DOpMAIMOHHBIC TEXHOJIOTHU B ([TOKApHO-CIIAcaTeNIbHAS aKaJeMHUS
E.H. HAaYYHBIX UCCIEAOBAHUSIX: I'TIC MYC Poccun, 2018
JI1.4 |Kunenko, T.I1., |Metomosorus, ruranupoBanue 1 |MaxkeeBka: JlonOacckas

Jlaxtapuna, C.B.

00paboTKa pe3yJIbTaToB
9KCIIEPUMEHTA B HAYYHBIX
HCCIIEAOBAHUAX: YU4eOHO-

Hal[MOHAJIbHAs aKaJeMHUsl
CTPOUTENBCTBA U APXUTEKTYPBI,
ObC ACB, 2020

J1.5

I'ony6esa, H.B.

MaremaTtudeckoe
MOACIIMPOBAHUC CUCTEM U
IponeccoB

Cankt-IlerepOypr: Jlanb, 2021

JI1.6 [BockobOoiinukoB, |Perpeccuonnslii ananus nanueix B|Cankt-IletepOypr: Jlans, 2021
IO.E. nakere MATHCAD
JI1.7 |Aranakos, C.A. |AHanu3 gaHHBIX B cpene R: Omck: OMCKHi roCy1apCTBEHHbBIN
MIPAKTUKYM yHuBepcuteT uM. ®.M.
Hocroesckoro, 2020
JI1.8 [Ilocnenos, E.A., |[Iakers! npuxiiagasix nporpamm B |(OMck: OMCKHI TOCY1apCTBEHHbBIN

ITomos, U.C.

HAaYYHBIX UCCIICAOBAHUAX!
y4eOHO-METOUIECKOe Toco0He

yHuBepcuteT uM. ®.M.
Hocroesckoro, 2019

2. Jlono/THUTEIbHAS JIUTEpaTypa

J2.1

MakkuHim, Yac,
CaunakuHa, A.

Python u ananu3 nanHbIX

Caparos: [IpodobpazoBanue, 2019

2.2

Jlorynosa O.C.,
Pomanos I1.1O.

O06paboTka IKCIIEpUMEHTATIBLHBIX
MaHHBIX Ha OBM: YueOHUK

Mocksa: OOO "HayuHo-
n3narensekuil nentp MHOPA-M",
2021

3. llepeuenn pecypcoB HH(POPMAIHOHHO-TEJIEKOMMYHUKAUMOHHO# ceTu ""UnTepHet"

CucreMa TEMaTHYECKUX KOUIEKTUBHBIX Os10roB https://habr.com/

QO0pa3oBaTenabHble Kypehl Beaymx By30B Poccun https://openedu.ru/

O6pazoBarennpubiil noprad AI'TY

Hayunas smekrpornas 6ubamnoreka. URL: https://elibrary.ru/

[SaR E~N (SO0 |\ 1o

HanmonansHas snexkrponnas oubanoreka. URL: https://u36.pd/




11

IIpunoxenue 1
IIpumep npoToKo0/Ia pa3Be0YHOr0 AHAIN3A JAHHBIX: POBEPKa HA

HOPMAJBHOCTb pacnpeacjacHus

[TonunHAOTCA U aHAJIU3UPYEMbI€ KOJIMYECTBEHHBIE IMEPEMEHHBIE 3aKOHY
HOPMAJIBHOTO pachpeneieHuss BepoaTHocTed? OdeHb MHOTME CTaTUCTHYECKUE
METO/Ibl TPENINOIaraloT IMOJOKUTEIbHBIM OTBET Ha A3TOT BOINPOC, U IMOITOMY
IIPOBEPKA UCCIIETyEMBIX IEPEMEHHBIX Ha HOPMAJIBHOCTh PaCIpeNeICHUs SIBIISIETCS
Ba)KHOM COCTaBHOW YaCThIO Pa3BEJOYHOIO AHAJIN3A TAHHBIX.

[IpoBepsisi ycinoBre HOPMaJIbHOCTU pacHpeleeHUus AaHHbBIX, HEOOXOAUMO,
OJIHAaKO, XOPOIIO MPEACTABIATh ce0€, B KAKUX CIIy4asiX €ro BBIIOJHEHUE SIBISIETCS
KPUTUYECKUM JUII IPUMEHEHUS KOHKPETHOI'O CTAaTUCTUYECKOro Meroxaa. Tak,
HaIrpumep, MeTo] ri1aBHbIX KOMIOHEHT (Principle Components Analysis, PCA) ne
TpeOyeT, yToObl JJaHHBbIE OBLIN paclpeneseHbl HopMalbHO. JIuHeliHas perpeccus
(Linear Regression) xoTs W TpenanoiaraeT HOPMAJIbHOCTh paCIpeAeIICHUS
3aBUCUMOI TEPEMEHHOM, SBISAETCA JOCTaTOYHO pOOACTHBIM METOJIOM IMpHU
HE3HAYNTEIBHBIX OTKJIOHEHHUAX OT 3TOr0 YCJI0BUs. B TO e Bpems I yCIemHoro
NPUMEHEHUsI TUCKPUMHUHAHTHOTO aHanm3a (Discriminant Analysis) HOpMalbHOCTh
pacnpeeNeHusIX MPU3HAKOB B KaXKIOW rpyIie KiIacCUuPUIMPYyeMbIX OOBEKTOB -
yCJIOBHE 00513aTENbHOE.

CyuiecTByeT HECKOJIBKO CIOCOOOB MPOBEPKH AHAIM3UPYEMBIX JTaHHBIX Ha
HOPMAJIBHOCTB pacnpeencHus. Bce nX MOXXKHO pa3JIeuTh Ha JBE PACCMOTPEHHBIE
HUXKE TPYTIIIHL.

I'padpuueckne cnocodbI

Cawmplii ipocToil rpaduyeckuii Ciocod MPOBEPKH XapaKTepa pacipeneaeHus
JAHHBIX - IOCTPOEHUE 2ucmozpammul. Co3aaTh TMCTOTPAMMY MOKHO MPU TOMOIIU
R-dynknuu hist(). Eciu rucrorpaMmma umeeT K0I0K0I000pa3HbIil CHMMETPUYHBIN
BU/JI, MOXHO CJIE€JIaTh 3aKJIIOYEHHE O TOM, YTO aHAIM3UpyeMas IepeMEHHass UMEET
IPUMEPHO HOpMaJbHOE pacnpeneneHue. OIHaKO IPU UHTEPIPETALMHI TUCTOTPaAMM

CJIeTyeT COOMI0aTh OCTOPOKHOCTD, MOCKOJBKY WX BHEITHUN BUJ MOXET CHUIHHO


http://www.machinelearning.ru/wiki/index.php?title=%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%B3%D0%BB%D0%B0%D0%B2%D0%BD%D1%8B%D1%85_%D0%BA%D0%BE%D0%BC%D0%BF%D0%BE%D0%BD%D0%B5%D0%BD%D1%82
http://www.machinelearning.ru/wiki/index.php?title=%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%B3%D0%BB%D0%B0%D0%B2%D0%BD%D1%8B%D1%85_%D0%BA%D0%BE%D0%BC%D0%BF%D0%BE%D0%BD%D0%B5%D0%BD%D1%82
http://www.machinelearning.ru/wiki/index.php?title=%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%B3%D0%BB%D0%B0%D0%B2%D0%BD%D1%8B%D1%85_%D0%BA%D0%BE%D0%BC%D0%BF%D0%BE%D0%BD%D0%B5%D0%BD%D1%82
http://www.machinelearning.ru/wiki/index.php?title=%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%B3%D0%BB%D0%B0%D0%B2%D0%BD%D1%8B%D1%85_%D0%BA%D0%BE%D0%BC%D0%BF%D0%BE%D0%BD%D0%B5%D0%BD%D1%82
https://www.blogger.com/
https://www.blogger.com/
https://www.blogger.com/
http://www.machinelearning.ru/wiki/index.php?title=%D0%9B%D0%B8%D0%BD%D0%B5%D0%B9%D0%BD%D1%8B%D0%B9_%D0%B4%D0%B8%D1%81%D0%BA%D1%80%D0%B8%D0%BC%D0%B8%D0%BD%D0%B0%D0%BD%D1%82%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
http://www.machinelearning.ru/wiki/index.php?title=%D0%9B%D0%B8%D0%BD%D0%B5%D0%B9%D0%BD%D1%8B%D0%B9_%D0%B4%D0%B8%D1%81%D0%BA%D1%80%D0%B8%D0%BC%D0%B8%D0%BD%D0%B0%D0%BD%D1%82%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
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3aBHCETh KaK OT 4YKCJia HAOMIOIEHUH, TaK U OT LIara, BHIOPAHHOTO AJisl pa30ueHHUs
JAHHBIX Ha Kiacchl. KpoMe TOro, 10ocTaTOYHO 4YacTo MpU aHaiu3e HOPMAaJIbHO
pacIpesielieHHbIX CMEeUAHHbIX COBOKYIIHOCTEH THCTOrpaMMbl IPHOOpETaroT

aCUMMETPHUYHBIN BUJ, BBOJS HcciienoBaTes B 3a0myxaeHue (Pucynok 1).

1 1 1
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Pucynox 1. 'ucmoepamma pacnpeoenenus seca 1193 sopodves (no: Zuur et al.
2010).

Ha rpaduke cieBa npuBeneHbl 00beAUHCHHBIC TAHHBIC IS MIOHS, IO U
aBrycta. IlockoibKy BeC TTHI[ 3aBHCHT OT BpPEMEHH To0Jia, THCTOrpaMMa
nproOpeTacT acCMMMETPHUYHbIN Bua. Ha rpaduke cripaBa moka3aHbl T€ XKe TaHHBIC,
HO OTJCJIBHO T0 KaXI0My MecsIry. M3 3Toro rpaduka XopoIino BUIHO, YTO HA CAMOM
Jiesie BeC BOPOObEB KaK OMOJIOTUYECKUN MTPU3HAK UMEET

IPUMEPHO HOPMAJIbHOE PACIIpEACICHUE.

JIpyruM OYeHb YacTO HCIOJIb3yeMbIM I'paHUeCKUM CIIOCOOOM TPOBEPKHU
XapakTepa paclpeaeicHUs JaHHBIX SBJSCTCS IOCTPOCHHE T.H. TrpaduKoB
kBantwiaeit  (Q-Q plots, QuantileQuantile plots). Ha Takux rpadukax
U300pKAIOTCS  KBAaHTWIM JBYX pPAaclpelesieHuil - sMmupudeckoro (T.e.

INOCTPOCHHOI'O II0 AaHAJIU3UPYCMbIM ,Z[aHHBIM) H TCOPCTHYCCKH OXHUAAECMOI'O


https://en.wikipedia.org/wiki/Q-Q_plot
https://en.wikipedia.org/wiki/Q-Q_plot
https://en.wikipedia.org/wiki/Q-Q_plot
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CTaHJIAPTHOTO HOPMAJILHOTO pacmpenenenus. [Ipu HopMaabHOM pacnpeneneHuu
POBEPSIEMON MTEPEMEHHON TOUKHU Ha rpaduKe KBAaHTUIICH JTIOJKHBI BBICTPAUBATHCS
B IPSIMYIO JIMHUIO, UCXOSIIYIO IO YoM 45 rpalycoB U3 JEBOT0 HUKHETO yriia
rpaduka. 'paduku kBaHTHIIEH 0COOCHHO TOJIE3HBI MpH paboTe ¢ HEOOJIBIIUMHU T10
pa3Mepy COBOKYMHOCTSMH, JIJISi KOTOPBIX HEBO3MOXKHO MOCTPOUTH TMCTOTPAMMBI,
NPUHUMAIOIIKE KaKy0-TH00 BBIPAXKEHHYIO (GOpMYy.

B R s moctpoenus rpadukoB KBaHTUIIEH MOKHO MCIOJIB30BAaTh Oa30BYIO
byHkuuo qqnorm(), KOTOpasi B Ka4eCTBE OCHOBHOTO apryMEHTA MPUHUMAET BEKTOP

CO 3HAUYCHMSIMU aHAIU3UpyeMol nepemeHHou (PucyHok 2):

X <- rnorm ) # reHepalmsa HOPMAJIEHO pacClpenesIeHHOM
copokyrnHocTy ¢ n = 500 ggqnorm (x)

Normal Q-Q Plot

Sample Quantiles

Theoretical Quantiles

Pucynox 2. Ilpumep epaguxa keanmuneti 015 HOPMAILHO PACNPEOETIeHHOU

cosoxynHocmu, cocmosweti u3z 500 nabarodernuil.

CrnenyeT OTMETUTH, YTO UHTEPIIPETALMS TPAPUKOB KBAHTUIICH TP paboTe C


http://inside-r.org/r-doc/stats/rnorm
http://inside-r.org/r-doc/stats/rnorm
http://inside-r.org/r-doc/stats/qqnorm
http://inside-r.org/r-doc/stats/qqnorm
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HEOOJIBIIMMU BBIOOPKAMHU, TMPOUCXOIALUIMMH U3 HOPMAJIBHO paclpeieseHHBIX
reHepalibHbIX COBOKYIHOCTEH, TPEeOYET ONMpeeICHHOT0 HaBbIKa. /[eso B ToM, 4To
npu HEOOJBIIOM YHCIE HAOMIONEHUN TOYKH Ha Trpaduke KBAaHTUICH MOTYT HE
Bcera 00pa3oBbIBaTh YETKO BHIPAKEHHYIO MPSIMYIO JIMHUIO.

DopMajibHbIE TECThI

CymiecTByeT  Lenblid  psii  CTaTUCTUYECKUX  TECTOB,  CIELHAIBHO
pa3pabOTaHHBIX JUIsl TPOBEPKH HOPMAJIBHOCTHU paclipe/ielieHus JaHHbIX. B olmiem
BUJICE TIPOBEPAEMYIO IPU TOMOIIM ITHUX TECTOB HYJEBYIO THUIOTE3y MOXKHO
chopmynuupoBaTh Tak: "AHanuzupyemas BHIOOpKaA MPOUCXOJIUT U3 TeHEPaTbHOMN
COBOKYIHOCTH, UMEIOUIEH HOpMalbHOE pactpenenceHue"”. Ecnu nmomydaemas npu
MOMOILM TOTO WJIM MHOTO TECTa BEPOSTHOCTh OIIMOKH P Oka3bIBaeTcs MeHbIIe
HEKOTOPOT'0 3apaHee MPUHATOrO ypOBHs 3HauMMocTH (Harpumep, 0.05), HyneBas
TUIIOTE3a OTKJIOHSETCS.

B R peann3oBaHbl NpaKTUYECKH BCE UMEIOIIMECS TECThl HA HOPMAJIBHOCTb -
7160 B BHUJIE CTaHIAPHBIX (YHKIHUM, MO0 B BUJE (QYHKIIMMA, BXOISIIUX B COCTaB
oTIeNbHBIX makeToB. [Ipumepom 6a3zoBoil pyHkimu sBisiercs: shapiro.test(), npu
IIOMOIIIA KOTOPOM MOJKHO BBINIOJHUTH IIMPOKO HCIOIB3yeMbld TecT [lamupo-

Yuika:

shapiro.test (rnorm ) )

Shapiro-Wilk normality test

data: rnorm( )

W = , p-value = # P > 0.05 - HyneBas
ruUroTresa He OTBepraercs

Hwxe nepeuncnens! GyHKIIMK U3 TTakeTa NOrtest, peanusyroiiye apyrue
pacnpocTpaHeHHbIE TECThl HA HOPMAJIBbHOCTh (YCTAHOBUTB ATOT MOKET MOMKHO

koMauo# install.packages("nortest")):

. ad.test () - Tect AHOepcoHa-dapnudra



http://www.machinelearning.ru/wiki/index.php?title=%D0%9A%D1%80%D0%B8%D1%82%D0%B5%D1%80%D0%B8%D0%B9_%D0%A8%D0%B0%D0%BF%D0%B8%D1%80%D0%BE-%D0%A3%D0%B8%D0%BB%D0%BA%D0%B0
http://www.machinelearning.ru/wiki/index.php?title=%D0%9A%D1%80%D0%B8%D1%82%D0%B5%D1%80%D0%B8%D0%B9_%D0%A8%D0%B0%D0%BF%D0%B8%D1%80%D0%BE-%D0%A3%D0%B8%D0%BB%D0%BA%D0%B0
http://www.machinelearning.ru/wiki/index.php?title=%D0%9A%D1%80%D0%B8%D1%82%D0%B5%D1%80%D0%B8%D0%B9_%D0%A8%D0%B0%D0%BF%D0%B8%D1%80%D0%BE-%D0%A3%D0%B8%D0%BB%D0%BA%D0%B0
http://www.machinelearning.ru/wiki/index.php?title=%D0%9A%D1%80%D0%B8%D1%82%D0%B5%D1%80%D0%B8%D0%B9_%D0%A8%D0%B0%D0%BF%D0%B8%D1%80%D0%BE-%D0%A3%D0%B8%D0%BB%D0%BA%D0%B0
http://www.machinelearning.ru/wiki/index.php?title=%D0%9A%D1%80%D0%B8%D1%82%D0%B5%D1%80%D0%B8%D0%B9_%D0%A8%D0%B0%D0%BF%D0%B8%D1%80%D0%BE-%D0%A3%D0%B8%D0%BB%D0%BA%D0%B0
http://inside-r.org/r-doc/stats/shapiro.test
http://inside-r.org/r-doc/stats/rnorm
http://inside-r.org/r-doc/stats/rnorm
http://inside-r.org/r-doc/stats/rnorm
http://inside-r.org/r-doc/utils/data
http://inside-r.org/r-doc/utils/data
http://inside-r.org/r-doc/stats/rnorm
http://inside-r.org/r-doc/stats/rnorm
http://cran.r-project.org/web/packages/nortest/index.html
http://cran.r-project.org/web/packages/nortest/index.html
https://en.wikipedia.org/wiki/Anderson%E2%80%93Darling_test
https://en.wikipedia.org/wiki/Anderson%E2%80%93Darling_test
https://en.wikipedia.org/wiki/Anderson%E2%80%93Darling_test
https://en.wikipedia.org/wiki/Anderson%E2%80%93Darling_test
https://en.wikipedia.org/wiki/Anderson%E2%80%93Darling_test
https://en.wikipedia.org/wiki/Anderson%E2%80%93Darling_test
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cvm.test () - TecT Kpamepa doH Museca

lillie.test () - Tect Konmoroposa-CMunpHOBa B MoOAUGIMKaALNK
Jinnnuedopca
pearson.test () - KpuTepun xu-ksagpar lNupcoHa

sf.test () - Tect Wannpo-PpaHcua (cm. Thode 2002)



https://www.blogger.com/goog_1020695727
https://www.blogger.com/goog_1020695727
https://www.blogger.com/goog_1020695727
https://www.blogger.com/goog_1020695727
https://www.blogger.com/goog_1020695727
https://www.blogger.com/goog_1020695727
https://www.blogger.com/goog_1020695727
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%82%D0%B5%D1%80%D0%B8%D0%B9_%D0%9B%D0%B8%D0%BB%D0%BB%D0%B8%D0%B5%D1%84%D0%BE%D1%80%D1%81%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%82%D0%B5%D1%80%D0%B8%D0%B9_%D0%9B%D0%B8%D0%BB%D0%BB%D0%B8%D0%B5%D1%84%D0%BE%D1%80%D1%81%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%82%D0%B5%D1%80%D0%B8%D0%B9_%D0%9B%D0%B8%D0%BB%D0%BB%D0%B8%D0%B5%D1%84%D0%BE%D1%80%D1%81%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%82%D0%B5%D1%80%D0%B8%D0%B9_%D0%9B%D0%B8%D0%BB%D0%BB%D0%B8%D0%B5%D1%84%D0%BE%D1%80%D1%81%D0%B0
http://books.google.ru/books/about/Testing_For_Normality.html?id=gbegXB4SdosC&redir_esc=y
http://books.google.ru/books/about/Testing_For_Normality.html?id=gbegXB4SdosC&redir_esc=y
http://books.google.ru/books/about/Testing_For_Normality.html?id=gbegXB4SdosC&redir_esc=y
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IIpunoxenne 2
Pacyer napameTpoB onucareJbHOM CTATUCTUKHA B R
Hcnonb3oBanue criequaJabHbIX GyHKIMH

bnarogaps HanmuuMio cenuanbHO CO3JAHHBIX AJIA 3TOr0 (PyHKUHMH, pacuer
IIapaMeTPOB OIMCATEIBHOW CTATUCTUKU B R He cocTaBiseT HUKaKkoro tpyaa. Huxke
JEMOHCTPHUPYETCS HCIOJIb30BAaHUE OTHUX (PYHKIUN Ha MpPUMEpPe MAaHHBIX IO
xapaktepuctukam 32 Mojened aBToMmoOuied (tabiauiia mtcars, BXOAsIias B

CTaHAApTHBINA HAOOp NaHHBIX R):

data (mtcars)

mtcars
mpg cyl disp hp drat wt gsec vs am gear carb

Mazda RX4 21.0 6 160.0 110 3.90 2.620 16.46 0 1 4 4
Mazda RX4 Wag 21.0 6 160.0 110 3.90 2.875 17.02 0 1 4 4
Datsun 710 22.8 4 108.0 93 3.85 2.320 18.61 1 1 4 1
Hornet 4 Drive 21.4 6 258.0 110 3.08 3.215 19.44 1 O 3 1
Hornet Sportabout 18.7 8 360.0 175 3.15 3.440 17.02 0 O 3 2
Valiant 18.1 6 225.0 105 2.76 3.460 20.22 1 O 3 1
Duster 360 14.3 8 360.0 245 3.21 3.570 15.84 0 O 3 4
Merc 240D 24 .4 4 146.7 62 3.69 3.190 20.00 1 O 4 2
Merc 230 22.8 4 140.8 95 3.92 3.150 22.90 1 O 4 2
Merc 280 19.2 6 167.6 123 3.92 3.440 18.30 1 O 4 4

Kaxxnmass Mozenp onucana mo 11 mpu3Hakam, iBa U3 KOTOPBIX (VS U am)
SBJISIIOTCSL  HOMHUHAJIBHBIMM ~ TIEpeMEHHbIMU  ((hakTopamMu) C  ypOBHSIMHU,
3akoupoBaHHbIME B BHJie O 1 1 (mogpoOHee cM. ?mtcars).

Jlns  pacdera apugpmemuueckoi cpeowetll, Meouauvl, OUCNEPCUl,
CMAaHOApMHO20 OMKIOHEHUs, A& TaKXKE MUHUMAILHO20 U MAKCUMATILHO2O
sHavenutl B R cimyxat QyHKmu mean (), median (), var (), sd (), min ()
U max () COOTBETCTBEHHO.

Hcnionp3yem 3T (PyHKIIMKU B OTHOIIEHWHW, HANPUMEp, MapameTpa mpg

(mpober aBToMOOMIIS (B MUJISIX) B pacyeTe Ha OJWH TaJUIOH TOTUINBA):

# ApnopMmermyeckas CPEeOHSIS:


http://www.inside-r.org/r-doc/datasets/mtcars
http://www.inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/utils/data
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
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mean (mtcarsSmpg)

[1] 20.1

# MenmaHa
median (mtcarsSmpqg)

[1] 19.2

# Iucnepcus:
var (mtcarsSmpg)

[1] 36.3

# CTaHﬂapTHOe OTKJIOHEeHNne :
sd (mtcarssSmpg)

[1] 6.0

# MuHMMaJIEHOE BHAYEHMUE:
min (mtcarssSmpg)

[1] 10.4

# MakcuMajlbHOE BHAUEHHE :
max (mtcarsSmpg)

[1] 33.9

CnenuansHol GyHKIUU [JIs pacdyeTa cmaHoapmHou ouudku cpeonei B R
HET, OJIHAKO JUJIA 3TOTO BIIOJHE MOJOWIYT yke wumerommecs (ynkiuu. Kax
W3BECTHO, CTaHJApTHAs OINMOKAa CpeAHEel pPacCUMTHIBAETCS KaK OTHOIIECHUE

CTaHJApTHOTO OTKJIOHEHHUS K KBaJIpaTHOMY KOPHIO U3 00bemMa BBIOOPKHU:

S
S

Vv

Ha si3pike R MbI MOXeM 3amucath 3TO CIETYIONUM 00pa3oM:

SEmpg = sd (mtcars$mpg) /sgrt (length (mtcarssmpg) )

# dyHkIma length () Bo3BpamaeT UYMCJIO SJIEMEHTOB B BEKTOPE mMpPg
ITomyyaem:

SEmpg

[1] 1.065

Kesanmunu paccuntpiBatoTcst B R mpu momomu pyHkimu quantile () :

quantile (mtcarsSmpg)


http://inside-r.org/r-doc/base/mean
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/stats/median
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/stats/var
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/stats/sd
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/base/min
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/base/max
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/stats/sd
http://inside-r.org/r-doc/stats/sd
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/base/length
http://inside-r.org/r-doc/base/length
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%B8%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%B8%D0%BB%D1%8C
http://inside-r.org/r-doc/stats/quantile
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
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75% 100%
10.400 15.425 19.200 22.800 33.900

IIpn HacTpoWKax, 3aJaHHBIX II0 YMOJYAaHUIO, BBIIOJHEHUE YKA3aHHOU
KOMaH/Ibl MpUBEAET K pacuery mMuHuMaibHOro (10.4) m makcumaneHoro (33.9)
3HAYCHUH, a TAK)KE TpeX Keapmuieu, T.e. 3HAYCHUH, KOTOPbIE JEJIST COBOKYITHOCTh
Ha 4YeThIpe paBHbIC yacTu - 15.4, 19.2 u 22.8.

Pa3sHuna Mexay mNepBbIM M TPETHUM KBapTWIAMH HOCHT  Ha3BaHHE
unmepxeapmuavhuitl pasmax (MKP; anrn. interquartile range). UKP sBisercs
pobacmHvlM aHAJIOTOM JIUCIIEPCUU M MOXKET ObITh paccunTaH B R mpu momoum
dbyukimu I0R () :

IQR (mtcarsSmpg)

[1] 7.375
@ynknua quantile () MO3BOJISAET pacCUNUTATh U Apyrue KBaHTwin. Hampumep,
Oeyunu(T.e. 3HAYEHUSI, JEIAIIUE COBOKYITHOCTb Ha JI€CATh YacTel) MOXKHO MOJIyUYUTh
CJIEIYIOIIUM 00pa3oM:

quantile (mtcarsSmpg, p = seq(0, 1, 0.1))
0

o

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
10.40 14.34 15.20 15.98 17.92 19.20 21.00 21.47 24.08 30.09 33.90

B npuBeneHHo# koMaHae BaxkeH apryMmeHT p (ot probability - BepostHocTh),

IIPY TIOMOIIIM KOTOPOro ObL1 3a7aH BekTop uncen ot 0 1o 1 ¢ marom 0.1.

OOpatutre BHUMaHUE Ha TO, YTO CYLIECTBYET HECKOJIBKO CIIOCOOOB OLIEHKH

KBaHTHUJICH T10 BBI60pO‘IHBIM JaHHBIM.

[TongpoOHee 00 ATOM MOXHO y3HaTh B CIpaBOYHOM (ailyie Mo (PyHKIUU
quantile () (moctymeH mo koMauae ?quantile). OTCyTCTBYIOLIME 3HAUYCHUS

B TaHHBIX MOTYT HCCKOJIBKO YCJIOKHUTDb BBIYNCIICHH.

B kaudecTBe nemMoHCTpanuu 3aMEHUM 3-€ 3HAaYE€HHUE NEPEMEHHON mMpg Ha
NA (ot not available - He mocTymHO) - 0003HaYeHHE, UCIOIb3yeMoe B R s

OTCYTCTBYIOIIHNX Ha6HIOHCHHﬁ, - a 3aTréM IMONILITAEMCA BBIYHUCIIHUTL CPCIHCC


https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B1%D0%B0%D1%81%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%B2_%D1%81%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D0%BA%D0%B5
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B1%D0%B0%D1%81%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%B2_%D1%81%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D0%BA%D0%B5
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B1%D0%B0%D1%81%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%B2_%D1%81%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D0%BA%D0%B5
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B1%D0%B0%D1%81%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%B2_%D1%81%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D0%BA%D0%B5
http://inside-r.org/r-doc/stats/IQR
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/stats/quantile
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/base/seq
http://inside-r.org/r-doc/base/seq
http://inside-r.org/r-doc/base/seq
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3HAa4YCHHUC!

mtcarsSmpg[3] <- NA

# IIpocMOTpuM PE3YJIETAT:
head (mtcarsSmpqg)

(1] NA

# I[ompoByeM paccumMTaTh CPpemHee 3HauyeHue IJIS mpg:
mean (mtcarsSmpg)

(1] NA

Hwudgero He BBIILIO - BMECTO CPCAHCTO 3HAUCHUS ITpOrpaMmMa BblZajia NA, qTo
BIOOJHE JIOTM4HO. R He 6y,ZICT IIPOIIyCKAaTb OTCYTCTBYIOIIUC 3HAYCHUA
ABTOMAaTHU4YCCKH, CCJIN Mbl HC BKIIIOUHNM COOTBCTCTByIOH_IyIO OIIIIMKO - Na . rm (OT ﬂot
available u remove - ynanurs):

mean (mtcarsSmpg, na.rm = TRUE)

(1]

PaccmoTpenHsIit mpriem cpabaThiBaeT B OONBITMHCTBE cirydaeB. OJIHUM U3
HEMHOTHX MCKIIFOUCHUH sBisieTcss PyHKIMsa 1length (), UcHoab3yemas JJs
ompeiesieHHs pa3Mepa BEKTopa. ApryMeHT na . rm y 3ToH (yHKIIUU OTCYyTCTBYET,

TaK 4TO IMIOACUYMTAHbI 6y,Z[YT N UMCHOITHUCC, 1 OTCYTCTBYIOINHMEC 3HAYCHUA:

length (mtcarsSmpqg)
(1]

Ecin Bce e CTOMT 3amaya MOJCUYUTATH KOJHUYECTBO HEOTCYTCTBYIOLIMX
3HAYE€HU, TO MOXKHO BOCIIOJIb30BAThCA CIEAYIOUIMM ITPUEMOM:
sum (!is.na (mtcarsSmpg))
(1]
Kirouom 37IECh SIBJIIETCS HCIIOJIb30BAHUE KOMAaH/IbI
is.na (mtcarsSmpg), KOTOpas MPOBEPAET KaAXKIOC 3HAYCHHUE mMpPg U
BO3BpamaeT FALSE, eciy 3TO 3HaueHue He paBHO NA, u TRUE nnHave. B couetanuu

c Jornyeckum oneparopom ! ("He"), koMaHaa sum Janee NOACYUTHIBAET TOJIBKO T


http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/utils/head
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/base/mean
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/base/mean
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/base/length
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/base/sum
http://inside-r.org/r-doc/base/sum
http://inside-r.org/r-doc/base/is.na
http://inside-r.org/r-doc/base/is.na
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
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3HAYEHUA Mpg, KOTOpbIe HE paBHbI NA (ormueckue TRUE3AECh KOHBEPTUPYIOTCS

B 1, KOTOpBIE MOKHO CYMMHUPOBATh).

CymiecTByIOT erie 1Be (PyHKITUH, KOTOPBIE MOTYT OKa3aThCs TIOJIE3HBIMU TTPH
aHaJIN3€ CBOMCTB COBOKyMHOCTeM - which.min () m which.max (). Kak
CleayeT W3 Ha3BaHWM, 3TU (YHKIIMU TO3BOJISAIOT BBISICHUTH IMOPSJIKOBBIE HOMEpa
9JEMEHTOB, O00JIaJaloNMX MHHUMAJIbHBIM M  MaKCHUMAaJbHBIM  3HAYECHHUSIMU
COOTBETCTBEHHO. Ecinm MHHUMalbHOE/MaKCUMalbHOE 3HAYEHUE NPUHUMAIOT
HECKOJIbKO 3JIEMEHTOB B BEKTOpE, TO OyJeT BO3BpAIlCH MOPSAKOBBIA HOMEp
IIEPBOIO AJIEMEHTA C 3TUM 3Ha4YeHUEM. B ciydae ¢ mpg umeem:

which.min (mtcarssSmpg)

(1]

which.max (mtcarss$
mpg)
[1]

Buaum, 4T0 MUHUMAaJIbHBIA U MaKCUMAJIbHBIN MPOOET B pacyeTe Ha rajioH
TOIUIMBA MMEIOT MOJeNU 1ojJ HoMepaMu 15 um 20 cOOTBETCTBEHHO. BBISICHUTH
Ha3BaHUS JITHX MOJCJIEH MBI MOKEM, COBMECTHB KOMaHAbl which.min () u

which.max () ¢ komaHaoi rownames () (OT FOW - CTpoka, 1 NAMes - UMeHa):

rownames (mtcars) [which.min (mtcarsSmpqg) ]

[1] "Cadillac Fleetwood"

rownames (mtcars) [which.max (mtcarss$mpg

)]

[1] "Toyota Corolla"

HUcnoab3oBanue pyHkuum summary ()

B cucreme R mmeercss BO3MOXKHOCTh U OoJiee 6I>ICTp0FO pacue€Ta OCHOBHBIX
napamMcTpOB OIMMCATEIbHOM CTaTUCTHUKH. J_—[J'ISI 9TOI0, B YaCTHOCTH, CIIYKHUT ¢yHK1/;M}Z

o0bwe2o nasnavenuss summary () :


http://inside-r.org/r-doc/base/which.min
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/base/which.max
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/base/rownames
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/base/which.min
http://inside-r.org/r-doc/base/which.min
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/base/rownames
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/base/which.max
http://inside-r.org/r-doc/base/which.max
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars

summary (mtcarssSmpqg)

Min.

10.40

Bcero omHO#W CTpOKM KOJa OKa3aJlioCh JOCTATOYHO JUISI IOJYYCHUS
MUHUMaJIbHOTO (Min) M MakcumanbHOro (Max) 3HaYeHUW MEPEeMEHHOW mpd,
Meauanel (Median), apudmMeruuecko cpennei (Mean), nepporo (1st Qu.)wu
Tpetbero (3rd Qu.) KBapTWieH, a Takxke MJIg BBIICHEHUS KOJIMYECTBA

OTCYTCTBYIOIIMX 3HaueHuM (NA's). bosee Toro, mogoOHYI0 CBOJAKY MBI MOYXEM

1st

15.35

Qu.

Median

19.20

21

Mean 3rd Qu.

20.00

22.15

MOJIYYUTb cpasy JiJisi BCeil TaOJIUIIbI JAHHBIX:

summary (mtcars)

mpg

Min.

1st Qu.:]

Median

Mean

3rd Qu.:

Max.

NA's

Min.

1st Qu.:

Median

Mean

3rd Qu.:

Max.

Min.

1st Qu.:

Median

Mean

3rd Qu.:]

Max.

PesynbTat Beirsaen Obl 3aMeyaTenbHo, eciii Obl He oHO "HO". [lepemeHHbIE

VS M am SBISIOTCA (aKTOpaMu, HO YPOBHU UX 3aKOUPOBAHBI IPU TIOMOIIIH YuUcel

0 u 1. K coxxanenuto, cuctema R He pacnio3Hana 3TH iBe EpeMeHHbIE Kak (PaKTOPbI

N

am

'
ul

:0.0000

.0000
.0000
L4062
.0000
1.0000

Median :6.000
Mean :6.188
3rd Qu.:8.000
Max. :8.000
wt
Min. :1.513
1st Qu.:2.581
Median :3.325
Mean :3.217
3rd Qu.:3.610
Max. :5.424
gear
Min. :3.000
1st Qu.:3.000
Median :4.000
Mean :3.688
3rd Qu.:4.000
Max. :5.000

Min.

st Qu.:

Median

Mean

3rd Qu.::

Max.

Min. 01

1st Qu.

Median

Mean

3rd Qu.:

Max.

Max.

33

:22.9

carb
.000
HZ
12,
H
4.
:8.

.90

.8

~J

000

000

.812

000
000

NA's

1.00

hp

Min.

Ist Qu.:

Median

Mean

3rd Qu.:

Max.

Min.

st Qu.

Median

Mean

3rd Qu.

Max.

VS

:0.0000

:0.0000
:0.0000

:1.0000

:1.0000


http://inside-r.org/r-doc/base/summary
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/base/summary
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://r-analytics.blogspot.com/2011/07/r_17.html
http://r-analytics.blogspot.com/2011/07/r_17.html
http://r-analytics.blogspot.com/2011/07/r_17.html
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Y paccurTaga COOTBETCTBYIOIINE TapaMeTPbl ONUCATENBHON CTATUCTUKH, KaK JJIs
OOBIYHBIX YHCIIOBBIX HE€peMEHHbIX. OOHAKO MBI MOXEM HW3MEHUTh TaKoe
noBezeHue R, camocTosTenbHO MpeoOpa3oBaB vs U am B (DaKTOPHI MPU MTOMOIITH

¢dbyukiuu as . factor ():

mtcarssSvs <- as.factor (mtcarsSvs)
mtcarsSam <-

as.factor (mtcarsSam)

# IpoBepmuM, ynajlachk JiM KOHBEPTALMSI:
is.factor (mtcarsSvs)

[1] TRUE

is.factor (mtcars

Sam)

[1] TRUE
Tenepn pe3ynbrar nefcTBUA byHKIMU summary () B OTHOIIIEHUH

Ta0MuIBl mtcars OyIeT BHITJSIACTh TakK:

summary (mtcars)

mpg cyl disp hp
Min. :10.40 Min. :4.000 Min. : 71.1 Min. : 52.0
Ist Qu.:15.35 1st Qu.:4.000 I1st Qu.:120.8 Ist Qu.: 96.5
Median :19.20 Median :6.000 Median :196.3 Median :123.0
Mean :20.00 Mean :6.188 Mean :230.7 Mean :146.7

3rd Qu.:22.15 3rd Qu.:8.000 3rd Qu.:326.0 3rd Qu.:180.0

Max. :33.90 Max. :8.000 Max. :472.0 Max. :335.0
NA's : 1.00

drat wt gsec Vs am
Min. :2.760 Min. :1.513 Min. :14.50 0:18 0:19

Ist Qu.:3.080 1st Qu.:2.581 1st Qu.:16.89 1:14 1:13

Median :3.695 Median :3.325 Median :17.71

Mean :3.597 Mean :3.217 Mean :17.85
3rd Qu.:3.920 3rd Qu.:3.610 3rd Qu.:18.90 Max.
:4.930 Max. :5.424 Max. :22.90
gear carb
Min. :3.000 Min. :1.000

I1st Qu.:3.000 Ist Qu.:2.000


http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/base/as.factor
http://inside-r.org/r-doc/base/as.factor
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/base/as.factor
http://inside-r.org/r-doc/base/as.factor
http://inside-r.org/r-doc/base/as.factor
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/base/is.factor
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/base/is.factor
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/base/summary
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
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Median : Median

Mean : Mean
O6paTHT€ BHHUMAHHUC HA CBOJKH 10 VS U am. HOCKOJII)KY 9TU HepeMeHHBIe
TGHCpL paCHOBHaHBI HpOFpaMMOﬁ KaK q)aKTO]:’)I)I, GHHHCTBCHHLIﬁ CHOCO6 OIInCaTh Ux

- 9TO TMOJICYUTATH KOJIMYECTBO HAOIOMCHUN JIJIST KaXKI0TO YPOBHS.
HUcnoab3oBanue pyukuumn tapply ()

OyHkuug tapply () NTPUHALICKUT K BaXHOMY 'apply-cemenctBy" R-
GbyHKIUH. OTH QYyHKIIMH TO3BOJISIIOT BBITTOJIHATH MATEMAaTHUYECKHE BEIYUCIICHUS HAJT
OTIpEeICICHHBIMH YJIEMEHTaMH TaOJIMI] JAHHBIX, MAaTPHII, UJIM MACCUBOB (HampuMeD,
OBICTPO BBIYMCIISITH CPEJIHEE 3HAUCHHUE IS KQXKI0T0 CTOJOIA MITH CTPOKH TaOJIUIIbI,

U T.IL.).

[IpeamonoxxuM, MBI XOTHM BBIACHHTH CpPEIHUNA OOBEM JIBHTATENS
(mepemenHass disp, B KyOMYECKHX IIOMMax) y MOJACIEH ¢ aBTOMAaTHYCCKOW W
pyuHOll KOpOOKOHW mepenau (mepemeHHas am; 1 - pydHas KopoOka, 0 -
aBTOMaTH4eckas KopoOka). DyHkuus tapply () TMO3BOJIAET caelaTh 3TO

CIIe YoM 00pa3oMm:

tapply (X = mtcars$disp, INDEX = mtcars$am, FUN = mean)

Kak BuaHo u3 MIPUBEICHHOMN KOMaHJIbl, OCHOBHBIMU
aprymeHTamMu bynkunu tapply () SBASIOTCA:
X - YUCIIOBOM BEKTOP
INDEX - cniucok ¢akTtopoB, Jisi YpOBHEM KOTOPBIX PACCUMTHIBAIOTCS 3HAYEHUS
byHKIIUN
FUN - n1ro6ast, B TOM 4uCII€ MOJIb30BaTeNbCKasA, QyHKIUS
[Tockonbky aprymeHT INDEX crocOoO€H NPUHUMATh CIIUCOK M3 HECKOJIBKUX

q)aKTOPOB, MBI MOKEM YCJIIOXKHUTD MPHUBCACHHYIO BbIIIC KOMaHAY:


http://inside-r.org/r-doc/base/tapply
http://inside-r.org/r-doc/base/tapply
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/datasets/mtcars
http://inside-r.org/r-doc/base/mean
http://inside-r.org/r-doc/base/mean
http://inside-r.org/r-doc/base/mean
http://r-analytics.blogspot.com/2011/07/r_13.html
http://r-analytics.blogspot.com/2011/07/r_13.html
http://r-analytics.blogspot.com/2011/07/r_13.html
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tapply (X = mtcars$disp, INDEX = list (mtcarsS$am, mtcarsSvs), FUN = mean)

AprymMmeHT FUN, Kak y>ke OblJI0 OTMEUEHO, MOKET MPUHUMATD JIFOOBIE, B TOM
yucie U TMOJb30BaTelIbCKkue (QyHKIUU. PaccMoTpum, Hampumep, pacuer
CTaHJApPTHBIX OMUOOK JJI CPEIHUX 3HAUCHUN 00bema JIBUTaTessl y aBTOMOOuUIeH ¢
aBTOMATHYECKON M Py4HOU KOpoOKo# mepenad. Jlyis Hadana co3gaauM (GyHKITHAIO

SE mJisl pacueTa CTaHJAapTHHIX OMUOOK (CM. MPUMED BBIIIIE):

SE <- function (x) {sd(x)/sqrt(length (x))}

Tenepb cOBMECTUM 3Ty HOBYIO PYHKIHIO ¢ tapply ()

tapply (X = mtcarsSdisp, INDEX = mtcars$am, FUN = SE)

Takum 00pa3zoM, 00BEM JBUTATENS Y MOJIEIEH ¢ aBTOMAaTUUECKO KOpOOKOH
nepeaay coctapisieT B cpenHem 290.4 + 25.3, a y apTromoOuiield ¢ MEXaHU4eCKOn
KOpoOKo#i - 143.5 £ 24.2 xyOuueckux JIIOWMOB.

Hcnoab3oBanue BO3MOKHOCTEN I0MOJTHUTEILHBIX TAKETOB

PaccmoTpenHbie BhIle (YYHKIMH MO3BOJISIOT TOJYYHTh JOCTATOYHO TOJIHOE
MpEACTaBICHUE 00 aHAIM3UPYEeMbIX BBIOOpPKax M Tabnuiax maHHBIX. OgHAKO
crienuanbHbie (YHKIMH JUIsl pacdeTa HEKOTOPHIX IMapaMeTPOB OIMCATEIHLHOU
CTaTUCTHKH HE BXOIAT B 0a30BYI0 Bepcuto R. C oHMM M3 TaKUX MapamMeTPOB MBI
yK€ CTOJKHYJHUCh - CTaHJIapTHas ommOKa apudmeTrndeckoi cpemneit. Jpyrue
IpPUMEPhl BKIIOYAIOT KOAPGUIMEHTB oKxcyecca (aHrl. Kurtosis) m acummempuu
(skewness) - mapameTpsbl, XapakTepusytoiiue Gopmy pacnpeaeicHus. KoHedHo, MbI
MOKEM pPacCUUTaTh ITH BEJIMYMHBI M0 COOTBETCTBYIONUM (OpMyJaM I JIaXe
HamucaTh COOCTBEHHbBIC (DYHKIIUU JIJIs ATUX 1eied. OHaKo 3TO yke ObLIO ClIesIaHo
0 HAC - JOCTaTOYHO BOCIIOJIB30BATHCA WMEIOIIMMUCS JIOMOTHUTEIbHBIMU
naketamu i R, Hanpumep, maketom moments. Eciau 3TOT makeT He yCTaHOBIIEH

Ha BaieM kommbloTepe, BBIMOJIHUTE CIEAYIOUIYI0 KOMaHAy (ecTecTBeHHO, Bari
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KOMIIBIOTEP JTOJDKEH OBITH ITPH 3TOM IOAKIIOUEH K Internet):

install.packages ("moments")

Paccuurtath KOB(i)CbI/I[H/IeHTBI 9KCIecCa 1 aCUMMCTPHUU TCIICPb OYCHBb ITPOCTO!

library (moments) #3arpyska nakera moments
kurtosis (mtcarsSmpg, na.rm =

TRUE)

[11 2.79 skewness (mtcarsSmpg,

na.rm = TRUE)

8

[

[1] O.

Muorue R-makeTbl HWMEWOT COOCTBEHHbIC (DYHKIIMHM, aHAJOTHYHBIC
CTaHJAPTHOM summary (), AJs BbIBOJA KOMITAKTHBIX OMHUCATEIbHBIX CBOJIOK IO
TabauiaM JaHHbIX. Huke npuBeeHb HECKOJIBKO MPUMEPOB TAKUX MAKETOB U
byHKIUA (TIpearnosaraeTcs, 4YTo COOTBETCTBYIOIIMM IMAaKeT yKE YCTaHOBJICH Ha
Bammem kommnproTepe 1 3arpy’KeH B pabouee mpocTpaHCcTBO R; moapoOHOCTH BBIBO 1A
pe3yJIbTaTOB aHaNM3a 3/IeCh HE OOCYXIAIOTCS - CM. CIPABOYHBIC MaTEpHUAJIbI 110

COOTBETCTBYIOIIMM KOMAaHJIaM).

# Iaker Hmisc, ¢QyHKIMsS describe () :

describe (mtcars)

# IlaxkeT pastecs, QyHKIIMS stat.desc ()

stat.desc (mtcars)
# Ilaker psych, ¢yHkims describe ()
describe (mtcars)

# Haxer psych, ¢yHkims describe.by () - pacyer napaMeTpoB OMNMCATEJIBLHOM
CTaTHUCTHUKU

# OJiS Kaxmgoro YPOBHS HEKOTOPOI'O (GakTopa:
describe.by (mtcars, mtcarsSam)
# Iaxer doBy. O6jiamaeT MOIHEM QYHKIMOHAJIOM. [prMep MNPUBEIEH HIXKE :
summaryBy (mpg + wt ~ cyl + vs, data = mtcars, FUN = function(x) { c(m

= mean (x), s = sd(x)) } )
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