Jlexkmis Ne4.
TEMA 4 BUKOPUCTAHHS ITPOT'PAMHOI'O 3ABE3INEYEHHS 1JISA
PEAJII3AI_[Ii EMIIIPUYHUX METO/IB MPOI'PAMHOI TH)KEHEPII

4.1 BukopucTaHHs eJIeKTPpOHHUX Tadaunb Exel

[Ipu npoBeaeHH] CKJIaIHOTO CTATUCTUYHOTO a00 1HKEHEPHOTO aHaJli3y MOKHA
CIIPOCTUTH TMPOIIEC 1 3a01ATUTH Yac, BUKOPUCTOBYIOUH KPIM CTATUCTUYHUX (DYHKIIIH
HanoOynoBy "Ilaker amamizy” Exel 2010 [16]. Jlns anamisy maHHX 3a JOIOMOIOIO
IIOT'0 TIAKETy CJIJ BKa3aTH BXIiJHI JaHl 1 BUOpaTH MapameTpH; pO3paxyHOK Oyje
BUKOHAaHWM 3a JIOMIOMOTOIO  BIAMOBIAHOI  CTAaTUCTHMYHOI a00  IHYKEHEpHOI
Makpo(dyHKIi, a pe3yapTaT Oyne MOMIMEHWHA y BUXITHUN pgiama3oH. Jleski
THCTPYMEHTH JJO3BOJIAIOTH NMPEACTABUTH PE3YIbTAaTH aHaJI3y B rpadiyHOMY BH/II.

Huxue omucani 1HCTpyMEHTH, BKJIIOUEHI B MakeT aHamizy. g moctymy 1o
MX 1HCTPYMEHTIB HATUCHITh KHONKY AHAJi3 JAHMX B Ipyll AHAJI3 Ha BKJIAJLI
Mani. Sxmo kHomka AHaJi3 JAaHUX HEJOCTYMHA, HEOOXIHO 3aBaHTAXUTHU
HanOynoBy "l[laker anamizy".

3aBaHTaKeHHSI MAKeTy aHATI3Y:

1. Ha Bkmamgmi @aitn BeiOepuTe komanay [lapamerpu, a moTiM - KaTeropiro

Han6ynosu.

2. Y cnucky Ymnpasinenue BbiOeputre nyHKT HanOynoBu Excel u HaTtuCHITBH
kHonKy [lepenTu.
3. Y BikHi JlocTtynmHi HajacTpoWKHycTaHOBUTE Ipamnopenb [laker aHammuzam

HaTUCHITH KHOMKY OK.

IHopana: Axmo nmyHkr [lakeT aHanM3aoTCyTCTBYET B chnHcKy JlocTymHi
HaJI0y/I0BU, HATUCHITh KHOMIKY OrJsif, 11100 3HAUTH HA0y10BY.

SKI1110 BUBOJUTHCS TTOBIJIOMJICHHS MPO Te, 10 HaaOyaoBa "l[lakeT aHami3zy" He
BCTAHOBJIEHA HA KOMI'IOTEP1, HATUCHITH KHOMNKY Jlaasis ii yCTaHOBKH.

Hpumirka. Jlns Bxirouenns B "[laker ananizy" ¢yukuid Visual Basic mis
nonatkiB (VBA) MoxHa 3aBanTakuTu HanoOyaoBy "llaker ananizy VBA". Jlns misoro
HEOOX1THO BUKOHATH Ti K Jii, 10 1 JJIs1 3aBaHTa)kxeHHS HanOymaoBu "llaker aHamizy".
VY BikHi JocTynmHi Hag0dyaoBu BCTaHOBITH Mpamnopelb nopsan 3 eixemeHTtom Ilaker
anaxizy VBA.

CrHucoK AOCTYIHUX IHCTPYMEHTIB HaBEJICHUM HUXKYE.

e F -tecT mis aucmepcii mo 1BOX BUOIpKax
e T -tect

Z -tect

Amnamniz @yp'e

Bubipka

["eHepairist BUTIAAKOBUX YHCEIT

INicTorpama

HucnepciitHuit aHami3

Kogapiartis

Kopensiis

OnucoBa cTaTUCTHKA

Panr i1 nepceHTunp

Perpecis



e KoB3aroue cepeHe
e EKCHNOHEHIIaJIbHE 3T1aJKyBaHHS
IIpumirka OyHKIIT aHami3y JaHUX MOXHA 3aCTOCOBYBAaTH TIIBKH Ha

OJHOMY JHCTi. SIKIIO aHami3 JaHUX MPOBOJUTHCA B TPYMi, IO CKIATAETHCA 3
JEKIJIBKOX JIMCTIB, TO pe3yabTaTH OyayTh BHUBEACHI Ha MEPIIOMY JIUCTI, HAa 1HIIMX
auctax OyayTh BHBEACHI MOPOXKHI Jiana3oHu, Gopmaru, mo MicTiaTh TUTbkU. 1106
MPOBECTH aHAJ3 JAaHUX Ha YCIX JHUCTaX, MOBTOPUTE MPOLEAYPY ISl KOKHOTO JUCTA
OKpEeMO.

4.2 BUKOpHCTAHHS cHIeliali30BaHUX CTATUCTHYHHUX MAKETIB MPorpam

Hnsa ranbokoro Ta mnpodeciiHOrO BUKOPUCTAHHA EMITIPUYHUX METO/IB
IIPOTPaMHOI 1HXKEHEPIi TOIIJILHO BUKOPUCTOBYBATH MPOo(deciiiHl CTaTUCTUYHI TaKETH
nporpam Taki, sk STATISTICA, SPSS Ta in. OOMeXUMOCh KOPOTKUM OTJISJIOM ITHX
MAKeTiB, OCKUIbKA BOHM KOMEpIIHHI, W0 3aTpydHs€ IiX BUKOPUCTAHHS Y
HaBYaJIHLHOMY ITPOIIEC.

STATISTICA — mnaker s BCECTOPOHHBOTO CTATUCTUYHOTO aHAII3Y,
po3pobiienuii kommanieto StatSoft [17]. B makeri STATISTICA peanizoBaHi
npoueAypu nns anam3zy pgaHux (data analysis), ynpaBmiHHsS gaHumu (data
management), moOyBamHs nganux (data mining), Bi3yamizamii manux (data
visualization).

Cucrema STATISTICA cknagaerbest 3 OKpEMHX MOMYNIIB, KOXKHHUHI 3 SIKUX €
noBHOLIHHUM Windows-3acTocyHKOM. MoHa MIBUAKO 1 3pyYHO MEPEKITIOYaTUCS 3
OJTHOTO MOAYJIA B IHINWHK, KJIAllal0Yd MHUINEI0 HAa 3HAYKaX MOJMYIJIB Ha poOOUOMYy
CTOJII UM AaKTUBI3YIOUM BIJMOBIJIHE BIKHO 3aCTOCYHKY (SIKIIIO BOHO BXXe OYJI0
BiJIKpUTE) a00 BHOMparouu MOJYJIl B JiaJIorTOBOMY BikHi. [HTepdeiic cuctemu moxe
OyTu BOY/IOBaHHM Y KOHKPETHUN MPOEKT KOPUCTyBaya.

HalicunpHiimor cToOpoHOIO TakeTa € rpadika 1 3acodu peaaryBaHHs rpadiyHux
matepiamiB. [IpencraBieHo coTHi TumiB rpadikiB, mMaTpuil 1 TIKTOrpamu. IcHye
MOJKJIMBICTh PO3POOMTH CBii nu3aiiH rpadika 1 gogaTé HWOro g0 MeHIo. 3acobu
KepyBaHHA rpadikamMu MICTATh y c001 poOOTY OJIHOYACHO 3 JE€KUIbKOMA rpadikamu,
3MiHY pO3MIpIB CKJIAAHUX OO’€KTIB, PO3LIMPEHI MOMKJIMBOCTI MAaJIOBaHHS 3
JI0JIaBaHHAM XYJ0KHbOI MEPCIEKTHUBH 1 CrielialbHUX €(PEeKTIB, PO3OUBKY CTOPIHOK.

SPSS Statistics (abpepiatypa anri. "Statistical Package for the Social
Sciences" - "cTaTUCTHYHUI MAKeT JUIs COLiaJbHUX HayK") - KOMIT'FOTEpHA mporpama
JUTISI CTaTUCTUYHOI OOpOOKM NaHMX, OAUH 3 JIJEPiB PUHKY B 00JIacTI KOMEPIIHHUX
CTAaTUCTUYHUX MPOYKTIB, MPU3HAUYECHUX TSI TPOBEJCHHS MPUKIATHUX JOCIiIKEHb B
comianbHUX Haykax [18].

Mix 2009 1 2010 na3zBa mporpamuoro 3abesnedeHHst SPSS Oyna 3miHeHa Ha
PASW (Predictive Analytics SoftWare) Statistics.

28 gunus 2009 xommaHis orojiocuia, 110 BoHa Oyna mpuadaHa KOMIaHIEO
IBM 3a 1,2 mapn nmon. CIIIA. 3a cranom Ha cidenp 2010 poky xommaHis cTania
HazuBatucs "SPSS: An IBM Company".

Ha nymky neskux aBtopiB, SPSS '"3aiimMae mnpoBigHE MOJIOXKEHHS CeEpen
mporpam, Mpu3HaAYeHUX JJIs CTAaTUCTUYHOI 00poOKu 1HpopMmarrii'.

Hopman Hait, Xennmu Xamn 1 Jleisn beHT po3poOuiy nepiiry BEpCito CHCTEMU B
1968 pori, MoTIM 1I€¥ MakeT po3BUBABCSA y paMmKax yHiBepcutety Yukaro. Ileprie


http://uk.wikipedia.org/wiki/%D0%94%D0%BE%D0%B1%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F_%D0%B4%D0%B0%D0%BD%D0%B8%D1%85

MpU3HAUYCHE ISl KOpHCTyBada KepiBHUUTBO Buinuio B 1970 poui y BHIaBHUITBI
McGraw - Hill, a 3 1975 poky mpoekt Buainuscs B okpemy kommaniro SPSS Inc.
[Tepma Bepcis maketry mig Microsoft Windows Buitnmia B 1992 porti. Ha nanuii
MOMEHT TaKOX 1CHYI0Th Bepcii mig Mac OS X 1 Linux.

VY 2009 pomi kommanisi SPSS BupoOuna peOpeHIUHT CBOIO CTATUCTUYHOIO
nakery, skuil Ttenep crtaB HasuBatuca PASW Statistics (Predictive Analytics
SoftWare). 29 nmunuas 2009 poky kommanis SPSS oronocuna[5] mpo Te, 1o BoHa
oTpumyeThes pipmoro IBM.

MO>KJIMBOCTI:

Brenenns 1 30epiranss 1aHuX.

MOoXHMBICTh BUKOPUCTAHHS 3MIHHUX PI3HUX THIIIB.

YacToTHICTh 03HaK, TaOauIl, Tpadiku, TAOIUIIl 3B'I3aHOCTI, JlIarpaMH.
[lepBrHHA ONIMCOBA CTATUCTUKA.

MapKeTHHTOB1 JOCIII>)KEHHS.

AHaJi3 MapKETHUHTOBHUX JOCITIIKECHb.

4.3 3araasbHi Bizomocti npo Moy R

3yNMHUMOCH JIETaJbHINIE Ha CHeIiali30BaHii MOBI MporpamMyBaHHS, IO
OUIbIIE MIIXOIUTh JJII BUKOPUCTAHHS Y EMIIIPUYHUX JOCIIKEHHHSAX 3 TPOrPaMHOI
1HKeHepii, sIKi mpoBoAAThCs npodeciiinumu nporpamictamu [18]. R — me 06'ektHO
OpIEHTOBaHA MOBA Ta CEPEJOBHINE IMPOTpaMyBaHHS I CTaTUCTUYHOTO aHAII3Y
nanux. Bona Oyna ctBopeHa Ha mouatky 1990 p. HaykoBusiMu OKJIEHACHKOTO
yuiBepcutery (HoBa 3enanmisi) Poccom Ixakoro (Ross lhaka) Ta PobGeprom
JlxxentinpmeHoMm (Robert Gentleman) Ha ocHOB1I MoBH S. Ha BiamiHy Big OaraTbox
IHIIUX 3aco0IB CTAaTHUCTUYHOTO aHalmi3zy R € BiJIbHO PoO3MOBCIHOIKYBAHUM
NpPOrpaMHUM 3a0e3Ne4eHHSAM 3 BiIKPUTHM BHUXiIHUM KOAOM. li 0COGIMBICTIO
TaKOX € Te, 110 BOHA MOXXE BHUKOPHUCTOBYBATHUCS Y BCIX ONEpPAIITHUX CHUCTEMaXx,
3okpema y Windows, Linux, Mac OS Torro.

B 1997 p. o6y ctBopenuit CRAN (Comprehensive R Archive Network
(http://cran.r-project.org), sikuii € permno3UTOPieM, 110 MICTUTh cucTeMy R, 6i0mioTekH,
Marepiaiu Ta iHii moB's3aHi 3 R pecypeu (puc. 4.1).

3 1pOro caiTy MOKHA 3aBaHTaXUTH MOTPIOHY Bepcito R, a Takox maketu 3
JIOJATKOBUMH 010110TEKAMH.

CroromHi R BHKOPHCTOBYIOTH Taki Jijiepu CBITOBOI ekoHOMIkH, sik Google,
Pfizer, Merck, Bank of America, InterContinental Hotels Group, Shell ta inmmi.
3acobu iHTerpyBaHHd 3 R MaroTh HaWOUIBII MOMYJSAPHI KOMEPLIMHI NaKeTu
CTaTUCTUYHOIO aHami3y aaHux Statistica, SPSS ta SAS.
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The Comprehensive R Archive Network

L Download and Install R
o A Precompiled binary distributions of the base system and contributed packages, 4
Mi 'Windows and Mac users most likely want one of these versions of R:
ITTOTS
W ¢ Download R for Linux
W * Download R for MacOS X
B * Download R for Windows M
About R R i f many Linux distributi hould check with your Li
LTS 18 part of many Linux stnlutlon.s,.yous ould check with your Linux
The R Journal package management system in addition to the link above.
E Source Code for all Platforms
Scoftware
R Sources ‘Windows and Mac users most likely want to download the precompiled binaries
R Binaries listed in the upper box, not the source code. The sources have to be compiled
Packages before you can use them. If you do not know what this means, you probably do
Other mot want to do it!
Documentation ¢ The latest release (2012-06-22, Roasted Marshmallows): R-2.15.1 tar.gz,
Manuals read what's new in the latest version.
FAQs
Contributed : ¢ Sources of R alpha and beta releases (daily snapshots, created only in time L

Puc. 4.1. Caiir CRAN

[Ipu 3amycky R BuBoUTHCS MOBiIOMIIEHHS (puc. 4.2).
B HacTynmHOMY psiAKy CTOITH CUMBOJ "> ", AKHUW € 3aIIPOLICHHAM JJIs1 BBEJACHHS
KOMaHJ.

[ RGui {32-bit)

fapn Mpaeka Bua Pasdoe MawkeTel OkHa  COpaska

EECIREE

[ R Console

R wersion 2.15.1 [(2012-06-22) -- "Roasted Marshwallows"™
Copyright (C) Z01Z The R Foundation for 3tatistical Computing
I3ZEN 3-900051-07-0

Platform: i3S6-po-mingw3Z/i3Se (3Z2-hirt)

R —- =m0 ceofogmHce II0, M OHO HNOCTABIA=TCA Be30 BCARMY DapaHTHHA.
BH BONEHE PACHOPOCTREHATE 00 OpM COBMOOEHMM HEROTOPHX FCOIOBMHE.
Bepegmre 'license()' ONA OONVUEHMA DOJee NOOQPODHON MEQOPMSIIMH.

R —— 3T0 OpOEKT, B KOTOROM COTPYOIHMHMSET MHOMECTBEO haspaboTimros.
Bepengmre 'contributors () ' ONA OOMVUEHMA LDONONHMTENEHOR MEQOPMSIIMM K
'citation()' IOXA OSHAROMISHMA C OPRBHISMH VIOMHHAHHKA F M 200 IaReTOBR
B TR IHESITAY -

Beegnre 'demo () ' ONA4 Sanyoka IeMOHCTPalOMOHHHEX IpoDpamm, 'help()l' -- ona
NOMyUeHMA CHOpaBRM, 'help.start()' -- OOd OOCTYIR B COpaBRe depes Bpaysep.
Beemgmre 'of)', WUTOBH BHHTH M3 R.

>

Puc. 4.2. IToyatkoBe moBigoMieHHS R
Oco6nuBicTIO MOBH R € Te, 1110 pi3HUILISI MK BEJTMKUMH Ta MAJIUMU JIITEPAMHU €
CYTTEBOIO, TOOTO BOHU CIIPUHNMAIOTHCSA SIK P13HI CUMBOJIH.



B MoBi R HalimpoCTIIIOO CTPYKTYypOIO € BEKTOp, KUl MICTUTH ojHE abo
JeKiJIbKa 3HaUeHb JOCTKyBaHOI BUOIpku. Ha OCHOBI BEKTOpi MOXHa CTBOPIOBATU
CKIIQIHIII CTPYKTYpH — MaTpuili, MacuBH Tomo. CkanspHi BenTuunHN B R mogaroth
K BEKTOPH, 1110 MICTSATh OJIHY KOMIIOHEHTY.

EnemenTn BekTOpa MOXYTh HajeXaTH [0 OJHOTO 3 TaKUX THIMIB JaHHX:
numeric, integer, character, complex, logical.

Numeric (exBiBajeHTHI mo3HaueHHs double, real). OO'ekTH 1BOrO THITY
MOXYTh MICTUTH TUIBKM M1l abo ApoOOBI dYHMCIa 1 BUKOPUCTOBYIOTHCS IS
BUKOHAHHS MaTeMaTUYHUX omepaiiil. 3a gomomororo ¢yHKIi i1s.numeric () MOXKHa
MIEPEBIPUTH, YX HAJISKHUTH 00'€KT 70 IBOTO THUITY.

3a 3aMOBYaHHSIM MPOrpaMU Ta JaHi 30epiraloThCsi Ta IIYKAIOTHCA y poOouiit
aupekTopii. BusHauntu po6o4y AUPEKTOPiI0 MOXKHA 32 JTOMOMOTOI0 KOMaH/IH:

> getwd().

3MIHUTH pOOOUYY TUPEKTOPII0 MOXKHA 32 JOTIOMOTOI0 KOMaH/IH:
Po0oTa 3 komanaHuM psaakom. OcHOBHE poOoue cepenoBHIle cucteMu R -
KOMaHJHUHU psiioK. ToMy Mpu 3amycKy CUCTEMU BU IO0AYUTE KOPOTKY 1H(POpPMAIIi0
po poOOTY 3 KOMaHHUM PSAIKOM 1 3alpOILIECHHS BBEICHHS. Bu 3aBxk a1 MoxeTe
BUITH, BBIBIIM KOoMaHAy (). L{s komana € BukimkoM QyHkIii 3 im'sm "q" 1 6e3
aprymenTiB. L{g QyHkiis BUpoOsie BUXi 3 CUCTEMU.

st Toro, mo0 oTpuMaTtd AOBIAKY Mpo AesKy (PyHKI0, TpeOa BUKIHUKATH
¢yskuio help(<uma-QyHkum>) 3 UM iM'sM SK apryMeHT, B Jlamkax abo 0e3
(manpuxnan, help("help") ado help(help)). Ananorom wmiei pyHkIii € komanga ?<ums-
GyHKUMK>, ajle B [bOMY BUIIAAKY IM'st GyHKLII IPUBOAUTHCS O€3 Janok (Hanmpukiai,
?help). OGuaBa 1i cnocobu MPUBEAYTH A0 OJHOTO 1 TOrO K - y pa3i HasBHOCTI
JOBIAKK MO 1l ¢GyHKUIi OyAe BIAKPUTO HOBE BIKHO (CTBOpEHAa HOBA TEpMiHAIbHA
cecisl, K0 BUKOPUCTOBYEThCs Bepcist 1yt UNIX) 3 BMicToM 1i€i noBinku. Buiitu 3
Neperisiay TOBIIKM MOYKHA, HATUCHYBIIHM Kiasiry "q".

[TocmimoBHicTh KOMaHn R MokHa BBOAMTH y (aitnm 3 HACTYNHUM
3aBaHTAKEHHSAM I,OTO (ailly SK ULUIICHOTO cIleHapito. Take 3aBaHTaKEHHS
3MIMCHIOETHCS (DYHKITIEIO source(<umsi-(aitna>).

OcHoBHi THmu apux B R. OcHoBHUM THIIOM maHux B cucteMi R € yuciao. Uncima
MIPEACTABISIIOTHCS 3BUYAHUM JJI1 MOB ITPOTpaMyBaHHSI YMHOM - apabChKi 1udpH,
JECATKOBHM P10 pO3AUISETHCS TOUKOIO, MaJICHbKI 1 BEJIMKI YMCIIa MOYKHA O3HAYATH Y
Byl - 0.4+E3. IIpu BBe/IeHHI sIK KOMaHa YKCIia, B pe3yJibTaTi Oy/ie BUBEJIEHO BOHO
x.

Bexkrop - 11e HaOip nekiabkox yucena. KUlbKiCTh YMCen Ha3UBAEThCS 3aBIOBKKH
BekTopy. Dopmyerbest BekTop ByHKIIE ¢(<unciol>, <uncno2>, ..), AKIIO BBECTH ii
MOCJIOBI 3ampolieHHs R, To BUBeeThCs 3HAUCHHS BEKTODY :

>c(1,2,3,4,5)

[1]12345

Takuii e BEKTOp, MO CKIATAETHCS 3 TOCIITOBHUX YUCEN, MOKHA OTPUMATH 1
KOMaHA0K <HayaJlbHOE-4YMCJIO>:<KOHEYHOe-uucsio> (Hampukian, 1:5). Taka
KOMaH/Ia JJ03BOJISIE OTPUMYBATH BEKTOP 3 MOCIIJOBHUX IUTAX YHCET Bl TOYaTKOBOTO
JI0 KIHIIEBOTO BKJIFOYHO.



Oxpemo Bix ycix umcen ctosTh nceBaouncia NaN (Not a number) 1 NA (Not
assigned). Ilepmie € pe3ynprarom BeIpaxeHui-HeonpeneneHHocren (0/0, oo — ), a
Jpyre BUKOPUCTOBYETHCS SIK CHHOHIM HEBU3HAUEHOTO JOKM 3HaueHHs (anaimor NULL
B CHCTEeMax YIpaBJIiHHS Oa3aMu JaHUX).

Komanpa:

> X =seq(a, b, len=n)

CTBOPIOE BEKTOP, III0 MICTUTb N YHCEN, SK1 30UIBIIYIOTECA BiJl a 0 b 3 MOCTIMHUM
kpokom(n - 1). Hanpuxnan:

> x =seq(- 3, 3, len=7)
> X
[1]-3-2-1 0123

Komanna:
> >y <-seq(from=a, to = h, by = ¢)

CTBOPIOE BEKTOP, 110 MICTUTh MOCIHIIOBHICTh YUCEN, K1 301IBIIYIOTHCS BiJ a 10 b 3
MOCTIHUM KpokoM c. Hanpukia:
>y <- seq(from =2, to = 20, by = 2)
>y
[1] 2 4 6 81012141618 20

BekTop n10BXHHOIO n*m M1 MOXKEMO MEPETBOPUTH Y MATPUIIIO 32 JOTOMOTOIO
byHKIIII:

mat=matrix(data =y, nrow = n, ncol = m).
Hanpukitan:

>y <-seq(from =2, to = 40, by = 2)
> mat=matrix(data =y, nrow =4, ncol = 5)
> mat
[11 [2] [31 [.4] [.5]
[1] 2 10 18 26 34
[2] 4 12 20 28 36
[3] 6 14 22 30 38
[4] 8 16 24 32 40

Mu Takox MoxkeMo 00' €JHATH JIBa BEKTOPH JI0 MATPUIIl, HATPUKIIA;

> X <- seq(from = 2, to = 20, by = 2)

>y <-seq(from =22, to =40, by = 2)

> mat=matrix(data = c(x, y), nrow = 10, ncol = 2)
> mat



[1] [.2]
[1,] 2 22
2] 4 24
[3] 6 26
[4] 8 28
[5] 10 30
[6,] 12 32
[7,] 14 34
[8,] 16 36
[9,] 18 38
[10,] 20 40

[Ile oquH HUISIX CTBOPEHHS MaTpULl MOJSArae B TOMY, 100 3aJaTH MaTPULIO,
HaIpUKIaa:

3minni B R. Y MoBi cuctemu R € MokuBICTh 30€piraTi 1aHi B 3MIHHUX. 3MiHH1
MOXKYTh MaTH IMEHa, 10 CKJIaJJal0ThCs 3 CAMBOJIIB JIATHHCHKOTO andasity,
apaOCchKuX UQP, CAMBOJIB MIKPECICHHS 1 TOUKH. IMEHa MOXKYTb MOYMHATHUCS
TUIBKU 3 aJIpaBITHOTO CUMBOJTY 200 CHMBOJY TOUKH, aJI€ B OCTAHHbOMY BHUIAJIKY
MICJISt TOYKW MOYE UTH TUIBKY an(aBiTHUI CUMBOJI. IMeHa 3MIHHUX YyTJIHBI J0
pericTpa.

[IpuBnacHeHHs 3MIHHUX 3A1MCHIOETHCS IBOMA CIIOCO0AMU - 3BUMHUM 0araThboM
MporpaMicTaM 3HaKOM = 1 HE TAKUM 3BUYHHM B II1H SIKOCTI 3HAKOM "CTpibls" <-:

>x=7

> X

[1] 7

>x<-8

> X

[1]8

B nmanomy Bumagky KOMaHza, IO CKJIAA€ThCA MPOCTO 3 IMEHI 3MIHHOI,
BUBOJIUThH 3HAYCHHS I1i€i 3MiHHOI. ¥ cucTemi R Tak caMo Jerko BUBECTH 3HAYEHHS
3MIHHHX YCIX THIMIB, 1 11€ 103BOJIsIE B OyAb-SIKUI Yac BiJICTEKYBAaTH TaKi 3HAUCHHS, HE
YAAI0YUCh 10 CEPHO3HUX METOIIB BiIJIAKH.

BekropaM Mo)kHa NMpHBIIACHIOBATH 3HAYCHHS, BIAMOBIAHI HE JIMINEC YHCIIAM,
ane 1, Hanmpukia, BektopaM (x = ¢(1, 2, 3)), a Takox pe3ynbrat Bupasis (x = c(1, 2,
3) +¢c(2, 3, 4)).

JlocTyn [0 €JIEMEHTIB BEKTOpPY MOJYKHA OTPHMMATH, BKAa3aBIIM HOMEDP IIHOTO
€JIEeMEHTY B KBaJIpaTHUX JIY>KKaX MICJIsl BEKTOPY (3MIHHOIO, 1110 MICTUTh BEKTOP, a00
BUPAXEHHS, pe3yJbTAaTOM SIKOTO OyJie BEKTOP) :

> X = 1:20 # 1-i1 Bunamok

> X[5]

[1] 5

> (1:20)[5] # 2-1i BuIIagOK

[1] 5

> 1:20[5] # 3-i1 Bumamox

[Tomuinka B 1:20[5] : NA/NaN -aprymeHT



VY TpeThOMy BHIAIKy CHCTEMa BBaXkaja, IO 1HAEKC S5 3acTocoByeThes a0 20,
10 1 BUKJIMKANO MOMWIKY. [IpaBuibHUN MpHKIaa BKa3aHUN B OPYroMy BUIAAKY,
BUpaxeHHd 1:20 moTpiOHO y3STH B TyKKH.

Takox MOKHa THYYKIIIE aJpeCyBaTH €JIEMEHTU BEKTOPY IpU BUKOPHUCTAHHI
KBaJpaTHUX IyxKOK. MoxHa BUOpaTu BiApa3y JNEKUJIbKa €JEMEHTIB, IO IKaBJISITh,
BKA3aBIIM B KBaJApPaTHUX MJYXKKax BEKTOp, M0 MICTUTh I1HAEKCH HEOOXITHUX
€JIEMEHTIB :

>x=2%c(1,2,3,4,5)

> x[c(1, 3, 5)]

[1]26 10

3aMicTh BKa3iBKM KOHKPETHUX IHJIEKCIB, B KBaJpPaTHUX MOyKKax MOXHa
BKa3aTH YMOBY.

BignosigHo, OyayTh BifgiOpaHi TIABKH T1 €JIEMEHTHU, SKI 3aJOBOJIBHSIOTH 1A
YMOBI, :

> X[x > 5]

[1]168 10

Sk 1 Y BHIIAIKY 3 IIOOJHUHOKUM iHI[eKCOM, BHUPAKCHHIO 3 MHOXHWHHUM
iHI[eKCOM MOJXHa IIPHUBJIACHIOBATH 3HAYCHHA - Y TaKOMYy paBi 3HAYCHHA

IPUBJIACHIOIOTHCS TIJIbKY BKa3aHUM €JIEMEHTaM:

>x[c(2,4)] =0

> X

[1]206010

>X[x>5]=0

> X

[1]24000

[Ipn mpuBnIacHeHH! 3MIHHOI 3HAYEHHS, SKIO I1€i 3MIHHOT He OyJo, BOHa
CTBOPIOETHCS. B pe3ynbpTaTi MOke OyTHM CTBOpEH1 0arato 3MIHHUX, HE YCI 3 SIKHX
BaXIMBIL. [IpOrsiHyTH CIUCOK CTBOPEHMX 3MIHHUX MOXHA, BUKJIMKABLIIM (PYHKIIIIO
Is(). Sxmio nmesxi i3 3MIHHUX BXE€ HE MOTPIOHI, X MOXKHAa BUAIATH (PYHKIIIEIO
rm(<3MmiHHI>). lle 3pydHO, SKIIO0 3HAYE€HHS 3MIHHUX Tpeba 30epiraTu MiX CeCliIMH
po0OoTH, 1 3aliBi 3MiHHI TIJIbKU 3aBAXKATUMYTh.

Oneparii HaJi OCHOBHUMH TUTIAMH JTaHUX

Han uncmamMm 1 BekTOpaMuM MOXKHA BHPOOJATH 3BUYAHI apudmeTHdHi
oriepariii, 1 TO3HAYAIOTHCSI BOHU JOCUTH TPAJIUIIIHO:

- CKJIajaHHAg: 2 + 3;

- BigHIMaHHA: | - 2;

- MHOXKCHHS: 5 * 2;

- quIeHHs: 5/ 2;

- MOHEeCeHHs 10 cTeneHd: 2 ~ 8.

VY pasi npoBeneHHs orepallii HaJ BEKTOpaMH OJHAKOBOi PO3MIPHOCTI, LI
omeparlisi BHUPOOJISETbCI TOWIEHHO HAaJ KOXXKHOIO Iapol0 €JIEMEHTIB BEKTOPIB-
YYaCHUKIB, 1 Pe3yJbTaTOM € BEKTOp, L0 CKIAJAE€ThCA 3 PEe3yabTaTiB i€l Ail. Y pasi,
KOJHM PO3MIPHICTh BEKTOpIB HE CITIBMAJA€, BUPOONSIETHCA MPUBEICHHS TOBXUHU
"KopoTmoro" BEKTOpYy A0 JOBXHUHH '"HOBroro" BekTopy. IIpuBeneHHS BUKOHYETHCS
TaKUM YMHOM: BEKTOp MpUaOaBa€ JOBXKUHY, TaKy K, SIK 1y "IMOBIIOTO", 1 BMICT IIHX



HOBHUX €JIEMEHTIB OepeThCsi 3 BMICTY CTapuX €JEMEHTIB BEKTOPY, MOBTOPIOBAHUX
HMKJIIYHO, :

>c(1,2,3)+c(2,2,2,2,2,2,2)

[1]3453453

[Tpu IbOMY BHIIAETHCSI TTOTIEPEIKCHHS:
Inc(1,2,3)+c(2,2,2,2,2,2,2):
JIOBXKHMHA OLIBIIOTO 00'€KTY HE € TBOPOM JIOBKMHHU MEHIIIOTO 00'€EKTY

>1+c(1,3)
[1]124

Y nmpyromy BHUITaIKy 4YWCIO | TIPEACTABISETBCS SK BEKTOP OJWHUYHOL
TOBKWHH, 1 BiH IPUBOUTHCS IO TOBIIIOTO BEKTOPY - yYaCHUKA BUPKCHHS.

V¥ Bupazax MoxyTbh OpaTu yyacTb 3BUYHI PyHKIIII sin(X), cos(X), tan(x), sqrt(x)
i meski inmi. Ix aprymeHTaMu MOKyTh OYTH SIK YUMCJIA, TAK i BEKTOPH.

Oxpeme miciie B MOBI R 3aiimarors BOy0BaH1 (PyHKIIT poOOTH 3 BEKTOpamHu.
J10 HUX BIJTHOCSITHCSI:

sum(V) : 3HAXO/[KEHHSI CyMH €JIEMEHTIB BEKTOPY V;

max(V) : 3HaXOJKEHHSI MAaKCUMAJIBHOTO €JIEMEHTY BEKTOPY V;

min(V) : 3HaXO/KCHHS MIHIMAJIbHOTO €JIEMEHTY BEKTOPY V;

prod(V) : 3HaXO/I>KEHHS TBOPY €JIEMEHTIB BEKTOPY V;

length(V) : 3HaX0KEHHS KITBKOCTI €IEMEHTIB BEKTOPY V;

mean(v) : 3HAXOJXKEHHSI CEpeIHbOro (OI[IHKM MaTeMaTUYHOI'O OYIKYBaHHS)
BEKTOPY V;

var(V) : 3HaXOJ[?>KE€HHsI Bapiallii (OLIHKU JUCIIEPCIi) BEKTOPY V;

sort(V) : MOBEPHEHHS BEKTOPY 3 TAKOIO K JOBKHUHOIO, K 1y V, €IEMEHTH SIKOTO
BIJICOPTOBAHI B MOPSAAKY 3POCTAHHS.

3a gomoMorow nux (QYHKIINA omeparii 3 BEKTOpaMu HaOWpalOTh BUTJISIY
OpOCTUX apu(PMETHUYHMX BUpa3iB, Ha BIIMIHY BIJ TPOMIZIKHX IUKIIB, IO
BUKOHYIOTH Ti K ()yHKIIi, B MOBax MPOrpaMyBaHHS 3arajbHOrO MpU3HAa4YeHHsS. Tak,
¢yHKIIF0O mean(v) MOXKHa 3aMiHMTH BupaxeHHsM sum(v)/length(v). B pesynbrarti
OTPUMYBaHI BUPA3M CTAIOTh HECKJIATHUMU y BIJIAIII.

> setwd(“...”)

VY nankax HeoOXiJHO BKa3zaTuh NUIAX 10 MOTpiOHOI aupektopii. B RGui ne
MOHa 3pOOUTH TaKoXkK, 0ouparoun B MeHro: Daiisn — 3MIHUTH MArKy.

JInst cTBOpEHHs TporpaM JOLLIBHO BHUKOPUCTOBYBATHM CKPHUITH. IX MOKHA
CTBOPIOBAaTH 3a JOMOMOIOI0 OyAb-KOr0 TEKCTOBOTO peIakTopa, a TaKoX Y
CHEIIaJIbHOMY BIKHI, 10 3’SIBISETHCA, SKIIO OOpaTH B TOJOBHOMY MeHio: Daiin —
HoBuit ckpunt. [{ng BUKIMKY B)XXE TOTOBHUX CKPHUNTIB HEOOXigHO oOpaTu y
rojoBHoMy MeHio: ®aiin — Biakputu ckpunt. IIpu CTBOpeHHI CKPHUNTIB CHix
3BEpHYTH YBary Ha Te, 1[0 B HUX HE BUKOPHCTOBYIOTh TO3HAYKHU 3aMpoOIleHHs ‘> Ta
“+7, 110 3 SIBJIAIOTHCS HA MTOYATKy HOBOT'O Psiika MpU poOOTI y KOHCOJI.



