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BBE/IEHIE

B neparormke, ICHXOIOIMM M JAPYIMX CMEXHBIX HayKaX O 4YeIOBeKe,
nojapisoniee  OONBIINMHCTBO — HM3YUaeMBIX SBIEHMIT He II0OjJlaercs IIpsIMOMY
I3MEPEHNIO.  YMCTBEHHBIE  CIIOCOOHOCTH,  KOMIIETEHTHOCTL,  aKaJeMHIIeCcKast
yCIeBAEMOCTh, JIMUHOCTHBIE KauyecTBa, TOJIEPAHTHOCTh, MOOIIBHOCTBE M JpyTrHe
abCTpakLy  ecTh IIOHATHA, BBIJEISAEMBIE HCCHeoBATeNsAMII 1 TIO3BOJISIOLINE
OIMMCHIBATL OTHOINEHMsS MeXAy HaOIIoOLaeMBIMI IepeMEeHHBIMIL DT (peHOMEeHEI
MOIYT OBITH OMMCAHBEI HE TOJILKO CEMAHTHYECKH, MX CYIIECTBOBAHNE MOXKET OBITh
MO TBEPIKICHO HMITMPUIECKI, 4 B YACTHOM Cllydae M KOJINYEeCTBEHHO.

B nenxomnoro-negarormieckinx MneCiaefoBaHIsIX CUCTEMHOE OTTICAHNe SBIIeHMIT
YKa3bIBaeT Ha HEOOXOANMMOCThL OCBAaMBAHIA W TPHUMEHEHIS COOTBETCTBYIONIETO
MaTeMaTHieckKoro  ammapaTta. B HCCHeNOBaHISX — Takke  JCIIONB3YIOTCS
MaTeMaTHUecKne MeTOIbl MHOIOMEpHOro aHanmsa, OIHUM 13 COBpPEeMEHHBIX
0000ImEeHNIT  METOJOB  MOACIMPOBAHNS  MPHYIHHO-CIE/ICTBEHHLIX  CBSI3ei N
JTATEHTHEIX  (CKPHITHIX) CTPYKTYyp SIBISETCS  CTPYKTYPHOE  MOAEINPOBAHNE,
fasmpylomeecss Ha MeETOAAX MaTeMaTHYeCKOil CTATHCTHKHI 1 CTAHOBAINEECS BCe
Gomee MonyasapHLEIM HHCTPYMEHTOM B paboTe TICHXOI0TOR, TeaTOToR, COIMOIOTOR 1
I'YMaHHTapHeR.

JlaGopaTopHBIIT TIPaKTHKYM TIpeJHa3HaveH Aus oOyvarommxcs Bcex (opm
oOyueHHsT 1 OPMEHTHPOBAH HA OCBOCHNE HA4YaIbLHOTO Kypca MaTeMATIHECKIX
METOJIOB B TICHXOJOTMYECKMX  HMCCICAOBAHIX M ITIOJIy4YEHNE  HABLIKOB
CTATHCTHYECKOTrO  aHalm?a M TIOCTPOSHMsST  MATeMaTHHECKNIX  Mojieseil ¢
HCIIONB30OBAHNEM IIAKeTa IPHKIAJAHLIX HporpamMMm. Briop MS Excel obycinonien
JOCTYIIHOCTBIO JIaHHOI'O IIaKeTa, HAIM4YIEeM B HEM TOYHOIO Habopa CpeicTB
CTATHCTIYECKOrO aHaliza I MAaTeMaTMHMEeCKNX OIlepalliil Julsl pemeHIs 3ajad,
BXOJISIIINX B KyPC M3ydaeMOiT JICITNTITIHEL.

Bce maGopatopunie paloThl COAEpKaT KpaTKHE TEOPETHUECKNE CBE/ICHILT,
COJIep KaHNe I DTANbl BELITOIHEHNS paOOTH, NMPHMEPHI PEIICHNs THITOBBEIX 2a/lad B
MS Excel ¢ HEOOXOANMBIMHI TOSICHEHISIMIL TTOpsy(Ka JeficTBIIT 11 ANalOrOBBIX OKOH,
KOHTPOJILHEIE BOIIPOCHEL 110 TeMe padoThl M JIaHHBIE JUISL CAMOCTOSITEILHOI'O
HCCIIE{OBAHIISL,

B mnpaxrnkyme HCHONB3YeTCsl JBOIHAST HyMepaliss PHUCYHKOB 1 ¢opmy,
IEPRBOE UICIIO YKasbpIBaeT HoMep JiabopaTopHO paboThI, BTOpOE — IOPSIAKOBEIT
HOMEp PUCYHKa I (POPMYIIEL B paMKax JaHHOIT tabopaTopHOii paboTHL

[IpakTnkym 1Ioje3eH TakKe I« IIperojaBaTelsiM IIpH  OpraHusaiimn I
IPOBEJIEHNN TIPAKTHYECKIX 3aHATHII 110 JAMCIUIUINHAM, HCIIOJNB3YIOUINM allapar
MaTeMAaTHUECKOI CTATHCTIKH JJIs1 peLIeHIs IIPaKTIUeCKIX 3aady.



JlaGopaTopnas padora Ne 1

Anann: BLIGOPOUHLIX JaHHBIX. baioBble nokazaTein pacnpeaeieHnus
CAYHANHON BesinuHHbI (4 yaca)

Hean: Hayunrs OGazopwle TIOKazaTeNny PAcTpeeNeHNns CayHaiHeIX BeMHH Ha
npuMepe G/I0Ka OficaTebHBIX CTATHCTIIK,

Teope‘ru!lecuue CBeJeHHunA

TIenepansnaa coeokyniocms — 3T0 COBOKYITHOCTE BCEX BOIMOKHEIX 3HAUCHIN
IBYYaEMOro MPH3HAKA, KOTOpPEE MOMAN OHITH IONYYEHR! NPH JaHHOM KOMILIEKCE
yenoenil. I'eHepansHas COROKYITHOCTE pacCMATPHBACTCS KaK ClIyvaiinag eamunsaa X
C HEH3BECTHEIM 3aKOHOM pachpeleleHIs

Buibopra (BHOOpOUHAS COBOKYITHOCTB) — HacTh OOBEKTOB TIeHEepalbHOMH
COBOKYTIHOCTH, Ha KOTOpOil TNpONIBeJeHH HIMEPEHHA HIVHAEMOIo IpIBHAKa
CorokynHocTs X, X3 -+, X, IN3MEPEHHRX Ha BHOOpPKE 3HAUYCHMI H3Y9YaeMOro
TIPH3HAKA TAKAKE HA3KIBAIOT 86I00PKOIL,

KomuecTeo n NMpOIBBECHHNX IMepeHmil  (Habmogenmil) nprsHaxa,
HA3LIBACTCA 0ObeMOM BuI00PKU.

Cywgnocms 6u160p0oHO20 MeMOOa COCTONT B OleHKe 10 Bribopke X, Xz, -+,
X, CBOMCTR reHepalbHONl COBOKYNHOCTH (CBOICTB pacnpeneneHns ciyvaiinoil
BEIIUHHEL X).

Bubopounne JaHHEE, YIOPAJIOUYEHHEE [0 BOZPACTAHMIO JUIN YOBRIBAHINIO,
HA3KIBAKOTCA B8aApUANOHHLIM PAOOM. PamINuHEE 3HAYCHHS HCCIEAYEMOTO MNpIBHAKA
B BEIOOPKE HAZKHBAIOTCA BAPUAHMAMIL.

B OonbmmHcTBE CiyuaeB [IAHHBIE KOHLEHTPHPYIOTCH BOKPYI HEKOeil
LeHTpanbHOil Touki TaxmM ofpazoMm, uTo0m omicarh mob0il Habop JaHHBIX,
IIOCTATOYHO YKa2aTh CpejlHee 3HaueHHe. JIpyrHuMIl HHCIOBRIMII XAapaKTePHCTHKAMIL,
KOTOPHIE NCTIONB3VIOTCS JUISA OLEHKIT CPeIHETO 2HAYEHINA pacTpe/ieneHs, ABIIOTC
cpearee apidMeTIrecKkoe, MelaHa 1 Moja

Cpeanee apundmernieckoe (HacTo HalkBaeMoe TPOCTO  CPEIHHM) —
HaNboNIee pAcnpOCTPAHCHHAsA OLEHKA CPeHEro 3HavueHus pacnpejpencHis. Oxa
ARIACTCA Pe3y/ILTATOM JACIEHIS CYMMB BCeX HAOMIONaeMBIX YHCIOBRX BEIIYIH HA
X kommaectro. Jlng BHOOpkH, cocrosmedi m3 umcen X, X, .., X, BHOopouHOe
cpeanee (oGo3navaemoe cumponom.X) papHo X = (X, + Xz + . +X,)/n, win

- e
X= §'=”li : (1.1)
Iile x— BEIOOPOYHOE CpejiHee, 1 — 00beM BHOOpPKH, X; — i-il 271eMeHT BHIGOPKH.

PaccMOTpIM BEIMICICHIE CPEIHETO apROMETIMEeCKOro 3HaYeHHA Ha MpHMepe
caeaviomei suidopks (tadn 1.1).



Excel ects crnemmanshas ¢ynxmmst =MEJIIMAHA(), xoropas paloraer n ¢
HEYTIOPAAOYe HHEIMI MACCHBAMI TOKE,

A B Bl o | ¢ F

Y [ eso]
2 2.8

3| a2

2 0.7

5 43

6 55

7 59

-

g 7.6

10 83

1 X

12 9,8

3. 129

4 131

15, 185

Pre. 1.2. MeanaHa yropaiodeHHOI BEISOPKII H3 HEUSTHOTO UHCIA SIEMEHTOR

Ecm yvaanmnts 13 BEIGOPKH OHH SJEMEHT (IocneqHidl), TO MeAWaHa Ad
OCTABUMINXCA 14 mMepeMEHHEIX YMEHBINTCA A0 6.2%, TO €CTh He¢ TaK 3HAUNTENLHO,

Kak cpeaHee apupmerieckoe (pue. 1.3).

a - - [

A | s |Wme D 3 :
1| e [ 620l
2 -2,8
3 1,2
a 0,7
- 43
6 s
7 5,9
9 7,6
10 83
1 9,6
12 9,8
13 129
14 131
15

Pne. 1.3. Mennana ynopsioteHHOIT BEIOOPKI 113 HeTHOTO HICIa JIEMEHTOB



D1 aee QyHKIHH AT OMHOMEPHOIO OUCKPEeMmHO20 pRoa AAIOT pavIidHbe
3HadeHns (puc. 1.4) Hanprmep, npn BEMHCIESHNN KBapTivieil Hameil Buoopkn Q) =
1.8 s KBAPTHIIB BKII n -0,7 ana KBAPTHJIbL UCKJIL Jlna paciera KBapTieit
B Excel ¢ noMommio BHIIENPHBEIEHHEIX (GOPMYT MacCHB AaHHBIX MOKHO He
YIIOPANOUIBATE.

Pacuer KBapTI-UICﬁ MOJKHO NPpOBOANTE ANA paclIpeAc/ICHIE Ha OCHOBE YacToT.

Bapnauua JaHHRIX XapakTepHsveT cTeneHs X jancnepcuit [J[ge pasHule
BHIOOPKI MOTYT OT/IMATECA KaK CPEAHIIMIT 2HAYE HISAMIL, TAK 1 BAPHALIMIL, 8 MOTYT
IIMETh OJIITHAKOBHIE BAPHALUNI, HO PazHbIE CPEHHE 3HAUEHHA, MO0 OANMHAKOBHIE
CPetHIIe 3HAYEHNA 11 COBEPIIEHHO pa3Hbie BapHaimm (pic. 1.6). JlanHbe, KOTOphIM
COOTBETCTBYET MoinroH B Ha puc. 1.6, 6, H3MEHMOTCS HAMHOIO MeHbIe, HeM
JIAHHBIE, 110 KOTOPHIM MOCTPOSH MOINTOH A,

o B RS St
Mp=f= = e

a)

Puc 1.6 Jlpa crMMeTPHMHBEIX pacnpejleieHIs KoMoKonooopazHoil hopmet ¢
OZIMHAKOBRIM Pa30pocoM 11 Pa3HLIMI CPEITHIMII 3HAME HIAMH

CymecTByeT naTh OLEHOK BapHALTIN JaHHBIX:
— pa3zMax,
—  MEXKBApPTIILHEIT pazMax,
— JIHCTIEpCHA,
— CTAHJAPTHOE OTKIOHEHHE,
—  Koaddruient Bapnant,
Pazmaxom HazbiBaeTcs pa’zHOCTh MEXAAY HANOONBIINM M HANMEHBIIIM
AIEMEHTAMH BEIDOPKH-

R = Xnax = Xonin- (1.6)

Paamax Hamei BRIGOPKH BRIMICTIM, HCTIONE3VS YIIOPANOYeHHEIT MaccHe (puc. 1.4):
P=18.5-(-6,1)=245.
T .e. pazrima Mekay HANOOBIIIM 11 HAHMEHBIIIM 3HAYMEHIEM BRIOOPKIT paBHa 24.6%

PazMmax no3soisieT HaMepHTh O0IIHiT pa3bpoc JaHHEIX, HO He YMHTHIBAeT, Kak
IIMEHHO  pacTpe/ielieHsl  JAaHHBIE MEKIY MHHHMAIBHBEIM H  MAKCHMAIBHBIM



n —X)2
§ = [Lm&iX) (1.10)

n=1

B Excel mncronmyerca ¢ynkmna =CTAHJIOTKIIOH B(). Jina pacuera »TX
dyHKIT MACCIB JAHHEIX MOXeT ORTEL HEYTIOPALOUE HHEIM.

CTaHzgapTHOe OTKIOHEHIe And Hameil BuiGopkn paBHo 6.6 (prc. 1.8). 310
3HAUNT, YTO OCHOBHAS Macca [aHHEIX OTIIYAETCA OT CPEAHEro 3HaueHIA He Oolee
qeMm Ha 6,6% (T.e xonednerca B uaTepBane or X — S=62-66=-04 10X + §=

12,8).
D2 v A I -CTAH[IOTKI‘-OH.BIA;A]I
A : = D
1 6,1 BaGopouan aMcnepcn 43 8
2 I -28  CraHaapTHOe BnbOpoutoe OTRADHEHHE '
3 -1,2
4 0,7
5 4.3
(] 35
7 | 59
8 6,5
9 76
10 | 8.3
11 9,6
12 9.8
13 129
14 13,1
15 18,5

Puc. 1.8. CtannapTHOE BHIOOPOTHOE OTKICHEHHE

Hun BuGopouHas AHCNIEPCHA, HH CTAHJAPTHOE BHIOOPOYHOE OTKIOHEHIE He
MOTYT OBITH OTPHIATE TLHEIMH, EANHCTRE HHAS CHTYAINHS, B KOTOPOii nokazaten S° i
S MOryT OBITH HYJNEBBIMH, — €CIII BCE 3/IeMEHTH BHIOOPKH paBHH MeXAY coboii B

ITOM COBEPIICHHO HEBEPOATHOM CIIyHace pasMax I MC’/KKBapTIUIbHHﬁ pasMax TaKxe
PaBHBL HYTIO

Koopdumment Bapnaumm n3Mepser paccedBaHNe JaHHBIX OTHOCHTEIBLHO
CPe/IHETO 3HAYEHIL 1 I3MEPSETCA B NMPOLEHTAX (SBIAETCH OTHOCHTENBHOIT OIIeHKOIT).
KoadwpumeHT Bapnaipn: pageH CTAHIAPTHOMY OTKIOHEHHIO, JEICHHOMY Ha CpejlHee
apudmerIeckoe 1 YMHOXEHHOMY Ha 100%:

V=S 100%. (1.11)
X

rie § — CTAHIAPTHOE BHGOPOYHOE OTKIOHEHIE, v — BHOOPOUHOE CpejIHee.

Koaddmmient BapHaipnl MMO2BONAET CPAaBHHTL JIBE BHIOGOPKH, 3IEMEHTH
KOTOPEIX BEIPAKAIOTCH B PA3HEIX €/ITHIIAX II3MEPEHILL.
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2 — Zina Xy =p)? (1.13)

a '
N

rie @ — ANCTepCHs resepanbHoit copokynmHocTnt B Excel nna BeMHCIeHIA
JHCIIEPCHH NeHepanbHOIt coBokynHOCTH HenonsayeTtes gpyuxis =JJUCILT().

Cmanoapmuoe omiioHene 2eHePatbHotl COBOKYRHOCHI PABHO KBAJIPaTHOMY
KOPHIO, H3BJICYEHHOMY 113 AHCTIEPCHI MeHEePallbHOM COBOKY ITHOCTIL!

N -
¢ = [Hntohr (1.14)

N 4

B Excel ana BHYHCICHNSA CTAHASPTHOIO OTKIOHEHHSA TeHEPANIbHOII
COBOKYTHOCTH Henonbayercs ¢yukms =CTAHIOTKIIOH I°().

DopMynbl  ANE  JICTIEPCHIT 1 CTAHAAPTHOTO OTKIOHEHNSA TIeHEPanbHOI
COBOKYIMHOCTH OTIIMAIOTCA OT (hOpMYII 715 BEIYICHEHIA BROOPOUHOIT Ancnepein i
CTAHAAPTHOIO OTKIOHeHN. [lpy BHMHCICHHN BHOOPOUHEIX cTaTHeTHK S$° 1 S
3HAMEHATENIb APOOH MOKET OHTH paBeH n — /. a NpH BHUICICHHIT IApaMeTPoB o° 11 0
— 00BeMy NeHepaNLHOI COBOKYMHOCTH N.

IMOHpHUecKoe npasuio. Ecim pacnpeaerieHne He HMEeT SpKO BHPaKEHHON
ACHMMETPIH, a JAaHHEIEC KOHIECHTPIPYIOTCHA BOKPYT HEKOSID LICHTpa TAXKECTH, A
OLIEHKH IBMEHYHEOC T MOKHO TIPHMEHATL IMIIPIMNECKoe NPaRivio, KOTOpoe riaci:
ECIIH AaHHBIE MMEIOT KOJOKON000pazHOe paciipeiesieHne, To npuomnnrensHo 68%
HAOMIOACHITIT OTCTOAT OT MATEMATIMECKOI0 OXIaHna He Ooree HeM Ha OHO
CTAHIAPTHOE OTKIOHEHHE, npnommsuTeasHo 95% HadmoaeHmi OTCTOAT OT
MATEMATHUYECKOIO OKIIAHNA He Oollee YeM Ha J(Ba CTAHAAPTHRIX OTKIOHEHNA M
99,7% HadmoAeHN OTCTOAT OT MATEMATIMMECKOIO OXIAAHNA He Dollee 4eM Ha TpH
CTAHIAPTHHIX OTKIOHEHNA. CHe0BaTENLHO, IS KOMOKOMOOOPA3HEIX pacIipeAeIeHIi
3HAUCHIIA, JICKAIME 32 MpeAeIaMil HHTepRana u + 20, MOKHO CUHTATh BROpocaMIL
Kpome roro, tomsko Tpn 113 1000 Habnrogennii oTIIMAKTCA OT MATEMATIYECKOrO
okHAaHnsa Oonble HeM Ha TpH CTAHJAPTHHIX OTKIOHeHnA Taxmm obpazom,
IHAYEHIA, JIeXKAIIIe 3a TpeienaMil HHTepBana 4 + 3¢ NMPaKTHHECKH BCerza ABIOTCH
BHIOpOCAMH

Jinst pacrnipejieneHini, NMEIONMX CHIBHYIO ACHMMETPIIO IUIH He HMEIOIIX
KonokonooOpasHoil (POpMEL, MOXHO NPHMEHATH SMIpHUYEcKoe MpaBino bBreHams-
UeOrmesa: Ana modoro Hadopa JaHHEIX. HE3aBICHMO OT GOpMEI pacnpeqencHIs,
NIPOLUEHT HAGIIOAE HIN, NeKANDIX HA PACCTOSHNMII HE NPEBRIIAIOMEM k CTAHIAPTHRIX
OTKJIOHE HIIT OT MATEMATHUYECKOIO OXIWIAHIE, He MeHse (/ — 142 )*100%.

Buitcoienne onucaTeIbHbLIX CTATHCTHR VIS pacnpeie/ieHisi Ha O0CHOBe
yacToT. ECam 1CXOAHEE JaHHHE HEIOCTYIHEL, eANHCTBeHHBIM JICTOMHIIKOM
HMHGOPMAINT CTAHOBHTCA pacnlpeieneHHe 4YacToT B Takmx CHTVaIsX MOXHO
BEMIICTHTE  TNPHOJIDKEHHBIE — 3HAMeHMs]  KOMIMHeCTBeHHHX  Tokazateneit



B npoueHTax 2010 2011 2012 2013 HaxonneHHaa Cymma npousHToes 33 2013

A0 5000 54 7.3 59 6,0 6,0
5000,1 - 7000,0 9.4 81 7.0 74 134
7000,1 - 10 000,0 14,6 134 12,1 13,0 264
10 000,1 — 14 000,0 16,6 16,2 154 16,4 428
14000,1 - 19000,0 15,2 15,6 15.5 16,2 59,0
19 000,1~27 000,0 14,7 15,9 16,6 16,7 75,7
27 000,1—45 000,0 13,3 15,1 17,0 15,9 91,6
casiwe 45 000 6,3 g4 10,5 84 100,0
Beero, % 100 100 100 100

AaHHbie 2013 roaa OTHOCATCA K NEPEOMY KEZRTAY W ABAAIOTCA NPSABAPHTENLHEIMA

Puc. 1.10. IIpnMmep pacyeTa HIDKHETO KBapTIUIs

B namem npnmepe (puc. 1.10) HIpxHRIT XBapTiois HaXOANTCA B HHTEpBale
7000,1 — 10 000, HaxoMUIEHHAA YACTOTa KOTOPOro parHa 26.4%. HirxHas rpaHnia
sToro nHTepRana — 7000 pys.. BemmupHa nHTepsana — 3000 pyl.. HakorwieHHas
YACTOTA HHTEPRANa, INPEIECTBYIONIEIO WHTEPBANY, COAEpKAIEMY HIDKHHIT
KBapTivib — 13,4%, gacTtoTa HHTEpBaNa, CONEPAAIIEr0 HIDKHIN KBapTiib — 13.0%.
Taxmm oSpazom: Q; = 7000 + 3000 * (Y * 100 — 13,4) / 13 = 9677 py6.

B Excel onmcarve/ibHbie CTATHCTHKH MOKHO TIOMYMNTH C  TOMOMIBIO
HajcTpoiikn [Taxem ananusa. Ecnin na Bxnage Jawwnsie B obnactit Awanus v Bac He
oToOpakaeTcs IMAKTOrpaMMa AHais OaHHbIx, HYKHO NpeIBapiTelbHO YCTAHOBHTD
HajicTpoiiky ITaxem ananusa. B memo Jaunsie — Anwaniz Oanubix B OTKPHIBIIEMCS
OKHe BHIOEpHTEe CTPOKY Onucamensnas cmamucmuxa W KInkHuTe Ok B oxne
Onucamensuasa cmamucmura 00S3aTENLHO YKaxkuTe Bxoonot unmepean (puc. 11)

Ecni BEL XOTHTE YBHIETSH OMHCATEIBHEIE CTATHCTHKH HA TOM K€ JIICTE, UTO I
NCXOAHBE JaHHBIe, BEIOEPHTE NepekmodaTens Buxoowoll unmepean N YKaxITe
meiiKy, Ky/Aa CleyeT IOMEeCTHTh JIEBhiil BEePXHMIT VIO BHBOANMEIX CTAaTHCTIK (B
Hamem npiuMepe $C$1). Ecnn Be XOTHTE BRIBECTH JaHHBIE HA HOBHI JNCT JUIH B
HOBYIO KHHIY, JOCTATOYHO TPOCTO BHIOPATh COOTBETCTBYIONINI TNepeKmiovaTens.
ITocrapbre ranouky HanpornB Mmocosas cmamucmura. 1o &enaHmo Takke MOKHO
BHIOpaTh Vposens croxcnocmu, k-viit Hausmerbum u k- Hauborsuail,

Excel BuMucnger uenslii psaa CTATHCTHK, PACCMOTPEHHBIX BHIIIE: CpelHee,
MeJAHaHy., MOAY., CTaHAAPTHOE OTKIOHEHHE, MNCTEPCHIO, pa3sMaxX (unmepean).
MIHIIMYM, MakcHMyM H o0beM BeOOpkH (cuem). Kpome Ttoro, Excel Brmumcnser
HEKOTOpHIE HOBEIE /A HAC CTATHCTHKI CTAHAAPTHYIO OMmMMOKY. 3KCHece M
ACHMMETPIYHOCTE,
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— PACCTOSHHE OT Xuin 10 Q1 PaBHO paccTOAHIMO OT Qs 10 Xumax.
— paccTosHMe OT Q) 10 MeANAHHI PABHO PACCTORHMIO OT MEANAHH 710 Q3.

Korja gaHfsle pacnpeleleHs HECHMMETPITMHO, MEXIY EMEHTaMII MATePKi
noxazatesneii BO3HHUKAIOT CHeIVIONE 3aBHCHMOCTH.

— ECHIH paclipefelicHie IIMeeT NMOMOANTENLHYIO ACHMMETPIIO, PACCTOSHIE OT
Kimin A0 MEANAHK MEHBIIE PACCTOSHNIA OT MEAHAHHK 0 Xyax.

— ECIM PACTIpEACNICHNE IMEeT NONOKHTENEHYIO ACHMMETPIIO, PACCTOAHIE OT
Qi 10 Xuax GONBIIE, HeM OT Xumin 20 Q1.

— €CHIH pacrnpeaeneHie HMeeT OTPHIATe/IbHYIO aCHMMETPHIO, PACCTOAHIE OT
Kumin 10 MEANAHE GOJBIIE PACCTOAHNA OT MEIHAHLI 10 X s,

— CJIH pacrnpefeNeHHe HMeeT OTPHIATEIBHYI0 aCHMMETPHIO, PACCTOAHIE OT
Q3 10 Xinin MEHBIIE, YeM OT Xpux A0 Q1.

D4 . fe | =KBAPTUAL.MCKA(A:AL)

A 78. C D E | F | G
-6,1 Nars 6az08LIX NOKasarenen

1

2 -2,8 pacnpeseneHmns CAYGanHon BeNHInHb
3 -,2  Xmin 6,1
48] 07 a [ o7l
5 | 43  meanava 6,5
6 | 55 Q3 9.8
7| 5.9 Xmax 18,5
8 | 6,5

9 | 7,6

10 83

11 9.6

12| 9.8

13 12,9

14 | 13,1

15 | 18,5

.«

Puc. 1.12. ITarepka 6a30BHIX NOKa3aTe/Iei, XapaKTEPHIVIONIHX pacTipeiiene e
CIYHAITHOI BRIOOPKI

HccnmenyeM Ha X OCHOBE CHMMETPIMHOCTB pacrpeaeneHis, Paccrognme ot
MeIHAHEL 10 Xmax (18,5 — 6.5 = 12) nproanzNTeIEHO PaBHO PACCTOAHHIO OT Xinin 10
MeanaHsl (6,5 — (—6,1) = 12,6). Oanako paccroaHne oT Qs 10 X (18.5 — 9.8 =8.7)
NpEeBLINAET paccTosiHie oT X, A0 Q) (0.7 — (-6,1) = 5.4). CineaorarelbHO.
pacnpeeie e IMeeT caadyio NONOKITENEHYIO aCHMMETPHIO,

Toueunan anarpaMma TO3BOIIET HATAAHO TPEACTABHTL CaMy BRIOOPKY,
IATepKy 0a30BHIX ToKkazaTeneil m mHreppansl X + S, X + 2§, mie X — cpennee
apupMeTIMecKoe BHOOPKI, S — CTAHIApTHOE OTKIOHeHHE BRIGOpKH (prc. 1.13).
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Tabnmnma 1.2 — OcHoBHBIE XapakTepHCTHKH BHOOPKH

Hasganne B Merox
Haspanne | O0o3HaueHme | CBOAHOIT Dopmyna Excel
BBEIMIICTICHIEA
Tabmnme
[oxazaTeny BapHAIMI 1 LIEHTPANbHOM TEHACHIIHN
: Pasanua max #min | MAKC (unTepsan) -
Pazmax BapHaiu R IaTepaan PR MHH (auTepaan)
Kon-go
O6nen BLIGOPKH n Cuer CTATHCTHYECKHX CYET (unrepean)
CIAHHMLL
IicuTpanbHoc
FHAUCHHC MEUiAHA
Memana Me Mcanana OTCOpTHPORAHHOA (nHTepran)
BRIGOpEN
HanGonee yacro
Mopga Mo Mopa BCTPCUaIOIICeCH MOJA (nuvepsan)
THAYEHHE BRICOPKH
- Cpeinee
Cpennee x Cpeanee ApEDMETHIEKOE CP3HAY (unTepsan)
Cpeuee Cpenuuit Moayne
NHHEiHOE d . OTKJIOHCHHA OT CPOTKJI (unvepsan)
OTKIOHCHHE CPCIHETO 3HAUCHHA
Koap et Vi : v, = X.100%
OCIINAR N X
JInnefiusin d
Koo rupent A\ - V, = - 100% -
BAPHALLHN x
Koauument v, ; v, = Z.100%
BAPHALIH X
[Tokasarenn pazdpoca AaHHKX (I3MEHIHBOCTH)
Cpeaunii KBazpat
Jucnepcns D Jucnepens OTKIOHEHHA OT JHICTI (nuvepran)
CPCAHETO 3HAUCHHA
Cpennee
c"“":;qﬂ e . KBATpATHUHOC CTAH/IOTKJIOHIT
xgﬁm‘: B OTKNOHEHHE OT (uuTEpRAN)
CPEHEro 3HAYEHNA
Cpeanee
Cpennce KBAIPATHUHOC CTAHJOTKJIOH
KRApaTHYHOE o Cranjiapraoe OTKIOHEHHE OT (nuTepaan) —
OTKIOHEHHE OTKJIOHEHHE CPEAHErO 3HAYEHNA ¢ HECMEIEHHAA
(HCCMEEHHOE) NOMPABKO#H #a 0fbeM OLCHEA
BEIGOPKH
>x—x)
AcHMMETPHA A ACHMMETPHYHOCT A= s L " T -
ner
_oxd
3KClece E 3xcuecc E= (x,~ %) 4 -

no
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JlaGopaTtopuan pabora Ne 2

[TocTpoenue JoBePHTEALHOr0 HHTEPBAJIA /I MATEMATHUYECKOI O
ORHIAHHA TeHEePATLHOMN coBOKYNHOCTH (4 Haca)

Hens: HMayunrs npoleaypy NOCTPOSHNA JOBEPHTEIBHONO HHTEpBANa [Id
MATEMATHIECKOIO OAKIJIAHISA Ie HePANLHOI COBOKYITHOCTIL,

TeopeTnueckne cBecHNsA

Cymectsyer aBa BHIA OICHOK CTaTHCTIMECKHX [aHHBIXX TOYEYHBIE WM
NHTepBanbHeie. Toveynas oyenra TIPeACTARIALT CoOOil OTACNBHYIO BHIOOPOYHYIO
CTATHCTHKY, KOTOpas JICTIONMB3YeTCA JUIA  OICHKN TIApaMeTpa TIeHepaibHOIl
copokynHocTit  Hanprnmep., BHOOpOUHOE cCpeHee — 93TO TOUEUHAs OLEHKA
MATEMATHICCKOIO OXIAaHI [eHEPANLHOI COBOKYITHOCTH, a BRIDOPOUHAA ANCIEPCHA
§? — ToueuHas OLEHKa ANCMEPCHI TeHEPanBHON COBOKYIHOCTH o, BriGopouHoe
CpeAlHee  SBIFCTCS  HECMEIIEHHON  ONEHKON  MaTeMATHUECKOro  OXIIaHIA
FeHEPANEHON COBOKYMHOCTH, MOCKONBKY CpejlHee 2HAYeHHe BCeX BRIOOPOUYHEIX
CPEAHIX (IPH OAHOM I TOM #¢ O0ObEME BHIOOPKH 1) PABHO MATEMATIYECKOMY
OKHAAHITIO T HEPATBHOIT COBOKYTIHOCTIL,

Jins Toro 9ro0n BHIGOpOMHASA AHCIepens $° cTana HecMemeHHON OIeHKOH
IUICTIEPCINH TeHepalbHOil COBOKYITHOCTH 0°, 2HAMEHATelh BHIGOPOYHOI IHCIIEPCIH
CHEAYET TONOXNTEL PaBHEIM n — /. a He n. MHaue roBops., AHCIEpCHA IeHepaATbHOI
COBOKVITHOCTH  SIBIIMETCH CPEQHIM 3HAUCHHEM BCEBOZMOXHEIX BRIOOPOUHEIX
aucnepeit

JImg  NonyueHns  uHmepeaibHolt  oyenku  MATEMATHUYECKOTO  OMIUIaHNA
reHepankHoil COBOKYMHOCTH AHANM3HPYIOT pacnpejleleHIle BROOPOUYHEIX CPeIHIX.
[TocTpoeHHEIT HHTEpPBAN  XAPAKTEPH3VETCA  ONPENENCHHEIM  JOBEPHTEILHEIM
YPOBHEM, KOTOPHI TPeACTaBIfeT C¢O00H BEePOSATHOCTH TOTO, YTO MCTHHHEI
napaMeTp TeHepalbHON COBOKVIIHOCTH  OLEHeH NpaBIvIBHO.  AHANOTIMHBE
JOBEpPHTENbHEE HHTEPBANB MOAKHO IPHMEHATH UIA OLEHKH ZOMH NpIBHAKA P H
OCHOBHOJT pacripeieIe HHOI MACCH '€ HepalbHOH COBOKYITHOCTI,

[locrpoenne JOBepHTEILHOrO HHTepBAJA LI MATeMaTHIECKOro
OAHJAHNA TeHePAJLHOH COBOKYIHOCTH NPH  H3BECTHOM  CTAHJAPTHOM
OTKJIOHeHHN. [nmepsanrsnan oyenia, AOBEPHTENLHHIT VPOBEHE KOTOpOIl paBeH
05%. MHTEPIPETHPYETCA CIEAVIOMIM 00pazoM: €CJIH 13 MeHepanbHOIT COBOKYMHOCTH
I3BJIeYEL BCe BROOPKH, HMEIONIIE 00heM 1, H BRYHCINTE HX BRIOOPOUYHEIE CpeJHNE,
TO 95% NOBEpHTENILHEIX HHTEPBAJIOB, ITOCTPOEHHHBIX Ha HX OCHOBE, OYAYT COAep&aTh
MaTeMATIMECKOe OXNAaHHe TeHepalbHOil coBokymnHocTH, a 5% — Hetr. Ha
NpaKTHKe, KaK NMpaBivio, I3 TeHEepPaIbHOI COBOKYIIHOCTH H2BIEKAeTCs TONIBKO OHA
BLIOOPKA, 8 MATEMATIMNECKOS OJIIaHIe TeHepAIbHOIT COBOKYIIHOCTH [ He IBBECTHO.
[To 3TOH nNpIMHHE HEBOIMOKHO TIapaHTHPOBATh, YTO HEKHIl KOHKPeTHHIIT
JOBEPHTENBHEI MHTEPBal COASPANT BeMHHY g MOKHO ML VIBEPAAATh, HTO
BEPOSTHOCTE 3TOr0 COOMTIA paBHa 95%.
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*1.96 -2,58 +258 Z

Prc. 2 1. ayccora kpueas JUls ONpeAeIe s KpHTHIECKOTO 3HAUCHNA Z,
COOTBETCTBYIOIIEID JOBEPHTENLHOMY YPOBHIO, paBHOMY - (a) 95%; (6) 99%

IIpumep 1. Tlpu npomspojicTBe OyMary cpeAHssl UTHHA NHCTA ACMKHA OBITH
paBHoii 11 mioiimaMm, a ee cragaaprHoe oTkinoHeHHe — 0,02 moitva. [Tepnoairieck
I3 NPOIBBEAeHHO NPOAVKID, YTO0H OLEHHTE €€ KauecTBO, M3IB/IeKaloTCs
Buibopkn. JlonyeriMm, BeiGopka coctout n3 100 muctor, a ee BHIGOpOYMHOE cpejlHee
— 10,998 moiima. [ocTpoiite nHTepBan, cogepxanuii MaTeMaTHUECKOE OXKIAAHNE
FeHEPAEHON COBOKYITHOCTH, JOBEPUTENLHEIT ypOBEHE KOTOpOro paseH 95%.

Pewenue. Ioacrasum B dopmyny (1) semmuny Z = 1,96, COOTRETCTBYIONIYIO
JOBEPHTENEHOMY YPOBHIO, paBHOMY 95%.

— o 0.02
X+7—=<10998+ 196—— = 10998 + 0.00392
vn V100

1099408 < u < 11.00192

Taknm oOpazoM, BepOSTHOCTHL TOIO, YTO MATEMATHMECKOS OJKIUIaHNe
IeHEPANLHON COBOKYMHOCTH NexuT B nHTepsane ot 1099408 xo 11.00192, parna
95%. Ilockoneky HoMMHANBHAg qumHa OyMar# — 11 moiiMoB. OHa nonajaer B
NOCTpoeHHRHT  mATepRan.  ChnegoBaTeNsHO,  MPOIBBOJACTBEHHHIT  IIpolece
BBITIONHACTCS TPARIUILHO.

B Excel mncnonezyerca dynxmm =JIOBEPUT HOPM(). Bo2epamasomasn
JIOBEPUTENBHEIIT  MHTEPBAl JUII  CPeAHEero TeHepanbHOil  COBOKYIHOCTH €
JNICTIONB30BAHNEM HOPMAaIBHOTO pacnpenenenns J[ns npieeaeHHOTO BhiIe IpHMepa
I Beancnenns B Excel nokazaus: Ha puc. 2.3.

[HocTpoerne J0BePHTEILHONO HHTEPBAIA LIA MATEMATHUYCCKOr0 OZKH/IAHHS
FEHEPAILHOI COBOKYITHOCTH TPH HeM3BecTHOH amcnmepenn. Ha mpaxrike xax
MATEeMATITHECKOE 7JHAYEHHE TeHePanbHOl COBOKYMHOCTIH, TAK M €ro CTaHIapTHOe
OTKJIOHEHNE YacTO ORIBAIOT HEIBBECTHRIMIL (CNEOBATENBHO, HEOOXOAMMO MOCTPOHTE
JOBEPUTEIBHEI HHTEPRAN, COACpAANMIT MATEMATIUECKOE 3HAYEHIE TIeHEPAILHOIMN
COBOKYTIHOCTH, FICTIONBAY S JIHIITEL BROOpOoYHEE cTaTieTiri .\ i S.



o
N

e Hopasasnn o pacnipegenesme w— HOGMAISHO2 PAIDELEne-ne
— A AR C L CTRNEH RO (A0GosM —EOIPRE N ¢ 5 CranenRmm tB000OMM
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Puc. 2.4. CrannapTHzoBaHHOE HOPMAIILHOE pacripesiesieHiie 11 -pacrnpeieneHie
CTBIONIEHTa ¢ PAIIMHBIM YHCIOM CTereHei cBobOk

-2,3 0,005353 = :
28 0,007915 0,036008 X ad ] - 2
-2,7 0010421 0,038397, Cresewn_cooboam . -1

5

) -2,6 0,013583 0041019 Wwrerpansnas 10Xy
7 .2,5 0,017528 0,043905

8 -24 0,022335 0,087087
9

-2,3 0,028327 0,050606

X‘G -2,3 0,035475 0,054505 i

11 -2,1 0,033988 0058837

12 -2 0,053991 0,063662

13 -1,9 0,065616 0,069043

14| 18 007835 0075073 B '

15 -1.7 0,054029 0081828 L= — = = =

Puc. 2.5 @yuxipa Excel =CTBIOJIEHT. PACTI() ans nocTpoe HIA IO THOCTH
BEPOATHOCTII

HamoMunM, uTO f-pacnpefenieHHe OCHOBAHO HAa TPEANOIOKEHNH, |TO
IByuaeMan cayuaiiHas BemmiHa X ABNSeTCs HOPMAIBHO pacnpeaeneHHoil. OaHako
HA TPaKTHKE [-pacripejlefleHlie MOXHO TPHMEHATH JUIA OLUEHKI HEeH3BECTHOTO
MATEeMATIMECKOTO OXKIJIAHHA TEHEPANbHOIl COBOKYNHOCTH TIPH  HEHM3BECTHOM
CTAHIAPTHOM OTKIOHEHHII TIPH JOCTATOYHO OONBIIOM O0LEMe BHIOOPKH 11 He
CHIMIIKOM aCHMMETPHYHOM pacnpegenennn. [Ipn paSote ¢ HeGonsmmar BRIOOpKaMiI
STI VCJIOBIA ViKE HE BEITIONHIIOTCSA aRTOMATHIECKIL MO3TOMY JIX CHEAYET MPOBEPATE.
Jnz 3toro HeoOXOANMMO CTPOMTH FHCTOTPAMMY. AHATPAMMY «CTBON M JINCTHS»,
OIOYHYIO AHarpaMMy JUTH rpadiK HOPMATEHOTO pacnpeieneHis.

Crenenn  cBoboast. J{nsa  BeumcieHns BuOopouHoil  mucrepcenn S
HEOOXOAIMO BEUHCIHTE BEIHUIHY :

L (X - )% (2.5)
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3navenne, papHoe 1,9842 Tlockonbky f-pacnpejiesieHie ABIseTCs CHMMETPITTHEIM 11
Ero MaTeMaTHueckoe oxmlaHue papHo 0, ITUIOMANN, OIPAHIMEHHOI IpPaBHM
XBOCTOM, COOTBETCTBYET BeamdnHa +1.9842 a muomazan, OrpaHMMEHHOI JTeBBIM
XBOCTOM, coorBeTcTBYeT BemminHa —1,9842, Bemmmma 1,9842 o3nauaer
CHEAYIONEE . BEPOATHOCTE TOIO, UTO BeMIMIIHA f npeBocXoauT +1,9842, parna 0,025,
T.e 25% (pne. 2.7). Bmecro TabmMIl MOXKHO ICMONB30BATE  (DYHKINIO
=CTBRIONEHT.OBP.2X() (puc. 2.8).

-1.9842

“18882 1y,

Puce. 2.7. Pacnpenenenne CteiofeHTa ¢ 99 creneHsaMi cBoOOAR

CYMM - x v &K I xtmapn.o&r.ms%mlj
~ 8 C [+ E F G H | | K
L Aprpmente Pymacipes &
b o s‘ - - bt st -
3 Crenesm cHotaaM R | Dhsosiadaiestns =
4t Depowmmocrs  $4 . -0
s Crememe_cauton 35| N -m
ﬁ' - 1564216952
! HOMDIKIRT IMTTOROw=Ee SEDITHIE DRINDEARIEHINE CThngewTa
v CTenews (BOSGAM NINIEMTEIR-GE LUEATE MIIAD CTENEnei cralnam,
3 FAPATEDIIFO ML PICTDAN PEe
0

Prc. 2.8 Ucnonszorarne ¢pynxumn =CTBIOJ{EHT OBP.2X() ans
onpe/eieHNd (-IIapaMeTpa 10 I3BECTHOI BepoATHOCTH (00paTHad 3a/1aua
TIOCTPOSHHMIO TUIOTHOCTH PACTIPEIeNeHIIA )

JoBepHTe/IbHBIH HHTEPBAJ pacCUNTHBACTCA TI0 (opMyie, cozepKameit
MATEMATHUCCKOE OXIJAAHHE TIPH  HEIBBECTHOM CTAHZAPTHOM OTKJIOHEHHH ¢
BEPOSATHOCTRIO (1 — ) 100%:

(2.6)

4 % : 2.7)

e f, . | — KPHTIMEeCKOe ZHaveHHe f-pactpesie/ieHisl ¢ n — I cTeneHsMit CBOGOILL,
COOTBETCTRYIOIEE TIOIIAAH, OIPaHITeHHOH TPABEIM XBOCTOM H PaBHOIT a/2,

[pomumocTpupyeM npiMeHeHNe 3T1oil popmynn (puc. 2.9).
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MOIa M MeanaHa — COBMAAAIOT APYr ¢ JApyroM. MeKKBapTIUIbHBEIT pa3Max
HOpMAaNBLHOIO pacnpeaenes#is pased 1,33 cramaprHoro orknoHeHns. HopmanbHoe
pacripejlefieHiie SBIACTCH HENPEPHBHEIM, TNPIMEM HOPMAIBLHO pacrpejerneHHas
CIyHaitHAA Be/IMMHHA TPIHHMAET TPOIZBONLHLEIE 3HAYCHHSA, J€Xallie Ha Beeil
UHCIIOBOTT OCHL

MHorse HenpephBHEE CayuaiiHele BEIIMMIHHE HE ABIAIOTCS HII TOYHO, HI
NPHOTIDKEHHO  HOpMANBHEIMIL  CBoIiCTRA TaKIX BEMNUHH JOBOIBHO CIUILHO
OTIIMHAIOTCS OT CBOJICTB HOPMARNBLHOIO PpacripejleNieHNs, IepediCIeHHbBIX BhIle.
PaccMotpimM, HamprMep, ONEHKH, TIOMyHeHHHE CTYASHTAMII TMPH Ca4e HeThpPeX
tector (puc. 2.10). Excel crpaBnserca ¢ oOpaloTkoil AaHHHIX, HE TpedyA HX
yHopsoueHis. BeMicianM ormicareibHble CTATHCTIKI PEe3VILTATOR KaAAOro TecTa
B OT/IENBHOCTIH € TOMOIIBIO HAACTPOITKI A Hanus OanHbIX.

A 8 C D E ¥ G H 1 )
Tecrlt Teor? Tead Teod

'

2 70 7 () m Teceml Teem2 Teem3 Tecmd

3 65 n 62 78

4 8a n 35 62 Cpapmes | MaTemanvascnoe ommrgnmne | 65,0 0,7 593 650

5 35 58 50 aa Crannapreian oombng 21 23 23 38

6 n n 66 80 Mg 65,0 %0 56,0 650

7 63 76 59 ) Seas ] A 54 BA

g8 52 54 a8 a1 CYIHORPTHIS OTRNOHE NS 9.0 10,0 100 169

) 60 66 53 53 ApEnSpona ardopu 80,2 100,0 100,0 |50

10 62 n 54 59 Incgecc 04 02 0.2 12

11 58 64 52 50 ACHMNOTPWMOCTS 0,0 <10 1.0 040

12 78 a 76 89 Huropaan (pasmax) 34 36 36 54

13 a2 83 a3 92 Mrvarywm 48 a7 a7 38

14 o0 n 57 68 Manoasmym 82 83 83 92

135 L] e 50 L] Cymma 1235 3343 1127 1235

16 37 61 51 ar Cuer (cGvem emibopun) 19 19 15 15

7 75 a0 2 86

18 48 a7 a7 38 MoMNBIADTHUNDHSIR DaIMaX 12,0 12,5 125 270

16 Gl (4] 33 56 1,330 119 133 13,3 22,5

X 73 9 68 B3 Pazmax 34 36 E 52

P31 L) 53,7 60,0 60,0 1013

2 Honn ualimonesail B ospectyocT Lty o8 % %% 8%
Lonn Habmomermil § oxpectiocTn £20 100% 5% 95% 100%

Pric, 2,10, Ouenkn, ronyHMeHHbIe CTYASHTaMI ITPH CAAYE YeThIPEX TeCTOB
(MOZ1a 329EePKHYTA, TAK KaK He HMeeT CMBICIa)

[puGmimsnreIbHO HOPMATEHEM SBIACTCH paclpeje/IeHie OLEHOK TONBKO T10
MIEPBOMY TECTY. MATEMATHUECKOS OXKIJIAHHE PARHO MEANAHE, JAonA HabImoneHiii B
npejenax OKpecTHOCTH +16 OT MaTeMaTIHecKkoro okniaaHns coctapnsier 68% (B
TOMHOCTH, KaK 1 IS HOPMAJILHOI'O PacTpee/ieH s ), acHMMeTpIHoCTE = (),

BTopoii moaxo X TIpOBEpKe THIIOTEZH © HOPMAILHOM pacrpeieneHInT
nenone3yer rpagnk. Jns ouleHKHM cMenmieHMs pacrpeaeneHns OBUIH BBeICHH
kBapTivin. KpoMme KBapTivieil, Uisi OLEHKH HOPMAIBHOCTH PAacTpeeleHIsi MOKHO
BEIMICIATE ASIPUTH (paidHBaionIe AHATIAZOH IBMEHEHIA 1aHHKX HA JAecAThe JI0MIT),
NPOLEHTIIN (pasdHBAIONIE [IATRAZ0H HIMEHCHHS [aHHRIX Ha COTHE JAOMI) I
KBAHTHIH (OT CIIOBA K6éawm), pajOMBAIONINE BCK) COBOKYIIHOCTH JAAHHRIX Ha 71
JIHATAZ0HOB.
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Prc. 2.13. I'padruxnt pacnipeiee Al /Ui YeTEIpeX TECTOR

I'padnx «Tecr 1» crugeTenscTBYET, YTO HAOMIOAAEMEIE TOUKII JEXKAT OUEHBL
OMIBKO K TNpAMOI NHHINL MO3TOMY MOKHO CUMTATh, YTO OIEHKIL TMONYYEeHHEE
CTYACHTAMH TIPH CJade TIePBOrO TecTa, pacrpee/leHbl NMpaKTHYecKiH HOPMATbHO.
«TecT 2» COOTBETCTBYET PACHpPEICNEeHHIO C OTPHIATE/ILHOH aCHMMETPHeil, O 4eM
CBHACTENLCTBYET OoNee UINMHHBEI JIeBbIi XBocT pacnpeneneHia  «Tect 3»:
HAOMOAAETCS IMPOTHROMONOKHAS KAPTHHA, COOTRETCTBYET pACTpeeleHIio ¢
MONOXITENLHOIN acHMMETpIiell, 0 YeM CRHIETENLCTRYET Oolee JUINHHRIT MpaBkii
XBOCT pacrnpefencHus. «Tect 4». m3obpameH CIMMETPHUHBIL rpaduk, cpeiHs
YacTh KOTOpPOro I0YTH JIMHelHAa 3HaueHNs cayudaiiHoli nepemeHHON cHavana
JOBONBHO MEAIEHHO BO3PACTAIOT, 3aT€M MX POCT MPEeKpanaeTcs, a B TpeTsell yacTi
— YCKOpseTcs. 3TOT PHCYHOK HE COBIAJAET HH ¢ NMaHenso B, Hit ¢ manensio B, 3to
pacripeieieHiie He NMeeT XBocTOB. (CejloBaTeNbHO, OHO ABIIACTCH PABHOMEPHBIM
(FUTIH TIPAMOYTOMBHBIM).

Ouenka maremaTHdeckoro ommianns. [lonpapouHsii xkoadupimment s

KOHETHOIT reHepmmHoii COBOKVITHOCTH HCTIONBAVETCA InA YMEHBIICHIIA
- N-n <a

CTAHAAPTHOI OMINOKI B }N—_l Taxinv oBpazoMm, JAOBEpHTENBHBIIT HHTEPBal A

MATEMATHUYECKOIO OXIAAHNA, HMEIOIUT JOREPHTENLHRIT YPOBEHE, paRHEI (/ —
a)x100%, BENCIACTCA N0 POpMyTIE:

) N-n

Xitn_l\(—'_' rear
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Kak mnpaBino, JoBepHTeNbHHIT ypoBeH: paBeH 95%. On penurcs Ha e
paBHBIE HacTH: TEpBas HacTh JEXKHIT C/IeBa OT MATEMATHYECKOIO OXIAaHHA
TeHEPANbHOIl COBOKVIHOCTH, @ BTOpas — CIpaBa, 3HAYeHHe BeNHHMIHH Z,
cootBeTcTBYIOmEH BepoaTHocTn 2,5% (rmomazan 0,025), paHo —1,96, a 3HaveHne
REMNIMHHE Z. cooTBeTCTRYIOMEH cymvaproil miomann 0975, pasro +1.96 Jlna
pacuera yaoOHO mcnonb3oBaTh QyHKno Excel Z=HOPM.CT.OBP(p), rae p —
BREPOSATHOCTE, MOJACTABILIA 3BaYeHI p; = 2.5% 1 py = 97,5%.

Ecan TpeGyercsi NMOAHATL AOBEPHTENbHEIT YPOBEHb, OOBIMHO BHOHPAIOT
BeIITIHHY, PaBHYIO 99%. Eciin MOXHO OrpaHIMITECA 601ee HIBKAM A0BEPITeIbHBIM
ypoBHeM, BuiOHpator 90%. Onpenenss omuOKy BHIOOPOMHOTO HCCHIEIOBAHIA, He
CTOMT AYMATEH O €€ BeJIIMHHE (B NpHHInme, mobas omudka HexenatenbHa) Creayver
3aj1aTh TAKYI0 OMNOKY, YTOOHB TNOJMYHMEHHBIE Pe3VIbTATHL JOIYCKAMN Pa3yMHYIO
IHTEPIIPETALTIO,

B nHamem mpimepe nmpu e = 5, 6 = 25 n Z = 1,96 (uto coorBeTcTBYET 95%-
HOMY AoBepHTENsHOMY YpoBHIO). [1o dopmyine (2.10) nonyaaem:

196 * 25 )
n= (—5—) =96

CrnenoparenbHo, n = 96. Taxim oSpazom, odneM BrHIOOPKH, paBHEIT 100, OBt
BHIOPAH VIa9HO

[opsiaok BeINOIHEHNSA padoThl
. Ilo paHHBIM BapHMaHTa T[IOCTPONTH JOBePHTENBHBIIT  MHTEpBan  UIA
MATEMATIMECKOTO OXIAAHHA reHepanbHOi COBOKY TTHOCTIL.

4, Paccumrtats t-pacnpenenenne CTHOACHTA M MOCTPONHTH rpadik (TONNHIOH).
OnpegeniTs KpHTIMECKHe 3HAUCHIS [-pacipeene Hild.

5. Brounemnrs  goBepurensHbii  nHTepRan ¢ nomompr  dyHxkmpm  Excel
=JIOBEPUT CTBIOIEHT().

6. IIpoBepnTh IMIOTE3Y O HOPMATLHOCTH PACTIPEACIICHI BHIOOPKII ¢ TIOMOIIIHIO
HajcTpoitkn MS Excel Ananus oaunsix m noctpons rpaduk.

Jaunwie: 64, 57, 63, 53, 62, 58, 61, 63, 47, 70, 53, 60, 61, 65, 62, 51, 62, 40, 64, 61,
59, 56, 59, 63, 61, 55, 57. 60, 52, 64.

L]

Konrpoisnbie Bonpocs:

1. B uem saxmouaerca ¢yTh BuOopouHoro Metofa? Kakas BRIGOpKA HA3KBACTCA
penpeseHTaTHBHOI?

Uro npeacrasngeT codoil TouewHkIT BapHaoHHLIT psax”?

Kax crponres naTepRaNbLHLIT BapHaloHHEIT paa”?

Yr0 noHMMACTCA TTOA SMITHPITIECKIM PACTIPe/lefieHIeM, ¢ TIOMOIIBO YeTo OHO
MOJKET OHITE TPeACTARIeHO?

. Kaxk onpeaensiercst sMnmpirieckas pyHKIIIS pacnpeieneHnsa’

CTaTHCTHIECKIIM 2HAIIOTOM Hero ABIAETCH MOITOH OTHOCHTENBHEIX 9acTOT?

b ol g

o



Jlabopatopuas pabora Ne 3

Toueunsiit 1 HHTepBANLHLIT BapHaunonnbie paasl. ['padnueckoe
npeacTas/ieHe BapHalHoOHHOro psiia (4 uaca)

Heas  padorel.  Onenka cBONMCTE  TeHepanbHOH  COBOKYIHOCTH 110
IMITHPITYECKIM  (HAaOMIOJaeMeIM)  AaHHEIM  (BHIOOpKE) MyTEM  [IOCTPOCHHA
IMITHPINECKOTO Pacrpe/ie/ieHIls, HaXoXAeHHs TIICHOBHX XAPAKTEPHCTHK BHOOPKIL,
HAXOKACHIA TOYEHYHBIX M MHTEPBAIBHBIX OICHOK TAPaMeTPOB HOPMAIBHOTO

pacrpejienieHId, MPOBEPKH THIIOTE3kl O HOPMATBHOM Paciipe/ieNie Il TeHepanbHoIl
COBOKYTIHOCTH

TeopeTHueckne cBeeHIs

BuiGopouHse JaHHEE, YIOPAAOUEHHEE TI0 BO3PACTAHINO JUIH VOBIBAHIMO,
HA3KIBAIOTCA BAPUAYNORHLIM PAOOM. PasniaHEe 3HAYCHIS HCCIEAYEMOTO NPIBHAKA
B BHIOOpKE HA3ZHBAKOTCA BAPHAKMAMLL.

YrnopsagoueHHas 10 BO3PACTAHIIO WM VOBBAHINO [OCHELOBATENLHOCTE
BAPHAHT X; € YKazaHHeM 4acToT f; (I OTHOCHTRIIBHOI HacTOTH W; ) 11X TIOBTOPEeHIIA
B BHIOOPKE HAZHLIBACTCH  MOMENHBIM  capuayuonnbiM  paoos.  Todednsi
BAPHALIOHHLIIT PSJI NPeACTABIASTCA TAOMMIeH, B Nepeoii cTpoke (cTondiie) KOTopoil
NPHBOAATCA YIIOPAINOYEHHBIE [10 BOIPACTAHINO BapPHMAHTH X;, B NMOCHEAVIOUIIX
CTpokax (cToabuax) COOTBETCTBYIOUIHE MM HacTOTH fi H OTHOCHTENbHBIE MaCTOTHl W;
(radm. 3.1).

Ta6mmua 3. 1- Ipnvep TouewHOro BapHAIHOHHOIO pijia

X Xy X3 Xy
n; ny n, Ny
n; n n, Ny
n n n n
my m=n mp; =ng +n; m; =n

3aech k — KOMMMECTBO PA’dINYHEIX BAapHAHT B BHIOOPKE, m; — HAKOIUICHHEIE
YacTOTHl BAPHAHT X;.

ToueuHEiT BapHAIMOHHEIT Pl ABISETCS CTATICTHNMECKIM AHAIOOM pana
pacrpeiene s ANCKPETHOI CIyaaiiHOI Be T HHE]

[Ipi GonpimoM KoJIMMECTBe BapHAHT IUIH TIPH  HEMpEepLIBHOM XapakTepe
JICC/IEAYEMOTO MPHZHAKA OT TOHEYHOTO BAPHALMOHHOIO Psijia TNepexoasT K
HHMEPEATHHOMY 6APUAYUONHOMY PAOY — BHOOPOTHHIM JaHHBIM CTPYIITHPOBAHHBIM
1o k MoclneoBaTeNLHEIM HHTEpRanaM uncaoroif ocn KonnuecTeo HHTEpBANOR k
onpeaesieTcss Kak HatypambHoe uncno k = 1+logan . JmHe & nHTepBanor

X =X
IPYTIIHPOBAHHS HAXOAATCH Kak h = ﬂ‘k—""'i TA€ Xmax Y Xmin HanboONbIIEE H
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Ha mauanbHOM 3Tane NpoBeAeHHA TPYNNNPOBKH HEOOXOANMO ONpeaeniTh
HenecoobpazHoe  MHCHO  TPYMIT M BeMIMNHY  mHTepBana,  HeoGxommmo
CaAMOCTOATENLHO BHOpPAThL TIOPAAOK 0Opa’0BaHMA MHTEPBANOB, AMA 3TOTO MOKHO
BOCTIONB20BaTRECA (hopmynoit Crepmxecca — (3.1).

DopMHpYA  IPYIIEL, HYKHO JIOMHMThL, UTO pacnpefeleHHe eAHHHI
COBOKVITHOCTH BHYTPH IPYIINT AOMKHO OBITH Kak MOKHO Oolee pPaRHOMEPHEIM (B
KakAYIO TpYIIIy JOMKHO BXOAHTE He MeHee 2-3-X 3HaueHidi), IpH aToM
pacnpejiefieHle JAOMKHO 1IMeTh TONbKO OZMH MOJANbHBII HMHTEpPBad (MOl
MAKCHMATBHYIO HacTOTY) B HemX AOCTIDKEHHS COOTBETCTBIS 3THM KPHTIEPISAM
chaxTIrIeCKas BeMITMITHA HHTEPBaia 1 9HCIO TPYITT MOTYT OTHHMATECS OT PACHETHEIX
IHAYEHII

Jinst yaoGeTea BOCTIPIATHA 1 aHAMH3a TPYIIIHPOBKII pPeKOMeHAyeTcs OpaTh
BeIIIMHHY HHTEpBaiia, KPaTHYIO TDITH, HeCATH, ¢Ta, H T.A. B 3aBHCIMOCTH OT
BEMIMYHHEL 1 CTENEHN BAPHAIII NPHIHAKA.

[locrpoeHne HHTEPBAJLHOIO BAPHALNOHHOIO pPAJa M TOYEUMHOro
BAPDHALMOHHOIO pPRAA N0 cepeanHam HHTepBajoB. Heobxomnmo Haliti
MAKCHMATBHOE Xy M MIHIMANBHOE Xmin 3HAYSHNE B TIPHBEICHHBIX JAHHBIX
(pyrxmm MAKC(uncnol [ancno2},.. ) n MHH(ancnol;[uncno2],. ). B cxoGxax
YKa3bIBAeM AMATIAZ0H STHeeK).

KommiecTBo nuTepBanos k onpeaensieM o gopmyne Crepaxecca :

k=1+3322%g n, (3.1)

rje n — 00beM BEIOOPKIL
PacueTHoe 3HaueHNe k OKpyIisfeM 0 Oumkaiimero nexoro.
OnpegenseM war HATEpBaa;

h=—tt__ws (3.2)

3a Hauano Cp MEPBOrO HHIEPRANa NPHMEM X, llocneayronme rpaHuisl
NHTepBanoR HaligeM kak Ci=Ci-1+h, i=1, 2. .

HacToTe fi MHTEPBAIOB ONpPEAEHM J10 TOYETHOMY BapHAIIOHHOMY Py,
CepeHHE HHTePBANOR BRMUCINM Kak x; =(Cis+ C;) /2,i=1, 2.,

Ecan B xaxme-nnGo HHTEPBAIH IOMAJaeT MeHee 3 3HAUCHIIL KOMIMecTRO
HHTEPBAIOB PEKOMEHIVETCH COKpaTHTE M JadbHeimyio o0paboTKy AaHHBIX
IPOH3BOANTE T10 CKOPPEKTHPOBAHHOE YHCIO HHTEPBAIIOB,

B nHTEpRATEHOM BAPHAINIOHHOM PAAY CTONOIN ¢ HETBEPTOrO IO CeIbMOIl
(prc. 3.1) o0pas3yioT TOUEUHEIT BapHAIMOHHKIT P, NMOCTPOCHHEIT M0 cepe/iHaM
nHTepBanor, B nocneaxeii cTpoke NHTEPRANLHOIO BApHAIHOHHOTO pAjla BRYHCICHE
KOHTPOJBHEIC CYMMEI CYyMMAa YacTOT HHTEpPBANOR, KOTOpas JOJDKHA PABHATECA
00BeMY BRIOOPKIL JI CYMMA OTHOCHTEIIBHEIX YacTOT MHTEPRANOB, XKOTOpasd [JOMKHA
paBHATLCA eAmHmue. Jlns BHYHCICHHA 3THX CYMM BHIACNAIOTCA  SNEiikH,
cofiepiaIine CYMMIpYEMbIE BEMMHHBL, BO BKIagke «PopMyiki» BRIOHpaeTCs
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Hurepsan, HMMEIONILT HAHOOMLIIYIO HacTOTY, OVIET SBIATECS MOOAIbHLIM, a
KOHKpPeTHOE (JIIICKPeTHOE) 3HAueHMe MOAB OYAeT HAaXOANThCA BHYTPH HEro
Paccunrath KOHKPETHOE, 3HAYCHHME MO B MHTEPBAIbBHOM pPAIY MOXKHO TI0O
creayioneit opmyne:

A”u = Xyo +i .fuo == fuo- 1 . (34)
(.fuu = .’uo.l)""(.fuo = fuo.l)

€ Xps — HIDKHAA TPAHILA MOJAJIBHOTO HHTEpBana,

{ — JUTHHA MOJQ/IBHOTO JIHTEpBaa;

fsto — HACTOTA MOAATLHOTO HHTEpBaJa;

fMo.1 — UACTOTA, COOTRETCTRYIONMAA NPENIIECTRYIONMEMY HHTEPBATY ;
Mo+ — UACTOTA, COOTBETCTRYIOMIARA MOCASAYIOMEMY HHTEPBATY.

Mennana npimMeHsercs N8 KOMIMEeCTREHHOH XapaKTepHCTHKI CTPYKTYPH |
pPaBHA TAKOMY BapHMaHTY, KOTOPHIT JETHT PaHKHPOBAHHYIO COBOKYITHOCTH Ha JBE
PABHBIC HacTIL Y OHOIT TTOMOBHMHKE COBOKYITHOCTH TIPHZHAKI He OOJblIe MeAHaHH
(MeHBIIe WIH PABHBL), ¥ BTOPOIT — He MeHbIle MenaHs! (Gonbime win paeHs). Ecin
paccMaTpHBAeMBIil PAll MHTEPBANBHEI, TO HAKOIUIEHHBIE YACTOTH TOKAKYT HaM
Me/IMAHHBIT HHTepPBa

KonkpeTHoe 2HaYeHHe MeIIaHbl PACCYHTHBAETCSH 110 (hopMy e

3 -
o
Me =, i3, (3.4)

i€ { — UIHHA MEANAHHOTO HHTepRaa;
[ 'tte-t — HAKOTUICHHAS YACTOTa B MHTEPEANE, NMPeAIecTBYIOMmMEM MeINaHHOMY |
[fye — 9ACTOTA MEANAHHOIO HHTEPBAJA,

Pasmax BapHaint cocTaBAT (a0COMOTHAR BAPHALRL).

R = Xpux — Xmin: (3.5)

Jlna rpadmteckoro npeacTap/ieHHs CBOHCTB BBIOOPKH Hanbo/Iee HacTo
HCTIONB3YIOTCA THCTOIPaMMa I TIONNIOH HMacToT (HIH OTHOCHTE/IBHEIX YacTOT), a
TaKKe KyMysTa (puc. 3.2).

Tuemocpavma wacmom — 510 Tpadimeckoe NpeicTaBIeHe BEOOPKH, TIe 1o
ocn abermice (OX) OTINOKeHB BENHMIHB IHTEpBAIOB, a 1o ocH opamHat (OV) —
BeNIMHHE HACTOT fi, MONMAAAIOUUIX B AaHHHI i-i1 nHTepBan. IlpH yBemmHeHHN 0
OCCKOHEUHOCTH  pa3Mepa BHIOOPKH BRISOpOUHBlE (YHKIUIM  pacrpeeeHns
NPEBPAIAKOTCS B TEOPETHUCCKIE . IHCTOrpaMMa IIPeBpaaeTcs B rpad ik ImoTHOCTI
pacrnpenene s
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paBHOIT Hymo, JIpyrie TOUKH 3TOif JJOMaHOi COOTBETCTBYIOT KOHIIAM HHTEPBATOB I
HAKOTUIEHHEIM JacTOTaM.
Kymynama omuocumenbybi Yacmom OTIIHMAeTCsl TeM, 4TO HaKaruInBaioTcs

yaw

1 mf
OTHOCHTENbHBIE HACTOTHL: W~ = ——
n

Ilo BrIY NOMNIOHA ¥ PACCYNTAHHKIM XapakTePHCTIKAM MOKHO CIEIaTh BHBOJ
0 XapakTepe pacnpejeneHid Tak, €clIn Mojia, MeAMAHA 11 CPeIHA NPIMEPHO PABHEL,
TO pacnpe/IeIe e JaHHEIX OIHIKO K HOPMATBEHOMY.

B MS Excel pas mocTpoeHns BbIOOPOHMHBIX (PYHKUMIE pacnpeae/ieHus
nenone3yiores cneipransHag Gyskipm YACTOTA n npoueaypa I'ucmocpamma 3
nakerta aHannaa (Haocmpoiiu — Ananuz 0anHbIx).

Gynkpm YACTOTA  (maccue oanneix, OsouuHsil_Maccus) BRUHCIAET
YaCTOTHl MOSIBICHHA CIIVYAiiHOM BEIIMUHHEl B HHTEPBANaX 3HAYCHHIT 1 BRIBOANT MX
KaK MacCHB 1udp:

— MACCU8_OaHKLIX — 5TO MACCHB IUIM CCHUIKA HA MHOXECTBO JAaHHKIX, [d
KOTOPHIX BRIMIICIAOTCH YACTOTEL,

—  OGOUYHBI_Maccugé — 3TO MACCHB HMHTEPBAJIOR, 10 KOTOPHM TPYINHPYIOTCS
IHAYEHIIA BHOOPKIL,

[Ipoueaypa  lTucmocpamma  BHBOANT  Pe3yaAbTaTHl  BHIOOPOYHOIO
pacnpefeneHina B Bigle Tabmmmu i rpaduka [TapameTpel guanoroBoro okHa
Tuemozpamma:

—  BXOOHOTl ONana30H — AHATIA30H NCCIEAYEMBIX AaHHEIX ( BHOOpKa),

—  UHMEPEeal KApMAHoEé — J[MANA30H AUeeK JUI HaGop TPaHIMHHIX 3HAYEHHIL,
ONpEe/SIONIX BEIOPAHHEIE HHTEPBANK! (KAPMAHLL). DTH IHAYCHIA JOIKHEL
OBITH BBEJICHH B BO2PACTAIONIEM MOPSAKE.

Ecnn anana3on kapMaHoB He OBUT BEEJICH, TO HAOOP MHTEPBAIIOB, PABHOMEPHO
pacnpeieNieHHBIX Me#AY MHHIMATHHBIM M MAKCHMATLHBEIM 2HAYSHISIMII [IaHHBIX,
OYIIeT CO3/1aH ABTOMATITHECKH

—  6LIXOOKON OUANA@30H — TIPEIHAZHAYESH JUIA BBOJA CCHUIKI HA JIEBYIO BEPXHIOK
A4EIIKY BBIXOHOIO IHATIA30HA,

— Nepekmouatens Humezspansuotli npoyenm — NapaMerp, KOTOPHIT No2BONSET
YCTAHOBHTE PEKHM BKIIOUEHNA B THCTOIpamMMy rpadiiika HHTErpalbHEIX
TPOLIEHTOR;

— Nepekmovarens Beteod cpaghna — napaMeTp, KOTOPHIT MO3BOISET YCTAHOBITE
PeAIM ABTOMATIMECKOIO COZ[AHI BCTPOEHHOH AHATPAMMEL HA JIHCTE,
COZIepAAIIEM BEIXOAHOI AHATIA30H

Jds mocTpoenus oTAeAbLHBIX rpadukoB ucnonsavior Macmep ouacpawm
jaKnanKy Cmaroapmusie; peXIMEl «THCTOTpaMMay u «rpadmx» (s nonurona) C
MOMOINBIO [HANOroBoro MeHio Macmepa ouacpamm TIOATNCHBAIOT rpadirieckne
JAHHEIE, HA3KBAIOT OCH I HAHOCAT YHCIOBEIE ITApaMETPH! I JIIHI CETKIL, BEIBOASIT
BEJIYIHEl CAMIX 3HAYEHHIL
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Picynok 3.5. Hactpoiika gyHkIm: «l ictorpanmas»

JUisd  rpyImMpoBKM JAaHHEIX ¢ TMOMONIBKY CTATHCTHYECKON HagcTpoiikn
seiOnpaem MeHio Cepeue - Axaans JaHubiX - 'uerorpamma Yxasusaewm
CHEAYION[IE NapaMeTphl

Bxoonwvie oannvie:

— Bxoonoil unmepsan — BHOOPKA NCXOIHBIX AaHHBIX;

— Humepean xapmano6 — HIKHIE T'PAaHHIILI HHTEPBAJIOB IPYIIIIPOBKIL. 3TOT

MapaMeTp MOXHO HE 2a/1aBaTh — TOI/la NporpaMMa caMa BelOepeT HeoOXoanmMoe

KOJIIYECTBO MHTEPBAIOR TPYIITIPOBKI 11 ONPEICTHT HX IPAHHIIL

Ilapavempor evi6ooa:

— Buixoonoit unmepean — pacnolnoxeHne pe3ynsTaToR [PYNITHPOBKH Ha IHCTE,

— But6oo epaghura — nocTpoeHNE IHCTOTPaMMEL

— Humezpanonuiii npoyenm — BRUNCIEHHE HAKOTUICHHRIX YaCTHOCTEIN.

Pesynprar padorsl QyHKImm I'ucrorpamma npecTasnes Ha pic. 3.6,
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TTopsaaok BEINOTHEHHS PabOTHI

ITo 2apannoii BHIOOpPKe 3HAYEHMIT MZYHaeMOIO TIPH3HAKA TeHepPanbHOII
COBOKYTIHOCTH B COOTBETCTBHI ¢ HOMEPOM BapHaHTa!

1. TloctponTh TOHeHHHIT BapHalMOHHHIT pag.  BoiGopounpie jgaHHBIE
OTPEAAKTHPORATE (BKIaAKa «Pedaxmuposanue» — «Copmuposka u guismp» —
«Copmuposra no 603pacmaniuior ).

2. Or TOYeYyHOro BRApHAIMOHHOTO pAAa I[epeilTH KX  HHTEepPBATLHOMY
BAPHALIIOHHOMY PAILY

3. TlocTponTs TOYeHHEIIT BAPHALIHMOHHKII PAI 10 CepelHAM ITHTEPBAIIOB,

4. Haitrm  nurepBaiibHbIE  BHIOOPOMHBIE  CPeAHIOID,  JNCIIEPCHIO,
CPeAHeKBAIPATIMECKOe OTKIOHEHIIe, MOIY, MeAHaHy, KoMpHIINeHT BapHAaLUmI,
pasMax papnainn  IIpoMexyTouHBIe [JaHHBIE AaHATH3A BapHALOHHOTO psja
NPeACTABITE B BIIE PacueTHOH Tab/IIIib

Homep Jlnanazon f x4 xif (x,-x) £
HHTEpBana  3HAUCHIII

5. Ilo cepennHaM HHTEPRANOR TOCTPONTH IpadHKH BapHAINIOHHOTO pAa:
MONHIOH YACTOT, FHCTOTPAMMY, KYMVIIATY,

6. Ha OCHOBaHMII TNPOI3BEACHHKX PACUETOR CAENATH BRIBOA O XapakTepe
BEIGOPOUHOTO pacpe/ieIeHIIAL

IIpamep. B xawectee npmmepa BHIOOPKH BO3BMEM pACTIpEIeNeHNe Beca
cTyaeHTOB (B k1): 64, 57, 63, 53, 62, 58, 61, 63, 47, 70, 53, 60, 61, 65, 62, 51, 62, 40,
64, 61, 59, 56, 59, 63, 61, 55, 57, 60, 52, 64.

ANTOpHTM NOCTPOSHIA MCTOrPAMMEL 11 KYMVIIATEl OTHOCHTEILHEIX YacTOT.

|. B aueiiky Al reanre cnoro Habmooenus, B saeiixy Bl — Bec, re.

2. B amanazon A2:A2] BeeanTe 3HAUCHNA Beca CTVAEHTOB (cMm. pue. 1). B
ananazoH B2:B8 seeanTe rpanigHbie 3HaueHNHA nHTepBanos (40, 45, 50, 55, 60. 65,
70).

3. Beeanre zaroioBkn cozgapaemoii Tabmims B sueiitkn Cl — Ab6comomubie
yacmomw:, B D1 — Omuocumemsnvie wacmomwi, B El — Haronnenwwie
omuocumensuvie yacmomul, B F1 — Hakonnennbie adcomomuble Hacmomboi.

4. C nomometo ¢Qyukipm YACTOTA 2anonsnre crondely abcomOTHEIX
yacToT, And srtoro Beyennre Onok sueex C2:C8. C naHenn HHCTPYMEHTOB
Cranjapraan Brizopire Macrep ¢yuxumii (xuonxa fx). Jina Excel 2007 na
TIAHENI HHCTPYMEHTOB BeIOepHTe BKIAAKY DYHKUMN 11 HaxMITe KHONKY BeraBure
¢yukuymo. B nosBHBIIEMCA  JAHATONOBOM  OKHE  BRIOEPHTE  KATETOPHIO
Crarucrnveckne 1 dyvaxnmo YACTOTA, nocne uero Hammure kuaonky OK.
YkazareneMm Muinni B paGouee none MaccnB_JaHHBIX BECINTE INANA30H JAHHBIX
Haomoaenmit (A2:A21) B paGotuee nome IBomuHbIN_MacCHB MHIILIO BBEINTE
ananazoH nuTepeanos (B2 BS)
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N OTHOCKHT. wacToTa

—&— HaKonn. yacrtoTa

Preyrox 3.9. I'ncrorpaMma 11 KyMYJISATa OTHOCHTEIBHBIX HacTOT

Kounrpoasubie Bonpocsl
. Copmyrmpyiire NOHATHA MeHEPANLHOIT COBOKYMHOCTI 1 BEIOOPKIL
. B ueM saxmouaeTcs cyTh BEIGOPOUHOrO MeToAa?
. Kakne MeToas! opMIIpoBaHIIa BHOOPKI CYIECTBYIOT!
. Kakas BROOpKa HA3KBACTCHA PElPE3eHTATHRHOM (NIpeicTaRNTeNbHOI)?
. Uto npejcrarnseT coboil ToueuHsli BapamiosHu it psg?
6. Kax cTponTCs HHTEePBANbHE BapHALIMOHHEIH ps’
7. Uto noHmMaeTcs 101 IMITMPHYECKIIM PacTipejlenieHieM H ¢ TIOMOMIBIO Hero
OHO MOMeT OBITH NMpejcTaBieHo”
8. Kak onpeaensercs aMmpideckas GyHKIUL pacnpeaeneHmus’
9. CrarncTirieckiIM AHATOIOM Mero sABIAETCS TOJINIOH OTHOCHTEIBHEIX
qacToT?
10, [IpuBegire YncIOBEE XAPAKTEPHCTIIKI MONOKEHIA BROOPKIL
11, Chopmymnpyiite NOHATHA BEIDOPOYHON MOARI 1 MEANAHEL
12, Kak HaxoAHTCs BRISOPOTHAS CPEeAHAS 10 TOYEYHOMY BapHAINIOHHOMY psity”
13, Kax onpezaensmorcs BHOOPOYHBIE MOAA 1 MeAHAHA 10 HMHTEPBATBEHOMY
BAPHALTIOHHOMY psiay”?
14, TlpnBeime 9HCIOBEIE XAPaKTEPHCTHKI BAPHALIT BHOOPKH
15 Kax maxoasTcs BBIOOPOYHBIE JIHCIIEPCHA 11 CpPejlHEE KBaApaTiMiecKkoe
OTK/IOHeHNEe?

S O

v
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Tabmma 4.1 — 3naveHia BHOOPOYHBIX COBOKYITHOCTEI 11 pacyeThl 1A HAXOKIeHIIA
SMITHPITIECKOTO 3HAYE HIA

Ao X; X d (d — My) (d — MyF
1 5 o -1 0.333 0.111
2 8 7 1 2333 5444
3 ) 10 -1 0.333 0,111
4 4 6 -2 -0.667 0444
5 5 5 0 1333 1778
6 7 9 -2 -0.667 0444
7 5 8 -3 -1.667 2.778
3 6 9 -3 -1.667 2778
9 7 8 -1 0,333 0.111
Y 12 0 14

B MS Excel pacuer xpirepms ¢ CTpIONEHTa UIS 3aBHCHMBIX BHIOOPOK
TIPOBOANTCA € TOMOIIEIO O [Tapubili 06YX6HI00 PO HBII 1-MeC 01 CPEONILY.,

JlanHas omuia HAaXomnTesd B AHamme JaHHBX... 3axomnM B MeHio Cepeuc,
BrIONpaeM  Anaauz OAHHbIX. .. Packpoercs ~ OKHO co CTTHCKOM
Hucmpymenmosananusa, B 31oM  cmiicke  HaxoamMm  cpeactso  [lapmsii
08YXBHLOOPOHLLIL T-mecm 0N CPeOHUX.

B nogBHMBIINIMCA JMAJOIOBOM OKHe B roixe Humepean nepemennon 1
YKa3hIBaeTCA JAHANA30H gueek repBoil BuOopkn. B none Humepsan nepemennoi 2
YKa3slBaeTCA AMANa30H 3HaveHnil rropoil BeiGopki. Ecnn ananazoH ykassigaercs
BMECTE C 3alrolOBKOM, TO HanpoTHes Memxu crarnM dmaxok. B none Amga
YKa3LIBAEM YPOBEHE 3HAUNMOCTH (110 yMorganmo cront 0.05).

eeopra 18800p3 TapHH
6

Brogmee axece
PHTepaan Nepesteice: 3.

Mtapman nepessssci o

tagzaaniol .
(oszosi0

DAMGTETIMCEMN (DaMMA DAOCTs! ]

[ twren

Anda: 0,05

Miapdont 100 Bects

O Boaroieneean |

() Hotma? pabisesi gucr: |

O Hosaa patiousa pera

]5 Ewlm,ulm ;m}c-';w!uI-
A Ao o
[ RE R R R . R

-
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e

14
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Puc. 4.1, Jinanoropoe okHO 1A KpuTepiia ¢ CTHIOACHTA IS 3aBHCIIMEIX
BHIOOPOK

BHIXOJHEIE Pe3VILTATH TIPEACTABICHH B BIAe TaGMMIBL, TAe TIPHBOIATCA
CTATHCTHMECKHE XApaKTepHCTIKI BHIOOPOMHEIX 3HAYEHINL, COOTBETCTBYIONIHE



N |

- Xsocte  Obsatenbhbii, Uneno xsocToB pacnpeaeneHmsi Ecin 3HaueHne
"xpoctel” = 1, ¢yuxmms CTBIOJEHT TECT BozBpamaer OXHOCTOPOHHEE
pacnipesienerne. Ecan 3natenne "xegoctwl” = 2, ¢pyuxiwst CTEIONEHT TECT
BOZBpANIAeT JBYCTOPOHHEE pacipeiene e,

- Tmn OOszarensHelll. Buy  BemonmgeMoro  t-Tecra.  IapHBIL
roMoOCKeJacTieckiii (ABYXBEIOOPOUHEIT ¢ paBHBIMI [IHCHEPCHSAMI) LT
rerepockeacTideckiii (J[ByXBeI00pOTHEIT ¢ HEpARHEIMIL JFCTIEPC HAMIL),

Topsnok BeINOVIHEHHSI padOTHI
3apanme. Hano cpasnnms Mexqy co0oil pezynsTaThi BHIOIHEHNA TeCTOB Ha
BHIIMaHIE B JBYX Ipymiax. Ytolu y2HATE pazmimMaiOTcs JH IPYIIBE MeXIy coboii
HEOOXOATIMO BEMHCITHTE t-KpuTepHii CThIoZeHTa V15 HEe3aBHCHMBIX BbIOOPOK.
Anaropurm.
1. BHeceM JaHHBE M0 IpynnaM B TAONHILY:

2. [IpoBepHTE pacnpeeIe N Ha HOPMAIEHOCTE.

3. Paccunrats cpeanee aprQMeTIIecKoe, CTaHJapTHOE OTKIIOHEHIIe |
KOIIMECTBO YENIOBEK B KA1 rpyrie.

4. BuupenseM sMnMpHYeckoe 3HaYeHns 1o gopmMyne t-xpurepia CTRIOIEHTa
JUIs He3aBICMBIX BRIOPOK

5. BuuncnsieM creneHn cBoOOARL

6. OnpeaensgeM Mo Tadmiue KpHTIMecKoe 3HaueHne (-CThIOQEHTa Ui
33/JaHHOTO VPOBHA 3HAYHMOCTI 1 TIPAMEHAEM [PABILIO CTATHCTHYECKOID BRBOJAA:

Jannbie
PesymsTaret Pes Pesymrat | Pesymbrats
Ne rpyroms Nel )T;Tfm il Ne rpyiomer Nel | rpyromn Ne2
(cexc) v (cexc) (cexc)
| 30 46 16 34 42
2 45 49 17 33 40
3 41 52 I8 49 58
4 38 55 19 32 54
5 34 56 20 46 53
6 36 40 21 4] 51
7 31 47 22 44 S7
8 30 51 23 38 56
9 49 58 24 50 <4
10 50 46 25 37 42
I 51 46 26 39 49
12 46 56 27 40 50
13 41 53 28 46 55
14 37 57 29 42 43
15 36 44




n
N

KpHTHYECKOMY 3HaueHmo 39,36 win npespicHT ero, pasua 0,025 Taxmm obpazom,
BEPOSTHOCTh TOMD, HTO TECTOBAs 7 -CTATHCTHKA JISKHT MEKIY KPHTIHECKHMII
snaveHsMu 12,40 m 39,36, papna 095 Te, zagap ypoBeHb 3HaYHMOCTH H
OIpeZe/IB  KOMIMYECTBO CTeleHeil CBOOOAH, MBI MOMKEM HANTH KPHTIMECKOE
3HAUEHIIE TECTOROI Y -CTATHCTIKH AUIA MOG0T0 KOHKPETHOTO pacTIpeaeIeHIs 1.

Ilycts ans aHammza cozgaHa BHIOOpKa, cocTosimas s 253meMeHToR. UToOH!
OMpEASIINTE, OTANUAETCH JIH CTAHAAPTHOE OTKIOHEHNE OT 3aJaHHON BENNUHHEL
pPaBHOil, Hamprmep, 15, MOKHO NMPIMEHNTH ABYCTOPOHHMIT Kpurepiii. Hynepas n
aNbTePHATHBHAA THITOTE2H (POPMYHPYIOTCA creayronmM odpazom: Hy: @ = 15; Hy:
¢ # 15.Hynepas mmoTesa OTKIOHAETCH, €/ TeCTOBas % -CTATICTIKA MONajaeT B
o0nacTh OTKIOHEHMS IMINOTe3H, OIPAHHYEHHVIO NEBHIM IUIH TIPABHIM XBOCTaMH
KpHBoil pacnpenenenis x° ¢ (25 — 1) = 24 crenensmi cBoboanl Cle/IoBaTENBHO,
pemapomee npaswio  QopMyinpyerca  cieayionum  obpazom:  rmmoteza  Hyp
OTKIIOHAETCH, ecimnt ¥*= yu® = 39364 jum ¥°< 7? = 12,401, 8 npoTHBHOM ciyuae
IHIOTe3a He OTKIIOHACTCH

[Ipeanonoxim, 910 BHOOPOUHOE CTAHZAPTHOE OTKIOHEHNE S. BHMYICICHHOE
ana BuOOpkn n = 25, cocrarndger 17.7. J{na Toro urofSH NPOREPHTH HYIEBYIO
THIOTe3Y IpH YpoBHe 3HaumMocTH, paBHoM 0,05, Bocnonbayemces dopmyoit (5.2):

» _(n=DS* _ (25-1)17,7)°

5 - - =33,42
o 15°

PactieTHOe 3HAUEHIE TecTOBOM Y’-cTaTHCTHKN 33,42 JIeXNT B HHTEpBale,
OTPAHMMEHHOM HIZKHIIM J1 BEPXHHM KPHTIMECKIDMII 2HAYSHIAMIL T.e. Mexay 12,40 i
39,36, chemoRaTenbHO, IWIoTesy Hy OTKIOHATL HeNMb3d M HET OCHOBAaHMIi
YTBEPAJIATE, YTO CTAHAPTHOE OTKJIOHEHIE IeHEPATLHOI COBOKYITHOCTH OT/IIYACTCA
ot 15.

Kprrepuii ¥° Uit MpOBepKH IMIOTE3B OT JHCIEPCIH JUIM CTAHIAPTHOM
OTKJIOHCHIIN CUNMTAeTCA  KilaccHueckoil mnapamerprueckoii nponeaypoii  Ilpn
MPOBEPKE THMNOTE3El O AUCHEPCHIT MeHEPANLHOI COBOKYIIHOCTI WIN CTAHAAPTHOM
OTKIIOHEHIH  TIPEINIONaraeTcs, €TI0 JICXOAHHIE JIAHHBE HMEIT HOPMalbHOe
pacnipesenenne Kax 1 GONMBIINMHCTBO NApaMETPINECKIIX KPITEPIER, 7 -KpHTEpHil
NOBONBHO MVBCTBHTENEH K HAPYIISHIIO STHX NPeANONOKeHHI (T.e. 3TOT KpHTepHii
He FABRNAETC YCTOIMMBEIM). CleoBaTenbHO, €C TeHepalbHAS COBOKYTIHOCTEH
CIIBHO OTIHYAETCS OT HOPMANBHOIO paclpefeleHns], OCOOCHHO, KOorja o0heM
BEIOOPKII HEBEIHK, TOUHOCTE KPHTEPIA SHAUNTENLHO CHIDKACTCA.

Henonbzopanme y -kpurepnsi corsacus s pacnpeaenenns Ilyaccona,
Pacnpenenenne Ilyaccomra MOXeT ORTHL JCMOJNL30BAHO, HampiMep, JId
MOJICJIHPORAHIIA KOMHYECTBA KIMEHTOR, MPHOMBAIONIMX B OTAcHeHHe OaHKa B
TeyeHne MHHYTH, [Ipearnonoxim, 4To B TeYeHne Heaeln (paKTHIecKoe KOMTrecTBo
KIIMEHTOB, TIPHXOAANUIX B OTAE/IeHHE DAHKA B TEMEHIE MITHYTHI, izMepsnocs 200 paz
(puc. 5.3).
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JInsg Toro 4ToOHM ONpeAeNHTh, HMEET JIH KOMMHMECTBO NMPHOBITHII B MHHYTY
pacnipenenenne [lyaccona, (opMyIHpYIOTCA HY/IeBas H albTePHATHBHAS THIOTe3a,
Hy: xommecTBo NpHORTHIT B MIHYTY TOAMNHACTCS pacnipeneneHmo [lyaccona, H:
KOIMECTBO TPHOBITHIT B MHHYTY He TOmumHsercs pacnpeaenemimo Ilyaccona.
[Tockonexy pacnpeaenenne [lyaccoHa nMeeT OJHH napaMeTp —MaTeMaTIIecKoe
OXMIAHHE A, B HYNCBYKD I QILTEPHATHRHYIO TIIOTE3H MOKHO BKIKOYATE 10O
BREMIUHHY A, JWOO ¢e¢ BHOOPOYHYIO OLEHKY. B HameM InpiMepe AId OLEHKH
CpeAHero KOMITMEeCTBA MNPHOBITHIH  KIHEHTOB HEOOXOAHMO  BOCIONBIOBATHCA

dopmynoit:

i’";f)

x=£ (5.3)
n

Jna pacuera mo 3710it opMyne B Excel yaoSHO BocnonpzoBathes (yHKIHEH
=CYMMITPOU3B() (pic. 5.3).

- B i C | D i E | F G

1 Npubbitua Yactora

2 0 14
3 1 31
4 2 47
S 3 41
6 a 25
7 5 21
8 6 10
9 7 5
10 8 2
11 200
12

13 CpepHee X 2,90 =CYMMNPOW3B(A2:A10;B2:810)/B11

12

Puc. 5.3, PacnipeaeneHie 9acToTh NPHOKTHIT B MITHYTY BO BpeMA TaHIa

JInst OmeHKH mapaMeTrpa A MOMKHO  BOCHONB30BAThECA  OLEHKOT X
Teoperimeckyio qactory X yenexoB (X =0, 1, 2, 3, 4, 5, 6, 7, 8, © n donee),
COOTRETCTRYIOIYIO MapaMeTpy A = 2.9, MOKHO ONpefeTh ¢ NOMOILIO (BYHKIUM
=[IYACCOH PACIIX.X,JIOKD). YMHOKHB IyacCOHOBCKYK) BEpOATHOCTL Ha
00BEM BRIOOPKI 71, MOMYYHM TEOPETIUECKYIO YacToTy f, (prc. 5.4).

Kak cnenyer ms puc. 5.4, TeopeTnueckas 4acToTa JeBATH 11 donee NpHORTHi
He npepocxoamTt 1.0, Jlns Toro 4Tobbl Kakaas Kateropms coAepikana HacTory,
pagHyio 1,0 mun SonemeMy 4HeIy, Kateropio «9 u Gonee» cueayer 00beAHHHTE C
kateropreii «8» To ects, ocraerca nepsrs kareropmii (0, 1, 2, 3, 4, 5, 6, 7, 8 n
oonee). Ilockonbky MaTemaTIMeckoe oXwlaHue pacnpejgeneHns Ilyaccona
OINpeAENAeTCsl Ha OCHOBE BHIOOPOUHEIX JAHHEIX, KONHYECTRO CTeneHell crodoan



“ B C D
Habnwopaeman  Teoperuueckas yacrora 3

. Npubbitia wacrora f, f,=nP(X) (fo- /1,

2 | 0 14 11,00 0,8153
3 | 1 31 3191 0,0261
4 | 2 47 46,27 0,0114
5 | 3 a1 44,73 0,3114
6 | 4 29 3243 0,3629
7 | 5 2 18,81 0,2550
8 | 6 10 9,09 0,0508
0 | 7 5 3,77 0,4040
10 8wbonee 2 1,98 0,0003
1| Wroro 200 y'-kpwTepwit COTNacHA 2,2772
12/

Prc. 5.5, Pacuer y’-KpuTepHs cornachs Ui pacripeaenesms [lyaccona

= EE SR CNE SR RN OS SE DM .
1| -61 -28 -12 -0,7 0,5 18 19 2,5 2,8 33
2| 35 38 38 40 42 43 4,5 4.6 5,0 51
3| 52 54 3.5 5,8 5,9 6,0 6,2 6,3 6,5 6,5
4 70 71 71 7,2 7,2 73 7.5 7,6 7,6 7,8
5| 78 78 7.9 81 81 8,2 8,3 83 84 85
6| 85 8,5 8,6 8,8 88 88 9,0 9,0 9.1 9.1
7| 91 9.2 9.3 9,3 9,5 9.5 9,5 9,5 9,6 9,6
8| 97 9,8 9,9 9,9 9,9 99 101 101 101 101
$ 102 103 103 104 105 105 105 105 105 105
10 106 107 107 108 109 110 110 111 11,1 111
11 12 112 113 113 113 113 114 115 115 115
12, 116 11,7 11,7 119 119 122 122 123 123 124
13) 125 127 129 129 129 130 131 132 134 134
14 13,7 13,7 139 141 147 148 149 150 157 158
5. 158 160 169 170 170 176 178 181 181 182
6. 185 185 18,7 189 214 220 229 263
17 ;

18 Cpeasee 3HaueHme X 10,149
19 CTaHAAPTHOE OTKNOHEHWE 5 4,773
]

Puc. 5.6 Yropanoue HHENT MaccHB BEIOOPOTHEIX AAHHEIX

BrCopouHKe AaHHKE MOXHO CIpYIIMIPORATEH, pa3biB, HANMPHMeEp, HA KIacChH
(MHTEpBANH) WMpHHOIT 5% (puc. 5.7).



A B C 0 E F G H i

MATMARTHAS CPeANETON0RaA X z ﬂno:‘nup B vutuacu Mnousaas , = nP(X}
1 ACXCAROCTY MEHDILE 8 Knacce
2 Meénee -100 100 422 0,00001 0,00001 0,00
3| or 100 & <50 50 317 0,0007% 0,00074 0,12
4| or -50 a0 0.0 00 -213 0,01673 0,01598 252
3| or 0,0 ao 5.0 50 -108 0,14030 0,12358 19,53
4 or 50 ao 100 100 0,03 0,48752 034 54,86
7| or 10,0 & 150 15,0 102 0,84527 0,35775 56,53
8 | or 150 a0 200 20,0 2,06 0,96049 0,13522 21,36
9 or 200 ae 250 250 in 0,99%07 0,01858 2,94
10 or 250 a0 300 30,0 416 0,999398 0,00051 0,14
11 Gonee 300 2~ o 100000  0,00001 0,00
2
13 Cpopnoe asosma X 10,149
14 CTasspTHOR OTKAOHEHHS 5 4,773

LA

Puc. 5.8, [Inomaan 1 oximiaeMele YaCTOTH JUTA KaAROTO Knacca BHOOPOYHBIX

JaHHEIX
A [ C D (S s G =
NatuneTian cpeguerogosas  Habmoasemas  TeopeTMueckan ~
1 ACXOAMOCTY wactoraf,  wacroraf,=nP{X) (Fe-fo) /e
2 MeHee 0,0 4.0 264 0,699
3 or 0,0 a0 5,0 140 19,53 1,564
4 or 5.0 ac 10,0 58,0 54,86 0,180
5 or 100 a0 150 61,0 56,53 0,354
6| or 150 @0 200 17,0 21,36 0,892
7 | Gonee 20,0 4.0 3,08 0,275
8 | X -HpHTRPRI COrNacHN 3,964
9
10 Yueno crenexen caoboas k|
11 | YpOoseHs 3HaU#MOCTH 0,05
12 | KPUTWIECHOE IHIUEHNE )Y -CTATHCTHRM 7,615 =X12.06P{1-F11;F10)

13
Puc. 5.9, Brruncne s, CBA3aHHLIE ¢ IPHMEHEHIEM ¥ -KpHTepis COTIAcHs s
HOPMANBHOTO PAacnpeAene Hits

Brwo, gto y’-crarnerika = 3,964 < y*7,815, ciexosarensHo rumoresy Ho
OTKIOHATH Henb3d, HMHawe ropops, y HaC HET OCHOBAHMIl yTBEPAAATh, UTO JaHHBIE
BHIDOPKI He NOAMHHAIOTCA HOPMATLHOMY PacipeeieHITo,

AHanM3  KaTeropimii  JAHHKX  MOXeT MpOBOANTECA €  IIOMONIBIO
HeTrapaMe TPHYECKHX NMPOLeAYP: PAaHrOBOTO KpHTepist Y WIKOKCOHA, MCTIONE3YeMOro
B CHTVAIUIAX, KOIZIA@ He BHINOMHMOTCS YCIOBIS TPHMEHSHMS [-KpHUTepIs Ui
NIOBEPKI THIIOTEAN O PABEHCTBE MATEMATHUECKHX OKIUIAHIIE JBYX HE3aBMCHMEIX
Ipyni a Takke kpurepna Kpyckama-Yolmca, KOTOpHIT SBISETCA ansTepHATHBON
OMHOPAKTOPHOMY ANCTIEPCHOHHOMY AHATIIZY.
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JlaGopaTtopnan pabora No 6

Mepsi essisn BeidopouHbIX JanHbiX. Kosapuanusa. Koppeasuus (4 uaca)

Ilem,: HB}"‘U]TB KOMMECTECHHBIE MNOKa3aTelr, XapaxTepInyioulne Ciny
3ABHCIIMOCTH MEXAY IBYMA CH)"‘IRI“IHHNEI BEIITTYITHAMIL

Teopenmec KHe CBe/leHIs

[IepBIMHYIO OHEHKY MEPEl CBASH MEXKIY BHOOPOUHBIME IIepeMEHHBIMII
MPOBOAAT € MOMOINLIO [AHAIPAMME! paccesHis (paidpoca AaHHEIX) — puc. 6.1. Ona
MOKA3KBAET B3AHMOCBAZL MEXAY JBYMI BHIAMH BHOOPOYHHBIX JaHHEIX H
XapaKTepH3yeT CTENEHD 11X B3aHMO3aRICHMOCTIL

a o] 8
X ¥ P Y.
° * P .. L ]
"'.‘ b0 .
o Poe, . (0.6 os® r=0
~. & * . .. - .. » *
o e r“O,9 b .Q hd LT N * * *
. . -
¥ o %%
o x *e x . P @

Puc 6.1. XapakTepHsle BApHAHTH CKOIUISHII TOUEK Ha MarpaMMax paccesHis

JUTsl TOCTPOEHNA ANATpaMMBl PAacCesHiA PEeKOMEHIYETCH JCHONbI0BaTh He
meree 30 map AaHHEIX (x,y). OcCH x B y CTpOAT TaK, YTOOH ANMHE! pabounx vacreii
OBUIH TNPHMEPHO OAMHAKOBHL TOWKN, JaNexo OTCTOAIHE OT OCHOBHOM IPYITEL
ARISIOTCA BRIOPOCAMIL, 1 X HCKTIOYAOT (110 NMPABIITY «TPEX CHIM» ).

KoBapuHauus OUCHIBAaeT CHIY JNMHEITHOH 3aBHCHMOCTH MEXAY ABYMA
THCIOBKIMH NMepeMeHHBIMI X 11 Y . BROOpoUYHad KOBapHAIHA !

Z(X] —.)?)(Y, —?)
cov( X,Y) == , (6.1)

n—|

[Ipy 3TOM KOBAPMALNLA CIIYUAIIHON BEIIMIHEL ¢ cO0OIT paRHA JHCTIEPCHIL:

i(xl. — ¥

cov( X.,Y)=" R . (6.2)

Jing pacuera KORapualpmi JABYX BHOOpox B Excel menonesyerca ¢wHKIUA
KOBAPUAITAS B().



(6.5)

Ipn v/m.= 3 xoapdimmeHT KOppensiiy CYHTaeTCs JOCTOBEPHLIM, T.€ CBI3h
noxasaHa. [Ipn w/m, < 3. cBA3L HEJOCTOREPHA.

JIHeIHOCTE  KOppeIsii  O3HAYaeT, 4YTO BCE TOUKN, IBOOPaMEHHHE Ha
amarpamme pasdpoca, Jexar Ha npsamoil (puc 6.2). B peanpHEIX CHTYAIIsEX
KOOQ@IIUIEHT KOppenaly peAKoe IpHHHMAeT TouHele 3HaveHmst -1, O n +1
(puc. 6.1).

Y X Y
- . .- o, -
. " s e,
X
Navens A MNavemn & . Mawans B ”
OvpruarencHan OTeyTCTane roppenamn NonoxuTennHan
NEAMONWIEAHAR (p=0) NEAMOAM MO SR
xoppaniums (p=-1) KOPPersiuME (p = +1)

Pic. 6.2. IIpiMepEl 3aBHCHMOCTH MEKAY ABYMA IlepeMEHHEIMI

3aBHCHMOCTH Ha pHC. 6.1 1 6.2 rOBOPAT 0 meHOeHuAx. NOCKONLKY HalIMHe
KOPPe/sAiu Me#Iy TMepeMeHHBIMH X 11 Y He O3HauaeT HaMMIA TPIMITHHO-
CIeICTBEHHBIX CBMEHl MeXAY HIMIL Te€ H3MSHEHNE 3HAUeHHs OQHOIl I3
NePEeMEHHBIX He O03aTeNbHO NPHBOANT K MIMEHEHINO 3HaueHns Apyroil. CivibHas
KOPPeTIALg MOKeT OBITh CTy4aiiHoi (MMeTh HI3KYIO CTATHCTHMECKYIO 3HAMIIMOCTE)
TN OOBACHATLCA TPeTheil NMepeMeHHOI, OcTaBmeiics 2a paMkaMi anamra B Takix
CHTYAISIX HEOOXOAMMO IPOBOANMTE AOTIONHHUTENBHOE JccieqoBaHie. Takmm
00pazoM, MOKHO VTBEPAIATh, UTO MNPIIHHHO-CICACTBEHHEIE CBA3N TOPOKIAIOT
KOPPEeJAIIIO, HO KOPPEIsiUid HE O3HAUAeT HANMHA TPHYIHHO-CIEACTRE HHEIX
CBA3EI.

BriGopounsii  KoamuieHT  KOppensiunl  MOKHO BRMUCIHTE — Hepes
KOBAPHALIIIO:

r_cov(X.Y) 6.6
S.tsr ' ( . )
rac
SUX, - XNY, - ¥) Yx,—Xx)
cov X.Y)="- §=\=— §,=
n—1 n—1




APryae Hiss iy HMK
PPCo
Maceum | 41:411 (] = 0452267
Maccus2 81511 = 23.54:56:45041:47
= 0,143171587

BommpauaeT Kooh e nT coppenay s Mpcce, ¥,

MOCCHAZ MAON AT S0 HNLEC SHIA 6L

Crpmra 0o e drmans Dermnne: 0, 143171847 Looc || omes |

Puc. 6.4. lnanororoe okno Aprymenra (yuxupm [THPCOH

(Oba apryMeHTa AO/IKHBE COAEPAKAThH OIMHAKOBOE KOMIITYECTBO 3HauMeHInl. Ecan
OHH HMEIOT pasliMHble O0OBeMEl AAHHBIX, TO (PYHKIIA BO3BpamaeT 3HaueHHe
ommnoxn # H/JL, ecmit XoTs1 OW OINMH apIYMEHT He 3a1aH, TO (PYHKIUIA BOIBpaliaeT
1Ha4eHne ommnokn # J[EJL/0!,

B mieiike, KOTOPYIO MBI BRUIETHIIN JUIS 3aricH (pyHKIMI, TOABITCA 3HaMeHHe
KoagmmenTa xoppenamnn [Inpeona [TonyyueHHbIe pe3yIbTaTR MOKHO IPHBOANTH
K CTAHAAPTHHIM 3HAUCHIFIM, MPOROANTE Z-NpeoltpasoBa I,

X-X

o i Al |
_—t (6.7)

B maxoM ciyyae xoaduprmieHT Koppensii IInpcoHa BRIMAILNT Nnpone:

i in Z_w'
=1

R, = No1 (6.8)

Ha pemmmnny koagdinpeHra KOppensaium He BINSeT TO, B KaKIX eQIHIIAX
TPeICTARIIEHE] NPIBHAKIL Jobnie JFHEITHBIE npeodpazoBaHis
NPIIHAKOB({ VMHOKEHIIE HA KOHCTaHTy, MNpHOABIeHHe KOHCTAHTH) He MEHSIOT
aHaveHI KoodiimmenTa xoppemsiium. MeKoMeHIeM SBaseTcs YMHOKEHHE OJHOTO
I3 TIPH3IHAKOB HA OTPIIATENLHYIO KOHCTAHTY, B TAKOM clyaae sHak koaddimpieHra
KOPPEISILI MEHACTCA Ha TPOTHBOMONOKHEI.

Breranemims ko3upHIBICHTH KOPPEIAmN TAKKE MOXKHO ¢ NMOMONIEIO (yHKIII
KOPPEJI co cnepyionumi xapaktepnctnkami: KOPPEJI (mMacene 1. mMacene 2), rae:
MaccHB | = InanazoH AaHHBIX UL NMEPEROIl NMepeMeHHOI, maccie 2 = AnanazoH
JAHHBIX JUI1 BTOPOIT IepeMe HHOil
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Konrpoabusie Bonpochi

. Cihopmynnpyitre  momsTist  QYHKIOHANBHOIT ¥ CTOXACTHMECKOIT

JABHCIIMOCTET CITYHAITHEIX TTepeMeHHEIX,
Kakas B3anMOCBsI3h CTyHaiiHEIX Be/ITIIH HA3HIBACTCA KOPPeIAIHOHHOTT?
B "eM 2akmouaeTes 0CHOBHAS 3a[aua KOppeAIOHHOTO aHamaa’

. Uro Ttakoe xoppensumoHHoro mnone? IIpmeennre npiMepsl ¢ pasHBEIMI

JHAUCHIIAMII KOPPEIALMOHHRIX 3aBHCHMOCTE T MEKAY NepeMEHHRIMIL,

Yro HazmBaeTCA KopapHnameii”

Hna  oueskn  Kakeil  KOPPeNALMOHHON  3aBHCHMOCTH  HCTIONB3YeTCH
BEIOOPOUHEIT KoaddmmenT xoppenaimn’ Kakops ero coiicta’

Kakme mapaMeTpel B3aMMOCBA3ZH BHOOPOYHBIX /[AAHHBIX XapaKTepirnver
koaddmurent xoppensaim?

Kaxie Biabl KOppensiHoHHOI 3aBncnmoctii BaM isBectHn?

Kak npoBepsieTcs 3HAUIMOCTE Koa(uprInieHTa Koppenaim’

10."UTo nokassigaeT HHTEpRANbHAA olleHKa KoaddinmienTa koppenaipn’
11.UTo XapaxkTepmayeT SMIMPIMECKOe KOoppelaimoHHoe oTHomeHne? Kaxopnl

ero cpoiicrea?

12. 910 XapaKTepH3yeT SMIHPIHecKil KoadpInmeHT aeTepmiHatmm’
13.B kakmx AmanazoHax 3HaueHuil Haxo[ATcs KodpQIIeHT KOoppensiM 1

ko dimment perepmumaipm? IIpuBeanme npiMeps 11 HHTEPNPETHPYITEe HMX
JHAYCHIIE,

14.970 Takoe MHOKeCTBeHHas koppesannsa’ JacTHas koppenais’

OnpefgensieT M1 KOPpeJsipidl  NPHIMHHO-CIEACTBEHHBIE CBAIM  MEXKIY
HCCIe Ve MEIMIL TapaMe TpaMiu”?
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B KOTOPOIT ryj — BEIGOpOUHBIE KOQ@IIIIEHTH KOPpemsAiun Me#y BemrmHamMi X; i
X;,, Matpmisi Qp H g CHMMETPIMHEIC, TIO3TOMY NPH BBIYHCICHIH MATPHIEL §p
HMPHBOASTCA TONBLKO 3IEMEHTHI, PACTIONOKEHHBIE Ha IMABHOM ANATOHAIHN H 1O Hei.

TecHora nHHEITHON KOPPeMAIDIOHHOH CBI3M OAHOIT 13 BemmnH Xi ©
COBOKYTIHOCTRIO OCTAIRHRIX p - [ BenmmunH X; X, X; . , X, OLCHHBaeTCA
BLIDOPOUHBIM KOSPPUWUEHMOM MHOJCECMBEHHOT KOpPerfy i

(7.1)

rie | ¢, | — onpeaenuTeNn, MATPHIIN §p, @i — ANreGpamiecKoe JOTIOMHEHHE eMeHTa
rii MAaTPHIM gp,. B wvacTHOCTIL AnA Tpex BemmunH X; Xz X3 BHOOPOYHKI

xoaddimutent MHoKecTRe HHOM Koppensmmn R, , Brumncisercs o gopmyie

2 2 2
ry e =20 Ty

7y = r; . (7.2)

R

BuiGopounniii  koaupuimeHT MHOKECTBEHHOIT KOPPEenAIiin  NpHHIMAeT
anauenns or 0 go 1. Yem Gminke anavenne Ry, x eqmmime tem TecHee mimeiinas
KOppe/AIOHHAA CBAL X ¢ OCTAIRHRIMI BemanHamu X, Xo, X3 ., X,

Bemmunaa R’ =(R,,,,.,,)’ HA3LIBACTCA  BLIO0POUHBIM — MHONCECMEBEHHLILM

Ko3ghgnnguenmon  OemepMunayuy,  KOTOPas  TOKa3HBACT JIOMIO  BApPHALNN
nepeMeHHoli X,  o0bscHseMyl  BapHamileii  OCTANBHHEIX  TNEPEMEHHBIX.

MuokectseHHmiT  koadpmment  koppensupm Rj, |, sHaumM  npH ypoBHe
IHAYHMOCTII C, €CIIH BEMIICIIEHHOE 2HAYe e F-CTaTHCTHKI:

2 R*(n-p)
(I-R)(p-1)

> Fla,p-1,n-p). (7.3)

rjae Fia,p-1,n-p) 3HaueHne F-KpHTepHs Ha YPOBHE 3HAYIMOCTH ¢ NpH wicie
creneneii ceoboau ky =p— I nk; =n—p.

Hacmuste xosdruyuenmsr xoppenayun. Ecan BeIMUIHE 13 COBOKYITHOCTH X)),
X Xi ... , X, xoppemmpyiOT Apyr ¢ JApPYroM, TO HAa BeJINYHHAX T[ApHBIX
koo QIIUIEHTOR KOppensaunt ryj nepemeHHeIX X, # X, CKashBaercs RINAHHE N
APYIIX TEPEMEHHBIX COBOKYIHOCTIL 4YTO MNPHBOANT K NCKAXCHHIO 2HAYeHHIl
KoammenToB  koppemAaunn  ry. 1A OLEHKM NHHEHHON  KOPPensIHOHHOM
3ABHCHMOCTH MEXAY BemmuHamMi X; 11 X, O4iIe HHOI OT BIHAHIS APYTHX BeTIMITH
COBOKYTIHOCTH, HCTIONBIVETCS GuIO0POYHLI Hacmublil Ko3ggnaguenm xoppersyuu

Tin..p OH ONpesiessieTcsi COOTHOMICHIIEM



72

IIePEMEHHBIX  PACMOIOKEHB TI0  CTONOIAM, €CiIN  3HAYCHISA  TePEeMEHHBIX
PACTIONOKEHK TIO CTPOKaM, TO BRIOHPAETCs «110 CTPOKaM», MOcTaBiM (iakox B mose
«MeTku B 11epBoii cTpoke (cTonbue)», 4T0 yKa3sBaeT Ha TO, HTO B TEPBOil CTPOKE
(cTondie) CrpymimpoOBaHHEIX TI0 CTONOHAM (CTPOKAM) JaHHBIX HAXOAATCH MMEHa
nepeMeHHNX. B uactin «llapaMeTpel BRIBOZA» BEIOHPAETCA MECTO PACIONOKEHHS
pe3ynsTaToR BeIMOMHeHHs QyvHkpm «Koppemsiunsay . «Brxogxoil nHTepBan: —
yKaseBaeTcAd Aveiika TEKyIero IHeTa, ¢ KoToporo (BMNpaBo I BHH3) Oyjaer
PACTIONIOAKEHR KOPPe/IMOHHAA MaTpHla ¢p. «Hoewii paboumil micT» — BHBOX
KOPPE/SINOHHOH MaTpHIlLl HA HOBEIT paboumil amct, «Hopas pabouas kHHTa» —
BHIBO/I KOPPE/AIIIOHHOH MaTpHllbkl B HOBYIO patouyio kHiry. Buibepem « BrixomHoii
nHTepeamy 1 sueiiky E2, ¢ KoTopoii OyAeT pacnonokeHa KOppensioHHAsT MaTPIIA.
[To «OK» nonyunm B sueiikax E2-HS xoppemsniuioHHYIO MATPHITY. 3aroiHeHe OKHa
«Koppensaisa» npueeaeHo Ha puc, 7.1, pe3yinbraThl — Ha pue, 7.2,

| Ewozrue pewest
23 5 35 Bgasrol itecsan Msuscss (8 (e
g4 152 3 S | O
&8 155 3.7 » -
S N9 CEPORm
w1

x X2 X3 HODDR GO AR MATDN LS

68 141 33 X7 X2 ¥3
6,8 138 34 b | 1 DMANIE 1,01939)
77 147 3?2 x o348 1 DASIUTY
73 145 an X3 DS193972 DAS3INIT |
f 84 12 38
: 3} 155 37
o} ER 156 3n
i 348 161 a7 L-CIATIC TN
! 1056 57 3.8 (WIX2 5012762
| 10,7 158 Pl (IX3 8 096523
! 11,1 i (74 39 2x3 7084109
i i158 166 a1
14 121 163 38 tfl-an2ls 2178813 Aos=purensies mrepean nas plkl X2]
15 124 165 32 AKLX2= 1773733 0828328 (,982491
] dtam 195054 |

Pric. 7.2. PesyasTaThl KOpPENAIOHHOTO aHAIN3a
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ITpopeneM Z-mpeoGpazopanne @mmmepa 118 BHOOPOMHOIO Koadpimmenta
Koppemstinm Rx= (0,944, J[ns storo pwigeniy, Hanpumep, sueiiky F15. Bo Bxnanke
«@opmyibi»  BeiOepeM  «/lpyrue yuxummuy, B 1pynrie  « CratHeTrideckne»
BeibepeM yuxino «®HIITEP». B oxne asroit QyHKIINI B 107 «X» BBeAeM
sHaueHne koaddimmenra koppemwnum Ry Ilo «OK» B suelike F15 nomyumm
3HAUEeHNEe Z, paBHOe B 2ToM Ipmmepe 1,7736 (cMm puc. 7.2). [[na BRUHCICHNA

IHAYeHIT :-J—-—"— u 2+:.-=—"*; TpeIBApITeNLHO HaiineM 3Haverie [y o . Brizemm,
n=2 n=J

Hanpimvep. sueiiky F16. Bo sxnaake «@opmyas» suibepeM «/Ipyrue dpyHkunmy, B
rpynne«Crarucruueckney BridepeM dyukimpno « HOPM. CT. OBP.» B oxne stoil

a
dyHxmm B none «BepoarHocTE» BReAeM 3HaUeHNE 1 — — » basHoe 0,975 Ilo «OK»

B smeiike F16 romyunM 2HaqeHe B paeHoe 1,9599 (cMm puc. 7.2).

JUts  mony4eHNs HIDKHET TPaHmbl  JOBePHTENBHOIO NHTepBana Ui
pezncnonezyeM ¢yukmmno OHITEPOBP perncienis riunepoonmeckoro TaHreHea
th(x)  Brmemmm smeiiky HIS n B crpoke dopmyn seeaem =OHITEPOBP(F15-
F16/(14-3)10,5) Ilo «Enter» B sueiike H1S nomyanM HCKOMVIO HIDKHIOK IpaHHL
JOBEPUTENEHOIO HHTEPRAIIA, B 3TOM NpHMepe paBHyo (8283,

Jing nomyveHist BepxHel  [PaHMIEl  AOBEPHTENBHOIO HHTEpBana i
orzBrenm gueiiky J15 n g crpoke dopmyn Beetem =OHIITEPOBP(F15+F16/(14-
3)70,5) Ilo «Enter» B sueitke J1S 1oaydHM HCKOMYIO BEpPXHIOK TIPaHHIL
JOBEPHTENBEHOIO HHTEpBana, paBHYIO B a3toMm npumepe 0,9825 (em. pue. 7.2).
AHANOrMHEIM 00pa30oM MOIYT OBITH IOCTPOEHBI JOBEPHTENbHBEIE HHTEPBalNbl UL
JAPYIHX reHepalbHEIX KOa(DIIIIEHTOR KOPPEIALIIL.

JUns Baxo&ACHIA BEOOPOUHEIX KOS (PHIIICHTOR MHOKECTBEHHOIT Koppe s
YACTHEIX KOAWPHIMEHTOR KOppeNAlyl MOCTPOUM NPEABAPHTENBHO MaTpHIy

anre6pameckix foronnennii 9ij 3neMeHTOB BHOOPOMHOI  KOppeIIAIIIOHHOI

matpiiel, ¢M. pue. 7.3, Jlna sroro B sueiike AlY9 BHUNCIIM ONpejaeHTeNh
KOPPe/SIIOHHON MATPHIIL. BRIAEIHM 3Ty SHeiKY 11 B cTpoke (OpMyI, YHITHBa]
PACTIONOMAEHIIE BHIOOPOYHOI KOPPe/IIIIOHHON MATPHIE, cM. pHc. 7.2, BBeleM
=MOIIPEJ(F3:H5) ITo Enter 8 A19 nony4aim 2HadeHne onpejennred. Buuiemim
smeitkn - A21 - C23 u Beenem B crpoke  ¢opmyn  MOBP(F3:HS).
HaxapCtrl+Shift+Enter, psueiikaxA21 - C23 nonyanM matpHiy o0paTHyiO K
KoppensamorHoit Matpune. JUis nomyaeHs MaTpHIE alnredpandeckux JoNoIHeHNIT

¢ ;; MEMEHTOR BHIGOPOYHOI KOPPEINIOHHOIT MATPHIUL HEOOXOANMO YMHOKHTE

IEMEHTH TIONYHEHHOI 0OpaTHOI MaTpHIlbl HA ONpeAe/INTeNb KOPPenslHOHHOI
maTpiiel. Matpmgy anreSpanuecknx JONONHEHHIT ¢, SIEMEHTOB BEIGOPOYHO

KOPPE/ALMOHHO MaTpiikl pazMmectiM B smieiikax F21 - H23, cm pme. 7.3.
Bryrenum sueiixy F21 1 Breas B crpoke dopmyn =A21*A19 no «Enter» B siueiixe
F21 nonyuanM 2HavueHHe g;;. AHANOIMMHO BRMICIIOTCH APYrie anredpamieckiie
JOMONHEHIA 3MEMEHTOB KOPPEIAIIOHHON MaTPHIBL
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syeiike 1omydnM 3HaveHne Raya Bmgemms smeiiky B30 n BBeast B crpoxemyi=-
F23/KOPEHbL(F21*H23), no «OK» B smeiixe B30 ronyuimm 2Habvenne Rip.
Beytemme  smeiiky  C30 wu BBengs B cTpoxe  QopMyn =-
G23/KOPEHB(G22*H23), no «OK» B smeiike C30 nonyunm zHaxweHne Ra.
OcTalbHEIE SMEMEHTEl MATPIIE YACTHBIX KOA(MPIIHEHTOR KOppenamnt (sueiikn
C28, D28, D29) 2anonHA0TCA HCXOAS 3 €€ CIMMETPITHOCTH (eM. piic. 7.3).
Obugee 3armodentie. 3HaUCHNS BHOOPOYHEIX NMAPHEIX KO(MPHINEHTOR KOppeaAIl
Ri>= 0944 n Rz = 09194 ropopsr o ciibHOH JIHHEITHON KOppelsiuIoOHHO
aapHcnMocTH mepemeHHoit (X1) or mepemennnix (X2) n (X3) Ilepemennue
(paxroper) X2 nm X3 Taxke cimbHO KoppenmpoBaHel, Rai= 0,8539 Bee
Ko3ppImmeHTEl MApHOH KOPPeNAIm 3HATIMEL, O YeM CBIISTeNLCTEYIOT 3HAMEHHS
X t-cTatneTk tiz= 9.913,tx= 8,097, t2x= 5,684, Momynn KOTOPBIX NPEeBHIIAIOT
Kputiteckoe 3xHadenne t-crarmernn t (0,95, 12) = 2,179, lns rexepanbHOro
kosddueHTa Koppemsamm P2 = 95%-ii goBepuTeNBHEIT HHTEpBan HMeeT BHJ
(0.8283. 0,9824), uT0o TaK®xe rOBOPHT O CIUILHOM MIHEIHON KoppenAlHoHHOI cra3n
mexay nepemerHsMi X1 n X2 3HaueHne MHOMKECTBEHHOro KoapdipieHTa
koppersiipmt X1 ¢ X2 nm X3 papHo 00,9688 3HaueHne MHOXKECTBEHHOTO
Koodimuienta  gerepMmumaIni  ropoput 0 ToM, gTo  93.86%  Bapmainm
IPOH3IBOANTEIBHOCTH Tpyda OOBACHAETC BapHaleil rnepeMeHHmx X2 n X3,
3HaveHns HacTHRX KoadduimenTsl koppemsuum R1220,776 1 Ry 0.66 i nmporepka
X 3HAYHMMOCTII TOBOPAT O 3HAYIMOM BIMAHNH TnepeMeHHeIX X2 u X3 Ha
nepemenHyio X1 ITpoeepka 3HaunMocTH HacTHOTO Koadmimenra xoppensinm Rasy
= - 0,107 ropopur o0 OTCYTCTRIN 3HAWNMOIl JmHeHON XoppensiyioHHOI
3ABHCIIMOCTH nepeMeHHsX X2 11 X3

ITopsaok BeINOIHEHNA PaboThI

|. Beog BuIOOPOYHBIX [JAHHBIX /IS HCCIEAOBAHMSA  KOPPEIIAIMOHHOM
3aBHCHMOCTH COBOKYIHOCTH BemmnH X1, X2, ... |, Xn.

2. TlocTpoeHne MATPHIE BHOOPOYHBIX KOX(Q@IIEHTOR KOPPeIIin H OLEHKA
HAMMISE W TECHOTH JIMHEHHON KOPPe/IIIOHHON 3aBMCHMOCTH MEAJIY TapaMi
BeMITIHH,

3. Ilpomepka 2HAYNMOCTH HaNbOIBIIEro 10 MOAYIO  KoaddinmeHTa
KOPPENSIN NPH YpoRHe 3HaTnMocTH & = (0,05,

4. lTlocTpoeHne [OBEpPUTENBHONO MHIEpBaNa HajexHocTH ¥ = | -opna
reHepansHoOro KoahImueHTa KOppenaiin p MexIy Hanoonee TeCHO CRAZAHHEIMU
BeJIMHHAMY 3a8[aHHO# COBOKYITHOCTIL

5. Haxoszenne  BuibopouHoro  kospduuueHta MHOKECTBEHHOI
KOppersiumRk o i BHOOPOYHOTO MHOKECTBEHHOTO KO3 (pHIIIEHTa e TepMITHALII
R2= R"/’A’, g

6. ITocTpoeHe MATPHIIE BEIOOPOMHBIX HACTHEIX KOA(HPHIIEHTOB KOPPeIAIIIH
OLICHKA «OMIILEHHOID» KOppenaIiioHHo 3aBHciMocT Xic ApyriMit BeTHUHHAMI
COBOKYITHOCTIL

7. O0mee 3aKMOYCHNE O KOPPENALHOHHON SaBHCIMOCTH  HCCIEYEMBIX
BEIIIIYHH,
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15, Omnpenennre BHOOPOUHEIT MHOKECTBe HHEL KOIDMIIIIEHT e TepMITHALIIII
R:‘-‘(Ri.ulzno MATpHIE BHOOPOYHEIX KOMMPHITHEHTOB KOPPEIAIUi, NPHBEIEHHOI B
1 1-m BOMIpOCE.

16, Jlna XxapakTepHCTHKIL Kakoil BaiMOCBA3M HCTIONBIYETCH HMacTHHII
koaddiment koppensipm’?

17. Onpepemirre BHIGOPOYHEI YacTHEIT Koadipiipent xoppemrstiom Rjas no
MATPHLE BHIOOPOTHEIX KOah(IIIIEHTOR KOppelALHIL npiBseieHHoi B | 1-M Bonpoce.

18. IlpoBeprre 3HAMMMOCTE YacTHOro KoadwpuipieHTa koppemsipmnl Ry,
HallieHHOro B NpemAyINeM Bonpoce. NpH odbeMe BHOOpKN n=19 m ypoBHe
sHaunMocTi o= (),05.



si

rae L;- ®HCIO CBT20K (BHAOB TOBTOPSIONIMXCA 3MEMEHTOB) B OHEHKaX i-To
3KCIepTa, f; — KOIIMHMEeCTBO 3MeMEeHTOR B /-if CBs3Ke U I-T0 3KCnepTa (KommecTBo
MOBTOPSIONIIXCA 3MeMeHTOR ). Ecii HeT CBA3aHHEIX PaHroB, T0 T; paBHO HYIIO

B HexotopoM cMeicnie xoa(upmipieHT KOHXOpaamminm W CIyKHT Mepoit
obmuocTi. Ornicanne koaddimuienta koHkopaaim KeHaanag aurepaType MOKeT
OIpPaHMIIBATECA OPMYIaMIL, B KOTOPBIX He YUNTHIBAIOTCH CBAAHHEIC PAaHTH, a
KpHTepiii orpaHmunBaercss TpeboBaHmeM crpemieHiss W K eAHHHLE, 9TO
CVIIECTBEHHO 3aTPY/HAET €ro MpakTHHYecKoe HenonblopaHie. B abcomorHoM
BeIpakeHHmnn W MOKET OKazaTbCA OHeHb MalbklM, HO €ero 3HaueHne Oyier
CTATHCTIFECKI 3HAY IMBIM /IS TIPOBEPKH THIIOTEH O PABHOMEPHOM PaciipejleneHIn
paHroB (cormacim pasknpoBok) Bermcnenne xoaddimmenta xkoHxopnamwm Oe3
BBEACHIA TIONPABOYHEIX KoahImuieHTOR ¥ TNPOBEPKH HAa  CTATHCTHYECKYIO
THAYHMOCTh MOXET IPHBECTIH K CYIIECTBEHHBIM OIIIOKaM

B ncnonszoaHmn koadupuiment xoHkopaaipm Kenganza MOXHO BEUICIHTE
JBA OrpaHIYeHIA

- HEBO3MOJKHOCTH PACCUMTATE COIACOBAHHOCTE MHEHMIT 3KCMEpTOB IO
KaxAoil nepeMe HHOI B OTA@IBHOCTIL,

- KoappIMUIeHT WIMepAeT COIIACOBAHHOCTh MHEHIIT B CMBECHE JIX
KOPPEINPOBAHHOCTH, HO HEe COBITAIeHIL.

IIpumep pacuera kodydpuunenta Konkopsaumn. [IpomeecTi SKCHEPTHYIO
OLEHKY HMHTErpambHOTO TOKazaTelsl, COCTORIEro M3 # (JaxKTopoB, IO CTENeHH
BHIPAKEHHOCTH TNpH3Haka. Mexognwie fganHmie: uncno ¢axropoBn = 6: 4mHciIo
SKCIEepTOR m = 4.

Sman 1. Cozoanue sxcnepmuoil xomuccuu. B akeneprHyio rpynny sonuio 4
AKCIepTa.

Sman 2. COop MHeHuil CREYNATNCMOS NYMEM GHKeMHO20 onpoca.
ONeHKY CTENEHI 3HAYHMOCTHI TEXHIMECKIX NapaMeTpOB XONOMIUIBHHKA JId
noTpediTeneil 3KCNePTH NMPOMIBOAAT NMyTEM TPICBOEHI MM PaHTOBOTO HOMepa
PaKTopy, KOTOPOMY 2KCITIEpT [aeT HAHBHICIIYIO OLCHKY, TIpIcBaimaercs paxr |
Ecimi  5Kcrepr mpiBHAET HECKONBKO (DAKTOPOB  PaBHOZHAMHEIMIL TO MM
NpHCRANBaeTcd OAHHAKOBHIT paHroBuii noMep, Ha oOcCHOBE JAAHHRIX AHKETHOrO
OIPOCa COCTARNACTCSA CBOHAS MATPHIA PAHIOB.

Sman 3. Cocmasnene c600HoN Mampuisl paK2oe.

Tatnmua 8.1 — Marpiua paHros

Hceneayemmiii E it DKCIepTH

NIPH3HAK II3MEPEHIsT | 2 3 4
X1 3 4 5 4
X2 5 6 3 -
X3 4 3 1 3
X4 1 1 3 1
X35 6 5 6 6
X6 2 2 2 2




n [
m Z Zx
-1 i-l

(8.4)

~

[IpoBépka MNPaBIILHOCTH COCTARICHIA MATPHIK HA OCHOBE HCUYNCIIECHRA
KOHTPOJIBHOM CYMMEL

(l+n)xn (l+6)x6
Z H b

=21

CymMa 10 cTonduaM MaTpHilkl paBHbl MEXKIY OO0 H KOHTPOIBHOI CYMMBI,
JHAYHT MATPHIIA COCTABIEHA TPABHILHO,

Oman 4. Ananus 3nawumocmu nccnedyembix ghaxmopoé. B naHHOM TipiMepe
(haKTOPH 110 2HAMIMOCTH PacpeAe TUIHCEH Cleayionm odpazom (tadn. 8.5),

Tadmnua 8.5 — PacrionoxeHne dhakTopos 110 3HAYIMOCTH

PaxTophl X4 X6 X3 Xi X2 Xs

Ly 6.5 g 1 16.5 19 23
PAHTOR

Clyramz
PRHroE

6.5

8 | N[

RN

16,5

19 N

: N

el X X X% (X5 %

@acTop R
Prc. 8.1. 'ncrorpamMma J1 JIONHTOH paclipeAe/ICHIA CYMM PAHTOR
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¥ = tl T =15471
— x4 x6(6+1)—— x1
i

.-

Bruncrennmii X = 12+471 CpaBHAM ¢ TAOMIYHHIM 3HAYCHHEM /UIA YIChA
creneneil ceobonul K =n-1 = 6-1 = 5 1 npu 3aganHoM ypoBHe 3HaunMocTH o = 0.05.

:

Tak kax ¥ pacuernmit 15471 > x* xp = 11,07 (cM. craTHCTHIECKIHE
Tabmunel), 70 W = 0.744 sBnseTcsi CTATHCTIFIECKH 3HAYIIMOI OIEHKOI, a NMoToMy
HOMYYeHHBIE Pe3yNbTaTH JUIA IHISTPATLHOIO T0KA3ATeNA HMEIOT CMBICI M MOTYT
HCTIONL30BATLCA B AANLHETTIINX HCCIeOBAHILIX.

Sman 7. Hoozomoera peutenun SKCNEePMHOTL KOMUCCU.
B peiynerare npoBe[¢HHOIO NCCIENOBAHIEI HA OCHOBE SKCIEPTHHIX OLEHOK
BEIACHILUIOCH, UTO HAHGONEe BRIpaXEHHEIMI cBOIicTRaMI obnafaloT daxropsl X4, X5
1 X2 CnegoBaTelbHO, AanbHEHNME HCCISAOBAHNA HEOOXOANMO NPOBOANTE IO
IBYUEHHIO ATHX cBOMCTB. Ha OCHOBE NONYUEHNA CYMME! PaHroB (Tadn. 8.4) MOKHO
BHIMHICIHTL TIOKA2aTeNH BECOMOCTH PACCMOTPEHHBIX (DAKTOPOB € TeM, HTOOBI HX
MOKHO OBIIO VHHTHIBATE TPH KOMIUIEKCHOH omeHxe. J[ns sToro mnpoimmeeneM
CleAVIONNEe BHYNICHeHNA (CHavana 10 KaKIOMY MapaMeTpy BRIMHCITHM BEIIHHHEL
o0paTHbie CYMME PaHIoB, TO eCTh

I
' x,=%=0.05,.t3=-—=0.09‘.x4=—1-=0.|5,.r‘=-—1—=0,04

.
M= 165 ' T 6.5 T 33 ,

370 Jenaercs ANA TOro, YTodkl NMPHBECTI B COOTBETCTBIE COMEPXKAHNE CYMM
pa"roB xoadduuuentaM BecoMocTn. PacnonoxiM IMOMYYEHHEIE YHCIa 10 Mepe
yORBaHIL, CHOKIIM X, B3BECIM KajkAoe UYNCIO B TOMYYEHHOH CyMMe, KOTOpYIO
npuMeM pagHoit | (tadn. 8.6).

TaGnuma 8.6 — BapemeHHbBIE 110 3KCTIEPTHHIM 38 KIIOYSHIIM TiepeMeHHbIe

[lepemensnte (npmaxaxy) | Bemminmel, obpatHbie Koaddmutent
CyMMe PaHIOB BECOMOCTH TTaPaMeTPOB
X4 0.15 0,29
X6 0,12 0,23
X3 0,09 0.18
X| 0,06 0.12
X2 0,05 0,10
X5 0.04 0.08
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JIabopatopuas pabora Ne 9
Pacuer counomerpuuecknx kpurepies 8 MS Excel (4 waca)

Ilenb: HB)"‘IHTB TNMPOBCACHNE COIIIOMETPIMECKOTO aHAIIZA MAJIBIX IPVTIN

TeopeTnueckne cpexeHNs

Coynomempuuecsuti Memoo - BHJI OIpOca, HaNpaRIeHARIT Ha KOMITIECTREHHOE
IIBMEpeHIIe 11 AHATIINR CTPYKTYPHI MEXTHYHOCTHBIX OTHOIIEHII B MAIBIX COLMATBHBEIX
Tpynmax 1myreM (QUKCALUI CpeAy HICHOB MATOI TPYIME CBA3EH NMPEATouTeHIs B
cHTyaIax Beibopa OTHOCHTCA K HHCIY SKCTEPHMEHTANBHBIX METOAOB I3YHEHNSA
MAJIBIX TPYNIL

OcHosnoe HazHayenue: CIYAIT JHATHOCTHKS COCTOMHIS B3aMOOTHONIEHHIT B
MANBX TPYMIax u KoulexTisax. IlpeanazHadMeH s MonydeHs HHpopMaum o
CTPYKTYpe CBAzell MeXAY YiIeHAMI IPYNIEl OTHOCHTENBHO BEUISIEHHOIO KPHTEPIIS.
C noOMOMBIO COLMOMETPHYECKOTO METOAA AaeTcA  OINICaHNe  CTPYKTYPHI
B3aMMOOTHOUICHHIT B IPyMIle. KONMUECTBEHHAA OLEHKAa (M3MEpeHNe) XapakTepa
SMOIMOHATEHEIX OTHOIIEHIT MEKIY ¢¢ WieHaMI! (UYBCTBA CHMIIATIN, HEeNpIIAZHI),
YCTAHABIHBAGTCH MECTC B YKAaZaHHOI CTPYKTVpe., 3aHHMAaeMOe TeM HIH HHBEIM
qeHoM rpy el ( Tadma 1)

Obracme npuMeHnenua: NCNOIL3YETCH KaK CPeiCTBO AKTNBHOTO YIPABIEHHS
TPYTINOBOI  AeATeNbHOCTRO. [IpnMeHsieTcss mnpi M3yqeHMN HHCTHTVIIHOHAIBHEIX
MAJIBIX TPYIIN, KOWIeKTHBOB [ paboTh B SKCTPEMANBHBEIX (M1 NMPHOMDKEHHBIX K
SKCTPEMANBHEIM) YCIOBISIX. 4 TaK&e TOrjla, KOIZAA XapakTep SMOIHOHANLHEIX
B3aNIMOOTHONICHHIT OKa3BIBACT 3HAUMTE/NBHOE BINSHIE HA Pe3VIETATE COBMECTHOIT
JeATeNbHOCTI. B npHKiIafiHoM COLIIONOITYECKOM JCCACAOBAHHI MOXKET OHITh
NCTIONB30BAH  HapsaAy ¢ JAPYrHMII METOAaMHII B KAauecTBE OCHOBHOIO WIIN
BCIOMOTaTeNLHOrO. MCnonb3yercs Takxe B MeAHLIHE MIPH HCCASAOBAHIN H TepaIl
HEBPO30B.

OcHosuble  HopMamueHvle mpeboeanun: OODOCHOBAHHOCTE  IPIMEHeHIA
METOJIa, €r0 AJEKBATHOCTL H3YHaeMOMY OOBEKTY M XapaKTepy HCC/IeqoBaTenbeKI
3ana4 HanexHocTs COLMOMETPIYECKOIT  TeXHHKIL JoBepire pHOCTE
BIANMOOTHOMICHMIT JHCCHeoRATESl ¢ PECNOHACHTAMIL JIX 3aHHTePECcOBAHHOE
OTHOIIEHIE X PE3yNLTaTaM Onpoca, THATENLHOCTE JHTEPNPETalN MOTYYe HHRIX
JaHHEIX. K colmoMeTpiieckoMy METOAY NMpeIbARISIOTCH BCE OCHOBHEIE TPeOOBAHNA
COLANILHOIO SKCIEPIMEHTA,

Ocpanuyenua 8 npuMerent: MOXKET TPUMEHATECA TONBKO B paMKaX aHANH3a
CTPYKTYPH B3aIIMOOTHOIIEHNT B MAaNbIX (KOHTAKTHEIX) rpyrmax, JOCTATOYHO
CHOKHBIIHXCH, MMEIONIMX ONBIT COBMECTHOIl /ICATENBHOCTH He MeHee O MecHIes.
JlaHHBIE, TIOMYYEHHBIE ¢ €roO HCTIONBIOBAHIEM, HeNlb3d PACCMATPHEATL KAK TTONHYIO
KapTHHY BHYTPHIPVITIOBLHX OTHOIIEHIIT, OHA OIPAHIYHBAETCS BHIACTEHHBIMI
KPUTEPIAIMIT, CVIIECTBYET HEOOXOAMMOCTHL JIONONHEHMA JAHHEIX  JIPYTHMH
crocodamit  cbopa  mHGOpMAIDNI, OCO0EHHO TIPH  BHPAdOTKE IPAKTHHECKITX
PEKOMEHAALIIT

Ilpocpamma nposedenua coyuomempuyecroco onpoca. Ocoboe BHIMaHHE
yiaendeTcs TpeIRAPHTEILHOMY 3HAKOMCTBY C TIpVIINOIL, TOYHOMY ONpeAeleHIo
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Prc. 9.1. Tleppriil mar oSpaboTKH COLHOMETPIYECKITX JaHHBIX

Hiokxe noj daMimmisiMi NOACUNTHBAEM UHCIO TONYUYEHHEIX MONOKHTEIEHEIX
ronocoB, (ropmyna Gyaer MeTh BIA:

=CHETECIIA(C2:C7:1)

rae C2:C7 nnanazoH sdeek, 3HAYCHIIA B KOTOPHIX HEOOXOAIMO BEMICINTE, | —
NOKa3aTeNlb IONOKNTENEHOIO OTHOIICHNA OJHOrO YENOBEKAa K APYroMy B HallleM
HCCTEOBAHMIL

Jlma Toro urodm He qyOnnporats GopMyly MoJ KaxAEM YUACTHHKOM. ¢e
MOJKHO «pacTAHYTEY, BRUIENNB sueiiky cogepxanyio dopMmyny. a nossHeiieiics
YePHbIIT MApKEP 2aronHeHIA NMOTAHY Th BNpaBo, (cMm. pHc. 9.2)

Jlanee TMOACHNTHIBAIOT KOMHHMECTBO TIONIYMEHHBIX HeTraTHBHEIX ronocos. [Ipn
5TOM (hopMyIIa GyeT HMeTh BHIL:

=CHETECJIH(C2:C7;-1)

rae C2:C7 guamasoH SUeek, 3HAYCHIM B KOTOPEIX HEOOXOAHMO BHYHCINTL, -1 —
NOKa3aTeNb OTPHIATENLHOIO OTHOIMEHHA OJHOrO YeloBeKa K APYroMy B HalleM
TICCIIEIOBAHIIL,
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X Mapkep
2 JanonHeHns
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Puc. 9.2 Mapkep aBTO3anoIHEHNS SIeeK
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AHANOTIMHKEM  00pa3oM  TOACHUNTHIBAEM  KOMIFIECTBO BO3MOKHBIX —He
CACMAHHEIX (TPOMIHOPHPOBAHHBIX) BHOOPOB, T.e TyCcTRIX sueek. Popmyna
npHOGpeTeT CAeAYIONIIT BILL:

=CUATATBITYCTOTBI(C2:H7)-6

rqe C2H7 — nnanazon s4eek, B KOTOPHIX HeoOXOQIMO MNpPOH3BECTH pacueT, 6-
KOIMIECTBO YHACTHHKOB COLUIOMETPIMECKOTO Onpoca (MOCKONBKY VHYacTHHK He
MOJKET BHOpaTh caM cebsl)

CymMma abCoMmOTHO BeeX BHIOOPOR MOJKET OBITE TIOCYHTaHa 10 (hopMye:

=CYMM(C11:C12)

rae CI1:C12 svelixn ¢ KOMIMECTBOM CACMAHHEIX 11 NPONTHOPHPOBAHHKIX BHIOOPOB
(eM. puc. 9.5).

. » 3 ) B
‘| 5 ' )

L O woosTyenec mdanmme 4" sancon | amdawmme - s0n060
7 | Agensense 1 3

LI e 2 i

4 Toupowvn 2 F]

L Afuae 2 1

& Pwnso [] 3

T Buges 2 2

£ Nueso madpuensne Te” 2aase0e

N Mmaa noay o

11 Cmarrmye ypwaemwuva

1L Cpamee edenmmwais sofispos

12 Cymame necdensnman snbopeo |

11 Cyaaner arwr asismmnecs anbopes 30

Puc. 9.5. Yerseprriii inar oGpaboTKIl COIBOMETPIMECKHX AaHHBIX

Al D C i e i S G Wl
NE | ©arummn HennTyessix = 2 3 4 s 6
1 W : ' -1 : 1 «1
2| -1 1
3 |rospumoe 1 3 a 1
3 1 , 1 1]
S |Emona A
| 6 Bopny 1 -;4%
Nueno noryvenmoix “+” zonocoe a4l 1 2 1 1 1
Yowno nomyeanwen " sonocoe ol 3 [ 2 4 o]
Cmamye yvocmuung al -2 2| -1 -3 1}
Cymma cdenanmox soribopoe 19|
Cyrara necdenanmox evibopoe i1
Cymmo acex sosmommwox evibopoa 30|

Puc. 9.6. Ileperiii mar TpaHCIIOHNPOBaHHS TaOIHIIB

Jlanee HaM HEOOXOIIMO MOCHITAThL KOMHYECTBO B3aIMHBIX TIONOKITENBHEIX 11
OTPHIATENLHBIX BRIOOPOB. [ 3T0i e HeoOXOAHMO TPaHCIIOHHPOBATh TAOIIIILY
Briaensem ananazoH Sueex, XapaKTepIrRyionii BEIOOPH YIACTHHKOE COLTIOMETPIN
1 KOIpyeM 31X (cM. pic. 6).
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TaGmima B 3epxanbsHOM OTOOPAKEHII OABHTCA B YKazaHHOM MecTe (prc 9.9)

L R R ) -
! <
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HE-3 3-8 40 3R -3

Pric. 9.9. Berarka TpaHCIIOHNPORAHHOM TaGIIIH

Jlanee HaM HeOOXOAMMO, BBMICIHTH, CKOJNBKO B3aIIMHHIX BHIOOPOR OHUIIO
cAenaHo B rpynme. J[ns aroro ncnonssyeM (opMyiry Bijga:

=ECJIA(C2=C16,(ECIIHA(C2=00;1)),0)

rae C2 n ClI6 sueiikn, KOTophle HeoOXOANMO CpaBHHTh Mexay coboil JlaHHbre,
MONYUYEHHEIE B sueiike «pacTariuBaeM» MO KOMIYECTBY YUACTHHKOB oOcaeayeMoil
rpynnel. B nonyvumsmeiics tabnanue B3aiMHEIE BHIOOpH oToOpaxaioTes 1ppoii 1

L
. h L N 0 i 4 F===: ' |
1 N2 Davmsuu mimaryens 1 2 3 (3 amdansast "+ arecd  sndemmen " sodess
3 T3 lapavecsse 1 1 3 2
12 bsoas 1 1 2 1
& 1 Jaspaite 1 1 1 2 2
4 s 3 1 2 3
3 dwoeo L] 3
’ ..Llﬂ" 3 3 i 1 i 3
N e naspeawasas “4” a0 4 i 2 1 1
* Naess oery s o 1 0 2 a
10 Cmaepe vo | -2 2 a1 3 |
1 0|
u
u ﬁ
o)
15
by
u
n
1s
&
a
o
u . o »
M devecnes [ 3 1 E
& e ¢ ¢ o Bl
- Ieeunce s v v 3 s l
o o) 3 [ [ [ o
a ¢ v ) )
& ogew 0 0 [ 2

Puc. 9.10. TIareiii mar oOpaboTKIl COLMOMETPHHMECKIIX JaHHBIX
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B HameM npruMepe SMOIMOHATBHAS SKCTIAHCHBHOCTE OYJIeT IIMETh BIL
=(12+12)/(6-1)

OCHOBHEIMH TPYINIOBEIMII HHACKCAMII SBIAIOTCA MHIEKCH SKCIAHCHBHOCTH
IPYIIEL H B3aHMHOCTI BRIGOPOR (CIUIOWE HHOCTII TPY I ).
Hujiexe rpynmnoBoii SKCnaHCHBHOCTH NOACUHTRBASTCA N0 (popMyIe:

+ -
9 — N + ‘/N 9.3
P N ] ( 2 )
rae VAN — cyMMa BeexX MNONOKHTENBHRX BHOOpoR B rpymme, V-N — cymma
BCEX OTPHIATENBHRX BRIOOPOB, N — UHCIEHHOCTE TPYIIIIE]
JIns Bamero HecneAOBaHNS MOACYeT OYAET MMETh BIYL:

=CYMM(I2:17)/6

rae 12:J7 — anana3oH sTeex, B KOTOPHIX OTPakeHbl BHOOPH YYaCTHHKOB I'PYTIThHI

Hunexe nenxonormueckoll B3alMHOCTHT BHOOPOB XapakTepHiveT CTelleHb
rpynnoroif  croroueHHocTH. OH  BRIpaXaeT «yACHLHEIT Bec» IMONOKHTENLHOIN
B3AHMHOCTH OTHONIEHMIT B KOJUIEKTHBE [0 OTHOIIEHHIO K IJACANLHOI BO3ZMOXKHOI
B3aNMHOCTH (B %). Onpeaensercs no gpopmyse:

100X

@ (9.4)

> N(N —1)

rae X+ - WIcao NoNOKITEIBHEIX B3aHMHEIX CBSI3¢il B IpyIine.
B nanieMm cnyuae (opmya rojgcuera GyaeT HMETE BIT.

= (100*C14)/(0,5%6%(6-1))

B 1menmoM BHYHCIEHHS TI0 HTOrAM COLIMOMETPHYECKOIO ONpoca MOTYT
BRITTIIETH CheyonuM oopazoM (eM prc, 9.12)
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TTopaaok BuINOTHEHNSA PadoTh
ITo peaynwtaraMm omnpoca rpymns 2 10 ywactHmnkoB (tabn ©.1) npoeectn
COLMOMETPIMECKYIO OLEHKY TNPeANOuTeHiT WieHoB Tpymisl  CommoMaTpHiry
JATIONHUTE NPOH3BONEHO. [IpiMep 2arnonHe His COLOMATPHIIL! MOKa3aH B Ta6n.9 .2,

Tadnmma 9.1 — Tabmima cononpoca

NeNo | amgunnn wieHoB | Ecnan 68 KOMIEKTHE 32HORO (POPMIIPOBATCS. ¢ KeM OBl
1 IPYIIIE] BEI XOTEJNN CHOBA OKITH B OHOI rpvnne”?
B nepeyio Bo Bropyio B tpetiio
ouepeas ouepenb ouepes
1. | Anekcees
2. |Bopucor
3. |Bonkos
4. |I'pndor
5. | Hémun
6. |Exor
7. | KyxoB
8. |3aiiuen
9. |Hcaes
10. |Koponen
Tabmmp 9.2 — [IprMep 3anonHeHIA COLNOMATPHITH
NeNe mm | Ko BriOnpaet Koro eribnpaior
{banom)
2 ]3] 4 516|789 ]10
1. |Anexceen W/ =1 2 o]
2. |Bopmcos i ©) 9] Q)
3. |Bonxos 3/ 1 | 2
4. |I'pnGos | &, Q) @)
5. | Jiémmn L=l I S 3
6. |Exop & |2 3
(& KyxoB 3 | 3 )
8. | 3aiiuen i | 2] 13
9. |Mcaes (@) Q) €
10. |Koponér 2 ]l 3
KourpoabHbie Bonpochi
1. Oronume oco0eHHOCTH COLMOMETPHIECKIIX BIFIOB ICCIe OBAHMI.
2. HazoBHTe OCHOBHEIE COMNOMETPHIECKIE KPHTEPIIL
3. OcHoBHBIE 3TAIEl MOCTPOSHIISA COLOMETPHYECKOI MATPHILEL
4. AnropurM COCTABACHILI COLTHOTIPAMMEIL.
5. Kak paccuanraTh BEPXHIOK H HIDKHIOK TPaHMLEL CTpaT
6. Yo Taxoe commoMeTpHueckini craTyc?
7. Yo Takoe MHIEKC SMOLHOHANLHOI 3KCITAaHCHBHOCTIL?
8. Uto Takoe nHAEKC rpynIoroii cruoueHHOCTH?
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Kpamuvecsse szaueHEs KPHTEPHA ;{: PpEIMaEa 114 IETHIPex BEIOOPOK
THCOTSHEOCTRIO ned

n=2 n=3 n=4
= > = P = ? = >
00 1000 00 1000 00 1000 57 0141
06 0958 0s 0958 (1 ) 0992 60 0105
2 D5 10 0910 0s 0928 63 0,054
18 D792 18 0727 0% 0900 66 007
24 0625 22 0608 12 0800 69 0068
30 0 542 26 0522 15 0754 72 0054
36 0458 34 0445 18 0s7? 75 0032
42 0375 38 0332 21 0649 78 0036
48 0208 42 0300 24 0524 81 0,033
54 D 167 50 0207 27 0508 84 0019
60 o0£2 54 0175 30 D432 87 0014
58 0,148 33 0389 93 0012
66 0075 36 0355 96 0 0069
70 00=s 3s 0324 99 0 0062
74 0033 45 0242 102 0.0027
82 0017 48 0200 108 0 0016
S0 00017 51 0,190 111 0 0009
54 0158 120 0000072
I-fpm'mecmz SHORENHY XPHTEDRA ¢ Cresozenta
z
a 0.03 0ol af cos 06l 5 003 001 af 003 Q.01
1 12706 | 63656 24 | 2063 | 2797 | 48 | 2011 | 26382 71 1998 | 2647
2 4 302 9924 | 25 | 2059 | 2787 | 49 | 2010 | 2680 72 1993 | 2646
3 3182 5830 | 26 | 2059 | 2778 | S0 | 200% | 2678 73 1993 | 2,645
4 2776 | 4604 | 27 | 2082 | 2771 | 51 | 2008 | 2676 74 1993 | 2644
5 2570 | 4032 | 28 | 2048 | 2763 | 52 | 2007 | 2674 75 1992 | 2.643
& 2446 | 3707 | 29 | 2045 | 2756 | S3 | 2008 | 2672 76 1992 | 2642
7 2 363 3499 | 30 | 2042 | 2750 | 54 | 2005 | 2670 77 1992 | 2641
8 2306 | 3355 | 31 | 2040 | 2744 | S5 | 2004 | 2668 78 1991 | 2640
9 2262 3250 | 32 | 2036 | 2738 | 56 | 2003 | 2667 79 1990 | 2639
10 2228 3169 | 33 | 2035 | 2735 | &7 | 2002 | 26628 20 1990 | 2638
11 2.201 3105 | 34 | 2032 | 2728 | 58 | 2002 | 2663 S0 1987 | 2.632
12 2179 3034 | 35 | 2030 | 2724 | 59 | 2001 | 2662 | 100 | 1984 | 2626
13 2.160 3112 | 36 | 2028 | 2719 | 60 | 2000 | 2660 | 110 | 1982 | 2621
4 2143 26876 | 37 | 2026 | 2715 | 61 | 2000 | 2659 | 120 | 1580 | 2617
15 2.131 2947 | 38 | 20238 | 2712 | 62 | 1999 | 2657 | 130 | 1978 | 2614
16 211¢ 2820 | 39 | 2025 | 2708 | 63 | 1998 | 2656 | 140 | 1977 | 2611
17 2.110 2898 | 40 | 2021 | 27048 | 64 | 1998 | 2655 | 150 ]| 1976 | 2609
18 2,101 2878 | 41 | 2020 | 2701 | 65 | 1997 | 2654 | 200 | 1972 | 2,601
19 2093 2861 | 42 | 2018 | 2698 | 66 | 1997 | 2652 | 250 | 1969 | 2597
20 2086 | 2845 | 43 | 2017 | 2695 | 67 | 199 | 2651 | 300 | 1968 | 2592
21 2 07% 2831 | 44 | 2015 | 2692 | 68 | 1995 | 2650 | 350 | 1967 | 2592
22 2074 2819 | 45 | 2014 | 2650 | 69 | 1995 | 2649 | 400 | 19659 | 2588
23 2065 2807 | 46 | 2013 | 2687 | 70 | 1994 | 2648 | 500 | 1,920 | 2,785
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